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F O R E W A R D 

The object ive of this report is to present a broad diacimssion 
of the actual appl icat ion of numerical analysis .  At tent ion is 
focused on the "typical" user - the person wi th mathemat ical 
problems who needs answers .  The most difficul t problems are: 
i) to ident ify this "typical" consumer of numerical analysis 
i i) to ident ify his sources of numerical analysis informat ion 
i i i) to ident ify his desires and his needs for numerical analysis .  
These problems do not yi - Id to mathemat ical analysis and are 
rarely considered by numerical analysts .  Yet if one bel ieves that 
numerical analysis is to be used rather than contemplated ,  one 
cannot ignore these ruest ions .  It is certainly clear that there 
is a large commun i caAon gap between the professional numerical 
analyst and the "typical" consumer - whoever he i s .  It is not 
clear that this gap is current ly narrowing .  The emphasis in this 
report is on approaches to narrow this gap which exploi t computers 
and comput ing systems .  

This material was original ly gathered iKzthe spring of 
1968 by the members of the "Graduate Seminar" .  Since the topic 
was covered in about six weeks ,  there is a lack of depth at 
many points of the analysis .  Nevertheless ,  I feel that a rea-
sonably accurate (if not too wel l focused) picture of the 
si tuat ion is presented here .  

This seminar was under my direct ion and hence the material 
inevi tably reflects my prejudices .  Furthermore ,  I have edi ted 
(and shortened somewhat) the original material .  I have tried 
to preserve the authors original views during this process— 
even at those points where I consider the views to be incorrect .  



NUMERICAL ANALYSIS FOR THE CONSUMER 

by 

D .Dodson ,  J .Ewing ,  P .Mi l ler,  W .Nyl in ,  E .Pekarik ,  

W ,Porter ,  S-Pruess 

1 .  WHO ARE THE USERS OF NUMERICAL ANALYSIS? 

To r"
,

.swer the quest ion as to who are the consumers of 
numerical analysis one must first decide what const i tutes a 
consumer of numerical analysis .  Henceforth ,  a consumer of 
numerical analysis is referred to only as a consumer.  A con-
sumer is any person or group of people who direct ly uses nu-
merical analysis or methods ox numerical analysis from a theoret 
ical or computat ional standpoint .  Also ,  a potent ial consumer 
is any person or group of people v;ho have a use for numerical 
analysis in their work (whether they realize it or not)I-.  

From the above defini t ions,  a consumer or potent ial 
consumer could be a company ,  a part icular occupat ion ,  a group 
of people or an individual person .  It therefore seems reason-
able to search for consumers in each of the above categories.  

First consider which individuals are consumers.  There 
are so many potent ial consumers who are not yet consumers,  some 
care must be taken not to include them .  Individuals who contrite 
bute to the development of numerical analysis by publ ishing 
can be found by searching journals for such contribut ions.  
People who use numerical analysis a tool for solving other 
problems and publ ish their resul ts can also be found by search-
ing l i terature.  By sampling the l i terature in the l ibrary ,  it 
would be difficul t to o'o^z: i a large number of people in this 
manner ,  although thero Eoc^nn tc be l i terature in almost any 
field exhibi t ing a USG for numerical analyses.  Other people who 
are consumers of numerical rn.alysir; are the.  subscribers to 
publ icat ions in the field .  The cubccri '  tion list to these 
publ icat ions would yield a  of potent ial consumers,  all of 
whom might not be act-,;:.?.  Subscript ion l ists to some 
of these publ ication 3 ar^ avai lable.  Individuals who attend 
conferences on miner ileal amlysiri or uss the numerical rout ines 
from organizat ions l ika P'.iare a5.-3 consumers.  St i l l another 
way to find conciui-ierH ia to c.ator:.iir.o user.! of numerical analysi 
rout ines at comput ing cantors,  ctc-

There is still a 1 - r o f consumers who might not 
be found by any of ::j,h-.a-j.  avi.-.f: thoy write their own 
numerical rout ia^s.  iV fi.r.d p';.op.l c it is necessary to 
determine how they roec.iv; i tlT-ir trl ining in numerical analysis 
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From this one is led to examine the group of people who have 
in some sense received formal instruction in numerical analysis.  
Thus the people who have at tended courses in numerical analysis 
are at least potent ial consumers,  if not actual consumers.  
The only other way to determine if an individual is a consumer 
of numerical analysis is to ask him .  

Once it is known which people are consumers,  one can 
determine which occupat ions are consumers.  To determine what 
occupat ions are consumers or potent ial consumers of numerical 
analysis,  a questionnaire was distributed to people in various 
fields at Purdue to determine the extent of useage of numerical 
analysis methods in their field and thus try to determine if 
that field is a consumer.  This is a relat ive measure since 
almost every occupat ion contains some consumers or potent ial 
consumers.  

To determine which companies are consumers,  one can examine 
i ts employees to determine the number of individual consumers 
or the extent to which they employ people of an occupat ion that 
is a consumer.  The extent to which a company uses a computer," 
part icipates in organizat ions l ike Share,  has projects using 
numerical analysis,  and has periodicals and books on numerical 
analysis in the l ibrary al l help to determine if a company is 
a consumer.  

Another important quest ion is what do the consumers want 
in the way of numerical analysis .  The quest ionnaire ment ioned 
earl ier is also designed to help answer this quest ion .  

Approximately 2500 quest ionnaires were passed out to 
graduate students and facul ty members in 24 departments outside 
the Division of Mathemat ical Sciences.  The survey quest ionnaire 
is as fol lows: 



COMPUTER SCIENCE QUESTIONNAIRE 

The purpose of this questionnaire is to determine to what extent different 
departments use numerical analysis or numerical methods on a computer and to 
suggest how the Computer Science Center can better serve the needs of each 
department in this area.  

Your co-operation in compiling this survey will be appreciated.  

Department
 |

 Position 
Area of Specialization 

1.  Have you used a computer or computer results generated for you in 
your work? Yes No 

2,  Do you have an intuitive idpa of what using numerical methods or methods 
of numerical analysis means? Yes No 

3 .  Do you have or do you know of problems in your field which are being 
solved or could be solved using numerical methods on a computer? 

Yes ^ No _ 
4 .  Have you used such methods to help solve a problem in your field? 

Yes No 
5 ,  Would you have a use for these methods if somehow they were more readily 

available or easier to use? Yes No 

6 ,  How would you rate your knowledge as to how to use a computer and as to 
what is available for usage on a computer? Good Average Poor 

7 ,  Have you used any of the routines made available by the Conmuter Center? 
Yes " No 

8 .  With regard to these routines do you want 
A .  a detailed description of the algorithms 

used and how they work? Yes No 
B .  only an easy way to use them? Yes No

 IJ

" '  

9 .  How do you rate the desirability of the following features in the 
implementation of numerical methods on a computer? 

High Medium Low 
A .  Economical execution

 |  
B .  Convenient to use 
C .  Very high reliability 
D .  Extensive diagnostics in case of trouble 
E .  Error bounds on computation 
F .  Conversational use so users can make 

execution time decisions 

10,  Are there any numerical methods or routines presently not available which 
you would like to see the Computer Science Center make available? 

11.  Are there at present any routines wi th which you are dissatisfied and why? 

12.  Are there any routines available on the IBM 7094 which you would like to 
sec made available on the CDC 6500? 

13.  Comments _ _ 
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The tabulat ion of the resul ts of the quest ionnaire is 
based on 395 respondants of whom 49% are facul ty members ,  47$ 
are graduate students,  and 4% are bashful .  

On the first quest ion ,  88% answered yes and 12% answered 
no .  It was expected that responses would be heavi ly weighted 
toward computer users ,  but 12% of the total ,  or 47 non-users,  
is a significant group .  

On quest ion 2; 92% answered yes ,  6% answered no ,  and 2% 
did not answer.  This indicates that a high percentage of people 
have some knowledge of numerical analysis and can rel iably 
answer quest ions pertaining to their usage of i t .  

70% of the responses were yes to quest ion 3; 3% were no ,  
and 27% decl ined to answer .  The fact that only 3% of the answers 
were defini tely no ,  combined wi th the fact that there was at 
least one affirmative answer in each field ,  suggests that every 
field interviewed is to some degree a potent ial consumer.  

On the fourth quest ion 49% of the responses were yes ,  
25% were no ,  and 26% decl ined to answer.  This question shows 
to what degree different fields are consumers relative to each 
other .  

Wi th regard to the fifth quest ion 79% of the responses 
were yes ,  7% were no ,  and 14% did not answer .  Since 70% of 
the respondants said they would have a use for some numerical 
methods ,  if they were more readi ly avai lable or easier to use ,  
seems to point out a tremendously large vacuum of rout ines 
using numerical methods already wri t ten for appl icat ion to 
specific problems in each field .  These rout ines may have been 
writ ten somewhere,  but not widely publ icized or compat ible between 
computer instal lat ions.  It should be the responsibi l i ty of the 
universi t ies and the government to promote the standardizat ion 
of computer languages and the publ icat ion of avai lable rout ines.  
6% of the respondants said they have never used a computer,  
answered yes to question 5 and 12% answered yes on question 3
no on quest ion 4 and yes on question 5- These stat ist ics help 
to substant iate the need for the compat ibi l i ty of languages 
and distribut ion of specific rout ines.  

The resul ts on quest ion 6 were scaled between 0 and 100 ,  
with 0 and 100 represent ing poor and good respect ively .  The 
average index of the responses is 53- Thus the respondants 
considered themselves to be an average group of computer users .  

63% of the respondants have used rout ines made available 
by the comput ing center ,  36% have not and 1% evident ly were not 
sure.  Since only 12% have not used a computer,  that leaves 
24% of the total who have not used the comput ing center rout ines.  
Their reasons were mainly preferring to write their own and not 
knowing what is avai lable from the center .  
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It is surprising to find on quest ion 8 that 58$ wanted 
a detai led descript ion of the algori thms used wi th rout ine ex-
planat ions and 34$ wanted only an easy way to use them .  A 
large numb er of the lat ter only wanted a reference to the meth-
ods used for possible invest igat ion .  Consumers appear to want 
more than canned rout ines.  They are also interested in the 
reasoning behind the various methods .  Question 9 at tempts to 
find out what consumers real ly want from computer implemented 
numerical methods .  Again the resul ts are scaled from 0 to 100 ,  
wi th 0 and 100 represent ing low and high desirabi l i ty ,  respective-
ly .  The average index is l isted below for the total responses.  

1 .  Convenient to use 
2 .  Very high rel iabi l i ty 85 
3• Economical execut ion 67 

Extensive diagnost ics 67 
5 .  Error bounds on computation 61 
6 .  Conversat ional use 43 

It is interesting to note how l i t t le importance is placed 
on conversat ional ' use.  The resul ts on this question are very 
consistent between the different departments .  A more complete 
tabulat ion of the resul ts fol lows.  



TABLE 1: Breakdown by Department of Responses to Question 9 .  

Index (from 0 to 100) 

Department Responses 9-A 9-B 9-C 9-D 9-E 9-F 

A .  A . A .  & E .S .  19 67 87 97 84 64 39 
B .  Ag .  Econ .  & Stat .  31 93 86 80 70 59 44 
C .  Ag .  Engineering 15 68 94 73 61 67 57 
D .  Bio-Chemistry 11 56 88 81 67 80 50 
E .  Bio-Nucleonics 8 58 83 100 83 59 50 

F .  Botony & Plant Path .  5 63 90 70 90 50 38 
G .  Chemical Eng .  17 53 88 89 74 54 30 
H .  Chemistry 6 50 100 100 100 67 50 
I .  Civi l Eng .  37 53 88 81 59 55 39 
J .  Economics 2 50 100 75 100 75 50 

K .  Electrical Eng .  53 59 90 77 64 57 42 
L .  Forrestry & Cons .  14 67 100 88 75 55 36 
M .  Geo-Sciences 1 0 100 100 100 50 0 
N .  Hort icul ture 5 100 100 88 67 75 33 
0 .  Industrial Adm .  2 50 100 100 50 0 0 

P .  Industrial Eng .  16 52 84 75 81 48 44 
Q .  Industrial Science 6 40 90 75 84 50 50 
R .  Material Science 5 63 50 63 50 75 33 
S .  Mcchanical Eng .  43 78 90 89 68 72 48 
T .  Nuclear Eng .  24 71 84 90 71 54 52 
U .  Pharmacology 12 65 93 86 50 54 66 
U .  Pharmacology 12 65 93 86 50 54 66 
V .  Physics 34 70 91 95 69 60 40 
W .  Psychology 12 58 80 o? 

