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AIN WIi RNALLY SOFTWARI] ENCINflERS?
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G l a s g o w ,  S c o t l a n d .

ABSTRT{CT

This paper argues against  lhe noLlon thar rhe
probleos encountered in large scale sof tvrare
d e v e l o p o e n t  a r e  n e c e s s a r i l y  d u e  t o  d e f l c i e n c i e s  i n
t h e  s o f t w a r e  p r o c e s s  n o d e l .  R a t h e r ,  i r  s u S g e s l s
that  these problens ar lse b€cause sof tware
engineertng is  nore akin to a craf t  Lhan a nodern
englneer ing disctp l ine.  The paper suggesis rhar
the subject  lacks secure foundat ions,  char sof tuare
engineer ing educar ion is  inadequare and rhar
vork ing pract ices which are connon in other
engineer ing dieclp l lnes are not  adopted.  A number
of  proposals suegest ing hov th is s i tuar ion niahr be
rect i f i€d are nade. These include suggesr ions for  a
research progranme to def lne computer sc ience,  new
e d u c a t i o n a l  l n i ! i a t i v e s  l n  s o f t v a r e  e n g i n e e r i n g ,
nore ef fect lve use of  sof lware tools and the
e s t a b l l s h D e n t  o f  a  p r o f e s s i o n a l  b o d y  t o  c e r t i f y
sof tware engineer:s.

The 'c fassical '  sof tware I i fe cycle nodet v lews the
sof tware development process as a sequence of
p h a s e s  n a n e l y  a n a l y s i s ,  s p e c i f i c a t i o n ,  d e s i g n ,
i D p l e n e n t a t i o n ,  v a l i d a t i o n  a n d  o a t n r e n a n c € .  T h l s
has c lose paral le ls l ' i th  the developDent model  for
other large and conplex engineered srructures.  For
exaEple,  l lke a sof tware sysreD, a l ,a iship takes a
r o i g  t i n e  t o  b u i l d ,  i s  v e r y  e x p e n s i v e ,  h a s  a  l o n g
t i f€ and i ts  design nay be radical ly  changed afrer
the ship has gone in lo serv ice.  This process of
c h a n g e  i s  c a l l e d  r e f t t t i n g  ( n o t  o a i n r e n a n c e ! )  a n d
ls required to adapt the shlp to ne! , /  weapons
s y s l e n s ,  c o m u n l c a t i o n  s y s t e n s ,  e t  c .

Al though l t  ls  not  uncoonon for  ships to b€
dei ivered late and ro cosi  Dore than or ig inal ly
planned, l t  Is  Ey inpiesslon that  th is happens tess
comonly than wi th sof t r .are systeEs.  Why then are
nar ine englneer ing and other engineer lng projects,
in general ,  less l lkely to ' faLl '  

than sofrware
e n g l n e e r i n g  p r o j e c t s .  B y  ' f a l 1 u r e ' ,  I  d o  n o t  n e a n ,
of  course,  that  Ehe project  is  necessar i ly
abandoned. Rather,  the terE ' fa i lure '  enconpasses
a range of  s i tual lons f ron late del lvery and
above-est lnate costs through incooplete sysred
del lvery to complete cancel lat lon of  the project .

One expianat ion for  these fa l lures f , lght  be that
l re have conpletely n lsundersrood rhe nature of  the
sof tware developnen! process.  Thus ue fa i l  b€cause
the vtey of  the l i fe cycle which l re have ls  an
hadequate model  of  nhat  real ly  happens durtng

I a r g e  s y s r e m s  d e v e l o p m e n r .  B y  a r r e s p t i n g  t o  f i t
systens developnent ro an inadequate oodel ,  l re nay
a c l u a t l y  D a k e  t h a t  d e v c l o p n e n t  E u c h  n o r €  d i f f l c u t t .
On rhe oLher hand, rh is nodel  seems ro be val id
a c r o s s  n a n y  e n g i n e e r i n g  d i s c i p l i n e s  a n d  d i v e r s e
p r o j e c t s .  I t  i s  n y  c o n t e n r i o n ,  t h e r e f o r e ,  t h a r  i t
1 s  u n w L s e  t o  r e j e c t  r h l s  m o d e l  b e f o r e  e x a n i n i n g
other possib l€ causes of  rhe problens of  sofrrdar€

The basic prenise which under l ies rh is paper is
that  current  problens in developing targe sof tware
systens have ar isen because we do nor adopt proper
engineer ing pract ices in rhe developoenr of
sof t l rare systens.  There is  norhing fundanental ly
! . ' rong wi th the c lassical  nodel  of  che sof tware 1i f€
cycle a l though i t  may benef i t  f ron sone ref inenent
and we musi  be careful  abour r igorously appty lng
rt  to every project .  Our problems are nor s inply
due to def ic iencies in the r0odel  bur are a di recr
resu. I t  of  the facr  that  our approach to the
construct lon oi  large sof l i rare systel ls  has been
t h a !  o f  a  c r a f t s m a n  ( o r  p e r h a p s  a  ' h a c k e r ' )  r a t h e r
than a nodern engineer.  Al though l ip-ser.v ice is
p a i d  r o  s o f t w a r e  e n S i n e e r i n g  a s  a  d i s c i p l i n e ,  o o s t
organisat ions re ly on eopir ical  or  ad-hoc systens
developnent nethods and canno! quanci fy any aspecr
o f  t h e l r  s y s t e n s  e x c e p t ,  p e r h a p s ,  t h e  r o r a l  s y s t e . n s

