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T h o u g h t s  on C o n t i n u o u s  Change  S imula t io n  Lan- 
guages 

EDITOR : 

Authors  Teichroew and Lubin  [CACM 9, 10 (Oct. 66)] deserve 
credit  for thei r  excellent paper  on Simulat ion Languages.  As a 
member  of " the  other  camp,"  which is concerned wi th  "con-  
f t inuous systems simulat ion languages,"  I am par t icular ly  grateful  
lor the insight  gained from the analysis  of discrete event  simu- 

ators. 
The authors  included a brief discussion of "cont inuous-change 

s imulat ion languages"  and gave reference to the appropr ia te  
l i te ra ture  on the subject .  I should like here to add some thoughts  
on this  topic, wi th in  the f ramework of the subject  paper.  Firs t ,  le t  
me comment  t ha t  the Simulat ion Software Commit tee  of the  
Simulat ion Councils, Inc. (an AFIPS  member)  was formed in 1965 
for the express purpose of prepar ing language s tandards  for the 
class of s imulat ion languages i t  has chosen to call "con t inuous  
sys tem simulat ion language"  (CSSL). As noted by  Teichroew and 
Lubin,  there have been many  such programs developed since the 
first one in 1957--the count  is a t  least  23. The commit tee  expects 
to publ ish the completed s t andard  this  spring. 

I t  is customary in casual discussion to d i s t in~f i sh  between the  
two classes of languages by  use of the te rms "con t inuous"  and 
"d i sc re te"  simulations.  While i t  is t rue t h a t  these words char-  
acterize the typical  models represented in the two kinds  of lan- 
guages, I conclude from these authors  t h a t  such a dis t inct ion is no t  
fundamenta l  to the s t ruc ture  of the  language, given appropr ia te  
programming or "ac t iv i ty  subrou t ines . "  I suspect  t h a t  CSL can 
approximate  cont inuous s imulat ion,  and t h a t  a present -day  CSSL 
cer ta inly can represent  discrete behavior.  

The  dis t inct ion t ha t  is fundamenta l  is character ized by these 
excerpts:  

CSSL: the  sys tem s imulat ion consists of "a  cont inuous flow 
of informat ion or material counted in the aggregate rather than 
individual items." 

"Di sc re t e "  Simulators :  "items flow th rough  the sys t em."  
"Th i s  type of s inmlat ion  c o n s i s t s . . ,  in keeping track of where 
individual items are," (italics mine) 

I t  is possible wi th  CSSL to represent  flow of discrete i tems 
th rough  a system, as well as queueing and actions t h a t  are condi- 
t ional  upon the size of the queue. However, the flow of i tems mus t  
be homogeneous:  individual  i tems cannot  be dis t inguished;  core 
space is not  required for all i tems of a queue, only the  current  size 
of the queue is retained.  

The authors  have taken care in clarifying the terminology of the 
languages analyzed. Moreover,  they have suggested a basic set  of 
terms, in the legends of the tables. Looking a t  these from a dif- 
ferent  point  of view, I detect  a conflict in the definition of what  is 
being simulated,  i.e., the " s imuland , "  to use the te rm proposed 
by John  McLeod, edi tor  of Simulation magazine. The authors  
say:  "There  appears to be general agreement  t h a t  the dis t inct ion 
between objects being simulated,  propert ies  of these objects,  da ta  
describing the envi ronment ,  and lists of objects having  a par t icu-  
lar  proper ty  is useful in formulat ing a s imulat ion model and 
should be re ta ined in future  discrete-change s imulat ion languages.  
However, the mechanics of this definition can become burden-  
some."  In  Table III .1,  i tem 1 is called the "objec t  being simu- 

la ted:  fundamenta l  e lement  (Record) ."  These are the discrete 
ent i t ies  t h a t  flow through the model (which are not  representable  
as dis t inct  ent i t ies  in a CSSL). Next ,  i tem 4 is " d a t a  about  the  
env i ronment  (var iables) ."  Elsewhere these are referred to as 
" d a t a  about  the simulated world." I submi t  t h a t  i t  is clearer (and 
perhaps  more accurate) to speak of the  s imuland as the s imulated 
sys tem (the model and its env i ronment ;  or the process) which has 
variables  and parameters ;  the  l a t t e r  being changed from case to 
case. The objects,  or ent i t ies ,  t h a t  enter  the s imulated sys tem are 
s imulated input  da ta  t h a t  are processed by  the model. These are 
analogous to "forcing func t ions"  in CSSL terminology.  

