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PREFACE

This document describes the Processor used in the Multics systen. It is
assumed that the reader is familiar with the overall modular organization of the
Multics system and with the philosophy of asynchronous operation. In addition,
this manual presents a thorough discussion of virtual memory addressing concepts
including segmentation and paginge

The manual is Intended for use by system programme~s responsible for
writing software to interface with the special virtual memory hardware and with
the fault and interrupt portions of the hardware. It should also prove valuable
to programmers who must usé machine instructions (particulariy Ianguage
ranslator implementors) and to those persons responsible far analyzing crash
conditions in System Dumpse

¢ 1974 Honeywell Intormation Systems, Inc.
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SECTION I

INTRODUCTION TO PROCESSOR

The “Processord described in this reference manual is a3 hardware module
designed for wuse with the MULTIiplexed JInformation and (Computing Service
{Multics)e The many distinctive features and functions of Multics are enhanced
- by the powerful hardware features of the Processor. The add~essing features, iIn
particular, are designed to permit the Multics software to compute retative and
absolute addresses, iocate data and programs in different devices, and reftrieve
such data and program as necessarye

MULTICS “PROCESSORTFEATURES®
The Multics Processor contains the following general features:

Je Storage protection to place access restrictions on specitied segments,

2 Capability to interrupt a process iIn execution in response to an
external signal (eeges I/0 termination) at the end of any even/odd
Instruction pair (mid-instruction interrupts are permitted for <come
instructions), to save Processor status, and to rastore the status at
a later time without loss of continuity of the processe.

3. Capability to fetch instruction pairs and to buffer two instructions
{fup to four instructlions, depending on certain main store overlao
conditions) including the one currently in executione.

Lo Overlapping ~instructionTexecut ionad, address preparation, and
instruction fetche While an instruction is being executed, address
preparation for the next operand {or even the operand following it) or
the next instruction pair is taking place. The oparations unit can be
executing instruction N3 instruction N+1 can be buffered in the
operations unit (with its operand buffered in a main store port)$ and
the control unit can be executing instructions N¢2 or N+#3 (if such
execution does not invoive the main store port or registers of
instructions N or N+¢1), or preparing the address to fetch instructions
Nt+4 and N#+5.

Se Capability to detect main store instructions that alter the contents
of buffered instructionse. Abitity to delay preprocessing of an
address using register moditication if the instruction currently in
.execution changes the reglster to be used In that modification.

6e Intertacing capability to direct main store accesses to the proper
system controller module. ’

Te Intermediate storage of address and control information in high-speed
registers addressable by content (Associative Memo~yl.
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8. Intermediate storage of base address and control information in
pointer registers which are loaded by the executing progranm.

e Absolute address computation at executlon time.

SPECIAL _CAPABILITIES

The Processor also includes several unique capabilties, such as hardware
impiemented segmentation and pagings address modfication, address appending, and
detection of faults and external interruptse. These features are summarized in
this section and described in detail respectively in Sections V, VI, and VII.

~Seamentation~and~Pagingad

A segment Is a collection of data or iInstructions that 1is assigned a
symbolic name and addressed symbolically by the user, Paging 1Is at the
discretion ot the software; the user need not be aware of the existence of
pages. User visible address preparation is concerned with the calculation of a
segment effective address reflative to the origin of the segment} the Processor
hardware completes address preparation by ftranslating the final segment
effective address into an absolute main store address. The Jser may view each
of his segments as residing In an independent main store unit. Each segment has
its own origin which can be addressed as location zer>. The size of each
segment varies without affecting the addressing of the other segments. Each
segment c¢an be addressed 1like a conventional main store image starting at
location zero. Maximum “segment~sizea is 262,144 words.

When viewed from the Processor, maln store consists of bliocks or pages,
each of which is defined as *“page-size"™ words in lengths (The page size used by
Multics Is 1024 words.) Each page begins at an absolute address which is zero
modulo the page size. Any page of a segment can be placed in any available main
store blocke These pages may be addressed as if they we~e contiguous even
though they are in widely scattered absolute 1locationse. Only currently
referenced pages need be in main store. If a3 segment is not paged, the complete
segment is located in contiguous blocks of main store. In the current Multics
implementation, all user segments are paged.

Address MHoditication and Address Appending

Prior to each main store access, two major phases of address preparation
take places

1. “Address“modificationa by Register or Indirect Hord content, it

specified by the Instruction Word or Indirect Word.

2e “AddressTappendingd, Iin which a segment etfective address”is
transliated into an absolute address™fto access main store.

Although the above two types of modification are combined in most
operations, they are described separately in Sections V and VI, The address
modification procedure can go on indefinitely, with one type of modification
leading to repetitions of the same type or to other types of modification prior
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to a main store access for an operand. However, to simplify the descriptions iIn
this manualy each type of address modification is described as if it were the
tirst (and usually the only) modification prior to a main store access.

Faulls and Interruots

The Processor detects certain illegal procedures} faulty communication with
the main storei programmed faults; certain external events} and arithmetic
taul ts, Many of the Processor fault conditions are deliberately or
inadvertentliy caused by the software and do not necessarily involve error
conditions. .

Similarly, the Processor communicates with the other system modules by
setting and answering external interrupts. When a fault or interrupt is
recognized, a trap results, This causes the torced execution of a pair of
instructions in a main store location, unique to the fault o~ interrupt, known
as the fault or interrupt vector. The first of the forced instructions may
€ause safe storage of the Processor status. The second inst~uction in a ftault
vector should be a transfer, or the faulting program will be resumed without the
fault having been processed. “Faults~and~interruptsa are described in Section
Vii.

Interrupts and certain low priority faults are recognized only at specitic
times during the execution of an instruction pair. If, at these times, the
Processor detects the presence of bit 28 in the Instruction Word, the: trap 1s
inhibited and program execution continuese The interrupt or fault signal is
saved for future recognition and is reset only when the trap occurse

BROCESSOR MODES OF OPERATION

There are three “modes of main store addressinga (Absslute Mode, Arpoend
Hodey, and BAR Mode), and two modes of instruction execution (Normal Mode and
Privileged Mode). These modes of operation and the functions performed are
summarized in Table 1-1.

Instruction Modes

NORMAL MODE

Most Instructions can be executed iIn the “Normal~Modea of operation.
Certain instructionsy classed as privileged, cannot be executed in Normal Mode.
These are identified in the individual instruction descriptions. An attempt to
execute privileged instructions while in the Normal Mode results in an I1legal
Procedure Fault. In the Normal Mode, various restrictions are indicated in
Segment Descriptor Words and Page Table Words, which are explained in Section V.
Address Preparation uses the appending phase. The Processor executes in Normal
Mode when the access bits of fthe Segment Descriptor Word specify a nonprivileged
procedure. '
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PRIVILEGED MODE

In Prliviteged Modey, all instructions can be executed. Address Preparation
uses the appending phasee. The Processor executes in “Privileged~Modea when the
access bits of the Segment Descriptor Word specify a privileged procedure and
the execution ring is equal to zero. Refer to Sections V and VIII for more
detailed information,

Addressing Modes

ABSOLUTE MODE

A1l instructions can be executed In the “Absolute™Modead and unrestricted
acc2ss ls permitted to privileged hardware features. Address Preparation for
instruction tetches does ngot use the appending phase. During instruction
fetches, the Procedure Pointer Register is ignored.

The Processor enters Absolute Mode immediately after a fault or interrupt
and remains in Absolute Mode wuntil it executes a fransfer instruction whose
operand js obtained via explicit use of the appending mechanism, that is, via
explicit reference to one of the Pointer Register by the use of bit 29 of the
Instruction Word (See Append Mode below). ’ :

L3

APPEND MODE

The “Append~Moded is the most commoniy used main store addressing mode.
In this mode the final effective segment address is either added to the
Procedure Pointer Register, or it |s added to one of the eight Pointer
Reg isters. It bit 29 of the Instruction Word contains a 0, then the Procedure
Pointer Register is selected; otherwise, the Pointer Register given by bits 0-2
of the instruction word is selected.

BAR MODE

In “BART(Base“AddressTRegister)“Modea, the 18-bit BAR is useds The BAR
contains 3 0 modulo 512 address bound in bit positions 9-17 and a 0 modulo 6§12
base address in bit positions 0-8. All addresses are relacated by adding the
effective segment address to the base address in bits 0-8. The relocated
address then becomes the final segment effective address as in Append Mode and
is added to the Procedure Pointer Reglster. A process is kept within certain
main store limits by subtracting the unrelocated effective address from the

*

address beund in bits 9-17. If the result Is zero or negative, the retlocated
address would be out of range, and a Store Fault occurse. . :
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Table 1~1. Modes of Operation

EUNCTIONS NORMAL PRIVILEGED ASSOLUTE BAR
Execute priviteged No Yes Yes No
instructions.
Main store address for Append Append Absofute Procedure Pointer
instruction tetch. Register plus BAR

base addresse

Main store address for Append - Append Append if bit Procedure Pointer

for operand fetche. ' 29 = 1, else Register plus BAR
. Absolute. base addresse.

Restriction ot access Sone Some None To tal

%o other segmentse.

PROCESSOR UNIT FUNCTIONS

*Major functions of each principal logic element are 1isted below and are.-
described in subsequent sections of this manual.

Controls data input/output to main store.
Performs maln store selection and interlace.
Does address appending.

Controls fault recognitione

~Associative~Memocy~Assenblyd

This assembly consists of sixteen 72-bit Page Table WHord Associative Memory
“(PTHAM) “registersd and sixteen 108-bit Segment Descripto~r Word Associative
Memory “(SDWAM)“registersda These registers are used to hold pointers to most

L]

recently used segments (SDWs) and pages (PTHs). This unit ooviates the need for

possible ruitiple main store accesses before obtaining an absolute main store
address of an operande.
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“Control~Unita

Pertforms all Processor control functions.

Per fcrms address moditication.

Controls mode of operation (Privilegedy, Normal, etce)e.
Performs interrupt recognitione

Decodes Instruction Words and Indirect Words.

Pertorms Timer Register loading and decremenfing.

“Operation~Unita

Does fixed and floating binary arithmetice

Does shifting and Boolean operations.

“Deciral”uUnita

Does decimal arithmetice

Does character- and bl t-string operations.

-
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SECTION II

MACHINE INSTRUCTIONS

This section describes the comprehensive set of “machine~instructionsa for the
Multics Processor. The presentation assumes that the reader is familiar with
the general structure of the Processor, the representation of information, the
data formats, and the method of address preparation. Additional information on

these subjects appears near the beginning of this section and in Sections III
through VI,

INSYRUCTION REPERIOIRE

The Processor interprets a 10 bit field of the Insftruction Word as the
_ Operation Codes This field size yields an instructlon universe of; 1024 of which
547 are implemented. The instruction population |is divided into 456 Basic
Operations and 91 Extended Instruction Set (EIS) Operations.

Arrcangment of Instructions

Instructions in this sectlon are presented alphabetically by their mnemwonic
codes within functional categories. However, an overall aipnabetic listing of
instruction codes and thelr names appears in Appendix 3 to aid the user in
locating specitic instructions via that code. :

Basic Operations

The 456 ~basic~operationsd in the Processor all require exactly one 36-bit
machine word and are fturther subdivided into the following types3

181 Fixed Point Binary Arithmetic 75 Pointer Register
85 Boolean Operations 17 Miscellaneods
34 Floating Point Binary Arithmetic 28 Privileged
36 Transter of Control i

Extended Instruction Set (EIS) Operations

The 91 —Extended~Instruction~Set~(EIS)~Operationsa are ftuther subdivided
into 62 EIS Single-HWord Instructions and 29 EIS Mul ti-Hord Inastructionse.
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EIS SINGLE-WORD OPERATIONS

The 62 “EISTSingle~Word~Instructionsa loady stores and perform speclial
arithmetic on the Address Registers (ARn) wused to access bit- and
character-string operands, and safe-store Decimal Unit (DU) zontrol information
required to service a Processor fault, Like the Basic Operations, EIS
Single-Hord Instructions require exactly one 36 bit Machine Word.

EIS MULTI-WORD OPERATIONS

The 29 TEIS"Multi-Word~Instructionsa perform Decimal Arithmetic and bit-
and character-string operationse. They require 3 or 4 36-bit Machine Words
depending on indlvidual Operand Descriptor requirements,

TEORMATZOFTINSTRUCTION? QESCRIPIION

Each instruction in the repertoire is described in the tollowing pages of
this section. The descriptions are presented in the format shown belowe

MNEMONIC INSTRUCTION NAME OP CODE (OCTAL)
“FORMATS Figure or Figure reference
SUMMARY3 Text and/or bit transfer equdtions

MODIFICATIONS: Text
INDICATORS? Text and/or logic statements

NOTESS Text

Line 13 MNEMONIC, INSTRUCTION NAME, OF CODE (OCYAL)
This line has three parts that contain the foltowings

i. Mnemonic == The “mnemonic~coded for the Operation ftield of the

assembier statement. The Multics assembler, ALM, recognizes this
value and maps it into the appropriate binary pattarn when generating
the actual ob)ect code.

2. Instruction Name =-- The name of the machine instruction from which the
Mnemonic was derived.

3. Op Code (Octal) -- The octal value of the operation code for the
instruction. A zero or a one in parentheses following an octal code
indicates whether bit 27 (0Op Code extensjon bit) »5f the instruction
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word is OFF or ON.

Line 23 FORMAT

The layout and definition of the subtfields of the instructlon word or words
is glven here either as a Figure or as a reference to a Figu~e.

Line 3: SUMMARY

The change in the state of the processor affected by the execution of the
instruction is described in a short and generaltiy symbolic farm, It reterence
is made +to ‘the state of an indicator in the SUMMARY, it is the state of the
indicator pbefore the instruction is executed.

Line &3 HODIFICATIONS

Those modifiers that cannot be wused with the " instruction are listed
explicitly as exceptions either because they are not permitted or because their
effect cannot be predicted from the general address modification procedure.
(See "Etfective Address Formation™ in Section VI.) :

-

Line 53 INDICAYORS

Only those indicators are listed whose state can be changed by the
execution of the instruction. 1In most cases, 3 condition for setting ON as well
as one for setting OFF s stated. If only one of the two is stated, then the
indicator remains unchanged if ¢the condition is not net. Unless stated
otherwise, the conditions refer to the contents of registers existing after

instruction execution. Refer also to "Common Attributes of Instructions®, later
in this section.

Ltine 63 NOIES

This part of the description exists only in those cases where the SUMMARY
is not sufficient for in depth understanding of the operation.
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DEFINITIONS OF “NOTATIONTANDTSYMBOLSS

“Main“Store”Addressesd

Y = the 18 lfow order bits of the final 24 bit main store
address of the instruction operand after all address
preparation {s complete.

Y=-pair = a symbol denoting that Y designates a pair of main store
focations with successive addressesy, the smaller address
being evene. When the main store address is even, it
designates the pair Y(even), Y+15 and when it is odd,
the pair Y-1, Y(odd)e The main store location with the
smaller (even) address contains the most significant
part of a double-word operand or the first of a pair of
instructionse.

Y-blockpn = a symbol denoting that Y designates a block of main
store locations of &4-, 8-, or 16-word extent. For a
block of p-word extent, the Processor assumes that
Y-blockn is a 0 modulo pn address and performs address
increment ing through the block accordingly, stopoing
when the address next reaches a value 0 modulo pe Note
the difference between Y-block addressing and Y-pair
addressing that forces the address 1o be 0 modulo 2.

Y=-charnk = a symbol denoting that Y designates a character or
string of characters in main store of character size

. bits as described by the Kth Operand Descriptor, n is
speclified by the data type tjeld of Operand Descriptor k
and may have values Uy 6y or 9, See Section VI,
Effective Address Formation, for details of Operand
Descriptorse.

Y-bitk = a symbol denoting that Y designates a bit or string of
bits in main store as described by the kth Operand
Descriptor. See Section VI, Effective Address
Formations, for details of Operand Descriptors,.

“Index“Valuesa

When reference Is made to the elements of a string of characters or bits in
main store, the notation shown in Reglister Position and Contents below is used.
The index used to show traversing a string of extent p may take any of the
values in the interval {(1,0) unless noted otherwises. The elements of a main
store block are traversed explicitly by using the index as an addend to the
given block addressy e.9sy Y-block8¢+m and Y-block&4+2m+l.

“AbbreviationsTand“Symbolsd

A Accumulator Register

ARN Address Register n (n = 0y 1y 29 eecesy 7)
{consists oft PRn.WORDONO!IPRneCHARS {PRNn, BITNO)

AQ Combined Accumulator-Quotient Register

BAR Base Address Register
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cl)

CA

DSBR
DSBRADDR
DSBRBND
OSBR.STACK
DSBR.U

E

EA

EAQ

ERN

- ESN

IC

IR

PPR
PPR.PRR
PPR.PSR .
PPR.IC
PPR.P

PRN
PRneRNR
PRn<SNR
PRNHORDNO
PRNn<.CHAR
PRN<BITNO
Q

PTHAM
SOWAM
RALR

TPR
TPR.CA
TPRe TRR
TPRe TSR
TPR.TBR
TR

Xn

p 4

“Contents of*

Computed Address

Descriptor Segment Base Register
Descriptor Segment Base Address Register of DSBR
Descriptor Segment Bound Reister of DSBR
Stack Base Register of 0SBR

Unpaged Flag of DSBR

Exponent Register

Combined Exponent and Accumulator Registers
Combined Exponent-Accumulator-Quotient Register
Eftective Ring Number

Effective Segment Number

Instruction Counter

Indicator Register

Procedure Pointer Register

Procedure Ring Register of PPR

Procedure Segment Register of PPR
Instruction Counter Register of PPR
Privilege Flag of PPR

Pointer Register n (n = 0y 19 29 esss 7)
Ring Number Register of PRn

Segment Number Register of PRn

Word Address Register of PRn

Character Address Register of PRn

Bit Offset Register of PRn

Quotient Register

Page Table Word Associative Memory

Segment Desriptor Word Associative Memory
Ring Alarm Register

Temporary Pointer Register

Computed Address Register of TPR

Temporary Ring Register of TPR

Temporary Segment Register of TPR
Temporary Bit Register of TPR

Timer Register ‘

Index Register n. (n = 0,y 1y 29 eeey 7)
Temporary pseudo-result of a nonstore conparative operation

Register Positions and Contents

(*R™ standing for any of the registers listed above as wetl! as for main
store words, word-pairs, word-blocks, and character stringse

Ri the ith bit position of R -
RO the ith register of a set of n registers, R
Rie} the bit positions | through §J of R
C(R) the contents of the full register R
.
CtR) 1 | the contents of the ith bit or character of R
C(R)i,]) the contents of the bits or characters i through J ot R
XXeoeX

a string of binary bits (0°s or 1°s) of any necessary length
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When the description of an instruction specifies a change for a part of a
register or main store location, it is understood that the sart of the register
or main store location not mentioned remains unchanged. .

“Qther~Symbolsa
-> replaces
33 compare with
L the Boolean connective AND
H the Boolean connective OR
[ ] ’ the Boolean connective NON-EQUI VALENCE (or EXCLUSIVE OR)
= the Boolean unary NOY operator
# not equal
n¥*¥m indicates exponentiation (n and m are jintegers)} tor
example, the tifth power ot 2 is represented as 2%%5,
x multiplication; for example, C(Y) times 2(Q) is represented
as C(Y) x C(Q).
/ division; for examples C(Y) divided by C(A) is represented
as ClY) 7 Cta).
~ll concatenation; for example, stringl 31! string2e.
leeced the absolute value of the value between vertical bars (no

algebraic sign)l. For example the absoluta vatue of C{A) plus
C(Y) is represented as? IC{A) + C(Y)!l.

COMMON ATYIRIBUTES OF INSTRUCTIONS

Illegal Moditfication

It an “illegal™modifierd is used with any instruction, an Illegal Procedure
Fault with a subcode class of [ilega)l Modifier occurse

BPacity Indicator

The Parity Indicator is turned ON at the end of a main store access which
has incorrect paritye
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~INSTRUCTIONTHORDTFORMAISE

Basic _and EIS Sinale-Hord Instructions

The ~Basic~Instructionsd and “EIS~Single-WHord“Instructionsd require exactly
one 36 bit Machine Word and are interpreted according to the format shoun in
Figure 2-1 belowe

] . 11 2223 3
. 7.8 7.8.90 5
1 . 1 111 1
1 ADDRESS : OPCODE 111A1  TAG 1
1 i 111 1

18 10 1 1 3

Figure 2-1 Basic and EIS Single-Word Instruction Format

ADDRESS The given address of the Operand or Indirect Worde. This
address may bel

An 418 bit main store address if A = 0 (Absolute Mode
oniy)

An 18 bit oftset to the Base Address Register It A = O
. (BAR Mode only)

An 18 Dbit offset relative to the base of the current
procedure segment if A = 0 (Appending Yode only)

A 3 bit Pointer Register number (n) and a 15 bit offset

to CI(PRN.WORDNO) it A = 1 (Absolute and Appending Modes
oniy) )

A 3 bit Address Register number (n) and a 15 bit offset

to C(ARp) if A = 1 (All modes depending on instruction
type) .

An 18 bit 1literal signed or unsigned constant (All
modes depending on instruction type and Modifier)

An 8 bit Shift Operation count (A}l modes)

An 18 offset to the current value ot the Instruction
Counter C(PRR.IC) (Al modes)

OPCODE Instruction operation code.

I Program Interrupt inhlibit bit. When this bit is set, the
Processor will ignore all external Program Interrupt

signalse See Section VII, Faults and Interrupfs, for
detailse

REVIEW DRAFT
SUBJECT TO CHANGE ,
October, 1975 2-1 . AL39



A Indirect via pointer register flage See Section VI,
fFttective Address Formation, for details on the use of
Pointer Registers.

TAG Instruction address modifier. See Section VI, Effective
Address Formation, for details on Address Modificatione.

Indirect Hords

Certain of the Basic and EIS Single-Word Instructions permit indirection to
be specified as part ot Address Modification. When such indirectionr is
specifiedy, C(Y) is interpreted as an “Indirect " Hordad according to the forrat
shoWwn in Figure 2-2 belon. ‘

0 11 23 3
'] . 7.8 9.0 S
H] ] H H
H ADDRESS ] TALLY H TAG L]
1 . H 1 ; 1
18 12 6
Figure 2-2 Indirect Word Format
- .
ADDRESS The given address of the Operand or next Indirect MNWord.
This address may bet
An 18 bit main store address if A = 0 In the
Instruction Word (Absolute Mode cnly)
An 18 bit offset relative to the Base Address Register
(BAR) it A = 0 in the Instruction Hord (BAR Mode only)
An 18 bit offset relative to the base of the current
procedure segment if A = 0 (Appending Mode only)
An 18 bit offset relative to the origin of the segment
described by PRp if A = 1 in the Instruction HWord and
PRn is selected by the Instruction Hord (Absolute and
Appending Modes only)
TALLY A count field for use by those Address Nodificrs that
involve tallyinge
TAG Next address modifier.

REVIEW DRAFT
SUBJECT TO CHANGE .
October, 1975 2-8 AL39



EIS_Multi-Word Instructions

The “EIS~Multi-Word Instructionsad

the Operand  Oescriptor requirements of the individual

instructionse

are interpreted according to the format shown in Figure 2-3 aelow,

require 3 or &% Machine Words depending on

The uprds

0 11 222 3
0 7.8 7.8.9 S
1 1 14 1
H VARIABLE H 0PCODE 111 MF1 1
1 H 1.4 L
H . 18 10 1 71
] Operand Descriptor or Indirect Pointer for Operand t H
1 1
1 ]
H Operand Descriptor or Indirect Pointer for Operand 2 1
H : : 1
H 1
] Operand Descriptor or Indirect Pointer for Operand 3 1
H 1
36
Figure 2-3 EIS Multi-Word Instruction Format
*VARIABLE This tfield is interpreted variously according to the
requirements of the individual €IS Instructions. Its
interpretation is given under FORMAT for each EIS
Instructione The Moditication Fields MF2 and MF3 are
contained in this fleld it they are regquirede.
OPCODE. Instruction operation code as; for Basic and EIS
Single-Word Instructions. f ' ;
1 Program Interrupt inhibit bit as for Basic and EIS
Singte-Word Instructionse.
MF1 Modification Field for Operand Descriptor 1. See EIS

Modification Fields (MF) below for details.

EIS_HQQLIJQalinﬂ.ﬁl:lﬁi.iﬁﬁl

Each of the Operand Descriptors following

controls the

REVIEW DRAFT
SUBJECT TO CHANGE
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interpretation of the Operand Descriptore.

an EIS Multi-wWord
Word has a ~Moditication"Fieidd in the Instruction Word.

Instruct. on

The Modification Fi«id

The Modification Field
is interpreted according to the format shown in Figure 2-ke

AL39



- o
n o
N ©
N

H
talbic! REG 1
I N |

111 4

Figure 2-4 EIS Modification Field (MF) Format

key

a AR Address Register flage. This flag controtls interpretation
of the ADDRESS fieid of the Operand Descriptor Just as the
*“A* tlag controls interpretation of the ADDRESS field of
the Basic and EIS Single-Hord Instructionse.

b RL -Register length controls If RL = 0, then the Length (N)
field of the Operand Descriptor coritains the length ot the
operande. It RL = 14 then the Length (N) field of the
Operand Descriptor contains a selector value specifying a
register nolding the operand tengthe

c 1ID Indirect descriptor control. If ID = 1 for MFk, then the
Kkth nord following the Instruction Word is an Indirect
Pointer to the Operand Descrptor for the Kkth operand}
othernwise, that word is the Operand Descriptor.

REG The register number for R-type modification (it any) ot
ADDRESS of the Operand Descriptor. These modifications
. are similar to R-type modifications for Basic Instructions
and are summarized in Table 2-1 below. Illegal modifiers
"have the entry “IPR™ and cause an Illegal Procedure Faulte.
Table 2-1 R-type Modifiers for REG Fields
Meaning as used in
Octal Indirect Operand C(Operand
Code R=type MELREG Descriptor Pointer Descriotor) 32,3%
00 N N N IPR
01 AU AU AU AU
02 Qu QU Qu | Qu
03 . [31V) IPRla) IPR ' IPR
D& IC IC(b) IC(b) IPR
0% AL A(c) AL - A(e)
06 QL Qlc) QL Qle)
07 oL IPR IPR IPR
10 X0 X0 X0 X0
11 X1 X1 X1 X1
12 X2 X2 X2 X2
13 X3 X3 X3 X3
14 X& X X X4
15 XS X5 XS : X5
i6 X6 X6 X6 X6
17 X7 X7 X7 ) ¥4
REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975
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(a) The DU modifier is permitted only in the second Operand Descriptor of
the SCD, SCDR, SCM, and SCMR instructions to sdecify that the test
character{s) residels) in bits 0~-18 of the Operand Descriptor,

(b) The IC modifier iIs permitted only in the REG field of Indirect
Pointers and in MF3.REG for the SCDsy SCDR, SCM, SCMR, MVT, TCT, and
TCTR instructions, that 1([Isy, the instructions that store summary

results of a scan operatione ClIC) lIs always interpreted as a mard
offsete.

{c) The limit ot addressing extent of the processor s 2%%18 - 1 words?
that is, given any main store address, Y, a modifer may be employed to
access a main store word anywhere in the range (Y - 2%*18 + 1,
Y ¢ 2%¥%18 - 1), provided other -address range contraints are not
violatede Since it is desirable to address this same extent as words,
charactersy, and bits It is necessary to provide a register with range
greater than the 12 bits of N or the 18 bits of normal R-type
modifierse This is done by extending the range of the A and Q
modifiers as fol10WSeee

Mode  Range = AsQ bits
9~bit 20 16,35
6=bi t 21 15,35
k-bjit 21 15,35
bit 24 12,35

The unused high order bits are ignored.

EIS Operand Descriotors and Indirect Pointers

The words following an EIS Multi-Word Instruction Word are ejither
descriptions of the operands or ~“Indirect~Pointersd to the operand descriptions.
The Iinterpretation of the words is performed according to the settings ot the
control bits in the associated Modification Field (MF). The kth Hord following
the Instruction MNWord is interpreted according to the contents of MFk. See EIS
Modif ications Fields (MF) above for meaning of the various control bitse.

See Section IIl, Data éepreSentatlon. and Section VI, Effective Address
Formation, for further details.

“OPERAND~DESCRIPTORTINDIRECTTPOINTER“FORMATA

It MFK.ID = 1, then the kth word following an EIS wmulti-word Instruction

Word is not an Operand Descriptor, but is an Indirect Pointer to an Operand
Descriptor and is Interpreted as shown in Figure 2-5.

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 ' 2-11 AL39



11 2333 3
9 013

" ke

2
7.8 8
1 1 1 !

ADDRESS 10 000 00 0O0DOO0DIAID 0! REG

H - H H

18 11 1 2 6

Figure 2-5 Operand Descriptor Indirect Pointer Format

ADDRESS

*REG

The given address of the Operand Descriptore. This address
may bg: , .
An 18 bit main store address 1t A = 0 (Absolute Mode
oniy)

An 18 bit offset relative to the Base Address ReQister
(BAR) it A = 0 (BAR Mode only)

An 18 bit offset refative to the base of the current
procedure segment if A = 0 (Appending Mode only)

A 3 bif Pointer Register number {n) and a 15 bit offset
relative to C(PRn.HORDNO) if A = 1 (All modes)

Indirect via Pointer Register flage. This flag controls
interpretation of the ADDRESS field of the Indirect
Pointer just as the *“A™ flag controls interpretation of
the ADDRESS field of the Basic and EIS Single-WHord
Instructionse.

Address modifier for ADORESS. All Register Modfiers
except DU and DL may be usede If IC is usedy, then ADDRESS
is an 18 bit offset to value of the Instruction Counter
iar the Instruction Horde CH(REG) is always interpreted as
a pworgd offset to ADORESS.

~ALPHANUMERIC~OPERAND~DESCRIPTOR-FORMATA

For any operand of an EIS Multi-word Instruction that requires Alphanumerijc
Datas, the (Operand Descriptor is interpreted as shown in Figu~e 2-6 belowe

)] 11 22222 3
_0 7 8 0. 1.2 3 & 5
1 1 1 11 L
H ADDRESS ! CN ITA 101 N ]
1 1 H 1. 1 ]
18 3 21 12
L]
Figure 2-6 Alphanumeric Operand Descriptor Format
ADDRESS The given address of the operand. This address may be

REVIEW DRAFT

SUBJECT TO CHANGE
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1975

(for the Kth operand):

An 18 bpit main store address it MFK.AR= 0 (Absolute
Mode only)
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CN

An 18 bit offset to the Base Address RegisSter 1f MFK.AR
= 0 (BAR Mode only)}

An 18 bit offset relative to the base of the current
procedure segment if MFK.AR = 0 (Ap>ending Mode only)

A 3 bit Address Register number (o) and a 15 bit ngnn
of fset to C(ARp.) if MFK.AR = 1 (A1l modes)

Character Number. This field gives the character position
within the word at ADODRESS of the first operand character.
Its interpretation depends on the Data Type (See TA below)
of the operand. Tablie 2-2 below shows the interpretation
of- the tield. A digit in the table indicates the
corresponding character position (See Section Ill, Data
Representation, for data formats) and an “x* indicates an
invalid code for the 0(ata Type. Invalid codes cause
Iilegal Procedure Faultse

Table 2-2 Alphanumeric Character Number (CN) Codes

TA

REVIEW DRAFY
SUBJECT TO CHANGE
October, 1975

Data Ixpe

CICN) | 4=pit  6ebit
000
001
010
011
100
101
110
111

:

NoOVISFUNFTO
XX VIEWND
XKUWUXNX X O

Type Atphanumeric. This is the Data Type code for the
operande The interpretation of the ftield is shown In
Table 2-3 belowe The code shown as Invalid causes 3an
Iilegal Procedure Faulte.

Table 2-3 Alphanuheric Data Type (TA) Codes

c(1aA) Data Ivope
[1]] 9-bi ¢
04 6-bit
10 4-bit
11 Invalld

bperand length. 1f MFK.RL = D, this field contains the
string length of the operands If MFY.RL = 1, this field
contains the code for a register holding the operand
string length. See Table 2-1 and EIS Moditication Fields
(MF) above for a discussion of register codes.

2-13 ' AL39



“NUMERICTOPERAND™DESCRIPTORTFORMATA

For any operand of an EIS Multi-word Instruction that requires Numeric
Data, the Operand Descriptor is interpreted as shown in Figure 2-7 belone

|2} 11 22222 23 3
4] 7.8 012 3 6 9 1 5
] H 11 H H H
3 ADDRESS $t CN tal S 1} SF ] N 1
1 1 I 1 H
18 31 2 6 6
Figure 2-7 Numeric Operand Descriptor Format
key
ADDRESS The given address of the operand. This address may be
(for the kKth operand)t
An 18 bit main store address if MFK.AR= 0§ (Absolute
Mode only)
An 18 bit -offset to the Base Address Reglister it MFKk.AR
= 0 (BAR Mode onlv)
An 18 bit offset relative to the base of the current
. procedure segment if MFkK.AR = 0 (Appending Mode only)
A 3 bit Address Register number (3) and a 15 bit sord
offset to C(ARn.) if MFK.AR = 1 (A1l modes)
CN Character Number. This field gives the character position
within the word at ADDRESS of the first operand charactere.
Its interpretation depends on the Data Type (see TA below)
of the operand. Table 2-2 above shows the interpretation
of the fieldes
a TN Type Numeric. This is the Data !ybe code for the operand.
The codes areeee
CLINY Data Ivpe
0 9-pbit
1 L-bijt
S Sign and decimal type of data. The interpretation of the

field is shown in Table 2-4 below.

Table 2-4% Sign and Decimal Type (S) Codes

Octal Lode Sign and Decimal Iype
0o Floating point, leading sign
01 Scaled fixed point, leading sign
10 Scaled fixed pointy, trailing sign
11 Scaled fixed point, unsigned

REVIEW DRAFY
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SF Scaling factor. This field contains the two®s complement
value of the base 10 scal ing factor$ that is, the value of
m ftor numbers represented a p x 10**p, The decimal gpoint .
is assumed to the right of the least significant digit of
Ne ' Negative values move the decimal point to the lett]
positive valuesy, fto the right. The range of @ is
(-32,31).

N Operand lengthe It MFKeRL = Dy this fietd contains the
operand length in digitse It MFKeRL = 1, it contains the
REG code for the register holding the osperand Jlength and
C(REG) is treated as a 0 moduio 64 numbder.

“BITTSTRINGTOPERAND™DESCRIPTORTFORMATA

For any operand of an EIS Multi-word Instruction that -~equires Bit-string
Data, the Operand Descriptor is interpreted as shown in Figure 2-8 belowe.

0 1112 2 2 3
0 7.8.9.0 3.4 S
! H 1 H H
H ADORESS .1 Cc 1 B 1t N H]
H : 1 H | . 1
18 2 4 12
* Figure 2-8 Bit String Operand Descrptor Format
ADDRESS The given address of the operandes This address may be
{(for the Kth operand)?
An 18 bit main store address if MFkK.AR= 0 (Absolute
Mode only)
An 18 bit offset to the Basé Address Register if MFE.AR
= 0 (BAR Mode only)
An 18 bit offset refative %o the base of the current
procedure segment if MFK.AR = 0 (Aps>ending Mode oniy)
A 3 bit Address Register number (n) and a 15 bit word
offset to C{(ARpe.) if MFK.AR = 1 (All modes)
c The character number of the 9-bit character within ADDRESS
containing the first bit of the operand.
8 The bit number within the 9-bit charactery Cy of the first

bit of the operand.

REVIEW DRAFTY
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FIXED POINT DATA MOVEMENT LOAD

“EIXEQTPOINTTARITHMETICA INSTRUCTIONS

“Eixed”"Poipt~Data~MovementZLoada

EAA
FORMATS

SUMMARY S

MODIFICATIONS?
INDICATORS?

Zero

Negative

NOTES?

-

EAQ
FORMAT:

SUMMARY $

MODIFICATIONSS

INDICATORSS

Zero

Negative
NOTES?
REVIEW DRAFT

SUBJECT TO CHANGE
Octobery, 1975

Effective Address to A 635 (0)
Basic Instruction Format (See Figure 2-1).

Y => C(A)0,17

00ees0 ~-> CLA)18,35

All except 0OU, DL

(Indicators not listed are not affected)

It CLA) = 0, then ON; otherwise OFF

It ClA) bit 0 = 1, then ON3 otherwise J)FF

The EAA instruction, and the instructions EAQ and EAXn.A

tfacilitate interregister data movements; the data source
is specified by the address modification, and the data
destination by the operation code of tne instructione

Attempted repetition with RPL causes an Illegal Procedure
Faulte

Effective Address to Q 636 (0)
Basic Instruction Format (See Figure 2-1).

Y -> CUQ)0,17

00ecel => C(Q)118,35

Al} except DU,y DL

({Indicators not listed are not aftected)

If C(Q) = 0, then ON3 othermise OFF

It CtQ)0 = 1, then ON3 otherwise OFF

Attempted repetition with RPL causes an Illegal Procedure

Faulte
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EAXN

LCA

FORMAT?S

SUMMARYS

MODIFICATIONSS
INDICATORSS

Zero

Negative

NOTESS

FORMAT:

SUMMARY S

MODIFICATIONSS
INDICATORS?

Zero
Negative

Overflonw

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FIXED POINT DATA MOVEMENT LOAD

Etfective Address to Xn 62n (0)

Basic Instruction Format (See Figure 2-1).

For N = 09 1y eeey Or 7 as determined >y operation code

Y =-> C(xXn)

Al except DU, DL

{Indicators not listed are not affected)

I1f C(Xn) = Dy then ON3 otherwise OFF

It C(Xn)0 = 1, then ON; oftherwise OFF

Attempted repetition with RPL causes an Illegal Procedure
Fault.

Load Complement A 335 (8)

Basic Instruction Format (See Figure 2-1).

If C(Y) # 0, then =C(Y) => C(A)

otherwises 00ees0 =-> C(A)

Al

{Indicators not listed are not affected)

It ClA) = 0, then ON3 otherwise OFF

It CLA)D0 = 1, then ON3S otherwise OFF

It range of A is exceeded, then ON3 otherwise OFF

The LCA instruction changes the number to its negative (it
£ 0) while moving it from Y to A. The operation is

.

executed by forming the two®s complement of the string of
36 bitse

2-17 AL 39



FIXED POINT DATA MOVEMENT LOAD

LCAQ
FORMATS

SUMMARY2

MODIFICATIONSS
INDICATORS?

Zero
Negaffve

Overfion

NOTESS

LcQ
FORMATS

SUMMARY?

MODIFICATIONS?
INDICATORS?S

Zero
Negative

Overfiown

NOTES:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 19795

Load Complement AQ 337 (0)
Basic Instruction Format (See Figure 2-1),

It C(Y-pair) # 0, then -C(Y-pair) -> C(AQ)

‘otherwisey, 00...0 => C(AQ)

All except DU, DL, CI, SC, SCR
(Indicators not listed are not affected)

It C(AQ) = Dy then ON: otherwise OFF
It C(AQ)D = 1, then ONS otherwise OFF

It range of AQ is exceeded, then ON} otherwise OFF

The LCAQ ‘instruction changes the numbe~ to its negative
(if # 0) while moving it from Y-pair t> AQe The operation
is executed by forming the two®*s complement ot the string
of 72 bitse

Load Complement Q 336 (0)
Basic Instruction Format (See Figure 2-1),

It C(Y) # 0, then -C(Y) =-> C(Q)

otherwisey, 00.ee0 =-> C(Q)
Al
(Indlcafors not listed are not affected)

If C(Q) = 04 then ON} otherwise OFF
It C(Q)0 = 1, then ONj otherwise JFF

It range of Q is exceeded, then ON} otherwise OFF

The LCQ instruction changes the number to its negative (1t
# 0) while moving it from Y to Q. The operation is
executed by forming the two®s complement of the string of
36 bitse.
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LCXn
FORMAT S

SUMMARY

MODIFICATIONSS
INDICATORS?

Zero
Negative

Overfion

NOTESS

LDA
FORMATS
SUMMARY:
MODIFICATIONSS
INDICATORS?

Zero

Negative

REVIEN DRAFT
SUBJECT TO CHANGE
October, 1975

FIXED POINT DATA MOVEMENT LOAD

Load Complement Xn

Basic Instruction Format (See Figure 2-1).

32n (0)

For n = 0y 1y eeey OFr 7 as determined by operation code

It C(Y)0,17 # 0, then =ClY)0s17 =-> 2(Xn)

othernwisey 00ceel => ciXn}
ALt except CLs SCs SCR
{Indicators not listed are not affected)

It C(Xn) = 0, then ONS otherwise OFF

If C(Xn)0 = 1, then ONS otherwise OFF

If range of Xn ls exceeded, then ONj otherwise OFF

The LCXn instruction changes the number to its

negative

(it # 0) while moving It from Y0,17 to Xne The operation
is executed by torming the two®s conplement of the string

of 18 bits.

Attempfed repetition with RPL and with the same register

given as target and modifier causes an Illegal
Fault.

Load A
Basic Instructiopn Format (See Figure 2-1).

d

c{Y) -> ClA)

Al L 8

(Indicators not listed are not affected)

If C(A) = 0, then ONS otherwise OFF

It CC(A)D = 1, then ON3 otherwise OFF

2-19
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FIXED POINT DATA MOVEMENT LOAD

LDAC
FORMATS

SUMMARY?

HMODIFICATIONSS
INDICATORS?S

Zero

Negative

NOTES:

LDAQ

.

FORMATS

SUMMARY ¢

MODIFICATIONSS

INDICATORS?
Zero
Negative

LDI

FORMAT:

SUMMARY3

MODIFICATIONS:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Load A and Clear 034 (0)
Basic Instruction Format (See Figure 2-1).

CLy) => ClA)

00eee0 =-> CLY)
All except DU, DLy CI, SC,y SCR
tIndicators not listed are not affected)

If C(A) = 0y then ON3 otherwise OFF

It C(A)O = 1, then ON3; otherwise OFF

The LDAC instruction causes a special main store reference
that pertorms the load and clear in one cycle. Thus, this
Instruction can be used in locking data.

Load AQ 237 (0)
Basic Instruction Format {(See Figure 2-1).

ClY-pair) =-> C(AQ)

All except DU, OL, CI, SC, SCR

{Indicators not listed are not affected)

If C(AQ) = 0y then ON3 othermise OFF

It CLAQ)D = 1, then ON3 otherwise OFF

Load Indicator Register €34 (0)

Basic Instruction Format (See Figure 2-1),

C(Y)18,31 -> C(IR)

All except CI, SCy SCR
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INDICATORS?

Parity
Mask

Not BAR
Mode

Mul tiword
Instruction

Fault

Absolute
Mode.

Atl Other
Indicators

NOTESS

FIXED POINT DATA MOVEMENT LOAD

(Indicators not listed are not affected)

1f C(Y)2? = 1, and the Processor is in Absolute or
Privileged Mode, then ON3 otherwise OF7. This indicator
is not affected in the Normal or BAR mddes.

Cannot be changed by the LDI instruction
If C(V30 = 1, and the Processor is In Absolute or
Privileged mode, then ONj otherwise OFF. This indicator

is not atfected in Normal or BAR modes.

Cannot be changed by the LDI instruction

It corresponding bit in C(Y) is 1, then ON; otherwise, OFF

The relation between C(Y)18,31 and the indicators is given
in Table 2-5 below.

The Tally Runout indicator reflects 2(Y)25 regardless of
what address modiflcation is performed on the Lol
instruction for tally operationse.

Attempted repetition with RPT, RPD, or RPL causes an
Itlegal Procedure Faulte

Table 2-5. Relation Betueén Data Bits and Indicators

Bit
Position CLY) Indicator
18 Zero
19 . Negative
20 . Carry
21 Overtiow
22 Exponent Overfiow
23 Exponent Undeflow
24 Overftlow Mask
25 Taltly Runout
26 Parity Error
27 Parity Mask
28 Not BAR Mode
29 Truncation
30 ‘ Multiword Instruction Fault (MIF)
31 Absolute Mode

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975
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FIXED POINT DATA MOVEMENT LOAD

LoQ

L0QcC

LOXn

FORMATS
SUMMARY $
MODIFICATIONSS
INDICATORSS

Zero

Negative

FORMATS

SUMMARY S

MODIFICATIONS?
INDICATORSS

Zero

Negative

NOTES:

FORMAT:

SUMMARYS

MODIFICATIONS?S

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Load Q 236 (0)
Basic Instruction Format (See Figure 2-1).

Cly) -> ctQ)

At

{Indicators not listed are not affected)

If C(Q) = 0, then ON3 othewise OFF

It ClQ)0 = 1, then ON3 otherwise OFF

Load Q and Clear 034 ¢(0)

Basic Instruction Format (See Figure 2-1).

c(y) =-> CctQ)

00eeel => CLY)
All except DUy DLy CI, SCy SCR
(Indicators not

listed are not aftected)

It CLY) = 0, then ON} otherwise OFF

It C(Y)D = 1, then ON, otherwise OFF

The LDQC instruction causes a special main store reference

that performs the load and clear in one cycle. Thus, this
instruction can be used in locking data.
Load Index Register Xn 32n (D)

Basic Instruction Format (See Flgure 2-1),.

For n = Dy 1s eeey Or 7 as determined by operation code

C(Y)} 0,17 => C(Xn)

Ali except CI, SCy SCR
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INDICATORSS

Zero

Negative

NOTESS

LREG
FORMATS

SUMMARY$

MODIFICATIONSS
INDICATORSS

NOTES?

LXLn

FORMATS

SUMMARY?S

MODIFICATIONSS

REVIEW DRAFT
SUBJECT TO CHANGE
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FIXED POINT DATA MOVEMENT LOAD

({Indicators not listed are not affected)

It C(Xn) = 0, then ONS otherwise OFF

If C(Xn)0 = %1, then ON3 otherwise OFF

Attempted repetition with RPL and with the same register
given as target and modifier causes an I[llegal Procedure
Faulte

Load Registers . 073 (D)

Basic Instruction Format (See Figure 2-1).

ClY)Dy17 -> C(XD’ C(Y)18,35 -> C{X1}
C(Y+1)0,17 -> C(X2) C(Y+#1)18,35 -> C{X3)
C(Y+2)0417 => C(X&) ClY+2)18,435 -> C(X5)
C(Y+3)0,17 -> C(Xs) ClY#3)18435 =-o CIXT7)
C(y+4) =-> ClA) Cty+5) =-> Z(Q)

C(Y+6)D,7 => C(E)

where Y must be 0 modulo 83 otherwise, the next smaller
such address is usede. :

Al) excenpt DUy DL, CI, SCy SCR

None affected

Attempted repetition with RPT, RPD, or RPL causes an
Iilegal Procedure Faulte.

Load Xn from Lower : 72n (0)

Basic Instruction Format (See Figure 2-1)e

For n = 0y 1y ceey OFr 7 as determined by operation code

C(Y)18,35 =-> C(Xn)

All except CI, SCy SCR
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FIXED POINT DATA MOVEMENT LOAD

INDICATORS?

Z

Negative

NOTESS

ero

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

(Indicators not listed are not affected)

It C{(Xn) = 0, then ON} otherwise OFF

It C(Xn)D = 1, then ON; otherwise OFF

Attempted repetition with RPL and with the sanme

register

jJiven as target and modifier causes an Iliegal Procedure

Faulte.
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FIXED POINT DATA MOVEMENT STORE

“Eixed~Point~Data”Movement~Stored

SBAR
FORMAT?S
SUMMARY S
MODIFICATIONSS
INDICATORS?

NOTES?

SREG
FORMAT?

SUMMARYS

MODIFICATIONS?

INDICATORS:

NOTES3

REVIEW DRAFT
SUBJECT YO CHANGE
Octobers, 1975

Store Base Address Register

Baslc Instruction Format (See Figure 2-1).
C(BAR) => CiY)0,17

All except DU, DL, CI, SC, SCR

None affected

Attempted repetition with RPT, RPD, or RPL
Itlegal Procedure Fault.

Store Registers

Basic Instruction Format (See Figure 2-1).

350 (0)

causés an

753 (0)

C(XD) => CIY)0.17 Ci{x1) =-> C(Y)18,35
C(X2) => CUY+1) 0,17 C(X3) => C(Y+1)18,35
CiX4) -> C(Y+2) 0,17 C(X5) => CUY+2)18,35
C(X6) =>» C(Y+3)0,17 CAXT) => CU(Y#+3)18,35
Cta) => ClYey) ctQ) -> Clye+S)

CCE) => C(Y+6)0,7 D0eeel => S(Y+6)8,435
C(TR) => C(Y+7)D,26 00ceel => 2(Y$7)27,32

C(RALR) => C(Y+7)33,35

where Y must be a 0 modulo 8 address; otherwise the next

fower such address is usede. :
All except DU, DLy CIo SCe SCR

None affected

’

Attempfed repetition with RPTy RPD, or RPL
Iilegal Procedure Faulte.

- 2=25
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FIXED POINT DATA MOVEMENT STORE

STA.
FORMAT?
SUMMARY3
MODIFICATIONS:
INDICATORSS

NOTES?

STAC
FORMATS
SUMMARYS
~HODIFICATIONSI
INDICATORS?
Zero

NOTES?

STACQ
FORMAT:

SUMMARY?S

MODIFICATIONS:
INDICATORS?

Zero

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Store A 755 (0)
Basic Instruction Format (See Figure 2-1).

clA) -> C(Y)

All except DU, DL

None atfected

Attempted repetition with RPL causes an Illegal Proéedure
Faulte.

Store A Conditional CtY) = 0 356 (0)
B;sic Instruction Fprmat (See Figure 2-1).

If C(Y) = 0, then ClA) =-> C(Y)

All except DU, DL, CI, SC, SCR

(Indicators not listed are not affected)

If Iinitial ClY) = 0, then ON} otherwise OFF

If the initial C(Y) is nonzero, then C{Y) is not changed

by the STAC instructione

Attempted repetition with RPL causes an Illegal Procedure
Faulte
Store A Conditional C(Y) = C(Q) 656 (0)

Basic Instruction Format (See Figure 2-1).

It C(Y) = C(Q), then C(A) =-> C(Y)

All except DU, DLy CI, SCy SCR

fisted are not affected)

(Indicators not

It initial C(Y) = C(Q)y then ON$ otherwise OFF
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NOTES3

STAQ
FORMAT?
SUMMARY
MODIFICATIONSS
INDICATORS?

NOTES?

STBA
FORMATS

SUMMARY3

MODIFICATIONS?
INDICATORS:

NOTES?:

REVIEW DRAFT
SUSJECT TO CHANGE
October, 1975

FIXED POINT DATA MOVEMENT STORE

It the initial C(Y) is # C(Q), then C(Y) is not changed by
the STACQ instruction.

Attempted repetition with RPL causes an Illegal Procedure
Faulte

Store AQ _ ' 757 (0)
Basic Instruction Format (See Figure 2-1).

C{AQ) -> C(Y-pair)

Al1l except DU, DL, CIs SCs SCR -

None affected

Attempted repetition with RPL causes an Iilegal Procedure
Fault.

Store Character of A (Nine Bit) . 551 (0)
Basic Instruction Format (See Flgure 2-1).

Charécters of CtA) -> Corresponding Characters of C{Y),
the character positions affected being specified in the
tag field. .

None
None affected

Binary ones in the tag field of this instruction  specity
the character positions of A and Y that are affectede The
control relations are shown in Table 2-6.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Fault.
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FIXED POINT DATA MOVEMENT STORE

Table 2-6. Control Relations for Store Character Instructions (Nine 8it)

Bit Position Bit of Structure
Within TYag Fleld Instruction of A_aad Y

'sTBQ
FORMATS

SUMMARYS

MODIFICATIONSS
INDICATORS?

NOTES?

STC1

FORMAT?

SUMMARY3

MODIFICATIONS:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

0 30 Char 0
(bits 0-8)
1 31 Char 1
{bits 3-17)
2 32 Char 2

(bits 18-26)

3 33 Char 3
(bits 27-35)

Store Character of Q (Nine B8it) 552 (0)
Basic Instruction Format {(See Figure 2-1).

Characters of C(Q) -> Corresponding Characters of ClY),
the character positions affected being specified In the
tag tield.

None
None affected

Binary ones in the tag field of this instruction specity
the character positions of Q and Y that are affedteds The
control relations are shown in Table 2-6 above.

Attempted repetition with RPT, RPDy, or RPL causes an
Itlegal Procedure Fault.

Store Instruction Counter Plus i 554 (0)

Basic Instruction Format (See Figure 2-1),

CIPPR.IC) + 1 => C(Y)0,17
CCIR) =-> C(Y)18,31

00aecsel -> C(Y)32'35

All except DU, DLy, CI, SCy SCR
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INDICATORSS

NOTESS

sTCc2
FORMNATS
SUMMARYS
MODIFICATIONSS
'INDICATORS?®

-
NOTESS

STCA
FORMATS

SUMNARY?

MODIFICATIONSS
INDICATORS?S

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FIXED POINT DATA MOVEMENT STORE

None aftected

The contents of the Instruction Counter and the Indicator
Register after address preparation ar2 stored in C(Y)0,17
and C(Y)183,31, respectivelys C(Y)25 reflects the state of
the Tally Runout indicator prior to modification., The
relationship between the C(Y)18,31 and the indicators are
given in Table 2-5,

Attempted repetition with RPT, RPD, or RPL causes an
Iitegal Procedure Fault.

Store Instruction Counter Plus 2 750 (0)
Basic Instruction Format (See Figure 2-1).

C(PPR.IC) + 2 => CUY) 0,17

AY)] except DU, DL, CI, SCy SCR

None affected

Attempted repetition with RPT, RPDy or RPL causes an
Ittegal Procedure Faulte

Store Character of A (Six Bit) 751 (0)
Basic Instruction Format (See Flgure 2-1).

Characters of C{A) =-> Corresponding Cnaracters of C(Y),
the character positions affected being specified in the
tag field.

None

‘None affected

Binary 6nes in the tag tield of this instruction specity

.

character positions of A and Y that are affected. The
control refations are shown in Table 2-7.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Faulte.
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FIXED POINT DATA MOVEMENT STORE

Tabie 2-7« Control Relations for Store Character Instructions (Six Bit)

Bit Position Bit of Structure
Hithin Jaa Fleld Instruction of A and Y

sTCcQ
“FORMATS

SUMMARYS

'MODIFICATIONSS
INDICATORS?

NOTES:

REVIEW ODRAFT
SUBJECT TO CHANGE
October, 1975

0 30 Char g
(bits 0-5)
1 31 Char 1 ‘

(bits 6-11)

2 32 Char. 2
(bits 12-17)

3 33 Char 3
{bits 18-23)

b 34 v Char &
' (bits 24-29)

5 35 Char 5
) (bits 30-35)

Store Character of Q (Six Bit) 752 (D)
Basic Instruction Format {(See Figure 2-1),

Characters of C(Q) -> Corresponding Cnarac}ers of ClY),
the <character positions affected being specified by the
tag fielde :

None
None affected

Binary ones in the tag field of this instruction specity
the character positions of Q and Y that are affectede The
control relations are shown in Tadle 2-7 above.
Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Faulte.
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STCOD
FORMATS

SUMMARY3

MODIFICATIONSS
INDICATORS?

NOTESS

ST1
FORMAT:

SUNMARY S

MODIFICATIONSS
INDICATORSS

NOTESS

REVIEWN DRAFT
SUBJECT TO CHANGE
October, 1975

FIXED POINT DATA MOVEMENT STORE

Store Control Double ' 357 (D)
Basic Instruction Format (See Figure 2-1).

00eeel -> ClY-pair)0,2
C(PPR.PSR) => C(Y-pair)3,17
C(PPR.PRR) => C(Y-pair)18,20
00eeed =-> ClY-pair) 21,29

43 (octal) -> C(Y-pair30,35
C(PPR.IC)+2 =-> ClY-pair) 36,53
00eeed => C(Y=-pair)54,74

Al1 except DU, DL, CI, SC, SCR
None affected
The hardware assumes Yi7 = 05 no check is made.

Attempted repetition with RPT, RPDy or RPL causes an
Itlegal Procedure fFault.

Store Indicator Register 754 (0)
Basic Instruction Format (See Figure 2-1).

C(IR) =-> C{Y)18,31

iDeeel => CIY)32,35
Al) except DU, DLy CIs SC, SCR

None affected

The contents of the Indicator Register after address
preparation are stored in C{Y)18431. C(Y)25 refliects the

state of the Tally Runout indicator oprior %o address
preparatione. The relation between C(Y)18,31 and the
Indicators is given in Table 2-5,

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Fault.
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FIXED POINT DATA MOVEMENT STORE

sTQ
FORMATS
SUMMARY 2
MODIFICATIONS?
INDICATORSS

NOTESS

STT
FORNATS

SUMMARY?

-

MODIFICATIONS?
INDICATORSS

NOTESS

STXn
FORMAT?

SUMMARY?

MODIFICATIONS?S
INDICATORS:

NOTESS

REVIEW DRAFY
SUBJECT TO CHANGE
October, 1975

Store Q 756 (0)
Basic Instruction Format (See Figure 2-1).

c(Qy -> C(y)

All except‘DU. DL

None affected

Attempted repetition with RPL causes an Il legal
Fault, )

Procedure

Store Timer Register 454 (0)
Basic Instruction Format (See Figure 2-1).

C(TR) => C(Y) 0,26
00...0 -> C(Y)27,35

All except OU, DLy CI, SCy SCR

None affected

Attempted repetition with RPT,
Illegal Procedure Fault.

RPDy, or RPL causes an

Store Xn in Upper 74n (0)
Basic Instruction Format (See Figure 2-1).

For n = 0y 15 eeey Or 7 as determined 5y operation code

C(Xn) => C(Y)0,17

A1l except DUy DLy CI, SC,y SCR

None affected

Attempted repetition with RPL causes an Il legal
Faulte.

Procedure
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STZ

FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORS?

NOTESS

sSXLn

FORMAT?

SUMMARY 3

L

MODIFICATIONS?

INDICATORS:

NOTESS

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

FIXED POINT DATA MOVEMENT STORE

Store Zero ' 450 (0)
Basic Instruction Format (See Figure 2-1).

00eeel =-> C(Y)

A1) except DU, DL

Nope atfected

Attempted repetition with RPL causes an I} legal Procedure
Fault.

Store Xn in Lower 44n (0)
Basic Instruction Format (See Figure 2-1).

For N = 0y 15 eeey OFr 7 as determined by operation code

C(Xn) =-> C(Y)18,35
All except DUy, DLy CI, SCy SCR
None affected

Attempted repetition with RPL causes an Iliegal Procedure

Fault.
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FIXED POINT

DATA MOVEMENT SHIFT

“Eixed”Point~Data~Mowvement”Shitta
ALR A teft Rotate 77% (0)
FORMAT: Basic Instruction Format (See Figure 2-1).
SUMMARY?S Shift C(A) Jett the number of positions specitied VY11,17?
enter each bit leaving A0 into A3S.
MODIFICATIONS? All except DU, DL, CI, SCy SCR
INDICATORSS (Indicators not listed are not affected)
Zero It C(A) = D,y then ON;'otherwise OFF
Negative 1t C(A)D0 = 4, then ON3S otherwise OFF
NOTESS Attempted repetition with RPL causes an Iliegal Procedure
Faulte
ALS A Lett Shitt 735 (0)
FORMAT: Basic Instruction Format {(See Figure 2-1).
SUMMARY? Shitt C(A) left the number of positions specified by
Y11,173 fil) vacated positions with zeros.
MODIFICATIONS: Alt except DU, DLy CI, SC, SCR
INDICATORSS (Indicators not listed are not affected)
Zero 1t C(A) = 0, then ON3 otherwise OFF
Negative It C(A)D = 1, then ON; otherwise OFF
Carry It C(A)D changes during the shitt, then ON; otherwise OFF
NOTES? Attempted repetition with RPL causes an Illegal Procedure

REVIEW DRAFT
SUBJECT TO CHANGE

October,

1975

Fault.
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ARL
FORMATS

SUMMARY3

MODIFICATIONS:
INDICATORS?

Zero

Negative

NOTES3

ARS
FORMATS

-

SUMMARY S

MODIFICATIONS:
INDICATORS?

Zero

Negative

NOTESS

LLR

FORMATS

SUMMARY S

REVIENW DRAFT
SUBJECT TO0 CHANGE
October, 1975

FIXED POINT DATA MOVEMENT SHIFT

A Right Lagic 771 (D)
Basic Instruction Format (See Figure 2-1).

Shift C(A) right the number of positions
11,173 titl vacated positions with zeros.

specitied by Y
Al except DU, DL, CI' SC. SCR

{Indicators not listed are not affected)

If CtA) = Dy then ON; otherwise OFF

If CLA)D = 1, then ONj otherwise OFF

Attempted repetition with RPL causes an Ittlegal
Faulte.

Procedure

W .
731 (0)

Basic Instruction Format (See Figure 2-1).

A Right Shitft

Shitt C(A) right the
Yi1,173

number of positions
fill vacated positions with C(A)O.

specified by

All except DU, DLy CI, SCy SCR
{Indicators not listed are not affected)

If C(A) = 0, then ON} otherwise OFF

If CtA)D = 1, then ON$ otherwise OFF

Attempted repetition with RPL causés an I}legal Procedure
Faulte. .
Long Lett Rotate 777 (0)

Basic Insftruction Format (See Figure 2-1).

Shitt CtAQ) left by the number of positions

specift jed by
Y11,173

enter each bit leaving AQ0 into AQ71.
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FIXED POINT DATA MOVEMENT SHIFT

LLS

LRL

MODIFICATIONSS
INDICATORSS

Zero

Negative

NOTESS

FORMAT:

SUMMARY?

MODIFICATIONS:
INDICATORSS

Zero
Negative

Carry

NOTESS

FORMAT:

SUMMARY?

MODIFICATIONS?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

All except DU, DLy CI, SCy SCR

(Indicators not listed are not affected)

If C(AQ) = 0o then ONj otherwise OFF

It C(AQ)0 = 1, then ON3 otherwise OFF

Attempted repetition with RPL causes an Illegal Proce
Fault,
Long Left Shitt 737

Basic Instruction Format (See Figure 2-1).

Shift ClAQ) left the
Y11,173

number of
fill vacated positions with zeros.

Alt except DUy, DLy CI, SCy SCR

{Indicators not listed are not atfected)

It C(AQ). = 0,4 then ON§ otherwise OFF

If C(AQ)D = i, then ON§ othernise OFF

If C(AQ)D changes during the shift, than ON; otherwise
Attempted repetition with RPL causes an Iilegal Proce
Fault.

Long Right Loglc 773
Basic Instruction Format {See Figure 2-1).

Shift C(AQ) right the number of positions speclfied

Y11,173 fill vacated positions with zerose

Al except DU, DL, CI, SC, SCR

2-36
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LRS

QLR

INDICATORS?

Zero

Negative

NOTESS

FORMATS ~

SUMMARY2

MODIFICATIONSS

INDICATORSS

Zero

Negative

NOTESS

FORMATS

SUMMARYS

MODIFICATIONS?

INDICATORS?

Zero

Negative

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

It cQ)o =

FIXED POINT DATA MOVEMENT SHIFT

{Indicators not listed are not affected)

It C(AQ) = 0, then ON$ otherwise OFF

If CLAQ)D = 1, then ON3 otherwise OFF

Attempted repetition with RPL causes an Illegal ,Proceduri
Faul?.

Long Right Shitt 733 (0)
Basic Instruction Format (See Figure 2-1).

Shift C(AQ) right the number of positions specified by
Y11,173 titll vacated positions with C(A)O.

A1l except DU, DL, CI, SCy SCR

{Indicators not listed are not affected)

If C(AQ) = 0y then ONj otherwlise OFF

If ClAQ)0 = 1, then ON$ otherwnise OFF

Fault,

Q Left Rotate

Basic Instruction Format (See Figure 2-1).

_Attempted repetition with RPL causes an Illegal Procedure

776 (0)

Shift C(Q) the number of positions specified by Y11,173%

enter each bit leaving Q0 into Q35.

AlY except DU, DL, CI, SCo SCR

(Indicators not listed are hot affected)

It C(Q) = 04 then ON3 otherwise OFF

1, then ON3 otherwise OFF

Attempted repetition with RPL causes an Illegal
Faulte

2-37
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FIXED POINT DATA MOVEMENT SHIFT

QLs

QRL

FORMATS

SUMMARY 3

MODIFICATIONSS

INDICATORSS

Zervo
Negative

Carry

NOTES?

FORMATZ

SUMNARYS

MODIFICATIONS?

INDICATORS?

lero

Negative

NOTES:S

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Q Left Shitt 736 (0)

Basic Instruction Format (See Figure 2-1).

Shift C(Q) left
Y11,173 titl

.the number of positions
vacated positions with zeros.

specified by

All except DU, DLy CIs SCy SCR

{Indicators not listed are not affected)

It C(Q) = Dy then ONj otherwise OFF

It C(Q)D0 = 1, then ON3 otherwise OFF

It C(Q)0 changes during the shift, thea ON; otherwise OFF
Attempted repetition with RPL causes an Illegal Prodecure
Fault.

Q Right Logic 772 (D)

Basic Instruction Format {See Figure 2-1).

Shift C{Q) right the
Y11,173% till

number of positions specified by
vacated positions mith ze~os.

All except DU, DLy Cly SCy SCR
(Indicators not listed are not affected)

It C(Q) = 0, tThen ON§ otherwise OFF

If C(Q)0 = 1, then ON} otherwise OFF

Attempted repetition with RPL causes an Illegal
Faulte.

Procedure
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QRS

FORMAT2

SUMMARYS

MODIFICATIONSS

INDICATORSS

Zero

Negative

NOTES:

REVIEW DRAFY
SUBJECT TO CHANGE
October, 1975

FIXED POINT DATA MOVEMENT SHIFT

Q Right Shitt
Basic Instruction Format (See Figure 2-1).

Shift C(Q) right the number of positions
Y11,17% till vacated positions with C{(2)0.

A1l except DUy DL,y CI, SC, SCR
(Iancators not listed are not a(fec?édl

It C(Q) = 0, then ON3 otherwise OFF

If C(Q)0 = 1, then ON§ otherwise OJOFF

732 (0)

specified by

Attempted repetition with RPL causes an Illegal Procedure

Faulte
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FIXED POINT ADDITION

~Fixed=Point=Additiond

FORMAT:
SUMMARY $
MODIFICATIONSS
INDICATORF!

Zero
Negative
Overflow
Carry
ADAQ
-
FORMATS
SUMMARY S
MODIFICATIONS?

INDICATORSS

lero
Negative
Overtlomw

Carry

ADL
FORMAT?

SUMMAKY3

REVIEW ORAFT
SUBJECT TO CHANGE
Octobery 1975

ADD‘to A 075 (0)
Basic Instruction Format (See Figure 2-1).

C(A) ¢+ C(Y) -> C(A)

All

(Indicators not listed are not atfected)

If C(A) = 0, then ON3 otherwise OFF

It C(A)D = 1, then ON3 otherwise OFF

If range of A is exceeded, then ONj otherwise OFF

It a carry out of AD is generated, then ON; otherwise OFF
Add to AQ 077 (0)
Basic Instruction Format (See Figure 2-1).

CLAQ) + C(Y-pair) =-> C(AQ)

All except DU, OL, Cly SC» SCR

(Indicators not listed are not atfected)

If C(AQ) = 0, then ON3 otherwise OFF
If C(AQ)0 = 1, then ON; otherwise OFF
If range of AQ is exceeded, then ON; otherwise OFF

It a carry out of AQD is generated, then ONj otherwise OFF

Add Low to AQ 033 (D)
Basic Instruction Format (See Fligure 2-1).

C(AQ) + C{Y) sign extended -> C{(AQ)
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MOOIFICATIONSS
INDICATORS?

Zero
Negative
Overtlow

Carry

NOTESS

ADLA
. FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORSS

Zero
Negative

Carry

NOTESS

REVIEW DRAFT
SUBJECT T0O CHANGE
Cctober, 1975

FIXED POINT ADDITION

A1l except CI, SC, SCR
tIndicators not listed are not affected)

If CLAQ) = O, then ON3 otherwise OFF
If C(AQ)O = 1, then ON$ otherwise OFF
It range of AQ is exceeded, then ON; otherwise OFF

It a carry out of AQD is generated, then ON3 otherwise OFF

A 72-bit number is formed from C(Y) in the following
manners

The {lower 36 bifs (36,71) is identical to C(Y). Each of
the upper 36 bits (0,3%5) is identical to cty) .

This 72-bit number 1is added to the coh’ents ‘of the
combined AQ-register.

Add Logical to A 035 (0)
Basic Instruction Format (See Figure 2-1).

C(A) + CLY) -> C(A)

All

{Indicators not listed are not affected)

If C(A) = 0, then ON3 otherwise OFF

If C(A)D = 1, then ON§ otherwise OFF

It a carry out of A0 is generated, then ON3 otherwise OFF

The ADLA instruction is identical to the ADA instruction
with the exception that the Overfiow indicator is not
affected by the ADLA instructions, nor does an Overflow

Fault occure Operands and results are treated as
unsigned, positive binary integers.
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FIXED POINT ADDITION

ADL AQ

ADLQ

FORMAT?

SUMMARY?

MODIFICATIONS?

INDICATORSS

Zero
Negative

Carry

NOTES?

FORMATS

SUMMARY?

MODIFICATIONS?

INDICATORS?

Zero
-Negative

Carry

NOTES:

REVIEW ORAFT
SUBJECT TO CHANGE

October,

1975

Add Logical to AQ 037 (0)

8asic Instruction Format (See Figure 2-1).
C(AQ) ¢+ ClY-pair) -> C(AQ)

A1l except DUy DLy CI, SCs SCR
(Indicators not

listed are not affected)

If C(AQ) = Dy then ONj; othernise JFF

It C(AQ)D = 1, then ON§ otherwise OFF

If a carry out of AQD is generated, than ON} otherwise OFF

The ADLAQ instruction is identical! to the ADAQ instruction

with the exception that the Overflow indicator. is not
atfected by the - ADLAQ instruction, nor does an Overfliown
Fault occurs. Operands and results are treated as

unsigned, positive binary integers.

Add Logical to Q 036 (0)

Basic Instruction Format (See Figure 2-1).

c(Q) + cty) -> C(Q)

All

(Indicators not listed are not aftected)

It C(Q) = 0y then ON$3 otherwise OFF

It ClQ)0 = 1, then ON3 otherwise OFF

If a carry out of QD is generated, then ON3 otherwise OFF

The ADLQ instruction is identical to the ADQ instruction

with the exception that the Overfiow indicator is not
affected by the ADLQ instruction, nor does an Overtlion
Fault occure. Operands and results are treated as

unsignedy positive binary integerse
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ADLXnN

ADQ

FORMAT?

SUMMARY?

MODIFICATIONS?
INDICATORS?S

Zero
Negative

Carry

NOTESS

FORMAT?
SUMMARY 3
MODIFICATIONS?
INDICATORS:

Zero
Negative

Overfiomn

Carry

REVIEW DRAFT
SUBJECT TO CHANGE
Octobers 1975

FIXED POINY ADDITION

Add Logical to Xn 02n (0)

Basic Instruction Format (See figure 2-1).

For n = 0y 1y eeey Or 7 as determined dy operation code

C(Xn) + C{Y)0,17 -> CIXn)
At1 except CI, SCs SCR
{Indicators not listed are not affected)

It C(Xn) = 0, then ONS otherwise OFF

It C(Xn)D = 1, then ONS otherwise OFF

1f a carry out of Xn0 is generated, then ON3 otherwise OFF

The ADLXn instruction Is identical to the ADXn Instruction
with the exception that ¢the Overflow indicator is not
atfected by the ADLXn instruction, nor does an Overfiom
Fault occure Operands  and results are treated as
unsigned, positive binary integerses

Add to Q 076 (0)

Basic Instruction Format (See Figure 2-1).

c(Q) + Cly) =-> ClQ)
Al
(Indicators not listed are not affected)

11 CtQ) = 0y then ON; otherwise OFF
It C(Q)0 = 1, then ON; otherwise OFF

If range of Q is exceededs then ON3 otherwise OFF

It a carry out of Q0 Is generated, then ON; otherwise OFF
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FIXED POINT ADDITION

ADXn
FORMATS

SUMMARYS

MODIFICATIONSS
INDICATORS?

Zero
Negative
Overfion

Carry
AOS
.F ORMAT?
SUMMARY :
MODIFICATIONSS

INDICATORSS

Zero
Negative
Overflon

Carry

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Add to Xn
Basic Instruction Format (See Figure 2-1).

For n = 0y 1y eesy OFr 7 as determined by operation

Ci{Xn) + C(Y)0,17 => C(Xn)
Atl except CIo SCy SCR
{Indicators not listed are not attfected)

If C{Xn) = 0, then ON; otherwise OFF
It C(Xn)D = 1, then ON} otherwise OFF

It range ot Xn Is exceeded, then ONj otherwise OFF

o6n (0)

code

It a carry out of Xn0 is generated, then ON3 otherwise OFF

Add One to Storage

Basic Instruction Format (See Figure 2-1).
ClY) ¢+ 1 =-> c(v)

All except DU, DLy CI, SCs SCR

(Indicators not Jisted are not atfected)

It C(Y) = 0, then ON§ otherwise OFF
It C(Y)0 = 1, then ONj otherwise OFF

It range of Y is exceeded, then ON; otherwise OFF

0S¢ (0)

It a carry out of Y0 is generated, then ONj otherwise OFF

Attempted repetition with RPL causes an Illegal Procedure

Faulte.

AL39



ASA
FORMATS
SUMMARY
VHODIFICATIONSS
INDICATORS?

zero
Negative
Overfiow

Carry

NOTESS

ASQ
FORMATS
SUMMARY?
MODIFICATIONS?
INDICATORS?

Zero
Negative
Overflons

Carry

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
ODctober, 1975

FIXED POINY ADDITION

A&d Stored to A 055 (0)
Basic Instruction Format (See Figure 2-1).

C(A) ¢ CLY) =-> C(Y}

All except DU, DL, CI, SCy SCR

(Indicators not listed are not affected)

IfVC(Y) = 0y then ON$ otherwise OFF
If C(Y)0 = 1, then ON3 otherwise OFF
It range of Y is exceeded, then ON3 otherwise OFF

It a carry out of Y0 is generated, then ONj otherwise OFF

Atiempted repetition with RPL causes an Illegal Procedure
Faulte.

Add Stored to Q . 056 (0)
Basic Instruction Format (See Figure 2-1),

cLQ) + C(Y) => C(N

A1l except DU, DL,y CIy SCs SCR

{Indicators not ltisted are not affected)

It CLY) = D, then ON; otherwise OFF
IF CCY)D = 1, then ON3 otherwise OFF
It range of Y is exceeded, then ON3 otnerwise OFF

It a carry out of Y0 is generated, then ON3 otherwise OFF

Attempted repetition with RPL causes an Illegal Procedure
Faulte

2-45 AL 39



FIXED POINT ADDITION

ASXn

FORMAT?

SUMMARY?

MODIFICATIONS?

INDICATORS?

Zero
Negative
Overfiow

Carry

NOTES:

AWCA

FORMAT3

SUMMARY3

MODIFICATIONSS

INDICATORS:

Zero
Negative

Overflow

Carry

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Add Stored to Xn 04n (0)

Basic Instruction Format (See Figure 2-1).

For N = 0y 19 eeey Or 7 as determined py operation code

C{Xn) + CLY)D,17 ~> C(Y)0y17
All except DU, DLy CIy SCy SCR
(Indicators not listed are not affected)

It C{Y)0,17 = 0y then ON; otherwise OFF

It C(Y)0 = 14 then ONS otherwise OFF
It range of Y0,17 is exceededy then ON$} otherwise OFF

It a carry out of Y0 is generated, then ON; otherwise OFF

Attempted repetition with RPL causes an

Illegal Procedure
Faulte.
" Add with Carry to A 071 (0)

Basic Instruction Format (See Figure 2-1).