civen that  the nodel  is  fundanenral ly  sound, why
then are sof tware projecrs so .duch nore l ikefy ro
f d i l  l n a n  o l n t r  I . r B e  p  g i n e e r i n g  p r o j e c L s ?  |
belreve che ro rh is is  tha!  orher
engineer ing disc ip l ines have a sounder base than
sof l t ta ie engineer ing,  have a oeans of  ensur ing rhat
e n g i n e e r s  a r e  p r o p e r l y  q u a l l f i e d  f o r  r h e  t a s k s
\rh ich they undertake,  and adopt note 'professional ,

pracl lces when bul ld ing systeDs. l€!  us now look at
! h e s e  p o i n t s  i n  r o o r e  d e t a i l .

IOUNDATIONS OF SOFIWARE ENGINEERING2 .

Col l ins Engl ish dlct lonary def ln€s
' e n g i n e e r i n g '  

a s  f o t l o w s :

The profesEion of  apply ing sclenr i f lc  pr inclp les
to the deslgn,  coostrucr lon,  and Eaintenance of
englnes,  cars,  rnachlnes ,  etc .

T h l s  d e f i n l t i o n  e x p l i c i t l y  s t a t e s  t h a t  e n g l n e e r i n g
is dependent on sone under ly ing science and the
dependence of  t radl t ional  englneer ing the
physlcal  6ciences of  physics and cheoisrry ls  qui te
clear.  g i thout  these sciences as a foundat ion.
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e s t a b l i s h e d ,  s o f  t w a r e  e n g i n e e r t r a  c a n n o !
t r u e  e n g  i n e e r i n g  d i s c i p l i n e .

t ractabie and nhich have soEe af f in i ty  io
nathemat ics.  The Iack of  sol id conpuEer 6cience
D a k e s  i i  d i f f i c u l r  r o  a r g u e  a g a i n s t  t h i s  a p p r o a c h .

(2> l jnt i l  wery recent fy,  there rrere v i r tuat ly  no
siudert  rexrbooks which covered sof tvare
e n g r n e e r i n S  a s  a  c o h e t e n t  s u b j e c t .  H o w e v e r ,  t h i s
s i tual ion has recent ly  changed for  rhe betrer  and a
nunber of  general  texts are now avai lable.

( 3 )  M a n y  u n i v e r s i r y  s t a f f  s e e n  t o  b e
concernecl  wi th assessDent rather than wi th
educat ion.  Hence, indiv idual  sork ing Lt l ich ts
easier  to assess ls  encouraged and group working
( o r  c o p y i n g l )  l s  d i s c o u r a g € d .  T h i s  i s  i n  d i r e c i
c o n ! r a s t  l o  ! h e  s i t u a t i o n  i n  n o s t  s o f t \ " r a r e
d e v e l o p m e n t  p r o j e c t s  s o  s r u d e n r s  g e t
e x p e r i e n c e  o f  a n y r h i n g  b u r  r e t a r i v e l y  s 6 a t t
P r o g r a o s .

(4)  Industry and conmerce have nade and conr inue
to nake unreasonable deoands on conpurer sc lence
departr0ents to produce graduares who are fu l ty
p r o d u c t i v e  i n m e d i a r e l y  a f r e r  g r a d u a r i o n .  T h i s  n a y
b €  c o n t r a s t € d  l r i t h  i n d u s r r y ' s  a t t i r u d e  t o  g r a d u a t e s
1n other engineer ing disc ip l ines l rhere i r  is
assumed that  rhe univers i ty  course should provide
t h e  f o u n d a t i o n  f o r  f u r t h e r  v o c a t i o n a f  t r a i o i n 8
r a t h e r  t h a n  t h e  v o c a r i o n a l  t r a i n i n g  t t s e l f .

I  d iscuss in the conctusions !o rh is paper how th is
s i tuat ion Dtght  be changed. However,  th is nus!  be
pieceded by a recogni t ion in both indusrry and in
unlvers i t ies rhar sofrware engineer ing is  an
engineer ing disc lpf ine and thar graduares need
prac!1ca1 exper ience and postgraduate rra in ing to
develop their  sk i l ls .  Of le point  i , ror th not ing is
that  other engineer ing disc ip l ines have the benef i t
o f  p r o f e s s i o n a l  i n s t i r u r i o n s ,  s u c h  a s  t h e  l n s r l r u t e
of  Mechanical  Engineers,  who Eainia in professlonal
s t a n d a r d s .  M e n b e r s h t p  o f  t h e s e  i n s t i t u t i o n s  l s
only awarded ro those \ , rho have both acadenic
q u a l i f i c a t i o n s  a n d  s o u n d  p o s c - q u a l i f y i n g  v o c a r i o n a l
e x p e r i e n c e .  M e m b e r s h l p  o f  s u c h  i n s t i r u t i o n s  i s  a n
lndicat ion that  rhe indiv idual  is  t ruty a
p r o f  e s s i o n a l  e n g i n e e r .

