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As computers make more and more incursions into all fields of engineering, undergraduate
education must undergo some necessary changes to incorporate the various new technologies. To
do so, new approaches are needed. One such approach is the concept of computational recipes. In
this paper, the above issues are discussed in detail and the new concept of computational recipes is
presented with examples related 10 numerical analysis for civil, mechanical, aeronautical and
aerospace engineering. This new concept, if adopted, will greatly influence the computing part of
the engineering curriculum.
INTRODUCTION Consequently, many engineering educational pro-
grams are laggmg behind, and very often, itis left to
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SINCE LUlllpulCIb arst dppt:drcu Lompunng has
been introduced gradually in many, if not all, fields

of engineering curnculum so that now it is con-
sidered a fundamental plllar of engineering educa-

tinn
uiJii.

Far conreeg raaniring hanuvy mathamatinagl
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and numerical calculation, the change was import-
ant. With every generation of computers, the con-

tents of these courses have to be adapted
ar‘r‘nrd1ncr|v The introduction of the microcom-
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puter produced a drastic change which is still going
on. Now that the evolution of the computing
industries is occurring so quickly, Changes to the
course content have to be continuou

Most of the engineering educatlonal programs
accredited in North America (ABET Accredita‘

tion Board for Engineering and Technology, USA;

CEAB, Canadian Engineering Accredltatlon

Board, Ca.nada) include computing as an nnportanf
and integral part of any engmeermg curriculum.

The tearhinag af raomnnting ~ancicte nrimarily ~F
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developing the computer programming, expertise
and know-how of the student. Implicitly, this

reqlil.rement consists of lea.t‘nlng how to develop,
w_nte debuo and run a program, as well ag how to
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properly use and run existing programs and soft-
ware. In both cases, the student learns not only how
to get the right results but exactly how the com-
puter reaches the solution. Until recently, the
attempt to reach this idealistic objective was more
or less successful. Nowadays, it is extremely dif-
ficult, if not impossible, to perform this task in a
satlsfactory manner. Despite this fact, the above
requirement is still present in all curricula.

The rate of transforming the curriculum to

I'P'ﬁPl‘f and adont all the naw comnuitine tanhninnac
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is not following the fast rate of their evolution.
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required changes to the courses.

On the other hand, the miniaturization of hard-
ware and the introduction of the microcomputer

nraducad a Aractis changa in camnuting and in tha
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way we deal with computing. What was expensive,
remote and inaccessible, is now available and
cheap. Suddeniy, most of the complex numerical

and comnutational techniouec develoned gnecifi-
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cally to reduce cost and effort, lost thelr raison
d’étre’ and consequently their value for educational

purposes. This situation is likely to repeat itseif
because computer technology is evnlvmc at a very

i S TTEEETTOS 7T =T i
fast rate.

To deal with the above concerns, a reassessment
and a reorganization of the teachmg of computing
has to take place, and new approaches have to be
developed. In this paper, the concept of computa-
tional recipes is introduced and compared to the

nrecent annraach af teachino comnuting Thic new
PICSCL approadi O wWoaliing Compuung. 1.1s Nnow

concept, if adopted, will greatly influence the
computmg part of the engmeermg curriculum. In a

conventional engineering curricuium, computing is
introduced to the student thrnncrhnut the full

academic program. This is usually done both in a
direct and indirect fashion, and examination of

Ji 18 T, .
U UCIOW,

PR Wy PO e

both techniques is consider

DIRECT LEARNING

The direct teaching of computing can generally
be divided into three separate but interrelated
courses.

