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Mathemat ical  Programming Language 4MPL) is a programming language
speci f ical ly  designed for  the implementat ion of  mathemat ical  sof tware and,
i n  p a r t i c u l a r , experimental mathematical programming software. In  the  pas t
there has been a wide gul f  between the appl ied mathematic ians who design
mathemat ical  a lgor i thms ( b u t  o f t e n  h a v e  l i t t l e  a p p r e c i a t i o n  o f  t h e  f i n e
points of  comput ing) and the professional  programmer,  who may have I i ttle
or  no understanding of  the mathemat ics of  the problem he is programming.
T h e  r e s u l t  i s  t h a t  a  v a s t  n u m b e r  o f  m a t h e m a t i c a l  a l g o r i t h m s  h a v e  b e e n
d e v i s e d  a n d  pub1 ished, with only a smal I f r a c t i o n  b e i n g actual  Iy
i mp I emen  ted and exper imental ly compared on selected r e p r e s e n t a t i v e
problems.

MPL  is designed to be as close as possible to the terminology used by
the mathematician whi le r e t a i n i n g  a s fa r a s  p o s s i b l e programming
sophis t ica t ions Mich m a k e  fcr good so f tware  sys tems. T h e  r e s u l t  i s  a
p r o g r a m m i n g  l a n g u a g e  uh!:h  ( h o p e f u l l y ! )  a l l o w s  t h e  w r i t i n g  o f  c l e a r ,
concise, easi ly read programs, espec ia l l y by per sons who are no t
p r o f e s s i o n a l  progFammers.

Use of This Manual

As this manual is intended for use by people with I ittle or no
programming experience, a s  wel  I  a s  b y  t h o s e  w h o  a r e  s i g n i f i c a n t l y  m o r e
exper i enced, l t  h a s  b e e n  o r g a n i z e d  i n t o  t h r e e  s e c t i o n s . S e c t i o n  I
descr ibes  those  fea tu res  o f  MPL which are necessary,  or at  least extremely
handy, fo r  do ing  any th ing  use fu l  w i th  the  language. These inc I ude such
th ings  as  bas ic  syn tax  (what  a  p rogram looks  like), s imp le  opera t ions  I+,

etc. I and  the  more  use fu l  conmands. S e c t i o n  I I  d e s c r i b e s  f e a t u r e s
;kich at-i he lp fu l  fo r  do ing  any th ing  comp l i ca ted , such as procedures,  row
and column vectors,  and so for th. Final Iy, Section Iif d e s c r i b e s  f e a t u r e s
which are avai lable for doing anything fancy and wonderful . In u s i n g  t h i s
manual to learn MPL, we recommend that you stop at the end of each Section
in  o rder  to  ass imi  la te  and exper iment  w i th  what  you have jus t I earned.
Proceed to the next Sect ion once you have the conf idence (or need) to do

Although this manual is not intended as a general text on programming,
the re  w i l l  be  occas iona l  comments  on  p rogramming  techn iques ,  wh ich  a re
intended solely for  the inexper ienced programmer. These discussions are
set in slightly smaller  type to  d is t ingu ish  them f rom the  res t  o f  the  manua l .
Such topics as how to use keypunching machines or how to run jobs on the
computer are not  covered at  a l l .

Acknowledpement
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manua I.
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-.
1: GETTING STARTED

c

To give you some idea o f  what  MPL is  a l l  about ,  we are  s ta r t ing  o f f
w i th  a  s imp le  bu t  subs tan t ia l  samp le  o f  an  MPL p rogram, Y o u  a r e  n o t
expected to  unders tand i t  ye t , b u t  i f  y o u  d e s i r e  p r o o f  t h a t  M P L  i s  m o r e
than just some professor’s bad dream you may punch a copy of the deck shown
(substi tuting your own computer account number in place of X000, your bin
number in place of  123, and your keyword in place of  FOO)  and try running
i t  y o u r s e l f .

The program reads from data cards (also shown) 3 parameters: m, r, and
n. It then  reads  2  mat r i ces , A (m by r) and B (r by n), F i n a l  l y ,  i t
v e r i f i e s  t h e  r e l a t i o n  llABll~  5 IIAII~~IIBII~, w h e r e  IIMII, r e p r e s e n t s  a  s p e c i a l
funct ion of a matr ix M, def ined by

--. llMllF = tCi,j Mi,j*) “*
( T h i s  f u n c t i o n ,  i n  c a s e  y o u ’ r e  i n t e r e s t e d ,  i s  k n o w n  a s  t h e  “Frobenius
norm”. If i  t  s o u n d s  e s o t e r i c ,  f e a r  not, You needn’ t understand i t s
s ign i f i cance  to  unders tand  the  p rogram, ) The deck i s shown on the next

L

c

T h e  c a r d s  P R O G R A M  t h r o u g h  END  c o n t a i n  t h e  M P L  p r o g r a m ; the
indentat ion used through i t  is for readabi I  i  ty on ly  and  in  no  way  a f fec ts
the program. The cards fu l  I  of  numbers near the end of  the deck are the
da ta . For the cur i ous-but- I azy, the norms should be roughly (according to
h a n d  c a l c u l a t i o n s )  llABll~  = 2 6 . 6 4 4 1 5 6 ,  IlAll~ = 2 . 9 3 0 0 1 7 ,  a n d  IIBII, = 1 6 . 5 2 9 6 7 .
B r i e f l y , the program works as fo l lows. Af te r  the  PROGRAM card  wh ich
marks the star t  of  the program, the next 3 l ines def ine the parameters and
da ta ,  and  s imu l taneous ly  read  the  va lues  f rom the  da ta  ca rds  suppl iecl at
the end of  the deck, Next,  we def ine a special  funct ion cal led Norm Llith
a matr ix as i ts only argument. This funct ion starts a summation with zero
and goes through each row and column of the matr ix,  adding the square of
each element. Then i t  ra ises  the  sum to  the  0 .5  power  and  “y ie lds ”  the

a r e s u l t . The  marks  IL and ,I are  used  to  separa te  f rom the  res t  o f  the
program the set of  statements that def ine how the FUNCTION is evaluated.
F ina l  Iy, the  Norm func t ion i s  e v a l u a t e d  w i t h  t h r e e  d i f f e r e n t matr ix
a rguments  and  the  re la t ion  descr ibed  ear l ie r  i s  tes ted . O n  t h e  b a s i s  o f

t h i s  t e s t , some appropriate messages are written out.

-l-
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//SAMPLE  JOB
frt KEY FOO
ff EXEC MPLC
//COMP.SYSIN
PROGRAM
GIVEN  (m, r,
GIVEN A REAL

<X000,123),‘HPL USER’

DO *

n) INTEGERS;
MATRIX m BY r, B REAL  MATRIX  r BY n;

FUNCTlON F
I-

:= Norm (M)  \/HERE M I S  MATRIX, F S C A L A R ;
DEFINE s u m  := 0 . 0 ;
FOR i IN <l,...,ROWSIZE(M)>,

FOR j I N  <l,.e.,COLSIZE(M)>,
sum

F := sum ++ 0.5
:= sum + M(i,j)ftl(i,j);

-I i

I F  Norm (AfB) > Norm <A) * Norm (B) THEN
WRITE <<<It didn't work!*>>

ELSE
W R I T E  <<<It worked (what a surprise!).>>);

WRITE <<<For the record,  Norm <ASBl is:>>, Norm <A*B>,
<<No%m  <A) is:>>, Norm (A),
<<Norm  <B) is:>*, Norm (B))

END.
/+
//Gz.S;SIN DD *
3

0.5 1.0 0.2 -2.
25

L.1 .
,.~ fj~ 8;0

.

1.25
0.55

i2.g

-8.6 -7:9
35

i+
-4.15

If y o u  f i n d  a l l  o f  t h i s  d i f f i c u l t  t o  b e l i e v e ,  g o  b a c k  a n d  e x a m i n e  t h e
e p r o g r a m  u n t i l  y o u  a r e  c o n v i n c e d  t h a t  a  c o m p u t e r  j u s t  m&h  b e  a b l e  t o

f i g u r e  i t  o u t . Trust us: it’s been done.
you to the point where you

The problem at hand is gett ing
c o u l d  h a v e  w r i t t e n  t h e  p r o g r a m  y o u r s e l f

(assuming you had some far-fetched reason for wanting to do so). .

Having now given you a taste of the main course, as i t  were, we shal l
eack o f f  and  s ta r t  over  w i th  the  appet izer .



L

c

IA.1 Get t ing  Star ted

1.1: Characters and Symbols

The
charac te r
keypunch.

character set for MPL consists of a subset of EBCDIC, the IBM 360.
set. A “character” is a single s t roke  on
The following groups of char acters are recogni

o r
z

the terminal
ed by MPL :

A lphabet i c : abcdefghi jklmnopyi’stuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ

Special Alphabetic Characters: _ !I ’

Numeric: 0123456789

Special  Characters: #&*o-+l.:$vr*/~<>‘o

Blank: (1 stroke of the space bar on a terminal or keypunch)

c

T h e  ,above a r e  t h e  o n l y  c h a r a c t e r s  w h i c h  h a v e  a n y  m e a n i n g  i n  M P L .  I n
addi t ion, however, there are certain mult ip le-character symbols consist ing
o f  2  o r  more  spec ia l  charac te rs  occur r ing  toge ther  with no interuening  spaces,
which have special mean ings  d is t inc t f r o m  t h o s e  o f the ind i v i dua l
charac te rs . These symbol s are:

--,
** := 7=

* � l l 9

I -
< < <= <(

-I
>> >= b

c.

Note :  The  symbo ls  <( and I> are treated exact ly l ike the characters { and 1,
r e s p e c t i v e l y , and  a re  ava i lab le  on ly  because i and 1 are not easi ly
produced on a keypunch. Throughout this manual,  however,  I  and I  wi I I be
used exc lus i ve l y , a s  t h e y  a r e much more readable and c I oser to the
mathematical notations with which they correspond.

Whenever a str ing of  adjacent characters f i rst  appears that forms one
o f the above symbols, t h e  g r o u p  i s  i n t e r p r e t e d  b y  M P L  a s  b e i n g  t h e
mult ip le-character  symbol . Thus *** i s al ways considered to be a H. symbo I
f o l l owed by  a  *, as opposed to vice versa or 3 single * c h a r a c t e r s . (Al I
th ree  in te rpre ta t ions  happen to  be  inva l id  syn tax  in  an  MPL program,  bu t
tha t  does  no t  concern  us  here .  ) N o t e  i n  p a r t i c u l a r  t h a t  i n  t e s t i n g  a
re la t ion  such  as n < (a*b), the  charac te rs  < and ( must be  separa ted  by  a
blank to avoid being treated as a single c( symbo l . S im i la r  cau t ions  app lye
t o  1 f o l l o w e d  b y  >,

1.2: Identifiers and Keywords

L

” I dent i f i er s” in MPL are symbol ic names that are used to represent
v a r i a b l e s , procedures, and I abe I s. They consist  of  str ings of f rom 1 to 72
non-blank characters (preceded and fol lowed by a del imiter (as def ined in
s e c t i o n  1.5) t o  m a r k  t h e  b e g i n n i n g  a n d  e n d  o f  t h e  s t r i n g )  s a t i s f y i n g  t h e
f o l l o w i n g  r u l e s :

-3-
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1. The f i rst  character must be alphabet ic.

2. The second  and  fo l l ow ing  charac te rs  may  be  numer ic ,  a lphabe t i c ,  the
dol l a r  s i g n  ($1, or the underscore (-1.

3. Any number of single quotes (‘I may appear, bu t  on ly  a t  the  end  o f  the
s t r i n g .

Examples,
Al-2 legal
1AB i l l e g a l , f i rst  character not alphabet ic
A ’b i I legal, quote not at end
fix’ ’ legal, two single quotes at end okay ,
HX” ‘ i l legal ,  double-quote not  a l lowed
i 10021 l e g a l
-ABC i l l e g a l , f i rst  character not alphabet ic ,

I legal

Typically,  if the same identifter  appears  In more than one place in a program,  it refers to
the same object  each time. This  allows you to compute  a value  and save it using  some  ident if ier
name, and later refer  to that earlier value  by using that name. Normal  practice  is to use an
ldent if ier name  uhich has some mnemonic significance  prrtaining  to its intended  use, such as “Norm”
in the sample on page  2 representing  the Frobenius  norm function and “sum”  for the cumulative  sum.

Certain identifiers have a special pre-def ined meaning in HPL and may
not  be  used as  normal  iden t i f ie rs  in  the  sense descr ibed  above. These
i d e n t i f i e r s , cal led keywords, are exc lus ive ly upper-case a lphabet i c
charac te rs , and are pr i nted in thi s manua I using bold-face type to he I p you

.  d is t ingu ish  them f rom o ther  iden t i f ie rs  be ing  used fo r  var iab les .

Keywords  are usad to represent  commands  and other program spec i f icat ions. Keywords  in the
sample  program include PROGRAH,  GIVEN,  INTEGERS,  RERL,  HRTRIX,  BY,  FUNCTION,  and many  others.

A complete list of keywords is supplied in Appendix D.

1.3: Constants

T h e r e  a r e  s e v e r a l t y p e s  o f c o n s t a n t  q u a n t i t i e s which may be
- represented in an HPL program. Some of them wi l l  be covered later,  when

you  a re  more  p ro f i c ien t  in the  language . For now, you need only concern
yourse l f  w i th  2  types :  in teger  and rea l .

1.3.1:. In teqer  cons tan ts
.

A n  i n t e g e r  c o n s t a n t i s  r e p r e s e n t e d  b y  a  s t r i n g  o f  d e c i m a l  d i g i t s
o p t i o n a l l y  p r e c e d e d  b y  a  +  o r  - s i g n (a l e a d i n g  +  i s  i g n o r e d ) . The
magn i tude  o f  the  number  mus t  no t  be  g rea te r  than  Z3’-I, o r  2 1 4 7 4 8 3 6 4 7 .
Note that groups of digits are not  separated by commas.
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L

L

L

1.3.2:  Real constants

D u e  t o  t h e  w a y  i n  w h i c h  t h e  c o m p u t e r  h a n d l e s  r e a l  v a l u e s ,  a  r e a l
c o n s t a n t  x i s s u b j e c t  t o  a  m a g n i t u d e  r e s t r i c t i o n  s u c h  t h a t  e i t h e r
1075  > 1x1 s 10-78,  or else x - 0. Real values are accurate to 14
hexadec imal  d ig i ts , or about 15-16 decimal digits.
real values from two or more old values,

In lhe course of cotnput  ing new
imprectsions  may  of course  accumulate.

how this could be so,
(If you  don’  t see

decimal digits.
try adding one-third  to I-iself  3 times, maintaining  accuracy  to, say, 5

You’1  I get 0.33333+0.33333+.833333~6.99999 instead  of 1.00008.)  arranging
computations so as to minimize  these  and related imprecision6  is a fairly  sophisticated  area of
computer  science, but you should at least not be overly surprised if your  program  computes,  say,
0”” ” and produces  1.9999999999997,

Real constants may be written using any of the following forms:

+ddd. ddd
tddd, dddEknn
&dddEtnn

t. ddd
5. dddE&nn

where ‘ddd ’  represen ts  any  number  (a t  l eas t  1) of  decimal digi ts,  ‘t’ m a y
be ei ther ‘+’ or ‘-’ o r  omi t ted  en t i re ly  ( i t  may  not  be  a  b lank ) ,  and  ‘nn ’
r e p r e s e n t s  1 or 2 decimal digi ts. If an ‘E’ appears, i t  i n d i c a t e s  t h a t  t h e
va lue  o f  the  cons tan t  p reced ing  the  ‘E ’ i s  to  be  cons idered  mu l t ip l ied  by
1 0  r a i s e d  t o  ;,“,e p o w e r  o f  t h e  n u m b e r  f o l l o w i n g . ( T h e  ‘E’ s t a n d s  f o r
‘Exponent’ . various mystical reasons, a ‘D’ may be used
in te rchangeab ly  w i th  the  ‘E’.)

Examp I es:
12.5
1.1.30E10
-12ES

L 10099
109
-0
12E 3
109,
.10-S
1,000,000c

c

L--

1.4: Comments

Real constant
I Ilegal  real (2 dec ima l  po in ts )
Real constant with value -1200000
I l l e g a l  r e a l  ( v a l u e  i s  > 1075I
Integer constant
In teger  cons tant  w i th  value 0
I l legal  real  (imbedded  b lank  no t  a l l owed)
Real constant
Real constant with value .000001
I I legal (don’t put commas in numbers)

tt 17 an HPL program, any str ing of  characters enclosed in double-quotes,
a . . i s ignored  a long  w i th  the  sur round ing  quo tes .

- called (comments,
S u c h  s t r i n g s ,

may contain any characters except double-quotes and may
: no t  be  con t inued  to  ano ther  ca rd  ( i f  a  comment  w i l l  no t  f i t  on  one  ca rd ,

put i t on 2 c a r d s  a s  2 s e p a r a t e  q u o t e d  s t r i n g s ) . tihen a comment i s the
las t  i tem on  a  l i ne , the trailing quote may be omitted.

Comments  are generally  used  to include  descriptions  of how the program  is supposed  to uork.
It is considered good practice  to include  liberal amounts  of such  documentat  ion in your programs,
particularly  any programs  which you expect somebody else will have to understand, and also any

-5-
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programs  to which you yourself  anticipate  coming  back  after a few ueeks of disuse. (You’d  be amazed
at hou d i f f icu I t l t can be to remember  how your oun programs work ! 1 Of course, uilh simple programs
which you  intend to use for a feu days and then discard, the time involved  in commenting  makes  it
less worthwhile, but you  should  still comment  such  programs in order  to get into the habit. Care
should also be exercised  that comments  provide  useful information. To take a section of program
which reads tt+#t’ and comment  “add  H and f’l’” is not overly i I luminating. Iluch more  constructive
would be somethlng  like “add  perturbation  matrix to original  data”,

I .5t jMimiters

E a c h  ident i f ier, keyword, integer, or  real  constant  must be punched
whol Iy on  a  s ing le  ca rd . (For examp I e, the constant 79 may not be crri tten
with the 7 on one card and the 9 on the next,) Also, i d e n t i f i e r s ,
keywords, and constants must be separated by delimiters, i.e., something to
ind ica te  where  they  beg in  and end. Dei imiters i n c l u d e  b l a n k s ,  s p e c i a l
c h a r a c t e r s  (e.g.  paren theses) ,  and  the  end  o f  the  card . fluitiple b l a n k s
may be used to add to readabi l i ty:  they are ignored (except insofar as they
a c t  a s  a  del imiter). Blanks may also be added for readabi I ity wherever
other del  imi ters occur, For instance, (X,Y) is equivalent to ( X , Y 1,

So much for &at programe look I Ike. Let us move on to what they can
inc lude .

2: DATA TYPES AND STRUCTURES

Probably the most central  concept  in inost modern  programming languages  is the notion  of
variables. The idea is very similar  to that of algebra --the use of symbol;c  names (ident if iers) to
represent potentially  unknoun, and possibly varying, quantities. Thus we can assign some  va lue to a
variable, x, and proceed  to compute a result  based on this value of x. We can then change  the value
of x and go back LO as to use the same  program to compute  a neu result  based on this neu value.

A var iab le  in  MPL is  any  ident i f ie r  wh ich  can be ass igned a  va lue .
V a r i a b l e s  i n  MPL h a v e  t w o  p r i m a r y  c h a r a c t e r i s t i c s :  tupe ( t h e  v a l u e s  t h e y
may assume, e. g, , r e a l )  a n d  s t r u c t u r e ( t h e  s h a p e  i n  w h i c h  t h e y  a r e
a r r a n g e d ,  e.g., verctor). These characteristics are not to be confused uith
the actual values assigned to a given variable.

e

2.1: TYDOS

: As was the case ui th constants, al though MPL al lows several different
v a r i a b l e  t y p e s , only a few n88d  concern you at this point.

-6-
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I .2.2 Data Types and Structures

2 . 1 . 1 :  ffeal

A doubl8-precision f l o a t i n g - p o i n t  d a t a  e l e m e n t  u s e d  t o  h o l d  m o s t
numer ic  quant i t ies . (If this jargon  loses  you, don’t worry  about  11. It effectively  means
that a real variablr  can take on the same sort of values  as can be represented by a real  constant.
‘Data element’ refers to an element of storage  used  to hold data in the memory  of the computer.)

2 . 1 . 2 :  I n t e g e r

A  s i n g l e - p r e c i s i o n  f i x e d - p o i n t d a t a  e l e m e n t  used t o  h o l d  s i g n e d
integers, part icular ly var iables used as counters.

2.1.31 L a b e l s

Instructions  In a program  are executed In sequsntlal order, Sometimes,  houever,  you  may  want
to ‘branch’  to another part of the program. The  place which you uish  to 90 to must be given a name,
called a label, so that the RPL compiler  can locate it. For example, if you wish the program  to
return to some  rtartlng point,  you might  label  that point START. The form of a label  viii  be
discussed later.

A label may only be used as the argument of a GO TO statement, e.g.,
G O  T O  S T A R T  (see sec t ion  4.6). Its ‘value’ i s  t h e  l o c a t i o n i n  t h e
program code where it occurs. A s  w i l l  b e  n o t e d  l a t e r ,  l a b e l s  a r e  u s u a l l y
unnecessary, and should be avoided whenever possible since their use makes
i  t  m o r e  d i f f i c u l t  f o r  p e o p l e  t o  u n d e r s t a n d  t h e  s e q u e n t i a l f l o w  o f  t h e
program, and  can  a lso  in te r fe re  w i th  e f f i c ien t  eva lua t ion  o f  p rograms by
t h8 computer.

2.2: Structures

The s t ruc tu re of a var iab le i s for th8 most pa r t s imply i t s
d imens iona l  ity meaning the number of dimensions it has.
m o r e  o b s c u r e  itructures  which wi l l  be introduced later:

There are some
for now we shal I

con t inue  to  con f ine  ourse lves  to  the  bas ics ,  as descr ibed in  the  sec t ions
below. A var iab le  may be  ass igned any  s t ruc tu re  regard less  o f  i t s  type ,
and vice versa.

2.2.1:  S c a l a r

The “scalar dimensional i ty”  descr ibes a single datum of the type i t  isa de f ined  as  be ing . Thus  a  sca la r  in teger  i s  any  s ing le  in teger  va lue ,  and
s i m i l a r l y  f o r  s c a l a r  r e a l s .

2.2.2:  V e c t o r

A vector is a one-dimensional  array of  scalar data elements, It m a y
:be thought of  as a f in i te ordered set of  n such elements where n28 i s  some

in teger . The values assigned to a vector may be used al l  at  once, as in
t a k i n g  a v e c t o r i n n e r  p r o d u c t  o r  s u m m i n g  t w o  v e c t o r s ,  o r  i n d i v i d u a l
e lements may be se lec ted  by  spec i fy ing t h e i r  o r d i n a l  p o s i t i o n  i n  t h e
v e c t o r . T h i s  latter operation i s  k n o w n  a s  s u b s c r i p t i n g  a n d  cri II be
descr ibed in  sec t ion  3 .2 ,
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2.23: M a t r i x

A  mat r i x  i s  a  two-d imens iona l  a r ray  o f  sca la r  da ta  e lements . L i k e
vectors , matr ices may be used “en masse” or  may  be  subscr ip ted  (us ing  2
ord ina l  pos i t ions)  to  y ie ld  ind iv idua l  da ta  e lements .

2 . 2 . 4 :  A r r a y
. .

An “array” in an MPL program refers exclusively to a three-dimensional
a r ray  o f  sca la r  da ta  e lements . Certain operations may be performed on an
e n t i r e  a r r a y , o r  i t  may  be  subscr ip ted  (us ing  3  o rd ina ls )  to  y ie ld  s ing le
elements.

2.3: Defininr Variables

Before any variable is f i rst  used (except for FOR index variables and
formal procedure parameters, b o t h  o f  w h i c h  we’1 i  ge t  to  la te r ) ,  i t  mus t  be
“dec I ared”, i . e., you must tell MPL what kind of beast it is. Th is  is  done
by describing i t  in a DEFINE or GIVEN statement. T h e  l a t t e r  i s  s i m p l y  a
means of combining a DEFINE with a READ, so we will hold off on it until we
come to the READ statement in section 5.3.

The DEFINE statement has the form

DEFINE <identi f ier list> <attr ibutes>

where < i d e n t i f i e r  l i s t >  i s  e i t h e r  a  s i n g l e  i d e n t i f i e r  o r  a  l i s t  o f
identif’iers (al  I  to be given the same attr ibutes) separated by commas and
enclosed in  paren theses , and <at t r ibu tes> i s a  d e s c r i p t i o n  o f the
variable(s) named.

Examp I es:
DEFINE FROG REAL MATRIX p BY q
DEFINE S SCALAR
DEFINE T SCALAR
DEFINE IS, T) SCALARS

The last example above i s  e q u i v a l e n t  t o  t h e  s e c o n d  a n d  t h i r d  e x a m p l e se
comb i ned. Mul t ip le  de f in i t ions  w i th  d i f fe ren t  a t t r ibu tes  may be  combined
into a single statement by separating them with commas, thusiy:

DEFINE (A, A’) REAL MATRICES 5 BY 10, k SCALAR

Another form is the defining assignment statement. It i s  d e s c r i b e d  i n
g r e a t e r  d e t a i  I  i n  t h e  s e c t i o n  o n  a s s i g n m e n t  s t a t e m e n t s . B r i e f l y ,  i t s
a c t i o n  i s  t o  d e f i n e  a  v a r i a b l e  clhose  v a l u e  i s  t h a t  o f  a n  e x p r e s s i o n  a n d
whose attr ibutes are those of that expression, It  has the form

DEFINE <identifier> :- <expression>

The symbo 1 ‘N’ may be subst i tuted for ‘:-‘. Thus, for example, assuming we
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had prev ious ly  de f ined a  mat r i x  ca i  led ‘A ’  and  ass igned i t  some va lues ,
then the statement

DEFINE B-A

would create a second matr ix with the same dimensions and values as the
f i r s t . The two types may be combined, as in

DEFINE p=5, q=8,
ll MATRIX p BY q,
M’ MATRIX q BY p

T h e  a t t r i b u t e s  s p e c i f i e d f o r  e a c h  d e f i n i t i o n  c o n s i s t  o f  a  s i n g l e
” type” a t t r i b u t e  a n d  a  single “ d i m e n s i o n a l  i  ty” (structure) at tr i bute,
separated by blanks. The o rder  o f  the  two a t t r ibu tes  i s  un impor tan t ,  and
e i t h e r  o r  b o t h  m a y  b e  o m i t t e d ,  i n  w h i c h  c a s e  a  “ d e f a u l t ”  a t t r i b u t e  i s
assumed. (Af te r  a i l ,  every  var iab le  has  to  have Mom& t y p e  a n d  s t r u c t u r e ,
and i f you don’ t spec i fy anything then llPL  has to assume something.  1 hiw
a t t r i b u t e s  i n c l u d e :

INTEGER
REAL

I f  omit ted, the-.defauit  is REAL.

SCALAR
VECTOR <size>
MATRIX <size> BY <size>

ional i t y  a t t r i b u t e s  i n c l u d e :

ARRAY <size> BY <size> BY <size>

L where each <size> may be any constant, variable, or expression whose value
is  a  non-negat ive  sca la r  in teger . A vector of  s ize zero is cal led a “nui  I
v e c t o r ” ; i t  has no elements. f la t r i ces  and ar rays  may no t  have  s izes  o f
zero. I f  the  d imens iona l i t y  a t t r ibu te  i s  omi t ted ,  the  de fau l t  i s  SCALAR.

For readabi I i ty, the foi lowing plural forms may be used
interchangeably with their  obvious counterparts:

INTEGERS
REALS
SCALARS
VECTORS
MATRICES
ARRAYS

- Exams I es:

L-

- 1

DEFINE (i, j, kI INTEGERS;
“def ines 3 scalar integer var iables”

DEFINE a, b, c INTEGERS!
“because there are no parentheses around ‘a, b, c’
“(probabiy by mistake), this defines a and b as
“ rea l  sca la rs  (no  a t t r ibu tes  be ing  spec i f ied ,  th is
“ is the defaul t)  and c as an integer scalar”

DEFINE GLORK-SIZE  = 10:

-S-
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“s ince ‘10’  is an integer scalar constant,
"GLORK-SIZE is defined as a scalar integer
“variable, and is assigned the value 10”

DEFINE GLORK MATRIX GLORK-SIZE BY GLORK-SIZE+S;
“assuming GLORK-SIZE is as defined above,
“GLORK is defined to be a real matrix with
“10 rows and IS coi umns”  z

DEFINE (V, V’I VECTORS 100, Array INTEGER
ARRAY 3 BY -i-3) BY (2+7)/3

“defines 2 real vectors with 100 elements in each,
“and a 3x3x3 integer array, the hard way”

N o t e  t h a t , in the last  example, a I though ARRAY i s a keyword and thus may
not be used as a var iable name, the ident i f ier  “Array” (with lower-case) is
p e r f e c t  Iy va l  id . ( I t ’ s  n o t  p a r t i c u l a r l y  r e c o m m e n d e d ,  h o w e v e r , s ince
keypunches and some pr inters are geared toward producing only upper-case
l e t t e r s . )  I n  t h e  t h i r d  e x a m p l e , no te  tha t  i f  the  va lue  o f  GLORK-SIZE is
I a ter changed, I t does not change the dimensions of GLORK unless GLORK i s
e x p l i c i t l y  r e - d e f i n e d  b y  e x e c u t i n g  t h i s  (or p o s s i b l y  s o m e  o t h e r )  D E F I N E
statement. T h i s  b r i n g s t o  m i n d  a n o t h e r inipor t a n t  p o i n t : the  same
ident i f ier may appear in more than one DEFINE statement. If so, the
attributes must be the same in each appearance, though the sires may change.
For  ins tance , i f - -you def ine a real  matr ix

DEFINE l’? REAL MATRIX 5 BY 10

you may re -de f ine  i t  l a te r  as

DEFINE M REAL MATRIX 100 BY 7

but i t  must always remain a reai  matr ix, Thus you could not do

DEFINE M VECTOR 50

DEFINE ll INTEGER MATRIX 5 BY 10

I n  g e n e r a l , when MPL def ines a var iable, a n y  p r e v i o u s  v a l u e s  o r
dimensions which that var iable may have had are discarded and lost. The
cruc ia l  excep t ion  to  th is  w i l l  come up  under  “b lock  s t ruc tu re ”  in  Sec t ione I I  o f  t h i s  m a n u a l , w h e r e  v a r i a b l e s  w i t h i n  a  b l o c k  c a n  h a v e
di f ferent def ini t ions from those outside,

to ta l  i y

.
3: EXPRESSIONS

Expressions in MPL consist of one or more values, typical iy variables
and/or  cons tan ts , opera ted  on  s ing ly  o r  in  pa i rs  by  MPL opera tors . The
r e s u i  t  o f  a n y  o p e r a t o r  m a y in turn be used as a value f o r  a n o t h e r
opera t ion .

- 10 -
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L3.1 Expressions

3.1: Operators and Precedence

MPL al lows many operat ions natural  to the var ious data structures to
be spec i f ied  in  c lear  ye t  conc ise  fo rms. You shou ld  take  par t i cu la r  no te
o f  the  fac t  tha t  ce r ta in  opera to rs  may  mean d i f fe ren t  th ings  a t  d i f fe ren t
times, depending upon
For  ins tance ,

the dimensionai i ty of thejhings being operated upon.
X*Y wou ld  be  a  mat r i x  p roduc t  i f  X  and  Y  were  mat r i ces ,  a

vector inner product i f  they were vectors, and other things in other cases.
The following paragraphs discuss each operator and describe generally where
i t  may be legal ly used.

In these discussions, the term “unary  operator”
value which  follows  it, and “binary operator”

means  an operator uhich  acts on the single
means  one which acts on two values,  one on each side

of it. Fill of this corresponds  to standard  algebraic  notation  and  terminology.

3.1.1: Pius and minus

D e n o t e d  b y  ‘+’ a n d  ‘-‘, these may be used as both unary and binary
opera to rs . Unary  p lus  i s  a  nu l l  opera t ion ;  i t  has  no  e f fec t .  Unary  minus
negates i ts argument, acting component-wise on non-scalar arguments. Thus
- (5,7,-3,2)  y i e l d s  i-5,-7,3,-21.

B i n a r y  a d d i t i o n  a n d  s u b t r a c t i o n  a r e  a l l o w e d  b e t w e e n  t w o  s c a l a r s ,
between two non-scalars of  equal dimensional  i  ty and size ( the operat ions
are performed component-wise), and between a scalar and a non-scalar ( the
sea I  ar  is  added to or subtracted from each element  of the non-scalar in a
manner a n a l o g o u s  t o the mathematical i n t e r p r e t a t i o n  o f s c a l a r
m u l t i p l i c a t i o n ) .

t Examp I es:
7 . 9  + 9 . 7 y ie lds 17.6
;;y;+‘“j-gw y i e l d s I4,0,41

-3:5’+  i1,4:9j
y ie lds I-2.5,0.5,5.51
y ie lds t-2.5,0.5,5.5)

43.51 + Il,4,91 y i e l d s an  e r ro r  (d i f fe r ing  s izes)
- 13.51 y ie lds (-3.51
(l,Zf - Il,2,31 y ie lds an  e r ro r  (d i f fe r ing  s izes)

N o t e  i n  t h e  f i r s t  e r r o r - e x a m p l e  t h a t  M P L  i n t e r p r e t s  13.5)  a s  a  v e c t o r  o f
s i z e  1  a n d  d o e s  not  t reat i t  as a scalar in this context.

3 . 1 . 2 :  M u l t i p l i c a t i o n

D e n o t e d  b y  ‘t’, m u l t i p l i c a t i o n  i s  a l l o w e d  a s  a  b i n a r y  o p e r a t i o n
between two scalars,  two vectors, two matr ices, o r  a n y  n o n - s c a l a r  Llith a

I s c a l a r . For  vec tors , the operation i s  t h e  i n n e r  p r o d u c t , a n d  t h e  t w o
.  vec tors must be the same size. For matrices, standard m a t r i x
m u l  tip1 ication i s  p e r f o r m e d , w i th  the  usua l  requ i rement  tha t  the  co lumn

size of the first operand conforms to the row size of the second. + if you are

*Throughout  th i s  manua l ,  the  “co lumn s ize ”  o f  a  mat r i x  i s  taken  to
mean  th8 number of columns, a s  ODDOs8d  t o  t h e  s i z e  o f  e a c h  c o l u m n ,  A
s imi  ia r  in te rpre ta t ion  is  app l ied  to “ r o w  s i z e ” .

- 11 -
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used to using some other  programming  language  w i th I t s own k i t of mu I t i -
dimensional  operat ions, take par t i cu la r  no te  o f  the  p reced ing  de f in i t i on  o f
m u l t i p l i c a t i o n . Note  tha t ,  un l i ke  PL/l and  APL (and  o thers ) ,  NPL has  no
o p e r a t o r  w h i c h  m u l t i p l i e s  t w o  v e c t o r s  c o m p o n e n t - w i s e  t o  y i e l d  a  v e c t o r
r e s u l t  i n  a  m a n n e r  a n a l o g o u s  t o  v e c t o r  a d d i t i o n ,  I.e., there is no
o p e r a t o r  o s u c h  t h a t  (1,2,3M4,5,6i  y i e l d s  ~4,10,181,

Examp I es:
.7*9 y i e l d s  6 . 3
{1,2,41*8 y i e l d s {8,16,321
U,2,41aI8,8,81 yields 56

Note that, u n l  Ike usual  mathematical  notation  which uses only  single characters  as ident if iers,
computer  appl  icat Ions  of ten require multiple-character  names. Accordingly, two adjacent  quantities
are not multiplied.  I.e., ‘FIB’ is a single  identifier, not ‘A’ times  ‘B’. Nor is ‘3(FI+B)’ alloued
to designate  ‘3*(&B)‘.

3 .1 .3 :  D i v i s i on

D e n o t e d  b y  ‘I’, d i v i s i o n  i s  p e r m i t t e d  o n l y  w h e n  t h e  d i v i s o r  ( t h e
r ight-hand argument) i s  a  s c a l a r . E a c h  c o m p o n e n t  o f  t h e  d i v i d e n d  i s
d iv ided by  the  sca la r  d iv isor  to  y ie ld  the  cor respond ing  component  in  the
r e s u l t . Div is ion by zero wi l l  be f lagged as an error when the program is
executed. -m.

The quot ient has type ‘ real ’ i f  e i t h e r  t h e  d i v i s o r  o r  t h e  d i v i d e n d  i s
r e a l . Note especially that when an in teger  is  d iv ided by  another  in teger  the
resul t  is rounded toward zero (as in FORTRAN) to y ield an integer resul t ,  .
T h u s  7/3 = (-7)  /t-3) = 2 ,  a n d  t-7)/3 = 7/I-3)  - - 2 ,  w h e r e a s  7.013 - 7/3,0 -

.  2 . 3 3 3 3 3 . .  .

3.1.4:  Relat ional  comparisons

Two values may be compared using the binary operators =, >, <, T=, <=,
a n d  >=. (The last 3 represent H, -<, and 2, which do not exist in the
c h a r a c t e r  s e t . N o t e  a l s o  t h a t  ‘=>’ a n d  ‘-c<‘ m a y  not  be used in place of
‘>P’ a n d  ‘<=’ .I The outcome from such a comparison may be used to determine
t h e  r e s u l t  o f  a n  I F  s t a t e m e n t  ( d e s c r i b e d  ih section  4.3). T h e  t w o
operands of  a reIa^tional  opera to r  mus t  be  o f  the  same d imens iona l i t y  and
s i z e  ( i f  n o n - s c a l a r ) . comparisons between non-scalars are defined in the
usual  mathematical  sense, i .e. , the relation must hold between each pair of

e co r respond ing  e lements  fo r  i t  t o  ho ld  overal I. T h u s  l1,2,3l  <= 11,3,51 i s
‘ t r u e ’ , . b u t  {1,2,31  < I1,3,5l i s  ‘ f a l s e ’ . None o f  the  s ix  re la t ions  ho lds
b e t w e e n  {7,9,10i and [10,9,7i.

3.1.5:  Precedence

. Clhen more  than one operator is used  In an exprrssion, it usually  makes a difference in uhat
order  the operatlons  are performed. For example, ‘4+St2’ could  mean 4+(5*2), which L 14, or
(4+5)*2, uhlch = 18. In IlPL, as in most proqrammlng languages, the operators  have been assigned a
erecedencr  sprclfying  what order should  be assumed  in the absence of parentheses.

In expressions without parentheses operators are evaluated according
to the precedence shown below. To force a given operator and i ts operands

- 12 -



1.3.2 Express i one

to be evaluated before others i t  may be necessary to enclose certain terms
of  the  express ion  in  parentheses . Such parenthet ical sub-expressions are
always evaluated before the surrounding operations are performed.

i n  t h e  f o l l o w i n g  t a b l e , all  o p e r a t o r s  s h o w n  a t  a n y  g i v e n  l e v e l  a r e
performed before any f rom lower levels. Among binary operators of  equal
precedence, o p e r a t i o n s  a r e  e v a l u a t e d  f r o m  l e f t  t o  r i g h t :  u n a r y  o p e r a t o r s
a re  eva lua ted  f rom r igh t  to  le f t .

c F i r s t : subscr ip t ing  (see next  sectionb
+ - (unary)
*I
+ - (binary)

L a s t : r e l a t i o n a l 5

b- Examp I es:
-2+3rk4 y i e l d s i-2)+(3*4) - 1 0
- (2+3*4  1 y i e l d s -(2+(3*41  I - - 1 4
- (2+3)  m4 y i e l d s L(2+3) I*4 - - 2 0
l -2 -3-4 y i e l d s ( ( l -21 -31 -4  - -8
l- (2-3-4) y i e l d s l-((Z-31-4)  - 6
1- (2- (3-4) 1
3+2,41‘L6*,8)

y i e l d s l- (2-(3-4)  1 = - 2
< (3+2.4)/.6x.8 y i e l d s
3+(2.4/(.6*.8)) < ((3+2.4)/,6)*,8
i.e., 8 < 7 .2  wh ich  is  ‘ fa lse ’

L

Paren theses may, and shou I d, a l s o  b e  u s e d  t o  c l a r i f y  n o n - o b v i o u s
express i one. For example, s ince  in teger  d iv is ion  d iscards  the  remainder
( s e e  secti’on 3.1.31, a n d  s i n c e ‘1’ and  ‘>ic’ h a v e  e q u a  I  p r e c e d e n c e ,  t h e
express ion ‘m-m/n&  yields m mod n (assuming m and n are scalar integers >
0) l Mathematical ly, however, many people tend to read thi s as ‘m-m/ in21 ’ ,
5 0  i t  i s  w i s e  t o  i n c l u d e  p a r e n t h e s e s ,  w r i t i n g  i t  as ‘ni- (m/n) *n’ , even
though it makes no difference in the actual meaning of the expression.

Precedence  rema ins  the  same regard less  o f  the  s t ruc tu res  invo lved ;
i.e., m a t r i x m u l t i p l i c a t i o n and vec tor i n n e r  p r o d u c t  h a v e  t h e  s a m e
precedence as does scalar mul t ip l icat ion. Scalars were used throughout the
above examples only because they make for simpler i I lustrations.

c

L

3.2: SubscriptinK

The term ‘subscr ipt ing’ refers to the select ion of  a s ingle datum from
: a  v e c t o r ,  m a t r i x ,  o r  a r r a y . In MPL subscript ing may be thought of as a
unary o p e r a t o r  t h a t  m a y  b e  a p p l i e d  t o  a n y  n o n - s c a l a r  v a r i a b l e  o r
express ion. S u b s c r i p t i n g  d i f f e r s  f r o m  m o s t  o p e r a t o r s  i n  t h a t  i  t  i s
spec i f ied  after i ts operand rather than before as with other operators. The
subscr ip t ing  opera to r  cons is ts  o f  a  l i s t  o f  f rom one to  th ree  ‘ subscr ip ts ’
separated by commas and enc I osed in parentheses. For examp I e, i n
‘U,X,Y+ZV, the  subscr ip ts  a re  ‘l’, ‘X’, and 'Y+Z'. E a c h  s u b s c r i p t  m a y  b e

- 13 -
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a n y  e x p r e s s i o n  ( i t may even i n v o l v e  a d d i t i o n a l  s u b s c r i p t i n g  o p e r a t i o n s )
wh ich  eva lua tes  to  a  sca la r  be tween 1 and  the  s ize  o f  the  cor respond ing
d i men5  i on (as s p e c i f i e d  for var iab les  when they  are de f ined) . If a
s u b s c r i p t  i s  r e a l , i t  i s  rounded down to  y ie ld  the  ac tua l  subscr ip t , The
number  o f  subscr ip ts  mus t  equa l  the  d imens iona l i t y  o f  the  operand  be ing
subscr ip ted . Thus the example just  given could only be used to subscr ipt
a n  a r r a y , o r  to  p i ck  ou t  an  e lement  of-an e x p r e s s i o n  w h o s e  v a l u e  i s  a n
a r r a y .

&amp  I8st
DEFINE n := 10;
DEFINE V INTEGER VECTOR n, “V thus has 10 e I ements”

M MATRIX 2 BY 3,
M’ MATRIX 3 BY 2,
i=l, j=2;

‘Assum  there is more code inserted here which assigns
“values to V, M, and M’ as follows:
II V,=p2 f o r  1~~510,  Mpp=ptq, M’,,=p/q
“Then: ”

V (7) --_ y i e l d s
V(n/j+iI y i e l d s
V(V(iI+V(jII y i e l d s
v (0) yields
M (2) y i e l d s
i Cj) y i e l d s
M(i, j) yields
MWiI,V(j)I  yields

MWiI,V(jI/MU,lII
y i e l d s

V (M’ (3,2)  1 yields
(M*M’I (i, j) y i e l d s
M*M’ti, j) y i e l d s

(V*V) ( i 1 y i e l d s

3.3: Vector Generators

7’h element of V or 49
61h  8 lenient of V’ or 3 6
Sth e l e m e n t  (V(lLV(2L&I  of V o r  2 5
a n  e r r o r  (0 i sn ’ t  be tween 1  a;d 10)
an error (matrices need 2 subscripts)
an error (scalars can’t  be subscr ipted)
let row, 2nd column of M, or 3
an error  (V(j)=4,  but the second
subscr ipt  must b8 b8tW88n  1 a n d  3)

M(1,4/2),  o r  3
V(1.51, i.e. V(l), o r  1
1” row, 2nd co lumn  o f  (MxM’), or 1 0
the 2 by 3 matrix which is M mul tipl ied
by the scalar M’(1,2)=0.5  ( remember
subscripting has higher precedence than
mul t ip l i ca t ion )
an  e r ro r  (V*V is a scalar and
cannot be subscripted)

M P L  h a s  v a r i o u s  c o n s t r u c t s  w h i c h  a l l o w  y o u  t o  w r i t e  v e c t o r s  i n
di f ferent ways depending upon the structure of  the values in them. These
c o n s t r u c t s  a r e  k n o w n  i n  g e n e r a l  a s  “ v e c t o r  g e n e r a t o r s ” , The two most
useful forms are descr ibed here. In t h e s e  d i s c u s s i o n s ,  t h e  w o r d  “ s e t ”  i s
n o t  Used i n  th8 s t r i c t  m a t h e m a t i c a l  sense. Rather, t h e  M P L  v e c t o r
g e n e r a t o r s  g i v e  r e s u l t s  w h i c h  a r e  m o r e  accurately  d e s c r i b e d  a s  o r d e r e d
Sets.
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I .3.3 Expressions

3.3.1:  N - t u p l e s

L

L

L-

c

An “N- tup I e” is  wr i t ten as  a  list o f  sca la r  da ta  e lements ,  a l  I  o f  the
same type, separated by commas and enclosed in braces, I I. (Recal  I  t h a t
‘<(’ a n d  ‘1~’ a r e  e q u i v a l e n t  t o  ‘l’ a n d  ‘I’.) Th is  represents  a  vec to r
whose size is th8 number of  components speci f ied and whose elements are
t h o s e  i n  t h e  l i s t ,  i n  s e q u e n c e . Thus  l1,0,6,6l  r e p r e s e n t s  a  4 - e l e m e n t
i n t e g e r  v e c t o r  w i t h  f i r s t  e l e m e n t  1 ,  s e c o n d  e l e m e n t  0 ,  a n d  r e m a i n i n g
elements both 6. The individual components may be any scalar expressions,
e . g .  Ii, j*k, VW)), I1,2l*l3,4ll,  bu t  keep in  mind  tha t  the  types  must
al I be the same. T h u s  11, 3 . 1 4 1 5 9 ,  101 i s  i n v a l i d :  i t  w o u l d  h a v e  t o  b e
w r i t t e n  a s  tl., 3 . 1 4 1 5 9 ,  10.1,

You’1  I recal  I  t h a t  w h e n  a n  e x p r e s s i o n is used as the <size> of a
vector in a DEFINE statement, la te r  changes  in  the  va lues  o f  var iab les  in
the  express ion  does  no t  a f fec t  the  s ize  o f  tha t  vec to r ,
expression is used in an N-tuple,

S i m i l a r l y ,  i f  a n
changing the values of variables used in

the  express ion  does  no t  a f fec t  ear l ie r  uses  o f  the  N- tup le . Thus, i f  y o u
a s s i g n  V  t h e  v a l u e  li,i*i,i*i*il when i  has  the  va lue 2 ,  then V wi  I  I  be
12.4.81. If i is then given the value 3, V remains as l2,4,8l, not
t3,9,27j. In penerizl,  nothing  which  occurs while a program is executing  Aus any
retroactive  e$ects.

pr

3 . 3 . 2 :  I n d e x  s e t s  ( a r i t h m e t i c  proqressions)

A vector whose e lement
ogres sion may b8 Wit ten as

in sequence, form an integer a r i t h m e t i c

l<f  irst>,<second>,  . . . ,<last>l

w h e r e  < f i r s t > , <second>, a n d  <last> each  represen ts  any  sca la r
N o t e  t h a t  ‘,...,’

in teger
expression. is a single symbol in MPL and thus may not
have any i mbedded blanks, This fo rmat ,  ca l led  an  “ index  se t ”  because  o f
its use w i th  FOR s ta tement  ind ices , represents a vector whose elements are
the ar i thmetic progression def ined by <f i rst> and <second>. T h a t  i s ,  t h e
f i r s t  e lement  I s  the  va lue  o f  <first>, the second element is <first>+‘&  the
t h i r d i s <f irst>t2a, and so on, where  a  = <second> - <f irst>. A lso
permi t ted  i s  the  a l te rna te  fo rm

l<first>,,..,<last>l

in which case the increment a is taken to be 1.

t

L

The vec to r  cons is ts  o f  a l l  e lements  o f  the  p rogress ion ,  in  sequence ,
s u c h  t h a t  n o  e l e m e n t  i s  g r e a t e r  t h a n  <last> if a>0, o r  n o  e l e m e n t  i s  l e s s

t h a n  < l a s t >  i f  a<0. I f  < f i r s t >  i t s e l f  d o e s  n o t  s a t i s f y  t h e  c o n d i t i o n  j u s t
- s t a t e d  t h e n  t h e  v e c t o r  i s  n u l  I: i t  h a s  s i z e  z e r o . I f  cfirst>=<second>  a n
: e r r o r  r e s u l t s , since this would generate an infinite number of components,

Examp I es:
u,3 ,...,91 y i e l d s  11,3,5,7,91
t1 ,...,91 y i e l d s  11,2,3,4,5,6,7,8,9)
15 ,...,ll y i e l d s  l5,6,,.., 11, a nul I vector
(5.4 ,...,lI y i e l d s  (5,4,3,2,11
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I-:, -2,. ~;i -5) y i e l d s  I-1,-2,-3,-4,-51

G,i::::,201
y i e l d s  I-1,0,1,...,-51, a  n u l l  v e c t o r
yield5 I3,6,9,12,15,181

U,lr05,...,2) y i e l d s  a n  e r r o r  (non-int8g8r)

Y
( . . . ) (51) y ie lds  an  e r ro r  (non-sca la r )

,...,5,81 yie lds  an  e r ro r  (can ’ t  combine  index  se ts
with -extra i tems, so this is
n o t  11,2,3,4,5,8)  1

i i ,  i * i ,.,.,128/i) y i e l d s (3,9,15,21,27,33,391 i f  i=3
{4,16,281 i f  i=4
(51 if i=5
a  n u l l  v e c t o r  i f  b20
a n  e r r o r  i f  i=0 o r  1 (<f irst>*<second>I

4: PROGRAM STRUCTURE

At long last we have reached the point where you shal l  learn how to
put al I the pieces together to form an MPL program. The  sections  Hhich follow
d i scuss  the forms used  %I t!PL  programs. If you we not  particularly experienced  at programming  ( a n d
If you are then you  shouldn’t  be reading these  f ine-pr int sect ions anyway) you may also find useful
the occasional  discussions concerning  hou one can use the various  forms. So,  w i thout  fu r ther
ado, we proceed on to

4.1: Simple and Compound Statements

In M P L  t h e  s m a l l e s t  u n i t  o f  p r o g r a m  c o n t r o l  i s  k n o u n  a s  a  “ s i m p l e
statement” . The preceding, Unfortunately, is not such a simple statement.
The  reason  i s  tha t  some so-ca l led  “s imp le  staGent5”  can  con ta in  o ther ,
snial ler simple statements. For instance, in the statement

IF i-j THEN do-this ELSE do-that

t h e  t o t a l  m e a n i n g  i s  t o  t e s t  u h e t h e r  i=j is true, and if s o  t o  p e r f o r m  t h e
* s u b - s t a t e m e n t  ‘ d o - t h i s ’ ,  e l s e  t o  p e r f o r m  ‘ d o - t h a t ’ . here, ‘ d o  t h i s ’  a n d

‘do- tha t ’  a re  bo th  s imp le  s ta tements , a n d  t h e  e n t i r e  l i n e  contaTning them
is also a s imple statement. Fortunately, since we are not deal ing with the
quantum mechanics of programming, the precise meaning of ‘smallest unit of
p r o g r a m  c o n t r o l ’  i s  n o t  v i t a l ,
‘Qimple’

a n d  o u r  m a i n  c o n c e r n  i s  t o  d i s t i n g u i s h
statements from ‘compound’ ones.

