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THE MIDAS ASSEMBLY PROGRAM 

INTRODUCTI ON ----------- 
C. Praogrammjng f o r  a  d l g l t a l  computer i s  w r i t l n g  tihe preclse se- 

quence of instructions and d a t a  which i s  requl red  t o  perform a  given 

computation. The purpose of a n  assembly program i s  t o  f a c i l j  t a t e  

programming by t r a n s l a t i n g  a source  language,  which i s  convenient  

f o r  t h e  programmer t o  use ,  i n t o  a  numerical r e p r e s e n t a t i o n  o r  o b j e c t  

program, which i s  convenient  f o r  t h e  computer hardware t o  d e a l  wi th .  

A syrnbolic assembly program such a s  MIDAS permi t s  t h e  programmer t o  

use  mnemonic symbols t o  r e p r e s e n t  i n s t r u c t i o n s ,  l o c a t i o n s ,  and o t h e r  

q u a n t i t i e s  wi th  which he may be working. The use  of symbolic l a b e l s  

o r  a d d r e s s  t a g s  permi t s  t h e  programmer t o  r e f e r  t o  i n s t r u c t i o n s  o r  

da t a  wi thout  a c t u a l l y  knowing o r  c a r i n g  what s p e c l f i c  l o c a t i o n  i n  

t h e  computer memory they  may occupy. 

C. MIDAS i s  a  two p a s s  assembler;  t h a t  i s ,  i t  normally processes  

t h e  source  program twice .  During t h e  f i rs t  pass, it e n t e r  a l l  sym- 

b o l s  d e f i n i t i o n s  encountered i n t o  i t s  symbol t a b l e ,  which i t  then  

uses  on Pass 2 t o  gene ra t e  t h e  complete o b j e c t  program. 

THE MIDAS Source L a a u a g e  
-_I_--- 

A program c o n s i s t s  of a  sequence of numbers i n  memory which 

may be i n s t r u c t i o n s ,  d a t a ,  o r  both.  We s h a l l  r e f e r  t o  t h e s e  numbers 

a s  words without spec i fy ing  whether t hey  a r e  i n s t r u c t i o n s  o r  no t .  A 

word i s  denoted i n  t h e  source  program by one o r  more s y l l a b l e s  sepa- 

r a t e d  by s u i t a b l e  combining ope ra to r s ,  and terminated by a t a b  o r  car-  

r i a g e  r e t u r n .  A s y l l a b l e  may be def ined  a s  being the s m a l l e s t  ele- 

ment of t h e  programming language which has  a  numerical  o r  o p e r a t i o n a l  

va lue .  The fo l lowing  a r e  some d i f f e r e n t  types of s y l l a b l e s :  



. I n t e g e r s .  An jn t ege r  i s  a s t r l n g  of d l g l t s ,  w h h h  w l l l  

be In te rp re ted  a s  an o c t a l  o r  decimal number. 

2. Symbols. A eymbol i s  a s t r i n g  of c h a r a c t e r s  ( l e t t e r s ,  

numerals, and/or per lods)  conta ln lng  a t  l e a s t  

one lettier.  The f i rst  s i x  c h a r a c t e r s  of 
6 

a symbol a r e  used t o  inden t i fy  i t  i f  i t  i s  more 

than s i x  c h a r a c t e r s  long. 

Syllables may be combined with t h e  fol lowing opera tors :  

+ o r  space means add i t ion ,  modulo 218-1 (ones complement) 

- means a d d i t i o n  of t h e  ones complement 

V means l o g i c a l  union ( i n c l u s i v e  o r )  

A means 1 og ica l  i n t e r s e c t i o n  ( l o g i c a l  and) 
" means l o g i c a l  d i s j u n c t i o n  ( exc lus ive  o r )  

x means i n t e g e r  m u l t i p l i c a t i o n  

A symbolic expression i s  one s y l l a b l e ,  o r  more than one s y l l a b l e  

combined with these  opera tors .  We s h a l l  r e f e r  t o  +, -, and space a s  - - 
a d d i t i v e  opera tors ,  and V,  - -  A, ", and - x a s  product opera tors .  

Operations a r e  performed from l e f t  t o  r i g h t ,  except a l l  prod- 

uc t  opera t ions  a r e  performed before a d d i t i v e  opera t ions .  It i s  not  

admiss ib le  t o  precede o r  follow a product o p e r a t i o r  wi th  any o t h e r  

o p e r a t o r .  I n  a string of c ~ n s e c u t l v e  a d d i t i v e  opera t lcns ,  t h e  l a s t  

one seen a p p l i e s .  

The fol lowing examples of symbolic expressions on t h e  l e f t  

have t h e  value l i s t e d  on the r i g h t .  ( ~ l l  numbers i n  t h i s  r e p o r t  

a r e  o c t a l  unless  followed by a decimal poin t t ' . " . )  



2 
2+.3 
2- 3 
2\< 3 
2v3 
2A3 
2-3 

-2-3 
-01 
-+1 

'7-2V3 
add 40 
claVcma 

A synlbolic express ion  terminated by a t a b  o r  c a r r i a g e  r e t u r n  1.s 

a s t o r a g e  word. The l o c a t i o n  i n  memory t o  which i t  i s  ass igned  i s  

determined by a 1-ocation coun te r  i n  MIDAS. A f t e r  each word i s  a s s igned ,  

the  l o c a t i o n  c o u n t e r  i s  advanced by one, 

More A b ~ u t  Symbols. Pseudo-Instruc t i o n s  --- ----- 
MIDAS c l a s s i f i e s  symbols accord ing  t o  t h e  manner of  t h e i r  d e f i -  

n i t i o n .  The i n i t i a l  vocabulary c o n s i s t s  of symbols f o r  t h e  more 

commonly used PDP-1 i n s t r u c t j o n s ,  and a l s o  a  c l a s s  of symbols c a l l e d  
pseudo- ins t ruc t ions ,  which r e p r e s e n t  d i r e c t i o n s  t o  MIDAS on how t o  

proceed with t h e  assembly. Some examples of pseudo-instruc t i o n s  a r e :  
P- I -- Action -- 
o c t a l  A l l  i n t e g e r s  fo l lowing  ( u n l e s s  s p e c i f i c a l l y  denoted 

a s  decimal)  a r e  i n t e r p r e t e d  a s  o c t a l  numbers u n t f l  
next appearance of pseudo- ins t ruc t ion  decimal .  

decimal A l l  i n t e g e r s  fo l lowing  a r e  i n t e r p r e t e d  a s  decimal 
numbers u n t i l  next  appearance of pseudo-instruc- 

s t a r t  Denotes t h e  end of t h e  program. 
A d d i t J  onal pwudo- ins t ruc t inn  w i l l  be d l  scussed a t  opportune p l a c e s .  

A complete l i s ;  l b  glven  i n  Appendix 1. 



Symbols a r e  d e f i n e d  i n  t h e  fo l lowing  ways: 

c. 1. A s  add res s  t ags .  A comma fol lowing a symbolic express ion  

denotes  an addres s  t ag .  If t h e  t a g  i s  a s i n g l e  undefined 

symbol, i t  w i l l  be def ined  wi th  numerical  va lue  equal  t o  

t h e  p re sen t  va lue  of t h e  l o c a t i o n  counter .  I f  t h e  t a g  

i s  any o t h e r  def ined  symbolic express ion,  i t  w i l l  have 

i t s  va lue  compared wi th  t h e  p re sen t  va lue  of t h e  l o c a t i o n  

counter ,  and an e r r o r  comment (mdt) w i l l  be made i n  t h e  

event  of a disagreement.  I f  t h e  t a g  i s  any o t h e r  symbolic 

express ion  which i s  undefined when encountered on Pass 2, an 

e r r o r  comment i s  made ( u s t ) .  Use of a def ined  symbol a s  an  - 
addres s  t ag  cannot change the va lue  of t h e  symbol. 

2. By parameter  assignments.  A symbol may be ass igned a 

numerical  va lue  by t h e  use  of a parameter assignment.  

The form 

where symbol i s  any l e g a l  symbol and expr  i s  any symbolic 

express ion  terminated by a t a b  o r  a c a r r i a g e  r e t u r n ,  d e f i n e s  

s ~ m b o l  a s  having t h e  numerical va lue  of expr.  Parameter 

assignments may be used t o  s e t  t a b l e  s i z e s ,  d e f i n e  new 

o p e r a t i o n  codes, o r  f o r  o t h e r  purposes.  Thus 

clc=claVcma y) 

d e f i n e s  c l c  a s  761200, which, a s  an ope ra t e  i n s t r u c t i o n ,  

would c l e a r  and complement t h e  AC.  

3. A s  v a r i a b l e s .  The appearance of overbar  w i th in  any l e g a l ,  



unde f  1 ned syrnbol, a  t, any appearance of t h a t  symbol, d e f  7 nes 

Lhat syrnbol a s  a variable. For  each s u c h  symbol. de f lned ,  

one r eg i s t e rB  is a l l o c a t e d  i n  a  reglon of s t o r a g e  rese rved  

by t h e  next appearance  of t h e  pseudo-instruction variables, 

The i n l t l a l  c o n t e n t s  of t h e s e  r e g i s t e r s  i s  undef lned.  T h l s  

f e a t u r e  f a c l  l l  t a  t e s  t h e  r e s e r v i n g  of ternporary s t o r a g e  

l o c a t i o n s .  Example: 

la; i 100 
dac temp 

i s p  Temp 
Jmp loop  

. 
v a r i a b l e s  

4.  A s  macro i n s t r u c t i o n s .  A symbol i s  de f ined  a s  a macro- 

i n s t r u c t i o n  name by use  of the pseudo- ins t ruc t ion  d e f i n e .  