• t - 64 64 36 
X .  Sociology 15 75 79 86 58 68 38 

i 
i 



TABLE 2 .  A Breakdown of Quest ions 1 through 7 by Department .  
The Numbers are all in Percent of the Total Responses 
from a Department .  The Let ters are Associated with 
the Departments in Table 1 .  

1 .  2 .  3- 4- 5 .  6 .  7 .  

Dep t .  Yes No Yes No Yes No Yes No Yes No H i .  Med .  Low Ye£- Mo 

A .  97 0 100 0 100 0 11 74 11 58 32 11 58 37 
B .  97 0 97 0 97 0 97 0 71 3 26 52 16 65 32 
c .  100 0 93 7 93 7 20 87 0 27 6 7 80 20 
D .  18 82 9 91 9 18 82 72 9 0 27 73 0 91 
E .  62 38 75 25 75 25 67 38 88 0 0 38 50 50 50 

F .  40 60 60 40 100 0 40 60 40 60 0 40 60 20 80 
G .  94 6 100 0 100 0 88 12 94 0 29 53 18 88 6 
H .  67 33 83 17 83 0 50 50 50 33 17 33 50 67 33 
I .  0 100 0 100 0 100 0 100 0 100 0 0 50 50 
J .  100 0 100 0 100 0 0 100 0 100 0 100 0 100 0 

K .  60 0 80 0 40 40 40 20 0 20 80 60 40 
L .  0 100 0 100 0 100 0 100 0 0 50 50 100 0 
M .  40 60 100 0 100 0 0 100 60 40 0 40 60 20 60 
N .  97 3 95 5 97 3 81 19 89 5 27 54 19 73 27 
0 .  95 5 98 2 98 2 83 17 79 4 32 47 21 72 26 

P .  86 7 86 7 93 0 79 14 72 14 36 50 14 93 7 
Q .  43 57 72 28 86 7 36 64 86 7 14 50 36 21 72 
R .  95 5 98 2 100 0 91 9 77 2 37 49 14 68 30 

0 83 17 83 17 67 33 100 0 17 83 0 67 33 
T .  96 96 0 96 0 84 12 88 0 50 34 12 75 21 

85 15 97 3 97 3 65 35 76 12 41 41 15 41 59 
V .  92 0 92 67 33 92 8 42 25 33 67 33 
w .  87 13 87 13 100 0 80 20 93 7 7 40 53 60 40 
X .  12 82 12 88 12 56 44 56 H 38 44 12 69 19 
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2 .  HOW PEOPLE OBTAIN NUMERICAL ANALYSIS INFORMATION 

Since very l i t t le ,  if any ,  informat ion has been publ ished 
on how people actually obtain numerical analysis informat ion ,  it 
is only possible to surmise how this is or might be done based 
on personal experience and indirect evidence.  

2.1 Formal Educat ion .  Ini t ial introduct ion to numerical analysis 
informat ion may be through formal educat ion .  Almost al l univer-
sities offer some courses in numerical analysis ,  ei ther in the 
department of mathemat ics or computer science.  

For those persons who are not students,  there are a number 
of sources of formal and semiformal instruct ion avai lable.  Several 
universi t ies offer a number of short courses which cover a variety 
of topics in computer science and related areas .  The Associat ion 
for Comput ing Machinery has also recent ly begun to sponsor a number 
of several-day seminars and tutorials on topics of current interest 
in computer science.  A significant source of information wi thin 
a company are short courses conducted to keep personnel acquainted 
with current developments.  

2.2 Text and Reference Books .  For informat ion beyond that avail-
able in coursework ,  a number of textbooks and other references 
on numerical analysis are avai lable .  Several useful col lect ions 
have appeared—for example,  Ralston and W i lf ,  Methods for Digi tal 
Computers.  The Ralston and Wi lf book summarizes a number of 
methods and describes algori thms for the solut ion of a wide variety 
of problems and provides references to sources where a more de-
tailed development of the various methods can be found .  

2.3 Technical Journals.  For informat ion on developments more 
recent than found in books ,  one can go to the various professional 
journals.  Probably the publ icat ions most widely known by persons 
in computer science in the Uni ted States are the publ icat ions of 
the Associat ion for Comput ing Machinery ,  al though there are a 
number of other significant publ icat ions,  e .g . ,  SIAM Journal of 
Numerical Analysis,  Numerische Mathemat ik ,  Mathemat ics of Compu-
tat ion ,  SIAM Journal of Appl ied Mathemat ics and the Computer Journal .  

2.4 Communicat ion Among Professionals.  For those persons most 
closely associated wi th the field of numerical analysis there are 
several important sources of informat ion which are not usual ly 
available to the average user of numerical analysis informat ion .  
One source is through contacts wi th other persons working in the 
field ,  both in the form of personal communicat ions and in the form 
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of pre-publ icat ion copies of manuscripts .  Another very important 
source of information is their own research .  

2.5 Consul tants .  Persons or groups of persons which lack the 
training or the t ime to obtain numerical analysis informat ion 
themselves can hire consul tants to help them .  Because consul tants 
are also used in cases which only involve "data processing '

1 

problems,  just how much consul t ing is done on problems direct ly 
related to numerical analysis would be difficul t to tel l wi thout 
a detailed invest igat ion into the act ivi t ies of consultants* 
That consul t ing is a source of information that is being ut i l ized 
is evidenced by the increase in the number of firms special izing 
in consul t ing .  

2.6 Subrout ine Libraries and Interactive Systems.  Most comput ing 
centers have a number of subrout ines avai lable for the solut ion 
of certain kinds of numerical problems.  These presumably have 
been used successful ly by others and have the advantage of being 
in machine-useable form .  Interact ive systems are valuable for 
some types of numerical problems in that the judgment of the 
user can be used to advantage rather than requiring the user to 
specify in advance what act ion should be taken for each possible 
si tuat ion .  The task of the user can be further simplified by 
languages which minimize the programming effort necessary for 
solving the most common numerical problems.  One approach to this 
problem is to provide bui l t-in procedures for such problems.  
The ideal system from the user ' s viewpoint would be an automat ic 
numerical analysis system which when given a problem would choose 
an appropriate method and then supply an algorithm for that 
method .  

2.7 The Strengths and Weaknesses of Sources of Informat ion .  
Consider first formal educat ion and course-work as a source of 
informat ion .  A good teacher who is fami l iar with the topics of 
the course can help make up for the deficiencies which seem 
to be inherent in any publ ished text {unless of course the instruc-
tor and text are both deficient in the same areas). A teacher 
may also be able to provide advice on practd :alities of various 
methods on present computers and call at tent ion to new developments 
in the field .  The basic problem ,  of coursr,  is that good teachers 
are not always easy to find .  Also a per<so:: who sp nds the major 
part of his t ime teaching might not have the t ime to keep up with 
new developments in his field ,  much less be actively engaged in 
research necessary to put him near the top in his field .  New 
developments make a process of cont inuous education necessary .  

Reference books and professional journals contain much use-
ful informat ion ,  but there are two major deficiencies: t ime lag 
between research and publ icat ion ,  and informat ion retrieval .  
Those who are most act ively engaged in research do not have the 
t ime to prepare a book for publ icat ion unt i l later.  For this 
reason a book which is wri t ten by only one person might not contain 
the resul ts of any research done during the last ten years .  Books 
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wh i ch cons i s t of a co l l e c t i o n of sh o r t e r a r t i c l e s by a n u m b e r of 
au t hors m a y be m o r e c u r r e n t ,  b u t a t i m e l ag of f i ve y e a r s b e t w e e n 
re se arch and p u b l i ca t i o n i s p r o b a b l y abou t m i n i m a l .  The p r o b l e m 
of i nforma t i on r e t r i e v a l i s o n l y p a r t l y so l ved b y such a i d s a s 
Compu t i ng R e v i e w s ,  M a t h R e v i e w s and C o m p u t e r A b s t r a c t s and t h e 
v ar i o u s i n d i ce s t ha t are a v a i l a b l e f o r r e v i e w s .  B o o k s w h i ch 
co v e r a broad range of t o p i cs are no t u s u a l l y i ndexe d u n d e r t h e 
i n d i v i d u a l t o p i c s .  An even m o r e se r i ous prob l em might ,  be t he 
l a ck of co m p l e t e cove rage b y t h e se r e v i e w s .  C o m p u t e r sc i e nce 
and n u m e r i ca l an a l y s i s are s t i l l n e w enough t h a t t h e are a h a s 
no t ye t be en co m p l e t e l y d e f i n e d ,  m a k i n g comp l e t e cove rage b y re-
v i e we rs an i m p o ss i b i l i t y .  

S u b r o u t i n e and program l i b r a r i e s are w i d e l y a v a i l a b l e bu t 
no t so f r e q u e n t l y u s e d .  I dea l l y a subrou t i ne shou l d b e r e p r e se n t a-
t i v e of t he bes t way known (bes t f o r t he m a c h i n e u s e d ) f o r so l v i ng 
some p a r t i cu l a r p r o b l e m .  A subrou t i ne shou l d be accompan i e d by 
a wr i t eup wh i ch e xp l a i ns t h e me t hod u s e d ,  i t s j u s t i f i ca t i o n ,  any 
l i m i t a t i o n s on a c c u r a c y ,  r e l i a b i l i t y ,  e t c .  of t he p r o g r a m ,  and 
c l e a r i n s t r u c t i o n s for p r o p e r u s e of t h e s u b r o u t i n e .  If t h i s w e r e 
t h e c a s e ,  t hen o n e cou l a u s e such su b rou t i n e s w i t h c o n f i d e n c e .  
In p r ac t i ce su b r o u t i n e l i b r ar i e s f r e q u e n t l y con t a i n su b rou t i n e s wh i ch 
are n o t o p t i m u m .  F r e q u e n t l y w r i t e u p s a v a i l a b l e f o r a subrou t i ne 
t e n d t o d e ge n e ra t e i n t o a

 u

c o o k b o o k " f o r u s a g e and t o avo i d 
e x p l an a t i o n o r j us t i f i ca t i on of t he m e t h od u s e d .  Th i s l e ad s to 
t h e u s e of t he su b r o u t i n e on p r o b l e m s f o r w h i ch t h e m e t h o d m a y 
be i l l s u i t e d .  F o r t h e s e r e a s o n s a p e rso n capab l e of wr i t i ng 
h i s own su b r o u t i n e s f r e q u e n t l y a v o i d s u s i n g su b r o u t i n e s w r i t t e n 
b y someone e l s e ,  o r e l se he u s e s t h e se rou t i ne s w i t h r e l uc t ance 
and w i t h t he co n v i c t i o n t ha t g i v e n t he t i m e he cou l d do b e t t e r .  
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3- SUBROUTINE LIBRARIES 

Subrout ine l ibraries exist for the obvious purpose of 
saving users the effort of wri t ing their own programs.  Though 
it is easy to l ist the object ions to using l ibrary subrout ines,  
the.case for such a faci l i ty is clearly justified on the basis 
of the t ime saved .  

The most obvious weakness of the subrout ine library is that 
users must accept the validi ty of a program on good fai th .  
Certainly ,  no l ibrary is going to claim that all of i ts rout ines 
work exactly as specified .  VJhile it is comfort ing that an author 
is not going to submi t his program to a l ibrary unt i l he is 
confident it works properly ,  it is naive to expect any rout ine 
to work for every case .  In addi t ion to this weakness,  l ibrary 
rout ines customari ly offer a number of opt ions ,  which a user 
might not need for a part icular appl icat ion .  Problems in under-
standing documentat ion and data format compat ibi l i ty are object ions 
worthy of ment ion .  