It Carry indicator OFF, then C(A) + C(Y) -> CtA)

It Carry indicator ONy, then C(A) + C(Y) ¢ 1 =-> C(A)

Al

(Indicators not listed are not affected)

It C(A) = 0, then ON3 otherwise OFF

It C(A)D = 1, then ON3 otherwise OFF

It range of A is exceeded, then ON; otnerwise OFF

It a carry out ot A0 is generated, then ON} otherwise OFF

The AWCA instruction is identical to the ADA instruction
with the exception that when the Carry indicator is ON at
the beginning of the instruction, 1 is added to the sum of
C(A) and ClY).

AL 39



AWCQ

FORMAT?

SUMMARY:

MODIFICATIONSS

INDICATORS:

Zero
Negative
OQverfliow

Carry

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FIXED POINT ADOITION

Add with Carry to Q@ 072 tO)
Basic Instruction Format (See Figure 2-1).

It Carry indicator OFF, then C(Q) + C(¥) -> C(Q)

It Carry indicator ONs then C(Q) + C(Y) + 1 -> CtQ)
All
(Indlicators not listed are not atfected)

It C(Q) = 0, then ON} otherwise OFF

If C(Q)0 = 1, then ONj; otherwise OFF

If range of Q is exceeded, then ONj otherwise OFF

It a carry out of QD is generated, then ON$ otherwise OFF
The Aubn instruction is identical to tae ADQ instruction
with the exception that when the Carry indicator is ON at

the beginning of the instruction, 1 is added to the sum of
C(Q) and C(Y).
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FIXED POINT SUBTRACTION

“Eixed”Point~Jubtractiond

SBA Subfract from A 175 (0)
FORMATS Basic Instruction fFormat (See Figure 2-1).
SUMHARY! C(aA) - ClY) =-> C(A)

MODIFICATIONSS Al

INDICATORS: {Indicators not listed are not atfected)

Zero It C(A) = 0, then ON} otherwise OFF

Negative It CC(A)D = 14 then ONS otherwise OFF

Overtliow If range of A is exceeded, then ON3 otherwise OFF

Carry If a carry out of A0 is generated, then ON; otherwise OFF

SBAQ Subtract from AQ 177 (D)

FORMATS Basic Instruction Format (See Figure 2-1).
SUMMARY S CtAQ) = Cl(Y-pair) =-> C(AQ)

MODIFICATIONSS All except DU, DL, CI, SCs SCR
INDICATORS: ({Indicators not listed are not affected)

Zero If C(AQ) = Oy then ON3; otherwise OFF

Negative It C(AQ)0 = 1, then ON3 otherwise OFF

Overtflow It range of AQ is exceeded, then ON3 otherwise OFF
Carry If a carry out of AQD is generated, then ON; otherwise OFF
L]
SBLA Subtract Logical from A 135 (D)
FORMATS Basic Instruction Format (See Figure 2-1).
SUMMARY 3 c{A) - Cty) =-> C(A)

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-48 AL 39



MODIFICATIONSS
INDICATORS?

Zero
Negative

Carry

NOTESS

SBLAQ
FORMAT?S
SUMMARY $
~MODIFICATIONS:
INDICATORS?

Zero
Negative

carry

NOTES?

ssLQ

FORMAT?

SUMMARYS

MODIFICATIONSS
REVIEW ORAFT

SUBJECY TO CHANGE
October, 1975

FIXED POINT SUBTRACTION

ARl

({Indicators not listed are not affected)

If C(A) = 0, then ONj otherwise OFF
It C(AY0 = 1, then ON3 otherwise OFF

It a carry out of A0 is generated, thea ON; otherwise OFF
The SBLA instruction is identical to the SBA instruction
With the exception ¢that the Overflow indicator is not
atfected by the SBLA instruction, nor does an Overflow

Fault OoCCure Operands and results are treated as
unsigned, positive binary integerse.

Subtract Logical from AQ 137 0}
Basic Instruction Format (See Figure 2-1).

ClAQ) - C(Y-pair) =-> C(AQ)

All except DU, DL, CIo SCy SCR

(Indicators not listed are not affected)

If C{AQ) = 0, then ONj otherwise OFF
It C(AQ)0 = 1, then ON3 otherwise OFF

If a carry out of AGD is generated, then ON3 otherwise OFF
The SBLAQ instruction is identical to the SBAQ instruction
with the exception that the Overflow indicator is not
affected by the SBLAQ instruction, nor does an Overfliow

Fault occure Operands and results are treated as
unsigned, positive binary integerss

Subtract Logical from Q 136 (0)

Basic Instruction Format (See Figure 2-1).
c(a) - Cty) =-> C(Q)

At
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FIXED POINY SUBTRACTION

INDICATORS?

Zero
Negative

Carry

NOTES?

SBLXn

FORMATS

SUMMARY 2

MODIFICATIONS:

INDICATORS:

Zero
Negative

Carry

NOTES

SBQ

FORMAT3

SUMMARY 2

MODIFICATIONSS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

{Indicators not listed are not afftected)

If C(Q) = 04 then ON3 otherwise OFF

If C(Q)0 = 1, then ON; otherwise OFF

It a carry out of Q0 is generated, then ON§ otherwise OFF

The SBLQ instruction is identical to the S8Q instruction
with the exception that ¢the OJverflow indicator is not
attected by the SBLQ instruction, nor does an Overflow

Fault occure Operands and results are treated as
unsigned, positive binary integers.

Subtract Logical from Xn 12n (0)

Basic Instruction Format (See Figure 2-1).

For n = 0y 19 eeey Or 7 as determined by operation code

C(Xn) = C(Y)D,17 => C(Xn)

All except CI, SCys SCR

'

{Indicators not listed are not affected)

It C(Xn) = 0, then ON:-otheruise OFF
If C(Xn)D = &, then ON3 otherwise OFF

If a carry out of Xn0 is generated, then ON3 otherwise OFF

The SBLXn instruction is identical
nitn the exception that the Overflomw indicator is not
atfected by the SBLXn instruction, nor does an Overflow
Fault occur. Operands and results are treated as
unsigned, positive binary integerse.

to the SBXn instruction

Subtract from Q 176 (0)

Basic Instruction Format (See Figure 2-1).
c(Q) - Cty) -> ct(Q)

Al
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INDICATORS:

Zero
Negative
Overtflon
Carry
SBXn

FORMAT:S

SUMMARY:

MODIFICATIONS?
INDICATORS?

- Zero
Negative
Overfliow

Carry
SSA
FORMATS -
SUMMARY :

MODIFICATIONS?

INDICATORS:

Zero
Negative
Overfiomn

Carry

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FIXZD POINT SUBTRACTION

(Indicators not listed are not aftecte3d)

It C(Q) = 0, then ON} otherwise OFF

It C(Q)0 = 1, then ON3 otherwise OFF

If range ot Q is exceeded, then ON§ otherwise OFF

It a carry out of Q0 is generated, then ON3 otherwise OFF
Subtract from Xn i6n (D)

Basic Instruction‘Formaf (See Figure 2-1).

For n = 0y 19 eees Or 7 as determined by operation code

C(Xn) = CLY)Dy17 -> C{XN)
All except CI, SC, SCR
{Indicators not listed are not affected)

If C(Xn) = 0, then ON§ otherwise OFF

If C(Xn)D = 1, then ON} otherwise OFF

1f range of Xn is exceeded, then ON; otherwise OFF

It a carry out of Xn0 is generated, then ONj} otherwise OFF
Subtract Stored from A 155 (0)
Basic Instruction Format (See Figure 2-1)e.

ClA) = CHY) => C(Y)

All except DU, DLy CI» SCy SCR

({Indicators not listed are not atfected)

It C(Y) = 0, then ON§; otherwise OFF
It C(Y)D = 14 then ON3S otherwise OFF
It range ot Y is exceededy, then ON; otnerwise OFF

It a carry out of Y0 is generated, then ON$ otherwise OFF
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FIXED POINT SUBTRACTION

NOTESS

ssaQ

FORMATS

SUMMARY?

MODIFICATIONS?

INDICATORS?

Zero
Negative
Overfiow

Carry

NOTESS

-

SSXn

FORMAT?

SUMMARY?

MODIFICATIONS?

INDICATORS?:

Zero

Negative
Overtfiow

Carry

NOTESS

REVIEW DRAFT

SUBJECT TO CHANGE
October, 1975

Attempted repetition with RPL causes an Iltlegal

Procedure
Faulte. .
Subtract Stored from Q 156 (0)

Basic Instruction Format (See Figure 2-1).
c(a) - CyY) =-> C(Y)

All except DU, DL, CI, SCy SCR

(Indicators not listed are not affected)

It ClY) = 0y then ON} otherwise OFF
If C(Y)0 = 1, then ONS otherwisSe OFF
It range of Y is exceeded, then ONj otnerwise OFF

It a carry out of Y0 is generated, then ONj otherwise OFF

Altempted repetition with RPL causes an Illegal Procedure
Faulte.
Subtract Stored from Xn 14n (0)

Basic Instruction Format (See Figure 2-1).

For n = 0y 1y eeey Or 7 as determined by operation code

C(Xn) = C(Y)0y17 => C(Y)0,17

All except DU, OL, CI, SCy SCR

(Indicators not listed are not affected)

It CLY)D,17 = Dy then ON3 otherwise OFF

If C(Y)0 = 1, then ON; otherwise OFF
It range of Y0417 exceeded, then ON3 otherwise OFF

It a carry out of Y0 is generated, then ON; otherwise OFF

Attempted repetition with RPL causes an Illegal ‘Procedure

Faulte.
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SHCA
FORMATS

SUMMARY S

MODIFICATIONSS
INDICATORS?:

Zero
Negative
Overflow

Carry

NOTESS

SKCQ
FORMAT?

SUMMARY?

MODIFICATIONSS

INDICATORSS

Zero
Negative
Overflion

Carry

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FIXZD POINT SUBTRACTION

Subtract with Carry from A 171 (0)
Basic Instruction Format (See Figure 2-1).

1t Carry indicator ON, then C(A) - C(Y) -> C(A)

It Carry indicator OFF, then C(A) - C(Y) - 1 => C(A)
ALY
(Indicators not listed are not atfected)

It C(AY = D, then ON3 otherwise OFF

It CtA)D = 1, then ON; otherwnise OFF

It range of A is exceeded, then ONj otherwise OFF

It a carry out of AD is generated, then ON; otherwise OFF

The SWCA instruction is identical to the SBA instruction
with the exception that when the Carry indicator is OFF 3!
the beginning of the instruction, #1 is subtracted fron
the difference of C(A) minus C(Y)e The SWCA instruction
treats the Carry indicator as the complement of a borrow

indicator; due to the implementation of negative numbers
in two®s complement form.

Subtract with Carry from Q 172 )
Basic Instruction Format (See Figure 2-1).

If Carry indicator ON, then C(Q) - ClY) =-> C(Q}

1t Carry indicator OFFs then C(Q) - ClY) - 1 => C{(Q)
Al

{Indicators not listed are not affected)

If C(Q) = 0, then ON$3 otherwise OFF
It C(Q)0 = 14 then ON3 otherwise OFF
If range ot Q is exceeded, then ON3 otnherwise OFF

It a carry out ot Q0 is generatedy then ON; otherwise OFF
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FIXED POINT SUBTRACTION

NOTESS

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

The SHCQ instruction is identicat to the SBQ instruction
with the exception that when the Carry indicator is OFF at
the beginning of the instruction, ¢1 is subtracted from
the difterence of C(Q) minus ClY)e The SWCQ instruction
treats the Carry indicator as the complement of a borrow
indicator; due to the implementation of negative numters
in two*s compiement form.
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FIXED POINT MULTIPLICATION

“Eixed~Point”Multioticationd

MPF

FORMATS

SUMMARY S

MODIFICATIONS?

INDICATORSS

Zero
Negative

Overflonw

NOTES?

MPY

FORMAT?

SUMMARY?

REVIEW DRAFT
SUBJECT TO CHANGE
Dctober, 1975

.AQ71 contains a zero.

Multiply Fraction 401 (0)

Basic Instruction Format (See Figufe 2-1)e

C(A) x C(Y) =-> C(AQ), left ad)usted

Al) except CI, SCy SCR

{Indicators not listed are not affected)

If C(AQ) = 0, then ON3 otherwise OFF
If CCAQ)D = 1, then ON3 otherwise OFF

If range of AQ is exceeded, then ON; otherwise OFF

Two 36-bit fractional tactors (including sign) are
multiplied to form a 7i-bit fractional product (including
sign), which is stored left-adjusted in the AQ-register.
Overflow can occur only in the case
of A and Y containing all ones and the result exceeding
the combined AQ-register.

00 3 00 3
9.1 5 0.1 s
1!, 1 1.1 1
{Sl<=~===factor======weed>] x Isi€===-=factor--=--- ==e>]
1.1 H 1.4 i

A Register Main Store Location Y

yielding

1 I} ‘ 77

g1 . 0.1
11 11
isic¢ produc?t >101
1.1 41

Combined AQ Register

Multiply Integer . 402 (0)

Basic Instruction Format (See Figure 2-1).

c(Q) x Cty) =-> C(AQ), right adjusted
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FIXED POINT MULTIPLICATION

MODIFICATIONS:

INDICATORS?

Zero

Negative

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

All except CIl, SCy SCR
({Indicators not listed are not affected)

If C(AQ) = 0y then ONj§ otherwise JFF

1t C(AQ)D = 1, then ON3 otherwise OFF

Two 36-bit integer factors (including sign) are multiplied
to form a 71-bit integer product tincluding sign), which
is stored in AQy right-ad)usteds AQD is filled with an
“extended sign bit”.

00 3 00 - 3
1.1 S 0.1 -
[ 1 11 ; H
1Si€ee=eal3actOf=mmmemee=>] X |SiC=c-=a 'tactor—mceeeaea>}
1 3 ‘ 1 i1l 1
Q Register Main Store Location Y

yielding

006¢0 7
0.14.2 i
111 ) !
,s’s' (-“-------product : - - )'
111 : 1

Combined AQ Register

In the case of (-2%*35) x (-2*%35) = +2%*70, AQ1L 1s used
to represent the product rather ,than the signe No
overtlow can occur.
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FIXED POINTY DIVISLION

~Ei ~point=Divisionad
DIV Divide Integer S06 (0)
FORMATS Basic Instruction Format (See Figure 2-1).
SUMMARY 2 c(Q) 7 clY) integer quotient -> C(Q)
integer remainéer -> C(A)
MODIFICATIONS? Al
INDICATORS: {Indicators not listed are not affected)
Zero It C(Q) = 0y then ON3 It divisor = 0, then ONj
othernise OFF" otherwisa OFF
Negative If C(Q)0 = 1, then ONj3 It dividand < 0, then ON}
otherwise OFF otherwise OFF
NOTES? A 36-bit integer dividend (including sign) is divided by a

REVIEW DRAFT
SUSJECT TO CHANGE
October, 1975

36-bit integer divisor (including sign) to form a 36-bit
integer quotient (including sign) 3and a 36-bit integer
remainder (including sign)e The remainder sign is equal
to the dividend sign unless the remainder is zeroe

00 3 g0 3
0.1 5 1.2 ]
[ | ) H 11 1
{S}c=====djvidend=======>] / {S}j<€=e=-=divisor=s====-=>}
1.1 1 1.1 i
Q Register Main Store Location Y

yielding

00 3 00 3
0.1 S 0.1 S
L] t 13 !
{slc¢====remainder-—=====>| isle==~cquotient-==vce===3}
3.1 i 1 4 H

A-Register i-Register

It the dividend = -2%%*35 and the divisar = =1 or it the
divisor = 0, then division does not take place. Instead,
a Divide Check fault occurs, C(Q) contains the dividend
magnitude, and the Negative indicator reflects the
dividend sign.
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FIXED POINT OIVISION

DVF

FORMAT?

SUMMARYS

MODIFICATIONSS

INDICATORS?

Zero

Negative

NOTES?

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

Divide Fraction S07 (0)

Basic Instruction Format (See Figure 2-1).

C(AQ) 7 C(Y) fractional quotient -> C{A)

tractional remainder -> C(Q)

All

t{Indicators not listed are not affected)

It C(A) = 0, then ON3 It divisor = 0, then ON}
otherwise OFF otherwise OFF
It C(A)D = 1, then ONS3 It dividend < 0, then ON3

otherwise OFF otherwise OFF

A 71i-bit fractional dividend lincluding sign) is divided
by a 36-bit _ fractional divisor ylelding a 36-bit
fractional qudtient (including sign) and a 36-bit
fractional remainder (including sign)e. caQy71 is
ignored} bit position 35 of the remainder corresponds %o
bit position 70 of the dividend, The remainder sign is
equal to the dividend sign unless the remainder is zero.

00 77
2.1 2.1
H L ]
{si¢<~- divldend—---.-------—--------)|x’
1.1 1.1
Combined AQ-Register
0B 3
0.1 s
1t H
/ 1Slges=e=cdivisore=—=e-==>}
I 1 H
Main Store Location Y
vielding
L] 3 00 3
a1 5 g1 -3
1 H 1! H
isi<—====-quotient-=====>} {sic<c==~--remainder=~-=-=-= ->1
11 1 | i
A-Rejister Q-Register
2-58 : AL39



FIXED POINT DIVISION

It tdividend! »>= {divisor! or it the divisor = 0, dlvision
does not! take place. Insteady, a Divide Check Fault
occursy, C(AQ) contains the dividend magnitude in absolute,
and the Negative indicator reflects the dividend signe.

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 . 2-59 . AL 39



FIXED POINT NEGATE

“Eixed~Poini”Negated

NEG

NEGL

' FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORSS

Zero
Negative

Overflow

NOTES:

FORMAT:

SUMMARY?:

MODIFICATIONSS

INDICATORSS

Zero

Negative

Overflow

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE

October,

1975

Negate A 531 (0)

Basic Instructioh Format (See Figure 2-1).

-C(A) =-> C(A) 1f CtA) 2 0

Ally, but none affect instruction executione.
{Indicators not listed are not affected)

If C(A) = 0, then ONj otherwise OFF

It C(A)D = 1, then ON; otherwise OFF
It range of A is exceededs, then ON; otherwise OFF
The NEG instructioh changes ¢the number in A to 1its

negative (it # 0). The operation is pertormed by forming
the two®s complement ot the string of 36 biftse.

Attempted repetition with RPL causes an lllegal Procedure
Fault.
Negate Long 533 (0)

Basic Instruction Format (See Figure 2-1).
-C(AQ) =-> C(AQ) if C(AQ) # O

All, but none affect instruction execution.
(Indicators not listed are not affected)

If C(AQ) = 0y then ON; otherwise OFF

It C(AQ)0 = 1, then ON; othermwise OFF

If range of AQ is exceededs, then ION3 otherwise OFF

The NEGL instruction
negative (it # 0).
the two*®s complement

changes the numder in AQ to its
The operation is ocerformed by forming
of the string ot 72 bits.

Attempted repetition with RPL causes an Illegal
Faulte

Procedure
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FIXEQ POINT COMPARISON

~“Eixed”Point”Comparisona
CMG Compare Magnitude 405 (0)
FORMAT? Basic Instruction Format (See Figure 2-1).
SUMMARY ¢ 1IC(A) ! 23 1CCY)!
MODIFICATIONS? Al
INDICATORS? (Indicators not listed are not affected)
Zero If 1IC(A)? = JC(Y)}, then ON; otherwise OFF
Negative It 1C{A)! < $C(Y)l, then ON; otherwise OFF
cMK Compare Masked 211 ()
FORMATS Basic Instruction Format (See Figure 2-1).
SUMMHARY3 For 1 = 0y 1y sees 35
C()i = “CHQ)I & (CAIL & CUIYI)
MODIFICATIONSS A}l
INDICATORS? {Indicators not listed ére not affected)
Zero If C(Z) = 0, then ON; otherwise OFF
Negative If C(Z2)0 = 1, then ON§ otherwise OFF
NOTESS The CMK instruction compares the contents of bit pésitions

REVIEW DRAFT
SUBJECT TO CHANGE

October,

1975

of A and Y for identity that are not masked by a 1 in the
corresponding bit position of Q.

The 2Zero indicator is set ON if
successful for all bit positionsj
19000935 there is either: C(A)i =
case) or C(Q)i =

the comparison is
ieey it for atl i = 0y
Cly)l (the identical
1 (the masked case)$ otherwise, Zero

-

indicator is set OFF,

The Negative Indicator is set ON if the comparison is
unsuccesstul for bit position 0} ie2es it C(A)D & C(Y)D
(they are nonidentical) as well as C(Q)D = 0 (they are
unmasked); otherwises, Negative indicator is set OFF,

AL39



FIXED POINY COMPARISON

CMPA

FORMATS

SUMMARYS

MODIFICATIONS?

INDICATORS?

CMPAQ

FORMAT?S

SUMMARY:

MODIFICATIONS:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 14975

Compare with A

Basic Instruction Format (See Figure 2-1),

CCA) 38 CUY)

Al

(Indicators not listed are not aitected)

The

Aummmmmmmw

Z
0

N

Zero
set as followse.

c

'™

O e e

(Z)y Negative (N),

Relat ic

cw)
C(A)
cca)
Cta)
cta)

> Cty)
> C(y)
cy)

< C(Y)

< Cty)

siegn
cwao

cta)o

c(aro

and Carry (C)

80, Ctyd0

ctvio

1, Ctv)o

"

115 (D)

indicators are

LMMMJMEMW
Relation

Z
e

1
0

Compare with'AQ

L
]

1
1

C(a)
cta)

C(a)

< CLY)

cin

> CY)

Basic Instruction Format (See Figure 2-1),

C(AQ) 33 ClY=-pair)

All except DU, DL, CI, SCy SCR

2-62
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INDICATORS:

CMPQ

FORMATS

SUMMARY S

MODIFICATIONSS

INDICATORSS

REVIEW ORAFT ]
SUBJECY YO CHANGE
October, 1975

FIXED POINT COMPARISON

({Indicators not Iisted are not affected)

The Zero (2}, Negative (N}, and Carry {C)
set as followse

indicdators are

Alaebraic Comparison (Signed Binary Operands)

Z 8 € Relation sign

0o 0 O CtAQ) > ClY=-pair) C(AQ)0 = 0, Cl{Y-pair)d = 1
g 0-1 C(AQ) > C(Y=-pair)

1 0 1 C(AQ) = C(Y=-pair) ClAGQ)D = C(Y-pair)l

0 1 0 C(AQ) < C(Y=-pair)

s 1 1 C(aAQ) < C(Y-pair) C(AQ)D = 1, C(Y-pair)0 = 0
Lngxsai.gnmnacLsnn_iuniigngg-ﬁnsiiiug_3Lnacx_gngcanﬂsl

Z C ‘Relation

0 0 C(AQ) < ClY-pair)

i1 CtAQ) = ClY=-pair)

0 1 CLAQ) > C(Y=-pair)

Compare with Q 116 (D)

Basic Instruction Format (See Figure 2-1).

c{Qy

AYi

31 CLY)

{Indicators not listed are not atfected)

The

Zero

tZy, Negative (N), and Carry (C)} indicators are
set as follonse
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FIXED POINT COMPARISON

CMPXn

.FORMAT:

SUMNARY$

MODIFICATIONS:

INDICATORS:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Algebraic Comparison (Signed finary Qoecandsl)

Z N C BRelation slian

0 6 O cy > ctY) c(Qo = 0, C(Y)0 = 1
g 0 1 ctQ) > Cty)

1 0 1 ceay = C(vi cta)s = ctv)o

0 1 0 c{Q) < cty}

6 1 1 c(Q) < cCty) cC(Q)0 = 1, C(Y)}OD = 0

Logical Conparcison f(Unsigned Positive 3ihary Qpecands)

Z C Relation

0 0 cear < cLY)d
11 ctay = ¢ty
0 1 ce) > N

Compare with Xn 10n (D)
Basic Instruction Format (See Figure 2-1).

For N = 0y 1y eeey Or 7 as determined by operation code

CiXn) 82 C(Y)0,17
Al)l except CIy SCy SCR
{Indicators not listed are not aftected)

The 2ero {Z), Negative (N), and Carry {(C) indicators are
set as follonse.

Algebraic Comparison (Sianed Binary QOperands)

Z N C Relation sign

g 0 ¢© ClXn) > CLY}DL17 c(Xn)o

"

gy CLY)O = 1

09 0 1 C(Xn) > C(Y)ID,17

B 1 0 C(Xn) C(Y)D,17 CiXn)o

"

ciy)o

i 0 1 C(Xn) < C(Y)0,17

0 1 1 CiXn) < C(Y)D417 C(Xn)D 1, CIY10 = 0

2-64 ' o AL39



CHL
FORMAT?2

SUMMARYS

MODIFICATIONS:
INDICATORSS

Zero

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FIXED POINT COMPARISON

Logical Comparlson_f{Unsianed Positive 3inacy Qperands)
Z C Relation

¢ 0 Ci{Xn) < C(Y)0,17
1 1 C(Xn) = C(Y)0,17
0 1 CIXn) > CtY)0,17

Compare with Limits 111 (D)
Basic Instruction Format (See Figure 2-1).

CtY) 23 closed interval (C(A)3C(Q)]

cty) 23 ctQ)

Al

{Indicators not listed are not atfected)

If C(A) <= C{Y) <= C(Q) or C(A) >= C(Y) >= C(Q)y then ON}

otherwise OFF.

The Negative (N) and Carry (C) Indicators are set as
followuse.

N C Relation 2ian

g 0 cm) » cty) ctQ)o = 0, C(Y)D =
0 1 ceq) >= C(y) CtQ)o = ctv)o

1 0 ctQ) < Ccty) C(Q)0 = C(Y)0

1 1 C(Q) < Cty) c(Qlo = 1, C(Y)D =0

The CHL instruction tests the value of C(Y) to determine
if it is within the range ot valtues set by C{A) and C(Q).
The comparison of C(Y) with C(Q) locatas C(Y) with resoect
to the interval it C(Y) is not contained within the
interval.
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FIXED POINT MISCELLANEOUS

“Eixed”Point”Miscellaneousa

SIN

FORMAT:

SUMMARYS

MODIFICATIONSS

INDICATORS?

Zero

Negative

SZNC

FORMATS

“SUMMARYS

MCDIFICATIONS?

INDICATORS:

Zero

Negative

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

Set Zero and Negative Indicators

Basic Instruction Format (See Figure 2-1),
Set indicators according to C(Y)

Al

{Indicators not listed are not atfected)
If CtY) = 0, then ON} otherwise OFF

If C(Y)0 = 1, then ONj otherwise OFF

Set Zero and Negative Indicators and Clear
Basic Instruction Format (See Figure 2-1).

Set indicators according to ClY)

00eeel => C(Y’
All except DU, DL, CI, SC, SCR
(Indicators not listed are not affected)

If C(Y) = 0y then ONy otherwise OFF

If C(Y)0 = 1, then ONS otherwise OFF

234 (0)

214 (0)

AL39



BOOLEAN AND

“BOOLEANTOPERATION INSTRUCTIONSA

“BooleanTANDA
ANA
FORMAT?
SUMMARY 3
MODIFICATIONSS
INDICATORS?
Zero
Negative
ANAQ
~FORMAT?
SUMMARYS
MODIFICATIONSS
INDICATORS?2
Zero
Negative
ANQ

FORMAT:

SUMMARY $

MODIFICATIONS?

REVIEW DRAFT

AND to A 375 (0)
Basic Instruction Format (See Figure 2-1).

C(A)i & CLY)i => CtA)i for i = (09 1y eeey 395)

All

(Indicators not listed are not atfected)

If C(A) = 0y then ON3 otherwise OFF

It C(A)D = 1, then ON§ otherwise OFF

AND to AQ 377 (o)

Basic Instruction Format (See Figure 2-1).

C(AQ)i & C(Y-pair)i => CLAQ)L for i = (Ds 1y eees 71)
At exéept DUy DLy CI, 50. SCR

(Indicators not listed are not affected)

If C(AQ) = Dy then ON3 otherwise OFF

If C(AQ)O = 1, then ON3 otherwise OFF

AND to Q 376 (0)

Basic Instruction Format (See Figure 2-1)e.

CCQ)i & C(Y)i =>» ClQ)i for i = (Dy 1y eees 35)

Al

SUBJECT TO CHANGE

Cctobery,

1975
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BOOLEAN AND

INDICATORS:

Zero

Negative

ANSA

FORMAT:

SUMMARY 2

MODIFICATIONSS

INDICATORS?

Zero

Negative

.NOTES?

ANSQ

FORMATS

SUMMARY$

MODIFICATIONSS

INDICATORS:

Zero

Negative

NOTES®

tIndicators not listed are not aftected)

If C(Q) = 0, then ON3 otherwise OFF

It C(Q)0 = 1, then ON3 otherwise OFF

AND to Storage A

Basic Instruction Format (See Figure 2-1).
ClA)i & CLY)i =-> C(Y)i for i = (0y 1y eees 35)
All except DUy DLy CI, SCy SCR

(Indicators not listed are not atfected)

It C{Y) = 0y then ON; otherwise OFF

It C(Y)0 = 1, then ON; otherwise OFF

Attempted repetition with RPL causes an Illegal
Fault,

AND to Storage Q

Basic Instfuction Format (See Figure 2-1).
ClQ)i & CLY)L -> CUY)i for i = (0y 1y seey 35)
All except DU, DLy CI, SCy SéR

(Indicators not listed are not aftectedl)

It CLY) = 0, then ON; otherwise OFF

If C(Y)0 = 1, then ON3 otherwise OFF

Attempted repetition with RPL causes an I1legal
Faulte.

REVIEW DRAFT
SUBJECT TO CHANGE

Gctober,

1975 2-68

355 (90)

Procedure

356 (0)

Procedure
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ANSXn
FORMAT2

SUMMARYS

MODIFICATIONSS
INDICATORS?

Zero

Negative

NOTESS

ANXn
-

FORMATS

SUMMARYS

MODIFICATIONS?
INDICATORSS

Zero

Negative

BOOLEAN AND

AND to Storage xXn 34n (0)
Basic Instruction Format (See Figure 2-1).

For n = 0y 1y eeey OF 7 as determined by operation code

CIXNn)i & CIY)LI => C(Y)] for i = (Dy 19 ecey 17)
Afl except DUy DL, CI, SCs SCR
({Indicators not listed are not affectea)

It C(Y)0,17 = D, then ONj otherwise OFF

It CLY)D = 1, then ON3 otherwise OFF

Atteapted repetition with RPL causes an Illegal Procedure
Faulte

AND to Xn 4 36n (0)
Basic Instruction Format (See Figure 2-1).

For n = Dy 1y eeey Or 7 as determined oy operation code

CIXn)i & C(Y)1 => C(Xn)i for i = (0s 14 eees 17)
All except CI, SCy SCR
(Indicators not listed are not affected)

If C(Xn) = 0y then ON3S otherwise OFF

It C(Xn)D = 1, then ON; otherwise OFF

REVIEW DRAFTY
SUBJECT TO CHANGE
Gctober, 1975 2-69 AL39



BOOLEAN OR

“BooleanTOR3

ORA OR fo A : 275 (0)
FORMAT? ' Basic Instruction Format (See Figure 2-1).
SUMMARY: C(A)]E ! C(Y)I =-> CCA)]I tor i = (Dy 1, -.o; 35}

MODIFICATIONS? ALl

INDICATORS: ({Indicators not listed are not aftected)

Zero If C{A) = 0, then ON; otherwise OFF
Negative - It C(A)D = 1, then ON3 otherwise OFF
ORAQ OR to AQ 277 (0)
FORMAT: Basic Instruction Format (See Figure 2-1).
« SUMMARYS CtAQYi ! C(Y-pair)i => C(AQYi for i = (0 1y eeey 71)

MODIFICATIONSS All except DU, DLs CI, SC, SCR

INDICATORS? {Indicators not listed are not atfected)
Zero If C(AQ) = 0, then ONj; othermise OFF
Negative If C(AQ)D0 = 14 then ON3 otherwise OFF
ORQ OR to Q 276 (0}
FORMAT? Basic Instruction Format (See Figure 2-1).
SUMMARY 2 C(Q)l ¥ CUY)i => C(Q)i for i = (0s 19 eees 35)

MODIFICATIONS? Atl

INDICATORS: {Indicators not listed are not affected)
Zero If C(Q) = 0, then ON3 otherwise OFF
REVIEW CRAFT

SUBJECT TO CHANGE
October, 1975 2-70 AL39



DRSA

Negative

FORMAT?

SUMMARY S

MODIFICATIONSS

INDICATORS:

Zero

Negative

NOTES:

ORSQ"

FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORS?

Zero

Negative

NOTES?

REVIEW DRAFT

It C(Q)0 = 1, then ONS otherwise OFF

OR to Storage A

Basic Instruction éormat (See Figure 2-1).
CtAYL ! CUY)L => C(Y)L for i = (0y 1y seey 35)
A14 except DU, DLy CI, SCy SCR

(Indlicators not listed are not affected)

It CLY) = 0y then ON$ otherwise OFF

It C(Y)i = 1, then ONS otherwise OFF

BOOLEAN OR

255 ()

Attempted repetition with RPL causes an Illegal ' Procedure

Faulte

OR to Storage Q

Baslic Instruction Format (See Figure 2-1).
ctQ)i 3 CLyY)i -> C(Y) for i = (0s 19y eees 35)
A1l except DU,y DLy CIy SCy SCR

(Indicators not listed are not affecte:l

If C(Y) = 0, then ON3 otherwise OFF

If C(Y)D =1, then ON§ otherwise OFF

256 (0)

Attempted repetition with RPL causes an Illegal Procedure

Faulte

SUBJECT TO CHANGE
Cctober, 1975 ‘ 2-71
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BOOLEAN OR

ORSXn

FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORS?

Zero

Negative

NOTESS

ORXNn

JORMATS

SUMMARY?

MODIFICATIONS:

INDICATORS:

Zero

Negative

OR to Storage Xn 24n (0)

Basic Instruction Format (See Figure 2-1).

For n = 0y 1y eeey Or 7 as determined >y operation code
CeXn)i 1 CUY)i -> CIY)i for i = {0y 1y ceese 17)

Ail except DUy DL,y CI, SC,s SCR

listed are not affected)

(Indicators not

It C(Y)0,17 = 0, then ONj otherwise OFF

It C(Y)0 = 1, then ONj otherwise OFF

Attempted repetition with RPL causes an Illegal Procedure
Fault.

OR to Xn 26n (D)
Basic Instruction Format (See Figure 2-1).

For n = 0y 1y esey Or 7 as determined by operation code

CI{Xn)i ¢ CLY)iI => C(Xn)i ftor i = {0y 19 evey 17)
All except CI, SCys SCR
(Indicators not listed are not affected)

If C(Xn) = 0, then ONj otherwise OFF

If C(Xn)0 = 1, then ON} otherwise OFF

REVIEW DRAFT
SUBJECT TO CHANGE

October,

1975
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300LEAN EXCLUSIVE OR

“Boolean”Exclusive”ORJ

ERA EXCLUSIVE OR to A . 675 (0)
FORMAT2 Basic Instruction Format (See Figure 2-1)e
SUMMARYS C(AYi @ CIY)i => ClA)i for i = (0y 1y eeer 35)

MODIFICATIONSS At

INDICATORSS {Indicators not listed are not aftfected)

Zero If C(A) = 0, then ON3 otherwise OFF

Negative If C(A)D = 1, then ON3 otherwise OFF

ERAQ EXCLUSIVE OR to AQ 677 (0)
FORMATS Basic Instruction Format (See Figure 2-1).

‘SUNMARY: C(AQ)L ® C(Y=-pair)i => C(AQ)L for i = {0y 1y eeey 71)
MODIFICATIONSS All except DU, DL, CI, SC, SCR
INDICATORS? (Indicators not listed are not affected)

Zero If C(AQ) = 0y then ON3 otherwise OFF

Negative If C(AQ)D = 1, then ON$ otherwise OFF

ERQ EXCLUSIVE OR to Q 676 (0)
FORMATS ) Basic Instruction Format (See Figure 2-1).
SUMMARY S cCtQ)i @ CtY)i => CtQ)i for 1 = (0s 19 ecees 35)

MODIFICATIONS? Al

INDICATORS? {Indicators not listed are not atfected)

Zero If C(Q) = 0, then ON; otherwise OFF

REVIEW ORAFT

SUBJECT TO CHANGE
Cctobery, 1975 2-73 aL39



BOOLEAN EXCLUSIVE OR

ERSA

ERSQ

Negative

FORMATS

SUMMARY S

MODIFICATIONS?

INDICATORS:

Zero

Negative

NOTESS

FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORS?

Zero

Negative

NOTES?

If C(Q)0 = 1, then ONj} otherwise OFF

EXCLUSIVE OR to Storage A
Basic Instruction Format (See Figure 2-1).
ClA)i @ C(Y)i => CUY)i for i = (0y 15 eees 35)

All except DUy, DLs CI,y SCy SCR

(Indicators not listed are not affected)

If C(Y) = 0, then ON; otherwise OFF

If CtY)0 = 4, then ON3 otherwise DFF

Attempted repetition with RPL causes an Illegal
Fault. .

EXCLUSIVE OR to Storage Q
Basic Instruction Format (See Figure 2-1).
ClQYi ® ClY)i =-> C(Y)i tor i = (Dy 19 eoee 35)

All except DU, DLs CI, SCy SCR

{Indicators not listed are not affected)

It CtY) = 0, then ON; otherwise OFF

If C(Y)0 = 1, then ONj otherwise OFF

Attempted repetition with RPL causes an Illegal
Fault.

REVIEW DRAFT
SUBJECT TO CHANGE

Cctober, 1975

2-74
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Procedure

656 (0)
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300LEAN EXCLUSIVE OR

ERSXn EXCLUSIVE OR to Storage Xn ) 64n (0)
FORMAT? 8asic Instruction Format (See Figure 2-1).
SUMMARY?S For n = 0y 1y eeey Or 7 as determined >y operation code

C(Xn)i ® CUY)i =-> CtY)i ftor i = (0y 19 eees 17)
MODIFICATIONSS A1l except DU, DL, CI, SCy SCR

INDICATORSS (Indicators not listed are not affected)

Zero It C{Y)0,17 = 0y then ON; otherwise OFF
NOTES: Attempted repetition with RPL causes an Iltegal Procedure
Fault.
ERXn EXCLUSIVE OR to Xn 66n (0)
JORMATS Basic Instruction Format (See Figure 2-1).
SUMMARYS For n = 0y 14 eeey Or 7 as determined by operation code

C(Xn)i © C(Y)i => C(Xn)i for i = (0s 1y eeces 17)

MODIFICATIONS? All except CI, SCy SCR

INDICATORSS {Indicators not listed are not affected)
Zero I1f C(Xn) = Dy then ONj otherwise OFF
Negative If C(Xn)0 = 14 then ON; otherwise OFF

REVIEW DRAFT
SUBJECT TO CHANGE.
October, 1975 2-75 ~ aL39



“BooleanTComparative AND

CANA : Comparative AND with A 315 (D)
FORMATS Basic Instruction Format {See Figure 2-1).
SUMMARYS ClZ)i = C(AYI & CUY)i for i = (Dy 15 evey 395)

MODIFICATIONSS ALl

INDICATORS: (Indicators not listed are not affected)

ZERO If C(Z) = 0y then ON5 otherwise OFF

Negative It C(Z)0 = 1, then ONj otherwise OFF

C ANAQ Comparative AND with AQ 317 (0)
FORMATS Basic Instruction Format (See Figure 2-1}).
“SUMMARYS C(Z)i = C(AQ)1 & CY=-pair)i for I = (0y 1y eees 71)

MODIFICATIONSS All except DU, OL, CI, SC, SCR

INDICATORSS: ({Indicators not listed are not aftected)
Zero If CtZ) = 0, then ON3 otherwise OFF
Negative If C(Z)0 = 1, then ON; otherwise OFF
CANQ Comparative AND with Q 316 (D)
FORMAT? Basic Instruction Format (See Figure 2-1),
SUMMARY?S Cl2)i = CLQ)L & CtY)i for i = (0y 19 eeesy 35)

MOUIFICATIONS? Al

INDICATORS? {Indicators not listed are not affected)

-

ZERO It C(Z) = 0, then ONj otherwise OFF

REVIEW DRAFT
SUBJECY TO CHANGE
Cctober, 1975 2=-76 - AL39



Negative

CANXNn

FORMAT?

SUMMARY?S

MODIFICATIONS:

INDICATORS:

Zero

Negative

REVIEW DRAFT

BOOLEAN COMPARATIVE AND
It C(Z)0 = 1, then ON} otherwise OFF

Comparative AND with Xn . 30n (0)
Basic Instruction Format (See Figure 2-1).

For n = 0y 1y eeey Or 7 as determined oy operation code

ClZ)i = C(Xn)i & CUY)i for i = (0y 1y eeeay 17)
All except CI, SCy SCR
{Indicators not listed are not affecte3)

If C(Z) = 0, then ON} otherwise OFF

If CtZ)0 = 1, then ON3 otherwise OFF

SUBJECT TO CHANGE
October, 1975 2-77 AL39



BOOLEAN COMPARATIVE NOT

CNAA

FORMATS

SUMMARYS

MODIFICATIONS?

INDICATORSS

Zero

Negative

CNAAQ

FORMATS

SUMMARY

-

MODIFICATIONS?

INDICATORSS

Zero

Negative

CNAQ

FORMATS

SUMMARYS

MODIFICATIONS?

INDICATORS:

Zero

Negative

REVIEW DRAFT

Comparative NOT with A

Basic Instruction Format

ClZri = ClA)i

ALl

& “Cini

(See Figure 2-1).

for I = (0, 1,

(Indicators not listed are not affected)

If C(Z) = 0, then ON3

If ct2)o = 1,

otherwise OFF

then ONj otherwise OFF

Comparative NOT with AQ

Basic Insfruction Format (See Figure 2-1).

Cl(Z)i = CAQ) i

All except DU,

(Indicators not

It C(Z) = D,

If c(2H0 = 1,

Comparative NOT with Q

& “C{Y¥=-pair)i for 1 =

oL,

CI,

SCe SCR

listed are not aftected)

then ON3

otherwise OFF

then ON3 othernise OFF

Basic Instruction Format (See Figure 2-1).

C()i =

AL}

{Indicators not

It C(2y =

It c(z)0 = 1,

SUBJECT TO CHANGE
Octobery, 1975

ctQ)i & “C(Y)i for i =

{0y 1,

listed are not aftected)

0y then ON3

otherwise OFF

then ON3S otherwise OFF

2-78

(Dy Lo
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217 (0)
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CNAXN

FORMAT:

SUMMARY 3

MODIFICATIONSS

INDICATORS?

Zero

Negative

REVIEW DRAFT

BOOLEAN COMPARAT IVE NOT

Comparative NOT with Xn 20n (0)
Basic Instruction Format (See Figure 2-1)e

For n = 0y 1y eeey Or 7 as determined oy operation code

C0Z)i = C(Xn)i & ~CUY)i for i = (0y 1y eeey 17)
All except CI, SC, SCR
{Indicators not listed are not affected)

If C{Z) = 0, then ONS otherwise OFF

If C(Z)0 = 1, then ON; othernise OFF

SUBJECT TO CHANGE ' '
Uctobery 1975 2-79 . AL39



FLOATING POINT DATA MOVEMENT LOAD

“ELQATINGTPOINTZARITHMETICA L NSTRUCTLONS

“Eloating”Point Data~Movement Loadd

DFLD

FORMATS

SUMMARY?$

MODIFICATIONS?

INDICATORS?

Zero

Negative

FLD

FORMATS

SUMMARY3

MODIFICATIONS?

INDICATORS:

Zero

Negative

REVIEW DORAFT
SUBJECT TO CHANGE
October, 1975

Double Precision Floating Load
Basic Instruction Format (See Figure 2-1).

C{Y-pair)0,7 -> C(E}
C{Y-pair)8,71 -> C(AQ)0,63

00eee0 => C(AQ) BL,T71

All except DU, DLy CIs SC, SCR
(Indicators not listed are not affected)
If C(AQ) = 0, then ONj3 otherwise OFF

If C(AQ)O = 1, then ON} otherwise OFF
Floating Load

Basic Instruction Format (See Figure 2-1).

CLY) 0,7 =-> C(E)
C(Y)8,35 -> C(AQI0,+27

00eeel -> C(AQ) 30571
All except CI, SCs» SCR
(Indicators not listed are not aftected)

If C(AQ) = 0, then ONj otherwise OFF

“IF C(AQ)0 = 1, then ON} otherwise OFF

433 (0)

431 (0)

AL 39



FLOATING POINT DATA MOVEMENT STORE

~floatinga~Point Rata“Movemen}t Stored

DFST

FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORS?

NOTES:

DFSTR

FORMAT?

-

SUMMARY?3

MODIFICATIONSS

INDICATORS:

Zero
Negative

Exponent
Overtlion

Exponent
Underftlow

NOTESS

REVIEWN DRAFT
SUBJECT TO CHANGE
October, 1975

Double Precision Floating Store 457 (0)
Basic Instruction Format (See Figure 2-1).

CLE)} => ClY=-pair)l,7

C{AQ) 0,63 -> ClY-palr)8,71

Al except DUy DLy CI, SCy SCR

None affected

Attempted repetition with RPL causes a3 I1legal Procedure
Fault.

Double Precision Floating Store Rounded 472 (0)

Basic Instruction Format (See Figure 2-1).
C(EAQ) rounded =->» C(Y=-pair)
At except DUy DL, CI’ SC, SCR

{Indicators not listed are not affected)

If C(Y=-pair) = floating point 0, then 3N} otherwise OFF
If C(Y-pair)s8 = 1, then ON3 otherwise JFF

1f exponent is greater than +127, then ON} otherwise OFF

It exponent is less than -128, then ON§ otherwise OFF

The DFSTR instruction performs a doudle precision
round and normalization on C(EAQ) as it is storede.

true

The detfinition of true round is
description of the Fioating Round (FRD)

located under the
instruction.

The definition of
description ot

normalization is
the Floating Normaliza

located under the
{FNO) instructione.

Except for the precision ot the stored result, the
instruction is identical to the FSTR iastruction,.

DFSTR
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FLOATING POINY DATA MOVEMENT STORE

FST

FORMAT?S

SUMMARY?

MODIFICATIONSS

INDICATORS?

NOTES:

FSTR

“FORMAT:

SUMMARY ¢

MODIFICATIONS?

INDICATORS?

Zero
Negative

Exponent
Overflow

Exponent
Underflow

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Attempted repetiftion with RPL causes an Illegal Procedure
Faul t.

Floating Store 455 (0)
Basic Instruction Format (See Figure 2-1).

CLE) => CiY)0,7

C(A)D0,27 ~> C(Y)8,35
A1l except DUy DLy CI, SC,s SCR
None affected

Attempted repetition with RPL causes an Illegal Procedure
Faulte.

Floating Store Ropnded ‘ 470 (0)
8asic Instruction Format (See Figure 2-1).

C(EAQ) rounded =-> C(Y)

Al} except DU, DLy CI, SCy SCR

(Indicators not listed are not affected)

It ClY) = fioating point 0, then ONj otherwise OFF
If C(Y)8 = 1, then ON; otherwise OFF

If exponent is greater than #127, then ON3 otherwise OFF

If exponent is less than -128, then ON$ otherwise OFF

The FSTR instruction performs a true round and
normalization on C(EAQ) as it is stored,

The detinition of true round is Jlocated under the
description of the Floating Round (FRD) instruction.

The definition of normalization is tocated under the
description of the Floating Normatize (FNO) instructione.

2-82 AL39



FLOATING POINT DATA HOVEHENT S TORE

Steps in the execution may be thought of as followss3
Execute FNO
Execute FST
Restore C(EAQ) to original values.

Attempted repetition with RPL causes an Illegal Procedure
Fault.

REVIEW DRAFT
SUBJECT TO CHANGE :
October, 1975 ‘ 2-83 . AL3S



FLOATING POINT ADDITION

“Eloating”Point Additiona
DFAD Double Precision Floating Add 477 (0)
FORMATS Basic Instruction Format (See Figure 2-1).
SUMMARY S {C(EAQ) + ClY-pair)) normalized -> C{EAQ)
MODIFICATIONS? A1l except DU, DLy CI» SC» SCR
INDICATORS: (Indicators not listed are not affected)
Zero It ClAQ) = Qy then ON3 otherwise OFF
Negatlive If C(AQ)DC = 1, then ONj otherwise OFF
Exponent If exponent is greater than #127, then ON3 otherwise OFF
Overflow
Exponent If exponent is less than =128, then ON; otherwise OFF

Underfilon

Carry

-

NOTES:

DUFA
FORMAT:
SUMMARY?

MODIFICATIONS:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 19475

If a carry out of AQO is generated, then ON} otherwise OFF

The DFAD instruction may be thought of as a Double
Precision Unnormalizard Fjoating Add (DUFA) instruction
followed by a Floating Normalize (FNO) instructione

The detfinition of normatization 1is located wunder the
description of the Floating Normalize (FNO) instruction,

Double Precision Unnormalized Floating Add L37 (8)
Basic Instruction Format (See Figure 2-1).
C(EAQ) + ClY-pair) -> CIEAQ)

A1) except DUy DLy CI, SCs SCR

2-84 aL39



INDICATORSS

Zero
Negative

Exponent
Overfiow

Exponent
Underflow

Carry

NOTESS

FAD
FORMATS

SUMMARY 3

-

MODIFICATIONS:
INDICATORS:

Zero
Negative

Exponent
Overflomn

Exponent
Underflon

Carry

NOTES3:

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

FLOATING POINT ADDITION

(Indicators not listed are not atfected)

If C(AQ) = D, then ON3 otherwise OFF
If C(AQ)D = 1, then ON§ otherwise OFF

It exponent is greater than #1127, then ON3 otherwise OFF
If exponent is less than -128, then ON3 otherwise OFF
It a carry out of AQD is generated, then ONj otherwise OFF

Except for the precision of the mantissa of the operand
from main store, the DUFA instruction is identical to the
UFA instructione

Floating Add » f 475 (D)
Basic Instruction Format (See Figure 2-1).

(C(EAQ) ¢ C(Y)) normalized -> C(EAQ)

All except CI, SCy SCR

{Indjicators not listed are not aftfected)

If CLAQ) = 0, then ON; otherwise OFF
It CLAQ)D = 14 then ON3 otherwise OFF

If exponent is greater than +i127, then ON3 otherwise OFF
If exponent is less than -128, then ONj otherwise OFF
It a carry out of AQD Is generated, then ON} otherwise OFF

The FAD instruction may be thought of a an Unnormalized
Floating Add (UFA) instruction followed by a Floating
Normalize (FNO) instructione.

The definition of normalization is 1{ocated under the
description of the Floating Normalize (FNO) instruction.
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FLOATING POINT ADDITION

UFA
FORMAT:
SUMMARY3
MODIFICATIONS?
INDICATORS:

Zero
Negative

Exponent
Overflomw

Exponent
Underflow

Carry

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Unnormalized Floating Add 435 (0)
3asic Instruction Format (See Figure 2-1).

C(EAQ) #+ C(Y) -> C(EAQ)

All except CI, SCy SCR

{Indicators not listed are not affected)

It C(AQ) = Dy then ON3 otherwise OFF
It CC(AQ)D0 = 1, then ON; otherwise OFF

If exponent is greater than #127, then ON; otherwise OFF
If exponént is less than =128, then ON; otherwise OFF
It a carry out of AQ0 is generated, then ON} otherwise OFF

The UFA instruction is executed as followus?

The mant issas are aligned by shifting the mantissa of
the operand having the algebraical ly smaller exponent
to the right the number of places equal to the
absolute value of the difference in the two
exponents. Bits shifted beyond the bit position
equivalent to AQ71 are loste
The algebralcally larger exponent replaces C(E).
The sum of the mantissas replaces C(AQ).
It an overflonw occurs during addition, then}

C(AQ) are shifted one place to the righte.

C(AQ)0 is inverted to restore the signe

C(E) is increased by one.
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FLOATING POINT SUBTRACTION

“Eloating~Point Subtractionad

DFSB
FORMAT:
SUMMARY S
ﬁODIFICATIONS!
INDICATORS?:

Zero
Negative

Exponent
Overflow

Exponent
Underfiown

Carry

-~
NOTES?:

DUFS
FORMATS
SUMMARY?
MODIFICATIONS?

INDICATORS:

Zero
Negative

Exponent
Overfilow

kxponent
undertlon

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Double Precision Floatiné Subtract - 577 (0)
Basic Instruction Format (See Figure 2-1).

(C(EAQ) - C(Y-pair)) normalized ~-> C(EAQ)

All except DU, DLy CI, SCy SCR

{Indicators not listed are not affected)

It C(AQ) = 0y then ONjS otherwise OFF
If c(aQ)o = 1, fhen ON; otherwnise OFF

I1f exponent is greater than #127, then ON; otherwise OFF
If exponent is lessAthan -128, then ONj otherwise OFF
If a carry out of AQD0 is generated, then ONj otherwise OFF

The DFS8 instruction is identical to the Double Precision
Floating Add (DFAD) instruction with the exception that
the 2°s complement of the mantissa of the operand ftrom
main store is used.

Double Precision Unnormalized Floating Subtract 537 (0)
3asic Instruction Format (See Figure 2-1).

C(EAQ) - C(V=-pair) -> C(EAQ)

Alt except DU, DL, CI, SCy SCR

(Indicators not listed are not atfected)

It C(AQ) = 0y then ON; otherwise OFF
If C(AQ)0 = 1, then ON3 otherwise OFF

If exponent is greater than +127, then ON$ otherwise OFF

It exponent is less than -128, then ON; otherwise OFF
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FLOATING POINT SUBTRACTION

Carry

NOTESS:

FsSB

FORMATS

SUMMARY S

MODIFICATIONS?

INDICATORS?

Zero
Negative

Exponent
Overfliow

Exponent
Underflown
Carry

NOTES:

UFS

FORMAT:

SUMMARY3

MODIFICATIONS?S

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

If a carry out of AQO is generatedy, th2n ON; otherwise OFF

Except for the precision of the mantissa of the operand
from main store, the DUFS instruction is indentical with
the UFS instructione

Floating Subtract 575 (0)
Basic Instruction Format (See Figure 2-1).

(C(EAQ) - C(Y)) normalized -> C(EAQ)

All except CI, SCy SCR

(Indicators not listed are not attected)

If CLAQ) = 0y then ON; otherwise OFF
It C(AQ)B = 1, then ON; otherwise OFF

It exponent is greater than +127, then ONj otherwise OFF
It exponent is less than -128, then ON;} otherwise OFF
It a carry out of AQO0 is generated, then ON} otherwise OFF

The FSB instruction may be thought of as an Unnormailzied
Floating Subtract (UFS) instruction followed by a Floating
Normalize (FNO) instruction.

The definition of normailization is located wunder the
description of the Floating Normalize (FNO) instruction.

Unnormalized Floating Subtract 535 (0)
Basic Instruction Format (See Figure 2-1).

C(EAQ) - C(Y) -> C(EAQ)

Al} except CI, SCy SCR
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INDICATORSS

Zero
Negative

Exponent
Overfion

Exponent
Undertfiow

Carry

NOTES:

REVIENW DRAFT
SUBJECT TO CHANGE
October, 1975

FLOATING POINT SUBTRACTION

(Indicators not listed are not atfected)

It C(AQ) = 0, then ON$ otherwise OFF
It CLAQ)D = 1, then ON; otherwise OFF

If exponent is greater than +127, then ON; otherwise OFF
If exponent is less than -128, then ON; otherwise OFF
If a.carry out of AQO0 is generated, then ON} otherwise OFF

The UFS instruction s identical to the Unnormalized
Floating Add (UFA) instruction with the exception that the
2°s comptement of the mantissa of tae operand from main
store is used.
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FLOATING POINT MULTIPLICATION

“Eloating”Pojint Multiplicationd

DFMP
FORMAT:
SUMMARY S
MODIFICATIONSS
INDICATORSS

Zero
Negative

Exponent
Overtion

Exponent
Underflow

NOTES:
L

‘DUFM
FORMATS
SUMMARY 3
noolriCArxons:

INDICATORS?

Zero
Negative

Exponent
Overflow

Exponent
underflow

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

Doubte Precision Floating Multiply 463 (0)

Basic Instruction Format {See Figure 2-1i}.
(C(EAQ) x C(Y=-pair)) normalized -> C(EAQ)
All except DU, DLy CI, SCs SCR
(Indicators not listed are not aftected).

It C(AQ) = 0, then ONj otherwise JFF

It CCAQ)D0 = 1, then ON$ otherwise OFF

If exponent is greater than +127, then ONj otherwise OFF

It exponent is less than =128, then ON; otherwise OFF

lnstrdctlon

The DFMP may be thought of as a Double
Precision Unnormai ized Floating Multiply (DUFM)
instruction foflowed by a Floating Normalize (FNO)
instructione.

The definition of normalization 1s located under the
description of the Floating Normatize (FNO) instruction,

Double Precision Unnormalized Floating Multiply 423 (0)

Basic Instruction Format (See Figure 2-1).
C(EAQ) x C(Y=-pair) => C(EAQ)
All except DU, DL, CI, SCy SCR

(Indicators not listed are not atfected)

It C(AQ) = 0, then ON§ otherwise OFF

If C(AQ)D = &1, then ON; otherwise OFF

If exponent is greater than +127, then ON3 otherwise OFF

It exponent is less than =128, then ON; otherwise OFF

AL3S



NOTES?

FHP

FORMAT?

SUMMARY 3

MODIFICATIONS:?

INDICATORS?

Zero
Negative

Exponent
Overfilow

Exponent
Underflon

-

NOTESS

UFM

FORMATS

SUMMARY S

MODIFICATIONSS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FLOATING POINT MULTIPLICATION

Except ftor the precision of the mantissa of the operand
from main store, the DUFM instruction is identical to the
Unnormalized Floating Multiply (UFM) instruction.

Floating Multiply %61 (0)
Basic Instruction Format (See Figure 2-1).

{C(EAQ) x C(Y)) normalized -> C(EAQ)

All except CI, SCy SCR

{Indicators not listed are not affected)

It CLAQ) = 8, then ON3 otherwise OFF
It C(AQ)D = 1, then ON} otherwise OFF

If exponent is greater than #127, then ON§3 othermwise OFF

It exponent is less than =128, then ON; otherwise OFF

The FMP instruction may be thought of as an Unnormalized
Floating Multiply (UFM) instruction followed by a Floating
Normalize (FNDO) instruction.

The definition of normatization is ftocated under the
description of the Floating Normalize (FNO) instruction.

unnormalized Floating Multiply : 421 (0)
Basic Instruction Format {(See Figure 2-1).
C(EAQ) x CLY) =-> C(EAQ)

All except CI, SCo SCR
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FLOATING POINT MULTIPLICATION

INDICATORS:2

Zero
Negative

Exponent
Overtlionm

Exponent
Undertlow

NOTES?:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

(Indicators not ltstgd are naot affected)

If C(AQ) = 0, then ONS otherwise OFF
If C(AQ)D = 1, then ON; otherwise OFF

It exponent is greater than +127, then ON; otherwise OFF

It exponent is less than =128, then ON; otherwise OFF
.

The UFM instruction Is executed as follows?

CLE) + C(Y)0,7 -> CLE)

(C(AQ) x C(Y)B8,35)0,71 -> C(AQ)
A normalization is performed only in the case of both
tactor mantissas being 100ee.0 which is the 2°s complement

approximation to the decimal value =-1.0.

The definitlon of normalization Is located under the
description of ~the Floating Normalize (FNO) instruction,
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FLOATING POINT DIVISION

“floating~Point Divisiond
OFDI Double Precision Floating Divide Inverted 527 (0)
FORMAT: Basic Instruction Format (See Figure 2-1).
SUMMARY C(Y=-pair) 7 C(EAQ) =-> C(EAQ)
MODIFICATIONS? All except DU, OL, CI, SCy SCR
INDICATORS? (Indicators not listed are not affected)
1t division takes place? 1f no division takes plzce?
lero It C(AQ) = 0, then ONS3 It divisor mantissa = 0,
otherwise OFF ~ then ON3 otherwise OFF
Negative It C(AQ)D = 1, then ONS It dividend < 0, then ON3}
otherwise OFF . otherwise OFF
Exponent It exponent is greater than +127, then ONj otherwise OFF
Overftlow
o Exponent It exponent is less than -128, then ON; otherwise OFF
Underfiow
NOTES? Except for the interchange of the roles of the operands,
the execution of the DFDI instuction is identical to the
execution of the Double Precision Floating Divide (OFDV)
instructione.
It the divisor mantissa C(AQ) is zerd, the division does
not take place. Instead, a Divide Check Fault occurs and
all registers remain unchangede
OFDV Double Precision Floating Divide ‘ $67 (0)
FORMATS Basic Instruction Format (See Figure 2-1).
SUMMARY $ C(EAQ) /7 ClY-pair) -> CLEAQ) -
.
MODIFICATIONSS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

All except DU, DL, CI, SC,s SCR
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FLOATING POINT DIVISION

INDICATORS:

Zero

Negative

Exponent
Overfion

Exponent
Underfiow

NOTESS

FDI

FORMAT:

SUMMARY?

MODIFICATIONSS

REVIEW DRAFY
SUBJECT TO CHANGE

October,

1975

{Indicators not listed are not aftected)

It diyvision takes place?l Ii. no division takes plzcel

If C(AQ) = 0y then ON3 It divisor mantissa = 0,
otherwise OFF then ON$ otherwise OFF

If C(AQ)D = 1,4 then ON3 It dividend < 0, then ONj}
otherwise OFF otherwise JFF

It exponent (s greater than #127, then ONj otherwise OFF

It exponent is less than ~128, then ONj otherwise OFF

The DFDV instruction s executed as followst
The dividend mantissa C(AQ) is shifted right and the
dividend exponent C(E) Iincreased accordingly until
1C(AQ) 0,638 ¢ IC(Y~-pair)8,71ii.
C(E) = C{Y=pair)0e7 => C(E)
CtAaQ) / ClY-pair)8,71 -> C(AQ)D,63
00eceeld => C(QIBH,71
It the divisor mantissa C(Y-pair)8,71 is 2zero, the
division does not take place, Insteady, a Divide Check

fault occurs, C(AQ) contains the dividend magnitude, and
the Negative indicator reflects the dividend sign.

Floating Divide Inverted 52% (0)
Basic Instruction Format (See Figure 2-1).

Cly) 7 C(EAQ) -> C(EA)
00eeel => C(Ql

A1l except CI, SCy SCR
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INDICATORSS

Zero

Negative
Exponent
Overfliow
Exponent

Underflow

NOTESS

FDV
FORMATS

SUMMARY

HODIFICATIONS?

INDICATORS?

Zero

Negative

Exponent
Overtiow

Exponent
Undertlon

REVIEW DRAFT .
SUBJECT TO CHANGE
October, 1975

FLOATING POINT DIVISION

{Indicators not listed are not affected)

It division takes place! I1_no division takes plzcel

It C(A) = 0y then ONj3 It divisor mantissa = 0, then
otherwise OFF ON3 otherwise OFF

1f CCAYD = 0y then ON3 - It dividend < 0, then ONS
othernise OFF otherwise JFF

It exponent is greater than +1274 then ONS otherwise OFF

If exponent is less than =128, then ON; otherwise OFF

Excep?! for the interchange of roles of the operands, the
execution of the FDI instruction is identical to the
execution of the Floating Divide (FDV) instructions

If the divisor mantissa C(AQ) is zero, the division does
not take places Instead, a Divide-Check fault occurs and
all the registers remain unchanged.

Floating Divide : 565 (0)
Basic Instruction Format (See Figure 2-1)e.

C(EAQ) 7 C(Y) -> C(EA)

00.0.0 -> C(Q,
All except CI, SC» SCR
{Indicators not listed are not affected)

1f division takes places$ 11 no division takes placel

It ClA) = 0, then ONj ) 1t divisor mantissa = 0, then
otherwise OFF ON? othermise OFF i
It C(A)D = 1, then ONj It dividend < 0, then ON3
otherwlse OFF otherwise OFF

It exponent is greater than +127, then ON} otherwise OFF

If exponent is less than =128, then ON; otherwise OFF
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FLOATING POINT DIVISION

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
Octobery 1975

The FDV instruction is executed as followss3
The dividend mantissa C(AQ) is shifted right and the
dividend exponent C(E) Iincreased accordingly until
IC(AQ)By27: < §CIY)B8,435%.
C(E) -~ C(Y)0,7 =-> C(E)
C(AQ) 7 ClY)B8435 -> C(A)
00eeel =-> C(Q)
It the divisor mantissa C(Y)8,35 1is zero, the division
does not take place. Insteads, a3 Divide Check fault

occursy CLAQ) contains the dividend magnitude, and the
Negative indicator reflects the dividend signe
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FLOATING POINT NEGATE

“Eloating”Point Negated
FNEG Flo§ting Negate 513 (0)
FORMATS Basic Instruction format (See Figure 2-1).
SUMMARY? -C(AQ) normalized -> C(AQ)
MODIFICATIONS? Ally, but none affect instruction execution.
INDICATORS: ({Indicators not listed are not affected)
Zero If C(AQ) = 0y then ONS otherwise OFF
Negative It C(AQ)0 = 1, then ON3 otherwise OFF
Exponent If exponent is greater than +127, then ONj otherwise OFF
Overtfion
Exponent It exponent is less than =128, then ONj} otherwise OFF
Underflion
NOTESS This instruction changes the number in C(EAQ) to 1its

-

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

normalized negative (if C(AQ) # 0). The operation is
executed by first forming the tno®s coaplement of C(AQ),
and then normalizing C(EAQ).

Even if orlginally C{EAQ) were normalized, an exponent
overflow can still occury namely when C(E) = +127 and
C(AQ) = 100eee0 which is the 2°s complement approximation
for the decimal value -1.0.

The detinition of normalization may be found under the
description of the Floating Normalize (FNO) instruction.

Attempted repetition with RPL causes an Illegal Procedure
Fault.
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FLOATING POINT NORMALIZE

~Eloating~Point Normaiized

FNO
FORMATS
SUMMARYS
MODIFICATIONSS
INDICATORS:

Zero
Negative

Exponent
Overtion

Exponent
Undertlog

Overflow

*NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Floating Normalize 573 (0)
Basic Instruction Format (See Figure 2-1).

C(EAQ) normalized -> C(EAQ)

All, but none affect instruction execution.

(Indicators not listed are not atfected)

It C(EAQ) floating point 0, then ONS otherwise OFF

If ClLAQ)O 1» then ONS otherwise OFF

It exponeﬁt is greater than +127, then ONj otherwise OFF
It exponent Is less than -128, then ON otherwise OFF

Set OFF

The FNO instruction normalizes the nuwxber in C(EAQ) if

C(AQ) # 0 and the Overfiow indicator is OFF,

A normallzed floating number is defined as one whose
mantissa lies in the interval [(0.5,1.0] such that

0.5 <= IC(AQ)! < 1.0
which, in turn, requires that C(AQ)0 # C(AQ)1.
If the Overflow indicator is ONy then C{AQ) is shifted one
place to the right, C(AQ)D is inverted to reconstitute the
actual sign, and the Overflow Indicato~ is set OFF,
Normalization is performed by shifting C(AQ)1,71 one place
to the left and reducing CtE) by 1, repeatedly, until the
conditions for C(AQ)0 and C(AQ)1 are met. Bits shifted
out of AQl are lost,

If C(AQ) = 0, then ClLE) is set to =-128 and the Zero
indicator is set ON.

The FNO instruction can be used to correct overfliows that
occur with fixed point numberse.

Attempted repetition with RPL causes an Illegal Procedure
Faulte
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“Eloating~Point Rounda

DFRD

FORMAT:

SUMMARY S

MODIFICATIONS?

INDICATORS3

Zero
Negative

Exponent
Overfliow

Exponent

Underfilon

NOTES?

-

FRD

FORMAT 2

SUMMARY?

MODIFICATIONS?

INDICATORS?

Zero
Negative

Exponent
Overflow

Exponent
Undertlon

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

FLOATING POINT ROUND

Double Precision Floating Round 473 (0)
Basic Instruction format (See Figure 2-1).

C(EAQ) rounded to 64 bits -> CLEAQ)

Ally but none atfect instruction executione.

({Indicators not listed are not affected)

If C(EAQ) = floating point 0, then ON3 otherwise OFF
If C(AQ)D = 1, then ONj otherwise OFF

It exponent is greater than +127, then ON§ otherwise OFF

It exponent s fess than -128, then ON; otherwise OFF

The DFRD Instruction is identicat to the Floating Round
(FRD) instruction except that the rounding constant used
is (11e0e1)65471 instead of (11eeel)29,71.

Attempted repetition with RPL causes an Itlegal Procedure
Faulte. .

Floating Round 471 (0)
B8asic Instruction Format (See Figure 2-1}.

C(EAQ) rounded to 28 bits =-> C(EAQ)

All, but none affect instruction execution.

(Indicators not listed are not affected)

It C(EAQ) = floating point 0, then ON; otherwise OFF
It C(AQ)0 = 1 then ONS otherwise OFF

I1f exponent is greater than +127, then ON} othermise OFF

It exponent is less than =128, then ON} otherwise OFF
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FLOATING POINT ROUND

NOTES:

REVIEW DREAFT
SUBJECT TO CHANGE
October, 1975

It CCAQ) # 0, the FRD instruction performs a true round to
a precision of 28 bits and a normalization on C(EAQ).

A true round is a rounding operation such that the sum of
the ' result ot applying the operation to two nuarbers of
equal magnitude but opposite sign is exactly zero.
The FRD instruction is executed as follows?

C(AQ) + (11.041)29,71 -> C(AQ)

It C(AQ)D = 0, then 3 carry is added at AQ7%

It overflow occurs, C{(AQ) is shifted one place to the
right and C(E) is increased by 1.

It overtflow does not occury C(EAQ) is normalized.

It C(AQ) = 0, C(E) is set to -128 and the Zero indicator
is set ON.

Attempted repetition with RPL causes an Illegal Procedure
Faulte
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FLIATING POINT COMPARE

“Eloating~Point Compared

DFCMG Double Precision Flioating Compare Magnitude 427 (0)
FORMATS Basic Instruction Format (See Figure 2-1).
SUHHARY! IC(E,AQD963)¢ 338 IC(Y-pair)t

MODIFICATIONS? All except DU, DL, CI, SC, SCR

INDICATORS? (Indicators not listed are not atfected)
Zero If IC(E,AQDs63)! = 1C{Y-pair)il, then OV; otherwise OFF
Negative It !IC(E,AQD0+63)1 < IC(Y-pair)l, then JIN; otherwise OFF

NOTESS The DFCMG instruction is identical to the Double Precision
) Floating Compare (DFCMP) instruction except that the
magnitudes of the mantissas are compared instead of the

algebraic values.

DFCMP Double Precision Floating Compare 517 (0)
FORMAT? Basic Instruction Format (See Figure 2-1).
SUMMARY? C(E,AQ0,63) 3t ClY-pair)

MODIFICATIONSS A1l except DU, DLs CI, SC, SCR

INDICATORS? {Indicators not listed are not affected)
Zero It CL{EsAQD0,63) = CtY-pair), then ON; otherwise OFF
Négative If C(EsAQD463) < C{Y-paird), then ONS otherwise OFF

NOTES? The DFCMP instruction is identical to the Floating Compare

{FCMP) instruction except for the precision of the
mantissas actually compared,

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-101 AL3S



FLOATING POINT COMPARE

FCMG
FORMATS

SUMMARY?

MODIFICATIONS?

INDICATORSS

Zero

Negative

NOTESS

FCuP

FORMATS

-

SUMMAKY$

MOOIFICATIONSS

INDICATORSS

Zero

Negative

NOTES:

REVIEW DRAFT

SUBJECT TO CHANGE

October, 1975

Floating Compare Magnitude . 425 (0)
Basic Instruction Format (See Figure 2-1).

IC(E,AQD,27)¢ 823 1C(Y)!

A1l except CILs SCy SCR

(Indicators not listed are not atfected)

If IC(E,AQ0427)1 = iC(Y)!, then ON3} otherwise OFF

If IC(E,AQ0,27)! < ICIY)!l, then ON; otherwise OFF

The FCMG instruction is identical to the Floating Compare
(FCMP) instruction except that ¢the magnitudes of the
mantissas are compared instead of the algebraic values.

Floating bompare 515 (0)
Basic Instruction Format (See Figure 2-1).

C(E,AQD,27) 32 ClY)

All except CI, SCy SCR

(Indicators not listed are not affected)

If C(E,AQD,27) = ClY), then ON; otherwise OFF

If C(E,AQD,27) < C(Y), then ON; otherwise OFF

The FCMP instruction is executed as follows?

The mantissas are aligned by shifting the mantissa of
the operand with the algebraicatlly smaller exponent
to the right the number of places equal to the
ditference in the two exponentse

The aligned mantissas are compared and the indicators
set accordinglye.
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FLOATING POINT MISCELLANEOUS

“Floating™Pojint Miscellaneousa

ADE

FORMAT:

SUMMARY3

MODIFICATIONS?

INDICATORSS

Zero
Negative

Exponent
Overflow

Exponent
Underflon

FSZN*
FORMAT:
SUMMARYS
MODIFICATIONS?
INDICATORS:
Zero

Negative

LDE

FORMAT2

SUMMARY??

MODIFICATIONS?

REVIENW DRAFT

SUBJECT TO CHANGE
October, 1975

Add to Exponent

Basic Instruction Format (See Figure 2-1)e.
C(E) & C(V)0,7 -> CLE)

All except CI, SCy SCR

(Indlcatbrs not listed are not affected)

Set OFF
Set OFF

It exponent is greater than 4127, then ON3

415 (0)

otherwise OFF

I1f exponent is less than =128, then ON} otherwnise OFF

Floating Set Zero and Negative Indicators
Basic Instruction Format {(See Figure 2-1).
Set indicators according to C(Y)

All except CI, SC, SCR

{Indicators not listed are not affected)
If CtY)8,35 = 0, then ON} otherwise OFF

It C(Y)8 = 1, then ONj otherwise OFF

Load Exponent

Basic Instruction Format (See Figure 2-1).
ctYy)g,7 -> C{E)

Altl except CI, SCy SCR
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oW

FLOATING POINT MISCELLANEOUS

INDICATORS?

Zero

Negative

STE

FORMATS

SUMMARYS .

MODIFICATIONS?

INDICATORSS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

(Indicators nof listed are not atfected)

Set OFF

Set OFF

Store Exponent

Basic Instruction Format (See Figure 2-1).

CCE) => C(Y)O0,7

00...0 -> C(Y’3’17

All except DU, DL, CI, SCy SCR

None affected
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TRANSFER

“IRANSFERA INSTRUCTIONS

CALLS6

FORMATS

SUMMARY S

MODIFICATIONSS

INDICATORS?

NOTESS

REVIENW ORAFT
SUBJECY T0 CHANGE
October, 1975

call (Using PR6 and PR7) 713 (0)
Basic Instruction Format (See Figure 2-1).
If C(TPR.TRR) < C(PPR.PRR) then

C{DSBR«STACK) 1! C(TPR.TRR) => C{PR7.SNR}

If C(TPR.TRR) = C(PPR.PRR) then
C(PR6.SNR) -> C(PR7.SNR)

C(TPR.TRR) ~=> C (PR7<RNR)
If CI(TPR.TRR) = 0 then
C{SDH.P) -> C(PPR.P)}
othernise 0 -> C(PPR.P)
00eeel => C(PR7.WORDNO)
00esel => C{PR7.BITNO)
C(TPR.TRR) => C{(PPR.PRR)
C(TPR.TSR) => C(PPR.PSR}

C(TPR.CA) =-> C(PPR.IC)
Al§ except DU, DLy CI, SCy SCR

None affected : .

If C(TPR.TRR) > C(PPR.PRR)y an Access Violation Fault,

Outward Call, occurs and fthe CALLG instruction is not
executed.

