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An Implementation of Seal on Mul tic::~" 

Part I: Introduction. 

Section I.l: Outline of the Thesis. 

'I'his thesis is concerned with the implementation of a code 

generator for a language which performs extensive error checkinq. 

'I'he language implemented is Seal, (1) and the implementation was 

performed on the Multiplexed Information and Computing Service 

(Multics) r (2) a prototype computer util ty deve~.oped jointly by 

MIT and Honeywell. 

Sections of the thesis discuss how the goal of controlling 

errors influenced the design and impl :mentation of the Multics 

Seal compiler. The compiler is a simple, two-pass program, with 

an cpt 1 optimizing pass. While the first pass (the parse) 

and the internal representation were completely designed and im-

plemented befo.l:'e this thesis was begun, they are compatible with 

this thes This thesis influenced the design and implemen-

tation of the Multics Seal code generator and runtime support 

(1) 

s. 

.A Language for Virtual Memory Sy:: 
Q Honeywell, Inc~, to be public 

Pn,grammers 1 Manual, n MIT 
terns Inc., 1973. 
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Consideration is given to errors arising in the compiler .it= 

self 1 accidental errors in the user's Seal program, and deliber-· 

mal.i.c:ious 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 mechanisrnse 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 Honey>,'ell 6180 processor). A 

major conclusion of the thesis is thnt a very small number of 

mechanisms are needed to effectively control errors, if they are 

used methodically. 

'I'he error handling mechanisms proposed are justified on the 

same basis as general access controlling facilities. 'l'he 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 users are all relevant. Earlier 

attempts to provide mechanisms for access control oft£1n gave lit-, 

more real protection than a smoke screen; knowledgeable pro­

gr.amme:i::s could al.ways find a loophole. Today rw t system des 

0n'.'s that effective protection require ,iat every refer~ 

enc:e be validated~ and tllat assu."'11ptions iorance or secrecy 

te to solve the problem. Rece; rnore emphas has 
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bi;)en pla<:.~ed on designing appropriate hardware mechanisms for 

implementing protection mechanisms. The Honeyw·ell 6180 l:.ardware 

ir; the direct result of research into such mechanisms. (1) Hard-

ware assistance assures that every reference is validated, and it 

also minimizes the overhead associated with the validation pro-

cess. This thesis proposes similar mechanisms for error control. 

This thesis describes error controlling which 

have been implemented 'd th a combination of hardware and software 

support. Some of the mechanisms could l lenefi t 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 i·:1plementation 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 

t.hesis" several early error hand.ling designs were disc;i,rded or. 

modified due to their excessive cost. 

'l'hc~ Seal code generator is a simple, table-driven program. 

It the output of the Seal parser and generates Multics 

standard. ect programs. At the present time 

(l) 1iA, nard:ware Architecture for Implementin 
Schroeder and Jerome H. S~ 

57~·170. 
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tor corn~ctJ..'.' implements a large subset of the Seal languaae. 

thesis concerns the development of: 

1. .1\ code qenerator for Seal on Multics. 

2. Methods for controlling the design and implementatim1 

err·ors which would lead to compiler bugs. 

3. Methods for catching all language violations, either at 

compile time or execution time. 

'l'his partial implementation has demonstrated that the methods 

chosen by this thesis are adequate. A fin.'ll, complete implemen­

tation at a more leisurely schedule is plnnned. 

Section I.2: A Brief Description of Seal. 

Seal stands for "simple extensible algorithmic languagee" 

Seal is derived from Algol 68, Euler, and list pro~essing lan­

guages. It contains very simple, hut generalizc~d facilities for 

com;tructing and manipulating data structures either ;~s 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 

exact:.ly as if they were the values of local var:l bles 6 no compli-

cah'.Kl language is needed. 

The is designed to facilitate construction of: 

~;ound we 1-st:euctu:n~d programs bu:i.1 t frr: 

Page 8. 
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led procedures, each of which may contain nested pro­

cedures. All procedures are potentially recursive and use a 

stack model of storage for their local variables. 

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 abvays performed, normally at compile 

time, but dynamic type cl1ecking is provided for variables 

declared to possess vaJues of unrestricted mode~ Procedures can 

be invoked as functions or as infix or prefix operators. The 

ability to create new data types and to d0fine procedures which 

can be invoked as operators provides limited language extensibi.1-

i ty without loss of program readability. 

are: 

The design objectives of Seal which influenced this thesis 

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

must allow some variables to possess values of unre­

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

2@ It must provide for separate compilation cf prograr1 

modules and must have a uniform method of referencing 

qlobal variables. 

3. Its implementation must be so seen• 

or. .illegal, can destroy itE 

9. 

.it no program, 

or its supporting 
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Part II: Error Controlling Methods. 

Section II.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 .~ompiled languaqe 

depend on the correct operation of the compiler~ the compiler 

depends on the correct operation of the onerating system~ the op­

E!r.ating system depends on the hardwan~. '\s systems designers and 

programrn<~rs begin to get tired of fixinq the same sorts of bugs 

over and over with each new system, they are beginning to search 

for. ways t.o build correct systems from the outset. 

Variom; error controlling schemes have been propo::ied thus 

far: structured programming, goto-less programming, "chief pro·­

gx· ammer~ 11 automatic verification, etc. That almost all such 

efforts haVE~ brought favorable results is ev:i.dence of the magni­

tude of the problem. But attempts to write c0r '~ct programs are 

doomed from the start in many lanquages. Most 

in use today were d8signed be& 

If new solutions are not found, sof 
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tinue to rise. It is indeed ironic that hardware costs are fast 

becominq igible com]')ared 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 pervaded the entire project, and each 

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

Section II.2: Language Design. 

'l'he Seal lanquage restricts the user to seven basic data 

types, and completely defines the operatiuns allowed upon each 

type. It specifies that type-checkin9 must be performed, either 

at compile time or execution time. Although the language allows 

pointer variables (in the PI./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 chec~ing become obvi-

ous in subsystems composed of separately ipiled prograrns. 

CU ij'Software and Its Impact~ A Quantitativt sessment 11 " 

W ££:.'l~.~~IOJ:!_ 19_, 5 (May 1973) u page 
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are usu.ally com~osed of many smaller prograrnsv 

for reasons of modularity, maintainability, transportability 

(sen code is usually isolated), economy, and readability. 

all programming languages offer subroutine-type program~ 

minq in some form. 

Unfortunately, separate programs usually mean separate com-

pilat.ions, and separate compilations mean that the error checking 

capabilitites of the compiler are greatlv reduced. Only a few 

languaq<:-rn have attempted to define, for al cases, the semantics 

of ly compiled programs. While PL/I, for example, 

defin<:~s how separately comniled programs c;hall :behave, it does 

not require an implementation to perf,rm the checks. Multics 

PL/I hc>.s 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 

requin.~s than an implementation perform these checks. Seal has 

no undefined cases, or illegal programs which can "sneak by 11 the 

compiler. 

(1) Mul PL/I is forced to give the followinr 
program that violates the constraint[s listed 
or not. be compiled by the Multics PL 

it or. mav not execute. If execut 
iesults in the current or 

Multics PJ:,/I 1.ang1 
Systems, Inc., 1972, 
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Z\.nother area of trouble in modern languages is the very gen­

eral "address variable" canability known as "pointers" {PL/I) or 

"references" (Algol). 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, eithe~ accidentally or on 

purpose. The programmP.r can just as easilv write constructs that 

are syntactically correct, but Hhose r.;emantics are undefined. 

Such construct!:S may execute, and may even yield some "meaningful" 

result. The compiler writer and langua0~ designer would very 

much like to catch all illegal uses of ele language, and further, 

wou1d like to pro·1ide a language which has no uncheckable con­

structs. Also, most users would like to be assun~d that they 

cannot fall into the trap of accidentally using such quir}~s. 

Seal provides address variables, but instead of using tho 

more qene:ral PL/I-type definition, it uses an Algol-like ap­

proach. A Seal "reference variable" not only specifies an ad-

dress~ but also completely specifies the dat."'. 

t"';rms it is possible to have a r,>oint< 

po to a character string, but they are 

Paq0 13. 
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pointers in Seal are specific, not general. Thus it isn't possi­

ble for a user to twiddle bi ts in his character string:> or num­

bers by overlaying them with bit strings. And it is possible for 

the compiler to check for such illegal uses of reference var5_a­

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. 'rhe 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 implementation. 

SeGtion II.3: Code Generator Design. 

'l'here is nothing radically new about the implementation it­

self. RathE!r, already proven methods were used to build the Seal 

code generator. r.rhis 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. 'l'he code generator expands each tri1 ·~ into Multics 

machine codH by interpreting a small tablea 

the code sequences and code generator state 

each So:me triples hav~ several pos 

Page 14. 
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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 dataw .. types and control structures were mapped onto the 

Multics base system. Then the Seal operators were mapped into 

sequences o:C H6180 machine instructions. In this manner, the 

allowed operand types and the code sequences necessary to imple­

mc~nt 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 ari object program. These 

commands are also used to request specia actions to be performed 

by the code generator. Refer to Appendhc B for a listing of the 

Multics Seal code generator, and to Appendix C for a listing of 

its tablee 

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'! ct may be deter-

mined (9iven the output of the parser) by r to the table 

for the language operator and readi.nq .;w lines of infor-

All code generating decisions . e maae by the table. 

Page 15. 
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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 information 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 the 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 itselL 

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

real task is to correctly compile the user's ' ream. 

Page 16. 
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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 primary means used to 

achieve this goal. They are: 

1) Modularity, 

2) Simplicity, 

3) Limiting optimizations, 

4) Self-checking, 

~·) Pre"g;i::amming :::tyle. 

Section II. 4 .1: r~odulari ty. 

'I'he procedures which comprise the Seal code generator are 

quite modular. Once again, this design decision follows from the 

desire to localize the decision-making process in the hopes of 

controlling errors. Modularity 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 betHee:i modules. 

Often they arise only under special circumstan ~s, and thus nre 

very hard t.o track down. Heedless to say, ~"IH.K .ireful '"°rk is 

requir:c~d to keep the compiler truly modul JUt the reward is 

that the thousands of decisions made during compilation pro·-· 
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cess are much better organized, and much more likely to be cor~ 

rect in all cases. 

Section II.4.2: Simnlicity. 

'l'he 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 ~xception. However, the division of 

lalJor between a table and interpreting program has simplified 

matters. The table is designed to emunerate the many, many code 

patterns in a uniform, simple manner. The~ table is structured as 

a strictly divergincr tree; cases are djvided first by triple 

operator, then by operand type, then by pcedicates. Since each 

case is listed completely separately, and since the decision mak­

ing "predlcates" (if-then-else statements) are specified per 

case, it is not possible for decisions made by one case to affect 

another7 each entry is physically and logically separate. See 

Appendix C for a listing of the table. The interpreting nrogramw 

on the other hand, is designed to make only genera1 decisions 

·which are valid for all cases. Examplc-:is of decisions ma.de by the 

program are putting li "'~er al constants into inst~· ~tions via the 

H6180 10 direct 11 rnodifibrs, or using the H618n truction-counter 

Page 18. 
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modifier. (1) 'I'he division of the compiler into a table and driv-

ing program greatly simplifies the handling of special cases, 

thus reducing the likelihood of errors. 

Other major design decisions helped to achieve simplicity. 

The use 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 be non-recursive, which simplified it~ overall design and im-

plementation. 

Section II.4.3: Limiting Optimizations. 

rrl1e decision to limit the optimiza::ions performed by the 

code generator is 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) 
I 

the 

1) Optimize by combining redundant triples (which compute 

the same value), 

2) Optimize by remembering the machine s'ld.te during code 

In assembler notation, these decisions 
constant address' is changed to 'ldq c 
consta.nt -address' is changed to 'ldcr ( 

axample, the constant must be 
second example it may be any value. 

Page 19. 
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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 nass (between the 

narse and the code generator) is to nerform the first optirniza-

tion. 'I'his optimization is auite 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. 

into 

#1. 

#2. 

#3. 

#4. 

the following: 

#1. 

#2. 

#3. 

add i, j 

assign k, #1 

add it j 

assign rn, #3 

add i, j 

assign 

assign 

k, #1 

rn, tn 

'rhe sei::ond optimization is performed by th1 

a ,~ 

~> it expands each triple into machine cod• 

(1} Digital 
7 0 
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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 exnression 

11 i * j + kn is: 

into the following: 

Machine Instruction. 

load i 

mult j 

store tl 

load tl 

add k 

load i 

mult j 

add k 

'rhe third optimization is performed only by the table, and 

it is localized to a given triple-o~erand combination. The fol­

lowing diagram is an example of the optimization of the expres­

sion 11 x / (y + 1) 11 , by using an inverted divide instruction. 

load y 

add l 

store tl 

load x 

divide tl 

Page 21. 
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is optimized into: 

load y 

add l 

d.iv.inv x 

The limiting of the optimizations performed is a another 

major method for controlling the implementation errors. Expe:ri­

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

to special cases, and a freauent 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 J.i,.nguage and the host com­

puter. There seems to be no qeneral method for optimizing adja­

cent triples in a foolproof manner. It wnuld certainly not be 

possible to tabulate all of the possible triple pairs which might 

be optimized, much less higher nurnbers of triples. neauiring 

communication between triples to be via the registers may hinder 

code optimization, but it keens the compiler well-defined in 

terms of its pre-specified tab lei=;. The real solution, ,.,hen such 

look-ahead or look-behind appears to be necessa: , is to change 

the parser (or language) to define a new truct having the 

desired properties of the old pair of const ' . This has the 

of remaining \vi thin the existin• -de generator mecha.~~ 

Page 22. 



An Implementation of Seal on Multics. 

nism, and it states explicitlv 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

t.ext, 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 invari3nt sequence of triples 

when a single triple is insufficient. Thus it is possible to 

express constructs which have more than t10 operands, but still 

use only two-ope:eand triples. 'I'his prochtces a certain amount of 

complexity in the compiler (more code is required to recognize 

and handle the invariant seauences of triples as a unit), but it 

states exactly what is desired by a given construct. 

Optimal code is achieved by picking triple operators which 

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

achieve this (i.e., a change to the language or parsflr) but for 

the short te~rm, or for infrerruently used constructs, it is often 

easier to suffer with a few extra instructions 

Page 230 
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Section II.4.4: Self-checking. 

Self-checkin9 is an integral part of the compiler; it is 

not optional. The checks are designed to prevent the codE~ gener­

ator fro:r.i 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 c~refully. A reference 

count is a number associated with a computed result, or trinle 

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 com)iled code to evaluate an 

expression a minimum number of times, and then throw it away when 

it is no longer needed. If t!1e reference count is too high, the 

evaluated result will never he discarded. If the reference count 

is too low, the result will be Cliscarded 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 erron~ous ex:i.stancE! of 

saved values at predetermined points, in coc li:nation with the 

~ which never uses a saved res clcross a trans-

point. 
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Other checks are for undefined addresses, undefined oner-

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-

maticall::t include destroying a register without so indicating in 

the table, and incorrect code sequences. 

Section II.4.5: Prograrr.ming Style. 

Programming style is an increasinoly !"Onular issue. 'rhe 

author is firmly convinced that consistenc .' and readability are 

not only virtuous, thfly are absolutebr necessary! Powerful la.n-

guages such as Algol and PL/I offer v:.'ry convenient control 

ntructures for writing readable, underst.mdable programs. Newer 

languages are refining existing, overly general constructs like 

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

Four years of experience prograil'ITiling in PL/I has produced a 

short list of rules for producing consistent, readable programs. 

(1) Refe1· to 2\.ppendix A for a list of the rules and to Appendix B 

an example of how the'.' were used in this implementation o 

(1) For a similar set of rules for FOR~RAli, 
FORTRA!r Program, 11 by Daniel D. Mi 

u £Z:~~nr 18u 11 (October 1972) ffe 
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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 nstable." In fact, the experience has been that changes 

can't be made fast enougl:i: 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 beyo~d the scope of 

this discussion. 

Any subsystem which has a more-than-fleeting time span is 

likely to change hands several times. It mav 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 is in the programs them­

selves, much attention must be given to writing proqrams which 

are as readable and understandable as possible. 

'l'he very need to change, and the "hand-rn down" programming 

manacJement philosophy create a situation in 

ever debugged* Each person who modi' 

the of adding a bug along v;i th his 11 
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has his own "wur storieo:" about :rrograms so sensitive that mcrel'r 

"looking at i-t" is likely to add a bug. Various schemes have 

Deen proposed in recent years to cure the evils of programming 

languages and programmers, but most of them have been quite 

restricted in their scope. (Prominent are the goto controversy, 

and the call for "structured programming"). Nithout dismissing 

the validity of such approaches, it is evident that Seal's solu­

tion is both non-trivial and qlobal. Seal has "thrown in the 

towel" as far as believing ti.1e programmer Hhen he claims that his 

program or subsystem is debugged. Seal has no separate debugaing 

compiler, debugging interpreter, or debugging options. 

Section IIo5.l: Compile '!:Lme 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 comoile time error messages. 

(Perha:ps the fact that PL/I has over four times as many messages 

is some indication of its added complexity}. 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 nass (code :neration). Com­

pile time error messages print the source 1:::ment, its line 

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

'l'he following checks are performed at compile-time: 

syntax errors, 

undefined labels, 

invalid selectors applied to user-defined modes (in 

PL/I terms, invalid structure member names used in 

a reference), 

mode errors with builtin onerators, 

assignment to input-only narametrrs. 

Section II.5.2: Execution Time Checks. 

Execution time errors abort the fruilty 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 :ooint 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 
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versions, 

mode violations of builtin operators by Any-mode oner­

ands, 

mismatched modes between arguments and formal parame-

ters, 

improperly activated procedure values, 

attempt to use null reference values, 

rar..ge errors in arguments to builtin functions. 

Some of the checks are automaticall' performed by the hard­

ware (division by zero, underflow, overflow), some by adding a 

few in-line instructions (subscript errors, conversion errors}, 

some by explicit operator calls (mode vir>lation at run-time), and 

some are caught by the entry operator whim 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 way to do it would be to 

provide a unique state for each machine word, distinguishable 

from a legal value, which would cause a hardware fa;_1lt (trap) 

upon any attempt to load (read) the value, and which would be 

reset by any attempt to store into the value. Most simulators 

provide this capahili ty 11 for free," ! .Ti thout hardware 

of some sort it is usuallv prohi' ~ely expensive in 

Page 29. 



An Implementation of Seal on Multics. 

compiled code. Fortunately, even though the H6180 hardware does 

not provide the above, ideal solution, it does come close enou.gh. 

The hardware takes a fault when it rGcoqnizes a special indirect 

word in an indirect chain. Thus, this imnlementation of Seal 

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

which is 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. 

'l'his prevents correct programs from fanl ting, and allows all fur-

ther references to proceed normally. Hovl'fver, any attempt to use 

a value before it has been defined by an assignment will cause a 

fault, and an error-handling nrogram Fill stop the program and 

print a message. 

'I'he 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 c;imilar methods. One imple-

:mentation of WA'ITOR actuall·r J. uses the "ideal" method. described 

above. It initializes the storage locations for every value to 

have a bad :i;>arity bit. Upon a read-type ref<~ nee, the program 

(l) Undergraduate me:mber of Computer System: ;earch Division at 
Project M}\C. 
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faults. WATFIV uses a less machine-dependent 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. 'l'heir 

checking method could be used by the Multics Seal implementation, 

but the H6180 architecture severely limi.ts 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 IBH PL/I Checkout compiler (2) checks for 

undefined values as it interpretively executes tlte program. It 

also checks for misusinq pointer variables (c.f. section II.2 of 

this thesis). 

" Undefined procedure values are detected through a method 

(1) nDesign and Implementation of a Diagnof:~ · 
PL/I," by Richard W. Conway and '11homas R. NU 
(March 1973), pl76. 

z~ Compiler for 
u Comm ACM 16.~ 3 

(2) "A Conversational Compiler for Full PL/~ 
}~.£,t.i~~E. ~£~1pute~~ Soci~i;:;'l ,Journal 15, 2 (May 

by R. N. Cuff, 
12), p99-104. 
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described by Fenichel. (3) Basically, each activation record is 

labeled with a unique number (possibly the value of a hardware 

microsecond clock), as is each nrocedure value derived from that 

activation. This enables the imnlementation 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 ti1ey 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 procedure it represents) the unique number in the value 

is compared to the unique number in the activation to ensure that 

it represents the same activation. 

(3) "On Implementation of Label Varial 
Fenichel, ;e:omm ACM!!,, 5 (May 1971), p349= 
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Part III: Summary and Suggestions for Further Work. 

Section III.l: Summary. 

~~he 11ultics 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. rrhe high 

modularity of the code generator enabled each section to be inde­

pendently debugged, and the sim:rle design kept the problems sim­

ple. 'fhe self-checking features of thr:: compiler caught many 

oversights in the early phases of the compiler debugging, and 

later on they caught and clearly diagnosed !'roblerns 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 knovrledge of the author, the Seal im­

plementation is the only compiled Multics lan~uage to offer 

checking for undefined values. 

Page 33. 



An Implementation of Seal on Multics. 

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 primarily due to the implementation 

method, namely, not only is the value undefined, but so is its 

addre:3S. Since argument passing is implemented on Multics via 

passing the address of each argument, Seal can not pass undefined 

values. Fortunately, t!lis decision also has a positive result; 

Seal µrograms may call a program in any otl"1er language on Multics 

which follows the standard Multics convc!ntions (e.g. PL/I, FOT~­

TRZ\N, BCI'L, etc.) • l.::xtending the Seal implementation to allow 

passing of undefined values would hav~ required a non-standard 

mechanism. 

Section III.3: Suggestions for Hardware Extensions. 

'rl1e problems mentione<l in the preceding section are evidence 

that more work is needed to define anpropriate hardware mecha­

nisms which would remove such restrictions and much of the 

present overhead. The following section describes H6180 hardware 

modifications which would benefit the Mul tic!'; 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," distinguishable from any value. 

Load-type instructions will fault if the state is unde­

fined. 

Store-type instructions will c~1ano.e 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 ·word~J) 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 ivell-defined, 

argument passing would be possiblev Verv little OV(-~rhead would 

be required to initialize storage locations used for program var­

iables to the undefinad state, and no addi lonal instructions 

would be required. Since the state is indep 

any data type (character, bit string, 

stored, and no value would be illegal or 
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the undefined state. 'l'his 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. 

'l'he Seal multi ply o~erator is defined to take two suc'.1 single 

nrecision integers and return an integer. Hm\Tever, the H6180 has 

no single precision ~mltiply 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 Checkinn. 

The instruction sequence to check a subscript to ensure that 

it lies between t~1e lower and 11".:1per bounds of an arr av is very 

cumhE:~rsome, and has several undesired side effects. The bounds 

must be in the only t~.'10 36-bit arithmetic registers on the H6180, 

even though the final index can have no more than 18 b.i ts of nre·­

cis.ion. 'l'he com:niler must use these registers to comnute all 

arithmetic results, and having them serve double duty causes ex­

cess:i.ve v unnecessary loading and storing. The nposed solution 
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defines a new instruction ( 1) which takes t~1e unper and lower 

bound in a pair of 1'3-bit index registers~ compares them t.o 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 >.vi th the bounds, rather than 

continually loading the 36-bit 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 III.4: Further Work. 

This section presents some brief ideas for further work in 

the areas related to this thesis. These ideas assume that the 

implementation has been completed; once this is done it will be 

Possible to investigate the viability of the ne•·1 and unic;ue feat-

ur~s of the Seal language, such as: Does eliminating file I/O 

help programs which have used it in the oast? What kind of im-

provements can be achieved b~r reprogramming some typical 

data-base management applications {heavy file I/O users) in Seal? 

Do the extensive checks provided by Seal prove valuable over tr"e 

(1) Due to the H6180 architecture, 4 opcodes wr 
specify the 4 possible even/odd index registE~ 
4-5, and 6-7). This may still he thought of 
however. 
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life of a subsvstel"l or only at t~te beginning? Can these c!1ecks 

be implemented cheaply enough to satisfy the needs of the users? 

l\.re most of the ,:irrors found at compile time or execution time? 

(l ... s many checks as po<>sible are nerforrned at compile time, for 

examp1e, only "any mode" variables and parameters need to be 

type-checked at execution time). 
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~['he following is a consistent set of rules for formatting 

PL/I programs to maximize readabilitv and emphasize nroqram 

structure and flow of control. 

Syntactic Rules. 

l. A statement group is defined as all of the statements \·7ithin 

"procedure; end;", "do; ••• end;", or "begin; ••• end;". 

All statements within such 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). 

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

line, and shall eacl1 begin in the samr column as the "if" key­

word. 

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

'1. 2\11 labels will begin in column 1, preceded by a blank line, 

and on their own line. 

5. One blank is used hefore and after the following operators: 

=, infix-, infix+, *, /, I I 1 I, &, ""=, <, >~ <=, >=, '"">, ""'<. 

One blank precedes, and none follow, these 

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

no blanks precede or fol lo''' these delimiters: 

11(11, ii)","->", II II . , " . " , . 

Semantic Rules. 

1. 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). 

2. Goto statements are used o!'l.ly to const:ruct a case statement 

(using a label vector and an indexed gnto to enter a case, and 

another goto to leave the case), oc to perform a non-local 

goto when aborting futher processing. 

3. Comments are encouraged, but should not be so ~rivial as to be 

merely "noise" (e.g. "i = i + l; /* increment index */ 11 ). '17he 

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 qive a simple expla-

nation. Each procedure block has a global co· nent describing 

its function, calling sequence, side effec E?tc. This corn-

rnent comes immediately before the procedu c~atement~ begin-

ning column 1, and surrounded by J .ik lines. Comments 
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giving important information are placed on the line before the 

statement to which they refer, beginning in the same column. 

Cornmc.mts 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. 

4. 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 oc 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. 

5. l\.ll 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 used for 

declarations needed by more than one program. 

Page 41. 



Append! x B. Multlcs Seal Code Generator Program. 

Slibscrlotrangel: 
~ea i_code_g e ne raro r _: 

p roe ec\r e ( work_seg_pt r, error _pr in terl 

cic I subs crlptrange condl t lon; 
on subscrlptrange 
begin; 

ena; 

ca11 loa_l~Subscrlptrange in cg. debug1H1; 
ca! i debug; 

I" Code generatlol"I program for the SEAL complier. 

Pau! Gr;;en, January 1973. "I 

1• Lasr Modlfled oy PG on 5/17173 "/ 

I"" pa.-amet e rs "I 

' eel error_prlnter entry(ptr, fixed, fixed, fixed, fixed, fixed, fixe:ll returns!blt<l.U parameter, 
~orK_se1_ptr ptr parameter: 

1• entr les "'I 

eel 

de! 

debug e~try(J, t• temp~rary •/ 
Ioa_ entry opt!ons(varlablell 1• te'flporary •/ 

cc'f'_err_ entry ootlons(varlaoiel, 
establ !;h __ c leenup_proc_ entry !entry), 
l~cs._$"1'3'<8_·503 a;·:ry(ch;;,,-:•1 3ii1n.cd, char(-•) 31lgne:J, char(") ;1!,i9,-1ed, f!xed bin, ptr, flxej 0lri•35ll, 
hcs_Ster-min<>te_noname entry(ptr, fixed oln(35l 1, 
hcs_ztr.Jncdte_seg entry{pTr, flxed, flxed t>ln(35ll, 
Secl_jlsola·,i_rn;:;cro er1trylprr, flxea, oltC1ll: 

;·"!- :z:utorrat le J. t1..~11;;. ~/ 

eel (de1s, jefs_rel, l!nK, ilnk_rel, n2me, obJect_sec;;, ooerand_lnfo_ptr, oparator __ ;-,fo_ptr, 
p, patt0rn_t>2se 9 ~revlous_~eflnltlcn, scratch(8)~ 

sp, shck._0c.se, syrr,b, syrnb_rel, text, text_rel, vp) pointer, 
(.::2fs_ic, ilnk_lc, obJect_lc, P)SJ.iion, saved_symb_i.c, 
sracK_,ffset, symb_ic, t~xt_ic, vaiue_offserl t ~xed oinC18l, 

{3rgurnent_lndex,. o~ oitien, cou;ir~ dl:ns, element_s!ze, ~' .ir., Ji ~fl m, 
n, ope, de, ooerandllG!, out~ut, oattern_lc, s, scratch_inoax, stack_end, temporarv_co\fltl ilxe:J ::;~-., 

( !~it_ralocation, na~e_deflnltl~n, ooerancs, rel_cod~~ 
s;..,9nam.~_d.:fi10 tlon, zero_cef!nitionl oir!18) aligned, 

0se fix~d init ai (Q)~ l:q. temo ~1 

coce tix~d bln 3Sl, 

? age i.2. 

