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I-h.' latE'Q Docurn(>nt~; 

1. For a dezcri:ption of the input to the NA.RP assem'o ler (i. e. , 

the source 1nnauage) see Project GENl~ Docwuent R-32, 

Reference Mcmtw.l for NAR~ An Assemhler for the SDS 91';0, 
issued 

2. For a description of the output produced by the NAnP assembler 

( i. e ., the input to the loader) DIYr) see P'roject GENIE 

.!?ocument R-2'5, Format of Binary Prof2;rr'Ull Input to DDT, issued 

Janu~ry 26, 1967. 

3. 1<'01' 8 dcscriIlt:ton of the SDS 940 and its instructions set see 

one of the foD.owing: 

a. SDS publication: SDS 91+0 Com"Duter Ref,,-·.~C; .. C:~ Ma::ru",l, 

No. 9O.06)~OA, August 1966. 

b. Project GENIE Document R-27: SDS 930 Instructions, 

issued October 11, 1966. 

4. For a description of ARPAS, the predecessor of NARP, see 

Project GENIE Document R-26, AREl\.S, Reference Manual for 

Time-Sharing Assembler for the SDS 930, issued February 24, 1967. 
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1. 0 Tntroduction 

This document is intended for usc hG 11 companion to the 

listing of the NAHP progra:n, and thus only conLai,ng inforrnrttion 

not given in thE' comments to the prop;rrun. Therefore, 'Precise 

table formats will be found in this report, but no specification 

of input or output for subroutines, and only sketches of most 

algori thrns . 

This report will probably be of most use to those who w'ish 

to correct bugs or to make changes or additions to t&\RP. It 

is not written a~ a prliaer oa assembly writing, but some motivation 

for the implementation is given, so that a relatiV'cly exper-:enced 

progran~er should be able to USe it uith little t~ouble. 

Following is a short description of the over-all workings 

of NAHP: When NARP is called by a user J the entire program is 

read off the drum and into core, where it stays until the assembly 

is over. The assembly is done in one pass: NARP reads an input 

file containing a source program and writes &~ output file 

containing relocatable binary program ready to be loaded by DDT; 

no other input/output op,zrations are performed except for 

messages on the teletype, and perhaps a listing. As the proeram 

is translated, several tables are built U? in core, the principal 

ones being the main table (containing literals und definitions of 

symbols and opcodes) and the string storage (containing macro 

definitions). 

The basic scheme for processing an instruction in the source 

language is quite simple: The opcode is looked up in the main 

table to get its value and this is merged "'ith the value of the 

operand which is obtained by eva.luating the expression in the 

operand f~.eld. The instruction so constructed is then output. 

The evaluation of the expression may involve the lookup of 

s~illbols in the main table to get their values. If a symbol is 

undefined, a chain of references to it is created in the object 

program, and the loa.der replaces the links of this chain vlith 

the actual value of the symbol at load time. Undefined expressions 

conSisting of more than one undefined symbol are saved in a 

./ 
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tab lc in cor(-' lmti.l all the symbols in them become defined, at 

vJhich time the expressions I:l.l'e evaluated. 

Of course, the cz;enera.l scheme above doc::;n't account fO"!" the 

processing of directives or macros, which rnn...k;es up em apprec),able 

par-::. of the code for NAHP. Refer to the liscinr; and the following 

report for more details. 

I __ ~ ___ -------------

• 

o 

o 

o 
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2.0 Orp.nization of NARP in Core 

2.1 Core MD1?S 

vlhen NARP is rtmning) the core is used as: follm.;s: 

vlorkin::; st.orB.r,c (corre3,;)onds 
to TErill) package); see be 10'1-1 
for details. 

R~ad-only code (cor~esponds 
to MIGC, CENTRAL, D IREeT ) and 
MAC packages); see first page 
of NARP listing for organization 
of this part of core. 

See ?i;.;ure 2-1 for the details of the first five blocks of core. 

The n,Y'cas in these blocks are discussed belo'l-r~ 

pop commlmicDt:'on cell: This is silnply cell ¢, used by pops to 

transmit parruneters and return address . 

. c<?]:ls _l._thro~~h 77B: These cells are not used by KA,RP or the 

system. 

p0"E link::;: This is cell 100B through 177B; it contains the links 

for the pops used by NARP. This area is initialized when NARP 

is started and then never altered again. 

pror;rarnlned interrupt linls,¥..1 These are cells 20lB through 224B; 

if programmed interrupts are used, these cells contain pOinters 

-co the routines to handle the interrupts; they are not used 

or altered by NARP at present. 

-.--------------------------.------------~~---=---------------,--.--------------~--------------~ 
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s1.1brO\::t.j uel,: These are subroutines thD,t o:re not pure 

prO(!CLlUreS lJu\~ whose im.:tructioD3 p,r(; ali;eccu p.;]"1.vdical1y (:in 

o:rd\~r to ffil1.ke the subroutim;E; ac fD.r>t fHl p()~$101e). Thc,~e 

c.efh:.~t:'ons. 'I'hey are placed in :reud-yll"itc memory bec[J..u$'C they 

are altered. 

e,tch one is described in the WARP li3ting. 'l'h':;,y u:~c called 

":1,orraal tl to Ciistinguish them from ltrecwsivcT1 te:llps. 

recu?"si ve terrc;)s: These are temporary working cells used by routines 

t:l::tt RTe called recursively (e .g., the eX}?:ression evaluator, 

;1~Xr1f\) . 

recu:·'G1.ve subrou~:inc link:::: These are the c,,"ll;:; vhere r.:twn 

,::.d(:resG€S for subroutine calls arC stored. 'I'he recursive 

su1)l'out.i.ncs are distinguished becuu;.:;e the1r return addresses 

munt be saved when the subroutines are called recursively. 

norf!( 1. s1Jbroutinc links: Srune as recursive subroutine lin1<.s but 

f:r(-'CZe arC>2.: ~,n1en F'R:::illZE is encolll1ter<2d, information about the 

\'Tt:'~·: ot..,.::; tC";.bles i!l. NARP is stored ill this area. 

r-' Pointers and upper bouL'),dn for the variable tables .;;.;.,.;.;;;.;.._..:.::.:::.:...::;..:.;,.;.-

used by NARP (main table through pile) are stored here. See 

for format. 

table lookups fa.st. 

main table: Symbols, opcodes, and literals are stored here. 

stt'1n~ r:toral!,e: Macro bodies, macro argumerrts J and repel),t bodies 

are stored here. 

exnrf>ssion table: Undefined e:>...":pressions are stored here untj 1 

they become defined. 

input point0t' stack: The input pOinter is stacked here vmen input 

is switched from one source to another (e.g., from an input 

file to a me,ero). 

character stack: Characters are staclced here during token 

recognit::.on. 

I ____________ ~--------------,--------------"------------------------------------------------------------__ 
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~erand "st,cC;{: Operands are st;;..cked here duriDg expression 

evaluation. 

operator stack: Operators I'1.re stacked here d:.:.rin:3 expression 

evuluat-;"on. 

~: Recursive temps and recursive subroutine li~~{s ure stored 

here 'irher. a recursive :::ubroutine call occurs. This table has 

no pre-set length but simply t~{CS up all the core in the first 

five blocks that j.s left over after the other tables and areas 

are defined. 

2E..1?ut buffer: Blocks from the input file are read into this area. 

out-put buf'fer: Blocks to be Wl~itten on the out})ut file are 

stored here. 

2.2 N.6..RP As A Pure Procedure 

~\RP is coded as a pure procedure (i.e.) it is re-entrant) 

so that several users may use the sa.."l1c copy of NARP at the same 

time (of course, each user has his own working storage). Since 

some temps used by NARP have initial vulues, it is necessary to 

have some means of gettinG these values initialized for each user. 

In NARP this is done sirxply by including an extra block on the 

drum ,inic:::t ('or:tains all the initial values for the initialized 

temps, 11':: well as the pop links (se,; Section 7 for a description 

of what happens when l~RP is started). 

Subroutine linkae;e is handled as in the following example: 

SUB ZRO ¢ RE'l'URN ADDRESS &\VED rnm~; '2 in read-write memory 
BRU ESUB ) 

ESUB < body of subroutine > 
BRR SUB } in read-only memory 

This scheme uses no more memory cells than that using SBRM and 

SBRR and has the advantaGe of being faster. The only drawback 

is that one must remember to precede a subroutine name with an 

'E' when writin~ the subroutine. A call of the above subroutine 

looks like 

SUB 

o 

o 



" 

o 

() 

SSTSG (n.epcmni.ng on ",nether SUB will be C'n.l1cd recUl·civ(;lr). 

'::.'hc.::;(: t..,l0 mnCl'OS ::-a'c U;e very first macros cl0 t'im:d in t.r,e 

2. Insert the code for the cubrou-cine i:1 the ;\'.1\C '[)ackase. Don f t. 

forget that the first in8truct:::"o~1 of the subroutine is lo.oe lIed 

"ZSUJ3, not SUB. 

3. At the encl of the lYlAC package insert ESlJB in the list of 

external symbols. 
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3.0 In-put/Output 

The inptlt ,,0urC8 'i)':0Gram is rCD.d block,i"i::::e by GE'mLK in 

HISC, and NAR? itself does the unpacking of chD.ractcrs. This 

unpackinG is done by so-called "altered routines" which are in the 

read-i-rrite portion of llIARP becn,use some instruction;:; in these 

routines are altered to make thc UIll)acking as fast as possible. 

The .four unpacldne; routines are Fr.LE, UNPCK, DUg}:, and DIGI (Gee 

NARP listing for wl:.en which routine i~ used)) but they are 3.11 

callGd indirectly by BRM'*' INPUT, so most of the time the main part 

of N~P does not know where characters are cominG from. 

Since macro calls may occur within macro ealls to an 

arbitrary depth, information about where the input is coming 

from must be stacked and unstacked. This is done in the input 

poi!1ter stack (by STKI and USTKI in MISe)) whi(~h has the follovTing 

format: 

o 9 10 23 

input subroutine 

,{Ord address 

o 7 8 21 22 23 

lenqth: This is only applicable ,,,hen the input subroutine is 

DUMI; it is the lcngth of the part of the argument that is yet 

to be processed. 

input subroutine: This is the address of the input subroutine, i.e., 

one of FILE, UNPCK, D'lJMI, or DIG!. 

word address: This is the address of the word from which the next 

character will be taken when this input source is unstacked. 

char: This is the position of the next character Within the 

word specified by word address; it is not applic~bl~ for DIGI. 

o 

o 

.....-,. 

U 



Althour;h n!\1'/c"x" TNPUT delivers the next Ch8.r~lctcTJ V!~.:'; i::.~ 

('IITT (' 
I '-)oJV 

n:n-t of N!,HP is ask:i"n,'~ for the next character. 

o:11y p"L~JCN~ "rhe::'" [3Itl\t[->\· INPUl' is used Clre in GNLC and in 1C1"[;\]"; 

(. MT"C) \ -t11 I..:....} • Dlle to l a.t.c"- c"h:'''!g'':;S: +·0 G!ITT,~ (+0 ':l"'ke "'t h'nd'e 1 )"B (0 _ _"-"_ _ _ v ... _ ~ v u u.. J. .d, .... _ .... J.J r 

cr.r1rdc-Cers in tv)O different vrr::..ys depemlinp; on a flaz) it is nOil 

Y08.':i"bl('· to replace 8mYc'x- IN pur by Bf,j;,: ()":\fLC i11 t:1e routine l(;IIP.R 

(of COU::-0~~, or-her ch:~nt;es should be mad·.;; to ::"CfIAR at "Ghe S'tme time). 

