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*(ML,FE1,FE2,ZI,Z2,Z3) Floating Point 
Multiply. Float- 

ing point numbers symbolized by "FEi" and 
"FE2" are multiplied by each other and the 
product is returned as the value. 

If the result exceeds the maximum al- 
lowed the value is "Zl", and if less than 
the minimum the value is "Z2". 

*(DV,FEI FE2,ZI,Z2,Z3) Floating Point 
' Divide. The 

floating point number represented by "FEi" 
is divided by that represented by "FE2" 
and the result returned as the value of 
this function. 

If the result of this operation ex- 
ceeds the allowable range the value is "Zi", 
if below the minimum then the value is "Z2". 

*(GR,FEI,FE2,T,F) Floating Point Great- 
er Than. If the 

floating point number represented by "FEI" 

is greater than that represented by "FE2", 
then the value of this function is T, oth- 
erwise it is F. 

*(LT,FEI,FE2,T,F) Floating Point Less 
Than. If the float- 

ing point number represented by "FEI" is 
less than that represented by "FE2" the 
value of this expression is T, otherwise 
it is F. 

*(FPMACH, FEI) Floating Point to Mach- 
ine Representation. 

The value of this function is the internal 
machine representation as an octal number 
of the floating point number symbolized by 
"FEi". 

Internal Representation *(MACHFP,O) 
to Floating Point. The 

value of this function is the number in 
floating point format which is represent- 
ed internally in the machine by the octal 
number symbolized by "0". 

CHARACTER AND BIT DATA TYPES FOR FORTRAN--A PROPOSAL TO ANSI SUBCOMMITTEE X3J3 

Boston Fortran Language Standards Group: Kenneth Ahl, John Barrington, John Hillier, 
Evelyn Mack, and Walter Whipple (Hartford Data Center, Control Data Corporation, 
Glastonbury Professional Plaza, 124 Hebron Avenue, Glastonbury, Connecticut 06033, 
telephone 203/633-0296. November 1971. 

I .  OBJECTIVES 

Sc__ope. A f u n d a m e n t a l  c o n s i d e r a t i o n  which  must  be d e c i d e d  upon when c o n t e m p l a t i n g  
B ina ry  and t t o l l e r i t h  d a t a  t y p e s  i n  FORTRAN i s  t h e  o v e r a l l  a p p r o a c h .  Three  
a l t e r n a t i v e s  p r e s e n t  t h e m s e l v e s  i m m e d i a t e l y :  

. Handle  H o l l e r i t h  d a t a  " u n d e r  t h e  g u i s e  o f  a name o f  one o f  t h e  o t h e r  
t y p e s "  w i t h  a few m ~ d i f i c a t i o n s  t o  l e g i t i m i z e  w i d e s p r e a d  n o n - s t a n d a r d  
p r a c t i c e s .  

2. Ex t end  a l l  t h e  a p p l i c a b l e  c o n c e p t s  o f  FORTRAN to  new d a t a  t y p e s  ( such  as 
CHARACTER and B I T ) f o r  l t o l l e r i t h  and B ina ry  d a t a  w h i l e  i n t r o d u c i n g  as few 
new c o n c e p t s  as p o s s i b l e .  

3.  Implement  a whole  new l a n g u a g e  f a c i l i t y  s p e c i f i c a l l y  t a i l o r e d  to  t h e  
manipulation of strings. 

Each of these approaches is feasible and each has desirable aspects along with 
drawbacks. 

The first approach minimizes changes to existing compilers and programs. It is 
undoubtedly the most efficient of the three for machine computation. However, 
it is inherently machine and compiler dependent as well as cumbersome for the 
user. If any degree of ihstallation compatibility is to be preserved it can be 
very wasteful of core storage. 

http://crossmark.crossref.org/dialog/?doi=10.1145%2F1316873.1317450&domain=pdf&date_stamp=1971-10-01


SIGPLAN Notices 23 1971 November IO 

The second approach w i l l  r e q u i r e  ex t ens ive  changes to e x i s t i n g  compi lers  and 
programs.  Address ing w i l l  r e q u i r e  s h i f t i n g  and masking fo r  word o r i e n t e d  
machines .  Since the c u r r e n t  s t andard  FORTRAN makes no p r o v i s i o n  fo r  the  
man ipu la t ion  o f  aggrega tes  of  a r r ay  elements  as v e c t o r s  or s t r i n g s  (except  in  
I/O s t a t e m e n t s ) ,  the  language syntax w i l l  have to be ex tended.  However,_ t h i s  
approach i s  h i g h l y  machine and compi ler  independent  and would provide  e f f i c i e n t  
u t i l i z a t i o n  of  core s t o r a g e .  I t  could be implemented by a l o g i c a l  ex t ens ion  of  
the  same r u l e s  t h a t  have worked so wel l  f o r  FORTRAN a r i t h m e t i c .  

lNe t h i r d  approach w i l l  r e q u i r e  a comple te ly  new compiler  s e c t i o n  to handle  the 
new s y n t a c t i c a l  forms. Due to the powerful  s t r i n g  ope ra to r s  i t  would be 
r ea sonab ly  e f f i c i e n t .  I t  would be machine and compi ler  independent  but  would 
r e q u i r e  a comple te ly  d i f f e r e n t  body of  knowledge on the p a r t  of  the programmer. 

In the  d i s c u s s i o n  which fo l lows ,  where the d i f f e r e n t  approad~es d i c t a t e  d i s t i n c t  
o p t i o n s ,  the  a l t e r n a t i v e s  are  p r e s e n t e d  in the same o rde r  used above. 

Summary. Sections II through IV of this proposal deal with the various 
possibilities for character and binary facilities in the FORTRAN Language. It 
is intended that this portion constitute a working paper rather than an exposi- 
tion of the desired modifications. In this way, the reasons for each change 
may be outlined and considered independently of other features. The fifth 
section, on the other hand, is intended to convey the opinion of the Boston 
FORTRAN Language Standards Group on the most desirable way to incorporate the 
manipulation of character and binary data in FORTRAN. The bibliography at 
the end is not intended to be exhaustive but to indicate those sources the 
group found useful. 

Disclaimer. The opinions and concepts expressed in this proposal are solely 
those of the authors and the Boston FORTRAN Language Standards Group. No 
endorsement or approval by their employers, customers, or professional 
organizations should be inferred. As an independent group of professionals, 
no affiliation with the American National Standards Committee, the Association 
For Computing Machinery, the ACM Special Interest Group on Programming Languages, 
or any other professional organization exists. While the assitance of Control 
Data, MITRE, Raytheon, and New England Life is gratefully acknowledged, no 
approval or knowledge of the group's activities is implied. 

II. STORAGE CONSII)ERATIONS 

Concepts 

Knowledge of  machine v a r i a b l e  s to rage  i s  impor tant  to the  FORTRAN use r  s i n c e  he 
must be aware of  the l ayout  of  v a r i a b l e  b locks  and because he u s u a l l y  i s  under  
a maximum s t o r a g e  c o n s t r a i n t  most i n f l u e n c e d  by da ta  s t o r a g e .  

Storage  Uni t .  At the  p r e s e n t  time the FORTRAN use r  lmsaword o r i e n t e d  s t r u c t u r e  
i n t o  which he p l aces  c h a r a c t e r  or b ina ry  in fo rma t ion  with a packing f a c t o r  
dependent  on h i s  machine.  Under the  gu ise  of  a name of  one of  the o t h e r  types 
of  v a r i a b l e s ,  shor t  s t r i n g s  are  s t o r ed  and manipula ted  in a cumbersome, non- 
s t andard  way. However,  r e t a i n i n g  the b a s i c  s to r age  u n i t ,  the  word, i s  appea l ing  
s i n c e  a l l  machines have such an e n t i t y .  I f  one c h a r a c t e r  per  word were used ,  



w 

SIGPLAN Notices 24 1971 November IO 

the  r e s u l t s  would be machine independent  a t  the cos t  of. s to rage  i n e f f i c i e n c y  
on most machines.  With c l e v e r  programzning of  a u x i l i a r y  r o u t i n e s ,  i t  i s  p o s s i b l e  
to perform most of  the f u n c t i o n s  fo r  which o the r  a l t e r n a t i v e s  are recom- 
mended. I f ,  however, d i s t i n c t  types fo r  c h a r a c t e r  and b i n a r y  da ta  are 
i n t r oduc e d  with an a p p r o p r i a t e  s t r u c t u r e  f o r  each,  then the s y n t a c t i c a l  forms fo r  
o p e r a t i o n s  on numeric types may be ex tended.  With t h i s  approach,  one de f ines  
a c h a r a c t e r  element as a s to rage  u n i t  capable  of  c o n t a i n i n g  one or  more 
cont iguous  c h a r a c t e r s  wi th  no de f ined  r e l a t i o n s h i p  to a word. S i m i l a r l y ,  the 
b i t  can be de f i ned  as a s to r age  u n i t  capable  of  c o n t a i n i n g  one or  more cont iguous  
c h a r a c t e r s  with no de f ined  r e l a t i o n s h i p  to a word. S i m i l a r l y ,  the b i t  can be 
defined as a storage unit capable of containing one or more contiguous bits 
with no defined relationship to a word. On any given machine, the storage units 
of bit, byte (used here to define that amount of storage exactly sufficient to 
contain one character), and word would have a fixed relationship which could 
introduce bit-strings and character-strings of variable length as the basic 
storage units. Such a structure might also be dynamic in nature to allow 
concatenation to occur in place. 

