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ABSTRACT 

T h i s  p a p e r  p r e s e n t s  a  taxonomy o f  i m p o r t a n t  d e c i s i o n  v a r i a b l e s  and 

a methodology f o r  h a n d l i n g  them i n  a  computer s e l e c t i o n  and changeover  

d e c i s i o n .  A c a s e  s t u d y  from a u n i v e r s i t y  i l l u s t r a t e s  t h e  problem e n v i r -  

onment and p r e s e n t s  t h e  background from which t h e  q u a n t i t a t i v e  methodol-  

ogy evo lved .  The r e a d e r  i s  i n v i t e d  t o  review a n  a c t u a l  d e c i s i o n  p r o c e s s  

and e v a l u a t e  o u r  proposed way of h a n d l i n g  c o n f l i c t i n g  o b j e c t i v e s  and con 

s t r a i n t s  of  many d i v e r s e  u s e r  groups .  
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INTRODUCTION 

One of  t h e  most t r a u m a t i c  d e c i s i o n s  r e q u i r e d  o f  a n  o r g a n i z a t i o n  

d o i n g  computa t ion  i s  t h e  problem of  d e c i d i n g  when t o  change t o  a d i f f e r -  

e n t  f a c i l i t y ,  and how t o  a f f e c t  t h i s  changeover .  As t echnology  e v o l v e s  

and m a n u f a c t u r e r s  i n t r o d u c e  new computers ,  and a s  budge t s  and g o a l s  change,  

o r g a n i z a t i o n s  s e l e c t  new computers.  These changes d i r e c t l y  a f f e c t  c a r e e r s  

o f  many p e o p l e  and i n v o l v e  l a r g e  c a p i t a l  e x p e n d i t u r e s .  Of ten  t h e  c h o i c e s  

must b e  made w i t h i n  a framework o f  s h o r t  t ime  l i m i t s ,  l i t t l e  i n f o r m a t i o n  

and i n t e n s e  p e r s o n a l  i n t e r a c t i o n s .  Th i s  paper  p r e s e n t s  a taxonomy of  

some of  t h e  d e c i s i o n  v a r i a b l e s ,  and a methodology f o r  h a n d l i n g  them s o  

t h a t  u n c e r t a i n t y  may b e  reduced and t h e  q u a l i t y  of t h e  r e s u l t i n g  d e c i s i o n  

improved. The methodology i s  a n  outgrowth o f  a n  e i g h t e e n  month computer 

d e c i s i o n  d e l i b e r a t i o n  a t  Carnegie-Mel lon U n i v e r s i t y  (CMU). A c a s e  s t u d y  

of  t h i s  d e c i s i o n  i l l u s t r a t e s  many o f  t h e  problems i n h e r e n t  i n  such a p r o -  

c e s s  and i n d i c a t e s  why t h e  methodology cou ld  b e  a n  i m p o r t a n t  t o o l  i n  

f u t u r e  d e c i s i o n s .  We b e l i e v e  t h a t  t h e  s y s t e m a t i c  approach  o u t l i n e d  

would have i n c r e a s e d  communication and l e d  t o  a l e s s  c h a o t i c  d e c i s i o n  en-  

v i ronment .  

R e c e n t l y  t h e r e  have  been  a r t i c l e s  p u b l i s h e d  on computer measurement 
-L 

and e v a l u a t i o n .  Techniques  such a s  hardware  and s o f t w a r e  m o n i t o r i n g ,  r e -  

p e a t a b l e  u s e r  s c r i p t s ,  ma themat ica l  models ,  s i m u l a t i o n s ,  and benchmark 

u s e r  p r o f i l e s  p r o v i d e  a wide r a n g e  o f  t o o l s  w i t h  which t o  compare a l t e r -  

n a t i v e  sys tems.  B e l l  and Newell (1971) p r e s e n t  a comprehensive methodol-  

ogy f o r  r e p r e s e n t i n g  and comparing computer hardware  s t r u c t u r e s .  The 

7'; 

For example, t h e  A s s o c i a t i o n  f o r  Computing Machinery r e c e n t l y  sponsored 
t h e  SIGOPS Workshop on System Performance Eva1u:rtion (1971).  A s i m i l a r  
workshop co-sponsored by t h e  I E E E  and Argonnc N a t i o n a l  Labora to ry  was h e l d  
i n  Oc tober ,  1971. 
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a d m i n i s t r a t o r s ,  u s e r  r e p r e s e n t a t i v e  committees, c o l l e g e s ,  departments ,  

e t c .  w i t h  u l t i m a t e  r e s p o n s i b i l i t y  f o r  major computer p o l i c y  d e c i s i o n s  a r e  

o f t e n  no t  f a m i l i a r  w i th  t h e  v a s t  amount of  t e c h n i c a l  l i t e r a t u r e  on t h e  

s u b j e c t .  Nor does  i t  appear  t o  them t h a t  i t  i s  even p o s s i b l e  t h a t  t h e s e  

d e c i s i o n s  can be  sub jec t ed  t o  such a n a l y s i s .  Users a r e  o f t e n  s p l i t  i n t o  

groups which lobby f o r  t h e i r  own s o l u t i o n  t o  t h e  problem. Even w i t h i n  a  

w e l l  s t r u c t u r e d  d e c i s i o n  environment, t h e  a c t i v i t i e s  of t h e s e  competing 

groups may appear  c h a o t i c  t o  t hose  who must make t h e  f i n a l  dec i s ion .  The 

fo l lowing  s e c t i o n  ske tches  t h e  important  even t s  of a  d e c i s i o n  a t  CMU. 
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CASE STUDY OF EVENTS AT CARNEGIE-MELLON UNIVERSITY 