~'rom a lOGical -point of view it would be "ri:::e to I(,:JJ<.0 tbesc 

chani~es :.> 

Hi nary progrnm produced by NAHP 1.S output in blocks ("by 

O\.J'I'B in TvU8C). 'I'he house-keeping needed to oTgonize the binary 

pro,sram into blocks preceded by 3-bit codes is dOJ:1e by the 

rout::.nes BPF, NW,C, SWC, FF, and OVAL in MISC. 
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of main tublc J 

0, symbol, on ope ode , or a lite1'o.1. 1rhe!~e entries are arrangec] so 

that the firct tvo .{ords a~'ld. the address part of the third vTord 

are the same (as far 8$ the loo;:up routine is concerned) :for the 

three d:ifi'crent tY.9CS of entl'ies (see Figu.res 4-1, 1;-2, and 4-3). 

As nlS'')" sym:..,olc, o?codes, and literals a"':'c encou ... '1tered they are 

added at the C:lG. of the main table, ::;0 if scan::.ed line<.J.rly thi;:; 

table contains symbols, opcodes, and litera::"s all mixed together 

in an unpredictable order. HO>-.Jcver, this t[;ole i.e not scanned 

lincarly~ its various c:omponent::: a.re linked toc;cther via a "table 

link, II the address p;:trt of the third ~-rord of each entry. Thus, 

:'or exo..mple, it "\-lould be p03sible to lirik dlJ. sy"'!'t:bols together 

in one chain, all opcodes to.zether in another cha:i.n, and all 

lite::::-als together in yet a third chain. Then when a symbol 

,,,as to. be lool{ed up, the lookul") routine w01..~':"d only need the 

symbol in question and the address of the first syr."bol in the 

main table. By follo~~n8 the table link from this first symbol, 

~ll sym~ols in the main table could be ex,unined. This, in fact, 

is precisely how literals are handlecl, i.e., all literals a.re 

linked together in one chain, and when a literal is to be looked 

up this chain is follovl'ed from the first literal in the table 

until either a match is found or the chain ends (in which case 

the li ternl being looked up is not in the table). 

Although opcodes and nymbols could be locked up in the same 

way, it is much faster to organize things slightly differently. 

o 

o 

t 

r 
----------~--------------------------~ 
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o 

Fi.e;ure 1.1--1: Format of a Syrnhol in the )'vlain Table 

rfactor table link 

vit1ue of sy!ubol 

o 123 1~5 9 10 23 

A BCDE?: Thi~ 1.s the cha.racter st~'irIZ forming H.e syrr.bol; if it 

is not six characters lonG, then there ic blank fill on 

the ~lgr.t. 1~e shaded area is all zeroes. 

sym.bol is 

sytlbo1 is 

symbol is These are all booleans; 1 means 
true, ¢ means false. 

symbol is 

"'.:FD.bol 

rfactor: This is the relocation factor for the symbol; it is 

stored as a signed, two's complement integer with the 

sign in the first bit (thus) if the third word of the 

above entry is in A, LSI! 5; RSH 19 will leave the rfactor 

in A). 

t8.ble link: This is the address of the second word of another 

symbol in the main table, a symbol with the same hash 

code as ABCDEF. 

value: If the symbol is defined, then this is its value. If 

the symbol is undefined, then the value word is interpreted 

as follows: 

o 1 9 1._o________ 23 

L---Llcr !---L.;I' V;~/~~~~~4..l__~1 ~_( __ ~ 
if,,"" == ¢ then to :::: ¢ -) Y is mec."ningless (¢) , 

f' = 1 -) Y-i.;,; tho 8.ddresc of the J..D.st O1.~t-put instruction 
referriD~ to ABCDEF. 

if($"= 1 then!, is meaningles::; (¢) and?:: is the address of the first 
occurcnce of the symbol ADCDEF in the expression table. 
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Fie;ure !l-2: Format of [In O;rcode in the Main Table 

o ") 6 

A 
r 
I 
I 
i F 
! 

o 1 2 4 5 6 7 8 9 10 23 

ABCDBF: This is the character string form:~g the opcode; see 

PiGure 4-L 
,?\ == 16· I • 

c< 1: 
,4,? 

( , = ¢: 

~ 1: 

¢: 

y: 

non-shift opcodc J~ see NARP Reference Manual) Seetion 3.0 shift opcode 

do not output opcode definition (the case for macros and 
pre-defined opcodcs) 

out.put opcoae ucfinition 

This bit is always 7.e1'O so that it? (f', and S" can be qccesscd 

together in analogy with the rfactor of a symbol. 

Class of opcode: 

Type of opcode: 

¢ - 0IJ(on:l1d optio!1p.l 
1 - no o})ern.nd 
2 - o-perand required 

¢ - instruction 
1 - directive 
2 - macro 

Table link: This is the address of the second word of another 

ope ode in the main table, an ol.')code with the srune hash code 

as ABCDEF. 

value: the interpretation of this word depends on the type of the opcode: 

instruction: value of the instruction . . 
directive: address of the routine in NARP for processing the 

directive. 

macro: address of the first word of ,the macro head in string 

storage (see Section 6.5) 

o 

o 

o 
1 
I 

i 
\ 

J. ----------,-------------------------' 



o 

o 
i 
'I 

I 

!'i.f;ure 4- 3 : Format of 11 Literal In The Ma in T'b.b 1e 

o 

value: 

value of the 1i t,")ra1 

rractor of the literal 

/////, '///1 
" ~ / /' / I // /,/~, 
"; / I~' ;'! 

'I
i,,< 1>:',/ )1 '/~I/ ill 
I '//'///;/// ;/ 

o 1 2 9 10 

t~lble link 

This i::; the value of the Ii t':;ral. 

rfactor: .."" . .L.J.1J..G is the relocation factor of the literal . 

23 

! 
I 
I 

\ 

I -, 
I 

I 
I 
I 

23 

table link: This is the address of the second word of another 

r--{ :::: 9): 

r\ = 1: 

literal in the main table. 

I~ is meaningless (¢). 
f3 is the address of the last output instruction referring 

to the literal. 

II 

't 

;\ 

IL.--------------~r---------
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Fi.r-;urc 4··4: Format of ,m Initial Reference Tahle- En~ 

Initial contents of nn en-:-;ry: 

o 9 10 23 

,-1.. 'Ellis i~ simply the <:ddrens of the \vord iteelf. Thus, the 

first word of an initial referenct::! table entry simply 

contains its own addrecs. The shaded areas are zero. 

Contents of an active entry: 

o 9 10 23 

(1 Address of the second word of the last main table entry 

in H chain. 

o Address of the second word of the first main table entry 

in a chain. 

o 

o I 
I 
I 

'I 

~ 
I. 

II 
I 

-------------,----------------------------------~ 



C) 

Ncill1cly, when a symbol is to be lookcG. up, a ftllction is I1Djllicd 

to the cr.eracter strinE?; forming the sym:;01 to yie 1<1 ("n in ~,(;~cr 

fmc the symbol. 

on one eh<tln, they are distributed over 3? ch;dn::;) and nIl t:.P-

symbols on a ,"':-L ven chllir: have Lhe same h<l:::h (~ode. rl'1hl~;, '::.hc 

nU111b(.'y of ~~ln~bolG thD,t r."I1]8(; be 10011-",<1 nt be fore d i ;:covc r i;::~ 

a J;i ven symbol l~; lD the t;\rJl(-; i2 rcQ"'J.ce:d fro::'! n to k~'l the 

ave:c'c.ge) ~1..2 ' where n i.s ty.c nuni'oer of sy::::bo1~; in the t~l)le 
(this, of cou:r::~e, aSSt:rc.es thu"t thE:; f-c..;:1ctio:l (~:L . .,;tl-::'butes sy;nbcls 

evc:11y ov,,":,,' tl1C 32 po.:o:siblc hD.oh codes). The lool~up "('lorks as 

initiQl reference table.) 

1. Corrrpute th • .:: b;}sh code fa:::, the sym':::>ol e..rJd add it to the base 

\'iords nrc accessed. which delirllit the chain on which the 

syrnbol must be, if it is in the table at all. 

.; <, ..... , 

2. Alter the table linlt of the lv..c t. sYlnbol if1 the chain so tha t 

it :points to the cymbol being 100kcd u::,). (NotE:,: The s~7jnbol 

-'':;0 be looked up is r,J.\,Jb.y.J placed at the end or the main table 

'ocfo:::-e calling the looktrp routine). This essentially adds 

one more elemp~'1t to the end of the cflain) namely the symbol 

to be looked up. 

3. NNT stDrt at the firGt sy.::tboJ. in the chain and follow the 

chain lookinG for a ~:Yffibol equal to the symbol being looked 

up. It is Guaranteed that such a symbol will be found 

because it is al.rays the last s~nbol on the chain. 

4. '\Amen "the symbol bcing searched for is found, check if it is 

the last sy:nbol on the chain. If no~, the symbol being 

looked up i$ in the tal')le and has been found. On the other 

hand, if it is the last symbol, th<2Yl the symbol beinc looked 

1:..:9 is "rot in the table. 

\, 
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4-7 

added to the ttlble. rfb.is is do'C\,; s 

l::st sY:,1001 on the e::<:in so that it now' pointe to the symbol 

ta ken (this menus, in other v!ord;;;) that the tv ble link of the 

The 100~,:up of an opcode 'forks in Free 

\ 
) . 

the ini "tilll refere:lcc table oaly cont", ill::: 011G entry. (It ,,{auld 

be po;:;:sible to speed up the literal lookup by computing SOnJ.0 sort 

of ho.:::h code on the ba.sis of the mag!litude of the literal.) 

4.2 Tok~n Recognition 

The input to NARP in essentially a strenm. of characters that 

must be L1.nalyzed to find which sequences of them form symbols) 

which form numbers J I:;;tc. thB purposes at thif'> description, 

a token i~ u symbol, a number, or a single non-alphanumeric 

character. The basic routir~c for recognizing tokens is ONE 

(in CEl'fI'RL). 

Tne lOGic used in ONE is di8played by means of a state table 

in Figure ~·-5. H~.th this mechanism, a string of char~~cteTs can 

be analyzed by using an :l.ntef~e.c called the mode (or state) to 

describe the kind of ntring procoGscd so far. A ne .... , character 

in the :::tring selectz a colUhlI1 in th..:l table) whilE;: the current 

mode selects a row; the table cntr,)T common to the colum.>-r and row 

conta.ins the new mode. This process is relJCat.c:d until a non­

alphanumeric character is encountered, at itihich time the label 

indicated by the ri~htmost colman of the table and the current 

mode is ju.n:;?cd to. Ecre is an example: (Note: Blanks have no 

meaning in -Chi:; ) 

1 

mode: :2 1 1 

6 B 

I o 
3 A * 
-2 -3 symb 

o 

o 

o 



Stnte Table for ~:oken Becoo:nition .. ,-.... ~---

f c ,----' 

,~ cnarncter I 

I I :,A,C,E,l', i 
I mod8 ! ... , z I 

I fi~st 
icharacter 

i -3 I 
! I I 

! 1 i 

!inadiG;itl 
, I 

.strin[!; I 
I I 

I 
I 

i 0 
I after 
(digitS>B 

I -1 
I after 

-3 

-3 

-3 

I 
10)1,···,9 
! 

