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Th i s  pape r  d i scusses  t he  need  f o r  educa t i on  i n  so f twa re  eng lnee r i ng  and  exam lnes  t he

re l a t i onsh ip  be tween  so f twa re  eng inee r i ng  and  compuEer  sc i ence  educa t i on .  I t  l ooks  a t  t he
p rob lems  o f  i nc l ud ing  cou rses  i n  so f twa re  eng inee r i ng  i n  a  t r ad i t l ona l  compu te r  sc l ence

unde rg radua te  cu r r i cu l um.  The  na in  pa r t  o f  t he  pape r  desc r i bes  how  these  p rob lems  have  been

tack led  i n  t he  compu te r  sc i ence  depa r t r nen t  a t  t he  Un i ve rs i t y  o f  S t ra thc l yde  whe re  cou rses  i n
p rac t i ca l  so f twa re  eng inee r i ng  a re  a  compu l so ry  pa r t  o f  t he  cu r r i cu l um.  The  pape r  conc ludes

thaL  i t  i s  imp rac t i ca l  t o  t each  s tuden t s  t o  be  so f twa re  eng inee rs  bu t  t ha t  cou rses  i n
so f twa re  eng inee r i ng  a re  use fu l  so  t ha t  s t uden t s  a re  i n t r oduced  t o  t he  p rob lems  wh i ch  t hey
m igh t  encoun te r  i n  bu i l d i ng  l a rge  so f twa re  sys tems .

I .  INTRODUCTION

The  t e rm  
' so f twa re  eng inee r i ng '  was  f i r s t

brought to prominence atound the end of  the
1960s  when  i t  was  rea l i sed  t ha t  t he
deve lopmen t  o f  l a rge  so f twa re  sysEems  was  a
p rob lem wh i ch  was  more  ak i n  t o  eng inee r i ng
p rob lems  t han  t o  p rob le rns  i n  ma thema t i cs  o r
na tu ra l  s c i ence .  S ince  Ehen ,  t he re  has  been  a
g rea t  dea l  o f  d i scuss ion  abou t  t he  p rob lems  o f
imp le rnen t i ng  l a rge  compu te r  sys tems  and  a
n u m b e r  o f  i m p o r t a n t  t e c h n i q u e s  o f  l a r g e  s c a l e

so f twa re  deve lopmen t  have  been  deve loped .
These  i nc l ude  f o rma l  o r  sem i - f o rma l  l anguages
f o r  s p e c i f y i n g  s o f t w a r e  r e q u i r e m e n t s ,  { l }  { 2 } ,
s o f t r + a r e  d e s i g n  r e p r e s e n t a t i o n s ,  { 3 }  { 4 } ,  a n d
s t r u c t u r e d  p r o g r a m r n i n g ,  { 5 }  { 6 } .

T n  s n i  t e  n f  f h e s p  e d v a n c e s  -  t h e  t a s k  o f
b u i l d i n g  l a r g e  s o f t w a r e  s y s t e m s  r e m a i n s
i r nmense l y  d i f f i cu l t  and  i t  i s  s t l 11  comrnon  f o r
l a r g e  s y s t e m s  t o  b e  d e l i v e r e d  l a t e ,  t o  c o s t

more  t han  r ^ t as  o r i g i na l l y  es t ima ted ,  t o  be
un re l i ab l e ,  and  t o  be  i nadequa te l y  documen ted .
We do not  yet  cornplete ly understand many
aspec t s  o f  imp lemen t i ng  t hese  l a rge  so f twa re
sys tems  bu t  some  o f  t he  f a i l u res  o f  t oday ' s
so f twa re  p ro j ec t s  a re  due  t o  t he  f ac t  t ha t
ex i s t i ng  t echn iques  a re  no t  used  l n  deve lop ing
these  sys tems .  Those  respons ib l e  f o r  t he
l r np lemen ta t i on  o f  t hese  sys te rns  a re
i nadequa te l y  t r a i ned  i n  so f twa re  eng inee r i ng .
I ndeed ,  t he  A l vey  conm i t t ee  i n  t he  L I I ( ,  { 7 } ,
se t  up  t o  r ev i e r ^ t  deve lopnen t s  i n  i n f o rma t i on

t e c h n o l o g y ,  r e c e n t l y  i d e n t i f i e d  s o f t w a r e
eng inee r i ng  t o  be  an  a rea  o f  pa r t i cu l a r

impo rEance  t o  t he  f u tu re  p rospe r i t y  o f  t he
na t i on  and  sugges ted  t ha t  expend i t u re  i n
so f twa re  eng inee r i ng  educa t i on  shou ld  be
s i g n i f  i c a n t l y  l n c r e a s e d .

Much  o f  t h i s  t r a i n i ng  i s  bes t  g i ven  a f t e r

s tudenEs  have  some  p rac t i ca l  expe r i ence  i n
deve lop lng  l a rge  so f twa re  sys tens  bu t  we
be l i eve  t ha t  t he re  i s  a l so  a  need  f o r  so f twa re
eng inee r i ng  educa t l on  as  pa r t  o f  un i ve r s i t y
cou rses  i n  conpu te r  sc i ence .  These  cou rses
shou ld  demonsEra te  t o  s t uden t s  t ha t  so f twa re
deve lopmen t  canno t  s imp l y  be  equa ted  w i t h
compu te r  p rog ramming  buE  t ha t  i t  embraces  t he
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e n t i r e  s o f t w a r e  l i f e  c y c l e  f r o m  t h e  i n l t l a l
concep t i on  o f  Lhe  so f twa re  t o  t he  rna ln tenance
and  enhancemen t  o f  a  de l l ve red  so f twa re  sys tem.
Fu r the rmore ,  t hey  shou ld  show  tha t  so f twa re
p roduc t i on  i s  sub jec t  t o  econon i c  cons t ra i n t s
i n  t he  same  way  as  any  o the r  bus lness  o r
gove rnmen ta l  ac t i v l t y .