Issent ia l ly ,  roenbership of  engineer ing
i n s t i t u t i o n  s i g n i f  i e s  t h a r  t h e  D e m b e r  h a s  b o r h
a c a d e n i c  a b i l t r y  a n d  q u a l i f i c a t i o n s  a n d  p r a c r i c e  i n
t h e  s u b j e c t .  N o r i c e  r h a r  i !  i s  n o t  e x p e c t e d  t h a t  a
nei , '  englne€r ing graduare should be inBediately
useful  and that  $enbership of  an Inst i tur ion is
o n l y  g r r n r e d  a f r e r  c o n s i d e r a b l e  p o s r - g r a d u a c e

4. PROFTSSIONAI PRACTICES

As engineer ing has devetoped, a nurber of  srandard
pract lces have evolved which,  I  bel ieve,  nake an
e s s e n t i a l  c o n r r i b u t i o n  r o  s y s r e o s  d e v e l o p n e n r .
These pracr ices are not  generat ly  adopted by
sof tware engineers and th ls is  part ty  responslble
for  sone of  rhe di f f icul t les which ue encounter in
bui ld ing large sof lsare sysreos.  Consider sone
pract ices l rh ich are rhe norD in other engineer inA
d l s c i p l i n e s ,

( l )  Q u a n r i l i c a t i o n  o f  r e q u i r e o e n L s

3 . SU FI'I,JAJTL ENGIIiEERINC LL]UCATTUN

The lack of  foundar ions which r0eans thar sofrvare
engineer ing is  a craf t  rather than a science-based
e n g t n e e r i n g  d t s c i p l i n e  1 s  p r o b a b l y  t h e  o o s r
fundauental  reason for  our fa i lures in sofrrare
s y s E e n  c o n s t r u c r i o n ,  t r  i s  n o t  t h e  o n l y  r e a s o n
hosever -  sone of  those pract ices uhich have been
developed and resred and which have proved useful
are somet i rDes unknol . ,n and of len unused. In shorr ,
l " ]e are not  even oaking the best  of  lhe t imired
resources whlch we have.

At  leasr parr  of  rhe reason for  th is is  thar
m a n y ,  l f  n o t  $ o s r  ,  o f  t h e  s r a f f  i n v o l v e d  t n
developing large sofrvare sysceDs are inadequarely
educated.  l t  is  coBnon pracr ice for  corpanies to
h i r e  i n d i v i d u a l s  t r a i n e d  i n  d i s c i p l i n e s  a s  d l v e r s e
as ouslc and narker ing ro be programrDers and to
glve lhen re lat ively complex sork to carry out .' ' t r i ls t  

these indiv iduals nay undersrand the
rchanics of  prograrming and nay also undcrsrand

vhat is  being progranned they ar€ unl ikely to
understand the reasons why parr icuLar nerhodologies
a r e  u s e d ,  w h y  p r o a r a n s  s h o u t d  b e  r e a d a b l e ,  e t c .
I , Iould you t ike 1r  t f  rhe designer of  the br idge you
dlove over every day was a bio logisr  i r i rh no forDaf
q u a l i f i c a E i o n s  i n  c i v i t  e n g i n e e . i n g ?  l n  f a c t ,
governnent regular ions probabty exctude th is
p o s s i b i l i t y  y e r  r h e r e  i s  a  h i g h  p r o b a b i l i t y  t h a t
y o u  f 1 y  i n  a i r c r a f !  w h o s e  s o f r w a r e  s y s C e m s  w e r e
b u i  l t  b y  ' a o a r e u r '  

s o f r v a r e  p n g i n e e r s .
T h i s  s l t u a r i o n  i s  c o n p o u n d e d  b y  t h e  f a c r  r h a r ,

throughout r0osr of  indusrry,  there is  l i r t le  or  no
investnent  in postgraduare t ra in ing except of  the
o o s t  s p e c i a l i s e d  k i n d .  S r a f f  a r e  n o r  g i v e n  t h e
s u p p o r t  o r  t h e  o p p o r r u n i r y  L o  l e a r n  o f
developrents so natural ly  cont inue ro use ancl  to be
p r o u d  o f  t h e i r  u n d i s c i p t i n e d  m e t h o d s .  A s  a  r e s u t r ,
sof tware producl iv i ry throughout oost  of  lndustry
rs rDuch lower than i t  ought to be and rhere is
constant  re invent ion of  a l ready known rechniques.

O f  c o u r s e ,  u n i v e r s i r i e s  a n d  o t h e r  e d u c a t l o n a l
l n s l i t u t i o n s  a r e  a l s o  r e s p o n s l b t e  I o r  i n a d e q u a t e
s o f t w a r e  e n g i n e e r i n g  e d u c a t i o n .  U n i v e r s i r y

pat tnents of  coBputer sc ience have been s low ro
- e c o g n l s e  t h a t  r h e r e  i s  a  q u a L i t a t i v e  d i i f e r e n c e
betseen large and smal l  sofL\rare systems and to
include a sof tware engineer ing componenr in their
courses .  They have tended to concenrrare on

i n  s p e c i a l i s e d  t o p i  c s  ( c o n p i t i n g
technlques,  s ix0ular ion,  erc.  )  rarher rhan devore
resources to the pracr ical  srudy of  large sof t \ rare
sysieos.  ln essence, we place too ouch enphasis on
teaching topics l rh ich al low rhe graduares to b€
iDnediately product ive and not  enough on teaching
core knor ' ledge rr t tch is  Aeneraf ly  appl icable and
lrh ich wi l t  not  rapid ly go out-of-dare.