) 



Appen1lx B. Multics Sea! Coda Ganer3tor Program. 

( oefore_ 1 irst_f lowchange, done, founci, on_heap) bltU .. l a I ~gned, 
arg bl t( 2) a I 1 gned, 
(type1, type2l bit19l aligned, 
adaress olt (36) al lgnea, 

1 vaiue_tem;-i ailgned Ilk;;; value; 

l"'·bulitl"I 1,mct!:>r1<; ~1 

de! (addr, 3ddrel, blnary, bit, divide, fixed, hbound, index, lbound, le-rigth, 
max, mo.i, nu! I, p.oint·er, r.:d, ·size, :;;tr!ng, suostr) bu.ii tin; 

1~ based items •/ 

dCI 

C?C ~ 

1 temporary _sea I _name b3sed al lgned, 
2 va l·J e_heaoer bi.t(36), 

2 mak'!_or fset_even unal bit, 
2 runt l me_a ! I ocate unal bit. 
2 e! enent_s.Ize una I flxed b ln • 

image b)sed bH(bltlenl allgned, 
word_co:;1y_image dlm(nl fixed bin(35l aligned based;, 
b;;ised_strlng char!262144l aligned based, 

1 unpac~ed_relocatlon al lgned based, 
2 ha If "era dlm(Um-ll unaligned 1:>lt<1a>, 

l. '<Ord 

1 

2 1 e ft _,-,a I f 
2 rLgC\t._~•a!f 

~ords 

2 t l rs; t 

2 se t:'J nd 
2 third 

1 operator_lnfo 
2 off~et 
2 t y;:i~ l 
2 r vc;:; 2 
2 ! tn;it r. 

1 oP~"'and_ser:t~ntlcs 
2 operands 
3 0i:;r.d1 
3 o onj 2 
2 o att ern_0t ts et 

all.;;ned nas d, 
una! bd!18 • 
•JC'lcil bltU.I\ , 

a Ilg. ed based, 
oit\ &l. 
b lt { 61. 
::iit(36>; 

c;; J.gr:-eu bas·Jd(ooerator_lnfo_ptr->., 
.....ir.d! fJ.xeaol, ..... (l7i, 
t.onal oitC3l~ 

v r a i- b i t ( .3 l , 
una ! i lxed :; In ilil • 

d!:n.t2J > a! i~nea t•asec iooera!"'~d_lnfo_orr:r, 
U()C , 

0 it g) i 

D .!. t 9) ! 

·...:na ~ ixed ~ ln l17l .. 
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1 pattern 
2 Dart 1 
2 p a H e r n_ f I a _;i 

2 part 2 

1 instruction 
2 ptr_reg 
2 oriset 
2 opooe 
2 inhlblt 
2 use_p·i·r_reg 
2 tag 

1 oattern_>wrj 
2 ind~x_>dth_argl 
2 arg1 
2 ino~x_r.lth_arg2 
2 arg2 
2 arg3 
2 1 I ag 
2 oattern __ op 

1 1 nsr r uct lon_.;ord 
2 otr_reg 
2 arg 
2 o1f;;et 
2 0 ;JC~) de 
2 i nhl bi 't 
2 use_p tr _reg 
2 1 a;i 

dlmt10ul aligned based, 
unai b1t!28l, 
unal bd(1l, 
unal bltlll, 

a'J ignea based, 
unal bl t ( 3)' 
unal b.Ltll~), 

unal blt!lal, 
unal blti1), 
unal bit(JI, 
unal b .it (6)' 

al ign1->d based, 
unal blt.(1), 

unal blt(Bl, 
unal bi. t ( 1), 

unal bit ( 8)' 
unal blt C1Cl, 
unal blt(1), 
unal bit<7>. 

allgnec based, 
una! b lt ( 3) ·, 
una I blr!Zl, 
uno1 blt (1.3), 

un'Cd blt(lQ), 
1.JnC i olt(ll, 
unal blt(l), 
v:ia t D l t { 6} f 

!~text section r2ferences (unset .inter·nal static .ini'tial) •/ 

JC l i 

eel 

r.o_checi-<_code 
;•.:. ·Jype:; 1-7 ore 

.i. n ~ t ! a l ( u GS J tJ Q CD 0 G "b > , 
far culltJn mojes •/ 

,"' ·:'.! 1 C~) d? 

~ J.s.t_'CoJe 
'-: e; n<; t;::,,....t ___ c "·· :1e 

usw;;:r_rr;c,.Je_cc..:le 

ui.t(S) Jii.·:;n<i::d 

i r, l r , . .:; i ( ·~ :J : J Q O 1 Q v J ~· b) , 
l nit i a I ( "J j J 001DO1 "o l , 
lnl·r Ia I ("CiCJJD.1..iJ1U 0 b)., 
L n l t la ~ ( "G G JGC la 11 ub; l 

static, 

;• 
/Cf. 

1<· 

I" 
I" 
I" 

c ,., 
1-7 "I 
tl "I 
9 "'/ 
iO "'I 
1i '<-/ 

st;;ck_frame_flrsr_a•JalL;i;;le_ioc,~tlon flxed ol!'I statlc lnltlai (56), 

even_oi!set_reQui.redi8i bii(ll aiigned static 
lnltiai(u1ub-& uo .. ~o" 0 6ub., ~ 6 Q 0 b, u1°c, 0 :. 0 :;, .. :3°0., ·~i. 0 t): 

em~ty_r~glsrer flxeo s:ta"t'ic Lnitiat{U}? 
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de! 

Appendlx B. Multlcs Seal Code Generator Program. 

I" NBI 'llode_length(Kl ls the nu11ber of 36-blt words necessary to hold a SEAL value 
"lth mode K=r1.7J (any_type to symbol_typel. The number ls derived from 
cnode_len'gtrdll = slze(any_modet), etc.•/ 

mode_le'lgth(?J fixed static ln!t u,1,1;1,e.,2,&Ltl, 
max_no_jlms flxed lni't11Sl aligned static, 
my_name cnar(4) atrgn.,d internal static lnitla!l"seal"I, 
( acr iv at ion_record_up_zero_lnclirect 1nJ.t la I\ "110 OOOOOOOOOOJO JC DO OUCDOOOUDO!OlC ~;,; J"'bl • 
actLvati on_record_up_zero initial !"11CJO:JO\lOOCCO'.lJJO COOOC8 OOOuUOlOGGuOO"bl • 
I ln~age_sect ion_up_zero_lndlrect lnlt la I( "1CCGJJJJOGCOOaGJOOQOCGQOOCC00101COOJ"b), 
a r g_ 11 st _uo_ zero_! no 1 rec t ln H la I I "CC 1'j0 0 0 JC u 0 Q J 1 ~ 0 0 c O 0 C il J 0 0 0 0 u 0 lG 10 0 0 Q" bl • 
l to_ to_,. c ; l vat 1 on_ record_ ft 3 1 nit 1 a I ( "110 J 0 00 J 0 0 0 0 0 \l J J 0 D 2 G 0 0 0 000000010 Gll 1 .. ol , 
! ts_to_temoorary_storage_ft3 lnlt la I ( "00030 00 OOOOOIJOilGO 000000 000000010011:!..!'bl l 

bit 136) a I lgned static; 

s tore_op bit(10) dlm(28) s atlc i!llgned 
l r,J, t la I ( "11110 1J1G"b, 1• sta 75 5 ( 1) •/ 

"111 lG 1100"b, / 0 st :::t 75 6 ! D > •/ 
"1C G10 1110"b, 1• dfst 457<01 .; I 

(lCl"Ob, 
"10 D10COOOG"b, l"sxlO Lt4 0 ( 0) •1 
"1G01DGOG10''b, 1• sxl1 41+1!0) •i 
"10 iJ10::.01cO"b, I" sx!2 "" 2( 0) "I 
~~:u J1YGJ11G .. b, I .. SX I 3 4Lt3! D l •/ 
H1u01:i~iGJ:::''b, I" s x I 4 Lt4Lt <O l •/ 
u ;_ L ~J 1 G ( 1 '.J 10 .. b , I" sx IS 445( JI "I 
nl".... c1:-:c11oo··b, I"' sx I & Lt46( J) •1 
u1L 0101}111U •• b, I" sx I 7 4471Gl "I 
U0!01C10JiJQ .. b, I" sor!O 2S~ ( 0 l "I 
UJ 181D~- ~J 11··~, It:· Set"' 11 2 ?1 CL} "I 
'""':..: 1D1[;::.J1 Q J '" !J, I"' sor-L2 252 (J) ~/ 

HGl:J1[i1.i}1~:':.."'b, !" spr-13 253 ( c. \ "I 
o.i :i,~ J .i {! 1 j '.J. JC; U bf /< s;::;r 14 6 5J ( 0) "I 
Hl1C1.J:!..}iJ1luo, / .. spri.5 651 ( 11 -~1 

~~ ::L 1 D G 1 SJ 1 :J Q ·• b, ! .. spr·io 652 {()l "I 
.. i1 n1:1a11~ ~"b>; I" S"rl7 65:i {1} <·/ 

!~ ThB's.e cedes ?r·:? f c· r \: ">.: ~~: l t ~ the {-~.;.:ster Information entries. "I 

;._·,c I ( 1J._r~ g n 1 a i ( l}' 
Q_rag n r 0 i { 2} ' 
E :~ t~ __ reg r • a i ( 3), 
t.ny_reg n t 0 l {<+} '.'i 

x 2 _r-eg n t a I ! 5), 
Xi - reg " i a! ( b), 
X 2_r eg r t a i ! n, 
X3 _,re:;) n r a I Ud, 

Poge :+So 

\ 
) 

I"' pr6 I 0," .. , 
I" or6l0 "I 
I" p r4 ~ 0 ., ~ "I 
I" Pr1Hl," "'I 



X 4_r<;g 
X5_reg 
X 6_r.eg 
X 7 _reg 
AP _reg 
A B_reg 
BP _reg 
8B_reg 
LP _rey 
L B_reg 
SP _reg 
S B_reg 
constant 

irdt la I (9), 
lrdtia!IH), 
lnlt la 1 c111, 
Initial (12)., 
i.nltlc.1(131, 
lrdtlall14)~ 
lnltlal C15l • 
inltlal ilE» .• 
lrdtial(17l, 
.initial (18l, 
lniri.al(lOJ, 
lnHialC2C>. 

Appendix B. Multics Sea! Code Generator Program. 

lnltial !211 l fixed stanc; 

!" exter1ul static "-/ 

de I !seal_p,tterns_$operator_table, 
sea!_o1tterns_Sentry_control_wordl_of ~~· fixed bin, 
seal_p~tterns_Sundef!ned_label_lnstructlon blt(36l ai"; d, 
seal_c~de_generator_$symbol_taole, 

seal_verslon_$ character(256! varvlng aligned) external static; 

I" l nc I ude f 11 es ,,. I 

1• Declarations for th~ Multics Stanaard Object Segment •/ 
1~ Reference Mui tlcs Prograrnmer·s·Manual, ~art III •/ 

de I m app p tr , 
obJecr_nap_offset 01t:1Bl una!l;ned based; 

1• BEGIN INCLUDE SEGMENT ••• 001_map.lnc!.pl1 
codeO Febr-uary 8, 1972 b; MLcf'.aei .J, S;:iier ""/ 
I'* last l'.':ldifi.;d 1av, 1972 by M. Weav.;r .. , 

dee! are 

~ 
} 

1 ,T.2.P oi ignea ::.;::se..:l \rna::q::;:), 
2 decl __ J,,,rs flxeo bln, 
2 j~!ei\Ti. f ier char (8} align j, 

2 1:,;jc!~_?ffsAT b.i.Tt1R) unc~ g~ed, 

2 text_!engtri ·bl7ll8) unod gne<:I, 
2 G~f~_or ts.et ::.irL1.6l ;..;ncl is:iad, 
2 aet_li!ngth bltllol una! igned, 
2 
2 
2 
2 
2 
2 

i l nK_ :> t f s.e t 
llrik_ier,gth 
symo_0ffser 
sv mo_! en gt h 

bmap_c:i f fse! 
bmap_~ ength 

bit{iC} Ui11r-s I Jnedl' 
blt{16} unal gned, 
bi-:- ~1.e~ unai gnaci, 
td t (18) una l gnec, 
::ilt !151 -.inal gned, 
Dit (18) ,,:na l ;;r1ed, 

--

1• structure descrlb!n~ standz;d ~~lect ~ap ~1 

/J1.- versio:• numbef"' o-. C:..!r!""ent :.~-'"·.;Gture for:r..at •t 
;~· ".lust oe the constant '"obJ_?Ta::;" "I 
/• o.tfset re! to base of .:::t.Je<:t ::~·g~ent cf t:a$e of t-2x1 ;:::;:;c-r;-_.>:J ~/ 

/" ! en gt h in worjs of text sectl on ""I 
I• offset rei to base ~f ot;ect seg of ~ase of jefiniti~n s~cr~~~' 4 1 

/T ier.gtn i;i ~cr:is of ::'!3flnlt~c:'l ;;ectlcn .JJ./ 
;:: offset rai to tase ot object s~g o·f :J~se ot il:)k3;;.e s?:::~i._:,.:--~ 

·'"" ! engt h l:1 ':"fCrds of ! i""lka~e sect icn ;r;.; 
;:::~offset re; t~ base .Jf obJec1 seg of base of sr~:.~:c::·~ :.2c.Y ~;-­

/'f- ~er:gth in worjs of sy-nbo~ section >tJ-/ 
/Jfi.. offset rel to base of oblect seg of beise c? 0reak ~,a;:.1 ~-:. / 

1~ length ln worjs of or-aak r..ap ~/ 
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Appendi. x B. Hu It lcs Seal Code Generator Program. 

2 format aligned, 
3 bourid bi.t(il unaligneo, 
3 rebcatable· bltl1) unallgned, 
3 oroceoure blt Ill una 1 !gned, 
3 st<ndard bltlll unaligned, 
3 unused bit ill+) un'al J.gned; 

1• woro contalnlng b!t flags about object type•; 
1• on if segment ls bounj •1 
1• on lf seg has relocation lnfo ln !ts f!rst symbol block •1 
1• on lf segment ls an executable obJect program "I 
1• on i.f seg i.s ln stanj:ird format !more than Just standard map) •1 
1• nut currently used •/ 

1" c.i~iJ !N~Li.JDE SE:;Mtt~I ••• obj_map.1ncl.pl1 ... / 

dcl 

jcl 

dCI 

1 sta_stmbol_heacer based aligned, 
2 de l_v~rsion 
2 identifier 
2 gen_n·.Jmber 
2 gen_ereated 
2 object_created 
2 sener3ror 
2 gen_v~rsion 

3 of tset 
3 sl ze 

2 user l:J 
3 of fs et 
3 sin 

2 corr:me'l t 
3 offset 
3 s! ze 

2 text_::ioundary 
2 stat_:ioundary 
2 source_mao 
2 ar ea_o o inter 
2 backp.) Inter 
2 bl ocK_size 
2 l'ext_olock 
2 re!_text 
2 re l_ce t 
2 rel_ link 
2 rel_'.>, .~to! 
2 mi.nl_truncate 
2 ff.axl_t rune ate 

1 seal_~ymboi_Dlock 

2 S'fil'O_heacer 

1 ca!i~iflon_heeder 

2 ce f lnl ti.on_! lst 
2 U{\ US ej 

2 !la;is 
3 new 

flxed bl'l, 
char<BI, 
f lxeo bln, 
fixed bin!7l), 
fl xed blnl7ll, 
char(8), 
unaligned, 
bit (18), 
blt (18), 
unaligned, 
olt<18>, 
blt<l8l. 
unallgnadt 
olt 1181, 
Oit(18), 
olt.(18) .unaligned, 
bl1"(18) unal lgned, 
bit (18) unaligned, 
biT(l8) unai igr.ed, 
blt!18) unai l;ned, 
bit(1S) una.1 lgned, 
cit (181 unaligned, 
bit l::.Sl t...:nal igr.ed. 
oH i13! una! lgned, 
olt (i8l unal 1c:;r.ed, 
oit(1Sl t..1na; ~ ~nv·dt 

blT(18l unaligned, 
olt!19l unLd lgr.ed; 

aligned basec, 
I l Ke srd_symbo!_header; .. 
:1ligned based, 
una.i oH(18l, 
\.ina I bit !3Sl, 
~na I~ 

bi. r., I .. al .. ay s O'"I "I 
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ctcl 

dcl 

de! 

de! 

de: I 

Appendlx s. Multics Seal Code Generator Program. 

3 lgrore 
3 unus·ed 

1 def l ni t lon 
2 forw.r d 
2 backw3rd 
2 va iue 
2 f I ags 

3 new 
3 lg no re 
3 entry 
3 re t 3 in 
3 des:: r ipt ors 
3 unuseo 

2 cl ;;,ss 
2 s~·mool 

2 segna11e 

1 express lon_word 
2 type_pair 
2 exo~esslon 

1 type_p a i.r 
2 type 
2 tra;:i 
2 se !Tl ame 
2 ent<' yname 

b lt. 
01te1oi~ 

ali.gnea basa1, 
unal b.it(181, 
unal olttt81, 
unal blt(18l, 
unal, 
blt(1lt 
blt(1), 
blt(1l, 
blt(1)9 
blt(ll, 
blt(l(i), 
unal bltC3l, 
unal b.it(:i.Bl, 
unal blr(181; 

a 11 gned bas9 d, 
unal b1tC18), 
unal t>lt (18); 

a I igned cased, 
unal bltl1SI, 
unal blt!18i, 
urral b.it(18l, 
u·n a I b lt C 18 l ; 

1 sourc-~_m&o :;ol Jg:"leC basad, 
2 varsl~n flxed bln. 
2 number f lxed bln, 
2 mai:;(n refer(source_rnao.nu;;io~rl l 

3 parnname unallgned, 
t,crfset olr{1Sl, 
4 size blt(18l, 

3 c.l d 
3 dt m 

i reloc3tlcn 
2 le ft 
2 rlg'1t 

0 .i. t ( 36)' 
t lxed bird 71 l; 

a I l c;ned cased, 
"'nal blt(18l. 
unai bit{lB), 

... 
allgn"c oas?d, 

1• always on J. n header "I 

I" offset of .next def "I 
I" offset of prevlous def "I 

1• offset of "ACC for symbol •1 
1• offset of segnam& def •1 

aligned. 

l pac~eJ_reiocatlon 

2 cci_versiori 
2 srr~ ng 

f lXi;C bin, 
olrC36"o553'>l varyl'1g, 

(:""e ots:> !ute l n l t la ! ce;} ;J J G Cl Ho ) 't 
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dcl 

Ji~ I 

de I 

<iC 

Appendix 84 Mu ~t lcs Sea! Coae Gener.at or Pr<.igr.:Hna 

r~; te};{t lnl la~ 1.)JOG~0 b}, 

re I __ I i M 1 3 in it 1 a l l "l. 0 J 1 J "bl , 
re!_ne33 ive_ifnk18 lnltlal!"1D~l1"b), 
re! __ ; n-<15 inltial("101CO"bl, 
i" e ~ - c~ f:; l n .i t 1 a i ( ell 10.L01 ub , .. 
r e i _ s v mo o i l h l t la i ('' 1 G 11 Ll Hb ) , 
r f> ! _ n e g ~ t iv e __ s y m b o ~ rd t la i { "1G111 ub ) , 
-e _inr~~l01 .. ci~t:J.b inJ.'tlai\ l..1.J..JUl)"'b}t 

rel_in•_storage15 ln!t!al("11l01"bl,. 
re _self i.nltlall"11J10"bl, 
rei_exp_atisc!ute li'dtlaH"11110"bll bltl5l star!c a!i.gned; 

1 entry_s2qu12ncia 
2 entrv_de'flni.tlon 
2 unuseJ 

1 contr\J !_ ... ords 
2 stack_offset 

a I igned bas.:ld, 
unal bltl1Bl, 
unal b1t(l5); 

a Ii gn«d based, 
unal blt(15), 

I"' words w IP! Ch ,. 
~ "'¢ ~ "'.' Ire! 

immediately 
to base of 

2 stack_slze unaf tlitUBl: ,. s:L ze o~ ~;e:n:)tate stack 

1 linkaJe_h aaer 
c~ urws e d_ 
2 definlt ons_ofiset 
2 flrst._reierence_otiset 
2 unu:;ied __ 2 
2 i l n,-< 3 g f-" _sect l on 

~ l n><;; 'i --· o t ~ '::. L? t 
c.: ln~aqe_iength 

<: r,b 1 ·~ct~~~:~: g rr.t.=_~ n t 
:]1 '~ •J ·- 3 

d u_.m od l Ii l t 'n Q J [ C 11 f<1 b ) 'f 

inlt {''J:j 111 11 b) 11 d l, in o:.:: 
cl. ·~ 'i1 ~),j 

n od 
•' 0 (.'j 

2 ! ,').:id 

·: 'l _"'.Cd 

11').j 

:-- 0 ,~ od 

'" ,, od 

·r: -~ ()1J 

,,. "CJ 

t n Lt { 001 au;.:) 
·t ~ •• ;) 1 ~LG u '' l~ ) ., 

.l j { ., J ~ ;._ .J .L '~. ) ' 

n.,ti'" Dc1~1"o), 
:.:zt•• ~~C'i>'~ 

r. .l 1 \ .• c 11 <.. ' 'b} ' 

n l " G ~ L 0 ( •• td t 

"' ;. l ;] 1 c '.} ·: "!;..,. ~ 1 

; n j ~ ~ •· C ·~ •' G ~- ·• t. J ~ 
,,,,. 
\ ~ '' C :_ '" C- i 1 

t\t,_ \ {<';, 1[ ll ~;;; ~ 

,·~ 1"" ... i.. q 

• ,, ., :: 1.1. J bi , 

a I lgned be>sed, 
bltt3s1, 
1.Jnal bit<18l, 
1Jn a I b 1 t ! 18 ) , 
pc• l1!ter, 
o.Jlnter, 
uri a I b l t ! 18) • 
un a I bl t ( lfl l • 
vn a I bit 118 l • 
un a I b 1 t { 1 Bl ; 

/ .. 33 "'/ I" Instr uctl on 
/JJ. 07 "I .. c i+ "I 
;• 2 c "I 
;.:;. ., ... "! 
/• :j 5 "-/ 
i ')!.. c: 2 "I 
j ~- J6 •1 

/~ OD 4/ 

1D ?/ 
,-•:., ... '. LA 

~ 
~/ 

3 ""/ 

"I 
iS 

;> ;;ige ;,..:;, 

1-1._.dl f 1 ers •1 

fol I ow ,,,., try 1 ns true 'Y l <.1t'. s ' 

text l of template st acli 1.; "Yd'.:: 

frame ln W-JOf"dS "I 



cic ~ { 

de o < 

x 6_m ·:Id 
x7 _mod 

i rs __ mcd 
it p_:nod 
I t2_mod 
f t 3~. mod 

r _tag 
rl_t"9 
lr_tag 
i. t _tag 

ao_·'lOd 
a b_mod 
bo_mod 
bb_-io_, 
J p_~;..~ 

i b_rnod 
so_moc:J 
sb_mod 

(5c~ 1 lt:;~"'<odea 

2 t uri·.-..:;edl 
s;;g:nent 
r lrq 
:.Jt;u·;ed2 

its 
o i set 
unusreU3 
0 it 
:..J (\ ,_.:::~ {;(14 

Appendix 9. Multics Seal Code Generator Program. 

1 n i t ( ·~ 1J 0111 0 1'1' b ~ 'll 

lrd t cuGU1:1.l1 911 bl, 
/~ 16 •/ 
I" 17 "I 

i.rdt ("lOGG11"bl, / .. 1+3 •/ 1• Pointer Modlflers •/ 
lnit ("10.!iOi"b) • I" 1+1 •/ 
1 n l t c " 1 o ;,.; 11 'c u b) ,, I"' 4 6 ~ / 
lnlt ("100111"bl l 1• 1+7 "I 
b&t!6l aligned internal static; 

lnit ("Gu"bl, 
lnlt {"01"bl, 
init ("11"bl, 
lnit("~O"bll 
oit(Zl aligned 

nit(";JO(i"o), 
nlt !"OOl"ol, 
nit( 0 G11Jub), 
r.it("J11"bJ, 
~. t l "1 0 G" b l , 
n t (u10l 0 b) <f 

n t ( "11 G "bl , 
I) tl"111"b)) 

ol ( 3) aligned 

at l']fled based·, 
olt 13>. 
olt(1.S), 
bli(3), 
LJ: r ( J J " 
bl t ( 6)' 
bi i { ! 5) ' 
bl t { 3' ., 

·~· l 1 { & ) ' 

1• Flrst 2 bits of Hcdlfier fleld "I 
I" du, di not allowed•/ 

stat le; 

I" 0 "I I" Polnt~r ~eglsfers "/ 
, .. 1 "I 
I" 2 "I 
I" 3 "/ 
I" I+ "I 
I" 5 "I 
I" 6 "I 
I" 7 •/ 

static; 

::> l t ; :; E ) wn a i i ;; r-: ea: 

cc! 1 oacktij_pi"r-_moC:e~ aligned oasec., 
?. ~ t .~ t '._""; : 1 ~ f, ) 1' 

s-e 9m f.:'fl t 

v t ts et 

-~· ~ .-4 ,...,_ 
'-""' '~ 

~· r "'- r-e -;I 

·J ;._,::;~Cl 

1 ·:- c 
".) ~ l' S eY 

;..i:,; '2d2 

0 '. J ; 12), 
blti.id)J una~.tgned; 

.::11.griec b~sed!b 

{ .3;? 
t- ~ T { ~ 7 J 

I.. r ~~ ;. ' 
:~';, t ! 1~) '! 

t l r { 3}., 
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AppencH x 8. Mu !t Les Seal Code Generator Program. 

bl b!t!Sl. 
unused3 b1t!9ll unaligned; 

/·' Dec arlt lons hr the SEAL compl ler•s internal storage •/ 

t• This d1c!aration must descri6e the same storage as ls described by the jeclarat en of opcodes.•; 

oeciare opcoae_tab!e dim!127l fixed basedCaddr(opcodesll; 

;• In tne ca~~ent jeflnlng each operator! 
a symco I noae, ,,, ls an lndel': to a <=/mb:> i 
and b is an !njex to a block. 