Storage  Layout.  Packing and a l ignment  with word boundar ies  are  impor tant  
c o n s i d e r a t i o n s  because they are  a source of  d e v i a t i o n  between machines.  With 
a word based s t r u c t u r e ,  packing is  performed by the u s e r  in  a machine dependent  
d e n s i t y .  Each s t o r age  u n i t  i s  a l i g n e d ,  by d e f i n i t i o n ,  at  a word boundary.  
With b ina ry  and c h a r a c t e r  e l ement s ,  however,  packing is  a u t o n i a t i c a l l y  dense 
and machine independent  whi le  a l ignment  i s  e i t h e r  l e f t  to  the  user  or  au tomat i c .  
I f  l e f t  to  the u s e r ,  f u l l  word q u a n t i t i e s  may not  be p r o p e r l y  a l i g n e d .  With 
au tomat ic  a l ignment  ( t ha t  i s ,  padding of  p a r t i a l  words) some d i f f i c u l t i e s  
may be exper i enced  by d i f f e r e n c e s  in the amount of  padding between machines .  
In o rde r  to f a c i l i t a t e  e q u i v a l e n c i n g ,  i t  would seem d e s i r a b l e ,  in any case ,  to 
avoid padding between v a r i a b l e s  of  the same type .  The same c o n s i d e r a t i o n s  
e x i s t  with s t r i n g  typ ing ,  a l though an e n d - o f - s t r i n g  marker might be d e s i r a b l e .  
Such a marker would p reven t  the impl ied  c o n c a t e n a t i o n  of  cont iguous  s t r i n g s ,  
however,  and i t  would be adv i s ab l e  to handle  s t r i n g  l eng th  as another  p i ece  
of  i n fo rma t ion  to be s t o r ed  with the s t r i n g  o r i g i n .  Some means of  ach ieve ing  
a w o r d - b y t e - b i t  s y n c h r o n i z a t i o n  fo r  s e l e t e d  v a r i a b l e s  could improve execu t ion  
time at the expense of storage. 

Storage Assignment. Assignment of memory under the first two alternatives 
would probably be sequential as the declarative is encountered, while the 
third alternative would probably assign pointers to a separate dynamic array. 
Sequential assignment is necessary if FORTRAN syntactical forms for numeric 
data are to be used or extended for character and binary data. If special 
language features are to be implemented for strings, then there is no reason 
to require a sequential assignment or even to require static allocation. Of 
course a static sequential assignment might make dump reading easier. Some 
sort of micro (parameter) substitution would be valuable in FORTRAN, partic- 
ularly for use in code which is dependent upon the relationships of different 
storage entities. With the use of "llollerith under the guise of" ... micro 
substitution would permit some form of machine compatibility with maximum 
packing. Under the other alternatives, it would not be of particular utility 
for producing standard code. Of course it would always be useful for "varying 
dimensions if some rudimentary expression evaluation at compile time were 
permitted. 

Standardization Problems. A variety of loop-holes through which non-conforming 
code may appear to be conforming is possible and many compilers provide 
diagnostics to help detect the presence of such loop-holes. Under the proviso 
that "you can do anything if you know better" it might be wise not to prohibit 
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such loop-holes in the standard. Variables in common, equivalence statements, 
subroutine parameter lists, and arrays present the opportunity for mixed mode 
operations without the appropriate mixed mode conversion. This problem is 
particularly serious with character, bit, and string data because it permits 
non-conforming code. However, since the problem is not restricted to character 
and binary data types, it should be •considered for the language as a whole 
rather than be treated here. 

D e c l a r a t i v e s  

Type S t a t e m e n t .  The t y p e  s t a t e m e n t s  now c o n t a i n e d  in  FORTRAN a r e  a d e q u a t e  f o r  
ffd-i e~-~h=uf f8%¥ t h e  g u i s e  o f  a name o f  one o f  t h e  o t h e r  t y p e s ,  t towever ,  i f  
c h a r a c t e r  and b i n a r y  d a t a  a r e  t o  be r e c o g n i z e d  a s  u n i q u e  d a t a  t y p e s ,  i t  i s  
n e c e s s a r y  to  add a p p r o p r i a t e  d e c l a r a t i v e s  such  as CItARACTER and BIT. I f  a 
more e x t e n s i v e  c a p a b i l i t y  i s  t o  be i m p l e m e n t e d ,  c h a r a c t e r  s t r i n g  and b i n a r y  
s t r i n g  t y p e s  s h o u l d  be p e r m i t t e d .  The c h a r a c t e r  and c h a r a c t e r - s t r i n g  t y p e s  
would be composed o f  s i n g l e  b y t e s .  The p r e s e n t  H o l l e r i t h  u sage  c o u l d  be 
r e t a i n e d  f o r  u se  on mach ines  r e q u i r i n g  n o n - s t a n d a r d  b y t e s  f o r  e x t e r n a l  med ia .  
C o n f o r m i t y  be tween  i n s t a l l a t i o n s  would  be a i d e d  by a s t a n d a r d  c h a r a c t e r  
r e p r e s e n t a t i o n .  B ina ry  and b i n a r y - s t r i n g  t y p e s  s h o u l d  a l l o c a t e  one o r  more 
c o n t i g u o u s  b i t s .  

Byte l e n g t h  may be v a r i a b l e  d e p e n d i n g  on t h e  machine  o r  f i x e d  to  some s t a n d a r d .  
For  common word l e n g t h s ,  a s i x  b i t  b y t e  i s  most  l i k e l y  t o  pack i n t o  a sma l l  
number o f  words .  For  i n s t a n c e ,  i t  f i t s  i n t o  one word f o r  mach ines  h a v i n g  
6 ,  12,  18, 24,  30,  36,  42 ,  48,  54,  and 60 b i t  words ,  w h i l e  i t  f i t s  i n t o  two 
words f o r  mach ines  w i t h  3, 9,  15, 21, 27,  33 b i t  words ;  e t c .  and i n t o  t h r e e  
words  f o r  l aach ines  whose word l e n g t h  i s  a power o f  2. A seven  b i t  b y t e ,  on 

• t h e  o t h e r  hand r e q u i r e s  s even  words f o r  even p a c k i n g ,  e x c e p t  f o r  7, 14, 21,  28,  
35,  42,  49 b i t  words which a re  n o t  common. P r e s e n t  p r a c t i c e  has  been  to  i n s e r t  
a p a d d i n g  b i t  t o  pack  f i v e  7 - b i t  c h a r a c t e r s  i n t o  36 b i t s .  The 8 - b i t  b y t e  
s u f f e r s  from an i n a b i l i t y  t o  pack e v e n l y  i n t o  mach ines  w i t h  words o f  l e n g t h  
12, 15, 18, 30,  36,  and 60.  On 1 5 - b i t  m a c h i n e s ,  8 - b i t  b y t e s  a re  e s p e c i a l l y  
bad ,  s i n c e  15 b y t e s  pack  i n t o  8 words ,  t towever,  t h e  wide usage  o f  9 - t r a c k  
t a p e s  and 8 - b i t  b y t e  a d d r e s s i n g  mach ines  as w e l l  as t h e  r a t h e r  l a r g e  
r e p r e s e n t a t i o n  i n  t h e  m a r k e t  by IBM makes t h e  8 - b i t  b y t e  a t  l e a s t  as a t t r a c t i v e  
as a 6 - b i t  b y t e .  An u n s p e c i f i e d  b y t e  l e n g t h  g e t s  a round  t he  p a c k i n g  p r o b l e m ,  
as h a r d w a r e  m a n u f a c t u r e r s  u s u a l l y  p i c k  t h e  opt imum f o r  each  m a c h i n e .  Both 7 
and 8 b i t  b y t e s  p e r m i t  t h e  f u l l  ASCII c h a r a c t e r  s e t s .  Most m a n u f a c t u r e r s  a re  
o f f e r i n g  8 - b i t  c a p a b i l i t y  on t h e i r  newer  m a c h i n e s .  