I n  f ac t ,  so f twa re  eng inee r i ng  educa t i on  has
been  t he  sub jec t  o f  so rne  d i scuss lon  by  au tho rs
s u c h  a s  F r e e m a n ,  { B }  ,  F a ' t  r 1 e y ,  { 9 }  ,  a n d
M i 1 1 s ,  { 1 0 } .  A l t h o u g h  t h e  v i e w s  o f  d i f f e r e n t
au tho rs  d i f f e r  i n  de ta i l ,  t he  consensus  seems
to  be  t ha t  so f twa re  eng inee r i ng  educa t i on
shou ld  be  based  on  a  f i rm  t heo re t i ca l
f ounda t i on  bu t  shou ld  a l so  l nc l ude  p rac t l ca l
t op l cs  such  as  managemen t  sc l ence ,  p rob lem
so l v i ng ,  and  commun i ca t l on  sk i l l s .

I n  t he  rema inde r  o f  t h i s  pape r ,  t he  p rob le rns  o f
i n t e s r a t J n p  r r n d e r s r a d u a t e  c o u r s e s  l n  s o f t w a r e
eng inee r i ng  w i t h  compu te r  sc l ence  cou rses  a re
d i scussed  and  t h i s  i s  f o l l owed  by  a  desc r l p t l on
o f  t he  s t r uc tu re  o f  t he  f i na l  yea r  cou rse  i n
so f twa re  eng inee r i ng  g i ven  t o  conpu te r  sc l ence
unde rg radua tes  a t  t he  Un l ve rs l t y  o f
S t r a t h c l y d e .  T h l s  c o u r s e  1 s  p r a c t l c a l l y
o r i e n t e d  a n d  p a r t l c u l a r  a t t e n t i o n  i s  p a i d  t o
cou rsework  co rnp le ted  by  g roups  o f  s t uden t s .  The
success  o f  t h i s  cou rse  i s  assessed  and  t he
f i n a l  p a r t  o f  t h e  p a p e r  d i s c u s s e s ,  g e - ^ r s 1 1 y ,

wha t  can  be  ach ieved  by  so f twa re  eng lnee r i ng
cou rses  a t  an  unde rg radua te  l eve1 .

2.  SOFTWARE ENGINEERING AND COMPUTER SCIENCE

Compu te r  sc i ence  and  so f twa re  eng inee r i ng  have
an  uneasy  re l a t  i onsh ip  w l t h  each  o the r .
A l t hough  t hey  accepE  tha t  a  know ledge  o f  some
a s p e c t s  o f  c o m p u t e r  s c i e n c e  i s  e s s e n t i a l ,  m a n y
work i ng  so f twa re  eng inee rs  a re  ve ry  dub ious  o f
t he  va lue  o f  compu te r  sc l ence  cou rses  as  t he
top i cs  cove red  t he re  o f t en  seem to  be  d i vo r ced
f rom the  

' r ea l  
wo r l d '  o f  so f twa re  deve lopmen t .

Many  t eache rs  o f  compu te r  sc i ence  a re  wa ry  o f
so f twa re  eng inee r i ng  because  i t  l a cks  a
cohe ren t  co re  o f  t heo re t l ca l  p r i nc i p l es  and
p r e f e r  t o  t e a c h  a p p a r e n t l y  o b s c u r e  t o p l c s  s u c h
a s  l a m b d a  c a 1 c u l u s ,  s d y ,  b e c a u s e  i t s  a c a d e m l c
r i s o r r r  i s  c l e a r l v  d i s c e r n a b l e .  T h i s  a t t i t u d e
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comes  ou t  c l ea r l y  i n  t he  ACM's  Cu r r i cu l u rn  j g
p r o p o s a l s ,  { 1 1 } ,  w h e r e  t h e r e  i s  n o  e x p l i c i t
nen t i on  o f  so f twa re  eng inee r i ng  as  a  d i s t i nc t
s u b j e c t  a r e a .

Pa r t  o f  t he  p rob lem a r i ses  because  t he re  i s  no
gene ra l l y  ag reed  de f i n i t i on  o f  e i t he r  so f twa re
eng inee r i ng  o r  compu te r  sc i ence .  I n  some
i n s t i t u t i o n s ,  c o m p u t e r  s c l e n c e  i s  t r e a t e d  a s  a
v e r y  t h e o r e t i c a l  s u b j e c t ,  i n  s o m e  i t s  b i a s  l s
t owa rds  compu te r  ha rdwa re  and  i n  yeE  o the rs
the  co rnpu te r  sc l ence  cou rse  concenEra tes  on
the  deve lopmen t  o f  s ys tems  so f twa re .  So f twa re
eng lnee r l ng ,  s i r n i l a r l y ,  has  a  d i ve r s i t y  o f
i n t e r p r e t a t i o n s .  I n  s o m e  c a s e s ,  i t  i s
conce rned  w l t h  t he ha rdware /  so f twa re
in te r f ace ,  l n  o the rs  i t  l s  t he  t heo ry  ( such  as
the re  i s  )  o f  so f twa re  deve lopmen t ,  and
some t funes  so f twa re  eng inee r i ng  i s  conce rned
w i t h  t he  p rac t i ca l  p rob le rns  o f  deve lop ing
la rge  so fEware  sys tems .

I ^ i e  f avou r  t he  l a t t e r  i n t e rp re ta t l on  o f
so f twa re  eng inee r i ng  and ,  as  such ,  t he re  a re
th ree  p rob lems  wh i ch  t he  deve lope r  o f  cou rses
i n  t h l s  s u b j e c t  m u s t  t a c k l e .  T h e s e  a r e :

( 1 )  Compu te r  sc i ence  s tuden t s  l n  t he  ea r l y
yea rs  o f  t he i r  cou rse  do  no t  have  t he  ma tu r i t y
o r  expe r i ence  t o  r ea l i se  l ha t  l a rge  so f twa re
sys tems  a re  no t  s imp l y  sca led -up  ve rs i ons  o f
t he  sna1 l ,  f a i r l y  t r i v i a l  p rog rams  wh i ch  t hey
w r i t e  a s  e d u c a t l o n a l  e x e r c i s e s .  T t  l s  o n l y
t owa rds  t he  end  o f  t he i r  cou rse ,  a f t e r  t hey
have  expe r i ence  i n  w r i t i ng  non - t r i v i a l
p rog rans  and  a f t e r  us l ng  p rac t i ca l  so f twa re
sys tems ,  t haE  t hey  unde rs tand  t ha t  so f t \ , r a re
deve lopmenE  i s  no t  s imp l y  t he  same  as  compu te r
progranning.

