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INTRODUCTORY REMARKS ABOUT THE WORKSHOP

Wayne Cowell -- The term "mathematica1 software" has gaired accept-

ance in referring to those programs which perform the basic mathematical

computatidns required in.science and engineer' . Our concern at this

workshop is with those processes by which su:S::thware is produced, per-
fected, und made available to the user Community. In addres;ind this .
problem, we will ask and seek answers to two kinds of questions. First

1 are questions which are charactefized as "what" questions. ﬂngg_are the
main issues and problems? What should be done about them? We will make
an attempt to identify and isolate the isSues which réquire our attack.
The second kind of questions are the "ﬁo%" guestions. How can we orga-

nize ourselves so as to accomplish the work we see needs doing?

If you have Tooked at your agenda you probably have identified the

/

s

first four* topics as "what" type quest1ons The last topic is the organi-
zational "how" type question. I believe that we could meet here and con-
 »: sider the first fbur* topics and feel that we have done. something w0rth?
whi]e But if we started with the organ1zat1ona1 topic, we would proba-
-b]y find ourse]ves going off on all kinds of side issues while we tried
to understand each other, and worked through some of the ways in which we
were using language together. 'So; it is very important, I think, that we
have scheduled an attack on the "what" typg questions first;; After that
we wi]libe befter prepared to wade into the question of organizétion.

The cong]Usfons‘that we reach here will form a basis for action. i'

do not mean that we can do detailed planning for a specific organization,

* A discussion of the agenda followed and resulted in the addition of the
- topic entitled. "Publication of Mathematical Software". Thus the revised
o agenda has a total of six topics.




but I do mean that the University of Colorado and Arqonne National Labora-
tory are prepared to provide leadzrship toward the formation of new colla-
borative structures. But this leadership will be meaningful only if it
seeks counsel from the software community as to the direction we -should
take. An exchange of ideas which leads to this understanding has already
begun. It will intensify during this wbrkshop, and will continue there-
after.

As far as the workshop procedures are concerned, we wanted to de-
sign a format within which we could proceed in an orderly way. At the
same time, we did not want to inhibit any spontaneity or diversity of
opinion. So we decided to have informal presentations on each of the
topics followed by small group discussion. The presentations will vary
considerabiy in style and length; some will be up to an-hour and will
deal in considerab]e depth with come area of importancé to us. Others

will be brief summaries of recent work.

N

Although we expect that presenters will wish to answer any immediate -

questions we might have, we won't try to engage in extensive discussion
in the whole group. Instead we will break up into two subgroups. You
have received a 1ist of people assigned to groups A and B. In each of
these subgroups there is a spokesman for each of the discussion fopics.
The task of the small group will be to attack each discussion topic using
the questions on the agenda. These questions won't necessarily cover
everything you want to say but are intended as a guide to youf discussion
of the given topic. When there has been adequate discussion (this might
vary anywhere from 15 minutes to an hour, or longer), we will reassemble

as a whole group, and the two spokesmen will give a verbai report of the



discussion. They wili summarize the highlights and attem.t to capture
the spirit of the opinion thaf was expressed. At that point we can have
general discussion.

Our hope is to cover the first five topics in about 1-1/2 days to
1-3/4 days. That will leave 3/4 day to one day}for the organizational
question.

.Qresentations to the entire groupywill be recorded. We will trans-
cribe and edit the tapes and will produce proceedings for distribution
to everyone here and for use in our study report to the National Science

Foundation.



PRE-CONFERENCE SESSION --
LIBRARY AND CERTIFICATION EFFORTS IN- GREAT BRITAIN

Henwy Thachen -- It is always a temptation to be somewhat parochial

in or2's views, and to stress the achievements of one's own friends and.
colleagues. The danger is particularly acute in subjects such as certified
software development, since it is not glamorous enough to support as many
trans Atlantic commutation tickets as some other areas of computer science
and mathematics. I hope, therefore, that you may be interested in some
of the information I picked up during a brief visit tq Great Britain in
July and AugLst of this year. In view of‘the fact thét I made no particu-
lar effort at an exhaustive search, the amount of activity in the area |
which I encountered is quite remarkable.

The first group which I visited was at Chelsea College, University
of London, where R. F. Shepherd has a two-year grant for L 13,400 ($33,000)
. from the Science Research Council. I didn't meet Shepherd, who was taking
a long weekend, but had a good chat with John Pemberton, who is the only
numerical analyst on the project. He is a recent Ph.D. from Butcher,
‘and s primarily concentrating on differential equation'rohtines. They are
strongly committed to A1901 68, and will use it as their primary algorithmic
language. There is an additional slot for a numerical analyst which they
have not been able to fill.

My next contact was with Mike Powell, who is responsible fer the
library at Harwell. This is a well-established library for a strong

numerical analysis group. They have the capability to write almost all



their own routines, and are willing to make their library available to
other organizations, provided they are not used directly for financial
gain, and are properly acknowledged in pubiications. Powell gave me a
copy of the catalog {Report AERE-R 6919 and Supplement No. 1). A sig-
nificant feature of this is a tutorial section which, in addition to in-
formation on naming conventions and so on, gives specific advice on the
choice of a]gorithms for data-fitting, optimization, and linear algebra.

Mv next visit of interest to certification was to Nottingham, where
I spent most of a day with Brian Ford, and some of his co]]eagues of
the Nottingham Algorithms Group (NAG). As you prbbab]y know, this pro-
Jject originated as a collaborative effort among six universitie< ail of
whom wer2 to receive ICL 1906A computers. Since then, the project has
expanded to include users of several other machine types. Perhaps the
most significant characteristic of the NAG effort is the careful coordi-
nation, and highly standardized procedures used to ensure uniformity and
high quality. I have a copy of the reference manual and of the overall
library manual, but not yet of the individual subroﬁtine write-ups. Ford
-and several of the members of the group are planning to visit North America
in the spring of 1973, and would be very much interested in visiting or-
ganizations with interests in the area of subroutines libraries and certi-
fication, particularly if some contribut?bn could be made toward their ex-
penses.

Finally I spent a day at the Edinburgh Regional Computirg Centre,
with David Taylor (formerly of Argonne National Laboratory). This centre
serves a variety of customers, inside and outside the university. Again,

the quality of documentation is heavily stressed. An interesting feature



of the Edinburgh liti-ary is the fact that it is treated as a partially
integrated coliection of sublibraries -~ SSP, BMD, etc. One of these
sublibraries is especially designed for the unsophisticated user with
vnbust routines with minimal flexibility, and minimal demands on the
programming and numerical analysis capabilities of the user.

Ediburgh also sponsors some work on program testing. A recent report
by Rieger on testing of differential equation routines from their program
library inciudes a battery of about 100 differential equations with known
solutions.

In addition to these installations with primary interest in subrou-
tiﬁé;]ibraries, I also visited Oxford (Fox), Bradford (Kunter, Dovell),
.St.JAndrews (Curle), and Lancaster (Clenshaw, Kershaw).

In the course of this trip I received several rather strong impressions
which may be worth reporting:

1. The state of numerical analy$is in Britain appears considerably
healthier than in the United States, particularly at the intermediate
level. In addition to well-established research-level faculty at most
universities, almost all computing centers have sévera] masters level (N.B.
This means all the course work for the doctorate) numerical analysts en-
gaged in consulting with usars and with libkary development. There appear
to be more jobs at this level than there ave people to fill them.

2. Many of the major figures in British numerical analysis (e.g.,
Wilkinson, Fox, Joan Walsh, Powell) are active]y»cooperatiqg in develop-
ment of improved software, although certain others have remainad comewhat

aloof.



3. The wide variety of installations at which mathematical soft-
ware is being developed indicates a continuing need for some coordination.
The proposal for an IFIP Working Group con Mathematical Software is receiv-

-ing support from Powell and Ford. Einarson seems to be the spark plug.




DISCUSSION TOPIC I -- MATHEMATICAL SOFTWARE QUALITY

COMPARING NUMERICAL METHODS FOR ORDINARY DIFFERENTIAL EQUATIONS

T. E. Hutk - Here's a plan of the talk (TH-1)*. 1I'd like to spend
time on two topics. Most of the time will be spent on the fir§t one, which
is a summaky of the results obtained for testing methods for solving non-
stiff systems of differential equations. This work has been compieted in
that it has appeared as a technical repbrt, and has been accepted (with
modifications) tc appear in the SIAM Journal on Numerical Aha]ysis in
December. What I will do is proceed through the main ideas of that paper.
First, I want to mention the conceptual basis which was important in de-
veloping our results because we felt that careful definitions of what we
were trying to measure were important. Then I will give definitions of
"problems" and examples of them; then "methods," and examples of methods,
followed by the criteria we used, and then a summary of our results.
Finally, I will mention briefly the work we started as a sequel and area
currently working on, viz., testing methods for solving stiff systems of
equations. In concluding, i will discuss a few ideas about testing and
proving programs . Our Tong-range goal is to develop programs which are
correct (whatever that means) and which are carefully tested so as to sup-
port the idea of correctness, and also to enable comparisons among differ-
ent algorithms.

I will start by showing a slide (TH-2) outlining the beginning of a

conceptual basis. We have to begin with the definitions of three things:

* The notation XY-n will designate the nth transparency of the speaker
whose initials are XY. Copies of the transparancies follow the
narrative. -



The definition of what we mean by "problem" (and also classes of problems)
the definition of what we mean by "method" (and classes of methods), and
we must agree on the criteria we will use for the comparison of methods.
The first two are the things we need to define if we arn going to prove
correctness. We would like to prove that a particular method solves a
particular problem. If we are comparing different methods on the same
problem, we nead a comparison criterion as well. We have to say what we
mean. For example, we could speak of th2 average cost -- the one that
the. person that is paying the mohey to solve the problem is likely to
think of. His'objective is to find the method that minimizes the average
cost. But another person, for example a man interested in control theory,
might be very ;oncerned with maximum cost. His idea of the best methcd
would be the one which minimized the maximum cost of solving problems.
(There are analogous situations in approximation theory.) Having made
these definitions, we can then talk ahout one method being better than
another, relative to a class of problems, and according to a particular
criterion. ‘

Wheq we get down to practical cases we have to name classes of prob-
lems and make the appropriate definitions so we know what it is we are
ta]king’aboﬁt. in the case of differential equations, I think this is
the most difficult part of the problem and is the only part which brings
forth any controversy.

Well, here is what we think is involved (TH-3). First of all you
have a system of differential equations. We have a function, f, and we
need initial conditions. Also, we need to know how far we want the inte-

gration to be carried. You could continue until some component exceeds
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a particu];r value. We chose the simp]est one: Continue until the in-
dependent variable reaches a certain value. That completes the problem
specification. What the user would like to do is to specify a tolerance,
T, per unit step. But this can be interpreted in a number of ways, and
you have to be specific. Of the two methods on the slide, the most ele-
gant is the second one. This is the one we would use if we were trying
to prove the correctness of the method. We prove that we have solved a
problem that does not differ significantiy fromvthe original problem.
That is quite elegant and fits in quite well with tlie theorems we prove
about correctness.

For testing programs, we want to test to see if the method solves

“the problem. So we use 1, which is almost equivalent to 2, but, for

practi;a] purposes, it is much more useful than 2. We will define the
local error to be the difference between the computed result at X341
and the value of the true solution through the computed result at Xy

It must be bounded in norm by t times the step size. In our experiment
we require that the method produces a sequence of values with the proper-'
ty that at each step the local bounds are satisfied.

The user would like to specify global error requirements. But all
the methods we tested are step-by-step methods which try to keep the local
error down. It may be that the global error is very large, or very small,
but this depends on the differential equation, not on the method. So;
for that reason, we think that, for step-by-step methods, the proper cri-

terion is to insist on their trying to solve the problem as specified

above, and to compare the costs they incur in solving that problem.
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Finally, we think that in specifying the problem you need something
about the scale of the problem. The user is responsible for saying some-
thing about the scale of the problem, and we felt that the user could
most easily provide a bound, hmax’ on thelstep-size.

At the bottom-of the slide we 1list these six things, put brackets
around them, and announce that a problem is a sextuple! (This list then
also becomes the calling sequénce of the subroutine.)

For testing purposes, we specified five classes of problems. I will
just give a few quick illustrations here. You can see the full list in
the published paper. What I have listed (TH-4) is some of the functions.
The final value is aiways taken to be 20, We tried three tolerances with
each of the equations. There are five classes. We took five fairly dif-
ferent classes, our idea being that a method might turn out to be good
at one particuiar class of problems but not as good at another one. (This
turns out to have a happy endiing -- we found that methods that were good in_
one class tended to be good over all classes. The first class was just a
class of five single equations. (Everyone has to test the first one!)

The next class was a collection of small systems. The system shown is sup-
posed to represent the interplay between predator and prey. It is a very
hard system to solve -- many methods cannot go over three or four cycles. !
Then class C contains moderate systems, including a five-body problem in

the Tast example. Then we have five very simple elliptical orbit prob]ems..
Finally, we took a collection of well-known, second crder differential
equations (1ike Bessel's equation) and converted them to systems of first

"~ order equations.
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Now we come to methods (TH-5). We think of a method as being char-
acterized by four things, illustrated by the famous Runge-Kut“2 method.

We have: (1) a formula for calculating, (2) a formula for estimation of
error, (3) an acceptance criterion, and (4) a strategy for choosing step
size. The program first of all decides what it is Qoing to do; it decides
on the step size, perhaps the order of the method in some cases and so on,
it takes a step. Then it makes an estimate of fhe error. Then it decides
what to do with regard to accepting the step, etc. (The programs are well
structured, so you can see what they are doing.)

Now I 1ist the methods we tested (TH-6). We tried some Runge-Kutta
methods. We are cdnyinced that variable order m~thods are the only multi-
step ones worth testing, since the "best" method will be a higher order
method if you make the tolerance extremely small. The method must be able
to adjust its order to suit the tolerance. We have tried other methods
as well. [ should point out that we are as interested in setting stand-
ards as we are in finding thé best.

Now we come to criteria (TH-7). We felt that in the end it was the
cost of s0lving the problem that really mattered, and we were thinking of
computer time rather than space. So we used computer time -- mainiy we
used seconds on a 7094 because we found that we couidn't measure time as
accurately on the 360. We ran all of these tests a number of times on
different machines and under different circumstances. The thing we soon
learned was that it was important to measure two components of the time:
What we ca]] the overhead time and the time spent evaluating functions.

Although we 1ike the conceptual basis of having collections of methods

solving problems, the fact is that in practice the methods do not actually

)
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solve the probfems exactly as specified, and we found we had to keep
track of how well methods did in solving. For instance,_we counted the
number of times a method deceived itself, that is, the number of times
it actually took a step, and accepted that step, thinking that the error
was less than tolerance, when in fact it wasn't. We also kept track of
the maxiTum error in all the times it deceived itself. Usually if a
method d;Eieved itself only 2% or 3% of the time, the worst it ever did
was be off by a factor of 3 or 4 in to]erancé.

One of the difficulties we ran into, which seems more typical of dif-
ferential equations than, say, with matrix calculations, is that fhere are
so many different effects. For example, the question of starting was one‘
that bothered people at the Bell Labs quite a bit. They found that the
starting step size could have quite an effect on the cost of solving the
problem. Their solution was to take four of these and average over them.
Since our runs were not terribly long, the starting difficd]ty could not
be ignored. We decided to let each method find its natural step size for
starting, then we turned on the cl.zk, set the calcualtion back to Xo and
atlowed the method to take step, ard go from there. We felt that this
tended to minimize the effects of starting. We do not think starting is
unimportant, but we think we should have another measure of how good the
method is at starting. We minimize effects of round-off by just doing every-
thing in doub]e precision, and making our to]egénce no smaller than 10'9.
We avoided stiffness by simply not having any problems that were really
stiff. We had some that were S]ight]y stiff. We also-avoided discontinu-

ities. We were trying to compare methods according to their ability to

chug along, without saying much about their ability to cope with
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stiffness, continuity, or starting. Otherwise we would have a result
which was merely an average of a whole Tot of effects.

Finally, our results (TH~8). Varying the order seemed to be impor-
tant. Variable order methods seemed to be able to do well over a range
of problems. |

Except for that fact, the results were amazingly uniform. They were
not only uniform within each problem class, but seemed to be between dif-
ferent classes. In our paper we summarized the results, and here is a
part of our summary. We felt that an average over the classes was repre-
sentative of what these methods were capable of doing, so long as we cal-
culated averages separately for each tolerance.

Notice the Runge-Kutta overhead time. It is pretty competitive with
the Bulirsch-Stoer in total time also. Although it seemed competitive in
this one example, we did not rate it'very highly. It's maximum error is
142 times the tolerance which is not good compared to what other methods
were able to do at a few times the tolerance. Also, this is its best
tolerance.

This is typical of the Runge-Kutta methods. They tended to do well
for one tolerance but not others. So, as general purpose methods, we felt
they could be set aside. Now we come to the two interesting ones: Extra-
polation and variable order Adams. Total time for the latter was certain]y
longer than total time for Bulirsch-Stoer. The interesting thing is that
Bulirsch-Stoer is quite a bit better in overhead, but on the other hand,
it took many more function ca]]s; more than twice as many. You see clearly
that you have to separate those two costs. Which method is best is going
to depend on how much its going to cost for function calls. You can say

that Adams-Krogh is spending a lot of time caompared to Bulirsch-Stoer in
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deciding how to avoid making function calls, and it only pays off if the
function calls are costly.

Our conclusions (TH-9) are: (1) the extrapolation method is best
if the functions are simple, but (2) variable order Adams is best if the
functions are complicated. We went to the trouble to see if we could find
the break-even point betwe:n the two. We looked at the righ% hand sides,
and came to the conclusion that you could count up the numberlof arithmetic
operations per component (or their equiva]ent). For example, if there
is a sin x on the right hand side, count it as roughly 5 arithmetic opera-
tions. Then, 25 arithmetic operations per component is about the break-even
point. So, if you have leés than that, your best method would be extrapola-
tion, but if more than that, variéb]e—order Adams. This is pretty rough
and it actually ranged between 5 and 45. Finally, the Tow order Runge-Kutta
methods still seem to be competitive if the functions are simple and the
tolerance is hot very small. (In the language of James Lyness, the complexi-
ty of the functions is an important feature in the “performénce profile" of
a method; stiffness is another such feature.)

I have two more topics I would like to spend some time on.

We are currently testing methods for stiff systems (TH-10). We decided
that it would be a good idea to get real-life problems. We have a collec-
tion of 30 or so of them, which we sent to some people we knew were inter-
ested in this area. Quite a few people sent back comments. These problems
have all been coded and I think they are now ready. Some of the problems
are quite large, and we had to do some over-laying because a couple of
.them were so large that they just occupied too much of the memory of the

370. ' ‘
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The program we used in testing is called DETEST. It stands for "Dif-
ferential Equations Tester." (We thought we had f&hnd the right name;
it's important to have the right name!) DETEST has been re-written and
it is going to be published as a Technical Report. It has been extended
so that it collects many different statistics. The criteria are more
complicated for stiff problems. One of the most difficult things of all
is what to do abceut the transition from the stiff region to the non-stiff
region. A+ the moment, what we have decided to do is to measure all the
statistics over the whole problem and also to measure them separately from
a point, that we can determine, at which the stiff components have all died
out. We selected a point, which we arbitrarily set for each problem, and
we go back and restart the integration there, and see how well it does. "
In the region where the stiffness would slow down more usual methods, these
new "stiff" methods rcally show their capabilities.

Now I come to the last topic. I will try to be brief. I think we
should consider very seriously the questien of correctness. It is & big

topic. A1l I can do is suggest a couple of ideas. What do we mean by

saying a program is correct? (TH-11) I Tike to view it this wayf The pro-

gram correctly evaluates the prescribed function. And then the question comes

down to: How is that function prescribed? Here are some examples of the
things we have to keep in mind. Think of the problem of solving a linear
system, Ax = b. Suppose Qe imagine a program being carried out in exact
arithmetic. Then we can think of the function that is being evaluated as
indicated in 1. In floating point arithmetic, the mapping is defined in a
different way as shown in 2. There are other alternatives for example as
shown in 3 and 4, but in all cases we have some mapping in the back of our

minds and require a proof that the program evaluates that function correctly.
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We could consider a number of things (TH-12). When we are tésting
programs, [ think we shouid think in terms of testing that is associated
with proving éorrectnéss of the program, and a]éo testing that is associ-
ated with comparing efficiency. Under correctness I think we can certainly
insist that the program'be-hdrrectly coded. We should encourage the ﬁse
of structured programs, so that the pfogram will not only be correct but
be seen to bé correct. Testing 1ends éupport to this. (The standards
of rigor are much.hfgher in our profession than in mathematics.) We can
alse consider the programs being correct in a different sense, in the sense
of a backward error analysis. You st%]] need the structured program to
organize the proof of correctness. Sometimes it is helpful to use asser-'
tions. So we can view correctness in-different senses. If you have proven
a good theorem in 2, in a way you don't really need 1. .For efficiency,»
you can simply take a number of programs that are to solve the g;me problem,
do a lot of testing, and combare relative efficiéncy. I think we need to
clearly.defihe'prob]éms, to clearly define metﬁods, and criferia. I think
~ we have to be clear about whether we are proving correctness in this sense
or that sense, and what it is we are using our testing for. The emphaéis
in testing is certainly very dependént on the particular application area.