Two s t anda rd  c a s e  s tudy  methods a r e :  (a )  a  de tached ,  s c i e n t i f i c ,  

obse rve r  having acces s  t o  personnel  and t h e i r  communications du r ing  a  

d e c i s i o n  fo l lows ,  r eco rds ,  and ana lyzes  a l l  impor tan t  even t s ;  (b)  a  non- 

p a r t i c i p a t i n g  h i s t o r i a n - a n a l y s t  g a t h e r s  a l l  r e l e v a n t  d a t a  a l lowing  s i g -  

n i f i c a n t  t ime t o  b u f f e r  i n d i v i d u a l s  from t h e  a c t u a l  events .  

The a n a l y s i s  of  t h e  fo l lowing  s e c t i o n s  has  n e i t h e r  o f  t h e s e  two prop- 

e r t i e s .  Both a u t h o r s  p a r t i c i p a t e d  i n  t h e  d e c i s i o n  process  i n  a n  a c t i v e  

way. De ta i l ed  no t e s  of  meet ings were no t  ga thered ,  bu t  p u b l i c  memoranda 

document many important  events .  S ince  t h e  a c t u a l  d e c i s i o n  was announced 

w i t h i n  t h e  l a s t  y e a r  t h e r e  i s  no h i s t o r i c a l  pe r spec t ive .  

The fo l lowing  format w i l l  b e  used t o  d e s c r i b e  t h e  important  events  

concerning t h e  computer d e c i s i o n  a t  CMU: 

<approximate d a t e > - < e v e n ~ :  < e d i t o r i a l  comment about  t h i s  e v e n 0  

12/68 - Computer Users Planning Committee formed : The a d m i n i s t r a t i o n  
appoin ted  t h i s  committee t o  d r a f t  a  p o l i c y  f o r  comput Lion. 
This committee d i s cus sed  a  computing o b j e c t i v e  f u n c t i o n  and 
t r i e d  t o  o u t l i n e  a  number of  c o n s t r a i n t s .  

4/69 - Computer Users Planning Committee p r e s e n t s  Computing Po l i cy  
document t o  t h e  Un ive r s i t y :  One of t h e  major  recommendations of 
t h i s  document was t h a t  a  permanent Un ive r s i t y  Computing Council  
(UCC) be  formed t o  a d v i s e  t h e  a d m i n i s t r a t i o n  on computing a f f a i r s .  
A t h r e e  member subgroup from UCC was recommended, c a l l e d  t h e  Com- 
pu t ing  Board, t o  c o n s u l t  w i th  t h e  Computation Center d i r e c t o r  on 
a  d a i l y  b a s i s .  

5/69 - Computer Sc ience  Department d e c i s i o n  t o  no longer  suppor t  one of  
t h e  two l a r g e  computers on t h e  campus f o r  i t s  major  r e sea rch  pro-  
j e c t :  The r e sea rch  goa l s  of  t h e  Computer Sc ience  Department 
changed, and they  decided t o  withdraw f i n a n c i a l  suppor t  of t h i s  
machine i n  June ,  1970. 
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9/69 - Unive r s i t y  Computation Council (UCC) appoin ted :  The UCC was a  
group of about 20 f a c u l t y  and two s t u d e n t s  r e p r e s e n t i n g  d i f f e r -  
e n t  segments of  t h e  Univers i ty .  

10/69 - Computing Board formed ( t h r e e  f a c u l t y  members). 

10/69 - UCC formula tes  b a s i c  problems: Subcommittees were formed t o  
s tudy  computation budget ,  u s e r  s e r v i c e s ,  e v a l u a t i o n  procedures ,  
and b a s i c  po l i cy .  The s i n g l e  most important  t a s k  of UCC was t o  
recommend what equipment c o n f i g u r a t i o n  would s e r v e  a s  t h e  gener-  
a l  campus f a c i l i t y  a f t e r  t h e  Computer Sc ience  Department a l t e r e d  
t h e  budgetary framework. 

12/69 - UCC a t t empt s  t o  measure u s e r  demand and determine budgetary con- 
s t r a i n t s :  Subcommittees had d i f f i c u l t y  g a t h e r i n g  s t a t i s t i c s  on 
c u r r e n t  o p e r a t i o n s  and de te rmin ing  what budgetary c o n s t r a i n t s  
t h e  Un ive r s i t y  w i l l  p l a c e  upon computing r e sou rces  i n  t h e  f u t u r e .  

