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(ﬁ) In this figure the woirters AVP and ATP indicate that the svacks are
the Lcubrel state, 1.e., novthing 15 .. OO0 CLET U.88 The stacks.
Thcse two pointers alweys poinc to tia lagt active word in their respective

stacks.
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exit ex:
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noke nowven ¢ Literal onerstor instead of a
relelloand operaior;

SYACS; decroment abp wwice ©0 get rid of []
in the operator stack; [7oto next;

o

STACK: exit from BXPR;
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Of cource, the Texit from EXVRT covers a lot of Jotoils, perticu-

Tonrly about wideTined exprescions; this is dizcusced in the NARP

istinmg =

Tae subroubine STACK does the achuzl ova

e
in Seehion b

Yo (See aloo Fizuenoho2s ) Laid, andg b-17).

o

the cperntors in Che ovsrator wback to the operands in the

coverand stook. Tae comd

trls roucine. IT an ope

value, specind ac

-

hibility of rToctorsis sloo checked by

.

rator iz to be applied to an usdefined

musl be teken ag is discussed in Seetion

o
L.k, Sce the NARP listing for more comments on STACK. Figures

4.8 and 4-9 give deilails
b
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a Pew exanmyies by hand.

of the two stacks involved; an entry
preciscliy the same as that in OFWRD
the TAPRY type is always zero.

an iden of how TXPR works is to try

Below is an example showing the changes

in the stacks as "A+R*¥[C+D]-3;" is eveluated (assume A=1l, B=2,

=3, D=h).
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Covarand Stack Onerator Stack Conments
TS — t

Qwx
o 4

9 Oow s
4 N 3

A - "1 pusnes all operators
) % out of irne stack throuzh

"y 7=C+D

-2

A + first "-' pushes oub '¥';
b =B C+D]

- e
15 - G

hen '-' pushes out '+';
15=A+Bx{C+D]

15 -
-~
12 '; ' pushes out "-';

12=A+Bx{C+D]-3
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L.k ondling Undefined Quantitics (inclndine Litosalu)

There ore essentianlly three different kiwds of wpdefian.d
guantitics troated by NATRP.
1. An cxpression consigting on cne zymbol which
This ig usunlly referved to as the wdeliacd symbol case.
2. An exvwrescion consisting of more thon one symbol (i.e., a
symbol and an operator, several symbols and operators, ete.)

which containsg at least onz undefined syuwbol. This ic

ailed the uwndelired expression case, altlough strictly

specking, 1. is also an undefined expression.

L. Li.1 Undefined Svrbols

The symbol is placed in the main tablce (af it is not alresdy
there), murked as uwndefined. The "valuz" of the symbol is the
address of the iInstruction for which the symbol is an operand
(see Tigure 4-1). The second time the symbol is referred to, the
"velue" is ocubput with the current instruction, and then the

"ralue.

ab&dress of the current instruction is placed in the
8 creacted with its head stored in the main table.

i
For exzmpie, if U is uwndefined, one mipght have:

J Qe ey AN ey
Addreza Scurees Oroput

Lol ALPHA LA

50 ATD
SUB B 520 “
7¢P L L% 6@
.at this point, the "value” of U in the main table
is 7¢p
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speci icece

&

When the undefined syaxzbol is finnlly deofined, a

fmt
rd

&)
of outwut is generated (labfix head) which telis DDT to follow

it

the chain beginning at "head," replaciuvy each link by the curreat

value of the location counter The erd of the chain occurs when
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the Iink in an ioobruction 3s eoguel bo the addross of tho insurue-

tion. {Some oscexblers indicate the ond of a chuelin by 2 z¢r0

Tine, bub this meoans, however, thot im cert. s caewl s undelined s,
whol ir che ©irst dinstruchiicon of o progre. wail ot e Srooated

" e 4 - IR TRNCIC RN U - ~ s T VAP
corvectly.; Do continue wilh the r50ve examnie, 100 U DATA -1

. : e
avpcare ot locavion 3D, then
- - .{,I
laolix 740

) _ — s I \
se oubout. DDV troces down the chualn, rewmlacing Bhe Lin.o by

the current locatlon cowntor, U84, The progrrm then loohs lixe

’v ) /’73 'LDA S}f!j

S0 ALD &

€50 sSUB 8
38
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Tt oan clear from the o
veforepces compiebely by itself, but in o sense utlliizes the loader
28 a sort of zecond pass. This scheme works becausce the address

.

part of Lo ingteuction with the wndefined aywbol can be ussd

1)

10 hold information for the looder, nnmely a link.