The Purdue Computer Center offers a number of l ibraries to 
i ts users: 

(1) The Computer Science Center Subrout ine Library includes 
about 70 rout ines wri t ten local ly (in MAP ,  FAP ,  and 
FORTRAN) and/or adapted from SHARE programs.  Experience 
wi th five of the rout ines indicates that the performance 
is as specified though the wri te-ups are difficul t to 
understand .  Experience wi th the Gauss-Laguerre quad— 
rature routine was disastrous - the weights for N = 14 
did not add to 1 .  

(2) PUFFT Subrout ine Library is a dr'.sc resident FORTRAN 
l ibrary of about 50 rout ines,  rhat object decks are 
not avai lable is not a restriction as PUFFT can compi le 
and load a source deck faster than the IBJOB loader 
can load an object deck .  The big restriction is that 
the rout ines can be compiled only into PUFFT programs.  

Many of the rout ines are adaptat ions of (1) though 
some were wri t ten especial ly for PUFFT by Purdue staff 
members; the documentat ion is ,  in general ,  better than 
(1).  

One person ' s experience wi th this package has been 
qui te satisfactory - the big advantage is that the 
inconvenience and the errors associated with handl ing 
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decks are avoided .  For example ,  the Gatiss-Laguerre 
rout ine (at one t ime a copy of the corresponding 
rout ine in (1)) igOcerrriidt 'ufldei? PUflFT.  

(3) The IBM 360 Scient ific Subrout ine Package contains 
200 FORTRAN rout ines compatible wi th the IBM 7094 
and GDC 6500 .  Documentat ion is contained in comment 
cards and is qui te understandable and uniform .  

These subrout ines treat matrices in a unique manner -
all two dimensional actual arguments are treated as 
one dimensional variables in the subrout ines.  This 
has the disadvantage that the user must ei ther dimension 
his arrays to fi t part icular cases or use a special 
subrout ine (in the package) to convert to the correct 
storage layout .  The advantage is that under no circum-

,  stances do subrout ines need be changed for dimension 
compat ibi l i ty .  

Casual experience has suggested that this is a reliable 
set of subrout ines.  

(4) The 7094 disc l ibrary contains about 30 rout ines 
accessible through the IBDSK system .  Again> there is 
qui te an advantage here in not handl ing decks .  
Purdue ' s CSC Technical Newslet ter of October ,  1967 .  

(5) The Stat ist ical Library consists mainly of 1964 BMD 
series from UCLA .  These are complete programs - in 
fact ,  the manual claims that a knowledge of program-
ming is not required .  The data deck set-ups are 
clearly explained and i l lustrated .  The department of 
stat ist ics maintains consul tants fami l iar wi th these 
rout ines.  

(6) The CDC 6500 disc l ibrary is still in the developmental 
stage.  

The main inter-faci l i ty l ibraries to which Purdue CSC users have 
access are the SHARE (an organizat ion of IBM users) l ibrary and 
the VIM (an organization of CDC 6000 series users) l ibrary .  
Natural ly ,  the readabi l i ty of the inter-faci l i ty l ibraries varies 
according to the author.  

The SHARE rout ines (approximately 2000 in the SHARE 3000 series) 
are immediately available from tape dumps and master decks .  When 
addi t ions to the l ibrary are made ,  announcements are printed in 
the Technical Newslet ters of the CSC .  The programs avai lable 
locally are coded in MAP ,  FAP ,  FORTRAN II ,  and FORTRAN IV and 
are for the IBM 709/7090/7094 series.  

The VIM rout ines are not avai lable locally - users must contact 
the central distributor.  
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4- INTERACTIVE SYSTEMS 

An interact ive system is a combinat ion of computer hard-
ware and software which converses wi th a user at a remote terminal 
The system might serve only one user ,  (a dedicated system) or 
it may serve many at once ,  maintaining for each user some impres-
sion of being the only user .  Interactive systems are basical ly 
user centered .  Varying levels of communicat ion and degrees of 
interaction are maintained by different systems,  ranging from 
computer assisted instruct ion (teaching by the Socratic method) 
to something like Quicktran ,  or PUFFT Time Sharing System ,  toward 
the other extreme.  In any case an interact ive system provides 
a shorter turn-around t ime ,  than an ordinary batch processing 
system does .  

Our specific interest is wi th interact ive systems wi th a 
mathemat ical ,  or numerical analysis,  orientat ion .  At this point 
we are more concerned wi th what the system should be l ike ,  what 
it should do ,  rather than wi th detai ls of implementat ion .  

The most obvious,  and very l ikely the most important factor 
in the design of an interact ive system is the language for communi '  
cat ion between man and machine .  The primary goal in formulat ing 
this language is to minimize the demands on the user .  Ideal ly ,  
the computer would be able to understand the user wri t ing in his 
own language.  This is extremely ambiticur;; clearly a pract ical 
system must impose further restrict ions.  Since the user must type 
instruct ions,simpl ici ty and brevi ty are important .  An excessively 
verbose language makes typing instruct ions and wait ing for the 
system to type messages burdensome to the initiated user .  

The language should be chosen so that 1 novice can use the 
system wi thout much difficul ty .  This rsqui 'es a high degree of 
readabi l i ty in both the computer

:

s mesGa^oo to the aser and the 
user ' s statement of instruct ions.  Ordinari ly this means longer 
messages and more typing .  It probably also requires a specially 
tailored character set if special terms or symbols are to appear 
frequent ly .  Not al l users are novices; after a person has 
had some experience with the system ,  shorter comments suffice.  
An inexperienced user may be satisfied wi th ,  and indeed may desire ,  
a communicat ion that runs something l ike: (computer ' s part 
underl ined): 
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WHAT NEXT? PLOT 
TYPE INDEPENDENT VARIABLE X 
TYPE FUNCTION OF X TO BE PLOTTED .  Y 
PLEASE DEFINE Y .  Y = 2 tf + 1 
XMIN = 3 
XMAX = 10 

A more experienced user would probably prefer an exchange in 
the spirit of the fol lowing; 

WHAT NEXT? PLOT Y = 2 X + 1 ,  FOR X = 3 ,  10 

The same spirit of varying wordiness carries over to things l ike 
error messages ,  etc .  

Three desirable features aimed at this need are: 
1 .  Having several al ternate forms for various instruct ions.  
2 .  Permi t t ing the user to select a message level to provide 

messages varying from terse to qui te detailed and 
verbose .  

3- Implement ing an instruct ion 'EXPLAIN
1

'  which causes the 
system to provide further informat ion .  

The level of communication desired requires special ,  more 
powerful operators and a macro-instruct ion faci l i ty .  For a 
novice in numerical analysis to benefit from the system,he should 
be able to wri te ,  for example,^ f(x)dx (where f is already defined),  

or some reasonable equivalent of it..-.- .-v.*;.  ...  and have the 
system do the work for h im .  In al l such operat ions,  a reasonable,  
perhaps user specified ,  level of accuracy should be maintained .  
If that accuracy is beyond the system ,  it should provide an answer 
together wi th an estimate of i ts accuracy .  

It is clearly desirable to have two modes of giving instruc-
t ions to the system: a do-this-now mode ,  and a procedure defini t ion 
mode .  We note that it is possible to approximate the former wi th 
the latter if care is taken in the design .  The necessi ty of the 
lat ter for a truly useful language is obvious .  

Some means should be provided to al low the user to modify 
instruct ions already entered into the machine .  This means that 
edit operat ions should be provided .  Furthermore,  it should be 
possible to regain control during execut ion wi thout upset t ing 
things to the extent that a complete retyping of a set of instruc-
t ions is required to make a minor revision .  Clearly a l ibrary 
faci l i ty to enable the user to save programs and data from session 
to session is essent ial .  

The system should do some checking beyond that needed for 
translat ion when the user gives an instruct ion .  The detect ion of 
contradictory or incomplete requests should ini t iate a series of 
quest ions by the system to obtain the information (as opposed to 
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offering an error report and abort ing).  An example of a si tuation 
where a clarification request works wel l is the case when a 
variable which has not been given a value occurs in an expression .  

An ideal system would have convenient faci l i t ies for graphi-
cal display at each terminal .  In many instances a graph relates 
much more about what is going on than a table of numbers does .  

The terminals should accept large quant i t ies of pre-recorded 
data ,  say from punched cards or paper tape ,  or (slightly less 
desirable) there should be a central location to enter such data 
into a user ' s l ibrary .  

The response t ime of the system is important .  Excessively 
slow responses make the user nervous ,  and he feels that he is 
wast ing his t ime .  If the response is too quick ,  the user may feel 
pushed by the computer .  An experimental interact ive system is 
being designed at Berkeley to al low a user to specify a response 
t ime that is maintained wi thin narrow l imi ts .  The user pays more 
for faster response .  

It should be possible to ini t iate batch-processing jobs 
from a terminal (if the comput ing center has batch processing).  
This brings al l the power of proven batch processing software 
wi thin the reach of a remote user .  

Admi t tedly these object ives are quite ambi t ious.  Indeed ,  
they may be too ambi t ious for a pract ical system .  Quite a bi t 
of cost ly hardware for terminals has been l isted as desirable^ 
This may make many terminals prohibi t ively expensive for all 
but the most affluent .  Conceivably a small number of more sophis-
t icated displays,  etc .  could be provided at central locations. .  
As the number of users increases,  the amount ' of l ibrary storage 
required can become astronomical and the coftt of-providing it 
prohibi t ive.  Some features requiring rather sophisticated 
software have been advocated; such software is expensive to develop .  
The real pinch in designing interact ive systems is in striking 
a sat isfactory balance between compromises iii services and the 
cost of development and operat ion .  

Evaluat ion of interact ive systems 3 '  very subjective 
because ,  aside from the quest ion of whether operators perform 
their advertised operat ions,  evaluat ion comes down to "how conven-
ient is i t?" "Does the convenience outweight the cost?" ,  etc .  

One scheme for evaluating a system is to make a l imi ted 
release to users .  User react ions,  complaints,  compl iments are 
then weighed .  This approach el iminates the bias of evaluation; 
by the designer and is a real world evaluat ion .  It may reveal 
serious weaknesses of the system which result from the way ideal 
object ives were compromised ,  or it may reveal that trivial modifi-
cat ions or extensions wi l l give the user what he always wanted .  

The ul t imate criterion for evaluation is what the user thinks 
of the system .  
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5 .  SURVEY OF SOME INTERACTIVE SYSTEMS 

NAPSS 

The Numerical Analysis Problem Solving System is current ly 
under development at Purdue Universi ty .  A major part of the NAPSS 
system is a language close to natural mathemat ical rotat ion .  
The remainder of the system consists of software for the CDC 6500 
computer which accepts the users problem and appl ies sound and 
rel iable numerical analysis procedures.  

One of the primary design goals is to make the system usabj.6 
by users wi thout training in either numerical analysis or computer 
programming .  Thus ,  many rules and restrict ions found in other 
computer languages are el iminated .  Matrix ,  vector,  and funct ion 
manipulat ion are permi t ted wi th the same ease that languages such 
as FORTRAN permi ts manipulat ion of scalars and more operators are 
provided; for example ,  de t .  

3x" > » ' 
Two types of assignment statements are permi t ted .  The first 

is the usual one ,  A^-E ,  where A is a variable {not necessari ly 
a scalar) and E is an expression .  If ,  for example,  the value of 
E is a vector then A looses i ts previous ident i ty and takes on 
the vector value of E .  The second type of assignment statement 
is a symbol ic assignment ; A = E causes A to be set symbol ical ly 
to the expression E« Unl ike A^-E ,  A — E does not resul t in the 
evaluat ion of E unt i l a value of A is required .  

A » 2 x X 
X = 3 + Y 
Y 1 
B A 

gives Y the value 1 and A the value 8 .  The order of the first 
three of these statements is immaterial .  

An equation in NAPSS is two expressions separated by "=" .  
Opt ional ly statements may be labeled ,  for example EQ .23 .  The 
use of the label is equivalent to wri t ing the equat ion .  