12/69 - UCC g a t h e r s  a  number of  equipment proposa ls  f o r  d i f f e r e n t  con- 
f i g u r a t i o n s :  Vendors provided a l t e r n a t i v e  con f igu ra t i ons  and 
UCC members proposed o t h e r s .  

2/70 - D i r e c t o r  of Computation Center  r e s i g n s .  

3/70 - Proposa ls  reduced t o  two d i f f e r e n t  a l t e r n a t i v e s .  

4/70 - UCC makes recommendation and u n i v e r s i t y '  a c c e p t s  : The d e c i s i o n  
c a l l e d  f o r  t h e  cont inued r e n t a l ,  f o r  a  t r i a l  pe r iod  of one y e a r ,  
o f  t h e  l a r g e  gene ra l  purpose computer be ing  phased o u t  by t h e  
Computer Sc ience  Department. UCC was unwi l l i ng  t o  recommend 
purchase  of  t h i s  machine wi thout  a n  e x t e n s i v e  t e s t  pe r iod  a s  a  
gene ra l  campus f a c i l i t y ,  b u t  i t  d i d  no t  s p e c i f y  t e s t s  o r  p e r -  
formance l e v e l s .  

4/70 - Adminis t ra t ion  appo in t s  new D i r e c t o r  of  Computation Center  from 
c u r r e n t  s t a f f .  

6/70 - D i r e c t o r  and Computer Board make p l ans  f o r  r ev i sed  con f igu ra t i on :  
To make t h e  c o n f i g u r a t i o n  s a t i s f y  a  number of u s e r  requi rements ,  
t h e  management of  t h e  Center  proposed changes t o  t h e  equipment 
c o n f i g u r a t i o n  of  t h e  systems and t o  o p e r a t i o n a l  p o l i c i e s .  The 
Un ive r s i t y  s igned a  c o n t r a c t  w i th  a vendor who was t o  provide  a  
subsystem having s u b s t a n t i a l l y  b e t t e r  performance cha rach te r -  
i s t i c s  t han  t h e  r e n t e d  equipment. The c o n t r a c t  had a  one yea r  
minimum l e a s e  p rov i s ion .  

9/70 - New UCC appointed and Computer Board disbanded:  This  UCC had a  
number of new members. A t  i t s  f i r s t  meet ing it decided t h a t  t he  
t h r e e  member f a c u l t y  Computer Board was no longe r  necessary.  



C. Be l l  

10/70 - Vendor f a i l e d  t o  i n s t a l l  major sybsystem and new c o n t r a c t  s igned  
w i t h  ano the r  vendor: The subsystem was no t  i n s t a l l e d  on schedule ,  
and a f t e r  a  number of de l ays  t h e  c o n t r a c t  was terminated.  A con- 
t r a c t  w i th  ano the r  vendor was s igned  (about  1/3 of t o t a l  system 
c o s t ) .  This  c o n t r a c t  provided f o r  a  minimum l e a s e  of two yea r s  
i f  t h e  sybsystem was n o t  purchased. 

12/70 - New components added t o  system: The second vendor i n s t a l l e d  t h e  
subsystem, and a  number of o t h e r  components were added t o  im-  
prove system performance. 

UCC approves two committees t o  e v a l u a t e  performance f o r  March 
dead l ine :  The f i r s t  was a  User Committee t h a t  was t o  s tudy  com- 
pu t ing  c o n s t r a i n t s  and o b j e c t i v e s .  This  committee never  func-  
t ioned .  The second was a  Computer S e l e c t i o n  committee t h a t  was 
t o  e v a l u a t e  t h e  p r e s e n t  s i t u a t i o n  and recommend whether t h e  c u r -  
r e n t  c o n f i g u r a t i o n  had performed w e l l  enough t h a t  t h e  Un ive r s i t y  
should now purchase i t .  I f  t h e  system was no t  t o  b e  r e t a i n e d ,  
an a l t e r n a t i v e  would b e  r equ i r ed .  

2/71 - S e l e c t i o n  Committee ho lds  meet ings:  I n t e r e s t e d  groups made v e r b a l  
and w r i t t e n  proposa ls  t o  t h e  S e l e c t i o n  Committee. One of t h e  i m -  
p o r t a n t  unknown v a r i a b l e s  was u s e r  changeover c o s t .  

3/71 - Attempts t o  measure u s e r  changeover c o s t s :  A number of groups 
t r i e d  t o  measure t h i s  c o s t .  

3/71 - UCC Meeting: A t  t h i s  meet ing t h e  S e l e c t i o n  Committee made i t s  
recommendation, and i n t e r e s t e d  groups r epo r t ed  t h e i r  views. In-  
d i v i d u a l  UCC members were po l l ed .  The groups reached no consensus.  

3/71 - Adminis t ra t ion  announces d e c i s i o n  t o  purchase machine p r e s e n t l y  
on r e n t a l  and t o  commit t h e  Un ive r s i t y  t o  t h i s  c o n f i g u r a t i o n  f o r  
a n  extended pe r iod .  