L. Undefined Bxorescions

Hewever, if the ocerand for an instruction is undefined and

consists of mors fhen o ginole aywbol {e.g., =U, U+l) then there
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ig not eacuzh room in Lh 11 the inTormation,
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esoecially cince the undelined exprension way be very long and

in many undefinod symbols. To solve this problen,

5
o
g
e
[
’

p’
m

wadefinod expressions arc stored in a table in core (ealled the

€]

expression table or etab, pointed to by ETP). When all the
symbols in a piven stored exgprestion become defined, the expression
iz evalueted and output So DDT. One other complicstion enters

n the main tebl

}J-

however, namely that There 10 not enouszh room
entry for both the head of on wadeliancd chalin and o pointer to

the exmression table. Thus, a bit in the "yalue" word is set

oy
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to indicnte that this word noints to the expressicn tnble (sce
Pieure h-1).  The word pointed to in the expression table

represents the occurrence of the undefined symbol in on cexorescion;

it conlains either the nead of an undefined chain or els: polints
to the next cecurrence of the undefined symbol in = caved

exorecsion (sce examnle below).
Tt should ve clear thot the case of U as o sinzle undelined

symbol is kept ccaplotely ceverate frex the cune of U Lo wn

undefined expression. The occurrence of U in an uwndelined

symrossion does not at all efleet the wdefined chatin that o

“

nbernal to NARY, nomely

15

utput to DDT.  The only difference is

f

that {ke head of the chain may not be ia the main tsble but may
be at thoe end of the chain running through the extrcssion tnbles
it will cinmply talte a2 bit longer to retricve it than if it were
in the main table.

.

The cxnressions are stored by RXPR in Polish post-fix
formn (see Figure 4-10) sloro with the address of the instruction
where the expression occurred. When an undelined syrxbol that
appears in the expression table is defined, the following action

s taken {by the routinc FOLEC, see Figure 4-13):

e

H

Tne chain rumning through the exprecsion teble is followed

and ench link is replaced by a pointer to the symbol in

the main table (it is not vossible to put the actval value

of the symbol in the exprescsion table because defined values
necd uhree words in this table and there is oaly one available).
2. Tn each expression where the symbol appeors, the undefined
symbol count is decremented, and if it becomes zero (indicating
thet all the undefinco s

defined) the exvmression is evaluated and its value is output

ymbols in the expressicn are now

feliowed by either

fix b saved lc

or
fix 2k saved lc
These cause DOT to fix up the instruction at "saved Je" with

the last output value.
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3. Wnen the end of the expression tidble chain ig recached, its

s P SRS SR s ) . -
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Now if U is defined, say by U DATA -3 at location Spf then the

foliowing is oubpub:

l\:t L = LNN.g ]
d setrel =1 {sete special relocaticn Tactor)
e8] (marked oo specinl reloeation; value of -U)
Pix ik 5% points to location wheve -U appeared)

value of U+18)

\O

by

e

»

{4

-3

RS
e o
Pt T M e N
¥,

oints to locetion wheve U+18 appeared)
B (points to start of wrdefined chain)

-3 (contents of word lshelled U)

RSN

b
&
i
b
#
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After DDT finished processing the Love, the result in core is
L LDA opp :

549 1B 9P
€zph SUB 0

1 7¢3 )4 918
B ADD on%

oFp -3

e o i
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The only drowback to this scheme is thet every occurrence in
the orogram of =symbol (where syubol is wndefined) is pleced in
tre exvression teble. I TUMR were choneod Lo recoriived
=syirhol as a special case, & lexs spoce-consuming ocheme for

procassing externnol litorals mizht be devised.

Lok Tlewehorits for Routines That fondle Undafined OuanSities

ct

The observant rcader will huve noted that amany of the wointers

connectled wilh handling wedelinced cuantitier are sinilar. The
following four wovrds nave cosentlally the same format as far as

bits VL ond RLO-L2R are concerncl:

1. Thae foarth word or a main toble entry for an uxdefined symbol
{(Mieure h-1).

2. An undefined symbol word im the expression table (Figure L4-10).

3. Aan end-expression word in the expressicn table (Fipure L-10).

b, The fourth word of a main toble cntry for a literal (Figure 4-3).

For the first two above, by hag o common xeaning; if it is 1, then

b10-b23 point to an vadefined sy=xbol word in the exwression

o

+o ©10-b23 ig elgo the head o7 an undefined
choia fulthoush in cosge 3. this chain slways hag only one link).
In o1l fowr cases, if b1 is @, then bLl0-b23 is meaningless; it is
10 be ignored. The reason this case may arise iz that an undefined
cquantity may appear in a wrong context, but thiz iz not discovercd
uatil eateices have been made in the main table aad the expression
table. Thus, it is easier to set a bit than to undo what has
been done.

