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1. For a description of the input t o  khe W-21’ assembler ( i . e . ,  
the  source language) see Project G E K S  Doctunen% R-32, 

RC?ference % ~ : : E u P . ~  for  E.kg?, 1?2: .&SSenlbkr for  the SDS $9, 
1 

i s  sued 

For a descr ipt ion of the  output produced by the  W l P  assembler 

(i .e . , tine input t o  the  loader, IIDT) see Project G K N E  

-- Document Ti’-3, Forma.t of Binary F’roprm T i i y i t  -to DDT, issued 

January 26, 1967. 
For a dcscr$?tion of the  SDS %O and i t s  instruct ions s e t  see 

2. 

3 .  
one of the  following: 

a.  SDS publication: - SGS $0 Comzuter _.- Rcf‘c-.-cx~ Manu.cI-, 

No. 9 . 0 6 .  bOA, Rugus f; 1966. 
b .  Project GENIE Documnt R-27: SDS 930 Instruct=, 

issued October 11, 1966. 
4.  For a descr ipt ion of AXPAS, the predecessor of NARP, see 

Project GSNIE Docurnent R-26, ARPAS, Reference Manual fo r  

- Time-Shsring Assembler for the SDS 930, issued February 24, 1967. 
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1.0 Tntroduction 

This doculent i s  intended I'or ~ L S  EL ~ ~ I f i p a ~ ~ i o n  to the 
l i s t i n g  of the IURP progrm, nnd thus on1.y conl;ai,n:-: inrormntion 

not given in the comxents t o  the prof4rm. Therefarc, precise  

table formats will be found i n  this report, b u t  no specif icat ion 
of input or output for subroutines, and only sketches of most 
a lgor i th i s  . 

T h i s  report  will probably be of most use t o  those who w b h  

t o  correct  bugs or t o  make changes or etdditions t o  PLXRP. 

i s  not w r i t t e n  ac a primer oa assennbly writing, but soxe motivation 

for t he  lmplementation i s  given, SO t h a t  a relatively e-rlenced 

progm.xnner should be able t o  use it w i t h  little trouble.  

1% 

Following i s  Q. short descriptlon of the over-all workings 
of mRP: When "UP is ca l led  by a user, the en t i r e  program i s  

read off the  drum and i n t o  core, where it stays u n t i l  the  assembly 

is over. The assembly is done i n  me pass: NARP yeads an input 
file containing a. s o u ~ c e  progrm and w i t a s  8x1 output file 

containing relocatable  binary program ready t o  be loaded by DDT; 

no other input/output cqpzrstions are performed except f o r  

messages on the  teletyye, and perhap a l i s t i n g .  A s  the p roppa  

i s  trensli-zted, severa l  t ab l e s  are b u i l t  u? i n  core, %;he pr inc ipa l  

ones being the main tab le  (containing l i terala  a d  def tn i t ions  of 
s p b o l s  and opcodes) and the string starage (containing macro 

def in i t ions  ) . 
The basic  scheme for processing an hs t ruc t iom in the  source 

language 1s quite  simple: The opcode i s  looked up i n  the main 
tab le  t o  get its value and t h i s  i s  merged wi th  the value of the  

operand which is obtained by evrtluatirzg the expression i n  the 

operand f5eld.  
The evaluation of the expression may involve the lookup of 

s p b a l s  i n  the main table t o  get their mlues.  

undefined, a chain of references t o  it i s  created i n  the object  

progrim, and the loader replaces the links of this chain wtth 

t 3 e  ac tua l  value of the syinbol a t  load t i m e .  

consis t ing of more than one undefined symbol are saved i n  a 

The instruct ion so constructed i s  then output. 

Xf a symbol is 

Undefined expressions 
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t i l b l c  in core u n t i l  all. t h e  symbols in them becane dcfined, at 

which t i r w  the exprcssioEs tll-e evoLuzzted. 

Of cocrse, the general scherne above doesn't o.ccou1t fo- tLle 

processizg of direct ives  or II',9CP'QS, which mcdkeus u2 run npprcci.able 

p r t  of the code for  "dip. 

report  f o r  more detai ls .  