I  bel leve thar there are four reasons for  lhe
fai l inas in nany curr€nr courses 1n conputer
s c i e n c e .  T h e s e  a r e  a s  f o l l o w s :

( l )  Many conputer sc ience acaderdics dr i f ted into
lhe subjecr f roo natheoal ics and have no
appreciat ion of  i rhat 's  involved in devetoping a
larSe sof tware systen.  They preter  to concen!rate
on aspecls of  rhe subject  which appear ro t€ more

' . ?



,..;jad|l

l^ t ren a nechanical  engineer needs to use a beam'

sav.  ln sone structure he does not  speci fy lhat  a
' " ' . i . "g U." ' '  is  needed. P'ather '  he quant i f ies the

s t r e n g t h  o f  t h e  b e a m  t h a t  i s  r e q u i r e d '  S o f t w a r e

s p e c i i i c a c i o n s ,  o  l h e  o l h e r  h a n d ,  a r e  f u L l  o f
' w e a s e l  r ' o r d s '  l i k e  

' e a s y  t o  E a i n t a i n ' ,  
' r e a d i l v

p o r t a b l e '  e t c .  W e  n e e d  t o  e x P r e s s  s u c h  c o  c e p l s  i n

unanbtguous terms no!  { too11v words'

Al though at terdpts are nol , /  being r0ade to deveLop

n o t a ! i o n s  t o  e x p r e s s  f u n c t i o n a l  s p e c i f i c a t i o n s  '

there seens to be l i l l le  work in progress which is

concerned wi th the quani i . f icat ion of  lhe

r e l i a b i l i ! y ,  r e a d a b i l i ! y ,  p o r t a b i l i ! y '  e t c '  o f

s o f  t w a r e  s y s t e n s .

( 2 )  P r o r o i y p i n s
When bui ld ing a large and complex systen'  iE is

unreal is t ic  to exPect  a conpfete design of  that

system to b€ completed on paper.  Ralher i t  is

expected rhat  a protolype or  model  be bui l t  to i ron

out problens in speci f icat ion and design.  How Banv

organlsat ions i , tho develop sof lware systems use

prototyping as a nat ter  of  course?

I t  has been suggested than an evofut ionary

approach to sof l ' rare developoent through nore and

m o r e  s o p h i s l i c a t e d  p r o t o t y p e s '  i s  a  b e t t e r  w a y  t o

at tack certa ln sof tware probLens rather:  than the

t r a d l t i o n a l  s o f t w a r e  p r o c e s s  n o d e L .  T h i s  n a y

tndeed be t rue ! , /hare the system requrrenents are

very d i f f icul t  to def ine.  Ho' 'ever,  en€lrneer lng

procotypes are ustal ly  intended to be throl r -away

systers ana i t  seens to ne that  sone of  lhe

r e q u i r e n e n t s  o f  p r o E o r y p e  c o n s t r u c t i o n '  s u c h  a s  t h e

reqt l i renent that  a prolotype shoul 'd be developed

q u i c k l y ,  a r e  l i k e l y  t o  c o n f l i ' t  l r i ! h  r o b u s t n e s s '

performance and re l iabi  11ty requiremenEs'

I  thus bel ieve that  PrototyPes should be oost ly

u s e d  a s  i n  o t h e r  e n g i n e e r i n g  d i s c i p l i n e s  t o  h e l p

wi th requirements def in i t ion and design'  onfv in

except lonal  c i rcurnstances should they be reta lned

a n d  l r s e d ,  i n  t h e i r  e n t i r e t y ,  a s  a  b a s i s  f o l  f u r t h e r

( 3 )  s t a n d a r d l s a t i o n
I^then a conplex sysr€r0 such as a tarship 1s bui l t

there are nany conplele1y new conponents involved

but there is  sEi l l  g leal  reLiance on the use of

s landarcl  coEponents which i rave al ready been l r ied

and Eested.  Tl1e use of  standard components,  even

i f  t h e y  a r e  n o t  i d e a l ,  s i g n i f i c a n t l y  r e d u c e s  s y s t e n

costs ye!  conponen! shar ing in sof tFare engineer ing

ls a p iact ice which tends to be infornal  ln sone

organisat ions and non-existent  in others '

Part  of  the reason for  th is ls  the lack of  tools

to faci l i tate shar ing but  I  bel ieve tha!  the root

of  the problen is  the 'not  invented here '  syndroDe

which oeans that  everyone renr i tes everyth lng every

t l n e  l !  i s  n e e d e d .

