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example: s:expr 

where: s is a symbol. 

value: Tae vdlue ot �s�:�e�x�~�r� LS the value ot expr. 

side effects: The symbol s becomes a label of expr. 

use: 

comments: 

label 

To attach labels to ex J:lressions so tUdtthey may 
be the �t�d�r�~�e�t� of a �~�o�t�o� fUnction. 

The colon �~�s� d �S�y�u�t�d�c�t�~�c� �m�d�r�~�e�~� that Lndicates 
that some sywnol is a label dnd indicates the 
�e�x�p�r�e�s�s�~�o�l�l� that �~�t� IdDels. 

A laDel �~�s� a read only value �i�n�~�t�~�a�l�i�~�e�d� at 
comJ:liletime. 

Labels �a�p�~�e�a�r� to.be useful primarily for object 
code created Dj trdnslators tram other Idnyuages 
and liot for �l�l�d�t�~�v�e� moue 51 �p�r�o�~�L�d�m�m�i�n�~�.� 

�P�o�s�s�~�D�l�i�,� �~�t� �w�~�l�L� De found that only statements 
can be labeLed, �a�n�~� that Lt LS too costly to be 
able to label expressions �~�n�s�i�d�e� statements. 

l.di"i �~�v�N�F� IV.t;;.NTIA1 label 
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examples: 

wh.eJ:"e: 

value: 

THE MA~-MACHrNE lNT~RFACE IN AFS 

a lambda y 

(Xif) lambda {stmt;stmt;stmt} 

a ~s an o£dered-l~st Df symDols. 

9 is a 9J:"ouP 

x and yare symbols. 

An n-ad~c fuuction whel:e li is the uumbel: of 
symbols in tbe lett al:gument. 

side effects: None 

use: A lambda e~pression may be assigned to a symbol, 
making it a fuuct~ou symbol. Altel:natively, the 
ldmbda e.l(t!l:ess~on lllay De useJ l..n Flace of a 
funct~on symbOL LU dU expl:ession. 

commehts: The lambda e~t!re5sLon is the means, in SL, to 

.deferences: 

lambda 

extend t~e functLons available. 5L may be 
extended in data types by det~ning new access 
machines. To accolllmodate new data types, cld 
funct1..ons must be I.:edefined by dssi;Jnl.ng to them 
the value ot an appr:opridte lambda expression. 

The lldmes 
g.l.ven l..ll 
they must 
funct ion. 

or tae arguments of the function are 
the sYlllbol list in the oJ:"der 1..0 which 
appeal: iuan expressLon that uses the 

2.2.3, 2.6. 1.2 

lam bda 
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examples: 

where: 

va lue: 

183 

parallel Ij 

paral~el lstmt;~tmt;stmtj 

g is a group. 

A vector whose elements are the values of the 
statements ~ompr~s1n~ tne group. 

side effects: None 

use: To stdte that the statements compr1s1uy. the group 
may be executed 1n ~arallel or.Ln any order the 
machiueselects. 

References: 2. 2. 5, .2. ti. 9 • .2 

parallel ~BM CONilDENTLAL parallel 
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examples: f(stmt;stmt;stmt) 

al (b+c) 
value: Parentheses do not ~nhibit the ~mplicit invocation 

mechanism so the value ot a portion of code 
delimited by pdrentheses ~s either the value of an 
expd:~ssion or a l~st of values of statt=ments. 

side effects: None 

use: A pail: of fldrtm Laeses is used to delimit a flort ion 
of code w~thou& ~nhinit1ng the implic~t invocation 
mechani s m. 

comments: 

Refecances: 

parentheses 

One specif~c use or parentheses is to control the 
order of executLon of functions in an expression. 

Another specif~c use at parentheses is to delimit 
the argument l~st of all n-adic funct~on ~hen n 
is greater than 2, and when, as is usually the 
case, the arguments art= to be evaluated before the 
function ~s evaLuated. In SL, such a function is 
interpreted to be a monadic lunction that takes 
the argument list as 1ts argument. 

parentheses, ~t ~s necessary to 
serlUco.lon and braces. Head first 

de11m~ters and then the pages on 
Draces, and semicolon. 

To uncle rstand 
understanc.i the 
the page on 
pdrentheses, 

deIim1ters, urdces, sem~colou 

IBM CONFID~iTIAL parentheses 
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example: 

where: 

value: 

side etfects: 

use: 

Reference: 

( 

remove 

lb5 

remove x 

x is an object. 

x 

A cOPJ 
that·1.f 

of unda% 1.5 placed in the storage cell so 
x is evaluated a~ain, au error exception 

is raised. 

To remove the contents ot a storage cell without 
destroying the cell. 

2. 1.6 

Iba ~0~FIDBNTIAL rem ove 
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IIhere: 

side effects! 

use: 

References: 

repeat 

f! rapea t 9 

1 sto wi; (i(10) re peat (i+1 stOWlo; stmt.stmt;stmtj 

P is a pr~dicate, aD expression that evaluates to 
1 or 0 

g is a group ox statements 

i is an integer 

None 

The left argument l.S evaluated. 
one, the argument on the right is 
the left argument LS reevaluated 
repeated. If the value of the 
zero, exec utLOll ~l1ds. The value 
the last expression ex~cuted 

argument. It the CLybt ary~ment 

at all, tbe value loS nLl. . 

If lo ts val ue is 
evaluated. Then 
and the cycle is 

left argument is 
is tile value 0.1 

ill the I:l.ght 
LS not evaluated 

'rue second example .l.S equivalent to , lon l:>L/I: 

DU 1=1 TO lv;stlllt;stmt;stmt;END; 

The exten<.l.ed l.nf,l.x fOLm will t>robably hav'e a 
DO-statement of this sort. 

repeat 

\. .. ./ 
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examples: x re~lace i 

where: x and y are obJe~ts 

value: The value ~s d copy ot x. 

aide effects: The oDject y LS d~stLoye~, unless y refuses to 
destroy itself. In tuis case, i rellla~ns unchanged 
and an exception occurs. 

use: Usually re~lace LS used Wheil ooe argument or the 
other ~s an ex~ress~on that bas the value ot an 
oDject. Then it ~s possible to make an object 
that ~s it copy of a component ot anothec object or 
by usin';i ~nsert, to add a copy 01 ail object as a 
new elemeut of another ObJect. 

comments: 

replace 

Notice tnat r~~ldc~ Changes the whole 
Doth access lIl~ch~n~ and r~source. stow, 
other hand cuan~es only the ~esource. 

References: ".1.7, 2.6.4 

object, 
on the 

rel'lace 

I 
I 
I· 

I,· 

I 
r 
II 

~ 
11 
~ 

r 
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·\:!xample;': 

where: 

value: 

comlllan t: 

References: 

delect 

THE MAN-MA~HIN~ ~NT~BFACE IN Af3 

i Sl:!lect x 

i select x stow y 

x is a collective ouject. 

i is a mambeI: 01; a synonym for a member of the 
index set of x. 

Y is an object whose access maclli!le is suitable. 

An implic1cly def1ned synonym f01 a member of the 
right argument ~hoSe index is the left aI:gument. 

select tioes uot create a copy but merely 
1dentities soma parcor parts 0% the collective 
object that coustl.tutes the r1':lht argument. To 
create a copy, ~t is possible to use a stow 
funct10nas 1H t.b.e second exaillfile. 1n this case, 
tbe target y must have an access m~chine that is 
suitable tor the l.tD element ot x. 

2. 1.5, 2.6.3.1 

IBM ~ONfIDENTIAL select 
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e.xamples: 

value: 

side eff ects: 

comments: 

References: 

(-

semicolon 

SUMMAR1 OF U&Sl~ lNF1X pOrla 189 

{stmt; stmt; stllltj 

t(xa.z) 

Semicolon does not h4ve a value. 

The seru~coron.l.s a dS.l.illliter Villose precedence is 
lower than ant .tunctioll or functional. If two 
expressions ard adjacent, one must be an operator 
and the other must be one of .l.ts arguments. 
HoweveJ:,.l.f a se lIi.l.colou inter veues, they nee eme 
two elements of a l.l.st. As such, they are called 
sta temen ts. 

The difference between a statement aud an 
expression is tuat a statement .l.S a member of a 
gtoup of statements aud then, Wben the ~roup is 
evaluated, tae value of a statement .l.S discarded 
after the execut.l.OU cursor passes the semicolon 
and before evaluation of the next statement 
beS/ins. 

The semicoron is used to delimit the arguments of 
an n-ad1c fUnction when n>=3. Tae comma ~s not 
used Decauss .l.t is reserved to be used as the name 
ot a function. 

To understand the sem1colon, it is necessary to 
understand brdces aud Pdrenthe~es. Head first the 
page on de~imiters and then the pages on braces, 
parentheses, an.a seml.colon. 

2. 2. :2, Je.li III.l. te L.\:i, braces, parentheses 

IBB CONFIDENTIAL semicolon 

I 
It 

I ~, 

ii 
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shape a 

where: a is an array 

value: A list of inteyers of lengthr where r is the 
rank of th~ array (the membet ot d~mensions) and 
the 1th elemeut 1ll the list is the size of the 
ith dilllens.1.on of th~ array. 

side effects: The list is cre4ted •. 

shape IBM CO~FIDENTIAL shape 

,f' 
I ',,,, 
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examples: 

where 

191 

X stow y 

x and 'i are ou]ects or ar~ expre.:::;siolls that have 
the value of objects. 

value: The value ~s an oDject that has the access machine 
ot y and t~e retiOUrCd of the value of x. 

s~de effects: The left aLgumeut iti eVd~udted. fhen, the right 
argument is eval Ud ted. F l.nally, the resource of 
t.he value ox. the right argument replaces the 
resource of tue val. ue of the left a rg umen t. 

uses: This is the normal assignment taat takes place in 
languages like eL/l.. 

comlilents: 

References: 

st01ll 

To produce the ~l.na ot assignlilent that appears in 
APL tiee replace. 

2.1.4, 

l.BM CONFIDENTlaL stow 
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exalllple: 

where: 

value: 

THEMAN-MA~HL~e I~fERfA~E IN AFS 

syn x 

x is au object. 