If the CALL6 instruction 1s executed with the Processor in
Absolute Mode with bit 29 of the instruction word equal to
8 and without indirection through an ITP or ITS pair,
thenese

'the Appending Mode is entered for the address
preparation of the CALL6 operand address and is

retained if the Instruction executes successfully,
andees

the Effective Segment Number generated for the SDW

*

fetch and subsequent l1oacing into C(TPR.TSR) is equal
to C{(PPR.PSR) and may be undefinad in Absolute Mode,
andeee '

the Effective Ring Number Jloaded Into C(TPR.TRR)
prior to the SDW fetch is equal to C(PPR.PRR) (which.
is 0 in Absofute Mode) implying that the Access
Violation checks tor Outward Call and Bad Outward
Call are ineffective and that an Access Violation,
out of Call Brackets will occur it C(SDWeR1l) # 0.
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TRANSFER

RET
FORMATS

SUMMARYS

MODIFICATIONSS
INDICATORS?

Parity
Mask

Not BAR
Mode

Myl tinord
. Instruction
Fault

Absolute
Mode

A1t Other
Indicators

NOTESs

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Attempted repetition with RPT, RPDy, or RPL causes an
Itliegal Procedure Fault,

Return 630 (0)

Basic Instruction Format (See Figure 2-1),

C(Y)0,17 =-> C(PPR.IC)

C(Y)18,31 -> C(IR)

All except DU, DL, CIy SCy SCR

(Indicators not listed are not affected)

It C(Y)27 = 1, and the Processor {is {in Absolute or
Privileged Mode, then ONj otheraise JFF. This indicator
is not affected in the Normal or BAR modes.

Cannot be changed by the RET instruction
It C(Y)30 = 1, and the Processor is in Absolute or
Privileged mode, then ON; otherwise JFF. This indicator

is not atfected in Normal or BAR modes,

Cannot be changed by the RET instruction

If corresponding bit in C(Y) is 1, then ON; otherwise, OFF

The relation between C(Y)18,31 and the indicators is given
in Table 2-5,

The Tally Runout indicator reflects C(Y)25 regardiess of
what address modi fication is performed on the RET
instruction for tatly operations.

The RET instruction may be thought of as a Load Indicators
(LDI) instruction followed by a transfer to 1location
C(Y)0D,17.

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Fault.
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" RYCD
FORMATS

SUMMARY 3

MODIFICATIONSS

INDICATORSS

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

TRANSFER

Return Contro! Double 610 (0)
Basic Instruction Format (See Flgure 2-1)e.

C{Y-pair) 3,17 -> C(PPR.PSR)

Maximum of
C(Y=-pair)18,203 C(TPR.TRR)j C(SDW.R1) -> C(PPR.PRR)}

C(Y=-pair) 36453 -> C(PPR.IC)

It C(PPR.PRR} = 0 then C(SOH.P} =-> C(PPR.P)S .
otherwise 0 => C(PPR.P) !

CUPPR.PRR) => C(PRN.RNR) for n = (0s 1y eees 7)
A1l except DU, DLy CIs SCy SCR
None affected

The hardware assumes that C(Y)17 = 03 ho check is made.

1¢f an access violation occurs when fetching the SOW for
focation Y, the C(PPR.PSR) and C{PPR.PRR) are not altered.

It the RTCD instruction is executed with the Processor in
Absolute Mode with bit 29 of the instruction word equal to
0 and without indirection through an ITP or 1ITS pair,
theNeee .

the Appending Mode 1Is entered for the address
preparation of the RTCD operand address and is
retained it 1the instruction executes successfully,
andes«

the Effective Segment Number generated for fthe SDNW
fetch and subsequent loading into C(TPR.TSR) is equa!
to C(PPR.PSR) and may be undefined in Absolute Mode,
andee o

the Effective Ring Number 1loaded 1into C(TPR.TRR)
prior to the SDW fetch is equal to C(PPR.PRR) (mwhich
is 0 in Absolute Mode) implying that control |is
always transtferred into Ring 0.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Fault.
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TRANSFER

TEO

FORMATS

SUMMARYS

MODIFICATIONS?

INDICATORS?

Exponent
Overfilow

NOTES3

TEU *

FORMATS

SUMMARYS

MODIFICATIONS:

INDICATORSS

Exponent
Underftiow

NOTES:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Trans fer On Exponent Overflow

Basic Instruction Format (See Figure 2-1).

It Exponent Overflow indicator ON then

C{TPR.CA) => C(PPR.IC)
CUTPR.TSR) => C(PPR.PSR)

otherwise, no change to C(PPR)

Atl except DU, DL, CI, SCy SCR

({Indicators not listed are not atfected)

Set OFF

A?tempfed repetition with RPT,
Itiegal Procedure Faulit.

Transfer on Exponent Underflow

Basic Instruction Format (See Figure 2-1).

It Exponent Undertlow indicator ON then

C(TPR.CA) -> C{PPR.IC)
C(TPR.TSR) => C(PPR.PSR)

otherwise, no change to C(PPR)

All except DUy DLy CI, SCy, SCR

RPD,

or

(Indicators not listed are not affected)

Set OFF

Attempted repetition with RPT,
Itlegal Procedure Fault.
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™I
FORMAT?

SUMMARYS

MODIFICATIONS?
INDICATORS?

NOTESS

THMOZ
FORMAT 2

~

SUMHARY?

MODIFICATIONSS
INDICATORS?

NOTESS

TNC

FORMAT?

SUMMARY?S

REVIENW DRAFT
SUBJECT TO CHANGE
October, 1975

Trans fer on Minus
Basic Instruction Format (See Figure 2-1).

If Negative Indicator ON then
C(TPR.CA) =-> C{PPR.IC)
C{TPR.TSR) => C(PPR.PSR)

otherwise, no change to C{(PPR)
All except DU, DLy CI, SC,y SCR
None atfeéted

Attempted repetition with RPT,

RPD’ or
Illegal Procedure Faulte. :

RPL

Transfer On Minus or Zero
Basic Instruction Format (See Figure 2-1).

It Negative or Zero indicator ON then
C(TPR.CA) =-> C{(PPR.IC)
CITPR4TSR) =-> C(PPR.PSR)

otherwise, no change to C{(PPR)
All except DU, DLy CIs SCy SCR
None affected

Attempted repetition with RPT,
Iilegal Procedure Fault,

RPDs or RPL

Transfer on No Carry -

Basic Instruction Format (See Figure 2-1).

If Carry Indicator OFF then

C(TPR.CA) => C(PPR.IC)
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TRANSFER

MODIFICATIONSS
INDICATORS?

NOTESs:

TNZ
FORMATS

SUMMARY 3

-

MODIFICATIONSS
INDICATORS?

NOTESS

TOV
FORMAT?

SUMMARY?:

MODIFICATIONSS
INDICATORS?
REVIEW DRAFT

SUBJECT TO CHANGE
October, 1975

C(TPR.TSR) => C(PPR.PSR)

othernises no change to C(PPR)

All except DU, DLy CI, SCy SCR

None affected

Attempted repetition with RPT, RPDy or RPL causes an
Itlegal Procedure Fault.

Trans fer On Not Zero 601 (D)

Basic Instruction Format {See Figure 2-1).

It Zero indicator OFF then
C(TPR.CA) => C(PPR.IC)
C(TPR.TSR) -> C{PPR.PSR)

otherwise, no change to C(PPR)

All except,y, DUy DLy CI, SCy SCR

None affected

Attempted repetition with RPTy, RPDOy or RPL causes an
Illegal Procedure Faulte.

Yransfer On Overfion 617 (0)

Basic Instruction Format (See Figure 2-1).

1f Overflow indicator ON then
C(TPR.CA) C(PPR.IC)

C(TPR.TSR) =-> C{PPR.PSR)

otherwises, no change to C(PPR)

All except DU, DL, CI, SC, SCR

(Indicators not listed are not atfected)
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TRANSFER

Overflou Set OFF

NOTESS Attempted repetition with RPYT, RPD, or RPL causes an
Illegal Procedure Faulte

TPL Trans fer on Plus 605 (0)
FORMATS Basic Instruction Format (See Figure 2-1).
SUMMARY?S It Negative indicator OFF, then

C(TPR.CA} -> C(PPR.IC)
C(PTR.TSR) =-> C(PPR.PSR)

otherwise, no change to C(PPR)
MODIFICATIONSS At} except DU, OLsy CI, SCy SCR
INDICATORS? None affected

NOTESS Attempted repetition with RPT, RPDy or RPL causes an
¢ Ittegal Procedure Faulte.

TPNZ Transter on Plus and Nonzero 685 (1)
FORMAT? Basic Instruction Format (See Figure 2-1).
SUMMARY If Negative and Zero indicators are OFF then

C(TPR.CA) => CI(PPR.IC)
C(TPR.TSR) => C(PPR.PSR})

otherwise, no change to C{(PPR}

MODIFICATIONSS All except DUy DLy CI» SCy SCR

INDICATORS: None affected

NOTESS Attempted repetition with RPT, RPD, or RPL causes an
Iliegal Procedure Faulte

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-111 . AL39



TRANSFER

TRA

TRC

TRTF

FORMAT?

SUMMARYS

MODIFICATIONSS
INDICATORS?

NOTESS

FORMATS

SUNMARY?

MODIFICATIONS?
INDICATORS?

NOTES3

FORMATS

SUMMARY 3

REVIEW DRAFT
SUBJECT TO CHANGE
Dctober, 1975

Transfer Unconditionally 718 (0)
Basic Instruction Format (See Figure 2-1).

C(TPR.CA) =--> C(PPR.IC)

C(TPRL.TSR) ~=-> C{(PPR4PSR)
All except DU, DL, CI, SCy SCR
None affected

Attempted repetitlon with RPT, RPDy or RPL causes an
Itlegal Procedure Fault.

Trans fer on Carry 603 (0)
Basic Instruction Format (See Figure 2-1).

It Carry indicator ON then
C(TPR.CA) C(PPR.IC)
C(TPResTSR) -> C(PPR.PSR)

otherwise, no change to CI(PPR)
All except DUy DL, CI, SCy SCR
None affected

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Fault.

Transfer on Truncation Indicator OFF 601 (1)

Basic Instruction Format (See Figure 2-1).

It Truncation Indicator OFF then
C{TPR«.CA) =-> C(PPR.IC)
C(TPRaTSR) => C(PPR.PSR)

otherwisey Nno change to C(PPR)
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TRTN

TSPO
TSPl
TSP2
TSP3
TSPL
TSPS5
TSP6
TSP7

-

MODIFICATIONSS
INDICATORS?

NOTES:

FORMAT?

SUMMARY S

MODIFICATIONSS
INDICATORS?S
Truncation

NOTES:

FORMAT2

SUMMARY?S

REVIEW DRAFT
SUBJECT T0 CHANGE
October, 1975

Al except DU. DL, CI' SC. SCR

None affected

Attempted repetition with RPT,
Illegal Procedure Faulte

Transfer on Truncation Indicator ON

Basic Instruction Format (See Figure 2-1).

If Truncation Indicator ON then

C(TPR.CA) => C{PPR.IC)

C(TPR.TSR)

otherwisey, No change to C(PPR)
Alf except DU, DLy CI, SCs SCR

(Indicators not listed are not affected)

Set OFF

=> C(PPRJPSR)

causes

600

TRANSFER

an

($8)

Attempted repetition with. RPT, RPDy or RPL <causes an

It legal Procedure Faulte

Trans fer and
Trans fer and
Trans fer and
Trans fer and
Trans fer and
Trans ter and
Trans fer and
Trans fer and

Basic Instruction Format (See Figure 2-1).

For n = 0y 1y
C {PPR.PRR)
C(PPR.PSR)

C(PPR.IC)

00eeeld => C(PRN.BITNO)

Set
Set
Set
Set
Set
Set
Set
Set

eeey Or 7 as determined by operation code
=> C(PRN.RNR)
=> C(PRN«SNR)

+1 => C(PRn.HWORDND)

PRO
PR1
PR2
PR3
PR&
PRS
PR&
PR7
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TRANSFER

MODIFICATIONS?

INDICATORSS

NOTES?

1SS

FORMATS

SUMMARY?S

MODIFICATIONSS

JINDICATORSS

NOTES:

TSXn

FORMAT:

SUMMARYS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

C(TPR.CA) -> C(PPR.IC)

C{TPR.TSR) =-> C(PPR.PSR)
All except DU, DL, CI' SC, SCR
None affected

Attempted repetition with RPTs, RPD, or RPL causes an
Iilega!l Procedure Fault.

Transfer and Set Slave 715 (0)
Basic Instruction Format (See Figure 2-1).

C(TPR.CA) => C(PPR.IC)

"C(TPR.TSR) => C(PPR.PSR)

All except DU, DL, CI, SCs SCR
None affected (except as noted below)

If the TSS instruction is executed witn the Processor pot
in BAR mode, the Absolute indicator is set OFF, and the
Not BAR Mode indicator is set O0OFF to signal that
subsequent addressing is to be done in the BAR Mode. The
Base Address Register (BAR) is used in the address
preparation of the transfer, and the BAR will be used in
address preparation for all subseguent instructions until
a fault or interrupt occurse

It the TSS instruction is executed with the Not BAR Mocie
Indicator already OFF, it functions as a Transfer (TR:)
instruction and no indicators are chanjed.

Attempted repetition with RPY, RPD, or RPL causes an
It1legal Procedure Fault,

Trans fer and Set Index Register Xn 70n (D)

Basic Instruction Format (See Figure 2-1).

For N = 0y 19 eeey Or 7 as determined by operation code
C(PPR.IC) ¢ 1 =-> C(Xn)

C(TPR.CA) => C(PPR.IC)
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MODIFICATIONS?
INDICATORSS

NOTES?

TTF
FORMAT2

SUMMARY S

MODIFICATIONSS
~

INDICATORSS

NOTESS

TN
FORMAT?

SUMMARY?

MODIFICATIONS?
INDICATORS?

NOTES?

REVIENW DRAFT
SUBJECT TO CHANGE
Octobers, 1975

TRANSFER

C(TPR.TSR) =-> C(PPR.PSR)
All excep' DU DL, CIQ SC, SCR
None affected

Attempted repetition with RPT, RPDy, or RPL causes an
Itlegal Procedure Fault. -

Tran<fer on Tally Runout Indicator OFF 607 (0)
Basic Instruction Format (See Figure 2-1).

It Tally Runout Indicator OFF then
C(TPR.CA) =-> CB8PPR.IC)
C(TPR.?SR) -> C(PPRePSR)

otherwise, no change to C{(PPR)
All except DU, DLy CI, SCs SCR
None affected

Attempted repetition with RPT, RPDy or RPL causes ah
Iilegal Procedure Fault,

Trans fer on Tally Runout Indicator ON 606 (1)
Basic Instruction Format {(See Figure 2-1).

1f Taliy Runout Indicator ON.then
C{TPR.CA)} =-> C(PPRLIC)
C{TPR.TSR) => C(PPR.PSR)

otherwise, no change to C(PPR)

All except DUs OLs CIs SC, SCR

None affected

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Faulte
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TRANSFER

TZE

FORMATS

SUMMARYS

MODIFICATIONS:

INDICATORS?

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Transfer On Zero 600
Basic Instruction Format (See Figure 2-1).

If Zero indicator ON then
C(TPR.CA) =-> C(PPR.IC)
C(TPR.TSR) =-> C(PPR.PSR)

otherwise, no change to C(PPR)
Atl except DUy DOLs CIs SCy SCR
None affected

Attenpted repetition with RPT, RPDy, or RPL causes
Iliegal Procedure Fault.
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POINTER REGISTER DATA MOVEMENT LOAD

“POINTER™REGISTERA_INSTRUCTIOQNS

“Pointer~Register Data~Movement Loadd

EASPO Effective Address to Segment Number ot PRO 311 (0)
EASPL Effective Address to Segment Number of PR1 . 310 (1)
EASP2 Eftective Address to Segment Number of PR2 313 (0)
EASP3 Etfective Address to Segment Number of PR3 212 (1
EASP4 Effective Addréss to Segment Number of PRG4 331 €0)
EASPS Eftfective Address to Segment Number of PRS 330 (1)
EASPGB Eftectlive Address to Segment Number of PRG -333 ()
EASP7 Ettective Address to Segment Number of PR7 332 (1)

FORMAT? Basic Instruction Format (See Figure 2-1).

SUMMARY S For n = 0y 19 eeey Or 7 as determined by operation code

C{TPR.CA) => C{(PRn.SNR)
MODIFICATIONSS ANl e*cept DU, DLy CI, SCy SCR
INDICATORSS None affected
“NOTES: Attempted execution in BAR Mode causes an Il legal

Procedure Faulte.

Attempted repetition with RPT, RPDy or RPL causes an
Iltegal Procedure Fault.

EANPD Effective Address to Word/Bit Number of PRD 310 (0)
EAWPL Effective Address to Word/8it Number of PR1 311 (1)
EAWP2 Etfective Address to Word/Bit Number of PR2 312 M)
EAWP3 Effective Address to Word/Bit Number of PR3 313 (1)
EARHPL Effective Address to Word/Bit Number of PRL4 330 (0)
EAWPS Effective Address to Word/Bit Number of PRS 331 (1)
EAWPSH Eftective Address to Word/Bit Number of PR6 . 332 (o)
EANWPY? Effective Address to HWord/Bit Number of PR7 333 (1)

FORMATS Basic Instruction Format (See Figure 2-1).

SUMMARYS For n = 0y 19 eeey Or 7 as determined oy operation code

C(TPR.CA) ~> C(PRN.HORDNO)
C(TPReTBR) /7 9 => C(Prn.CHAR)

C(TPR.TBR) moduio 9 -> C{PRnN.BITNO)
MODIFICATIONS? All except DU, DL, CI, SC,s SCR
REVIEW DRAFY

SUBJECT TO CHANGE ’
October, 1975 2-117 AL3S



POINTER REGISTER DATA MOVEMENT LOAD

INDICATORS? None affected

NOTESS Attempted execution in BAR Mode causes an I11egal
: Procedure Fault.

Attempted repetition with RPT, RPD, or RPL causes an
Iilegal Procedure Faulte

EPBPO Effective Pointer at Base to PRO 350 (1)

EPBPL Eftfective Pointer at Base to PR1 351 (0)
EPBP2 Effective Pointer at Base to PR2 352 (1)
EPBP3 Etfective Pointer at Base to PR3 353 (0)
EPBP4 Ettective Pointer at Base to PRG 370 (1)
EPBPS Ettective Pointer at Base to PRS 71 (0)
EPBPS6 Effective Pointer at Base to PR6 372 (1)
EPBP7 Effective Pointer at Base to PR? 373 (0)

FORMAT? Basic Instruction Format (See Figure 2-1).

SUMMARY 3 For n = 0y 1y eeey Or 7 as determined 3y operation code

C(TPR.TRR) => C(PRn.RNR)
C(TPR«TSR) => C(PRnN.SNR)
00eeeld => C{Prn. HWORDNO)
00 -> C{Prn.CHAR)

0000 -> C{PRN.BITNO)
HODIFICA*IONS: A1l except DU, DLy CI, SCy SCR
INDICATORS: None affected
NOTESS Attempted execution in BAR Mode causes an Itlegal

Procedure Faulte

Attempted repetition with RPT, RPD, or RPL causes an
Itlegal Procedure Faulte.

EPPO Effective Pointer to PRD 350 (0)
EPP1 Eftfective Pointer to PR1 351 (1)
EPP2 Effective Pointer to PR2 352 (D)
EPP3 Effective Pointer to PR3 353 (1)
EPPL Etfective Pointer to PRY 378 (0)
EPPS Etfective Pointer to PRS 371 (1)
EPP6 Effective Pointer to PR6 372 (D)
EPP?7 Effective Pointer to PR7 373 (1)
FORMAT: Basic Instruction Format {(See Figure 2-1).

REVIEW DRAFT
SUBJECT TO CHANGE
Cctober, 1975 2-1138 AL39



SUMMARY 3

MODIFICATIONS?

INDICATORS:

NOTES?

LPRI

~FORMATS

SUMMARY?S

MODIFICATIONS?

INDICATORSS

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

POINTER REGISTER DATA MOVEMENT LOAD

For n = 0y 1y eeey Or 7 as determined by operation code
C{TPR.TRR) => C(PRN.RNR)
C(TPR.TSR) => C(PRn.SNR)
C(TPR.CA} => C(PRn.WORDNO)
C(TPR.TBR) 7/ 9 => C(PRn.CHAR)

C(TPR.TBR) modulo 9 -> C{PRN.BITND)

All except DUy DLy CI, SCy SCR

None affected

Attempted execution
Procedure Fault.

in BAR Mode causes an Il tegal

Attempted repetition with RPT,
Illegal Procedure Faulte

RPDy, or RPL causes an

Load Pointer Registers from ITS Pairs 173 (D)

Basic Instruction Format (See Figure 2-1).

For n = 0y 1’ 'YXX] 7

Maximum of .
ClY+2n-pair) 18,205 C(SDW.RI)3 C(TPR,TRR) => C(PRn.RNR)

C(Y+2n=-pair) 3,17 -> C{PRn«SNR)
ClY+2n-pair) 36953 -> C(PRn.WORINO)
CLY+2n=-pair) 57,62 /7 9 => C(Prn.CHAR)

C(Y+2n=pair) 57,62 modulo 9 =-> C(PRN.BITNO)
A1) except DUy DLys CIs SCy SCR

None Affected

Starting at location Y, the contents of eight
(in ITS pair format) replace the
Registers 0 through 7 as shonne.
Yi4,17 = 0000 and addressing is
no check is made.

word pairs
contents of Pointer
The hardware assumes that
increnented accordinglys

Since C(TPR.TRR) and C(SDW.R1) are bo>th equal to zero in
Absolute mode, C(Y+2n-p3ir)18,20 are I1saded into PRN<RNR
in Absolute mode.
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POINTER REGISTER DATA MOVEMENT LOAD

LPRPN

FORMATS

SUMMARYS

-

MODIFICATIONSS

INDICATORS?

NOTESS

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

Attempted exécutlon in BAR Mode causes an Illegal
Procedure Fault,

Attempted repetition with RPY, RPDO, or RPL causes an
Iflegal Procedure Faulte.

Load PRn Packed : 76n (0)
Basic Instruction Format (See Figure 2-1).

For n =0y Ly eeey Or 7 as defermined oy operation code
C{TPReTRR) => C(PRNeRNR)
If C(Y)0,2 # 11, then
CEY)0,5 /7 9 -> C(PRn.CHAR)
C(Y)0,5 modulo 9 =-> C(PRn.BITNO);
othermise, generate Command Fault

It C(Y)6417 = 11.ee1y then 111 -> C{PRN.SNR)D,2
otherwise, 000 -> C(PRN.SNR)0,2

C(Y)64917 -> C(PRNeSNR) 3,14

C(Y)18,35 -> C(PRn.WORDNO)
All except DU, OLy CI, SCy, SCR
None affected

Binary *1"s in C(Y)0,2 correspond to an illegal BITNO,
that is, a bit position beyond the extent of C(Y).
Detection of these bits causes a Commaad Faulte.

Attempted execution in BAR Mode causes an I1legal
Procedure Fault.

Attempted repetition with RPT, RPDy or RPL causes an
Iliegal Procedure Faulte

2-120 AL39



POINTER

~pointer-Register Data~Movement Stored

SPBPOD
SPBP1
spapP2
SPBP3
SPBP&
SPBPS
SPBP6
SPBP7

FORMATS

SUMMARY S

*MODIFICATIONS?

INDICATORS?

NOTESS

SPRI

FORMATS

SUMMARY 3

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

REGISTER DATA MOVEMENT STORE

Store Segment Base Pointer of PRO 250 (1)
Store Segment Base Pointer of PR1 251 (0)
Store Segment Base Pointer of PR2 252 (1)
Store Segment Base Pointer of PR3 253 (D)
Store Segment Base Pointer of PRG 650 (1)
Store Segment Base Pointer ot PRS 651 (0)
Store Segment Base Pointer of PR6 652 (1)
Store Segment Base Pointer of PR7 653 (0)
Baslc Instruction Format (See Figure 2-1).
For n = 0y 1y eeey Or 7 as determined Dy operation code
C{PRN.SNR) => ClY=-pair)3,17
C(PRN.RNR) => C(Y-pair)18,20
000 =-> C(Y-pair)0,2
00eeel => ClY=-pair}21,29
43 (octal) -> C(Y-pair)30,35
00ceeld =-> C‘Y-Dair) 36 '71
A1l except DU, DL, CI, SCy SCR
None affected
The hardware assumes Y bit 17 = 05 no check is made.
Attempted execution in BAR Mode causes an Illegal
Procedure Fault. . :
Attempted repetition with RPT, RPDy or RPL causes an
Itiegal Procedure Fault,
Store Pointer Registers as ITS Pairs 254 (0)

Basic Instruction Format (See Figure 2-1).

For n = 0y 1y eees 7

000 => C(Y+2n-pair)l,2
C(PRN.SNR) => C(Y+2n-pair) 3,17
C(PRN«RNR) => C(Y+2n-pair)18,20

00eeel => ClY+2n-pair) 21,29
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POINTER REGISTER DATA MOVEMENT STORE

MODIFICATIONS?

INDICATORS?

NOTESS

SPRIY
SPRI1
SPRI2
SPRI3
SPRI&
SPRIS
SPRI6
SPRI7

FORMATS

SUMMARY 3

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

43 {octal) =-> C(Y+2n-pair) 30,35

C(PRN.WORDND) -> C(Y+2n-pair)36,53

000 ~> C(Y+2n-pair)S4,56

9 * C(PRN.CHAR) + C(PRN.BITNO) =-> C(Y+2n-pair)S57,62

D00eeel =-> C(Y+2n~-pairl) 63,71
Al excep?t OUse DL CI' SCy SCR
None .af fected

Starting at location Y, the contents of Pointer Registers
0 through 7 replace the contents of eight word pairs (in
ITS pair tformat)e The hardware assumes Y bits 14 to 17 =
0000 and addressing is incremented accordingly; no check
is made.

Attemped execut ion in BAR Mode causes an Illegal Procedure
Faulte

Attempted repetition with RPT, RPDy or RPL causes an
Ililegal Procedure Fault,

Store PRO as ITS Pair 250 (0)
Store PR1 as ITS Pair 251 (1)
Store PR2 as ITS Pair 252 (0)
Store PR3 as ITS Pair 253 (1)
Store PR4 as ITS Pair 650 (0)
Store PRS as ITS Pair 651 (1)
Store PR6 as ITS Pair 652 (0)
Store PR7 as ITS Pair 653 (1)

Basic Instruction Format (See Figure 2-1).

For n = 0y 1y eeey Or 7 3as determined by operation code
000 => C(Y-pair)l,y2
C(PRNsSNR) => C(Y=-pair)3,17
C(PRNeRNR) =-> C(Y-pair)13,20

00eeel ~> C(Y=-pair)21,29

43 (octal) -> C(Y-pair)30,35
C{PRN.HORDNO) => C(Y-pair)36,53
000 -> C(Y-pair) 54,56

9 * C{PRN.CHAR) + C(PRNeBITNO) =-> C(Y-pair)57,62
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MODIFICATIONS?
INDICATORSS

NOTES:

SPRPNn
FORMATS

SUMMARY?:

MODIFICATIONS?
INDICATORS:

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

POINTER REGISTER DATA MOVEMENTY STORE

B0eaeel => C(Y=-pair)63,714
Al exceof DU, DL' CI’ SC. SCR
Nohe affected

The hardware assumes Y bit 17 = 03 no check is made.

Attempted execution in BAR Mode causes an Illegal
Procedure Fault.

Attempted repetition with RPT, RPUO, or RPL causes an
Iltegal Procedure Fault.

Store PRn Packed Sen (0)
Basic Instruction Format (See Figure 2-1).

For n = u; 19 eeey Oor 7 as determined oy operation code
9 * C(PRn.CHAR) + CIPRN.BITNO) => C(Y)0,5
C(PRNSNR) 3514 => C(Y)6,417
C(PRN.WORDNO) => C(Y)}18,35

All eXCCD" DU, DL, Cl, SC, SCR
None atfected

It C(PRN.SNR)D,2 are nonzero, and C{PRN<SNR) # 1l.cely
then a Store Fault, Illegal Pointer, will occur and C(Y)
will not be changed. .

Attempted execution In BAR Mode causes an Iilegal
Procedure Faulte.

Attempted repetition with RPT, RPD, or RPL causes an
I1tegal Procedure Fault,
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POINTER REGISTER ADODRESS ARITHMETIC

“Polnter”Reaister Address Arithmetica

ADHPO Add to Word Register of PRO 050 (0)
ADHWP1 Add to wWord Register of PRi 051 (0)
ADWP2 Add to Word Register of PR2 052 (0)
ADWP3 Add to Word Register of PR3 053 (D)
ADWPY Add to Word Register of PR& 150 (0)
ADWPS . Add to Word Register of PRS 151 (0)
ADWPB Add to Word Register of PR®6 152 (0)
ADWP?7 Add to Word Register of PR7 153 (0)

FORMATS Basic Instruction Format (See Figure 2-1).

SUMMARY 3 "For n = 0y 1y eeey Or 7 as determined dy operation code

C(Y)0417 + C(PRN<WORDNO) => C(PRN.WIRDNO)

00 -> C(PRn.CHAR)

0008 -> C(PRn.BITNO)

MODIFICATIONSS Al}l except DL, CI, SC,y SCR

INDICATORS: None affected

NOTESS Attempted execution
Procedure Fault,

Attempted repetition
Itiegal Procedure Faulte.

REVIEW DRAFT
SUBJECY YO CHANGE
October, 1975 2-124
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POINTER RESISTER MISCELLANEOUS

~Pointer~Register Miscellaneousa

EPAQ

FORMATS

SUMMARY S

MODIFICATIONS?

INDICATORSS

Zero

NOTES3

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

Effective Pointer to AQ Register

Basic Instruction Format (See Figure 2-1).

00...0 => C(AQ)D,2
C(TPR.TSR) -> C(AQ) 3,17
00..e0 -> C(AQ) 18,32
C(TPR.TRR) =-> C(AQ) 33,35
C(TPR.CA) -> C(AQ) 36453
00eees0 => C{AQ) 54y65

C(TPR.TBR) => C(AQ)66,71

All except DU, OLs CI, SCy SCR

(Indicators not listed are not aftected)

If C(AQ) = D, then ONj otherwise OFF

Attempted execution in BAR Mode causes an
Procedure Fault,

213 (0)

Ittegal

Attempted repetition with RPT, RPD, or RPL causes an

Illegal Procedure Faulte
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CALENDAR CLOCK

~MISCELLANEQUS_INSTRUCIIONS

“Calendar~Clocka

RCCL

FORMAT:

SUMMARYS

MODIFICATIONS?

INDICATORSS

NOTES?

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

Read Calendar Clock

Basic Instruction Format (See Figure 2-1),

00.e.0 -> C(AQ) 0,19

C(Catlendar Clock) -> C(AQ)20,71

Al excep?t DU, DLy CI, SCs SCR

None affected

C(TPR.CA)D0,2 specify which Processor port

633 (0)

{ie.eay which

System Controller) is to be useds The contents of the
clock in the designated System Controller replace the

contents of the AQ-register as Showne

Attempted execution in BAR Mode causes an Iilegal

‘Procedure Fault,

Attempted repetition with PRTy RPDy, or
Illegal Procedure Fault,
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“Deraila

DRL

FORMAT2

SUMMARY S

MCDIFICATIONSS

INDICATORSS

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE

Octo

er, 1975

DERAIL

Derail . 002 (0)

Basic Instruction Format (See Figure 2-1).

Causes a fault which fetches and executes, in Absolute
Modey the instruction pair at main store location
C+it (octal)e The value of C is obtained from the FAULTY
VECTOR switches on the Processor Configuration Panel.

All, but none affect instruction execution

None affected

Except for the different constant used for fetching the
instruction pair from main store, the DRL instruction is
identical to the Master Mode Entry (MMZ) instructione.

Attempted repetition with RPT, RPDy or RPL causes an
Itlegal Procedure Faulte
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EXECUTE

“Exequted

XEC

FORMATS

SUMMARY 3

MODIFICATIONS?

INDICATORS?

NOTES:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Execute 716 (0)
Basic Instruction Format (See Figure 2-1),.

Fetch and exectue the instruction in C(Y)

Al{ except DU, DL, CI, SCs SCR

None aftfected

The XEC instruction itself does hot affect ény indicator.
However, the execution of,the instruction ftrom C(Y) may
attect indicafqrs.

1f the execution of the instruction from C(Y) modifies
C(PPR.IC)y then a transfer of control occurs$ otherwise,
the next instruction to be executed is tetched from
C{PPR.IC)+1.

To execute a Repeat Doubte (RPD) instruction, the XEC
instruction must be in an odd location. The instruction
pair repeated iIs that instruction 2sair at C(PRR.IC)+1,
that is, the instruction pair immnediately following the
XEC instruction. C(PPR.IC) is adjusted during the
execution of the repeated instruction pair so that the
next instruction fetched for execution is from the first
word following the repeated Iinstruction paire

EIS Multiword instructions may be executed but the
required Data Descriptors must be Jlocated immediately
atter the XEC instruction, that is, starting at C(PRR.IC)
+ 1. C{PRR.IC) is adjusted during execution of the EIS
Mul tiword instruction so that the next instruction fetched
tor execution Is from the first word following the EIS
Data Descriptors.

Attempted repetition with RPT, 'RPD. or RPL causes an
Illegal Procedure Faulte.
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XED

FORMATS

SUMNARYS

MODIFICATIONSS

INDICATORS?

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

EXECUTE

Execute Double 717 (0)
Basic Instruction Format (See Figure 2-1).

Fetch and execute the instruction pair at C(Y-pair)

‘All except DUs DL, CI, SCs SCR

None affected

The XED instruction itself does not affect any indicator.
However, the execution of the Instruction palir froa
ClY-pair) may atfect indicators.

The even instruction trom C{(Y-pair) must not al ter
C{Y-pair)36,71y and must not be another XED Instructione.

If the execution of the instruction pair from C(Y-pair)
alters C(PPR.IC), then a transfer of control occurs;
otherwise, the next instruction to be executed is fetched
from C(PPR.IC)+i. It the even instruction from C(Y-pair)
alters C(PPR.IC)y then the transfer of control is

eftective immediately and the o0dd instruction is not
executed.

To execute an instruction pair haviny a Repeat Double
(RPD) instruction as the odd instruction, the XED must be
located at an odd address. The instruction pair repeated
is that instruction pair at C(PRR.IZ) + 1, that is, the
instruction pair immediately follonwing the XED
instructione. C(PPR.IC) is ad)usted during the execution
of the repeated instruction pair so the the next
instruction fetched for execution is from the first word
following the repeated instruction pair.

An attempt to execute an EIS Multiword instruction will
cause an Illegal Procedure Fault.

Attempted repetition with RPT, RPDO, or RPL causes an
itleal Procedure Faulte.
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MASTER MODE ENTRY

“Master~ModeZEntrva
MME
FORMATS

SUMMARY 3

MODIFICATIONS:
INDICATORS?

NOTES:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Master Mode Entry 001 {(0)
Basic Instruction Format (See Figure 2-1).

Causes a fault that tetches and executes, Iin Absolute
Mode, the instruction pair at main store location
Cth(octal)e The value of C is obtained from the FAULT
VECTOR switches on the Processor Configuration Panel.

All, but none affect instruction execution
None affected

Execution of the MME instruction implies fhe following
conditionss

During the execution of the MME instruction and the
two instructions fetched, the Processor is
temporarily in Absolute Mode indedendent of the value
of the Absolute Mode indicator. The Processor stays
in Absolute Mode if the Absolute Mode indicator iIs ON
after the execution of the instructionse.

The instruction at C+4 must not alter the contents of
main store location C+S, and must not be an XED
instruction.

It the contents of the instruction counter (PPR.IC)
are changed during execution of the instruction pair
at C+Wy the next instruction is fetched from the
modified C{(PRR.IC)} otherwise, the next instruction
is fetched from C(PPR.IC)+i.

If the instruction at C+4 alters C(PPR,IC), then this
transfer of control is effective immediately, and the
instruction at C+#S is not executed.

Attempted repetition with RPT, RPD, or RPL causes an
Iliegal Procedure Faulte
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MME2
FORMATZ

SUMMARY S

MODIFICATIONS?
INDICATORS?

NOTESS

MME3
FORMATS

SUMHARY?

MODIFICATIONS:
INDICATORSS

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
Dctober, 1975

MASTER MODE ENTRY

Master Mode Entry 2 gos (0)
Basic Instruction Format (See Figure 2-1).

Causes a fault that tetches and executes, In Absotute
Mode, the instruction pair at main store location
C+52(octal)e The value ot C is obtained from the FAULT
VECTOR switches on the Processor Configuration Panel.

All, but none affect instruction execution

None affected

Attempted execution in BAR mode causes ' an Illegal
Procedures Illegal Opcode Faulte

Except for the different constant used for fefching the
instruction pair from main store, the MME2 instruction is

identical to the Master Mode Entry {(MMZ) instruction.

Attempted repetition with RPT, RPD, or RPL causes an
ll{egal procedure Faulte.

Master Mode Entry 3 pos (0)
Basic Instruction Format (See Figure 2-1).

Causes a fauit that fetches and executes, in Absolute
Mode, the instruction pair at main store location
C+54%(octal)e The value ot C is obtained from the FAULT
VECTOR switches on the Processor Configuration Panel,

Atl, but none atfect instruct lon execut ion
None affectéd

Attempted execution in BAR mode causes an Illegal
Procedure, 1llegal Opcode Fault.

Except for the difterent constant used for tetching the
instruction pair from main store, the MME3 instruction is
identical to the Master Mode Entry {MME) instructione.

Attempted repetition with RPT, RPDy, or RPL causes 3an
Illegal Procedure Faulte.
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MASTER MOQOE ENTRY

MME4
FORMATS

SUMMARY3

MODIFICATIONS?
INDICATORSS

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Master Mode Entry & 007 (0)

Basic Instruction Format (See Figure 2-1).

Causes a fault that fetches and executes, in Absolute
Mode, the instruction pair at main store 1location
C¢56(octal)es The value of C is obtained from the FAULT
VECTOR switches on the Processor Configuration Panel.

All, but none affect Instructlon execution

None affected

Attempted. execution in BAR mode causes an Itlegal
Procedure, 1Il1ilegal Opcode Fault.

Except for the different constant used for fetching the
instruction pair from main store, the MME4 instruction |is

identcal to the Master Mode Entry {(MME) instruction.

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Fault.
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“No~Qperationd

NOP

FORMAT:

SUMMARY $

MODIFICATIONS?

INDICATORSS

NOTESS

PULS1

FORMATS

SUMNARYS

MODIFICATIONSS

INDICATORS?

NOTES:

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

NO OPERATION

No Operation 811 (D)
Basic Instruction Format (See Figure 2-1).

No operation takes place

(YR

None aftected (except as noted below)

No operation takes place but address preparation |is
performed according to the specified modifier, if anve. It
moditication other than DU or DL is used, the eftective
addresses generated may cause Store Fauslts.

The use of Indirect and Tally modifiers causes changes in
the address and tally fields of the referenced Indirect

Words and the Tally Runout indicator may be set ON as a
resulte. -

Attempted repetition with RPT, RPD, or RPL causes an
Itlegal Procedure Faulte

Pulse One 012 (0)
Basic Instruction Format (§ee Figure 2-1).

No operation takes place

Al

None affected (except as noted below)

The PULSY instruction is identical to the No Operation
{NOP) instruction except that it causes certain unique
synchronizing signals to appear in the Processor logic
circuitry.

Attempted repetition with RPT, RPDy or RPL causes an
Iliegal Procedure Fault.
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NO OPERATION

PULS2
FORMATS
SUMMARYS
MODIFICATIONSS?
INDICATORSS

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
Dctober, 1975

Pulse Two 013 (0)
Basic Instruction Format (See Figure 2-1).

No operation takes place

All

None affected (except as noted below)

The PULS2 instruction is identical ?to the No Operation
{NOP) Iinstruction except that |t causes certain unique
synchronizing signals to appear in tne Processor logic
circuitrys

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Faulte.
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REPEAT

“Repeatd
RPD Repéat Double 560 (0)
FORMATZ
0 00011 11 22223 3
9 7.8.9.0_1 7.8 6.7.8.30 5
H LI N I ] [ I I | H
H TALLY 1A13!C! Term. Conde 1 {(560)8 101110¢ DELTA H
H } S S 1 H j 111 i
81111 7 9111 6
Figure 2-3 Repeat Double (RPD) Instruction Word Format
SUMMARY S Execute the pair of instructions at C(PPR.IC)I+1 ei ther a
specified number of times or until a ssecified termination
condition is met.
MODIFICATIONSS None
INDICATORS? (Indicators not tisted are not affected)
. Tally If C(X0)0,7 = 0 at termination, then ON3 othernise, OFF
Runout
All other None affected. However, ¢the execution of the repeated
Indicators instructions may affect indicatorse.
NOTES:2 The RPD instruction must be stored in an odd main store

REVIEW DRAFT
SUBJECTY TO CHANGE

October,

1975

location except when accessed via the XEC or XED
instructions, in which case the XEC or XED instruction
must itself be in an odd main store location.

Both repeated instructions must use R or RI modifiers and
ontly X1y, X253 eeey X7 are permitted, For the purposes of
this description, the even repeated instruction shall use
X-even and the odd repeated instruction shall use. X=~0 dde
X-even and X-odd may be the same registers.

It C =1, then C(RPD instruction word)0,17 => C(XD)3
otherwise, C(XD) unchanged prior to execution.

The termination congition and tafly fields of c(xa)

control the repetition of the instruction paire. An
initial tally of zero is interpreted as 256.

The repetition cyclie consists of the following stepss
EX Execute the pair of repeated inst~uctions

De C(X0)0,7 = 1 => C(XD)0,7
Modify C(X-even) and C(X-odd) as described belowe

Ce If C(X0)0,7 = 0, then set Tally Runout indicator ON
and terminate,
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REPEAT

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

de It a terminate condition has been met, then set Tally
Runout indicator OFF and terminate.

e. Go to step ae.

It a Processor Fault occurs during the exection ot the
instruction pair, the repetition loop is terminated and
control passes to the Fault Trap accorging to the
conditions tor the Processor Fault. C(X0), C{X-even), and
C(X-0dd) are not updated for the repetition cycle in which
the fault occurse. Note - in oparticular that cer tain
Processor Faults occurring during execution of the even
instruction preclude the execution of the odd instruction
for the faulting repetition cycle.

EIS Multiword instructions cannot be ~epeated. All other
instructions may be repeated except as noted for
individual instructions or those that <..

Explicitly alter C(XD)

The eftective address, Ys of the operand (in the case of R
moditication) or indirect word (in the case of RI
modification) is determined as followss

For the tirst execution of the repeated instruction pair

C{C(PPR.IC)+1)0,17 ¢ C(X-even) =-> Y3 Y-even =->
CiX-even)

C(C(PPR, IC)+2) 0,17 ¢ C(X=-0dd) =-» Y=-o0dd; Y=-odd =>
C{X-odd)

For all successive executlons of the ~epeated instruction
palr‘ eoe

it C(x0)8 =1, then C{(X-even) + Delta -> Y-even,
Y-even =-> C{X-even); otherwise, C(X-even) =-> Y-even

it C(X0)9 = 1, then C(X-0dd) ¢ Delta -> Y-oddy Y-odd
-> C{X-0dd)} otherwisey, C{(X-0dd) =-> Y=-odd

C(X0)8,9 correspond to Control Bits A and B, respectively,
of the RPD instruction.

In the case of RI modification, only one indirect
reference is made per repeated execution. The tag ftield
of the indirect word 1is not interpreted. The indirect
word IS treated as though it had R moditication with R =
Ne

The bit configuration in C(X0)11,17 defines the conditions

for which the repetition loop 1is terminated. The
terminate conditions are examined at the completion of
execution of the odd instruction. It more than one
condition is specified, the repeat terninates if any of
the specified conditions are met.

Bit 17 =0 Ignore all overtlowse Do not set Overflow
' Indicators inhibit Overflow Fault.
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Bit

Bit
Bit
Bit
Bit
Bit

Bit

REPEAT

17 = ¢ It Overfliow Mask indicator is ON, then set
Overflow indicator and terninates
otherwise, cause an Overflow Faulte

16 = 1 Terminate it Carry indlicator OFF.

15 = 1 Terminate if Carry indicator ON.

14 = 1 Terminate if Negative indicator OFF.

13 =1 Terminate if Negative indicator ON.

12 = 1 Terminate if Zero indicator OFF.

11 =1 Terminate it Zero indicator ON.

At the time of termination?

CUX0)0,7 contain the Tally Residue; ¢that 1isy the
number of repeats remaining until a Tally Runout
would have occurred.

It the RPD instruction is interrupted (by any fault)
before termination, the Tailly Runout indicator is
OFF.

C(X-even) and C (X-o0dd) contain the effective
addresses of the next operands or indirect words that
would have been used had the repetition foop not
terminated.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Faulte.
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REPEAT

RPL Repeat Link 500 (0)
FORMATS
0 00011 11 22223 3
0 7.8 9. 0.1 7.3 $.7.8.9°90 S
1 H 11 H 11 18 !
] TALLY 10 0I1C! Term. Conde 1§ (sog)a 10{410!0 0 0 0 0 O3
1 1 11 1 1131 1
8 211 7 9111 6
Figure 2-10 Repeat Link (RPL) Instruction Word Format
SUMMARYS Execute the instruction at C(PPR.IC)+1 either a specified
number of times or until a specified termination condition
is met.
MODIFICATIONS? None
INDICATORSS {Indicators not listed are not affected)
Tatly If C{(X0)0s7 = 0 or 1ink address C(Y) = 0 at termination,
- Runou? then ONs otherwise OFF
All other None affected. However, the execution of ¢the repeated

Indicators

NOTES?S

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

instruction may atfect indicatorse.

The repeated instruction must use an R modifier and only
X1y X299 eeey X7 are permitted, For the purposes of this
description, the repeated instruction shail use Xne

It C =1,
otherwise,

then CIRPL instruction word)0,17 -> C(X0)}$
C(X0) unchanged prior to executione

c{xo)
ini tial

ot
An

The termination concition and tally fields
control the repetition ot the instruction.
tally of zero is interpreted as 256.

The repetitlon cycle consists of the following stepss

Ae Execute the repeated instruction

be C(X0)047 = 1 => C(X0)0,7
Modify C(Xn) as described belowe

Ce If C(XD)0,s7 = 0 or C(Y)De17 = 0, then set Tally
Runout indicator ON and terminate.

de If a3 terminate condition has been met, then set Tally
Runout indicator OFF and terminatee.

e. Go to step ae
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REPEAT

It a Processor Fault occurs during the exection of the
instruction, the repetition tonp S terminated and control
passes to the Fault Trap accerding to the conditions for
the Processor fault, ©¢<«x03) and C{Xn) are not updated for
fthe repetition cycle in which the fault occurs.

EIS Multiword instructions cannot be repeated. All other
instructions may be repeated exzept as noted for
individual instructions or those that ...

Explicitiy alter C(X0)
Explicitily alter the link address, C(Y)0,17

The effective address, Y, of the operand is determined as
toltlons$

For the first execution of the repeated insftruction eee
CIC(PPR.IC)+1) 0,17 ¢ CiXn) =-> Y3 ¥ => C(Xn)

For all successive executions of the repeated instruction

ci{Xn) =-> Y
if C(Y)0,17 # 0, then C(Y)0,17 => Ci{Xn)} otherwise,
no change to C{(Xn)

C(V)0,17 is known as the link address and is the effective
address of the next entry in a threaded list of operands
to be referenced by the repeated instructione.

The operand data is {formed as

where p is 35 for singte precision operands and 71 for
double precision operandse.

The bit contiguration in C(X0)11,17 and the link address,
c(Y)0,17, define the conditions for which the repetition
loop is terminated. The terminate conditions are examined
at the completion of execution of the instruction. 1If
more ¢than one condition |is specified, the repeat
terminates if any of the specified conditions are -met.

C(Y)0,17 = 0 Set Tally Runout indicator ON and terminate.

Bit 17 =0 Ignore all overflows. Do not set Overflow
Indicator$ inhibit Overtiow Fault.

8it 17 = 1 It Overfiow Mask indicator is ON, then set
Overfiom indicator and terminates
otherwise, cause an Overflow Fault.

Bit 16 = 1 Terminate it Carry indicator DFF.

Bit 15 = 1 Terminate it Carry indicator ON.

Bit 14 = 1 Terminate it Negative indicator OFF.
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Bit 13

Bit 12

=1 Terminate if Negative indicator ON.
=1 Terminate if Zero indicator OFF .
Bit 11 = 1 Terminate it Zero indicator ON.

At the time of terminationt

C(X0)0,7 contain the Yatly Residue} that iss the
number of repeats remaining until a Tally Runout
would have occurrede.

It the RPL instruction is interrupted (by any fault)

betore termination, the Tally Runout indicator is

OFF.

ci{Xn) contain the last 1ink address, that ise the
eftective address ot the list word containing the
last operand data and the pext tink address.

Attempted repetition with RPT, RPD, oFr RPL causes an
Ittegal Procedure Faulte ’
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REPEAT

RPT Repeat 520 (0)
FORMATS
0 00011 11 22223 3
1] 7.8.9.0.1 7.8 6.7 8.9 0 5
H ! L ] 1111 H
1 TALLY 10 0iC! Term. Conde. ! (52018 1011101 DELTA 1
1 H 13 i 1 1. 3.1 1
8 211 7 9 111 6
Figure 2-11 Repeat (RPT) Instruction Word Format
SUMMARYS: Execute the instruction at C(PPR.IC)+1 either a specified
number of times or until a specified termination condition
is met,
MODIFICATIONS? None
INDICATORSS (Indicators not listed are not atfected)
Tally If C(X8)0,7 = D at termination, then ON3 otherwise, OFF
s Runout
All other None aftected. However, the execution of the repeated
Indicators instruction may affect indicators.
NOTES: The repeated instruction must use an R or RI modifier and

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

only X1, X2y eeey X7 are permittede For the purposes of
this description, the repeated instruction shall use Xn.

1t C =1, then C(RPT instruction word)0,17 -> CI(X0)}
othernise, C{X0) unchanged prior to exescutions

The termination condition and tally fieilds of C(XD)
control the repetition of the instruction paire An
initial tally of zero is interpreted as 256,

The repetition cycle consists of the following Stepss

ae Execute the repeated instruction

be C(X0)0,7 - 1 -> C{X0)0,7 -
Modify C(Xn) as described belowu

Ce It C(X0)0,7 = 0, then set Tally Runout indicator ON
and terminate

de It a terminate condition has been met, then set Tally
Runout indicator OFF and terminate

e. Go to step a
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It a Processor Fault occurs during the exection of the
instructions, the repetition joop is terminated and control
passes to the Fault Trap according to the conditions for
the . Processor Faulte C(X0) and C(Xn) are not updated for
the repetition cycle in which the fault occurse

EIS Multiword instructions cannot be repeateds. All other
instructions may be repeated ex:cept as noted for
individual instructions or those that ce.

Explicitly alter C(X0)
Explicitly alter C(PPR.IC)®2

The effective address, Yy, of the operand (in the case of R
moditication) or indirect word (in the case of RI
moditication) is determined as follows?

For the first execution of the repeateid instruction <e..
C(C(PPR.IC)+1)0,17 ¢ C(Xn) =-> Y3 Y -> C{(Xn)

For all successive executions of the repeated instruction

if C(X0)8 = 1, then C(Xn) + Delta => Y, Y => C{Xn)3
otherwisey, C(Xn) => Y

ci(xo)8 corresponds to Control Bit A of the RPD
instructione. ‘

In the case of RI modification, only one indirect
reference 1is made per repeated execution. The tag field
of the indirect word is not interpreted,. The indirect
word is treated as though it had R modification with R =
Ne

The bit contiguration in C(X0)11,17 detines the conditions
for which the repetition loop is terminated. The
terminate conditions are examinecd at the completion of
execution of the instructions If more than one condition
is specifiedy, the repeat terminates it any of the
specitied conditions are met.

Bit 17 =0 Ignore all overtlows. Do not set Overflow
Indicator; inhibit Overflow Fault.

8it 17 = 1 I1f Overfliow Mask indicator is ON, then set
Overflow indicator and terminates
otherwise, cause an Overflow Fault.

3it 16 = 1 Terminate it Carry indicator OFF.

Bit 15 = 1 Terminate it Carry indicator ON.

8it 14 = 1 Terminate if Negative indicator OFF.

Bit 13 =1 Terminate if Negative indicator ON.

Bit 12 = 1 Terminate if Zero indicator OFF.

Bit 11 = 1 Terminate it Zero indicator ONe
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REPEAT

At the time of terminations

C(X0)04,7 contain the Tally Residues that is, the
number of repeats remaining untit a Tally Runout
would have occurred.

It the RPT jinstruction is interrudoted (by any fault)
betore termination, the Talty Runout indicator is
OFF.

Ci(Xn) contain the effective address of the next
operand or indirect word that would have been used
had the repetition loop not terminated.

Attempted repetition with RPT, RPDy, or RPL causes an
Illegal Procedure Faulte.
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RING ALARM REGISTER

“Ring~Alarp~Registera
SRA
FORMATS

SUMMARY 3

MODIFICATIONS?
INDICATORS:

NOTES:

REVIENW DRAFT
SUBJECT TO CHANGE
October, 1975

Store Ring Alarnm
Basic Instruction Format (See Figure 2-1).

B0ceel => CUY)D,32

C(RALR) -> C(Y) 33,35
All except DU, DLy CI4 SC, SCR
None affected

Attempted execution in BAR Mode causes an
Procedure Fault,

754 (1)

Illegal

Attempted repetition with RPT, RPD, or RPL causes an

Itlegal Procedure Fault.
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" ~store Base-Address.Realsterd

SBAR

FORMATS

SUMMARY S

MODIFICATIONSS

INDICATORSS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Store Base Address Register

8asic Instruction Format (See Figure 2-1i).
C(BAR) => ClY) 0,17

All except DU, DL, CI, SCy and SCR

.

None atfnctqd
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TRANSLATION

“Icansiationd N
I (% Binary®t6:BiRary>CoBed+Deeinabt2 . 505 (0)
FORMATS * ‘83s TR AnSHr U it ForRbI{Sed sFiigure 2-1).
SUMMARY 3 Shitt CCA) let} ahrék’positibasn

. 4CLA)L /7 C(Y) => 4-bit quotient plus remainder
HI& Bos W Dd LI L0 0l tgasws 3o

Shift C{Q) teft six positions

4-bit quotient ~> CH@)32,35

remainder -> C{A)

MODIFICATIONSS All except CI, SCy SCR

INDICATORS: ({Indicators not listed are not affected)

Zero It CtAy = 0, then ON

Negative If C(A)D = 1 before execution, then ON} otherwise OFF
NOTES: The BCD instruction carries out one step in an “algorithm

for the conversion of a3 binary nJmber to a string of
Binary-Coded-0ecimal {BDC) digits. The algorithm requires
the repeated short division of the binary number or flast
remainder by a set of constants Cli) = 8%*{ x 10%**(n-])
for 1 = 14 29 eees N With n being defined by?

10%*¥(n-1) <= l<binary number>! <= 10%¥n - 1.

The values in the table that follows are the conversion
constants to be wused with the BCJ instruction. Each
vertical column represents the set of constants to be used
depending on the initial value of the sinary number to be

converted. The instruction is executed once per digit
nhile traversing the appropriate c¢olumn from top to
bottome

An alternate use of the table for conversion involves the
use of the constants in the row corresponding to
conversion step 1. If, after each exezution, the contents
of the accumulator are shitted right 3 positionse the
constants in the first row, starting at the appropriate

column, may be used while traversing the row from left to
right.

Because there is a limit on range, a full 36 bit word
cannot be converted. The largest binary number that may
be converted correctly is 2%*33 -1 vyia2lding ten decimal
digitse

Attempted repetition with RPL causes an Illegal Procedure
Faulte.

REVIEW ORAFT
SUBJECT TO CHANGE
October, 1975 2-146 AL39
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FORMATS

SUMMARY 2

MODIFICATIONS?

INDICATORSS

Zero

Neg

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE

October,

1975

TRANSLATION

For 10%**(n-1) <= IC(AR)! <= 10%%n - 1 a1d N = eee

1

8000000000
6400000000
5120000000
4096000800
3276800000
2621440000
2097152000
1677721600
13421772380
1073741824

2

800000000
640000000
512000000
499600000
327680000
262144000
209715200
167772160
134217728

2

80000000
64000000
51200000
403600080
32768000
26214400
20971520
16777216

Gray to Binary

z

8000000
6400030
5120000
4096000
3276800
2621440
2097152

[}

800000
640000
512000
409600
327680
262144

T2 3 3 2 1

80000 8000 800 80 8
64000 6400 64O 64
51200 5120 512
40360 4096

32768

74 (D)

Basic Instruction Format (See Figure 2-1).

C(A) converted from Gray Code to a 36 bit binary number

ative

None

If CtaYo =

}

If C(A) = 0, then ON; otherwise OFF

{Indicators not listed are not atfected)

then ON} otherwise OFF

This conversion is defined by the following algorithm?

Attempted repetition with RPL causes a1 Il1legal Procedure Faulte

C(A)O -> C(A)C

ClA)(1) ® ClAY(i-1) => C(AY{i) for i = 1y 29 eeey 35

2-147

AL39



PRIVILEGED - REGISTER LOAD

“PRIVILEGEDA INSIRUCTIONS

“Privilegedd = “Register”lLoada

LBAR
FORMATS
SUMMARY S
MODIFICATIONS
INDICATORS?

NOTES:

LCPR~
FORMATS
SUMMARY??

MODIFICATIONS?

INDICATORSS

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Load Base Address Register 230 (0)
Basic Instruction Format (See Figure 2-1).

C(Y)0,17 -> CIBAR)

All except CI, SC, SCR

None affected

Attempted repetition with RPT, RPDy or RPL causes an

Illegal Procedure Fault.

Attempted execution in BAR Mode causes a Illegal Procedure
Faulte

Load Central Processor Register 674 (0)
Basic Instruction Format (See Figure 2-1).

Load selected register as noted

None. The instruction TAG field is wused for register

selection as follonse

CATAG) Data_and Registeris)

02 Cty) => C{Cache Mode Register~)0,35
oL ClY) =-> C({Mode Register)0,35
03 00eee0 -> C(CUy 00U, DU, and APU History

Register) 0,71

07 111 ~->» C{CU, OUy, DUy and APU History
Register) 0,71

None affected

See Section IV, Progran Accessible Registers, for
descriptions and use of the various rejisters.

For TAG values 03 and 07, the History Reglister loaded is

selected by the current value of a Cyclic Counter for each
Unite All four Cyclic Counters are advanced by one count
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FORMATS

SUMMARYS

MODIFICATIONS?

INDICATORS:

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

PRIVILEGED - REGISTER LOAD

for each executlon of the instruction.

Use o6f TAG values other than those defined above causes an
Itlegal Procedure Fault.

Attempted execution in Normal or BAR M>de causes a Illegal
Procedure Fault.

Attempted repetition with RPT, RPD, or RPL causes an
Iitegal Procedure Faulte.

Load  Descriptor Segment Base Register 232 ()
Basic Instruction Format (See Figure 2-1).

If SDWHAM is enabledy then
0 -> C{SONAM(i).FULL) for i = Oy 1y eees 15
(1) => C(SOWAMEi).USE) for i = 0y 15 eeey 15
If PTHAM is enabled, then
0 -> C(PTHAMUID.FULL) for i = Dy 13 eeey 15
{i) => C(PTHAM(i)oUSE) for i = 0y 1y eees 15
C(Y-pair)0,23 -> C(DSBR.ADDR)
C(Y-pair)37,50 -> C(DSBR.BOUND)
C(Y-pair)55 -> C(DSBR.U)

C{Y¥-pair)60,71 -> C(DSBR.STACK)
A1y except DU, DL, CIo SC, and SCR
None affected

The hardware assumes Y17 = 03 no check is made.

The Associative Memories are cleared (FULL indicators
reset) if they are enabled.

See Section IV, Program Accessible Registers, and Section
V, Addressing -- Segmentation and Pagiag, for description

and use, respectively, of the SDWAM, PTWAM, and DSBR.

Attempted execution in Normal or 3AR Mode causes an
Iltegal Procedure Faulte.

Attempted repetition with RPT, RPDy, or RPL causes an
Iilegal Procedure Fault. .
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FORMATS
SUMMARY 3
MODIFICATIONS?
INDICATORS?

NOTESS
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FORMATS

SUMMARYS

MODIFICATIONSS
INDICATORSS

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Load Timer Register 637 (0)
Basic Instruction Format (See Filigure 2-1).

ClY)0,26 -> C(TR)

All except CI, SCy SCR

None Aftfected

Attempted execution in Normal or BAR Mode causes a Itllegal

Procedure Faulte.

Attempted repetition with RPT,
Illegal Procedure Faulte

RPDy or RPL causes an

Load Page Table Pointers 257 (1)

Basic Instruction Format (See Figure 2-1),

For I = 0y 1y eeey 15
m = C(PTWAM(i).USE)
ClY+m)Dyetb => C(PTHAM(M) LPOINTER)
CUY+m)15,26 => C(PTWAM(m).PAGE)

C(Y+m)27 -> C(PTWAMIm).F)
A1y except DU, DLy CIs SCs SCR
None affected
The hardware assumes Y14,17 = 00005 no check is made.

The Associative Memory is ignored (forced to ™no
during Address Preparationes

match®)

See Section IV, Program Accessible Registers, and Section
Vs, Addressing -- Segmentation and Paging, for description
and usey respectiveiy, of the PTHAM.

Attempted execution in
Iltegal Procedure Fault.

Normal or 3AR Mode causes an

Attempted repetition with
Illegal Procedure Fault,

RPTy RPDy or RPL causes an
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SUMMARY S
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October, 1975
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Load Page Table Registers 173 (1)
Basic Instruction Format (See Figure 2-1)e.

For i = Dy 1y eceer 15
m = C(PTHAM{i).USE)
C(Y+m)D 417 =-> C(PTWAM(m).ADDR)

CtY+m)29 => C(PTHAM(m) M}
Al1 except DU, DL, CI, SCs» SCR

None atfected

The hardware assumes Yi4,17 = 00003 no check is made.

The Associative Memory is ignored (forced to "no match™)
dur ing Address Preparatione.

See Section IV, Program Accessible Registers, and Section
V, Addressing -- Segmentation and Pagingy for description
and use, respectively, of the PTWAM.

Attempted execution In Normal or BAR Mode causes an
Illegal Procedure Faulte

Attempted repetition with RPT, RPOy or RPL causes an
Itlegal Procedure Fault.

Load Ring Alarm Register 774 (1)
Basic Instruction Format (See Figure 2-1}).
C(Y) 33,35 -> C(RALR)

AVl except DU, DLy CI, SCy» SCR

None affected

Attempted execution in Normal or BAR Mode causes an
Ilitegal Procedure Faulte.

Attempted repetition with RPTy, RPD, or RPL causes an
Itlegal Procedure Fauite.
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SUMMARY
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NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Load Segment Descriptor Pointers 257 (0)
Basic Instruction Format (See Figure 2-1).

For £ = 0 1y eees 15
m = C(SOWAMCi)oUSE)
CCY+m)0s14 ~> C{(SDWAMI{mM).POINTER)

ClY+m)17 ~> CI(SDWAMI(mM).P)
All except DU, DLy CI, SCs SCR
None affected

The hardware assumes Yi4,17 = 008003 no check is made.

The Assoclative Memory is ignored (forced to “no match™)
dur ing Address Preparatione

See Section IV, Program Accessible Rejisters, and Section
Ve Addressing -- Segmentation and Paging, for description
and usey respectively, of the SDWAM.

Attempted execution In Normal or 3AR Mode causes an
Itlegatl Procedure Faulte.

Attempted repetition with RPYTy, RPD, or RPL causes an
Illegal Procedure Fault,
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toad Segment Descriptor Registers 232 (1)
Basic Instruction Format (See Figure 2-1).

For i = 0y 1y eees 15
m = C(SOWAM(1).USE)
C(Y+2m) 0,23 -> C(SDHAM(m).ADR)
CLY+2m) 24932 -> C{SDWAM(m)«.R1, R2y R3}
C(Y+2m) 37,50 =-> C{SDWAM(m).BOUND)
C(Y+2m) 52457 => C(SDHAMIm)«Rs Ey Wy Py Us Gy C)

C(Y+2m)58,71 -> C(SDHAM(m).CL)
A1l except DUy DL, CIs SCs SCR
None Affected
The hardware assumes Yit,17 = 00003 no check is made.

The Associative Memory is ighored (forced to “no-match™)
during Address Preparation.

See Section IV, Program Accessible Registers, and Section
Vs, Addressing -- Segmentation and Paging tor description
and use, respectiveiy, of the SOWAM. .

Attempted execution in Normal or BAR Mode causes an
Illegal Procedure Fault.

Attempted repetition with RPT, RPDy or RPL causes an
Itlegal Procedure Fault,.

Restore Control Unit 613 (0)

Basic Instruction Format (See Figure 2-1).

C(Y—blocksf words 0 to 7 -> C(Control Jnit Data)
All except DU, DLy CI,4 SC, SCR

None affected
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See Section 1V, Program Accesible Registers, for
description and use of Control Unit Data.

The hardware assumes Y15,17 = 000 and addressing is
incremented accordinglys no check is made.

Attempted execution in Normal or BAR Mode causes  3an
Illegal Procedure Fault

Attempted repetition with RPT, RPDy, or RPL causes an
Illegal Procedure Faulte
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October, 1975

Store Central Processor Register 452 (0)
Basic Instruction Format (See Figure 2-1).
Store selected register as noted

None. The instruction TAG tield is wused for register
selection as tollonse.

CL1AG) MEANING

80 C(APU History Register) -> C(Y-pair)

01 C(Fault Register) => C(Y-pair)0,35
00eeeld => C(Y-pair)36,71

06 C(Mode Register) => C(Y-pair) 0,35
C(Cache Mode Regiser) => ClY-palr)36,71

20 C(CU History Register) -> C(Y¥-pair)

L0 C(O0U History Register) -> C(Y-pair)

60 C(DU History Register) -> Clf{-pair)

None affected

See Section IV, Program Accessibie Registers, for
description and use of the various registers.

For TAG values 00, 20, 40, and 60, the History Register
stored is selected by the current value of a Cyclic
Counter for each Unit. The individual Cyclic Counters are
advanced by one count for each execution of the
instruction.

The use of TAG values other than taose defined above
causes an Illegal Procedure Fault.

Attempted execution in Normal or BAR Mode causes an
Iltegal Procedure Fault,

Attempted repetition with RPT, RPD, or RPL causes an
Itlegal Procedure Faulte. :
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SUMMARY S
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NOTES?

REVIEW DRAFT
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October, 1975

N

Store Control Unit 657 (0)
Basic Instruction Format (See Figure 2-1)e

C(Control Unit Data) -> C(Y-block8) words 0 to 7

All except DUs DLy CI, SCe SCR

None affected

See Section IV, Program Accessible Registers, for
description and use of Control Unit Datae.

The SCU - instruction sate-stores zontrol informat ion
required to service a Processor fault. The Control Unit
pata is nots in general, valid at any time except when
safe-stored by the first instruction of a fault/Zinterrupt
vectore.

The hardware assumes Y15,17 = 000 and addressing is
incremented accordingly} no check is made.

Attempted execution in Normal or BAR Mode causes an
Ittegal Procedure Fault.

Attempted repetition with RPT, RPDy or RPL causes an
Itlegal Procedure Faulte.
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Store Descriptor Segment Base Register 154 (0)
Basic Instruction Format (See Figure 2-1).

C(DSBR.ADDR) =-> C(Y-pair)0,23
00eaeeD => C(Y-pair)24,36
C(DSBR.BOUND) => C{(Y¥-pair)37,50
0000 -> ClY-pair)51,54
C(DSBReU) =-> C(Y-pair)ss

000 -> C{Y-pair)56459

C(DSBR.STACK) => C(Y-pair)60,71
A1l except DUy DL, CI, SCy SCR
None affected

The hardware assumes Y 17 = 03 no checx is made.

C(DSBR) is unchanged.

See Section IV, Program Accessible Registers, and Section
Vy Addressing -- Segmentation and Paging for description
and use, respectively, of the DBRe.

Attempted execution 1n Normal or BAR Mode causes an
Ittegal Procedure Fault. .

Attempted repetition with RPTy, RPDy, or RPL causes an
Illegal Procedure Fault,.
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REVIEW DRAFT
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Store Page Table Pointers 557 (1)
Basic Instruction Format (See Figure 2-1).

For 1 = 0y 1y eeey 15
CUPTWAM(L) .POINTER) -> CUY+i) 0014
C(PTHAM(i) «PAGE) -> CUY+i)15,26
C(PTHAM(i)oF) => C(Y+i)27
0000 -> CU(Y+i)28,31

C(PTWAMUi) JUSE) => C(Y+i) 32,35
All except DUy DL, CI,4 SCy SCR
None affected
The hardware assumes that Yi4,17 = 0000, and addressing is
incremented accordingly; no check is made.

The contents of PTWAM(m) remain unchanged.

The Associative Memory is ignored {(forced to a “no match®™)
during Address Preparatione.

See Section IV, Program Accessible Registers, and Section
Vs Addressing —-- Segmentation and Paging for deséription
and use, respectively, of the PTHAM,

Attempted execution in Normal or BAR Mode causes an
Itlegal Procedure Faulte

Attempted repetition w«ith RPY, RPD, pf RPL causes an
Illegal Procedure Faulte
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Store Page Table Registers ’ 154 (1)
Basic Instruction Format (See Figure 2-1).

For i = 0y 19 eaes 15
CUPTWAM(i) cADDR) => CUY+i) 0417
00600 => C(Y+i)18,28
C(PTHAM(i) M) => C(Y+i)29

D0eeeld => CLY+i) 30,35
Al excepf. DUy DLy CI, SCs SCR

None aftected

The hardware assumes that Yi4,17 = 0000, and addressing
will be incremented accordingly$ no check is made.

The contents of PTWAM{m) are unchanged.

The Associative Memory is ignored (forced to a "neo match™)
dur ing Address Preparatione.

See Section IV, Program Accessible Registers, and Section
Vs, Addressing -- Segmentation and Paging for description
and use, respectively, of the PTHAM.

Attempted execution in Normal or 3AR  Mode causes an
Illegal Procedure Fault. i

Attempted repetition with RPT, RPDs or RPL causes an
Itiegal Procedure Fault.
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Store Segment Descriptor Pointers 557 (0)
Basic Instruction Format (See Figure 2-1).

For i = 0y 1y eees 15
CUSDWAMUi) «POINTER) => CUY+i) 0,1k
008eee0 => C(Y+i) 15,26
C(SOWAM(i) .F) => C(Y+i)27
0000 => C(Y+i)28,31

C(SOWAM( 1) cUSE) => CUY+1)32,35
All except DU, DL, CI, SC» SCR
None affected
The hardware assumes Yi4,17 = 0000, and addressing is
incremented accordingly; no check is made.

The contents of SDOWAM(i) are unchanged.

The Associative Memory is ignored (forced to a "no match®™)
during Address Preparation.

See Section IV, Program Accessible Registers, and Section
Vy Addressing -- Segmentation and Paging for description
and use, respectively, of the SDWAM.

Attempted execution iIn Normal or B8AR Mode causes an
Ilitlegal Procedure Faulte.

Attempted repetition with RPT, RPD, or RPL causes an
Ilitlegal Procedure Faulte.
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Store Segment Descriptor Registers . 254 (1)
Basic Instruction Format (See Figure 2-1).

For 1 = 0y 19 eees 15
C(SDWAM(1i) .ADDR) =-> C(Y+2i-pair)0,23
C(SDWAMUi)«R1y R2y R3) => CUYV+2i-pair)24,32
0000 -> C(Y+2i-pair)33,36
b(SDwAH(i).BOUND) => ClY+2i-pair)37,.,50
C(SDWAM{i)eRy Es Py Uy Gy C) => CIY#+2i-pair)51,57

CISDWAM(i).CL) =-> ClY+2i-pair)58,71
A1l except DUy DLy CI, SCs SCR
None affected
The hardware assumes Y13,17 = 00000, and addressing |Iis
incremented accordinglys no check is wnade.

The contents of SOWAM{1) are unchanged.

The Associative Memory is ignored (forced to a “no match®)
dur ing Address Preparation.

See Section IV, Program Accessible Registers, and Section
V, Addressing -- Segmentation and Paging for description
and use, respectively, of the SDWAM.

Attempted execution in Normal or BAR Mode causes an
Illegal Procedure Fault.

Attempted repetition with RPTy RPDy, or RPL causes an
Illegal Procedure Fault.
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Clear Associative Memory Paged 532 (1)

Basic Instruction Format (See Figure 2-1).

For i = [\ IS 19 esey 15
0 =-> C(PTHAM(i).F)

(1) => C(PTWAM(]1),USE)

At except DU, DLy, CI, SCy SCR

None affected

The Full/Empty bit of each PTHAM Register is set to 0, and’
the usage counters (PTWAM. USE) are set to tneir
pre-assigned values of 0 through 15. The remainder of of
C(PTWAM(i)) is unchanged.

The execution of this instruction enasles the PTWAM if it
is disabled and C(TPR.CA)16417 = 01.

The execution of this instruction disanles the PTHWAM if
C{TPR.CA)164517 = 10.

If C(TPR.CAY15 = 1, a  selective cilear of cache is
executed. Any cache block for which the upper 14 bits of
the directory entry equal C{TPR.CA)0,13 will have its
Full/Empty bit set to Empty.

See Section IV, Program Accessibte Registers and Section
Vs, Addressing -- Segmentation and Paging for description
and use, respectively, of the PTHAM.

Attempted execution in Normal or B4R Mode causes an
Illegal Procedure Faulte

Attempted repetition with RPT, RPD, or RPL causes an
Iltegal Procedure fault,
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Clear Associative Memory Segments 532 {0}
Basic Instruction Format (See Figure 2-1)e

For i = °’ 1. XX 15
D -> CI(SODWAM(i).F)

(i) -> C(SDWAM{1)<USE)}
A1l except DU, DLy CI, SCs SCR

None affected

The Full/Empty bit of each SDWAM Register is set to 2zeros
and the usage counters (SDWAMJUSE) are initiatized to
their pre-assigned values of 0 through {5« The remainder
of C(SDWHAM(i)) are unchangeds

The execution of this instruction enadles the SOWAM if it
is previously disabled and if C(TPR.CA) 16517 = 01.

The execution of this instruction disaoles the SDKAM it
C(TPR.CA)16417 = 10.

The execution of this instruction sets the Full/Empty bits
of all cache blocks to Empty it C(TPR.CA)1S = 1.

See Section IV, Program Accessible Registers, and Section
V, Addressing -- Segmentation and Paging for description
and use, respectively, of the SDWAM.

Attempted execution 'in Normal or 3AR Mode causes an
Itlegal Procedure Fault.

Attempted repetition with RPTy RPDy or RPL causes an
Ittegal Procedure Fault.
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PRIVILEGED - CONFIGURATION AND STATUS

~privilegedd_- ~Configuraltion~and”3tatusd

RMCH
FORMATS

SUMMARY 3

MODIFICATIONSS
“INDICATORSS

Zero

Negative

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October,s 1975

Read Memory Controlter Mask Register 233

Basic Instruction Format (See Figure 2-1)e

For the selected System Controllers

Q)

It the Processor has a Mask Registe~ asssigned, then

C(MR)D,15 =-> C{2Q)0,15
00eeeD =-> CLAQ) 16,31
C(MR) 32,35 -> C(AQ) 32,35
C(MR) 36,51 -> C(AQ) 36,51
00eeeld -> CLAQ) 52,67
C(MR) 68,71 -> C(AQ)68,71

otherwise, 00eee0 -> CLAQ)
A}l except DUy DL, CI, SCs SCR
(Indicators not listed are not affected)

I CtAQ) = D, then ON3} otherwise OFF

It C(AQ)D = 1, then ON; otherwise OFF

The contgnts of the Mask Register remain unchangede

C(TPR.CA)0,2 specily which Processo~ Port {is.eey which

System Controller) is used.

Attempted execution in Normal or BAR Mode causes
Itlegal Procedure Fault.
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RSCR

FORMAT?

