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ABSTRACT

This thesis describes the implementation of a
code generator for the Seal language on the
Multiplexed Information and Computing Serv-
ice, The implementation developed extensive
error handling techniques fo: both the code
generator itself, and the Seal programs it
compiles.

Work reported herein was sponsered by Proje AC and Honevwell
Information Systems, Inc.,, and bv the Adve i Research Projects
Agency of the Department of Defense,
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An Implementation of Seal on Multics.

Part I: Introduction.,
Section I.1l: Outline of the Thesis.

This thesis is concerned with the implementation of a code
generator for a language which performs extensive error checking.,
The language implemented is Seal, (1) and the implementation was
performed on the Multiplexed Information and Computing Service
(Multics), (2) a prototype computer utilityv developed jointly by

MIT and Honeywell,

Sections of the thesis discuss how the goal of controlling
errors influenced the design and impli mentation of the Multics
Seal compiler. The compiler is a simple, two-pass program, with
an optional optimizing pass. While the first pass (the parse)
and the internal representation were completely designed and im-
plemented before this thesis was begun, they are compatible with
this thesis. This thesis influenced the design and implemen-
tation of the Multics Seal code generator and runtime support

routines,

(1) "A Language for Virtual Memory Sy’ , by R, A,
Freiburghouse, Honeywell, Inc., to be publi:

(2) "Multics Programmers' Manual,” MIT Prof MAC and Honeywell
Information Systems, Inc., 1973.
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Consideration is given to erveors arising in the compiler ite-
self, accidental errors in the user's Seal program, and deliber-
ately malicious Seal programs. A compiler might accidentally
generate incorrect code due to internal errors, or a user might
accidentally use an undefined variable, and occasionally users
try to tamper with the underlying support mechanisms. The thesis
proposes error handling mechanisms which are simple extensions of
the base protection mechanisms provided by the Multics operating
system and associated hardware {(the Honeywell 6180 processor). A
major conclusion of the thesis is that a very small number of
mechanisms are needed to effectively control errors, if they are

used methodically.

The exror handling mechanisms prorosed are justified on the
same basis as general access controlling facilities. The desire
to shield the user from accidental programming errors, the desire
to make the over~all system as well-defined as possible, and the
desire to control malicious wusers are all relevant. Earlier

attempts to provide mechanisms for access control often gave lit-

tle wmore real protection than a smoke screen; knowledgeable pro-

granmers could always find a loophole. Today mrst system design-
ers realize that effective protection require: hat every refer-
ence be wvalidated, and that assumptions ¢ orance or secregy

are inadequate to solve the problem. Rece; more emphasis has
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been placed on designing ppropriate hardware mechanisms for
implementing protection mechanisms, The Honeywell 6180 hardware
is the direct result of research into such mechanisms. (1) Hard-
ware assistance assures that every reference is validated, and it
also minimizec the overhead associated with the validation pro-

cess., This thesis proposes similar mechanisms for error control.

This thesis describes error controlling mechanisms which
have been implemented with a combination of hardware and software
suppoxt., Some of the mechanisms could benefit from additional
hardware capabilities, but none of them were impossible or pro-
hibitively expensive on the H6180 machine. A comparison of the
Seal implementation to the Multics PL/I inplementation shows that
Seal is no slower than PL/I for execution of similar programs,
when performing similar error checking., While obtaining execu-
tion speed comparable to PL/I was not a direct object of this
thegis, several early errxor handling designs were discarded or

modified due to thelr excessive cost.

The Seal code generator is a simple, table=driven program.
It accepts the output of the Seal parser and generates Multics

standard object programs., At the present tine, e code genera-

(1) *A Hardware Architecture for Implementin stection Rings,®
by Michael D. Schroeder and Jerome H, Se¢ »r, Comm ACM 15, 3
(March 1972), pl57=170,
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tor correctly implements a large subset of the Seal language.
This thesis concerns the development ofs
1. A code generator for Seal on Multics.
2. Methods for controlling the design and implementation
errors which would lead to compiler bugs.
Methods for catching all language violations, either at
compile time or execution time.
This partial implementation has demonstrated that the methods
chosen by this thesis are adequate, A final, complete implemen-

tation at a more leisurely schedule is planned.

Section I.2: A Brief Description of Seal.

Seal stands for ‘"simple extensible algorithmic language.”
Seal is derived from Algol 68, Euler, and 1list processing lan-
guages., It contains very simple, but generalized facilities for
constructing and manipulating data structures either as local
values or as permanent, global values, residing in a hierarchi-
cally structured, segmented, virtual memory. Because the global

data structures created by a Seal program are operated upon

exactly as if they were the values of local vari bles, no compli-

cated YI/0 language is needed.

The language is designed to facilitate construction of

sound, wellestructured programs built fro  collections of sepa-
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rately compiled procedures, each of which may contain nested pro=-
cedures. All procedures are vpotentially recursive and use a

stack model of storage for their local wvariables.

Seal allows the programmer to build up an infinite set of
data types (modes) from a set of seven basic data types. Com-
plete data type checking is always performed, normally at compile
time, but dynamic type checking is vprovided for variables
declared to possess values of unrestricted mode. Procedures can
be invoked as functions or as infix or prefix operators. The
ability to create new data types and to define procedures which

can be invoked as operators provides limited language extensibil-~

ity without loss of program readability.

The design objectives of Seal which influenced this thesis

1. Tt must be compilable into non=-interpretive code, but

it must allow some variables to possess values of unre-

stricted mode (called "any mode" by Seal).

It must provide for separate compilation of program

modules and must have a uniform method of referencing
global variables.

Tts implementation must he so secw: at no program,
legal or illegal, can destrov its or its supporting

machanisms,
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Part II: FError Controlling Methods.

Section ITI.l: Why Control Errors?

Error control, in a general sense, pervades all aspects of
computing. In hierarchically organized systems the correct oper-
ation of each level depends on the correct operation of all lower
levels, Applications programs written in a compiled language
depend on the correct operation of the compiler; the compiler
depends on the correct operation of the onerating system; the op-
erating system depends on the hardware. As systems designers and
programmers begin to get tired of fixing the same sorts of bugs
over and over with each new svstem, they are beginning to search

for ways to build correct syvstems from the outset.

Various error controlling schemes have been proposed thus
far: structured programming, goto-less programming, "chief pro-
grammer," automatic verification, etc. That almost all such
efforts have brought favorable results is evidence of the magni-

tude of the problem., But attempts to write correct programs are

doomed from the start in many languages. Most f  the computer

languages in use today were dasigned befo 1@ problem was so

great., If new solutions are not found, sof o cests will con-
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tinue to rise. It is indeed ironic that hardware costs are fast

becoming negligible compared to software costs. (1)

Seal, however, was designed from the start to aid error con-
trol. Seal provides a simple language for writing sound pro-
grams, and is able to catch and diagnose all illegal programs,
either at compile time or execution time. This philosophy of
complete error checking rervaded the entire project, and each

phase of it will be discussed in the sections that follow.

Section II.2: Language Design.,

The Seal language restricts the user to seven hasic data
types, and completely defines the operations allowed wupon each
type. It specifies that type-checking must be performed, either
at compile time or execution time. Althcugh the language allows
pointer wvariables (in the PL/I sense) it restricts them suffi-
ciently so that it can completely define their correct usage,
The language does not incorporate any feature which enables the

programmer to perform an undefined action.

The shortcomings of onlv partial error checking become obvi-

ous in large subsystems composed of separatelvy piled programs.

(1) "software and Its Impacts A Quantitatiwve .sessment,” Barry
W. Boehm, DATAMATION 19, 5 (May 1973), page
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Large subsystems are usually composed of many smaller programs,
for reasons of modularitv, maintainability, transportability
(sensitive code is usually isolated), economy, and readability.
Nearly all programming languages offer subroutine-type program-

ming in some form,

Unfortunately, separate programs usually mean separate com-
pilations, and separate compilations mean that the error checking
capabilitites of the compiler are greatlv reduced. Only a few
languages have attempted to define, for all cases, the semantics
of separately compiled programs. While PL/I, for example,
defines how separately comniled programs shall behave, it does
not require an implementation to perform the checks. Multics
PL/I has no provision for validating arguments on a call between
separately compiled programs, and many subtle bugs have been dif-
ficult to track down by this omission. (1) By design, Seal

requires than an implementation perform these checks. Seal has

no undefined cases, or illegal programs which can "sneak by" the

compiler.

(1) Multics PL/I is forced to give the followinc lisclaimer: "A
program that violates the constraint([s listed ° this manual] way
or may not be compiled by the Multics PI/ mpiler. If com-
piled, it may or may not execute. If execut -t may or may not
produce congsistent results in the current or ure versions of
the implementation,” Multiecs PL/I Lang: , Document AGY94,
Honeywell Information Systems, Inc.,, 1972, = e 1=5,
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Another area of trouble in modern languages is the very gen=-
eral "address variable" canability known as "pointers® (PL/I) or
"references” (Algel). Unfortunately, PL/I gives the programmer
the ability to easily perform, within PL/I, actions which are un-
defined by the language. Hence, the compiler cannot diagnose, or
even attempt to diagnose, constructs which have undefined
actions, or would cause the runtime support programs to perform
incorrectly., For example, a Multics PL/I program can easily de=-
stroy the data in the stack segment, either accidentally or on
purpose, The programmer can just as easilv write constructs that
are syntactically correct, but whose semantics are undefined.
Such constructs may execute, and may even yield some "meaningful"®
result. The compiler writer and languaca designer would very
much like to catch all illegal uses of the language, and further,
would like to provide a language which has no uncheckable con-
structs. Also, most users would like to be assured that they

cannot fall into the trap of accidentally using such quirks,.

Seal provides address variables, but instead of using the

more general PL/I-type definition, it wuses an Algol-like ap-

proach. A Seal "reference variable" not only specifies an ad-
dress, but also completely specifies the data pe. Stated in
PL/T terms, it is possible to have a pointe an integer, or a

pointer to a character string, but they are interchangeable;
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pointers in Seal are specific, not general., Thus it isn't possi-
ble for a user to twiddle bits in his character strings or num-
bers by overlaying them with bit strings. And it is possible for
the compiler to check for such illegal uses of reference varia-
bles and issue an error message. A consequence of this restric-
tion is that it is not possible to write a garbage collector or

storage allocator in Seal. The Seal programmer can only refer to

Seal values; it is not possible to manage storage. This is not a

severe limitation since storage management of the Seal values

themselves is provided by the language and imnlementation.

Section II.3: Code Generator Design.

There is nothing radicallv new about the implementation it-
self. Rather, already proven methods were used to build the Seal
code generator. This has left time to explore and develop meth-

ods for dealing with the other parts of the thesis.

The code generator is a one-pass, table=-driven program. The
output of the first pasc of the compiler, the parser, is in the
form of triples. Each triple consists of an opcode and two oper-
ands. The code generator expands each ¢trir 2 into Multies
machine code by interpreting a small table. . table describes
the code seguences and code generator state iges necessary for

each triple, Some triples have several pos .le different inter-
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pretations, depending on operand type. The table is also used to
separate these sub-cases automatically, and at the same time,

check for illegal operand types.

The lowest levels of the code generator were designed first.
The Seal data-types and control structures were mapped onto the
Multics base system. Then the Seal operators were mapped into
sequences of H6180 machine instructions. In this manner, the
allowed operand types and the code sequences necessary to imple=-
ment the operators were collected in a table. Then the table was
augmented to include special commands describing the code genera-
tor state changes necessary to generate an object program. These
commands are also used to request special! actions to be performed
by the code generator. Refer to Appendix B for a listing of the
Multics Seal code generator, and to Appendix C for a listing of

its table,

This table was almost completely designed and written before
any code generator programs were started. It is the central

force behind the code generator and the desire to control the

design and implementation errors which would lead to bugs. The

code sequence generated for any language cons! ¢t may be deter-
mined (given the output of the parser) by 4y to the table
entry for the language operator and reading :w lines of infor-

mation, All code generating decisions .re made by the table.
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Some of these decisions are expressed as direct H6180 machine
code, some as state changes or requested actions in the code gen-
erator program. Nevertheless, by merely reading a few lines in
the table, one may get most of the infcrmation necessary to de=
termine the behavior of the code generator. This technique is in
direct contrast to procedural-type code generators which tend to
distribute such decisions over a large number of modules. Expe=
rience indicates that such an approach may be necessary for com-
plicated languages such as PL/I, but it leads to rather esoteric
bugs and manageability problems. The simplicity of the Seal lan~
guage permitted the table approach, and hence, its easier control

of errors.

The only major disadvantage of tlie table approach is that
more complicated constructs cause the table to become a program-
ming language of its own. The table used by the Seal code gener-
ator is only a small step above a macro-assembler language, yet
it has "if-then=-else” claues, symbolic variables, and a limited

form of subroutine call. The compiler writer must be careful

that his internal language does not become too unwieldly itself,

Otherwise, too much effort will be spent debuc jing it, when the

real task is to correctly compile the user's jram,
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Section II.4: Code Generator Implementation.

The design and implementation of the Seal code generator was
guided by the desire to keep the number of compiler bugs to a
minimum. Several techniques served as the primarv means used to
achieve this goal. They are:

1) Modularity,

2) Simplicity,

3) Limiting optimizations,
4) Self=-checking,

¥) Programming style.

Section II.4.1: Modularity.

The procedures which comprise the Seal code generator are
guite modular. Once again, this design decision follows from the
desire to localize the decision-making process in the hores of

controlling errors. Modularitv also simplifies the whole compil-

er-building process, from design through coding to debugging.

Experience with other compilers suggests that the major cause of
compiler bugs is unanticipated side-effects between modules.
Often they arise only under special circumstan ~s, and thus are
very hard to track down. Needless to say, muc  areful work is
required to keep the compiler truly modul ut the reward is

that the thousands of decisions made during : compilation pro-
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are much hetter organized, and much more likelv to be cor-

in all cases.
Section II.4.2: Simnlicity.

The area of simplicity is often taken for granted, and is
one of the first to get out of hand in any large system. It is
often compromised in the name of efficiency. Unfortunately, the
Seal code generator is no exception. However, the division of
labor between a table and interpreting program has simplified
matters. The table is designed to enumerate the many, many code
patterns in a uniform, simple manner. The table is structured as
a strictly diverging tree; cases are divided first by triple
operator, then by operand type, then by predicates. Since each
case is listed completely separately, and since the decision mak-
ing "predicates" (if-then-else statements) are specified per
case, it is not possible for decisions made by one case to affect
another; each entry is physically and logically separate. See
Appendix C for a listing of the table. The interpreting program,

on the other hand, 1is designed to make only general decisions

which are walid for all cases. Ixamples of decisions made by the

program are putting li‘eral constants into insty ‘:tions wvia the

H6180 “"direct” modifiers, or using the H618" kruction~counter
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modifier, (1) The division of the compiler into a table and driv-
ing program greatly simplifies the handling of special cases,

reducing the likelihood of errors.

Other major design decisions helped to achieve simplicitv.
The wuse of triples as the internal representation forced a table
representation that localized decisions, and kept the enumerating
of cases uniform and simple. It also allowed the code generator
to Dbe non-recursive, which simplified its overall design and im-

plementation.
Section II.4.3: Limiting Optimizations.

The decision to limit the optimizaitions performed by the
code generator 1is the most radical departure from previous com-

pilers. In the case of the Multics Seal implementation, only op-

timizations which could be done systematically and in a gener-

alized fashion were permitted. This limited the implementation
to three optimization methods, which are:
1) Optimize by combining redundant trivles (which compute
the same value),

2) Optimize by remembering the machine state during code

(1) In assembler notation, these decisions

'ldg constant_address' is changed to 'lda ¢ ant value,dl?’

'ldg constant_address® is changed to 'lda ¢ cant address=*,ic’
In the first example, the constant must be .ss than 2%*18, in
the second example it may be any value.
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generation,
3) Optimize by sub=casing a given triple case.
No optimizations are performed via any look-ahead or look-behind,
other +than those implied by the machine state (i.e., register

contents) .

The sole task of the optional optimizer mpass (between the
parse and the code generator) is to perform the first optimiza-
tion. This optimization is cuite simple; Gries (1) estimates
that a half-page of code is all that is required to implement it,
An example of this optimization is:

Triple #. Triple operator. Operands.
#1. add
#2. assign
#3. add
#4. assign
into the following:
#1. add i,
#2, assign k, #1

#3. assign m, #1

The second optimization is performed by the code generator

it expands each triple into machine cod« t is perhaps the

(1) Compiler Construction for Digital Com .ers, David Gries,
p379, '

Page 20,




An Implementation of Seal on Multics.

most error-prone optimization, due to the fact that commands to
change the register state information must be explicitly entered
in the table. An example of this optimization in the expression
ni % § + k" is:
Machine Instruction.

load i

mult

store

load

add
into the following:

load

rnult

add

The third optimization is performed only by the table, and

it is localized o a given triple-operand combination. The fol-

lowing diagram is an example of the optimization of the expres-

gsion "x / (y + 1)", by using an inverted divide instruction.
load v
add 1
store tl
load X

divide tl
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is optimized into:
load
add 1

divinv x

The limiting of the optimizations performed is a another
major method for controlling the implementation errors. Experi-

ence has shown that look-ahead and look-behind is very sensitive

to special cases, and a freguent cause of esoteric bugs. It is

the author'®s opinion that such look-ahead and look=-behind (effec-
tively combining triples) is symptomatic of poor communication
between the parser and code generator of a compiler, and in a
broader sense, between the nrogramming language and the host com=
puter. There seems to be no general method for optimizing adja-
cent triples in a foolproof manner. It would certainlv not be
possible to tabulate all of the possible triple pairs which might
be optimized, much less higher numbers of triples. lequiring
communication between triples to be via the registers mav hinder
code optimization, but it keens the compiler well-defined in
terms of its pre-specified tables. The real solution, when such
lock-ahead or look-=behind appears to be necessar r, is +to change
the parser (or language) to define a new - struct having the
desired properties of the old pair of const: : This has the

advantage of remaining within the existine e generator mecha-
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nism, and it states explicitly what the code generator was previ-
ously trying to do implicitly. In this way, there can be no mis-
understanding about the meaning of a given construct in any con=-
text, and the code generator can easily optimize it. Achieving
such a design takes a lot of communication between the code gen-

erator designer, language designer, and machine designer.

It is sometimes difficult to define new triples which are
combinations of old ones because triples have only two operands,
The solution has been to produce an invariant sequence of triples
when a single triple is insufficient. Thus it is possible to
express constructs which have more than two operands, but still
use only two-operand triples. This prodiuces a certain amount of
complexity in the compiler (more code is required to recognize
and handle the invariant secuences of triples as a unit), but it

states exactly what is desired by a given construct.

Optimal code is achieved by nicking triple operators which

map well into H6180 machine code. Some iteration is necessary to

achieve this (i.e., a change to the language or parser) but for
the short term, or for infreaquently used constructs, it is often

easier to suffer with a few extra instructions.
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Section II.4.4: Self-checking.

Self-checking is an integral part of the compiler; it is
not optional. The checks are designed to prevent the code gener-
ator from producing incorrect code due to internal errors which
cause the code generator to enter an undefined state, or "mess
up" its tables. Most of the tests are simple checks on the
validity and consistency of its internal data bases. For exam-
ple, reference counts are handled very carefully. A reference
count is a number associated with a computed result, or triole

output in Seal's case, which informs the code generator how many

operands use this output. They are provided solely for optimiza-

tion purposes. They enable the combiled code to evaluate an
expressicn a minimum number of times, and then throw it away when
it is no longer needed. If the reference count is too high, the
evaluated result will never be discarded. If the reference count
is too low, the result will be discarded too soon, and a compiler
addressing error will occur. The Seal code generator checks the
reference count each time it is decremented to ensure that it
does not go too low, and it checks for the erroncous existance of
saved wvalues at predetermined points, in co: lination with the
optimizer, which never uses a saved res across a trans-

fer-of-control point,
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other checks are for undefined addresses, undefined oper-
ands, unhandled triple cases, and failing to save a result whose
reference count was non-zero, These checks, however, neither
prevent mistakes nor guarantee perfection. Bugs not caught auto-
matically include destroying a register without so indicating in

the table, and incorrect code sequences.
Section II,4.5: Programming Stvle,

Programming style 1is an increasincly ponular issue. The
author is firmly convinced that consistencv and readability are
not only virtuous, they are absolutelv necessary! Powerful lan-
guages such as Algol and PL/I offer vory convenient control
structures for writing readable, understandable programs. Newer
languages are refining existing, overly general constructs like

"goto" into less error-prone ones such as "case."

Four vyears of experience programming in PL/I has produced a
short list of rules for producing consistent, readable programs.

(1) Refer to Appendix A for a list of the rules and to Appendix B

for an example of how thev were used in this implementation.

(1) FPor a similar set of rules for FORTRAILI, "How to Write a
Readable FOPRTRAN Program," by Daniel D. M cken and Gerald M.
Weinberg, DATAMATION 18, 10 (October 1972), . 3-77.
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Section II.5: Detection of User-Program Errors.

Returning to the previous example of subsystems, it has been
the author's experience that subsystems on Multics are very
rarely "stable." In fact, the experience has been that changes
can't be made fast enough; a subsystem may be neglected for a
relatively long period of time onlv because there is no one to
work on it. Such artificial stability is beyord the scope of

this discussion.