Anothaer format that is used in several places is that of an

1453

operator:,
1. TIn the OPWRD table (Figure k-73.

. Tn the operator staclk \Soction b.3).

o

¢

- “ )
the exmression table (Ficure b

]
O
—

In
The fcllowing routiners sre flowcharted in consideradble detail.
t

See “he NARP listing for o suecification of the input to the routines.
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1. DEETRe This
2. ASGN: This
3. POLEC: This

rouvine dsfines lebol.

routine defircs eguatbed

2 r S B «, T PRI N S TR N
18 an auxlilicry rowcise used by bolh DEPLB wndé

ASCR to vprocess the exnression toble whoen an undefined symbol

is defincd.
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Tieure 4-13: Flowchavrh of FOIFC (4np CPNT?E)
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Flowchart of POLRG {in ¢
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The previous routines ceal mostly with the

PR

symbol is defircd. In coateast, the Tollowing ro

to undefined symbols and literals. At
scheme used Tor converting wnlslineg cworessions
£ix should be mertioned:
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et 3 A J
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to Polis

actions when a P
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h poni- Y

L. ¢ operator to

T

rod, I they arce

not, first the operaend stack, and then the operator stuck, are

scanned (in Lhe same direction as they were huilt

in the expression table. the game time a3il o
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these act as dumy opcrands to keedr the format of
kY "~

order. When an expression terninator L. cncountc
action is taken, the undefircd exprecsion will be
expression table in Polish vpogt-Tix.

The following flowcharts do not cover complet
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EXPRI: delimited

EXPR:

Action wnen symbol iz
quantity

Action on o literal operator

4 e

Actlion when an operator is to act on

) end placed
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o Tigure L-8);
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the stacks in
iy | Pl 5

red and Lis

stored in the

te routines, but
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foetion on undefined exwressions
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Action on undefined symbols
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Fipure h-18: TND: Action on literals

When END is cncountered, the main table is scanned for
literals, and the following cetlilon is tulien on cach literel (this

is the routine LITERL in DIWTCT),
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Wrer whe sdborals heve beon oudbmit ond the expresiion table
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5.0 Stotement orocossor {central loon of T

A
(275 dan
. ]

trevel

Ut
1
—~

oNng,

and non~-aacro directives

The central loop of NARY ctart: with tha Jaueld

— . o by R RPN "] 3 e d e
Leginning of CENIRL. Followinm this lobel lo w ctac

Ay N

of the some form us the one in FXPI, which choeks 7
statoments.  In particulacs, the opeods ol a ctalcmz

and subcocuent action is dependent on its type. Uhe

procesges a gtatenent uwp Lo the operaad Filcld wad tihoen jus

appronriate wevlon dopending on the type of oncole

5

below). Tae rousine juwmed to then proccsses “he onc

A NP 5y i ¥ SO 5
2NG S¢S un to a semi~colon or carcl iLooe roturn ond

back to CLOOP so that the anuxt stotement can be sroc

Just vefere the cenviral loon jouns to o rouiine,

as Tollows:
A=0 means there i no operzad (i tae

an opcrand Then agd Lrror meoss

,_l

central loop).
A=-1  means there 1s an operand waiting
The routines Jusmped to take the folliowing actions:

-
s

G

»)

after the central loop.

|

i

CL0oR

&oorat

irst checking Tor '«-' and '/' and then calling EXPR %o g

w6 Lhe

(. TAR

v of

Insiyuctiong: The code for nroceassing irnotrvetlions is Jjust

This is rather straight-Tlorward code,

et the

s oio lookaed up
centrel loom
Jeersn Lo the
frore Getulls
rond Tizld
then Juwsnos
csead.
i sets A
cacode requlr
o Is piven oy the
to be processed.

value of the operand. If there is o tag then BEXPR is called again.

The instruction is built up in TNBIR and when a statement termin-

ator is cncountered it is output. (When the instruction proces

is first entered, INSIR already conbaing the value of the opcode,

sor

possibly an indirect bit, ectc., so only the values from the operand

o

field nezed be merged in to complete the instruction.

M

in MAC 1g made; INSTR contains the addresc of ¢

acros:  If the opcode is a macro call then a jump

ne first

)

1o MACALL
word of the

. \ - v
macro head {see Tigure G-2) in strise storage. More details of

the rocessing of macro calls are gliven in sechion 6

Dircetives: 1T the opcode iz a directive then an ad hoe

routine written specilicully for the alrective is Jvmmed to.