(  i i  )  Many  p resen t -day  compu te r  sc i ence
facul ty rnembers have a background in
ma thema t i cs  o r  na tu ra l  s c i ence  and  do  no t
app rec ia te  t he  need  f o r  an  eng inee r i ng  t ype  o f
cou rse .  Oppos i t l on  1s  pa r t i cu l a r l y  appa ren t
when  t he  i n t r oduc t i on  o f  so f twa re  eng inee r i ng
cou rses  means  t he  reduc t i on  i n  cou rses  i n  so rne
o the r  mo re  conven t l ona l l y  accep ted  compure r
s c l e n c e  t o p i c .

( i i i )  Because  deve lop ing  l a rge  so f twa re
sys tens  cakes  a  l ong  t ime ,  i t  i s  qu i t e
lmposs lb l e  t o  s imu la te  t he  p rocess
rea l i s t i ca l l y  i n  t he  t ime  ava i l ab l e  t o
unde rg radua te  s tuden t s .  Th i s  f ac t  a l one  has
mean t  Eha t  nany  cou rses  have  concen t ra ted  on
pa r t i cu l a r  aspec t s  o f  so f twa re  deve lopmen t
w i t hou t  cons lde r l ng  Ehe  t op i c  as  a  who1e .

Apa r t  f r om  these  i nhe ren t  p rob lens ,  t he
i n t r oduc t i on  o f  cou rses  i n  so f twa re
eng inee r i ng  has  been  h i nde red  by  t he  l ack  o f
good  unde rg radua te  t ex tbooks .  Wh i l s t  t he re  i s
a  wea l t h  o f  i n f o rma t i on  on  t he  sub jec t ,  t h i s
t ends  t o  be  ga the red  t oge the r  i n  j ou rna l s  o r
as  co l l ec t i ons  o f  pape rs .  These  pape rs  a re  o f
g rea t  va l ue  bu t  t hey  do  no t  p resen t  an
in teg ra ted ,  cohe ren t ,  and  cons i s t en t  v i ew  o f
so f twa re  eng inee r i ng .

G l ven  t ha t  t he  need  f o r  cou rses  i n  so f twa re
eng inee r i ng  i s  accep ted ,  t he  p rob lem then
rema lns  o f  i n t eg ra t i ng  t hese  cou rses  w l ch  t he
rema inde r  o f  t he  compu te r  sc l ence  cu r r i cu l um.

The  l r nna tu r i t y  o f  s t uden t s  necessa r i l y
r e s t r i c t s  t h e s e  c o u r s e s  t o  t h e  l a t t e r  y e a r s  o f
a  compu te r  sc i ence  cou rse  a l t hough  we  be l i eve
tha t  emphas i s  shou ld  be  p l aced  f r om the  sEa rE
on  t he  p roduc t i on  o f  r e l i ab l e  and  rna in ta i nab le
p rog rams .  Fu r t he rmore ,  we  do  no t  be l l eve  t ha t
so f twa re  eng inee r i ng  cou rses  shou ld  t hemse l ves
have  a  s i gn i f i can t  t heo re t i ca l  e l emen t  bu t  t ha t
t he  t heo ry  shou ld  be  cove red  e l sewhe re  i n  t he
compu te r  sc i ence  cou rse .  The  j ob  o f  t he
teache r  o f  so f twa re  eng inee r i ng  shou ld  be  t o
show  how  theo ry  can  be  app l i ed  and  i s  ac tua l l y
a  use fu l  t oo l  f o r  t he  so f twa re  eng inee r .

The approach which rnre have adopted is  to
p rov i de  a  gene ra l  i n t r oduc to r y  cou rse  i n
so f twa re  eng inee r i ng  i n  t he  penu l t ima te  yea r  o f
ou r  cou rse  and  t o  f o l l ow  t h l s  w i t h  a  mo re
advanced  cou rse  i n  t he l r  f i na l  yea r .  These
cou rses  a re  compu l so ry  as  i s  a  comp lemen ta r y
f i na l - yea r  cou rse  i n  compu te r  sc i ence  t heo ry .
I dea11y ,  t he re  i s  p robab l y  a  case  f o r  i nc l ud ing
an  add i t i ona l  cou rse  cove r i ng  managenen t
sc i ence  and  commun i ca t i on  sk i l l s  bu t  f i nd i ng
t i ne  f o r  such  a  cou rse  i s  o fEen  ve ry  d i f f i cu l t
i ndeed .  To  some  ex ten t  t hese  t op i cs  a re  cove red
in  sys tems  ana l ys i s  cou rses  bu t  t h i s  does  no r
comp le te l y  nee f  ou r  needs .  No t  on l y  i s  t he
o r l en ta t i on  t owa rds  gene ra l  bus iness  managenen t
rather than sof tware management but  some of  our
s tuden t s  do  no t  t ake  such  cou rses  as  t hey  a re
spec ia l i s i ng  i n  a  mo re  ha rdwa re  o r i en ted
c o u r s e .