Introductory course

All the engineering schools and universities have
their programs, for their preparatory or first
r,a opnernl comnuter course introducine the
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student to the computing world. The contents of

this course varies tremendously and can be sum-
marized by one or more of the following items:

(1) ageneral introduction to computmg and com-

puting methods for engineering probiems;
(2) an introduction to computing languages witt

1011 U COIMpuUuLiTy 1diizudges

emphasis on a particular one. Traditionally,
the most taught language has been FORT-
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may be taught.
(3) an introduction to numerical methods and
analysis;

y an introduction to what t
) anntroguction ¢ what t

the basic utility software: spreadsheets, word
processors and graphics, via well known com-
mercial software, i.e., Lotus, WordPerfect,
AutoCad, etc.
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Numerical analysis course

This intermediary course is a follow-up to the
previous course and is taught in the middie of the
Program. It mainly consists of exposing the student
to the numerical techniques requlred in the various
disciplines of engineering The basic objective is to
provide the numerical expertise, and practical
experience with systems and devices, so that the
student will progress easily and comfortably in the
computing manipulation of the succeeding

enomeaesring onnreac
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The contents of this course include many of the
following topics:

(1) review of linear algebra including matrix
operations;

(N enlitinn nf 2 cuctam A
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solver and its many variations;
ord'mary and partial differential equations,
and their applications to a particular disci-
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eigenvalues;

applied regressron analysis;
numerical rutegraﬁou

finite difference method;

finite element method;
stochastic processes;
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these toprcs At le t five or six of them consti
the basis of this course. The selection of a particular
topic versus another depends solely on the
tearhar’c banbn-nun-l amd anon 2 tooelia s tha
swaLaivi O avhpluuliu alu €asc lll I.Udbu.uls uic
subject. Also, courses have been set and organized
differently from one university to another, to

compiement the particular need of a curriculum

Advanced computer/numencal analyszs course
S PR . |

In the final year of the Curncui.um an advanced
computer/numerical course is nnrmn]]v devoted to
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a particular dtscrplme, for example, the computer
analysis of structures is adapted for civil, mechani-

cal aAarAnassds S

Cal, acronmautical and aerospace engineering.

latlng computer programs and software In prac-
tice, computer maﬁip‘maliOﬁ is included in each
assignment and classwork. This includes reading,
writing, debugging, and manipulating computer

codes and graphics, assuming that, as a result of the

twn nreviniie ennreaee tha ctiidant i comfartahla
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and familiar with the programming languages,
techniques and styles used for this course.

INDIRECT LEARNING

Many courses have adapted the computing

process to their particular needs and, indirectly,
they are reinforcing the computing knowledge of
the student. It is difficult to assess the benefit to the

ctndant nf thic indirant avnacuire hut it cartainly
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contributes to the learning process.

Another form of indirect learning is due to the
fact that more and more teachers are requesting
students to use the basic nhiltv software (cnrr—'ln(‘i-

sheets, word processing and graphlcs) to prepare
their assignments This practice encourages the

Ao gL PR, P -

stuaent to UCLUHIC muuudr WILIL l.Il.C LUI[I]JI.I.I.C[

ASSESSMENT OF THE PRESENT
APPROACH

The field of computing is evolving very rapidly
due to the fast growth of new ideas, methods and

npprnarhpc To take ndvanmgp of the accumulated
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expertise and knowledge, more and more software
development groups tend to be multidisciplinary

different baekgrnunds for example, computer

science, numerical analyms, mathematlcs, optimi-
zation, and each provides a specific expertise to the

tanem

Lealil.

Consequently, many computer programs are the
products of the knowledge, experience and exper-
tise of more than one developer. They incorporate

a oreat deal of the collected exnertice on a enecific
a great aeal Ol the Couected exXperuse on a speciiic

subject, in order to assist and guide the user in
solving problems and reaching the correct results.
The sop‘nisi:ication of compuier programs has
evolved so fast and in such a way that it is more and

more difficult, if not 1mpossrb1e, to perceive how
the results are produced when you use a computer
program. This process is so time-consuming, that
more and more of these programs are used without
complete details of the computing process being
known.

TF ag exnected, teachers are co

CapvLivl, nalaivis &L

datmg and adding to the contents of thei
to reflect the new technologles how wi
P | S PRI Sy

age’ student cope with all the extra informatio
nrr-\cqnn:? Unfortunately, not very well.