In the case of ODE‘s, I have been primarily discussing 3. I do not
think we know much aboﬁt 4. We know about the relationship between the
order of the methods and the to1eranceia 1itt1e'bit, but we do not really
know any theorems. So, I have been emphasizing 3 all ﬁlong. After we had
done all our testing, ﬁe{decided that 1 was terrib]y-important, and we
started.to'restrucfure our programs. So we are !1ow,dojng 1 and,wé'have

“been helped in this way with 2.
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I want to show you a theorem about the correctness of a program fbr.
dffferentia] equatiéns (TH-13). We have a class of problems, as shown.
We assume no round-off; that enables us not to have to put all kinds of
restrictions on. We can prove an effectiveness theorem that guarantees
that theimethod solves any problem in the c1as§. Thank you for your at-

tention.




PLAN ) ' —[

Summary cf results obtained with

methods for non-gtiff systems:

conceptual basis - p, m, ¢
problems

- examplés

methods ' . .;—‘”—N\\f\\

- examples emphasis here
criteria . is on comparisons
" v - examples ]
results

conclusions }
(to appear in SIAM J Num Anal, :
Dec., 1972 - Hull, Enright, Fellen, Sedgwick)

\

Mention of current work on methods \

for stiff systems

Mention of a couple of i1deas on

proving .correctness of programs

We need to agree on three
definitions:

!
Slide TH-1 \
|
. !
(1) Definition of problem, say p, /

and on class of problems, P. :f [ .

(2) Definition of method, say m,

and on class of,mgthoda, M.

These two_definitions are all

we need for "correctness" -
we would try to prove, e.g., that

a'parti#ular m solves any p

in a particular P,
rn P

[P

(3) Comparison criterion c(m,p);

also C(m,P); e.g. average, or max.

Fhen Wwe can say m is betﬁer than
i
!
, if C(m,P) < C(m',P)..
fAlqo m is best in M, if ...

m', relative to P, according to C,

Slide TH-2




cification of & problem

I

y' = f(x,y); y(xg) =y,

also, B.8.,
Xe the final value of x
T ~ the toleraf::’?er unit step
e.g. }sn T
(1) /"" (2) Fz(x) 2
/ z2(xg) = ¥4 2lxg)
d
- -« h ——+ an
> . "z' - f(x,z2)}| <1
-1 %4 X141 _
hmax ~ the max. step-size
- {80 p = <f, Xgs Y Xgo T, hmax?
slide TH-3 )

= _yf

biems f's below; x

e
B
"

Bl

Ut vee N

M = -
A Y1

0*Y0 not shown
=20, T = 10‘3, 10‘?, 10‘9, h = 20

Xg max
y' = -y
3/2 ingl

y' = -y /: single

: equations

"o -

' 1

vy = ~(¥57¥;7,) small
: _ systems
Five body problem
~

_y' = y - _y 1] i=2’...9' .
1 i-1 71 .L moderate

Yio ° y9‘ I I ' systems
Five body problem J
Orbit problem ¢ = .1 ' S
| .3 :

. Orbits

F |
Bessel, van der Pol, higher order

Duffing,,etc} - © .reduced to

" first order

Slide TH-4
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Example of a method

A Runge-Kutta method based on
- 1
Yip1 = ¥y + glkgo*2k +2k 54k 5)
where ko - hf(xi’yi)

1

k. = hf(x, +82 +EQ)
1 172 Y473
k, = hf(x,+s +El)

2 X472 Y4
k3 = hf(xi+h, yi+k2)
Method consists of:

Calculation of yi+1_by taking two

steps of size hi/Z

Yi41

ERLTS!

[Egstimate of error EST =

15hi
where yi+1 is from one step of
[Accept if EST < .97

Choose

min(hm ’ xf-x), on entr

ax
h =

min(.Q(Egi)%h

otherwise

old’ hmax’

c1ide TH-5

Methods fésted

Several Runge-Kutta
methods of ordeis 4, 5, 6, 8
Several variable-order;
variable-step Adams methods
due to Krogh, Gear, Sedgwick

Extrapolation methog
due to Bulirsch & Stoe£

Others only partially.

By

y

xf-x)_‘

Iy
i

Slide TH-6
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Criterion (from DETEST)

We used computer time (in seconds
on a 7094-II) - but it was
necessary to measure two
components separatély, namely

(1) gverhead time

(2) tigie spent evaluating functions

(we actually measured total time,

_& also counted the no. of

function calls)

However, the methods didn't quite
soiVe the problems, so we also
measured '

(3) number of deceptions (in percent)

(4) max. error (in units of T)

gNote: We suppressed effects of starting

-rGundoff, gstiffness, digcontinuities.

Slide TH=-7

Results
Varying order certainly important
for such a wide range of T. |
OtherwiSe, results were very
consistént - not only within

each problém class A, B, ..., E,

but also between_different classes.

We can therefore summarize

over all of A, B, ..., E for each T,

E.g., with T = 10-6, we get
FCN  TOTAL PERCENT MAX

: OVHD  CALLS TIME DECEIVED ERROR
'B-S  37.1 26704 47.7 0:7, 2.3
Krogh 59.1 11353 63.1 1.4 7.3
|RK6  41.1 23540 48.8 1.6 142.5

?r" ST ,/’/"i ""/ - - /‘ﬂ
(secs- +~ """ /IN UNITS ) ___ .
S . W_ OF T

Slide TH-8
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Conclusions

(1) Extrapolation is beét if
the functions are simple, but
(2) Variablé-ofdér_Adams i1s best
. if the functions are complicated.
(3) The "break-even" point between
B-S & Krogh 18, roughly,
ﬁhen about 25 arithmetic
operafions (or their equivalent)
are required per component.
(4) RK4, RKS5 are competitive
when the functions are

simple and T =~ 10 3.

hwo p1rameters for perfqrmance profile”

- function complexity

|
- stiffness

Slide TH-9

STIFF SYSTEMS

Currently testing methods for
stiff s8ystems
(L) We have a collection of
"reai-life" problems.

(2) We are programming 4

methods Gear's method

T - Implicit Runge-Kutta

- Trapezoidal with
extrapolation

- Enright 8 method.'

214(3) Criteria_more.complicated

- must count Jacoblan evaluations

L-U decompositions, ete., as well
. as function‘evaluations &
§ overhead And what about

o transition from stiff to non-stiff?

Slide TH-10




CORRECTNESS

What do we mean By saying
a program 1s correct?

I 1ike: it is correct if it correctly

.evaluates the prescribed function.

For examples, consider prog for Ax_n b
and the following alternatives: |
(1) Exact arith:- A,b >y 2 Ay = b,
' provided ...
(2) Fl. pt. arith:- A,b - 7 (A+6A)y = b
with |6al =< 1. 01(2n *h)p A"u, provided
(3) Fl. pt. arith:- sb >y
‘ ”y'— A b” £ o~ ,.provided A
-(4) Any arith:- a,b =+ y that is
obtained by following LU
S decomp., etc.
K’;pecial case of (4)’15 to show
the program'is'correctly_code;]'

Slide TH-1l1

“he could consider:

Correctness

(1) 1In sense of being correctly coded
A - use "structured" programming
{program must be seen to
be correct) '
- testing lends support
(2) Error_anelfsis theorems:
- sometimes use assertions

. = testing lends support

Effjciency

(3) Testing for comparisons
(4)' Theorems

- tes_ting_l_e_ndﬂ_sunnort

Need to be clear about what ve
~are trying to do - e.g. p, m, ¢

Emphasis above will depend on

area - 1lin. alg., functions, o.d.e.'s; etc.

" Slide TH-12

[P Tra—— |
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Effectiveness theorem:

If P = <Ay | "A“ sil, Xgr Ygr Xgo To b

m = <2 Kutta steps, EST, <.9T, h =__ >,

"no roundoff
then m solves any p in P.‘in
‘'sense that m- produces Ve
3> J z(x) where z(xo) = yo
z2(x:) = yg
and |z' - £(x,2)]| s T.
(result is best possible)

1>

| Also have results for stiff (Enright)
& for non- 1inear (Sedgwick) ‘
Also for Adams (Sedgwick)

Slide TH-13
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REVIEW OF NATS PROJECT

Wayne Cowell -- Because the NATS project has been reported at

several meetings lately, some of you have seen the slides I have and -
are aware of what we are doing. I will not go into tbo much deta}l
here but will give a Tittle different empﬁasis in a few places.
: There is a term which is gaining some currency at}Argonne which I
‘ would Tike to share with you. For budget purposes and our own under-
standing, we have been carefully documenting our research activities
.in computational mathematics and have come up with the idea of a

 systemetized package of computer programs which we have defined as shown

here (WC-1). Of course, an example of systemetized collection is

EISPACK (WC-2). As many of you know, Edition 2 is now béing distributed
from the Argonne center as a certified package. It's a collection of
34.routfnes.£o solve certéin cases of the eigenproblem and is available
for IBM 360, CDC 6000-7000, PDP-10, Univac 1108, and HonejweT] 635,

- Edition 3 is in the hands of the test sites, which we will list in a
moment.: Concerning the point (in WC-T) about minimum concern for systemé
detai]s; the IBM veréion also has a control program called EYSPAC |
(without the_K), which enables the user to describe his eigenproblem

at a very hidh level. Jim Boyle is the author of that.

i Another collection which we are ‘in the brbcess of systemetizing in
thé NATS project is the special function package. It is ihdicated on thé 
~ slide (WC-3) how we sfand. Most of this is Jim Codyfg work. We will
soon be announcing the availability of therexponential integrals for 3':

machines: IBM, CDC, and Univac. Cooberating with us on this part of-
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thé work are the University of Wisconsin, and the University of Texas.
I want tb list the other field test gites whicﬁ have been involved
with the NATS project (WC-4).. This js a project to test, certify, and
disseminate mathehatica] software. At this stage, it is not an attempt
to build up a comprehensivef1ﬁbrary, buf rather. an attempt to produce
systemetized'packages and‘tﬁﬁgkto learn how to produce thém, to learn

something about the kinds of peop]e involved, .the t1me it Lakes, and

o
Q

what it ccsts.
The proCedures that we fo]]ow.are-roughiy these (WC-5). The

routines are prepared at the principal institutions, in this case,
Argonne, University of Texas, and Stanford. Théy are then fie1d-tested
at the cooperating sites, certified, distributed, and supported. I
want to say just a bit more ébout'what some of}these”ﬁerms_meaﬁ. Field
testing involves two parts (WC-6);‘ The first part is checkout at the
computer center. ' We supply a tape with.routines, test céses, and drivers.
We have assembled ‘about 80 test cases for EISPACK and drivers which
Erint out the norm of the residual. That information comes back to us
for eva]uation.f When the routine‘is ready to be made avéi]ab]e to
test-site ‘users, there is effort at the test site to offer consu1t1ng
services, to make it vnry easy for peop]e to use these rout1nes, and
to feed back 1nformat1on‘on users' experience. This is a 11tt1e harder
to organize than tomputer center checkon. Scientists have to be - .
shown that using the new routineé is going to be %3 their advantage.

| whét do we mean by.certification? I think this focuses very directly
upon the toﬁic we are considering at this workshop. Tﬁe meanfng'of

certification was actually a subject of a great deal of thought and
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discussion on our part. We can't mean, of course, that a certified
éode is gharanteed in the sense that we pay for the computer time if
it doesn't work! The idea which finally emerged is akin to the scientific
‘tradition of saying that the tests (experiments) we have performed can
be_dﬁplicated. We will furnish you with all the information we ﬁave
available and you can run the same tests. Also, we risk our repu-
tation; we stand behind what we have done. To express this idea, we
have included this statument (WC-7) on each of the routines which we
regard as certified. We could say this sort of thing without any
testing at all, but that would be foolhardy:

We have arrived at some guidelines which I have written down here
as principles. These first 3 principles express requirements that a
collection of routines be considered as a candidate for systematization
(WC-8). Without these remaining principles (WC-9) you couldn't really
organize a good testing program. First of all, we wouid insist that
computable measures of quality exist. In the case of EISPACK we have
used the norm of the res%dua] stemming from Wilkinson's backward error
analysis. In the case of the special function codes, I think most of
you are aware of Jim Cody's methods for statistically comparing the
performance of a routine with the performance of multiple precision
calculations. Finally, the last statement is that the routines have to
satisfy a basic need - there is a demand for them. Because there is a
demand there is also a potential for organizing a collaborative effor:,
and we believe that is necessary for this type of work.

This diagram (WC-10) gives an over-view of the project. To

illustrate we might follow EISPACK through the diagram. Assembly intc



packages, preparation of test cases and preliminary testing took place
during the Spring,of 1971. 1 might say tﬁat the use of the Argonne
RESCUE system was extremé]y valuable. Jim Boyie will have more to sgy-
about that later on. Edition 1 went td the test sites in the summer

- of 1971. The test sitéé.responded in various ways, most of which were

- very Qratifying.. Besides computer center checkout, users guides were

““prepared in several blates. A comprehensive one was prepared by o
Yasuhiko Ikebe at the Uﬁiveksity of TeXas. The University of Chicago
published an EISPACK newsletter, and made available a gdod deal of
consulting. The control program was developed for Control Data computers
at Northwestern University. Interface routines were written at Stanford,
which{enabled users to call routines using familiar calling sequences.
So far as we can‘tell,'there were a couple of dozen usefs (besides the
computer center checkout) in_varidus fie]ds--ecoﬁomics, geo-physics,
chemiStry, astronomy, nuclear engineering, mechaniéa] engineering,
statistics. We have case histories on some of these. A]so; the routines
were used in aﬁ engfneering summér conference at the University of
Michigan both ir 1971 and 1972. | |

~In December 1971, there was a meeting of test site representatives

at Argonne in which we reviewed the progress that had béen made on
the field testing, and obtained feedback from it at that point. We
made one key design decision. The field tést representatives felt it -
wrong to have maéhine-dependent barameters in the cé]]ing sequences.
These parameters were taken out of the'calling sequencés ahd embedded
as lines of code. This résu]ted in our going from two versions of the

. package to four, the four differing very 1ift]e.'
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Edition 2 went to test sites in March, 1972 and was announced as
a certified package in May, 1972. Here's a word about the availability
of the package (WC-11). It is available from the Argonne Code Center
for those 5 computers. From May 24 to August 9, some 34 requests for
the IBM and 28 requests for other compiiters had been received, and
processed. There have been requests since. Each of these actually
constitutes an installation. The Code Center does not send to two
different persons using the same combuter at the same location. So I
would say that there are at this time roughly 75 installations across
the country which are (potential) users of EISPACK., I cannot say it
has been installed and is working at all these.

Let me conclude with a word on costs (WC-12). Here I refer to the
cost of creating certified code from published Algol. There are various
ways of looking at costs. We could look at it in terms of the cost per
Fortran statement. I'm sure you recognize this would be a very rough
ball pafk kind of estimate. We have versions for 5 machines and I
would estimate that the cost is about $20 per statement of certified
code. I don't want to put Ed Battiste on'the spot but I have discussed
that informally with him, and he didn't say we had been especially
wasteful. We could also distribute costs over the number of users. I
think it's very conservative to say tnat EISPACK will be used eventually
by 100 installations. You could distribute a half million dollars ovér
those installations at $5,000 per installation. You would probably
have to pay a graduate student more than that to code up Wilkinson's

Algol, and the results would not Tikely be comparable.



But the way of looking at the costs that I like best (and which
Jim Wilkinson has reflected upoh) is that this work is a step that is
necessary in order to take a tremendous intellectual investment over
many years by first class people and make it available as practical
software, It is very difficult to put dollar figures on that kind of
thing. At the Boston meeting where I reported on this, Joe Traub
suggested another view of cost, which I haven't really explored aﬁy
further. He asked if we itad any way of measuring the number of
replacements, the number of places in which EISPACK has forced out
another collection of eigenproblem codes.

Well, those were the remarks I wanted to make about the NATS
project. I would like to postpone general questions for later and go
on to some remarks by Chris Newbery about validation of the Boeing

library.

31
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Slide WC-1

A collection of computer programs will be said to be a

systematized package if

(a)

(b)

each program in the collection is accurate, efficient,
fully documented, thoroughly checked, readily available,

and effectively maintained;

the collection contains routines to solve a wide spectrum
of related problems, reflects the latest techniques, and
is organized so as to require a minimum of concern for

those computer system details which lie outside the scope

of the user's primary interest.
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Slide ¥c-2
EISPACK

Edition 2

34 routines to solve the standard eigenproblem for real
general, certain realﬂgf{diggonal, real symmetric, real
tridiagonal symmetric, complex general, ‘and complex

hermitian matrices.

Edition 3
40 routines to solve above prbblems plﬁs standard eigen-
| problem for linearly-packed symmetric matrices, band
symmetric matrices, and the generalized eigenproblem
Ax = ABx where A.and B are symmetric and B is positive

definite.
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SPECIAL FUNCTION PACKAGE =~ S

For IBM 360;-UNIVAC 1108, CDC 6000-7000 except as noted

Work almost finished

Exponential integrals _
Complete elliptic integrals of the first and second kind

S

Work well underway

Psi function
Bessel functions K, kl
Dawson's iﬁtegral

In progress -

Error.and compllmentary error functhn ' Univac and CDC only
Gamma and log gamma functions - :

Fresnel integrals

~ Riemann zeta function'
‘Coulomb phase shift
Chi-squared integral
‘Regular Coulomb wave functions

I, Y., Y

Bessel functions JO’ 1’ o0 1
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Slide. WC-4
NATS is a prototype effoi't to
- TEST, CERTIFY and DISSEMINATE
Mathematical Software
Principal Institutions
_Argonne National Laboratory , IBM 360
The University of Texas at Austin ~ . CbC 6600
Stanford University IBM 360
: C_ooperatihg Test Sites .
Iowa State University (Ames Laboratory) IBM 360
National Center for Atmospheric Research CDC 7600
Northwestern University CDC 6400
Oak Ridge National Laboratory IRM 360
Purdue University S CDC 6500
Lawrence Livermore Laboratory . - CDC 6600-7600
The University of Chicago ' IBM 360
The University of Kansas - - : Honeywéll 635
University of Michigan - . IBM 360
The University of Toronto - IBM 370
The University of Wisconsin ' Univac 1108

Yale University ' PDP~10
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NATS Routines are

. Prepared at the principal institutions
Field tested at cooperating test sifes
Certified

Distributed from the Argonne.Code Center

Supported by the deve10persf

36
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FIELD TESTING

Check-out with prescribed data using
testing aids supplied by coordinators.

Monitored use by scientists and engineers
on their problems.

37
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A CERTIFIED routlne is a SUPPORTED routine Wthh has
been thoroughly TESTED.

The documentation of each NATS routine includes the
following statement:

" This routine has been tested on and is here-
with certified for the following computer
systems and working precisions.

(List of test sites, machines, operat-
ing systems and working precisions.)

P The NATS project fﬁlly'supports this certified
routine in the sense that detailed information
on the testing procedure is available and re-
ports of poor or 1ncorrect performance on at
least the computer systems listed above will
gain immediate attention from the developers
Questions and comments should be sent to

(Name and address of contact.) o

38
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- PRINCIPLE A
The algorithms underlying the routines have a

sound numerical basis.

- PRINCIPLE B
;_The routines are written in a widely-used source
language. They have undergone testing for effi-
ciency and absence of gfoss errors. Basic

- documentation exists.

PRINCIPLE C
' The routines have been organized into a coherent

collection which solves a.class of problems .

39
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Slide WC-9

PRINCIPLE D

Computable measure$ of quality exist.

PRINCIPLE E
The routines satisfy a basic computational need
and zre required for use in a mmber of institu-
tions.- They have potential for becoming an
authoritative standard within the computing

community. J
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Slide WC-11

AVAILABILITY
The -second edition of EISPACK for
IBM 360 (including control program EISPAC),
CDC 6000-7000, Univac 1108, PDP-10,

Honeywell 635 -

is available from the

~ ARGONNE CODE CENTER.
Dﬁring period May 24-Augus‘t‘ 9 there were

© 34 requests for IRM

- 28 requests for others

42
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COST ESTIMATES (As of August, 1972)

(after original research)

EISPACK in 5 Macine Versions -

$20 per Statement.of Certified Fortran Code .

or

EISPACK used by 100 installations -

$5000 per installation

or

EISPACK as the step necessary to make a very lavge

research investment pay off in practical software -

incremental cost: small.

43
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VALIDATION PROCEDURES FOR THE BOEING LIBRARY

Chiis Newbery -- The Boeing library went into business in

1969. It was a fairly large-scale project, about 10 man years, 300
programs, about 24,000 object deck instructioﬁs. We were very concerned
.with va]idat%bn, and I want to talk a little about our procedures, how . )
we achieved what we did achieve. It's been possib]e since then to
determine how good or bad it was - I 11 let you Judge that.