B D 

, 

-3 -3 1 

o -1 1 

-3 -3 -2 

-3 -3 -3 

ud 

nc 

usa 

----------~\----------~----------~--------~---------~ I 

I <digits>D 

I 
-2 I, I 

i I 
af~er / 3 ' 

k "'" " JI "',..~ i.l - II!'_. 
nsbn -3 -3 -3 

~, "",-d'(JI \::;." JJ r; 
" ,. ~<j.... ·l... ~ 
;~~i~~:{ ""'+-1 __ Ii----'---I----i---

-3 I 

in a ! -3 -3 -3 -3 syr.1b 
SYLlbol I I 

symb: 

nsbn: 

nsd: 

nsb: 

ns: 

ud: 

~orr.rnent the mode is initially 2 (first character); 

pack symbol; compute hash code; goto symbol exit; 

gne"':":-.:::8; comment gne1 contains the radix for the number; 
sca1e:=last-aigft stored; chp:=chp-2; comment chp points to 
characters; goto E2; 

gnel:=10; f,oto Dl; 

gnel~=8; Dl: chp:=chp-l; ~£ El; 

:~cl:"..:radix; E1:scale :=9>; E2:concateno.te nU'fl1.ber usinG 
gnel as radix and checking that ell digits arc less than 
the radix; gato numuer exit; 

0oto other exit; 
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Note that in thi::: ex:(mrple H iG not cleal' that ll..~6B3A is a symbol 

lesrl sI>3.ce-con~urning arJ.d probably just D.G fast to do it in G, 

more tHJ. hoc fe..:::h::"on u::> is dOl'"~<2 in WillI>. 11_"" .. 
input c:"L~~~'<:1cter "elects the leftmost colu::ntl of the tc.olc it in 

The se12c-cion of i:t colur~m is done by ....,.~;,:.ng t~1(; in;:YIlt ChR.;:'l1cter 

·co aCCC8;'; c. lineur al~ray of 61+ words (CTAB) Vlhich contains the 

add.rc;:; ::;cs of five :piecG;:; of.' code cor:::'csponding to the five 

columns i_n the tc.b2.c:. Thus J in the above exa.'nple, ,{hen t:1.0 

first cl1:,n"actcl' 0;: 1l<.6B3t'l. is read, it is uSed to access CTAB, 

1vnere the lab01 DIGIT is fou,,"'1d. A jump to DIGIT (in GJ~) is 

made., 2.:":.( l:hcY'c -che CUl~rent mode is looked at; to de-c.:;rmine what 

the neW' mode s::>.ould be. 

The fonnat of CTAB is: 

o 4 5 9 10 

~: __ (-J_, __ ~i __ /_) __ ~I _________ ~ 
used by statement processor (see CLOOP, Section 5) 

used by EXPRI (;:;ce S2ction ~ .. 3) 

address of code in GNE (NOTBD, BLET, DLET, DIGIT) or OTH) 

At the bottom of Fi.sure !+-5 is a z}:etch of the processj.ng 

done by GNE after a t~~~n is recognized. It ;'Jhould be noted 

that as ch~racteTs are read by Glm they are Gtored in the 

character ctack (pointed to by CliP). This stack works recursively 

because G!ffi is a recursive subroutine. 

o 
I, 

o 

o 



1("7 \ 
;{ I 
~j 

([) 

J.~-lO 

n.n<.:l th\:.~ ('o:~p,,"'..t::Lb::'lit~{ of -tbe rfactol"~ of 'L::ci.c tCTrn:s. 

... l'\J"''''(.,~",,-r 
~,.i\. •. ·,J,.,\ ~~! 

"f;1"/,",;)'0T 
J..J"">...l. .... , ..... C-T.C. ·:~O be c.elivered 

in tL,~ /"_ reGister to tell EXPJ what kind of synt2.etical elemc~t 

'.,.;as 0....::1:i.;1,i tccl. EXPRI also Imts info;:";:.1.&.tion in the op<.:rnnd stsck 

(so!:'1(;O:;imec called anstk) !J.nd in the op2rator stack (sorjetimc:s 

called atstk). 

The ::;Y~ltax of an expression is checked by a state table 

by baYinG n t'i'lO-dimens iO~'1<1l array of 1;vords, indexed l'm4-wice by 

the CUl~rent mode and C01U!IlIl-TNise by the type of the syntactic 

element (delivered to EXPR by EXPRI). The state table is a 

tit more complex than for token recognition since each entry 

contains the addrec;s of a p:tece of code I:U3 \VeIl as nov! mode; 

ufter the mode is changed the piece of code is executed. B~lmi 

is a pseudo-ALGOL descri~tion of the actions of the code pieces; 

refer to the N~P listing for the state table ~nd for further 

details. 

next syntactical element 

plus or f~1J.nUS 

neg3t~ or binary op. 
syraool or constant 

next: EXPRI; snmode: :::::new mone; f,oto 
action determined by old mode 
and EXPB I type; 

pm: 

nt:bo: 
sc: 

T'J.al{e 11C1]'02) a tXClarJ1 opera-cor instead 
0::' c: b:i.:::S.l"Y one; 
STAC:':; npto i;'10Xt; 

inc·tCn2r::~;0:'np ':;0 the valuc delivered 
by EXPHT is 
stack; ~~ next; 



() 
l' -'- ;_. I) r <.;, -> (, • ?JO\.jC':::--~ y-.J~ [l ('_ ~, T .. ) T !. .. 

,... ".t.;" 1 ,f ,',I, .-{';' \ -; n (' C ";'L) 
- ~ - r"--~---~'- -----' 

/~----, . \ \ entj 
"-----

i 
---~- --~- ---, -)~ -------'--

GI'~~'_-' '---,--, 
______ ' I 

i ~ J~>:·~ __ l~~>(l --J ~~~- ";-.:C:r 

I 
;, 

i----~-~--~-~f-- - -~---~-·l ---~ ~~-------

I I , 
I 

loot. up .~,yc~)ol in I 
n\3. =~ 11 t f, b~J.2 pla,ce v::-.lue of 

i 

nU","fJ2l" -) '1 cY\;""'r·~~~,cl I L._ .~.j. ",,'-/ ~ (.!--o? I I fv,,:o.l;·,;tw,d ~-~ I 

-~_J 
I _ 
I __ I" '----- i 

stE~ck 

,v -- -' ------.--

adCL sY"iDol to 

, ')]P.l'" t""o10 I J.;.~ • ..,...!, 0..', -"-'-~ ! 

I I L __________ I 
I 

- _______ J 
place veh;e of 

I 
I 
I 

I 

e 
I 

_/ 

s;y:nbol (lLay- be i 
'>,..!:'100'.; ...... ,f:;.~) .!Y, I -------.) 

'/ 
'------~'------
I de 1 ~·-'ljt a "'t-.. ->,r,- : Ul.Q", -'- -, ,. ,- C'_ J ,1 I 

opsrand stack J 

~ 
~=~----,,- -"""'~\f-='-:::=F."3.~"'-~:~) 

See Figure 4-14 for more detnilp 
of this action 

o 

i ... _J;A1 ~... ~.~ '~'. --'-0 i 
: 2.<1d place -'- \,:;, I 
I value in 0l-,~::r r=-:.nd. : 
: stack 

i 

~~ 
(~:J 

c) 

I 
--~----

LJSjJ'_g ?/?~'r ~pr<'-t c.f ~! 
C'TAI~ ,"'c.'-- J. for -~!-:c !tot~>? ;,\ 

I 

chQ~:" ~ /_.! .... '::~ .. , 8.CC-=--.:;S a ~~~·.r'd: 
: in t}~,.; liEcc }" 0.1"'[ ;~::/ 

i lor',,:?!) J 
' .. _---i_~_ 

---------1 I 

; fr():-o. o::=~:'rJ 

, E_;{ 1-'J.q J t. y';~3 
'to ;:; '"ie C0 , ~ 

·~··c:td SJ~ ~:,2 'L: C-L i 

::: {!.:~- L)~! < ~ c}} ; 

C~n ~~O{~~, ::'n 

i~~~ ~'~~/ -:' ---, ---- -----I 
i I ~" / I 

'--J-~--l--- --- ------,,-~------

\~:: - ---
I p!_~:ce ~ ir~ O:~':~l"'[,-~_ 

stacl~ PECi flJ [~'::2 
rr~ul. or J.n t...)l:\,:~~·D~tor 
steck 

/~ 

C
:' exit \ 

/ 
-,,/ 

. / 

placo eLv. op, 

in 0l)2~"Z" ·~~l~.- ~'t2cl= 

----- --~ -j-~- - -------

I 
/~~~ 
l exit: 

~// 
--

(" 

(, 

I 
r~ 

f-' 



I' 
I' ,: :, 
" 

(l" ,\ I 
/ 

o 

)1-]2 

0 1. 2 B C' ':J 11 12 J):. I',) ~-9 20 <~3 l-r l \ 
I-_-'-r 

" I 

t'"'\ ! ( I 6 /' (-' I t... I ... - I \ I ) , r c' , I... '-'" 

C\: rfc.ctor of recult (¢-ab:::;olutc) I-foUL.rl by aP:91yir:.g ope:rator 

p. 

J': 

to rf2..ctors) 

EXPHI ty.;;:;::: (used to bra.'1ch to a piece of code in EX?RI; see 

Nt\RP liz-Ging) 

\ rfactor of o?erands (¢ - all ~bsolute, I-arbitrary, 2-arbitrary 

but eqW11, 3-t:t. lea3t one ic 

absolute) 

.;\::'o-;)codc: uscd to distinguish the var:ious relB.ti.onal operato:c,::; 

opcode: used (by EXPR) to acce::.;s Or-TAE ,o/her. oIJ<::rator is ap:rlied 

to its operands 

hierarchy (also called precedence) of the operator 

" 
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Fif.'~ure 1~-8: Format of An Entry: j.n the Operand Stack. 

Entry is a place holder: 

¢ 

Entry is a~ Ullcefined symbol: 

1 

._--_._-------

~Cic..:c..:;~;:; 0.l.~ ::\)~l'~~-j, 
of -eft,.; lY.t' ~.{. "'0(..;;"); ,; 

~ 

\/: J ~.\..~ I , 
cr:..t'J..~y : 

fo:-t th2 ~~r:~'t:lcl i 
----; 

I 
. __ 1 

J 

value as a signed intef}':X' 

rf:'ictor :J.S a sig:led. integer 

Entry is a dl2fined literal: 

I 
I 

r 

l 

2 

¢ 

3 

aclcb.:~(.~o.:: or fourth "'Ol~cl 
of t~';.3 main table entry 
for :che Ii tcral 

l\o"c.e that the tDi:t'd ';lord determL. ~'lhat kind of entry it is. The 
second word is only used for c:.~_i.·i:'l:.;d values. 

o 
I, 

o 

o 
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o 

t~(ble 

b011.'1.ds 

o-per E!.!1d 

stG.cl-<: 

operator 
stack 

(-
I 
I 
I 
i 
I 

J 

I 
I 

I 
I 
! 
i 
! 
I 

CHP 

DeEP 

ANP 

DAN? 

AT? 

U:\7P 

PIP 

L UPIP 

\~ 

I ANP2 

I 

~ I ANpl} 

j 

! 

L 
r 
1 

I 

i 
~-()pc-.., .. l'r\\'t1t 1 J",;"l ((~\ "'~ -."';'_K_f" ::;C~J(,\. 
1 "" - uV~""~"",.l) ... r ... t.-'~ L .. \..., ... \ ......... 