3.  SOFTI^IARE ENGINEERING AT STMTHCLYDE

As  desc r i bed  above ,  compu te r  sc i ence  s tuden ! s
a t  S t ra thc l yde  Un i ve rs i t y  mus t  t ake  t r ^ / o  cou rses
in  so f twa re  eng inee r i ng  -  an  i n t r oduc to r y
cou rse  f o l l owed  by  a  r no re  advanced  cou rse  i n
t he i r  f i na l  yea r .  The  i n t r oduc to r y  cou rse  i s
i n t ended  t o  show  tha t  t he  deve lop rnenE  o f  a
l a rge  so f twa re  sys tem has  a  number  o f  d i s t i nc t
s t a g e s  a n d  i t  b r i e f l y  d i s c u s s e s  e a c h  a s p e c t  o f
t he  so f twa re  l i f e  cyc l e .  I t  a l so  b r i ngs  ou t
t he  i dea  Eha t  r e l i ab i l i t y  and  rna in ta i nab i l l t y
a re  t he  mos t  impo r tanE  cha rac te r l s t i c s  o f
we l l - eng inee red  so f twa re .  The  p rac t i ca l  wo rk
a s s o c i a t e d  w l t h  t h i s  c o u r s e  i s  o r i e n t e d  t o w a r d s
p roduc lng  readab le  and  re l i ab l e  p rog rams .

Ou r  f i na l  yea r  cou rse  t ends  t o  concen t ra te  on
the  non -p rog ramrn ing  aspec t s  o f  so f twa re
deve lop rnen t  name ly ,  r equ l r enen t s  spec i f i ca t i on ,
so f twa re  des ign ,  documen ta t i on ,  so f twa re
econom ics ,  and  so f twa re  managenenL .  By  t h i s
s tage ,  mos t  s t uden t s  have  an  adequa te
unde rs tand ing  o f  p rog ra rnm ing  and  a re  usua l l y
f a i r l y  d l sc i p l i ned  l n  t he i r  p rog ra rnm ing  s t y l e
so  r ^ re  cons ide r  i t  unnecessa ry  Eo  d i scuss
p rog ranm ing  t echn iques  he re .

The  cou rse  i s  based  a round  a  comprehens l ve  se t
o f  l ec tu re  no tes  ( now  a  t ex tbook  ,  { 12 } )  whose
un i f y i ng  t he rne  i s  t he  so f twa re  l i f e  cyc1e .
These  l ec tu re  no tes  cove r  t he  f o l l ow ing  t op i cs :

( i )  R e q u i r e m e n t s  s p e c i f i c a t l o n

( i i )  S o f t w a r e  d e s i g n

( l i i  )  P rog ramming

( i v )  V a l i d a t i o n
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( v )  Ma in tenance  and  documen ta t l on

( v i )  U s e r  i n t e r f a c e  d e s l s n

( v i t )  So f twa re  nanagenen t

The  p rog ramming  pa r t  o f  t he  no tes  i s  i nc l uded
fo r  co rnp le teness  bu t  mos t  o f  t ha t  ma te r i a l  has
been  cove red  i n  t he  e l emen ta r y  so fEware
eng inee r i ng  cou rse  t aken  i n  t he  p rev i ous  yea r .
The  t op i cs  a re  cove red  i n  t he  o rde r  above  w i t h
enphas i s  p l aced  on  requ l r emen ts  spec i f i ca t i on ,
so f twa re  des ign ,  documen ta t i on ,  and  so f twa re
managemen t .  Each  o f  t hese  t op i cs  i s  a l l oca ted
abou t  one  f i f t h  o f  t he  t o ta l  t l ne  devo ted  t o
t h e  c o u r s e .

The  s tuden t s  a re  expec ted  t o  wo rk  aE  t he l r  own
pace  t h rough  t he  cou rse  rna te r l a l .  To  ass l s t
t hem,  abou t  100  t u to r l a l  p rob lems  have  been
p rov ided  rang ing  f r om ve ry  s lmp le  t asks  t o
fa l r l y  comp lex  des lgn  exe rc l ses .  A
r e p r e s e n E a t i v e  s e l e c t l o n  o f  t h e s e  t u t o r l a l
p rob le rns  i s  i nc l uded  i n  Append l x  I .  The
ma te r i a l  i n  t he  noces  1s  no t  r e i t e ra ted  l n
l ec tu res  -  t he re  a re  no  f o r rna l  l e ccu res
assoc ia ted  w l t h  t he  cou rse  -  bu t  Eu to r l a l
pe r i ods  a re  ava i l ab l e  whe re  t he  s tuden t  r nay
seek  adv i ce  and  gu ldance  on  t he  t op i cs  cove red
in  t he  cou rse  no tes .

A I l  o f  t he  f o rma l  c l ass  con tac t  assoc ia ted
n i t h  t h i s  cou rse  i s  devo ted  t o  d i scuss lon  o f
p rac t i ca l  wo rk ,  t he  deve lopmen t  o f
commun i ca t i on  sk i 11s  (bo th  o ra l  and  w r l t t en )
and  gene ra l  d i scuss ion  o f  t op l cs  i n  so f twa re
eng inee r i ng .  I n  t h i s  r espec t ,  t he  cou rse
d l f f e r s  f r om mos t  c l asses  o f f e red  a t  I IK
un i ve rs i t l e s  whe re  a  r naJo r  pa r t  o f  t he  t lme  i s
spenc  i n  f o rma l  p resen ta t l on  o f  t he  cou rsework
i n  l e c t u r e s .

Ou r  expe r i ence  w l t h  Eh i s  r ne thod  o f
p resen ta t i on  i s  t ha t  s t uden t s  p re fe r  i t
because  t hey  have  good ,  comprehens i ve  no tes
which can be read in advance and they can
spend  c l ass  pe r i ods  l n  unde rs tand ing  ra the r
t han  ass im l l a t i ng  ma te r i a l .  Teache rs  p re fe r
I t  b e c a u s e is much
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mod i f y  a  p rog ram wh i ch  t hey  have  w r i t t en  i n  a
p rev i ous  yea r  o f  t he  compu te r  sc l ence  cou rse .

