
II 

THE DESIG N OF DESIG N 

F P Brooks 

Rapporteur: Jonathan Halliday 



II. 2 

c 



• 

• 

II.3 

THE DESIGN OF DESIGN 
Frederick P. Brooks, Jr. 

University of North Carolina at Chapel Hill 27599-3175, USA 

The Design of Design 

Fred Ilrooks 

University o f :--'-orth Carolilla 
at Chapel Hill 

brooks @CS.unc.edu 

Design and Designers 
I. :\Iy quest - What is the process or design? 

2. How engineers think of design 

3. What's wrong wi th this model? 

~. Rationalism and Empiricism in design 

S. Exemplars and their role 

6. Esthetics in technical design 

7. Solo and team design 

8. Creat designs come from great designer! 

9. Where do gre::!1 deSigners come from? 

How Engineers Think of Design 

Goal 
Desiderata 
Non.linear utility funcllo n 
Constraints, especially budget (not ne«::Ssarily S cost) 
Design tree of decisions 
UNTIL (design is "good enough") or (time has run out) 

DO another design (10 improve utili ty function) 
UNTIL design is complete 

WHILE design remains feasible, 
make another design de-cision 

E1"OWH ILE 
Backtrack up deSign tree 
Explore a path not searched before 

END UNTIL 
E NODO 
Take best design 

END UNTIL 

Design 

"To form a plan or scheme of, 

to arrange or conceive in the mind ... 

for later execution." 
OED 

Why Study Design? 

"'y design experiences: 
;\ principal .J" participant 

Payroll machine 8000 series archit~lure 
Stretch supercomputer 
Harvest cryptanalytic co· processor 
SystemIJ60 architecture Systeml360 A~mbler 
APL PUI 
GRIP, GRINCH, GRO PE VIEW,SCL"lPT 
Walkthrough Se\'eral VR svstems 
Beach house Computer Sc'ience bldg 
Home remodeling Church fell ows hip haJJ 

QUiCk net-these experiences are more alike than difTerent! 

Can we design better by looking at design as a proces.s~ 

Teach others beller to desig n l>ener~ 

m. What's Wrong with This Model?-I 

We don't really know the goal at first -

The hardest part of design is de-ciding whaJ 10 design. 

Often the most important function of the designer is 
helping the client decide what he wants . 

Where e.~perts go wrong: 

Miss fresh vis ion - e.g., miniromputer, microromputer 

Vision not high enough - e.g., 0Sl360 JCL 
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05/360 J CL - the Worst Language 

One job lan guage for aJi programming languages 
Like ,\ sse rllbler language. rather than PUI, etc. 
But not c":lctly like Assemble r 
C:lrd-column dependent 
Too few verbs 
Declarations do verb ish things, in the guise of p;u:lmeters 
Awkward b ranching 
," '0 clC3 tl iteration 
No clea n subrouti ne call 

Do ne unde r my management 

B:lSic problem w::.s pedcstri::.n vision 
We did not see it as a schedule· time progr::.mming I::.ngu::.ge 

::.t all , but as ::. "rew control c::.rds" 
It w::.s not designed, it just gre .... as needs appe,a.r!~ __ 

(Drawing of House) 

AI and Design Research 

Much or the AI wo rk has been chasing the wrong goa l. 

The huma n mind beats AI ha nds down on three tasks: 
- Pa ttern r ecogni tion 

- Evaluation 

- Associative search or vas t database ror ron tex t match 

The design p roblem, as shown by obse rvation and 
protocol analysis, is rich in all th ree: 
=> a poor candi date ror AI 

Go ror intelligence amplification, not artificia l 
intelligence! 

• JA»AI 

Wha t's Wrong with Th is Model?-II 

The dcsidcr:lta and their wcightings keep changing. 

Donald Schon - "One wrestles with the problem." 

AS o ne in fact makes the tr :I(Je·ofTs , the " eight.<; change. 

• So metimes one hits new opportunities. 

We usu:llly don't know the d esign tree. 

• The constraints keep c hanging. 

• O ften by the eve r .changing world . 

• Sometimes by inspir::.t ion! Genius is nnding the third way! 

Design Models 

• Simon4NeweU VS Lawson4Schon 

• Simon is rational but wrong­
doesn ' t describe what really goes on 

• Chris Alexand er : " Any p roblem one can soh'e that 
way is not re::.lly design." 

• But still the "consensus model" in engineering 
liter::. ture. 

• See ror example, C.P::.hJ ::.nd W. Beia. 19~ 
Enginttring Design: ,\ SystemaJic Approoch 

• Schon is r ight but not elabo rated­
doesn ' t usefully prescribe actions 

Ra tionalism vs. Em piricism in Design 

Aris totle vs. Calile<>; France vs. Britain; Descartes vs. Hume: 
Roma n law vs. Anglo.Saxon law 

• Wegner: Prolog vs. Lisp; Algol vs. Pascal; Dijkstra vs. Knuth; 
proving p rogr ::. ms vs. testing prognms 

I am ::. thorou ghgoing, dyed·in·the·wool empiricist: 

Ou r des igns ::.re so complex there is no hope or getting them 
righ t fi rs t time by p ure thoughL 

To expect to is a r rogan t. 