In the first six months after we went on the air, they found Six
bugs in the whole works, and since then they haven t found any. Th1s
has not been;under conditions of testing by hostile people like ybur-
- seives; it's just been ordinary testing on the shop floor .in Boeing
- and at the University of washington. I'd say there were two reasons
for the stress on va]idatidn. From the point of view of the top
managemenﬁ the réason was simply flow time. It's sometimes thought that
aircraft can crash as a result of computer program e}rors. I'm not
sure that's true, I'm inclined to doubt it, but certainly lots of other
unpleasant consequences can ensue. If you.Write the'crificai path
network for produ;tion‘of an airp]ane'all the Way from-initfa]‘design
through marketiﬁg, the computers occur on thé‘critical path at several
places. They occur:very markedly in the éar]y design phaée,'particularly
the stress ana]ysis phase, and they occur later_in thé éutomation of
the machine tod]s,‘i.e., cons%rﬁcting tapés.which will guide a machine
to cut the air foils and cut the various compoﬁents for thé.prototype

et

and for the production models. Finally, they are on the critical path
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again when it comes,to analyzing the fliéht data after the prototype
Has already flown with lots of gadgets on it measuring stresses and
vibration frequencies and temperature changes and'so on. Those are the
three parts-or stages when the computer is on the critical path, and
any fbu]-up ho]ds_up the whole project. That can cost thousands of |
dollars. Sd that was why the management was kind'of up-tight about
validation. ; _ R

The other reason for validation stemmed frdm our own strictly
computerman's poinf of view. wé'were concernéd with validation mainly
because we knew we could neyér get our product marketed unless we had
a good reéord this way. Thére are lots of inferior brograms available
(users groups and so on, to name one of them) and we felt that unless
we developed thé reputation for being pretty nearly infa]lib1e,.nbbody
was going to use 6ur work, and it wouldn't dc much good if nobddy used
it. It's exceedingly difficult to get a man to give up using a program
" he is familiar with, and get him to switch to a program which works.
:3tin the course of this, I;ve wriften oht a little check 1ist of fhings

“which I consider important in the design of validation experiments -

(fo11ows narrative). )

The first one is concerned with being really clear about what youf
A objettives are, what jou are testing for. . The‘typica1 prégrammer,
even. an experienced one, tends to.be very vague about this. So I think
‘one needs to be vehy’ETear_of one's objectives and the first"commandhent,.

so to speak, says make a 1ist;

N,



46

The second item is concerned with recognizing that there is

inevitably a lot of noise in most of the.things one is testing for.
~ Most of the questions you are asking_when you test‘can"hot be answered
- by a single test, A few of them can, but I've given an example in the
‘attaéhed sheet where you have to maketa large number of tests before'you
can be reasonably sure that your program is performing satisfactorily
in that respect. I could give a different»exampTe of the same general
kind. Let's say you've gof a linear équation solver and you'ré
concerned about whether that equation so]ver knows. when it is beaten.
If you give it a problem, wh1ch 1s numer1ca11y singular, does it ”

recognize th1s and go into an error return or does it Just plow ahead?
I don t think anybody, however good a programmer or however knowledgeable
a numerical analyist he may be, cah write a program that is really
pgrfectlfn that respect. I think hbweyer'gOOd you are, you are not going
to be berfect. For eXamp]e,.if &ou are gding to try to persuade a
compuﬁer_to'reCOgnize afnumericgligingularity, you are going to compare
s ome vanishihg]y sha]] quahtity_with some -kind of standard. You are
goingzto look at a succession of pivots ana comparé with some small
numbér'and decide to quft when it is effectively singular. oOr if you
ére interested in finding.a certain degreé Of.slowneSS'jn convergenCe,.
: ydu will use that'as a measure of whether the thing was efféctive]y :
~ singular. If you are 1ook1ng at p1vot sizes and you did not compute your
pivot size w1th perfect accuracy, somet1mes the cr1ter1on wh1ch you
'prescr1bed will work the way you intended and somet1mes you will be
| unlucky. Then ygﬁ.will Want td know whether .the thing is fai]-safe;

i.e., if -it had made errors, would they be'errors of the sort that said
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the system was numerically singular, when in fact if wasn't? But you
must not make errors of the opposite kind where it uses garp?ge and says
it is 0.k. |

il-»‘ln"'-he thirdjitem is checking to see that the program automatically
gvoids any readily avoidable numerically i]]-defihed situation. Scaling
of matrices is one example. But.I‘think a more dramatic one, alfhough,if
is less commonly mentioned, is interpo]ation,wpere you interpolate on
half a dozen points, say in the range fromﬂa fhousand toa thousand and
six. You are going to be evaluating your Lagrangians for very farge
arguments. Yoq would need to shift the origin to minus 3 to plus 3, do
your interpo]atibn, and re-interpret back again. A good computer program
will do that. - One shou]d check to see Whether a program is good in
that -respect.

The fourth item %s concerned with relating the results that you

get to some kind of acceptable standard. Verytfew of us could say
| whe;her preserving five figures out of eight‘on jnverting a six by Six
Hilbert matrix was a good reﬁu]t or arbaﬁ result. So I muﬁh prefer. the
‘resQif fhat says the errors were never worse than 1% of.the error bound
that Wilkinson gives on page such and such. Then you are re]ating‘the
erroré ﬁhaf you observed‘to erkor_bounds that are mathematically
established, and that takes into account the condition number of’the
pkob]ém; and it saves you a lot of méntai‘arifbmetic and enaB]es'you
to relate what y@u—haVé observed- to what you .think you should have

-observed, or.relaté it to-the'worst-possib]e case that couid.have occurred.
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Item five is a statement reaT]y very much Tike Hamming's "instght_
not-numbers” statement. It says pretty much the same as he says only
~ he says it better. It's also related to Lyness's performance profile |
concept. It seems to me that if you're evaluating the performance of
2 matrix inverter or linear equation solver, one would put out the results
in some kind of a grid form which Jends itself to interpo]atfon. It
seems to me that you should vary condition numbers from very easy to
what you'call tough in your word length. At the same time, in the
other.dimension,kyou~wou1d want to vary the order of the matrix. See
how it behaves on 1arger matrices. Then you have got large well-
conditioned, large {11-conditioned, small well-conditioned, small ill-
conditioned. When you have got'that,hyou haven't just got the twenty-
four numbers that are put out, you haye really.got information about the
whole two-dimensional continuum of numbers. You can interpo]ate because
those tables’Should .be fafriy smooth, Anduif they are not smooth, then
- you want to Know why, because someth1ng has gone wrong Each entry in
your grid will not be the resu]t of a s1ngle exper1ment because that
s1ng]e-exper1ment of course cou]d be ‘non-typical and you must average
a 1arge number of exper1ments to produce each of. the twenty four out- |
puts. '

Item six is concerned with consistency tests. This is perhaps a.
" bit more controvers1a1 (there are those who dis]ike consistency tests),
but such tests do serve. the purpose of en]arg1ng the range of tests
that you can g1ve. It is not necessary to know the answer to a prob]em
in order to use the prob]em for test purposes. Thus you can check

cons1stency in d1fferent1a1 equation solvers as long as you kﬁ@% something
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about the property of the solution, like it is periodic. You do not need
to krow the who]e solution, you can check on periodicity. It is a

check that can be misleading, but it is about the best you can do.
Likewise there are a 1ot of consistency tests you can use with pb]ynomia]s
such as seeing whether it thinks p(2x) is a harder polyromial to solve
than p(x) or seeing whether it thinks reversing the coefficients,

thereby reciprocating the roots, takes more iterations or gives less
accuracy. Any substantial difference in its reaction to p(x) and

Eeversed p(x) is an indication that it did one of them wrong.

Item number seven is concerned with testing separate parts of, say,
~an eigensystem package, in which eigenvalue calculation is followed by
eigenvector finding. I think it is appropriate to test those two things
separately, becauce otherwise it gets very difficult to locate what
the source of the error was. You can attribute it to one aspect when
in fact it resulted from another. And there are, as I mentioned, some
situations where you should not do that.

And lastly, (item eight) one should try to break the program to
see where its breakpoint is. and to see whether it knows it is beaten
when it is beaten. The last sheet that I have given out is a little
attachment, and I must apologize for the attachment being somewhat
scruffy. In fact, it was not really intended for distribution at this
meeting or any other. It is an exact reproduction of little notes I
gave-to my programmer when I was asking him to test things out.- It is
an authentic set of tests that I asked him to execute. It does illus-

trate two points that I think I have mentioned. It deliberately
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creates Jacobians whfch will have rank difficiencies of one, two,

three ;nd that is a fairly severe test for any non-linear equation

solver which uses Jacobians‘for solving linear equations. The other

thing it exemplifies is the performance profile.” It tells the pro-

~ grammer to put out a grid, each point on the grid being the.résult of

20 experiments, so that when you read it, it can Hé interpolated. Sé

those are hy 8 commandments. I would be very glad.to hear any comments,

criticiém, and pafticufarly additions.-: |
-y

-

\
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A Check-List for Validation of Programs

When one is designing a sequence of exper1ments with a view to deter-
mining the capabilities and Timitations of a given computer program the |
following check-1ist may be found helpful.

: (1) Make a list of the questions which the tests are supposed to an-
swer. This 1ist will vary from case to case but it will always include
the elementary things 1ike "Is each separate branch logically correct?"
"Are there proper error returns for inadmissible data?" etc.

(2) Make the tests as noise-free as possible, but recogn1ze that a
large sampling is often required before a confident judgement can be formed.
For instance, when testing to see whether a quadrature program reacts cor-
rectly to a sma]] Jump-discontinuity, it is 1arge1y a matter of chance
that determines whether a function-evaluation is called for at a point
which will make the discontinuity detectable. A program may detect a small
discontinuity in one place and fail to detect a far larger one ‘situated
somewhere else. Give the program a hundred different discontinuity-detection
problems of approximately the same difficulty and determ1ne the percentage
score.

(3) See whether-the program-showshany undue sensitivity to the mode
of problem-formulation. Linear equation solvers are commonly qu1te sensi -
tive to the scaling, and it is unnecessary to produce grossly mis- -scaled

- ~examples to demonstrate this. Some are sensitive to the order in which

the equations are written. A polynomial interpolator may work fine on three
points situated at -1, 0, 1 and break down on the same three ordinates situ-
ated at 99, 100, 101. In summary, check that. the program will take the neces-
sary steps (e.g., scaling or origin-shifting) to minimize the numerical
problems. Failing that, check that the documentation carries an appropr1-

ate "...may be hazardous..." warning. §

(4) Wherever poss1b1e, relate the observed error(s) to some accepted
standard or norm. The statement that "observed errors never exceeded .1%
of the bound givan by Wilkinson" is far more informative than "the errors.
never exceeded 1 in the fourth decimal f1gure " -

(5) In presenting test results try to give the reader a maximum of
information” for a minimum of numbers. The performance of a linear equation
solver can be well displayed in the form of a 4 x 6 array, where the row
index defines the order and the column index defines the condition number.
If each element of the 4 X 6 array is the average of 20 experiments, the
array should have enough smoothness to, permit "eyeba]]" interpolation. Any
lack of smoothness suggests that further probing is called for.

(6) Remember that computer programs will never be used in earnest

. on problems for which the right answers are known analytically. It is un-
necessary, and in some cases unwise, to restrict the tests to problems of
th}s type. For 1nstance, it 1s qu1te common for a quadrature program to
tell us that:




52

. b a.
[ f(x)dx # - [ f(x)dx # 0.
a b

~ Without knowing the true value of the integral, we can say that one of
the quadratures was wrong by at least half the difference. A minor dis-
~crepancy would be considered normal, but a major discrepancy in any re-

spect (e.g., number or distribution of samp]e points) will indicate non-
optimal programming.

(7) When an algorithm consists of several distinct parts, e.g., simi-
.larlty transformation of a matrix, followed by eigenvalue determination,
it is generally the best policy to test each part separately; however,
there are except1ons, such as predictor-corrector pairs of formulas for
solving ODE's which should be judged as a tandem. '

(8) Remember that validation involves a determination of the limi-
tations as well as the capabilities of a program. - Parametric test problems
~ shou™d be used, and the parameter(s) varied so that the test problems be-

come unsolvable in the given wordlength. Check to see how realiably a
program identifies this situation. C

—

/-

A.C.RﬁﬂNewbefry
University of Kentucky .

August 1972
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ATTACHMENT

Test1ng Non11near Equat1on Solvers

Define a_two-paraméter fami]y”of;polynomials by
P(x,p,k) = (x-p)¥ (x=1)(x-2)(x-3)
and construct its coeff1c1ents A wh1ch are functions of p, k
p will vary in [0, 1] and k will vary over 1,2,3.

The test cons1sts in attempt1ng to find the roots of P simultaneously by
nonlinear equation solving thus:

- (1) Make a (bad) guess g at the roots, e.g., for
./ k=2,p=1/2 3=0,1/4,3/4,4,5

(2) Construct the monic whose roots are the components of g. Coefficients
of this monic are b Then a-b serves as a residual vector. Adjust g with
a view to making a-ﬁ- The residual vector h=a-b is a nonlinear mapping
of g. ' ‘

(3) On concluding, the elements of -g may have to be sorted monotonically -
so as to provide a best match with the known roots of P. After sorting
define E as the largest absolute difference .between an element of g and
the root it approximates. If k, p are chosen so that P has a repeated
root, the Jacobian w111 be s1ngu1ar, so this will be a severe test.

(4) Let k vary over 1 2253 and p range over [0,1] in intervals of - 25

(5) For each k,p get an average E (see (3)). The average is taken over 5
starting vectors g for that particular problem. The starting vectors are
uniform floating numbers in (0,5). Set average E: negative if any failure
occurs 1n the set of 5 tests

(6) Output a 3x5 matrix of average -E va]ues as def1ned above

-A.C,R;.NeWbérry (1968)




QUESTIONS FOR SUBGROUP DISCUSSION OF TOPIC I

1. The term "certification" applied to software seems to have various

meanings in different contexts; e.g., "certify" (run) an algorithm

(CACM), certified software as supported software (NATS,IMSL). Is:

“there an underlying concept which unifies these meahings or are

several concepts being confused?

‘2. Is the demand for certification actually a demand for highly in-

formative documentation about the performance of a code?

3.. Can standards of computer program performance be determined and
“published through some form of strdctured committee action? What

_ standardization process would you like to. see evolve?

54



SUBGROUF DISCUSSION OF TOPIC I

Leoyd Fosdick -- I will tfy to capture the ideas as they were

expressed. One poiht was that certification should consist of a precise
‘istatement of procedures used to test software.- The sta?ement should be

sufficiently accurate to permit repetition of the tests and should

include requirements for clarity and inte]ligibi]ity in program documen--

tation. The documentation for a program should be 1ayered with the
layers involving different levels of detail. |

| The group felt that evaluation should be distinguished from certi-
fication. The former involves a domparison of relative merit of the
software with respect to other software, real or imagined, for the same
purpose; hence it‘depends on the problem area and on the system. The
latter, certification,‘focuses attention on one program, in isolation.

Those statements address our answers in one way or another to

55

questions 1 and 2. We didn't really complete 3. The comments relative

‘_to that question are that -the alliance should p]ay'a fdrma]}ro]e in
setting standards of‘performahce. For instaﬁce, thds would inchde such
'thihgs‘as what should be in a.performédce profile. The alliance should
collect standard test‘cases.aﬁd}shodld_provide a place where software
could be sent for testing purpqses.' Anybody else that was in the group
have ahything.to add,despecia]]y'régarding quéstion 3?7 .

F&éd‘ﬁaogh -- I see some problem in getting together and agreeing

on what things are impoftant in evaluating. 1 think it is a problem but
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I do not have any suggestions on what to do about it. I think there is
a tendency in evaiuating software to evaluate things that are easy to
evaluate and ignore things which are quite important but which are hard

to evaluate.

Wayne Cowell -- Well, it is a little difficult to take a free-
wheeling discussion and summartze it in a very neat fashton, but I was
struck as I heard Lloyd just now that there were several points that were.
common to the'tWo groups. It might.mean that they are very important
points. |

.Let me start by statihg the cohc]usionlwhich we finat]y drew, which

“ was that “certification" is meaningless unless much more is added to the
term. In part1cu1ar .you have to say who is going to do what. A]though
the term has been used a great deal, we realized very ‘strongly in our
discuseion that it had been used very loosely and that'there.ts a semantic
confusion. |

We distinguished among three aspects of Certffication: (1) valida-
tign of documentation and specification, (2) eVeluation of quality, o
‘(3) shpport and maintenahce of'routfnes. One paht of the meaning of
certification is the question of placing a kind of stamp of approval or
agreement by theicehtifieh that the documentation is correct. Weldistingu1shed

. between validation in ‘that sense and eva]uatioh, which\dea]s with quality -
ahd usefulness. It is possib]e for a shbroutine to be‘correct ahd yet
be 1rre1evant to the needs of a given group.. | |

Another aspect of cert1f1cat1on wh1ch we brought out was the idea of

support, the fact that some group needs to agree to stand behind whgt |

- was marked certified.
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Having made the basic distinction between validation that the
documentation is correct and the evaluation that the program is useful,
we can then say some other things about these aspécts of certification.
For e*amp]e, in terms of validating software, we could define a spectrum,
a lower bound and upper bound. The lower bound on validation would be
the fact that somebody had run it. This is what CACM does. The upper
bound would be a proof of correctness. This would be the ultimate kind
of validation. Now, even if we can prove a program correct and there-
fﬁifore have u1timate,va1idation;”fhat does not necessari]y_mean.if is
useful,

It was brought out that certification, no matter what meaning we B
associate with it, is a dynamic process. It goes on and has:to change
as systems change,,Since it is indeed-re1ative to a given system.

There was some discussion in our group as to who does validation
or evaluation? I believe that there was a concensus that ultimately
'thére i§ a need for an indépendent certifying agency, that is, independent.
of the producers of the softwake. Both the evaluation of a routine and
the validation of its documentation should be done by this independent
agenﬁy. It was admitted that this sftuation does not exist yet today.

Indeed peop]é like the NATS group are, in a sense, certifying their own
work and are, hopefully, défining bui]ding:b1ocks that can be used later
for the construction of these indépendent certification activities. You
notice we did not follow the questions in theﬁagenda explicitly, but I
am satisfied that we covered théir intent. Would anyéne like to add any

comments?



Jim BoyfLe -- The support question is an interesting one. In our
group several people expressed opinioné_that it had nothing to do w{th
certification. I think the role of the support in thefNATS'project was
more of a way of lending credibility to the fact that we had done
exhaustive testing. Saying we would support'the r9utines was partly
intended to convince people that we had tested it enough so the user is
not 1etting‘himse1f in for trouble. I wonder if, in fact, we might see
a diminuation in importance of the support as people cdme to believe |

more in the concepts.
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DRAFT CERTIFICATION STATEMENT

Wayne Cowell - Acfing on & suggestion from Joe Traub and others this
morning, Lloyd Fosdick and I sat down tﬁishé%ternoon and prepared a state-
ment about certification. Following is a draft for your examination and
comment: ,
| Recognizing the need to be able to identify those computer

programs which’reach some accepted level of quality the term
"ceftification" is useful. Ultimately a certified program is one
wﬁich has been widely accepted within the communities of experts
and users. .To assure this credibility the process of certification
~must include examination of |
1) tomp]eteness of-program documentafion,
2) performancé of the program relative to its documentation,
3) comparison of the program with others of the sqméggjpe
in terms aphropriate to the problem, i
4) édequacy of continuing mainteﬁance and supbort.
7 A formal guarantee that the‘cértification process has been satisfactorily
pefformed would be expressed by a document issued by an agency or institution

recognized by the communites of users and experts.
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DISCUSSION TOPIC II -- EDUCATION AND INTERNSHIP IN SOFTWARE EVALUATION

DESIGN OF A COURSE ON ALGORITHM TESTING

‘A. C. R. Newbery - 1 will tell you first the way the course looks
according to the catalog (CN-1). Something like 60% will be error analysis
and the rest will invoive writing programs to imp]emeﬁt the error analysis.
As 1 mentioned this morning, I attach a good deal of imporfance to relating
observéd errors to error bounds and seeing hbw realistic the bounds are.
Also, this helps you to tell whether an observed error should be jﬁdged.as

being a good performance or a poor performance. There are two numerical

~analysis pre-requisite courses, one of them at senior level and one at junior

graduate level. The senior level one deals with elementary error analysis,
floating point arithmetic, failure of distributive rules, dangers of sub-
tracting nearly equal 1arge.numbers. _After that there is a 500-1eve1 course
that is more conventiona].' With that Background (and hopefully a good deal
more) fhey go into this course on algorithm testing.

I think one could consider separately the first order approximation and
the more: rigorous norm-based wi]kinson type. error bounds for in?ersés of
matrices. On the eigenproblem, Qﬁe would consider the very nice theories
that are applicable to symmetric problems, and one would deplore the-very
dnsatisfactory state of error analysis with réspect to nonsymmetric prob-
lems. Error propagation in ODE's would be fnc]udéd. I am sure that is very
familiar stuff which you wou]d_find in most courses. The PDE'é are perhaps |
less frequenf]y dealt with and you must consider severe constraints on your
mesh_size; |

'” We would spend éome time just 106king at available test matrices--
rthere are several books and publications containing. useful test matrices,

useful either for inversion or for checking of eigenvalue routines.
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‘The last section wou]dtbe the design énd coding of programs to test
for the errors and possible deficiencies in a program. One would try to
implement t@is in dozens of different areas, but, rather than diversify
too muéh; I.ﬁave made a tentative 1ist (not intended to be comprehensive)
of questfbns'which one might wisﬁ to ask with respect to po]ynomials.- Given
the routine, what questions do you ask and what-qﬁestions do you require
an answer to before you sign your name to it as being a good polynomial
root finder? The student would have to figure out a decent way of find-
ing answers to the following questions: Does the routine behave well -with
‘,respeét‘to the kind of polynomials whith'traditiohaily'cause prob]emé?
J‘Does it spin its wheels when it has found a root? 1i.e., does it keep iterat-
ing after it has found an acceptable sequence of zeros? Are they found in
ﬁhcreasing order of size? Is the behavior consistent? Is the accuracy as'good
as the wordlength permits? Tﬁe latter is.probably thevmost important ques-
tion and the least easy to answer in general although in the case of poly-
nomials it is fairly easy to answer on the basis of a"pogteriori error analy-' :
éis. -1 would expect students to solve that'kind of prob]ém with. respect
to polynomials as well as eigenvalues, ODE's and what not.

That provides an'indication of what Ilwant to to in the course.



C.S.631 ERROR ANALYSIS AND VALIDATION

Effects of inexact data and/or inexact arithmetic on the

accuracy of the computed solution to a prcblem.

Design of acceptance tests on the basis of which a com-

puter program may be certified as meeting its specifications.

10%

20%

15%

Review floating-point error propagation.

