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By means of the primitives insymbol, outsymbol and length, 
as requested by this journal's Algorithms Policy [Comm. ACA4 
10 (Nov. 67), 729]  a basic set of input-output procedures is 
defined aiming at quality and flexibility, outreal, for in- 
stance, is written as a derived procedure; it outputs using the 
fixed point or the floating point representation, and rounds 
properly. Variants can easily be written because of the explicit 
call of the procedures decompose integer and decompose real. 
The highly recommended practice of echoing input is made 
easy with one subset of derived procedures (ioi, ior, lob, 
ioa). The documentation of output in the form of equivalent 
ALGOL statements is also provided when use is made of the 
subset oti, otr, otb, ota. The Berkeley style of providing in- 
formation on the form of output using prior calls of procedures 
such as real format is defined. A use of the parameter out- 
channel to provide information for simultaneous output to 
several channels is suggested. Interrelationship between the 
declared procedures is furnished in tabular form. 
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cedures, input echo, quality output, decompose integer, decompose real, 
style, Berkeley style, procedures relationship, output documentation, equiva- 
lent ALGOL statements, ALGOL, ALGOL 60, integer format, real format, 
out integer, read real, input output Boolean, input output array, fixed point 
representation, floating point representation, output channel interpretation 
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1. I n t r o d u c t i o n  
The reader  will find below a set of basic i npu t -ou tpu t  proce- 

dures. Let  me s ta te  first some of the purposes for wri t ing th is  set  
and give a general descr ipt ion and specific informat ion about  
the procedures and thei r  in terre la t ionship .  

In  the  October 1964 issue of the Communications of the ACM 
[1], a repor t  on inpu t -ou tpu t  procedures for ALGOL 60 was pub-  
lished. This  report  was prepared by  a working group (WG 2.1) 
of the In te rna t iona l  Federa t ion  for In fo rmat ion  Processing 
( I F I P / T C 2 )  and approved by  its Council. 

The  approved pr imi t ives  were: 

insymbol, outsymbol, length, inreal, outreal, inarray, outarray 

In  the examples the following derived procedures were defined: 

outboolean, outstring, ininteger. 

I t  is s t a ted  there in  t h a t  "one needs, in practice,  a fuller set  of 
i npu t -ou tpu t  procedures"  and i t  is observed also t h a t  "different  
scheme of I /O  procedures can be defined in it,  largely by  means of 
these pr imi t ives ."  

Since then,  a few procedures have been publ ished (see for in- 
s tance [2, 3]) and the  Algor i thms Policy of th is  journal  has re- 
quested [6] the  use of the  pr imi t ives  of [1] and the  use of out- 
boolean, outstring, ininteger and outinteger for inpu t -ou tpu t .  

The  purpose of this  a lgor i thm is to present  par t  of a consis tent  
scheme of i npu t -ou tpu t  procedures• The set  uses as pr imit ives ,  
insymbol, outsymbol, and outstring (or equiva lent ly  length). 

Firs t  in integer, out integer, in real, out real, in Boolean, out 
Boolean are derived, in real is re lated to [2] ; out integer and out real 
call the more basic procedures decompose integer and decompose 
real. out real allows not  only for floating point  representa t ion  [3] 
bu t  also for fixed point  representa t ion  and for correct  rounding.  

Several sets  of procedures,  which point  in several direct ions 
and which call the  more basic ones, are then  introduced.  One set  
consists of parameter less  input  funct ion  designators  akin to the  
p r o c e d u r e  read of the Amste rdam Ma thema t i s ch  Centrum.  One 
set provides for echo of input  to insure t h a t  the  correct  numbers  
have been read i n - - a  practice which I recommend highly;  i t  also 
provides for easy documenta t ion  of the ou tpu t  in the  form of 
equiva lent  ALGOL s ta tements .  Another  set  wi th  the same docu- 
men ta t ion  feature  is for ou tpu t  only; the las t  set  outputs  num- 
bers, bu t  no text .  

I t  is not  suggested t ha t  the set of procedures of this  a lgor i thm 
be used for quan t i t y  output .  I t s  main  purpose is for qual i ty  output .  

2. G e n e r a l  D e s c r i p t i o n  
2.1. The  only pr imi t ives  used are insymbol, outsymbol, and 

length ( through outstring), insymboI and outsymbol assume t h a t  
the value - 1  is associated wi th  the  symbol carriage re turn- l ine  
feed (or new card),  which is not  a basic symbol of ALGOL 60. 
This  is done in accordance wi th  the convent ion of [1, Sec. 3]. 
outstring could have been avoided wi th  some loss of c lar i ty  in the  
descr ipt ion of the  procedures, insymbol, outsymbol, and outstring 
are defined in [1]. 

inreal and outreal are defined as in [2, 3] in te rms of insymbol, 
outsymbol, and outstring. I do not  believe t h a t  inreal and outreal 
should be primit ives,  firstly, because these procedures can be 
defined in te rms of other  primit ives,  and secondly, because many  
definitions will sat isfy the  requi rements  of [1]. On the other  hand,  
the requi rements  set  fo r th  in [1] are most  desirable.  

in channel and out channel must  be declared as integers  and as- 
signed a value in accordance wi th  the  requi rements  of insymbol 
and outsymbol [1]. 