Other engineer ing disc ip l ines afso use another

1eve1 of  standardisat ion in the notat lons l ,h lch are

used Eo alescr lbe their  systeos.  By the universa'L

use of  b luepr ints,  a design prodtced by one

engineer can b€ understood by nore or  less any

otber e g ineer in the sane disc lp l tne '

Hovever,  there 1s comonly undels lood

notat ion for  expresslng a sof l l tare deslSn excePt '

perhaps '  the nolr -d iscredi ted f lowchart  '  In fact ,  a

recent co.rnt  of  sof t {are developinent  Dethodologies

and their  associated noLat ions revealed about 200

d i f f e r e n t  n e t h o d o l o g i e s  i n  u s e !  t h u s ,  t h e  p r o b l e r 0 s

a s s o c i a t e d  w i t h  t h e  c o m l u n i c a t i o n  o f  s o f t l r a r e

d e s i g n s  a r e  i m B e n s e .
In th is respect ,  the programlng language Ada

nay be very ioportant .  Al ihough thaC language has

b e e n  c r i  t i c i s e d  f o r  i t s  s i z e  a n d  c o D p l e x i t y '  i !

seens l ikely that  i t  \ r i1 l  be generalLy adopted and

understood by rhe sof tware engineer ing comunl ty '

At  last  we nay have a conmon language which a] lo! ' ts

us to ta lk to each other!

( 4 )  Q u a l i t y  c o n t r o l

Qual i ty  conrrol  ls  bui l t  in to large engineer ing

projecEs f ron the very beginning in that  coEPonenrs

used in the system have been checked, thelr

nacel ia ls have been checked, and so on'  In sof lwar€

p r o j e c t s ,  q u a l i ! y  c o n t r o l  i s  o f l e n  e q u a t e d  e i t h

lest lng and'  in nany cases,  is  sonelhlng !"h ich 1s

appl ied af ter  a great  deal  of  tork has been done '

qrut i ty  cort t rot  does not  just  nean assessing i f  the

sof tware works but  is  something much broade'  whlch

ewaluates lhe way in which the sof lware has been

c o n s t r u c t e d  a s  w e l t  a s  i c s  c o r r e c t n e s s '

o f  c o u r s e ,  q u a l i t y  a s s u r a n c e  i s  p r a c t i s e d  b y  a l l

organisat lons involved in sof t l rare developnent '

Wh;t  I  bel ieve,  however,  is  that  lhe qual i t ies

tested by QA pract lces are only a subset  of  those

qual i t ies which should be assured.  For exanple '  is

lhe readabi l l ty  of  the sof l l tate tested '  the

funcl ional  ind€pendence of  sof twale conPonents '

even the testabi l l ty  of  conponents? These tests are

q u i t e  d i s l i n c t  f r o n  t e s t i n g  i i  l h e  s y s t e m  
' w o r k s '

yet  nave a very importaat  bearrng on overal l  l i fe

O f  c o u r s e  a l l  t h e s e  p o i n ! s  a r e  i n E e r r e l a t e d  '

Q u a l i t y  c o n t r o l  i s  d i f f i c u l r  ! l t h o u t  s t a n d a r d s  a n d

s t a n d a r d s  a r e  d i f f i c u l t  t o  e s t a b l l s h  w i ! h o u l

netr ics and wi thout  some foundat ion knol t ledge about

the nost  appropr iate techniques for  sysleos

developEent.  Nevertheless '  lhe fundaEental  problem

is in our at t i tude to lhese pract lces -  we nake

l i t t l e  a t t e o p t  t o  a p p l y  P r o f e s s l o n a l  p r a c t i c e s ,

however inadequaEe, to the developrnent of  our

5.  CONCLUSIONS

Curing the i ]1s of  sof t l tare engineer ing is  nol  a

s h o r t  t e r o  P r o c e s s .  F o r l u n a t e l y ,  p e r h a p s  '

governroents have been forced in lo th inklng abo\r t

i t r "  problen by the Japanese Fi f th G€nerat lon

Project  and,  In lhe l lK a!  least '  there is  sone

evldence lhat  a change is at  hand.

As I  see i t '  the steps which we should now be

t a k i n g  a r e :

(  1)  The imediate connenceEent of  a proper

scient i f ic  research prograone whose aln is  to

aler ive the foundal lons of  sof ! ! tare enSlneer ing or '

l f  you l lke '  to def lne conPuter sc lence'  This wi l l

objecr tvely coEPare and evaluate exlst lng

. . - . r ' - t iqrr . " '  and ol thodologies and f lnd out  which of

these ; re 
'b€st '  for  part lcular  tasks '  The f i rs t

pr lor i ty  in such a programe ls to invest lgate hot{

to quant l fy  lhe subjecr so that  we can dlspense

vl th lerns 1lke 
'easy-to-use'  and 

'proPer1y

structured'  and so that  we can neasure ancl  cooPare

di f ferent  aPProaches to sof tware develoFnent '

4f
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An exper iment ro ver l fy  Lehnan,s f ,aws by
e x a o i n i n g  "  n u m b e r  o r  i a r B e  s y s r e D s  a n d  r h e i  r

t : : : _ . " : : ' " 1 " :  o r  p x p e r i m , n L s  w h i c n  i m c d i " L F r y
5 P r 1 n g  t o  o t n d  a r e :

An exper inenr to f ind out  what norat ions are
s u i t a b l e  f o r  p r o t o t y p i n g  p a r r i c u l a r  c l a s s e s  o f
sysreo.  This voutd involve developing
p r o r o r y p e s  i n  v a r i o u s  n o . a r i o n s  a n d  d e v e t o p i n g  Is y s t e m  w i r h o u r  p r o t o r y p i n g .  o . " . t . p * " . t  i i r l " ,
s y s E e m  s i z e s ,  e a s e  o f  n o d i f i c a t i o n ,  n u m b e r  o ir e q u i r e n e n t s  c h a n g e s ,  e r c .  c o u t d  r h e n  b e

T l : l l i : 1 :  
r h e .  p r o a r d D m e  o i s h r  b e  s p e e d e d  u p  b y
a r L i t i . i a t  r e q L i r e m . n L s  c h a n g c s  - n d

e x t r a p o l a t i n g  r h e  r e s u l r s .

teaching of  cor0puter  sc ience l ,h ich is  or lented
j : : : :1: -  p. .d: : t "s people who can d;" i ; ; - - - . ; ;

: l 1 l " i r .  
s o f c a a r e .  a n y  i f  n o t  . . " .  