Equivalence Statements. No change is contemplated for equivalence statements 
except that some form of a string specification would seem desirable, perhaps 
with a new declarative. This declarative would define a word, group of words, 
or string to be equivalent in every sense to an arbitrary group of characters. 
The format of this declarative is not ilmnediately apparent. 

Common Statements. Common statements present alignment a n d  mixed mode problems 
that ]lave already been discussed under standardization problems. Dimension 
statements present alignment problems. Data statements must suit the syntax 
of the variable being preset. Most present compilers have suitable forms, 
provided that the appropriate constants are available. 
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L e n g t h  A t t r i b u t e .  Some fo.):m o f  v a r i a b l e  l e n g t h  a t t r i b u t e  has  been  s u g g e s t e d  f o r  
t h e  FORT?'&N l a n g u a g e  and t he  IBM s y n t a x  o f  n a m e * l e n g t h  c o u l d  be u s e d  w i t h  t h e  
f o l l o w i n g  p o s s i b l e  i n t e r p r e t a t i o n s .  

N a.me, t y p . e  

Binary 

U n i t  f o r  l e n g t h  

( Nmnber o f  b i t s  i n  a s t o r a g e  u n i t ;  d e f a u l t ,  one b i t  

( Maximum number o f  b i t s  i n  t h e  s t r i n g s ;  
o r  ( d e f a u l t  one b i t .  

C h a r a c t e r  ( Number o f  b i t s  i n  t h e  c h a r a c t e r ;  d e f a u l t ,  e i g h t .  

( blaximum number o f  c h a r a c t e r s  i n  t h e  s t r i n g ;  
o r  ( d e f a u l t  one c h a r a c t e r .  

Numeric ( Number of bytes in the data type. 

or ( Number of significant figures for the data type. 

Note that in the case of numeric data, the first unit implies storage in a byte 
oriented array, rather than a word oriented array. A real number could be used 
for length, with a length in bits following a period to imply bit storage of the 
v~luc: inste~.d, o f  byte. stora~,e,. , In t he  c~"-~s o f  ntr.::~.:ri c data , .  ~'l.i~p~ent,_ 7~:i.oht~, be 
f o r c e d  or  aTcquired to  s u i t  a r i t h m e t i c  p r o c e s s e s  on a g i v e n  co~iputer .  Such 
n u m e r i c  d e c l a r a t i o n s  would be u s e f u l  f o r  machine  o p t i m i z a t i o n .  The s e c o n d  u n i t  
f o r  n u m e r i c  d a t a  t y p e s  would p r o b a b l y  g u a r a n t e e  a minimum up to  t h e  maximum 

e s t a b l i s h e d  by t h e  i m p l e m e n t a t i o n .  

Lambird has proposed that in the case of character data, the length 
be variable up to the limit imposed by the initial declaration. 
lle further proposed functions and subroutines to redefine and 

retrieve the length. 

I I I  - ARITHMETIC 

A. Character Constants 

Character constants have been considered to be of three possible forms: 

I .  VCC...Ct 
2. 'cc...c'C (as 'dd...d'B is for bit strings) 
3. n H c c . . . c  

Advan t ages  o f  t i le  f i r s t  i s  t h a t  i t  i s  a l r e a d y  employcd  in  most  i m p l e m e n t a -  
t i o n s .  In  f o r m a t  s t a t e m e n t s ,  i t  i s  n o t  n e c e s s a r y  to  coun t  t h e  number o f  
characters (as is necessary in 3.), as long as the total number of 
characters is less than the record size. The form is compatible with the 
bit-string constant suggested below. Example 'J011N' 

Bit-string constants can be represented in a compatible format, for 
exmnple: 'dd...d'B or 'i0110111'B. 
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B. 

In a d d i t i o n  to  t h e  use  o f  B to  d e n o t e  b i n a r y  d a t a ,  0 c o u l d  be u sed  to  
i n d i c a t e  o c t a l  o r  H u s e d  to  i n d i c a t e  h e x a d e c i m a l .  In  a l l  c a se s  b l a n k  
would  be a l l o w e d  and would be e q u i v a l e n t  t o  t he  d i g i t  z e r o .  

For  s p e c i a l  a p p l i c a t i o n s ,  i t  m igh t  be d e s i r a b l e  t o  r i g h t  a d j u s t  t h e  d a t a  
in  a f i e l d .  Th i s  cou ld  be i n d i c a t e d  by a f i e l d  w i d t h  f o l l o w i n g  tile 
t ype  d e s i g n a t o r .  

'ABC'Ci0 = ' ABC'C 
'77'012 = '0077'0 = '000000111111'B 

Statements where used: DATA, FOR~,I~T, character expressions. 

Variables and Arrays 

I. llollerith Variables 

The Hollerith variable is the character data under the guise of a 
name of one of tile other types presented in the present standard. 

2. Character Variables 

These are single characters each occupying one character-storage 
unit. A character variable is a datum containing I U6-ne 

a variable number 

o f  c h a r a c t e r s  d e p e n d e n t  upon t h e  p r o p o s a l  form s e l e c t e d .  

They a r e  d e f i n e d  by a CHARACTER t y p e  s t a t e m e n t .  

Example:  CHARACTER CIt,LETTER,DIGITS 

The v a l u e  o f  a CHARACTER v a r i a b l e  may be d e f i n e d  by:  

a) DATA s t a t e m e n t  

DATA C H / ' J ' / , D I G I T S / ' 2 ' /  

b) Assignment statement 

LETI'ER = 'K' 
DIGITS = CH 

c) Input list as specified in section IV 

d) Function or Subroutine reference: CALL SUBR (CII,DIGITS) 

e) Common 

3. CHARACTER Arrays 

Character arrays can be represented as strings or arrays of strings. 
A string in this connotation is a connected sequence of characters. 
Each character is defined to occupy one character-storage unit (byte) 
Character arrays are specified by an array declarator in a DIMENSION 
or CHARACTER s t a t e m e n t .  
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C. 

a) For  a CltARACTEIt d e c l a r a t o r :  

EDHARACTER A B,X 
IMENSION A(27), B(27,10),X 

X i s  a s i n g l e  c h a r a c t e r  v a r i a b l e ,  A has  a l e n g t h  o f  27 c h a r a c t e r s ,  
and B i s  an a r r a y  o f  10 e l e m e n t s  each o f  l e n g t h  27 c h a r a c t e r s .  

b) For  a s t r i n g  d e c l a r a t o r :  

CHARACTER *27 A,B(1.0) 
CHARACTER A*27,B*27 (10) ,X 

The *27 i n d i c a t e s  t h e  l e n g t h  a t t r i b u t e ,  t h a t  i s ,  t h e  number o f  
c h a r a c t e r  v a r i a b l e s  in  an e l e m e n t . .  

! . Iul . t ip le  E lement  Syn tax  

The fo l . l owing  d i s c u s s i o n  t r e a t s  o n l y  t h e  c h a r a c t e r  d a t a  t y p e ,  s i n c e  
m u l t i p l e  e l e m e n t  s y n t a x  i s  n o t  a p p l i c a b l e  t o  t t o l l e r i t h  d a t a  and i s  i m p l i c i t  
i n  t h e  d e f i n i t i o n  o f  s t r i n g .  

C h a r a c t e r  d a t a  must  be a b l e  t o  be r e f e r e n c e d  more t h a n  one c h a r a c t e r  a t  
a t i m e .  P r o p o s a l s  f o r  a c c o m p l i s h i n g  t h i s  a r e :  

a) E q u i v a l e n c i n g  a r r a y s  
b) E lement  l i s t s  ( a l s o  c a l l e d  i m p l i e d  DO loops  o r  p a r t i a I  a r r a y s )  
e) S u b a r r a y  d e f i n i t i o n  

Let  X be a c h a r a c t e r  o f  l e n g t h  8 w i t h  e l e m e n t s  Y and Z o f  l e n g t h  6 and 3 
as f o l l o w s :  ? 