Equat ions are used in SOLVE statements,  which contain much 
of the power of the language .  A SOLVE statement has the form 

SOLVE EQS ,  FOR VARS (OPTIONS); 

where EQS represents one or more equat ions or equation labels 
and VARS represents what is to be found .  (OPTIONS) represents 
an opt ional l ist of informat ion which may assist in solving the 
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problem ,  specify the type or accuracy of answers desired ,  or 
direct the system to solve the equat ions in a part icular way .  

Condi t ional statements and i terat ion statements are very 
simi lar in format and operat ion to those in ALGOL .  An extension 
in the i terat ion statement is FOR J,K 1 TO N DO ; 
which controls both J and K through a double nested loop .  The 
abi l i ty to use the value of a quant i ty computed in a previous 
i teration of the loop is also prov ided—for example X r-31 
is the value of X at the end of the third previous i terat ion .  

Declarat ion statements are not required .  In fact ,  the current 
version of the system does not use declarat ion statements at all--
al l declarat ion information is determined contextual ly .  

The system is not yet avai lable for use .  

LINCOLN RECKONER 

The Lincoln Reckoner is a t ime shared system designed for 
use in engineering and scient ific research .  It does not provide 
al l of the faci l i t ies of a general purpose computer,  but instead 
it consists of a l ibrary of elementary rout ines to perform numeri-
cal numerical computat ions on arrays .  Thus Reckoner is basical ly 
a system designed for making use of rout ines,  not wri t ing them .  

The l ibrary of rout ines avai lable includes about 65 rout ines 
which perform the basic ari thmetic operat ions on arrays of numbers,  
matrix ari thmet ic ,  array element shuffl ing ,  i^put ,  and output .  
These rout ines are used one at a t ime .  Thus ĉhe user must parse 
his equat ions and translate them into a sequence of step by step 
operat ions.  To use a rout ine,  the user names it and i ts arguments.  
Clerical information such as array size is taken care of auto-
mat ical ly .  

The user can build his own procedures from the l ibrary rou-
t ines and his other procedures.  Such a procedure may have formal 
parameters,  global or local variables.  

The Reckoner system is current ly running on Lincoln Labora-
tory ' s experimental computer ,  the TX-2 .  3asic components of the 
system include the t ime sharing system ,  the translator,  and the 
l ibrary .  The time sharing system performs three important services: 
col lecting the input from the terminal and storing it in a buffer ,  
keeping track of the name table ,  and maintaining the user

T

s stack 
of maps which specify the contents of a current block of memory .  
After a ful l l ine of code is typed in ,  the translator parses the 
statement .  If there are no errors,  the translator forms a calling 
sequence and asks the t ime sharing system to push down the current 
memory map and stack on a new one for the subrout ine that is to 
be cal led .  When the subrout ine is loaded into memory ,  it processes 
the call ing sequence to find and classify i ts parameters,  al locates 
temporary storage for local variables,  and the proceeds to do its 
computat ions.  
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The sys t em i s very m o d u l a r bo t h i n a p p e a r a n c e t o t he u s e r 
and i n sof t ware i m p l e m e n t a t i o n .  

A P L / 3 6 0 

A P L / 3 6 0 i s a t i m e shar i ng sys t em d e v e l o p e d a t t h e T h o m a s 
J .  W a t s o n R e s e a r c h C e n t e r o f I D M .  It p e r f o r m s a r i t h m e t i c o p e r a -
t i o n s on a r r a y s of n u m b e r s .  The s y s t e m ,  w h i c h i s c u r r e n t l y i n 
o p e r a t i o n ,  i s a c c e s s i b l e t o a n y u s e r i n t h e c o u n t r y v i a a d a t a -
p h o n e l i n k .  

The A P L / 3 6 0 l a n g u a g e a p p e a r s v e r y . s i m p l e ,  bu t a f u l l spec i -
f i c a t i o n of t h e l a n g u a g e w a s no t o b t a i n e d .  

The m o s t i n t e r e s t i n g f e a t u r e of A P L / 3 6 0 ,  and p r o b a b l y t he 
one r e q u i r i n g t he m o s t s o f t w a r e ,  i s t he w o r k - s p a c e conc ep t of 
program s t o r a g e .  Ea ch u s e r i s ab l e t o d e f i n e one o r m o r e w o r k -
spa c es i n t he pub l i c l i b r a r y ,  t o p u t i n f o r m a t i o n i n t o t h e m ,  ed i t 
t h e m ,  save thorn f o r f u t u r e r u n s ,  and c ause t he p r o g r a m s en t e red 
i n t o t hem t o b e e x e c u t e d .  

A t""oical A P L / 3 6 0 r u n b e g i n s b y d i a l i n g i n t o t he sys t em 
on a d a t a p h o n e and l o g g i n g i n .  He t h e n c a l l s f o r a n o l d w o r k s p a c e 
f r o m a p r e v i o u s run o r a s k s t ha t a n e w w o r k s p a c e be d e f i n e d .  He 
can a l so c o m m u n i c a t e s p e c i a l i n f o r m a t i o n o r r e q u e s t t o t h e c o m p u t e r 
o p e r a t o r or a n o t h e r t e r m i n a l .  A f t e r h i s w o r k s p a c e i s p r o p e r l y 
se t -up he m a y c a l l f o r e x e c u t i o n ,  o r i f h e d e s i r e s h e m a y e m p l o y 
i n c r e m e n t a l e x e c u t i o n .  

No f i g u r e s w e r e g i v e n t o i n d i c a t e t h e cos t o f u s i n g t h e 
sys t em ; h o w e v e r t he l ong d i s t a n c e t o l l c h a r g e s c o u p l e d w i t h t h e 
r e l a t i v e l y s l o w t r a n s m i s s i o n ra t e p r o b a b l y m a k e s t h i s par t of t h e 
expense p r o h i b i t i v e c o m p a r e d t o o t h e r c o m p u t e r s e r v i c e s .  

A M T R A N (Au t oma t i c M a t h e m a t i c a l T R A N s l a t i o n ) 

AMTRAN i s an i n t e r a c t i v e sys t em d e s i g n e d t o perm i t t h e u s e r 
t o en t e r m a t h e m a t i c a l e x p r e s s i o n s i n t he i r na t ura l f o r m a t and 
r e c e i ve i mmed i a t e g r a p h i c a l and a l p h a n u m e r i c d i s p l a y s .  Remo t e 
t e r m i n a l s cons i s t of a l a r g e k e y b o a r d ,  t wo f i v e i nch s t orage 
o s c i l l o s c o p e s ,  and a s p e c i a l Sc l e c t r i c t y p e w r i t e r .  T h e y u s e 
v o i c e - g r a d e t e l e p h o n e l i n e s ,  I t i s a l so p o s s i b l e t o u s e s i mp l e 
t y p e w r i t e r t e r m i n a l s .  T h a f u l l sca l e t e r m i n a l i s e s t i ma t ed t o 
cos t from $5 , 000 to $ 1 0 , 0 0 0 .  

h a s t h r e e p r i m a r y o b j e c t i v e s : 

1 .  A u s e r w i t h no b a c k g r o u n d i n c o m p u t e r t e chno l ogy shou l d 
be a b l e t o so l ve r e l a t i v e l y s t ra i gh t f o r w a r d m a t h e m a t i -
ca l Drob lc .To w i t h l i t t l e o r no i n s t r u c t i o n i n t h e '  
AMTIUN system .  
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2 .  The more experienced user should be able to construct 
his own programs and operators at the keyboard to extend 
the range of the system and should have fast turnaround .  

3 .  The system must be economical ly compet i t ive with batch 
processing in speed and storage.  

For the first goal AMTRAU provides operators like ,  — ,  
dx 

minimize ,  etc ,  automat ic array ari thmet ic ,  automat ic dimensioning 
of arrays,  no declarat ion of variables ,  automat ic xvorking storage 
assignment ,  natural English I/O ,  picture format t ing and other 
adjuncts to natural mathemat ics .  Toward the second it has high 
level logical and branching operat ions,  l ist processing and symbol 
manipulat ion capabi l i t ies and procedure and operator generat ion 
at a keyboard wi th faci l i t ies for using a disc l ibrary .  Toward 
the third is has incremental compi ler.  

AKTRAN has both- on-l ine conversat ional and batch-processing 
operat ion .  The two modes can be combined .  A "CALL THIS" operator 
is used to assign a name to and provide permanent storage for 
instruct ions.  A l ibrary of commonly used instruct ions is avai l-
able .  Eventual ly rather powerful si-Jibol manipulat ion faci l i t ies 
wi l l be included - capable of manipulat ing strings (or arrays of 
strings) of alphanumeric and special characters plus special 
operators as ,  IF ,  GOTO ,  etc .  

The terminal keyboard has numerous but tons {apparently of 
the order of 200) some have a permanent meaning and label .  Others 
are avai lable to represent operators or variables as designated 
by a user (who can then label them) .  The keyboard enters codes 
direct ly into the machine ,  bypassing the label decoding process.  
This makes impl ied mul t ipl icat ion possible from the keyboard (but 
not from typewri ter) .  Wi th i ts powerful but tons represent ing 
various avai lable standard and user coded operators,  and certain 
standard symbols ,  the keyboard provides rapid and accurate entry 
of mathemat ical statements .  It also provides a means of control l ing 
the displays on the two scopes (one of which is graphical ; the 
other alphanumeric).  

The current display system is stri ' ^Iy l i nea
v

,  but it is 
clear that convent ional mathemat ical notat ion is feasible once 
actual display techniques are refined .  

The typewri ter has 88 characters including alphanumeric,  
special and mathemat ical symbols plus much of the Greek alphabet .  

The 1966 version of /.:~?»AN was on a 1620 ,  but bigger things 
are in the vrorl:s.  

It is conceivable that the language wi l l never be completee 
for as t ime progresses more end more "goodies '

1

 can be included .  
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The article ignored the quest ion of how the mathemat ical 
rout ines like those for ,  FIND ZERO ,  MINIMIZE ,  etc .  work .  
When the article was wri t ten most of the effort seemed directed 
at language formulat ion and implementat ion .  

KLERER-MAY (Two Dimensional Programming) 

The basis of this system is a technique to accept mathemat ical 
equat ions and formulas as wri t ten down by the mathemat ician or 
scient ist .  Thus,  this programming system al lows subscripts and 
superscripts.  This is where the name "Two-Dimensional Programming" 
arises .  

This system is implemented in three interacting parts .  These 
are the symbol recognizer,  the translator and the compi ler (FORTRAN),  
The first of these parts is treated very l ight ly in this art icle ,  
but seems to be the most important ,  most difficul t and most newly 
developed aspect of the system .  This recognizer might use pat tern 
recogni t ion techniques.  The approach most l ikely used is the 
geometric feature .approach which is used in character recogni t ion 
on other systems.  This symbol recognizer recognizes y",  Y~~ 
f ,  [,  and }; 16 Greek let ters and al l upper case and ' 12 lower 
case let ters of the Engl ish alphabet .  One nice feature is that it 
accepts and recognizes out-of-proport ioned symbols .  The translator 
is the usual language translator which takes this two-dimensional 
programming system and transforms it to a one-dimensional Fortran-
l ike intermediate language.  The FQRTRAN compi ler is then used .  

The equipment required is a t yp i ^ l computer system coupled 
wi th a flexowri ter .  Thus ,  this system no more expensive to instal l 
but gives an extra feature to programming .  

This programming system has many of the Fortran statements 
plus one pert inent to this two-dimensional concept .  An example 
program is given at the end .  

Some important aspects of this system are; (1) a scanning 
of the instruct ions for translat ion into Fortran; (2) no dynamic 
storage al location; but (3) semi-automatic dimensioning ,  i . e . ,  
deciding at run t ime the actual number of locat ions needed wi thin 
the maximum number assigned during compi lation; and (4) the system 
is an interactive system .  This system also encounters the problem 
of ambigui t ies.  The problem here is more complex since this system 
does not use del imi ters.  For example ,  how does the system inter-
pret "SINACOSB" _A and "A/2B" The system handles the above as 

fol lows: 

(i) SINACOSB: SINA*C0SB instead of SIN(ACOSB) 

(ii 
) JL: A/(2B) since the display division sign

 11

 is used 
2B 

(iii) A/2B: (A/2)B since the Fortran division sign "/" is used .  
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But a fixed set of rules using the local context does not always 
give the correct interpretat ion .  Thus immediately after the source 
program is read ,  the system ' s interpretat ion is l isted on the high 
speed printer in a l inear,  Fortran-l ike intermediate language.  
An immediate response by the user to the system ' s interpretat ion 
resolves many of the ambigui t ies.  