F u r t h e r  d i s c u s s i o n  of macro i n s t r u c t i o n s  w i l l  be l e f t  

u n t i l  l a t e r .  

5. With equa l s  o r  opsyn. A symbol may be defined a s  pre-  

c i s e l y  equ iva l en t  t o  any o t h e r  symbol by u se  of the 

pseudo- ins t ruc t ion  equa l s  and opsyn. The usage is :  

equa l s  anysyrn, d e f  sym 

o r  

opsyn anysym, def  sym 

where t h e  symbol anysym i s  made 1 o g i c a l l y  equ iva l en t  

t o  defsym i f  t h e  l a t t e r  i s  de f ined .  Prev ious ly  de f ined  

symbols a r e  r ede f ined .  Equals  and opsyn d i f f e r  i n  one 



5. r e s p e c t  : opsyn 1 s e f f ec t l  ve on Pass only. These 

mag h e  u s e d  t o  d e f l n e  a  1 ogi c a l  e q u i v a l e n t  f o r  any 

o t h e r  d e f l n e d  syrrlbol. Thus abbreviations may b e  de-  

fined f o r  pseudo- lns t ruc t lons  l f  d e s i r e d .  Note t h a t  

equa l s  and opsyn a r e  NOT t h e  same a s  t h e  equa l s  s i g n  -. 

used i n  parameter  ass ignments ,  and  a r e  no t  i n  gene ra l  

In te rchangeable  wi th  i t .  Faua l s  and  opsyn a r e  used 

t o  g i v e  a symbol a l o g i c a l  o r  o p e r a t i a n a l  va lue ,  

whi le  parameter  a s s i ~ n m e n t s  a r e  used t o  g i v e  a  symbol 

a numerical  va lue .  

The Lncat ion Counter  
- - - - C _ _ - C I -  

The MIDAS l o c a t i ~ n  coun te r  r eco rds  t h e  ass igned  l o c a t i o n  f o r  

each word i n  t h e  o b j e c t  program. It i s  s e t  t o  4 a t  t h e  beginning 

of each p a s s ,  and counts  upward modulo memory size. The l o c a t i o n  

c o u n t e r  may be s e t  t~ any va lue  by wri t ing:  

expr/ 

where *expr i s  any syrnbolic express ion .  This sets t h e  l o c a t i o n  
12  c o u n t e r  t o  t h e  va lue  of expr modulo 2  . I f  expr  c o n t a i n s  an 

undefined symbol, on Pass 1 the l o c a t i o n  b e c ~ m e s  i n d e f i n i t e ,  and t h e  

d e f i n i t i o n  of a d d r e s s  t a g s  i n  i n h i b i t e d  u n t i l  t h e  l o c a t i o n  a g a i n  

becomes d e f i n i t e  by means of a  def ined  l o c a t i o n  ass ignment .  On 

Pass 2, an  undefined symbol of a def ined  l o c a t i o n  ass ignment .  

On Pass 2,  a n  undefined symbol 



/r 
w i l l  r e s u l t  i n  an e r r o r  message ( u s l )  . The undefined symbol 1 s taken 

L 
a s  zero,  and t h e  l o c a t i o n  remains d e f i n l  te. The pseudo-lnstruc Lion 

v a r i a b l e s  may not be used when t h e  l o c a t l o n  i s  i n d e f i n i t e .  

The va lue  of t h e  l o c a t i o n  coun te r  may be obtained by us ing  

t h e  s p e c i a l  s y l l . a b l e  "." ( p e r i o d ) .  Examples: 

sza i 
Jmp .+3 c l f  1 
law 1 szf i 1 
dac i n d i c  jmp .-1 

The f i r s t  example p l aces  1 i n  r e g i s t e r  i n d i c  i f  the AC c o n t a i n s  

any number o t h e r  than zero,  bu t  ze ro  i n  t h e  AC causes  t h e  program t o  

s k i p  t h i s  sequence. The second example w a i t s  f o r  f l a g  1 t o  be s e t  

by the t ypewr i t e r .  The third i n s t r u c t i o n  i s  read "jump po in t  minus 

one. 1 I 

r n M E h J S  

The c h a r a c t e r  /, when not  preceded by an  express ion,  denotes  t h e  be- - 
ginning  of a comment. Charac te rs  fol lowing i t  a r e  ignored u n t i l  the  

next  t a b  o r  carriage r e t u r n .  

mN_STm 

Constants  requi red  by a program w i l l  be  reserved au toma t i ca l ly  

by MIDAS when enclosed i n  paren theses .  Thus, i f  i t  i s  r equ i r ed  t o  

get t h e  number add 20 i n t o  the accumulator,  one can w r i t e  

l a c  (add 2 0 )  

The word enclosed i n  paren theses  is s t o r e d  i n  a block reserved by the 

next  appearance of t h e  pseudo-inst ruct ion cons tan t&.  Dupl ica te  con- 

s t a n t s  a r e  s t o r e d  only once. Closing parens w i l l  be suppl ied auto- 

m a t i c a l l y  by MIDAS i f  the c h a r a c t e r  fol lowing i s  a  word t e rmina to r  



cQN_mTS ( ~ o r l t ' d )  

( e . ~ . .  t ab  o r  carr1ap;e r e t u r n ) .  7'he cons t an t  word and surrounding 

parens  a r e  t r e a t e d  a s  a  s i n g l e  s y l l a b l e  whose v a l u e  i s  t h e  addres s  

of a  r e g i s t e r  con ta ln ing  t h e  cons t an t  word. Constants  may be  used  

i n  cons ta r l t s .  The fo l lowing  two program fragments a r e  equ iva len t :  

add (add (20)-110-(30 add a  

c o n s t a n t s  a ,  add h-lio-c 
b, 20 
c ,  30 

The pseudo-inst r l lc t ion c o n s t a n t s  may no t  be used where the l o c a t i o n  

i s  i n d e f i n i t e .  

cQde P U J & & p I  - r . w  

r Three pseudo- ins t ruc t ions  a r e  provided t o  facilitate handl ing 
L 

f l e x o w r i t e r  c h a r a c t e r s  i n  programs. These are: 

1) c h a r a c t e r  qc ,  where q i s  any of t h e  l e t t e r s  1, m, o r  r, 
.I.Ic - -  - - 

which s p e c i f i e s  whether t h e  c h a r a c t e r  c i s  t o  be placed 

i n  t h e  l e f t  ( b i t s  0-5), middle (bits 6-11,) o r  r i g h t ( h i t s  

12 . -17 . )por t ion  of t h e  word. The pseudo- ins t ruc t ion ,  w i t h  

i t s  argument, i s  t r e a t e d  a s  a s i n g l e  s y l l a b l e .  

2 )  flLexo abc,  where a ,  b, c a r e  any t h r e e  f l e x o  c h a r a c t e r s ,  -- - - 
i s  equ iva len t  t o  

c h a r a c t e r  l a + c h a r a c t e r  mb+character r c  



3 )  t e x t  q k b l  t r a r y  s t r j np ;  of c h a r a c t e r s . q ,  where the a r b i -  

t r a r y  string of c h a r a c t e r s  js s t o r e d  t h r e e  t o  a word a s  

i n  flexo u n t l l  t h e  f i r s t  c h a r a c t e r  q 1s  encountered a ~ a i n .  -- 

Neither appearance of q 1 s  considered p a r t  of the  s t r i n g .  - 

Thus q  may be any c h a r a c t e r  n o t  appear ing  i n  t h e  s t r i n g .  - 

The following examples demonstra te  t h e i r  usage.  

c h a r a c t e r  r f  i s  equ iva l en t  t o  66 
c h a r a c t e r  rnm i s  equ iva l en t  t o  4400 
f l e x o  t h i  i s  equ iva l en t  t o  237071 

t e x t  . t h i s .  i s  equ iva l en t  t o  237071 
220000 

w o  In- 

O f  t e n  c e r t a j n  c h a r a c t e r  sequences appear  several t imes through- 

out  a  program i n  almost  i d e n t i c a l  form. The fo l lowing  example i l l u -  

s t r a t e s  such a repea ted  sequence. 

l a c  a 
add b 
dac c 
l a c  d 
add e 
dac f  

The sequence : 
lac x 
add y 
dac z 

is the r n ~ d e l  upon which the  repea ted  sequence i s  based.  T h i s  model 

can be de f ined  a s  a macro Ins t ruct l .om and g lven  a name. The charac- 

t e r s  x, y ,  and z a re  c a l l e d  dummy arguments, and a r e  i d e n t i f i e d  a s  - - - 

such by being l i s t e d  immediately fo l lowing  the macro name when t h e  

macro i n s t r u c t i o n  i s  de f ined .  Other c h a r a c t e r s ,  c a l l e d  arguments, 

a r e  s u b s t i t u t e d  for t h e  dummy arguments each time t h e  mode i s  used. 

