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eface

At the moment this report is written, we have an ALEPH compiler
ng happily on a CYBER under SCOPE 3.4.1. This ALEPH compiler
ates COMPASS, the assembly language of the CYBER.

ALEPH was designed by people working on the ALGOL 68 compiler at the
matical Centre. The most important task of the ALEPH compiler is to
le this MC ALGOL 68 compiler, which is written in ALEPH. The ALGOL 6

is trying to develop a both portable and adaptable compiler for the

language ALGOL 68.

A necessary condition for reaching this honourable goal is to have a
ble and adaptable ALEPH compiler as well. The present ALEPH compiler
not meet this end, and therefore it is being rewritten to establish a

interface between its machine-independent and its machine-dependent

Roughly speaking, the machine-independent part of the new compiler
sts of a parser and a semantic analyzer; the machine-dependent part
sts of a code generator. The interface between these two parts
nts itself as an intermediate code. This intermediate code, called
., can be considered the ultimate machine independent stage in the
lation of ALEPH to machine code.

In a first version of the ALEPH compiler on a new machine, ALICE is
utput of the semantic analyzer, that is, it is written on a file and
by a translator from ALICE to machine code. In a more progressed
on ALICE is merely a set of calls to code-generating routines. More
sely, the semantic analyzer ends with calls to code generating
nes, which in the first case simply copy the call to a file and in th
id case generate code for a particular machine.

Although this report is primarily meant for installers of the ALEPH
ler, who must be familiar with ALEPH [1], it is self-contained. A
.r informal and incomplete introduction to ALEPH is given below.
.er one of this report describes the role of ALICE in the compilation
'ss from ALEPH to machine code in detail. Chapter two describes the
it of the ALICE statements and the character set in which ALICE
‘ams are written. Chapter two also mentions some programming tools
| can be used to to facilitate the translation from ALICE to machine

Chapter three contains a complete description of the various

:ructions in ALICE.




(nformal and incomplete introduction to ALEPH

For those not intending to implement ALEPH and unfamiliar with it, a
informal and incomplete introduction into its use now follows.

ALEPH is a simple programming language, based on two features:

romposition by means of a procedure mechanism. Procedures are called
3" in ALEPH.

:cification of alternatives within a rule. "

ALEPH originated from the idea that a context-free grammar can be

1s a programming language, such as in the recursive descent parsing
l. For instance, the grammar for strict binary trees in parenthesized
notation: '

'

terminal node;
open symbol, tree, non terminal node, tree#
close symbol.

1al node : letter.

:rminal node letter.

: considered to have the following meaning:

is a tree:

if there is a terminal node

if there is an open-symbol, followed by a tree, followed by a
non-terminal-node, a tree, and a close-symbol.

An ALEPH program is a set of "rule declarations" and '"data

ations'". Just as in a context-free grammar, there is one starting
called the "root" of the program. The root calls one rule, which
other rules, and so the ALEPH machine comes into action. A rule

ts of a number of "alternatives'". An alternative consists of a number
mbers". A member is either a language primitive, such as an

ment, or a call to another rule.

The first member of an alternative can be considered as the key to
lternative: if the key fits the other alternatives are no longer of
st. To be able to serve as keys, members can fail or succeed. A
succeeds if the rule it calls or the language primitive it

ents succeeds. A rule succeeds if one of its alternatives applies and

mbers of that alternative succeed. A rule fails either if no

ative applies or if an alternative applies but one of its members
Some rules do not have to be declared, but can be considered as

in. Their names are known to the ALEPH compiler. These rules are
external rules. The recursive definition of success or failure of a
does not loop because of the existence of the extermal rules and the

ge primitives.




For some rules in a program there will always be an alternative that
's: these rules cannot fail. Therefore rules can be divided in" two
.+ those that can fail and those that cannot.

There is another criterion that divides rules in two groups: rules
'r have no "side effects'". A rule has side effects if it changes the
mment (global data).

The division criteria can be combined, yielding four groups of rules:

1il, has side effects : “predicate’
1il, has no side effects : “question’
. fail, has side effects : “action’

. fail, has no side effects: “function’

This information about a rule is given by the programmer and checked
» compiler. '

Communication between the members in a rule and between callers and

| rules is done by parameters, called "affixes". Besides "formal"

18 a rule has "local" affixes for scratch pad purposes. Formal

1s are either prefilled at call entry (input parameters), or used by

1ller upon return (output parameters), or both (input-output

sters). Local affixes are uninitialized at call entry. If the rule

. the caller will not need the values of the output affixes: they will
ren be passed back at call exit.

As an example, part of a program that reads a sequence of numbers anc
3 their sum is showed.
read and print.
»n’ read and print - sum:
read + sum, print + sum.
o’ read + res>:

number + res, rest numbers option + res.

>»n’ rest numbers option + >res> — nmb:
comma symbol, number + nmb, plus + nmb + res + res,
rest numbers option + res;
+.

>n’ number + res>:

get int + input file + res;
error + bad number, 0 -> res.




nt + >number:

int + output file + number.

uses connect the affixes to the rules.
The right arrow in front of "res" in
at "res" is an input affix. The value
ill be copied to the formal affix of t
at the back of '"res" indicates that at

to the actual affix of the caller.

cal affix "sum" in "read and print" is
the declaration of "read" it follows
1", After the call of "read", "sum'" i

at",

at" is an external predicate. The pro
the exceptional case end of file. "0
zht have been expected.

restricts itself to integer data and s
st be initialized upon declaration. §
: top elements may be added, inspected
2y have the following properties:

its can be reached; thus the stack ca
ments can be removed; thus the stack

inus signals a
numbers option"
actual affix of
led rule. The

2xit its value will

tialized at the
t will return a
ialized and can be

r is forced to
" assigns 0 to

>f these. Global
1ave the usual
amoved. In

1S an array.
: as a queue.




e role of ALICE in the compilation of ALEPH programs

Splitting up the ALEPH compiler

The aim is an ALEPH compiler that can run on a variety of machines
able) and that can generate code for a variety of machines
table).

It is clear that the code generator of a compiler belongs to the

1e dependent part of that compiler, provided that all optimizations
can be done machine independently are not considered as part of the
zenerator. In most compilers, however, the code generator is not the
’art that contains machine dependencies. The first ALEPH compiler,
i1stance, had this regrettable quality. In the new version of the
compiler all machine dependencies are located in the code generator.
is necessary to adapt the ALEPH compiler easily to generate code for a
achine.

The machine dependencies should not only be grouped together in one
2, but this module must be easily separable from the rest of the

ler as well. This implies that a clear interface between the machine-
andent and the machine-dependent part is another necessity for

>ility and adaptability.

The ALEPH compiler consists of the following parts:

1l analyzer and parser,
tic analyzer and machine-independent code generator,
1e—dependent code generator.

The lexical scanner and the parser make up the first scan, while the
tic analyzer and the machine-independent code generator form the

1 scan of the compiler. These two scans will not have to be changed

the compiler is moved to another machine. They are written in ALEPH.

is a vital property, and enables the machine independent part of the

Ler to be moved just as any other machine independent ALEPH program.

2sign of the ALEPH compiler will be described elsewhere.

The output of the second scan consists of a machine-independent
nediate code called "ALICE". This code can be thought of as the

>ly language of an abstract machine. The machine-dependent code

ator translates ALICE to machine code and must be rewritten for every
achine. It must therefore be easy to translate ALICE to various kinds
chine codes. The format of ALICE must be simple enough to be

lated by a macro-processor or macro-assembler,

The ALICE statements must deliver information to the machine-

lent code generator when the machine-dependent code generator needs
information, so that ALICE macros can be processed one by one.
tunately, this need varies from implementation to implementation.

is therefore a rather redundant language. ALICE programs must be, on
cher hand, manageable in size and not all the needs for future




lentations can be predicted. It is impossible to supply each bit of
ation where it might be needed by an implementation. Some trade-offs
de, whether on purpose or not.

The need for the machine-dependent code generator to be easily

ble from the rest of the compiler lays two obvious requirements on
The first one is that ALICE has to serve as a one-way information

r from the second scan to the machine-dependent code generator. The
is that ALICE is the only interface between the second scan and the

e-dependent code generator.

These two requirements guarantee that no information about the

e can be used by the second scan and that the machine-dependent code
tor uses no global data from the rest of the compiler. This ensures
he translation from ALEPH to ALICE will not introduce machine

encies and that an ALICE text can be translated without further

nce to the original ALEPH text.

These requirements have not been easy to fulfil. The evaluation of
sions, for instance, must be postponed until machine-dependent code
tion, because some values are machine dependent quantities. This, of
, has its effect on both ALICE and the first two scans of the

er.

The alternative, on the other hand, seems even worse. If information
the machine and the implementation can flow back from the machine-
ent code generator to the second scan, the uniqueness of the ALICE
ation of an ALEPH program is lost. For every different target machine
erent ALICE would have been created. This could cause a discouraging
ck loop between host machine and target machine. Furthermore, if the
e-dependent code generator were to use global data from the rest of
mpiler, it would become impossible to put ALICE, the interface

n them, on a file and send it to a new machine.

orting an ALEPH program to a new machine.

Suppose that a program written in ALEPH has to be ported to a new

e which has no ALEPH compiler available. The program is translated
CE and written in a standard format, on some information carrier such
agnetic tape. Together with this program, other software to make
otstrapping as easy as possible, is ported. To pass this stage of the
g process smoothly, the character set of ALICE is kept to a bare

m [2].

To run the ALICE program on the new machine, a translator from ALICE
hine code and a suitable run-time system have to be constructed by
staller. The installer has to make decisions about the evaluation of
sions, the data-representation, the allocation of tables and stacks,
lling mechanism and the passing of parameters. These decisions will
luenced by the architecture of the new machine, the ALEPH program(s)
ave to be run, and the amount of time the installer has available.




If the machine is small or the ALEPH programs to be run are going to
large tables and stacks, the installer may have to provide a means for
ating tables and stacks on background memory. The installer may decide
nerate very compact code that has to be interpreted by a small driver

is part of his run-time system, to keep the storage needed for the
as small as possible.

The first implementation may be inefficient but easily set up. The
ller can, for instance, decide to use the ALICE to FORTRAN translator
en in FORTRAN, which will be part of the software sent along on the

If he does this, a lot of decisions do not have to be bothered about
re, and all that has to be done is getting a big FORTRAN program
ng. The code derived this way will be very inefficient only acceptable
first bootstrap.

The first ALICE-to-machine-code translator may be realized by means
macro-processor. This will make the translation easy as long as the
ller does not want fancy optimizing, which requires reading of a
r of ALICE statements together, code motion or other tricks.

The T-diagrams below describe the various stages which the
mentation of an ALEPH compiler on a new machine has to go through.

ALEPH ALICE ALEPH ALICE
-> -2
ALEPH || ALEPH  ALICE || ALICE

The translation of the ALEPH compiler on the host machine to get the
version of it is sketched above. This ALEPH to ALICE compiler in
will be sent to the target machine.

ALEPH ALICE ALEPH ALICE
- ->
ALICE | |ALICE tmec tmc
->
APR
APR
T
T

NS
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The above T-diagram exemplifies the translation of the ALEPH compiler
: target machine by an ALICE processor (APR), to the ALEPH compiler

:n in target machine code (tmc). APR might be a macro-processor fed
ippropriate macro-definitions. Together with a suitable run-time

0 this will give a first version of the ALEPH compiler:

ALEPH  ALICE
->
T

The first version of the ALEPH compiler will generate ALICE. So for
ALEPH program to be translated to machine code the ALICE processor is
1:

F F
ALEPH ALEPH ALICE ALICE ALICE tTSJ
, ->

->

T ) APR

T APR
\/ T
T

NS

This process can be cut short by changing the machine-independent
jenerator of the ALEPH compiler (still generating ALICE) into a
1e-dependent one, generating tmc. How this change has to be made is
by the ALICE to tmc translator, which is already written and tested.
vill give a final version of the ALEPH compiler on the new machine:

ALEPH tmc
->
T




tline of ALICE

ALICE grammars

In the sequel of this report, context-free rules are used to describe
ormat of ALICE statements. The fancy way to describe the format of
context—free rules is of course by writing a context-free grammar for
but let us keep things simple. The context-free rules consist of a
hand side terminated by a colon and a right hand side terminated by a
d. The alternatives of a right hand side are separated by semicolons
he notions making up an alternative are separated by commas. Notions
st of letters. Square brackets around a phrase (a piece of an
native) are shorthand to indica;e two alternatives: one with the
e and one without it, so

: b, [c, d], e.

: b, ¢, d, e;
b, e.

"

Terminal notions are those ending with "symbol", such as "end

1", and the notions:

acter", "end of line", "string'", "integer'".

