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The arithmetic-statement pseudo-ops: .I & .F 

B.K.P. Horn 

This is a feature of MIDAS which facilitates the rapid writing 
and debugging of programs involving much numerical calculation. 
The statements used-are ALGOL-like and easy to interpret. 



An a r i t h m e t i c - s t a t e m e n t  expanaer :  

S i n c e  t h e  Incornpatac,le Tirneshsrinp; dystem (LIS) does  
n o t  suppor t  an  A1;C;OL s t y l e  comi) i l e r  and L I S P  is  s o  
cumbersome i n  d e a l i n g  wi th  a r i t h m e t i c  s t a t e m e n t s ,  i t  

i s  very  t e d i o u s  t o  p e r f o r m  even t h e  s i r ~ ~ p l e u t  a l r , o r i t h m s  

of numelical a n a l y s i s .  To a l l e v i a t e  t h i s  p r o b l e m  

wi thou t  an i n o r d i n a t e  amount of  e f f o r t ,  two pseudo-ops 
where added t o  MIDAS (The macro-asue;nbly i a n $ , ~ a g e ) .  

The pseudo-ops a r e  .F and .I. Illhe f i l s t  u f  t h e s e  w i l l  

have t h e  a r i t h m e t i c  i n  t h e  arithmelic s t a t e m e n t  f u l l o & i n g  

it  performed i n  f l o a t i n g  goimt, t h e  l a t t e r  i l l  f ixed 

p o i n t .  

Each s t a t e m e n t  i s  t r e a t e d  ddittlout r e i e r e n c e  t o  any 
. o f  t h e  o t h e r s .  Spacss  may a p p e a r  In  a scaterndut a lmos t  
everywhere and a r e  ignored .  Zxcep t ions  a r e  i n  t h e  
c o n t i n u e  p a r t  of a c o r ~ t i a u a t i o n  s b a t e m a n t  and i n  a  
s u b s c r i p t .  (Sea l a t e r  on) 

A r i t h m e t i c  s t a t emen tb  a r e  coinbinatiions df v a r i a b l e  
names, numbers, f unc  t i m  narnes a m  ope1i-r Lur's . Normally 
each  s t a t e m e n t  s 2 e c i f i . a ~  the  c a l c ~ l : ? ~ i o n  of one UL 

more va lues  and kihere t h e y  a r e  t o  oe s to l~ec i .  

The o p e r a t o r s  a r e :  
= ( ,  < z T / ) e  + -  $ 3  

A number  is  a c h a r a c t e l - s t r i n g  s t a r t i n g  wi th  a numeric 
akrarecter  ( 0 , l  . . . 9)  follurvea by u m - o p e r a t o r s .  'fhic; 

number s h o u l d  ruake sellst? Lo I d I D A S .  Thc u p r a t o r  'J' i s  

perffiitbed t o  dQpe8.r i r ,  Lhe ~ l ~ d l b e r , t e i n e ;  Lttla s d p e r a t o r  
w e d  in 1!,Il~ki> f o r  t h e  e x p w d r l t  of a ~ ~ u f f i b e ~ .  



u n l i k e  the  FaRTRAN convention A *  'B* 'C aA * * (b4 *C). 
Nested p a i r s  of p a r e n ~ h e s e s  axe evalustaci fror,, t h e  

inside ou t ,  

In termedia te  r e s u l t s  are kept i n  e s tack  &ich has t o  
be i n  t h e  accumuletors and is def ined  by t h e  user. 2 h m e  
accurnuletors a re  c e l l e d  A @ , A 1  .,. A9. If fixed 9oint 
a r i t h m e t i c  is  usad A i  # A j  4 1 i f  1 < j  , Most; cownonly 
A @  == 1, A 1  == 2 a t c .  Usually only the f irs t  few 
accumulators i n  t h e  s tuck  are used, 

4 and > surround the arguments of a function, 9he 
arguments are separated by ,'s. Thus a name as defined 
above is a f u n c t i o n  name i f  it is  followed by a < , 
For  example : 

MAX< ~-13*~1) ,23 .4>  and ~ A N D O K < >  

If used not d i r e c t l y  follovuing a name, < & > a c t  excu t ly  
l i k e  ( and ). 