1 I'\{)- "l j-I".:"·.r" -1 <.... -1 -; ... ree' \1 
;--~..::-... -' '-'-~~:....:.:..::.--~ --"----_. 
I o~')'e:r[lnd::; ..;tack :?ointer 

01' o}")e '~. c~1.d '~"'" (;~:- -(7'-7;-;-:::"-. '--:-'-'~-i ,.::,vu:..... I,... .. ..\.J~ ..... ..:"\./..l. ...... l~~ -J:j 
--.-~ 1 

-71 
I I u'!?::)':;!: OOCcGQ of operJ.toT ;..,ti~':~:-(tt~·::"G }Joi::J~er : , I 

I j. ~j fixed) 1--; ! 

1
,----------- ---I i I! 

"I " I 1 , ])1. e poJ..rn:i2r i-': 
I
: ________________________________________________ ~I I ' 

! : 1 ! 
I I 

iii 
\:1 ~ \'1 
, I I 
I I I 

, I I I 
I ., 1 . ., . d " I , I 

'C 1J.3 vTor" 1.3 never us!';; i';---r---l I ' I 

I ~? '// / ///// /'// - / / '/1 ! Il 
~/'/://///~/-; //~~A .,' I 
r/~?/;~>7/~~/::-~~~%~ i I} ~~~;:nd ,~,:;,,- -~ "7,7- ~ I i [foes 

l:: .. ~._..;._,~_L~.L// /%/ ,//, ,~~ II. here 

: I I I I.~~'_-~~~_..~,~~,...-c.-~."'--~~-vl I I 
~"-~---~~--~~-~~~-~~i I 

- . I I j 

f 

this ,'fOrd is never used ~ 
:::;;::;:;~~~7;;~///;:~'l/~ /" / / ' ./ :/'::>';> / / ./ //'/ /~/:> / I 

~~~--~~,~~~ II 

L-~~-~~~ri 

I ----. I<J 

l first opera­
Jtor goes 

here 

in tl12 : .. 2tLtrn.l state J i" e.: 11o"'C:r: n~:.: i~ () .... , .. ~._:..~ 0;1 C1iat l:..u'~[) t;[.l.e ~--'ca,c}:s. 

These tvto pointers ahlc~ys poin'G to th3 last active: i{ord in their respective 
stacks. 



i i 
, \ 

i 

() 

left :'Xl,j~enthc~; s 
\ [ ) 

exi t 

0q: n,;l;:(? r: f:;1:W:0 <L ]5 tent 1 operator ins,;:,cad of a 
1"(.'; t-:. if lO[!0.~L O~)C.r· t:.tor ) 

11': nC1}lOp in the operator 

".~. J..!t- ST/\.C,~; decrcn',C:lt t,,,,:,c . .; 'GO get rid of (J 
in the; op(,rator stac:'.;:; (~ next; 

ex: Sf.rACK; exit :from EXP]; 

Im·Jy o.bout unr1('fincct cxpreSOiOl'HJ; this ie'; C.:i ;::;cusc<:-d. in the :::f.ARP 

I:::: iJ.,."l opc:r:'l.tor 5.s to be applied to an un.defir.eo. 

4.~·. See t.he Nt" .. RP list.inS for more cc!'!',mcuts 0::1 S'!:'ACI<. Figu.::-es 

4-8 ar!d 4-9 gi.ve detail,,> of U\C tvlO stacks il1volv(~d; 0..,"1. entry 

I 
I , 

I 
I 

in tl1(; opcrato:r stack is :prec:t~cly the s<uno as that in OPWRD 

(l~iguTe br-'f) except t~at the EX?:H type is always zero. 

in thE; stacks ns "A +B'x-[ C+D 1 

II 

. " , i~ evaluated (assmne A=l, B=2, 

Oper$,to~r· StJ::'Jc1\, 
~---------------

Con:ments 

--------------------------------------------------------~ 

'p 
"-
","'. 
B 

+ 

..,. 

+ 

* 
I ~:~- f has 2,1:cater 
h:':'el'",,:c.hv tr,L(.n does 
! "I" ~ t"~I..) .~~ -\~ if; S tuckc& ~--------------------------------------------------i A I 

I B 
I 
I A 

I 8 I 

+ 

o 

(j 



tr J 
\L/ 

I :--
I 
! 

01x;yn:nd stack 

1-1. 

B 
C 

A 
B 
C 
D 

A. 
'::) -, 
r( 

A 
:.4 

1":: ,I 

12 

OT, ... :-;r(~tor ~t2.C;{ -..0--, .. ______ _ 

+ 

[ 
+ 

+ 

+ 

+ 

4-16 

i] i IJL1[~{l(-';::., all oper.}."cors 
out o:t ti.:,;;; s-Ga,ck. tr. ... rou!;h 
i [Y; 7=C+D 

first 1_' p'l.loo:hes out I * I ; 

JJ+=B-x-( C+D] 

t::-;'en '- j pushes out '+'; 
15""A+B->i-[C+D] 

, ; i pushes out 
J2::;:A+B-x-( C+D J - 3 

, I. - , 

l ____________________ ------r---------------~ 
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4-17 

1. An (;x;Jression conci;:.:tiGZ on ODe syr:lbol v):'1ich is undefin2cl.. 

2. An cx:-:.,rescion consisting of more thc..n or.c 8.'l!jlbol (i.e., a 

syrD.';)ol and an operator, several cY:[lbols a!!G. oI)(:;rO-torc J etc.) 

which contains at 2.east or.:= 1..1i.1de:'incd sY~J.bol. This il~ 

1. is also an Ul1dcfined (":xpressjon. 

4 .1; .. 1 Unde fir.ed S viy!bols 

The symbol is placcQ in the main tab2..c (If j:c is llot already 

there)) 11:D.rl<ed as Ul1G.Ui'L1cd.. The tlva:::"1J.e" of' the syrnbol is the 

address of the instruction for \'Ihich the symbol is an oper2.~d 

(see :.:. .... It-;u:ce 4-1). 'I'l1e second time the symbol is referred to) the 

"valu~" is output with the current instruction J aad then the 

z:.d.d.ress of the current instruction is placed. in the "va.lue. II 

Thus, a dm:'n is created with its heo.d stored in the main table. 

For eX8!xl"ple) if U is undefined; one migl:t have: 

f ... d.d~~'"c 3.3 -----
Vyt, 

r I 

5¢¢ 

6~» 
7¢¢ 

S01J:CC;E; u' 1:·~"o't.rL ---- ---
ALPHA L1I11. U L1\\ ~,¢~ .. ,- I 

'\ \ 
A])D u Atm 1· r,(t} 'l'r,';'~~-__ I 

~ \ 
I , 

SUB U SUB 5¢¢~ 
rlx U L~X 6¢¢' 

,at this point, the "v<llue" of U in the main table 

is 7¢¢ 

-v.Then the undefined cyJlbol is finally d::)fined, a sPec:i.al piece 

of out::mt is generated (labfix head) v!'dch tells DDT to follm'l 

the chain beginning at "head.," repl!:'..ci'::C each l:i.::l<::. by the cu:rrent 

value 0":: the location cou."lter. The er.G. of the cl::.:;.in occurs when 

o 

o 



tion. 

-1 

then 

labrix 

l:J)A 

flU]) 

sm'l 
LDX 8;)(;) 

I J 

D.S a sort of z~;cond pa,;Js" This scheme >,forks because the add.rE:ss 

4.lJ.2: 

th,:n P', (e.g.; -U, U+l) then there 

"-'(Jor" in the instn .. ction to hold c.1 .. 1 the ini'ormation, 

and 

To solve thi::: :problem, 

'U:J.C.Cf:i.n,0d expressions arc stor0d in a table in core (called the 

tfuen all the 

the e:r..yression 

entry for both the head of ~n cnr::lin and a ~ointer to 

the ex~rc~sion t~blc. ThuD, a bit the fl "ford iG set 



o 

F:L.r:;ure ),).-l). The vrord po.wtec1 1~0 in t J.-lG exp;"csSlO::1 tab2.E' 

repr('s(,c;~i:; the occurrence of the uncicf::ncd symool L1'1 rm cXQrc-;r;sion; 

:it conLrti,r:s ej Lhcr the hend of' an undefined chfLin or els:: po.i..n1:.s 

to th~ nc..xt cc('ue-renee of the unde(,::ncd syrnbol in :":. saved 

e '·...,Y'c· '" C'; 0" (sc·e .nx~,""'·n 1,... be; J.." o',·r) . ...... ;:..'-. "-'.;,)~~...... ~ '" ......... ( ...... ,~:...,~'-,. . 

11; should be clear that the case of' U c.~~ 8. sir~31c; uncle:ined 

'tmdei'il1cd expression. The OCC1...~,·::cnce 0-:: U in an 

output to DDT. The only diff\::Tcnce is internal to ]If A]? ; :10,r.J.", ly 

"chat U:e hco..d of the chain m;:::.y not be i,i.'), the !::'lain tS.bl.e but way 

it ,vill. s:j:~oly tn.kc a bit lonGer to rf:t:::-icvc it than if it Here 

in the n:e.:i.n table. 

T:1C cx~;ressions are stored by F.XPH in Pulis}: p('~;-:t-fix 

forr.! (SE:C Firrure 4-10) 8.1o:~.'! with the adClyc;;;s of the :h-:.ctruction 
.... .J ....... 

'where the e}...'"}J::::"ession occurred. lfuen an '\;;nc~efined SY:;1.ool. that 

appears in the eJqlression table is def:'ned, the follow:5"nc action 

is tak.:cn (by the routine ForEe, r:ee Fif;-l .. U'c 4-13): 

1. 'ri1e cha:Ln rw..ning i:;.'b..TouZh t~e e]::p:cec2,ion table i~ followed 

and eC1ch lin..\ is replaced by a poir.ter to t.he i::ymbol i:t 

the main table ( it is not 'f.ossible to put tr.8 ac:t\,:'.:ll va.lue 

of t.he s~~bol in the expre~sion table because defined val~es 

necc chl'0e words in this ta".:llc ar.d tl1e:te i;; 0:11y one available). 

2. Tn each expression ,,,here the syrl~bol 8.pp<:ars J th<2 undefined 

symbol count is dccremented., and ii' :'it. becomes zero (indicating 

that. all the lmdefi:-:cc.. s~nbols in ·t;he expression are now 

defined) t1;,c; C)::->;Jress ion is evaluated and i tn value is output 

£'ollo'l<led by either 

fix l1,r 

or 

fix 21.~ 

saved lc 

saved lc 

These cause DDT to fix U"Q th8 inst:cuc-cion at tlsavcd Ie" with 

the l.:.:.st output value. 

\, 

o 



., 

c) 

Optrator: 

,~ ;""\ 
j I Sec 0 ?:lRD table forma.t J Fip;llTe: li--7, 

012 

Def"i.:'.ed value: 
1 

Und.efined 
syr:lbol: 

0- P "(: 
I I ) 

def'inecl 
value: 

vulu(; 

o 1 2 4 5 9 10 23 
~~~~-~~! -2- r~~~j: ~--------<-----------=~ 

8,:-w:,,' as CS'",;<-) , ~(in Figure l~-l eXCE'"pt; thz,t sym.bol is not 
ncc€3s3.rily ABCDEli'J and '-('does not point to tee 
OCC1:i..t'rence of the symbol in the etb.b. 

23 

Address of third Kord of a d.efined. symbol in the rr..ai:1 table. 