I would like to observe in passing t h a t  the  integer  out channel 
cannot  only be in te rpre ted  as ident i fying a single channel ,  bu t  
can also be in te rpre ted  as ident i fying a set  of channels  to all of 
which the ou tpu t  is to be sent.  (If the b inary  representa t ion  of out 
channel is ~ a[i] X 2 T i, the ou tpu t  is sent  to channel  i if a[i] = 1 
and is not  sent  if a [i] = 0.) Al though this  is not  yet  implemented  
at  Berkeley in this  fashion, all ou tpu t  going to a terminal  is now 
also sent  to the printer•  When t ime-shar ing  becomes widespread 
this  i n t e rp re t a t ion  will, I hope, be increasingly popular.  

2.2. The more basic i npu t -ou tpu t  procedures  are in integer, 
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in real, and in Boolean; the first two use in symbol only th rough  
the  integer procedure symbol. 

symbol recognizes only the  following basic symbols :  

01112131415161718191" 1-1+1101 ,I u 

and carriage re turn- l ine  feed (or new card). 
in integer associates to the second parameter ,  which is of type  

integer,  the  next  integer  read f rom channel (the first parameter ) .  
Any number  of consecutive spaces are ignored before the  first 
digi t ;  af ter  the  first digit ,  t e rmina t ion  occurs wi th  two consecu- 
t ive spaces, a comma, or a carriage re turn- l ine  feed. A comma 
before the  first digi t  or sign, a period, (10), or any  other  illegal 
symbol  will call the  procedure error. 

in real associates to the second parameter ,  which is of type  real, 
the next  real number  read from channel (the first parameter ) .  
Any number  of consecutive spaces are ignored before the  first 
digit ,  period, or (10); af ter  t ha t ,  t e rmina t ion  occurs wi th  two 
consecutive spaces, a comma, or a carriage re turn- l ine  feed. A 
comma before the  first digit ,  sign, period, or (~0), or any other  
illegal symbol  will call the  procedure error. Communica t ion  be- 
tween in integer, in real, and in symbol to take  care of separa t ion  
between integers  or reals requires the  nonlocals z8100b and 
zSlOObc. 

in Boolean associates to the  second parameter ,  which is of type  
Boolean the  next  Boolean read f rom channel (the first pa rameter )  ; 
any  number  of leading spaces or carriage re turns- l ine  feed are 
ignored;  any illegal symbol will call the  procedure error. 

The procedure error has  one pa rame te r  of type  integer.  I t  can 
be wr i t t en  according to the  wishes of a user or of a group of users. 
An example wi th  diagnost ics  in full is given below. 

2.3. The  more basic ou tpu t  procedures are out integer, out real, 
and out Boolean. The in format ion  on the  form of the  ou tpu t  can be 
given in var ious  ways;  the  s tyle  used for these ou tpu t  procedures 
is wha t  I will call the  Berkeley s tyle  by  con t ras t  wi th  the  s tyle  
used for ou tpu t  procedures  at ,  for instance,  the  A ms te rdam ' s  
Ma thema t i s ch  Cen t rum or at  Copenhagen ' s  Regnecent ra len .  
Call of these ou tpu t  procedures  mus t  be preceded by  a call of 
corresponding procedures integer format, real format and Boolean 
format. 

The only pa ramete r  of integer format determines  the  field wid th  
of any integer  sent  to the  ou tpu t  channel.  The  parameters  of 
real format are a Boolean,  which determines  when the  value  is 
t r u e  t h a t  fixed point  represen ta t ion  is desired for the  ou tpu t  of 
real numbers  and when the value is fa l se  t h a t  floating poin t  repre-  
sen ta t ion  is desired. The  second paramete r  de termines  the  field 
width,  the th i rd  pa ramete r  de termines  the number  of decimal 
places and affects also the rounding of the  number .  The  only 
pa ramete r  of Boolean format de te rmines  the  field width.  

The  following decisions were made for out integer, out real, and 
out Boolean: If  the field parameter  is less t h a n  required,  i t  is re- 
placed by  20. The  sign is ou tpu ted  before the  mos t  significant 
digi t  if the  number  is negat ive.  In  f loating point  form, the  first 
s ignificant  digit  is immedia te ly  to the left  of the  decimal point .  
The  exponent  is replaced by  four spaces if i t  is zero; otherwise the  
sign of the  exponent  is always ou tpu ted  and the  exponent  is 
res t r ic ted  to the  in terva l  - 9 9  to 99. 

If the  user wishes to write va r i an t s  of the  Berkeley style,  for 
ins tance  if he wishes always to p r in t  the  sign, or if he wishes to 
o u t p u t  i t  as the first charac ter  of the  field, or if he wishes to out-  
pu t  a space between every th i rd  or fifth digit ,  his t ask  will be 
great ly  eased b y  the  in t roduc t ion  of the  procedures decompose 
integer and decompose real which provide the  basic informat ion 
abou t  an integer  (its sign, the  number  of significant decimal 
digits,  and the  digits) or about  a real (its sign, i ts  size, the  scale 
fac tor  such t h a t  the  scaled number  has i ts  first significant digi t  
immedia te ly  to the  lef t  of the  decimal point  and the  digits).  

