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P e r f o r m a n c e
� Purchasing perspective:

G iven a co l l ectio n o f  m achines,  w hich has the
� best performance? least cost? best performance/cost?

� D esign perspective:
F aced  w ith d esign o ptio ns,  w hich has the
� best performance i mprov ement? least cost?
� best performance/cost?

� B o th req uire
� basi s for compari son
� metri c for ev alu ati on

� G o al : und erstand  co st and
perf o rm ance im pl icatio ns o f
architectural  cho ices
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T a s k s  o f  a  C o m p u t e r  A r c h i t e c t
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O u t l i n e
� Perf o rm ance

� D efi ni ti on
� C P U  performance formu la
� M easu ri ng  and  ev alu ati ng  performance 

� Co st
� C ost and  pri ce
� C ost of ch i ps
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Concorde:
• Ca p a ci t y : 1 0 0  p ers ons
• R a ng e: 6 6 6 7  k m
• Cru i s i ng  s p eed: 2 1 6 0  k p h

( M a ch  2 )  a t  6 0 , 0 0 0  f t

7 4 7 -4 0 0 :
• Ca p a ci t y : 4 0 0  p ers ons
• R a ng e: 1 1 , 4 8 5  k m
• Cru i s i ng  s p eed: 9 2 9  k p h

a t  3 5 , 0 0 0  f t



Performance-8 Computer Architecture
C.T.King

� W hich has higher perf o rm ance?
� T i me to d eli v ery  1  passeng er? d eli v er 4 0 0  passeng ers?
� T i me to d o th e task :  ex ecu ti on ti me,  response ti me,  
latency

� T ask s per u ni t ti me:  th rou g h pu t,  band w i d th
Response time and throughput often are in opposition

Plane

Boeing 747

Concorde

Speed

610 mph

1350 mph
(Mach 2)

DC to 
Paris

6.5 hours

3 hours

Passengers

470

132

Throughput 
(pmph)

286,700

178,200

T w o  N o t i o n s  o f  P e r f o r m a n c e
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W h i c h  I s  B e t t e r ?
� T im e o f  Co nco rd e vs.  B o eing 7 4 7 :

� C oncord  i s 1 3 5 0  mph  / 6 1 0  mph
=  2 . 2  ti mes faster
=  6 . 5  h ou rs / 3  h ou rs

� T hro ughput o f  Co nco rd e vs.  B o eing 7 4 7 :
� B oei ng  i s 2 8 6 , 7 0 0  pmph / 1 7 8 , 2 0 0  pmph

=  1 . 6  ti mes better
� B o eing is 1 . 6  tim es ( 6 0 % ) f aster in term s o f  thro ughput
� Co nco rd  is 2 . 2  tim es ( 1 2 0 % ) f aster in term s o f  f l y ing 

tim e ( respo nse tim e)

W e w il l  foc us on ex ec ution time for a singl e j ob
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� Perf o rm ance acco rd ing to  tim e:
=>  f aster is b etter

� I f  interested  in co m paring tw o  things:
“X  is n tim es f aster than Y ” m eans

time(X)execution_
1e(X)performanc =

e(Y)performanc
e(X)performanc

=n

P e r f o r m a n c e  D e f i n i t i o n
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W h a t  i s  T i m e ?
� S traightf o rw ard  d ef initio n o f  tim e: 

� T otal ti me to complete a task ,  i nclu d i ng  d i sk  &
memory  accesses,  I /O  acti v i ti es,  O S  ov erh ead ,  …

� M ay  i nclu d e ex ecu ti on ti me of oth er prog rams i n a 
mu lti prog rammi ng  env i ronment

� T oo many  factors i nv olv ed
� A l ternative: the tim e that the pro cesso r ( CPU ) 

is w o rk ing o nl y  o n y o ur pro gram  ( since m ul tipl e 
pro cesses running at sam e tim e)
� “C P U  ex ecu ti on ti me” or “C P U  ti me ”
� O ften d i v i d ed  i nto system CPU time ( i n O S )  and  u ser  

CPU time ( i n u ser prog ram)
CPU performance: user CPU time of a single CPU performance: user CPU time of a single 
programprogram
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O u t l i n e
� Perf o rm ance

� D efi ni ti on
� CPU p er f o r ma n c e f o r mu l a  ( S ec .  2 . 3 )
� M easu ri ng  and  ev alu ati ng  performance 

� Co st
� C ost and  pri ce
� C ost of ch i ps

Performance-13 Computer Architecture
C.T.King

� � � � � �  ! � " # $ %� � � � � �  ! � " # $ %� � � � � �  ! � " # $ %� � � � � �  ! � " # $ % ?
� Hint: basic components of a program
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for(i=0; i<100; i++)
a[i] = b[i] * c[i];