Terminal notions ending with "symbol" are represented by three-letter
A string is a sequence of characters surrounded by quotes; a quote
n the string is represented by a quote-image (two quotes). An integer
unsigned sequence of decimal digits. Comments in the grammar are
unded by dollar tokens.

There are two context—-free grammars describing ALICE. The first one
very simple grammar, which defines ALICE as an almost unstructured

nce of macros. This grammar does not define the order in which the

s will occur and the language produced by this grammar is therefore a
set of ALICE. It still is a useful description of ALICE because it may
as a guide for the writing of a set of macro-definitions for a
-processor that is, in most cases, going to be the first translator
ALICE to target machine code. In other words, there is a one-to-one
spondence between the macros of the first grammar and the macro-
itions in the macro-processor version of the ALICE translator,

The second grammar is more complicated, because it describes the
ture of ALICE and the order in which the macros can occur. This

ar is written to define ALICE precisely and to make the meaning of the
us macros understandable. Together with the other sub-sections of

on 3, this grammar is the ultimate description of ALICE.
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'he format of ALICE macros

ALICE statements are sometimes called macros in this report, even
\ processors other than macro-processors may be used to translate

An ALICE statement consists of a macro name possibly followed by a
and a number of parameters separated by commas. One macro is written
ne, or card or record. The macros are delimited in a medium dependent
n the grammar it says that macros are delimited by ‘end of line’s,
'r every system this may mean something different.

es;

wige Blumenkraft"
c

,gtc,2,0,15

a

This format has been chosen because it is easily adapted to the
demanded by most macro-assemblers. It is inevitable that some

lers will already use macro names of ALICE. Solutions for these

ms must depend on the local circumstances. One could, for instance,
to prefix all ALICE macros with some special character or to change
f the macro names of ALICE by means of an editor.

General-purpose macro-processors, such as ML/l and STAGE2, also find
ormat easy to digest. In ML/1 [3] a macro can be used to describe the
ter structure of the parameter part of all macros (the macro called
s" in section 2.6). This macro definition makes the other macro
tions look less sloppy. ML/l does not consider ‘end of line’ as ‘end
ro’. It is therefore possible to group ALICE macros in one macro
tion in ML/1. 1In STAGE2 [4] every macro is supposed to be written on
ne. There is no problem with the absence of a special “end of macro’
ter, since STAGE2 accepts ‘end of line” for this.

The first ALICE-to-pdpll/45-assembly-language translator was written
1 without problems. This was done while ALICE was still changing
ntly. ML/1 was chosen, first, because it was available and second,

e it is easy to change the delimiter structures of macro definitions
1. Once ALICE had been stabilized, an ALICE-to-assembly-language
ator was written in a high-level language, because large ML/I

ms are hardly readable, let alone self documenting and, because ML/I
ms run slowly and demand lots of storage.




Features needed to translate ALICE

It is not enough for the ALICE translator to process single macros
endently, because some of the macros communicate with each other. The
lator has to keep track of this communication. In all cases but one,
ad number of macro-time global variables (a macro-time variable is a
ble of the ALICE translator) can serve this purpose. The exception is
ommunication between evaluating expressions, declaring constants and
ring to them in executable code. The feature needed to handle this
a macro-time symbol table, will be discussed now.

Roughly speaking, an ALICE program consists of three parts:

Lues
ta
les

In the ‘values’ part all expressions are evaluated and information to
istrate lists and files is gathered. Both expression evaluation and
athering of this information can be done at macro time (when ALICE is
lated) and therefore no assembly code has to be generated for it. The
processor has to store the values and use them later on when macros
3ing to the “data’ and ‘rules’ part are translated.

The ‘data’ part declares all constant sources, variables, lists,
1l list contents (called list filling), and the administration
cures for lists and files. Constant sources are constant actual
aters of calls.

Example:
ler the following piece of an ALEPH program:
:ant’ char distance = /1/ - /0/,
character 0 = /0/.
»n” print digit + >digit - int - char:
times + digit + char distance + int,

add + int + character 0 + char,
print char + char.

In the ‘values’ part of the ALICE equivalent of this program the
ssions "/1/ - /0/" and "/0/" will be evaluated:
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The first two macros are character-denotation macros. They demand a
rsion from character to integer of their second parameter. The value
>btained will be referred to by their first parameter. The third macro
is a subtraction of the two values just obtained, the result of which
e referred to by its first parameter.

In the ‘data’ part two constant sources corresponding to ''char

ace" and "letter 0" will be declared. These constant sources have
calculated in the ‘values’ part. The first parameter of these macros
for the name of the datum, while the second refers back to values:

5
5

»3

In the ‘rules’ part the ALICE code for the constant actual parameter
e affix form "times + digit + char distance + int" will consist of a
referring back to both the ‘data’ macro "css 2,3" and the “values’

"sub 3,1,2" involved:

'-’233’-—-

One way to translate these macros is to build up a symbol table while
ssing the ‘value’ macros, to generate assembly-language data

rations for the “data’ macros, and to refer to these declarations in
ode generated for the ‘rules’ macros. In this scheme the “rules’

s cause no problems because the parameters give all information that
eded. How to handle the communication between the ‘value’ and “data’
s will be shown below for both ML/1 and STAGE2.

In ML/l dynamically defined macros have to serve for building the
1 table. Character-to-integer conversion is not a primitive available
/1, so this has to be done by means of macro definitions, such as:

chtointO as 48
chtointl as 49

STAGE2 offers exactly the primitives needed for character conversion
ymbol table manipulation. For the latter the associative addressing
pt of STAGE2 can be used.

An example of an ML/l version and a STAGE2 version of the macro-
itions for the macros with macro-names 'chd", "int", "sub" and "css"
ven in section 2.6.




The character set

Suppose a program written in ALEPH, say an ALGOL 68 compiler, has to
rted to a new machine and that this program contains all sorts of
characters like broken backslashes and so on. How should this
am be ported to the new machine?

Not in ALICE but in ALEPH! (section 1.2)

For one thing, when an ALEPH program is translated to ALICE it tends
come very big and almost unreadable for human beings. So if one can
porting programs in ALICE, one had better avoid it.

There is one program that must be ported in ALICE: the ALEPH
ler. Apart from the compiler and test programs for the ALICE system,
LEPH programs to be ported will be ported in ALEPH.

The first thing to do is to implement the ALEPH compiler on the new
ne. The ALEPH compiler doesn’t contain characters other than the
hy” ALEPH characters and newlines. The fifty-six worthy ALEPH

cters are:
o Z
o9
ce

sy o /T ()] -y =<>8#

This set of worthy ALEPH characters is a proper subset of the worthy
68 characters [5], and also a subset of ASCII and EBCDIC. ‘end of
is no worthy character because on some installations it isn’t even a
cter.

If ALEPH programs are to be compiled on the new machine this set of
y ALEPH characters is the minimal set needed.

If the new machine can’t provide this minimal set or a reasonable
alent, special machine dependent arrangements are needed, because the
version of the compiler contains the characters of the minimal set
lso, because some character code has to be chosen for representing the
y characters in the ALEPH programs that will have to be compiled in a
stage, anyway. These problems are very machine dependent and can
be solved at the new machine.

The character set needed for ALICE is identical to the character set
d for ALEPH. Therefore the ALICE version of the ALEPH compiler does
ive rise to additional problems as far as the character set is
rned.

Now let us suppose that the ALEPH compiler has been installed and the
ler still generates ALICE. ALICE plays a different role now: it

s as an interface between two parts of the compiler, running on the
machine. ALICE might only have survived as a set of calls from the
generating routines that have become part of the second scan.




At this stage the ALGOL 68 compiler, written in ALEPH, can be ported
e weird characters belong to the character set available on the new
ne, they can be transferred via ALICE in exactly the same way the
y ALEPH characters will be transferred. If they cannot be read in,
escape mechanism has to be designed for them.

But this is not a problem on the ALICE level, so in ALICE we shall
other about it. It does not help to distribute the problem of the
characters over all phases of the compilation process and it is
inly impossible to solve this problem for all character sets on all
nes.

In the sequel we shall assume that the only characters in ALICE
ams that are to be ported to new machines are the worthy ALEPH
cters and that the characters in the ALICE interface between two

of a compiler on one machine are the characters available on that
ne.




The simple ALICE grammar
nents such as this one are surro by dollar tokens$
JE terminal symbols repr tion $

ro names$

symbol;

1 file adm symbol;

id symbol;

5 begin symbol;

5 end symbol;
denotation symbol;
zant source symbol;
mnication symbol;

a reg symbol;

from input gate symbol;
v reg symbol;

le symbol;

file adm symbol;

lList symbolj;

symbol;

7alues symbolj;

symbol;

Zcall symbol;

scall symbol;

:able length symbol;
:able decl symbol;

111 end symbol;

scall id symbol;

fcall id symbol;

1sion call symbol;
1sion copy symbol;
1sion end symbol;
1sion id symbol;

1le decl symbol;

tail id symbol;

>w symbolj

L symbol;

5 box id symbol;

:lass box symbol;

w reg symbol;

ted input parameter symbol; $
ted output parameter symbol;$
: gate symbol;
symbol;

Iill symbol;
symbol;

L symbolj;
symbol;
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adm symbol;
symbol;

global symbol;

stack var symbol;
constant symbol;
limit symbol;

list elem symbol;
stack var symbol;
variable symbolj;
symbolj;

est constant symbol;
ply symbol;

id symbol;

ical symbol;

t gate symbol;

ar symbol;

am id symbol;

re to output gate symbol;
symbol;

2 line symbol;
symbol;
frame symbol;
symbol;

variable symbol;
list element symbol;
stack var symbol;
length symbol;

fill symbol;
act symbol;
35s tail id symbol;
t stack frame symbol;
tk and return symbol;
>le symbol;

>ounds symbol;

value symbol;

w W  w

neters$
symbol;
symbol;
E line;

neters$

ine symbol;
Line symbol;
line symbol;
ige symbol;
1ar symbol;
s5ize symbol;
it symbol;
1t symbol;
ize symbol;
-tag symbol;
-tag symbol;
ldr symbol;
1dr symbol;
length symbol;
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ymbol;
symbol;
symbol;

ag symbol;
symbol;

symbol;

1 symbol;
symbol;

symbol;

symbol;

symbol;

symbol;

symbol;

symbol;

symbol;

symbol;

symbol;

symbol;

n symbol;

andom symbol;
2al random symbol;
symbol;

int symbol;

¢ int symbol;
invert symbol;
ind symbol;

>r symbol;

tor symbol;

:irc symbol;
circ symbol;
clear symbol;
:m symbol;

1e symbol;

Llse symbol;

lem symbol;
elem symbol;

:t bits symbol;
true symbol;
yool symbol;

¢ bool symbol;
:ii symbol;
1scii symbol;
string symbol;

¢ string symbol;
; elem symbol;

; length symbol;
‘e string symbol;
:k string symbol;
)us string symbolj
rmbol;

symbol;

)us symbol;
.ength symbol;
:k symbol;

:k to symbol;




ue symbol;
ch symbol;
ine symbol;
ine symbol;
har symbol;
har symbol;
tring symbol;
nt symbol;
nt symbol;
ata symbol;
ata symbol;
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unq
scr
gln
pln
gch
pch
pst
gnt
pnt
gdt
pdt

;W
R IR R R R R RV I Vs

r primitives used as parameters$

g5

cter;
er.

program

s information

Scharacter sequence

delimited by quotes

quotes in the string are represented by
quote images ("") §

$§digit sequence$

: program id symbol, sp, string, el,

$title string$
status information,
values, :
end values symbol, el,
data,
communication area, Sends data declarations$

rules,

end symbol, sp, string, el., $title string$

: space symbol.

comma symbol.

: end of line.

status symbol, sp,
integer, co, S$maximal stack frame$
integer, co, Smaximal gate size$
integer, co, $number of locations in value table$
integer, co, $number of variables$
integer, co, S$number of files$
integer, co, S$number of breathing lists$
integer, co, S$number of non-breathing lists$
integer, co, $background:

0: No lists on background

l1: Lists on background$




.eger, el. Sdump:
0: no dump
1: rule dump
2: global dump
4: member dump$

1es ue, [values].

1e . symbol, sp, location, co, integer, el;
tifest constant symbol, sp,
:ation, co, manco, el;
ir denotation symbol, sp, location, co,
iracter, el;
'ing length symbol, sp, location,
integer, el;
. table length symbol, sp, location,
, string, el;
irator, sp, locatiomn, co,
.ref, co, valref, el.