/ 5: 

I n  t h e  nex t  s e c t i o n  we p r e s e n t ' g e n e r a l  fo rmula t ion  o f  t h e  computer 

s e l e c t i o n  and changeover problem and a n  approach t o  i t s  r e s o l u t i o n .  
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A COMPUTER SELECTION PIETHODOLOGY 

The fo l lowing  f o r m a l i z a t i o n  of t h e  changeover problem w i l l  s e r v e  a s  

a  common d e s c r i p t i v e  base  throughout  t h e  paper.  S t a t i n g  t h e  problem i n  

a  s tandard  o p t i m i z a t i o n  framework f o r c e s  a n a l y s t s  t o  f a c e  important  i s s u e s  a t  

t h e  o u t s e t .  The form of t h e  o b j e c t i v e  f u n c t i o n  and c o n s t r a i n t  s e t  may 

change w i t h  t ime ,  and i t  i s  c e r t a i n  t o  vary  among d i f f e r e n t  i n t e r e s t  

groups. An impor tan t  achievement f o r  any o r g a n i z a t i o n  i s  t h e  c r e a t i o n  and 

c i r c u l a t i o n  of  a n  e x p l i c i t  c o n s t r a i n t  s e t  and a  r e a l i s t i c  approximiza t ion  

t o  t h e  o r g a n i z a t i o n ' s  computation o b j e c t i v e  func t ion .  A formal  a t t empt  t o  

view t h e  problem i n  common terms throughout  t he  d e c i s i o n  h i e r a r c h y  could 

reduce  n o i s e  and i n c r e a s e  communication among t h e  many groups and subgroups 

a c t i v e  i n  t h e  d e c i s i o n  process .  However, t h i s  type  of  fo rmula t ion  w i l l  

probably no t  l e ad  t o  an  a lgo r i t hmic  s o l u t i o n .  The d a t a  a r e  i n h e r e n t l y  

imprec ise ,  and many f e a t u r e s  w i l l  remain s u b j e c t i v e .  P re sen t  e f f o r t s  i n  

d e c i s i o n  theory  concerning "fuzzy" c o n s t r a i n t s  and o b j e c t i v e s  may prove 

h e l p f u l  i n  t h e  f u t u r e .  (Bellman, 1971) 

DEFINITION OF TEF3lS 

' i jk  E t h e  l e v e l  of s e r v i c e  i which w i l l  b e  provided on system j ,  i n  

t ime pe r iod  k. Examples of t y p i c a l  s e r v i c e  components i n c l u d e  

computation speed,  pr imary memory a v a i l a b l e  t o  u s e r s ,  f i l e  s i z e  

and s e c u r i t y ,  r e l i a b i l i t y ,  number of  hours  a v a i l a b l e  t o  u s e r s ,  

f l e x i b i l i t y ,  c o m p a t i b i l i t y  w i th  o t h e r  i n s t i t u t i o n s ,  e a s e  of 

l e a r n i n g  and u s e ,  e x t e n t  of  documentation, q u a l i t y  and number of  
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supported languages,  power of o p e r a t i n g  system, response  t ime 

a s  a  f u n c t i o n  of r e q u e s t ,  c o n t i n u i t y  wi th  prev ious  o p e r a t i o n s ,  

type  o f  u s e r  acces s ,  i npu t /ou tpu t  f a c i l i t i e s ,  vendor suppor t ,  

e t c .  

S - r t h e  a r r a y  of s e r v i c e  l e v e l s  S 
i j k *  

C(Sijk) ' t h e  t o t a l  c o s t  of p rov id ing  S of  s e r v i c e  i on system j i n  
i j k  

t i m e  pe r iod  k. The c o s t  should i n c l u d e  items such a s  programming 

suppor t ,  maintenance,  g e n e r a l  o p e r a t i o n s ,  e t c .  This f i g u r e  should 

a l s o  i n c l u d e  c o s t s  of changing from some mode of o p e r a t i o n  i n  

p e r i o d  k - 1  t o  any d i f f e r e n t  mode i n  p e r i o d  k .  Examples o f  such 

c o s t s  a r e  u s e r  convers ion  expenses and p o t e n t i a l  c o n t r a c t u r a l  

p e n a l t i e s  t o  vendors.  

*k E t h e  subs idy  t h e  o r g a n i z a t i o n  i s  w i l l i n g  t o  provide  t o  t h e  u se r  

community i n  y e a r  k .  Addi t i ona l  funds must b e  genera ted  from 

sources  o u t s i d e  of t h e  o r g a n i z a t i o n  a s  a  r e s u l t  of p rovid ing  

d i f f e r e n t  S 
i j k '  

EI(Sijk)E t h e  e x t e r n a l  income which may b e  genera ted  i n  pe r iod  k by provid ing  

' i jk  of  s e r v i c e  i on system j. 

F(2) E a n  o b j e c t i v e  f u n c t i o n  which maps t h e  space  of  s e r v i c e  a l t e r n a t i v e s  

i n t o  a  space  o f  va lues .  

I s t h e  s e t  of  r equ i r ed  s e r v i c e s .  
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J = t h e  s e t  of  systems under cons ide ra t i on .  

R i k  
z t h e  r e q u i r e d  minimum l e v e l  of s e r v i c e  i i n  per iod  k. 