End-expres­
sion: 

o 1 2 L~~) 9 10 23 
> i I J",' .f' I~~-----------------------------------=~--
i . i :.;). ~I I .... 'v-.,.;... i loe cnt 
ji .... '\ If...J L r I c:-:t ; 

l: (?0, 1 ~~%Ii 'r 1 I· / /, I / 0~:,.;...../..i....' __________ -.-l..l 

that the val~e of the cx~rcssion should be computed 
1 means lr..od 22 :,.. ~ 

(f6))1 1 mC~11C :it hac m~a'!1.inG" 
eX.:]-ce oJ ~J:l Ctl .. udef crrt: 

loc cut: 
Y· Ii' X (i • 

a(ld-i"'(~ ~~ s or ~",hc ~.Y,i nt.ruct:'on lY') iJrhic 1 i t;:~(; C:':-: }T"Cf: ::;i.c;n &rrp2 (i. red .. 
T''.-:t t;e r eon L·f':, .. i:;,,~ .: ; .. 1:"1::: ~do"y"c::; 0 r th~_L' vlo~rd.) t..h\:;~n }:f\X~' ~), 2 

ffi{:\.tce<';; :: po :.,. ~o t11(: f' ~/~ .... -~ ,,;;/0Y"(1 c~· ~~t.{(~ '~~:l~~:~G,';(''!:,:on. ::n thc; c~~;:~t-./ 

(thu3 the '<-ford ~ cO::lt:: .. il'G 1+ th.;} 0 L ·:).1C nt.;.mbe.':" of "JOrde 
in the ct(:.b entry, vlith bO-b2 and b3-b9 zero.ecl out). 



o 

1.~-21 

o ~_ 2 4 5 9 10 23 
~~!---~ll,·~'//~~//%//;/~'·---------·-----------~I 
:1'/' ,//,! 5 /' / / " ,~,~ 

·0 i''/ " /1 

, 
tbc f:r:~t word of the i~, by t::8 abov-2 'liTOra 

to V"lU in (';8 collect.Lng C ... ,:;'" Jeccio:'1 8); the &tove 
,,,,orc:' is i.n cell ,then (;' + c{ is the adctres:::; of the first 
vlora. of t..he next expression in the eta"o. 

o 



9 

9 

contC'nts (the head of at! undcfit:,:;d cp,;jG) are uned to out~iUt 

801;1';;12 

Li)A " ,~ 

1.:::5 -u IiDB 5¢¢ 
\ 

SljPt ~J 

I.DX D-d8 

ADD U 

L r SUB 

\ 7,.1" (--',.; 
\ 

y.,p (I 
I , Jr' L ADD 

6} I " 7Jrp .;:- + 

Now :'f U is defined) say by U DATA -3 at location 9t¢ then the 

follmring is output: 

fix 7 

-1 (sets GpeciC!l relocatic:'l factor) 

(marlced 8.::\ relocation; value of -U) 

to locr~/c1.o!1 '(.\'he1:'o -U uppcared) 

918 (value of U+ 18) 

7¢¢ 
8¢¢ 

-3 

(points to locat:~on '\llhe't'e u+18 ap'Pearea) 

(points to start of lli1defined chain) 

of vlord b.bclled U) 

After DDT f~nizhed Drocessin~ the ~~ove, the result in core i~ 

Hain 
Table 



C) 

C) 

)~-23 

:;;0 tJ:::".,t Tc:fcrencen 

to liteY':11s are lOGicnlly the S8.ffie 1.!.Z rcf<:1'cnces to undefined 

Tl:ere are 1.,\010 ca~cs: 

1 ... 

2. 

0XT'::rC s:.'! :O?1~ ------
T ~n 

is ::ot already the:re) ~.rJd return the i" 0 u.:r"'(:. r.l 
;;':::..b~.c entey as t::'e vo.Iue. 

¢ because 

to the e:'1).cession t~ble. 

in the 

by a labfix so 

that DDT ~·rll..l fix up all t;.he :-eferencco to these literals. After 

in this 

t:",'Dlc exco:;Jt tl'lose oi' the:: fO:rU1 caU3e error lY~CSs8,ges 

c:;xteTnal symbols. (If DDT 
is eVGry so tbat l.t can handle eX]Jressions in Polish 

forr.l, th.3n these eJcpre::::sions will all be output to DIYI'.) ExpreSSions 
of the form :-=s:;rmbol are enel'nell liter.:::.ls; they are handled by 

follmifcd. by the 

1. 

o 



CD 

The only drawba.ck to this Se;lh~([l2 is th8,t ev,~r:/ OCCtl1:Y'2{lCC in 

th", ~l:'o[;'cam of =symbol (whcl'e sY-::lbol is ll.YJ.defined) :~8 l>ls.cE:d in 

Pl'OC:."S:::;),r..:: exterr..~).l li<:;::ra1s rnizht be dcvised. 

~I:he ob~;<?Y'vant reader "J"l11 h~1.VC: noted that {"any of the yointers 

co:mecL<.:d vrith 11D.ndling undef:int. .. d qucmcitie::; arc Si::lilar. 'rhe 

1. 'f'h0 l'o,ll·th viord or.' a main t:;;.bl'~ entry for an u::defincd. ::::y.nbol 

2. A:-l uz:dcfined sY.11bol 'word in 'che eX".9~essio.1 ta.ble (1"i,:;:1.1.1·...; 4-10). 

3. An ene-expression word i:-1 the (;Arpr,~ssion table (Fic;u:cE: 1,.-10). 

b10-b23 ~")oint to o,n u:c.dei'ir.",d 3,'}:::1;)01 vlord in the e)c")re~-:;sion 

'.:;[:.'0112 J "rhilc i 'f' it is 9), tr~(':::'1 b10-023 ~ s the hec;.Q of an ur:c.efined 

Ir~ CQse 3. and L}. blO-b23 is also the hea.d 0'::' o.n ll.lJ.defincd 

C:-j~;.i,l (;J,lthO\!C;h in C".se 3. this etc"J,ire vhmys has only one link). 

In .],11 fom~ Cu.3es, if bl is ¢, tcen blO-b23 is ;r,caningless; it is 

to be ir:nored. The rea.son this caGe may arise is that an undefir..ed 

Cluantity may p.-p;Jcar in a w'Tong cO::'.teAt, but this is not discovered 

uCl-'c,:':.l 8nt.cics have been made in the main table alld the expression 

table. ThUS, it is easier to set a bit than to undo what has 

been done. 

Anotl1er format that is used in several places is that of an 

operator:. 

1- In the OPVTHD t<:<ble (Fi~-ure L:·-7) . 

2. In the operator stac~: \ :;,'ct:ion 4,3). 

3· L"l the (:1I.:;');:'08s10n table (F: :t'D:"(: '. ~ 0) L.w_,J.,. • 

See '~he l\fA?-? listlnr~ for .). sy2cii'icntion of the irrput to the ro',.\ti::::es. 



4-25 

1- D:~~:?r:B : lui;; rou"vine defines 1[',:;(: 2-.; .. 

" M~G}\r: This routine dcfir.cz symbols. 

3· ",,'OLEC: 'I'h:is is <'l.n auxilic,::y :rot..0i_~e U[~(:c by ~o~:" .. ~ J:-i:i?T.J,l\) L,ne. 

ASCN to :n"ocess the eX;1ression tecble wr.cn an u::~dc:::'i::2d sY;::1bol 

is defincc.. 



< • 

. ' 

() 

\ 0' 

] oot< U'O lo..1Jcl '-{~u 
~ , I 

if, not; i'ounJ., adl" 
it to :::;::~:'::1 tuble 
wi::;h "lorc, 3;::::. 
word 4:.=¢ 

us Cod. J tabl:lk: '-'\ford 31 
,tIhen typ:Lng val: :::::'V;ord 4 /' 
symbolic addre 381'- --- -1l::tdcf; ",add::-, t 
"!1 (;,::::-01" roes s. , I t \"ordl~) I 

1 
lequated: =¢ 
!defined: -1 j' 
i:for~et: '-"¢ 
igen0J:'atec,; --,0(1 if ~nboOlJ.1 

I
<~xternal: "'0x1' 
rfactor >1(,11 if rfbo,ol) I 
value: -·loccnt i 

(table link not disturb_, 

I 
8 

I ~ ;--e 



o 

FlO' '" _ 'VCUI"""""" c,,,l., \j 0: 

8 
-- / I erro" ('D'lKJS,"_/'bLol( ~ i (symhol p"I'e . 

I .... _, • V10US-

I 
ly defined'? \ 

v . J 

G I no 

1"( 
I FOrne 

I 

~lOf~ v"J . • a. 1 S 

(l. e. blO-'b23 
va] is he of ad of an 

undefIned 
chain 

I ...y 

8 

I, 

to.ke" v 1 oJ a as 

"input and alt . CTS 

It and . g1.ves it 

also a8 out ut 

no e 



( . 

l l"'CltGS z..:..pd. C-<,J'" 
I ;a ; 1; ~, ~ ,,;~: 8JJ CX-

~D:rL:;'3 iO:1~ .::ecinr: 
I; t )" ~ ("C> i"' '" >,rl 
'_': I .~J .J. ~ _J. L"'/~ 

{;'l~C 

LhJ;n 
L'0 1..<\ .... ; 11:;' lf~~ll·n. 

L:~::;] vrL~;h hfOrd .... , i 
.J .. i 

vlf):rd Lf; jJ r 

---------C------------- i 

¢ 

B I 
'<'->"Tr d I l-"')lu.~c :.: a dr oJ' 

"rord 1.: of ma::'n I 
taclc entrv for 

" , 
. t"'~J n1

, • I' , ~,U. iA. 

word 3; vol:" I 
.,"'0rd lj 1 A· 
\:0 

"I!1J:;JE 
:RFACTOR 



(cont'd) 

~ c: I,,--;. .. -"~i ;1(")( 1 " ~L r ~ .. ~ _ ... ...,... y~. -

::c;: 1 
: frg-:::' : old f"';;+ b; .,. ! .s.u...... ......l, , 

:genero:tcd.:-:..: ¢ I 
:' 1 I ! t:x-ce:rna ::::: i:' ol·-i 12' l' b1."+ I , -. \.>,<.A V 

i ";-;1C'!1 ... (.y~-/i'; .r i 
v ."", .t .. v..!.. L,j Y I 

;J old ext bit 
else xtra I 

I rfactor: -= p I 
Ivulue::-.: ASGN1 I I table link not di·::;turbcu I 
'---rl---J 

C) 
I, 

errol' (! D! ) 



o 

}'jl',ur(~ 1.:-1-:;: 

[ c'- ~\ "':.)J' "j", .. - -.~-,) (' \~-:-I: 
I '-" ~ A..t ... .. - - , .... \1. ....l ..... 

j ::',. ~c~~~ ~ ,Of 'ji~ __ _ I ,(lv, ,1-"" c""bl", 
: crr';,yy V C'}3() 1 
L __ --'I 

I 
'~f 

h-30 

!-;--::~~-:-:, ~ --~--,-, -1 

"

",.1),,",", ,,~ LCI.r '~"L,I 

u:p as a T)o inLeT tg 
iQ cl(;~'in(;rl value; I 

i .",'~ 'I Y'> '. - .; ~" ',- I - __ ) 1~LtD _ _ J.~"\. \-J' hl..... oJ\... 

I~)J d.c(;d in ct2.b I 
,l (fi:y.lYC II-} 0) 

/~;~ e-h ' ;'l,"-''''/'-\cloc;:: sym,r)ol ~ DO .0 
~,.rQJ.I"T~· , ~-.-_\cx_V I 

a;r),"C2D. .. C In r~" savca. /- / ~ 
I .... j /' 

............ :::.·.r-r., ..... c'''<".'to-n\ .... · ..... 
~'~.-.'''/j 

,</ 
I 

I ~(es 
,III 

I
X:':: val '(now X--r 
points to an ctab. 

