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'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. 
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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\, 
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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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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 
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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 
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:;;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. 
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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 
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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 
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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 



o 

C\, 

)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 

\, ,,/ 
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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 ~ 
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3Tf:1bol 
6-2. 
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