!s an index ro another macro or to. 
node, ~ ls an inteoer constant, 

An l ndex to another macro ls a I ways negative. 
ls a l•13Y~ poslt lve. 

de c ~are 1. opcodes 

2 a:>s! g"l 
2 add 
2 Sub 
2 c iv l de 
2 "'" j t 
2 ano 
2 or 
2 ca tens te 
2 c,~-:-2n-~te_S'tff·bol 

2 iess_,rr:an 
2 ;r-e:ot-2r _ihan 
2 l<:ss __ )r_eQ;_j~d 

2 sI'eatar_or_eauaS 
2 e:ic.a i 
2 rio t. __ 2~uaJ 

2 ::,,,....: ~<-'e 
2 <·: ... c, :. '"'l·:! :-it i ate 
l: - _, - ' ' ,, 2"· t 
2 -:;.:~ ra f 
2 .:: ::..} ~ .? 

2 ! ".\CK 

2 ... n ~ o .::.-< 
2 ~.:::s~_icci..: 

~: :::;se._::t f 
2 case l."Jit 

c c.se J _. 71:> 
'.::'t' 2""\ :::-1 

2. b: ... .anc";_ -;·r....o-e 
2 t~"'Grf'1C:r1 f ise 

l.r.t statlc, 

Tixed in.~'ti3!(llt 
fixed ln.it!al!2), 
fl><ed inltLil(3>. 
fixed inltL;il!t,l, 
flxed lnltlaH51, 
fl xed i.nH L1 ICE», 
1.i:-'.ed iniri31(7l, 
fi-<~d inlti;!!BI, 
tlx~d inltl31(9), 
fixed lniti~l(:Ql. 
fixed lnltl31 !11), 
tlx"d lnltl.ili12l, 
fixed lnitLilli3l, 
flxea lrdti:.1{14), 
fixed initl3ll15i1 

lxeo l~lrl3l{16l, 

1lx~j ir.i~i31 {17~, 

.;: l x ,__; .j ~n.i.t~Jl~.J.5), 

f ~ed n T 3i C!9), 
..:: e:;: r1 3: i l 2Q} ~ 

f xed n t ii C21), 
1 xeo r. t 3i!L2), 
~ xed :") t ti(23)!) 
r i x c~j ~. -:- i 3 ~ ! 2 L+ ) , 

f ixaj n tl3 !(25), 
t~x-r.;-:1 n~tld:;.26)., 

~x:ec J.lii.Ti3'.t27}'? 

f~xej i1lti3 ~23}~ 
f xec l i'?";.3~{29),, 

An Index to a sy~bol 'or block node 
•/ 

·:,::icodes 1 thrJ 15 must t.e ln tr.e 
same order 

I• a SS i g fl i, l 
1• add i ,i 

:.2 _;;;~, -e!r token codes. .. , 
I" sub 1 ,l 
I" divide l, l 
I" mu It l, 1 
1• and l.l 
1• or 1,1 
I" catenate l, 1 
1• catenare_svmbol l,i 
1• less tr.an i.l 
1• greater_than l,l 
I" less_or_zqual 1,1 
I" greater_or_eoual 1,1 
I"' e:iual i,l 
1• nor_equal l,l 
i" s11ape l,l 
I" ex::iont:ntlate l,l 
I,. :: o , . .,.1 t i::::nc;') t 
/:<J. der-et 
I"" .-;e~a.-f e 
1~ !ock i 
;• unlock 
1• rest lock l~s 

/ll- cose_cf ~4,1 

/JJJ> C3Se 1 lmlt n~ .. 
/"f- c~se l u~P 1 ~n 
/11- O?"'dr!Ch S 

liq.. br-3ncn_tr:..i-e s,1 
1~ branch_!aise s.,l 
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'<-/ 

"I 
"I 
"I 
"I 
"I 
"I 
"I 
"I 
"I 
.. , / 
"I 
'<-/ 
-•/ 
"'f-/ 
•t 
?/ 

"I 
~1 

.'>/ 

"I 
~1 

'1-/ 

"I 
.;!. I 

"/ 
"f./ .. , 

"I 



Aoper'ldl x 6. Multics Seal Code Gener-at or Program. 

2 iabe I flr.ed inltl3i{3Ql, I" label s "I 

2 proce.lure fixed lr'litlal!311, I" procedure s 
,., 

2 end fixed lnltl31(32), I"" en1 
"/ 

2 l Uik fixed lnit131(33l. , .. I ink i "/ 

2 ur.use:l_34 fixed in l t l 3 I ( 34 l , 

2 el emer\7 llxec in.LTl.31135), F' element l 
'>/ 

2 I l st fixed inlti31C3ol, , .. list n "I 

?. arg fixed ln it ia l I !>7), 1• arg l 
•/ 

2 ca I I lixed lnitici 1 (38) ,. t• cal I l, l 
•/ 

2 ret fixed lnltia1!39l, I" ret l 
.. / 

2 redui:e fixed 1n!t!~1!40), 
/ .. r<:duce St i 

¥/ 

2 block fixed l nit l 3 I ( 411 , I" block b 
~1 

2 select flxed lnlt la I (1+21, I" select s. l 
.. , 

2 nop flxed l n l t la i < i.3 > , / .. noo l "I 

2 mode_~elect Ii xed l n l t i 3 I ( 41., l , I .. mode_select 5, 1 'f/ 

2 ! l ne_.'i umber flxed i n i t l 3 I ! 45 i , /,,. ~ lne_numoei- n· 
.. / 

2 ad OP 
fixed l n l t la I ( 4& l , I" ad::ir l 

. .. , 
2 en code_dl ms f 1 xed inltl31(47lt 1• encode_dlms i '[i 

.. , 
2 encod~l_va I ue fl xed l n l t la I { 48 > , I"' encode_va I ue 1 • l 

.. , 
2 ar g_I!. st fixed lnitlal(49l, , .. arg_I lst n ·• / 

2 encod;i_mode flxed lnltlal(5Q), 1• encode_mode s,n 
•/ 

2 spllt_prep fl xed in it la I ( 51 l • 
, .. sol it _pra o l t 1 

.., 
2 unusej_op f ix e d d l m C 52 : 5 9 l , 

/ .. bullt-ln oocodes follow .. / 
, .. zero or one argument o l fs 

.. , 
2 curr 2• 1 f 1 ited initi'3i!6Clt 1 • current ( ll .. / 
2 er rort r-ap fixed inltial!oll, I" errortrao [ l J 

,., 

2 in co l'Jmn tlxed lnit i1 I (62l, 1• incolumn [ ll >1-/ 

2 .i.n f i ! :::: ri erk f 1 xed inlti,;ill63l, 1 • lnf 11 emark rl] "I 

2 l n i r 2-n 
fixed in l t la I ( 64 h / .. l nl te m (l] "/ 

2 inltemmark fixed 1nltlal (o5l. , .. in!.temmark ( 11 ""/ 

2 lli ~in~ mark f 1 xeel in it i 3 I I oo l , 1• l n I 1nemar k UJ "I 

2 ln pa92 :-nark ! l x«d inltiaHo?l, 1 • lnpagemark [ ll "I 

2 lrLstr=o:n f i;: ed in it i.·31 {c8l, I .. lnstream [ ll 
.. , 

2 linesize fl xeo initl3!{69l. I" I l n es i ze [ lJ "I 

2 ou tc ol i.J«n 1 l x•~ c i:<itlaiUG1, I" o l...i1' co t 1 ... .in~ t l) "I 

2 cuttU-emar~ fixed 1nlti:Jl{7!.), I .. out f i le mar\< (l] "'/ 

2 0 t l t.,:; ]'('\ f .\ X?.·j initici1 (72), t•cvtitem ( il "I 

2 outlternmark ti xed in it la I ( 7 3 l, I" outltemmark ( 1J '>/ 

2 0 u '\ ~ .i.n ~ .7! c.d~ ~ ixed lnltl3i!74}~ I :r- out i 1 ne rna rk !l l 
•/ 

2 cutoa;iemarl<I. fixed in it i. a ! ( 75 l • I" outpage!!lark r l J "I 

2 out:stream f 1 x.,;;d lrd. t 3t{7Ed~ 1• out st rea-n { ~ j "I 

2 oag-?.si ze Ii xea lniti;il !77l, I" oageslze l l j 
'>/ 

2 wno..;sej_ti ~ G 1ixeo olm(73l?9l, 
I .. s i~ g i e ar gu rr.e n t b ifs ""I 

2 atls fixed iro Lt la i ! ao l , I" a:is i 
i$-/ 

2 at an f \ xed l r. it i 3 i ( 51 l • I" a tan l 
~/ 
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Appendix 5, Multics Sea! Coda Gener<:n'or Program. 

2 boo e.Hl fixed in1tial!82l, I"" boolean 1 "I 
2 ce !I fl xed lnitld I (831, I"' Ceil l "I 
2 cos fl xed lnit!3 I (84), I" cos i "I 
2 ce le te t;xed lnlt!31(85l. l" delete l "I 
2 celetadlr fixed initiall86l, I" deletedlr ! "I 
2 c;; tacn flxed lnltial(87l, r• detach i J.>;./ 

2 exp fixed lnitl31(88), I" exo l .. , 
2 Hnd fixed inltia I 189!, 1• find l •1 
2 1 i 00;"" fixed 1nitl31t90), I" f I oor 1 "I 
2 lnteg.~r fix.id 1nltiai(91), 1• integer 1 '</ 

2 l S VO ii flxed l rll t l '3 I I 92 l , '" is11ol d ! "I 

2 Ieng tn fixed inlt!al<93l, I" I e.1gt h 1 
,,., 

2 log fixed !nltl31194), I"' I o;i l "I 
2 lo g1C fixed lnitlal (95l, l" I ogiO l "I 
2 rank fixed 1nlti311%l, ,,,. rank l ""I 
2 real fixed 1nitl31197l, I" rea I l .. I 

2 sign fixed inltial(98l, 1• sign l . .. , 
2 sln fixed initlal199l, ; 

.. · s!~ 1 •1 
2 s l ze tlxed lnltl3 I C:!.OGJ, I"" slze l •/ 

2 sqrt fixed initi3 l (1011 s 1• sqr-t l "I 
2 sv mbol flxed in l t 1 a I C 10 2 l , 1• symbo I l "I 
2 tan flxed lnit l3 I (133), I" tan l •1 
2 trunc fixed inltl31(104l, 1• trunc l •/ 

2 vnuse::l_bi f1 1 !xed dlm<1as1109l, 
1• multiple arg blfs .. , 

2 er ea te 1 l :t: e Cl lnltla IC11Dl, 1• ere ate l, l "I 
2 is ti xed lnltLl! !111l, 1 + ls l' l .. , 
2 get f lxea 1.-.itl3I1112), I .. g~t ( l J "I 
2 put flxed ir:dtLil(113l, I" out { ll -"•/ 

2 VO ld 1ixed inlti3 i !11•..J, I" void ! ( i l "I 

2 SP 11 t fixed lrllt!al(115l, /"split 1 .1 ., 
2 unus;ej_i)i fn fl xed dlm ( 11611191, 

I"" t WO arguTient b!fs '"I 
2 attach fl ...:ed inlti3l(12Gl, I" at t ;;ch l. l "l 
2 :reatcdir 1ixed lniti3i(121l, I"" er'= at ed ir 1. l "I 

2 e:J it ;' l x e~ inirL~; {1.22>, i,,. e d l: i. l ., 
2 max flxed in.i.ri3 I (123l, I" max i. 'l '>/ 

2 ",~ t n fixeJ inlt.l:d (1.24), 1~ rnln ! , J. "I 
2 lf.00 fixed lnlrla I (125), I" moj i .l "I 

2 i~e narna fl x e ti ltHti-' I {126), I" re,)ame l. ! "I 
2 round f .i xed inlt la I ( 127l: I" round i .1 "/ 

'iii' 

T;r-, ls v-:Jr Lao;e "J e in.es tne \' l rs? octie'rl3' arg:..Jmerit b lf. "'I 

tiec 1 are f~rst_t)ifO fl x eCi j.('.; sraric lnl""l3~\6C}! 

Trds '.}2J.r' ac -e ja\~lnes the flrsr s lng le argument D lf • ~1 
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Appendl x B. Mult lcs Seal Code Generator Program. 

ciare llrst_Dll1 fixed Int static ln1flail80I; 

i~ Tnls varlable jeflnes the first two ar~ument b!f. ~/ 

dee j are I lrst_bi 12. fixed int ~tat!c !nit i.a ll12C!; 

1• This dac;araTlon describes the working seg~ent used to contain all tables as we1l as 
the roacro tlle produced by pass one of the complier. "'/ 

declare !os, "sl pointer, k flxed bLn; 
de,-•.a;-e :!. stcraH< based!wsl • 

2 comma'ld_oorlons; 
3 brief_optlon blt, 
3 oebug_optlon blt. 
3 !l.st_oorion blt, 
3 st<Jo_cg_optlon blt, 
3 par>e_optlon bit, 

2 stoo_vn_m2cro 
2 stcp_3n_line 
2 invocation 
2 great~st_scverl.ty 

2 severity_plateau 
<: con:::taint_I i.st 
2 
2 

last_b lock 
last __ ;ynbol 

2 las.t_free 
2 last_ir 
2 !ist_seg_index 
2 source __ seg_limit 
2 
2 
2 

o~tput_seg_!ength 

source_seg 
!ist_se:;; 

2 outour _seg 
2 o;:; t l vn s 
2 u·~er_id 

2 cb ]ect _ln fo 
3 ;::-;:., ii! r-a:r,e 
.3 segname 
;;, c ock_tlme 
3 dtm 
3 ulo 

2 tr ce~_s pace 

2 b I ocrt 

fixed, 
fl xed, 
flxed, 
fl x ed, 
t l xe d, 
cHm13l Hxe:I, 
fl xed, 
fixed, 
f i ,o\ed., 

1 l 'x e '..:1, 

flxea, 
fixed(24l, 
fixedC2!+), 
oointer, 
pointer, 
pointer, 
;:,ointer, 
pointer, 

aligned, 
pc.inter, 
pointer, 
!lxed c1rd71l, 
fixed bin!?il, 
bit~Q)i 

dim(1663) nxed, 

olrn(Og1z11., 

1• number of actlvatlons of the complier•/ 
1• great2st severity error ercountered "'I 
1• cutoff for error print l ng •/ 
1• ln1ex to the chain of ·symbol nodes that represent literal constants. •1 
;• The l ndex of the last block • / 
I" The 1 n-:lex of the ! 3st symbol "/ 
1• The index of the ia>t tree_soace •1 
I" The index of the last macr-c "I 
1• lnjex ln I L>t ing se-;-nent "I 
1• length of source se~-nent •/ 
I" length of oo!ect seTnant ~/ 

1• pointer to sourc<:: se;per.t •/ 
I" oointer to listing :;;aJm€;nt "/ 
I" oolnt er to outout sagmenr "/ 
I"' o o t ions used in co 1"<-l LI at ion .,_I 
I~ n a :n c; o f user co mp 1 I l n ~ ~ i 

1• oarhna~e of s~urce ;~1~c~,t •/ 
I" na01e ot source segr,1\:nt "I 
I" c i ock reading for c::i'Tlpi lc.T lo."' v/ 
I" dt:'.1 o t se ~ment beln'.) comol lej "I 

Ji;. ~ld of se9:nent being compl !e:d ~1 

1~ storage used to hold the Internal re~resenrarlon of ll!e~a~ ccns1 
and the character-string representation of laent! e~s an~ %e ~s~ 
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/lppendl x B. 

3 lde"ltlflers dlm!97H22l fixed, 
3 key,,ords dim(o5:90l f lx ed, 
3 I e v? I fl xe a, 
3 free_temps di. m ( 31 Hxej, 
3 stack_base una I oolnter • 
3 stac k_e:"ld tixed(18l, 
3 stack size flxed!18), 
3 ternoorary_end f ixed(18l, 
3 entry_locat.lon fixed(18l, 

2 symboi d l m I 2 0 48) , 
3 nami pointer, 
3 va iu e pointer. 
3 cross_refs fl xe d, 
3 cro:;;s_end f.lxed, 
3 def_llne flxed, 
3 mo c.a t l xecJ, 
3 next f i. xe d, 
3 location bit(36l, 
3 co 1$1 t f lxed, 

3 genera I f lxed, 

3 left_relocat!on blf(51, 
3 at tr lbutes, 

4 ('3 f b It' 
4 i l st -- f et blt, 
4 I 3 be l oir, 
4 vJriable 'o l t, 
4 C-Jnstanr b 1t' 
4 c:i 8;:::,V:""i-2nt ~ .i. t' 
'• ~') ~;e - def Di. t' 
4 i'l 1 l :<._ Cle I b1t~ 

4 preflx_cet bit. 
4 2.i< r e1 r:a ! tJ it ' 
4 i'°' J:. ut b lt' 
4 OJt;:::ut cit' 
4 d2 flneci cl t, 

s;: t 0 1 t i,.,,. 
4 1'2 er ef'!c ea olr" ,, i"<.Jr:tlt:ie_a~ locate 

j t 1 

p~sseu_as~arg bit~ 

Mu!tics Sea! Code Generoitor Program. 

I" in "ex to a chain of S/m bo I no des de not lng l dent l 1 ers 0 th J. $ b ~eek e 

I" l njex ro a ch;iln of 5'/ m bo l no des denoting KeyptQ-r"GS of t h!S b ~o :k,.,, 
1• the nestl ng I eve I of"thi.S block. "I 
I"" I ls t of available te11poraries, ordered by nurnoer o! nords"' ""I 
I"" base of template stacK fr a rre for th ls block "I 
t•· size in words of tem:Jlate s. ~i a : ;.., frame ! or t hl s b I ock "I 
1• size ln worjs of stack fra ;re for th ls block I lncc i udes ternpvrar les 
1• I ast temporary lo cat lon 1 n use "I 

- I" offset ln text of f lr;; t execu tab I e instruct !on in this block 

1• Each element reorese~ts an ldentlfler, K~yword or 11teral. ~1 
1• ptr to the charac•er-strlng representotion ol 
1• ptr to of the valu·e of a literal constant. "I 
I"" ln1ex to the chaln of cross-references to this n~ 
I"" lndex to the end of the cross-reference chaln. ~1 
1~ line on which thls Item was defined. •1 
I,. index to the declar-atlon of thls i.tem•s mode. "I 

~ "' 4' I 

l0::'.ex to .,.,,, next lte11 ln this chain of sy:nboi nodes. "I 
I" posit .on c.r ci 'rc,·,nal oarameter or adoress o t an item. "I 

""I 

1• For varlab!es and mode components, this ls the dlmenslonallty. 
For lnf !x operators, this ls the precec,,nce. ""I 

"I 
l:J./ 

I"" For external procedure constants, this is tha lndex to the ! ink macro. 

I"" 

For named constants, th ls ls the lndex to t re macros oroduc~d 
by value_parser. For operator deflnltions, this ls the lndex to the 
macros produced by procedure_body_parser. For •ode delln1Tions 1 tnls 
ls the Index to the chaln cf symbols representing the components. "/ 
reloc3tlon for .. location" fleld "I 
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2 register 
3 moda 
3 conrents 

Append.ix B. Multlcs Seal Code Generator Program. 

diml20l, 
una I f lxej, 
una l f 1xed, 

di.m!1tiGI, 

1• mode of value •/ 
1• macro output<J, emory=O. symbol>D •1 

2 temoorary 
3 mode una I f i.xed, I" mo:le of thls te.,,::;orarv or ne>< free temporary .. , 
3 size unai fixed, 

b1t(36l aligned, 
1• number of words ln temporary 

3 !oc3 t ion 1• address of temporary•/ 

I" This i£ the internal reoresentatlon·output by pass one of the complier. •/. 

2 w3cr-o d.i m C10:iJ!) l, 
3 COU1 t unal f lxed, t• ref er ence count of macro. outo ut 
3 OPC'.lde unal flxed, I"' opera tl on to oerf orm <:>n oper3nds 
3 oon i 1 unal Tlxed, I" macro out put< J, empty=O > Csymbo~ 
3 CD r,j 2 unal fixed, 1• same 

,., 
3 OU to U t unal f ixedr ' 4 register<U, empty=a, temoorary>O 

3 t.nus ed unal fl xe cl: 

1• Each cross_ref occupies one word of the free_soace at the head of 
the worKln;i se,.ment. The varJ.ab!e ts ls the lndex tnat identifies the 
!ast used I ocat ion in the free_space. •1 

declare 1 er css_re f 
2 l l nP. 
2 next 

dlm!1663l basedladdrlfree_soacel l al 1gned, 
flxed unall;ine·c, 
fl xea una 1 l;;nec; 

1• Tne to~en ~rray ls produced for each call to next_llne. It occupies 
The se;iment Th3t eventually wi I I contain tne object code. ¥/ 

<.Jee I are 1 token 
2 r.a ;;:e 
2 tyce 
2 s 1 ze 
2 keyword 

2 constJ.nt 

·"'c. c ~ 2;-~ ts)""r.in;; 

oecaare 11s~ring 

dlm(1GG00l oasedlosl, 
pointer, 
fl xe d, 
fixed, 
:: l t 9 

blt; 

chor(token(.c;:}.slz;;;} wnati-Jned CQsed: 

charl256l al lgned varying basea: 

Oec araticns f.;ir the Multics Sf't>~L runtl~e data representations:;./ 

de mod~ 

2 otr_rug 
2 i"i::>r d 
2. C:!af" 

a I lgned ba:seo~ 
una! bit{3}j 

unai t1xedoin{l4J, 
u:>a! blf(2J, 
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dcl 

dci 

2 Oit 
2 J:'1US'2di. 

2 iangth_r ~~ 
2 string 

i value 
2 mode 
2 ref ere nee 
2 !lst_.~eference 

2 e>:ternal 
2 constant 
2 used 
2 J."IP ut 
2 out out 
2 u:;er_mode 
2 restrlctej 
2 l.nuse::l 
2 dims 

anv_moae I 
integer _mode I 
real _model 
boo! ean_mode I 
gata_mo::lel 

1 oro:;edure_m:idel 
2 tax t 

1 

2 stack 
2 ere at ion 

sym::io !_model 

I lst _rn0dei 
2 b:iund 
2 Si Z e 
2 :? l e ;r~ e:ra t 

2 x t I i st-""·~ i e I 
2 DO UilC 

2 size 
2 ext_element 

3 ... 17fset 
3 unusEd 

r"a _modei 

ext_r<aY _mod-:!~ 

Aooendi x B. Mu It ics Seal Code Gener at or Program. 

unal blt!<tl, 
una! bit(6), 
una! oltC6), 
aligned varying blt!23592961 

allgnea basad, 
una i b!t(iBl• 
unal bit, 
una I b lt. 
una I t>l t' 
unal bit. 
unal b lt. 
unal 0 !t. 
unal bit. 
unal blt. 
unal bit. 
unal bit (5), 

t• value ls in external 

I" tor garbage co! !ector 

unal blt (4); I" number of dimensions 

based po!ntar aligned, 
based flxed binary(35,Q), 
basea float binary(63l, 
cased oi t Cll a I lgned, 
based oitC36l allgned, 

ba3ed structure, 
ocllnter, 
pointer, 
ilxea oin(7ll, 

basec character(256l varying aligned, 

based structure, /'f internal I l st "I 
unal fi:<ed oinU?l, I" current size in wor'.ls 
unal llxed ::>in(17), ,,. mc:..x!inum size in ~ord3 

"I 
"I 

unofigneJ 0 t 1 • dlm(aslza r_ 'er( llst_mr'.!el .bou11dll • 

:::aso?d str;.;ct-.we., 
unal fixed olnll?l, I" current size ln words "I 
unal tlxed oln(17l 9 I"" maximum slze ln words+/ 
dlmlas.ize refer(ext_ilst_modei.boundl), 
v.na~ fix.ea oln(17), 
,,na! tilt(18l, 

jased ail;n~d ptr, 1~ lnternai reference ~1 

oasec srructur-e,, 
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de! 

de I 

de I 

eel 

dC I 

2 u:1lque_;ld 
2 of? set 
<: <..nused 

asL!:e 

an v_ ?to"3 
booi ean_ type 
ga~·e_ty::ie 

lnt.ager_type 
proc_t·;Je 
reai_tyoe 
syir.bol_t ype 

seal _p;,,,.-ser _ 
I"' :arg 1 
I"' arg 2 

seal_co:le_generator_ 

Appcndl x B. Mu It !.cs S.oai Code Gene rat or Program. 

bitC3&>, 
unal f lxed b ln !17l • 
unal bl.t(181, 

f1xed bln; 

initlall1l, 
i.ndlal!Zl, 
!nltla1!3l, 
lnitla1(4l, 
ln!tlal(5l. 
lnitlalC6l, 

1 4 allocatlon.slze or structure elemen1s •1 

l n l t .i a I ( 7l I fl xed stat le; 

(input> 
!In.put) 

entry(otr, entry>; 
work seg otr .. , 
error orlntlng routine •/ 

1• arg 1 <1nputl 
t• arg 2 (lnputl 

entry(ptr, entry}; 
work seg otr •t 
error orlntl.ng routlne •/ 

seal_l ls;tlng_ 
;• arg 1 llnputl 
1~ arg 2 !input) 

seai_l lstlng_Ssource 
1~ arg 1 (input) 
;• arg 2 llnputl 
;• arg 3 llnput) 
;• arg 4 (inputl 

entry I pt·r, char (•I l ; 
work seg otr •/ 
string to be orlnted •1 

en tr y(ptr, fixed, flxed, f lxedl; 
vNrk seg pt r •/ 
llrie nu"'oer "I 
first ~ource cha~acter index •/ 
last ~ource character index 4/ 
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Aooen:Ji. x B. Hu!tlcs Seal Coda Generator Program. 