In addit ion to the various constructs which Combine s i m p l e  s t a t e m e n t s
as parts of  larger s imple statements (as i  I  lustrated above),  there is a way
t o  c o m b i n e  a r b i t r a r y  s t a t e m e n t s t o  f o r m  w h a t  i s  c a l l e d  a  “ c o m p o u n d
statement” . This is done by, separat ing the statements by semicolons (;I
and enclosing the uhole thing between the pair of keywords ‘BEGIN and END.
(This syntax should be fami l iar  to ALGOL programmers.)  Al ternat ively,  ‘I-’
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a n d  ‘-1’ may be substituted for ‘BEGIN’ and ‘END’. Compound statements are
s y n t a c t i c a l l y  e q u i v a l e n t  t o  s i m p l e  s t a t e m e n t s (i.e., they  may be  used
wherever s imple statements can), so s imple and compound statements are
conglomerately referred to as just  ‘s tatements’ .

Executing  a compound statement  1s exactly  equivalent to executing each of the sub-statements
i n sequence S The difference  Is that a compound  statement is treated  as a single  statement,  and can
thus be used in places  where a single statement  is required.  For example, instead of writing

If i=j, do,this;
IF f=), do-that;
IF t=], do,something,efsr

uo may writa

IF I=j, I- do-this;  do,that!  do-something-else  -1

Note,  however, that in the second form,  if ‘do-this’  changes the value of i or j, we ui I I sti l I
cant inue with ‘do-that’ and ‘do,something,elsr’,
th’inq  using the f irrt form,

which  Is probably  uhat ue uant. T o  do the same
ue would have had to f lrst create  some spare variable  (often called a

‘temporary’ variablr)  to 'remember'  whether  i=j were true, i.e., whose value is unaltered  by doing
do-this or do-that.

c

If you are used to FORTRAN or PL/I and are not fami I iar with ALGOL’s
use  o f  semico lons  {which  i s the same as MPL’s, in case you wonder why we
b r i n g i t  up),--. i t may help you to bear i n  m i n d  t h e  f o l l o w i n g  m a x i m :
Semicolons separate s ta tements  f rom o ther  s ta tements . They do not
necessar  i Iy separate statements f rom keywords, T h e y  d o  n o t  n e c e s s a r i l y
mark the ends of statements. Thus we do not write

BEGIN; do-th i s:
IF i=j THEN do-that; ELSE do-tell1 END;

but  ins tead

BEGIN do-this;
IF i= j THEN do-that ELSE do-tel I END

e
The keyword END may have t o  h a v e  a  s e m i - c o l o n  a f t e r  i t  i f  a n o t h e r
s t a t e m e n t  f o l l o w s  i t ,  a s  i n

BEGIN do-t h i s;
IF i-j THEN do-that ELSE do-tel I END;
do-away

i.
I f  you  don ’ t  see  how i t  cou ld  fa i l  to  have  another  s ta tement  fo l  low ing  i t ,
cons ider  th is  poss ib i  l i ty:

IF a-b THEN
BEGIN do-thi al
IF i-j THEN do-that ELSE do-tell END

ELSE
do-away

Simple statements i n  M P L  m a y  b e  b r o k e n  i n t o  t w o  c l a s s e s - - t h e
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assignment statement and keyword statements. Keyword statements are
ident i f ied by the appearance of some keyword or another as the f i rst  thing
i n the statement, and are used for control func t ions and I/O
( i n p u t / o u t p u t ) . Assignment statements are used to set var iables equal to
new values or sets of values. We s h a l l  d e s c r i b e  t h e  l a t t e r  f i r s t ,

4.2: Assianment  Statement

The assignment statement has the form

<left side> I- <express ion>

The  symbo l  ‘=’ may  be  used  in  p lace  o f  ‘I-‘. Thie s ta tement  causes  the
va lue(s )  o f  the  <express ion> to  be  ass igned to  the  <left s ide>,  rep lac ing
prev ious  va lues  (i f  any) assigned there. The  < le f t  side> mus t  be  e i ther  a
var iab le  o r  a  subscr ip ted  var iab le : i n  t h e  l a t t e r  c a s e  o n l y  t h e  s p e c i f i e d
e I emen  t i s  a f fec ted  by  the  ass ignment . (We in t roduce  the  nomenc la tu re
‘<left  side>’ so that we may refer to it when the same construction is used
in  o ther  types  o f  s ta tements , ) The <expression>,
any valid MPL expr-ession.

as  you wou ld  expect*  i s

The variable named in the left side must have been previously def ined
(see sect ion 2.31, and the lef t  s ide must have the same dimensional i ty and
s ize  as  the express ion. ( T h u s  i f  t h e  l e f t  s i d e  i s  a  s u b s c r i p t e d  v a r i a b l e
(that is,  a s ingle component of  a non-scalar var iable),  the expression must

. be scalar, regard I ess of t h e  d i m e n s i o n s  o f  t h e  v a r i a b l e . ) if the
express ion i s  s c a l a r  b u t  t h e  l e f t  s i d e  i s  a n  u n s u b s c r i p t e d  n o n - s c a l a r
v a r i a b l e , the scalar value wi l l  be assigned to each component of  the non-
s c a l a r  v a r i a b l e . A  rea l  va lue  ass igned to  an  in teger  i s  t runca ted  toward
zero  to  y ie ld  an  in teger  va lue .

The express ion  i s  eva lua ted  comple te ly  be fo re  any  o f  the  resu l tan t
v a l u e s  a r e  a s s i g n e d  t o  t h e  l e f t  s i d e . T h u s  i f  fl i s  a  s q u a r e  m a t r i x ,  t h e
statement

II t- tl*ll

computes  M-squared  and  temporar i l y  s to res  i t  e lsewhere ,  then  t rans fe rs  i t
- t o  w h e r e  M i s  s t o r e d , It does  i t  th is  way  because i f  each  e lement  o f  M

were  rep laced  as  soon as  the  co r respond ing  e lement  o f  M-squared  were
computed, i t  would af fect  the computat ion of  later  e lements.

Although the symbol ‘8’ (as used  in FORTRAN  and PL/1)  is permitted in place of ‘:=’ (as used
in. ALGOL), the latter is recommended  as it can help  you remember  that the statement is an G
aspignment, not an algebraic  statement  of equality. The canonical  example  used to emphasize  this is

This is a valid  statement,  moaning ‘replace  the value of i by that  value  plus 1’ and store the nev
value  in the same  location  in memory. It in no uay  implies  the algebraic impossibi  I i ty *i rquals
l+l’.
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An alternate form of the assignment statement is

OEFINE  <variable> :- <expression>

where, again, ‘-’ may be used. Note, however, t h a t  t h e  l e f t  s i d e  m a y  n o t
be  subscr ip ted . That  i s , i t  m u s t  r e f e r  t o  a n  e n t i r e  v a r i a b l e  a n d  n o t  t o
one of  i ts  components* When using this form, the  var iab le  need no t  have
been previously def ined nor,  i f  previously def inecl , need i t have the same
dimensions as the expression. If  previously defined, however, i t  must have
the same type and structure as the expression, since type and structure are
not al lowed to change (see sect ion 2.3). T h e  e f f e c t  o f  t h i s  s t a t e m e n t  i s
to  eva lua te  the  express ion ,
dimensional i ty

def ine the variable to have the same type and
a s  t h e  e x p r e s s i o n , a n d  t h e n  a s s i g n  t h e  v a l u e s j u s t

evaluated. As with ordinary DEFINE statements, any previous dimensions or
values of  the var iable are discarded and forgotten.

Examp I es:
DEFINE V VECTOR 4,

p=3, q=z “p and q are now scalar integers”
H MATRIX p BY q, “H i s 3 by 2”
H’ MATRIX q BY p; “H’ is 2 by 3”

DEFINE i :- 3: “i is now a scalar integer”
V :=--li,i*i,...,251: “V has the value l3,,9.,15.,21.I”
V(i) := v*v/s; “V is ~3.,9.,151.2,21.~”
V := 73; “ S i n c e  V  is real, t h e  79 is treated as 79.0,

“V has the value l79.0,79.0,79.0,79.0)n
V := (1 ,...,3l; “ I l l e g a l  (V h a s  s i z e  4)”
DEFINE V := ~0.,0.,0.~; ‘Redefines V as a 3-element

“real  zero-vector”
V := (1 ,...,3l: “Legal this time since V is now size 3.

“V b e c o m e s  (1.0, 2.0, 3.01  ”
H t$‘;
H I:=21

“I I legal (sires don’t match)”
: * H’ (2,3I ; “Copies one element from H’ into H”

H :: H’ (2,3I ; “Replaces every element of H by the
“sea iar H’ (2‘3)  ”

QEFINE  W INTEGER VECTOR 3;
W := 1-7.3, 0., 7.91; “ S i n c e  W  is i n t e g e r ,  i t  i s

“ a s s i g n e d  l - 7 ,  0, 71”
DEFINE W : - l - 7 . 3 ,  0.) 7.91: “ I l l e g a l  (W i s  i n t e g e r

“and cannot be redefined as real)”

4.3: IF Statement

The IF statement causes one of two statements to be executed depending
upon some condition. The form is

IF <condition> THEN <statement 1~ ELSE <statement 2s

where a comma (, I may be used in place of ‘THEN’ and ‘OTHERWISE’ in place
o f ‘ELSE’. T h e  < c o n d i t i o n >  m a y  b e  a n y  o f  t h e  r e l a t i o n a l  o p e r a t i o n s
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d iscussed in  sec t ion  3.1.4. (More compl  icated conditions ui I I be described
i n  S e c t i o n  II.1 If it is true, t h e n  < s t a t e m e n t  1, i s  e x e c u t e d  a n d
<statement  2~ i s  i g n o r e d . I f  the  cond i t ion  i s  fa lse ,  then  <s ta tement  1~ is
ignored and <statement 2> is executed. Both <statement l> and <statement
2~ must be single statements, but they may be compound statements. The IF
statement, in the form shown above, i s  i t se l f  a  s ing le  s ta tement  regard less
of the internal  structure of  <statement I> and  <s ta tement  2>.

I f  n o  a c t i o n  i s  d e s i r e d  w h e n  t h e  c o n d i t i o n  i s  f a l s e  ( n o  a c t i o n ,  t h a t
i s , other than proceeding to the next statement),  the ‘ELSE <statement 2>’
may be omi tted. Th is  leads  to  the  canon ica l  ‘ amb iguous  e lse ’  p rob lem,
which i s  r e s o l v e d  i n t h e  c a n o n i c a l  manner1  A n  E L S E - c l a u s e  i s  a l w a y s
a s s o c i a t e d  u i t h  t h e  m o s t  r e c e n t  I F  u h i c h  d o e s not as yet have a
cor respond ing  ELSE. I f  you are  fami  l ia r  w i th  th is ,  you may sk ip  the  f ine
p r i n t  belou.

The  8amblguous e/se* refors to the followlnq  statement, which Is perfrctly  valid In HPLr

IF I>1 THEN
IF 1~5 THEN  j.8
ELSE  J=l

(Note, Incidentally, that the ‘j=G’ and ‘j=l’ are assignments,  not  conditions. See uhy  we prefer
‘I=‘?) The problem  here is that the

u i thou t an ‘ELSE-c  I aus;‘.
‘ELSE  j=l’ could be part of either IF, the other  IF being

If the ELSE belongs  to the first IF, the net meaning is “if i>S then j is
assigned the value 8, If ISI then  j gets I, If 51i>I then j Is unchanqed”. If the ELSE  belongs to’
the second  IF, the meaning is “if 1~5 then j gets 6, if SLi>l then j gets 1, if ill then j is
unchanged”. flPL resolves  this by the rule given above, uhich is the same  clay  pLGOL,  SRIL,  PL/l, and
others do. In the example  show, this corresponds to the second  lnterpretation. To force the first
interpretatlon,  an IF may be put inside a compound  statement:

IF i>l THEN
I- IF 1~5 THEN  jmG J
ELSE  j=l

Since the ‘-1’
first IF,

cannot appear Inside the middle  of a statement, the ‘ELSE 181’ must br part of the

Examp I es:
IF x-0 THEN i=l “ I f  x  is  zero  then i  i s  ass igned

ELSE i-2 “the value 1, otheruise 2”

IF l -- j, “ I f  i  d i f f e r s  f r o m  j  t h e n
I- DEFINE TEHP t - i I “ interchange their values”

i :- j; j :- TEHP -1

4.4: WHILE Statement

1 t has been proven that al I program  control structures  Il.e., thlngs which  control the order
in uhich a program executes, such  as IF statements, as opposed  to things uhich control  uhat  a
program  does, such as data structures and assignment  statements)  can be reformed  into three basic
structuresr  compound  statements,  IF statements, and loops-- the abi I Ity to repeat a sect ion of code
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without having  to urite it more than once  in the program. Nou, although  these three forms  are
sufficient for designing any program, other forms  are of ten more  convenient. WL has some  of these
more convenient forms, as ue’ii see later. Ue’ve described  compound  statements  and IF statements--
that leaves  loops.

Typical  uses  of loops in UPL might  be8 (I) creating  a Hilbert matrix  by repeatlng  thr
statement  tlti, jIt81,8/(i+j-1)  for various values of i and  j; fi i) computing  successtve  terms of a
Taylor series unt i I the terms become insignificant; (I ii) performing  an entire program using
different sets of data by reading some data, executing  the program, and then repeating  those tuo
steps unt I I there is no more data to be read. Notice that in the first case the statement is to be
repeated with certain variables  ti and j) having  different values  over some range. In the last two
cases the repetition is to continue  as long  as some  condition is metI either the terms  are st i I I
significant or there is data left. The first type of loop  is uritten using  a FOR statement. The
second uses  a UHTLE  statement,  uhich  we shall  nou describe.

The WHILE statement provides a means for repeating the execu t
statement as long a3 some condition remain3 true. The f orm i s

WHILE ccondi t ion> DO <statement>

ion of a

where a comma (, 1 may be used in pi ace of ‘DO’. T h e  <condition>  i s  t h e
same as for IF statements, as described in sect ion 4.3, and the <statement>
is  any  one s ta tement , possibly compound. The  cond i t ion  may  be  fa lse  to
b e g i n  w i t h , i n  w h i c h  ca3e t h e  < s t a t e m e n t >  i s  n o t  e x e c u t e d  a t  a l l . The
above  fo rm is  e-guivalent  to

I oop:
IF <condition>,

I- <statement>; G O T 0  loop -1

L

where the ‘GO TO’ statement means just what you’d expect. ( I f  y o u ’ r e  n o t
sure just what you’d expect,  forget we mentioned i t . )

Examp I es:
“(1) C o m p u t e  n !  =  192*3*.,.*(n-l)*n,  c a l l e d  ‘n f a c t o r i a l ’ .

“The variable ‘ fac t ’  con ta ins  the  resu l t . ”
DEFINE i := n: “Copy n into a temporary variable’
DEFINE fact := 1.0: “ Ini t ia l  ize result  to 1 ”
WHILE i>0 DO “flui  tipiy by each factor”

I- fact := factvi: i := i-l ,I
‘The above loop could also be done using a FOR statement,
“as we shal l  see later”

“(2) The  fo l low ing  i s  Euc l id ’ s  a lgor i thm fo r  f i nd ing  the
‘greatest common divisor of two positive integers, m and n.
“Unl  ike the previous example, this loop changes the values
“ o f  i t s  i n p u t  v a r i a b l e s , ”
WHILE n l- 0,

BEGIN DEFINE temp t - m- (m/n)  In:
“As noted ear I ier, the above yields m mod n”

m := n:
n := temp

END
‘The answer is the current value of m”

“(3) Th is  nex t  example  doesn ’ t  do  any th ing  usefu l .  I t  does ,
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“however, use much of what we’ve covered so far, 30 it
“might be a useful  exercise for you to step through i t
“and see how it works.”
DEFINE V VECTOR 9,

(i , jI INTEGERS:
i :- 1;

20;
WilLE i

-.
-)- (i/2)*2 “i.e., while i is odd” DO

IF j l= f j/2)*2 THEN
WHILE j<30 DO
I- it-i-l: j:=jti-7/ir V(I.S*iI:=itj ,I

ELSE
WHILE i*j<100  DO
I- i:-it2: j:=j-1;  V(i/2I:.-j -1

“When all. the thrashing is over’ i is 4, j is 32, and V is
“~l9,,29~,17.,33,,a,36.,31.,Q,28.~,  where a and fi could
“be anything, since we never assigned any values to V(5)
“ o r  V(8). I f  you have trouble gett ing these results,
“remember that integer div is ion truncates. i  should take
“on the sequence of values 1 , 3, 5, 7, 6, 5, 4, 3, 5, 4.
“j shou ld  be  20 ,  19 ,  18 ,  17, 22, 26, 29, 30, 29 ,  32 .”

“(4) This fJ.naI example compute9 the sine of  a var iable X,
“using a rather blunt approach--evaluat ion of  the Taylor
“ser ies  un t i l  add i t iona l  te rms are  ins ign i f i can t . That
“ i s , adding them to the sum produce9 no change in i ts
“value. This happens due to the limited precision of
“ rea l  va lues : 1 . 0  t  lE-20 y i e l d s  1 . 0 ,  ‘ e x a c t l y ’ . ”
DEFlNE term := X; “F i rs t  te rm o f  ser ies ”
DEFINE sin := X: “Sum of series after 1 term”
DEFINE old := 0; “Value to compare against”
DEFINE i := 1; “Index of last term computed”
WHILE old v= sin,
I- o l d :- sin! “Remember what we had so far”

i ;- it2; “Compute next term: terms are
term :- -termsX*X/((i-IIxiI; “&Xi/i! f o r  i  o d d ”
s i n := sin t  t e r m “Add term into series”

I
‘Note that i f  X=0, the  loop is  never  executed ,  and
“ the  p rogram immed ia te ly  y ie lds  sin=0, as it should.’

Actual ly, a l though  examp le  (4) above is a perfect ly good example of
one way you might use a WHILE loop, there i 9 a ‘bug’ in i t. Can you spot
i t?  I t  i s  a  ra ther  obscure  p rob lem,  wh ich  we ’ l l  cover  in  sec t ion  7 .

4.5: FOR Statement .

The FOR statement al  lows repet i  t i re execut ion of a statement wi th a
v a r y i n g  i n d e x  v a r i a b l e :  i . e . , a variable which is automatical ly assigned a
new value before each execution of the statement. N o t e :  I f  y o u ’ r e  u s e d  t o
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s i m i l a r  l o o p - s t r u c t u r e s  i n  A L G O L ,  F O R T R A N ,  PL/l, o r  t h e  l i k e ,  w a t c h
closely--flPL  i s  j u s t  a  w e e  b i t  d i f f e r e n t . The form of the statement is

FOR <for index> IN <integer vector> DO <statement>

w h e r e  ‘=’ or ‘:=’ m a y  r e p l a c e ‘IN’ and a comma (, 1 may rep I ace ‘DO’. The
<for index> is  any  var iab le ,  somet imes ca l led  the  ‘ index  var iab le ’  o f  the
FOR loop. I t  n e e d  n o t  h a v e  b e e n  d e f i n e d  p r e v i o u s l y .  W h e t h e r  o r  n o t  i t
has, it wi 1 I  be temporari ly redef ined as a s c a l a r  i n t e g e r  f o r  t h e  d u r a t i o n
of the FOR statement, a f t e r  w h i c h  i t  w i l  i r e g a i n  i t s  p r e v i o u s  a t t r i b u t e s
a n d  v a l u e  Iif a n y ) ,
express i on whose va 1 ue

T h e  < i n t e g e r  v e c t o r >  i s  j u s t  w h a t  i t  s a y s - - a n y
i s  a  v e c t o r  o f  i n t e g e r s . The <statement> is any

s ing le  s ta tement , as with WHILE loops.

F o r  e a c h  e l e m e n t  o f  t h e  i n t e g e r  v e c t o r ,  i n  s e q u e n c e ,  t h e  i n d e x
v a r i a b l e  i s  a s s i g n e d  t h e  v a l u e  o f tha t  e lement  and  the  <s ta tement>  i s
executed. Thus the simple statement

FOR i - U ,...,31 D O  V(i) :‘= i*i

is equivalent to the compound statement

‘- i :a 10 V(i) := i*l;*~=‘2’  V(i)
i !a 3j V(i)

t= i*i;
:- i*i -1

The  < in teger  vector, may be nul I, in  wh ich  case the  <s ta tement>  is
never performed. Thus

L
FOR i IN U,..., nl DO <statement>

wi I  I  do nothing i f  n<0.
.

Examp I es:
“(1) C o m p u t e  a  H i l b e r t  m a t r i x  o f  o r d e r  n, I.e., Hij=l/Ii+j-1)"

DEFINE H MATRIX n BY n;
FOR i IN (l,,..,nI,

FOR j IN U,..,,nI,
H(i, j) :- 1 . 0  / (itj-11

“ A t  t h i s  p o i n t ,
“Use  1 .0  t o  a v o i d  i n t e g  div”

we are outside the i  and j  loops, so that
“these i and j are no longer defined”

“I21 Find the sum of the elements of  an integer vector V”
DEFINE sum : = 0;
FOR i IN V DO

sum := sum t i “ N o t e ,  not V(i)”
“As an exercise, suppose V= ~3,2,21, Compare the results of
“sum1-sumti  w i t h  t h o s e  o f  sum:=sum+V(i),”

“(3) Compute the f i rst  100 f ibonacci  numbers:  0,1,1,2,3,5,8,13..."
DEFINE FIB VECTOR 100; “Hake a place for them”
FIB(l)  := 0 ; “Start  the recurrence relat ion”
FIB(2) :u 1:
FOR i - i3,..r,100)  D O
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FIB(i) I- FIB&l) t FlB[i-2)

S e c t i o n  I

“(4) F i n d  n !  - 1,2,...,n”
DEFINE fat t : - 1.0;
F O R  i  :- ll,,..,nI,  f a c t  := fact*i

“(5) S ieve o f  Era tos thenes. P r i n t  %a l is t  of  a l l  pr imes I 1 0 0 0 0 ”
DEFINE A INTEGER VECTOR 10000;
“ W e  s h a l l  h a v e  A(i)=1 if i is prime, else A(iI=0.”
A=1 : AW=0: “Star t  w i th  every th ing 22 ten ta t ive ly  p r ime”
F O R  i  :- {l,rr.,lOOOO~,

IF A(i)=l, “i i s  p r ime”
I- WRITE i:.-

“Now to’ sieve out al i mul  tipies of i”
F O R  j  := 12*ii3*i

,I
,...,10000~, A(j)‘=0

Note: Since  the FOR index variable  temporarily ‘overrides’ any other variable  with the same
name, it is bad practice  to use the same  name for d FOR index as for a ‘normal’  variable, as it can
lead to confusion should  you with to rotor to the ‘norfnal’ variable  while in the FOR  loop. For
oxample:

DEFINE  a+.
FOR  am  (21,

“b is now 2, uhllr c has the value

With in  the  s ta tement ,  o r  ‘body ’ , of the FOR loop, you’re not al lowed
to change the values of the FOR-vector. I f  you do so, t h e  r e s u l t s  a r e  a t
bes t  con fus ing , at worst disastrous, and in any event unpredictable.

Examp I es:
DEFINE sum t- 0;
DEFINE V :- l2,.,,,6l;
FOR i IN V,
I- sum t- sumti;

IF i <a 5,
V(i) :- V(i) + 1 “This is a no-no!”

I
TThe  sum wi l l  probably be 2+4+4+7+6  - 23, but we
“don ’ t  guaran tee  i t . ”

DEFINE sum : = 0:
DEFINE V := ~1,..,,100~;
FOR i IN V,

. I- DEFINE V :- ~B,i,,.,,lBBl; “Good luck!”
sum t- sum t (V*VI

I
%le won’t even try to guess what this would do!’
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1.4.6 Program Structure

c

L

4.6: Z;O TO Statement

A GO TO statement causes the program to cont inue execut ing start ing
from some speci f ied statement,
statement in sequence.

ins tead  o f  p roced ing  norma l l y  to  the  nex t
The form of the CO TO statement is-.

GO TO <label>

w h e r e  t h e  <label>  i d e n t i f i e s  t h e  s t a t e m e n t  t o  w h i c h  t o  t r a n s f e r  ( s e e
s e c t i o n  2.1.3). A  l a b e l  i s  a n y  i d e n t i f i e r  ( s e c t i o n  1.2) a n d  i s  ‘ a t t a c h e d ’
to i ts associated statement by a separat ing colon, ‘thuslyx

<label>8  <statement>

Examp I es:
“(1) T e s t  t w o  v a l u e s , save the larger one and replace it by zero’

IF x > y, GO TO X-BIGGER;

t
:= “y is  b igger ”
:= ;;

GO TO JOIN: “Skip around next part”
X-BIGGER:. z := x; “x is  b igger ”

0;
JOI&‘tProgram  continues from here”

“(2) Compute the sum of the first n squares, assuming nz0”
DEFINE i :- 8; “Set up a counter”
DEFINE sum : = 0; “Accumu  I at ed sum”

LOOP: sum := sum + i*i; “Add next square”
i := i+l;
IF i <- n, GO TO LOOP “Repeat unti I i>n”

Actually (and hopefully), you may be wondering why the above examples
are so clumsy. In fact, you may be wondering why we used GO TO statements
a t  a l l , since the same effects can be obtained by the following programs:

IF x > y,
I- z t- x: x :- 8 -1 “x is bigger”

ELSE
I- z := y: y t- 8 ,I “y i s  b i g g e r ”

DEFINE sum := 01 “Accumu I at ed sum”
FOR i : = (1 ,...,nl, s u m  I= sum t i*i

:Wel  I, y o u ’ r e  r i g h t . The lat ter  examples ure more  readab le . They  a lso
-produce more efficient programs. This is because when the program reaches
a GO TO, then whoever is trying to understand the program’ be it you or the
MPL camp i I er, h a s  t o  d r o p  e v e r y t h i n g  a n d  f i g u r e  o u t  w h a t  v a r i a b l e s  a n d
loops exist at the section of program to which you’ve gone,

For these  and o ther  cons idera t ions , more and more
( In

programmers
beg inn ing to  favor  “goto-less”  c o d e . case you hadn’ t guessed, we

are
the
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a u t h o r s  s h a r e  t h i s  view.) I n  f a c t , it has been proven + t h a t , g i v e n  t h e
construe  ts BEGIN-END, IF-THEN-ELSE, and WHILE, i t i s never necessary to use
a GO TO. In  a l l  fa i rness ,  however , ce r ta in  p rograms are clearer if GO TOs
a r e  u s e d . (Some languages  have  add i t iona l  cons t ruc ts  to  hand le  these
cases, but MPL does not.) For examp I e, suppose you have 3 vet tars ca I I ed
X, Y ,  and Z ,  and you want  to  count  the  nymber  o f  Py thagorean t r ios ,  i .e . ,
v a l u e s  o f  XCX, y& a n d  zcZ  s u c h  t h a t  x2ty2=z2. T h u s  i f  X= 18,7,20),
Y= (24.15.61, Z- W3,17,25) , YOU would count 8%1S2-172, 82+62=102
72t242=252, a n d  202+152=252,

9
for a total of 4.

here’s the program:
A l  I  r i g h t , no problem,

DEFINE count : - 8:
FOR x IN X, FOR y IN Y, FOR z IN Z,

I F  x t x  t  y*y = z*z,
count : = count+1

Al I  very simple, very  s t ra igh t fo rward ,  very  go to- less ,
jus t  want  to  f ind  any  one such t r io .

But now suppose we
In tha t  case ,  once  we f ind  one t r io

we want to ‘stop’  the FOR loops,
f u r t h e r . Unfortunately,

since it is a waste of time to look any
there’s no easy way to do this, so we are better

o f f  j us t  l eav ing  the  loop  a l toge ther . The new program would be:

FOR x IN X, FOR y IN Y, FOR z IN Z,
I F  x t x  +  y*y = ztz,

1, DEFINE Trio :O
DEFINE Trio := U,l,lI;

(x, y, zl t GO TO FOUND -1;
“Special  vector to show no tr io found”

FOUND: “Rest of program... N o t e  t h a t  i f  n o  t r i o  exigts, i t  c a n  b e
‘ d e t e r m i n e d  by3esting  if Trio - U,l,lL”

4.7: STOP Statement

P r e s u m a b l y  a t  s o m e  p o i n t  y o u r  p r o g r a m  w i  I I have done al  I  that is
e x p e c t e d  o f  i t , a n d  y o u  will want it to stop. You can do th is  in  e i ther  o f
two ways. You  can  reach  the  end  o f  the  p rogram ( i .e . ,  the  las t  ca rd ) ,  a t
which point you jtist sort of fall off the edge of the world, and the

_ program wraps things up and goes away. 1 f you don’ t happen to be at the
end  o f  t he  p rog ram, you can stop by executing a STOP statement, which
consists of the single keyword

STOP

(Ybu could get the same ef fect  by putt ing a label  at  the end of  the program
a n d  g o i n g  t o  t h a t  l a b e l , but heaven forbid that we should make you use a
GOT0 when al I you real Iy want to do is STOP.)

Fl STOP may bo used anywhere In the program. You could be inridr a FOR loop inside an IF
inside  a WHILE loopy  it doesn’t mattrr.
uill do.

Once you oxecutr  a STOP,  that’s  the last thing the program
(This is not to imply  that you can never  use the program again! But you  uill have  to tall

the computer  to go get tlPL again  brforo you can rerun your  program.)

‘Bohm and Jacopini , Communications  of the ACM, May 1966.
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1.5 Input /Output

5 :  INPUT/OUTWJT

If the primary purpose  of this manual  were to teach  programming to novices,  as opposed  to
teach lng llPL to averyono, ue uould probably  have  started with this section. The terms  ” inpu  1” and
“output” refer respectively  to the reading  of data into the program  (typically  from cards)  and to
the printing  of results. It is dlff icul t to conceive  of any useful program  which  does not at some
point need to produce some sort of output indicating  the results  of its computations, and feu
programs  are ao simple as to require  no input data. Such data could  be ‘bui  It into’  a program  by
assigning  constants  to several variables, but  b y  inputting  the data you mako  it possible to change
that data without  having  to modify  the program.

5.1: Unformatted Data

The inpu t /ou tpu t  U/O)  s ta tements  desc r ibed  here  a re  “un fo rmat ted ” .
This means that data being read is in the form of a ser ies of  constants (as
descr ibed in  sec t ion  1.31, as many (or  as few) per card as you desire, with
one or more spaces separating them. V a l u e s  b e i n g  o u t p u t  a r e  p r i n t e d  in a
f ixed form which leaves room for several  digi ts even i f  they are not there.
For examp I e, an integer is pr inted as 14 charac te rs ,  many  o f  wh ich  may  be
l e a d i n g  b l a n k s , f o l l o w e d  b y  2  b l a n k s . R e a l  v a l u e s  p r i n t  u s i n g  2 2
charac te rs , aga’in  fo l l owed  by  2  b lanks . Examples of  unformatted output
w i l l  be  shown shor t l y .

These  data forms are called  “unformatted”,  or sometimes “free-format”, to distinguish them
from (uhat  else?) “formatted” data, which will be introduced  in Section II. Formatted  I/O al lous
you to specify exactly hou many  characters  are to represent  the external  data ton cards or in the
printout),  how many  significant digits to print, and so forth. This is nice for output if you need
to set up tables or other output  requiring  alignment  into columns,  etc. For  input,  however,  free-
format is uiual  ly prefrrable. As an example of free-format  input data, any  of the following  would
br acceptable data to rrprrsent  the raal vector 12.,3.,4.l.

2.8 3.0. 4.0

or

23
4

or

2,
tb I ank card)

.3E+l
*4oe

For all I/O statements,  matr ices and arrays are processed in row-major
.  order. That is, a 2 by 3 matr ix fl wou ld  have  i t s  e lements  read  o r  wr i t ten
.  i n  t h e  o r d e r  M(l,l), M(1,2), M(1.31,  M(2,1),  M(2,2), H(2,31. ( T h i s  i s  t h e

same as in al I major languages excePt FORTRAN, 1

- 27 -



MPL User’s Cu i de S e c t i o n  I

5.2~ @JtDUt

Unformatted output is accomplished via the WRITE statement, which has
the form

WRITE <expression I ist>
. .

where ANSWER may be used in place  of WRITE. T h e  < e x p r e s s i o n  list> is a
I  ist  of  one or more expressions separated by commas. T h e  l i s t  m a y  b e
enclosed in parentheses i f  you feel  th is makes i t  c learer,  but they are not
requ i red . The express i ons (wh ich  may be  var iab les ,  cons tan ts ,  o r  more
compl ica ted  express ions)  have the i r  va lues  pr in ted  in  the  order  in  wh ich
they appear in the WRITE statement. Each WRITE statement starts a new I ine
in  the  ou tpu t , but more than one value may be written on a line by a single
WRITE,

Example:
DEFINE V INTEGER VECTOR 3,

s REAL SCALAR:

v”
- - 7 . 9 ;
= 1012345, -43210, 01:

WRITE SF-. “See sample output below
WRITE (VI ; “to see what this does.”
ANSWER sl(zs, VuV, (V*s)  /100000
“This last statement wri tes a real  scalar,  ah
“ in teger  sca la r , and a real vector”

The above would produce!

-7.96000e6e86609e
12315 -43216

6?.4l66690606696 Per!3593125 -L255*18*66866 3.~Ixi9eeee88eeb

5.3: Input

Unformatted input is done with the READ, statement, which has the form

READ <left-side I ist>

T h e  < l e f t - s i d e  l i s t >  i s  a  l i s t  o f  <left side>s a s  d e f i n e d  i n  s e c t i o n  4.2,
w h i c h  i s  t o  s a y  t h a t  e a c h  m u s t  b e  e i t h e r  a  v a r i a b l e  o r  a  s u b s c r i p t e d
variable,  and must be previously def ined. As with the WRITE statement, the
i terns in the I is2 are separated by commas and the I ist may (if desired) be
enc I osed in parentheses. T h e  e f f e c t  o f  t h e  R E A D  s t a t e m e n t  i s  t o  s c a n
input data for as many values as are needed to f i  I  I  the i  terns named,  a n d
ass ign  those va lues to the i terns in the list. N o t e :  O n l y  t h e  f i r s t  7 2
characters of  each input l ine are used.
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Example:
DEFINE V VECTOR 5:
DEFINE i - 2;
READ V, 1, V(i)

I f  the  inpu t  da ta  looked  l i ke

1.2 -3 4E2 20-2 7.9 4 -3E-3 12.34

t h e n  t h e  R E A D  w o u l d  f i r s t  a s s i g n  V t h e  v e c t o r  ( 1 . 2 ,  - 3 . 0 ,  4 0 0 . 0 ,  0 . 0 2 ,
7 . 9 ) . I t  w o u l d  t h e n  a s s i g n  ,i t h e  v a l u e  4, a n d  f i n a l l y  r e a d  V(4), s o  V
w o u l d  e n d  u p  a s  [1.2, - 3 . 0 , 400.0, - 0 . 0 0 3 ,  7.91. T h e  ‘12.34’  w o u l d  b e
unused and could be read by a later READ statement.

An ’  a l te rna te  fo rm o f  the  inpu t  s ta tement  i s  the  GIVEN s ta tement .  I t
looks  exac t l y  l i ke  a  DEFINE s ta tement wi th  the  keyword  GIVEN rep lac ing
DEFINE.

GIVEN (a, b, CI INTEGERS,
V REAL MATRIX 2 BY 3

A GIVEN statement is equivalent to a DEFINE followed by a READ. Thus the
a b o v e  example-uould  def ine 3 in teger  sca la rs  and  a  rea l  mat r i x ,  and  wou ld
read  9 data i tems and assign the values to the newly-def ined var iables.

Each variable is read before the next is def ined, 50 the  s ta tement

GIVEN Vs i ze INTEGER,
V VECTOR Veize

i s  p e r f e c t l y  v a l i d . By the time V is defined, Vsize will have been
assigned a value.

5.4: Writing Messapes

mean.
You911  probab ‘Y want to Include some uords in your  output, to identify what
Restages are al so common ly used to say what happened if some thing goes urong.

all the numbers

A r b i t r a r y  s t r i n g s o f  c h a r a c t e r s  may  b e  o u t p u t  b y  e n c l o s i n g them
between  doub le -ang les  I‘<<’ and ‘>>‘I a n d  i n c l u d i n g  t h e m  a s  i t e m s  i n  a
WRITE statement.

E x a m p l e :
IF y=0,

WRITE <<Error: y is zero.>>
OTHERWISE

W R I T E  <<x/y - >>, x/y

Such  stringe may not include a ‘~9 symbo l , since that symbol is being used
t o  i d e n t i f y  t h e  e n d  o f  t h e  s t r i n g .
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6: HOW TO USE MPL

Sect ion I

In Section II we’ I I show you some of the fancier ways you can use MPL.
For now we’ I I cover just the ‘standard’ way to run an MPL program. There
are  th ree  aspec ts  to  th is . F i rs t ,  there  a re  a  few f in ish ing  touches  to  pu t
on your program. Second, there are some-details concerning how to type or
p u n c h  i t . Third,  there are the control  cards (JCL)  wh ich  tu rn  the  program
into a job which can be run on the computer. N o n e  o f  t h i s  i s  r e a l l y  v e r y
compl icated, so  le t ’s  ge t  on  w i th  i t .

A s s u m i n g  y o u ’ v e  w r i t t e n  y o u r  program as a sequence o f  s t a t e m e n t s ,
separated by semicolons, jus t  p recede the  f i r s t  s ta tement  w i th  the  l ine

PROGRAM

and fol low the last statement with the l ine

END.

( n o t e  t h e  p e r i o d ) , Thus a program to read a square matr ix and pr int  i ts
square  migh t  look  l i ke  th is :

PROGRAM.
GIVEN n INTEGER,

M MATRIX n BY n;
ANSWER tl*M
END.

I n  t y p i n g  o r  p u n c h i n g  your program, be careful never to use more than
the  f i r s t  72  charac te rs  o f  each  l i ne . Anything typed in columns 73 through
80 w i  I  I  appear  in  your  p rogram l i s t ing , but wi I I be ignored by the MPL
compi let-. Thus they may be used for sequence informat  ion or WYLBUR I i ne
number 8.

I f you  don’  t know about  WYLBUR,  don’ t uorry  about  i t . Rs for what ~8 mean  by ‘sequence
informat  ion’, a frequent use of columns  73-80 of punched  cards is to put  numbers  there, in effect
numbering  the cards  of the deck. Then if you accidentally  drop your  deck  there are machines which
ui I I sort the cards  back in to their  proper order, a nice feature to have uith  large decks. If you
do dec Ids to put sequencei  numbers  on y o u r  cards, use multiples  of 10 (18, 20, 30, etc.) instead  of
numbering  the cards  1, 2, 3 . w . That way you’ll  be ablr to insert  neu cards later without  having

e to renumber  everything.

Final ly,  here is the JCL, showing you what the whole ‘ job’  should look
I ike. Lower-case let ters indicate informat ion which should be euppl  ied by
Y?U*
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//jobname  JOB (account ing information),‘your  name ’
/*KEY keyword
// EXEC MPL
//COMP.SYSIN  0 0  *

your program goes here, complete with PROGRAM and END I ines
/* -.

//GO.SYSIN  0 0  *
free-format input  data goes here: if your program uses no READ
or GIVEN statements, the GO.SYSIN  card and the fo l lowing /a~ ca rd
may be omitted

/*

7: RESTRICTIONS, CAUTIONS, AND PITFALLS

I t is our purpose i n  t h i s  s e c t i o n  t o  e m p h a s i z e  c e r t a i n  s p e c i f i c
problems you should watch out for. Some of these are restrictions which we
have not as yet ment ioned,
should be used with caut ion.

Others are things which, though legal in MPL,
Sti I I o t h e r s  a r e  p i t f a l  I s  i n t o  w h i c h  p e o p l e

new to MPL often seem to stumble. All of these warnings are presented here
in an order less jumble: the  p rec ise  na tu re  o f  any  spec i f i c  p rob lem ( i .e . ,
w h e t h e r  i t  i s  a  r e s t r i c t i o n ,  a  c a u t i o n , o r  a  p i t fa l l )  shou ld  be  c lea r  f rom
i t s  d e s c r i p t i o n .

7.1: MPL In General

7 . 1 . 1 :  D e f i n i t i o n s

We have mentioned this once before, bu t  i t  deserves  to  be  ment ioned
again. I f  you leave the parentheses out of a DEFINE statement,  i t  wi I  I
usua l l y  s t i l l  be  a  va l id  s ta tement ,
intended, Thus the two statements

but i t  wi l l  general ly not mean what you

DEFINE (a, b, c) INTEGERS:
DEFINE a, b, c INTEGERS:

p e r f o r m  d i f f e r e n t  a c t i o n s . The f i r s t  de f ines  th ree  in tegers . The second
d e f i n e s  c  t o  b e  i n t e g e r ,  b u t  a  a n d  b  t o  b e  r e a l , s i n c e  n o  a t t r i b u t e s  a r e
- s p e c i f i e d  f o r  t h e m .

7.1.2;  R e d e f i n i t i o n s

Another  p rob lem to  wa tch  ou t  fo r  a r i ses  f rom the  fac t  tha t  on ly  the
dimensions of a var iable may change through redef ini t ion; dimensional i  ty
and  type  mus t  (a t  leas t  un t i l  we  learn  abou t  b lock  s t ruc tu re )  rema in  f i xed
throughout the program. T h i s  d o e s  n o t  g e n e r a l l y  c a u s e  d i f f i c u l t i e s ,  b u t

- 31 -



MPL User’s Guide Sect ion I

can  lead  to  t roub le  in  the  use  o f  ' t e m p o r a r y '  v a r i a b l e s - - v a r i a b l e s  i n t e n d e d
t o  b e  u s e d  b r i e f l y  i n  o n e  small  s e c t i o n  o f  t h e  p r o g r a m . An example  in
s e c t i o n  4 . 3  i n c l u d e d  t h i s  c o d e  f o r  i n t e r c h a n g i n g  t h e  v a l u e s  o f  t w o
v a r i a b l e s .

DEFINE temp := i; i I= j; j := temp
-.

Suppose tha t v el sewhere i n  t h i s same program, you wi
o f  two  0 ther var iables, x and y, and you use t he code

sh to s‘wap the  va lues

DEFINE temp := x; x :- y; y :- temp

I f i and j are integers whereas x and y are real, or i and j are sea lars
whereas x and y are vectors (among  o t h e r  p o s s i b i l i t i e s ) ,  t h i s  i s  i n v a l i d .
It would be caught by the MPL compiler as an attempt to define temp as two
di  f  ferent objects. I t  is probably bad programming pract ice in general  to
u s e  t h e  s a m e  n a m e  f o r  v a r i a b l e s ,  e v e n  t e m p o r a r y  v a r i a b l e s ,  w i t h  t w o
cii f ferent uses. We shal I  not argue the point here, In MPL, however, i t  is
c e r t a i n l y  w i s e t o  u s e  d i f f e r e n t  n a m e s  f o r  d i f f e r e n t  v a r i a b l e s . I n  t h e
p r e c e d i n g  e x a m p l e ,  y o u  m i g h t  u s e  ‘temp-i’ a n d  ‘temp-x’ for the tuo
temporary names.