A synonYIIl that ~rovides authorization for dccess 
to x. 

side effects: The synonym# an obJect, 1S created. 

use: A synonym LS 11~a d ~01nter, but Lt has safeyuards 
so that ~t Cdnnot be used except by re~uests with 
the propeL autuor1zation. UnlLKe a pointer, a 
synonym autoUi at Lcally passes all a utnon. zed 
requests to the aDject to whicb it points, whereas 
a pOLnter demands a Iurtker operat10n on it to 
produce a value. 

comments: It 1S not poss1Dle to convert data 0% auy other 
kind to d syuonYliI. Th1S ~rotects the system 
Lntegrity froil 1ncursions, SUCll as can be 
accompl1shed by ada1ng integers to PL/I ~01nters. 

Refere nces: 

syn 

To yener ate a 
already ha;;;) it 
function. 

synonym with fewer r1ghts than one 
1S necessary to use the authorize 

SynonYllls dre nae~ed for aata base applications. 

2.1.5, 2.6.3.5# 2.1.4, authorize 

syn 

/ 
I, ,/ 
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From the precedLng discussLon and a Knowledge of APL., the 
dpproximate meaning ot the fol~owin~ w11l be obvious. There are 
a total of 59 funct.1.ons.1.u th.1.s category. Notice that some APL 
tunct10ns are defined elsewhere dnd are not l1sted here. the 
nyphen indicates when a d,tadl.canQ monadic tunct10n are related. 
~heu the SL nallle differs tram the APL name, it is snown in 
parentheses. 

11Q!!~di£ 
plus 
recip.I:ocal 
negatiVe(m.1.DUS)­
signulII 
ceL11ng 
floor 
ex~onential(exp)­
na t .log (In) 
maljn itude 
sin 
cos 
tan 
arcsin 
arccos 
arctan 
sinh 
cosb 
tanh 
arcsinh 
arccosn 
arctanh 
not 
membe.I:ship 

ravel 
revet"se 
transpose 
grade up 
grade down 
pi times 
reduction(reduce) 

Qyi!~!.£ 
pl. us (sum) 
U1 v Lde (<juotien t) 
ilil.nus(d.itference) 
ti mes (product) 
maX.l.lIlum 
IUfi.l.lIlUm 
power 
log 
res.l.due 
and 
or 
ndnu 
nor: 
less (1 t) 
not greater(le) 
equal (eg) 
110t less(ge) 
greaterige) 
not e<jual (ue) 

ta~~ 

dI:Oj;l 

reshape 
catenate 
rotate 
trauspose 
compcess 
expdnd. 
outer PI:'oJ.uct 
l.uae I:' pI:'od uet 

someone might argue that the c.1.rcular .LUllct10ns are just one and 
not 13 iunctions. From one pol-nt of view, thet are 13 functions 
with hard-to-rememoer names. 

IBM COl~~' IDENT IAL 

i 
I' 
~ 

I 
I 
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The following 38 functions dre d~~iuad or identit~ed elsewhere in 
this report: aguire, augment, ~a~e value, claim, connect, copy, 
delay, delayed parse, destroy, tree, identify, ignore, index, 
inject, insert symbol, ~nteojuCa,list, load, locate, map, 
member, monitor, namsvalue, pOlone, prioI:ity, quotiellt_remainder, 
release, representat~on,send answer, send message, sLgnal, step, 
suspend, translate (dyadic), tl: ansl.ate (monadic), u It imate, uni que 
name, wait answer, wdi t lIiessage. 

Defined in 4.3 
Identified by APL 
Indentified elsewhere 

28 
59 
38 

12~ 

The complexity of 5L can be measured roughly by compdcLny it to 
APLIHti::: b perf o.cms a much more c onstraloned function but has large 
areas 6f similarity. To do this the A~L fUnct10ns that remain 
will be dientified. 

There are 8 APL functions that have clear conterparts among the 
5L funct~ons mentioned: branching(goto), function 
definl.tion(lambda), lOCdl var1dnle identif1cation(declare), 
speCification (replace), siJ;e (silape), tI:ace con teol (monitor arid 
ignore), label (label), indexing (select), comma (augment). 

rhere are 50 more APL fuuctions to do things tuae 5L will do but 
tbe re~ationship is not direct either Decause the details have 
not been worked out or because the work is done difierently. In 
some cases the work is actually done by functions already 
identified. These are: editill~ control, editl.ng . ~arl, display 
controls, locked function, stop controL, terminal input, 
character input, 34 system commauds, 9 system aependent(I-beam) 
functions. In SL all of· these thl.n~s will be done with the kind 
of functions so far identl.fied. Taere will not be the diversity 
seen in APL/36u. 

~inally there are 9 APL 
programmed: 

functions that w~ll probably be .{ 
l 
"--
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encode 
factorloal 
roll 

SUMMARY O~ BASI~ INFIX fORM 

decode 
Dlonomial coettlociant 
deal 

three square roots at sums of s~uare~ 

1~5 

No decision has been maQe a5 to which of these marginal APL 
functions belong in the basl.c ~nil.x level ot SL and which should 
be proqrammed. It may be, tor example, that none of the clorcular 
functions will be in the iTlachine language. HOifever, allot. them 
will be in the extended l.ntl.X torm dnd allot. them will be 
supported where they appear loll tae varl.OUS favored hloyh level 
languages. With this iniormatl.on, tl~ languages can be compared 
as follows: 

APL/360 functions with d~rect 5L counterparts 
APL/360 functions 5L will cover 

APL functions to be programmed 

SL functions with clearly deiineu APL counterparts 
Other ~dentitied 5.L tunct~ons 

67 
50 

117 
y 

126 

67 
5d 

125 

Clearly more I:unctions inll De adiltHi to 5L. dowever, it seeDls 
clear that SL will be oniy a 11.ttle more compllocatel that APL/360 
while providing much more capaul.litj. 

IBM CONFlDENT~A~ 
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E~AaPLES uF SL PROGRA35 

T~is chapter demonstrates tue suitabil~ty ot SL as a target 
language for the transldt~ou of programs from PL/I, COBOL, 
POHTdAN, APL, hPG and LISE. For each of taesa langaayes, typical 
program· constructs are illustrated (alollY with contextual 
information when a~propriate) dnd followed by an equivalentSL 
construct. Tbe 5L exam~les given are written ~n the basic infix 
nota ti on (refer to Sec tion 4. J) • 

Programs written in SL .to accompl~sb these same purposes would be 
much simpler since they woulu not involve the complexities of the 
various source languages. 

Example of simple case of PL/I ))0 statement: 

DO I = 1 TO 10. statement_l~st; EN)). 

The 5L code for the above ~s: 

)->I; {I+l->IS10Jrepeat(statement_list} 

In a somewhat more compl~cateQ case with var~ous data types 
involved in the iteration caiculation, there can be rounding 
problems thatp:LOhibit tue simpLe initializat~on used above. 
Furthermore the value 01: tile iteration limit CdR be cuanqed 
during the iteration so there must be a tempo~ary.In this 
case: 
DO 1=1 TO N; 

statement_list 
END; 

Equivalent SL group: 

{declare C unique; 
(0 stow C; 

(eval(C select t{l stow r }. 
(I sum 1 stow I Ie N stow Cj 

} 
,f .. 
! 1, 

'-
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} 

} 
} rapeat {~ta.tement_listl 

} 

197 

The general case ot the PL/l DO statement is much more 
complicated than the ord~naLY user realizes, or can utilize 
often. A tull explanat~on OL the interaction aL the TO and HI 
clauses with the WHILE option, wLth more tnan one specification 
present, may be fauna ~n the PL/I ~anguaye SpecLiications 
manual (Y33-6003-1, pp 144-140) or the PL/I (F) Language 
Reference Manual (C28-U201-2, pp 3b4-3b7). TnLS general case 
can De programmed in 5L uSLny d sLuyle SKeleton (with the 
possioility of Lepea~iny one section as toe multiFle 
specifLcatLons re~uLie), suust~tutiny tor the ndmes ot the 
variables used in the DO statement. Au example af tais is ~hown 
below: 

DO I=Jl TO Kl HY Ll~HILE(~l>, 
J2 TO K2 BY L2 WHILE(E2), 

• • • 

END; 

~quLvalent SL group: 

(declare U V W C BODY TEST ilD~que~ 
synlstatement_listJ stow BUDt; 
syn{signum V Is 0 selectlI Ie UtI ye Uj} stow W; 
to stow C; 
;:;yn{evdl .. dud Elj stow'I'EST; 
{eval(C select {[Kl stow U;Ll stow V;J1 stow l;lESf stow C}; 

} 
} ra peat HODY 

j ; 
{J stow c; 

{I sum V stow I;TEST } 

syn(eval Wand ELJ stow T~~f; 
(eval(C select llK2 stow U;LL stciw V;J~ stow I;TEST stow C); 

} 
} re pedt BODY 

} ; 

• 
• 

[I sum V stow .1j'rESi' } 
j 

ltiM CO~'LDENTIAL 
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} 

~ote that the first three lines ace the setup co~e wb~ch need be 
present only once regaraless at the number OE specifications 
appearing in the origina.l !!l./I 1)0 statement. These are foL.lowed 
~y a pattern ~roup wbich is cepeated once perspec1tic&tiori, 
separated by semicolons as necessary, and te.cminating with the 
final right brace. 

This general skeleton can De s~mplified substanti~lly by a 
compiler if the original uu statement does not contain all of 
the most general vptions. Fol.: example, if the eXi:'ressions in 
either the TO or BY clause3 are constants, tue corresponding 
temporaries U and/or V can be eliminated. If the BY expression 
is a· constant, then the entice expression "si~num V 1s on can 
be evaluated at compile t1me, and the result can be used to 
chose the expression to oe sUDstituted for W. suff1cient 
evaluation of constant expr:essJ.:ons at compile tillle can result 
in the reduction ot the general case to a much simpler program, 
like the one shown for the sl.mpie case of flL/l DO. 

Example ot BXAMINE, If' and ALT zli st.a temellts: 

EXAMIMB INPUT-RECO~D TALLY~N~ ALL ','. 
IF TALLY IS i~UAL TO 0 

THEN ALTER SWITCH tu PHO~EED TO EXIT. 
• 
• 
SWITCH. GO TO. 

Equivalent SL statements: 

eLe~ sum reduction 'INPUTBE~ORD member ',') stow TALLY; 
eval ({; {EXIT} stow Xj [TALLY eq 0 J, ; 

• 
goto X; 

Example of ARITHMETIC IF statement: 

IF tE) 12,56,13 

IBM CONFIDENTIAL 
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Equivalent 5L statement: 

yoto(signum E select {12.;56;13j) i 

Example of LLSP conditional statement: 

COND«(Pl Ell 
(P2 £2) 

• 

(Pn En) ) 

Equivalent SL statement: 

eval(Pl condition El;P2 cond1t1on ~2; ••• ;Pn condition En,; 

199 
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A LOGICAL IMPL£MENTATION 

A logical implelllenta tion of the sy.;;telll l.S bel.ug uefined using the 
Vienna Definition Method.llu.tl.allyt.ile logical implementation 
will be presented in Engll.sh. In later verSl.ons of the document, 
the formal notation will be l.ntroduced. 