So, we must ::.dop t des ign.bu ild processes tha t incorpora te 
evolu tiona ry growth 

vs. water fall : spe:ci fy-design ·build 
vs. "Pla n to th row one away." 
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Evolutiona ry So ftware Development 

I. Build a minimal ... orking system. 

I c' :. Try it with rC:lJ users. 

Revise. 

,\dd functions in small incr ements. 

Robust under changing desiJcnl3 and corutr3ints. 

Early tes ting e .~posu our inevit3h1e mistakes. 

The Wa terfall m odel is dead wrong and has go t to go! 

Design Paradoxes 

Design ing a ge nera l·purpose object 
is harder than 

designin g a specia l· pu rpose obj ect 
(because of the use r model). 

False explicit requirements assumptions 
are better than vague or implicit ones. 

• Constraints imp rove designs. 

Collaboration and Telecollaboration 

• Collabo ration is poli tically correct and rashionable. 

• Telecollaboration is even more so, 

Much telecollaboration research and development 
is techno logy ·pushed. not application' pulled. 

We need far more understandin g or co lla borati on. 

The Role or Exemplars 

few designs arc all.new; but the~ surely are fun! 

Most designs 3rc modifications of prc\-ious designs. 

The ama teur kn ows on ly his 0"" n experience: 
the trained professional knows that of his ... hol e craft. 

COllcclions of specimens arc important contributions. 

A des ign discipli ne gro ws from collection. 
to crit icism, to analysis, to syn thesis ru les . 

An attempt : Blaauw and Brooks, 
Computer .... rchitecture: Concepfs and Evo/ution, 1997. 

Solo Design and Arch itects 

• The design leam is the 20th .("enlury no,·tlly. 

• COl/cep lual ill /egrily is the problem this rnises--Uld il is hard. 

• Design as "interdisciplinary negotiation"? SO: 

• Mills' ("hief.progranuner concept - a rupported dt$i~ne r 

• ,\ systtm archittct, for des igns beyond one ("hief d~igne r 

• The architect Is the agent, approver, and ad,'ocatc for the usl'. 

• Det:li led 3rgumenl: Chaplers 3-6 in The .\lyth~!Ji 1/<111· 1/0"11t. 

Opinions on Design Coll abora tion 

Real design is always more complex than .. e imagine. 

• E.g., fi xtures for parts, tooling limitations. ~mbly 

Design control , and change control. 
are major factor in any rea l complex design . 

• T he cleane r the interlaces between teams. between 
d isci plines, between designers, the re .. er errors. 

• Errors and rework are the big cost components. 

• Hence. constrained collaboration is mOSt producti .. e. 

Collaboration is no substitute ror '''the dre:lrines.s or 
labor and the lonelin ess of thought." 
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When Does Coll abo rat ion Help? 

Determining needs rrom users 

• i\lore minds -> more dj~· e rse questions 

CO llccptU;IJ exploration 

• BrainslOr ming and synthesis :Jmong radical 
alternatives 

Nol conceptua l des ign nor detai led desig n 

• O bserve the great works or the human mind 

• Co ncep tual integrity 

DeSign re views 

• Espcci:l lly with different disciplines 

Esthetics in Technical Design 

Eve n designs we cannot se-e .have an esthetic dimeruion: 
• A "clea n " machine 
• An "elega nt " language 

Elegance: "Accomplishing m:my things with rew clements," 

But that's not enough. StraightforwardneS5 is required, too. 
• van der Poe!"s one·ins truction computer. 
• APL one·liner, id iomatic programming style 

Consistency - few concepts 
Orthogonality 

• Propriety: parsimony and transparency 
• Generali ty: comple teness and open~ndedness 

Th esis: Good esthetics )'ields good ecoMmics. 

Where Do Great Designers Come From? 

We have 10 grow them deliberaJely. 

Recruit for design brilliance, not just meeting, talk skills 
Make the dual ladder real and honorable 
Career planning and training, just as for managers 
Men tors 
Planned experience and rotation: up, down, and sideways 
Planned mid·career e<1ucalional experiences, sabbatica ls 

We have to manage them imagina/lvtly. 
• The Steinmetz story 
• The John Cocke story 

We have to protect themfitrcely. 
From managers 

• From managing 

.m Designs with Fan Clubs 

Yes No 

Fortran COBOL 

Vi'v' OSIJ60 

Unix DEC \' .\1$ 

Pascal /\Igol 

C Pl11 

i-olacintosh PCIDOS 

,\PL 

Great Designs Come 
From Great Des igners 

• Conceptual integrity 

Solo vs. committee deSign 

Where elitism is proper 

Within.product.process vs.outside.product.process: 
What are product procedures for? 

