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Paragraphs 1.1 t0 1.8

SECTION 1
GENERAL DESCRIPTION

1.1  GENERAL

1.2  This publication provides information relating

to the Time-Multiplexed Communication Channel option
manufactured by Scientific Data Systems, 1649
Seventeenth Street, Santa Monica, California.

1.3 In this publication, the Time-Multiplexed Com-
munication Channel option is referred to as "TMCC",
The models covered,with their description and the
figure references,are listed in table T-1.

Table 1-1. TMCC Models

Channel

Model Description Used Figure

92200 | 6-bit characters with W(A), C 1-1
interlace

92210 | 6-bit characters with Y(B), D 1-1
interlace

92201 | 12-bit characters with C 1-1
interlace

92211 | 12~bit characters with D 1-1
interlace

92202 | 24~bit characters with C 1-1
interlace

92212 | 24~bit characters with D 1-1
interlace

93200 | 6~bit characters without W(A), C| 1-2
interlace, single channel

91210 | Interlace option for Model
93200

93201 | 12-bit character extension
option for Model 93200

93202 | 24-bit character extension
option for Model 93200

93221 | 6~bit characters without W + Y 1-2
interlace, two channels (A + B)

91210 | Interlace option for either
channel of Model 93221

93201 | 12=bit character extension
option for Mode!| 93221

93202 | 24~bit character extension
option for Model 93221

1.4 The information in this publication relates to the
TMCC as utilized with the 925/930/9300 computers.
Other publications containing information relating to

the TMCC and input/output operation are listed in
table 1-2,

Table 1-2. Applicable Publications

Title of Publication Publication No.
SDS 925/930/9300 TMCC

Input/Output Unit Logic

Layouts, Current and History 900557
SDS 925 Computer Reference

Manual 900099
Medel 925 Computer,

Technical Manual 900633
SDS 930 Computer Reference

Manual 900064
Model 930 Computer,

Technical Manual 9200066
SDS 9300 Computer Reference

Manual 900050
Model 9300 Computer,

Technical Manual 900570

1.5 PURPOSE OF OPTION

1.6 The TMCC is a time-multiplexed input/output
channel utilized for communication between peripheral
devices and the 925/930/9300 computers. Its operation
is designated "time-multiplexed" because it gains access
to the computer memory through the same path utilized
by the computer and must, therefore, momentarily inter-
rupt computation fo store or obtain a word of informa-
tion. Up to four TMCCs may be connected to one com-
puter and all may be active simultaneously but since
their operation is time-multiplexed, only one channel
at a time communicates with the computer memory.

1.7 DESCRIPTION AND LEADING PARTICULARS

1.8 A computer may have from one to four TMCCs
connected to it, These are designated by letter symbols

_in the order of their installation. When only one

1-1
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Channel
W (or A)

92200

One Channel Configuration

Channel Channel
W (or A) C
92200
92201
92200 92202
Hardwired
Channel
Y (or B)
92210
92211
92212

Three Channel Configuration
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Channel

W (or A)

92200

>

Hardwire

d

" Channel

Y (or B)

92210
92211
92212

Two Channel Configuration
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Channel Channel
W (or A) C
92200
92201
92200 92202
Hardwired Hardwired
Channel Channel
Y (or B) D
92210 92210
92211 92211
92212 92212

Four Channel Configuration

Figure 1-1. TMCC Configuration, Models 922X X
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Channel Channels
W (or A) Wand Y
(or A and B)

93200 93221%

One Channel Configuration

Two Channel Configuration

Three Channel Configuration

*Note: The Interlace feature, Model 91210, is required on channels B, C and D, and is optional on W,

Channels Channel Channels Channels
Wand Y C W and Y Cand D
{or A and B) (or A and B)
93200*
93221* 93221* 93221*

Four Channel Configuration

A and Y. All channels may have 93201 or 93202 options.

Figure 1-2, TMCC Configuration, Models 932XX
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channel is used it is specified as the W channel on the
925 and 930 computers or as the A channel on the 9300
computer. As additional channels are added they are
designated, in order, Y (or B on the 9300 computer),

C, and D. Because single-word input/output instruc=
tions (Memory Into W, Memory Into Y, Memory Info A,
W Into Memory, Y Into Memory, and A Into Memory)
are not available for all channels, the interlace feature
is mandatory on channels B, C, and D.

1.9 Primary differences between the models occur in
the hardware layouts, connections between channels,
and the options available.

1-10 PHYSICAL DESCRIPTION

1.11 The TMCC consists of plug=in modules contained
in chassis consisting of four or six rows of modules.

SDS 900685C
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Each row contains 32 connectors thereby allowing the
insertion of up to 32 modules in each row. Physical
location of each module is given in Section 4 of this
manual,

1.12 TMCC Models 922XX

1.13 In TMCC Models 922XX, the character length is
fixed for a particular model and the interlace feature is
included. One channel must be six bits to allow enter-
ing a program into the computer.

1.14 One Channel Configuration

1.15 A one channel configuration TMCC (Model
92200) consists of a single chassis containing four rows
of modules (C through F). The quantity and type of
modules are listed in table 1-3.

Table 1-3. Models 922XX Module Complement

Quanfity
92200 92201192202 92210 92211 92212
6-Bit 12-Bit[{24-Bit 6-Bit 12-Bit 24-Bit
Item Description Model |"W" "A" or "C" y" gt or "D" ["Y" "B"or"D" |"Y" "B" or"D"

1 |Triple Flip-Flop FB52 19 21 | 25 18 20 24

2 |NAND Flip-Flop FB54 14 14 | 14 13 13 13

3 {Cable Driver No. 2 AB55 2 2 2 1

4 INAND No. 2 1B56 5 5 5 5 5 5

5 |Band NAND IB57 4 4 4 4 4 4

6 [NAND Module IB52 2 2 2

7 |Shift Register DB50 3 3 3 3 3 3

Receiver Inverter Buffer| AB53 2 2

9 |Termination Module ZB52 2 2 2
10 |Interface +8 to +4 NB50 1 2 2 1 1 1
11 [Cable Driver AKS53 9 10 | 1 3 1 2
12 |Cable Driver NB52 3 3
13 |Termination Module +4 |ZB50 7 7 7 7 7 7
14 |Termination Module ZB55 1 1
15 |Receiver, Inverter AB52 2 2
16 |[NAND No. 4 IB59 5 5 5 4 4 4
17 |Schmitt Trigger AK54 1 1 1
18 |Termination Module ZB56 1 2
19 [Termination Module ZB57 1 2
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1.16 Two Channel Configuration

1.17 A two channel configuration TMCC consists of
two chassis, one containing four rows of modules (C
through F) and the other containing two rows of modules
(A and B). These two chassis are physically bolted
together and hardwired to allow mounting as a single
unit. The two channel configuration consists of @
Model 92200 for channel W (or A) and either a six bit
option (92210), a twelve bit option (92211) or a twenty-
four bit option (92212) for channel Y (B). The options
selected determine the quantity and type of modules.
Table 1-3 lists the modules required for each model.

1.18 Three Channel Configuration

1.19 The three channel configuration consists of three
chassis, two containing four rows of modules and the
third containing two rows of modules. Channel W (or
A), consists of a Model 92200; channel Y (or B) con-
sists of a six bit option (92210), o twelve bit option
(92211), or a twenty=four bit option (92212); channel
C consists of a six bit option (92200), a twelve bit
option (92201), or a twenty-four bit option (92202).
The quantity and types of modules for each option are
listed in table 1-3.

1.20 Four Channel Configuration

1.21 The four channel configuration consists of four
chassis, two containing four and two containing two
rows of modules. The four channel configuration con-
sists of a Model 92200 for channel W (A); a six bit
option (92210), a twelve bit option (92211) or a twenty-
four bit option (92212) for channel Y (B); a six bit option
(92200), a twelve bit option (92201), or twenty-four bit
option (92202) for channel C; and a six bit option
(92210), twelve bit option (92211), or a twenty-four bit
option (92212) for channel D. The quantity and types
of modules are listed in table 1-3.

1.22 TMCC Models 932XX

1.23 In TMCC Models 932XX, the interlace registers
are optional equipment. Interlace options may be
installed in any of the four TMCCs that a 925/930,/9300
computer may have. However, channels C and D (and
B on the 9300 computer) must have interlace installed
since there are no computer instructions allowing use of
these channels without it.

1.24 One Channel Configuration

1.25 A one channel configuration TMCC (Model
93200) consists of a single chassis containing four rows
of modules. The quantity and types of modules are
listed in table 1-4,

SDS 900685C
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1.26 Two Channel Configuration

1.27 The two channel configuration consists of a single
chassis containing six rows of modules. For channels W
and Y, a Model 93221 TMCC may be used. The Model
93221 may be extended to twelve bit or twenty~four bit
characters by addition of modules as listed in table 1-4,
The Model 93221 must have the Model 21210 Interlace
installed in either or both channels, The modules com~
prising the Model 91210 Interlace are indicated in
table 1-4,

1.28 Three Channel Configuration

1.29 A three channel configuration TMCC consists of
a single chassis containing six rows of modules and
another chassis of four rows of modules. Channels W
and Y (or A and B) are as given in paragraph 1,27,
Channel C consists of a Medel 93200 TMCC (with char-
acter extension options) and must include a Model
91210 Interlace.

1.30 Four Channel Configuration

1.31 A four channel configuration TMCC consists of
two chassis, each containing six rows of modules. Two
Model 93221 TMCCs may be used with character exten-
sion options if desired. Model 91210 Interlace options
must be installed on at least channels C, and D (and B
on the 9300).

1.32 SEMICONDUCTOR COMPLEMENT

1.33 The semiconductor complement may be derived
from the Material Lists and Module Data Sheets con-

tained in Section 6. The module complement for each
model of TMCC is contained in tables 1-3 and 1-4,

1.34 INTERLACE FEATURE

1.35 The purpose of the interlace feature is to provide
the TMCC with a means of transferring blocks of words
without requiring a separate instruction for each word.
To do this, two counters are added to the TMCC. One
counter is loaded with a count of the number of words in
the block, and the other counter is loaded with the
address of the memory position of the first word in the
block. Then, as each input or output word is transferred
to or from memory, the Word Counter and the Address
Counter are incremented. The Word Counter holds the
one's complement of the count; thus the count is
decreased as the counter counts up. In addition to the
two counters, the interlace logic also includes Channel
Command Interrupt Enables, and all the necessary con-
trol logic.

1-5
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Quantity
93200 93221 93201 93202 91210
6-Bit 6-Bit 12-Bit 24-Bit Interlace
Item Description Model WL WYL W or YT W or MY [ W or MY

1 Triple Flip=Flop FB52 6 11 2 6 13

2 NAND Flip-Flop FB54 13 25 - - 1

3 Cable Driver No, 2* AB55 3 4 - - -

4 NAND No. 2 1B56 4 8 - - 1

5 Bond NAND IB57 3 7 - - 1

6 NAND Module 1B52 2 2 - - -

7 Shift Register DB50-2 3 6 - - -

8 Receiver Inverter Buffer | AB53 2 2 - - -

9 Termination Module ZB52 2 2 - - -
10 Interface +8 to +4 NB50 1 2 1 1 -
1 Cable Driver AKS53 9 13 1 2 -
12 Driver Cable Interface NB52 1 1 - - 2
13 Termination Module +4 ZB50 6 10 0 0 1
14 Priority Interrupt ** SK61 2 2 - - -
15 Receiver Inverter AB52 2 2 - - -
16 NAND No. 4 IB59 3 5 - - 3
17 Schmitt Trigger AK 54 1 1 - - -

*SK61s are located in computer besic interrupt: 925/930 Reference Drawing 107352
9300 Reference Drawing 107626

**One AB55 is located in 5E (930 only) if 1/0 is used as a "C" or "C-D" channel.
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SECTION 1II
PROGRAMMING

2.1 PURPOSE

2.2  The 925/930/9300 computers include as standard
equipment one Time-Multiplexed Communication Chan-
nel (TMCC), without interlacing capability, as well as
provision for three additional channels. The interlace
unit is available as an option. The W and Y channels
are available with or without interlace; the C and D
channels are available only with interlace. The W
channel on the 925 and 930 computers is equivalent to
the A channel on the 9300 computer and the Y channel
on the 925 and 930 computers ie equivalent to the B
channel on the 9300 computer. (The B channel on the
9300 must also have the interlace feature). These
channels are capable of automatically controlling the
flow of data to and from memory at rates up to one word
every 3.5 microseconds. These channels run independ-
ently of the central processor and only communicate
with it to transfer data to or from memory.

2.3 GENERAL OPERATION

2.4 Utilizing channels W and Y (or A), characters,
and words can be transmitted between memory and
peripheral devices under the direct control of single
instructions. Each of these channels has associated with
it two instructions to facilitate direct control operations.
For channel W, W INTO MEMORY (WIM) (channel A,
A INTO MEMORY (AIM)), causes a word from a periph-
eral fransmission to be taken from the channel W (A)
buffer register and placed directly in the specified
memory location without disturbing any internal regis-
ters,  MEMORY INTO W (MIW), (MEMORY INTO A
(MIA)), causes a word to be taken from a specified
memory location and placed in the channel W (A) buffer
register to be read out to the currently operating periph-
eral device connected to the channel. WIM (AIM) and
MIW (MIA) are preceded by instructions from the EOM
group that set up the input/output operation. YIM and
MILY instructions function in an analogous manner for
channel Y. The general test instruction, SKIP IF SIG-
NAL NOT SET (SKS) provides the facility for testing
error indications and/or for testing various peripheral
device indicators,

2.5 Additionally, using any channel including channels
W and Y (A and B) with interlace, data can be transmitted
to and from core storage under channel control. Opera-
tion of a channel is initiated by the execution of a
sequence of instructions in the central processor, Once
started, the channel operates independently of the
central processor, automatically transferring each word
at the correct time.

2.6 Three instructions control the process of trans-
mitting and receiving data between channel peripheral
equipment and the central processor. These instructions
are:

EOM ENERGIZE OUTPUT M
POT PARALLEL OUTPUT
SKS SKIP IF SIGNAL NOT SET

2.7 EOM instructions activate one of channels W (A),
Y (B), C, or D, to select the peripheral device to be
used, and to set up the initial conditions of the data
transmission, including the peripheral operation to be
performed. An EOM instruction also specifies terminal
conditions for an operation.

2.8 PARALLEL OUTPUT (POT) instruction sends out to
the channel the number of words in the transmission and
the address at which the output begins.

2.9 SKIP IF SIGNAL NOT SET (SKS) instruction can
test the Error indicators, End-of-Transmission indicators,
and other input/output control indicators, such as
printer end-of-form or card hopper empty.

2.10 The general order of use of these instructions for
interlaced operation is:

Instruction Function
EOM to address the channel, connect the

peripheral device, specify various input/
output conditions, and alert the optional
channel interlace (see Communication

Channel Input/Output, paragraph 2. 30).

EOM to specify the terminal conditions and
interrupts desired during the transmission

POT to transmit to the channel a word con-
taining the transmission starting address
and block length

Bits O through 9 of this latter word contain the ten lower
order bits of the word count; bits 10 through 23 contain
the 14 bits of the starting address. The second EOM
contains the high-order bits of the word count and
starting address when needed.

2.11 DIRECT PARALLEL INPUT/OUTPUT

2.12 The direct parallel input/output (POT/PIN) facil-
ity allows any word in core memory to be presented, in

2-1
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parcllel, at any special system connector or applicable
standard peripheral connector; or, conversely, allows
signals sent to a connector to be stored in any core
memory location. EOM and SKS instructions control
parallel input/output operations in the same way as in
channel operations. POT/PIN instructions also gener-
ate or check for correct parity with each word
transmitted,

2.13 SINGLE=-BIT INPUT/OUTPUT

2.14 EOM and SKS instructions also perform single~bit
input/output and testing for special or standard devices.
The execution of an EOM transmits a single signal of
approximately 1.4 microseconds duration to an external
connector and also provides the connector with a 15-
bit address for the destination of this signal. SKS tests
whether a similar signal is present on an external con=-
nector and skips accordingly.

2.15 PRIMARY INPUT/OUTPUT INSTRUCTIONS

2.16 ENERGIZE OUTPUT M (EOM)

0 02
] L [ 1 1
T T T T T
0123 8 9 23
00 O1 02 O3 04 05 06 07

2.17 The major instruction for preparing channel W (or
Y, C, D) and an attached peripheral device to perform
a data transmission or other peripheral activity is the
multi-purpose instruction, ENERGIZE OUTPUT M
(EOM). This instruction operates in four distinct modes
with many functional configurations. These modes are
Buffer Control, Input/Output Control, Interal Control,
and System Control. In the third and fourth modes,
EOM controls and initiates non~communication channel
operations such as special systems transmissions. Each
of the frequently used EOM instruction configurations
has @ mnemonic tag used with standard SDS assemblers.
The different modes of operation are program-selectable
by the setting of two bits (10, 11 of octal position 3)
within the EOM instruction format:

Octal  Bit Posi=  Bit Posi-
Value tion 10 tion 11 Area
0 0 0 Buffer Control
1 0 1 Input/O utput Control
2 1 0 Internal Control
3 1 1 System Control

2.18 A Buffer Control mode EOM operates essentially
as a set=up or preparation facility for data transmissions

2-2
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or other peripheral activities using the channel. The
channel to be used, the peripheral unit on that channel,
the operation to be performed, and the type of charac-
ter format to be used are all detailed within this EOM,
It also details the use of BCD or binary data transmis-
sion, the allowance or not of a leader (as in poper tape),
and the direction of operation (as in forward direction
for magnetic tape). Execution of such an EOM "con-
nects" the specified peripheral unit to the channel. An
EOM in this mode can also alert the interlace, which

is the optional, automatic buffer control for input/output.

2.19 An EOM in the Input/Output mode directs periph-
eral devices to perform non-transmitting operations such
as rewind magnetic tape and upspace the printer. This
EOM selects certain channel operations such as inter=
rupt response and input/output terminal function
desired. It alerts peripheral devices that a PARALLEL
INPUT (PIN) or PARALLEL OUTPUT (POT) instruction
follows. It also can give an extension of the word
count to 15-bits for the number of words to be trans-
mitted and an extension of the address specification to
15-bits. Without disturbing the associated channel,
this EOM can also set up the interlace unit, It is with
the input/output mode EOM that the user selects his
1/O operation as compatible or extended 1/O modes.

2.20 This coding sequence initiates such an interlaced
channel operation (compatible mode):

Instruction Function |

Alert the interlace

EOM (Input/Output
Control Mode)

POT transmit starting address and
block length to interlace

EOM (Buffer
Control Mode)

address channel, connect
peripheral device, specify
various input/output condi-
tions, start transmission

2.21 Initiating an interlaced input/output operation
via this sequence of instructions facilitiates checkout by
allowing the programmer to single-step through this por-
tion of the program. The first two instructions, EOM
(Ioc) and POT, set up the interlace with data address
and block length. Therefore, single-stepping through
the sequence allows the interlaced channel to complete
the input/output operation. When a single EOM (Buf-
fer Control mode) sets up the channel and interlace with
a POT instruction following, the programmer cannot
step through the sequence since the input/output opera-

. tion proceeds before the next stepped instruction (POT)

places the address and block length in the interlace.

2.22 An EOM in the Intemal Control mode enables and
disables the interrupt system, EOM in this mode also
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can prepare the system for the selective arming and
disarming of the system interrupt levels. This mode
does not directly concern the input/output programmer.

2.23 An EOM in the System Control mode is specific-
ally coded for a given installation and system. Address
capability is 15=bits or 32,768 combinations for these
special system designations.

NOTE

If an interrupt occurs during the
execution of an EOM in any mode,
no acknowledgement occurs until
the completion of the execution of
the instruction following the EOM.

2.24 SKIP IF SIGNAL NOT SET (SKS)

0 |0 40(20)

8910 11 12 ' 23
05 06 O7

0123
00 o1 02 03 04

2.25 The principal instruction for testing the states and
responses of data channels and their attached peripheral
devices, as well as testing internal and exteral indi-
cators, is the multi=purpose instruction, SKIP IF SIG-
NAL NOT SET (SKS). SKS is a "skip class" instruction
yielding a decision and transfer capability to all chan-
nels, devices, indicators, and systems that require it.
It operates in four distinct modes: Special Internal Test,
Channel and Device Test, Internal Test, and Special
System Test. In the second mode, SKS tests channel-
oriented, input/output functions. Each of the fre-
quently used SKS instruction configurations has
mnemonic tag, used with SDS assemblers.

2.26 These different modes of operation are program-
selectable by the setting of two bits (10, 11 of octal

position 3) within the SKS instruction format:

Octal  Bit Posi- Bit Posi-

Value tion 10 tion 11 Area
0 0 0 Special Internal Test
1 0 1 Channel and Device Test
2 1 0 Internal Test
3 1 1 Special System Test

2.27 In the Channel and Device Test mode, SKS tests
a channel for channel Ready (not active), interlace
Word Count Equal to Zero, and Error. This mode also
tests peripheral devices directly. These include testing

SDS 200685C
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indicators in a magnetic tape unit such as Beginning-of-
Tope, End-of-Tape, File=Protect Ring present, and
End-of-File. For example, an SKS instruction might
address an indicator within the printer to determine
whether the paper is at the End-of=Form.

2.28 In the Internal Test mode, SKS tests whether the
interrupt system is enabled or disabled, whether a break-
point switch is set, and whether Overflow is set.

2.29 In the Special Intemal and Special System Test
modes, SKS tests signals of special configuration as the
specific system requires.

2,30 COMMUNICATION CHANNEL INPUT/OUTPUT

2.31 GENERAL INFORMATION

2.32 SDS Communication Channels provide fully buf-
fered, input/output control and transmission, multi-
plexed or simultaneous with computation. Up to four
data channels can connect to the central processor, all
operating independently of each other.

2.33 Each channel can control as many as 30 input/
output devices and automatically handles character,
word assembly and disassembly, input/output parity
detection and generation, data transmission to and from
memory, and End-of-Transmission detection.

2.34 All channels are bi-directional and can communi-
cate with é-bit character devices or word devices of up
to 24-bits. In the case of character-oriented devices,
the program specifies the number of characters to be
contained in each word during the transmission.

2.35 A channel buffer assembles and disassembles data
words as they are transmitted between core memory and
the peripheral equipment. The buffer maintains control
of operations such as characters per word transmitted and
direction of peripheral operation (as in magnetic tape
forward/reverse).

2,36 A Buffer Control mode EOM sets up the channel
buffer for operation. The execution of this EOM sets
the operation controls, places the unit address in the
buffer, and initiates data assembly/disassembly. The
presence of the unit address activates the buffer, caus-
ing it to look for data coming from the peripheral device
or from memory, as determined by the unit address.

2,37 When in use, a channel interlace controls the
transfer of the data words going through the associated
channel buffer. This interlace supplies the memory
address of data coming from or going to memory and
maintains the word count determining the number of
words transferred. The terminal interrupts,

2-3
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End-of-Record and Zero Word Count, come from the
interlace and are under its control. The interlace con-
trols input/output termination functions during inter~
laced operation,

2.38 Two EOM instructions and a POT instruction alert
and set up a channel interlace. The first EOM alerts
the interlace, that is activaies the interlace and
instructs it to expect a word count and starting address
to be sent to it by the POT instruction. The second
EOM is an Input/Output mode EOM that specifies the
interrupt and the terminal function to be used. This
EOM also can specify a 15th address bit and five more
high-order word count bits expanding the word count
from 10-bits to 15. This sequence is written: EOM
(Alert), EOM (1/0), and POT. When the channel
buffer is being set up at the same time, the buffer con=-
trol EOM can alert the interlace. When the buffer is
clready set up, during a continuing 1/O operation, the
programmer may use the I/O EOM, ALERT CHANNEL
(00250000), to alert the interlace.

2.39 When the programmer does not desire to program
the Extended Mode with the input/output terminal
functions, interrupts, and additional count or address,
only the EOM (Alert) and the POT are necessary to set
up the channel interlace (Compatible mode).

2.40 In the Extended Mode, the four channels are
programmed in the same way.

2,41 The Time-Multiplexed Channels use the memory
logic of the central processor to facilitate input and
output of data words. The transfer of each word
between a time-multiplexed channel buffer and memory
requires two memory cycles. During this time, computa-
tion stops in the central processor. Priority for the use
of the word input/output logic is in the order: Channel
D, C, Y(B), W(A). Any Time-Multiplexed Channel
operating with interlace has priority over the central
processor for memory access.

2.42 COMMUNICATION CHANNEL DESCRIPTION

2.43 Up to 30 peripheral devices may be connected to
one channel. Each of these devices has a unique, two-
digit, octal address by which it is selected for an input/
outpuf operation. To select the peripheral device, the
program loads the proper unit address into the 6-bit
Unit Address Register (UAR) in the channel buffer. This
address selects both the device and, if appropriate, the
function to be performed. Placing a non-zero unit
address in the Unit Address Register "connects" the
peripheral unit addressed to the channel and it becomes
"active". When the UAR contains a zero address, or
any time that a terminal or initial condition clears the
contents of UAR, the channel is "inactive." The zero
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in UAR also means that it is not connected to a periph-
eral unit.

2,44 When the channel and the peripheral unit to be
used have been connected, the channel must have
information pertaining to the location in memory of the
data to be transmitted or received and pertaining to the
number of data words in the transfer,

2.45 TIME-MULTIPLEXED CHANNEL REGISTERS

2.46 In the Time-Multiplexed Channels W (A) through
D, there are two registers important to the progrommer,
the Word Assembly Register (WAR) and the Single-
Character Register (SCR). The WAR, a 24-bit, word-
sized buffer, contains the word of data actively being
received or fransmitted during an input or output opera-
tion. During input, 6-bit characters (plus parity) enter
the Single-Character Register where the channel buffer
assembles them, one at a time, into the WAR. Then the
completed word is placed in memory. Depending on the
number of characters per word specified, the word
assembled and placed in memory during input has the
form:

Word in Memory

One character per word mode

| U?predilc'ralolel Ist
o 1718 0 »3
Two characters per word mode
Pnpreqicmble |s|t 2nd
o " mn1 a7z 23
Three characters per word mode
Unpred 1st 2nlc| 3lrd
o ' 56 112 1718 02

Four characters per word mode

llst 2rl1d 3I‘t? 4th
11 12 17 18 23

0 56

2.47 The unfilled character positions contain unpredict=-
able data. When assembled during a one-word opera-
tion, a WIM (AIM) instruction places the word into
memory. Under interlace control, the interlaced chan-
nel automatically places the word in memory when
assembled,

2.48 When the end of an information record is detected
by a buffer, the buffer automatically disengages from
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the device and is then "ready" for another operation.
The buffer logic is reset, except that the state of the
error indicator is maintained and the last word of the
input is still in the word register. If the number of
characters in the input record was not a multiple of the
number of characters assembled into each computer
word, then zeros are automatically forced into the
least significant positions of the last word. This last
word can then be stored in memory by a BUFFER INTO
M WHEN READY WIM (AIM) or YIM instruction after
the buffer has disengaged. If the number of characters
in the input record was a multiple of the number of
characters assembled into each computer word, then the
word remaining in the W buffer is either the last group
of characters from the input device, if they were not
previously transferred to memory by a BUFFER INTO M
WHEN READY WIM (AIM) or YIM, or zeros if the last
group of characters had been transferred to memory.

In either case, it is safe to issue one such instruction
after the buffer has disengaged without "hanging up"
the computer.

2.49 During output, words come from memory into the
WAR where the channel buffer disassembles them into
the SCR one 6-bit character at a time. Depending on
the characters per word mode specified, the 6-bit char-
acters within the word are output as follows:

Function Mode

Output one character
from bits O through 5

One character per word

Output two characters
from bits 0 through 5,
6 through 11

Two characters per word

Ovutput three characters
from bits 0 through 5, 6
through 11, 12 through 17

Three characters per word

Ovutput four characters

from bits O through 5, 6
through 11, 12 through

17, 18 through 23

Four characters per word

2.50 As required, the characters are transferred into
the One Character Register and output with generated
parity. After each character transfer, the word in the
WAR is shifted left six bits to be ready for the next
transfer. Only those characters needed from each word
are used; when required, a new word is brought to the
WAR for the next character. For special applications
a Time~Multiplexed Channel may be equipped with a
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12- or 24-bit One Character Register. The external
device which has a character size grecter than 6~bits
specifies to the channel what its size is, 12- or 24~bits.
Standard 6-bit devices are unaffected by the installa-
tion of a wider SCR.

2.51 Interlace Registers

2.52 A channel interlace contains two working regis-
ters, the Word Count Register (WCR) and the Memory
Address Register (MAR). In the set~up sequence --
EOM, EOM, POT -- for an interlaced input/output
operation, the POT instruction transmits to the interlace
a data word made up of the word count (that is, length)
and the starting address of the data block. The 15-bit
Word Count Register (WCR) contains the data word
count during a data transfer. The number of data words
is decremented by one and the new count replaces the
old one in the WCR for each word transmitted.

2.53 The count is assembled into the WCR from two
places: the least significant 10-bits is from the "POTed"
word and the most significant 5-bits is from the "HI
COUNT" field of the second EOM. The form of the
"POTed" word is:

VlVord C?unt
T T

| Si;crf Adgress
0 "9 10 ' '

23

2.54 When the word count is equal to zer, the trans-
mission is complete. During output, this causes a termi-
nation; during input, the interlace allows any further
data to fill the channel buffer and generates the End-of-
Word interrupt, if enabled.

2.55 The Memory Address Register (MAR) contains the
starting destination or source address in memory of the
transmitted data. The memory locations to or from
which data words are to be transmitted enter the MAR at
the same time the word count does. During transmission
of data, the interlace increments the contents of the
MAR after each word as it decrements the contents of the
WCR. These two registers provide the interlace control
of block transmissions. The high-order 15th address bit
comes from the second EOM, also.

2.56 COMMUNICATION CHANNEL PROGRAMMING
2.57 The ENERGIZE OUTPUT M (EOM) used in the

Buffer Control mode addresses and connects the specified
Channel W (A), Y (B), C, or D, and selects the desired
unit address. The detailed instruction format is:

B I FLD[IC |B .
0 ]0 0'2 N00 RNBlw |2 Ur:nr
0123 I 89101112131415161718 23

00 Ol 02 03 04 05 06 07

2-5
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Bit Octal Octal
Designation Position Value
B1 o0 2
B2 O5 1
02 O1-2 02
I/N 03 4
00 O3 0
F/R 04 4
L/N 04 2
D/B 04 1
C/W 05
UNIT 06-7

SDS 900685C

Function

Bit positions 1 and 17
specify the channel to
be activated.

Channel W (A) is num-
bered 00, channel Y (B)
is 01, channel C is 10,
and channel D is 11,

Bit positions 3 through 8
contain 02, the instruc=
tion code for EOM,

A 1-bit inposition9alerts

the buffer interlace.

Bit positions 10 and 11
contain the EOM mode
indicator for the Buffer
Control mode.

Bit position 12 specifies
the direction in which
the peripheral device
will operate. A "0"
specifies the forward

direction. A"1" specifies

the reverse direction.

Bit position 13 specifies
whether the device
should be started with

a leader as in paper
tape. A "0" specifies
a start with leader, A
"1" specifies a start
without leader,

Bit position 14 specifies
the mode of character
format. A "0" specifies
BCD format, A "1"

specifies Binary format.

Bit positions 15 and 16
specify the number of
characters to be assem=-
bled into, or disassem-
bled from, each trans-
mitted word. One
character per word is
specified by 00, two by
01, three by 10 and
four by 11,

Bit positions 18 through
23 specify the unit and
the function to be per-
formed with that unit.
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2.58 STANDARD EOM CHANNEL INSTRUCTIONS

2.59 Several EOM function configurations have stand-
ard uses. These havestandard, assembler-type mnemonics
and are separate instructions.

2,60 ALERT CHANNEL (ALC)

X 02
I

0 23 8 9 23

2,61 ALC dlerts the channel interlace. This instruction
does not disturb the channel buffer in any way. ALC
has no effect on W or Y Buffers without interiace. The
channel Alerts are:

Mnemonic Alert Channel Instruction
ALC O W (A) 0 02 50000
ALC1 Y (B) 0 02 50100
ALC 2 C 2 02 50000
ALC 3 D 2 02 50100

2.62 DISCONNECT CHANNEL (DSC)

X 02

00X00
1 ] I ] }

o 23 ' ge¢ bV T T3

2.63 DSC disconnects the channel. It unconditionally
sets the Unit Address Register to 00 regardless of whether
the channel is currently addressing a device. This
instruction disconnects any device which may be con-
nected to the channel. It also unconditionally makes
the channel Ready (Inactive) and clears the Error
indicator,

Mnemonic Disconnect Channel  Instruction
DSC 0 W (A) 0 02 00000
DSC 1 Y (B) 0 02 00100
DSC 2 C 2 02 00000
DSC 3 D 2 02 00100

2.64 ALERTTO STOREADDRESS FROM CHANNEL (ASC)

X 02 12X00
0 23 ! 8 9 ' ' ! T 23

2.65 ASC alerts an interlaced channel so the PIN
instruction that follows can store the contents of the
Memory Address Register. This instruction does not
affect the operation of the channel.
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2.66 ASC is always used in conjunction with PIN to
determine the current status of a peripheral operation
being performed by the selected channel. The two
instructions are written together:

ASC n
PIN m, x

2.67 When the program executes these two instructions,
the contents of the effective memory location designated
by the PIN instruction are:

Bit Positions Contents

0 through 8 Zero

9 through 23 Contents of channel's

Memory Address Register

Mnemonic Channel Instruction
ASCO W (A) 0 02 12000
ASC 1 Y (B) 0 02 12100
ASC 2 C 2 02 12000
ASC 3 D 202 12100

2.68 TERMINATE OUTPUT OF CHANNEL (TOP)

X 02 14X00
: —t—t—

0 23 8 9 23

2.69 When the last word of a block enters the channel,
TOP terminates channel output. After the execution of
this instruction, the following occurs. When the chan-
nel buffer delivers the last character to the peripheral
device, the buffer disconnects.

2.70 TOP always terminates a non-interlaced channel
output operation. It may be used with all communica-
tion channels if the particular function selected is ter-
minal function 11but no further data output is required.

Terminate O utput

Mnemonic on Channel Instruction
TOP 0 W (A) 0 02 14000
TOP 1 Y (8) 0 02 14100
TOP 2 C 2 02 14000
TOP 3 D 2 02 14100
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2.71 COMPATIBLE/EXTENDED INPUT/OUTPUT
MODES

2.72 The termination of an [/O operation and the
interrupts that may be associated with that termination
fall into two classes: Compatible and Extended. The
choice of one of these two "modes" of input/output
operation determines how the system behaves when the
termination of an I/Q operation occurs.

2.73 Interrupts occurring at the same level (e.g.,
location 30, 31, etc.) can have difference names (e. g.,
Count Equal Zero and End-of-Word). These names
reflect the different I/O mode in operation when the
interrupt occurs. The differences include the timing of
interrupt occurrence relative to the 1/O operation and
type of interrupt requested.

2.74 The Compatible mode of operation for channels
W(A), Y(B), C, D is directly compatible with the SDS
900 Computer series modes of 1/0O operation. The types
of interrupts that can be requested are the End-of-Word
and End-of-Transmission interrupts.

2.75 The Extended mode for all channels expands the
1/0 capabilities to include the "terminal functions"
discussed below. The types of interrupts that can be
requested are the Count Equal Zero and End-of-Record
interrupts.

2.76 The 1/O mode is selected in the Input/O utput
EOM via bit 12, the Interrupt Arm bit. A 0-bit makes
the system operate in the Compatible mode; a 1-bit sets
the system in the Extended mode.

2.77 In particulor, the Interrupt Arm (IA) bit deter-
mines whether any of the Extended functions operate;
that is, a "0" in IA means that the other Extended mode
controls, bits 13, 14, 15 and 16, have no effect.