Refer t o  the  listing and the  following 

0 

I 
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See 75:pre 2-1 for the d e t a i l s  of the  

~ a a d - o r ~ y  code (corresponiis 
to MI:;C,CENT'RAL,D~CT, and 
MAC packages) ; see f i rs t  page 
of MRP l i s t i n g  for organization 
of th i s  p a r t  of core. 

first five blocks of core. 

pop comrnmicot5on c e l l :  This is s h p l y  c e U  6 ,  used by pops t o  
._Y 

transmit parmeters and return address. 

ce3.l~ 1 through 77B: These  cell^: are riot used by KARP or  the  .-- - ---_____ 
system. 

p? link::: This is c e l l  l0OB tkougl i  17713; it contains t h e  links 
This  area is i n i t l a l i z e d  when NARP for  the  pops used by 1\IhRP. 

is  s k a t e d  and tinen never a l te red  again. 
p r o p ; r m ~ ~ e E ~  in te r rupt  i f i r ik~~ These are c e l l s  201J3 through 224B; 

if programmed in te r rupts  are used, these c e l l s  contain pointers  
-GO the rout ines  %o handle .the Interrupts ;  they a r e  not used 

o r  a l t e r ed  by IUXP a.t  present. 
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2.1 and 3.0 

1 



from 

S m e  

iI 

table Look~ps fast. 

ma-in table : Symbols, o.oco&s, and literals tire s tored  here. 

--I StrinK r,i;oraf;e : MBCN bodies, macro arF;mentS, and repeat bodies 
are Stored kcre. 

- exn:v:;sion. table I_ : Untiefined exqressions are s tored  here unti 1 

they becoac def lned. 

inpu t  pointer  ---- stack: %a input pointer is stacked here when input 

i s  switched from one source t o  another (e .g. ,  Pro% an input 
fL1-e to 6 macro). 

character stack : Characters are stacked here d w i n g  token 

recognit ion. 
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or)ern.nd stP.c:i: Operands m e  stzcked here  dw:in:: expression 
-Ap”.----- 

evaluation. 
onemtor s’cack: --- @erators m e  stacked her= dnrin:: eqresskon 

evalust  ion. 
o i le :  Rccwsiwe t m q s  and recwsive  scbroutii?e li??<s are stored 

here ~,rker! a recursfve cubroutirze c a l l  occurs .  This t ab l e  has 

no y e - s e t  length but  sbqil.y takes  up all the  core i n  the f i rs t  

f ive  blocks t h a t  %s l e f t  over afzer the  other tables and areas 

arc dzfir,cd. 

- 

innut Suf.”er: Blocks from t h e  input file are read i n t o  t h i s  area. 
outnut 73uf’fer: Blocks t o  be m*itken on the output f i l e  a re  
d* 

stored here. 

2.2 

RARP is  coded as a pure procedure (i . e . ,  it i s  re-entrant)  
SO t ha t  several  users may use t h e  s a . m  copy of W P  a t  the  same 

time (or’ course, each user has his own working storage) .  Slnce 

some temps used by MI? have i n i t i a l  values, i t  i s  necessary t o  

have S C I ~  means of get t ing thcse values i n i t i a l i z e d  for  each user.  

In  M P  th f s  i s  done s h ~ l y  by including 8.n ext ra  b b c k  on the 

drun; wInTch c o ~ t a i n s  all- the  i n i t i a l  values f o r  the i n i t i a l i z e d  
temps, as well as the  pop Links (see ~ e c t i o n  7 for a descr ipt ion 

of w h a t  happens when XARP is  s t a r t ed ) .  
Subrout,ine linkage i s  handled as i n  t h e  following example: 

i n  read-write memory 3 SUB ZR3 HETURN ADDRESS S W E D  I€EKE: 
BRU ESUB 

ESUR < body of subroutine > 
BRR SUB 1 i n  read-only memory 3 

This schene uses no more memory c e l l s  than t h a t  using SBRM and 
SBRR and hes the  advantage of being f a s t e r .  The only drawback 

i s  t h a t  one must remeniber t o  precede a sEbrout,ine name with an 
‘ E ’  when wri t ing the subroutine. 

100ks l i k e  

A c a l l  of t h e  above subroutine 

EPJY su9 
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2 .  