7.1.3:  Vector aenerators

Remember that each element of an N-tuple must be of the same type.
T h u s  11, 1 . 2 5 ,  1.5, 1 . 7 5 ,  2) i s  i n v a l i d  a n d  w o u l d  h a v e  t o  b e  w r i t t e n  a s
(1.) 1 . 2 5 ,  1 . 5 ,  1 . 7 5 ,  2.1. Recall also that only integers may appear in an
a r i t h m e t i c  p r o g r e s s i o n ,  s o  t h e  p r e c e d i n g  m a y  n o t  b e  r e p l a c e d  b y

_ 11.. 1.25 ,r.., 2.1,

Another  th ing  to  bear  in  mind  w i th  regard  to  a r i thmet ic  p rogress ions
i s  t h a t  t h e  s y m b o l  ‘,...,’ m a y  n o t  h a v e  a n y  i n t e r n a l  b l a n k s . Thus
(1, 2, . . . . 101 is invalid. A l t h o u g h  t h i s  c a u t i o n  a p p l i e s  t o  a l  I multi-
charac te r symbo I s, we emphasize i t  i n  t h i s  p a r t i c u l a r  c a s e  d u e t o  t h e
tendency to follow all commas with blanks.

7.1.4:  F O R  l o o p s

Th is  i s  ac tua l  Iy the  oppos i te  o f  a  warn ing . I t  i s  a  r e m i n d e r  t h a t
someth ing  ts safe. You were warned once about changing the vector of a FOR
statement during the FOR loop. You should remember though that changing a

a var iab le  wh ich  appears  in  a  vec to r  does  no t  a f fec t  tha t  vec to r ,  so  a  FOR
sta tement  w i th  the  vec tor  11, ..,,nl & al  lowed to change n, As  a ,  perhaps
unl ikely,  example, suppose you wish to replace n by the sum of the numbers
1 t h rough  n . This could be done by the loop:

FOR i  IN U,..,,n-11,  n:mn+i

T h i s  i s  p r o b a b l y  n o t  t h e  c l e a r e s t  w a y  t o  d o  t h i s ,  b u t  o u r  p o i n t  h e r e  i s
t h a t  i t  a t  l e a s t  i s  l e g a l .
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7.28 Compiler-Specific Warnings

The IIPL ‘compi ler’ I in case you’ve  read this far uithout  flnding  out, is the  p r o g r a m  which
reads in your  IlPL program  and transforms  it into instructions  the computer  can understand. fit the
time  of this w-i ting there is only  one HPL c o m p i l e r , a n d  I t  has certain  quirks which  ought  to be
brought up. -.

7.2.1:  L i s t  s i z e s

In a DEFINE statement, the number of  var iable names which may be
grouped toge ther  by  paren theses  and  g iven  a  common se t  o f  a t t r ibu tes  i s
l im i ted  to  30 . Thus, the statement

is inval id, and would have to be broken up, as in

D E F I N E  (~01,  ~02, ~03, ~04, ~05,  ~06, ~07, ~08,
~09, ~10, vll,  ~12,  ~13,  ~14,  ~15)  I N T E G E R S ,

- - .  (~16, ~17, ~18,  ~19,  ~20, ~21, ~22, ~23,
~24, ~25, ~26,  ~27, ~28,  ~29, ~30,  ~31) I N T E G E R S

The same l imit  also appl ies to the number of var iables or expressions which
may appear in any single I/O s tatement,

7.2.2: Wri tina expressions

I f  t h e  k e y w o r d  W R I T E  i s  f o l l o w e d  b y  a  l e f t  p a r e n t h e s i s ,  t h e  M P L
compi le r  assumes tha t  what  you  a re  do ing  i s  enc los ing  the  ou tpu t  l i s t  in
p a r e n t h e s e s  (you may recal l  that this is opt ional ,  such that

WRITE a, b, c and WRITE (a, b, c)

a r e  eclu iva len
t h e  s t a tement

t  s t a t emen ts) * Unfortunately, th is  can  lead  to  t roub le ,  as  in

W R I T E  (acb) t (c+d)

T h i s  s t a t e m e n t  i s  v a l i d  a c c o r d i n g  t o  t h e  d e f i n i t i o n  o f  t h e  l a n g u a g e ,  b u t
the  MPL compi le r  ge ts  con fused by  i t . S o  i f  t h e  f i r s t  t h i n g  in a W R I T E
s t a t e m e n t  s t a r t s  w i t h  a  p a r e n t h e s i s ,  b e  s u r e  y o u  i n c l u d e  t h e  ‘ o p t i o n a l ’
paren theses  around the  en t i re  l i s t ,  thus ly :

. W R I T E  ((a+bI t (c+d))

7.2.3:  Constant subscripts

Whi le your program is running, every subscript wi I I be checked before
i t i s used so as to insure i t is in the proper range, F o r  e f f i c i e n c y ,
however, this checking is foregone when the subscr ipt  is a constant. (The
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.

S e c t i o n  1

compi ler  assumes you know better than ta explicitly use the lath e l emen t  o f
a  5 - e l e m e n t  v e c t o r ! )  T h i s  m e a n s  t h a t  i t  w i l l  CJO  u n d e t e c t e d  i f  b y  s o m e
mishap you do misuse a constant subscript,
b y  thinkingthat V(0) e x i s t s .

say by using the kirong mat r ix  or
The speci f ic  case of  a zero (or, i n  genera l ,

non-pos i t i ve )  cons tan t  subscr ip t  may be  de tec ted  by  a  la te r  vers ion  o f  the
compi ler, bu t  a t  p resent  i t  i s  no t . _.

7.3: BropramminE  Pitfalls

7.3.1: WHILE I oops

It shauld be fair ly obvious that i f  you want a WHILE loop to terminate
n o r m a l  l y  ( w i t h o u t  y o u r  h a v i n g  t o  u s e  a  G O  TO or STOP s t a t e m e n t ) then
something within the loop must af fect  the WHILE-condit ion. ?hat i s ,  f o r
examp I 8, i f  you have a  leap ‘ W H I L E  i>j’, t h e n  s o m e t h i n g  i n  t h e  l o o p  h a d
bet te r  change the  va lue  o f  e i ther  i  ar j, lest  the loop never terminate.

Y e t  d e s p i t e  t h i s  o b v i o u s  f a c t ,
‘ i n f i n i t e  Ioobs’

i t seems to be a common problem, and
come UP every day.

the t i me a programmer
die don’ t  know the reasons--perhaps by

f i n i s h e s  w r i t i n g  a  30statement  l o o p  h e  t e n d s  t o
forget al  I  about that one l i t t le statement he had been meaning to tack on
a t  t h e  e n d . If t h a t  i s  i n d e e d  p a r t  o f  t h e  p r o b l e m ,  r e m e m b e r  t h a t  i t ’ s
per fec t l y  a l l  r i gh t ,  when wr i t i ng  a  p rogram, to skip a I i ttle ways  doGjn t h e
page and wri te the end of  the loop before si t t ing back to decide what goes
a h e a d  o f  i t .

7 .3 .2 :  Us ina  in teqers  ins tead o f  rea ls

Y o u  m a y  recal  I that, when we described WHILE loops back in set t i on
4 .4 ,  we noted the existence of a bug in one of the examples. The error is
a common one, though subt le, a n d  i n v o l v e s  t h e  u n i n t e n t i o n a l  u s e  o f  a n
integer var iable where a real  one is needed.
for  purposes of  perusal ,

Let us reproduce the program

‘This l i t t le example computed the sine of  a var iable X,
‘using a rather blunt approach--evaluat ion of  the Taylor
“ser ies  un t i l  add i t iona l  te rms are  ins ign i f i can t . That
“ i s , adding them to the sum produces no change in its
“va lue . This happens due to the limited precision of
“ rea l  va lues ; 1 . 0  +  lE-20 y i e l d s  1 . 0 ,  ‘ e x a c t l y ’ . ”
DEFINE term := X; “F i rs t  te rm o f  ser ies ”
DEFINE sin := X; ‘Sum of series after 1 term”
DEFINE old := 0: “Value to compare against”
DEFINE i : - 1; “Index of last term computed”
WYILE o l d  v= s i n ,
I- o ld :- s i n : “l?emember  what we had so far”

i := Id; “Compute next term: terms are
term := -term*X*X/((i-l)*i); “ix’/ i ! for i odd”
s in  ‘:o sin + term “Add term into series”

I
‘Note that i f  X’=0, the  loop is  never  executed ,  and
“ the  p rogram immed ia te ly  y ie lds  sin=0, as it should.’
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T h e  i n t e n t  i s  t h a t - ,  w i t h i n  t h e  l o o p ,  t h e  v a r i a b l e  ‘ o l d ’  i s  u s e d  t o  s t o r e
the  cur ren t  va lue  o f  the  ser ies  summat ion . Then the next term in the
series is computed and added into the sum. The WHILE I oop compares the new
sum wi th  the  o ld  one  and te rmina tes  i f  they  a re  equa l ,  ind ica t ing  tha t  the
l a t e s t  t e r m  w a s  i n s i g n i f i c a n t . T h e  p r o b l e m  i s  t h a t  ‘ o l d ’  i s  i n i t i a l  ly
c le f  ined equa l  to  ze ro ,  an  integer  z e r o ! s o  ‘old9 i s  a n  i n t e g e r  a n d , f o r
typ ica l  va lues  o f  X , wi l l  a lways remain zero (s ince for  smal l  X the sum i s
always between 4). When  w e  d o  ‘ o l d  := s i n ’ , the value i s rounded  toward
zero, d i s c a r d i n g  t h e  f r a c t i o n a l  p a r t  o f  ‘ s i n ’ . B u t  w h e n  t h e  l o o p  t e s t s
w h e t h e r  ‘ o l d  -= s i n ’ ,  i t  c o n v e r t s  ‘ o l d ’  t o  r e a l  f o r  t h e  c o m p a r i s o n ;  s i n c e
0 . 0 -= s i n , the test fa i ls and the looping never terminates.

L e t ’ s  d r i v e  t h i s home with another example. Suppose we wanted to
compute the harmonic number H, - 1ttM!M1/3)+.. .+(1/n). W e  t r y the
fo l lowing program:

DEFINE Hn : = 0:
FOR i IN (l,...,d,

H n  t= Hn t (1,0/i)

S i n c e  H n  i s  b e i n g  d e f i n e d  a s  a n  I n t e g e r ,  w e  f i r s t  a d d  1.0 to it, giving a
to ta l  o f  1 ,  but  a f te r  tha t  i t s  va lue  w i  I I n e v e r  b e  c h a n g e d . When i=2, Hn
i s  a s s i g n e d  l&5, which gets rounded down to 1, Then i -3 , and Hn is
a s s i g n e d  1+0,333,.., which again is 1. And  so  fo r th .

The problem of using integer constants when defining what is meant to
be  a  rea l  var iab le  i s  hard  to  spo t , because the symptoms may vary. In t h e
s ine  computa t ion , the  p rogram works  fo r  X=0 ,  bu t  l oops  fo rever  fo r  any
other value of X, making i t  appear that the ser ies simply isn’ t  converging.
In the harmonic sum, the  p rogram w i l l  f i n i sh  bu t  y ie lds  e r roneous  resu l ts .
S o  t h e  b e s t  t i m e  t o  w a t c h  f o r  t h i s  i s  w h e n  y o u ’ r e  w r i t i n g  t h e  p r o g r a m ;
you’ I  I  no doubt have more than enough bugs to worry about once you try
r u n n i n g  i t !

7 . 3 . 3 :  Usinq r e a l s  i n s t e a d  o f  inteqers

Uespi te the  ti tie a b o v e , t h i s  p r o b l e m  b e a r s  l i t t l e  r e l a t i o n  t o  t h a t
jus t  d iscussed, except insofar as both involve the use of a data type which
is unable to maintain the accuracy you need. In th is  ins tance the  prob lem
c e n t e r s  o n  t h e  f a c t  t h a t  r e a l  v a l u e s  a r e  a c t u a l l y  s t o r e d a s  b i n a r y
f r a c t i o n s , w i th  a  l im i ted  number  o f  s ign i f i can t  b i ts  (b inary  d ig i ts ) . Thus- when you wri te 0.001, w h i c h  i s  a n  i n f i n i t e  r e p e a t i n g  f r a c t i o n  i n  b i n a r y ,
w h a t  y o u  a c t u a l l y  g e t i s  t h e  n e a r e s t  f i n i t e  a p p r o x i m a t i o n ,  w h i c h  i s
sl  ight ly above or below 0.001, T h e  d i f f e r e n c e  i s  p r a c t i c a l l y  n e g l i g i b l e ,
al though i n  d o i n g  t h o u s a n d s  o f  o p e r a t i o n s  t h e  r o u n d i n g  e r r o r  m a y
-accumulate. This is the realm of the numerical  analyst ,  and we shal  I  not
-di scuss i  t  h e r e . There  are  t imes,  however ,  when even an  ins ign i f i can t
‘ rounding error such as one part  in j014 may suddenly make a difference.

c
Suppose we wish to find the sum: sir&0021  t sinM04)  + . . . +

sin(.998). we cou ld  t ry  do ing i t  th is  way:
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DEFINE sum-of-sines :- 0.0,
argument := 0.002;

WHILE argument < 1.0, “Can’t use FOR with real values”
I- DEFINE X :- argument:

“This rout ine for computing sin X should be famil iar
“to you by now.” -.
DEFINE term :- X;
DEFINE sin I= X;
DEFINE old t- 0.0;
DEFINE i := 1;
WHILE old v= sin,
I- o ld :a s i n ;

i :- it2;
term := -term*X*X/Hi-l)*i):
s i n  80 s in  t  t e rm

-I i
sum-of-s ines := sum-of-sines + sin;
argument := argument t 0,002

-I

T h i s  m i g h t  uork, bu t  i t  m igh t  no t . Suppose that the nearest approximation
t o  0 . 0 0 2  t u r n s  o u t  t o  b e  s l i g h t i y  s m a l l e r ,  s a y  0.002-c? (This happens to
b e  t h e  c a s e ;  f w 1.26~18’~~ ,) T h e n  w e  w i l l  g e t  sin(,002-c) t sin(,004-2rI +
. . . + sin(,998-4990, Of course, c i s  v e r y  s m a l l , s o  t h e  e r r o r s  i n  t h e
sines are not enough to worry about. But after we compute sin(.998-499cI
and add  i t  to  the  sum, we increment the argument to be 1.000-500~. Since
this is l ess  than  1.0 t h e  l o o p  w i l l  n o t  t e r m i n a t e  u n t i l  w e  h a v e  a d d e d  sin(l-

. 500~) to the sum, which is not what we wanted to do.

’We could take care of this by using

WHILE argument <- 0.338

b u t  t h i s  w o u l d  f a i l  i f  0 . 0 0 2  t u r n e d  o u t  t o  b e  a p p r o x i m a t e d  b y  0.002+~,
s i n c e  0i998+499(  i s  g rea te r  than  0 ,998 .  I f  we  use  a  ‘m idd le  g round ’ ,  as  in

WHILE argument < 0,999

t h i s  w i l l  w o r k , bu t  i t  i s  dodg ing  the  issue and is  unc lear  bes ides . The
recommended tact ic here is to use an inteaer counter,  s ince integer values

- a re  represented  exac t ly , t h e n  d i v i d e  t o  o b t a i n  t h e  r e a l  v a l u e s  r e q u i r e d .
In the case above, this becomes

DEFINE sum-of-sines :- 0.0:
FOR argument - 12,4,. . , ,9981, “Can use FOR this way!”
I- DEFINE X ;- argument/l000.0:

“Compute sin as before,,.code  not shown”
sum-of-s ines :- sum~of~sines  t  s i n

,I
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7 . 3 . 4 : ‘Mixed mode’ arithmetic

c

L Most of the t ime you can mix integer and real values in an expression
a n d  n e v e r  h a v e  t o  worry. H P L  uill a u t o m a t i c a l l y  t r e a t  i n t e g e r s  a s  t h e
equivalent real values whenever real and integer values are being combined.
We have  a l ready  warned  abou t  the  consequences of accidental ly assigning a
r e a l  r e s u l t  i n t o  a n  i n t e g e r  v a r i a b l e . - . Our p o i n t  h e r e  i s  a  d i f f e r e n t  o n e .
The appearance of a real value in an expression does not cause everything
i n  t he  exp ress i on t o  b e  t r e a t e d  a s  r e a l . An integer va lue  rema ins  an
i n t e g e r  u n t i l  t h e  ‘ l a s t  m o m e n t ’ , when i t i s about to be combined wi th a
r e a l  v a l u e . As an example, suppose i  and j  are integers with the values 1
and 2, r e s p e c t i v e l y , a n d  x  i s  r e a l  w i t h  v a l u e  2 . 0 . Then the expression
j+i/x i s  r e a l  w i t h  v a l u e  2 . 5 , w h i l e  t h e  e x p r e s s i o n  x+i/j i s  a lso  rea l  bu t
w i t h  v a l u e  2 . 0 . T h i s  i s  b e c a u s e  t h e  d i v i s i o n  i / j  i s  d o n e  a s  a n  i n t e g e r
d i v i s i o n , a n d  l/2 yields zero.

L To  see how t h i s might ar ise i n  p r a c t i c e ,
summa t i on d i scussed ear I ier had been wr i t ten  as

suppose the harmonic

DEFINE Hn : = 0.8;
FOR i IN U,...,nl,

Hn :a Hn + l / i

This wi I I yiel-d e x a c t l y  t h e
in teger ,  s ince  a l l  te rms  fo r

7 . 3 . 5 :  Inteaer  o v e r f l o w

“Remember to make i t real ! ”

“Should u s e  ‘1.0/i”’

same resu i  ts as i f  Hn were def ined to be an
i>I wii i  be zero.

c

W h e n  w e  d i s c u s s e d  i n t e g e r 6  a n d  reals  in  sec t ion  1 .3  we ment ioned
I imi ts on the magnitudes of such values, You might we I I ask, what happens
i f  t h e s e  l i m i t s  a r e  e x c e e d e d ?  With reals  t h e  r e s u l t  i s  f a i r l y  c l e a r , If a
rea l  va lue  ge ts  too  la rge  (say  you  t ry  to  compute  lE50*lE50)  you wi I I get
an error message. I f  i t  g e t s  t o o  snlal  I ( a s  i n  lE-50*1E-50)  t h e  r e s u l t  i s
t a k e n  t o  b e  z e r o . I f  a n  i n t e g e r  g e t s  t o o  l a r g e ,  t h e  r e s u i  t s  a r e  m o r e
vague.

I f  an integer expression resui ts in a value not between -2147483648
a n d  +2147483647  (yes, we d idn ’ t  admi t  i t  be fo re ,  bu t  negat ive  in tegers  can
get 1 larger than posi t  ive ones),  i  .e. -23’ and  t23’-1, then  Z3* i s  added to
o r  s u b t r a c t e d  f r o m  t h e  v a l u e  u n t i l  i t  i s  w i t h i n  t h e  r e q u i r e d  r a n g e . Thus
i f you add 1 to 2147483647, you get -2147483648, and if you double this you
g e t  0 . Th is  can  have  b izar re  resu l ts . Suppose you want to per form some
l o o p  f o r  i= 10,500000000,.  . . , 2000000000~,  and for some obscure reason you
use a WHILE instead of a FOR. Let u6 look at what might happen.

DEFINE i = 0;
WHILE i <= 2000000000,
I- WRITE i 1

i := i t 500000000
-I

Thi s ui I I wr i te 0, 500000000, 1000000000,  1500000000,  and 2000000000, as
expected. But then i t add6 5 0 0 0 0 0 0 0 0  to i and gets -1794967296, i.lhich i s
I ess than 2000000000, s o  t h e  l o o p  c o n t i n u e s , p r i n t i n g -17943G7296,
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-1294967296, . . . , 1705032704 ,  At this point adding 500800000 again yields
a  n e g a t i v e  r e s u l t , -2089934592, and on i t goes,
tota l  of  38 numbers,

T h e  l o o p  w i l l  p r i n t  a
after which i becomes 2115098112.

But now comes the best part. Due to the way the HPL compiler handles
index sets in FOR loops, i f  you use the vector ~0,508888008,...,2000000008l
in a FOR loop you uil I get the same effect as above! That is,

FOR i IN ~8,508888888, . . . ,2080808088l,  WRITE i

w i l l  p r in t  the  same 38  tWnb6r6. (Th is  i s  rea l l y  a  compi le r -spec i f i c  ‘bug ’ ,
b u t  i t  i s  a  p r o b l e m  w h i c h  i s  l i k e l y  t o  b e  s h a r e d  b y  f u t u r e  MPL compi  i e r s ,
so  watch  ou t ! )  In te res t ing ly ,  the  s ta tement

WRITE 18,500088800,. . . ,2880000000l

works correct ly,  pr int ing only 5 numbers.

Another place where integer overf low might cause trouble is when you
are mult ip ly ing to create an over-s ized number, wh ich  you then in tend to
divide back down. For instance, in computing a binomial  coeff ic ient such
a s  (;I u s i n g  t h e  f o r m u l a  nab-t-lhdn-2116, y o u  w i l l  g e t  e r r o n e o u s  r e s u l t s
for values of n between 1292 and 2345, ( F o r  nB2345 the  f ina l  resu i  t  wou ld
be too large anyway. )
1331334000.

F o r  n=2088,  f o r  i n s t a n c e ,  t h e  a n s w e r  y o u  w a n t  i s
Unfo r tuna te ly ,  200~~1~~~~1~~8  yields - 6 0 1 9 3 0 5 9 2 ,  and the f inal

resui t comes up -100321765. In such cases, where you expect in teger
express ions near 23’ use rea I values instead. R e a l  v a r i a b l e s  c a n
represen t in teger6  up ’  to  about  10’*  u i th  no  round ing  e r ro rs
t h e y  a r e  s o m e w h a t  slower  to use, they at least w o r k ,

and though
ffemembkr  t h a t  r e a  I

d iv is ion  does not  t runcate  as  does in teger  d iv is ion ,  even when the  va lues
involved happen to be whole numbers.
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You have just  (presumably) learned the rudimentar ies of  MPL--enough to
b e  a b l e  t o  u s e  i t  f o r  n o n - t r i v i a l  programs. If you are new to programming
(or vi ce versa)  you may have been overwhe I med by how much there i s to HPL.
W e  a p o l o g i z e ;  p r a c t i c e  i t ,  u s e  i t ,  b e c o m e  fami I iar with it. If y o u  a r e
accustomed to programming, you may have been disappointed by how I ittie
there is to HPL. We apologize: keep reading.

These  fine-print sbctions will become  scarcer  as you proceed  through  the manual, There  are
two reasons for this. First, you are hopefully  becoming  a more sophisticated  programmer.  Second,
the subject matter  Is becoming more complex, so what might have been  presented in fine  print is
Instead  presented normally, for the benefit of experienced  programmers and novices  alike,

1: DATA TYPES AND STRUCTURES (REVISITED)

. --.
A l  I  r i g h t , we admi t  i t . T h e r e  are data types other than integer and

r e a l , a n d  s t r u c t u r e 6  o t h e r  t h a n  s c a l a r ,  v e c t o r ,  m a t r i x ,  a n d  a r r a y .  I f
y o u ’ v e  r e a d  this  far (and i f  you haven’t  then you had better catch up in a
hurry) then you should be ready to hear about some of them,

1 .l: More Data Types

Warning! The data types about to be introduced here can not be input
using unformatted READ or GIVEN statements. Format ted  input  w i  I  I  be
d iscussed in  sec t ion  6 .2 .

1.1.1: Lorcical

A  log ica l  cons tan t  o r  var iab le  may have  one  o f  two  va lues ,  ‘ t rue ’  o r
‘ f a l s e ’ . Logical constants consist of one of the keywords TRUE or FALSE.-
As you sha l  I  see, t h e  c o n d i t i o n  o f  a n  I F  s t a t e m e n t  i s  r e a l  l y  a  l o g i c a l
express ion, and may be more complex than was shown in Section I. It may
also be s impler . For examp I e, the statement

IF flag THEN x I= 1.8/x
.
.  i s  v a l i d  i f  ‘ f l a g ’ i s  a  log ica l  sca la r  va r iab le . We ’ l l  see  more  o f  th i s  i n

sect ion 2.1 and section 3.2.

c

c

In a DEFINE or GIVEN statement, log ica l  va r iab les  a re  dec la red  w i th  the
t y p e  a t t r i b u t e  LOGlCAL,

- 39 -



MPL User’s Guide S e c t i o n  I I

1.1.2; Character

Character constants and var iables are strange beasts.  The only other
l a n g u a g e  w e  k n o w  o f  w h i c h  h a n d l e s  t h e m  s i m i l a r l y  t o  MPL is APL, so if
you’re not famil iar with APL you should pay very close attent ion.

A character datum is any single character which you can punch, type,
i n  a n y  w a y  f o r c e  i n t o  t h e  c o m p u t e r .

ECnched  c a r d ,
For examp I e; if you take any

i t  m a y  b e  t h o u g h t  o f  a s  c o n t a i n i n g  e x a c t l y  8 0  i n d i v i d u a l
charac te rs , T h e r e  a r e  t w o  c a u t i o n s  y o u  s h o u l d  k e e p  i n  m i n d . F i r s t ,
charac te rs  a re  no t  res t r i c ted  to  the  MPL charac te r  se t  g iven  a t  the  s ta r t
o f  S e c t i o n  I . Thus ,  a l though  the  charac te r  ‘?’ has no meaning in MPL, i t
may be stored in a character var iable.
s u c h  a s  ‘<(’ o r  ‘-(=‘,

Simi lar ly,  a mult i -character symbol
w h i c h  MPL treats as a single ent i ty,  cannot be stored

as  a  s ing le  charac te r . Thus ‘,...,’ taken as character data would have to
be  t rea ted  as  5 d is t inc t  charac ters .

A  l - c h a r a c t e r  c o n s t a n t  i s  w r i t t e n  b y  p u t t i n g  t h e  c h a r a c t e r  b e t w e e n
d o u b l e - a n g l e s  (‘s<* a n d  ‘>>‘I. For examp I e, <<8>> i s  a  s c a l a r  c h a r a c t e r
constant whose value is the single character ‘8’. Character constants with
more than 1 character are wri tten the same way, and are treated as vectors.
T h u s  <<FROG>>  is--a 4 - e l e m e n t  v e c t o r  e q u i v a l e n t  t o  l<cF>>, <CR>>,  <CO>>,
<cc;>>1 . MPL does not currently permit the use of <<>>, which would be a 0-
e lement  charac te r  vec to r . Note that  mul t ip le b lanks,  which are normal iy
ignored, are counted as separate characters in a character constant. Thus
<cX Y>> i s  a  s - c h a r a c t e r  v e c t o r , w h i l e  <<X YBB i s  a  $ - c h a r a c t e r  v e c t o r .  A
charac te r  cons tan t  canno t  con ta in  the  sequence  ‘~9, since that is used to

’ d e n o t e  t h e  e n d  o f  t h e  s t r i n g . The  examples  inc lude  a  way  o f  ‘ c rea t ing ’
such a constant if you should happen to want it.

Character variables are defined using the type attribute CHARACTER.

Examp I es:
DEFINE Name CHARACTER VECTOR 20;
Name := <<*>>; “Name now contains 20 asterisks”
Name1201  := <<.M: “Name is now 19 t’s followed by a period”
Name t- <<George>>; “ I l l e g a l  (<<George>>  i s  o n l y  a

“6-element vector)”
DEFINE Name : = <<George>>; “Name is now 6 elements”
IF Name - <<George>>, “ T h i s  t e s t  i s  ‘ t r u e ” ’

WRITE Name:
IF Name = <<Dantzig>>, “I I legal (can’t compare 6-element

WRITE Name: “vec tor  w i th  T-element  v e c t o r ) ”
DEFINE Name : = <xX>>; “ I I  legal  (<<X>> is  sca la r ,  and you

“can’t  redef ine a vector as a scalar)”

“Here are three ways to create a str ing of n aster isks.”
. DEFINE str i ngl CHARACTER VECTOR n;

s t r ing1 := <<*>>; “Set every element to “*‘I’
D E F I N E  s-temp - ll,...,nl  - l0,,..,n-11, “ Y i e l d s  n  o n e s ”

s t r i n g 2  - <<t, >> (s-temp) ;
“<<f.>>(l)  i s  the  f i r s t  charac te r  o f  ‘*.‘, n a m e l y  .o((‘. Because
“s-temp  conta ins  n  l ’ s , str ing2 is assigned n *‘s. You must in-
“elude  the period (or some other random character) in <<#.:.>>  so
‘that it will be  a  vec to r  and  can  thus  be  subscr ip ted  (co*>> is
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L

“a scalar) a No t i ce  a lso  the  use  o f  a  vec to r  ts temp) as a sub-
“ s c r i p t . We haven ’ t  ment ioned tha t  ye t ,  bu t  weTI  I get to it in
“sec t ion  2 .2 . In the meantime, Lie can of course comb i ne th i ngs
“and get the fo l lowing simpler form.”
D E F I N E  s t r i n g 3  = c<%>>tIlr..,an)  - tB,,,,,n-11);

“ H e r e ’ s  h o w  t o  c r e a t e  the’character  s t r ing  ‘>>‘. We t a k e  t h e
“ 3 - c h a r a c t e r  s t r i n g  .>. a n d  e x t r a c t  t h e  ‘>‘, t w i c e . ”
DEFINE special-str ing = <<.>.>>((2,21):.

Y o u  m i g h t  a l s o  h a v e  r e a l i z e d  b y  n o w  t h a t ,  w h e n  y o u  w e r e  w r i t i n g
messages as descr ibed b a c k i n  S e c t i o n  1, you were a c t u a l l y  w r i t i n g
character constants.

B e  c a r e f u l  t o  a l w a y s  i n c l u d e  t h e  c l o s i n g  ‘>>’ b e c a u s e ,  u n l i k e
comnien t s, charac te r  cons tan ts  can  run  over  severa l  ca rds . Cons ider  the
fol lowing example.

IF x=y THEN
DEFINE word = <<Frog::

ELSE
DEFINE word = <<Toad>>

c

H e r e  t h e  ‘>>’ was accidental ly typed as ‘::‘, a  f a i r l y  t y p i c a l  k e y p u n c h i n g
e r r o r . The intended statement would have set ‘Word’ equa l  to  one  o f  two  4-
charac te r  vec to rs . The statement as actual ly shown ei ther leaves ‘word’
a l o n e  ( i f  x11y) o r  s e t s  i t  t o  b e  a  v e r y  l o n g  v e c t o r  (148 c h a r a c t e r s ,  t o  b e
prec  i se) s t a r t i n g  u i t h  ‘ F r o g : : ’  a n d  s e v e r a l  b l a n k s ,  a n d  e n d i n g  w i t h
‘P <<Toad’.

1.2: More Data Structures

There are a couple fair ly bizarre data structures which we’ l l  save for
S e c t i o n  I I I . For now we shal I introduce two fairly common mathematical
s t r u c t u r e s , namely row and column vectors.

12.1: Row vec tors

6. A  row vec to r  i s  t rea ted ,  mathemat ica l l y  a t  leas t ,  exac t l y  l i ke  a  1 b y
n  m a t r i x , where n is the size of the row vector. A row vector may thus be
used in the same places a matrix could be used, and is subject to the usual
r u l e s  o f  m a t r i x  o p e r a t i o n s . As for the program, however,  row vectors look
a  l o t  l i k e  o r d i n a r y  v e c t o r s . They  are  de f ined  w i th  a  s ing le  d imens ion
(using the keyword ROW or,  opt ional ly, the pair of keywords ROW VECTOR)
and are  subscr ip ted  w i th  a  s ing le  subscr ip t . See the examples in sect ion
1.2.3 fo r  cases  where  the  d i f fe rence  be tween vec to rs  and  rows  becomes
apparent.
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1.2.2: Column vectors

Column vectors are n by 1 matrices just as rows are 1 by n.
defined using the keyword COLUMN or, optional ly, COLUMN VECTOR.

They are

1.2.3: Spec ia l  t rans fo rmat ions

T O conver t  vec to rs  in to  rows and co lumns,  and  v ice  versa ’  there  a re
some special operations provided. (These  a re  ac tua l l y  ‘I ibrary funct ions’,
as  w i  I I  be  descr ibed in  sec t ion  4 .5 . )  To  change a  vec tor  V  o f  any  type
( i n t e g e r , character , etc.) into a row or column  o f  the  same type  and  s ize ,
wr i te ROW(V)  or COLUMN(V). To change any row or column vector RC into an
o r d i n a r y vec tor , wr i te VECTOR (RC)  ‘. Note: T h e s e  o p e r a t i o n s  d o  n o t
a c t u a l  Iy change  t h e  s t r u c t u r e  o f  V. Rather  they  y ie ld  a  resu l t  wh ich  has
t h e  same  v a l u e s  a s  V  b u t  i s  i n  a  d i f f e r e n t  s t r u c t u r e . T h i s  i s  j u s t  l i k e
the  ord inary  a r i thmet ic  opera t ions . I f you w i te -V i t  does  no t  cause the
value of  V to change,
t h a t  o f  V.

bu t  ins tead y ie lds  a  resu l t  whose va lue  is  negat ive

For convenience, MPL recogn izes  the  spec ia l  case  o f  a  vec to r  va lue
be ing  ass igned to  a  rou o r  co lumn va r iab le . Technical ly ,
i I legal,

t h i s  shouldguFe
s ince you can ’ t  ass ign  a  mat r ix  var iab le  a  vec tor value.

provided the row or column is the same size as the vector, MPL lets you ge;
away  w i t h  i t .

Let’s see some of these concepts in action.

Examp I es:
DEFINE V INTEGER VECTOR 10’

R INTEGER ROW VECTOR 10’
(Cl, C2) INTEGER COLUMNS 10;

i
:= I1,.*.,10~:
:- ~1,...,10); “Legal (see second paragraph above)’

R := ROW (&,..,10H; ‘Equivalent to preceding statement”
CL := R, “ i l l ega l  (10 by 1 is not the same as 1 by 10)”
C l  := V :  “ L e g a l ”
c2 := (Cl-11  * 2 ; “C2 i s  n o u  {0,2,...,181”
DEFINE Z - CluC2; “I l legal  ( incompat ible dimensions)”

a “Note: You can multiply one column by another, provided
“the second column has size 1.”
DEFINE Y = RrkCl; “Y i s  a  sca la r ,  va lue  1’+22t..,t102=385”
DEFINE X = Cl*R; “X is a 1 0  b y  1 0  m a t r i x ,  Xfi, j) = i*j”
DEFINE W = X*Cl; “Matrix times a column yields a column”
DEFINE W = R*X: “Row t imes matr ix yields a row, so this is

“i I  legal  (can’ t  redef ine structure of  WI”
“Note that, though rows ancl  columns are both matrices, MPL
“cons iders  th is  a  redef in i t ion  o f  s t ruc tu re . Note also
“a matr ix and a normal vector cannot be mult ip l ied at  a l l . ”
V : = VECTOR (RI t 2 * VECTOR (Cl) ; “V i s  now  t3,6,...,301”
DEFINE bland = (V(4),R(4),CL(4),X(4,4)~;
“This last  statement (above), w i th  typ ica l  b land d is regard

‘Al though ‘ROW’, ‘COLUMN’, and ‘VECTOR’ are normal ly keywords, their
u s e  h e r e  i s  d i s t i n c t  f r o m  t h e i r  k e y w o r d  i n t e r p r e t a t i o n s ,  s o  w e  s h a l  I  n o t
p r in t  them in  bo ld - face .
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2: EXPRESSIONS (REVISITED)

Express ions (Rev is i ted)

“ for  the actual  structures involved, pul ls out  one element
“each from a vector, a row, a column, and a matrix, demon-
“strat ing how one subscr ipts each structure.
“4-element vector happens to be (12,4,4,161  .‘I

The result ing

Now the fun really begins. We’re about to laden you with al I sorts of
addi t ional  operators and related hocus-pocus.
do not  have a standard mathematical  notat ion:

Some of  these unfor tunately
some of them have s t anclard

notations which do not readi  ly adapt themselves to keypunching, Thus Lie* ve
had to concoct our own notat ions. Where possible we have used ‘standard’
cohiputer-language forms, O h  w e l l ,  e n o u g h  excuses*  Let’s get on with i t .

2.1: More Operators

2.1.1: Exponentiation

Denoted by the Z-character symbol ‘wK’, exponent ia t ion is  allocced as a
binary operat ion between scalars only.
to f ind powers of a matr ix,

Thus exponentation may not be used
nor to square every element of an array.

L

T h e  r e s u l t  i s  r e a l  i f  e i t h e r  o p e r a n d  i s  r e a l :  o t h e r w i s e  i t  i s  i n t e g e r .
If t h e  s e c o n d  o p e r a n d  (the exponent )  i s  rea l  then  the  f i r s t  operand ( the
b a s e )  hwst be pos i t ive .

Examp I es:
5**3 y i e l d s
2.5wh2) y i e l d s
.7**(. 9 y i e l d s
f-f)**k y*i e I ds

I-3)**3 y i e l d s
3**(-3) y i e l d s
I-3.0)**(-3)  y i e l d s
(-3)**(-3.0)  y i e l d s
3x+(-3.0) y i e l d s

125
0.16
0.725418 (approximately)
-1 i f k i s odd
+l if k is even
an er ro r  i f  k  i s  no t  an  in teger
-27
0 (3-3 = (1127)  = 0)
-0.037037 (approximately)
a n  e r r o r  ( f i r s t  o p e r a n d  f-3) no t  pos i t i ve )
0.037037

2.1.2: Horizontal  and vert ical  concatenat ion

Denoted r e s p e c t i v e l y  b y  ‘I’ a n d  ‘U’, horizontal and v e r t i c a l
concatenat ion are al  lowed as binary operat ions on vectors,  rows, columns,
and ma tr i ces. If two things are to be concatenated, they must be the same
t y p e  (e.g., c h a r a c t e r ) , with the exception that one may be integer and the
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o t h e r  r e a l . ( I n  t h i s  c a s e  t h e  i n t e g e r  o p e r a n d  i s  t r e a t e d  a s  i f  i t  w e r e
rea l .  1 M o r e o v e r , the row sizes (number of rows) must be equal f o r
hor i zon ta l  conca tena t ion , and the column sizes must be equal for  vert ical
concatenat ion.

T h e  r e s u l t  o f  a  c o n c a t e n a t i o n  o p e r a t i o n  i s  a l w a y s  a  m a t r i x , Even
concatenating two rows y i e l d s  a l--by  n matrix, not a row.
(Mathemat ica l l y ,  o f  course ,  there  i s  no  d i f fe rence ,  bu t  MPL th inks  o f  the
two s t r u c t u r e s s l i g h t l y d i f f e r e n t l y . ) One except ion: h o r i z o n t a l
concatenat ion  o f  two vec to rs  y ie lds  another  vec to r . Refer to Appendix C
fo r  comp le te information concerning the structure of the result of a
concatenat ion operat ion.

Examp I es:
D E F I N E  V  := U,...,4), V’ := V*ELS,

R5 ROW 5, R7 ROW 7,
C5 COLUMN 5, C7 COLUMN 7,
tl MATRiX 5 BY 7:

(V-1) 1 W+l) y i e l d s
v 1 V’ y i e l d s
v ## V’ y i e l d s
V 1 +cfrag>> y i e l d s
R5 I R7 yields
RS ti R5 y i e l d s
R5 # R7 y i e l d s

k5, ‘IT
y i e l d s
y i e l d s

M##tl y i e l d s
C71  (R7#M#R7)  ]C7 y i e l d s

10,1,2,3,2,3,4,51
(1.,2.,3.,4.,0.5,1,,1.5,2.)
a 2 by 4 real matrix
an error ( incompatible types)
a 1 by 12 mat r i x
a 2 by 5 matr ix
an error (di f ferent column sizes)
a 5 by 8 matrix
a 5 by 14 matrix
a 10 by 7 matrix
a 7 by 9 mat r i x

2.1.3:  Reiat ional  comparisons

T h e r e ’ s  n o t h i n g  n e w  a b o u t  r e l a t i o n a l  o p e r a t o r s  (‘=‘, ‘v=*, e tc . ) ,  bu t
w e  w a n t  t o  p o i n t  o u t  t h a t  w h a t  t h e y  r e a l l y  d o  i s  y i e l d  a  s c a l a r  l o g i c a l
r e s u l t . These logical resu l t s  may then  be comb i ned using log ica l
opera to rs , which we shall discuss next.
i f  ‘p’

Inc identa l l y ,  you  migh t  no te  tha t ,
is a logical  scalar,  then “p =  TRUE”  i s  equ iva len t  to  “p”.

2 .1 .4 :  Log ica l  opera t ions

Logical conjunct ion, d is junc t ion , and negation (common I y known a s
‘and , ‘ o r ’ ,  a n d ‘not ’ )  are represented respect ively by the keywords AND,
OR, and NOT. (The character  ‘9’) as used in certain other languages, i s
al  towed in place of ‘NOT’.)  These operat ions are def ined only on logical
va tues.

AND and OR are al lowed as binary operat ions between logical  scalars
o r  b e t w e e n  h i a t r i c e s  (not  vec to rs ! )  o f  equa l  s i zes . M a t r i x  o p e r a t i o n s  a r e
done coniponen t-w i se. The operations are def inecl in the usual way, i.e., i f
P  i s  t h e  l o g i c a l  v e c t o r {TRUE, F A L S E ,  T R U E ,  FALSEI  and Q is {TRUE,  T R U E ,
F A L S E ,  FALSE1 then ( i f  vector operat ions were al  lowed, which they’re not)
we would ha.ve:

-_
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P  A N D  Q y i e l d s {TRUE, FALSE, FALSE, FALSEI
P OR Q y i e l d s ITRUE, TRUE, TRUE, FALSEI

NOT is allowed as a unary operator on scalars and non-scalars. It i s
d e f i n e d  i n  t h e  u s u a l  s e n s e : NOT TRUE yields FALSE and NOT FALSE yields
TRUE. -.

t 2.1.5~  flwmbershig

The operators IN and NOT IN are permitted only between a scalar and a
vet tor , and are used to test  whether the scalar  occurs as a member of  the
v e c t o r . The  opera to rs  each  y ie ld  a  sca la r  l og ica l  resu l t . ‘x IN V’ is
TRUE i f  and  on ly  i f  xcV: ‘x NOTIN  V ’  i s  equ iva len t  to  NOT (x IN VI.

c The operands must be integer or  real. MPL may soon be extended to
al low character  operands, bu t  th is  i s  no t  cur ren t ly  the  case,

The r ight-hand operand is permit ted to be a nul  I vector, in which case
the resu I t i s FALSE (for IN) or TRUE (for NOT IN).

Examp  I es:
5 IN U.,3,...,10~ yields TRUE
5 IN {1,4,...,10) yields FALSE
7 NOT IN {1,4,. . . ,101 yields FALSE
<<X>>  NOT IN <<Benedict>> yields TRUE (not yet implemented)
13,51  IN (1.3 ,..., 101 y ie lds a n  e r r o r  f I3,5I i sn’ t sea I at-1
1 IN {1,...,01 yields FALSE

2.1.6: Precedence

The precedences among operators mentioned so far are:

F i r s t : subscript ing, ‘ funct ions’ (ROW, etc.)
- (unary)

iI
**
*/
+ - (binary)
relationale, IN, NOT IN
NOT
AND

Last: OR

‘Examp  I es shou I dn’ t be necessary here, b u t  t w o  i  t e r n s  a r e  w o r t h  n o t i n g .

IFirst, w h e r e a s  n o r m a l  m a t h e m a t i c a l  n o t a t i o n  i n t e r p r e t s  abc as atb’), MPL's
-precedence  rules ( lef t  to r ight  among binary operators of  equal  precedence)
w i  I  I  c a u s e  i t  t o  i n t e r p r e t  aWbWc  a s  lab)‘. u s e  aW(bWc)  t o  g e t  t h e
f i r s t i n t e r p r e t a t i o n . In fac t , use (a**b) WC f o r the second
i n t e r p r e t a t i o n , jus t  to  save  yourse l f  some con fus ion . Second, a I though
-l**k wi I  I  y ield the same results as f-l)**k, we recommend you get into the
habit  of  including the parentheses anyway, since some languages would treat
the unparenthesized form as -(lm*k).
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2.2: Subscripting

In the course of  learning to use MPL, have you ever  uanted  to  spec i fy
a  s i n g l e  r o w  o f  a  m a t r i x ? A l  I  b u t  t h e  f i r s t  e l e m e n t  o f  a  v e c t o r ?  T h e
r e v e r s a l  o f  a  v e c t o r ? D i d  y o u  g o  c r a z y  t r y i n g  t o  d o  t h e s e  t h i n g s  b y
subscr ip t ing  one  e lement  a t  a  t ime? We hope not, because i f you needed
these th ings  i t  was probab ly  t ime to  go  on to  Sect ion  I I . Wel 1, here you
are i n  S e c t i o n  I I , a n d  h e r e ’ s  t h e  s e c r e t :  Y o u  c a n  u s e  v e c t o r s  a s
s u b s c r i p t s , For instance, (1;3,5j  ((1,311 y i e l d s  ll,Sl,  i.e. t h e  1” a n d  3’d
e lemen ts  o f  11,3,51r

T h e  f i r s t  t h i n g  y o u  m i g h t  n o t i c e  i s  t h a t , w h e r e a s  t h e  r e s u l t  o f
s u b s c r i p t i n g  h a s  h i t h e r t o  b e e n  a  s c a l a r  v a l u e , the  resu l  t  above was a
vet tor. T h e  g e n e r a l  r u l e  i s  a s  f o l l o w s :
operat ion has one level  of  dimensional i ty

T h e  r e s u l t  o f  a  subscriyAu;g
for each vector subscr ipt , *

i f A is an array (and is at least 2 by 2 by 2) then

A U ,  2 ,  2) y i e l d s  a  s c a l a r
A(l1,2I, 2 ,  2) y i e l d s a 2-element vector
A( U,2!, 2 ,  11,211 y i e l d s a 2 by 2 matrix
A(l1,2l, 121, (1,2t)  yields a  2  b y  1 b y  2  a r r a y

-.m.
A robI or column subscripted by a vector yields a new row or column with the
same number of elements as the subscript.

N o t e :  When a matr ix is subscripted by a vector in one dimension and a
sca la r i n  t h e  o t h e r , M P L  t r e a t s  t h i s  a s  a  s p e c i a l  c a s e . I n s t e a d  o f

.  y ie ld ing  a  l -d imens iona l  vec to r  resu l t ,
MPL produces a row or column vector,

as the above examples would imply,
depending upon which subscript was the

vet tar. This was general ly found to be more useful  than a l -d imensional
r e s u l t . I f  y o u  u a n t  a  v e c t o r  r e s u l t ,  u s e  t h e  ‘VECTClR(...I’  c o n s t r u c t i o n
descr ibed in  sec t ion  1 .2 .3 .

Further note: MPL wi I I currently produce a run-time error if you use a
v e c t o r  t o  s u b s c r i p t  a n  a r r a y . Th is  overs igh t  shou ld  be  cor rec ted  in  the
near  fu tu re .