. r . 7 7 -  .,. [ 2EFl_,D:.%lT/ZITiTiiI2]i:[.::!Z[iIZ]7.iFZi::t._L..t ...... 
L -,- i 

X 

a) Equivalencing arrays: 
CItAR,~CTER X(8) ,  Y ( 6 ) , Z ( 3 )  
Equ i VALt;i.!CJi (X (2 ) ,  Y (1)), (X (C,), X (J.) ) 

1'he e n t i r e  a r r a y  c o u l d  bc r e f e r e n c e d  by u s e  o f  i t s  nmne w i t h o u t  s u b s c r i p t s .  
A l t e r n a t i v e l y ,  t h e  a r r a y  name c o u l d  be f o l l o w e d  by empty p a r e n t h e s e s ,  n u l l  
s u b s c r i p t s ,  o r  a s t e r i s k  s u b s c r i p t s  t o  mean t h c  e n t i r e  a r r a y .  

b) Element List 

The e l e m e n t  l i s t ,  o r  p a r t i a l  a r r a y ,  can be p r o p o s e d  in  t h r e e  fo rms ,  
each  o f  which wou ld  have  d e f a u l t s  d e s i g n a t e d  f o r  m i s s i n g  p a r a m e t e r s .  
The d e f a u l t e d  p a r a m e t e r s  c o u l d  be m e r e l y  n u l l  o r  r e p l a c e d  by an 
a s t e r i s k .  

1. Use o f  a c o l o n  t o  s e p a r a t e  t h e  s t a r t i n g  c h a r a c t e r  and t h e  l e n g t h .  

Employ ing  t he  above s k e t c h  
X(2:6)  i s  t h e  same as Y 
X(6:3) is the same a': Z 
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D. 

2. Use of double period to specify start and final 

X(2..7) is the same as Y 
X(6..8) is the same as Z 

3. Implied DO loops in form similar to present usage 

(X(I),I=2,7) is the same as Y 
(X(I),I=6,8) is the same as Z 

If C were dimensioned (10,10) as type Character many forms for 
referencing the entire array would be possible, such as: 

C C(l : I0,1:10) C(1. . i0 ,1. . i0)  ((C (I,J) , I= i ,  lO)J=l, 10) 
C() 
C(,) C(: , : )  C ( . . , . . )  
C(*,*) 
C(*) 

EleI~ent lists would be a generally useful feature in FORTRAN in 
places other than I-O lists and DATA statements. 

Form 3 above is rather clumsy. Forms 2 and 3 cannot be applied to 
other than the leftmost subscript. ~e advantages of forms 1 and 
2 are illustrated by the following examples of partial arrays. 

I) DIMENSION A(10,10) The 3 characters starting 
• . . A(5,5:3) . . . at 5,5 

2) DIMENSION A(10,10) The characters from 5,5 to 7,5 . 
• . . A ( 5 . . 7 , 5 ) . . .  

31 DIMENSION A(10,10) The characters from 5,5 to 7,5 
• . . A(5,5:7,5) 

This form would be allowed 'in: Data statements, I/O lists, arguments, and 
assignment statements. 

The use of : in the above is only for example. The separator could be any 
character including comma. 

c) Subarray definition: 

The subarray definition is similar to the equivalencing arrays paragraph, 
but employing special syntax for subarray definition: 

CHARACTER X(8) 
SUBARRAY Y(6) :X(2), Z(3) :X(6) 

with the same referencing as in paragraph a). 

~pressions Involving Characters 

I. Comparison 

In the current standard, IIollerith data may not be compared or concatenated. 
These operations can be done for either Hollerith data, or the new CHARACTER 
data type by defining either intrinsic functions, CO;,IPR or CONCAT, or 
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operators, (A .EQ.B) or (A-B). The .EQ. appears to be generally accept- 
able. The A-B will produce problems if mixed mode expressions are allowed. 
(See following subsection.) The relational operators ( .LT., .GT.,etc) 
could be use3 in a collating sequence sense. 

2. Concatenation and string operations 

A s e r i o u s  p r o b l e m  o c c u r s  w i t h  S t r i n g  e x p r e s s i o n s :  t h e  g e n e r a t i o n  o f  
t e m p o r a r y  r e s u l t s .  I f  t h e  }e~!g_th_ o f  a ter~j)p~Lar__y - c a n n o t  be p r e d i c t e d ,  
t h e n  t h e  co, ,npi ler  Cannot  e f f i c i e n t l y  a l l o c a t e  s t o r a g e .  Such t e m p o r a r i e s  
c o u l d  be g e n e r a t e d  as a r e s u l t  o f  a f u n c t i o n  a t t e m p t i . n g  t o  r e t u r n  a s t r i n g  
r e s u ] t ,  o r  by t h e  c o n c a t e n a t i o n  o f  s e v e r a l  s t r i n g s .  

Tllere are several solutions to this problem, none of them completely 
s atis factor}' : 

I) Do not allow functions, intrinsic or otherwise, to return strings as 
a result. This includes a prohibition on concatenation. 

2) Provide some r,~eans of statical]y allocating storage for intermediate 
and function results, such as allowing function names to appear in 
Dimension state~ents to assign sufficient storage for the return of 
a string result. 

3) Require FORTRAN to dynamically allocate core at execution time when 
necessary. 

The f i r s t  j s  r e s t r i c t i v e ,  tLe soco'.,/l both i~'moses r e s t r i c t i o n s  and wastes 
s to rage  in  each tc~,~porary, wh i l e  the t h i r d  zs nei - ther  e f f i c i e n t  nor  I.Ol{iJ,.w, 
l i k e .  A l s o ,  s e l e c t i o n  o f  t he  f i r s t  r e q u i r e s  t h a t  a l l  s t r i n g  o p e r a t i o n s  
be done by S u b r o u t i n e  where  r e s u l t s  can be r e t u r n e d  to  u s e r  d e f i n e d  a r e a s .  

E. AssiRnment Statements 

A=B where A and/or B may be arrays should be permitted. 

3"he interpretation would be: 

If the length of A is the same as the length of B, each element of B will be 
moved to the corresponding element of A. If A is shorter, the remainder 
of B should be ignored. If A is longer, it might be filled by null entries 
(zero, bl,nnks, . False.) 

F. Mi×ed Hode Expressions and Statements 

There are several ways of treating Character variables when used in arithmetic 
context. One suggestion is that the arithmetic value of a string be the ASCII 
value of the first character. Another possibility is to convert strings to 
and from integer mode as required, this would be defined only for strings 
containing characters with the format of integer constants. It is also 
possible to not define such operations. 

Bit strings represent a differel~t problem. One solution is to define no 
conw~rsion between bit strings (arrays) and other data types and declare that 
the bit pattern shall simply be transferred between variables. 
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Consider mixed mode s t a t e m e n t s  of the  form: 

I = C and C : I 

where I i s  an i n t e g e r  v a r i a b l e  and C i s  a CHARACTER v a r i a b l e .  ]~o i n t e r p r e t a -  
t a l o n s  a re  p o s s i b l e :  

I) ASCII c o l l a t i n g  sequence u s i n g  i n t r i n s i c  or imp l i ed  f u n c t i o n s  

I : ASCII  (C) 
C : IICSA ( I )  

either defined for the first character of C only, or possibly for all 
characters resulting in an array of integers, one element per character. 

2. The FORNAT-statement t ype  o f  I c o n v e r s i o n :  

I = BCDBIN (c) 

C = BINBCD (I) 

d e f i n e d  as r i g h t - a d j u s t e d ,  b l a n k - f i l l e d  numer ic  to  BCD f o r  as man), c h a r a c t e r s  
as a re  c o n v e r t e d  i f  C i s  long enough,  (a s u g g e s t i o n ) .  

The f i r s t  o f  t h e s e  two a l t e r n a t i v e s  might  be p r e f e r r e d  f o r  t he  i m p l i c i t  mixed-  
mode c o n v e r s i o n  because  t he  BINBCD f u n c t i o n  v i o l a t e s  the  p roposed  r u l e  t h a t  
a f u n c t i o n  may no t  r e t u r n  a c h a r a c t e r  s t r i n g  as a r e s u l t .  

Another  o b j e c t i o n  to  the  second form i s  t h a t  i t  i s  d e f i n e d  f o r  a v e r y  l i m i t e d  
s u b s e t  o f  the  t o t ~ !  c h a r a c t e r  s e t ,  t he  n u m e r a l s .  CttARACTEP, d a t a  i s  g e n e r a l l y  
used  to  p e r m i t  f o r m a t - f r e e  p r o c e s s i n g  o f  i npu t  and o u t p u t  d a t a .  For t h i s ,  the  
e n t i r e  c h a r a c t e r  s e t  and a c o n v e r s i o n  to  a s t a n d a r d  c o l l a t i n g  sequence  a re  
h i g h l y  d e s i r a b l e .  When c h a r a c t e r  opera t io~ls  have d e t e r m i n e d  the  f i e l d  to  be 
n u m e r i c ,  t hen  some form o f  Encode/Decode or  r e r e a d  may be used to  pe r fo rm  a 
numer i c ,  f o r m a t t e d  c o n v e r s i o n .  