20 7 line symbol;
1e line symbol;
st line symbol;
/ page symbol;
¢ char symbol;
:d size symbol;
¢ int symbol;

1 int symbol;

: size symbol;:.
mma-tag symbol;
ice-tag symbol;

1 addr symbol;

¢ addr symbol;

ct length symbol;
L symbol.

rator 1 symbol;
>tract symbol;
Lltiply symbol;
7ide symbol.

ation eger.

ref —eger.,

r teger.

a ta item, [datal.

a item istant source symbol, sp, repr,

, valref, el;

st symbol, sp, repr, co, list type, co,
lref, el;

i list symbol, sp, repr, co,

st type, co, valref, el;

t £i11 symbol, sp, valref, el;




23

ing fill symbol, sp, string, el;

low symbol, sp, valref, el;

lable symbol, sp, repr, co, valref, co,
’y COo, string, elj;

in file adm symbol, sp, file info, el;
file adm symbol, sp, file info, el;
irrical symbol, sp, valref, co, valref, el;
iter symbol, sp, repr, el;

. adm symbol, sp, list info, el;

:rnal table decl symbol, sp,

. info, co, string, el.

's CO, integer, co, valref, co,
‘ef, co, valref, co, valref, co,
‘ef, co, repr, co, string.

's CO, integer, co, integer, co,
s €O, string, el.

wnication symbol, sp,
s CO, repr, co, repr, co, string, el,
us information.

s, [rules];
, [rules];
itive, [rules];
meter, [rules].

ule decl symbol, sp, repr, co, extag, el;
symbol, sp, string, el;
id symbol, sp, repr, co, integer, co
ger, co, string, el;
k frame symbol, sp, integer,
integer, el;
ess tail id symbol, sp, repr, co,
ger, co, integer, el;
ut gate symbol, sp, integer, el;
ack and return symbol, sp,
ger, co, integer, co, return type, el;
tail id symbol, sp, repr, co,
ger, co, integer, el;
from input gate symbol, sp, formal, el;
ore to output gate symbol, sp, formal, el.

symbolg
e symbol. -

tag symbol;
r symbol;
symbol;

am symbol;




5 symbol;
us symbol;
les symbol;
r symbol;
r symbol;
s symbol;
.q symbol;
e symbol;
.q symbolj;
al symbol;
eq symbol;
dom symbolj;
random symbol;
real random symbol
t symbol;
k int symbol;
ack int symbolj;
invert symbol;
and symbol;
or symbol;
xor symbol;
circ symbol;
ht circ symbol;
ht clear symbol;
elem symbolj;
true symbol;
false symbol;
elem symbol;
ar elem symbol;
ract bits symbol;
st true symbolj;
k bool symbol;
ack bool symbol;
ascii symbol;
m ascii symbol;
k string symbol;
ack string symbol;
ing elem symbol;
ing length symbol;
ipare string symbol;
tack string symbol;
vious string symbol
. symbol;
:t symbol;
vious symbol;
't length symbol;
tack symbol;
‘tack to symbol;
ueue symbol;
‘atch symbolj;
. line symbol;
. line symbol;
. char symbol;
. char symbol;
. string symbol;
. int symbolj;

e e

(ns




itive

ound
ound
mize

neter

int symbolj;
data symbol;
data symbol.

1 id symbol, sp, repr, co, integer, el;
ut gate symbol, sp, integer, el;

get stack frame symbol, sp, integer, co,
eger, el;

11 symbol, sp, repr, el;

11 symbol, sp, repr, co, repr, el;

k symbol, sp, repr, el;

scall id symbol, sp, repr, co, extag, el;
fcall id symbol, sp,

r, co, extag, co, repr, el;

scall symbol, sp, repr, co, stag, el;
fcall symbol, sp,

r, co, extag, co, repr, el;

call end symbol, co, repr, el.

> symbol, sp, repr, el;

rce line symbol, sp, integer, el;
5s box id symbol, el;

5s box end symbol, sp, repr, el;

5s begin symbol, sp, repr, co,
imize, el; _

5s end symbol, sp, optimize, elj;

2 bounds symbol, sp,

>ound, co, maxbound, co, repr, el;
2 value symbol, sp, repr, co, valref, co,
t, el;

:nsion id symbol, elj;

:nsion call symbol, el;

:nsion copy symbol, sp, formal, el;
:nsion end symbol, sp, repr, el;

: symbol, sp, repr, co, valref, el;
21 symbol, sp, repr, el.

:y co, valref.
:, co, valref.
> symbol;
se symbol.

7 v reg symbol, sp, formal, el;

7 a reg symbol, sp, formal, el;

lv constant symbol, sp,

*y co, valref, el;

lv variable symbol, sp, repr, el;
:xed input parameter symbol, el;

lv list elem symbol, sp, integer, el;




7 limit symbol, sp, integer, el;
7 stack var symbol, sp, integer, el; -
1 global symbol, sp, repr, el;

1 stack var symbol, sp, integer, el;

7 symbol, sp, formal, el;

'2w variable symbol, sp, repr, el;

ted output parameter symbol, elj;

2w list element symbol, sp, select, el
2w stack var symbol, sp, integer, el;
w reg symbol, el.




Example: ML/1 and STAGE2 symbol table usage

In this example the macro-definitions for t
, "int", "sub" and "css" (which need a symbo
each other) are given in both ML/1 and STAGE
al macro "eval( )" is needed to evaluate p

parameter of a macro call.

'l
P mt, []
params
1 opt , nl or nl all]
chtintO as 48
chtintl as 49
chd params
cdefg sym!al. as chtint!aZ2.

int params
cdefg sym!al. as !a2.

sub params
cset tl = eval( sym!a2, ) - eval( sym!a3. )
g symlal. as !tl.

eval with ( )
cdef temp as !al.

css params
lal.: eval( sym!a2. )

If we feed ML/l with these macro definition
s:

wN — O -

v v v v v

t the following result:

ros wit
2 to cc
the MI
of text

the fol

'0 name
.ate
'sion,

L are

ALICE




The STAGE2 version of the same definitions

) (+=*/)

5
de

3,9
- x“10 store “28$

35858

- x’10 store eval x"20-x"30$

3,8,
- x’10 store “20$

- § store $.
- § store eval $.

- ‘10 store “24$

359
’10,x°20$

$,9.
7218

To prevent STAGE2 from giving 1 message, it 1lted
.citly, for instance by means of JICE end macr 1ing
i2 with these macro definitions 2 macros:

12 gives the same result as ML/l .




iscription of the various constructs of ALICE

Values

The only primitive data types in ALEPH are integer and string.
:ssions can assume only constant integral values. So one could expect
at the stage of ALICE generation, all expressions have been shrunken
1lues and that, for example, in ALICE a constant will be declared as
WS 3

‘representation of the constant>, <value of the constant>
However, at a closer inspectioﬁ of constant declarations in ALEPH on
» upon machine dependent constructions such as:
tant’ two power 32 = 256 * 256 * 256 * 256,
tant’ cap = /A/ - /a/.
tant’ middle = (>>table - <<table) / 2.

e’ messages = ("MEDIUM" : mclw).

All four constants declared above (two power 32, cap, middle, mclw),
trate a different kind of problem for a machine independent ALEPH
ler. These problems are:

e range of integer values;
e character code;

e division of the address space into virtual address spaces;
LEPH MAN 4.1.4]

e number of machine words occupied by a string of a certain
ngth.

ALICE provides the possibility for all expressions to be evaluated a
time, for the obvious reason that most programs are more often
.ted than compiled. ALICE would have been simpler if the expressions
evaluated at run time., But then the ALEPH compiler would be
icient and would generate inefficient code.




1 The range of integer values,

The host and target environments each have ranges of integer values
they can handle. Such a range depends on the word size of the machin
on the number of words the installer decides to allocate for an
ger. These ranges can influence the evaluation of expressions.

One scheme for expression evaluation is:

s much calculation as possible on the host machine. When the host
ine can no longer handle the value of the expression because of machi
ndencies, send the intermediate results to the target machine. On th
et machine the final evaluation has to be done.

This is unnecessarily complicated.

Because the host machine cannot do the complete evaluation of the
essions, no calculation at all will be done at the host machine. The
e of integer values of the host machine no longer plays a role. All
gral denotations are handled on the host machine as strings of digits

have to be sent to the target machine.

The ALICE processor on the target machine must be able to evaluate
expressions. To this end a very simple expression language has been
d to ALICE. By means of this expression language the four problems
ioned above, can be solved.

ax:

value definition;
calculation.

e

e definition

int denotation;
manifest constant;
char denotation;
string length;
external table length.

denotation : int symbol, sp,
location, co, integer, el.
wulation : operator, sp, location, co,
valref, co, valref, el.
‘ator : add symbol;
subtract symbol;
multiply symbol;
divide symbol.
.tion : integer.
‘ef : integer.
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\itics:
» table:

The ALICE processor has a table in which it can store the values
isented by value-definition macros and calculation macros. The values
1is value table will not be redefined. The location parameter of a
» macro indicates where to put a value in this table. The location
leters form an ascending row of integers. They are the indices in the
: table. A result needed for further calculation is referred to by
i of a valref parameter in one of the operand fields of a calculation
‘e The value table is only needed at macro time.

.enotation:

The sequence of decimal digits is converted to an integer value.
value is stored in the value table at the location referred to by the
ion parameter.

Jlation:

The result of the operation on the values referred to by the two
fs is stored in the value table at the location referred to by the
ion parameter.

The operators add, subtract and multiply do what one would expect.
ivide operator conforms to the ALEPH division. The result of an
er division n = p / q (q # 0) is a value n such that p > (n * q) and
n * q) is as small as possible. ;
/'3=2,7/(=3)==2,(=7)/3==3, (-7)/ (-3) =3.

le: ALICE for calculation of the value of two power 32:

The degree of optimizing done by the ALICE generator has not quite
decided yet. Somebody, in this case the author, did a beautiful job
timizing here and it is not sure whether the compiler will go this

After these macros have been processed, the ALICE processor has

r stored the value 4294867296 in its table at location 3, or it has
ed an error message. If the value is stored in the table, it can be
throughout the further code generation, for example as a literal in a
ant source.

It is not required that the ALICE processor evaluate these expression
s at compile time. It could also let the assembler do the job or even
ate code to evaluate the expressions at the start of the execution of
rogram. The location parameter can be used to create a name.




The character code

One way to get rid of the problem of the character code is to demand
cific internal character code, such as ASCII, inside every ALEPH

am and consequently inside the ALEPH compiler. The standard externals
har’ and “putchar’ can perform a conversion between the installation
cter code and the internal character code. This gives the compiler
pportunity to calculate with character codes machine independently.

This at first sight attractive idea has two drawbacks. It becomes
to read characters efficiently when they have to be handled one by
This argument becomes important if one wants to read lines
iently. The problem has not even completely vanished, because there
always be installations with non-ASCII characters available.

The character code will therefore be chosen by the installer and
cter denotations are handed over to the target machine via ALICE by
of character denotation macros.

X3
definition : char denotation.

denotation ¢ char denotation symbol, sp, location,
co, character, el.

tics:

The result of the conversion from character to character code is
i in the value table at the location referred to by the location
eter.

Special care has to be taken for characters, such as comma and space.
can make the recognition of parameters difficult for the ALICE

ssor, since they mix up with the delimiter structure of the macros.
fore these characters will be declared in manifest constant macros.
2st constant macros are used as an escape out of these exceptions, and
tlare machine dependent constants.

g3
definition : manifest constant.

2st constant : manifest constant symbol, sp,
location, co, manco, el.

new line symbol;
same line symbol;
rest line symbol;
new page symbolj
max char symbol;
word size symbol;
max int symbol;




min int symbol;

int size symbol;
comma-tag symbol;
space~tag symbol;

min addr symbol;

max addr symbol;
virtual length symbol;
nil symbol,

tics:

The value denoted by the manco parameter is stored in the value tabl:
e location referred to by the location parameter.

le: ALICE code to calculate the value of cap:

The address space

The data types in an ALEPH program are integer, string, and lists of
» The storage unit containing an integer is called a "virtual machine
» A virtual machine word is mapped on an (implementation dependent)

: of machine words.

ALEPH programs assume the existence of a '"virtual address space" for

-ist declared. Items in a list are identified by unique addresses,

are represented by integral values. These integral values are called

1al addresses'" and are the elements of the virtual address space

.ated with the list. A virtual address identifies one virtual machine
The virtual address spaces of all lists form the "address space".

The ALEPH programmer can influence the distribution of the virtual
s spaces over the address space by means of size estimates. But he
 influence the range of integers available for the address space.
:an only be done by the installer of ALICE.

Because virtual addresses are represented by integers, the range of
'r values must be a superset of the address space. The size of the
'S space appears to be the most important measure for the range of
.r values in an implementation.