Any subsystem which has a more-than-fleeting time span is
likely to change hands several times. It may be designed, coded,

debugged, enhanced and maintained by five different peonle,

Until inter-programmer communication is improved, a great deal of

information will be lost in each transfer, and will have to be
regained, often at much expense of time and labor. Since the
proper place for such communication 1is in the programs them-
selves, much attention must be given to writing programs which

are as readable and understandable as possible.

The very need to change, and the "hand-m down" programming
management philosophy create a situation in ‘h no subsystem is
ever fully debugged. Fach person vho modi the subsystem runs

the risk of adding a bug along with his "f ." Every programmer
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has his own "war stories" about programs so sensitive that merelv
"looking at it" is likely to add a Dbug. Various schemes have
been proposed in recent vears to cure the evils of programming
languages and programmers, but most of them have been quite
restricted 1in their scope. (Prominent are the goto controversy,
and the call for "structured programming"). Without dismissing
the validity of such approaches, it is evident that Seal’s soclu-
tion is both non-trivial and global. Seal has "thrown in the
towel® as far as believing tihe programmer when he claims that his
program or subsystem is debugged. Seal has no separate debugaing

compiler, debugging intervreter, or debugging options.

Section II.5.1: Compile Time Checks.

Experience with the Multics PL/I compiler has proven the
worth of comprehensive compile time error diagnosis. The Seal

compiler has over 100 specific compile time error messages.

(Perhaps he fact that PL/I has over four times as manv messages

is some indication of its added comrlexity). Compilation errors
generally do not halt the compiler; every attempt is made to
continue., Severe errors detected during the first pass (parse),
however, will suppress the second vrass (code —:neration). Com-
pile time error messages vrint the source oment, its line

number, and a short (10-20 word) explanatioc Mo attempt is made
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to correct the error.

The following checks are nerformed at compile=-time:
syntax errors,
undefined labels,
invalid selectors applied to wuser-defined modes (in
PL/I terms, invalid structure member names used in
a reference),
mode errors with builtin owerators,

assignment to input-only narameters.

Section II.5.2: Execution Time Checks.

Execution time errors abort the faulty program and print a

diagnostic message giving the name of the program and, when fully

implemented, the source line number. In general, execution time
errors are unrecoverable, so the user is not allowed to restart

the program from the voint of interruption.

The following errors are caught at execution time:
subscript range errors,
attempt to use an undefined value,
exponent underflow and overflow,
division by zero,

integer overflow during arithmetic rations and con-
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versions,

mode violations of builtin operators by Anv-mode over=
ands,

mismatched modes between arguments and formal parame-
ters,

improperly activated procedure values,

attempt to use null reference values,

rarnge errors in arguments to builtin functions.

Some of the checks are automaticallyv performed by the hard-
wvare (division by zero, underflow, overflow), some kv adding a
few in-line instructions (subscript errors, conversion errors),
some by explicit operator calls (mode violation at run-time), and
some are caught by the entry operator when the program is invoked
(mismatched parameters). Undefined value is the most difficult
error to catch. Ideally, this error would be caught by appro-
priate hardware assistance. This check must be performed at each
reference to the value, and the easiest wav to do it would be to

provide a vunique state for each machine word, distinguishable

from a legal value, which would cause a hardware fault (trap)

upon any attempt to load (read) the value, and which would be
reset by any attempt to store into the walue. Most simulators
provide this capability "for free," b without hardware

assistance of some sort it is usuallv prohi’ vely expensive in
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compiled code. Fortunately, even though the H6180 hardware does
not provide the above, ideal solution, it does come close enough.
The hardware takes a fault when it recognizes a special indirect
word in an indirect chain. Thus, this implementation of Seal

references all of its values through an indirect word (pointer)

which 1s initialized to the faulting tag. Using a method sug-

gested by D. A, Moon, (1) the compiled code changes the indirect
word to a normal indirect tag at each assignment to a value.
This prevents correct programs from faulting, and allows all fur-
ther references to proceed normally. However, any attempt to use
a value before it has bheen defined by an assignment will cause a
fault, and an error-handling vrrogram will stop the program and

print a message,

The undefined value check is the only one which causes any
appreciable overhead. It requires an initialization operation at
block entry, an extra instruction at every assignment, and an
extra memory reference at each value reference. Other languages
which check for undefined values use similar methods. One imple-
mentation of WATIOR actually wuses the "ideal" method described
above, It initializes the storage locations for every value to

have a bad parity bit. Upon a read-type refe nce, the program

(1) Undergraduate member of Computer Syster: ;earch Division at
Project MAC.

Page 30.




An Implementation of Seal on Multics,

faults, WATFIV uses a less machine-derendent check; it initial-
izes each value to a predefined constant, and compares the value
to the constant at run-time. This has the major disadvantage
that the programmer can accidentally run across this value in a
legal program., PL/C, (1) checks for undefined values by initial-
izing them to the most negative integer (which has no positive
representation in two's complement), and then loading the abso-
lute value into a register set aside for this sole purpose each
time the value is referenced in a computation. If the value was
undefined, a fault results; if not, execution proceeds. Their
checking method could be used by the Multics Seal implementation,
but the 116180 architecture severely limits the number of regis-
ters, and further, it seemed to the authcr that an extra instruc-
tion at each assignment was preferable to an extra instruction at
each reference. The IRM PL/I Checkout compiler (2) checks for
undefined values as it interpretively executes the program., It
also checks for misusing prointer variables (c.f. section II.2 of

this thesis).

N
Undefined procedure values are detected through a method

(1) "Design and Implementation of a Diagnos' ¢ Compiler for
PL/T," Dby Richard W. Conway and Thomas R, Wil ', Comm ACM 16, 3
(March 1973), vbl76, -

(2) "A Conversational Compiler for Full PL/’ by R, M, Cuff,
British Computer Society Journal 15, 2 (May /2), p29-=104,

Prge 31.




An Implementation of Seal on Multics.

described by Fenichel. (3) Basically, each activation record is
labeled with a unicue number (possiblv the value of a hardware
microsecond clock), as is each procedure value derived from that
activation. This enables the imrlementation to diagnose the case

where an internal procedure is activated (called) after its

parent block has returned. This can happen in Seal because pro-

cedure values may be stored in static storage, but it is in error
to use them unless they are either external (have no parent) or
their parent is still active (i.e., on the activation record
stack). At each usage of the procedure value (attempt to acti-
vate the nrocedure it represents) the unique number in the value
s compared to the unigue number in the activation to ensure that

it represents the same activation.

(3) "On Implementation of Label Varial Robert R,
Fenichel, Comm ACM 14, 5 (May 1971), p349-
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Part ITI: Summary and Suggestions for Further Work.

Section IITI.l: Summary.

mhe Multics Seal implementation currently compiles a large
number of Seal constructs, and generates an executable Multics
object program. The error controlling mechanisms described in
this thesis were successful; the code generator and its table
were debugged in about eight weeks of part-time work. The high
modularity of the code generator enabled each section to be inde-
pendently debugged, and the simple design kept the problems sim-
ple. The self-checking features of the compiler caught many
oversights in the early phases of the compiler debugging, and
later on they caught and clearly diagnosed problems which would

have created obscure errors in the compiled programs.

Most of the compile time and execution time checks mentioned
in +this thesis have been implemented and tested; all of them

have been designed. To the knowledge of the author, the Seal im-

plementation is the only compiled Multiecs language to offer

checking for undefined values.
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Section III.2: Problems and Suggestions.,

One restriction had to be placed on undefined values in
Seal; this implementation does not allow them to be passed as
arguments, This decision is primarilv due to the implementation
method, namely, not only is the value undefined, but so is its
address. Since argument passing is implemented on Multics via
passing the address of each argument, Seal can not pass undefined
values. TFortunately, this decision also has a positive result;
Seal programs may call a program in any other language on Multics
which follows the standard Multics conventions (e.g. PL/I, FOR=-
TRAN, BCPL, etc.). EIExtending the Seal implementation to allow
passing of undefined values would have required a non-standard

mechanism,

Section III.3: Suggestions for Hardware Extensions,

The problems mentioned in the preceding section are evidence
that more work is needed to define av»propriate hardware mecha-
nisms which would remove suchh restrictions and much of the

present overhead. The following section describes H6180 hardware

modifications which would benefit the Multics Seal implemen-

tation.
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Undefined Value,

The following mechanism is proposed for implementing unde-
fined value checking in the hardware:

Each machine word (or byte, or character, or other
basic addressing unit) has two states: "defined"
and "undefined," distinguishabkle from any wvalue.

Load-type instructions will fault if the state is unde-
fined.

Store-type instructions will c'iange the state of the
word to defined, and complete the store instruc-
tion normally.

Instructions will be provided to force the state of a
word (or block of words) to either defined or un-
defined.

Instructions will be provided to test the state of a

word (or block of words) without faulting.

Since the address of each value is still perfectlv well-defined,

argument passing would be possible. Verv little overhead would

be reguired to initialize storage locations used for program var-

iables +to the undefined state, and no additional instructions
would be required. Since the state is inders ent of the value,
any data type (character, bit string, itthmetic) could be

stored, and no value would be illegal or . to be confused with
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the undefined state. This could be imnlemented by adding one bit
per word (since error-correcting codes already add several bits

per word, the additional cost should not be too great).

Multiplication.

Seal integers occuny a single machine word on the H6180.
The Seal multiply operator is defined to take two such single
precision integers and return an integer. However, the H6180 has
no single precision multiply instruction; all integer multipli-
cations produce a double-precision result. Adding a single pre-
cision multiply would eliminate 4 instructions which now follow

every integer multiplication in Seal.

Subscript Checkino,

The instruction sequence to check a subscript to ensure that

it lies between the lower and unper bounds of an arrav is very

cumbersome, and has several undesired side effects. The bounds
must be in the only two 36-bit arithmetic registers on the H6180,
even though the final index can have no more than 18 bits of pre-
cision, The compiler must use these registers to compute all
arithmetic results, and having them serve double duty causes ex-

cessive, unnecessary loading and storing. The oposed solution
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defines a new instruction (1) which takes the upper and lower
bound in a mpair of 13=bit index registers, compares them to a
subscript in storage, and skips the next instruction if the sub-
script is within the bounds. In this manner, the comniler can
leave the index registers loaded with the bounds, rather than
continually loading the 36-bhit arithmetic registers. This exten-
sion would save at least three instructions for each subscript
usage, and possibly more due to the elimination of the dependence

on the arithmetic registers.

Section IIX.4: Turther Work.

This section presents some brief ideas for further work in
the areas related to this thesis. Thesc ideas assume that the
implementation has been completed; once this is done it will be
possible to investigate the viability of the new and unicue feat-
ures of the Seal language, such as: Does eliminating file I/0
help programs which have used it in the past? What kind of im-
provements can be achieved by reprogramming some typical
data-base management applications (heavy file I/O users) in Seal?

Do the extensive checks provided by Seal prove valuable over the

(1) bue to the H6180 architecture, 4 opcodes wo hbe recuired to
specify the 4 possible even/odd index registe: Lrs (0-1, 2-3,
4=5, and 6-7). This may still he thought of one instruction,
however.

Page 37.




An Imnlementation of Seal on Multics.

1ife of a subsvstem or only at the beginning? Can these checks
be implemented cheaply enough to satisfy the needs of the users?
Are most of the arrors found at compile time or execution time?
(As manv checks as possible are verformed at compile time, for

example, only "any mode" variables and parameters need to be

type=checked at execution time).
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The following is a consistent set of rules for formatting
PL/I programs to maximize readabilitv and emphasize program

structure and flow of control,

Syntactic Rules.

1. A statement group is defined as all of the statements within
"nrocedure; ... end;", "do; ... end;", or "begin; ... end;".
All statements within suclhi a group shall be indented 5 spaces
or 1 tab., The opening keyword (procedure, begin, do) shall be

aligned in the same column as the closing keyword (end).

The "then" and "else" keywords shall each be on a separate

line, and shall each hegin in the same column as the "if" key-

word.

No more than one statement shall be on the same line.

All labels will begin in column 1, preceded by a blank line,

and on their own line.

One blank is used hefore and after the following operators:

=y infix “p infix +' *’ /' I" ‘, &' -‘=' <’ >y <=' >=, -‘>' -‘<o

One blank precedes, and none follow, these rators:

=3

, prefix =, prefix +,
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One blank follows, and none precede, the comma.

No blanks precede or follow these delimiters:

ll(ll' ")"’ ll_>ll' Il.ll'

Semantic Rules.

Variable names are as specific as possible and not abbreviated
or "acronymed" (unless acceptable in normal English usage).
Overly general names such as "i", or "switch" are restricted

to a very local context (a few statements).

Goto statements are used only to construct a case statement
(using a label vector and an indexed goto to enter a case, and
another goto to 1leave the case), or to perform a non-local

gotc when aborting futher processing.

Comments are encouraged, but should not be so trivial as to he
merely "noise" (e.g. "i =i + 1l; /* increment index */"). The
real documentation is always the program; the comments should
serve to give a global overview (of a procedure or a section
of code), point out an obscure point, or give a simple expla-
nation, Each procedure block has a global co ment describing

its function, calling sequence, side effec etc. This com-

ment comes immediately before the procedu tatement, begin-

ning in column 1, and surrounded by | 1k lines. Comments
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giving important information are placed on the line before the
statement to which thev refer, beginning in the same column.
Comments giving trivial, yet useful information about a state-
ment are placed on the same line in the right-hand margin,

starting in column 50 or 60.

Blank lines are used to improve readability by grouping simi-
lar statements and separating dissimilar ones. Page ejects
and vertical tabs provide the same service for internal proce-
dures or large sections of code. If an internal procedure is
referenced only in a small section of code, it may be placed

nearby; otherwise it is placed at the end of the containing

block.

All declarations come before any statements in a block. Each
storage class uses a separate declare statement, in which the
declarations are grouped alphabetically or logically (named
constants might be sorted by initial value). Structures are
indented 2 spaces per level, and the attributes of each member

are aligned in the same column. Include files are wused for

declarations needed by more than one program.
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{subscriptrange)?
seal_code_generator_:

proceadute(nwork_seg_ptr, error_printer)s

dcl subscripfrange conditions

on subscriptrange

beginj
cati loa_("Subscripfrange in cg. debug$);
cali debug; :

ends .

a

/* Code generation program for the SEAL complier.
Pau! Gr2en, January 1973.

/* Last Mddlfled oy PG on 5/17/73 */

/* parametars ¥/

5]
gel error_printer entryl(ptr, ftixed, flxedy; flxed, fixedy flxaed, fixad) returnsipit (1)) parameter,
WOrK_se3j_pir pir parameters

/* entries */

dct bug entry{l, /* temporary %/

=)
foa_ entcy optionslvariapliely /% temporary */

com_err_ entry cptlons{varianple),

establlsh_cleznuo_proc_ entrylientryl,

nes _3ma<e_seg entryf{chart?) aiijned, char{*) 3itlgnedy, char{*) sligned, flixed bin, ptry fixed bint
hes_8Bterminate_noname entrylptr, tixed 5In(35)), ’

hes_$truncate_seg entryi{ptr, fixed, flxed pin{35)),

seal _dlsplay_mzecro entryipir, flxed, Div (1))}

/% zutoermatic items ¥/

cel (defs, defs_retly, {Ink, iink_rel, name, oblect_segs, operand_Info_ntr, operator_.ato_ptr,
0y oaltern_base, previous_definition, scratzchidl),s
spsy StT3ack_vasey, symbs symdb_rel, text, text_retl, vp) pointer,
{defs_ic, fiak_icy oblect_lcs pasitions, saved_symb_LicCy
stack_o>ffset, symb_ic, text_ic, value_offset! fixed nin{i8),
{argument_index, o, Ditlen, count, dims,; element_slize, s irs }s 13 my
Ny opcide, operancl(idds outcut, cattern_ic, S» scratch_indax, stack_end, femporary_count}
{teft_ralocation, name_cefinitlon, operands: rel_codes
segnama_detinition, zero_ceflnition) oit{18) alligned,
use flxad initial(il), /* temp */
cocde fixed pin{3%},
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(before_first_flowchange, dcnes, founds on_heap) blt(1i) allgned,
arg blt(2) aligned,
{typels typel2) bit(8) aligned,
adaress 011(36)‘aligned-
1 value_tamp allgned like values

/% bufitin functlons */

del {addr, addrel, binary, bit, divide, flxed, hbound, ihdex, ibound, lengthy,
max, moi, null, pointer, rel, slze, 3tring, substr) builtin]

/* based ftems ¥/ .

dget i temporary_seal_name based alligned,
2 value_header bit{36),
2 mak:_otfset_even unal bit,
2 runt ime_3lliocate unal bif,
2 elenent_slze unal flxed bin,

image bised bit{(bitten) allgnad,
word_cosy_image dim{n) fixed bin(35) allgned baseds
based_string charl(262144) &ligned based,

1 unpac<ed_relocatlion allgned based,
2 half _worga gim{Ltm=1) unatigned bit{13),

word ’ aligned pasz2d,
2 teft_nalt unat Bit (18},
2 rignt_hatt Jnal oit(18)

-

words I
2 tirst ' it43
2 ‘sec>nd i 3
2 ihirg i 3

sasads

<
b
]
H

E]
.
b

opgerator_info @ilgned basadloperator_info_ptrls
oftset ' una! fixed oin(i7l,

typel unatl it (3},

tyea2 unai- bit {3},

tenztr unal tixed sindiiil,

~N N NN

operand_semantlcs 1im{23) alignec basecioperand_info_otri,
operandgs uneg ¢

opnci it

opni2 PRSI ]

pattern_offset unai

[P I SV SV g
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pattern alm(100) allgned based,
nparti unal bit{28),
pattern_tfla3 ’ unal pbit{1),

part2 unal bit(7),

NN

instructlon a'ligned basad,
ptr_reg unal blt(3),
oviset unal bit(15),
epcode unal bit{12),
inniblt unal blitii),
use_pir_reg unal bit(1),
tag . unal bit(s),

LASIEAVIEAVER AVIE AR VI g

pattern_word aligned based,
inda2x_mwlth_argl unat bit(l),
aral : unal ©cit(8),
indax_with_srg2 unal bit{(l),
arg2 ) unal bit(8),
argl unal blt(13),
flag unal blt(1),
pattern_op unatl bit(?7),

N NN NN e

Instructlon_worg allgnec based,
optr_reg unat cit(3),
arg . unat bit(2),
offset unad bit{L3),
opcode unal bit(10),
inhiblt unatl olt(1),
use_pfr_reg unal bit(1),
tag unat oit{sl}

1
2
2
2
2
2
2
2

/% text section raferences (unset internal sftatlic initial) */

act | neck initiat(""0SI00LG0"2Y, /¥ 0 */
* for cuiltin mcdes */ /¥ 1-7 */
Inivai{"20280100u3"D), /¥ s */
Initiat (3330010817 0), /* g 7
init 220101370, 7% A0 */
initi 0CJ8C131170)) /® 11 ¥/
yned statics,

stack_frame_flrst_asvailaple_iocatlion flxed pin staric Initlati{sSsl, /®* must be even! #/

even_offset_required{8) bit{l} aiigned static
INEt1ai{™1%0,s “0%Ds "5"bs “0%b, “1%C, "1%b, *0%5, “L%5)?

empty_r2gister fixea stavtic initiati{g),
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/® NEB: mode_length(K) Is the numnber of 36-bit words necessary to hoid a SEAL value
with mocde K=[1,71 {any_type to symbol_type)l. The number ls derivad from
mode_length(1l) = sizelany_model}, etc. */ . :

mode_length({7) fixed static Init(1,1,151:64+2,64),
max_nco_dims flxed ini't{15}) allgned statlicy
my_name char(4) aligned internal statlc InifTlas(™ seal®™),
{activarion_record_up_zero_inagirect Init1ali*11¢0000003000302CCO0U0CL000C8801CGLC.03%D) s
activation_record_up_zero . initiat(™110750002300C€020302600CH00000913060G00" ),
| Inkage_section_up_zero_Iindlrect . Inltlat(*1CC&30220G0C0003300Q060300C65001404C003™D),
arg_Jllst _uo_zero_lnalrect Inleiat(*CC150033C000J120C0C00C3300000010106000"b),
itp_to_aciivatlion_record_t13 Init1al1(*11330503000G03233526000000000010C211"D) -
lts_to_temporary_storage_ft3 InitIat(*000200020300000000000000000080100112b)
blt(36) aligned statics '
store_op DIT{10) dim(2{) static allgned N
inditiat( *1111011310"by /% sta 755(1)

“11110111C0"by /% sty 756(3)

*1C051011110%b, /% dfst 457{(0}

{(18)"0"b,

1001000005 by /* sx10 440(3)

1601000010 b, /* sxi1 441(3)

“1u018201C0" by /% sxi2 442(0)

“10010603110"b, /* sx13 4L3(0)
/¥ sxib 4L4L(])
/* sxi5 4645(3)
/¥ sx16 4LL6(3])
/* sxl7 L4714}
/* spril 250(0)
/% sorit 251 {1
/¥ spri2 2521{3)
/* spri3 25312
/% sporis 653t
/* sprib {
/* sprib 32 {
[¥ s~ i7 Sl
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X&_reg inltiat(9)
X5_reg initlat{aC),
X6_reg initigi(11)
X7_reg Initial {12),
AP_reg inltial (13),
AB_reg inltlal{1s))
BP_reg initiat(18),
88_reg - initial{i1b),
LP_reg Initlal(17) s
LB8_reg initlat (18},
SP_reg initial{19),
SB_reg inltial{20),
constant Initial{21)) flxed statics

/® external static */

det {seat_patterns_Soperator_table, .
seal_patterns_sentry_control_wordi_ofisc? fixed bin,
seal_p3atterns_sundeflned_labei_Instruction bit{36) aiigned,
seal_code_generator_$symbol_table, :
seal_varslion_9% character (256! varying aligned) external statics

/% Include flles */

/* Deciaraticns for the Muitics Stancard Object Segment */
/% Reference Multlcs Programmer*s:Manual, Part III */
det mapp pirs.

object_map_offcet pit{i8) wunalizned based:

/% BEGIN INCLUDE SEGMENT +.. obj_map.lnci.pidl
coded February B, 1872 oSy Michzel J. Spier
/% tast modified 4avys 1872 by M. Heaver */.

caseal{mane! s struc ture describlng standard map ¢/
fixea bin, verslon numter oy current sTruciurs fornat */
char{8) aligned. must pe the constant “obl_:
biT{1B) unaiignad, cffset re! to base of z2bjeact <ngm cf base
‘Bit {18} unaligned, fength in words of text sectlon
Sit{18) unaligned, cffset reit to base of object seg of Dase
gef_tangth bit{i8) unziigned, iength in wcrds of d2finiticn sectlcen */
ilnk_offset bit{18) ur,siisneds cffset ra to tase of object seg of base
link_iength oit{18) unailgned, fength in words ¢f iinkage section */
symb_o ffsey Ditii&) unailigned, cifset rei to base uf obilecy seg cof Dase
symb_tength bit{i8) unailignad, tength In words of syabof cection #4
cmap_offset oit (18} unaligned, offset ret to tase of oblect seg of base
bmap_tength piv{i8) unallaned, fengthn words of br2ak mao ¥/

deciare

[ASIAVIEAVIN SIS IOV AV AU I A VIR AV AV I AP

Page 45.