Funct ions return a s i n g l e  value i n  A$. ':he assembled 
code inc lud3s  a PUSHJ P, t u  the fuuction, tho  u s e r  
being r e spons iGle  f o r  9rovidiug a subroutims v ~ L i c h  



a c c e p l s  the  arguments a s  presented  i n  AO, d l  t j tc . ,  

Goes riot disturb any accuuuLators athex Lhun t t u b c  

i n  ~ : i i c k  t h e  argu~uents  kvhere pessea t m i  ~ a t u ~ n b  Lhe 

r e s u l t  i l l  A@ be fo re  executiug a i?Ok'J P, 

A v a r i a b l e  name fu l lohad  d i r v c t l y  by a ( i b  c:cjx!uidereu 
t o  be a v e c t o r ,  The s u b s c r i ~ t  between t k e  ( m d  t h e  

maLching ) can of t h e  fd l lowiug  form: 

AC 2 NUM 
f NUM + AAC 

!Vhere AC is  t h e  v a r i a b l e  name of an accuuulaCor i n  
which t h e  s u b s c r i g t  is  assumed tu have been loaded, 
NUM i s  a number, e c t i n g  au a displacemeat. 

= i n d i c a t e s  t h a t  t he  value a v a i l a b l e  a t  t h i s  go in t  
(as  c a l c u l a t e d  by t h e  p o r t i o n  of the a r i t h m e t i c  
s t a t emen t  t o  t h e  r i g h t )  is t o  be s t o r e d  a s  t h e  va lue  
of t h e  v a r i a b l e  name t o  its l e f t .  More than one = may 
t h u s  appear i n  one a r i t h m e t i c  s ta tement .  For example: 

,F  A=B=ARM-LOSS=FOO*BARF 

This  invokes the  m u l t i p l i c a t i b n  of FOO by BARF, 
s t o r a g e  o f  t h e  result i n  LOGS, Next LO% is  s u b t r a c t e d  
from A R M  and the  r e s u l t  s t o r e d  i n  b o t h  A and B, 
More complicatad c ~ n s t r u c t s  a r e  p o s s i b l e  by making u$e 
of pa ren theses ,  Some ca re  is  ~ s e q u i r e d  i n  a r r ang ing  
t h e  r i g h t  sequence 01' s t o r a g e  o p e r a t i u u s  s o  a s  not  
to overwr i te  va lues  needed further on, (Perhaps e 

more i n t u i t i v e  s t r u c t u r e  could be given  t o  m u l t i p l e  
e a u a l s  i f  one d i d  no t  adopt t b a  FORTRAN l i k e  

convent ion of having the  s t a t emen t  fo l low the  e q u a l s )  

1. . : .  .. : : ' .  ! . i.. ' ' j . .  



* permi ts  the  pass ing  of arguments by n e m  r a t h e r  
tnan  by value,  i e .  i s  it performs a . ;uotin& bct ior , .  

this is  ~ a r t i c u l a r l y  u s e f u l  f o r  s u b r o u t i ~ l e s  o p a ~ a t i m g  

an vec to r s  (Lotproduct f o r  exemdle), or S L * L ~ . J U ; ; L L I ~ B  

executed f o r  t h e i r  e f f e c t  r a t h e r  than t k ~ r  value.  I t  
a l s o  permits  the  passing of e  func t ion  eddrssa a s  
an axpgument. T h i s  is  achieved by au r ra tnd ing  the  v a r i a t l e  
uame w i t h  and 1 . 
6 i n d i c a t e s  a con t inue t idn  and must be u i r e c t l y  fo l loded  
by a ' r e t u r n  c a r r i a g e 1 ,  ' l i n e  f e e d f i ( u s u u l l y  suppl ied  
by  TECO anyway) and e i t h e r  .I o r  . F  ( ~ h i c h  i a  ignored)  
a  space o r  t a b  and t h e  cont i r luat ion of t h e  s ta tement .  
For example: 

Uni t a ry  t and * a r e  ignored. Uni tary  / and - a r e  
i n t e r p r e t e d  as 1.0/ end 0.0- r e s p e c t i v l y .  = and 9 
may n o t  appear  u n i t a r i l y .  

S i n c e  @ and ' may be p a r t  of a  v a r i a b l e  namt, one can 
make f u l l  use of MIDAS1s i n d i r e c t  address ing  and 
automatic  v a r i a b l e  s to rage  assignment c o n v e n t i a s .  
The use of @ comes i n  very handy when working with 
multi-dimensional arrays addressed Ltirough marg in -a r~ays .  

+ nvrmally genera tes  a c a l l  t o  a func t ion  c u l l e d  
U P L O G ,  which ~ e t s  two argumen-t;s, .To f a c i l i t a t e  
genera t ion  of f a s t  i n l i n o  exponent ia t ion  one nay fol low 
t h e  9 d i r e c t l y  by t h e  s i n g l e  d i g i t s  1,2,5 o r  4. For 
exqmple : 



Some unusual constxucta  axla ~ U B H I U ~ G  ,$hich ere u s u a l l y  
i n t e r p r e t e d  a s  one would intui t i v l y  expect .  &or exani,~le 
no  e  lue l s  sign need t o  ap?ear  iu. an  e x p x ~ a s s i ~ n ,  ttle 
r e s u l t  is then  merely l e f t  in AO. N e x t  t h e  c,~rin~a may 
be! used t o  fo rce  eva1uet;ion t o  t a k e  place i n  hip;tlcr 
s l o s s  i n  the  s t a c k  A $ , A ~  . . . A9 . So f o r  exampla: 

i s  i n t e r p r e t e d  a s  meaning t h e  c e l c u l a t i ~ r l  ol' the f d u r  
s p e c i f i e d  sxpressions end l eav ing  Lhe r e s u l t s  i n  
A @ ,  A l ,  A2 and A 3 .  