The association of virtual addresses with lists is done by the

er and it must be done in such a way that every list gets enough

1 addresses associated with it, that is, at least as many virtual
ses as it will ever have items. It is of course impossible to

t the needs of a list because the amount of virtual addresses needed
list depends on the dynamic behaviour of the program. To help the




ler in making a reasonable guess, the ALEPH programmer writes 'size
ates" in the declaration of his lists. :

The virtual address space of a list consists of a contiguous set of
ers. The address space consists of a contiguous set of integers, too.
se the virtual address spaces of the lists form a partition of the
ss space, a virtual address uniquely identifies a list and it may
ify an item of that list. The question whether a virtual address
s into a certain list can easily be answered by checking whether the
al address lies between the min limit and the max limit of the list.

For stacks with an absolute size estimate and tables it is known at
le time how many virtual addresses they need. Stacks with a relative
estimate get a virtual address space proportional to their size
ate. The bounds of the address space can be declared in ALICE by

of manifest constants (min addr, max addr) .

The ALEPH external table does not fit into this scheme, because the
of an external table can only be derived by inspection of the
ne-dependent string that defines its contents. This must be done by
LICE processor when an external table length macro is encountered.

X3

nal table length : ext table length symbol, sp, location,
co, string, el.

tics:

The string is an exact copy of the string written in the ALEPH
‘nal table declaration. The number of virtual machine words occupied
e external table is derived by inspection of the string. The value
obtained is stored in the value table at the location referred to by
.ocation parameter.

It is clear that programs containing external table declarations are
‘rom portable. The ALEPH compiler itself will therefore not contain
'nal table declarations.

t+ Strings

The way strings are handled varies from installation to installation,
: is clumsy to make strict assumptions about the way characters are
»d into machine words. To define a manifest constant giving the number
jaracters fitting in a machine word is to assume too much about the way
1gs are allocated, because the number of words occupied by a string is
ilways the quotient of the string length and that constant.
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Example

se the following list dec

e’ powers = ( "one" :one,

"ten" :ten,
"hundred" :
"thousand"
) e
k’ [= 5 =] digits,
[ 30 ] anonymous oper
50 1]

rationals.

nformation characterizing

din limit, ( :<)
eft pointer, (<)
alibre, (<)
‘ight pointer, (>>)
lax limit. (>:)

ollowing value macros may
.ther other necessary info

his is a comment macro to

,mna
<powers

mna

iy 1
>powers

1
—_

41,3
:<powers = :<powers + <>p0

5,3
itring length('one")

1,1,25
me = :<powers + string le

6,3
itring length("ten')

2,21,26
‘en = one + string length(

7,7
itring length("hundred")

3,22,27
wundred = ten + string len

ons occur in an ALEPH program:

and

t consists of:

lerated to divide the address st
1.

1ored by the ALICE processor

one'')

undred')




1,8
:ring length('"thousand")

523,28

iousand = hundred + string length ("thot
'powers = thousand

powers = thousand

‘digits = thousand

digits = thousand

1

digits = 1

24,8

digits = :<digits + <>digits
\,5

mgth(digits)

1,24,29

digits = :<digits + length(digits)

.anonymous operands = >:digits
anonymous operands = >:digits

I

5 1
anonymous operands

1l
—_

,10,13
anonymous operands
= :<anonymous operands + <>anonymous

,Mmxa
X addr

»35,10
rtual left over = max addr - >:digits

0
9
itialize sum relative size estimates

,30
lative size estimate anonymous operand

»37,30
m = sum + relative size anonymous oper

,50
lative size estimate rationals

538,32
m = sum + relative size rationals
st calculation for sum

»36,39




‘irtual addresses =
virtual left over / sum size estimates

30
1 size anonymous operands
size estimate * unit virtual addresses

41
ymous operands
:<anonymous operands + virtual size anonymous operands

onals = >:anonymous operands
onals = >:anonymous operands

onals

18

onals = :<rationals + <>rationals
onals = mxa

ALICE macros

wers digits anonymous rationals
operands
24 10 15
7 12 17
8 13 18
24 10 15
10 15 35
21
22
23
24

s in these tables indicate the location of the various values.




Data

After the values have been calculated, the data initiali
values can be declared. ALICE contains the following dat
rations:

Integer
ol Constant source
02 Variable

List
ol List area
o1.1 List fillings
02 List administration
«3 External table
File
ol File administration

For all sorts of objects in an ALICE program, such as da
2 translation-time representation is needed for reference
representation ("repr" in the grammar) is an unsigned int
sentations can serve the ALICE processor in various ways.
<e unique names (labels) from them and they serve at macr
1ication between macros. One set of integers is used to

sentations to both data objects and objects in the rules

Integer
»1 Constant source
The values calculated in the values part of the ALICE pr
for various purposes. Some are intermediate results and a
cerest in the data and rules part. Some are used in list
istrations and in variable declarations. Others are used

it sources.

[

int source

constant source symbol, sp, repr,
co, valref, el.

integer.

¢ integer.

th

ects,
ses.,

easy
for

are
longer
le
lare

H




ntics:

A constant source declares a constant actual par
re it is going to be used as such in the rules par
e of the constant source is in the value table at
y the valref parameter.

allation hints:

Depending on the implementation and the faciliti
ffer, the ALICE processor may act in various ways:

1.

If the implementation views constant sources jus
ven not to change their value, the ALICE processor
mbly data declarations from the constant sources.

then serve to generate a unique label for the con
:ing up the constant actual parameter has to be gen
. easily because the ALICE macro for doing this con
‘esentation of the constant source again.

2,

If the assembler offers a suitable literal mecha
irated from the constant source macros. When the co
stant actual parameter is generated, the valref als
‘0 for doing this will serve to refer to the value
1 this value a literal can be generated.

;3.

In most cases the assembler provides a literal m
-0 a certain maximum value, for instance because bo
> to fit in one machine word. A mixture of 1. and 2

of a call,
JICE. The
ration referred

assembler has

ariables that
anerate
epresentation
When code for
, this can be
the

no code need be
pick up the
lied in the
value table.

sm for numbers
ode and literal
then do the




part

macro time action

hint 1. and 2,
store value 0 in symbol table at

hint 1.

generate label from representati
get value from symbol table loca
generate data declaration

hint 2.
do nothing

hint 1.
use repr to refer to data declar

hint 2.
get value from symbol table at 1
use value to generate a literal

ion 5

n b5




1.2 Variable

From a variable macro the ALICE processor will generate an assembler
declaration. The value used to initializing the variable has been
1lated in the values part.

1x:

able declaration : variable symbol, sp, repr, co,
valref, co, repr, string, el.

atics:

A variable declaration causes the allocation of one virtual machine
represented by the first parameter and initialized with the value in
value table at the location referred to by the second parameter. The
1 parameter is the representation of the next variable to be declared.
Eourth parameter contains the ALEPH variable-tag in string quotes. If
third parameter is equal to zero, there is no next variable
aration.

1llation hints:

The first parameter will be used to generate a label, the second to
rate a data declaration. If a global dump is requested (see section
status macro), the third parameter serves to generate a pointer to the
variable and the fourth parameter serves to generate a string
aining the ALEPH variable-tag.

sle:

i: ‘variable’ counter = 0.

(&)

macro time action
2s part

5,0 store value 0 in value table
at location 5
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part
39,5,40,"counter"  generate label from representation 39
get value from symbol table location 5
and generate data declaration
if global dump is requested generate
pointer to next variable and
string with the name of this variable
! List

.1 List area

The list areas are used to set up the physical address space in which
lists are floating, and to initialize these lists with their initial
filling. For each ALEPH list a list area will be declared giving the
.al fillings consisting of integer values already calculated in the
s part, or of strings. Information about the list type and the size
1le virtual address space is supplied at the beginning and end of the

A list is called "breathing'" if its size can change at run time,
is if it is a stack with a relative size estimate. When and how the
.cal address space is actually set up depends on the implementation.

areas : list area,
[list areas].

area : list symbol, sp, repr, co,
list type, co,
valref, el,
[list fillings],
end list symbol, sp, repr, co,
list type, co, valref, el.

fillings : list filling, [list fillings].
filling : int f£ill symbol, sp, valref, el;
string fill symbol, sp, string, el;

fallow symbol, sp, valref, el.




intics:

The parameters of the first macro of a list area, a list macro, have
following meaning:

it parameter, repr: the representation of the list.

md parameter, list type: an integer

0: not breathing, no background
1: not breathing, background
2: breathing, no background
3: breathing, background

If background is specified there is a background pragmat identifying
list in the ALEPH program.

An int fill macro causes the allocation of a virtual machine word,
:ialized with the value in the value table at the location referred to
‘he valref parameter.

A string fill macro causes the allocation of a number of virtual
1ine words, initialized with a string value denoted by the string
imeter.

A fallow macro causes the allocation of a number of uninitialized
.ual machine words. This number is found in the value table at the
ition referred to by the valref parameter.

The three parameters of the last macro of a list area, an end list
‘0, have the same meaning as those of a list macro.

:allation hints:

Depending on the target machine, the operating system, and the rest
‘he ALICE implementation, the physical address space can be implemented
‘arious ways:

]0

Allocate a contiguous chunk of storage for the lists. Put all initial
. £fillings of the lists right behind each other in the chunk of storage.
a run-time routine shuffle the lists.

D2,

Allocate one chunk of storage as in hint 1. A non breathing list
i+ a piece of that chunk just fitting its needs, while a breathing list
i a number of extra uninitialized storage locations. This can be either
mstant number or a number proportional to the number of virtual
‘esses associated with the list. The list shuffling is done by the
+ run—-time routine as in hint 1.
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3.
Implement a paging scheme for the lists. Every list gets one (or

) page(s) in core, while a complete virtual address space is allocated
isk.

4.
If the operating system provides a suitable virtual addressing
inism, map the virtual ALEPH addresses on the virtual machine

:sses. In this case the physical address space is equal to the virtual
'ss space.

5.

How to deal with the background information depends heavily on the
‘mentation. It is formally correct to ignore it completely. If, for
ince, the physical address space is implemented according to hint 3,
rackground information has no meaning. Only in cases where lists can
be allocated in core and on background, the background information
| be of use. '

6.

Most implementers will have to deal with machines having a von
nn store, whether they like it or not. In that case all lists will
bly be allocated in one contiguous physical address space. A list-
ling routine is then needed as part of the run—-time system to prevent
reathing lists from bumping into each other. Because this problem is
likely to arise for a lot of machines, such a list-shuffling routine
ailable in ALEPH (and consequently in ALICE).

.2 List administration

A list administration macro is used to generate the administration
mation of a list. The correspondence between a virtual address and a
cal address must be derived from this information, no matter how the

are allocated. The limits must be available in the administration,
se they can be used as actual parameters at run time. The type, the
s and the maximal virtual address are inspected when a list is
ded. The limits are updated when the size of the list is changed.

X:

administration ¢ list adm symbol, sp,
list info, el.

info ¢ repr, co, list type, co,

valref, co,
valref, co,
valref, co,
valref, co,
valref, co,
repr, co,
string.




ntics:

The first parameter of a list administration is the representation of
list.

A list administration macro causes the allocation of a data structure
ed "list administration™ such that at least the following information
be kept in it:

list type, specified by the list type parameter. This parameter has the
meaning as the list type parameter of a list macro.

lowest virtual address associated with the list: called "virtual min
t". This value is found in the value table at the position referred to
he third parameter.

highest virtual address associated with the list: called "virtual max
t". This value is found in the value table at the position referred to
he fourth parameter.

virtual address of the left most block in the list: called 'virtual
", This value is found in the value table at the position referred to
he fifth parameter.

virtual address of the right most block in the list: called "virtual
t". This value is found in the value table at the position referred to
he sixth parameter.

calibre of the list, that is: the number of elements in one block of
list. This value is found in the value table at the position referred
'y the seventh parameter.

yrmation to convert a virtual address associated with the list to the
‘esponding physical address.

address of the next list administration. The eighth parameter contains
representation of the next list administration or zero.

ALEPH list-tag. The ninth parameter contains the ALEPH list-tag in
.ng quotes.

:allation hints:

].

The representation of the list can be used to generate a label of the
. administration, and to make the address of the list area (same
resentation) available in the list administration.

2 2.
The ALEPH list-tag is needed for the implementation of data files
» installation hints of file administration).
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3.

In most implementations not the whole virtual address space is mapped
re. In those cases in comes handy to have two extra limits, for
ince called "bumpmin" and "bumpmax", in the list administration,
:ating which portion of the virtual space of the list is mapped in

If, for instance, an implementation according to hint 3. in section
»1 is chosen, bumpmin and bumpmax are the virtual addresses of the
mming and end of the core page.