You may al so use, in  p lace  o f  a  numer ic  subscr ip t ,  a  s ing le  as te r i sk
(‘*‘). This has the same effect as if you had used a subscript of
a 11 r.rr,nl’ where n is the size of the corresponding dimension. T h u s ,  i f  M

- is a 5 by 7 matrix, then M(3,rk)  is the 3’d row of the matrix, and by the
ru le  jus t  g iven  i t  wou ld  be  a  T -e lement  row vec to r . Ml*,21 would b e  t h e
2nd  c o l u m n  -of t h e
“cross-sect ions”.

mat r ix , Such subscripts are sometimes referred t o  a s

R e a c h i n g  i n t o  t h e  f u t u r e  a g a i n  ( s e c t i o n  4.5). we wi I I  tel I  you now
tha’t i f  you need to know the size of a vector V, you may wr i te  ‘S IZE (VI ’ .
S i m i l a r l y , to find the number of roL!s  or columns in a matrix fl, use
‘ROWSIZE  (MI’ or ‘COLSIZE (Ml’, respect ively.  We mention these now because
(a) t h e y ’ r e  h a n d y  t o  h a v e  a r o u n d  a n d  (b) ue’re  g o i n g  t o  u s e  t h e m  i n  t h e
upcoming examples, and it uould be nice if you knew what we uere doing.
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L

I-

c

L

Examp I es:
DEFINE V :- {2,5,,..,501;
WRITE V( {3,S,3,151 I; ‘Wri tes 8, 26, 8, and 44”
DEFINE Vrev :- V(ISIZEW),SIZE(VLl,.~.,lt~:
“Vrev  is  now the reverse o f  V ,  i .e .  150,47,.. . ,2l .”
DEFINE V := uu0,..., SIZE(V)1  1 U,...,9l);
“V has been ‘ rotated’ . It is n o u  l29,32  ,..., 47,50,2,5 ,..., 261.”
DEFINE V :=’ V(l2,.,.,SIZE(VIlI:
“The f i rst  element of  V has been ‘discarded’.”
DEFINE R - ROW (VI, C - COLUMN (VI,

M = C(i14,21) t R({7,..,,9\);
“M is a 2 by 3 matr ix which looks l ike: 1000 40 1 0 0

Ii
1750 70 175

:= flbc, ~COLSIZE(M),COLSIZEUl)-l,...,lH;
“ T h i s  r e v e r s e s  e a c h  rou of M, M is now: 1 0 0  4 0  1 0 0 0
II 175 70 1750 ~

“As a final example, the following code would create a matrix
“P’ wh ich  i s  the  t ranspose o f  a  rea l  mat r i x  P. There  i s  an
“easier way of doing this, bu t  we ’ l l  t a l k  abou t  tha t  l a te r .
‘The idea here is to give you another look at how cross-sec-
“tions work.”
DEFINE, P’ MATRIX COLSIZE (PI BY ROWSIZE  (PI;
F O R  i  := U,...,ROWSIZE (PI}, “ F o r  e a c h  r o w  o f  P ,

P’ (*, i 1 :- P&*1; “copy i t  into a column of  P”’

L

Vector subscr ipts must in general  be non-nul l ,  that is they must have
a t  l e a s t  o n e  e l e m e n t . I n  t h e  s p e c i a l  c a s e  o f  a  v e c t o r  s u b s c r i p t e d  b y
another  vec to r  the  vec to r  subscr ip t  may  be  nu l l ,  i n  wh ich  case  the  resu l t
i s  a l s o  a  n u l l  v e c t o r .

2.3: Set Generators

i T h e r e  i s  a  t h i r d  t y p e  o f  v e c t o r  g e n e r a t o r  t o  g o  w i t h  N-tuples a n d
index  se t s . T h i s  t h i r d  t y p e  i s  c a l l e d  a  “ s e t  g e n e r a t o r ” , T h e  t e r m  i s
un fo r tuna te ly  a  b i t  m is lead ing , s ince  in  a  sense a l l  vec to r  genera to rs  in
MPL are set generators. Since set generators are ef fect ively FOR loops put

e i n s i d e  v e c t o r s , perhaps  a  be t te r  te rm wou ld  be  ‘FOR vec to rs ’ ,  bu t  tha t ’ s
what we cal I the vector inside a FOR statement’ ‘Vec to r  mapp ings ’ ,
p e r h a p s ?  Oh wel I, we ’ l l  ca l l  t hem se t  genera to rs ,  and  maybe  a f te r  we ’ve
described them you’ll be able to think of an appropriate name for them.

. The general form of a set generator is

IFOR <for index> IN < in teger  vec tor> ,  <expression>1

w h e r e  ‘=’ o r  ‘:=’ may rep I ace ‘IN’ and ‘DO’ may replace the comma. The
<for index> and <integer vector> are the same as for normal FOR statements,
namely any var iable and any integer vector. As with FOR loops, the index
var iable need not have been def ined, a n d  i f  i t  h a s  i t  w i l l  b e  t e m p o r a r i l y
redef ined  w i th in  the  se t  genera to r .
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The va lue  o f  a  se t  genera to r is the  vec to r  whose  e lements  a re  the
<expression> evaluated for each value of the index var iable, in sequence.
The express ion  must  y ie ld  a  sca la r  resu l t . L e t  u s  m a k e  t h i s  c l e a r  w i t h
some

Examp I es:
(FOR  i  I N  {1,...,5), ikil . .

y i e l d s  (1,4,9,16,25)
{FOR  i  I N  {1,9,100,1024),  i**0.5l

y i e l d s  U.,3.,10.,32,~
{FOR  i=lFOR ]={5,4,...,11  D O  j*jI, iai/lE3)

y i e l d s  L625,.256,.081,.016,,881)
{FOR  j t- 11,3,...,101,  Il,...,jI*ll,...,jI1

y i e l d s  (1,14,55,140,285)
{FOR frog IN (2,. . . ,4), 11,. . . , frog))

yields an error (<expression> not scalar)
not U,2,1,2,3,1,2,3,4)

In  case th is  isn ’ t  enough to  g ive  you what  you want ,  there ’s  even a
more powerfu l  form of  set  generator ,  uhich looks like

(FOR <forJndex> IN <integer vector>: <condi t ion>, <expression>)

w h e r e  ‘-0 ‘:=‘, and ‘DO’ may be substituted as before. Whereas  the  f i r s t
fo rm pu ts  a  FOR loop  ins ide  a  vec to r ,
with an IF statement.

th is  fo rm cond i t ions  the  FOR loop
The <condit ion> is any logical  expression, and only

t h o s e  v a l u e s  o f  t h e  i n d e x  v a r i a b l e  w h i c h  c a u s e  t h e  c o n d i t i o n  t o  b e  t r u e
-ui I I b e  u s e d  i n  c r e a t i n g  t h e  n e w  v e c t o r .

exp lanat ion ,
Th is  p robab ly  needs  more

so let ’s try to clear i t  up with a few more

Examp i es:
{FOR i IN 11 ,..,,5l: i - 2 ,  i*it

y i e l d s  (1,9,16,25)
[FOR j  I N  (1,. . . ,10) : jc=4 O R  j>=S, (j/2)*2)

[FOR j = 11
y i e l d s  10,2,2,4,8,8,101

,..., 4) 1 {8,...,101, (j/21*21 (horizontal
concatenat ion instead of a condit ion)
a lso  y ie lds 10,2,2,4,8,8,10l

{FOR i t- (1 ,..,,15): k 7  O R  i-C/3)*3 y= 1 ,  it
y i e l d s  U,2,3,4,5,6,8,9,11,12,14,15~

1 3: MORE STATEMENTS

We shal I now introduce some neu statements, as well as some new twists
to old statements.
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11.3.1 More Statements

3. I t Subscripted  Assignment

L

c

L

I

c

L

S i n c e  s u b s c r i p t s h a v e  b e c o m e  a  l i t t l e  m o r e  c o m p l i c a t e d , s o  h a s
subscr ipted assignment (i.e., assignment into a subscripted component of a
n o n - s c a l a r  v a r i a b l e ) . I f  y o u  r e c a l l , b a c k  i n  S e c t i o n  1 ue i n t r o d u c e d
some t h i ng c a l l e d  a  <left s i d e >  w h i c h  c o u l d  b e  a s s i g n e d  v a l u e s in an
assignment or READ statement. A t  tha t  t ime we sa id  a  <left s i d e >  h a d  t o
be  e i ther  a  var iab le  o r  a  subscr ip ted  var iab le . With the broader scope of
subscripts now at your disposal, we must be a bit more specific.

A <left side.> i s  e i t h e r  a n  u n s u b s c r i p t e d  v a r i a b l e ( p o s s i b l y  non-
s c a l a r )  o r  a  v a r i a b l e  s u b s c r i p t e d  u s i n g  s c a l a r s ,  a s t e r i s k s ,  a n d / o r  i n d e x
s e t s . Th is  does  n o t  permit  the use of N-tuples, set generators,  or vector
expressions as subscripts. Such subscripts are val id in an expression, but
n o t  i.ri t h i n  a  < l e f t  side>, Recal l  that subscripts of any type are forbidden
on the lef t  s ide of  a def in ing assignment statement.

Examp I es:
DEFINE M MATRIX 3 BY 5,

V INTEGER VECTOR 3;

V :==(1,3,r..*5~;
M := COLUMN (VI * ROW (11,...,51);
“II is now 1. 2. 3, 4. 5.
II 3. 6. 9. 12. 15.

5. 10,  15.  20.

M&5) E;c2 4) := := 7 9:

25.”

“M is now 1. 2, 3. 4. 9.II 3. 6. 9. 7. 9. .

5. 10. 15, 20. 9.”
:= Ul., 9 . 5 ,  .61: “ I l l ega l  le f t  s ide  (even  though

“V’s value is an index set)”
M(2, {1,3,51)  := ill., 9 . 5 ,  .6); “N-tuple  i l l e g a l  i n  l e f t  s i d e ”
Mt2, 11,3 ,..., 51) := {il., i.5, .61; “Index set i s legal ”
“M is now 1. 2.
II 11. 6. 9:5 7:

9.
0.6

thl (1 2,...,3H 5. 10. 15. 20. 9. ”
:- M(3,Vl:

“V is h l e g a l  s u b s c r i p t  o n  t h e  r i g h t  s i d e ,  t h o u g h  i l l e g a l  o n
“the left. M is now 5’ 15, 9, 4, 9.
II 11, 6. 9.5 7. 0.6
II 5 . 10. 15, 20. 9. "

“Now for a feu somewhat complicated maneuvers.”
tl( 11 ,...,21,{2,5,...51)  := M( I2,31,4)  JR M U ,  (4,211:
“ S i n c e  M(l2,31,4)  i s  a  co lumn vec to r ,  and  MU, i4,2t)  is a
“row vector, the r ight-hand side is evaluated as the
“matr ix product of a 2 by 1 matr ix with a 1 by 2  mat r ix ,
“yielding a 2 by 2 matr ix which is then assigned into the
“ 2  b y  2  s u b m a t r i x  0; Mlsgecified on the  le f t .  M is  now
II 5. 28. 3.
” 11. 80. 3 . 5  7 :  3 0 0 :
II 5. 10. 15. 20. 9.”
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N(lJ5,2  ,..., 21) :- VECTOR W’l(>k,  11,2,4W(U,21,3));
“The r igh t  s ide  subscr ip ts  fl to get a 3 by 3 s u b m a t r i x ,  t h e n
“subscripts that to get a 2-element column vector. Th i s  i s
‘then converted to a normal vector by the VECTOR operation.
‘Meanwhi le,  the lef t-hand side subscripts a row vector in N.
“ T h i s  rouNv;;t;;uis  ;ssig;ed tge 2-qelemeqnt  v e c t o r  o n  t h e
“right. ’
II 1 1 :  80: 9 : ;  7 :  3 0 0 :

Ii
5. 10. 15, 20, 9.”

:= Nh,l) * MU,*):
“N(rl<,l) i s  a  c o l u m n :  N(l,*I is a rou. T h u s  N i s  a s s i g n e d
“a new 3 by S mat r ix , II is nou 25. 35. 45. 20, 20.
I I 55.  77.  99.  44, 4 4 .
I f 25 .  35. 45. 20. 20.”

“ I t  is possible to use a vector subscript other than a con-
“stant  in a l e f t  side, for  our f ina l  demons t ra t ion ,  we  ahal I
“i I lustrate  such a  s i tua t ion , ”
FOR k  := {1,...,31,

M(k,Jl,. . . ,2uk-11 :- 0;
“N i s now 0 . 35. 45. 20. 20.
I I 0. 0, .0, 44. 44.
ff 0. 0.  0. 0. 0 . ’

--_

E v e n  t h o u g h  i t  i s  q u i t e  l i k e l y  t h a t  y o u  y o u r s e l f  u i  I  I  n e v e r  d o  a n y t h i n g
quite so bizarre as some of the preceding examples, or perhaps because of
t h i s , w e  u r g e  y o u t o  w o r k  t h r o u g h  t h e m  u n t i  I  y o u  a r e  c o n f i d e n t  y o u
understand what’s going on,

3.21 IF Statement

We shou ldn ’ t  have  to  re i te ra te  what  an  IF  s ta tement  does  o r  what  i t
looks  I  i ke . What  w e  w a n t  t o  s a y  h e r e  i s  t h a t  t h e  < c o n d i t i o n >  i s  n o t
res t r i c ted  to  be ing  a  re la t iona l  opera t ion , The <condition> may in fact be
any expression which yields a scalar logical  result .

Examp I es:
“(1) If the scalar i is not yet in V but ie100,  append i to V.”

IF i 4 00 AND i NOT IN V,
.DEFINE V :- V 1 Ii);

“(2) Given an integer vector S, create an integer vector V
‘cons is t ing  o f  a l l  pos i t i ve  e lements  o f  S ,  w i th  dup l i ca te
“elements removed.”
“Since null vectors are not allowed in an assignment, we
‘will put one element at the front of V and then remove
” i t when we are done. ”
DEFINE V := 111;
FOR i IN S,

IF l>0 AND i NOT IN V,
DEFINE V := V 1 lil;

“We now remove the ‘dummy’ element from the front of V.
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"(3)

” (4)

“This will give an error if S h a d  no pos i t i ve  e lements . ”
DEFINE V := V(l2,..,,SIZE(V)~);

Veri  fy that 3 vectors, Vl, V2, and V3, are mutual  ly  or thogonal ,
“ I f  they  are  no t , print an error message and stop.”
IF Vl*V2 -.- 0 OR VlmV3 v= 0 OR V2wV3 -‘= 0,
I- WRITE <<Vectors not orthogonal,>>;

STOP
-I:

S a m e  a s  (3) above,  bu t  app ly  DeNorgan’s  law. Which form is
“more readable is a matter of personal preference.”
IF NOT (Vl*V2  = 0 AND Vl443  - 0 AND V2*V3 = 01,
I- WRITE <<Vectors sti I I not orthogonal.>>;

STOP
-I:

Warninq!  Some languages speci fy that  the lef t -hand argument of  ‘AND’
is  eva lua ted  f i r s t ,  and  i f  the  va lue  i s  fa lse  then  the  r igh t -hand argument
i  s ignored, s i n c e  t h e  r e s u l t  o f  t h e ‘AND’  i s  a l ready  known to  be  fa lse .
( S i m i l a r  s p e c i f i c a t i o n s  a p p l y  t o  ‘OR’.)  MPL  cioe~ not cfo this. T h u s ,  i n  N P L ,
th8 s ta tement  - - .

IF k,0 A N D  V(kI=q, etc.

wi I  I  cause trouble when k is non-posit ive: you wi l l  get an error for trying
t o  s u b s c r i p t  V(k). You must break up the above statement, as in

IF k>0 THEN IF V(k)=q, etc.

3.3: CASE Statement

T h e  C A S E  s t a t e m e n t  i s  a n  e x t e n s i o n  o f  t h e  I F  s t a t e m e n t , An IF
statement allows you to execute either one of two statements based on some
c o n d i t i o n . A CASE statement allows you t o  e x e c u t e  a n y  o n e  o f  s e v e r a l
statements based on some condition. Here the condit ion is an integer value
from 1 to n, w h e r e  n is the number  o f  s t a t e m e n t s  a m o n g  w h i c h  y o u  a r ee
s e l e c t i n g , I f  t h e ‘cond i t ion ’ has the value k, then the kth of th8 n
statements is selected to be executed. The general form is

CASE <scalar  integer expression> OF BEGIN <statement 1,;
<statement 2~; . . . ; <statement n> END

‘where as usual  ‘ I-’ and ‘,I ’ may replace the keywords ‘BEGIN’ and ‘END’ ;
E a c h  < s t a t e m e n t  i> mus t  be  a  s ing le  s ta tement ,  bu t  may  be  a  compound
statement. If t h e  < s c a l a r integer expression> d o e s  n o t  y i e l d  a  v a l u e
between 1 and n when the CASE statement is executed then an error wi I I be
repor  ted. I f  we cal I  the expression ‘x’ the above general  form is exact ly
equivalent to the statement
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IF x-l THEN <statement  1,
ELSE IF x-2 THEN <statement 2>
ELSE IF x-3 THEN <statement 3>

.

ELSE6  x=n THEN <statement n>
ELSE <error>

and thus , n o t  s u r p r i s i n g l y , it is when we uish to do the above sort of
thing that it is a good idea to use a CASE statement.

Example:
“Suppose you’ve just f inished execut ing a program for solving
“a I inear  programming problem. The program creates a scalar,
“Cal  l e d  ‘ f l a g ’ , which is 1 i f  the problem was infeasible,  2
“ i f  i t  was unbounded, and 3 i f  there was an opt imal solut ion,
“in which case ‘Xbar’  i s  a  vec tor  conta in ing  the  so lu t ion .
“Here is a l ikely piece of code to do next.”
CASE flag OF
I- WRITE <<Infeasible’>>:

WRITE <<Unbounded. W;
I- WRITE <<Optimal solut ion:>>; “Use 2 WRITES  to get

WRITE Xbar “separate output I  ines”
,I

-I:

Another typical  case, ah, that is, si tuation, uhere y o u  w o u l d  p r o b a b l y
use a CASE statement, is when you want to run the same program several
t i m e s  u i t h  c e r t a i n  s m a l l  v a r i a t i o n s , and you don’ t want to have to change
the program each time, For instance, suppose you’re uri t ing a program to
approximate the area under a curve using numerical in tegra t ion . You ' re
interested in comparing var ious approximat ion formulae, say  rec tangu la r ,
t rapezo ida l , and Simpson’s rule. You s imp ly  pu t  toge ther  a  &wag C A S E
statement to select  among them, and then by  pu t t ing  your  who le  program
(excluding the surrounding PROGRAM and END l ines) inside an appropriate
FOR I oop for il ,,,,,31, you can test al I 3 f o rmu lae  w i th  one  p rog ram,  run  ,-
once.

As an aside, urn  should  mention  that f t is good programming sense, vhen you  have a program
surrounded  by a FOR  loop  Ilke this, to test the program for one of the simpler  c a s e s  first. In the
preceding  example,  the overall  program  looks something  like this:

PROGRM
FOR  c a s e - f l a g  I 11,...,3l,
I - .

“Here  there is some relatively  large  chunk of code  to do
“the  desired  numerical  integration  a n d  print  the results.
“Someuhere in it is a statement  of the iorml”
II CRSE  case-f  lag OF
” I - X := (put  rrctangular  formula here);
Y X tr (put  traporoidal  formula  here);
I X #rn  (put  Slmpton’s  rule formula here)
II -Ii
“Towwd  the end therr  is probably  another  section uhich
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” looks I iker

c
” URJTE  <<Intogratlon  formula  uredt+,j  ,
)I . CRSE  case,f lag Of
I

I- URITE 4toctangular~~t
I WRITE  <<Treprroidal>>t
II WRITE  <<Simpson’s+*
I

-II -.

c ‘Eventuilly  It’s all done, and ue close  out  the FOR loop.”

do .

c

S u p p o s e  you have  just urltton this program and are about  to run It on the computer  for the  first
time. It is the height  of arrogancr to presume  it wil i work the f irrt time. Assuming  it doesn’t,
you will have  uasted 3 times  a s  much computer  time (and  money)  as necessary,  since if you had
replaced  the FOR  loop with

FOR  case-f  lag = Ill, “If it runs  okay, delete this statement
“and remove  quotes  from the one halos’

” FOR  case-flag = 11,...,31,

L

c

c

L

it probably  would  have been sufficient to demonstrate  uhatevrr problems might exist. Not
necessarily-- thrro might be an mrror in the computation  of one of the other formulae, for example.
But  unt i I you  have  reason  to expect that the program might work next time,  It doesn’t make  s e n s e  to
gamble at triple-or-nothing, Rnd there might  be more than  a 3-to-1  risk involved. Suppose  that,
for each formula, you  also want to try each of 3 functions to be integrated,  and over  each of 5
ranges of integration. It would be inexcusable  to run the program for all 45 cases before  the bulk
of the program had been tested on one or two samples. Using  quoted  reminders  and keeping the
alternative statement In thr program  as a comment (as show) makes It very  easy to make the
necessary modifications  once the program  is working  correctly.

3.4: FOR Statement

When we introduced set generators i n  s e c t i o n  2 . 3  w e  d e s c r i b e d  t w o
s l i g h t l y  d i f f e r e n t  f o r m s . The f i r s t  pu t  a  FOR loop  ins ide  a  vec to r ;  the
second pu t  an  IF  ins ide  the  FOR loop . It may not come as much of a
surpr ise then when we tel  I  you you can do the same thing with FOR loops
o u t s i d e  o f  v e c t o r s . The syntax is the same; fo l low the  FOR-vec to r  w i th
‘:ccondition>‘, and  the  loop  wii I  be executed only for those index values
w h i c h  s a t i s f y  t h e  c o n d i t i o n . T h i s  i s  a l l  d i r e c t l y  a n a l o g o u s  to set
genera to rs , so we shal l  not go over i t  any further here, The examples show
an ‘ o l d - s t y l e ’ FOR loop and a very similar conditional one.

Examp I es:
“(1) Find the product of  the elements of  an integer vector V.”

DEFINE product : I 1;
FOR i IN V,

p r o d u c t  t= p roduc t  t i:

“(2) Find the product of  the non-zero  e lements  o f  the  same vec to r . ”
DEFINE product : - 1;
FOR I IN Vt i-r=&

product :- p r o d u c t  * i;
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4: PROCEDURES

Hany times  It behooves  us to perform  the same sequence of code  several times, perhaps  ui th
slight variations , perhaps in different sections of the program. Loops  (FOR and WHILE statements)
do not provide  all tha pouer  we need  for this since, al though  they  al low us to repeat  a section  of
code, they  require  all the repetitions to occur  conse$utivrly--nothing  else can be interjected
be tueen them.

In the ?tPL  sample  way  back on page  2 we needed  to compute  the ‘Frobeniut  norms’  of 3
matrices. We could have done this Mith  the follouing  loopt

FOR  lndex IN 11,...,31, “Computr  3 Frobenius  norms”
I -

- I

CRSE indix OF: “Decide  which matrix to work with this tImeN
I- DEFINE  tl o Rl

DEFINE  tl = B;
DEFINE  ff = Fl*B

-Ii
DEFINE  sum  := 0.8; “Initialize  sum  to (real) zero”
FOR I IN Il,...,ROUSIZE(H)l,

FOR ) IN fI,...,COLSIZEWl,
sum  80 sum  + tt~l,j~*tl~i,j~l “Compute  sum  of squares”

DEFINE  F :O sum  ** 9.51 “Take  square  root-- F is nou Frobenius  norm of tl”
CWSE  index OF “Decide  where  to save result”
I - DEFINE Norm-R e F;

OEFINE Norm1  m Fl
-0EFINE  Norm-R8  = F

We cou Id then have  used the 3 var lab Ies Norm-A, Norm-B, and Norm,RB whenever  ue needed  them I a ter 1 n
the program. This  uould Work, but  It Is someuhat  clumsy, and there  are cases uhere this
construct ion Is not possible. For example, suppose  ue need  to compute  the sine function  several

. times throughout  a program, and we don’t knou ahead of time uhat  al I of the arguments  are going  to
be. The  loop  structure  is clearly lnadequatr  for this,  yet  ue don’t uant to wits into our Fade  a
separate copy of the sine routine at each place  ue need  to use it. ‘Ah!’ you  say, ‘Uhat about  using
GO TOs?‘.  Very well, ue write one section of code  uhich computes  the sine of the value in ‘X’ and
stores the result in the wartable  ‘sin’. Then uhenevrr  ue need  to compute  a sine ue simply set X to

, the value  of the argument  and GO TO to the sine routine. It then computas the sine and, er, . . ,
how does  i t get back to where we were?, Well, ue could set up some other variable ‘sin-index’ to a
unlque integer before going  to the sine routine, and then the sine routine  could  end ui th a CWE
statement  dolng  one of several GO TOs to get back, but  this is getting clumsy again.

What  co want Is a totally neu program structure, something  which allows us to  say,  in effect,
‘Do that  section of code over there,  and then come back.’  Many  languages,  including  HPL, allou this
to happen  even  In the middle  of an expression, In which case the ‘other  code’ can specify  a value
which is to be ‘plugged  In’ as part of the expression. For instance, turning again to the sample on
page  2, the IF-condition  In

IF Norm  (RsB)  B Norm  (0) #.Norn  (8)

causes  us to transfer  3 times to the ‘Norm routine. The  values  computrd  b y  the Norm function  are
then plugged  in in place of the ‘Norm f... 1’ for each respective  case. Ue’ll give more  detailed
examples  once we’ve described things  more thoroughly. Right nou, let’s just urap up this fine-print
set t ion.

These ‘subord  lna te’ sections of code  are called various things in different computer
languages. Host  common are the terms ‘subroutine’,  ‘function’, and ‘procedure’.  They  must  be set
off from  the rest of the program  in certain  uays, and they may  be used  only  in certain ways. So nob4
it’s time  to tell you  and our home audience exactly  how our game is played.
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11.4.1 Procedures

Subrou t i nes, func t i ons, procedures-- w h a t e v e r  y o u ’ r e  u s e d  t o  c a l l i n g
them, in MPL we  ca l  I  them a l  I  ‘ p rocedures ” , a n d  i d e n t i f y  t h e m  b y  t h e
keyword PROCEDURE, There  i s  a lso  a  spec ia l  t ype  o f  p rocedure ,  iden t i f i ed
by the keyword FUNCTION. Func t ions  d i f fe r  on ly  sub t l y  f rom procedures ,  so
we won’t  bother discussing them unt i l  Sect ion 111.

There are only two signi f icant var iat ions among procedures-- they may
or may not have ‘arguments’ , and they may or may not y ield a resul t . (To
s a y  t h a t  a  p r o c e d u r e  h a s  n o  r e s u l t  d o e s  n o t  i m p l y  t h a t  i t  accompl i s h e s
n o t h i n g  t o  u s e  i t . W e ’ l l  g e t  t o  this i n  a  l i t t l e  w h i l e . )  L e t ’ s  s t a r t  w i t h
the simplest  case.

4.1: No Ar/uments, No Result

A procedure
a s  foil ows:

without arguments and which returns no r e s u l t i s  w r i t t e n

PROCEDURE <name>: <statement>

t

where <name> is the name of the procedure and may be any legal identifier.
T h e  <statement>=‘is  the procedure body and may be any single statement.
U s u a l  Iy the body is a compound statement,  but this is not required. When
the  above  cons t ruc t ion  i s  inser ted  in to  a  p rogram (p robab ly  fo l lowed by  a
semicolon to  separa te i t  f rom whatever  comes nex t ) i t ‘de f ines ’ the
procedure and g i ves i t the name spec  i f i ed. The procedure may then be
invoked anywhere further on in the program by using i ts name in any of the
three statements

CALL <name>

or

EXECUTE <name>

or  s imp ly

<name>

m (The thi rd form is just  the name of  the procedure wr i t ten alone.)  We shal l
be using the third form in most of  our examples, but in order to be able to
talk abou t  these  s ta tements  ( the  way  we can  ta lk  abou t  a  FOR loop  o r  a
WRITE statement) we.1 I refer to them as CALL statements.

W h e n  t h e  p r o c e d u r e  i s  i n v o k e d ,  i t  c a u s e s  t h e  < s t a t e m e n t >  t o  b e
:per formed, after which the program cont inues execut ion in normal sequence
fol lowing the CALL statement. The effect is to take the <statement>, which
may be qui te complex, and ‘abbreviate’ i t  i n to  a  s ing le  s imp le  s ta tement ,
namely the CALL.

The f i rst  two examples show typical  no-argument-no-resul t  procedures.
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The third is a somewhat more contrived case, and shows a complete program
using a procedure.

Examp 1 es:
‘(lb Suppose you have a set of variables--foe,  mumble,  and

“toad--which you wish to simultaneously reset to zero at
“various places in the program.” -
PROCEDURE reset ;
I- f o o  := 8:

mumble := 8;
t o a d  := 0

It
TNote that the above procedure implies you are able to
“change, in a procedure, the values of variables outside
“of  that  procedure. Thus you must be careful that you do
“not use the same names for variables in the procedure as
“for variables elsewhere in the program (unless you do it
“with the del iberate intent ion of changing those variables*
“values as in the example), lest the procedure destroy a
“needed value. FOR indices within a procedure are, of
“course, no t  sub jec t  to  th is  res t r i c t ion ,  s ince  they  are
“automat ical ly redef ined and then restored af ter  the loop. ’

‘On the o-i’her  hand, any variable which is defined inside
“a procedure body becomes ‘undefined’ upon returning from
‘the procedure (in exactly the same fashion as a FOR index
‘becomes undefined after the FOR loop), regaining whatever
“attr ibutes and values i t  had ( i f  any) before the procedure
“was ca I I ed. ”

“(2) Several times throughout a program we may wish to perform
“ v a r i o u s  t e s t s  t o  s e e  i f  t h e r e  i s  a n  e r r o r .  E . g . ,  i s  t h e
‘matr ix we are invert ing singular,  or is the scalar whose
‘square root we need negative? If anything is ever found

. “ to be wrong, whatever the problem happens to be, we wish
“to print a standard error message, wr i te out some pert i-
“nent  var iables, and stop. So we write a procedure, and
“Cal  I  i t  q u i t s . ”
PROCEDURE qu i t s;
I- WRITE <<Error  in phase>>, phase:

WRITE <<Pertinent (and impertinent) data:=:
W R I T E  <<frog=>>,  frog, <<glork=>>,  g lork;
WRITE <<Mu>>,  M;
STOP

I:
“Notes: (a) The var iables phase, f rog,  g lork,  a n d  fl m u s t

“al l  have been def ined pr ior  to the above code. T h i s  re-
“qu i rement i s physical: the definitions must appenr ahead
“of the procedure. 1 t i s  no t  su f f i c ien t  to  def ine  them
“later,  even though i t  may be pr ior to the use of the
“procedure. The reason is that the MPL compiler is not
“executing your program, but  i s  read ing  i t  sequent ia l l y ,
‘and when it sees the above chunk of code it has to know
“what types and structures to expect. (b) The above pro-
“cedure, i f  executed, would not return to the sect ion of
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“code which invoked it, due to the STOP statement. This
“ i s  l e g a l , ”

“(3) C r e a t e  a  real  v e c t o r  V o f  s i z e  n  s u c h  t h a t  V(i) = t h e
“ f i r s t  e l e m e n t  o f  I(n-iji, in-n’, (nti)0.751  w h i c h  i s  2n.
“I f  none of  the three is 2n, then  V(i)=& (For n&, V
“ w o u l d  b e  C0., 9., 8.’ 339., S.62341  .I T h i s  c o u l d  b e
“done in various ways, but let ’s see one way to do i t
“using a procedure. ”

PROGRAM

GIVEN n INTEGER;
DEFINE (V, V’) VECTORS n;

v 0.::=

PROCEDURE overlay; “ l -statement procedure,  so no I- -1 marks ”
FOR i IN ll,...,n), “V, V’) and n are

IF V(i)=0 AND V’(i) >=n, “already def ined,
V(i) := V’(i); “as requ i red”

V’ :==(FOR  i  I N  ll,...,nI, (n-i)**il:
over lay :
V” := (FOR  i  I N  &,..,n), i t t n  - n*t>iriI:
over lay:
V’ : - (FOR  i IN 11 ,..., nI, (n+i)  ** 0.751:
over lay :
WRITE <en=>>,  n, <<Vr=>>,  V

END.

Note: A l  t h o u g h  p r o c e d u r e s  a r e  m o s t  o f t e n  u s e d  a s  a  m e a n s  o f
abbrev ia t ing  a  p iece  o f  code wh ich  wou ld  o therw ise  have to  be  dup l i ca ted
severa l  t imes  th roughout  a  p rogram,  i t  i s  o f ten  w ise ,  espec ia l l y  in  la rge
programs, to  have  p rocedures  uhich a re invoked in  on ly  one  p lace . The
lat ter ’s purpose is to break up a program into logical  components so as to
make i t  more understandable, For instance, i f you were wr i t ing a program
to set up and solve a system of simultaneous equat ions, you might consider

m wr i t ing three procedures: one to set up the equat ions, one to solve them,
a n d  o n e  t o  p r i n t  t h e  r e s u l t s . flost p e o p l e  f i n d  i t  e a s i e r  t o  w r i t e  a n d
understand these smal let-, separate routines, than  to  t ry  merg ing  them in to
a s ingle long program. The program would now look something like this.

PROGRAM

PROCEDURE Set up:
I- etc.

e tc .
-I:

PROCEDURE So I ve j
I- e tc .

e tc .
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PROCEDURE Pr i n t ;
I- e tc .

e tc .
-I:

Setup:
Solve:
P r i n t

END.

Th is  a lso  makes  i t  eas ie r  to  mod i fy  the  p rogram,  s ince  i f  you  dec ide  to
change, say, t h e  ‘ S o l v e ’  r o u t i n e , i t  i s  m u c h  l e s s  l i k e l y  t o  r e q u i r e  a n y
changes elsewhere in the program.

4.2: Arnuments  (Parameters)

The procedure: discussed in the preceding sect ion were more or less
autonomous; the only way to pats3  data into or out of them was using a
‘shared’ var iable,  such as V’ in the last example. There i s a more compact
no ta t ion  fo r  pass ing  da ta  in to  a  p rocedure . T h i s  i s  d o n e  i n  t h e  f o r m  o f
one or more arqument 3 (also cal led parameters). R a t h e r  t h a n  g i v e  t h e
genera l  form, wh ich  i s  beg inn ing  to  look  over ly  compl ica ted ,  we’1 I use an

. examp I e. Don’t  worry about the keyword VALUE: we’ l l  explain that short ly.

Example:
PROCEDURE Swap (V, i , jI

WHERE V IS VECTOR, ( i , j I ARE SCALAR INTEGER VALUES:
“This procedure swaps V(i) with v(j).”
I- DEFINE swap-temp :- Vti I;

V(i) :- V(j);
V(j) : = swap-temp

-I

In the above example, t h e  p r o c e d u r e  h a s  3 a r g u m e n t s ,  V, i, a n d  j, The
argument  l i s t  mus t  be  enc losed  in  paren theses  as  shown. The type  and

- s t ruc tu re  o f  each  a rgument  mus t  be  spec i f i ed  a f te r  the  keyword  WHERE,
unless the defaul t  at t r ibutes (REAL SCALAR) are desired. Note, however,
t h a t  t h e  s i z e  o f  V  i s  n o t  s p e c i f i e d . Thus  V  may be  d i f fe ren t  s i zes  a t
di f ferent invocat iqns of Swap, b u t  V  m u s t  always be  a  rea l  vec to r  (in t h i s
par t i cu la r  example , that is. I The keywords IS and ARE are interchangeable
and may in  fac t  be  omi t ted  en t i re ly  i f  you  fee l  they  ge t  in  the  way. Note
uhece the semicolon  goes, after the UHERE  portion. (The other semicolons  are used, as usual,  to
separate the statements uithin the procedur’e  body!) Rs bef,ore,  another  semicolon  uill normally  be
required  after the ‘-1’ i n order  to separate the procedure from whatever statement  follous  it.

A typical invocation of the above procedure might be

S w a p  (X, 1, SIZE 00)
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which would swap the first and last elements of the vector X. (If X is not
a  r e a l  v e c t o r  a n  e r r o r  w i l l  r e s u l t . )  N o t e  t h a t ,  u s i n g  t h i s  c o n s t r u c t i o n ,
the variable X need not be defined before defining the procedure. This was
required in the previous examples so that the compi  ier would know, when i t
read the procedure, what  the  types  and s t ruc tu res  o f  the  var iab les  were .
Here, however, the procedure includes the information that V is going to be
a  r e a l  v e c t o r , wh ich  is  a i l  the  compi i -e r  needs  to  know a t  th is  po in t .  Of
tour se, X  mus t  be  de f ined  be fo re  i t  can  be  used  as  an  a rgument  to  the
procedure.

4.21: The VALUE attribute

Now, as to the VALUE at tr ibute. T h i s  h a s  t o  d o  w i t h  ‘parameter-
pass ing convent ions ’ , wh ich  i s  a  rea l  can  o f  worms,  and  wh ich  we don ’ t
i n t e n d  t o  c o v e r  i n  d e t a i l  u n t i l  S e c t i o n  I I I . U n f o r t u n a t e l y ,  i f  y o u ’ r e
going to use procedures with arguments, you have to know about the ‘VALUE’
a t t r i b u t e . Let ’s see i f  we can explain what’s happening, We’ I I warn at
t h e  o u t s e t  t h a t  y o u  p r o b a b l y  w o n ’ t  u n d e r s t a n d  a l  i  o f  t h i s . I f  y o u  g e t
comp le te l y  l os t , try reading sect ion 4.2.2 instead.

We’i I  s ta r t  by  ment ion ing  tha t  every th ing  we ’ re  about  to  say  app l ies
on ly  to  sca la r  a rguments . Non-sca la r  a rguments  a re  d i f fe ren t  and  we ’ l l
explain them ic, a  moment . For  sca la r  a rguments ,  the  de fau l t  ( i . e . ,  wha t
happens i f you don’t say VALUE) is to treat them as fol lows. Suppose you
cai I ‘Swap’ using

Swap oh P, 9)

t o  s w a p  X(p)  w i t h  X(q). What happens is that the values of p and q are
c o p i e d ,  i . e . a re  ass igned to  the  var iab les  i  and  j  o f  the  p rocedure . (We
s h o u l d  n o t e  t h a t , l i ke  the  index  o f  a  FOR loop ,  the  a rguments  ins ide  a
p r o c e d u r e  ( i n  t h i s  c a s e ,  V ,  i ,  a n d  j) a r e  ‘ l o c a l ’  t o  t h e  p r o c e d u r e :  t h e y
are temporari  Iy redef ined within the procedure, B u t  t h a t ’ s  a n o t h e r  s t o r y . )
NON we get t o  t h e  s i t u a t i o n  w h i c h  w i  I  I  e v e n t u a l l y  c a u s e  u s  t r o u b l e .
Suppose our procedure were wr i t ten di f ferent  ly, s u c h  t h a t  i t  c h a n g e s  t h e
values of i and j ? Wel l ,  s ince we made copies of  p and q, the values of p
and q  a re  no t  a f fec ted  dur ing  execu t ion  o f  the  p rocedure . & Llhen  y o u
I eave the procedure, the new values of i  and j  are copied back into p and
q* Let’s see if we can come up with an example demonstrating al I of this.

Example;e DEFINE frog=7,  toadP2.5;

t

L

PROCEDURE change (toad)  WHERE toad IS INTEGER;
“Because ‘ toad’  is the argument of  a procedure, i t  is legal
“ t o  ‘ r e d e f i n e ’ it as a n  i n t e g e r . The urgument  ‘toad  bears
“norelation  to the real var iable ‘ toad’ which was def ined
“outside the procedure. On the other hand ‘ f rog’,  which
“also appears in the procedure body below, is not defined
‘within the procedure and thus is the same var iable as that
“defined above. ”
“We shal I number the WRITE statements for future reference.”
I- WRITE frog, toad: i’ 1 ”

t o a d  I- 91
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.
WRITE frog, toad; “2”

-Ir

WRtTE  f rog ,  toad : “3”
CALL change ( f rag)  ;
WRITE frog, toad “4 ”

What  does a l  I  th is  do? We f i r s t  d e f i n e  t w o  s c a l a r s :  a n  i n t e g e r  ( f r o g )  a n d
a real (toad)  and  ass ign  va lues  to  them. Next we define a procedure named
‘change * : we don’t  actual ly execute i t  yet,  so nothing is changed, We then
reach statement “3” and print two numbers, 7 and 2.5. Now we cal I
‘change’ . ‘ f r o g ’ has the value 7, s o  t h i s  v a l u e  i s  c o p i e d  a n d  t h e  n e w
var i ab I e ‘ toad’ (d is t inc t  f rom the  one jus t  p r in ted)  i s  g iven  the  va lue  7 .
W e  do s t a t e m e n t  “l”, p r i n t i n g  7  a n d  7. Now ‘ toad ’  i s  se t  to  9 ,  bu t  ‘ f rog ’
i s unchanged. S t a t e m e n t  “2” pr ints 7 and 9. we f i n i s h  e x e c u t i n g  ‘ c h a n g e ’ ,
w h e r e u p o n  t h e  n e w  v a l u e  o f  ‘ t o a d ’  (9) i s  ass igned back  in to  ‘ f rog ’ . The
argunlen  t ‘ toad ’ disappears, leav ing  us u i t h  t h e  o l d , real ‘ t o a d ’ .
S t a t e m e n t  “4” prints 3 and 2.5.

Now, i f  y o u  c l a i m  t o  u n d e r s t a n d  a l l  o f  t h a t  t h e n  y o u ’ r e  e i t h e r  a
g e n i u s  o r  a  l i a r . Th is  sor t  o f  th ing  is  near ly  imposs ib le  to  exp la in  even
in an interact ive classroom environment. S o  l e t  u s  s t r e s s  o n e  p a r t i c u l a r
p o i n t : T h e  v a l u e  of--,  ‘ f rog ’ was altered by the cal I to ‘change’. So,
consider what would happen if we said instead:

CALL change (3)

When we finished executing ‘change’, we would try to take the new value of
‘ t o a d ’ , n a m e l y  9, and ass ign  i t  to  the  constant  3! What happens i f we now
try to use the constant 3 somewhere else? Do we get 3,  or 3? S o m e t h i n g
must be done to prevent this sort of shenanigans, and here’s what we did.

When you cal 1 a procedure, the values suppl ied (cal led
the ‘actual  parameters ’ )  for  a l l  scalar  arguments must
b e  l e g a l <left side>s, a s  d e f i n e d  f o r  a s s i g n m e n t
statements.

Wel I, tha t  ce r ta in l y  takes  ca re  o f  the  p rob lem, Y o u  c a n ’ t  u s e  ‘ 3 ’  a s  a n
‘ac tua l  pa ramete r ’ , so the problem can never come up. But  wa i t  a  minute !
Th is i s  t o o  r e s t r i c t i v e ! Besides, the f i rst  example we gave used ‘1’  and
‘SIZE (X1’ as arguments, and nei ther of  those is a legal  <lef t  s ide>. Th is
is where VALUE comes in, I f  an  a rgument  u i  th in  a  p rocedure  (cal  led a
f o r m a l  p a r a m e t e r  t o  d i s t i n g u i s h  i t  f r o m  t h e  ‘ a c t u a l  p a r a m e t e r s ’  suppl  ied
when the procedure is invoked) is def ined in the WHERE clause using the
spec ia l  a t t r ibu te  VALUE,  then  the  p rocedure  i s  f ree  to  do  any th ing  a t  a l l
t o  t he  fo rma l  pa ramete r , a n d  i t  w i  I  I  n o t  a f f e c t  t h e  a c t u a l  p a r a m e t e r .
That’s what VALUE does for you. Moreover

I f  a  f o r m a l  p a r a m e t e r  i s  g i v e n  t h e  V A L U E  a t t r i b u t e ,
the corresponding actual parameter may be any
expression o f  t h e  a p p r o p r i a t e  t y p e ( i n t e g e r ,  r e a l ,
etc. 1.

Note: It makes no di f ference whether or  not  the procedure actual  ly  does
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ass ign n e w  v a l u e s  t o  i t s  a r g u m e n t s . If you want to be able to use
arbitrary expressions as arguments you must use the VALUE attribute, as we
d i d  i n  ‘ S w a p ’ .

Rs a n  aside, ue should  probably  explain  just how on earth it is even conceivable  that a
constant  could h a v e  its value  changed. Rfter al I, the very i d e a  t h a t  a  constant is, wel I,
inconstant’ must come  as quite a surprise  to most  mathemalicians. The  reason is thisr the computer
does not actually know w h a t  we mean by a “constant”. It deals  solely with “numbers”  (even )?PL
character  values are represented internally by numbers), and by the construct ion of the machlne at I
numbers  in i t s “memory”, its working space, are subject to change. Thus, uhen  you  w-i te “7.3.zXx”,
the NPL compiler  tells the computer  to pick up the current value of X, then to multiply  it by 7.3,
But there is no instructfon  which tells the computer to multiply by 7.3. (There a r e  several  dozen
simple instructions  uhich  the computer  Is c a p a b l e  of performing  directly (the purpose of the tlPL
compiler  is to rephrase your  program  in terms of these  very simple  instructions),’ but there is no
uay there could be a separate instruction  for multiplylng  by every conceivable real constant!)  So,
when  tlPL uants the computer  to multiply by 7.3, it creates the value  7.3 and stores it somewhere  in
the computer’s memory. It can then trl I the computer ”

‘simple  instructions’  available,
multiply by that number  over there”, uhich is

one of the So t h a t ’ s  why constants  have to be stored  in t h e
computer’s  memory. Thus befng the c a s e , HPL keeps track of which constants  you use. If you use
“7.3” several  times, tlPL notices  this and creates only  one  copy  of the constant,  which  is then used
everywhere you  need the constant  7.3. Thus, if you somehow  change  the value stored at  that  locat ion
in memory, you  will ‘change’  the value  of the constant  7.3 everywhere  it is used.

Final  Iy, remember  t ha t  a l  I of  th is appl ies only to scalar arguments.
Because non-scalars can take up a lot of room, MPL does not make copies of
non-sca la r  va r iab les  when they  a re  used  as  a rguments . T h u s ,  i n  o u r
or ig inal  example (Swap), the value of the vector X is changed as soon as we
change V inside the procedure. Furthermore,
i s  n o t  r e q u i r e d  t o  b e  a  <left side>.

the actual non-scalar argument
Thus the statement

S w a p  (2*X, 1, SIZE (XI 1

is accepted by HPL, though i t  has  no  ne t  e f fec t .
stored somewhere temporar i ly, then ‘Swap’

(2*X i s c o m p u t e d  a n d
exchanges two elements of  th is

temporary vector, Then, since nothing else is being done with the vector,
i t is thrown away. X is unchanged. 1 On the other hand, the statement

S w a p  ((1.,2.,4.,8,);  2, 3)

is also accepted, but is not recommended, It may be that a subsequent use
o f  Il.,2.,4.,8.1 w i l l  f i n d  t h e  v a l u e  (1.,4.,2.,8.) i n s t e a d . It may even be
t h a t  a  s u b s e q u e n t  u s e  o f  t h e  s c a l a r  2 .  w i  l l f i n d  t h e  v a l u e  4., a n d  v i c e
versa. But  none o f  th is  i s  guaran teed.  Caveat emptorl

4.2.2: Simpler version of sect ion 4.2’1

In case you didn’t  understand anything we said in sect ion 4.2.1, we’l I
n o w  g i v e  a  s i m p l e  s e t  o f  r u l e s  w h i c h ,  i f  o b e y e d  b l i n d l y ,  s h o u l d  a t  l e a s t
keep you out of  t rouble,

II When describing formal parameters (in the WHERE clause), always include
the attribute VALUE (or VALUES) for all scalar arguments.

L 2) If you aIssign a new value to
wi I I@ af feet anything outsi dae

sea I ar parameter
the procedure.

inside a procedure, i t
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3) If YOU  ass ign  a  new va lue  to  a  non-sca la r  parameter ,  i t  w i  l t a f f e c t  t h e
actual parameter outside the procedure, maybe  even if i tisa c o n s t a n t .
S i n c e  i t  i s  n o t  a  g o o d  i d e a  t o  a s s i g n  n e w  v a l u e s  t o  c o n s t a n t s ,  b e
c a r e f u l .