Here A$?! w i l l  be s t o r e d  i n  S A W A ,  A 1  i n  GAYB e t c ,  

.I DISLIS= *liCKLS'l' ,A=B=C=O,iJbAkK=KAESE 

i s  j u s t  a convenient way of combining f o u r  operation8 

an on# eta tmsnt . (At  t h i s  s t a g e ) =  has a higher weight 
t h a n  , and s o  the first express ion  will ba ca r r ied  
out  i n  A@, t h e  second i n  A 1  e t c .  with storage of 
r e s u l t s  s t a r t i n g  a t  QUAUK and ending at DISLISo 

The s ta tement  expander i s  not  optimal i n  its use of 
srccumulators, thus  sma l l  savings  i n  program l e d g t h  
and execut ion speed can be had by w r i t i n g  the 

prbcedenca-forcing parentheses  i n  the r i s h t  m d e r ,  

Fu r  example : 

uses  one accumulator i n  t h e  s t a c k  and t h e  minimal number 
of i n s t r u c t i o n s ,  while: 



u s e s  e i g h t  accumula tors  i n  t h e  s t a c k  end a s  many e x t r a  
MOVS i n s t r u c t i o n s  - a l though  t h e  accumula tor  t o  accumula tor  
i n s t r u c t i o n s  used a r e  s l i g h t l y  f a s t e r  t h a n  t h e  s t o r a g e  
t o  accumula tor  i n s t r u c t i o n s  used i n  t h e  first example. 
These examples a r e  r a t h e r  extreme h ~ w v e r  and i t  h a r d l y  
e v e r  pays t o  worry abdut  n u ~ h  m u o r  questions d f  e f f i c i e n c y ,  

To use t h e  s t a t e m e n t  exsauder  on merely u s e s  TACO a s  
u s u a l  t o  c r e a t e  a M l D A S  program con ta l i l i ng  t h e  r e q u i r e d  
pseudo-ops - r e m e m ~ e r i n g  t o  d e f i n e  A @ , A ~  e t c .  and t h e  
push-doan accumula tor  P. Cur ing t h e  s u b s e q u e n ~  assembly 
w i t h  MIDAS,error messages c ~ n c e r n i n g  the  a r i t h m e t i c -  
s t a t e m e n t  pseudo-ops a r e  p r e s e n t e d  i n  an unusua l  manner. 
The o f f e n d i n g  s t a t e m e n t  is  typed ,  wi th  e quest ionmark 
where t h a  e r r o r  *a s  f irst  n o t i c e d  and a n  e x p l a n a t i o n  
of  t h e  e r r o r  on t h e  nex t  l i n e .  ho  assembked ou tpu t  i s  
g e n e r a t e d  f o r  e r roneous  s t a t e m e n t s .  

The s t a n d a r d  f u n c t i o n s  SIN, C08, A T A N ,  LOG, U P ,  SqRT, 

ABS, 6XPLOG, FRAC'P, lNTdti, ;ilOL, H k h D i A  can  oe found 
i n  t h e  f i l e  SUPPRT HOUT (on DSK: BKPH;).  T h i s  f i l e  a l s o  
c o n t a i n s  f l o a t i n g  poiol; i n p u t  and ou tpu t  r u u t i n a s  t o  
t e l e t y p e  end p r i n t e r .  Other  f e a t u r e s  a r e  i n t e r u p t - h a n d l i n g ,  
c o n t r o l  c h a r a c t e r  f e a t u r e s  and a  s imple  c o m a n d  language.  
Most of t h e s e  f e a t u r e s  can ue e x i s e d  s e l e c t i v l y ,  u s i n g  
s ;v i tches  on t h e  f irst  page o f  t h e  pmgrsm. T h i s  program is 

i n t e n d e d  t o  be i n s e r t e d  b y  means of t he  . INERT pseudo-op 
and c o ~ ~ s i s t s  of b i t s  and p i e c e s  hi&h-jacxeu f r o m  

L.  J .Krad&uer ,  i ' .Einf 'ord, L .iuelson, R . t i r e eno la t  snd o t h e r s .  