FORMULATION O F  PROBLDI 

Using t h e  prev ious  d e f i n i t i o n s  we may formula te  a  few i l l u s t r a t i v e  

problems. A s  a  f i r s t  example cons ide r  t h e  c a s e  i n  which t h e  o r g a n i z a t i o n  

i s  a b l e  t o  p r o j e c t  f i rm  budgetary  g u i d e l i n e s  f o r  n  f u t u r e  t ime pe r iods .  

The s i t u a t i o n  could b e  r ep re sen t ed  i n  t h e  fo l lowing  problem i n  which we 

maximize a n  o v e r a l l  measure of  s e r v i c e  s u b j e c t  t o  budget and minimum 

s e r v i c e  c o n s t r a i n t s .  

(1)  M A X I M I Z E  F:S) 

s u b j e c t  t o :  1 @(sijk)  - E ~ ( ~ ~ ~ ~ ) ?  ' Bk 
j i 

f o r  k  = 1, 2 ,  .... n  

Y- 

f o r  k = 1, 2 ,  .... n and i £1 

' ijk 
r 0 f o r  a l l  i, j ,  k 

An a l t e r n a t i v e  approach would be  t o  a t t empt  t o  minimize t h e  t i m e  

d i scounted  va lue  of t h e  o r g a n i z a t i o n ' s  computing subs idy  w h i l e  s t i l l  

meet ing s e r v i c e  c o n s t r a i n t s .  Formulat ion (2 )  i s  a n  example of t h i s  type  

of  d e c i s i o n  where r i s  t h e  a p p r o p r i a t e  i n t e r n a l  d i s coun t  r a t e .  
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Sub jec t  t o :  4 ' i jk  R i k  
J 

f o r  k  = 1, 2 ,  ... n and i E I  

'i jk 
r 0 f o r  a l l  

Other c o n s t r a i n t s  could b e  added i n  an  obvious f a sh ion .  For example, t h e  

o r g a n i z a t i o n  might  be  r e g u l a t e d  t o  e a r n  no t  more than  some l e v e l  EI(S 
i jk  

from a p a r t i c u l a r  s e r v i c e .  C o n s t r a i n t s  on t h e  subsidy B f o r  p a r t i c u l a r  
k  

t ime pe r iods  may e n t e r  fo rmula t ion  (2 )  a s  they  d i d  i n  (1 ) .  

The prev ious  formula t ions  a l l ow  f o r  a  number of d i f f e r e n t  system 

conf igu ra t i ons .  S p e c i f i c  s e r v i c e s  may b e  purchased from o u t s i d e ;  one o r  

many systems may b e  s e l e c t e d  f o r  purchase  o r  l e a se .  Many of  t h e  v a r i a b l e s  

may b e  very ha rd  t o  o b t a i n ,  p a r t i c u l a r l y  i f  a  proposed system i s  a new 

e n t r y  i n  t h e  vendor ' s  equipment l i n e .  The v i r t u e  of  t h i s  type  of formalism 

i s  t h a t  p o l i c y  makers a r e  fo rced  t o  o b t a i n  t h e  most r e l i a b l e  d a t a  p o s s i b l e  

a long  a  number of w e l l  de f ined  dimensions.  When u n c e r t a i n t y  e x i s t s  i n  a  

set of  numbers i t  should be  recognized  and a t t empt s  should b e  made t o  

measure t h e  v a r i a n c e  of t h e  e s t ima te s .  
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EXAMPLE ALTERNATIVES 

The l a s t  s e c t i o n  proposed a  gene ra l  framework i n  which computer 

systems can be  compared along dimensions such a s  c o s t ,  a v a i l a b i l i t y ,  

hardware and so f tware  performance, and f l e x i b i l i t y .  A t  any p o i n t  i n  

t ime,  t h e  s e t ,  J ,  of a l t e r n a t i v e  systems under s e r i o u s  cons ide ra t i on ,  

i s  u s u a l l y  small .  To provide  s e r v i c e  c o n t i n u i t y ,  equipment changeover 

d e c i s i o n s  a r e  o f t e n  incrementa l  and only  a  s u b s e t  o f  t h e  t o t a l  equip-  

ment c o n f i g u r a t i o n  i s  a l t e r e d  i n  any per iod .  Simple h e u r i s t i c s  can 

u s u a l l y  narrow t h e  search  t o  f o u r  o r  f i v e  a l t e r n a t i v e s .  As t h e  d a t a  

base  grows, and t h e  o r g a n i z a t i o n  begins  t o  understand i t s  c o n s t r a i n t s  

and o b j e c t i v e s  more c l e a r l y ,  a d d i t i o n a l  a l t e r n a t i v e s  may b e  considered 

e a s i l y .  I n  t h e  fo l lowing  s e c t i o n s  we p r e s e n t  t h e  type  of d a t a  t h a t  

should b e  cons idere?  f o r  each s e r i o u s  a l t e r n a t i v e .  Our i n t e n t  i s  t o  

i n d i c a t e  t h e  k inds  of q u a n t i t a t i v e  comparisons t h a t  a r e  p o s s i b l e .  This  

common d a t a  may b e  used i n  a  number of ways w i t h i n  t h e  d e c i s i o n  h i e r a r c h y  

a s  people  p l a c e  t h e i r  own va lue  weight ings  t o  va r ious  dimensions.  