The appearance of a  macro- ins t ruct ion name i n  t h e  source  program i s  



I referred t o  a s  a cal l . .  l'he arguments a r e  l l - s t e d  immediately follow- 

c - 
i n g  the nlacro name when the rriacro i n s t r u c t i o n  i s  c a l l e d .  When a 

L 
macro i n s t r u c t i o n  i s  c a l l e d ,  MIDAS reads out t h e  c h a r a c t e r s  which 

form t h e  macro-instruct ion d e f i n i t i o n ,  s u b s t i t u t e s  t h e  c h a r a c t e r s  of 

t h e  arguments f o r  t h e  dummy arguments, and i n s e r t s  t h e  r e s u l t i n g  

c h a r a c t e r s  i n t o  t h e  source program a s  i f  typed t h e r e  o r i g i n a l l y .  

The process  of de f in ing  a macro i s  b e s t  i l l u s t r a t e d  wi th  an  

exampl e  : 

d e f i n e  w r i t e  a ,b  
law b 
jda  w r  
t e x t  /a/ 

b , terminate  

The pseudo-instruct ion d e f i n e  d e f i n e s  t h e  f i r s t  l e g a l  symbol 

following i t  a s  a  macro name. Next follow dummy arguments a s  re- 

quired,  separa ted  by commas, terminated by a t a b  o r  c a r r i a g e  r e t u r n .  

C - I  Next fo l lows  t h e  body of t h e  macro d e f i n i t i o n .  Appearances of dummy 
L 

arguments a r e  marked, and t h e  c h a r a c t e r  s t r i n g  i s  s to red  away. Dummy 

arguments a r e  de l imi ted  by the  fol lowing cha rac te r s :  p lus ,  minus, 

space,  V ,  A ,  -, x, upper case,  lower case,  tab,  c a r r i a g e  r e t u r n ,  - - -  + - - -  

equa l s ,  s l a s h ,  overbar, parentheses ,  brackets  and apostrophe.  

Dummy arguments must be l e g a l  symbols; any previous d e f i n i t i o n  of dummy 

argument symbol i s  ignored while i n  t h e  macro d e f i n i t i o n .  

A macro c a l l  c o n s i s t s  of the macro name, followed i f  des i r ed  

by a  l i s t  of arguments separa ted  with commas, and terminated with a 

tab o r  c a r r i a g e  r e t u r n .  The w r i t e  macro, i f  c a l l e d  a s  fol lows:  

write T h i s  g e t s  p r in ted  out;  nextag 

genera tes  t h e  fol lowing code: 

law nextag 
jda w r  
t e x t   h his g e t s  p r in ted  out  ./ 

nextag, 



whlch, wlth a  s u i t a b l e  t ex t -p r ln t lng  subrout jne ,  might comprise the 

C necessary code f o r  p r i n t i n g  "T'his g e t s  pr ln ted  ou t . "  on t h e  typewr i t e r .  
L 

The argurnent t o  be p r i n t e d ,  us ing  t h i s  format, must not  conta in  t h e  

c h a r a c t e r s  comma, t a b ,  c a r r i a g e  r e t u r n  o r  s l a s h .  Comma, tab ,  o r  

c a r r i a g e  r e t u r n  would end t h e  argument while s l a s h  would te rminate  

t h e  argument of the  t e x t  pseudo-instruct ion.  So t h a t  comma, t ab ,  and 

c a r r i a g e  r e t u r n  can be used wi th in  arguments, the  argument quo ta t ion  

c h a r a c t e r s  [ and ] a r e  provided. They might be used a s  fol lows:  

w r i t e  [ This, of course,  has commas. 
It a l s o  has a  c a r r i a g e  r e tu rn ]  ,nextag 

A l l  c h a r a c t e r s  wi th in  a  p a i r  of brackets  a r e  considered t o  be one 

argument, and t h i s  e n t i r e  argument, wi th  the brackets  removed, w i l l  

be s u b s t i t u t e d  f o r  the dummy argument i n  t h e  o r i g i n a l  d e f i n i t i o n .  

MIDAS marks t h e  end of an argument only on see ing  comma, tab,  o r  
- 

c a r r i a g e  r e t u r n  no t  enclosed wi th in  brackets .  If brackets  appear 
'-- L, 

with in  brackets ,  t h e  outermost p a i r  i s  de le t ed .  If  an o u t e r  bracket  

i s  immediately preceded by an upper case  and immediately followed by 

a  lower case,  both case  s h i f t s  a r e  de le ted  a l s o .  A t a b  o r  c a r r i a g e  

r e t u r n  immediately fol lowing a macro name denotes t h a t  no arguments 

a r e  read.  Any o t h e r  sepa ra t ing  c h a r a c t e r  w i l l  be t h e  f i rst  c h a r a c t e r  

of t h e  first argument except space: a space used a s  a s e p a r a t o r  w i l l  

be de le t ed  and w i l l  not  be p a r t  of t h e  f i r s t  argument. 

The second argument of t h e  w r i t e  macro i s  a  symbol which i s  

def ined a s  an address  t a g  each time the macro i s  c a l l e d ,  s o  a  d i f f e r -  

e n t  symbol must be supplied a t  each c a l l  of t h e  macro t o  avoid mul- , 

t i p l y  def ined t ags .  MIDAS w i l l  supply s u i t a b l e  c rea ted  symbols f o r  



t h i s  purpose, guaranteed t o  be unlque t;o each ca l l .  of Lhe macro, j f  

we write t h e  f i r s t  l i n e  of  the d e f J n l  t Jon l,husl.y: 

d e f l n e  w r j t e  a/b 

o r  d e f l n e  w r l t e  a, /b 

I n  e lLhe r  case, t h e  s l a s h  denoted t h a t  t h e  dummy symbol following i t  w l l l  

b e  suppl ied  from s p e c l a l  c r e a t e d  symbols i f  no t  explicitly suppl ied  

when t h e  macro i s  c a l l e d .  The c r e a t e d  symbols a r e  of t h e  form . ..a01, 

. . .a02, . . . , . . .a09, . . .aOa, e t c  . The c r e a t e d  symbol g e n e r a t o r  i s  

r e s e t  to . . .aOl  a t  t h e  beginning of each pass .  The number of c r e a t e d  

symbols may no t  exceed 33,695. Note t h a t  unsuppl ied arguments cor-  

responding t o  dummy arguments preceding t h e  b a r  a r e  plugged i n  a s  empty 

s t r i n g s .  Supplied arguments corresponding t o  t h e  dummy arguments 

fo l lowing  a  b a r  suppress  t h e  gene ra t ion  of a  corresponding c r e a t e d  

(-- 
symbol. 

\--, A p o s s i b l e  problem is,  how do we p l a n t  dummy arguments i n  t h e  

argument of c h a r a c t e r  - r, - m, o r  &? O f  course ,  t h e  r, m, o r  1 could .- - - 

be p a r t  of t h e  suppl ied  argument, but  t h e r e  i s  a n o t h e r  way. 

Write, say:  

d e f i n e  macro a 

. 
add (charac  r ' a  /note  charac  r a  does no t  work a s  

/ ra  i s  no t  a  dummy argument 

The sequence upper  case ,  apostrophe,  lower case i s  d e l e t e d  du r ing  t h e  

macro d e f i n i t i o n ,  bu t  causes  t h e  macro scan t o  s e a r c h  on each s i d e  f o r  

dummy arguments. I n  t h i s  case ,  2 i s  found t o  be a  dummy argument, 

and i s  t r e a t e d  accord ing ly .  I f  t h e  apostrophe i s  no t  bo th  preceded 

and followed by c a s e  s h i f t s ,  only  t h e  apostrophe i s  d e l e t e d .  



Example: 

d e f  1 ne t y p e  x4614pq 
110 (charac  rtx464pq 
t y o  
t e rmina t e  

type  f g ives :  l l o  ( cha rac  rf 
t y  0 

H3w may one cause  a  c r e a t e d  symbol t o  d e f i n e  a v a r i a b l e ?  The 

s o l u t i o n  I s  t o  p l ace  an overbar  over  t h e  f i rs t  c h a r a c t e r  of t h e  

dummy argument. Note t h a t  t h e  overbar  may no t  appear  i n  t h e  m i d d l e  - 
of t h e  dummy argument. 

Example : 

d e f i n e  macro /abcd 
dac Gbcd 
jsp s u b r  
l a c  abcd 

t e rmlna t e  
- -. 

The v a r i a b l e s  would then be of the  form . . .a01, . . .a02, e t c .  which 

a r e  p e r f e c t l y  l e g a l  and unique v a r i a b l e s .  

Created symbols have been int roduced t o  s o l v e  t h e  problem of 

add res s  t a g s  w i th in  macro d e f i n i t i o n s ,  but  t hey  may be used i n  o t h e r  

ways a l s o .  Some examples a r e  given i n  Appendix 2 .  