The advantages and disadvantages are related to the cal iber 
of the user .  The translator must be very sharp for an inexperienced 
user to wri te an efficient program .  The only requirement on him 
is that-'  he understand the l/O and declarat ion aspects of the system .  
However a very experienced person makes a lot of sacrifices in 
using the Klerer-May system .  For instance,  the translator probably 
uses only the obvious ways of doing the problem or expanding the 
two-dimensional equation into Fortran .  Thus wi th the inefficiencies 
of the compi ler this translator is l ikely to double the inefficiency 
of the code .  Another major disadvantage of the system is that 
it is machine dependent .  

KLERER - MAY EXAMPLE 

Examples and explanat ions of some statements . . . .  

l /O: 

PRINT A - prints value of A in> a float ing point 

PRINT v O l ,  Xf4,2i - prints
 Y
 as a 3-digi t integer and X 

as a 7 place float ing point number ,  
k places to left of decimal point ,  
2 places to the right .  

PRINT F0RMAT# - to mix numeric ivith alphas 

FORMAT # NUMBER IS XXX .XXX - prints "NUMBER IS" and the 

number by F7-3 

READ i .  - reads in a value for i 

READ X
n
, Y

Q
 FROM n=l to i .  

DECLARATION: 
MAXIMUM i ~ 500 .  

DIMENSION A = 100 ,  B = 1000 

f
SUBROUTINE ] /NAME) 

• • PROCEDURE 

CONDITIONALS: 

If K = 0 K = 1 OTHERWISE TELSE"" PRINT A 

Note: PARENTHESIS around the "IF
1

'  statement causes the statement 
immediately fol lowing to be executed whether it is true or not .  
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CULLER-FRIED SYSTEM 

The Cul ler-Fried System is one name for two physical ly 
separate but direct descdendants of a system developed at Thompson 
Ramo Wooldridge Canoga Park ,  Cal ifornia,  beginning in 1961 .  The 
first of these is the On-l ine Computer System (OLC) at the Univer-
sity of Cal ifornia at Santa Barbara.  The OLC system is mainly 
used for research and teaching on the Santa Barbara campus.  The 
second expanded version of the original system ,  has been implemented 
at TRW Systems in Redondo Beach ,  Cal ifornia and has been operating 
since late 1964 .  Both of these systems use smal l ,  relat ively 
slow machines that are dedicated to the system .  A larger,faster one 
is in progress.  

These systems are primari ly oriented toward mathemat ical 
analysis and permi t significant numerical calculat ions.  The system 
does not require complet ion of a program before beginning execut ion ,  
and permi ts a cont inuous interchange of informat ion between the 
user and the machine .  The system al lows the user to work direct ly 
with "larger" mathemat ical ent i t ies than scalars,  such as funct ions,  
or vectors.  

The OLC version uses a RW-400(AN/FSQ-27) computer wi th an add 
t ime of 50 micro-sec (and a 1024 word core) .  The i/O faci l i t ies 
are a 5' '  storage osci l loscope,  2 keyboards wi th 48 keys at each 
terminal ,  and there is no hard copy avai lable .  The input keyboard 
is an array of push but tons .  The system environment is a stand 
alone system wi th a 80K word drum and a magnet ic tape avai lable 
for storage of data and console programs.  

The TRW version uses a Bunker-Ramo 340 with an add t ime of 
12 micro-sec and a 16 K c o r e .  The i/O faci l i t ies are a 5" storage 
osci l loscope,  2 keyboards each wi th 48 keys at .each terminal ,  a 
calcomp plot ter ,  and aioutput typewri ter shared among 4 terminals.  
The system environment is 4 simul taneous users ,  console programs 
stored on a drum ,  and magnet ic tape avai lable for storage of data 
and console programs.  

Scalars,  vectors or complex vectors may be denoted by a letter 
A-Z used in conjunct ion wi th operator levels I ,  II ,  or III respec-
t ively .  

The use of operator levels separates scalar and vector opera-
t ions.  Al l operat ions on ' 'Level II" modify a vector that has been 
loaded into a ' 'function register." This "register

1

'  is a group 
of up to 124 memory locat ions used for temporary storage of the 
elements of a vector,  whi le operat ions upon it are being performed .  
Four of these function registers,  the X ,  Y ,  U ,  and V ,  registers,  
are used by the system,  and the user has avai lable a large number 
of operators which affect their contents .  Users can define their 
own operators by defining a sequence of system operators.  

Some of the other good features of the system are the avail-
abi l i ty of logical operat ions and branching in console programs,  
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the abi l i ty to inspect console programs and to modify them in a 
general way ,  and convenient storage for user data and programs 
between console sessions.  

Some bad features are the inabi l i ty to subst i tute argument 
variables for dummy variables in console programs ,  the inabi l i ty 
to define local variables in a console program and the necessi ty 
for the user to use pol ish notat ions in al l computat ions and to 
keep track of memory storage.  

POSE 

POSE ,  a language for posing problems to a computer was 
designed to simpl ify the task of solving a broad class of numerical 
problems .  The method of solut ion is automat ical ly provided wi th-
out requiring the user to have a knowledge of the numerical methods 
or of the logic involved .  Certain clerical operat ions required 
in Fortran programming are handled automat ical ly by POSE—for example 
defining common storage areas ,  wri t ing format statements,  and 
development of control logic .  POSE also provides for a variety 
of al ternate display procedures S'^ch as two -dimensional graphs and 
perspect ive views of three-dimensional graphs .  

POSE is present ly being implemented for the IBM System/360 
and IBM 1800 .  POSE contains as subsets both FORTRAN IV and assembly 
language .  The special capabi l i t ies to be bui l t into POSE enable 
it automat ical ly to solve the fol lowing types of problems: 

ordinary different ial equat ions (I.V.  Prob) 
evaluation of mul t iple integrals 
transcendental algebraic equat ions 
systems of l inear equations 
matrix ari thmetic and inversion 
table lookup and N th order interpolat ion 
basic stat ist ical computat ions 
funct ion evaluat ion wi th automatic parameter variation 

The descript ion of the language is limited primari ly to 
four annotated sample programs.  At that t ire no implementat ion 
of the language existed ,  so tho output whicn these programs should 
produce was net given .  A POSE program i '  divided into program 
segments ,  wi th the begirding of a program segment indicated by 
a label of the fern S .  f<digi t>l . . .  The first statement in a 
program segment ident ifies the type of calculat ion to be performed— 
for example ,  FUiCCTIOw evaluat ion ,  MATRIX ari thmet ic,  INTEGRAL 
evaluat ion ,  riFF .  JSQ.  .

r

;olatio:i,  etc .  A special program segment 
ident ified as the """CULATION SEQUENCE is used to control the 
execut ion of other in tho program .  If this segment is 
not included ,  tlron ration begins with the first statement of 
the first segment aftar reading the first data set .  In this case ,  
execut ion of the c ' . : . : ;re EVALUATION END" indicates that the 
process should uo repeats:! for the next data set .  Typical ly the 
statements wi thin a rorrnent supply parameters control l ing the cal-
culat ion of tha figment rathor than expl icitly specifying the 
actual order of calculat ions.  
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Sample Program
 ,v

 "• .  

Evaluate the funct ion G(x ,y) » sin xY + exp( 0.053 xy) + F(x) ,  
where F(x) is suppl ied in tabular form .  The values for x are 
to range from 0 to 5 in steps of 0 .1 and the values for y are to 
range from 2 to 3 in steps of 0.25- The values of G(x ,y) are to 
be printed wi th corresponding values of x and y under the column 
heading 

X Y WEIGHT 
FEET FEET 

A perspect ive plot of G versus x and y as viewed from the point 
(10,10,10) is also desired .  In the program below ,  "RPT.10" is 
a reference to a standard output report format ,  and the Z used in 
the data is a dummy variable.  

S.O CALCULATION SEQUENCE 
READ DATA 
EXECUTE S.10 
PROBLEM END 

S.10 PLOT PERSPECTIVE(G .VS .X ,Y) FROM (10 . ,10 . ,10 .  ) 
RANGE OF X = 0.(.1)5-
RANGE OF Y = 2.(.25)3-
G = SIN(X**Y) + EXP(.053*X*Y) + TABLU(F{X),2) 
PRINT RPT .10 (X,Y,G) TITLE(X:FEET ,Y:FEET ,WEIGHT) 

DATA CASE 1 

TABLE F(Z) ,  6 ENTRIES 

Z(l) = 0 . ,  F (1} =1 . ,  Z(2)*= a. ;F(2)=1.25 
Z(3)=3• ,  F(3)=1 .5 ,  Z(4)=3-35 ,  F(4)=1 .596 
Z(5)=4-2 ,  F(5)=l .65943 ,  Z(6)=5-5 ,  F(6)=2 .0 

END 

The implementat ion of POSE on the IBM System/360 and IBM 1800 
was expected to require less than one man-year of effort for each 
computer.  Two factors contributed to this (perhaps opt imist ic) 
predict ion .  First ,  the POSE compi ler was being designed to produce 
a FORTRAN IV program as its output ,  and the source statements were 
already Fortran-l ike in many respects (it was not stated how assembly 
language statements would be handled) .  Secondly ,  POSE was an exten-
sion of a previous system ,  Engineering Analysis and Simulation 
Language (EASL),  which was already operat ional on the IBM 7094 .  and 
thus the implementat ion of POSE involved "only

11

 an augmented re-
programming of an exist ing system .  
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ICES - In t egra t ed C i v i l E n g i n e e r i n g Sys t em 

ICES w a s deve l oped u n d e r D a n i e l R o s s i n t h e C i v i l E n g i n e e r i n g 
D e p a r t m e n t of M I T .  T h e d e s i g n p h i l o s o p h y w a s based upon p r o v i d i n g 
a c c u r a t e ,  i m m e d i a t e prob l em a n a l y s i s t o a i d i n de c i s i on m a k i n g .  
T h e d e s i g n e r s a l so w i s h e d t o r e l i eve t he e n g i n e e r of t h e c l e r i c a l 
t ed i um a s s o c i a t e d w i t h s t orage a l l o c a t i o n ,  l /o d e v i c e s ,  a n d I / O 
f o r m a t s ,  

I C E S p r o v i d e s t wo t y p e s of l a n g u a g e s - a proc edure or i en t ed 
l a n g u a g e c a l l ed ICETRAN and a number of p r o b l e m or i en t ed l a n g u a g e s .  
ICETRAN i s an ex t ens i on of F O R T R A N w h i c h a l l o w s u s e of t h e d a t a 
m a n a g e m e n t and dynam i c a l l o c a t i o n f a c i l i t i e s i n t h e s y s t e m .  ICETRAN 
a l so h a s p r o v i s i o n s for l i s t p r o c e s s i n g and m a t r i x m a n i p u l a t i o n .  
ICETRAN i s i npu t t o a " p r e comp i l e r " wh i ch p r o d u c e s a F O R T R A N program 
f o r t h e F O R T R A N c o m p i l e r .  

I C E S i n t e g r a t e s a n u m b e r of s u b s y s t e m s - f o r e x a m p l e ,  i n 
so l v i ng a s i ng l e p r o b l e m ,  an e n g i n e e r m a y n e e d a c c ess t o p r o c e d u r e 
conc erned w i t h ^o i l m e c h a n i c s as w e l l a s s t r u c t u r a l d e s i g n .  Ea ch 
subsys t em h a s i t s own p r o b l e m ori

r

-:vted.  i n t e r a c t i v e l a n g u a g e .  The 
f o l l o w i n g e x a m p l e s a rc from a p r e s e n t s u b s y s t e m ,  COGO (Coord i na t e 
G e o m e t r y ; ,  w h i c h v:as d e v e l o p e d a t M I T b e f o r e I C E S .  