Study matrix perturbation theory with reference to

inversion and eigenproblems.

Error propagation in recursive computations, especiall’

ODE's, PDE's, Bessel functions.

Backward error analysis for matrices, polynomials,

Fourier series.

Test matrices, polynomials, etc.

Desigh and implementation of test programs which will
test for any weakness in a program and give it ''grades"

over a Spectruin oi problems,

Slide CN-1
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ALGORITHM EDITOR'S EXPERIENCE WITH STUDENT ASSISTANTS

LLoyd D. Fosdick - 1 think that wher George Forsythe was editor of the
Algorithms section he used students quite a bit in helping in various phases
of the job, and I think it is also true that Jack Herriot did. I have been
following a similar pattern. I want to say some words about the kinds, of
things that we have been doing in Colorado in this direction (LF-1). .I
might mention that the students involved here are present: Jacob Wu, Jeff
Wriaht, and Doroths Lang who has just graduated and is going to work for'
Texas Instruments right after this meeting.

Let me try, first of all, to identify some of thc: kinds of activity
that students have been engaged in. These range from iairly simple and
routine jobs (almost clerical but not quite) to ones that are fairly chal-
lenging. There is checking for violations of syntax standards. There is
the maintenance of the algorithm index, including a cumulative index pub-
lished by CALGO, with Tistings covering about 11 years. The index now has
about 820 entries, §o it is getting fairly long and it is a nontrivial
matter to up date it each year. We have all of that material on punched
cards, and somebody has to go in and bring it up to date on Certifications,
Remarks, and so on with respect to a particuTar algorithm. Of course, all
the new algorithms which have been published in all the journals have to
be added.

. Recently we have started an activity in which some of the longer -
algorithms are recorded on magnetic tape. Somebody has to worry about copy-
ing those tapes and seeing that they are checked and distributed properly.
Students have helped create program aids and have helped develop several pro-

grams to help us in the testing. With one exception we have not really
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used these programs extensively for'qlgorithms that are being published,
but that is our intention.

As far as the tape distribution is concerned, I counted them just
before coming to the meeting, and we have distributed £' tapes on algorithms
so far. This has been going on since April, 1971. I am a little bit sus-
picious thét in many instances the orders for the tapes have been generated
by some fairly automatic process like a librarian from a laboratory who
orders all such things. The tape may bé collecting dust somewhere. So
I do not think that the number 80 is in any way a reflectin of how many
of these have actually been utilized. The number of algorithms on a tape
varies and is associated with a particular issue of the journal; usually
it is one or two.

Let me say a word about whether or not these are good activities or
bad activities as far as én educational process is concerned. I think that
going into‘the literature and being aware of what is available and what is
going on, is an educational process for a student. I do not think it is
a good idea to have the same person doing the same thing for years and
years on end. It is a good experience for a year to be involved with some-
thing Tike this. The creation of the tapes is interesting, and is a lot
more than merely copying those tapes. One of the things that is involved
is how much it is costing us to produce those tapes, and what should we
be charging realistically in order to recover those costs. These are very
practica]lmatters of oricing that are important for the real world, and I
think it is useful for stu“ents to be aware of them. Very often in graduate
education, students go through a program and-have very little idea of the

monetary aspects of the things that they are doing. So for these reasons



I think there is some educationa] values in these activities, although
they seem f-irly routine.

Concerning the check for vfo]ation of syntax standards, I think one
could reasonably ask why there is not a program we can use for checking <yn-
tax violations. The answer is there is a program and we use it. 3ut these
programs are not perfect and I will given you an interestiny example of the
sort of thing that is very difficult for them to handle The problem is
that the syntax is not perfecily specified; there are some ambiguities in
it. According t- ANSI standards a control variable in a DU-loop is unde-
fined after exit from the loop provided you satisfy the DO conditions. So
for instance (LF-2) if you went around this 1oop from J to K, and then
dropped through from statement 30 to statemént 40 and tried to execute the
D0-1oop, you wou'd be violating ANSI Fortran. On the other hand, .7 you
exit this top loop by means of the IF statement, it would not be a viola-
tion of ANSI Fortran. Now this is a complicated thing because it may well
be that the person who constructed that particular loop may have decided
that the loop never was satisfied, that you 2lways did, in fact, exit through
the IF statement. In that case one could not say it was a violation. Prob-
lems of this sort which are unclear are difficult to detect even by compijers
which claim to have syntax checkers in them.. There are situations of this
sort, which our programs do not check. A student, usually Jacob Wu, goes
over the programs after they are run through cur so-called ANSI syntax
checker. He makes a final check to see whether or not there are things
that have been mis-ed.

We have a program written by Dorothy Lang which takes Fortran programs

and puts them in a stylized format with respect to spacinj conventions and
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things 1ike that. There are other programs arcuind that do this sort of
thing, but I helieve this one is more sophisticated than the ones that
are generally available.
I would Tike to say a couple of words about two other programs which

we have:developed. A brunch analysis program is designed to help in check-
ing programs, and there are some interesting stofies connected with this
which I would 1ike to mention later. The program is supposed to recognize
and isolate in a Fortran program what is called a basic block which is a-
sequence of consecutive statements in the source code which must be exe-
cuted consecutively and therefore only the last statement can alter the nor-
mal flow of rontrol. There cannot be any branches in a basic block except
for the last statement. You can only get into it at the *op and you can
only leave it at the bottom. So only the first statement'may be the termi-
nal statement of the bianch in the flow of cont;o1. We have a branch analy-
sis program that takes as input a standard ANSI Fortran program and isolates

basic blocks in the sense illustrated in this example (LF-3). This is a
portion of a subroutine that was published in the CACM. The branch analy-
sis program reads the original Fortran shown at the top of the slide and pro-
duces as output a now deck of cards shown at the bottem which would have
the modifications indicated by the arrows. One of these calls to a name
of a program, is inserted at the head of each basic block, the idea being
to enable a subroutine call each time a basic block is entered. This per-
mits analysis later when the program is actually undergoing execution. The
first parameter in the call identifies the number of the basic block. The
second parameter (it is 2 in every case here) can take on one of 3 differ-

ent possible valu2s, the others referring to whether the block appears to
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terminate in a stop statement, and therefore js one which exits compTete]Y
from the program, or whether the block involves the first executable state-
ment in the entire progranm. |

If, as a resu]t_of'executing eaéh one of these calls to XNAMEX, we
set a flag for that particular basic block,. then we could see if f]ags'%or
all the basic blocks were_set in a series of tests. ff they were, we could
say that every statement in the program had been executed at 1east.once.
What you make this subroutine (¢a11ed XNAMEX.hefe) do is of course up to
ybu. We have a program that merely set flags, and program that cbunt numbers
oT eXecutions (1.e;, numbers of times we have been in that basic b]ock).

| Because' of the structure of Fortran, things do not §1Ways‘break up
eagily into basicAb1ocks. One awkwardness is in the logical IF. The way
we handle that situation is a trick that was used in a program called FETE
which Qas written at Stanford. In order to mark the fact that you took
the exit from the block due to a trué condition on a logical IF, we just
dup]icate_the IF statement, and insert thé call to the subroutine and re-
peqt the IF stétement‘again‘ If the test producés side effects, there is
a problem. Norma]]y.that does not happen. '

Another awkward situation is illustrated in this examp]e_(LF-45: The
IF'provides a bfanch outside the block headed by the DO. But one of the
branches goes to the terminating statemént ih_the DO-1oop. The only simple .
‘way to .solve thét problem is to f{;ét‘run:the code through our STYLE program
which will change this so a1l DO Toops end on a CONTINUE statement and the
situation can\pg handled. These little technical details in Fortran cause
certain qomp]ications but basically we do have a tool that will allow us to

recognize the control sequence followed during the course of execution of

.
[]il(je'program.'

IToxt Provided by ERI
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Now, what we then tried to do this summer was to look carefully at
several algorithms to see how these programs might be useful for purposes
of testing. For this purpose we.took four algorithms which had been
published in CACM (LF-5). -

Before I get on to the results of that, let me make an interesting
obéervation. I do not feel that the branch ana]ys13 program has been |
satisfactorally teéted, because we have ﬁpf comp]efédArunning it on it-
self. We did all the insertions and verified that all the insertions
had been correctly done, but we have not driven that program down to all
of the basic blocks yet, so in that sense it is not completely tested.

But back to the four algorithms. I think I have observed some funda-
mental constant. These four aTgorithms involve an eigneva]ue-engénvector
algorithm, a greatest common divisce algorithm, a quadrature a]gor{thm,
and Gear's algorithm-for solving differential equations. The ratio of
§our§g statements (I am taki;g out the commenté) to the number of basic
blocks in the code is almost always a number that hovefs aroﬁnd 1.8. When
I first saw this, my initial reaction.was that it seems tovbe extrémely

~ small becquse,it says fhat you can only go about two statéments before you
Qo somep]aﬁe‘eise. There is fhat much jumping around. The fact that branch
_ana]ysiélis a non-numeric program and also is exactly in that pattern giVes
me some reason to befieve that this probably is true for a 1arge body of
'programs. This ratio always stands around 1.8. I don't.know ifAthere is .
any particular importénce to.that number, but it does interest mé, because
it is so Tow. . “

Now,athjs approach to 1ookin§ at the testing situation is pérhaps a

1itt1e_different from the kind of thing that has been discussed here so far,
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because here we are more interested in the structure of the program and
are just verifying that the various logical paths have or have not been
checked. We are not looking at proofs of convergence. In two of these
a]gorithm; we found errors as a result of going through‘this process.
In one case we found code that could not possibly be executed. This was
written by a careful person and looked at by two referees before it was
published. The other algorithm that was looked at in which there were
errors uncovered was a different situation. There it was easy to drive
the program dcwn all of the basic blocks. But in the process of doing
that, erroneous answers were created. In trying to find data which forces
execution down these basic blocks, one uncovered by serendipity data that
produced wrong answers. There is an interesting side story. This parti-
cular algorithm was subject to a formal proof procedure and that proof
uncovered exactly the same errors that we uncovered using this branch
analysis program, although I think it ook us a 1ot less sweat. On the
other hand, we cannot be sure we have uncovered all the errors either.

The real goal of this particular Tine of work is quite ambitious.
We have written and are testing a program called PATH which identifigs
the Tinkage between the basic blocks. With that information we can easily
identify the possible paths in ourprogram. Then we would like to make a
distinction between what I call syntactic paths and semantic paths. Syn-
tactic paths are paths which superficially you might be able to execute but
in fact you may never be able to execute. An illustration of that might
be a branching process where at some point you go down a particular path
when a particular variable is negative; but earlier you always computed

the square of that variable so you know it is positive. The extent to
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which we can identify that sort of thing I do not know. It is easy to
construct situations where it would be almost impossible to unravel the
semantic paths but how often those situations occur in real program is

not clear until we look at them. This is a line of future work.
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STUDENT ACTIVITIES
Check for violation of syntax standards.
Maintain algofithm index.

Create, test algorithms tapes for distribution.

~ Monitor costs. »
Help create program aids. e.g., STYLE, BRNANL, PATH

Use program aids for formulating and testing.

Stide LF-1




DO 30 I=J,K

IF (...) GO TO 40

30 CONTINUE
40 DO 50 L =J,I.

Slide LF-2




—_— 3

SUBROUTINE GCDN(N,A,Z,IGCD)
DIMENSION A(50),Z(50) o
INTEGER ‘A,Z,C1,C2,Y1,Y2,Q
DO1M=1,N

IF (A(M) .NE.O) GO TO 3

ZM) = 0
"IGCD = 0
RETURN

IF (M.NE.N) GO TO 4
IGCD = AM)

SUBROUTINE GCDN(N,A,Z, 1GCD)
DIMENSION A(50),2(50)
INTEGER A,Z,C1,C2,Y1,Y2,Q
CALL XNAMEX (0001,2)

DO 1.M ='i,N |
CALL XNAMEX (0002,2)

“IF (AQM).NE.O) CALL XNAMEX (0003,2)

IF (AQM) .NE.O) GO TO 3
CALL XNAMEX (0004,2)
— |

CALL XNAMEX (0005,2)
IGCD = O . o
RETURN - - :

CALL XNAMEX (0006,2)

' Slide LF-3
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Example of awkward situation

D020 J=1,K
X)) = X)) + Y

IFX(J)) 10,20,30

10 L =L+l

20 V() =0
30 A = B+C

Slide LF-4
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Algorithm 384 (Stewart}

v Eigenvalues and eigenvectors of a real symmetric matrix

Algorithm 386 (Bradley)

Greatest common divisor of n integers

Algorithm 400 (Wallick)

Modified Havie integration .

Algorithm 407 (Gear)

DIFSUB for solution of ordinary differential equations

#SS
A #SS  #BB ~ ¥EB
384 185 116 1.6
386 58 3 1.8
400 72 35 2.1
a7 304 177 1.7 | .

BRNANL 1125 605 - 1.8

Slide. LF-5
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QUESTIONS FOR S''8BGROUP DISCUSSION OF TOPIC II

i. How may a computer science departmeni include software evauation in
the curriculum, either as a distinct ~ourse or contained in other

courses?

2. Can student assistants participate in tasting softare so that
a) usefui tests are performed leading to acceptability decisions,
and b) the student has an educational experience recognized by the

university?
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REPORT OF SUBGROUP DISCUSSION OF TOPIC II

Henry Thacher and David Young (reported by HT)

Henny Thacher - This is a joint report which has an advantage for a

reporter. When you report on two groups at once, the audience thirks that
any of your personal prejudices'which you introduce were suggested by the
other group, and therefore I have a free hand! Furthermore, I have rear-
ranged some of the discussion so as to make it a 1ittle more coherent.

In considering the first question we asked what'are we educating peo-
ple for? There seemed to be threc forms of education which got attention,
or at least were mentioned. In the first place there is the man who is
gqing to be the specialist in certification and mathematical software. We
are not at all sure how man¥ of these are needed or how many people we can
éttract into the area. The second level of education is education of the
general user such as the engineer who takes service courses anc general com-
puter scientists. We would hope to persuade these people that testing soft-
ware is'a worthwhile activity and that they should demand that the packages
that they get from somewhere.else have sdme assurance of qua]ify. Finally,
we recognized a need for specific education for the users of systematized
packages. This includes library operation and customer relations for the
computer center but we should remember that many of the commercial people
who market software also market quite extensive seminar training programs
on the use of their software packages. '

There seemed to be fairly general agreement from both groups that,
for a variety of reasons, special courses in certification and testing may

not be advisable at the moment. It comes down to questions of how many

2
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peopie you need to train as specialists. Such a course generally turns
out to be rather specialized. It was pointed out that certification and
testing can be a successful basis for seminars and small group p. “ject-
type work. There was aisq a consensus in our group (I gather there weie
some reservations in the otne group) that software evaluation should be
emphasized in all courses, starting with eleme...ry programming. In these
courses you would be talking about good programming practice, which is a
more general topic than certified numerical software. And certainly, when
you cet to the introductory numerical methods course, whether it is a
service course or one restricted tc computer science and mathematics stu-
dents; the topic of evaluation testing and certification is extremely im-
portant to raise. There are .some texts now that include a consideration
of quality.

The question on student assistant parficipation got transformed
slightly because it was obvious that the question has teen answered in the
affirmative by the presentations. But it did open up discussion of a form
of education which may be appropriate for this work; namely, apprenticeship
as a training or educational experience. I think that this was rather
highly févured in both groups. This material does not lend itself to en-
thralling lectures. It is much easier to motivate a student to the care
thaf is required by actualiy having him stﬁi his toe over some of thése
problems in a real-life situation. There was a caution that such apprentice-
ship programs should not simply be another means of support for students,
but they should be, as much as possible, reserved for students who are fairly
- well-motivated in this area and hope to continue in it. It is frustrating |

to put the effort into training an apprentice who is not really interested.
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As soon as he gets through, he leaves the area without having cbntributéd
much for the money and effort spent on him.

You might buila such a program in the computer center. It depends
on whether tho local center has staff to super rise the students, because
they are not going to learn much of they do not get good supervision.
Other examples, Argonne has some co-op programs and the Bureau ot Stand-
ards also has sumner student programs. The president’al internships at
the Bureau have been very stimulating programs for stude who have been
privileged to participate. The prbb]ems in the university are the kind
which can probably be licked. The major problem is how you can give aca-
demic credit for this type of experience. |

I guess that covers our summary.



DISCUSSION TOPIC III -
RESEARCH ON TESTING, PORTABILITY, AND LIBRARY DEVELOPMENT

'PORTABILITY PROBLEMS AND SOLUTIONS IN NATS

James BoylLe - I think the title of ny presentation, "Portaoility
Prob]ems.and So]otions" is perhaps more one of convenience than content.
But I hope what I have to say bears on testing, portab111ty, and library
deve]opment ‘to some .extent. It a]so‘t1es in with what L]oyd said this
~morning, but in the NATS project we were faced wtth a somewhat different
set of problems than he has faced in the'aTgorithm section of CACM, and
h SO we have attacked different facets of the portability problen This

whole question of. ca]11ng subroutines "portab]e" always makes me a little

uneasy and my experience in NATS has conf1rmed that. It rem1nds me a b1t;

of the s1tuat1on around. 1960 when severa] manufacturers were advert1s1ng

what they called ”portab]e" high f1de11ty sereo systems. Actua]]y, they

were on]y portab]e if you were Siamese twins or a member of the Green Bay

Packers. 1 th1nk they co1ned the word "portative" for someth1ng that was'

almost toogheavy to carry and it seems to me that's the way subrout1nes

- are--at best,- they're portative. I don't see this situation ehanging soon.

[}

What 1 say is based on my experience in the NATS project and, more
lrspeoifica1fy; with the EI§PACK eigensystem codes(_-wayne heviewed-the

' oroject for. you thiS'morning.but'I want to dnderscore a. few pgﬁnts which
'beardon what I havezto sayf Basicallytthe_projeot oonsisted of taking.‘
software whtth'nas~in good-shape' making it avaiiable to a grouo of
test s1tes for test1ng on spec1f1c mach1nes, 1mp1ement1ng the1r sugges-

t1ons for 1mprovements and correct1ng thelr reported bugs, mak1ng the 'f
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package available for re-testing and finally sending out the so-called
"certified" version after it had successfully completed testing. We
felt early on in the project (partly influenced by Brian ?ord of NAG)
that we needed to maintain very good central control over the distribu-
tion of this material. In other words, we wanted to be sure that the
material which was tested was the same as that which was finally dis-
tributed as certified, in so far as this was possible; We did all we
could to discourage the test sites from making any changes.to routines
if théy found anythiné wrong. Rather we encouraged them to give the
information back to us (perhaps'after'they had tested the proposed cor-
rection themselves)‘\‘. .We"then made changes in our master versions and
sent the routine out again in its corrected form for re-testing.

o In regard to the portability question, the special fﬁnctibn codes
in the NATS project are specifically nonportable-—they'are tailored for
each machine. On the other haﬁd, we endéavored to make the.EISPACK
matrix codes as machine-ihdependent as possible. Most of fhc machine

dependency is contained in a couple of constants which reflect differ-

ences in computer arithmetic. 'Aside from these we have basically only

two versions - one in REAL*8 for double precision arithmetic on IBM 360

~and a single precision version which we very optimistically called ANSI

Fortran. But ~ven having minimized the numerical differences between

“routines, we discovered (or rather we had reaffirmed) that there are

many; many differences between compilers, even befween‘two different
compilers for Fortran on.the same machine. In fact, we couldn't get
byswith just one ANSI version. |

We saw one example of such a difference when we decided we wanted

81

to deciare all the identifiers appearing in the routines, including the

-

—
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names of Fortran intrinsic functions. According to the ANSI standards
it is perfectly legal to declare those names (and WATFOR‘required such
declarations for double precision), but a couple of compilers balked at
the declarétions, one of them complaining that it was illegal and one
belicving that we intended to supply our own square root routine.

So despite our initial desire to have only fwo versions, wé did,
in fact, Wind up with six. It reaffirmed for us *lis whole lesson that
there is no such thing as one portable subroutine. You've got to have
many versions. So the problem we faced was how to cope with essentially

six versions of about 35 subroutines together with six versions of some

12 test drivers.

We wanted to get the machine to take care of the routine work by
developing special purpose infommation processing programs. ''Special

purpose'' means that the programs take advantage of properties of the

. package of routines that we are working with. We wanted programs to

assist us in keeping track of the various versions; Our intent was to
ﬁroduce a éondénsed or composite storage of the routines enabling us

to maintain one file rather than six. This file would contain the card
images corresponding to the subroutines together with control information
about which machine versibns the particﬁlar cards belonged to, subject,
of course, to the»c0nstraint that a c;ré which appeared in more than one
version would appear only once in this master file. The obvious advéntage
is thgt if the versions are similar tbe total amount of composite storage
space ‘will be 1éss than would.be.fequined for the individual versions.

But even more significant, as far as we wére conéerned, is the ract that
we-had only one file to take care of, .That~meant that, if a bﬁg.were w-

~overed in testing or same suggested change were to be made, it needed to
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be done in only one place. This structure for the file permitted us to
see whether a change affected only one version, or versions for several
machines. It gave considerable assurance that necessary changes were made
in all the relevant versions.

We used a program to derive each specific machine version from the
master file when we wanted to send-it out.to the test sites and as long as
that program was not changed, we could repeat the_derivation when,fhe
routines were certified and ready to be publicailyvdistributed.

Here (JB-1) is a ségment of one of the routines as it appears in-the
master file version. The control cards are marked with the asterisk in
colum 1; they indicate which versions the following cards belonguto.

Here (JB-2) is the IBM 360 code derived from this. Note that the constant
MACHEP has been set in the derivation process and serialization provided.