Appendix Be Multics Seal Code Generator Program.

2 format aligned, /* word contalning bit flags about object tvype */
bound bit{i) unailgned, /% on if segment Is bound #*/
rel>catable blt (1) unailgned, /% on 1f seg has relocatlon Info In lts flrst symbol block */
procedure blt(1) unallgned, ~/® on If segment ls an executable object program */
standard blt{(1) unalligned, /* on if seg is In standard format {(more than just standard map) */
vnused bit{14) unaligneds /* not currently used */

N0 INCLUDE SEGMENT eee ODJ_mapelnclepll */

NN NN DR

NN NN NN NN

[™N

std_symbol_hezder
dci_varsion
identi fler
gen_number
gen_created
objeci_created
generator
gen_varsion

3 offset

3 size

userid

3 offset

3 slza2
comment

3 offset

3 slz2
text_odoundary
stat_soundary
sourca_mao
area_oointer
backpyinter
clock_size
rext_olock
rel_taxt
rel_cat
rel_tink
rel_s, ubot
mini_truncate
maxji_truncate

seal_symboi_block
2 symo _header

cetinitlion_header
gefinltlon_list
unused

tiags

3 new

based sllgned,
fixed bln,
char(8),

fixea bln,

fixed bin{71),
flxed bln{7L1),
char(8),
unalignad,
bit(18),

blt (18),
unaligned,
oltr(18),

bit(18),
unalignad,

oit (18),

Dit (18),
oit«(18) .una! igned,
biT (13) unsilgned,
pit (18) unsllgned,
bit (18) unaiigred,
pit{18) unatisneds
bit(18) unaligned,
oirt(i8) unaligned,
bit (18) unaligned,
olt {18) unallgned,
oit{(18) unalli>ned,
oltT(18) unalignud,
it (18) unallgned,
it {18) unal igneds

allignred basady

tike sTd_symbol_headers

>
3ligned basad,
unal it {18),
unait oit{36),
unais
DiT,

/* always on */

Page &7,
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i

3 lgmre
3 unused

dafinl tion

forward

backward

v3ilue

fiags

2 new
lgnore
entry
retain
descriptors
unus ed

class

sy mpol

segnane

expression_word
2 typ2_pair
2 exo~esslon

type_pair

2 typ2

2 trap

Z segnanme

2 entryname

SouUrc2 __map
varslan
number

Appendlx Be.

blts
plt (16133

aligned based,
unatl bit(18),
‘Unal bit (18},
unal blt(18},
unals

blt(1),
bit{i),

plt (i),
Dlt(i)s
bit(1),
plt(1Gi,

unal blit(3),
unal bit(i8),
unail bir(18)3

aligned basad,
unal bit{18),
unai olt(18) 3

alignec bpased,
unal bit(i8),
unal bit(18i,
urral bit(18),
uynal blt(18)3

allgnea basad,
fixed ©in,y
fixed bin,

mag(n refer{source_map.nunder})

3 patnname
4 of fset
4 sioze

3 wid

3 atm

relocaticn
2 left
2 right

unallgned,
DitT{18),
Dit{18),

bit {36},

tixed bin{711)3

aligned basad,

unal Dit(18),

unatl pit{18},
>

packei_reiocatlon aligned Das2ds

2 ccl_verslon
2 string

el_sabsyiute

fixea oin,
0iT(36%65535)

Initiat ("

Muitlcs Seal Code Generator Program,

/% always on In header %/

/* offset of next def */
/7% oftset of prevlous daf */

/% offset of ‘ACC for symcol */
/% otftset of sagname def */

aligned,

varvyings




Appandlx B, Multics Seal Coce Generaftor Programe.

I_text Inltiat{°13300"bd,
I_linkis8 initiat(”10313"b),
rel_negaflve_tinkid Initlali {10311 b)),
rel_tlnki5 Initiat(™10100"b),
retl_cefs Initlal(10L01"d),
rel_symooi Initiai(™10110"D),
rel_negative_symbol .niftial{”10111° D),
Cel_inT_sioraueld inivial{’21JdU0° DYy
rel_lnt_storageis Initiai(11301"b),
rel_seif initial(*11)10°b),
rel_exp_absclute Inltiat(*11110"b)) blt(S) static aligned?s

e
e

1 entry_segqguence alligned based,y

2 entry_definition wunal blt(i8),

2 unuses unal bit(18)5
control_words aligned basad, nords whicn immedlately foliow entry Instructions “7
stack_offset unal blt(18), /% ~f¢cnt {pral to base of text) of template stack ‘rane %/
stack_slze unal bit(i8) 3 size of temnlate stack frame In words */

tinkaje_nheader al Ilgned based,
2 unused_1 it (38},
definitions_ofiset unal bit{L8),
flrst_reference_offset unal blit(18)
unused_2 pointer,
lintage_sectlon polnters,

tinks _ofiget unal blt(13)
timtage_tength unal blt {18}
oblact_cegment unal bit{18)
Lnusea d urtal blt(18;

2
2
2
2
2
2
z
2
Z

du_mod Inlg ("03¢C /* 23 #/ /®* Instructlion Mcdifjers ®/
di_mad init o500 /* ®/
Lc_mod Init{”Cda i* */
n_mod inlt 513094 /¥ */
3w _nod [EAR RS LU o r3 */
i _mod Ingt N > Vs */
miT SLLiire /0 *
Inbrgruadns ) I s/

COOgUUgaT

Fad
3

&

=7
v/
%/
Y
3!“
A4

5y

Vs

i#*

;e

[ =
a2y A Y Y

s

e

proen

pr bh jet bR peb pr CD
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Appendix Multics Seal Code Generator Program.

140001110700 /® 16 */
1T e°06111170l /® 17 =/

X6_mod in
x7_mod in
its_mod init("100011D) /% 43 */ /* Polater Modiflers ®/
itp_mod Init (10,031 b) /* b1 */ .
$42_mod  IniT("10511C"D), /% 46 */
$¢3._mod Init (*°100112%D)) /* LT %/

b11(6) aligned internal statlch

r_tag Init{"su"p) s /% First 2 bits of Modifier flefd %/
rli_t=g Init (01D}, /* du, dl not ailowed */
Ir_tag init (110l
it_tag init (™10"D))
pit(2) aligned statics

/% Polnter 2eglsTers */

ao_mod init (306" 0) /®
ab_mod init (301”0} /*
bp_mod Init (*210"p) /®
bb_mou init (311"} /*®
io_mca That (1300 /*
ib_mod init(“101"0) /%
sp_mod init{("110"b) /*
spo_mod init{"111"0)) Va4

cit(3) aligned statics

NV WY PO

based,

offset

unusead

it

unusedh Ditd unaligneas

gned pDaseds

oOooo
s b e Bt e e
-+ e
. o o o e D

oo D
~N - (D
- o

"

- (e
R
-

[N S
-
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Appendlx B. Multlcs Seal Code Generator Programe

bit |
unused3 unaligneds’
/¢ Declarations for the SEAL complter®s internal storage ®/

/% Inls dactiaration must describe the sama storage as ls described by the declarafion of opcodes. */

declare opcode_table dim(127} flxed basz2d({addr (opcodes))
/% In ihe comment deflning each operators 1 Is an index io another macroc or fo.

a sympbol noages > 1s an index to a <ymboi node, n Is an inteaer constant.

and b is an Injex to & blocks

An ind2x to snother macro is always negative. An index to a symbol'or block node

1s alw3ays posirtive. s/
deciare 1 opcodes int static, o

" spcodes 1 thru 15 aust be In the

same order z3  ~elr token codese.
assign iyl 2/
add il *f
sub 19‘ . */
divide 1.1 ®/
mult Il A4
and lsi */
or iyl */
catenate 1yl =/
catenate_symbodl lsi ®/

assign fixed initial(id,
add filxed Initlal(2),
sub fixed inltial(3),
civida fixed initiatl{ud),
LIVER fixed Inltial(3),

fixed Initial(6),
tixed initiat(7),
fiked initiat(8),
fixed Initiai(9),

Ilxed
ixed
ixed
Ixea
ixed
lxed
Ixesd
Ixed
ixed
fxed
ixed
ixea
ixed
| % o
ixa3
ixed
ixed
fixed

flilxed

o

P L T T ey

+ {

WD

Vi
B . T

0N O

%)

e T B O )
[
"

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
Z
2
2
2
2
2
2
2
2
2
2
2

oy oy
i}
W o

¢ixed Initiat(13),

initiszt€il),
inltiai{12d,
initizt(13),
inltiat{1u),
initiai {15},
iniviai
initiai
initiaid
initiai
initist
initizd
initiai
Initiy!
initist
initial
initial
initial
initisi
initizd

tess_tnan 1,1
greater_than il
tass_or_egual 1,1
greater_or_equal
equatl sl
not_equal lsi
snape l.i
exponentiata 1.l
couwtenent |
deraf |

negate 1

tocwk 1

uniock 1
resy_lock 1sS
case_of nsi
caset imit n,l
caselump La.n
oranch s
sranch_tirue ssi
oranch_%2is2 s.l

iol

*/
*/
kY
A4
*/
A4
*/
=/
7
A4
*/
7
*/
2/
s
w7
P
7
2/
#/
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NN NN DY

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

NNF\.NNNNNNNNI\)N

fO M MY YN

[ R

fabel
crocejure
end

ink
unused_34
element
tist

arg

calt

re?

redune
block
select

nop
mode_select
line_nunmber
adar
encod2_clms
encoda_vatlue
arg_iist
encoda_mode
spili_prep
unuseli_op

current
errort CED
incolumn
infitemark
initen
inltenamark
intinamark
inpagamark
jnstrz2sm
finesize
sutcolumnn
cuttitemark
outitam
cutltemmark
cutt inemaryx
cuipajzemarik
outsireanm
pageslze
unusel_blitl

abs
atan

initilat(308%,
initiai{31),
initlat(32)s

initis1(33),

inltlai(36),
initlal(35),
initiai(36)s
initiatt37)s

initiat (38},

Inltial(39),
Inkti>1(6d)s
initial(4ld,
initlai(42),
initial (43),
Initiat )y
initlat(45)s
inltiat{ud)s
inltlat(e7?),
Initizi{48),
initlat(48),
initial(53,
initlai(51),
dim(52:59),

initiai(ed)>
inltialt(6l)y
initiaf(€E2)y
initiat{s3),
initiat(eh)s
inltlat{65),
initiat(66),
inltial(6?)s,
initiat (€83,
initiat {63},
initial (7309
initisit7),
initiat{72),
initiai(73),
inttiaiiT&ls
initiat(7%)s
inltiai{78),
inktialt77de
aim{7337%

initizat (803,
inltisd(81)s

/®
/®
/*
/*®

/»'
7 *
Vid
/*
/¥
VA
/!
/%
VA
VAd
;8
/®
/7%
/*®
VAd
/®
/'-

FA
/7%
/*
/*
Vad
/7*
/¥
/®
/%
/¥
/¥
/*
YA
/'-
/‘
Vd
/I
YAl
VA
/5

/7 ®
7%
VA4

tabel s
procedure S
end

tink 1

element 1

list n

arg 1

call Is1

ret 1

reduce Ssi
biock b

select ssl

noo 1
mode_selact ssl
tlne_number n’
adar !
encode_dims i+
encode_value lsl
arg_llist n
encode_mode siNn
spiit_przo lsl

pullt-in opcodes tfollow

zeroc or one argument blfs

current (i)
errortrap (1]
incotumn [1]
infitemark (11
Initem (11
initemmark (11
iniinemark (1]
inpagemark (11
instream (1]
tinesize (1]
cutcotuan (13
outtitemark (1]
cutitem (il
outitemmark [1
sutlinemark (1
outpagemark [1
outstrean (il
pageslize (1L}

s ingle argument pifs

abs i
atan 1

Page %2»

®/
*/
*/
*/

»7
*/
*/
*/
®/
/
=/
*/
*/
*/
*/
*/
*/
®/
*/
A4
*/

ht4
*/
*/
A4
*7
*/
*/
*/
*/
*/
®/
*7
*/
*/
*/
*/
A4
7/
*y
#/

=/
3/

=/




2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
e
2
2
2
2

NV NN NN

NN NN N NN

7% Inlis wvar
declare

S* Tnls var

flest_pitl fixes

boolean
celi
cos
celete
dgeletedlir
catacn
exp
find
flocr
integzr
isvold
fength
iog
logiC
rank
real
sign
sin
size
sqrt
symbol
tan
trunc
unused_bifl

create

is

get

gut

vo ld

sptit
unusel_blin

attach

reatedir

edit

max

min

mo d

renama

round

taole definess tne

tirst
iny

lacle Jjefines the firsy

sTav

Appendlx B,

inftiat(82),
inttiai(83i,
Initial(8s),
Iinitialt85),
initia1{86),
inltial (87),
Initial(88),
initia1(89),
Init1at{s0),
Initiat(91),
Initlal(92),
inltlat(93),
Initial (94),
initlal(95),
Initlat(9%),
Initlat(97),
initiai(98),
initlal(99),
Initiat{10¢C),
initiai(101)
inltial(102),
initi3l(153),
initlat{(104),
dim(1353109),

inltlat(11d),
inltial(i11),
initiatti12),
Initlat (113},
initiaf{i14),
inltiat(115),
dlm(1168119),

inltiai{120),
inltizt{12i),
iniria{122),
initiat(123),
inltizi(124),
initlai(125),
initiai{1286),
initial (127) 3

cptional
ini»iai{ef)s

ic

single

argumenty

argumant

Multics Seal

/%
s
/%
Vid
/*
/¥
/%
/%
/%
/%
/%
V2l
/*
I
/%
/®
/%
I«?}
/%
/%
/%®
/%
7*

boolean |}
ceil 1
cos i
delete 1
deletedir
detach |
exo 1
find 1
floor 1
Iinteger 1
isvold |
tength |
log 1
logil 1
rank 1
real 1
sign 1
sin 1
slze |
sqrt |
symbo! 1
tan |
trunc |

/*®
/¥
/*
/®
VA
/*
/*

Is 141
gat (1]
put [11
void |1
split 14l

/*
/3
7 ¥
Vs
/*
/¥~
/¥
/5
YA

cr2atealr
edis si
max il
min 171
mod 1ol
round i,
blfs >/

plf. *®/

muitiple arg bifs
create 1,1

[il

two argunent blfs
attach i,1

rename lol

Code Generavor Programe.

2/
®/
s/
*/
%/
w7/
#/
=/
2/
w7
3/
2/
5/
*7
*/
s/
®/
5/
®/
%/
®/
*/
*/

*/
=/
*/
*7
*/
27
®/

2/
*7
*/
*7
*/
A4
*7
A4

L4

el

Page 53,




Appendlx Bs Multlics Seal Cade Generator Program.

declare flrst_blfi fixed Int statlc initlai(80);
/¥ This varlable jefines the flrst two arjument plf. *#/
declare first_plt2. fixed int static Initial{120);

/% Thls deciaration describes the worklng segment used to contaln 21} tables as wesi 3s
the macro flle produced by pass one of fthe compl!er. %/

dectare {o0s; ws) pointery, kK fixed binj}
der’are i storaje based{ws),
2 command_opntlonss,
cri2f_option blt,
debug_option blts
iist_option bit,
stod_cgo_optlon bilt,
parse_optlon blity
-stop_on_macro - tixed,
step_on_tine fixed,
invocafion fixed, number of actlvatlons of the compller */
greatast_severlity flxed, greatest severity errcr ancountered ¥/
severity_plateau flxed, cutoff for error printing */
constfant_tist dim(3) fixed, Index to the chaln 2f symbo!l nodes that represent iiteral constants. %/
fast_block flxed, The index of the last block */
fast_syntol fixed, The Index of the 1ast symbol */
tast_free tixed,s Tha Index of the last free_space */
fast_ir fiked, The index of the 1ast macro ¥/
tist_seg_index tixea, index In listing se3ma2nt */
sourca_seg_Jlimit fixed{24), tength of socurce sa3nent */
cutput_seg_tength fixed{Z%), tength of oblact segmant ¥/
sourca_seg polnter, ' polnter to source saznent */
tist_segs pointer, pointer to listing z23ment */
cutput _seg pointer, polnter to outout s23ment */
cotlons pointers sptions used In comoliiation */
user_id pointer, name of user compliiny *#/

.

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

N

chbiect _info aiigned,

painname cointers pathname of saurce sz2j3ment */
@gn ame pointer, name of sourc2 segment */
ciock_time fixed oini{7id, ciock reading for compiiation ¥/
dtm fixed 2in(71i), dtm of sejment beiny complied 2/
ula 0it(36), uid of segment belng complled */

[YRN 7V PN SS N €]

free_space dim{i1663) flxed, torage used 1o hoid the internatl representation of literal

s
and the character=sfring representation of lcentifers ang Keyword

dim{f3127i,




[ PN SN I P SV OV I PN Y R &

identiflers
key~ords

fev2
frea_temps
stack_base
stack_end
stack size
temporary_end
entry_lccation

symboi

nams
vaiue

Appendlix B

dim(378122) fixed,
fixeds

daim{65:90)
fixea,
dim(3Y fixed,
unal polnter,
flxed(18),
fixed(18),
tixeg(18),
fixed(18),

dimi(2048),
pointer,
pointer;

Muttics Sesa!

/*
/%
/%
/&

Y

’*
VA
VA

yEs

7*
/*
/%

Iniex fto a chaln of symbol
injex to a chain of
the nesting

list
base
size
size
tast

offset in text of

tevel
ot avallable tenporarlesy
of template stack

Code Generator Programe

nodes denotling ldentlitflers of
symboi nodes denoting keyworas of
of 'this blocke */

ordered by numder of words, */
frame for this block */

this blocks

in rords of temolate stzck frame for this block ¥/

In words of stack

temporary

frame for thils block (includes temporaries!
focatlon In use */
flrst executable instructlion in this block =/

Each eilement represants an ldentlifler, Keyword or {iteral., ¥/

ptr to the characier-string representation of *~- -
ptr tce of the value of a3

moole 4
fiteral constant. */

thls biocke.

cross_refs
cross_end
def_iine
me c2

ne xt
location
count

fixed, /%
fixed, /7%
fixed, VA
fixed, /*
fixed, VA
oit(36), Vad
fixedy /*

Index to the chaln of cross-references to this nz-

Index to the end of the ¢ross-reference chain., %/

Iine on which fthls Item was defined. ¥/

index to the declaratlon of thils item®s mode. #/

index to the next lten In thls chaln of symboi nodes. */

position ¢f 3 iormal parametar or address of an ltem. ¥/

For variables and mode components, this is the dimensionalitye.

For Intlx operators, this Is the precedence, */

For externzi procedure constants, this is tha lndex fo the tink macro.