( 

Chapt.er ;'.1 

BASIC STIWCTURE 

An .QQj~i £2!!:!£Il!££: is a stora-;e cell and its contents. 

A 2!:.Q.~gg,~£g!.!. is nallled by an iid dne\. conta~ns 'jueue(s), a queue 
manager and an object. rid's dre un~que, not reused. An iid is 
the internal representatLon oi a cell name. A storage cell is 
known as a !B!iig,£when the ownet'sh.l.p conventions are suspended, 
e.g. a request is always sent in d bufter because ownership of 
the object construct is retained by the sender until the 
recipient accepts it. 

A ~gl!~ contains the iid. 's ot butters WB.loCh reprasent messages 
being sent between ooject constr ucts. . t,.!ueues are organized ina 
FIFO fashion. There are re<juest queues and response queues. 

A £.~~.!!~g g!!g~ queues 
processing by the access 
this object construct. 
request queue. 

the loia';;) at requests intended for· 
machLne associated wita tae object ot 
Evert storage cell has at least one 

A ,£g§£2n§g gyg~~ queues tue .l.LU·S ot responses for processing by 
the access lllachiae associatedwlota the object of this object 
construct. A storaye ce..ll lIlay tid va none, one, or more resFonse 
·-iueues. 

A .!!~~~g whose loid is pliiced ou a ':lueua is the communication 
llonk to and frolll ob ject constructs. There at'e re-juest messages 
and response lIlessages. 

A ~~~~ ~alla~~£ is associated w.l.tn the queues of each storage 
cell. It is the cOlllml1Il.1.cation in terface betw~en othe r obj ect 
constructs and the object of tb.l.S 0bJect construct. As soon as 
~n object construct is created, toe queue lIlanager can beglon to 
handle incomin':j requests. :£ne ':i ueu~ lIliinager of eacn storage cell 
can bandle lIlessages.1.n p~ra~Lel ~~th the queue managers of all 
other storage cells iu th~ siste~. Eacnqueue manager handles 
its messages sequentially. The Log.l.C of queue managing is 
written extralingually, e.g. in micro-code. 

An Q&j~£1 contains an access IIldchl.lle dnd a resource. 

An ac£g§§ !ru!£il,!!!.g is assuciateu. W.1.til the resource of edch Object. 
It is the process.1.ng interface ~etween the queue miinager and the 
resource of this oDJect. As soon as an object construct is 
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creoted, the access wachine can beyiu to proce~s 1llcoming 
requests. Th~ access machine ot eacn object can process messages 
in paralle~ wito the acqsss macnines of all otber oojects in the 
system. The access machine process 1S uescrioec1 by three 
cowpon~nts. Tbese are a proceduLal Jescription, an interpreter of 
the procedural description, anQ d process status record (PSB). 
The procedural description da.':icribes .the process1ny logic. The 
1nterpreter proviaes the actual motive force tor t~e process by 
interpreting the procedural description. The P5ti is an area of 
storage in which t be in tel:p.ceter records the current sta te of its 
interpretation ottbe p.l:'ocedul:al descrij!tion. The logic of an 
access machine is written either extralingually or in 5L. If the 
logic 1S written extra11ugually, the object is said to be 
£I.iU.£iv~ If the logic ·is we.:Ltten in SL, the object 1S said to 
be regJ!£ible. 

A £I.U.!~ivg o.b.J~£~ is an object wnuse access mdch1ne is written 
extralingually. All requests sent to the queue manager 
assoc.iated with the storage cel.l couta1n1ng a fJrimitive object 
are passed by the que ue mana9~r to the dccess machine ot the 
primitive object for proCeSS.L.IlIj. Iri fact, s~nce the 10g1c ot the 
queue manager and of the aCcess macoine aLe not~ written 
extralingually, t.be fUBct10ns O~ tne ~ueue mduayer can be merged 
i~to t~e funct~ollS of thd access maC0111e for pr1mitive Objects. 
This is being done in the logical definit10n. Fuether, since the 
procedural description, tAe 1Ilterpreter:, and t.he PSl1 tor a 
primitive object are all extrdliugual entit1Bs, these components 
are nat separately denoted, but are jointly denoted oy the object 
type, e.g. a LIST-type aDJect. 

A ~Q.!!£!:12!~ Q!2j~£! is an object wh;)se access machine is written 
in SL. All reqaests sent to toe queue manager associated with the 
storage cell containing a reduc~bl~ object are passed by this 
queue mdnayer to the inter p£e t.e r: ot the SL code wh~cll by be iug 
~nterpreted will process the requests. Since tne procedu ra1 
descr iption, the inter preter, an ci t.ue P5d tor a l:eciuc.l.ole ob j€ct 
are all SL entities, these components are separately denoted by 
their three iid's. 

A ~2.Q.YI£g contains the uudifterentl.atea data value owned by the 
access machine. 

When commun1cating witA fore~gu arcb1tectures, it 1S not 
meaningful to transm~t the 11~ of a storage cell conta1nillg the 
object of interest. It 1$ necessaL'y to transi1\l.t the, object part 
of a, storage cell as a piece of data. An Q.Qj~£:.t. :!:!~g~ is the 
representation of the object~art ot a storage cell as data. 

Parts of the logica ldefini t1 Oil of SL reguil:e representing 
certa.in hardware boxes. Lt;i:s advi:lutageous to .represent them as 
far as possible as object COIl.::itructs. .Instead of being located 
via an iid, a quasi-object constr:'uct is located via its gid. 

l.iH~ CO~f ID£NTIAL 
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Oid's are un~que, not reused, ~ud ~ce d~stingu~shabLe trom ~id's. 
In all other respects quasi-ouJect constructs are treated like 
object constI:uctS. A g,J!!ls~:.obj~£.t is a representation of an 
entity .requiring service when service is prov~ded by multiplexing 
a finite number of servers over a potentially intin~te number of 
such entities. For exalllpl.e, the ~§1!~I-type object (quasi-SL 
interpreter) represents tue re~uirement for hardware multiplexing 
ot a finite set of I-Boxes over all ready processes. The 
Q~!!1-type object (quas~-evaluant) also represents the 
requiremell t for hardware multipl.e)u.ng at a f~n;l.te set of I-boxes 
over all reallY processlds. ·rite ~§!Ha-type ObJect (quasi-sulIl) 
represents the requ~cement for l1ardWare Ulultiplex;l.ny of a finite 
set of adders over all ready processes. 

1- ....... - -- _ ....... --. ...... - ....... - -- -
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Figure 5.1-1:Structure ot d storage Cell and ;l.ts Contents 
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The user who writes a str1.ct syntax SL tlcogram deals with. 
syntactic oparatocs and syntactic simple operands. ~hen his text 
is interpreted, the names he used tor h1.S syntact1.c :>perators and 
simple operands will berasol ve 11 to some i1.d • informally, both 
operators dnd operands are re~resented by objects. To the user 
ah opecator represents an aDject which he ~ants to invoke, to 
pass some arguments, to have it otlecate on the arguments, to send 
back an answer, and to ~uit. fo tue user, an operand cepcesents 
an object which the user w~nts to pass as an acgument to some 
operator. 

The name, e.g. sum, syu, cLeate, foc a pC1.m1.t1.vely defined 
syntactic operatoc cesolves to an iid of d storage cell of an 
object construct whose object's object-type is PfUNCTION (foc 
primitive function) and Whose cesource pact contains an 
indication of the pc.i.m1.t1.vely uef1.ned ope.ration to oe pertormed, 
e. g. addition, synonym creation, oDject coust.c:uction. 

The name, e.g. translate, S1.n, tor a ceducibly defined syntact1.c 
operator resol ves to an iid or. d. stot·age cell of all object 
construct whose object's type loS fUNCTION and waose resoucce part 
contains the iid of the 51. text, the iid of S.L symbol table, the 
iid of the SL link table, auj the iid of the outstanding 
activation tab~e. The interpcetat1.on at the S1 text aefines the 
opecation to be pecforaed, e.~. progrdm translation, sine 
compll tat ion. 

The name for a pcimitively ue~~ned syntact1.c simple operand 
cesolve::; to an iid of a storage cell of an object constrllct whcse 
obJect's object type could be INT~~ER, LIST, SIN, FUNCT~O~, •••• 
in the case ot an INT~GE~-type object, the cesource part is the 
in teger itself. 

The name for d redUC1.Dly jei1.ned syntactic simple operand 
resolves to an iid of a stora~e ceLl of an object construct which 
contains a reducible object. The resource part of the ceducible 
object contains the iid of storage used by 5L text as it is being 
ill ter pceted. 

IB~ C0NF1DENTIAL 
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Some ot the most important ba~LC ruecnan~sms are th~se permitting 
message communication betw~eu object constructs dnd those 
permitting message hdndl~ng ny an object construct. 

The 1ueue manager assoc~ated wLtb the ~ueues oi au object 
construct can invoke the message communicat1on mechanisms. They 
are: send request mechan.l.sm# f OL'WdL'U reC:iuest mechan.l.sm# and send 
response mechanism. 

The queue manager CdO alsu 
mechanisms. They are: waLt tor 
response# read response. 

Luvoke the message 
re~uest# read request, 

Ilanal.ing 
vai t for 

rhe access machine associate~ w.l.tn the resource of an object 
performs the actual process.l.n~ ox tn~ re~uests anu the responses. 

conventions for the forlildt Ol. a 
cre4tor of Ule message, tne C:iueue 
uses these conventions. 'rhey are! 
response format convent.l.on. 

message are ~ntroduced. The 
manager or the access machine, 

request format convention and 

In describing the mechau~sms Ln ~n~lish, the logical steps are 
listed sequent.l.ally. In tact some ot these steps will occur 1n 
parallel, dnd will be so llotell Wlleu we descr~be t ha mecnanism in 
VD~ notation. 

