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HUMAN FACTORS IN VIRTUAL 11ACHINE HIERARCHIES 

B.RoGaines 

These notes are a distillation of some basic considerations from 
diverse experiences, reported in detail elsewhere, in: minicomp­
uter design, both for compact program encodingl and for high­
level language support2 ,3,4; language design for interactive 
systems 5 ,b,"l; prograr1ming interactive dialogue5,8; and analysing 
the foundations of structured prograrnI1ing9, protection struct­
ureslO , and futUre trends in computersl1• 

At anyone time hardware, software, or applications aspects of 
computers may seem to predominate, either as bottlenecks to 
progress, or as offering exciting new possibilities - one may 
feel that architecture, languages or systems require particular 
effort, or offer the possibility of a 'breakthrough'. What has 
become increasingly apparent, however, is the similarity of 
problems and techniques in these seemingly diverse areas, and 
the high degree of structural similarity at different levels of 
computer systems design - making the old hardware/software dist­
inction misleading. The spread of dynamically oicroprogrammed 
architectures has given a software flavour to what was previ­
ously hardware design. Conversely, the spread of structured 
programming concepts has transferred hardware techniques of 
isolation, quality control, modularity, etc., to software 
engineering. 

There is a paradox here in that, whilst r~rdware and software 
have become increasingly related at a conceptual level, the gulf 
between actual gate-level hardware.and high-level languages, let 
alone applications programs, has widened in recent years. \~'hilst 
one initial trend in using low-cost l.s.i. was to more closely 
support the run-time systems of major languages, the overall 
trend in minicomputers is now towards multilevel microprogrammed 
structures that are not orientated to a specific language but 
offer immense flexibility at what used to be the hardware design 
level, i.e. the deferred-design inherent in computers i~.being 
taken even further. ~his is partly because no current languages 
are universally adequate and partly because of the need to prov­
ide effective emulation of a variety of machines. Thus the use 
of the term 'system' rather than 'hardware' in the title of this 
colloquium represents a definite and necessary trend. 

The-irrelevance of hardware progress in its own right has been 
exacerbated by the halving of hardware costs over the past three 
years whilst software, and overall system, costs have doubled. 
Configurations ~ay be purchased for under tlOK that have an 
immense potential in commercial applications, yet many more tens 
of thousands must be spent to realize that potential in any 
particular application. Efforts to relate hardware facilities to 
standard languages have little effect here because most of the 
cost is-in system analysis and ongoing system development. Thus, 
in considering 'high-level' l?~guages, we must broaden the scope 
beyond the conventional ALGOL/CORAL level towards 'library rout-
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ines', 'packages', 'programmed interaction', and so on. Indeed, it 
is worth noting that formal languages are not unique to computers 
but have always played importrult roles in system design and operat­
ion. The expression of circuit designs as drmving office blueprints, 
the ·coIl1I!lunication of project schedules as bar-charts, etc., all use 
'formal languages' that can be manipulated algorithQicallYG 

In considering the diverse levels of language from the microprogram 
. to applications dialogue, the concept of a virtual machine hierarchy 
is extremely useful. At each level in the hierarchy there is a pro~ 
amming problem in· one direction ~~d the provision of progr~able 
resources in the other. One cannot make completely inflexible even 
the package supplied to the end user - he needs capabilities to add 
new record structures, printouts, etc. On the other hand one solves 
no problems by giving total flexibility at any level in the hier­
archy. The problem of comprehension and the deCision-making and resp­
onsibility of the use of excessive flexibility are themselves sources 
of difficulty. When several users or a project team are involved then 
excessive flexibility allows for unnecessary diversity of approaches 
so that modules and documentation are duplicated and interfacing 
modules becomes difficult. 
~hus one should envisage far more levels and structure in the virtual 
machine hierarchy than are usually considered. Also one must take 
into account the human factors at each level of the hierarchy. There 
is a technical relationship between problem and (virtual) machine, 
eeg. if character-string analysis is required SNOBOL may provide a 
suitable 'machine'. However, the problem has to be expressed for the 
machine by a programmer, ~~d that person also has a relationship to 
both machine and problem, e.g. does he understand SNOBOL, does he 
think of the problem as one of character strings or one of lists. 
The presentation shows how the virtual machine hierarchy appears 
when this 3-part relationship between programmer, problem and machine 
1s incorporated. It indicates: the richness and diversity of the 
various levels of computer-based system design; the role of human 
factors in system considerations; the role of language at each level, 
the decoupling between the levels in a clean virtual machine implem~ 
enation; and the iteration of the same basic structure at different­
levels, giving some hope for overall technology transfer. 
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