" Withall the added corripieitity and sophistication
in computmg, most of the students are lost between

PR Sy R Py tamins and laarmning
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the computing related to that particular topic.
Ideally, they would be learning both. In fact, they
end up learning a little bit of both and not very well.

Warga gtill harnaniga samnnting 1ic cnngidarad “Hin’
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and ‘smart’, they may end up learning the comput-
ing part of the course rather than the actual course
material.

A typical example
The following example related to numerical

dlldlyblb Wlll [l(‘.'lp Cxpld.lll Uie blludl Oﬁ d SC UCU
above and facing educators in all fields of e

ing. Mangf recent textbooks of structural analysls
[1-4] include a detailed chapter or appendix on two

nr thraa Aiffarant annatinan_cnluarg wunt Arracra:
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ding programs and subroutines. One may find, for
example, a routine for a straightforward resolution
of a system of equations, another for the solution of

a gvstem of banded pq‘nnhnna and anonther neuﬁg
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the active column approach, etc. The authors of
these textbooks expect educators and students to

Spena some Ilme m erllﬂg COUCS as weu as
dehupmno and thoroughly underqtandmg these
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routmes, ‘otherwise they would have not included
all the details in their books.

On the other hand, every computer centre in any
educational institution has commercial
engineering/scientific/mathematical software with

one or more versions of the above equation soivers

[§ 6] Thece commercial nroorame are ctructured
[0 9 10E5C COMMCOICial programs arc struciurcG

and written by professional programmers and/or
computer scientists, and may outperform in space
requirements and resolution time, the correspond-
ing programs written by the academic engineering

o aiils WIILICL Dy 11c ALAUClIIC ©2 cIils

commumty.

An undergraduate student obviously has a fixed
amount of time to Spéi‘lu (8)7] 16&1‘1"ng equauuu-
solver techniques. So, what is the best alternative
for him/her: learning the basis of equation-solving
or learning the computing that is related to

ammatinn_enlvinag? Navalaning th

romnnting
u\iuul.l\.ux OWRVAILE ¢
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expertise of equation-solvers or developing the
computing know-how, again assuming that there is
not enough time to learn both? Is it better to spend
time on decinherine comnuter nroerams ortolearn
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the course material by manipulating these pro-
grams, assessmg their intrinsic values and selectmg
the right and appropriate program for the applica-
tion at hand?

The academic community may surmise that
manipulating computer codes is a good learning
exercise. The same can be said of any course
material, especially of structural analysis and
design, which is more appropriate to the civil,

mechanical, aeronautical and aerospace engineer-

|no hrnfﬂemnne ’T'n deal wnth thic ranrarn 2 naw
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approach, a revision or a reorganisation of the
present method of teaching and handling comput-
ing is required.

The following few guidelines should be consid-
haf~ i any chang

CLOIC Proposiig any Ciiange:
Engineers vs computer scientists
® The aim and uitimate objective of the engineer-

'mg curriculum ig to teach and educate enoineers

A AR B8 1 LA A QI ST SR GRS,

not computer scientists. Unfortunately, many
courses focus more on computing than on
engineering.

® In the last few years, the volume of knowledge
has expanded significantly and there is a tend-
ency among administrators and faculty members

t avrnand tha nndararadnata curricenlinm
w vnpauu i uliuvia 51 auuals CULLIVULIUEEE.

Increasing computing courses seems to over-
shadow the increase in engineering courses in
the curricuium.

@ Tfactuudanthacenme free time and wantc to lear
i1 a owaGoll as SULNLC 1100 uile ang ot acal

something new, it should be link d 0 a topic
tunately, and with the approva i of academics,
many students spend hours learning about new

computing ‘gadgets’ instead of dealing w
engineering material.

&

Teaching all the students not just the best ones

The objective of any faculty member is to teach
all the students ina class. In fact, the best students
in a group are going to excel with, or maybe
without, facully help What about the other ones? If
the right priorities are not set properly in a course,
an average or below average student may become
lost and spend more time and effort tinkering with

the comnnter than laarning the ecnnrce material
Ll \JUIIIH“‘.\II LiicuaL luullullé il VUL OW L1lildlwadcid.