3 -  
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TCi1,rC.n I 

3.0 Tn.put/Output 

i r r p u C  subroutine 

' I  

0 2 1  22 23 

lenqth: %is i s  only applicable when the input subroutine i s  

DUMI; i t  i s  the length of the par t  of the argument t h a t  i s  yet  

t o  be processed. 

input subroutine: This i s  the address of the input subroutine, i.e., 
one of FILE, UNPCR, DLMI, o r  D I G I .  

word address: This i s  the  address of the word from which the  next 
character w i l l  be taken when t h i s  Inpin% source is mstacked. 

char: This i s  'che posit ion of the next character within the 
_I_ 

word specified by word address; it i s  not a.yyl?l.'ic;bh f o r  DIGX.  



j 
' I  I 

x 

I 
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An cnery 1Ii i;Itc icai,n table  concx::;:; of ? c n r  tiordc, reprc:cmting 
a s,ymbol, an upcode, o r  a l i t e l -a l .  These entric:s ax? arran;:ed so 

t h a t  the  f i rs t  ~ V Q  words ~ ~ 1 6 .  the address p a ~ t  of t h e  t h i r d  word 

a r e  the  sane (as far 

thrce dil'i'crent LLJJ~~c?s of en t r i e s  (see E ' i g ~ ~ c s  4-1, 1+-2, and 4-3). 
t k  3001rup rou?,inlc 5 s  c ~ z c e ~ ~ e d )  for the 

As new syrr3ols, o>codes, and literals at..@ encornteered tlilcy are 
added at tile e::d 0." the m a i n  table, $0 if s c a n x d  1iaea.rI-y t h t s  

tab le  contains sydmls, opcodes, and. literals all mi,xed togeth'er 

i n  an unpredictable o r d e r .  FIo;.rcver, ?;!?is trLbh I s  not scanned 

l i n e a r l y ;  i t s  various corr.ponentc a.re I.irr%ed tqc",ir,er via a "trLble 

l in l i , "  'the address part  of the t h i r d  trord of each entry.  T'nus, 

fl ,or exm.plc, it wou1d be poscLb2.e t o  lii-k c z l l .  sy&ols together 

i,n one chain, a31 opcodes tozether in a.nothcr cha-i.n, and a l l  

l i t e r a l s  together -in yet  a t h i r d  chain. Then when a symbol 

v a s  t o  be Looked wp, the Lookuy3 routioc uh.ov.2 on2.y need %he 

symbol in question and the  address of the  f-iss% s p b o l  i n  t h e  

Rain tab le .  

all s p ' ~ o l s  in the  main table could be exmiced. 
i s  precXsely how l i t e r a l s  arc haridled, i.e., a l l  literals m e  

linked together i n  one chain, and when a l i t e r a l  is to be looked 

up t'nis chain i s  follotred f ro3  the  f irst  l i % e r s l  i n  t h e  t ab le  

u n t i l  e i ther  a ma,tch i s  found or the chain ends ( i n  which case 

t h e  l i t e r a l  being looked up i s  not i n  the t ab le ) .  

By foUowing the -Cudole link frcarn t h i s  f irst  symbol, 

This, i n  fac t ,  

Although opcodes and s p b o l s  couid be locked ap in the s,me 

way, it i s  much faster t o  orgmize th ings  s l i g h t l y  d i f f e r e n t l y .  

! 
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ABCCEF: This i s  the character sti-izg farming the nyucbol; if it  
i s  not s i x  chafacters long, then 'there Lr; blank f i l l  on 
the ;"igk:%. 13e shaded area is  rll zeroes. 

These a re  EFU Sooleans; 1 means 
t rue ,  (6 means f a l s e ,  

I 
i 

4 : sys3ol i s  d e f n e d  

6 : symbol i s  equated 

hF : symbol i s  t o  be forgotten 

6 : symbol 5s generated 
e' : 42~::bol i s  external  

r fac tor :  This i s  the relocakion factor  fo r  the symbol; it i s  

stored as a signed, two's complement in-teger with the 
s i p  i n  the  f i r s t  b i t  (thus, i f  the t h i r d  word of the 

above entry i s  i n  A ,  LSII 5 ;  RSH 19 w i l l  leave the r f ac to r  

i n  A ) .  

table link: This i s  the address of the second word of another 

symbol. i n  the main table,  a symbol with the same hash 

code as AECDEF. 

value: If the symbol i s  iicf-ined, then th i s  is i ts  value. I f  

the symbol i s  undefined, then the value word i s  interpreted 

as follows: 

ifu- = 

if #-= 
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c, 

Figure 11-2: Format of nn Opcode in %he Main I_ T a b l e  

I va lwe of opcode 

0 1 %  4 7 6  78910 23 

AECDEP: This  i s  the  charac te r  s t r i n g  formlsg the  opcode; see 
Figure 4-1. 