5.2.2.1 Send Request decnan~d~ 

Queue l.'1anager" 

1. passes 
lIleChan~dlll: 
recip1ent's 
representing 
. request, the 

the folLow~ng ~ard~et~L'S to the sena request 
of the request, the 
iia O~ the bu1£er 
of tue sender of the 

the iiu of the recLpient 
request (iueue nUlUuer ~ the 
the re~uest message, the iid 
sender's response queue nu~ber • 
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Send Request Mechanism 

2. produces a unique msgid. 1* A rnsgia is a uniiue identifier 
used to tag a request for the ~urpose o± responding to it.*1 

3. completes the re~uest message oy adding the msgid to the 
request message. The ~id of tb~ re~uest message ~s tbe iid of a 
buffer containing a LIS~-type object. it replaces the first 
subobject of this .LIST- type object with a 11SGl.U-type subobject 
whose resource part conta~ns toe wsgid pcoduced for this re~uest 
message. 

4. adds an entry to the system ~ommunication Table. Each entry 
contain. the following informat~on: the msg~d, the iid of the 
sender of the re':luest, the l:it::!uder's response queue numbec, the 
lid of the recipient of the request, the cec~i!ient' s request 
<lueue number, and the iid ot the request message. 1* the first 
two pieces of ~ntormation are essent~al to messaye communication. 
By ke~pin9 all these infocmation p~eces ~e depict the Dependency 
Gcaph, thus a~ding resource management, system restorat~on, and 
system verification *1. 

5. puts the iid of the request message on tne speCified request 
queue of the specit~ed recipLdut. 

6. passes bact to the queue rna.llage[' the msgid. 

i F 

u.x.~ ~tte I 
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Figure S.2.2-1;System CommUn~(;dt.l.On Table Eutry Format 
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~.2.2.2 Forwara Request Mecbaui~m 

Queue Manager 

1. passes the l:ollow.ln':i pal.'ameters to the forward request 
mechanism: the ii~ of the rec~p~ent ot the re~uest, the 
~ecipieut's re~uest queue numoer, and the iid of the buffer 
representing the request llIessa~e. 

Forward Request Mechanism 

2. the iid of the request llIe~sa~e is the ~id of a but fer 
conta1niny a LISf-type oDject. Us~ny the msyid in the resource 
part of the l'lSGlD-type sUboDJect of this LIST-type object, it 
locates the appropriate entry 1U tua System Communi=ation Tab~e. 

3. updates the iid of the raC1p.lent of the request and the 
recipient's re~uest queue numDer w1th tbe spec.l.t~ed new recipient 
and new request gueue numDer. 

4. puts the .lid of the request message on the spec1fied request 
queue of the specified recipient. 

5. returns to the queue mana~er 

5.2.2.3 Send Response Mecnan.lsm 

lJueua Manager 

1 • passes 
mechanism: 
message. 

tae 
the 

tollow.lu';J 
iid of the 

Send Response Mechan.lSill 

parameter to the 
nuffer Lepresent1ng 

send 
tL.e 

response 
response 

2. the iid ot the response illessdg~ in tne iid 01: a. but ter 
containing a LIST-type oDject. Us~n~ the wsyid 1n the resource 
part of the MDGID-type SUDODject of this LIST-ty~e object, it 
locates the appropr~ate ~.Iltry ~ll tne System COillillunication Taole. 
The entry in the SeT specifies thcl iid of the recip1ent of the 
response and the recipient' ~r:eBp onse ~ueue uumoer. 1* the 
response yoes back w1th the same wsgid used to tay tae re'iuest to 
which it is a respoIlse*l. 

3. puts the ~id ot the r-esponse llIessage on the specified 
response queue of the specif.l.e~ rec~pient. 
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4. deletes the entry frolfl Ute!::iystem ComiUun~cation ''cable 

5. returns to the queue manager-

5.2.j.1 Wait Mechanism 

Queue Manager-

1. passes the following par-<1illetecs to the wa~t lllechanism: the 
queue number to wait on or d list 0% queue numbers to wait on 
where the list determ~nes the priority order of message 
retrieval. 

wait Mecilanism 

2. waits for an iid to appeaL au the speci%ied queue. 1* Nete 
that the one wait mechanism dll0 ws waitJ.ng on a reSt,uest queue or 
on a r-esponse queue/*. 

J. when an ~id appears, it passes back to the queue manager the 
'lueue number on whiCh the iid appears. 

5.2.3.2 Read Re~uest MechanJ.sill 

uueue Manager 

1. passes the follow~ng par-ailleter to the read request mechanism: 
the queue number containJ.ng the J.J.J of the butter representing 
the request message. 

aeaa Request Mechanism 

2. rem~ves the first i~d from tue spec~f~ed queue. 

3. deletes the J.id from the s~ecJ.tieu queue. 

4. verJ.fies that indeed the D~rier represents d request message • 
. fhe iid of a request messdge is the iid of a buffer containing a 
LIST-type object. It cheCKS that tne second subobject of the 
~IST-type object is a RE~UEST-type object. 

5. ~t yes, ~t passes back to tne queue manage~ the iid of the 
buffer representing the re~uest message. 

(( . 

',,- ./ 
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5.2.3.3 Read Response Mechan1sm 

Queue Manager 

1. passes the followin':J fiardmeter 
mechanism: the queue numbec containing 
representing the response message. 

Read Response Mechanism 

to the 
the iia 

2. removes the first iia trom the speciLiea queue 

3. Jeletes the iid from the spec1iLed queue 

209 

read restJonse 
of the bufter 

4. verifies that 1ndeed tbe Dufter represents a response 
message. The Lid of a response message 1S the Lid of a buffer 
containing a LIST-type object. It checks taat the sec~nd 
subobject of the LIs'r-type object 1.5 not a d£QUE5T~type object. 

5. 1.f yes, it passes haCK to the ~ueue manager the iid of the 
butfer representing the response message. 

( 5. 2. 4 !1~222.~ gf.Q.~22i~g 
Queue Manager 

( 

1. passes the following paramater to the access macnine: the iid 
of tne buffer representiny the request or resflo.use message. 

Access Machine 

1. 1* the request processl.uy lay1.c provided by an access illdcLine 
involves 'if ••• then' logl.c: 1.1 re~uest so and so, then perform 
such and SUCh, wbere such anj such varie~ DJ object type. For 
example, what a FUNCTION-ty~e Object dues to process au execute 
request is tar different trom what a F1JAT-type oDject does to 
process an execute request. The details of what actions each 
object type does dS d fuuction ot rclceiviny any poss1ble re~uest, 
has yet to be defin~d in this model*1 

1dM Cv~FIU~NTIAL 
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5.2.5.1 Request Format ConventLoli 

~ueue Manager or Access MaCnLne 

1. If the send request mechan~sm is subse~uently going to he 
invoJted, tae creator of the L~quest message COilstr-ucts in a 
Duffer a LIST-type object. The first subob]ect must be an 
ONDEl-type object. The second subobject must oe a .i1EQUEST-tYfJe 
object whose resource part conta~ns the name of the r~guest. The 
remaining subobjects must be object types appropriate to each of 
the parameters ot the re~u~st.· A request need not have 
parameters but if Lt aoes then, for ~xample, it a parameter is 
the iid of some stor-aye cell, the suCobject would De an ACC-type 
object. If a parameter LS S~llie ~nteger, the subobject woula be 
an INTEGEH-ty~e object. /* a Duff~r acquir-ea woen some request 
was sent to the queue manager could be used as tue buffer in 
which to construct tue request */. 

lid 

• • • 

Figure 5.2.~-1:format of a Hequest 
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·5.2.5.2 Response format Conveut~ou 

Queue Mdna~er or Access Macnin~ 

1. If the send response mecaanism is sUbsequdntly going to be 
invoKed, the creator of the r-esjionse message constructs in a 
buffec a LIS'r-type object. The f.~rst subobJect must be a 
MSGID-type object Whose resou£~e jidLt conta1ns the msg1d that 
came over with the request messaye to which th1s 1S d response. 
The remaininy subobjects must De ODJect types appropriate to each 
of tue components ot the response. 1* Tue butter representing 
the request to which t~is resi!0n~e message is d response should 
be used as the buffer in wh1ca to construct the response. The 
correct msgid is already there./. 

i i d. 

o 
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KEY P~OCBSSING ACTIVITIES 

The definition ot the basic m~chda~sms of the yueue manager and 
the definitions of the re~uest aad res~onse processing activities 
of each access machine tipe ~s essentially a logical d~fin~tiou 
of SL. Certain access macnine processing activ~ties are 
especially important. Some o~ them are translat~on, expression 
evaluation and symbol resoiut~on. The def~nition or expression 
evaluation ~s described is described below. 

Eacb reducible object will ca~se one QSLINT-type quasi-object to 
be spun otf ..tor the ~nterpretation ot all the statements of the 
syntactic group associated ~Lth the reducLble object. Each 
QPARALLEL-type quasi-ouJect will cause one USLIN'r-type 
quasi-object to be spun off for the Lnterpretat~on ot each 
statement of the syntactLc ~roup associateQ with the 
QPAf1ALLEL-type quasi-object. A QSLINT-type quasi-object is known 
as au interpreter. 

Each USLINT success~vely spins otf one QEVAL-type quas~-object 
for each statement in the statement group ~t is process1ug. A 
QEVAL-type quas~-object is Known as dD eVdluant. 

Each ~EVAL, not handling a s~m~~e"operand, spius oft a UEVAL-type 
luasi-object for each operand in the expression Lt is processi~g. 

Access Machine of the QSLINT-type ~uas1-object (the interpreter) 

1. 1* Assume tbat the followiuy parameters were passed to USL~NT 
if it ware called by a reducibLe oDJect: 

(1) the i1.d ot an obJec t constr- uct which has a 
FUNCTION-type object 1* t.LS ~iQ loS ~n the acccess macbine 
of the reducible Object *1. Located in the resource part of 
the FUNCTION-type object 1.5 the iid of an object construct 
whiCh has a LIST-Lype Object. This LISf-type object 
represents the stdtement jCoup. Located ~n the resource part 
of thi::; LIST-type Object are the iid's of object constructs ,1(-

which r"epresent sta teman ts. A statemen t ma y e~tller be Ii ',-_ 

ltiM CUNFI0~NTIAL 
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simple operand (5 U1BOLJ.if!r'EhENCt:-tYJ!e object) or a complex 
operand (LIS'f-ty pe object). A £Q.!!£l~ Q.E~£s!'.!!Q. is a 
LIST-type object cepreseut.1.ug an operatoc and l.ts opecands. 
Located 1.n the resoucce ~aLt of a LIST-type object, 
repcesentin~ such a compl~x operand, ~s the 1.ii of an object 
construct which has d SUIBuLREr'ERENCB-ty pe ob ject. The 
re~ource pact of this SY~dJLREfErlENCE-type Object contains a 
symbol number. This SY11riiJLli.J:;FEiU:NCE-t.ype object represents 
t.he operator. Also lO~dtea in the resource part of a 
LIST-type object, Lepresentin~ a complex opecand, are the 
iid's of object constructs representl.ng the arguments to the 
function. These Object constructs c~n have a 
5YMBOLREFEltENCE-tlpe object or d L.l.S:r-type Object. 