2.78 INPUT/OUTPUT CLASS EOM

2.79 The Input/Output EOM selects the 1/O operation
mode. When the Extended mode is selected, this EOM
also selects (arms) which interrupts are to be operational
and selects the desired terminal function. This EOM
applies to channels W (A), Y (B), C, and D,

I|E|Z

0o[B1{o| 02/06 0|0 ]AR c F C|B2|A| HI Count

| i

0123 8910111213141516171819 l 23
00 O1 02 O3 O4 05 06 O7
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Bit

Octal Octdl

Designation Position Value

0

B1
B2

02/06

01

1A

ER

00 2
o5 1
O1-02 02
o3 1
O4 4
2

SDS 9200685C September 1965
Bit Octal Octdl
Function Designation Position Value Function

Bit positions 0 and 2 are
not used with this EOM.

Bit positions 1 and 17
specify the channel.

Bit positions 3 through 8
contain 02/06, the

instruction code for EOM,

Bit positions 10 and 11
contain the EOM indica-
tor for the Input/O utput
control mode.

Bit position 12 selects the
mode of 1/O operation.

A "0" specifies the Com~
patible mode. The oper-
ation of bits 13, 14, 15,
and 16 are disallowed,
Channels W (A), Y (B),

C and D operate in this
mode which is completely
SDS 900 series compati-
ble. If interrupts are
required, the user
enables the Interrupt
System, thus enabling
and arming the End-of-
Word and End-of-
Transmission interrupts.

A "1" specifies the
Extended mode. All
channels can operate in
this mode. This allows
the use of bits 13, 14, 15,
and 16. If interrupts are
required, the user arms
the associated ones by
placing 1-bit in bits 13
and/or 14, The "termi-
nal function" to be used
is selected via bits 15
and 16,

Bit position 13 controls
the arming of the End-
of-Record interrupt. A
1-bit arms the interrupt.
A 0-bit disarms the

interrupt.

ZC 1 Bit position 14 controls
the arming of the Zero
Word Count interrupt.
A 1-bit arms the inter-
rupt. A O-bit disarms
the interrupt.

FC 05 Bit positions 15 and 16
specify the terminal con-
dition function to be
performed with the trans-
mission.

A Bit position 18 is the
high-order address bit.

HI Count Bit positions 19 through
23 contain the most
significant four bits of
the 15-bit word count,
These positions specify a
word count greater than

1023.
NOTE

A 1-bit in 13 and/or 14 does the
following:

1. Arms that interrupt during this
complete 1/0O operation; discon-
necting this channel disarms the
interrupt.

2. Once armed by bits 13 and/or 14,
the interrupt can be enabled or
disabled by the Enable/Disable
feature of the Interrupt System.

If a channel generates an extended
mode 1/O interrupt while the sys-
tem is disabled, the designated
interrupt level goes to the Waiting
state. When the program again
enables the interrupt system, the
interrupt goes to the Active state
when its priority allows.

2.80 TERMINAL FUNCTIONS; EXTENDED MODE

2.81 A 2-bit function code in the Input/Output EOM
controls the termination of input/output operation in
the extended mode. These functions are described
below with the letter C representing the specified word
count of the transmission.
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2.82 INPUT/CUTPUT OF A RECORD AND
DISCONNECT (IORD)

2.83 Input

2.84 Read C words, If C equals zero before the End-
of-Record is detccted, the rest of the record is ignored.
At the End-of-R cord, the peripheral device is dis-
connected and the channel becomes inactive,

2.85 Output

2.86 Write C words. When C equals zero, output is
terminated (i. e., the device is signaled that the last
characters have been transmitted). When the peripheral
device has generated the end of record and, if neces-
sary, checked the validity of the record, it sends an
End-of-Record response to the channel buffer. When
received by the buffer, the End-of-Record signal gen-
erates an End-of-Record interrupt (if armed) and dis-
connects the channel.

2.87 The line printer generates the End-of-Record
response when it completes the printing of a line. If
the printer encounters any print errors or faults, it
sends a signal to the channel that sets the channel error
indicator; this can occur since the printer has not dis-
connected from the channel. The IORD is useful when
the program is to print several lines and the program is
not otherwise to use the channel between lines. When
the printer completes each line, it causes an End-of-
Record interrupt (assumed to be armed), notifying the
program that it can immediately transmit the next paper
control instruction and the next line image.

2,88 The unbuffered card punch operates similarly.

It generates the End-of~Record response after punching
each row. If any faults occur during the punching of
the entire card, the card punch sends a signal to the
channel that sets the channel error indicator; this occurs
after punching the last row (row 9).

NOTE

A program should not use IORD with
devices 11at do not have End-of-
Record conditions on input (e.g.,
typewriter) or generate End-of-Record
responses upon output termination,
(e.g., devices such as the paper tape
punch and typewriter). These devices
do terminate output but give the pro-
gram no indication when they receive
the last characters.
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2.89 INPUT/OUTPUT UNTIL SIGNAL THEN
DISCONNECT (I0OSD)

2.90 Input

2,91 Read C words. When C equals zero or when the
End-of-Record is encountered, the device is discon-
nected and the channel becomes inactive. If the chan-
nel disconnects because of a zero count, an EOR inter-
rupt (if armed) will be generated in addition to the count
equal zero interrupt. If both are armed, C=0 will

occur first,

2.92 Output

2,93 Write C words. When C equals zero and when
the last character has been transmitted, the channel
disconnects the device and becomes inactive. If an
End-of-Record signal is received before the count
reaches zero, the channel will disconnect immediately.

NOTE

The IOSD is designed for use on
devices which are normally
operated on the basis of the word
count only. Typewriters and paper
tape devices are of this type, as
are the printer and card punch
when the user does not wish to
stay connected until the operation
is complete.

2.94 INPUT/OUTPUT OF A RECORD AND PROCEED
(IORP)

2.95 Input

2.96 Read C words. If the channel counts C down to
zero before the peripheral device encounters the End-
of=-Record (EOR), the channel ignores the rest of the
record (to the End-of-Record). When the peripheral
device sends the End~of-Record signal to the channel,
the channel sets its End-of=Record Indicator; this signal
sets the End-of-Record interrupt (if armed). The chan-
nel does not disconnect. The channel is now in an
"Inter-record" condition.

2.97 When the peripheral device is magnetic tape, the
tape continues to move when the tape handler encounters
the End-of-Record. The End-of-Record occurs when the
tape read-heads encounter tape gap; this also causes a
Tape Gap signal to "come high". If the program
executes a new read tape or scan tape EOM during the
inter-gap time (approximately one millisecond while

the Tape Gap signal is high), the tape remains in

motion and proceeds to read or scan the next record.
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If the program executes no such EOM before the Tape
Gap signal drops, the channel disconnects and the tape
comes to a stop. No additional interrupt occurs. This
is the only condition that causes a channel to disconnect
automatically.

2,98 All other input devices remain connected until
the program takes further action. The paper tape reader
remains in motion; the program should issue a "dis-
connect channel” instruction if the program is not read-
ing any more tape. To proceed after the End-of-Record
occurs, the program first executes a Buffer Control mode
EOM to re-initialize the Channel Unit Address Register
and then reloads the interlace portion of the channel
(the program can alert the Interlace via the Buffer Con-
trol EOM). Otherwise, the channel immediately ter-
minates any atfempt to use its interlace portion since
the channel is aware that it is still active and in the
End-of-Record condition. When the program continues
from an Inter-record condition, the program should use
an extended mode terminal function, An IORP should
not be used to read devices which do not have EOR
signals (e. g., the typewriter and paper tape punch).

2,99 Output

2.100 Write C words. When the channel interlace
counts C down to zero, the Interlace notifies the chan-
nel buffer that it has received the last word that is to
be output; when the buffer outputs this last word, it
sends a signal to the connected peripheral device indi~
cating that the device has the last word now. When the
peripheral device "receives, outputs and checks the
validity of" this last word, it sends an End-of-Record
response to the channel buffer. When received by the
buffer, the End-of-Record signal generates an End-of-
Record interrupt (if armed) and sets the Inter-record
indicator; the channel does not disconnect.

2,101 When the peripheral device is magnetic tape,
the tape continues to move after it signals End-of-
Record. As in reading tape, the signal causes the Tape
Gap signal to come high. If the program executes a
new write tape or erase tape EOM during the inter-gap
time (approximately one millisecond), the tape remains
in motion and proceeds to write or erase a new record.
If the program executes no such EOM before the Tape
Gap signal drops, the channel disconnects and the tape
comes to a stop. No interrupt occurs at this time. This
is the only condition which causes a channel to discon-
nect automatically.

2.102 To proceed after the End-of-Record occurs, the
program first executes a Buffer Control mode EOM to
re=initialize the Channel Unit Address Register and
then reloads the interlace portion of the channel (the
program can alert the Interlace via the Buffer Control

2-10
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EOM). Otherwise, the channel immediately terminates
any attempt to use its interlace portion, since the chan-
nel is aware that it is still active and in the End-of-
Record condition. When the program continues from an
Inter-record condition, the program should use an
extended mode terminal function.

2.103 A program should not use IORP with devices that
do not generate End-of-Record responses upon output
termination; such devices are paper tape and typewriter.
These devices do terminate output but give the program
no indication when they receive the last characters,

2. 104 The IORP should also not be used with the printer

and card punch since these devices expect the channel
to disconnect after they send EOR.

2.105 INPUT/OUTPUT UNTIL SIGNAL THEN
PROCEED (IOSP)

2.106 Input

2.107 Read C words., If the channel counts C down to
zero before the peripheral device encounters the End-
to-Record, the channel generates a Count Equals Zero
interrupt (if armed). The program should reload the
interlace portion of the channel to continue reading the
record. As far as the peripheral device knows, nothing
happens at this time. Failure to reload the Interlace
before the peripheral device sends enough characters to
overfill the channel buffer causes a rate error; this sets
the channel error indicator,

2.108 When the peripheral device encounters the End-
of-Record, IOSP operates identically like the IORP

command.

2.109 Output

2.110 Write C words. When the channel counts C down
to zero, the channel generates a Count Equals Zero
interrupt (if armed); the channel does not terminate out=
put. The program should reload the interlace portion of
the channel to continue writing in the same record.
Failure to reload the Interlace before the buffer trans-
mits all of the characters in its registers and before the
peripheral device requests the next character from the
buffer results in a rate error; this sets the channel error
indicator. ‘

2. 111 If the program executes a TERMINATE OUTPUT
(TOP) instruction after the channel has counted C down
to zero, the channel terminates the output and operates
identically like the IORP from this point on.
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2.112 CHANNEL AND DEVICE SKS

2.113 The Channel and Device Test mode SKIP IF
SIGNAL NOT SET (SKS) tests the indicators in a chan-
nel as well as devices attached to it. To test the chan-
nel, use unit address 00. The instruction format is:

2,114 CHANNEL TESTS

0|%lo| 40200 Ylo]1|rIc|ElT]0|¢] o0
2 . 1 3 .

0123 89101112131415161718 = 23
00 Ol 02 O3 04 O5 06 O7
Bit Octal  Octal

Designation Position Value Function

40(20) O1-02 40(20) Bit positions 3 through 8
contain 40(20), the SKS
instruction code.

01 03 1 Bit positions 10 and 11
contain the mode
selection.

Cc1 O3 4 Bits C1,C2,C3 used as

Cc2 00 2 an octal address, specify

C3 05 1 the channel to be tested.

Channel W (A) is 0, chan-

nel Y (B)is 1, and so on.

R Test for ready. A 1-bit
selects the test. Skip if
Ready or Inactive.

Test if indicator for
Word Count Equal to
Zero is set. A 1-bit
selects the test. Skip if
word count zero.

Test for error indicator
resef. A 1-bit selects

the test. Skip ifnnoerror.

Test for Inter-record
condition.

00 Bit positions 18 through
23 are zero to specify a
channel test. Each of
these tests causes a skip
when the test condition
is true,

2.115 STANDARD SKS INSTRUCTIONS

2.116 Several SKS function configurations have
standard uses. These have standard, assembler-type
mnemonics and are always used as shown.
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2.117 CHANNEL ACTIVE TEST (CAT)

SKIP IF CHANNEL NOT ACTIVE
X 40(20) 14XOOOl
] i | ]

o 23 ' g9 T T T o3

2,118 If the channel is ready to accept a new input/
output instruction, the computer skips the next instruc-
tion in sequence and executes the following instruction.
If the channel is active, or in the process of disconnect-
ing a peripheral unit, the computer executes the next
instruction in sequence.

Channel
Mnemonic Active Test Instruction
CATO W (A) 0 40(20) 14000
CAT 1 Y (B) 0 40(20) 14100
CAT 2 C 2 40(20) 14000
CAT 3 D 2 40(20) 14100

2.119 The following SDS 900 series compatible instruc-
tions make the identical test as the above instructions on
channels W and Y;

BRTW 0 40 21000 W BUFFER READY TEST

BRTY 0 40 22000 Y BUFFER READY TEST

2.120 The indicator that CAT tests is reset only by the
next EOM that connects and alerts the same channel.

2.121 CHANNEL ERROR TEST (CET)

SKIP IF NO ERROR ON CHANNEL
X 40(20) 11XC00
} 1 |
¥

0 23 8 9 23

2.122 CET tests the error indicator in the channel for
being in the set condition. If the error indicator has
not been set, the computer skips the next instruction in
sequence and executes the following instruction. If the
error indicator has been set, the computer executes the
next instruction in sequence.

Mnemonic  Channel Error Test Instruction
CETO W (A) 0 40(20) 11000
CET 1 Y (B) 0 40(20) 11100
CET 2 C 2 40(20) 11000
CET 3 D 2 40(20) 11100
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2.123 The following SDS 900 series compatible instruc~ Channel
tions make the identical test of channels W and Y: Mnemonic Active Test Instruction
BETY 0 40 20020 Y BUFFER ERROR TEST CIT 0 W (A) 0 40(20) 10400
BETW ' 0 40 2000 W BUFFER ERROR TEST CIT 1 Y (8) 0 40(20) 10500
2.124 The indicator that CET tests is reset only by the CIT 2 C 2 40(20) 10400
next EOM that connects and alerts the same channel.
CIT 3 D 2 40(20) 10500

2,125 CHANNEL ZERO COUNT TEST (CZT) 2.130 The Inter-record indicator is set only during

extended mode operation when using a Proceed Function;

SKIP IF CHANNEL WORD COUNT IS ZERO the indicator is set for an inter-record or zero count
condition. The indicator is reset by the next alert and
X 40(.20) . llZXO(z | connect EOM.
0 23 ' 89 ' " 23

2.131 DEVICE TESTS

2.126 CZT tests whether the contents of the Word 2.132 The SKIP IF SIGNAL NOT SET (SKS) below,

Count Register in the channel have been reduced to used in the Channel and Device Test mode, tests the

zero, If the contents of WCR are zero, the computer condition of the peripheral devices in the system directly.
skips the next instruction in sequence and executes the The peripheral device sections contain the jndividual
following instruction, If the contents of the WCR are instruction descriptions. ‘

non-zero, the computer executes the next instruction

in sequence, C C . Cc Unit
0 2 0 40(120) 1 O 1] Unit l'I'esfs 3 | Address
Channel Zero , 0123 = 89101112 161718 23
Mnemonic Count Test Instruction o0 Ol 02 o3 O4 0O5 06 O7
CZT 0 W (A) 0 40(20) 12000 Bit Octal Oectal
Designation Position Value Function
CZT 1 Y (B) 0 40(20) 12100 _—
Cl 03 4 Bit positions 9, 1, and
CZT 2 C 2 40(20) 12000

17 are used as an octal

digit to specify the
CZT3 D 2 40(20) 12100

channel,
Lo . Cc2 o0 2 Channel W (A) is 0,
2.127 The indicator that CZT tests is reset only by a channel Y (B) is 1, and
POT instruction to set up the word count and data so on.
address in the same channel.
C3 (o)} 1
2.128 CHANNEL INTER-RECORD TEST (CIT) 40(20)  O1-O2 40(20) Bit positions 3 through
8 contain the SKS
SKIP IF INTER-RECCRD INDICATOR IS SET instruction code.
X 40(20) 10X00 01 03 1 Bit positions 10 and 11
} } f } } contain the mode
0 23 8 9 2 selection,
Unit Tests 04-05 Bit positions 12 through
2.129 CIT tests the Inter-record indicator in the 16 select the particular
selected channel. If the Inter-record indicator is set, test and are system
the computer skips the next instruction in sequence and dependent.
executes the following instruction. If the indicator is ,
reset, the computer executes the next instruction in UnitAddress 06-07 Bit positions 18 through 23
sequence. specify the unit address.
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2.133 SINGLE-WORD DATA TRANSFER VIA
CHANNELS W (A) AND Y

2. 134 INSTRUCTIONS

2.135 Channels W (A) and Y can be programmed as
single=word input/output buffers. Data transfer is per~
formed under direct program control or with the aid of
the interrupt system. Interlace is not used with these
instructions,

2.136 The following two instructions perform data
transfer using channel W,

2.137 MEMORY INTO CHANNEL W WHEN EMPTY
(MIw)

RiX|0 12 I M
0123 8 9 10

<+

¥

2.138 MIW transfers the contents of the effective
memory location into the channel W word buffer. If
necessary, the central processor "hangs up" until the
buffer is empty and ready to accept the data word.

2,139 The W buffer must be connected to the desired
peripheral device by a previous "connect" EOM instruc-
tion that selects the buffer, the unit address, and all
appropriate control functions.

2.140 CHANNEL W INTO MEMORY WHEN FULL
(WIM)

RIX|O 32 I M
l 1
0123

8 910 23

2. 141 WIM transfers contents of the channel W word
buffer into effective memory location. If necessary,
the central processor "hangs up" until the buffer is full
and ready to deliver the data word.

2.142 MEMORY INTO CHANNEL Y WHEN EMPTY
(MrY)

RIX10 10 I M
i | } t
0123

8 9 10 '

2. 143 MIY transfers the contents of the effective
memory location into the channel Y word buffer, If
necessary, the central processor "hangs up" until the
buffer is empty and ready to accept the data word.

SDS 900685C
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2,144 CHANNEL Y INTO MEMORY WHEN FULL
(YIM)

RIX]0 30 I M

0123 890

2,145 YIM transfers the contents of the channel Y
word buffer into the éffective memory location. If
necessary, the central processor hangs up" until the
buffer is full and ready to deliver the data word.

2.146 MEMORY INTO CHANNEL A WHEN EMPTY
(MIA)

If X 30 M

0123 8 9 ' ‘ 23

2,147 The contents of the effective memory location
are transferred into the channel A word buffer. The
central processor "hangs up" until the buffer is empty
and ready to accept the data word.

2.148 CHANNEL A INTO MEMORY WHEN FULL
(AIM)

Il X 32 M

0123 g 9 T 2
2. 149 The contents of the channel A word buffer are
transferred into the effective memory location. The
central processor "hangs up" until the buffer is full and
ready to deliver the data word.

2.150 SINGLE-WORD OPERATIONS

2.151 The single-word buffer operations are used in
two ways. Data words transfer between the channel and
memory under direct program control. The "connect"
EOM and the input or output channel instruction are in
sequence and the computer "hangs up" until the buffer
is ready fo perform the transfer. This delay is usually
due to buffer tie-up while the buffer is actively trans-
mitting or receiving the previously requested data word.,

2,152 Use of the priority interrupt system eliminates the
tie=up of the central processor. The interrupt system
allows the program to connect the device to be used in
the transfer, to enable the interrupt, and then to con-
tinue processing in the main program. When the buffer
is ready to receive from, or transfer to, memory, the
End~of-Word interrupt to the corresponding interrupt
location notifies the program that the buffer is Ready.

A service routine entered via a BRANCH AND MARK
PLACE (BRM) instruction in the appropriate interrupt
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location processes the interrupt. This routine contains
the instruction (MIW or WIM, for example) that can
execute immediately without computer tie-up.

2,153 During single-word operations, a parity error or
incorrect timing error sets the buffer error indication in
the channel. The incorrect timing error occurs when
characters enter the buffer during input before the
removal of the previous word; during output, buffer
error indication occurs if characters are needed for out-
put before the buffer receives the next word. The
transmission does not terminate upon detection of any
of these errors.

2-14
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2.154 The interrupt system can detect an End-of-Record
termination. During output, use of TERMINATE OUT-
PUT (TOP) after the final MIW (MIY) causes an inter-
rupt to the appropriate End-of-Transmission location
when that final data word has been processed by the
buffer. This interrupt takes the place of the End-of-
Word interrupt; the End-of-Transmission condition
inhibits the End-of-Word interrupt. During input, the
End-of-Transmission interrupt is sent to the End-of-
Transmission location when the End-of-Record is
detected. During input from devices which do not
generate an End~of-Record, an EOM disconnects (DSC)
the channel to terminate the transmission. This termina-
tion generates no End-of-Transmission interrupt.
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SECTION 111
THEORY OF OPERATION

3.1 GENERAL

3.2 The TMCC communicates with an external system
or device by means of a shift register utilizing 6, 12,
or 24-bit characters plus a parity bit. The maximum
character size depends on the optional registers that
may be installed. In TMCC Models 922XX, the char-
acter length is fixed at 6, 12, or 24 bits and can not
be varied from one size to another. However, TMCC
Models 932XX having the larger character length
options may be switched from one size to another under
control of the external system. The length is selected
through activation of one of the character size control
lines. External devices may activate these lines as
necessary but if none are activated the TMCC assumes
6-bit characters. The rate of information transfer is
determined by a clock signal from the external device.
For both input and output, the TMCC slaves itself to
the clock frequency of the device up to the TMM maxi-
mum data rate of two machine cycles per character.

3.3 The TMCC communicates with the computer by
means of a 24-bit shift register which transfers words,
an octal group at a time, between the TMCC and the
computer C Register. The TMCC thus has two registers
for data storage. These provide the means to assemble
input characters into words or disassemble words into
output characters. The number of characters per word
is under program control but is limited to a maximum of
four 6-bit characters, two 12-bit characters, or one
24-bit character.

3.4 Information may be input or output by executing
an instruction for each word (channels W (A), or Y,
only). The instruction may be given in advance of the
time it is needed, in which case the computer remains
idle until the channel is ready. Cr the computer inter-
rupt system may be employed so that the channel can
call for an instruction when it is ready to use it. This
allows the computer to continue with other computa-
tions. when not actually engaged in the input/output

(1/0) process.

3.5 An optional interlace feature may be installed in
the TMCC to facilitate 1/O operations with fewer in-
structions. The interlace logic allows a program to
designate to the TMCC how many words are to be trans-
ferred and the memory location of the first word. Then,
without further instructions, the TMCC can assemble
or disassemble the number of words specified and time-
share with the computer each time it is ready to trans-
fer a word to or from memory. The I/O process may
thus be interlaced with computation or with similar
1/O operations on other channels.

3.6 Figure 3-1 is a block diagram of the TMCC. As
indicated on the figure, the principal parts of the TMCC
are the Character Buffer, Word Assembly Register, Unit
Address Register, Word Counter, and Address Counter.

3.7 CHARACTER BUFFER

3.8 Depending on the option, the Character Buffer is
a single character storage register of 6, 12, or 24 bits.
It is implemented with S-R type flip-flops connected in
a series-parallel manner so shifting takes place in octal
groups (i.e. three bits in parallel). Transfer of data
between the Character Buffer and an external system is
entirely parallel for the whole character whether it be
input or output.

3.9 WORD ASSEMBLY REGISTER

3. 10 This register is also connected in series-parallel
to allow shifting in octal groups. It is composed of
three parallel registers of eleven flip-flops each. The
register includes twenty~four flip-flops to store a com-
plete word plus additional flip-flops on the ends of each
series string to allow for timing considerations. The
Word Assembly Register is implemented with flip-flops
connected in such a manner that continuous recircula-
tion occurs.

3.11 UNIT ADDRESS REGISTER

3.12 The 6-bit address code to select a specific
peripheral device is set-up in the Unit Address Register.
The register is composed of five flip—flops whose outputs
are sent to the peripheral unit for decoding. A sixth
flip-flop, associated with the Unit Address Register, is
also set-up at the same time to signal the external
device whether an input or an output is to take place.

3.13 WORD COUNTER

3. 14 The Word Counter is part of the optional inter-
lace equipment. It is a fifteen stage flip-flop counter
used to store the number of words to be transferred dur-
ing an interlaced 1/O operation. With each word
transfer, the counter is decremented by "one". (Actu-
ally, the complement of the count is incremented. )

3.15 ADDRESS COUNTER

3. 16 This counter is also part of the optional interlace
feature. lts purpose is to store the address of the d
memory location currently being accessed. Each time
a word is taken from or sent to memory, the Address

3-1
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Counter is incremented by "one" to prepare for loca-
ting the next word.

3. 17 INPUT PROCESS

3. 18 A brief outline of a non-interlaced input process
follows. The TMCC is initialized by an EOM instruc-
tion fo set-up the address code of the peripheral de-
vice, to designate input or output, and specify the
number of characters per word. When the address is
decoded by a peripheral device, the device is activ-
ated and begins sending clock signals and data to the
channel.

3.19 Input clocks are synchronized with TMCC timing
by clock counter flip-flops which detect the peripheral
device clock, transfer the input data to the Character
Buffer and cause the Word Assembly Register to circu-
late through the Character Buffer. Ordinarily the
Word Assembly Register recirculates on itself but as
each new input character is ready it circulates through
the Character Buffer for one machine cycle to pick up
the new character. A machine cycle is defined as
eleven computer clock pulse periods.

3.20 As each character is clocked in, the character
counter (W7 W8) is decremented until the count reaches
zero, signaling that a complete word has been formed.
Depending on the particular channel (TMCC W (A) or
Y) a WIM, AIM, or YIM instruction may be used to
transfer the word from the TMCC to memory. When the
instruction is executed, a word is shifted in octal groups
from the Word Assembly Register to the computer C
Register and then stored in the memory location speci-
fied by the effective address of the WIM, AIM, or YIM
instruction.

3.21 To prepare for the next word, the Character
Counter is reset to its original count which was de-
signated by the initializing EOM instruction. Storage
of the original count is accomplished by utilizing ex-
" cess positions of the Word Assembly Register.

3.22 The input process may be terminated by another
EOM instruction or by detection of an externally
applied halt condition.

3.23 OUTPUT PROCESS

3.24 A non-interlaced output process is started in the
same way that an input operation is initialized. A MIW
(MIY or MIA) instruction can then be used to transfer
words from memory to the Word Assembly Register via
the computer C Register.

3.25 Each time the external device sends a clock sig-
nal to the TMCC, it is detected by the Clock Counter.

SDS 9000685C
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At a certain point in the counter sequence, the device
extracts information from the Character Buffer. At the
end of the counter sequence, the Word Assembly Re-
gister recirculates through the buffer for one machine
cycle. At the conclusion of the cycle, a new character
is available in the Character Buffer awaiting the next
clock. The Clock Counter also decrements the Char-
acter Counter. When it is decremented to zero, the
last character of a word is in the buffer. By this time
another MIW (MIY or MIA) instruction should be exe-
cuted; or the instruction may be called for through the
interrupt system. As with input, the Character Counter
is reloaded between words from the Word Assembly
Register.

3.26 The output operation is concluded by a Terminate
Output EOM instruction.

3.27 Parity

3.28 During input, a parity flip-flop accepts the input
parity bit and checks the character for odd parity. The
same flip~flop is also used to generate the parity bit for
output characters.

3.29 TMCC AND INTERLACE CONFIGURATION

3.30 The theory of operation contained in this manual
is applicable to all models of the Time-Multiplexed
Communication Channels for the 925/930/9300 Com-
puters. The operation is for the most part identical for
all models. Those differences that do exist, however,
are covered in the explanation where appropriate.

3.31 DETAILED DESCRIPTION

3.32 Many portions of the TMCC logic are common to
both input and output operations. Other portions of the
logic are specifically related to input only, outputonly,
or interlace only. The following logic description
begins with the common logic functions.

3.33 Subsequent to the logic descriptions are the
Glossary of Logic Term and the Logic Equations.

3.34 PULSE COUNTER

3.35 The pulse counter consists of flip-flops Qrl, Qr2,
Qr3, and Qr4. These flip-flops perform the same func-
tion for the TMCC that the pulse counter, Q1 through
Q6, does for the central processor (CPU). The counter
is included in the TMCC in addition to the counter in
the CPU in order to avoid excessive delays and loading
that would occur if all timing signals were obtained
directly from the CPU. The Pulse Counter defines the
pulse times, T8, T7, Té, T5, T4, T3, T2, T1 T0, Tr,

" and Tp needed for timing of all processes within the

unit. Refer to table 3-1 for the Pulse Counter Truth
Table.
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Table 3-1. Pulse Counter Truth Table

$DS 900685C

Qrl Qr2 Qr3 Qr4
Tp 0 0 0 0
T8 1 0 0 0
17 1 0 0 1
T6 - 1 1 1
T5 0 1 1 1
T4 0 0 1 ]
T3 0 0 1 0
T2 1 0 1 0
T1 1 1 1 0
TO 0 1 1 0
Tr 0 0 0 0
Tp 0 0 0 0

3.36 Ii is logically impossible to set Qr2, Qr3, and
Qr4 unless Qrl has been previously set. Therefore,
without the additional set signal provided by Tpc, the
counter would soon reach the reset state of time Tr +
Tp and then stop counting. However, Tpe, the Tp
signal from the CPU, is used to advance the TMCC
pulse counter from Tp to T8. Thus, both counters ad-
vance to T8 at the same time and both remain in syn-
chronism. An examination of the logic also indicates
that the two pulse counters will synchronize regardless
of the turn-on state.

sQrl = Tpc + Qr2 Qr3 Qré
rQrl = Qr2

sQr2 = Qrl Qr2 Qrd (Qré + T0) + Qrl Qr3
rQr2 = Qrl

sQr3 = Qrl Qr4
rQr3 = Qr3 Qré (Qr4 + TO)

sQrd = Qrl Qr3
rQrd = Qrl Qr2
Only those pulse times or combinations of pulse times

that are need for timing in the TMCC are decoded.
For example:

T0 = Qrl Qr2 Qr4

T6-TO Qr3

3-4
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3.37 In examining the pulse counter and the TO decod-
ing logic, it appears that the term (Qr4 + T0), as used
on the inputs of Qr2 and Qr3, contains redundant logic.
This is a result of logic mechanization and the redun-
dant terms are not significant to the counter operation.

3.38 A TMCC pulse counter is associated with each W
and C channel. The Y and D channels share the same
pulse counters as the W and C channels, respectively.
Other logic is shared in a similar manner by two chan-
nels and will be noted as each case arises.

3.39 INPUT/OUTPUT PROCESSING

3.40 When an EOM instruction of the form, EOM-
OXXXX or EOM4XXXX, is executed to start an input or
output process, a Buffer Control Signal, Buc, produces
a clear signal, Wc, and a set signal, Ws. These two
signals, Wec and Ws, permit initialization for the input/
output operation. The Unit Address and the Character
Count are set up from the C-Register. The registers are
first cleared by We and then set by Ws. Refer to

figure 3-2.

Buc = Eom CI10 C11 CI *

We Buc C17 (Té +T5) + St + . .

Ws = Buc C17 (T3 - T0)

*C1 is used in place @ for Channels C and D.
Similarly, C17 and C17 distinguish between the W and
Y channels, or between the C and D channels.

(T6 + T5) and (T3 - TO) are decoded timing signals from
the pulse counter. Frequent use is made of such pulse
times throughout the manual without further explanation.
The term C17 distinguishes enabling of the W channel
rather than the Y channel, The combination of terms
which make up the input of Buc indicate that the com-
puter is in phase (@) 5 of the execution of an EOM
Buffer Control instruction. The term, St, is produced
by the start switch which may also be used to reset the
TMCC. The register logic involved in the clear andset
sequencing is:

)

sW14 = Ws C23
rW|]4 = YVc
: l Unit Address Register
sWI11 = Ws C20 >
5-bits provide 31 address-
Wil = We

ing codes and a discon-
nect code.

sWI10 = Ws C19 +. . .

W10 = Wc J
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Paragraphs 3.41 to 3. 46

sW9 = Ws C18 W9 = 1 for output
W9 = We W9 = 0 for input
sW8 = Ws C16 +. . .\ Character Counter

W8 = We +. .. W7 | W8 | Characters/Word
sWZ =WsCI5+. .. (|11 1 4
W7 = We +. .. 110 3

0 1 2

0} 0 1

3.41 At the end of the Buc type instruction and during
the last pulse time (TO) that Ws is on, the flip-flop, W4,
is set on for three pulse times.

il

sW4
W4

WsTO+. ..
W4 T8+, ..

During this time, W4 allows the contents of the char-
acter counter to be copied into the W-Register. The
bit in W7 goes into Ww1 and the bit in W8 goes into

Ww2.

Wwl = W4 W7 (T7 - TO) +. . .
Ww2 = W4 W8 (T7 - TO) +. . .

During this period, W4 or timing singals inhibit the
other inputs to the W-Register.

3.42 This process provides a means for the TMCC to
remember the initial character count while using flip=-
flops W7 and W8 to perform the actual count-down of
the characters as each word is assembled on input or dis-
assembled on output. As a word is processed, the
original count is reloaded into the counter to get ready
for the next word.

sW8
sW7

Wxx Wn2 (T7 - TO) W
Wxx Wn1 (T7 - T0) W4

The term Wxx is true during the transmission of a word
being processed. Thus, in addition to its normal word
handling functions, the W-Register provides storage of
the character count for W7 and W8.

3.43 W-Register

3.44 The W-Register is a one word recirculating flip=-
flop register with additional flip-flops at the read and
write ends. The Write input signals to the first flip-
flops of the register are designated Ww-, the inter-
mediate Read flip-flops are designated Wr- and these
drive the last flip-flops which are designated Wn-. The
n represenfs now.

3-6
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3.45 During normal recirculation, the outputs of the

n flip-flops are fed to the w inputs, which, in tum,
feed the remaining serial shift circuits. There are a
total of eleven stages in a recirculating loop, one for
each pulse time of a machine cycle. Three recircula-
ting loops are required to hold a 24-bit word. The first
recirculating loop holds only the most significant bits
of each of the eight octal digits in a word. The second
recirculating loop holds the middle bits of the eight
octals. The third recirculating loop holds the least
significant bits of each of the eight octals. If the octal
word 07030407 (000 111 000 011 000 100 000 111)
were being held in the register, its bits at pulse time
Tp would appear as follows:

—PECO]OOOIOICC—:I—P
C = Character
Count

—PL—CO]OIOOO]CCj—i

X = Irrelevant

—PL-XO]OIOOOIXX:l—P

At the next pulse time, T8, all bits would be moved one
bit position to the right and for succeeding pulse times
as the register recirculates. At the least significant
pulse time, T7, the bits of the least significant octal
digit are in their respective now flip-flops, Wnl, Wn2,
and Wn3. At succeeding pulse times the now flip-flops
present the corresponding octal digits. The additional
positions beyond the eight octals of the register act as
fill-in bits to satisfy logic timing requirements (so that
a word is back in its original pesition after one machine
cycle of 11 clock pulses) and are also used to store the
character count.  Normal recirculation is allowed by
the following logic:

W4 Wxx indicates the
W-Register is not par-
ticipating in some other
operation.

Wwi = W24 Wnl Wxx +. . .
Ww2 = W4 Wn2 Wxx +. . .
Ww3 = W4 Wn3 Wxx +. .

3.46 The Character Register is composed of six, twelve,
or twenty~-four R=S type flip-flops. When shifting an
input character from the Character Register into the W-
Register or an output character from the W-Register to
the Character Register, W4 is set for the period (T7 - T0)
of one machine cycle. This enables the gating of one
character precession in the W-Register by causing the
data in the W-Register to recirculate through the Char-
acter Register. Refer to figure 3-3.

Wwi

W4 Wbl (T7 - T0) +. .

Ww2 W4 Wb2 (T7 -TO) +. ..
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Paragraphs 3. 47 to 3. 52

Ww3 = W4 Wh3 +. . .

sRwl = W4 Wxx (T7 - TO) Wnl +. . .
rRwl = W4 Wxx Wni +. . .

sRw2 = W4 Wxx (T7 - TO)Wn2 +. . .
rRw2 = W4 Wxx Wn2 +. .

sRw3 = W4 Wxx (T7 - TO) Wn3 +. . .
rRw3 = W4 Wxx Wn3 +. . .