The fo l lowing  fou r  a l t e r n a t i v e s  p r e s e n t  a  wide range of t y p i c a l  

p o t e n t i a l  s e l e c t i o n s .  The f i r s t  two a r e  w e l l  understood i n  our  envi ron-  

ment and r e p r e s e n t  l i t t l e  change from c u r r e n t  ope ra t i ons .  The l a s t  two 

a r e  un t e s t ed  and r i s k y  approaches t h a t  appear  t o  have h igh  p o t e n t i a l  c o s t  

savings.  Of course  u n c e r t a i n t i e s  a r e  g r e a t e s t  i n  t h e s e  l a t t e r  systems. 

CMU owns a  Univac 1108 which i s  h e a v i l y  used. Each c o n f i g u r a t i o n  d i s -  

cussed below i s  a n  a d d i t i o n  t o  t h e  b a s i c  1108 system c a p a b i l i t y  which 

w i l l  remain. 
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THE SYSTEMS 

(A) S t a t u s  Quo 

Purchase t h e  l a r g e ,  gene ra l  purpose,  t ime-shar ing  system which was 

a t  CMU on a r e n t a l  b a s i s .  The machine has  been i n  s e r v i c e  a t  CMU f o r  

over  f o u r  y e a r s ,  b u t  much o f  t h a t  t ime was ded ica t ed  t o  s p e c i f i c  e x t e r -  

n a l l y  funded r e s e a r c h  p r o j e c t s  of t h e  Computer Sc ience  Department. Many 

u s e r s  a r e  do ing  u s e f u l  work on, and a r e  comfortable  w i th ,  t h i s  machine. 

(B)  Purchase a Less Expensive General Purpose System wi th  Some Externa l  
Time Purchases 

The Computer Sc ience  Department a t  CMU has  two such machines f o r  

comparison. Hence we had a g r e a t  d e a l  of o p e r a t i o n a l  d a t a ,  and were a b l e  

t o  avoid  problems of vendor no ise .  We could have considered o t h e r  machines 

i n  t h i s  cost-performance ca t ego ry ,  b u t  t ime c o n s t r a i n t s  and problems of 

g a t h e r i n g  d a t a  from o u t s i d e  sou rces  fo rced  u s  t o  u s e  system (B) a s  a 

r e p r e s e n t a t i v e  of  t h i s  c l a s s  of  machine. I f  t h i s  a l t e r n a t i v e  looked 

promising,  o t h e r  s i m i l a r  systems could then  e n t e r  t h e  d e c i s i o n  space. 

(C) Mul t ip l e  Minicomputers w i t h  Externa l  Purchases 

This  a l t e r n a t i v e  d i d  no t  r e c e i v e  a g r e a t  d e a l  of a t t e n t i o n  i n  t h e  

a c t u a l  s e l e c t i o n  procedure because of  t ime c o n s t r a i n t s .  Much of  t h e  d a t a  

i s  p r e s e n t l y  unav i l ab l e ,  b u t  t h i s  c o n f i g u r a t i o n  appeared t o  have lowest  

c o s t .  Without f u r t h e r  e x p l o r a t i o n  one cannot be  s u r e  whether t h e  low 

c o s t  and reasonably  high performance f i g u r e s  a r e  a r e s u l t  of u n c e r t a i n t y  

i n  t h e  d a t a  o r  an  i n h e r e n t  f e a t u r e  of t h e  approach. We encourage o t h e r s  

t o  examine t h i s  method of provid ing  a wide range of computing s e r v i c e s .  
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The Nat iona l  Sc ience  Foundation sponsored an  eva lua t ion  i n  which 

t h e  IBM 1130 was compared wi th  buying time from commercial t imeshar ing  

companies a t  a number of  co l l eges .  A c o n f i g u r a t i o n  us ing  t h i s  approach 

a t  a l a r g e r  u n i v e r s i t y  could have two min i s  running Fo r t r an  and o t h e r  

languages such a s  CSMP, c i r c u i t  a n a l y s i s  packages,  e t c .  f o r  d i r e c t  u s e  by 

r e s e a r c h e r s  and s tuden t s .  To s a t i s f y  t e rmina l  c o n s t r a i n t s ,  two min i s  

could b e  ded ica t ed  t o  t ime-shar ing  f o r  e i t h e r  BASIC o r  For t ran .  A f i n a l  

min i  could b e  used s o l e l y  f o r  f i l e  e d i t i n g ,  and i t s  ou tpu t  could i n t e r -  

f a c e  t o  t h e  i n t e r n a l  Univac 1108 and t o  off-campus systems where t ime 

would b e  purchased. Local f i rms  supply a f u l l  range of s e r v i c e s  t o  t h e  

commercial market. 