G. String Functions & Subroutines 

Even though t h e r e  may be problems p a s s i n g  arguments  to  subprograms on a word 
o r i e n t e d  mach ine ,  i t  would be a s e r i o u s  l i m i t a t i o n  to  r e s t r i c t  the  use  o f  
CtlARACTER/BIT v a r i a b l e s ,  c o n s t a n t s ,  or  e x p r e s s i o n s  in  c a l l s  to  subprograms.  
( I t  may be n e c e s s a r y  to  pass  a p o i n t e r  to  t he  s t a r t i n g  c h a r a c t e r . )  

From the earlier discussion of string expressions, it appears that it would 
be unwise to try to define character functions which can return a value of 
more than a single character, unless some means of declaring a function 
dimension were added to FORTRAN. However, since the need for such a facility 
exists for all types of functions, not just character and bit functions, it 
will not be considered further here. 

In passing arguments (as well as in I/O lists), the extra information (pointer 
to first character) may make it desirM)le to pass Character arguments in a 
manner different than that of other data types. This is not. a problem since 
the Actual and Dummy arguments can be required to be of the 'same type. Ho:..'ever, 
this feature will make it difficult, if not impossible, to continue to handle 
character data under the guise of some other data type. 
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A. Formats 

B. 

Format ted  I/O w i l l  r e q u i r e  changes  in  the  FOR~!AT s t a t e m e n t  to  i n c o r p o r a t e  
CliAP, ACTER and BIT d a t a  t y p e s .  ClIARACTER d a t a  can c o n t i n u e  to use  the  'A' 
d e s c r i p t o r ,  or  a ne~, t y p e  ( e . g .  "C") cou ld  be d e f i n e d .  BIT d a t a  w i l l  p r o b a b I y  
r e q u i r e  a new d a t a  t ype  ( e . g .  " g " ) .  

The new d e s c r i p t o r s  would have a r e p e a t  count  a s s o c i a t e d  wi th  them, and 
p o s s i b l y  a w i d t h .  Unless  we c o n s i d e r  t h a t  the  d a t a  i s  s t o r e d  in  s t r i n g s ,  t he  
wid th  s p e c i f i c a t i o n  i s  p r o b a b l y  not  too m e a n i n g f u l .  We c o u l d s p c c i f y  t h a t  
t he  s t r i n g  l e n g t h  d e f i n e s  ' g '  f o r  the  s t r i n g ,  CtIARACTER and BIT d a t a  would 
assume ' g '  equal  to  one in  t he  absence  o f  a STRING d e c l a r a t i o n .  This  e q u i v a -  
l e n t  ' g '  would then  i n t e r a c t  wi th  the  wid th  in  the  same maturer as c u r r e n t l y  
occurs with the "A" descriptor. 

I t  may be d e s i r a b l e  to  c o n t i n u e  to  use  "A" f o r  CIIAP~,CTER d a t a  t y p e ,  bu t  may 
cause  c o n f l i c t s  i f  i t  i s  d e s i r e d  to  c o n t i n u e  t e m p o r ~ r i l y  tile use  o f  I l o l l e r i t h  
u n d e r  t he  g u i s e  o f  a n o t h e r  t y p e .  This  i s  e s p e c i a l l y  t r u e  s i n c e  i t  may be 
d e s i r a b l e  to  use  "C" f o r  COblPLEX d a t a .  A p o s s i b l e  r e s o l u t i o n  i s  t h a t  s i n c e  
the  wid th  s p e c i f i c a t i o n  i s  no t  too m e a n i n g f u l  f o r  CIIARACTER d a t a ,  the  d e s c r i p t o r  
"A" would imply CttARACTEP, and "Aw" would ilnply t l o l l e r i t h  unde r  the  g u i s e  o f  
a n o t h e r  t y p e .  A l t e r n a t i v e l y ,  a n o t h e r  l e t t e r  such as "K" could  be used to  
d e s i g n a t e  c h a r a c t e r  d a t a .  

No consensus  has been r e a c h e d  on the  e x a c t  for laa t  o f  BIT c o n v e r s i o n ,  whe th e r  
t he  r e p r e s e n t a t i o n  shou ld  be b i n a r y ,  o c t a l ,  hex ,  or  even v a r i a b l e .  

I n p u t 2 0 u t p u t  l i s t s  

"there appea r s  to  be no r e a s o n  to  r e s t r i c t  or  modi fy  t he  I/O l i s t  f o r  CHARACTER 
o f  BIT d a t a  t y p e s .  

This  would i n c l u d e  a r r a y s ,  a r r a y  e l e m e n t s ,  v a r i a b l e s ,  and i m p l i e d  1)0 l oops .  

I t  would be d e s i r a b l e  to  a l s o  a l low the  forms o f  e x p r e s s i o n s  and c o n s t a n t s  on 
o u t p u t  f o r  a l l  d a t a  t y p e s .  

C. Unfo rma t t ed  I n p u t - O u t p u t  

Unfo rma t t ed  I/O o f  CItARACTER and BIT d a t a  shou ld  be a l l owed .  ] 'here  may be 
some problems due to  n o n - a d h e r e n c e  to  word b o u n d a r i e s ;  bu t  s i n c e  no machine 
c o m p a t i b i l i t y  o f  b i n a r y  d a t a  i s  assumed or  imp l i ed  in  the  s t a n d a r d ,  the  
problem can be s o l v e d  by the  use  o f  a d d i t i o n a l  c o n t r o l  words ,  e t c .  

D. Encode/Decode 

ENCODE/DECODE have proven  to  be a r e a s o n a b l e  t e c h n i q u e  f o r  i n - c o r e  t r a n s l a t i o n  
t o / f r o m  l l o l l e r i t h  d a t a .  They are  ea sy  to  l e a r n ,  m o d e r a t e l y  e f f i c i e n t ,  and 
u s u a l l y  ea sy  to  implement .  

S ince  t h e r e  i s  r a r e l y  any r e a s o n  to  have CItARACTER d a t a  u n l e s s  i t  i s  e i t h e r  
i n p u t  o r  i n t e n d e d  f o r  e v e n t u a l  o u t p u t ,  t he  salne b a s i c  method o f  c o n v e r s i o n  
would appear  d e s i r a b l e .  
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E. 

ENCODE/DECODE should ideally impose no limit on the string length which can be 
used. There should be a definition of multiple record operations. (The 
methods used in current implementations are not necessarily the best,) 

Because  o f  t he  i n h e r e n t  i n e f f i c i e n c y  i n  ENCODE/DECODE, i t  would be d e s i r a b l e  
t o  have  o t h e r  me thods  o f  d o i n g  c e r t a i n  c o n v e r s i o n s ,  e s p e c i a l l y  INTEGER t o / f r o m  
CI~RACTER/BIT. 

Reread 

Experience indicates that the REREAD capability is desirable. A format such as 
reading from unit zero (orREREAD) will reformat the last record read on any 
unit. It is not normally difficu!t to implement and is useful for reading 
records which could not be read via the original format. 

I t  s h o u l d  be n o t e d  t h a t  r e r e a d  c o u p l e d  w i t h  r e w r i t e  r e d u c e s ,  b u t  does  n o t  
e l i m i n a t e ,  t h e  n e c e s s i t y  f o r  ENCODE/DECODE. Reread  r e a d s  d m  l a s t  r e c o r d  from 
a c o r e  b u f f e r ,  r e w r i t e  w r i t e s  i n t o  t h i s  co re  b u f f e r .  R e w r i t e  c o u l d b e  
i m p l e m e n t e d  in  t h e  same manner  as r e r e a d  ( e . g .  by a WRITE on u n i t  z e r o ) .  I t  
i s  l e s s  d e s i r a b l e  t h a n  ENCODE/DECODE f o r  t h e  f o l l o w i n g  r e a s o n s .  An o p e r a t i o n  
t o  g e n e r a t e  t h e  r e c o r d  ( r e w r i t e )  and a n o t h e r  t o  r e t r i e v e  i t  (Reread)  would  be 
r e q u i r e d ,  t h e  r e c o r d  s i z e  would be l i m i t e d  t o  an i n t e r n a l  work a r e a  s i z e ,  and 
t h e r e  would be no e a s y  way to  h a n d l e  m u l t i p l e  r e c o r d  R e a d / W r i t e  s t a t e m e n t s .  