(2) the iid of an Object constcuct Which has an UNILI::F-type 
object 1* this 1.id is in t.ile access machine of the reducible 
object */. This UNU~F-t.ipe object reJ!resents the 
interpreter workacea (IWA) wUl.ch is part of the ~SK. 

(3) the iid of t.i:le ooject coustcuct r:epcesent1.lllJ the 
st.orage used by the SL pcogcam bein~ l.nterpr:eted /* this iid 
is in the resoucce pd~t o( the reducl.ble ooject *1. 

(4) the ~~d of the obj~ct con~truct represent1ng the actual 
dr~uments intended fOL the function. 

Assume that th~ follo'Winy paralllete:cs wece passed to I.lSLrt~T if it 
were called by a QPAHALLEL-type qUd~l.-obJect: 

(1) the ~id of all Object. construct whl.ch has a LISr-tYJ!e 
Object representiny a nest.ed statement group 

(2) the iid of an oDject construct waich LidS all UNUEF-type 
object 1* this iii! loS l.il the cesource part of a LISr-type 
object repcesentin~ th~ 1.uterpreter wo:ck~rea of the 
predecessor intecpreter *1. This UNDEF-type object 
cepresents d nested interpreter wockacea {LWA}. 

(3) the iid ot the object construct representing the 
storage used by the ~L pcogrdffi oel.ng 1utecpreted. 

(4) the iid of tile object constructcepresent1.ng the actual 
pacameters intended tor tae function. *1 
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Figure 5.3.2-1:~t£uctu£e of d ~aillple iUDct10n 
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l. replaces the UNUHP-type aDject represent~uy an IWA with a 
LIST-type object. Tnis LIST-type object represents the (nested) 
interpreter workarea. 

3. augments this LIST-type obJect, tbus creating an UNDEr-type 
object. 

4. replaces the UNDEE- ty 1:'e obJect with a LIST-t :ipe ob ject. This 
LIST-type object represents the seqaencing workarea. 

5. augments th1£ LIST-type object tw~ce, thus creating two 
UNDEr-type objects. 

6. replaces each UNV~P-type object ~ith an INTEGEH-type object. 
The first INTEGEB.-type repre;:;ents the statement counter. The 
second INTEGER-type object re1:'resents the statement count. 

7. if it were passed the iid ot dll object construct which has a 
FUNCrION-type object, ~t retL1eves the LIST-type object 
representing a statement group; else it was passed the iid of a 
LIST-type object represeutin9 a (nested) statement group. 

8. uses the request format cunvent10n and t~e send request 
mechanism to send an ident~fi re~uest to the LISf-type object 
representing the statement group. It needs to ~now the number of 
statements it 1S to interpret. 

9. uses the wa~t mecna nism Lv 1/ a1 t for tue response. 

Access Machine of the LIST-type oDJect repres8nt1ug the statement 
group 

10. uses the. read request mecoaD1sm to read the identify request 

11. 1* Deta1ls of bow a LISf-type object processes the identify 
request are not described now*/ 

12. uses the response format convention and the sena response 
mechanism to pass back a respoBse tu the QSLINT-type quasi-obJect 
The response indicates the number or statements to be interpreted 
by the interpreter. 

13. uses the wait mecnan1sm to wa1t fur tne next request. 

AcCess Machine of the QSLINf-type ~uasi-oDJect (the 1nterpreter) 

14. uses the read response meCaaULsm to read the respunse. 

15. stores the number of statements in the resource part of the 
INTEGER-type object representin~ tue statement count. 

16. stores zero in the resource part 0% the LNTEGER-type Object 
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representing the statement couater. 

17. if it WHre passed the i~J of au aDject constru=t which bas a 
fUNCTION-type object, it binds tne parameters and handles the 
p1:ologue if any. 

1d. crea tes 
'luas~-abject. 

a quasi-oDJec t construct with a \.lEVAL-type 

19. augments the (nested) I~&, thus creating ~n UNDEF type 
object. This object will repr~sent the evaluand. 

20. uses the request .tot:luat convention aud the send request 
mechan1sm to send a start re~uest to the ~EVAL-tipe quasi-object 
just created. The parameters to start are the i1d of an object 
construct wh~ch has a LISX-tl~e oDject representing it (nested) 
statement, tbe iid of an object construct Wh1Ch has a LIST-type 
object representing the symbol table, the 1id of the (nested) IWA 
just created, and the iid of the object construct representing 
storage. 

21. uses the lIIai t mechanism to wa~t for a res,!;)onse. 

Access Machine of the JEVAl.-tY,!;)d quasi-object (the eva~uant) 

22. use the read re':iuest meCild.nism to read the staLt request. 

2J. if it weLe passed an S¥MHOLREFEdENCE-type object 
representing a simple operand reference, Lt performs steps 2~-J3. 
If it were passed a LIsr-ty~e object representing a complex 
opecand, it perfor ms steps J .. -ti5. 

If tile evaluant were j;lassea. an SYI.HHJLrlEFER,C;NCE-type object 
representiny a simple operand, then it -

24. uses the symbol resoluti on mec ilan.1.sm to locate the 
the stocaye cell of tlle ODjclctc;oustI:uct l:'I~,!;)resented 

simple operaud. The symbol number .loU the resource part 
SYKB01HEFERENCE-type object ~ndicates the symbol table 
which c~rresponds to the simi;lle operand. 

il.d of 
by the 
of the 
eutry 

25. uses ~he request format COllvent1on and 
mechanism to send an autilDr1zd £BSiuest to the 
just located. It wants a ~o1nteL to the 

the send request 
object construct 

object construct 
represented oy tae simple opeLd.ud. 

26. uses the wait mechanism to wait fOL a cesj;lonse. 

Access Machine of the object constLuct just located 

27. uses the Lead ct.i!qlJest mecnanl.sm to read the authorize 
re<juest. 

Idri CU~F1UclNTIA1 
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lB. 1* Details of how the si~ple operand processes an authorize 
request are not described now */ 

29. uses the ['esponse f 01: lIld t COllvent~on dnd the send ['esponse 
mechani.;im to p ass bacK a resJ:ionse to the \J~VAL-ti' pe 'i uaslo-ob ject. 
The response indicates the iid of an object construct which has 
an ME10~YM-tipe object. 

30. uses the wait mechanism to wal.t ior a request. 

Access MaChine of the JEVAL-type ~uasi~object (the evaludn~ 

31. uses the read response mechanism to read the response. 

32. uses the send response mechaul.sm to pass back a response to 
the interpreter (QSLINT) 01: evaluant (~EVAL) that invoked it. 

33. destroys itself. 

If the evaluant was passed d LIST-type object representing a 
cOlIlplex operand, then it -

34. ce places the UN DEf'-type 0 bJect cepcesentlong the e val uand 
with a LIST-type object. Tbis LIST-type object (epcasents the 
evaluaud. 

35. augments this LIST-type 0 bJec t tw ice, tilUS cr.'ea ting two 
UNDEF-type Objects. 

30. replaces the second U NJ.)~l!'-ty j;>e ob Ject with a h~QU ES'l'-t ype 
object whose cesoucce part con tdins the ndme tlvaluate. 

37. uses the symbol resolution mtlcilanism to locate the iid of the 
storage cell ox the object construct cepce~ented by tbe opecatoc. 
The symbol numDec ~n the ~esource pact ot the 
SY~HOLREFEk~NCE-type object ~ndl.cates the symbol table entry 
wh~cn corresponds to t~e o~ecator. 

3d. uses the request fOLmat cOilvention and the sena ['e~uest 
mechanism to send an identifj re~uest to the oDject constcuct 
just located. It must know if the ob]tlct construct Just located 
represents a function and ~L so, it tbe number o~ opecands 
syntactically supplied l.S equa~ to the numnec of actual 
pacameters semantically requireQ hi the function. 

39. uses the wa~t mechan~sm to walot foe a cesponse. 

Access Machine of the object construct just located 

~O. uses the read cequest meCban~sm to read the lodentify 
request. 

IBM CO~jlU~NTlAL 
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41. I*Details of hov the oDJect processes the Ldentify re~uest 
are not described now *1 

42. uses the respon!:>e format convention and tile send response 
mechanism to pass back. a response to the QEAUL-type 'juasi-object. 
The response indicates wnether OL' not an evaluate request will be 
processed and the nUlllber ot seillautically ceq uired pa rame terse 

43. uses the wait meChanism to waLt for a reguest. 

Access Machine of the QEVAL-type quasi-object (tae evaluaut) 

44. uses the read I'esponse mecllanl.sm to read tlle restJonse. 

45. uses the I'equest format Gonventl.on and send I'equest 
mechanism to send an identit:y J:e';iuest to the LIST-type object, 
repI'esenting the complex opeL'anl, sent to it as a parameter. It 
wants to know the numoer ot actual paI'ameters syntactically 
supplied. 

46. uses the wait mechanism to waLt foI' a response. 

Access Machine of the LISt-type oDject 

'-+7. uses the I'ead. re':j,uest lIleCnalUsm to I'Bad the identify 
request. 

4d. 1* Detal-Is ot: how the object processes the identify request 
aI'e not described now*1 

49. uses the I'esponse t:ocmat couventLon anL! the sena resflonse 
mechanism to pass back a res~onse to the U~VAL-tipe quasi-object. 
The response l.ndLcates the number of subobjects augmented fI'Olll 
this LIST-type object. 

50. uses the wait mechanLsm to waLt foI' d re~uest. 

Access Machine of the QEVAL-type quasl.-object (tbe evaluant) 

51. uses the read response meCbdu~sm to read the response. 

52. subtI'acts one from tUB numb~L sent baCK LU this response and 
veI'ifies that the number ot syntactically sUPtJ~ied parameters 
equals the numbeI' of semant~ca~ly re~uired parameters. 