4.2.3:  Sample proqram

The examples which follow are in the form of a complete program tJhich
uses var i ous procedures. N o t e  i n  p a r t i c u l a r  t h a t  a l  I  t h e  p r o g r a m  i t s e l f
does is cal I  o n e  o f  t h e  p r o c e d u r e s  w i t h  v a r i o u s  a r g u m e n t s . T h i s  i s
e f f e c t i v e l y  a n  a l t e r n a t i v e  t o  t h e  t e c h n i q u e  d i s c u s s e d  i n  s e c t i o n  3 . 3  ( i n
the f i n e  p r i n t ) f o r execut ing a program severa I t i m e s  w i t h  m i n o r
v a r i a t i o n s . Instead of enclosing the whole program within one or more FOR
I oops, you can enclose i t  wi thin a procedure body and cal  I  the procedure
s e v e r a l  t i m e s . T h i s  i s  s l i g h t l y  m o r e  f l e x i b l e ,  b u t  i t  i s  a  m o o t  p o i n t
which method is simpler and/or more readable.

Examp I es:
PROGRAM

“This program wi l l  pr int  out a bunch of mult ip l icat ion
“ tab les  o f  var ious  s izes ,  and in  var ious  bases.  For
“examp I et i t  w i l l  compute  tha t  7x3621,  then  ( fo r  the
“ b a s e - 4  t%ble, say)  w i l l  conver t  21 to 111. T h e  1 1 1
‘ is pr inted as i f  i t  were a decimal value, but would
‘be interpreted by a human reader as base-4 notation.’

‘The program uses three procedures, and here they are.’

“(1) This procedure pr ints out an error message. The two
“arguments, a character vector and an integer vector,
“are incorporated into the message. Un l i ke  the  ear l i e r
‘example of an error-message procedure, this one does
“ ‘ r e t u r n  t o  t h e  cal let-’ instead of arbi trari ly stopping,
“Note also the use of a set generator as yet another way
“ to  ge t  a  vec to r  o f  188 a s t e r i s k s . ”
PROCEDURE oops (Message, Data) WHERE

Message IS CHARACTER VECTOR,
Data ARE INTEGER VECTOR; “The word ‘data’ is plura I ! ”

I- WRITE << >>; “Pr in t  a  b lank  l i ne ”
W R I T E  (FOR i41,,,.,100~, <~#r>>):  “ L i n e  o f  s t a r s ”
WRITE Message; ‘Separate WRITES for separate I ines”
IF SIZE (Data) > 0 THEN “Don’t  pr int nul I  vector”

WRITE Data;
WRITE <e >>

Jr

: “(2) T h i s  p r o c e d u r e  p r i n t s  a n  i n t e g e r  m a t r i x .  I n s t e a d  o f
“pr int ing as many numbers per l ine as wi I l fit (which
“is what you’d get using a simple WRITE statement), it
‘pr ints one row of the matr ix per l ine,  double-spaced.
‘It considers i t  an error i f  the number of  columns is
“23, since 3 integers won’t  f i t  on a I  ine. (We’ I I see
“a way to handle this is sect ion 6.2.) In a d d i t i o n  t o
“the matr ix to be pr inted, there is second argument,  a
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“logical value which if true causes the margins above the
“rows and to the left of the columns to be numbered, the
“numbering separated from the matr ix by dotted l ines. In
“this case there is a l imit  of  7 c o l u m n s . I f you wonder
“ j u s t  w h a t  a l l  t h i s  o u t p u t  l o o k s  l i k e ,  f e e l  f r e e  t o  t r y
“out th is program. In case you’re lazy, however, we‘ l l
“include as a sample the output which would be produced
“by the second cal l . ”
PROCEDURE ma tr i xc_pr in t (M, f I ag)  WHERE

M IS INTEGER MATRIX, f I ag IS LOGICAL VALUE:
IF COLSIZE (t-l) > 8 OR (flag AND COLSIZE (MI C: 81,
” ‘AND’ has precedence over ‘OR‘; the parentheses
“a re  inc luded  so le ly  fo r  c la r i t y . ”

oops (<<Matrix  too wide. Dimensions are:>>,
(ROWSIZE  Vi), COLSIZE (MI))

ELSE “The ent i re rest  of  the procedure is ‘e lse“ ’
I - iF f l a g , “Put out heading if requested”

I - WRITE {FOR i4,.,.,171,  cc ~4,
t1 ,,.,,COLSIZE  (MIl;

W R I T E  iFOR  i4,.,.,16I,  << >>I, cc+>>,
(FOR imll,,,., 16 t COLSIZE (HI), <<->>l

I .,I i
--. “The headings are always to be read as decimal.

“Thus the base-4 table wi l l  indicate that 7x3=111,
“meaning 718x310d114, instead of showing that
“13x3=111.  ”
F O R  p  := il,..,,ROWSIZE  (MI),

IF flag,
I- WRITE p, <<I>>, M(p,sI;

W R I T E  (FOR  i={1,...,16I, << >>I, <<I>>
-I
ELSE
I, WRITE fl(p,d  ;’

WRITE << >>
-I

-I:
::Note that the above procedure body is not surrounded by
I- 0’. ,I. since i t  is a single IF statement. Also

“note that i t  would be shorter and faster to use the form
” << >> i n s t e a d  o f  {FOR  i=ll,...,l6I,  xc >>I,
“and i t  even looks c learer. B u t  i t  i s n ’ t . It does make
“i t  c learer that what‘s being pr inted is a bunch of
“blanks, but the set generator makes i t  easier to see
“exactly how many blanks are being printed.”

” (3) T h i s  p r o c e d u r e , as has already been noted, is in ef fect
“the ‘main program‘, I t  has 4 arguments, x,  y, b, and
“flag, and uses the preceding procedure to print a
“mult ip l icat ion table of  x rows and y columns in base b.
“X y9 and b are integer scalars, and an error message is
“ p r i n t e d  u n l e s s  2<bIl@.  T h e  ‘ m a t r i x - p r i n t  r o u t i n e
“places restr ict ions on the value of y,  but they are not
“enforced in the fol lowing procedure. (Thus i f  we later
“rewr i te ‘ m a t r i x - p r i n t ’ it does not necessitate changing
“this procedure as wel l . ) The remaining argument is a
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“ l og ica l  f l ag  wh ich , if true, causes headings to be
“printed above and alongside the table. It is  not  used
“In this procedure, but is merely passed along as an
“argument to matrixJrint, A general heading, perhaps
“more  p roper l y  ca l led  a  t i t l e ,  i s  p r in ted  regard less  o f
“ t h e  v a l u e  o f  ‘ f l ag ‘ , ”

“As for the method used to convert from decimal to base b,
“ i t  is the standard technique of repeatedly dividing by b
“( integer- division) unt i l  the quotient is zero, whereupon
“the remainders are the b-ary digi ts in order f rom r ight
“ t o  l e f t . By  us ing ’sca la r  mu l t ip l i ca t ion  and d iv is ion ,
“al l  e lements of  the table are converted s imul taneously,
“ ‘ i n  p a r a l l e l ‘ . “ +
PROCEDURE table ix, y, b, f lag) WHERE

(x, y, b) ARE INTEGER VALUES, f lag IS LOGICAL VALUE;
IF b<2  OR b>10,

o o p s  (<<Invalid  base for  ‘ table‘ . x, y ,  & b are:>>,
ix, y, b))

ELSE “Aga in ,  the  res t  o f  the  p rocedure  i s  a i l  ‘ e l se “ ’
I - DEFINE T : - COLUMN ( 11 “.1,X))  * ROW (I1,...,y~),

d i g i t  := 1 , “ i n i t i a l  d i g i t  i n  u n i t s  p l a c e ”
--. ze roes  :O 0*T, “Ha tr i x of zeroes”

TbaseB : = zeroes: “ S t o r e s  f i n a l  r e s u l t ”
WHILE NOT T - zeroes “not the same as T y= zeroes ! ! “,
I- DEFINE ToverB := T/b; “Compu te  6 add next digit”

TbaseB :- T b a s e B  + .(T-b*ToverB)  * d ig i t ;
T : = ToverB; “Save quo t i en t ”
d i g i t :- d i g i t  * 1 0 “Advance to next digit”

-I:
WRITE <<Multiplication Table in base>>, b; “Ti t le”
FOR i IN 11, 21,

WRITE << >>; “Put out a couple blank l ines”
m a t r i x - p r i n t  (TbaseB; f l a g ) ; “ P r i n t  t a b l e ”
FOR i IN 11,.,.;61,

WRITE cc >> “Put out a few more blank lines”
,I:

“And  f ina l  l y ,  the  ‘p rogram‘  i t se l f . ”
EXECUTE table (27, 7, 3, TRUE) ;
EXECUTE table (16, 5, 4, TRUE);
FOR i IN {2,...,81,

EXECUTE table (i, i, i, FALSE)
“That ‘ s enough. ”

END.

+tlost compu te rs n o w a d a y s  d o  n o t  a c t u a l l y  d o  o p e r a t i o n s i n
pat-al lel, bu t  wou ld  ins tead  per fo rm sca la r  mu l t ip l i ca t ion  by  mu1 tiplying
each e lement  o f  the  mat r i x  in  tu rn . One  o f  t h e  n i c e  t h i n g s  a b o u t  ‘high-
l e v e l ’ computer languages such as MPL is that they al low us to ignore the
drudgery involved in how computers actual ly work, But we digress.
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Here is the output uhich wou ld  be  p roduced  by  the  second  EXECUTE
statement above,

Multiplication  fablo In barr 4

1 2 3 4 5
+----------------------------------~~  --------------------------------------------

l I 1 2 3 18 11

2 I 2 18 12 20 22

3 I 3 ’ 12 21 38 33I4 I 18 28 38 188 110

5 I 11 22 33 118 121

6 1 12 38 182 128 132

’ I 13 32 111 138 283

0 I 28 180 128 288 228

21 182 123 218 231

22 118 132 228 382

ii i 23 112 281 238 313
I

12 I 38 128 218 388 338
I

13 I 31 122 213 318 1881
i

14 I 32 138 222 328 1812

is i 33 132 231 338 1823
I

16 I 188 288 380 1888 1188

4.3: Procedures with Resulta

In the previous sect ion we showed you how to pass information into a
- ’ p r o c e d u r e , via arguments. But the  on ly  ‘ sa fe ’ way for a procedure to pass

i n f o r m a t i o n  b a c k  w a s  b y  u s i n g ‘g lobal ’ v a r i a b l e s ,  a s i n  t h e  e x a m p l e s
‘reset and ‘over I ay’ i n  s e c t i o n  4.1. T h e r e  i s  a  m o r e  s t r a i g h t f o r w a r d
method, w h e r e i n  a  p r o c e d u r e  c a n  y i e l d  a  s p e c i f i c  r e s u l t , w h i c h  i s  t h e n
p lugged  d i rec t  Iy into an expression. When i t  i s  necessary  to  d is t ingu ish

1 these procedures from the forms already discussed, we wi I  I  refer to these
.new o n e s  a s  r e s u l  t Drocedures. (In FORTRAN these are cal led ‘functions’,
‘whi ie our ear l ier procedures would be ‘subrout ines’ .)

This is done by naming a resul  t  v a r i a b l e  w h e n  t h e  p r o c e d u r e i s
de f ined . Whenever the procedure is used, t h e  v a l u e  i t  y i e l d s  i s  e q u a l  t o
the  las t  va lue  ass igned to  the  resu l t  var iab le ,  As  a  typ ica l  example ,  here
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is a procedure cal led ‘ s i n ’ which y i e l d s  t h e  s i n e  o f
resu l t v a r i a b l e i n  t h i s e x a m p l e  i s  ‘ r e s ’ .  -

i ts  argument. The

PROCEDURE res :- sin IX) (I e=v can replace ‘:=“I
WHERE X IS REAL VALUE, res iS REAL:

I- DEFINE term : - X “This is_essentially  the same old
r e s  := X ; “sin routine we’ve been using al I
D E F I N E  o l d  :p 0.0: “a long ,  w i th  ‘ res ’  rep lac ing  ‘ s in ’ ,
DEFINE i : = 1: “(we c o u l d n ’ t  u s e  ‘ s i n ’  f o r  t h e
WHILE old -= res, ‘ resu l t  var iab le  s ince  tha t ’s  t h e
I - o ld := res: “name of the procedure.”

i := i+Z;
term := -term*X*X/(Ii-l)*i);
r e s  :‘= ree + term

-II
-I

Several  remarks should  be made here. F i r s t , n o t i c e  t h a t  ‘res’, i n
a d d i t i o n  t o  bein included ahead of the name ‘sin’, i s  a l s o  l i s t e d  i n  t h e
WHERE c I ause. 7 n t h i s  p a r t i c u l a r  c a s e i t wasn’ t necessary, s ince the
defaul  t attributes (REAL SCALAR) apply. We could in fact  omit  the WHERE
c l a u s e  e n t i r e l y ,
VALUE for X

s ince  X  is  a lso  a  rea l  sca la r ,  except  we need to  spec i fy
( s e e  s e c t i o n  4 . 2 . 1  o r  s e c t i o n  4.2.2). Second, we need not

worry about the newly-def ined var iables (old, t e r m ,  a n d  i) c o n f l i c t i n g  w i t h
o ther  de f in i t ions  ou ts ide  the  p rocedure . As we stated in the examples in
sect ion 4.1, any var iables def ined within a procedure act l ike FOR indices;
the  new def in i t ions  temporar i l y  ‘over r ide ’

.  af ter the procedure has f in ished,
any previous ones and di sappear

Thus, for instance,
‘ s i n ’

a program using the
p r o c e d u r e  i s  f r e e  t o  h a v e  a n  i n t e g e r  m a t r i x  c a l l e d  ‘ o l d ’ ,  a n d  t h e

m a t r i x  w i l l  n o t  a f f e c t  t h e  p r o c e d u r e , n o r  v i c e  v e r s a . Third, it is
poss ib le  (and  occas iona l l y  even  use fu l )  fo r  a  p rocedure  to  have  a  resu l t
even though it has no arguments. We wi l l  include an example of  th is later
on.

You’d probably I ike to know how to z these procedures. A f t e r  a l  I ,
i f you say

EXECUTE sin (1.3)

the procedure might  wel l  compute the s ine of  1.3, but what does it do with
- the  resu l t?  The answer  is  tha t  th is  i sn ’ t  how i t ’ s  done a t  a l  I , To use a

resul t procedure, you simply wri te i ts name, fol lowed by a parenthesized
I ist  of  arguments, anywhere in an expression. The  va lue  re tu rned  by  the
procedure is plugged into the expression at that point.

Exa;mp  I es:
DEFINE pi := 3.14159265358979, “approximately”

S := s i n  (pi/4); “Cal Is ‘sin’ with an argument of
“pi/4; ass igns  s  the  resu l t . s is
“thus .5**.5, or about 0.70710678”

6 :- s  +  sin(s)*s + 1 ;  “sin(sI*s = s*c(sin Is)), n o t
“sin(s*rs). s is now 2.16647”

DEFINE t :- sin(sin(sin(lJ);

- 66 -



11.4.3 Procedures

“Cal Is sin with an argument of 1.’ then cal Is sin again,
“g iv ing  i t  as  an  a rgument  the  resu l t  f rom the  f i r s t  ca l l .
“The result from the second call is the argument for yet
“a  th i rd  ca l  I ,  and  the  th i rd  resu l t  i s  ass igned to  t ,
“This f inal  resul t  turns out to be about 0.67843”
D E F I N E  V  t= {sin(pi),  sin(pi/& sin(pi/4),  sin(pi/6));
“V is the real vector (0.0, 110, 0.70710678, 0.51”
I F  sin(s) < sin(t), “sin(2.166517.8278,  sinI.67841=.6276,

STOP: “so this STOP is not done”
DEFiNE V’ := { F O R  i  I N  I1,2,4,6),  sin(pi/i)I; “V’=V”

What  so r t  o f  p rocedure  wou ld  use  no  a rguments  bu t  re tu rn  a  use fu l
resul t? Wel I, one such might be a ‘random number generator’, which returns
a uniformly selected random real scalar between 0 and 1 .
such a procedure,

When you invoke
since there are no arguments, you may leave off the usual

parentheses. L e . , ins tead o f  wr i t ing  “random()“,  j us t  wr i te  “ random” .  I

Example;
PROGRAM

“This program performs simple tests on an equally simple
“random number generator (RNG). The RNG assumes an integer
“sca la r  var iab le ,  ‘ seed ’ , ex is ts ,  and that  i ts  va lue is  an
“odd number between 0 and 1048576 (2*‘1. The value of the
“seed uniquely determines the number produced, and the RNG
‘modifies the seed such that successive uses of the RNG
“produce a pseudo-random sequence of values, Unless the
“seed is al tered by another part  of  the program, the se-
“quence repeats after 218 (262144) values. The ‘random
“numbers’  are uni formly distr ibuted over the range 0 to 1.”

“The tests being performed are,
“ t r i v i a l .

as mentioned already, quite
First, 1000 random numbers are averaged. This

“resul t  should be c lose to one-hal f . Next, the squares of
“another 1000 random numbers are averaged, Th is  resu l t
“should be about one-third. Last, another 2000 random
“numbers are multiplied in pairs, and the 1000 products are
“averaged. If consecutive values in the random sequence
“are i ndeed i ndependen t , the average should be one-fourth.”

GIVEN seed INTEGER; “flust  define before used in procedure”

PROCEDURE r :- random; “No WHERE needed (r i s rea I sea I ar) ”
“Random number generators tend to be ful I of ‘magic’
“numbers. This one is no exception.”
I- seed := seed * 1027;

seed := seed - (seed/1048576)*1048576;
r : = seed / 1048576.0 “Don ’ t  want  in teger  d iv is ion”

-I:
DEFINE sum : = 0.0;
FOR i IN I1 ,...,10001,  sum := sum t random;
WRITE <<Average: >>, sum/1000;
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sum := 0.0:
FOR i IN 11,.  . . , 1000),  sum I= sum + random**Z:
WRITE <<Average square1  >>, sum/1000;

“Compare the preceding loop to the next one. You see,
“‘randomzt&?  is not the same as ‘randomxrandom’, because
“ ‘ random’ has a di f ferent value each t ime i t  appears!”

sum := 0.0;
F O R  l IN II,. . . ,1000), sum I- sum + randomsrandom;
WRITE <<Average product: >>, sum/1000;

“The preceding 3 loops are so similar that we are tempted
“to try to combine them-using loops and/or procedures.
‘But they are so short anyway, how much could we hope to
“ save?  Anyway ,  t ha t ’ s  i f . ”

END.

Incidental ly,  when the above program was run with an input value of 79 for
the  seed, i t  p roduced  the  numbers  .4%4, .3344, a n d  2437, w h i c h  l o o k
reasonab I e.

--.
As a final example, consider the following procedure, which would have

been useful  in the mult ip l icat ion-table program (sect ion 4.2.3).

PROCEDURE string := repeat (char, number)
WHERE char IS CHARACTER VALUE,

number IS INTEGER VALUE,
s t r i ng IS CHARACTER VECTOR:

‘Crea te  a  s t r ing  cons is t ing  o f  ‘number ’  repe t i t ions  o f
‘ the  s ing le  charac te r  s to red  in  the  sca la r  ‘ char ’ .
“Use DEFINE to set size of vector result.”

D E F I N E  s t r i n g  t= [FOR i :- (l,.,.,numberI,  c h a r )

1 f  we  had  had  th is  in  tha t  ear l i e r  p rogram, we could have replaced such
statement9 as

W R I T E  (FOR  i=U,...,16I,  << >>I, <h->>,
{FOR i-(1,..., 16 t COLSIZE (tl)I , <<--I

a with the more readable form

WRITE repeat (<< >>,16),  c<t>>, repeat (<+>>,16*COLSIZE(H)  1

: 4.4: RETURN Statement

RETURN i s to a procedure what STOP is to a program. I f, in a
procedure, the statement

RETURN
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11.405 Procedures

i s executed, the procedure terminates at  once and returns to the cal  ler .
I f  t h e  p r o c e d u r e  h a s  a  r e s u l t ,  i t  i s  t h e  v a l u e f t h e  r e s u l t  v a r i a b l e  a t
the time the RETURN is performed.

R E T U R N  s t a t e m e n t s  a r e  r a r e l y  n e c e s s a r y ,  b u t  t h e y  a r e  s o m e t i m e s
convenient. As an example, we’1 I  r e w r i t e  t h e  ‘ m a t r i x - p r i n t ’  p r o c e d u r e  o f
section 4.2.3 using a RETURN, Whi le we’re at it, we’ l l  assume the existence
o f  the  ‘ repea t ’  p rocedure  fo r  charac te r  s t r ings ,

PROCEDURE matrix-print (HI flag) WHERE
H IS INTEGER MATRIX, f I ag IS LOGICAL VALUE:

I - IF COLSIZE (HI > 8 OR (flag AND COLSIZE (HI - 81,
I- oops (&‘iatrix too wide. Dimensions are:>>,

(ROWSIZE  (MI, COLSIZE (MI l I ;
RETURN

It
“ I f  w e  g e t  t h i s  f a r , the IF must have been false.”
“The rest of the procedure is largely unchanged,
“except it is no longer inside an ELSE-clause.”
IF flag,
I- WRITE repeattcc  >>,17), {l,...,COLSIZE(H1);

WRITE repeat (<< >>, 161,  <et>>,
--. repeat(<+>>,lG*COLSIZE(M))
Jr
FOR p := tl,.m.,ROWSIZE(H)),

c

4.5t Library Functions

HPL
which do
f i n d  t h e

has several ‘pre-def ined’ p r o c e d u r e s  a v a i l a b l e  f o r  y o u  t o  u s e ,
things l ike compute the inverse of a matr ix,  or the transpose, or

max imum e lement  o f  a  vec to r . These procedures, ca I I ed 1.1 brat-y
func t ions , are used I ike any o the r  p rocedure . In fact ,  SIZE,  RQWSIZE,
VECTOR, etc., a re  rea l l y  l i b ra ry  func t ions , This being the case, we’ve had
several examples showing how to use them, 80 we won’ t give any examp I es
here. A complete l ist  of  avai lable funct ions is in Appendix A.

IF flag,
I- WRITE p, <<I>>, H(p,*c);

WRITE repeat (c< >>,16),  c+>
,I
ELSE
I- WRITE H (p, *I ;

WRITE << >>

Many more funct ions are avai lable in the standard FORTRAN I ibrary,
i n c l u d i n g  s i n ,  cos, log, and dozens more. It ,is possible to use FORTRAN
functions in an HPL program, We’ l l  cover  th is  in  Sect ion  I I I .

N o t e  t h a t , w h i l e  certa’in  o f  t h e  H P L  l i b r a r y  f u n c t i o n s  a r e  a l s o
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keywords, mos t  a re  no t . T h i s  m e a n s  y o u  c a n  u s e  t h e m  a s  i d e n t i f i e r s ,
over r id ing  the i r  p re -de f ined  mean ings . Thi s i a not recommended, however,
s ince strange things can occur. Consider this sequence:

DEFINE X = i&1,4) ;
WRITE SIZE (XI, “Outputs ‘3’ ”
DEFINE SIZE - {4,2,3,5,1l; -.
WRITE SIZE (Xl; “Output@  ‘ 2  4  5”’

5: BLOCK STRUCTURE

In  Sect ion  I  we caut ioned you tha t  i t  i s  i l l ega l  to  redef ine  the  type
Ot- s t r u c t u r e  o f  a  v a r i a b l e . W e  a l s o  s a i d  t h e r e  w a s  o n e  p a r t i c u l a r
e x c e p t i o n  t o  t h i s  r u l e , which would be discussed under ‘b lock structure’ .
S ince  then we ’ve  seen some spec i f i c  except ions ,  such as  fOR ind ices  and
at- gumen t 5 to procedures. W e  s h a l l  n o w  s h o w  t h a t ,  w i t h  s u i t a b l e  hand-
wav i ng, most of these exceptions (all but the FOR indices) can be explained
as an aspect of  blqck  s t ruc tu re .

5.1: mock-Structured  Programs

The bas ic  idea  i s  tha t  a  p rogram cons is ts  o f  b locks  o f  code .  L i t t l e
b l o c k s  g o  i n s i d e  b i g g e r  b l o c k s ,  w h i c h  i n  t u r n  g o  i n s i d e  s t i l l  b i g g e r
b locks . J u s t  a s  w i t h  p h y s i c a l  b u i l d i n g  b l o c k s ,  p r o g r a m  b l o c k s  c a n n o t
‘ p a r t i a l l y  o v e r l a p ’ . That is, i f  t w o  b l o c k s  o v e r l a p  a t  a l l  i t  i s  b e c a u s e
or’e o f  them is  en t i re ly  con ta ined w i th in  the  o ther . In an HPL program the
bigclest  blcck  i s  t h e  e n t i r e  p r o g r a m . Each procedure i s  a l s o  a  b l o c k ,
con ta ined  w i th in  the  p rogram’s  b lock . I n  a  m o m e n t  we’1 I  specify exactly
crhat  d e f i n e s  a  b l o c k , bu t  f i r s t  we want  to  exp la in  how b lock  s t ruc tu r ing
a f f e c t s  t h e  r e d e f i n i t i o n  o f  v a r i a b l e s , We shal I use the terms inner block
and _quter  b l o c k  w i t h  t h e  i n t e r p r e t a t i o n  t h a t  t h e  i n n e r  b l o c k  i s  a n y  b l o c k
contained in some other block,  which is the outer block.

m W h e n  y o u  e n t e r  a n  i n n e r  b l o c k ,  a l l  o f  t h e  v a r i a b l e s ,  l a b e l s  ( f o r
GO TOs)  v and  p rocedures  wh ich  have  been  de f ined  in  the  ou te r  b lock  a re
sti  I  I  defined, They  may thus  be  used w i th in  the  inner  b lock .  llowever,  if
you wi sh, you  may rede f ine  any  o r  a l  I  o f  them w i thou t  regard  fo r  the i r
previous clef ini tions. If you do this, t h e n  t h e  e x t e r n a l  d e f i n i t i o n s  ( i . e . ,
the- mean ings  wh ich  the  iden t i f i e rs  had  in  the  ou te r  b lock )  a re  no  longer
access ib le  to  the  inner  b lock ,

When you leave an inner block, any  def in i t ions  wh ich  took  p lace ins ide
tha t  b lock  a re  ‘undone ’ . I f  the  ident i f ie rs  in  ques t ion  had been de f ined
i n  t h e  o u t e r  b l o c k  a s  w e l l ,  t h e n  t h e y  a r e r e s t o r e d  t o  t h e i r  p r e v i o u s
attributes and values; otherwise they become undefined.
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Example:
PROGRAM

DEFINE (a, b) INTEGER SCALARS,
ar=7; *

-.

b :- 9 ;

PROCEDURE resul tl :- f1 (k) WHERE k IS INTEGER VALUE,
resul tl IS INTEGER;

r e s u l t 1  t= kxk t

PROCEDURE resul t2 : - f2 (k) WHERE k IS INTEGER VALUE,
resul t2 IS INTEGER;

r e s u l t 2  := -3*k;

WRITE a, b,  fl(21,  f2E’)  ;
‘So  fa r  th is  i s  no th ing  new.  We’ve  jus t  wr i t ten  ou t  4
“ in tegers , namely 7, 9, 4, and -6.”

PROCEDURE examp I e;
‘Since-procedures are sub-blocks within the main program,
“we’ve just  entered an ‘ inner block’ , Therefore we may
“now redefine anything we wish.”
I- DEFINE (b, c) REAL SCALARS:

;:
:- 1.618831
: - 2.71828;

C : = 3.14159;
“Since we didn’t  redefine ‘a’ ,  the only , ‘a’  we’ve
‘got is the one we defined back at the beginning.
‘Therefore, when this procedure gets executed, we
‘w i l l  change the  va lue  o f  tha t  ‘a ’ . On the  o ther
“hand, since we redefined ‘b’, the one defined at
“the beginning wil I be unaffected, When we leave
“this procedure, ‘a’ will have the value 1, s i n c e
‘1.61803 gets rounded down, but ‘b’ will again be
“9. However, within the procedure, ‘b’  is a real
“scalar wi th,value 2.71828.”
DEFINE f2 :- ~5,10,,.,,100~:
‘f2 used to be a procedure, Within this ‘example’
“procedure, f2 is redef ined as an integer vector.
“We haven’t  done anything with fl, so it remains
“a procedure. ”
W R I T E  a ,  b ,  c, fl(21,  f2f2)
‘This wi l l  wr i te 1,  2.71828, 3.14159, 4,  and 10.
“ N o t e  t h a t  ‘fl(2)’  says to  execute  f1 with k=2,
“while ‘f2f2)’ now means the second element of
“ the  vec to r  f2.”

EXECUTE examp I e: “Per form the above act ions”

WRITE a, b,  fl(21, f2(2);
“Since b and f2 were redef ined within the inner block of
” ‘examp I e’ , they have now reverted to their old defini-
“tions, namely b is 9 and f2 is a procedure. Since ‘a ’
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“ w a s  not redef ined in ‘example' ,  i ts value in the outer
“block has been changed. So this WRITE statement prints
“ the  va lues  1 ,  9 ,  4, and  -6 . ”

WRITE c “I I legal (c is no longer def ined)”

END, -.

Hopefully the preceding example has given you some idea of the effects
o f  b l o c k  s t r u c t u r e . E f f e c t i v e l y  w h a t  i t  a l l o w s  y o u  t o  d o  i s  w r i t e
procedures which can be used in  severa l  d i f fe ren t  p rograms w i  thou t  your
having to worry about whether the variable names in  the  p rocedures  con f l i c t
w i t h  t h o s e  i n  t h e  programs*

5.2: Definition of CI Block

N o w  i t ’ s  t i m e  f o r  u s  t o  s t a t e  e x p l i c i t l y  w h a t  a  b l o c k  i s . There are
r e a l  Iy o n l y  3  k i n d s , and we’ve already mentioned two of them. The whole
p r o g r a m  i s  a  bloc& a n d  outdde  t h a t  b l o c k  i s  w h e r e  t h e  l i b r a r y  f u n c t i o n s
are  de f ined  fo r  you , (This explains why you can use the l ibrary funct ions,
but are al  lowed to redef ine them i f  you l ike. The main program is like an
i n n e r  b l o c k  w i t h i n  t h e  M P L  u n i v e r s e . )  T h e  s e c o n d  t y p e  o f  b l o c k  i s  a
procedure. Every procedure is a block, wi th in which the formal parameters
a n d  r e s u l t  v a r i a b l e  ( i f  a n y )  a r e  d e f i n e d  a u t o m a t i c a l l y  f o r  y o u  b y  M P L .

. (This explains why a formal parameter can have the same name as a variable
in the main program, as in the example in sect ion 4.2.1.) T h e  t h i r d  t y p e
of  b lock  is  one wh ich  you exp l ic i t l y  des ignate . It l o o k s  e x a c t l y  I i k e  a
compound statement, except instead of BEGIN and END (I- and ,I 1 you use
BLOCK and END,

Example:
.

“This program does some sort of bizarre calculation, The
“only important things going on are in the comments. i f
“you get turned on by strange mathematical formulae, you

, “can try to f igure out just what gets computed by al  I  this.”

“The problem is, there’s hardly ever a need for expl ic i t
“BLOCK statements; certainly never in smal I programs.
“So we just put together something moderately complex,’

DEFINE x-10000, y-l I
WHILE y < xr

BLOCK “B lock  used jus t  as  i f  i t  were  ‘I-“’
DEFINE x - y**.s; “Th is  doesn ’ t  a f fec t  the  x  in  the

“WHILE statement, since that is
‘*outside this block.”

WRITE y, XMX;

EN;);
I0 ,**r,yl * Il,...,y+l)

“End of special block”
WRITE y , x “Th is  x  i s  s t i l l  equa l  to  10000

- 72 -



11.6 Input /Output  (Rev is i ted)

“(y happens to be 4665760)”

‘*For the  insat iab ly  cur ious , the garbage that gets pr inted
“by this useless program is
II 1 1.0
II 2 1.6325
II 8 18.93 -- -
II 240 2.73556+18
II 4665760 10000

In case you hadn’t  guessed, expl ic i t  blocks (BLOCK . .  .  END) are  n o t
p a r t i c u l a r l y  u s e f u l , but they 8re there if you need them. One possible use
is when you’ve got a big program in which, by mistake, you used the s a m e
i d e n t i f i e r f o r  d i f f e r e n t t y p e s  o f var iables i n  d i f f e r e n t sect ions,
r e s u l t i n g  i n  a n  e r r o r ( i l l e g a l  r e d e f i n i t i o n ) .
half your program changing variable names,

Rather than going t h r o u g h
y o u  might tit y o u ’ r e  lucky) b e

able to get away with just s lapping a BLOCK . .  . END around one chunk o f
the program, s u c h  t h a t  t h e  r e d e f i n i t i o n  i s  p e r m i t t e d .  B y  ‘ l u c k y ’  w e  m e a n
that this won’t  work unless your program is easi ly broken into independent
chunks, since when you leave the block al l  of  the var iables def ined within
i t ‘go away’. (Of course, i  f  your program can be broken up this way, y o u

s h o u l d  h a v e  w r i t t e n  i t  a s  a  b u n c h  o f  p r o c e d u r e s ,  a s  suggestcsd i n  s e c t i o n
4.1. T h i s  wa$ y o u  w o u l d  have  avo ided  a l l  th is  t roub le  in  the  f i r s t  p lace ,
since procedures are automatical ly blocks.)

6: jNPUT/OUTPUT  (REVISITED)

The  I/O frcllitles  described  fn Sectlon  1 uere norr  or less  uncontrolled.  The input  data had
to be free-format1  there uas no u a y  to treat a string of digits  as distinct one-digit  n u m b e r s . The
output  a l w a y s  used an enormous  amount  of space  to print e a c h  number1 there  uas no uay to fit tnoro
than  8 integers  or 5 reals  on  a single  line of output.

N P L  p r o v i d e s  f o r  t h r e e  l e v e l s  o f  c o n t r o l  o v e r  y o u r  I/O. T h e  f i r s t ,
unformatted I /O, was descr ibed in Sect ion I. The other forms we shal  I term
semi-formatted and formatted.

6.1 t Semi-formatted Output

T h e r e  i s  n o  s u c h  t h i n g  a s  s e m i - f o r m a t t e d  I n p u t . Semi - fo rmat t ing
1 allows you to specify to MPL how much space should be used to print integer
.  a n d  r e a l  v a l u e s . T h i s  i s  a c c o m p l i s h e d  u s i n g  t h e  s p e c i a l ,  p r e - d e f i n e d

var i ah I es, INTEGERSIZE and REALSIZE. L i k e  l i b r a r y  f u n c t i o n s ,  t h e s e  t w o
var iab les  have  spec ia l  mean ings , w h i c h  y o u  c a n  o v e r r i d e  i f  y o u  w i s h  b y
de f in ing  them to  be  someth ing  elsa, I f you do so, however, uou can no
longer take advantage of the special pre-defined meanings.
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Whenever an unformatted WRITE statement prints out an integer, it uses
16 characters (many of  which are blanks).
justi f  led on a f ie ld of  14 c h a r a c t e r s ,

I t  p r i n t s  t h e  i n t e g e r  right-
t h e n  t a c k s  2 b lanks  on  the  end .

NOW, a s  i t  h a p p e n s , the  spec ia l  var iab le  INTEGERSIZE s tar ts  ou t  as  an
in teger scalar uhose value is 14, If y0q.j  assign a new value to
INTEGERSIZE, then any subsequent unformatted WRITES  will use the new field
w id th . Y O U  wi I I sti I I get the 2 trai ling  b l a n k s , which are not counted as
p a r t  o f  t h e  f i e l d  w i d t h . If a n  i n t e g e r  i s  t o o  l a r g e  t o  b e  p r i n t e d  i n  t h e
room al lotted, i t  wi l l  be pr inted as a bunch of aster isks.

Examp  I er
DEFINE V = ~1(-10,100,-100,100000~  ;
WRITE V:
FOR i IN l10,6,4,1I,
I-. INTEGERSIZE tr ir

WRITE V
, -I

This produces 5 l ines of  output,  as fol lows,

1 -18 100 -188 188886
1 -18 lee -188 188088

1 -18 188 -188 188888
1 -18 188 -188 --tww

1 * 8 8 8

If you set INTEGERSIZE to be zero or negative, the default  f ie ld width of
14 (p lus  2 t r a i l i n g  b l a n k s )  i s  u s e d  i n s t e a d .

REALSIZE  is  the  ana logous  variable fo r  con t ro l l i ng  how much  room to
u s e  f o r  r e a l  v a l u e s . I t  s t a r t s  o u t  e q u a l  t o  22 ( a g a i n ,  w i t h  2 t r a i  I  i ng
b!anks).

A l though  semi - fo rmat t ing  g ives  you  some amount  o f  con t ro l  over  the
a p p e a r a n c e  o f  y o u r  o u t p u t ,  i t  i s  s t i  I  I  v e r y  I  i m i t e d . You can ’ t  change
INTEGERSIZE in the middie of a WRITE statement, for example. To get ful I
c o n t r o l , you need to use formatted I/O.

6.2: Formatted l/Q

Wel I ,  we hate to have to say this, bu t  we ’ re  go ing  to  cop  ou t  on  th is
one. MPL fo rmat ted  I/O make8 use of FORTRAN formats,  and descr ibing
FORTRAN formats would take several pages. If you want to be able to do al I
s o r t s  o f  f a n c y  t h i n g s , we suggest you f i nd a good FORTRAN text and study

the sect ion on FORMAT statements, What we shall do here is describe some
of the simpler forms of FORTRAN formats, explain how they are used in M P L ,
and give a few examples.

F i r s t , the syntax. An MPL formatted READ or WRITE statement looke,
j u s t  l i k e  a n  u n f o r m a t t e d  o n e , except the first thing in the I ist of
e x p r e s s i o n s  muet be  a  charac te r  vec to r  and  mus t  be  fo l l owed  by  a  co lon
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instead of a comma. This character vector is then taken to be the format
and is  no t  p r in ted ,

Examp I es:
DEFINE (V, V’I VECTORS 10,

Fmt t - << (5F10.4)  >>:
READ <<~lBFS.Bl>>r  V ,  V’; -
WRITE Fmt t V+V’ ;

Th is  wou ld  read  1 0  real  values f rom one card and assign them to V, then
read  10 more real values from the next card (even if there is more data on
the  f i r s t  ca rd )  and  ass ign  them to  V’, It would then pr int the vector sum
in two I ines of five numbers each. (We’ll  e x p l a i n  this a tittie m o r e  l a t e r
on. Right now we just wanted to show you what it looked like.)

Now,  as  to  the  FORTRAN fo rmats ,  F i rs t  o f f ,  they  must  a lways  beg in
with a lef t  parenthesis and end with a r ight parenthesis.
in -between, we I I,, as  we’ve sa id ,

As for L;“,“tsg;tf
i t  c a n  g e t  q u i t e  con\plex.

d iscus8 the  fo l lowing types :  Iw (for i n t e g e r s ) ,  E w . d  a n d  F w . d  (for r e a l s ) ,
\l;as(hfo;  /!ogicalsI, A w  (for c h a r a c t e r s ) ,  ‘ x x x ’  ( t e x t  c o n s t a n t s ) ,  X, a n d

4 to end a l ine). Throughout these discussions, we shall use ‘w’
a n d  ‘d’ fo’mean  any  non-negat ive  in teger  cons tan ts . For instance, when we
say ‘Fw.d’  we mean anything like F9.4, F10.0, F13.10, etc .--.

The general  form of  a format is  a ser ies of  format i tems, such as 17
or E10.3 or ‘ f rog’ ,  separated by commas. A 8 t ash need not be separated
from adjacent i terns. B lanks  betueen  i terns are ignored, T h u s  a  t y p i c a l
fo rma t  m igh t  l ook  l i ke

(I3,13,13,F9.0,  ‘glork’/AM  , ‘glork’  /AlB////M 15)

I f you want to repeat an I, E, F, L, A, or X i tern, you may do so by
p r e f a c i n g  i t  w i t h  a  n u m b e r ind ica t ing  the  number  o f  repe t i t ions  des i red .
Thus the above format is equivalent to

(We got r id of  the excess blanks whi le we were at it,) Who le  sec t ions  cap
be repeated  by  enc los ing  them in  paren theses  and pu t t ing  the  repe t i t ion
count ahead of  the lef t  parenthesis. Thus the above could be rewritten

(313,F9.0,2(‘glork’/Al0I  ,7(/I, 15)

c

N o t e  t h a t , when the 7 slashes became 7(/I, i t was  necessary  to  inc lude
commas to separate them from the adjacent items,

We shal  I  now di8cuss uhat each of the di f ferent types of format i  tern
. means. T h e  f o r m a t s  b e h a v e  s l i g h t l y  d i f f e r e n t l y  f o r  i n p u t  t h a n  f o r  o u t p u t ,
. so we’ I I discu8s the two separately.

6.2.18 Outbut f o r m a t s

I n t e g e r s  m a y  b e  w r i t t e n  only us ing  the  Iw f o r m a t  I t e m .  T h e  v a l u e  i s
p r i n t e d  right-justified  on  a  f i e ld  o f  ‘w’ c h a r a c t e r s . You do not get  any
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trai I ing blanks uhen you use B formatted W R I T E  (this is true for real item
types  as  well).
bunch of

If the field is not uide e n o u g h  t o  c o n t a i n  t h e  n u m b e r ,  a
a s t e r i s k s Is  pr in ted out  instea&

Example:
DEFINE II INTEGER MATRIX 2 BY 5;
rl(l,*c) t- (1, -1, 0, 79, -791; -.
tl(2,*) t- 44444,  5 5 5 5 5 , 666666, 7777777, 888888881;
WRITE ~(313,  415, 216, 110, 112bw tl;

This would produce:

1-1 0 79 -73 444455555666666******  88888888

Not i ce  tha t  some o f  the  numbers  go t  run  toge ther  because  there  was  no t

enough room to include a leading blank?
112, h a p p e n s  n o t  t o  b e  u s e d .  L a s t l y ,

N o t i c e  a l s o  t h a t  t h e  f i n a l  i t e m ,
n o t i c e  t h a t  t h e  e l e m e n t s  o f  t h e

m a t r i x  a r e  o u t p u t  i n  t h e  s a m e  o r d e r  a s
o rder .

fo r  un fo rmat ted  I/O, r o w - m a j o r

R e a l s  m a y  b e  u r i t t e n  u s i n g  eith;; iu;ieir,Fu.d i t e m s . Bo th  fo rms
s p e c i f y  a  f i e l d  o f  ‘w’ c h a r a c t e r s .
t h a t  5 5  p r i n t s  as-.N&!%tl  82”,

s c i e n t i f i c  n o t a t i o n ’ ,
a n d  ‘ d ’  s i g n i f i c a n t  d i g i t s  a r e  p r i n t e d .

so
Fu.d

u s e s  o r d i n a r y  n o t a t i o n ,  a n d  p r i n t s
Cant inuing the previous example:

‘ d ’  d i g i t s  a f t e r  t h e  d e c i m a l  p o i n t .

DEFINE t l ’  I - II or 0.001j
WRITE << (SE10.3)  >>I H’ (1 ,*I ;
WRITE ~~(4E11.2,  E11.41>>:  tl’(2,a1c);
WRITE <<(F5,2,F7,3,3F9,4)>>r  M’(l,u);
WRITE << (5F7.2)  >>: M’ (2, a) ;

Thi s produces:

0.1000-02-0.1000-02 0.0 0.7900-01-0,7900-01
0.440 01 0.560 02 0.670 03 0.780 04 0.88890 05

0.00 -0.001 0.0 0.0790 -0.0730
4 . 4 4  5 5 . 5 6  666.677777,78*m**uxu

In t h e  l a s t  line o f  o u t p u t , the values 666.67 and 7777.78 got run together.
Note that 0.0 seems to be a special  case.a This may not be the case with
ail versions of MPL, since it depends on the local dialect of FORTRAN.

Logical6 are  u r i t ten  us ing  the  Lw i tem.
‘T ’  o r  ‘F ’  p receded by  (w-1)  b l a n k s .  T h u s

A  l o g i c a l  v a l u e  p r i n t s  a s  a

WRITE <<(2L2,4Ll,3L3,LS)  >>: (FOR i IN (1, *. . ,101,  i 4 OR i -81:

produces

%ome  vers ions  o f  MPL may not  a l low th is ,  and u i i i  t rea t  these cases
as  i f  there  usre i n s u f f i c i e n t  r o o m  t o  f i t  t h e  n u m b e r . Also, some versions
may do other things when a number won’t fit,
But t h e s e  a r e  a i l  f a i r l y  m i n o r  d e t a i l s ,

i n s t e a d  o f  p r i n t i n g  a s t e r i s k s .
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c

T TTTFF F 1 F F

C h a r a c t e r s  a r e  w r i t t e n  u s i n g  t h e  A u  f o r m a t  i t e m . Each such  i  tern
p r i n t s  a  s i n g l e  c h a r a c t e r  p r e c e d e d  b y  (w-1)  b l a n k s . Thus,
character vector of  s ize 10, you should use 10A1,  not A10,

t o  p r i n t  a
I n  a d d i t i o n ,  if

y o u  w a n t  t o  i n c l u d e  a  c h a r a c t e r  c o n s t a n t  i n  y o u r  o u t p u t ,  y o u  c a n  d o  i t
e i t h e r  b y  p u t t i n g  i t  i n  t h e  iist o f  t h i n g s  t o  b e  o u t p u t  a n d  p r i n t i n g  it
wi th Al format i terns, or you can use the ‘xxx’ format item. The  ‘ xxx ’  i  tern
d o e s  n o t  u s e  a n y  e x p r e s s i o n s  f r o m  t h e  o u t p u t  l i s t ,  b u t  s i m p l y  p r i n t s
whatever is between the apostrophes. (If you want to pr int  an apostrophe,
ur i te it as two apostrophes,) Thus the two statements

W R I T E  <<(14,10A1,14)w  7% -It's easy!>>,  73:
W R I T E  <&4,‘It”s easy!‘,I4hr 73, 791

produce the same output, namsiyt

791 t ’ s  e a s y !  7 9

Cant inu ing  the  ear l  isr exampiest

WRITF_,  (<<(13,‘:‘,4US,‘,‘II>>:  M(l,*)I;

This t ime ue decided to include the opt ional  parentheses around the whole
ou tpu t  I  i s t . This statement produces: .

It -1, 0, 79’ -79,

N o t i c e  t h a t  t h e  t e x t  i t e m s  (‘1’ a n d  ‘,’ I are pr inted interspersed among the
elements of  M, I tems in the format are used in the order in which they are
encountered. (See f ine pr int  for more detai led explanat ion.)

Going through this  more slouly,  here’s  what happens. Lie start  going  through  the format,  and
the first thing ue find Is an 13. So WI noed an integer to print.  Since flfl,laI  is S integers,  ue
print  the first element, 1. Vhe  next  thing  in the format Is ‘:j, so ue print  a colon. Now ue hit a
repetition count, which we skip over  for now. The  IS requirrs  another  integer  to be printed.  Since
we haven’t  finished  with fl(l,a)  yet, ue print  its second  elrmetnt,  -1. We come to the ’ ,’ i tern  and
so print  a comma. Now,  repeating  the parenthetical  group,  we hit IS again, and print fI(1,3).  And
so on.