(  i i  )  T h e  i n s t r u c t o r  a c t s  a s  a  
' t y p i c a l '

so f twa re  cus tomer  and  makes  con f l l c t l ng  and
se l f - conErad i c to r y  demands  on  t he  s tuden t s .  I t
i s  up  t o  t he  s tuden t s  t o  r ecogn l se  and
r e c o n c i l e  t h e s e  c o n t r a d l c t i o n s .

As  v7e  have  a l r eady  sugges ted ,  howeve r ,
des ign ing  su i t ab le  p rac t i ca l  exe rc i ses  i s  ve r y
d i f f i cu l t  l ndeed  because  o f  t he  l im i t ed  t ime
wh i ch  t he  s tuden t s  can  devoEe  t o  t he
cou rsework .  I n  essence ,  t he re  a re  two
a l t e r n a t i v e  p o s s i b i l i t i e s  :

( i )  The  p ro j ec t  chosen  can  be  re l a t i ve l y
sma11  and  we l l - de f i ned  so  t ha t  a  g roup  o f
s tuden t s  can  comp le te  t he  spec i f i ca t l on ,
des lgn ,  and  imp lemen ta t i on  l n  t he  t i ne
a l l o c a t e d  f o r  t h e  c o u r s e .

( i i )  The  p ro j ec t  can  be  l a rge r  and  more
comprehens i ve  w i t h  on l y  pa r t s  o f  t he  sys tem
comp le ted  by  t he  s tuden t s .

Ne iEhe r  o f  t hese  a l t e rna t l ves  i s  en t i r e l y
sa t i s f ac to r y .  I f  a  s rna l l  we l l - de f i ned  sys te rn
l s  chosen ,  t he  t asks  o f  spec l f i ca t l on  and
h igh - l eve l  des lgn  a re  t r i v i a l  and  appea r  t o  be
un i r npo r t an t .  Howeve r ,  1n  rea l  so f twa re  sys tems
i t  i s  t hese  aspec t s  o f  t he  deve lopmen t  p rocess
wh i ch  a re  o f t en  t he  mos t  d i f f i cu l t  and  cos t l y
and  we  w l sh  t o  demons t ra te  t h i s  t o  s t uden t s .
Ou r  app roach  i s  t o  use  a  l a rge r ,  mo re  rea l l s t i c
examp le  bu t  t h l s  has  t he  d i sadvan tage  t ha t  t he
s tuden t s  canno t  conp le te  t he  who le  p rocess  o f
deve lopmen t  because  o f  t ime  l lm i t a t i ons .  I n
f acE ,  we  expec t  t hem to  concen t ra te  on  t he
spec i f i ca t l on ,  des lgn  and  cos t l ng  o f  Ehe
p r o j e c t .

Howeve r ,  be fo re  s tuden t s  s t a r t  on  t h i s  p ro j ec t
we  se t  t hem a  sna l l  p l ece  o f  p racE i ca l  wo rk  a t
t he  ve ry  beg lnn ing  o f  t he  cou rse .  We  ask  t hen
to nodi fy a program whlch they worked on ln the
p rev ious  yea r .  The  l dea  unde r l y i ng  t h t s  wo rk  l s
t o  demons t ra te  t he  p rob lems  o f  p rog ran
na ln tenance  -  f o r  mos t  s t uden t s  i t  i s  t he  f i r s t
t lme that  they have ever had to change an
ex l s t i ng  p rog ran  wh i ch  t hey  had  no t  seen  f o r
some  t l ne .  The i r  r eac t i ons  have  i nd l ca ted  t ha t
t h i s  i s  a  ve r y  use fu l  exe rc i se  demons t raE ing
the  va lue  o f  d i sc i p l l ned  p rog rammlng  and
sens ib l e  p rog ram commen t i ng .  I t  emphas i ses  t ha t
malntenance can be a t lme consurning and
d l f f l c u l t  a c t l v l t y .

The main project  l rork centres round an exarnple
o f  a  f a i r l y  l a rge  bu t  comprehens lb l e  sys tem.
Examples which have been used include an
e lec t r on l c  ma i l / t e l econ fe renc ing  sys te rn  and  a
rea l - t lme  pa t l en t  mon l t o r l ng  sys tem such  as
m igh t  be  used  i n  a  hosp l t a l  l n t ens l ve  ca re
un i t .  An  examp le  o f  a  t yp i ca l  spec l f i ca t i on  i s
g i ven  i n  Append l x  I I .

The  l n i t i a l  i n f o rma t i on  g l ven  t o  t he  s tuden t s
l s  l n t en t l ona l l y  vague  as  i t  l s  i n t ended  t ha t
each  p ro j ec t  g roup  nus t  ques t l on  t he  l ns t r uc to r
t o  asce r t a i n  t he  de ta l l ed  r equ i r emen ts  o f  t he
sys tem.  The  i ns t r uc to r  a t t emp ts  t o  ac t  l l ke  a
t yp i ca l  use r  du r i ng  t h l s  ques t i on l ng  phase
de l i be ra te l y  sugges t l ng  lmposs lb l e  obJec t i ves

more
s t i nu l a t i ng  (a l t hough  ha rde r  wo rk )  t han
s tand ing  up  and  t a l k i ng  f o r  an  hou r  t o  an
o f t en  un recepE i ve  aud ience .

L . !  P r a c t i c a l  w o r k

As  ou r  app roach  t o  so fEware  eng inee r i ng  l s  a
p rac t i ca l  one ,  ou r  so f twa re  eng inee r i ng  cou rse
p laces  g reaL  emphas i s  on  p ro j ec t  wo rk .  Th l s
p ro j ec t  wo rk  has  a  number  o f  obJec t i ves .  I t s
p r ima ry  ob jec t l ve  i s  t o  show  s tuden t s  some  o f
t he  p rob lems  i nvo l ved  l n  deve lop lng  l a rge
so f twa re  sys tems  pa r t i cu l a r l y  t hose  wh i ch
a r i se  i n  spec l f y l ng  and  cosE ing  t he  sys tem.
IEs  seconda ry  ob jec t l ves  a re  t o  deve lop
s tuden t s  commun i ca t i on  sk l 1 l s ,  t o  r e l n fo r ce
ma te r i a l  i n  t he  cou rse  no tes ,  and  t o  show  them
what i t  is  11ke to work as a nenber of  a group
ra the r  Ehan  as  an  i nd i v l dua l  p rog ra rnmer .