In  decompose real, the  size informat ion  determines  if the  num-  
ber  is too small ;  an integer  dec lara t ion  has  been chosen ins tead  
of a Boolean to provide for the  possibi l i ty of another  test ,  which 

would determine if the  number  is too large. The  rounding for reals 
is t aken  care of in decompose real. 

Correct  rounding is essential  for a set  of i npu t -ou tpu t  pro- 
cedures of qual i ty .  Al though  the  poin t  may  be argued, I consider 
incorrect  the  ou tpu t  of 2 to two decimals as 1.99 unless computer  or 
computa t ions  have only t h a t  precision. Examples :  

real format ( t r u e ,  5, 3); out real (1, 0.99099); 

real format (false,  10, 2); out real (1, --0.99099); 

will ou tpu t  

0.991-9.9110- 1. 

2.4. Four  more sets of i npu t -ou tpu t  procedures follow; these 
procedures do not  require explicit  calls of the  fo rmat  procedures:  

read i, read r, read b are func t ion  designators  wi thou t  pa ramete r s  
which can be used to inpu t  respect ively  an integer,  a real or a 
Boolean.  

ioi, ior, iob are func t ion  des ignators  and ioa is a procedure to 
inpu t  respect ively an  integer,  a real, a Boolean or a real a r ray  and 
to ou tpu t  an  equ iva len t  ALGOL s ta t ement .  

This  style,  which I have  in t roduced  to give the  o u t p u t  in the 
form of par t s  of an  ALGOL program in connect ion  wi th  the  genera-  
t ion  of the  nonl inear  equat ions  satisfied by  R u n g e - K u t t a  type  
methods  (to be publ ished elsewhere),  can also be used to describe 
inpu t  and ou tpu t  wi th in  the  convent ions  of the  ALGOL language.  

For  ioi, ior, lob, the  second pa ramete r  gives the  s t r ing  to be 
ou tpu t t ed ;  the others  give the  parameters  corresponding to those 
of the  fo rmat  procedures.  For  ioa, the  second and th i rd  pa rame te r s  
are the  first and las t  subscr ip t  of the  e lement  of the  one dimen-  
sional a r ray  to be read and the  las t  pa ramete r s  give the  s t r ing  to 
be ou tpu t t ed  as well as the  fo rmat  informat ion .  Examples :  

tot(r, 'limeuin~ninules', t r u e ,  5, 2); 
ioa(a, 1, 3, 'hippopotamus', t r u e ,  4, 1) 

would ou tpu t  wi th  appropr ia te  inpu t :  
time in minutes := 21.05; 
i := 1; for  hippopotamus [i] := 15.1, 6.2, 7.0 do  i := i + 1; 

The  next  four procedures oti, otr, otb, and ota are for ou tpu t  
only; the  form of ou tpu t  is identical  to t h a t  of ioi, ior, iob, and 
ioa. 

The  las t  four procedures outi, outr, outb, and outa are for ou tpu t  
only. They  ou tpu t  an integer ,  a real,  a Boolean,  or a sequence of 
reals, the  fo rmat  informat ion  being provided by  the  pa ramete r s  
of these procedures.  

3. Spec i f i c  I n f o r m a t i o n  A b o u t  P r o c e d u r e s ,  T h e i r  
R e l a t i o n s h i p ,  a n d  t h e  N o n l o c a l  P a r a m e t e r s  

To ease the  local exchange of procedures  and nonlocal iden- 
tifiers of procedures be tween  people at  Berkeley,  convent ions  
have been in t roduced  which are examplified in the  procedures of 
this  a lgori thm. All appropr ia te  nonlocal  identifiers are formed 
using as first symbols  the  le t te r  z followed by  a digi t  associated 
to the  wri ter  (I use 8) followed by  3 digits  corresponding to the  
number  of the  procedure in which the  nonlocal identifier  is first 
used (my procedure symbol is number  100, in integer is number  101, 
etc.) followed by  an ordinary  identifier.  

The  following declara t ions  mus t  be made in the  same block as 
t h a t  of th is  a lgor i thm or in an outer  block:  

i n t e g e r  in channel, out channel, z8106n, z8107n, z8107d, z8108n; 
B o o l e a n  z8100b, z8100bc, z8107B; 
p r o c e d u r e  in symbol (channel, string, destination); (see Comm. 

ACM 7 (Oct. 1964), 628-630) 
p r o c e d u r e  out symbol (channel, slring, destination); (Idem) 
p r o c e d u r e  out string (channel, string); (Idem) 

in channel and out channel must  be assigned an appropr ia te  value 
before a call of many  of the  i n p u t - o u t p u t  procedures  (see Table  I) .  