Mastering the fundamentals, the assumptions and
the formulation of a particular engineering applica-
tion, is far more critical to the education of an
engineerine student than learning nrnornmmmu

LRIpAat Ll iln SRataly QL RGNS prVeAeinninlle

techniques and tricks to produce the software that
handles the application.

Leaving pure computing to the computing
community
If the subject at hand is pure computing, it should

bn laft t~ tha ramraiting anmmainide whisnh hag tha

woAvIL WU Ul \;UIILIJULJIIE \.aUlll.ll.l.l-lll.l.ly YWilvll 11ad Ui
appropriate knowledge and expertise to handle it.
The engineering community should benefit from all
the expertise it can get without recreating it. The

tunical examnle of Pqnnhnn-enlvﬂrc mentionad
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above is a good example for this guideline: the
programs and the professional software for the
solvers shouid be used.

Recently, new ideas, methods and approaches

hava haan nut farwvard ta taskla thic nrahlam Far
AIGYY UbvArdl Ul LUL YAl WV lavinuiy ULUD PLUVIVILL L UL

example, in the advanced structural analysis
course, appropriate computer programs |7, 8] have
been used to teach structural anaiysis whiie

prncrammlno maninulationg are left to gfrarllmfp

Vps Galiliinng LML LIGULILS Giv oavia LO-L1 Tt ke

courses, and to the research community. Another
approach is to use computational recipes.
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COMPUTATIONAL RECIPES

The idea hehind comnutatinonal recinec ic hacad
10e a oening cor HpulduUiad: 1CUIpPTS 15 vastla

on the fact that the ultimate goal of teaching some
of the numerical and mathematical topics men-
tioned above, is to identify their capabilities and
limitations, and to exploit them as tools to solve

problems. ‘All the available technological means
should then be used to reach this goal.

Definition
A computational recipe is an intelligent tutorial
system (llb) [9] which encapsulates all the avail-

ahla avnartica nn a narticular tanie and nfferc indo-
dUlL CApPUIUST Uldl a paiubuldl tUpIL aiil Vil s juug

ment and advice to the wuser’s particular
application. It is divided into three parts: a pre-

processor, the core system and a postprocessor
The preprocessor is an expert system which will

capture the information from the user, process it,
make comments on the nature of the problem and
propose recomimendations on how to solveit. Then
with the help of the user, it will select from the core
system the best procedure to solve the problem,
and run the appropriate corresponding programs.

hﬂ NNAro euctam ragrnlimno GII fhﬂ I‘f\"f"ﬂa(‘
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programs and procedures required to run different
types and variations of the particular topic of the
recipe.

The nnqtnrn(‘Pccnr another e)

help the user digest the results.

e
g
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=
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An attractive feature of this approach is that the

student can use the recipe at increasing levels of
sophustication, while gaining more experience. The

nre- and noagteavnmart cuctame will mravida all tha
pivT aliG poS=CXpCIt SysSiCilis Win provial du uid

necessary explanation to allow novice and expert
users to manoeuvre with ease, at their own pace.

Another feature is that the students will con-
centrate their efforte on evnlaitine the recinec tn

FEIILIOAL VAL VIIVIW Vil VAPIVILULLE IV IWUIPUVO W

define, circumscribe and solve the problem at
hand, instead of manipulating programs and com-

PR I,

puier codes. Moreover me lmu'maauon and over-
load of computer instructions will be renlnmad hv

developing the ability of the student to explmt
available computer software asa tool.