I 
word); Teplacc I 
e'to.b vlOrd by tab-I 

lInk; :i:'cplace val I 
by -,prev i,oUG con- I 
tcntb of etab ._' 1 vrorc. 

l 
I' 
I 
F 

this just scans dUNn 
stored expression 

I, 

'I 

to the end-expression 
word 



C) 

i--put ope::.'ator In 
I ,,~~)cra~O"r' stack 
: S[~VC ... \ 

! c2.H STAC}( (in 
, l.'-;-pp ) I ~ .~-, 
LT,:?s-torc X 

J 

8 

ll'-:c/v)cha"'("t n: v(r,,~~r (~r~ C~"T\n'llT{lJ) 
___ .~ ..... _______ ~_ .... _. ~~'W __ .. _._ ..... _ .. _ 

(c0nt'd) 

8 

1 
I thic eval-
I uates the see next "Y'Iuse 

1:' 3'Lored 
I expression 

I 
I 
I 
1 

j 

" 



----, 
"1_ ~ 1'" -'-'l'~'" 'Ii + _ I •• ,)" C .:t, I ~ ... ,~. ,.l"_,,. I 

e"'''l C'4.-..,..y)' ou-c-l 
• ~ ,_" c .. >.. ! 

\ , .. 0C-, 

.:::n'c fro1;; et;;;.b) I 
7,', ~ 

"~~J01"'d. so "Ctlat it 
oec0Y:1es a l iy;}:. 
[!r... '\' ::(~cfi!1ed 

chain: 

·----yes_ 

" f:\fCS 
\'1 

~re8-
./sion Has It 

~ h":l:aJ 

(c'J!1t'd) 

-no _____ -. 

j 
bfl 

end-ex;)!' 
= 1 (In~8..l1[; 

is 24 bits) 

! t'C'Ul1CD:ce I ue to 14 
I 

1 

val- \ 
bits i 

I output(:re1-
14, value, 
rractor 

--r---l 
o,-:~,,;)\ .. ,,~ \fix - I 
lh, so...\red 
~! O(:erl~ ) j 

yes 

butput (re121.t I 
! value, rfllcto!) 

I 
,/ ... 

IOU7.;put' (fiX 24, I 
I saved loccnt) j 

I 
( 

,L 

8 



c) The pl"cvious routi.nes Qe;al moctly V::'t(l the .::tc·c,lon:3 ''''hen a 

reference,s to undefined synbo2::; and licCJ'o.lG. At this ")oint the 

not, first the up0}"a.nd stac}(, aml the:', the opei"~:~(l(' ::;t::..c;-<;, UTe 

sC'-l.nncd (i.n Lhc ,;a:nc di::-ect:lon as tr1cy ,Jere. 1)"(1.i:~t t:.~~) (mel J)laced 

in the expressIon table. At the 33.rne tiJT.c 0..J.1 u")(;Y'::.:.nc.s in t";.e 

operand stack are rc?1accd by "pl2.ce-ho.lccrc" (sec fi.:~ure 1;-8); 

these act as dU.0;"\Y ()/:~r,.-:.:n.ds to ~(ce~) thc format 0= the staeks in 

order. iVhen 

action is taken, the undefiLe:<i exp:tesDic!YJ. vlill be stored in the 

expression table in Polish post-fix. 

The follO'.vinS floV[chartG d.o not cove:::' cO;)1,)lcte ::-outincs, but 

only parts of them: 

E'XPRI: Action W!1en a symbol ie; delimited 

EXPR: 

qun.ntity 

Actio;:} on 2. 1iteY'Ql operato:: 

END: Actj.on on literc:..ls 

..t'_.:::tion on undefil:.cd expTessions 

Action on 1..:.:r.d0fined sy!,'ibols 

C) 



o 
no 

, ' ,------,._---------. 
.. ~et up f\)J]U\'Ti~"'~~~ ~ 

: In uperand. st~~,:k : 
, (1.vithout (;h. ll.'~" 
~ i, Luck Dolrl-('t.·Y' 

}ooJ~:. 1Ip 

':~;1d. if not found 

( :.td.d..~. () r word. ).1'_, _________ ..::, 

¢ 
:I (indicutps 

t:.r,dcf. ) 

.. ~;1~n Ul1 operund 
wan dl';] imited 

i 
\,~ f. 

l exit J 
\...J 

) ,> 
j-

\ f' ._---
- ,:~~.;~~: L:..:o _·~)_":"i..?·r~:, 

in OI)C;Y'1:iL:: ~''<A1C~''! 

(~;;:~~\:.~ ::~;~;r·L;; 
v~aJ~L~,":: 

rf~cn;.:o:: , . . 
2 \ l.L(~::"C&:C~:S 

de rir .. (->c.) 



3: 

~~c ac~~o~ cncloced 

flO\vchart. ('l"nc fJov/chart belo'd .i::; ?3.rt of the suorouti::c S'l'fC:3.i-I in CEi'J:T3::'.) 

-------------------------------~--------------

A: 

oocrn.~J.c~ ~;: \.~: .. cl\. ; 
tv U;"c word I.~ 

i of main taolc 
l l entry for th(~ 
I [3\r(r)~)oJ ) 
,~--.~ 

,-----, -------, 
, take bl o.r.d '()lO-23, 
~from t~1c ,,:o:-d at I 

I : ehc ("nd (Jf t:1(';: I 
':eho.in ::,md m(~:~2C: in I 
Iii-Be) :lDd G\~(}l~C u..t ~ 
iend 0'" ('L,t}) l "~i ~ i I 1. - I;. \ ~jJ...l ...... 0 I 
lIs 0. type 2 vlOrd, ; 
("CO fi rfl'rc II-l0) I ,U • 1, ~ ... I 
L--~-~l----------i 

! 

, 
I 
,I, 

( 
! c'c~Co:r:::;c \Tord at 
; (;n,d of chain,: 
I 'or(\· _1. b 1 • =-'/\- { 
~ 'j..J.--l., .1.-. "r' . 
i 0'10-023 ::',E''::P (nod 

I
i this "urd noj.nc;:; : 
, to \-Jore!. created i 

i in box A (.~bov~.) i -----------_ ....... 

i 
i 
I 

I 
" \. 
( 

.J 

tL:.s creates 0. new word in 
etab, an extension of the 
chain running throueh the etab 

this l'lc..kes the former end 
\-Tord of the chaj.-'1 into a 
norrGal li.n:{ 'vhie:, poi nts 
to trh~ nc;\f end \'lord c::.'c.;,;.tecl 
in A abov"\'. 



CD 

(~) 

"'-c-' ! < 

~ ....... , / ' 

)1- 3(, 

}ili:~tlY'(' L1-16 ~ I~;(-~};~ : .:~~~;-5_~:~,~!2:~ c:.. l·i.tt~:~;~~l ~1.-'cr:,';~ 

1'1--:'0 1~lo'vlC~1:"1""~ 0810vl is oi~ t::c ~I.-<~~i'o~ti:~c: }-::-:: -~::-l ~:;J.~::\:-;.?:~:~~ .. 1\o'C8 

tl"'la.t ii" the o-pc:.:'and 0:2 tl"h:; l~l.t~~~["L .. l o:J"::l"~ ... :cc-~"" l~::" ~::J~ ,,' J ·_·l~'\..-:d t:letl tl1i8 

sub:r'outine is no~ executed; i:1StCCQQ the 1~:~~;'_'..::..1 c;oes in e:tab as 

for any other undefined expression. 

l~n~'r"\T c;; 
I 

\',j 

I .-----.--, 

l'so.+ u'-'" --'o~ - (' "~"'(Y ,.- ' t::v :"'.I.,!. __ }\/_.L"'o ,-",~I 

'end C)~ M~'~ 'c'~"l~' ,. ~ ..... J.11.I.A.I.l....... /\.0 .. '-'_ ........ 

I 1 0"" " ~ ''-'' -,', 
I va ue l..L~ V'-'~ "j..L 
L1:to~~ lit~ral 

I 
~ 

":, / 

i;-;-u~ o';-U";;-) 17~ r) "':'" 1 
__ .1.1" ... ....I ....... vc~ o....J.. 

in JI1-,,:,.l.Jl tablr:.: , 
ii und if l10t ±'or:'"DdJ 
U - ,.,., •• ..,"'j 
I' c,-QQ J'e" v0 taole j 
...... ,"'''''------

i 
! 
I ------- .... ~~~ 

S('!"l, up 1'0::: JJ;\.r1.rJ.C; 

O[J\;T~;;f..11d c~;ac}l:: 

u.ddr of \-lord. L~ 
maiD table 

p< 
:; 

~ 
\1 e 

ir~ 

~ 

\y~ 

en'cry' 

,-, 
t 
r, 
<, 

'( 
\ 

J 

see fi~ure 4-17 .~·Ol· 
treat:r.;.c:::nt 0-[' to is o-:)c1'­
und ctack entry '<f:-.C;::-: 
expression terminator 
is encountered 

\, 



C) 

~ c't..lb : 
"t·''\··~ (V,,1U" .1.", hit"': J~ J.. , ~,.J..... _ ~ j 

\<l .. ,-; (b10-u2j meanin:~-
; , JeS::;) 
; \. (. 't -:i;kl~bl~'4 "t,ypc ol c aiJ 

iU \,orJ.) \ 
i'o'l-nrb undcf1.Y'cci count I 
!";j~O-b23='P (211cCoDinSlccs)1 
... ---.-J.. 

store' ::3ccor:.dl 
i-lord of cnd- I 
eXDr :tn (;1: ab i 

J
: VALUE: ==loccnt l 
"""'AC~' ~ J tr\1!.(1,.; J..,:~J... 

( 

J, 

B: "nCvl end. cxpr word: 
b¢~.¢ 

bl~l (010-023 OK) 
b2-b4=~ 

'f 

8 

-, 
I 

! 

~ 
-----': ._--.., 

yes 
~, 

,/ 

, VIII;!.iE: :=.b10-b231 
1 HFACT:==-l J 

I 

.t ,..-t ------' 

I- x: -·Ctddr of 
by B 

B : -::-·novl "lOre.: 

-----) 

l. 
ll_ ,>, 

de 

,~-------------~-----------~ ; ) 

incremen"c 
exit by 2 
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)1-38 

Firrure )~-18: END: Action on Ji-~e:ra1s _ 'd 

Hhcn END i:3 encountered, the m~in table is scanned for 

1 i.tc-ro.ls, and the foJl;)vrin;: c.ct:~orJ ·i.s t:~~',l'n on euch liter.:!.] (th·i.s 

:is the routine I,ITCm.J in DBD:CT). 

e 
1/ 

// ~ 
/ 0":" 01 

.' word !+ of the mail. ~ 

~
" bl ' f' th no .J .... .L. \ a ~e en.cryyr . e ---:::y:;X] vi 

-lteral is 1 ~ 

~ ! yes 
.jt 



c 

Vi 
I 

I 
I 
I 
I 

I 
I 

7,he rout i.ne E'l'PROC in DJJTfCT). 

"=X" 
, 

yes J, 
.-----~---------, 

i - (' rt,ypc Z: ddd ,,~ss.; 

fvihcrc dJld is loc-l 
'\C:'lt fY'om e tab and 
;:S:2 is the unde­
CiY1CC.. 8Y:I~b 01 

, I 
\ ....... / 



( • 'c<,,", l' DTIr~ I"em ) • U ... ).liJ In . '\>.~J .J.. • 

8 

no 

\~I 
'-J-'c-).-~_-l-o-v-'f chain r 

tlJJ"O~ c~h Ul]t 3..::.,--.--------" 
b~1 ~- 2> ( ! 