(D)  Purchase Se rv i ce s  from Externa l  Vendors 

A l l  computing needs beyond t h e  b a s i c  1108 s e r v i c e  would b e  purchased 

from o u t s i d e  sources .  I n  t h i s  environment t h e  Computation Center  would 

func t ion  a s  a c l e a r i n g  house f o r  commercial s e r v i c e s .  The 1108 load would 

i n c r e a s e  s i n c e  a l l  o u t s i d e  computing would have a d i r e c t ,  observable ,  c o s t  

a s s o c i a t e d  w i t h  it. The s a t i s f i e d  1108 u s e r s  were q u i t e  concerned t h a t  

t h i s  a l t e r n a t i v e  would s e v e r e l y  c u t  back t h e i r  l e v e l  of s e r v i c e .  

There a r e  a g r e a t  many o t h e r  c o n f i g u r a t i o n s  t h a t  could s e r v e  t h e  

needs of CMU. Some were examined, and o t h e r s  were neglec ted  because of 

t ime c o n s t r a i n t s  and t h e  l a c k  of an  i n t e r e s t e d  group t o  p r e s s  t h e  cause  

of  a p a r t i c u l a r  system. For example, w i t h  some very  l a r g e  systems we 

might ach i eve  a n  o r d e r  of  magnitude improvement i n  pr ice/performance.  

The l a r g e  i n i t i a l  investments  g e n e r a l l y  r equ i r ed  t o  purchase such con f ig -  

u r a t i o n s  v i o l a t e d  obvious budget c o n s t r a i n t s  s i n c e  t h e  Un ive r s i t y  i s  
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o p e r a t i n g  under f i n a n c i a l  p r e s s u r e s .  Another i n t e r e s t i n g  a l t e r n a t i v e  

t h a t  was no t  examined thoroughly was t h e  i n t r o d u c t i o n  o f  a  ve ry  l a r g e  

number of minicomputers. For t h e  same c o s t  a s  a l t e r n a t i v e  ( A )  we could 

buy between 40 t o  400 minicomputers ( a t  a  p r i c e  of $60,000-$6,000). 

This  a l t e r n a t i v e  might  p rovide  more r e a l  power and r e l i a b i l i t y  than  any 

of t h e  o t h e r s ,  b u t  t h e  c o n s t r u c t i o n  o f  such a  f a c i l i t y  would r e q u i r e  more 

r e sea rch  and development than  u n c e r t a i n t y  c o n s t r a i n t s  would al low.  

THE DlMENS IONS 

A g e n e r a l  problem s o l v i n g  technique  used i n  s i t u a t i o n s  s i m i l a r  t o  

t h e  CMU d e c i s i o n  i s :  g e n e r a t e  a  s o l u t i o n ;  t e s t  i t  a g a i n s t  c o n s t r a i n t s  

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

u n c e r t a i n t y ,  a v a i l a b i l i t y ,  e t c . ;  and f i n a l l y  e v a l u a t e  i t  by apply ing  a n  

o b j e c t i v e  f u n c t i o n  t o  t h e  r e l e v a n t  c h a r a c t e r i s t i c s .  

Before a s e r i o u s  comparison should begin ,  t h e  o r g a n i z a t i o n  must 

understand i t s  c u r r e n t  computing load. This p l e a  t o  "understand t h y s e l f "  

may sound t r i t e ,  b u t  i n  our  exper ience  convent iona l  b i l l i n g  and account ing  

informat ion  i s  inadequate  t o  a c c u r a t e l y  c h a r a c t e r i z e  t h e  u s e r  p r o f i l e .  

Load and performance moni tor ing  should b e  a n  i n t e g r a l  p a r t  of  every  i n -  

s t a l l a t i o n .  Data from such e f f o r t s  may no t  b e  used cont inuous ly ,  b u t  

when t h e  t ime a r r i v e s  f o r  a  change, i t  becomes inva luable .  

The i n t e r e s t i n g  dimensions f o r  q u a n t i t a t i v e  e v a l u a t i o n  may be  grouped 

a s  fo l lows:  
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Costs :  C a p i t a l  expendi ture ;  o p e r a t i o n s ;  maintenance;  u s e r  changeover; ... 
User Machine Performance: Processor  c a p a b i l i t y ;  a v a i l a b i l i t y ;  

t e rmina l  a c c e s s ;  r e l i a b i l i t y ;  i n t e r e s t i n g  hardware f e a t u r e s ;  .... 
Software Performance: Operat ing system f e a t u r e s ,  languages and 

f a c i l i t i e s ;  u s e r  i n t e r f a c e ;  r e l i a b i l i t y ;  .... 
U n c e r t a i n t i e s :  Fu ture  machine evo lu t ion ;  p r i c e  changes,  load changes; ... 