We  be l l eve  t h l s  p rac t i ca l  wo rk  has  two
o r i g l n a l  f e a t u r e s :

f a  i  r 1y

( i )  P rob le rns  o f  so fEware  ma ln tenance  a re
demons t ra ted  by  r equ i r i ng  Eha t  s t uden t s  shou ld
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and  con t rad i c t o r y  r equ i r emen ts .  The  s tuden t s
m u s t  i d e n t i f y  t h e s e  i n  t h e i r  r e p o r t  a s  w e l l  a s
p r o v i d i n g  a  f u 1 1  s p e c i f i c a t i o n  o f  w h a t  t h e
s y s t e m  i s  a c t u a l l y  r e q u i r e d  t o  d o .

The  wo rk  i s  ca r r i ed  ou t  i n  p ro j ec t  g roups  o f
t h ree  o r  f ou r  s t uden t s  and  each  g roup  mus t
subm i t  t h ree  repo r t s :

( i )  T h e  d e t a i l e d  r e q u i r e m e n t s  o f  t h e  s y s t e n
mus !  be  de f i ned  us i ng  a  sem i - f o r rna l
r equ i r emen ts  de f i n i t i on  l anguage .

( i i )  T h e  h i g h - l e v e l  d e s i g n  o f  t h e  s y s t e m  m u s t
be  spec i f i ed .  Th i s  docunen t  se t s  ou t  t he
d i s t i n c t  n a r r s  n f  t h e  s v s t e m  a n d  t h e i r
i n t e r re l a t i onsh ips  bu t  does  no t  desc r i be
de ta i l ed  a l go r i t hms  wh i ch  m igh t  be  used .  The
d e s i g n  n o t a t i o n  u s e d  i s  s i m i l a r  t o  t h a t
d e s c r i b e d  b y  C o n s t a n t i n e  a n d  Y o u r d o n ,  { 4 } .

f i i  i \  n i - - 1 1 "  ^ - ^ L  o r n r r n  m r r c f  . ^ m n l ^ l ^  ^
\ r r r l  r  r r r d r l J ,  s d L r r  6 '  v u p  u v ' . r p r r r  F  d

r e p o r !  s e t t i n g  o u t  t h e  s y s t e m  c o s t s ,  a n d  t h e
t ime  wh i ch  wou ld  be  requ i r ed  t o  comp le te  t he
s y s t e m .  A s  p a r t  o f  t h i s  r e p o r t ,  t h e y  m u s t
p repa re  a  PERT  cha r t  show ing  t he  dependenc ies
o f  t he  d i f f e ren t  pa r t s  o f  t he  sys tem and  t he
t ime  requ l r ed  t o  comp le te  each  pa r ! .

As  one  o f  t he  ob jec t i ves  o f  t he  cou rse  i s  t o
deve lop  s tuden t s '  commun i ca t i on  sk i l l s  ,
pa r t i cu l a r  emphas i s  l s  p l aced  on  t he  qua l i t y
o f  t he  t echn i ca l  desc r i p t i on  i n  a l l  o f  t hese
r e p o r t s .  T h e  i n s t r u c t o r  t a k e s  c a r e  t o  p r o v i d e
de ta i l ed  co rnmen ts  on  t echn i ca l  w r i t i ng  s t y l e
and  repo r t  l a you t .  We  have  no t i ced  t ha t  t he re
J s  e  m e r k e d  i m n r ^ v e m e n f  i n  t h e  o r r a ' l  i t v  o f
t e c h n i c a l  w r l t l n g  a s  s t u d e n t s  a s s i m i l a t e  t h e s e
commen ts  i n  i n i t i a l  r epo r t s  and  bea r  t hem i n
m ind  when  p repa r i ng  l a t e r  r epo r t s .  I n  o rde r
t o  deve lop  o ra l  co rnmun i ca t i on  sk i 11s ,  a l l
s t uden t s  a re  r equ i r ed  a t  sone  t i r ne  i n  t he
cou rse  t o  make  a  p resen ta l i on  i n  f r on t  o f  t he
c lass  desc r i b i ng  some  o f  t he  wo rk  wh i ch  i hpv

have  done .

The re  a re ,  o f  cou rse ,  a  nu rnbe r  o f
d i sadvan tages  assoc ia ted  w i t h  t h i s  app roach  t o
p rac t  i ca l  \ , / o r k :

( i )  I t  r e q u i r e s  a  g r e a t  d e a l  o f  w o r k  o n  t h e
parE of  the instructor  to mark and to comrTrent
i n  d e t a i l  o n  p r o j e c t  r e p o r t s .  T h i s  m a r k i n g
mus t  be  comp le ted  qu i ck l y  so  t ha t  t he
commen ts  a re  use fu l  f o r  t he  s tuden t  i n
s u b s e q u e n t  r e p o r t s .

(  i i  )  The re  can  be  p rob lems  w i t h  t he
assessmen t  o f  g roup  p ro j ec t s  whe re  one  rnember
o f  a  g roup  does  no t  p l ay  a  f u11  pa r t  i n  t he
work .  O the r  members  f ee l  r esen t f u l  i f  t ha t
i nd i v i dua l  i s  assessed  on  t he  sane  l eve l  as
t h e y  a r e .  A l t h o u g h  t h i  s  i s  o b v i o u s l y  a
po ten t i a l  p rob lem,  ou r  expe r i ence  i s  t ha t  i t
i s  r e l a t i v e l y  r a r e .