V RECOMMENDED FEATURES 

A. Introductory Remarks 

This  p r o p o s a l  a d o p t s  t h e  s e c o n d  o f  t he  t h r e e  a l t e r n a t i v e s  l i s t e d  i n  
S e c t i o n  I ,  namely  t o  e x t e n d  t h e  l a n g u a g e  by add ing  new d a t a  t y p e s  w i t h  
a few changes  t o  t h e  s y n t a x .  The new t y p e s  a r e :  

CHARACTER for character data, and 
BIT for binary data. 

Character and Bit strings are implemented as arrays, where the first 
dimension could be considered to be the string length. 

The proposed Character and Bit additions include the facilities now 
available by using "Hollerith under the guise of a name of one of the 
other types", but are independent of the data types now in the language. 

A major advantage of the proposed Character and Bit data types is that 
most of the syntax necessary for defining and using these types is identical 
with that of the existing types. As a consequence, additions to syntax 
for the existing types can enhance the new types and vice versa. For 
example, the multiple-element syntax proposed in the following section as 
an addition for string and substring referencing can be easily extended to 
all data types, thereby simplifying the source code required to handle any 
array. 

The Fortran modifications required to implement Character and Binary data 
types, along with desirable extensions to increase their utility, are 
presented in Section B. Section C contains examples of the use of the 
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B. Proposed. ,,. ~ Fortran. ,,. , .Modification 9 

DECLARATIVE. ~o new type declaratives, CHARACTER and BIT, are required 
with the same syntax rules as any other type declarative. A variable, 
array element, or array name of type Character or Bit may appear anywhere 
a variable of another type may appear, with the same restrictions regarding 
the mixing of variables of different types. One bit of storage shall be 
allocated for a single element of type Bit and one byte for a single element of 
type Character. Successive allocations of data elements of the same type 
shall be continuous, but a word may actually contain any number of charac- 
ters or bits as long as the packing factor is transparent to the user. 
For Character data, at least the FORTRAN Character set shall be implemented. 
Additional characters, representable on the object machine, could be added 
to the set of character variables. The relationship between data elements 
occupying a bit, byte, and word is undefined, thus the results of mixing 
these types in Equivalence statements and subroutine parameters is also 
undefined. In statements which allocate storage, the compiler will insert 
whatever padding is required to achieve alignment of byte and word 
boundaries~ between different data types. 

CONSTANTS. Character and Bit constants will be delimited by single quotes. 
A double quote in a Character constant will be interpreted as an embedded 
single quote. For Bit data, blanks will be interpreted as zeroes. Constants 
are followed by a d~aracter to designate the type of the constant (C or 
blank for Character data, B for binary, 0 for octal, and II for hexadecimal). 
Octal and hexadecimal constants are merely shorthand notations for Bit 
constants. The length of any constant is the number of character or bit 
positions it occupies. A Character constant is measured in bytes, a Bit 
constant in bits. A Character constant may optionally be followed by a 
justification and length specification which permits specifying only the 
subfield which contains non-blank characters. Left justification is the 
default, with L or R specifiable. The complete specification is: 

'text ...' 

MOL~CONVERSIONS. Character and Bit data may appear in mixed mode expressions 
with data of other types. Conversion of Character data shall occur via the 
Integer type for each character. A standard character code is required for 
such conversions and it is suggested that the USASCII code be specified for 
character-integer conversion. Bit data is handled in the same manner 
except that each binary digit is converted to its same value as an integer. 
Integers other than zero and one are undefined when converted to Bit. 
Conversion to other data types for the purpose of evaluating mixed mode 
expressions is done by converting first to Integer,then to the required type. 

CIIARACTER AND BINARY EXPRESSIONS. Character expressions are limited 
to a constant, variable, array element, array or function reference. 
No Character operations are defined. Bit expressions are composed of 
binary operands and binary operators which are the same as the logical 
operators .AND., .OR.,.XOR. and .NOT., where a True logical state is the 
same as a binary 1 for the resulting operation. 
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CHARACTER AND BIT ASSIGNMENT STATEMENTS. Assignment statements follow 
the exist'ing rules of Fortr'an, except that an expression may cause more 
than one assignment operation if the length of the evaluated expression 
exceeds one and the receiving variable is an array name. In other words, 
it is proposed that a statement of the form 

ARRAYi = ARRAY2 

mean flxat t h e  e l e m e n t s  o f  ARRAY2 be moved t o  ARRAY1. I f  ARRAY1 and ARRAY2 
have  u n e q u a l  d i m e n s i o n s ,  e i t h e r  t h e  e x c e s s  e l e m e n t s  o f  ARRAY2 would be 
i g n o r e d  o r  ARRAY1 would  be f i l l e d  o u t  w i t h  n u l l  d a t a ,  d e p e n d i n g  on w h e t h e r  
t h e  d e c l a r e d  s i z e  o f  ARRAY2 i s  l a r g e r  o r  s m a l l e r  t h a n  t h e  d e c l a r e d  s i z e  o f  
ARRAY1. A n u l l  da tum c o u l d  be  d e f i n e d  as b l a n k  f o r  a C h a r a c t e r  a r r a y ,  
F a l s e  f o r  a L o g i c a l  a r r a y ,  and ze ro  f o r  t h e  o t h e r  t y p e s .  

COMPARISON OF CHARACTER AND BIT EXPRESSIONS, The .EQ. and .NE. o p e r a t o r s  
a r e  d e f i n e d  f o r  t h e  C h a r a c t e r  and B i t  d a t a  t y p e s .  The othez '  r e l a t i o n a l  
o p e r a t o r s  a re  u n d e f i n e d .  I t  i s  p r o p o s e d  t h a t  two a r r a y s  may be compared 
f o r  e q u a l i t y :  

ARRAY1 .EQ. ARRAY2 
ARRAY1 .NE. ARRAY2 

where  t h e  a s s u m p t i o n  would  be made t h a t  t h e  s h o r t e r  a r r a y  i s  f o l l o w e d  by 
s u f f i c i e n t  n u l l  d a t a  t o  make t h e  c o m p a r i s o n  ~ e a n i n g f u l .  

SYNTAX FOR SUBARI1AYS. In  t h e  a s s i g n m e n t  and c o m p a r i s o n o p e r a t i o n s ,  as 
w e l l  as i n  I /O l i s t s  and subprog ram a r g u m e n t s ,  i t  would  be c o n v e n i e n t  t o  
be a b l e  t o  r e f e r e n c e  o n l y  p a r t  o f  an a r r a y .  F u r t h e r ,  t h i s  f e a t u r e  would 
make some o f  t h e  more o b v i o u s  c h o i c e s  f o r  i m p l i c i t  C h a r a c t e r  f u n c t i o n s  
( such  as a c o n c a t e n a t i o n  f u n c t i o n  and a s u b s t r i n g  f u n c t i o n )  u n n e c e s s a r y ,  

s i n c e  t h e s e  o p e r a t i o n s  c o u l d  be coded  i n - l i n e  i n  one o r  two s t a t e m e n t s .  

The s y n t a x  p r o p o s e d  f o r  s u b a r r a y  r e f e r e n c e  i s  one o f  t h e  two f o l l o w i n g  fo rms :  

a) Array ( s u b s c r i p ~ s o f  b e g i n n i n g  . . .  s u b s c r i p t s  of end)  

Ex: CttARACTER ARRAY ( 4 , 6 , 8 )  
ARRAY ( 1 , 1 , 6  . . .  3 , 1 , 6 )  r e f e r s  t o  t h e  t h r e e  
e l e m e n t s  (1,1,6), ( 2 , 1 , 6 )  and ( 3 , 1 , 6 ) .  

b) Ar ray  ( l e n g t h  : s u b s c r i p t  o f  b e g i n n i n g )  

Ex: CItARACTER ARRAY (4,6,8) 
ARRAY (3: ] , J , 6 )  r e fc . r s  t o  t he  Sarape t h r e e  ele~:~ents. 

The c h o i c e  o f  s y n t a x  ( b ) w o u l d  have  t h e  i n t e r e s t i n g  f e a t u r e  o f  p r o v i d i n g  
t h e  a b i l i t y  t o  omi t  s u b s c r i p t s  f rom l e f t  t o  r i g h t  w i t h  w e l l - d e f i n e d  
r e s u l t s ,  (w i th  t h e  o m i s s i o n  o f  t he  l e n g t h  i n d i c a t i n g  a l e n g t h  ~qual 
t o  t h e  p r o d u c t  o f  t h e  o m i t t e d  d i m e n s i o n s ) .  