SUNMARYS

MODIFICATIONSS

INDICATORS?

NOTES:

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

PRIVILEGED - CONFIGURATION AND STATUS

Read System Controller Register %12 (0)
Basic Instruction Format (See Figure 2-=1).

The effective address, Yo is used t2 select a systenm
controller (SCU) and the function to be performed as
follionss

Eftective
dddress Eunction
y0000x C(SCU Mode Register) =-> C(AQ)
i
y0001x C(SCU Contiguration Switches) -> C(AQ)
y0002x C(Interrupt Mask Port 0) -> C(AQ)
y0012x C(Interrupt Mask Port 1) -> C(AQ)
y0022x ClInterrupt Mask Port 2) =-> C(AQ)
y0032x Cl(Interrupt Mask Port 3) =-> C(AQ)
y0042x C(Interrupt Mask Port 4) -> C(AQ)
y0052x C(Interrupt Mask Port 5) -> C(AQ)
y0062x c(Interrupt Mask Port 6) -> C(AQ)
y0072x C(Interrupt Mask Port 7) -> CCAQ)
y0003x Ctinterrupt Cells) => C(AQ)
y0004x
or C(System Clock) -> C(AQ)
y0005x
y0306x
or C{Store Unit Mode Registe~) =-> ctaQ)
y0007x
wheres y = octal value of Y0,2 as used to select SCU

any octal digit

A1t except DU, DLy Cls SCs SCR

None affected

See Section IV, Program Accessible Registers, for
description and use of the various registers.

For effective addresses y0006x and y00087x, Store Unit

selection is done by the normal address decoding function
of the System Controller.
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PRIVILEGED - CONFIGURATION AND STATUS

RSW

FORMAT?

SUMMARY S

MODIFICATIONSS

INDICATORSS

Zero

Negative

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Attempted executlon Iin Normal or B8AR Mode causes an
Iltegal Prodecure Fault.

Attempted repetition with RPL causes an Illegal Procedure
Fault.

Read Switches 231 (0)
Basic Instruction Format (See Figure 2-1).

The effective addressy Y, is used to select «certain
Processor switches whose settings are read into C(A).

The switches selected are as follows?

Etfective
Address function

xxxxx0 C(Data Switches) -> C(A)
XXXXXL C(Contig. Switches, ports Ay, By, Cy D) ~-> C(A)
XXXXX2 00eesl => C(A)D,45

C{Fault Base Switches) -> C(A)b6,12

00eeel -> C{A)13,26

Ct{Processor ID) -> C(A)27,33

C{Processor Number Switches) -> C(A)34,35
XXXXX3 ClConfige Switches, ports Ey Fy Gy H) =-> ClA)
XXX XX 00eeel => CCAND,12

C(Port Interlace and Size Switches) -> C(A)13,28
00...0 -> C(A)29’35

Ally but none affect instruction execution

{Indicators not listed are not affected)

It C(A) = 0y then ON; otherwise OFF
It C(A)D = 1, then ON; otherwise OFF

See Section 1V, Program Accessible Registers for
description and use of the switch datae.

Attempted execution jin Normal or BAR Mode causes an
Illegal Procedure Fault.

Attempted repetition with RPT, RPDy or RPL causes an
Itlegal Procedure Fault.
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PRIVILESED - SYSTEM CONTROL

~Privilegedd - ~System~Conireld

cI1oC
FORMATS

SUMMARY 2

MODIFICATIONS:
INDICATORS?

NOTES?

SMCH
FORMATS

SUMMARY $

MODIFICATIONS?
!

INDICATORS?

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Connect I/0 Channel 015 (0)
Basic Instruction Format (See Figure 2-1).

The System Controller addressed by Y (i.e.y contains the
word at Y) sends a connect pulse to the port specified by
ClY) 33935

All éxcept DU, DL, CI, SCy SCR
None affected

Attempted execution in Normal or BAR Mode causés an
Il1tegal Procedure Fault, :

Attempted repetition with RPT, RPDy or RPL causes an
Iliegal Procedure Faulte :

Set Memory Controller Mask Register 553 (0)
Basic Instruction Format (See Figure 2-1).

For the selected System Controllers
if the Processor has a Mask Registe~ assigned, then
C(AQ)0515 => C(MR)D,15
€tAQ) 32,35 -> C{MR) 32,35
ClAQ) 36,51 -> C(MR)36,51
ClAQ)IB8,71 -> CI{MR)68,71

otherwise, a Store Fault, Not Contrals oOCcCurse
All except DU, DL, CI, SCy SCR

None affected

C(AQ) are unchangede

C(TPR.CA)D,2 Specify which Processor Port (ieees which
System Controller) is usede.

Attempted execution in Normal or 3AR Mode causeS an
Iilegal Procedure Faulte.
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PRIVILEGED - SYSTEM CONTROL

SMIC

FORMAT?

SUMMARYS

MODIFICATIONS?

INDICATORS:

NOTESS

REVIEW DRAFT
SUBJECT TGO CHANGE
October, 1975

Attempted repetition with RPL causes an Illegal Procedure
Fault.

Set Memory Controlier Interrupt Cells 451 (0)
Basic Instruction Format (See Figure 2-1).

For i = 0y 1y eees 15 and C(AY35 = 03
it C(AYi = 1, then set Interrupt Cell i ON
For 1 = Dy 1y eee 915 and C(A)35 = 113

it C(A)i = 1, then set Interrupt Cell 16+i ON
Alt except DUy DOLs CI, SC, SCR
None affected
C(TPR.CA)D,2 specify which Processor Port (i.e.y which

System Controller) is used,

Attempted execution iIn Normal or BAR Mode causes an
Illegal Procedure Faulte
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SSCR

FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORS?

NOTESS

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

PRIVILESED - SYSTEM CONTROL

Set System Controller Register 057 (0)

Basic Instruction Format (See Figure 2-1).

The effective address, Y, is used 1> select a Systenm
Controller (SCU) and the function to be performed as
follonst

Effective
Addcess function
y0000x CLAQ) => C(SCU Mode Register)
y0001ix Reserved
y0002x C(AQ) -> ClInterrupt Mask Port 0)
v0012x c{AQ) -> ClInterrupt Mask Port 1)
y0022x C(AQ) -> ClInterrupt Mask Port 2)
y0032x c(aQ) -> ClInterrupt Mask Port 3)
y0042x C(AQ) -> ClInterrupt Mask Port &)
y0052x €¢aQ) -> C{Interrupt Mask Port 5)
y0062x C(AQ) -> C{Interrupt Mask Port 6)
y0072x €(AQ) ~> ClInterrupt Mask Port 7)
v000 3x C{AQ)B,15 -> C(Interrupt Celis)(0,15)
C(AQ)36,51 -> ClInterrupt Cells)(16,31)
y0006x
or C(AQ) -> C(Store Unit Mode Register)
y0007x
nheret y = octal value of Y0,2 as used to select SCU

x
1]

any octal digit
AlY except DU, DLy CI,s SCy SCR

None affected

It the Processor does not have a Mask egister assigned in
the selected System Controller, a Store Fault, Not
Controly will occure.

For effective addresses y0006x and y0007x, Store Unit

selection Is done by the normal address decoding function
ot the System Controllere
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PRIVILEGED - SYSTEM CONTROL

See Section IV, Program Accessisle Registers, for
description and use of the various registerse.

Attempted execution on Normal or BAR Mode causes an
Itlegal Procedure Fault.

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-170 AL39



PRIVILZGED - MISCELLANEOUS

“Privilegeda - “Miscellanegusad

ABSA

FORMATS:

SUMMARY ¢

MODIFICATIONS?

INDICATORSS

Zero

Negative

NOTESS

DIS

FORMAT:

SUMMARY?S

MODIFICATIONS?

INDICATORS:

NOTES:

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975

Absolute Address to Accumutator 212 (0)
Basic Instruction Format (See Figure 2-1).

Final Main Store Address =-> C{A)0,23

00ceel => C(A)24,35
All except DU, DLy CI, SCy SCR
(Indicators not listed are not affected)

It CLA) = D, then ONj otherwise OFF

If CC(A)D = 1, then ONS otherwise OFF

It the ABSA instruction is executed in Absolute mode, C(A)
will be undefined.

Attempted execution in Normal or BAR modes causes an
Illegal Procedure Faulte.

Attempted repetition with RPT, RPDy or RPL causes an
Itlegal Procedure Fault. )

Delay Untit Interrupt Signal 616 (0)
Basic Instruction Format (See Figure 2-1).

No operation takes place, and the Processor does not
continue with the next instruction} it waits for a
program interrupt signale.

All, but none affect instruction execution

None affected

Attempted execution in Normal or BAR Mode causes an
Itlegal Procedure Faulte

Attempted repetition with RPT, RPD, or RPL causes an
Iltegal Procedure Fault.
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EIS - ADDRESS REGISTER LOAD

“EXTENOED"INSTRUCTIONTSETS (TELSa)

“EIS_ - Address Register Loada
AARN Alphanumeric Descriptor to ARN 56n (1)
FORMAT?S EIS Single-Nord Instruction (See Figura 2-1).
SUMMARYS For n = 0y 1y eeesy Or 7 as determined 2>y operation code
' CeY)0y17 -> C(PRNeHORDNO)
It C(Y)21,22 = 00 (TA code = 0), then
C(Y)18,19 => C(PRn.CHAR)
0000 -> C(PRN.BITNO)
It C(Y)21,22 = 01 (TA code = 1), then
{6 ¥ C(Y)18,20) /7 9 =-> C(PRN.CHAR)
(6 * C(Y)18,20) modulo 9 -> C(PRn.BITNO)
It C(Y)21,22 = 10 (TA code = 2), then
) . C(Y)18,20 7 2 => C(PRn.CHAR)
4 * (C(Y)18,20) modulo 2) 4+ 1 -> C(PRn.BITND)
MODIFICATIONSS All except DU, DLy CI, SC,y SCR
INDICATORSS None affected.
NOTESS An alphanumeric descriptor is fetched from Y and C(Y)21,22

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

(TA field) is
described. .

examined to determine the data type

If TA =0 (9-bit data)y, C(Y)18,419 goes to C(PRn.CHAR) and
zeros fitll C(PRN.BITNQ).

If TA = 1 (6-bit data) or TA = 2 (4-bit
is appropriately
and bit position
C(PRN.BITNO).

data)y C(Y)18,20
translated into an equivalent character
that goes to C(PRN.CHAR) and

If C(Y)21,22 = 11 (TA code = 3) an Il i2gal Procedure Fault
OCCUrsSe

It C(Y)23 = 1 an Illegal Procedure Fault occurse.

It C(Y)21,22 = 00 (TA code = 0) and C(Y)20 = 1 an Iilegal
Procedure Fault occurse.

If C(Y)21,22 = 081 (TA code = 1) and C(Y)18,20 = 110 or 111
an It legal Procedure Fault occurse.
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LARN
FORMAT?

SUMNARYS

MODIFICATIONSS
INDICATORSS

NOTESS

LAREG
~FORMATS

SUMMARY3

MODIFICATIONS?
~ INDICATORSS

NOTESS

LPL

FORMATS
SUMMARY:3

MODIFICATIONS?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

EIS - ADDRESS REGISTER LOAD

Attempted repetition with RPT,
Iliegal Procedure Faulte

RPD, or RPL causes an

Load Address Register n 76n (1)
EIS Single-Word Instruction (See Figure 2-1)e.

For n = 0y 1y eeey Or 7 as determined by operation code

C(Y)0,23 =-> C(ARN)

All except DU, DLy CI, SCs SCR

None affected

Attempted repetition with RPT,
Itlegal Procedure Faulte

RPDy or RPL causes an

Load Address Registers 463 (1)
EIS Single-Word Instruction (See Figure 2-1).

For n = ug 19 eeey 7

C(Y+n)0,23 -> CLARN)
Al) except DU, DLs CI, SC» SCR
None affected
The hardware assumes YiS,17 = 000 and addressing is

incremented accordingly; no check is made.

Aftempted repetition with RPT,
Ittegal Procedure Fault.

RPDy or RPL causes an

Load Pointers and Lengths 467 (1)

EIS Single-Word Instruction (See Figure 2-1).

C(Y-btock8) => C(Decimal Unit Control 3ata)

All except DU, DLy CI, SCe SCR
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EIS - ADDRESS REGISTER LOAD

INDICATORS: None atfected

NOTESS See. Section IV, Progranm Accessibl2

Registers, for

description and use of Decimal Unit Control Data.

The hardware assumes VYi15,17 = 000

and

addressing is

incremented accordingly; no check is made.

Attempted repetition with RPT, RPD,

Itlegal Procedure Faulte.

or RPL causes an

NARN Numer ic Descriptor to ARn 66n (1)
FORMAT: EIS Single-Word Instruction (See Figure 2-1).
SUMMARY? For n = 0y 1y eeey Or 7 as determined by operation code
ClY)0,17 -> C(PRn.WORDNO)
If C(Y)21 = 0 (TN code = 0)y then
C(Y)18,20 =-> C(PRn.CHAR)
0000 ~> C(PRN.BITNO)
- If C(Y)21 = 1 (TN code = 1), then
(C{Y)18,20) /7 2 =-> C{PRn.CHAR)
Lk * (C(Y)18,20 modulo 2) ¢+ 1 =-> Z(PRn.BITNO)
MOODIFICATIONS? All except DU, DL, CI,y SCy SCR
INDICATORS: None affected
NOTESS A numeric descriptor is fetched from Y and C(Y)21 (TN bit)

is examined.

It TN =10 (é-blt data), then C(Y)18,19 go to C(PRn.CHAR)

and zeros fill C(PRnN.BITNO).

It TN = 1 (4-bit data), C(Y)18,20

is appropriately

translated to an equivalent character and bit position
that goes to C(PRN.CHAR) and C(PRN.BITNO).

It C(Y)21 = 0 (TN code = 0) and C(Y)20

Procedure Fault occurse.

Attempted repetition with RPT, RPD,

Illegal Procedure Fault.

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975 2=1746

= 1 an Illegal

or RPL causes an

AL39



EIS - ADDRESS REGISTER STORE

“EIS - AddressTRegister Storead

ARAN

f

FORMAT?2

SUMMAKYS

MODIFICATIONSS

-

INDICATORS:

NOTES:

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

ARN to Alphanumeric Descriptor . Suh (1)
EIS Single-Word Instruction (See Figure 2-1).

For n = 0y 1y eeey Or 7 as determined o5y operation code
C(PRN.WORDONO) =-> C(Y)0,17
If CtY)21,22 = 00 (TA code = 0), then
C(PRN.CHAR) =-> C(Y¥)18,19
0 ->» C(Y)20
It C(v)21,22 = 01 (TA code = 1)}, then
(9 ¥ CI(PRN.CHAR) + C{(PRN.BITNO) IVB -> C(v)18,20
If C(v)21,22 = 10 (TA code = 2), then

(3 ® C(PRN.CHAR) + C(PRN.BITNO) - 1) 7 4 =-> C(Y)18,20
Al except DU, .DL' CI. SCy SCR
None affected

This instruction is the inverse of AARY.

The alphanumeric descriptor Is tetched from Y ang
C(Y)21,22 (TA field) is examined to> determine the data
type described.

If TA = 0 (9-bit data)y C{PRN.CHAR) goes to C(Y)18,19,

It TA = 1 (6-bit data) or TA = 2 (4-bif data), C(PRn.CHAR)
and C(PRn.BITNO) are translated to an equxvalent character
position that goes to C(Y)18,20.

It CtY)21,22 = 11 (TA code = 3) or C(Y)23 = 1 (unused
bit)y an Illegal Procedure Fault occurs.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Faulte

2-175 - aL39



EIS - ADDRESS REGISTER STORE

ARNN

FORMATS

SUMMARY?:

MODIFICATIONS?

INDICATORS?

NOTES3

SARN

FORMATS

SUMMARY 2

MODIFICATIONS:

INDICATORS:

REVIEW DRAFT

SUBJECT TO CHANGE
October, 1975

ARNn to Numeric Descriptor 64n (1)
EIS Single-Word Instruction (See Figure 2-1).

For N = 0y 1y eeey Or 7 as determined dy operation code
C(PRN.WORDND) => C(Y) 0,17
It C(Y)21 = 0 (TN code = 0)y then
C(PRN.CHAR) ~-> C(Y118,19 A
0 -> C(Y)20
If C(y)24 = 1 (TN code = 1), then

(9 * C(PRN.CHAR) # C(PRnN.BITNO) - 1) 7/ & -> C(Y)18,20
All except DU, DLy CI, SC, SCR
None affected
This instruction is the inverse of NARn.

The numeric descriptor is fetched from Y and C(Y)2L (TN
bit) is examined.

It TN = 0 {9-bit datal)y then C(PRn.CHAR) goes to
c(v)18,19.

It TN = 1 (4=bit data)s then C{PRN.CHAR) and C(PRn.BITNO)
are translated to an equivalent cha~acter position that
goes to C(Y)18,20.

Attempted repetition with RPTs RPD, or RPL causes an
Iliegal Procedure Faulte

Store Address Register n 74n (1)
EIS Single-Word Instruction (See Figure 2-1).

For n = 0y 1y eeey Or 7 as determined oy operation code

C(PRN.AR) => C(Y)0,23

00veel => C(Y)204435
All excep' DUy DL CI, SC, SCR

None attected
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NOTESS

SAREG

FORMATS

SUMMARYS

MODIFICATIONSS

INDICATORS?S

NOTE?

SPL

FORMATS

SUMMARY

MODIFICATIONS?

INDICATORS:?

NOTES?

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

EIS - ADIRESS REGISTER STORE

Attempted repetition with RPTy RPDy or RPL causes an
Itlegal Procedure Faulte.

.

Store Address Registers 443 (1)
EIS Singte-Word Instruction (See Figure 2-1).

For n = 0. 19 ceey 7
CUARN) =-> C(Y+n) 0,23

00eeeal => CLY+N) 24,35
At} except DU, OLs CI, SCs SCR
None aftected
The hardware assumes Yi15,17 = 000 and addressing 1Iis

incremented accordingly; no check is made.

Attempted repetition with RPT, RPDy, or RPL causes an
Itlegal Procedure Faulte

Store Pointers and Lengths o7 (1)
EIS Sinjgle-Word Instruction (See Figure 2-1).

C(Decimal Unit Control Data) -> ClY=-biock8)

Atl except DUy DL,y CIs SCys SCR

None affected

The hardware assumes Y15,17 = 000 and addressing is

incremented accordinglys no check is made.

See Section IV, Program Accessisle Registers, for
description and use of Decimal Unit Control Datae.

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Faulte.
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC

“EIS - _AddressTReagister Special”Arithmeticd

Add 4-Bit Displacement! to Address Register 502 (1)

A4BD
FORMATS

0 00 11 222333 3

i} 2.3 28 78,9012 3

1 i H L H H

{ ARn 1} ADDRESS 1 OPCODE iIIAID 0! REG ¢

H H 1.1 4 i i

3 18 10 1 1 2 L

Figure 2-12 EIS Address Register Special Arithmetic Instruction Format

ARN

ADDRESS
OPCODE

I

A

REG

SUMMARY:

MODIFICATIONS:

INDICATORSS

NOTES:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Number of Address Register selected
Literal word displacement value
Instruction operation code

Program Intercupt inhibit bit

Use Address Register contents flag

Any Register Modifier except DU, 0L, and IC

It A = 0, then
ADORESS ¢ C(REG) / & =-> C{PRn.WORONJ)
C(REG) modufo & =-> C(PRn.CHAR)
4 * (C(REG) modulo 2) ¢ 1 -> C(PRn,3ITNO)
It A = i, then

C{PRN.HORDNO) + ADDRESS + (3 * C(PRA.CHAR) + & * C(REG)
+ C(PRNeBITNO)) 7 36 ~> C(PRN.WORINO)

({3 * C(PRN.CHAR) + 4 * C(REG) +
C(PRN.BITND)) modulo 36) / 9 -> C(PRN.CHAR)

4 * (C(PRn.CHAR) + 2 * C(REG) +
C(PRN<BITNO) / &) modulo 2 + 1 -> C(PRn.BITNO)

None except AU, QU, AL, QL, or Xn

None affected

The steps described in SUMMARY define special 4-bit
addition arithmetic for ADDRESS, C{REG), CI(PRN.WORDND),
C(PRN.CHAR) 3 and C(PRN.3ITNO).
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A680

FORMAT?

SUMMARY?

MODIFICATIONSS

INDICATORS?

NOTES3

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

EIS - ADDRESS REGISTER SPECIAL ARITHMETIC

The use of an Address Register is inhe~ent; the value ot
bit 29 affects Address Preparation but not instruction
decodinge :

Attémpted repetition with RPT, RPDy or RPL causes an
Illegal.procedure Fautte

Add 6-Bit Displacement to Address Register ) 501 (1)

EIS Address Register Special Arithmetic Instruction
(See Figure 2-12).
It A = 0, then
ADDRESS + CI(REG) 7 6 => C(PRN.HORDNI}
(6 * C(REG)) modulo 36) /7 9 => C(Pn.CHAR)
(6 * C(REG)) modulo 9 => C(PRn.BITND)
If A = 1, then

C(PRN.WORDNO) +# ADORESS + (9 * C(PRn.CHAR) + & * C(REG)
+ C{PRN.BITNO)) /7 36 =-> C{PRn.WORINO)

((9 * C(PRn.CHAR) + 6 * C(REG) ¢+
C(PRN.BITNO)) modulo 36) /7 9 => C(PRn.CHAR)

(9 * C(PRN.CHAR) + 6 * C(REG) ¢
C(PRN.BITNO)) modulo 9 =-> C(PRN.BITNO)
None except AU, QU, AL, QL, and Xn

None Affected

The steps described in SUMMARY define special 6-bit
addition arithmetic for ADDRESSs C(REG)s C(PRN<WORDNO),
C(PRN.CHAR)y and C(PRN.BITNO).

The use of an Addreéss Register is inhe~entj the value of
bit 29 atftects Address Preparation but not instruction
decodinge.

Atempted repetition with RPT, RPDy, or RPL causes an
Illegal Procedure Fault.
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC

A98D Add 9-Bit Displacement to Address Register 500 (1)

FORMAT: EIS Address Register Speclal Arithmetic Instruction
(See Figure 2-12),
SUMMARY? If A = 0, then
ADDRESS + C(REG) / & -> C{PRn.WORDND)
C(REG) modulo & -> C(PRn.CHAR)
It A =1, then

C(PRN.WORDNO) + ADDRESS +
(C(REG) + C(PRN.CHAR)) /& =-> C(PRn.WORDNO)

(C(PRN.CHAR) + C(REG)) modulo & => C(PRn.CHAR)

0000 ~> C{PRn.BITNO)

MODIFICATIONSS None except AU, QUs ALy QLs and Xn

INDICATORSS None affected
NOTES: The steps described in SUMMARY define special 9-bjt
- addition arithmetic for ADDRESS, CI(REG), C(PRn.WORDONO),

and C{(PRn<CHAR) <«

The use of an Address Register ié inherent; the vatue of
bit 29 affects Address Preparation but not instruction
decodinge.

Attempted repetition with RPT, RPDy, or RPL causes an
Iltegal Procedure Fault,

ABD Add Bit Displacement to Address Register 503 (1)

FORMATS EIS Address Register Special Arithmetic Instruction
(See Figure 2-12).
SUMMARY S If A = 0, then

ADDRESS + C{REG) 7/ 36 =-> C{(PRn.HWORDNO)

(C(REG) modulo 36) /7 93 ~-> C(PRn.CHAR)
C(REG) modulo 9 =-> C(PRN.BITNO)
If A = 1, then

C(PRN.WORONO) + ADDRESS + (9 * C(PRnN.CHAR) + 36 * C(REG)
+ C(PRN.BITNO)) / 36 -> C(PRN.WORINO)

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-1810 ‘ AL39



MODIFICATIONSS
INDICATORSS

NOTESS

AWD

FORMATS

SUMMARY S

MODIFICATIONSS
INDICATORS?

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

EIS - ADDRESS REGISTER SPECIAL ARITHMETIC

((3 * C(PRN.CHAR) ¢ 36 * C{(REG) ¢+
C(PRn.BITNO)) modulo 36) /7 9 =-> F(PRn.CHAR)

(9 * C(PRN.CHAR) + 36 * C(REG) ¢+
C(PRN.BITNO)) modulo 9 -> C(PRN.BITNO)
None except AU, QU, AL, QL, or XN

None affected

The steps described in SUMMARY define special bit addition
arithmetic tfor ADDRESS, CIREG) » C(PRN.KORDNO)»
C(PRN.CHAR), and C{PRN.3ITNO)

The use ot an Address Register is inhe~entj the value of
bit 29 aftects Address Preparation but not instruction
decodinge

Attempted repetition with RPT, RPDy or RPL causes an
Iltegatl Procedure Faulte.

Add Word Displacement to Address Register 507 (1)

EIS Address Register Special Arithmetic Instruction
{See Figure 2-12).

If A = 0, then

ADDRESS # C{REG) => C(PRnWORDNO)
It A = 1, then

C(PRN.HORDNO) + ADDRESS + C(REG) =->Z(PRn.HORDNO)
00 => C(PRn.CHAR)

0000 => C(PRN.BITNO)
None except AU, QU,s AL, QL, and Xn
None affected

The use of an Address Register is Inhe~ent; the value of

bit 29 affects Address Preparation but not instruction
decodinge.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Faulte
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Subtract 4-bit Displacement trom Address Register 522 (1)

EIS Address Register Special Arithmetic Instruction
(See Figure 2-12)e

It A = 0, then

(ADDRESS ¢ C(REG) /7 &) => C(PRN.HWIRDNO)

C(REG) modulo & -> C(PRn.CHAR)

4 * (C(REG) moduio 2) ¢+ 1 -> C(PRY.BITNO)
It A = 1, then

C{PRN.HORDNDO) - ADDRESS + (9 * C(PRn.CHAR) - & * C(REG)
+ C(PRN«BITNO)) 7 36 => C(PRN.WORINO)

{(9 * C(PRN.CHAR) - & * C{REG) +
C{PRN.BITNO}) modulo 36) /7 9 <> C{PRN.CHAR)

b * (C(PRN.CHAR) - 2 * C(REG) +
C(PRN.BITNO) / 4) modulo 2 + 1 -> C(PRN.BITNO)
None except AU, QU, ALy QLy or Xn

None affected

The steps described in SUMMARY define special 4-bit
subtraction arithmetic for ADDRESS, C(REG)y C(PRN.WORDNO),
C(PRN.CHAR)y, and C(PRN.BITNO).

The wuse o! an Address Register is inierent} the wvalue of
bit 29 affects Address Preparation bat not instruction
decodinge

Attempted repetition with RPT, RPDy or RPL causes an
Illegal procedure Fault.

Subtract 6-Bit Oisplacement from Address Register 521(1)

EIS Address Register Special Arithmetic Instruction
(See Figure 2-12).

It A = 0, then

(AODDRESS ¢+ C(REG) 7 6) => C(PRn.WIRDONO)

({6 * C(REG)) moculo 36) 7/ 9 =-> C{PRn.CHAR)

({6 * C(REG)) modulo 9 =-> C(PRn.BITNO)
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It A = 14 then

C(PRN.WORDND) ~ ADDRESS + (9 * CI{PRN.CHAR) - & * C(REG)
+ C(PRNeBITINO)) / 36 => C(PRN.WORINO)

({9 * C(PRN.CHAR) ~ 6 * C(REG) +
C(PRN.BITNO)) modulo 36) / 9 => C(PRn.CHAR)

{9 ® C(PRNn.CHAR) - 6 * C(REG) +
C(PRN«BITNO)) moduio 9 =-> C{PRN.BITNO)
None except AU, QU, AL, QL, and Xn

None Affected

The . steps described in SUMMARY define special ©6-bit
subtraction arithmetic for ADDRESSy C(REG)s C(PRn.WORDNO),
C(PRN.CHAR})y and C(PRN.BITNO).

The use ot an Address Register lIs inilerent; the value of
bit 29 attfects Address Preparation but not instruction
decodinge.

Atempted repetition with RPT, RPD, or RPL causes an
Ilitlegal Procedure Fault.

Subtract 9-8it Displacement from Address Register 520 (1)

EIS Address Register Special Arithmetic Instruction
(See Figure 2-12).
It A = 0y then
=~ (ADDRESS ¢ C(REG) 7/ 4) -> C(PRN.WOIRDNO)
- C{REG) modulo & ;> C(PRN.CHAR)
It A = 1, then

C(PRN.HOROND) - ADDRESS ¢
(C{PRN.CHAR) - C(REG)) 7/ & -> C{P/.CHAR)

(C(PRN.CHAR) - C(REG)) modulo 4 => Z(PRn.CHAR)
0000 -> C(PRn.BITNO)

None except AUy QUy ALy QUy or Xn
None affeéted

The steps described in SUMMARY define soecial 9-bijt
subtraction arithmetic for ADDRESSs C(REG), C(2n.HWORCNI),
and C(PRN«CHAR) @
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The wuse of an Address Register is inverent: the value ot
bit 29 affects Address Preparation bist not instruction
decodinge. ’

Attempted repeftition with RPT, RPO, or RPL causes an
Ittegal Procedure Fault,

Subtract Bit Displacement from Address Register 523 (1)

EIS Address Register Special Arithmetic Instruction
(See 'Figure 2-12).

If A = 0, then

(ADDRESS + C(REG) / 36) => C(PRn.A0RDNO)

(C(REG) modulo 36) /7 9 =-> C(PRn.CHAR)

C(REG) modulo 9 ~-> = C{(PRnN.BITNO)
If A = 1, then

C(PRN.HORDNDO) - ADDRESS + (9 * C(PRn.CHAR) - 36 * C(REG)
+ C(PRN.BITNO)) 7/ 36 => C(PRnN.WORINO)

({9 * C(PRn.CHAR) - 36 * C(REG) +
C{PRN.BITNO)) modulo 36) /7 9 => C(PRn.CHAR)

{9 * C(PRN.CHAR) - 36 * C(REG) ¢+
CI{PRN.BITNO)) modulo 9 -> C(PRN.BITNO)
None except AU, QUy ALy QLy or Xn

None affected

The steps described in SUMMARY define special bit
subtraction arithmetic for ADDRESS, C(RREG)y C{(PRN.WORDNO),
C(PRN.CHAR), and C(PRN.BITNO).

The wuse of an Address Register is inanerent; the value of
bit 29 atfects Address Preparation bit not jinstruction
decoding.

Attempted repetition with RPT, RPD, or RPL causes an
Illegai Procedure Fault.
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Subtract Word Displacement from Address Register 527 (1)

€IS Address Register Special Arithmetic Instruction
(See Figure 2-12).

If A = 04 then

- (ADDRESS + C(REG)) =-> CU(PRneWOROND)
If A =1, then .

CC(PRN.WORDNO) - (ADDRESS + C(REG)) => C{PRn.,HORONO)
00 -> C(PRn«CHAR)

9000 -> C(PRn.BITNO)
None except AU, QUs AL, QLs Or Xn
None Affected

The use of an Address Register is inhe~ent3 the value of
bit 29 affects Address Preparation but not instruction
decodinge

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Faulte.
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£1S - ALPHANUMERIC COUMPARE

~“EIS -_Alohanumeric Compared

CHPC Compare Alphanumeric Character Strings 106 (1)
FORMATS
1] 0011 11 22222 22 2 3
1] 3.9.0_1 7.8 0.1 23 4 2.8.3 3
! H H H i1 1
1 FILL 10 0 MNF2 H 106 (1) 1B MF1 1
H H 1 1 i1 1
3 9 2 7 H I} 101 71
H Y-charnl i CN1 iTA11D!¢ N1 M
1 i ] i1 H
] H H H H
] Y-charpn2 {1 CN2 t0 0 Ot N2 H
i i H H H
18 3 21 12

Figure 2-13

FILL
MF1

“MF2
1

Y-charpl

CNi
TAL
N1

Y=-charn?

CN2
N2

Compare Alphanumeric Strings (CMPC) EIS Multi-Word Instruction Format

Fill character for string extension
Modification Field for Operand Descriptor 1
Modification Field for Operand Descriptor 2
Program Interrupt inhibit bit

Address of “left-hand” string

First character position of "teft-hand® string
Data type of “left-hand™ string

Length of “left-hand” string

Address of *right-hand” string

First character position of "right-hand™ string

Length of “right=-hand”™ string

ALM Coding Formats

cmpc (MF1), (MF2)I,fill{octalexpression)]

descpne Y-charpnlil(CN1)],N1 0D = 4y By Or 9 (TAL = 2, 14 or 0)

descpa Y=charp2{(CN2)1,N2 n = 4y 6y or 9 (TA2 is ignored)
SUMMARY?S For i = 1, 29 esey Minimum ‘NIQNZ’

REVIEW DRAFT
SUBJECT TO CHANGE

October,

1975

C(Y~-charnl)i=1 83 C(Y=-cnharp2)i-1
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If N1 < N2, then for i = Nisl, N1¢2,y sees N2
C(FILL) 22 C(Y-charp2)i-1
If N2 < N2, then for 1 = N2¢1y N2+2¢ eees il

C(Y-charpi)i-1 83 C(FILL)
None except AU, QUs AlLs QLs or Xn tor MF1 and MF2
{Indicators not listed are not aftected)

If C(Y-charpni)i = C{Y=-charp2)i for all i. then ONS
otherwise, OFF

It C(y-charpl)i < C{Y-charn2)i for any i, then OFF S
otherwise ON ’

Both strings are treated as the data type given for the
“jeft-hand"” string, TAl, The data type given ftor the
“right=-hand"™ string, TA2, is ignored.

Comparision is made on full 9-bit fieldse. It the gliven
data type is not 9-bit (TA1L # 0)y then characters fron
CtY-charpl) and C(Y-charp2) are high-order zero til ted.
All 9 bits of C(FILL) are used.

Instruction execution proceeds until an inequality is
found or the larger string length count is exhausted.

It MFK.RL = 1, then NK does not contain the operand
lengthy instead, it contains a rejister code for a
register holding the operand length,.

It MFK.ID = 1, then the Kth word following the Instruction
Word does not contain an Operand Descriptor$ instead, it
contains an Indirect Pointer to the Op2rand Descriptore.

Attempted execution with XED causes an Illegal Procedure
Fault.

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Fault.
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EIS - ALPHANUMERIC COMPARE

SCD Scan Characters Double 1290 (1)
FORMAT2
0 11 11 22222 222333 3
D 0 1. 7.8 0 1.2 3 & 7.8.9.0.1.2 5
1 H H 11 H
100 0000O0CDO0O0TCO O3 MF2 1 120 (1) I MF1L H
1 1 H : } | |
H 11 78 H 11 10 § 71
! Y-charpnl 1 CNL 1TALl04 N1 1
i 1 i S | H
H H H 21 12¢
H Y-charp?2 !t CN2 :0 00 0O0CO0CO0DO0O0O0UD0OD0ODOUDO O
H H 1 1
H H 3 L. | H 151
1 Y3 10 0 0 0 00 0O OO DIASO 0! REG
H 1 1.1 1 H
18 11 1 2 4

Figure 2-14 Scan Characters Double (SCD) EIS Multi-Word Instruction Format

MF1 Modification Field for Operand Descriptor 1
MF2 Modification Field tfor Operand Descriptor 2
°1 Program Interrupt inhibit bit

Y=-charpl Address ot string

CN1 First character position of string

TAL Data type of string

N1 Length of string

Y-charpn2 Address of test character pair

CN2 First character position of test character pair
Y3 Address of compare count word

A Indirect via Pointer Register flag for Y3
REG Register moditfier for Y3

ALM Coding Format?

scd (MF1), (MF2)

descpa Y-charni [(CNL1)]I4N1 0 = 4y by Oor 9 (TAL = 2, 1y or O)
descna Y-charpn2l(CN2)) 0 = 4y 6y Oor 9 (TA2 is ignored)
arg Y3l,tag)

REVIENW DRAFT
SUBJECT TO CHANGE
October, 1975 2-188 . AL39
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EIS - ALPHANUMERIC COMPARE

For i = 19 2y eeey Ni1-t
c(Y-cQarnl)i-l.i tt C(Y-charp2) 0,1’
On Instruction completion |
00eeeld =-> C(Y3)D,11
i => ClY3)12,35

None except AU, QU, AL, QL, or Xn for MF1 and REG
None except DU, AU, QU, AL, QLs or Xn for MF2

tIndicators not listed are not affected)

It the string length count is exhausted without a match,
or |t N1 = 1, then ON; otherwise OFF

Both the string and the test character pair are freated as
the data type given for the string, TAl. The data type
given for the test character pair, TA2, is ignored.

Instruction execution proceeds until a character pair
match is found or the string length count is exhausted,

It MFK.RL = 1, then Nk does not contain the operand
tength} instead, it contains a register code for a
register holding the operand lengthe

If MFKeID = 1, then the kth word follosing the Instruction
Word does not contain an Operand Descriptor$ instead, it
contains an Indirect Pointer to the Operand Descriptor.

It MF2.ID = 0 and MF2.REG = DU, then the second word
following the Instruction Word does not contain an Operand
Descriptor for the test character pairj instead, it
contains the test character pair as a Direct Upper operand
in bits 0,17,

Attempted execution with XED causes an Illegal Procedure
Faulte R

Attempted repetition with RPTy, RPDy or RPL causes an
Iltegal Procedure Faulte :

Scan Characters Double in Reverse 121 (1)

Same as Scan Characters Double (SCD) (See Figure 2-14).

For i = 1, 2’ [ XX R ] Nl-’.

C(Y-charpni)Ni-j-1,Ni-i 33 C{(Y-charp2)0,1
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On instruction completion
00eeel -> C(Y3)0,p11

i => C(Y3) 12,35

None except AUy, QUy ALs QLs or Xn for MF1 and REG
None except DU, AU, QUs ALs QL,y, or Xn for MF2

({Indicators not listed are not affected)

If the striné length count is exhausted without a match,
or if N1 = 1, then ONj otherwise OFF

8oth the string and the test character pair are treated as
the data type given for the string, TAli. The data type
given for the test character pair, TA2, is ignorede.

Instruction execution proceeds unti! a character pair
match is found or the string length count is exhaustede.

If MFEK.RL = 1, then Nk does not contain the operand
lengthy instead, it contains a rejister code for a
register holding the operand fengthe

It MFK.I0 = 1, then the Kth word following the Instruction
Word does not contain an Operand Descriptor} instead, it
contains an Indirect Pointer to the Operand Descriptore

If MF2.,I0 = 0 and MF2.REG = DU, then the second word
following the Instruction Word does not contain an Operand
Descriptor for the test character pair} instead, it
contains the test character pair as a Direct Upper operand
in bits 0y17e. i

Attempted execution with XED causes an Illegal Procedure
Fault.

Attempted repetition with RPT, RPDy, or RPL causes an
Iitegal Procedure Faulte
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EIS - ALPHANUMERIC COMPARE

Scan with Mask 124 (1)

FORMATS

0 0011 11 22222 222333 3
0 8.9.0 1 7.8 012 3 &4 789012 S
H H H H - ] H
] MASK 10 014 MF2 ] 124 (1) 1L MF4 !
H 3 1} 1 1.3 1
1 9 2 71 1 i1 10 § 71
1 Y-charni I CN1 iTA180! N1 H
H i H i1 H
1 1 T 21 121
$ Y-charp2 1t CN2 10 DOCO0CDDO0DO0O0O0D0GCO 0 0!
H H i |
3 H 3 [ L 151¢
3 Y3 0 000 O0DO0 DO DO D3AI0 0! REG
H 1 1.1 H

18 11 1 2 b
Figure 2-15 Scan with Mask (SCM) EIS Multi-Word Instruction Format

MASK Comparison bit mask

MF1 Moditication Fieid for Operand Descriptor 1

*MF2 Modificatlon Fieid for Operand Descriptor 2

I Program Interrupt inhibit bit

Y=-charnl Address of string

CN1 First character position of string

TAL Data type of string

N1 Length of string

Y=-charp2 Address of test character

CN2 First character position of test character

Y3 Address of compare count word

A Indirect via Fointer Register fiag for Y3

REG Register modifier for Y3

ALM Coding Formats

scm
descpna
descna
arg

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

(MF1) 4 {MF2)lymaskl{octalexpression)]

Y-charpni[(CN1)]J,N1 n =Ly 6 or 9 (TAL
Y-charp2l (CN2)) O = 4Ly 6 or 9 (TA2
Y3lstagl

2-191
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EIS - ALPHANUMERIC COMPARE

SUMMARY?S For characters I = 19 2y eeey Ni
For bits ) = 0y 19 eeey 8

Cl2)) = “C(MASK)) &

{{C{Y-charnl)i~-1)] ® (C{Y-charn2)1)]}))

If C(Z)U.B = 0Desely then
00.000 -> CLY3)0,11

i->» Cty3)12,35

otherwise, continue scan of C(Y-charpnl)

MODIFICATIONS: None excep? AU, QUy AL,y QL,y or Xn for MF1 and REG

None except DU, AU, QU, AL, QLy or Xn for MF2
FINDICATORSS (Indicators not listed are not affected)
Tally It the string length count exhausts, then ONj
Runout othernise, OFF
NOTESS Both the string and the test character are treated as the

data type given for the string, TAl.

The data type given

for the test charactery, TA2, is ignored.

Instruction execution proceeds until

a masked character

match is found or the string length count is exhausted.

Masking and comparision is done on full 9-bit tields. If

the given data type is not 9-bit

(TAY # 0), then

characters from C(Y-charpnl) and C(Y-charp2) are high-order
zero fillede All 9 bits of C(MASK) are used.

It MF1.RL = 1, then N1 does not contain the operand
fength} insteady It contains 3 rejister code for a

register holding the operand lengthe

It MFK.ID = 1, then the kth word followning the Instruction
Word does not contain an Operand Desc~iptor3 instead, it
contains an Indirect Pointer to the Operand Descriptor.

If MF2.I0 = 0 and MF2.RE6G = DU, then the second word
following the Instruction Word does not contain an Operand

Descriptor for the test character;

instead, it contains

the test character as a 0Direct Upper ooerand in bits 0,8.

Attempted execution with XED causes

Fault.

Attempted repetition with RPT, RPD,
Illegal Procedure Faulte

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-192
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EIS - ALPHANUMERIC COMPARE

Scan with Mask in Reverse 125 (1)
Same as Scan with Mask (SCM) (See Figu~e 2-15).

For characters I = 1s 23 eees Ni
For bits J = 0y 1y ceey 8

CtZ)) = “C(MASK)) &
{{Cty-charpl) Ni-i)} @ (C(Y-cha~n2)1)])

If ClZ)048 = 00eee0s then
D0ees0 =-> C(Y3)0,11
i =->Cly3)12,35

otherwise, continue scan of C(Y-charnl)

None except AU, QU, AL, QL, or Xn for 4F1 and REG
None except DU, AUs QU, ALy QLs or Xn for MF2

{Indicators not listed are not aftected)

It the string length count exhausts, then ON3
otherwise, OFF

Both the strind and the test character are treated as the
data type given for the string, TAl. The data type given
tor the test charactery, TA2,y iS ignored,

Instruction execution proceeds untit a masked character
match is found or the string length count is exhausted.

Masking and comparision is done on full 9-bit fields. If
the given data type is not 9-bit (Tal # 3)s then
characters from ClY-charpl) and C(Y-charpn2) are high=-order
zero fittede All 9 bits of C(MASK) are used.

If MF1.RL = 1, then N1 does not contain the operand
length} instead, it contains a rejister code for a
register holding the operand length.

If MFK.ID = 1, then the kth word following the Instruction
word does not contain an Operand Desc~iptor; instead, it
contains an Indirect Pointer to the Operand Descriptor.

It MF2.ID = 0 and MF2.REG = DU, then the second word
folloning the Instruction Word do2s not contain an Operand
Descriptor for the test character; instead, it contains
the test character as a Direct Upper oserand in bits 0,8.

Attempted execution with XED causes an Illegal Procedure
Fault.

Attempted repetition with RPT, RPD, or RPL causes an
I1itegal Procedure Fault,
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EIS - ALPHANUMERIC COMPARE

TCT Yest Character and Translate 164 (1)

FORMATS
0 11 22222 222333 3
| 2.8 D 1234 783012 5
H H LI | 1
100 000DO000O000O0CD000O00 02 164 (1) 11! MF1 !
i H H. H
1 ‘ H ! 11 10 1 71
L Y-charnl i CNi 1TALIO! N1 H
1 H H i1 1
] 1 3 21 i1 i 151
H Y-charg2 10 000 O0O0ODOO OO0 O0A!0 0! REG ¢
i H HIE i i
! 3 11 H 1
1 Y3 10 00 00D0O0D0C 0D D!AID O REG I
1 i 1.1 i H
18 i1 1 2 4

Figure 2-16 Test Character and Transiate (TCT) EIS Multi-Word Instruction Format

MF1 Modification Field for Operand Descriptor 1

I Program Interrupt inhibit bit
«~Y¥=charpt Address of string

CN1 First character position of string

TAL Data type o!lstrlng

N1 Length of string

Y-char92 Address of character translation table

Y3 Address of result word

A Indirect via Pointer Register tlag for Y2 and Y3
REG Register modifier for Y2 and Y3

ALM Coding Formats

tct (MF1)
descpa Y-charnll(CN1)}1,N1 N0 = 4y 6y or 3 (TRL = 2, 1, or 0)
arg Y-char92({, tag}
arg Y3l,tagl
SUMMARY?S For i = 1' 2. esey N1

m = ClY-charpl)i-1
If C(Y-char32)m-1 # 00ees0,y then

C(Y-char92)m=-1 -> C(Y3) 0,8

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-194 AL39



EIS - ALPHANUMERIC COMPARE

000 -> C(Y3)9,11
i =>» Cty3)12,35

otherwise, continue scan of C{y-cha~nl)

MODIFICATIONS? None except AU, QU, AL, QlLs or Xn for MF1 and REG

INDICATORS? (Indicators not fisted are not affected)
Tally It the string length count exhausts, then ON3
Runout otherwise, OFF
NOTES: It the data type of the string fto be scanned is not 9-bijit
(TA1 # 0), then characters froan C(Y-charpl)i are
high-order zero filled in forming the table index, m.
Instruction execution proceeds until a table

entry is found or the string iength count is exhausted.

If MFL.RL = 1, then N1 does not contain the operand

length; insteady, it conftains a rejister

register holding the operand lengthe

It MFi.ID = 1, then the first word
- Instruction Word does not contain an Jperand

for a

following the
Descriptor$

instead, it contains an Indirect Pointer to the Operand

Descriptor.

Aftempted execution with XED causes an Illegal Procedure

Fault.

Attempted repetition with RPT, RPDy or

Illegal Procedure Faulte

TCTR Test Character and Transiate in Reverse

FORMAT: Same as Test Character and Transliate (TCT)
{(See Figure 2-16).
SUMMARY? For I = 1,4 2y sevey N1
m = C(Y=-charpiiNi-i

If C(Y-char92)m-1 # 00...0, then

ClY¥-char92)m~1 => C(Y3)0,8
000 -> C(Y3)9,11
i -> C(Y3)12,35

otherwise, continue scan ot C{y-cha~pnl)

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-195
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MODIFICATIONSS

INDICATORS?

Tatltly
Runout

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

None except AU, QU, ALy, QL, or Xn for YF1i and REG
(Indicators not listed are not atfected)

If the string length count exhausts, then ON3
othernise, OFF

It the data type of the string to be szanned is not 9-bift
(TAl £ 0) then characters fron C(Y-charpl)i are
high-order zero filled in forming the table index, me

Instruction execution proceeds until a non-zero table
entry is found or the string length count is exhausted.

If MF1.RL = 1, then N1 does not contain the operand
lengthy insteady it contains a rejister code for a
register holding the operand lengthe

It MF1.I0 = 1, then the first word following the
Instruction Word does not contain an Operand Q(escriptor;
instead, it contains an Indirect Pointer to the Operand
Descriptore

Attempted execution with XED causes an Illegal Procedure
Faulte

Attempted repetition with RPT, RPD, or RPL causes an
Itlegal Procedure Faulte
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EIS -

ALPHANUMERIC MOVE

“EIS = Alophanumeric Howead
MLR Move Alphanumeric Left to Right 100 (1)
FORMATS
] 00114 11 22222 222 3
0 8.9.0_1 7.8 0.1.23 4 2.89 5
H 118 ] 11 !
| FILL 171308 MF2 { 100 (1) 1 MF1 1
1 111 1 1.4 3
! 911 71 1 11 10 1 7!
1 Y-chargl i CN1 iTA110} N1 !
1 i H 1.4 i
! $ t 11 )
| Y-charp2 ! CN2 1TA2108 N2 1
: H H 11 1
18 3 21 12

Figure 2-17

FILL
T

.HFi
MF2
Y-charnl
CN1
TAL
N1
Y-charpn2
CN2
TA2

N2

Fill character for string extension

Instruction Format

Truncation Faul?t enable bit

Modification Field tfor Operand Descriptor 1

Moditlcation Field for Operand Descriptor 2

Address of sending string

First character position of sending st~ing

Data type of sending string

Length of sending str ing

Address of recelving string

First character position of receiving string

Data type of receiving string

Length of receiving string

ALM Coding Formats

mir

descpa
descpa

SUMMARY S

REVIEW DRAFT

Move Alphanumeric Left to Right (MLR) EIS Multi-Hord

(MF1),(MF2)[,fillloctalexpression)liy,enablefault]
Y-charpl{(CN1)I,NL
Y-charpn2l{(CN2)1,N2

For i

C{Y-charpl)i-1 -> C(Y-charpn2)i-1

SUBJECT TO CHANGE

Octobers 1975

1, 2,

2-197

n
D

by

4y By OF 9 (TA2 =

6y or 9 (TAL = 2,

minimum (N1,N2)
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1,
1,

or 0)
or 0)

AL39



EIS - ALPHANUMERIC MOVE

MODIFICATIONS:

INDICATORS?

Truncation

NOTESS:

REVIEW DRAFT
SUBJECT TO0 CHANGE

October,

1875

If Nt < N2, then for | = Ni+1, NI’Z, esey N2

C(FILL)Y ->» C(Y-charp2li-1

None except AU, QUs AL, QLy or Xn for MF1 and MF2

{Indicators not listed are not affected)

If N1 > N2 then ON3 otherwise OFF

I1f data types are dissimitar (TA1 # TA2), each character
is high-order truncated or zero filled, as appropriate, as
it is movedes No character conversion ftakes place.

It N1 > N2y then (N1-N2) trailing characters of
C(Y-charni) are not moved and the Trun:zation indicator is
set ON.

It NI < N2 and TA2 = 2 (4-bit data) or 1 (6-bit data),
then FILL characters are high-order truncated as they are

moved to C{(Y-charp2)e No characte~ conversion takes
place.
If N1 < N2, C(FILL)D =1, TALl = 1, and TA2 = 24 then

C({Y-charpnli)N1 is examined for a GBCD overpunch sign. If a
negative overpunch sign is found, then the minus sign
character is placed in C{Y-charpn2)N2; otherwise, a plus
sign character is placed in C{Y-charp2)NZ2.

It MFEK.RL = 1, then Nk does not contain the operand
length; instead, it <contains a rejister code for a
register nolding the operand lengthe

It MFKeID = 1, then the Kth word following the Instruction
Word does not contain an Operand Descriptory instead, it
contains an Indirect Pointer to the Operand Descriptor.

Cl{Y-charpnl) and C(Y-charp2) may be overlapping strings; no
check is mades This feature is usetul for replication of
substrings within a larger string, but care must be
exercised in the construction of the Jperand DQOescriptors
50 that sending string (C{Y-cha~pnl})) data is not
inadvertently destroyed.

The user of string replication or overtaying 1is warned
that the Decimal Unit addresses the main store in
unal igned (not on 0 modulo 8 boundary) units of Y-block8
words and that the overlayed string (C{(Y-charpn2)) is not
returned to miin store until the unit of Y-block8 words is

filled or the instruction completes.

If T =1 and the Truncation indicator is set ON by
execution of the instruction, then a Truncation {(Overflow)
Fault occurse.

Attempted execution with XED causes an Illegal Procedure
Faulte
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MRL

FORMATS

SUMMARY2

MODIFICATIONSS
INDICATORSS
Truncation

"NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

EIS - ALPHANUMERIC MOVE

Attempted repetition with RPT, RPDy, or RPL causes an
Illegal Procedure Fault,

Move Alphanumeric Right to Left 101 (1)

Same as Move Alphanumerjic Left to Right (MLR)
{See Figure 2-17).

For i = 1, 2' eeey Minimum (N!.'NZ)
ClY=-charpi)IN1-i =-> C(Y-charp2)N2-i
If N1 < N2, then for i = N1+1, N2#1y eeey N2

C(FILL) -> C(Y-charpn2)N2-i
None except AUy QU, AL, QL,y or Xn for 4F1 and NF2
{Indicators not listed are not affected}
If N1 > N2 then ON3 otherwise OFF

It data types are dissimilar (TAl1 # TA2), each character
is high-order truncated or zero filled, as appropriate, as
it is moveds NoO character conversion takes place.

If N1 > N2, then (Ni-N2) jJeading characters of C(Y-charpnl)
are not moved and the Truncation indicator is set ON.

If N1 < N2 and TA2 = 2 (4-bit data) or 1 (6-bit data),
then FILL characters are high-order truncated as they are
moved to Cl{Y-charp2)e No characte~ conversion takes
places

It MFkeRL = 1, then Nk does not contain the operand
tength; insteady, it contains a register code for a
register holding the operand lengthe

If MFK.ID = 1, then the Kth word following the Instruction
Word does not contain an Operand Descriptor; instead, it
contains an Indirect Pointer to the Operand Descriptore.

ClY-charpl) and C(Y-charp2) may be ove~lapping stringsi no
check is made. This feature is useful for replication of
substrings within a f{arger stringy, but care must be

-

exercised in the construction of the Operand Descriptors
so that sending string (ClY-charpnl)) data is not
inadvertently destroyed.

The wuser of string replication or overlaying is warned
that the Decimal Unit addresses tnhe main store in
unaligned (not on 0 modulo 8 boundary) units of Y-block8
words and that the overliayed string (C(Y-charpn?)) is not
returned to main store until the unit of Y-block8 words is
filled or the instruction completas,
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EIS - ALPHANUMERIC MO

VE

It T = 1 and the Truncation jndicator s set ON by
execution of the instruction, then a Truncation (Overflomw)
Fault occurse -

Attempted execution with XED causes an Illegal Procedure
Faulte. .

Attempted repetition with RPT, RPD, or RPL causes an
Itlegal Procedure Fault.

MVE . Move Alphanumeric Edi ted 020 (1)

FORMATS

00O 0011 11 22222 222 3

012 8.9.0_1 7.8 0. 1. 2 3 4 7.8.9 S
H H H H ] 11 H
10 03 MF3 10 04 MF 2 H 020 (1) I MF1 H
1 1 1 H i 11 H
1 2 7 2 71 H 11 10 1 7t
H Y-charpnl 1 CN1 iTA110¢ Nt 1
H { H 1.1 i
] H H H 1
] Y-charg2 1 CN2 10 0 0% N2 H
3 H H 1 1
3 1 H $ 1 H
1., Y-charpn3 i CN3 1TA31!0! N3 1
1 i H 1 1 H
3 184 3 21 1l H 121

Figure 2-183 Move Al

NF1

MF2

MF3

I
Y=-charpl
CN1

TAL

N1

Y-charg?2
CN2
N2

Y-charn3

REVIEW ODRAFT
SUBJECT TO CHANGE
October, 1975

phanumeric Edited (MVE) EIS Multi-Word Instruction Fcrmat

Modification Field for Operand Descriptor 1
Moditication Field for Operand Descriptor 2
Modification Field for Operand Descriptor 3
Program Interrupt inhibit bit

Address of sending string

First character position of sending st~ing
Data type of sending string

Length of sending string

Address of MOP control string
First character position of MOP control string
Length of MOP contro! string

Address of receiving string
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CN3
TA3

N3

EIS - ALPHANUMERIC MOVE

First character position of receiving string
Data type of receiving sftring

tength of receiving string

ALM Coding Format?

mve

descna
desc93a
gescna

SUMMARY 3

MODIFICATIONS:

INDICATORSS

NOTESS

REVIEW ORAFT
SUBJECT TO CHANGE
October, 1975

(MF1) 4 (MF2) , (MF3)

Y<charpl[{CN1) ) 4N1 n = Uy 6y Or 3 (TAL = 2, 1, or 0)
Y-char92[({CN2)1,N2
Y-charn3L(CN3)1,N3 n = 4y by or 3 (TA3 = 24 1, oOr 0)

CtY-charpl) -> C{(Y-charn3) under C{Y_cnar92) MOP control

See “Micro Operations for Edit Instructions®™ later in this
section for details of editing under MIP controle.

None except AU, QU, AL, QL, or Xn for 4F1i, MF2, and MF3

None aftected

It data types are dissimilar (TA1 # TA3), each character
of C(Y-charpl) is high-order truncated or zero filled, as
appropriate, as it is moved. No cnharacter conversion
takes places

If the data type of the receiving striag is not 9-bit (TA3
# 0), then Insertion Characters are high-order truncated
as they are insertede.

The maximum string length is 63. The count fields N1, N2,
and N3 are treated as modulo 64 numbers.

The instruction completes normally only if N3 = e®inimum
(N1,N2,N3)y that is, if the receiving string is the first
to exhaust} otherwise, an Illegal Procedure Fault occurs.

It MFK.RL = 1, then Nk does not contain the operand
fength} instead, it <contains a register code for a
register holding the operand length.

It MFK.ID = 1, then the kth word folloning the Instruction
word does not contain an Operand Descriptori instead, it
contains an Indirect Pointer to the Operand Descriptore

C{Y-charpl) and C(Y¥-charn3) may be ove~lapping stringsi no
check is made. This feature is useful tor replication of

substrings within a larger string, but care must be
exercised in the construction of the Jperand Descriptors
SO that sending -string (C{Y-cha~pnl)) data is not
inadvertently destroyed. ’

The user of strinj replication or overtaying is warned
that the Decimal Unit addresses the main store in
unatigned (not on D modulo 8 boundary) units of Y-block8
words and that the overlayed string (C{Y-chzrn3)) is not
returned to main store untit the unit of Y-block3 words s
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FORMATS

0 0011 11 22222 222 333 3
g 8.9.0 1 7.8 0. 1. 2 3 4 2.8.9 .04 2 5
{ 111 H i 1
H FILL iTi0¢ MF2 ! 160 (1) 11! MFi H
1 1 1.3 H i1 H
H 311 7 H 11 10 1 71
H Y-charpi 1 CNi iTAL1i0! N1 !
H H 1.1 i
H L H 1 1
] Y-charp2 ! CN2 1TA210: N2 H
H H H i1 i
H 181 3 2 1 11 i 12¢
] Y-char93 10 0 00 00 0O OO0 0JAYD 0! REG
1 H | i H
. 18 11 1 2 4

Figure 2-19 Move Alphanumeric with Transiation (MVYT) ZIS Multi-Word
Instruction Format

FILL Fill character for string extension

T Truncation Faul?t enable bit

MF1 Modification Field for Operand Descriptor 1

MF2 Modification Field for Operand Descriptor 2

Y=-charpl Address of sending string

CNi First character position of sending st~ing

TA1 Data type ot sending string

Ni Length ot sending string

Y-charp?2 Address of receiving string

CN2 First character position ot receiving string

TA2 Data type of receiving string

N2 Length of receiving string

Y-char93 Address of character transliation table

REVIEW ORAFT
SUBJECT TO CHANGE
Octobery, 19795
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REG

ALM Coding Format?

mvt
descna
descpa
arg

SUMMARY S

MODIFICATIONSS
INDICATORSS |
Truncation

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

EIS - ALPHANUMERIC MOVE

Indirect via Pointer Register flag for Y-char93

Register modifier tor Y-chard3

(MF1) ,(MF2)I,fi l1{octalexpression)l{,enabtefault]
Y-charni{{(CN1)],N1 n 4y by or 9 (TAL 29 1y or 0)
Y-charg2{ (CN2) ] 4N2 n 4y By Or 9 (TA2 2+ 1y or 0)
¥-charg3l,tag)

[[IT]
(TR ]

For i = 1y 2y eses minimum (N1yN2)
m = C{Y-charpl)i-t
Ct{y-char93)m-1 -> C{Y-charp2)i-1

If N1 < N2, then for i = N1#1, N1#2, eeey N2
m = C(FILL)

CtY-char93)m-1 -> C(Y-charp2)i-1

None except AU, QU, AL, QLs and Xn for MFi, MF2, and REG

({Indicators not listed are not affected)
If N1 > N2 then ON} otherwise OFF

It the data type of the receiving field is not 9-pit (TA2
# 0)y, then characters from C{(Y-char93) are high-order
truncatedy as appropriate, as they areemoved.

It the data type of the sending field is not 9-bit (TAL =
8)y then characters from C(Y-charpnl) are high-order zero
tilled when forming the table indexe.

It N1 > N2, then (N1=-N2) leading characters of C(Y-charpl)
are not moved and the Truncation indicator isS set ON.

It MFK.RL = 1, then Nk does not contain the operand
tfengthy linstead, it contains a register code for 23
register holding the operand lengths )

If MFK.ID = 14 then the Kth word folltoaing the Instruction
Word does not contain an Operand Descriptor3 instead, it
contains an Indirect Pointer to the Operand Descriptor.

-

C(Y-charnl) and C(Y=-charp2) may be ove~lapping strings; no
check is madee. This feature is useful for replication of
substrings within a larger string, "but care must be
exercised in the construction ot the Operand Descriptors
so that sending string (ClYy-charpnl)} data is not
inadvertently destroyede.

The wuser of string replication or bverlaving is warned
that fthe Decimal Unit agdresses thre main store in
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EIS - ALPHANUMERIC MOVE

REVIEW ORAFT
SUBJECT TO CHANGE
Cctober, 1975

unal igned {not on 0 modulo 8 boundary) units of Y-block8
words and that the overlayed string (C(Y=-charp?}) Is not
returned to main store until the unit of Y-block8 words is
filled or the instruction completes.

It T = 1 and the Truncation indicator is set ON by
execution of the instruction, then a Truncation (Over flow)
Fault occurse

Attempted execution with XED causes an Illegal Procedure
Faulte

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Fault.
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€IS - NUMERIC COMPARE

“EIS = _Numeric Comparea
CMPN Compare Numeric 303 (1)
FORMATS
0 11 11 22222 2223 3
-4 0.1 78 0.1 234 7.8.9 90 5
| 1 $ 11 [
10 000000O0CGOTO O 02 MF2 H 303 (1) 111 MF1 1
1 1. i 1.1 H
1 11 74 ! 1 ] 101 1 71!
H Y-charpnt ! CN1 $a! Si1! SF1 H N1 e
i H I | i H 1
$ ! 1 ] ! 1
| Y-charp2 i CN2 ib! S21 SF2 H N2 :
1 { - 1 1 i
18 31 2 6 6

Figure 2-20 Compare Numeric (CMPN) EIS Multi-wWord Inst~uction Format

hax HF1 Modification Field for Operand Descriptor 1
JMF2 Modification Field for Operand Descriptor 2
I Program Interrupt inhibit bit
Y-charpni Address of "left-hand™ number
CN1 First character position of "ieft-hand” number
a TNiy Data type of “left-hand™ number
S1 Sign and decimal type of “left-hand™ number
SF1 Scating factor of "feft-hand” number
N1 Length of "left-hand™ number
Y=-charp2 Address of "“right-hand* number
CN2 First character position of “right-hand™ number
b TN2 Data type of “right-hand® number
s2 Sign and deciﬁal type of “right-hand™ number
SF2 Scaling tactoh of "“right-hand®™ number
N2 Length of "right-hand™ string

REVIEW DRAFT
SUBJECT TO CHANGE :
October, 1975 2-209% - AL39



EIS — NUMERIC COMPARE

ALM Coding Formats

cmpn (MF1) 4 (MF2) .
descplfliyslisynsyts]) Y-charnil{ (CN1)1,N1,SF1 n==uor?9
descnltlylsynsets] Y=-charpn2l( (CN2) 14N2,SF2 n==or 9
SUMMARYS C(Y=-charnl) 83 C{Y-charn2) as numeric values
MODIFICATIONS? None excpt AU, QU, AL, Qls or Xn for MF1 and MF2
INDICATORS? (Indicators not listed are not affected)
Zero If C{Y-charpnl) = C(Y-charn?2), then ON$} otherwise OFF
Negative It C{Y-charpi) > C(Y-charn2), then ON$} otherwise OFF
Carry It §IC(Y-charpl)! > iC{Y=-charp2)i, then OFF, otherwise ON
NOTES?: Comparison is made on 4-bit numeric values contained in

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

each character of C{Y-charnk)e 1If either given data type
is 9-bit (TNk = 0), characters from C(Y-char9k) are
nigh-order truncated to & bits before comparisone.

Sign characters are Jocated according to information in
CNKks SKy and Nk and interpreted as 4-bit fields; 9-bit
sign characters are high-order truncated before
interpretation, The sign character 15 (octal) is
interpreted as a minus signy 2all other legal sign
characters are interpreted as plus s$ignse

The position of the decimal point in C(Y-charpk) is
determined from information in CNKs, Sks SFEks and Nke.

Comparision begins at the decimal position corrsponding to
the first digit of the operand with the larger number of
integer digits and ends with the last digit of the operand
with the larger number of fraction digitse.

Four-bit numeric zeros are used to represent digits to the
left of the first given digit of the operand with the
smal ler number of integer digitse.

Four=-bit numeric zeros are used to represent digits to the
right of the (ast given digit of the operand with the
smaller number of fraction digitse.

Instruction execution proceeds until an inequality Iis
found or the targer string length count is exhausted.

I MFkeRL = -1, then Nk does not contain the operand
length; instead, it contains a register code for a
register holding the operand lengthe

It MFk.ID = 1, then the kKth word following the Instruction

Word does not contain an Operand Desc~iptor3 instead, it
contains an Indirect Pointer to the Operand Descriptore.
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EIS - NUMERIC COMPARE

Detection of a character outside the range [0,11) (octatl)
in a digit position or a character outside the range
112,171 (octal) in a3 sign position causes an Iilegal
Procedure Fault,

Attempted execution with XED causes an Illegal Procedure
Fault.

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Fault,
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EIS - NUMERIC MOVE

“ELIS = Numeric Moyea
MVN Move Numeric 300 (1)
FORMATS
[ ] 0011 11 22222 2223 3
0.1 8. 9.0 1 7.8 0 1. 2.3 4 2.8.9 9 5
11 111 H 11 H
1P10 0 0 0 0 0O 0 Q0ITIRY MF2 1 300 (1) 111 MFi H
H i 13 ! 1_1 H
11 11 7¢ | I ] H 10 1 : 71
] Y-charpni { CN1 1a! Ss1i SF1 H N1 1
H H ] H H 1
H] H HI | H 1 1
] Y-charpn? I CN2 ib! sS2¢ SF2 H N2 !
i 1 ] 1 3
138 31 2 6 6
Figure 2-21 Move Numeric (MVN) EIS Multi-Word Instruction Format
key
P 4-bit data sign character control
T Truncation Fault enable bit
-
R Rounding flag
MF1 Moditication Field for Operand Descriptor 1
MF2 Modi fication Field for Operand Descriptor 2
1 Program Interrupt inhibit bit
Y-charpil Address of sending number
CN1 First character position of sending nusber
a TN1 Data type of sending number
S1 Sign and decimal type of sending numbe~
SF1 Scaling tactor of sending number
N1 Length of sending number
Y-charp?2 Address of receiving number
CN2 First character position of receiving number
b TNZ2 Data type of receiving number
S2 : Sign and decimal type of receiving numser
SF2 Scaling factor of receiving number
N2 Length of receiving string

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-208 AL39



EIS - NUMERIC MOVE

ALM Coding Formatt

mvn (MF1) 4 (MF2) (yenable faultllyraund]

gescnlflylsyns,ts] Y-charni{ (CN1)1,N1,SF1 n=4o0r 9

descnlflylsyns,ts) Y-charp2[ (CN2)1,N2,SF2 n==or 9
SUMMARY ClY¥-charpnl) converted and/or rescaled -> C{Y-charp2?)

MODIFICATIONS? None except AU, QUys AL, QL, or Xn for MF1 and MF2

INDICATORSS (Indicators not iisted are not affected)
Zero It C(Y-charn2) = decimal 0y then ON;} otherwise OFF
Negative It a minus sign character is moved to C(Y=-charp?), then

ON3 otherwise OFF

Truncation 1If {ow-order digit ftruncation occurs without rounding,
then ON; otherwise OFF

Overfilon It fixed point integer overflow occurs, then ONj} otherwise
unchangede (See NOTES)

Exponent If exponent of floating point result exceeds +127, then
Cverflown ON3 otherwise unchangede.
- Exponent If exponent of floating point result i3 tless than =128,

Underf low then ONj otherwise unchangede.

NOTES? It data types are dissimilar (TN1 # TN2)y, each character
is high-order truncated or filled, as appropriate, as it
is moved. The fill data used is ™"000i1"b for digit
characters and *“00010%b for sign characters.

If TN2 and S2 specify a 4-bit signed number and S2 specify
a G4-bit signed number and P = 1, then a legal plus sign
character in C(Y=-charpl) is converted to 13 (octal) as it
is moved.

It N2 is not large enough to hold the integer part of
C{Y-charpl) as rescaled by SF2, an overflow condition
exists; the Overflon indicator is set ON and an Overfiow
Fault occurs. This impties that an unsigned fixed point
receiving field has a minimum lengthr of 1 character} a
signed fixed point field, 2 characters} and a floating
point fieldy 3 characters.

If N2 is not large enough to hold all the given digits of

C(Y-charnl) as rescaled by SF2 and R = 0, then a
truncation condition exists; data movement stops when
Cl{y-charn2) is filled and the Truncation indicator is set
ONe It R = 14, then the last digit moved is rounded
accorcing to the absolute value ot the remaining digits of
C(Y-charpl) and the instruction completes normaliy,.

It MFKkeRL = 1y, then Nk does not contain the operand
length; instead, it contains a register code for a
register holding the operand lengthe.

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975 2-209 ) AL39
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REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

If MFK.ID = 1, then the kth word following the Instruction
Hord does not contain an Operand Descriptor; instead, it
contains an Indirect Pointer to the Operand Descriptors.

C(Y-charpnl) and CiY-charpn?) may be overlapping strings} no
check is made. This teature is useful for replication of
substrings within a larger string, but care must be
exercised in the construction of the Operand Descriptors
So that sending string (C(Y-charpl)) data is not
inadvertentliy destroyed. Difficul ties may be encountered
because o! scaliny factors and the special treatment of
sign characters and floating point exponents.

The wuser of string replication or overlaying is warned
that the Decimal Unit aodresses tae main store in
unaligned (not on 0 modulo 8 boundary) units of Y-btock8
words and that the overlayed string (C{Y-charp2)) is not
returned to main store untit the unit of Y-block8 words is
filled or the instruction completes,

If T = 1 and the Truncation indicator is set ON by
execution of the instruction, then a T~uncation (Overflow)
Fault occurse

Detection of a character outside the range {0,11) (octal)
in a digit position or a character outs ide the range
{12,17) (octal) in a sign position causes an I1legal
Procedure Fault,

Attempted execution with XED causes an Itiegal Procedure
Fault.

Attempted repetition with RPTy RPD, or RPL causes an
Illegal Procedure Fault,
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($8)

MVNE Move Numeric Edited 024
FORMAT?

00O 00114 11 22222 22 2 3
g0 1.2 8.9 .01 7.8 90 123 % 7.8 9 5
H H H H H 11 H
10 01! MF3 10 01 MF2 ! 024 (1) It MF1L H
3 i H H H 1.1 ]
1 2 7 2 71 I H 104 1t 7t
1 Y-charpni 1 CNi (al S1t0 0 0 0 0 01! N1 1
H i 1.1 H H 1
] H 11 2 bl H
3 Y-char9z !t CN2 {0 D0 O0COGCDO OO0 O N2 H
i H H H H
3 H ! 11 91 H
H Y-charp3 $ CNL $TA3!030 0 0 0 0 O! N3 H
3 H H } 3 H

18 3 21 6 6

Figure 2-22 Move Numerjic Edited (MVNE) EIS Multi-Word Instruction Format

MF1 Modification Field for Operand Descriptor 1
MF2 Modification Field for Operand Descriptor 2
“MF3 Modification Field for Operand Descriptor 3
I Program Interrupt inhibit bit

Y=-charpni Address of sending string

CN1 First character position of sending string
TNL Data type of sending string

S1 Sign and decimal type of sending string

N1 Length of sending string

Y=-char92 Address of MOP control string

CN2 First character position of MOP control string
N2 Length of MOP control string

Y-charpn3 Address of receiving string

CN3 First character position of receiving string
TA3 Data type of receiving string

N3 Length of receiving string

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975
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EIS - NUMERIC MOVE

ALM Coding Formats

mvne (MFi).(HEZ).(HFB)
descalfly,lsynsyts) Y=charnil (CN1)1,N1 D =4o0r g
desc9a Y=-char92{ {(CN2) J4N2
descpna Y-charp3{ (CN31),N3 : 0= 4y 64 Or 9
SUMMARY 3 Cly-charpl) -> ClY-charn3) under C(Y_cnar92) MOP control
See ™Micro Operations for Edit Instructions™ later in this
section tor details of editing under MIP controle.
MODIFICATIONSS None .except AU, QU, ALs QLs or Xn for 9YF1, MF2, and MF3
INDICATORSH None affected
NOTES? If data types are dissimilar (TA1 £ TA3), each character

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

of ClY-charpl) is high-order truncated or zero filled, as
appropriate, as it is moved. No character conversion
takes placee. .

It the data type of the receiving string is not 9-bit (TA3
# 0)s then Insertion Characters are high-order truncated
as they are inserted.

The maximum string length is 63, The count fields N1, N2,
and N3 are ftreated as modulo 64 numbers.

The instruction completes normally only if N3 = minimum
(N1,N2,N3)y, that is, if the receiving string is the first
to exhaust} otherwise, an Illegal Procedure Fault OCCuUrs.

It MFK.RL = 1y then NK does not contain the operand
fength; insteady it contains a rejister code for a
register hotlding the operand length.

It MFK.ID = 1, then the Kth word tollosning the Instruction
Word does not contain an Operand Desc~iptor$ instead, it
contains an Indirect Pointer to the Operand Descriptor.

C{Y-charpl) and C{Y-charn3) may be overlapping strings$ no
check is made. This feature is useful for replication of
substrings within a larger string, but care must be
exercised in the construction of the Jperand Descriptors
so that sending string (C(Y-charpnl)) data is not
inadvertently destroyade.

The user of string replication or overlaying is warneg
that the Decimal Unit addresses the main store in

unal igned (not on 0 modulo 8 boundary) units of Y-block8
words and that the overlayed string (ClY-charp3)) is not
returned to main store until the unit 2f Y-block8 words is
filled or the instruction compietes.