Macro d e f i n i t i o n s  may c o n t a i n  o t h e r  macro d e f i n t i o n s  o r  

macro c a l l s .  Arguments of t h e  macro being c a l l e d  may be used i n  

the  macros i t  c a l l s  o r  d e f i n e s  wi th  p e r f e c t  g e n e r a l i t y .  A s  an 

example, l e t  us  r e w r i t e  t h e  w r i t e  macro s o  t h a t  i t  i n s e r t s  a  s u i t -  

a b l e  t e x t  p r i n t i n g  sub rou t ine  i n t o  t h e  o b j e c t  program a t  i t s  first 



call, and t h e n  redeflrles :I Lself so that., l a t e r  occurrence8 call .  t h e  

subroutine. T h l s  rr~lght be done a s  follows: 

def  1 n e  wrlte a 
d e f l  rle w r i t e  c/d / r e d e f i n e s  w r l  t e  when 
law d / ca l l ed  f i r s t  time 
jda w r  
t ex t  /c/ 
t e rn l ina te  wrl.te 

write [ a ]  
t r a  zzxgwq 

0 
dap wrzx 
l i o  i w r  
ril 6 s  
t y  0 
rj..1 6 s  
t y  0 
ril 6s 
t y o  
i d x  w r  
s a s  wrzx 
jmp lpkh  
jmp i wrzx 

wrxz, 0 
ZZXgWq 9 t e rmina te  

/ c a l l s  new d e f i n i t i o n  

/ t e x t  p r i n t i n g  subr 

Notice  t h a t  add res s  t a g s  i n  t h e  t e x t  p r i n t i n g  sub rou t ine  need 

not  be c rea t ed  symbols, a s  t h e  t a g s  appear  only a t  t h e  f i rs t  c a l l  

of w r i t e .  They must no t ,  of course,  c o n f l i c t  wi th  t a g s  used elsewhere 

i n  t h e  program, and t o  i n s u r e  t h i s ,  c r ea t ed  symbols may be used i f  

d e s i r e d .  Not ice  t h a t ,  i n  t h i s  example, t h e  pseudo-inst ruct ion 

t e rmina te  has  been s u p p l i e s  wi th  an argument: t h e  name of t h e  macro -- - 

being def ined .  I f - t e rmina te  is followed by a space,  i t  w i l l  expect  

t o  f i n d  t h i s  argument, which i t  w i l l  compare wi th  t h e  name of t h e  

macro being def ined .  Unless they  agree ,  an  e r r o r  comment (mnd) w i l l  

be made. This permi ts  t h e  programmer t o  be s u r e  t h a t  h i s  d e f i n e s  and 

t e rmina te s  count out  c o r r e c t l y .  An a d d i t i o n a l  a i d  i n  t h i s  r e s p e c t  

i s  t h e  f a c t  t h a t  t e rmina te  i s  undefined o u t s i d e  a  macro d e f i n i t i o n .  

Arguments can, by jud ic ious  use  of b racke t s  ( s e e  example below), 

c o n t a i n  sub-arguments. A pseudo-inst ruct ion i r ~  ( i n d e f i n i t e  r e p e a t )  



pe rml t s  t h e  a n a l y s i s  of such an  argument. The pseudo- ins t ruc t ion  

. l r p  i n  t h e  macro d e f l n i t j o n  t akes  one argument, namely, t h e  dummy 

argument corresponding t o  t h e  argument t o  be  analyzed.  When t h e  

macro l n s t r u c t i o n  i s  c a l l e d ,  t h e  c h a r a c t e r s  fo l lowing  t h e  argument 

of t h e  i r p  u n t i l  t h e  nex t  matching end i rp  w i l l  be i n s e r t e d  once - 
i n t o  t h e  program f o r  each sub-argument i n  t h e  argument belng analyzed 

and t h e  sub-arguments w i l l  be s u b s t i t u t e d  for t h e  corresponding dummy 

argument. Example: 

d e f i n e  sum a ,b ,c  
l a c  a  
i r p  b 
add b 
end i rp  
dac c 
te rmina te  

sum j , [k , l ,m]  ,n 
g i v e s  : 

l a c  j 
add k 
add 1 
add m 
dac n  

q u i t e  pe rmis s ib l e  t o  have wi th in  ana lyz ing  

e i t h e r  t h e  same of d i f f e r e n t  arguments. The pseudo-ins t ruct ions  i r p  

and e n d i r p  a r e  def ined  only wi th in  a  macro d e f i n i t i o n .  

ana lyzes  a n u l l  s t r i n g ,  t h e  c h a r a c t e r s  i n  t h e  range of t h e  i r p  w i l l  

no t  be i n s e r t e d  i n  t h e  macro expansion.  

When MIDAS r e d e f i n e s  a macro, t h e  space i n  t h e  macro i n s t r u c -  

t i o n  t a b l e  used by t h e  o ld  d e f i n i t i o n  w i l l  be recovered,  i f  necessary,  

by a  garbage c o l l e c t o r .  It i s  important  in a long  program t o  i n s u r e  

t h a t  unused macro d e f i n i t i o n s  a r e  abandoned; t h a t  is ,  t h a t  t h e i r  names 



-16- 

a r e  caused t o  refer t o  something else o t h e r  than t h e  o r l g l n a l  macro 

d e f i n i t i o n s .  A s u l t a b l e  "somethlne else" I s  t h e  pseudo- ins t ruc t jon  

n u l l ,  which does a b s o l u t e l y  nothing.  Thus i f  a macro c a l l e d  has  

been def ined ,  i t  may be discarded a f t e r  i t s  l a s t  usage by saying:  

equa ls  foo ,  n u l l  

which will make t h e  space used by ~ O Q  recoverab le .  The garbage col-  

l e c t o r  i s  c a l l e d  whenever t h e  combined macro and symbol t a b l e s  a r e  

exhausted.  I f  no space can be recovered,  an  e r r o r  comment i s  made 

(see) 

B c Q ~  

The pseudo- ins t ruc t ion  r e p e a t  expr ,  anything,  where expr  i s  

a symbolic express ion  def ined  on Pass  1 and any th ing  i s  any s t r i n g  

of c h a r a c t e r s  terminated by a  c a r r i a g e  r e t u r n ,  causes  anyth ing  t o  be 

i n s e r t e d  i n t o  t h e  program a number of t imes,  c a l l e d  t h e  .count, equa l  c- t o  t h e  va lue  of expr .  The anyth ing ,  c a l l e d  t h e  ranne of t h e  r epea t ,  

can b e  s t o r a g e  words, parameter assignments,  macro c a l l s  ( i f  no t  con- 

t a i n i n g  c a r r i a g e  r e t u r n  i n  an argument), o t h e r  r epea t s ,  o r  anyth ing  

else. I f  r epea t  i s  used i n  the range of a r e ~ e a t ,  both r e p e a t s  w i l l  

end on the same c a r r i a g e  r e t u r n .  Repeat may be used i n  macros, and 

dummy arguments may appear  e i t h e r  i n  t h e  range o r  t h e  count of t h e  

pepcat- C)T; 5 c W F  - - 1 . 3  V iJ-;e coun t  of' a r e p e a t  i s  zero o r  nega t lve ,  t h e  

range of t h e  r e p e a t  1 s ignored.  

Dimensian 

The pseudo-inst ruct ion -dimension may be used t o  a l l o c a t e  space 

f o r  a r r a y s .  The s ta tement  

dimension namel (s ize l ) ,  name2(size2), . . . . *) 



'5 C. causes  space t o  be  reserved i n  t h e  v a r i a b l e s  st,orage f o r  t h e  a r r a y  

names s p e c i f i e d .  LTac:h rlarrle 1s d e f i n e d  au the l o c a t l n r ~  of  t h e  rlrst; word 

of t h e  block o f  reg is t i e r s  of t h e  l e n g t h  s p e c i f i e d .  The a r r a y  names 

must no t  have conf1lc: t lng d e f l n l t i o n s  elsewhere, and  t h e  a r r a y  s l z e s  

must be def ined  a t  t ,helr  occurrence on Pass  1. 

It  i s  o f t e n  u s e f u l ,  pa r t l cu l a r1 ,y  i n  macro i n s t r u c t i o n s ,  t o  be 

a b l e  t o  t e s t  t h e  va lue  of an  express lon ,  and t o  c o n d i t l o n  p a r t  of t h e  

assembly on t h e  r e s u l t  of t h i s  t e s t .  For  t h i s  purpose t h e  pseudo- 

i n s t r u c t i o n s  .- l i f  and Oif a r e  provided.  Following t h e  pseudn- ins t ruc t ion  

name t h e r e  i s  a symbol c a l l e d  a q u a l i f i e r  t h a t  de te rmines  t h e  type of 

t e s t ;  and then  an  argument t h a t  i s  t e s t e d  a c c o r d i ~ g  t o  t h e  qm l i f i e r .  

The argument i s  ended by any of t h e  word terminators t ab ,  c a r r i a g e  

r e t u r n ,  comma, o r  s l a s h .  A l l  t h e s e  t e rmina to r s  except  s l a s h  d o  what 

t hey  would have done had t h e  c o n d i t i o n a l  no t  been p re sen t ;  bu t  s l a s h  

on ly  marks t h e  end of t h e  c o n d i t i o n a l ,  which i s  t r e a t e d  a s  a  s i n g l e  

s y l l a b l e  whose va lue  i s  one o r  ze ro .  Examples: 

r e p e a t  O i f  vp x+l,  macro a r g l ,  a rq2d  
a = l i f  vzx~600000+1 

dac p t l i f  vp-s/x2 

The v a l u e  of ilf i s  one i f  the  cond i t l on  t e s t e d  for i s  t r u e ,  

and z e r o  otherwise;  while t h e  va lue  of O i f  i s  ze ro  i f  t h e  c o n d i t i o n  

t e s t e d  f o r  i s  t r u e ,  and one otherwise .  There a r e  a t  p r e sen t  t h r e e  

q u a l i f i e r s  w i th  t h r e e  corresponding t e s t s :  

vpr I f  t h e  value of t h e  express ion  fo l lowing  i s  p o s i t i v e  - o r  z e r o  ( e i t h e r  p l u s  o r  minus),  t h e  t e s t  i s  t r u e .  

v3: If t h e  va lue  of t h e  express ion  fo l lowing  i s  zero,  
t h e  t e s t  Is  t r u e .  

p: Tes t  i s  t r u e  on Pass 2, false on Pass 1. 