Wxx is a signal denoting that an MIW, WIM or Time
Share operation is occurring.

Wxx = Rx Pwy +. . .*
05**

Il

Pwy

*Rx is always false for the C-channel. Another term,
not shown allows Wxx to function in that channel
only on an interlaced basis.

**In Model 92200. See 05, Pw5 in the Glossary of
terms.

3.47 The Time Share Operation is discussed beginning
with paragraph 3. 102. Since there are no WIM/MIW
type instructions for TMCC-B, C, or D, Rx is always
false for these channels.

3.48 The timing signals (T7 - TO) on the inputs of Ww1
and Ww2 are necessary to prevent interference with the
storage of the character count which was previously
described. The character count does not precess but
recirculates. This recirculation is allowed by:

Wwil = W4 Wnl (T7 - T0) +. .
Ww2 = WA Wn2 (T7 - T0) +. .

3.49 During the input or output precession, the shift
logic for the character register is as shown below. De-
pending on the 12- or 24-bit character option, all bits
may not be installed.

sRwd = W4 Rwd Rwl +. . .
rRwd = W4 Rw4 Rwi +. .

sRw5 = W4 Rw5 Rw2 +. .

rRw5 = W4 Rw5 Rw2 +. . .
! |
| I
| |

| |
sRw23 = W4 Rw23 Rw20 +. . .

rRw23 = W4 Rw23 Rw20 +. . .

3-8
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sRw24 = W4 Rw24 Rw21 +. . .
rRw24 = W4 Rw24 Rw2l +. . .

The shift inputs for Rwl, Rw2, and Rw3 are given in
paragraph 3.46. The precession of characters is con-
trolled by W4. When a WIM or MIW instruction is
executed, Wf is set. Wf remains set until the count in
W7 and W8 is 00.

sWF Rx TO Twy
rWf = W7 W8 W4 (T6 + T5)

Rx Pwy = Wxx which indicates a WIM or MIW instruc-
tion is occurring. Wf is later used to indicate to the
computer when the W-Register is full on input or empty
on output.

3.50 Two other flip-flops, W5 and W6, detect external
device clocks (which may occur either before or after
Wf is set). The clock Ecw is first detected by Wé as
follows:

W5 Ecw T8 W10 WT1 W12 W13 W14
W4 TO + We

sWé
rWé

At the next TO pulse after the device clock goes false,
W5 sets allowing W6 to reset again. Setting of W5 in-
hibits further clock detection until the current clock is
processed.

W5 W6 Eew TO +. .
W4 T0 +. ..

sW5
W5

I

Setting of W4 is interlocked with W5 and Wf to allow
one precession of the W Register to take place after
each external clock signal.

sW4
w4

W5 WET8 Wg +. . .
W4 TO+. .

The term, Wg, explained in detail in paragraphs 3-66
and 3-150) is assumed to be true at this time.

3.51 The equation for Wf contains W7 W8, indicating
that precession is complete when the character count
reaches 00. The count down is enabled by W4 and is
accomplished by:

sW8 = WZWBW4TO +. . .
W8 = W8WATO +. . .
W7 = W7 WEW4TO +. .

3.52 The foregoing discussion was limited to processes
common to input and output operations. The interrupt
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function, which allows the TMCC to signal the computer
when it is ready to transfer a word to or from memory,
was omitted. In subsequent paragraphs, features pecul-
iar to input or output operation are discussed separately.
Details concerning interrupt operation are included.

3.53 INPUT PROCESS (W9 true)

3. 54 The characteristics of a typical input clock signal
and its relationship to the input data and Clock Counter
flip-flops are illustrated in figure 3-4. Examination of
figure 3-4 indicates that if the data is to be sampled by
W6 W5 it has to be on by the time the clock, Ecw, re-
turns to zero volts. Also, in order not to be read by
the previous or next clock, the data may not come on
until at least one machine cycle after the previous
clock and must go off before the next clock appears.

3.55 Two detailed examples of the clock signal, Ecw,
are illustrated in figure 3-5. To be assured of a timing
pulse occurring during the on period (to set Wé) and
the off period (to set W5) of Ecw, each of these periods
must be at least one machine cycle in length. This
prescribes an input clock cycle of no less than two
machine cycles. The clock rate must be somewhat
slower than this for proper operation of W6, W5, and
W4, Figure 3-5a illustrates two input clocks with tim-
ing such that the second clock is missed. Any clock
rate slower than that illustrated in figure 3-5a would be
satisfactory, however, a safety margin must be provided
to compensate for noise and variations in waveshape and
frequency.

3.56 The input frequency may be increased as illus-
trated in figure 3= 5b if the clocks are interlocked with-
in the peripheral device with W5 and Wé from the
TMCC such that

@ = (Device Clock) W5 W6

In this case, only two machine cycles per input clock
are needed. Some of the peripheral device couplers
include this interlocking feature.

3.57 "When a Buc type EOM instruction is executed to
activate the TMCC for an input operation, the halt
detector, Wh, is reset and the computer interlock flip-
flop, Wf, is set by the clearing signal, Wec.

Wce = Buc CI17 (Té6 + T5) + - - -
sWE = We Wh + ...
rWh We (T6 + T5) + .

1

This prepares the Character Register to precess the first

input character into the W- Register enabling W4 which
gates Wwl, Ww2 and Ww3.

SDS 900685C
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3.58 The Character Register and parity flip-flop are
cleared originally and again between each input char-
acter by W9 W& W5 WA, After processing the Buc type
EOM instruction, the Character Register is ready to re-
ceive an input character and clock even though a WIM
instruction is not immediately given. The input bits,
Zw] through Zw24 and the parity bit Zwp, are gated
into the_Character Register and the Parity Flip-Flop by
W9 W6 W5. W9 signifies an input operation and Wé
W5 indicate an input clock has been detected from the
peripheral device.

sRwl = W9 W6 W5 Zw]

rRwl = W9 6l 5 W4
| |
] |
| |
sRw24 = W9 W6 W5 Zw24
rRw24 = W9 W6 W5 W4
sRwp = W9 W6 W5 Zwp

rRwp = W9 W6 W5 W4

3.59 Precession then takes place as described earlier
and another input character can be read into the Char-
acter Register. This read-precess cycle is repeated for
each input character until the Character Counter is
decremented to 00 causing Wf to reset. Resetting of Wf
inhibits further precessions and indicates to the computer
that the W-Register is full and ready to transfer a word
into memory. The program should now provide a WIM
instruction to enable the transfer. One more character
may still be stored in the Character Register before re-
ceiving the WIM instruction. Further input characters
are blocked because W4 is inhibited while WF is reset.
This prevents W5 from resetting, which in turn disables
clock detection by Wé6. When a WIM instruction does
occur late, The Error Detection Flip-Flop, We, is set.
This condition can be tested by an SKS instruction. The
error detection flip-flop is reset by We which occurs
with an EOM-Buc instruction.

WO Wé W5 Ecw T8 +. . .
We Wh

sWe
rWe

This equation signifies that a WIM instruction is late if
the clock signal, Ecw, is received before the previous
character has been precessed out of the Character Re-
gister. The WO, Halt Interlock, and Wh, Halt Detec-
tor, signals appearing here are discussed in detail in
paragraphs 3. 65 and 3. 66. When the interlock feature
of figure 3-5 is employed, the condition W6 W5 Ecw
cannot occur to set We. Under such circumstances, the
peripheral device (or coupler) must be capable of de-

tecting its own rate_errors and reporting them via the
é

Error Signal line,

3-9
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Paragraphs 3.60 to 3.63

sWe = Wes+. . .

3.60 The Input Timing Chart, figure 3-6, indicatesthe
flow of the basic input process. The first WIM instruc-
tion is shown occurring late to illustrate how the Char-
acter Register accepts one more character after the W-
Register is full.

3.61 The error detector flip-flop may also be set if the
input character has even parity.

sWe = W9 Wé W5 W4 Rwp Wg Npw Twg +. . .

In this equation, W9 indicates an input process, Wé
W5 W4 indicates that the received character has
already been precessed into the W-Register when We is
set. The term Npw is a signal received from the periph-
eral device to disable parity checking when a parity
bit is not supplied. Wg and Iwg are End-of-Record and
Extended Mode signals. These are discussed in para-
graph 3-131 dealing with Interlace. Rwp is the Parity
Flip-Flop which is toggled while the character is pre-
cessing out of the Character Register. During input,
the operation of Rwp takes place as follows. Initially
and again between each character precession, Rwp is
reset by W9 Wé W5 W4, If the parity bit of the input
character is a one, Rwp is set by W9 W6 W5.

W9 W6 W5 Zwp +. . .
W9 W6 W5 W4 +We +. ..

sRwp

rRwp

Since W6 is set at pulse time T8 in the above equations
Rwp maybe set (if Zwp = 1} at the next pulse time, T7.
At the next TO, W5 is set and the state of Rwp is re-
versed at T8, three pulse times later.

WF W5 T8 Rwp +. . .
Wf W5 T8 W9 Rwp +. . .

sRwp

rRwp

As a result of this reversal, Rwp is set if the input parity
bit was a zero and reset if the bit was a one. The parity
of the 6~, 12- or 24~data bits of the input character is
now examined. This takes place while the characteris
being precessed into the W-Register. While precession
occurs, the three bits of each octal group appearing as
the output of the Character Register are tested by (Wb1
® Wb2 ® Wb3). This parity logic term is true when-

ever there is an odd number of one's in a three bit
group. It is used to reverse the state of Rwp for each
such octal group containing an odd number of ones.

sRwp = W9 W4 Rwp Wb1 ® Wb2 @ Whb3)
(T7 - T0) Qw1 +. .

3-12
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rRwp = W9 W4 Rwp (Wbl ® Wb2 ® Whb3)
(T7 -T0) Qwl +. . .

The proper state of Rwp is thereby achieved, establish-
ing whether the incoming character had a parity error.
For example, if the following twelve bit character were
received,

1 101 101 111 001

x(parity bit)

its parity bit would cause Rwp to start off by setting

then being reversed to the reset state. Of the four

octal groups, two of them have an odd number of ones.
This would cause Rwp to change state twice as preces-
sion took place thus returning to the reset condition.
With Rwp reset, no parity error would be reported by We.

3.62 The number of octal groups that must be checked
for each character precession and which outputs of the
Character Register to be monitored for 6=, 12-, and 24-
bit characters must also be determined. The number of
octal groups to check is solved by (T7 - T0) Qw1, which
is true for 2, 4, or B pulse times in accordance with the
character length. Table 3-2 lists the values of signal
Qwl. The character length may be determined by hard-
wired logic or by gating of Wx12 and Wx24 signals
(depending on the model). Which outputs to monitor is
solved by using the same gating signals, Wx12 and Wx24,
or by hardwiring to select the proper outputs. Whether
gating or hardwiring is employed depends on the equip-
ment model number. The variations in models are
detailed in table 3-2,

3.63 The characters have now been read into the Char-
acter Register, precessed into the W-Register, and par-
ity has been checked. The contents of the W-Register
must now be transferred to the C-Register in the Central
Processor Unit (CPU). Each time a WIM (AIM) instruc~
tion is executed, the contents of the W (A) and C-
Registers are interchanged. At this time (#4 of the WIM
instruction execution) precession is blocked by W4 and_
recirculation is blocked by Wxx. The condition Wf W9
is used fo signal the computer that the exchange can
take place.

Wxx = Rx Pwy +. . . (Pwy = 05 in Model 92200)
Rx indicates that a WIM or MIW instruction is being
processed. It is always false for the C and D channels,
since no WIM or MIW type instructions exist for those
channels.

Wwl = W4 C21r (T7 - TO) Wxx
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Table 3-2. Value of Parity Timing Signal Qw1

TMCC Time When (T7 - T0)
Model No. Value of Qwl Qw1 is true
92200 Qwl = Qrl Qr4* 17, T6
92201 Qwl = Qr4* 17, T6, 15, T4
92202 Qwl = 1 (Qwl is deleted) * T7 through TO
93200/93221 Qwl = Wx12 Qrd + Wx12 Wx24 Qrl Qrd T7, Té

if Wx12 and Wx24 are off.
T7 through T4
if Wx12 is on.
T7 through TO

if Wx24 is on.

*Qwl is replaced by the signal shown.

Ww2 W4 C22r (T7 - TO) Wxx

Ww3 = W4 C23r (T7 - TO) Wxx

1l

The terms C21r, C22r, and C23r are logically equiv-
alent to the outputs of the C-Register, C21, €22, and
C23, respectively, but are implemented through special
drivers for this transfer function in order to minimize

the delay. The three parallel portions of the C-Register
behave in a manner similar to one another, therefore

only one is listed below (all three are illustrated in
figure 3-7).

sCO = Cr3(RxRn1 +. . .)

rCO = Cr3Rx Rnl +. . )
sRnl = Rwyl Tsr + .

rRnl = Rwyl Tsr +. . .

3.64 The data transfer takes place during one machine
cycle of the WIM instruction (Rx) and when completed,
the computer Interlock Flip-Flop, Wf, is set to prepare
the TMCC to accept the next input word.

SWF = Rx TO Twy +. .

Terminating an input operation can take place in one
of several ways. The more sophisticated methods are

3-14

discussed in paragraph 3. 131 dealing with the interlace.
The simplest procedure is to program an EOM instruction
to disconnect the peripheral unit after a sufficient
number of WIM instructions have been processed. Other
methods will now be discussed and illustrated as they
apply to specific devices. Use will be made of the
interlock and interrupt signals while considering these
devices. These features are applicable to other 1/O
units as well.

3.65 A photoreader input process (refer to figure 3-8)
can be terminated by detecting tape gap following a
block of input data. The tape gap consists of one or
more tape frames where only the sprocket hole is
punched. However, the photoreader must be able to
initially read through a tape gap or leader without ter-
minating at every tape frame. This is accomplished by
the Halt Interlock Flip-Flop, WO, which detects the
start of a block of data and is used by the peripheral
device coupler to inhibit sprocket clocks until the first
(or second) character is sent to the TMCC. Clocks for
these first characters are derived from the characters
themselves. The equation for WO is given below, but
to fully understand its action, the equation for a typical
photoreader clock signal is also shown.

sWO = W9 W6 W8 Ecw +. . .

WO = We +. . ..
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Eew = (Zwl +Zw2+ Zw3 + Zw4 + Zw5
+Zwé + Zwp + W0) Sp Re

In the latter equation, Zw1 through Zwé are the char-
acter reader signals, Zwp is the parity bit signal, Spis
the sprocket hole signal, and Re is a photoreader en-
able fevel. The result of this combination is that while
WO is reset, the clocks are derived from the character
bits. After setting WO, the term in parentheses is

always true so Ecw varies with Sp only. When the first

character is read following leader, a clock is produced
which sets W6. W6 allows WO to be set. The term

W8 on the input of WO prevents setting of WO until the
second characterappears (in the four character per word
mode). Waiting until the second character is desirable
when reading from magnetic tape so a single noise
character within a gap does not set WO. It is also
important during a reverse scan of magnetic tape to
avoid setting W0 on the longitudinal parity character.

3.66 After WO has been set to enable the clocks to
read in data, the End-of-Record Detector, Wg, is used
to detect the first all-zeros, or gap, character (all
zeros including the parity bit). Wg then enables the
Halt Detector Flip-Flop, Wh.

sWg = W9 WI0 WIT W12 Wi3

(T7 - T0) (WT0 W11 W12 W13 W14)

rWg = Wc
sWh = Wg lwg T8

The combination, W9 W10 W11 W12 W13, at the input
of Wg decodes the fact that paper tape reader number 1
or number 2 is being used for input. The terms (W10
W11 W12 W13 W14 are redundant and are due to the
logic mechanization.

3. 67 After Wg sets, parity errors no longer set the
Error Detector Flip-Flop, We.

sWe = W9 W6 W5 W4 Rwp Wg Npw Twg +. . .

Disabling We avoids parity testing for the next few
machine cycles. During this time a complete word is
precessed into the W-Register if the input did not supply
sufficient characters to finish the last word. In the
case where Wh sets but the W-Register is not yet full,
W4 is set for successive cycles until the character
counter reads 00. This process is termed "flushing".
When W7 W8 read 00, Wf is reset and a Wc signal is
generated to disconnect the TMCC.

sW4 = WhWFT8+. .

SDS 900685C
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W4 = WATO +. . .

sWi =_WCWF ..

Wf = W7 W8 W4 (T6+T5) +. . .
We = WhWF(T3-TO) +. . .

The clear signal, Wc, disconnects the tape reader and
clears the character counter, End-of-Record Detector,
and Halt Interlock.

W0 = We
Wg = We

The Halt Detector is then reset at the next T8 pulse
time.

Wh = Wh WF T8

3.68 By allowing the character counter to count down
to 00 before resetting, the final input word is filled-in
with zero characters. The Phototape Termination Tim-
ing Charts illustrate the flow of this termination precess.
Figure 3-9 illustrates the case where the last input word
does not contain a full complement of characters.

Figure 3-10 illustrates the timing for the case where the
last word does have all characters filled before an all
zeros character is detected.

3.69 If the interrupt system is enabled during the ter-
mination process, the Wf Wh condition generates an
interrupt signal to call for a final WIM instruction from
the computer.

I2w = (En +®)m Wh Wi

The signals En and are programmable and manual
enable signals for the interrupt system. The final WIM
instruction, as provided by a halt subroutine, storesthe
last word even though it may not have originally con-
tained a sufficient number of characters. The final
WIM instruction may be executed before or after the
channel is disconnected. However, additional WIM
instructions after that cause the computer to lock-up
because it would be waiting for another input word.

3.70 When operating with devices other than punched
paper tape, the input process is very similar to that just
described, although the method used to derive the
clock signals may vary somewhat from one device to
ancther. Also, the gap (End-of-Record) signal, when
required, is normally supplied by the external device
rather than developed within the TMCC as is done for
paper tape.

3-17
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Paragraphs 3.71 to 3.76

3.71 An information flow diagram for magnetic tape
input is illustrated in figure 3-11. The input timing
for magnetic tape using the two character per word
mode is illustrated in figure 3-12. When terminating,
the magnetic tape unit generates a halt signal with a
time delay triggered by the tape gap and WO. The halt
detector is then triggered by the delayed signal.

sWg = Whs (T7 - TO) WI0 WTT W12 W13 WT4
Wg = We
sWh = Wg Iwg T8

Whs is a halt signal from the peripheral device. In
this case, it is the delayed signal from the magnetic
tape unit. The delay allows time for the tape reader
to check the longitudinal parity character following
the block of data. Refer to figure 3-11. When a
longitudinal parity error occurs, the tape reader sends
an error signal and the Error Detector is set.
W signeT o

The signa y also result from a rate error.
sWe = Wes +. .

Other devices may also supply error inputs via the
line. Unless inhibited by Npw, character
parity is checked by Rwp when precession takes place.

3.72 Input termination timing for magnetic tape is
illustrated in figure 3=13. The figure illustrates the
case in which the input furnishes only three characters
for the last four character word and the remaining
character is filled with zeros. Also illustrated in
figure 3-13 are the Halt Interrupt, calling for one more
WIM instruction, and the final WIM instruction, itself.

3.73 Another type of input operation in which the
TMCC participates is the scanning of magnetic tape.
The process is similar to the usual magnetic tape read-
ing process except that the character counter is pre-
vented from reaching 00 again after WO is set. The

counter flip-flop, W8, is held in the "one" or set state
by:

sW8 = W7 W9 WIO W11 Wh +. . .

In this equation, W9 W10 W11 indicates a scan process
has been programmed. A forward scan can be initiated
by an EOM 0363X instruction. It may also be pro-
grammed by modifying a read process. While magnetic
tape is being read, if an EOM14000 instruction isgiven,
the flip-flop, W10, is set to convert directly from
reading to scanning of the same tape.

WOWIo+. .
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With W8 of the character counter held in a set state,the
Buffer Full Signal, W9 Wf, and the normal interrupt
signals are prevented by keeping Wf from being reset.

rWF = W7 WBW4 (T6+T5) +. . .
Ilw = WFWOWh (En +(En ) WwEw Twg + . . .
12w = (En +(En)) Twg Wh WF +. . .

This allows each input character to be precessed info
the W-Register without requiring WIM instructions to
set Wf. However, when the end of a data block is
reached, Wf is reset by a gap signal from the tape
reader.

fWE = W9 W10 W11 WO Mtgw W7 (Té + T5)Wh
And an interrupt is generated.
Ilw = WFWOWh (.. .)

This interrupt calls on the computer to enter a sub-
routine to execute a WIM instruction. The WIM instruc-
tion stores the last four characters read from the tape
and which were precessed into the W-Register. The
WIM instruction sets W7 and WF in preparation for
scanning another record.

sW7 = Wxx Wnl (T7 - T0) W4 +. .
SWE = TxTOPwy +. ..  (Pwy =05 for 92200)

3.74 Based on a block counting program or an examina-
tion of the last four characters, the computer may reset
WO with another EOMO0363X instruction, to cause the
scan process to continue without a pause through the
gap and into the next record. If WO is not reset, the
scan process is terminated by a @ signal from the
tape unit in a manner similar to that previously des-
cribed for normal input termination. When the scan
process does terminate, a halt interrupt signal is
generated.

12w = (En +®) fwg Wh WF

3.75 During the scan process the character parity is
checked by the Rwp flip-flop and the longitudinal parity
is checked by the tape unit (only if WO is reset after
the longitudinal parity character). Any error duringthe
scan process sets the Error Detector flip-flop, We.

3.76 A reverse scan of magnetic tape is started by an
EOM 0563X instruction. The process is similar to a
forward scan, except that the WIM instruction at the
end of a data block scan stores the first four characters
of the block in reverse order. The longitudinal parity
is not properly checked, with the result that We may be
erroneously set. -
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Paragraphs 3.77 to 3. 82

3.77 In the Magnetic Tape Forward Scan Timing Chart
(refer to figure 3-14) and Reverse Scan Timing Chart
(refer to figure 3-15), when the first interrupt informs
the computer that the gap has been reached, a WIM
instruction stores the last four characters read. An-
other EOM instruction then resets WO to continue the
scan process through the next block

W0 = (loc C12 C17 C19 C20 C21 C23)
WoT0 +. .
Dotted lines indicate the reaction if the process were

terminated. In case of termination, WO allows the Tape
Reader Halt Signal, Whs, to come through.

sWg

Whs T7-TOWIO WT1 WI2 WI3WIZ +. ..
sWh +.

Wg Iwg T8

Whs sets Wg, which in turn sets Wh. After Wh is set,
the Character Counter Flip-Flop, W8, is no longer
held on and a count-down begins.

W7 WO WIOWI1T Wh +. . .
W8 W4 TO + Wc

sW8
rw8

This process is very similar to that described for temin-
ating a normal read operation and Wf is reset as soonas
the count-down reaches a point where W7 and W8 are
both reset.

rWF = W7 W8 W4 (Té + T5)

A clear signal, Wc, then resets the TMCC after the four
precessions.

We = WhWF(T3-TO) +. ..
3.78 OUTPUT PROCESS (W9 true)

3.79 When an EOMOXXXX or EOM4XXXX instruction
is executed to start an output process, an interlock
signal, WF (WO +. . .) is immediately sent to the com-
puter. And, if enabled, an interrupt calls for the com-
puter to load the W-Register with the first output word.
If the interrupt is disabled, the program should supply
the MIW loading instruction before it is needed (i.e.
before a clock signal is received from the peripheral
unit).

Wf = WsCi18+., . .
sWO

@

(denotes W register is empty)
Ws CIBWO +. . .
WE WO Wh (En +(En)) TwEw Iwg +. . .
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3.80 Each MIW instruction, or time-share operation
if interlace is being used (Wxx), exchanges the W-
Register and the C-Register. Refer to figure 3-16.

Wwl = W4 C21r (T7 - TO) Wxx +. . .
Ww2 = W4 C22r (T7 - TO) Wxx +. . .
Ww3 = W4 C23r Wxx +. . .

sCO = Cr3 [(Tsr +Ra) Rl +. . ]
rCO = Cr3 [‘rsr+kx) Rn1+..]

similarly for C1 and C2

sRnl = Rwyl Tsr + Rrl Tsr
rRnl = Rwyl Tsr + Rel Tsr
similarly for Rn2 and Rn3
(Pwy = 05 for 92200,

Rx is always false for

TMCC-C)

Wxx = Rx Pwy +. . .

3.81 As with the input process, Wxx blocks recircu-
lation and with W4 false precession is blocked at this
time also. When precession does take place, as enabled
by W4, an output character is shifted from the W-
Register to the Character Register and Rwp is used to
generate an odd parity bit. During the output operation
the parity flip-flop operates in a manner similar to its
action during input.

3.82 Rwp is initially set by Wf W5 T8. Then, when
precession occurs, each octal group coming from the
W-Register is examined for an odd or even number of
ones. This checking is done by (Wn1 ® Wn2 @ Wn3)
which is true whenever there are one or three ones in
Wnl, Wn2, and Wn3. Each time this term is true dur=~
ing the checking period, Rwp is switched to its opposite
state.

sRwp = W9 W4 Rwp Wxx (Wn1(@® Wn2
@ Wn3) Qw2 (T7 -T0)
+ WF W5 T8 Rwp +. . .

rRwp = W9 W4 Rwp Wxx (Wn1 @ Wn2

®OWn3) Qw2 (T7 -TO) +. . .
Qw2 is a term similar to the Qw1 used during the input
process. Qw2 with (T7 - TO) establishes the pulse times
during which the parity checking is done. It may either
be hardwired or function with the gating signals Wx12

and Wx24 depending on the equipment model number.
Refer to table 3-3.
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Table 3-3. Value of Qw2 Parity Timing Signal

TMCC Pulse Times When (T7 - TQ)

Model No Value of Qw2 Qw2 is True

92200 Qw2 = Qr2 Qrd * 10, T1

92201 Qw2 = Qrd * T3 through TO

92202 Qw2 = 1 (Qw2 is deleted) T7 through TO

93200/93221 Qw2 = Wx12 Qrd + Wx12 Wx24 Qr2 Qrd TO and T1, if Wx12 and Wx24
are both off.
T3 through TO, if Wx12 is on
T7 through TO, if Wx24 is on

*Qw2 is replaced by the signal shown above for Models $2200,/201,/202.

3.83 As an example of output parity generation, con-
sider the twelve-bit character 111 010 101 001. Rwp
would start in the set condition and would then switch
states three times, once for each of the octals contain-
ing an odd number of ones. Thus, Rwp would conclude
its switching operation in the reset state to produce a
zero parity bit for an odd parity output character.

3.84 The basic flow of the output process is illustrated
in figure 3-17. The execution of the second MIW in-
struction is shown occurring late to depict how the
Character Register is cleared when a new output char-
acter is not available. If another output character is
still not available when the next clock signal, Ecw
appears, the error detector (We) is set as is done during
an input process.

sWe WO W6 W5 Ecw T8 +. . .

We = We Wh

3.85 In the output processes (as in the input processes),
the Character Register is initially cleared by W9 Wé
W5 W4. The first output character to be read is, there-
fore, all zeros. This is appropriate for a leader or gap
in paper tape punching. However, for some forms of
output, such as typing or leaderless punching, and
magnetic tape writing (the tape unit automatically gen-
erates leader), the first output character should be in
the Character Register before the first clock signal. For
this type of output, an EOM2XXXX instruction with a
"one" bit in C13 is used. This code bit is used to set
W5 which then causes the first loading of the W-
Register to be followed directly by precession of the
first output character into the Character Register. In
this case the sequence of operations again starts by

3-28

resetting Wf and setting WO with the resulting interrupt
Ilw. However, now W5 is also set by the Ws signal.
Then, as usual, when the MIW instruction is executed
and Rx goes true, Wf is set. With W5 on, W4 can be
set at pulse time T8 just after the data transfer takes
place. Figure 3-18, Output Timing Chart 2, illustrates
the flow of this process.

sWFf = Rx TO Pwy +. .
Wf = Ws C18+. . .

(Pwy = 05 for 92200)

sW5 = Ws CI3CISWIOWITWI2WI3WI4 +...
W5 = W4 T0 + We

sW4 = WrWFT8Wg +. . .

W4 = WATO+. . .

3.86 To terminate an output process, the MIW instruc-
tion which loads the last output word into the W-
Register is followed by an EOM14000 instruction to
reset WO. An EOM14100 instruction is used to termin-
ate the Y channel.

rWO = (loc C12 C17 C19 C20 C21 C22 C23)
WOTO+. ..
loc = locl C1 Er Qr3
= Eom CI10 CI1

Ioc]

Er is a signal inhibiting Eom and loc when the Interlace
Prepare flip-flop (to be discussed later) has been set.
The C1 bit, which appears on loc, indicates a W or

Y channel instruction. C1 is used with the C and D
channels. -
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3.87 Resetting of WO results in the following: Further
normal interrupt signals are blocked.

Iwl = WEWOWh (. . .)
Further late-load error signals are blocked.
sWe = WO W& W5 Ecw T8 +. . .

The WIM/MIW Interlock Signal Wf WO is blocked. As
a result of inhibiting the interlock and interrupt signals,
no further MIW instructions are processed and, there=
fore, Wf is not set again after the last character is pre-
cessed into the Character Register.

sWf
rWf

R« TO Pwy +. . . (Pwy = 05 for 92200)
W7 W8 W4 (T6 +T5) +. .

With Wf reset, W4 is prevented from setting after the
last output character is precessed. This results in the
state, WO W4 W5 W§, following the precession.

sW4 = W5 WFT8 Wg +. . .

rW4 = W4 TO + W4 T8

sWé = W5 Ecw TS WIO W11 WI2 WI3 W14 +.
Wé = W5 WO + We

sW5 = WEW6Ecw TO+. . .

sW5 = W4 TO + We

The state, WO W5 W6, is used to set the halt detector
unless magnetic tape is being used (W11 indicates not
magnetic tape).

sWh = WO W11 WO W5 W6 (fwg +. . .) T8 +. .

When the output is to a magnetic tape unit, the state
WO W5 W& is sent to that unit and after a suitable
delay (while the tape unit generates a longitudinal
parity character) a Whs halt signal is received back to

set Wh.
sWh = Whs WI1 T8 +. . .
Regardless of the method of setting Wh to terminate an

output process, the Halt Interrupt Signal, , s
generated in the cycle in which Wh is set.

2w = (En +(En)) Iwg Wh Wi+. . .
Ana a clear signal is generated.

We = Wh WF(T3-TO) +. . .

SDS 900685C

Paragraphs 3.87 to 3.93

Then Wh is reset, as well as the rest of the TMCC.
Wh = Wh WF T8 + Wc (T6 + T5)

The Output Termination Timing Charts indicate the flow
of these output termination processes for devices other
than magnetic tape (refer to figure 3-19) and for
magnetic tape (refer to figure 3-20).

3.88 Two additional timing charts are included to
illustrate the output sequences for specific devices. The
flow of the complete output process for a paper tape
punch operation is illustrated in figure 3-21. The
EOMOXX4X start instruction causes tape leader to be
punched while the device inhibits clock signals. An
all zeros character is also punched for the first output
clock signal. After the last output character is proc-
essed, a halt interrupt signal is generated.

3.89 The flow of an output process using magnetic tape
is illustrated in figure 3-22. A time delay triggered by
the EOM02X5X start instruction causes a tape gap to be
recorded first while inhibiting output clock signals.

W0 W5 W& signals the tape unit to count three clocks
and record the longitudinal parity character, and
triggers a second time delay to cause a gap to be re-
corded after the data block. _When the gap is completed,
the tape unit generates a signal to halt the out-
put process. Each character parity and the longitudinal
parity of the characters reproduced at the read head are
checked by the tape unit and an error signal, ,
is generated to set We for any detected errors. Several
other error conditions are also checked, such as slew,
amplitude, and rate error.

sWe = Wes +. .

3.90 A special case of a magnetic tape output opera-
tion is the erase function. The tape erase is started by
an EOMO1X7X instruction. The erase procedure is
performed in the same way as any other output to mag-
netic tape but the W10 bit is used by the tape unit to
cause writing of all zero data regardless of what may be
appearing at the character register outputs.

3.91 SYS GATE

3.92 The s&/sfem control EOM instruction has little
effect on the TMCC. It is included here only because
the Sys signal is gated through the TMCC channel.

3.93 When an EOM instruction, containing "ones" in
bits 10 and 11, is executed, an Sys signal is generated

as an output from the TMCC on the Sys line.

Sys = Eom C10 C11 C9
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Paragraphs 3. 94 to 3. 103

Gys) = Sys (15 - T1) Tor Pwy
(delete Pwy for 92200 and 92210)

The @ signal may be used in conjunction with the

C-Register output lines fhrough to select

and control special system devices. One line

is provided on each TMCC W (A) channel or each
W(A) + Y(B) channel pair. One more line is

provided on the C or C + D channels (for a maximum
of two lines).

3.94 SKIP GATE

3.95 The Skip Gate, Skr, and its associated line
driver, /Skrz/, provide interrogation response signals
for use with SKS instructions.

The equation for the line driver is:

/Skrz/ = Skr {C10 CIT 350
(C1C9CI0CI Sio) . . . *

*C1 becomes C1 for TMCC-C and TMCC-D

This signal is inverted in the CPU and sampled during
execution of an SKS instruction to determine if a
response has been received. At times other than when

being tested, the signal is changing levels and has no
meaning. The inverse of /Skrz/ is:

Skrz = Skr + C10 C11 Sec
+ C1 C9 C10 C11 Sio +. . .

3.96 The dashed lines indicate that other response
signals may be connected to satisfy special system re-
quirements. Sio is a response from the addressed
peripheral 1/O unit. The addressing is performed using
SKS instruction bits 18 through 23 and the same address
codes as assigned for EOM instructions. The output lines
through provide the necessary addressing
and control connections to the peripheral units. As
seen above, Sio is used in conjunction with C1 C9 C10
C11. Bits 1 and 9 (along with bit 17 decoded by the
peripheral device) select one channel out of four TMCC
and four DACC channels. Bits 10 and 11 determine the
type of the SKS instruction.

3.97 Sscisan interrogation response from external system
equipment. This type of interrogation is selected by an
SKS instruction with "ones" in bits 10 and 11. The con-
trol and address bits may be assigned as required. Again

the - lines provide the necessary connections.

3.98 The remaining term in Skrz is Skr, the output of
the Skip-Gate in the TMCC. The use of Skr is similar
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to that of Sio just described except the SKS instruction
address bits (19-23) are "zeros". This causes the instruc-
tion to address the 1/O channel itself rather than
peripheral devices.

Skr=C1 C17C9C10C11C19C20C21C22C23C15Wsc
LT ES

3.99 In these equations, bits 1, 9, and 17 select one
of eight channels (TMCCs and DACCs). Bits 10 and 11
determine the type of SKS instruction. "Zeros" inbits 19
through 23 address the channel rather than a peripheral
unit. Bits 12, 13, 14, and 15 select the particular test
function. A "one" in bit 15 tests the Signal-Complete
flip-flop. Similarly, o "one" in bits 12, 13, or 14
tests the Unit Address Register, the Interlace Address
Register, or the Error Flip-Flop, respectively.

3.100 Two additional TMCC channel tests, similar to
two of those just described, are provided by the Skr
gate. These also test the Unit Address Register and the
Error Flip-Flop but with a different type of SKS instruc-
tion. This is done to provide program compatibility

with the SDS 910/920 Computers.

W12 Wi3 W1

Skr = C10CI1 C14 WIOWITWI12WI3 W14 C1
+CI0CTI C20We CT +. . .

3.101 The equations shown in this discussion are speci-
fically applicable to the W(A) channel TMCC. To
select the other channels C1 must replace C1 for chan-
nels C and D. To distinguish between W and Y or
between C and D, C17 is switched (except in the last
two equations where C14 and C20 are used for W and
are changed to C13 and C19 for the Y channel).