Attempted execution with XED causes an Illegal Procedure
Faulte.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Fault.
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EIS ~ BIT STRING COMBINE

“EIS. = Bit~String Combined

cSsL Combine Bit Strings Left 060 (1)
FORMAT:
g0 00 0011 1112 2 2 222 3
0 1 4 5 8.9.9. 1 7.8.9_0 3.4 7.8_9 S
1 3 H L | H 11 ]
{1F10 0 0 O} BOLR 1Ti0!¢ MF2 H g60 (1) 1Id MF1 H
1 H 1. 31 H 1.1 1
11 & 4 11 74 H H 10 § 71
H Y-bitl it Ci1i 81 N1 H
1 H 1 H H
H H ] H H
H Y-bit2 1 C21 B2 1 N2 H
1 i H 3 b
18 2 4 12

Figure 2-23 Combine Bit Strings Left (CSL) EIS Multi-Word Instruction Format

F Filt bit for string extension

BOLR Boolean result control field

T v Truncation Fault enable bit

MF1 Moditication Field for Operand Descriptor 1
MF2 Moditication Field for Operand Descriptor 2
1 Program Interrupt inhibit bit

Y-bitl Address of "sending™ string

[+ § First character position of “sending®” string
B1 First bit position of “sending™ string

N1 Length of "sending™ string

Y-bit2 Address of “receiving®” string

c2 . First character position of “receiving” string
82 First bit position of “receiving® string

N2 Length of "receiving®™ string

ALM Coding Format:

csl {MF1),(MF2)[.enablefaultliybool(octalexpression) )l fili(0i1)]
descb Y-pit1[{BITNO1) l,N1
descb Y-bit2[(BITNO2)1,N2

REVIEW DRAFTY
SUBJECT TO CHANGE
October, 1975 2-213 AL 39



EIS - BIT STRING COMBINE

SUMMARYS

MODIFICATIONSS

INDICATORSS

Zero

Truncation

NOTES:

REVIEW DRAFT

SUBJECT TO CHANGE

October,

1975

For 1 = bits 1, 24y seey minimum (N1,N2)
m = C(Yy-bit1)i-1 1} C(Y-Dit2)i-1
C(BOLRIM =-> C(Y-bit2)i-1

If N1 < N2y then for i = Ni+l, N142, wses N2
m = C(F) i C(Y-bit2)i-1

C(BOLR)m => C(Y-bit2)i~-1
None except AUy QUy AL, QLy or Xn for 1F1 and MF2
(Indicators not listed are not aftected)

If CLY-bit2) = 0DeeeDy then ON} otherwise OFF

If NI > N2, then ON; othernise OFF

If N1 > N2, the ltow order (N1-N2) bits of C(Y-bitl) are
not processed and the Truncation indicator is set ONe.

The bit pattern in C(BOLR) defines the Boolean operation
to be performed. Any of the sixteen possible Boolean
operations may be wused. Some common Boolean operations
and their BOLR fields are shown below. s

Qperation C(BOLR)
MOVE 0011
AND 0go01
OR 0111
NAND 1110
Exclusive OR 01190
Clear 0000
Invert 1100

It MFKeRL = 1, then NKg does not contain the operand
length; instead, it contains a register code for 3
register holding the operand length.

It MFK.ID = 1, then the Kth word following the Instruction
Hord does not contain an Operand Descriptor} instead, it
contains an Indirect Pointer to the Operand Descriptor.

C(y-bit1) and C(Y-bit2) may be overlapping stringss$ no
check is made. This feature is useful for replication of
substrings within a larger string, but care must be
exercised in the construction of the Jperand Descriptors
SO that sending . string (C(Y-bit1)) data is not
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CSR

FORMATS:

SUMMARY:

MODIFICATIONSS

INDICATORS:

Zero

Truncation

NOTES:

REVIEW ORSFT

SUBJECT TO CHANGE

October,
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E£IS - BIT STRING COMBINE

inadvertently destroyed.

The user of string replication or ovarlaying is warned
that the DOecimal Unit addresses the main store in
unaligned (not on 0 modulo 8 boundary) units of Y-block8
words and that the overijayed string (C(Y-bit2)) is not
returned to main store until the unit of Y-block8 words is
filled or the instruction completes.

If T =1 and the Truncation indicator is set ON by
execution ot the instruction, then 3 T~uncation (Overfiow)
Fault occurse.

Attempted execution with XED causes an Illegal Procedure
Fault,.

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Faulte.

Combine Bit Strings Right 061 (1)
Same as Combine Strings Left (CSL) (See Figure 2-23).

For I = bits 14 2y eeey minimum (N1,N2)
m = C(Y-bit1INi-] 1! C(Y-Dit2)N2-i
C(BOLRIMm -> C(Y-bi t2)N2-i

If N1 < N2y then for i = Ni#41, N1#2, sees N2
m = C(F) §! C(Y-bi t2)N2-i

C(BOLR)m -> C(Y-bi t2)N2-i
None except AU,QU, AL, QL, or Xn tor M1 and MF2
(Indicators not fisted are not atfected)

It C(Y-bit2) = 0BeesDy then ON$ otherwise OFF

If N1 > N2, then ON3 otherwise OFF

It N1 > N2y the high order (N1-N2) bits of ClY-bitl) are
not processed and the Truncation indicator is set ON.

The bit pattern in C(BOLR) defines tae Boolean operation
to be performed. Any of the sixteen possible Boolean
operations may be used. See NOTES under Combine Strings
Left (CSL) insftruction for examples of BOLR.

If MFKeRL = 1, then Ng does not contain the operand
lengthy instead, it contains a rejister code for a
register holding the operand length,
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REVIEW DRAFT
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It MFKeID = 14 then the Kth word following the Instruction
Word does not contain an Operand Descriptor} instead, it
contains an Indirect Pointer to the Op2rand Descriptor.

Cly-bitl) and C(Y-bit2) may be ove~lapping stringss no
check is made. This feature is useful for replication of
substrings within a larger string, but care -must be
exercised in the construction of the Jperand Descriptors
so that sending string (Cty-pit1)) data is not
inadvertently destroyedes

The user of string replication or overlaying is warned
that the Decimal Unit addresses the main store In
unal igned (not on 0 modulo 8 boundary) units of Y-block8
worrds and that the overlayed string (C(Y-bit2)) is not
returned to main store until the unit of Y-block8 words is
filled or the instruction completes.

It T =1 and the Truncation indicator 1is set ON by
execution ot the instruction, then a Truncation (Overfiow)
Faul t occurse.

Attempted execution with XED causes an Illegal Procedure
Faulte.

Attempted repetition with RPT, RPDy or RPL causes an
Illegal Procedure Fault.
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-

BIT STRING COMPARE

“EIS = _8it7String Compared
cCMPB Compare Bit Strings 066 (1)
FORMAT:
g0 0011 1112 2 2 22 2 3
01 8.9.0_1 £ 8.9 0 3.4 7.8_9 5
11 111 H 11 t
IFI0 00 C 0 0O D 03710 MF 2 H 066 (1) 111 MF1 H
1.1 411 i I H
i1 8 11 (4] H H 10 1 7!
H Y-bitl ! C1! BL 1 N1 1
3 H H H H
3 H H H H
H Y-bit2 1 C21 g2 ! N2 H
8 1 H H i
18 2 4 12

Figure 2-24%4 Compare Bit Strings (CMPB) EIS Multi-Word Instruction Format

F Fill bit tor string extension

T Truncation Fault enable bit

JMF1 Modification Fleld for Operand Descriptor {
HF2 Modification Field for Operand Descriptor 2

I Program Interrupt inhibit bit

Y-bjitl Address of "left hand™ string

(53§ First character position of “left hand” string
B1 First bit position of “left hand* striag

N1 Length of "left hand” string

Y-bit2 Address of "right hand™ string

c2 First character position of “right hand®” string
82 . First bit position of "right hand* string

N2 Length of "right hand* string

ALM Coding Formats

cmpb (MF1), (MF2)l.enablefault Il fi1i(011)]
descb Y-bitil (BITNO1)],N1
descb Y~-bit2[ (BITNO2)1,4N2

SUMMARY S For i = 1, 29 eeey Minimum (N14N2)

REVIEW DRAFT

SUBJECT TO CHANGE
October, 1975 2-217
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MODIFICATIONS:

INDICATORS:

Zero

Carry

NOTES:

REVIEN DRAFT
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CeY-bit1)i-1 33 Cey-bit2)i-1

If N1 < N2, then for i = N1+, N142y 0.y N2
CIFILL) = ClY-bit2)j-q

If N2 < N2, then for I = N2+1, N2+2, esey N1

ClY-bit1)i-1 33 CIFILL)
None except au, qu, AL, QL, or Xn for MF1 and MF2
(Indicators not listed are not atfected)
It CtYy-bit1)i = ClY-bit2)i for all i, then ON}
otherwise, OFF
It ClY=-bit1)i < ClY-bit2)i tor any i, then OFF};
otherwise gN
Instruction execution proceeds untit an inequality |je
found or tne larger string fength count ijs exhausted,
If MFK.RL = 1y then Nk does not contain the operand
lengths instead, it contains g3 register code for a
register holding the operand length,
It MFK.ID = 1y then the Kth word following the Instruction
Word does not contain an Operand Desc~iptors instead, it

contains an Indirect Pointer to the Operand Descriptor.

Attempted execution with Xgp causes an Illiegal Procedure
Fault,

Attempted repetition with RPT, RPD, or RPL causes an
Iliegal Procedure Fault.
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“EIS - BitT5iring Set Ipdicatorsa

SZTL

FORMATS

SUMMARY ¢

MODIFICATIONSS

INDICATORS?

Zero

Truncation

NOTESS

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Set Zero and Truncation Indicators : 064 (1)
with Bit Strings Left .

Same as Combine Strings Lett {CSL) (Se2 fFigure 2-23).

For 1 = bits 14 25 eeey minimum (N1,N2)
m = C(Y-bit1)i-1 3§ ClYy-bit2)i-1
If C(BOLR)m # 0, then terminate

It N1 < N2, then for i = Ni+l, N142, eeoes N2
m = C(F) 1¢ Cly-bit2)i-1

If C(BOLR)m # 0, then terminate
None except AU, QUs ALy QL, or Xn for MF1 and MF2
(Indicators not listed are not affected)

If C(BOLR)m = 0 for all i, then ONj otherwise OFF

If N1 > N2, then ONj otherwise OFF

If N1 > N2, the lon order {(N1i-N2) bits of ClY-bitl) are
not processed and the Truncation indicator is set ONe

The execution of this instruction is identical to Combine
Strings Left (CSL) except that C(BOLR)m is not placed into
Cly-bit2)i-1.

The bit pattern Iin C(BOLR) defines the Boolean operation
to be performed. Any of the sixteen possible Boolean
operations may be useds See NOTES undar Combine Strings
Left (CSL) instruction for examples of BOLR.

If MFK.RL = 1, then Nk does not contain the operand
length insteads it contains a register code for 2
register holding the operand lengthe

If MFKeID = 1, then the kth word fotlowing the Instruction
Word does not contain an Operand Desc~iptorj instead, it
contains an Indirect Pointer to the Operand Descriptore.

If T=1 and the Truncatlion lindicator 1is set ON by

execution of the instruction, then a Truncation (Qverflow)
Fauit occurse.

Attempted execution with XED causes an Illegal Procedure
Faulte.

Attempted repetition with RPT, RPDs, or RPL causes an
Iitegal Procedure Faulte.
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SZTR

FORMAT2

SUMMARY:

MODIFICATIONS:

INDICATORS?

Zero

Truncation

-

NOTESS

REVIEW DRAFT
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Set Zero and Truncation Indicators 065 (1)
with 8it Strings Right

Same as Combine Strings Left (CSL) (See Figure 2-23).

For i = blts 1, 25 seey minimum (N1,N2)
m = C(Y-bit1)N1-§ 11 C(Y-bDit2)N2~-i
It C(BOLR)m # 0, then terminate

It Ni' < N2, then for i = Ni+i, N142y <oey N2
m = C{(F) 11 C(Y-bit2)N2-i

If C(BOLR)m # 0, then terminate
None except AU, QU, AL, QL, or Xn for MF1 and MF2
(Indicators not listed are not atfected)

It C(BOLR)m = 0 for all i, then ON; otherwise OFF

It N1 > N2, then ON3 otherwise OFF

It N1 > N2, the low order [Ni-N2) bits of ClY-bitl) are
not processed and the Truncation indicator is set ONe

The execution of this instruction is identical to Combine
Strings Right {CSR) except that C(BOLU)m is not placed
into C(Y-bit2)N2-i,

The bit pattern in CIBOLR) defines tae Boolean operation
to be performeds Any of the sixteen possible Boolean
operations may be used. See NOTES under Combine Strings
Left (CSL) instruction for examples of BOLR.

If MFheRL = 1y then NK does not contain the operand
length] instead, it contains a register code for a
register holding the operand length.

It MFK.ID = 1, then the Kth word folloming the Instruction
Hord does not contain an Operand Descriptor} instead, it
contains an Indirect Pointer to the Oparand Descriptor,.

If T = 1 and the Truncation indicator is set ON by
execution of the instruction, then a Truncation (Overflon)

. .

Fault occurs.

Attemp ted execution with XED causes an Illegal Procedure
Fault.

Attempted repetition with RPT, RPDy, or RPL causes an
Illegal Procedure Fault.
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EIS - DATA CONVERSION

“EIS - Data Conversiond

BTD Binary to Decimal Convert 201 (1)
FORMAT:
‘00 11 11 22222 2223 3
01 g1 7.8 0. 1.2 3 4 2.8.9.0 S
I | 3 ] 1 H
P80 00 0 00O OO D MF2 H 301 (1) 1D &} MF1 H
] H 1 H |
11 10 71 H 8 10 1 H 71
H Y-char3i } CNL 0 00 DD OO D OFf Ni H
I H H i 1
H H HE ] 9t H
H Y=-charn2 It CN2 1al S2:¢0 0 0 0 0 O N2 H
H H 1 3 H H H
18 3 1 2 6 6

Figure 2-25 Binary to Decimal Convert (BTD) EIS Mutti-Word Instruction Format

kay
P

MF1
MF2
I
Y=-char9ol
CNi
N1
Y=-charpn2
CN2

a TN2
S2
N2

Q-bi? data sign character control
Modification Field for Operand Descriptor 1
Hodificatlon Field for Operand Descriptor 2
Program Interrupt inhibit bit

Address of binary number

First character position of binary number
Length of binary number in characters
Address of decimal number

First character position of decimal nunbér
Data type of decimal number

Sign and decimal type of decimal numbe~

Length of decimal number

ALM Coding Format:

btd (MF1) , (MF2)

descons Y=char9i[ (CN1)]J,N1

descplisynsyts] Y-charpn2l{ (CN2) ) ,N2 n=4or 9
SUMMARYS C{Y=-char3i) converted to decimal ~->» C{(Y-charp?2)

REVIEW DRAFY
SUBJECTY TO CHANGE
October, 1975
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MODIFICATIONSS

INDICATORS:

Zero

Negative

Overflon

NOTES:

REVIEW DRAFT
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None except AU, QU, AL, QL, or Xn for MFL1 ad MF2

(Indicators not listed are not affectel)

If ClY-charp?) = decimal 0s then ON2 otherwise OFF

It a minus sign character is moved to C(Y-charpn2), then
ON3 otherwise OFF

It fixed point integer overflow occurs, then ON3 otherwise
unchanged (See NOTES)

C{y~-char91) contains a two°s compliement binary integer
aligned on 9-bit character bounjaries with length § ¢ Ni
<= 8,

It TN2 and S2 specify a 4-bit signed nuamber and P = 1,
then it Cl(Y-char91) is positive (bit 0 of C(y-char91)0 =
0)y then the 13 (octal) plus sign character is moved to
C(Y-charn?) as appropriates

The scaling factor of C{y-charpn2), SF2, must be 0.

It N2 is not 1large enough to hald the digits of
C(Y-char91) an overtlow condition existss the Dverflow
indicator is set ON and an Overflow Fault occurs. This
implies that an unsigned fixed point receiving field has a
minimum length of 1 character and @ signed fixed point
fieldy 2 characters.,

It MFK.RL = 1, then Nk does not contain the operand
lengthy instead, it contains a rejister code for a
register holding the operand length,

If MFK.ID = 1, then the Kth word following the Instruction
Word does not contain an Operand Descriptor instead, it
contains an Indirect Pointer to the Operand Descriptor.

C(Y-char9i) and Ct{Y-charp2) may be overlapping strings; no
check is made.

Attempted conversion to a floating point number (52 = a)
or attempted use of a scaling factor (SF2 # D) causes an
Iliegal Procedure Fault.

It N1 =0 or N1 > 8 3n Illegal Procedure Fault OCCUrSe.

Attempted execution with XED causes an Iflegal Procedure
Fault,

Attempted repetition with RPTy RPDy or RPL causes an
Illegal Procedure Faulte

2-222 AL 39



EIS - DATA CONVERSION

0718 Decimal to Binary Convert 305 (1)
FORMAT?S
] 11 11 22222 2223 3
0 0.1 78 D 123 ¢4 7.8 3 0 5
3 H H 11 H
10 000O0CO0COO0CODTODO DD} MF2 H 305 (1) I MF 1 H
H i H i1 H
H 11 71 11 1 101 ¢ -7
H Y-charpni 1 CN1 !al S110 0 0 0 0 O N1 H
H H I 1 H 1
] H i1 2 " 61! H
H Y=-char92 ¢t CN2 10 00 DB O0C 0 OO0 O N2 H
H " H H H i
8 3 3 6

Figure 2-26 Decimal to Binary Convert (DTB) E£IS Multi-Word Instruction Format

hex MF1 Modification Field for Operand Descriptor 1
MF2 Modification Field for Operand Descriptor 2
I Program Interrupt inhibit bit
‘Y-charni Address of decimal number
CN1 First character position of decimal nuanber

a TN Data type of decimal number

S1 Sign and decimal type of decimal numbe~
N1 Length of decimal number
Y=-charp2 Address of binary number
CN2 First character position of binary numoer
N2 Length of binary number in characters

ALM Coding Formats

dtb (MF1),(MF2)
descnilssns,yts] Y-charpnll {CN1)J,N1 n=4o0r9
descIns Y-char92{ (CN2)1,N2

SUMMARY s Cl(Y-charpl) converted to binary -> C{Y-char92)

MODIFICATIONS: ~ None except AUy QU, Al, QL, or Xn for MFi ad MF2

INDICATORS: (Indicators not listed are not aftected)

REVIEW DRAFT

SUBJECT TO CHANGE
October, 1975 2-223 AL 39
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Zero

Negative

Overflow

NOTES:2

REVIEN DRAFT
SUBJECT TO CHANGE

October,

1975

It C(Y-char92) = 8, then ON: otherwise OFF

It a minus sign character is found in ClyY-charptl), then
ON:‘ otherwise OfFF

It tixed point integer overfion occurs, then ON} otherwise
unchanged (See NQTES)

C(Y=-char92) witl contain a tnwo®s complement binary integer
aligned on 9-bit character boundaries with length § < N2
<= 8,

The scaling factor of ClY-charpl), SF1, must be 0.

It N2 is not large enouyh to hold the converted value of
ClY-charpl) an overtfiow condition exists} the Overflow
indicator is set ON and an Overflow Fault occurse.

It MFK.RL = 1, then NK does not contain the operand
tengthy instead, it contains a register code for a
register holding the operand length,

It MFK.ID = {1, then the kth word following the Instruction
Word does not contain an Operand Descriptors instead, it
contains an Indirect Pointer to the Oparand Descriptor.

C(Y~charpl) and C{Y-char32) may be overlapping strings; no
check is made.

Attempted conversion of a floating point number (S1 = §)
or attempted use of a scaling factor (SF1 # 0) causes an
Illegal Procedure Fault.

If N2 = 0 or N2 > 8 an Illegal Procedure Fault OCCUrse

Attempted execution with XED causes an Illegal Procedure
Fault.

Attempted repetition with RPTy RPDy or RPL causes an
Iltegal Procedure Fault.
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EIS -~ DECIMAL ADDITION

“EIS = Decimal Additiona
AD2D Add Using 2 Decimal Operands 202 (1)
FORMATS
g0 0011 11 22222 2223 3
0.1 8.9 0. 13 7.8 g 1.2 3 4 7.8.9. 0 S
L I } 1t 11 H t ! H
tP10 0 0 0 0 O 0 0:!TIR? MF2 H 202 (1) 113 MF1 1
1.1 1. 1.1 ] 1.1 i
i1 11 71 11 1 101 3 71
H Y-charpnt { CN1 13t St SF1 H N1 H
i 1 I | 1 1 1
H] H 11 1 H 1
] Y-charnp?2 i CN2 bl S21t SF2 ! N2 H
1 H 1.1 1 H 1
18 31 2 6 6

~T

MF1
MF2
I

Y-charpil

CN1

a TIN1

S1

SF1

N1

Y-charp?2

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Figure 2-27

Add Using 2 Decimal Operands (AD2D) EIS Multi-Word

Instruction Format

4-bit data sign character control
Truncation Fault enable bit

Rounding flag

Modification Field for Operand Descriptor 1
Moditication Field for Operand Descriptor 2
Program Interrupt inhibit bit

Address of augend (AD2D), minuend (382D)y multiplicand
(MP2D)y or divisor (DV2D)

First character position of augend (AD2D), minuend (SB2D),
multipicand (MP2D), or divisor (DV2D)

Data type of augend (AD2D), minuend (5B2D), multiplicand
(MP2D), or divisor (DV2D)

Sign and decimal type of augend (AD2D), minuend (SB2D),
multiplicand (MP2D), or divisor {DV2D)

Scaling factor of augend (AD2D), minuend {sB2n),

multiplicand (MP2D), or divisor (DV2D)

Length of augend (AD20), minuend (5B2D), multiplicand
(MP2D),y or divisor (DV2D)

Address of addend and sum (AD2D), subtrahend and

difference (SB2D)y multiplier and product (MP2D)y or
dividend and quotient (DV2D) :
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CN2

b TN2

S2

SF2

N2

First character position of addend and sum (AD2D),
subtrahend and difference (SB2D), multiplier and product
{MP2D), or dividend and quotient (DV2D)

Data type of addend and sum (AD23), subtrahend and
difference (SB2D0), multiplier and oroduct (MP2D), or
dividend and quotient (0DV2D)

Sign and decimal type of addend and sum (AD2D), subtranhend
and difference (S820), multiplier and aroduct (MP2D), or
dividend and quotient (DV2D)

Scaling factor of addend and sum (AD2D), subtrahend and
ditfference (SB20), multiplier and product (MP2D), or
dividend and quotient (DVZ2D)

Length of addend and sum (AD2D), subtrahend and dif ference
(SB2D)y multipiier and product (MP2D), or dividend and
quotient (DV2D)

ALM Coding Formats

ad2d {MF1),(MF2)[,enable faultl{yround]}
descplflelsensyts] "Y-charpni{(CN1) },N1,SF1 n=4%or 9
descplflelsynsyts) Y=charp2l (CN2)),N2,SF2 n==5or39
SUMMARY S C{Y-charpnl) + C{Y-charp2) -> Cl{Y-charp2)
MODIFICATIONSS None except AU, QU, Als QL,y or Xn for MF1 and MF2
INDICATORS? (Indicators not listed are not affected)
Zero It C{Y-charpn2) = decimal 0y then ON} otherwise OFF
Negative It C(Y-charpn2) is negative, then ON; otherwise OFF
Truncation If the truncation concition exists without rounding, then
ON3 otherwise OFF (See NOTES)
Overflow It the overflow condition exists, then ONj} otherwise
unchanged {See NOTES)
Exponent If exponent of floating point resJult exceeds 127 then
Overfion ON3 otherwise unchanged.
Exponent If exponent of floating point result is less than -128

Underf low

NOTES:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

.

then ONj otherwise unchanged

If TN2 and S2 specify 3 4-bit signed number and P = i,
then the 13 (octal) plus sign caharacter is placed
appropriately if the result of the ope~ation is positive.

If N2 is not large enough to hold the integer part of the

result as scaled by SFZ2, an overflow condition existss
the Overtlow indicator is set ON and an Overfliow Fault
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oCcCurse. This impties that an unsigned fixed point
receiving field has a minimum lengtn ot 1 character; 2a
signed fixed point fieldy, 2 characters;y and a fioating
point fieldy 3 characterse.

It N2 is not large enough to hold all the digits of the

result as scaled by SF2 and R = 0, then a truncation
condition exists; data movement stops when C(Y-charp2) is
titled and the Truncation indicator is set ON. If R = 1,

then the Jlast digit moved 1is rounded according to the
apsolute value of the remaining digits of the result and
the instruction complietes normaliye.

It MFK.RL = 1, then Nk does not contain the operand
len3¥h} instead, it contains a register code for a
register hotding the operand lengthe

If MFK.ID = 1, then the kth word tollowing the Instruction
Wword does not contain an Operand Descriptor$ instead, it
contains an Indirect Pointer to the Op2rand Descriptfore.

C{Y-charpnl) and C(Y-charpn2) may be ove~lapping stringsj no
check is made.

If{ T=1 and the Truncation indicator is set ON by
execution ot the instructiony, then a Truncation (Overflow)
Fault occurse.

Detection of a character outside the range [0,11) (octal)
in a digit position or a character outside the range
[12,17) (octal) in a sign position causes an I1legal
Procedure Fault. ’

Attempted execution with XED causes an Illegal Procedure
Faulte

Attempted repetition with RPT, RPDy, or RPL causes an
Iitegal Procedure Faulte.
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AD30D Add Using 3 Decimal Operands 222 (1)
FORMAT?
00O 0011 11 22222 2223 3
1.2 8. 9.0 1 7.8 0 1.2 3.4 2.8.9.10 5
1 11 I I | H LI | H
1P10¢ MF3 ITIRY MF2 H 222 (1) i1 MF1 H
4.1 1 i 4.3 H i1 H
11 1 11 78 11 H 10 1 H 7!
i Y-charpi ! CN1 tal Si1t SF1 ] N1 H
1 H Hg | H H 3
H] H {3 H H H
1 Y-charpn2 ! CN2 b} S2¢ SF2 H N2 H
- i HE | 1 i H
H] H 1! 1 H !
{ Y-charpn3 ! CN3 ic! S3t SF3 H N3 H
s i HE H H 1
18 31 2 6 6
Figure 2-28 Add Using 3 Decimal Operands (AD3D) EIS Multi-Word
Instruction Format
key
P 4-bit data sign character control
~T Truncation Fault enable bit
R Rounding flag
MF1 Modification Field for Operand Descriptor 1
MF2 Moditication Field for Operand Descriptor 2
MF3 Modification Field for Operand Descriptor 3
1 Program Interrupt inhibit bijt
Y-charpt Address of augend (AD3D)y minuend (583D), multiplicand
(MP3D)y or divisor {(DV3ID)
CN1 First character position of augend (AD3D), minuend (SB3D),
multiplicand (MP3D), or divisor (DV3D)
a TN1 Data type of augend (AD3D), minuend (SB3D), multiplicand
(MP3D),y or divisor (DV3D)
S1 Sign and decimal type of augend (AD3D), minuend (SB3D),
multiplicand (MP3D), or divisor (DV3D)
SF1 Scaling factor of augend (AD3D), minuend (S830),
multiplicand (MP3D), or divisor (DV3D)
N1 Length ot augend (AD030), minuend (5B3D0), multiplicand
{MP3D)y or divisor (DV3D)
Y-charpn?2

REVIENW DRAFT
SUBJECT TO CHANGE
October, 1975

Address of addend (AD3D), subtrahend (SB3D), multiplier
(MP3D), or dividend (DV3D)
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CN2

b TN2

s2

SF2

N2

Y=-charpn3

CN3

3 TN3

S3

SF3

N3

EIS - DECIMAL ADDITION

First character position of addend (AD3D), subtrahend
(SB3D)y multiplier (MP3D), or dividend (0V3D)}

Data type of addend (AD3D), subtrahend (S33D), multiplier
(MP3D), or dividend (DV3D)

Sign and decimal type of addend (AD3D), subtrahend (SB2D),
multiptier (MP3D), or dividend (DV3D)

Scaling factor of addend (AD3D), subfrahend (SB3D),
multiplier (MP3D)y, or dividend (Dv3D)

Length of addend (AD3D)y, subtrahend (SB3D)y, multiplier
(HP3D). or dividend (Dv3D)

Address of sum (AD3D), difference (SB3J), product (MP3D),
or quotient (DV3D)

First character position of sum (AD3D), dif ference (S83D),
product (MP30), or quotient (DV3D)

Data type of sum (AD3D), difference (SB3D)y product
(MP30), or quotient (DV3D)

Sign and decimal type of sum (AD3D), difference (S830),
product (MP3D), or quotient (DV3D)

Scaling factor of sum (AD3D), differenze (SB3D), product
(MP3D)y or quotient (DV3D)

Length of sum (AD3D), difference (SB3D), product {(MP3D),
or quotient (DV3D)

ALM Coding Formats

ad3d (MF 1) 4 (MF2) J(MF3)[,enablefaul tJ{,round]
descpifiglsyns,ts] Y-charpi [ (CN1i) J4N1,SF1 n=%u4or 3
descnlflylssnsyts] Y=cnarn2l (CN2) J4N2,SF2 n==%&or?9
descplflylsyns,ts] Y=charp3{ (CN3) 14N3,SF3 D=4 or 9
SUMMARY: Cly-charnl) + C(Y-charp2) =-> C(Y=-charpn3)
MODIFICATIONS? ~None except AU, QUy AL, QLy or Xn for MF1i and MF2
INDICATORS? ({Indicators not listed are not atfected)
Zero If ClY-charpn3) = decimal 0, then ON; otherwlse OFF
Negative If C(Y-charh3) is negative, then ON$ otherwise OFfFF
Truncation If the truncation concition exists witaout rounding, then
ONj otherwise OFF (See NOTES)
Overflow It the overflom condition exists, then ON} otherwise
unchanged (See NOTES)
Exponent If exponent of floating point resslt exceeds 127 then
Overtfiow ON; othermise unchanged.

REVIER DRAFT
SUBJECT TO CHANGE
October, 1975
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Exponent
Underflou

NOTESS

REVIEN ORAFT
SUBJECT TO CHANGE

October,

1975

If exponent of floating point result is less than -128
then ON} otherwise unchanged

If TN3 and S3 specify a 4-bit signed number and P = 1,
then the 13 (octal) plus sign character is placed
appropriately if the result of the operation is positive.

It S3 specifies fixed point and N3 is not large enough to
hold the integer part of the result as scaled by SF3, an
overflow condition exists; tne Overflow indicator is set
ON and an Overflow Fault occurs. This implies that an
unsigned fixed point receiving field has a minimun fength
of 1 character; a signed fixed point field, 2 characters)
and a3 floating point fieldy, 3 characters.

It N3 is not large enough to hold all the digits of the
result as scaled by SF3 and R = 0, then a truncation
condition exists; data movement stops when C{Y-charpn3) is
tilled and the Truncation indicator is set ON. It R = 1,
then the last digit moved is rounded according to the
absolute ‘value of the remaining digits of the resuft and
the instruction completes normally.

If MFK.RL = 1, then Nk does not contain the operand
tength; instead, it contains a register code for a
register holding the operand length,

If MFK.ID = 1, then the kth word following the Instruction
Word does not contain an Operand Descriptor} instead, it
contains an Indirect Pointer to the Operand Descriptore

C{Y-charpl), C(Y-charp2), and C{Y-charn3) may be
overlapping strings3 no check is made.

It T =1 and the Truncation indicator is set ON by
execution of the instruction, then a Truncation (Overflow)
Fault occurse.

Detection of a character outside the ~ange [0,11) (octal)
in a digit position or a character outside the range
(124171 (octal) in a sign position causes an Illegal
Procedure Fault,

Attempted execution with XED causes an Illegal Procedure
Faul?.

Attempted repetition with RPT, RPD, or RPL causes an
Itlegal Procedure fault.
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" "ELS - Decimal Subtractiona

SB20D

FORMATS

SUMMARY$

MODIFICATIONS:

INDICATORS?

Zero
Negative

Truncation

Overtfiow

Exponent
. Overflow

Exponent
Underfion

NOTES:

REVIEW DRAFT
SUBJECT T0 CHANGE
October, 1975

Subtract Using 2 Decimal Operands 203 (1)

Same as Add Using 2 Decimal Operands (AD2D)
(See Figure 2-27).

C{Y-charpl) - C(Y-charp2) =-»> CtY~-charp?)
None except AU, QUs AL, QL, or Xn for MF1 and MF2
(Indicators not listed are not atfected)

If C(Y-charp2) = decimal 0, then ON} otherwise OFF
It C(y-charp2) is negative, then ONj otherwise OFF

It the truncation condition exists witnout rounding, then
ON? otherwise OFF (See NOTES)

It the overfiow condition existsy, then ON} otherwise
unchanged (See NOTES)

If exponent of floating point result exceeds 127 then
ON3 otherwise unchanged,

1f exponent of floating point result is less than -128
then ON3 otherwise unchanged

It TN2 and S2 specify a 4-bit signed number and P = 1,
then the 13 (octal) plus sign character is placed
appropriately if the resuit of the operation is positive.

If N2 is not large enough to hold the integer part ot the
result as scaled by SF2, an overfiow condition exists$
the Overflow indicator is set ON and an Overflow Fault
oCCuUrse. This impllies that an unsigned fixed point
receiving field has a minimum lengta of { character} a
signed fixed point field, 2 characters; and a floating
point fieldy 3 characters.

IT N2 is not large enough to hold all the digits of the
result as scaled by SF2 and R = 8y, then a truncation
condition exists; data movement stops when C{Y-charp?) is
titled and the Truncation indicator is set ON. If R= 1,
then the last digit moved is rounded according to the

absolute vaiue of the remaining digits of the result and
the instruction completes normatiy.

It MFKeRL = 1, then Nk does not contain the operand
length; instead, it contains a register code for a
register holding the operand iength, ’

If MFK.ID = 1, then the kth word following the Instruction

Word does not contain an Operand Descriptors instead, it
contains an Indirect Pointer to the Oparand Descriptor.
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S83D

FORMAT?

SUMMARY s

“MODIFICATIONS?

INDICATORS:

Zero
Negative

Truncation

Overtiow

Exponent
Overflow

Exponent
Underf low

NOTESS

REVIEW ORAFT
SUBJECT TO CHANGE
October, 1975

C(Y-charpl) and C(Y-charp2) may be ove~lapping strings; no
check is made,

I1 T =4 and the Truncation indicator is set ON by
execution ot the instructjon, then a Truncation (Overflow)
Fault occurse.

Detection of a character outside the ~ange {(0,11] (octal)
in a digit position or a character outside the range
(12,173 (octal) in a sign position causes an I!legal
Procedure Fault.

Attempted execution with XED causes an Itlegal Procedure
Faulte

Attempted repetition with RPT, RPDy, or RPL causes an
Iliegal Procedure Faulte. :

Subtract Using 3 Decimal Operands 223 (1)

Same aé Add Using 3 Decimal Operands (4D3D)
(See Figure 2-28).

CtY-charpl) - C(Y-charp2) -> C(Y-charp3)
None except AU, QU, AL, QlLy or Xn for MF1 and MF2
(Indicators not listed are not affected)

It C{Y-charp3) = decimal 0, then ON} otherwise OFF
If C{Y+charp3) is negative, then ON} otherwise OFF

It the truncation concition exists without rounding, then
ON3 otherwise OFF (See NOTES)

If the overflom condition exists, then ON} othermise
unchanged (See NOTES)

It exponent of floating point result exceeds 127 then
ON; otherwise unchangede.

It exponent of floating point result jis less than =128
then ONj otherwise unchanged

It TN3 and S3 specify a 4-bit signed number and P = 1,
then the 13 (octal) plus sign character is placed
appropriately it the result of the operation is positive.

It S3 specifies fixed point and N3 is not large enough to
hotd the integer part of the result as scaied by SF3, an
overflow condition exists; the Overflow indicator is set
ON and an Overflowm Fault occurse This implies that an
unsigned fixed point receiving tield has a3 minimum fength
of 1 character; a signed tixed point tield, 2 characters$
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and a floating point field, 3 characte~se

It N3 is not large enoujh to hold all the digits of the
result as scaled by SF3 and R = 0, then a truncation
condition exists; data movement stops when C{Y-charp3) is
tfilled and the Truncation indicator is set ON. If R = 1,
then the last digit moved is rounded according to the
absolute wvalue of the remaining digits ot the result and
the instruction completes normally.

If MFK«RL = 1, then Nk does not contain the operand
length; insteads it contains a rejister code for a
register holding the operand ltengthe

If MFK.ID = 1, then the kKth word following the Instruction
Word does not contain an Operand Descriptorj instead, it
contains an Indirect Pointer to the Opa2rand Descriptor.

CtY-charpl), Ci(Y-charn?2), and Cl{Y-charn3) may be
overlapping strings;3 no check is made.

If T =1 and the Truncation indicator is set ON by
execution of the instruction, then a Truncation (Overfiow)
Fault occurse.

Detection of a character outside the ~ange [0,11) (octal)
in a digit position or a character outside the range
(12,171 (octal) in a sign position causes an Illegal
Procedure Fault.

Attempted execution with XED causes an 1Illegal Procedure
Faulte

Attempted repetition with RPT, RPD, or RPL causes an
Iltegal Procedure Faulilt.
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“EIS - Decimal Multiolicationd

MP2D

FORMATS

SUMMARY 3

MODIFICATIONSS

INDICATORS:

Zero
Negative

Truncation

Overfliow

Exponent
e Overfiow

Exponent
Underfiou

NOTES:

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Multiply Using 2 Decimal Operands 206 (1)

Same as Add Using 2 Decimal Operands (AD2D)
(See Figure 2-27).

C(Y-charpl) x ClY-charpn2) => C(Y-charpn2)
None except AU, QU, ALs QL, or Xn for ¥F1i and MF2
(Indicators not listed are not affected)

If ClY-charpn2) = decimal 0, then ON} otherwise OFF
If C(Y-charp2) is negative, then ON3 otherwise OFF

If the truncation condition exists witnout rounding, then
ON; otherwise OFF (See NOTES)

It the overfiow condition existsy, then ONS otherwise
unchanged (See NOTES)

If exponent of floating point result exceeds 127 then
ON; othermise unchangede.

If exponent of floating point result is less than -128
then ON; otherwise unchanged

It TN2 and S2 specify a 4-bit signed number and P = 1,
then the 13 (octal) plus sign character is placed
appropriately if the result ot the operation is positive.

If N2 is not large enough to hold the integer part of the
result as scaled by SF2, an overflow condition exists}
the Overflow indicator 1is set ON and an Overfiow Fault
OCCuUrse This implies that an wunsigned ¥ixed point
receiving field has a minimum lengthr of 1 character} a
signed tixed point fietd, 2 characters; and a floating
point fietd, 3 characters.

It N2 is not large enough to hold all the digits of the

result as scaled by SF2 and R = 0, then a truncation
condition exists; data movement stops when C{Y-charp?) is
filled and the Truncation indicator is set ONe If R = 1,

then the last digit moved is rounded according to the

absolute value of the remaining digits ot the result and
the instruction compietes normally.

It MFK.RL = 1, then Nk does not contain the operand
lengths instead, it contains a register code for a
register holding the operand lengthe.

If MFK.ID = 1, then the kKth word following the Instruction

Word does not contain an Operand Desc~iptor} instead, it
contains an Indirect Pointer to the Opa2rand Descriptor.
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FORMAT:

SUMMARY3

-

MODIFICATIONS:
INDICATORS:

Zero
Negative

Truncation
Overflon

Exponent
Overflon

Exponent
underflion

NOTES:
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ClY-charpnl) and C(Y-charpn2) may be ove~lapping strings; no
check is made.

If T =1 and the Truncation indicator 1is set ON by
execution of the instruction, then a T~uncation (Overfiow)
Fault occurse.

Detection of a character outside the ~ange [0,11) (octal)
in a digit position or a character outside the range
[12417) (octal) in a sign position causes an If legal
Procedure Faulte.

Attempted execution with XED causes an 1Illegal Procedure
Fault,

Attempted repetition with RPT, RPDy, or RPL causes an
Itlegal Procedure Faulte.

Multiply Using 3 Decimal Operands 226 (1)

Same as Add Using 3 Decimal Operands (AD3D)
{See Figure 2-28).

Cly-charpi) x C(Y-charp2) -> C(Y-charpn3)
None except AU, QU, Als QLy or Xn for MF1 and MF2
{Indicators not listed are not affected)

If C(Y=-charn3) = decimal 0, then ON3 otherwise OFF
If C{Y-charn3) is negative, then JIN; othernise OFF

It the truncation condition exists witaout rounding, then
ON; otherwise OFF (See NOTES)

If the overflow condition existsy, then ON§3 otherwise
unchanged {(See NOTES)

If exponent of floating point resalt exceeds 127 then
ON§ otherwise unchangede.

It exponent of floating point result is less than =123
then ON; otherwise unchanged

It TN3 and S3 specify a 4-bit signed number and P = 1,
then the 13 (octal) plus sign cnaracter is placed
appropriately if the result ot the operation is positive.

If S3 specifies fixed point and N3 is not Jarge enough to
nold the integer part of the result as scaled by SF3, an
overflow condition exists} the Overflow indicator is set
ON and an Overflow Fault occurs. This implies that an
unsigned fixed point receiving field n"as a minimum length
of 1 character; a signed fixed point field, 2 characters;

2-23% AL39



EIS - DECIMAL MULTIPLICATION

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

and a floating point field, 3 characterse.

It N3 is not large enouyh to hold alt the digits of the
result as scaled by SF3 and R = 0, then a truncation
condition exists; data movement stops wshen Cl{Y-charpn3) is
fitted and the Truncation indicator is set ONe. If R = 1,
then the last digit moved is rounded according to the
absolute value of the remaining digits of the result and
the instruction compietes normally.

It MFK.RL = 1, then Nk does not contain the operand
length; instead, it contains a register code for a
register holding the operand length.

If MFK.IO0 = 1, then the kth word following the Instruction
Word does not contain an Operand Descriptor} instead, it
contains an Indirect Pointer to the Oparand Descriptor.

CtY=-charpnl), C{Y~-charn2), and C{Y-charn3) may be
overlapping strings} no check is madee

It T =1 and the Truncation indicator is set ON by
execution of the instruction, then a Truncation (Overflow)
Fault occurse

Detection of a character outside the range [0,11] (octal)
in a digit position or a character outside the range
[12,17] (octal) in a sign position causes an Iflegal
Procedure Fault,

Attempted execution with XED causes an Illegal Procedure
Faul te.

Attempted repetition with RPT, RPD, or RPL causes an
Illegal Procedure Faulte
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“ELIS_ = Uecimal Divisiond
ovap Divide Using 2 Decimal Operands 227 (1)
FORMATS Same as Add Using 2 Decimal Operands {(AD20)

SUMMARYS
MODIFICATIONS:
INDICATORS?

Zero
Negative

Truncation
Overflow

Exponent
Overfliow

Exponent
Underflon

NOTESs .

REVIEW DRAFY
SUBJECT TO CHANGE
October, 1975

(See Figure 2-27).

CtY-charpn2) /7 ClY¥-charpl) -> C(Y-charp2)

None except AU, QU, ALy QLy or Xn for MFi and MF2

(Indicators not Jisted are not affected)

If ClY=-charp2) = decimal 0, then ON} otherwise OFF
It C(Y-charp2) is negative, then ON} otherwise OFF

If the truncation condition exists without rounding, then
ON; otherwise OFF (See NOTES)

It the overflow concition exists, then ON; otherwise
unchanged (See NOTES)

If exponent of floating point resusit exceeds 127 then
ON3 otherwise unchangede.

It exponent of floating point result is Jess than -128
then ON§ otherwise unchanged

This instruction performs continued fong division on the
operands until it has vproduced enough output digits to
satisty the requirements of the juotient field. The
number of required quotient digits, NQ, is determined
before division begins as foliows eee

1) Floating point quotient
NQ = N2, but if the divisor is greater than the
dividend after operand alignment, the leading zero
digit produced is counted and the effective precision
of the result is reduced by one.

2) Fixed point quotient

NQ = (N2-LZ2+1) - (N1-LZ1) + (E2-E1-SF2)

where? Np = 3iven operand field length
LZn = teading zero count for operand n
En = exponent of operand p
SF2 = scaling factor of quotient

3) Rounding

If rounding is specified (R = 1), then one extra
quotient digit is produced.
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DV3D

FORMATS

SUMMARYS
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If Cl(Y-charpl) = decimal 0 or NQ > 63, then divislion does
not take place, C{Y-charp2) are unchangedy, and a Divide
Check Fault occurse. ’

It TN2 and S2 specify 3 &-bit signed number and P = 1,
then the .13 (octal) plus sign character is placed
appropriately if the result of the operation is positive.

It N2 is not large enough to hold the intejer part of the
result as scaled by SF2y an overtiow condition exists}
the Overflow indicator is set ON and an Qverflow Fault
OCCuUrss. This implies that an wunsigned fixed point
receiving field has a minimum length of i character) a
signed fixed point tftield, 2 charactersj and a tlioating
point fieldy 3 characterse.

If N2 is not large enough to hold ail the digits of the
result as scaled by SF2 and R = 0, then a truncation
condition existsy data movement stops sahen C(Y-charp2) is
filled and the Truncation indicator is set ON. If R = 1,
then the last digit moved is rounded according to the
absolute value of the extra quotient digit and the
instruction completes normally.

It MFKeRL = 1, then Nk does not contain the operand
length; instead, it <contains a register code for a
register holding the operand length.

It MFK.ID = 1, then the Kth word following the Instruction
Word does not contain an Operand Descriptor$ instead, it
contains an Indirect Pointer to the Operand Descriptor.

C(Y-charnl) and ClY-charp2) may be overlapping stringssj no
check [s made.

If T = 1 and the Truncation indicator jis set ON by
execution of the instruction, then a Truncation (Overflow)
Fault occurse

Detection of a character outside the range [0,11] {octal)
in a digit position or a character outside the range
[12417] (octal) in a sign position causes an 1Illegal
Procedure Fault,.

Attempted execution with XED causes an Iltlegal Procedure
Faulte.

Attempted repetition with RPT, RPD, or RPL causes an
Iitegal Procedure Fault,.

Divide Using 3 Decimal Operands 227 (1)

Same as Add Using 3 Decimal Operands (AD3D) ,
(See Figure 2-28).

C(y-charpn2) / C{Y-charpl) =-> C(Y-charp3)
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Zero
Negative

Truncation
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Exponent
Overflom

Exponent
Underflon
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None except AU, QU, ALy QL, Oor Xn for MF1 and MF2
(Indicators not listed are not affected)

It Cly-charn3) = decimal 0, then JON} otherwise OFF
It C(y-charp3) is negative, then ONj otherwise OFF

It the truncation condition exists witnout rounding, then
ON3 otherwise OFF (See NOTES)

If the overfiom condition existsy, then ON} otherwise
unchanged {See NOTES)

It exponent of floating point resisl!t exceeds 127 then
ON3 otherwise unchanged.

It exponent of floating point result is Jess than =128
then ON3 otherwise unchanged

This instruction performs continued long division on the
operands until it has produced enough output digits to
satisfy the requiremenfs of the quotient field. The
number of required quotient digits, NQ, is determined
before division begins as folloWws eee

1) Floating point quotient
NQ = N3, but it the divisor 1is greater than the
dividend after operand alignmeat, the leading zero
digit produced is counted and the effective precision
of the result is reduced by one.

2) Fixed point gquotient

NQ = (N2-LZ2+¢1) - (N1-LZ1) + (E2-Z1-SF3)

nheres NA = given operand fieid length
LZn = leading zero count for operand p
En = exponent of operaad p
SF3 = scaling factor of quotient

3) Rounding

It rounding is specified (R = 1), then one extra
quotient digit is producede.

It C(Y-charpnl) = decimal 0 or NQ > 63, then division does
not take placey, C{Y-charn3) are unchanged, and a Divide
Check Fault occurse.

It TN3 and S3 specity a L-bit signed number and P = 1,
then the 13 (octat) plus sign character js placed
appropriately if the result of the operation is positive,

If S3 specifies fixed point and N3 is aot large enough to
hold the integer part of the result as scaled by SF3, an
over flow condition exists} the Overtiow indicator is set
ON and an Overflow Fault occurs. This implies that an
unsigned tixed point receiving field has a minimum tength
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of 1 character; a signed 1lxéd point field, 2 characters;
and a floating point fieldy 3 characte~s.

If N3 is not large enough to hold all the digits of the

result as scaled by SF3 and R = 0, then a truncatijon
condition exists; data movement stops when C(Y-charn3) is
filied and the Truncation indicator is set ON. If R = 1,

then the last digit moved is rounded according to the
absolute value of the extra gquotient digit and the
instruction completes normaliy.

If MFKeRL = 1, then Nk does not contain the operand
fength; instead, it contains a register code for a
register holding the operand iengthe

It MFK.ID = 1, then the Kth word following the Instruction
Word does not contain an Operand Desc~iptor; instead, it
contains an Indirect Pointer to the Operand Descriptor.

Cly-charpi), C{Y-charn2), and cCly-charn3) may be
overfapping strings; no check is made.

If T = 1 and the Truncation indicator is set ON by
execution of the instruction, then a Truncation (Overt low)
Fault occurs.

Detection of a character outside the range [0,11) (octal)
in a digit position or a characi.r outside the range
£12417) (octal) in a sign position causes an Ililegal
Procedure Fault,

Attempted execution with XED causes an Illegal Procedure
Fault.

Attempted repetition with RPTs RPDy or RPL causes an
Itlegal Procedure Faulte.
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“MICRO OPERATIONS FOR_EDIT INSTRUCTIONSA

The Move Alphanumeric Edited (MVE) and Move Numaric Edited (MVNE)
instructions require micro operations to perform the editiny functions in an
efficient manner. The sequence of micro operation stess to be executed is
contained in storage and is referenced by the second operand descriptor of the
MVE or MVNE instructionse. Some of the micro operations require special
characters for insertion into the string of characters being edited. These
special characters are shown in the “Edit Insertion Tabie"™ discussion belows

Micro Operation Seguence

The micro operation string operand descriptor points to a string of 9-bijt
characters that specify the micro operations to be pertormed during an edited

movee Each of the 9-bit characters defines a micro oseration and has the
following formats

/] 00 0

2 4.5 8

H H H

o} MOP i IF L

i H i

5 4

- Figure 2-29 Micro Operation (MOP) Character Format
MOP 5 bit code specifying Micro Operation to be perfomed.
IF Intormation Field containing one of the 10l10niNGees
1. A sending string character count. A value of 0 is

interpreted as 16,

2. The index of an entry in the edit insertion table to
be used. Permissible values are 1 through 8.

3. An interpretation of the "blank-whren-zero™ operation

Edit Insertion Table

khile executing an edit instruction, the Processor pravides a register of
eight 9-bjit characters to hoild insertion intormation. This register, called the
“Edlt Insertion Tableds, is not maintained after executlion of an edit

instructione. At the start of each edit instruction, tha Processor hardware
initializes the table to the vatues given in Table 2-8, where each symbol refers
to the corresponding standard ASCII character.
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Table 2-8 Default Edit Insertion Tabie Characters

Table Entry

—Number __ Character

1 bl ank

2 L 3

3 +

4 -

5 L 3

6 )

7 -

8 0 (zero)

One or ali of the table entries can be changed by the Load Table Entry or
the Change Table micro operations to provide different insertion characters,

Edit Flags

The hardware provides the following four ~edit tlagsa for use by the micro
operations. .

ES End Suppression Flag} initially OFF and set ON by a micro
operation when zero suppression endse

SN : Sign Flag} Initially set OFF it +the sending string is
alphanumeric or wunsigned numeric. If the sending string
is signed numeric, the sending string sign character is
tested and SN is set OFF if positive, and ON if negative.

b4 Zero Flags initially set ON. It is sat OFF whenever a
sending string character that is not decimal zero is moved
into the receiving stringe.

BZ Blank-When-Zero Fiag; initially set OFF and is set ON by
either the ENF or SES micro operation. Ift, at the
completion of a move, both the Z an3d BZ are ON, the
receiving string is tfilled with cha~acter 1 of the Edit
Insertion Table.

Yerminating Micro Operations

The micro operations are terminated normally when the receive string length
becomes exhausted. The micro operations are terminated abormally (with an
Illegal Procedure Fault) it a move from an exhausted sending string or the use

.

of an exhausted MOP string is attempted.
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“MYNE and MVE Ditterencesa

The hardware executes MVNE in a slightly different manner than it executes
MVE. This is due to the inherent differences in which nume~ic and alphanumeric
data is handled. The following are briet descriptions of the hardware
operations for MVNE and MVE.

“NUMERIC EDITa

i. Load the entire sending string number (maximum length 63 characters)
into the Decimal Unit 1Input Buffer as Uu-bit digits {high-order
truncating 9-bit datal. Strip the sign and exponent characters (if
any)y put them aside into special holding registers and decrease the
Input Buffer count accordinglye.

2e Test sign and, if required, set the SN flage
3. Execute micro operation string, starting with first {(4-bi 1) digite.

4o It an Edit Insertion Table entry or MOP insertion character is to be
stored, “ANDed”, or *“ORed"” into a receiving string of 4- or 6-bit
characters, high-order fruncate the character accordingly.

Se 1% the receiving string is 9-bit characters, high-order fill the
{(k-bit) digits from the Input Buffer with bits 0-4 ot character 8 of
the €dit 1Insertion Table. If the receiving string is 6-bit
characters, high-order fill the digits with *0D0"b.

“ALPHANUMERIC EDIT]

i. Load Decimal Unit Input Buffer with sending string characterse. Data
is read from main store in unaligned units (not 0 modulo 8 boundary)
of Y-block8 wordse The number of characters read is the minimum of
the remaining sending string count, the remaining receiving string
county and 6%.

2e Execute micro operation string, starting with tnhe first receiving
string character.

3. It an Edit Insertion Table entry or MOP insertion character is to be
storedy, "ANDed™, or ™“ORed” into a receive string of - or 6-bit
characters, high-order truncate the character accordinglye.

Micro Operators

A description of the 17 micro operations (MOPs) tollons. The mnemonic,
name, octal value, and the function performed is given for each MOP in a format
simifar to that for Processor Instructions. These micro ope~ations are included

in the alphabejtc list of instructions in Appendix De identified by the code
MOP.

Checks for. termination are made during and after each micro operationes All
MOPs that make a zero test of a sending string characte~ tes?t only the four
least signiticant bits of the charactere.
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The following
descriptions of the

EIT

pin

pmop

pout

CHY

SUMMARYS

FLAGSS

NOTES?

ENF

-

SUMMARYS

FLAGSS

REVIEW DRAFT
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additional abbreviations and symbols are wused in
MOPs.

Edit Insertion Table
current qosl?ion in the sending string
current position in the micro operation string

current position in the receiving string

Change Table

For i = 19 2y eeey 8

ClY=char92)pmopti =-> CLEIT)i
None affected

C(IF) is not interpreted for this operation.

End Floating Suppression

It CC(IF)0 = 0, then
If €S is OFF, then
If SN it OFF, then C(EIT)3 =-> ClY-charp3lpout+l
If SN in ONy then CLEIT)& -> C(Y-charn3)pout+l
pout = pout + 1
ES set ON
It ES is ONy then no action
It CLIF)D = 1, then
It ES is OFF, then
C(EIT)5 -> C(Y-charp3)pout+l

pout = pout ¢+ 1

ES set ON
It ES is ONy, then no action

It C(IF)1 = 1, then BZ set ON; otherwise no action

(Flags not tisted are not affected)
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ES

BZ

IGN

SUMMARY?

FLAGSS

INSA

SUMMARY$

FLAGSS

NOTES?

INSB

SUMMARY?
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It OFF, then set ON

It C(IF)1L = 1,4 then Set ON} othewise n> change

Ignore Source Character 14
C{IF) + pin -> pin

None affected

Insert Asterisk on Suppression 11

It ES is OFF, then
C(EIT)2 -> ClY-charpn3)pout+l
It C(IF) = 0, then pmop = pmop ¢ 1
It ES is ON, then
It C(IF) # 0y then
m = C(IF)
CIEIT)m ~> ClY=-charpn3ipout+i
Lf CUIF) = 0, then
C{Y=-char92)pmop+i ->ClY-charpn3)pout+l

pmop = pmop + 1
None atfected

It C(IF) > 8 an itlegal procedure Fault occurs.

Insert Blank on Suppression 10

If ES is OFFs then

C(EIT)L -> ClY-charpn3)pout+l

If C(IF) = 04 then pmop = pmop + 1
It ES is ON, then
If C(IF) # 0, then
m = C(IF)

C(EIT)m -> C{Y-charp3)pout+i
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It C(IF) = 0, then
C(Y=-char92)pmop+l ->C(Y-charn3)poutsl

pmop = pmop + 1

FLAGSS None affected
NOTES?: It C(IF) > 8 an illegal Procedure Fault oOCCurs,

INSM Insert Table Entry 1 Multiple 01
SUMMARYS For § = 1y 24 eeey C(IF)

CLEIT)L -> C(Y-charp3)pout+i

FLAGSS None affected
INSN Insert on Negative 12
SUMMARYS If SN is OFF, then

-

C(EIT)1 -> C(Y-charpn3)pout+l
It C(IF) = 0, then pmop = pmop + 1
It SN is ON, then
If C(IF) # D, then
m = C(IF)
C(EIT)m -> C(Y~-charp3)pout+sl
It C(IF) = D,y then
C{Y¥-char92)pmop+1 ->C(Y-charp3)pout+i

pmop = pmop + 1
FLAGS: None affected

NOTES? If CUIF) > 8 an illegal procedure Fault OCCuUrse.
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INSP

SUMMARYS

FLAGS?

NOTESS

LTE

SUMMARY 2

FLAGS:

NOTESS

MFLC

SUMMARYS
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Insert on Positive 13

It SN is ONs then
C(EIT)1 -> C{Y-charpn3)pout ¢1
If C(IF) = 0, then pmop = pmop + i
It SN is OFF, then
It C(IF) # 0, then
m = C(IF)
C(EIT)m -> C(Y=-charn3)pout+l
It CUIF) = 0,y then
C(Y=-char32)pmop+i ->C(Y-charpn3)pout+i

pmop = pmop + 1
None affected

If C(IF) > 8 an Illegal Procedure Faull occurse.

Load Table Entry 20

m & C{IF)
CiY-char92)pmop+l =-> C(EIT)m

pmop = pmop ¢ 1
None affected

If C(IF) = 0 or C(IF) > 8 an Illegal
occurse.

Procedure Fault

Move with Float Currency Symbol Insertion 07

For i = 15 2y eeesy CCIF)

If ES is ONy then C(Y-charpll)pin+i =-> ClY-charp3)pout+i

It ES is OFF and C{Y-ch3drnil)pin+i = decimal 0y then
C(EIT)L =-> C(Y~-charpn3)pout+i

If ES is OFF and C(Y-charpl)pin+i # decimal 0, then

C(EIT)S. =-> ClY-charn3)pout+i
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FLAGSS

ES

NOTESS

MFLS

“SUMMARY

FLAGS:

ES

NOTES:

REVIEW DRAFT

SUBJECT TO CHANGE
October, 1975

C{Y-charpl)pin+i -> C(Y=-charp3)pout+i+i
pout = pout + 1

ES set ON
(Flags not listed are not aftected)

If OFF and any of C(Y-charpl)pin+i # decimal 0, then ON3
otherwise unchanged

If N1 or N2 exhausts before N3, an Illegal Procedure Faul?t
ocCcurse.

The number of characters moved to the receiving string is
data dependent. If the entire CtY-cha~n1) is decimal 0°'s,
C(IF) characters are moved to C{Y-cha~n3). However, if
the receiving string contains a non-zero character, then
C(IF)+1 characters are moved to C(Y=charn3); the insertion
character plus C(Y-charpl)e The user is advised that a

possible Illegal Procedure Fault due to this condi tion may
be avoided by assuring that the Z and BZ flags are ONe

Move with Float Sign Insertion 06

For i = 14 2y eeey C(IF)

It ES is ON, then C(Y-charpl)pinti -> ClY=-charn3)pout+i

It ES is OFF and C(Y-charpi)pin¢i = decimal 0, then
C(EIT)L -> C{Y-charn3)pout+i

[¥ ES Is OFF and ClY-charpl)pin+ti # decimal 0, then
It SN is OFF, then CIEIT)3 -> C(Y-charn3)pout+i
It SN is ONy then C(EIT)4 -> C(Y-charn3)pout+i
C(Y-charnl)pin+i => C(Y=charp3)pout+i+l
pout = pout + 1

ES set On

(Flags not listed are not atfected)

It OFF and any of C(Y-charpl)pin+i # decimal 0, then ON;
otherwise unchanged

If N1 or N2 exhausts before N3, an Illegal Procedure Faylt
occurse.

The number of characters moved to the receiving string js
data dependent. If the entire C(Y-cha~pl) is decimal 0°*'s,
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C(IfF) characters are moved to C(Y-cha~pn3). However, if
the receiving string contains a non-zero character, then
C{IF)+1 characters are moved to C(Y-charn3)$ the insertion
character ojus C(Y-charpnl)e The user is advised that a
possibie Illegal Procedure Fault due ta this condition may
be avoided by assuring that the Z and 37 flags are ON.

MORS Move and OR Sign 17

SUMMARYS For 1 = 1, 2y eees CUIF)
It SN is OFFy then
C{Y-charpi)pin+¢i ! CIEITI3 -> Cly-charpn3)pout+i
If SN if ONys then

ClYy-charpni)pin+i 1| CLEIT)% -> C{Y-charpn3)pout+i

FLAGSS None affected
MSES Move and Set Sign 16
SUMMARY S Eor MVYNE

L3

For i1 = 1y 2y eeey C(IF)
C(Y¥-charpl)pin+l => C(Y=-charn3)pouttl
Eor MVE
For i = 1y 29 eeey CUIF)
C(Y-charnl)pin#i => C(Y-charn3)pout+i
C(Z) = C(Y-charpil)pin+i & CL(EIT)3
It C(Z) # 0, then for J = j+1, (42, eeey CLIF)
C{Y-charnl)pin+} => C{Y-charn3)pout+]
It C(Z) = 0s then
C(2) = C(Y-charpnl)pinti & CIEIT)&

It C(2) # 0y then

SN set ON
For } = i+l, (42 eeey C(IF)

C(Y-charpnllpin+) =-> C(Y-charpn3)pout+])
FLAGSS (Flags not listed are not affected)
REVIEW DRAFT
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SN

MVC

SUNMARYS

FLAGSS

MVZA

SUMMARY 2

FLAGS:

ES

NOTES:

MVZB

SUMMARYS
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If C(EIT)L found in C(Y-charpl)y, then ON} otherwise no .
change

Move Source Character i5

For 1 = 1, 2' eosy CUIF)

ClY=charnllpintl => C(Y-charn3)poutel

None affected

Move mith Zero Suppression and Asteris< Replacement 05

For i = 1y 2y eeey CUIF)
It ES is ONy then C(Y-charpl)pin+i -> C(Y-charpn3)pout+i
It ES iIs OFF and C(Y=-charpnl)pin+i = decimal 0, then
C(EIT)2 =-> ClY=-charpn3)pout+i
It ES is OFF and Cly-charpl)pin+i # decimal 0, then
C(Y-charnl)pinii => C{Y=-charn3)pout+i

ES set On
(Flags not listed are not aftected)

If OFF and any of C(Y-charpnl)pin+i # decimal 0, then ONj
otherwise unchanged

If N1 or N2 exhausts before N3, an Itlegal Procedure Fault
OCCuUrsSe

Move with Zero Suppression and Blank Replacement 04

For i = 1y 24 eeey CCIF)

If ES is ONy then C(Y=charpl)pinti =-> Cl(Y-charn3)pout+i

If ES is OFF and C(Y-charpnl)pint¢i = decimal 0, then
C(EIT)1 -> Cl(Y=-charn3)pout+i

If ES is OFF and C{(Y=-charpl)pin+i # decimal 0, then
C(Y-charpl)pint+i =-> C{(Y=-charp3)pout+i

€S set ON
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FLAGSS

ES

NOTESS

SES

SUMMARYS

FLAGSS

ES
BZ

{Fiags not listed are not affected)

If OFF and any of C(Y-charpnl)pine¢] # decimal 0,

otherwise uncahnged

If N1 or N2 exhausts before N3, an Ililagal

OCCUrsSe

Set End Suppression

It CCIF)0 = 0, then ES set OFF
It C(IF)0 = 1, then ES set ON
If C(IF)1 = 1, then BZ set ON3

then

ON3

Procedure Fault

otherwise no action

(Flags not listed are not affected)

Set by this micro operation

If C(IF)1L = 1, then ON; otherwise no cnhange

Micrd QOperation Code Assignment Map

Operation
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03

code assignments for the micro operations are shown in Table 2-9
below. (-=-=) indicates an unassigned code. All
Iilegal Procedure Fault.

unassigned

codes

Table 2-9 “Micro Operation Code Assignment Yapa
-0 1 2 3 L ] 3 z
0o {} === 1 insm}! enf | ses ! mvzb! mvzal mfilsi! mfic!
10 ! insb! insal! insn! insp! ign | mvc ¢ mses! mors!
20 1 ite ! cht | === | w=e | wce | «ce ] =ca ] === ]
30 L ===} == ] —o-= | ===} === § e== ] === | ===}
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SECTION IIX

DATA REPRESENTATION

INFORMATION ORGAMIZATEON

The Processor, like the rest of the Multics system, Is organized to deal with information
in basic units of 36-bit "words™.
Other units of 4~y 6~y 9-bit *“characters™ or "bytes™, 18-bit "halt words™, and 72-bit “word pairs™
can be manipulated within the Processor by use ot the instruction set,
These bit groupings are used by the
hardware and software to represent a variety of torms of coded data. )
Certain Processor tfunctions appear to manipulate larger units of Lt44, 288, 576, and 1152 bits, but

functions are pertormed by means of repeated Jse ot 72-bit word pairs.
Atl intormation is
respresented as strings of binary bits.

POSITION NUMBERING

The numbering of bit positions, characte-~ posltlohs. and words increases in the direction
of conventional reading and writing? from the most-signiticant to the leasf-slgnlficant
digit of a number, and from left to right in conventional alphanumeric text.

Graphic presentatlons in this manual shos registers and data wita position
numbers increasing from left to right. .

NUHBER SYSTEN | -

The arithmetic functions of the Processo~ are lmpleménted In the two®s
complement,; binary number system.  One of the primary properties ot tais
number system is that a field f{or register) having width n bits may: be -
inprepreted In tmo different ways} the “fogical*® case and the “arithmetic"™
or "al gebraic* case.

In the toglcal casey, the number is unsigved, positive, and lies in the
range (0,2*%*n - 1)« The results of arithmetic operations onh numbers
tor this case are interpreted as 0 modulo n numbers.
Overtionw Is not defined tor this case since tae range of the tfield or
register cannot be exceeded.
The numbers "0 and "2%%p - 1" are consecutive (not seoarafedl in the
set of numbers defined tor the field or register.
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In the arithmetic case, the number is sijned and iles In the range
(=2*%¥(n-1),2%*(n-1) - 1) Overflow is defined for this case since since the
range can be exceéeded in either direction {positive or negative).
The left-hand=most bit of the ftield or register (bit 0) serves as the sign bit and
does not contrtbu?e to the value ot the numbere.

«

The main advantage of this impleaentation IS that the hardware arlthmetic
algorithms for the two cases are identical; the only distinction

lying in the interpretation of the results by the user.

Instruction set features are provided

for pertorming binary arithmetic with overflod disabled

(the so-called logical instructlions)

and tfor comparing numbers In either senses

Subtraction |s perforned by adding the two®s complement of the
subtrahend to the ainuend. .
(Note that when the subtrahend is zero the algorithm tor forming the two*s complement
Is still carried out but, since the two®s compiement of zero is zero,
the result is corrects)

Another important feature of the two's complenent
number system (with respect to comparison of numeric values) is that
the “no borrow” conditftion in ftrue subtraction is identical to the
"carry® condition in true addition and vice vaérsa.

A statement on the assumed location of the binary point has significance only
tor multiplication and division. These two oderations are implemented for the arithmetic case
in both integer and fraction modes.
"Integer™ means that the position of the bina~y point is ) :
assumed to the right of the least-significant bit position (that is, to the
right of the right-hand-most bit of the field or register)
and “fraction” means that fthe position of the binary point iIs assumed
to the left of the most-signiticant bit posiftion (that is, between bit 0 and
bit-1 ot the fleld or register; recall that bit 0 is the sign bit).

INFORMATION EORMATS

The Figures below show the unstructured fornafs (temolafes) for the various information unlts
defined for the ProcessSor.
Data transtfer between the Processor and main sfore Is word oriented; a 36~bit machine word is.
transferred for single-precision operands and sub-fiefds of machine wards, and a 72-bit word pair
is transterred for-all other casés (multi-wor3d operands,; Ilnstruction fetches, bit- an¢ character-str.

The information unit %o be used and the data transfer mode is determined by the Processor
according to .the function to be pertormed.

The 36=-bit unstructured machine word shown in Figure 3-1 below is the minimum addressable
information unit in main store., 1Its location Is uniquely determined by ILts main store address, Ye
A$l other intormation units are detfined relative to the 36-blt machine word.
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-t

fFigure 3-1 Unstructured Machine Hord Format

Two consecutive machines words as shown in Figure 3-2 belows, the first
having an even main store address, form 3 72-bit word paire In 72-bit word pair
data transfer mode, the word pair is uniquely focated by tha main store address
of either of its constituent 36-bit machine wordse. Thus, it Y is even, the word
pair at (Y,Y+1) is selected. It Y is odd, the word pair at (Y-1,Y) is
selected. The term “Y-pair®™ is used for such a word pair addresse.

0 33 7
0 5 6 1
1 ] H
H H 1
H -1 3
36 : 36
Even Word 0dd HWord
Figure 3-2 Unstructured Word Pair Format

4-bit characters are mapped onto 36-bit machines words as shown in Figure
3-3 belowe The ™0" bits at bit positions 0, 9, 18, and 27 are forced to be 0 by

the Processor on data transfers to main store and are ignored on data transfers
from main storee.

o0 9 001 11 111 22 222 33 3
01 4 5 8 90 3 4 z.8 9 2.3 6 7.8 1.2 5
3K 1 11 1 1 1 11 1 1
101 H 101 1 101 ! 101 3 1
11 1 11 3 11 1 11 1 1
1 4 4 1 4 4 1 A 4 1 4 4

Figure 3-3 Unstructured 4-bit Character Format

6-bit characters are mapped onto 36-bit machines words as shown in Fjigure

3=-4 below.
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0 00 11 11 2 2 2 3 3
0 2 6 1.2 7.8 3.4 9 0 2
L ! ! i ! H i
] L 1 L H 1
3 1 i H H H

6 6 6 6 6 6

Figure 3-4 Unstructured 6-bit Character Format

9-bit characters are mapped onto 36-bit machine words as shown in Figure
3-5 belowe.

0 00 11 22 3
[} 8. 9 7.3 6 7 2
1 1 ] H 1
] ] 1 1 H
1 H H H H

9 ) 9 9 9

Figure 3-5 Unstructured 9-bit Character Format

18-bit halt words are mapped onto 38-bit machine words as shown in Figure
3-6 below.
-

B 11 3
1] 7.8 S
H H H
H H
1 1
18 18

Upper Haif Lower Half

Figure 3-6 Unstructured 18-bit Half Word Format

DATA PARITY

0dd parity on each 3b6-bit machine word transferred to main store is
generated as it leaves the Processor, is verified at several points atong the
transmission path, and is hetd in main store as an “extra® bit. If an incorrect
parity is detected at any ot the various parity “check points™, the main store

returns an Illegal Action signal and a code appropriate to the check point.

On data transfers from main store, the parity bit is retrieved and
transmitted with the data bitse. The same verification checks are made and
Illegal Action signalled for errorse. The Processor makes a final parity check
as the data enters the Processore.
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Any detected parity error causes the Processor Parity indicator to set ON
and {if enabled) a Parity Fauilt,

REPRESENTATION OF DATA

Data is defined by imposing an operand structure on the information wunits
described abovee. Data is represented in two forms: nume~ic or alphanumerice.
The form is determined by the Processor according to function to be performed.

Numeric Data

Numeric data is represented in three modes? fixed point binary, floating
point binarys and decimales The mode is determined by the Processor according to
the function being performed and any Address Modification invoked for the
instruction being executed.

FIXED POINT BINARY DATA

F ixed Point Binary Integers

Fixed point binary integer data is defined by imposing either of the bit
position value structures shown below on an information unit of pn bits.
Logicatl values
al0)x2**n + a(lIx2**(n-1) + ... + aip-1)
T

Arithmetic valuet

("=*La(0)] (3(1)9a(0))x2**(n~1)+(a(2)0a(0))x2**(n=-2)+ «.. +{al(p-1)0a3(0))
1

wheres
ali) is the value of the bit in the ith bit position
® indicates the Boolean Exclusive OR function

“t" indicates the position of the binary point

{*-"3al0)] selects the proper sign according the value of a(d)

The tollowing fixed point binary integer data items are defineds?
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n Name

6 6-bit Byte Operand

9 9-bit Byte Operand

18 Halft Word Operand

36 Single Precision Operand
72 Doubte Precision Operand

Note that 4-bit Byte Operands are pgot defined. This data item is defined
only for Decimal Data. (See Decimal Data belowe)

The proper operand and its position within a3 36-bit machine word is
determined by the Processor during preparation of the main store address for the
operand. If the data width of the operand selected is smaller than the register
involved, the operand is high-order and/or lon-order zero filled as necessarye.

Table 3-1 Fixed Point Binary Integer Values

6-bit 9-bijt 18-bit 36-bit 72-bit
Operand Byte Byte Half Word Single Precision Double Precision
Logical range
Minimums D 0 0 0 g
Maximums (2¥%6)-1 (2%%9)~-1 (2%*i8)-1 (2¥*35) -4 (2*%72)-1
Resolutions i 1 1 1 1
Arithmetic range
Minimunms 1] 0 0 0 . 0
Maximat
Nege. -{(2%%5) -{(2%%3) -(2%%17) -(2%%35) c=(2%371)
Pose. (2¥¥5)=1 (2%*%8)-1 (2%*17)-1 (2¥%+35)-1 (2**71)~-1
Resolution? 1 1 1 1 1

Fixed Point Binary Fractions

Fixed point binary fraction data is defined by imposing the bit position
value structure below on an information unit of n bitse.

Arithmetic value?

[("-*8a(0)) (a(1)0a(D))Ix2**-1+(a(2)8a(0))x2*%-2+,.,.¢(al(n-1)8a(0))x2**=(n=-1)
T

Note that toglcal values are not defined for fixed point binary fraction

)

datae.

The following fixed point binary fraction data items are defineds
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n Name

6 6-bit Byte Operand

9 g-pit Byte Operand

18 Half Word Operand

36 Single Precision Operand

Note that 4-bit Byte Operands and 72-bit Double Precision Operands are not
defined. 4=-bit Byte Operands are defined only for Decimal Data. (See Decimal
Data belon.) It the instruction being executed is Divide Fraction (DVF), the
contents of the combined Accumulator and Quotient Registers are treated as a
72-bit fixed point binary fraction value but are not addressable as an operand.

The proper operand and its position within a 36-bit machine word Iis
determined by the Processor during preparation of the main store address for the
operand. If the data width of the operand selected is smaller than the register
involved, the operand is high-order or tow-order zero filled as necessarye.

Table 3-2 Fixed Point Binary Fraction Values

b-bit - 9-bit Lower 18-bit
Operand By te Byte Half Word
Arithmetic range
Minimums 0 0 0
JMaximas
Nege -==(1) - -—
PoS. ((2%%5)-1) x 2%%-35 ((2%**8)-1) x 2**-35 ((2*%17)-1) x 2%*-35
Resolution? 2%%-35 2%%-35 2%%-35
Upper 18-bit 36-bit
Operand Half Word Single Precision
Arithmetic range
Minirum? 0 0
Maxirasl
Nege -1.0 -1.0
Pose 1.0 - 2%%=-17 1.0 - 2%%=-35
Resolutioni 2%%-17 2%%=-35

(1) No Negative maximum is shown for 6-bit Bytes, 9-bit Byte, and Lower 18-bijt
Half Word operands since the high-order zero til} guring operand
alignment forces the sign bit to zero.

All operands are legal for the Divide Fraction (DVF) instruction but only
the 18-bit Half Word and 36-bit Single Precision operanis are jegal for the

Multiply Fraction (MPF) instruction.

Fixed point binary fraction operands are illegal for all other
instructionse.
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FLOATING POINT BINARY DATA
A floating point binary number is expressed as
Z =M x 2 *% E

wheres
M is an arlthmetic fixed point binary fraction} the mantissa

E Is an arjithmetic fixed point integer; the exponent

A floating point binary number is defined by imposing the bit position
value structure below on an information unit of pn bitse

Exponent values

{"="%3a(0)) (a(1)8a(D))x2**6 + (a(2)8a(0))IX2*%5 + .ee + {a(7)0al0))

Mantissa value!