Tab le  I indicates  the  re la t ionship  be tween  the  procedures  
and the  nonlocal variables.  Moreover,  an explicit  call of out integer, 
out real, and out Boolean requires a preceding call of the  corre- 
sponding fo rmat  procedure integer formal, real format, and Boolean 
format. 
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usot~z X X + + + 

~o~s~ × × + + + + + + 

__ug°~z X X + + + 

I ~qoo~ X X X + + + + + 

qool8 z X X X + + + + + 

l ~ u v ~  Ino X X X X X X X X X X X X 

p ~ v ~  ~ X X X X X X X X X X 

o X X 

o X X X X 

~ X X X 

o + X X 

o + + X X X X 

o + X X 

o X + + + + + + 

o X + + + 

o X X X  

o X X X 

o X X 

° X X  + + +  + 

o X X X  X X X X  X X X X  + + + +  

o X X X  + + + +  + + + +  + + + +  

o X + + X  + + +  + + + +  

o X X X X  + + +  + + + +  

~ . ~  ~ ~ ~ ~ ~ 

o o o o o ~ ° ~  ° ~ ~ ~ 

V o l u m e  11 / N u m b e r  8 / A u g u s t ,  1968 C o m m u n i c a t i o n s  o f  t h e  ACM 569 



In  Table I, each of the procedures is identified by a number. 
An X indicates tha t  the procedure corresponding to the number 
in the same column or the nonlocal identifier on top of the same 
column is used explicitly (and perhaps also implicit ly);  + in- 
dicates tha t  the corresponding procedure or identifier is used 
implicitly; 0 is placed in the column corresponding to the number 
of the procedure. Related procedures are grouped together  in a 
file whose name appears in the first column. This information will 
be used in fur ther  publications. 
The following declarat ion can be used for the procedure error: 

p r o c e d u r e  error ( i ) ;  v a l u e  i ;  i n t e g e r  i ;  
b e g i n  p r o c e d u r e  nlcr; outsymbol (channel, ' ' ,  - -1 ) ;  

nI cr ; 
if  i = 8100 t h e n  out string (l,'alJsymboltJisUreadtJwhichUislJnotUaUdigitU'lJ~U 

---tj+UloU(space)12carriagelJreturn-linel.lfeed') e l se  
if  i = 810100 t h e n  out string (1,'whilelJreadinglJanUinteger,UanUillegall.lsymbolU 

isUreadUbeforetltheUfirstl3digit') e l se  
i f  i = &10101 t h e n  out string (1, 'whiletJreadingt- 'anUinteger,tJantJil legaltJsymb°lU 

isUreadUafterUthetJ~rstUdigit') e l s e  
i f  i = 810200 t h e n  out string (l'whileUreading~atJreal,UanUillegalUmdmbolU 

isUreadUwhileUreadingtJtheUdecimalUfraction ') e l se  
i f  i = 810201 t h e n  out string (1,,whiletJreadingUaUreal,tJanlJillegaIUsymboltJislJ 

readlJbeforeUthetJfirsflJdigitlJperiodUm'Ul o') e lse  
i f  i = 810202 t h e n  out string (1,'whileUreadingUaUreal,UantJiUegalUsy mb°luisU 

readlJwhileUr~ldingUthsl.lexponentUpart') e l se  
i f  i = 810203 t h e n  out string (i'aUrealUnumberlJistJimproperlyl-lterrninated') 

e l se  
out string (l,,whiletlreadingtJatJBooleantJaUsymboltJwhichtJistlnotLltruetJortJfalse, 

isUreadUbeforeUtermination') ; 
nZcr 

e n d  error 
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integer procedure symbol(s); integer s; 
comment  symbol := s := the integer representa t ion of the 

next symbol read, 0 to 9 for the integers, 10 for ' . ' ,  11 for 
' - ' ,  12 for ' + ' ,  13 for '10', and 14 for ' , '  or for carriage 
re turn  (or new card) represented by - 1  when processed by 
in symbol or for two consecutive spaces when the nonlocal 
Boolean z8100b is fa l se .  When z8100b is t r u e  any number  of 
consecutive spaces are ignored. Any other symbol will call a 
nonlocal p r o c e d u r e  error with parameter  equal to 8100; 

begin 
read: in symbol(in channel, '0123456789.---4-10u,', s); 

i f  s = - 1  A zSlOObc t h e n  go to  read; 
i t s  = 15 t h e n  
begin 

i f  z8100b t h e n  go to  read 
else in symbol(in channel, '0123456789.----k10u,', s) 

end; 
i f  s = --1 V s = 16 t h e n  symbol := s := 14 
else 
begin i t s  ~ 0 then  error(8100); symbol := s := s -- 1 end 

end symbol; 
procedure in integer(channel, i) ;  va lue  channel; 

integer channel, i; 
comment  i := the next integer read from channel, any number of 

consecutive spaces are ignored before the first digit, after the  
digit  terminat ion occurs wi th  two consecutive spaces, a comma 
or a carriage return,  any illegal symbol will call a nonlocal 
procedure error with parameter  equal to 8100 or 810100 or 