For named constants, this Is the Index to tre macros produced

by value_parser., For operator deflnitlons, this is the index %o the

macros produced by procedure_bcdy_parser. For mode deflnitions; this
. Is the Index to the chaln c¢f symbois representling the components. %7

DlT(5), refocatrtlion for *{ocation™ fleid ‘(

[Z < I PV SV R U I PN I 2V SN I Y]

(2]

genaral

fixed, /*

left __relccatlion
attr ibutes,
raf
flst_reaf
1abel
virizble
constant
Component
m3ce_det
inflx_gef
prefix_def
externui
input
catpuy
d2tined
FER4 olt,
rzferenced oilt,
rantime_aliocate
Dlts
©3ssed_35S5_3arg dity

bit,
Dit,
Dit,
olt,
blit,
Sity
Dif,
blt'
bit,
ity
blt,
Dit,
Tit,

FEEEEE L

FEEEFE 8

£




hppendix B. Multlcs Seal Code Generator Programe

2 register aim{28),
3 mode unzal fixed, /* mode of value *#/
3 contents unal fixed, /% macro output<l, empty=0s symbol>0 */

2 temporary dim(10C), .
3 mocda unal fixed, /* mode of thls tewmcorary or nex? free temporary */
3 siz2 cunal fixed, /% number of words In temporary .,
3 location bit(36) aligned, /* address of temporary */

/% This is the interna! representation-output by pass one of the compller. ¥/

2 macro | dim(1035338),
cownr t unal flxeds /* reference count of macro.output */
opcs de unal fixed, /* operatlon to perform 2n operands ¥/
opnii unal fixed, /* macro output<l, empty=0, (symbol { block 3} constant.
coni2 unal fixed, /% same */ oo
cutout unal .fixedy /® register<i, empty=d, temporary>0 */
unused unatl flxeds

/% Each cross_ref occuples one word of tha free_space at the head of
the workling sejyment, The varjiabl!e is Is the index that identifies the
tast used location in the free_space. */

declare 1 crcess_ret dlm(1663) based(addr{free_space)) allgned,

2 ilne fixed unaligned,
2 naxt fixea unaliznecs
/¥% The token array is produced for each call to next_ilne. It occupies
the segment that eventually will contaln the object cede. */
declare 1 token dim(10003) oased(os),
2 rasze pointer,
2 type flxed,
2 size fixeds
2 weyword bit,
2 constant pits

declare fsiring charf{tokeni{xl.size! unaltijned tased}’
geclare vsiring char{256) alligned varying basea:
/% Dectaraticns for the Multics SEAL runtime data representations ¥/
dct 1 modz ai igned baseads

2 pir_rag unat bit {3,

2 waed unal fixed oin{ld),
2 cnar unai bit(2),s




oLt
unusedl
fangth_r=23
string

value
2 mode

2 raference

2 llst_reference
2 externral

2 constant

2 used

2 laput

2 outout

2 user_mede

2 restricted

2 urused

2 dims

any_modcel
integer_moo !
real _modet
pcolean_mode |
gate_model

procedure_model
2 taxt ‘
2 stack

2 creation

symool_model

tIst _model
2 bound

2 size

2 zlement

axt_ Vtist_nmoleld
2 ocound
size
ext_element
3 oitset
3 unused

ref_mocgelt

Appendix B. Multics Seal

unat blt{s),
unatl blit(e6),
unal bitie),
aligned varying blt1(2359236) ¢

ailgnea basad,
unal bit(18),
unal bit,
unal bit,
unal olt,
unal bity
unal blit,
unal olt,
unal bit,
unal bit,
unail bitsy.
unal bit(5),
unail blit{4);

based polntar allgned,
based fixed binary(35,0),
baseo float binary(63),
based bit(1) atigned,
based bit(36) allgned,

bazed structure,
pdinter,
pointer,

fixed pini(71),

baseg character(256)
based structure,

unal
unal

/% Internal

Code Generator Program.

value ls In external format */

for 3arbage collector */

number of dimenslons In

varylng aligned,

list */
fikxed oin{i7)s /% current slze In words */
fixed 2in(17)y /* maximum size in words */

unziigned oty dimlaslize r_fer{list_mcdels.boundlid

sased structure,

unal flxed oiniti7¥s /%* current size in words */
unal flxed oln(i7), /% maximum size In words #/
dim(asize refer(ext_Ullst_model.bound)},

unae flxead 0in{l?7),
unal Lir(18),

cased sllign2d ptry /% internai

vased structures

reference ®/

list */




Appendix Bs Multics Seal Code Generator Programe

2 unlque_ld
2 offset

-

& uvrused

Dit (36},

unal flixed bin{i7),
unal bit(18),

aslize

tlxed bln; /% allocation.size of structure elements #/

any_Sypa2
boctean_type
gate_tyoe
integer_type
proc_tyoe
real_tyoe
symool_type

initiat{1),
initiat(2),
Inltiai{3),
initlal{4),
Initlat(s),
Initial{6),
Initiat(7)s

flxed statlics

seal _porser_
/% =Brg 4
/* arg 2

entryl{ptr, entry);
WorkK seg ptr ¥/
error printlng routlne #/

(input)
{input)

seal_code_generator_
/% arg 1
/®* arg 2

entry{ptry entryj;
#work seg otr */
error printing routlne %/

{input)
(input)

seal_listling_
/* arg 1
/% arg 2

entrylptr, char(*));
WOrK seg otftr */
string to be printed */

{input)
{input)

seal _listing_g%source
/% arg 1
/®* zrg 2
/* arg 3
/% arg 4

entrylptry, fixed,
WOrk seg ptr ¥/
fine number */
first <ource character index */
fast couirce character lndex %/

flxed, flxed)s
{input)
(input)
{input)

{input)
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/% program */

WS = work_seg_ptr?
text = storage.output_segs

/% create scraich sedments */

scratch_lndex = 03
it “storage.debug_opntlion
then cal i establlish_cleanup_proc_(clean_upl?

detfs = create_scratch_("defs");

defs_rel = create_scraftch_("defs_rel’™

Pink = create_scratch_{"link*)?

Vink_rel = create_scratch_{"!lnk_rel®*)}

synb = create_scratch_(*symb™)

symb_rel = create_scratch_{("symb_re!"}*

text _rel = create_scratch_("text_rel™};

blcck(l) ostack_base = create_scratch_("stack_tempiate™;;

/% Initlatlze text section */

text_lc = 13 : /* zero addresses are lilegal %/

/% Inltlallize cetfinitions section ¥/

defs_ic = 03 *

defs = noirter{defs, defs_ic)s

defs_ral = golnter{defs_rel, dets_lic)}
cefs_ic = slzel{defs->definitlion_header)s

zero_datinition = pit{cdefs_lc, 18)3 /% all-zero word for list termination %/
defs_ic = defs_ic + 13

fs=>d:finiticn_nesder.definition_list = bit{defs_icy, 18)3% N3% kKaows that flrst cef is next ¢/
~raefinition_heager.dsfinition_tist = rei_datss

= ~3vpe

/* gensrate segname def inition */
A3

oreviocus_cefinition = nulls

cail allocave_cefinltion:s

oname_definition = rei{gefs)s
me_def inivicn = store_def{storace.segname=>vstiring)ls




Appendix B,
defs->dflnitlon.vatue = zero_gaflniticns
defs_rel->defliniflonsvalue = rel_defs}
defs->d2flnltlon.class = “L11'b}

defs=>definition.symool = name_definitlions
gefts _rel->detinitlon.symbol = rel_defs?

defs-»daflnitlon.saegnane = blit(dets_lcy 18)3
dafs_rel->definitlon.segname = rel_defss$

/% Initiatlze symbol! sectlon */

symb_lc cs

/% Inltlallize linkage sectlon ¥/

flonk_lc = slze(link=->linkage_header):

£% Inltlallze varlables */

temporary_count = (3

do L = 1 to nbound{operand{(®), 1)}

aparand (i) = {3 .
ends

Multics Seat

Code Generator Program.

for class 3 this ls the segname thread

class 3 Is a segname deflnitlion */

N3: knows that n.xt def ls neut */
for class 3 segnanme fleld ls offset of
first non-Cclass~3 detiniftlon %/
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create_scratch_? oroc{name) returnsipolntar)?

det

name char(*) allgned,

code fixed bin{35),

p polintar:

catl 3 _8make_seg{"", "seal.“:tsubs?r("123656789“,sforage.lnvoca?lon.i)Sl“.”:lnameii“w".
“tsilUlireprcode)

It o null

then dos .

calt com err_(code, my_namey, "Trving to create scratch segment In process dire~* -

call print(i12?); /% tatal error -~ alort & unwing */

ents
cali hes_8ftruncate_seg(pslscode)

scrateh_Index = scratch_lndex + 13
scratcehlscratch_index) = p3

returnial:

end creats_scratcen_;

clean_up?

act

procedures
L fixea bing
do 1 =1 to scraten_lngex,
cal t hcs_Struncate_seg({scratch(l), 0, code) !
cal |l hes_3terminate_nonamel(scratch(i), codels
ends

returng
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/% Allocate all constants In the text sectlon ¥/

do § =3 to 1 by -13 .
do s = constant_list{}) reoeat symool(s).next whilel(s == 23
vp = symbol (s).values

if .symbol(s).passed_as_arg
then dos
stringlvalua_temp) = “g"“b?
value_temp.node = ailocate_mode_{symbolls).mode):
value_temp.constant = "1"p?
value_temp.input = "1*p;

ify] =2 /* even value offset requlred on this list %/
then }f text_lc = 2 * divlde(fex?_{c' 2y 18y 0) .
then text_lc = text_lc + 1} °

text = polnter{text, vext_lc}:

text_rel = polnter(text_rel, text_lci;
text_ic = text_lc + i3}
string{text->value) = string{value_temp) s
text_rel->ralocation:left = rel_text}
ends; :

if 1y =2

tThen text_lc = 2 * dlvideltext_lc + 1, 2, 18, 3}

symbol(s}.location = plt{text_Iic, 13)%
symbol(s).left_relocatlion = rel__texts

if symbot(s).mode = symbol _type
then do?

iengtnl{vp->vstring) - 23
polnter(text, text_lc)?
text_ic = toxt_ic + 13

te{l < 1})}3
= Index{substr{vp=>vstring, 1, N}, "=y

ifa~=23
SSThen n = m3

text=>vstring = text=->vstring i} substr{vp=>vstrings Ly N}
L= 1L+ n % 1
= 1 = n - 13
A= | - n3
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endas
text_lic = text_ic + dlvidel{lengtin{text->vstring) ¢ 3, &y 17, ()3

n = mode_length(symbol (s).mode}s .
pointer(text, text_lc)=>word_coovy_lIlmage = vo=->word_copy_images
text_Lc = text_lc ¢ n3
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/% The SEAL stack frame s orgamnized into the toltowang units, In order:
standard Multlcs stack frame headers
seal_o pérafors_ Wwork spacee.
an array of ITP/ITS pointers, one per ailocated name.
space for the value associated with each ITP polinter.
space for compller temporaries.

tne format of the stack tempiate {stored at the base of the text section) Isy In order:
tempiata ITP/ITS polnters {Initlatized wlth fauit_tag_3°s).
value h2sders

The polnters & value headers are in 1 to 1 coirespondance. The template pcinters are copled.

as as 3 biock Into the runtlme frame, and then the value headers are individual ty

copied Into th2 runtlime frame.

The steorage allocater must make two passes--one to compute the offsets of the pointer

arrays, and one to compute the offsefs of the wvalues, The polnters are kept separate onily to improve
the runtlime cooy cperation,

ITP pointers @re used for vatues on the stack (thils lets us comoute the offset at runtlime and stltl
fault on undefined values), while ITS pointers are used for values in Tamporary storage

{since the offset must be computed at runflne anyway). An operator call Is generated to allocate
values In Temporary storage. */

do b = 1 to last_blocks

/% 8egln pass oné. ¥/

stack_frame_flrst_ avallavle_focations
blockib).stack_bases

cund(block(t).identitiers(®), 2) to hbound{block(d}.ldenti ‘lers(®t, 23
= bioch{bl.identiflers{i) repeat symooi{s)enext wnile(s~=73})?
strinz{vajue_temp) = *“G*b}
it syaboilsl.referenced
then {f symboi(s).varlabie

then If symboi {s)s.input i symbol {s}.output

then dos

/* Lilocate a paramefar #/

sympol (s).deflned = "“1%ps /% suppress sx
posltion = binary{substr{symoo!{s).locatlon, 19,
symbol (sy.location = biti{positlion, 18) | arg_ilst_

/% Atiocate a variadia ¥/

1f “symbol(s) .ref
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then Lf “symbol{s).list_ret
then [f symbol({s).mode <=
then element_size =
else dos

vilue_tamo.user_mode = t
compute_size_(symbol(s).mode)s

element_size =
ends
doj

valua_temd. list_reference =
slzelp->packed_ptr_mode i)

el ement_slze =
ends
else doj
value_temp.reference =
element_slize =
end; o
It symbol({s).count ~="0
then doj .
dimszs = cvmbot(s).counts
iIf dims > max_no_dims
then dos
catl print (130)3
dims =
symbol (s).count =
end;
value_temp.dins =
symbot(s).runtlme_3ailoccate
/% symdol{s).element_size =
and?
value_temp,mode =

/* Allocate name pointer on stack ¥/
symbol {s).locatlon =

D = addret{stack_base, stac<_offset -
p->temporary_seal _namnze.vaiu2_hesder =
oc->temporary_sezal_nam=2.elemant_slize =
it symbol(s).mode > symooi_tyoe
then k =

else k = sympoli{s).mode’

symbol _
mode_tength(symboi(s) «mode} s

seq g :

pltiblraryl{dlms,

olt(stac«_offset,
! actfivation_record_up_

hooundf{even_offset_reqguired(®

Coda Generator Program,

type -

LR

“qp e

sizal(p=>ref_modei) s

/* toco many dimenslions */
max_no_dimss$

max_no_aims s
4) s 4) 3
weptp s
elpmen?_size; */

allocate_node_Isymool '3}.mode}s

18)
zero_indirect s
stack_frame_tir
stringlvaive_
element_size?

Yo 103

c->temporary_seal_nam2,make_offset_even = even_of fsey

g=>temporary_seal_nam2.runtime_gliccate =
srtack_offset ¢ sizel{p->temporary_seai_nan

stack_offset =
angs

if symbotl (shsconstant
Then a2;

& sympoiis).mode T=

/% Allocare 3 nzmecd constant */
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] = symboi{s}).generals
symbol {(s).locatlon = symbol(j).location?
symboi{s).ieft_reiocation = §vmbol()).left-relccaflon:
end;
.ends
enis
bisck(bl.stack_end = stack_offset - stack_frame_flirst_avallable !ar=tion?

s

/% Begln pass two. ¥/

value_offset, i, stack_and = stack_offset}
stack_offset = Stack_frame_flrst_avallabie_liocatlion?
do while(stack_offset < stick_end): . .
name = addrel(stack_base, stack_cffset =~ stack_frame_flrst_avaliaole_!ocation);
p = addrel(stack_base, [ =- stack_frame_tirst_avaliable_tocation)?y
string{p=->value) = nahe->?emoorary_seal_name.vaiue~header:
efement_size = name->temporary_seal_name,element_side}
if name~>temporary_seal_name.runtlme_aliccate
then dos :
string{name~>its_model) = lts_to_temgorary_storage_ft3 1! bit{binary(l, 18}, 18}%
name=->its_model.segment = bit(binary(rei(p), 15}, 15}3%
ends : .
else dos
It name->temporary_seal_name.make_of fsef_even
then if value offset = 2 * dividelvalue_offsat, 2, 18, 5}
© then dos
' /% thls vatlue must begin on an even pDoundarys but the
vatue hz2ader for It must b2 in the preeceeding mord,
which is odd. Slnca the offset Is now even, add 1

to get the desired odd boundary for the value header, */

value_offset = value_offset ¢ 13
end;
valtue_ocffset = value_offset + 1% /* space for value nezder %/
strlnginane->11tp_model) = itp_to_activartlion_recorc_+i13 - bit({value_offsat, %18}
vatue_ci/fsefr = valus_offset + elemeni_slze}
en
ck_oc = stack offset + size{name=->itp_model)?
i+ {p->value)s

kK{bl).temporary_enda = value_offset:

k{c)estack_sizes= vailue_offsets
{(ovll.stack_oase = adireil{stack_base, 2 % divlde(i-sfack_frame_firs?_avaiiacie“iccarion+19 2,
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/% Thls function 2ncodes the mode of a varlabie Into a (nopefully) unlgus blt string.
It calls itself recurslvely to process components of user-deflnad modas, */

allocate_mode_: ) )
procedu e(mode_lindex} recursive returns(bit(18) unallgned);

dect lcscmecisiemenode_lndex) flxed,
(cps D) ptr,
moce_offset Dit(18) 3
/% Codes 1 throughn 7 are reserved f:. bulltin moc-s */

act {left_parn init ("103C" D),
rlght_parn inlt ("1001"b)) bit(4) static allgned}’

The i‘isty iist_ref, and # of dims must stil) pe encoded. This Will take & more
bits for each 2tement (cne for Ilsty one for Ilst_ref, and four fore # dlms (15 is maximum & din.

m = mog2_indexs
If this Mode his already been encoded, return [ts offset. */

I1f symbol{m)elocation ~= ""p
then returni{substri{sympol(m).tocation,1,18)) 3

To enczde this mode, first encode 2ach of its componants ¥/

do ¢ = symtcf(m}l.general repeat symbol{c).generat white{c™=0)}
= s

cm vmbat{c).modes

Lt symboilcmlstocation = “"b

than mode_offset = aliocate_mode_{cm)?
enas

If this mode nN3s no sudb-components it must be a bulitin mode. £nccdu it now, */

2

3
3
- LF
(¥

ocation = "p

-+ -
T e
@
po BN T4)

b o

b T
<
3

OO

i

inter {texty, text_ic)s
= pointer(text_rel, Yext_ic)}
text_lic + 2%
i=->regccatlon.ieft = ral_texts
moJeL.WOr G = YText_ich
moces iength_re3 = 3i_mods /% realiy EIS 3 register code
= pit(oinaryi(meb} &)
= text_ic ¢ 13
ci{mi.iocation = rei(p}s

A V(L E
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synmbol{m).left_refocatlon = rel_text:

/* already encoded %/

/* Tnis mode has sub-compcnent

Concatenate thelr mode strings together to form

ents.
the mode striny of the parent. */

p = pointer({texts text_lc)s .

text_rel = polnter{text_rel, text_ic)?

text_ic = tevi_ic + 23 :

text_rel=->retlocationslett = rel_text)

p->mode.word = text_lc?

p->modes. length_reg = al_moi} /% really EIS Q reglister
p=>mcde.siring = ieft_parns

it len = lengtn{symboi(m).name->vstring)*9} ' *

p->mode.stiring = p-«>mode.string !' =2ddrel{symbol{m) .nameyll->Images

do ¢ © sywmboi{m).general repeat symboil{c).generai whilei{c™=3}3

cm = symbol {c).mode$

¢p = pointer{text, sudbstrisymbol{cm).location,1+18)):
p~>mode.sString = o->mode.string !} cp->mode.strings

pitten = lengthisymbol(cl.name=->vstring) * 33

p->mode.string = p-»mode.string {! addrel(symbol{(c)..nameyl)->image;
end

p->mode.siring = g-»mode.string 1! right_parns :

text_lc = text_ic + civideliength{p->mode.stringl!+35,36,17,313
svyn tocation = relip})?

syaboi{ ieft_relocation = rel_text

eni

returniretin’)

end aliocate_mode_
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/% compllie the programi #/

do ir = 1 to storage.last_irs
opcocde = macro(lr).opcode?
op2rand(l} = macrofir).oon3i1s
op2rand(2}! = macrolir).opnd2;
autput T macrofllr).ooutnut?

count, macrolir).count = macro(lr).count + 13 /* Normallze the reference counts. %/

if opcode = use
then dos .
/% use Just causes the output of Its argument .(anofther macro) to be “used” as *he sutput
of this macro. Just share Its temporary/reglister iccatlon, and decremsn: “rnce count .,
I = - operand(1): ) :
output = macrolir).output; -
Ccount, macrol(ir).count = macrof{ir).count - 1} .
ends
eise If macrolir).opcede = tine_numher
then Lf step_on_tline = operand(1i)
then doj
ioa_("stop on Ilne ~d."/debug:*, stop_on_i ine} s
debugs ) -
enus
elueay
else dojs
/% Get Informatlon about *his trilole cperator ¥/

.

cperater_Iinfo_pte = sddrei(addr(seal_patterns_Soperator_tablel, opcode) s

it stoc_on_macro = ir
then do3
csll loa_{"stop on macro ~d."/debu3t*, ir):
c3ll debug?
end s

/% Ger the modes of eacl. operand and type chack them In the tabie, -~/

tvocel = jet_typeloperand{l)s; operator_in
tyce2 = get_typeloperand(2}, cperator_In
operands = typel (! type2:

foetypeld
fo.type2?

& c_Iints_ptr = pointer{operator_info_ptr, coerator_lnfc.offset s
found = 0o}
= 1 1o operator_info.tlength wnile{"found)

It string(operand_semantlcs.operands{i}) ccerands
then founa = *“1"p?
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end;

it “found
then do?