" . . . . ; ; ;

complte.  s.c ience courses spend a"o , " . r . ,  . i , .  
- i "

: : 1 : f , . c  
c o m r e r c l a t  d a r a  p r o c € s s l n s  a n d  o r h e rapprrcar ions s inpty so that  t tLey seer0 re levant  toindustry.  This r i l  e could b€

l:t:::: . ' , n" ."0,".i. ' ";.:1"":"?:"::l: 
::"'::j' , u u 5 ' r y  n u s r  d c c e p t  r t , d L t  i n  r h e  i o  g _ r < r m ,  i r  i so e t  r  F r  t o  e q u i p  u n l v e r s i r y  s r u o e n L s  w i L h  r h ed b i l i r y  r o  l p a r n  n F w  r e c t r n i q u e s  t n a n  s i e p l y  L r " i nr l e m  L o  b e  t m n c d i a r e t v  p r o d u c r i v F ,

. U I t i o a r e l y ,  I  h o p e  t h a r  u r l r v e r s l c y  c o u r s e s  i nsol t$are engineer ing r , i l t  b€ establ ished Fhich
would have a pracEicat  b ias.  I  an nor sure rhart h e  r i n e  j s  y € t  r i p e  f o r  t h i s  b e c a u s e  o f  r h e
i n s e c u r e  f o u n d a r i o n s  o f  r h e  s u b j e c t .

( 4 )  T h F  a d o p r i o n  o r  p r o r e s s r o n d t  e n x i r e r r t n e
p r d c r  i . e s  d i s c u s s e d  a b o v . .  w h t t s  r . t r ,  , . i  r _ . i - i 3
d , s \ o r L - t e r r 0  c o s L  i n . r e J s e ,  ( h e  u l L i D d r F  b e n { , t i t s

r e d u c E i o n  1 n  o v e r a l L  s o t t w a r e  . o s t s .
W h i l s t  i t  i s  r r u e  r h a t  p r o p e r  p r o f e s s i o n a l

p r a c t i c e s  r e l y  o n  s e c u r e  f o u n d a t i o n s ,  i t  i s  n o t
sooo.: : 'o :Cl '  to do norhing unt i l  foundar ions are
e s t a b l i s h e d .  p r a c t t c a t l y  a n y  s r a n d a r d s  a r e  b e t r e r

L 'e probably have adequate notar ions fors y s r e m s  p r o L o L y p i n g  i n  t d n g u a g e s  t i k e  A p L  a n dr r o r o g  a n d  e v e n  a  q u d t i t a f i v e  e v a l u a t  t o n  o ts o r r " a r e  q u a t  t r y  i s  b o u n d  L o  l e a d  L o  o v e r a l l
i n p r o v e m e n c s .

( 5 )  T h e  a d o p r i o n  o f  r h e  w i e w  r h a r  s o f r w a r e
technotogy 1s capi ta l  intensive rather than labour

l I : T . " " .  
H l s r o r i c a l r y ,  r h e  s r e a t e s t  p r o d u c r i v i r y

l$proveDents have b€en real ised lhen weI l_tra ined
\ t " f f .  h a v e  b e e n  e q u i p p e d  , r i r h  p o w e r f u I  r o o t s .  w e
o u s t  b u r  r d  a n d  p r o E o L e  r r r e  u s e  o f  p o u e r t u I  s o r L w a r e
tools and accept that  sof tware producr iv i ry is
l ikely ro b€ ieproved r^,hen sraf f  have suf f i ; ienr
conputer polr . r  so rhat  sof t l rare developnenr isn e v e r  c o n s r r a l n e d  b y  h a r d h , a r €  t i m i t a t i o n s .

tundanenta_l ly ,  however,  ue need a change in
i l 1  

i : u d e  
.  
b y  s u r L w a r e  b u y e r s ,  s o r t " u . " , , n l e e , " " i '

J n d  D y  s o t L w a r e  e n g i n e e r s  L h e o s e t v e s  w h i c h  m u s L
a n d  i e v a r d  p r o f e s s i o n a l i s n  r a t h e r  t h a n

s y s t e n h a c k i n g .  U n l e s s  p r o f e s s i o n a l  e n g i n e e r i n g
pract ices are adopted,  we l ' i l t  conErnue ro produce
systens \ rh ich do not  meet rhe us€r,s neeai ,  areunrel iable and which cost  far  nore chan rhey oughtto_. .  No amount of  r inker ing wi th process nodl ls
wr.( r  coopensate for  rhe facr  that  I ,e st i l l  act  l ike
a o a r e u r s  a t  t h i s  b u s i n e s s  !