81O101; 
begin 

integer s; B o o l e a n  negative; 
negative := fa l se ;  z8100b := z81OObc := t r u e ;  

inn channel := channel; 
symbol(i); z8100bc := fa l se ;  
i f  i = 12 then  symbol(i) 
else i f  i = 11 then  begin negative := t r u e ;  symbol(i) end; 
i f  i -> 10 then  error(810100); 
z81OOb := fa l se ;  

LI:  i f  symbol (s) < 10 t h e n  b e g i n  i := 10 X i - b  s; g o t o L 1  end; 
i f  s ~ 14 then  error(810101); 
i f  negative then  i := - - i  

end in integer; 
procedure in real(channel, r);  va lue  channel; 

integer channel; real r; 
c o m m e n t  r := the next real number read from channel, any num- 

ber of consecutive spaces are ignored before the first digit. 
After  the first digit  terminat ion occurs wi th  two consecutive 
spaces, a comma or a carriage return.  Any illegal symbol will 
call a non local p r o c e d u r e  error with paramater  equal to 8100 
or 810200 or 810201 or 810202 or 810203. The main differences 
with ALGORITHM 239 of W. M. McKeeman [2] are the subst i -  
tut ion of his integer procedure CHAR by symbol, the introduc-  
tion of the Boolean z8100b, the introduct ion of a parameter  in 
the nonlocal procedure error and the change of type of a few 
declarations; 

begin 
real sig, fp,  d, ep, ip; i n t e g e r  esig, ch; 
real procedure unsigned integer; 
begin 

real u; 
u := ch; 

K: ifsymbol(ch) < 1 0 t h e n b e g i n u : = u X 1 0 " b c h ;  go t o K e n d ;  
unsigned integer := u 

end unsigned integer; 
sig := 1.0; ep := fp  := 0; z8100b := zSlOObc := t r u e ;  
in channel := channel; 
symbol(ch); zSlOObc := fa l se ;  
i f  ch = 12 then  symbol(ch) 
else  i f  ch = 11 then  begin sit  := --1.0; symbol(ch) e n d ;  
zSl00b := fa l se ;  
i f  ch <_- 10 then  
begin 

ip := i f  ch < 10 t h e n  unsigned integer else 0; 
i f  ch = 10 then  
begin 

i f  symbol(ch) ~ 10 t h e n  error(810200) ; 
fp  := 0; d := 0.1; 
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M: f p : = f p + c h X d ;  d := d X  0.1; 
i f  symbol(ch) < 10 t h e n  go to  M 

e n d  decimal fract ion 
e n d  decimal number 
e l se  i f  eh = 13 t h e n  ip := 1 
e lse  b e g i n  error(810201); ip := 1 e n d ;  
i f  ch = 13 t h e n  
b e g i n  esig := 1; 

i f  symbol(ch) = 12 t h e n  symbol(ch) 
e lse  i f  ch = 11 t h e n  b e g i n  esig := --1; symbol(ch) e n d ;  
i f  ch < 10 t h e n  ep := unsigned integer X esig 
e lse  b e g i n  error(810202); ep := 0 e n d  

e n d  exponent  par t ;  
i f  ch # 14 t h e n  error(810203); 
r := sig X (ip+fp) X 10.0 T ep 

e n d  in real; 
p r o c e d u r e  in Boolean(channel, b); va lue  channel; 

i n t e g e r  channel; B o o l e a n  b; 
c o m m e n t  b := the next Boolean read from channel, any number  

of spaces or carriage returns are ignored, any other  symbol will 
call a nonlocal p r o c e d u r e  error with parameter  equal to 8103; 

b e g i n  
i n t e g e r  i;  

L:in symbol(channel, ' t r u e  fa l seu ' ,  i);  
i f i  = 3 ~ / i  = - - l  t h e n  go t o  L; 
i f  i ~ 0 t h e n  error(8103) ; 
b : = i = l  

e n d  in Boolean; 
p r o c e d u r e  decompose integer(i, negative, n of digits, digit) ; 

v a l u e  i; i n t e g e r  i, n of digits; B o o l e a n  negalive; 
i n t e g e r  array digit; 

c o m m e n t  negative := i < O, n of digits := the number of decimal 
digits  of i (if i = 0 then n of digits : = 0), digit [0: n of digits - 1] 
:= the decimal digits of i s ta r t ing  from the right;  

b e g i n  
i n t e g e r  j ;  
i f  i < 0 t h e n  b e g i n  negative := t r u e ;  i := - - i  e n d  
e lse  negative := fa l se ;  
n of digits := 0; 