53. tor each parameteI' Lt creates a quas~-obJect construct with 
a Q£VAL-type quasi-object; Lt au~ments the (nested) IWA, thus 
creating an UNDEr'-type object ref'resenting an evaluand; and it 
llses the I'equest tOJ:.:mat convention aud the senJ. ceguest mechanism 
to send a start request to the ~EVAL-type quasi-object just 
cceated. The parameteI's to start lnaicate the expression to be 

ItlB CUJPIU~NTIAL 
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interpreted, the symbol table, the (nested) lWA Just created, and 
the storage. For eacn par~mater it augments the LIST-type 
object, representing its evaluand, thus creat~ny UNDEl-type 
objects; and it replaces these UtWf:F-type oDjects with aSGID-type 
objects whose resource part conta~ns the msg~ds of the various 
start requests. 1* The order ot tbe MSGID-type objects in the 
evaluand reflect the order in wuich parameters w~ll be pas~ed to 
thefuIlction*1 

5q. uses the wait mechanism to wa~t for d response. 

Access Machine of QEVAL-type ~UdsL-object 

55. uses the eead response lIlecnarusm to read the response. 

56. uses the msgid of the eQsponse to locate the appeopriate 
MSGID-type object in its evalUdnd. 

57. replaces the MSliID-type object w~th taB object vb-ose iid was 
passed back in the response. 

58. deletes teom the LIST-type aDject eepeesent~n~ its IWA, the 
LIST-type object eepreseuting the evaluand of the evaluant which 
just returned the response. 

59. deterw1nes if its evaluanJ contains any outstanding 
messages. If it does, it uses the wait mech~n~sm to w~it tor a 
response, and repeats ste~s 55-59 as necessary 

1* If individual o~erand evaluat~on should be done ~n sequence 
rather than in parallel, tbe evaluant performs aLl the steps 
53-59 for each operand *1 

60. uses the send requesL meCUdn~sm to send the evaluate ~equest 
to the object construct represente~ by the operator iocated via 
the symbol resolution meChdn~sm ~n step 37. 1* The re~uest format 
convention was adhered to ~ll tile cousLruction or this request, 
since the eval~allt built up the request ~n the evaluand.*1 

61. uses the ~a~t mechan~sm to wa~t for a response. 

62. 1* Details of now a fUBetioll processes its parameters are 
not described here -- see scellaLios 1 and 2 *1 

63. uses the read response mechanism to read the response. 

64. uses the send response mechanism to pass back the response 
to the interpreter (~SLIN~) or eVdluaut (yKVAL) tnat invoked it. 

65. destroys itself 

Access Machine of a ~SLINT-type quas~-oDject 
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bb. uses the read r~spon~a mechahL~m to read tb~ response. 

67. deletes from the LIST-type objectrepresent:Lng his IWA# the 
LIST-type object repre~ent~ng tne eva~uand of the evaluant that 
just returned the response. 

bS. det~rmines if there are more statements in the group to be 
processed by compar:Lng the statement count with the statement 
counter. If there are# ~t adds one to the statement counter, and 
goes back to step 18. 

6'). uses tile send response mecnan~'::>111 to pas;;; oa::K a response 
either to the reduc1ble aDjeCt or the ~PARALLEL-type quasi-object 
that called :Lt. 

" 

70. destroys his IWA 

~da CJNFIU~ITIAL 
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~ . stCv..l(S11l(X) Q.}" ..• } l ... ) ) .) 

Figure 5.3.2-3:Y~VAL J~~Do~f foe SubexpLess~olls 
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The scenacios are examples Chasen to t~e togethec iaaas presented 
und~r Basic stcuctuce r Bas~c ftechduisms, and K~y Processing 
Activit~es. 

( ••• ;sum(a,b) ; •• .} 

Expression EvaLuation 

1. /* Assume that the eXpLeSSl.On evaluatl.on mechanism has 
reached the point where l.t ~s ready to iuYoke the sum tuncticn, 
passing it the eva~uated sl.mple operands d and D as actual 
pa ca lie te C5 *1 

2. uses the sendre ':iue st mech an~sm to send t ne evaluate C8 guest 
to the object construct nameu sum wAich was located via the 
symbol resolution meclldnism. The parameters to evaluate are the 
i~d's of the object constructs named a and b. 

J. uses the wait mechdnism to wal.t tor a response. 

Access Machine of the PFUNCTION-type object (the sum functl.on) 

q. uses the read rejU8st wecb~ni~m to read the evaluate re~uest. 

~. crea tes a quas~-olJject construct Wl. ttl a '..lSUM-type 
':1 uas . .L-ob ject. 

b. uses the request format COllveutl.On and the [ocward re~uest 
mecnanislI, 1* no new msgl.d */, to torward a stact request to the 
QSUM-type quasi-ob ject just c£ea teli. 'rne para mete.cs to sta£t are 
tbe iid's of the object construct~ ndIDed d and D. 

7. uses the wa~t mechanism to waLt for the next request. 1* The 
PFUNCfION-type object is compLetely severed fro~ tae QSUM type 
quasi-object*1 

( Access Machine of the QSUM typd quasi-oDJect 

~. uses the read re'1uest mecnaui~iII to ceadt.he start request. 

lui;' (,;0.».1:' IDclNTIAL 
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9. 1* Details of prtK;isell nuw ""SUM does the acidl.t.l.on of a aud b 
are not described now *1 

10. uses tbe response format convention and the send response 
mechanism to pass back a responsy to the expression eva~uation. 
l'he response consists of the i.i.d of the object construct which 
represents the result ot add.l.a~ a dnd b. 

11. destroys itself 

Expression Eva~uation 

12. uses the read response meCBan.l.Sm to read tne response. 

13. 1* Refer to the expression eva lua t~on mechanism fOl: details 
of response handling *1 

Figure 5.4.2-1:Prl.&l.tive Operator Flow 
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{ ••• ; sin (x) ; ••• j 

Expression Evaluation 

1. 1* 
reached 
passing 
*1 

Assume that the exprass~on evaluation mechanism has 
the ~o~nt where Lt ~s ready to invoke the tunction sin, 
it the evaluated simple operand ~ as an actual parameter 

2. uses the senu re~uest mecnafi1sm to send the evaluate request 
to the object construct named S111 whiCh was located via the 
symbol resolution mechan1sm. rue parameter to evaluate is the iid 
ot the object construct named x. 

3. uses the wait mechan~sm to ~ait for a r~sponse. 

Access Machine ot: the FUIH':TIUtJ-tYlJe Object (the ~i1n function) 

It. uses the read reiuest mechanism to read the evaluate request. 

5. creates an object construct w1tn an UNDEr-type object. 

6. replaces the UNDEF-tfpe oJ:)ject with an object whose access 
machine contains three i1d ' 5: the iid of the object construct 
named sin which has a FUNCT~ON-type object 1* the SL interpreter 
will need access to the SL taxL and symhol table *1; the iid of 
the object construct named sl1ut whicA has a PFU NCTION-t ype 
object 1* this PFUNCTION-type ob ject will spin off an SL 
interpreter *1; and the iid at dIl Object construct wh1cn has an 
UNDEl-type object /* this 1S the £ISH and vill be used by the SL 
interpreter for its workspace */. Such an Object ~s a reducible 
object. 

1. uses the request format convent~on dnd the senu request 
mechanism to send a start reguest to the reducible object just 
created. Tue parameter to titart 1S the iid ot the object 
construct named x. 

8. adds an entry to its ()utstdlHan~ Activat10n Tabla. The entry 
contains the msgid ot the eval uate re~uest just processed, the 
msgid of the start regue;;it just sent to the reduc1ble object, and 
the iid of the reducible object. 1* BaCk FUNCTION-type object 
must keep a record at al~ spun-oft reduc~ble objects still dctive 
so that it can block change re1uests (a request to Change tbe SL 
text) u~til all spun-off reduciDle objects have terminated or 
suspended */. 

9. uses the wait mechanLsm LO wa~t for the next reguest or 
response. /* The FUN(;'r LON-type 0 bject i::> effectively severed f [om 

ISd co~tIDENflAL 
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~­

the r-educible object s~nce the l'UNC'rlON-type object may now'",-,~. 
process new r-equests or replies. */ 

Queue Manager ot the Reducible Object 

10. uses the read reljuest mecnanism to read the start 1:eguest. 

11. uses the request format convention and the send request 
mechanism to send an evaluate request to the object construct 
named slint which was located y~a the iid in tne :iccess machine 
of tile reducible object. The paralllete.rs to evaluate are the iid 
of the object construct named SLll which has a FUNCT10~-type 
object/* this iid is in the access machine of the reducible 
object*/; the iid of an object construct which has an UNDBF-type 
object 1* this iid is in t~e access machine of the reducible 
object *1; the iid of the oOject construct used for- storage by 

. the in ter-preted SL prog ram 1* tilLS 1. id ~s in t.her-esource part of 
the r-educible object */; and tae i1d ot the request sent to it by 
the FUNCTION-type object (tne S1n function) I. this re~ue$t 
contains a start request type and the iid of the object constr uct 
named x *1. 1* The queue manager- associated with a reducible 
object always pac~ages up the requests sent to it and sends them 
on without examination for theLr- Luterpretation by SL text */ 

12. uses the wait mechan~sm to waLt tor a response. 

Access Machine of the PFUNCTluN-type object (the SLINT funct~on) 

13. uses the read request mechanism to read the evaluate 
request. 

14. crea tes 
quasi - ob ject. 

a ~uasL-ohject coustr-uct with a QSLINT-type 

15. uses the request format convention and the forward request 
mechanism to send a start rey,ues t to the QSLINT-ty p3 quasi-object 
just created. The parameters to star~ are ~dentical to the 
parameter-s of the evaluate re~uest iiscussad ~n step 11. 

16. uses the wait mechanism to wait for the next r-equest. /* The 
~FUNCTION-type object is completely severed from the YSLINT type 
quasi-object *1. 

Access Machine of the QSLINT-type ~uas~-object 

17. uses the .read request mechauism to read the start request. 

18. since the object represeutLn~ the process status record 
(PSR) is an UNDE.F-ty pe object (~. e. it is l.nit~alized) # the 
IJSL.Lt4T-type quasL-ooject l>.nolis that it is not resuming a 
suspended in terpreta ticn, but is neg1.nning a llew iu ter1:'re ta ti on. ((~ 
therefore, it binds the parametars intended for pr-ocessing by 51 \,-
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code, and it augments the storage named Ln the resource part of 
the reducible object. It binds tae parameter, the iLu ot the 
object construct named x, as tollows: it locates the symbol 
number of the formal paraaeter ill the SL symbol table. The 
property of being a. forDidl parameteI: has been associated with the 
symbol number. It then locates the SL link ta ble en tr y using the 
sl mbol number as offset, dnu inserts the iid of the ob j ect 
construct naliled x into the iid slot of the entry. 