["-"83(8)]) (a(3)8al8))x2%*-1+(a(10)0a(8))x2%*=2¢,..¢+(aln-1)0a(8))x2%*(7-n)
T

where the symbols and notation are the same as for fixed point binary data
above.

The following floating point data items are defined.

D Name

18 Half Word Operand

36 Single Precision Operand
72 Double Precision Operand

For clarjity, the formats of these operands are shown in Figures 3-7'through
3-10 belomwe

00 000 11 3
0.1 7.8 9 7.8 S
13 L : L
181 E is! M i0 00DO0OO0DDOOCDOOO0OODOUDO O
1.1 H H
i 71 10 18

Figure 3-7 Upper 18-bit Half Word Floating Point Binary Operand Format
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00 000 11 3
0 1 7.8.9 7.8 S
it LI 1 H
1010 00 00 0 0:01000O0O0C D00 O O L, I !
1.1 11 H H
1 71 ic 18

Figure 3-8 Lower 18-bit Half Word Floating Point Binary Operand Format

Do 000 3
N I 7.8.9 5
I | 11 H]
1S1! 3 1S¢ M 1

1 71 27

Figure 3-9 Single Precision Floating Point Binary Operand Format

00 000 7

01 7.8.9 2
[ ] 11 H
181 € 1S M H
11 1.1

1 71 63

Figure 3-10 Double Precision Floating Point Binary Operand Format

The proper operand is selected by the Processor during preparation of the
main store address for the operand. If the data width ot the operand is smaller
than the regisfer involved, the operand is high-order or low-order zero fitled
as necessSarve

Overiength Registers

The combined AQ register is used to hold the mantissa of all floating point
binary numbers. The AQ register is said to be overiength with respect to the
operands since it has more bits than are provided by the operands. Oper ands are
fow-order zero filled when loaded and low-order truncated (or rounded, depending
on the Instruction) when stored. Thus, the result of atl fioating point
instructions has more bits of precision in the AQ than may be stored.

Users are cautioned that atgorithms involving floating point operands may

suffer from propagation of truncation errors unless the algorithms are designed
to hold mantissas in the AQ register as long as possible. [t is possible to
retain tull AQ precision of results if they are saved with the Store AQ (STAQ)
and Store Exponent (STE) instructions but such saved data are not wusable as a
tiloating point operand.

Normal ized Numbers
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A floating polint number is said to be normalized if the retation
(0.5 < IM1 < 1.0)

is satifled. The presence of unnormalized numbers in any finite mantissa
arithmetic can only degrade the accuracy of results. Faor example, in an
arithmetic allowing only two digits in the mantissa, the number 0.005 x 10%*2
has the value zero instead the value one haift.

Normalization Is a process of shifting the mantissa and adlusting the
exponent untii the relatlion above is satisfiede Normaljization may be used to
recover some or all of the extra bits of the overlength AQ register after 23
tloating point operation.

There are cases where the limits of the registers force ¢the use of
unnormalized numberse. For example, in an arithmetic allowing three digits ot
mantissa and one digit of exponent, the <calculation D.3 x 10¥¥-10 - 0O.i x
1p**-11 (the normal ized case) may not be made, but 0.03 x 10%**-3 - 0,001 x
10*%-9 = 0,029 x 10**-9 (the unnormal ized case) is a valid result.

Some examples of normalized and unnormalized numbers arel

unnormalized positive binary D0.00011018 x (2%*7)
Same number normalized 0.,11010000 x (2%%4)
Unnormalized negative binary 1.11010111 x (2%*=4)
‘Same number normalized 1.01011100 x (2+%*-6)

-

The sinimum normalized non-zero tloating point binary number is 2**-128 in
all casese.

Table 3-3 Floating Point Binary Operand Values

Lower 18-bit Upper 18-bit 36-bit
Operand Haltf Word Halt Word Single Precision
Unnormal ized range
Minimums o(L) . 0 ]
Max imums
Nege. -——(2) -1.0 x 2%*127 -1.0 x 2%%127
Pose (2%%9 - §) x 2%%-155 (1 - 2%%=Q) x 2%¥¥127 {1 - 2%%-27) x 2%*127
Resolutiont 2%*-155 13943 1227
72-bit
Operand Double Precision
Unnormal ized range
Minimums 0
Maximums
Nege. ~1.0 x 2%%127
Poss (1 - 2%%-63) x 2%*127
Resolutiont 1:63
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(1) There is no unique representation for the value zero in ftloating point
binary numbersj any number with mantissa zero has the value zero. However,
the Processor treats a zero mantissa as a3 special case in order to preserve
preclsion in later calculations with a zero intermediate result. Whenever
the Processor detects a zero mantissa as the result of a floating binary
operation, the AQ register Is cleared to zeros and the I register is set to
-128a This representation is Kknown as a floating normalized zero. The
unnormal ized zero (any zero mantissa) will be handled correctly if
encountered in an operand but oprecision may be lost. For example, A x
10%%*=1t + 0 x 10%**85 will not produce desired results since all the

precision of A wi!l be tost when it is aligned to match the 10%*%85 exponent
ot the 0.

{2) No Negative maximum is shown for Lower 18-bit Hailf Word operands since the
nigh-order zero fill during operand alignment forces the sign bit to zeroe.

(3) A value cannot be given for Resolution in these cases since such a value
depends on the value of the exponent, E. The notation used (13m) indicates

resolution to 1 bit in a tieid of me Thus, the following general statenent
on resoiution may be mades

The resotution of a floating point binéry operand with mantissa length 2
and exponent value E is 2%**(E-m).

DECIMAL DATA

Deciral numbers are expressed in one ot the following formss

-

Fixed point, no sign MMMMMM,.

Fixed pointy leading sign +MMMMMN,.

Fixed point, trailing sign MMMMMM . ¢
Floating point +MMMMMM. x 10%*E

The form is specified by control information iIn the Operand Descriptor for

the operand as used by the Extended Instructlion Set (EIS). (See Section II,
Machine Instructions.)

A decimal number is defined by imposing any of the character position value
structures below on a 4-bit Character or 9-bit Character iaformation unit of
length 0 characterse.

Fixed point, no signi

c(0)x10**(n-1) + c(1)xi0**¥(n=-2) + «ce + cin-1)

Fixed point, leading signs

{sign=c(0)] c(1)x10**(n=-2) + c(2)x10**(p-3) + ... ¢+ cin-1)
T
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Fixed pointy tralling signg

c(0)Ix10%%(n=-2) + c(1)x10%*(n=3) + «e. + cln-1) [sign=cla)]
T .

Floating points

[sign=c(0)] c(1)x10**(n=-3)¢c(2)xi0**(n=-4)+ oo. +c(p-2) (exponent=8 bits)
T

wherel

cti) is the decimal value of the character in the ith character
positione

“t* indicates the position of the decimal pointe
{sign=c(i)] indicates that c(j) is interpreted as a sign character.

fexponent=8 bits} indicates that the exponent value is taken from the
tast 8 bits of the character string. It the data is in 9-bit
Characters, the exponant is bits 1-8 ot cln)le If tne data is in 4=bijt
Characters, the exponent is the concatenated value of c(n-1) and c(n).

The decimal number as described above is the only decimal data 1item
defined. It may begin on any legal character boundary {without regard to word
boundaries) and has a maximum extent of 63 characters.

L3

The Processor handles decimal data as 4-bit bytes internally. Thus, 9-bit
characters are high-order truncated as they are transferred from main store and
high=-order filled as they are transferred to main store. The fifl pattern is
“30110"b for digit characters and *80100"b for sign characters. The floating
point exponent is a special case and is treated as a two®s complement binary
integer.

The Processor perform$ validity checking on decimal data. Only the byte
values (0,11) octal are iegal in digit positions and only the byte values
(12,17) octal are legal in sign positions. Detection of an iltlegal byte wvalue
causes an Illegal Procedure Faulft. The interpretation of decimal sign
characters is shown in Tabel 3-4 below.

Table 3-4 Decimat Sign Character Interpretation

9-bit L-bjt .
Chacacter Chacacter Interpretation

52 12

+
53(1) 13(2) +
S4 1641(1) +
55(1) 15(1) -
56 16 +
57 17 +
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(1) This character is used as the default sign character for storage ot
resul tse The presence ot other characters will vield correct resulfts
according to the interpretation.

(2) An optioral control bit in the EIS Decima! Arithmetic instructions (See
Section II, Machine Instructions) allows the selection ot (13) octal for
the plus sign character tor storage of results in 4-bit data mode.

Decimal Data Values

The Operand Descriptors for decimal data operands have a 6-bit two®s
compliement binary tield for invocation of a Scaling Factor (SF). This Scaling
Factor has the same effect as the value of E in tloating point decimal operands}
a negative value moves the assumed decimal point to the left; a positive value,
to the righte The use of the Scaling Factor extended the ~ange and resolution
of decimal data operands. The range of the Scaling Factor is (-32,31).

Table 3-5 Decimal Data Values

Fixed Point Fixed Point

Operand No Sign Leading or Trailing Sign
Arithmetic range

Minimums 0(1) 0

Max imums (10%*64 - 1) x 10°%*31 +(10*%63 - 1) x 10¥*31

Rasolutions 13SF(2) 1 3SF
Operand 9-bit Floating Point 4-bit Floating Point
Arithmetic range

Minimums 0 /]

Maximum? +(10*%62 - 1) x 10%*158 +(10%*%*61 - 1) x 10%*%*158

Resolutions 13SF¢+E 138SF*E

(1) See Decimal Zero belowe

(2) A value cannot be given for Resolution in these cases since such a value
depends on the vaiue of the Scaling Factor, SF, and/or the exponents E.
The notation used (13SF+E) indicates resolution to 1 part in 10**(SF+E).
Thus, the folloming general statement on resolution may be mades

The resolution of a fixed point decimal operand with Scaling Factor SF
is 10%*SF and the resolution of a floating point decimal operand with
Scaling Factor SF and exponent E is 10**(SF+E).
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Decimal Zero

As in tloating point binary arithmetic, there is no unique representation
ot the value zero except in the case of fixed point, no sign data. Therefore,
the Processor detects a zero result and forces a value of +0., for tixed point,
leading or ftrailing sign and #0. x 10%¥*127 for tloating point data. Again, 3as
in tloating binary arithmetic, other representations of the value zero will be
handled correctly except for possible loss ot precision during operand
alignment,

Alohanumeric Qata

Alphanumeric data is represented in two modes; character string and bit
stringe The mode is determined by the Processor according $> the function being
performed.

CHARACTER STRING DATA

Character string data is- defined by imposing the character position
structure below on a 4-bity 6-bity or 9-bit Character information unit of length
n characterse.

Q(u) 11 cl1) !l eee 1 c(p-1)

wheres
cli) is the character in the jth character position.
$1 indicates the concatenation operation.
The character string described above is the only character string data item

defined. It may begin on any legal character boundary {(without regard to word
boundaries) and has a maximum extent as shown in Table 3-6 belowe.

Table 3-6 Character String Data Length Limits

Character Size Length Limil
9-bit 1048576
b-bit 1572864
L-bit 2097152

No interpretation of the characters is made except as specified for the
instruction being executeds. (See Section II, Machine Instrucztionse.)
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BIT STRING DATA

Bit string data is detined by imposing the bit position structure below on
a machine word information unit of length n bits.

b(0)1! bI1) 1! ... $! bip-1)

wheresl
b(i) is the value of the bit in the jth positione
3! indicates the.concatenation operatione.
The bit string described above is the only bit string data item defined.

It may begin at any blt position {without regard to character or word
boundaries) and has a maximum extent of 9437184000 bitse.
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SECTION IV

PROGRAM ACCESSIBLE REGISTERS

A Processor register is a harware assembly that holds information for use
in some specified way. An accessible register Is 3 register whose contents are
available to the wuser for his purposes. Some accessible registers are
explicitly referenced by particular instructions, some are inplicitly referenced
during the course of execution of instructions, and some are used in both wWaysSe
The accessibie registers are listed in the table belowse See Section II, Machine
Instructions, for a discussion of each instruction to determine the way in which
the registers are used.

Table #-1 Processor Registers

Name Mnemonic 8it _Lexath Quantity
Accumulator Register A 36 1
Quotient Register Q 36 1
Accumulator-Quotient Register{1) AQ 72 1
Exponent Register E 8 1
Exponent-Accumul ator-Quotient Register(1) EAQ 80 1
Index Registers xn 18 8
Indicator Register IR 14 1
Base Address Register BAR 18 1
fimer Register R 27 1
Ring Alarm Register RALR 3 1
Pointer Registers PRN 42 8
Procedure Pointer Register PPR 37 1
Temporary Pointer Register TPR 42 1
Descr iptor Segment Base Register DSBR, {DBR) 51 1
Segment Descriptor Word Associative Memory SDWAM 85 i6
Page Table Word Associative Memory PTWAM 51 16
Fault Register 35 1
Mode Register MR 33 1
Cache Mode Register CMR 28 1
Control Unit (CU) History Register 72 16
Operations Unit (OU) History Register 72 16
Decimat Unit (DU) History Register 72 16
Appending Unit (AU) History Register 72 16
Configuration Switch Data 36 5
Control Unit Data : 576 1
Decimal unit data 288 1

(1) These registers are not separate physical assemblies but are logical
combinations of their constituent registerse.

in the descriptions that follows the diagrams given for rejister formats do
not imply ¢that a physical assembly possessing the pictured pbit pattern ex istSe
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The diagram is a graphic representation ot the form of the register data as it
appears in main store when the register contents are sto~ed or how data bits
must be a<sembled for loading into the register.

ACCUMULATOR REGISTER (A)

Eormat: - 36 bifts

0 11 3
] 7.8 S
! : b
H A-Upper H ’ A-Lowe~ !
i i 1

18 i8

Figure 4-1 Accumulator Register (A) Format
Descriptions

A 36 bit physical register located in the Operations Unite.

Eunctiont

-~

In fixed point binary operations, holds operands and results.

In floating point binary operations, hotds the most significant part of the
mantissae

In shifting operations, holds original data and shifted resultse.

In acdress preparation, may hold two logically independent word offsets,
A-Upper and A-Lowers, or an extended range bit or character offset,

QUOTIENT REGISTER (Q)

Formats - 36 bits

0 11 3
90 7 8 5
H ] H
H Q-Upper H Q-Lower H
i i

18 18

Figure 4-2 Quotient Register (Q) Format
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Descriptions
A 36 bit physical register ftocated in the Operations Unite.

Eunction}

In fixed point binary operations, holds operands and results.

In floating point binary operations, holds the least signiticant part of
the mantissae.

In shifting operations, holds original data and shifted resul ts.

In acaress preparation, may hold two logically independent word offsets,
Q-Upper and Q-Lower, or an extended range bit or character offset.

ACCUMULATOR-QUOTIENT REGISTER (AQ)

formats - 72 bits

0 33 7
0 S 6 2
H ] H
i Even Word ' : 1 0dd Word ]
- H H

36 : 36

Figure 4-3 Accumulator-Quotient Register (AQ) rFormat

Description?

A logical combination of the Accumulator (A) and Quotient (Q) registers.

Eunctiont
In tixed point binary operations, holds double precision operands and
resultse
In floating point binary operations, holds the mantissae.

In shitting operations, holds original data and shifted resul ts.
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EXEONENT REGISTER ()

Eormats - 8 bits

0 0o 3
I Z_8 S
] H 1
H exponent IX X X X X X X X X X X X X X X X X X X X X X X X X X X x)
1 1 H
8 28

Figure &-4 Exponent Register (E) Fromat

Descriotion?

An 8 bit physical register ltocated in the Operations Unit. Bits pictured
as “x" are “"don®t care” bits, that isy are irrelevant to the register or
its use.

Eunctions

In tloating point binary operations, holds the exponent,

EXPONENT-ACCUMULATOR-QUOTIENT REGISTER (EAQ)

Formats ~ 80 bits

0 00 7

i 7.8 2

1 H H
H exponent H mantissa H
H H

8 64

Figure 4-5 Exponent-Accumulator-Quotient Register (EAQ) Format

Qescription?

A logical combination of the Exponent (E)y Accumulator (A), and Quotient
(Q) registerse. Although the register has a total of 80 bits, only 72 are

involved in transters to and from main store. The low order 8 bits are
truncated on store and zero filled on {oad.

Eunctiong

In tloating point binary operations, holds operands and resultse.
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INDEX REGISTERS (Xn)

Eocmatt - 18 bits each

0 1
0 7
H !
] H
H H

18

Figure 4-6 Index Register (Xn) Format
Description?

Eight 18 bit physical registers in the Operations Unit numbered 0 through
7. Index Register data may occupy the position of either an Upper or Lower
18-bit Half Word operand Iin 3 main store machine worde

Eunctiont
In fixed point binary operations, hoid half word operanis and results.

In acdress preparation, hold word oftfsets or extended range bit or
«character offsetse.

INDICATOR REGISTER (IR}

Eormats - 14 bits

0 111222222222 2333 3
] 7. 8 9 D31 23456 7891012 S
1 [ T R R T T R A A A O I I H
% X X X X X X X X X X X X x X x x xtalbicidleifiginiitiixitinini0 0 0 0!
H U U R N N S N N T G A I H

18 1 1111111111111 4

Figure 4-7 Indicator Register (IR) Format

Description?

A logica! assemblage of 14 indicator flags from various Units of the
Processor. The data occupies the position of a Lower 18-bit Halt Word
operand. Bits pictured as *“x*"™ are *“don®t care” bits and are irrelevant to
the register or its use. Bits pictured as “0™ are reserved and must have
value 0. When interpreted as data, a bit value of 1 corresponds to the ON
state of the indicator, a bit value of 0 corresponds to the OFF state.
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Eunctionst

The functions of the individual indicator bits are given belowe An "x™ in

the column headed "L

key L Indicator Name

3 Zero
b Negative
[ Carry
“~
d Overflow
e Exponent Overtlow
§ Exponent Undertiow

REVIENW DRAFT
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indicates that the state of the indicator is pot
affected by instructions that

load the IRe

Action

This indicator is set ON ashenever the output
of the main binary adder consists entirely of
zero bits for binary or shifting operations
or the output of the decinal adder consists
of zero digits for decimal operations$
otherwise, it is set OFF,

This indicator is set ON shenever the output
ot bit 0 of the main bina~y adder has value 1
for binary or shifting operations or the sign
character of the result of a decimal
operation is the negative sign charactery
otherwise, it is set OFF,

This indicator is set OV for any of the
following conditions; otherwise, it is set
OFFe

(1) It a bit propagates leftward out of ©bit
0 of the main binary adder for any
binary or shifting oseration.

{2) It ilvaluel! =< ivalue2! for a decimal
numeric comparision operation.

(3) If charl =< char2 for 3 decimal
alphanumeric compare operations

This indicator is set ON if +the arithmetic
range of a register is exceeded in a fixed
point binary operation or it the target
string of a decimal numeric operation is too
small to hoid the integer part of the result.
I+ remains ON until reset by the Transfer on
Overfliow (TOV) instruction or 1Is reset by
some other instruction that 1oads the IR,
The event that sets tais indicator ON may
atso cause an Overflow Faults (See Overfiow
Mask indicator belowe)

This indicator is set ON it the exponent of
the result of a floating point binary or
decimal numeric operation is greater than
+127. It remains ON u4ntil reset by the

Transfer on Exponent Overfiow (TED)
instruction or is reset by some other
instruction that ioads the IRe The event
that sets this indicator IJN may also cause an
Overtlow Fault. (See Ove~tlow Mask indicator
belowe)

This indicator is set ON it the exponent of

the result of a fioating point binary or
decimal numeric operation is .less than =128,
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key L Indicator Name

9 Overflow Mask
h Yally Runout
i Parity Error
] Parity Mask
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Action

It remains ON until reset by the Transfer on
Exponent Undertflow (TEU) instruction or s
reset by some other instruction that loads
the IR, The event that sets this indicator
ON may also cause an Jverflow Fault, (See
Overflow Mask indicator below.)

This indicator is set ON or OFF only by the
instructions that load the IR. HWhen set ON,
it inhibits the generation of the fault for
those events that normally cause an Overflow
Fault. If the Dvertlow Mask indicator is set
OFF atter ocurrence of an Overflow event, an
Qverflow Fault will not occur even though the
indicator for that event is still set ON.
The state of the Overflow Mask indicator does
not affect the setting, testing, or storing
of any other indicatore

This indicator is set OFF at initiatization
of any tallying operation, that is, any
repeat instruction or any Indirect Then Taily
Address Moditication. It is then set ON for
any of the following conditions?

{1) If a repeat inst~uction terminates
because of tally exhaust.

(2) If a Repeat Link (RPL) instruction
terminates because of a zero 1link
addresse.

{3) 1t a tally exhaust is detected for an
Indirect Then Tally modifier. The
instruction will be executed whether or
not tally exhaust occurse.

This indicator is set ON whenever the nmain
store signals Iflegal Actor with a parity
error code or the Processor detects an
internat parity error condition. The
indicator is set OFF only by instructions
that load the IR.

This indicator is set ON or OFF only by the
instructions that 1load the IRe. MWhen it is
set ON, it inhibits the generation of the
Parity Fault for all events that set the
Parity Error indicator. If the Parjity Mask
indicator is set OFF after the ocurrence of a
Parity Error event, a Parity Fault will not
occur even though the Parity Error indicator

may still be set ON. The state of the Parity
Mask indicator does not affect the loading,
testingy, or storing of any other indicator.
generated from previously set parity error
indicators. The status of the parity mask
indicator does not affect the setting,
testingy, or storing of the parity error
indicatore.
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key L Indicator Name

K

n

x Not BAR Mode

Truncation

Mid Instruction
Interrupt Fault

x Absolute Mode
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Action

This indicator is set OFF only by execution
of the Transter and Set Slave (TSS)
instruction that places tnhe Processor in BAR
Mode. It is set ON (taking the Processor out
of BAR Mode) by the execution of any transter
class instruction gther then ISS during a
Faul? or Interrupt Trape. Howe ver, if the
Fault or 1Interrupt Trap occurs while in BAR
Modey and the transfer class instructjon |is
Return (RET), Return Control Doudble (RTCD),
or Restore Control Unit (RCU) and bit 28 of
the saved IR data is 0, the Processor witl
remain in BAR Modee.

This indicator is set ON ahenever the target
string of a decimal numeric operation is too
smail to hoid altl the fraction digits of the

result or the target string of an
alphanumeric operation is too smai! to hold
all the bits or characters to be stored.

Also see the QOverflow indicator condition for
decimal numeric ooerations. The event that
sets this indicator ON may also cause an
Overtlow Fault. (See Overtiow Mask indicator
aboves)

This indicator is set ON shenever the current
instruction is interrupted by an external
event. The indicator has meaning only when
determining the proper restart resguence for
the interrupted instruction. The indicator
is set OFF at normal termination ot every
instruction. The events that set this
indjcator ares

{1) An Access Violation “ault during Address
Preparation tor any sperand.

{2) Detection of the arrival of a Progran
Interrupt signal during execution of
those EIS instructions that allow very
fong operand stringse.

This indicator is set ON only by execution an
absolute (non-appended) transfer class
instruction during a Fault or Interrupt Trap
and is set OFF by any execution of an
appended transter class instruction,
However, if the Processo~ is not in Absolute
Mode when the Fault or Interrupt occurs and
the transtfer <cliass instruction is Return
(RET)y Return Control Jouble (RTCD), or

Restore Control Unit (RCU} and the
appropriate mode bit is properily set in the
IR data, the Processor will remain in its
current mode.
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BASE AQQRESS REGISTER_(BAR)

Eormatst - 18 bits

0 00 11 3
1] 8.9 7_8 -3
! 1 H H
H BASE H BOUND IX X X X X X X X X X X X X X x X X x|
1 H H 1

9 9 18

Figure 4-8 Base Address Register (BAR) Foraat
Descriptions

An 18 bit physical register in the Contro! Unit. The data is pictured in
its normal operand position as stored by the Store Base Addrass Register
{SBAR) instruction. Bits pictured as *x* are "don®t care™ bits and are
irrelevant to the register or its usee.

Eunctions

The Base Address Register provides automatic hardwar2 address relocation
and address range limitation when the Processor is in BAR Mode.
BAR.BASE Contains the high-order nine bits of an 18-bit address
relocation constants The low order bits are generated
as zerose.

BAR.8OUND Contains the unrelocated address (limit stated as a
number of 512 word blocks. An attempt to access main
store beyond this timit causes a Store Faulty Out of

Boundse
IIMER REGISTER (IR)
Eormats - 27 bits
0 22 3
0 6.7 3
! H H
H - Timer Value Ix X x X X x x x xi
H H i
27 9

Figure 4-9 Timer Register (TR) Format
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Descripitont

A 27 bit setable, free running clock in the Cont~ol Unit. The value
decrements at a rate of 512 kHz. Its range is 1.953125 microseconds to
approximately &4.37 minutes. Bits pictured as "x" are "don®t care* bits and
are irrelevant to the register and its usee.

Eunctions

The TR may be loaded with any convenient vatue with the privileged Load
Timer (LDT) instruction. HWhen the value next passes th~ough zero, a Timer
Runout Fault will be signalleds If the Processor is in Normal or BAR Mode
nith Program Interrupts not inhibited, the fauilt will occur immediately,
It +the Processor is in Absofute or Privileged Mode or has Program
Interrupts inhibited, the Fault will be delayed until tae Processor returns
to uninhibited Normal or BAR Mode.

RING ALARM REGISTER (RALR)

Eormatt - 3 bits

0 33 3
1] 2.3 S
L i H
I X X X X X X X %X X X X X X X X X X X X X X XX XX X x x x x x x{ RALR!
H i H

33 3

Figure 4-10 Ring Alarm Register (RALR) Format
Descriotiont

A 3 bit physical register in the Appending Unit. The bits pictured as "x™
are ‘“don®t care*™ bits and are irrelevant to the register or its use. The
bits may have meaning with regard to other data structu~es.

Eunctions

It the Effective Ring Number (See TPR.TRR bejow) is greater than the
contents of RALR an Access Violation, Ring Alarm, Fault wWill occur. The
Multics supervisor uses this mechanism to assure the proper handling of
User Ring events (such as QUITs) that occur while executing in the
supervisors

REVIEW DRAFT
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POINIER REGISTIERS (PRn)
Eormats - 42 bits each

Even Hord ot ITS Pointe} Palr

0 00 11 3
i} 2.3 7.8 S
: ' L H
I RNR ¢ SNR $0 0 00 00DO0O0CO0DO0D0 D x x x x x x!
H H H 1

3 15 18

0dd Wora of ITS Pointer Pair

0 11122 2 2 22 3

0 7.8 3.0 1 3 & 6 7 )

H 10 0 0:(ITS.BITNO)! !
1 WORDNO e mcm e -==3100 0 x x X X X X}
i 1 a 3 BITNO 10 0 0% H
18 (3) (6) 9

2 4 3
Figure 4=11 Pointer Register (PRn) Format
Descniptions

Eight logical combinations of physical registers from the Appending Unit
and Control Unit numbered 0 through 7. PRn.RNR and PRn.SNR are located in
the Appending Unit and PRnN.WORONO, PRNn.CHAR, and PRN.BITNO are Jocated in
the Decimal Unite. Bits pictured as *x* are "don®'t care” bits and are
irrelevant to the register and its use. Bits pictured as *0" are reserved
and must have value 0. The format above shows the data from the register
when stored in ITS Pointer Pair format. The “x™ bits da have meaning In
the ITS Pointer Pair format,. Certain of the register data may also be
stored in Packed Pointer formate

The reader®s attention is directed to the double defjinition of bits 21-26
ot the 0dd Word and to the Note under the discussion of PRn.CHAR.

Eunctions?

The Pointer Registers hold information relative to the tocation in main
store of “external* data items, that is, data items external to the segment

containing the procedure being executed. The functions of the individual
constituent registers ares

key Reaister Eunction
PRNn« RNR The Ring Number Register contains tne maximum privilege
level {smatlest ring number) that may be assigned to a

process attempting to access the data item described by
the Pointer Rejisteres For example, if PRneRNR is

REVIEW DRAFT
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key Register

PRne SNR

PRN < HOR

PRn.CHA
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DNO

R

NOTES

WARNING?

Eunction

greater (less privileged) than the current val idatlion
level of the process (as contained in PPR.PRR described
below) then the Effective Ring Numb2r for the access is
PRN.RNRe The wvalue of PRnNn.RNR is determined from
directory entry information for the segment when the
pointer data is constructed.

The Segment Number Register contains the segment number
ot the segment containing the data jitem described by
the Pointer Register. The segment aumber is determined
nhen the Segment Descriptor Word (SDHW) is constricted
from directory entry information fo~ the segment.

The Word Number register contains the offset in machine
words from the base or origin of the segment Yo the
data iteme The wvalue is determined when the pointer
data is constructed from the data item description 1in
the procedure.

The Character register contains the number of the 9-bit
character within the machine word at PRN.WORONO
containing the data items The value is determined when
the pointer data is constructed from the data item
description in the procedure. Word boundary aligned
data items will always have the value 0. Unaligned
data items may have any value.

The reader®s attention is directed to the double
definition of bits 18-26 of the 0dd Word in the format
above. Because the Multics Processaor was impelemented
as an enhancement to an exising designy certain
apparent anomolies appear, One of these |is the
difference in the handling of unaligned data items by
the Appending Unit and Decimal Unit. The preexisting
Decimal Unit handles all unaligned data items with a
3-bit character number plus bit offset with conversion
from the description given in the EIS Operand
Descriptor done automatically by the hardware. The
Appending Unit maintains compatibility with the earlier
generation Multics Processor by handling all unal igned
data items with a bit offset from the prior word
boundary; again wWith any necessary conversion done
automatically by the hardware. Thus, a Pointer
Register may be loaded from an ITS Pointer Pair having
a pure bit offset and moditiad by one of the EIS
Address Register instructions (A4Bl, S9BD, etc.) using
character displacement counts. When the results of
such a modification are stored as an ITS Pointer Pair
with SPRIp (or as a Packed Pointer with SPRPpl)y the
BITNO tield as (indicated in the upper line of the
format (bits 21-26) will contain 3 pure bit count.
When the resuilts are stored as an Address Register with,

SARn the CHAR and BITNO fields as indicated in the
lower line of the tomat (bits 18-23) will contain the
character number plus bit offset,

The Decimal Unit nas builtin hardware checks for
ijtegal bpit oftset values but the Appending Unit does
not except for a single case for packed pointers. See
NOTES for Load Packed Pointers (LPRPp) in Section II,
Machine Instuctionse.
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key Reajister Eunction

PkneBITNO The Bit Number register contains the number of the bIit
within PRn.CHAR of the word at PIn.WORDNO containing
the data item. The value is determined when the
pointer data is constructed f~om the data item
description in fthe procedure. Adord and character

boundary aligned data items will always have the value
8. Unaligned data items may have any value in the
range (0,10) octale See NOTE under PRn.CHAR above.

PROCEDURE POINTER REGISTER_{PPR)

Eormats - 37 bits

Word 0 of Control Unit Data

0 00 111 3

1] 0.0 7.8_9 5

H H : ! 1
t PRR 1 PSR tPIx x X X X X X X X X X X x x % X xi
H H H i
3 15 1 17

Word & ot Control Unit Data

'] 11 3

-2 78 5
] 1 1
! IC Ix X X X X X X X X X X X x x x x x x}
i H H
18 18

Figure 4-12 Procedure Pointer Register (PPR) Format
Descriptiont

A logical combination of physical registers from the Apoending Unit and the
Control Unite. PPR.PRRys PPR<.PSR, and PPR.P are ifocated in the Appending
Unit and PRR.IC is located in the Control Unit. The data is pictured as it
appezrs in main store in Words 0 and & of Control Unit Jata. Bits pictured
as *“x" are "“don®t care® bits and are irrelevant to the register or its use.
The bits do have meaning with regard to Controt Unit Datae. (See Control
Unit Data belon.)

Eunction?

The Procedura Pointer Register holds intormation relative to the focation
in main store of the procedure segment in execution and the location ot the
current instruction within that segment. The functions of the individual
constituent registers ares

REVIEW DRAFTY
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Register
PPR.PRR

PPR. PSR

PPR.P

PPR. IC

REVIEW DRAFT
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Eunction

The Procedure Ring Register contains the number of the
ring (validation Ilevel) in which tne process is
executing., It is set to the Efftective Ring Number of
the procedure segment when control is transferred to
the proceduree.

The Procedure Segment Reglister contains the segment
number of the procedure being executed. Its value
changes every time control is traasferred to a newn
procedures

The Privileged bit register is a flag controlling
execution of privileged instructions. Its value jis
*1*b (permitting privileged instructions) is PPR.PRR is
0 and the privileged bit in the Segmnent Descriptor hword
(SDW.P) for the procedure jis “1"b. Its value jis "0"b
it SDWH.P is 0 or PPR.PRR is greate~ than 0., Its value
is set every time a new procedure is entered.

The Instruction Counter register contains the word

offset from the origin of the procedure segment to the
current instruction.
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IEMPORARY PDINTER REGISTER (IPR)

Formats - 42 bits

Word 2 ot Control Unit Data

0 ] 11 3
0 2.0 7.8 ]
] H 1

! TRR ¢ TSR IX X %X X X X X X X X X X X X X X x xi
H H

3 . 15 18

Word 3 of Control Unit Data
0 23 3
] 9.0 5
1 ] |
1% X %X X X X %X X X X X X X X X X X X X X X X XX X X x x x xi T8R H
H L i
30 6
Word S of Control Unit Data
o 11 3
g 7.8 5
1 H H
1 CA IX X X X X X X X X X X X X X X x X x}
H H i
18 18
Figure 4-13 Temporary Poinfer Reglister {TPR}) Sormat
Descrioplion?

A logical combination of physical registers from the Apdending Unit and the
Control Unite TPR.TRR, TPR.TSRy and TPR,TBR are located in the Appending
Unit and TPR.CA is located in the Control Unit. The data is pictured as if
appears in main store in Hords 2y 3, and S of Cont~ol Unit Datae. Bits
pictured as "x™ are "don®t care” bits and are irrelevant to the register or
its use. The bits dg have meaning wWwith regard to Contra! Unit Datae. (See
Control Unit Data below.)

Eunctiont

The Temporary Pointer Register holds information relative to the location
in main store of indirect words and pointers (during address preparation)
and operands {(during instruction execution). At the completion of address
preparation, the contents of the TPR is presented to the Appending Unit
Associative Memory Assembiies for translation into tne final 24-bit main
store addresse.e The functions of the individual constituent registers are?

REVIEW DRAFT
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Realster Eunction

TPRe TRR The Jemporary Ring Register contains the Effective Ring
Number for the data accesse If the access is to the
procedure segment, TPR.TRR is set to PPR«.PRR: it the
access invokes a Pointer Register, TPReTRR is set to
the larger of PRn.RNR and PPR.PRRe

TPR. TSR The JIemporary Segment Register contains the segment
number of the segment to be accessed.

TPR. TBR The Jemporary Bit Register holds tnhe bit oftftset for
indirect words or pointers (during address preparation)
or operands {(during instruction execution). Its value
is calculated during address preparation from the
contents of PRN.CHAR and PRN«3ITNOC and other
information provided by the Address Modification
specified for the instructione. S5ee PRne.CHAR and
PRNeBITNO above for further detaifl.

-

TPR.CA The Computed Address register contains the word offset
of indirect words or pointers (during adddress
preparation) or operands (during instruction

execution)e

DESCRIPTOR SEGMENT BASE RECGISTER (DS3R.D3R)

Eocmats - 51 bits

Even Word of Y-pair

] 2 2 3
| 3. 4 5
H 1 H
] ADDR 100 000CD0O0DO0O0TOC 0!
H 1 H

24 12
0dd Word of Y-pair

00 11 112 2 2 3

9. 1 4 5 8.9.10 3. & 5
108 H il H H
101 BND {0 D O OIVUID 0O D Q! . STACK ]
11 . H i3 i i

1 14 : 4 1 4 12

Figure 4-14 Descriptor Segment Base Register {(DSBR,JBR) Format
Rescriptions

A logical combination of wvarious Appending Unit registerse The data is
pictured in the format expected by the Load Descriptor 3ase Register (LDBR)
and Store Descriptor Base Register (SDB8BR) instructions., B3its pictured as

REVIEW DRAFTY
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nou

are reserved and must have the vailue 0.
Eunctiont

The Descriptor Segment Base Rejister contains information concerning the
Descriptor Segment for a process. The Descriptor Segment holds the Segment
Descriptor Hords (SDWs) for all segments accessible by the processe. The
tunctions of its individual constituent registers areg

Register Eunction

DSBR. ADDR The interpretation of the ADDRress ~egister depends on
the value of DSBRe.U.

Eor QDSBR.ADDR contains

U=0 The 24-bit main store address ot the Page Table
for the Descriptor Segment.

U=1 The 24-bit main store address of the Descriptor
Segmente.

OSBR<BND The BoulNQ register contains 14 most significant bits of
*he highest 16 word block of the Descriptor Segment
that can be addressed without causing an Access
Violation,

OSBR.U The U register s a flag specitying whether the
descriptor segment is unpaged (U = 1) or paged (U = 0).
DSBRSTACK The SIACK register contains the upper 12 bits of the
15-bit stack base segment number. It is used only
during the execution of the CALLG instruction. (The

Segment Number of the Stack Sejzment for a running
process is given by 8 * DSBR.STACK ¢ PPR.PRR.)
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SEGMENT DESCRIPTQR HORD ASSOCIATIVE MEMORY (SOWAM)

Egrmatt - 85 bits each

Even Hord of Y-pairs as stored by Store Segment Descriptor Registers (SSDR)

0 22 2 2 2 3 33 3
1] 3.4 6.7 3_0 2 3 S
3 $ 1 ! i !
] ° ADDR t{ R1 ?t 21 R3I 00 0!
i L 1 H He {
24 3 3 3 3

33 555555555 7
6 7 0 1.2 3 45678 1
11 I TR T B O N I | H
104 BOUND IRIEIWIPIVIGICE cL !
1.1 I T T O A | i
1 14 1 111111 14

Data as'stored by Store Segment Descriptor Pointers (SSDP)

] 11 222 33 3
& 4 5 £ 7 8 12 S
1 1 L i !
1 POINTER {10 0 00COCO0OOCOO0 OO0 0!F:D 0D O O USE !
H i I H H

15 12 1 4 4

Figure 4-15 Segnment Descriptor Word Associative Memory (SDWAM) Format

Rescriptions

Sixteen logical! combinations of registers and fiags from the Appending Unit
comprising the Segment Descriptor Word Associative Memory Assembliy. The
registers are numbered from 0 through 15 but are not directly addressable
by number. Bits pictured as "0™ are reserved and must nave the value 0.

Eunctiong

Hardware segmentation in the Multics Processor is implemented by the
Appending Unit (See Section V, Address -- Segmentation and Paging for
details). In order to permit addressing by Segment Numdoer and offset as
prepared in the Temporary Pointer Register (described above), a table
containing the location and status of each accessible segment must be kept.
This table is the Descriptor Segment and is unique to the processe. The
Descriptor Segment for a running process is located by information held in
the Descriptor Segment Base Register (DSBR) described ajdove.
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Every time an Effective Segment Number (TPR.TSR) is prepared, it is used as
an index into the Descriptor Segment to retrieve the Segment Descriptor
Word (SDW) for the tarjet segment. To reduce the aumber of main store
references required for segment addressing, the SOWAM provides a content
addressable store to hold the sixteen most recently refarenced SDONS.

Whenever a reference to the SOW for a segment is required, the Effective
Segment Number (TPR.TSR) is matched associatively against atl 16
SOWAM.POINTER registers (described below). It the SOWAM match logic
circuitry indicates a “hit™; all usage counts (SDWAM.USSZ) greater than the
usage count of the "hit*” register are decremented by one, the usage count
of the "hit*” register is set to 15, and the contents of the “hit" register
are read out into the address preparation circuitry as necesary. If the
SOWAM match logic does not indicate a “hit*, the SON is fetched from main
store and loaded into the SOWAM register with usage count 0 (the "ol dest*),
all usage counts are decremented by one with the nauly loaded register
rolling over from 0 to 1%, and the newly loaded registe~ is read out into
the address preparation circuitry as necessary. Faulted SDWs are loaded
into the SDWAM,

The functions of the constituent registers and flags of each SOWAM register

aret

Register Eunction

SOWAM.ADDR The interpretation of the AQDRress ~egister depends on
the value of SDWAM.Ue
Eor SDWAM.ADDR contains

M U=D0 The 24-bit main store address >f the Page Table
for the target segment,
U=1 The 24-bit main store address of the target
segment.

SONAM.R1 Upper limit of read/write Ring Bracket. (See Section
VIII,s Hardware Ring Implementation)

SDRAM.R2 Upper limit of read/execute Ring Bracket. (See Section
VIII, Hardware Ring Implementation)

- SDWAM.R3 Upper timit of call Ring Bracket. (See Section VIII,
Hardware Ring Implementation)

SDNAM.BOUND The upper 1imit of segment addresses stated as a number
of 16 word blockss A segment address (TPR.CA) with a
block address larger than this. value will cause an
Access Violation, Out of Segment Boinds, Fault.

SDWAM.R Read permission bits If this bit is set ON, read
access requests may be honored.

.

SDHAMNLE Execute permission bit. It this bit is set ON, the SDW
may be loaded into the Procedure Pointer Register (PPR)
and control transtfered to the segment for exectuione

SOWAM.H Write permission bite If this bit is set ON, write
access requests may be honored.

SOWAM.P Privileged flag bits If this dit is set ON, privileged

instructions from the segment may be executed if
PPR.PRR is 0.
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Register
SDHAM.U

SOWAM.G

SDWAHN.C

SOWAMLCL

SOWAM.POINTER

SDWAM.F

SOWAMLUSE

REVIEW DRAFT
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Eunction

Unpaged flag bit. It this bit s sat ON, the segment
is unpaged and SDWAMJADDR is tae 24-bit main store
address of the base of the segment., If this bit is set
OFF, the segment is paged and SOWAMJ.ADIR is the 24-bit
address the array of Page Table Words (PTWs) for the
segment,

Gate control bit. It this bit is szt ON, <calls into
the segment must be to an offset no greater than the
vatue of SOWAM.CL as described belone

Cache contro! bite If this bit is set ONy, data from
the segment may be placed in the cache store.

Call Limiter value. If the segment is gated (SDWAM.G
set ON),y transtfers of control into the segment must be
to segment addresses no greater than this value.

The Effective Segment Number used to fetch this SDW
from main store.

Full/empty bite If this bit is set ON, the SDW in the
register is valide. 1If this bit is det OFF, a “hit™ is
not possibles All SDWAM.F bits are set OFF by the
insfructioqs that clear the SDWAM.

USagE count for the register. The SDHAMJUSE field is
used to maintain a strict FIFO queue order among the
SOWse When an SDW is matched its USE value is set to
15 (“newest™) and the queue is resrdered. SDWs newly
fetched from main store reptace the SDW with USE value
0 (™oldest™) and the queue is reordered. SOWAMJ.USE is
set the internal (and invisible) SDAAM register number
by instructions that clear the SDHWAM.
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PAGE TABLE WOURD ASSOCUIATIVE WEWMDRY IBTWAWY

Format: - 51 bits each

Data as stored by Store Page Table Registers {(SPTR)

] 11 223 3
0 r.8 3.9 0 2
! L 1t i
L ADOR 10 000O00O0O0COO0DOIMIOODO0OD O O
] H 14 H

18 11 1 6

Data as stored by Store Page Table Pointers (SPTP)

11 222 33 3
g 4 5 6.7.3 12 S
H H L | H H
1 POINTER ] PAGENO iIF10 0 0 0! USE ¢
i i 1.1 H i
15 12 1 4 b
Figure 4-16 Page Table Word Associative Memory (PTWAM) Format
Descriotiont

Sixteen logical combinations of registers and tiags from the Appending Unit
comprising the Page Table Word Associative Memory Assembly. The registers
are numbered from 0 throu3h 15 but are not directly addressable by number.
Bits pictured as *“0* are reserved and must have the value 0.

Eunctions

Hardware paging in the Muttics Processor is implemented by the Appending
Unit (See Section Vs Address -- Segmentation and Paging for details). In
order to permit segment addressing by Page Number and page of fset as
derived from the Effective Address oprepared in the Temporary Pointer
Register (TPR.CA described above)ly, a table containing the loc3tion and
status of each page of an accessible segment must be keot. This table is
the Page Table HWord Array (PTWA) for the segment that is lccated in the
System Segment Table (SST) (a supervisory ring D data base) and is sharable
by all processes. The PTWA for an accessible paged segrent is located by
information held in the Segment Descriptor Word (SDW) for the segment,

Every time an Effective Address (TPR.CA) for a paged segment is prepared,
it is separated into a Page Number and a page offset. The Page Number |is
used as an index into the Paje Table Word Array to retrieve the Page Table
Word (PTH) tor the target page. To reduce the numoer of main store
references required for paging, the PTWAM provides a content addressable
store to hold the sixteen most recently referenced PTHWsS.

Whenevar a reference to the PTW for a page of a paged segment (s required,
the Page Number (as derived from TPR.CA) is matched associatively against
all 16 PTWAMJPAGEND registers (described below) and, simultaneously,
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TPR.TSR is matched against PTHAMJ.POINTER (described below). If the PTHAM
match logic circuitry indicates a ™hit*™, all usage counts (PTWAMJUSE)
greater than the usage count of the "hit™ register are decremented by one,
the usage count of the *nit™ register is set to 15, and the contents of the
“hit™ register are read out into the address preparation circuitry as
necesarye. If the PTWAM match logic does not indicate a *hit*", the PTW is
fetched from main store and loaded into the PTHWAM register with usage count
0 (the “oldest*™), all usage counts are decremented by one with the newly
loaded register rolling over from 0 to 15, and the newly loaded register is
read out into the address preparation circuitry as necessary. Faulted FTHs
are not loaded into the PTHAM.

The functions of the constituent registers and flags of each PTWAM register

ares
Reaister Eunction
PTWAM.ADDR The ADJRess register holds the 18 most significant bits
of the 24-bit main store address of the page. The
hardware ignores low order bits of the page address
according to page size based on the following eee
Page Size ADDR 3its
in words ignored
64 none
128 17
256 16-17
512 15-17
1024 14-17
2048 13-17
h 4096 12-17
PTHAM.H Page Moditied ttag bite This bit is set ON whenever

the PTH is used for a store type instruction. When the
bit changes value from 0 to 1, a special extra cycle is
generated to write it back into the PTW in the PTHA.

PTWAM.POINTER The Effective Segment Number used to fetch this PTH
from main store.

PTHWAM.PAGENOD The 12 most significant bits ot the 18-bit Effective
Address (TPR.CA) wused to fetch this PTW from main
store. LOw order bits are forced to zero by the
hardware and not used as part of the PTHA ingex
according to page size based on the follonwing «ee

Page Size PAGEN) bits

in words forced
64 none
128 11
256 10-11
512 09-11

1024 08-11

2048 07-11

4096 D6-11

PTHWAMLF Full/empty bit. If this bit is set ON, the PTH in the

register is valide It this bit is set OFF, a “hit™ is
not possiople. Al}] PTWAM.F Dits are set OFF by the
instructions that clear the PTWAM,

PTWAML.USE USagE count for the rejister. The >TWAMJUSE field is
used to maintain a strict FIFO quieue orcer among the
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Beaister Eunction

PTHs. When an PIW is matched its USE value is set to
15 (“newast™) and the Queue is reorderedes PTHS newly
fetched from main store replace the PTW W“ith USE value
0 ("oldest™) and the queue iSs reordered. PIWAMJUSE is
set the internal (and invisible) PTAAM register number
by instructions that clear the PTWAY.

FAULT REGISTER
Eormat: - 35 bits

Data as stored by Store Central Processor Register (SCPR), TAG = 01,

instruction

0000DODO0CCOCO0OOD0O01 111111 1 2 2 2 2 2 33333
0 4.2 3. 45 6 7 8 93 0 12345 6 3. 0 34 z.38 1 2345
2 T D N T SO N N TN D Y IR NN B B B H i H I T O O
talblcidle!tigihtil)ikitiiminiol0! IAA t IAB { IAC ¢ IAD Iptlgirist
I T T T O U I U BN O S N N S H 1 H I T S ]
1111111141111 1111 L L 4 41111

Figure 4-17 Fault Register Format
Description?

A logical combination ot flags and registers all 1located in the Control
Unite The register is stored and cleared by the SC2R {(tag 01) command.
Note that the data is stored into fthe pyord pair at location Y and that the
contents of Y+1 are clearede The Fault Register cannot be loaded.

Eunctiong

The Fault Register contains the conditions in the Procassor for several ot
the hardware faults. Data is strobed into the Fault Register during a
fault sequence. Once a bit or field in the Fault Register has been .set, it
remains set untii the register is cleared. The data wil} not be
overnritten during subsequent fault events.

The reader®s attention is directed to another appareat anomoly in the
design of the Multics Processor as an enhancement to an existing designe.
It will be noted that the Fault Register recorgs events from only ports A
through O These four ports are the {imit of connectability of the

existing design and, since all eight ports are reported in Control Unit
Data (described below)ly no change was made in the Faislt Register for the
added ports, Data reported for ports A through D are valid in both
locationse.

The functions of the constituent flags and registers aret
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key Register

a ILt
b ILL
c ILL
d TILL
e NEM
f 008
g HWRT
h PROC
i PROC
} 3SCON
k SCON
I $CON
m $CON
“n DAE
o DA E
IAA
IAB
IAC
IAD
p CPAR
q CPAR
r CPAR
s CPAR

REVIEW DRAFT

oP
MOD
SLv

PROC

INH
PARU

PARL
A
B
c

D
RR1

RR2

DIR
STR

1A

BLK

SUBJECT TO CHANGE

October, 1975

Eunction

An illegal operation code has been detected.

An itlejal Address Modifier has been detected.

An illegal BAR Mode procedure has been encountered.

An jliegal procedure other than 3AR Mode has been
encountered.

A nonexistant main store address has been requested.
A BAR Mode poundary violation has occured.

An illegal decimal digit has beey detected by the
Decimal Unit. (Flag name is obsolete)

A parity error has been detected in the upper 36 bits
of data.

A parity error has dtected in the lower 36 bits of
datae.

A $CONNECT signal has been received through port A.
A S$CONNECT signal has been received through port B.
A SCONNECT signal has been received through port C.
A SCONNECT signal has been received through port D.

CPU/SCU interface sequence error 1 has been detected.
($DATA-AVAIL received with no prior $INTERRUPT sent.)

CPU/SCU interface seguence error 2 nas been detected.
{(Multiple $0ATA-AVAIL recejved or $DATA-AVAIL received
out o! orderes)

Coded Illegal Action, Port A. (See Table 4-2 below)
Coded Iflegal Actions, Port Be. (See Table 4-2 below)
Coded Iltegal Action, Port Ce. (See Table 4-2 below)
Coded Itlegal Action, Port D. (See Table 4L~2 below)

A parity error has been detected in the cache store
directory.

A data parity error has been detezcted in the cache
store,

An Illegal Action has been received from an SCU during

a store operatione

A cache parity error has occured du~ing a cache store
data block load.
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Table %-2 System Controller Illegal Action Codes

Processor
Code Priority fFault Reason
00 No illegal action
01 CMD Unassigned
02 5 STR Nonexistent address
03 1 CcMD Stop on condition
04 CMD Unassigned
0sS 12 PAR Data parity, store to SCU
06 11 PAR Data parity in store ’
07 10 PAR Data parity in store and store to SCU
10 4 CcMo Not control
11 13 CMD Port not enaoied
12 3 cMD Iilegal command
13 7 STR Store not ready
14 2 PAR ZAC parity, CPU to SCU
15 ) PAR Data parity, CPU to SCU
16 8 PAR ZAC paritys SCU to store
17 9 PAR Data parity, SCU to store
MODE _REGISIER

formats - 33 bits

Even word of Y-pair as stored by Store Central Processor egister (SCPR), TAG
= 06,4 instruction

B 111131112222222222333333
] 4 5 6 7 8 9 0 1 23 456789012345
H I I I | OPCODE L7 T S S B | L
H FFV {0falbl-mmmecemcmeec e {i{} Ikilimi0 Oint
H j_1_13 jcidieiti g i n 20 023 % 1 1 1 1 i1

15111 101 1111 21

1111 2 2 2
Figure 4-18 Mode Register (MR) Format
Rescriptiont

A logical assemblage of flags and registers from the Control Unit. The

Mode Register and the Cache Mode Register are both stored into the Y=-pair
by the SCPR, TAG = 06, instruction. The Mode Registe~ is loaded with the
Load Central Processor Register (LCPR)y, Tag = 04 instruction. Bits
pictured as ™0™ are reserved and must have the value 0.

The functions of the constituent flags and registers arei
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key Reaistec

FFV

0C TRAP

ADR TRAP

OPCODE

REVIEW DRAFT
SUBJECT TO CHANGE

October,

1975

Fupnction

A “floating ftault vector™ address. The 15 most
significant bits ot the Y-block8 3ddress of four word
pairs constituting a “floating fault vector*. Traps to
these floating faults are generated by other conditions
setable by the mode register.

Trap on OPCODE match. If this bit is set ON and OPCODE
matches the operation code of the instruction for which
an address is being prepared (including indirect
cycles), generate the second floating fault (XED
FFV+#2). (See NOTE below)

Trap on ADDRESS matche If this bit is set ON ang the
Computed Address (TPR.CA) matches the setting of the
Address Switches on the Processor Maintenence panel,
generate the fourth floating fault (XED FFV+6)e (See
NOTE betow)

The operation code on which to trap it OC TRAP (bit 16,
key a) is set ON or for which to strobe all CU cycles
into the CU History Registers if 0.C3¢ (bit 29, key })
is set ON

or

Processor conditions codes as follows if OC TRAP (bit
16y key a) and 0.C%& (bit 29, key )) are set OFF and ¢
VOLTAGE (bit 32, key m) is set ONe.

key Condition

c Set Control Unit Overlap Inhibjit if set 0N, The
Control Unit shall wait for the operations Unit to
complete execution of the even instruction of the
current instruction pair before it begins address
preparation for the associated odd instructione.
The Control! Unit shall ats> wait for the
Operations Unit to complete execution of the odd
instruction before it fetches the next instruction
paire

a Set Store Overlap Inhibit if s2t ON. The Controt
unit shall wait for completion of a current main
store fetch (read cycles only) before requesting a
main store access for another fetche.

e Set Store Incorrect Data Parity it set ON. The
Control Unit shall cause incorrect data parity to
be sent to the SCU for the next data store
instruction and then snal} resat bit 20.

t Set Store Incorrect ZAC Parity if Set ON. The

Control Unit shall cause incorrect
Zone-Address-Command (ZAC) parity to be sent to
the SCU for each main store cyzle of the next data
store jinstruction and shall reset bjit 21 at the
end of the instruction.

9 Set Timing Margins if set ONe If ¢ VOLT (bit 32,
Key m) is set ON and the Margin Control switch on
the Processor Maintenance panel is in PROG
position, set Processor timing margins as followse.
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key Regisfer

i
~ 1 0.Cs¢
k STROBE ¢

{ FAULT RESET

m & VOLT

n MR ENABLE

REVIEW ORAFTY
SUBJECT TO CHANGE
Dctober, 1975

Eunction
key Condition
22+ 33 margin

0,0 normal
0,1 siow
1,0 normal
1,1 fast

h Set +5 Voltage Margins if set IN. If & VOLT (bit
32, key m) is set ON and the Margin Control switch
on the Processor Maintenance nsanel is in the PROG
position, Sset +5 voltage margins as followse.

24225 marain

0,0 normal
0'1 ion

1,0 high
1,1 normatl

Trap on Control Unjit History Register count overflow if
set ONe It this bit and STROBE ¢ (>it 30, key k) are
set ON and the Control Unit History Register counter
overflowsy generate the third floating fault (XED
FFV+L), Further, if FAULY RESET (bit 31, key 1) is
sety, reset STROBE & (bit 30, key k)y locking the
history registerses An  LCPR, TA> = 04, instruction
setting bit 28 ON will reset the Control Unit History
Register counter to zero. (See NOTE below)

Strobe Control Unit History Registers on OPCODE match.
If this bit and STROBE ¢ (bit 30, key k) are set ON and
the operation code of the current insftruction matches
OPCODE, strbdbe the Control Unit History Registers on
all Contro! Unit cycles (including indirect cycles).

Enable history registerse If this pit is set ON, all
history registers are strobed at appropriate points in
the various Processor cycles. If tnis bit is set OFF
or MR ENABLE (bit 35, key n) is set OFF, all history
registers are lockede This bit is set OFF #With an
LCPRy TAG = 04,y instruction providing a *zero™ bits by
an Op Not Complete Fautlt, and, conditionally, by other
faults (See FAULT RESET (bit 31, key |) below)e Once
set OFF, this bit must be set ON with an LCPRy TAG =
04y instruction providing a "on2*" Dbit Dbefore the
nistory registers again become active.

History register lock control. If this bit is set ON,
set STROBE ¢ (bit 30, key k) OFF, tocking the higtory
registers, tor attl taults including the tioating
faultse (See NOTE below)

Test mode indicator. This bit is s2t ON whenever the
Test/Normal switch on the Processaor Maintenance panel
is in Test position and is set OFF otherwise. It serves
to enable the program control of Vvoltage and Timing
Margins.

Enable mode register., When this bit is set ON, all
other bits and controls of the mode register are
actives When tnis bit is set OFFy, the mode register
controls are disableda
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NOTE? The traps described above (Address match, OPCODE match, Control Unit
History Register counter overflon) occur after coapletion of the next
odd instruction following their detection. They a-e handled as Group
VII faults in regard to servicing and inhibition. The complete Group
VII priority sequence [Seee

1 - con

2 - tro

3 - sdf

&+ - OPCODE trap

5 - Control Unit History Register counte~ overfiow
6 - Address match trap

7 - External interrupts

CACHE_MODE_REGISIER_(CMR)
Eormats - 28 bits

0dd word of Y-pair as stored by Store Central Processor Register {SCPR), TAG
= 06y instruction

3 55 5555555566665 6 7 7
[ 0 1. 2 3 4 5 6.7 8904123 % 301
b} |2 T R RO N RO SN SN N R B | H H H
! CACHE DIR ADORESS laiblOicidleiftliOigihiil ) 0 0 0 0D 0 D! Kk ¢
1 S N G I T N I O O O I | i H 1
& i511111111111 2 6 2
Figure 4-19 Cache Mode Register (CMR) Format
Descriptiond

A logical assemblage of flags and registers from the control unit. The
Mode Register and Cache Mode Register are pboth stored into the Y=-pair by
the SCPR, TAG = 06y instruction.

The Cache Mode Register data stored is address dependent. The algorithm
used to map main store into the cache store (See Section XX, Cache Store)
is effective for the SCPR instruction. In general, the user may read out
data from the directory entry for any cache block by proper selection of
certain subfields of the final 24-bit main store addra2ss. In particular,
the user may read out the directory entry for the cache block involved in a
suspected cache error by a3assuring that the required 24-bit final address
subfields are the same as those for the access which produced the suspected
errora.

WARNING: The user is warned that the fault handling procedure(s) should be
unencachable (SDWeC = 3) and that the History Registers and cache
should be disabled as quickly as possible in order that vital
infomation concerning the suspected error not be lost,

The Cache Mode Register is loaded with the Load Central Procesor Register
(LCPR)y TAG = 02, instructions Those items with an "x™ in the column
headed L are not loaded with the LCPR instruction. Bits pictured as *0"
are reserved and must have the value 0.
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The

key
a x
b x
c

d

e

t

[

9
h x
i x
} I
k

tunctions of the constituent flags and registers aret

L Reagister Eunction
x CACHE DIR 15 most significant bits of ¢the block address from
ADDRESS the cache directory

PAR BIT Cache directory parity error on this read out

LEV FUuL The selected column and tevel is loaded with active data

CSH1 ON Enable the upper 1024 words of the cache

CSH2 ON Enable the lower 1024 words of the cazhe

OPND ON Enable the cache for operands

INST ON Enable the cache for instructions

CSH REG Enabie cache-to-register (dump) mode
When this bit is set ON, double precision Operations Unit
operands - (e<g9e.y LOAQ operands) are read from the cache
according to the mapping algorithm and without regard to
matching of the full final address. A1l other operands
address main store as though the cache were disabled,
This bit 1Is reset automaticaliy by the hardware for any
Fault or Program Interrupt.

STR ASD Enable store aside
When this bit is set ON, the Processo~ does not wait for
main store cycle completion after a store operation but
proceeds atter the cache cycle is comalete.

CoL FuL Selected cache cotumn is full

RRO A,8 Cache round robin counter

LUF MSB,LSB Lockup timer setting

The Lockup Timer may set ¢to four different
according to the setting of this field.

LUF Lockup
Yalue Lime
0 2 mse
1 4 mse.
2 8 mse
3 16 mse

values

The Lockup Timer is set to 16 ms. whaen the Processor is

initialized.

CONTROL UNIT_ (CU) HISTORY REGISTERS

Eormate - 72 bits each

Even word as stored by Store Central) Processor Register (SCPR)y Tag
instruction

REVIEW DRAFT
SUBJECT TO CHANGE
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00000 O00DO0CDO0OD0 111111111 223 >
012345567890 1234%5678 8 9 0 —_—
R ENF !
lalbicldleitigintit]ikiliminiolpiqir!? OPCODE 12 P TAG !
1.4 3t p 44433 rororotoposroas - i_i_1 i
111111111111 111111 1011 6

0dd word as stored by Stoie Central Processor register (SCPR}y TAG = 28,

instruction
0 11 22 2 2 333
] 7.8 2.3 6 7 3 4. 5
] H H | J0 T T T T I B I A
H ADDRESS H CMD } SEL isitiulvinixliylzi®}
1 i H B N W U D D N A O |
18 5 111111111

Figure 4-20 Control Unit {CU) History Register Format
Rescription?

Sixteen logical combinations of flags and registers from the Control Unit.
The sixteen registers are handled as a rotating queuse controlled by the
Control Unit History Register counter. The counter is always set to the
number of the oldest entry and advances by one for each history register
retference (data entry or SCPR)e. True multicyclie instructions {(such as
“ipris iregy rcuy etce) will have an entry for each of taeir cycles.

E;.mnn.nn_i

A Control Unit History Register entry shows the conditions at the end of
the Control Unit cycle to which it appliese. Tne sixteen registers will
hoid the conditlions for the last sixteen Control Unit cyctes. Entries are
made according to controls set in the Mode Register. {(See Mode Register
above)

The meanings of the constituent flags and registers arel

key Flag Name Meaning
a PlA prepare instruction address
b POA prepare operand address
c RIHW request indirect word
N
d SIu restor indirect word
e POV prepare operand tally (indirect tally chain)
f PON prepare operand notaliy (as for POT except no chain)
9 RAW request read-alter-renrite word
h SAW restore read-alter-rewrite word

REVIEW DRAFT
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key Elag Name

i TRGO
1 XDE
k XDO
1 1IC
m RPYS
n N
o AR F/E
o XIP
a FLT
r BASE
OPCODE
I
P
TAG
.
ADDRESS
D
SEL
selected)
s XEC-INT
t INS-FETCH
u CuU-STORE
v O0U-STORE
w CU-LOAD
x OU-LOAD
y DIRECT
z PC-BUSY
*  BUSY

REVIEW DRAFTY
SUBJECTY TO CHANGE
October, 1975

Heaning
transfer GO (conditions met)
qxecute XED from even IC
execute XEO from odd IC
execute odd instruction of the current pair
execute a repeat operation
wait for instruction fetch ;
1 = Computed Address ITPR;CA) has valid data
NOT prepare Progranm Interrupt address
NOT prepare Fault address
NOT BAR mode
current operation code
Program Interrupt inhibit bit
Pointer register flag bit
Currrent address modifier
This mnmodifier is replaced by the contents of the TAG
tields of indirect words as they are fetched during
indirect chains.
Current Computed Address (TPR.CA)

SCU command

Port select bitse (Valid only it Port A through D is

A Program Interrupt is present
Perform an instruction fetch
Control Unit store cycle
Operatons Unit store cycle
Contro! Unit load cycle
Operations Unit load cycle

direct cycle

Port control logic not busy

Port interface busy
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OPERATIONS UNIT (OU) HISTORY REGISTERS

Eormate - 72 bits each

Even word as stored by Store centrai Processor Regsiter (SCPR)4TAG =

instruction
0 00111111111 2 2 3
0 8.9.0 12345678 6.7 S
H RP REG LI | LI I B B A R
l--------‘-—-~-----------~--------lU! RS REG telfliglhlit)ikitimy
1 QP_CODE 1al b _icidiEACY 1 1. 1 8 1 ¢+ 111
91 311 21 9111111111

40,

0dd word as stored by Store Central Processor Register (SCPR), TAG = 42,

instruction

0000CO0O0CDO0O0DOCO1 111131 11 3
0 1. 23456789031 2345 7.8 S
Voo or_a_ v s t_1_t_1_1 13 3 !
inlolplqlriAlQloi112131415161710 0 01 ICT TRACKER !
NIRRT EN 1 1
111111111111111 3 18

Figure 4-21 Operations unit {0U) History Register Format

-

Descriotiong

Sixteen logical combinations of fiags and registers from the Operations
Unit and Control Unijit. The sixteen registers are handled as a rotating

queue controllied by the Operations Unit History Register counter,

The

counter is always set to the number of the oldest entry and advances by one

for each history register reference (data entry or SCPR).

Eunctiong

An Operations Unit History Register entry shows the conditions at the end
of the Operations Unit cycle to which it applies, The sixteen registers
will hold the conditions for the Jlast sixteen Ope~atjions Unjt cycles,

Entries are made according to controls set jn the Mode Register. (See
Register above)

The meanings of the constituent flags andg reg&sfers ares

key Flag Name Meaning

RP REG Primary Operations Unit operation register

Mode

RP REG recejves the instruction operation code and
other data fronm the Controil Unit during the (Control
Unit instruction cycle while the Operations unit may bpe
be busy with a prjior operation. RP REG is further

Sub-structured as ...

REVIEW DRAFT
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key Elaa Name
OP CODE

a 9 CHAR

b TAGL1,2,3

c CR FLG
d DK FLG
EAC

RS REG

e RB1 FUuLL

f RP FULL

g RS FULL
“h oGIN

i GOS

) GDtL

k 6GD2

I GOE

n  GOA

n GOM

o GON

p GOF

q STR OP

t DA-AV

A A-REG

Q G-REG

T X0-RG

1 X1-RG

2 X2-RG

REVIEW DRAFT
SUBJECT TO CHANGE
October, 1975

Meaning

The 9 most significant bits of the osperation code for
the IiInstruction. Note that basic (non EIS) operations
do not involve bit 27 hence the 9 bit field s
sufficient to define the operation code.

Character size for Indirect Then Tally moditiers

0 = 6-bit

1 = 9~-bit

The 3 least significant bits of the modifier of the
instruction, This tield may contain a character
position for an Indirect Then Tally character modifier.
Character operation flag

Direct operation ftlag

Effective address counter for LREG/3SREG instructions
Secondary Operations Unit operation register

OP CODE is moved from RP REG to RS REG during the
operand fetch and is held until completion of the
instruction.

OP CODE buffer full

RP REG full

RS REG full

First cycle for all Operations Unit operations

Second cycle for Operations Unit multi-ops

First divide cycle

Second divide cycle

Exponent compare cycle

Mantissa alignment cycle

General Operations Unit cycle

Normalize cycle

Final Operations Unit cycle

Dperations Unit store data available

Data not available

A register not in use
Q register not 1Is use
X0 not in use
X1 not in use

X2 not in use
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key Elaa Name Meaning

3 X3-RG X3 not in use
% X4-RG X4 not in use
5 ;;:EE X5 not in use
® ;E:EE X6 not in use
7 ;7:EE . X7 not in use
ICT TRACKER The current value of the Instruction Counter (PPR.IC).

Since the Control Unit and Oserations Unit run
asynchronousSly and overlag is wusually enabledy, the
value of 1ICT TRACKER may pnot be the address of the
Operations Unit instruction currently being executed.

DECIMAL UNIT (€OU) HISTORY REGISTERS

Eormatt - 72 bits each

Decimral Unit History Register data is stored with the Store Central
Processor Register (SCPR), TAG = 60, instruction. No Format diagram 1is
given because the data is defined as individual bits.

Desclintiony

Sixteen logical combinations of fiags from the Decimal Unite The sixteen
registers are handled as a rotating queue controlied by the Decimal Unit
History Register counter. The counter is always set to the number of the
oldest entry and advances by one for each history register reference (data
entry or SCPR).

The Decimal Unit and the Control! Unit run synchronously. There is a
Control Unit History Register entry for every Decimal Unit History Register
entry and vice versae. If the Processor is not executing a Decimal
operation, the Decimal Unit History Register entry wil! show an idfe
conditione.

Eunctioni

A Decimal Unit History Register entry shows the conditions in the Decimal
Unit at the end of the Contro! Unit cycle to which it applies.s The sixteen
registers will hold the conditions for the last sixteen Control Unit
cycles. Entries are made according to controls set in the Mode Register.

(See Mode Register above)

A minus (=) sign preceeding the flag name indicates that the complement of
the fiag is shown. Unused bits are setft ON.

The meanings of the constituent flags ares
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pit Flaa Name

0

W N e

[+ B B

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

26
27
28
29

30

-FPOL
~FPOP
-NEED-DESC
-SEL-ADR
-DLEN=DIRECT
-DFRST
-FEXR
-DLAST-FRST
-0DU~-LDEA
~DDU-STAE
-DREDO
-DLVL<HWD-SZ
-EXH
DEND-SEQ
-DEND
~DU=RO+WRT
-PTRADD
-PTRAD1
FA/ZIL
FA/I2
FA/I3
-WRD
=NINE
-SIX
-FOUR

-BIT

FSAMPL

REVIEW DRAFT
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October,

1975

Meanina

Prepare operand length

Prepare operand pointer

Need descriptor

Select address register
Length equals direct
Descriotor processed for first
Extended register modificatlion

Last cycle of OJFRST

Decimal Unit

Decimal Unit store
Redo operation without pointer

Load with count

Exhaust

load

End of sequence

End of instruction

Decimal Unit write-back

PR address bi

PR address bi

Descriptor 1 active
Descriptor 2 active

Descriptor 3 active

t o

t1

Hord operation

3-bit character operation
6-bit character operation

4-blt character operation

8it operation

Unused
Unused
Unused

Unused

less than word

time

and length update

size

Sample for mid-instruction interrupt

AL39



bit Elag Name

31
32
33
34
35
36
37
38
39
40
b1
42
43
L4
45
46
47
48
49
50
St
52
53
St
55

Sb

S7
58
59
60

61

=DFRST-CT
~ADJ-LENGTH
-INTRPTD

~INHIB

DuD
-GDLDA
-GDLDB
-6DLDC

NLD1

GLOP1

NLD2

GLDP2

ANLD1

ANLD2

LDQRTi

LDHRT2
-DATA-AVLDUY

WRT1

GSTR

ANSTR

FSTR=-0OP-AV
-FEND-SEQ
-FLEN<128

FGCH

FANPK

FEXMOP

FBLNK

DGBD

DGDB

REVIEW DRAFT
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Meanina

Specitied first count of a sequence
Adjust length

Mid-instruction interrupt

Inhibit STC1 (force *STCO™)

Unused

Decimal Unit idle

Descriptor toad gate A

Descriptor load gate 8

Descriptor toad gate C

Prepare alignment count for first numeric operand load

Numeric operand one load gate

Prepare alignment count for second numeric operand load

Numeric operand two load gate
Alphanumeric operand one load gate
Alphanumeric operand two load gate
Load rewrite register one gate
Load rewrite register two gate
Decimal Unit data avaitabile
Rewrite register one {oaded
Numeric store gate

Alphanumeric store gate

Operand available to be stored
End sequence ftlag

Length less than 128

Character operation gate

Alphanumeric packing cycle gate

Execute MOP gate

Blanking gate

Unused

Binary to decimal execution gate

Decimal to binary execution gate

AL39



bit Elag Name Meaning

62 DGSP Shift procedure gate

63 FFLTG Fioating result flag

64 FRND Rounding flag

65 DADD-GATE Add/substract execute gate

66 OMP+DV-GATE Multiply/divide execution gate
67 DXPN-GATE Exponent network execution gate
68 Unused

69 Unused

70 “Unused

71 Unused

APPENDING UNIT (AU) HISTORY REGISTERS

Eormats - 72 bits each

Even word as stored by Store Central Processor Register (SCPR), TAG =

iRstruction
0 1111112222222 2 33 33
1] 4 5 6 7 8 9 0 1. 23 45 6 9 0.1 L 5
H H | A S T B R A A A HH i1
H ESN ! a iblcidielifliginiii)! SDWAMRIk! PTWAMR!I
i 1 ) U U N I O O O 1 1 1.1
15 21111111113 4 1 b 1

0dd word as stored by Store Central Processor Registar (SCPR), TAG =
instruction

0 2 2 22 233 33 3

Q 3.4 & 7 9.0 1 3. 45

1 H H [ I

H ADD 1 TRR {10 0 OimiO0O 0O Oinid!

i i H HE 311

24 3 31 311

Figure 4-22 Appending Unit (AU) History Register Format
Descriptions

08,

00,

Sixteen logical combinations of fiags and registers from the Appending
Unite. The sixteen registers are handled as a rotating queue controlled by

the Appending Unit History Register counter. The counter is always set

to

the number of the oldest entry and advances by one for cach history

REVIEW DRAFT
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register reference (data entry or SCPR).

Eunctiong

An Appendling Unit History Register entry shons the conditions

the

Appending Unit at the end of an address preparation cycle in Appending

Mode. The sixteen registers will hold the conditions for the tast

sixteen

such address prepartion cycles., Entries are made according to controls set

in the Mode Register. (See Mode Register above)

The meanings of the constituent flags and registers ares

"bit Flag Name Heaning
ESN Etfective segment number (TPR.TSR)
a BSy Data source for ESN
00 = from PPR.PSR
01 = from PRnNn.SNR
10 = from TPR.TSR
11 = not used
b FOSTPH Descriptor segment PTH fetch
¢ MDSPTW Descriptor segment PTW modification
" d FSDWP SDW tetch from paged descriptor segmnent
e FPTH PTH tetch
tf FPTH2 PTW+1 fetch
g MPTHW PTHWH modification
h  FANP Final address fetch from non-paged segment
i FAP Final address fetch from paged segment
] SDKAMM SDWAM match ocurred
SOWAMR SOWAM register number for SDWAMM=1
kK PTWAMM PTHAM match ocurred
PTHAMR PTHWAM register number for PTWAMM=1
I FLY ACV or DFTn fault on this cycle
ADD 24 bit final address from this cycle
TRR Ring number from this cycle (TPR.TRR)
m CA Segment is encacheable
n FHLD An ACV or DFTn is walting
REVIEW DRAFT
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CONFIGURATION SWITCH DATA

Eormat: - 36 bits each

Data read by Read Switches (RSW), Y = xxxxx0, instruction

0 3
1] S
1 H
H Maintenance Pane] Data Switches H
H
36
Data read by Read Switches (RSH), Y = xxxxx2, instruction
0 00 11 222 33333
_0 5. 6 2.3 6 7 8 1 2.3 45

H ! t 3 11 !
00000 0! FLT BASE 1000 00O0DO0O0O0ODO0O0 D00 02a21 0 1 0lbiliICPU!
{
2

i H 1.3 H .
6 7 - 14 1 b 11

Data read by Read Switches (RSW), Y - xxxxx1/3, instruction

1 PORT A/E ! PORT B/F 3 PORT C/5 H PORT D/H i

[ PP PGP DIPTSR DI G S SIS PRSPPI MY |

L_ADR.lsldlel_ﬂﬁh.L_AﬂR.lslﬁlal.ﬁEH_L_AQR.lSidlal.ﬁE._l.AlR-l£4di£l_ﬂﬁﬂ_l
3111 3111 3111 311

Data read by Read Switches (RSHW), Y = xxxxx4s instruction

0 111111112222 222222 3

1] 2.3 4 5 6 7 8 9 0123 456789 S

! tA?BICVYVODILELITF G H? H
1000000000 OD0O00O0 0l-relo=—loer=lmeeie=lme=i{==={=-=-=10 0000 0 O
1 1figifigifiaitigitiqgitiagiftiaitial 1
1311111111111 11111 7

Figure 4-23 Configuration Switch Data Formats
Descriotiont

The Read Switches (RSW) instruction provides the ability to interrogate
various switches and options on the Processor Maintenance and Contiguration
panels, The Jeast signifticant dig3it (bits 15-17) of the address field |is
used to select the switches to be reade High order address bits are
ignoreds D0Data is placed in the A-Register. Bits pictured as ™0™ are
uhimplemented or represent options tnat are standard on the Multics
Processor. Bits pictured as "1" represent options that are standard on the
Multics Processor,.
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Read Switches (RSW), Y = xxxxxi reads data for Ports A, 8, C, and O.
Switches (RSW)s Y = xxxxx3 reads data for Ports E, Fy Gy and He.