Ex. CttARACTER ARRAY ( 4 , 6 , 8 )  

R e f e r e n c e  Leng th  Begins  

ARRAY (3 : 1,1,6) 
ARRAY ( : i,I,6) 
ARRAY ( : 1,6) 

3 1,1,6 
I 1,1,6 
4 1,1,6 
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ARRAY ( : 6) 24 1,1,6 
ARRAY (23 : 6) 23 1,1,6 
ARRAY ( ) 192 1,1,1 

FORMAT STATEMENTS. Present Fortran format rules apply; however, for 
character data types the designator nA implies left justification in a 
field of n characters. Since each element is a list item, truncation 
cannot occur. Bit data uses t]ie designator nBw for bit strings, w is 
the number of bits to be converted to (from) each output (input) 
character (e.g. I or b!ank indicates a binary number base, 3 indicates 
octal, and 4 indicates hexadecimal). 

FORMATED TYPE CONVERSION. A means of in-core conversion between data 
types according to a f0r~nat statement is desirable. This feature is 
already implemented in man)' compilers as ENCODE/DECODE. Encode has a syntax 
similar to the formatted Write (Decode similar to the formatted Read), 
but has an array name instead of a unit nu~':~ber. The array used to contain 
the formatted form of the variable list is defined as valid for type 
Character only. The number of characters per internal record should be 
specifiable to allow multiple record capability. The same standard format 
scanning and editing capabilities now used for formattedilWrite/Read would 
be used for Encode/Decode. 

I00 

CHARACTER ARRAY (200) 
DIMENSION MATRIX (20,10) 
DECODE (20,100,ARRAY) MATRIX 
FORMAT (2011) 

LENGTH AND OTHER ATTRIBUTES. It is convenient in many areas of Fortran, especially 
in Character handling, to be able to recover attributes of variables. In parti- 
cular it is useful to be able to set a length attribute and then use this defined 
length later. This aviods the need to pass the length as an argument to a sub- 
program. 

It may even be desirable to have available an entire symbol table entry including 
the name, type, and dimensions of the variable. There are several problems, one 
of which is the large amount of core which might be required for symbol table 
information. It is therefore proposed that a declaration of the form SYMBOL TABLE 
be available on which the programmer could list the symbols to be included; omis- 
sion of a SYMBOL TABLE statement would cause the table to be generated for all 
variables. 

There are some unresolved problems such as, what is the symbol table for an element 
of an arraY? What is the symbol table for a temporary? Is this approach suffi- 
ciently efficient? 

Among the proposed functions and subroutines are: 

LENGTH (symbol) 
CALL SETLEN (symbol,len) 
CALL NAME (symbol,name) 
IDIMS(symbol,0) 
IDIMS(symbol,n) 
ITYPE(symbol) 

returns length 
sets length 
retrieves name of symbol 
retrieves number of dimensions 
retrieves the nth dimension 
retrieves symbol type (e.g. 0 = integer 

1 = real, etc.) 

The examples in Section C assume the existence of such a Symbol Table for all 
actual parameters in the calling program.                                             
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C ILLU~TIRATING CHARACTER-STRING I_'O, SUBSTRINGS, AkD MIXFD MODE. 

C 
C MAIN-.PROG---READ":SCHEDULE CARbS',-ASSI(~N TIMES, AND~RINT; ................ 
C 

'-CHAPACTER--ORRTRM-(I)i--cO~T ( I ) ~ TIME (5)~ LENGTH (?) ,- FROM ( ~ } ~  . . . . .  
X TO (2)9 "rRAIkO ( 3 ) ,  COMMkT (•4)9 BOARD (2) 

. . . . . . . . .  cHARA-C T EP ~i ........ VO I:.I ~ S-( ?_ ) ,:M I N5 -*(~') .......... ~ .............. " ..................................... ~ . . . . . . . . . . . . . . . . . .  
EQUIVALENCE (HOot, S ( I }~  TIldE ( I ) ) ,  (MINS ( I ) ,  HOURS (4))  

--C . . . . . . . . . . . . . . . . . . . .  T I ~E=~HHOMk~, .......................................................................................................................... 
C 

: . . . . . . . . . . . . .  TR DR- := - -2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TPTR = .  5 

. . . . . . . .  ~ o C - o ~ T  I NLFE . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~EAD [IROI~ I0) -O'RGTRM~COMT,TIME.~LENGTH,FROMtTO,TRAINO,COMMNT, 
.... T . . . . . . . . .  X . . . . . .  BOA RD . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ............................................................................................ 

10 FORML~T ( I A , 1 ~ I A ~ I X t S A t l X t 2 A ~ l x 9 ? A t 2 X , ? A , ? X t 3 A , I X , 4 4 A ~ ? A }  
.... ~C ............... F I L L ~ - T K - H O U R S  '-A N ~ - # v I  NUTE S -  I F  N O T  A L R E A D Y  F I L L E D  I N ,  ..................................... 

:cALL ASSIGN (HO!IRS, I~INS) 
................ PRINT-(IPTRi--20:)--TIME, -TRAINCi - ~t3MMNT~ O~GTRM, FRO~To, I~EN(~H.  ........ 

20 FORMAT ( IX ,  =A~2X93A,IX�A6At IX, IA, IX~ 2A�e.,,~t2A, 2X, 2A,]X,~.M!~N~f} 
IF (  coMT-,NE ; ~ E ~  ) 'EO TO " 30  ............................................................................................................. 

40 COKTINUE 
................... CALL;-EX I "T ........................................................................................................................................................... 

END 

C ILLUSTRATING CONCATENATION 
. . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . .  • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

,C 
..... C .... , ...................... IvAIN-Pt~.OGR/~M--BOB AND CAr~C~L AND TED AND ALICE " " 

.C 
............. ~CHAR/~CTERTApi.~E-:(IO ~- I 0 ) ~  ~.OVIE- (150) , AKD .................................. 

.TNTEG~ SIZp'S (10~, COUNT, TOTAL 
..... C ................. COI~'C ATE NAT I N ~ - 4 - , K  ~Iv E S F  ROM T A B L E ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RATA CO~INT / 4 /  
.......................... DATA- ........... T A R L E - ( a ~ - I )  I ~ B O B e  " I ~  S I Z E S  ( ~ T ) 1 3 1  . . . . . . . .  

~I~ATA TABLE (¢~,2) I~CAROL# . / ,  SIZES (2) 151 
................ "r3ATA ..... TA~I:E-i(a~3)/~TED~ ..... i ............... /~ S~ZFSi(~} / 3 /  ............... 

• r ~ A T A  TABLE (~,4)  If.ALICE~ / ,  SIZES ( 4 ) 1 5 /  
. . . . . . . . . . . . . .  I~ATA ....... AN~ - / ~ -  ~. ~!~ --~ / ...................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
. . . . . . . . . .  " ........ T O T A L I  - = 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• l~O I 0 ,  I. = I ,  COUNT 
............... TOTAL":=~C~NC~T (wOVIE,TOTALI ,  TABLE (1, I ' ~ , S Z Z E S ( T ) )  

'TOTAl . ' ] .  = CONOAT (MCVIE, TOT_AL'~ AK, D, 5) 
......... 1 0  caNT I NL"E ............................................................................................................................... 

.C 
. . . . . . . . . . . . . . . .  PR I N  T---1-~-l~ 0 V T E - - (  I , , , T  OT A L )  ............................................. " ......................................... 

I ~OIRMAT ( I H i , ) . S q A )  
. . . . . . . . . . . . . . . .  "C A L L  --E x I T ....................................................................................................................... 

END 
. . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
" - - ' = C  . . . .  ° . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C CCNCATE!~!AT I.CN FUNCTION 
- ~C ............................. :; .............................. i ................... i ...................................... ................... 

C I.NPUT - A = CHAr~ACTER S T n I N G  T~ IVHICH TO A P P E N D ,  
- " C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I A " - = - W H E  R E - - T O S T  A I ~ T A  PDEND I NG " I N A i  ................................. 

e n = CHARACTERS TO BE APPENDED. 
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.... C . . . . . . . . . . . . . . . . . . . . . . . . . . .  I B - = - N O , - - , C F  -CPARACTERs  TO A P P E N ~ o  ..................................... 
C V ~ L U E  OF F U N C T I O N  GCNCAT I S  NEW S I Z E  OF A ,  

- ' - - C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INTEGER FUNCTION CCNCAT (A~ IA~ B~ IB) 
. . . . . . . . . . . . . . . .  CHAR~CTER--A.--.( i -) . , .--B----(- I)  ............................................................................................. 

CONCAT = I B  • I A  " 1 
. . . . . . . . . . . . . . . . .  A-.- . (~A~v.~CONCAT)--=-.- .B. . . (1.~Oo.IB ) ~ :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = . . . . . . . . . . . . . . . . . . . . . . . .  

RETURN 
. . . . . . . . . . . .  END .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • . . . . . . . .  