/IJ,? program SJ./ 

ws = work_seg_ptr; 
text = ~torage.output_seg; 

/ 4 create scratch segm~nts •1 

scratch_lndex = o; 
l t -st or age.debug,_oot !on 
then call estat,.1 ish_c !eanuo_proc_(ciean_upi; 

defs = create_scratch_l .. defs"l; 
Cle fs_rel = create_scratch_l"defs_rel "I; 
I lnk = create_scratch_(" 1 ln>i;"): 
! !nk_rel = create_scratch_(" I lnk_rel "); 
sy:rb = create_scratch_( .. symb"); 
symb_rel = create_scratch_{"symb_re! "l ~ 
text _re! = create_scratch_l"text_rel "l; 
b I cc k( ll • st ack_bas e = ere at e_scr at ch_( .. st ack_t em p I ate" i; 

1• Initlallze text section •1 

text_lc- = ::..; 

1• In!tlallze detlnlrions section •/ 

defs_ic = o; 
d~fs = 3oirter(defs, oefs_lcl~ 

defs_rel = r:olnter.{defs_rel, defs_ic); 
ce1s_ic:: slz:e(dets->defi.nltlon_haoderl; 

:zero_d2f ir>Ltlon = bit (defs_lc, 1.8); 
dets_lc = dels_Ic • 1; 

J• zero aodres-ses are ! I lega I "I 

I~ all-zero word for I lst terrnlnatlon ~1 

de s->d~flnltlcn_heo(ier ... definitlon_!lst = bi1'{defs_;c, 18); 1~ Nd: ~-:cws fhat flrst ce1 ls na...:i 4 / 

Q,~fs_rel ·>:Jeflnlrlr..1r1_hca:;cr .. aS:fJ.1~ltlon~l ist = r':! i_d2 ts: 

c .-~ f:. ·4 > ::::!-~ f : :l 1 t l G n_ h ~: .s ~-J er. n 2,...., 

dcfs->o~flnltlon_header.lgnore = ••1·~b; 
I~ generate segr.ame def lnitlon 1#-/ 

?~evlocs_deflnir:on = n~J I; 
ca:f a loc.ate_cefinlt.i.on; 

s 12 g11 ::F:i t::-_ o et l n l t l 0 n :.: r '2 ! ( c ~ f s 3 ; 
0ame_def inltlon:: store_de'f\sroragt.. .. segname.,.>vstrlng): 
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dcfs->d!f lnltlun~valu@ = zero_deflnltlon; 
dels_rel-•aellnltlon.value = rel_ders; 

defs->d·.l!ln!tlon.class = "u11"bi 

dets->dd ! !nition.sym~ol = name_jef 1r1i.t!on: 
acts rei->cte!lnlt!on.svmbol = ral .Ciefs: 

defs->o~f ln!tlon.segnome ~ blt(dels_lc, 18}; 
defs_~ei-#deiinitlon.segnarne = rel_defs: 

I " I n .I. ti a ii z e s y m b o I sect l en .. , 

symL~>_lc = C; 

" In !t ! a .1 l z e i l n k"" ge sect 1 on "I 

I lnk_lc = slzelilnk->!lnkage_headerl: 

1• Initialize variables •/ 

ternoorarv_count = o: 

do 1 ; L to ~boundloperanct(•l, lll 
op,.~rar-id(l) :-:. ;J; 

Bfl'.1~ 

1• for class 3 this is the segname 1"~'"1f"e&ti 

I" class 3 !s a segname dellnlrJ.on "I 

/ .. N::l: knows that n,xt def ls ne:;t ~1 

I" for class 3 segna"e f ie!d is ol fset of 
flrst non-~!ass-3 deflnit!on .. , 
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create_scratch_: .Jroc(name) returns!polnterl 

de! name ch3r!''l allgneo, 
code flxed bln13S>. 
p po1ntar: 

ca! I hc.> .. .Smake __ seg ("", "seal ... : I subs tr 1"123456789",s torage. !nvocoit iori,11 11"."I inome !" _ .. , 
.... ,lli).: .... ,p,codel; 

lfp=:nul! 
t h0n do; 

enJ: 

cal! com. ~.rr_Ccode, 
cal I pr1ntC112H 

m~_name, "Trying to create scratch segment In process dire-· 
t• fatal error -- abort l un~lnd •1 

cali hc:>_itruncate_segCp,iJ,codel 

scratch_lndex = scratch_lndex ~ l; 
scra tchC scr.:itct1_.!.ndex) = p; 

return lo!; 

end creata_scratcn_; 

c!ean_up: procedure; 

ocl l l!xeo >:>Jn; 

do l =: J. 10 scratch_lndex~ 

end; 

cal I hcs_St1·uncate_seg(scratchl l), O, co::lel; 
C.::"d l hcs_~$ter-:ninat~_nonorne( scratch( .i), code); 

r ,~ t, .. r-n; 

---r'd ~,~~:;f1_uo; 
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. U!ocate ai I constants ln the text section "I 

do l = 3 i'o 1 by'-1; 
dos= constant_llst(j) reoeat symool(sl.next while!s 

vo = symbol (sl .value; · 

l f .sy.mbol Is) .passed._as._arg 
tr1en do; 

strlng(valua_temp) = "O"b; 

,)) ; 

va I ue_temp.11ode = all ocate_mode_{symbol (s) .model;. 
va!ue~temo~constant = ••1••0: 

end; 

l f l = 2 

value_temo.lnout = "1"b; 

lf I = 2 1• even value offset required on thls list~/ 
then !f text_lc = 2 • divide Ctext_lc, 2, 18, 0 l 

then text le = text_lc + 1; · 

text = polnter(texr, 1ex1_lc!; 
text_rel = oolnter(text_rel, text_lcJ; 
text_lc = text_lc + i; 
strlng(text->valuel = strlng(value_temp); 
text_rel->relocatior1,left:: rel_text; 

then tcxt_lc =· 2 • dlvldc(text_lc + 1, 2, 18, J>; 

symbol (sl.location = oltCtext_lc, 1dl; 
symbol(sl,!eft_relocatlon = rel_text; 

if symbo!<sl.mode = symbol_type 
ther: do; 

1 = 2; 
n, I= iength(vp->vstrlng) - 2; 
Text = polnterltext, Text_lcl; 
text_ic = t_~t_lc + 1; 

do whl!e(l < :;; 

m = in::1.:x{substr(vp->vs·trln9., l, n>, .... .,,n}; 

i f m -= J 
. .,'tnen n .:: :n; 

text->vstrlng 
i + n + 1: 
I - n - .1; 

n :::: J - fl; 

Text->vstrlng ~ substr(vc->vstring~ i$ nl; 
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enj; 
ena; 

) 

end; 
else do; 

GCHl; 

eno; 
text_ic 

Apoendl x B. M·J!tlcs Seal Code Generator Program. 

text ic + dlvlde!lengt~Ctext->vstringl + 3, 4, 17, OH 

n = mode_length(symbolCsl.mode); 
pointer(text, text_lcl->word_cooy_lma::ie = 110->word_copy_.lmage; 
text_ic = text_lc t n: 
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I"' The SE4L stack frame ls organized into the following unlts, in order: 
standarj Multlcs stack frame header. 
seal_op~rators~ worl' space. 
an array of ITP/ITS pointers, oroe per .al I ocated name. 
space far the value associated wl.th each IT? pointer.· 
space for complier t'.amporarles. 

<he format of the stack template <stored at the base of the text section) ls, ln order: 
teo:;:>iat; ITP/ITS poi.n'fers !lnlt!allzed wlth fauit_tag_3°s>. 
value haaders 

The pointers l value ~eaders are in 1 to 1 coirespondance. The template cc1nters are copled 
as as> block into the runtime frame, and then the value headers are lndlvldual ly · 
copied lnto th; runtlme frame. 

Hie storage all ocater must make two passes--one t.o compute the 0 offsets of the pointer 
array, and one to compute the offsets of th2 v<i!ues. The po!nters are kept separate only to lmprove 
the rur1t1 me coo y op er at lon. 

ITP pointers are used for values on the stack (thls lets us compute the offset at runtime an::l s;tll! 
fault on undefined values), ~hile ITS oolnters are used for values ln Temporary stora9e 
Cs!nce the offset must be computed at runtlme anyway). An operator call. Is generated to allocate 
values 1n Temp;;.ro:iry storage. "'/ 

do b = 1 to !ast_btock; 

1~ 3egln pass one. •1 

stack_offset = stack_frame_flrst_avallable_locatlon; 
sr~ck_t:r:;;se = blcck{b) .~tack_base~ · 
do i = !bcund(Olock(Gl.identlflers(•), 21 to hbound(block(~l.lder·:1~lers(•}, 2l 

dos= blcck(Dl.identiflers!i.l repeat symoolCsl.next rln.i!els-~:n; 
trinJ(value_temo> = t'G~'b; 
f symbol Isl.referenced 
hen l f symtol (s} .variable 

then 1f symboi (sl.lnout ; symbol (sl.,~utput 
then do; 

e!'ld; 
eise do; 

/¥- Ai locate a pora:r:et~r "'I 

syrnboJ (S) .def lned = uiub; ;::.. Suppre5S $X l:Z./tsxc lr:str:~~·:·; lo:, 
oosltion = binaryCsubstr(s\nnooHsl.locat on, 19, 13l, ::.ol ""2 
symbol (s),Jocatlon = blHpositlon. i8l I arg_!lst_ . .;;:; __ zuo __ ir,c:::-~cr: 

/Ii A i ! o cat e a var lab i a 21--; 

11 -symbol!sl.ref 
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e11c; 

then lf -symbolisl.llst_ref 
then l f symbol Isl .mode <= symbol_type 

then el ement_slze·= mode_length!symboHsl .model; 
e Is e do; 

V31ue_t~mo~us:er_mode = u1ub; 
element_slze = ::0moute_size_(sym1:>0! (sl .model; 

eil d: 
else do; 

value_temo.llst_reference = 0 l"b; 
el em en t_sl ze = s lz e !p- >pac-ked_pt r _mo de II : 

else do; 

end; 

encl; 

value_temp.refe~ence = -1uo; 
element_slze = s!zalp"">ref_modelll 

if symbolCsl.count -=·o 
t>'en do; 

:il~::; = -·'"'t°'o! Cs) .count; 
if dims > max_no_dlms 
then do; 

call prlntC1JOll 
dims = 'lla.x_no_alms; 

1• too many dimensions ~1 

s ymbo I Csl. c cunt = ma x_no_ai ms; 
end; 

value_temp.:Hms = olt(blnaryCdlms, 4), 4l 
symbol(s>.runtlme_al locate = "l"b; 
1• symoul<sl.e!ement_slze = el.ernent_slze: "I 

end! 
value_ temp.mode= allocate_11;:ije_(sym;:io! ':;i.mc.del: 

1~ Al locate name pointer on stack ¥/ 

symool(sl.locatlon = olt(st3.:;~_offset, 161 
act l vat i on_re c or d_uo _zero_ i rid i r·e ct ~ 

p = ad:Jrel (stack_base, stac,..;_of fset - stack_frarr.e_f irst_.0:2 
o->temcorarv_~eai_na~~.~a:u~_ne6j~r 

o->temoorary_seal_nama.eleme~t_slza 

li sv-r.iboi(~).~od<: > ~:1r:-:boi_t.,1ot:. 

string[v~1Le_te~~} 

ereriH~i1i' size: 

then k = hoound!ave:>_o1fset_raquired("l, l); 

else k = symool(sl.010.:le; 
o->re~oorary_seal _nama.1nake_of f set_even = even_ot tsar _re:::..1 rec ( '<); 
p->temporary_seai _na:n-="'rwnt ,i;ne_c~ i CCa ·te = SYr.1bO ! { S) ~cu:':Y !.;-e __ E,1;: ·_~-::.;~ ,:o 

stacK_offset = srack_offset + slze(p->temporarv_seal_na~e) 

eise it SY·"n:)Of (S)ocoristar1t & symDol{s;),.:nod~ ... 
ihen a3; 

oroc_ tyca 

/'4- ~i iocar~ a nc:nec constant or-; 
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} 

~no; 

eno; 
enj; 

Append! x B. Multics Seal Code Generator Program. 

end; 

J = symbol (sl .general: 
symbolls).locatlon = symboi(jl.location; 
s ymbo I ( sl • I e ft _re i oca t l on = s v m bo i (JI • I e ft _re I cca t l on; 

b!·Jck(bl.srack_end =stack offset - stack frame first_aval!e1b!e •~,, ~on; 

I" flegln pass two. "I 

va!ue_offset, 1. stack_end = stack_oflset; 
stack_offset = stack_frame_flrst_avallable_locatlon: 
do whlle(stack_offset < st3ck_encl): 

2 td f 

name = addrel (stack_base, stack_cffset - stack_frame_flrst_avallaole_locationl; 
p = addrel(st'ack_oase, l - stack_frame_flrst_avallable_!ocat!onl;' 
st r l ng ( p->va I ue l = na'l'le- >temoor arv _sea l_na me. v 3 i ue_h<:!ader; 
etement_size = name->temporary_seal_name.element_slte; 
if name->temporarv_seal_name.runtlme_allccate 
tt"·N\ do; 

end; 
else do; 

end; 

string{name->lts_model) 
name->its_model.segment 

lts_to_f<!r;.,;;;;rary_storage_ft3 II bit(b!naryC:I.. 18), 181; 
= bl tCblnary (rel Col, 15l, 15); 

lf name->temporary_seal_name.ma~e_of fset_evan 
then lf value.offset= 2 '"dlvlde(value_offsat, 2, 18, ::ii 

then d::i; 

e~d: 

I" thls value must begin· on .an even ooundsiry, but the 
value header for lt must ba i.n the praeceedlng ><ord, 
whlch ls odd. S!nca the offset ls !'low even, <idd i 
to get the· desired odd boundc;ry for the value· header. "/ 

value_offset va iue_of fset • 1; 

•alue_ot•set = value_offset • :1.; 1~ space for val~e ~ee12r •/ 
sfr·ln,;lnanr;;->ltp_modell = itp_to_activatlon_recorc_ft3 i · b!t(value_olfset, J.6) 
vcttue_c.fs.::t = vai~..:_offset + f.de:nenl_slze; 

stac:k_offser = stack_offser + size(name->ltp_r.i~dei)~ 
l = i + size (::>->value); 

bl~ck!bl.te~oorary_enc = value_offset: 
ol~ck{b)esrock_slze~= vaiu~_offsst~ 

b!Jck:\'.ot-!l.israck_base = adjrel(stack_c.as2, 2 ~ c:Livlde(i-stack_frama_flrst_avallable_!ocarlon+lv 21 ~8~ ,;;i, 

s = J as t _s v 11·n::; c ~ : 
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I,. Thls T'Jnction ·=ncodes the mode of a varlabie !<Ho a !hopefu i I yl unlQU<! olt strlng, 
It caiis itself recurslveiy to process components of ..:ser-detlned mojes. "I 

al !ocate_11ode_1 
procedu-e(mo.de_lndexl recursive returris(bit<iB> unal l.gnedl; 

dci tc.cm.cl.i.m,11ode.lrdex) tlxl?d, 
\co, o) ptr, 
moce_offset blt(18); 

I" Codes 1 througn 7 are reserved f.~.- bull tln moc'-.s •; 

ac! ilett_parn lnit ("iOOG"b), 
right _parn i11!t("1il01"bl) blt(4) statlc allgned; 

I"' The llst, ii.st_re!, a11d fl of dims must stlll oe encoded. This >!ill tai<;e 6 more 
bits far each element Cone for llst, one fC>r llst_ret, and four for- /1' dlms (15 ls maximum iJ di::, 

m ::: mou~_lndex; 

I" II this Mode h3s already been encod~d, return lts offset. ~1 

l t symb::i ! (ml.location -= ""b 
then rerurn(substr(symool(ml.location,1,18ll 

l" To enc:;de this mode, first en·code each of lts componants "'/ 

doc= sy:noc!(:n},gererai reoeat symbol(c),general whlle(c-=Ol: 
cm = syr;;bol (c) ,,rn ocJe; 
lt symboi{cml.loc8tion = ···•b 
than moae_offset = al locate_mode_lcm): 

e no~ 

/~ If Th.ts l'f'.Ode rus nc s.;b-co..-:ponents it ;nust be a bul itln modeo Encod'd it now. 4 / 

i f s yr~ ~-J i ~ i'<: J "'; sn c r al = 0 
then i symoof(~).iocarion = ,.,.b 

th2'1i ~o~ 

o := r:ol.nter {text, text _tr:~ 
Text_rel = oointer(text_rel, text_Lc·>; 
T8xt_ic = text_ic + 2! 
rext~r..;:->rc~-::.carlon ... icft::: ra! _text; 
o->ma8e.~cra = tex~_ic; 
o->;"l'icce"' feng'fh_re;i = ~l_mou; 
;.:;->mo e:~strln9 = olt(olnory(m,4},~); 
t~xt_ c = rext_ic ~ l~ 

SY:'i1DO {m) ... I ccatlort :: rei {p} ~ 

1~ real Sy EIS ~ r 0 ~ister code ~1 
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e ! :i e: 
e ~ sa do; 

symbol lml.left_relocatlon = ret_text: 
end; 

1• already encoded "I 

I" Thls m:ice r1as 5ub-components: Concatenate thelr mode stri.ngs together to form 
the moj.e strln~ of the oarent. "I 

o = oolnttrCt2xt, text_lc>; 
text_rel = oolnter(text_rel, text_icl: 
t e:< t _ 1 c = t e v ; _l c t 2 ; 
text_rel->relocation. left= rel_text; 
p->mode.wcrd :: text le! 
p->mode. length_reg = ql_moj; t• really EIS~ reglster code •/ 
o->mcde111srrlng = ieft_oarn; 
bit !en= l<=ngtri(symbol(ml.narne->vstringl .. 9; 
p->mode.srrir.g = p->mode.srrlng •' :ddrel (symbol (ml .narnel1l->lmage; 

doc"' syrr:bol(ml.general repeat symboi{cl.generai wniieic-=Jl 
cm = symbol !cl.mode; 

en:1; 

co = pointer (text. suostr(symbo I Cc ml.location, 1,181 l; 
p->mode.strlng = o->rnode.str.ing :: cp->mode.str!ng; 
bltler. = le0gth(symool(cl.name->vstrlngl "9; 
p->T<ode.strlng = p->mode.strlng :: addrel(symbol <c> .na11e,1!->lmage; 

o->mode,..string:::: 6->modc.string I: rlght_parn; 
text_lc = ;ext __ ic + divide( length(p->mode.strlngl+35,36,17,JI 
sy-nbo! (m}~~ocatlon = , .. ei(p>; 
sy.ncoi \ml .. ieft_re!ocation = rel_text; 
enj; 

re turn (r e ! ( o) l 

t:ild ai!Dc3te_:node_; 
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I" compUe the pr;,g,·am! "I 

do J.r = 1 to storage. !ast_lr: 
opcode= macro(lrl.opcode: 
op~rand(l) = macro(lrl.oonjl; 
ooerand(2l = mac~o(i.rl.opnjz; 
0vt~·-~"!"-:: ."'.',:-,::r-::)(~rl .... ou:owt; 

Multics Seal Code Genarator Program. 

count, macro(lrl .c0unt = macro<lrl.count + 1; 1~ Normalize •he reference cnunts. ,.I 

.i.' opcode = L<se 
than do: 

end~ 

I" use Just causes the output of lts argument .(another macro) to be "us.ea·• ?"' 

of this rrcacro. Just share !ts temporary/register ocat ion, and decremar> 
1 = - operand(ll: 
output = macrollrl.outout; 
count, "'acro(lr),count = macro(lr).count - 1; 

else lf macro(lrl.opcode = llne_- ~·er 
then if stop_on_line = operandlll 

then do; 
cal I l:>a_ ("stop on I lne -d. -/debug:", stop_cn_I inc!); 
cal I debug; 

eno; 
e I :.a; 

e I se do; 
I" G'et rnformatlon about this trlole operator •/ 

op~rator_info_ptr = addrel (addr!sea!_pattern5_$operator_tab!ei, oocodel; 

lf sroc_on_macro = lr 
then do: 

2nd; 

cal I ioa_("stop on macro -d.-/debuJl", irl 
cail debug: 

!"' Ger the 11oaes of eacl. operand and type c"l;;ck trem ln the tab I e. -I 

tycel = ;et_type(operand(l), operator_info.TinelJ; 
ty~e2 = Jet_type(o~erand(2), coerator_lnfo.ty~e2t; 
oo~rands = tyoe1 : : type2: 

ocera.ric_lnfo_otr = oolnter (operator_lnto_ot:"'" 1 c:·erator_i<':!o,.cf fset ~~ 
C::one1 fou~j = uon:J~ 

:::o l = l ro ooeratcr_lnfo .. !erigth t--d1~le{-fo 1J.'):!); 

lf srr-Lng(operand_semantics&ooerands(!JJ = o;eraridS 
t~en fcund = eil"'o; 
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end; 

it -round 
then do: 

/" One or more o t the ooerands are of the ;,;rong mooe for this ope rat er •/ 

end; 

if tvoe1 = user __ mode __ c::ode I tyoeZ = user .. mode ... code 
tnen cal I prlnt (10 2l; 
else call prlnt<101l; 
·dvne ·= u1°b; ;• jon't try to generate cede •/ 

1• Get pointer to the code pattern for t~ls operator-operand combtnatlon 

pat tern_base = oolnter <ooera tor _ln fo_otr, ooera'r1d_se:nant ics.patt ern_of ! set 

do oattern_lc = 1 ;:;·,. ::. ,;rd le 1-donel; 

en.:); 

p = adjr(oattern_base->patter(,\f-,attern_lcll; 
if Q->o at tern_word. f ! ag 
then call lnterpret_oattern; 
e I se do; 

" end; 

arg = o->ln~truction_word.arg; 
l f arg = "()Q"b 
then do: 

;;t;j.; 

else do; 

0nd~ 

text= oointer!text, text_lcl; 
text_ra I = oolr;ter(text_rel, text_icl; 
text_lc = text_lc + 1: , 
str lr,g{te><t->instr-:.Jct ion) = stririg(p->lnstruct!onl; 
!e'ft_r.elocatlon = r"l_abso!ute: 

I" Un ti I a better c•3Y !s found, assume au lo I ls ::lK. "/ 

cc:.i I get_.3d:iress(o:):!rcric(blnary(arg. 2) ;, u11>tb); 
ttxt = cointer{text ;~xt_icJ: 
text_r2! = oclnter{te;..:t_rei, text_lc} 
t2xt_l: = t::xt_ic i- l; 
srring(Text->J.nstructlor.) = aGc!ress; 
text~>lnstructlonaoocode = p->lnstructlon~opcode; 

text_re i->rei ocat lon$ ieft = i et t_re~ ocat lori; 

;:s. an1 do ins n~x:T tr i'.)l ~ ~1 
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1~ 7nis pr-oce:::ure encodes the macro's operands so that they table oof 
a!lowao!e oper3na types may be searchej. •1 

get_ty;;ei oroc Cma::ro_ooerana,typel re:turn;; lblt (91 a I lgnedl 

.:Jci (-:iacro_.:>perand, mop) flxed bi.n, 
'!>'f'.:1? h1t(3) t;n,"31.igned; 

.;c! l n de: x_ 
constant 
s .. ~o o I 

nit ia I ( "O 0 1 .. bl , 
nit Lal ("010 .. bl~ 
nltial!"Oii"bll '.:.lt(3l atlgned :itatlc; 

I" oro:.i ra1'1 ""I 

if type =constant 
then return(constant_code); 

.i. ~ r ype = symbol_ 
tnen return(no_check_codel 

lt type-; index_ 
then return(no_check_codel; 

wcp = mJcro_operana; 

i f '1 OP .: (; 

t ~en do; 

er1); 

c~ > C 
t r.z:n ::1 o: 

/>$. nc operand 4 / 

~?turn(no_check_cade); 

1~ operand ls a symoGt node ~1 

if syrnbo Hrnoo l .cc•Jnt > 0 
r:H~n retur;-1{ f ist_ccde) 

l ~ -S.yf:',~·:J i {mo::: )~;-cf 

Then re~~rn(re•_code;: 

:. t s.y~,co i t:nc:e) ~ 0ojc > syrr.~oi _ryo-:: 
r~en rerurn<~ser_m~de_coce); 
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enJ; 
e I' se do: 

t~n:J; 

i<r\Cl <;tlf _ti! Pl<; 

Append! x o. M•J It !cs Seal Code Generator Program. 

r e t u r" ( b l t ( b i n a r y ( s y mo o I (:no p l • m ode , 9 ) , 9 l l ; 

1• operand is the ourout of another macro •1 

1"'1l"'.f:! ;:: -. 1ri0n; 

if macro(mopl.count <= a 
t hen c;, I ! pr i 11 t ( 1 J 3) : 

.1100 :: macro <mop) .outp-it: 

l f rn op = G 
then <::al I or int !10i+H 

lf mop < 0 
thtin do; 

1• reference count too low •1 

/'I- no output ava 1 I able •/ 

1• macro out out ls ln a regl ster •1 

return(bltColnary(reglster(-mopl .moda,9),9)); 
end; 

1• mtlcro output ls ln a tempor~ry •1 

return(blt(blnary(temoorary(mopl.mode, 9), 9)); 
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!"-This subroutln'" 
a macro operanJ 

App en :H x B. Mult lcs Seal Code Generator Program. 

!s called every tlme the code generator wlsnes to address 
(which may be a constant, symbol, temporary, or reg!ster). "I 

get_address I oroc( macro_operand, d!rect _m:>dl f ler _a I I owectl; 

I" m~cro operand to be addressed. 
N ~ d ! or N 1 du r, a 'I ti e us .12; d as ~: ::! d r" ~: i:: ~ .. , 

I l nputl 
{ l ;'": :'; ~.I~ ) 

louioutl 
loutputl 

macro_operano 
-j.!"'"f:.:t_mc.c_a ! I 01-:0d 

address 
ieft_relocatlon 

ade1ress of the operan;:1, ln a lorrn sultat:le for a &180 instruction. 
relocatlon cod~ for tnis address"/ 

de i Ii, l!'acro_op12rand, opn,j, t"mol flxioJ t:dr, 
dlrect_modlller_allowed blt(l) allgned·parameter, 
p c'olnterl 

, .. program "I 

opnd = macro_operand; 

! 1 o pn d ::: O 
then de; 

1• no operand available to ad.dress! "I 

call prlntl1 ... Sl: 
address ::: C113l"l"b; 
left_relocat.i.on = "O"o; 
return; 

I"' let hlm try to address thar! "I 

enJ; 

1 f con J > o 
1hen oo: 

1• operand ls a symbol node •/ 

Lt sy!:lbol(opndl,label &. -symbol(opn::ll.deflnej 
i·1"en do; 

1• push •nis aodress onto the us;ige chain of the laoe! •1 

dd::lre:.s::: svmoot Cocno) .loca~ ion: 
sy::rnul(~unJi .lccc.tion = ;;:dt(tel<t_lc, 16); 

1 4 use speclal relocation code so th;t "ndefined laoels can be -Jlagnose:J later.<· 

end: 

I(;' t_re I OCJT lon 
r~turn; 

16l"1''b I! bit{blnary(ooni, 121. 12l; 

(:lse lf ;;ynt.o~(C~;')j)"'ccnsranr & dlrect_modl.fler_al!oR~j 
then l! symtollo::>nd).rnodQ = boolean_type l symboliopnol.mode 

t ~en do: 
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enj; 
eise cto; 

APP<lr'ldl x i3. Mu It !cs Seal Coda Generator Program. 

I* try to use a du or di modlf!er */ 

p = symbollopndl .value; 
!f ·p->word.left_half = ''J"b 
then do; 

address = p->word.rl.ght_nalf ;: !12l"O .. b 11 dl_mod; 
left __ relocatlon = rel_aosolutP.; 
return; 

end; 
else If p->word.rlght_half = "O"o 

then ',o; 
address= p->word.left_r.alf ll C12)"0"b 
left_relocatlon = rel_absolute; 
return; 

end; 
end; 

/ .. normal case .. / 

address= symbol (oondl .locatlon; 
. I ett_rel ocation = symool (opnd). left_re location; 

11 &ddress = "D"b 
then call orintC110l; 
return; 

1• op.,,ranc ls the outout of another macro "I 

1 = -o.,rnd; 
1 f m ac r o < ll • c o u n t > li 
then macro(ll.count = macro!ll.count - 1; 
el SS2: ao; 

er.a; 

1~ r~ference count <= G •/ 

cal I orlnt\1J6l; 
address= 115)"'l"b; 
left_relocatlon ; ··a··b; 
re t-urn; 

cc.nc = 'nacro{ 1 l .cutout; 

.( f o ~n d = 
then oc: 

1 4 macro has no outout at this point ~1 
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en:i; 
--=nc get_..3jdre-.;s; 

end; 

Appendl x B. Hu!tlcs Seal Code Generator Program. 

ca I I print ilO n: 
adoress = C18l "1"b; 
lelt_relocatlon = "G"bl 
return; 

11 ocmd > 0 
then do: 

end; 
else go; 

end; 

1• output Ls in a temporary ln storage "I 

adoress ,.. temoorary! oic:1d). locarl ~;,; 
left_relocatlon = rel_absolute: 
lf macro{ll.count = 0 
then do; 

end; 
return; 

1• thls ls the last reference to 1<e temporary "I 

call fr-ee_temporary(opndl; 
l'n3Cro(!) .outp~t = 0~ 

1• output is ln a register; In order to provld,e an aadress, 
th.; regl:;ter wl 11 have to be storea into a temporary. "I 

temp 
ca 11 

register<-oonal .contents; 
save_register(-opnal; 

iftemp>Q 
then ·do; 

enj; 
.c I se ao; 

enj; 
:-et urn; 

I" register cont a! ned a symbol noje "I 

addr<:ss =symbol {temp! .location; 
!eft_relocatJon = symbol!t<?mpl.left_re!ac:atlon; 

I" register contained a macro outout "I 

oond = macroc-oond}.autour; 
a-:idress = temporary(opnd),locatlon; 
iaft_relocaTion = rel_aosolute; 
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A;:ipendl x S, Hultlcs Seal Code Generator Program. 