The f l r s t  example c a l l s  t h e  macro i f  x2-1. The second example 
/'- 

d e f i n e s  ,a a s  one i f  t h e  two hlgh bits of x a r e  boLh zero;  o therwlse  - 
a i s  def lned  a s  ze ro .  The t h j r d  example g e n e r a t e s  dac p i f  i s  pos i -  - - -  
t i v e ,  and dac p+2 i f  s 1s nega t ive .  I t  could a l s o  be w r i t t e n  a s :  --  - 

dac p+2xOif v p s J  

Cond i t i ona l s  may be used i n  o r  out  of macros, but  may no t  con- 

t a i n  o t h e r  condi t l o n a l s .  

A source  program f o r  MIDAS c o n s i s t s  of one o r  more f l e x o  t apes ,  

each wi th  a t i t l e ,  a body, and a s t a r t  pseudo- ins t ruc t ion .  The t i t l e  

i s  t h e  f i r s t  s t r i n g  of c h a r a c t e r s  o t h e r  than  c a r r i a g e  r e t u r n  o r  s t o p  

code and i s  terminated by a  c a r r i a g e  r e t u r n .  Ca r r i age  r e t u r n s  and 

s t o p  codes preceding t h e  t i t l e  a r e  ignored.  The body i s  t h e  s to rage  

words, macros, parameter  assignments,  e t c . ,  which make up t h e  subs tance  
/'- 

\- of t h e  program. It may be void .  The s t a r t  pseudo- ins t ruc t ion  denotes  

t h e  end of t h e  source  program t ape .  It t a k e s  one argument, which 

s p e c i f i e s  t h e  f i r s t  i n s t r u c t i o n  t o  be executed i n  t h e  o b j e c t  programs. 

S t a r t  must be preceded by a  t a b  o r  c a r r i a g e  r e t u r n .  There must be a  

s t o p  code a f t e r  t h e  c a r r i a g e  r e t u r n  a f t e r  s t a r t .  

MIDAS w i l l  normally punch a  b ina ry  o b j e c t  program dur ing  Pass  

2 of an assembly. It w i l l  c o n t a i n  a t i t l e  i n  readable  c h a r a c t e r s ,  

c a n s i s t i n g  of t h e  v i s i b l e  c h a r a c t e r s  i n  t h e  t i t l e  except  t hose  

fo l lowing  (and inc lud ing )  a c e n t e r  d o t .  Next w i l l  be punched an 

inpu t  r o u t i n e ,  which Is a  loader t h a t  reads  i n  t h e  r e s t  of t h e  tape,  

and which i s  i t s e l f  read i n  by t h e  PDP-1 --- read i n  .mode. The b ina ry  



ouLput from the  body of t h e  sourace program 1s punched In blocks of  

(- up L n  100 r e g i s t e r s .  The end of the  binary t a p e  js denoted by a 

s t a r t  block, whlch i s  produced by the  pseudo-lnstruct lon s t a r t .  The 

s ta r t ;  block causes  the  input  r o u t i n e  t o  t r a n s f e r  a t  once t o  the address  

s p e c i f i e d .  The argument of s t a r t  must have t h e  value of t h e  address  

t o  which con t ro l  i s  t o  be t r a n s f e r r e d .  

The format of t h e  output i s  sub jec t  t o  cons iderable  c o n t r o l  by 

the  programmer. The pseudo-instruc t i o n  noinput suppresses  punching 

the  input  rou t ine .  The pseudo-instruct ion r ead in  suppresses  t h e  in- 

put r o u t i n e  and punches i n  r ead in  mode u n t i l  t h e  next  encountering of 

t h e  pseudo-instruct ion noinput,  which resumes punching i n  inpu t  

r o u t i n e  format . The normal input  r o u t i n e  occupies r e g i s t e r s  7751- 

For f a b r i c a t i n g  s p e c i a l  tape  formats o r  punching s t a r t  blocks <- without s topping t h e  assembly, t h e  p ~ e u d o ~ i n s t r u c t i o n  word i s  pro- 

vided. Its argument o r  arguments, separated by commas and ended by 

a t a b  o r  c a r r i a g e  r e tu rn ,  a r e  punched d i r e c t l y  on t h e  ob jec t  program 

tapeyand do not  a f f e c t  t h e  l o c a t i o n  counter .  

The tape  formats discussed s o  f a r  a r e  cha rac te r i zed  by having 

a  s p e c i f i c  l o c a t i o n  i n  core  assigned f o r  each word i n  t h e  ob jec t  pro- 

gram. MIDAS w i l l  a l s o  produce r e l o c a t a b l e  tapes ,  which, by means of 

a s p e c i a l  loader ,  may be placed any where i n  memory. explanation 

of t h i s  feature will be found i n  subsequent,  i s s u e s  of t h i s  memorandum. 



In fo r~ i i a  t:l on on RelocaLab.le Progranlml ng w l  11 b e  suppl l e d  

I n  t h e  n e x t  odl  t l o n .  



F o r>~na t -- --- 
YIPAS l ~ a n  few rncqui ren~entu  on formal .  'I't~e user should  be aware 

of t h e  following: 

1) Car r l age  r e t u r n s  and t a b s  a r e  e q u i v a l e n t  except  i n  t h e  

t i t l e ,  i n  t h e  range of a  repea t ,  and  a f t e r  s t a r t .  Extra 

t a b s  o r  c a r r i a g e  r e t u r n s  a r e  ignored .  



11 2 )  B a c k s p a c e , I ,  <, >, , , ,  ? ,  I, r e d ,  b lack,  and 

unused c h a r a c t e r s  of t h e  f l e x o  code a r e  i l l e g a l  except  i n  

arguments of f l e x o  code pseudo-3nstruct ions ,  t i t l e s  and 

comments. 

3) Stop codes a r e  ignored except  i n  arguments of f l e x o  code 

pseudo- ins t ruc t ions .  Apostrophes and  b r a c k e t s  a r e  s i m i l a r l y  

ignored when no t  i n  macro c a l l s  o r  d e f i n i t i o n s .  

4)  De le t e s  a r e  always innored.  

Many programmers have found t h a t  adherence t o  a  f a i r l y  r i g l d  

format i s  of h e l p  i n  w r i t i n g  and c o r r e c t i n g  programs. The fo l lowing  

sugges t ions  have been found u s e f u l  i n  t h i s  r e s p e c t :  

1) Place  add res s  tasts a t  t h e  l e f t  margin, and run I n s t r u c t i o n s  

v e r t i c a l l y  down t h e  page indented one t a b  s t o p  from t h e  

l e f t  margin. 

2 )  U s e  only  a  s i n g l e  c a r r i a g e  r e t u r n  between i n s t r u c t i o n s ,  

except where t h e r e  i s  a  l o g i c a l  break i n  the f low of' t h e  

program. Then pu t  i n  an e x t r a  c a r r i a g e  r e t u r n .  

3) Forget  t h a t  you eve r  l ea rned  t o  count h i g h e r  t han  t h r e e ;  

l e t  MIDAS count f o r  you. Do not say dac .+6;use an  ad-  

d r e s s  t a g .  This  w i l l  save g r i e f  when c o r r e c t i o n s  a r e  

r equ i r ed .  



) Organ1 z e  t.he program by pages, separating each page of 

f l e x o  t.ape wl th  a s t o p  code and some t ape  feed.  Make 

page boundar les  co inc ide  wi th  l o g l c a l  d l v i s j  on of t h e  

program i f  p o s s i b l e .  F ix ing  one bad page and spliclng 

i n  a  new one t a k e s  about  a s  much t ime a s  reproducing two 

pages of program, s o  l e a r n  t o  s p l i c e  t ape .  

6 )  Have t h e  t y p e s c r i p t  handy when assembling o r  debugging 

a  program, and n o t e  c o r r e c t i o n s  i n  p e n c i l  thereon  a s  soon 

a s  you f i n d  them. 

Performing an  Assembly --- 
F i r s t  read i n  MIDAS. S e t  t h e  t e s t  add res s  t o  4 and t h e  TW t o  0. 

Load t h e  f i rs t  source  t a p e  i n t o  t h e  r e a d e r  and p r e s s  cont inue .  MIDAS 

w i l l  read t h e  t a p e  i n  s e c t i o n s  of about one page each, and w i l l  s t o p  

s h o r t l y  a f t e r  read ing  t h e  s t o p  code a t  t h e  end of t h e  t ape .  To pro- 

c e s s  a d d i t i o n a l  t a p e s  a f t e r  t h e  f i r s t ,  p r e s s  S t a r t .  Now begin Pass  

2 by load ing  t h e  f i r s t  t a p e  and p r e s s i n g  Continue.  For  a d d i t i o n a l  

t apes ,  p r e s s  S t a r t .  A t  t h e  end of Pass  2, p r e s s  Continue a g a i n  t o  

s e c u r e  a  s t a r t  block.  Tapes should be processed i n  t h e  same o r d e r  

on bo th  pas ses .  