19. 1* Details of interpretLng 5L text represent~ng the sin 
operation are not described. now. Reier to the expression 
evaluation mechanism for detaLls on interpreting 5L text *1. 

20. uses the response forma t conventiou and the send response 
mechanism to pass back a response to the reducible object •. The 
response consists of the 1~d of the object construct computed by 
the interpretation of the S1. text representiny the Sill function. 

21. destroys itself 

Queue Manager of the reducible object 

22. uses the read response mechanism to read the response~ 

23. uses the send response mechanism to pass bac~ the response 
to the FUNCfION-type object (the sin function,. The response 
consists of the iid of the object construct computed by the 
interpretation of the 5L te~t representing the sin function. 

24. sirice the PSli indicates that an 5L return fun=tion had been 
interpreted, it destroys itselt. 

Acc~ss Machine of the FUNCT~ON-type object (the s~n function) 

l5. uses the read response lIteClld[aSm to read the rasponse. 

26. uses the msgid in 
object represent~ng the 
Activation Table for the 
of the original evalua te 
the entry_ 

the first subobject of the LIST-type 
response to searc h the OU tstanaing 

approprLate entcy, retrLeVes the msgid 
request for use ~n step 27 and deletes 

27. uses the seud cesponse mechanism to pass bac~ the response 
to expression evaluation. 'Ihe response consists ot the iid of 
the object const~uct computed by the interpretation of the SL 
text represented by the sin operator. 

28. uses the wait mechanism to wait for the next ceguest or 
response. 

Expression Evaluation 

LdM CONFlD~NTlAL 
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29. uses the read response mechanism to read the response. 

30. 1* Befer to the expression evaluat:l.on lDecnani:i1l for details 
ofrespons~ handling */. 

DO: .j 

I . 'I' . ','.1 , f h:.\ 
I 

I 

\ 

Figure ~.4.~-2:Reduc~Dle Operator Flow 
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GL(JSSARl 

The following words aud phrases ~nclude terms forma~~1 defined in 
the logical architecture together with important terms in the 
informal discussions. Words 11e91.nni£1g with lower case letters 
are built-in objects, either constants or functions. Numbers in 
parentheses indicate the sect~on in wh1.ch the term is defined. 
The letters (GT) indicate terms from graph theory. 

Access machine (2.1.~ The actl.ve part of an aDject that responds 
to requests upon the Object. 

Accessibility graph (2.1.5) A Ijraph of all paths 
objects. It has two major subgraphs: toe 
and the chains of synonyms. 

for accessing 
ownership tree 

Accessible (2.1.5) An object x is accessible from y it there is a 
path in the accessiol.lity graph from 1 to x. 

Activa.tion tree (2.2.5) A tree linlling activatl.ons of functions 
to the activations 0:£ functiollstaey called. It is a 
s~bgraph of the dependency graph. 

Admissible index set (2.1.~) A set of ObJects admissible as 
indices to the a.ccess machine of a collective object. 

Argument (2.2.5) The result of evaluating an operand for a 
function. 

Assignment (2. 1.4) An iniorma.l tet:m for refeI."r inl;;j to the stow and 
replace functions. 

authorize (2.1.5) A dyadic functLon that makes 
request upon an object in order to obtain a 
object with a given set of r~gftts. 

an a utho.r" ize 
synonym to the 

Buffer (2.1.1) A temporary stord~e cell us~d for holding an 
object or shipp.ing ~t sOllew here else. 

Cell ~ame (2.1.1) An identifier that uniquely specifies a storage 
cell. 

C~ain (GT) A graph "whose edge~ ~e~~ne a strict linear ordering of 
the vertices. It is both a tce~ ~nd a rooted tree. 

rBM ~OaFrDENTrAL 
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Circuit (GT) A path whose first and last vertice.\:i are identical. 

Collective object (2.1.5) An aDject that owns storage cells 
containing other objects. 

Connected graph (GT) A grapb in WhloCh for any two vertices x and 
1. there exists an undirected pata from x to y. 

create (2.1.4) A dyadic function that creates a new object by 
activating an access IlldClline and providing lot with inlotial 
values tal; its oWlled resource. 

Deadlock (2.5.1) A state at tile system in which a 
requests can never be reso.lve<1. It result.\:i 
in the dependency graph. 

set of gue ued 
f;rom a circuit 

delete (2.1.6) A dyadic function that deletes storage cells f I:OBl 

~the owned resource of a collective object. 

Dependency graph (2.1.3) A graph of 
objects: if x is waiting for a 
an edge of the dependency y raph. 

outstand~n9 requests upon 
request on Y, then (x,y) is 

Descriptor (2.1.3) An impleaentatloon defined represantation of an 
dccess machine: .l.t contal.ns a PSR and specifies the 
interpreter and procedura~ description. 

Dictionary (2.2.2) For each module, 
information about all .\:ijillools: 
linkage. and initial attr.l.hutes. 

the dictionary maintains 
character representation, 

Directlyaccessible (2.1.5) An object X.l.S dlorectlyaccessible 
from y if there is a path in cne ownership tree from y to x. 

Edge (GT) An ordered pair of Vertices in d grap4. 

Zlement (2.1.5) An object residin~ ~n a storage cell owned by a 
collect i ve oh ject • 

Elementary symbol (2.2.3) A symbol in program te~t wi thout any 
syntactically associated operands. 

Elementary object (2.1.5) An object that does not own any storage 
cells; all elementary obje~ts dce scalars. . 

Envi~onmenttree (2.3.3) A rooted tree that defines search paths 
. for symbol resolu tion. 

evalua ta (2.1.4) A monadic fu nct.l.on that ~~kes an e val uate 
re~uest on its argument to deliver or generate a value. 

/-
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Bxc~ptiun (2.4.1) A re~~ollse by an ~cc~ss ~ach1ne ~nJicatiu9 that 
the normal response cauDot b~ made. 

ExteuJed syutax (1. 3. 3) Au 111t: i.x: notation that iucludes macro 
facilities to be mapped i~to strict syntax. 

Forest (GT) A 'jrdpn consLstl.ny ot one or more ullcouuected trees. 

Funct10n (2.1.4) An object that .cespOH\lS to evaluate re~uests by 
creating an d.ctl.vat.ion tilat computes an Object as I'esult. 

Genera tor (2. 1. 7) A collective 0 bJec t Wh05~ ~leillents are COlli pu ted 
upon demand instead of bel.ny stored in the 58S. 

~rapb (GT) A set ot points ca~leu vert1ces and ot: ordered pairs 
at vertices caLled euge~. Ull~i direct~d graphs aLe used in 
the discussion. 

~roup (2.2.3) A list of state~ents enclo~ed 1n br~ces. A gLOUp 
is the external form of a moaule. 

l.dentit:y (2.1.4) A monadic tUDction tuat aSKS an object t6 
1dentify 1ts access maChine. 

ilist (2.1.5) A monadic LunctLon tuat returns the index set of a 
collect1ve object. 

Incoming edge (GT) An edye (X,y) 1S an 1ncoming edge with respect 
to the vertex y. 

Index set (2.1.5) The set of objects mapped by salect re~u~sts 
onto storage cells of a cullect.ive o.bject. 

Lnd.~l:"ectly accessible 
accessible from y 

(2.1 • .>J An 
if t.ueru is d. 

object x LS 1ndirectly 
chdLn of synonyms from y to 

x. 

insert (2.1.6) A dyadic Lunc"t...I..:>n that 1nserts new sto.cage cells 
Ln the owned resource of d collective object. 

Interp.ceter (2.1.2) The mot.l.ve .torce behind 
~xamiues the ~SR, decoues the procedural 
puts the ~SR in its ue.x:t state. 

a process: it 
Jescription, and 

lambda (2.2.3) A function that ~Leates a Dew fuuct10n by b1nding 
formal paramete£s to a mo~ule. 

~ist (2.1.5) The most fr..l..W1tLva type ot collective object. 
elements dre ..I..uuexea by consecutive Luteyers starting 
and may be of different types. 

Its 
at 0 

rtetonym (2.1.~) An encdPsu~ate~ synonym. It 1S used ror p01nters 
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in PL/l to 
definition. 

conform to re~tr1ctLons Lll the language 

ctodule (2.2.2) The machine %orm of 4 group: ~t cont~ins the text 
for the group 'to~ether ~Lth a dictionary ot all symbols in 
the group. 

n~l (2.1.3) A primitive Object tbat 
element list. 

Object (2.1.3) Hasic entity til the 
called an acCess maCU1ue dnd d 

resource. 

has the properties of a zero 

system; it has an act.Lve part 
passive part called an owned 

Object base (2.1.3) Set at all objects in the syStem. 

Object ima~e (2.1.3) An internal representation oi an object: it 
contains the descr1~tor of its access ~achine and a 
representat~on of the owned resource. 

Offset (2.1.1) A displace~ent from the beginn1ng ot a table. 
This term is not a formal part ot the defin1tion. 

operand (2.2.3) An exptession 1D pr09ram text that evaluates to 
an argument for a function. 

operator symbol (2.2.3) A symbol that resolves to i function and , 
that has syntacticalll associated operands. 

outgoing edge (GT) An edge (~,1) 1S an outgoiny edge witb respect 
to the Vel:tex ~. 

Owned resourc's (2.1.3) PaSS1ve pal:t. of au object that 15 managed 
by the access wacaine. 

Ownel:slnp tree (2.1.5) A tree .:l9 fiue d ovel: the OD Ject base by the 
ownersh1p relation between collect~ve objects and storage 
cells. 

parallel (2.2.5) A wonadic function that causes the statements of 
a module to be executed iu pal:dllel. 

Parameter (2.2.3) A symbol locd~ to a module taat 1S l:esol~ed to 
an argument evel:Y tiille ttle module is activated. 

pjth (GT) A se~uence of vert~ces of a ~raph G such that it x and 
y dre adjacent vert.Lces, (~d) is an edge of G. 

Port ,(2.1.3) An object whose access mach.Lne and resource connect 
to a data path through the Soul:ce-Siuk subsyst.em (see the 
S ys tem Arcai tectul:e Manual) • 
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Prim~tive object (2.1.~ Au object that cannot be const~ucted 
from otber objects defined in the logical architecture. 

Procedural description (:G.l.2) Bncoded informdt~on that defines 
the states of a process all~ pe1:m~ssible state trans~tions. 

