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The Problem? 

From mv perspecti1.e. this somewhat ill-posed 
question Asses the point rather badly. because 
as Michael Jackson stated corrcctl! and 
unambiguousI! in his ICSE-I7 kc!-note address. 
“as software developers 11:e Q/Y (m? italics] 
engineers because we make useful machines . ..‘* 
[I]. This is self-ejidcnt if one accepts that most 
conventional definitions of e/7,+7eering refer to 
creating cost-effecti\.c solutions to pnctical 
problems b! applying scientific knowledge to 
build things in the senicc of mankind. or some 
words with the same overall meaning 121. 

For someone who has spent much of his 
career. as both scientist and engineer. building 
large systems or researching their de\,elopmcnt. 
the real question is ho\\, \vc /III/XY~V~ the 
engineering acti\,itics that \\ c undertake as 
software engineers. This is important. because in 
our daily lives incrcasingl!- 1% c depend. often for 
our veq lives and li\,elihoods. on the ‘correct‘ 
execution of software in a machine. We are 
intimately concerned with issues of functionality. 
reliabili@. performance. safet! _ securit!. and a rail 
of other concerns. all mediated b!, soft\\are. 

In practice. it is certainly true that the actual 
w7giueering component of software engineering is 
at times vet. fragile. This is ~UIIC different fmm 
stating categoricall!~ that this is 17ol engineering! 
Shaw (21 has described ho\\ engineering oni! 
emerges once commerce-based ox/i 1 skilled 
craftsmen invoh,cd in pragmatic refinement J and 
science converge to gi1.e a true w7gi~7eeri/7g 

discipline Ieducated professionals. using sclencc- 
based analysis and the03 1. This com’ergence is 
still in the process of taking place for the 
building of software intcnsi\,c machines - hence 
the ambivalent views of software engineering that 
now exist. even among professionals. On the 
one hand sofmare flies plants. controls induswial 
plants. mediates car braking s~s~cms. manages 
hospital intensi1.e ca1p units and so on On the 
other hand. some US states ha\c legislated that 
use of the term “software cngincci IS esprcssl!- 
forbidden. Closer IO home. this APSEC ‘95 
conference is posing the qucslion “is Soft\\,arc 
Englnecring rcalh Engineering?“. \\,ith ~hc 
implication that it ‘is not 1 A schi/.ophrenic tic\\ 
of software development indeed! 
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What are we actually talking about here? 
Computation is a man-made phenomenon, 
focused primarily on abstract intellectual artefacts, 
frequent]! imfolving great complexity, 
underconstrained by its medium and only weakly 
coupled to theoF. In fact. Computer Science has 
assembled and de13eloped some relevant theory, 
but practice proceeds largely independently of 
this organised knowledge. The weak link 
between theor?, and practice is exacetiated by a 
poor understanding of experimental methods in 
the Computer Science research community and 
the fact that ‘theoI?;’ is closely. and wrongly, 
associated more with the mathematical sense of 
the word. In Computer Science standards for 
demonstrating correctness are verq’ close to those 
traditionalI\. used in mathematics, where 
theoreticians ‘pro\‘c theorems’. compared with 
the building of constructi\‘c analvtic models 
which is central to theoretical thinking in other 
sciences. An obvious consequence of all of this is 
that models and modelling become crucially 
important. in that they alone can give substance 
to the abstract intellectual artefacts characteristic 
of both s&ware product and process and enable 
them to be subjected to shared comprehension 
and scrutiny. indeed. it can be argued that many 
of the problems that beset sofhvare engineering 
are in fact problems with modelling. For 
example. both reuse and codification require 
shared and understandable models if thev are ever 
to be cff~tively utilised. Codification’is a vital 
ingredient of any engineering culture and a lack of 
suitable. wideI\, understood. tool based 
modelling frameworks mitigates strongly against 
effcctivc codification and the effective use of 
alrcady codified cspcriencc. Effectively capturing 
contest is a crucial issue in a world of abstract 
artefacts. especially in areas such as estimation 
and process improvement. 

The Solution? 