� ���� � 	 
 � ����� � 	 
 � ����� � 	 
 � ����� � 	 
 � � ����

sub $r1,$r2,$r3
Loop: beq $r9,$r0,End

add $r8,$r8,$r10
addi $r9,$r9,-1
j Loop

End:

1 0  tim es =>  4 1  instructio ns

D y namic I nstruction Count
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I n s t r u c t i o n  E x e c u t i o n  T i m e
� T im e unit: f ro m  a user’s perspective: tim e = seco nd s
� CPU  T im e: co m puters are co nstructed  using a cl o ck  

that runs at a co nstant rate and  d eterm ines w hen 
events tak e pl ace in the hard w are
� T h ese d i screte ti me i nterv als called  

c l o c k  c yc l es ( or i nformally  clock s or cy cles)
� L eng th  of clock  peri od :  c l o c k  c yc l e time
( e. g . ,  2  nanosecond s or 2  ns)  and  c l o c k  r a te ( e. g . ,  5 0 0  
meg ah ertz ,  or 5 0 0  M H z ) ,  w h i ch  i s th e i nv erse of th e 
clock  peri od

� � � �  � �� � � �  � �� � � �  � �� � � �  � � cy cl e � � �� � �� � �� � �
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CPU  ex ecutio n tim e f o r pro gram
= Cl o ck  Cy cl es f o r pro gram   x  Cl o ck  Cy cl e T im e

Cl o ck  Cy cl es f o r pro gram
= - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cl o ck  R ate

Cl o ck  Cy cl es f o r pro gram
= I nstructio ns f o r pro gram  ( “I nstructio n Co unt”)
x  A verage Cl o ck  Cy cl es per I nstructio n ( “CPI ”)

� CPI : o ne w ay  to  co m pare tw o  m achines w ith sam e 
instructio n set,  since I nstructio n Co unt is sam e

P r o g r a m  E x e c u t i o n  T i m e
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P e r f o r m a n c e  C a l c u l a t i o n  ( 1 / 2 )
CPU  ex ecutio n tim e f o r pro gram

= Cl o ck  Cy cl es f o r pro gram  x  Cl o ck  Cy cl e T im e

� S ub stituting f o r cl o ck  cy cl es: 

CPU  ex ecutio n tim e f o r pro gram
= I nstructio n Co unt x  CPI  x  Cl o ck  Cy cl e T im e

Cycle
Seconds

nInstructio
Cycles

Program
nsInstructiotime CPU ××=
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H o w  t o  C a l c u l a t e  t h e  3  C o m p o n e n t s ?
� Cl o ck  Cy cl e T im e: in specif icatio n o f  co m puter 

( Cl o ck  R ate in ad vertisem ents)
� I nstructio n Co unt:

� C ou nt i nstru cti ons i n loop of small prog ram
� U se si mu lator or emu lator to cou nt i nstru cti ons
� D ebu g g er or traci ng  prog ram
� E x ecu ti on-based  moni tori ng :  i nsert i nstru mentati on 
cod e i nto bi nary  cod e,  ru n,  and  record  i nformati on

� H ard w are cou nter i n speci al reg i ster ( P enti u m)
� CPI :

� C alcu late:  E x ecu ti on T i me / C lock  C y cle T i me
I nstru cti on C ou nt

� H ard w are cou nter i n speci al reg i ster ( P enti u m)
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C a l c u l a t i n g  C P I  A n o t h e r  W a y
� F irst cal cul ate CPI  f o r each ind ivid ual  instructio n 

( ad d ,  sub ,  and ,  etc. )
� N ex t cal cul ate f req uency  o f  each ind ivid ual  

instructio n in the w o rk l o ad
� F inal l y  m ul tipl y  these tw o  f o r each instructio n and  

ad d  them  up to  get f inal  CPI

∑
=

==
n

i 1 Count nInstructio
Cycles Clock i

Count nInstructio
CyclesClock 

CPI

Count nInstructio
IF  whereFCPICPI i

ii

n

1i
i =×= ∑

=

=“instruction frequency”
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Op Freqi CPIi Prod (% Time)
ALU 50% 1 .5 (23%)
Load 20% 5 1.0 (45%)
Store 10% 3 .3 (14%)
Branch 20% 2 .4 (18%)

2.2Instruction Mix (Where time spent)

Example (RISC processor)

� What if Branch instructions twice as fast?
� What if two A L U  instr.  coul d  b e ex ecuted  at once?