3.102 INTERLACE, COMPATIBLE MODE (Time Share)

3. 103 The Interlace register is enabled by a "one" in
bit position 9 of either BUC or IOC type of EOM in-
struction. These produce Buc or loc signals which are
derived from EOMOXXXX and EOM1XXXX instructions,
respectively. Therefore, the interlace register can be
enabled by the same instruction that sets up the other
TMCC registers, (i.e., by Buc), or it can be enabled
without disturbing the rest of the TMCC, (i.e., by loc).
Either of the EOM instructions clears the entire inter-
lace register then sets the Enable Flip-Flop, Ew.

Interlace Clear: Iwc = Eom C9 C10C1C17 (T3 - TO)

CT Becomes C1 for TMCC-C
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Iwe Ew (T3 - T0)
We TO +. . .

1

Interlace Prepare: sEw

rEw

3.104 For a Buc instruction, Ew is first reset by Wcat
pulse time TO then reset during the next pulse time.
The above equation for Iwc is specifically related to
the W(A) channel. To select any of the other three
TMCC channels, different combinations of C1 and C17
are used.

Channel Cl Cl17
W(A) 0 0
Y (B) 0 1
C 1 0
D 1 1

With Ew set, the computer can preset the interlace reg-
ister with the starting memory address and the word
count for an 1/O process. Refer to figure 3-23. The
loading of these counts is accomplished by a POT in-
struction. The POT instruction, which produces a Pot1
signal, is ordinarily used to parallel transfer data from
the C-Register to an external device. Potl, then,
produces the loading signal,

Pot1 (T6 + T5) Ew

Iwp

then resets Ew,

rEw Pot1 (T3 - TO) Ew +. . .

3.105 The Word Counter, WcO through Wc14, is
initially cleared by Iwc which sets all stages of the
counter. The one's complement of the count is then
produced by resetting the counter flip-flops for corre-
sponding "ones" in the C-Register during Iwp. Actu-
ally, this applies to only the ten least significant bits
of the counter. If a word count greater than 1023 is
needed, the five most significant bits of the counter
must be preset by a second EOM instruction. This in-
struction must be executed after the Interlace is enabled
and before the POT instruction is executed. An loc
instruction, without bit 9, is given for this purpose and
it generates an Iwe load signal.

Iwe = locl (T6 + T5) Ew
Iwe then resets the most significant bits of the Word

Counter to complete the storage of the one's complement
count.

sWcld4 = Iwec +. . .

SDS 900685C
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rWeld = Iwp C9 +. . .
| |
| I
I |

sWed = Iwe +. .

rWeS = Iwp CO+. .

sWed = Iwe +. .,

rWed = lwe C23 +.,
| |

sV\l’co = Iwe +. .

rWe0 = Iwe C19 +.

3. 106 Using the one's complement, the Word Counter
can count up rather than down and preduce a termina-
tion signal when it contains "ones" in all of its stages.
The counting is performed by triggering each stage of
the counter on the falling edge of a previous stage. For
example:

sWcl3 = EVVWC]3 Wec14 Ew
rWel3 = Ew Wc13 Wel4 Ew

where the underlined term represents the clock or trig-
gering level. This method of counting conserves gating
but produces a propagation delay through the counter. This
delay isminimized to a satisfactory level with some increase
in the number of gates by arranging the fifteen counter
stages info five octal groups. The first stage of each
group is connected to only the last stage of the previous
group. An example of one octal group is:

sWel0 = Ec Wel0 Well Ew
"Wecl0 = Ec W10 Well Ew
sWc9 = Ew Wc9 We10 Well Ew
"Wc9 = Ew We9 Wel0 Well Ew

sWe8 = Ew Wc8 We9 Wel0 Well Ew

We8 = Ew Wc8 We9 Wel0 Well Ew
Here it is seen that for this octal group, a common clock
term Wcll Ew is used for all three stages.

3.107 This reduces the propagation delay for each
group to the delay that would be expected for a single
flip-flop. The delay for the entire fifteen stage counter
is therefore equivalent to that of five flip-flop stages.
The double appearance of Ew is due to the clocking
arrangement and the flip-flop module layout. During
the loading operations, Ew issettoallow the clock pulses
to appear as the Ge4 clock for use by the flip-flop.
After Ew is reset and the counting is to take place,
Ge4 is held off while Ew Wc 14 performs the triggering.
Refer to figure 3-24.

3-37



September 1965

SDS 900685C

uolybiad() 9p|19jU] -~ MO|{ UoHPULIOIU] *gZ-€ Sinbi]

Hun o/1

L .

~ PO

——————

Jayndwon

A

r

$sanbay

alpyg-awl |

»

ws)

m| A
¢ Kidwy
1o ||ng x
20
dmy 71 o IM
| L] om | om , Y
_ A |
_.‘49.._ M | 8M | LM o
_ Junos Ioy? ssa1ppy
aloyg
Bay *1oy> 1935169y M _ —sun}
——————— —— —_— _
n—I m | om | - 0 = #unod
SETHISENES)
[—— - - = 1
/'.—ll — — — — — _ ——1 M] 194uno?) ‘ J34uno?)
] |._|L ssa.ppy piopm
——— A
. ) 1a4jng 200 |404u]
~- M3 ~ M g
-1
WO3 | »
10d

3-38



September 1965

Clock

Pulses ——>
_——_———
D@——DS-L— Wel3 s f—We13

SDS 200685C

Paragraphs 3. 108 to 3. 112

Wel3

Figure 3-24. Interlace Word Counter - Typical Clock Input

3. 108 The Address Counter is set up in much the same
way as the Word Counter. Again the counter counts
up, but in this case the one's complement is not used.
With the Address Counter, the actual address of the
first memory location to be used is placed in the reg-
ister. As with the Word Counter, Iwc clears the
counter then Iwp or Iwe sets up each stage with data
from the C-Register. For some stages of the counter,
the flip-flops are reset by Iwc then set with the data.
For other stages, the flip-flops are set by Iwc then re-
set with the complement of the data. Either way, the
same thing is accomplished. It was a matter of con-

venience in wiring for one method or the other to have
been used.

3.109 The counting of the Address Counter is handled
in the same way as the Word Counter. The least signi-
ficant stages of both counters are triggered by Iwa Ew.

Iwa = Rxw Tsm

Rwx is the Time Share Select Flip-Flop and is covered
in detail in paragraph 3.113. Tsm is a signal from the
CPU indicating that counter information for each word
has been received by the CPU.

3.110 In the instruction sequence, EOM, EOM, POT
used to set up and start the interlace operation, the
second EOM may be omitted if the most significant bits
of the Word and Address Counters are "zeros". Refer
to figure 3-25 for the relationship between the instruc-

4

tion bits stored in the C-Register and their respective
positions in the counters.

3.111 The POT instruction which resets the Interlace
Prepare Flip-Flop, Ew, also sets the Interlace Active
Flip-Flop, Iw.

slw = Pot 1 (T3 - TO) Ew Iw

Ew furnishes the ready signal required for the POT in-
struction.  Both the Ew and Iw flip-flops inhibit W-
channel interrupts.

INw = Wf WO Wh (En +EnD)
Tw Ew Twg

3.112 Refer to figure 3-26 for the timing for the inter-
lace loading process. The Interlace Active Flip-Flop,
Iw, allows the buffer to issue a time share request

(Trqw) to the CPU whenever the channel needs access
to memory.

Trgw = Wf WO Wh Iw Twf

Trgw is combined with similar signals from the other chan-
nels to produce a common request term for all TMCC's.

Trgx Trq(c) + Trq(d)

Trg = Trgx + Trgqw + Trqy
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2nd EOM I POT

Word
Counter

WcO [ Wel | We2 | We3 | Wed [We5 [ Web | We7 | We8 | We9 [Wel0 [Well |Wel12 Iweld |Wel4d

C Register | C19 | C20 | C21 [ C22 | C23 | CO | CI Cc2 | C3 C4 |C5 |[C6 C7 |[C8 |C9

Address

Counter Wa0 [ Wal | Wa2 | Wa3 | Wad | Wa5 [ Wab | Wa7 | Wa8 | Wa® |Wal0 [Wall |Wal2 |Wal3 [Wal4d

C Register [ CI8] C11 | C12 [ CI13 | C14[CI15 |Cl6 | C17| CI18| C19|C20 |cC21 |Cc22 |c23 |co4

Figure 3-25. Relationship of Instruction Bits to Address and Word Counter Bits

3. 113 When two or more TMCC's make a time share Channel C, sRex = Tsm Trq (c) Trq(d) (T7 - TO)
request at the same time or when one channel makes a Rex = T

request while another is already performing a time rRex = Tsm TO
share operation, the TMCC priority logic determines

which channel is allowed to access memory first. For Channel D, sRdx = Tsm Trq (d)

this purpose, each channel has its own Time Share rRdx = Tsm TO

Select flip-flop. No more than one of these flip-flops

may be set at any time. The priority established by the The terms Rex and Rdx are used here for clarity but do

flip-flops for the four TMCC channels is D, C, Y, and not actually appear in the logic equations for the

W in descending order. However, once a channel has equipment.

been selected, it is allowed to complete the processing

of its word without being disturbed by other channels. 3. 115 If a TMCC channel makes a time share request

Using the Time Share Request signals mentioned pre- and has the highest priority of those making such a re-

viously, the priority logic to select the channel is: quest, and if Tsm is true, then the channel can set its

L o Time Share Select flip-flop. Tsm indicates that the

Channel W;  sRwx = Tsm Trqw Trqy Trgx (T7 - T0) CPU is not already engaged in a time share operation.

Rwx = Tem TO Confining the discussion to the W channel, Rwx would

set at pulse time Tr - T8.

Channel Y; sRyx Tsm Tray W (T7 - TO)

Tem TO 3.116 The Interlace Prepare flip-flop (Ew) also pro-
duces Er which prevents output signals, Eom and Ioc,
from reaching external devices while initializing the
Interlace.

rRyx

"3.114 The TMCC's for the C and D channels are
identical to those for the W and Y channels and so use
the same logic nomenclature as above. But a request Er = Ew By . ..
signal, Trgx, is not brought into the C and D units from R
other higher priority TMCC's. Then, for simplicity the
C and D channel equations may be written:

—
o
O
I
—
0o
¢}
0N
-
m
o
0
w

I
m
o)
3
|
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Iwe

Interlace Prepare,
Ew

Interlace Load,
Iwp

Interlace Load,
Iwe

Interlace Active,
Iw

Clear TMCC,
We
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*Second EOM may be eliminated if not needed to set count in most signif-
icant bits of Address and Word Counters or to set up the extended mode.

Figure 3-26, Interlace Register Loading Timing Chart
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Paragraphs 3. 117 to 3. 123

The CPU then answers the request with a Tsr signal
which remains on for two machine cycles. Tsr enables
Wxx to permit a data transfer between W and C reg-
isters. While Tsr is true, the CPU sets Tsm to incre-
ment the Word and Address Counters.

It

Iwa = Rwx Tsm

Wxx

count trigger

load buffer from C

Il

Rwx Tsr Iw

3.117 Refer to figure 3-27 for the timing of the signals
involved in the data transfer between the W and C Registers.
Figure 3-27, indicates that Wxx remains on for two
machine cycles. This allows the data exchange totake
place twice. The two cycles are used as follows.

a. Input Operation. The first cycle exchanges
the input word and any word currently in the C-Register.
Then between cycles, the input word is copied from the
C-Register into memory (in parallel). During the
second exchange cycle, the word temporarily stored in
the W-Register is returned to the C-Register where it
can continue in whatever function it may have been
parficipating.

b.  Output Operation. The first cycle shifts any
information which was being operated on in the C-
Register to the W-Register for temporary storage. The
word requested by the TMCC Interlace Address Counter
is then parallel transferred from memory to the C-
Register (between cycles). The second exchange cycle
then returns the word from the W-Register back to the
C-Register and brings the word out of memory from the
C to the W-Register.

3.118 The double exchange cycle thus provides the
TMCC with a means of:

a. moving a word from the W-Register through
the C-Register to memory or vice versa, and

b. preserving the contents of the C-Register
while the transfer takes place. This is important if the
CPU is engaged in some form of computation when the
time share takes place. Figure 3-28 is an illustration
of the timing involved for a typical interlaced /O
process.

3.119  Another important aspect of the W and C-
Register data exchange during an interlaced output
concems the path taken by the output word in getting
to the W-Register. If a clock has read the last word
out of the Character Register when the exchange takes
place, the next word is precessed simultaneously with
its transfer to the W-Register. This occurs as follows.

During both of the exchange cycles, Wxx is on because
of Rxw and Tsr.
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Wxx = Rwx Tsr Iw +. . .

3.120 If at this time a clock has already been detected
(to read the last character of the previous word) so that
W5 is set, W4 is set at pulse time T8 in the beginning of
the second exchange cycle.

sW4 = W5 WF T8 Wg

3.121 Thus, during the second cycle, Wxx and W4 are
both true. The output word may then be shifted directly
from the C-Register to the Character Register and on
through to the W-Register. A one cycle precession is
thereby automatically accomplished and the character
may be read by the next clock without waiting for
another precession to take place.

sRwl = W4 Wxx C21r +., . .
rRwl = W4 Wxx C21r +. ., .

sRw2 = W4 Wxx C22r +. .
rRw2 = W4 Wxx C22r + .

sRw3 = W4 Wxx C23r+. .
rRw3 = W4 Wxx C23r +. . .

Wwl = W4 Wbl (T7-TO)+. . .
Ww2 = W4 Wb2 (T7-T0)+. ..
Ww3 = W4 Wh3 +. ..

Refer to figure
3-3 for Wh1,
Wb2, and Whb3.

3.122 This same path for loading the W-Register
through the Character Register is also followed when
the interlace is initially set up and the first word is
called for, if the EOM instruction calls for starting
without leader. In this case W5 is first set by Ws C13
instead of a clock signal from the peripheral unit.

Figure 3-29 illustrates the use of this feature in loading
the first word.

3. 123 When transferring data directly from the C to
the Character Register, the parity bit is generated as
previously described except that Cpr is used in place of
Wn1 ® Wn2 ® Wn3). Cpr performs a similar func-
tion but originates in the CPU and monitors the parity
of the octal groups coming from the C-Register rather
than from the W-Register.

sRwp = W9 W4 Rwp Wxx Cpr Qw2 (T7-TO)+ . . .
Rwp = W9 W4 Rwp Wxx Cpr Qw2 (T7 -T0)+. ..

Refer to figure 3-4 for Qw2.
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Figure 3-27. Interlace Word Transfer Timing Chart
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Figure 3-29. Interlace Output Timing Chart
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Paragraphs 3. 124 to 3. 132

3.124 As each /O word is processed, the Word and
Address Counters are incremented by Iwa. Iwa alsosets
Wf again after it has issued the time share request via

Trqw.

I

Rwx Tsm

Iwa Mit TO

Iwa

sWF

I

The term Mit, when false, denotes that a direct access
/O channel (DACC) is accessing the memory. Since
the DACC may require access during an I/O operation
by the TMCC, Mit is used to momentarily stop the
TMCC's action. Memory access by the DACC,

although producing Tsm, thus cannot set Wf.

3. 125 When the Word Counter reaches the all "ones"
condition, the count is decoded by Iwf.

Iwf = Wc0 Wel W(;2 Wc3 Wecd We5 Web We7
We8 We® Wel0 Well Wel2 Wel3 We 14 Ew

Iwf inhibits further time share request signals and resets
the Interlace Active flip-flop. V

Trqw:mwomlwl—wf
flw =IwfT8

time share request

Interlace Active

1

3.126 if the Interlace is controlling an input process,
the next word loaded into the W-Register after Iw is
reset, generates a Word Ready Interrupt, 11w,

Nw = WFWO0 Wh (En +CEnD) Iw Ew Iwg

At this time the program can reload the interlace if
reading is to continue. On channel W (or Y') the con-
tents of the buffer can be stored with a WIM (or YIM)

instruction.

3. 127 During the input process, if an End-of-Record

is encountered before the word count is completed,
termination takes place as described earlier for the non-
interlaced input. Wg detects the gap and sets Wh.

sWh = Wg Twg T8

An interrupt is generated and the TMCC is cleared in
the usual manner.

12w = (En +CEn)) Twg Wh W +. . .
3.128 If the Interlace is controlling an output process,

Iwf resets the Halt Interlock flip-flop, WO, and blocks
[Tw and Trgw.

WO = WO Iw Iwf (lwg + . . .) (T7 - T0)
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INw = WfWO'Wh (En +(EnD) Tw Ew Twg
Trqw = Wi WOWhR Iw Twf

Thus, Rwx is not set again and Iwa cannot be tumed on.

sRwx = Tsm Trqw Trgy Trgx (T7 - TO)
Iwa = Rwx Tsm

Then when the last word is precessed out of the W-
Register, Wf is not set again.

sWF = Iwa Mit TO

This results in a sitvation similar to that for the non-
interlaced output. The condition, WO W4 W5 W6,
exists following the precession of the |last character.
The state, WO W5 W5, then sets Wh. Or, if magnetic
tape is being used, WO W5 W& is detected by the tape
unit and after a delay, Whs is generated to set Wh.

sWh = WOWIT WO W5 W& (Twg +. . .)
T8 + Whs WIT T8 +. . .

Then, halt interrupt and clear signals are generated and

the TMCC, including Wh, is reset.

12w = (En +CEnD) Iwg Wh Wf+. .
We = WhWF(T3-TO)+. ..
"Wh = Wh WF T8 +. . .

3.129 The termination timing for a typical interlaced
input process is illustrated in figure 3-30. In general,
termination of a Compatible Mode 1/0 process is much
the same as that for a non-interlaced 1/O operation,
but figure 3-30 illustrates the relationship of the addi-
tional interlace signals involved with those shown in
earlier figures.

3.130 As with other forms of I/O operation, a dis-
connect EOM (address 00) can also terminate an inter-
laced operation. This is done by resetting the Interlace
Active Flip-Flop and the Extend Operations Flip-Flop
through Ws and Wsc. (Refer to the paragraphs an Ex-
tended Mode beginning with 3-100 for explanation of
Iwg.)

3.131 INTERLACE, EXTENDED MODE (Time Share)

3. 132 The WordCounterand Address Counter set-up pro-
cedures are similarforboth the Compatible and Extended
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Figure 3-30. Input Termination Timing Chart - Interlace (Compatible Mode)
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Paragraphs 3. 133 to 3. 139

Modes. That is, the same sequence of instructions is
used, (EOM-EOM-POT). However, to select the
Extended Mode of operation, it is necessary to place a
"one" in bit 12 of the second EOM (loc) instruction.
When this instruction is processed, the Iwe loading sig~
nal sets bit 12 into the Extended Operations Flip=Flop,
Iwg.

Ioc 1 (T6 + T5) Ew
Iwe C12

Iwe

i

slwg

Prior to this, Iwg was cleared by the first EOM instruc -
tion as was the rest of the Interlace logic.

Iwec = Eom C9 CT0C1 C17 (T3 - T0) C1 becomesC]
for TMCC-C

Iwe +. ..

\

3.133 To use the Extended Mode, four additional flip-

flops are loaded by the loc instruction. Two of these,

Iwh and Iwi, comprise the Channel Command Register

which selects the type of termination. The remaining

two flip-flops, Iwj and Iwk, are employed to arm the

12w and I1w interrupts on a selective basis.

rwg

siwj = Iwe Ci3
rlwji = Iwe +. ..
slwk = Iwe Cl14
riwk = Iwe +. . .
slwh = Iwe C15
riwh = Iwc

slwi = Iwe C16
rlwi = Iwc

By decoding Iwj and Iwk, the Extended Mode can per-
form the four different terminal functions listed in
table 3-4. Each function can be used to control either
an input or an output operation. In the following
paragraphs, each of the four functions is discussed in
detail. In each case, it is assumed that the interlace
registers have already been loaded by the EOM-EOM-
POT instructions and that the interlaced I/O operation
is proceeding normally.

3.134 IORD - Iwg Iwh Iwi
3.135 Output

3.136 Write C words. When C equals zero, output is
terminated (i.e. the device is signaled that the last
characters have been transmitted). When the peripheral
device has generated the End-of -Record and, if
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necessary, checked the validity of the record, it sends
an End-of-Record response to the channel buffer. When
received by the buffer, the End-of-Record signal gen-
erates an End-of-Record interrupt (if armed) and discon-
nects the channel.

3.137 The line printer generates the End-of-Record
response when it completes the printing of a line., If
the printer encounters any print errors or faults, it sends
a signal to the channel that sets the channel error in-
dicator. This can occur since the printer has not dis-
connected from the channel. The IORD is useful when
the program is to print several lines and the program is
not otherwise to use the channel between lines. When
the printer completes each line, it causes an End-of=-
Record interrupt (assumed to be armed), notifying the
program that it can immediately transmit the next paper
control instruction and the next line image.

3.138 The unbuffered card punch operates similarly.

It generates the End-of-Record response after punching
each row. If any faults occur during the punching of
the entire card, the card punch sends a signal to the
channel that sets the channel error indicator; this occurs
after punching the last row (row 9).

NOTE

A program should not use IORD with
devices that do not have End-of-Record
conditions on output (e.g., devices
such as the paper tape punch and type-
writer). These devices to terminate
output but give the program no indica-
tion when they receive the last
characters.

After the last word is accessed from memory, zero word
count is established.

3.139 The interlace is counted by the Interlace Count
Trigger, Iwa.

Iwa = Rwx Tsm

Zero Word Count, Iwf, occurs and the Interlace Active
flip-flop, Iw is reset.

It

Iwf = WeO Wel. .. Wcl3 Wcld Ew

Iwf T8

rlw
The Halt Interlock, WO, is reset.
WO = W9 Iw Iwf (lwg +Iwh +Twi) (T7 - T0) + . . .
If the End-of-Transmission Interrupt Enable, Iwk, has

been previously armed, an 11w interrupt occurs and Iwk
is reset,

Iw = Iwg Iw Iwf Iwk + , .
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Table 3-4. Interlace Extended - Mode Terminal Functions

Terminal Function Iwg | Iwh | Iwi Summary of Operation

IORD 1 0 0 The /O operation proceeds until the word count equals zero
Input/Output of then terminates. On input, the channel disconnects when the

P P End-of-Record is encountered. On output, the channel signals
record then . .
disconnect the device that the last character has been transmitted then
’ disconnects after the device provides an End-of-Record
response.

10SD 1 0 1 The channel disconnects when the word count equals zero or
Input/Output at the end of a record.
until signal
then disconnect.

IORP 1 1 0 The I/O operation proceeds until the word count equals zero

Input/Output of
a record then
proceed.

[1OSP

Input/Qutput
until signal

but does not terminate. On input, the channel setfs the inter-
record indicator when the end of a record is encountered. On
output, the channel signals the device that the last character

has been transmitted then sets the inter-record indicator after

the device provides an End-of-Record response. The channel

does not disconnect (except for magnetic tape).

When the word count equals zero, the program should either
reload the interlace to continue, or terminate the operation
before the next clock is received; otherwise a rate error will
occur.

then proceed.

rfwk = Tlw Iwk T8+, . .

When the last character of the last word has been pre-
cessed into the Character Register, Wf is reset.

‘WF="W7 W8 W4 (T6 +T5) +. . .
Because the Halt Interlock, WO, and Interlace Active,

Iw, have been reset, a Time Share Request, Trqw, can
not be made.

Trqw = WFWO Wh Iw Iwf

Any further clocking, Ecw, of the buffer generates a
Halt Interlock Signal condition.

sWé6 = W5 Ecw T8 WIOWIT1 W2 Wi3 Wi4
sW5 = W5 W6 Ecw TO +. . .
W6 = W5 T0 +. . .

Halt Interlock Signal (decoded by the peripheral device)

= W5 Wé WO

If the Halt Signal, Whs, is received the Halt Detector
Wh, is set and a disconnect occurs.

sWh = W9 Iwh T8 Whs +. . .
We = Wh WF (T3 -TO) +. . .
W9 = We

W10 = We

etc.

The Signal Complete flip-flop, Wsc, is set.
sWsc = Wh WF T8 +. .

If the End-of-Record Interrupt Enable, Iwj, has been
previously armed, an [2w interrupt occurs and Iwj is
reset.

12w

Wse Iwj Iwg + ..
2w Iwj T8 +. ..

]

rTwj

The Extend Operations flip-flop, Iwg, and the Signal
Complete flip-flop, Wsc are then reset.
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Paragraphs 3. 140 to 3. 146

Wsc = Wse Twg T8
3.140 10SD - Iwg Iwh Iwi
3.141 Ouvtput

3.142 Write C words. When C equals zero and when
the last character has been transmitted, the channel
disconnects the device and becomes inactive. If an
End-of-Record signal is received before the count
reaches zero, the channel disconnects immediately.

NOTE

The IOSD is designed for use on devices
which are normally operated on the basis
of the word count only. Typewritersand
paper tape devices are of this type, as
are the printer and card punch when the
user does not wish to stay connected
until the operation is complete.

3.143 The interlace is counted by the Interlace Count
Trigger, lwa.

Iwa = Rwx Tsm

Zero Word Count, Iwf, occurs and the Interlace Active
flip-flop, 1w, is reset.

Iwf = Wc0 Wel Wci13 Weld Ew

Iwf T8 + . ..

rlw
The Halt Interlock, WO, is reset.

W0 = W9 Iw (I;/;-F Iwh + m)(?roh ..
If the End-of-Transmission Interrupt Enable, Iwk, has
been previously armed, an 11w interrupt occurs and Iwk

is reset.

ITw = Iwg Iw Iwk Iwk +. . .

rlwk = Ilw Iwk T8+. ..

When the last character of the last word has been pre-
cessed into the Character Register, Wf is reset.

"WE = W7 W8 W4 (Té + T5) +. . .

Because the Halt Interlock, WO, has been reset, a Time
Share Request, Trqw, cannot be made.

Trqw = WWOW; Iwm
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Any further clocking, Ecw, of the buffer generates a
Halt Interlock Signal condition.

sW6 = W5 Ecw TS WIOWT1 WI2 WI3 W14
sW5 = W5 Wé Ecw TO +. . .
W6 = W5T0 +. . .

Halt Interlock Signal

= W5 W6 WO
For devices other than magnetic tape, the Halt De-
tector, Wh, sets upon reaching zero Word Count, Iwf,

and after the last character has been clocked from the
buffer.

sWh = W9 W11 WO W5 W6 (Iwh Iwi +...)T8+. ..

The Halt Detector, Wh, also sets upon the occurrence
of a Halt Signal, Whs, from the magnetic tape unit.

sWh = W9 Iwh Whs T8 + . . .

The setting of the Halt Detector, Wh, initiates a buffer
disconnect sequence.

We = Wh WF (T3 - TO) +. . .
W9 = We

W10 = We

etc.

The Signal Complete flip-flop, Wsc, is set.
sWsc = Wh WF T8

If the End-of-Record Interrupt Enable, Iwj, has been
previously armed, an 12w interrupt occurs and Iwj is
reset.

2w = Wse Iwj Iwg + . ..

flwj = 12w Iwj T8 +. . .

The Extend Operations flip-flop, Iwg, and the Signal
Complete flip-flop, Wsc, are then reset.

rlwg = Wsc T8 WIO W11 W12 WI3 W14 Twg + . . .
rWsec = Wsc R—V_Q-TB
3.144 IORP - Iwg Iwh Iwi

3. 145 Output

3.146 Write C words. When the channel interlace
counts C down to zero, the interlace notifies the channel
buffer that it has received the last word that is to be
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output; when the buffer outputs this last word, it sends
a signal to the connected peripheral device indicating
that the device has the last word. When the peripheral
device receives, outputs and checks the validity of
this last word, it sends an End-of-Record response to
the channel buffer. When received by the buffer, the

End-of-Record signal generates an End-of-Record inter-

rupt (if armed) and sets the Inter-Record indicator; the
channel does not disconnect.

3. 147 When the peripheral device is magnetic tape,
the tape continues to move after it signals End-of-
Record. As in reading tape, the signal causes the Tape
Gap signal to come high. If the program executes a
new write tape or erase tape EOM during the inter-gap
time (approximately one millisecond), the tape remains
in motion and proceeds to write or erase a new record.
If the program executes no such EOM before the Tape
Gap signal drops, the channel disconnects and tape
comes to a stop. No interrupt occurs at this time. This
is the only condition which causes a channel to dis-
connect automatically for an IORP.

3.148 To proceed after the End-of-Record occurs, the

program first executes a Buffer Control mode EOM to re-

initialize the Channel Unit Address Register and then
reloads the interlace portion of the channel (the pro-
gram can alert the Interlace via the Buffer Control
EOM). Otherwise, the channel immediately terminates
any attempt to use its interlace portion, since the
channel is still active and in the End-of-Record con-
dition. When the program continues from an Inter-
Record condition, the program should use an extended
mode terminal function.

NOTE

A program should not use IORP with
devices that do not generate End-of-
Record responses upon output termin-
ation; such devices are paper tape and
typewriter. These devices do termin-
ate output but give the program no
indication when they receive the last
characters. The IORP should also not
be uséd with the printer and card
punch since these devices expect the
channel to disconnect after they send

ECR.

3. 149 After the last word is accessed from memory, the
Interlace is counted and zero word count is established.
The Interlace is counted by the Interlace Count Trigger,
Iwa.

Iwa = Rwx Tsm

Zero Word Count, Iwf, occurs and the Interlace Active
flip-flop, Iw, is reset.
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Iwf .. Wcl13 Wcl4 Ew

We0 Wel .

Iwf T8 +. . .

riw
The Halt Interlock, WO, is reset.

WO = W9 Iwf (fwg + Iwh + Iwi)
(T7 -TO) +. ..
If the End-of-Transmission Interrupt Enable, Iwk, has

been previously armed, an 11w interrupt occurs and Iwk
is reset.

ITw
riwk

Iwg Iw Iwf Iwk +. . .

Nw Iwk T8 +. . .

When the last character of the last word has been pre-
cessed into the Character Register, Wf is reset.

Wi = W7 W8 W4 (T6+T5) +. . .
Because the Halt Interlock, WO, and Interlace Active,
Iw, have been reset, a Time Share Request, Trqw,
cannot be made.

Trgw = WF WO Wh Iw Twf

Any further clocking, Ecw, of the buffer generates a
Halt Interlock Signal condition.

sW6 = W5 Ecw TS WIOWI1 WI2 Wi3 W14
sW5 = WEW6Ecw TO+. . .

Wé = W5T0 +. .

Halt Interlock Signal
= W5 Wé WO
3. 150 For non-magnetic tape devices, the buffer

awaits the receipt of a Halt Signal, Whs, from the de-
vice. The End-of-Record Detector, Wg, is set,

The Signal Complete Detector, Wsc, sets and if the
End-of-Record Interrupt Enable, Iwj, has been pre-
viously armed, an I2w interrupt is generated and Iwj is
reset.

sWsec = Wg Iwg Iwh T8 (Iwf +. . .)+.

12w

Wse Iwj Iwg +. . .

2w Iwj T8 +. . .

1

rlwj
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The device does not disconnect because Wh is not per-
mitted to set.

3.151 For magnetic tape, the buffer awaits the re-
ceipt of a gap signal, Mtgw. The End-of-Record
Detector, Wg, is set.

sWg = Mtgw TO Iwg W11 (WO W5 W& W9+, . )+, ..

The Signal Complete Detector, Wsc, sets and if the
End-of-Record Interrupt Enable, Iwj, has been pre-
viously armed, an 12w interrupt is generated and Iwj
is reset.

sWsc = Wg Iwg Iwh T8 (lwf +...) +.
12w

Wse lwj Iwg

rlwj 2w Iwj T8 + . .

The magnetic tape system can continue if the interrupt
sub-routine executes an EOM to the tape within
approximately one millisecond from the occurrence of
the interrupt. If no EOM is executed, the tape
generates a Halt Signal, Whs, and the Halt Detector,
Wh, sets. The magnetic tape is disconnected and the
buffer is cleared.

sWh = Whs W11 T8+, . .

We = Wh WF (T3-T0) +. . .

W9 = Wc

W10 = We

efc.

rilwg = Wsc T8 WIO WIT W12 W13 W14
Iwg+. ..

Wsc = Wse T8 Iwg

Wh = Wh WF T8 +. . .

3.152 IOSP - Iwg Iwh Iwi

3. 153 Output

3.154 Write C words. When the channel counts C
down to zero, the channel generates a Count Equals
Zero interrupt (if armed); the channel does not termin-
ate output. The program should reload the interlace
portion of the channel to continue writing in the same
record. Failure to reload the Interlace before the buffer
transmits all of the characters in its registers and before
the peripheral device requests the next character from
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the buffer results in a rate error; this sets the Channel
Error Indicator.

3.155 If the program executes a TERMINATE OUTPUT
(TOP) instruction after the channel has counted C
down to zero, the channel terminates the output and
operates identically like the IORP from this point on.

3. 156 After the last word is accessed from memory,
the interlace is counted and zero word count is

established.

The Interlace is counted by the Interlace Count Trigger,
Iwa.

Iwa = Rwx Tsm

Zero Word Count, Iwf, occurs and the Interlace Active
flip-flop, Iw, is reset.

Iwf = WeOWel. . . Wcl3Wcl4 Ew

rlw = Iwf T8 +. . .
If the End-of-Transmission Interrupt Enable, Iwk, has
been previously amed, an Ilw interrupt occurs and

Iwk is reset.

[MTw

Iwg Tw Iwf Iwk +. . .

riwk

It

Iw Iwk T8 +. . .

The program, upon receipt of an Ilw interrupt, should
reload the Interlace to permit the transmission to con-
tinue with a new set of parameters (i.e., word count,
address, terminal functions, etc.). The loading of the
Interlace with a zero word count could permit conver-
sion of the current IOSP to some other terminal function,
for example to an IORD, thereby effecting a disconnect.

3. 157 Execution of a TERMINATE QUTPUT (TOP)
instruction, e.g., EOM14000, would convert the IOSP
to an IORP. The TOP instruction resets the Halt Inter-
tock flip=flop, WO.

rW0 = loc C12 C17 C19 C20 C21 C22 C23 W9
TO+. ..

Any further clocking of the channel by Ecw generates
a Halit Interlock Signal condition when the last charac-
ter has been clocked from the buffer.

sW6 = W5 Ecw T8 WIOWT1 W12 W13 W14

sW5 = W5 W6 Ecw TO +. . .

rWé W5TO +. ..
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W5 = W4 T0 +. ..
Hait Interlock Signal
= W5 W6 WO

The Halt Interlock Signal is representative of the buffer
status had the 1OSP been an IORP.

3.158 IORD - Iwg Iwh Iwi

3.159 Input

3.160 Read C words. If C equals zero before the
End-of-Record is detected, the rest of the record is
ignored. At the End-of-Record, the peripheral device
is disconnected and the channel becomes inactive.

3.161 When the W-Register acquires the specified num-
ber of characters, a Time Share Request, Trqw, is
generated.

Trqw=-\7\/—fW0WP-11wM_f

When memory is accessed, the interlace registers are
counted by the Interlace Count Trigger, Iwa,

Iwa = Rwx Tsm

Zero Word Count, Iwf, may occur and the Interlace
Active flip~flop, Iw, is reset.

Iwf=WcOWel. .. Wcl3Wcl4 Ew
riw=Iwf T8 +. . .

If the Zero Word Count Interrupt Enable, Iwk, has been
previously armed, then an Ilw interrupt occurs.

Iwg Iw Iwf Iwk +. . .

i

ITw

rlwk Ilw Iwk T8 +., .

Additional characters entering the channel after Zero
Word Count has been reached are precessed into the
W-Register.

sW6 = W5 Ecw T8 W10 W11 W12 W13 W14
W6 = W5T0 +. . .

sW5 = W5W6 Ecw TO+. . .

W5 = WATO +. .

sW4 = W5 Wf T8 Wg +
+Iwg WO Twi W5 Iwf T8 +. . .
sW4 = WrTO +. ..

Wwil = W4 Wbl (T7 - TO) +. .
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Ww2 =W4 Wb2 (T7 -T0) +. . .
Ww3 = W4 Wb3 +. .

However, Time Share Request, Trqw, is inhibited.
Trqw = WF WO Wh Iw Iwf
Parity errors cannot occur after Zero Word Count.

sWe = W9 W6 W5 W4 prVV—Epr

(Iwg + Iwi + Twf) +. . .