I" .This pAocedure ls cal led to force a value out of a register. 
II the value is s!mply a load<:d symool, it ls not stored, merely thrown away. 
If the value ls a macro output, it ls stored Hi a temporary, and the macro changed to reflect this. "I 

save_r;;gister~ proc treg.i.ster_indexl 

o<"I 
(re·1lst.;,r lri,:•e><. te~porarv ... Lndex, v;;iluel fixed; 

1~ progra'!! "/ 

value -- reglsterCregl.ster_i .... ctexl .content-;:: 

If valu! = empty_reglster 
then r-eturn; 

l f v a I u.? > G 
then do; 

I" symbol node •/ 

reglster(reglster_lndexl .mode = o; 
reglster Cregi.ster _1noexl .contents -= empt'y_regl ster; 

ret~rn; 

enJ; 

!f macro<-vaiue).count >a 
te:nporary_index = ;iet_ temporary (mode_ I en gt h(re~lster (register_ lndexl .model l; 
te:;i:;orary(temoorary_lC1jexl .mode? = reglster.Creglster_1n:lcxl .irode; 
macro(-valuel.outout = temoorarv_lnjex; 

then doi 

text = oolnter(text, rext_lc); 
text_!c = text_lc•l: 
strlng(text-> lnstructionl = temoorar-y( tempor;;.ry_~na.;xl. I ocatlon; 
text-">instructlon.oocode = store_ooCreglster __ ~ .. dexl; 

e r-j; 

re gist<:<' (regl s ter _index l. :no:je = 0; 
r e 9 i. sr ..;r ( r.e g is te r _ l nae x) • ccn r.e ot s ernpry_r-egl~t er; 

return! 

-.:'10 sc,;e_r·eglsier-; 
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Append.ix B. Mu!tlcs Sea! Code Generator Program. 

lriterpret_pattern: oroc; 

I" auto mat .le l terns •; 

dC ! flxed bln, 
G oo1ntJr, 
offs~t f ix~.:1 hir)(1~l, 

larg1, 3rg2, arg3, p_opl fixed bln, 
(lo2o_ompiement, not_fla9I blt1ll aligned; 

.. cc>nsta'\t Lt<!ms (urset :.1terna I sta~:c lnltlall ""/ 

de! !oad_co:nolement_op dim<2l statlc b.it(10l a·llgned 
lnltlal( "0110111310"b, /"°lea 335<01 •/ 

"Gl.101111JD"bl, I" I cq 336( Q l •/ 

load_op dlmC201 static bltC101 31lgned 
lnlti.at < "O.lllD111010"b, /" Ida 235()) •; 

( tra 
ora 
i I j 

staq 

"01DG1111J~"b, 
"1.'..iJJ110110"b, 
C 10 l "C"b, 
.. 11101 ... Jf.ri!O"b, 
"11iU1il J J 1 O" b, 
"l11~1i;J1J;)"b, 

"111~1"~11'.J"b, 
"111JHJ.JOG"b, 
u111~1c.1c1o··b, 

u111iJ1D11J~"o, 
"111:;ic111~"b, 

" C 110 1J J JG'' b, 
HJ 1l81J011"bt 
.• : 11 c 1 J 1: ~ ,. b' 
"G 11C1Cli11"'b, 
0 J !.!.i.lJOOU"o, 
"<' illlJOll."o, 
.. 0 1111'.J1QG' 11 b, 
ll ~ 1111] 111·0 b)' 

,-,ltiail" 11CJ GCJQ"b), 
nit la I(" 101.1 1L1G"bl, 
r.lt la l { 0 Gu:..1 CCiiJ"b) t 

nit la I (ao 11.:!..0 1l.1J 0 b), 
sx~ 1 lr.lt .i.aI ("':C:G i.;cw~.1J' 0 0}) 

biHC.Cl srar c all~ne:i. 

1• ld;i 36(~. ""/ 
1• dfld 433(ryJ •/ 

1• Ix I 0 72L(Ol •1 
1• !xii 721101 •/ 
1• lxl2 72 2 (:)) "I 
1• lx13 723COl •1 ,,. 

Ix 14 724( G) "I 
1• Ix I 5 72 5< G l •1 , .. lx16 726 ( Q) "I , ... 1 x I 7 72 7 (]) "I 
1~ eoou 35C ! O l "I 
1• eoo1 351{ 1) •/ 
I" eoo2 352( J l "I 
I" eoo3 353( 1) "I 
;• eoo4 37 G ( 0 l "I 
I" eoo5 371{ 1l ' I 

I" eoo6 37 2 ( fJ l "I 
1• eoo7 37311) •1 

I" i'1)(Q l "I 
I" 275(0) "I 
1• 431.CGl "I 
, .. 757{0} "! 
I" 441. ! 0 l +/ 

ncp_lnstruction bitC3& aii;tned sratlc Lnitiai\°COOU003030JOO~JJ'JOOOOOG10G1COOOOU111.~"'o~~ /Ji. JUJ1~:JO J~:J!J7 
ls_zero fixed bln lnitlal {~) sr~r!c; 
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Apoendi x 8. Mui t lcs Seal Code Gene rat or Prcgram. 

/;r:. o.rogrcrr. -'$/ 

if p->p3ttern_word.lndex_wlth_argl 
then arJl = operano(blnary(p->p3ttern_word.ar91, 8ll 
else ar~l = blnary(p->pattern_word.argi, 81; 

J f ~->a~ttPrr_~~r~.ind~x._wl+~_arg2 

then arg2 = operandCblnary(p->pattern_word.arg2, 8ll 
else ar~Z = binarylp->pattern_wc-d.arg2, S>; 

ar;3 = oin~~v<o->pattern_wor~.argll; 
p_op = o !nary (p->pattern_word.pattern_oo·l; 
go to ooerator(p_opl; 

operator (l l: 
ooerator(O): 

!• LOAD 
1• LOAOC 

- Register, Value •/ 
- Register, Value ~1 

i. f o_op = 1 
then lo•o_co~plement 

else lo~d_<:omplement 

.. G ••o; 
"l"bl 

1• LOAD places values in registers. As far as the machine state ls corcerned, lt ls a copying 
ooentlon -- the machlne state does not indicate that a svmool node ha: been LOAOed; the 
assu11otlon is that al I patterns change the 11a lue ln the register, one.a lt is LOADed. 

Trlol e cutouts (and associated temoorarles> are kept track of by tre macrilne state r,owe11er. 
So o·~fore ·_o~Olr.g, save th.e old register contents, !.1 r.ecessal"y. "I 

lf reglsJerlargl),contents 
then do: 

ar12 

I" value to be loaded ls already in the register •/ 

1 = -r~~lster{argll~contents: 
Lt J > (; 1~ decrement r~ference count because ~e have ~1 

then '""ere.( ]I .count = marro{ J) .count - 1; 
return; 

enj; 
B!~~ lf org1 = A_reg 

tri~n ca! I save_regl5t"r( (E.:\Q_reg) l: 
ei~e if arg1 = Q_reg 

tr.en ca! I save_regist.ar! {EAQ_r~g)) 
e?s.e lt arg.: = Et.~re;J 

then ao; 

enw; 
cat s.a·1e_,reglsrer{ar;;1>: 

cal I s•ve_reglster! (A_regll: 
cal I s3ve_reg1steri (J._regll; 
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Apo en di x B. Mu It lcs Seal Code Generator Program. 

call get_address(arg2, targl < AP_regl)~ 

lf arg2 > D & argl < AP_reg 
trien if symbol (arg2l .constant 

thHl lf symbol(arg2l.mode = lnteger __ type 
t rien do; 

end: 

I" try to generate lcQ N,dl for. ldQ -N "I 

Q = :;yrnt>o I {arg2l .value; 
l'. o->,.ord.le(~_half = (1!ll"J."b 
t:-ien do; 

end; 

a:!dress = bitlbinarv<- o->lnteger_model, 181. 161 II 112}"G 
left_relocation = rel_absolute; 
load_comolement '= -1oad_compleme;\t; 

text = oolnter (text, text_icl; 
text_rel = poJ.nterCtext_rel, text_ic>; 
text_Ic = text_lc + 1; 

string(text->lnstruction) =address; 

if loac complement 
then te~t->lnsrructlon.oocode = !o~d_complement_op(arg1); 
else text->lnstructlon.opcode = ioad_op(argll; 

te;..:t_reJ ->re·!ccat lon'l' iBft 
return; 

c;:rerator (2:: 
cperaror(3l: 

l ! ::)_0 p = 2 
trc.:n not_llag 
eis;;: not_t!ag 

"J .. b; 
H~ ••c; 

le ft _rel ocat lon; 

I" INREG - Register, Value, failure lab'!i 
/,.. NOT_INREG - Register, ~alue •/ 

"I 

l: ( (reJlster(<0r;;ll .contents = ar92l = not_f lag) 
then oatte~~_lc = patte~n_ic v arg3 - 1; I" increment interpretation lccp ln'.:lex to failure l":::2i 

I" (oecause jo i cop .. 1 I I add 1 backl '°/ 

e is.a do: 

enJ 
return; 

J = -register(arg1l .cont~nts: 
1 f l > G /lV-
1 hen macro{ji.count = macro{jl.c.ount - i; 

decrement re 1 er ence count because we nave i::-; 
1~ maae argl 2doressaoie ~1 
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Append! x 8. Multics Seal Code Generator Program. 

op.eratci \3 I 8 I'" RESULT - Regl ster • Mo'.le .. , 
J = reglsterlarg1l .r;ontents; 
!f I < J 

I'" see 1-f this ls anyone•s output .. , 

then do; 
l t mac·rc,(-J l .count > J 
then cal I pr.int (1J9l; 
marrol-J)-output = 3; 

I'" macro output destrccved even though ref count 

e n-j ; 

if macr.:>(lrl.co'.;nt > ll 
t he:n do; 

I" save reg!ster value only if lt ~iii be used '"I 

eni; 
return; 

reglsterCarg1l.mo~3 = arg2; 
reglster<arg1).contents = -1r:· 
11acr0Clrl .output = -arg1; 

I'" chain· register· to macro •i 
1• chain macro to register ~1 

operator('+}: 1• SET_BLOCK - block lndax •/ 
b .::::: argl; 
return·; 

ooerator\5): 
call get_address!arg2, .. G"ol; 
text ::: co inter (text, text_icl; 
text_rel = pointerCtext_rel, text_.icl: 

I" SETUP 

t ext_ic = text _lc .. l; 
strlng(text->instructlon) = a.jdress: 
rext->hstructlon.opcode = ioad_op(BP_regl 
texr rel->relocatlon.left = lef!_relocatlon; 
:-;;:..,.-urn; 

- Node• Value 

operaror (7 j : I" ERASE - Regl ster 
cat! save_reglster<arg1>; 
ret·Jrn; 

"I 

,,., 

c;p<=ratort3)1 I" CASE_USAGE - Case II, !ndax of easel imit macro ""I 
r: a er o ( - 2l r g 2 I • our:: u t ; 

offset= olnary!subsTr(syr:ibol(Jl.location, 1, 18ll + arg1; 
text= :Jci:-1112r{t~xt, o;·fs.~tl; 

t~xt_re!::: polnterCtext_!"'el, offset); 
strlng(Text->lnstructlon) = bit(text_lc, 18); 
text->b~struct1oneOPCCOB = tra; 
r~xt_re~ ->relocotlono lef! = sym!:>ol ll )ti ieft_re!ocat!cn: 
rarurri~ 

ooerat.Jr Ci G > g I" ALLOCATE_CASE - Numoer of Cases 
s :; £ + l~ 

syi::ocl <s > .s iocatlon ':iit{text_ic·._. !8); 
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Append! x O, Muitlcs Seal Code Generator Program. 

sy~ool(;l.left_relocation = rel_text: 
macro! ir I .output = s; 
text = oolnt.::r.(text, text_ic); 
text_rel = oolnter!text_rel, text_lcll 
strlng{text->lnstructlonl = blt(text_lc, 18) 
1ext_lc = 1ex1_ic .. l; 
text->lnstructlon.opcode = tra; 
text->lnstructlon.tag = ql_mod; 
text_rei->relocatlon.left = rel_text; 
text_Jc = text_ic + argl; 
return; 

1• gen er ate tr:3 "• q l 

operator U l i: 1• FILL_USAGE - index of I abe I 
do l = 1 to hbound(reglster(,.), 1>; 

ca I I s a 11 (o _reg is t er C J) ; 
end; 
offset= blnary!substr(symbol(arg11.location, i, + 

I 

•1 

if offset-= 0 I" has the l::;oal been used yet? "I 
then do; 

text = po 1 n t er ( t <: x t, o ff set I ; 
text_rel = polnter(text_ret, offset) 
do offset= blnaryCtext->lnstructlon.offset, 151 reoe:it• b!narvCrext->lnstructlon.offset, 1Sl 
wh i I e (of f set - = : >; 

Text->instructlon.oflset = bltCblnary(text_lc, 151, 151; 

enl: 

text rel->ret~catlon.left =rel text: · 
text-:: :Jointe, !t~xt, offset); -
text_rel = polnter(text_ret, offset>; 

enj; 
text->instruction.offset = bltCb1nary(text_lc, 15l, 151 
rext_rel->relocatlon.left = rel_text; 

syr.:00! ('3rg1)o.defln8d = ulub; 
sy:r:;c! ( i rgl)., f ocat lori = b T {text _le, 18}: 
sy~,bo! L~rgl}"' iE:I t_rtloceit on ::.:: :·· .. !i_texr; 
l f uf.i"b tren cal~ f ~ush_a i_terioorarles; I"" TURNED OFF ~/ 

return~ 

c_c:--ator (l.2) t I"' NOP 
text = ;)Olnter (text, text_~c) ! 
texi_lc = rext_lc + t; 
stringCtext->lnstructlon) = noo_instruction; 
return: 

- no arguments "I 

co&ra1·or!13l: /'> GEN_LI'-IK - injex of symbol node "'I 
svrrool(3r 1l.!o arlon = olt(link_lc, 18! I l!ni<age_sect!on __ up_zaro_lncHrec'I'~ 
sv:roc~ ~·~r 1).,le t_reiocatlon =re! ilnK15; 

ink = oo nter \ inx., t ir:k_ic}; 
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l\poeridi x B, Multics Sea! Cod~ Generator Program. 

linr<_rel = polnter{link_rel, llnk_Lcl; 

I .. Form the negative offset of thls llnk in the linkage section, "/ 
I" ln tAo's corrolement form, naturally, "I 
suCstr(strLng(lint<->lts_modellt 1, 181 = -bltCblnary<llnk_!c - 1, 181. iSl: 
I ink_rel->relocation.left = rel_negatlve_1lnk18; 
!lf".:·'\_lc-: i.:.J:\_lc ~ slzc,:lrd<->lts_moU~!i: 

link->its_moael.its = ft2_modl 
link->Hs_moael.offset = bit(defs .. lc, 181 
I lnk_rel->its_model.o1f~et = rel_defs: 

defs = ;)Olnter (di=fs, defs_icl: 
defs_rel = polnter(dels_rel, defs_icl: 
defs_ic = defs_lc + slze(defs->expresslon_wordl; 

I" offset of expr~sslon_word ~1 

oefs->e><pression_word.type_oair = bltl-:cc'.:::._lc, 18l; 
aefs_-rel ->expresslon_word.type_;)alr = rel_defs: 

1• offset of type_palr •/ 

dels = oointer (oefs, defs_icl; 
defs_rel = polnterCdels_rel, defs_!cl; 
defs_lc = defs_lc • slzeCdefs->type_Palrl; 

defs->type_pair.type = "OOCJO~OJOOC00001DO"b; 
defs->type_palr.segname, 

I" type 4 ls S;!gname$entrvname •/ 

de Is-> ty pe_ca lr. entryno;me = store_def C symbol !arg1) .name->vstrln;il 
defs __ r ~! ->type_oalr.segname, 
d~fs_rel->type_palr9entryname = rel_aefs; 
r-.:: turn; 

operator !14 l t 1• GE~_DEF - index of sy'!lbol node "I 
?ext_lc = text_lc + 1; 
sy:r::oi(3rgl} .. tocot.i..cn = blt(taxt_ic,18)! 
;"/rr~o! Ctr-g1L. !E:ft_reloc;.;iti.on = rel_text; 
:: 1 c~.K{~} .e-ntrv_! ocatl-0n = text_ic; 

ca! t at i ocate_def lni. t .i.on; 

1• leave space for entry_seouence 

r,::;fie_def inltlvn = sror'2_def{symoo! {arg1) .name->vstring); 

oeL;->d::flnltion.v.alue::::: oltCiext_i.c, lOl; 
02:ts_r2!->cefinlrlon .. va!ue = reJ taxi~ 

stri...icture 4 / 

text ::: ::;oinrer lt2xt1 text ic - ::.l: 1~ oolnts to entry_se~i....:ence str-;..;c;>ure ?J/ 
-rext_re~ = polnteritexr_r-ei, texr_ic - :t}; 
text->e~try_seQuence .. e:ntry_J.efiriltlon = rel{defs)~ 
t .;;xl .. _rel -'l>er.try_seQuence .... cntry_:!e1 lnl t lon ::: re i de Ts: 
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Aooendl x G. MtJ It lcs Seal Coda Generator Program. 

l f symb,) I (argll .externa I 
then defs->deflnltlon.entry: ":l."b; 

defs->d~flnltlon.retaln = "1"b; 
de fs->o; f lni t ion. c I ass = "~J J"b; 

1• class O ls ;i value re!atlve to the text sectlon "I 

~?fs->~0fin!t!cr~syrnbol = nam~_je!l~!tl~n; 
dafs_rel->dc11n1tion.symbol = rel_defs; 

oefs->d3flnltlon.segname = segname_deflnltlon; 
defs_rel ->deflnltlon.:;;egn<1me : rel _ _;;efs; 

return; 
1• FILL_LIST - index of expression to put on I ~T •/ 

operator !15 l; 
return; 

t• ALLOCATE_LIST - I 
operatorU 6 l: 

return; 
1• ARG_PTR - Register, Index of arg_llst macro"'/ 

operator Ii 7) : 
text = oolnter(text, text_lcl; 
text_ic = text_lc + 1: 

.call get_addr·ess(2r-92, ua·~b); ' 
posltJ.on = oinary{substr{address, 4, 151, 151 + 2" argument_lnjex; 
adcress ~ bit(cosition, lo) : actlvatlon_record_uo_zero; 
strirJ(rext->instructlonl =address; 
text-> l'lstruct ion"opco,je? = store_op{arg1}; 

argument_lndex = argument_index + 1; 
return: 

c..p er at a r { 1 8 } : 
rn;::.-:rotlr),.curcut::; 9er_t2monr3r1<2 4-

ar;~~ert_index = l~ 

/ .. ALLOCATE_l\RG_LIST - n.imber of 
( ar g, + l) l ; 

arg1.,;rien"ts(fo/ 

text : ooin1er (text, t.:xt_lcl; 
text_lc = t~xt_ic + :~ 
;• construct an 3-blt namber ~hlch ls 2 • number of arJS• 

Tne l Id nstruc~ion ,d! I left-shlfr this numoer 3 places into the au, ,.nich is ... nere "e ... ant lt. "I 
sucsrr(;tr1ng(text->instructlon), 1, lol = bit!bll\ary\2 "argl, ,3), 81~ 
t2xt->i~structicn~opc0c~ = fld; 
text->l~structlcn~t2g = d~_~od; 

text= oolnter<rext, rext_lc}: 
cxr~ic = text_ic + l~ 

text->lnstructionooffset = a 5 3QJJGOGOOOSOl~O~tb; 
/'> 4 .. ,. 
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Append! x 8. 

text->!nstruction.opcodr =or~: 
text•>l,struct!on.1ag = dl_mod; 

Mu It !cs Seal Code Generator Program. 

text = oolnter (text, text_icl 1 
text_lc = text_lc t 1l 
strlngltext-Hnstruct ion) :::: temoorarylmacl"o( lr). outou7l. locatlon I actrv;,;r ion_record_uo_zero; 

t-:v:t-:-.t·i.-•r 1 •(·tlt)r..,orcc1i:? ~ $'t3Q~ 
re turn; 

00<0ratorli9l I 

operator I~ O) I 
re turn; 

nperato 1· 121 l I 
':ione: = u i "b; 
re turn l 

ooerator CZ~ l I 
return; 

ooerator(23l l 
pattern_ic = pattern_ic • arg3 • 1; 
r"e: turn; 

1• CALL •/ 

·t• TYPE_CHECK •/ 

I• RETURN •/ 

1• HOOE_SELl::CT •/ 

1• GOTO •/ 
1• increment loop l.ndel! (do loop wil I add 1 back, •• ! .. , 

operator 12 '• l 1 

text 

1• SET_STACK_SIZE •/ 

Johttr(h~)(t, tilock(nl.er.trv_1ocatitinl: 
offset" tlock(\))ostack size~ 
of!·,;"t ~ iG • ,;111t<h~(c!fset ~ l'>• 16, 18, Ol~ 1• make stac~ size 1:,oJ 16 "/ 
te~.t->ir1stcuction.offset ='blt(olnc.rvtoffset, 15), 151~ 
re turrd 

Dl'.'H)f"<::it<JrL~5); 
/• DEFINE - Valu~ •/ 

1• tl"y to eli:n!nate $xii 1nstructlc.n "/ 
l f -~ rq t > 0 
t~,en if .... SV:-:1bo\(3r-~;1)"..__~efir,e,j 

tl"',,~n if ef..:.:re_t irst_t:o'"c'lange 
t~H:h sv"'.\bct t3tJ1l~deflr'\ea:: .. 1.'bt 

~t;e retur-.'\; 
c 3 I I get _address (ar·gl, "J"b): 
S\Jbstr( ddr~ss-~ 3t~ 6) ::: r"\o_m:JCH 
t ~ x ,) ,:i 1 n t >r."t' ( t:.:: x t t text_ i c) t 
t~ tr~· ~ ointer(te~t_re•~ te~t icl: 

J.: ic ,.:; tt::xt ic ~ 1: 
trlr g(ti.?Xt'-~·it'lstrYCi ~v1"'1) = ad:.o:--ess! 
ext"""~~."\Stri...JC~lcr:,.(,CCO.:e::::: s.xi:.: 
~xt e!->re~cca lvnv.ieft = teft ... .r·:etocation= 

1• turn off t!_. --- ~e want to st ere into the r.a~e '1·/ 

1• t~ls registar atwcys con'f<:dr.s ar: yzo ta; .J."/ 
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llppencHx B. Multlcs Seal Cod,i Gener3tor Program. 

re turn; 

operatorC!&l 1 
I. f arg1 < O 
then 11 macrol~arg11.count <= 0 

then cal I pr1nt(11.1l; 

1• AOO_REFERENCE - \lalue •/ 
1• macro outout ? •1 

t• attempt to 1dd re r'eference count wnich !s <-= G •t 
~i~~ ~~~ro(-8rg1>~rount ~ macroC-org1l~coiJnt + 1; 

re tt.rh; 

o;H?i"'St 0 r 12 7 l I 
be!ore_f !rst_flowchange "'"O"b; 
return: 

OP er at 0 r I Z 8 ) I 
if arg2 = ls_zero 
then do: 

t• NOTE_FLOWCHANGE •/ 

t• IF_OPERANO - Value, check code •/ 

u arg1 ~= a 
then pattern_!c pattern_lc·+ argJ - 1 1• take fa!lure label "I 

enj; 
re turn; 

1c:nd lnt erp re t _pa tt ern; 
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Appen<ll x a. Mu It !cs Seal Coda Generator Program. 

1~ Th!s lunctlon ls called to ger an n-word temporary on the stack frame•/ 

get_ternpo•ary1 pr,c(n) returns(f!xedl; 

de I n fl xed parameter. 
!even_offset, 1, ll flxed; 

l f n > 2 
then 
e I se 

= 3; 
= n: 

lf blr,c-<tbl.free_temcs!ll -= 0 
then do: 

enj; 
else dol 

l = block(Ol.free_temps(I); 
block(bl,free_temps(ll = temporary(!).mode; 
return t 11; 

t• remove temporary!ll from llst ""/ 

l = blocklbl .temporarv_end; 
i f n = 2 • d .iv J. de ( n + 1, 2, 17, Cl) 
then do; 

t• l f n ls an even number.•/ 

1• al I temporaries which are an even length must be on an even boundary "/ 

eve n_o f f set = 2 • div 1 de ( i + 1, 2 • 18, () l ; 
if i -= even_offset 
the'! ao: 

1• save extra w~rd as a temporary ~1 

tamporc,ry_count = temporary_count + 1: 
1f temporary_count > hbound(temporarv<•>. 11 
then call print 111 t+l; 
tamporary(temoorary_count) .location = . 

blt(blnary(i, 181, 18) I actlvarlon_record_uo_zero; 
7.~moorary(temporary_count) .slze = l; 
bl orl<Col .tempor3ry_en::J = l + 1; 
t;,, moc.rary( temporar y_counf I ,,,1ode = o I <~k (bl. free_temos< il 
bloc!<Cbl,free._tempsl1l = temporarv_count; 

end; 
f:.·nd; 

temvcrarv_ccunt = ternoorary_count t- l~ 

l i t<:r:<ocriorv._counr > hbo und( temporary ( "l • ll 
then cati crint!1.1.:+)! 
remporary(TeMoorarv_counrl.locatlon = bit(olocklb!.temporarv_end,18) 
te~oorary(tamaorarv_count>.slze = n; 
biock(bi.temporary_enj = block(b).temporary_end ~ n: 
bloc'<(bl .stack_.s.ize = maxiolock(b) .stack_s lze, olock!ol .temoorary_endl; 

Page d7. 

) 

acflvation_reco~~-u~_z~rc: 



"' ::> 
n 

"' m _,, 
I ... .. 
3 
0 
0 ., 
w ., m 

"' 
'.) 

•• w. 

., 
<I> 
~ 

c ., 
:::> 

... 
"' 3 
0 
0 ., 
QI .., 
"' I 
0 ,,. 
0 "O 
c u 
:::> <I> ... ;J 

Q 

)( 

CD . 
:i: 
c 
... ... 
0 
~ 

1.1 
Ul w (i) 

ID QI 
(i) 

°' ("') 

°' 0 
0. 
'1> 

'"' m 
::> 

"' "! 
Q) ... 
0 .., 
"1J .., 
0 ... .., 
Ill 
3 



Append!x B. Mu!tlcs Seal Code Generator Program. 