1le:

Suppose the lists are allocated in one chunk of contiguous storage.
it is labeled: 1l<repr of list>
means: the virtual machine word following the virtual machine word
.ed l<repr> is the left most element of the left most block of the
ial) list. The virtual address of the left most block of a list is the
lal left of the list. To convert a virtual address to a physical
:ss, the mixed expression:

I<repr> - virtual left + calibre

ded to that virtual address. This mixed expression is also kept in the
administration.

.3 External table

An external table is declared by one macro, very much alike a list
istration macro. The external table macro has one more parameter: the
string containing information about the filling of the table. What,

ly, is in the string depends on the particular implementation and

t be described machine independently. It could be a number of data
rations in assembly language, or an external reference to be satisfied
e local loader, or an access routine. The ALICE processor must

ate an administration, whose layout does not differ from the

istration of a normal table, because external tables and tables can

be passed as actual parameters to the same formal table parameter.

X:

nal table decl : external table decl symbol, sp,
list info, co,
string, el,

tics:

An external table macro causes the allocation of a list

istration and a list area. The first nine parameters (list info), have
ame meaning as the parameters of a list administration macro. The
parameter is an exact copy of the ALEPH string of the external table.
this parameter a list area must be generated.




»n hints:

rtable ALICE
ternal table
10t needed.

w

ile administr

le administra
1 and buffers
the list admi
>cessed.

istrations

istration

irea

n, such as the ALEPH compiler, will no
ations. The implementation of this mac

acro serves to generate book keeping
file. The file administrations are c
tions, so that they can be easily init

e administration,
le administrations].

in file adm symbol, sp, file info, el,

inter areal,
merical areal,

file adm symbol, sp, file info, el.

r, co,

e type, co,
r,; co,

ing.

eger.,

erical symbol, sp,
ref, co,

ref, el,

merical areal.

nter symbol, sp, repr,
inter areal.

el,




atics:

The parameters of the first macro of a file administration, a begin
administration macro, have the following meaning:

: parameter, repr: the representation of the file.

1d parameter, file type: an integer
0: scratch charfile

scratch datafile

input charfile

input datafile

output charfile

output datafile

input/output charfile

input/output datafile

NoupwNn —
e 6o 88 es ee e oo

iput is specified, the only permitted action is reading.

ttput is specified, the only permitted action is writing.

iput/output is specified, both reading and writing are permitted.
:ratch is specified, the file is an input/output file which will not b
.able after the execution of the program.

iarfile is specified, the items to be read or written are characters,
:sented by (small) integers according to the character code chosen by
.nstaller.

.tafile is specified, the items to be read or written consist of an
;er value and an indication about its meaning. This indication is

:r "numerical" in which case the integer value stands for itself, or i
. ALEPH name of a list in which case the integer value is an offset
the left of the list.

. parameter, repr: the representation of the next file administration
‘YO,

h parameter, string: the ALEPH string from the file declaration.

Pointer macros and numerical macros specify a number of "zone's. A
is a contiguous set of integers.
lerical macro specifies a zone by supplying two valrefs. The first

f refers to the minimum of the zone, while the second refers to the
um of the zone.
nter macro specifies a zone by supplying the representation of a list
one is the virtual address space of the list.

a file is used for reading, each item delivered will belong in one o
ones, '

a file is used for writing, each item offered must belong in one of
ones.




e file type specifies charfile, there will be no pointer macros.

arameters of the last macro of a file administration, an end file
istration macro, have the same meaning as those of a begin file
istration macro.

llation hints:

].

If the operating system provides a way to handle character files
iently, for instance by packing a number of characters in one word,
facility can be used for the implementation of charfiles.

2.

The data item of a datafile can be implemented in two ways.

e data item can consist of an integer value and a Boolean value
ating that the integer must be considered as a virtual address. In
case the file will begin with heading information consisting of

es:

name virtual min limit virtual max limit.

e data item can consist of two integer values. The first integer valu
stripped virtual address, that is a virtual address minus the min

. of the list it pointed in. The second integer indicates in which
the virtual address pointed. Here the the file will begin with headin
‘mation consisting of file names.

When a data item is read, the following actions have to be performed

1. Find out whether the data item is a pointer (The Boolean is true
or the second integer is positive) or not.

2. If it is a pointer, identify the list name.

In the first case this is done by comparing the virtual address with
the virtual min limits and max limits of the heading information. I
the second case it is done by selecting the right file name from th
heading information.

3. Find the identical list name in the list administratiomns.
If the list name from the file is not identical to one of the list
names in the program, the situation is erroneous.

4., Relocate the pointer.

In the first case this is done by subtracting the old virtual min
limit available in the file heading and adding the virtual min limit
of the identified list. In the second case this is done by adding
the virtual min limit of the identified list.
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Rules

Introduction

In order to indicate the reasons behind the various ALICE constructs,
emantics of a call in ALEPH will be discussed first. The ALEPH
on of a subroutine call differs from calls in most programming
ages in that the result of a call influences the flow of control. An
form (subroutine call) identifies a rule (subroutine) to be executed
escribes the actual parameters. The execution of the rule starts with
ng the actual input parameters of the affix form to the private stack
of the rule. Then the actual rule is executed. The execution of the
1 rule can succeed or fail. If it succeeds the output parameters are
red to the output parameters of the affix form. If it fails the output
eters will not be restored. The affix form succeeds or fails if the
called succeeds or fails, respectively.

The basic building blocks of an ALEPH rule are called "member"s. The
nember covers affix forms as well as language primitives such as
nment. Primitives obey the same laws in terms of flow of control as
forms. Every member is connected to two positions in the rule: a

ion for a successful execution of the member and a position for a

ng execution. Such a position in a rule can either be a member or the
E a rule body. In the latter case the execution of the rule has come
end, and the result is passed to its caller. If the position is a

t, the success or failure of the member is of no further interest;

>1 simply continues. A member calling an action or a function needs

>e connected to one position, because actions and functions never

Compound members have not been taken into account yet. In the

:ics of ALEPH a compound member is merely a call to an implicitly

:d rule. This does not mean that compound members are translated as
There are no compound statements in ALICE. An ALEPH compiler must

cher facilities to translate them. Consider, for example, the ALEPH

lcate’ p: ql, al, a2;
(q25 q3), a3, q4, :p;
q5.

the qi’s stand for members that can fail and the ai’s for members
:annot fail. The table below states the connections between the
1Is members of this rule.

(R IEWINE S e
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Aivieion
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true false
address addres

al q2
a3 q3
a3 q5
:p .

a2

q4

ql

lot "." means the end of t e body.

ALEPH rules are translat ALICE rules. An ALICE rule consists of
.e head, a rule body, and tail. The rule head identifies the
and copies input paramete the private stack frame of the rule.
'ule body consists of a se of statements with explicit flow of
‘0l using labels, jumps, a e and false-addresses in calls. Rules
.abels have unique integer sentations, like all ALICE objects.
‘ule tail either restores parameters from the private stack
: of the rule and returns s to the caller or it returns failure
le caller.

The following is a sketc ne translation of the ALEPH ‘predicate’
we., The macros for rule i ication, call, and rule termination
not been worked out in de They represent groups of ALICE macros.
wup of ALICE macros descri call has been written down
1lically as:
<rule called>, <true addr <false address>
+ the false address is omi £ the call cannot fail and the
:sentation of the address next sequential instruction is zero.
<p>
1
<ql1>,0,4
<al>,0
<a2>,2
.4
<q2>,5,0
<q3>,0,6

5
<a3>,0
<q4>,0,3
1

6
<g5>,0,3
ss—tail 2

‘tail 3
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The ALICE abstract machine

The semantics of ALICE will be described in terms of an abstract

ne, the ALICE ABSTRACT MACHINE (A.A.M.). The parts of the A.A.M. will
troduced now.

The A.A.M. has a memory in which machine code and the data structures
ibed in section 3.2 are allocated. These data structures are addressed
heir representation.

Furthermore, the A.A.M. has a stack, called the "run-time stack". On
run—-time stack the formal and local parameters of the rules in
tion, and the return addresses to their callers are kept. Formals and
s are addressed by means of integers, called "stack position".

A sequence of machine words is used to pass parameters to and from
in-time stack. In real machines this can be a contiguous sequence of
y locations, or a number of registers, or the run-time stack itself.
2 A,A.M. a special device is used for this purpose. It is called the
', and it is manipulated in stack fashion. Elements on the gate have
2r addresses starting from one. These addresses are, strictly spoken,
fluous because the gate is treated like a stack, but when the gate is
1 on a real machine these integers can be practical. When the gate is
-0 pass parameters to the run-time stack, it is called the "input

» When it is used to pass parameters back to the caller, the gate is
1 the "output gate".

To load the actual parameters from memory and to stack them on

juous positions of the gate, two abstract machine registers are used.
:gister, the 'v-register" can hold an integer value. The other one,
l "a-register", can hold the address of an administration. The
-ption of an input parameter consists of one or more statements to
‘he a-register or v-register, followed by one statement to store the
its of the a-register or v-register on a specific position of the

During the execution of a call, one position on the gate corresponds

: position on the run-time stack. For some implementations it may

e that the position on the run-time stack must be known by the

's for instance because the actual parameters are pushed directly on

n-time stack. Therefore, both gate position and run-time stack

on are given in the statements to store the contents of the a-

er or v-register on the gate. Gate position and stack position form
of integers, which are always supplied together. This pair of

rs is called a "formal'.

To unstack an output parameter from the gate another abstract machine
er is needed. This register, called the "w~register" can hold an

r value. The description of an output parameter consists of one or
tatements to load the w-register, eventually with the aid of the a-
er or v-register, followed by one statement to store the contents of
register into memory.




‘reg

N

reg

reg

—
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OQutline of an ALICE rule

decl ¢ rule head, rule body, rule tail.
a1ead : rule id,

stack frame,

[copies from input gate].
>ody : statements.
nents : statement,

[statements].
nent : call;

extcall;

primitive.
tail : success tail,

[fail taill].

The ALICE macros making up a rule are divided in three groups: rule
nacros, rule body macros, and rule tail macros. The rule head macros
ify the rule, supply debugging information and describe the

spondence between the input gate and the run-time stack frame of the
The rule body consists of a sequence of statements. A statements is

c a call to another ALICE rule, or a call to an external rule, or an
primitive. If the rule cannot fail, the rule tail consists of one
»n: a success tail. If the rule can fail, the rule tail consists of a
5s tail and a fail tail. In the success tail the correspondence

2n run-time stack frame and output gate, unstacking, and returning

55 is described. In the fail tail unstacking and returning failure is

ibed.

Rule head
g
id : rule id symbol, sp, repr, co,

rule type, co, recursion, co, string, el.

:ype : integer.
sion : integer.

frame ¢ stack frame symbol, sp,

integer, co, integer, el.

3 from input gate : copy from input gate,
[copies from input gate].




from input gate : copy from input gate symbol, sp,
formal, el.

1 ¢ integer, co, integer.

tics:

The parameters of a rule id macro have the following meaning:
parameter, repr: the representation of the rule.
d parameter, rule type: an integer:
0: the rule cannot fail
1: the rule can fail
parameter, recursion: an integer:
0: non recursive rule
l: recursive rule
h parameter, string: The ALEPH rule tag and formal affix sequence in
Se

A stack frame macro declares the number of formals and locals to be
ated on the run-time stack. The first parameter denotes the number of
1ls, the second denotes the number of locals.,

For every input parameter there will be one copy from input gate

. A copy from input macro causes popping of one value from the gate
opying it to a position of the run-time stack. The first parameter
es the position one the gate, the second parameter denotes the

ion one the run—-time stack. The position on gate parameters form a
nding row, from the number of input parameters to one.

llation hints:

].

The representation of the rule serves to generate a label. The string
rule id macro is needed when debugging information must be generated,
se a global dump is requested (see section 3.4 status macro).

How the stack frame and copy from input gate macros are used depends

e implementation of the calling mechanism. Throughout this section two
s for the implementation of the calling mechanism will be described:

e first model the role of the gate is played by registers rl, r2 , ...
e second model the parameters are passed directly on the run-time

» that is, the way from v-register (or a-register), via gate, to run-

stack is cut short.

2.

If the parameters are passed in registers, the stack frame macro

s the allocation of a number of machine words for the formals and

s on the run-time stack, and the pushing of the return address, passed
2 caller, on the run-time stack.

A copy from input gate macro causes a move from the register

ated by the first parameter to the run~time stack position addressed

2 second parameter.
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3.

If the parameters are passed directly on the run-time stack, the

: will do that. The only thing that may be done in the rule head is
1g the return address on the run-time stack.

Rule tail

g

tail : success tail,
[fail tail].

5s tail s success tail id,
output gate creation,
[restores to output gate],
unstack and return true.

5s tail id : success tail id symbol, sp, repr, co,
rule type, co, recursion, el.