The command : 

STORE POINT 10 X 1 0 0 . 5 Y 960 

d e f i n e s a p o i n t l abe l ed 9 6 0 w i t h t he g i v e n c o o r d i n a t e s .  The s t a t e-
m e n t 

D I S T A N C E 2 3 

p r o v i d e s t h e u s e r w i t h t h e d i s t a n c e be t ween p o i n t s 2 and 3* 

A d i s t i n g u i s h i n g f e a t u r e of ICES i s i t s s e l f -mod i fy i ng ,  capa-
b i l i t i e s .  ICES p rov i des a "coirnand def i n i t i on l anguage , " a prob l em 
or i en t ed l a n g u a g e f o r p r o d u c i n g commands of a prob l em o r i e n t e d 
l a n g u a g e .  T h i s a l l o w t h e u s e r t o g e n e r a t e h i s o w n c o m m a n d s i n 
t e r m s of ex i s t i ng coia."ar.ds.  

The a u t h o r c l a i ms t h a t t he t ysccm i s m a c h i n e i n d e p e n d e n t .  
The o r i g i n a l v e r s i o n w a s i m p l e m e n t e d o n a 65K 360 / 40 w i t h s evera l 
d i s c d r i v e s z:?A a n u m b e r of g r a p h i c a l i /O d e v i c e s .  

f-IA? (KlS^Ti-i ' iPA-V A n a l y s i s P r o g r a m ) 

M A P vra.R vr i t t cn .  a t M I T and i s p a r t of t h e i r t i m e shar i ng 
s y s t e m .  I t i?.; iatcr.^.ci f o r thorjo peop l e m o r e i n t eres t ed i n l earn-
i ng m a t h e m a t i c a l pro jo. ' .uroa t han irith l e a r n i n g p r o g r a m m i n g o r 
ob t a i n i ng n^ar. i i i^ ' ul r e s u l t s .  P rob l ems h a v e t o be b r o k e n d o w n 
i n t o t h j i r bas i c :

t

occ airan i n o r d e r t o u s e M A P .  
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M A P g i V 3 s a g r e a t d e a l of I n t e r a c t i o n b e t w e e n u s e r and s y s t e m ,  
p e r h a p s t oo m u c h ,  bu t t h i s i a i n l i n e w i t h t h e ob j e c t i ve of e m p h a s i s 
on p r o c e d u r e s r a t her t han r e s u l t s .  The u s e r i s a l l owed t o m a k e 
d e c i s i o n s and i nser t c h a n g e s a t any t i m e d u r i n g t h e cou r se of 
e x e c u t i o n .  T h e r e a r e no l o g i c a l v a r i a b l e s so a l l d e c i s i o n s m u s t 
b e m a d e b y t ha u s e r and e x p l i c i t l y en t e red i n t o t he sys t em t h r o u g h 
t h e k e y b o a r d .  B e s i d e s p r o m o t i n g i n t e r a c t i o n t h i s i s a l so n e c e s s a r y 
s i nce t he t i m e char i ng sys t em a o e s no t serv i ce ,  a t e r m i n a l o f t e n 
u n l e s s t he u s e r i n t e r a c t s o f t e n .  T h e sys t em u s e s n o r m a l Eng l i sh 
c o n v e r s a t i o n and i s f a i r l y e a s y t o u n d e r s t a n d ; t he u s e r i s r e s t r i c t ed 
t o shor t er coruviands t o m i n i m i z e h i s t y p i n g and t o ease t h e sys t ems 
p r o g r a m m e r ' s b u r d e n .  

The M A P cyste:n ca l l s o n subsys t ems t o c a r r y ou t p a r t i c u l a r 
f u n c t i o n s ,  e . g . ,  i n t e g r a t i o n ,  c o n v o l u t i o n s ,  F o u r i e r t r a n s f o r m s ,  e t c .  
T h e d e s i g n e r s t h e o r i s e d t h a t 3 0 - 5 0 such s u b s y s t e m s w o u l d b e d e s i r a b l e 
b u t i n 1966 o n l y 1 4 were i m p l e m e n t e d .  H o w e v e r ,  t he sys t em appe ared 
t o b e r e a s o n a b l y s a t i s f a c t o r y w i t h 1 4 .  The u s e r m a y a l so u s e o t h e r 
l a n g u a g e s or ca l l o n s u b r o u t i n e s i n o t h e r l a n g u a g e s ( l i nked t hrough 
M A D ) .  No l o c a l v a r i a b l e s a r e a l l owed T h i s and t he ne ed f o r 
se t t i ng u p l i n k a g e ,  a s s u m e s t ha t t h e u s e r i s r e a s o n a b l y f a m i l i a r 
w i t h t he s u b r o u t i n e b e i n g c a l l ed u p o n .  

Da t a can b e d e s c r i b e d i n a v a r i e t y o f f o r m a t s (bo t h f o r i npu t 
and o u t p u t ) ,  b u t i npu t f o r m u l a s m u s t be l i n e a r due t o t he conven-
t i ona l k e y b o a r d u s e d .  F u n c t i o n s can be s p e c i f i e d i n t a b l e s (equa l l y 
spaced or o t h e r w i s e ) o r a s exp l i c i t f o r m u l a s ,  e . g . ,  y ( x ) - s i n t ( x ) 
**2-a- S i n t i s used r a t her t h a n ' s i n '  t o d i s t i n g u i g h t h e b u i l t -
i n f u n c t i o n f r o m one w h i c h i s u s e r d e f i n e d .  It i s u n d e r s t o o d t h a t 
y i s t he d e p e n d e n t v a r i a b l e ,  x t he i ndependen t v a r i a b l e and "a" 
i s a c o n s t a n t .  The sys t em a s k s t he u s e r t o s t i pu l a t e t he v a l u e 
o f ' a

r

,  t he range of x and a n i n t e r v a l w i d t h f o r d i s c re t e x .  
O n e d i s a d v a n t a g e h e r e i s t h a t o n l y o n e i n d e p e n d e n t v a r i a b l e i s 
a l l o w e d ,  houeve-r ,  t he u s e r i s f r e e t o c h a n g e t he v a l u e s o f c o n s t a n t s .  
R e s u l t s a re no t d i sp l ayed u n l e s s s p e c i f i c a l l y r e q u e s t e d .  T h e 
sys t em ' s e x t e n s i v e ed i t i ng f e a t u r e s can spo t some t y p i n g e r r o r s 
and ask f o r c l a r i f i c a t i o n .  I t a l so d e t e c t s u n d e f i n e d v a r i a b l e s 
o r c o n s t a n t s .  

The sys t en h a s t h e c a p a b i l i t y of p r o v i d i n g CRT p l o t s of da t a 
i n a v a r i e t y of f o r m a t s t h o u g h t h i s f e a t ure i s r a t h e r e x p e n s i v e t o 
p r o v i d e a t e a ch conso l er The u s e r i s a l so p e r m i t t e d t o d e f i n e 
and name p r o c e d u r e s and save t h e m .  

M A P p r o v i d e s error m e s s a g e s i n c a s e s w h e r e o p e r a t i o n s m i g h t 
no t be m e a n i n g f u l .  M o s t p r o c e d u r e s are c a r r i e d ou t w i t h a c c u r a c y 
equ i va l en t t o " t hree-po i n t f i t t i n g . ' .  I f t h i s i s i nsu f f i c i en t 
t he u s e r mus t enpp l y h i s ov/n a l g o r i t h m s .  Some p r o c e d u r e s prov i de 
e r ror e s t i ma t e s bv.t as m o s t u s e r s of t h i s sys t em a re n u m e r i c a l l y 
n a i v e t hese m i g h t no t carry m u c h w e i g h t .  

Th i s s y s V ,  l i ke o t h e r i n t e r a c t i v e s y s t e m s ,  i s i n e f f i c i e n t 
f o r carry i ng ou t l ong c o m p u t a t i o n s ,  h o w e v e r ,  a remo t e b a t c h m o d e 
w i l l soon be p r o v i d e d .  
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6 .  A U T O M A T E D N U M E R I C A L A N A L Y S I S 

.It h a s l ong be en d e s i r a b l e t o h a v e a compu t o .  sys t em t o 
perm i t p r o b l e m s t o be s t a t ed i n l a n g u a g e s a p p r o p r i a t e t o t h e prob-
l em and t o prov i de f o r t h e i r so l u t i on w i t h o u t t he s e r v i c e s of 
s p e c i a l l y t r a i n e d p r o g r a m m e r s and a n a l y s t s .  The b a s i c i de a i n 
n u m e r i c a l a n a l y s i s i s t o m a k e t h e c o m p u t e r b e h a v e a s i f i t had 
some of t h e k n o w l e d g e ,  a b i l i t y and i n s i g h t of a p r o f e s s i o n a l 
n u m e r i c a l a n a l y s t .  Such a sys t em (wh i ch u s u a l l y c o n s i s t s of a 
c o m p i l e r a n d / o r an i n t e r p r e t e r and a se t of n u m e r i c a l a n a l y s i s 
p r o c e d u r e s ) p r o v i d e s a u t o m a t e d n u m e r i c a l a n a l y s i s .  

M o s t a t t emp t s a t d e s i g n i n g an a u t o m a t e d n u m e r i c a l a n a l y s i s 
sys t em h a v e c en t e red on t h r e e i mpor t an t p o i n t s : 

1 .  A d e - e m p h a s i s o f t h e g e n e r a l - p u r p o s e p r o p e r t y of a 
l anguage and an i ncre ased e m p h a s i s on t he p r o b l e m -
or i en t ed a s p e c t s .  

2 .  E s t a b l i s h m e n t of a p r o b l e m - o r i e n t e d c o n v e r s a t i o n a l 
e n v i r o n m e n t .  

3 .  A c h i e v e m e n t o f m a c h i n e i n d e p e n d e n c e bo t h i n t e r n a l l y 
and e x t e r n a l l y .  

M o s t of t h e d e s i g n o b j e c t i v e s t h a t f o l l o w a re i m p l e m e n t e d 
b y one o r m o r e of t h e f o l l o w i n g s y s t e m s ,  N A P S S ,  R E C K O N E R ,  KLERER-
M A Y ,  A M T R A N and M A P .  

Des i gn O b j e c t i v e s ; 

m a c h i n e i n d e p e n d e n c e 
n o n - l i n e a r no t a t i on 
e a sy i npu t l a n g u a g e ,  s e l f - e x p l a n a t j r y ,  t a i l ored i npu t 

l a n g u a g e f o r m a t h e m a t i c a l u s e r s 
t h e f l e x i b i l i t y of a p r oc edu r a l l a n g u a g e 

a .  l o c a l and g l o b a l v a r i a b l e s 
b .  p r o c e d u r e p a r a m e t e r s 
c .  l og i c a l o p e r a t o r s 

a b i l i t y t o work w i t h l a r g e r e n t i t i e s t han s c a l a r s ,  such 
a s f u n c t i o n s ,  v e c t o r s and a r r a y s 

a .  au t oma t i c a r r a y a r i t h m e t i c 
so l ve o p e r a t o r s w h i c h are u s u a l l y i mp l emen t ed b y a 

p o l y a l g o r i t h m a p p r o a c h 
c o n v e r s a t i o n a l m o d e 
a c c e s s t o o t her p r o g r a m m i n g l a n g u a g e s 
e l i m i n a t i o n of a l m o s t a l l c l e r i c a l o p e r a t i o n s 
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a .  v i r t u a l m e m o r y 
b .  au t oma t i c d i m e n s i o n i n g 
c .  au t oma t i c t y p e and m o d e 

r educ e t urn a round t i m e 

To a c c o m p l i s h t h e s e o b j e c t i v e s m a n y t e c h n i q u e s h a v e been u s e d .  
M a n y of t h e o b j e c t i v e s can be m e t t hru sof t ware des i gn bu t some 
r e q u i r e spe c i a l h a r d w a r e .  F o r examp l e t h e K l e r e r - M a y sys t em u s e s 
a f l e x o w r i t e r t o a ch i eve n o n - l i n e a r n o t a t i o n .  To a l l o w i n t er-
a c t i on b e t w e e n t he m a c h i n e and t he u s e r d u r i n g e x e c u t i o n i ncremen t a l 
exe cu t i on i s u s e d .  I n t e r p r e t i v e e x e c u t i o n a l l o w s o n e t o e l i m i na t e 
d e c l a r a t i v e s t a t e m e n t s ,  e n t r y of u n d e f i n e d v a r i a b l e s a t exe cu t i on 
t i m e and edi t ing .  To use ' teolve" o p e r a t o r s and r educ e t h e e f f o r t o f 
t h e u s e r and r educ e t he e l a p s e t i m e ,  a p o l y a l g o r i t h m app r oa ch w a s 
d e s i g n e d .  