An exper lnent  conpar lng prolog and Lisp as
n o r a r i o n s  f o r  t h e  d e v e f o p m e n r  o f  e x p e r t  s y s ; e m s .
This l 'ould invotve developinA a number of  expert
sysrems i in borh prolog and Lisp and coEpar ing
s y s . e n  s l z e s ,  d e v e l o p n e n r  r l n e s ,  d i f f i c u l r i e ;
e n c o u n f e r e d  ,  e i c .

An exper iDeni  to conpare di f ferent  sof tware
sevelopnent-  nethodotogies such as JSp,
strucrured Deslgn,  etc.  to f ind out  " f r l . f ,  " . "
b e s r  s u i r e d  r o  p a r t i c u l a r  c t a s s e s  o f  s y s t e D .

Such exper imenrs rould nake up a very expenslve
prograrrde of  research as the ai ro sno,r ta noi  t .  ro
l roduce u/ork ing systeos bur Eo der ive resulrs.
However I  suggest  that  sucir  a programoe 1s less
expenslve than research in h igh_energy physics orastronorny,  say,  and has Euch gr"arei  potent iaf
e c o n o o i c  b e n e f i r s .

.  
T h e  r e s u l r s  t r o m  s L c h  3  p r o S r a D , r e ,  c o u t o  b e  r  n eo a s r s  o i  s r a n d a r d s  , h i c h  ! o L t d  o e  d e m o n s L r a b j y

: l : q : : : :  
, " d  w h i c h  r r e  r i k e t y  r o  b e  d d h e r e d  r o  b yr n e  s o ! t w a r e  d e v e l o p o e n r  . o m m u n i L y  i n  g e n e r a t .

1 2 ) .  
r n u  e s r a b l i s b n e n r  o f  a n  I n s r l t u r e  o f  S o f t w a r e

E n g . i n e e r s  u t L h  D e o b e r s h i p  o n . l y  a w d r d e d  c o  r h o s .v r r n  
.  

r c c e p t d b l e  q u d l i i i c d r r o , r b  d n o  p r a c L r . d l
experrence.  This shoutd be in legrated ei th orher

nSlneer ing lnst i rut lons and should rooni ior

: l l ] : l " t : y  
c o u r s e s ,  e L c .  f o r  a c c e p t a b i r l L y .  r r

: l : y r o  
o "  r h e  n o r o  f o r  p r a c L r c r n g  s o f r w d r eenglneers to be xoenbers of  th is lnst t tut ion in thes a o e ,  w a y  a s  p r a c t t c i n g  c t v i l  e n g r  e e r s  r r e  D e m b e r s

e ,  c n e  t n s L i r u r e  o f  C l v i l  E n S t n e e r s .

--  
.  

: :  
" " r  rh ink I t  1s possib le for  rhe exlst lng

: : f l l 1 ^ s  . s o c i e r r e s  s u c h  d s  r h e  B r i r i s h  c o o p u t e i
r o c l e t y  a n d  t h e  A s s o c t a L t o n  r o r  C o D p u L I n g  t l a c h i n e r y
to lak€ over th ls ro1e.  Tl",,n...,.,i.." .;'i;" ; ;i:;..r' l:"*";::.i":"".il,1;

p o s t  t i o n  a s  r h e  e n g i n e e r i n S
r n s t l t u t t o n s  a n d  t h e y  a r e  t o o  i d e l l  e s r a b l t s h e d  f o ;

: : l : . . : 1 , " : , r . "  t o  c h a n s e ,  r L  E a y  h o w e v e r ,  b €y u b s r o r e  r o r  o n e  o t  r h e  e x i s t i n g  e n g l n e e r j n g
lnst l tu! ions ro €Ebrace "ot t "a iu . " i i " . . r i r l !
a ^ L r h o u 8 h .  t h e r e  d r e  6 a n y  p r o b r e E s  i n v o . l v e d  j n
r e c o n c l l t n g  r h e  d l r f e r e n L  q u a l i t l c a L r o n s  i n v o t v e d .

(3)  The developrDent of  a ner. ,  approacn to the
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r h - n r r e r o '  S ' b ' ,  L L r r l  i s '  b "  s l l i m 3 n '  t "
. * " ; . , . ' l l .  

; t " i " , i .  i o t " .  F i r s t  v e ' r ' " : ' r ' t  l l : : - :
; : - : : ; . ; ' ; ' ; ; " ;  ' "  n " ' " ' .  r ^ ' r o r s  i r  ) o r r L a r e

. " i " ,  " . 1 " ! ' .  A I J P i '  4 ' ,  p P  1 u 2 r - 1 u 2 7

(  5 )  B o o c h ,  u .  1 9 8 3 '  5 | ] l r w a r c  L n g i n e e r i n g  " i ' l

e a o .  X . u u  I  n g ,  Y 3 s s ' :  A d d j s o r - l l P s l e v

Drsc'ussrox

1. Science aDd EngineerinS

Jacksol :  one of  the fundarnenlal  d i f ferences

iJ i """n ootp"t" .  sc ience and naturar  sc ience is

lhaL wer the so-cal led conputer sc lent is ls '  are

o".* fu."  f ree to nanufaclure nore sof lware'

whereas naturaf  sc ienLis ls are nol  f ree l to

nanufacture nore of  the Hor ld -  lhat  is  sone

s r e a L e r  p o H e r r s  r e s p o n s i b i l j ' y '  S o  L h e  q u e s t r o n

? i r i _  " r t " v "  a r j  s e s  i n  L h e o r i e s  a b o u l  s o f t w a r e  i s

{hether HalsLead is just  ta lk ing about prograns

in. t  i r "  i .n""  of ,  and they nay be radical ly

di l ferent  f ror0 the ones that '  are going to be

wri t ten t r re day af ler  h is book is  pubf ished'  or  ia

he saying sonething general  and universaf? Because

i f  i t  is  onLy the f i rs t ,  lhen perhaps we shoufdn' t

be paying any at tent ion to i t  anyr 'ay? l lhaL is  your

posi  l ion on lhat?