T. D. TRUITT 
Electronics Associates, Inc. 
Princeton, New Jersey 085~6 

B i l h m  and Jacopini 's  Reduct ion  o f  F l o w  C h a r t s  

EDITOR : 
In  the  first par t  of the  paper  by  BShm and Jacopini,  "Flow 

Diagrams,  Tur ing  Machines  and Languages wi th  Only Two Forma-  
t ion Rules"  [Comm. ACM 9, 5 (May 1966)], i t  is proved t h a t  any  
program may  be mechanical ly  t ransformed into an equivalent  
program whose flowchart is "decomposable  into I I ¢  A ". This  las t  
phrase means t h a t  all loops are properly nested;  this  concept is 
equivalent  to the  block form I have defined in "Some Transforma-  
t ions and S tandard  Forms of Graphs,  wi th  Applicat ions to Com- 
pu te r  P rograms ,"  to be publ ished shor t ly  (in Machine Intelligence 
2, D. Michie,  ED., Oliver and Boyd, Edinburgh) .  However,  even 
by  making the  same assumptions  as BShm and Jacopini  a s t ronger  
reduction t han  theirs  is possible. 

In  order to prove the i r  result,  BShm and Jacopini  int roduce new 
Boolean var iables  into  the program (or equivalent ly  a single 
Boolean stack,  bu t  a bound for the  maximum dep th  required for 
this  s tack may  easily be given). As they  point  out, i t  is not  usually 
necessary to add a new concept such as "Boolean var iab le"  be- 
cause in most  applicat ions we would expect to find some existing 
concept  which would serve the  same purpose. However,  for s impler  
exposition we assume new variables  have been added. New predi- 
cates to tes t  these variables are also needed, together  wi th  as- 
s ignments  to set them true or false. 

If  we allow these addit ions to a program, then  i t  is clear t ha t  
any  two nodes (P  and Q) of the  directed graph which is the pro- 
gram's  flowchart may  be coalesced in to  one new node N. The node 
N has as input  all the  arcs leading into P and also all those leading 
into Q, and similarly for the  outputs .  Loops P P  or QQ do not  effect 
this  argument .  A new Boolean var iable ,  B~v, is in t roduced and 
ins t ruct ions  added to set i t  t rue on all arcs originally leading into 
P, and false on those originally leading into Q. By tes t ing  this  
var iable  the correct  ou tpu t  arc of N may  be chosen. By repeat ing 
this  process, all the nodes of a program may  be collapsed into a 
single node;  the  result ing program will have  a t r ivial  flowchart 
consisting of node A wi th  loops AA and arcs to A from the inpu t  
and from A to the output .  In  BShm and Jacopini ' s  terminology we 
have reduced the program to one whose flowchart is decomposable 
into II, ¢,  and A, wi th  at  most  one 4~. 

The resul t  may  be i l lus t ra ted  using ALooL as follows : Let  L0 and 
L,, be labels on the  s t a r t  and exit, respectively,  of a program P, 
and let  L t ,  • • • , L~_~ be all the o ther  labels. For  0 < i < n--  1 and 
0 _< j < n, let  P~,j be the condit ion for control to pass from L~ to L i 

(Letters are continued on page 473) 
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practical limit since higher-dimensional objects are pres- 
ently too detailed to be displayed adequately by the com- 
puter. 

D i s c u s s i o n  

At first it was thought that the computer-generated 
movies of the four-dimensional hyperobjects might result 
in some "feeling" or insight for the visualization of a fourth 
spatial dimension. In particular, perhaps some visualiza- 
tion of a solid four-dimensional hyperobjeet would be 
gained from the distortions in the three-dimensional per- 
spective projection. Unfortunately, this did not happen, 
and we are still as puzzled as the inhabitants of Flatland in 
attempting to visualize a higher spatial dimension. 

However, the importance of the techniques presented 
in this paper is the use of a digital computer to generate 
visual displays of the three-dimensional projections of the 
hyperobjects. Such displays of rotating hyperobjects could 
be produced most efficiently by a computer since the pro- 
jections and drawing would be too tedious and impractical 
to produce by any other method. Although no actual mental 
visualization of the fourth dimension resulted from the 
computer-generated displays, it was at least possible to 
visually display the projections and be puzzled in attempt- 
ing to imagine the rigid four-dimensional hyperobject. Of 
course, these techniques should be useful in displaying data 
with more than three variables. 