L: 
i f  i > 0 t h e n  
b e g i n  

j := i ÷  10; digit[n of digits] := i - j × 10; 
nofdigi ts  := nofdigi ts  + 1; i := j ;  go to  L 

e n d  
e n d  decompose integer; 
p r o c e d u r e  decompose real(r, max n of digits, negative, size, exponent, 

digit) ; 
va lue  r; i n t e g e r  max n of digits, size, exponent; r ea l  r; 
B o o l e a n  negative; i n t e g e r  a r r a y  digit; 

e o m m c n t  negative := r < O, size := --1 if r is too small, i.e. is 
such tha t  when abs(r) is multiplied repeatedly by 10 it does 
not  become eventual ly larger than  one, size := 0 otherwise,  
exponent := the power of 10 by which r is to be divided to ob- 
tain a number whose first significant digit  is immediately to 
the left of the decimal point ,  digit [0: max n of digits -- 1] := 
the decimal digits of r s ta r t ing  wi th  the first significant digit 
to the left ;  

b e g i n  
i n t e g e r  i, k, m; 
B o o l e a n  p r o c e d u r e  too small(r); real  r; 

too small := abs(r) < 2 ~ (--127); 
c o m m e n t  this p r o c e d u r e  should be replaced appropriately;  
negative := fa l se ;  
i f  too small (r) t h e n  
b e g i n  size := 1; go to  end decompose e n d  
e lse  s ize  := O; 

i f  r < 0 t h e n  b e g i n  negative := t r u e ;  r := - - r  e n d ;  
i f  r < 1 t h e n  
b e g i n  

exponent := --1; 
scale up: r := r X 10; 

i f  r < 1 t h e n  
b e g i n  exponent := exponent -- 1; go to  scale up e n d  

e n d  
e l se  
b e g i n  

exponent := 0; 
test: 

i f r  _-> 1 0 t h e n  
b e g i n  exponent := exponent + 1; r := r X 0.1; 

go to  test e n d  
e n d ;  
m := max n of digits; 
r := r + S X O . 1  ~ m; 
i := entier(r); 
i f  i =  10 t h e n  
b e g i n  

i := 1; exponent := exponen t+ l ;  m := r e + l ;  r := r/lO 
e n d  
e l se  i f i  = O t h e n i  := 1; 
digit[O] := i; 
for k := 1 s t e p  1 u n t i l  m -- 1 do 
b e g i n  

r := (r--i) X 10; i := entier(r); 
i := digitfk] := i f  i _-< 0 t h e n  0 e lse  i f  i = 10 t h e n  9 e lse  i 

e n d  ; 
end decompose : 
e n d  decompose real; 
p r o c e d u r e  integer format(n); i n t e g e r  n;  z8106n := n;  
p r o c e d u r e  real format(B, n, d); i n t e g e r  n, d; B o o l e a n  B; 
b e g i n  

z8107B := B; z8107n := n; zS107d := d 
e n d  real format; 
p r o c e d u r e  Boolean format(n); i n t e g e r  n;  z8108n := n;  
p r o c e d u r e  out integer(channel, i);  va lue  channel, i; 

i n t e g e r  channel, i; 
c o m m e n t  the style of this procedure and of the out real and out 

Boolean procedures given below is what  I will call the Berkeley 
style by contrast  with tha t  used for output  procedures at the 
Amsterdam Mathemat i sch  Centrum or at the Copenhagen 
Regnecentralen,  for instance. I t  is characterized by the use of 
a field width  parameter  n and for real nmnbers,  by the use of a 
parameter  B which decides if the fixed point (value t r u e )  
or the floating point  representa t ion (value fa lse)  is requested 
and by the number of digits d after the decimal point.  The 
sign is outputed just  before the most  significant digit, if the 
number is negative.  In  floating point form the first significant 
digit is immediately to the left  of the decimal point.  If the 
field parameter  is less than  required, it is replaced by 20. These 
procedures pair wi th  the corresponding input  procedures if the 
field width  is at least two units greater than required; 

b e g i n  
i n t e g e r  n of digits, j ,  k; B o o l e a n  negative; 
i n t e g e r  array  digit[O: 19]; 
decompose integer(i, negative, n of digits, digit); 
i f  n of digits = 0 t h e n  
b e g i n  n of digits := 1; digit[O] := 0 e n d ;  
j :-- n of digits + (if negative t h e n  1 e l se  0) ; 
for k := (if j>z8106nn t h e n  19 e lse  z8106n--1) 

s t e p  --1 u n t i l  j do out string(channel, 'u ' ) ;  
i f  negative t h e n  out string(channel, '--') ; 
fo r  k := n of digits --1 s t e p  --1 u n t i l  0 do 

out symbol(channel, '0123456789', digit[k]+1) 
e n d  out integer; 
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p r o c e d u r e  out real(channel, r) ;  v a l u e  channel, r; 
integer  channel; r e a l  r ;  

c o m m e n t  th is  procedure ou tpu t s  r properly rounded to channel 
using the  Berkeley style.  In  th is  va r ian t ,  t he  exponent  pa r t  
in the  floating poin t  form is replaced by  4 spaces if the  exponent  
is zero. The  sign of the  exponent  is always outputed ,  for com- 
pa t ib i l i ty  w i th  in real. The  exponent  is res t r ic ted  to the  in terva l  
--99 to 99; 

begin  
i n t e g e r  j ,  k, size, exponent; Boolean negative; 
integer  array digit[O: z 8 1 0 7 d + l + ( i f  z8107B t h e n  

entier(In(abs(r)+l)XO.4343) e lse  0)]; 
procedure out digit(d); integer  d; 
begin  

out symbol(channel, '0123456789', d + l )  
end out digit; 
i f  z8107B t h e n  
begin  

decompose real(r, i f  z81OTd+exponent=<O t h e n  1 e l se  1-4 - 
z8107d+ exponent, negative, size, exponent, digit); 
i f  size = --1 t h e n  
begin 

exponent := i f  z8107d = 0 t h e n  0 e l se  --z8107d -- 1; 
digit[el := 0 

end 
e lse  i f  z8107d = 0 / X  exponent < 0 t h e n  
begin  exponent := 0; digit[el := e n d ;  
j := ( i f  negative t h e n  3 e l se  2) + 