C I L L U S T ~ A T I O N ~  OF R C U T I N E S  s U G 6 E S T E D  BY L A M ~ I R O  
.. . . . . . . . . . . . . . . .  FUNCTI:ONA~FtST~ING) .................................................................................... 

C°,o ~ESULT I.S TRI.!E TF 'THE CHARACTERS OF STRInG. ARE A L P H A B E T I C  OR BLANK 
- - - C , , - ,  ....... AND F A L S E - O T H E R ~ F I S ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cHARACTER ST~ING(1) 
. . . . . . . . . . . . .  L O 6 I C A U - ~ E F  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

^LF=,TRUE~. 
. . . . . . . . . . . . .  D O - I . - . - i ! = i . i L . E N ~ T H ( S T ~ i N G )  -~-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............................................................ 

~F(ST~ING(1)oGT°~Z~)60 TO 2 
............... I F ( S T R I N G ( I ) , E Q , e : ~ } G O  TO 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! F ( S T ~ I N 6 ( I ) , L T , - ~ A ~ ) G O  TO 2 
. . . . . . . . .  1 -~cO~T- iNUE ................................................................................................................................................... 

RETURN 
. . . . . . . . .  2 £ O N T I N U E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ---T ...................................... " ......................................... 

A L F = , F A L S E ,  
. . . . . . . . . . . . . .  RETURN ............................................................................................................. 

END 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . .  

FUNCTI.CN LENt~TH (STRING, LENG) 
~C,,o ~A-INTAINS-A--TABEE~CFSTRING .LENGTHSIN CCH~ON, .... USES I.OCF INTRI M- ....... 
C , , ,  SIC FuhcTTON TO RETURN ADDRESS nF..STRING FOR TABLE ARGUMENT AND 

---TC~-,-;--~-OEDENG-TO---RETURN-DE CEARED L EK GTH OF -STR II~G • ................................................................. 
• CHARACTER STRI.N6 (I)  

. . . . . . . . . . . . .  I NTEBER-"OEDLN'G . . . . . . . . . . . . . . . . . . . .  : ....................................................................................................... 
BIT I CO(IB) 
C Ot~ t~ 0 N-M T AB L-,-L-T AB L-t-2~.i } .......... ~ ............................................................................................ 

IADD=L.OCF (STn I.NB) 
' D O - - l -  - I ; = - 1 7 , - v  T A  R-L- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . .  

IF(LTABL(ItI~,EOoI~DD}GO TO 2 
. . . . . . . . . .  1 - = c O N T  I N U E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = . . . . . . . . . . . . . . . . . . . . . . . .  

L E N G T H = O L D L N ~  ( ST~ I~,~ G ) 
I ~ E T U R N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 cONTINUE 
. . . . . . . . . . . . . .  L.- E NGT H =ETA B L - ( -2 - i ! )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • . . . . . . . . . . . .  

~ETURN 
. . . . . . . . . . .  ~ E N T  R y - ~ N . U E . ~ !  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

. C , , ,  ' H Y P O T H E S I Z E S  F U N C T I  oN c A L L  Oh L E F T  OFF ASSI :~NMENT STATEMENT P A S S I N G  
" - ~ C  ~ -$ -~ - -E "PA~A ' I vETER 6 N D - A ~ V A L U E  A SSQC I A'~FD W I TH -THE F U N C T  I O N  NAME,  . . . . . . . . . . . . . . . . . .  

'IADD=L'CCF (ST~ING) 
;.0-0.-.- 4 -  - t : . ~ - i  i ~  T A ~ i ~ . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IF(LTABL(lglI,Ef~,IADDI~GOTO 5 
:4--CONT i N U E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . .  - ..... -___ 
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~ T A R L = v T A R L + I  

E T A B L ( 1 , N T A B I E ) = I A D C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L T A B L ( ' 2 ~ : N T A B L ) = O L D L N G ( S T ~ I N G )  

. . . . . . . . . . . . . . . . . .  . R E T U R N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ........................................................ 

S c O R T I N U E  

. . . . . . . . . . . . . . . . . .  I F ( N U U k G , L T - ~ n : ) - - L E N G = O L D L N G ( S T R i N G )  . . . . . . . . . . . . . . . . . . . . . . . . . .  : .......... 

L T A B E ( ' 2 t I )  = L E N G  
. . . . . . . . . . . . . .  R E T U R N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = ..................................................................... .... 

E N D  

.............. FIJ~CTI,CN-.OLDING(STRING) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.TNTEGE~ OLDLv,:G 
............ OLOLNG = IDI fAS ( S ~ R O L t  ] ) " . . . . . . . . . . . . . . . . . . . . .  

RETURN 
............ END ...................................................................................... 

C !LLUSTRATIONR OF ROUTINES S U G G E S T E D  BY LAMBIRD 
................... :FUKCTION-!NDFX(STRINGtRATT) ........................................................................................................... 

C, . ,  SEARCHES STRING TO FIND PATT. oFTURNSSTA~TIN6 POSITION INSTRING 
• --~Co~;--- IF--FntlKDt.--0THERwISE-ZERO" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.cHARACTER STn ING(1 ) tPATT( | )  
.................. INDEX=0 ................................................................................................................................. 

IL=LENGTH(ST~!NG} 
. . . . . . . . . . . .  : J L = L E N G T H ( P A T T )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! F ( ( I L . E Q o 0 ) . O R . ( J L . E O . 0 ) ) R E T U R N  
. . . . . . . . . . . . . . .  I F  ( : j L . ;  G T  ; ~ l L )  n E T U R  N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ 0  ! ! : = I t I L ' , J L  ÷ 1  

. . . . . . . . . . . . . . .  DO-2-~j=-i-i-j~ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I F ( S T R I N G ( I L ÷ J L - I ) . N E . P A T T ( J L } ) G O  TO I 

. . . . . . . . . . .  2 - C O N T I N U E  . . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TO 3. 
. . . . . . . . . . . . .  ] . - - C O N T I N U E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R E T U R N  

. . . . . . . . . . . . .  3 - - C O N T I N U E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . .  

INOEX=I 
R E T U R N S  .................................................................................. 
END 

FUNCTI, CN NUM(STRING) 
: C * - ~ ~  ... . .  T E S T S  ' T o - S E E - I F - S ~ I N G I S  A L L - . N , f M E R I C ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHAnACTER STnING(I)  
. . . . . . . . . . . . . . . . . .  L O G i C L L - , N t j M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

: N U N = , T ~ u E .  

.... : . . . . . . . . . . . .  ~ - O - - } - I : = I .  i E E N ~ T H ( s T ~ T N G }  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  T - c O N T I N U E  . . . . . . . . . . . . . . . . . . . . . . . . .  

. R E T U R N  

.... . . . . . . . . . .  2 - C O K T I N U E .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ......................................... 

~ U ~ = , F A L S E ,  

. . . . . . . . . . . . .  ' R E T U R N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  E . N D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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SUBROUTINEH~TDUT (ARRAY,N)  
"¢ . . . . . .  pRTNT3CORREE^TIOK-- ,~ATRZX-  . . . . . . . . . . . . . . . . . . . . . . . .  - -  . . . . . . . . . . . . . . .  : . . . . . . .  
C WHERE R~aNK M6V vARY FROM 2 . ~ C  50 

-- . .~HARACTER-- - -FMT-(1;6)7~(2H-X~I2t  " F 8 ~ 3 ) = /  .................. 7 . . . . . . . . . . . .  
X , T A ~ t . E ( 3 0 ) / #  I 2 . 3 . 4  5 6 ? 8 9 1 0 1 1 1 2 1 3 1 4 1 5 ~ /  . 
~WR~TE- ' ( :~;~- . , IcORREEATZON-.MArRTX,- :  ................... = ....... ~: . . . . . . . . . . . . . . .  

. . . .  1 . . . . .  ~ a = - ~ c z ~ t ~ r  . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
r H T ( l O , , , ) ! ) - =  T A B L E ( 2 e M = ] . e . ~ e M ]  

. . W R ~ T E - - . ( - 6 T ] O O ~ - - - ( - t ~ - t = ! . ~ , . M )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . .  

100 ~ORM~T ( = O = t ~ X t . . ( = X # , ~ 2 t S X ) )  

WRITE (&tFMTt  t ,  ( A R R A y ( I , ~ J ) , ~ J = i , M )  
. . . . .  ~ 5 - - ~ c O N T ~ N U E  

tIM = tIM-M 
! F : ; ( U  I, ~ - - ~ G T ~ - - O ) ~ S  0-~T o - : l  
R E T U R N  

. . . . . . . . . . .  ENO 
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