So. what is to be done? Here is a personal 
\,ic\\ of some of what still needs to be 
undertaken. Fundamcntall!.. there is a need to 
provide appropriate science and technology for 
speeding up the cmli to engineering transition. 
This is not neccssarilv casv: in other 
CngiIleeIing disciplines &is prhess has k&en 
centuries! The centrality of software in our 
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technology dependen society predicates a 
speedier transition. hopefully guided by our 
insights into the process as exemplified in other 
engineering disciplines. 

As was prefaced aboIse. a proper understanding 
of the role of models and 1llOdehiJlg in software 
engineering is crucial. cspeciall~ with respecl 10 
‘deep’ analytic models. This IS an essential 
precursor to effective codilication - ic csperiencc 
reuse - and the de\,elopmen1 of CASE tools that 
actuall\ provide 1hc sorts of design and 
development support designers take for granted in 
the mechanical and electronic engineering CAD 
world. An obvious facility would be the ability 
to unitnate an emerging system design early in 
the software design process. 

Two further related and important areas Of 
researchare the use of quantitative data [software 
measures] for the building of more powerful 
predictive models and empirical sofhvarc 
engineering studies. These arc inlrinsicall! 
difficult areas of research. both because of (1~ 
abstract nature of man! of the intellectual :tiefacts 
which constitute soharc products and the 
associated developmen processes and because Of 
the human/social-centredness of rhe software 
development process. The ner result is that 
conventional approaches to model building and 
experimentation. as found in the physical and 
social sciences often do no1 CT over naturally 
into the software engineering domain - a 
combined socio-technical \icwpoint must bc 
pursued. A further complication is the vc? 
considerable cost associated with conducring 
meaningful sofiware enginceting cspcriments in 
itxhstic industrial c0111cs1s. A ma.jor 
contributing area of statisrical rcscarch is the 
difficult topic of mct;l-anal!,sis. prc\iousl! mainl! 
used for the analysis of muhiplc. bu1 simple. 
medical experimentation dacascts. but now being 
extended so as to cope with comples hierarchical 
models (such as a software product. development 
process or project organisation). Progress in this 
area is vital If intrinsically sparse experimental 
software engineering da&se1s arc to bc combined 
effectively in such a manner as lo rc;llisc 
generalisable ptedicti\c models - the key to 
codification 

There is much more that could bc said. but as 
an aside. there some promising signs thar (he as 
yet small science base is slaning 10 grow. For 
example. the recent USC of Ilighcr-dimensional 
models. making novel USC of ca~cgo~~ theorclic 
‘pasting schemes’. for modelling important 
aspects of concurrcn~ 131. Computer Scicnrists 
tend to have a stmngc a\crsion to highcr- 
dimensional models. \‘crl\’ mucl~ pnrt and parcel 
of uxditional science. The tacit assumpl~on tlxtf 
most soliwarc complcsir!~ mcasurcs arc scalars. as 
opposed 10 vcc1ors or icnsors in some ‘space‘. is 
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a glaring example of very limited conceptual 
thinking and an inability to construct meaningJX 
empirical models of the relevant context. 
Another positive example is recent work in belief 
revision and reasoning about action which avoids 
man!’ of the drawbacks characteristic of the ‘fmme 
problem in AI b!, making use of fundamental 
im.ariants in reasoning about system behaviour 
l-11. In the physical sciences. invariants and their 
concomitant symmetries play in important role 
in building po\verful analytic models of physical 
systems. There is a real need for more work with 
a core science focus and of this quality. 

The education and training of computing 
professionals in general. and software engineers in 
particular. is a central issue. These must be 
based on sound science and engineering 
principles with plenty of relevant pm&al 
csperience - sadi!, no1 ~hc case today in most 
Compmer Science dcpanments. where the 
academic stalT ‘teaching‘ software engineering 
frequently have no experience whatever of the 
rcalit~ of building high-qualit! . reliable. cost- 
cfkcli~~c soflware witems. One thing we can be 
sure of is that ceritjkafion of practicing softwate 
engineers. through the engineering institutions, 
will come whether we like it or not! There is 
nothing so special about software engineering, 
compared with other branches of the engineering 
profession that makes us immune from such 
professional constraints - and benefits. We 
should welcome i1 and work constructively 
towards it. Then we really will be engineers, 
irrespective of what we choose to call ourselves. 
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