For the EISPACK codes we could characterize relétively simply the
differences between the 360 double precision vers;;ns and the ANSI version
and so we did a program wﬁich producéd the master file version from the
360 double precisioh Qersion. It was veny'special purpoée, but it did

provide us wighlfﬁrther flexibility. I think that there is some further

~work to be done in this area. For example, one thing we don't hav: at -

present and which would be very useful in the context-of-a software alliance,

is a way of combining an adaptation of a particular program for some
mathineTwith a master file version existing for other'machines. Clearly
fhat's a non-simple problem. o |

Having completed the development of these prbgrams, we began to Con—'

front the question of what we were going to do with our documentation.

~ When the routines were orginally sent to the test sites they contained a

number,ofvépecific references to Argonne, and to IBM 360 long precision
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arithmetic, etc. We wanted to produce what we call NATS documents -
that is, docnments'that apply to all of the versions of th: code. We
.;felt we could make the documentation portable; i.e., make one set of
documentation fnat applies to all machines with the appropriate refer-
ences or description of the variations between machines. It was natural
to make these modifications by means of information processing programs
since we had Been fairly careful in preparing the documentation that it
all adhere to a uniform format; in fact many of the documents were pre-
pared from one another using our text-editing system.

The changes suggested for the NATS documentation fell into two
Classes: format changes (changes to be made uniformly throughout all the
documents) and corrections resulting from revisions or bug-detection. When
making corrections you have to confront the question of line justification
and what happens if you need to insert a word at the beginning of a
paragraph. We wanted our solution to do something about that. We did not
have any text editing facilities available that incorporated even a rougn;
or ragged, rlght margin justification but we had developed a program to
take care of that given certain ''tabulation information' in the beginning
of each line. We decided to make the document processing programs insert
the teblulation information so we could use the line justifier.

I have a slide here (JB-3) showing a little of the history of the
processing of these documents. We began with the AMD subroutine library
document which was in all capital letters, ha/i been prepared in machine
readable form was specific to the IBM 360 and to AMD, and we applied
what we call a standardlzer program that cleaned up the format and in-

serted some .lank lines. Then the tabber program inserted the information
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that would be wsed for ragged r.ght margin Justlfwatlo“ This was done
qulte heuristically; the tabber had to make some guesses .bout what was
intended in tne format of the document and so the documents required
some, although not a great deal, of hand adjustment to make 4s'ure that the
justification pfocess would work correctly. At this point, then, we had
the documents in a form where corrections could be made readily by hand.
If a»word needed to be inserted we could just insert it between lines
~and adjust only the adjacent lines. When that was done we then had the
possibility‘of applying the justirier and the pager program.to get a cor-
rect, justified, AMD document for our purposes. In addition we could
apply a converter program fhat made the format changes and additions for
the NATS document. ‘

After the NATS documents had been completed, we then began to con-
sider the question of publication of a user's guide. We wanted to have
documen-s for this in upper and lower case, properly capitalized. qnd
also to edit out the sections that had been 1nserted in the NATS documents
which were essentially common so they could be collected in one place. We
did an-adaptation of the converter to produce this publication form. Thén
we did a capitalizing program for the documents. This was written by Bruce
Chapn.in, a sumer student from the University of California; he has just
copleted this prégram under my direction. By taking advantage of the
format of the docmnentatio;l and of tabbing information that had been in-
seited.-he was able to write a program that did the capitalization completely
correctly without any hand intervention. We will print these j stified
pages on a magnetic card selectric typewriter (BACST) functioning as a

computer terminal and then photographically reproduce them for publication.
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Of course the construction of all these programs raises the question
of whether it was any less work to do the programs than it would have been
to do the stuff by hand. It was certainly more sanity-preserving! And
I think in this case i1t was actually more efficient because we didn't
énticipate doing the publication version of the documents wher we began.
Except for the capitalization effort, we got it essentially free. Cer-
tainly producing the information processing programs was more fun than
changing the documents by hand, and it also avoided the question o+ reproof-
'.ing them.

I just want to add that production of these progréms was facilitated
to some extent by the use of the properties of the package'and also by
modular design of the programs--that is having sections that were used in
more than one program. I think that we need further study éf how one
structures a program to make it easy to produce modifications.

To summarize I've alluded to two main points about any effort like
NATS for testing programs. The first is in regard to portability and
states that, standards nofwithstanding, you will probably have to have a
version for each machine, and you should plan for that from the beginning.
The second is that testing of packages of rela’.ed codes is probably much
more economical than testing an equivalent number of unrelated codes be-
cause it becomes pussible to do programs of this sort to assist i» the

routine aspects.



kkxkkkkkx® MACHEP IS A MACHINE DEPENDENT PARAMETER SPECIFYING
ALL
THE RELATIVE PRECISION OF FLOATING POINT ARITHMETIC.
360D
MACHEP = 16.0D0**(-13) FOR LONG FORM ARITHMETIC
ON S360 ::::::e: ; :
DATA MACHEP/Z34100000000000:0/
ANSI
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IERR = 0 ,
IF (N .EQ. 1) GO TO 1001
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MACHEP #* (DABS(D(L)) + DABS(E(L)))
* ANSI

H = MACHEP * (ABS(D(L)) + ABS(E(L)))

* ALL :
IF (B .LT. H) B = H
* 360D _

t:iiiir: LOOK FOR SMALL SUB-DIAGONAL ELEMENT :::::::ic::
ANSI

* 0O

Slide JB-1
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i1ttt MACHEP IS A MACHINE DEPENDENT PARAMETER SPECIFYING

THE RELATIVE PRECISION OF FLOATING POINT ARITHMETIC.

MACHEP = 16.0D0**(-13) FOR LONG FORM ARITHMETIC
ON S360 ::::::::::
DATA MACHEP/Z3410000000000000/

IERR = C :
IF (N .EQ. 1) GO TO 1001

DO 100 I = 2, N
E(I-1) = E(I

E(I)

J::O . . :

H = MACHEP * (DABS(D(L)) + DABS(E(L)))

IF (B .LY. H) B=H

st LOOK FOR SMALL SUB-DIAGONAL ELEMENT :::::i::i:ii:

Slide JB-2
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89220047
89220048
89220049
89220050
89220051
89220052
89220053
89220054
89220055
89220056
89220057
8922008
89220059
89220060
89220061
89220062
89220063
89220064
89220065
89220066
89220067
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UNIFIED STANDARDS APPROACH TO TESTING

Waltern Sadowski - So far I've heard a lot of mention of guality

and certification and so on but I have not heard ~nyone talking about
certifying or standardizing on the testing tools. Before one can
measure the length of anything, one has to develop some benchmarks
that are acceptable to everyone else. Essentially this is what I an
going to talk abo;t.

We have been testing a library of Fortran elementary functicns
put out by a major manufacturer. What comes out is an interesting
fact that aTthough‘thc liLrary is a very high quality library, it
has -errors in almost all of its routines. The errors are not usvally
serjous; error traces are not made in certain fui:ction values; very
small argument: or overflows occur and are not siynzled; errors of
Jjudgement take nlace so that the routine actually .ives away some
accuracy that it does not need to. I am mentioning these facts to
point up one reason why library testing is not adequate and that is
that testihg hy a single individual or single group usually would be
inadequate to uncuver all the mistakes. What I would Tike to propoce
is a way of bringing all of the testing community into the testing
business where each group or each person can contribute his special
‘know-how to expand the tést or possibly refine it in some way. I am
going to be using jargon which is used at the National Bureau of

) Standards for calibration.
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What we do is choose a primary standard consisting of a tape
containing a set of arguments and a set of function values intended
for a particular machine. The reason each machine or éa;h system,

- if you wish, has its dwn standard state is because we would like to
test some spgcific features of hardﬁare and software, number bases,
and so forth. Moreover-the primary standard will be based on con-
siderétidns of the mathematical behavior of the function. In order
to make the primary stanqard workable, we have what I call a transfer
standard, which is an algorithm used to generate function values.

The a]gorithm is uSua]]y written in ANSI Fortran and is as portable
as one can make it. It's primary feature is that it is extreme]y
simple logically. If possibje, a power series will be used to grind
out all the function values. Thus if anyone wants to look at this
algorithm, it {s easy to see‘what the algorithm is doing. Presumably
thfs will give the user-more confidence. It is a'brute force ap-
proach and you have to pay for it in some way. The use of such an
algorithm is based on the use of an extended precision package which
essentially uses so many Tigures in the calculation that truncation
errors become unimportant. Such a package written by Maximon exists

at the National Bureau of Standards, and we have extensively used it.
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The third standard, which is the working Sfandard, is a set of drgu-
ments and function values which have been chosen for a specific algorithm.
For example, suppoSe sohebne has written a sin oﬁt]ine. It has its cross-
over points and its regions of difficulty. One designs a set of arguments

 for this specific algorithm, uses the simple trahsfer standard to generate
tpe;function values and then uses a test package, such as the package we
déVéiOped, to do a bit comparison of the function-valués supplied to the
transfer q]gorithm and to the algorithm to be Lesied.

Now, how would one use such a procedure? Somebody gefs a tape and;ah

~algorithm and either uses his own extended precision package or a package
senf to him. He puts the tape on his computer, he compi]és the transfer
algorithm, and the extended precision packége, if it is not his, and he
generates functioh va]uesAfro@\the arguments on the tape. Then an automa-
tic packége will compére the function values generated with the function
values on the tape, and they had better be identical. This tells you that -
you havé calibrated your transfer a]gdrithm, that it has compiled corkéct]y,
and that it is working in a hea]éhy environment. This_transfer algorithm
;‘can then be used to generate another tape,.which will tesf ahy other a]gorit@m
that is of interest. We have here a purely non-portable approach because
we qé1ieve a sﬁecia]ized tool is the most efficient tool to use for any
parficu]ar job. There is, however, a portable link, namely the.transfer
algorithm which is not tailored to ény particular machine. By providing
such a portable 1ink the matter of portability and transportabi]ity may
become less acute and fewer peop]e will be tempted.to legislate rules for
~other people. | |
CAs I said, this testing schéme only concerns the mathematical functions

\;“oné:variable so far. whén we go to functions with many variables the




experience of an applied mathematician becomes extremely important when
arguments are chosen. We are now testing a functfon of one variable with
6,000 to 10,000 arguments. When you include another variable, the number
of possible arguments becomes astronomical and one nmust use!godd judgement
as to which density of arguments to apply where. This is where the test-
ing commuhity, by using the tapes, could be very helpful in setting up a

kind of consensus standard as a tape with arguments and function values.

SIGNUM 1971 NONACADEMIC NUMERICAL MATHEMATICS SURVEY
F. N. Fritsch - During July and August, 1971, a questidnnaire was

sent by SIGNUM to some 447 nonacademic institutions through North America.
Ihe purpose of this survey was to attempt to determine where numerical

mathematicians are employed in the nonacademic world, how many there are,

and what they are doing. The results of this survey were, in a certain

sense, disappoiﬁting. I did not obtain as much informafibn as I had hoped.
Of the 447 institutions to whom the surveys were sent, a tofa] of 86 res-
ponses were obtained, about 20%. OFf these, I considered 83 to be usable
responses. Unfortunately, severai institutions known to employ numerical
mathematicians did not respond. One item on the survey which I think is
particularly appropriate to this conference was a list 6f'mathematica1
certification projects. ‘- The question waé, "Is your institution engaged
in a mathematical subroutine certification project? If éb, please name
the responsib]e individual." These Qére the institutions that reponded
"yes". (FF-1) JPL has one tod, but the return was too late to be included
in _he survéy. _ o
Let me qqickly go through other results of the survey, for what inter-

est they may have. Slide FF-2 shows the diétribution of responses by zip-
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code area, where 10 is Canadarand 11 is Mexico. Responses from the west
coast and the Washington, D.Cj area predominate, and the distr .ution in
the central part of the cduntry is pretty unifdrm. Other cuestions concerned
the source of funding. Some 53% said "Business and Industry," 34% said
 "Federal Government." In regard to principal activity, 49% said "Research
and Development," 22% said "Other", whatever that ;;T-a?iaparently, I‘
made a bad gmess at activities.) | |
More interesting was response to the question, "How many numerical
“mathematicians do you have emﬁ]oyed at yodr institution?" I asked for a
breakdown by degree level. It was c]aimed that 2,096 people were current-
1y employed as mathematicians by these 83 institutions. Of those 1099
were ‘bachelors level, 544 masters level, 361 doctorates, and 92 nondegreed;
| We asked where these numerical mathematicians were iocated in the institu-
tion; i.é., in special brojectfareas, compufing center,-specia1 numerical
analysis area, etc. Seme 60% of these weré‘in speaial project areas, 1d%
~wére in computing centers, 15% in mathematics divis{ohs,‘4% in special
numerical analysis sections, 10% somewhere a1se. I do not %now where some-
where else could be. We found that‘more than haif of the mathematicians
~ were on the west cost (zip code 9) and that was the-only zip'c?dé with a
significant number 6f nondegree numerical mathématicians“ U
We took a look at the Jjob titles used to classify numerical mathemati-
cians. Nobody included "numerical mathematician" as a job titie. There
were such things as analyst, engineers of various types, programmers,
laboratory scientists;. In particuTar, I looked at the reSponses of-dne

| institution, which 'supported some 50% of the total for the zip code 9 area.

) \
They had titles such as "customer engineer,” that sort of thing. Apparently
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anybody who had some ﬁathematica] background was considered tc be a numerical

mathematician. When I dropped that particu?gf institution and a couple.‘

of these that had zeros ail the way across, from the population, I got

what I thought was a slightly more meaningful breakdown (FF-3).
I.thinthhat_in order for ény survey of tﬁis fype to really have valid-

ity, we need torgQ a better job of defining our terms. What do we mean

Lot
by a "numerical mathematician?" I offered several tentative definitions

in the SIGNUM News]gtter [3] but have not had any, feedback yet.

References:

1. "SIGNUM 1971 Non-academic}Numerica] Mathematics Survey, A Brief Summary,"

SIGNUM Newsletter (April 1972), pp. 14-18.

2. "SIGNUM 1971 Non-academic Numerical Mathematics Survey," Lawrence

N
v

Livermore Laborétory Rept. MISC-00777 (Apri] 14, 1972).

3. “Toward a Definition of the Term Numerical Mathematician," SIGNUM

Newsletter (April 1972), p. 19. .
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LIST OF MATHEMATICAL SUBROUTINE CERTIFICATION PROJECTS

Fred Meyer
The Aerospace Corporation

W, J. Cody
Argonne National Laboratory

Denny D. Sutherland
The Babcock and-Wilcox Company

I
Samuel L. S. Jacoby
Boeing Computer Services, Inc.

Andrew Schoene
Burroughs Corporation

W. C. Richie, Jr.
.. Computer Knowledge Corporation

David Uslan
Computer Sc1ences Corporatlon

Mansfield L. C11nnlck ,
Lawrence Berkely Laboratory

' Slide FF-1

Frederick N. Fritsch
Lawrence Livermore Laboratory

Hans J. Oser

‘National Bureau of Standards

- M. G. Singleton
~ North American Rockwell Corporation

Paul Oiiver
Sperry Rand - UNIVAC

G. W.iWéstley :
Computing Technology Center

Milton Reese
U. S. Naval Postgraduate School

Elizabeth Cuthill |
U. S. Naval Ship Research &
Development Center :

Charles Lawson
Jet Propulsion Laboratory
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A, INSTITUTIONAL IDENTIFICATION

Table 1. Number of responding institutions, by U.S. postal zip area.

11P AREA 0 i 2 h] 4 5 L] 1 8 9 CANADA MEXICO ToTAL
NUPBER 6 7 16 4 4 E] 4 4 4 24 H] Q 83
PERCENTAGE 7.2 8.4 19.3 4.0 4.8 6.0 4.8 4.0 4.8 28.9 6.0 Q.

24

— T T T D — T =T T T T T T
0 1 2 3 u 5 5 7 8 9 10 1

Fig. 1. Number of responding institutions by U.S. postal zip area.

Table 2, Sources of funding and principal activities of re-
sponding institutions (numbers in parentheses are

percentages).
"SOURCE oF FUNCING PRIKCILPAL ACTiIVvVITY
BUSINESS OR INOUSTRYseeee 44 (53.0) RESEARCH AND CEVELOPNENT. 41 (49.4)
FEDERAL GOVERNMENT.oecees 28 (33.7) PROOLCTICNccscsscessssnnese 61 9.6)
STATE/LOCAL GOVERNMENT ... 0l 0. SALES ANG MARKETIAGeooeees 5 ( 6.0)
NCNPROFIT ORGANIZATION.-. &6 7.2} CTHERgeoonnsnonnsansns ey 18 (25.1)
OTHER.ceeeousencnncsnsns .. 3 ( 3.6) MORE THAN ONt RESPONSE... 3t 3.6
MORE THAN ONE RESPONSE... ot 0. NO RESPCNSEceccencnes cene 81 9.6)
NO RESPONSE....c0ccccnes . 2 1 2.4}

Stlide FF-2



Table 2'. Sources of funding and principal activities of
responding institutions (numbers in parentheses
are percentages).

SCGURCE oF FUNCLNG PRINCIPAL ACT dviTyY
BUSINESS CR INUUSTRY.ouoo 41 132,64} MESEARCH ANC CeveLCPRENE, AL (52,60
FRCERAL GCVERNMENT souvsee 8 135.9) PRODLETICHe soeossocosasns 8 110.3)
STATE/LCLAL GOVERNMENT ... 010 0.1 SALES ANG KARKETING.e..os Al 3l
NONPROFIT CRGANIZATION S | b.6) CTHER e soovonsvonssotniss 14 (109}
CTHER e osoansssensoose 30 3.8) . #CHE THAN CRE RESPCNSE... 31 3.8)
FCAE THAN CNE AESPONSE 0( 0. NC AESPONSEcooessocscscns 8 (10.3)
NO RESPINSEssecssvsossore 1410 .
-
w19 '
29%
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Fig, 2, Current *otal number of numerical mathematicians, by U.S."
postal zip area. .

Table 3'. Number employeed by responding institutions.

. KININUN MEDLAN NEAN NAXINUN JCTAL
- MUNBER GF EMPLOYEES. sus [} 6€C.0 2108.2 30000 11240

NUPTER PUGFESSIONAL. oos ] 24%.0 41t.9 ;- 10000 52407
FERCENT PRUFESSIONAL, .o 1] 5C.0 LM 99
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AN INTERACTIVE SYSTEM:FOR STUDYING SEMANTIC MODELS OF COMPUTER PRDGRAMS

 Richard Fairley - I am interested in the development of software tools

to aid in the testing of computer programs. My primary motivation in pre-
senting this information to you is to get some feedback as to whether the
tools I am proposing would be useful to peop1é with_your'interests. ‘The
usunmary of diScussion".which was in your packet provides some motivation.
Item II.A suggésts that there should be a distinction betweeh people de-
.veloping and writing programs, and the activities concerned_with field
testing and certifications. Moreover, the summary claims that this leads
to'an importanf distinction between basic research in the area of testing
and evaluation, and actual field testing of programé; - I would place myse]f
in the first category of basic research in testing and evaluation and feel
that what I am doing fits with'Item C of the Summary, whére nggprt was
expressed FBr'developihg tools which W&ﬁid aid, in testiﬁg andAEéitifidation
of software. 1w}_ ' |
The system I am propoéing is an interactive 0541ine system. It intek-
faces rather nicely with the work Lloyd Fosdick:described ear]fer. I
should also.mention that thi§ work is c]bsé]y related to Bill Hetzel's -
work at the University of North Carolina, and to the EXDAMS system developed .
by Bob Balzer at Rand. The user at the computer terminal interacts with
his prngam and views models of the execution of that program. The models
display various attributes of the program which are of intgrest to the user. -
The_design methodo]ogy for't?is system is based on a pre-processor
which procésse§ the user's program to consfruCt a data structure model
of the syntax of the program, and tb-insert sdbroUtine_ca1ls'which will

gather the history of execution when the program is run. The user does



not interact with his executing program, but rather with the collected
data. Ilhope to illustrate that there ere some advantages to this ap-
proach. | |

Let me show you a block diagram of the.system (RF-1). We‘see'the
source program and the input data. Processing results in producing ab-
stract syntax and the execution history for the nrogram. After the pro-
gram has been executed, the user at the console communicates with model
construction routines which are extracted from the library of models.

The user has the capabi1ity.of entering new sets of input data to generate
a new execution history, or iT cqrrections are needed in the source program,
to modify-the source program. He may then regenerate the abstract syntax
and the execution history of the program.

I am not going to describe the deta structures by -which the syntax
and the execution history are represented, but 1 nill neﬁtion the set of
primitive accessing functions. We are making an effort to iso]ate the
data base from the tools that are constructed us1ng these access1ng func- -
tions, because we do not feel that tte typ1ca1 user . of th1s system should
be concerned with whether the execution history spills out onto tape or
whether it is on disc, etc.

The main idea of the system is that the execut1on h1story is ‘appro--
priately cross referenced to the abstract syntax enab11ng one to look at
any po1nt in execution. One can look at the values which have been computed

~up to that point, to determine howathose values depend on other values
that were computed, and to associate va]ues with program‘text We be-‘.
| lieve the primitive accessing funct1ons will enab]e one to reconstruct

exactly the executlon history of the program.




101

Given the present state in the execution history, one wants to know
what happene next. One might want to know just the next thing that hap-
pened -- whether it was a transfer of control, the calculuation of a value
and assignment, whatever. You might want to know something about the next
variatle name that was assigned a value, or the next or the previous
type of transfer of control which occurred. You might want to know the
value assigned to the next variable, or the next executed statement, or
how did the flow of control go? One might qualify the inguiry by asking
- for the nexi relevant piece of data in some sense. It may be important A
to be able to set the position pointer in the execution history; ¢.g.,
at the start of execution, or at some particular statement on its first
(or jth) execution.