Process (2.1.2) An dutomdtoll 
~tatus recoru (PSti), d 

interpreter. 

tnat has three pd1:tS: a process 
procedural description, and an 

Process status recoru (2.1.2) The L~cord of the current state o± 
a process, its ~nput, and ~ts working storage. 

Program text (~.2.j) A strLng ot symbols. 

PSR (2.1.2) Abbreviation for p1:ocess status record. 

luote (2.2.3) A syntactic mdr~er tnat suppresses automat1c 
evaluation of a function. 

aeady state (2.1.3) state ot an access machine when it is ready 
to res~ond to a request. 

Reducible object (2.1.3) An aDject that can be constructed from 
more primitive oojects Ln the logical architecture. 

remove (2.1.6) A monadic funct10n that removes an object from a 
storage cell w1thout deletLng the cell. 

replace (2.1.6) A dyadic fuuctLon used for ass1gnments that 
replace the target compietely. 

Request (2.1.3) A pair pt parameters passed to au object to 
reluest some service. 

Reservei word (1.3.1+) A str~ug at two or more lower case letters 
used to designate syste~ ~efined oDjects and various 
construct~ons in the exteadea syntax. 

Resource manager (2.S.3) The object 1n a subsyste~ that obtains 
r~ghts to objects outside oi ttte subsystem and allocates the 
rights to other objects w~thLD it. 

Ri~hts (2.1.5) A set of requests tllat a synonym passes on to the 
object it points te. 

Root (GT) The distinguished Verte& of either a tree or d rooted 
tree. 

Rooted tree (GT) A connected ~raph in wh1ch there is a 
dis tinguished ver tex: with 110 outgoing edges and allot ber 
vertices have exact~i one outgoing edge. 

Id~ CO~flD~NTIA1 
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Seed (GT) A tree wita orte vertex and no eJyes. 

select (2.1.5) A dyadic tunction that makes select requests on a 
COLlective object to map ~ndices onto storage ~ells. 

Sequential synonym (2.1.b) 4 synonym that can be se~uenced 
through success~ve elements ot a collective object. 

SMS (2.1.1) Abb~eviation for the Storage Management SUbsystem 
(see the System Arciutecture l1auual.). 

Space number (~.1.1) A number identLfying a loy~cal space in the 
SMS. Th~s term refers to tue implementation Lather than to 
the tormal definition. 

Statement (2.2.3) A complete express~on used as Dna element of a 
mod ule. 

Stor.:::tye cell (2.1.1) 
any object. 

A logLcdL location large enou~h to contain 

stow (2.1.4) A Jyad~cfunctLou that makes a stow 
target to pertorm ass~:1nmeuts. It makes 
Change than the repl.ace functLon. 

re~uest on the 
d less dras tic 

Strict syntax (1.3.2) A pref~x notation tnat is ~apped one-to-one 
into the internal machine coae. 

Strongly connected graph (GT) A ~rd~h in which for any two 
vertices x and y # there e4ists a pa til from 4 to y.. 

Structare (2.1.7) A subtree ot the oWlle~Ship tree together with 
all objects accessible from oDjects ~n the tree. 

Subsystem (2.5.3) A subset of tue object base ndving only one 
pOLnt of connect~on w~th the ~raphs 11nk~n~ the rest of the 
system, 

Symbol (2.2.3) A str iu~ of one Ot' lAore chdracters. 

Symbol resolution (2.2.1) The dct of resolving symbols to c~ll 
llallles at ~torage cells contdLuLny objects. 

syn (2.1.5) A monadic function thac makes an author~ze request to 
ootal.n a synonym tha t respondS to copy and destroy requests 
itself. 

Synonym (2.1.5) An object that automdtl.cally passes requests to 
the object whose storage cell ~t names. 

system root (2.1.5) The object at the root of t~e ownership tree; 

rBM ~QNrID~dT1AL 
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<111 ObjHCt5 in tilt:! tiY5leUl d.L.u dJ.I:ectly d.cc..:e:';::;.L.l.llu l[."()W the 
sY.3telll root. 

Tree (GT) A connected yrapb Ln wh~ch tbere L5 a ~L5tinyu15hed 
vertex with no ~ncomiu9 edges, and ~ll other vertices have 
exactly one 1ncaming edge. 

~ndet (2.1.3) A primLtive uadet~ned object. 

Undirected path (GT) A sequence at vertices o~ a ~rapb G such 
that if x and yare adJacent vertices, then either (x,y) 0[," 

(y, x) is an edge of G. 

vertex (GT) A pOint on a grapa. 
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Enclosed is an index to the "Fundamental Concepts and System 
Language" Report. Page numbers correspond,to the third edition, 
dated March S, 1971. 
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access machine 
accessibility granh 
accessible 
acquire function 
activate phase 
activating a function 
activation 
activation chain 
activation tree 
admissable index set 
and function 
answer 
aoply function 
argument 
argument list 
array 
augment function 
authorize function 
authorize request 

base list 
base value function 
basi~ 
braces 
buffer 

catenate function 
ceiling function 
cell name 
claim function 
collective object 
complete index set 
comnress function 
conditional function 
connect function 
consumable 
contained 
control program 
controlling proces~ 
coPY function 

. copy request 
create function 
cursor 

data base 
data communication 
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31,21')1,229 
44,229 
44,229 
107 
57 
58 
37,68 
72 
73,229 
229 
105 
147 
73,106,164 
229 
70 
53 
97 
40,165,229 
36 

53 
105 
54 
65,73,94,166 
27,201,2?9 

97 
104 
27,22Q 
107 
41,230 
54 
105 
74,106,167 
76,95 
85,147 
66 
116 
81 
o 
36 
77,80,~5,106,168,230 
73 
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145 
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deactivate phase 
deadlock 
declare 
dedicated ports 
dedicated subsystem 
defined 
delay function 
delayed narse function 
delete tunction 
delete request 
delimiter 
deT"lend 
denendency graph 
denth 
destroy function 
destroy request 
dictionary 
difference function 
directly accessible 
directly contained 
disclose function 
dron function 

element 
elementary object 
elementary symbol 
enclose function 
environment 
environment tree 
environmental chain 
eq function 
evaluand 
evaluate function 
evaluate request 
evaluation 
exception 
execute phase 
exit function 
exp function 
expand function 
exnression 
extended syntax 

finite resource 
floor function 
free function 
free ports 
free subsystem 
free sym!:>ol 
function 
functional level 

INDPX 

57 
B5,/'29 
16q 
115 
116 
61 
73,1 ()6 
65,94 
48,c)7,170,23 fl 

36 
171 
35 
35,2V) 
52 
BO,106 
36 
6fl,23,) 
1 ,., Ll 

43,230 
66 
98,172 
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41,210 
41,230 
63,23'l 
9A,173 
75 
76,23f) 
76 
105 
59,71 
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36,68 
69,70,71,20' 
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87 
104 
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115 
116 
61 
37 
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ge function 
generator 
goto function 
group 
group markers 
gt function 

i-dimension index 
ibase function 
identify function 
identify request 
igenerator function 
ignore function 
iid 
ilist function 
index function 
index object array 
index set 
indexed structure 
indirectly accessible 
initial interpreter 
inject function 
inner nroduct function 
insert function 
insert request 
insert symbol function 
inter-AFS job 
intercent 
internretation 
interpreter 
introduce function 

job 

k-list 
k-vector 

label 
lambda function 
Ie function 
linking 
list 
list function 
list structure 
literal symbol 
In function 
load function 
load nhase 
local environment. 
local label prototyne 
local symbol 
locate function 
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96,177 
231 
36 
96,99,178 
81,1015 
27 
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101 
55 
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52 
43,231 
116 
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36 
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147 
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118 

54 
54 

181 
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75 
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101 
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log function 
It function 

maqnitude function 
map function 
matrix 
max function 
member function 
message 
metonym 
migration 
min function 
minus function 
module 
monitor function 

name value function 
nand-function 
ne function 
nil 
nor function 
not function 

object 
object base 
object construct 
object image 
offset 
operand 
operating system 
operator symbol 
or function 
outer product function 
own 
owned resource 
ownership tree 

parallel function 
narameter symbol 
parentheses 
nath 
path name 
phases 
olus function 
!,oint function 
port 
power function 
nredecessor environment 
nrimitive argument 
prirni tive array 
primitive index set 
primitive object 
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100 
54 
104 
105 
147,201 
41,231 
156 
104 
103 
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97 
105 
105 
32,232 
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31,201,232 
34,232 
201 
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232 
64,232 
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100 
41 
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priority function 
nrocedural description 
process 
nrocess status record(PSR) 
nroduct fucntion 
program text 
pseudo list 

qeval 
qslint 
qsum 203 
quasi-activation 
quasi-object 
queue 
queue manager 
qid 
quote 
quotient remainder function 
quotient-function 

r-array 
rank 
ravel function 
ready states 
rebase function 
recinrocal function 
reducible object 
reduction function 
release function 
remove function 
reneat function 
renlace function 
renresentation 
renresentation function 
representative symbol 
recruest 
request constant 
request function 
recruest queue 
reshane function 
residue function 
resolution man 
resource manager 
resource nackages 
res?onse queue 
reverse fucntion 
rights 
rotate function 

safe sequence 
select function 
select request 

INDF.X 

81,106 
28,233 
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21)1 
201,205 
202 
64,9 IJ,233 
104 
104 

53 
53 
98 
31,233 
98 
103 
32,202,233 
99 
107 
48,<:)9,185,233 
74,106,1Rfi 
48,77,99,187,233 
33 
105 
61 
35,233 
37 
38 
201 
98 
104 
7.5 
88,114,233 , 
115 
201 
106 
39,233 
106 

89 
43,96,106,188,234 / 
36 

IBH CONFIDENTIAL 





( ' 

/ semicolon 
send ans\..rer function 
send message function 
sequence exception 
sequential synonym 
server configuration 
shape function 
signal function 
signum function 
gimple exoression 
simple name 
SHS 
space number 
source/sink 
start function 
start request 
stateMent 
statement index 
sten function 
stop 
storage cell 
stm..r function 
stow request 
strict syntax 
structure 
subsystem 
subsystem landlord 
subsystem resource managers 
subsystem root 
sum function 
suspend function 
symbol 
symbol reference 
symbol resolution. 
syn function 
synonym 
system input 
system root 

take function 
text 
ton onerator 
translate function 
translate machine 
translate nhase 
translate subject 
transnose function 

ultimate function 
unbounded resource 
undef 
unique n~e function 
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unique resource 
unload r>hase 

vector 
visi1:)le 

wait ans~.,er function 
wait message function 
where 
".rork flow 
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