The movies have already been useful in extending 
knowledge of three-dimensional perspective projections to 
higher dimensions. The techniques have been applied to 
real-time graphical displays so that the user can rotate, 
translate, and manipulate hyperobjects and hyperdata 
and immediately see the results on a graphical display. 
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LETTERS--Continued from p. 463 

without  passing any other  label,, and let  Si,¢ be the  sequence of 
ass ignment  s ta tements  obeyed on this path.  Define new Boolean 
variables Bo, B1 , .. - , B~.  Then  P is equiva lent  to the  program: 
START:  Bo e.- t r u e ;  B1 ¢- f a l se ;  . . .  ; B,,--~ fa l se ;  

L:  i f  Bn t h e n  go to  EXIT;  
i f  B o A  P o , 0 t h e n  b e g i n  B0 := fa l se ;  S0,o ; 

Bo := t r u e  e n d  e l s e  

i f  Bi ~ Pi,j t h e n  b e g i n  Bi := f a l se ;  S~,; ; 
Bj := t rue  e n d  e l s e  

i f  B~_i A P,-L,,  t h e n  b e g i n  B,~_~ := fa l se ;  S.-L~ ; 
B,~ := t r u e  e n d ;  

go to  L; 
E X I T  : 
This  program has a t r ivial  flowchart of the form indicated above. 

B6hm and Jacopini  are interes ted in reducing as far  as possible 
the number  of concepts used and i t  is then  reasonable to code up 
previous flow of control into variables,  as this ca r  usually be done 
within the existing framework. If, however, one's mot iva t ion  is to 
simplify the program's  s t ructure  so t ha t  we may be t t e r  answer 
questions such as whether  the program loops indefinitely, then 
this coding of the control into variables is no help at  all. I t  remains 
true though t h a t  the block form is a very natura l  s tandard  form 
to use, and it  is certainly possible to t ransform many  programs 
into equiwdent  programs in block form wi thout  resorting to the 
coding of control features as values of variables. Some prel iminary 
conjectures along this line are reported in my  paper  referred to 
above. DAVID C. COOPER 

Carnegie Institute of Technology 
Pittsburgh, Pennsylvania 15213 

A C o m m e n t  o n  G a l l e r ' s  L e t t e r  
ED I T O R  : 

I find Mr. Gal ler ' s  le t ter  to the membership  [Comm. ACM 10, 
5 (May 1967)] a wel l - intended guide to pene t ra t ing  the  AC1VI power 
s t ructure .  " F r e d  Jones , "  a typical  p rogrammer  wi th  some ideas 
about  file s t ructures ,  s t a r t s  i n M r .  Gal ler ' s  account  as an unknown,  
and rises unt i l  "he may even find himself a subcommit tee  chair-  
m a n . "  This  up-note  ending is as unques t ioned as t h a t  in a classic 
Hollywood movie,  unt i l  Mr. Galler  adds, " I t  could happen to 
almost anyone- - i t  did to some of us ."  To me, t h a t  is an 
unwi t t ingly  f rank s t a t emen t  of a menace. 

Commit tees  don ' t  often discover anythfing. If Fred  Jones '  ideas 
about  file s t ruc tures  are genuinely good, he should indeed spread  
them around,  and he should l is ten to and benefit  f rom the related 
ideas of o thers ;  the network of commit tees  and meet ings  is admir-  
ably sui ted for this.  Bu t  he should also pursue his ideas fur ther ,  
which might  bes t  be done by  not finding himself a subcommit tee  
chairman.  Wi th  the  surplus of " j o i n e r "  act ivi t ies  in the computer  
field, a line should be drawn as to how many  to take pa r t  in. 

If  such a line is not  drawn,  as in Mr. Gal ler ' s  otherwise excellent 
editorial ,  the creat ive accomplishments  possible outside the mech- 
anisms of " t h e  e s t ab l i shmen t "  of committees ,  meetings,  arid 
block-diagram power s t ruc tu res  will be killed. In  fact ,  some 
tota l ly ,  perversely independent  types,  I believe, might  con t r ibu te  
at  least  as much  to computer  science as do the unques t ioning 
joiners  of committees.  Self-directed, in tens ive  though t  and re- 
search,  as well as some mellow, not -geared- to- the-minute  reflec- 
t iv i ty ,  is needed in this  computer  game. 

JERRY A. RALYA 
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