Eunctiont

The meanings of the constituent tields aret

key Field Name Meaning

FLT BASE Seven most significant bits of the 12 bit Fault
Address

a Cache option
enabled
disabled

-
([t

b Main store speed option
siow
fast

[~
[/}

cPU Processor number

PORT A/E, etc. Port data tields further substructured asS.s.

ADR Address Assignment Switch setting for port
[ Port enabled flag
) d System Initialize enabled tlag
e Intertace enabled tlag
MEM Coded memory Size eee
200 32K
001 64K
010 96K or 160K
011 128K
100 512K
101 1024K
110 2048K
111 256X
Ay By eftce. Port data ftields further substructu~ed 3aSeee
f A Interlace mode
b} 4 word it interlace enabled for port

oo

1 2 word if interlace enabted for port

9 Main store size
0 = futl, all of MEM is contfigured

{1 = hatf, half of MEM is configu-~ed

CONTROL UNIT DAIA

Eormats - 288 bits, 8 machine words

REVIEW DRAFT
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Data as stored by Store Control Unit (SCU) instruction

Hord

)] g0 1 1122222222223333 3

1] 2.3 7.8 9 012345617 89101273 5

H H [ R I T T T O T T T A ]

g ! PRR 1 PSR fatbicidletftiginiity ikitliminlio! FCT ¢
1 i [ O I U A N O S U G N I O O T 1 ]

3 15 1 111111111 111114 3

g c0DODODODODO0 411111111112 22 2 2 2 3 3 3

g 4 2 3 4567 890 12345678970 3.4 6. 9.0 4_S
I D A I T I T O T O O B A AN H H H § 1

1 l1alblcidietfigihlil)tkitiminlolipiqirisiti IA $IACHNSCNCHNY F/I ADDRtul
TON N N I T U U S N O O I T NS 1 D N N A | H H H 1.3
11111111111 111111111 4 3 3 51

0 00 11 2223 3
0 2.3 7.8 7.8 .9 0 S

] H H ! H H

2 1 TRR ! TSR 10 0 0 000 OO0 DICPUL DELTA H
! - H H H 1
3 15 180 2 6 -

1] 11 222 222 223 3
0 7.8 0. 12 4 5 6 8 3.0 S

1 ] TSNA 3 TSN3 t TSNC 1@ H

3 100000000 O000D 00000 0 Bleem—e—=jmccemeclovec-===y TEMP BIT !
| i _a 1bt _a 191 a_1ibi i

18 31 31 31 6

*0 1 1122222222223%I33 3
1] 7 89D 1234556789812 5

H [ 20 T T T T I T T T S I T I A 1

4 1 IC talbicidleltigihlit)ikiliminiO O 0 0!
1 [ U U U O N TS O O I G O O I i

13 1 1111111111111 4

0 11122222222223 3
0 7.8 90 12 3456178910 -3

H | J00E T S T NS O N N A T BN B | 1

5 1 COMPUTED ADDRESS jalbiclidle!figlhlil) tkit! CT HOLD !
H [ I O T T N S T S G U S H

18 1111111111111 6

0 11 2223 3
| 7.8 .89 1 5

H] ! 111 {

6 ADDRESS H OPCODE 1IipP! TAG H
H i 1.3 1 1

18 i0 1 1 6

0 11 2223 3
)] 7.8 7.8.9.0 S

] H 1 11 H

z ¢ ADDRESS H OPCODE iI1P1} TAG L
H 1 1.1.3 H

18 10 1 1 6

Figure 4-24 Control Unit Data Format
Descriptiont

REVIEW DRAFTY
SUBJECT TO CHANGE

October, 1975 b=l AL39



A logical collection of tlags and registers from the Appending Unit and the
Control Unite In general, the data has valid meaning only when stored with
the Store Control Unit (SCU) instruction as the fi~st instruction of a
Fault Trap pair. Bits pictured as “0* are reserved and must have the value
0.

Eunctiong

The Control Unit Data allons the Processor to restart an instruction at the
point of interruption when it is interrupted by an Access Violation Fault,
a Directed Fault, or (for certain EIS instructions) a Program Interrupt.
Directed Faults are intentional, and most Access Vislation Faults and
Program Interrupts are recoverable. It the interruption is not
recoverable, the Contro! Unit Oata provides enough info-mation to determine
the exact nature of the error.

Instruction execution restarts immediately upon execution of a Restore
Control Unit (RCU) instruction referencing the Y-block8 area into which the
Control Unit Data was stored.

Fields having an "x™ in the column headéd L are not restored by the Restore
Control Unit {(RCU) instructione.

Hord kKey L field Name Meaning

] PPR.PRR - Procedure ring register
0 PPR«PSR Procedure segment registe~

S o a PPR.P Privileged bit
0 b XSF External segment flag
0 ¢ x SDHAMJ.SDWAMM Match on SDWAM
0 d x SD-ON SDWAM enabled
0 e x PTHAM.PTHAMM Match on PTWAM
0 f x PT-ON PTHWAM enabled
'} g x PI-AP Instruction fetch append cycie
0 h x DSPTH Fetch Descriptor Segment PTH
0 i x SDHWNP Fetch SOW - nonpaged
0 } x SDWP : Fetch SDW - paged
0 k x PTH Fetch PTHW
0 I x PTW2 Fetch prepage PTH
0 m x FAP Fetch final address - paged
0 n x FANP Fetch tinal address - nondaged
0 o x FABS Fetch final address - absalute
0 FCT Fault counter - counts instruction retries

REVIEW ORAFT
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Horg key L Eield Name

1 a x IRO
x ISN

1 b x OES
x IOC

1 t x E-OFF
x IA+IM

1 d x ORB
x ISP

1 e x R-OFF
x IPR

1 tf x ONWB
x NEA

1 g x W-OFF
x 008

b § h x NO GA

1 i x oCB
1 1 x OCALL
1 k x B0OC

~ 1 I x INRET
1 m x CRT
1 n  x RALR
1 o x AM-ER
i p x 00SB
1 a x PARU
1 r x PARL
1 s x ONCi
1 t x ONC2
1 x IA
1 x IACHN
1 x CNCHN
1 x F/1 ADOR

1 u x F/1

2 TPRe TRR

REVIEW DRAFY
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Heaning

For
For

For
For

For
For

fFor
For

For
For

For
For

For
For

For
For
For
For
For
For
For
For
For
For
For
For
For
scu

Il

Acv
STR

ACV
IPR

ACV
IPR

ACV

IPR -

ACvV
IPR

ACV
STR

ACV
STR

ACV
ACv
ACv
ACvV
ACV
ACvV
ACV
ACV
ACvV
PAR
PAR
ONC

ONC

illegal ring order
illegal segment number

out of execute bracket
illegal op code

execute bit is offt.
illegal address or modifier

out of read bracket
illegal slave procedure

read bit is off
il legal EIS digi?t

out of wrifelbracket
nonexistent address

write bit is off
out of bounds

not a gate

out of call bracket
outward call

bad outmard call

inward return

cross ring transfer

ring alarm

associative memory error
out of segment sounds
processor parity upper
processor parity lower
CPU/SCU sequence error #1

CPU/SCU seguence error #2

itlegal action lines (See Table 4-2)

egal

action CPU port.

For CON - connect (CIOC) CZPU port

Modulo 2 tault/interrupt vector address

Fault/interrupt bit flag sit

Q0 =
1=

interrupt
fault?t

Temporary ring register

L-563
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Hord key L Eield Name Meanina

2 TPR.TSR Temporary segment reglstge

2 CPU . ‘ CPU number

2 DELTA Address increment for repeats

3 TSNA Pointer Register number for non-EIS operands
or for EIS operand #1 further substructured
3Seee

3 a PRNO Pointer register number

3 b ———— 1 = PRNO is valid

3 : TSNB Pointer Register number for EIS operand #2
tfurther substructurea as for TSNA above

3 TSNC Pointer Rejister number for EIS operand #3
further suostructured as for TSNA above

3 TEMP BIT . BITNG field of Temporary Pointer Register
(TPR.TBR)

L PPR.IC Instruction counter

4 3 ZERO A Zero indicator

& b NEG Negative indicator

< b c CARY Carry indicator

4 d OVFL Overflow indicator

4 e EOVF Exponent overflow indicator

4 L EUFL Exponant underflow indicator

& 9 OFLM Overfliow mask indicator

4 h TRO Tally runout indicator

4 i PAR Parity error indicator

4 ] PARM Parity mask indicator

4 Kk B Not BAR Mode indicator

4 i TRU EIS truncation indicator

L) m MIF Mid-instruction interrupt

4 n ABS Absolute mode

5 x TPR.CA Current Effective Address

5 a RF First cycle of a repeat oderation

S b RPT Executing a repeat

5 c RD Executing a repeat double
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Hord key L Field Name Meaning
5 d RL Executing a3 repeat link

5 e pPoT ' ) Prepare operand tally
This flag is up until the indirect word of an
IT indirect cycie is successfully fetched.

S t PON Prepare operand notally
This ftag is up until the indirect word of a
“return®™ type instruction is successfully
fetched, It indicates that there is no
indirect chain even though an indirect fetch
is being done.,

S g XDE Execute double from even IC

S h XDO Execute double from odd IC

5 i IiTe ITP cycle

S ] RST Restart this instruction

5 k 1TSS Executing ITS indirect cycle

S i FIF Fault occured during inst~uction fetch

5 CT HOLD Contents o! the “remember moditier™ register

6 Word 6 is the contents of the “"working

R instruction register™ and reflects conditions

at the exact point of address preparation
when the fault/interrust occured. The

ADDRESS and TAG fields are replaced with data
from pointer registers, indirect pointers,
and/or indirect words du~ing each jindirect
cyle. gach iInstruction of the current pair
is moved to this register before actual
address preparation beginse.

7 Word 7 is the contents of the “instruction
holding register™, It contains the odd word
of the last instruction pair fetched from
main store. Note that, primarily because of

store overlape this instruction is not
necessarily paired with the instruction in
Word 6.

RECIMAL_ UNIT DATA

EFormats - 288 bits, 8 machine words
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Data as stored by Store Pointers and Lengths (SPL)} inst-~uction Hord

0 00111 3

] 8.9 012 - S

! - I A | 1

Qg !00O0O0OCODOO0OD 0:iZ:i0:02 CH TALLY

i 1 1 1% H

3111 24

0 3
0 5.

1 {
1 o0 00O0CODOCOCOO0CO0OGCODO0OCDO0OO0OCO0OD0O0O00O0O0O0CO00O0O0O0CCO00O000 0}
H H

36

1] 22222 23333 3

0 3. 4567 93.0.4.2.3 S

i 11 1 LI T i

2 1 D1 PTR 104TA 30 0 OIIIFIAI0 O O
i 1 H I . H

24 1 2 3111 3

0 0111 3

D 9.0 1.2 S

H H ] . i

3 1 LEVEL {0 012 D1 RES H
1 4 H H

10 2 24

0 22222 2333333

D 346 6 7 90 4123465

! i H LI T T B N |

4 1 D2 PTR 10§TA 10 O O!RIFIALOIC10!
H H | H I W T T T

24 1 2 3111111

0 11 3

0 1.2 2

L L} !

5 $00000O0CO0DOCOD0OD O D2 RES 1
H i i

12 24

0 22222 23333 3

0 3 4 567 9. 0123 2

! LI | : I T | H

e 1 D3 PTR 101TA 10 0 ODSRIFIAL JUMP ¢
H 1.4 1 i i1 i

24 1 2 3111 3

0 11 3

D 1.2 . 2

! 1 H

Z 10000O0O0O0CDOODOD D! D3 RES :
1 H H

12 24

Figure 4-25 Decimal Unit Data Format
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Descriotiont

A logical collection of ftags and registers from the Decimal Unit. 3its
pictured as *“0" are reserved and must have the value 0.

Eunctiont

The Decimal

the

point of

Unit Data allows the Processor to restart an EIS instruction at
interruption when it is interrupted by an Access Violation

Fault, a Directed Fault, or (for certain EIS instructions) a Program

Interrupt.

Directed Faults are intentionaly, and mast Access Violation

Faults and Program Interrupts are recoverable.

The data are restored with tnhe Load Pointers and Lengths (LPL) instruction.

Fields having an
starting
,flags are not

execut ion

in the column headed L are pnat restored. Hhen
of an EIS instruction, the decimal unit registers and

initialized from t he Operand Descriptors it the

Mid-instruction Interrupt Fault (MIF) indicator is set JN.

The meanings of the constituent flags and registers arel

Hord L Eield Name

g z
)

] CHTALLY

2 01 PTR
29496 TA

2 x1
2e496 F
29446 A

3 LEVEL

3 D1 RES

[ D2 PTR
'0.6 x R

5 D2 RES

6 03 PTR

REVIERW DRAFT
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Meaning
At) bit string instruction results are zero
Negative overpunch found in 6-4 expanded move

The number of characters examined by the SCAN, TCT, or
TCTR instruction (up to the interrudt or match)

Address of last double word accessed by Operand
Jescriptor 13 Dits 17-23 (bit add~ess) valid only for
initial access

Alphanumeric type of Operand Descriptor 12,3

Decimal Unit interrupted flag; a copy of the
Mid-Instruction Interrupt Fault indicator

First time; data in Operand Descriptor 1,2,3 is valid
Operand Descriptor 1,2,3 is active

Difference in the count ot characte~s loaded into the
CPU and characters stored back to main store

Count of characters remaining in Operand Descriptor 1

Address of 1last double word accessed by Operand

Descriptor 23 bits 17-23 (bit add-~ess) valid only tor
initi3l access

Last cycie performed must be repeated
Count of characters remiining in Opz2rand Descriptor 2
Address of the {ast double word accesssed by Operand

Descriptor 37 bits 17-23 (bit add~ess) valid only for
initial access

4=47 AL 39



Hord L Eield Name Meaning

6 JMP Descriptor countj number of words to skip to find the
next instruction fotlowing this muitiword instruction

7 D3 RES Count of characters remaining in Operand Descriptor 3
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SECTION Vv

ADDRESSING -- SEGMENTATION AND PAGING

ADDRESSING MODES

The Multics Processor is able to access the main store in either of twno
modes; Absolute Mode or Append Modee.

The Processor prepares an Effective Address for each main store reference
for instructions or operands. An Effective Address consists of a 12-bit segment
number and an 18-bit offset within that segment. AR affset i's defined as the
number of machine words from the segment base or origin to the referent, The
Processor uses the fffective Address to generate a 24~bit 1inal address. The
final address Is used either as a direct operand or as an address Tor a ‘maln
store accesse The various means of Effective Address formation are expltained in
Section VI, Effective Address Formation. The generation of the tindl addess is
dxftgrent in the two Addressing Modes.

Absolute Wode

In Absolute Mode, the segment number is null, that is, undefinedy; and the
segment base 1is the origin of main store, The final address is generated by
high=order 2zero ftilling the offset with six binary 0°s. .AbsSolute Mode
addressing is limited to the first 262,144 words of main store,.

In Absolute Mode, al! instruction fetches are made from Absolute addresses.
Instruction operands may be located anywhere in main store and may be accessed
by specifying ITS Address Moditication for the instruction or by 1loading a
Pointer Register with an appropriate value and specifying ITP Address
Moditication or using bit 29 of the instruction worde The use of ITS or ITP
Address Moditication in an Indirect Word will have the same effect,

WARNINGS The use any of the above constructs in Absolute Mode blaces, the
Processor in Append Mode for one or more Address Preparation cycles.
All necessary registers must be properly joaded and all Fault

conditions must be considered (See Append Mode belaw).

If a transfer of control! is made with any of the above consfruct§, the

processor remains in Append Mode after the ftransfer and subsequent instruction
tetches are made in Append Mode.
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Although no segment is defined for Absolute Mode, IS w%3ay be helpful to
understanding to visualize a virutal, -‘unpaged segment sverlaying the first
2624144 words of main store.

Append Maode

In Append mode, the appending mechanism is employvyed for ail main store
references. The appending mechanism is described in “Segmentation™ and "Paging”
following in this sectione

SEGHENTATION

A Multics seqment is defined as an array of machine words of arbitrary (but
timited) size containing arbitrary data. A segment is identified within the
Processor by a segment pumber (segnals unique to the segment for the process,
that is assigned by the operating system when the segment is first referenced by
the processe.

To simpify this discussion, the operation of the hardwa~e ring mechanism is
not described although it is an integral part of Address Preparations. See
Section VIII, Hardware Ring Implementation, for a discussion of the ring
mechanism hardware. ’

“An Effective Address in the Processor consists of a pair of integers
{seanos, qftset)e The range of segno is (0,2**12-1), the range of opoffset is
(0,2%%18-1). The description of the segment identified by segno value n is kept
in the pth word-pair (gffset=2 * ) in a table known as tha descriptor segment
(dseg) . The descriptor sejment always has segng value 0  and contains
descriptions of ail segments accessible by the process including its own
description in Y-pair 0. The location of the descriptor segment for a running
process is held by the Processor in the Descriptor Segment Base Register (DSER).
{See Section 1V, Program Accessible Registers) Each word-dair of a descriptor
segment IS known as a Segment Descriptor Word (SOKW) and jis 72 bits longe {See
Figure 5-5, Segment Descriptor Word (SDW) Format, later in this section.)

A bit in the SDW for a segment (SDW.U) specifies whether the segment is
paged or unpagede The following is a simplified description of the appending
process for unpaged segmnentse. (Refer to Figures 4-14 and 5-5)

1. It 2 ¥ geagno >= 16 * (DSBReBND + 1), then generate an Access
Viotlations Out of Segment Bounds Fault,

2e Fetch the SDW from DSBR.ADDR ¢ 2 * segng.

3. It SDH.F = ™0”, then generate Directed Fault n where pn is given jn
SDW.FCa The value of p used here is the value assigned to define a
missing segment fault or segment lauite

Le If goftset >= 16 * (SDW.BOUND + 1), then generate an Access Violation,
OQut of Segment Bounds Fault,.

5. It the access bits (SDW.R, SDW.Es etc.) of the segment are
incompatible with the reference, generate the appropriate Access
Violation Faulte
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6. Generate final address SOW.ADR + offset.

Figure 5-1 depicts the relationships dascribed above. ’

— dseg
T $ 1<-= DSBRLADIR
H H H
H ! H
2 * seano 3
$ ! H
{ H 1
-_—— -Segment ! 1
T t {<=======] SDW ! SDW(segng)
H 3 H o1
oftset : 1 :
] H ! ! :
H i H 11
H H $<-= DSBR.BND
] data 1
i 1
[} ?
H 3
H H
1

1<== SDW.BOUND

Figure 5-1 Final Address Generation for an Unpaged Segment

BAGING

A page Is defined as a block of 2*¥pn machine words. The Multics Processor
is designed in such a3 way that pn is adlustable in the range (6,12). Experience
has shown that the optimum vajue for n is 10 yvielding a page sijize of 1024 words,

WHith the value of n established, the Processor divides a K-bit gqffset or
segno value into two parts; the high order (k-pn) bits forming a page number, X,
and the oW order p bits forming a3 word numbery ye Atgorithmically, this may
stated ase

Y = xalue modulo (page size)
X = (xalue - y) /7 {(page size)

The symbols x and y will be used in this context througnout this section,
Examples of page number formation are shown in Figure 5-2 below.
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n = 10 n =256

0 1 a 1
g 7 a Fd
H i ] ! 1
i oftset i ! pitset !
g 1 H i
138 18

0 00 1 0 11 1
D 7.8 4 Q 12 7
H H 1 H H H
H X i X H . i X y 1!
4 H H i b
8 . 10 12 6

1024% word page 64 word pagea

Figure 5-2 Examples of Page Number Formation

A bit in fthe SOW tor a segment (SDW.U) specifies whether the segment is
paged or unpaged. A paged segment may be defined as an array of pages of
arbitrary (but limited) size with each page an array of 1024 machine Wor ds.
Thuss a reference to a word or words of a paged segment may be treated as a
reference to word y of page x of the segmente.

Multics subdivides the Virtual Memory into page size blacks of 1024 words
eache. In the main store, the blocks are known as pain store pages; on the
paging device and the secondary storage, the blocks are known as cecordse Such
a subdivision of space allows a segment page to handled as a physical block
independently from the other pages of the segment and from other segments. When
a reference to a word in a paged segment is required {and the word is not
already in main store), a main store page is allocated and tae record containing
the segment page is read in. Unneeded segment pages need not occupy space in
main store.

The location and status of page x of a paged segment is kept in the xth
word of a table known as the page table for the segment. The words in this
table are known as Page Iable Hords (PIds)e (See Figure 5-6, Page Table Hord
(PTW) Format, later in this section.)

Any segment may be paged as appropriate and convenient. SDW.ADR ftor a
paged segment points to the page table for the segment instead of the base of
the segments If dseq for a process is pagedy DSBR.ADDR points to the page table
for dsege.

The full algorithm used by the processor to access word offset of paged
segment segne f(including dseg paging) is as follonse {Refer to Figures 4=—ilL,

5-5, and 5-56)
i. If 2 * seang >= 16 * DSBR.BND, the generate an Access Violation, Out
of Segment Bounds Fault,
2 Form the quantities?

¥l
X1

(2 * 3¢2n2) modulo 1324
(2 * 223nQ - yi) /7 1024

ol
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o Avoid using common keywords as names. When names such as
qote declare dcl if then

and so on are used 3s namess, a superficial but irritating confusion is
introduced. On the other hand, dg use uncommon keywords as names
where that is convenient. There is certairly no harr in wusing ‘dft?
to name a variable for the "sebit final total” (or scrething of the
sort) even though 'dft' is a keyword.

o where possible, avoid using troublesome letters in iderti fiers. For
exarole, the dinits zerg and gng are trcublesome because some output
devices do not clearly distinguish between 2zero and the letter '0', or
between one and the letter *1'.

Literal Constants

There 1is a titeral constant lexeme for each type of arithmetic and string
value. The full syntax and interpretation of these lexemes are given Later, in
the section on "Expressions”. The following ijs a representative set of examples
of arithmetic literal constants: .

Arithmetic_(gnstanl Data_Iype

304 fixed dec(3) ‘
3,04 fixed dec(3,2)

3.04e~5 flcat dec(3)

3,04e~-51 : complex float dec(3)

0110001 fixed(7)

011.00C1b fixed(7,4)

nN11.C0C1e-2b float(7)

711.0001e~2bi complex float(?7)

Cbserve that an aritkmetic constant dces not begin with a sign. When a negative

constant is required, it is written as two lLexemes, a sign followed by an
arithmetic constant.

The following is a representative set of examples of string literal
constants: ’

string_(gonstant Data_Iyce Bemark

“abcd" char (4) .
(3)"abcd” char(12) means "abcdabcdabecd”

e char (0) means the null string
anpatlo,"" he said."™ char(17) " cgunts as " in value
1 1107 " D-sor vam amemssanammat 0-sout BDALE(S) re mrene o A . P
(4)"01"h bit(R) means '"C1010101"b

""b bit(0) means the null string

Any ASCIl character can be usec in a 'character’' string constant;_jncluding such
non-printing characters as tab, newliner, and so on. A string constant is a
single lexemer and is not considered to contain smaller lexemes.

Draft - Subject to Change Honeywell Proprietary
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Functuatocrs

in the following table:

Pungtyater

. (period)

’ (comma)

(colon)

‘(semicolon)

.

( (left .
parenthesis)

) (right
parenthesis)

These lexemes are used in

Cperators

There are five kinds

Classification

arithmetic
relaticnal
. logical
string
qualifier
¥ost of the operators

“Expressions"”,

praft - Subject to Changa

draft - Subject to Chanqge

There are six gupctuator_lexeres’ each is given, together with 1ts purpose.,

Byrpese

indicates the decimal or binary point; also.
separates names in a qualified reference

separates items in a list of arguments, parameters,
subscriptss, ceclarationss options, and sc on

termrinates a condition prefix or a tlabel prefix:’
alsos, separates the hounds of an array

terminates a statement

jndicates the beginning ¢f a list, an expressions, an
jteration factors and so on

jndicates the end of a Llists an expression, an
iteraticn factor, and sc on :

most of the features of PL/I.

of gperator_lexemes: they are defined as fotlows:

Queraters

P A"

= Tz < "< > > <= >=
- | )

11

->

are defined in the secticn on "Operators®”., The only
exception is the qualifier

operator, which is defined in the section on

Honeywell Proprietary
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ADODRESS APPENDING

At the completion of the formation of the Fffective Address (See Section
VI, Etfective Aagdress Formation) an Effective Segment Numbar (se3no) is in the
Segment Number Register of the Temporary Pointer Registe~ (TPR.SNR) and a
Computed Address (gffsel) is in the Conputed Address register of the Temporary
Pointer Register (TPR.CA) (See Section IV, Program Accessible Registers, for a
discussion ot the Temporary Pointer Register).

Address Appending Seguenges

Once segno and gftset are form2d in TPR.SNR and TPR.CA, respectively, the
process of generatin3g the final address can involve a numaer ot different and
distinct Appending Unit cycles.

The operation of the Appending Unit is shown the flowchart in Figure 5=k,
This flowchart assumes ¢that Directed Faults Store Faults, or Parity Faults do
not occure.

A segment boundary check is made in every cycle except PSDW. If a boundary
violation is detected, an Access Violation, Out of Segment Bounds Fault will be
generated and the execution of the instruction aborted. The occurence of any
Fault will abort the sequence at the point of occurence. The operatiny system
will safe store the Control Unit Data for possible retry and will attempt to
resolve the fFault codition.

.The value of the Associative Memories may be seen in the flowchart by
observing the number of cycles bypassed if an SDW or PTW is found in the
Associative Memory.

There are nine ditferent Appending Unit cycles that jnvolve accesses to
main store. Two of these (FANP, FAP) generate the tinal address and initiate a
main store access for the operand or instruction pair; tive (NSDWy PSDWs PTH,
PTW2 and DSPTHW) generate a main store access to fetch an SDW or PTHW; and two
(MDSPTW and MPTW) generate 3 main store access to update paga status bits (PTH.U
and PTH«M) in a PTW. The cycles are defined in Table 5-1 below.

REVIEW DRAFT
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Cycle -
Name

FANP

‘FAP

NSDW
PSDW -
PTH

PTHWH2

DSPTH

MOSPTH

MPTHW

REVIEW DRAFT

Table 5-1 Appending Unit Cycle Definitions
Eunction
Einal ‘Address NonPaged

Generates the .final address and initjiates an main store access to
an unpaged segment for operands or instructlons.

Einai Address Paged

Generates the final address and initiates a main store access to
3 paged segment for operands or instructions.

Nonpaged SDH Fetch

Fetches an SDW from an unpaged dseqge

Paged SQW Fetch

Fetches an SOW from a paged descriptor segment.
PIN Fetch

Fetches a PTW from a page table other than a gseg page table,

‘'Second PIHW Fetch {Same as PTHW above)

Fetches the next PTW from a page table other than a dseg page
table during hardware prepaging for certain Jninterruptable EIS
instructionse. This cycle does not ioad the next PTH into the
Appending Unit., It merely assures that the PTH is not  faul ted
(PTHsF = "™1") and that the target page will be in main store when

. and if needed by the instruction.

Qescriptor Segment PIW Fetch .

Fetches a PTW from a dseag page table.

Modify QSPTH

Sets the page accessed bit (PTW.U) in the PTW for a page in a
dseq page table. This cycle always immediately follows a DSPTW

cycle.

Modity BPIHW

Sets the page modified bit (PTW.M) in the PTW for a page in other
than a gseg page table.

SUBJECT TO CHANGE

October, 1975
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SIARL

AE%ENB
—t
/ \
—_——_No /is SDW in\_Yes
1 \ SDWAM? 7/ T H
— \ / ! —_—
/ \ H / \
/7 is dseqg \_No ! 7 is seg \_No
\ pa3zed? / 1 ! \ paged? 7/ H
AN / 1 H \._____ 7 ¢
] ] H H 3 1
1 Yes H H ! Yes i FANP }
[ H H ¥ 1 {
H ] H 1 / \ H
! DSPTH ! 1 ! /is PTW in\_No ____ _ v
1 H !\ PTHAM? / $ END APPEND
1 H 1 \___ 7 —_— ¥
[ ] H 1 H H H
/ \ H 1 1 Yes $ PTUsLoaas
/ DSPTH.U \_No __ 3 3 H ! PTWANM 1
\ set ON?7 7 H H ] H o 1
\ / | ] H 1 H H
i { H H H (¢ mcccccecac}
1 Yes ! MDSPTHI : ! R
H 4 1 H H / \
! 1 H 1 7 Prepage \_Yes _
R s ] ! \ Mode? / 1
—_— —_ H \___ —
1 1 ! H] H H 1 H
1 PSDW ¢ ! NSOW @ 1 1 No ! PTH2 1
P N i1 i 1 i1
t 1 1 H ]
+- -— ———————31 1 j€ommm ey
—_— H i
i 1 H —_—
! Load ! / \
! SDWAM ¢ ! 7 STR-OP §\_Yes
j N § I \ PTH.M=0 7/ 3
] H \ / [ ]
L D -—t 1 H
1 No ! MPTHiSet!?
—_— ! PTH.M & ¢
/ \ 1 PTHWV H
———Yes 7 PTN from\ 1_ H
] \ store & / 1
—_—t \PIn.U=0/ 1
1 ] 1 !
! MPTH}Set! H H
1 PIW. U L 1 H
H ! H
- ->{< +
_—
1 H
i FAP H
i1
H
Notes A STR-OP is any Processor function ¢
that writes data to main store. END APPEND

Figure 5-4
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APPENDING UNIT DATA WORD FORMAIS

Seament_Descriptor Hord (SDW) Format

The Segment Descriptor Word (SDW) pair contains infcrmation necessary to
control the access to a3 segment by a processe. The SOW for a segment is
constructed trom data in the directory entry for the segment and in 'the System
Segment Table (SST) when the segment is initiated by the p-ocess. The SDW for
segment p {unique within the process) is placed at offset 2n in the Descriptor
Segment {(dseq) of the processe.

Even_Word
0 2 2 2 2 2.3 3333
i] 3.4 6.7 3 0 2.3 4 5
H } H H L] H
H ADDR 1 R1 ! R218 R3 IFt FCI
| 3 H H H H 1
24 3 3 31 2
Qdd Hord
60 111111222 3
2 1 4 5 6 .78 9 012 5
t 1 {2 S S T A S | H
108 ) BOUND IRIEIWIPIVIGEICY St i
I | I S B O O 1 i
1 14 1111111 14
Figure 5-5 Segment Descriptor Word (SOHW) Fo~mat
Field Name Descriotion
ADDR 24 bit base address of segment {(U=1) or segment page table
(U=0).
R1 highest effective read/write ringe
R2 . highest effective read/execute ring.
R3 highest effective call ringe
F directed fault indicatore
1 = the necessary unpaged segment or segmeat page tapnle is in
memorye.
0 = execute the directed fault specified in FC.
FC the number of the directed fault (DF0-DF3) to be executed |t
F=0e
BOUND targest 16-word nlock number that may be accessed without

causing an Access Violation, Out of Segment Bounds Fault.

R read permission bit.

REVIEW DRAFT
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field Name Descriotion

€ eXECute permission bit. (XEC & XED excluded)
] write permission bit.
P privileged mode bite.
0 privileged instructions cannot be executed.

1 privileged instructions may pe executed if in ring 0.
U paged/unpaged bite.
0 = segment is paged and ADDR is the address of the page
table. :
41 = segment is unpaged and ADDR is the base address of the
segmente.
G gate indicator bit.

0 = any call from an external segment must be to an offset
less than the value of CL.
1 = any legal segment offset may be called.

c cache control bite

8 = words (operands or instructions) from this segment may not
be placed in the cachees .

1 = words from this segment may be ptaced in the cache.

CcL call limiter.

Any external call to this segment must s>e to an offset |less
than CL if G=0.

-

Page Table Word (PTW) Formal

The Page Table Word (PTH) contains location and status information for a
page of a paged segmente. The PTHs for a paged segment are copied from the
directory entry file map for the segment into the Page Table Word Array (PTHA)
of a free area in the Active Segment Table (AST) area of the SST when the
segment ls ftirst initiated by a process. Subsegquent initiations by other
processes reference the existing PTHA.

11 222222222333 333

i} .8 123 456789012365
H H i1 ] [ T N N T AU |
H ADDR 1 DID 1iWIPI0 DIUI0 DIMIQIWISIFY FC!
i i 131 11 131 1.1 1.1 1
18 4 11 2 1 211111 2

Figure 5-6 Page Table Word (PTH) Format
Eield Name Descriotion
ADOR 18 bit modulo 6% page address if page is in store,

Qr
18 bit record number of page if page is not in store.

The hardware ignores low oroer bits >f the in-store page
address according to page size based on the following ees

REVIEW DRAFY
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Eield Name

DID

=|

N v XX L X C T

REVIENW DRAFT
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October,

1975

Descriotion

ADDR Bits

Page Size
in_wnords ianored
b4 none
1238 17
256 16-17
512 15-17
102% 14-17
2048 13-17
4096 12-17

device id for device containing the page.

1

page

'has not yet been nritten oute

temporary bit used in post_processinge.

[

1 = page
1 = page
1 = page

= page
1 = page
1 = page
0 = page
directed

has been used. {touched).

has been modified.

has been used during the juantume
is wiredo
is out ot service (i/0 in progress)e.

is in store.
not in store. Execute directed fault

fault number for page faulft.

5-12
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SECTION VI

EFFECTIVE ADDRESS FORMATION

DEEINITION OF EFFECTIVE ADDRESS

The Effective Address in the Mul tics Processor [s the user®s specification
of the location of a data item in the Multics Virtual Memory. Each reterence to
the Virtual Memory tor operands, indirect words, indirect pointers, Operand
Descriptors, or instructions must provide an Effective Addrass, The hardware
and the operating system translate the £ffective Address into the true location
of the data item and assure that the data item jis in main store for the
referencee.

The Effective Address consists of two parts, a segment number and an
oftfset. The value of each part is the result of the evalsation of 3 hardware
algorithm (expression) of one or more terms. The selection 5f the algorithm is
made by the use of control bits in the Instruction Wordj namely, bit 239 tor
segment number modification and the Address Modification (or TAG) fiela for
otfset modificatione If the TAG field of the Instruction Wo~d specities certain
“indirect* modifications, the TAG field of the Indirect Worid is aliso treated as
an Address Modifier, thus establishing a continuing “indirect chain™. B8it 29 of
an Indirect Word has no meaning in the context of Address Modiitication.

The results of evaluation of the Address Modification algorithm are stored
in temporary registers used as working registers by the Processor. The segment
number is stored in the Temporary Segment Register [(TPR.TSR). The offse?y is
stored in the Computed Address Register (TPR.CA). HWhen each Effective Address
computation has been completed, the C(TPR.TSR) and the C(TPR.,CA) are presented
to the Appending Unit for transtation to a3 24-bit final Add~ess (See Section V,
Addressing —- Segmentation and Pagingl.

LYPES OF EFFECIIVE ADDRESS FORMATION

There are two types of Effective Address formation. The first type does not
make explicit use of segment numbers. The algorithm selected produces a value
for C(TPR.CA) only. The segment number in C(TPR.TSR) does not change and is the

segment rumber used to fetch the instruction. In this case, all references are
saiod to be “local™ to the procedure segment as held in C{PPR.PSR).

The second type makes use of a seyment number stored either in an Indirect
Nord-pair in main store or in a Pointer Register (PRn), The algorithm selected
produces values for poth C(TPR.TSR) and C(TPR.CA), The segment number in
C(TPR.TSR) may change and, if it changes, references are siid to be “"external®
to the procecure segment as held in C(PPR.PSR).

REVIEW DRAFT
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The two types of Effective Address formation can be intermixed, In cases

~mhere Effective Address calculations are chained togethyer through Pointer

Registers or Indirect Words, each Eftective Address is transiated to a 24L-Dbit
tinal address to fetch the next item in the chain. ’

EFFECTIVE ADDRESS FORMATION DESCRIPYION

This description of Effective Address formation is divided into two parts
corresponding to the two typess The tirst part describes th2 type that involves
only the ottset vatue C(TPR.CA). The segment number C(TPR.TSR) 1is assumed
constant and equal to C(PPR.PSR).

The second part describes the type that involves both the segment numnber
C(TPR«TSR) and the offset C(TPR.CA). .

EEFECTIVE ADDRESS FORMATION INVOLVING QFFSET ONLY

The Address Modifications described here produce values for C(TPR.CA) only.
The segment number C(TPR.TSR) is assumed constant and egual to C(PPR.PSR).

Ihe Address Modifier (TAG) Field

-

Bits 30-35 of an Instruction Word or Indirect Word constitute the Address
Modifier or TAG tielde The format of the TAG field iss

333 3
D12 S
H H 1
! Tms T4 ¢
i H H

2 4

Figure 6-1 Address Modifier (TAG) Field fornat

Fielid Name Eunction

Tm The "modifier™ field} specifies one of four general types of
offset modificatione

Td The *designator®” field3 specifies a register number or an
Indirect Then Tally variation.

General lIvpes of Offset Modification

There are four general types of offset modification: Register, Register
Then Indirect, Indirect Then Register, and Indirect Then Tally. The general
types are described in Table 6=1 belowe

REVIEW DRAFT
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Each Eftective Address formation for an operand begins «ith a preliminary

step of

toading TPR.CA

nwith the ADDRESS fiefd of the Instruction Worde. This

preliminary step takes place during instruction decode. . The value loaded into
TPR.CA is symbolzied by "y* in the descriptions following. -

Tm
Yalue

Table 6-1

Moditiler Yvpe
Register (R)

Register Then
Indirect (RI)

Indirect Then
Tatly (IT)

Indirect Then
Register (IR)

REVIEW DRAFT
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General Offset Modification Typas

Descriotion

The contents of the designated register, Td, are
added to the current Computed Address to form the
modified Computed Address. Addition is two°s
complement, moduio 2**18 and overflow is not
possible.

The cohtents of the designated register, Td, are
added tto the current Computed Address to form the
modified Computed Address = as for Register
modification. The word at C(TPR.CA) is then
fetched and interpreted as an Indirect Worde. The
TAG field of the Indirect Word specifies the next
step in Effective Acdress formatione The wuse of
du or dl as the designator in this modification
type will cause an Illegal Procedure, Iiiegal
Modifier Faulfte.

The Indirect Word at C(TPR.CA) is fetched and the
modification performed according to the variation
specified in Td amd the contents of the Indirect
Word. This modification tyose allows automatic
incrementing and decrementing of addresses and
tatily counting.

Tne register designator, Td, is safe-stored in a
special holdin3 register (CT-40LD). The word at
the current C(TPR.CA) is fetchad and interpreted
as an Indirect Worde, The TAG field of the Indirect
Word specities the next step in Effective Address
formation as follows?

If Indirect

IAG is:  thens

R or Per form Register moditication using Td
1T from CT-HOLOD.
RI Per form the Registar Then Indirect

modification jimmediately and fetch the
next Indirect Word from the resuilt of
that modificatione.

IR Replace the safe-stored Td value in
CT-EOLD Wwith the Td value of the
Indirect Word TAG field and fetch the
next Indirect Word from the ADDRESS
given in the Indirect HWorde

6-3 AL39



Eftective Address Formation Flowcharts

The
process

to* labelse.

algorithmic

tlowcharts

depicting the Effective Address formation

are scattered throughout this section and are linkad together with “Go

(Figure 6-3)

The flowchart starts with Figure 6-2 belows

SIARI EA
H
—
/ \
/ Interpret \
\ m /
\_ /
H
[
H 1 H H
1 Tm=R ! Tm=RI 1 Tm=IT t Im
] 1] ] 4
Go to Go to Go to Go to
START START START SIART
RI M0D LI MO0 IR HOQ

IR

(Figure 6-%) (Figure 6=5) (Figu~e 6-6)

fFigure 6-2 Common Effective Address Formation Flowchart

Register (R) Moditication

In Register modification (Tm = 0) the value ot Td designates 3 register

whose contents are to be added to C(TPR.CA)

modfied C{TPR.CA) becomes the Effective Address of the operand.
and Figure 6-3 below for detailse.

EXAMPLESS

6e

7.

8.

Label

o

REVIEW DRAFT
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Instruction
1da v

sta ysn
tdaq vsau
tra 3yic

tdg vysdu

Ix16 y,dl

mpy vel

Stxk vs7

Eftfective Address
y

Yy

y + C(A)D,17

a +3

ys operand has the form

zero y.0

ys operand has the faorm
zero Dy

y + C(X1)

y ¢+ C(X7)

to torm a moditied C{TPR.CA). This

See Table 6-2

AL39



(NOTEZ All! examples

Table

Td Register
Malue Selected

0

1

~

10
11
12
13
14
15
16

17

REVIEW DRAFT
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none
AG,17
Q0,17

none

PPR. IC
A18,35
Q18,35

none

X0
X1
X2
X3
X4
X5
X6

X7

6-2 Register Modification Decode
start with the preliminary stepy y => C(TPR.CA))

Coding
Hnemonic

n or null

[- AN |

auv
qu

du

ic
al
ql

dl

or
or
or
or
or
or
or

or

x0
x1
x2
x3
xb
x5
x6

x7

Effective

Addcess

14

y ¢+ C(A)D,17

y + ClQ)0,17

Ys

y + C(PPR.IC)
y + C{A)18,35

y + C(Q)18,35

Y

Yy becomes the uppe-
the 36-bit zero tilled

y becomes the lowe~
the 36-bit zero filled

y + C(X0)
y + C(X1)
y + C{X2)
y + C(X3)
y + C(X&)
y ¢ C(XS5)
y + C(X®)
y + C(X7)
6-5

bits of
operand

bits. of
operand

AL39



R r,mu

—t

/ \
. Yes /7 Td=0?7 \
1 \ /
H \ 7/
H
H i No
1 _—
H / \
! / T1d=3 \_Yes
H \ or 72 / H
H S 4 &
H H H 1
H ! No ! Set Direct Operand Flag !
1 -4 { Form Operand H
L S | 1 H 1
! | c=Td H H
{ 3 Effe Addre. = 1 ]
{ 1 C(TPR.CA) ¢+ C(r) H
T 31 H L
H H H
R e -—4

v
END EA
Figure 6~3 Register Modification Flowchart

In Register Then Indirect modification (Tm = 1) the value of Td designates
a register whose contents are to be added to C(TPR.CA) to form a modfied
C(TPR.CA). This modified C(TPR.CA) is used an as Effective Address to fetch an
Indirect Worde The ADORESS field of the Indirect Word is loaded into TPR.CA and
the TAG field field of the Indirect Word is interpreted in the next step of an
indirect chaine The TALLY field of the Indirect Word is ignored.

The indirect chain continues until an Indirect Word TAG field specifies a
modification without indirection, namely, a Register moditication.

The coding mnemonic for Register Then Indirect modification is r* where
is any of the coding mnemonics for Register modification as given in Table 6-2
above except du and dl« The du and dl register codes are illegal and will cause
an Ittlegal Procedure, Illegal Modifier fault. See flonchart in Figure 6-4
belowe.
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EXAMPLESS

1.

2.

3.

be

Label Instruction Eftective Address
a Ida be*
b arg v y
a 1da beL®
b+C(X1) arg y.3u y ¢+ C(A)D,17
a tra 4eic*
ash arg c,*
c arg vy Yy
] Ixlh by0*
b+C(XD) arg ce1*
c+CiX1) arg y,dl y3 operand has the form
zero O,y
SIARI
RI. Hao
—
' \
/ Td=3 \_Yes
\ or 77 / H
\ / ¢
! ABORY
1 No Illegal Procedure,
—_— Iltlegal Moditier Fault
4 AN .
/7 Td=0? \_Ng &
\ / H
\ / [
H ] ]
1 Yes ! p=Td ]
H } Effe Addr. = H
H ! C(TPRsCA) ¢ C(p) 3
1 H H
H H
LR S s LD L s 2
[ ]
H !
! Indirect Word !
! Fetch 1
I APPEND CYCLE !
! (Figure 5-4) 1
1 1
1
]
Go to
SIART EA
(Figure 6-2)
Figure 6-4 Register Then Indirect Moditlcation Flowchart
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Indirect Then Register (IR) Moditication

In Indirect Then Register modification (Tm = 3) the value of Td designates
a register whose contents are to be added to C(TPR.CA) to form the final modfijied
C(TPR.CA) dur ing the last step in the indirect chain. The value of Td is
sate-stored in a special holding register, CT-HOLOD. The inital C(TPR.CA) is
used an as Etffective Address to fetch an Indirect Worde The ADDRESS field of
the Indirect Wora is loaded into TPR.CA and the TAG field tield ot the Indirect
Word is interpreted in the next step of an indirect chain. The TALLY field of
the Indirect HWord is ignored.

It +the Indirect Word TAG tftield specifies a Register Then Indirect
modification, that modification is performed and the indirect chain continues,

It the Indirect Word TAG f{ield specities Indirect Then Register
modification, the Td value from that TAG field replaces the safe-stored Td value
in CT-HOLD and the indirect chain continuese.

If the 1Indirect Word TAG specfies Register or Iadirect Then Tally
modification, that modiflication is replaced with a Register modification using
the Td value safe-stored in CT-HOLD and the indirect chain exdse

The coding mnemonic for Indirect Then Register modification is *r where r
is any of the coding mnemonics for Register modification as given in Table 6-2
above except puile.

-

EXAMPLES?S
Label Instruction Eftective Address
i. a lda by*n {CT=-HOLD = n)
b arg ve2 y
2e a 1x12 b, *di (CT-HOLD = di)
b sta yyau y; operand has the form
zero Oey
3. 3 1da b,*1 (CT-HOLD = x1)
b arg cyn*
c arg de*4 (CT-HOLD = x&)
d arg y.ql y + C(X4)
Lo a 1dx0 b,1%
b+C(X1) arg cyt*ic (CT-HOLD = ic)
c arg 5,401 a+5

REVIEW ORAFT
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STARL

—enccccccaee=d

IR MOD
H
¥
1 H
! Td -> CT-HOLD 3
i 1
tm——— - -— >
H [ .
3 H H
H ! Indirect HWord 1}
H ! Fetch 1
1 I APPEND CYCLE !
1 1 (Figure 5-4)
1 1 H
! H
t —_—
1 / \
1 / Interpret \
H] \ Indirect TAG 7/
H \ /
H L
H ¥
H ] 1 H
H 1 Ta=RI ! Tm=1IR { Tm=R or IT
H ¥ [ ] ¥
I | 1 Go to H H
i 1| c=Td 1 START ! p=CT-HOLD 1
i1 1 Etf. Addr. = H IR MOD ! Eft. Addr. = !
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b 1 1 1 i i
H
]

L4
.END EA

Figure 6-5 Indirect Then Register Modification Flowchart

Indirect Then Jally (IT) Modification

In Indirect Then Tally modification (Tm = 2) the value of Td specifies a
variation. The injital C(TPR.CA) is used an as Effective Address to fetch an
Indirect Worde The Indirect Word is interpreted and possibly altered as +the
modification is pertormed.

The TALLY field of the Indirect Word is used to count references made to
the Indirect Worde It has a maximum range of 4096. If the TALLY field has the
value 0 after a reference to the Indirect Word, the Tally Runout indicator will
be set ONs otherwise the Tally Runout indicator wiil! be set OFF, The value of

-

the TALLY fleld and the state of the Tally Runout indicator have no effect on
Effective Address formation.

WARNINGS 1If there is more than one Indirect Word in an indi~ect chain trat is
referenced by a tally counting modification, only the state of the
TALLY field of the last such word will be reflected in the Tally
Runout indicatore
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The variations of the Indirect Then Tally modification are given in Table
6-3 below and explained in cetail in the paragraphs following. See flowchart in
figure 6-6. Those entries given as "Undefined"™ cause an Illegal Procedure,
Itlegal Moditier Fault, (See "Eftective Address Formation Involving B8oth
Segment Number and Offset™ later in this section for certain special casess)

Table 6-3 Variations of Indirect Then Tally Modification

Td Coding
Matue Mpemonlc Marjation Name

0 f1 Fault Tag 1
1 Undetined
2 Undefined
3 Undetinéd
4 sd Subtract Delta
5 scr Sequence Character Reverse
6 t2 Fault Tag 2
7 13 Fault Tag 3
* 10 ci Character Indirect
11 i Indirect
12 sc Sequence Character
13 ad Add Delta
1% di Decrement Address, Increment Tally
15 dic Decrement Address, Increment Tally, and Continue
16 id Increment Address, Decrement Tally
17 idc Increment Address, Decrement Tally, and Continue

Fault Tag 1 (Td = 0)

Effective Address formation is terminated immediately and a Fault Tag
1 Fault is generatedes A Fault Tag 1 Fault executas the Fault Trap
pair at C + 6 where the value of C is obtained trom the FAULT BASE

switches on the Processor Contiguration panel,

This variation may be used in Indirect Word or program control
transfer vectors or ftree structures to signal invalid entries or
entries that require speciat handlinge C(TPR.CA) at the time of the
tfault contains the Effective Address of the word zontaining the Fault
Tag 1 modification. Thus, the ADDRESS and TALLY fields of that word
may contain information relative to recovery from the fault.
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Subtract Delta (Td = %)

The TAG ftield of the Indirect MHord Is interpreted as a 6-bit,
unsigned, positive address increment value, delta. For each reference
1o the Indirect Word, the ADDRESS field is reduced by delta and the
TALLY tieid is increased by 1 before the Effectiva Address is formed.
ADDRESS arithmetic is modulo 2**18., TALLY arithmetic is modulo 4096.
It the TALLY field overflows to 0y the Tally Runout indicator is set
ONs otherwise it is set OFF, The Effective Address is the value of
the modified ADDRESS field.

EXAMPLE:
Reference Effective Tatly
Label Instruction Count Address Yalue
a . 1da byad 1 c-d t+1
b vid 18/cy12/t46/d 2 c-2d t+2
3 c-3d t+3
n c-pnd tepn

Sequence Character Reverse (Td = 5)

Bit 30 of the TAG tftieid of the Indirect Word is interpreted as a
character size flagy tbs with the value 0§ indicating 6-bit characters
and the value 1 indicating 9-bit characters. Bits 33-35 ot the TAG
field are interpreted as a 3-bit character position counter, ct. Bits
31-32 of the TAG field must be zeroe

For each reference to the Indirect Wordy the character counter, ¢ty is
reduced by 1 and the TALLY fiefd is inereased by 1 bhefore the
Effective Address jis formed. Character count arithmetic is modulo 6
tor 6=-bit characters and modulo & for 9-bjt characters. If the
character count, ¢f, underflows to -1y it is ~eset to 5 for 6-bit
characters or to 3 for 9-bit characters and ADDRESS is reduced by 1.
ADDRESS arithmetic is modulo 2%*418. TALLY arithmetic is moduto 4095.
1t the TALLY field overflows to 0, the Tally Runout jindicator is set
ONy otherwise it is set OFF. The Effective Add~ess is the moditied
value of the ADDRESS field.

A 36-bit operand is formed by high-order zero titling the value of
character cf of ADDRESS with an appropriate number of bits.

EXAMPLES?
: Reference Etfective Tally
Labe! JInstruction Gount ¢f Address VYalue Qperangd
a tda byscr 1 2 c+l t+1 00eee0I™
b vid 18/c+1,12/%t,1/0,5/72 2 1 c+l te2 00cae0”H"
c bci “ABCDEFGHIJKL™ 3 ] c+l t+3 00sae.0"G"
& S c t+y 00eee0"F*™
5 4 c 145 00ee0"E™
LN ]
a lda byscr 1 2 c+l t+1 00eeeB™g™
b vid 18/(:*1712/?.1/1’5,2 2 1 c+l t+2 00...0"!"
c aci “abcdetgh* 3 0 c+l t+3 00eee 0™ e™
4 3 [ t+4 Uﬂ...D"d"
S 2 [ t+5 00eeell®™c*™
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Fault Tag

WARNING S

Fault Tag

Character

2 (Td = 6)

The action for this variation is identical to that for Fault Tag 1
except that the Trap Pair at C + 60 (octal) is executed.

Fault Tag 2 is reserved to the Multics operating system for use in the
Dynamic Linking feature. Its attempted use for otaer purposes could
cause serious system Inconsistencies and/or system crashes.

3(Td =17

The action for this variation iIs ldentical to that for Fault Tag 1
except that the Trap Pair at C + 62 (octal) is executed,

Indirect (Td = 10)

Bit 30 of the TAG field of the Indirect dord is interpreted as 2a
character size flagy, the with the value 0 indicating 6-bit characters
and the value 1 indicating 9-bit characters. Bits 33-35 of the TAG
tfield are interpreted as a 3-bit character position value, ¢gf. Bits
31-32 of the TAG field must be zeroe.

1f the character position value is greater than 5 for 6-bit characters
or greater than 3 for 9-pit characters, an Illegal Procedure, Ilitegal
Moditier Fault will occure The TALLY field is ignored. The Effective
Address is the value of the ADDRESS field.

A 36-bit operand is formed by high-order zero filling the value of
character ¢t of ADDRESS with an appropriate number of bits.

EXAMPLES:
Label Instruction Qperand
a 1da byci
b vid 18/¢c+1,12/70,1/70,5/72 00eee0”I"
c bci *"ABCDEFGHIJKL™
lda dyci
d vid 18/¢c412/04170,5/71 00eeo0"B"
ida e,ci
e vid 18/1,12/04171,5/3 0Bee o 0"d"™
t aci "abcdetgh™
1da geci
g vid 18/1+1,12/0,1/1,570 00caol%e”™

Indirect (Td = 11)

The Effective Address is the value of the ADDRESS fietd. The TALLY

and TAG fields are jignorede.

Sequence Character (Td = 12)

Bit 30 of the TAG tield of the Indirect Word is interpreted as a
character size flag, tby with the value 0 indicating 6-bit characters
and the value 1 indicating 9-bit characters. Bits 33-35 of the TAG
field are Iinterpreted as a 3-bit character position counter, cf. Bits
31-32 of the TAG field must pe zeroe.
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Add Delta

Decrement

For each reterence to the Indirect Word, the character counter, ¢l iS
increased by 1 and the TALLY tield is reduced by § after the Eftfective
Address Is formed. Character count arithmetic is modulo 6 tor 6-bit
characters and modulo & for 9-bit characters. If the character count,
£ty overtiows to & for 6-bit characters or to &4 fo~ 9-bit characters,
it is reset to 0 and ADDRESS is increased by 1. ADDRESS arithmetic is
modulo 2%¥18, TALLY arithmetic is modulo 4096. If the TALLY field is
reduced to 0, the Tatly Runout indicator is set ON, otherwise it is
set OFF. The Effective Address is the original unmodified wvalue of
the ADDRESS field.

A 36-bit operand is formed by high-order zero filling the value of
character ¢cif of ADDRESS with an appropriate number of bits.

EXAMPLES?
Reference Effective Talty
Label Instruction Count <cf Address VYalue Qperand
a ida b,sc 1 L [ t-1 00...0"E"
b vid 18/c+12/t:,1/70,5/4 2 5 c t-2 00eae0™F™
c bci "ABCOEFGHIJKL™ 3 0 c+i t-3 00¢ee0*G™
4 b c+i t-4 006 ee 0™ H"™
S 2 c+l t-5 00eseld™I™
oo e
a ida bysc 1 2 c t-1 00eeed™c™
b vid 18/C,12/',1,1'5,2 2 3 C t-2 00...0"a"
c aci *abcdefgh® 3 0 c+l t-3 00eael™e™
'S i c+i t-i 00eee0™f™
5 2 gfl t-5 UD...O"Q"
o0 e
(Td = 13)
The TAG field of the Indirect Word is interpreted as a 6-bit,
unsigned, positive address increment value, dejta. For each reference
to the Indirect Word, the ADDRESS field is increased by delta and the
TALLY field is reduced by 1 atter the Eftective Address is formed.
ADDRESS arithmetic is modulo 2%**18, TALLY arithmetic is modulo 4096.
It the TALLY field is reduced to 0, the Tally Runout indicator is set
ONe otherwise it is set OFF. The Effective Add~ess is the value of
the original unmodified ADDRESS fieldes
EXAMPLES
Reference Effective Tally
Label Instruction Count fddress Value
a 1da byad 1 [ t-1
b vid 18/¢c,1/t,6/4d 2 c-d t-2
3 c-2d t-3
n c-(n-1)d t-n

Address, Increment Tally (Td = 14)

For each reterence to the Indirect Word, the ADDRESS field is reduced
by 1 and tnhe TALLY field 1is increased by 1 pefore the Effective
Address is formed. ADDRESS arithmetic is modutlo 2%*18, TALLY
arithmetic is modulo &036. If the TALLY field overfiows to 0, the
Tal ly Runout indicator is set ON, otherwise it is set OFFf, The TAG
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Decrement

Increnment

Increment

tield of the 1Indirect Word is gnoreds The Effective Address is the
value of the moditied ADDRESS fielde -

EXAMPLE:
Reference Effective Tally
Label Instruction Count Address Value
a fda bedi 1 c-1 te+1
b vid 18/c,12/7¢ 2 c-2 t+2
’ 3 c=-3 T 13
L X X ]
o c-n ten

Address, Increment Tally, and Continue (Td = 15)

The action for this variation is identical to that for the 0ecrement
Address, Increment Tally variation except that the TAG field of the
Indirect Word js interpreted and continuation of the indirect chain js
possible. I[f the TAG of the Indirect Word invokes a registery, that
isy specities R, RI, or IR modification, the effective Td value for
the register is forced to “nui!*™ before the next Effective Address is
formed.

Address, Decrement Taliy (Td = 15)

For each reference to the Indirect Wordy th2 ADDRESS field is
increased by 1 and the TALLY field is reduced by 1 after the Effective
Address is formed. ADDRESS arithmetic is modulo 2%%18, TALLY
arithmetic is modulo 4096. It the TALLY field is reduced to 0, the
Tally Runout indicator is set ON, otherwise it is set OfFF . The TAG
field of the Indirect Kord is ignorede The Effective Address is the
value of the original ummodified ADDRESS field.

EXAMPLES
Reference Effective Tally
Label Instruction Count Address Yalye
a Ida byid 1 c t-1
b vid 18/cyi/t 2 c-1 t-2
3 c=-2 t-3
n c-{n=-1) t-n

Address, Decrement Tally, and Continue {Td = 17)

The action for this variation is identicatl to that for the Increment
Address, ODecrement _Tally variation except that the TAG field of the
Indirect Word js interpreted and continuation of the indirect chain is
possible. [f the TAG of the Indirect Worcg invokes a register, that

isy specifies R, RI, or IR moditication, the effective Td value for

the register is forced to “null™ before the next Effective Address is
formed.
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Figure 6-6 Indirect Then Tally Modification Flowchart

EFFECTIVE ADDRESS FORMATION INVOLVING BOTH SEGMENY NUMBER AND OFFSET

The second type of Address Formation attows formation of a modified Segment
Number and a moditied Offset simultaneously. See Figure 6-10, Effective Segment
Number Generation Flowchart, for detailse.
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Ihe Use of Bit 29 of the Instruction Hord

In the foregoing discussion of Effective Address Formation Involving Offset
Only it was noted that a preliminary step of loacing the ADBDRESS field (y) of
the Instruction Word into C(TPR.CA) was performed befare the specifled
modi fication was carried out. C(TPR.CA) was then used as one data input to the
modi fication process.

If bit 29 of the Instruction Word is set to "1™, so-called Pointer Register
modification is invoked and the preliminary step is executed as followss

1. The ADDRESS field of the Instruction Word is interpreted as shown in Figure
6-7 belowe.

2e C(PRp.SNR) => C(TPR.TSR)

3. maximum (C(PRD«RNR)y C(TPReTRR)y C(PPR4PRR)) => C{TPR.TRR)

e C(PRn.WORDNO) + OFFSET =-> C(TPR.CA)

0 00 1

1] 2.3 rd

H ] H

{ PRo 1 OFFSET H

1 H H

. 3 15

Figure 6-7 Format of Instfuction Word ADDRESS When Bit 29 = ¢

After this preliminary step is performed, Effective Address Formation
proceeds as discussed above or as discussed for the Special Yodifiers belowe

S ial Modifi

Whenever the Processor is forming an Append Mode Effective Address two
special Agdress Modifiers may be specified and are effective under certain
restrictive conditions. The special Address Modifiers are snown in Table 6-&
below and discussed in the paragraphs followinge.

The conditions for which the special Address Modifiers are effective are as
follonwss

1. The Processor must be forming an Append Mode Effective Address, that isy it
must be in Append Mode or in Absolute Mode with bit 29 set in the
Instruction Word. '

2e The Instruction HWord (or previous Indirect Word) must sisecify Indirect Then
Register or Register Then Indirect modification.

3. The Effective Address for the Indirect Word must be evea.
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It any of these conditions is violated, the special Add-ess Modifier wiill
be interpreted as a normal Address Modifier and wll} cause a1 Illegal Procedure,
Itlegal Modifier Fault.

Table 6-4 Special Append Mode Address Moditiers

TAG Coding

Yalue Mnemonic Moditication Name
41 itp Indirect to Pointer
%3 its Indirect to Segment

INDIRECT TO POINTER (ITP) MODIFICAT ION

If the conditions above are satisfied, the Processor examines the TAG field
of the Indirect Word for the value 41 (octalle It that value is found, the
Indirect Word-pair is interpreted as an ITP Pointer Pair (See Figure 6-83 below
for format) and the following actions take place?

For n = CLITP.PRNUM)?
C(PRne«SNR) -> CITPR.TSR)
e maximum (C(PRDeRNR)y C({SDH.R1), C{TPR.TRR}) =-> C(TPR.TRR)
C(ITP.BITNO) -> C(TPR.TBR)

C(PRQ<WORDNO) + CC(ITP.WORDNO)} + C(r) =-> C(TPR.CA)

wheres

1. ¢ = C(CT-HOLD) if the TAG field of the Iastruction Word or
preceding Indirect Hord specified Indirect Then Register
modification, or

2e L = CUITP.MOD.Td) if the TAG field of the Instruction Word or
preceding Indirect Hord specitied Register Then Indirect
modification gnd ITP.MOD specifies either Register or Register
Then Indirect modifications

3. SDHeR1 is the upper limit of the read/write Ring Bracket for the

segment C(PRN.SNR) « (See Section VIII, Hardware Ring
Implementations)
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Even MWord

0 00 ) 2 3 3
0 2.3 ) 9.0 S
] H ] H
{PRNUMSO 0 0 0 00 0DODODDO0O0D0O0O0O0D0D000TD0D 000 02 (4118 1
H | H H

3 ) 27 b
0dd Word
0 11 22 2 2 23 3
0 7.8 01 6 7 2.0 ]
H . 1 3 H H H
H WORDNDO 10 0 0! BITNO 10 0 01! MOD ]
i H H H H 1
i8 3 6 3 6
Figure 6-8 ITP Pointer Pair Format
Field
Name Meaning

PRNUM The number of the Pointer Register through which to make the
segment referencee. .

WNORDNO A word offset value to be added to C(PRp.WORDNO).
M BITNO A bit oftset vatue for the data item.

MOD Any normal Address Modifier (pot itp or its)e

INDIRECT TO SEGMENT (ITS) MODIFICATION

It the conditions above are satistied, the Processor examines the TAG field of
the Indirect Word tor the value 43 {octal)e. If that value is found, the
Indirect Word-pair is interpreted as an ITS Pointer Pair (See Figure 6-9 below
tor format) and the following actlons take places '

C(ITS.SEGNO) -> C(TPReTSR)
maximum (CCITSeRN), C(SDHeR1)y C(TPR.TRR)) => C(TPR.TRR)

C(ITS.BITNO)} -> C(TPR.TBR)

C{ITS.WORDNO) + C(g) => C(TPR.CA)

wheresl

ie c = C(CT-HOLD) if the TAG tield of the Instruction HWord or
preceding Indirect Word specified Indirect Then Register
modiflcation, or

2e c = C{ITP.MOD.Td) if the TAG field of the Iastruction HWord or
preceding Indirect HWord specitied Register Then Indirect
modi fication and ITP.MOD specifies either Register or Register
Then Indirect moditication.
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3. SDW.RL is the upper limit of the read/write Ring Brackat for the

segment CUITS<SEGNO) o (See Section VIII,
Implementation.)

Even Word

Hardware Ring

08 11 22 23 3
Q 2.3 7.8 0.1 9.0 5
H H t H H L
10 0 0¢ SEGNO ! RN !0 00O0O0O0O0GO O {(43)8 H
1 1 i H ' 1
3 15 3 ] 6
0dd Word
0 11 22 2 2 23 3
g .8 0.1 6.7 9.0 5
t . 3. 1 H L 1
H WORONO i0 8 03 BITNO 100 0 MOD H
H 1 H | i i
18 3 6 3 6
Figure 6-9 1ITS Pointer Pair Format
Fieid
Name Meaning
SEGNO The number of the segment to be referenced.
WORDNO Word of fset to be used in the effective address formation.
BITNO The bit offset for the data item.
MOD Any valid normal Address Moditiere.

Effective Seament Number Generation

The detaits of Effective Segment Number generation are
flowchart in Figure 6~-10 below.
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Figure 6-10 Effective Segment Number Generation ~lowchart
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1 { C(TPR.CA) -> 3
/ \ 1 _C(PPR,IC) H 1
/ APU data \_No_ ___ ] H
\ movement? / 1 H $
\ 7 1€ e et bl L8 T e cceccncacd
H
! Yes END ESN
]
Go to
Execute
Cycle

Figure 6-10a Effective Segment Number Generation Flow-zhart (Con°t.)

EEEEQIIME.AQQBESS.EQRHALIQN_EQR.ELLE&QED_INSIRHQIIQN.SE[

A  flowchart of the steps involved in Operand Descriptor Effective Address
Formation is shown in Figure 6-11 betow. The flowchart depicts the Effective
Address Formation for operand K as described by its Moditication Field, MFike

This Effective Address Formation is performed for each operasd as its Operand
Descriptor is dacoded.
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H H H
1 !
H ) 4
1 ! Operand 1
1 ! Descriptor
H ! APPEND CYCLE?
: l.lElsufg-izkll
‘ f< - - +
—r
/ \
——No / MFK.ARN\ Yes
H =12 7 1
\ -/ —_—
H ! 1 H
1 p=null H i n=C(Y)0,2 1
1. i 1 4 (NOTE 1) %
HIEST T S R
—
/ \
——._Yes /MFR.REG\_No
L] \=0? / H
4 \ 4 —
H H H H
! c=null H ) { o=MFK.REG !
5 N § I X
H ]
+- + - +

¥
{ Form Effectivel
i Word/Char/Bit }
{ Address from
! Yy CNy Cy By 3
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L.lﬂQIE.}:ZL....l

L4
END
EIS EA

Figure 6-11 EIS Effective Adress Formation Floachart

The symbol *Y™ stands for the contents of the ADDRESS fietd of the
Operand Descriptor. The symbols “CN" and *C*" stand for the contents
ot the Character Number fields The symbol *“B™ staads for the contents
of the Bit Number field.

The algorithms used in the formation of the Effective Word/Char/Bit
Address are described in “Character- and 8it-String Addressing™
fotlowinge.
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Character- and Bit-String Addressing

The Processor represents the Effective Address of a character- or
bit-string operand in three different forms as follows?

1. Pointer Register Form

This form consists ot a word value (PRD.WORDNO) and a bit value
(PRN.BITNO). The word value is the word offset of the word containing
the tirst character or bit of tne operand and the 2it value is the bit
position of that character or bit within the word. This form is seen
when C{PRp) are stored as an ITS Pointer Pair or as a Packed Pointer
(See “Indirect to Segment (its) Modification” -eartier in this
Section).

2 Address Register Form

This torm consists of a word value (ARN<WORDNO)y a character number
(ARp.CHAR)y and a bit value (ARD.BITNO). The nord value is the word
offset of the word containing the first cha~acter or bit of the
operand. The character number 1S the number of tne 9-bit character
containing the first character or bite The bit value is the bit bit
position within ARn.CHAR ot the first character or bit. This form is
seen when C(ARp) are stored with the Store Address Register n {SARpn)
instructione

3. Operand Descriptor Fornm

hd This form is valid for character-string operands onlys It consists of
a word value (ADDRESS) and a character number (CN). The word value is
the word offset of the word containing the first character of the
operand and the <character number is the number of that character
within the worde This form IS seen when C{(ARp) is stored with the ARp
to Atphanumeric Oescriptor (ARANn) or ARn to Numeric Descriptor (ARNp)
instructionse (The Operand Descriptor form for bit-string operands is
identical to the Address Register form.)

NOTES The terms “Pointer Register®™ and "™Address Register™ both apply to the
same physical hardware registere The distinction arises from the
manner in which the register |[s invoked and wused and in the
interpretation of the register contents. “Pointer Register™ refers to
the register as wused by the Appending Unit ana “Address Register™
refers to the register as used by the Decimal unit.

The three forms are compatible and may be treely intermixed.s For example,
PRn may be loaded in Pointer Register form with the Effective Pointer to PRn
(EPPn) instruction, then moditied in Pointer Register form «ith the Effective
Address to HWord/Bit Number of PRp (EAWPR), then further modified in Address
Register form (assuming character size K) with the Add Kk-Bit -Displacement to

Address Register (AKBD) lnstructlon, and finally invoked in Ooerand Jescriptor
form by the use ot MF.AR in an EIS Multiword instructione.

Character— and Bit=-String Address Arithmetic Algorithms

The arithmetic algorithms tfor caliculating characte~- and bit-string
addresses are presented belone. The symbols "“ADDRESS®™ ani *“CN™ represent the
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ADDRESS and CN fields of the Operand Descriptor being decoded. “r* and "p*

set according to

the flowchart jin Figure 6-11 above.

“null*, the contents of all fields shown is identically zero.

9-BIT CHARACTER STRING ADDRESS ARITHMETIC

Effective BITNO
Effective CHAR

Effective WORDNO

1]

"

0000
(CN ¢+ C(ARN.CHAR) + C(r)) modulo &

ADDRESS + C(ARp.WORDNO) ¢
(CN + CCARD.CHAR) + C(rp)) / &

6-BIT CHARACTER STRING ADDRESS ARIYHﬂETIC

Eftfective BITNO
Etfective CHAR

Effective WORONO

(9*C(ARNCHAR) ¢ 6*C(r) + C(ARD.BITNO)) modulo 9
((3*C(ARN.CHAR) ¢ 6°*Cl(r) + ClARQ.BITNO)) modulo 36) /

ADDRESS + C(ARD.WORDNO) +
(9*C{ARDCHAR) + 6*C(L) + C(ARQ.BITNO)) 7/ 35

4-BIT CHARACTER STRING ADDRESS ARITHMETIC

-

Effective BITNO
Effective CHAR

Eftective WORDNO

=

are

If either has the value

9

% * (CUARQ.CHAR) + 2%C{L) + C(ARD.BITN3)/&) modulo 2 + 1

{{9*C(ARD.CHAR) + 4*C(r) + C(ARD.BITNO)) modull 36) /

ADDRESS ¢ C(ARQ.WORDNO) +
(9*C(ARD.CHAR) + 4*C(r) + C(ARD.BITNO)) 7/ 35

BIT STRING ADDRESS ARITHMETIC

Efftective BITNO
Effective CHAR

Effective WORONO
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(9*C(ARD.CHAR) ¢ 36°Cl(r) + C(ARN.BITNDO)) modulo 9

9

{(I*C(ARDCHAR) ¢+ 36*C(L) + C(ARP.BITNI)) modulo 36) 7 9

ADDRESS + C{ARN.HWORINO) ¢
(3*C(ARQCHAR) + 36*C(C) + CCARN.BITNO)) 7 36
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SECTION VII

FAULYTS AND INTERRUPTS

Faults and Interrupts both result in an interruption of normal sequential
processing, bul there is a difference in how they originate. Generally, Faults
are caused by events or conditions that are internal to the Processor and
Interrupts are caused by events or conditions that a~e external to the
Processor. Faults and Interrupts enable the Processor to respond promptiy when
conditions occur that require system attentions A unique word-pair is dedicated
for the instructions to service each Fault and Interrupt conditione The
instruction pair associated with a Fault s called the Fault Vector. The
instruction pair associated with an Interrupt is called the Interrupt Vector.

FAULY CYCLE SEQUENCE

.follouing the detection of a3 Fault condition, the Control Unit determnmines
the proper time to initiate the Fault Sequence according to the Fault Group. At
that time, the Control Unit Interrupts normal sequential o>rocessing with an
Abort Cycle. The Abort Cycle brings all overlapped and asynchronous functions
within the Processor to an orderly halt, At the end of the Abort Cycle, the
Control Unit initiates a fault Cycle.

In the Fault Cycle, the Processor safe~stores the Control Unit Data (See
Section IV, Program Accessible Registers) 1Into program-invisible holding
registers in preparation for a Store Control Unit (SCU) inst~uction, then enters
Temporary Absojute Mode and generates an Effective Address for the Fault Vector
by concatenating the setting of the FAULT CONTROL switcaes on the Processor
Maintenance panel with twice the Fault Number (See Table 7-1). This Effective
Address and the Operation Code for the Execute Double (XED) instruction are
tforced into the Instruction Register and executed as an inst~uction. Note that
the execution of the instruction is not done in a normal txecute Cycle but in
the Fault Cycle with the Processor in Temporary Absolute Modez.

It the attempt to tetch and execute the instruction »dair at the Fault
Vector results in another Fault, the current Fault Cycle is aborted and a new
Fault Cycle for the Trouble Fault (Fault Number 31) is initiatede 1In the Fault
Cycte for a Trouble Fault, the Processor does pgt safe-store the Control Unit

.

Data. Therefore, it may be possible to recover the conditions for the original
Fault by use of the Store Control Unit (SCU) instruction.

It either of the two instructions in the Fault Vector results in a transfer
of control to an Effective Address generated in Absolute Mode, the Absolute Mode
indicator 1is set ON for the transter and remains ON thereafter until changed by
program action.
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It either of the two instructions in the Fault Vector resul ts in a transfer
ot control to an Effective Address generated in Append Mode {through the use of
bit 29 of the instruction word or by use of the itp or itp modifiers), the
transfer is made in the Normal Mode and and the Processor resains in Normal Mode
thereatfter. .

It no transfer of control takes place, the Processor returns to the mode in
effect at the time of the Fault and resumes normal sequential execution with the
instruction tolloning the Faulting instruction (C(PPR.IC) + 1)

Many of the Fault conditions are deliberately or inadvertently caused by
the software and do not necessarily involve error conditions. The operat ing
supervisor determines the proper action for each Fault condition by analyzing
the machine conditions at the time of the Fault. Therefore, it is necessary
that the tirst instruction in each of the Fault Vectors be the Store Control
Unit (SCU) instruction and the second be a transfer to a roJtine to analyze the
machine conditionse If a Fault condition is to be intentionally ignoredy, the
Fault Vector for that condition should contain an SCU/RCU pair referencing a
unique Y~-blockB8. By use of this pairs the machine conditions for the ignored
Fault condition may be recovered if the ignored Fault causes a Trouble Fault.

EAULT PRICRIIY

The Multics Processor has oprovision for 32 Faults of which 27 are
implemented. The Faults are classified into seven Fault Priority Groups that
roughly correspond to the severity ot the Faultse Fault Priority Groups are
detined so that Fault recognition precedence may be estabtisned when two or more
Faults exist concurrentlye. Overlap and asynchronous functions in the Processor
allow the simultaneous occurrence of Faults. Group & has thz highest priority
and Group 7 has the lowest. In Groups 1 through 6, only one Fault within each
Group is allowed to be active at any one time. The tirst Fauslt within a Group
occuring through the normal program sSequence is the one servicede.