Some types of program models which might be useful are: Structura!
models, flow of control, variable dependency, data sensitivity, and timing}3 '
One might want to see a structural overview of the subroutine relationships;
or perhaps you wish to suppress the code in the source program and see
only the structure of the IF statements. Flow of ccntrol models are self-
explanatory. There are some very nice models of block structured processes
which are wei?-adapted to this system. Some of you may be familiar with the
contour model of block structured programs.

Variable dependency is self-explanatory; how was the value of a vari-
able assigned in the program influenced by the assignments of previous
values to other variables. Another technique which is possible, if you
have the execution history in a data base, is flow-back analysis, in which
you might present to the user a tree structure of the current statement

of interest to show how the value assigned was influenced by previous
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values that were.computed in the program.The ability fo asspciafe va1ﬁes
and how they were determined with the program text which produced those
vé]ues, is a very»va?uab?e tool on which higher level tools can be built.

Data sensitivity is sometimes a controvérsial sdbject. What I have
in mind is to provide an option in the execution of a program to do the
execution in artificial arithmetic and to gather information about-roun@
off error and truncation erfor, accumulated from statement to statement.
‘Some of you may be familiar with Herb Brightfs work and the»packaée he
has produced; That is the kihd of thing I have in ﬁind.

Timing information can be gathered by the system in two respects.
First, a histogram of_statement numbers veréus percent of total time spent
in that statement (or the number of times the statement was executed). .
Secondly, we think we can given some reaéonab]y accurate estimates qf'
the actual time spent in the'exeéution of the program. We will compile
and recdrd into our data base the number and type of assembly language
statements produced by each source Statement. Then by using the Standard
reference manual for the machine to determine- the amount of time eéch
assembly language statement takes for execution, we have the information
ne;essary to trace through the actual execution history ahd add up these
numbers to give us an estimate of the total -- the actual execution time
for the program. | | |

A couple of other features shou]d-be mentioned. The user can.ﬁrovide

~ a Boolean expression (cq]]ed a "local assértion“) describ{né the.relétion-
ships anong the variables. At thatfppint in execution it will be recorded
'into the history whether that expkeésioh was truebqr false at the particu-

_ _1ar’ fime. This gives the ‘user the capability of checking himself .on the
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program logic. Another type of assertion which would seem to be useful
is the global assertion whish is checked after the program has run. The
_user can specify,for example, that a variable is mdnotonic, or that a vari-

able should only .ave the integer values one through ten. Those kinds of
assertions can be checked by looking through the execution history after
the program terminates.

SIMULATE and ASSERT are commands devised by Bill Hetzel. SIMULATE
is a command which acknowledges the increasing emphasis on structured
programming. Using SIMULATE it is possible to simulate the effect of a
routine you have not written yet, so that you can call the routine and
get back the values that you said that routine would return even though
it has not been written. Thus, you can begin checking out the program
before certain subroutines are actually written.

Those are the kinds of ideas I am developing, and I certainly am in-

terested in hearing reactions to these ideas. Thank you.
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Two reports by Dorothy E. Lang were distributed to the particiﬁants;
Titles and abstract follow:
AN EVALUATION OF SUBROUTINE LIBRARIES
Abstract ' |
Some observations are made on the current status of a select few
subroutine libraries and packages. The areas of documentation standards,
coding conventions, and certification procedures are reviewed and the

selected libraries are evaluated with respect to these standards.

DISTRIBUTING SOFTWARE STUDY AND REPORT
Abstract
This paper briefly discusses the pros and cons of distributing soft-
ware via differc 't media. Included is a preliminary analysis of the costs
involved. An attempt is made to evaluate distribution media and draw some
conclusions that might suggest possible solutions for the dissemination of

mathematical software.

Ms. Lana briefly reviewed the contents of these reports.
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QUESTIONS  FOR SUBGROUP DISCUSSION OF TOPIC III

1.

Are the notions "testing," "portability of programs,“ and "library
development" sufficiently rich conceptqa]]y to provide opportunity

for pub]ishab}e'researdh and professional recognition?

Is publishable research- the greatest need or should we concentrate

on gathering and publishing data about various machines and systems?

How does research in testing, portability, and library development
relate to research in a) programming languages, b) proving correct-

ness offprogramé, c) numerical analysis and algorithm development?

In what areas of testing, portability, and. 1ibrary development do
we particularly need models and syétematic methodology that would

be derived from research? .
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REPORTS OF SUBGRQOUP DISCUSSION ON TOPIC III

Leon O0sterweil - You recaT] that Topic III dealt mainly with questions
of research in testing and library deve]opment.‘ The first question was |
whether work in the area of testing and Tibrary deve]opment was publish-
able work. The firgt reaction in our group was that the question was
vacuous becauselnobody has tried to publish anything, so nothing wgs proven.
There was an opinion that such work was publishable today but in the fu-
ture it would become more reputable, and therefore more publishabie.

There were several people who thought it was questionable today, but likely
to be possible in a few years. One person felt that the revefse was per-

haps true, that it was more reputable today than it would be in ten years.
There was considerable discussion about that becausevnobody c0uld agree on
what constituted an active area-of research. Some people felt that'a re-
search area could not be construed td be active uniess there were many papers’
being pubiished in thgt area. chers disagreed completely.

There was a sizable amounttof sentiment that research in this area
would not be impressive to the academit establishment. This caﬁsed concern.
" At least one person ciaiméd that he would not want to stake his career on
it. Maybe I am misquotiqg to" some extent, but his feeling was that he wou1ﬂ
be uncomfortab]e in goihé into this area of research in a heavy way. Several
people thought we should éompare this research with engineering research.
rathér:than mathematical research but this opinion was far from unanimous.
In an efforf to get at what publishable research really is, one person as-
serted that publishable work is something that extracts basic principles in
such a way that they are applicable to future work. He felt this should be

a yardstick and most of'thé'group seemed to agree. There was an opinion,
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however, that what is most publishable 55 often merely most fashionable
at the time. i |

We next took up the question of whether publishable research should
be the greatest concern of a software alliance as opposed to a concentra-
tion on gathering and publishing data about varioUs machines and systems.
The epinion was expressed, quite strongly, that the alliance should develop
methods and.too];. There did not seem to be any_rea1 discussion of this
and I took fhat as agreement.

The next question we ccnsideredgfpvolved a hypothesis with which I

" personally disagree but I want to rebqrt faithfully the group discussion.

If we hypothesize that research inAportabiiity and library development 1is
not publishable and also that‘the alliance shou]d work at the development
of methods and tools, does this, in fact, dim the prospects for the alli-
ance? In other words, would peoble be unwilling to join in the work of the
alliance if they could not thereby advance their acciemic careers? Many
in the group felt that people would, in fact, work in these areas because
they are_useful; valuable, and also ﬁnteresting, even despite the fact
that such work might not help them to advance academically. _

There Qas a great deal of enthusiasm for the establishment of a jour-
nal of mathematical software. Out“of the discussion of such.a journal
there arose a feeling about publishing which w&s slightly different from
what has been previously expressed. The neQ sentiment was that work in this
‘area fs perhaps unpublishable only because of the current view toward what
_is'pubiishable research and what is not. The creation of a jourha] dedi-
cated to this area would, in egéence; bring this line of investigation
into fashionabi}ity, and‘essential]& make it a part of the research establish-

O rnent. I must hasten ‘to point out, before anybody attacks, that there was

L
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‘a gréat deal of interest in this journal not just because it would be a
forum to achieve academic acceptability, but also because dissemination
and awareness were held to be extremely important. The very existence of
such a joufnal wou]dAstrongly impress upon the various'acade;ic communities
that there were people working on this line of research, that there Qas a
large community of people who viewed it as viable, and that such work should "
continue to bé-pursued. |

One other point which was made 1a§t-night and which seems important
-is that such a journal cou]d tend to be very ingrown if outside'people.,
were not brought into it. In other words, if only people such as the ones
in this room wéfe to be interested in the journal and contribute to it,
it would not be nearly as effective as if the user community were a]éo ﬁn-
volved in it. There seemed to be good agreément on that boint.

In sumnafy, fhe purposes of this journal would be to provide a forum
for work in this area, to provide dissemination and awa}ehess, and'fq be

a focal point for work in mathematical spftWhre.

Richard Fairley - If there was a consensus in Group B, I will try to

contrast it with Group A and also bring up some points that did not come
up in Group A; _ | |
It was felt that, with notable exceptions, much of the research ef-

fort performed in connection with the activities of softWare testing,

portqbi]ity, and library Qevelopmenb does not result in publishable research
'and the accompanying proféésional récognition under current editorial and

academic policies. It was agreed that creation of a journal dévoted to |

mathematical software would provide a focal point for efforts in the creation,

testing, and certification of high-quality méthematical software. Such a

Elii(j journal would facilitate dissgmination of information and heightén,awareness

IToxt Provided by ERI
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of work in this area. It might enable important work such as certification
of routines to be adequately recognized and stimulated. Moreover, it was'

agreed that the active participation by the user community would be essen-

tial to the continued viability and vitality of the journaT.

With respect to the third discussion question, the group fe]t that
research in testing, portability, and library deve]opment interfaces with
several other areas. In particular, this research_shou]d result in recom-
mendations for better programming languages, provide impetus for practical
techniques in program correctness proofs and semantic theories of programs,
and stimulate dialogue concerning the relationship between machine deéign
and mathematical software. In addition, the research will stimulate acti-

vity in numerical analysis and algorfthm development.
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DISCUSSION TOPIC IV -- USER NEEDS AND MATHEMATICAL SOFTWARE DEVELOPMENT -

TECHNOLOGY TRANSFER PROJECT NEED FOR QUALITY SOFTWARE

Roberta Smith - 1 am very pleased to be part of this’ d1$uUSS10n as a

real live user in your very midst! My talk has three parts. I would 1ike
to define our project, then to explain why I feel this definition is neces-
sary, and finally I on]d 1ike to relate the project to the need for quality
mathematicai softwane.

The projectiwhich I represent is entitled "Collaborative Research,

~ . .Computer Based Technology Transfer in Civil Engineering." It is a joint

project between the Department of Civil Enginéering_pf Carnegie Mellon
University with Steven J. Fenves as principal investigator, the_University
of Colorado Computer Center with Robert L. Schiffman as principal investi- -
gator, and Paul Weidlinger Consulting Engineers with Melvin L. Baron as
principal investigator. The study is supported by the N.S.F. from the _
Engineering Division and_the;Office of Computing Activities. The purpose
.of the project is to develon and test general techniques for making app]if
cation programs and program systems portab]e and adaptable. Ilam present-
1ng some- of the work being done at the University of Colorado Computing
Center by Robert Schiffman, Robert Ewa]d and myse]f Professor Schiffman

is a]so in the Department of Civil Engineering at the University of Co]orado.
I think this definition is important because we feel we have different‘prob-
lems from projects cencerned mainly with defining, deve]oping, and using
mathematical software. we also have problems Similar to these projects.

In particular, we propose that in civil engineering, the maJor problem with
respect to computers at this time 1s not the quality of the software. The

overriding problem is that we cannot use the software which we have. In
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‘other words, existing software is not portable. For example, MIT developed
a civil engineéring-oriented system cailed ICES which was origina]]j con-
ceived in 1964. One and a half million doliars were spent developing this
systém on the IBM 360. Control Data wanted to make it operational on the
COC 6000 series machines and estimated that the cost to do so would be
$300,000 or 20% of original cost.

Another example, is a large ground shock program calied HEMP. It was
'jdeveloped on the Stretch computer at Livermore and fs "machine independent."
However, ten man-years were required to move the program to the cbc 7600
and if wi11 probably take ten mén-years to move it to STAR. This is a sig-
nifipant loss in productivity. I grant that these twb examples refer to |
1argé systems of pkograms designed to solve a complicated problem or a set
of interdebgndent problems. More ofteh»than not, such programs arg;ggchine
dependent and more difficult to make portab1g.

Let me characterize computer softﬁare in civil engineering by saying
that it may be data based or'a]gorithmica!]y basedf If it is data based,
it has the whole sét of prob]gms pecu]iaf ton&ata based programs, and that
is not relevant to this workshop. If it is algorithmica]]y based, its em-
phasis is on the control string or the engfneering algorithm, rather than
the mathematfca} algorithm. The mathematical algokithms are more or less
. black boxes used by the control'strfng. However, as we see it, thesé con;
trol strings or engineering algorithms are in themselves complicated ehough'
to warrant aﬁtentioh. It took me six months to become convinced of this,
but I ré;fly am convinced of it now. One example of an engineering‘algorithm

occurs in the problem of slope stability in landslide analysis. There are

abcut eight different méthods_to analyze this problem. Each-one;is usually



13

named for the person who first introduced tne analytical method. However,
‘the engineer with the given physical situation knows a priori that only 2
or 3 of these methods are applicable to his_situation. He woq]d 1ike to use
the computer to run a comparative ané]ysis of his problem using these two or
three methods. |

Another case comes from dam'constrqction and the use of finite e]ement
ana]ysis, Here the variables are the dipensions of the prob]em,'and the
type of element. Aga{n the engineer wants to be selective. Other examp]es
are soil consolidation programs where dimensions s1gn1f1cant1y change the
control string and retaining wall analysis programs where the construction
may be anelyzed for sliding, dverturning,'or settlement, or any combination
~of these.

I want to acknowledge that the engineering algorithms in the above
examples ere not necessery. We could have a separate program for each
case. However, there is the feeling that as the huge, compiicated system
often overpowers the problem to be sd]ved, so also a collection of 10,600
Tittle programs, which cover the basics of civil eng1neer1ng, is not the
'answer either. Therefore the type of program to which we are now d1rect1ng:
our‘attention is in maximum size about 8,000 to 12,000 FORTRAN statements
and it runs on a 65K machine, we would Tike to decompose this program ac-
cording to engineering assumptions so.as to address two problems. First,
how can. app11cat1ons programs, which are to be deve]oped be set up to be
portab]e and adaptable? We ‘feel we-can beg1n to answer th1s question. A
part of the answer certainly is the concept of structured, or tqpadown pro-
gramming, which is a major theme, and what eQeryone seemed to agree‘upon at

the Chapel Hi11 conference in May. Programming standard, good documentation
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and users education are a part of the answer. A second question is how can
existing programs be made portable and-adaptable wfthout redoing them by
hand. This is by far the more difficult question. Here we have begun to
develop software tools but we are still very much groping in th;.dark. We
want the tobIs'to be portable also, so as a start we decided to develop the
programs in ANSI FORTRAN, or as close as we can get to ANSI FORTRAN.

The basic strhcture of our composition-decomposition system is taken
from a‘generalizer-selector program déve]oped by the NATS project. We>
p]an‘to build on this system and include in our system the decomposition
of the FORTRAN‘program into logical modu]eS'and the identification of ma-
chine dependéncy.

.I want to‘add a word about our view of mathematical software. -We want
quality mathematical software and we need it. At least at tﬁis point in
time, We think of it as an obtainable black box. We would especially like
- these black boxes to be "p]ugable;" By that‘we mean not only that they
are easy to p]ug into’our control String, but also that fhey go from one
machine to another with our programs. We would Tike the black boxes to be
easy to use, well-documented, and return good error meséages.- It would
be nice if they could even anticipate some of our problems in.usage“through
good documentation and efror messages. .I_have in mind that documentation
of bne subroutine wodid remind me‘of_the other possibf]ities within the
package of subroutines; perhaps the NATS project already does this. To-

. use a simple example; assume that Subroutine 20 solves the matrix equation
AX = B; where:A is a banded‘matrix‘and a diagonally dominant mafrix. I
~ would like the docuﬁentation to be specific, and, furthermore, to suggest

that if I, the user, know that A is not diagonally dominant (or if I am
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not sure that it is) then it is petter if I use Subroutine 21. Conversely,
I weuld Tike Subroutine 21 to say that if the matrix has diagonal dominance
use Subroutine 20, which will cost you 1/3 or 1/2 df the cost to run.

As a closing comment, I would Tike to propose the theme "different but
not separate", to express our belief that the problems of developing and
using quality software in civil engineering are different but not unrelated

to the problems of developing and using quality mathematical software.

COMMENTS ON USER/EXPERT RELATIONS

Edward Ng - I was asked to give a few remarks on our experience in
user/expert relations, as a stimulant to discussions. It turns out that
I am an incomplete expert and imperfect user. My first reaction when I
was asked to do this was that there really isn't anything worth saying. So
I went and talked to some real experts, in particular, Jim Cody, Fred Krogh,
and Chuck Lawson, and I still came away with the feeling that there isn't
anything worth saying. So with that in mind, I'11 try to keep my presenta-
tion to no more than one hour, I promise you! But, seriously, the contribu-
tion I hope to make is tc summarize several ideas in a large enough perspec-
tive so as to provide a systematic beginning to the discussions.later.
Those of use who work in mathematical software are trying to automate
or sfmulate some sort of mathematical process which may be numerical, or
may involve manipulating algebraic expressions or representing geometric
processes. Presumab]y'the experts are the ones who design software for carry-
ing out these processes. Users are the ones who use this software. Most of
us here are primarily concerned with the first kind of processes mentiohed
above. We design our software in two stages. First we try to approximate

a continuous problem by a discrete problem, and then we perform the resulting
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arithmetic on a computer. Naturally an expert may be a user at the same
time. In fact, many experts do usz software pioduced by other-experts.

Now what in general do the user want? We find that they want a
whole variety of things. They do not always come to us with a_prob]em
that is very clean cut, Tike saying they want the number ycu get by inte-
grating sin x from O to €.4. Quite often they come to us and say I'Lojok at
this type of a problem -- Can you given me an idea of how much this will
cost me, or whether it's even feasible to approach it at all." Or he might
say, “wha£>type of general approach do I need to even start this problem.
Should I Took into the 1literature on finite differences or the literature
on finite elements, or what?" As we talk further and become more specific,
we may finally give some help in the mathematical formulation. Occasional-
1y someone will want an analytic solution "for the sake of publication".
Others may want some help in the numerical formulation or some suggestion of
numerical methods. Finally there are many more who have completely formu-
lated their problems and all they want are some ready-made computer programs
to grind out some numbers. I suppose in this workshop the word "user"
mostly refers to this last type.

I have been able to detect six types of attitudes among users. These
range from apathetic to superstitious. I find some users rather apathetic
to mathematical software for different reasons. Firsf,'apathy<cou1d come
from a user's belief that the constructicn of mathematical software is a
rather trivial matter which he can readily take on himself. Second, it
could come from one bad experience that turns a person off. Third, it
could come from the difficulty in finding the right software module for
a particular problem. You may have heard some user say, "It is easier to

write my own than to find the right subroutine for me."
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A second type (at the other extreme) is the very ambitious type, who
keeps preaching the ideq of modifiability. He wants to know exactly what
is in the biack box so he can tear it apart, and take the stuff that is use-
ful to him. I heard some of this from users who taiked at the Purdue meet-
ing.

There is a third class of users whom I call playboys. These are pro-
grammers who find their jobs rather dull and who jump at the chance to do
something that is halfway mathematical. They prefer to write their own
Runge-Kutta routine just for the fun of it. Needing a challenge, they spend
their time on things already done better elsewhere.

The fourth class of users I call naive, because they come with problems
which are supposedly about mathematical software, but the real problem is
their ignorance of FORTRAN, or the operating system, for example.

Then there is the fifth class whom I call the suspicious type. He will
take your program and he will do all kinds of testing or it before he can
trust anyfhing. Actually, that's fine! In fact, sometimes we encourage it --
at least enough to convince them that our software is good.

The fir-al type, whom I call superstitious, just wants to have a black
box that will d¢ exactly what the documentation claims it does. I think the
largest class of users that we encounter have this type of attitude.

Of course, these types are not mutuaily exclusive -- many users have
two or three of these attitudes I have distinguished.

Next we turn to the question of what users want in software. Certainly
everyone wants and expects reliability in the software he uses. Unfortunate-
ly, he does not always get that. Other software characteristics usually

wanted include simple documentation, ease of usage, simple diagnostics and
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efficiency. Some users may also have what I call fancier demands such as
modifiabiTity, portability, and interactive capability.

Now let us consider the question of advertising software. We can
talk about this on the local (in an organization or a university) or the
national level. On the local level, how do we advertise the software that
is available? Perhaps readily available write-ups constitute the most im-
portant form of advertising. Then we have people -- word of mouth. Tutorial
presentations are also used. At JPL we had a series of presentations a
couple of years ago in which we called to the attention of many the exist-
ence of softwar.. Cody told me that at Argonne they have periodical news-
letters that advertise software. Some organizations have so-called "users
forums", but they tend to worry about so many things that I have not found
them a good medium for advertising software. On the national level the
SIGNUM Newsletter is a very important means of communication.' Also, we
can draw on the experience of IMSL and NATS on their form of advertisement.
On the question of a national users group, I think people can sometimes
gather in smail users groups to discuss one area of problems. As long as
it is small, some kind of communication can be established. But when it comes
to a larger users group, I think it is hard to imagine focusing on the prob-
lems.

Now, what about user/expert interaction? Our first lead to this inter—
action’was through program documentation. That is very important and is why
I continue to emphasize the clarity of documentation, in language that is
easily understood by engineers. Program diagnostics will cause people to
call you. I am not suggesting that we put a Tot of bugs in our programs.so

people will call us! But we should, for example, give reasonable diagnostics
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so the user can come back to us in abnormal situations. I have recently
been a user of a systzm on the east coast, some 3,000 miles away and we do
worry about user/expert interaction. We find that one means of communica-
tion that has been quite successful was to have two telephones in your
room. One telephone is connected to the terminal and on the other you
get consultation. Needless to say, one might have an enormous phone bill in
such a case! Fortunataly, for many of us, all government labs and many uni-
versitias have the FTS telephone service, the minimal cost of which makes
this kind of thing possible.