Ci

/% One or more ot the operands are of the wrong moae for this operater
if tvpel = user_mode_code ! type2 = user _mode_code
tnen call print(102)5 :
eise call print(i01)3
done = *"1"b} /% don°t. try to generate ccde */
ends

/* Get pointer to the code pattern fof this operator-operand comblination

pattern_bass = oointer(ooera?or_lhfo_ptr. onparand_semantics.paftern_offset (.

do pattern_ic = 1 oy L wnile{Tdonel; *
p = adir{pattern_base->patternisaitern_lc))}
it p=>oattern_word.flag
than call Interpret_pattern;
else do3

arg = p=>instruction_word.ary;,

iIf arg = “30"b
then dos

text = pointer(text, text_ic}s

text_rel = polinter(text_rel, text_Icts

text_ic = text_lc + 13 )
stringltext->instruction) = stringlp=>instructlonls
teft_relocatlon = rei_absolute’

7% Untll a better w3y ls found, assume duidl Is OK. ®*/

_addressloozrznal{blinarylargs 23, “1vo) 3
cinter{text text_lcis
= pointer{text_rel, vext_icl?3
= taxv_ic v 1%
string(text->instructlion) = zaddresss
text=>instruction.opcode = p->insfruction.opcodes
end;
text_rel=>relocation. ieft = tett_relocations
ends

/* and co Tthe next tristz */
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/% This procedure enccdes the macro®s cperands so that they tabie of
aliowastie operand types may ba searchedi. ¥/

tycet procimacro_operandstype} returns(bit(9) alligned)

mop) fixed bin,
unzligneds

Initial ("001*0),

Iinitiai ("010™D),

inltiat {*011e)}) Zit{3) allgned statics

/* progran

if type = constant_
then returniconstanf_codel

it type = symbol_
inen return{no_check_code)

if type 7= Index_
then return{no_check_code)

MCH = macro_operands

f moo = &
rnen dos

i
1

/% nc operand ¥/

~eturnino_check_codel s
enis

operand is a synool

symbol{mopl.ccount > §
n returnilist_ccdel)

14 sympot{mocieref
Then returniref_codel}s

it sympoi(mopl.mode > symbol_vype
Then return{usar_mode_coce} s
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return(bit{(binary(symooi (mop).mode,9),9))}%

/% operand is the output of another macro */
man = ~mond

1f macro(mop).count <= @ .
then call print (103): /* refarence count too low */

mep = macro(mop) .outputs

Lf mop = G
then call print(104)3 /% no autput avallable */

;T‘mop < 0
then do3

/* macro output Is kn 3 reglster %7

return(blt(olnarylreglster{-mop) .moday,9)+9))}

ends
/% mecro output is In a tempcrary */

return{bit(blnary(temporary(mop).modey 9)y G)) 3

eng get _types
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/%.This subroutine Is called every time the code generator wlshes to address
a macro operani (which may be a constant, symbol, temporary, or reglstar), */

get_addresst proc{macro_operand, dlrect_modifler_ailowed)}

VAd {input) macro_operand miacro operand to be addressed.
(loput) slrect_moc_altowed N,d! or Nydu may be used as addescs,
{ouvput) address address of the operand, In a form sultatle for a 6180 instruction.
(ourput) feft_relocatlion refocation code for thls address %/

{ly macro_operand, opnd, temp) flxed bin,
direct_modlifler_allowed bit(1l) alligned-parameter,
p polintars '

/% progran %/
opnd = macro_operands
Lt opnd = @

then do3
/®* no operand avsilable to address! */

call print(1.5)3 : .
address = (18)"1"b} /% let hlm try to address that! #/

left_relocation = ("o}
returns

/* operand is a symbol node */

It symbellopnd). tabel & “symbol(opnd).deflned

then dos
/* push this aodress ontc the usaga chain of the lade! */

adaress = symool(opna).locat lond
symuol{opnidl olccation = olt{text_lc, 18);

/* use speclal relocation code so that undefined iapels can be diagnosed iater.

tedit_retocation = (611”0 1! bit(blinary{ocpnd, 12}, 12}
returng
ends
clse f symbolloond).constany & direct_modifler_allonad
then it symcol(qand).mode = boolean_typa | symbol{cpndl.node = infeger_Trge
Then do-s

hd .




o
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/% try to use a du or di modlfler #/

p = symbol(opnd).values$
If p=->word.left_half = *“J3"b
then dos .
address = p=>word.rlight_natf i {12)"0*b {i{ di_mod;
teft _relocatlon = rei_absolutes
returns;
end} )
else 1If p->word.rlght_halft = Qb
then %03
. address = p=>word.laft_ralft {1 (12)"0% ¢
left_relocatlon = rel_absolutes’
returns
end;
end;

/% normail case */

address = symbol(opnd) .locations -
leff_relocation = symooil (opnd).left_relocation}

it address = *J"b . .
then call print(110)3 /* undeflned address */
returns
endis
else dos
/* ogeranc s the output of another macro */

Il = -gonds )
It macro{l).count > §
then macro(l}.count = macroll).count =- 1%
else go}
/* referenca count <= [ ¥/

calt print{is8)}
address = {18)*1"b}
tefr_relocation = “J"bs
returnj

ends

cepne = macroi{i).cutpurs
If ogna = @

then agc?t
/% macro has no output at this point %/
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catl print{iG7):3
address = (18)"1"b3
left_reiocatlon = “(*"b}
returns

‘ends

11t opnd > @
then do3

/* output is [In a tempocrary In éforage */

address ~ temoorarylopnd)e.locavions.
left_relocatlon = rel_absolutes
1f macro(i)ecount = 0 -
then dos
/* thls Is the last reference to {ne temporary ¢/

calt free_temporary(opnd)}
macro(ij.output = &3
end; ’
returns

/% output is In a reglster$ In order to provide an addresss
the register will have to be storz2a into a temporary. */

tfemp = register{-opnd).contents’
call save_register(-opnd);

It temp > 3
then dot
/* register contalned a symbol node ¥/

address = symbol(temp).locations
taft_relocation = sympbol(temp).left_ratccations

/* reglster contalned a macro output */
ocond = macro(-oondl.,cutputs

aJddress = temporary(opndl),locations
faft_reiocatlion = rel_absolutes’

enis
ne get_aidresss




. .

pppendix 8. Multics Seal Codz Generator Programs

/% .This p~ocedure Is called to force 3 value out of a reglstere.
1¢ the value I3 simply a loaded sympols it is not stored, merely thrown awaye.
If the value ls a macro output, it I3 stored In a temporarys and the macro changed to reflect thise.

save_reagisfter? proc(regléter_lndex);
ae (rejistar Index. temporary_lndex. value) flxeds
/% programn */

value -~ reqlsfer(register_‘ndex).confen?s?

if valuz = empty_register
then returns

if vaiuz > G . /* symbol node */
then doj

reglster(register_lndex).mode = 03
'reglster(regls?en_incex).contents = empfv_reglsfer:
returns .

enis . . .

if macro (-vatue).count > 3
then doj

.

temporary_index = get_?emoorary(mode,lengfh(register(reglster_lndex).mode)):
femzcrary(femoorary*lﬂdex).mode = raglsfen(regls?er_xnjex).mode:
macro{~valuele.outout = temporary_Indexs3

+ext = polnter({text, text_lc)s

text_lc = text_lcelis

strlng(fext->inétruction) = ?emporary(temporary_;ncex).iocaflon:

text->instructlon.opcode = s?ore_oo(reglster_;gdex):
enis

regis?a‘(register_lndex).mode = 03
register(register_lnaex).ccnrenfs = empty_reglsters

reyurns

reglsters
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Interpret_patternt
/* automatlc iftems */

act 1 fixed bln,
q polntar,
offset flivod hin(1R),
{argls 3rg2, arg3s, p_op) fixed blin,
(ioao_c;mplement, not_flag)l bif(l) atigned;

.® constaat Items (urset laternal static Inltlal) #/

dc! load_conplement_op dim(2) static bit(10) aiigned
Inltlal( "0110111310"p, /% leca  335(0)
01101111350}, /* lecq 336{(0)

lcad_op dim(20) static bit(13) allgned

Initiat( *“0:10011101C"b, /% Jda  235(1)
0100111130 "by /% 1dg 36¢5:
*1003110110"b, /% dtld 433(DN)

(L0)"53%b,
1116123639 b, /* ixi0 720(3)
11131330106, /¥ Ixll 721(0)
ML1131031353"b, /¥ Ix12 722(35)
11135105116 b,y /¥ Ix13 723(3)
1115101J00" b, /% Ixl& 724(0)
"121170101316G"b, /* I1x15 725(%)
11101311335 0, /¥ Ixle 726(38)
"lll&}[ill;"b' /¥ oAxE7 727(3)
50111012330 b, /¥ eopl 35C(0)
*3111313011"b, /* epol 351(1)
0111813158, /® eoo2 352()
0131110, /% epo3 353(1)
v /% epo4 37G5(3)
/* 2p25 371(1)
/* epod 372(L)
/* 37311)

{tra Initiait®” : H /® ®/

ora initial (¢ i r* 5 ®/

fi3 imitvilial (1 ' Gl VA */

stea initial (™11 3 s /= =/

sxil tnitial(™20¢g /® */

oit(i0) staric aligned, .

nop_linstruction bit(36) aligned statlc Initiai(*C0COGO003036023330000006108030000001142° D},
is_zero flxed bin initial(l) static:
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/* program %/

If p=>pattern_wordslndex_with_aragl
then ar3l = opetana(blnary(o->oaffern_word.argi,
else ar3l = blnarylp=->pattern_word.argi, 8})3

1t n=>pattern _word.index_with_ara2
then ar3j2 = operand(binaryl(p->pattern_word.arg2,
else ar3yd = binary({p->pattern_wc~d.arg2, 8)3

argd = olncry(p=->pattern_word.arg3)s

p_op = olnary(p=->pattern_word.pattern_op) 3
Go to operatorip_opl);

operator{L} e /% LOAD Registers Value %/
operator{sl:

if p_op = 1

then lcsa_complement 0o

else toad_complement = *“1"b;3

/% LOADC Register, Value */

.

/* LUOAD piaces values in reglsters. As far as the machlne state ls corcerned, it is a copying
gperatlon ~- the machlne state does not indicate that a symool node ha: been LOADed$ the
assunption is that all patterns change the value in the register,oncs It Is LOADed.

Triple cutputs (and associated temporaries) are kept frack of by tre machline state however.
So pbefore _0ADIngs save the old register contents, if necessary. ¥/

1f registerfargl).contents = arg2
then dos

/% value to pbe locaded Is already In the register #/

= -~register{argll).contents?

£ ) >4 /% decrement ra2ference count because we have #
nhen macroi{)d.count = mar~ro(}))e.count = 13} /® made argl addressabie */ -
returny

ent;

If argl = A_reg

than catl save_reglster{{(EAQ_reg)})?

else 1f argl = Q_reg
then call save_register{{E€AQ_regl)i?
etfse It argl = EAQ_reg

s3ave_reglister{{A_reg))
s3ve_reglister{{d_regll

save_reglster{argl)s




Appendix B, Multlcs Seal Code Generator Programs

call get_address(argd,y {argili < AP_reg))s

if arg2 > § & argl < AP_reg
then 1t symbol (arg2).constant
than [f symbol(arg2l).mode = [nteger_type
then doj

/% try to generate lcq N,dt for ldg =N */

q = symbol{arg2).value;}

1Y ag->word.lef{i_nalf = (18)"1"b

then dos .
address = bit(binary(- q->Integer_model, 18), 18) {1 (12) 0" ¢
teft_relocation = rel_absolute;
load_complement = “load_complements

ends
ends

text = oolnter(text, text_lc);
text_rel = pointer(text_rel, text_Ic)}
text_ic = text_lc + 13

stringlrext=>instruction) = address;

1t loac_compiement
then text->[nstruction.opcode toad_comp lement_op{argl)s
else text=>vinstruction.opcode ioad_oplargl)s

text_rel~>relfccatlon,teft = teft_relocations
returns :

/* INREG =~ Reglster, VYalues faltlure label
/* NCT_INREG ~ Register, Vatue */
c_op = 2
en not_tlag = °
se not_flag :

5 e

P

il
PR <X

ilrejlsterd

rsi
then pattern_ic =

contents = argd)
ttern_ic ¢ 2rg3 - increment interpretation locp lndex to failure |

(oecause do loop will add 1 back) =/

b
o3

s
_4C

else dot
t = -register{argl).contentss
ity > 8 decrement raference count beczuse we have %/
then macro{l).count = macrof{l).count /% made argl addressablie ¥/
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operatc: {31} /% RESULT - Reglster; Mode s/
] = registerlargll).confents; /* see 1t tnhis Is aryone’s output */
Lf g <3
then doj
1t macro(=}).count > J
then call print (139)3 macro output destroved even though ref count == § #/
macral(-1).output = 733
end s . )
if macro(ir).count > save reglster vaiue only if 1t will be used */
then do} ’
register(argil).mocz = arg2s
reglster{argi).contents = ~-lrt- chaln register ¥0 macro %/
nacrol(lr).output = -argij chaln macro to register %/
enis
returns

cperator(y+) 3 . SET_BLOCK - block [ndex ¥/
b = argls : .
returns

operatori{3): SETUP - Mode,y Value
cail get_addresstarg2, "("p)3
text = nolnter(texty, text_ic)}
text_rel = pointer{text_rel, text_ic)}
text_lec = text_ic + 13
string{fext~>instruction) = address}
text=->lusfruction.opcoce .= lcad_op(B8P_reg}s
text_rel-»>relocaticn.lieft = left_relocartions
reaturns

cperatori{?) @ /* ERASE =~ Reglster
caill save_reglster{argl)s
refurns

operator{3) /¥ CASE_USAGE - Case #, Index of caselimit macro */
} = rmacro{-~argZl.ouiout]
offset = blnary{subsTtrisyabol(}).location, 1, 18)) ¢+ argl}
text = sointer{ftext; offsetls
text_rel = polnterf{text_rel, oifset);
string(text=->instruction} = bir(text_lc, 18)%
text->;nstruction.opcoge = traj
text_rel=->relocationsieft = symooi{jleicft_relocations’
return;

cperator{l0}s /* ALLOCATE_CASE = Numoer of (Cases
s = 3 )
sysoci({slsiccation = oit{text_ics 18)3
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sympol (3).left_relocation = rei_text:
macrolir).output = s3

text = polnter({text, text_ic)}
text_rel = polnter(text_rel, text_lc);
string{text=->instructlon}) = blt(text_lc, 18)3 /* generate tra ¥,qi ¥/
Text_ic = texv_ic ¢ L3
text=>instructlion.opcode = traj
text=>instructlon.tag = ql!_mod;
text_rel=->relocatlon.beft = rel_text;
text_lc = text_ic + argls

returns

operator{ii): . /¥ FILL_USAGE - index of label
do § = L to hbound{register(®*), 1)3%
call save_register(})s
ends
offset = blnary{substr{symbol{argll).location, i, 18i.: :
if offsat == g - /* has the lsbal been used yet? */
then dos . . *
text = polnter(text, offset)]
text_rel = pointer(text_ret, offset)?
do offset = blrary(text->Instruction.offsat, 15) repeat blnary(text->instruction.offset, 15}
while(offset == 0)3 ’
text->instructlon.offset = bit(blnary(text_ic, 15), 1533
text_ret->rel~cation.left = rel_text?
text = pointe {taxt, offset})y
tfext_rel = pointer(text_retl, offset);
ends .
text~>instruction,offset = bit(binary(text_icy, 15),
Text_rel=>relocation.left = rel_text}

.defined = "1"b3

.focation = poit{text_icy, 18)1%

«leir_relocatlon = ol _texts

calt filush_alli_temporaries) /* TURNED OFF #/

/% NQOP - no arguments
= pointer(texts text_ic)s
text_lc = text_lc + L3
string{text=->instruction) = nop_instructions

returns

cperator{13}): /® GEN_LINK - [ndex of symbol nocde
syrsol(argl)l.locarion = oit(iink_lcs 18) { llnkage_sectlon up_zero_indlrects
sympeol {3rgll.left_retccation = rel_iinkiS5;

°
»

tink = pointer{iinx, fink_ic}
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finxk_ret = poinfer{iink_reils link_Iic}3

/% Form the negative offset of this liInk In the llnkage section, ¥/

/® in tio°®s complement form, naturaliy. */

substr(string(link->its_modei), 1, 18) = ~“blt(blnary(link_lc - 1, 18), 18}3
link_rel=>relocation.left = rel_negatlve_1ink183

timk_ic = tink_lc ¢ size{link=->Llts_modell

link=>its_model.lts = ft2_mods .
tink=>lrs_mocel.offset = bit(defs ic, 18!3 /* ofiset of expresslon_word */
tink_rel=>its_model.oé¢fcet = rel_defs’ .

defs = nointer (cefs, defs_ic) s
defs_rel = pointer(defs_rel, defs_ic})?
defs_ic = defs_ic ¢ slzeldefs->axpresslon_word);

defs~>expressicn_word.type_pair = biftl{ceis_ic, 18)3 offset of type_pair */
cefs_rel ->expression_word.type_oalr = rel_defs; .

defs = polinter (defs, defs_ic)}
defs_ret = polnter{defs_rel, defs_I!cis
defs_lc = defs_lc ¢ size(defs=->type_pair}s
defs=->type_pair.type = "0000000G300C00001L53"D3 /* type 4 is sa2gnames$antryname */
defs->type_pair.segname, o .
defs~->type_cair.entryname = Store_def(synbol{argl).name=->vstring)}
defs _r:l =->type_pair.segname,
gefs rel=->type_pair.entryname = reil_cefs)
raturnsg X
operator{is4) /* GEN_DEF - index of symbol node s/
text_ic + 1% /* leave space for enfry_sequence structure */
giletlocation = Dit{text__ic,18}:
.left_retocation = rel_texts
ntry_location = text_ics

call atloczate_definitions
nare_def Inition = store_det{symool {argi}.name=->vsiringls

iefs=>d2flnltion.vaiue = pit{text_
ets_ret=>cefinition.svalue = rei_T

ext = scointer{text, text_ic = 113 /% polnts to entry_seguence structure %/
ext_rel = pointer{taext_rei, text_ic = 1)}

ext=>entTry_sequence.entry_definition = rel{gefs)s
text_rel=>entry_saquence.entry_definiticn = rel_defss
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it symboi(argl).exfernal
then defs->definition.entry = LMo

gefs->d2finltlon.retaln = 1o

defs=>g: finition.class = “533"bs class 0 is 2 value retatlve to the text? sectlon ¥/

Fafo=>cafinlt!

fon.cymbol = nameﬂde!lﬂlfLon;
defs_rel->defln1110n.symbol = rel_defs?

deis=>d2flniticn.segname = segname_definitlon:
defs_rel->deflnltlon.:egname = rel_detss

returns

operator(i5)?

/% FILL_LIST = Index of axpression to put on iist */
returns

operator(ibl)s . /% ALLOCAYE_LIST - */
returns '

operator (L7} /* ARG_PTR - Reglster, Index of arg_list macro »/
text = pointer(text, text_lc)s

¢text_lc = text_lc + 13

call gef_address(argz, *3"p) S i
positlon = pinary{substr(aadress, 4y 15), 15} + 2 * argument;lndex:
adoress = bitlrosifion, 18y a:Tlva?Lon_record_uo_zero:
s?ring(rext->insrrucfion} = addresss

taxt->instructicn.opcode = store_opfargl)s

argument _index = argument_index + 13
returns

cperatori(ials /* ALLOCATE_ARG_LIST - Aaumber of arguments?®/
macrolir).output = ger_tempararyt{2 *# (argtr + 1))} 3
argument _index = i3
text = pointer (texT, text_lc)s
fext_lc = text_lc ¢ L3
/% gconstruct an 3-pit number which Is 2 ® number of ar3se.

The fid instruction will teft-snift this number 3 places info the aus which Is mnere me want
SuDSYP(S?rlng(TexT->inS1ruCYioh); 1, 138) = sit{blnaryi{2 ® argl, 3}, 81%
text->instructicn.opcoce = fi1d3
rext=>instructicon.tegs = gi_mods

text =
text_ic
taxt=>instruction.o

polnter{text,
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text->lnstruction.opcode = oras
text=>lrstructlonsiag = dl_mod?

text = oolnter(text, text_ichs

text_lc =

text_lc ¢+ 13

strlng(text~>1nsfrucflon) = temoorarv(macro(lr).outou?).locanon 1 activation_record_up_zeres
tovtesinetruction. opcede = stan’

raturnt
operatorili9)?

cperator(20?s
returns

operatori2i)?