These routines arve divided into non-macro directives
» . 7w ’
and macro dircectives Ia MAC}h washounh somae of the

MAC are not specifically connected with macros (LiLe

(in D
¢}

TECT )

F) but
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only o few wee menvioned berov.,  Hos the NARD 2Iisting for the obhecs.

.
.

¢ - 13
‘( .

§ ¢ )
| L—\__f\

{ ;

i .
i
iy

TN

JI ] - - . O, L. - A AT - -
! ’ Invelve string, neoccssiws,  Lhe routines o wA0 ave desemious

i S

i . ) - . o o . 1~. «nm L N e TR e . N
J; R\_:) seelion O. Uhose fno OUBCT arce morc oe Jeon sbraiinb-Corward, and
\
|
|

CoVrr Un

Voin reoalliy o sciovio coullac, bub s mentioaed :
/‘ necouse it uses a so-called chore veble (conerated by the
noero SIEFAR).  Sce the descer’wilon of the —ounlne SHILK {in
MISC) din the NARD? listing for the format of thusc kinds of tables,
FAD:  This dlirective is a livtle more complex thun the others
in DIRECT. fTrewo ave two actlons depending on whother NARD
ig belng initlalized {sec sgection 7, or whether it is a
normel assesbly. In the latter casc, coveral ccans of the
3 moin Lable are made Lo output wll the tables and other

informution needed by DT

‘ TCU: This directive is of imbercst privcecily becouse the cdde
for handling equased symbols (routine ASCT, ssc “irmce b-12)

| is located hore.

OPD: The code may seem a bit obscure, us if it ds Jollowed

with Tigure L-2 at hand it should make sensc. The action is

»

o8

slightly different i1f NARP is being ini
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6.0 Corditbiomnld oosemhlr ond mACTOs

. .o . iz B T e Fa A At
GUL 0 FP shabements (IF, BISE. TISS. )

~ - ooy de Ly FEEER PN e ~ PRI S R R O A1
O(‘,‘SLWTX": i1 stubuesenta Lo DULnLTLLY O rullter ol de ¢ ilng when

to asgemble NARP siotements wnd when to 8is then, Yhe skhipoing
is the cenbrel problam since Zt I Todng hondlllozn, l.es, t
(929354 [EQVRA N YO SLOCC LG Vo RRY LUt PR I "R & I ne
atenents to he skipped arce Llocked ason S oLaen are o be

ignored until one of

e Ty L oenoma 2
Lo SHamTmLiy L

appears 1 an appropriate place within a

done by a routine callced TACKTY (deogeribed m more delall in
seetion €. ) which reads characlowrs und swilehcl on them Lo

various zetiouns. The usual action ic to loom lockh and reod the

- v

next chevacher and switch on it., Houcever, 1t .5 obvicus thel some

of the actionzs must do a bit more or Lo TN (locioz ofT the IR

“

will never be seen. Thus come actions chance a mode, (2/0DE, which

N e 3 - “ - Y, - 3 P N P ] e [ SRR oS B
is usced to deveet the opecode Flcld o o shtatomeny “oa lozic ls

rather simmle, tae Jirst occurrenec of o blank cebs the noda “o

Pp ety [t

t . o - s -
'after lebel flcoid blaok", and en "IV or cn "I encountered in

e

. ~ s A,

this mode coauscs CHE to be called Lo delinit the svabol in thn

8]

oncode ficld. After CGNE returns, the delinmited syrbol is looked

up in a short table contalaing the followlng:

If the cymbol isc Jound in this table then a gpeceied action is

taken, otherwise PACKIT pocs on swibtchine on charachees. Th

o

advantage of this scheme showld be obvious: 1t ig wvery Tuct cince

’e)

mosl of the time chuwracters are simoly skipped oid GNI iu enllad

only rarcly.

~

Following is the algorithm for processing if ctatements, written

in pgeudo-ALGOL.

procedure ifskp (e endf;

elsf, cloe, end?); lrhel elsl, else
begin comrent This wrocedure skipe stoboment
e - Py

AL
L

]

ct

i
e
=2

Ll

encov.aotre one with ELSXY, BLEE, or TNDE in the opcode ficld.

Loy Ahel given as input.