,', 

~~ 
.--_...J:\~rC;;.:.~:::..3 ___ ~(i. 0.? bl0~ b23 ~ no 

''--.~'."o~n;nrT-'',' ) ;; ... ·-------l , .. ,,-~u. .J... (,,)..l \A..J, 

ji 

r--
\ (lutuut Sy-u1-

; :J c2. Hij..-h bJ 0-1 
~ b?3 ~~s valu(: I 

", 
otrv~/u.t 0y:::­
lJOl \'.r:~'"h -J 

{ ~.t;;: v",:lue ---1 { 
i_. ___ ,'___ r s:,-rt .. :JQ_~ ~CL~~/_ ,.:­

(.:.-.ls(> CCtll?=~G. 
ex v ~;rr-.. ::": :.....:- f ,-',:~ 
~. ~ ~V-i l c:. ') .,1-"', .. .,... r,--;' ... 
..... CI.v ....... \..- .... ..... ,1.... ~ ... -'-'_ 



c. : 

C) 

)-l 

bo.ck to CLOm? so th~t the l:,~xt stc."C.cru;;ut CEG.1 be ::):"occs~c..<i. 

as ::ollows: 

cCDtTD.l loop). 

meCUlS tl:~rc is a.D opero..t.Q vraiti.nc; to be processed. 

The routines jUY:l~Jed to ta.1(e the follo',.'inE~ e.ctlor.~,: 

first cru~c}~in~ for f~_ i and then ccllinG EXP~~ .'::;0 c;ct the 

value 0:' the opera.nd. If there i~~ 0. tag then EXPR is called again. 

Tne ins t:cuction is built up in :r:NS'I'R and \;Olhen a sta;::ement termin-

ator is encountered it is output. (When the instructj.on processor 

is first enterccl, n~S'.::R alreo.dy cont1.:.ins the va1ue 01' the opcode, 

possi':.lly o.n indirect bit, etc., so (mly the valueS i'rorr. the operand 

field need be merged in to complete -Gr..; instruction.) 

If tl1c opcode is a mo.c:r'o call then a jur.'tP to MACALL 

in MAC 1s made ~ mS'I'R contains the adclr'cG::: of the f:'rst Hord of the 

macro head (see figure 6-2) :Ln st:::'~_2{~ storaze. More details of 

the ):'ocessinc; of Baero calls o.re e;::''V8n In section 6. 

Ii tbe opcode is a d~.:'ectiv2 the:, 8.::1. ad :'10C 

rout :~nc vl1:,:L ttcn slx~c ':'"~·:."::~.~::':f for the cl:i:rC'c"c 1.'1,; . is ~',:':'11:")ed t ()" 

These l'o:.::tine.s xcc c.::i_vid20. into nOD-macro di}'cctiv,'s (j.n ];=~XT) 

If.AC are not s:pecifical:::'y connected \-lith If.acros (liLc ::F) but 

\....-;1 



I 

- ~ ~ .... , ....... ~~~ ....... 'I-~'" ~ .. ~ ._ .......... - ~ ~~- ~~ h_~' .,,1_. -~-~ " 

, 

I 

" I 
II 
'I 

,I 
,I 

I: 

Ii 
I' 

, , 
, ' 
! 1 
I, 
,1 

8 

n:~::.c~o SIfil'/G3). 

M.:r:sc) h'l -'erIc; NAR? ] isi:; I.nr~ tOl' the format 0:(' 1.,h-.; :"c; kinds 0:[' tables. 

in DIRECT. 

ir.i'o:~m0.t.i.on needed by DDT. 

is located hc::cc. 

The actl on L:; 

slightly different if NP~P is being initi~li~ed (see section 



() 

c) 

(J.() CC)i'd~~t~J()Yl'1] ~3ssemhl\t ~~nd rr.:u""'os ________________________ "Uh ... _ 

V3:X'lOllS U"ctiou:3. 

i.l.Jla S1v:J.";; ch on ::.. c • ~;ome 

will never be 38CD. 

o_:'Jcodc field. !\.:fter 

:SISF 

ELSE 

E1\TJ)F 

it is very f;~:::;t :;ir;ce 

()nJy rarely. 

Follovring is the nlgol'i-c.lw for processin:'; if staterr.cnt:::: ~ written 

in p.seudo-J\~C01. 

("'l~f , ..... ., ~ else, endf; 
'..c. :Lv 

It then ex-a::; to the O.:1..1y 

(which are to be skipped); 

\......../ 



\ , 

('l.:;fx: 

ELSF: 

ELSE: 

<..'Jr;cl 

E1TDF: 

1I11C'v: lIL1 (;\/, +" . .L, }.~2t~.-,? loop; 

Jl.:0_~ i .r- r,~~.cv '·0 t;'1(~n (;~ " 
p (.1, .::'.!0 100_"); 

l~o~~#~ -Lf r· J ('V ··0 "G}lerl \ .. } -::~ () c;J ;:;e 100:) ; 

will be proc~s~cd. Nute t:w.t the 0j,1]Y thing whi(;h 

indie3.tcs -cho..t 'VJ'C arc im:;id2 illl if body is that 

i.f'cnt < 0.; 

ifskp 

CO)';'l:rllcr.t -----

I,. -f'l 
\ ": •• 1 , enclfl) ; 

ELSE. 

if 'L ~'cnt:= 0 th~.D. E;..:~j,y~ e:Cl'OJ~ (, S ' ); E:.0~:2 CLOO?; 

Gll'tdde i.:t bocl.,y !::.to.; 

C()~!1l~:.e:nt 

;.L i "en): ,"0 th:'{' -_.. ----- erro~" (t f) Y ) ; 

coui" .. ;.dc ; f boc.:y !,ne!; 

:i ','crrl;: '- <'en t~ +1; <fe;\;') CI,OOl'); 

COT:l."l0nt ------

Although it mG.y not seerc. f'i.l'St as if the above code can handJe 



,"'. ~~ , ~ -- . \ ,( \ 

C) 



, , 

::;;:;) ::..s o:r~;,mizc(l dS follows ~ 

I 
J 

11=1 [~Iley 

adctccsscs 
I 
I 

-U 

free 

, 
\. 

\ 

II '_" :-:','.'~"'~"'I", 
----; ~--- :'~S? I 

''':::_':.~" _ bodies o..nd 
' _____ --l..'1...E,,,c,.:;r:..o,--_e_;';.;,".:;:L;.:;'L.,,,S:,.' _____ _ .-/ 

/ 
/ 

'bOt}l 0f v/h:Lc11 aJvl[1.y~J Y)Oi:-lt to a wo~:-d. tho/;:. cO:::i..t(:~in::! USCIU:!. i11i'orr::..:..'..ciol1. .. 

~·rncn n .. m!~CTO lS d.e:fincd (by' l\;~I~SI{O a!'i~d~ E::JI~~\tl):, th2 mO-c::'"o bc)dy 

c.;cts larger as the:::"c is eurrcntJy no :.3Q',c'~)o..::,;C! collcc"c -: on feY' rau.CTO 

bodies). On the oche:: hrmd, \·!}1,-,_. d, 'l~l''Y)E:;,-::t; bod:) or l1:<:':.C:,:'O c~_:,2. (::;~D..CTO 

c2~ls contain a:rgur!lcnts which Yi\ust 

t::.me;, so they a::..~e s-:::oY'od a.t the botto::.: of S~:. 

pTE:vi ous Value :::;0 that t:>-le :rep2at, body or mc.CTO ar!31,)..:nents are 

discar<led. 

" 



h-) 

6-1 

o;~ C()~~ 0''':(::) the con-

?ACKI'? is cal] cc, ~vo f lr'd !':1T.0R. 

in 

i'i2:U.:','C G-l, '~,(; c ex"O:;.~ a:CCCL is exami:''1.cQ (-c.'1is {;l::Y invo:L vc 'the 

eva1u~-: __ ;:;_O~'1 of ..tTl cxpres:::ion) to sec L' the rC})(~~~t body is to be 

:.;to.cl~cd. cmd them fixed Ul) ~,o it poi::rtc: to the first ch~}.racter of 

the rcpc;tt bod,V. A jump to CLOO? i:~ ;t):.:.dc DJ1d NAT(? is ofF .flY'0-

cesci~i.': the r~peat body. Whe:1. the ::::pecla1 cnC2'pt charc.ctcr (which 

rep1o.ces the b 1 "T"lIn'R'" ). . d syrn 0 ~~J)J. l11 S S lS Cl1COU~1vere , the fo1lovlj ng 

action t~~eG place: 

ERPl': U::;e the i.nput pointer (i<rh:Lch corrtains add:rcss D; 

see fi,:;uTc 6-1) to loco.te i.J and thus find. the 

beginning of the controlled vario.bles. 

tcr ()f" thic u:rCLL to d(:cLlc: vrtw.!:; LLc-Llon to take: 



c: 

/--;--;777:-;----.:----; ..... , 
I I ---~~~--------, 
i I ______ ;:.'J i 

I ,I /"771/ II " ' 'I I ,: :11' I /! .L / I '-' '\. I 

::-~==~,-, ------J 
--------------- " 

-J i ---------------- ' 

:CCpc:a:t. body 

(:,;r~t1)oJ:1 t.;d. \/O~I""1 CI "1108 : 
..-- --------- . - ...... - ~-.-

it (;-'~' y~-~y .. 

\ ~ 

t cont ('0 lIed r vD:ciJ.'b18G 
': 

I , 
I 

\1/ 

h-iC;:lcr O}'dCT 
audr,-"c,ccs 

c'nc:::r 

In {'():i.~C.!':t. i 

C(:~'"'~'-.~c ~J# L -=, ·("I tC 

.­
( ,I J~ 

J." ,~ , ~ 

l(~i..~ ... '::::'QLJ~"J) I.! : 

1 

2 

~',fC)T~:':': -~ ~l(; .c;-,!".,~, "g~/~iYl:) ~LC :)~~t~) fc::"::.'1 
~l ~,,~~,_n:"\;'~l r~ ..... ).1:~})C'/·") 0.. ~hh;:~' t.l_~("::"l~:': 

-" ~ .( .... ': ,~J (:,J~lt~C()ML·,"\. G:. "',J: .. ~::" _"#' / ~~(..:: 

~,. n ~/';_ "-,<;-":'.~\~ ~h()\.J.;,r is -:)~~' r~(-,,~ .. 8C~~ l-:.:!-~j:~ 

t} (; \":;,\",;'C or L,nc :" ;-, .. r;i-, :_J~[~~·,J,... .. _'l~,,~:r3. 

v<..')..:A~i~j ~-l_(; :!~' .. >:,;3 ... -,3 ttl':.;'"'; l)00-':~~(~ (::";e 
~_\) ,~: ~,\ /:c,,=)~/~ ("(' ('()~'" :"" ,~:"'C :"J .... ".;r ~;; 

.:'':0 (~(r:rc '-~C)~="C(~ 'r~1J'~ia-Dl~~s). 

c:c':rv: tr.:.e fOllOidiT'l.-" C~lct::·d..ct.ers 

we cl..i! c;xprc~~sjon ~- ... '·!::n:'y!ati~~ :'n 
D.. cD:c.cia~~c :r~E:;1..,'u.re (cx.-l)£ 1'3 'then 

" :- ~-Ad' \ a va:rio.."ole nwnbcy o~ \r".J. "')" 

,:'(Lc:'es s of th0 fou:cth Ivord of a ;lk,in table cl:.try JOT a SYJ[li)O:i. 
i.ncl'cmc.r:t tv be a.cJ,~cd 'vo thc-c s:\'mbol Inciicated -oy o( eJ.ch "cimc yc-pcat body 
:processed 

_'C"C<_i,'t b,)(lF : M .... __ ~ ___ .~ __ u __ I_ 

e ... ,~~·t)J.:~C-C" ()~ .. 