Rate errors cannot set We while W4 is enabled by Iwg
W9 Iwi Iw.

sWe = WO W6 W5 Ecw T8 +. .
After Zero Word Count is established, detection of a

Halt Signal or Photoreader Gap sets the End-of-Record
Detector, Wg.

sWg = Whs (T7-TO) WIO WI1 W12 W13 W14
+ W9 WI0 WIT W12 W13

(Rw1 Rw2 Rw3 Rw4 Rw5 Rwé Rwp)
W5 (T7-T0) WIO W11 WI2 WI3 W14+, ..

The Halt Detector, Wh, sets.

sWh = Whs W11 T8 + Wg W9 W11 Iwh Iwg T8
(Iwf+. . .)+. ..
The buffer is flushed (i.e., allowed to precess without
receiving input clocks until the Character Count equals
zero) until it is assured that WF is reset.
sW4
1%

Wh WF T8 +. .
W7 W8 W4 (T +T5) +. .

1

The buffer is cleared and the peripheral device
disconnected.

We = Wh Wf (T3-T0) +. . .
If the End-of-Record Interrupt Enable, Iwj, has been

previously armed, and End-of-Record Interrupt, Iw2,
occurs.

sWsc = Wh WFT8 +. . .
Wsc = Wsc T8 Twg

2w = Wsc Iwjlwg +. ..
rwj = I2wiwiT0+...
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rlwg = Wsc Iwg WIOWITWI2WI3WI4T8 +. . .

Should an End-of-Record occur before Zero Word Count

is established, the End-of-Record Detector is set.

sWg = Mtgw TO Iwg W11 (WOWS +. . .)
+ Whs (T7 - TO) WIO W11 W12 W13 W14
+ W9 WI0 W1 W12 W13

(Rw1 Rw2 Rw3 Rw4 Rw5 Rwé Rwp) W5
(T7 - TO) W10 W11 W12 W13 W14

Any character remaining in the W-Register are flushed
by W4 and a Time Share Request, Trqw, is generated.

sW4 = Iwg Wg WF WO Wev Iw T8 W7 W9 W10

W11 Wh +. .
where:
Wev = W8 Wn2 W7 Wnl + W8 Wn2 W7 Wnl
+ W8 Wn2 W7 Wnl + W8 Wn2 W7 Wn1l
*WE = W7 W8 W4 (T6+T5)+. . .

Trqw = Wf WO Wh Iw Twf

and W7 W9 W10 W11 Wh indicates that a scan opera-

tion is not taking place.

3.162 As a result of one Time Share operation, Wf is
sef,

sWF = Iwa Mit TO+. . .

The Character Counter is reloaded with its original

count, making Wev true and the flush operation ceases.

3. 163 The Halt Detector, Wh, is now permitted to set.

For Magnetic Tape operation this occurs upon receipt
of a Halt Signal, Whs.

sWh = Whs W11 T8 + Wg W9 W11 Iwh
(Iwf + Wev WF) T8 Iwg +. . .

Before the buffer is cleared, the buffer is again flushed
but a Time Share Request, Trqw, is inhibited.

sW4 = Wh WFT8 +. .
"'WE = W7 WB W4 (T6+T5)+. . .
Trqw = WFf WO Wh Iw Iwf

The buffer is then cleared.

We = Wh WF(T3-TO)+. . .
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If the End-of-Record Interrupt Enable, Iwj, has been
previously armed, an End-of-Record Interrupt, 12w,
occurs.

Wse = Wh WFT8 +, . .

Wse = Wsc T8 m

2w = Wsc Iwj Iwg

riwj = 12w Iwj T8 +. .

rlwg = Wsc Iwg W10 W11 W12
WIBWI4T8 +. |

3.164 10SD - Iwg Iwh Iwi
3. 165 Input

3.166 Read C words. When C equals zero or when the
End-of-Record is encountered, the device is disconnec-
ted and the channel becomes inactive. If the channel
disconnects because of a zero count, an EOR interrupt
(if armed) is generated in addition to the count-equal-
zero interrupt. If both are armed, the count-equal-
zero interrupt occurs first.

When the W-Register acquires the specified number of
characters, o Time Share Request, Trqw, is generated.

Trqw = WF WO Wh Iw Iwf

When memory is accessed, the interlace regisfers are
counted by the Interlace Count Trigger, Iwa.

Iwa = Rwx Tsm

Zero Word Count, Iwf, may occur and the Interlace
Active flip-flop, Iw, is reset.

Iwf = WeOWel. . .Wecl3 Weld Ew
rlw = IwfT8+. . .

If the zero Word Count Interrupt Enable, Iwk, has been
previously armed, then an Ilw interrupt occurs.

Iw = Iwg Iw Iwf Iwk +. . .
riwk INw Iwk TO+, . .

The Halt Detector is set.

sWh = W9 W11 Iwg Iwh Iwi Iwf T8 WO + . . .

The buffer is flushed, but no Time Share Request, Trqw,
may be initiated.
sW4

rW4

Wh WFT8 +. . .
WATO+. . .

1
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"WF = W7 W8 T8 + . . .

W WO Wh Iw Iwf

Trqw

The channel is cleared and the peripheral device dis-
connected.

We = Wh Wf (T3-TO) +. . .
If the End-of-Record Interrupt Enable, Iwj, has been

previously armed, and End-of-Record Interrupt, 12w,
occurs,

sWsc = Wh WFT8 +. . .

Wse = Wse K/;TS

2w = Wsc Iwjlwg +. ..

rlwj = RwlwjT8=. ..

rflwg = Wsc lwg WIO W11 WI2WI3W14

T8+. ..

Should an End-of-Record occur before Zero Word Count
is established, the End-of-Record Detector is set.
sWg = Mtgw TO Iwg W11 WOW9 +. . .)
+ Whs (T7-TO) W10 W11 W12 W13 W14
+ W9 W10 W11 W12 W13

(Rw1 Rw2 Rw3 Rw4 Rw5 Rwé Rwp)
W5 (T7-T0) W10 W11 W12 W13 W14

Any characters remaining in the W-Register are flushed
and a Time Share Request, Trqw, is generated.

sW4 = Iwg Wg WF WO Wev Iw W7 W9 W10 W11

WTB +.. .
where:
Wev = W8 Wn2 W7 Wn1l + W8 Wn2 W7 Wn1
+ W8 Wn2 W7 Wnl + W8 Wn2 W7 Wn1
"WE = W7 W8 W4 (T6+T5)+. ..
Trqw = WE WO Wh Tw Iwf

As a result of the Time Share operation, Wf, is set.
sWF = Iwa Mit TO

When the term Wev is true the flush and store operation
ceases. The Halt Detector, Wh, is permitted to set

sWh = Whs W11 T8 + Wg W9 W11 Iwh
(Iwf + Wev WF) T8 Iwg +. . .
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Before the buffer is cleared, the buffer is again flushed
but a Time Share Request, Trqw, is inhibited.
sW4 = Wh WF T8 +. . .
WF = W7 W8 W4 (T6+T5) +. . .
Trgw = W WO Wh Iw Iwf

The buffer is then cleared.
We = Wh WF(T3-T0)+. . .

If the End-of-Record Interrupt Enable, Iwj, has been
previously armed, an End-of-Record Interrupt, 12w,
oceurs.

sWsc = Wh Wf T8 +. .

rWse = Wsc %TS

2w = Wsc Iwjlwg +. . .

rlwk = 2w Iwk T8 +, ., .,

rlwg = Wsec Iwg WIOWI11 W12 W13 Wi4

T8+. ..

3. 167 Should an 10SD mode be used on input with

magnetic tape devices, no disconnect will occur at Iwf.
Should additional characters enter the buffer after Iwf,
a rate error may occur.

sWe = WOW6 W5 Ecw T8 +. . .

Disconnect occurs upon receipt of a Halt Signal, Whs,
from the magnetic tape system.

sWh = Whs W11 T8 +. .

W4 = WhWFT8 +. . .

W4 = WATO +. . .

"WE = W7 WBW4 (T6+T5) +. . .
We = WhWF(T3-T0)+. . .

3.168 IORP - Iwg Iwh Iwi

3. 169 Input

3. 170 Read C words. If the channel counts C down to
zero before the peripheral device encounters the End-
of-Record (EOR), the channel ignores the rest of the
record (to the End-of-Record). When the peripheral
device sends the End-of-Record signal to the channel,
the channel sets its End~of-Record Indicator; this signal
sets the End-of-Record interrupt (if armed). The chan-
nel does not disconnect. The channel is now in an
"Inter-Record" condition.
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3.171 When the peripheral device is magnetic tape, the
tape continues to move when the tape handler encoun-
ters the End-of-Record. The End=of=Record occurs when
the tape read-heads encounter tape gap; this also causes
a Tape Gap signal to come high. If the program exe-
cutes a new read tape or scan tape EOM during the
inter-gap time (approximately one millisecond while

the Tape Gap signal is high), the tape remains in motion
and proceeds to read or scan the next record. If the
program executes no such EOM before the Tape Gap
signal drops, the channel disconnects and the tape comes
to a stop. No additional interrupt occurs. This is the
only condition that causes a channel to disconnect auto-
matically in an IORP.

3.172 All other input devices remain connected until
the program takes further action. The paper tape reader
remains in motion; the program should issue a "discon-
nect channel" instruction if the program is not reading
any more tape. To proceed after the End-of-Record
occurs, the program first executes a Buffer Control mode
EOM to re-initialize the Channel Unit Address Register
and then reloads the interlace portion of the channel
(the program can alert the Interlace via the Buffer Con-
trol EOM). Otherwise, the channel immediately termi-
nates any attempt to use its interlace portion since the
channel is aware that it is still active and in the End-
of-Record condition. When the program continues from
an Inter-Record condition, the program should use an
extended mode terminal function. An IORP should not
be used to read with devices that do not have EOR sig-
nals (e.g., the typewriter).

3.173 When the W-Register acquires the specified
number of characters, a Time=Share Request, TRQW, is
generated.

Trqw = WF WO Wh Iw Iwf

When memory is accessed, the interlace registers are
counted by Interlace Count Trigger, Iwa.

Iwa = Rwx Tsm

Zero Word Count, Iwf, may occur and the Interlace
Active flip=flop, Iw, is reset.

i}

Iwf = WO Wel . . . Wel3 Wcld Ew

IwfT8 +. . .

rlw

If the Zero Word Count Interrupt Enable, 1wk, has been
previously armed, then an I1w interrupt occurs.

INw = Iwgl—wlwf Iwk +. ..

fwk = TMw Iwk T8 +. . .
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3. 174 Additional characters entering the channel aofter
Zero Word Count has been reached are precessed into
the W-Register.

sW6 = W5 Ecw TSWIOWTT WI2 W13 W14
W6=W5T0 +. . .
sW5=W5 W6 Ecw TO +. . .
W5=W4T0 +. . .
sW4 = W5 WF T8 Wg + Iwg W9 Twi W5 Iwf T8 +. . .
W4A=W4TO+. ..
Wwl = W4 Wbl (T7 = TO) +. . .
Ww2 = W4 Wb2 (T7 - TO0) +. . .
Ww3 = W4 Wb3 +. . .
However, Time Share Requests, Trqw, are inhibited.
Trqw = Wf WO Wh Iw Iwf

Parity and rate errors cannot occur after Zero Word
Count,

sWe = W9 W6 W5 W4 prVVE Npw (Iwg
+Twi + Iwf) + WO W5 W6 Ecw T8 +. . .

Detection of magnetic tape gap, photoreader gap or a
halt signal sets the End-of=Record Detector,

sWg = Mtgw TO Iwg W11 (WOWS +. . .)

+Whs (T7-TO) WIOW11 W12 W13 W14

+ WOWIOWTTWI2WI13 (Rw1 Rw2Rw3 Rw4 Rw5

Rwé Rwp) W5 (T7-TOYWIO W11 W12 WI3 W14

If the End-of-Record Detector is set before Zero Word
Count has occurred, then the buffer is flushed and the
completed word is stored in memory.

sW4 = Iwg Wg WF WO Wev Iw W7 WO W10 W11 Wh T8+, .

W4=W4TO+. . .
where:
Wev = W8 Wn2 W7 Wnl + WBWn2 W7 Wn1

+ W8 Wn2 W7 Wnl + W8Wn2 W7Wnl
Wf is reset and Time Share Request is inhibited.
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WF = W7 WBWA4 (T6+T5) +. . .
Trqw = WFWO0 Wh Iw Iwf
SWF = Iwa MitTO+. . .

If Wg is set, Wsc is set after the buffer is flushed or
immediately if Zero Word Count exists.

sWsc = Wg Iwg Iwh (Wev Wf + Iwf) T8 + ...
Wsc = Wse Wg T8

If the End-of-Record Interrupt Enable, Iwj, has been
previously armed, an I2w interrupt occurs.

[2w

Wsc Iwj Iwg +. .

rlwj Rwilwg T8+ . . .

3.175 In general, the buffer does not disconnect, as
the Halt Detector has not been set. For magnetic tape
operation, a new EOM may be given within 0.75 milli-
second from the occurrence of 12w to permit the magne-
tic tape system to proceed to a new record. In the case
of magnetic tape, failure to give an EOM results in the
tape stopping and the buffer disconnecting.

sWh = Whs WITT8 +., . .

The buffer is flushed but not stored as Trqw is inhibited.

W4 = WhWFT8 +. . .
W4 = WATO +. .
"W = W7 W8 W4 (Té + T5)

Trqw = VV?WOWF\. Iw Iwf
The buffer is cleared.

We = WhWF(T3-T0) +. . .
3.176 1OSP - Iwg Iwh Iwi

3.177 Input

3.178 Read C words. If the channel counts C down to
zero before the peripheral device encounters the End-of-
Record, the channel generates a Count Equals Zero
interrupt (if armed). The program should reload the
interlace portion of the channel to continue reading the
record. As far as the peripheral device knows, nothing
happens at this time. Failure to reload the Interlace
before the peripheral device sends enough characters to
overfill the channel buffer causes a rate error; this sets
the channel errgr indicator,
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3.179 When the peripheral device encounters the End~
of-Record, 10SP operates identically like the IORP
command. An IOSP is identical to an IORP in operation
except that when Zero Word Count occurs it is anfici-
pated that the interlace will be reloaded. Failure to
reload the interlace in time results in rate errors. Parity
error detection is not inhibited after Zero Word Count,

sWe = W9 W6 W5 W4 Rwp Wg Npw (Iwi +. . .)
+WO W6 W5 Ecw T8 +, . .
3.180 PIN ADDRESS COUNTER

3.181 The PIN Address Counter flip=flop allows a PIN
instruction to interrogate the Interlace Address Counter.
The flip=flop is set by an 1/O Unit Control instruction
EOM (Ioc) in which the address bits are "zeros" and bit
13 is a "one". Bit 17 of the instruction selects either
the W or Y channel TMCC.

The loc signal indicates that an 1/O control instruction
is being processed and also distinguishes between the
W =Y channels and the C - D channels.

Ioc = loc 1C1 Er Qr3 C1 becomes C1
. for TMCC-C & D
Ioc1 =Eom C10 C11

3.182 After Wpa is turned on, the Interlace Memory

Address Counter flip-flops are gated to the CPU via the
parallel input Iines - . For this purpose,

only fifteen of the lines are required.

= (Wa0 Wpa) (Ya0 Ypa) +. . .

= (Wal4 Wpa) (Yal4 Ypa) +. . .

The dotted lines indicate other parallel signals may be
connected to the same lines.

3.183 When a PIN instruction is executed, Wpa is re
reset and the interrogation is complete.

Wpa = Pin TO + St
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Paragraph 3. 184

SDS 900685C

3.184 GLOSSARY OF LOGIC TERMS

Buc

C0 -C23
Clx

C21r - C23r

&D-
Vs /i

Cpr

Ecw

En+@

Eom

Er

Ew

Iw

3-58

A control signal derived from the
EOM instruction used to activate the
TMCC and peripheral devices.

The 24 signals received from the C
register in the CPU.

A signal from the C1 flip-flop in the
C register in the CPU. Clx is uti-
lized to distinguish between TMCC
WorY and TMCC Cor D. Clx
becomes Clx for TMCC C or D.

Signals from the C register in the
CPU used when serial transfers occur
from the C register to the W register.

Input data lines that are read by the
C register in the CPU during a PIN
instruction.

The 24 signals derived from the C
register in the CPU and transmitted
on the interconnecting cable

A signal from the CPU indicating the
parity of C21r - C23r from the C
register as information is serially
transmitted to the TMCC.

The clocking signal from external
devices used in clocking of infor-
mation info or out of the TMCC.

A signal from the CPU denoting that
interrupt system is enabled.

A signal from the CPU occurring
during an EOM instruction.

A signal which inhibits Eom and loc
to external devices when an Inter-
lace Prepare flip~flop has been set.

A flip-flop which when set prepares
the interlace to be loaded.

An interrupt signal indicating in the
compatible mode that a WIM or MIW
instruction should either empty or
load the TMCC and in the extended
mode indicating that the interlace
word count is zero.

2w

Ioc

/i - fiay

Iw

Iwa

Iwe

Iwe

Iwf

Iwg

Iwh, Iwi

Iwj

Iwk

September 1965

An interrupt signal indicating in the
compatible mode that the input or out-
put process has been terminated and
the external device has been discon-
nected and in the extended mode
indicating that an End-of -Record
condition has been detected.

An input/output control signal
derived from Eom.

Interlace address signals transmitted

to the CPU.

A flip-flop which when set denotes
that the interlace system is active.

A signal which counts the interlace
word and address counfers when a
memory access is performed.

A signal occurring during the inter-
lace loading sequence which clears
the interlace registers.

A signal occurring during the EOM
instruction of an interlace loading
sequence which sefs the high order
bits of the interlace counters and set
several flip-flops used in the ex-
tended mode.

A signal denoting that the Interlace
Word Count Register has reached zero
word count,

A flip-flop which when set denotes
extended mode operation.

Two flip—flops comprising the Channel
Command Register used in the ex-
tended mode to control terminal
functions of the TMCC.

The Channel Command Interrupt
Enable flip-flop used in the extended
mode to permit selective arming of
the 12w interrupt signal.

The Channel Command Interrupt Enable
flip-flop used in the extended mode to
permit selective arming of the 11w
interrupt signal.

A signal occurring during the POT in-
struction of an interlace loading
sequence which sets initial word count
and memory address information into
the Interlace Word and Address Counters.
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/Kee0/-/Kec2/

/KeeTx/

Kecew

Mit

Migw

Npw

05, Pwy

Pin

Pot

Qrl-Qrd

® e 6

/R9/

SDS 900685C

Switch controlled signals from the
Control Console used to select a
particular TMCC or DACC for Unit
Address and Error display on the
Control Console.

A switch controlled signal used to
distinguish between TMCC Wor Y
and TMCC C or D. /Kccl/ becomes
/Keelx/ for TMCC Cor D.

A signal decoded from /KccQ/-
/Kee2/ such that when true enables
displaying the TMCC-W Unit Address

-and Error status.

A signal derived from memory indi-
cating the DACC is in process of
accessing the memory,

The magnetic tape gap signal gener-
ated by the magnetic tape system.

A signal from external devices used
to inhibit parity checking by the
TMCC. When Npw is low, parity
checking is inhibited.

A signal from the CPU Operation
Code Register, of the SDS 925 and
930. "05" is always true from the
$300.

A signal from the CPU derived from a
PIN instruction.

A signal from the CPU derived from a
POT instruction.

The four flip~flops in the TMCC

comprising the pulse counter.

Timing signal sent to external devices
which is true from T5 through TO.

Timing signal sent to external devices
which is true from Té through T3.

Timing signal sent to external devices
which is true from T7 through T4,

Timing signal which varies when a
TMCC character length is expanded.

Asignal transmitted from the TMCC to
the CPU defining whether the TMCC
memory access operation is a load or store.

/Ra0/-/Ra3/

/Rd9/-/Rd14/

/Re0/-/Re3/

/ReT/=/Re3/

Rti

Rw1-Rw24

Rwp

Rwx

/Rwy1/-/Rwy3/

Signals from the TMCC to the CPU
denoting which particular TMCC's

are active. These signals are displayed
on the SDS 9300 Control Console and
not used on the SDS 930.

Signals from the TMCC to the CPU
denoting Unit Address Register con-
tents for the particulor TMCC selected
for displays. These signals are dis-
played on the Control Console.

A signal from the TMCC to the CPU
denoting the status of the Error
Detector for the particular TMCC
selected for display. This signal is
displayed on the Control Console.

Signals from the TMCC to the CPU
denoting the Error Detector status for
each particular TMCC. These signals
are displayed on the SDS 9300 Con-
trol Console and not used on the

SDS 930.

Serial data signals transmitted from
the TMCC to the CPU during time
share operations.

A ready signal from the TMCC on ex-
ternal devices used to release PIN or
POT instructions from @ 2.

A signal from the CPU to external
devices indicating that a PIN instruc-
tion has terminated.

Twenty four flip-flops comprising the
character buffer. Rw1 through Rwé
are basic. Rw7 through Rwl12 are
optionally added fo expand the char-
acter buffer to 12 bits. Rw7 through
Rw24 are optionally added to expand
the character buffer to 24 bits, TMCC
Y, C, D are the only buffers which
may be expanded.

The parity flip-flop in the TMCC. An
"odd" parity system is used.

A flip-flop in each TMCC which is
set if a Time Share Request for the
particular TMCC can occur.

Serial data signals transmitted from

the TMCC to the CPU during WIM

instructions.
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Sio

Skss

/Skz/

Ssc

St

Sys

T8, 17-T0,
T6 + 15, T6-T0,
T4-T0, T3-T0, TO

Tpc

Trq

Trax

Trgw

Tsm

Tsr
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A signal from the CPU denoting that
a WIM or MIW instruction is
occurring.

A response signal from peripheral
devices interrogated by an SKS
instructions.

A signal generated in the CPU during
SKS instructions and sent to external
equipment to be used as a strobe.

A signal generated by TMCC's or
DACC's which is sent to the CPU for
interrogation during SKS instructions.

A response signal from external sys-
tems equipment interrogated by SKS
instructions.

A signal from the CPU derived from
the manual start button.

A control signal for systems commu-
nication derived from EOM.

Timing pulses used in the TMCC de-
coded from the Pulse Counter, Qrl

through Qr4.

A timing pulse from the CPU used to
synchronize the Pulse Counter, Qrl
through Qr4 in the TMCC with the
Pulse Counter, Q1 through Q6, in
the CPU.

A signal transmitted from the TMCC
to the CPU indicating that @ TMCC
requests a Time Share operation.

A signal transmitted from TMCC C
and D indicating to TMCC W and Y
that TMCC C and D are requesting a
Time Share operation.

A signal generated by TMCC-W in-
dicating that TMCC-W is requesting
a Time Share operation.

A signal from the CPU indicating that
the interlace address counter infor-

mation has been received by the CPU.

A signal from the CPU indicating
that a Time Share operation is in
process.

W4

W5

Wé

W7, W8

W9

W10-Ww14

Wa0-Wa 14

Wb 1-Wb3

We

Wc0-Wc 14

We

Wes

Wev

WF

Wh

September 1965

A flip-flop in the TMCC which con-
trols the precessing of data between
the Character Buffer and the W
register,

A flip-flop which detects that a pre-
cess should occur.

A flip-flop which detects that an
external clock is present.

Two flip=flops comprising the
Character Counter.

A flip-flop which is part of the Unit
Address Register defining whether a
process is input or output.

The Unit Address Register which des-
ignates to the TMCC and peripheral
devices which device is activated.

Fifteen flip-flops comprising the
Interlace Address Register.

Inputs to the W register from the
Character Register which will vary
depending on whether the TMCC is
expanded.

The signal which resets the TMCC and
prepares it for a new operation.

Fifteen flip~flops comprising the
Interlace Word Counter.

The Error Detector flip-flop.

An error signal from peripheral
devices.

A signal which when true indicates
that the Character Counter is set to
the same character count as it was
when initially set up by the EOM.

A flip-flop which when reset denotes
on input that the W register is full
and on output that the W register is
empty.

A flip-flop used to detect End-of -
Record conditions.

The Halt Detector flip-flop.
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Whs
Wn1-Wn3

W0

Wrl1-Wr3

Ws

Wsc

Wwi1-Ww3

Wxx

Zwl-Zw24

Zwp

SDS 900685C

A halt signal from peripheral devices.

The "now" flip-flops of the W register.

The Halt Interlock flip~flop used on out-
put to enable the Halt Detector after out-
put hasbeen terminated and used on input
to denote that the input process has pro-
ceeded fo process characters.

The PIN Address Counter flip-flop
which when set allows a PIN instruc-
tion to interrogate the Interlace
Address Counter.

The "read" flip-flops of the W register.
The signal derived from an EOM in-
struction which initially sets up the
TMCC.

The Signal Complete flip-flop.

The signals which permit "writing"
into the W register.

A signal which denotes that an MIW,
WIM or Time Share operation is
occurring.

The twenty four inputs to the Charac-
ter Register from peripheral devices.

The input to the Parity flip-flop from
peripheral devices.

3.185 LOGIC EQUATIONS

3.186 Pulse Counter

sQrl =
rQrl =

sQr2 =

rQr2 =
sQr3 =
rQr3 =
sQr4 =

rQr4 =

Tpc+a§Qr3 Qré

Qr2 Qr1iQr2|Qr3|Qr4
Qrl Qr2 Qr4 Tl 0|0 0O
18 10| 0] O
(Qr4+T10)+Qrl1 Qr3 71 11ol ol
Qrl 160 11| 1] 1
750 o 1| 1] 1
Qrl Qr4 14 olo| 1]
Q3Qrd(Qra+to) 19 0|0 1|0
T2l 1{0| 1|0
Qrl Qr3 T 1|1 1|0
700 0|1 1|0
Qrl Qr2 Tl o|0]| 0] 0O
Tl 0]0f0] 0O

T8

T6+T5
T7 - T4
7 -T0
T6 -TO
T6 -T3
T3-T0
TO

T5 -T1
T5 -T0

3.187 Buc,

Paragraphs 3. 185 to 3. 188

-

= Qrl Qr3 Qré

= Qr2 Qr4

= Qr4

= Qr3 + Qrd

= Qr3

= (Qrd + Qrl &2) Qr3
= Qr3 Qréd

= Qrl Qr2 Qré

= Qr3 QrT Qrd T0

= Qr3 Qrl Qr4

Ioc, Sys, etc.

Buc
Iocl
lIoc

Sys

*C1 becomes C1 for TMCC-C and TMCC-D

3.188 CPU

Eom C10 C11 a_,*

Eom C10 C11
loc1 C1 Er Qr3*

Eom C10 C11 C9

Signals Received

co
Cl
Cc2
C3
Cc4
Cc5
Cé6
c7
C8
c9
C10
Ccll
Ci2
C13
Cl4
Cl15
Clé
ci17

= /Ci0/
|
|
|
|
|
|
|
|
|
|
I
!
|
|
!
|
1
)
|
|
I
|
|
n
I
|
|
|
)
!

= /Ci7/
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Paragraphs 3. 189 to 3. 190
Cl18 = /Ci8/
19 -
C20 = :
o
Cc22 = :
c23 - J&23)
Tpc = /Tpc/
Eom = /Eom/
Pot 1 = /Pot/
Pin = /Pin/
RH = /Rti/
Cpr = [Tt/
C21r = /—(.:._2_1'_?/
c22r = /Cor/
C23r = [T/
Rx = /TR__)?
Tsm = /Tsm/
Tsr = /T—Ty
Clx = /Clix/ *For TMCC-C and TMCC-D:
— Cix = /Clx/
Pwy = /Pwy/  (Pwy = 05 for 92200
and 92210)
Mit = /Mit/
B+ @ =/ @/
St = /5t/
Skss = /Skss/
Kcew = /Kec0/ + /Keel/ + /Kee2/*
Kee2 = /Kec2/
Kcey = /KecO/ + /Keel/ + /Kee2/*

*For TMCC-C and TMCC-D, /Kccl/ becomes /Keel/

3.189 Input/Output Signals Generated
= CO
= Cl
= C2
c3
= C4
= C5
= Cé

000006
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Cc7

C8

ceo

c10

ch

C12

C13

Cl4

C15

Cl16

c17

cis

ci19

C20

C21

C22

C23

c17

Cpr (93200 and 92331 only)
Qr3 (QrT Qrd) = T5-T0
(T7-T3YQr3 = T6-T3

Qr4 = T7 - T4 Replaces Mtgw on POT
connectorsat 23F & 24F

Buc

loc

Eom Er

Sys (T5 - T1) Tsr Pwy (delete Pwy for
$2200and 92210)

St
Pin
Pot 1

Pot 1 (T5 - T1) Tsr Pwy (delete Pwy for
92200and 92210)

Rti

Skss

3.190 CPU Signals Generated

/Rd9/

W9 Keew Y9 Keey . . .

/RAT0/

1l

W10 Keew Y10 Keey . . .
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/RAT1/ = WIT Keew Y11 Keey . . .
/Rd12/ = W12 Kcew Y12 Kccy . .
/RA13/ = W13 Kcew Y13 Keey . .
/Rd14/ = W14 Kcew Y14 Keey .
/Rde/ = We Kcew Ye Keey . .
/Ra0/ = W10 W11 W12 WI3 W14
/Ra2/ for TMCC-C
/Ral/ = YIOYT1YI2Y13Y14
/Ra3/ for TMCC-D
/Re0/ = We /ReZ/ for TMCC-C
/Rel/ = Ye /Re3/ for TMCC-D
JWEWO0+W9)/ = WF (WO + W9)
/YE(Y0+Y%)/ = Y (Y0 +Y9)
/Tro/ = Trqw Trqy Trgx_
/1w/ = Tiw  /Il¢/ for TMCC-C
/12w/ = Tw  /12¢/ for TMCC-C
/My/ = My  /11d/ for TMCC-D
/12y/ =2y /12d/ for TMCC-D
/2 - ClociTscalc

ClI0Cl11Sio. . .*

*C1 becomes C1 for TMCC-C and TMCC-D

/Rel/
/Re2/
/RS
/Rwy1/

/Rwy2/

/Rwy3/

9009858

Il ] 1l Il

99800

Wrl Rwx Yrl Ryx . . .
Wr2 Rwx Yr2 Ryx . . .
Wr3 Rwx Yr3 Ryx . .
WrT Pwy Yr1 Pwy

(Pwy = 05 for 92200 and 92210)

Wr2 Pwy Yr2 IS\;;

(Pwy = 05 for 92200 and 92210)

Wr3 Pwy Yr3 Pwy

(Pwy = 05 for 92200 and 92210)

SDS 900685C

23 0 §°00009999009900060

>
ol
~

/W3/
/Ted/

S

WaO Wpa Ya0 Ypa . . .

= Wc] Wpa Yal Ypa . . .

= (CdT)Wa2 Wpa Ya2 Ypa . .

= Cd17)Wa8 Wpa Ya8 Ypa . . .

={Cd18)Wa9 Wpa Ya9 Ypa .

WaS Wpa Ya3 Ypa . . .

s
= (Cd19)Wa10 Wpa Yal0 Ypa . . .

= WaH Wpa Yall Ypa .
= Ca2DWaT2 Wpa Yai2 Ypa .

= €2DWaT3 Wpa Ya13 Ypa . . .
= Wa14 Wpa Yal4 Ypa . . .

ap + Ew Yap + Ey .

(93200 and 93221

only)
(93200 and 93221 only)

= Wa0 Rwx YaO Ryx . . .
= Wal Rwx Yal Ryx . . .
= Wa2 Rwx Ya2 Ryx . .

= Wa3 Rwx Ya3 Ryx . . .
= Wa4 Rwx Ya4 Ryx . . .
= Wa5 Rwx Yad Ryx . . .
= Wab Rwx Ya6 Ryx . . .
= Wa7 Rwx Ya7 Ryx .

= Wa8 Rwx Ya8 Ryx . . .
= Wa9 Rwx Ya9 Ryx . . .
= Wal0 Rwx YalORyx . . .
= Wall Rwx YallRyx . . .
= Wal2 Rwx Yal2 Ryx.