/<· ih!s subrouHna ls called to place a no-longer-needed stack temporary on the free !lst. "I 

free_temporary: proc(ftl; 

de! ft f lxe"l parameter, 
I i ,n l U xed; 

n = temooraryC·ftl.slze; 
l f n ~ 2 
then 
else 

= 3; 
= r~ 

te1Tporary(ftl.mode = block(b).free_tempsl 1>;· 
bl ocklbl. tree_ temps( I l = ft; 
return; 

end free_tempor<iry; 

1• push onto free I ist •1 

I" Thls subroutine ls cal led to check that ail temporaries have been freej at this polnt. 
If thef haven•t, then sor.ieone's reference count l'ias too hi.ghl •/ 

flush_a!l_temporarl"'s: proc; 

1~ Check to see that a 11 temoorarles have been free a. then reset temporary a i location offset + 1 lsts. 
Hust also cnec~ to see that any values in the registers have ref count= O •/ 

t en:.porar- y_cownt = G; 
block(bl.free_temos!il = o; 
block(b).free_temps(2) = o; 
blcci<(b).free_temos(3):: o; 
b l cc r-. ( b) • te :i1pc,r-c.1r ·1 ~-end block(bl.stack_end; 

er\d ti:.,;sh_QI i_te:n;.>ororJ.•:s~ 
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/Ip pen di x B. Mu It J.cs Seal Codd Gener3t or Pro;iram. 

I" Copy t'le temp!:>te stack frame for each block lnto the text sectlon, and 
set H1a control word for eacl'1 block to contain the offset&. sl:ze of its template stack frame•/ 

do b = 1 to I as t _b I oc k; 

end; 

text_lc = 2 • dlvldeCtext_lc • 1, z, 16, 01; 
text = polnt~r(text, text_lcl; 
! -:: rt...,r-X:~~'--stac1.(_0n1; 

n = l • 1.s; I"" copy both.Pointers and value headers"/ 
stack_base = block(bl.stack_base; 

text-> vi or d .. copy _l 1cage = st ack_ba~c::- >wo rd_c opy _l mage; 

do l = l to n - 1; t• f 111 in rel ocat lon for va I ue headers •/ 

end: 

text_rel = polnterttext_rel, text_lc • Jll 
text_rel->ralocatlon. left = rel_ text; 

J = olock(bl.entry_locatlon • seal_oatterns_Sentry_control_wordl_offset; 
text= pointer(text, JI; 
text_rel = pointer(text_rel,. J); 

text->control_words.stack_offset = bit Ctext_lc, 161; 
text_rel->control_words.stack_otfset = rel_text; 

text->control_words.stack_si:ze = blt(dlvlde(i, z, 1~, OJ, 13>; 
tex~_lc = text_lc • n; 

?age 90. 

) 



Appendix B. Hultlcs Seal Code Generator Program. 

"f.he text sect!:in ls fln!shed. make !tan even number of words ~ong. Reference MPH Part III, Section :u .• 2 "I 

text_lc ::: 2 " dlvlde(text_lc + 1, 2, 18. oi; 

I" F!nisn the cefinitlons section. •/ 

l"' !.er'l'?r-:::ot e -::yrwib"."J t~~ ~ t? ·~ef !n1 t lcr: ~/ 

\ 
/J 

call allocate_deflnltlon; 

name_def lnltlon = storc_defl"symbol_table"l; 

de Is - > d~ f l n l t l on. v a I u e = "G "b ; 
de!s_rel->deflnlt!on.value = rel_symbol; 

defs->a<!flnlrlon.class::: "C10"b; 

defs·»defLn.itlor .. symbol = name_def.inH.i.oc,; 
dets_rel->deflnltlon.symbol = rel_defs; 

defs->d~finitlon.segname = segname_deflnitlon; 
defs_rel->deflnltlon.segname = rel_defs; 

I" symbol biock srarts at symbol:Q •1 

1• class 2 ls a value relative tc symbol sect 
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Appendix 8. Multlcs Seal Code Generator Program. 

1• Proced~re To srore a character string In the dellnitlons section and return an oltset ta It •1 

store_def'; oroc( d? t_strlng) returns(bl t (18 l unal lgnedl; 

de! cev_string char(") varylng aligned, 
d oolntar, 
1 name 
2 sl ze 
2 str1n;i 

alloned based, 
unal f lxed b!n(8), 
unal character (n refer (name.size)); 

l f def_strlng = "" 
then rerurn(zero_deflnit!onl; 

d = oo~ter(defs, defs_lc); 
defs_lc = defs_lc • dlv!de(length!del_strlng) • 3 + 1, 4, 17 7 JI; 
d->na~e.size = length(def_strlng>; 
d->name.strlng = def_strlng; 
return (re I !di l 

end store_det; 

1• Procedure to al locate a deflnltion block and thread it into the chain • ..,./, 

al !ocate_jeflnltlon: proc: 

if orevious_Jeflnltlon -= n.ul I 
Then oravlous_aeflnltlon->aeflnltion,forward = bltCdefs_lCt 181; 

cefs = ~olnt~rCdefs, defs~lc); 

defs_rel = polnter!defs_rel. defs_lcll 
defs_lc = ceis_ic + slze(defs->Jeflnltlonl; 

,jefs->d~ f inl r~c~n .. tvrt"\ard = zero_Oeflnltlon; 
C'2ts_rel->Cef .iniilono forward = rel_defs; 

l f ore vi cus_de f lni Lon -= r.u 11 
t:--~i"': ·.j2f:;->C21ir.lt 0n ... oackward = rel{pr-evlous_deflnltlon>; 
else aefs->definit on.cacKward = zero_deflnltion; 
ae!s_rel->deflnltion.oackward = rel_defs; 

aets->daflnltloli.,:iew = ~·1"'0; 

prevlous_deflnitlon: aefs; 
return; 

end ailccate_cteflnltlon; 

'"_,, 
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Appendix B. Multics Seal Code Generator Program. 

I" F.Ui ln the linkage header. Reference MPM Part III, Chapter 11.1+ .. / 
I" The ti.Ast few rlOrds of the linkage sect!on nave been reserved for the llnkage_header "I 
, .. SEAL does not use either the internal storage area, or the first-reference traps ... , 

link:: oolnterlllnk, 01; 
link_rel = pointerUink_re!, Oil 

! lnk->llnkage_neader.deflnitlons_offset = bltCtext_l~. 18); 
I lnk_rel->llnkage_neaaer.deflnltlons_offset = rel_t~xt; 

I" since d!Ofs follow text section ln object '>/ 

l lnk->llnkag~_neader. llnks_~lfset = bit(b!~arv<slzelllnk•>llnkage_headerl. 181, 18); 
I !nk_rel->llnkage_header.llnks_offset =·rel_flnk18; 

llnk->llnkage_neader.linkage_tength = blt<llnk_lc, 1e1; 
I lnk_rel->!lnkage_header.IJnkage_length = rel_llnk18; 

I" Create the sym:iol section. Reference MPM Part III, Chaoter 11.5 •/ 
;• N.B. Because al I Items ln the svmbol_block are relative to the base of t·he symbol_block, ano not the symbc• sii:c • 

they have absolute relocat!on cod<?s. The or'" exceptlon ls symbol_header.backpointer, which .ls. relat!ve to 
t'le base of the symbol sect lon, and therefore has negat:i:;;<:_:;; ;;nbol re locatl on. •/ 

\ 
J 

sy1ro_ic = o; 
symb = oolnterCsymo, symb_lcl; 
s ymb_rel = pointer Csymb_re I, symb_lcl; 
symo_lc = symb_ic t sizelsymn->seal_symbol_block); 

symo->s~al_sy~bo!_block.ocl_version = 1; 
sy~o->s~31_symno1_b!ock.ldentlfler = ••symbtree••; 
~Y~~->s~al_sv:r!)oi_olcck~gen_numoer = 1; ;• teMP~ for now •/ 
SY"'b->s~ a i_symbc i_c I eek .geri_creci teo = ad or (sea l_code_gen<irator _.S:;.ymbo l_t abiel->std_s ymbo l_header.gen_cr·Qa ted; 
svmo->seal_symbol_blcck.c:>Ject_created = storage.clock_time; 
syx~->s2a1_symbo!_block~generator = ••sea1••; 

srriN:J (syrb->sE-al_symbol_block.,ien_version) = store_symbol (seal_verslon_:iii; 
<; tri ng L yoi:J->s,eal_sycnbo l_b I ock.userl al = store_s ymbo I (storage.user_! d->v string); 
if stcr.:.::ge,,c:..:·'tl::ins -= nu! I 
t ""'" srr ing (syrnb->sea l_syr.-.bo l_bl ock. comment> = s tore_symbo i Cstor3ge. optl ons->vstr.ing l; 

svrnc->s3al_symjol_bjocK.~exr_ooundary 

sy~c->saal_symboi_biock.sfat_bounaary 

"OQOOOOODOODJOJD010"b; 
MODCOJOOOODOOOOOD1D"b; 

symb_lc = 2 "' clvide(symb_ic + 1, 2 9 18, 01; I" source_map must start on an even boun::J2ry "/ 
syrr.c->s::;df_syrn:-;oi_clccr-t .. source_l'!a;:i = Olt(symo_lc, 18); ;v. source_map ls ~oglcad iy ~art of t7'lls s:1:n:J~;, t!o~:~ <f--

s To->s~al_sym::ot_b!ock"'c.ackooltiter = "G 08 b:. 
s ~b_re~->seai_sy~bo!_~!ock.bac~pointer = rei_negatlve_symbot; 
5,-mo->sacii_syir.boi_biock.PiocK_size = bitib!nary!size(symo->seal_s;ymco!_Dlockl, l.Sl, 1ai; 
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Appel')dlx a. Hult !cs Sea! Coda Generator Program. 

1~ Procedure to store a character string in the symbol section and return 
a "stringpolnter" to .lt. '"I 

store_sym:;o Ii r>roc !sy11bo l_strlng) returns(blt!3&1 unal lgnedl; 

de I sy~ool_str!ng char(,.) vary!ng, 
s oo inter, 
baseo_str!ng char! iengt l'l{symbo l_stringl l based a llgn~d, 
1 strln1_polnter structure, 

2 of !:;et un-al blt (18), 
2 s i ze u n a I bl t 118 I i 

s = po!"ter(symb, symb_lcl; 
s->basej_strlng = symbol_strlng; 
strl.r.g_oo~nter.offset = b!t{symo_lc, 18); 
string_po!nter.slze = b!t!blnary(length(symnor_strlrigl, 18), 181; 
symb_lc = symb_lc t d£11ldellengtn(sy;;,;., :~strlngl • 3, !+, 17, OP 

return (s trlng(str!ng_polnterl l; 

end store_symbol; 
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Appendix B. Multics Seal Coda Generator Program. 

l" Cr-eate ttie source map. '</ 

symo = oolnterlsymb, symb_lc1; 
symo->sJurce_map.verslon = 1; 
n, symb->source_map.number = 1; 
symb_ic = symb_lc ~ slzetsymb->source_mapl; 

1• tne order of the next 3 statements ls cr!tlcai! •1 
1• this one sets n to be the number of source flies .. / 
1• thls one uses n to a\ locate the source_mao •1 

strlng(symb->source_map.map(1l.oathnamel 
symo->sJurce_map.map(ll.uld = storage.uld; 
symD->saurce_map.map(ll.dtm = storage.dtm; 

1• thls one us~s symb_lc to al locate the pathname •/ 
store_symbollstorage.oathname->vstrlngl; 

I"' Make a! i Sectl·HIS an even numoer of words long. ·Reference HPli Part III, Sectlons 11.3 and 11.i. "'/ 

defs_lc 
I lnk_lc 
symo_lc 

= 2 • divldeCdefs_lc + 1, 2, 18, 01; 
2 • a!vlde( ! lnk_lc + 1, 2, 18, 01; 

= 2,. dlvlde(symb_lc + 1, 2. 18, ai; 

I" Pack the reloc3tion b!ts. Al I code which sets the re!ocaticn '::,' "s !D.Yll come before thls point. "I 

SDt symo : polnterlsymb, Ol; 
symb->s~al_symbol_block.mlnl_truncate, 
symb->sa~l_symool_otock.maxl_truncate = blt(symb_lc. 18); 1• s3ve block&. source_mao, but not relocation blts "I 

saved_symb_lc = symb_lc; t• don't generate relocatlon blts for the relocaTlon bltsl •1 

:: 1l 
du D = text_rel, defs_rel, llnk_rel, symb_rel; 

p = polnter(p, Cl; 1• point to Dase of section +/ 

sect!on(llt 

sect lcn 12l 

sect !on {3} 

sectlon!<tl! 

go to sectlon II); 

m:: texr_Lc; 
sp->seal_symbol_blocK.rel_text = bltCsyml:>_ic. 18); 
go to begin_oacking; 

m = cefs_lc! 
s~-~seal_sy~bol_o~ock.re1_def = blt(symb_ic 1 18); 
go to begln_packlng;-

m = I ink_ic; 
so->seal_symool_olock.re!_i lnk 
go ro begln_oacKing; 

m = savea_symo_lc; 

bl!{symo_l.c, 18l: 
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beg!n_packlngl 

enc: 

Append! x B. Mu it lcs Seal Code Generator Program. 

sp->seal_symbol_bl ock.rel_symbol = blt(symb_lc, 181; 

k =· 0; 
m = m " 2; 
symb = poi.nter(symb, symb_icl; 
<cv'l'l':l->!'.'a<:!<f'rl •. "<>!ocatlon .• dcl_verslon = 2; 

do J = 0 to m-1; 
rel_code = o->unpackej_relocation.half_worct(J); 
lf r~i_code -= 0•••b 
then cto; 

if k -= 0 
th"n do; 

end; 

1• have "k" consecutlve absolute half-words, try to use expanded '"-. 

ca 11 expar.;;;e::_abso l1.,1te: 
k = Ci; 

if S\Jbstr(ral_code, 1, ol = <ol"l .. b 
then do; 

1• Address ls on a usage cnaln which was never fllled ••• 1...ndeflned label. "I 
/+ Temporar l ly ca I I loa_ unt 11 seal error rout lne can take symbo i le args "I 

end; 

n = blnary(substr(rel_code, 7, 121); 
ca 11 loa_( "sea t_code_generator _1 The 

symbol (n > .name->vstrln;il; 
Coll orlntl113J; 
text = polnter(text, dlvide!J, 2, !8, 

label ••••-a•••• ls undetl~ed!~·, 

0)); I"" l l ~: .e·~·en ~1 

strlng(text->lnstructl onl = seal_oatterns_$undef lneo_l c.oel_lnsi"ruct lon; 
ret_code = rel_absolutel 

symb->~ackej_relocation.strlng = symt>->oaci<;e:i_reiocation.string li ';ubstrtrel cc:!< 
end; 

e I se k = k .... i; 
erd; 

l f k -= 0 
H«en cal! expanded_absolute; 

I = ! + 1; 
sy1\b_lc = symb_ic t dlvlde(lengthisymb->packed_relocatlon.str1ngi + 35, 36, 24, Gl + i • ~; 

1 ? ·5 ) ~ 

syrro = ::iointer (syr:b, ~); 

sywb->seai_sy~to!_oiock.olock_size olt(symb_lc, 18l: 

Page %. 

) 



Apo€ndlx B. Mult!cs Seal Code Generator Program. 

1~ Thls proce,jure uses the expanded absolute code when lt ls more efflc!ent •/ 

elqJanded_iibsoiutel oroc; 

J. I k < l 6 
then sy:rib->packed_relocat!on.strlng = syml:l->oaCk'!d_relocat!on.strlng II substr!"OGGOOOOOOCC!lOO~"b,-1. kl; 

·p ~ t;0 d0; 

enj; 

return; 

do whlle(k > 10231; 
s ymb-> packed_r e I oca t 1 on.st r lng = sv mo ->oacked_re I oc at l on. str lng 

11 r1d_-exp_absolute II "11l1111111"b;. 
k "' k - 1023; 

endl 

symb->packed_relocatlon.strlng = symb->packed_relocatlon.str1ng 
II rel_e)(p_absolute II blt(blnal'v(k, 101, 10); 

end eiq:ian:led_absol ute; 
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1• -Create tne 00)1ct segment by concatenatlng the 4 sections. Re fer~nce MPM Part III. Se ct l.on ii I 

1• rne text secti~n has been constructed in place in the object se~ment. 
;..ppend the ceflnltlons, linkage anJ symbol sections to lt. 
F !na 1 ly, create the oiiJ ect map, and the obJect map pointer. 

Tne detlnltlons sectlon must start on c;n even boundary, and must be an even number of ,.0rds long. !MPH III. 11.31 

obJect_seg = polnter(text, text_lcl; 
defs = oo!nter(defs, Oll 

n = de fi_lc; 

ob J e ct _s eg- > word_copy _image = def s -> word_copy _l mag e: 
obJect_lc = text_lc + defs_lc: 

1• The 1i1kage s~ctlon m-.st be an even number o: .«ords long. It automatlcal ly starh on an even boundary, 
because tne defl'lltlons ends on an even boundarv ••• IMFi~ :u:;, :io4) "I. 

obJect_seg ~ polnterloblect_seg, obJect_lcl; 
I ink = oo lnter (I ink, QI; 

n = llM_lc; 

o bJecr _s eg->wcrd_,cooy_image = I l nk->word_copy_lmage; 
obJect .. lc = obJect_lc + I !ni<_lc: 

t• The sywboi sect Ion oeglns on an even boundary, and nas been made an even number ot words long, 
a! thou;ih the M"' M c1oes not reQu ire l t, (MPM I II, 11. 5) •/ 

ooJect_;eg = p~inter(ooJect_seg, ob]ect_lcl; 
s ymb = oo lnter (symo, 0 i; 

n = s i ~'" _ l c ; 

o~lect_s~~->~0rd_:opy_i~a~~ = synib->riord_copy_lmage; 
ocJect_ic = ooJect_lc • syr.o_lc; 

1~ :·low fil I ln tr•~ obJect ma;:i, in· '-lace lr'I rne obJect segment. 

mapo = aointer \ob)ecr_seg, ooJect_lcl: 
oo)ect_lc = ob]ect_lc • sizelmaop->maoll 

ma0ocecl_vers = l: 
rn.31p~ !d12nt l f ler = "otiJ_rr.ap"; 

mapo text _ct fsf=t ::: 0 Guo~ 
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Append! x B. Mu It .ics Seal Cod~ Generator Program. 

map,text_length" blt(text_ic, l,S); 

m a p • de 1 _ o f f s e t 
map, oe f_ I ength 

= blt(Text_lc, 18); 
blt(defs_ic, 1Bl; 

map. 1 lnk_ol fset = 
map. li.n'<_length = 

blt (binaryltext_lc 
bltlllnk,_lc, lB>; 

+ defs_ic, 18), 18l; 

map.symo_of fset 
map.symo_length 

.\ 
bit(blnary!text_lc • dets_lc + llrlk_lc, 181, 18) 
blt (symb_lc, 18); 

map, for11at.relocatable, 
map, format.procedure, 
map. for11at.standard = "1"o; 

I" FUI ln the object map pointer ln the very last word of the obJ;i,ct segment.•/ 

ob)ect_~eg = pointer(oD]ect_seg, ob)ect_lcl; 
obJect_seg->ob]ect_map_offset = relCmapp); 
obJect_!c = obJect_lc + 1; 

storage.output_seg_length = obJect_ic • 36; 
storage.last_symbol = s; 

I" That • s a I ! , f o I ks! "I 

lf -storage.debug_option 
then cal I clean_up; 

return~ 

I" Te'Tlpor1ry orocedure to print error message and call jebug. Will be reol.:iced by f!r,al version later. '"I 

er irjt: t:Jr·~c (error _r.ur-:ter ~; 

dc i err or_"·,,, rr. b er I l xe d b in• 
Character built lnt 
h<>.b·.JJ, prln'ti <>.x·rerr;od entry optlons!varlablel; 

c;a ! I pri r.-r ("..:1-ror·_ . .i<,ssages", character<error_numberl, character(error_nwmoerl l; 
ca I I i 03_( 0 Ir = -cr''/Ciebug : .. , lr>; 
ca i deJ ug; 

-end pr l n t ~ 

end sea~-~ o ~e_gel'la ra!or _; 
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~ Interpretive table for Seal code generator • 
•• 
•• Paua Ao Green 
" 15 Navemb~r 1972 • 
•• 
" Last Modified by Pi on 5/9/73 
•• 

to I A owon 
name sea I _patterns_ 
segdef :>perator_table 

•• Th.i.s is a Hst of the possible operand types. 

equ 
" ' 0 

No check 
equ ~t1 Any 
eCN 8,2 Boolean 
equ ;,3 Gat~ 

eq1..1 I ' t+ Int~!ger 
equ .=> '5 Proc 
eqiJ ~tb Real 
equ :; '7 Sy mbo I 
e QU ~e,8 Ref 
equ ... 1,9 L.i. '.it 
equ :; ' 10 Co 'lSt ant 
E!QU J' 11 Us er- de fin'ad mode 

" Constants taken frlm assembly of seat_operators_ 

boo I lt_to_bool,O 
boo I Jt_to_bool,3 
boo l I t _or_ e q_ t o _o o o l , 6 
boc> I ~t_or_eq_to_oool,11 

boo I i!Q_to_bool ,1'+ 
boo I 'le_to_boo1,11 
boo I 1ull_arg_l.i.st,2t+ 
boc> I '\ul l_pointer,26 
boo a .rec,;30 

eQu 3dd_anv_operator,ve~+1 

equ ~ubtract_any_operator,vec+2 
eq~J jLvlde_anv_operator,vec+3 
l\'.lQ!,,A ~ultiply_any_operator,vec• 

E!QIA ~nd_any_operator,vec+5 
;e qu )r_any_operator,vec+& 
fit! Cl lJ suoscr!pt_error_operator j 

!lii CHA ~ntry_operator,vec+8 

iilQJ\J :omplement_any_operator,1 ~·9 

P~ge 1 oo .. 



equ 1egate_anv_operator,vec+10 
~qu ~eturn_operator,vec+11 

~qu :heck_mode_operator,vec+12 
equ less_than_anv_operator,vec~13 

equ Integer_to_Rea1,vec+14 
equ ~eal_to_Integer,vec+15 

equ :all_operator,vec+1o 
equ ~et_operator,vec+17 

equ ~~t_operator,vec+18 

equ fi.xedoverf low_operator,vec+19 
equ ~e1oad_regi.sters_oparator,vec+20 

~qu Jndefined_label_operator,vec+21 

" Th.is Ii.st defines :ti I of the pattern operators. 
"It must correspond to a similar list in the program • 

equ • oAo_oP,1 
equ INREG_OP,z 
equ ~ESULT_OP,3 

e\3U :.; ET _BLOCK_OP, 4 
equ :>ETUP_OP,S 
equ _oAoc_oP,6 
equ :: RASE_OP, 7 
equ "OT_INREG_OP,8 
equ ::AsE_USAGE_oP,9 
equ ~LLOCATE_CASE_OP,10 

equ =rLL_USAGE_OP,11 
equ NOP_OP,12 
equ ; EN _LINK_ OP t 13 
~qu GEN_DEF_OP,14 
equ =rLL_LIST_OP,15 
equ t\LLOCATE_LIST_OP,16 
equ t\ RG_PTR_OP t 17 
equ ALLOCATE_ARG_LIST_OP,18 
equ '.;ALL_OP,19 
ElQU TYPE_CHECK_OP,20 
eQu ~ETURN_OP,21 
equ ~ODE_SELECT_OP,22 

eQU :;oro_oP,23 
leQU SET_STACK_SIZE_OP,2~ 

ill!QU J£FINE_OP, 25 
t<JQU ~OO_REFERENGE_OP,26 
il qu ~OTE_FLOWCHANGE_OP,27 

eQu JPERAND_OP,28 

•• Th S!ill £ ym1:>0 Is are ,J $60 by the OPERAND pat: · "0Po 

Page 1010 



Appendix c. Hui tics Seal Code ~enerator Table. 

equ i.s_zero,o 

•• Th.i. s is a l.i.St of '"eg.i.sters used b'( the code patterns • 

equ A _reg,1 
equ lt2 
equ ::AQ,J 
eQU Any,4 
equ (0,5 
equ <1,0 
ISQU ( 2 t7 
equ I( J' 8 
equ I( It' 9 
equ I( s' 10 
equ 1(6,11 
equ I( 7 '12 
equ AP,13 
equ tta,i:. 
equ 3P,15 
equ 3B,16 
e.qu _p' 17 
equ - B, 18 
equ SP,19 
equ SB,20 

" Thls list defines the possible operand types of a 
" trlpla opcode. That are der.i.ved from a similar 
" l.1.st ;Jiven in seal_operatorsoincl.pl1 

H index typel implies mode check must be made on operand. 
e qu i., 1 

"optional index& .i.m:>lies operand mav n:>t be presf>nt. 
equ :> .i., 1 

•• index, without mode check. 
equ '\ l, 3 

•• consto6ln t & no mode : heck, operand t vpe mu st be ••c•• .. 
equ ''h2 

.. symbols no moae Ch!Ckt operand is symbol irH:I 
equ ;;,3 

" olock! no mode che:k, operand .i.s blOCr<i .i. ndr 
equ ) 9 3 



Appendix Ce Multics Seas Coae Generator Tao le. 