Space l i m i t a t i o n s  prec lude  d i s c u s s i o n  of  each of  t h e s e  dimensions,  

o r  even d e t a i l e d  a n a l y s i s  of one of them. Hence we s h a l l  i l l u s t r a t e ,  i n  

some d e t a i l ,  one aspec, t  of one dimension. Consider a comparison between 

language c a p a b i l i t i e s  of a n  e x i s t i n g  f a c i l i t y  (machine A) and a proposed 

a l t e r n a t i v e  (machine B). The comparison w i l l  b e  over  some un ive r se  of 

languages,  g= { ~ o r t r a n ,  Algol ,  Basic ,  APL, ...], i n  t h e  con tex t  of t h e  

usage o f  t h e  p a r t i c u l a r  

m e t r i c ,  !&A,B), by 

where 

i n s t a l l a t i o n .  For example, d e f i n e  a p a r t i c u l a r  

= { l y . . .  , A  1 i s  t h e  u n i v e r s e  of  language (no t  a l l  of which 
n 

need be  on both  A and B) 

TR = a measure of t h e  u s e f u l  of language R 

'i, 
= r e l a t i v e  language power; language j on B compared w i t h  i on A 

c .=conversion c o s t  measure,  programs i n  language i on A i n t o  
i , J  

language j on B 

n =number of u s e r s  of  language R i n  c l a s s  k 
R,k 

Ik = r e l a t i v e  "importance" of  c l a s s  k u s e r s  



This  p a r t i c u l a r  m e t r i c  i s  a  sum of terms f o r  each language which inc ludes  

f a c t o r s  such a s :  on t h e  proposed system i t  may b e  necessary  ( o r  advan- 

tageous)  t o  swi tch  languages;  t h a t  t h e r e  i s  a  one-time c o s t  a s s o c i a t e d  

w i t h  such a  convers ion ;  and t h a t  n o t  a l l  languages a r e  e q u a l l y  used nor  

a r e  u s e r s  e q u a l l y  "importantf ' .  We wish t o  s t r e s s  t h e  p r a c t i c a l i t y  of 

g a t h e r i n g  t h e  necessary  d a t a ,  by benchmark t e s t s ,  f o r  example. 

The fo l lowing  t a b l e  i l l u s t r a t e s  a  number of important  v a r i a b l e s  which 

need t o  be  eva lua ted  du r ing  any major equipment dec i s ion .  

Costs  

D i r e c t  and Opera t iona l  
Purchase 
Renta l  phase ou t  c o s t s  
Cont rac t  p e n a l t i e s  
I n t e r e s t  
Hardware t r a i n i n g  
Software t r a i n i n g  
Operat ing expenses 
Changeover 
Outs ide  purchases  t o  s a t i s f y  needs 
Systems personnel  f o r  maintenance 

Performance 

A v a i l a b i l i t y  
Monitor 
CPU power 
Memory space 
P e r i p h e r a l  power 
Terminals 
Batch c a p a b i l i t y  
F i l e  systems 
Languages and Operat ing System c a p a b i l i t i e s  
Ease of l e a r n i n g  
~ocurnenta  t i o n  
Response t ime 
Recovery t ime a f t e r  a  c r a s h  
R e l i a b i l i t y  
Computabi l i ty  
Mul t ip rocessor  c a p a b i l i t y  



CONCLUSIONS 

An a n a l y t i c a l  framework f o r  a  d e c i s i o n  of t h i s  type  w i l l  u s u a l l y  

have t h e  fo l lowing  b e n e f i t s :  reduce  t h e  l i k e l i h o o d  t h a t  random no i se  

w i l l  f i n a l l y  t r i g g e r  t h e  d e c i s i o n  i n  a  completely i r r a t i o n a l  manner; u s e r s  

w i l l  l e a r n  t o  p l a c e  a  va lue  on computation; agreement on t h e  v a r i o u s  

va lues ,  c o s t s  and performances; and i t  e s t a b l i s h e s  a  measurement frame- 

work by which t h e  computation f a c i l i t i e s  can  b e  run  and eva lua ted .  

I n  making t h e  d e c i s i o n  d a t a  g a t h e r i n g  should occur  calmly. E v e n  

f o r  s e v e r a l  thousand u s e r s  i t  i s  p o s s i b l e  t o  g a t h e r  complete in format ion  

about  t h e  u s e r  p r o f i l e ;  and t h i s  a n a l y s i s  should b e  c a r r i e d  ou t .  Data 

g a t h e r i n g  should be  c a r r i e d  o u t  by about  t h r e e  unbiased people  ( a l l  of 

whom a r e  knowledgable i n  computer systems) .  

Given t h a t  a  computer i s  i n  a n  environment f o r  a yea r  o r  more, no 

m a t t e r  w i t h  what r e s u l t s ,  changing t o  some o t h e r  system (which i s  no t  a  

p roper  s u b s e t  of t h e  f i r s t  system) w i l l  b e  no t  w i t h  t h e  b l e s s i n g  of t h e  

u s e r s .  

Computer s e l e c t i o n  d e c i s i o n s  do admit t o  q u a n t i t a t i v e  a n a l y s i s ,  and 

t h e  techniques  a r e  w e l l  known. The necessary  d a t a  a r e  e i t h e r  a v a i l a b l e ,  

o r  methods f o r  c o l l e c t i n g  them a r e  a v a i l a b l e .  The problem of making a 

r a t i o n a l  s e l e c t i o n ,  once t h e  t e c h n i c a l  d a t a  a r e  organized ,  i s  s i m i l a r  t o  

a l l  c a p i t a l  expendi ture  problems and t h e  same management techniques  should 

b e  app l i ed .  
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