• The LHX li ght attack helicopter 
"and ferry itself across the AUantic." 
Requirements fusion without ei ther pilots nor engineers. 

How does one do grea t designs within a product process~ 

How does one make (I product process than encou rages, 
rather than inhibits, great designs? , ,- -

m Where is Design Research Going? 

Important that researchers also do design 
themse lves, in orde r not to go wildly astray. 

Easy to get swallowed up in methodological purity . 

I think it important to publish, an d todisringuu h: 
• Facts established by controlled uperimcnt. hO"'f~er 

narrow. 

• Rules of thumb derived (rom multiple uncontrolled 
observ ations-
" Piping designers seem to do X generally:' 

• Observations from cases- " I saw a designtr do x: ' 

We want to help both practice and education. 

• 
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DIS CUSS ION 

Rapporteur: Jonathan Halliday 

Lecture One 

The majority of di scuss ion for thi s sess ion was in the form of comments and exchanges 
inte ljected during the presentat ion, Onl y a small number of points were made at the end of 
the sess ion, 

Professor Brooks postulated that whil st amateur designers made mistakes in the technical 
detail of designs, it was the 'experts' who typically produced designs which were 
comprehensive ly 'wrong', It was felt that thi s was due to the accumulated experi ence of a 
particular way of thinking making it difficult to shift to new paradigms, This was illustrated 
by the experienced staff of companies such as IBM missing the boat on shifts in the industry 
(e,g, mainframe to mini), instead cont inuing to produce designs which were essentiall y just 
'bigger and better' versions of the same produc t. 

Professor Shaw enq uired , during d iscuss ion of the design di saster which constituted 
JCL360, if the rumour that the designers had approached the PLi design team for assistance 
and been shunned was true, Professor Brooks maintained that, as the (then) manager of the 
JCL360 des ign team, he had no knowledge of this, He felt that the problems wi th JCL360 
grew from the designer's attempting to apply experience of old job control languages to the 
new and different model employed for the 0/S360 architecture, Professor Randell made the 
point that JCL360 was a c lass ic example of designers needless ly and inappropriate ly 
re in venting the wheel with regard to basic programming language ele ments such as 
conditional branching, 

The power of annotated design doc umentat ion as a teaching tool for designers was 
discussed, It was fe lt that examples in the form of annotations to reference documen ts were a 
valuable asset. Professor Randell made reference to his experience in documenting an Algol 
compi le r he had co-authored, He had been we ll advised by Professor Dijkstra that 
production of such design documentation was worthwhi le only if all des ign deci sions were 
documented and explained, and clearl y described as arbitrary if this was the case, 

It was noted that the user model for a given piece of software formed part of its des ign, but 
was frequently undocumented, This produced a contradic tion, in that only written 
specifications could usually be considered as part of a design process , Professo r Brooks 
maintained that the user model al ways formed part of the design, and hence an effort should 
always be made to document it. Whilst a large amount of guesswork was often needed in 
spec ifying a user model , this should always be undertaken and documented in order that the 
spec ification be precise, even if wrong, The point was made that for highly generalised 
software products; the user model was so general that it could not eas ily exist, other than in 
the heads of the designers, 

Professor Brooks made the poi nt that great designs typically came from a single individual 
working alone (e,g, painters, composers), whereas the prevalent model in computing was 
for the use of co llaborati ve design teams, Members of the audience pointed out that much 
work considered to be that of a single individual was often the product of a strongly led 
team, e,g , l 6- l 7th century painters who only did the faces of their characters, leaving 
students to fill in the landscape, etc, It was felt the key was strong, unequivocal leadership of 
the group , 

Professo r Brooks stated that in the area of (te le)collaboration, the model of group working 
was often powered by 'technology-push' rather than 'application-pull', leading to poor 
working practices, The point was made that one person's technology was another person's 
application, However, the speaker maintained that, in general, collaborative working was no 
substitute for an individual sitting down and thinking through the problem, 
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In the brief discussion thac concluded the session, the design of the Java language was 
di scussed . Whilst c learly a group effort, this project was felt to be a c lear case of a si ngle , 
high ly expe ri enced individual (James Gosling) providi ng strong leadership to a team. The 
abil it y of a single des igne r to draw not onl y on hi s own ex perience, but also on that of other 
group members was fe lt to be a key factor. The point was made that the strong leadership of 
the project made it one o f the few cases where the product had successfull y avo ided the 
'feature c reep' whic h often affected group desig ned systems. In deed, it was noted that 
features had been added to Ja va and then removed when it was found that they did not fit 
with the strongly defined goals of the project. 

• 