/* GALL %/

-/® TYPE_CHECK */

/% RETURN */

dona = “1"b}

retfurns

operator{22)?
returns

operator(23)3
pattern_lc¢c
refurnst

operator{2u4ll
text = aol
offset = b
offset = 1
text=>inst
return?

aperatori2s) s
1t arol >

/% MODE_SELECT */

/% GOTO */
= pattern_lc + arg3 = 13 /* increment loop index (do loop will add 1 bacKcood */

/% SET_STACK_SIZE */
nter{text, block{pleentry_location)?
lock (h),stack_sizel
6 ® alvidelcffset & 15, 16y 18. oy e /% make stacx size cod 16 */
ruction.offset = bltlolnarylottset, 15), 15)3

/®* DEFINE = Vatua */
¢ J* try to eliminate sx Il instructlon */

then Lt ~symbol(argl).detined

than

else
call get_a

it cefore_tirst_tioncnange

then synbot{aratY.definea = 103
elues

returns -

ddress{argls "3Tb)3

substrladdressy 3is 6) = no_mods ’ ,#* === ne want to stere into the nane */

text = ool
Text _retl =
fext _ic =

nter{texts text_ict?
poinferitext_retls ftext_ic)s
text_ic ¢+ 1%

strirg(tex?—>1nstruc?ion) =z adaress?

text=>ins?

ruction.ooccoce = sxill /% this reglstar always conta

text_rel=>relocationsieft = tett _relocations

Pzge 35,
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returns

operator(26)? . /* ADD_REFERENCE = valuz */
if argl < O /* macro outout ? ¥/
then [f macro(-argi).count <= 0
then catl print{iti); /* attempt to 3dd to reference count which Is <= § ®/
~lzn macrol{-argli,count = macre(-argil.count 4+ 13
returns

operator(27})? /% NOTE_FLOKCHANGE */
before_flrst_flowchange = “)"b3
returns

operator(28)? /* IF_OPERAND - Value, check code */
Lt argld = ls_zero
then dos

if argl "= @
then pattern_lc = pattern_lc ¢ arg3d - 17 /* take fallure label */

Send s
refurns$

end Interpret_patterns
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/% This function is calied fo gef an n-word temporary on the stack frame %/
get_tempo~arys prac(n) returns(fixed);

ded n flxed paramefér.
(even_of fsety L, 1) flxeds

it n»>»2
then § = 33
2ise | = n3

1% bleex (b)ofree_temcs(l) == 0
then dos
1 = block{b).free_temps(i)} -
block{b).free_temps(i) = temporary(l).mode} /* ramove temporary(l) from ilst ¥/
returnil)s
eni
else doj
’ 1 = block(b).temporary_end?}
it n = 2 % divide(n + 1, 2, 17, 0) /* It n ls an even number.%
then do} :
/* all temporarles whlch are an even length must be on an even boundary ®/
even_offset = 2 ® dividell ¢+ 1, 2y 18, 0)3
if I °= even_oftset
then agoj

/* sazve exfira word a@s a temporary */

temporory_count = temporary_count + 13
it temporary_count > hbound(temporary(*), 1)
then call print(1i4)3
temporary(temporary_count).locatlon = .
bltlolnary(l, 18), 18) ! activatlon_record_uop_zero;

tamporaryltemporary_count).size = 13
block(o).temporary_end = 1 + 135
temperary(temporary_count) .wode = olcik(p) ofree_tempsi{i)}
block(b).free_temps(1l) = temporary_countj

end;

ends

temporary_count = temporary_count ¢ 13

1t temporary_count > nboundl(tempcrary(®), 1}

then catt orint{ilsd?’

temporary{tempgorary_count),.location = bit(block(bl.tamporary_ands18) ! actlvation_record_us
temporaryl{temoorary_count).size = n3

block(ble.temporary_eni = block({bl.tamporary_end ¢ n3

block{ble.stack_size = max({blocki{bl.stack_slize;s plockib) . temporary_end);

Page 87.




Appenaix B, Multics Seal Code Generator Program.

return{temporary_count);

eni s
end get_tamporarys

Page 88,
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/® Thls subroutine is called to place a no-ionger-needed stack temporary on the free list., ¥/

free_temporarys proc(ft)s

det ft tixel parameter,
(isn) flxeds$

n = temoraryl(ftl.sizes
it no>
then |
eise |

[L AV
W

e e

terporary(ft).mode = block(b).free_temps{i)3" /* push onto free list */
blockib) sfree_tempsii) = ft3
returns

end free_temporarys

/#* This subroutline [s called to check that ail. temporarles have been freed at thls polnt.
It they haven®t, then soneone's reference count was too hight! */ : '

fiush_atl_temporarlest? procy

/% Check to see that all temporarles have been freed, then reset tamporary allocation offset + llsts.
Must also check fto see that any values Iin the reglsters have ref count = ( %/

temporary_count = 6§

plock(b) o free_tempsil) 23
block(b) e free_temps(2) = 53
block(b) «free_temps(3) = 03
tlocki{b) e temporary end plock(o)estack_end;

end flush_all_temoorariess




Appendix B. Muitlics Seat Code Generator Projram.

/¢ Copy the femplate stack frame for each block Into the text sectlon, and
set the control word for each block to contain the offset & slza2 of ifs tempiate stack frame ¥/

do b =1 to last_blocks
text_lc = 2 * divideltext_Iic ¢ 1, 2, 18, 0)3
text = pointer(text, text_lc)?
I = hiackib).stack_«ends
n =1 % 1.5% /* copy both pointers and value headers */
stack_base = block{b)sstack_bases’

text=-wWord _copy_lirage = stack_bacc=>word_cogy_images

do } =1 to n - 135 /* Ti1l in relocatlion for value headers %/
text_rel = polnter(text_rel, text_lc ¢ J)3
text_rel->ralocation.left = rel_texts

ends

] = olock(b).entry_locatlion « seal_patterns_Sentry_control_wordli_offsets
text = pointer(text, J)3} ’

text_re! = pointer{text_rel, 1)} .
text->control_words.stack_offset = blt (text_lc, 18)3
text_rel=->control_words.stack_offset = rel_text;

text=>control_words.stack_size = bilt(divide(l, 2, 18, 0Yy 13)3
text_Jc = text_lc + nj ’
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/% The text sectlon Is flnished. make it an even number of words long. Refarence MPM Part III, Section 41.2

text_lc = 2 * divide(text_lc ¢+ 1, 2, 18, 0)3
/% Flnisn fthe cefinlitions sectlone. */

/% fenprate =vmhol takie deflnlitlcon #/
caill allocate_deflinitlons

name_deflnitlon = store_def(symboli_table®)s

defs->c2flnitlon.value = *("bs ’ /* symbo! block starts at symbotif 2/
defs_rel->deflnition.value = rel_symbol}s

defs~>definitlon.class = “(10"b} /% class 2 1s a value relative tc symbol sectic

defs->definitlonssymbol = name_definition}
defs_rel->deflnltlon.symbo) = rel_defss

defs=->d2finitlon.segname = segname_definitions
defs_rel~>definitlon.segname = rel_defss
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/% Ppocedure to store a character siring In the deflnitlons sectlon and return an offset to (¢ */

store_def: procl{d2f_string) returns{blt(13) unalligned)

dct def_string char(®) varylng allgned,
d pointer,
1 name atlaned based,
2 size unal flxed bin(8),
2 strin3) wuna!l character{n refer{name.slze))

Lf def_string =
then return(zero_definitlon)}

d = polnter(defs, defs_lc)?

defs_ic = defs_lc ¢ dlvide(tengthldef_string) ¢+ 3 + 1, 4y 175 3)3
d->name.size = fength{def_string); :
d->name, string = def_string;

returniret(adl}

end store_defs

/® Procedure to allocate a definition block and thread It into the chain. */

allocate_deflnitions proc?t
It previous_definition ~= null
then previous_definition->definition,forward = blt(defs_1icy, 18)3

cdefs = gcointer{defsy defs_ic)s
defs_rel = pointer{cefs_rel, defs_ic)?
defs_lc = cefs_ic + slzefdefs->definition)s

defs-»d2finirticn.forsard = zero_deflinlitions
cefs_rel->cetinition, forward = rel_defs?

1f previocus_deflinition ~= nuil

then defs->definitionsoackward = retllprevious_definition})s
eise gefs->Cefinition.oacrkward zero_deflnitlons
cdefs_rel->deflnition.backward = reil_defs;

defs~r»gziinition.new = “1bD}%
previcous_definitlon = gefss
returns

end sllocate_detinition?

VAd

fength ¢+ roundup ¢ s.
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Filll in the linkage header. Reference MPM Part III, Chapfer 1i.&4 */
The fi~st few words of the llnkage sectlon have been reserved for the ilnkage_header #/
SEAL does not use elfher the internal storage areay or the flrst-reference traps. */

tink = pointer (links J) 3
link_rel = pointer{link_ret, 0}

tlnk=->linkage_header.definitlons_offset = blt(text_ics 18)5 /* since defs follow text section in object
tink_rel=>linkage_header.definitlons_offset = rel_texts

| ink~->iinkage_neaders.ilnks_oifset = blt(blnarv(slze(llnk~>llnkage_héader), 18), 18)3
{ink_rel=->llnkage_header,!inks_offset =-rel_tink183% '

l ink->linkage_header.linkage_length = blit(link_Icy, 18)3
link_rel->tlnkage_header.!inkaga_length = rel_11nk1i83

/% Create the symooi sectiocn. Reference MPM Part III, Chapter 11.5 */
/% NoB. Because all items in the symbol_block are ralative to the base of the symbol_block, and not the symboi seci.

they have absclufe relocatlon codas. The one exceptlon ls symbol_header.backpointer, which Js relative to
the base of the symbol sectlon, and therefore has negative_symbol relocation. %/

-

syrb_jic = 03

symb = polnter(symb, symb_ic)}

sytb_rel = pointerisymb_rel, symb_lc)3 :
symo_l¢c = symb_ic + size(symb->seal_symbol_block};

symo=-»s2al_symbot_blocksacl_version = 13

symo=->s2a3l_symool_block.ldentifier "“symbtree';

sysh-»seal_syribol_block.gen_numoer = 13 /¥ temp, for now ¥/

symb=>s2ai_symboi_olock.gen_createa = adar (seal_code_genearator_3syrbol_tabie)->std_syabol_hesder.gen_createds
syrd->s2al_symboi_block.cojact_created = storage.ciock_times

symo->s22i_symbo!_block.genarator = “seal";

sTrirgi{syrb->seal_symbol_block.gen_version) = store_symbol (seal_verslon_3}3
string{symp->seal_symbol_block.userld) = store_symbol(storage.usar_ld->vstring)s
it sicrzge.cotions 7= null

then stringi{syrb->seal_symbol_block.comment) = store_symbol{storage.options->vsiring)s

symo->saal_symbol_biock.text_boundery *3G0000000003030310%b3
symo=>s2al_symboi_blocke.staf_boundary = “0000300000000065190%b3

symb_lc = 2 ® Jivide(symo_ic + 1, 2, 18, 0}3 /* source_map must start on an even boundery */
symp=->s3ai_symooi_oplock.source_map = blt(sympo_lics 1833 /% source_map 1s iogicaliy part of this syadol blocx
symdo=>s2al_symooi_tlock.packpointer = “0"b3

syro_rel=>seal_symbol_block.bac<pointer = rel_negative_symbols
svmb=>s2al_symboi_blockK.ntock_size = pit{binary(size{symb=->seal_symool_nplockl; 18); 1333

- v
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/® Procedure to store a character string . In the symbeol sectlon and return
2 “stringpolnter™ to It. */

stfore_symyoi$ proc{symboli_string) returns(bit(36) unallgned ;
de i symool_string char{®*) wvarylng,
s polnters,
based_string charf{iengthi{symboi_string)) based atigned,
1 strinj_cointer structure,
2 offset. unal bit(18)
2 size unal pblt(18)

s = polnter({symb, symb_lc)}

s=>pased_string = symbol_string;’

string_ocointer.otfset = blti{symb_Icy, 18)3%
string_pointer.size = bit{blnary(lengcth(symboli_string), 18},
symb_ic = symb_Ic ¢ divideliengtn(symcc!_string) + 3, 4y 17,

return(string(string_polnter))}

end store_symbol;




.
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/¢ Create the sowce Map. ¥/

symb = solnter (symb, symb_Iici3

symo->Saurce_mape.version = 13} /% the order of the next 3 statements Is critlcal? ®/
A, Symb=>source_map.number = 13 /¢ this one sets n to be the number of source flles #/
symb_ic = symb_lc + slzelsymb=->source_mapl} /* this one usas n fo =zilocate the source_map */

/* thlis one usas svmb_lc to allocate the pathname 4
string({symb->source_map.map(l).0athname) = store_symbol{storage.pathname=->vstringis
symp->saurce_map.map{i).uld = storage.ulds
symb=>source_map.map{i}.ditm = storage.dtm;

/% Make al! Sectlsons an even number of words long. ‘Reference MPN Part III, Sectlons 11,3 and ti.4 */

defs_ic = divideldefs_ic + 1, 2y 18, 0)3
iink_1c givide(link_lc « 1, 2, 18, 0)3
symb_1ic¢ divide(symb_Ilc + 1, 2y 18, Q)3

/% Pack the relocatlon bits. All code which sets the refocation =1*s nust come tefore thls polnt. */
sp, symd = polnter(symbs 0)3 .

symb=>s2al_symbol_block.mini_truncate,
sympb->seal_symbol_blockemaxl_truncate = bit{symb_lc, 18)3 /% save block & source_map, but not relocation bits */

saved_symb_lc = symb_ic3 : /* don®t generate relocation blts for the relocation bitsi */

Po= 1
du P text_rel, defs_rel, link_rel, symb_rel;

p = polinter(p, 0)3 polnt to base of sectlon ¥/
gc to sectlon(l)s

sect lon (1)
m = text_lics .
sp->seal_symbol_block.rel_text = blt(symb_Ice 18)35
go tT¢ begin_gpackings

sect lon (2}
m = cefs_lc}
sp~vseal_symboi_diockerel_def = blt(symb_iC, 1813
3gc 1o begin_packlngs-

sectlon {3}
m = link_ics
so->seal_synbol_block.rei_link = blt{symdb_Lc, 18)3
go to begln_pacxings

sect lon (&)
= gsaved_symp_lc;
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>seail_symbol_block.refi_symboi = bit{symb_ics 18} 3

begln_packlings
03 )
m* 23
pointer{symb, symb_ic) 3}
= 23

= 0 to m=-13% .
rel_code = p->unpacked_refocation.half_word(})}
Lf rei_code == b
then dos
it Kk T=Q
then dos
/* have "k*™ consecutlve absolute hal f-words, try to us2 expanded =z:o.

call expanded_abso lyte?
k = 63 :
end}
if substr(rai_code, 1, 6) = (6)"1D
then doj - )
/* Address ls on a us3age chalin which was never fliled...undeflned fabel, #*/
/* Temporarliy call loa_ untll seal error routine can take symbollec args %/

n = blnary(substr(rel_code, 7, 12)) 3

call loa_("seal_code_generator_3% The label *"*“~a**" Is undefinea!*,
symbof (n)e.name->vstring)s

catl print{113)3

text = polnter{text, dlvide(), 2, 138, 0))3% /* ) Is aven ™/

string(text->Instruction) = seal_patterns_Sundefined_izavel_instructlcn?
r2l_code = rel_absolute’
end;
symb=>packed relocation.string = symb->packed_reiocation.string i susstrirel_ccda, 1, S

-
« 13

expanded_absolutes

symb_ic + dlvide{lengthisymb->packed_relocatlion.string} +# 35, 36, 24, 5

engs

syrd = pointer{symb, Ji 3

symb=>seai_symbol_biock.olock_size oiti{symb_ic, 1833
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/% Thls procedure uses the expanded absolute code when Lt ls more efflclient %/

expanded_absolutel procs

1f kK < 16
then synb=>packed_relocatlone.string = symb=>packed_relocatlon.string 11 substr{*CG00000003C000L"De 4o KI5

else dof
do while(k > 1023)5
symb->packed_reiocatlon.string = symbf>oacked_ralocafion.sfrlng
11 rel_exp_absolute iI “1111111111"b 3 |
K = - 10235
end}$
symb->packed_relocatlon.string = symb->packed_reIocaflcn.sfrlng
11 rei_exp_absoclute i} blt (blnary(ky 103 10)3%

ends
refurns

end expanded_absolutes
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.Create the odblact segment by concafenatling fhe 4 sectlionse. Re ferance MPM Part
The text section has been constructed In place in the object sejment.
~ppend the cefinitions, linkage and symbol sectlons to Il7.
Finally, create the oblect maps and tha object map pointer.

The definlfions sectlon must start on 3n even boundarys and must be an cven number ot words long., (MPM III,

object_seag = pointeri{text, text_ic)3
defs = polnter(defs,y, ()3

n

object_seg->word_copy_image = defs->word_copy_lmage?
oblect_lc = text_lc + defs_lic3

/% The liikage section must be an even number o/ words longe. It automatlically starts on an even bounhdarys
becausa the deflnltions ends on an even boundarye.es (MEM 111, 11.4) %/

objecf_seg = pointer(object_seg, object_ic)3 .
flnk = polnter(liinky, G)3

n = llnk_lc3s

oblect_seg->word_copy_image = Ilnk=>word_copy_images
object.lc = object_ic ¢+ link_lc3

The synbol sectlon negins con an even boundary, and has been an evan number of words long,
aithoujzh the MM dces not requlire It. (MPM III, 11.5) */

object_seg = pointer{ooject_seg, object_lic)}
6oy
v ’

symb = polnter{symb, J

no= symo_lcs

oblect _seg~>mord_<opy_imase = symd=>word _copy_images
ooject_ic = orlect_lc + syro_lcs

Now fill in th: object mas, In-glace in the oblect segment, Reference MPM Part III, Sectlon 1i1.d

mapp = pointer fobject_seg, oblect_icl?s
oolact_ic = oblect_lc + sizel{mapp~>map)l;

maps. cecl _vers = 13
m3p. ldentitier = “obn)_map's

map.text _ctfset = “C b}
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mape. text_length = vit{text_Iicy, 18)3

mag.def_offset = blit(text_lc, 18)
map.gef_length bit{defs_ic, 18)

.
9
°
b

map. link_offset = pif(binary(text_lic + defs_lcs, 18), 18)3%
map. link_length blt{iink_lc, 18)3

msp.symo_offset = bit(blnary(text_ic + defs_lc + llnk_lc, 18), 18)3
map.symd_iength pit(symb_lc, 18)3

map. fornaterelocatable,

map. format.procedure,
mape. fornat.standard = “1°b}

/* Fli) In the object map pointer in the very last word of the objact segment. */
object_seg = pointerl(obDject_seg, object_lic)}
oblect_seg->oblect_map_oftset = rel(mappi
oblect_l¢c = oblect_ic + 13}

storage. output_seg_length objlect_lc * 363
storage, last_symbo! = s3

/% That®s ally, folks?! */

It Tstorage.debug_optlion
then call clean_ups

returns
/% Temporary procadure to print error message and call debug. Wili be replaced by flinai version later., */
crintt praclerror_numter)s
det error_ntumber fixed blin,
¢character buil tin,

f{debuz, print) exterral entry optlons{varliable)s

caill print{“error_messages™, character(error_number), characteri{srror_number))}
catld foa_{"ir = Tg~/cebugi™s Iri
call dedugs

prints

seal_ctocde_genarator_3




Appendix C. Multics Seal Code Generator Tableo

Interpretive table for Seal code generatore.