: gate creation : output gate symbol, sp, integer, el.

es to output gate : restore to output gate,
[restores to output gate].

‘e to output gate : restore to output gate symbol, sp,
formal, el.

:k and return true : unstack and return symbol, sp,
integer, co, integer, co, true symbol, el.

:ail : fail tail id,
unstack and return false.
:ail id : fail tail id symbol, sp, repr, co,

rule type, co, recursion, el.

:k and return false: unstack and return symbol, sp,
integer, co, integer, co, false symbol, el.

:ics:

The parameters of a success tail macro have the following meaning:
parameter, repr: the representation of the success tail.

| parameter, rule type: see rule id macro.

parameter, recursion: see rule id macro.

An output gate macro declares the number of output parameters, and
juently the size of the output gate.

For every output parameter there will be one restore to output gate
A restore to output gate macro causes stacking of one formal output

:ter on the gate. The first parameter denotes the position on the

the second parameter denotes the position on the run-time stack.




The parameters of an unstack and return macro, have the following
ing: _
: parameter, integer: the number of formals on the run-time stack.
1d parameter, integer: the number of locals on the run-time stack.
1 parameter, true or false: result of the execution of the rule,

The parameters of a fail tail macro have the following meaning:
: parameter, representation of the fail tail.
1d parameter, rule type: see rule id macro.
1 parameter, recursion: see rule id macro.

itllation hints:

].

The representations of success tail and fail tail serve to generate
ls. In the code generated by jump macros and call macros there will be
3 to these labels.

2.
If the parameters are passed in registers, the create output gate
) informs how many registers will be needed for that. A restore to
1t gate macro causes a move from the run time stack position addressed
1e second parameter to register r<first parameter>,

3.
If the parameters are passed on the run-time stack, the caller will
)re the output parameters.

4,

The result of the execution of a rule (success or failure) can be
‘ted to the caller in two ways:
lere is a register or memory location allocated for this purpose. The
tail assigns true or false to it, and the caller tests it.
:pending on success or failure the rule returns to a different address.
.nstance, in the fail tail a jump to the return address is generated,
: in the success tail a return to the next instruction is generated.

5.
The tricks in hint 4 are only needed if the rule can fail (rule




vle:

[

licate” p + >i + o> + >io>
a recursive rule.

The table below shows th lng ALI e head 1il.
:ad of the three-letter re i for t ro nam¢ e
ble tags are used.

id 1000,1,1,"p+>ito>+>i0>
~frame 3,1

from-gate 2,3

from-gate 1,1

tail-id 1015,1,1
t-gate 2

re-to-gate 1,3
re-to-gate 2,2
ck-return 3,1, true
tail-id 1016
ck-return 3,1,false




o Calling a rule

ng a rule proceeds as follows:

lentification of the rule to be called.
.acking the actual input parameters on the (input) gate.
jubroutine) jumping to the rule.
on return:
" the rule has failed
continuing at the false address
.se
unstacking the output parameters from the output gate
continuing at the true address

The macros concerning parameter passing will be discuss: letail
le next section.

call id,

input gate creation,

target stack frame,

[copies to input gate],
scall or fcall,

[restores from output gate],
link.

id : call id symbol, sp, repr, co, rule 0,
recursion, el.

. gate creation

'y

input gate symbol, sp, integer, el.

2t stack frame : target stack frame symbol, sp,
integer, co, integer, el.

L or fcall : scall symbol, sp, repr, el;
fcall symbol, sp, repr, co, repr, e

link symbol, sp, repr, el.

atics:

The parameters of a call id macro have the following me

: parameter, repr: representation of the rule to be calle cond
neter, rule type: an integer:

0: the rule to be called cannot fail

1: the rule to be called can fail
1 parameter, recursion: an integer:

0: the rule to be called is not recursive

1: the rule to be called is recursive
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An input gate macro declares the number of input parameters, and
quently the size of the input gate.

A target stack frame macro declares the number of formals and locals
e rule to be called. The first parameter denotes the number of
ls, the second denotes the number of locals.

If there is a scall macro, the rule to be called cannot fail (rule

= 0). If there is a fcall macro the rule to be called can fail (rule
= 1). The first parameter of a scall macro or fcall macro is the
sentation of the rule to be called. The second parameter of a fcall
o is the representation of the false address of the call.,

The parameter of a link macro is the true address of the call.

allation hints:

].
If the parameters are passed in registers, the input gate macro
rms how many registers will be needed for that.

2l

If the parameters are passed directly on the run-time stack, the
et stack frame macro supplies the necessary information to build up the
¢ frame of the rule to be called.

3.
The scall macro will generate code to pass the return address to the
to be called, and to jump to the rule.

4,

The fcall macro will generate code to pass the return address to the
to be called, and to jump to the rule. The code on the return address
1ds on how the result (success or failure) of the execution of the
2d rule is returned to the caller. If it is returned in a register or
¢y location (hint 4 a in the previous section), there will be a test
1 conditional jump to the false address. In the other case (hint 4 b
le previous section) there will be just a jump to the false address.




./ Parameter passing

.7.1 Actual input parameters

To stack the actual input parameters on the gate,

egister are used.

tax:

ies to input gate

y to input gate

y val to input gate :

d val in v reg :

d simple in v reg

y v reg to input gate:

y addr to input gate :

d addr in a reg :

y a reg to input gate:

mal

d constant in v reg

d variable in v reg

d stack var in v reg :
ition on stack

d limit in v reg

it type

copy to input gate,
[copies to input gate].

copy val to input gate;
copy addr to input gate.

load val in v reg,
copy v reg to input gate.

load simple in v reg;
load indexed element in v reg.

load constant in v reg;
load variable in v reg;
load stack var in v reg;
load limit in v reg.

copy Vv reg symbol, sp, formal, el.

load addr in a reg,
copy a reg to input gate.

load global addr in a reg;
load stack var in a reg.

copy a reg symbol, sp, formal, el.

integer, co, integer.

loadv constant symbol, sp, repr, co,
loadv variable symbol, sp, repr, el.

loadv stack var symbol, sp,
position on stack, el.
integer,

load addr in a reg,
loadv limit symbol, sp, limit type,
integer.

the v-regi

val

el.

ad




indexed element
in v reg

indexed input parameter symbol, el,
load simple in v reg,
load list element in v reg sequence.

list element in
vV reg sequence : load list element in v reg,
[load list element in v reg sequence].

list element
in v reg

load addr in a reg,
loadv list elem symbol, sp, integer, el.

3lobal addr

in a reg : loada global symbol, sp, repr, el.
stack var
in a reg : loada stack var symbol, sp,
position on stack, el.
tics:

A loadv constant macro causes the value of the constant source,
ibed by the parameters of the macro, to be loaded in the v-register.
ilref in the loadv constant macro refers to a location in the value
» The repr in the loadv constant macro is the representation of the
int source.

A loadv variable macro causes the value of the variable, represented
> repr parameter of the macro, to be loaded in the v-register.

A loadv stack var macro causes the value of the stack variable
11 or local parameter) of the caller, addressed by the position on
parameter of the macro, to be loaded in the v-register.

A loada global macro causes the address of the administration of a
)r file, represented by the repr parameter of the macro, to be loaded
: a-register.

A loada stack var macro causes the value of the stack variable
1L or local parameter) of the caller, addressed by the position on
parameter of the macro, to be loaded in the a-register.

A loadv limit macro causes the value of a limit to be loaded in the
.ster. The a-register contains the address of the list administration
hich this value must be retrieved. The limit type parameter indicates
limit has to be retrieved:

0: left

1: right

2: calibre

An indexed input parameter macro has no effect on the ALICE abstract
le. It announces that an list element is going to be loaded in the v-
er.




A loadv list elem macro causes the v~register to be loaded with a
t element., The a-register contains the address of the list
inistration. The v-register contains the virtual address of the block
taining the list element. The integer parameter indicates which element
the block has to be selected:
0: right most element
i: (i-1)-th right most element

A copy v reg to input gate macro causes the contents of the v-
ister to be stacked on the gate. The first integer parameter of this
ro denotes on which gate position the v-register must be stacked. The
ond integer parameter denotes on which run-time stack position the
tents of the v-register will be copied.

A copy a reg to input gate macro causes the contents of the a-
ister to be stacked on the gate. The first integer parameter of this
ro denotes on which gate position the a-register must be stacked. The
ond integer parameter denotes on which run—time stack position the
tents of the a-register will be copied.

The value of the a-register and v-register can not be used more than

tallation hints:

t 1.
If the parameters are passed in registers use can be made of the

ck wise treatment of the gate. The register allocated for the v-register
a-register can be the same as the one .that will be allocated for the

t position of the gate, so that a copy to gate macro will generate no
e at all, In that case it is necessary to know which register will be
ied to the gate before the copy to gate macro is read. Because of the
ple structure of ALICE this can indeed be known. The figures below shows
ch registers have to be allocated for the a-register and v-register when

first parameter is stacked on the gate.




repr

rl

loada

global

loadv copy
constant v-reg v-reg |—rl
to gate
rl
loadv copy
var v-reg v-reg |—rl
to gate
rl
loadv copy
stack v-reg v-reg |—rl
var to gate
rl
rl
a-reg loadv copy
limit v-reg v-reg t—rl
to gate

limit
type




rl
loada a-reg loadv copy
stack limit o4 v-reg |
var limit to gate
type pos

rl
load simple v-reg loadv rl rl
———— copy
list v-reg v-reg | v-re
to g
element ZgEEEE}/
i:EEEE}-loada a-reg
global
r2
rl
load simple| v-reg loadv rl rl
copy

list v-reg v-reg v-re
—— |tog
element ESEEEY/

EEEEE}—loada a-reg

stack
var r2
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2.

If the parameters are passed directly on the run-time stack and the
ne provides moves from memory to memory, no registers at all have to
located for the a-register and v-register. for instance, from the
Y

-var 11
v-reg 1,3

[CE translator could generate:
vll,stackpointer=-3

3.

Because the values of the a-register and v-register do not have to be
>ered, efficient code can be generated. For instance when a limit has
retrieved, the register playing the role of the a-register firstly,

2 used to play the role of the v-register later on (see hint 1).

»2 Actual output parameters

To store an output gate element in an indexed element first the

358 of that indexed element must be calculated. This is described by
ame macros as for an indexed input parameter. From the above it is
that both a-register and v-register are needed for this purpose.
is why a special output register, the w-register, is needed in the
ict machine.

&
res from
output gate : restore from output gate,
[restores from output gate].
ce from output gate: copy gate elem to w reg,
store w reg sequence,
free w reg.
W reg sequence : store w reg, [store w reg sequence].

jate elem to w reg : loadw symbol, sp, formal, el.

W reg

store w reg in variable;
store w reg in list element;
store w reg in stack var.

w reg in variable : storew variable symbol, sp, repr, el.




w reg in
list element : indexed output parameter symbol, el,
load simple in v reg,
[load list element in v reg sequence],
load addr in a reg,
storew list element symbol, sp, integer, el.

w reg in
stack var ¢ storew stack var symbol, sp,
position on stack, el.
7 reg : free w reg symbol, el.
:ics:

A copy gate elem to w reg macro causes the top element of the gate tc
)ped from the gate and to be loaded in the w-register. The first

:r parameter denotes the position of the output parameter on the gate,
:cond integer parameter denotes the position on the run-time stack.

A storew variable macro causes the w-register to be stored in the
yle, represented by the repr parameter of the macro.

A storew stack var macro causes the w~register to be stored in a
variable (formal or local parameter of the caller), addressed by the
.on on stack parameter of the macro.

An indexed output parameter has no effect on the ALICE abstract
1e.

A storew list element macro causes the w~register to be stored in a
tlement. The a-register contains the address of the administration of
.st. The v-register contains the virtual address of the block

.ning the list element. The integer parameter of the macro indicates
element of the block has to be selected just as the integer parameter
.oadv list elem macro.




llation hint:

1,

If the parameters are passed in registers, the register alloca
~register can the same as the register allocated for the top of
If there are, e.g., two output parameters, the gate consists o
2. When restoring the first output parameter, which is located
ole of the w-register is played by r2, too. The figure below s
egister allocation in case of a list element as actual output

eter.,
r2
copy
EEE;Y’ gate | w-reg store free
r3 w-reg w-reg
load v-reg in
simple r4
list
loada a-reg
global . elem
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v Primitive rules

ALICE has "externals" and '"primitives". They can be considered as th
itions of ALICE. Primitives are not declared, externals are. The
~primitives are the operations that have parameters that cannot be
'ibed as the parameters of ALICE calls. The externals have exactly the
parameter descriptors as the ALICE calls.