Sodervi l le :  There is  no quest ion thatsoever thal

sof t {are is  a unique lype of  coDunodi ly  and any

.orpa" i*on" k i !h other sc iences are not  100 percenl

v a r i d  -  I t d  b e  l h e  f i r s t  L o  a c c e p t  l h a t '

xoletrce:  l4y posi t lon has al {ays been tne

i . i i " " i ts ,  .  " " i .n""  has lhe job of  understanding

l t . r  t t r inE" sork '  and an engineer ing disc iPf ine has

the joO of  bui ld ing soneLhing using lhe

unaersianding of  holr  lh ings work '  There 1s a

nix lure no$ in the f ie ld of  sof lnare engineerr 'ng

and conpuler  sc ience because ve cant  I  c lo our

" .ef" . "" i .g jobs i f  ve donrL knov hov lh ings vork

ani  we aon' t  see lhe people in conpuLer science

iurning their  at lent ion to lhe lh ings r le need to

under s land.

S(Dervllle: I agree \'ith you absollltely'

Turski :  The lack of  foundai ions _ i t  causes

laughter,  but  ships l . le I 'e bui l l  Iong before

Lr" i i -n.oes discovered Lhat  pr incip le of  f lo lat ion '

lound pr incip les have nothing lo do v i lh lhe

. .g i . " t . i tg profession.  AircrafL f ly  even though

tnlre is  no sat is factory oathenat ical  lheory of

aerodynanics.  nonan roads are bet ler  l rhan sone

roads are todayt

Sokol :  Maybe i l  is  nol  possib le for  sof tuare lhese

OaV" fa l "  any nore netho' l ical  or  nanageable than

fr ieh"tv "vt t . t " ,  which have a great  socia l  e lenen!

in"  t " t  t i ' t . t  nakes then Euch fess t ractable than i f

; ; " t  ; ; . "  nere ar t i facts.  I  vonder i f  vol l '  points

are possib ly rdsdirecled,  in lhe sense that  you are

l r v i n a  t o  L r e a t  s o f t w a r e  e n g i n e e r j  n €  a s  L h o u g h  i t

i . ! i i -  " i t n  a  n a t u r a r  a r t  i f a c '  '  d n e r e a s  i l  n a v  n o t

b e .

So-erYi l le:  I t  is  r0ore l ike an econooic syateot

V"r  r*" f  Thal  rnay be l rue'  yes '  I  accept  that '

2. Softsare EDgineering Educatlon

Pyfe:  Isnt t  assessnenl  checking lhal  people have

l i "  abi l i ly  -have acquired the necessary

o r o f e s s i o n a L  s l a n d a r d ?  Y o u  d o n r  t  v a n t  l o  h a v e  a

i " " r " "  " n "  c a n n o l  b e  a s s u r e d  b y  t h e  u n i v e r s j L y  t h a t

i . ' " f r " .  " " f i " " " 4  d  p r o f e s s i o n a l  s i a n d a r d '  T h a L  i s

yasset  dad:  Do you do qual i ty  assurance on Lne

rof t lare industry? I f  I  lurn in a projec!  l rork lng

fo.  "  "otp.ny,  donr l  they ! 'ant  to see i f  t l  has

tugs in i l ;nd i f  l t  v .orks and decjde i f  thev i rant

Lo proooLe oe or  h i re ne or  g ive oe a ra lse or

vhal ;ven? I l  i3  iust  a d i f ferent  fo '8 of

assessBen!,  but  the goals are the sa!0e'

So-ert i l le :  I rd not  arguing that  assessnent is  a

bad lh ing'  1ro just  saying that  l re have courses

in" t  . " ""  coist ra ined by assessnent '  l ie  a 'e not

i -acning t t re r ight  th ings because they a 'e hard to

Yassetlan: I thoughl that statenent applied to

lndustry and not  Lo the univers i l ies '

LaYi :  I  donrt  th ink lhat  r ' Ie have to handfe very

iarge ob;ects ln a univers i ty  in order to teach

p"opl"  p"op."  engineer ing -  you can use soal l

o b j  e c L s .

Sor€rv l l le :  I  c l isagree r{ i lh  that  ent i re ly '

i "* r t .  i t  ls  a l rays possib le lo handle soaf l

o " o  i " " r "  i  n  a n  u n d l s i  p l  i  n e d  w a y ,  w h e r e a s  I  b e l  i e v e

f o r - a  I a r g .  p r o i e c L ,  y o u  n d s L  h a v e  d i s c i p l i n e '
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