( i i i )  T h i s  t y p e  o f  p r o j e c t  o r g a n i s a t i o n  i s
p robab l y  on l y  v i ab le  w i ! h  a  r e l a t i ve l y  sma11
c l a s s  s i z e .  F o r  l a r g e  c l a s s e s  ,  i t  i s
un rea l i s t i c  t o  expec t  a l l  s t uden t s  t o  make
p resen ta t i ons  abou t  t he i r  wo rk  s i u rp l y  because
o f  t h e  t i m e  r c n r r i r e d  f o r  s u c h  t a l k s .

t h a t  t h e  a n n r o a c h  w h i c h  w e  h a v e  a d o n t c d  t o
so f twa re  eng inee r i ng  p rac t i ca l  wo rk  mee ts  ou r
p r ima ry  ob jec t i ve  na rne l y  t o  demons t ra te  t he
d i f f i c u l t i e s  o f  s o f t w a r e  s p e c i f i c a t i o n ,  d e s i g n ,
a n d  c o s t i n g .  I t  a l s o  m e e t s  o u r  s e c o n d a r y
o b j e c t i v e s  o f  r e i n f o r c i n g  t h e  c o u r s e  m a t e r i a l  ,
deve lop ing  commun i ca t  i on  sk i 1 l s  ,  and  show ing
s tuden t s  some  o f  t he  d i f f i cu l t l e s  o f  g roup
work i ng .  Th i s  suppos i t i on  i s  based  on  commen ts
by  s tuden t s  abou t  t he  cou rse ,  t he i r  pe r f o rmance
in  t he  p rac t i ca l  wo rk  whe re  a  ma rked
imp rovemen t  i s  shown  f r o rn  t he  f i r s t  p ro j ec t  t o
t he  1as t ,  and  t he i r  pe r f o rmance  i n  f o rma l
exam ina t i ons  whe re  a  f a i r l y  h i gh  c l ass  ave rage
rna rk  has  been  a t t a i ned .

As  f a r  as  t he  s tuden t s  a re  conce rned ,  i n f o rma l
su rveys  have  shown  t ha t  t hey  f i nd  t he  p ro j ec t
wo rk  cha l l eng ing  and  an  i n t e res t i ng  change  f r om
prog ramming .  The i r  pe r f o rmance  i n  t he  p rac t i ca l
w o r k  i s  s i g n i f i c a n t l y  b e t t e r  t h a n  i n
exam ina t i ons  and ,  as  p rac t i ca l  wo rk  makes  up
l / 3  o f  t h e  o v e r a l l  c o u r s e  a s s e s s m e n t ,  t h e y
i m n r o v e  t h e i r  F i n a l  m e r k  h v  t h c i r  n r S q l i g 6 f
pe r f o rmance .  They  a l so  f i nd  t ha t  po ten t i a l
emp loye rs  a re  ve ry  i n t e res l ed  i n  t h i s  wo rk  and
i t  seems  t o  enhance  t he i r  chances  o f  f i nd i ns  a
j o b  o n  l e a v i n g  t h e  u n i v e r s i t y .

4 .  CONCLUSIONS

We be l i eve  t ha t  unde rg radua te  cou rses  i n
compu te r  sc i ence  ough t  t o  l nc l ude  an  e l emen t  o f
so f twa re  eng inee r i ng  educa t i on  bu t  t ha t  t h i s  1s
on l y  wo r thwh i l e  l f  i t  i s  i nc l uded  i n  t he  l a t e r
yea rs  o f  t he l r  cou rse .  Un l i ke  Jensen  e t
a 1 . ,  { 1 3 } ,  w e  d o  n o t  b e l i e v e  t h a t  t h e r e  i s  m u c h
p o i n t  i n  f u l l - s c a l e  c o u r s e s  i n  s o f t w a r e
e n o i n e e r i n p  b e c a i l s e  s t u d e n t s  d o  n o t  h a v e  t h e
ma tu r i t y  o r  expe r i ence  t o  app rec ia te  so f twa re
e n p i n e e r i n p  n r o h l e m s  r r n f i l  t h e v  h a v e
cons ide rab le  p rog ramrn ing  expe r i ence .

Howeve r ,  t he  i ns t r uc to r  o f  so f twa re  eng inee r i ng
cou rses  mus t  be  ca re fu l  no t  t o  de lude  h imse l f
t ha t  he  i s  t each ing  s tuden t s  t o  be  so f twa re
eng inee rs .  I , / e  be l i eve  t ha t  t h i s  i s  an
imposs ib l e  ob jec t  i ve  and  t haE  p rac t i ca l
expe r i ence  i n  l a rge  sca le  so f twa re  deve lopmen t
i s  necessa ry  be fo re  an  i nd i v i dua l  can  be
cons ide red  t o  be  a  so f twa re  eng inee r .  The  a im
o f  un i ve r s i t y  cou rses  i n  t h i s  t op l c  mus t  be  t o
p r e p a r e  s t u d e n t s  f o r  t h i s  p r a c t i c a l  e x p e r i e n c e
by  show ing  t he  p rob lems  wh i ch  t hey  m igh t
encoun te r  i n  t he  deve lopmen t  o f  l a rge  sys tens .

APPENDIX  I  -  Tu to r i a l  Examp les

The  t u to r i a l  exa rnp les  be low  a re  r ep resen ta t i ve
o f  t he  examp les  g i ven  t o  s t uden t s  t o  he lp  t hem
read  and  unde rs tand  t he  cou rse  ma te r i a l .

( i )  D i scuss  t he  va lue  o f  s i r nu la t i on  and
p ro to t yp ing  i n  r equ i r emen ts  va l i da t i on .

( i i )  D e r i v e  d a t a  f l o w  d i a g r a m s  a n d  s t r u c t u r e
cha r t s  f o r  t he  Un i x  ed i t o r .

( i i i )  Compare  and  con t ras t  t v ro  d i f f e ren !
t e c h n i q u e s  o f  d e s i g n  v a l i d a t i o n .

( i v )  Unde r  wha t  c i r cums tances  i s
p rog ram ana l yse r  mos t  use fu l ?