$4 = @: non-sh i f t  opcode 
4 = 1: s h i f t  opcode 3 see NARP seference ~ a n u a l ,  Scctior, 3 . 0  

= 8:  
B = 1: 

$: 

do not  output opcoc?~: d e f i n i t i o n  ( the  case f o r  macros and 
pre-defined opcodcs) 

o u ~ p u t  opcoae definit-ion 

T h i s  bit i s  always Z ~ T O  so that it, 8, ilndsca.n be accessed 

toge ther  i n  analogy wi'cli the  rfzc'bor of a symbol. 
r: C l s  ss of opcode : $ - opermd o p t i o m l  

1 - no operead 
2 - operand required 

$- : Type of opcode: fl - i n s t r u c t i o n  
z - a i r e c t i v e  
2 - macro 

Table l i nk :  T h i s  i s  t h e  address or' t h e  second word of another 

opcode i n  the main table, an opcode with t h e  sanie hash code 

as ABCDEF. 
value: t he  i n t e r p r e t a t i o n  of  t h i s  word depends on t h e  type of the o2code: 

i n s t ruc t ion :  value of t h e  in s t ruc t ion .  

d i r e c t i v e :  address of the rout ine  i n  W P  f o r  processing t h e  

d i r e c t i v e .  

macro: address of  t h e  f irst  word o f . t h e  mwro head i n  s t r i n g  

s torage (see Section 6.5) 

i 

i 



Fipure 4-3: Format -I-̂ of n Li te ra l  23 The Main Tthle 
d' 

P va.lue of t h e  l i t a r a l  --? 
I-- +----- 

\ 
I rP:ic-tor of the literal 

0 1 2  23 

value : T ~ ~ s  5s ';he V R ~ G ~  of t l n ~  l i t ' ~ . r a l .  

r factor :  This i s  t h e  relocation fr?ctor of t h e  l i t e r a l .  

t ab le  link: This is  t h e  address o-f the  second word of another 

l i t e r a l  i n  t h e  mair, table .  

i~ i s  neaningLess (6). 
,A' i s  the address of the las t  output; instruct ion re fer r ing  

t o  the l i t e r a l .  

(..( = pj: 

= 1: 
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C) T i p i r e  4-4: Forma.!; of :m. i n i t i a l  Ycference Tsh1.c- Entx __....- 

I 
' I  I 

0 23 

\-.( : This i s  simply t h e  cddress OP the word i t s e l f .  T h u s ,  t h e  

f i r s t  word of an initial reference t a b l e  e n t r y  simply 

contains i t s  own address. The shaded areas ~ t r e  zero. 

Contents of an active en t ry :  

I I 
0 23 

p : Adclress of t he  second word of the l a s t  main table  e n t r y  

i n  R. chain. 
- 

: Address of the second word of the  f irst  main t a b l e  e n t r y  
-I_ 

i n  a chain. 

t 



1. 

2 .  

3. 

4. 



, 

4-7 

Tl?.e input to W P  i s  essent ia l ly  a stremi of characters t h a t  

must be nnalyzed t o  f ind which sequences of them f 'om symbols, 

t*%iCh P O ~ X  EUX'OC~S, ate. SOT th.2 ~ W X J O S ~ ~  of' %;his &.>r;c~ip"cicn, 

2 token i s  a symbol, a nwnSar, or a si.ngle ricn-alp'iianurr,eric 

chsra.ctcr T'ne bitsic routlnc Par  recogflizing tokens i s  GXX 

(in ~~? l r i r f l . ~ ) .  