The normal ope ra t ion  of MIDAS may be summarized by the fo l lowing  

t a b l e :  

Condi t ion AC I 0  .Action on Continue Action on S t a r t  - -  

MIDAS o r  symbol 
punch read i n  0 -0 Begin Pass 1 Begin Pass  2 

End of t ape ,  
Pass  1 0 0 Begin Pass 2 Continue Pass 1 

End of tape, 
Pass  2 0 0 Punch s t a r t  b lock Continue Pass 2 

A f t e r  s t a r t  b lock 0 -0 Restore ,  begin Begin Pass  1 



T a b l e  ( ~ o n t ' d )  

Contll t l o n  

E r r o r  s t o p  

A c t l o n  on C o n t l n u e  Ac t lon  on S t a r t  

Contlnue, suppres s  Cont lnue  Pass 
punc hl  n g  

The normal sequence of operat l .ons  above can be  modlfied by 

use  of t h e  -TJ. Whenever S t a r t  i s  pressed ,  b i t  0 of t h e  TW - i s  ex- 

amined. I f  i t  i s  zero,  t h e  normal sequence I s  followed; i f  3 t i s  1, 

t h e  next 6 b i t s  of t h e  mare  examlned. These c o n t r o l :  

B i t  1 Pass  1 i f  0, pass  2 i f  1. 

2 Begin pas s  i f  0, con t inue  p a s s  i f  1. 

3 I f  1, punch i f  pas s  2; i f  0, d o  n o t  punch. 

4 I f  1, punch inpu t  r o u t i n e  i f  punching; i f  0, no i n p u t .  

5 I f  1, punch t i t l e  i f  punching; i f  0, no t i t l e .  

6 I f  1, r e s t o r e  symbol t a b l e  t o  i n i t i a l  symbols and 

pseudo- ins t ruc t ions .  

It i s  sometimes u s e f u l  t o  t ype  i n  on- l ine  s h o r t  programs 

symbol d e f i n i t i o n s ,  and t h e  l i k e .  T h i s  may be done by having 

sense  swi tch  5 up when S t a r t  o r  Continue i s  pressed .  In s t ead  

of r ead ing  tape ,  MIDAS w i l l  l i s t e n  t o  t h e  t y p e w r i t e r  u n t i l  e i t h e r  

a )  t h e  b u f f e r  i s  f u l l ,  i n  which c a s e  t h e  c h a r a c t e r s  w i l l  be processed,  

and c o n t r o l  re tu rned  t o  t h e  t ypewr i t e r ,  o r  b )  Sense swi tch  5 i s  

turned o f f .  Tf you malce a typing e r r g r ,  set  the t e s t ,  word t o  0, 

p r e s s  S t a r t ,  and s t a r t  typ ing  t h i s  b u f f e r  load over  aga in .  



Elaroxa S t . 0 ~ 5  --------- 
MTPAS w 1  L l  cori~pli-ilrl a t j n i ~ t ,  v i . i r lous  arnh l t r , i~ l  tJe:; a r ~ d  e r r o r  con- 

d 1 t i 3 r l S  f ~z l r ld  I n sourbce progranlu.  :;orrle of' i ,))t ' :ir? kli:1 v e  a l r ~ a d y  b w n  

~ u e n t i o n e d .  An e r r o r  l l s t l n g  h a s  t h e  following f o r n ~ a t :  

Colurrln 1. A three l e t t e r  code descrl.b:lng the type  of e r r o r .  
A nurrtber f o l l o w j r ~ g  i s  t h e  d e p t h  of rnacro c a l l s .  

2 .  The o c t a l  l o c a t l o n  i n  t h e  obJect  program. The 
symbol _E rneans r e l o c a  t l . o n .  

3. The symbolic l o c a t i o n ,  I n  terms of t h e  l a s t  ad- 
d r e s s  t a g  seen.  

4 .  The l a s t  pseudo o r  macro- ins t ruc t ion  name seen .  

5. The offending symbol, i f  a  symbol was i n  e r r o r .  

MIDAS will i gno re  most e r r o r s  (w i th  excep t ions  noted below) 

and w i l l  c on t inue  the  assembly i f  Con t inue  o r  S t a r t  ( w i t h  TJ 0=0) i s  



E r r o r  SLops ( C O ~ L  ' d )  
----a- 

(-. pressed ;  t h e  two a r e  equ iva l en t  except  Cont lnue w j l l  d l s c o n t l n u e  

punahlng on Pass 2 I f  i t  was i n  p rog res s .  Turnjng up TW 17 is 
--- 

equ iva l en t  t o  p r e s s i n g  Continue a f t e r  an e r r o r  s top .  I n  e i t h e r  

ca se ,  i f  b i t  3 of t h e  T l d ( t h e  punch b i t )  i s  on, punching w i l l  

con t inue .  

The e r r o r  c o n d i t i o n s  a r e :  

US - : I n  gene ra l ,  undefined symbol. Undefined symbols 
a r e  eva lua ted  a s  0, The t h i r d  l e t t e r  t e l l s  where 
i t  was found. 

w: I n  a  s t o r a g e  word o r  argument of pseudo- ins t ruc t ion  
word. 

m: I n  a s t o r a g e  word generated b y a  macro c a l l .  

d:  I n  t h e  s i z e  of a dimension a r r a y .  

p: I n  a  cons t an t .  

s: I n  t h e  argument of . s t a r t .  

r: I n  t h e  count of a r e ~ e a t .  

t: I n  an  add res s  t a g  of more than  one s y l l a b l e .  This  
w i l l  f r e q u e n t l y  be t h e  r e s u l t  of a n  undefined macro 
i n s t r u c t i o n .  

i: I n  ana rgumen t  of O i f  o r  l i f .  

i c h  I l l e g a l  c h a r a c t e r .  The bad c h a r a c t e r  i s  ignored.  

i l f  I l l e g a l  format.  Some c h a r a c t e r  o r  c h a r a c t e r s  were 
used i n  an improper manner. Cha rac t e r s  a r e  ignored 
t o  next  tab o r  c a r r i a g e  r e t u r n .  

i r  - : I l l e g a l  r e l o c a t i o n .  The r e l o c a t i o n  i s  taken a s  0. 
The t h i r d  l e t t e r  i d e n t i f i e s  where i t  was found, and 
w i l l  be t h e  same a s  l i s t e d  under undefined symbols (above) .  ~ 

mnd Macro name d i s a g r e e s .  The argument of terminate d l s -  
a g r e e s  w i th  t h e  name of the macro begin de f ined .  F i r s t  
name used. 

mdt Mul t ip ly  def ined  t a g ,  Or ig ina l  d e f i n i t i o n  r e t a i n e d .  

mdv Mul t ip ly  def ined  v a r i a b l e .  A symbol con ta in ing  a n  
overbar  i s  p rev ious ly  def ined  a s  o t h e r  t han  a  v a r i a b l e .  
Or ig ina l  d e f i n i t i o n  r e t a i n e d .  



mdd 

s c e  

trnc 

tmv 

c l d  

v ld  

i a e  

Mul t jp ly  de f ined  dirnensl on. An a r r a y  name i n  a 
dlrnensl on s t a t emen t  has  a conf 1 i c t l - n g  def-lnil tj on. 
Orlglnal cleflni  t , lon r e t , a lned .  

Irnpr3oyer pararr~eter ass ignment .  'The expression t o  
the l e f t  of  an equal  s i g n  I s  improper. The a s s ign -  
ment i s  ignored .  

S to rage  capac l  t y  exceeded. Asserr~bly canno t  cont,inue. 
Too many c o n s t a n t s .  The p s e u d o - l n s t r u c t l  on c o n s t a n t s  
used tioo many t imes  i n  one program, on too many con- 
stants w o r d s  u s e d .  

Too many parameters  : t h e  s t o r a g e  rese rved  for macro 
i n s t r u c t i o n  arguments has been exceeded. 

Too many v a r i a b l e s .  The p seudo- in s t ruc t i on  v a r i a b l e s  
has  been used more than  8 t imes  i n  one program. 
Assembly cannot continue. 

Cons tan t s  l o c a t i o n  d i s a g r e e s .  The p seudo- in s t ruc t i on  
c o n s t a n t s  has  appeared on Pass  2 i n  a d i f f e r e n t  l o -  
c a t i o n  from t h a t  found on Pass 1, meaning a l l  t h e  
c o n s t a n t s  s y l l a b l e s  have been ass igned  t h e  wrong va lue .  
Assembly cannot con t inue .  

Va r i ab l e s  l o c a t i o n  d i s a ~ r e e s .  The p seudo- in s t ruc t i on  
v a r i a b l e s  has appeared on Pass  2 i n  a  d i f f e r e n t  l o -  
c a t i o n  from that found on P a s s l .  The c o n d i t i o n  i s  
ignored.  

Send t h e  e r r o r  message and a  copy and l i s t i n g  sf the  
sou rce  program t o  t h e  DEC Programming Group so  t h a t  
t h e  t r o u b l e  may be found. 

Troubleshoot ing  

The check:-ng f e a t u r e s  bullt i n t o  IjiIDAS WV-1 l l  de tec t  23 l.iipic 

e r r o r s  l i k e  f o r g o t t e n  t a g s  very  simply.  Attempting to debug complex 

macro d e f i n i t i o n s  f r o m e r r o r  messages and b ina ry  ou tpu t  i s  a  much 

more d i f f i c u l t  t a s k .  Special  a i d s  have been provided t o  s i m -  

p l i f y  t h i s .  
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1 . ?'he pseudo- lns t ruc t lons  p r l n t  and p r l n t x  t a k e  an  argu- 

rr~ent e x a c t l y  Llke texL, whlch MlnAS wlll pr ln t ;  out  on- 

l i n e  du r jng  the assembly process .  PrSntx p r l n t s  J u s t  

t h e  argument, whlle p r l n t  precedes  t h l s  w i t h  Lhe f l r s t  

three  columns of' an  e r r o r  l i s t l r l g  (wl t h  t h e  " e r r o r "  

 ode ~ n t )  and  fo l lows  i t  with a c a r r l a g e  r e t u r n .  The  argu- 

ment of p r i n t  o r  p r i n t x  may con ta ln  dummy symbols i f  

used I n  a macro d e f i n i t i o n .  