" Thasa names are usad to cause references to be 
••made to triple op1ranas a~ interpretatie>n time .. 
" Tha uppar 2 bits of the 15-bit address field of an 
" instruction are reserved for this purpose. 
" Therefor• these nanes may be used in either a 15-bit or 
~ 18-Dit address context. 

boo I 
boo I 

3rg1,020000 
:1r92, 040000 

" These names are thil 9-bit encodings of '"argl" and 
•• ••arg2'"• They are used as arguments to the pattern operators. 

boo I 
boo I 

:>arg1,lt01 
:>arg2,402 

•• fhe fol lo'4ing inst"uction is inserted oy the code generator 
•• into the compiled :> .. ogram whenever an attempt is made to 
"reference an undefined label. It will cause a transfer to 
" a dia~nostic routiie at execution time. 

segdef Jndefined_label_instruction 
undeflned_label_inst~uction: 

•• 
•• .. 

tsxo ~plundefined_label_operator 

BEGIN INCLJDE FILE••• stack_frame.inct.alm 

equ 
equ 
boo I 
boo I 
equ 
equ 
boo I 
GQU 

E!QIJ 

eciu 
equ 
equ 
equ 
equ 
~~ qu 
aqu 
equ 

stack_frame.prev_sp,1o 
stack_frame.condition_word,16 
stack_frame.condition_bit,000100 
stack_frame.cross_rlng_bit,001000 
stack_frame.next_sp,18 
stack_frame.signaller_word,18 
stack_frame.signallar_bit,001000 
stack_frame.return_ptr,20 
stack_frame.entry_ptr,22 
stack_frame.operator_ptr,24 
stack_frame.lp_ptr,2* 
stack_frame~arg_ptr,2b 

stack_frame.on_unlt_ret_ptr a 
stack_frameooperator_ret_p 1 
stack_trameatranslator_i 
stack_frame$regs,32 
iTBck_frameemin_length,4f 
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" ENO INCLuo= FILE ••• stack •. fr-a11Hloincl.alm 
•• 
" This list defines ~ffsets in a Seal pragram•s st&ck frame. 

eqw 
equ 
equ 
equ 
equ 
eau 
equ 
equ 

sea&_frameesaved_lb,10 
seal_frame.text_bas~_ptr,40 

seal_frame.linkage_~tr,42 
seal_frame.runtime_arglist,44 
seal_frame.runt.i.me_argi,46 
seal_frame.stack_ptr,~8 

seal_frame.arg1,5o 
seal_frame.arg2,52 

"offset of first allocated name pointer., 
aqu seal_frame.tirst_free,56 
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•• fh.i.s .1.s a l.i.st of :.I I of the triple o:iarators produced 
" by the P""rse, ln t1e same order as in setc::1l_operators • .i.ncl sPl1 

•• OPCOOE,TYP~1,TYPE2 9 LENGTH 

operator_ tab I e g 
define 
aefine 
aef .i.ne 
aefine 
cief.i.ne 
define 
define 
define 
aef .i.ne 
det .i.ne 
definie 
aefine 
aef.ine 
aefine 
o~d.ine 

define 
oetine 
aef.l.ne 
define 
aefine 
aef.i.ne 
define 
define 
define 
def.l.ne 
define 
aeflne 
aef .i.ne 
aef .i.11e 
define 
Clef.i.ne 
aef.i.ne 
def ... ne 
define 
d<!llf ine 
aef.i.ne 
O<!lf ins 
<le fine 
<1efine 
a0f.i.ne 
define 

Jnused_o,o,o,o 
:issign,i,1,10 
add,i,i.,5 
iUbtitit5 
:l .i. v l de, l, l , 5 
llUltt.i.tl.t!:> 
and,itl,2 
:>r,i,i,2 
:atenate,.i.,1,1 
:atenate_symbol,1,1,2 
I es s_ th an, l. , l , 5 
~reater_than,1,1,s 

less_or_equa1,1,1,s 
~reater_or_equa1,1,1,5 

;tqual,l,it8 
1ot_equaf,l.ti.,8 
shape,1,1,8 
ixponentiate,~,i,5 

:omplement,1,0,2 
jeref,1,0,1 
1egate,1,o,3 
lock,J.,0,2 
Jn I oc k, l, 0, 2 
test_lock,1,s,2 
:ase_of,n,1,1 
:asell.ml.t,n,1,1 
:aseJump,1,n,1 
:>rcinch,St0t1 
oranch_true,s,1,2 
:iranch_false,s,i.,2 
labet,s,0,1 
orocedure,s,b,1 
1tnchb10t1 
l.i.nkdt0t1 
Jnused_34,o,o,o 
i!!lement,l,0,1 
l.i.STtl'hOtl 
:H·g,n.i,0,1 
:all,Ad,1 
"'et,io(h9 
"'edUCfh sd, 1 



Appendix c. Multics Seal Code Generator Table. 

oefine ::>lock,b,0,1 
ca fine ;;;eJect,sdt2 
d1~f ine iop,i,0,1 
def .i.ne node_select,s,1,1 
uef.i.ne 8ine_numbervn,o,1 
Cle fine :1ddr,J.,o,1 
define sncode_di.ms,1,n,1 
c:tef .i.ne ancode_value,1,1,1 
define illrg_I ist,n,0,1 
aef.i.ne encode_mode,s,n,1 
define ~Plit_prep,i,i,o 

define Jnused_s2,o,o,o 
aaf.i.ne Jnusedt_53,o,o,o 
oefine Jnused_54,o,o,o 
define .rnused_55, 0, 0, 0 
aef.i.ne Jnused_5o,o,o,o 
ocafine Jnused_57,o,o,o 
oef.i.ne Jnused_Ss,o,o,o 
def .i.ne Jnused_s9,o,o,o 
aefine :urrent,o.i.,OtO 
oef.i.ne errortrap,01,0,0 
define i.ncolumn,o.L,o,o 
define infilemark,oi,o,o 
aefine initem,01,0,0 
define initemmark,oi,O,o 
def .i.ne inlinemark,oi,o,o 
aefine !npagemark,01,0,0 
oefine i.nstream,01,0,0 
def .i.ne I .i.neslze,01,0, O 
define ~utcolumn,01,0,0 

define )Utfilemark,o.i.,O,O 
aef.i.ne )Utitem,oi.,o,o 
aefine Jutitemmark,oi,o,o 
define )utlinemark,oi,o,o 
aefine Jutpagemark,o.i.,o,o 
define Jutstream,01,0,0 
cJef.i.ne :>agesize,01,0,0 
aef.i.na .rnused_78, OtO, 0 
def .i.ne Jnused_79,o,o,o 
aef .i.ne abs,.l.,0,3 
aef .i.ne :ltand.~o,o 

aef.i.ne ::ioolean,i,0,3 
{:iet .ine :eil ,.i.,0,3 
oeflne :os,i,OvO 
oef.i.ne ::Hdetet.1.,0,0 
oeHne .hletetd.i.r~1,o,o 

def in~ jet ac 1"19 i, o, O 
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oeflne axp,.i.,o,o 
ci~f .i.ne f .i.nd,i, 0,2 
oefine f J 0 Of' t .i. t 0 ' 3 
define i.nteger,A.,o,s 
d'llf .i.ne isvo.i.dd,o,o 
oefine length,.i.,Q,1 
oefine !og,.i.,o,o 
oef .i.ne log10,i,o,o 
oef .i.ne "ank,.i.tOtO 
d<5lf .i.ne "'eald.,0,5 
define s.i.gn,i,0,3 
define s .~ n, .i., o, O 
aef .i.nl'<! :>.i.:te,i,0,2 
define :oqrtd,o,o 
def.i.n$ symbol,.i.,Q,7 
oeflne tan,1,0,0 
oef .i.n'I! trunc,.i.,Os1 
aat .i.ne Jnused_1os,o,o,o 
oef.i.ne Jnused_10&,o,o,o 
defJ.ne Jnused_101,o,o,o 
oeflne Jnused_108tOtOtO 
d~fi.ne Jnused_109,o,o,o 
oefine :reate~J.,.i,2 
define isd.d~1 
oefine ;Jet,ni,0,1 
oefi.ne :>ut,n1,o,1 
define JO.i.d,.l.,Qti 
oefine split,.i.,i,O 
aef .i.ne Jnused_116,o,o,o 
oefine Jnused_111,o,o,o 
oeflne Jnussd_11a,o,o,o 
def .i. ne Jnused_119,o,o,o 
define attach, .i., i, o 
define :::reatedir, i ,.i., O 
def.i.ne adi.t, i.tit3 
aef.i.ne nax,.i. ti ,5 
aefine lHn,i,.i.,5 
def .i.ne nod,J.,.i.,5 
a~1Une "'ename,1,J.,o 
a~f.i.ne .. ound,i,l,2 
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'" The fol loi~.i.ng entries are the operand checkie1g defin.i.Honse 
" They ~re scanned t:;p down unt .i.1 the f i.rs t match 
n .i.s found on bath o>erands. Then the associated pattern is 
" interpreted by the code generator programo 

•• OPERAND_i,JPERAND_2,FATTERN_OFFSET 

unused_!): c::ef o O 

aef 
def 
def 
aef 
aef 
aef 
ae f 
Clef 
oef 
aef 

ae f 
Oef 
def 
def 
oef 

clef 
aef 
ae f 
Clef 
cie f 

def 
e1 e f 
oef 
d@f 
aef 

aaf 
def 
(jif) f 
def 
def 

I, I,assign_II 
I,R,asslgn_:~ 

~,r,ass.i.gn_RI 

~,R,ass.i.gn_RR 

3,B,ass.i.gn_BB 
=>,P,assJ.gn_PP 
S,S,ass.i.gn_SS 
~e,Re,asslgn_ReRe 

_.i,,L.i.,asslgn_L.i.Li 
A,A,ass.i.gn_AA 

I,I,add_II 
I,R,add_IR 
~,I,add_RI 

~,R,add_RR 
A,A,add_AA 

I, It sub_II 
I,R,sub_IR 
~,r,sub_RI 

<.,R,sub_RR 
A,A,sub_AA 

I, Itd.i.vide_II 
I, R,d.i.v.i.de_IR 
~,I,div.i.de_RI 

~,R,divide_RR 

A,A,divide_AA 

I , I, mu I t.i. p Iv _I I 
I,R,mult.i.ply_IR 
~.r,muttip&v_ru 

~,R,multipiy_RR 

A , A, mu 6 t.i. p I y _A A 

3,B,and_BB 
A,A,and_AA 
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catenat'i!_symbol: 
CH!f 

emf 

3,B~or_BB 
,,A,or_AA 

5,S,catenate_symool_SS 
,,A,catenate_symbol_AA 

•• Tt1ese tr.i.ples perf:>rm the .indicated relational test,and gjve a 
•• b o I 'd an o u t put = "1 .. b .i f the t e s t ti a s t r u e • 
"In ail cas0s,the c:>mparlson ls operandi :: operand2· 

I ess_ tr1an a 
oaf 
aef 
a~·f 

oef 
oef 

greater_thana 
def 
aef 
aef 
Cl(!; t 
aef 

I e.:.s_or _e qua I: 
def 
ae f 
aef 
def 
Olf.l f 

greater_or~equail 

oef 
def 
def 
oaf 
aef 

aef 
aef 
oaf 
cad 
(JIB f 
oef 

r,I,less_than_II 
I,R,less_than_IR 
~,I,less_than_RI 

<,R,tess_than_RR 
A,A,less_than_AA 

I,I,greater_than_II 
I,R,greater_than_IR 
~,I,greater_than_RI 

<,R,greater_than_RR 
~,A,greater_than_AA 

1,1,aess_or_equal_II 
I,R,less_or_equal_IR 
<,I,less_or_equal_RI 
~,R,less_or_equal_RR 

,,A,less_or_equal_AA 

I,I,greater_or_equal_II 
I1R,greater_or_equal_IR 
~,I,greater_or_equal_RI 

~,R,greater_or_equal_RR 
A,A,greater_or_equal_AA 

I,I,equal_Il 
I ,R,equal_IR 
~' I,equal_RI 
~,R.equ<:il_RR 
a,B,equal_BB 
P,P,equal_PP 
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def S,S,equal_SS 
oef A,A,equal_AA 

not~IHIU<ll s 
def I,I,not_equal_II 
aef I,R,not_equal_IR 
o~f ~,I,not_equal_RI 
oef ~,R,not_ec•Jal_RR 

oef 3,B,not_equal_BU 
oef ),P,not_equal_PP 
def 5,s,not_equal_Ss 
aef A,A,not_equal_AA 

oef 
oef 
aef 
oef 
def 
aef 
def 
aef 

exponl'3nt .i. ate: 
aef 
def 
def 
def 
def 

comp I eml:!n ta 
def1 
aefi 

te.c;t ! ock a 

defi 

def1 
crnf1 
aefi 

Qt;:f 1 
CH!f 1 

Ci~~fi 
de fl 

aef 

~l,L.i.,shape_L.i.Ll 

l...i. ,r,shape_UI 
- l, R, shape_U R 
• .1., B, shape_U B 
L 1, P, shape_Li P 
_ .i., s, shap0_Li S 
.. 1, G, shape_L.i. G 
., 1, A, shape_L.i. A 

I,I,exponent.i.ate_II 
I,R,exponentlate_IR 
~.r,exponent.i.ate_RI 

~,R,exponent.i.ate_RR 
A,A,exponent.i.ate_AA 

3,complement_B 
A,complrement_A 

I,negate_I 
~,negate_R 

it, ne;:1ate_.A 

:; , I ock_G 
A, I ock_A 

:; , u n I o c k_ G 
/,\, un I ock __ A 

:;~N,test_iock_GN 



Appendix c. Multics Seal Coae ~enarator TaDla. 

"flll ,n Nth slot .i.i transfer vector I. 
" operand 1 .i.s case lumber. 
•• op<U"dnd 2 ls casellm.i.t trlple, trc:msfer vector. 

~,N,case_of_CN 

•• Thl s tr .i. p ! e gen er at es code to test expl"e ss.i. on. 
•• operand 1 .i.s numbe .. of cases. 
•• ;>perand 2 .i.s case axpress.i.on. 
" output ls True .i.f the expression Iles within 
" the cdse range. 
••False .d it does rnt. 

casel.i.m.i.t& 
aef ~,I,caselim.i.t_CI 

" fh.i.s triple actually performs the case transfer. 
" operand 1 ls case expression. 
" operan~ 2 is numbe~ of cases. 
~ output is the tran~fer vector and case transfer instructions. 

case) ump& Olilf I,C,caseJump_IC 

" Th.is triple generates a transfer. 
•• operand 1 ls the l:tbel. 

branch& def1 ~,branch_N 

0 Tnis triple generates a conditional transfer. 
" opt:irand 1 1 s the I a be I. 
" OPEH'i:Hld 2 is the b:> o I ean express l on. 

Ol"<HlCh true I 
aef 
o e f 

branch ta I ses 
aef 
(Je f 

~,8,branch_true_NB 

~,A,branch_true_NA 

~,8,branch_false_NB 

-J,A,branch_false_NA 

•• H1.;s; tl"'ir;:.,le define;;> a label's address. 
"opardnd1 is The synool node of the laoai. 
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•• This 1ri1.1ie generates a SEAL entry sequence for a procedure. 
•• oparand 1 .is the Sf mbo: node of the p~oc edure. 
" output .is an entry s~quence. 

de;' 

" This triple marks tne end Jf a procedu~e. 
"operand 1 is the block index of this block. 

~,end_N 

" Thls triple generates a Multics link to an external naITTe. 
~ operdnd 1 is the sfmbol node of the naTie. 

I lnk t de fl ::>, I ink_P 

unused,_31+ i 
oefo J 

" The next two trlpl~s are used to create lists. 
•• USAGES LIST<n> t EL::f"IC:NT <exp).•• 
"This triple generates code to fill in an element of the list. 
" oper<i1na 1 .i.s the elCpress.i.on represent.i.n the element. 

~,efement_N 

" !his triple define:; the size of the list to be created. 
" oper·and 1 ls the nJmber of element triples to f,.)l low. 

def1 :;,l!st_C 

•• form .1.ss ADDRo•• C~LL ARG •• w 

" operand 1 ls output of aodr triple (value ln storage 
" output is arg list pointer(i) 

•• This triple generates a cal I~ 
•• opl\llra11d 1 i. s entry to cc; I I. 
"operand 2 .i.s cirg_Hst triple. 

ca I I g aef 
aef 

:::1,h1,cal l_PN 
·~,N1cal l_AN 

r,ret_I 
~,ret_R 
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oefi 
aef1 
aef 1 
Clef! 
aef1 
oef1 
Oef1 

3,ret_B 
=>,ret_P 
s,ret_S 
~e,ret_Re 

_1,ret_u 
A,ret_A 
'J,ret_N 

" if operand 1 < 0 .i.t is the index of a .iser-supplied oparator, 
"otherwise, operand 1 is the opcode of the language 
~ builtin infix operator. 

reduce& def =>, U., re duce_PL.i. 
Oef C,Li,reduce_CLi 

.. operand 1 i.::: the i"I dex of the current 0 I ()Ck. 

block: aef1 ~,block_N 

" This tripte perforns subscript checkin~ 
" and tnen subscript evaluation. 
M operand 1 is the stmbol node of the list. 
•• operand 2 is the s.ibscript expression. 
•• output ls the •selact"ed element. 

~elect& Clef 
aef 

'4,I,select_NI 
A,I,select_AI 

•• The out out of this trAple .i.s Just its input. 

nopa aef1 ~,nop_N 

" This triple computes the .index of a selector on a mode nams. 
" operand 1 is the stmbol node of the Moje name. 
•• operand 2 i. s the sa I ector. 
" output is not yet :ietermined. 

mode_salecti 
C!'<:l f 

'" operanr~ 1 is l.i.ne iumber of source pro:Jram. 
" no ot.Jtput. 

i ine.~nlrnltJier i 
t"hd1 ::: ~ ! l ne_numbar _c 
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'l,addr_N 

" o~~H'<ln'1 1 is the e"lcoJe_mode triple. 
" operand 2 ls the nJmber of cHmens.i.ons. 

enc ode_.H ms s 
def \j,C,encode_dims_NC 

~ operand 1 ls the e"lcode_dlms triple. 
•• operand 2 ls the el(press.i.on to oe encoded. 

ancode_va 11.ui a 
aef \J,C,encode_value_NC 

•• Th.i.s triple allocates space for an argument llst. 
•• ()perand 1 ls the n.1 mber of arguments. 
•• output is the address of the arg list. 

:;,arg_llst_c 

" operand 1 ls the stmbol node which identifies this mode. 
"operand 2 is a lltaral constant descrloing the 
" Referance and List combinations. 

encode_illOde g 

oef 

s p I l t _pre p : 
defO 

unused_'.52 e 
unused_5:;: 
unused_:;,i~: 

l,H\lJSed_::)5 2 

iJnUSed_'.)6 g 

unused_:H g 
unused_::)IJ8 

\J,C,encode_mode_NC 

) 



Append.i.x c. Multics Seal Code :>enet"ator Table. 

" Zli>lro or one-argume'lt ou.i It.in functions. 

current& 
fi.Jl"'f'Of' trJp 3 
inco I umrH 
.i.nfl lli!lm~r·kZ 
.inltema 
initemmarK& 
.i. n i H'IEHll~I" k ! 
!npagemart<i 
instreams 
I .i.rHis.i.ze: 
outcolumn: 
out fl I ema rk s 
outltema 
out.i.temmark& 
out I .inemarka 
outpage111ark& 
out stream: 
l)a~es.i. ze s 
unus@d_/8t 
unused_l9S 

defO ) 



Appendix c. Multics Seal Code Generator Tables 

~ S.i.ngl~ ar~u~ent built.i.n functions. 

abs8 i. . .;f1 
aefi 
defi 

at<mi oef1 
aief 1 
Clef 1 

booleant def1 
dia f 1 
oef1 

ce.i.13 deh 
defi 
def1 

COS3 def1 
def1 
Oef 1 

delete: aef1 

de! etecHr: 
aaf1 

dt;}tach: Cief1 

expz aef1 
aeU 
aef1 

f.i.ncn def1 
aef1 

floors a~~f1 

oefl 
CH~ f 1 

.integers Ch!11 

ai~f 1 
ch~ f 1 
i:::!af1 
oe f1 

I,abs_I 
~,abs_R 

A,abs_A 

I, atan_I 
~,atan_R 

A,atan_A 

I,boolean_I 
~,boolean_R 

A,boolean_A 

~,ce.i.l_R 

r,ceil_I 
A,ceil_A 

I,cos_I 
~,cos_R 

A,cos_A 

5,delete_s 

Stdeletedir_S 

S,detach_S 

I,exp_I 
~,exp_R 

A,exp_A 

S,find_S 
A, f ind_A 

~,floor_R 
I,floor_I 
ll,floor_A 

~,integer_R 

I, .i.ntey~r _I 
j,.i.nteger_B 
5,lnteger_s 
A, integer _A 
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aef1 • .1.,length_L.i. 

aef1 Irlog_I 
OE! f1 <,log_R 
aef1 A, I og_A 

log10& oef1 I,log10_I 
1..:ef 1 ~,Jog1o_R 
oef1 A, l og10_A 

rank: oefO ) 

rea I a oaf~ I,real_I 
def1 ~,real_R 

def 1 6, rea 1 _B 
aef1 5,real_S 
def1 A,real_A 

deH I,slgn_I 
deft ~,s.i.gn_R 

oef1 A,s.i.gn_A 

defi I,sin_I 
def1 ~,s.i.n_R 

def! A,sin_A 

aef 1 s,s.i.ze_s 
def! A,s.i.ze_A 

SQrt 3 aefl [ , sqrt _I 
oef1 ~, sqr·t _R 
aef1 A,sqrt_A 

oef 1 I,symbol_I 
aef1 ~,sym1:>ol_R 

aefi 3,symbol_B 
aefl 5, symoo l_S 
aef1 ~e,symbol_Re 
def1 ... l ,symbol_L.i. 
def1 A,symbol_A 

def 1 I9tan_I 
aef1 ~, tan_R 
ti€ f 1 t\ 9 t an_A 

uefi (,trunc_R 
aef1 /.\ 9 truni:_A 
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unused_l!J 5 $ 

unused_lO b: 
unused_10 7: 
unusea_10 8 s 
1.mused_10 9 a 

def 0 J 



AppenOJ.X c. Hui tics Seal Code Genli:ll"ator Tab le@ 

" Hulti.-aryuriHrnt arg.~ment bullt.i.n functions. 

" apar~na 1 is the e1coae_value triple. 
•• -.>par;;ina 2 is a or i. s the pathname. 

def 
cef 

\j,Q,creata_NO 
\l, S1create,_NS 

" operand 1 is the e<pression to be testad. 
" operand 2 is the e,code_dims triple. 

def \j, N, i s_NN 

" aporana 1 is the t~rget to assign to. 

aefi '.J,get_N 

'' operciind 1 is the e11cpression to prJ.nt oJt. 

aef1 \j,put_N 

•• operand 1 is the v2 I ue. 
" operand 2 1s ? 

void& oef \j,N,void_NN 

aefO 

unused_116i 
unuseci_11 7 a 
unused_118 a 
unused_U 9 3 

aefO 

l 

Pag~ 119. 



~ument Duiltin functions. 

er at dir~ 

max s 

aef 

aef 
def 
d .a f 
aef 
\.Hid 

o et 
01:.'J f 
Q t 
Clli: f 
def 

<Je f 
aef 
oef 
def 
OEt f 

s,s,createdir_ss 

I,S,llldit_IS 
<tSyedA.t_RS 
l\,A,ed.i.t_AA 

I,I,max_II 
I, R,max_IR 
~,I,max_RI 

~,R,muA_RR 
t\,A,max_AA 

I , I, m .i. n_I I 
I,R,m.i.n_IR 
~,I,min~RI 
~,R,m.i.n_RR 

(\, A,m.i.n_AA 

I.,I,moci_II 
I,R,mod_IR 
~,I,mod_RI 

<,R,mod_RR 
l\,A,moa_AA 

:; 's,renama_ss 

~,c,rouna_RC 

(\,C,round_AC 
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PAfT ~N TO BE INT~RPRETED BY THE CODE GENERATOR. 

rlow reference counts are handled: 

•• Hu: parser set:> tha reference count to th1: number of 
,. tripid operands which reference tne output of a triple. 
" The c-Jcie generator decr-ements the reference count each 
"' oy oni:> egch time H make~ the triple output addressable. 
" The p~rser assumes that each triple o~aranci is exactly one 
" refer'aru:e, so .i. f .i.1 real .1.ty, soma pattern makes an 
" operand &adressabla more tndn once, it must first add one 
••to th~ rf~ference c;>unt. 

Tna reference :ount is also decremented if the 
•• INREG pattern-op sJcceeds {or NOT_INREG a.i. ls>, 
" sini:.:e by c;10A.ng so i.t has effectively 111ad'·' its argument 
•• <Hh.:ire::osab 1e. 

" N.8@ Patterns consi.sting of only NOP and RETURN 
~ have not yet been ~ritten. 

ass.i.gn_II 8 
ADO_REFERE~CE arg1 
LOAD ),arg2 
DEFINE 3rg1 
stq 3rg1 
RESULT l d 
RETURN 

as;;;.i.gn_IR i 
ADD_REFERE~CE arg1 
LOAD ~AQ,arg2 
tsxo 3PIReal_to_Integer 
DEFINE >irg1 
stq ~rg1 

R.ESUU l, I 
RF.l URN 

RASE A_reg 
AOO_REFERE~CE arg1 

OAD :;i.,arg2 
tsxo ~p3Integar_to_Real 

U£FINE iH'91 
of st ~rgl 



I\ pena.i.x c. Hult.Les Seal Coae .ienerator Taole. 

Rt:SULl ::AQ,R 
f~ET URN 

ass! ~ 

AOO_REFERE~Ci arg1 
LOAD ::AQ1arg2 
DEFINE =rg1 
dfst :tr91 
RESULT EAQ,R 

~l:::iS.i.gn_cJB: 

RETURN 

LOAD 
DEFINE 
sta 
RESULT 
RETURN 

ass.i.gn_PP£ 
ZISS!gn_:)S E 

;;,ss.i.gn_ReRei 
~ss.i.gn_L.i.L.i.3 
assA.gn_AAi 

ad fH 

NOP 
RETURN 

IF _INREG 
then { 
~ I se {. 

l~ESUL T 
RETURN 

IF._INREG 
then { 

ESU!_ T 
fi,ETURN 

A_reg,arg2 
:1rg1 
,;irg1 
A._reg,B 

l,arg1 
Hiq 
IF _INREG 
then { 

alse { 

). , I 

),,arg1 
ERA SE 
ts x a 
:if ad 
~OAO 

:: RASE 
t:;.;xO 
:iihd 
SAQ,R 

argz } 

Q,arg2 
adq ar g1 
LOAD '.;l,arg1 
adq <31"g2 

A_reg 
aplintege~_to_Real 

arg2 } 
Q,arg1 
A_reg 
ap!Integer_t 
arg2 } 
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<:Hlj u 

add_RR* 

H_INREG 
then { 

'iii' I se { 

Rt.SULT 
RETURN 

If _INREG 
than { 

else { 

RESULT 
RH URN 

lF_INREG 
then { 

else { 

Rt.SULT 
f\ETURN 

LOAD 
SbQ 
RE.SULT 
RETURN 

lf<ASE 
LOAD 
ts~><O 

fso 
RES UL, T 

l,argz 
~RASE 
tsxO 
:Had 
• OAO 
::RASE 
tsxu 
Jfad 
:.: A Q,R 

::AQ,arg1 
;Jfad 
IF _IN REG 
then { 

iii I se { 

;: AQ,R 

l\ny,arg1 
SETUP 
tsxO 
IF_INREG 
then { 

alse { 

Any,Any 

!\_r>.:lg 

A _reg 
apllnteg~r_to_~eal 

arg1 } 

Q,ar g2 
A_reg 
ap!Integer_to_~eal 

arg1 } 

arg2 } 

EAQ,arg2 
dfad ar 1 } 

LOAD EAi~,argi 

dfad ar :12 }} 

Any,arg2 
apladd_any_operator } 
Any,arg2 
SHUP 
tsxO 
LOAD 
SETUP 
tsxo 

Any,arg1 
apladd_any_operatar } 
Any,arg1 
Any,arg2 
apladd_any_operat r }} 

J., arg 1 
1pllntegar_to_Raal 
:irgz 
::;; AQ,R 



s u 

sub_RRi 

RElURN 

u 

IF._INREG 
then { 

~lse { 

RESULT 
RETURN 

IF_INREG 
then { 
else { 

RESULT 
RETUK1'i 

LOAD 
SHUP 
tsxO 
RESULT 
RETURN 

ERASE 
LOAD 
div 
RESULT 
RETURN 

cLi.vi R& 
RASE 

LOAD 
t ~•x 0 
r:i civ 
RESULT 

).,arg2 
::RAS£ A_reg 
ts)( 0 apllntege~_to_Real 

jf so argi 
fneg 0 } 

~ OAOC Q,arg2 
:: RA SE A_reg 
ts)( 0 aplinteger_to_Real 
:Had 
:: AQ 7 R 

::AQ.,argl 
jfsb 
If _INRE.G 
then { 

alse { 

Any,arg2 

arg1 } 

arg2 } 

EAQ,arg2 
dfsb a!"g1 
fneg 0 
LOAD EAQ,arg1 
dfsb ar g2 

Any,arg1 
~plsubtract_any_oper~tor 
Any,Any 

A_reg 
).,arg1 
:lrg2 
l,l 

A_rsg 
::i_,argi 
~pSint~g~r_to_Real 

lH'92 
t:: AQiR 

} 

}} 



ix Ce Multics Seal Code Generator Taoleo 

!: 

d.i.11.i.de_f~R: 

RETURN 

Ef~ASE 

LOAD 
t sxo 
afd.i. 
RESULT 
RETURN 

I INREG 
·n1an { 
eAse { 

t\_reg 
).,arg2 
~pllnteger_to_Real 

argl 
::ACJ.,R 

::AQ,arg1 
lf dv arg2 
IF _INREG £AQ.,arg2 
then ( dfdi 

} 

ar g1 
a I se { LOAD EAQ,~rg1 

dl11.1.de~AA 8 

RESULT 
RETURN 

LOAD 
SETUP 
t S~t 0 
RE.SULT 
RETURN 

mul Hp!y_IU 
!:RASE 
I INREG 
th•rn { 
t!l~•e { 

dfdv ar g; 

:: AQ,R 

l\ny,arg2 
~ny,arg1 

ilpldivide_any_oµerator 
l\ny,Any 

A_reg 
l,arg1 

} 

arg1 

j\ J y 
IF_INREG 
then { 
!ISe { 

arg2 
Q,argz 
mpy 
LOAD ;",t, arg 1 
mpy argz 

::: 1 "next instruction s~ts the carry b.i.t 
"changes auring shift, else sets it= o. 