Paul A. Creen
15 November 1972

Last Modified by P> on 5/79/73

tollowon
name seal_pattrterns_
segdef Jperator_table

a list of the possible operand typese.

equ Ny O Mo check
equ Ay1 Any

equ By Booiean
€ qu 593 Gate

equ [v&4 Integer
equ 2,5 Proc

equ Rs b Real

equ 397 Symbo |
equ Rey8 Re f

equ -i99 List

equ 2510 Constant
equ Je 11l User-defined mode

(1]

Constants taken from assembly of seal_operators_

bool It_to_bool,s0

bool 3t _to_booly3

bool It _or_eq_to_boolyb
bool 3t_or_eq_to_bool,il
bool aq_to_boolyik

bool re_to_boolsyi?

bool Jull _arg_list,24
bool wuli_pointery,26
bool vecy 30

eqgu add_any_operatorysvect+l

e gu subtract_any_operatoryvec+2
equ drvide_any_operators,vectd

equ aultiply_any_operatorgvecth
eaqu and_any_operator,vectb

€ g Iyr_any_operatorovec+b

equ subscript_error_operator,

e au antry_operator,vec+s

eaqu complement__any_operatory. «¢+9
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equ vegate_any _operatorsvect+il

equ ~eturn_operatorsvectii

equ check_mode_operators,vec+i2

&qQu less_than_any_operator,vec+13
equ Integer_to_Realsvectit

equ Real_to_Integersvec+i5

equ call_operatorysvec+ibd

equ aet_operatorsvect+i?

equ sut_operatoryvec+is

equ fixedoverflow_operatoryvec+19
equ ~eload_registers_operatoryvect2(
equ indefined_label_operatory,vect+2i

“ This list defines 3all of the pattern operatorse.
" It must correspond 1o a similar list in the programe

equ . 0AD_OPy1

€ qu INREG_OP,2

equ RESULT_0P,3

equ SET_BLOCK_OPy4

equ SETUP_OP,5

equ -0ADC_OPy0

equ ZRASE_OPs7

€qu NOT_INREG_OPs8

equ JASE_USAGE_OP,9

equ ALLOCATE_CASE_OP,10
equ TILL_USAGE_OP,11

equ NOP_0OP,y12

eau SEN_LINK_OP,;13

2aqu GEN_DEF_0OPy14

equ TILL_LIST_OPy15

equ ALLOCATE_LIST_OP,1b6
equ ARG_PTR_OP; 17

e au ALLOCATE_ARG_LIST_OPy1i8
equ SALL_OP,19

equ TYPE_CHECK_OP,20

equ RETURN_OP,21

equ Y00E_SELECT_OP,22
equ 530T0_0P,23

equ SET_STACK_SIZE_OP,2k
equ DEFINE_OP, 25

equ ADD_REFERENCE_OP,26
equ NOTE_FLOWCHANGE_OP, 27
equ JPERAND_OP,28

“ These symbols are uased by the OPERAND pat?
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equ iLs_zerocs
This is a list of ~egisters used by the code patternse.

equ A_regsi
equ As2
equ ZAQy3
equ Anyb
eqgu K045
€equ {146
eaqu K2s7
e qu K358
equ K499
equ X5,10
eaqu Kosll
equ K7412
€ au APy13
€qu 8414
equ 3P,y15
equ 38,16
equ P17
equ -By18
eqgu SPy19
equ SB,20

This {ist defines the possiblie operand types of a
triple opcode. They are derived from a similar
list 3given in seal_operators.incle.piil

index typed implies mode check must be made on operande.
equ is1

optional index? imdiies operand may ndt be present,
equ 2igl

indexy, without mode check.
equ V193

constant? no mode -heck, operand type must be "“C”.
equ 192

symbol? no mode chacks operand is sympol inde
equ 593

plocks no mode chesky operand is block ind:
equ 293
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These names are usad to cause references t0 be

made to ftriple ope~ands a?t interpretation timee

The upper 2 bits of the 15-bit address field of an
instruction are reserved for this purposes

Therefore these nanes may be used in either a 15-bit or
18=bit address context.

bool argl,020000
bool arq92, 040000

These names are the 9-bit encodings of "argl® and
“argl”. They are used as arguments to the pattern operators.

bool 2argl,401
bool sargd,si2

The following inst~uction is inserted oy ithe code generator
into the compiled 2~ogram whenever an atiempt is made to
reference an undefined labele IT will cause a transfer to

a diagnostic routine at execution time.

segdef Jndefined_label_instruction

undefined_label_instructiont
tsx0 aplundefined_label_operator

BEGIN INCLJDE FILE eee Stack_framesinci.alm

equ stack_frame.prev_spsylb

equ stack_frame.condition_wordy,16
bool stack_frame.condition_bit 000100
bool stack_frame.cross_ring_bit,001000
€equ stack_frame.next_spy18

equ stack_tframee.signhalier_mword,1i8
boot stack_framee.signaller_bit,001000
equ stack_frame.return_ptr,20

equ stack_frame.entry_ptry22

equ stack_frame.operator_ptry, 24

equ stack_frame.lp_ptr,cb

equ stack_framesarg_ptrs26

eaquy stack_frame.on_unit_rel_ptrs

equ stack_framec.operator_ret_pt

equ stack_frames.transliator_id

equ stack_frame.regs, 32

eQu stack_frame.min_Jlength,4f
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* END INCLUD: FILE eoe stack_ frame.inciliealm

® This list defines 2ffsefs in a Seal program®s stack frames.

eqgu seal_trameo.saved_Ib,10

equ seal_frame.text_base_ptr, &0
equ seal_frameslinkage_ utr 42

equ seal_frame.runtime_arglistsah
equ seal_frames.runtime_argl,46
eaqu seal_framesstack_ptr,48
equ seal_frame.arg1,50
equ seal_frameesarg2,s5e

offset of first allocated name pointer.
equ seal_frame.tirst_free, 506
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this s a list of 3all of the triple oderators produced
by the parses In tie same order a8s in seal_operatorssincl.pli

OPGODEs TYPZ L, TYPEZyLENGTH

operator_tablel
define dnused_0s09050
define ASSignyiyiell
define addyigieh
asefine s5Ubsisish
cdefine divideyisiyhb
define nultyisiehb
define andyisis
define dryigise
define catenateyigirl
define catenate_symbolyisiy?2
define less_thanyiyiyb
aefine greater_thanyiisiisb
gefine less_or_equalyiyisb
define Jreater_or_equalyiyiyb
gefine a3qualeisis8
define rot_equalyisisB
cetine shapeysisii8
define axponentiateyisyisb
define complementyis(s2
cgefine dereft,iylyl
define negateyisly3
define loCKyio 092
define dnlockyiy0y2
define test_lockyisss2
define case_ofynsisi
define caselimityngiyl
define sasejumpyisngl
cgefine dranchyssls1
define pranch_truessyis2
define oranch_faiseysSeiee
define labelsysSsls1
define procedurey,Sybyl
define andeby0e1
define linkeis 091
define Jnused_34s05050
define glement sioslsel
define listyns 0ol
define argenislysd
define sallobodgd
define “atolol(e9
define ~educeysSeigdl
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gefine clockybslsl

agefine selectyssis?
define Y0pPeis 0yl

define node_selectssSsisl
cefine line_numbersns0sl
define addreis 0yl

define gncode_dimSyisngl
define ancode_valuesisisl
define arg_Jlistyn, 0,51
define encode_modeysSynel
define split_prepsisis0
define Jnused_52y0,40,0
gefine Jnused_53,0+0,0
cefine Jnused_54,0+0+0
define dnused_55,0,0,0
uefine Jnused_506490,0,0
define Jnused_57y0+0+0
define 4nused_58,04040
define Jnused_5990,0,0
define current,0is0+0
aefine 2rrortrapyo0isl,0
define incolumnyoiyly0
define intfilemarkyois(s0
gefine initemy0is0,50
define initemmarkyois0y0
define inlinemarkyois(+0
gefine inpagemarkyociisly0
define instreamyoi 0,0
define linesizey0isls 0
define outcolumnyo0is 0,40
define dutfilemarkyolis0,0
define Jutitemyoisls 0
define dutitemmarkyoi 05,0
define outlinemarkyois0s0
gefine outpagemarksolsls0
define Jutstreamy0ioel,0
define agesizey0iels0
vsefine Jnused_7890s05 3
define dnused_79,05050
define abS9iels3

define atansiv0s

define oo00i@ansyis0,3
define celileisle3

gefine S0S9is0s0

gefine deletesisl50
gefine Jeletedirsisls 0
define dJetachs iols0
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gefine 8XPodisle0

define findeig0ys2
gefine floorsisQs3
define integersiy 0,5
def ine isvoideyig0s0
gefine lengthyisls1
define f0geiel,40

gefine 1 09109i¢050
vgefine ~anksisy0s0
gefine ~ealyislsb
define 5i9N9ie 0,43
define 3insis 00

gefine 3ieyiys0,2
define 5qrtyis0,0
define symbolsyisQe7
gefine tany,i0,0

gefine truncyigsls1
define Jnused_1059050+0
define dnused_106,0,0,0
define Jnused_107,050,0
define Jnused_108+0+0+0
define Jnused_109,0,0,40
define sreatepisige
define iSedielot

define Jetsyniylyi
agefine Jutenielyl
define VOoidsis 091
gefine splitsyieisy0
daefine Jnused_116,0,0,50
define Jnused_117+090+0
define Jnused_118,0,0,0
define Jnused_119509090
define attachyisisg
define createdirgiosis 0
define 2diteieied
agefine naxsisleb

gefine NiNyisieh

define n0dyisgiebd

define ~enames isiol
gefine ~oundsigsis
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The following entries are the operand checkiang definitionss
They are scanned top down until the first match

is found on both oderands. Then the associated pattern is
interpreted by the code generator programe.

OPERAND_1+JPERAND_2,FATTERN_OFFSET

unused_038 cefl 0

assign? aef IsIsassign_II
def I,ReasSigN_TR
def Rylsassign_RI
def RyRyassign_RR
aef 3,8sassign_BB
agef 2y,Pyassign_PP
def SySyassign_SS
def QeysReyassign_ReRe
vef -bsbkiyjassion_LilLi
agef AyAsassign_AA

agef IyIyadd_1II
cgef I,Ryadd_IR
def Ry Iyadd_RI
def Ry Ryadd_RR
aef AsA,add_AA

def [yIlysub_II
aef I,Rssub_1IR
def ReIsysub_RI
def RyRssSuUb_RR
aef Ay,Ay,sub_AA

dividet? aef IyIgdivide_II
def IsRedivide_IR
def ReIsdivide_RI
def I9Rydivide_RR
agef AsAy,divide_AA

def Islemultiply_II
def IsRemultiply_IR
def ReyIsmubtiply_RI
def RyRymultiply_RR
def AsAymuttiply_AA

def 3,8,and_08
def AyAjand_AA
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et 3s;890r_BB
def AyAs0or_AA

catenatel def .igliscatenate_LilLi

catenata_symbol
agef S5ySycatenate_symbol _SS
vgef AyAscatenate_symbol AA

“ Trese triples perfarm the indicated relational test,and give a
“ p plean output = “1"b if the test was frue.
* In all casassthe crmparison is operandl 3 operand2.

less_thant
aef [yIyless_than_1I1
vet IyRsless_than_IR
def RyIsless_than_RI
vef RyRy less_than_RR
cef AyAy,less_than_AA

greater_thant
def I,Iygreater_than_II
gef IsRygreater_than_IR
gef 29yIlygreater_than_RI
det RyRygreater_than_RR
agef AyAsgreater_than_AA

less_or_equalsl
def IyIsless_or_equal_II
gef I«Ryless_or_equal_IR
def RyIsless_or_equal _RI
def RyRyless_or_eaual _RR
vef AyA, less_or_equal _AA

greater_or_equalst
vef IsIsgreater_or_equal_II
def I;Rygreater_or_equal _IR
gef Rslysgreater_or_equa! _RI
def AyRygreater_or_equal _RR
def A,A,greater_or_equal_AA

aquals aef [¢yIsequal_II
agef IsRyegual__IR
gef Relsequal _RI
gef IyRyaqual_RR
aef ByByegual_BB
def P¢Pyequal PP
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def SySsequal_SS
cgef AsAsequal_AA

not_eaqgual !
def IsIsnot_equal_II
gef IsyReynot_equal__IR
gef Ry Ilsnot_equal RI
cet ¥yRynot_ecual _RR
agef 3,8ynot_equal_»B8
uef 2yPynot_equal_PP
def SySenot_sequal _SS
deft AsAynot_equal_AA

shapes aef LisLisshape_LilLi
et LigsIsshape_LiI
def -.isRyshape_LiR
def -19Byshape_LiB
def LiyPyshape_LiP
agef -.ly9Syshape_LiS
def -i9Geshape_LIiG
gef wigAyshape_LiA

exponantiatesl
def I,Iyexponentiate_II
def IsRyexponentiate_IR
det Ry I,exponentiate_RI
def IRyexponentiate_RR
def AyAsexponentiate_AA

complements?
defl J;complement_38
agefi Aycomplement A

derefs’ defi Reyderaf_Re

negate?’ defi Iynegate_I
gefl Rynegate_R
defl Aynegate_A

locks gefl 39 lock_G
defl s lock_A

unlocks vefi ssunlock G
detl sunlock_A

test_locks$
agef S9Notest_lock_GN
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cgef AeNgtest_lock_AN

fill in Nth slot ia transfer vector I.
operand 1 is case Yumbere.
oparand 2 is caselimit tripley, transfer vector.

case_ofs awef SsNycase_of_CN

This triple generates code to test expression.
operand 1 is numbe~ of casese.

operand 2 is case zxpression.

output is True if the expression {ies Within
the case range.

False L f it does note

caselimit?
agef Selscaselimit_CI

This triple actually performs the case transfer.
operand 1 is case expression.
operand 2 is numbe~ of cases.
vutput is the transfer vector and case franstfer

casejumps cgef IyCycasejump_IC

* This fTriple generates a transfer.
® operand 1 is the label.

branchs defl Nybranch_N

This triple generates a conditional transfere.
operand 1 is the label.

P

operand ¢ is The blolean expression.

08

oranch_truet
aef \yBybranch_true_NB
cgef NpAjybranch_true_NA

branch_false?
def VyBsbranch_tfalse_NB
def Ny Asbiranch_false NA
® This triple defines a label®s addresse.
operandi 1S the syabol node of the lavel.

lapei? agetl Velabel _N
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This tripie generates a SEAL entry seqguence for a procedures

operand 1 is the symbo! node of the procedure.
output is an enfry sequences

procedures

de? V9sNoprocedure_NN
* This triple marks the end Jf a procedure.
operand 1 is the block index of this blocke

0

ends def 1 Nyend_N

operand 1 is the symbol node of the name.
link? defl Pylink_P

unused 348
def( i)

The next two tripleas are used to create lisStse

USAGES LIST(n)y ELIMENT(eXP) ese

This triple generates code to fill in an element of the
operand 1 is the expression representinc the elements

a0

eleaments defil Nyelement_N
* This triple defines the size of the list to be created.
operand 1 is the number of element tripies to fol lows

defi Sebist_C

oe for‘m 158 ADDR.O- CQLL ARG..-
“ operand 1 is output of addr triple (value in storage
output is arg list pointer(i)

args defl Nyarg_N
“ This friple generates a cails
opaerand 1 is entry to cali.

operand ¢ is arg_Jlist triple,

L1

29

calls aef PoNscal 1_PN
gef ayNs.cal |_AN

rets aefl Loret_1I
gefq Rpreft_R
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gefl 3,ret_B
gefl Pyret P
defi Syret_S
defil Reyret_Re
dgefl -digret_Li
uefq Asret A
defl Neret_N

* if operand 1 < 0 it is the index of a user-supplied oparatory
”“ otherwise, operand 1 is the opcode of the | anguage
“ puiltin infix operator.

reduces det P.Lisreduce_PLIL
agef CelLisreduce_CLi

* operand 1 is the index of the current olocke
blocks$ agefl Nyblock_N

This triple perforns subscript checking
and ftnen subscript evaluation.

operand 1 is the symbol node c¢f the lisf.
operand 2 is the sdbscript expression.
output is the °selact®ed element.

select? def NyI,select _NI
oef AyIsselect_AI

The output of this triple is Just its input.
nop$ gef1l Nynop_N

This ftriple comput2as the index of a selector on a mode
eperand 1 Ls the symbol node of the Mode name.

operand 2 is the sazlector.

output is not yet dJetermined.

mode_select?
aef NyMdymode_select_NN

® operand 1 is line yumber of source programe
“ o outputoe
line_numbers

defl Sy line_number_C

(13

This triple is cur~ently unussede.
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addr$ defi Nyaddr __N
* operand 1 is the eicode_mode friples
“ operand 2 is the pJmber of dimensionse.

encode_dimss
def NysCsencode_dims_NC

*“ operand 1 is the eycode_dims triple.
‘" operand 2 is the expression to be encoded.

ancode_values

gef NyCsencode_value_NC
“ This triple allocates space for an argument f(ist.
operand 1 Is the number of argumentse.
* output is the address of the arg liste.

arg_Jlists
sefl Ssarg_list_C

operand 1 is the symbol node which identifies this mode.

* operana 2 is a litaral constant descrioing the

Referance and List combinationse.

encode_mode
aef NyCyencode_mode_NC

split_preps?
defl

unused_52 8
unused_»5C 8
unused_o4 8
unused_s53
unused_56 8
unused_57 8
unused_»s9s
unused_59
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6

Zero or one-argumeant builtin functionss

current?
errortrap!
incolumnsg
infilemariks
initem?
initemmarks
inlinemarks
Inpagemar k3
instreams
linesizes
outrcolumns?
outfilemarks
outitems
outitemmariks?
outliinemarks?
outpagemarks:
outstreams
pagesizet
Jynused_ 783
unused_79¢
def
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Single argument builtin functionse.

abss Letfl Isabs_1I
aefl Ryabs_R
defq Ayabs_A

aefl Iyatan_I
aefi Reatan_R
defi Asatan_A

booleant defil Iyboolean_1
defq Ryboolean_R
defl fAsboolean_A

defi
defl
defil

defl

defl Rscos_R

defi Aycos_A
deletes agafl Sydelete_S

deletedir?
defl ydeletedir_S

detachs defl detach_S

exns aefil exp_I
ogefl exp_R
aef{ exp_A

finas defl find_S
defq tind_A

floors gefl sfloor_R
aefi s floor_1
gefl s floor__A

integers defi integer_R
defi integer_1I
defl integer_B
defi integer_S
defl integer_A

isvoids aefl
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fengtns gefq -49length_Li

logs cgefil Islog_1I
gef1 Q.log_R
oefi Aylog_A

aefl Iylogi0_I
cefq Ry i0g10_R
defl A510910_A

aef(

vefi Iereal_1I
defi Reyreal _R
def1l Byreal_B
gefil Syreal_S
defi Ayreal_A

defl Iysign_I
defi RySign_R
aefl Aysign_A

defil Iysin_I
def1 Rysin_R
defl Ays5in_A

defq Ssysize_S
defi Aysize_A

agefl [ysart_1I
agefl Resart_R
defl Qysqart_A

symbol$ oefq Isysymbol_I
defil Rysymbol_R
agefl 3,symboi_8
defl Sysymbol_S
defil Reysymboi_Re
defq LieSymbol_Li
defil Aysymbol_A

defl [ytan_I
defl Ry tan_R
gefl Agstan_A

Yruncé agefi Ry trunc_R
agefl Agtrunc_A
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unused_1053
unused_1063
unused_1078
unused_108¢
ynused_1(9¢
defl
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Mulfti=argument arg.ment builtin functionse.

® operand
aparand

creates’

oparand
* operand

iss

opearand

gerts

operand

puts$
¥ gperand
operand

voids$
splitse

unused_11
unused_11
unused_11
unused_11

gef
defl

o3

78

83

93
aefl

the eycode_value ftriple,
0 or is the pathname.

NyOscreate_NO
NySecreate_NS

expression to be tested.,
eycode_dims triple.

NyNyis_NN
target to assign to.
Nyget _N
expression to print out.
Noput __N

value.

Ny Nyvoid_NN
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88

Two argument builfin functionse

atracns def Ssattacn_SS

createdir?
vef Sscreatedir_SS

adite def Syedit_IS
def SyeditT_RS
gef Asadit_AA

cef Iymax_II
def Remax_IR
def Iymax_RI
gef Remax_RR
gef Aymax_AA

gef Iymin_II
def Reymin_IR
Gef Iymin_RI
Gef Remin_RR
det Aymin_AA

def Iymoa_II
aef Remod_1IR
Iymod_RI
Rymod_RR
def Asmod_AA

renames’ ; Ssrename_SS

rounds Csround_RC
Cyround_AC
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“ PATTERNS TO BE INTERPRETED BY THE CODE GENERATOR.
flattan?
Hdow raference counts are handied?

The parser sets the reference count to the number of
tTriple operands which reference the output of a triple.
The cade generator decrements the refarence count each
py one each time if makes the triple output addressabiaz.
The parser assumes that eacnh triple oparand is exactly one
referancey, so if i1 reality, some pattern makes an
operand addressabla more than once, it must first add one
to the reference ciunte.

Tnhe reference zount is also decremented if fthe
INREG pattern-op sJcceeds (or NOT_INREG fails),
since by doing so it has effectively made its argument
addressabile.

NeBo Patterns consisting of only NOP and RETURN
have not vet been aArittens

assign_II3
ADD_REFERENCE
LOAD 1sarg?2
DEF INE argi
stq airgt
RESULT A1
RETURN

assign_IRS
ADD_REFERENCE argl
LOAD IAQsargd
Tsx0 apiReal_to_Integer
DEFINE argl
sta argl
RESULT 1,1
RETURN

assign _rRI8
ERASE A_reg
ADD_REFERENCGE argl
LOAD dsargl
Tsxg apiInteger_to_Real
UEF INE argl
afst argl
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RESULT
RETURN

assign_RR

ADD_REFERENCE

LOAD
DEFINE
dist
RESULT
RETURN

assign_d383
LLOAD
DEFINE
sta
RESULT
RETURN

assign_PP ¢
ass49N_NSS518
assign_ReRel
assign_i.abLis
assign_AAS
NOP
RETURN

add_118
IF_INREG
then (
else {

RESULT
RETURN

ada_IRS

IF_INREG
then (

else {

RESULT
RETURN

Multics Seal

ZAQyR

argil
=AQq.arg?2

argl

argi

EAQR

A_regyarg?d
argl

argi

A _reg,sB

lyargl
adq
IF_INREG
then {
aise (

151

1yargl
ZRASE
fsxi
ifad
- 0AD
ZRASE
tsx0
dfad
ZAQeR

A_reg
aplIntege~_to_Real
argé 3

Qsargl

A_reg
aptlInteger_to_R
arge ¥
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add_RI3

IF_INREG

then { A_reg
apiInteger_to_RrReal
argl }

else Qsarge
A_reg
apiInteger_to_Real
argl }

RESULT

RETURN

add_RR#

IF_INREG :ZAQjargil

then { dfad arge b

else ( IF_INREG EAQyarg?
then ( dfad arai 3
2lse € LOAD EAJsargl

dfad ar g2 }3
RESULT ZAQsR
RETURN

add_AAS
IF_INREG Any,argi
then € SETUP Any,arge
tsx0 apiadd_any_operator }
else ( IF_INREG Anvyyarge
then ( SETUP Anysargil
Tsx ap tadd_any_operator }
alse ( LOAD Any,yargl
SETUP Anysarge
tTsx( ap ladd_any_operator }}
RESULT Any,Any
RETURN

LOAD
sbq
RESULT
RETURN

sub _IRS

ERASE A _reg

LOAD deargl

Tsx0 apiInteger_to_Real
dfsb arg2

RESULT =AQyR
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subp_RR3$

Appendix Co

RETURN

IF_INREG
then {

RESULT
RETURN

IF_INREG
then
eflse {

RESULT
RETURN

LOAD
SETUP
tsx0
RESULT
RETURN

divide_II38

ERASE
LOAD
div
RESULT
RETURN

divide IR?

ERASE
LOAD
Tsxl
agfdy
RESULT

Multics Seal Code Generator Table.

A_reg
apiInteger_to_Real
aragl

0 }

Qyarg?