( if  z8107d = 0 t h e n  --1 e l se  z8107d) + 
( if  exponent ~ 0 t h e n  exponent else  --1) ;  

for k := ( if  j>z8107n t h e n  19 e l se  z8107n--1) s t e p  --1 
u n t i l  j do out string(channel, ' u ' ) ;  

i f  negative t h e n  out string (channel, ' - - ' ) ;  
fo r  k := 0 s t e p  1 u n t i l  exponent do 

out digit(digit[k]) ; 
i f  z8107d > 0 t h e n  
b e g i n  

out string(channel, '. ') ; 
for k := exponent + 1 step 1 u n t i l  exponent + z8107d do 
i f  k < 0 t h e n  out string(channel, '0') e l se  out digit(digit[k]) 

end 
end fixed poin t  r epresen ta t ion  
else 
begin  

decompose real(r, z8107d+l,  negative, size, exponent, digit); 
i f  size = - 1  t h e n  
begin  

exponent := 0; 
fo r  k := 0 s t e p  1 u n t i l  z8107d do  digit[k] := 0 

end; 
j := 6 + ( if  z8107d=0 t h e n  --1 e lse  z8107d)+ 

( if  negative t h e n  1 e l se  0) ; 
for k := ( if  j>z8107n t h e n  19 e lse  z8107n--1) 

step --1 u n t i l  j do 
out string(channel, 'u ' )  ; 

i f  negative t h e n  out string(channel, ' - ' )  ; 
out digit (digit [0]); 
i f  z8107d ~ 0 t h e n  out string(channel, ' . ' ) ;  
for k := 1 s t e p  1 u n t i l  z8107d do out digit(digit[k]); 
i f  exponent = 0 t h e n  out string(channel, ' uuuu ' )  
e l se  
begin 

out string(channel, '1o') ; 
c o m m e n t  This  procedure assumes t h a t  10 takes  one space, 

if not ,  the  preceding s t a t e m e n t  should  be modified; 
i f  exponent >= 0 t h e n  out string(channel, ' + ' )  
e l se  

begin  out string(channel, ' - ' ) ;  
exponent := - exponent 

e n d  ; 
j := exponent + 10; 
i f j  = 0 t h e n  out string(channel, 'u ' )  
e l se  out digit(j) ; 
out digi t (exponent- iX 10) 

end 
end floating poin t  r ep resen ta t ion  

end out real; 
procedure out Boolean(channel, b); v a l u e  channel; 

i n t e g e r  channel; Boolean b; 
begin  

integer  k, j; 
j := i f  b t h e n  4 else 5; 
c o m m e n t  th i s  procedure assumes t h a t  t r u e  and f a l s e  take  

respect ively  4 and 5 spaces, if no t  the  preceding s t a t e m e n t  
should be modified; 

for k := ( if  j>z8108n t h e n  19 e l se  z8108n--1) s t e p  --1 u n t i l  
j do  out string(channel, ' u ' ) ;  

out symbol(channel, ' t r u e  f a l s e ' ,  j - -3 )  
end out Boolean; 
i n t e g e r  p r o c e d u r e  read i ;  
begin 

integer  i ;  
in integer(in channel, i) ; read i := i 

end read i ;  
r e a l  p r o c e d u r e  read r; 
begin  

r e a l  r;  
in real(in channel, r) ; read r :-= r 

end read r ;  
Boolean p r o c e d u r e  read b; 
begin  

Boolean b ; 
in Boolean(inn channel, b); read b := b 

end read b; 
integer  p r o c e d u r e  ioi(i,s,n); s t r i n g  s; i n t e g e r  i, n; 
c o m m e n t  th is  and the  next  3 procedures  i npu t  respect ively  an  

integer ,  a real number ,  a Boolean or a one dimensional  ar ray ,  
they  ou tpu t  an  equ iva len t  Algol s t a t e m e n t ;  

begin  
out string(out channel, s);  out string(out channel, 'u := u ' ) ;  
in integer(in channel, i ) ;  ioi := i ;  
integer format(n) ; out integer(out channel, i) ; 
out string(out channel, ' ;u ' )  

end ioi; 
r e a l  p r o c e d u r e  ior(r, s, B, n, d); 

r e a l  r ;  s t r i n g  s; Boolean B; integer  n, d; 
begin  

out string(out channel, s);  
out string(out channel, 'u := u ' ) ;  
in real(in channel, r) ; ior : = r; 
real format(B, n, d); out real(out channel, r) ; 
out string(out channel, ' ;u ' )  