The X format i tem simply causes a blank to be pr inted. To get more
t h a n  o n e  b l a n k ,  u s e  a  r e p e t i t i o n  c o u n t  (i.e, u s e  10X,  not X10). S t r i c t  i y
speaking, you never need to use X i tems, but they can make  formats a bit
c l e a r e r . For examp I e, the two statements

WRITE <<(2X,512,3X,‘frog’,2X,4Al)>>r  U,.,.,SI, <<toad>>;
WRITE ~(14,412, frog’,A3,3AlI>>,  U,.,, ,5I, < < t o a d > > ;

produce the same output, nameiyt

1 2 3 4 5 f r o g  t o a d

L a s t l y ,  t h e  s l a s h  (/I f o r m a t  i t e m  i s  u s e d  t o  g o  t o  t h e  n e x t  o u t p u t
l i ne  p rematu re ly ’
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WRITE <<(1013b>r 11,.  . . ,161;
WRITE <<(413/513/I3)>>;  (1,.,.,101~

produces

1 2 3 4 5 6 7 8 9 1 0 a.
1 2 3 4
5 6 7 8 9

10

In a d d i t i o n , i f  the re  a re  more  th ings  to  be  wr i t ten  than  there  a re  fo rmat
i  te rns  to  cor respond to  them ( th is  there fo re  doesn ’ t  count  ‘ tex t ’ ,  X ,  o r  /
format i terns), t h e n  a n  e x t r a  / i s  a u t o m a t i c a l l y  i n s e r t e d ,  a f t e r  w h i c h  t h e
format i s  r e s t a r t e d  s t a r t i n g f r o m  t h e  l a s t  l e f t  p a r e n t h e s i s . (Don’ t
comp la in  to  us : th is  i s  a l l  s tandard  FORTRAN.)  I f  the  le f t  paren thes is  i s
preceded by a repet i t ion count, the  coun t  i s  a lso  inc luded  in the  res ta r t .

Examp  I e:
WRITE <<(14,‘;‘,313)>>,  (1,..,,101;
WRITE <<(14,‘&3(13))>>:  U,,,.,10)1

produces -..

14234 -
5: 6 7 8

? l0:234
5 6 7
8 910

6.2.2~ Format ted  inbut

Us ing  un fo rmat ted  inpu t ,  you  cou ld  sca t te r  your  inpu t  da ta  as  w ide ly
a s  y o u  wished-- extra spaces or even blank cards betueen numbers made no
di f ference. T h i s  i s  n o t  t h e  c a s e  w i t h  f o r m a t t e d  i n p u t . If you read a
number  us ing  an  15  fo rmat  i t em, MPL ui I I go out and grab the next 5
charac te rs  o f  inpu t ,  be  they  d ig i t s ,  b lanks ,  o r  pure  garbage. It’s u p  t o
yqy to  make  sure  those  5  charac te rs  represen t  an  In teger ,  o r  the  resu l t s
a re  unspec i f ied . So, formatted input is general ly used only when (a) your

. inpu t  da ta  i s  in  a  fa i r l y  regu la r  fo rm (o f ten  hav ing  been supp l ied  to  you
bg s o m e o n e  e l s e )  a n d  (b) u n f o r m a t t e d  i n p u t  w o n ’ t  h a n d l e  i t . The re  a re
three main reasons why unformatted input uon’t  handle certain data. F i r s t ,
there may be numbers with no intervening spaces, such as streams of digits
intended to be taken as individual one-digi t  numbers. Second, you may wish
to read character  or  logical  data, which you cannot do using an unformatted
READ or GIVEN statement, (No te :  There  i s  no  such  th ing  as  a  fo rmat ted
GIVEN statement,) Third, there may be useful data in columns 73-80 of the
da ta  cards . Unformatted input ignores these columns, but formatted READ
statements may use them,

Another important difference betusen formatted and unformatted READS
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‘c

c

c

is  that,  whereas an unformatted READ could read hal f  of  an input card and
l e a v e  t h e  r e s t  t o  b e  r e a d  l a t e r , a formatted READ throws away any unused
port ion of  an input l ine that may be lef t  over when the READ is completed.
A subsequent READ,. formatted or unformatted, w i l l  s t a r t  r e a d i n g  a t  t h e
beginning of the next input card. *

I n t e g e r  v a l u e s  a r e  r e a d  u s i n g  Iw f o r m a t  i t e m s .  ‘w’ i n p u t  c h a r a c t e r s
are read and interpreted as an integer value. ( I n  a l l  f o r m a t t e d  i n p u t ,  t h e
resul t s  a r e  u n s p e c i f i e d  i f  t h e  i n p u t  d a t a  c a n n o t  b e  i n t e r p r e t e d  i n  t h e
requ i red  way, such as if you use an
“1234X”,  or even “12.00”.

1 5  i t e m  a n d  t h e  i n p u t  c a r d  s a y s
Leading blanks are al l  r ight,)

Example:
DEFINE M INTEGER MATRlX 2 BY 5;
READ <<(3IS,511,14,12)>>:  M;

I f  t h e  i n p u t  d a t a  i s

123-5678901234+678  012

then H becomes --_

123 -56 789 0 1
2 3 4 678 0

The last  two data characters (“12”)  are not read and are discarded.

R e a l  v a l u e s  a r e  r e a d  u s i n g  Ew,d or Fw.d i t e m s . I  t  does  no t  mat te r
which you use; both
i terns. ‘w’

“.35El” and “3.5” may be read by both E and F format
inpu t  charac te rs  a re  read  and  in te rp re ted  as  a  rea l  va lue .  I f

the  inpu t  da ta  inc ludes  a  dec ima l  po in t , t h e n  t h e  ‘ d ’  p a r t  o f  t h e  forma
i tem i s  i g n o r e d . Otherwise a decimal point is assumed ‘d’ places from the
r i g h t  o f  t h e  u n i t s  d i g i t ;  i.e. the number is mult ip l ied by Wd. ( I f  t h i s
confuses you, always use zero for ‘d’  (as in F7.01,  w h e r e u p o n  t h e  ‘d’ p a r t
wi l l  never have any effect whatever.)

Example!
DEFINE V REAL VECTOR 6:
READ <<(F7.0,4F7.2,ES.l)>>:  V;

I f  t h e  i n p u t  d a t a  i s

-12345 -12345 12.345 12E-3 1,2E-3 123,

_ then V becomes l-12345., -123.45, 12.345, 0.00012, 0.0012, 123.i.

We shall  now explain  the 3rd and  ith elements  in more detail.  For V(3),  the format  was F7.2
(the  second  of four  repetitions),  and  the 7 characters read uere * 12.345”. Since the 7 characters
Included  a decimal  point,  the value  uas  taken as lo, and  V(3)  = 12.345, For V(4),  the format  was
again  F7.2, and  the 7 characters  uere ’ 12E-3”. No decimal  point  was  given  (even  though  an
exponent  (E-3)  was  specified)  so a decimal  point  ~6s  assumed  2 places  from the right of the units
position,  ~lrldlng  .12E-3, or .00012.

Log ica l  va lues  a re  read ’us ing  Lu i tems. ‘w’ charac te rs  a re  read ,  and
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c h a r a c t e r  18 examined. If it is “T”,  the value i6
the  va lue  i s  fa lse . If it is neither, -or if all Q.J’

characters are b I anks, t h e  r e s u l t  i s  u n s p e c i f i e d ,  -

Example;
DEFINE L LOGICAL VECTOR 8;
READ <<(3L7,5Lli>>r  L; -.

I f  t h e  i n p u t  d a t a  is

FALSE TRUE FROG TFFTF

then L becomes (FALSE,  TRUE, FALSE, TRUE, FALSE, FALSE, TRUE, FALSE}.

Character values are read using Au i tems. ( N o t e :  T h e  ‘xxx’ f o r m a t
i t e m  m u s t  n o t  b e  u s e d  f o r  i n p u t . )  ‘u’ c h a r a c t e r s  a r e  r e a d ,  a n d  t h e  l a s t
one is used as the value read.

Examp I er
DEFINE C CHARACTER VECTOR 13;
READ <<(A5,3A7,7A1,A4,A5)>>t  C;

I f  t h e  i n p u t  d a t a  i_y

ANYTHING THAT CAN GO WRONG, WILL GO WRONG.

then C becomes the character vector <<HAG& WILL We>>. (Don’t ask us who
Wi l l  W, H a g g  is; we’re etill  t ry ing to f igure out how he managed to get his
name into this manual, Something apparently uent wrong.)

The  X  fo rmat  i tem causes  a  s ing le  da ta  charac te r  to  be  sk ipped .  As
w i t h  o u t p u t  f o r m a t s ,
10x.

t h e  f o r m  Ku i s  i l l e g a l :  t o  s k i p  10 c h a r a c t e r s ,  u s e

E x a m p l e :
DEFINE (VI, V2l INTEGER VECTORS 6;
READ <<(13,14,212,15,14)>>:  Vl:
READ <<(13,2X,312,X,214)>,t  V2:
“Remember that, since the first READ discards any leftover
“por t ion  o f  i t s  input  I  ine , the second READ will read on
“the second I ine of input.”

If t h e  i n p u t  d a t a  i s

12345678901234567890
12345678901234567890

then V l becomes I123,4567,89,1,23456,78301 uhi le V2 becomes
I123,67,89,1,3456,78901.

Last ly ,  the  6lash (/I fo rmat  i tem cause6  the  res t  o f  the  cu r ren t  i npu t
card  to  be  th rown away. The READ continue6 on the next card. A s  w i t h
o u t p u t , if a  f o r m a t  ‘ r u n 6  o u t ’ a n d  h a s  t o  b e  r e p e a t e d ,  a n  e x t r a  ‘/’ is
aseumed,
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Example;
DEFINE V INTEGER VECTOR 10t
READ <<(213/14,212)>>;  V:

Input /ou tput  (Pevisi ted)

I f  t h e  i n p u t  d a t a  i s

12345678 -.

90123456
78901234
56789012
34567830

then V becomes U23,456,3812,34,56,783,12,5678,98,121.

The ‘213’  reads  123 and 456, then the slash causes the rest  of the line to be discarded,  The
‘14,212’ reads  9612,  34, and 56. The  end  of the format is reached, but we sti 1 I havr more  elements
of V to read,  so  a slash Is assumed,  dlscarding a bunch of blanks left over  on the second line.  Fls
it would  with  output, the format  now  repeats  starting  from the last left parenthesis,  uhlch  happens
to be at the beginning. ‘213’  reads  789  and  812, then ‘14,212’  reads 5678, 90, and  12 from  the
fourth  I ino. The last  line  is unused  and uould be read  by the next REAQ statement.

6 . 2 . 3 :  Carriaqe  c o n t r o l .

MPL formatted output uses the f i rst  character of  each output l ine for
c a r r i a g e  c o n t r o l , the same as in FORTRAN.
can sk ip  th is  sec t ion .

If you know what this means, you

We haven’ t  been completely honest wi th you about formatted output.
Every th ing gets  pr in ted jus t  the  way we sa id  i t  does,  except  tha t  the  first

charac te r  o f  each  l i ne  i s  no t  p r in ted . Ins tead i t  i s  used to  spec i fy  such
t h i n g s  a s  d o u b l e - s p a c i n g ,  t r i p l e - s p a c i n g ,  e t c .
‘ c a r r i a g e  c o n t r o l ’

T h e s e  t h i n g s  a r e  c a l l e d

t h e  l i n e  p r i n t e r ) ,
(because  they  con t ro l  the  mot  ion  o f  the  ‘ ca r r iage ’  o f
and  the  f i r s t  charac te r  o f  each  I  i ne  i s  re fe r red  to  as

the ‘ca r r iage  con t ro l  charac te r ’ . Th is  app l ies  on ly  to  fo rmat ted  ou tpu t ,
not to semi-formatted nor unformatted output.

The interpretat ions of  the carr iage control  character are as fo l lows.

Character I n t e r p r e t a t i o n
blank Normal (single-spacing)

0 Leave a blank line ahead of this one (double-spacing)
Leave two blank l ines ahead of this one (tr ip le-spacing)

- +
1

Print this l ine on top of the preceding one
Pr in t  th is  l ine  a t  the  top  o f  the  nex t  page

a Any other characters may have unpredictable ef fects,  a l though usual ly they
.act as  i f  they  were  b lanks .

:Examp  I e:
WRITE ~4’ frog’/‘0toad’/‘+////‘/15)>>:  79

Ignor ing carr iage control  for  the moment,  th is would pr int
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f r og
Btoad
+////

79

Now, t a k i n g  i n t o  a c c o u n t  t h e  c a r r i a g e  c o n t r o l  Charactbr6,  the f irst l ine
p r in t6  no rma l  ly, T h e  eecond  l i n e  i s  d o u b l e - s p a c e d  w i t h  r e s p e c t  t o  t h e
f i r s t , and the third I ins print6 on top of it. T h e  l a s t  l i n e  p r i n t s
normally, below the preceding one. The net ef fect  is

f r o g

I f  y o u  d o n ’ t  w a n t  t o  ~66 the66 f e a t u r e s , jus t  be  sure  every  I  ine  o f
formatted output starts wi th a blank. Much of the time you don’t even have
t o  t h i n k  a b o u t  i t : i f  t h e  f i r s t  t h i n g  o n  t h e  l i n e  i s  a  n u m e r i c  v a l u e  t h e n
i t  a lmost  a lways  s ta r ts  w i th  a  b lank . But  be careful . Suppose you wr i te
an integer vector V using

WRITE <<-11017)  >>: V “Write V in lines of 10 values each”

T h i s  i s  f i n e  a s  l o n g  a s  t h e  v a l u e s  i n  V  a r e  s u i t a b l y  s m a l l .  B u t  i f  V(l)
equa  1 s -100000 then you’ I I get a ‘0’ in  the  Car r iage  con t ro l  pos i t ion ,  60
the I  ine  w i  I  I  p r in t  t r ip le -spaced, a n d  VW wi I I appear to be p o s i t i v e

_ 100000. Or suppose V(l) is 1234567, Then the l ine wi I  I  pr int on a fresh
p a g e ,  a n d  V(l) WI I I  a p p e a r  t o  b e  234567, S o  if y o u  a r e  n o t  e x p l i c i t l y
inc lud ing  a carriage  contro l  character , be  6ure your format i tems are large
enough, o r  y a u r number6 smal I enough, such that a I  I  your ‘numbers are
guaranteed to  p r in t  w i th leading blanke.

7: THE LET STATEMENT

7.1: What It Does

The LET statement defines a sunonum  which you can use at compile-time.
Just a b o u t  a n y t h i n g  w e  m i g h t  s a y t o  d e s c r i b e  i t  f o r m a l  Iy w o u l d  u s e
terminology with which you may not be familiar, 60 we’ I I at tempt to exp I a in
i t  using examples.

Examp I e8
LET F(x) := tIh,x) + x*B:
WRITE F (21
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11.7.1 The LET Statement

T h e  f i r s t  s t a t e m e n t  d e f i n e s  a  s y n o n y m ,  F ,  w h i c h  i s  v e r y  m u c h  I  i k e  a
‘resul  t ’ procedure.
into the statement

T h e  s e c o n d  s t a t e m e n t  is e f fec t i ve ly  changed by  MPL

WRITE MI*,21 + 2*B

I n t h i s p a r t i c u l a r instance
ord i nary procedure, thust

we could have got ten the same e f f e c t  u s i n g  a n

PROCEDURE R := F(H)  WHERE x IS INTEGER VALUE,
R IS COLUMN;

DEFINE R :- M(r(c,x)  + xtB;
“Must use DEFINE in order to establish size of R.”
WRITE F (2)

T h e  L E T  n o t a t i o n  h a s  t h r e e  m a i n  advantagea, F i rs t ,  i t  i s  shor ter  and thus
,  m o r e  n a t u r a l . Second,

w h e r e v e r  it is used.
i t  i s  s u b s t i t u t e d  d i r e c t  Iy i n t o  y o u r  p r o g r a m

Let ’ s  look  more  c lose ly  a t  th i s  second  d i f fe rence .  A
procedure is created once: the code is set up 6omeWhere.  When you use  i t ,
your program branches over to that  code,
to.

computes whatever i t’ 6 supposed
and comes back. When you use a LET synonytn, the code i s dup I i ca ted

every  t ime you use i t , Th is  i s  fas ter , s i nce you no I anger have to branch
back and forth,.but i t  uses more storage space in the computer.
since a LET synonym has to be a single expression,

HoGlever,
i t  i s  u n l i k e l y  t o  t a k e

up much space. The main consideration in using LETS is thus convenience.

L

The th i rd  advantage is  a lso  one o f  conven ience- -you  do  no t  have  to
de f ine  the  type6 o r  s t ruc tu res  o f  the  a rguments  o r  resu l t ,  the  way  you  do
fo r  p rocedures . In  fac t ,  you cou ldn ’ t  even i f  you  wanted to :  MPL won ’ t
accept a WHERE clause in a LET statement. Thus if you set up the synonym

LET add IX, y) = x + yi

and def ine the fol  lowing var iables:

DEFINE RV REAL VECTOR 10,
IV INTEGER VECTOR 10,
(a, b) REAL SCALARS,

M MATRIX 7 BY 9;

then al l  of  the fo l lowing form6 (and many others)  are val id:a

add  (a,bI y i e l d s  a t b ,  a  r e a l  s c a l a r
add (RV, b) y i e l d s  RVtb, a  r e a l  v e c t o r
a d d  (IV, IV)
add  (a,M)

y i e l d s  T&Iv (i.e. &TV),  a n  i n t e g e r  v e c t o r
y i e l d 6  atH, a  r e a l  m a t r i x

Perhaps it’s time we gave the general form of a LET statement.

LET < iden t i f i e r>  (<argument  list>) := <expression>;

The  semico lon  i s  requ i red . The keyword $LET may replace LET (don’ t ask
why) 9 and  as  usua l  ‘2 may  rep lace  ‘8-‘. I f  the re  a re  no  a rguments ,  the
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parentheses may be omitted. L ike  o ther  de f in i t ions ,  synonyms are  sub jec t
t o  b l o c k  s t r u c t u r e  ( s e c t i o n  5) a n d  t h u s  v a n i s h  w h e n  y o u  e x i t  f r o m  t h e
blocks in which the LET statements occur*

7.2; flow It Qoes  I!
I.

I n  case you are interested, we wi I I now describe exactly how a LET
synonym is treated by MPL. Even i f  you’re not interested, you should skim
through the  res t  o f  th is  sec t ion , because at one point we’ l l  be mentioning
a ‘bug’ which you might run in to ,
unless you know what’s going on.

and wh ich  appears  te r r ib ly  mys ter ious

Once you’ve def ined a synonym, you may invoke i t  the same w a y  you
would use a ‘resul t procedure’, as shown in the earlier examples. So here
comes MPL, trundl  ing through your program,
fol l o w e d  b y  a  l i s t  o f  ‘ a c t u a l parameters’.

and i t comes to a synonym name
Here’s what happens, b r o k e n

clown i n t o  s t e p s . Some  o f  t h e s e  s t e p 6  m a y  a p p e a r  s t r a n g e ;  w e ’  I  I  6oon
explain the reasons behind them.

ill MPL rummages- -a round and f inds  the  <express ion> g iven  in  the  re levan t
LET statement.

E21 T h e  a c t u a l  p a r a m e t e r s  a r e  s u b s t i t u t e d  f o r  t h e  c o r r e s p o n d i n g  f o r m a l
parameters i n  t h e  e x p r e s s i o n , w i t h  a n  e x t r a  s e t  o f  p a r e n t h e s e s
automatically put around each one,

131 The ent i re  express ion  is  pu t  ins ide  parentheses.

[4J MPL t a k e s  t h e  r e s u l t i n g  e x p r e s s i o n  a n d  p r e t e n d s  y o u  w r o t e  i t  i n s t e a d
of the synonym cal I. (This leads to the problem we mentioned. We’re
g e t t i n g  t o  it.1

By these rule6, us ing  the  ‘add ’  synonym given earl ier, if you write

x 10 a d d  (y,z)

t h e n  MPL  acts as i f  you had writ ten

e x I- t(y) + (2) 1

you might wel l  wonder why on earth al l  those parentheses are being tossed
in . They are there 60 that synonyms wi l l  behave l ike procedures. Suppose
we. have the ‘add’ synonym, and al so a ‘t i me6 synonym

L E T  t i m e s  (x,y) - x IK y;

Then consider the possibi l ities.
each argument (s tep  21, then

I f  w e  d i d n ’ t  i n s e r t  p a r e n t h e s e s around

t i m e 6  (3+5, 7+9)
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c

(which we would l ike to be 8~16, or 128) wou ld  y ie ld

(3+5*7+3)

which is 3 + 35 + 3, or 47. If ue l e f t  o u t  t h e  e x t r a  s e t  o f  p a r e n t h e s e s
around the ent ire expression (step 31, thena.

add&51  rk add(7,3)

(wh ich  aga in  we ’d  l i ke  to  be  128)  would y i e l d

(3) + (5) * (7) + (91

wh ich  is  a lso  47 . B y  the rules actual ly used, these two examplea  yield

((3 + 5) * (7 + 9)) and ((3) + (5))  t ((7) + (9))

both of  which produce 8*16, or 128.

Okay, now that we’ve explained the si tuat ion and the rat ionale behind
i t, here s the problem, Suppose you say

WRITE a_r;ld(3,5)  J( add(7,9)

wh ich  is  in te rpre ted  as

W R I T E  ((3)  + (5)) t ((7)  + (9))

This runs into the problem uith WRITE statements mentioned back in Section

L
I (subsect ion 7.2.21, n a m e l y , the compiler does not know how to distinguish
the  paren theses  used to  enc lose  the  l i s t  o f  i tems to  be  wr i t ten  ou t  f rom
the parentheses enclosing parts of the expression.

To  ge t  a round th is ,  you  must  inc lude  the  ‘op t iona l ’  paren theses  in  a
WRITE statement uhenever t h e  f i r s t  t h i n g  b e i n g  w r i t t e n  s t a r t s  w i t h  a
synonym. In this example, you’d write

c WRITE (add(3,5)  Y add(7,9))

N o t e :  1 t turns out you don’t  need these parentheses i f  the only thing being
wr i t ten  is  a  s ing le  synonym ca l l . You might try applying the 4 steps given

- above to  our  f i r s t  example ,  F(2),  to see why this is so.

7.3: What It Can Do (But Don’t)

Don’t  read this sect ion i f  you get confused easi ly,

c

c

c

1 f you have a devi ous mind (as we do) you may have thought of some
b izar re  ways  o f  ac tua l l y  tubing  a d v a n t a g e  o f  t h e  e x t r a  p a r e n t h e s e s  b e i n g
forced upon you.
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Example:
LET add fx,yI - x + y; “Same as before, but now., .I’
L E T  w e i r d  (x,subscript,y)  = x subscript + y;
D E F I N E  Q :S weird Cll,...,101  + ~100,200,...,1000~,  7,

~1000,2000,..., 208881)  a d d  (73)

The last  two statements are not str ict ly kosher, since in both we have two
things placed side-by-side with no operator between them. E3ut i f we go
ahead and  app ly  the  &step rules to the assignment statement,  i t  turns out
to be

D E F I N E  Q ;= ((&.rr,101 + (100,200,..,,1000)) (7)
+ (U000,2000,.*., 20000)  1) (17)  + (9))

w h i c h  i s  a  v a l i d  s t a t e m e n t  a f t e r  a l l  (the (i’f a n d  ((7) t (3))  a r e  b o t h  u s e d
as subscr ip ts ) . Q is assigned the integer scalar 16707,

Now, the only reason we mentioned this is because, i f  we didn’t ,  some
c lever  person wou ld  t ry  i t  anyway. 6y b r i n g i n g  i t  u p  o u r s e l v e s ,  cte c a n
t a k e  t h i s  o p p o r t u n i t y  t o  tei I  you: DON’T DO THIS! We can’ t prom i se that
MPL ui I I  a l w a y s  w o r k  t h i s  w a y , s o  y o u ’ d  o n l y  b e  a s k i n g  f o r troub le.
Fur thermore, y o u  c a n  a c c o m p l i s h  .the same  th ings  lega l l y  by  us ing  norma l
notat ion: -v.

LET add (x,y) = x t y:
L E T  w e i r d  (x,subscript,y)  = x(subscript) t y;
DEFiNE Q t- w e i r d  ((19rru,101  t ~l00,200,..,,10001,  7 ,

11000,2000,..., 200001)  (add (7,9) 1

8: HOW TO USE MPL (REVISITED1

There are several  useful  var iat ions you can make on the basic method
of running an MPL program as 5hown in Section 1, The  add i t iona l  fea tu res
wh ich  we are  about  to  d iscuss  fa l l  i n to  two ca tegor ies . Some of them are
u s e d  f o r  c r e a t i n g  e x t e r n a l  ‘ l i b r a r i e s ’  o f  M P L  f u n c t i o n s . We will see in
Sect ion  111 how you can make use of such libraries, but we feel we might as

- crel  I show you now how to create them. T h e  o t h e r  n e w  f e a t u r e s  a r e
‘conipi  lat ion opt ions’, which al low you to do such things as suppress the
I isting of your MPL p r o g r a m ,  o r  p r o d u c e  a n  ‘ o b j e c t  d e c k ’ . ( I f  y o u ’ r e  a
computer buff  you know what an object  deck is;  i f  you’re not you probably
don’t care about how to get one,)

8.1: Crestin  MPt Libraries

By ‘ I i brary’ we mean a col lect  ion of programs and/or procedures uhich
have already been compiled (this is what ue’re  about to show you how to do)
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and which can then be used by other programs without having to include the
the ‘1 ib ra ry ’  p rocedures  exp l i c i t l y  in  the  la te r  p rograms. we’1 I s e e  h o w
to  use i ib rary  procedures  in  Sect ion  I I I . But u e  f e l t  t h a t ,  a s  l o n g  a s  w e
were  go ing  to  be  ta lk ing  some more  about  how to  use  MPL,  we ought  to
inc lude every th ing .

Every program or procedure you put into the l ibrary has got to
name. For procedures the name is simply the name of the procedure,

havFo;

programs, you must specify a name by putting it on the PROGRAM card. The
n a m e  must be fol loU8d  by a semicolon. For example,

PROGRAM TRAFFIC;

m i g h t  b e  t h e  f i r s t  l i n e  o f  a  p r o g r a m  f o r  d o i n g  t r a f f i c  f l o w  a n a l y s i s .  W e
might ant ic ipate using the program several  t imes, so we could put i t  into a
I ibrary under the name “TRAFFIC”.

W h e n  a  p r o c e d u r e  i s  b e i n g  p u t  i n t o  a  l i b r a r y ,  i t  i s  w r i t t e n  a l l  b y
i t se l f  (as  opposed to  be ing  ins ide  a  p rogram) . For example, i  f  we had
wr i  t  ten a prOC8dure w h i c h  r e t u r n e d  t h e  r e v e r s a l  o f i t s  r e a l v e c t o r  .
argument, and we uished to put this procedure into a l ibrary under the name
REVERSE, ue’d wr i te:

i //COi”lP,SYSIN D D  Y
PROCEDURE V’ : - REVERSE (V) WHERE (V, V’ 1 ARE VECTORS:

DEFiNE  V’ := ‘/(ISIZE( SIZE(V)-l,r.r,  11);
/*

c
Next,  ue’d l ike to be able to compi le several  procedures at  once and

s to re  them a l  I  i n  the  same l ib ra ry . To  do  th is , just put them al I one
r i g h t  a f t e r  a n o t h e r , ui  th an extra card between each pair  of  procedures,
The extra card should read

%MPL

We’1  I  show an example of  th is in a moment,  The only other th ing to worry
about is how we specify where the l ibrary is going to be. T h i s  i s  d o n e  i n
the  s tandard  way ( i .e . , standard among the major language processors on the
IBM system where MPL currently resides). 1 n case you don’ t know what the
standard way is , i t  invo lves  put t ing  th is  card  ahead o f  your  “COMP.SYSIN”
card:-

c

c

//COMP.SYSLIN  D D  DSN~~dsname~,DISP=(NEW,KEEP),UNITl~disk~,VOL~~volume~

wtlere  <dsname>  is  the  “da ta -se t  name”  o f  your  l ibrary, <disk> i s  w h a t e v e r  a
1 d i s k  i s  c a l l e d  a t  y o u r  i n s t a l l a t i o n , a n d  <volume>  is the volume where you
.  w a n t  t h e  l i b r a r y  t o  b e  c r e a t e d  (i.e. t h e  p a r t i c u l a r  d i s k ) . T h i s  i s  a l l
s t a n d a r d  IBM JCL; i n  o t h e r  w o r d s ,  i n c o m p r e h e n s i b l e , W e  a r e  e v e n  l e s s

incl ined to teach JCL than we uere to  teach  FORTRAN fo rmats ,  so  don ’  t
expect any more detai ls.

When you wish to use these rout ines in a later program you uil I have
to tell MPL  what  l i b ra r ies  to  look  in  and  where  to  f ind  them. T h i s  i s  don8
by preceding your “GO.SYSIN”’ card with the cards:
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//GO.SYSLIN  D D
// DO DSN=<dsname>,DISP-SHR,UNIT=.  . . ,VOL-.  . .
I/ D D  DSN=<dsname>;DISP-SHR,UNIT-...,VOL*.,.

.

. . .

The f i rst  card must be included exact ly as shown. The o thers  cons is t  o f
one card per I  ibrary, where  each  <dsname>  is the nam8 of a library, and the
UNIT and VOL parameters must b8 fil led in with the appropriate information,
the same as they were when the library was created. (If y o u ’ v e
“ca ta I ogu8d” t h e  l i b r a r y , these parameters may be omi tted, The term
“ca ta I ogu8d” re fe rs  to  ano ther  fea tu re  o f  JCL,  and  we won ’ t  be  cover ing
it.)

I n  o r d e r  t o  g i v e  a n  e x a m p l e  o f  a l l  t h i s ,  w e  w i l l  o f  c o u r s e  h a v e  t o
include something you haven’t  learned yet, namely the use of  separately-
compiled procedures. tiopefully the  syn tax  w i l l  be  se l f -exp lanatory .  Whi le
w e ’ r e  a t  i t , we will include the use of the FORTRAN sine routine, ‘DSIN’.

Example:
Here are -two complete jobs. They are printed here exactly
as they looked when ue ran them, except for keyword cards!
The f i rs t  c rea tes  a  l ib ra ry  w i th  two procedures  in  i t ;  the
second uses this l ibrary, and also a FORTRAN routine, DSIN.
Not ice in the second job that, when the I ibrary procedures
are  used, they are referred to by di f ferent names than the
ones by which they are known in the library.

//MAKELIB JOB (J88802,302,  ,241 ,‘MPL PROJECT’
// EXEC MPL
//COMP.SYSLIN  D D  DSN=WYL.D2.J88.LIBRARY,UNIT=DISK,VOL=SER~PUB002,
// DISP-INEW,KEEPI
//COMP.SYSIN  D D  k
PROCEDURE R : - SQUARE (XI WHERE X I S REAL VALUE I

R :- x*x1
XMPL
PROCEOURE  FROG:
I- WRITE <<RIBBIT>>;

WRI TE <<BREE-DEEP>>
* ,I*

/*

S o m e  r8marks before u8 present the second job. First ,  due
t o  the l i m i t a t i o n s  o f  J C L ,  a n d  t h e  length of  our  <dsname>,
ue had to put the DISP on a JCL “cont inuat ion” card. Th is
is standard JCL, 50 as usual we wi I I not discuss it. Also
note that we termlnated the second procedure with a period
from force of  habi t . This is acceptable,

MJSELIB JOB (388$02,302,  ,241, ‘MPL PROJECT’
// EXEC MPL
//COtlP.SYSIN  D D  1(
PROGRAM FROGGY: “I t  doesn’t  hurt  to have a name on i f . ”
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PROCEDURE TOAD;
MPL <<FROG>>!

“Tell MPL that TOAD should refer to a l ibrary
“ ‘rout ine which is cal led FROG in the l ibrary,”

PROCEDURE S t - SQ (2) WHERE Z IS REAL VALUE:
MPL <<SQUARE>>;

PROCEOURE S := SIN (X1 WHERE X IS REAL-VALUE,
FORTRAN <<DSIN>>:

LET PI : = 3.14159265358979;
W R I T E  SINfPII,  SINfP1/2),  SIN(PI14);
WRITE SQ(SIN(PI/4)): “Should produce 0.5”
TOAD:
WRITE SQt.5)

L

c

END.
/*
//GO.SYSLIN  DO
// DO DSN-WYL,D2.J88,LIBRARY,DISP-SHR,UNIT-DISK,VOL-SER~PUB002

T h e  GD.SYSIN card itself is not needed since no input data
i s  c a l l e d  f o r . The output actually produced by the second
program is shown here:

3.48786849800863Eg57 1.00000000000000 0.707106781186547
0.499999999999939

RIBBIT
BREE-DEEP .

0*250000000000000

c

8.2: Compilation Parameters -

L

L

This sect ion should be somewhat easier to swal low than the preceding
one, b u t  e v e r y t h i n g  s a i d  h e r e  i s  a l s o  f o r  t h e  m o s t  p a r t  s p e c i f i c  t o  t h i s
part icular MPL compi ler and this part icular IBM system.

To invoke any of the fol lowing opt ions, modify your EXEC card to look
e I ike

// E X E C  MPL,PARtl,CDMP=‘NOWARN,DECK’

.uhere the “NOWARN,DECK”  can be any number of  parameters f rom the set given
-be I ON. Each parameter comes in two flavors, on or .off, For example, LIST
causes  y o u r  p r o g r a m  t o  b e  p r i n t e d  a s  i t  g e t s  cohlpiled  ( t h i s  i s  t h e  u s u a l
s t a t e  o f  t h i n g s ) , w h e r e a s  NOLIST  uould  suppress this l ist ing, Each  pa i r  o f
parameter8  i s  d iscussed  b r ie f l y  in  the  paragraphs  tha t  fo l low.  The  de fau l t
p a r a m e t e r  (the one which gets assumed i f  you don’t  specify ei ther one) in
each  pa i r  i s  under l ined ,

WARN NOWARN
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Select ing NOWARN  will cause thr compi ler to suppress any warning messages,
Error messages are st i l l pr inted. (Refer to Appendix B for a complete l ist
of warning and error messages.)

LOAD NOLOAO

Selec t ing NOLOAD  ui II c a u s e  t h e  ‘ o b j e c t  p r o g r a m ’ ,  w h i c h  i s  n o r m a l l y
d i rec ted  to  the  SYSLIN data  se t ,  no t  to  be . T h i s  r e s u l t s  i n  t h e  program
n o t  b e i n g  r u n , n o r  b e i n g  w r i t t e n i n  t h e  I  ibrary, The NOLOAO opi ion
t h e r e f o r e  i s  n o t  t e r r i b l y  useful, un less  i t  i s  used in  con junc t ion  w i th  the
DECK parameter.

D E C K  NODECK

If DECK is selected, a copy of the object pro ram is punched onto cards via
the SYSPUNCH data set, for uhlch a suitable J L card must be included.E

LISTNOLIST

If NOLIST is selected, the source program is not l is ted by the compi ler.

SUBSNOSU8S
--_

Se lec t ing  NOSUBS  ui II cause MPL to forego al  I  subscr ipt  range-checking at
run- t  ime. Th is  resu l ts  in  an  inc rease in  speed (how much  o f  an  inc rease
depends on hou much subscr ipt ing you’re doing)  at the risk of having errors
go possibly undetected. I f  you  are  do ing  a  lo t  o f  subscr ip t ing ,  you  migh t
want to specify NOSUBS  once your program has been completely debugged,

TEXT NOTEXT

S p e c i f y i n g  NOTEXT  w i  I  I  c a u s e  t h e  o u t p u t  f r o m  t h e  p a r s e r  ( o n e  o f  t h e
intermediate stages of  compi lat ion) to be pr inted. T h i s  i s  u s u a l l y  u s e f u l
o n l y  t o  t h e  M P L  p r o j e c t  p e o p l e  ( i . e . , us) a s  a n  a i d  i n  d e b u g g i n g  t h e
c o m p i l e r  i t s e l f ,

C O D E  NDCOOE

Similar to the TEXT/NOTEXT options, except  i t  i s  the  ob jec t  p rogram wh ich
i s  p r i n t e d .
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In this Section we intend to describe everything about MPL which we
have not  p rev ious ly  d iscussed. Some of these feature9 have not actual Iy
been  imp lemen ted  (ue’l l mention which ones as w e  c o m e  t o  them) and a r e
included here merely for* completeness, s i n c e  l a t e r  v e r s i o n s  o f  MPL  m a y
provide them.

The fea tu res  p resen ted  in  th is  Sec t ion  a re  a l l  h igh ly  advanced and
special  ized, In describing them to you, we uil I usually assume you already
understand the underlying mathematical and/or programming concepts. I f  f o r
some features you don’t, just  ignore those features. The thing to remember
h e r e  i n  S e c t i o n  III i s  tha t  none o f  these  th ings  a re  rea l l y  necessary  fo r
LJOU  to be able to use NPL for  large-scale problems. I t ’ s  j u s t  t h a t  t h e y
a r e  h e r e in case you want them. I f you don’ t happen to know what a
par t i t ion  mat r ix  is, you ’ re  un l i ke ly  to  care  about  how NPL represen ts  one ,
s o  f o r g e t  a b o u t  i t .

I n  addi Con, un l ike  the  prev ious  Sect ions , t h e  v a r i o u s  p i e c e s  o f
Sect ion I I I are independent . You can  read any  par t  o f  i t  uithout  h a v i n g
read  the  res t . (We do assume you’ve got a firm understanding of Sections I
and II.) What we recommend you do is skim through Section 111,  just to see
w h a t  i s  a v a i l a b l e . Then any time you decide you could make use of one of
these features, go back and study the relevant port ion.

1: SPECIAL DATA STRUCTURES

I .I : patrix Sets

T h e  m a t r i x  s e t  d i m e n s i o n a l i t y  r e f e r s  t o  a  v e c t o r  o r  m a t r i x  e a c h  o f
w h o s e  c o m p o n e n t s  is itself a matrix, A  mat r ix  se t  may be subscr ip ted  in

- t h e  u s u a l  m a n n e r  t o  y i e l d  o n e  o f  i t s  s u b m a t r i c e s ,  w h i c h  m a y  i n  t u r n  b e
subscr lpted. A matrix set may not be subscripted using anything other than
a  sca la r .

c

A one-dimensional matr ix set is dimensioned (we’re talk ing now about
- h o w  y o u  d e f i n e  i t , n o t  h o w  y o u  s u b s c r i p t  i t )  u s i n g  2 p o s i t i v e  i n t e g e r
- v e c t o r s , which must be the same size. The ith component matrix has a row

size equal t o  t h e  ith element of  the f i rst  vector and a column size equal
t o  the. ith element of  the second vector. Tuo-dimensional matr ix sets are
d i m e n e i o n e d  i n  a  s\,mi  l a r  m a n n e r  u s i n g  2 ’  p o s i t i v e  i n t e g e r  m a t r i c e s  o f
matching size.

A l l  m a t r i c e s  I n  a  g i v e n  m a t r i x  s e t  m u s t  h a v e  t h e  s a m e  t y p e .  A s
always, the default  type ( i f  none is specif ied) is REAL,
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B e c a u s e  e a c h  e l e m e n t  o f  a  m a t r i x  s e t  1s an ind iv idua l  mat r ix ,  i t  is
I ega I to have one appear on t h e  l e f t  s i d e  o f  a  d e f i n i n g  a s s i g n m e n t
statement. Th is  changes  the  d imens ions  of that element matrix,  ui thout
a f f e c t i n g  t h e  o t h e r  m a t r i c e s  i n  t h e  m a t r i x  s e t , we’ll  i n c l u d e  a  c a s e  o f
this in the example below.

Example1
“Def ine  a set of four real matrices with sizes 2 by 3,
“3 by 5, 4 by 2, and 5 by 2, r e s p e c t i v e l y . ”
DEFINE MS MATRIX SET (2,. . . ,5) BY 13,5,2,21;
READ MS (2) ; “Read9 a 3 by 5 rea I matr  ix”
MS(l) :- NSf2)  (l1,3l,  l2,3,5l b;
“Sets up 2 by 3 submatrix of the 3 by 5 matrix.”
MS (4) :- T R A N S P O S E  (NSW*NS(2Il:
“The dimensions work out r ight;  this is l ega l , ”
NS(3I t- NS(2I * NS(4I; “ I l l e g a l  (NSE31  i s  4  b y  2  b u t

“NS(2I*MS(4) is  3  b y  2)”
DEFINE MS (3) t - MS (2) Y tlS(41 “Lega I, MS (3) i s now

“3 by 2 . MS(l), NS(21,
“8 NS(4I are unchanged, ”

T h e r e  i s  n o  s.uch th ing  as  a  ‘vec tor  se t ’ , Each component of a matrix
9et must be a two-dimensional  object , al though the matr ix set i tsel f  may be
one-dimensional .

I .2: Partition Matrices

A  p a r t i t i o n  m a t r i x ( a l s o  c a l l e d  a  p a r t i t i o n &  m a t r i x )  i s  a  m a t r i x
s t r u c t u r e  w h i c h  i s  d i v i d e d  i n t o  a  s e t  o f  p a r t i t i o n s  b o t h  a l o n g  rous a n d
along columns. In the DEFINE statement, the dimensions of the partitions
are  g iven as  two in teger  vec tors . If we cal I these two vectors R and C ,
then t h e  t o t a l number of p a r t i t i o n 9 i n  t h e  p a r t i t i o n e d  m a t r i x i s
SIZE(R)  * SIZE(C),  a n d  t h e  t o t a l  s i z e  o f  t h e  p a r t i t i o n e d  m a t r i x  i s  SUM(R)
by SUN (CI .

For examp I e, the statement

DEFINE PM PARTITION MATRIX {2,3,21 BY l2,71

wou ld  se t  up  a  7 by 9 rea l  mat r i x ,  par t i t ioned thuslyr
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c

c

L

c

2 columns 7 c o l u m n s
. 1 I I 6 I I I t

2rowe,  .--+--.---+--+--+--$--t--t--.
I I I I 6 6 II I . . I I I I

- - --..3 + --+--+--+--+--t--t--.row8

.-- + --..- -+--+--f--+--t--t--.

A  p a r t i t i o n
submat r ix  (no t  a
r e a l  m a t r i x ,  a n d
column of PM.

A  p a r t i t i o n

hatrix i s  s u b s c r i p t e d  u s i n g  t w o  s u b s c r i p t s ,  y i e l d i n g  a
sca la r ) . In the above example, Pti(l,i?)  w o u l d  b e  a  2 by 7
PM(l,Z) (1,l) wou ld  be  a  rea l  sca la r  a t  the  1” row and  3rd

matrix may not be subscripted using vector subscripts. I t_ .
may  be  subscr ip ted  us ing  the  Y to y ield an ent i re row or column part i t ion.
T h u s  PM(l,*k)  w o u l d  b e  a  2 by 9 m a t r i x , a n d  Ptl(*,*I  w o u l d  b e  t h e  e n t i r e
s t r u c t u r e  a s  a  7 by 9 r e a l  m a t r i x .

A  par t i t ion  mat r i x  must  no t  appear  unsubscr ip ted . T o  a s s i g n  ( f o r
example )  the  va lues  i*j to  a l l  componen ts  (i, j) of  the whole 7 by 9 matr ix
above, we would use something like

PM*,*) I- COLUMN ((l,rrr,7I) * ROW (Il,r.r,9H

o r

FOR 14 ,,..,71, FOR j-U ,...,Bl, PM(*,*Hi,  j) - i*j

c

1.3: Shape Attributes

c

c

S h a p e  a t t r i b u t e s  h a v e  n o t  b e e n  i m p l e m e n t e d  i n  t h e  c u r r e n t  H P L
compi ler.

Only matrices may have shape attributes. L ike  the  type  and s t ruc tu re
1 a t t r i b u t e s , shape attr ibutes are specif ied when a variable is def ined, and
- may n o t  b e  c h a n g e d  b y  l a t e r  d e f i n i t i o n s , M a t h e m a t i c a l l y ,  t h e  s h a p e
- a t t r i b u t e s  h a v e  n o  e f f e c t . However, b y  d e c l a r i n g  a  m a t r i x  t o  b e ,  s a y ,
upper tr i angu I ar, you are  le t t ing  MPL know tha t  i t  can  save a  lo t  o f  uork
b y  a s s u m i n g  t h e  l o w e r  p o r t i o n  o f  t h e  m a t r i x  i s  z e r o e s . T h e  a t t r i b u t e s
wou ld  car ry  over  au tomat ica l l y  where  appropr ia te ,  80 that if Ml and M2 w e r e
both def ined to be upper tr iangular,  then
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D E F I N E  M3 = fil * ti2

w o u l d  d e f i n e  fl3 t o  b e  u p p e r  t r i a n g u l a r  a6 w6Il.
l e a d  t o  p r o b l e m s  o f  demarcatiOnI

T h i s  s o r t  o f  t h i n g  c a n
which is one reason why these f e a t u r e s

have not yet  been implemented. For instance,
matr ices sparse?

i s  t h e  s u m  o f  two s p a r s e
The product? How about the inverse of a sparse m a t r i x ?

Oh wel l , in case they ever become available, the shape attributes are:

RECTANGULAR
UPPER TRIANGULAR
LOWER TRIANGULAR
DIAGONAL
SPARSE

The default is RECTANGULAR.
s h a p e  a t t r i b u t e s . Also note
features may lead to errors.

Remember tha t  on ly  mat r i ces may be
t h a t ,  a t present, attempting t o  u s e

g i ven
these

2: SPECIAL OPEMTORS

2.11.  MULT

Although logical  matr ices cannot be mult ip l ied using the 9~’ opera to r ,
i t  i s  poss ib le  to  per fo rm the  boo lean  equ iva len t  o f  mat r i x  mu l t ip l i ca t ion ,
w i t h  l o g i c a l ‘and’ t a k i n g  t h e  p l a c e o f  m u l t i p l i c a t i o n and modulo-2

a d d i t i o n ’ t a k i n g  t h e  p l a c e  o f  n o r m a l  a d d i t i o n . (flathematical  l y ,  t h i s
c o r r e s p o n d s  t o  GF(2) mat r i x  mu l t ip l i ca t ion . )  Th is  opera t ion  i s  represented
by the keyword MULT, and is permit ted only between two logical  matr ices of
compat ib le s izes.

Example:
DEFINE Ll LOGICAL MATRIX 3 BY 4,

e L2 LOGICAL MATRIX 4 BY 58

FOR i IN &...,3),
FOR j IN 11,...,4I,

Llfi,))  :- t] - 2) O R  ((i+j)/2)*2 - (i+j);
“ I . e . , e i t h e r  j  is 2  o r  i+ j  i6 e v e n . ”

F O R  i IN {1,...,4),
FOR j IN {1,...,51,

L2(1, j) I- (i+j) > 4  A N D  (i+j) < 8 ;

?‘lodulo-2  addit ion between two logical  values p and q may be thought
of as the ‘exclusive-or ’  operat ion, which is def ined as “(p A N D  N O T  q) O R
(cl AND NOT p) I’, which is to say ‘p or q but not both’ .

- 94 -



L

I

c 2.2: I$ NULL--’

I I I . 2 . 2 Speciai O p e r a t o r s

DEFINE L3 t- Ll MULT l-2; “l-3 is now defined to be a
“3 by 5 l o g i c a l  m a t r i x ”

WRITE << (3 (4L2/) 14 (5L2/)  13 (5L2/)  1 >>I Llv L2, L3

This would pr int  three logical  matr ices,  namely:-.

T T T F
F T F T
T T T F

F F F T T
F F T T T
F T T T F
T T T F F

F T F T F
T T F T T
F T F T F

The operator IS NULL may be used to test whether a vector is nul  I ,
meaning it has a
“SIZE(V)  - 8”. I t
w r i t e  i t . The resu

Examp I es:
(1 ,**.,Bl
(1 ,.a.,21
11 ,...,n1
(0 -5v***9

s i z e  o f  - zero* Thus, “V I S  N U L L ”  i s  e q u i v a l e n t  t o
s simply an alternative and perhaps more natural way to
t  o f  the  opera t ion  i s  a  sca la r  iogical v a l u e .