= Wal3 Rwx Yal3Ryx . . .
= Wal4 Rwx Yald4 Ryx . .
- W R VI Ryx . . .
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Paragraphs 3. 191 to 3. 202

3.191 TMCC Signals Received

B = /E/
Trgx = /ﬁ/

3.192 Input/Output Signals Received

3.193 TMCC Signals Generated

/Et/ = EwEy. ..
/Trax/ Trqic; Trq(d)

3.194 LOGIC EQUATIONS FOR W BUFFER

3.195 Unit Address Register
sW14 = Ws(C23

W14 = We
W13 = Ws C22
WI13 = We
sW12 = Ws C21
wWi2 = We
sWI11 = Ws C20
Wil = Wc

sWI0 = Ws C19 + (loc C12 C17 C19

— — — —

C20 C21 22 C23) W9 W10

SDS 900685.C
sW5 =

rW5

1

W4 =

+ o+ o+ o+

W4

September 1965

W5 Wé Ecw TO + Ws C13 C18 TO W10 W11

W12 W13 W14

W4 70 + We

W5 WF T8 Wg

Ws TO

Wh WF T8

Iwg W9 Twi W5 Iwf T8

Iwg Wg WF WO Wev Iw T8 W7 W9 W10
W11 Wh

W4 TO + W4 T8

3.199 Character Counter

sW8 =
+
+
+
rw8 =
W7 =
+
w7 =
+

Ws C16

w7 W8 W4 T0

Wxx Wn2 (?7_—T3)WZ
W7 W9 W10 W11 Wh
W8 W4 TO + We

Ws C15

Wxx Wn1 (T7 - T0) W4
We

W7 W8 W4 T0

3.200 Character Counter Even

= W8 Wn2 W7 Wnl + W8 Wn2 W7 Wnl

W8 Wn2 W7 Wnl + W8 Wn2 W7 Wnl

Interlock

Wev
W10 = We
+
3.196 Input/Output 3.201 Halt
W9 = Ws Cl18 sWo =
W9 = We ¥
w0 =
3.197 Clear and Set Signals +
We = Buc CI7 (T6 + T5) + Wh WF (T3 -TO) + St *
Ws = Buc C17 (T3 - T0)

3. 198 Clock Counter

e
Wé

W5 T0 + We

3-64

W5 Ecw T8 W10 W11 W12 W13 wi4

W9 Wé W8 Ecw
Ws C18 W9
We

(Ioc C12C17 C19 C20C21 C22 C23)W9 T0
W9 Iw Iwf (Twg + Iwh + Iwi) T7 - TO

3.202 Computer Interlock

sWF
+
+

= Wec Wh

Iwa Mit TO
Rx TO Pwy *(Pwy = 05 for 92200)

*Rx is always false for TMCC-C
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rWF

1]

W7 W8 W4 (16 + T5)
Ws C18
W9 W10 W11 WO Mtgw W7 (T6 + T5) Wh

+

+

3.203 End-of-Record Detector

sWg = Mtgw TOIwg W11 (WOWS + WO W5 W6 W9)
+ Whs T7 - TO W0 WT1 W12 W13 W14
+ W9 WIO W11 W12 WI3 (Rw1 Rw2 Rw3
Rw4 Rw5 Rwé Rwp) W5 T7 - T0
W10 W11 W12 W13 W14
Wg = Wc
+ Wg Iwg W11 TO

3.204 Halt Detector

sWh Wg wg T8

Whs W11 T8

Wg W9 W11 Twh (Iwf + Wev W) T8 Iwg
W9 W11 WO W5 W6 (Twg + Iwi Twh) T8
W9 WT1 Iwg Iwh Iwi Iwf T8 WO

W9 fwh T8 Whs

We (Té + T5)

Wh WF T8

+ o+ o+ 4+

+

rWh

+

3.205 Signal Complete

sWsc Wg Iwg Iwh (Wev Wf + Iwf) T8

+ Wh WFf T8 + St

+ Ws C19 C20 C21 C22 C23
Wse = Wsc T8 Iwg

3.206 Interrupt Signals

Iw

WE WO Wh (En +En)) Tw Ew Iwg
+ Iwg Iw Iwf Twk

(En +(En) ) Iwg Wh WF
Wse Iwj Iwg

12w

Il

+

3.207 WIM + MIW Interlock =

WF (WO + W9)

SDS 900685 C

Paragraphs 3. 203 to 3. 212

3.208 Load Buffer from C

Wxx = Rx Pwy + Rwx Tsr Iw*
(Pwy = 05 and Iw deleted from 92200)

*Rx is always false for TMCC-C

3.209 Time Share Request

Trqw = WF WO Wh Iw Iwf

3.210 Time Share Select

sRwx Tsm Trgw Trqy Trgx F(T7 - TO)

Tsm TO

rRwx

3.211 Time Share Priority

Trox = Priority signal from TMCC-C and TMCC-D
Trq(c) + Trg(d)
Trgx + Trgw + Trqy

Trgx

Trq

3.212 W Register

Ww1 W4 W7 (T7 - T0)

+ W4 Wn1 (17 - T0)
+ W4 Wn1 Wxx

+ W4 Wb1 (T7 - TO) *

+ W4 C21r (T7 - TO) Wxx

Ww2 W4 W8 (T7 - T0)
W4 Wn2 (T7 - T0)
+ W4 Wn2 Wxx

W4 Wb2 (T7 - TO)*

+ W4 C22r (17 - TO) Wxx

il

+

+

'sWrl, 2, 3=Wwl, 2, 3 Delayed by 9 pulse times

sWnl, 2, 3=Wrl, 2, 3 respectively

Wb1 = Wx12 Wx24 Rw4 + Wx12 Rw10

for 93200
+ Wx24 Rw22 and 93221

Wb2 = Wx12 Wx24 Rw5 + Wx12 Rwll
+ Wx24 Rw23 A
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Paragraphs 3.213 to 3. 215 SDS 900685.C ~ September 1965

Ww3 = W4 Wn3 Wxx 3.214 Character Buffer Extended to 12 Bits
+ W4 We3 SRw7 = W4 Rw7 Rwd + W9 W6 W5 Zw7
+ W2 C23r Wxx Rw7 = WA4Rw7 Rwa + W9 Wé W5 W4
. % Wb3 = WxT2 WxZd Rwé + Wx12 Rwi2  for 93200 Rw8 = WARWE RwS + W9 W6 W5 Zw8
+ Wx24 Rw24 and 93221 rRw8 = W4 Rw8 Rw5 + W9 W6 W5 W4
Wb1, 2, 3 equals Rw4, 5, 6 respectively for 92200 sRw?9 = W4 Rw9 Rwé + W9 W()WZW‘?
Wb1, 2, 3 equals Rwl0, 11, 12 respectively for 92201 rRwS = W4 RwS Rwd + W9 W6 W5 W4

Wb1, 2, 3equalsRw22, 23, 24 respectively for 92202 Rwl0 = W4 Rwi Rw7 + WS W6 WE Zw10

rRwl0 = W4 Rw10 Rw7 + W9 Wé W5 W4
3.213 Character Buffer* _ _
_ . sRwll = W4 RwTl Rw8 + W9 W6 W5 Zwl1
sRwl = W4 Wxx (T7 - T0) Wnl + WO WEW5Zwl+ —_—— —

rRwll = W4 Rwll Rw8 + W9 Wé W5 W4
W4 Wxx C21r L _
Rwl = W4 Wex Wni + W9 Wé W5 Wa + sRwl12 = W4 Rwl12 Rw9 + W9 Wé W5 Zw12
Wi Wioe 3T rRWI12 = W4 Rwl12 Rw9 + W9 Wé W5 W4

Rw2 = W4 Wxx (T7 - TO) Wn2 + W9 W6 W5 Zw2+ 3.215 Character Buffer Extended to 24 Bits

W4 Wxx C22r sRw13 = W4 RwI3 Rwl0 + W9 W6 W5 Zw13
rRw2 = W4 Wxx Wn2 + W9 Wé W5 W+ Rw13 = W4 Rwl3 Rwi0 + W9 Wé W5 W4
W4 Wxx C22r sRwl4 = W4 Rwl4 Rwll + W9 W6 W5 Zw14
_ _ rRw14 = WA4RwI4Rwil + W9 Ws W5 W4
sRw3 = W4 Wxx (T7 - TO) Wn3 + W9 Wé W5 -
Zw3 + WA Waoe €23 sRwl15 = W4 Rwl5 Rwl2 + W9 W6 W5 Zw15
v o . rRwl5 = W4Rwl5 Rwi2 + WO W6 W5 W4

Rw3 = W4 Wxx Wn3 + W9 W6 W5 W4+
sRw16
W4 WXX C23r er]é

W4 Rw16 Rw13 + W9 W6 W5 Zwlé
W4 Rw1é Rw13 + W9 Wé W5 W4

il

Rwd = WaRwd Rwl + W9 W6 W5 Zw4 Rwl7 = W4RwI7 Rwld + WO W6 W5 Zw17

rRwd = W4 Rwd Rwl + W5 W6 W5 W4 rRwl7 = W4 Rwl7 Rwld + W9 Wé W5 W4
sSRw5 = W4 Rwb Rw2 + W9 W6 W5 Zw5

rRw5 = W4 Rw5 Rw2 + W9 Wé W5 W4

sSRWI8 = W4 Rwi8 Rwl5 + WO W6 W5 Zw 18
rRwl18 = W4 Rw18 Rwl5 + W9 W6 W5 W4

sRwé = W4 Rwé Rw3 + W9 We W5 Zwé Rw19 = WARWI? Rwlé + WO W6 W5 Zw19

Rwb = W4 Rwo Rw3 + W9 We W5 W4 Rw19 = W4 RwI19 Rwib + WO Wé W5 W4

sRw20 = W4 Rw20 Rw17 + W9 W6 W5 Zw?20

*For 12-bit extension, add Rw7 through Rw12 o
rRw20 = W4 Rw20 Rw17 + W9 W6 W5 W4

For 24-bit extension, add Rw7 through Rw24

sRw21 = W4 Rw21 Rw18 + W9 Wé W5 Zw21
Character Size rRw2] = W4 Rw21 Rwi8 + W9 Wé W5 W4
12 bit character = Wx12 (93200 and 93221 only) sRw22 = W4 Rw22 Rw19 + W9 W6 W5 Zw22
24 bit character = Wx24 (93200 and 93221 only) rRw22 = W4 Rw22 Rwi9 + W9 Wé W5 W4
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sRw23 = W4 Rw23 Rw20 + W9 W6 W5 Zw23
rRw23 = W4 Rw23 Rw20 + W9 W56 W5 W4
sRw24 = W4 Rw24Rw21+ W9 W6 W5 Zw24
rRw24 = W4 Rw24 Rw21 + W9 W6 W5 W4

3.216 Parity Flip-Flop

sRwp = W9 W4 Rwp (Wb1 (D Wb2 (D Wb3)
(T7 - T0) Qwl *
+ W9 W4 Rwp Wxx (Wn1(DWn2@Wn3)
Qw2 (T7 - TO) *
+ W9 W4 Rwp Wxx Cpr Qw2 (T7 - TO) *
+ W9 W6 W5 Zwp
+ W W5 T8 Rwp

rRwp = W9 W4 Rwp (Wb 1(DWb2(DWb3)
(T7 - T0) Qw1 *

+ W9 W4 Rwp Wxx (WnI(DWn2(DWn3)
Qw2 (T7 - TO) *
W9 W4 Rwp Wxx Cpr Qw2 (T7 - TO) *
W9 Wé W5 W4
Wf W5 T8 W9 Rwp
We

+ + o+ o+

*Qwl = Wx12 Qrd + Wx12 Wx24 Qrl Qré

(for 93200 and 93221)

Qw2 = Wx12 Qr4 + Wx12 Wx24 Qr2 Qré4
(for 93200 and 93221)

Qwl= Qrl Qr4 for 92200

Qwl= Qr4 for 92201

Qw1 is deleted for 92202

Qw2= Qr2 Qré for 92200

Qw2= Qr4 for 92201

Qw2 is deleted for 92202

3.217 Error Detector

sWe Wm%mepr Npw
(Twg + Iwi + Iwf)
WO W6 W5 Ecw T8

+ Wes

Il

+

SDS 900865.C

Paragraphs 3. 216 to 3. 225

rWe = Wc Wh

3.218 Interlace Prepare

Iwe Ew (T3 - T0)
We TO
Pot 1 (T3 - TO) Ew

sEw

rEw

+

3.219 Interlace Clear

Twc = Eom C9 C10 Ci C17 (T3 - T0) *
* C1 becomes C1 for TMCC-C

3.220 Interlace Load

Pot 1 (Té - T5) Ew
Ioc 1 (T6 + T5) Ew

Iwp

Iwe

3.221 Interlace Active

Pot 1 (T3 - TO) Ew Tw
Iwf T8 (17 - T0)

(We + Iwe + Ws C19 C20 C21 C22 C23)
(T3 - TO) Iw

slw

riw

+

3.222 Zero Count

Iwf = WcO Wel We2 We3 Wed We5 Web We7
We8 Wc9 Wel0 Well Wel2 Wel3 Wel4

Ew

3.223 Interlace Count Trigger

Iwa = Rwx Tsm

3.224 Interlace Counter Clock Enables

Computer Clock Enable: Ew Tw
Counter Clock Enable: Ew

3.225 Extend Operations

slwg Iwe C12

Iwc+Wsc TEWIOWTTWI2 W13 W14 Iwg

riwg
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Paragraphs 3.226 to 3.229 SDS 900685.C
3.226 Channel Command Interrupt Enables sWc4
slwj = Iwe CI3 (Eor) rWed
riwj = Iwe + 2w T8 Iwj sWe3
slwk = Iwe C14 (1wf) rWe3
rilwk = Iwc + 11w T8 Iwk sWe2
rWe2
3.227 Channel Command Register
sWel
slwh = Iwe C15 "Wel
riwh = Iwe
sWc0
slwi = Iwe Cl6 "We0
rlwi = Iwc

3.228 Word Counter

sWcl4
rWel4

sWc13
rWel3

sWcl2
'Wec12

sWell
rWell

sWcl0
Wel0

sWce9
We?

sWc8
rWc8

sWc7
rWe7

sWcé
Wcé

sWce5
Wes

3-68

It

Iwc +E_chl4Iwc|E/-v
Iwp C9 + Ew Wcl4 Iwa Ew
Iwe ~ +Ew Wcl3 Weld Ew
Iwp C8 + Ew Wc13 W14 Ew

Iwe  +Ew Wcl2 Wel3 Weld Ew
Iwp C7 + Ew Wcl12 Wel3 Weld Ew

Iwe  +Ew Well Wel2 Wel3 Wel4d Ew
Iwp C6 + Ew Wcll Wel2 Wel3 Weld Ew

Iwc  +Ew Wcl0 Well Fw

Iwp C5 + Ew We10 Well Ew

Iwe  + Ew We9 Wel0 Well Ew
Iwp C4 + Ew Wc9 Wel0 Well Ew

Iwe  +Ew We8 We9 Wel0 Well Ew
Iwp C3 + Ew Wc8 We9 Wel0 Well Ew

Iwe  +Ew Wc7 We8 Ew
Iwp C2 + Ew Wc7 Wc8 Ew

Iwc + Ew Wcb We7 W8 Ew
Iwp C1 + Ew Web We7 We8 Ew

Iwe + Ew We5 Web We7 We8 Ew
Iwp CO + Ew We5 Web We7 We8 Ew

September 1965

Twe + Ew Wcd We5 Ew
Twe C23 + Ew Wc4 Wc5 Ew

Iwc + Ew We3 Wed We5 Ev-:/
Iwe C22 + Ew Wc3 We4 We5 Ew

Iwe + E—w V_Vc—2 Wc3 We4 Wceh —Ew
Iwe C21 + Ew Wc2 We3 Wed We5 Ew

Iwe + Ev; W—ci We2 E
Iwe C20 + Ew Wel We2 Ew

Twe + Ew Wc0 Wel We2 Ew
Iwe C19

3.229 Address Counter

sWal4
tWa 14

sWal3
rWal3

sWal2
Wal2

sWall
Wall

sWall
rWal0

sWa?9
rWa9

sWa8
Wa8

sWa7
rWa7

sWab

rWaé

sWa5
rWa5

Iwe + Ew Wal4 Iwa Ew

Iwp C23 + Ew Wal4 Iwa Ew

Iwe  +Ew Wal3 Wal4 Iwa Ew
Iwp C22 + Ew Wal3 Wal4 Iwa Ew

Twe + Ew Wal2 Wal3 Ew
Iwp C21 + Ew Wal2 Wa13 Ew

Iwe  +Ew Wall Wal2 Wal3 Ew
Iwp C20 + Ew Wall Wal2 Wal3 Ew

Iwc  +Ew Wal0 Wall Wal2 Wal3 Fw
Iwp C19 + Ew Wal0 Wall Wal2 Wal3 Ew

Iwp C18 + Ew Wa9 Wal0 Ew
Twe + Ew Wa% Wal0 Ew

Iwp C17 + Ew Wa8 Wa9 Wal0 Ew
Iwe + Ew Wa8 Wa% Wal0 Ew

Iwp C16 + Ew Wa7 Wa8 Wa9 Wal0 Ew
Iwc  +Ew Wa7 Wa8 Wa9 Wal0 Ew

Iwp C15 + Ew Wab Wa7 Ew
Iwe  +Ew Wab Wa7 Ew

Iwp C14 + Ew Wa5 Wab Wa7 Ew
Iwec  + Ew Wa5 Wab Wa7 Ew




September 1965

sWa4
rWa4

sWa3
rWa3

sWa2
rWa?2

sWal
rWal

sWal
rWa0

1l

Iwp C13 + Ew Wad Wa5 Wab Wa7 Ew
Iwe  +Ew Wa4 Wa5 Wab Wa7 Ew

Iwp C12 + Ew Wa3 Wa4 Ew

Iwe + Ew Wa3 Wad Fw

wp C11 + Ew Wa2 Wa3 Wa4 Ew
Iwe + Ew Wa2 Wa3 Wa4 Ew

Iwp C10 + Ew Wal Wa2 Wa3 Wa4 Ew
Iwc  +Ew Wal Wa2 Wa3 Wa4 Ew

Iwe C18 + Ew Wa0 Wal Ew

Iwe

3.230 PIN Address Counter

sWpa
rWpa

3.231 Skip Gate:

Skr

+

+

+

C23 C13 Iwf*
C1C17 C9 C10C11 C19 C20 C21 C2
C23 C14 We*

CI0CI1 C14WIO W11 W12 W13 Wi4 Cl*

C10 C11 C20 We C1*

*C1 becomes C1 for TMCC-C

3.232 Input/Output Signals Received

Zwp
Zwl
Zw?2
Zw3
Zw4

Zw5
Zwé

SDS 200685.C

w7

Zw8

w9

Zwi0
Zwll
Zwi12
Zw13
Zwl4
Zwlb
Zwlé
Zwl7
Zw18
Zw19
Zw20
Zw21
Zw22
Zw23
Whs

Wes

Migw
Np
Ecw

Wx 12
Wx24

3

Paragraphs 3. 230 to 3. 233

(93200 and 93221 only)
(93200 and 93221 only)

3.233 Input/Output Signals Generated

00 00O

e

wp
wl
w2
w3
Rw4

A~ X =
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Paragraphs 3. 234 to 3. 240

= Rwl2
= Rwl3d
= Rwl4
= Rwl5
= Rwlé
= Rwl7
= Rwl8
= Rwl9
= Rw20
Rw21
Rw22
= Rw23
= Rw24

= W9
= W10
= W11
= W12
= W13
= W0
= Wb
= Wé

= Iw

HEEEEEEEE HEIEROEEAEEED

3.234 LOGIC EQUATIONS FOR Y BUFFER

3.235 Unit Address Register

sY14 = YsC23
rYl4 = Yec

Y13 = Ye
sY12 = Ys C21
Y12 = Yec

sY1l = YsC20
'YIT = Yc

Y10 = Ys CI9 +(loc C12 C17 C19 C20 C21 C22
C23) Y9 Y10
Y10 = Ye

SDS 9200685C

September 1965

3.236 Input/Output

sY9
rY?o

Ys C18
Yc

3.237 Clear and Set Signals

Yec
Ys

Buc C17 (T6é + T5) + Yh YF (T3 - TO) + St
Buc C17 (T3 - TO)

3.238 Clock Counter

sY6 = Y5 Ecy T8YTO Y11 Y12Y13 Y14
Y6 = Y5T0+Yec
sY5 = Y5 Y6 Ecy TO +Ys C13 C18 70
Y10 YT1Y12Y13 Y14

rY5 = Y4TO+Yc
sY4 = Y5Yf T8 Vg

+ YsTO

+ YhYFT8

+ Iyg Y9 Tyi Y5 Iyf T8

+ Iyg Yg YF YO Yev Iy T8 Y7Y9Y10Y11Yh

rY4

Y4TO+Y4T8

3.239 Character Counter

sY8

Ys C16
Y7 Y8 Y4 T0

Yxx Yn2 (T7 - 10) Y4
Y7 Y% Y10 Y11 Yh
rY8 = Ye¢

Y8 Y4 T0

+

+

+

+

sY7

Ys C15
Yxx Yn1 (T7 - T0) Y4
rY7 = Yec

+ Y7 Y8Y4T0

+

3.240 Character Counter Even

Yev = Y8Yn2 Y7 Ynl +Y8 Yn2 Y7 Ynl

<

n2 Y7 Ynl +Y8 Yn2 Y7 Yni

<I

+ Y8



September 1965 SDS 900685C Paragraphs 3. 241 to 3.252

3.241 Halt Interlock 3.245 Signal Complete
sYO =7Y9Y6Y8 Ecy sYsc = Yg lyg Iyh (Yev Yf + Iyf) T8
+ YsCI8Y9 + YhYF T8 +5t
YO = Ye +Ys C19 C20 C21 C22 C23
+ (loc C12 C17 C19 C20 C21 C22 C23) Wsc = Ysc TO Iyg
Y? TO
+ Y9 Iy Iyf (Tyg + Iyh + Iyl) T7 = T0 3.246 Interrupt Signals

Iy WYOW(EH@)EE}@

3.242 Iy
42 Computer Interlock Iyg Iy Iyf Iyk

=+

sYf = Yc\i 12y = (En +®)I_y—g‘YhW
* lIya le_TO . + Ysc lyj lyg
+ Rx TO Pwy * (Pwy = 05 for 92210)

Yf = Y7 YB Y4 (T6 +T5) 3.247 YIM + MIY Interlock =
+ YsCl18 YF (Y0 +Y9)

+Y9 Y10 Y11 YO Mtgy Y7 (T6 + T5) Yh
3.248 Load Buffer from C

*Ry ‘ - S o —
Rx is always false for TMCC-D Yix = Rx Pwy +Ryx Tst Iy * (Pwy = 05 and Iy

deleted for 92210)
3.243 End-of-Record Detector

*Rx is always false for TMCC-D

sYg = Mtgy TO Iyg Y11 (YO Y9 + Y0 Y5 Y6 Y9)
+ Yhs T7 -T0 YI0 Y11 Y12Y13 Y14
+ YO Y10 Y1l Y12 Y13 Ryl Ry2 Ry3 Ry4 3.249 Time Share Request
Ry5 Ry6 Ryp) Y5 T7 - TO Y10 Y11 Y12 Trgy = YFYOYh Iy Iyf
. Yovn
Yg = Ye 3.250 Time Share Select
+ YgIyg Y11 TO sRyx = Tsm Trqy T_rq; (T7 - 70)

i

rRyx Tsm TO

3.244 Hqglt Detector
3.251 Time Share Priority

sYh = Yglyg T8
+ Yhs Y11 T8 Trox = Priority Signal from TMCC-C and TMCC-D
+ Yo YO Y11 Iy_h (Iyf + Yev Yf) T8 Iyg Trox = Trg(c) + Trq(d)
+ Y9 Y11 Y0 Y5 Y6 (Iyg + Iyi Tyh) T8 Trq = Trgx + Trqw + Trqy
+ Y9 Y11 Iyg Iyh Iyi Iyf T8 YO
+ Y9 Tyh Yhs T8 3.252 ¥ Register
fYh = Yc (16 +T5) YWl = Y4Y7 (17 -T0
+ Y4 Ynl (T7 - 10)
+ YhYf T8 + Y4 Ynl Yxx
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Paragraphs 3. 253 to 3. 255 SDS 900685.C September 1965

+Y4Yb1 (17 - TO) * sRy12 = Y4Ry12Ry9 + Y9 Y6 Y5 Zy12
+ Y4 C21r (17 - TO) Yxx Ry12 = Y4Ry12Ry9 + Y9 Y6 Y5 Y4
Yw2 = Y4Y8(T7 - 70
v _ V8 ( ____) 3.254 Character Buffer *
+ Y4Yn2 (7 - T0)
+ YAYn2 Vi Ryl = Y4¥xx (T7 -T0) Yn1 +Y9 Y6 Y5
+ Y4Yb2 (17 - T0) * Zyl *Yd Y C2Ir
— —_— Yxx C21r
Yw3 = Y4Yn3 Yxx . .
+ Y4Yb3* sRy2 = Y4 Yxx (T7-T0) Yn2 + Y9 Y6 Y5
+ -Y_Z C23r YXX Zy2 + Y4 YXX C22r
rRy2 = Y4 Yxx Yn2 + Y9 Y6 Y5 Y4 + Y4
sYr1,2,3 = Ywl, 2, 3 delayed by 9 pulse times Yxx C22r
sYnl,2,3 = Yrl, 2, 3 respectively sRy3 = Y4 Yxx (T7-T0) Yn3 + Y9 Y6 Y5
Zy3 + Y4 Yxx C23r
* Yb1 =Yx12 Yx24 Ry4 +Yx12 Ry10 ) rRy3 = Y4Yxx Yn3 + Y9 Y6 Y5 Y4 + Y4
+Yx24 Ry22 Yxx C23r
b2 =Yx1 Ry5 + Yx1 — _
Yb2 = YxT2Yx24 Ry + Yx12 Ry 11 for 93221 Ry4 = Y4ARy4 Ryl + Y9 Y6 Y5 Zy4
T Yx24 Ry23 Ryd = Y4Ry4 Ryl + Y5 VE V5 VA
Yb3 = Yx12 Yx24 Ry6 + Yx12 Ry12 _ . _
+Yx24 Ry24 / sRy5 = Y4Ry5Ry2 +Y9 Y6 Y5 Zy5
Ry5 = Y4Ry5Ry2 +Y9 Y6 Y5 Y4
Yb1, 2, 3 equals Ry4, 5, 6 respectively for 92210 _ _ .
Yb1,2,3 equals Ry10, 11, 12 respectively for 92211 sRyé = Y4Ryé % +I? _Y_éfﬁé
Yb1,2, 3 equals Ry22, 23, 24 respectively for 92212 rRyé = Y4Ry6 Ry3 +Y9 Y6 Y5 Y4
3.253 Character Buffer Extended to 12 Bits * For 12-bit extension, add Ry7 through Ry12

_ _ _ For 24-bit extension, add Ry7 through Ry24
sRy7 = Y4 Ry7 Ry4+Y9 Y6 Y5 Zy7

rRy7 = Y4Ry7 Ry4+Y9 Y6 Y5Y4 Character Size

12 bit character

Yx12 (93221 only)

Ry8 = Y4 Ry8Ry5 + Y9 Y6 Y5 Zy8
Y o ry Y Yx24 (93221 only)

rRy8 = Y4 Ry8Ry5 +Y9 Y6 Y5 Y4

24 bit character

Ry = Y4 Ry9 Ry + Y9 Y65 Zy9 3.255 Character Buffer Extended to 24 bits

rRy9 = Y4Ry9 Ry +Y9 Y6 Y5 Y4

sRy13 = Y4Ry13Ry10 + Y9 Y6 Y5 Zy13
Rylo. = v4 RylORy7+ Y9 Y6 Y5 Zy10 rRy13 = Y4Ry13Ry10 + Y9 Y6 Y5 Y4
rRy10 = Y4 Ry10Ry7 + Y9 Y6 Y5Y4
sRy1l = Y4RyTl Ry8 +Y9 Y6 Y5 Zy11 sRyl4 = Y4Ryl14Ryl1 +Y9 Y6 Y5 Zyl4
rRy11 = Y4Ryl1Ry8 + Y% Y6 Y5 Y4 rRyl14 = Y4Ryl4Ryll +Y9 Y6 Y5 Y4
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September 1965 SDS 900685.C Paragraphs 3. 256 to 3.261

sRy15 = Y4Ryl5Ryl2 +Y9 Y6 Y5 Zyl5 + YFY5T8Y9 Ryp
rRy15 = Y4Ryl15Ry12 +Y9 Y6 Y5 Y4 + Ye
Ryl = YARyIORyIS+YIYEYS Zy16 *Qyl = Yx12 Qrd+ Y12 Yx24 Qrl Qrd for 93221
Ryl = YARyI6RyT3+ Y9 VB VS VA Qy2 = Yx12 Qrd + Yx12 Yx24 Qr2 Qud for 93221
Ryl7 = Y4Ry17 Ry14+Y9 Y6 Y5 Zy17 Qyl = Qrl Qré for 92210
rRyl7 = Y4Ryl7 Ryl4 + Y9 Y6 Y5 Y4 Qyl = Qr4 for 92211
sRy18 = Y4RyI8Ryl5 + Y9 Y6 Y5 Zy18 Qrl s de'e"e‘i‘jr 92212
rRy18 = Y4Ry18 Ry15+Y5 Y& Y5 Y4 Q2 = Qr2 Qrd for 92210
. , Qy2 = Qr4for 92211
Ryl9. = YARyI9 Ryl6 +Y9 Y6 Y5 Zy19 Qy2 is deleted for 92212
rRy19 = Y4Ry19 Ry16 + Y9 Y& Y5 Y4
sRy20 - Y4 Ry—26 Ry17 + 9 Y6 V5 7y20 3.257 Error Detector
rRy20 = Y4Ry20 Ry17 + Y9 Y6 Y5 Y4 sYe = Y9 Y6 Y5 Y4 Ryp Yg Npy (Iyg +lyi +Tyf)
Ry21 = YARy21 Ry18 +¥9 Y6 V5 Zy21 + YOVEY5Ecy T8
Ry2] = Y4Ry2] RyT8 + Y% Y6 Y5 Y4 * Yes
Ry22 = YARy2Z Ryl9 + Y9 Y65 Zy22 rYe = YeYh
rRy22 = Y4Ry22 Ry19 + Y9 Y6 Y5 Y4 3.258 Interlace Prepare
sRy23 = Y4 Ry23 Ry20 + _Y_9. Y_é 25 323 sEy = lyc By (13 - T0)
rRy23 = Y4 Ry23 Ry20 + Y9 Y6 Y5 Y4 £y ~ ve TO
sRy24 = Y4 Ry24 Ry21 + Y9 Y6 Y5 Zy24 + Pot 1 (T3 - TO) Ey
rRy24 = Y4Ry24Ry21 +Y9 Y6 Y5 Y4
3.259 Interlace Clear
3:236 Parity Flip-Flop lyc = EomC9 CTOTI C17 (T3 - TO)*
sRyp = Y9 Y4Ryp (YbI(DYbAF)Yb3) (T7-T0) Qy1*
+ Y9 Y4Ryp Yxx (Yn1(®DYn2F¥n3) Qy2 *C1 becomes C1 for TMCC-D
(17 - T0) *
+ Y9 Y4 Ryp Yxx Cpr Qy2 (17 - TO)* 3.260 Interlace Load
+ Y9 Y6 Y5 Zyp Iyp = Pot 1 (T6 + T5) Ey
+ Yf Y5 T8 Ryp Iye = Joc 1 Ey (T6 + T5)
R v (:)y 7 -
"Ryp Y9 Y4 Ryp (Yb1 b2®Yb3) T T0) 3.261 Interlace Active
Qyl * .
+ Y9 Y4 Ryp Yox (Yn1(DYn2(® Yn3) sly = Pot 1 (T3-T0) Ey Iy
. Qy2(17 - TO)* rly = Iyf T8 o
+ Y9 Y4 Ryp Yxx Cpr Qy2 (T7 - TO)* + (Yc +1yc +Ys C19 C20 C21 C22 C23)
+ YO Y6Y5VY4 (T3 - T0) Iy
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Paragraphs 3. 262 to 3. 269 SDS 900685¢C September 19645

13,262 Zero Count sYcl0 = 1Iyc  +EyYcl0 Yell Ey
Iyf = YeOYel Ye2 Ye3 Yo Ye5 Yeb Y7 Yeld = 1lyp C5+Ey YelOYell By
Yc8Yc? Yel0 Yell Ye12 Y13 Ycel4 Ey sYc? = Iyc +E—mec]0Yc” Ey
rYc9 = Iyp C4+Ey Yc9 Ycl0 Yell Ey
3.263 Interlace Count Trigger o .
sYc8 = Iyc +Ey Yc8 Yc9 Ye10 Ye11 Ey
fya = RyxTsm fYc8 = lyp C3+Ey YeBYe9 Ycl0 Yell By
3.264 Interlace Counter Clock Enables sYc7 = lyc +Ey Yc7 Yc8 E—x
Computer Clock Enable:  Ey Ty rYe7 = pC2+Ey Yo7 Ye8Ey
Counter Clock Enable: Ey V sYcé = Iyc  +Ey Ycb Yc7 Yc8 Ey
fYe6 = Iyp C1 +Ey Yc6 Yc7 Yc8 By
3.265 Extend Operations . .
sYcd = lyc +Ey Ye5 Ycb Ye7 Ye8 Ey
e =leciz fYe5 = Iyp CO+ Ey Ye5 Yeb Yo7 Yc8 Fy
rlyg = Iyc +Ysc T8 Y10 Y11 Y12 Y13 VY T4 Iyg _ .
sYc4 = Iyc + Ey Ycd4 Yc5 Ey
3.266 Channel Command Interrupt Enables rYc4 = Iye C23 + Ey Yc4 Yc5 -E—z
slyf = Iye C13 sYc3 = Iyc +Ey Yc3 Ycd Ye5 Ey
lyi = Iyc +12y T8 Iy Ye3 = lye C22 +Ey Ye3 Yed Yc5 By
slyk = Iye C14 sYc2 = lIyc +Ey Yc2 Ye3 Ycd Y5 Ey
rlyk = Iyc + 11y T8 Iyk rYc2 = Iye C21 + Ey Yc2 Yc3 Yc4 Y5 E_-Z
3.267 Channel Command Register sYel = Iye * EZ Yel .Y_‘.:Z_E'
rYel = lIye C20 + Ey Ycl Yc2 Ey
slyh = Iye C15 o _
fyh = Iyc sYc0 = lyc + Ey Ye0 Ycl Yc2Ey
‘ rYcO = Iye C19
slyi = lye Cl6
rlyi = lIyc 3.269 Address Counter

sYald = Iyc +Ey Yal4 lya Ey

3.268 Word Counter — —
rYald = lyp C23 + Ey Yal4 Iya Ey

sYcl4 Iyc  +EyYcld Iya Ey
Ycl4 = Iyp C9 +Ey Ycl4 Iya Ey

sYal3 = lyc  +Ey Yal3 Yaldlya Ey
Yal3 = lyp C22 + Ey Yal3 Yal4 Iya Ey

sYc13 = Iyc  +Ey YcI3Ycl4 By

fYel3 = Iyp C8+Ey Yeld Yeld By Salz - =1lye  +EyYal2Yald By
rYal2 = lyp C21 + Ey Yal2 Yal3 Ey

sYcl2 = Iyc  +Ey Ycl2Ycl3Ycl4Ey

Yel2 = Iyp C7 + By Ye12 Yel3 Yel4 By Yell  =lye  +EyYoll Yal2Yal3 By

. _ Yall = Iyp C20 + Ey Yall Yal2 Yal3 Ey
sYcll = Iyc +E—)IYC”YC'|2YC]3YC]4E-): sYalo = Iyc _+E—imYO”YG]2Y_‘J}3E
rYell = lyp C6 +Ey Yc11Ycl2Yc13 Ycl4 Ey Yal0 = Iyp C19 +Ey Yal0 Yall Yal2 Yal3 Ey
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sYa? = Iyp C18 +Ey Ya9 YalO Ey + CI0CITCI9Ye Ci*
'Ya9 = 1Iyc  +Ey Ya9 YalOEy + - - -

sYa8 = Iyp C17 +Ey Ya8 Y9 Yal0 Ey
rYa8 = Iyc +Ey Ya8 Yo9YclO-E_x

*C1 becomes C1 for TMCC-D

Ya7 = lyp C16 + Ey Ya7 Ya8 Ya9 Yal0 & 3.272 Input/Qutput Signals Received
Ya7 = 1lyc  +Ey Yo7 YaB Ya9 Yal0 Fy Zyp =
sYa6 = lyp C15 +Ey Yo Yo7 By zyi =&GD
rYaéb = Iyc +Ey Yab Yo7 Ey Zy2 - @
sYa5 = Iyp C14 +Ey Ya5 Yaé Ya7 Ey 23 _ @_
rYa5 = lyc +Ey Ya5 Yab Yo7 Ey
o _ Zy4 =
sYa4 = Iyp C13 +Ey Ya4 Ya5 Yabé Ya7 Ey —_—
Yad4 = Iyc +Ey Ya4 Ya5 Yabé Ya7 E—X 2y> - @
sYa3 = Iyp C12 +Ey Ya3 Ya4 Ey Zy6 - @
Ya3 = Iyc  +Ey Yo3 YadEy zyr =&
Ya2 = Iyp C11 +Ey Y2 Ya3 Ya4 Fy Zy8 =
'Ya2 = Iyc +Ey Ya2 Ya3 Ya4 Ey Zy9 _
sYal = Iyp CI0 +§Y_QT Ya2 Ya3 Yu4§ 7410 =
Yal = Iyc +Ey Yal Ya2 Ya3 Ya4 Ey
Zyll = QID
sYa0 = Iye C18 +Ey Ya0 Yal Ey
YaO = Iyc Zy12 -
3.270 Pin Address Counter
Zyl4 = ‘ﬁi’
sYpa = loc C17 C13 C19 C20 C21 C22 C23 TO —
rYpa = Pin TO + St Zy13 -
3.271 Skip Gate Zyle =
Ske = T1C17 9 CT0 C11 TT5 €20 €21 &2 Zy17 :
C23 C15 Ysc* 218 = &W®)
+ CI c17c9c10_CI li-zoc1c2 2919 :
C23 C12Y10 Y11 Y12 Y13 Y14+ —
— =75 =35 &5 =55 Zy20 =
+ C1C17C9 CI0C11 CT9 C20 C21 C22
C23 C13 Iyf* Zy21 =
+c_c17c9c10cnc9c20c 1C22 2422 :
C23 Cl14VYe* _
+ C10CTI C13YT0 YTT Y12 VI3 VT4 Tl + 223 =GR
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vhe = (The) = Ryl4
Yes = = Ryl5
Mtgy = = Ryl
Npy = = Ryl7
Ecy =@ = Ryl8
Yx12 = @ (93221 only) = Ry19
Yx24 = (93221 only) = Ry20
3.273 Input/Output Signals Generated = Ry2l
~ Ryp = Ry22
_ Ryl = Ry23
- By2 = Ry24
= Ry3 A
_ ::: = Y10
= hys G =vn
- Ry7 G =y
= Ry8 GDIEERTE
_ kyo = Y14
= Ry10 = Y0
= Ryll @ = Y3
= Ry12 = Y6
= Ryl3 Gy =1
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Paragraphs 4. 1 to 4,22

_ SECTION IV
INSTALLATION AND MAINTENANCE

4.1 GENERAL

4,2 This section contains information relating to the
installation and maintenance of Model 932XX series
TMCCs. As the Model 922XX series TMCCs are no
longer being installed, only the Model 932XX series is
covered in this section.

4.3 INSTALLATION

4.4 The basic 925/930/9300 computers are shipped
with the TMCC physically installed. After installation
of the computer, the intercabling of the TMCCs must be
performed.