e n d  ior; 
Boolean p r o c e d u r e  lob(B, s, n) ;  Boolean b; s tr ing s; 

integer  n;  
begin  

out string(out channel, s);  
out string(out channel, 'u := u'); 
in Boolean(in channel, B);  lob := B; 
Boolean format(n); out Boolean(out channel, B); 
out string(out channel, ' ;u ' )  

end lob; 
p r o c e d u r e  lea(a, l, u, s, B,  n, d) ; 

integer  l, u, n, d; a r r a y  a;  s t r i n g  s; B o o l e a n  B;  
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begin 
integer  i ; 
i f  1 > u t h e n  go to  end ida; 
real format(B, n, d) ; oti(1, 'i', 3) ; 
out string(out channel, ' u foru ' ) ;  
out string(out channel, s); 
out string(out channel, '[i]u := u') ;  
for i := l s t ep  1 u n t i l  u do 
begin  

in real(in channel, a[i]); out real(out channel, a[i]); 
i f  i < u t h e n  out string(out channel, ',u') 
else  out string (out channel, 'udouiu := u iu+ta l ;u ' )  

end; 
end ida: 
end ida; 
procedure oti(i, s, n);  va lue  i, n; i n t e g e r  i, n; s t r i n g  s; 
c o m m e n t  this and the following 3 procedures output  Algol 

s ta tements  compatible with those of the input  output  procedures 
ioi, ior, iob, ida; 

begin  
out string(out channel, s); 
out string(out channel, 'u := u ') ;  
integer format(n) ; out integer(out channel, i) ; 
out string(out channel, ' ;u ' )  

end oti; 
procedure otr(r, s, B, n, d) ; 

real r; s tr ing s; Boolean B; i n t e g e r  n, d; 
begin  

out string(out channel, s); 
out string(out channel, 'u := u ') ;  
real format(B, n, d); out real(out channel, r); 
out string(out channel, ' ;u ' )  

end otr; 
p r o c e d u r e  orb(B, s ,n ) ;  Boolean B; s t r i n g  s; i n t e g e r  n; 
begin 

out string(out channel, s); 
out string(out channel, 'u := u'); 
Boolean format(n); out Boolean(out channel, B); 
out string (out channel, '; u') 

end olb; 
p r o c e d u r e  ota(a, l, u, s, B,  n, d); 

integer l, u, n, d; array a; s tr ing s; Boolean B; 
beg in  

integer i ; 
i f  l > u t h e n  go to end ota; 
real format(B, n, d); oti(l, ' i ' ,  3); 
out string(out channel, ' u foru ' ) ;  
out string(out channel, s); 
out siring(out channel, '[i]u := u ') ;  
for i := l s t ep  1 u n t i l  u do 
begin  

out real(out channel, a[i]); 
i f  i < u t h e n  out string(out channel, ' ,u ')  
e lse  out string (out channel, ' udou iu :=  u i u + u l ; u ' )  

end ; 
end ota : 
end ota; 
procedure outi(i, n); i n t e g e r  i, n; 
c o m m e n t  this and the following 3 procedures output  integers, 

real numbers, Booleans or one dimensional arrays using format 
as indicated in out integer; 

begin 
integer format(n) ; 
out integer(out channel, i) 

end dull; 
p r o c e d u r e  duff(r, B, n ,d);  r e a l r ;  Boolean B; in tegern ,  d; 

begin  
real format(B, n, d) ; 
out real(out channel, r) 

end outr; 
p r o c e d u r e  outb(B, n); Boolean b; integer  n; 
begin  

Boolean format (n ) ; 
out Boolean(out channel, B) 

end outb ; 
procedure outa(a, l ,u,  B ,n ,  d); i n t e g e r  l, u, n, d; 

Boolean B; 
begin  

integer  i ;  
i f  1 > u t h e n  go to end outa; 
real format(B, n, d) ; 
for i := l s t ep  1 u n t i l  u do out real(out channel, a[i]); 

end outa : 
end oula 

array a; 
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Algorithm 217 was transli terated into FORTRAN and successfully 
run on the CDC 3600 system at Indiana Univers i ty  after the fol- 
lowing changes were made: 

(1) In the first Boolean expression of the program the term:  
d[m] > J [ m + l ]  

was replaced by the term: 
(I[m] = I [ m + l ]  A J[m] _> J [ m + l ] )  

(2) The line: 
A3: labl[J[m], 2] := lex; 

was replaced by: 
A3: labl[J[m], 3] := lex; 

(3) In  the s tatement  labeled B1, the symbols: 
[m,2] = 0 

were replaced by:  
f[m, 2] = 0 

(4) Two statements before the s ta tement  labeled A was replaced 
by 

ntvl := ntv := ord := 0 
where ntvl was an additional integer variable. The third 
s tatement  before A N S  was replaced by: 

ord := (tb-node[sink]) X ntvl +ord;  ntvl := ntv; 

V o l u m e  11 / N u m b e r  8 / Augus t ,  1968 C o m m u n i c a t i o n s  of  t h e  ACM 573 