I would Tike to close with one very big duestion. How should users
pay for the experts' service? That is very crucial. I find three levels
of support for uscrs. One is the local level, another is the intraorgani-
zation level, and the third is the national level. The experts have to be
paid from somewhere, sbmehow. At the local level they draw on overhead from
the computing facilities. That puts a lTot of pressure on the experts to
satisfy short-term local needs, czspecially if the management is not very
sympathetic toward this kind of tliing. Users have to worry about their re-
search money and are not always realistic about the cost of expert advice.

On the seond level, I am thinking of a situation where a government
agency such as AEC or NASA funds a certain general mathemat cai software de-
velopment at some particular place with the idea that the result will benefit
other work supported by the same agency.

The third type of support is national in sccpe, for example, work sup-
ported by NSF with the idea that it will eventually be useful in the larger
sense for the nation. Personally, I would consider the most comfortable

situation for an expert to have about one-half lncal support and one-half
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either national or intraorganizational support. This would justify more
of your long-term work at a higher level but the local influence would keep
you from retreating into an ivory tower. The last remark would have to be

modified somewhat for a university professor, but I think the same spirit

applies.
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QUESTIONS FOR SUBGROUP DISCUSSION OF TOPIC IV

1. Through what mechanism(s) are use' needs for mathematical software

to cone to the attention of software developers?

2. Can a computational mathematician concerned with career growth combine
service to the user community with research recognized by his peers?

(dbviously some can but what are the ingredients for success?)

3. Through what mechanisms can users and developers work together to

influence machine design and software systems?

4. What are the reasonable responsibilities of a computer center upon

receiving certified software?
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REPORT OF SUBGROUP DISCUSSION OF TOPIC IV

Seldon Stewart - Letc mé start with the third discussion question which

was, "Through what mechanism can users and developers work together to inj
fluence machine design and software systems?" Much of the discussfon in

our group was about the need for users, developers, and a third category --
usually referred to as "experts" -- working together. We felt a need for
experts to work with both groups. Deve]opment includes the entire range
from individual subroutines to large applications packages, and it is impor-
tant that the experts wqu closely with the developers so that the best
numerical methods can Se>5ncorporated into new software. Proper influence
by numerical experts early in the implementation will prevent many problems
for the users later.

I think there was a very definite expression of the need for missionary
work on the part of the experts. They are going to have to go out and tell
users and developers about available numerical methods. There was some dis-
cussion about users who develop software for their own needs, sometimes with-
out really having the necessary numerical background or knowing where to go
for expert help. We discussed briefly the notion of a "hot 1ine," perhaps
in conjunction with the software alliance. This would be a manned telephone
1ine that one could call for guidance or help on special areas of software.
The response might be to point you to the right kind of specialist to help

you with your problems.
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We did have a few comments about the choice of languages and their in-
fluence on mathematical software, but there was no consensus. Also, every-
body was whole-heartedly in favor of computational mathematicians combining
service to the user community with their career growth. We discussed several
mechanisms by which they wouid do this but we reached no definite coné]usions
beyond agreement about the need to combine the two.

There was brief discussion as to what the best interface between users
and experts was. The most widely acclaimed interface was through small
specialized group meetings which focused on problem areas rather than around
professional alignments. |

On the final question about responsibilities of computer center receiv-
ing certified software, we realized that the computer center does have a
responsibility to supply certain kinds of support. We did not decide how
much, but they do have a certain responsibility for local testing--not as
extensive as required by the certification process, but more tharn just dump-
ing the package on the system--Tlocal maintenance and updating, and their own
user servicing. None of these suggestions is unique to mathematical soft-
ware, except for the kind of testing, which indicates that many conclusions
and recommendations about mathematical software might generalize to other
software development.

William Hetzef - I will make a brief summary of the points which I -

thought were significant. Our first question asked how user needs can be made
known to software developers. The following points summarize the responses.
1) Feedback froﬁ the user/consultant relationship and also through feedback
forms; for example, documentation should have pages.that can be ripped out

and sent back indicating additional needs or problems; 2) Specialized con-

ference sessions to allow selected user interest grnups to meet and identify
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user needs perhaps along the 1ines of some of the ACM 72 sessions. A
particularly important point when a user group got together would bg for
them to be explicit enough to formulate their needs into a set of specific
requirements for new software. In my opinion, one of the better examples
of this is the CODASYL experience on data based; 3) Perhups an expression
of user need after the fact would come from usage monitoring of software;
4) One person commented that the mathematical software professional has a.
resbonsibi]i.y to know the needs of users even if those needs are not expli-
citly expressed; 5) If an alliance were wel] established and respected, its
reputation would bring out needs; that is, users would feel more confident
that expressing their needs would bring results. As it is now, many users
are reluctant to express needs and instead write their own software; 6) It
was suggested that specific user groups or user rapresentatives might act
as sounding boards with software developers who would be encouraged to have
interim development scssions that users could attend and critique and hear
the impact of their requirements.

| There were two comments related to the first question which I thought
were important enough to mention. One was that the government is probably
the major consumer and, therefore, the most effective one to push forward
with standards. Secondly, there are enough examples of hardware that has
been tailored to meet express user needs to demonstrate that users can be
effective when they are given the responsibility and put forth the effort.

Next we discussed the responsibilities of computer centers receiving

;ertified software. It was generally felt that naming a local representa-
éive was the primary responsibility. The degree of his technical competance

need not, necessarily, be large but he should function as a two-way channel,
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The second responsibility of the receiving site was to publicize the package,
announce it, and make documentation available to users. It was felt that
suppliers should make this process easy, even to the point of providing news-
letter articles. The site has the responsibility of notifying the supplier
of problems and relevant experience. The site also has the responsibility

to train people in the use of the package.
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DISCUSSION TOPIC V -- PUBLICATION OF MATHEMATICAL SCFTWARE

A JOURNAL OF MATHEMATICAL SOFTWARE

JEQE“EEEE - I am going to.be<very brief and not try to go into detail.
I want to consider general questﬁons about why we should have a journal
and how we should go about establishing one. (JR-1) So I am going to list
reasons for and against. I am not going to include the standard reasons

for the existence of scientific journals. (I assume you know that archives
are good things -- good communication is a good thing) |

One favorable reason that has been but forth, and I think it is an
important one, is the idea of a fucal point. You need a place where peo-
ple who are interested in the creation, analysis, and perfection of mathe-
matical software can focus their attention. I think that the journals of
most professional societies do tend to serve as focal points enabling workers
to identify with various disciplines and subdisciplines. Mathematical soft-
ware has the attribute of going in many directions simultaneously without
a clear feeling as to what is really going on.

Another purpose that a journal can serve is to set standards. There
are standards in almost every level of this whole discussion that have yet
to be set, standards in testing, standards in documentation, standards in
performance, etc. But we need some place to set those standards.

A professional status function would be served. Those of you who have
looked a little at sociology in the scientific community know that there
are well-oiled mechanisms for achieving status which vary only slightly
from discipline to discipline. One of the standard mechanisms is the pro-

fessional journal.
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A relevant point is the lack of outlet for professional work in
mathematical software. 7You can talk all you want to the deans, to the
National Science Foundation, the National Academy of Sciences, etc.,
about what you do but in the end they want to see standardized stamps
of approval.

Those are the four reasons that I have seen mofivating such a journal.
I see three drawbacks to publishing a journal -- nontrivial ones, but
very mundane. It takes work, it takes money, it takes negotiations. The
negotiations come from the fact that we do not have standards in this
area and therefore if everyone here wrote a proposal for what that journal
should do there probably would be no more than 50% intersection between
any two proposals. There is a lot of work involved in finding reviewers
and getting set up.

If, however, one decides to go ahead and try to create a journal,
then I think there are three sorts of "how" questions. The first of these
is about a professional home for a journal. A home is needed for stability.
You must have somebody who knows what is happening on a continuing basis,
somebody who knows how to get galley proofs back and forth, copies sent
out and all that sort of thing. A professional society is one possibility
for the field of mathematical software and there are other possibilities.
National laboratories publish journals. Universities publish journals.
And there is what might be called a professionally independent home, in
which the stable center is a commercial publisher. A1l the operational
personnel on the professional levels can move at will and the focal point

of the production process is commercial publishing.
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The second formal question involves coming to grips with the editorial
policy. We mUsf ask about the scope of this journal. We see discussion
at the meeting about the scope of an alliance. I think that the scope of
mathematical software includes lots of things that have not been mentioned

here, and on the other hand, some things that have been discussed here
‘probably would not fall into the scope of a journal. So it is something
that would have to be worked out.

You have to try to establish standards. Not having many real examples
of the kind of paper fhat you might want to publish you would have to say
what you expect from papers that are-submitted. Finally, you must work
out refereeing procedures and I am sure Lloyd Fosdick will tell you that
is a nontrivial process for mathematical software compared to the stand-
ardized scheme of the typical journal where the editor sends out papers
and asks for opinion. The third type of question is about actual production
policy and problems: How much is it going to cost? How frequently? How
big? How are you going to publish programs? All of these things have to
be decided.

I think I will cunclude with my opinion as to what the next step would
be if people decide to go ahead with these ideas. I think that a relative-
ly small group of people must come up with a concrete proposal for what
this journal is going to be, how it is going to operate and what its pro-
fessional home might be. 1 think a sﬁa11 group is essential there. We
have already seen the problem of defining “certification" and I suppose we
could be here a montﬁ trying to hammer out 8 consensus on the scope of the
Jjournal, for example. Even three people might take a long time. Some small

group has to attempt if it is going to be done with any efficiency.
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JOURNAL OF MATHEMATICAL SOFTWARE

Tio General Questions: Why & How

'"Why" Reasons for (besides the standard ones)

A. Focal Point - creation, analysis, perfection

B. Standards - performance, analysis, programming § documentation
C. Professional Status - for contributors

D. Outlet - now lacking to a varying extent

Reasons against

A. Work
B. Cost
C. Negotiations on divergent viewpoints

'HW”

1. Professional Home
Society: ACM, SIGNUM, collection of SIG's
Institution: - University, National Laboratory
Independent: Commercial publisher

2. Editorial Policies
Scope |
Standards
Refereeing procedures

3. Production Policy & Problems v
Cost, Frequency, Size, Program Manipulation

Opinion: 'How" list is in order of decreasing difficulty and
- of increasing effort requirements.

First Stég; Group (3-5) must come up with reasonably detailed
proposal and attack the '‘professional home' problem.

Slide JR-1
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DISCUSSION TOPIC VI -- ORGANIZATION TO FOSTER
MATHEMATICAL SOFTWARE DEVELOPMENT

A MATHEMATICAL SOFTWARE ALLIANCE

Wayne Cowelt - A few weeks ago when we sent out the invitations to

this workshop we distributed a workfng paper entitled, "A Mathematical
Software Alliance,” dated June 5, 1972. I would like to review tais paper
briefly, giving some of the highlights in it so as to establish the con-
siderations which we feel are important.

Let me begin by showing a siide I showed the other day (WC-1). 1In
order to achieve the goal of producing systemetized packages there are
many steps that one has to take. The basic mathematical! analysis serves
as a foundation for the development of numerical methods which in turn
result in algorithms which might be expressed in Algol, for example. From
these algorithms we write computer programs. Much of what we have discussed
at this workshop is the process of making those programs into systemetized
collections. This is a rather long chain of events and some of these steps
are very involved.and require a great deal of various kinds of talent.

With extremely rare exceptions, we do not expect to find in any one per-
son or in any one institution the talent to start at the beainning of
this process and carry it all the way through. For that reason, we are

talking in terms ot a software alliance whereby a group of institutions and

individuals would form a censortium to carry out the necessary steps.
Another way of expressing this chain of events is to identify three
types of activities: (1) Research and implementation, (2) evaluation and
ret.sement, (3) dissemination and support. To make this somewhat more
tangible 1et me use EISPACK as an example. The research and implementa-

tion for EISPACK was all the work over many years leading to the Algol
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versions as published in Wilkinson and Reinsch plus the additional step
of translating the Algol into Fortran. Evaluation and refinement was
the field testing on various machines as carried out by the NATS project.
The dissemination and support is the activity of distributing these rou-
tinés from the Argonne Code Center and supporting them as specified in
the statement of certification.

For the most part, present day efforts to provide mathematical soft-
ware are not integrated over the chain of events described above. 1I. be-
lieve you would bé able to find all of the steps going on and in some |
cases there has been an attempt to tie them together. But there has not
really been an organized attempt to focus on the process itself -- the
whole process. We could talk in terms of forming some sort of comprehen-
sive mathemafica] software institute in which all the types of talent
would be concentrated. I think that is an unrealistic extreme. A viable
middle-ground approach is the concept of an alliance to focus the effort.
In the working paper we give a number of examples of activities appropriate
to the three stages. It is not meant to be an exhaustive list. I am sure
you can add to it. Scme of you might want to modify some of the items
on it. |

Now I would like to say some specific things to set the stage for
further discussion. I do'not believe that this is a group where we can
actually engage in detailed planning of exactly how we are going to or-
ganize a new structure. I do think, however, that we can attempt to find
a sense cf the general direction we want to go. Assuming we are success-
ful in that then I believe that the following specific steps should be

token. In the first place, there will be a report of this workshop. We
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have been using the tape recorder and we will transcribe this material,
edit it, and include it in a report to the National Science Foundation.
Following that, Lloyd and I expect to write a joint proposal for the
formation of an advisory panel such as is described on pages 5 and 6 of
the working paper. This would be a group of six to tweive persoﬁs who

are recognized and respected authorities in mathematical coftware. This
group would give expert technical guidance in the choice of particular
mathemztical software objectives to pursue as tasks of an alliance. Hope-
fully, this would stimulate proposals to carry out thcse tasks. The group
of experts would continue to review the objectives and evaluate progress
toward them. The advisory panel may decide to form an executive board

of people who are going to meet rather frequently and do some concentrated
work. Tnic is the approach advocated in the working paper.

The advisory panel could begin by reviewing and assuming policy
guidance for two activities now being proposed which will likely be under-
way by the time the advisory panel is formed. The first of these is
INATS II which is a joint proposal from Argonne, the University of Kentucky,
and JPL. To build on our experience with NATS we propose to carry out a
similar set of activities for various routines. We have added a research
and implementation component and have made an attempt to find a mechanism
for paying the test sites for some of their activities.

The second activity has been proposed by Lloyd Fosdick and is concerned
with the analysis of mathematical software. He discussed his approach
on the first day of the workshop. The rational in asking tﬁe advisory
panel to look at these activities is that both of them would appropriately
take place under the auspiéé; of a mathematical software alliance if there

were one.
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The advisory panel and executive board would also be concerned with
further development of an alliance by Seeking to estab]ish centers-where
certain types of activity would be focused. As you can see from the -
working paper we have tended to associate research and -implementation
with the university setting, evaluation and refinement with the national
laboratory setting and dissemination and support with the private sec-
tor. Because of the peop]e who are involved, the University of Colorado
and Argonne Natibna] Labbratory are natural candidates for the university
and national laboratory. But, of course, that is-open to further di;-

.

cussion.

REMARKS ON IMSL LIBRARY ACTIVITIES

Edward Battiste - I want to thank Wayne, Lloyd and Gordon for having

us here. We are one of the few private‘concerns in attendance, énd our
area of interest is exactly the area of interest of this group. I was
asked to talk about IMSL.activities; They are all well explained in bro-
chures which are laid out hére and you are welcome to‘copies. (Please
do not take the order blanks. Those are reserved for those attending or-
ganizations whjch hdve not subscribed.) In my discussion, I will make
some points.pertinent 1o the_a11iance, then tell you where IMSL is today,
_and what we intend to do. Also, I will remark on several points made by
previous speakers. o

My remarks pertinent to the a111an§e are stated in the form of
enigmas. The 1ist is not exhaustive; however, I feel that these points
certain]y should be considered as we more tdwards an aT]iance-type or-

ganization.
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1. The "Committee" Enigma

At a certain point in software development, committees become a
vehicle for discouraging the application of effort in the timeframe
necessary for completion of the detailed productive task. That point
is reached when software is being developed for dissemination, as opposed .
to development for examination, of algorithms. This problem is especially
critical because everything in computing evolves so raﬁidly. The committee
that developed NATS (if it was a committee) was well ruled; NATS did dis-
tribute very good work. Generally, committees cannot make decisions in
the detail required for production in a timeframe which cdnsiders that soft-
ware is needed by users before its base of usage (languages and computers)

dies.

2. The "Expert" Enigma

One might think that experts were not available in the desired quantity
to an organization that had the intent of producing good software. We
asked only eleven advisors to join us. They were asked because we knew
them and knew of their work. Not all of those needed v.cire asked. But,
a11 eleven joined and took the part that we asked them to take. Monetary
gain was apparently not involved in their decision. Experts are available,
and they will be available to the alliance also. However, people who have

been invoived in 1ibrary development know that people are not available

to apply control to development over a long time period. How do we evolve
a system which allows expert input, continuity, and continuous control,
for software development (not algorithmic development, but software de-

velopment)?
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3. The "Do-It-Right-Once" Enigma

Many people have started 1ibrary development. Many people know some-
ting about the subject. Some may still feel that it is possible to do it

.right once (at last). Beginnings are easy. Long-range ideas are very

difficult to bring to fruition. Mechanisms for evoluation must be built

into library development procezses. These must allow usage during evolve-

ment.

4. The "Software is Inexpensive" Enigma

Software certainly won't be inexpensive for the alliance to produce,
and it is not inexpensive for IMSL to produce. Our costs, for intial de-
velopment, ranged from $600 to $6,000 per code, up to the point at which
maintenance began. These costs were minimal. I do not believe we wasted
money; we do not have an organization that can allow waste. Also, we
really operated more as a benevolent dictatorship'than as a committee.
Some aspects of software development require extreme orderliness. Our
advisors aided us by giving us the input asked for and by not really dic-
tating to us. This was correct, because4a'devé10pment group can only
take input of the type that is available from a talented grdup o¥ advisors
in the order in which it can be imp]ementgd. ‘However, during marketing,
we were told several times, by very experienced computing specialists,
that a lease price of $720 per year for 250 subroutines (which cost

$375,000 to produce)was much too high.

5. The "Control is no Pyoblem" Enigma
People (those who have not built libraries, for example) seem to

feel that the task of obtaining a correct, running, tested program is
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the major problem in software development. Control of the development,
testing, testing maintenance, document evoluation, personnel interaction,
and code maintenance of a growing, interleaved set of abilities, is the
whole problem. Obtaining one well programmed code is no problem at all.

Control is no problem if it is not attempted.

6. The "Profit Motive" Enigma

(Someday we hope to have a profit motive!) Maintaining continuity
of effort in a detailed software (not algorithm) development, is difficult.
Several points can be made. First, each person must have knowledge that,
with the resources at his command, he has the ability to do the job well --
each person, not just the designers and the “"thinkers." Sécohd, each person
has to have a horizon which allows him to feel that movement of details
to other shoulders, some day in the future, may be feasible. These shoulders
can be "human shoulders" or "automation shouilders". Third, this effort
‘requires control which is implied by a slightly dictatorial system during
the development phase. The efficiency dictated by an organization which
relates its efforts to providing good results for potential monetary gain
is probably necessary. A profit motive does not mean that research will
not take place. I do not understand that as re}ating io the profit motive

in any nonpositive manner.

7. The "Giant-Step-Forward" Enigma

The fast evolutionary nature of this industry demands small steps in
order that good work reach its audience at all. The pertinent audience is
not "research" or "academia." Most of the scientific computing in the

world in done in industry. That is the audience that needs our work.
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8. The "Cerfitication" Enigma (This is not really an enigma)

The process of certification implies an expansion of the required
timeframe that is worrisome. We should nof take too long to certify codes;
certainly everything cannot be certified. The selection process for codes

whiéh are to be certified must be a good one.

9. fhe ﬁGraduate Student" Enigma

IMSL needs good programmer-analysts. These are programmers who have
been .put past a variety 6f scientific computing tasks many times. I
disagree that development can.currently takeiplaée in universities. By

| deﬁelopment, I mean development of codes that are tailored rather precisely

to ine‘good results. This situation may change, but change will take a
long time, and, at the moment, I do jot see the university as being able
to disseminate codes to the proper audience unless the certification process
is quité good. I dn not believe that a graduate student can be a good
programmer analyst for this type of development wofk. They have othér
desives, and time requirements, and good programmer analysts need much
well-directed training. |

That completes the "enigma" diééussion. Those’"enigmas" are a part
of the reason for IMSL's entry on the scientific computing scene.