2. B i t  16 of TW when on, causes  MIDAS t o  p r i n t  ou t  on- - 

l i n e  every c h a r a c t e r  i t  processes ,  i nc lud lng  a l l  macro 

expansions.  T h i s  permi ts  t h e  programmer t o  l e t  MIDAS 

do t h e  bokkeeping when t e s t i n g  a  complicated macro. 

Th* -- 
A record of symbol d e f i n i t i o n s  may be p r i n t e d  o r  punched out  

by use  of MIDAS Symbol Package. The MIDAS Symbol Package looks  

a t  t h e  Sense Switches t o  determine i t s  mode of ope ra t ion .  

SS Func t i  on 

1 Symbol Punch 

2 Alphabet ica l ly  ordered symbol p r i n t  o u t  

Numerically ordered symbol p r i n t o u t  

4 Restore  MIDAS t o  o r i g i n a l  symbol t a b l e  

The Sense Switches should be se t  be fo re  p r e s s i n g  Read-In, bu t  

i f  i t  i s  d e s i r e d  t o  e l i m i n a t e  any of the above f u n c t i o n s  be fo re  

they  complete, j u s t  t u r n  t h e  a p p r o p r i a t e  swi tch  o f f .  I f  SS1 i s  up 

t h e  symbol punch w i l l  feed some blank t a p e  and l i s t e n  f o r  a t i t l e .  

Type a t i t l e  on t h e  typewr i t e r .  To ob ta in  both symbol and macro- 

i n s t r u c t i o n  d e f i n i t i o n s ,  t e rmina te  t h e  t i t l e  wi th  a  c a r r i a g e  r e t u r n .  
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For  symbols only ,  terminate with a t a b ,  and then type "s" followed 

(- by a c a r r j a g e  r e t u r n .  For  macro d e f l n l  tions only,  t e r m i n a t e  t h e  

t i t l e  w i th  a t a b ,  followed by "m" and a c a r r l a g e  r e t u r n .  The 

symbol punch s o  obta ined may be used wl t h  DOCTOR f o r  symbolic 

debugging, o r  read into MIDAS a t  a l a t e r  t ime f o r  assembling 

pa t ches  o r  the  l i k e .  When a symbol punch i s  read i n t o  MIDAS, 

TW - 6 i s  examined. I f  o f f ,  the symbols from the symbol punch 

a r e  merged wi th  any e x i s t i n g  symbol t a b l e .  If on, t h e  symbol 

t a b l e  is r e s t o r e d  t o  the i n i t i a l  vocabulary be fo re  merging the 

symbol punch. 



APPENDIX I--MIDAS INIrI'IAL VOCABUIJARY 

c h a r a c t e r  

c o n s t a n t s  

decimal 

d e f i n e  

dimension 

e n d i r p  

equa l s  

f l e x o  

i r p  

noinput  
nu1 1 

o c t a l  

OPsYn 

p r i n t  

p r i n t x  

r e a d i n  

r e loca  t a b l e  

r e p e a t  

s t a r t  

l n se r t s  nurnerkcal v a l u e  of a f l c x a  c h a r a c t e r .  

Denotes l o c a t l o n  of s t o r e d  c o n s t a n t s  words. 

I n t e r p r e t  i n t e g e r s  a s  decimal numbers. 

Def ine  m a c r o - i n s t r u c t ~ o n s .  

A l loca t e s  space f o r  a r r a y s .  

Ends i n d e f i n i t e  r e p e a t .  

Def ines  symbol a s  o p e r a t i o n a l l y  equ iva l en t  t;o 
ano the r  symbol. 

I n s e r t s  numerical va lue  f o r  t h r e e  f l e x o  c h a r a c t e r s .  
I n d e f i n i t e  r e p e a t .  Analyses macro- ins t ruc t ion  
argument a s  s e r i e s  of subarguments. 

Suppresses i n p u t  r o u t l n e ,  l e a v e s  " r ead in"  s t a t u s .  

No-operation, ignored.  
I n t e r p r e t  i n t e g e r s  a s  o c t a l  numbers. 

Def ines  symbol; same a s  equa l s  bu t  e f f e c t i v e  on 
Pass  1 only.  

Generates symbolic l o c a t i o n  p r l n t o u t  and p r i n t s  
comment du r ing  assembly. 

P r i n t s  comment du r ing  assembly. 

Punch i n  r e a d i n  mode format .  
Punch i n  r e loca  t a b l e  format . 
Repeats c h a r a c t e r  s t r i n g .  
Denotes end of program and s p e c i f i e s  ( i n  absolute 

program) s t a r t i n g  add res s .  



t;errn 1 na t e Ends macro d e f  l n l t , l o n .  

t ex t  I n s e r t s  words of f l e x o  charbac te rs .  

v a r i a b l e s  Reserves space f o r  a r r a y s  and v a r i a b l e s .  

word Punches word on o b j e c t  program t ape .  

Oif 

lif 

Has value of 0 if c o n d l t l o n  fo l lowing  is t r u e ,  
1 otherwl-se. 

Has va lue  1 i f  c o n d i t i o n  fo l lowing  i s  t r u e ,  
0 otherwise. 



APPENDIX I1 

SOME MACRO-INSTRUCTTON EXAMPLES 
-----....---- _I__--- 

Followln:: a r e  some examples 1 l l u s t r a  t l  n g  some more complex 

uses  of macro-Snstruct ions .  A 1 1  of t h e s e  examples u se  so-ca l led  

11 infor inat ion c a r r y l n g  macros." P a s l c a l l g ,  an  in format ion  c a r r y l n g  

macro i s  a name ass lgned t o  a c h a r a c t e r  s t r i n g  which bas  p rov l s ion  

f o r  u s lng  o r  modlfylng t h e  s t r i n g .  Three d i f f e r e n t  methods a r e  used 

f o r  r e t r i e v i n g  t h e  in format ion  Jn  t h e  following examples. 

The f i r s t  two examples i l l u s t r a t e  a  method of lon,a t ing coding 

a t  a remote p l a c e  i n  t h e  program. It i s  sometimes convenient ,  i n  

t h e  middle of a  program, t o  s p e c l f y  f l e x o  t e x t ,  sub rou t ines ,  o r  

o t h e r  m a t e r i a l  t o  be i n s e r t e d  a t  a n  out-of-the way p l ace .  The macro 

name remote, -- followed by a r b i t r a r y  m a t e r i a l  a s  an  araument,  saves  

up such m a t e r i a l  f o r  a l l  u se s  of remote u n t i l  t h e  macro- ins t ruc t ion  
f '  

- .-.- ..- 

\+ h e r e  - i s  used,  which unloads a l l  t h e  s t o r e d  in format ion  i n t o  t h e  pro- 

gram a t  t h a t  p o i n t .  

I n  t h e  f i rs t  example, --- l i s t name  - - -.-..- -- i s  t h e  in format ion  c a r r y i n g  

macro. Each c a l l  of remote c a l l s  i n  cons t o  conca tena te  the new fn- 

format ion on to  the  end of t h e  o l d ,  The key t o  unders tanding  t h e  ex- 

ample i s  i n  t h e  d e f i n i t i o n  and use  of l i -stname. I n  o r d e r  t o  feed  

t h e  in format ion  i n  l i s t name  i n t o  some macro which can make use of it, 

l i s t name  must be c a l l e d  (expanded) and the  c h a r a c t e r s  t h e r e i n  fed  t o  

t h e  macro t o  make use  of them. This i s  done by f eed ing  t h e  name of 

t h e  macro t o  use t h e  in format ion  t o  l i s t name  a s  i t s  argument. The 

exapnsion of l i s t name  gene ra t e s  t h e  name of t h e  u s e r ,  fol lowed by two 

arguments: t h e  name l i s tname  i t s e l f ,  followed by t h e  in format ion  

i c h a r a c t e r s  i n  l i s t name .  - Thus t h e  u s e r  macro can be one which d e a l s  

\- with  s e v e r a l  d i f f e r e n t  in format ion  c a r r i e r s ,  each of which c a r r i e s  



i t s  own l abe l . .  The po ln t  I s  bhat I n  or8der t o  gene ra t e  a func t jon  of 

(- the inforrnat lon i n  arl i .c.m.,  f j r s t  t a k e  j.c.rn. name of t h e  f u n c t j o n  

name. The i . c . m ,  f l i p s  t h e  f u n c t i o n  name f n  f r o n t  of t h e  in format Ian  

a s  I t  expands. 

Exerc i se :  Generate the  expansion of t h e  fo l lowing  code: 

remote a l f a  

remote [add t 

dac t ]  

The second example has  remote a s  the i .c.m. The d e f i n i t i o n  

of remote i s  such t h a t  remote e f f e c t i v e l y  r e d e f i n e s  i t s e l f ,  adding 

on t o  i t s  d e f i n i t i o n  anyth ing  fed  i t  a s  an argument. The h e r e  macro - 
r e d e f i n e s  l i s t name  s o  t h a t  when remote nex t  c a l l s  i t ,  i t  unloads  it- 

s e l f  i n t o  t h e  program i n s t e a d  of i n t o  a  new d e f i n i t i o n  of remote. ---._- 

The d e f f n i t i o n s  a s  w r i t t e n  h e r e  a r e  no t  s e l f - r e s e t t i n g :  t h e  appear-  

ance of  h e r e  does  no t  l e a v e  e i t h e r  remote o r  l i s t name  i n  c o n d i t i o n  

t o  be used aga in .  