T'm logic used i n  GEE i s  clieployed by means of a s t a t e  table 

i n  Figwe 4-5. 
be analyzed by using m- integer cal led the  mode (or s t a t e )  t o  

describe the kind of s t r i n g  prcccssed 60 far. A new chnrncter 

i n  the s t r ing  selects  a colm.ii i n  thz table, w'Uli.2.e the current 

mode selects  a row; tine tabbe entry coilli?lon t o  the co2mm and row 

contains the new mode. This process is rcpeabed w&il a non- 

alnhnnmeric character is encountered, at which t 3 . m  the label 
inc?icntec? by the rightmost @oLu;.nn of %:he t.able and the current 
%ode i s  jun>ed t o .  1-ic1-e 5s an exmple: (Note: '31anks have MO 

meaning ~:n th~:; e i ~ ~ ~ ~ ~ ~ ~ e  ) 

N:.tli t h i s  mechanis!i., a s % ~ i n g  of' characters can 

31lyJt strick;: I 1 6 a 3 A -* 
mode: 2 1 P s G -2 -3 syrr,b 



I 

nsd: 

nsb : 
ns : 

ud : 

cc~m?~: ;  the mode is initi.al2-y 2 ( f i r s t  chara.cter); 

pack synibol; corapute nash code; gsto symbol e x i t ;  

c>  ane.l:-:=8; I conmen'u; --̂ _- - gneL conta-ins the radix for the number; 
scale:=last d i g i t  stored; chp:=chp-2; comment chp points to 
characters; goto E2; 

gnc?1:=1Q; g0t;O D1; 
i.:nel:..=8; DI: C2np:rJchp-l; L__- goto El; 
, p ~ : = r a d i x ;  
@el 
the rnd.ix; @ nwn5er exiQ; 

~ : ~ : s c n l e  :=$; E2:concatenate number using 
as radix and checklng " c h a t  r z l l  d ig i t s  arc less than  

pot0 - other ex5.k; 

A 

! 

I 

i 

i 
t -- 

I 



0 4 5  9 10 

w :  used by statercent processor ( m e  CLQOP, Section 5 )  
p' : used by !!:Xl?31 (see Szctioon 4..3) 

If : address of code i n  GKE (DTOTBD, BZET, DUT, DIGIT, or OTH) 

A t  the bottom of' 3'iSm-e 4-5 is B &c..tch of t h e  processing 

done by GNE after a -'-- d \A,n  ?,'* is recognized. 11; should be noted 

tha t  2s characters am reac? by GXE they are stored i n  the 

chamcter s tack (pointed t o  by CRP). 

because GPG is  a recwsive subroutine. 

This stack works recursively 



t 

i 
I "  . -- 



J 

I i ,A  r i  

I 
I) 

! ci, ! I 

1 
i 

1 
1 
i 

i 

i 



I 



1 

2 

Entry is a dc f imd  l i t e ra l :  

- -  I 



4 

i !  

I1 
li 

/ I  

i 
i 
; VATP 

j ope-at or 
stack 

i 
I, 

j p i l e  pointer 
, ,  
( I  I I 1 :  
1 .  i -_-_I ! 

j (- 
I 

f i r s t  
ope x8 nd 
goes i here 

7 f i r s t  opera- 
Jtor  goes 

here 



1 

is, i 
I a 

-3- 
J 'y 

7 

,,. " 

L.i' 
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--- I 

I li 
I3 
c 

A 
u 
c 
L) 

1 A 
i 4 J  

i 7 

i 
3 

5- 

x- 

A 
i4 

4- 

2.3 - 
'2 
J j 

i 

1% i 
i 

! 

' I  

i 

1 

p- i I 
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( 1  i 
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0 :  
' I  





1. 

2. 

c.. 

lc! 
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I 1  

i 

i 



4-25 





0 \/ 
i no 

?k 

bl of Val- i s  
(i.e. blO-%23 of ,__ 

va3 is head of ax? \ undefined / 

takes va3 as 

I input and a l t e r s  

it and gives it 
- - - I  , a lso  as 0ui;uu-t 

‘ esetf 
undefined 0 2 esetf 0 



i 



I p 0 





r 

-7 
t 
{ t h i s  eval- 
i uates t he  pase 
,, szored 
i e-xipression 

I- 



I i, ' _  - - -  

thrdl 0 
- I 



i 

(7 v' 
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( t l i i ~  creates n new word i n  
etab,  an extension of the  
chain running through the etab 
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d e f i n e d  c;r.-lres,ric:1 

G ex i t  
































