In  sp i t e  o f  t hese  d i sadvan tages ,  \ ^ / e  be l i eve

a  s t a t i c



( v )  W h y  i s  t h e r e  n o  s u c h  t h i n g  a s
documen t i ng  p rog ra rn?
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The  sys tem the re fo re  shou ld  i nc l ude  ex tens l ve
se l f - check ing  f ac i l i t i e s  and  shou ld  a l so  be
a b l e  t o  a s s e s s  t h e  f e a s i b i l l t y  o f  t h e
i n fo rma t i on  wh i ch  i s  be ing  p resen ted  t o  r ned i ca l
s t a f f .
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( v i )  Sugges t  how  the  wo rk i ng  env i r on rnen t  i n
t he  compu te r  sc i ence  depa r t r nen t  cou ld  be
i m n r o v e d  s o  t h r t  s l r r d e n t  n r o g r a m m e r
p r o d u c t i v i t y  i s  i n c r e a s e d .

( v i i )  Desc r i be  Ehe  use  o f  ba r  cha r l s  and
a c t i v i t y  c h a r t s  f o r  p r o j e c t  s c h e d u l i n g .

APPENDIX  I I  -  S tuden t  P ro i ec t  Soec i f i ca t i on

The  sys te rn  desc r i p t i on  se t  ou t  be low  i s  t ha t
i s s u e d  t o  s E u d e n c s  t a k i  n g  o u r  f i  n a l  - y e a r

unde rg radua te  cou rse  i n  so f twa re  eng inee r i ng .

A 3ge!- I_ ig Pat ient  Moni tor ing System

W h e n  a  p a t i e n t  i n  h o s p i t a l  i s  s e r l o u s l y  i l l
and  t aken  t o  an  i n t ens i ve  ca re  un i t ,  t ha t
p a t i e n t ' s  c o n d i t i o n  m u s t  b e  c o n s t a n t l y
mon i t o red  t o  check  f o r  de te r i o ra t i on  and  t o
a l e r t  s t a f f  i f  s u c h  d e t e r i o r a t i o n  o c c u r s .
Pa r t  o f  t h i s  mon i t o r i ng  can  be  done  by  rnach ine
- - - . + L  -  J i ^ - 1 ^ . .  ^ r  l l a  n a i i e n t , c  h a ; c i d o  . - , 1u  r > P r d y  d r r u ,

l n  s o m e  c a s e s ,  t h i s  d i s p l a y  i s  a l s o  f e d  t o  a
cen l r a l  conso le  whe re  i t  can  be  wa tched  ove r
by  a  nu rse .

I t  i s  c o m m o n  t o  m o n i t o r  a  p a t i e n ! ' s
hea r l beaE  au toma t i ca l l y  bu t  o the r  f ac to r s  such
as  b l ood  p ressu re ,  t empe ra tu re  and  b rea th i ng
a re  more  o f t en  mon i t o red  by  f r equen t  manua l
checks .  The re  i s  no  t echn i ca l  r eason ,
howeve r ,  v i hy  t hese  canno t  be  au toma t i ca l l y
m o n i t o r e d .

T h e  a i m  o f  t h i s  p r o j e c t  i s  t o  d e s i g n  a
compu te r i sed  mon i t o r i ng  sys tem to  co l l ec t  t he
ou tpu t  f r on  an  a r ray  o f  i ns t r umen ts  check ing
h e a r t  r a t e ,  t e m p e r a t u r e ,  b l o o d  p r e s s u r e ,  a n d
b rea th i ng  ra te ,  t o  r eco rd  t h i s  i n f o r rna t i on  f o r
f u t u r e  a n a l y s i s ,  t o  d i s p l a y  i t  i n  a  c o n v e n i e n t
f o r m  b o t h  a t  t h e  p a t i e n t ' s  b e d s i d e  a n d  a t  a
c e n t r a l  c o n s o l e ,  a n d  t o  a l e r t  s t a f f  i f
p o t e n t i a l l y  d a n g e r o u s  c h a n g e s  i n  t h e  p a t i e n t ' s
c o n d i t i o n  a r e  d e t e c t e d .

The  f o l l ow ing  cond i t i ons  app l y  t o
sys cern 3

the

(  i  )  I t  shou ld  be  ab le  t o  hand le  t he
m o n i  t o r i n p  o f  a r  

' l  
e a s i '  I  n a t i e n t s  a n d  t o

d i sp l ay  l n f o rma t i on  abou t  a l l  o f  t hese
pa t i en t s  a t  t he  same  t ime .

r i i \  A l r h n i l o h  i n i r i a 1 l y  1 t  s h o u l d  b e  d e s i g n e d
to  suppo r t  t he  rnon i t o r i ng  o f  t he  pa rame te rs
spec i f i ed  above ,  i t  shou ld  be  capab le  o f
expans ion  so  t ha t  f u r t he r  pa t i en t  pa rame te rs
m a y  b e  a d d e d  a t  a  l a t e r  d a t e .

( i i i )  T h e  s y s t e m  s h o u l d  p r o v i d e  d i f f e r e n t
l eve l s  o f  wa rn ing  rang ing  f r om 

' t ake  
immed ia te

a c t i o n '  f o r  a  c a r d i a c  a r r e s t  s a y  t o  
' l o o k  

w h e n
you have t i rne '  when a change in b lood
p r e s s u r e ,  s a y ,  i s  d e t e c t e d .

( i v )  T h e  s y s t e m  s h o u l d  p r o v i d e  f a c i l i t i e s  t o
summar i se  t he  co l l ec ted  da ta  abou t  pa t i en t s
and  t o  d i sp l ay  and  p r i n t  t hese  su rnmar i es  i n  a
conven ien t  f o rm  fo r  s t udy  by  med i ca l  s t a f f  o r
i n c l u s i o n  i n  t h e  p a t i e n t ' s  m e d i c a l  r e c o r d .

I t  i s  an  obv ious  requ i r emen t  o f  such  a  sys tem
t h a t  r e l i a b i l i t y  i s  o f  t h e  u t m o s t  i m p o r t a n c e .
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