What is IMSL doing today? We have ré]eased three libraries, which
we keep parallel in content and ability. Most of the people who came with
us came from IBM. Thus, we developed our first library on IBM equipment,
using assembly language at times. For our other libraries, we do not have
the resources to continue that (assembly language) attitude. When we map
our 1ibrarie§ we map them in FORTRAN. Quite often we change thé'aigorithm

in mapping, but more often than not the algorithm remains the same.
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Our advisors: Here's what they do for us now. They direct us to
good algorithms. They answer our questions when we ask them, and they
help us in marketing by,mentibning our work. Sometimes they test for us.
We hope that our relationship with the advisors is in concert with their
interests and time constraints. |

Testing: We do all testing "in-house." We have documented standards
which are evolving and which have not yef been published. 1In our testing,
we consider the various algorithms used, and-test over their ranges,
against references or long precision versions of the codes. We are es-
pecially careful at "cross-over points". We test all basic blocks, and
perturb all the logic (although not in the depth that Lloyd has discussed
at this workshop). We perturb all error indicators. Most of our initial
maintenance letters (noting code changeé) were generated by IMSL. We
" required that our own people build applications programs using the library;
this generated code changes. We obtain a great dedl of good information
from our users -- the University of Colorado pointed out an error recently .
referring to a situation that was not diScussed in the 1iterature-and that
was not detected in testing. By and large, maintenance'chgqgeé have been
no problem, but'many afe still generated by us. :

Qur original intent was to build a set of‘kernels-which sban, in some
manner, mathematics and statistics. We included evelution (new editions)
because we knew the set could not be perfect at any given time. We hope
that this basic set of 1i5raries will pay our expenses. On this base, as
we grow, we intend to build application programs. Many industrial organi-
zations do not like the task of picking out the set of kernels that go |

togethéﬁ-to solve even a simple pﬁobleh} Application programs will be
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our second level of endeavor; we are just embarking on these. Our third.
Tevel will be to take chapters of codes which we think are adequate and

to put them into an environment for access by workers in a particular fieid,
perhaps interactively.

We would 1ike to be able to study portability and hope to have that
opportunity. One speaker mentioned that portability was of utmost impor-
tance. From the point of view of a user in an industrial environment,
there is only one thing that is of the utmost importance -- a correct answer.
If one contemplates or philosophizes in an industrial environment and spends
a year on "how a code can be made portable," nothing is accemplished. There
will be no answers (and there will soon be no group). In present company
the topic is a valid topic.

Our prob]emsz One of our problems is the marketplace. Unfortunately,
we have to market this product. There are no salesmen that are trained to
do this, so that we are deeply involved in marketing the product. Fortunately,
"hard se]]“vis not required. |

We have some personnej problems. Some personnel do not 1ike the con-
trel requirement for.production of a product which run on computers. Others
do not 1ike chaos. We are handling that problem fairly successfully.

A major problem, in software development is clerical in nature. We
need a giant system. Right now we use 195's. Card handling is a terrible
task. Everyone needs a desk temminal in our environment.

Another minor problem is thét in 1ibrary déve]opment statistics is
different from mathematics. Note that our advisors are heavily weighted
in favor of numerical mathematicians. Not many statisticians are really

interested in this topic. Also, statistics does not "kernelize" as well
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as mathematics (there are some chapter exceptions). This is a problem
because our library is not only a numérica] analysis library.

Our three major problems are:

1. The automation of documentation, both for our development, and
for use By our subscribers. We think the Argonne documents are excellent.

2. Portability: We want to produce one library.

3. Testing - both mechanisms and maintenance of test codes. Our
accuracy statements must be upgraded. We maintain, now, 800 programs
and 1200 test codes.

Because of the need to investigate these areas, we do not consider
that a Tibrary structure change will be possible before 1976.

Further comments on the alliance: First, I feel that I should alter
- some statements which are before you in the second working paper. IMSL
does not maintain that more than one level of quality is acceptable. We
feel that users need good software and that the timeframe required for
bringing a broad range of software to one 1evel of perfection is quite
long. On our approach to certification: Our advisors do not certify our
codes.

Second, and finally: I do not believe that there is any organization
on earth, public or private, that can support a code which it did not de-
velop. The alliance mxy be able to do so at some future time; maybe some
ideas which were mentioned here will allow such support. Support is a
very "tough topic", as you know, and IMSL feels, today, that it only can
support thgse codes which it produces.

Thank you again for inviting us and for allowing us to present our

ideas.
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NSF NETWORK, ACTIVITIES AND PLANS

~

Gondon Sherman - As you all know, the chief interests and purposes of

the National Science Foundation are in supporting basic research and improv-

ing the general health of scientific research in our nation. In particular,

NSF has supported basic research work in modern computing, computer science,
computer usage in education, and also different projects designed to make

computing facilities more available to researchers, particularly those in

large universities. Over the last several years the Foundation has supported

much work in networking. The computerized regional education project is one

of our major efforts but, in addition, the NSF has supported many other pro-

Jects which have been aimed at bettering the practical knowhow aslwell as ‘
the technology of networking. The emphasis has been on shéring scarce \
computer resources.

Recently, the Foundation through the Ovfice of Computer Activities, has
brought all these varied programs together under one program. It's an ex-
panded research program that could lead to the development of a national sci-
ence computer network. Such a network would 1ink colleges and universities
and other ijnstitutions in national support of computer oriented research and
ecucation. There are many complex problems involved in constructing a net-
work, and in particular, constructing a large national network as we now en-
vision. The tough problems aren't all technical by any means. Many belijeve
that the most important problems have to db with the management of networks,
financing them, and scheduling the use of hardware and data banks and making
necessary software available. The advantages, I think should be clear to
almost anyone and could have a positive effect on other current research in-

terests. For example, another program we have in the Foundation has to do
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with improving the quality of‘gbftware and particularly portability of
software. One of the things we have.found out,‘as exemplified by the NATS
project, is that quality software is veky expensive. It is far more ex-

pensive than was.formerly believed. If large networks were constructed an¢
were successful, it would go a long ways toward helping to solve the prob-
lems we now face in the portabi]ity of software and the availability of
high quality software.

Computer graphics is_another example. Many new and interesting things
are developing in the application of computer graphics. It's a wide open
area, and there are many useful applications that are yef to be uncovered.
But much of cbmputer graphics is expenﬁive and doesn't even exist at many
places. A good working network could be extremely valuable in providing
computer graphics to more researchers. |

With respect td the newly announced networking prégrém, 1'd say that
right now the main objective, as I see it ényway, is to visualize before-
hand as many of‘the potential problems of implementing suéh a network as
~ we can. That is, before actually constructing this ﬁetwork we want to
identify some of the problems which would crop up, to foresee some important
things, and to do some invéstigation and experﬁmentation. We want to do all
we can td plan a network and do it well. Another objective, I would say,
would be to help justify the cost. The resources whiéh it woﬁ]d take from
federa]lfunds_must be justified if it is decided sometime in the future to
actually implement such a nétwork. We are looking for help from qualified
computer scientists and_fnterested people. If you have any ideas for a
project which you would 1like to do and which may haQe a bearing on the sub-

ject, people at the Foundation would be interested in talking to you.



The program is a National Science Foundation program, and it involves
several offices at the NSF. The Office of Computer Activities is the
coordinator of the program, but also the Office of Science Information
Services is very much involved and has supplied some of the budget money
to support the program. Dr. D. Don Aufenkamp of the OCA/NSF is the pro-
gram director. There is also interest in computer networks within other
programs in the Foundation, for exampie, mathematics, chemistry., biology,
and social science. If, for example, some aspect of a proposal involves
mathematics but also has a bearing on the National Science Network, it
rmay be that both OCA and the Math Sciences division of NSF could be |
involved.

We're just entering the planning stage. I have a limited number of

descriptive brochures here which I'11 pass out.

143
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QUESTIONS FOR SUBGROUP DISCUSSION OF TOPIC VI

1. A basic assertion in the working paper on a mathematical software
alliance is that "the present situation in mathematical software is
unsatisfactory and new'approaches are required." Is this a tenabie

position?

2. The working paper fakes'as a premise that "an alliance of institutions
is needed to provide the necessary range of talent to produce, evaluate,
and disseminate mathematical software.” Is.this premise justifiable?
(Presuhéb]y the'alternatives'are "more of what we now have" or a cen-

tralized "institute for mathematical software.')

3. The working paper asserts that mathematical software eVo]ves through
three stages. The software alliance ofganization is based on this
assertion and associates Stage I with universities, Stage II with
government.laboratories and Stage IIT with the private sector, Are
these stages.a valid model of the development process? Is the pairing -

with institutions meaningful? Is the pairing oversimp]fied?"

4. How can a computer network be utilized in testing muthematical software?;

in disseminating mathematical software?

5. Assuming that the answers to the first three questions are basically
-affirmative, is the Advisory Panel/Executive Board approach described
in the werking paper a viable way to establish and administer the

alliance?
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Assuming basically affirmative answers above, which of the four

plans presented in the working paper appears to offer the best hope
of successfully meeting the objectives? What alternative plans as
a sukbstituta for or modification of the four do you suggest? Please

document the answer to this question, especially by commenting on

the arguments given in the working paper.

. If any of questions 1-3 or 5 above were answered negatively and

alternatives proposed then this constitutes a request for compari-

sons with the approaches in the working paper.

On page 11 of the working paper under "comments on the involvement
of the private sector" tentative conclusions are reached concerning
the distribution of costs. Are these conclusions valid, partly valid,

or ralse?

Cowell and Fosdick estimate that the annual 0perating cost of a mathe-

matical software alliance would begin at abcut 500K and stabilize at

around 1M. Are these figures high, low, or about right?
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REPORTS OF SUBGROUP DISCUSSION OF TOPIC VI

Stuant Lynn - On question one, the assertion that the present situa-
tion in mathematical software is uhsatisfactory, I think there was very
littie discussion on that, I think{we all agreed it was a tenable posi-
tion. That's why we're here.

The second question was somewhat more extensively examined. It
inquired as to whether an alliance of institutions is indeed necessary to
start attacking these prooiems. We did conclude that such an alliance
wds necessary, even though we didn't fully understand the details of what
such an alliance would look like. That was discussed later. We ditcussed
that fact that perhaps NATS and the upcoming NATS II may be somewhat
typical of what might be expected. The principle difference between the
NATS projects and the proposed aliiance is that the é]]iance would probably
have more continuity and permanence and it might be able to subcontract or
at least be able to advise on subcontracting money. There was some concern
expressed that the alliance might be exclusionary in that it might only
direct funds toward those institutions that are involved with the alliance
and exclude others. Hopefully steps would be taken to assure that that
would not be the case.

There was a strong concern about the fact that the aliiance as dis-
cussed and described does not attack the important problem of user recog-

- nition of this area that we think is so serious, and establishing that it
is indeed as serious and important to them as it is to us. It was clear

to the group that there would be a need for the alliance to be very
actively engaged in attacking this problem through various techniques of
marketing, through efforts to drive out bad software one way or another.

There was some concern that such software might not be so easily driven out.
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There was a lot of discussion on precisely what the prime objectives
of an alliance are. Are they principally concerned with methodology of
testing and certiiying and producing software, or is the prime'concern of
the alliance to be with the actual production and dissemination of soft-
ware. I think it was generally felt that production and dissemination were
objectives that shoqu assume much lower priority in the alliance than the
objective of evaluation of existing software. It wasn'i clear to the group
whether it could effectively engage in production and dissemination. This
is not to say that thesc activities should be e*c]uded entirely because the
prime objective of studying methodology must be served by becoming involved
in problems associated with production and disseminatjon as well as evalua-
tion. One point of view was that we may lose our credibility if we gain
the reputation of trying to push our own products just because we produced
them. - This conflicts with objective evaluation of other products. We
reached the consensus that an alliance is needed in come form. Primarily
it should focus on questions relating to eva]uation‘and methodology. Pro-
duction and dissemination are far less certain as objectives requiring far
more careful consideration in the future before embarking too heavily in
those directions.

The next questidﬁ concerned whether or not the three box model was a
valid model or whether it was an oversimplified model. The model as
described was somewhat oversimplified; basically the labels in the hoxes
were indeed correct but the flow between the names might not be correct.
Many alternative flows would have to be considered and many types of feed-
back might occur between these areas. It was also expressed that careful

o consideraticn needs to be given to insuring that there is indeed a flow of
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people between these various areas of responsibility. There should be
a constant chain of people who become familiar with all the various prob-
Tems of all the various areas in order to keeb people excited and motivated.

We then started to examine the question of whether the institutional

‘pairing proposed was indeed a valid pairing. I think we rapidly established

the viewpoint that it was sufficient but not necessary. There are many
other alternative pairings which might be considered. There was also con-
?grn expressed about the role of universities in implementation of software,
whether this is indeed the principle role that universities should be
p]aying.

we skipped the question on network utilization because we felt that
it wasn't in the mainsfream of what we were trying to do in this session.

We had a long discussion on the question of the viability of this

' advisory board and execugjve committee structure for the alliance. We

Y
felt that the responsibilities as outlined in the reports were not suffi-

ciently proscribed to permit definitive statements as to whether it's the

most suitable approach to take. -We felt that the advisory board was pre-

- sented in a way that confused two roles which tend to be distinct. One is

the technical advisofy role aﬁd the other is the role concerned with re-
sponsibility for the estab]ishment of policy and planning, general coordina-
tion, and management. These two roles are 1o§ica11y different and perhaps
should be separated in the future. After a wide-ranging discussion of
technical résponsibility and_reéponsibiiity to the funding agency, we
reached a consensus that a pkOposal to the NSF should be made to estab]igh
that we named ah_advisory council. We never established how pe0p]e shou]d_

be appointed to this council but we felt it should have wide representation
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to engage in the detailed preliminary planning and establishing of policy
for an alliance of those éoncerned'with mathematical software. Among
other things the council should carefully define_fhe administrative struc-

~7 ture of an alliance, paying attention to the following three components:
(1) the technical advisory component, (2)‘the policy and planning compo-
nent, and (3) the operational component. The council should carefully
examine how the proposed administrative structure would interact with
other boards and with NSF. | ‘ |

As I indicated before, we never decided precisely ‘how we were going
to establish this council, but we did indicate that it should have repre-
sentatives from users of mathematical software and from fhe private
;ector as well as ;xperts on mathematica1<softwareﬂ |

We did raise the question-as to Qhether there were any viable alter-
natives to the proposed approach. One alternative that was suggested was
E non-profit foundation instead of the proposed'councfl. There weré
certain advantages to that since it was felt that the administrative struc-
ture would be much more clearly defined but there was a question as to
whether anybody would want to pursue this approach.

At this point we did not atFemprto look at variousradmihistrative
structures since we thought thi§ W;; something the coﬁﬁci] could come to
grips with. But we did point out that we thought theggorrect'approach was
for the council to decide what it was going to do, and fhén how it was go-
ing to do it. In other words, structure should follow much later in the
planning. | |

A couple of additional comments are worth féporting. It was remarked

that if production was_something that the alliance did engage in there
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should be a charge for the software for several reasons: one is to be
able to re]ate more fairly to the private sector. Another reason was to
weed out the guys who want anything for free. You tend to use a produét
that you pay for.

We felt that questions of funding would follow later. We didn't
feel we had enough information to séy what level of fuding was appropriate
at thjs'time. Again it's a question of deciding what we're going to do,
then working‘backward. It -is important that priorities be established and

money be spent Wise1y. I think that concludes what I have in my notes.

/
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Charles Lawson - I think Stuart has simplified my job. That was

very well organized. I am happy to say he hit many of the same points
we talked about. I will try to fill in where I think we may have had
something additional or different to say.

On thé'first question, we did expand a 1ittle more on whether or not
we have a problem at the moment. The first thing that comes to mind is
whether one could say that a major project might fail due to bad mathemati--
cal software; but in fact, ho one in our group Seemed to be ab]é to come up
with specific examples as extreme as that. The more usual problem is that
unre]iable‘softﬁare is costly because valuable resourcés are wasted. Users
try different subroutines or write théir own. The computing facility has
to store and keep track of an excessive number of subroutines because they
do not know which ones they could throw away. A]sb,-there is the feeling
that there's a real need for better program development metﬁods, especially
if future programs are anticipated to be more comp]ek'than pkesent ones. .

" We got into severé] controversies on question two. One of them 1ooked.
1ike the following. Given that the main pfob]em'is the excessive number of
bad subroutines a direct attack on the problem would be to try to identify
these bad subroutines. ‘This would imply that an impoftant mission of an
alliance would be te test all available subroutines of a certéin type and
identify the good and bad ones. Computing facilities could then get rid B
of the bad ones.'4This‘wou1d_imp1y that the a]]iance-shoﬁ]d cohcentrate .
on éva]uation rather than production. Part of this viewpoint ié the ten-
dency to think of evaluation as an e]aborate'process as witnessed by our
debates over the definition of certification. But it was brought up in our

discussion that the identification of bad software is not necessarily that

J
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elaborate a process. The paper By Wampler of NBS was mentioned as an
examp]e of testing that used only two test cases. .But it was performed
and reported very carefully and the tests were reproducib]e. It gave ob-
viously bad ‘marks to quite a few routines and atcording to Hans Oser, the
Nétiona1'Bureau of Standards has received many inquiries about this paper.
They feel it has had a big impact. 1 do-not think we were saying that
eva]uat1on is always simple but neither does 1t always require the full
force of a lot of experts to eliminate inadequate codes,

- The other Qiew is that it is cﬁeaper to have an expert produce a good
subroutine than to evaluate all existing subroutines. An example of this
would be the NATS project where there was no effort to conduct a survey.
There was just a feeling among certain experts that the wiikinson codes
represented the best way to do it and so they went in and did it.

Another controversy centered on the separation of production and eval-
uation. One v?gw'is that such production as is done by ;he alliance should
_be done by dif?erent people than are doing tﬁe evaluation and prgferab]yv
under different roofs. This would follow the practicesmbf some 1argé commer-
cial software companies that have found this is the most effective way to
produce re]iabié software. Those holding a different vfew pointed out that
the NATS project has not so far sepakated pfodhbtion fkom.evaluation, ana
that past history dues not show enthusiasm or competence to evaluate mathe-
mat1ca1 software by persons who are not involved in 1ts production. However,
thenEISPACK experience may not be typical in the sense that there was a co;;
ripe for harVesting,'and that exact parallel situation may not come up again.

Question three asked whether the threé'stages of the working paper

constitute a reasonable'model. It was SQQgested-that one might idéhtify
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five stages, namely, algorithmic de9e1opment, systemized packaging, evalu-
ation, distribution, support. I thfnk the key thing here is separating
distribution and support because there seemed to be a feeling in our group.
that support has to be tied c1oee1y with either evaluation or development.
The people who give answeks of a supporting nature are the ones that have

done either the development or the evaluation. Also the people who do

- the evaluation are interested in feedback for their own professional in-

terest or better understanding of the problem. Are the pairings with
institutions meaningful? Well, the pairings were fairly arbitrary and
might be okay as an administratfve umbrella. But it was pointed out that
the NATS experience so far depended on results developed by Wilkinson

and by Cody, nefther of whom were in a eniversity. So the idea that de-
velopment belongs in a university still is an abstrect notion, rather
than ref}ecting how tqings have been done. Again, in a separation of
tasks, we felt that'distribﬁtion by itself is probably not a commercially
attractive enterprise. i

We saw question four the §ame as the other group. No comment.

‘ On question five, the-adVisory pene1-executive board sfructure'was
aecepted unanimously by our group. It seemed te be a major point of dis-
cussion in the other group. However, later discussion did bring up the
question whether the advisory panel would inc]ude people ohfside the nu-
merical analysis community, for example, gtetisticians.

On the budget quesfion, we pretty much accepted what was suggested
although this matter of the importance of production was discussed qu1te
a bit in terms of budget. Some peop]e felt that not more than 10% of
the budget should go into product1on because the main unique impact of

this organ1zat10n would probab]y be 1n eva]uat1on
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Now that finishes my report on the questions as listed, but we got
into a terminal discussion that took us back to the goals of the organi-
zation. These were broadly seen as research and application in areas of
software development that would have an impact on real problems. It was
felt that the research in the areas of testing methodology and programming
methodology were probably more significant things to shoot for than the
area of algorithmic development. This would also be there, but is not
quite so uniquely associated with this organization. The organization
should stimu]até research in other areas than just what it was doing itself.
My own thought is that the 1ink between research and the user is one of
the more unique things about this organization. Research does go on right
now, but it does not get pulled all the way through to the users. Appli-
cations are surely handled, because a person can go out and contract for
somebody to write him a differential equation subroutine and get it writ-
ten. But the unique thing about this alliance is trying to carry a Speci-
fic research effort all the way through to the end users.

A couple more miscellaneous remarks. I think our fee]ing was that
the private sector did not fit into one box the way it was shown in the
diagram. Some studies have shown that private companies can do a more
economical job of software production than a university computing facility
can. So, maybe the production end should be farmed odt to the private
sector in some cases.,_So the involvement of the private sector should
be kept more flexible, and used where it is more appropriate. Also, it
seemed like centering things at two places was probably not terribly ap-
propriate. But this ties in with what Stuart said; after the goals are

better formed, the structure will follow.




LIST OF ATTENDEES

Thomas Aird
Purdue University

Edward Battiste
International Mathematical &
Statistical Libraries, Inc.

Jares Boyle
Argonne National Laboratory

Wayne Cowell
Argonne National Laboratory

Augustin Dubrulle
International Business
Machines Corp.

Richard #airley
University of Colorado

LToyd Fosdick
University of Colorado

Fred Fritsch
Lawrence Livermore Laboratory

William Hetzel
University of North Carolina

Thomas Hull
University of Toronto

Yasuhiko Ikebe
University of Texas

Fred Krogh
Jet Propulsion Laboratory

Dorothy Lang
University of Colorado (student)

Charles Lawson
Jet Propulsion Laboratory

M. Stuart Lynn
Rice University

Cleve Moler
University of New Mexico

A. C. R. Newbery
University of Kentucky

Edward Ng
Jet Propulsion Laboratory

Hans Oser
National Bureau of Standards

Leon Osterweil
University of Colorado

John Rice
Purdue University

Walter Sadowski
National Bureau of Standards

Gordon Sherman
National Science Foundation

Lyle Smith
University of Colorado

Roberta Smitn
University of Colorado

Seldon Stewart
National Bureau of Standards

Henry Thacher -
University of Kentucky

Joseph Traub
Carnegie-Mellon University

Jeffrey Wright ,
University of Colorado (student)

Jacob Wu
University of Colorado (student)

David Young
University of Texas

155