Exerc i se :  Def ine  a macro s e t u p  which e s t a b l i s h e s  t h e  c o r r e c t  

i n i t i a l  d e f i n i t i o n s  of remote and l i s tname  when i t  i s  c a l l e d ,  I n s e r t  

c a l l s  of pe tup  i n  a p p r o p r i a t e  p l aces  s o  t h a t  t h e  d e f i n i t i o n s  of 

remote and l i s tname  a r e  p rope r ly  i n i t i a l i z e d ,  and a r e  r e s e t  by use  

of he re .  

The purpose of t h e  t h i r d  example i s  t o  a l low i n d i s c r i m i n a t e  

u se  of  t h e  pseudo- ins t ruc t ions  o c t a l  and decimal i n  macro d e f i n i t i o n s  

wi thout  d i s t u r b i n g  t h e  c u r r e n t  r a d i x  o u t s i d e  of macro c a l l s .  To t h i s  

end, t h e  system d e f i n i t i o n s  of o c t a l  and decimal a r e  saved i n  t h e  

name r o c t a l  ( r e a l  o c t a l )  and rdecrnl ( r e a l  dec imal ) .  Then o c t a l  and - 



I 
I d e c i ~ ~ i a l  - .-- - - a r e  def ined  a s  nlacros whlch, In a d d l t l o n  t o  s e t t l n g  t h e  cur-  

r e n t  r a d l x ,  a l s o  append t h e  rad-lx t o  a 11st of r a d l c e s  c a l l e d  J i s t .  L 
To resLore t h e  previ .ous  r a d l x ,  t h e  macro o l d r a d l x  peels t h e  t o p  e n t r y  

o f f  the l i s t  and d l s c a r d s  i t ,  then s e t s  t h e  c u r r e n t  r a d i x  t o  t h e  t o p  

of t h e  e n t r y  of t h e  remaining l i s t .  The l i s t ,  a f t e r  use  of decimal 

and o c t a l  would look i n  p a r t  l i k e  t h i s :  

d e f i n e  append newrdx 

l i s t  newrdx, [ r o c t a l ] .  [rdecml.  [ r o c t a l ,  [ e r r o r ] ] ]  

t e rmina t e  

The method used f o r  manipulat ing t h e  l i s t  i s  s i m i l a r  t o  t h a t  of 

example 2 .  Note how t h e  t h i r d  argument of l i s t  i s  added t o  and de- 

l e t e d  from. 

Exerc i ses :  Determine the d e f i n i t i o n  of o l d r a d i x  corresponding t o  

t h e  above d e f i n i t i o n  of append. Expand decimal and determine i t s  

c e f f e c t  on t h e  l i s t .  
L/ The l a s t  example i l l u s t r a t e s  t h e  use  of i r p ,  - O i f ,  and .- l i f .  The 

macro d e c i p r t  p r i n t s  ou t  on- l ine  a t  assembly t ime t h e  numerical  va lue  

of i t s  argument i n  Engl i sh  words. Zero suppress ion ,  s i g n ,  and num- 

b e r s  ending i n  " teen"  a r e  a l l  handled c o r r e c t l y .  The i.c.m. i n f o  

c o n t a i n s  t h e  t e x t  t o  be p r i n t e d  ou t ,  and i s  handled s i m i l a r l y  t o  

l i s t n a m e  i n  t h e  f i r s t  example. The sequence i n f o  r e d e f i n e  appears  

s o  o f t e n  i n  the  o r l .g ina1  t h a t  the macro in -.- has been def ined  a s  a 

shorthand f o r  i t .  The convers ion t o  decimal I s  handled by t h e  u s u a l  

method of d e p l e t i o n  of powers of t e n .  Zero suppress ion  i s  handled 

by t h e  i n d i c a t o r  sup.  



/remote inacros-method 1, S. R. Russe l l  

C d e f i n e  remote a 
(.- l i s tname  [cons [ a ] ,  ] 

t erml n 

d e f l n e  l l s tname  u s e r  
u s e r  l i s tname,  

d e f l n e  cons 12, name, il/ u s e r  
d e f i n e  name u s e r  
u s e r  name, [ i l  

12 I 
t e rmina te  name 
terrninate cons 

d e f i n e  he re  
l l s tname  2ndarg 
d e f i n e  l i s tname  u s e r  
u s e r  l i s tname .  

terrninate  l i s tname  

C t e rmina te  h e r e  

\.- d e f i n e  2ndarg a ,b  
b 

s t a r t  

/remote macro-method 2, A.  Kotok 

define remote a 
l i s tname  a  

d e f i n e  l i s tname  11/12 
d e f i n e  remote 12 
l i s tname  [il 

121 
t e rmina te  remote 
t e rmina te  l l s tname  

d e f i n e  he re  
d e f i n e  l i s tname  i n f o  

<- i n f o  
t e rmina te  l i s tname  

remote 
t e rmina te  here 

s t a r t  



- Cj, 
/ oc t a l  d e c l n ~ a l  pushdown, S .  D. Plner 

opsyn roc La1 , oc La 1 
opsyr~  rclecml , dec I ma 1 

d e f i n e  o c t a l  
append r o c t a l  

d e f i n e  dec in ia l  
append r d e c l  

d e f i n e  e r r o r  
p r i n t  /TOO many o l d r a d i x  pullups. / 
l i s t  r o c t a l ,  e r r o r  

d e f i n e  l i s t  r a d i x ,  prevrdx,  r d x l i s t  
d e f i n e  append newrdx 
l i s t  newrdx, [ r a d i x  I ,  Iprevrdx,  [ r d x l i s t  1 1 

newrdx 
t e r m i n a t e  append 
d e f i n e  o l d r a d i x  

l i s t  p revrdx ,  r d x l i s t  
p r e v r d x  

t e r m i n a t e  o l d r a d i x  
t e r m i n a t e  l i s t  

l i s t  r o c t a l ,  e r r o r  

s t a r t  



declrnal p r i n t  macros, D .  A .  Gross 

def  :I ne dec l . p r t  nurriber 
z =number 
r epea t  Oif v p  z , i n  minus deci2-z 
r e p e a t  l i f  vp z / - l i f  vz z,deci2-z 
r e p e a t  l i f  vz z / h l l f  vz z h l ,  In z e r o  
r e p e a t  l i f  vz z / h l i f  vz zV1, i n  minus z e r o  
i n f o  w r i t e  
r e d e f i n e  

t e rmina t e  

d e f i n e  dec i2  a  
x=a 
sup=o 
d e p l e t e  100000. 
t een=O 
i n t e g e r  
p l a c e  hundred 
d e p l e t e  10000. 
i n t e r g y  
d e p l e t e  1000. 
i n t e g e r  
p l a c e  thousand 
d e p l e t e  100. 
t een=O 
sup-0 
i n t e g e r  
p l a c e  hundred 
d e p l e t e  10.  
i n t e r g y  
d e p l e t e  1 
i n t e g e r  

t e rmina t e  

d e f i n e  r e d e f i n e  y 
d e f i n e  i n f o  use r ,  d a t a  
u s e r  y d a t a  
t e rmina t e  i n f o  

t e rmina t e  r e d e f i n e  

r e d e f i n e  

d e f i n e  i n  a 
i n f o  r ede f ine ,  a 

t errnina t e  

d e f i n e  a r g  a , b  
sup=l 
r e p e a t  t een ,  i n  a 
r epea t  1-teen,  i n  b 

t e rmina t e  

d e f i n e  p l a c e  a 
r epea t  sup, i n  a 

t e rmina t e  



d e f i n e  d e p l e t e  a 
y-0 
r e p e a t  9 ,  r e p e a t  11 f v p  x-a, x=x-a y=y+l 

t e r m l n a t e  

d e f i n e  i n t e g e r  

l n t l  [ [ a r g  e l even ,  one] ,  [ a rg  twelve ,  two] ,  [ a r g  t h j  r t e e n ,  three] 

[ a r g  f o u r t e e n ,  f o u r ] ,  [ a r g  f l  f t e e n ,  f i v e ] ,  [ a r g  s lxteen,  s lx l  

[ a r g  seven teen ,  s e v e n ] , [ a r g  e igh t een ,  e l g h t ] , [ a r g  n i n e t e e n ,  n i n e ] ]  

r e p e a t  l i f  vz y, r e p e a t  t e e n ,  i n  t e n  
t e r m i n a t e  

d e f i n e  i n t e r g y  

i n t l  [ t e e n = l ,  i n  twenty,  i n  t h i r t y ,  i n  f o r t y ,  i n  f i f t y ,  i n  s i x t y  
i n  s even ty ,  i n  e i g h t y ,  i n  n i n e t y ]  

r e p e a t  O i f  vz y, sup=l 
t e rmin  

d e f i n e  i n t l  k 
j =1 
i r p  k 
r e p e a t  l i f  vz y - j ,k  
j=j+l 
end i r p  

t e r m i n a t e  

d e f i n e  w r i t e  b 
p r i n t x  /b/ 

t e r m i n a t e  

s t a r t  
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