IS NULL yields TRUE
IS NULL yields FALSE
IS NULL y ie lds  TRUE i f  and  on ly  i f  n  5 0

IS NULL yields TRUE

L

2.3: j?wedenco

L
The complete precedence table for  MPL operators,  including those just

descr  i bed, i 8:

c
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F i r s t ; subscr ipt ing, resul t  procedures
- (unary)

fl

27 . .
+- (binary)
reiationele, IN, NOT IN, IS NULL
MULT
NOT
AND

Last: OR

3 :  PROCEOURES  (REVISITEO~

There  a re  ail sorts of fancy features relat ing to procedures which we
did not want to force upon you in Sect ion 11. They  can  be  sp l i t  i n to  four
more or l e s s  d-istinct c a t e g o r i e s . F i r s t , t h e r e ’ s  a l  I  t h e  s t u f f  a b o u t
parameter-passing convent ions, o f  w h i c h  t h e  V A L U E  a t t r i b u t e  i s  b u t  o n e
aspect. Second, there’s the use of  FORTRAN subrout ines and separately&
camp i I ed I i brary procedures, which we al  luded to at the end of Sect ion I I ,
Th i rd ,  there  i s  the  concept  o f  recurs ion , a powerful programming technique
w i t h  w h i c h  y o u  m a y  a l r e a d y  b e  f a m i l i a r . Last, there is the use of
‘parametr ic  procedures’ , meaning the use of the name of a procedure as an
argument to another procedure, N o t  t o o  s u r p r i s i n g l y ,  ue s h a l l  d i s c u s s
these four categories ‘ in four separate sect ions.

3.1 t Parameter-Passing Conventions

We ui I I assume, s ince  you have dared to  beg in  read ing  th is  sec t ion ,
tha t  you  unders tand  most if not al I of what we said about the VALUE
a t t r i b u t e  i n  S e c t i o n  11. I n  t h i s  s e c t i o n  w e  w i l l  e x p l a i n  t h e  a l t e r n a t i v e s

a to VALUE, what they are and what they do. 1 f  you have already I earned
this from some other programming language, such as ALGM, you shou I d have
very I i ttie trouble h e r e .

In  add i t ion  to  the  usua l  a t t r ibu tes  (REAL,  INTEGER,  VECTOR,  e tc . ) ,
f o rma l  pa ramete rs  be ing  de f ined in a WHERE c I ause  may be g i ven an
attribute describing in some sense how the argument is to be treated. Th is
extra at tr ibute may be any one of the fol lowing:

VALUE
RESULT
VALUE RESULT
REFERENCE
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c

I f  y o u  d o n ’ t  s p e c i f y  a n y  o f  t h e s e  f o u r  a t t r i b u t e s ,  t h e  d e f a u l t  i s  V A L U E
RESULT for scalar arguments and REFERENCE for non-scalars, We w i l l  now
descr ibe the ef fects of  each of  these four at t r ibutes.

3.1.1 I VALUE

W e ’ v e  d e s c r i b e d  t h i s  b e f o r e ,  so”we’li  j u s t  s u m m a r i z e  t h e  i m p o r t a n t
aspects. I f  an argument has the VALUE attr ibute then, when you cal I the
procedure, a copy is made of  the actual  parameter given in the cal  I,I f
the procedure changes t h e  v a l u e  o f  t h e  f o r m a l  p a r a m e t e r , the a c t u a l
parameter is  unaf fected.
leave the procedure.

Thus the actual parameter i s unchanged crhen  you

(Of course, Ljithin the  p rocedure ,  ass ign ing  a  new
v a l u e  t o  t h e  f o r m a l  p a r a m e t e r  d o e s  c h a n g e  t h e  v a l u e  o f  t h e  f o r m a l
parameter, I t ’ s  j u s t  t h a t ,
actual  parameter ,

since% f o r m a l  p a r a m e t e r  i s  a  cozy o f  t h e
the actual parameter is not affected,)

3.1.2:  RESULT

Th is  a t t r ibu te  ind ica tes  tha t  the  a rgument  i s  be ing  used on ly  to  pass
a  r e s u l t  b a c k  t o  t h e  c a l  ier, Th is  i s  no t  to  be  con fused w i th  the  resu l t
var iable of  a procedure. The effect of using the R E S U L T  attribute is that,
when  the  p rocedure  i s  ca l led ,  the  fo rma l  pa ramete r  i s  ass igned  no  va lue
whatsoever. That is,  the actual  parameter,  whatever it may be, is  ignored
completely when t h e  p r o c e d u r e  i s  e n t e r e d . When you exit from the
procedure, then whatever value has been assigned to the foxi paramete r
gets copied over into the actual  parameter.

In  o rder  to  p revent  you  f rom chang ing  the  va lues  o f  cons tan ts ,  i t  i s
i i legal to use anything other than a legal <left side> a s  a n  a c t u a l
parameter for a RESULT argument.

3.1.3: VALUE RESULT

c

The VALUE RESULT attribute combines the features of the VALUE and
RESULT attP\butee. Thus, when the procedure is cai led, a copy is made of
the  ac tua l  pa ramete r , Any new values assigned to the formal parameter
ui  th in the procedure af fect  only the formal  parameter. But then, when the
procedure f  iniehee, the  cu r ren t  va lue  o f  the  fo rma l  pa ramete r  i s  cop ied
back into the actual  parameter. This corresponds exactly to what we said
( b a c k  i n  S e c t i o n  II) w o u l d  h a p p e n i f  y o u  d i d n ’ t  s p e c i f y  V A L U E . Th is

- shou idn ’  t come as much of  a surpr ise to you, s ince  we ment ioned just a
I ittle while ago that VALUERESULT is the default,

Because the VALUE RESULT attr ibute ‘ includes’  the RESULT attr ibute,
the  same reetr ict ions a p p l y  t o  t h e  a c t u a l parameters permi t  ted to

‘correspond to such an argument, namely only <left side>s.

3.1.4: REFERENCE

Arguments passed by REFERENCE are another story entirely. W i t h  a l l
th ree  o f  the  o ther  fo rms d iscussed  above , the formal  parameter  was kept
d is t inc t  f rom the  ac tua l  pa ramete r . The only di f ferences among the three
fo rms invo lved  when va lues  were  cop ied  back  and  fo r th  be tween the  two.
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When  an argument has the REFERENCE attr ibute, however,  i  t  is not copied.
Any t ime the procedure uses  o r  changes  the  fo rma l  pa ramete r ,  i  t deals
direct Iy wi th actual  parameter. (The term “reference” is used because the
formal  parameter , i n s t e a d  o f  b e i n g  d i s t i n c t  f r o m  t h e  a c t u a l  p a r a m e t e r ,
m e r e l y  r e f e r s  t o  it.1

Examp I e:
DEFINE k t - 79;
INTEGERSIZE := 4;

PROCEDURE PI (x1 WHERE x IS INTEGER VALUE;
I, WRITE c<Plt  r>, x, k;

- l*
ibiTE :< >>, x, k

,I:

PROCEDURE PZ (x1 WHERE x IS INTEGER VALUE RESULT;
I - WRITE <<PZt>>, x, k;

2*
;IRl;E :< >>, x, k

-I:

PROCEDURE P3 (x1 WHERE x IS INTEGER REFERENCE;
I- WRITE 43r>>,  x, k;

3*
ttR:I;E i< >>, x, k

-I:
WRITE <<*l*>>,  k;
P1 (k);
WRITE <<>k2*(>>,  k;
P2 (k):
WRITE <<*3*0>,  k;
P3 (k);
WRITE <<*4*>>,  k;

The character str ings in the WRITE statements are there to make i t  easier
t o  a s s o c i a t e  t h e  v a r i o u s  p i e c e s o f  t h e  o u t p u t  w i t h  t h e  a p p r o p r i a t e
statements. The output ist

a *l* 73
PI: 73 79

1 73
*2* 73
P?: 79 73

2 73
*3* 2

.

P3: 2 2
3 3

*4* 3

In Pl, the neu value assigned to i ts argument, x,  never causes a change i n
the  va lue  o f  the  ac tua l  pa ramete r ,  k. T h u s  k  i s  s t i l l  79 a t  *2*. I n  P2,
when x is assigned the value 2, i t  does not af fect  k,  so the second WRITE
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i n  P2 p r i n t s  o u t  2  ( f o r  20 a n d  79 ( f o r  k). But w h e n  P2 f i n i s h e s ,  k g e t s
a s s i g n e d  t h e  current value of x, so 2 gets p r i n t e d  a t  ~k3*. F i n a l l y ,  i n  P 3 ,
w h e n  x  is ass igned the  va lue  3 ,  i t  immedia te ly  a f fec ts  k ,  s ince  x  ‘ re fe rs ’
d i r e c t l y  t o  k, So the second WRITE in P3 pr ints 3 for both values. When
P 3  f i n i s h e s ,  k  i s  8ti Ii 3 .

MPL does not place any restrictions on what may be used as the actual
parameter for a REFERENCE argument. Thus i t  i s  ,possible f o r  y o u  t o  d e s t r o y
yours81  f, or  at  laast y o u r  p r o g r a m , by  pass ing  cons tan ts  to  a  p rocedure
which declares the argument to be REFERENCE and then assigns it a new
va lue .

Exampler
PROCEDURE five (4 WHERE x IS INTEGER REFERENCE;

X :- t..;5

C A L L  f i v e  (3); “Sudden ly ,  ‘3 ’  has  the  va lue  5!”
FOR k IN {l , . . . ,31, WRITE 3~14:

T h i s  w o u l d  p r i n t  t h e  s e q u e n c e  o f  numbers;  5, 1 0 ,  1 5 ,  2 0 ,  2 5 , 1 f you do
t h i s  s o r t  o f  t h i n g  d e l i b e r a t e l y ,  y o u  f o r f e i t  all  r i g h t  t o  s y m p a t h y .

Al I non-scalar arguments default to REFERENCE, because making copies
of them could significantly slow down the procedure. Thus, as we warned in
S e c t i o n  I I , you should be careful  about using constants or expressions as
non-scalar arguments in procedure cai  Is, i f  t h e  p r o c e d u r e  i s  e x p e c t e d  t o
assign new values to those arguments.

3 .1 .5 :  Func t ions

L Funct ions are almost exact ly the same as procedures. They are wri t ten
the same way as are procedures, except the keyword PROCEDURE gets replaced
by FUNCTION. T h e  i n t e n t i o n  i s  t h a t  f u n c t i o n s  s h o u l d  b e  s e l f - c o n t a i n e d ,
j u s t  a s mathemat ica l  func t ions  have  va lues  dependent  on ly  upon t h e i r
argument(s). A procedure is al lowed to use and/or change the values of any
v a r i a b l e s in  the  p rogram, i n c l u d i n g  t h o s e  d e f i n e d  o u t s i d e  o f  i t s e l f .
F u n c t i o n s  a r e  a l l o w e d  t o  use t h e s e  ‘ g l o b a l ’  v a l u e s ,  a l t h o u g h  i t  i s  b a d
p r a c t i c e . But funct ions are nol  allowed to c h a n g e  the value of any variable
wh ich  was de f ined  ou ts ide  the  func t ion , Fur thermore, f u n c t i o n s  a r e  n o t
a I I owed to have RESULT or VALUE RESULT arguments. T h e  d e f a u l t  a t t r i b u t e

a for  scalar arguments to funct ions is VALUE, unl ike for procedures where i t
i s VALUE RESULT.

c

c

T h e  e f f e c t  o f  a l l  t h i s  i s  t o  i n s u r e  t h a t  a  f u n c t i o n  c a n n o t  a f f e c t  t h e
‘ou ts ide  env i ronment ’ in any way, e x c e p t  b y  r e t u r n i n g  a  r e s u l t (via a

Iresul t  v a r i a b l e , not via a RESULT argument), Ac tua l l y ,  func t ions  can  a lso
-affect the  ca l l i ng  p rogram by  do ing  I/O, s ince  i f  i t  reads  some input  da ta
-then that data can no longer be read by the main program.

I f  a  func t ion  has  a  REFERENCE argument  wh ich  i s  the  sub jec t  o f  a
DEFINE or assignment statement within the funct ion, you wi I  I get a warning
at compi le-t ime.

- 33 -



MPL User’s G u i d e S e c t i o n  III

3.2: ~emwrtsly Compiled Proceduroq

At the end of Section 11, when we were showing you how to use MPL, we
e x p l a i n e d  h o w  y o u  c o u l d  s e t  u p  l i b r a r i e s  o f  r o u t i n e s ,  s i m i l a r  t o  t h e
‘I i b r a r y  f u n c t i o n s ’ l i s t e d  i n  A p p e n d i x  A , wh ich  you  cou ld  then invoke
without having to include them in the cal l ing programs. It is now time to
show you how to wri te programs which use these l ibrary procedures. (We
w i  I  I  c a l  I  t h e m  l i b r a r y  p r o c e d u r e s  t o  d i s t i n g u i s h  t h e m  f r o m  t h e  l i b r a r y
func t ions , a l though  the re i s  r e a l l y  n o  r e a s o n
f u n c t i o n s  into a  l i b r a r y ,  too.)

w h y  y o u  couldn’  t  p u t

3.2.1;  Genera l  usaae

In Section I I  we shoued you the ‘JCL ’  wh ich  had to  go  ou ts ide  your
program i n  o r d e r  t o  t e l l  M P L  w h e r e  t o  f i n d  t h e  l i b r a r i e s . Here we are
go ing  to  show you  what  goes  in to  the  ca l l i ng  p rogram, E s s e n t i a l l y ,  y o u
just have to def ine the procedure the same way you would i f  i t  were being
included as part  of  the program, but instead of a ‘procedure body’ you use
one of  the statements

FORTRAN <<NAME>>
--.

UPC <<NAME>>

where NAME is the name of the I ibrary procedure to be used. NAME need not
be the same as the name of the procedure currently being defined, al though
in most cases i t  is less confusing i f  the names correspond. For examp I e,
there  i s  a  s tandard  FORTRAN func t ion  ca l led  OSIN,  wh ich  takes  a double-
prec is ion  rea l  a rgument  and  re tu rns i t s  s i n e  a s  a  d o u b l e - p r e c i s i o n  r e a l
va I ue. (All REAL i tems in  MPL a re  doub le -p rec is ion . )  I f  ue  wanted  to  use
this funct ion in an IIPL p r o g r a m , we’d include this in our program:

FUNCTION r := sin (x1 WHERE (r, x1 ARE REAL SCALARS;
FORTRAN <<OS1  NH

W e  c o u l d  t h e n  u s e  ‘ s i n ’  like a n y  o t h e r  f u n c t i o n , T w o  n o t e s :  F i r s t ,  t h e
, WHERE clause in thb preceding example could have been omitted, since REAL

a SCALAR is the default. W e  do, not need to specify x to be VALUE since that
i s  the  de fau l t  fo r  FUNCTIONS . Second,  HPL au tomat ica l  l y  looks  in  the
FORTRAN system I ibrary, so we wouldn’t  have to do anything special  in the
JCL in order to use the OSIN function.

R e f e r  t o  S e c t i o n  I I  f o r  m o r e  e x a m p l e s  o f  t h e  u s e  o f  separately-
camp i I ed procedures,

3.2.2: Notes on FORTRAN linkacle

Certain special considerations must be taken into account when using a
FORTRAN I ibrary rout ine, due to the fact that FORTRAN and MPL  have
d i f f e r e n t  i n t e r n a l  r e p r e s e n t a t i o n s  f o r  s o m e  f o r m s  o f  d a t a . F i r s t  o f f ,
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there is the quest ion of what the MPL data types correspond to in FORTRAN,
since in FORTRAN (at least, in the version of FORTRAN at our instal Iation)
t h e r e  a r e  d i f f e r e n t  t y p e s  o f  Integer,  r e a l ,  a n d  l o g i c a l  v a l u e s .
fo l low ing  tab le  shows the  cor respondence

The
between MPL and FORTRAN data

types, and also the internal form used by the two languages as implemented
on the IBM sys tem.

MPL
INTEGER
REAL
LOGICAL
CHARACTER

FORTRAN
fNTECERs4
REAL*8
LOG1 CAL*1
LOG I CAL*1

Internal
Fu l  l -word  (320bi  t) fixed-point
Double-precis ion floatinglpoint
O n e - b y t e  @-bit), - 8 or 1
One-byte EBCDIC character

The next table shows the permissible’ correspondence between MPL  and
FORTRAN data structures. N o t e  t h a t  t h e r e  a r e  n o  F O R T R A N  s t r u c t u r e s
compatible with MPL matr ix sets or part i t ion matr ices.

FORTRAN
scalar

VECTOR I-dimensional  array
ROW, COLUMN, MATRIX

A R R A Y
2-dimensional  a r r a y
3-dimensional array

c

I f  a r rays  a re  passed to  FORTRAN rou t ines ,  care  shou ld  be  taken  in
using the asterisk or index sets as subscripts. These may produce an array
which is not stored in consecutive memory locations, a phenomenon which NPL
is prepared for but which will usual ly cause a run-t ime error in a FORTRAN
r o u t i n e .
d e f i n e  a

I f  a n  a r r a y  e x p r e s s i o n  o f  t h i s  t y p e  i s  r e q u i r e d ,  y o u  s h o u l d
temporar

I7
v a r i a b l e  t o  h o l d  t h e  v a l u e ,  a n d  u s e  t h e  t e m p o r a r y

variable in the FO TRAN call.

3.3: Recursion

There’s a good chance you are already fami 1 iar with the technique of
r e c u r s i o n , in which case all we have to tell you is that MPL procedures are
au tomat  ical ly recursive. (Some I anguages, s u c h  a s  PL/l,  r e q u i r e  t h a t  y o u

- e x p l i c i t l y  s t a t e  w h e n  a  p r o c e d u r e  i s  i n t e n d e d  t o  b e  u s e d  r e c u r s i v e l y . )  I f
you don’t  already know what recureion  is, read on.

3.3.1;  Ordinaru r e c u r s i o n

Essential  ly,
: i t s e l f .

a recursive procedure is s imply a procedure which cal  Is
T h i s  m a y  s o u n d  l i k e  a n  u n d e s i r a b l e  s t a t e  o f  a f f a i r s ,  s i n c e  i f  a

p r o c e d u r e  c a l  Is i tsel f ,
again,

t h e n  t h i s  s e c o n d  c a l l  w i l l  e v e n t u a l l y  c a l l  i t s e l f
and the th i rd cal  I wl I I do a fourth cal I, and , . . it sounds as if

we’d never return f rom any of  these cal ls. Indeed, this problem sometimes
occurs w h e n  a r e c u r s i v e  p r o c e d u r e
r e s u l t a n t ‘runaway r e c u r s i o n

f a i  I s  t o  w o r k  c o r r e c t l y ,  a n d  t h e

However,
is very much I ike an ‘ i n f i n i t e

w h e n  a  r e c u r s i v e  r o u t i n e  i s  w o r k i n g  c o r r e c t l y ,
l o o p ’ .

i t does the
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recur si ve ca I I con&~iona@y,  so that sooner or la te r  the  recurs ion  s tops  and
th ings  beg in  to  re tu rn .

Al  though anything that can be done with recursion can also b e  d o n e
wi th  ord inary  loops,  and v ice  versa ,
t o  r e p r e s e n t  w h a t  i s  g o i n g  o n ,

recursion is of ten a more natural  way
The t r a d i t i o n a l  e x a m p l e  o f  a  r e c u r s i v e

f u n c t i o n  i s  t h e  c o m p u t a t i o n  o f  n  factoris1 (1*2#3e...*n)  u s i n g  a  r e c u r s i v e
f u n c t i o n , This seems a bi t  absurd, s ince we ’ve  a l ready used th is  as  an
example of  how to use loops, and  loops  seem to  do  the  job  qu i te  n ice ly .
However, to keep the purists happy, we presen t  here  a  typ ica l  func t ion  fo r
c o m p u t i n g  n  f a c t o r i a l  r e c u r s i v e l y . (Actual iy, b y  t h e  g r o u n d  r u l e s  f o r
S e c t i o n  I I I , we can’t  assume you’ve read the sect ion about funct ions, 50
we’ I I do i t as a procedure.)

PROCEDURE nfact :a factorial (n)
WHERE n IS INTEGER VALUE, nf ac t IS INTEGER;

“ W e  w i l l  a s s u m e  nr0, 0 fac to r ia l  - 1 f a c t o r i a l  - 1,”
IF n < 2,

n f a c t  :- 1
ELSE

n f a c t  t= n * f a c t o r i a l  (n-1);

To see how this works, let ’s t race through what happens when factor ia l  is
cal led w i t h  a n a r g u m e n t  o f  3 . S i n c e  n12, i t t r i e s
3 * f a c t o r i a l  (2).

t o  c o m p u t e
S o  a l l  o f  a  s u d d e n  w e ’ v e  c a l l e d  f a c t o r i a l  a  s e c o n d

t ime, t h i s  t i m e  w i t h  n=2. Again the ELSE-clause is performed, so we need
to  compute 2 * f a c t o r i a l  (11. Here we go again; we’ve just cal led
f a c t o r i a l  a  t h i r d  t i m e ,  w i t h  n=l.

. nfact=l,
B u t  t h i s  t i m e  n<2, 5 0  w e  m e r e l y  s e t

T h i s  r e s u l t  i s  t h e n  r e t u r n e d  a s  t h e  r e s u l t  o f  “ f a c t o r i a l  (1)“. 50
the second cal l  to factor ia l  ends up sett ing nfact  to be 2 rl~ 1, or  2 . Th is
r e s u l t  i s  t h e n  r e t u r n e d  a s  t h e  v a l u e  o f  “ f a c t o r i a l  (2)“,  w h e r e u p o n  t h e
o r i g i n a l  c a l l  t o  f a c t o r i a l  c a n  u s e  t h i s  v a l u e  t o  c o m p u t e  i t s  f i n a l  r e s u l t ,
3 2): 2, or 6,

Now that we’ve kept the purists happy, we’re going to keep UI happy by
giv ing a more reasonable, i f  s l i gh t l y  more  compl i ca ted ,  use  o f  recurs ion .
T h e  a p p l i c a t i o n  w e ’ r e  g o i n g  t o  u s e  i s  t h a t  o f  s o r t i n g  a  r e a l  v e c t o r  s u c h
tha t  the  e lements  a re  in  ascend ing  o rder , There  a re  myr iad  ways  to  do
th is , but  one  o f  the  s imp le r  (ye t  e f f i c ien t )  methods  invo lves  r e c u r s i o n .
T h e  main idea is that, i f  you have two vectors  a l ready sor ted,  i t  i s  very
easy to combine them into a single sorted v e c t o r . You simply step through

a them 5iniuI taneously, at  each step taking the smal ler value and copying i t
from i t s vector in to  the  combined  one . (Actual ly, i t i s s l i g h t l y
misleading to say we step through the two vectors simultaneously,  s ince at
each step we move past the smaller number, wh i le  s tay ing in  the same  p l a c e
i n  t h e  o t h e r  v e c t o r . But  the  idea shou ld  be  fa i r l y  obv ious . )  So what  we
i n t e n d  t o  d o  i s  b r e a k  t h e  o r i g i n a l  v e c t o r in to  two rough ly  equa l  p a r t s ,
s&t e a c h  p a r t  u s i n g  a  r e c u r s i v e  c a l l , and  f ina l l y  merge  the  two  sor ted
ha lves .

Here we have a procedure which sorts i ts argument. T h e  s o r t i n g  i s
done ‘ i n  p l a c e ’ , in the sense that the actual  parameter is changed. The
cond i t ion  fo r  te rmina t ing  the  recurs ion  is  the  vec tor  hav ing  a  s ize  o f  1 ,
i n  wh ich  case i t  i s  a l ready sor ted . (Note;  T h i s  a l g o r i t h m  i s  o f t e n  w r i t t e n
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such that i t  ui  i i o n l y  s o r t  v e c t o r 6  w h o s e  Bite9 a r e  p o w e r s  o f  t w o ,  w h i c h
make6 b r e a k i n g  t h e  v e c t o r  Into t u o  p a r t 8  f a i r l y  s t r a i g h t f o r w a r d . Due to
t h e  p o w e r of MPL’s s u b s c r i p t i n g  f o r m s ,  w e  w i l l  n o t  r e q u i r e  t h i s
r e s t r i c t i o n . )

PROCEDURE sort (VI WHERE V ISREAL  VECTOR;
“Since V is passed by reference, any change6 made to it
“wi l l  af fect  the actual  parameter used in the cal l , The
“9orted  vec tor  is s to red  back  in  V.”
I- IF SIZE (V) = 1, RETURN; “V is  a l ready  sor ted”

DEFINE V’ :- V(11,3,,..,SIZE(V))),
V 9 I := V(I2,4,..,'SIZE(V))):

‘IV’ a n d  V” part i t ion the elements of  V.”
s o r t  (V’):
sot+ (v-j;
“The sublists  are sorted. Now to merge them.
"PV' wil I  be  an  index  fo r  V ’ ,  PV”  fo r  V”.”
DEFINE PV’ := 1, PV" := 1, flag LOGICAL;
“We’re going to step through the two smaller vectors,
“copying elements into V. tie’1 I be done once we’ve
“copied as many element9 as ue had when we started.”
FOR PV : - (1 ,..~,SIZEw),
t-A “We wi I I set ‘flag’ to  t rue  i f f  the  nex t  e lement

“to copy is coming from V’.”
IF PV' > SIZEW'),

flag 10 FALSE “Noth ing  le f t  i n  V’.”
ELSE IF PV’ ’ > SIZEW’),

flag :m TRUE “Noth ing  le f t  i n  V”.”
ELSE

c

L

i

L

h

f l a g  I- (V’(PV’) <- V”(PV”))r
IF flag,
I- VIPV) t- V’(PV’)r

PV’ :- PV’tl
-I
ELSE
I- V(PV) o= V” (PV”);

PV” := PV”t1
,I

-I
,I:

You might  want  to  t ry  s tepp ing  th rough th is  p rocedure  to  see how i t  Work6
on a small vector, perhaps about six elements,

3.3.2;  Foruard procedures

There  i s  a  Subtle  p r o b l e m  w h i c h  c a n  a r i s e  u h e n  y o u  u s e  r e c u r s i v e
procedures. As l o n g  a s  t h e  o n l y  r e c u r s i o n invo lve9  p rocedures  ca l l i ng
themselves, you ’ re  sa fe . But suppose you have two procedures, each of
uhich c a l l s  t h e  o t h e r ? For  example ,  suppose  you  want  to  p rogram the
fo l low ing  tuo log ica l  func t ions  over  the  non-negat ive  in tegers :
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p(k)  - TRUE i f  k=0
- ptk/2) if k>0 i s  e v e n
- qffk-1)/Z) if k>0 i s  o d d

q(k) - FALSE if km0  _
= q(k/2) if k>8 i s  e v e n
- p((k-1)/Z) if k>0 i s  o d d

(Another way to def ine these funct ions is: p(k) i s  t r u e  i f  a n d  o n l y  i f  t h e
b i n a r y  r e p r e s e n t a t i o n  o f  k  h a s  a n  e v e n  n u m b e r  o f  I’s, and  q(k)  is -p(k).
Bu t  the  f i r s t  de f in i t ion  i s  more  use fu l  fo r  th is  example . )

It is a fa irly s imple mat te r  to  wriie t h e
t y p i c a l  p a i r  o f procedure6 might be:

above funct ions in MPL. A

PROCEDURE res t- p(k) WHERE k iS INTEGER VALUE, res LOGICAL:
“Assume k i 8 non-negat i ve”

IF k=$,
rss :a TRUE

ELSE IF k- (k/2)  ~2,
r e s  :- p(k/2)

ELSE
r e s  t- q((k-1)/Z); “Cou ld  use  q(k/2),  since k is

“odd ,  hu t  th is  i s  c learer “

PROCEDURE res I - q(k) WHERE k IS INTEGER  VALUE, res LOGICAL:
“Assume k i 9 non-negat i ve”

IF k-0,
res := FALSE

ELSE IF k- (k/2)*2,
res :- q(k/2)

ELSE
res :- p((k-1)/2);

So what is the problem? The problem is that,  when the MPL compi ler
e n c o u n t e r s  t h e  f i r s t  p r o c e d u r e ,  i t  s e e s  a  c a l  I  t o  ‘q’, but  i t  has  not  ye t
s e e n  t h e  d e f i n i t i o n  o f  ‘q’. N o r m a l  Iy you  wou ld  take  care  o f  th is  by
p u t t i n g  t h e  p r o c e d u r e  ‘q’ ahead o f  p rocedure  ‘p ’ ,  bu t  th is  doesn ’  t  work

_ h e r e  b e c a u s e  ‘q’ u s e s  ‘ p ’ . In effect, each of these two procedures must be
def ined ahead of  the other,

To  take  care  o f  s i tua t ions  l i ke  tha t  jus t  shown,  MPL a l  lows you to
de f ine  what  i s  known in  the  t rade  as  a  fo rward  Drocedure.  What  i t  a m o u n t s
to i s that you may spec i fy an i den t i f i er which will later  be defined as a
procedure, Y o u  m a y  t h e n  u s e  t h e  i d e n t i f i e r  a s  t h o u g h  t h e  p r o c e d u r e
clef ini tion had already been given, a n d  t h e n  a t  a  l a t e r  p o i n t  i n  t h e  b l o c k
g i v e  t h e  a c t u a l  d e f i n i t i o n . (MPL  wi I I give an error message if the
d e f i n i t i o n  i s  n e v e r  s u p p l i e d , )

To def ine a forward procedure, use a DEFINE statement and give the
i d e n t i f i e r t h e  a t t r i b u t e  P R O C E D U R E  ( i f  t h e  p r o c e d u r e  w i l l  n o t  h a v e  a
result) or RESULT PROCEDURE (if it will), In t h e  l a t t e r  c a s e ,  y o u  s h o u l d
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a l s o include type and s t ruc tu re a t t r i b u t e s spec i fy ing the
type/dimensionality  o f  t h e  a n t i c i p a t e d  result@ (As a l uays, t h e  d e f a u l t  i s
REAL SCALAR. I For example, the pair  of  procedures given above wou Id be
preceded by the l ine

DEFINE q LOGICAL RESULT PROCEDURE:

L

Note that the forward def ini t ion does not include any information about the
arguments of the procedure.

3.4: Parametric Procedures

c

c

The idea behind parametr ic procedures is as simple as that underly ing
recurs ion , namely we wish to be able to make the name of a procedure be the
argument to another procedure. Th is  sor t  o f  th ing  can  o f ten  be  use fu l  in
wri t ing procedures which do some sort  of  analysis of  an arbi t rary funct ion.
For examp I e, suppose we were  wr i t ing  a  numer ica l  in tegra t ion  rou t ine .  I t
would be reasonable for the rout ine to have four arguments-- the lower and
upper  I  im i ts  o f  in tegra t ion ,  the  accuracy  des i red ,  and  the  func t ion  be ing
i n t e g r a t e d .  --,

To make an argument be a parametric procedure, define it in the WHERE
c I ause using one of the attributes PROCEDURE or RESULT PROCEDURE. Do not
g ive  i t  any  o ther  a t t r ibu tes  (such as  s t ruc tu re  o r  parameter -pass ing  type)
u n l e s s  i t  i s  a  r e s u l t  p r o c e d u r e ,
t y p e  o f  t h e  r e s u l t .

in which case you must also specify the
You may then use the formal parameter exactly as you

would any other procedure. I f you spec i fy RESULT PROCEDURE i n the WHERE
c lause , the parameter is  assumed to be a procedure which returns a resul t

o f  t h e  s p e c i f i e d  t y p e ,  a n d  i t  i s  c a l l e d  b y  i t s  a p p e a r a n c e  i n  a n  e x p r e s s i o n .
I f  you  spec i fy  jus t  PROCEDURE fo r  the  a rgument ,  i t  i s  ca l led  by  a  CALL
s t a t e m e n t  (or any  o f  the  equ iva len t  fo rms) .

A  numer ica l  in tegra t ion  rou t ine  wou ld  be  too  complex  to  use  as  an
examp I e here. ins tead,  we ’ l l  show how to  wr i te  a  p rocedure  wh ich  g ives
tab les  o f  ‘ va lues  o f  an  a rb i t ra ry  rea l  func t ion .

Example:
PROCEDURE tabulate ffunc,  list)

WHERE func IS REAL RESULT PROCEDURE,
I i st IS REAL VECTOR:

“Produces a table giv ing the value of ‘func’ for  each
“e lemen t  o f  t he  ‘I ist ’  vector, S i n c e  ‘ l i s t ’  i s  r e a l ,
“we can’t use a FOR loop on it directly. Also, whi le
“we’re at i t ,  we might as wei I  pr int a fancy heading.”
I- WRITE <<(8X,A1,13X,4A1/2X,2(13(‘~‘),3X))>>t  <<X>>,  <<f (XI>>;

FOR i IN ll,,..,SIZEflistIl,
W R I T E  ~~(E15,7,E16.7bx  l ist( i ) ,  func(list(i)I

-II

A typ ica l  use  o f  th is  p rocedure  migh t  look  l i ke  th is .
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PROCEDURE r : - sin 1x1 WHERE x IS REAL VALUE;
FORTRAN dlSIN>>;

.
t a b u l a t e  ( s i n ,  18,. .,. J0h~0.1)

which would produce the output:

X f (XI
c=PIIDIPPII*I IDPDI’PIIPmPP
0 . 0 0.0
0.1000000D 00 0.99833420-01
0.2000000D 00 0.19866930 00
0.38000000 00 0.29552020 00
0.40000000 00 0.38941830 00
0.50000000 00 0.47942550 00
0.6000000D 00 0.56464250 00
0.70000000 00 0.64421770 00
0.80000000 00 0.71735610 00
0.90000000 00 0.78332690 00
0.1000000D 01 0.84147100 00

(The formats El53 and E16.7  were chosen to make the columns l ine up the
clay they  do. I f  you’re wondering why there is only one blank at the front
o f  each  l i ne ,  you ’ re  p robab ly  fo rge t t ing  abou t  ca r r iage  con t ro l . )

Note!  MPL l ib rary  func t ions  (as l isted in Appendix A) m a y  n o t  b e  u s e d
as parametric procedures. You can get around this restr ict ion i f  necessary
by defining simple, procedures, such as

PROCEDURE M’ : = INVRS (Ml WHERE ill, l-l’  1 ARE MATRICES:
r-l’ :- INVERSE U'l);

You could then use INVRS as a parametric procedure.

4: MISCELLANEOUS FEATURES

In t h i s  f i n a l  s e c t i o n  w e  i n t e n d  t o  d e s c r i b e  a  s m a l l  p o t - p o u r r i  o f
f e a t u r e s  w h i c h  d i d  n o t  s e e m  i m p o r t a n t  e n o u g h  t o  p u t  i n  s e c t i o n s  b y
themselves.

4.1: The EMPTY Specification

Suppose you have written a procedure which uses a global variable, fl,
and assumes i  t to be a real matrix, Suppose further that you have put this
procedure near the front of  your program, but i t  is  not cal  led unt i  I  much
l a t e r . Since you don’t  real ly need to have a matr ix h unti  I  the procedure
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is  cal  led,
t i me.

y o u ’ d  l i k e  n o t  t o  h a v e  t o  c r e a t e  t h e  m a t r i x  u n t i  I  i t  i s  t h a t
Unfo r tuna te ly , MPL insists that the matr ix at least be defined when

the  p rocedure i s  b e i n g  d e f i n e d , so that MPL can tel I what sort of
operations are being done.

What i s  n e e d e d  h e r e  ( o r  w o u l d  a t  l e a s t  b e  u s e f u l )  i s  a  m e a n s  f o r
c l e f  i n i n g  a  m a t r i x  w i t h o u t  a c t u a l  ly c r e a t i n g  lt, s i n c e  c r e a t i n g  i t  m i g h t
t a k e  u p  l o t s  o f  s p a c e  i n  t h e  c o m p u t e r .
spec ia l

Th is  can  be  done by  us ing  the
EMPTY keyword. It is used in place of the dimensioning

information in the def ine statement,  thusly:

DEFINE M REAL MATRIX EMPTY BY EMPTY

There i s  n o t h i n g  u n i q u e  a b o u t  m a t r i c e s i n  t h i s  r e g a r d . The EMPTY
dimension may also be used uhen defining vectors or arrays. T h e  e f f e c t  o f
s u c h  a  d e f i n i t i o n  i s  t o  l e t  M P L  k n o w  w h a t  t h e  t y p e  a n d  s t r u c t u r e  o f  t h e
v a r i a b l e  will b e ,
a s i d e  s p a c e  f o r  i t ,

w i t h o u t  a c t u a l l y  c r e a t i n g  t h e  o b j e c t  o r  e v e n  s e t t i n g
Of course, before the var iable is actual ly used in the

course of program execution, it had better have been assigned a value.

4.2: The DYNAMIC Attribute

c

Spec i fy ing  the  a t t r ibu te  DYNAMIC fo r  a  non-sca la r  var iab le  te l l s  MPL
t h a t t h e  d i m e n s i o n s  o f t h a t  v a r i a b l e  a r e  s u b j e c t  t o  c h a n g e . MPL
au tomat i ca l  Iy assumes a  var iab le  i s  dynamic
def ining assignment statement,

if it is defined using a
or if it appears in a RELEASE statenlent  (see

section 4.4) .

The on ly  t ime you have to  uor ry  about  th is  fea ture  is  i f  you  have a
non-sea I ar var i able which i s being passed by RE,FERENCE  to a procedure, and
which w i I I have i ts size changed by the procedure.
v a r i a b l e ,

1 f you have such a

statement,
and i t  does not appear in a def ining assignment nor a RELEASE
you must  def ine  i t  w i th  the  a t t r ibu te  DYNAMIC (a long wi th  a l l

t h e  u s u a l  a t t r i b u t e s ) .

4.3: The ABEND Statement

E x e c u t i n g  a n  ABEND s ta tement  w i  I  I  cause execut ion  to  te rminate  (as
for a STOP statement) with a user abend code 63 and a core dump. T h i s  i s
not intended for normal use and is included here only for  completeness of
documentation, The ABENO statement has the form:

ABEND

c Notes:  As current ly implemented, the FORTRAN monitor wi I I intercept
the abend and ui I I terminate instead with FORTRAN error message IHC2401.
A lso , i f  t h e  r u n - t i m e  o p t i o n  D U M P  I s  specified in  the  JCL and  any  e r ro r
occur s, then the job will abend  with code 1 0 1 ,
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4.43 The RELEASE Statement

Normal ly, s to rage  fo r  var iab les  de f ined  w i th in  a  b lock  i s  re leased by
exi t iny from the block, whereupon the storage may be used for other things.
( R e a r  i n  m i n d  t h a t , f o r  t h e  foreseeakie  f u t u r e ,  c o m p u t e r s  h a v e  o n l y  a
f i n i t e  a m o u n t  o f  s t o r a g e  s p a c e ! ) I t  i s  p o s s i b l e t o  r e l e a s e  s t o r a g e
explicitiy in s i tuat ions uhere block structure may prove inadequate.

The RELEASE statement is used to free the storage used by non-scalar
v a r i a b l e s  w i t h o u t  h a v i n g  t o  r e l y  o n  b l o c k  s t r u c t u r e . (Sea  I ar var i ab l es
take  up  so  l i t t l e  space there  i s  no  po in t  in  ever  re leas ing  the i r  s to rage. )
Each Variable speci f ied in the RELEASE statement is mad8 ‘empty’  and i ts

s t o r a g e  i e  r e l e a s e d  f o r  g e n e r a l  u s e . The variable may not be used again
w i t h o u t  f i r s t  d e f i n i n g  i t , such that it wi l l have an expl ici t size and
va lue ,

The,form  of a RELEASE statement is

RELEASE <list of variables>

w h e r e  e a c h  v a r i a b l e  i n  t h e  l i s t  m a y  b8 a n y  u n s u b s c r i p t e d  n o n - s c a l a r
v a r i a b l e . T h e  iS.ema,  in the l is t  are separated by commas. Matrix se ts  may
appear  e i ther  unsubscr ip ted , i n  u h i c h  c a s e  t h e  e n t i r e  m a t r i x se t i s
re leased, o r  s u b s c r i p t e d  u i t h  s c a l a r s , i n  w h i c h  c a s e  o n l y  t h e  s e l e c t e d
e lement  mat r i x  i s  f reed ,  i.e., the sizes of i ts dimensions are set equal to
zero. Partition matrices may not appear at all in RELEASE statements.

A DEFINE statement, when executed, always impl ici t ly releases any old
va lues  (o f  the  per t inent  var iab les)  c rea ted  by  prev ious  execut ion  o f  i t  o r
any other DEFINE statement contained within the same block. D e f i n i t i o n s
outside the b l o c k  w i l l  ‘ r e a p p e a r ’  w h e n  th8 block is exited.

4.5: pto~rclrn  Efficiency

I n  t h e  c u r r e n t  v e r s i o n  o f  t h e  M P L  c o m p i l e r ,  c e r t a i n  c o n s t r u c t s  r u n
signi f icant l y  f a s t e r  t h a n  o t h e r s . Advanced programmers may Wish to at
least  be aware of  th8 more and less efficient constructs in MPL 80 as to bem
able to wr i te programs uhich run a8 fast a8  poss ib le . There i s  g e n e r a l  ly
n o  s a c r i f i c e  i n  r e a d a b i l i t y , eince t h e  f a s t e r  c o n s t r u c t s  t e n d  t o  f a v o r
mat r ix  opera t ions  and s8t generators.

4.5.1:  I ndex  se t s

In FOR statements, set generators, and subscripts, index sets produce
much faster code than do general vectors.

4.5.2:  Storaqe a l  l o c a t i o n

The RELEASE statement and the DYNAMIC attr ibute are less eff ic ient
than the stack-or iented al locat ion method  used by block structure.
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4.5.3:  Non-sca la r  oDerations

The  use  o f  bu i  I t - i n  a r r a y  o p e r a t i o n s , ’ using index sets to s i m u l a t e
loops i f necessary, i s m o r e  e f f i c i e n t  t h a n  c o d i n g  F O R  l o o p s  w h i c h
manipulate scalar  e lements of  non-scalar  st ructures.

Examples
-.

“To negate every other rou of  a matr ix i+‘l, do this;”
rw1,3,..., ROWSIZEUl)1,  x1 := -M(I1,3,.,.,ROWSIZE(N)I,  u);

“ D o n ’ t  u s e  t h i s  ( i t ’ s  slower)r”
FOR i IN 11,3,..., ROWSIZE(M)I,  H(i,d := -M(i,a);

“This  i s  s lowest  o f  all;”
FOR i IN I1,3,..., ROWSIZE(M)i,  F O R  j  iN ~l,...,COLSIZE(M)I,

fl(i,j) := -M(i,j);

Use common sense, though. If you have to bend over backwards just to
use a  mat r ix  opera t ion , i t ’ s  p robab ly  no t  wor th  i t . For example, any one
o f  the  fo l l ow ing  wou ld  compute  the  sum o f t h e  e l e m e n t s  o f  a  d i a g o n a l
(square)  mat r i x  M, but the f i rst  method is the most ef f ic ient.

DEFINE total := 8.8;
FOR i IN (l,..., ROWSIZEVI)i,  t o t a l  t= t o t a l  +  M(i,i);

“or.. . ”

DEFiNE total := SUM (!I t
COLUMN ( {FOR i iN I1 ,...,ROWSIZEVl)I,  1,0iH;

“ o r . . , ”

DEFINE total : - (ROW 1 {FOR  i IN (1 ,...,ROWSIZE(M)I,  1.01)
* (!I s O N E S  (ROWSIZEVl),  ROWSIZE(M 1 (1);

c
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The  fol louino  l i b r a r y  f u n c t i o n 8  arepredefined  Outside t h e  m a i n  b l o c k
of a MPL program.-

Func t ion

ABS (9

TRUNCATE (XI

SUM (VI

MIN (VI

ARGMIN (VI

MAX (VI

ARGMAX (VI

. TRANSPOSE 0lI

INVERSE (HI

IDENTITY (J)

ONES (J, KI

ZEROES (J, K1

S I Z E  (VI
a

ROWSIZE (MI

COLSIZE (MI

VECTOR (RC1

ROW W

COLUMN (VI

Parameter (9)

Real o r  i n t .  s c a l a r

Real scalar

Rea l  o r  int. v e c t o r

Real  or int, ‘ v e c t o r

Real  o r  i n t ,  v e c t o r

--_
Real o r  int, v e c t o r

Real  o r  i n t .  v e c t o r

Any typ8 matr ix

Real matrix

Snteger sca la r

Two integer scalars

Two integer scalars

Any type vector

Matrix or column

Matrix or row

Row or column

Any type vector

Any type vector

R8SUlt

Absolute value (of same type)

Integer obtained by truncat ing X
toward zero

Sum of the elements

Smallest element

I n d e x  (eubscript)  o f  f i r s t  o c c u r -
rence of smallest element t

Largest element

I n d e x  ( s u b s c r i p t )  o f  f i r s t  o c c u r -
rence of largest element t

Transpose of matrix

Inverse  o f  mat r ix  (e r ro r  i  f  M is
non-square or singular)

Rea l  iden t i t y  mat r i x  o f  rank  J

Real J by K matr ix of  a l l  ones

R e a l  3 by K matrix of al I z e r o e s

Integer number of elements

Number of rous

Number of columns

Vector with same type, size, and
v a l u e  a s  R C

Equivalent row vector

Equivalent column vector

‘The  funct ions ARGMIN and ARGMAX are a bi t  strange in that they return the
index where the minimum or maximum component of  a vector f i rst  occurs,
except  i  f  the  vec tor is generated by a set generator, i n  w h i c h  c a s e  t h e
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funct ion returns the f i rst  index of the set generator loop which g e n e r a t e d
the component. I f  t h e  a r g u m e n t  t o  ARGMIN  or  ARGMAX  i s  e m p t y  (nul 1) t h e n
t h e  r e s u l t  i s  z e r o .
garbage resul t .

A nul l  argument to MIN or MAX will yield an a r b i t r a r y

Due to a compi ler  restr ict ion, i-f the argument to ARGMI  N or ARGMAX i s
a se t  genera to r , then the FOR-vector uithin the set generator must contain
o n l y  s t r i c t l y  p o s i t i v e  e l e m e n t s .

Examp I es:
WRITE ARGNIN ({FOR i IN U4,12,11,9~, (i-10)wZ))~
“The above outputs ‘ll’, whereas;”
DEFINE V t - (FOR  i  I N  I14,12,11,91,  (i-lBhtc2l;
WRITE ARGNIN (VI; “Outputs ‘3’”

LET N - 11 ,...,SI; L E T  f(i) - 2*i+l;
WRITE ARGNAX 1 IFOR  i IN Nt f (i )=2, i**21) “Outputs  ‘43”’

c

c
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M u c h  o f  what will be  sa id  in  th is  Append ix  is  spec i f i c  to  the  cur rent
MPL compi ler. Future versions may vary in their  detect ion and handl ing of
e r ro r  condi t ions.

Errors in your program may be detected at any one of three stages. If
you wri te an inval id MPL statement, i t  wi l l  general ly be detected when you
t ry  to  comp i le  your  p rogram. I f  th is  happens, N P L  w i l l  n o t  a t t e m p t  t o
adtual  ly execute the program, b u t  w i l l  m e r e l y  s c a n  i t  f o r  f u r t h e r  e r r o r s .
Other  types  o f  e r ro rs , such as mismatched array sizes or divis ion by zero,
cannot be detected unti I the program is executed, since they may depend on
d a t a  r e a d  i n  a t  t h a t  t i m e . I  f  such an error occurs, MPL reports i  t  and
immediately ceases execut ion, as  though a  STOP had been executed .  I  n
between these two phases is the time when MPL, having read your program,
generates from it an equivalent sequence  o f ‘machine-language’
instruct ions, i.e. instruct ions simple enough for the computer to perform
d i r e c t l y . Certa in problems can occur here i f  your program is too large.
We w i l l  d i scuss  these  th ree  a reas  as  they  wou ld  occur  in  chrono log ica l
o rde r .

--.