It then exits to the corresgondicg
ELSF, TISE, and ENDT on the teos lovel are considered, since

2ll other occurrences welony to Lover level IIF-INDT blocks

(which are to be ekipped); mlev:=0; comment mlev keeps track

Ondy

N

"%
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loop:

until

-t
of whether ve are Ingide & lover lovel IMWIW0T Lol
e iney N ‘ T . . Tt P! -
PACKLTS comment  This call uill ckin ¢l siubomcrion
.. Per 1t o it o e » 0
ne oceurs with "I or "IV as e TUros o opootonm
epcode TLoid. s Yoro loorun ’ A A oY

of the

‘
4 5 ey e . T = Y
braacn (L, ololy, eloox, ealle, oo,

is noth
i

cletfx:
claexs

oot

onc of the four gneeial omcordes, Lo Tranch iz to loops

wloev: niov 1l poto loops

LMoL o dE wiev =0 thoen 7o olae loos;
goto AP rldev 20 then wlsoe olse looss

-~

mlav: < nlev -1; rotoe S0 mlev < O ren oondy ot looh

< d wrocedure ifskng

.
[SEEAUSIAN

in NAXP o

o 'Ionrr
the

By .
Pl

}_XL
=
}_J
-

ELSF:
ELSE:

»

ol

SN

ol

ENDF:

end{l:

Althiough it

cocde for procecsiny the directives I

ne above wrocodare is roc an exact voplica o UKD

,ﬂ Y, ot et s o Y R, St A PN
ace wb shows sone of the zethlong ~alch redlly
. e A . PR N BN PN PR AP
to PACKID, bul it conveys the mnin ideas. L lowing
[ ey TV SO R A e -

PRI RO I T 25 ¢ Lo

s N 2 MR U i
coa ’“v'lu LLCTG L0 ILLLULGdy }./\9 Co

aifent s = ifent -1

vhen it has o negative value an 17 stalrnent is being

) . v . By - 3
eveluate exprcossion in onerand ficld;

i ovalve of wimression > 0 thon soto CLOOP;  commendt

Thus the code jamediately Followinr the T staterent
will be processoed. Note that the only thing which

leates that we are inside an 1f body is that

;
iTskp (ifl, CLOOP,  endfl):

.+ com ey
ELSE . SNDE

. < . - 7 . ,
if iTcat= O then bonin errcor ('S'); gobo CLOOP; comment

outeide 1f body erd;
ifskn (ETST, elsel, endd);
comment BLSFP IDLSE END:

T Ny
Vst 2 COTI Y T

L0 T7ent

culside 10 body ond;
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H.2 0 Drveanivation of gtring storasc

Whereas 1T stotenments reouire only a ceriain asount of string

handling the processiag of rozedt wtetercnts and macros 1s almocst
solciy coacersncd with ol ~Aa el Vhinon D00 mere Cole

i e o - . A . SO - LU IS
plicated becouse vorinse st be soved Ln oacaoyy Jor Lulor use.,

PR Y R o 4o , I . 2y R
The arca of merony allctted for those atrirne UoLoimp Ztorage oy

-

$3) iz ornanized as follows:

macyro bodies

R T —

1 e A A R0

higner order ‘ < Lot

acddresses

!

{

!
v

o

T NS

st. 200

free scorase

N

T Tl
JRRtE Y

—~—

repealt bodies and
MECTO CalLE

.

v it > . [P W VO, - F Kl mn et - Qe s PN B ol ~
The hounds of ss are kept truck of by ftwo wolntors, S8P ond LS82

both of which always noimt to a word that contains userul informocicn.

\_/ r—‘=

Waen a macro is defined {Ly MASRO and ENDM), the macro body
iz stored in the ton part {i.c., Jower coder odd fesses} ol 88,
cfrer the last macre Body. S8SP is advonced aceordingly (0SSP «lways
pets larger as thero 1s currently no gavbege collectlion for macro
bodies). On the othex hand, whe.. o remect body or mocro cull (maero

2dls contain arguments which must mo sterod until the cell is

(¢

-

complete) is stored, bhe strings will only be nceded for a shord
time, so they are gtored at the bobtonm of sa. As goon ac th: repect
terminates or the micro call in fialsled, 2307 Io wostorad to its
previovs value so that the repcal body or mocro arpuments are

discarded. Thus 308Y gets both larger and cmaeller.
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0.3 Repeat stacemenscs

Handling repeat sbatemerts Lo done 1 Two noaanes: suoring the
repcat body, and then letting N/32 sroccos Lho slubements of the
repeat body as maay times

The main proolom off

matching the opcaing, R¥
that this is precisely the same prodlesn as findiag the EXDD to
match an 0F; the muln diflfcerenes is that the characters between are
not skipped but cre stored in ss. The roubise 2 OCT (now the

name should have some auemenic valus os the roodsr) is used to

e . K ~ PR N [ X S T T R S PNPUSE I
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