T h e m a i n o b j e c t i v e s of t h e p o l y a l g o r i t h m app r oa ch are t h e 
f o l l o w i n g : a .  r e l i a b i l i t y ,  b .  e r ror c o n t r o l ,  c .  e f f i c i e n c y ,  
d .  f l e x i b i l i t y ,  e .  c o m m o n s e n s e ,  and f .  s i m p l i c i t y of u s e .  Some 
of t he o b j e c t i v e s are i n d i r e c t o p p o s i t i o n and one d o e s n o t k n o w 
h o w t o m e e t some of t he o b j e c t i v e s f o r c e r t a i n n u m e r i c a l a n a l y s i s 
p r o b l e m s .  A shor t d i s c u s s i o n of t he p r o b l e m s and c o m p r o m i s e s o f 
t he i m p l e m e n t a t i o n of c o m m o n s ense ,  error c o n t r o l ,  f l e x i b i l i t y 
versus s i m p l i c i t y of u s e ,  and r e l i a b i l i t y versus e f f i c i e n c y i s 
g i v e n .  

A .  Common Sense i s t he a p p l i c a t i o n of one o r m o r e of a l a r g e 
n u m b e r of s i mp l e r u l e s t o a n a p p r o p r i a t e par t of a l a rge b o d y 
o f i n f o r m a t i o n .  The m a i n p r o b l e m s encoun t e r ed i n a t t e m p t i n g 
t o i mp l emen t c o m m o n s ense are t he l a r g e n u m b e r of l o g i c a l 
d e c i s i o n s ,  and t h e c o l l e c t i o n of a l a r g e b o d y o f i n f o r m a t i o n .  

B .  E r r o r Con t ro l .  - T h e p r o b l e m h e r e i s n o t o n l y t o c o n t r o l t he 
e r r o r i n each a l g o r i t h m ,  bu t t o a l so con t ro l t h e o v e r a l l error 
in t he p r o g r a m .  O v e r a l l r e l i a b i l i t y i s no t gre a t and t h e 
i m p l e m e n t o r s of such a n app r oa ch a re t he f i r s t t o m e n t i o n 
t h i s f a c t .  To a ch i eve r e a s o n a b l e e r ror con t ro l f o r s i ng l e 
a l g o r i t h m s ,  t hey i m i t a t e t he p r o f e s s i o n a l n u m e r i c a l a n a l y s t s .  
T h e y s t ar t w i t h some sound n u m e r i c a l a n a l y s i s a l g o r i t h m and 
u s e a s er i es of a p o s t i o r i t e s t s .  O v e r a l l error c o n t r o l i s 
l e f t u p t o t he u s e r a s a l w a y s .  

C .  F l e x i b i l i t y v s .  S i m p l i c i t y of U s e - H e r e one w a n t s to a l l ow 
s i mp l e s t a t emen t s such a s ' ' integrate t h i s funct ion ' . ' ,  and 
"so l ve t h i s equation ' . ' ,  bu t a l so t o prov i de f l e x i b i l i t y t o 
e x p e r i e n c e d n u m e r i c a l a n a l y s t s .  To a ch i eve t h i s one can u s e 
o p t i o n a l qua l i fy i ng p h r a s e s i n s t a t e m e n t s .  T h i s a p p r o a c h 
p r e s e r v e s s i mp l i c i t y i n a f l ex i b l e e n v i r o n m e n t .  I t i s a l so 
conc i s e and n a t u r a l t o t h e u s e r .  

D .  R e l i a b i l i t y v s .  E f f i c i e n c y - The m a i n ques t i on i s : H o w d o e s 
one p r e v e n t a p o l y a l g o r i t h m f rom g o i n g t h r o u g h a l l t h e 
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c o m p u t a t i o n i t d o e s f o r a d i f f i c u l t prob l em w h e n we have an 
e l emen t a ry p r o b l e m w h i c h a n y g o o d m e t h o d s o l v e s i mmed i a t e l y? 
O n e a i d t o e f f i c i e n c y i s a d d i t i o n a l i n f o r m a t i o n ,  e i t her 
i n t e r n a l or e x t e r n a l .  The i n t e r n a l m e t h o d i s t o t r y a s i mp l e 
m e t h o d f i r s t and w o r k u p f rom t h e r e a l l ow i ng t h e p o l y a l g o r i t h m 
t o l e a r n m o r e abou t t h e p r o b l e m .  T h e ex t e rna l i n f o r m a t i o n 
can come from t h e u s e r pr i or t o e x e c u t i o n ,  t he u s e r d u r i n g 
e x e c u t i o n and f r o m o t h e r p o l y a l g o r i t h m s .  

T h e d e s i g n of an a u t o m a t e d n u m e r i c a l a n a l y s i s sys t em e n c o u n t e r s 
m a n y p r o b l e m s and r e q u i r e s m a n y c o m p r o m i s e s .  The b a s i c c o m p r o m i s e 
of t h i s t y p e of sys t em s e ems t o b e t h a t i t r e q u i r e s a l i t t l e b i t 
m o r e o f t h e u s e r t h a n o r i g i n a l l y i n t e n d e d .  

6 . 1 C o m p a r i s o n of 5 A u t o m a t i c N u m e r i c a l A n a l y s i s S y s t e m s 

A M T R A N K L E R E R 
-MAY 

N A P S S R E C K O N E R M A P 

N o n l i n e a r Language No Y e s No No No 
S e l f - d o c u m e n t i n g 

Inpu t Y e s Yes Y e s Yes Yes 
F u n c t i o n s Y e s No Y e s Yes Y e s 
E q u a t i o n s Y e s No Y e s No No 
A u t o m a t i c A r r a y 

A r i t h : Y e s No Y e s Y e s No 
C o m p l e x A r i t h Y e s No Yes No No 
H i g h L e v e l O p e r a t o r s Y e s Y e s Yes No No 
E x e c u t i o n R e q u e s t f o r 

U n d e f i n e d V a r i a b l e s No Y e s Y e s No Y e s 
So l ve O p e r a t o r s No No Y e s No No 
L o c a l V a r i a b l e s No No Y e s Yes No 
G l o b a l V a r i a b l e s Y e s Y e s Y e s Yes Y e s 
I n c r e m e n t a l Exe cu t i on Y e s Y e s Y e s Y e s Yes 
A c c e s s t o O t h e r 

P r o c e d u r a l L a n g .  No No No No Y e s ( M A D ) 

6 . 2 A u t o m a t i c D i f f e r e n t i a l E q u a t i o n Sol" ers 

A good a u t o m a t i c d i f f e r e n t i a l equa t i on so l ver shou l d h a v e 
t he f o l l o w i n g p r o p e r t i e s : 

(1) a b i l i t y t o p i c k ' g o o d
1

 s t a r t i ng va l ues (for m u l t i s t e p 
m e t h o d s ) 

(2) n u m e r i c a l s t a b i l i t y 

(3) au t oma t i c e r ror m o n i t o r i n g 

(4) r e l a t i ve e ase of use 

(5) e f f i c i e n c y ( in t i me and m e m o r y r e q u i r e m e n t s ) .  
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E r r o r m o n i t o r i n g i nc l udes t h e a b i l i t y t o u s e i n f o r m a t i o n a b o u t 
t h e e r r o r w h e n n e c e s s a r y t o sw i t ch t o a b e t t e r m e t h o d ,  change t h e 
i n t e g r a t i o n i n t e r v a l o r i nform t he u s e r .  

T h e r e i s a v a r i e t y of s y s t e m s wh i ch h a v e some or a l l o f 
t hese f e a t u r e s .  The f i r s t examp l e i s D E M O N .  I t c o n s i s t s o f a 
COBOL program w h i c h t a k e s a sys t em of d i f f e r e n t i a l e q u a t i o n s ,  a 
s t eps i z e and i n t i a l va l ues and g e n e r a t e s a F0I '.T.AII p r o g r a m .  I h i s 
sys t em h a s n e i t h e r t he f l e x i b i l i t y of p r o v i d i n g i n i t i a l v a l u e s 
and s t eps i z es n o r t he a b i l i t y t o m o n i t o r e r r o r .  The l a t t e r cou l d 
be s i g n i f i c a n t s i nc e t he m e t h o d used i s 2nd o r d e r R u n g e - K u t t a .  

One sys t em u s i n g a f i n i t e T a y l o r ' s s e r i e s expans i on w a s 
proposed i n i 9 6 0 b y G i b b o n s .  A l l v a r i a b l e s a r e r epresen t ed i n 
t e r m s of c o e f f i c i e n t s of such a n e x p a n s i o n .  T h e i n i t i a l v a l u e s 
t o g e t h e r w i t h t h e d i f f e r e n t i a l o p e r a t o r p r o v i d e va l ues f o r t h e 
c o n s t a n t t e r m s i n t h e e x p a n s i o n s f o r t h e f u n c t i o n and i t s d e r i v a -
t i v e s .  By i n t e g r a t i o n and r e p e t i t i o n o f t h i s p r o c e d u r e t h e r ema i n-
i ng c o e f f i c i e n t s can b e g e n e r a t e d r e c u r s i v e l y .  

A s i m i l a r sys t em i s A U T O M A S T (Au t oma t i c M a t h e m a t i c a l A n a l y s i s 
and Symbo l i c T r a n s l a t i o n ) i m p l e m e n t e d a t W a s h i n g t o n U n i v e r s i t y .  
Th i s sys t em i n a d d i t i o n t o T a y l o r ' s s er i es m a n i p u l a t i o n c a n ,  a s 
t h e name i m p l i e s ,  p r o v i d e symbo l i c a n a l y s i s ,  i . e . ,  p a r a m e t e r s 
can be carr i ed s y m b o l i c a l l y i n t o t h e s o l u t i o n .  T h i s p r o c e d u r e 
s u b s t i t u t e s t h e g i v e n e x p r e s s i o n s i n t o a T a y l o r expans i on and u s e s 
i n i t i a l v a l u e s and i n t e g r a t i o n s t o so l ve f o r t h e u n k n o w n c o e f f i c i e n t s .  
A l l m a n i p u l a t i o n s a r e c a rr i ed o u t s y m b o l i c a l l y .  The i n p u t f o r 
t h i s sys t em c o n s i s t s of a sys t em o f o r d i n a r y d i f f e r e n t i a l e q u a t i o n s ,  
i n i t i a l c o n d i t i o n s ,  and i d e n t i f i c a t i o n o f d e p e n d e n t and i n d e p e n d e n t 
v a r i a b l e s .  The o u t p u t i s a Tr . y lor ' s s er i es e x p a n s i o n f o r each 
d e p e n d e n t v a r i a b l e w i t h an a c c o m p a n y i n g e r ror e s t i m a t e .  T h i s 
sys t em m i g h t b e ex t ended t o b e i n t e r a c t i ve and t o be ab l e t o o p t i -
m i z e t he n u m b e r o f t e r m s i n t h e expans i on i n t e r m s of t r u n c a t i o n 
and round-off e r ror and r e q u i r e m e n t s f o r t i m e and m e m o r y .  A t 
p r e s e n t ,  h o w e v e r ,  i t i s somewha t d e f i c i e n t i n h a n d l i n g e r ror and 
i t i s up t o t h e u s e r t o prov i de t he deg r e e of a p p r o x i m a t i o n .  In 
add i t i on t he sys t em h a s t h e d i s a d v a n t a g e t h a t t h i s m e t h o d i s 
i nva l i d f o r p r o b l e m s h a v i n g n o n a n a l y t i c s o l u t i o n s .  