1 t COMPILE-TIME ERRORS

S y n t a c t i c  e r r o r s  ( e r r o r s  i n  f o r m ) , a s  wel  I a 8  m o s t  s e m a n t i c  e r r o r s
(e r ro rs  in  mean ing) , are detected when the program is compiled, Compi le-
time errors messages are of the form:

UWERRORW* <error number> <error message>
NEAR COORDINATE <coord> FOUND NEAR “<tokens>”

T h e  < e r r o r  message, i n d i c a t e s  t h e  n a t u r e  o f  t h e  e r r o r  a n d  t h e  < e r r o r
number> p rov ides  an  index  fo r  re fe rence  to  the  more  de ta i led  exp lana t ions
given l a t e r  i n  t h i s  A p p e n d i x . <coord> i s  t h e  n e a r e s t  s o u r c e  s t a t e m e n t

m c o o r d i n a t e  t o  t h e  e r r o r ( t h e  c o o r d i n a t e s  a r e I isted a l o n g s i d e  y o u r
statements when the program is compi led), and <tokens> are the last tLIo and
cur ren t  token  be ing  scanned  by  the  comp i le r  when  the  e r ro r  occur red .  (A
<token> i s  a n y t h i n g  w h i c h  i s  a  s i n g l e  ‘ e n t i t y ’  t o  M P L ,  s u c h  a s  a  s i n g l e
s c a l a r  c o n s t a n t ,  o r  a n  i d e n t i f i e r ,  o r  a  s e m i c o l o n , ) I f  an  e r ro r  occu rs
i rjs i de a camp  I ex expression, t h e  <tokens>  d i s p l a y e d  m a y  b e  b e y o n d  t h e
a c t u a l  o c c u r r e n c e  o f  t h e  e r r o r . I f the error is a scanner error (241
t h r o u g h  248) then  the  tokens  l i s ted  w i l l  no t  inc lude  the  i tem in  e r ro r ,  bu t
rather wi l l  be the tokens immediately preceding i t  in the program,

Compi le-t ime error messages in NPL give the locat ion of  the error and
the tokens being scanned at the t ime the error was detected. Most of ten,
though, t h e  e r r o r  m e s s a g e  w i l l  b e  p r i n t e d  a f t e r  a n  i n t e r v e n i n g  l i n e  o f
source program which i tsel f  contains no errors, The  loca t ion  o f  the  e r ro r
must be located by comparing the coordinate given in the error message uith
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t h e  c o o r d i n a t e s i n  t h e  l e f t - h a n d  c o l u m n  o f  t h e  l i s t i n g , r a t h e r  t h a n
assuming that the error always occurred in  the  s ta tement  above  the  e r ro r
message. Also, the tokens pr inted out wi l l of  ten be ‘ re-worded’ ‘by NPL,
such  tha t  they  do  no t  necessar i l y  re f lec t  the  ac tua l  p rogram l i s t ing . For
example, MPL might say WRITE when your program said ANSWER, or it might
p r i n t “.350008  E+$l”  when you wrote ‘3.5”.-.

We ui I I now present a sample program listing, showing what some of
these  th ings  ac tua l l y  look  l i ke . First ,  let ’s show you the program.

PROGRAM

F O R  I IN (1.0, 1 . 5 ,  3.8, 7.91,
I- DEFINE VECT Im {I, I+l, l-3))

X : - VECT JH VECT
WRITE I t
WRITE VEC, X

-I

END.

The  above  p rogram has  3  error& ( Y o u  m i g h t  w a n t  t o  t r y  t o  f i n d  t h e m
y o u r s e l f  beforswe p o i n t  t h e m  o u t .  G o  a h e a d ;  w e ’ l l  w a i t , )  F i r s t  o f f ,  i t
attempts to use a real vector in a FOR statement. Second, the semicolon is
m i s s i n g  f r o m  t h e  e n d  o f  t h e  D E F I N E  s t a t e m e n t  ( a f t e r  t h e  “VECT  f VECT”.).
Third, VECT is misspelled in the second WRITE statement.

The next page shows what the program l ist ing would look l ike,  This is
cop ied  verba t im f rom an  ac tua l  l i s t ing . S ince  you  don ’ t  ge t  bo ld - face  in
an  ac tua l  ou tpu t , the keywords below are printed in normal type.

You can see examples of the re-wording we mentioned. In t h e  f i r s t
error message, the error was detected when the comma was read, so the last
few tokens  were  “7.9”,  “I ’ , and ‘I, “. They  were,  reported as “,789999CE+01”,
” 1 > ” ( e q u i v a l e n t  t o  ‘I’), a n d  “,‘I. D o n ’ t  w o r r y  a b o u t  t h e  ‘C’ i n  t h e  r e a l
cons tan t ;  random le t te rs  may  tu rn  up  a t  t imes  be tween the  las t  d ig i t  and
t h e  ‘ E ’ , but  you can ignore them and you’ l l  be al l  r ight .

A remark concerning the “NEST” column in the listing, As in ALGOL-W,
i  t  keeps t rack of  the number of  unmatched BEGINS  o r  B L O C KS you ’ve,  gone

a y;te
-I

Thus,  i f  you  have what  you thought  were  a  matchina  pair of ‘I- a n d
markers, then the NEST value just  ahead of  the ‘I- shou ld  equa l  the

N E S T  v a l u e  j u s t  a f t e r  t h e  ‘71’. 1 f this i sn’ t the case, i  t m e a n s  y o u ’ v e
p r o b a b l y  g o t  a n  u n m a t c h e d  i-’ or  ‘-1’ somewhere between the ones i n
quest ion.
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CQORO  NEST SOURCE STATEMENT

00000
00001
00001
00001

00002
00002

00003

00003
00004
00004

00 PROGRAM

ti FOR I IN (1.0, 1.5, 3.0, 723,
01 I- DEFINgl;ECT :- {I, 14, I-31,
*mERRORwcx <RANGE VECTOR> NOT INTEGER VECTOR IN ‘FOR’ *

NEAR COORDINATE 1 FOUND NEAR ' .789999CEt01  )> , '
02 X :Q VECT IC VECT
02 WRITE I;
*wERROR*a* 368 SEMICOLON MISSING

NEAR COORDINATE 2 FOUND NEAR ' t VECT WRITE '
02 WRITE VEC, X
*wERHORaw 322 VEC IS UNDEFINED

N E A R  COOROlNATE  3 FOUND NEAR ' : WRITE VEC '
02 -I
01
01 END.

SYMTAB 33 / 1742 QUADS 34 / 4573 BLKTAB 1 / 45

3 ERRORS DETECTED

**ky CODE GENERATION SUPPRESSEO DUE TO ERRORS rlt*r(c

000.07 SECONDS COMPILE TINE

C e r t a i n  t y p e s  o f  e r r o r s ’  a r e  p a r t i c u l a r l y  l i k e l y  t o  l e a d  t o  s e v e r a l
o t h e r  e r r o r s . Speci f ical  ly, error8 in DEFINE statements wi I I usual ly
produce other errors later  on because the compi ler  does not  have correct
in fo rmat ion  about  the  a t t r ibu tes  o f  a  var iab le . Likewise, e r r o r s  i n  b l o c k
s t r u c t u r e  o r  t h e  g r o u p i n g  o f  s t a t e m e n t s  (I- . . . -11 m a y ,  a s  i n  A L G O L ,
resul t  in incorrect var iable scope and produce spurious error messages for
undef ined var iables and bad attr ibutes.

Example:
“Crea te  a  10 by 10 integer identi ty matrix and a vector
“containing the first 10 s q u a r e s . This is a somewhat
“ ine f f i c ien t  method ,  bu t  i t ’ l l  do  fo r  th is  example . ”

DEFINE t’l INTEGER MATRIX 10 BY 10,
V INTEGER VECTOR 10;

FOR i IN ll,.rr,lO1,
I- FOR j IN il,...,lBI,

IF i = j THEN
MU, j) :- 1

ELSE
MI, ]I I- 0;

VW t- l
-I
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Because the  IF  s ta tement  i s  the  on ly  th ing  be ing  done by  the  inner  FOR
1 oop, t h e r e  w a s  n o  n e e d  t o  e n c l o s e  i t  i n  I- *ba -1 m a r k s , But suppose
that, as you were keypunching the program, you forgot this and included the
‘-I ’ at  the  end ,  bu t  d idn ’ t  inc lude  a  ‘I,’ a t  t h e  b e g i n n i n g ,  r e s u l t i n g  i n :

DEFINE H INTEGER MATRIX 10 BY 10,
V INTEGER VECTOR 10;

FOR i IN U,r..,18i,
I, FOR j IN il,...,l0),

IF i - j THEN
Il(i,jI :- 1

ELSE
M(i, j1 I- 0

-I:
V(i) I- i

-1
T h e  e x t r a  ‘-1’ now acts to terminate the outer FOR loop, so that when the
statement

Vti) I= i--.

is encountered, you wi I I  gst an error  message due to “1” be ing  undef ined .
T h e n  t h e  f i n a l  ‘,I’ w i l l  b e  r e p o r t e d  a s  e x t r a n e o u s ,  Wherea  in  rea l i ty  the
only actual  error  ,occurred  somewhat  ear l i e r . F i n d i n g  t h i s  s o r t  o f  t h i n g
can be tr icky sometimes, b u t  you’1 I get used to it. ( B e t t e r  y e t ,  a f t e r  a
uhile you ’ l l  s top  mak ing  th is  sor t  o f  e r ro r . )

1 f you run into one of these ‘propagating’ errors,  you may want to try
f ix ing the one major error and then re-running your program to see i f  there
were any other errors which weren’t  caused by the blatant one. But don’ t
c a r r y  t h i s  p r a c t i c e  t o o  f a r ! Many novice programmers get into the habit of
f i x i n g  t h e  f i r s t  e r r o r  t h e y  f i n d , t h e n  r u n n i n g  t h e  p r o g r a m  a g a i n .  I n
genera I, this is’a ctaste o f  t i m e  a n d  m o n e y , s i n c e  o n e  l i s t i n g  w i l  I  o f t e n
revea l  severa l  e r ro rs . Unless you have reason to believe that most of your
errors are being caused by one of the problems mentioned above, you should
try to account for (and f ix)  every error before running your program again.

2t CODE-GENERATOR ERRORS

Af te r  the  MPL c o m p i  lar  has  read  th rough  your  p rogram,  i t  genera tes
- ‘machine- language
‘code-generat ion

code which the computer will then execute. D u r i n g  t h i s
phase cer ta in compi ler-speci  f ic l i m i t a t i o n s may be

encountered, r e s u l t i n g  i n  e r r o r s  w h i c h  a r e  n o t  r e a l  Iy y o u r  f a u l t . Since
t h e s e  e r r o r s  a r e  a b i t  m o r e  m y s t e r i o u s t h a n  t h o s e  r e p o r t e d  d u r i n g  t h e
previous phase, us wi l l  explain them separately.

The errors under discussion are numbers 901 through
there  a re  a  lo t of unused number8 in between).

1004 (don’ t worry ,
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Message 301 is caused by too many different constants appearing in a
s ing le  b lock  o f  your  p rogram ( i f  you  run  in to  th is  e r ro r ,  re fe r  to  Sec t ion
II f o r  a  desc r ip t ion  o f  b lock  s t ruc tu re ) .  To  f i x  the  p rob lem,  more  b locks
m u s t  b e  i n s e r t e d  t o  b r e a k  u p  t h e  o n e  t h a t  i s  t o o  l a r g e , Th is  may  be
possible by simply changing  a compound statement to a block, i f  th is act ion
does  no t  des t roy  the  scope o f  var iab les . (Remember that, when you exi t
f rom a block, al l  var iables def ined ui thin that block are destroyed.)

M e s s a g e  9 0 2  i s  s i m i l a r  t o  901 a n d  i s  c a u s e d  b y  t o o  m a n y  v a r i a b l e s
being def ined within a single block.

Message 903, on  the  o ther  hand , i s  c a u s e d  b y  n e s t i n g  b l o c k s  a n d
procedures too deeply within other blocks and procedures. That is, i f you
de f ine  a  p rocedure ins ide  another  p rocedure  wh ich  is  de f ined w i th in  ye t
ano ther  p rocedure  wh ich . . . ,  we l l , at some point the compiler can no longer
keep t rack  o f  how fa r  down you ’ve  d ived . Thus, when breaking a program
in to  b locks  and /o r  p rocedures  (wh ich  a re  themse lves  b locks) ,  i t  i s  be t te r
i f  you  b reak  i t  i n to  a  sequence o f  independent  b locks ,  ra ther  than  se t t ing
up a complex hierarchy.

M e s s a g e  904 is similar to 901 and is caused by too much code inside a
s ing le  b lock .

Message 905 is caused by FOR statements being nested greater than 1 0
deep. That is, you have a FOR loop inside a FOR loop inside a FOR loop...
I f  you really n e e d  t h i s  m a n y  l o o p s  i n s i d e  o n e  a n o t h e r ,  y o u  c a n  p r o b a b l y
manage  it by having 10 of them, where the innermost loop calls a procedure,
The procedure can then do the remaining loops.

Message 306 is simi lar to 901 and is Caused  by  too  many s ta tements  in
a  s i n g l e  b l o c k . T h i s  i s  n o t  q u i t e  t h e  s a m e  a s  9 0 4 ,  s i n c e  t h e  l a t t e r
depends on the complexi ty of  the statements. 9 0 6  i s  c a u s e d  b y  a  f i x e d
I imi t on the actual number of statements in a single block.

M e s s a g e s  1001  t h rough  1004  are compiler errors. That is to say, they
shou I dn’ t happen. If one of them happens to you, please rerun the job with
TEXT and  CODE paramete rs  (see Section 11.8 if you don’t know how to do
t h i s ) , and specify a large I ine estimate on your JOB card. Then send the
l i s t ing  to  the  HPL pro jec t  fo r  ana lys is .

3: LIST OF ERROR MESSAGES

In  th is  sec t ion  we present  a  l i s t  o f  a l l  MPL e r r o r  m e s s a g e s ,  w i t h  t h e
e&ept  i o n  o f those encountered at  run-t  ime. The messages are ordered
according t o  t h e i r  e r r o r  n u m b e r s , and sugges ted  cor rec t i ve  ac t  ions  a re
g iven  wherever  the  e r ro r  message migh t  no t  be  exp l i c i t  enough to  i so la te
the problem.

A @ a f t e r  t h e  e r r o r  n u m b e r  i n d i c a t e 8  t h a t  t h e  e r r o r  ie ‘ f a t a l ’ ,  If
such an error  occurs, t h e  c o m p i l a t i o n  ie terminated  lmmedlately  a f t e r  t h e
e r r o r  i s  r e p o r t e d .
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A 8 means the  express ion  be ing  examined is  f lushed u i  thou t  fu r ther
scanning, Compi lat ion cont inues fol lowing the end of the expression,

A 0 means  the  cond i t ion  be ing  repor ted  i s  no t  an  e r ro r ,  bu t  mere ly  a
warning,
c l o s e l y

Your program may run despite these problems, but you should look
to  make cer ta in  you  in tended -to do whatever i t  was you did. One

warning which tends to come up with annoying frequency is number 358, which
o c c u r 6  w h e n e v e r  y o u  c o n v e r t  a  n o n - s c a l a r  i n t e g e r  v a l u e  to  rea l ,  o r  v ice
versa.

Port ions of error messages shown here in lower-case represent thi ngs
w h i c h  w i  I  I  b e  f i l l e d  i n  d i f f e r e n t l y  f o r  d i f f e r e n t  e r r o r s . For example ,  in
error 306, the <token> will be whatever token was found at the beginning of
the erroneous statement.

Messages from the input scanner:

c

241 ILLEGAL CONSTANT
242 INTEGER CONSTANT TOO LARGE
243 ILLEGAL IDENTIFIER
244 STRING CONSTANT LONGER THAN 256 CHARS
245 @ HASH TABLE OVERFLOW (TOO MANY I DENTIFIERSI

You have too many di f ferent names in your program, This h a s
nothing to do with block structure (error 902)  and  b reak ing  your
program i n t o  smaller  b l o c k s  w i l l  n o t  h e l p , T h i s  e r r o r  i s
u n l i k e l y  t o  o c c u r , since the I imit on the total number of
i d e n t i f i e r 6  i n  a  s i n g l e  p r o g a m  i s  q u i t e  l a r g e ,  b u t  i f  y o u  r u n
in to i t y o u  s h o u l d  t r y  p u t t i n g  p a r t s  o f  y o u r  p r o g r a m i n t o
procedure6 and compi l ing them separate I y. S e e  S e c t i o n  III f o r

246 0
the use of separately-compiled procedures.

ILLEGAL CHARACTER ENCOUNTERED
247 ILLEGAL REAL CONSTANT (TOO LARGE OR TOO SMALL)
248 @ SYMBOL TABLE STRING SPACE OVERFLOW

Messages from LET processing:

250
251
252
253

a

254

- 255

256

ILLEGAL LET DEFINITION SYNTAX
ILLEGAL LET REFERENCE ARGUMENT LIST
LET VARIABLE PREVIOUSLY DEFINED
LET BODY SPACE OVERFLOW

A LET reference expanded to something too large for MPL to handle
in one piece, Sorry,

LET RECURSION STACK OVERFLOW
A LET reference expanded into something which contained a LET
reference which expanded into something which... I f  t h i s  g o e s  o n
too far,  MPL lose6 track of what i t ’s supposed to be doing, and
gives up, producing this error.

LET DEFINITION IS RECURSIVE
The <expression> in a  L E T  s t a t e m e n t  i n c l u d e d  a  u s e  o f  t h e  LET
synonym being defined. Since, i f this 6ynonym were  ever  used,  i  t
could never be resolved, this error is reported.

MORE THAN 30 DUMMY PARAMETERS IN LET DEF
T h i s  i s  a n  a r b i t r a r y  c o m p i l e r - s p e c i f i c  reetriction, s i m i  l a r  t o
that mentioned in Sectlon I.7 uith regard to I/O liets a n d  D E F I N E
statements.
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257 WRONG NUMBER OF ACTUAL PARMS IN LET CALL
258 LET APPEARS IN LET CALL OR INSIDE LET DEF

A l t h o u g h  L E T  e x p r e s s i o n s  a r e  a l l o w e d  t o  i n v o l v e  o t h e r  L E T
synonyms, they must not have a right-hand side which contains the
word LET.

253 8 LET EXPANSION ERROR - EXPRESSION FLUSHED

Messages from DEFINE processing:

260 ATTRIBUTE NOT YET IMPLEMENTED
261 ILLEGAL ATTRIBUTE LIST SYNTAX
262 MULTIPLE DEFINITION

You tr ied-to redef ine the type or structure of  an ident
263 ILLEGAL OPERATOR/KEYWORD IN DEFINITION
264 ‘BY’ MISSING AFTER MATRIX DOMAIN SPEC.
265 DOMAIN SPEC. MUST BE INTEGER SCALAR
266 NON-IDENTIFIER IN MULTIPLE DEFINE LIST
267 ILLEGAL MULTIPLE DEFINE LIST
268 ILLEGAL DEFINITION SYNTAX
269 MORE THAN 30 ITEMS IN MULTIPLE DEFINE LIST
270 ILLEGAL ASSIGNMENT DEFINE
271 DOMAIN OMITTED FROM ARRAY DEFINITION
272 DOMAIN SPECIFIEO IN 'WHERE' CLAUSE OF PROC.

i f e r .

You mustn’ t  t ry to specify the sizes of non-scalar arguments in a
procedure’s WHERE c I ause.

273 DOMAIN GIVEN IN FORMAL VALUE PROCEDURE DEFINE
The same as 272 but for the result variable.

274 0 DEFINE OF REFERENCE PARAMETER IN FUNCTION
A parameter to a function (as opposed to a procedure, see Section
III) w a s  d e c l a r e d  w i t h i n  t h e  f u n c t i o n  a s  b e i n g  p a s s e d  b y
reference, m a k i n g  i t  p o s s i b l e  f o r  t h e  f u n c t i o n  t o  c h a n g e  t h e
va lue  o f  the  ac tua l  pa ramete r . The  func t ion  has  now done  a
DEFINE involving that parameter, t h e r e b y  c h a n g i n g  i t s  v a l u e  i n
the cal  I  ing program. Func t  ions  a ren ’  t  supposed to  change
anything outside themselves, so this is f lagged as a warning.

Messages from PROCEDURE processing:

280 NAME IN ‘WHERE’ CLAUSE NOT IN PROC HEAD
A procedure WHERE clause included. an ident

a
i f i e r wh ich  was
le.nei ther a formal parameter nor the resul t  var iab

, 281 PRDCEDURE NAME MISSING
282 NAME APPEARS TWICE IN DUMMY PARM LIST
283 PROCEDURE RESULT VARIABLE NOT DEFINED

I f  t h e  r e s u l t  v a r i a b l e  o f  a  p r o c e d u r e  i s  n o n - s c a l a r ,  i t s  f i r s t
use within the procedure must be in a DEFINE or assignment DEFINE

284
statement, in  o rder  to  es tab l i sh  the  s ize  o f  the  var iab le .

ILLEGAL DUMMY PARAMETER LIST
285 SEMICOLON MISSING AFTER PROC HEAD
286 ‘END’ EXPECTED
287 PROCEDURE NAME MULTIPLY DEFINED
288 ATTRIBUTES DO NOT BATCH THOSE FORWARD DEFINED

I n  a  f o r w a r d  r e s u l t  p r o c e d u r e  ( S e c t i o n  III) the result  v a r i a b l e
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c

h a s  d i f f e r e n t  a t t r i b u t e s  f r o m  t h o s e  g i v e n  i n  t h e  f o r w a r d
d e f i n i t i o n . A n o t h e r  potlsibi lity i s  t h a t  t h e  f o r w a r d  d e f i n i t i o n
d id  no t  spec i fy  RESULT and the  ac tua l  de f in i t ion  has  a  resu l t
variable, or the other way around,

230 0 ARRAY PARAMETER NOT SPECIFIED AS REFERENCE
Here  the  te rm ‘a r ray ’ r e f e r s .  t o  a n y  n o n - s c a l a r  p a r a m e t e r .  I f
such a parameter is not passed by reference, MPL wi I  I  have to
crea te  a  copy  o f  i t  uhen  the  p rocedure  i s  ca l led ,  wh ich  was tes
t ime and space. Always pass non-scalar arguments by reference
( th is  i s  the  de fau l t )  un less  you exp l i c i t l y  des i re  to  change the
formal parameter w i th in  the  p rocedure the
actual  parameter inc luded in the cal l .

w i t h o u t  a f f e c t i n g

291 0 ASSIGNMENT 10 REFERENCE PARAMETER IN FUNCTION
Similar to message number 274.

292 DUMMY RESULT NAME t?ISSING  IN VALUE PROC DEF
233 ILLEGAL FORTRAN EXTERNAL PROCEDURE HEADER
294 FORTRAN FUNCTION MUST HAVE SCALAR RETURN VAL

FORTRAN functions invoked from an MPL program are not al lowed t o
re tu rn  non-sca la r  resu l t s , since the internal representat ions of

295
the structures are not compatible between the two languages.

ILLEGAL tw EXTERNAL PROCEDU RE HEADER

Messages from statement processingt

296 0
297 8
298 9
29s

i 300
301

c

c

c

c

302
303 8
304
305
306
307

308m
309
310
311
312
313  8
314
315
316

::i
319
320  8

EXTRA RIGHT PAREN  - DELETED
MORE THAN 30 ITEMS IN READ / WRITE LIST
ILLEGAL CASE STATEMENT SYNTAX
CASE STMT INDEX EXPR NOT INTEGER SCALAR
ILLEGAL ITEM IN RELEASE STATEMENT LIST
MULTIPLY DEFINED LABEL

That ’ s pronounced “mu I t i @ee”,  not “mu I t i filth”.
ILLEGAL LEFT SIDE OF ASSIGNnENf  STATEMENT
I= EXPECTED AFTER IDENTIFIER
ILLEGAL DIMENSIONALITIES FOR ASSIGNMENT
ILLEGAL MIXED TYPES IN ASSIGNMENT
<token> IS ILLEGAL TO BEGIN STATEMENT
I L L E G A L  TYPE/DIMEN  IN <COND  EXPR>  / ‘ IF’  STMT

The ccondi t ion> in an IF statement was not a s c a l a r logical .
express i on.

‘THEN’ IS MISSING AFTER ‘IF’
<identifier> IS AN UNDEFINED ‘GO TO’ LABEL
GO TO STATEMENT DOES NOT REFER TO A LABEL
ILLEGAL FORMAT IN I/O STATEMENT
ILLEGAL READ / WRITE STATEMENT
‘FOR’ STATEMENT INDEX VARIABLE NOT IDENTIFIER
'IN' MISSING IN ‘FOR’ STMT
<RANGE VECTOR> NOT INTEGER  VECTOR IN ‘FOR’
ILLEGAL TYPE/DIMEN  IN : CLAUSE AFTER ‘FOR’

T h e  c o n d i t i o n  g i v e n  f o l l o w i n g t h e  c o l o n  in  a  F O R  s t a t e m e n t
(Sec t ion  II) was not a scalar logical  expression.

' 0 0 ' MISSING IN 'FOR' / 'WHILE' STATEMENT
ASSIGNMENT OF PARTITION MATRIX OR ARRAY
<COND  EXPR> NOT LOGICAL SCALAR IN 'WHILE'
ILLEGAL RELEASE STATEMENT SYNTAX
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321 OPERATOR HISSING

322
323

324
325
326

3 2 7
328
329
330
331

332
3 3 3  Q
334
335
336
337

338

.  3 3 9
340
341
343
344
346

3 4 7  8
348
349
350

a

351
352
3 5 3  8
3 5 4  8

You wrote two operands with no operator betueen them.
<identifier> IS UNDEFINED
<IDENTIFIER>(  WHERE <IDENTIFIER> IS-SCALAR

You tr ied to subscr ipt  a scalar. Just what did you have in mind?
<operator> IS ILLEGAL OPERATOR IN EXPRESSION
<operator> IS ILLEGAL BINARY OPERATOR
caper a tor > I S I LLEGAL UNARY OPERATOR
ILLEGAL DIMENSIONALITY FOR SUBSCRIPT LIST
ILLEGAL TYPE FOR SUBSCRIPT LIST
<operator> t ILLEGAL TYPE
<operator> I ILLEGAL DIMENSIONALITY
ILLEGAL MPL BUILTIN  FUNCTION ARGUMENT

A l ibrary funct ion was used with arguments uhich did not meet the
cri teria given in Appendix A.

EXPRESSION APPEARS IN READ LIST
ROW/COLUMN USE0 AS 1 BY 1 MATRIX FOR t / MULT
DIMENSIONALITIES DIFFER IN A COMPARISON
UNFORMATTED READ OF NON-NUMERIC VARIABLE
WRONG NUMBER OF SUBSCRIPTS IN LIST
ILLEGAL ‘ISNULL’ / * IS UNDEFINED’

The keyword U N D E F I N E D  r e f e r s  t o  a  f e a t u r e  w h i c h  n e v e r  g o t
implemented. Don’t  worry about i t .

ILLEGAL TRANSFER FUNCTION ARGUMENT
You gave a non-vector as the argument to the ROW or COLUMN
I ibrary funct ion, or a non-row non-column to the VECTOR function,

ILLEGAL ITERATED VECTOR GENERATOR
ILLEGAL TYPE/DItlEN  FOR UNARY -
ILLEGAL FUNCTION/PROCEDURE CALL
NULL EXPRESS I ON
<name>  t FORWARD PROCEDURE NEVER DEFINED
<number> ACTUAL PARAMETER! MISMATCHED ACTUAL / FORMAL

T h e  nth ac tua l  pa rameter  in  a  p rocedure  ca l  I  d id  no t  have  the
same type and structure as the formal  parameter in the procedure.

ILLEGAL EXPRESSION SYNTAX
;kkUE;k  COMMA

,a.., IN VECTOR EXPRESSION
ILLEGAL TYPE/DIMEN IN VECTOR EXPRESSION.

This  is  the  er ror  you ’  I  I  ge t  i f  you t ry  to  mix  in teger  and r e a l
constants in a sin le N-tuple.

ILLEGAL ITERATIVE VECIOR EXPRESSION
ILLEGAL USE OF PARTITION MATRIX/ARRAY
EXPRESS1 ON ENDS BADLY
OPERAND STACK OVERFLOW

3 5 5  9

The express ion  i s  too  compl ica ted  fo r  MPL to  f igure  ou t  in  one
piece. Break  i t  up  in to  two or  more  smal le r  express ions ,  us ing
temporary variables if necessary.

OPERATOR STACK OVERFLOW
Simi lar  to 354.

356
357

ILLEGAL TYPE/DIMEN  FOR ‘IN’ / ‘NOT IN’
PROPER PROCEDURE APPEARS IN EXPRESSION

Y o u  tr ied to cal I a non-resul t procedure as i f i t were a resul t
procedure.
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L 366 @

358  Q ARRAY TYPE CONVERSION REQUIRE0
You performed some operation, perhaps assignment, which requires
t rea t ing  an  in teger  va lue  as  i f  i t  were  rea l ,  o r  v ice  versa . MPL
is merely warning you that i t  wi l l  have to convert  every element
o f  the  non-sca la r  s t ruc tu re  f rom in teger  to  rea l ,  o r  v i ce  versa ,
a n d  t h a t  t h i s  w i l l  s l o w  d o w n  y o u r  p r o g r a m , You may want  to
redefine some of your variabks  and/or change some constants from
i n t e g e r  t o  r e a l ( o r  v i c e  v e r s a )  i n  o r d e r  t o  c u t  d o w n  o n  t h i s
source  o f  ine f f i c iency ,

359 RIGHT PAREN  MISSING
360 <number> ACTUAL PARAMETERI  EXPR IS RESULT FORMAL PARM

This is the error you’ll get If you fail to define a s c a l a r
argument with the VALUE attr ibute, and then cal  I  the procedure
with an expression as the actual argument,

Messages from overall program processingt

361
362 0
363
364 QD

367
368
369 ’
370

‘PROGRAM MISSING AT START
9 9 MISSING AT END
’ ;ND’ OMI TTED
SYMBOL TABLE OVERFLOW

Simi lar  to 245. Same measures shouId,be taken.
QUADRUPLE SPACE OVERFLOW

(MPL c a l l s  i t s  i n t e r m e d i a t e  f o r m  o f  c o d e  ‘ q u a d r u p l e s ’ . ) T h i s
condit ion is s imi lar to that of  messages 364 and 245. The same
corrective measures apply.

PROGRAM IS DUMMY EXTERNAL MPL PROCEDURE
SEMICOLON MISSING
SEGMENT TABLE OVERFLOW
BLOCKS NESTED TOO DEEP

Must be 7 leve ls  o r  less , including the main program. Simi lar to
message 903.

Code generator  error messages:

901 Q9
902 @
903 63
904 @

- 905 Qp
906 @

See previous sect ion for explanat ions,
SEGMENT PROLOGUE > 4K
DATA AREA OVERFLOW
FUNCTION / PROCEDURE CALLS AND BLOCKS NESTED TOO OEEP
PROGRAM SEGMENT > 8K
FOR’S NESTED > 3.0 DEEP
COORDINATE TABLE OVERFLOW

1001 @REGISTER ALLOCATION HANGUP (COMPILER ERROR SHOULD NEVER OCCUR)
-1002 @REGISTER ALLOCATION HANGUP (COMPILER ERROR SHOULD NEVER OCCUR)
9003  @REGISTER ALLOCATION HANGUP fCOMPILER  ERROR SHOULO NEVER OCCUR)
1004 @REGISTER ALLOCATION HANGUP (COMPILER ERROR SHOULO NEVER OCCUR)
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4: RUN-TIME ERRORS

Run-t ime errors in MPL may result  f rom a variety of condit ions which
cannot be detected at  compi le- t ime, such as unequal s izes in a non-scalar
assignment. -.

The  in fo rmat ion  p rov ided  when a  run- t ime e r ro r  occurs  inc ludes  the
s o u r c e  c o o r d i n a t e  o f  t h e  e r r o r , the error message, a n d  a  t r a c e b a c k  o f
procedure and block cal  Is . E a c h  l o c a t i o n  r e f e r r e d  t o  i n  t h e  traceback
gives the source coordinate of  the locat ion and the name of the procedure
(or “ * B L O C K * ”  i f  i t  i s  c o n t a i n e d  b y  a n  e x p l i c i t  b l o c k ,  o r  “&lAIN>lc”  if it is
con ta ined  in  the  ou te r  leve l  o f  the  ma in  MPL program)  tha t  con ta ins  the
l o c a t i o n .

T h e  f o l l o w i n g  i s  h o p e f u l l y  a  c o m p l e t e  l i s t  o f  M P L  r u n - t i m e  e r r o r
messages and exp I anat ions.
te rm “a r ray ”

Note that the error messages tend to use the
to mean any non-scalar object.

ARRAY SUBSCRIPTING

A subscr ipt  for  a non-scalar object  is  out  of  range.

CASE SELECTION INDEXING

The in teger
I1 ,...,nl,

express ion  o f  a  CASE s ta tement  was  ou ts ide  the  range
where n is the number of statements among which the CASE

statement was to have selected.

FORTRAN DETECTED ERROR

An error was found by the FORTRAN run-time monitor, which MPL uses for
var i ous tasks. The line immediately preceding the MPL error message
should be an error message from the FORTRAN routine which detected the
e r r o r  c o n d i t i o n . Refer to standard FORTRAN documentation if necessary
to analyze the error,

ILLEGAL ARGUMENT FOR INVERSE

The argument matrix for the library function INVERSE was not square.
a

ILLEGAL ARRAY FOR FORTRAN

An array passed to an external FORTRAN subroutine was not in column-
major order.

ILLEGAL ARRAY SIZE DEFINED

In a non-assignment DEFINE statement the size(s) were non-positive.

ILLEGAL DIMEN ARG MATRIX SET

In  the  de f in i t ion  o f  a  mat r ix  se t  the  d imens ion  ar rays  conta ined non-
posit ive elements, were nul  I ,  or di f fered in size.
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0 . 4 Run-T i me Errors

ILLEGAL ITER VECTOR IN SUBARRAY

An index set used as a;lui;cr,ipt had components that were out of range
as  lega l  subscr ip ts . tf t h e  o b j e c t  b e i n g  s u b s c r i p t e d  i s  n o t  a
vec tor , the error m a y  have(  been caused by the index set being nul I,
(On ly  vec tors  may be  subscr ip ted  by  a  nu l i  vec to r ,  y ie ld ing  a  nu l  I-
vec to r  resu l t ,  I

ILLEGAL PART MATRIX DIM VECT

In  the  def in i t ion  o f  a p a r t i t i o n  m a t r i x  o n e  o f  t h e  d i m e n s i o n  v e c t o r s
had non-positive elements or was null,

ILLEGAL SIZES FOR CONCAT

The row s izes fo r hor i z o n t a l  concatenati
v e r t i c a l conca tsnat ion, did not match.

m or the column s i z e s  f o r

ILLEGAL SIZES IN MATRIX MULT

In  a  mat r i x  mu l t ip l i ca t ion  o r  log ica l  MULT opera t ion  the  co lumn s ize
of the f i rst  operand did not equal  the row size of  the second.

INTEGER CONVERSItiti

An attempt was made to convert a real va lue  to  an  in teger ,
magnitude was greater than the largest i n t e g e r  (Z3’-1).

where the

REDEFINE OF NON-DYNAMIC PARM
c

A n  a c t u a l  p a r a m e t e r  c o r r e s p o n d i n g  t o  a  n o n - s c a l a r  p a r a m e t e r  i n  a
procedure, and which was assigned a new size inside the procedure, did
not have the attribute DYNAMIC.

SINGULAR ARGUMENT FOR INVERSE

The,matrix  argument to the library function INVERSE was singular.

STORAGE OVERFLOW

The MPL program requires more main storage than is avai lable  for your
job on the computer. Y o u  m i g h t  b e  able  to  f ix  th is  by  jud ic ious use
o f  b lock  s t ruc tu re  o r  RELEASE s ta tements  to  f ree  up  s to rage  once
you ’ re  done wi th  it.

UNDEFINED ARRAY

A non-scalar variable was referenced that had not been defined. Th is
may occur when the resul t  var iable for a procedure is non-scalar and
i t s  f i r s t  u s e  i n s i d e  t h e  p r o c e d u r e  i s  n o t  i n  a  D E F I N E  s t a t e m e n t  ( t o
s p e c i f y  i t s  size), Such an error  may get  detected at  compi le- t ime.
Nul l  vectors may also be reported as “undef ined arrays” under certain
circumstances.

UNEQUAL SIZE ARRAYS ASSIGNED
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The size at t r ibutes of  the lef t  s ide of  an assignment statement do not
m a t c h  t h o s e  o f  t h e  e x p r e s s i o n  o n  t h e  r i g h t . Note that in an
ass ignment  DEFINE the  r igh t  s ide  size(s)  are copied to the lef t  s ide,
so that mismatching of this sort cannot occur.

UNEQUAL SIZE ARRAYS COMPARE0 . .

The sizes of two non-scalars being compared differ.

UNEQUAL SI ZE ARRAYS IN ARI TH

In  an ari thmeti c operat i on for non- scalars that
equa I s i z e ,  t h e operands wer e not of equal s ize,

requ i res operands of

UNFORMATTED INPUT

The input cards for an unformatted READ or GIVEN statement contained
someth ing  o ther  than  lega l  a r i thmet i c  cons tan ts ,  o r  a  rea l  va lue  was
encountered when an integer uas called for,

ZERO INCRMT IN ITER VECTOR

In an iterati.ve  vec to r  ( index  se t )  the  second e lement  equa l  led  the
f i r s t .
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The fo l low ing  tab les  ind ica te  wha,t  t ypes  and  s t ruc tu res  a re  a l  lowed
w i t h  e a c h  b i n a r y  o p e r a t o r . T o  use these tables to determine whether a
g iven  use  o f  an  opera to r  i s  lega l , f i r s t  f i n d  t h e  t a b l e  f o r  t h a t  o p e r a t o r .
T h e n  c h e c k  t h e  l i s t  o f  l e g a l  d a t a  t y p e s  t o  m a k e  c e r t a i n  t h e  d a t a  t y p e s
you ’ re  us ing  a re  permi t ted , Next ,  f ind  the rocl  c o r r e s p o n d i n g  t o  t h e  d a t a
s t ruc tu re  o f  the .  l e f t  operand  and  the  co lumn cor respond ing  to  the  r igh t
operand. The  tab le  en t ry  fo r  tha t  row and  co lumn ind ica tes  the  s t ruc tu re
o f  t h e  r e s u l t .

If t h e  e n t r y  4s QD i t  m e a n s  t h a t  t h e  o p e r a t i o n  i s  i  I  l e g a l  f o r  t h a t
combina t ion  o f  s t ruc tu res . There may also be a reference to one of  the
footnotes at the end of this Appendix.

Addition and Subtraction: + -

L e g a l  types; i n t e g e r ,  r e a l-.

+- I s c a l a r  v e c t o r row column matr ix a r ray

sea I ar s c a l a r  v e c t o r row column matr ix a r ray

vector v e c t o r  v e c t o r ’  4B @ @ Qp

row row Qp rou’ row’ row’ Qp

co I umn co I umn Qp c o l u m n ’  c o l u m n ’  m a t r i x ’  @

m a t r i x  .  m a t r i x Q m a t r i x ’  m a t r i x *  m a t r i x ’  Qp

array, array Q Qo Q Qp Qp a r r a y ’
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Multiplicstion:  *

Lega l  t ypes :  in teger ,  rea l

* scalar vet tor row column mat r i x a r ray
-.

scalar sea I ar vet tor row column matr ix a r ray

vector vet tor s c a l a r ’  @ @ 63 @

row row 43 m a t r ix* sea I ar2 row’ Qp

column column @ matr i x m a t r i x2 m a t r i x2 @

mat r i x mat r i x @ m a t r i x2 column2  m a t r i x2 QD

a r ray array Qp co @ QD 63

_Division:  /

Lega l  t ypes :  in teger ,  rea l

/ s c a l a r  v e c t o r row column matr ix a r ray

sea I ar scalar Qp Qp @ 69 43

vec tor vet tor Qp Qp @ QD @

row row 69 QD @ Q Qp

co I umn co I umn OD @ @ @ QD

mat r i x mat r i x @ @ 63 Qp 8

a r r a y a r ray Q Qp Qo 8 @

Appendix C (Operators and Operands)MPL User * s Guide
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Horizontal Concatenation: 1

Appendix C (Operators and Operands)

Lega l  t ypes :  in teger ,  rea l ,  l og ica l ,  charac te r

I

scalar

vector

row

co I umn

mat r i x

a r ray

s c a l a r  v e c t o r row column matr ix a r ray

Qp Q -8 Qp QD

Qp v e c t o r  m a t r i x  m a t r i x3 m a t r i x3

@ m a t r i x  m a t r i x  m a t r i x3 m a t r i x3

QD m a t r i x3 m a t r i x ”  m a t r i x3 m a t r i x3

@ m a t r i x3 m a t r i x3 m a t r i x3 m a t r i x3

QD @ QD QD QD

Vertical Concatenation: #

Lega l  t ypes :  in teger ,  rea l ,  l og ica l ,  charac te r

#

sea I ar

vec tor

row

co I umn

m a t r i x

a r ray

s c a l a r  v e c t o r row column mat r i x a r r a y

Qp @ 63 63 @ @

8, matrix1 matrix4 matrix4 m a t r i x4 Qp

@ m a t r i x4 m a t r i x4 m a t r i x4 m a t r i x4 @

Qp m a t r i x4 m a t r i x4 m a t r i x m a t r i x4 @

@ matrix4 m a t r i x4 m a t r i x4 m a t r i x4 8

@ @ 8 @ @ QD

c

c
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Exponentistion: *

Appendix C Klperators  and Operands)

L e g a l  typeet I n t e g e r ,  r e a l

*

scalar

vet tor

row

column

mat r i x

a r ray

s c a l a r  v e c t o r row column mat r i x a r ray

scalar Qp @“ QD @ QD

Qp Q Qp Qp @ Qp

@ @ Qp @ QD QB

@ QD @ 63 QD Qp

Qp QD QD @ 6-D QD

8 43 @ co @ 49

Membership: IN, NOT IN

L e g a l  typest inte@W, real (resul t  always logical)

IN s c a l a r  v e c t o r row column matr ix a r ray

scalar 69 scalar 43 Qp @ @

vet tor Qp @ Qp @ @ 8

row @ @ @ Qp @ 8

co I umn 8 Q Qp Qp @ @

mat r i x QD @ Qp 69 @ @

ar ray QD 8 Qp @ QD @
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Lohal  Multiplication: MULT

Lega l  t ypes :  log ica l

MULT scalar vector row column matr ix a r ray

scalar scalar5  @ -. Qp QD @ @

vector @ @ 69 QD QD 63

row @ @ m a t r i x2 scalar2 row2 69

column QD @ m a t r i x  m a t r i x ’  m a t r i x2 QD

mat r i x Qp @ m a t r i x2 c o l u m n ’  m a t r i x2 @

ar ray Qp @ QD Qp Qp @

Logical Operations:  AND, OR

L e g a l  t y p e s :  kjgical

A N D ,  O R  1 sca la r  vec to r row c o l u m n  m a t r i x  a r r a y

scalar

vec tor

row

co I umn

mat r i x

a r ray
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Assipnment:  : - for I)

L e g a l  types8 i n t e g e r ,  r e a l ,  l o g i c a l ,  c h a r a c t e r

a-

scalar

vec tor

row

column

mat r i x

a r ray

Notes:

s c a l a r  v e c t o r row column m a t r i x a r ray

legal Qp ci 63 @ Qb

legal legal ’ legal ’ legal’ @ 43

legal legal’ legal ’ legal ’ legal’ @

legal legal ’ legal ’ legal ’ legal’ $0

legal @ legal’ legal ’ legal’ @

legal Qp Q 8 @ lega l ’

‘S ize  mus t  match  to  be  lega l .  E .g . ,
row and column have size 1.

r o w  +  column  is  lega l  on ly  i f  bo th  the

2Column  s ize of  f i rst  must equal  row size of  second,

3Ro~ sizes must match.

4Column sizes must match.

5Equivalent to AND operation.
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T h i s  i s  a  c o m p l e t e  l i s t  o f  MPL k e y w o r d s , t o g e t h e r  w i t h  r e f e r e n c e s  t o
where  in  th is  m a n u a l  t h e y  a r e  d e s c r i b e d .

8LET 11.7.1

ABEND 111.4.3
AND 11.2.1.4
ANSWER I .5.2
ARE 1 1 . 4 . 2
ARITHMETIC 3

ARRAY 1.2.3
ARRAYS I a2.3

BEGIN 1.4.1
a n d  1 1 . 3 . 3

BLOCK 11.5.2
B Y 1z.3

CALL 11.4.1
CASE 11.3.3
CHARACTER 11.1.1.2
CHARACTERS 11.1.1.2
COLUMN 11.1.2.2
COLUMNS 11.1.2.2

DEFINE 1.2.3
and 1 . 4 . 2

DEPENDENT 2

DIAGONAL’ 111.1.3
DIMENSIONAL 3

DO 1.4.4
and 1 . 4 . 5
and 11.2.3

DOMAIN 3

DYNAMIC 111.4.2

ELSE I e4.3
-EMPTY 111.4,1
:END 1 . 4 . 1

a n d  1 . 6
and 11.3.3
a n d  II.%2

EXECUTE 11.4.1
EXTERNAL’

FALSE 11.1.1.1
FOR I .4,5

a n d  11.2.3
a n d  11.3.4

FORTRAN 111.3.2.1
FUNCTION II.4

and 111.3.1.5

GIVEN 1.5.3
GO I .4.6
GOT0 1.4.6

IF 1 . 4 . 3
and 11.3.2

IN I .4.5
and 11.2.1.5
and 11.2.3

INDEPENDENT 2

INLINE
INTEGER 1.23
INTEGERS 1 . 2 . 3
IS 11.4.2

and 111.2.2

LET 11.7.1
LOGICAL 11.1.1.1
LOGICALS 11.1.1.1
LOWER’ 111.1.3

MATRICES I .2.3
MATRIX 1 . 2 . 3

and 111.1.1
and 111.1.2

MPL 111.3.2.1
MULT 111.2.1

NOT 11.2.1.4
and 11.2.1.5

NULL 111.2.2

OF 11.3.3
OR 11.2.1.4
OTHERWISE 1.4.3

PARTITION 111.1.2
PARTITIONED 111.1.2
PROCEDURE I I . 4

and 111.3.3.2
a n d  111.3.4

PROGRAM I . 6
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READ I S.3
and 11.6

REAL
REALS I?:
RECTANGULAR’ I ; I: 1.3
REFERENCE 111.3.1
RELEASE 111.4.4
RESULT 111.3.1

and 111.3.3.2
and 111.3.4

RESULTS
RETURN
ROW
ROWS

iII.3.1
11.4.4
11.1.2.1
11.1.2.1

SCALAR
SCALARS
SET
SPARSE’
STOP

I .2.3
1.2~3
111.1.1

I TV3. .

. THEN 1.4.3
TO 1.4.6
TRIANGULAR’ IIIJ.3

’ TRUE II.lJ.1

UNDEFINED’
UPPER’ 111.1.3

VALUE

VALUES

- VECTOR

VECTORS

11.4.2.1
and 111.3.1

11.4,2.1
and 111.3.1

I .2.3
and 11.1.2.1
and 11.1.2.2

1 . 2 . 3

WHERE
WHILE
WITH3
WRITE

11.4.2
1 . 4 . 4

I a5.2
and 11.6

Notes:

‘Reserved for feature not
yet implemented.

2Reserved  f o r  f e a t u r e  n o t
yet defined and thus not
inc luded in th is manual .

30bsolete:  reserved to be
c o m p a t i b l e  w i t h  p r e v i o u s
v e r s i o n s  o f  M P L .
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Michael McGrath

Compiler specifications were prepared by

Theodore C. Tenny and flakoto  Arieawa
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