In Group 7 Faults are saved by the hardware for eventual recognition. In
the case of simuitaneous Fautts within group 7, Shutdown has the highest
priority, Timer Runout is next, and Connect has the lowest? prioritye.

There is a single exception to the handling ot Faults in Priority Group
ordere. It an operand fetch generates a Parity Fault and the use of the operand
in *“closing out™ instruction execution generates an Dverfiow Fault or a Divide
Check Fault, these Faults are considered simultaneous but the Parity Fauit takes
precedencee.
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Table 7-1. List of Faults

OCTAL DECIMAL

NUMBER NUMBER MNEMONIC NAME PRIQRITY 2RQUP
] 0 sdt Shutdonn 27 7
1 1 str Store 10 [
2 2 mme Master Mode Entry 1 11 5
3 3 fi Fault Tag 1 17 5
4 4 tro Timer Runout 26 7
5 S cnd Command -9 4
6 [ dr i Derail 15 5
7 7 luf Lockup 5 4

10 8 con Connect 25 7
11 9 par . Parity 8 4
12 10 ipr Illegal Procedure 16 5
13 11 onc Op Not Complete L 2
14 12 sut Startup 1 1
15 13 oft Overfliow 7 3
16 14 div Divide Check 6 3
17 15 _ext Execute 2 1
20 16 dato Directed Fault @ 20 6
21 17 dfl Directed Fault 1 21 6
22 18 dat2 Directed Fault 2 22 6
23 19 dt3 Directed Fault 3 23 6
24 20 acv Access Viotation 24 6
2% 21 mme2 Master Mode Entry 2 12 5
26 22 mme3 Master Mode Entry 3 13 5
27 23 mne&4 Master Mode Entry & 14 5
30 2% f2 Fault Tag 2 ) 18 S
31 25 13 Fault Tag 3 19 5
32° 26 Unass igned

33 27 Unassigned

3 28 Unass igned

35 29 Unassigned

36 38 Unass igned

37 31 trb Trouble 3 2

EAULY RECOGNITION

For the discussion following, the term “function®” is ‘detined as a m3ajor
Processor functional cycle. Examples are? APPEND CYCLEy EA CYCLE, Instruction
Fetch Cycley, Operand Store Cycle, Divide Execution Cycle.

Faults in Groups 1 and 2 cause the Processor to aocort alt functions
immediately by initializing itself? and enter a3 Fault Cycle.

Faults in Group 3 cause the Processor to *“close out"™ current functions
without taking any irrevocable action (such as setting PTH.J in an APPEND CYCLE

.

or modifying an Indirect Word in an EA CYCLE), then to discard any cgending
functions (such as an APPEND CYCLE needed during an EA CYILE)s 3nd to enter a
Fault Cycle. :

Faults in Group & cause the Processor to suspend overlapped oderation,
complete current and pending functions for the current iastruction, and then
enter a Fault Cyclee.
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Faults in groups 5 or 6 are normally detected during Address Preparation
and Instruction Decode. These Faults cause the Processor to suspend overlapped
operation, complete the current and pending instructionss and to enter a Fault
Cycle. It a Fault in a higher Priority Group is generated by the execution of
the current or pending instructions, that higher priority Fault will take
precedence and the Group 5 or b Fault will be foste If a G~oup 5 or 6 Fault?t is
detected during execution of the current instruction, (for examples, an Access
Violations, Out of Segment Bounds Fault during certain interruptabte EIS
instructions), the instruction is considered “compliete” upon detection of the
Faulte.

Faults in Group 7 are held and processed (with Program Interrupts) at the
completion of the current instruction paire Group 7 Faults are inibitable by
use of bit 28 of the Instruction Word.

Faults in Groups 3 through 6 must wait for the System Controller to
acknowledge the 1ast access request betfore entering the Fault Cycle.

FAULY DESCRIPTIONS
Grouo 1 _Faults
Startup
~ DC POWER has been turned on. HWhen the POWER ON button is depressed,
the Processor is first initiafized and then the Startup Fault is
recognized.
Execute

1. The EXECUTE pushbutton on the Processor maintenance panel has
been pressed.

2. An external gate signal has been substituted the EXECUTE
pushbuttone for EXECUTE pushbutton.

The selectlon between the above conditions is made by settings of
verious switches on the Processor Maintenance panel.

Group 2 Faulls

Op Not Complete

any of the following will cause an Op Not Complete Faults

1. The Processor has addressed a System Controller to which jt |is
not attachede.

2e The addressed System Controllier failed $5 acknowledge the
Processore.

3. The Processor has not generated a main store access request or a
direct operand within 1 to 2 mittiseconds and is not in the DIS
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state.

Le A Processor port received a data strobe without a preceding
acknowledgement from the System Controiler that it has received
the access request.

5 A Processor port received a data strobe before the data
previously sent to it was uniloaded.

Trouble

The Trouble Fault is defined as the occurrence of a Fault during the
tetch or execution of a Fault Vector or Interrupt vector. Such Faults
may be hardware generated (for example, Op Not Comdiete or Parity), or
operating system' generated (for example, the page containing the
effective address of an insfruction is missing).

Groun 3 Faults

Overflow

An arithmetic overtliod, exponent overflow, or exdonent underflow has
been generated. The -generation ot this Fault is inhibited with the
Overflon MNask indicator set ON. Subsequent resetting of the Overfliow
Mask indicator to OFF does not generate this Fault from previously set
Overflow indicatorse The Overflow Fault Mask statz does not affect
the setting, testing or storing of indicators. The determinatior of

o the specitic overflow condition is by indicator testing by the control
programe

Divide Check

A Divide Check Fault occurs when the actual division cannot be carried
out for one of the reasons specitied with individual divide
instructions,

Group & Faults

Store

The Processor attempted to select a disabled po~t, an out-of-bounds
address was generated In the BAR Mode or Absolute Mode, or an attempt
was made to access a store unit that was not readye.

Conmmand

1. The Processor attempted to load or read the Interrupt Mask
Register in a System Controlfer in whica it did not have an
Interrupt Mask assigned.

2 The Processor issued an XEC command to a System Controller in
which it did not have an Interrupt Mask assignhed.

3o The Processor issued a Connect to 3 System Controller port that
Ils masked OFF.
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Lockup

Parity

be The selected System Controller is in TEST mode and a condition
determined by certain System Controller Maintenace panel switches
has been trapped.

Se An attempt was made to load a Pointer Register with Packed
Pointer data in which the BITNO field value was greater than 60
octale-

The program is in a code sequence which has inhibited sampling for an
external Iinterrupt (whether present or not) or Group 7 Fauylt for
longer than the prescribed time. In Absolute Mode or Privileged Mode
the lockup time is 32 milliseconds. In Normal Mode or BAR Mode the
lockup time is speclified by the setting of the Lockup Timer in the
Cache Mode Register. The Lock Timer is program settable to 2, 4, 8,
or 16 mitlisecondse

while in Absolute Mode or Privileged Mode the Lockup Fault is
signalled at the end of the time limit set in the Lockup Timer but is
not recognized untit! the 32 millisecond Llimit. It the Processor
returns to Normal Mode or BAR Mode after the Fautlt has been signalled
but before the 32 millisecond limit, the Fault {s recognized before
any instruction in the new mode is executed.

1. The setected System Controller has returned an Illegal Action
signal with an Iilegal Action Code for one of the various main
store parity error conditionse.

2. A Cache data parity error has occurred either for read, write, or
block loades Cache status bits for the condition have been set in
the Cache Mode Registere.

3. The Processor has detected. a parity error in the Systenm
Controller interface port while ejther generating outgoing parity
or verifying incoming paritye.

Group 5 Faults

Master Mode Entries 1-4

The corresponding Master Mode Entry instruction has been decoded.

Fault Tags 1-3

Derail

The corresponding Indirect Then Tally variation designator has been

-

détected during Address Preparation.

The Derail instruction has been decoded.

Itiegal Procedure
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1.

24

3.

4.

Se

An illegal operation code has been decoded or an illegal .

instruction sequence has been encountered.

An itlegal modifier or modifier sequence has beén encountered
during Address Preparatione

An illegal address has been given in an insftruction that the"
ADDRESS tield tor register selection.

An attempt was made to execute a privileged iastruction in Normal
Mode or BAR Modese

An illegal digit was encountered in a Decimal Numeric operand.

The conditions for the Fault will be set in the Faslt Register, HWord 1
of the Control Unit Data, or in both,

Grouo 6 Faults

Directed faults 0-3

A

faul ted Segment Descriptor Hord (SDH) or Page Table Word (PTHW) with

the corresponding Directed Fault number has been fetchad by the
Appending Unite

Access Violation

-

Appending Unit has detected one of the several access violations

The
belowe HWord 1 of the Control Unit Data contains status bits for the
conditione
’ 1. Not in read bracket (ACV3=0RB)
2. Not in write pbracket (ACVS5=0HB)
3e Not in execute bracket (ACVi=0EB)
he No read permission (ACV&=R-0FF)
Se No write permission (ACV6=K-0FF)
be No execute permission (ACV2=E-OFF)
7e Invalid ring crossing (ACV12=CRT)
8. Call limiter fault (ACV7=NO GA)
9. Outward cali (ACVI=OCALL)
10. Bad outward call (ACViD=B0OC)
11. Inward refturn (ACV11=INRET)
12. Ring atarm (ACV13=RALR)
13. Associative Memory error
FL'YS Dut of segment bounds
15. Itlegal ring order (ACVD=IRO)
16. Out of call brackets (ACV8=0CB)
Groun 7 Faults
Shutdown
An external power shutdown condition has been detected. DC POWER

shutdown will occur in approximately one millisecond.
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Timer Runout

The Timer Register has decremented to or through tae value zero. It
the Processor is in Privileged Mode or Absolute “Mode, recognition of
this Fault is delayed until a return to Normal Mode or BAR Mode,
Counting in the Timer Register continues.

Connect
A connect signal (8CON sStrobe) has been received from a Systen
Controtler.e This event is to be distinguished from a CIOC (connect)
instruction encountered in the program sequence.
PROGRAM_INTERRUPIS AND EXTERNAL FAULTS

Each System Controller contains 32 Execute Interrupt Cells that are wused
for communication among the active system modules (Procassors, I/0 Multiplexers,
etcCe)de The Execute Interrupt Celis are organized in a numbered priority chain.
Any active system module connected to a System Controller port may request the
setting of an Execute Interrupt Cell with the SXC command. .

When one or more Execute Interrupt Cells in a System Controller is set, the
System Controller activates the Execute Interrup! Present (XIP) line to all
System Controiler ports having an Execute Interrupt Mask assigned in which one
or more of the Execute Interrupt Cells that are set is unmaskede Execute
Interrupt Masks are assigned only to Processors. E£Each Execute Interrupt Cell
has _a unique Interrupt Vector located at an Absolute Address equal to twice the
cell numbere.

Execute JIntecruot Sampling

The Processor always fetches instructions in pairs. At an appropriate
point (as early 3as possible) in the execution of a pair of instructions, the
next sequential instruction pair is fetched and held in a special instruction
buffer registere. The exact point depends on instruction sequence and other
conditionse.

If the Interrupt Inhibit Bit (bit 28) is not set in the current instruction
word at the point of next seqguential instruction address preparation, the
Processor samples the Group 7 Faults. If any of the Groud> 7 Faults is found,
the next seguential instruction pair is pgt fetched and an internal flag is set
reflecting the presence of the Fault. The Processor next samples the Execute
Interrupt Present lines from all eight Processor ports and lcads a register with
bits coresponding to the states of the lines. If any bit in the register is set
ON, the next sequential instruction pair is pot fetched and an internal tlag |is

set reflecting the presence of the bit(s) in the register.

NOTE:? If the instruction pair address is being prepared as the result of a
transter of control condition or if the current instruction is Execute
(XEC), Execute ODouble (XED), Repeat (RPT), Repeat Double (RPD), or
Repeat Link (RPL), the Group 7 Faults and Execute Interrupt Present
lines are npt sampled.
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At the completion ot the current instruction pair (it no transter of
control has occurred) and the Processor is ready for the next instruction pair
and the Group 7 Fault flag is set, the Processor will enter a Fault Cycle for
the highest priority Group 7 Fault presente. )

At the completion of the current instruction pajir (if no transfer of
control has occurred) and the Processor is ready tor the next instruction pair
and the Execute Interrupt Present flag is set, the Processor will enter an
Execute Interrupt Cycle.

Execute Ipnterruot Cycle Seguence

In the Execute Interrupt Cycle, the Processor sate-stores the Control Unit
Data (See Section 1V, Program Accessible Registers) into program-invisible
holding registers in preparation for a Store Control Unit (SCU) instruction,
then enters Temporary Absolute Mode. It fthen issues an XEC command fo the
System Controller on the highest priority port for which there is a bit set in
the Execute Interupt Present registere. :

The selected System Controltler responds by clearing its highest priority

Execute Interrupt Cell and returning the Interrupt Vector address for that ceil
to the Processore. .

NOTE?S It there is no Execute Interrupt Cell set in the selected Systen
-~ Controller (implying that all have been cleared in response to XEC
commands from other Processors), the System Controtler will return the
address value 1 which is not a valid Interrupt Vector addresse. The
Processor senses this value, aborts the Execute Interrupt Cycle, and

returns to normal seqguential instruction processinge.

4

The Interrupt Vector address returned and the Operation Cod2 for the Execute
Double (XED) instruction are forced into the Instruction Register and exectited
as an instruction. Note that the execution of the instruction is not done in a
normal Execute Cyclie but in the Execute Interrupt Cycle with the Processor in
Temporary Absolute Mode.

If the attempt to fetch and execute the instruction pair at the Interrupt
Vector results iIn a Fault, the Execute Inerrupt Cycle is aborted and a Fault
Cycle for the Trouble Fault {(Fault Number 31) is initiateds In the Fault Cycle
tor a Trouble Fault, the Processor does ngt safe-store the Control Unit Data.
Therefore, 1t may be possible to recover the conditions tor the Execute
Interrupt by use of the Store Control Unit (SCU) instruction.

If either of ¢the two instructions in the interrupt Vector results in a
trans fer of control to an Effective Address generated in Absolute Mode, the

Absotute Mode indicator is set ON for the transfer and remains ON thereafter
until changed by program actione

If either ot the two instructions in the Interrupt Ve:ztor results in a
transfer ot controi to an Etfective Address generated in Append Mode (through
the use of bit 29 of the instruction word or by use ot the itp or ito
modifiers), the transfer is made in ¢the Normal Mode and and the Processor
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remains in Normal Mode thereafter.

If no transfer of control takes place, the Processor returns to the mode in

eftect at the time of the Fault and resumes normal sequential execution with the
instruction following the interrupted instruction (C(PPR.IC) + 1).

NOTE ¢

Due the time required for many of the EIS data movement instructions,
additioral Group 7 Fault and Execute Interrupt present sampling is

done during these instructionse. Atter the initial joad of the Decimal
Unit input data buffer, Group 7 Faults and Execute Interrupt Present
are sampl ing for each input operand address preparation. The

instruction in execution is interrupted before the operand is fetched
and flags are set into Control Unit Data to signal the restart of the
instruction.
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SECTION VIII

HARDWARE RING IMPLEMENTATION

RING PROTYECTION PHILOSOPHY

The basic concept in the ring protection philosophy is the existence of a
set of hierarchical levels of protections A graphic representation of the
concept may be given by a set of N consecutive circles, numbered Os+1y29 eeey N=-1
from the inside oute The space included in circle 0 is called ring 0, the spcce
inctuded between circle i-1 and i is called ring i« Any segwent in the systen
is placed in one and only one ring. The closer a Segment to the center, the
greater its protection and access privileges.

When a process is executing a procedure segment placed in ring Ry the
process is said to be in ring R or also it is said that the current ring of the
process is ring R« A process in ring R potentialiy has access to any segment
located in ring R and in outer rings. The word "™potentially” is used because
the f#inal decision is subject to what access rights (readywrite,execute) the
user has for the given segment. On the other hand, this samne process in ring R
has no access to any segment lJlocated in inner rings, except to special
procedures called *“gates.”™ Gates are procedures residing in a given ring and
intended to provide controllied access to this rings A process that is in ring R
can enter an inner ring r only by calling one of the gate pricedures associated
with this inner ring r. Gates must be carefully coded and must not trust any
data that has been manufactured or modified by the caller in a less »privileged
ring. In particular, they must validate aill arguments passed to them by the

caller so as not to compromise the protection of any segment residing in the
inner ringe )

Calls from an outer ring to an inner ring are refterred to as “inward
callse™ They are associated with an increase in the access capability of the
process and are controlled by gates. On the other handy calls from an inner
ring to an outer ring, referred to as "outward calls"” are assoclated with a

decrease in the access capapility of the process and do not need to be
controlled.

RING PROTECYION IN MULTICS

The ring protection designed for the Multics System uses the philosophy

described abovey, but a few points have been altered in order to obtain more
flexibility and better efficiencye.
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First, the assignment of a3 segment to one and only one 'ring, although
sufficient to implement ¢the solution of the protection osroblem, may be very
inconvenient for a class of procedure segments, such as the Jlibrary routines.
Such procedures operate correctly in whatever ring the process is at the time
they are called; they need no more access than the caller, and they might no?
perform correctly with Jess access than the caller. One solution could have
been to have one copy of the library in each ring. Instead, the solution
adopted by Multics was to relax the condition that a segment can be assigned to
only one ring and aliow a procedure segment to be assigned to a set of
consecutive rings defined by two integers (ris r2), with ri <= r2. Such a
procedure now, resides in rings ri to r2. If it is called from ring R such that
ri <= R <= r2, then it behaves as if it were in ring R, and executes without
changing the current ring of the process. If it Is catted trom ring R such that
R » r2y then it behaves | ikes a gate associated with ring r2, accepting the call
as an Inward Catl and decreasing the current ring of the p~ocess from R to r2.
Upon return to the caller, the current ring is restored to Ry, of course. Note
that by allonwing the multiple ring residency for 3 procedure segment, the
current ring of a process is no longer defined by the procedure in execution} a
new variable must be introduced to keep track of the value 5f the current ringe.

Secondy it was found desirabte to be able to specify the maximum ring
number from which a given gate was allowed to be calleds And a third integer r3
was added to the pair of integers already associated s~ith a segment, Any
procedure segment, Nowy, is associated with three ring numders (rl, r2, r3)
called its *ring brackets®™, such that ri <= r2 <= r3. By convention, if
r3 > r2, the procedure is a gate for ring r2, accessible fros rings no higher
than r33 if r2 = r3, tne procedure is not a gate.

Third, it was found useful to relax, also for data segwents, the condition
that.they be assigned to only one ringe One nould like to b2 able +to specify
that a segment resides in ring rl1 for "write™ purposes bJut resides in a less
privitleged ring r2 for “read™ purposes.

Fourth, several difficulties were encountered in the jimplementation of
outward calls and their associated returns. Because outward calls were not
found essential for implementing the Multics system, they we~e simply declared
iltegaly, and as a result, a procedure with ring brackets (ri, r2, r3) cannot be
called from a ring R such that R < ri.

In summary, the operations that are potentially permitted to a process in
ring R on a segment whose ring brackets are (ri, r2, r3) are as foliowss

Write H it 0 <= R <= ri
Read H if 0 <= R <= r2
Execute H if ri <= R «= r2 (Execution in ring R)
Inward call H if r2 <R «=r3 (Execution in ring r2)

The attempted operations are permitted if, in addition, the user has the
appropriate access rights (ready write, execute) on that segment.

RING PROTECTION IN THE MULYICS PROCESSOR

The Multics Processor offers hardware support for the impiementation of the
Mul tics ring protection. A particular effort was made to minimize the overhead
associated with all authorized ring crossingsy which the processor performs
without operating system intervention, and to minimize the overhead associated
with the vatidation of arguments, for which the processor provides a valuable
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assistance.

The rumber of rings available in the processor is eight, numbered from 0 to
7. The current ring R of a process is recorded in a hardware register
(PPR.PRR}.

The ring brackets (ri, r2, r3) of a Segment are recorded in the Segment
Descriptor Word (SDW) used by the hardware to access the segmnent. In addition,
the SDW contains the number of gates (SDW.CL) existing in the segment. The
hardware assumes that all gates are located from word 0 to wd>rd (CL-1) and does
not accept an inward call to this segment if the word numder specified In the
cal! is greater than (CL-1). The reason for this control is to prevent a
malicious user from generating a call that would transter control to any machine
instruction of the gate procedures. (Such a call would defeat the purpose of the
gate.) The SDW also contains the access rights {(read, write, execute) that the
user has on that segments If the same segment is wused by several processes,
there is an SDW describing the segment In the Descristor Segment of each
process. In all SOWs pointing to the same segment, the valuzs of ri, r2, r3 and
CL are identical since they are user independente. Tha value of the access

rights (read, write, execute) are not necessarily the same because they are user
dependent, :

In order to provide assistance in argument validation, any pointer, being
stored into an ITS Pointer Pair or loaded into a Pointer Register, also contains
a ring number. Although the hardware does not prevent a process from writing
any ring number in an ITS Pointer Pair, it ensures that, if (ri, r2, r3) are the
ring brackets of the segment in which the ITS Pointer Pair is located, the ring
number field of this ITS Poinfer Pair can be set or moditied only from ring R
such” that R <= ril. As for the ring number recorded in a Pointer Register, the
hardware ensures that a process in ring R can setft it fo a value egual to or
greater than R, but never smallere.

During the execution of a machine instruction, the hardware may examine
several SDWsy ITS Pointer Pairs and Pointer Registers. Far any given such
examination, the hardware records the maximum of the current ring, the ri value
found in an SDWe the ring number found in an ITS Pointer Pair, or the ring
number found In an Pointer Register. This maximum, called the Teamporary Ring
Number, is kept In a hardware register {TPR.TRR) that is wupdated each such
examination.

The reason for having this Temporary Ring Number available at any point of
a machine instruction 1is because it represents the highest ring (tlteast
privileged) that might have created or modified any information that led the
hardware to the target segment it is about to references. Although the current
ring is Ry the hardware uses the mos? pessimistic approach and pretends the
current ring is CI{TPR.TRR),y which is always equal to or greater than Re. Thus
the hardware uses CI(TPR.TRR) Instead of R in all comparisions with the ring
brackets involved in the enforcement of the ring protection rules given in the
previous paragraph.

The use of C(TPR.TRR) by the hardware allows the gate procedures to rely on
the hardware to pertform the validation of all addresses passed to the gate by
the less privileged rings The general rule enforced here by the hardware
regarding argument validation can be stated as follows: whenever an inner ring
pertforms an operation on a given segment and references that segment through
pointers manufactured by an outer ring, the operation is considered valid only
it it could have been performed while in the outer ring.
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APPENDING UNIT QPERAYION WITH RING MECHANISH

The complete flonchart for Effective Segment Number generationy Iincluling
the hardware ring mechanism, is sShown in Figure 8-1 belowe See the description
of the Access Violation Fault in Section VII of this document for the meanings
of the coded ftaults, The current instruction is in the Instruction Working
Buffter (IWB).

SIARY
AE%ENQ
| 1
/ Was last \
: / cycle an \_Yes
[ \ Indirect Word / H
—— \_tetch?2 7/ i
/ WHas it an \ 1
——.No 7 RTICD \_Yes *
H \ operand / 1
- % . \_tetch2 __ 7/ 1
/ Was it a \ . 1
/ sequential \_No __ ]
\ instruction 7/ H H
\_fetch? /7 | 2 H
H / \- H
1 Yes / 1Is bit \ _Yes._ ___ __ t
H \ 29 ON? / H H
1 \ S ¥ H
$ 1 H 1 1
. 1 1 No ! n=C(IWBIOs2 ¢ ]
R L et it 4 1 1 1
H 1 H
! — H
! / \ 3
H e No 7 CIPROeRNRY >\_Yes ______ 1
H H \ C(PPR.PRR)? / R H
H \ / ] H
H H H H ] H
1 { C(PPR.PRR) =-> 1 C(PRpsRNR) => | L
H I C(TPR.TRR) 1 $ C(TPR4TRR) H H
H 1 } H { i 1
H 1 1 H]
] L e atadetatde el + —— --% H
¥ H H
H H 1 H
! C(PPR.PRR) ~-> | ¥ H
1 C(TPR.TRR) H H H 1
! C(PPR.PSR) =-> 1 ! C(PRpeSNR) => | H
1 C(TPR.TSR) H ! C{TPR. TSR} 1 1
H i i i !
1 ‘ H H
L et D ikt At bttt -——————— - +
1
1 4
Go To
" A.

(Figure 8-1a)
Figure 8-1 Complete Appending Unit Operation Flawchart
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——
/ \
/is SDH tor \_No .
\C(TPR.TSR) / ' 1
\Ln.Sellﬂll ' ’.._t.__\
1 Yes <Na_/ DSBR.V \_us__...
] ] \ = 07 /
] ] \ U4 ____1____
] b ] 1
¢ L t OSPTH
: : N —
]
L] t ...1;._
H] H /
| H __xgs_l DSPYH.F \ Ne____
] ] \ set ON? 2 !
] ] i \ ’ 'y
] ] l \ Initiate a
3 H] /7 DSPTH.U \_ug_____ Directed Fautt
3 H \ set ON? 7 :
] ] \ V4 0
] H H ] ]
] ] ! Yes 1 MDSPTA}
! ) 1 1
] 1 1 ?
t 1 R .
] . )
] ] ! H L]
s 1 § NSDW ¢ 1 PSDN 1
H i . } B -1
3 ] 1
1 j¢ecvmcnncwsyd
H] ——
H 4 \
1 ————JB8S7 SOWF ug____
] H \ set ON? /
) [ ) N Y 0
t ! | Initiate a
H ! Load SDWAM! Directed Fault
1 1 F] .
1 H
*--------) '
[ ]
! , ]
1C{SDHaR1) =>¢
1CIRSOWH.R1) Y
1 ]
1
]
Go to
-B“

 (Flgure 8=1b)

Figure 8-ia Complete Appending Unit Operation Flowchart {con®te)
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______ng_/ C(SOW.R1)=< \
\ C(SOW.R2)=< /

1._.._? \NC(3DW.R3}2 7
H !

t Set Fault | 1 Yes

! ACVO=IRO 1 !

H i H

H 1

L A e e Dl |
-t

/ Was fast
Ng / cycle an \_Yes

1 \ RTCD operand/ H
—_—Y . \_fetch2 __ ./ ]
/ \ Go to
____No s Is OPCODE \_Yes __ wpe
1 \ CALL®? / H (Figurc 8-1c)
¥ \ / 1 ]
/ \ Go to
/Transfer or\_Yes___ “E™
\instruction/ H (Figure 8-14d)
\_fetch2 7/ 14 )
B | Go to
{ No bl g
— (Figure 8-1e)
/ \
No_/ Is it a \_Yes ___ -
1 \ STR=-0P? / 1
—_— | SIS 4 _.__1___.
- / \ \
JC(TPR.TRR)>\ Yes . ___ /C(TPR.TRR))\_xgs_____
\ C(SOH.R2)2/ ‘ | \ C{(SDR.R2)72/
N\, / | \ / i
H H 8 ! H H
1 No { Set Fault 1 1 No ! Set Fault 1
H § ACV3I=0RB 1 1 ACVS=)HB |
H } I | ! 1 ——
H I : 1
IR e } ' R S e
—_— —_
/ \ / \
~Yes ./ SDHW.R \_Neo_ / SDWeW \_No
H \ ON? / ! \ ON? / 1
H \ / —_— \ / ¥
1 / \ ! H ]
H _— Ng_ /C(PPR.PSR)=\_Yes { Yes { Set Faalt ¢
H ! \C(TPR.TSR)?/ H H 1 ACV6=H=-OFF!}
! ¥ \ V4 1 1 i 1
H ! H 1 H
! { Set Fault RS T L e T T ¢
1 ! ACV4=R~0OFF! 1
L]
H 4 1 . ]
1 1
B ik b ST e L L Dy |
| ]
Go to
“G.

(Figure 8~-1f)

Figure 8-1b Complete Appending Unit Operation Flowchart (con®t.})
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o =

1
1 —_—
H / \
1 No_/ C(TPR.TRR)< \_Yes
H H \ C(SCH.R1}? 7 1
H —_— \ 7/ H
H / \ 1
i1 7 CUTPR.TRR)> \_Yes '
1 N\ C(SDH.R2)? / 1
! \_ "4 L
! I H H
] { No ! Set Fault 1}
H H 1 ACVi=0EB
H 1 1 —
[ 1 H
1 R R e ot ——— 2
i .._L__.
L /
H / SDH.E \_ﬂg________
H \set ON?/
H \ / 1
H] H H 1
] 1 Yes ! Set Fault
H] 1 { ACV2=E-OFF}
H] H H i
H L : H
H LR e 2
i _—
H / \
i 7 C(TPR.TRR)>-\_ﬂg________
1 \ C(PPR.PRR)? /
1 | W 4 .___1___..-
H H H H]
H 1 Yes 1 Set Fault 1
H H 1ACV11=INRET!
H] ] } I | -
] i 1
et D e Rt R Al ettt ]
—
/ \
/7 RALR \_Ng_______
\=0? 7/
\ / .____:_‘__..

L 4 \

{t Yes /7 C(PPR.PRR)Y \_No_ ____ _

H \ < RALR? / H

H Noo i 7 ¥

L ! ] H

H ! Yes {1 Set Fault 1}

L e it | t ACV13=RALRI

R
b

— - - ->4

o

|
Go to
.lG-
(Figure 8-1f)

Figure B8-1c Complete Appending Unit Operation Flowchart {con®t.)
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“EZ
L

I
’7 \
\ DON? / 1
\ / |
H H 1
{ Yes ! Set Fault !
H { ACV2=E-OFF!
H  E. §
H H
j¢mm o=t
P B
/ \
___Yes / SOHWH.G \
H N ON? /
S, \____ /7
4 \ H
e No 7 C(PPR.PSR)= \ 1 No
H \ C(TPRaTSR)? / H
1 \ /- 1
/ \ 1 H
/7 CI(TPR.CA)U,y17 \_Ng____ 4% Yes 1
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\ / H
H 1
{ Yes H
[ 1 H
] ] ]
1 Set Fault } 1 PR
{1 ACV7=N0 GA' H ] !
| 3 H H —_—
{ ] ] / \
j¢eommmememmcn==t 1 7 CUTPR.TRR) >\_Yes___
— 1 \ C(PPRPRR)> / 1
7/ \ H \ / ¥
/7 CUTPR.TRRI\ Yes _ ___ H H / \
\ > SDH.R3? 7/ H H 1 No 7 C(PPR.PRRI\_Yes ____
\ / ¥ H ] \ < SDWeR2? / H
1 H 1 1 H \ / ¥
{1 No 1 Set Fault 1 1 H] H ! {
H 1 acvs=ocB8 1 H ! No i Set Fault !
H [ R N | 1 ] 1 ACV10=BOC 1
1 H ] H H
(e m e mma =t 1 H H ]
¥ H §gmmmmmm = “jCemmemmmmeet}
/ \ H I S
/7 CLTPR.TRRI\_No 1 / \
\ < SDHeR1? / T /7 C(TPR.TRRI\_Yes_
N ] \ > SDW.R2? 7/ H
] H \ / ]
I Yes H H H 1
— H ! No {1 SDWeRZ2 =-> |
1 1 H H 1t C{TPR.TRR)}
1 Set Fault i H 1 i i
1 ACV9I=0CALL!? i H H
H 1 H (e ——— 4
! 1 [
3““""‘"“‘-"’“ “““““ + Go to
l!DlI

{Figure 8-1c)

Figure 8-1d Complete Appending Unit Operation Flowchar?t (con®te)
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[

SN F—

/ \
———_No 7/ C(TPR.TRRIC \_Yes_
h \ C(SCW.R1)? / 1
U] A S / !
/ \ 1
/7 C(TPR.TRR)> \_Yes i
\ C(SDH.R2)? / 1

\ / ——X -
H H H
i No 1 Set Fault 3
H 1 ACV1=0EB
: —
1<- - ————- t
—t
/ AN
/7 SOWWLE \_No_ . _ _
\set ON?/ 1
\ "4 ——
H H 1
! Yes { Set Fault !
] ! ACV2=E-OFF!
1 } . S X
3 H
oo mmen e >t
—_—
/ \
—__No 7/ C{PPR.PRR)= \
) 3 \ C(TPR.TRR})? 7/
-~ L 1 \ /
1 H ]
1 Set Fault } 1 Yes
1 ACV12=CRT } H
H H 1
H ]
Lt et b ->1
: *
Go to
IID-

(Figure 8-1c)

Figure 8-1e Complete Appending Unit Operation Flowchart (con®t.)
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hud e
3
—
/ \
/7 C(TPR.CA)O413 \_Yes
\ > SDW.BOUND? / !
\ 4 X
1 H H
1 No ! Set Fault 1
1 t ACV15=00S81
! i 1L
H
1

P Rt --+

—y
7/ \
____No s/ Any ACV \_Yes ___
H \ Faults? 7/ !
P S \ / 1]
/ \ Initiate an Access
Ng 7/ is segment\_Yeas___ Viotation Fault
\ C(TPR.TSR)/ H
\_paged? / _—
. 14

\
Yes /is PTH for \_ﬂg_______
\ C(TPR.CA) 7/
\in PTHAMZ/ .__1__._

__Yes 7 Is PTH.F\_No
H \ set ON? / 1
|2 \ / | J
1 ! Initiate a
1 Load Directed Fault
1 PTHAM
l—..T_-L

H
H
H]
!
H
H]
3
3 4
H
1
!
H
!
1
L
!
L

(g------——-----{.

—_—
’ \

/ Prepage \_igs______
\ Mode? /

| Y- -/ ..__l._..
No t PTH2 1

Yes /7 Is PTWeF\_Na___
\ set ON? / 1
\ / 1]

.--l—uuu——unu-u-‘.u—--—-uu—-—-.u.‘n-

-epone

Go to Go to Initiate a
“H™ b o Directed Fault
(Figure 8-19) (Figure 8~-19)

Figure 8-1f Complete Appending Unit Operation Fiowchart (con®te)
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. 1nd :'L:
]
] —
1 / \
3 No 7 STR-0OP &\_Yes
] H \ PTHaM=0 7/ H
! S \ -7 —
H / \ H H
H /7 PTH from\_lgs___.. i MPTH3Set!
1 \ store & / | PTHeM § ¢
3 \PIHLU=02/ _____1_____ ! PTWH WU H
H] | 1 1 i Y §
] i No 1 MPTH3jSet! H
! i 1 PIN.U L 1
H H H 1
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1 H
—_— —_—t
H R 1 ]
1 FANP 1} 1 FAP {
1___.’___1 L.....’.._l.
e —— - >
—_—
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/ an Indirect \_No_ _ __
\ HWord fetch? 7/ ]
\ / ¥ .
H / Was it an \
! Yes / RTCD \.No_ ____
] \ operand / 3
Go to \_tetch?2 / ]
. “J= H \
(Figure 8-1h) { Yes / Is OPCODE \_ug____
1 \ CALL®? / H
Go to \ / ¥
K 1 / \
(Figure 8-11i) { Yes /Transtfer or\_Na
1] \Instruction/ H
Go to. \_letch? _/ _—
**N*™ H / \
(Figure 8-11}) ! Yes /7 APU data \_No
v \ movement? /
Go to \ 7/
“L= {
{Figure 8-1}) 1 Yes

—_—
H H
! Load/Store!
! APYU data !

o s me an S0 We on S8 wu Be e

APPEND

Fgiure 8-ig Complete Appending Unit Operation Fiowchart (con®t.)
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/ AY
/ Rl or IR & \_Yes ___
\ TPR.CA even?/ 1
\ / [ 1
! 4 \
! No /7 C(Y)30,35 = \_No____
! \ ITS Mod? / 1
! \ / g |
! H / \
1 i Yes /7 CLY)Y30,35 = \_No______
H ¢ \ ITP Mod? / ]
! Go to A VY 4 1
H “0* H H
H (Figure 8-1k) ! Yes H
H L H
H Go to H
! epe H
1 (Figure 8-1l) H
e i
—
/ \
— . Yes / C(Y}30,35 =\
H \ other 7/
L i \_indirect? /
i C(Y)0417-> 1 H
I CUIWBYIO,17 { No
1 C(Y)30,35->» 1 H
§ C(IWBY30,35 1 H
1. 0->C(IWBI29 § H
H i
O e P S ¥ |
1
END
APPEND

Figure 8-1ih Complete Appending Unit Operation Flowchart (con*t.)
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H / \ ] 1 C(PPR.PSR) =~> C{(PRORSR) 1
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i N\ C(PPR.PRR)? / H } 2 000000 -> C(PRp.BITNO) H
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1 1 1 L | H
! {f No 1 C(TPR.TRR)->} 1<~ - -t
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H t C(PPR.PRR) ¢
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H H ]
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H 1 CU{TPR.TSR)~>}
1 i C(PPR.PSR) !
L ! C(TPRaCA)=> 1
', 1 CI(PPR.IC) |
H H]
+ ———— e eae>]
_—
/’ \
_Yes / C(TPR.TRR)\_No
1 \ = 0? / H
¥ \ / ]
H 1 ! B |
! C(SDH.P)~>1 ! 0->C(PPR.?) 1
1 C{PPR.P) ¢ 1 i
i 1 !
H 1
+ ———— - ———>]
—
/ Is this an\
/ RTCD \_Yes_
\ operand - / H
\_fetch? ___/ [ ]
] Go to
t No “o"
1 (Figure 8-1k)
ENDQ
APPEND

Flgute 8-1i Complete Appending Unit Operation Flowchart (con®t.)
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L.

/ \

e Yes_ 7/ CI(TPR.TRR)= \_Na

! \ C{PPR.PRR)? / H

¥ \ / i
! 1 1 1
1 C(PR6.SNR)=>! ! C(DSBRGSTACK) 13 CT(TPRJTIRR) 1
I C(PR7.SNR) 1 1 => C(PR7.SNR) i
H 1 i i

H

At htdnte bttt -—————- s———— ———— >}

¥

00eesDd => C(PR7.WORDNO)
000000 -> C(PR7.BITNO)
C(TPR.TRR) => C(PPR.PRR)!
C(TPR.TSR) =-> C(PPR.PSR}!
C{TPR.CA ) -> C(PPRJIC) !
1

!

C{TPR.TRR) => C(PR7.RNR)!
!

i

jow o w0 o wn oo o aa

{
 J
Go to
llH-
(Figure 8-11)

Figure 8-1)] Complete Appending Unit Operation Flouchart (con®t.)
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1

—_
/ \
No 7 CTPR.TRR)>=\__Yes ___
: \ RSDWH.R1? 7/ 1
) \ ’ t
! / \ / ' \
- No_/ C(Y)118,20 >=\_Yes Ng_/ C(TPR.TRR)>=\
1 \ RSDWH.R1? 7 1 \ C(r)18,207 /
' \ / ¥ \ /
) i H i H
! RSDWH.R1->1 1C(Y)18,20->1 ! Yes
! CUTPR.TRR)Y - ! C{TPR.TRR)1 1
1 1 PO | !
1 : !
$ommmm e m——mmmmm e eee >pmmmmmmmmmmmmo>y
¥
END
APPEND

Figure 8-ik Complete Appending Unit Operation Flowchart {(con®t,)

Zp=
H
--——-——!-—-.—' -
! 7 \
__No / C{TPR.TRR)>=\__Yes
H \ RSDWHeR1? / H
¥ \ 7 —— %
) / \ / \
No / C(PRpn.RNR)>=\_Yes Nog /7 C{TPR.TRR)>=\
: \ RSDWHeR1)? 7/ H \ C(PRO«RNR}? /
¥ \ 4 [ ] \_ 7/
! 1 ! ! S
1 RSDWHeR1=->1} 1 C{PRpO.RNR})->1 ! Yes
1 C(TPR.TRR)! ! CITPR.TRR) ¢ H
H 1 1 H !
L H !
e e et e b e e e >
]
END
APPEND

Figure 8-1k Complete Appending Unit Uperation Flowchart {con®t,)
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SECTION IX

CACHE STORE OPERATION

. The Multics processor may be fitted with an optlional Cache $tore. The operation of this Cache Store is
described In this seéction.

PHILOSOPHY OF CACHE SIORE

~ The Cache Store is a high speed butfer store
located within the Processor that is intended to hotd operanis and/or instructions
in expectation ot their immediate use. . .
This concept is different from that ot holding a singte operand (such as the Oivisor lor a Bivide
instruction) in the Processor during execution ot a singte Instructicn,.
A Cache Store depends on the Locality of Reference Principle.
Locality ot Reterence involves the calculation of the probability,y
tor any value of d, that the pext instruction or operand relereénce atter a reference
to the instruction or operand at location A is to tacation A¥d.

The calcufation of probablilties tor a set of values ot d requires the statistizal analysis

- of large masses ot real and simulated instructlon seguences and data organizations. :
It it can be shown that the average expected dataZinstructlos access time reduction (over the range & to 4)
is statistically significant in comparision to the fixed Main Store access time, thex the

implementation of a Cache Store with block size d will contribute a signitflicant improvement.

in pertormances .

. The results of suéh studies for the Multics Processor wlith a Cache Store as describéd below
show a hit probabltity ranging betseen 80%Z and 957 {depending on Instruction mix and data
organization) and a petormance improvement rangling up to 30%Z.

CACHE SIORE ORGANIZATION

Yhé Cache Store Is implemented as 2048 36-blt words of high speed register storage with
associated control and contenf directory circultry within ) ) )
the Processor. It 1s fully integrated with the normal data path circultry and is vi~tualty invisible

to'all programming sequences.

Parify is generated, stored, and checked just as in Maln Sto~e.

The fotat storage is divided into 512 blocks of & words each and the blocks are orgairlzed infto
128 *“Columns®™ ot four "Levels™ each. '
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C i /Ha Stor .
Main Store is mapped into the Cache Store as desciribed s2etow and shown in Figurs 9-1.

a Main Store is divided into N blocks of & words each arranged In ascending dsider and
nunbered with the vatue of Final Address bits 15 tnrough 21 ot the first word of the

w Attt Main Store blocks mith numbers n modulo 128 ar2 grouped assoc iatively aith Cache
Column fe

& Each Cache Store Colunn may hold any four blocks of the associated set of vain Store

a Each Cache Store column has associated with it a four éntrv directory (one entry for
and a two bit "round robin" counter.
Parity is generated, stored, and checked on each directory éntrys

bloc
Store
blockse.

each Lev

m A Cache Directory entry consists of a fifteen bit ADOURESS réglsfer. a pre-sety two bit

116 or Lével Number register and a level Full ftlag bit.

m When a Main Store block is toaded into a Cache Sto~e block at some Level in the
associated Column, the Directory ADORESS register for that Column and
Level is loaded with the Final ADdress bits 0 through 14,
{_evel seléctlion -is discussed in Cache Store Control toltoninge)
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Store | i ] i 1 [} 1
H 1 ] ] H H] 1
eoee .Onc ewe eove . oee L X X3
! | H 1 1 3 1
} i H H 1 1 i
! : 1 i T ] 1
1 Block § Block § 8Biock 1 { Block ! Block 1
] N-127 1 N-126 ! N-125 1 N-1 H N H
{ Words 1 Words t Mords | e { HWords § Hords I
1-512,-5091 ‘508"505"'50!}"501' H ~84~5 1 “lpg=1 t
i i 1 1 1 | 3
H 1 1 - H 1
! H 1 H H
] H H H H
¢ ¥ 3 : . | [ ]
4 ) 1 ! H ] H
{ Column i Column 3 Column i § Column 1 Column
(] 0 H 1 1 2 ] 1 126 H 127
{ Level | Level 1 Level ees i Level | Level
H 1] ] g 1 ] 1 1 0 H ]
b 1 : i ] 1 H
1 1 : ! 1 1 ;
! Column i Column I Column i t Columa ! Cotlumn
H 0 1 1 1 2 H H 126 H 127
! Level 1 tevel | Level aes {1 Level | Level
H i H i 1 1 H H 1 H 1
Cache § H H 1 1 1
Store | H 1 L 1 H
. { Column § Column ! Column 1 { Column 1 Column
H 1] t i H 2 H ] 126 L 127
1 Level 1} Level | Level 1 eon "1 Level! 1 Level
H 2 H 2 ] 2. { 1 2 H 2
1 | i i H b
i H H ] H !
{ Column ! Column | Column 1 1 .Column § Column
B | 0. H 1 H 2 i 1 126 H 127
t Level ! tevel ! Level I cee 1 Level 1 Level
[ ] 3 H 3 ] 3 H 1 3 1 3
1 i 1 i . | H :
Figure 9-1 MHain Store/Cache Store Mapping
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Cache_Store Addcessing

For a read operation, the 24 bit Finat Address prepared by the Appending Unit 1s presented
sinultaneousiy to the Cache Control and to the Main Store po~t setection clrcuitry.
While port selection is being accompllshed, the Cache Storé s acctessed as follows,

a Flinal Address blts 15 through 21 are used to setect a Cache Storé Cofumn,

a Final Address bits 0 through {4 are matched assoclatlvely against the four Directory ADDRESS
registers tor the selected Columne. ’

s It a match occurs to} a Level whose Full tlag is OV, a hit s slignalted, tne Main Store reference
cycle is cancelled, and the TAG reglster IS read oat.

s The TAG valua and Final Address bifs 22 and 23 are used to seject the Level and Hord in the selected
Column and_the Cache Store data is read out into the data circuiltry.

a It no hit is signalled, the Main Store reference cycle proceeds and a Cache Store block ioad
cycle Is Initiated tSee Cache Store Cuntrol belon), ’

For a write operation, the 24 bit Finail Address prepared by the Appending Unlt is presented
simultaneously to the Cache Control and to thé Maln Store po~t selection clrecultry. .
While port selection is being accompl ishedy the Cache Store is accessed as follows,.

a Final Address bits 15 through 21 are used to select a Cache Storé Coliumn.

a final Address blts 0 through L& are matched associatively against the four Directory ADDRESS
registers Jor the selected Columne

a It a match occurs for a Level whose Full tlag Is ON, a hit is signalled ani the TAG register its read out.
a The TAG value and Final Address bits 22 and 23 are used to selact the Level and Word in the selected
Column, a Cache Store nri”e cycle 13 enab led, and the data Is written
to the Main Store and the Cache Store sinulftaneousiys.

« It no hit 1s signalled. the Main Store reference cycle proceeds with no further Cache Store actione
CACHE STORE_CONTROL

Epabling_and Disabling Cache Stoca

The Cache Store ls controlied by the state of several bits in the Cache
Mode Register (See Section IV, Program Accessible Registers, for a discussion of the Cache Mode Register).
The Cache Mode Register may be loaded with the Load Central Processor Reglister (LCPR) instruction. )
The Cache Store control bits are as follows?

bit Yalue Action
18 v )] The lower halt ot the Cache Store (Levels [} and 1) 1s dlsabled and 1s
totally inactive.
1 The lower halt of the Cache Store is actlve and enabled as per

the state ot bits 20 and 21,
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19 . ] fhe upper halt of the Cache Store (Levels 2 and.3) is disabled and Is
totally inactive.
1 The upper half ot the Cache Store ls active and enablied as oer
the state of bits 20 and 21. :

20 '] The Cache Store (it sctive) 15 nat Jsed for Operands and Indirect Hords.
1 The Cache Store (if active) js used for Operands and Indlrect Words.

21 (] The Cache Store (if active) is pot Jsed for Instryctions.
1 The Cache Store (if active) L5 used for Instructlons. )

23 0 The Cache-to-Register mode ls not in effect (See "Dumpling tnhe Cache Store*

tofloming in this Sectionl.
1 The Cache-to-Register mode [s in eftfect.
NOTE?S The Cache Store option turnishes a switch panel malntenance aid that aftacnes

to the free edge of the Cache Store Control Loglc Board.

The switch panel provides six swlitches for manual control of the Cache Sto~e.

four of the switches inhibit the control tunctlions of bits 18 through 21 of the Cache Mode Register
and have the effect of torcing the corresponding function fo be dlsabled.

The titth switch inhibits the “store-aside”™ teaturd whereln the Processor is permitted to
proceed immediately aftter the Cache Store write cycle on write operations aithou? walting
for a data acknowledgement from Hain Store.

(There is no software control corresponding this saifchl. . .

The sixth switch torces the “enabled™ condition on all Cache Store controls without regard
to the corrsponding Cache Mode Reglster control bit. ’ .
Inhere is no switch corrsponding to the Cache-to-Reglster control bit.

Whille these switches are intended primariily tor Maintenance sessions, they have been
tound useful in testing theé Cache Store during norsal operation ahd In peraltting
operation of the Processor with the Cache Storé in degraded or partiaily disablied mode.

Cache Stoce Control in_Seament Descriptor Mords

Certain data have characteristics such that they should never be lfoaded into the Cache Store.
Primary examples of such data are hardware maflboxes for the I/0 Multiplexer, Bulk Store Controller, etc.s
-status return words, and varlous dynhamic system data base segments such as the Systes Segment Table and
shared Directory Seygmentse :
In general, any data that is purposely maditied by an agency external to the Processoar
"with the intent to convey information to the Processor should never be loaded into Cache Store.

Bit 57 of the Segaent Descriptor Word is used to reflect this property of "ericazhability™ for each segment
(See Section V, Addressing -~ Segmentation and Paging, for a discussion ot the Segmeat Descriptor Hordle.
It the blit Ls set ON, data from the segaent may be loaded into the Cache Store; 1! the bit is OFF, they may not.

The encachability property may be treated as permanent {e.g.» for hardware nal)boﬁes) or dynamic -
(e.g.y certain shared data bases) by the operating systems The operating system sets bit 57 ON or OFF as
appropriate tor the function to be pertormed on the sagmente.

Leading_the Cache Store

The Cache Store is toaded with data implicitiy whenever a Cache Store Block Load Ils slignalled
(See the discussion ot read operations in “Cache Store Addressing™ above In this section).
There is no explicit method or instruction to load data into the Cache Storee.
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When a Cache Store Block Load is slgnalled, the Level Is Setected Irom the valus of the
Round Robin Counter for the selected Column, and the Cache Store Write tunctlion is evableds
{The Round Robin Counfer contains the number of the least recently loaded Level.)

Hhen the data arrives from Maln Store, it is written into tha Cache Store and
entered into the data clrculitrys The Processor proceeds with the execution of the
instruction requiring the operand it appropriate.

When the Cache Store Nrite ls complete, further Address Preparation Is inhibited, bit 22 of the
Final Address is lInverted, and a second Main Store access for the other halft of the block 1S made. Hheén the
second halt data arrives from Main Store, It is written i(nto the Cache Store,
Final Address bits 0 through 14 are foaded into the Directory ABURESS Reglister,
the tevel Full flag is set ON, the Round Robin Counter Is advanced by 1, and
Addr ess Preparation is permitted to proceed,

i If atl four Level Full ttags tor a Column are set ON, a Column Full flag is also set ON and
remains ON until one or more Levels in the Column are cleares, :

Clearing the Cache Store

. Cache Store can be cleared in two wayss General Clear avd Selective Cleare.
The clearing action is the same in both cases, namelyy, the Full tlags of! the
selected Column(s) and/or Levell(s) are 4ef OFF,

GENERAL CLEAR

The entire Cache Store s clieared by setting all Column and Level Full flags to OFF {n the tfollomwing
sltuationss

s Upper or lower Cache Stora or both becoming enabled by appropriate bits in the ooerand
of a3 Load Central Processor Register (LCPR) Instrucztion or by actlon of tha Logic Board free edge switches

& Execution of 3 Clear Assoclative Memory Segments (CAMS) Instruction with.blt 15 of the address ftield [}

SELECTIVE CLEAR

The Cache Store is cleared selectively as followss

s If a Read-and-Clear operation (LOAC, SINC, etc.) results in 3 hit on the Cache Store, the
Cache Store block hit s cleared, .

® Executlon of a Clear Associative Memory Pages (CAMP) with address bit 15 set ON causes
- Final Address bits 0 through i4 to be matched agalnst all Cache Directory ADDRESS Registers.
Ail Cache Store blocks hit are clieared.

numum_mns;.sm:g

Hhen the Cache-to-Register mode flag (bit 24 of the Cache Mode Reglister) is set ON, the Processor
Is torced to fetch the operands of all Double Precision Operations Unit Load operatlons from

REVIEW ORAFT
SUBJECT TOQ CHANGE . .
October, 1975 9-6 AL39



the Cache Store. . )
F inal Address blts 0 through i& are lgnored, Flnal Address blts 15 through 21

select a Column, and Final 'address bits 22 and 23 select a Level.

All other operations (e.g9e.y Instruction Fetchés, Single Precision Operands, etc.) are
treated normaliy. ’

HARNING: Note that the phrase “treated normally*® as used here Includes the case whe~g . ]
the Cache Store in enabled. [f the Cache -Store is enabled, the “other™ operaflons will
cause normal Block Loads and Cache Store Hrites thus destroyling the orglnal contents
ot the Cache Store.

Ine usec is macned that the Cache Stoce should be disanled before dumping is atiemoteds

An indexed program joop invotving the LOAQ and STAQ instructions with the Cache<to-Register mode bit set ON
will serve to dump any or all of the Cache Store.

Notel It a Fault or Program Interrupt should occur during the execution
of a Cache Store dumping 1oops the Cache-to-Register mode blt would serlously Iinterfere with normal addres
in the serviclng of such Fauit or Interrupt. Hence, the Cache-to-Register mode bit Is reset

automatically by any Fault or Program Interrupt.
. APPENDIX A

OPERATION CODE MAP (BIT 27 = 0)

(§iD)] 001 202 g3 DY ans 116 gez_ .91 111 g12 013 (B ICY 915 216 037

000 ! I1MME IDRL IMME2 IMME3 ! IMMES 1 INJP 1PULSLIPULS2! icroc ¢+ o 1
028 {ADLXOIADLX1IAOLX2SADLX3LADLXGEADLXSEADLX6AOLXT7 ! iLOOC 1ADL ILOAC $AJLA 1ADLQ }ADLAG
060 1ASXO TASX1 1ASXZ 1ASX3 IASX4 JASXS 1ASX6 1ASX? IADWPOTAJWPL!IADWP2IADWP3ITAOS 1ASA $1ASQ  1SSCR 1
060 JADXO 1ADXL 1ADX2 1ADX3 1AOX4 JAQ0XS LADXS JAOXTY 1 JAdACA_ I1AWCO JLREG f IAJA _1ADG . 1ADAG 1
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100 !CMPXD!CMPX1iCMPX2ICHMPX3ICMPXG4!CMPXSICHPX6E!ICHPXT 1CHL ¥ 1 ! $1CYPA I1CMPQ iCMPAQI

120 ISBLXO!ISBLX11SBLX21SBLX3!SBLX4}ISBLXSISBLX6ISBLX7] ! ! 1 1 IS3LA ISBLQ 1SBLAQI
140 ISSX0 §SSX1 ISSX2 ISSX3 1SSX4 1SSX5 1SSX6 1SSX7 1ADHP4IADHPS 1 ADHP6IADWP7EISOBR 1S3A 1SsQ@ H
160 iiﬁlﬂ.iiBXl.iﬁﬁKZ_liﬁll_liB&&.LiEii_iiﬁlﬁ.liﬁ&l_l__.__iS1QA_lEHQQ.lLERI.l...,.lSiA..l&BQ__lSﬂAQ_l
200 ICNAXDICNAXL1ICNAX2ICNAX3ICNAXGICNAXSTICNAXGICNAXT] . ICMK ABSA IEPAQ ISZNC ICNAA ICNAQ ICNAAQ!

220 JLOX0 i1LDXLi ILDX2 ILDX3 J{LDX4 ILDX5 ILOX6 ILDX7 ILBAR IRSH ILDBR {RMCM $SZN ILJA 1LDQ 1I1LDAQ!
240 iORSXU:ORSXI30RSX2!0RSX3!DRSX4!ORSXSiURSXGSORSX?ISPBPU!SPRIl!SPBPZSSPRI3SSPRI 10RSA 10RSQ ILSDP H

269 lQBXﬂ_iQRXL.LQRXZ.lQB&l_lQBK&_lQ315_LQR!Q_lQKKZ_llign_lliEl_lISEZ.lliEi.l.....lQiﬁ__LQBQ__lgﬂAﬁ.l
300 ZCANXOSCANXIICANXZSCANX3!CANX%ICANXSICANX6ICANX7!§ANPD!EASPOlEANPZ:EASPZI ICANA 3CANQ !CANAQI
320 !LCXO0 ILCXi ILCX2 1LCX3 ILCX4 ILCXS 1LCX6 ILCXY IEAMPULIEASPLIEANPBIEASP 6! ILCA ILCQ iLCAQ !
340 2ANSXBIANSXI!ANSXZIANSXS{ANSX%SANSX5§ANSX6EANSX7IEPEQ»!E?BPIIEPPZ {EPBP3ISTAC JANSA I1ANSQ ISTCD !
360 LANXQ IANXL {ANX2 {ANX3 {ANX4 1ANX5 1ANX6 IANX7 IEPPh IEPBPSIEPPG IEPBPTI 1ANA IANQ _3ANAG i
4900 | IMPF  IMPY | ! icMG $ H ~OILDE 3 IRSCR | 1ADE 3 H t
420 i 1UFM {DUFH 1 $FCMG ! tDFCMGIFSZN IFLD 1 {DFLD {UFA I 1DUFA ¢
440 ISXLO 1SXLL ISXL2 ISXL3 ISXLL ISXLS ISXL6 ISXL7 {STZ 1SHIC {SCPR {STT {FST ISTE IDFST ¢
460 1 1EMP 1 L0EMP | R 1 JESIR _L1F3D JOFSTRIOFRO 1 iFAD 1 10
500 !RPL i H { « 1BCD 110IV IDVF L L 1FNEG {FCMP 1 1 DF CY
520 IRPT ! ! H H 1FDI 1 10FDI INZG  {CAMS INEGL ! tUFs 1 $0UFS 1§
540 }SPRPOISPRPLISPRP2ISPRP3ISPRPLISPRPS5ISPRPHISPRP7ISBAR ISTBA $1STBQ ISMCM ISTCL 1! ! 1SSDP
560 {RPD__1{ H i H 1FOV._ 1} {0FQV § 1 i iFNQ 1 iF38__ 1 1DFSB 1
600 (TZE JTNZ $TNC ITRC ITMI 17PL 1TTF  IRTCOD 1 ! {RCU TEO ITEU DIS §TOV
620 fEAXD JEAXi IEAXZ JEAX3 IEAX4 IEAXS 1EAX6 1EAX7 IRET | i JRCCL 1LDI {EAA JEAQ ILDT |

T640 RERSXOIERSXISERSX21ERSX32ERSX#!ERSX5IERSXB%ERSX?ISPRIQ!SPBPS!SPRIB!SPBP?!STACQ!ERSA {ERSQ ISCu 1
660 JERX0D 1ERX1 1ERX2 1ERX3 JERX4 JERX5 JERX6 LERX7 1TSP4 LIPS 1ISPe_3ISP7 {LCPR (ERA _{ERQ__IERAQ §
700 ITSXO $TSX1 ITSX2 ITSX3 1TSK4 $TSX5 I1TSXH6 JTSX7 ITRA : 1CALLSI 1TSS _IXEC IXED !

720 (LXLO ILXLi ILXL2 {LXL3 ILXLL JILXLS 1LXL6 ILXL7 1 1ARS IQRS ILRS I $ALS 1QLS LLS !
740 $STX0 $STXL ISTXZ ISTX3 ISTX4 ISTXS ISTX6 ISTX7 1STC2 ISTCA 1STCQ {SREG $ISTI ISTA {STQ §STAQ ¢§
760 LLPRPDILPRP1I1LPRP2ILPRP3ILPRP4ILPRPSILPRPHILPRPT] 1A% _1GRL ILRL 16T 4ALR_1GQLR_fLLR 1
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000
02¢g

40
60
100

128
140
160
200
220
240
260
300
- 320
340

360

40D
420
440
460
500
5210

540

560
600
620
640
660
700
720
740
760

-_.nnn___nnz_T;nnz.T
H H

OPERATION CODE MAP {(BIT 27 = 0)

A 005 006 007 Qa0 0if 012 033 014 015 016 047
_ 1 1 1 : r 1 1 ! 1 1 } 1 1
IMVE ! 1 1 IMVNE 1 1 ' 1 1 1 ! 1 1 : Tt
1 : 1 ! 1 1 ! i 1 ! ! 1 ! 1 ! ! !
CﬁL_.iniE__l___..l._.__LSZLL_LszrR 1CHPB 1 L 1 1 1 1 1 1 i 1
IMLR  IMRL ¢ 1 1CHPC ! 1 1 1 ! 1 1 1 B
ISCO  ISCDR I 1 'scn xscua t r ! : ! 1 ! 1 ! t t
1 ! 1 t 1 1 ! i : 1 1 I1SPTR 1 P ! 1
IMYT 1 1 ! 17CY__1TCIR 1 1 1 1 1 1LPTR 1 1 1 1 1
! ! 1AD2D 1SB2D ! 1 IMP2D 10V2D 1 R ! : ! ! 1 : 1
! ! 1AD3D 1SB30D 1 1 1MP3D 10V3D ! ILSOR 1§ ! 1 : 1 1
! ! ! ] ! : ! 1 ISPBPOISPRILISPBP2ISPRI3]ISSOR ! : ILPTP
1 1 } 1. i } 1 i L3 1 1 1 T | ) i
IMYN 1BTD 1CMPN ¢ 1078 1 ! IEASPLTEAWPL 1EASP3IEANPS I ] 1 IR 1
! 1 1 ! ! i 1 1 1EASPSIEAWPS {EASP7IEAWPT I 1 $ I
1 ! 1 ! ! : 1 ) IEPBPOIEPPL 1EPBP2IEPP3 1 1 1 ] !
1 i IR | L1 1 1 1EPRPYIEPPS 1EPBPRIEPP? | 1 1 1 H
1 1 1 3 1 1 1 1 1 ! 1 1 1 } ! 1 1
! 1 ] 1 } 1 ! 1 1 1 ! ! . t R | !
! : 1 1SAREG! ! ! ISPL | 1 1 ! ! ! ! ! !
1 1 1 LLAREGH 3 i iLeL i 1 ] 1 i 1 1 1 i
{A9BD 1AGBD 1ALBD 1ABD | 1 1 1AWD 8 i 1 1 ! 1 1 1 '
1S98D 1S6BD IS4BD I1SBD ! i1 tSWD 1 ! 1CAMP | ! ! ! 1
‘ARAD JARAL 1ARA2 1ARA3 -1ARA4 1ARAS |ARA6 }ARA7 i 1 ' ! ] ! ! 1SPTP 1}
AARO 1AARL JAAR2 {AAR3_1AARL {AARS jAARG {AAR7 1 1 1 i i 1 i 1 i
TTRIN ITRTF 1 1 $TMOZ ITPNZ ITTN 1 ! ! ! ! 1 1 1 1
1 : ! R ! : 1 K ! : ! 1 ! N !
IARNO 1ARNL !ARN2 1ARN3 1ARN4 IARNS I1ARNG I'ARN7 1SPBP41S>RISISPBP6ISPRI7 ! ! ' ! 1
1NARD INARL_INAR2 INAR3Z INARS INARS INARG INAR7? 1 H i i 1 i H H H
r 1 1 1 1 ! 1 : 1 1 1 ! 1 ! 1 R 1
! ! } ! ! 1 1 1 ! t 1 1 1 ! ¥ ! !
1SARD ISARL 1SAR2 1SAR3 1SAR4 1SARS ISAR6 ISAR7 t 1 | ISRA 1 ! ! !

1LARD ILARL JLARZ ILARJ 1LARG JLARS JLARG LAR7 31 ¢ 1 & MLRA 1 1 1 1
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APPENOIX B
ALPHABETIC OPERATION CODE LISY
This appendix presents a list ot all Processor instruction operation codeés sorted on mnemonic and
giving the octal operation code value, the instruction name, and the functional category.

The function category codes are as fol lonss

FXD Fixed Point

BooOL Boolean Operations

FLTG - Floating Point

PREG Pointer Register

PRIV Priviteged

MISC Miscel {aneous }

EIS Extended Instruction Set *
. TXFR Transfer of Control

Mremonic Code Category MName

A4BD 502(1) EIS Add 4~bit Character Displacement to AR

A6B8D 501(1) EIS Add 6-bit Character Displacement to AR
A38BD 500(1) EIS Add 9-bit Character Displacement to AR
AARD sepn (1) EIS Alphanumeric Descriptor to ARn

ABD 503(1) EIS Add Bit Displacement to AR

ABSA 212(0) PRIV Absofute Address to A-Register

AD2D 202(1) E1S Add Using 2 Decimal Operands

AD3D 222(1) EIS Add Using 3 Decimal Operands

ADA 075(0) F XD Add to A-Register

ADAQ 077 ¢(0) FXD Add to AQ-Register

ADE 415{0) FLTG Add to E-Register

ADL 033¢0) FXD Add Low to AQ-Register

ADLA 035(0) FXD Add Logicai to A-Register

ADLAQ 037(0) FXD i Add Logical to AQ-Register

-ADLQ 036(0) FXD Add Logical to Q-Register

ADLXn 02n(0) FXD Add Logical to Index

ADQ 076 1(0) FXD Add to Q-Register

ADKPO 050(D) PREG. Add to Hord Number Field of PROD
ADWP1 051(0) PREG Add to Word Number Field of PR1
ADWP2 0652{D) PREG Add to HWord Number Fleld of PR2

ABHP3 053(0) PREG Add to Word Number Field of PR3
ADWPL 150 (0) ~ PREG Add to Word Number Field of PRY4
ADWPS 151 (0) PREG Add to Word Number Field of PRS

ADHWPB 152(D) PREG Add to Word Numbeir Fiefd of PRS6
ADHP7 163(0) PREG Add to Word Number Field of PR7
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ADXN

ALS
ANA

ANAQ

ANQ
ANSA
ANSQ
ANSXn
ANXD

A0S
ARAn
ARL
ARRQ
ARS

ASA
ASQ
ASXp
AWCA
AWCQ

AWD
BCD
870
CALLG
CAMP

CAMS
CANA
CANAQ
CANG
CANXD

croc
CMG
CMK
CMPA
CNPAQ

cMpPB
CMPC
CMPN
CHPQ
CMPXDn

CNAA
CNAAQ
CNAG
CNAXp
CcSL

CSR
CHL
DF AD

DFCHNG
" DFCMP

DFDI
OF DV
DFLD
DFMP
DFRD

S6NCD)
7750)
735490)
375(0)
377¢0)

37610
355¢01
356(0)
34pn (0)
36n(0)

0S54 (0)
S54pit)
771 (0)
6an(l}d
731(0)

0s5(0)
0561(0)
04nt0)
g7 (O}
072¢0)

587{1)
585(0)
301 (1)
713 L0)
532(1)

532¢(0)
31540)
317¢0)
316(0)
3ont o)

045 (0)
%05 0)
211 10)
115(8)
117¢0)

066 (1)
106(1)
303¢1)
116(0)
ion(0)

21540)
217¢(0)

216(0)

20n(0)
060¢1)

060 ¢1)
111¢0)
477 (0)

427 (0)
517 (0)

527(0)
567(0)
433(0)
463 (0)
L7340}
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FXD
FX0
FXD
BOOL
800L

sooL
BOOL
socL
BOOL
B800L

FXD

"EIS

FXD
EIS
Fx0

FXD
FX0
FXD
FXD
FXD

EIS
MISC
EIS

TXFR
PRIV

PRIV
BOOL

‘BGOL

800L
BoOL

PRIV
FXD
FXD
FXD
FX0

EIS
EIS
EIS

FXD

Bo0L
800L
800L
BOOL
EIS

EIS
FX0
FLTG

FLTG
FLTG

FLYG
FLTG
FLTG
FLYG
FLTG

Ao to Index N
p-vejister Letr Rotate
h-Reiister Lefi Shitt
AND to A-Register

AND to AQ-Register

AND to Q-Register

AND to Storage trom A-Register
AND to Storage from Q-Reglster
AND to Storage from Indéx n
AND to Index Qo

Add One to Storage

ARp to Alphianumeric Descriptor
A-Register Right Logical Shit¢t
ARp to Numeric Descriptor
A-Register Right Shitt

Add Stored to A-Register

Add Stored to Q-Register
Add Stored to Index o

Add With Carry %o A-Register
Add With Carry to U-Register

Add Word Displacement to AR
Binary~-to~B8C0 .
8inary-to-Decinal .

catl

Clear Assoclative Memory Pages

‘Clear Assoclative Memory Seghents

Comparative AND with A-Register
Comparative AND with pAQ-Reglster
Comparative AND with Q~Register
Conparative AND with Index D

Connect .

Compare Magnitude
Compare Masked

Compare with A-Register
Compare with AQ-Register

Compare B8it Strings
Compare Alphanumeric Character Strings
Compare Numeric '

Compare with Q-Reglister

Compare with Index n

Comparative NOT with A-Register
Comparative NOT with AQ-Register
Comparative NOT with Q-Register
Comparative NOT with Index o
Combine Bit Strings Lett

Combine Bit Strings Right
Compare With Limlts .
Double Preclision Floating Add

Double Precision Floating Compare Magnltude
Double Preclsion Floating Compare

Double Precision Floating Divide Inverted
Double Precision Floating pivide

Double Precision FLoating Load

Double precision Floating Muttiply

fDouble Precision Floating Round
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OFS8B
OFST
DFSTR
DIS
DIV

DRL
D18
DUFA
DUFM
DUFS

Dv20D
ov3D
DVF
EAA
EAQ

EASPD
EASP1
EASP2
EASP3
EASP4

EASPS
EASP6

S77(0)
457¢0)
472(0)
616(0)
506(0)

002(0)
305(1)
437(0)
423(0)
53700}

207¢1)
227(1)
507(0)
€351(0)
6361(0)

311¢0)
310(1)
313(0)
12
331(0)

330 1)
333(0)

FLTG
FLTG
FLTG
PRIV
FLTG

MISC

FLTG
FLTG
FLTG

EIS
EIS
FXD
FXD
FX0

PREG
PREG
PREG
PREG
PREG

PREG
PREG

Double Precision Floating Subtract
Double Precision Floating Store

BDouble Precision Floating Store Rounded
Oetay Until Interrupt Signal
Divide Integer )

Derait

Decimal-to-Binary Convert
Oouble Precision Unnormat ized Floating Add
Double Precision Unnormalized Flioating Multiply’
Double Precision Unnormal ized Floating Subtract

Divide Using 2 Decimal Operands
Divide Using 3 Decimal operands
Divide Fraction

Eftective
Effective

Effective
Effective
Effective

Etfective

Eftective

Etfectjive
Eftfective

B-3

Address
Address

Address
Address
A ddress
Address
A ddress

Address
4 Jdress

to A-Register
to Q-Register

to
to
to
to
fo

to
to

Segment
Segment
Segment
Segment
Segment

Segment
Segment

Numbe~
Numbe~
Numbe~
Number
Numbe~

Numbe~
Numbe~

Field
Fietld
Field
Fietd
Fietld

Field
Fiel

of
of
of
of

of

PRO
PR1
PR2
PR3
PR&

PRS



"The Other Computer Company:
Honeywell

HONEYWELL INFORMATION SYSTEMS



	000
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	1-01
	1-02
	1-03
	1-04
	1-05
	1-06
	2-001
	2-002
	2-003
	2-004
	2-005
	2-006
	2-007
	2-008
	2-009
	2-010
	2-011
	2-012
	2-013
	2-014
	2-015
	2-016
	2-017
	2-018
	2-019
	2-020
	2-021
	2-022
	2-023
	2-024
	2-025
	2-026
	2-027
	2-028
	2-029
	2-030
	2-031
	2-032
	2-033
	2-034
	2-035
	2-036
	2-037
	2-038
	2-039
	2-040
	2-041
	2-042
	2-043
	2-044
	2-045
	2-046
	2-047
	2-048
	2-049
	2-050
	2-051
	2-052
	2-053
	2-054
	2-055
	2-056
	2-057
	2-058
	2-059
	2-060
	2-061
	2-062
	2-063
	2-064
	2-065
	2-066
	2-067
	2-068
	2-069
	2-070
	2-071
	2-072
	2-073
	2-074
	2-075
	2-076
	2-077
	2-078
	2-079
	2-080
	2-081
	2-082
	2-083
	2-084
	2-085
	2-086
	2-087
	2-088
	2-089
	2-090
	2-091
	2-092
	2-093
	2-094
	2-095
	2-096
	2-097
	2-098
	2-099
	2-100
	2-101
	2-102
	2-103
	2-104
	2-105
	2-106
	2-107
	2-108
	2-109
	2-110
	2-111
	2-112
	2-113
	2-114
	2-115
	2-116
	2-117
	2-118
	2-119
	2-120
	2-121
	2-122
	2-123
	2-124
	2-125
	2-126
	2-127
	2-128
	2-129
	2-130
	2-131
	2-132
	2-133
	2-134
	2-135
	2-136
	2-137
	2-138
	2-139
	2-140
	2-141
	2-142
	2-143
	2-144
	2-145
	2-146
	2-147
	2-148
	2-149
	2-150
	2-151
	2-152
	2-153
	2-154
	2-155
	2-156
	2-157
	2-158
	2-159
	2-160
	2-161
	2-162
	2-163
	2-164
	2-165
	2-166
	2-167
	2-168
	2-169
	2-170
	2-171
	2-172
	2-173
	2-174
	2-175
	2-176
	2-177
	2-178
	2-179
	2-180
	2-181
	2-182
	2-183
	2-184
	2-185
	2-186
	2-187
	2-188
	2-189
	2-190
	2-191
	2-192
	2-193
	2-194
	2-195
	2-196
	2-197
	2-198
	2-199
	2-200
	2-201
	2-202
	2-203
	2-204
	2-205
	2-206
	2-207
	2-208
	2-209
	2-210
	2-211
	2-212
	2-213
	2-214
	2-215
	2-216
	2-217
	2-218
	2-219
	2-220
	2-221
	2-222
	2-223
	2-224
	2-225
	2-226
	2-227
	2-228
	2-229
	2-230
	2-231
	2-232
	2-233
	2-234
	2-235
	2-236
	2-237
	2-238
	2-239
	2-240
	2-241
	2-242
	2-243
	2-244
	2-245
	2-246
	2-247
	2-248
	2-249
	2-250
	2-251
	3-01
	3-02
	3-03
	3-04
	3-05
	3-06
	3-07
	3-08
	3-09
	3-10
	3-11
	3-12
	3-13
	3-14
	3-15
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	4-13
	4-14
	4-15
	4-16
	4-17
	4-18
	4-19
	4-20
	4-21
	4-22
	4-23
	4-24
	4-25
	4-26
	4-27
	4-28
	4-29
	4-30
	4-31
	4-32
	4-33
	4-34
	4-35
	4-36
	4-37
	4-38
	4-39
	4-40
	4-41
	4-42
	4-43
	4-44
	4-45
	4-46
	4-47
	4-48
	5-01
	5-02
	5-03
	5-04
	5-05
	5-06
	5-07
	5-08
	5-09
	5-10
	5-11
	5-12
	6-01
	6-02
	6-03
	6-04
	6-05
	6-06
	6-07
	6-08
	6-09
	6-10
	6-11
	6-12
	6-13
	6-14
	6-15
	6-16
	6-17
	6-18
	6-19
	6-20
	6-21
	6-22
	6-23
	6-24
	7-01
	7-02
	7-03
	7-04
	7-05
	7-06
	7-07
	7-08
	7-09
	7-10
	8-01
	8-02
	8-03
	8-04
	8-05
	8-06
	8-07
	8-08
	8-09
	8-10
	8-11
	8-12
	8-13
	8-14
	8-15
	9-01
	9-02
	9-03
	9-04
	9-05
	9-06
	9-07
	9-08
	9-09
	B-01
	B-02
	B-03
	xBack