4.5 INTERCABLING

4,6 Figure 4-1 illustrates typical intercabling of the
Model 93200 TMCC for the 925/930/9300 computers.
Figure 4-2 illustrates the intercabling of the Model
93221 TMCC. Power distribution for the various chassis
is illustrated in figure 4-3,

4.7 Intercabling of the input/output devices to the
W (or A) channel may be found in the applicable input/
output device technical manual.

4.8 After intercabling the TMCCs and the input/
output devices, a program should be run to ensure
proper operation of the W (or A) channel. Any diagnos-
tic program utilizing the input/output device may be
run,

4.9 925/930 COMPUTERW CHANNEL TESTPROGRAM

4,10 Table 4-1 lists a sample program which may be
run to check out the W channel for proper operation.
This test program causes the message ASSEMBLY DONE
ENTER NEW PROGRAM to be typed out under program
control, The computer stores the internal codes for
these characters in memory beginning in location 2000.
The routine inserts the carriage return code, 52, and
the space code, 12, where needed and requests End-of-
Record interrupt. It is written as a closed subroutine
using interrupts, channel W and Typewriter Number One.
The internal code for the output message is as follows:

AS S EIMB L Y{SpD ON|ECREN

21 62 62 25|44 22 43 71|12 24 46 45|25 52 25 45 2000

T ERSpINEWSp|PR OGRAMSp

62 25 51 12|45 25 66 12|47 51 46 27|51 21 4412|2904

4.11 9300 COMPUTER A CHANNEL TEST PROGRAM

4.12 Table 4-2 lists a sample program which may be
run to check out the A channel for proper operation.
This test program causes the message ASSEMBLY DONE
ENTER NEW PROGRAM to be typed out under program
control. The computer internal codes for these charac-
ters are stored beginning in location 02000. The car-
riage return code, 052, and the space code, 012, are
inserted where needed. The End-of-Record interrupt is
requested. The routine is written as a closed subroutine
which uses interrupts, channel A, and Typewriter Num-
ber One. The internal code for the output message is
the same as given in paragraph 4. 10.

4.13 MODULE LOCATION

4.14 Figure 4-4 illustrates the location of all modules
for the various models of TMCCs.

4.15 MAINTENANCE

4.16 The following information is presented as an aid
in maintaining the Models 932XX TMCCs. Presented
herein are descriptions and timing diagrams of the sig-
nals available on the various input/output connectors
and the diagnostic test programs for maintenance of the

TMCC.

4.17 PERIODIC INSPECTION

4.18 No periodic inspection is required for the TMCC
other than that required for the computer as a whole,

No attempt should be made to periodically check for
loose wires, poor solder connections, or bent pins
because of the packaging density of the wiring and com-
ponents and the possibility of causing malfunctions.
Wiring loyout and length is critical in some areas and
should not be touched except for correcting a malfunction.

4.19 CORRECTIVE MAINTENANCE

4.20 If it should become necessary to replace a com=-
ponent on a module, the physical location of the com-
ponent, quantity, type, and part number are indicated
on the module drawings cantained in Section 6.

4.21 INPUT/OUTPUT SIGNALS AND TIMING
RELATIONSHIPS

4,22 The signals described are available on the input/
output connectors as illustrated in figure 4-5. The sig-
nals are theoretical and do not take into consideration
circuit and transmission delays which tend to add 200 to
400 nanoseconds of delay.
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Pl INPUT/OUTPUT SIGNAL LOCATION PIN
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Figure 4-5. Input/Output Signal Location Diagram
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Table 4-1,
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925/930 Computers, W Channel Sample Test Program

Location

Instruction

Address

Comments

1000

WRITE

33

OKAY

PZE

CLR

STA

TYP

EXU

POT

BRR

EOM 00403720

BRM

PZE

MIN

BRU

SWICH

*Q, 1, 4

WRITE

WRITE + 1

1000

16200

OKAY

SWICH

*OKAY

This instruction is an assembler instruction, used as
a convenient way to reserve the entry location for
subroutine use.

Clears the A and B Registers.

Clears the location called SWICH. SWICH later
indicates to the main program that output is
complete,

Connects Typewriter Number One to channel W for
output, specifies four characters per word mode,
and alerts channel W interlace. The instruction is
an EOM with octal configuration, 0 02 40641.

Causes the Input/Output EOM in location WRITE
to be executed.

Sends the word count and starting address in
WRITE + 1 to the channel.

Branches back to the main program.

Specifies output function code 00 and the End-of-
Record interrupt. The word in WRITE + 1 specifies
that eight words will output from memory beginning
in location 2000. According to output function 00,
when the word count equals zero during the trans-
mission, the output terminates, and when the last
character is out, the device disconnects and the
interrupt occurs.

‘Branches and marks to location OKAY elsewhere

in memory.
Saves the entry location

Increments location SWICH as an indicator for the
main program.

Branches to the main program and clears the
active interrupt. -
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Table 4-2. 9300 Computer, A Channel Sample Test Program

Location

Instruction

Address

Comments

01000

WRITE

(0

OKAY

PZE

STZ

TYP

EXU

POT

BRR

EOM 00403720

BRM

PZE

MPO

BRC

SWICH

*0, 1, 4

WRITE

WRITE + 1

01000

016200

OKAY

SWICH

*OKAY

This instruction is an assembler instruction used as
a convenient way to reserve the entry location for
subroutine use.

Clears the location called SWICH. SWICH is later
used to indicate fo the main program that output is
complete,

Connects Typewriter Number One to channel A for
output, specifies four characters per word mode,
and alerts channel A interlace. The instruction is
an EOM with octal configuration, 0 02 42641.

Causes the Input/O utput Control EOM in location
WRITE to be executed.

Sends the word count and starting address in
WRITE + 1 to the channel.

Branches back to the main program.

Specifies output function code 01 (IOSD) and the
End-of-Record interrupt. The word in WRITE + 1
specifies that eight words will be output from
memory beginning in location 03720, According
to output function 01 (IOSD) when the word count
equals zero during the transmission, the device is
disconnected when the last character is out and the
interrupt then occurs.

Branches and marks to location OKAY elsewhere in
memory.

Saves the entry location.

Increments location SWICH as an indicator for the
main program.

Branches to the main program and clears the active
interrupt, level OT1.
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4.23 The logic terms for signals generated in the main
frame referred to in these paragraphs represent the 930
computer logic equations, Although the 925 and 9300
computer implementation may differ somewhat from the
930 computer, the functions achieved are similar.

4.24 , , cnd (See figure 4-6)
4.25 , , and are clocking signals

provided to external devices. They are functionally
similar to the Q1 and Q2 signals provided to external
equipment on the 910 and 920 computers.  Signals

, , cndcre derived from the Pulse

Counter, Qrl through Qr4, in the TMCC.

= Ts - TO

T5-T0 = Q3 Qrl Qréd
@) = T6- 13
T6-T3 = Q3Qr4 + Q3 Qr2 Qrl
@Qad) = 17 -4
T7-T4 = Qrd
1. 75ps~

OO | N | AN | N |
0 I I e T B
@ 1L I r
@ M7 i

Figure 4-6. 930/9300 Timing Diagram,

@aD, @D,
4.2 @ (See figure 4-7)

4,27 is the execution signal for the EOM

instruction,
= Eom Er

The term Er inhibifsduring the interlace loading
sequence, is derived from the CPU and trans~

mitted to the TMCC.

(Fom) = Q501040575 (Q2+Q5) +. . .

Q2+Q5 =T7-Tr

SDS 900685C

is true from T7 through Tr.

Paragraphs 4. 23 to 4. 29

During FILL operations, a pseudo Eom is generated.

Eom) = 1x Go Ar(Kg)(A2+Q5) +. . .
The term Ts inhibifsduring all time share operations.

4.28 is a control signal derived from the EOM
instruction and is used to activate the TMCC and
peripheral devices. is true from T7 through Tr.

= Eoma)(ﬁ_f

For TMCC channels C and D,

= Eom C10CI11C1

Peripheral devices must use C17 and C17 to distinguish
between channels W and Y and similarly, between
channels C and D.

4.29 is an input/output_control signal derived

from the EOM instruction. is true from Té

through TO.
(loc) = Eom CT0C11 C1 Er Qr3
Q3 = T6-T0

For channels C and D,

(Joc) = EomCTOCI1 C1 Er Q13
The term Er is used to inhibi’rduring the interlace

loading sequence. Peripheral devices must use C17 and
C17 to distinguish between channels W and Y, or
similarly, between channels C and D.

o I I
E» ]
G [ 1
GO [ 1
Go 1
@ I 1

Figure 4=7. 930/9300 Timing Diagram,
& ED DD
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Paragraph 4. 30 to 4.32

4,30 @is a control signal for systems communica-

tion derived from an EOM instruction. @is true
from T5 through T1.

@= Eom C10 C11 C9 Tsr (T5 - T1)

Systems devices must use C17 and C17 to distinguish
between channels W and Y, or similarly, between
channels C and D. The term Tsr inhibits Sys during
time-share operations with the TMCC.

4.31

(See figures 4-8, 4-9, and 4-10)

4.32 The PIN instruction permits direct parallel entry
of up to 24-bits of data to memory via the C register.

A "Ready for Input" signal,
TMCC to external equipment.

= Pin

Pin = FI1F2F30206 Ts Q1

, is provided by the

Q1

77 -T0

While the Pin signal is true, the C register is first reset

ond then the external data, , is strobed.

Cn = Cxi Q2
Cxi = F1F2F30206 Ts Q1
Q2 = T17-T3
sCn = Cxi Cdn

Cdn =

The process of resetting the C register and then strobing
the data repeats until the external device provides a

"Ready" indication by mckingfqlse. The data
lines, , must be in a stable condition prior to the
fimegoes false and should remain stable for the
duration of rhesignal. Unfilgoes false, the
PIN instruction was locked in phase @2, but is now per-
mitted to i roceed to phase @#4. A "PIN Complete"

signal, , is generated and sent to the external
device.

sRf = 06 F2F3 Q2Rt+. . .

Rt =

sF1 = FIF30103041aRfTp +. .

4-10
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F2 = FIF30103 04 IaRfTp+. . .
Rti = @401 0406 Ts (Q2 + Q5)
(Q2+Q5) = T7-Tr

Ifis always held false during the PIN instruction,

the PIN instruction remains in phase @2 for only one
cycle,

Tp rL ﬂ ﬂ
.

1
L

___________ f<—1 Data [ines stable
N
i [ L
ciaz J LT L
RF [

Figure 4-8. 930/9300 Timing Diagram,

7
Cin) (R, Can), ReD)

Tp ﬂ ﬂ n ﬂ
1
: I Data lines stable
T
Cxi __j[——l
CxiQZ_J_L
e

Figure 4-9. 930/9300 Timing Diagram, ,
: ' ,Inii‘iclly False
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Paragraphs 4. 33 to 4.35

] 1 I L

l——s={ Data |ines stable

[

Cxi _J_—l I

LT
I

L

Ts—_] 1

[ L

Figure 4-10. 930/9300 Timing Diagram, @*

Effects of Time=Share

4.33 Should a time-share operation occur during phase
@2 of the PIN instruction, the signal is inhibited.
At the completion of the time-share operation, depend-
ing on_the condition of ,at least one more cycle of
the signal occurs. Should a time-share operation

occur during phase @4, the "Pin Complete" signal is
inhibited until the time=share operation(s) is/are
completed.

4.34 , I

(See figures 4-11, 4-12, and 4-13)

4,35 The POT instruction permits direct porollél output
of up to 24-bits of data to external devices frommemory

via the C register. The signal denotes to

extemal devices that the computer is in the process of
executing a POT instruction.

Pot 1 = F1F2F30206

The signal denotes to external devices that the

contents of the C register may be strobed,

= Pot 1(T5-T1) Tsr
The signal stays true and the signal

repeats as long as the computer is locked in phase @2.

Pot 1

o Il L M
@ot D | ]
@2 _[ 1_[1

GO~ ]
@ | |
Rf I'—-|

Figl 1,. 3o,o ? %m,
SN | I | I | I
Gard I
1
N |
A

Figure 4-12. 930/9300 Timing Diagram, ,

,, @,Inifially False
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Paragraphs 4. 36 to 4.38
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| 1 I 1 L

@ot D |

Gotd I | [

L

1

G I

Rf

-

1
J I

Ts ___I 1

Figure 4-13. 930/9300 Timing Diagram, , ,,@ Effects of Time=Share

When the Ready signal,, from the external device

goes false (low), the POT instruction proceeds to
phase @6. and @ are then inhibited.

sRf = 06 F2F3 Q2 Rt

sF1 = F1F3 010304 Ia Tp RF

Ifis always held false during the POT instruction,

the POT instruction remains in phase @2 for only one
cycle.

4.36 Should a time-share operation occur during the
phase @2, the signal remains true but

is inhibited. At the completion of the time-share opera-
tion, depending on_the condition of‘, at least one
more cycle of and occurs. It is neces-

sary rhafbe held at ground until the computer
acknowledges receipt of the Ready signal by making

go false.

1357 G, GO

4.38 On instructions for external system devices, an
, is provided from the TMCC.

(See figure 4-14)

Sks strobe pulse,

@ = Skss

Skss = @501 04 Ts (A0O (Q3 + Q5) + C9)
Q3+Q5 = T6-Tr

The SKS instruction remains in phase @5 for two cycles
to permit the C register outputs, , to attain a

4-12

stable configuration at the external system device. The
signal (Skss ) is generated during the second cycle if
C9 is true. is true for approximately two cycles
if C9 is true. The response from external system devices,

, (false for a skip condition) is received by the
TMCC and is sent to the computer as Skrz. If a skip is
to occur, the Sk flip-flop is set at Tr time during the
second cycle of phase @5.

sSk = @501 04 A0O Tr Sks +. . .

Sks = Skrz +. .

If a time-share operation occurs during the SKS instruc-
tion, phase @5 is repeated for two cycles, thereby per-
mitting the C register outputs, , to attain a stable
configuration prior to the generation of the @ probe
pulse.

Tp- L ﬂ ﬂ ﬂ
Gks)if C9 | |

(Skse)if €9 ] L
Figure 4-14. 930/9300 Timing Diagram,

SHACYAES)
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4,39 1fC9 is true, the @ signal may occur for

only one cycle if a time=share operation occurs during
the SKS instruction. At the completion of the time-
share, however, a two cycle signal occurs. _If
C9 is true and time-share operation occurs, the

signal occurs only once, during the last of the two phase
@5 cycles.

4.40 TEST PROGRAMS

4.41 Proper operation of the TMCC can be checked by
performance of the applicable test program. Operation
in the compatible mode of the TMCC can be checked by
performing the test program for the input/output device
connected to the TMCC. The sample test programs
given in tables 4-1 and 4-2 may be performed. Test
programs for the extended modes are given in the fol-
lowing paragraphs.

4,42 EXTENDED MODE I/O TEST PROGRAM FOR
925/930 COMPUTERS

4,43 This program tests as many of the extended I/O
operations as possible with paper tape. Any 925/930
computer with a typewriter attached to the W channel
and a paper-tape punch and reader on any interlaced
communication channel may be utilized. The W chan-
nel need not be interlaced for the typewriter.,

4.44 The program occupies 83871( locations from 0177
to 1714 octal. It is supplied on paper tape with a self-
loading bootstrap. To load, insert tape in tape reader
and perform fill procedure.

SDS 900685C

Paragraphs 4.39 to 4. 49

4.45 Fill

4.46 The fill procedure is as follows:

a. Set up selected input device with the input
program. Initial portion of the program contains the
"bootstrap" program.

b.  Set RUN-IDLE-STEP switch to the IDLE position.
c. Press START switch.

d. Press PAPER TAPE FILL switch. This causes a
WIM 2 (03200002) instruction to be inserted into the
instruction register and loads the Index Register with
77777771, The FILL switch also prepares the channel
to operate in the forward, binary, four characters per
word mode. ‘

4.47 Operation

4.48 To select the reader and punch units to be used
enter:

"CU" P to select punch
"CU" R to select reader

The letter C is the channel number and may be any
digit 0-7, and the letter U is the unit, either one or
two. The reader and punch need not be on the same
channel.

4.49 The test is started by entering the letter "S".
Control of the test operation is then a function of the
Breakpoint Switches, Table 4-3 summarizes the switch
functions.

Table 4-3. 925/930 Computers Breakpoint Switch Functions

Breakpoint
Switch Reset Set

1 Run in the normal mode as determined Stop and retum to keyboard

by the other switches control at the end of the
current pass (punch or read)

2 Continue to run test selected by Cycle test runs from punch to
switch 3 read to punch and so on

3* Selects punch mode Selects read mode

4 Stop and type diagnostic messages Do not stop and type on errors
whenever an error occurs but continue fo run.

*Used when switch 2 is reset or when starting test

4-13



Paragraphs 4. 50 to 4.63

4.50 When running cyclic tests from puch to read, the
tape from the punch should be inserted info the reader.

4,51 Punching

4,52 The program punches four blocks of 64 characters
each in one pass. The char cters form a counting
sequence from 00 to 77g. The first block is started with
leader and output with an IOSP. All punching is done
in the one character per word mode. When the word
count reaches zero, an IOSD is loaded to punch a
second block of 64 characters. No leader is punched
between the first and second blocks. This results in
one physical block 128 characters long. Starting with
leader, two additional blocks of 64 characters are then
punched with an 10SD,

4,53 At the conclusion of each output operation, the
channel address register is stored and compared with the
expected value, If they do not agree, the program
types the expected and actual values.

4,54 The program tests the chennel during the output

operation to see if the channel should erroneously dis-
connect before the word count reaches zero.

4,55 Reading

4,56 Each of the four blocks is read with a different
set of commands and counts so as to test as many opera-
tions as possible. After reading a block, a general
subroutine checks for input parity errors, channel end
address for agreement with the expected address, and
the data read character by character. Error messages
with block numbers are typed in the event of any one
of these tests failing. If a test fails, reference should
then be made to the test program flow diagram and
troubleshooting information in Section 5 of this manual.
The handling of each block is as follows:

a. Block 1. The first block is one—half of a 128
character physical block. Reading one character per
word, an IOSD with a count of 64 is used to read this
block. The program checks to see if the count reaches
zero and the channel becomes inactive at the same time.

b. Block 2. This is the second half of the first
physical block and is read with an IOSP with a count
of 65. The read should terminate because of the end of
record. The program checks to see that the word count
does not reach zero and the channel remains active
after the CIT (inter-record test) instruction skips. The
tape is finally stopped with a disconnect before the
data is checked.

c. Block 3. Block 3 is a 64-character physical
block. It is read with two channel commands. The

4-14
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first is an IOSP with a count of 32. If the count goes to
zero before the channel disconnects, an IORP with «
count of 33 is loaded. This should cause the inter-
record indicator o be turned on at the end of the record.
The count should not reach zero and the channel should
remain active. The tape is again stopped with a dis-
connect before the data is checked.

d. Block 4. This is the third physical block of
é4-characters and is read with an IORD with a count of
56. The program waits for the channel to be inactive
then checks to see if the channel ignored the last eight
characters. If the tape was erroneously stopped after
the 56th character it will show up as a failure on the
first block of the next read pass.

4,57 Test Program

4.58 Table 4-4 gives the test program for the 925/930
computers 1/O extended mode.

4.59 EXTENDED MODE 1/O TEST PROGRAM FOR
9300 COMPUTER

4,60 This program tests as many of the extended 1/0
operations as possible with paper tape. Any 9300 com-
puter with a typewriter attached to the W channel and
a paper-tape punch and reader on any interlaced com-
munication channel may be utilized. The W channel
need not be interlaced for the typewriter.

4.61 The program occupies 8381g locations from 0177
to 1714g. 1t is supplied on paper tape with a self-
loading bootstrap. To load, insert tape in tape reader
and perform fill procedure.

4.62 Fill
4.63 The fill procedure is as follows:

a. Press POWER switch on. When power is on,
the switch is lighted.

b. Press IDLE switch.

c.  With computer in IDLE, press RESET switch.
This clears the D register and the program counter,

d. Press RUN switch. The computer now executes
the instruction in the D register (which is a HALT
instruction). The program counter advances to 00001,

e. Press PAPER TAPE LOAD switch. This switch
causes an AIM 2 (0 32 00002) instruction to be inserted
into the D register and clears the HALT instruction.
Index 1 is loaded with 001 77771. The LOAD switch
also prepares the channel to operate in the forward,
binary, four character per word mode.
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4.64 Operation

4.65 To select the reader and punch units to be used
enter:

"CU" P to select punch,
"CU" R to select reader.

The letter C is the channel number and may be any
digit 0-7 and the letter U is the unit, either one or
two. The reader and punch need not be on the same
channel.

4.66 The test is started by entering the letter "S".
Control of the test operation is then a function of the
Breakpoint Switches. Table 4~5 summarizes the switch
functions.

4.67 When running cyclic tests from punch to read,
the tape from the punch should be inserted into the
reader.

4.68 Puriching

4.69 The program punches four blocks of 64 characters
each in one pass. The characters form a counting
sequence from 00 to 77g. The first block is started with
leader and output with an IOSP. All punching is done
in the one character per word mode. When the word
count reaches zero, an IOSD is loaded to punch a
second block of 64 characters. No leader is punched
between the first and second blocks. This results in
one physical block 128 characters long. Starting with
leader, two additional blocks of 64 characters are then
punched with an 1OSD.

SDS 900685C

Paragraphs 4. 64 to 4.73

4.70 At the conclusion of each output operation, the
channel address register is stored and compared with the
expected value. If they do not agree, the program
types the expected and actual values.

4, 71 The program tests the channel during the output
operation to see if the channel should erroneously dis-
connect before the word count reaches zero,

4.72 Reading

4.73 Each of the four blocks is read with a different
set of commands and counts so as to test as many opera-
tions as possible. After reading a block, a general sub-
routine checks for input parity errors, for channel end
address agreement with the expected addiess, and the
data read character by character. Eiror messages with
block numbers are typed in the event of any one of these
tests failing. In the event of a test failing, reference
should then be made to the test program flow diagram
and troubleshooting information contained in Section 5
of this manual. The handiing of each block is as
follows:

a. Block 1. The first block is one-half of a 128
character physical block. Reading one character per
word, an IOSD with a count of 64 is used to read this
block. The program checks to see if the count reaches
zero and the channel becomes inactive at the same time.

b. Block 2. This is the second half of the first
physical block and is read with an [OSP with a count of
65. The read should terminate because of the end of
record. The program checks to see that the word count
does not reach zero and the channel remains active after
the CIT (inter-record test) instruction skips. The tapeis

Table 4-5. 9300 Computer Breakpoint Switch Functions

Breakpoint
Switch Reset Set

1 Run in the normal mode as determined Stop and return to keyboard

by the other switches control at the end of the
current pass {(punch or read)

2 Continue to run test selected by Cycle test runs from punch to
switch 3 read to punch and so on

3* Selects punch mode Selects to punch and so on

4 Stop and type diagnostic messages Do not stop and type on errors
whenever an error occurs but continue to run

*Used when switch 2 is reset or when starting test

4-35



Paragraphs 4.74 to 4.75

finally stopped with a disconnect before the data is
checked.

c. Block 3. Block 3 is a 64 character physical
block. It is read with two channel commands. The first
is an IOSP with a count of 32. If the count goes to zero
before the channel disconnects, an IORP with a count
of 33 is loaded. This should cause the inter-record
indicator to be tumed on at the end of the record. The
count should not reach zero and the channel should
remain active. The tape is again stopped with a dis-
connect before the data is checked.

4-36
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d. Block 4. This is the third physical block of 64
characters and is read with an IORD with a count of 56.
The program waits for the channel to be inactive then
checks to see if the channel ignored the last eight
characters. If the tape was erroneously stopped after
the 56th character, it will show up as a failure on the
first block of the next read pass.

4.74 Test Program

4.75 Table 4-6 gives the test program for the 9300
computer I/O extended mode.
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Paragraphs 5.1 to 5,12

SECTION V
TROUBLESHOOTING

5.1 GENERAL

5.2 This section contains information useful when

troubleshooting the Model 932XX series TMCCs.

5.3 Troubleshooting information contained herein is
based on the test programs given in Section 4 of this
manual. When an error is indicated during performance
of the tests given in Section 4, reference should first be
made to the Programming Flow Charts illustrated in
figure 5-1 and then to the applicable referenced data.

5.4 TEST PROGRAM FLOW CHART

5.5 Figure 5-1 illustrates the programming flow data

for the extended mode test programs given in Section 4.
An example of the usage of the flow charts is given in

the following paragraphs.

5.6 FLOW CHART EXAMPLE

5.7 In presenting the example of usage of the flow
charts, the following points will be assumed:

a. Paper tape reader connected to one of the
interlaced channels.

b. Breakpoint 1 switch reset.
c. Breakpoint 2 switch reset.
d. Breakpoint 3 switch set,

e. Breakpoint 4 switch reset.
f.  An error exists in block 4.

5.8 At the initialization of the test, the channel num-
ber has been inserted on the typewriter, the unit number
being used, and the character "R" for the paper tape
reader. The program begins at the top of sheet 1 of
figure 5-1. The program initializes restart location,
disconnects all channels, addresses the keyboard and
reads the character typed. As the character typed is an
"R", the flow proceeds to the right from CHAR: R to = R
and is picked up again on sheet 2. The program then
builds channel and unit mask words, and builds: RPT,
RCAT, RCET, RCZT, RCIT, RALC, and RDIS (Read
Paper Tape, Channel Active Test, Channel Error Test,
Channel Zero Count Test, Channel Inter-Record Test,
Alert Channel, and Disconnect Channel, respectivel y).
The EOM/EOD commands are then constructed and the
keyboard addressed to determine if the letter "S" has

been inserted to start the test. The program returns to
sheet 1, KYBD, where the keyboard is addressed, the
character "S" is read and Breakpoint Switch 3 is inter=
rogated. As Breakpoint Switch 3 is set (paragraph 5. 7d)
the line S is followed to IN,

5.9 The program proceeds to sheet 8 (circle labeled
IN), the tape is started, IOSD 64 is loaded (block 1),

a check is made to determine if the count reaches zero
and the channel is inactive. As the count has reached
zero and the channel is not active, the program then
proceeds to check the data as given on sheet 12. The
subroutine is then performed to check End Address,
Parity, and Input Data. The block number is then saved,
no error exists, the channel address is stored and checked
against the expected and the input data is compared.

As the input data does compare, the program exits from
the subroutine and is picked back up again on sheet 8
and proceeds to IN 1.

3.10 IN 1 continues on sheet 9, the tape is started
again and IOSP 65 is loaded (block 2). The program
checks that the word count does not reach zero and the

infer-record test occurs (CIT). It then proceeds from
CIT? to IN 2.

5.11 The program then checks to determine if an error
exists (sheet 10) and stops the tape before the data is
checked. While the tape is stopped, the data check
subroutine is performed (sheet 12). After comparison of
the data, block no. 2 is entered and the program exists
from the subroutine and proceeds (sheet 10) to start the
tape (sheet 13) and then loads IOSP 32 (block 3).

5.12 Subsequent to loading IOSP, the subroutine Wait
For Count Zero (sheet 6) is again performed. When the
count equals zero, the program exits from the subroutine
and returns to the main program (sheet 10). As no error
existed and the channel is not active, the tape is started
again (sheet 13) and IORP 33 is loaded, SPF is reset,

and the inter-record indicator (CIT, sheet 9) is turned

on at the end of the record. The count should not reach
zero and the channel should remain active. As no error
exists (sheet 10), the tape is stopped and SPF is inter-
rogated. SPF has been reset and the program then con-
tinues to IN 3 (sheet 11). The data is then checked
(sheet 12) and as it does compare, the program exits

from the subroutine, block no. 3 is entered, and the tape
is started again (sheet 11). The program then loads IORD
56 (block 4), waits for the channel to be inactive and
checks to determine if the channel ignored the last eight
characters. As the last eight words were not ignored
(paragraph 5.7f), an error exists and the program
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interrogates Breakpoint Switch 4. Breakpoint Switch 4
is reset (paragraph 5. 7e), therefore, the program types
out: IORD on Input did not ignore last two words.
Reference should then be made to table 5-8 for informa-
tion concerning IORD on Input.

5.13 TROUBLESHOOTING INFORMATION

5.14 The error printout during the test program is deter~
mined by the type of device used with the program. If
the device is an output device, the following type of
error codes may be printed out:

a. Typewriter == Error during IOSD output

b. Paper Tope == Error during IORD/IOSD output

c. Cards == Error during IOSD/IORD output

d. Printer == Error during IOSD/IORD output

e. Magnetic Tape == Error during IORD/IORP
output,

5.15 If the device is an input device, the following types
types of error codes may be printed out:

a. Typewriter == Error during IOSD input

b. Paper Tape == Error during IORD/1IOSD/IORP

c. Cards == Error during IORD/IOSD input

d.  Magnetic Tape =~ Error during IORD/IORP

Table 5-1.

SDS 900685C

Paragraphs 5. 13 to 5. 21

5.16 TROUBLESHOOTING

5.17 If a failure occurs during performance of the test
program and an error message is printed out, determina-
tion must be made whether the malfunction is in the
central processor unit (CPU), in the input/output device,
or in the TMCC. Normally, this can be determined by
performing a portion of the applicable test routine for
the input/output device and checking for proper opera-
tion.

5.18 If the determination is made that the malfunction
is in the TMCC, reference should then be made to the
applicable table (tables 5=1 thru 5=10) for that function.
The table describes the function and references the
paragraphs in the Theory of Operation section (Section
3) where a detailed description of that function is

described.

5.19 The logic equations pertaining to the particular
function can be determined from the description in the
theory of operations. A comparison of the logic equa=
tions and terms will indicate the particular terms peculiar
to the function which has failed, Reference to the logic
layout drawings (listed in Section 1) will indicate the
module in which the temm is used, the physical location
of the module, and the terminal connections where the
term can then be found.

5.20 Normal troubleshooting procedures can be per-
formed to pinpoint the malfunction to a particular com=-
ponent or terminal.

5.21 Physical location of components and schematics of
each module can be found in Section 6.

IOSP Output Function, W (A) Channel

Iwg [ Iwh | Iwi

Output Function

Sec. 3, Par. Ref.

1 1 1 1. Dlw at Iwf if Iwk

channel error indicator.

When the channel counts C down to zero (Iwf), the channel generates
a zero word count interrupt (I1w), if armed (Iwk), indicating the pro-
gram should reload the interlace portion of the channel to continue
writing in the same record. Failure to reload the interlace before the
buffer transmits all of the characters in its registers and before the
peripheral device requests the next character from the buffer sets the

3.152
thru
3.157
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Toble 5-2. IORP Output Funcf.i"qh,v"W (A) Chqﬁnel

S eptember 1965

Iwg

Iwh

Iwi

Output Function

Sec. 3, Par. Ref.

1. Dw at Iwf if Iwk

2. At Iwf, reset WO

3. 12w at Mtgw or Whs W11 if Iwj
4. At Whs W11, disconnect

When the channel interlace counts C down to zero (Iwf), the channel
generates a zero word count interrupt (I1w), if armed (Iwk), notify-
ing the channel buffer that it has received the last word that is to be
output. At zero word count (Iwf), the Halt Interlock flip-flop, WO,
is reset to inhibit additional time-share requests. When the device
receives the last word from the buffer, it sends an End-of-Record
response (Whs W11) back to the buffer. If armed, (Iwj), the buffer
generates an End-of-Record Interrupt (12w) and sets the inter-record
indicator. If the device is magnetic tape, an End-of-Record response
(tape gap signal, Mtgw,) signal is sent to the buffer but the tape
continues to move, If the program does not execute an EOM to write

a new tape before the tape gap signal drops, the channel disconnects
(Whs W11) and the tape stops.

3. 144
thru
3. 151

Table 5-3. IOSD Output Function, W (A) Channel

Iwg

Iwh

Iwi

Ovutput Function

Sec. 3, Par. Ref.

1. Ilwat wa if Iwk

2, At Iwf, reset WO

3. Disconnect at Iwf W11 or Whs
4, 12w at disconnect, if lwj

When the channel interlace counts C down to zero (Iwf), the channel
generates a zero word count interrupt (ITw), if armed (Iwk), indicat-
ing the last character has been transmitted. At zero word count (Iwf),
the Halt Interlock flip=flop (WO0) is reset inhibiting additional time-
share requests. For devices other than magnetic tape (W11), the Halt
Detector flip=flop (Wh) is set on reaching zero word count (Iwf) when
the last character has been clocked from the buffer. The Halt Detector
also sets on occurrence of a Halt Signal (Whs). Setting of the Halt
Detector initiates a buffer disconnect sequence. The Sighal Complete
flip-flop (Wes) is set and if the End-of-Record Interrupt Enable (Iwj)
has been previously armed, an End-of-Record Interrupt (I2w) is
generated.

3. 140
thru
3. 143
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Table 5-4. IORD Output Function, W (A) Channel

Iwg

Iwh

Twi

Ovutput Function

Sec. 3, Par. Ref.

—
.

[Tw at Iwf if Iwk

2, At Iwf, reset WO

3. Disconnect at Whs

4. 12w at disconnect, if Iwj

When the channel counts C down to zéro (Iwf), the channel generates
a zero word count interrupt (I1w), if armed (Iwk), indicating that the
lost characters have been transmitted. At zero word count (Iwf), the
Halt Interlock flip-flop (WO) is reset inhibiting additional time=-share
requests. If Halt Signal (Whs) is received, the Halt Detector (Wh) is
set and a disconnect occurs. The Signal Complete flip-flop (Wsc) is

set and, if armed (Iwj), an End-of-Record Interrupt (I12w) is generated.

3.134
thru
3.139

Table 5-5. 1OSP Input Function, W (A) Channel

Iwg

Iwh

Iwi

Input Function

Sec. 3, Par. Ref.

1. Dwat Iwf if Iwk

2. At Migw or Whs W11, flush and store last character(s) if Iwf
3. 12w at Mtgw or Whs W1T if Iwj

4. Disconnect at Whs W11

When the channel counts C down to zero (Iwf), the channel generates
a zero word count interrupt (11w), if armed (Iwk), indicating the pro-
gram should reload the interlace portion of the channel to continue
reading the record. If the End-of=Record (Mtg or Whs W11) occurs
before zero word count (Iwf), the buffer is flushed and the completed
word is stored in memory. If the End-of-Record Interrupt Enable (Iwj)
has been armed, an End-of-Record interrupt (I2w) is generated when
a tape gap (Mtgw) or halt signal (Whs) is detected from the device.
For magnetic tape operation (W11), a new EOM may be given within
one millisecond from the occurrence of 12w to permit the tape system
to proceed to a new record. Failure to give an EOM results in the
tape stopping and the buffer disconnecting.

3.176
thru
3.179
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Table 5-6. - IORP Input Function, W (A) Channel

September 1965

Iwg

Iwh

Iwi

Input Function

Sec. 3, Par. Ref.

1. DNw at Iwf if Twk

2. Inhibit rate errors if Iwf

3. At Migw or Whs W11, flush and store last character(s) if Iwf
4, 12w at Mtgw or Whs W1T if Iwj

5. Disconnect at Whs W11

When the channel counts C down to zero (Iwf), the channel generates
a zero word count interrupt (I1w), if armed (Iwk), indicating the pro-
gram should reload the interlace portion of the channel to continue
reading the record. Additional characters entering the channel ofter
zero word count are precessed into the W register. Parity and rate
errors cannot occur after zero word count because of Iwf. Detection
of magnetic tape gap (Mtgw) or a halt signal (Whs) sets the End-of-
Record detector. If the End-of-Record detector is set before zero
word count has occurred (Iwf), the buffer is flushed and the completed
word is stored in memory. If the End-of-Record Interrupt Enable (Iwj)
has been armed, an End-of-Record interrupt (I2w) occurs. Failure to
reload the interlace within one millisecond of 12w results in the tape
stopping and the buffer disconnecting.

3. 168
thru
3.175

Table 5-7. 10SD Input Function, W (A) Channel

Iwg

Twh

Iwi

Input Function

Sec. 3, Par. Ref.