The parameter mechanism for externals can be implemented the same as
'ules, although that is not likely to happen. Externals do not need a
. frame in most implementations, so their parameters can be kept in,
nstance, registers.

is1 External rules

ALICE externals are declared to make it easy to implement them as
utines. In most implementations however in-line code will be generate
hem. Standard external rules are identified by both an integer
.sentation and an ALICE symbol. User externals are identified by an
er representation and a string. What is in the string depends on the
mentation of user externals. User externals will therefore not appea
rtable ALICE programs.

le decls : extrule decl, [extrule decls].
le decl : extrule decl symbol, sp, repr, co, stag, el.

¢ strings;
extag.

subtr symbol;
mult symbol;
get char symbol;

put char symbol;
put string symbol;
get int symbol;
put int symbol;
get data symbol;
put data symbol.

11 : extcall id,
[copies to input gate]l,
ext scall or ext fcall,
[restores from output gatel,
extcall end.




111 id : ext scall id;

ext fcall id.
scall id : ext scall id symbol, sp, repr, co, stag, el.
icall id : ext fcall id symbol, sp,

repr, co, stag, co, false address, el.

scall or ext fcall

ext scall symbol, sp, repr, co, stag, el;
ext fcall symbol, sp,
repr, co, stag, co, false address, el.

111 end extcall end symbol, co, repr, el.

1itics:

An extrule declaration macro declares an external represented by the
parameter of the macro. If the second parameter is a string, the
cnal is a user external with implementation dependent semantics. If
second parameter is an ALICE symbol, the external is a standard
nal. The semantics of such a standard external are defined in the
1 manual. The name of the ALICE symbol is equal to the name of the
1 external (e.g. the ALICE 'get char symbol™” stands for the ALEPH
jard external 'get char').

A group of extcall macros causes a standard external to be executed
actual parameters as described by the copies to input gate macros and
topies to output gate macros.

The parameters of a scall id and a scall macro have the same meaning
10se of a extrule decl macro.

The first two parameters of a fcall id and a fcall macro have the
meaning as those of an extcall decl macro. The third parameter is the
> address of the fcall.

The parameter of an extcall end macro is the true address of the
all.

allation hints:

I.

The false address and true address of the external call are supplied
ne first macro such that, if in-line code instead of a subroutine call
enerated, this information is available in time. Gate and stack macros
left out, because the information they carry is already available by
s of the ALICE symbol.

2,
Implement the gate in registers. Don’t use the run—-time stack for an
rnal but let it transform the input gate into the output gate.

3.

A smart ALICE processor could read all macros for an external call
re generating any code for it. It could also parse the parameter
riptors to handle simple cases (such as constant parameters) specially.




}Jo2 ALICE primitives

ALICE primitives can be
: are low level operations
iecond place there are hig
+ and extending a stack, t
'nal, because the paramete
‘e,

}o2.1 Low level primitive

.tive ¢ jump
labe
sour
exit
clas
clas
exte

s jump

. definition : labe

e line : sour
inte

¢ exit

itics:

A label macro causes the
le repr parameter of the m

A jump macro causes the
:sented by the repr parame
:ans of a label macro, a s

A source line macro caus
,er parameter of the macro
.ated for this purpose.

An exit macro causes the
s the constant, described
iting system.
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d in two classes. In the first place
as jumping to a label or halting. In
1 operations such as building a jump
nnot be described in terms of an ALICE
such an operation are of a different

nitiong
es

l, sp, repr, el.
ol, sp, repr, el.

e symbol, sp,

®

L, sp, repr, co, valref, el.

ation of a label, uniquely represented

tion of a jump to the label,
the macro. This label can by generated
tail macro, or a fail tail macro.

generation of code, such that the

ored in a memory location, especially

ation of code that halts execution and
2 parameters of the macro to the




:allation hints:

1.

The source line macro serves the run~time system to provide the
'ce line number of the original ALEPH program in error messages. The
'lest implementation is to generate a move to a register or memory
ition. This is of course a time consuming business. Another way is to
d from all source line macros a table giving the correspondence betwe
iine addresses and source line numbers.

8.2.2 Classification primitives

Class box and class macros occur in ALICE as the translation of the
'H classifier box respectively the ALEPH areas of a classification.

The ALEPH classifier box is translated to a class box.

The ALEPH areas prefixing the alternatives of the classification ar
ered. The alternatives are translated as usual. After the translatio
he alternatives the ALEPH areas are translated to a class. A class

ists of a class begin macro, a number of zone macros, and a class end
0-

ax:

s box ¢ class box id symbol, el,
load val in v reg,
class box end symbol, sp, representation, el.

s ¢ class begin symbol, sp, repr, co,
optimize, el,
zones,
class end symbol, sp, optimize, el.

s : zone bounds, (zones);
zone value, (zones).

bounds

zone bounds symbol, sp,
minbound, co, maxbound, co,
representation, el.

ound
ound

repr, co, valref.
repr, co, valref.




~t

value zone value symbol, sp,
repr, co, valref, co,

representation, el.

'y

1ize

true symbol;
false symbol.

itics:

A class box macro has no effect on the ALICE machine. It announces
macros to load the v-register will follow.

A class box end macro causes the generation jump to the label
‘ated by a class begin macro.

A class begin macro causes generation of a label, represented by the
parameter of the macro. The optimize parameter has the following
ng:
true: the value in the v-register will always fit in one of the
zones that follow.

false: it is not guaranteed that the value in the v-register will
fit in one of the zones. If not an error handling run-time routine
has to be executed.

A zone value macro causes the generation of code to test whether the
nts of the v-register equals the constant source referred to in that
« If the test succeeds flow of control resumes at the address,
sented by the repr parameter of the macro.

A zone bounds macro causes the generation of a test whether the
nts of the v-register lies between the min bound a the max bound

ds included). These bounds are constant sources. If the test

eds flow of control resumes at the address, represented by the repr
eter of the macro.

The optimize parameter of a class end macro has the same meaning as
ne of a class begin macro.

llation hints:

1.

If it is known that the value in the v-register will always fit in
£ the zones, efficient code can be generated such that few tests

y have to be done. Consider for example a class with three zone

5 macros with the following bounds and reprs

>und max bound repr
-32 128 121
0 ) 256 121

512 1024 133




The ALICE processor could generate the following code if optimization
llowed:

-reg < 257 goto 1121 else goto 1133

The ALICE processor is allowed to generate this kind of optimized

if the optimize parameter in the class begin and class end macro is
» If the optimize parameter in these macros is false, a (jump to an)
t routine must be generated at the end of the tests. In that case from
same three zone bounds macros as above the following code could be
rated:

v-reg > =33 and v-reg < 257) goto 1121
if (v-reg > 511 and v-reg < 1025) goto 1133
else goto classerror

3.2.3 Extension primitives

Extension macros are the translation of an ALEPH extension. The
:es are put on the gate as input parameters. The a-register is loaded
the address of the administration of the stack that must be extended.
the administration of the stack can be updated. The formals in the
1sion copy macros indicate the position of the new elements.

1X:

1sion extension id,

input gate creation,
copies to input gate,
load addr in a reg,
extension call,
extension copies,

extension end.

se

1sion id

ea

extension id symbol, el.

1sion call extension call symbol, el.

se

1sion copies

oo

extension copy, [extemsion copies].

1sion copy : extension copy symbol, sp,
integer, co, integer, el.

1sion end

so

extension end symbol, sp, representation, el.
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ics:

An extension id macro has no effect on the ALICE abstract machine. It
ices that the gate will be filled with sources to extend a list.

An extension call macro causes the generation of code for the

ition of an extension: room is made to push a new block on the list.
ite contains the sources to extend the list with. The a-register

.ns the address of the administration of the list that will be

led,

An extension copy macro causes the copying of a gate element to a

.on in the new block of the list. The first integer parameter of the
denotes the position on the gate. The second integer parameter

ites which element of the block has to be selected just as the integer
:ter of a loadv list elem macro.

The repr parameter of an extension end macro is the representation of
‘ue address of the extension.

Jlation hint:

An extension consists of:

.cking the sources on the gate.

wuring the extension.

lating the list administration. ,

msporting the sources to the selected positions.

If not all virtual addresses are mapped in the physical address

check whether the extension is still possible in the physical
is space. If not, re-allot the lists or swap in a new page, depending
» 1list allocation.

Update the right limit and implementation dependent core limits, if

The gate is not used stackwise here. One gate element can be copied
‘e stack positions.
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d with macros other than value, data, and
to provide global information and to separat
and rule macros, from each other.

ram id symbol, sp, string, el,
us information,

2s option,

values symbol, el,

3

unication area,

S

symbol, sp, string, el.

as symbol, sp,
zer, co,
zer, co,
3er, co,
zer, co,
zer, co,
zer, co,
3er, co,
3er, co,
zer, el.

inication symbol, sp,
y CO,
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1s information,

1le decls,

5 and root.

> decls], root, [rule decls].
symbol, sp, string, el,

¢t form,

111,




ntics:

The parameters of a status macro have the following meaning:
t parameter, integer: maximal number of parameters of a call (formals
ls). :
1d parameter, integer: maximal number of input or output parameters tc
it on the gate.
1 parameter, integer: number of locations needed in the value table.
:h parameter, integer: number of variables to be declared.
1 parameter, integer: number of files to be declared.
1 parameter, integer: number of breathing lists to be declared.
ith parameter, integer: number of non-breathing lists to be declared.
h parameter, integer: background:
0: the original ALEPH program contains no background pragmats.
l: the original ALEPH program contains background pragmats.
| parameter, integer: dump:
0: no dump is requested
1: a rule dump is requested
2: a global dump is requested
3: a member dump is requested

The meaning of the dump parameter is explained in detail in the ALEP
1 (dump pragmat).

The string parameters of the program id macro, the communication
» the root macro, and the end macro of an ALICE program are identical
contain the "title" of the program.

The parameters of the communication macro have the following meaning
parameter, repr: representation of the first list in the chain of
administrations.
d parameter, repr: representation of the first file in the chain of
administrations.
parameter, repr: representation of the first variable in the chain o:
ble declarations.
h parameter, string: the title of the program.

The execution of an ALICE program starts at the affix form (call or
11) following the root macro.




lation hints:

The title string parameter in the root
point. The first thing to do in most

lization of file administrations and m
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The status macro informs the ALICE pro
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can serve to gener
entations will be

f list administrati
ion macro. In that

macro.

what kind of ALICE
example, parameters
r than the number o
CE processor is war




LICE grammar

grammar october 77
consists of a set of macros,
nt lines, and pragmat lines.

ment line starts with "xxx " and should be ignored

gmat line has the format:

at symbol, sp, string, el.
tring will be passed on to the assembler

table program contains no pragmat lines

ro has the form:

mac name, [sp, parameters], el.

ame ¢ ALICE terminal symbol.
eters : parameter, [co, parameters].
eter ¢ string;

integer;

character;

ALICE terminal symbol.