All Athar Aceacedo o2 Eem b ko VAT
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systems and intelligent tutorial systems (ITS) could
be used to develop or improve the pre— or post-
processor part of any recipe.

e hacic idea nf comnutatinnal raninas mav
—--- ViUiw  Audva vl vvluyul.auuum I.U\fly\i I.l.l.ﬂ:

appear controversial, but it is a very simple and
efﬁcxent L way to continuously upgrade the comput-

.

g of l.l'l(:‘« numericai methods in englneenng To
lllustrate this new concent. two examnles of comn-
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utational recipes are presented: a recipe for the
equation-solver of a system of linear equations, and

aramina fas céasicsl o1 o
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A reczpe for equation solvers
The computational recipe for the equation-

QOIVPT of a cvctarm Af linanr amiatinn fo Aiwidad je
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three parts:

(1) The expert sytstem which constitutes the pre-
processor of the recipe will analyse the topological

nronertiee nf tha main matriv fdancity enarcity
prUPTIUls Ul Uil il iiauia (Uvlisilty, spaisiiy,

bandedness, profile, wavefront, frontwidth, etc.)
and after providing the user with all the alternatives
and the corresponding expianations, the system
will omrlf- the user to the annrnnrlme action. For

example, if the matrix is symmetnc and sparse, the
system may propose one of the following:

¢ to reduce the bandwidth before solving the
equations with a band-solver;
® to use a frontal solver;

¢ to reduce the profile in the matrix before using a
skyline technique;

to use dlly Ul.llCI dppropi. l.d.lC Progr ain.
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(2) the core system will inciude aii the different
n

roerams and routines needed to cover all the

PrYpiaiiis Al JOUNLINCS O Qai LT

aspects of the recipe, for example:

® relabelling for bandwidth or profile reduction,
etc.;

® Gauss solvers, band-solvers, frontal soivers,
cl{y]lnp solvers:

® Jacobi, Gauss-Seidel, etc. for the iterative
method.

(3) The postprocessor will present the results and
provide ail the appropriate analysis: i.e. CPU time

and snace used l’“’Pr‘lClﬂl’l roundoff errors Pf{‘

aiill als LS0L, PRSIl R0 CII0IS,

Cost may also be prowded.

The advantage of this computational recipe is
that it collates all the available techniques to solve
the systems of equations. Also, it presents them in

an overall inteorated view <o that the nger mav:
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have a greater flexibility in selecting one of them;
expioit the various advantages and features

associated with each method:

SO AGLTAS VY aua Lalal daatuaina,

¢ use different techniques to check the accuracy
and the validity of the solution.

A recipe for statisticai analiysis
Statistical analysis could be another good app

cation of a computational recipe. Many users of
statistical analysis are ﬂl-prepared or not very
comforiabie wiih the coliection and analysis of
data. Users may drop a few odd points; or select
tests where assumptions have been violated, and
carry on their analysis unaware of the consequen-
ces of their decision. The expert systems of the
recipes will tell the user what is the nature of the
data at hand, and provide advice on what to do,
why and how, with all the necessary explanations.

Thic unll haln insranca tha awaranace nf tha etundant
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to the sensitivity of the data.

li-



e Different levels of complexity can be included in

the recipes, so that the same recipe can be used
at different stages of the curriculum.

ent stages of the curric

® The pre- and postprocessor expert systems are
structured in such a way that the interactive
nature of preparing the input, and interpreting
the results, shifts the learning process from
passive to active.

® The learning is personalized. Users will foliow
their own pace in exploiting the same recipe.

® Since the core system is composed of profession-
ally developed programs and routines, a recipe
could be useful not only for educationai pur-
poses but in the real world. This is an asset for
the students: becoming familiar with a recipe,
students could use it throughout their careers as

Enginecrs.

® The programs and routines in the core system

could be changed, updated or rea
without affectmg the user.

CONCLUSIONS

engineering, Based on T.he altematwes of teaching
computmg expertlse versus teachmg computmg

KHOW'HOW a detailed evaiuation OI me presem
common annrnarh is discussed thnrmwhlv and

guidelines for new approaches are suggested

A proposal for usmg anew approach in teachmg
numerical methods in various engineering disci-
plines is introduced in this paper. The concept of
computational recipes is presented and explained
with examples. If itis adopted this new concept will

graantlhy chanaos tha muting nart Af tha nnniﬂanrz
Elbally \'lla.ll.BC l.llb L-Ulll}}\.ll.uls l.}a]. LUL uIv vl lslll\.ﬂ\rl

ing curriculum.
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