1. Dlw at Iwf if Iwk

2. At Whs, flush and store last character(s) if Iwf
3. Disconnect at Iwf W11 or Whs

4. 12w at disconnect if Iwj

When the channel counts C down to zero (Iwf), the channel generates
a zero word count interrupt (I1w), if armed (Iwk). Should an End-of-
Record (Whs) occur before zero word count (Iwf) is established, any
characters remaining in the W register are flushed and stored. The
Halt Detector is now permitted to set by Iwf W11 or Whs W11 and the
channel is disconnected. If the End-of-Record Interrupt Enable (Iwj)
has been armed, an End-of-Record interrupt (12w) occurs.

3. 164
thru
3. 167
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Table 5-8. IORD Input Function, W (A) Channel

Iwg | Iwh | Iwi Input Function Sec. 3, Par. Ref.
1 0 0 1. Dw at Iwf if Iwk 3.158
o . thru
2. Inhibit rate errors if Iwf 3.163
3. At Mtgw or Whs W11, flush and store last character(s) if Iwf
4, Disconnect at Whs
5. 2w at disconnect if Iwj
When the channel counts C down to zero (Iwf), the channel generates
a zero word count interrupt (I1w), if armed (Iwk). Parity and rate
errors (We) are inhibited by Iwf after zero word count is established.
Should an End-of-Record (Mtgw or Whs W11) occur before zeroword count
is established (Iwf), the End-of-Record detector is set and any charac-
ters remaining in the W register are flushed and stored. The Halt
Detector (Wh) is permitted to set by Whs, the buffer is cleared and the
channel disconnected. If the End-of-Record Interrupt Enable (Iwj) has
been armed, an End-of-Record interrupt (2w) occurs.
Table 5-9. Output Functions, Y Channel
Iyg | Iyh | Iyi Output Function Sec. 3, Par. Ref.
1] 1 | IOsP 3.152
thru
1. Dy at Iyf if Iyk 3.157
1 1 0 IORP 3.144
. thru
1. Iy at Iyf if Iyk 3.151
2. At lIyf, reset YO
3. 2y at Mtgy or Yhs Y11 if Iyj
4. At Yhs Y11, disconnect
1 0 1 IOSD 3.140
. thru
1. Iy af Iyf if Iyk 3.143
2. ArIyf, reset YO
3. Disconnect at Iyf Y11 or Yhs
4. 12y at disconnect, if lyj
1 0 0 IORD 3.134
. thru
1. DNy af Iyf if Iyk 3.139

2. At Iyf, reset YO
3. Disconnect at Yhs

4. 12y at disconnect, if lyj

The output functions for the Y channel are identical to those of the W
channel given in tables 5-1, 5-2, 5-3, and 5-4. The only difference
is the substitution of the letter "y" for "w" in the logic terms.
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Table 5-10. inpuf Functions, Y Channel

S eptemBer 1965

Iyg | Iyh | lyi Input Functions Sec. 3, Par. Ref.
1 1 1 IOSP 3.176
thru
1. Dy at Iyf if Iyk 3.179
2. At Mtgy or Yhs Y11, flush and store last character(s) if Iyf
3. 12y at Mtgy or Yhs Y11 if lyj
4. Disconnect at Yhs Y11
1 1 0 IORP 3. 168
thru
1. Ty at Iyf if Iyk 3.175
2. Inhibit rate errors if Iyf
3. At Mtgy or Yhs Y11, flush and store last character(s) if Iyf
4. 12y at Mtgy or Yhs Y11 if Iyj
5. Disconnect at Yhs Y11
1 0 1 10SD 3. 164
thru
1. Dy at Iyf if Iyk 3. 167
2. At Yhs, flush and store last character(s) if Iyf
3. Disconnect at Iyf Y11 or Yhs
4, 12y at disconnect if lyj
1 0 0 IORD 3.158
thru
1. Dy at Iyf if Iyk 3.163
2. Inhibit rate errors if Iyf
3. At Mtgy or Yhs Y11, flush and store last character(s) if Iyf
4, Disconnect at Yhs
5. 12y at disconnect if lyj
The input functions for the Y channel are identical to those of the W
channel given in tables 5-5, 5-6, 5-7, and 5-8. The only difference
is the substitution of the letter "y" for "w" in the logic terms.
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SECTION VI
DRAWINGS

6.1 GENERAL

6.2  This section contains drawings useful when trouble=-
shooting and maintaining the TMCC.

6.3 SCOPE OF SECTION

6.4 Included in this section are assembly drawings,
schematic diagrams, and material lists for each module.

6.5 The type and quantity of each module are listed in
Section 1, table 1-4. Physical location of each module
is illustrated in Section 4, figure 4-4.

6.6 Also included in this section is the Semiconductor
Cross Reference which provides a cross-reference between
Scientific Data Systems semiconductor numbers, commer-
cial Electronic Industries Association (EIA) numbers,
specification numbers, and replacements for obsolete
semiconductors.
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__’_ _i ova. TITLE al_ﬁ 8 SQIENVIFIC PATA SVETEME
BECRIVER MO0 # 5 DATS 113 or
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2| slirem ova, TITLE DvG.N0. |wo,RE
3 5 1 Board, Printed Wiring 103725 1
2| 12— |Handle. Cixcuit Card 100016 1
3 Eyelet, Tubular 103896-016 2
—J |4 stri rker 100197 1
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| 6 Contact, Conn Lower 100098 _24
7 Transistor,{ SDS 216) 103242 32 Ql thru Q4
8 Diode (SDS 103) 100091 32 CRIl thru CR4
9 ,
10 Capacitor, Mylar 100308-103 3 Ccz, 3, 4
11 Caacitor, Tantalum ©100312-156 ! 1 Cl
12 Resistor, 1 watt I 100111 -680 R} —rd
13 | Resistor, } watt 100111-151 1 RS
14 | Resistor, } watt 100111-221 8 R5
15 ]| Resistor, } watt 100111-122 8 R4
16 | Resistor, } watt 100111-302 8 R2
17 Resiltor.i:!mtt 100111-562 16 Rl, 3
18 | Wire, Solid Bare _100042-024 | 8%,
19 | Tubing, Teflon 100274-022 | 8 Ya .

i




—] e

ecey0l __Ja

12274

o

scav _ __

2, HIAING 378VD
IILYWIHIS

SN 4 QASVATIA

HEIES

."— — ‘on smimvae —“
©
©

—AM—0

had
— -3
[3) A ————()
L
") -
w© «
< v w"—0
(@]
] -
=
—AA———{)
o~
o«

- A"—0
> «
4A||\<<,\|Av
+

o
c-
1
2]
(=) T
©
- -
C:
-
~
” ~
“un ﬁ
° 4+t
z t
e (e] (@] O O
~ o L) L3 «©
] * v « < -
x
~ s 5 3 z
-4 - he + 2
< + 1 o
- @
03 A3g 335 ° ©
*0°3 NOISIAIY 335 a

30—

O ——

+ 6y

-
]
H
H
@\
© i
« >
o
wWA—b 9 ]
—_ ~
5 i _ 3w
3
« 3 « nVnrw.
'3 <
VWV
n
« >
A ° g
VWA La—lav
+
~
[ A Ty
w fbl
il
o
~
«
VA~ g
o
-
..
3
“ i
[
* 8
o
=4
b L g ©
x
oo
>+
sl
= «
« <
L Ann »

»

CiRCUHSJ

Nufi3s NORNCO

1NdNI 34Y9

1NdN?

3.iv92 NOWNOD




< b b 2 Pin 1
-CrR2-6-0 <} [ |$ 0
RE-6_ | o ool |1 | o |
ox | | lew | of © V¢ o
RI-6 n o wol gl e o= L B0
- @I KOk m T o 35°
oo B35 CYREEREESRET S
OLRe o I ¢ I l I | 3 -CR6-6-0
OCR5S_ ,Jg g . | | ?| l? -CR6-5-0
- 1 o
-2 0 (Mool 202 gl olelol? ?
- RES ERer %S oge 8o
res_ BZT(O)T1TEE TS T T
CR2-5 _R5-5__
=0 273
CR2-4 c_g | _Rs-4_ |
—O <
o0 O e g |
— 2 ko < zo, |y b
= OWE S O O
= (=)
o In & —CR6-40 Connector
CR5-3- '
ORiva Q..'w'g ° | ? ?? -CR6-3-O End
RIZ. 2o w’-"’"’"’"’ o3 ' |o O
__R6-3 gg“l El ml ml ml a:l | ‘{, >|
CR2-3 A 7 o|lo O
=70 :O | | | __R5-3_ |
(¢ ]
—-CR220 : _ Rz
R6-2
= @ | | J ol | || | i
RI-2 Ry - ININ Nl‘}' x
T ACRIF2. S Loze oy Yilew o
Qers-z. OFF “% éém T 53 ¢ IIEO b
o~ I + l | €7 I | % Re-2-0
OLRsH 3 S _ ~-CR6-1-Q
T O sl 1041 3008
RI-I égg mlmli,,ggg_zT_ '\
R6-1 o ] =
5 5 ce Pin 47
—t5__ __¢c4 oz ml ml — —

Cable Driver No. 2 AB55
104840E




=

8 SOIMNYIFIC DATA OVOVEMO 104840
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gl [irew ove, TITLE bve.n0, |no,nsq] Resarzs em cay, o8
. § 1 oard, Printed Wirin 4839 _ 1
1
! =t S andle, Circuit Card 10001 l
I 03896:016 2
j 4 100197 1
2_ 5 ontg 97
6 ontact, Conn Lower 100098 24
1 Transistor, SDS 216 103242 12 Ql, 2
8 Transistor, SDS 217 104389 12 Q
9 IDiode SDS 103 100091 42 CR1,CR3 thry CRS
Diode SDS 101 000 _
. ooz 1o | o2
ﬂml--!_
Capacitor, Tantalum 100312-156 1 | fovi
14 > 1004144790 o R0
15 JResistor, %watt 100111~151 6 R11,12,13,14,15,16 I
16 JResistor, 3 watt Rt el e——
17 |Resistor, & watt B2
18 |Resistor, % watt Rl
19 | Resistor, § watt 11 R5.9 e
20 | Resistor, } watt 100111-153 6 R6
21 ] Wire, Solid Bare 100042-024 15 in,
&2 1 Tubing, Teflon 100274-022 4 15 in
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ASSY, P, W, CAB RIVER MOD # AKS53 DATE 2-10 BMERT 2 OF 2
N — L =
2| Jrrew ova, TITLE DVG. NO, no,ngl REMARES O CET, DES1Q,
S g1 _poard, Printed Wiring 106316 1 )
2 2 % Handle, Circuit Card 100016 1 .
3 &Eyelet, Tubular 103896-016 2
—Jd [ 4 “Etrip, Marker 100197 1
2 5 * Contact, Conn Upper 100097 23
b T‘.E?m;a,g,;. Conn Lower 100098 24
7 ransistor, SDS 216 103242 7 Ql
8 |Transistor, SDS 201 100092 7 Q2
9 Transistor, SDS 209 100697 14 Q3,4 —
10 Ipiade.SDS 103 100091 42 CR1,2,3,5,6,7
11 _IDigode. SDS 10 100022 L YRI
12 |Resistor, 3 watt _100111-330 7 _{| __R8 :q
_13 100111-331 14 R9,RI
_ 100111-392 14 R4, 5
15 100111-5628 7 R2
| _16. 100111 -822 yi R3
.11 e e A#
. _18 FRemtetor——d-wxtt +80+1++-393 ¥ Ré-
19 ] Capacitor, Mylar 100308-103 1 Cc2,3,4,5,1,5-3,5-5,5-7
? 20 | Capacitor, Tantalum 100312-156 / Cl
2l | Wire, Solid Pare 100042-024 32 i
22 | Tubing, Tefion 1oojz74-ozz| 32 i
23 |Resistor, 1 watt 100111-223 14 } R10,12
24 |Resistor, 1 watt 100111-393 7 R1l
.25 |Resistor, 3 watt 100111-680 14 | R6.7
‘
r-v-~-4r
c— e m -1




EEASWD TO NPy

tal

POLARIZING PINS

+25v

-25v

+8v

GROUND

CIRCUIT

A woN

o

=25V

20 24 31 32 36 39
>
$R3 5 R4
Q4
+56V VR
{¢
e RS =
+25v T2V
F CRa
FCRS 2 R8 RO Q?
f CRE
13
vR2
(e
{¢
Ril
-25v
= +25v +8v
Tu
RI2Z S RI3 Ri4
VR3
'y T
=
38 41
25 29
14 18
5 8

0

42
30

naremENcE sEviemaTIaN

I

o7 1A A

TRy

AK54
07234

— 0.

37
26

3




R9- 4- b .
ST 1010} N Pin 1
R9-4 ° ° c ol dlslelsl s

~ A EEzgs 5 O
RII-4 Yol el o] ¢l Tl |% = 0100>] >
Yiotisool |||
R6-4 E_—axm Naerorx

— —_— ()6& 06& [+ 4 (_80 % I vl
R10-4 | | | J 3l

< -

-CR8-40 A S | %2

CR9-3 . " e ° o© ? |
[0

_R5-3 " ! ' ? ?

Ros 003080 ol wlolol 2l ol 2ol |
— 'V‘ o x E &‘ E OQ (2]
RIl-3 R |l | ool ofo] of & &0 5> > =

[ L) 2] oy 1 | I 6 l -
R6-3 x .~ m A‘ 4&7 ©o ~ o©

o Oz e a S8 |
s FEILT 000

-CR8-3-0Q :-: 3 I

CR9-2 N N N s © © b Connector

_R5-2 iy ! ZIX tP p:3

R9-2 ‘E’O SOéO of ol gl el gl ¢ End

: Teiie s (O

—z ool ol glaTylol [ 5855 & |

_rez Eiod ool o
RIO-2 og‘ Ug‘ x 5(55“—2) | ol [

=2 1511 s |2

-CR8-2-0 o o o «

CR9-I s 8 5 < |
—R5-I. < T T % 1|\ p.S i
_R9-1_ éOS S i -l |5
ozt & o
—RI-L_ | - —?—l 5% §| >| z
e B O (5 |

__R6-] &‘Lg.:,g,*gx' |1

e B 500

-CR8-1-0 ¥ n o

e L g & & Pin 47
c4 VR3 —¢ = — « O
— —D> c3

Schmitt Trigger AK54
107234A




DRAWING NO. |REV.
ull I %ﬁﬁ% —_— == ML 1072 34 A
o Assy, P. W,
: D%ﬂﬂc SCHMITT TRIGGER MODEL NO. AK54 DATE 6/12 SHEET 2 _OF _2__
; < ';g" DRAWING TITLE DWG. NO. NO.REQ.| REMARKS ON CKT. DESIG.
N

. E 1 Board, Printed Wiring 107233 1
af™l 2 Handle, Circuit Card 100016 1
—J 3 Eyelet, Tubular 103896-016 2
z 4 Strip, Marker 100197 1

5 Contact, Conn. Upper 100097 23

6 Contact, Conn. Lower 100098 24

7 Transistor (SDS 216) 103242 24 Ql, 3, 4, 5, 6, 7

8 Transistor (SDS 219) 106378 4 Q2

9 Diode (SDS 101) 100025 8 VR1, 2

10 Diode (SDS 103) 100091 36 CR1 thru CR9

11 Diode (SDS 106) 100323 1 VR3

12 Resistor, 1/2 Watt 100111-392 28 R1,2,3,4,6,8,9

13 Resistor, 1/2 Watt 100111-153 12 R5,10,11

14

15 Resistor, 1/2 Watt 100111-821 R13,14

16 Resistor, 1/2 Watt 100111-102 4 R7

17 Resistor, 1/2 Watt 100111-222 R12

18 Capacitor, Tantalum 100312-156 1 Cl

19 Capacitor, Mylar 100308-101 C2,3,4,5

20 Wire,Solid Bare 100042-024 9 ip

21 TubingiTeflon 100274-022 9 ip
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; | l MATERIAL LIST ' eRawine wo. |wev.|
0| 223 ML S
- _ | omawma Assy, PW Shift Register woom wo. —DB50°2 ooy HOS ey 2 oy
:* ITEM ORAWING TITLE DWeE. NO. NO.ABG.] REMARXKS ON CKTY. DESICG.
N e rr——— -
N :‘r.l___!em._&m_mm 11740 1
e 2 Handle, Circuit Card 100016 1
-J |3 Eyelet, Tubular 103896-016 | 2
2 4 Strip, Marker 100197 1
5 Contact, Conn. Upper 100097 23
6 Contact, Conn. Lower 100098 24
7 Transistor, SDS 216 L103z42 10_|Qg1,4,5.6
s Transistor, SDS 220 106781 s ]g2,3,12,138
9 Diode, SDS 103 100091 46 | CR! thru CR46
10 Integrated Ckt, SDS 301 | 108217 9 Al thru A9
11 Resistor, } Watt 100111-332| 5 |R1,2,3,4,29
12 Resistor, } Watt 100111-2221 5 _1R5.,26,31.27.28
13 Resistor, § Watt 100111-153 | 2 R6,30
(14 | Resistor, } Watt 100111-1021 8 IR7.10.13.14,24.25.40. 41,
15 Resistor, } Watt 100111-562 | 4 R8,9.33,34
16 Resistor, } Watt 100111-101}| 8§ R11,16,38, 43,21
17 Resistor, § Watt 100111-822 | 4 12,15,39, 4
18 Resistor, § Watt 100111.122| 2 R20, 19
1¢ Resistor, } Watt 10011}-182 | 1 R17
20| Resistor, } Wart 100113-681 ) 1 lmys
21 Resistor, { Watt §100111-103] 1 |R22
a2 4+ - !
23 Resistor, § Watt Jogllt-3021 3 I1R32,35,23
24 Resistor, } Watt 100111-470 | 2 R36, 37
25 Resistor, } Watt 100111-131 } 2 R44.45
26 | Capacitor, Tapntalum (100312-156 | 2 lcl 10
221 _Capacitor, Mylar _l100308-303} 3 lczae
28 Capacitor, Mica 100107-820 | 4 C5,6,8,9
29 | Capacitor, Mica 100107-221{ 1 c7
J2o 1
+ 131
32

SD8-£-1068

PR



PRAWING NO.

| | C Ol 3 MATERIAL  LIST v
i ) m'_—'E:.‘v—m ML 1117 &) 1=}
z 7 e -A2ey. PW Shift Registar  wesmwo RB30:-2  save 2/9/Seuaar 3 or 3
2IN]| TR PRAWING TITLE swe.n0. |wo.nse.| mEMamrxs en cxr. sesie.
3 :&%’:'-E—_;’—_@%:=*
M B2 Transistor, SDS 217 104389 1 Q7
e 34 Tubing, Teflon 100274-022 | 8 in.
= 35 | Wire, Solid Bare 100042-024 | & in.
2 36 Resistor 100681-161 | 2 R46, 47
37 Diode, (SDS 114) 101711 1 VR1
38 Schematic \MW739 2 | et
39 Drawing List 742 = Ref
40 | Test spec 111743 x  |Ref
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WSSEMBLY, P. W, | 104203
ITRIPLE FLIP FLQP oo # FB52 DATS lZ‘4‘“If 2 OF 2
. — Se——
9 § 1TEN ova, TITLE DVG,NO. |mo,mEq| REMARRS OR CKT, DE3lQ
¥ § 1 [Board, Printed Wiring 104202 1
a 100016
3 103896-016}) 2
—J |4 100197 1
2 5 100097 23
6 Contact, Conn. Lower 100098 24
7 Transistor, SDS 216 103242 21 Ql thru Q4, Q7 thru Q11
8 Transistor, SDS 220 106781 6 Q5,6
9 Diode, SDS 103 100091 2 CR1 thru CR35, 37, 38, 41
10 |Capascites,—dlica— 1-004-09%—2304+—+ -G89y
11 | Resistor, } watt 100111-103] 1 R21
12 apacitor, Mj 21001078200 _© el
L3 JCapacitor, Mylar 100308-1031 3 % C2,3,4
14 Capacitor, Tantalum 100312-156 1 Cl
15 | Resistor, } watt 100111-1021 3 _R25
16 Resistor, i\gggg =5 R17,18
17 istor, % watt 100111-302] 6 5
18 | Resistor, § watt 100111-470] 7 R13,14 ,23
19 |Resistor—d-wete 180HH—t5H——b Riti2
20 | Resistor, } watt 100111-101] _ 6 R7,8
21 1 Resistor. % watt 100111 - 6 R9,10
22 Resistor, i watt 100111-15 6 _R5,6,
23 | Resistor, } watt 100111-33 13 R1,2,3,4, 27
24 | Resistor, } watt 100111-124 1 R22
25 Resistor, ﬁwatt 100111-68 1 _R20
26 | Resistar, §wats 100111-18 1 R19
| 27 | Resistor, 7 watt 100111 -56 1 R24
28 Wire, Solid Bare 100042-02 35 in
29 | Tubing Teflon 100274-024 35 in
30 | Capacitor, Mica ._MQJ_—A_'{# 1 C5_
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H MATERIAL LISTY ove. NO,
w ,?:Sn. TITLE B'D 8 SOIENTIFIG BATA SVETRME ML 104563 "
SEMBLY, P, W. L
NAND, ELIP FLOP. NOD 4 _Fmst  OATEL L SRR e Ol
2. | 1M ova, TITLE DVG,NO, no,ac# REMARES OR CRT, DBSIG,
u. 3 1 Board, Printed Wiring 104562 1
2 1 ) Handle, Circuit Card 100016 1
3 Eyelet, Tubular‘ 103896-016 2 o
- |4 Strip, Marker 100197 1
2 5 Contact, Conn Upper 100097 23
[ eI 100098 4
_'I__ Transistor, SDS 216 103242 16 Ql thru Q3,5,6, Q8thrul3
g -Diode—S5DE+83 106009+——} 99— GRIthew-GR4S—0v - |
9 Capacitor, Silver Mica 100107 -470 8 C5,7,12, ., .- "
| 10! Capacitor, Silver Mica 100107-820 1 2 L —
11 Capacitor, Mylar 100308-103 3 C2,3,4 N
12 Capacitor, Tantalum 100312-156 1 Cl )
13 | Resistor, § watt 100111-470 | 10 R2,6,16,19,28
14 | Resistor, } watt 100111-101 | 2 R14, 22
15 | Resistor, } watt 100111-151 ] 4 | RS, , 27,35, 36
16 | Resistor, } watt 100111-822 } 2 R12,23 _ .
17 ]| Resistor, } watt 100111-681 ] 1 R32
18 | Resistor, } watt 100111-1021 2 | R11,24
19 Resistor, 1 watt 100111-222 1 R34
20 Résiator.‘i watt 100111-302 2 R17,18
21 | Resistor, } watt 100111-332] 10 R1, 5,9, 26, 30,
22 | Resistor, 1 watt 100111-562 ] 2 R13, R21
| 23 | Resistor, i watt _100141-103% 1 R13
24 | Resistor, § watt 100111-223{ 2 R10,25
25 | Resistor, 3 watt 100111-563} 8 | R3,7,29
26 | wire, Solid Bare 100042-024] 18 in.
27 Tubing, Teflon 100274-022 1 18in
28 | Resistor, } watt 100111-121§ 1 R37
29 | Resistor, } watt 100111-182] 1 R31
30 | Transistor, 3DJ 220 106781 2 Q4, Q7
31 Diode, SDS 103 100091 72 CRIl thru CR5 , 7 thrul2, 14
CRI1S, 16,1¢.18.20 thry 30
CR32 thru 38,40 thru 46

S0sS-£-10%
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- 16V - 16V
@] @] o} O O
CIRCYIT | 37 39 43 8 16 17 15 t4
2 36 38 34
PR h 3 A 3
s 12 13 1 z z z z °
6 9 10 8 w w w w 2
CIRCUIT T 4 2 5 = % 5 ;
<@ v o o
L] F -
SIGNAL z 3
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“‘ w +16v z
- - <
3 o z
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RI9 s cr
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R2I O-cris-= O
—R29-6- ¢i-6
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—C6 = s SR-0  _cRa
—r2d CRIS CR“
- RB?_
—C8 —  _CR25_ c ‘ —
CR26 — CRI2
Y a O—CR24. _ FRag —O
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—R23 _ CR2I__ O~ 7
CR 50
_cr 2 “oRe2-0  <R® o
—R3I — —~C3 _
—R24~  O-CRIS4. LR27-4 CRI-4
—es- 8 oriea Yo Cl-4
—R29-4_ CR2T-3
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O-c RI7-3°
—-C5-3- CRIE3-O Cl-3
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—C8%-2—~  -CRI6-20

—R29-2_ 0_9
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—-—C5- | -— -CRIG-I-O

NAND Module 1B52
103884D

Pin 1

Connector
End

Pin 47
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NAND MODULE

N9 # IB5

sva. no. |msv
103884 | D |

sNEET 2 OF 2

ol 3 [1rem ove, TITLE DV, Mo, AEMARES OR CKY, DESIE
3 z» 1 Board, Printed Wiring A1 103883 A
2| T|2—_ [Handle, Circuit Card 100016 1
3 Eyelet, Tubular 103896-016 2
—J 4 100197 1
5 z 100097 23
6 Contact, Conn. Lower 100098 24
1 Transiator (SDS 216) 103242 10 Ql.2.3.4
-8—}Diede {6D8-40H— - ——-——F 100094t 66—} CRi-thru GRI§— - -
3 Capacitor, Silver Mica 1 100107 0 1 CBb.6. 7.8
10
L JCasaciiors Mylar z 3 Clo.lll2
=156 1 .9
13 |Resistor, } watt 100111-332] 10 R17,18,19,20
15 IResistor, & watt 100111-5a3, 10 § R25.26,27.28
(16 | 100111-1510 1 Rl thru 4. 6. 7.8
17 Wire, Solid Bare 100042-024f 10 in, —
18| Tubing, Teflon _100274-0221 10 in,

Diode (SDS 103)

100091

56

CRI1 thru CR14,16,17,18,20, »

1(

22, 23,25 thru 30
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dlw :::..::L:", 8 SeIENVICIe BaTa avevEme ML} ‘ "’. =0 TN:!]
ASSEMBLY, P. W. "l 104556 | E
| NAND MOD #_IB56  DATS_12/4 BKZET 2 OF 2
ol ofrren]  wve, Tima bve.no, [wo,meq] Rexamss ea car, DEs1q,
3 g 1 | 1043353 o - -
g =i 2 Handle, Circuit Card 100016 1
3 Eyelet, Tubular 103896-016 2
—J [ ¢ | strip, Marker 100197 1
=15 Contact, Conn lgper 100097 23 1
6 ] Co [ w 100098 24
1 Irinsistor SRS 216 1 103242 1l Ql
| 8 | Diode, SDS 103 100091 87 R8, CRIO, 11,12
9 100107-470 1l (ol 1
19 WL__J__FW
11 ac talum 100312-1%% ] 1 —
12 L Resistor, | watt 1001}1-151 1 R4
13 | Resistor, } watt 10011)-470 | 11 IR2
14 | Resistor, } watt 100111-332 11 Rl
15_| Resistor, } watt 100111-563 SN §:X)
|16 1 Wire, Solid Bare 100042024 12204 '
17_] Tuding, Teflon 100274-022 | 24 4v-

“wettstend
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Bl hureniat Lisy
:’ Q OV: TITLE ) - DL§- SQIENTYIFIC DATA BVEYEME MLI AL

tsggbgmursnwmm MO0 # 1B57 DATE],/4 .ulgo:: 8: 22
° — R,
2| = |1ven bva, TITLE DVG.NO. | MO, REQ{ REMARKS ©X CKT, DESIQ,
3 i 1 lBea 104487 1
21 ~12___|Handle, Circuit Card 100016 1

3 |Eyelet, Tubular 103896-016 | 2
—J 4 Strip, Marker 100197 1
2 ) Contact. Cann Upper 100097 23

b n onn Lower 100098 _24

7 Transistor, SDS 216 103242 13 Ql thru Q13

e , '

9 |-Biote—SD5103 100094 33 GRI-thru—GRH

10

11 Caracitor ica 100107 -470 5 C5,7,9,11,13

12 > 100308103 3 16 .17 18

13 1003121561 1 C15

14| Resistor, } want 100111-151] 2 R37.38

15 | Resistor, { watt 100111-470] & R18, 22, 26, 30, 34

{16 ] Renistor, 1 want 100)11-332 9 R1,5.9.13.12.21 2%.29.3%, .

17 ]| Resistor, { watt 100111-153 4 R3,8,12,16,

18 | Wire, Solid Bare 100042-024) 10 in

19 1| Tuhinz, Teflon 100274-022) 10 ipn

20 | Resistor, § watt 100111-563] S R20, 24, 28, 32, 36

| 21 | Resistor, } wart looill1-302] 4 R2,6,10, 14

\ 22 Digde. SDS 103 100091 62 CRIl thru 7, 9 thrul5 |

CR17 thru 24, 26 thru 29 _

CR 31 thru 36, 38 thru 44

CR46 thru 51, 53 thru 60

CR 62 thru 68, 70,71

S0s-t=-100
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10 O—
17 O—
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35 O—
40 O—
13
ﬁl
>
b3 at
1 CR4 CRG CR7
Y i
T T T
R3 cs
_.—.MN_A‘__
>
3 R2
CRI CcR2 CR3 }
2 ; 2 L 2 s
-6V
o o © o)
CIRCUIT 1 5 7 [ 2
2 6 7 [] 4
3 3 4 ) °
4 12 ? [] f
5 24 - 25 16
6 27 14 15 18
7 23 14 5 19
8 22 - 2% 2|
9 26 - 28 28
10 31 - 32 30
"33 - 32 34
12 37 - 32 36
13 38 - 43 39
14 42 - 4\




Pin 1

Connector
End

Pin 47

—CRIH4_

—R3-14_

—R242__
—R2-13.

—R2-l—
—RI-2_

—RI-ll—
—RI-3

*-e40-0Q

—CR3-14

—_—C2

—Cl —0

NAND No, 4 IB59
104896D
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:EE 100097 23
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7__|Transistor, SDS 216 103242 14 Ql
| 8 Ipjode, SD5 103 _ 10009} 26| CRIlthry CRg
9 | 100107-479] 14 | C5
10 |Capacitor, Mylar 100308-103 3 G2, 3,4
Ll {Capacitor, Taptalum 100312-1564 1 L Q) —

100111-332] 14 | RI

12 Reliltor‘ iwatt

13 JResistor, 1 watt

100111-563f 14 | 2

l4 I, *nﬂb

100111 -470 14 B3

15 ]| Wire, Solid Bare

100042-024 34 iy

.16 _{ Tubing. Teflon
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ol 2lL_poard, Printed Wiring 104762 ]
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_2_. r 100097 23
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7 [Transistor, SDS 216 103242 19 Ql
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10 |capacitor , Mylar 100308-103 | 2 ClL2
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16 |Resistor, + watt 100111-471 1 R4
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8 SOINTYIFIG DAVA OVETRMO

Mod

RRIVER CABLE INTERFACE #__ NB52

MU

ova, TITLE DVvG, MO,
_L_ 3oard, Printed Wiring 8
¢ JHandle, Circui J10001
3896016

4 97

5 o 97

6 ontact, Conn Lower 100098

7 Capacitor, Mylar 308-103 c2. 3.4
8 Capacitor, Tantalum - ol
9 - 1
10 jJnductor, Molded =24

11 Wire, Solid Bare 00042

12 JTubing, Teflon -

13 iResistig;j. L 100111-102 R2.3
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— R34 _
— R36__
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— R23 _
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— R27__
—R29__
—R3I__
— R33_
—R35 _
— R37__
—R39__
—R4l
—R43_

—Cl —90

Termination Module +4 ZB50
104016A

Pin 1

Connector
End

Pin 47
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- B 100016 1
3 - | . 103896-016] 2
—d | 4 100197 | 1
_2__ 5 100097 23
| 6 Jcontact, Conn. Lower 100098 24
7 Capacitor, Mylar 100308-334 3 C2,3,4
8 |capacitor, Tantalum 100312-156] 1 cl
9 |Resistor, 1 watt 100111-151] 42 R2 thru R43
10 |Wire, Solid Bare 100042-025] 5 in. c
100274-022] 5 in,
-j

$08-¢-100



e

[ Jammm | cenmvve swonsoues | -—— ywn IEEPOI [o—p—
] e2cvol _|a 2587 oo

3TNQONW
NOILYNINY3L 378VD p—
“OJLLYWNIHOS

==

3 22

2

24

| 104329 |c}

LT

POLARIZING PINS!
27

;

l

3

GROUND 44 (- (Li
@ »

R A 3
hiad B s 94N CL TSV ITIY
ma'lad S¥ Nid OL SYNig NOUJ UIdNNr | €
QIAONIY P 91D°92H'¢2Y GIaaY
v
-

[ELERECELT]

2%

26

28

29

3

3

T
i

"
,1,

7
l

?

|

I
L

4

H

17 |

T

L ——O°




R24

R23

R20

RI9

RI6

RIS

Ri2

R8

R7

R4

elololelololelololelolelolo

R28

Ccl

Cla

ci3

cle

(A]]

Cclo

co

cs

c7

ce

Cc5

c4

c3

c2

R26

R25

R22

R21

RIB

R17

R14

RI3

RI10

R9

R6

RS

R2

R27

Pin 1
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End

Pin 47

Cable Termination Module ZB52
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TERMENATIONMODULE . ... MNOD #__ ZB52 DATS 1243 SMERT 2 OF zﬂ|
g| ~[rren ova, TITLE DvG.N0, |wo.nzq| REMaRES om cx?, oEs1e, |
K g 1 Board, Printed Wiring 104330 1 |
g ~}2 _ [Handle, Circuit Card 100016 1
3 Eyelet, Tubular 103896-016] 2
—J |4 Istrip, Marker . 100197 1
E 5 Contact, Conn. Upper 100097 23
6 Contact, Conn. Lower 100098 24
7 Cavecitor—Myins 100308103 +—14 -GI-th e Gio—
8 Capacitor, Tantalum 100312156 14 Cl,thru Cl4
9 Resistor al 100680-330] 2% | Rl thru R2§
10 |Wire, Solid Bare 100042-024] 1 in
11 |Tubing, Teflon 100274-022] 1in
-+2—Piate;—Heatsink— TOUSTS— e
13 [Heatsink (Extruded) 106579 1
14 ‘ Plat P mng]z-;nﬁ 2
15 Washer, Flat 100018-30 2
16 | Washer, Lock Int Tooth 100024-301 2_
17 |Nut, Hex Machine 100008-30 2
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— R3I__
— R33_
— R35 __
— R37_
—R39_
—R4| _
— RA3__

— ¢l o

Termination Module ZB55
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Pin 1

Connector
End

Pin 47
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‘ x5 T 3 S
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R24

R23

R20

RI9

RI6

RIS
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Pin 1

Connector

End

Pin 47

Cable Termination Module ZB73
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i< DS MATERIAL  LIST ML SRAwING NO. |mav.
TPl Data svaTENS m——————————= 111991 A
0 Assy, P.W, Cable i
2| | °¥we -IerminationModule  woom mo ZBI3 oar@lL/65 quger2 or _2_
§ §F"~=“ DRAWING TITLE owse. no. luo..u. REMARKS ON CKT. OESIG.
<| Z[4 [ Board, Printed Wiring 104330 1
° 2 | Handle, Circuit Card 100016 1
—J [ 3| Evelet, Tubular 103896-016] 2 T
2 4 Strip, Marker 100197 1
S Contact, Conn. Upper 100097 23
[ 6 | Coniact, Conn, Lower 100098 24 |
1 Capacitor, Tantpium 100312-154 14 Cl thru Cl4
p | ‘ 1 Fiim -130 R1 thru R28
9| Wire, Solid Bare 1ooo¢z-ozﬂ lin '
10 Tubing, Teflon 100274-02 lin
11 106579 1
_12| Screw, Fiat Hd. Phillips 100012-301 2
| 13 | Washer, Flat 100018-304 2
14 | Washer, Lock Ini. Tooth 100024-304 2
15 | Nut, Hex Machine 100008-30¢ 2
16 | Schematic ' 113043 x ref
17 | Dwg List 113044 = ref
18 | Test Soec x ref
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