In 1962 Nords i e ck proposed a m e t h o d f o r a u t o m a t i c i n t egra-
t i o n of d i f f e r e n t i a l e q u a t i o n s .  T h i s w a s m o t i v a t e d b y a d e s i r e 
t o s t ab i l i z e t he T a y l o r ' s s e r i e s app r oa ch and 

t o i n c o r p o r a t e a u t o m a t i c cho i c e of s t a r t i ng v a l u e s and 
i n i t i a l ,  and subsequen t i n t e r v a l s i z e .  T h i s m e t h o d i s i n t ended 
t o m i n i m i z e t he amou- j o f compu t a t i on f o r a g i v e n a c c u r a c y and 
can be a p p l i e d t o a l mos t a n y sys t em of e q u a t i o n s .  T h i s m e t h o d w a s 
i ncorpora t ed i n a sys t em a t t he U n i v e r s i t y of I l l i no i s o n I l l i ac 
I I .  H o w e v e r ,  i t d i d no t perform we l l "o a comp l e t e l y n e w sys t em 
was d e v e l o p e d .  Th i s n e w sys t em i s c a p a b l e of hand l i ng sys t ems o f 
any o r d e r d i f f e r e n t i a l e q u a t i o n s ,  and u s e s a p r e d i c t o r - c o r r e c t o r .  
The u s e r can s t i pu l a t e t h e d e g r e e of a p p r o x i m a t i o n ,  c o e f f i c i e n t s 
of t h e m e t h o d ,  number o f co r r e c t o r i t e r a t i o n s and t h e s t ep s i ze-
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In a d d i t i o n t h o systc.ii c o n t a i n s a u t o m a t i c p r o c e d u r e s f o r g e n e r a t i n g 
a n y of t h e s e .  T h s syste." i s i n t e r a c t i v e and p r i n t e r p l o t s c an b e 
g e n e r a t e d .  T h i s sys t em p r o v i d e s m o s t of t h e d e s i r e d f e a t u r e s f o r 
a u t o m a t i c i n t e g r a t i o n .  

T h e f i n a l sys t em c o n s i d e r e d r u n s o n t h e 7 0 9 4 a t P r i n c e t o n 
U n i v e r s i t y .  I t i s w r i t t e n e n t i r e l y in F O R T R A N e x c e p t f o r t w o M A P 
r o u t i n e s u ^ o d i n p r o d u c i n g g r a p h s .  I t u s e s A c a m s p r e d i c t o r cor-
r e c t o r f o r m u l a s (of o r d e r s 3 , 4 , 5 , 6 ) ^ n d i n c o r p o r a t e s a u t o m a t i c 
c h o i c e of s t a r t i n g v a l u e s a n d i n t e r n a l c o n t r o l l o g i c f o r b o u n d i n g 
t h e e r r o r .  T h e u s e r can a l s o s p e c i f y t h e s e and p r o v i d e h i s o w n 
f o r m u l a s .  The: ay:jtc..i i s design- . d t o r u n i n s e g m e n t s ,  i . e . ,  d u r i n g 
e x e c u t i o n i t e r a b o a' .ir.pm. ' .ed rr.:\ l a "cor r e s u m e d w i t h o u t s t a r t i n g 
o v e r a t t h e b c ^ i a a i r ^ .  T h i s '."is .. ' ..it i n ^ u n i p r o g r a m m i n g s y s t e m s 
o r i n c a s e s w h a r e tr.-j a r o b l c i i s t o o l a r ^ o t o b^ r u n i n o n e j ob 
o r i f i n t ermed i a t e : r : j u l t s a r e a . . j i rcd .  T h e s y s t e m a p p e a r s t o be 
h i g h l y F O R T R A N erir/atcd w h i c h ?;;ay l i r i t i t s a p p e a l .  

6 . 3 OMNITAJQ - ^ n o o - : .  O M N I T A B 
w a s w r i t t e n i er v a : a t .u Ua t i c : :_ i Curaari o:

:

:'  o c a n d a r d s .  I t s e e m s 
t o be d e s i g r . M f o r t h o a e p e o p l e \:ao d o n ' t k n e w a n y t h i n g a b o u t 
c o m p u t e r s and d o n

r

t i.r.iii t o b o a h c r
 ;

-.o l ?ar : i .  I t s f o r m a t g i v e s 
t h e a p p e a r a n c e ef a tVjr.a: c a l v ; l : o a o :: '•'ra.^e i s c o n s i d e r e d 
a s a 1 0 1 r o w b y 4 6 c o l u m n v:or' : a

1

. .aat .  T h e a y a t & m i s c o m p o s e d of 
n u m e r i c a l a n l y r i c raid E t a t i r t ar-aX rcu t i r-ss ,  tab

1

. .^ of s p e c i a l 
f u n c t i o n s ,  r . atrix o p e r a t i o n s a:::

1

..  Ii-a u c a a l a-i' '-'  " y o p e r a t i o n s .  
T h e i n s t r u c t i o n ra t c o n s i s t s ef si ' a^Ie Sng l i : V JL  ,  e . g . ,  
A D D ,  E X C H A U G S ,  R E A D ,  so i t i s fa i r l y" t o r ^ r ^ T h e i n p u t i s 
i n f r e e f o r m a t raid i s e s p e c i a l l y ceu .-cr. ieat f o r '  t a b u l a r d a t a .  
T h e i n s t r u c t i o n foi".:at i s a l s u r e l a t i v e l y l l . a i b l e ( t he s y s t e m 
o n l y c o n s i d e r s t h e f i r s t s i x c h a r a c t e r a i n d e c o d i n g t h e o p e r a t i o n ) .  
The o p e r a n d s (r>; cap r a l l y c o l u m n rr."a:bera) r.ast b a i a a c e r t a i n o r d e r 
b u t t h i s u s u a l l y i s t h e n a t u r a l A n y o t h e r \-;orC.s t h e n t h e f i r s t 
o n a c a rd a r e i g n o r e d so t h e y ca:.: b e m a d e a s c o n v e r s a t i o n a l a s 
d e s i r e d .  OI-'/.flTAB o p e r a t e s v r d o r t h e l ^ S Y S s y a t r a c:i t h e 7094-
S o m e of t h o p a r u r e a l a r f e a t u r e s provide. .* arc d i f f e r e n c e s ,  l e a s t 
s q u a r e s fi tbir.^-

:
 D o s s i l f a n c t i e i r .  m a t r i x ove ; . . ."ions ( i n c l u d i n g 

i n v e r s i o n a n d i l a d i n g - a r ^ n v a l u o s ) a ad ir.t g r a t a c n a n d d i f f e r e n t i a -
t i o n (us i ng t b a T .aGrrr ~o in"-.crpoa:. ' ':

:

ri;~ r o ] y a o r i a l ) .  The n o r m a l 
m o d e i s seo_u;-ntaal ly i a t Drpra t i a ' a w i t h . asoruct ior is o n l y b e i n g 
e x e c u t e d o n c e .  I:a a d d i ^ o u t h e r e i s a R E I r A T i n s t r u c t i o n w h i c h 
p r o v i d e s s o m e Ic. joia;; c a p a b i l i t i e s .  T h i s la . i^ua^e h a s a v e r y g o o d 
m a n u a l ,  a v ; i t ' \ . rr i c t y o. '  l — i j . r o r . t i n e s a a l i s f a i r l y e a sy 
t o u s e a s no pr i prc ' - ; r a ' ' " P i a ; i s n e c e s s a r y .  H o w e v e r ,  
d u e t o i t s s i m p l i c i t y i t c' .oca r o t p r o v i d e n a r y of t h e d e s i r a b l e 
f a c i l i t i e s of r o r a y^:: . l; .r pro,.; a: '  l a r j u a g e s ,  e . g . ,  n a m e d 
v a r i a b l e s o r a r c n a a v a a s .  
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6.U Au t oma t ed S t a t i s t i c a l S y s t e m s .  There are m a n y d i f f eren t 
s t a t i s t i c a l p a c k a g e s ava i l ab l e a s g e n e r a l l y eve r y s t a t i s t i c a l 
l i brary h a s t h e i r own se t of r o u t i n e s .  Some examp l e s of un iversi ty-
p r o d u c e d sys t ems a r e BMD (UCLA) ,  M E D C O M P (Un i vers i t y of C i nc i nna t i ) 
and p-STAT ( P r i n c e t o n ) .  Some of t he d e s i r a b l e f e a t u r e s of a 
s t a t i s t i c a l r o u t i n e are : (1) f r e e forma t f o r i n p u t .  (2) a g o o d 
descr i p t i on of j us t wha t each rou t i ne d o e s ,  and (3) easy t o l e arn 
i ns t ruc t i on o r con t ro l card f o r m a t .  

The f i r s t sys t em h a s f e w of t hese p r o p e r t i e s .  Th i s i s 
C O S M O S (Cour t au l d ' s own sys t em for ma t r i x o p e r a t i o n s and s t a t i s t i c s ) 
w h i c h does prov i de m a n y of t he bas i c s t a t i s t i c a l p r o c e d u r e s .  
H o w e v e r ,  i t s i npu t f o r m a t s a r e d i f f eren t f o r m a t r i c e s ,  cons t an t s 
and s t a t i s t i c a l t a b l e s ,  and t he con t ro l c a rds d e s c r i b i n g - o p e r a t i o n s 
are ra t her comp l i c a t ed so t h i s sys t em i s n o t l i ke l y t o h a v e a 
very w i de d i s t r i b u t i o n .  

A n o t h e r sys t em i s MSA (Mu l t i var i a t e S t a t i s t i c a l A n a l y s i s ) 
wh i ch h a s some of t h e same d i s a d v a n t a g e s a s C O S M O S .  I t c o n s i s t s 
of a group of segmen t s each of wh i ch c arr i es ou t some s t a t i s t i c a l 
p r o c e d u r e ,  e . g . ,  f a c t o r a n a l y s i s ,  max i mum l i k e l i h o o d ,  r e g r e s s i o n ,  
corre l a t i on and covar i ance a n a l y s i s .  The u s e r ' s con t ro l cards 
s p e c i f y wh i ch segmen t i s d e s i r e d and t hough t hese are r e l a t i v e l y 
s i mp l e t he d a t a m u s t be f o r m a t t e d and t he d e s c r i p t i o n s f o r t h i s 
can be very c o m p l i c a t e d .  

A be t t e r sys t em i s STAT-PAK (Berke l ey) wh i ch i s w r i t t e n 
i n a FORTRAN II s u b s e t .  I t i s compa t i b l e f rom o n e m a c h i n e t o 
a n o t h e r .  I t i s wr i t t en f o r a sys t em w i t h card i n p u t ,  p r i n t e r 
ou t pu t and a t l e a s t an core m e m o r y .  The i npu t cons i s t s of 
h e a d e r cards d e s c r i b i n g t h e p r o c e d u r e d e s i r e d ,  fo l l owed b y a 
p a r a m e t e r card spe c i fy i ng any var i ab l e s needed b y t h i s p a r t i c u l a r 
rou t i ne and t h e r ema i nder i s d a t a .  T h i s sys t em h a n d l e s regres-
s i on a n a l y s i s ,  e s t i m a t i o n ,  a n a l y s i s of v a r i a n c e ,  t e s t s of h y p o t h e s e s ,  
m a t r i x m a n i p u l a t i o n s ,  e t c .  There i s an o p e r a t i o n m a n u a l f o r t he 
en t i re pa ckage p l u s i nd i v i dua l w r i t e - ups and f l o w c h a r t s .  T h i s 
sys t em p r o v i d e s m a n y of t h e des i r ab l e f e a t u r e s of a s t a t i s t i c a l 
pa ckage and t hough i t i s F O R T R A N or i en t ed t he u s e r need n o t be 
very f a m i l i a r w i t h F O R T R A N .  
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