A_reg
apl!Integer_to_Real
argil }

zAQyargl
dfsb
IF_INREG
then

arg?l 3
EAQyarg2

dfsbo argl
fneg 0

LOAD EAQsargi
dfso arge

alse {

AQsR

Anyjarg2

Anys,argi
aplsubtract_any_operator
AnysAny

A_reg

1sargl
aplinteger_to_Real
argz

EAQyR
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RETURN

divide_RI 8
ERASE A _reg
LOAD Jeargd
Tsxg apiInteger_to_Real
afdi argl
RESULT ZAQsR
RETURN

divide_RR3

IF_INREG ZAQsargl

then { 1fdv argz 3

else ( IF_INREG EAQsarge
then { dfdi argl
3lse ( LOAD EAQsargi

dfdv arg’
RESULT ZAGQsR
RETURN

divide_ AA3
LOAD Anyjsargd
SETUP tnysargl

tsx0 apldivide_any_operator
RESULT Anys,Any
RETURN

multiply II1¢8

ERASE A_reg

IF_INREG 3sargl

then { noy arge }

else { IF_INREG Qsarg?

then ( mpy argl 2
alse ( LOAD dsargl
mpy argze 13

next instruction s2tfs the carry bit = 1 if bit 0 ever
changes during shift, else sets it = 0.

Iils 3o
and tne next instrJyction transfers iIf carry = 0
meaning that all of the bits in the A ragister,
and the sign bit of the Q were egual, msaning 1 at
the number in the AQ was single precisione

T ne 2oic

tsx0 apifixedoverflow_operator

frs 36

RESULT Ao I

RETURN
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multiply, IRS
ERASE & _reg
LOAD dsargi
Tsx0 apiInteger_to_Real
cdfmp argé
RESULT TAQSR
RETURN

multiply RIS
ERASE A_reg
LOAD 1sargl
tsx0 apitInteger_to_Real
dfmp argl
RESULT ZAQsR
RETURN

mul 7iply_RR?

1F_INREG =ZAQsargl

then 1fmp arg?2 }

else { IF_INREG EAQyarg?
then { dfmp argi 3
alse € LUAD EAQsargl

dfmp argd 31}
RESULT IAQHR
RETURN

multiply_ AAS
IF_INREG Any,argl
then { SETUP Anyjsarg?
tsx0 aplmultiply_anv_operator
else € IF_INREG Anys,argz
then { SETUP Anysargl
tsx0 ap:muItiply_anv_operafor}
alse ( LOAD Anysargl
SETUP Anysarge
tsx0 ap:multipiy_any_operator}}
RESULT AnysAny
RETURN

IF_INREG A_regyargl
then ana arg?e 3
else IF_INREG A_regyarg?
fren € ana argi
alse { LOAD Agar
ana arg
RESULT A_reg,B

Page 126




Appendix Ces Multics Seal Cods Generator Tab e«

RETURN

IF_INREG Anysargl
then ( SETUP Anysargd
LER ] aplano_anv_opera?or }
else { IF_INREG Anysargé
then { SETUP Anysargil
tsx0 ap!and_any_operator }
2lse { L.OAD Anysargil
SETUP Anys.arg2
tsx0 apland_any_operafor Ny
RESULT AnysB
RETURN

IF_INREG A_regsargl
then { ora argz }
else { IF_INREG A_regyarg?d
then { ora argl
alse ( LOAD Ayargil
ora arge
RESULT A_regyB
RETURN

IF_INREG Anysargl
then € SETUP Anysarge
tsx0 aplor_anv_operator 3
else { IF_INREG Anyjsarge
then € SETUP Any,argil
tsx0 aplor_any_operator
alse { LOAD Anysargi
SETUP Anysarg?
tsx0 aplor_any_operator
RESULT Any8
RETURN

catenate _LilLi8

catenata_symbol_SS3

catenatae_symbol _AAS
NOP
RETURN

fess_than_I1T8
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ERASE 4 _reg

L.OAD dsargl

cmpd arge

tTsx( apilt_to_bool
RESULT h_regsB
RETURN

less_than IRS
LOAD lsargl
ERASE 4 _reg
tsx0 aptInteger_to_Real
gfcmp arge
Ts%0 aplit_to_bool
RESULT A_reg,8
RETURN

less_tnan_ RIS
LOAD 1sargd
ERASE \_reg
tux aplInteger_to_Real
afcemp argl
TsX0 aplgt_to_bool
RESULT A_regyB8
RETURN

less_than __RR3
IF_INREG ZAQ,argl
then { dftcmp arg?
tsx0 aplit_to_vool
else { IF_INREG EAQyarg?d
then € dfcmp argi
tsx0 aplgt_to_kool
21se { LOAD EAQsargl
dfcmp arge
tsxi aplit_to_bool
RESULT A_regeB
RETURN

less_than_AAS
ERASE A _reg
LOAD Anysargil
SETUP bnysarge
tsx0 apliess_than_any_operator
RESULT A _regsB
RETURN

greater_than_I13%
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ERASE b _reg

LOAD Asargl

cmpa arge

tsxh aplgt_to_bool
RESULT A _regeB
RETURN

greater_thnan_IRS
LOAD sargl
ERASE A_reg
Tsx0 apitInteger_to_Real
dfcmp arge
tsx0 aplgt_to_bool
RESULT A_regyB8
RETURN

greater_than_RI3
LOAD Asarg2
ERASE A_reg
tsx0 apiInteger_to_Real
dtcmp airgl
tsx0 apllt_to_bool
RESULT A_regyB
RETURN

greater_than_RR3
IF_INREG ZAQ,argi
then { dfcmp arg?l
tsx0 apigt_to_pool
else { IF_INREG EAGyarg?
then { dfcap argl
tsx0 apiit_to_bool
aise ( LOAD SAQ,aro9i
dfcmp argé
tsx0 apigt_to_bool
RESULT h_reg,B
RETURN

greater_than_AAR
ERASE
NOP
RETURN

less_or_equal _II8
ERASE 4 _reg
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IF_INREG
then {

else {

RESULT
RETURN

ltess_or_equal_IRS

LOAD
ERASE
tsx0
agfcmp
tsx0
RESULT
RETURN

less_or_equal_RI

LOAD
ERASE
tsx0
gfcmp
tsx0
RESULT
RETURN

fess_or_equal _RR3
IF_INREG
then {

else {

RESULT
RETURN

less_or_eaqual _AAS
ERASE
NOP
RETURN

Multics Seal Code Senerator Tables

1saragl
smpq
tsx0
IF_INREG
then {

2lse {

b_reg,B

Asargl
A _reg

arg?e

apilt_or_eq_to_bool X

Qsarae

cmpy argl

tsxi apligt_or_eq_to_bool I
LOAD Qyargl

cnpq argé

tsx( apiit_or_eq_to_bool 31}

aplInteger_to_Real

argé

apiit_or_eq_to_bool

A_regsB

Asarge
L_reg

apiInteger_to_Real

argl

aplgt_or_eq_to_bool

A_reg,B

EAQsargl
dfcmp
tsx0
IF_INREG
then (

alse {

A_regs8

f_reg

arg2

apllt_to_bool

EAQjsarg?l

dfcnp argil

tsx0 apigt__to_bool
LOAD EAQyargil
dfcmp argé

tsx{ apiit_to_rool
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greater_or_equal_II3
ERASE b _reg
IF_INREG QJdjsargi
then { zmpq arg?
tsx0 aplgt_or_ea_to_bool }
wlse { IF_INREG Qsarg2
then { cmpq argil
tsx0 aplit_or_eq_to_bool }
alse ( LLOAD Qyargi
cmpa argeé
tsx0 aplgt_or_eqg_to_bool
RESULT A_reg,B
RETURN

greater_or_equal_IRs
L.AD 1sargl
zRASE A_reg
tsxl aplInteger_to_Real
dfcmp arge
tsx0 aplgt_or_eq_to_bool
RESULT 4 _regyB
RETURN

greater_or_equal RI?
LOAD Asarge
ERASE A_reg
tsx0 apiInteger_to_Rea!
agfcmp argi
tsx0 aplit_or_eq_to_bool
RESULT A_regyB
RETURN

greater_or_equai_RRS3
IF_INREG ZAQsargi
then { ifcmp arg?
fsxl aplgt_or_eqg_to_bool 3
else { [F_INREG EAQyargz
then { dfcmp argl
tsxi aptit_or_eq_to_bool 3
alse ({ LOAD EAQsargl
dfcmp arg2
tsx0 aplagt__o a_to_bool 131}
RESULT A_reg,B
RETURN

greater_or_equal_AAS
ERASE A_reg
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NOP
RETURN

aqual 118

ERASE A_reg

IF_INREG Jdyargil

then { smpa argz2

else { IF_INREG Qsarg?d
faen { cmpq
alse ( LOAD

cmpqg

Tsx0 apieq_to_bool

RESULT A_reg,B

RETURN

aqual _IRS
ERASE A_reg
LOAD 1sargl
isx0 apiInteger_to_Real
afcmp arge
tsx0 apleg_to_bool
RESULT A_regsB
RETURN

equal RIS
ERASE A_reg
LOAD lsarg?
tsx0 aptinteger_to_Real
dfcmp argl
tsx0 apiea_to_bool
RESULT A_regsB
RETURN

aqual _RR3

IF_INREG £AQsargl

than 3dfcmp arg? 3

else € IF_INREG EAQyarge
tnen ( dfcmp argl 3
alse ( LOAD EAQsargl

dfcmp arge 33}

tsx0 apieg_to_bool

RESULT A_regs8

RETURN

aqual 338

IF_INREG & _regsargl
then € ampa
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else { IF_INREG A_regsargd
then { cmpa argi 3
alse .OAD A_regsargl
cmpa argé 33
tight fit neres eq_to_bool wilt destroy A_regs
out ERASE operatior won®t destroy macnhine indicatorse.
Might be safer to always ERASE then LOAD argl into A_rsg.
ERASE A_reg
tsxl apleq_to_bool
RESULT O_regyB
RETURN

aqual PpPs

equal _SS3

equal __AAS
NOP
RETURN

not_equal _IIt
ERASE A_reg
IF_INREG 3dsargtl
then € SmpQq argl
else { IF_INREG Qsargze

then { cmpq
glse { LOAD
cmpq
tsx0 splne_to_bool
RESULT A_reg,B8
RETURN

not_equal _IR3
LOAD 1sargi1
ERASE A_reg
tsx0 apiInteger_to_Real
afcmp arg2
tsx0 apine_to_bool
RESULT A_regsB
RETURN

not_equal _RI8
LOAD dsarg?
ERASE A_reg
Tsx0 apiiInteger_to_Real
dfcmp argil
tex0 aplne_to_bool
RESULT 4 _regsB
RETURN
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not_equal _RRS
IF_INREG
then {
else {

tsx0
RESULT
RETURN

not_equal __BB3
IF_INREG
than (
else (

ERASE
tsx0
RESULT
RETURN

not_equal PPI

not_eqgual _SS?

not_equaj _AAs
NOP
RETURN

shape_LiLi3
shape_Lils
shape_LiR?3
shape_LiB8s
shape_LiP8
shape_LiS?
shape_LiG3
shape_LiA3S

NOP

RETURN

exponentiate_IL3
exponentiate_IRS
axponentlate RIS
exponentiate RRS3
axponentiate_AAS
NOP
RETURN

Multics Seal Code senerator Tableo

ZAQsargl

ifcmp arg?é 3

IF_INREG EAQyarge

then ( dfcmp argi }

alse { LOADG EAQsargl
dfcmp argé 13

apine_to_bool

A_reg,B

A_regjyargl

cmpa argz2 }

IF_INREG A_regjsarg?

then ( cmpa argl 3

2lse ( LOAD A_r2gsargil
cmpa arg? 33}

b_reg

apine_to_bool

A_regsB8
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complemant_B838
LOAD A_regsyargi
era =0400000,du
RESULT A_reg,8
RETURN

complemant®__AS
LOAD A_regsargl
tsxg aplicomplament_any_oparator
RESULT Any,B8
RETURN

deref_Ral
NOP
RETURN

negate_I3
LCADC
RESULT
RETURN

negate_R3

IF_INREG :AQsargil

then { fneg 0 }
else { -0ADC EAQyargl 12
RESULT EAQyR

RETURN

negate A3
LOAD Anysargl
tsx0 apinegate_any_operator
RESULT AnysAny
RETURN

lock _G3

lock_ AR

unlock_06¢8

unlock A3

test_lock _GN3

test_locik _ANS
NOP
RETURN

case_of_CN8

CASE_USAGE argl.,arg2
RETURN
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caselimit _CI¢
ERASE )
{ ga 154t
L.OAD 1sargl
cwl arge
tsx0 apleqg_to_bool
RESULT 4_reg,B
RETURN

casejump_ICS

LOAD Qsargl

ALLOCATE_CASE argd
“ no RESULT pattern=ap; output will be set directly
*“ py the ALLOCATE_CASE pattern operators.

RETURN

branch N3
NOTE_FLOWCH4ANGE
tra argl
RETURN

branch_true NBE
NOTE_FLOWGHANGE
LOAD A_regyarg?
Tmi argl
RETURN

pranch_true_NAS
NOTE_FLOWCHANGE
ADD_REFERENCE arge
TYPE_CHECK Byarg?
LOAD A_regjyarg?
tmi argl
RETURN

branch_false_NBS
NOTE_FLOWCHANGE
LOAD A_regyargd
Tpl airgil
RETURN

branch_Tfalse_ NA3
NOTE_FLOWCY ANGE
ADD_REFERENCE arge
TYPE_CHECK Byargl
LOAD h_regeargl
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ol argi
RETURN

lape | N3
NOTE_FLOWCHANGE
FILL_USAGE
RETURM

procedure_NN8
GEN_DEF argi
entry_Jlocationt
eax’? ) " will be stack size.
eppbp sbl&Qs* * seal_operators_goperator_table
tspab splentry_operator
enfry_control_wordlt
oct ) *“ filled in later. will be
* stack templiate offset & sizas
RETURN

segdef antry_control_wordi_offset
entry_control_wordl >ffset?
zero Dyentry_control_wordi-entry_Jlocation

end_N3

SET_STACK_SIZE argl
RETURN

GEN_LINK 2rgl
RETURN

ealement_N3
FILL_LIST 3arg1
RETURN

list_C3
ALLOCATE_LIST
RETURN

arg_list _C¢8
ALLOGCATE_ARG_LIST
RETURN

LOAD 3Psargl
ARG_PTR 3Pyarg?
RETURN
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call_AN3

ADD_REFERENCE argl
TYPE_CHECK Pyargi
“ fall through into ZJALL_PN code.

call _PNS
ERASE
ERASE
ERASE
IF_OPERAND arg2sis_zero
then { 2ppab aplnull_ara_JIis?
else { -0AD ABsarg?
epplp spiseai_frame.linkage_ptr,*
LOAD 3Psargl
Tsx0 apicall_operator
This pattern has n> RESULT pattern-op pecause there
current ly no way 12> talk about a retu~n value.
Pernaps CALL can do it in the future.
CALL arglsargd ynusedoe
tsx0 apireload_registers_operator
RETURN

ret_1I3

ret_R3

ret_B3

ret_Ps$

ret_S¢

ret_Re?!

ret_Lis

ret_AS
NOP
RETURN

tra apireturn_operator
RETURN

reduce_PLi?
reduce_GCLi8
NGOP
RETURN

block N3
SET_BLOCK argil
RETURN

select AL
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TYPE_CHECK
“ fall into select_NI code.

select NI

ERASE
{da
LOAD
arl
cwl
tze
TSX0
LOAD
eppbp
RESULT
RETURN

nop
RETURN

mode_select NN

Multics Seai Code Generator Table.

Lisargl

A_reg

1,di

dsargl

18

argé

2yicC
apisubscript_error_operator
Asarg?

argly*al

BP,Re

MODE_SELECT arglj,arg?

RETURN

fine_number_GC3
RETURN

addr N3
RETURN

encode_dims_NC¢
encode_value_NC3

encode_mode_NGC3
NOP
RETURN

ERASE
LOAD
cmpa
tol
neg
irs

1

4 _regsargt
Jydl

29ic

J

36
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RESULT 191
RETURN

LOAD
cmpa
tpl
tneg
RESULT
RETURN

LAXIN ~=I AN Sy 1)

abs_A¢
NOP
RETURN

atan_I3

atan_R3

atan_As
NOP
RETURN

boolean_1I3
ERASE A_reg
LOAD lsargil
cmpq Dedi
tze 291iC
i dq 20400000,du
iir 36
RESULT
REZTURN

boolean_R3

LOAD zAQsargl

afcmp 0o.0elsdu
Next instruction assumes that a floating point zero
leaves fthe A_reg = 0.

tze sic

i da 0400000ydu

RESULT A _regyB

RETURN

boolean_A3s
ces i RS

ceil_1Is
cerl _A
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cos_18
cos_R3
cos_A¢

delete_S¢8
deletedir__Si
detach_53

exp_ I3
exp_R3
exp_AS

find_S?
find_A?

floor_ RS
fitoor_I8
floor_AS

integer_1I3
LOAD
RESULT
RETURN

integer_R?3

LOAD zAQyargil

tsx0 apiReal_to_Integer
RESULT A9 I

RETURN

integer_ B3
L.OAD A_regsargil
il 71
RESULT vl
RETURN

inrteger_S3$
integer_AS

jength_Li3

NOP
RETURN
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logl10_1I3
logl0_R?8
log10_ At
NOP
RETURN

real__IL¢
ERASE i_reg
LLOAD drargi
Tsx0 apiInteger_to_Real
RESULT ZAQHR
RETURN

real RS
LOAD AQyargl
RESULT AQsR
RETURN

ERASE P
LOAD A_regjyargl
Iri ri

tsx0 aplInteger_to_Real
RESULT IAQyR
RETURN

real S8

real A3
NOP
RETURN

sign_13

ERASE
{dag
szn
tze
tmi
ida
tra
lcqg
RESULT
RETURN

sign_R3
ERASE ZAQ
{gqg Bydi
The next instructisn will correctiy test @ .ouble precision
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» number for being <0y =0, or >Uy which is all we need.
© (there is no dfszn instruction)e.

fszn argl

tze 29iC

tmi 34ic

ldg Ledl

tre 29icC

fca 1,01

RESULT A9 I

RETURN

sign_A3

sin_1I3
sin_R3
sin_A3

size_S¢
size_AS

sart I3
sart_R3
sqri_A8

symbol_IL$
symbol _Re
symbol _Lis
symbo§_R2
symbol_B38
symbol _S8
symbo §_A3

tan_I?8
tan_R3
tan_AS

trunc_R3
trunc_ A8

create_NO?
create NS 8

is_NNB8

NOP
RETUKRN
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ERASE
ERASE
IF_OPERAND
then {
eltse €
tsx0
RETURN

ERASE
ERASE
IF_OPERAND
then
else €
“tsxl
RETURN

void_NNS
atvtach_SS3

createdir SSt

edit_IS¢
adit_RSS
adit_AAS

NOP
RETURN

max_JII?
ADD_REFERE
LOAD
cmpa
tpl
LOAD
RESULT
RETURN

max__IR3
ADD_REFERE
LOAD
ERASE
Tsx0
sfomp
tpl
LOAD

LOAD

Multics Seal Code Generator

argi.is_zaro
apinull_pointer,*®
BPsargi

aptget _operator

-P

58

argl,is_z2ro
apinull_pointer,*®
BPyargl
apiput_operator

appbp

NCE
1sargl
argé
25dc
l,arg?
1,1

NGCE
dsargil
A_reg
apiInteger_to_Real
arge

254C

AQoarg?d

argd
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max_RI?

max_RR?$

max_AA3

min_II3

Appenaix Ce. MultTics Seal Code 5senerator Taple.

RESULT ZAQgR
RETURN

ADD_REFERENGE argil
ERASE L_reg

LOAD i;arg2

tsx0 apiInteger_to_Real
agfcmp argi

tmi vic

LOAD IAQsargi

RESULT ZAQsR

RETURN

ADD_REFERENCE arg?
L.OAD zAQyargt

dfcmp arge

tpl 29icC

LOAD cAQsarg?
RESULT ZAQR

RETURN

NOP
RETURN

ADD_REFERENCE
LOAD Asargi
cmpqQ arge
tmi 25icC
LOAD Asarge
RESULT A5 1
RETURN

ADD_REFERENCE arg2
ERASE A_reg

LOAD lsarai

tsx0 aplInteger_to_Real
dfcmp argé

tmi 29dc

LOAD zAQsargd

RESULT ZAQyR

RETURN
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min_RIS

ADD_REFERENGC
ERASE A_reg
LOAD d1sargé
Tsx0
afcmp
Tpl
LOAD
RESULT
RETURN

argil
9icC
AQsarg1i
zAQsR

min_ _RR3
ADD_REFERENCE
LOAD ZAQyargil
dfcmp arge
tmi sicC
LOAD AQyarge
RESULT AQsR
RETURN

[ IR AN

NCP
RETURN

ERASE
.OAD
div
il
RESULT
RETURN

mod_IRS
mod_RI8
mod_RRS
mod_AAS

rename_3S 38

round_RGe
Pound_ARGCS

NOP
RETURN

end

Multics Seal

Code Generator Taonleo.

argil

apiInteger_to_Real

arg?2
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