I I !i 3 o 

if b.i. t 0 

• and tna naxt lnstrJction transfers 1f carry = o, 
•• meair•in:;i th•illt al I of the b.i.ts in the A register, 

} 

}} 

} 

}} 
ever 

,. :m '1 HH:l s .i. y n b .i. t of t he Q w ere e qua I , 11'1 a an i n g t 
" the numo~r in the AG!. was single precision. 

t nc 2, .i. c 
tsxo ~plfixedovertlow_operator 

irs 36 
Rt.SULT l~I 
RETURN 
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mi..,il tiplv~rRg 
ERASE 
LOAD 
tsxO 
Cl frap 
RESULT 
RETURN 

mult.i.PIY_RU 
ERASE 
LOAD 
tsxO 
dfmp 
Rt.SULT 
RETURN 

111 u I ~· .l p I y _RR l 
lf •• INREG 
then { 
else { 

RESULT 
RETURN 

mult.i.ply_AA8 
IF _INREG 
then { 

else ( 

RESULT 
RETURN 

IF_INREG 
t heri { 
~lse { 

R!::.SUL T 

Multics Seal Code :Jenerator Table. 

~_reg 

;;). , arg 1 
3p!Integdr_to_Real 
a r g2 
::. llQ, R 

A_reg 
l,arg2 
~pllnteger_to_Real 

:1rg1 
::AQ,R 

::AQ,arg1 
:If mp arg2 
IF _IN REG EAQ,arg2 
then ( dfmp 
alse ( LOAD 

dfmp 
; AQ,R 

} 

ar 91 } 

EAQ,arg1 
ar g2 }) 

Any,arg1 
:>ETUP 
tsxO 

Any,arg2 
aplmultipty_any_operator } 

! F _IN REG 
then { 

Any,argz 
SETUP 
t SX 0 
LOAD 
SETUP 
tsxo 

Any,arg1 
ap: mu It .i.P ly_anv_operator·} 
Anv,arg1 ii I se c 
Any,arg2 
aplmultipiy_any_operatorl} 

Any,Any 

A_regvarg1 
3na arg2 } 
!F _INREG A_res:itarg2 
tien C ana ~rg 

1isa C LOAD A,ar 
ana ilf' g }} 



Appcrnd.ix c. Multics Seal Coei~ Generator Table~ 

Rt.TURN 

IF INREG l.\ny~argl 
Hien { ;>ETUP 

f:,i)(I) 

~Is• C IF_INREG 
then { 

else { 

Any,arg2 
ap:ano_any_operator } 

Any,arg1 
apSand_any_operator} 
Any,arg1 

Any,arg2 
SETUP 
tsxO 
LOAD 
SETUP 
tsxO 

Any,arg2 
apland_any_operator }} 

0("_88$ 

or __ AA a 

1~.ESUL T 
RETURN 

lF _INREG 
then { 
else { 

RESULT 
f{ETURN 

IF _INREG 
then C 

else { 

Rt.SULT 
RETURN 

catenata_symbol sz 

catenata_symDol_AAs 
NOP 
Rt:J URN 

l\ny,B 

A_reg,arg1 
:>ra argz > 
IF_INREG A_reg,arg2 
then { ora ar g1 } 

~lse { LOAD A,arg1 
}} 

l.\_reg, B 

l.\ny,arg1 
::>ETUP 
tsxO 
IF _IN REG 
then C 

alse { 

ora ar g2 

Any,argz 
aplor_anv_operator } 

Any,arg2 
SETUP 
tsxO 
LOAD 
SETUP 
tsxO 

Any,arg1 
aplor_any_operator 
Any,arg1 
Any,arg2 
aplor_any_operator 

} 

}} 



i:.RASE 
LOAD 
cmpq 
t SX 0 
Rt.SULT 
RETURN 

i i<"!SS_.than._IRi 
LOAD 
ERA SE. 
tsxO 
ofcmp 
tsxo 
RESULT 
RETURN 

less_tn.3n_Rl8 
LOAD 
E RF! SE 
t~,)(() 

afc~mp 

TS>XQ 
RESULT 
RETURN 

I ess_than._RRS 
lf_INREG 
then { 

else { 

RESULT 
RETURN 

h~n Atl3 
ERASE 
LOAD 
SETUP 
tsxO 
Rf:. SULT 
RETURN 

Multi.cs Seal Code :ienerator Taole. 

~_reg 

J,,arg1 
llrg2 
aipl lt_to_bool 
4_reg,B 

).,arg1 
!\_reg 
aplinteger_to_Real 
3rg2 
:.p& lt_to_bool 
4_reg,B 

).,arg2 
~_rag 
3plinteger_to_Real 
:.rg1 
3plgt_to_bool 
~_reg,B 

arg2 
~AQ,arg1 
j f cmp 
tsxO apl I t_to_ooo I } 

IF _IN REG 
then ( 

ai I se ( 

~_reg,B 

~_reg 

4ny,<.H'91 

EAQ,arg2 
dfcmp 
tsxO 
LOAD 
dfcmp 
tsxO 

ar 91 
aplgt_to_bool 
EAQ,arg1 
arg2 
ap I It _to_bool 

!\ny,arg2 
llpllass_than_any_9perator 
~~reg,B 
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~\ppendix Ce 

tRASE 
LOAD 
cmpq 
t SX I) 

RESULT 
RETURN 

gr1.~at nan_ IRS 
LOAD 
'=.RASE 
tsxO 
dtcmp 
tsxO 
RESULT 
RETURN 

;;lreater han_R.H 
LOAD 
ERASE 
tsxO 
~fcmp 

tsxo 
RESULT 
RETURN 

greater_than_RR& 
IF_INREG 
then { 

else { 

RESULT 
RE.TURN 

;Jr~ at er !1an_A Ai 
ERASE 
NOP 
RE.TURN 

I s --'w qua! H 
t. RA SE 

Mult.i.cs Seal Code Generator Tablee 

!\_reg 
:;i,,arg1 
?.irg2 
:iplgt_to_bool 
l\_reg,B 

).,arg1 
A_reg 
3plinteger_to_Real 
argz 
ap I gt _to_bool 
I\ _reg, B 

).,argz 
A_reg 
apllnteger_to_Real 
:arg.t 
apl lt_to_bool 
l\_reg,B 

::AQ,arg1 
:Hemp 
tsxO 

arg2 
aplgt_to_oool } 

IF _INR£G 
then { 

a I se ( 

l\_reg,B 

EAQ,arg2 
dfc''llP 
tsxo 
LOAD 
dfcmp 
tsxO 

ar g1 
ap I It _to_bool 
SA Q, 1u·g1 
arg2 
aplgt_to_bool 

} 

}} 



p<:'!nc:Jlx c. Multics Seal Code :;{jnerator Tabl€l. 

I INREG 
'i l1'1ln { 

else { 

RESULT 
RETURN 

l&S$_or_aqual_IR: 
LOAD 
ERASE 
t S>C 0 
afcmp 
t SlC 0 
RESULT 
RETURN 

iess_or_aqual_RII 
LOAD 
ERASE 
tsxO 
dfcmp 
tsxO 
RESULT 
RETURN 

iess_or_aqual_RR: 

las 

I INREG 
then { 

i::; I se { 

RESULT 
RETURN 

_oqo.,ial.~.AAg 

ERASE 
NOP 
RETURN 

1,arg1 
::: mpq 
tsxO 
IF _INREG 
then { 

alse { 

arg2 
ap£ lt_or_eq_to_bool > 
Q,ar.J2 

ar g1 
aplgt_or_eq_to_bool } 
Q, arg 1 
ar g2 

cmpq 
tsxa 
LOAD 
cmpq 
tsxo ap l It _or _eq_t o_boo I }} 

A_reg,B 

).,arg1 
~_reg 

~p!Integer_to_Real 

:.rg2 
:tpllt_or_eq_to_bool 
A_reg,B 

).,arg2 
~_reg 

~plinteger_to_Real 

:.rg1 
~p3gt_or_eq_to_bool 

A_reg,B 

arg2 
EAQ,arg1 
:Hemp 
tsxo 
IF_INREG 
tnen c 

apl I t_to_boo I } 

ill I SP. { 

l\_reg,9 

EAQ,arg2 
dfc111p 
tsxo 
LOAD 
dfcmp 
tsxo 

Page 130. 

ar gi 
aplgt_to_bool 
EAQ,arg1 
ar g2 
ap 1 lt_to .. ' oot 

} 

}} 



Ap ndix c. Mult.1.cs Seal Gode :ienerator Table® 

gruater_or_equal_II: 
ERASE ~_reg 

l F IN REG l , a r g 1 
Hlen { :::: mpq 

tsxO 
~Isa { IF_INREG 

RESULT 
RU URN 

greater_or_P~ual_IRi 

then ( 

alse { 

~_reg, B 

l.AO J,,arg1 
tc.RASE !\_reg 

arg2 
aplgt_or_eQ_to_bool } 
Q, ar 92 
cmpq 
tsxO 
LOAD 
cmpq 
tsxO 

arg1 
apllt_or_ea_to_bool > 
Q, arg 1 
arg2 
aplgt_or_eq_to_bool }} 

tsxO 3p!Integer_to_Real 
dfcmp ~rg2 
tsxO aplgt_or_eq_to_bool 
RESULT ~_reg,8 

RETURN 

greatar_or_aqual_RI& 
LOAD J,,argz 
ERASE A_reg 
tsxD ~p!Integer_to_Rea! 

afcmp !lrg1 
tsxO apllt_or_eq_to_bool 
kESULT ~_reg,8 

RETURN 

greater_or_aquai_RRi 
IF_INREG ~AQ,arg1 
1 hen { :lf cmp 

tsxO 
arg2 
aplgt_or_eq_to_bool } 

else C IF_INREG 

RESULT 
RETURN 

=·'qua! As 

then C 

a!se C 

t:RASE li_reg 

EAQ,arg2 
dfcmp 
tsxO 
LOAD 
dfcmp 
tsxo 
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ar g1 
ap!lt_or_eq_to_booi } 
EAQ,ar·g1 
arg2 
ap I gt 



tipp~nd! x c. MilitiCS Saal Goeie Generator Table9 

NOP 
RETURN 

a qu<::. I H 
ERl~SE. ~_reg 

IF _INREG ).,arg1 
tl'len { :mpq argz } 

e I :;;e { IF _INREG Q,arg2 

t "I en { cmpq ar g1 } 

a I se { LOAD Q, arg 1 
cmpq arg2 }} 

ir sxo :lpleq_to_bool 
RESULT A _reg,B 
RU URN 

'~qua I _IiH 
E.RASE A _reg 
LOAD 1,argi 
tsxO 3plinteger_vo_Real 
ofcmp :trg2 
ts.XO :ap3eq_to_bool 
RESULT A _reg,B 
RH URN 

equal_R.r: 
ERASE A _reg 
LOAD ).,arg2 
tsxO :apllnteger_to_Real 
dfcmp :argi 
tsxO :apleq_to_bool 
RE.SULT A _reg,B 
RETURN 

liHlUa I _RRi 
If _INREG :.AQ,argi 
th~n { :if cmp arg2 } 

else { IF ~.INREG EAQ,arg2 
tnen { dfcmp ar gi } 

i I se { LOAD EAQ,argi 
dfCMP ~F' 92 }} 

tsxO l!IPieq_to_bool 
RESULT ~ _reg,B 
RETURN 

~Qua I 
f",_.INREG I\ _reg, ar~H 

tlrH.m { ;~ mpa arg2 -. 
.JI 

p,lq•:o J -~ 



e I se { IF _INREG li_re gt arg2 
then C cmpa arg1 J 
$ISe { LOAO A_reg,arg1 

cmpa arg2 )J 

'" tight f.i,t t1ere: eq_to_bool w.i.H destroy A_r-eg, 
" out £!{ASE opl:!ratioi won•t destroy mac'line indicators. 
" Mlght be safer to ::i I ways ERASE then LOAD arg1 into A_rago 

ER~SE A_reg 
tsxo ~pleq_to_bool 

R~SULT ,_reg,8 

equal_PF'S 
equal __ ssi 
e Qu<:i I __ A1'.i2 

RETURN 

NOP 
RETURN 

not _equ.l ! _I Is 
t.RASE 
If _INREG 
then ( 
else C 

tsxO 
RESULT 
RETURN 

not_~qu.»i _IR& 
LOAD 
£RASE 
tsxO 
a fcmp 
tsxO 
Rt.SULT 
RETURN 

not~equcll U 
LOAD 
ERASE 
tsxO 
<Hemp 
t :c;xO 
Rt.SULT 
RETURN 

A_reg 
).,arg1 
:: mpq 
IF_INREG 
then { 
else c 

arg2 
Q,argz 
cmpq 
LOAD 
cmpq 

3plne_to_bool 
A_reg,B 

l,arg1 
A_reg 
;iplinteger_to_Real 
:trgz 
3plne_to_bool 
l\_reg,B 

l,argz 
A_reg 
aplinteger_to_Real 
~rg1 

iplna_to_bool 
l\_reg,B 
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} 

ar ~1 
Q arg1 
a"g2 

} 

}} 



not~f.H'ludl i 
IF_,INREG 
then { 
else { 

t sxO 
RESULT 
RH URN 

not __ equ<ll I ._BB& 
IF_INREG 
then { 
els.e ( 

ERASE 
t S)CO 

RESULT 
RU URN 

n.:>t _equdl ._PP: 
not _equal _ssa 
not_equ<lll_AA& 

NOP 
RETURN 

shape_UL l 8 

shdpe_L.i. I & 
shape_UR & 

~hdpe ... U B s 
shape_liP z 
shape __ li S: 
shape_.UG: 
sh.aipe_L.1. A a 

NOP 
RE.TURN 

~ncponianti ate._II~ 

0X;)Ol'Hmt j, atc_IRI 
!iilXPOnlilnt},, ate_RI g 

exporHmt" a't~_RR: 
~1xponenri.at AS 

NOP 
RU URN 

:'.AQ,arg1 
::If cmp 
IF _IN REG 
then { 
!ISe ( 

arg2 
EAQ,arg2 
dfcmp 
LOAD 
dfcmp 

:iplne_to_booa 
4_reg,B 

A_reg,argl 

} 

cH" 91 
EAQ,arg1 
arg2 

:mpa argz } 
IF_INREG A_rag,arg2 

} 

}} 

t~en c cmpa argA } 
~lse C LOAD A_r~g,argl 

cmpa arg2 }} 
~ .•. reg 
aplne_to_bool 
A_reg,B 



comp I er1H:H• t _£H 
LOAD 
eri:il 
RESULT 
RETURN 

complem~nt~A: 

lock_Gs 
I ock tu 
unlock_G~ 

LOAD 
t SX 0 
RESULT 
RETURN 

NOP 
RETURN 

LOA DC 
RESULT 
RETURN 

IF _INREG 
then ( 
t: I SEll { 

RESULT 
RETURN 

LOAD 
tsxQ 
RESULT 
Rf.TURN 

un I CH.':ke~I\ & 
test_locf'i __ GN8 
t•;:ist ~I ocf<_AN8 

NOP 
RETURN 

case~"ot !\13 

Multics Seal Gode :Jenerator Table. 

~_reg,arsH 

=oitOOOOO,du 
A_reg,B 

~_reg,arg1 

~plcomplament_any_ooarator 

~ny,B 

}.,arg1 
}. , I 

;AQ,arg1 
fneg 0 } 
.OADC EAQ,arg1 } 
EAQ,R 

Any,arg1 
iplnegata_any_operator 
Any,Any 

CASE_USAGE:. 
RETURN 



casei.\mit,_Cit 
ERASE 
I oa 
LOAD 

tsxO 
RESULT 
RETURN 

case)ump_ICS 

Multics Seal Goda Generator Table. 

~ 

1, d I 
J.,argi 
:arg2 
31pleq_to_oool 
1\_reg,B 

LOAD Q,arg1 
ALLOCATE_CASE arg2 

••no RESULT pattern-:>p; output wil I be set directly 
•• oy t11a ALLOCATE_CA5E. pattern operator. 

RE.TURN 

NOTE_FLO~C1ANGE 

tra irg1 
RETURN 

1.>r,mch_tr ue_NB: 
NOTE_FLOWC-iANGE 
LOAD l_reg,arg2 
tmi :irg1 
RETURN 

oranch_tr ue_NA: 
NOTE_FLOWC-iANGE 
ADD_REFERE~CE argz 
TYPE_CHECK B,arg2 
LOAD ~_reg,arg2 

tmi sargi 
RH URN 

brdlnch~1'<a I se_.NBI 
NOTE_FLOWC-IANGE 
LOAD ~_reg,arg2 
tpl :11rg1 
RE.TURN 

or~rnch.~f;;; I S!i:!~.NA: 
NOTE_FLOWC-IANGE 
AUD_REFERE~CE arg2 
TYPE_CHECK Bearg2 
LOAD l_reg,arg2 



Appenc;Hx c. Multics Seal Code ~enerator Taoieo 

tpl :irg1 
RH URN 

NOTE_FLOWC1ANG£ 
FILL_USAGE. 
RE.TURN 

procedure_.NNS 
Gt.N_OEF 

entry_location& 

arg1 

eax7 J "w.i.llbestacks.i.ze. 
eppbp 5bl4o,• " seal_opMrators_Soperator_table 
tspab Jplentry_operator 

entry_control_word1& 
oct J .. fU led in later. w.i.11 be 

" stack temp ate offset 8.. s.i.ze~ 

RETURN 

segdef antry_controf_word1_offset 
entrv_cantrol_word1_Jf fsetl 

zero o,entry_control_word1=entry_tocat.i.on 

element_Ni 

list_cs 

SE.T _SlACK_S IZE 
RETURN 

GEN_LINK :. r g1 
RETURN 

FILL_LIST :1rg1 
RETURN 

i~lLOCATE_LI ST 
RH URN 

ar~~.I ist _cs 
ALLOCATE_A~G_LIST 

RETURN 

LOAD 
J\R(;_PTR 
RETURN 

3P,argi 
3P,arg2 

arg1 

arg1 
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ADIJ_REFERE'd GE 
T YPE_CHECK 

" fcil I through into :ALL_PN code. 

cal l_PN& 
ERASE 3 i:j 
t.RASE 5 ti 
ERAS£ Q P 
IF_OPERAND argz,ls_zero 
then { appab aplnull_ar1_11st 
else { 
epplp 
LOAD 
tsxO 

.OAD AB,argz 
splseai_frame.linka~e_ptr,• 
3P,arg1 
3plcall_operator 

} 

} 

"fh.is pattern has 
•• currer\t I y no way 
" P0rhaps CALL can 

n:> RESULT pattern-op oecause there is 
t:> talk about a retu~n value. 

•• CALL 

ret_Is 
,..,~t_R: 

ret _Bi 
ret_Ps 
ret_si 
ret_Re: 
ret _us 
ret_Ax 

tsxO 
RETURN 

NOP 
RETURN 

tra 
RETURN 

rejucti~PLii 

re:iuc ig 
NOP 
Rt.TURN 

d:> it in the future. 
irg1,arg2 unused. 
iplreload_registers_operator 

~plreturn_operator 

SET_BLOCK :irg1 
RETURN 



~\ppenclix c. MultJ.cs Seal Code Genel"'ator Tabla. 

TYPE_CHECK U, arg1 
•• 1al i Ha to select_N[ cod~. 

se1Elct_NI8 
E..R/.\SE 
Ida 
LOAD 
Qr! 
cwl 
tze 
tsxo 
LOAD 
eppbp 
RESULT 
RETURN 

!4_reg 
1 t di 
).,arg1 
18 
:srg2 
~de 
~plsubscript_error_operator 

i,arg2 
~rg1,•q1 

:l P, Re 

nop ),di 
Rf.TURN 

mode_select_NN& 
MOOE_SELECT 
RETURN 

line_number_c: 
RETURN 

RETURN 

encode_;H ms_NC & 

enc ode~va I ue_NC a 

encode_mode_NCS 
NOP 
RH URN 

ERASE 
LOAD 
cmpa 
tpl 
neg 
lrs 

l 
l\_reg,<H"91 
J , d I 
~de 
J 
36 
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RESULT l,I 

atan_Is 
dtan_Ra 
atan_A& 

boolean_r: 

boolean_Rs 

RETURN 

LOAD 
cmpa 
tpl 
fneg 
RESULT 
RETURN 

NOP 
RETURN 

NOP 
RETURN 

E:.RASE 
LOAD 
cmpq 
t i.e 
ldq 
I Ir 
RESULT 
RU URN 

LOAD 
afcmp 

" Next &nstruction 
•• I eaves the A_reg 

tze 

ce.1,I 
ceil._I$ 
CIC:! I g 

Ida 
RESULT 
RU URN 

::AQ.argi 
l 'd l 
2 tic 
il 
:: AQ, R 

A_reg 
l,arg1 
0, d I 
2' i c 
=0400000,du 
3b 
Q __ reg, 8 

:: AQ,argi 
:: 0. Oe 0, du 

assumes that a floating polnt zero 
::: 0 • 

2 tic 
=01+00000,du 
!\_reg,B 



Appendix c~ Hult.i.cs Seal Code Generator Tablee 

de let 
de I eted.\r _s 8 
det ach __ s i 

itucp_I i 
~xp_RZ 

exp_A a 

flno_ss 
t .i.nd_.u 

f I oor __ R& 
f I -.>or __ u 
t I oor _A: 

.i.nteger_Is 

.i.nteger_Rs 

.i.ntegar .. B a 

.i.nf"-'lger~.,ss 

.i.ni»ag~r_A a 

LOAD 
RESULT 
RETURN 

LOAD 
tsxO 
RESULT 
RETURN 

LOAD 
lrl 
RESULT 
RETURN 

NOP 
RI:: TURN 

:: AQ, arg1 
~plReat_to_Integer 

ltI 

A_reg,arg1 
71 
ld 



io~10 ~ 

! og10_fH 
Io~ 10_1u 

reaa_r: 

red I _R: 

raal_Bt 

red I _S g 

reai !_ Ag 

s.i.gn_Iz 

sL~n 

NOP 
RETURN 

E. RASE 
LOAD 
tsxO 
RESULT 
RETURN 

LOAD 
RESULT 
RETURN 

ERASE 
LOAD 
lrl 
tsxo 
RESULT 
RETURN 

NOP 
RETURN 

ERASE 
I dq 
szn 
t za 
tmi 
idq 
tra 
lcq 
RESULT 
RETURN 

:\_reg 
l,arg1 
3p!Integer_to_Real 
;AQ.,R 

::AQ,arg1 
::AQ,R 

l 
l\_reg,arg1 
71 
jplinteger_to_Re~I 

;AQ,R 

l 
l , d I 
3r91 
:i de 
3,ic 
1, d I 
2dc 
1,dl 
J.,I 

!::.RASE ~AQ 
i c,JQ g ., d I 

•• :: 0 0 
•• <O -1 .. >O 1 

xt instructiln "iii correctly test a ~Jubie precision 



Ap x c. Multics Seal Code ;enerator Table. 

•• number for being <O, =O, or >o, whi.ch is al I we nee de 
" Cthera ls no atszn instruction>. 

fszn :u·g1 
tz.e :>,ic 
tmi 3 ,.i.c 

s.i.n._It 
s.i.n_R z 
s in_tu 

s.i.ze_sa 
size_AI 

sqrt_r: 
sqrt _RZ 
sqrt_As 

symbo l_U 
SYlllbO I _Re a 
symbo I _Uc 
SVfllbO l_iH 
symbo l_tH 
symbo I _Sa 
symbol_A: 

tan_IS 
t an.,$R 8 
tan_As 

trunc_R: 
trunc~Ag 

I dq 1., d I 
tra 
lcq 
RE.SULT 
RETURN 

ere at lfJ_NO s 
cr0at 

is NNt 
NOP 
RETURN 



Appenaix C@ Multics Seal Code ~enerator Tablao 

ERASE .P 
ERAS£ :i B 
IF_OPERAND arg1,ls_zaro 
then ( appbp aplnull_pointer,• } 
else ( ~OAD BP,arg1 } 
tsxO ip~get_operator 

RE.TURN 

put _N: 
ERASE _p 
ERASE ::; d 
IF_OPERANO arg1,1s_zaro 
then C appbp aplnull_pointer,• 1 
else ( LOAD BP,arg1 } 
-tsxO iplput_operator 
RETURN 

createcHr _SSi 

ed.i.t_rs: 
adit_RSt 
ecH t_AAI 

NOP 
RETURN 

ADD_REFERE'!CE 
LOAD l,arg1 
cmpQ irg2 
t1i:>1 2,1c 
LOAD l··arg2 
RESULT l d 
RE.1' URN 

arg2 

ADO_REFERE~CE arg2 
OAO ~h arg1 

ERASE Ci_reg 
tsxD 1p&Integer_to_Real 

fcmp H'92 
t ! :? de 
LOAD ~AQ,arg2 



max_AtU 

m.i.n_IU 

Appanaix C~ Multics Seal Cad~ ~enerator Taole. 

RESULT :: AQtR 
RETURN 

AOO_REFERE~CE arg1 
ERASE A_reg 
LOAD ljarg2 
tsxO jplinteger_to_Real 
ofcmp :lrgl 
t mi 2 , .i. c 
LOAD ~AQ,arg1 

RESULT ::A,GltR 
RETURN 

AJO_REFERE~CE arg2 
LOAD ::AQ,argl 
d fcmp :.r 92 
tpl 2 ,ic 
LOAD ~AQ,arg2 

RE.SULT :: AGl, R 
Rf:.. TURN 

NOP 
RETURN 

ADO_REFERE~CE arg2 
LOAD ltarg1 
cmpq :irg2 
tmi 2 tic 
LOAD l,a~gz 
RESULT l,, I 
RETURN 

AOO_REFERE~CE arg2 
ERASE A_reg 
L o Ao l , a r 9 :I. 
tsxo 3PIInteger_to_R~al 
i;,;fcmp :irg2 
tmi 
LOAD 
RESULT 
RETURN 

2,ic 
::AQ.,arg2 
~AQ9R 



m.i H 
ADO~REFERE~~E arg1 
ERASE A _reg 
LOAD :;t,arg2 
tsxO 3plinteger_to_Real 
afcmp :»rg1 
tpl 2 de 
LOAD ::AQ,arg1 
RIESUlT :: AQ, R 
RH URN 

AOO_REFERE~CE arg2 
LOAD ~AQ,arg1 

afcmp arg2 
tmi 2 ,J.c 
LOAD ~AQ,argz 

RESULT ::AQ,R 
RE.TURN 

min_ AAS 
NOP 
RETURN 

moct_I II 
ERASE !\_!"eg 
LOAD ,J.,arg1 
div 3rg2 
I rl 36 
RESULT .).,I 
RETUlm 

mo~1_IRg 

mo:l_RI8 
mo;;CRR3 
llHh.l_AA: 

r~rH;im 

round~RG~ 
r 01.md~_t,::; $ 

NOP 
RETURN 

~".lnd 
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