.ICE terminal symbols

acro names $

symbol;

in file adm symbol;
L id symbol;

s5s begin symbol;

35s end symbol;

¢ denotation symbol;
stant source symbol;
munication symbol;

y a reg symbol;

y from input gate symbol;
y v reg symbol;

ide symbol;

file adm symbol;
list symbol;
symbol;

values symbol;

t symbol;

fcall symbol;

scall symbol;

table length symbol;
table decl symbol;
tall end symbol;
scall id symbol;
fcall id symbol;
ension call symbol;
ension copy symbol;
ension end symbol;
ension id symbol;
rule decl symbol;

L tail id symbol;
low symbol;

11 symbol;

ss box id symbol;
class box symbol;

e w reg symbol;

exed input parameter symbc
exed output parameter symt
ut gate symbol;
symbol;

fill symbol;

p symbol;

el symbol;

k symbol;

t adm symbol;

t symbol;

da global symbol;

da stack var symbol;
dv constant symbol;
dv limit symbol;

dv list elem symbol;
dv stack var symbol;
dv variable symbol;

tion

dd
fa
11
sb
se
nd
ss
nm
ar
ig
vr
vd

1s
nd
va
Xt
fc
sc
tl
td
ce
si
fi
tc
Xc
xe
xi
rl
ti
1w
cl
bi
bx
rw
ip
op
gt
nt
tf
mp
ab
nk
dm
st
ag
as
ve
vl
vi
Vs
Vv




1 symbol;

‘est constant symbol

ply symbol;

id symbol;

'ical symbolj;

it gate symbol;

er symbol;

‘am id symbol;

're to output gate s

symbol;

e line symbol;
symbol;

. frame symbol;

symbol;

variable symbol;

list element symb

stack var symbol;

length symbol;

fill symbol;

act symbol;

ss tail id symbol;

t stack frame symbo

ck and return symbo

ble symbolj;

bounds symbol;

value symbol;

Qo £ £ £ 0

imiters $
symbol;
symbol;
f line;

ameters $
ine symbol;
line symbol;
line symbol;
age symbolj;
rar symbol;
size symbol;
at symbol;
1t symbolj
ize symbol;
-tag symbol;
-tag symbol;
ldr symbol;
idr symbolj;
length symbol;
ymbolg
symbol;
symbol;

1g symbol;
symbol;
symbol;

1 symbol;
symbol;
symbol;

mm{nmmmmmmmmmmmmwmmmmmmmmmm

$
$

ependent §$

B A VBV A BV B R Vo B T R IR I 0 S R V7 3

L WU W




:s symb
: symbo
* symbo
i symbo
| symbo
+ symbo
| symbo
11 symb
:q symb
lom sym
random
real r
. symbo
. int s
ick int
. inver
. and s
. 0r 8y
. X0r S
. circ

it circ
it clea
1len sy
:rue sy
‘alse s
elem s
ir elem
ract bi
it true
. bool

ick boo
1scii s
1 ascii
. strin
wick str
ng ele
-ng len
)are st
:ack st
rious s
symbol
: symbo
rious s
: lengt
:ack sy
:ack to
leue sy
itch sy
line s
line s
char s
char s
string
int sy
int sy
data s
data s

nbol;

g symbc
ymbol;
ymbol;
symbol;

ol;




:r prim

o
35

iter;

aracter seque
mited by quot
es in the str
e images ['""]

signed digit

1 by
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ogram id symbol, sp, string, el,
atus information,

lues,
d values symbol, el,

ta,
mmunication area,
les,

d symbol, sp, string, el.

onstant sources],
ariable decls],
ists],

iles].

ist areas],
xternal table decls],
ist administrations].

le administrations.

trule decls,
les and root.

ace symbol.
mma symbol.
d of line.

atus symbol, sp,
teger, co, maximal stack frame $
teger, co, maximal gate size $
teger, co, number of expressions $
teger, co, number of variables $
teger, co, number of files §$
teger, co, number of breathing lists
teger, co, number of non-breathing 1
teger, co, background:

0: No lists on background

I: Lists on background $
teger, el. $ dump:

0: no dump

1: rule dump

2: global dump

4: member dump $

-\




] : value, [values].

value definition;
calculation.

int denotation;
manifest constant;
char denotation;
string length;
external table length.

definition

enotation int symbol, sp, location, co,

ast constant : manifest constant symbol, sp,
location, co, manco, el.

new line symbol;
same line symbol;
rest line symbol;
new page symbol;
max char symbol;
word size symbol;
max int symbol;
min int symbol;
int size symbol;
comma-tag symbol;
space—~tag symbol;
min addr symbol;
max addr symbol;
virt length symbol;
nil symbol.

denotation

char denotation symbol, sp, lo
character, el.

z length

string length symbol, sp,
location, co, integer, el.

1al table len : ext table length symbol, sp, 1
co, string, el.

string is an copy of the ALEPH string includ
surrounding $

'y

lation operator, sp, location, co,

valref, co, valref, el.

add symbol;
subtract symbol;
multiply symbol;
divide symbol.

°c

tor




:ion : integer.

.s integer denotes where to put a certain value in the
1le the ALICE processor is building.

v location will be referred to by valrefs §$

of ¢ integer. .
ralref references the location of an already defined
.ue in the table the ALICE processor is building up $

.ant sources ¢ constant source,
[constant sources].

:ant source : constant source symbol, sp, repr, co, valref, el

integer.

:epr either represents an ALICE object uniquely (>0)
it indicates the non-presence of an ALICE object (=0)

areas : list area,
[list areas].

area : list symbol, sp, repr, co, $ of list §
list type, co,
valref, el, $ number of virtual addresses $
[list fillings],
end list symbol, sp, repr, co,
list type, co, valref, el.

$ The parameters of end list are the same as thc

of list §
fillings : list filling, [list fillings].
filling : int £ill symbol, sp, valref, el;

string f£fill symbol, sp, string, el;
fallow symbol, sp, valref, el.

$ fallow stands for uninitialized space
to be grabbed for a stack
with an absolute size estimate $

able decls : variable decl, [variable decls].
able decl : variable symbol, sp, repr, co, valref, co,

repr, co, $ of next variable $
string, el. $ ALEPH variable tag in quotes $




administratic

administratic

info

type

ical area

2r area

administration, [file administ1

n file adm symbol, sp, file infc
nter areal,

erical area],

file adm symbol, sp, file info,

s CO,

type, co,

integer:

scratch charfile
scratch datafile
input charfile

input charfile

>utput charfile
>utput datafile
input-output charfile
input-output datafile

, CO, $ next file administr
18, $ file name$

jer, co, integer,

:ical symbol, sp,

:f, co, $:lower bound$
:f, el, $ upper bound$
irrical areaj.

:er symbol, sp, repr, el, $ of a
iter areal.

vr




.strations

.stration

‘eathing,
‘eathing,
‘eathing,
‘eathing,

ble decls

ble decl

on area

: administration, [list administ

: adm symbol, sp,

: info, el.

Iy CO, $ of the list$

. type, co,

ref, co, $ virtual min $
ref, co, $ virtual max $
-ef, co, $ virtual left $
ef, co, $ virtual right $
ef, co, $ calibre $
'y CO, $ next list adm $
.nge. $ name of the list$
iger.,

wund pragmat
wund pragmat
wund pragmat
wund pragmat

rnal table decl, [external tabl

table decl symbol, sp,
info, co,
ng, el. $ ALEPH string $

wnication symbol, sp,

, co, $ first list $

, co, § first file $

, Co, $ first variable $
ng, el,

us information.

s].

3]




le decl : extrule decl, [extrule decls].

le decl : extrule decl symbol, sp, repr, co, s
: string;
extag.
:he ext andard external, the stag is an extag
axterna ible program must be standard external

: add~tag symbol;
subtr symbol;
mult symbol;
divrem symbol;
plus symbol;
minus symbol;
times symbol;
incr symbol;
decr symbol;
less symbol;
lseq symbol;
more symbol;
mreq symbol;
equal symbol;
noteq symbol;
random symbol;
set random symbol;
set real random symbol;
sqrt symbol;
pack int symbol;
unpack int symbol;
bool invert symbol;
bool and symbol;
bool or symbol;
bool xor symbol;
left circ symbol;
right circ symbol;
right clear symbol;
is elem symbol;
is true symbol;
is false symbol;
set elem symbol;
clear elem symbol;
extract bits symbol;
first true symbol;
pack bool symbol;
unpack bool symbol;
to ascii symbol;
from ascii symbol;
pack string symbol;
unpack string symbol;
string elem symbol;
string length=-tag symbol;
compare string symbol;
unstack string symbol;




evious string symbol;
s symbol;

Xt symbol;

evious symbol;

st length symbol;
stack symbol;
stack to symbol;
queue symbol;
ratch symbol;

t line symbol;
line symbol;
char symbol;
char symbol;
string symbol;
int symbol;

int symbol;
data symbol;
data symbol.

T T 7T T T T ¢t T

es and i1le decls], root, [rule decls].

e decls le decl, [rule decls].

(nd

>t symbol, sp, string, el,
irce line,

fix form,

it.

ix forn L1;
:call.

e decl le head, rule body, rule tail.
e head le id,

ick frame,

>pies from input gate].

w

id le id symbol, sp, repr, co, rule
:ursion, co, string, el.

w

type :eger.,
): cannot fail
can fail

irsion .eger.,
): not recursive
recursive




frame :
ail :
s tail :
s tail id :
gate creation :

f output gate

k and return true :

ail

ail id

k and return false:

from input gate
rom input gate

on on gate
on on stack

os os o6 o0s e

es to output gate :

e to output gate

ody
ents
ent

ee 6o os

frame symbol, sp, number of parameter
umber of locals, el.

ss tail,
taill.

5s tail id,

it gate creation],
d>res to output gate],
tk and return true.

ss tail id symbol, sp, repr, co,
type, co, recursion, el.

t gate symbol, sp, size of output gate
ar.

ck and return symbol, sp,
t of parameters, co, number of locals,
symbol, el.

tail id,
:k and return false.

tail id symbol, sp, repr, co,
type, co,
sion, el.

:k and return symbol, sp,
t of parameters, co, number of locals,
symbol, el.

from input gate, [copies from input ga
from input gate symbol, sp, formal, el
ion on gate, co, position on stack.
ar. '

ar.

re to output gate,
>res to output gate].
re to output gate symbol, sp, formal,

nents.
nent, [statements].

L1;
tive.




itive

id
: gate creati
of input gat

2t stack fram

2ar of paramet
ar of locals

L or fcall

> address

address

all

all id
scall id

fcall id

)3
ce lin
;s box;
3S3
;msion;

-3
:1 defi

. id,
It gate
tet sta
yvies to
Jd or £
jtores

‘e

. id sy
: type,

it gate
1ger.,

ret sta
ver of
ver of
1ger.
1ger.,

.1 symb

.1 symb
je addr

i a lab
. symbo

:all id
yvies to
scall
itores
:all en

scall
fcall
scall

fcall
Ty CO,

ion,
me,
gatel ;

utput gatel,

Sp, repr, co,
ecursion, el.

1, sp, size of inpu , el.
me symbol, sp,

ters, co,
, el,

, ‘repr, el;

, repr, co,
]..

true address, el.

gate],
fcall,
utput gate],

bol, sp, repr, co, 21,

bol, sp,
co, false address,




call or ext £ scall symbol, sp, repr, co, stag, el;
icall symbol, sp,
, co, stag, co, false address, el.

11 end 111 end symbol, co, true address, el.

symbol, sp, repr, el.

e line e line symbol, sp, line number, el.
aumber jer.
box 3 box id symbol, el,

val in v reg,
:lass box symbol, sp, true address, el
1e address = repr of class §$

3 begin symbol, sp, repr, co,
nize, el,

35

5 end symbol, sp, optimize, el.
bounds, [zones];

value, [zones].

bounds bounds symbol, sp,
>und, co, maxbound, co,
address, el.

und , co, valref.:
und , co, valref.
value value symbol, sp, repr, co, valref, c

address, el.

ize symbol;
> symbol.
sion asion id,

t gate creation,

2s to input gate,

addr in a reg, $ stack adm $
ision call,

1sion copies,

asion end.

sion id asion id symbol, el.
sion call asion call symbol, el.
]
sion copies asion copy, [extension copies].
sion copy asion copy symbol, sp, formal, el.

sion end asion end symbol, sp, true address, el




: .t symbol, sp, valref, el.

21 definition el symbol, sp, repr, el.

.es to input gate y to input gate,
pies to input gate].

r to input gate y val to input gate;
y addr to input gate.

r val to input gate d val in v reg,
y VvV reg to input gate.
| val in v reg d simple in v reg;
d indexed element in v reg.

. simple in v reg d constant in v reg;

d variable in v reg;

d limit in v reg;

d stack var in v reg.
"V reg to input gat y v reg symbol, sp, formal, el.
" addr to input gate d addr in a reg,

y a reg to input gate.

addr in a reg d global addr in a reg;
d stack var in a reg.

a reg to input gat y a reg symbol, sp, formal, el.

constant in v reg dv constant symbol, sp, repr, cc .

variable in v reg dv variable symbol, sp, repr, el

limit in v reg 1 addr in a reg,

_ dv limit symbol, sp, limit type,

t type 2ger.
left
right
calibre

stack var in v reg lv stack var symbol, sp,

ition on stack, el.




indexed element
in v reg

.ist element in
vV reg sequence

.ist element
in v reg

1lobal addr
in a reg

itack var
in a reg

res from
output gate

‘e from output gate:

¢ indexed input parameter symbol, el,

load simple in v reg,
load list element in v reg sequence.

load list element in v reg,
[load list element in v reg sequence

load addr in a reg,
loadv list elem symbol, sp, integer,
$ 0: right most element of indexed b

i: (i~1)-th right most element $

loada global symbol, sp, repr, el.

¢ loada stack var symbol, sp,

position on stack, el.

restore from output gate,
[restores from output gate].

copy gate elem to w reg,
store w reg sequence,
free w reg.




re w reg sequence
y gate elem to w reg

re w reg

re w reg in variable

re w reg in
list element

re w reg in
stack var

e W reg

e

ve

store w reg, [store w reg sequence].
loadw symbol, sp, formal, el.

store w reg in variable;
store w reg in list element;
store w reg in stack var.

storew variable symbol, sp, repr, el.

indexed output parameter symbol, el,
load simple in v reg,

[load list element in v reg sequence],
load addr in a reg,

storew list element symbol, sp, integer,

storew stack var symbol, sp,
position on stack, el.

free w reg symbol, el.
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