Tnis i~"' trlc ,strirlC: of Cl1cull~]"ct~~rs c,,-)ln.j')ri~i~1:=: t~lC rcn(;8..t l')odyo 
Gh(~ st:r:l.r.c lS :'llvTt,ys a .s-pccictl efldr-pt cba.ro.c"Lcr (va"i.l;.(! 20!+B); 

a. ca.rrja.:3c rctUTIl 01' a semi-co,toll. 

The' last 

of 'rlocds from f:Ll',~t. \·,ro:ccl of contx'ol:Lcd V8.1':"..:":''.J::'r: D.TCd" t:ll'OU:.'/l lo..st 'dord of 
:::'(-lls count i;, u;:;cd to 1~i.nd "Lhe controllcrl variabll;~; \\,hen the last ch;::::'~'.ctc:r 

~:~~.: CO~llit of viOl'cls from :L lrs-c l"r()rd of ~x:p:: through () \-iord. 'I~'1:::'::; coun.t ::"s used to finei the? 
r~:':~i:,:;:i.r.:~ of the entire: s-::0rcd x'cpeat Hhen the contro:"led va:cL:J:1..(;s :1.o.v,; ~:U l,;::;cn 
i7'"hCrerD.ented" 

shovrl vrith th" ya2uc i.~" ho..c je,,-st a~"tGr -'-;:,<.: 

vs.lues dUY'ing the -proccs3.i.ntj of thE:' l'2"X;;1:' 



fJ :e:o~;o Sr!~1? 

; ,()t() :r)()l.J-":\~"; 

2 pooto I:Vl\I:c.:8 

BOu.ND: 

EVlUU8: 

3SSP to point 'co G, i~ct 0:: :'. :;'nc.lt. :,?oi:1tor :::com 

sta.ck~ ar.d. f:.:.y~;o C100:?; 

rcpc~ts &nd vice versa. :Inc ar...ly i.:::foI'r;~~xt ion tl:~t :.18ccl ~JC ~c:.vcd 

(outside the ss) to mo.ke these nested structures wo:;:k ir.: -c;~(; currGnt 

input pointo~ (see section 3-1). 

\ I "-... -' 



. , 
. . 

(l
' . 

( I 

\, ,,/ 

of 1') /' (""'i"\(-'''','(1 
...... A"'\""' • ........... 

dcfini L:' .. U.tL3. 

ir..ol.1.t to PACXI':r.' 
- , 
J,. ) 

C J 

..L" " ., 

9 10 23 
------------------------~ 1,/ i 1'::-'> ,! I 

I~-~~~,----~----------------~---------------{~-~-----------------.. ~ 

Sec the NfJ\:'? list inc; (in 1'/~/\.C) :f'or t.he tro(:ciI'~Lc ~- MI. ~ ... ), ,., 

... (JJ.. _~I>..) ... 

on labels dcfin(~cl -iT" }.:!.C. 

(Note: 

of 

The 

basic packIng Toutine is ?ACK, an alte:talJle routine located in 

TFJ.~~~ QC"'ce-r the betslc inTiU.t rou.tines: when ]Ji' is uc:in[: ?ACKIT, the 

As described 

inoicates vrh,ethci' VlC O])CO<:1,; fic~,,~ :"S b,~"! n~ ":('OCi.':]S,,'.J. or rwt. 

inputs 2.) and 3.) mCl:"', i.()(.~:d a.';Jovc cetn ':Jc: c2..o.'r' 2.~~:,cci ~ 



c· 

c. 

') ) ,- . 

3. ) 

piecE's of coc.;:;: 

I 

unicn 

~""l ~"l) ;:-3 ... :~" _ ,"'-,II' r,,; 
-,,----~-

f01" euch l'':1ac:.:'o; 

R 

c 

-~ ... ' ,,- "--'-'-,'1 • 
.. ... ·.I_ ...... v .. 

ge:ncr[);tcd 

d 

g 

SUCCC sS:C'ul;) a b:rc.:.;.c~1 ::.;:; :nlc~clc: -Co CL ~')icce of COC!C lndicCt.t.c:d 

but inste8.d a chcc~,-

enable a sCo.J1l1il,\?; algorit:hrr. -:;.~.,~t looks at ont~ cb' . .Tn.ci:;e:r n.t a timc 

to look occilsionalJ~y n.t a ,vi(10r universe ~ r.w().cly 0. syr:lbo1. HO'cvcver 

there are lesser tucks to be considered.: 
1t (!."lU 

'P is converted to a specie.;] c::1:::t.:ractc;:..~ 

It R" is removed ( "" -;·'tn1~ chan~::".,,:::: fI:'I'P2~ t.o 
,\ 

.OG ' ....... '- .......... pJ 

can be 

ever require;::: some co::n~oent since the convcntiO:1S 2.:.)out blQl1ks bet­

ween quotes and bc/cvlcen parentheses a:ec a bit complex (see the 

I 

\ 



c:r..t 
----; 

sqb: 1 'iil:W:1 b\.:~"c'.r\.;\~.t: ~ 
~" - , r, c .... ~G:~C;II-~ .... .1.. _ ~ ).4- __ 

dqb: o.0ub18 quote boolc&.,: 1 (-;11(;71 o.::t~Je'2:~ c' ,< J_.\?~ ;-_h ... ".ot,.:;~? 

I
, 

( ) 
/ 



0-11 

() ,'~ 1_ '\,~ }(',""\" l~,,<!("~;"«\ r;-''T\rn,?, .. 1 ))1""-'(>') ro 1~j\ ':' \ 
~-:-._' __ ' _'_' ____ '_....;._:.:._.~~~ __ "_~_.L._..:.:~~_'"_-C_._:.:...:..:. ) 

initi.orJ. the, label 

~)"('''''''~;r'"l 

~ -'/~ ~.I..' _,,,, 

L.cl,d :,0 r·:.r:J 

SS"f\TSS .. () 

:pointcr is stackc(l <.111<.':. the.0. ~.lJ terce. to "[Joint to the fh's t char-

A jurap to CLOOF is thcn mo.de ,J .. :ad NlillP is 

Durirw: this T)I'occssin8 the diY'<:ctives 

:rJ.1C vford ARGACC al,'Jays pui::'tt::: -to the current macro 

NCE}~ : The :routine SS)JSS i~~ called~ since an ol')cro.nd for 

Nl\.CR lookc exo.ctl;r like a macro c....r.0:UY,1cnt. 

durinG mo.cro cx!)(;nsion; they arc of C01:0";::C stored by 

1--------,--------------------



("'" , ' 

/ 

I 
I 

"\ 

1 

l , 

C) 

F()""~;'ls~~L 01-- C, ~·;tn:rpd r,l; ~C',;O bocl'V ____ _____ ..._u __ _______ "-

1;::::,Cj";' hc'~>': ---.--------

,'J 
I' 

',:" ,,'}::; c::-:tTY 1'01' '" mc.Cl'O opccriC. 

I 
1"- me.e1'c) !y,d,.:,r 

1)~.',,~(~ 0"'· (~\,. ~~J~·:"'''(,;;C~ :~y![:':I( ,13 (iD':'t. :'[,1 

(i'Jc-:;e: 
C;Q,cbace 

I 
I 
I 
I 
I 

/":"- SCp 

, 
,.I 

L- : 

"v: _ 1.1.: (; ;~:-.; -. ~"j ) .. 

,- r 
' .... \,J 

-{ 

- ltJ;'C~O 

0::· c: ~::;. /"O,~: "~<::'(':l"~. l-J)~'; ... ~; <~ .,. .t,~ ).~J F(J (~c: YI1D.C":-O ~')od /" .. 
alvvr::..,J/~ l~ ,s~!\;e .:_(" ... 1 (';L(~J~~:':"C eli (J.:raci...c..:T (\ru} It(: 

Tnc only '~i.ecc of information that G.c;t11211y needs to lh; s;:;'VCa. 1:1 -Chi;;; c<:..se 
::.::; l''\?G-JGC; howeve1' J tTjTO c:c:.nr.ny 'tvo:tds aTe introduced so tl:: :,~ -~:he i'oTrn<:it is 
corrrpd'virJlc 'II itil a, ~c..~J 1 of a lno"c]:"o wi.lch c; .. c.ui[~rny aT{~lrrncrlt (.:;(~c f:ir:u.:rc 6-4) .. 

is 



, \ 

:) i "f-",..S) , __ .... v ...... _ \ 

, i 
f 

c) 

~,."" l\l'I(~r·d.,l (~ : 'r;:D.Cl1 a1",(~lJJnr\r,t -1 ~'i stcl"'(lrl ,:to 

\ <:,-.~'-·r, ~'~I/'-l 0, ~>:, 1 Ti ';r1-.c ...... (: <" i~';\ ~ ;J":-j r~~":> 
_~; ';~(;,,' (l ... ·,r!~_;'-'.,') ; ..... ~:: ;!)~\r\)(. ~_( ... ,,(, .. ( ~;(J"lT(!e 

":,lllic:l l)oirl~:~) at 
2.11 c:xtra. f)uintQr 
mor<: al'GLUncnt. 

8G.,\rp(i cr:,\n",'=:.CC: - .. -----~ .......... ---

tl-h? c\p(:rl"~_D.g left 1)c'r~".ntl1(:~;:i;: of 

(-pn'c Y:-I J) i~:1ic:h Hould P01.l.t to 

C()l;('l)~_C' "c'd, '~}t"~'"''::: ~v[:J,ue 

~~?'c'v'lOl}r! CO~1tc:nts 

0(-; 'pJ ((,ccd bdCk In 
J CV('~~ L'J.':;"C1 r C Ct#"~ .:1- .. 

i \ 
\ ) ) ,. .--
1,1 .... :-.1 

t~j(; o..rgl: .. lrJ.0~~t. 
arr:wnerlt n-' 1 

.:..~: 'I'l:1:i..S is ! .. ,'l~ 
" ~" \..,.: 1r~n....."{:5J?n_~'1\. \i;c:.:l 1.'':~ th:",t ., 

c.- S"l..LbSC£T •. :~·r", (yr a «(~,C~1e:-:,nt'::d 

may have (~ s: rr Il'G.:xt ~ 1023) . ' .. ~nis value ic "c]le Cc-':: .. {"; a.~ ) :i 'f") fj.r;ure ,.l '-' 

3Tf:1bol 
6-2. 

Thus £ ba.r:-c:.: rj~is i8 tllC 1)n.se v3..1ue for r;eneTated 
t',I(; £;c:,src::::od 8;:/:;;'ool, G(2) vriJ l :cc~ult in Gp'...:, 
rcp:r«lc1ti:r..[: the value ai' e; base -+ 2. 

where x is a digit strine; 
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, ) 
~ 

( . < \ ;,~(}~~) 
,-

~;., ~'"2.\:;:~'() \ " . .v , J(~ :; ) .~. 

" ! !~~'!C 
, 

~J C: (" ('; ~"'(~:: -'~ 
~1 
, 

I /~ 
~, ,. 

.<..1 , 
I '\'- , 

r< ". e-. '. , ' \ ,-,,," n 
'-' \. ... \~ V ) 0z~C' 

_. 
_Fl..w ' / ~ , \. 

" 
'v' ~ '~:\~:.~;;,s 

~. 
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