Must know the limit of architectural enhancement
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Su mmary :  CP U  T i me F ormu la
Cycle

Seconds
nInstructio

Cycles
Program

nsInstructio
Program
Secondstime CPU ××==

Instruction
Count

Cycle per
Instruction

(CPI)
Clock Rate

Program X

Compiler X X

Instruction
Set X X

Organization X X

Technology X
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E  w/oePerformanc
E w/ ePerformanc

E w/ Time Execution
E  w/oTime ExecutionSpeedup(E) ==

E) Time(w/o Execution)
S
FF)((1E)Time(w/  Execution ×+−=

F1
1

S
FF)-(1

1E) Speedup(w/
S −+ ∞→
≈=

A md ah l' s L aw
� S p eed up  d ue to enhancem ent E :                      

S up p ose that enhancem ent E  accel erates a fraction F  
of the task  b y  a factor S  and  the rem aind er of the 
task  is unaffected  then,
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� ! "! "! "! " enhance # $ % � & ' ( #  �# $ % � & ' ( #  �# $ % � & ' ( #  �# $ % � & ' ( #  � : 0 . 5  +  0 . 5  =  1 � � � � 

� ) �) �) �) � enhance # $ % � & �* + , - ## $ % � & �* + , - ## $ % � & �* + , - ## $ % � & �* + , - # 4� � � � 
= >  . /  � #. /  � #. /  � #. /  � # 4/ ( 4+ 1)  =  0 . 8  =  F
� 0 & 1 2 3 40 & 1 2 3 40 & 1 2 3 40 & 1 2 3 4 ,  ) �) �) �) � enhance # $ % 5 6 �# $ % 5 6 �# $ % 5 6 �# $ % 5 6 � 1� � � � 

= >  S  =  4/ 1 =  4
� 7 �* + , 8 9  �7 �* + , 8 9  �7 �* + , 8 9  �7 �* + , 8 9  � 4 +  1

sp eed up  =  ----------------------- =  ---------- =  2 . 5  
: 3 4 8 9  �: 3 4 8 9  �: 3 4 8 9  �: 3 4 8 9  � 1 +  1

� ; < = > ?; < = > ?; < = > ?; < = > ? :
( ( 1 - 0 . 8 )  +  0 . 8 )  *  5                         1

sp eed up  =  ------------------------ =  --------------------
( ( 1 - 0 . 8 )  +  0 . 8 / 4)  *  5        ( 1 – 0 . 8 )  +  0 . 8 / 4

� When S  ->  ∞, sp eed up  ->  5
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O u t li n e
� P erform ance

� Definition
� CP U  p er for m a nc e for m u l a
� Measuring and evaluating performance (Sec. 2.4-2.6 )
� Benchmark programs
� S u mmari z i ng perf ormance
� R eport i ng perf ormance 

� Cost
� Cos t a nd  p r ic e
� Cos t of c h ip s
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W h at  P rog rams f or Compari son ?
� What’s wrong  with this p rog ram  as a work l oad ?
integer A[][], B[][], C[][];
for (I=0; I<100; I++)
for (J=0; J<100; J++)
for (K=0; K<100; K++)

C[I][J] = C[I][J] + A[I][K]*B[K][J];

� What m easured ? N ot m easured ? What is it g ood  for?
� I d eal l y  run ty p ical  p rog ram s with ty p ical  inp ut b efore 

p urchase,  or b efore ev en b uil d  m achine
� Ca l l ed  a  “w or k l oa d ”;  F or  ex a m p l e:  
� E ng ineer  u s es  c om p il er ,  s p r ea d s h eet
� A u th or  u s es  w or d  p r oc es s or ,  d r a w ing  p r og r a m ,  

c om p r es s ion s oftw a r e
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Ch oosi n g  B en ch mark  P rog rams

A c tu a l  T a r g et W or k l oa d

F u l l  A p p l ic a tion
B enc h m a r k s

S m a l l  K er nel
B enc h m a r k s

M ic r ob enc h m a r k s

P r os
• r ep r es enta tiv e
• p or ta b l e
• w id el y  u s ed
•im p r ov em ents  
u s efu l  in r ea l ity
•ea s y  to r u n,  ea r l y  
in d es ig n
•find  p otentia l  
b ottl enec k  &  p ea k  
c a p a b il ity

Cons
•not p or ta b l e
• h a r d  to m ea s u r e,  
find  c a u s e

• l es s  r ep r es enta tiv e

•ea s y  to fool
• p ea k  d oes  not 
r efl ec t a p p l ic a tion 
p er for m a nc e
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B en ch mark s
� O b v iousl y ,  ap p arent sp eed  of p rocessor d ep end s on 

cod e used  to test it
� N eed  ind ustry  stand ard s so that d ifferent p rocessors 

can b e fairl y  com p ared  = >  benchmark programs
� Com p anies ex ist that create these b enchm ark s: 

“ty p ical ” cod e used  to ev al uate sy stem s
� T rick s in b enchm ark ing :

� d iffer ent s y s tem  c onfig u r a tions
� c om p il er  a nd  l ib r a r ies  op tim iz ed  ( p er h a p s  m a nu a l l y )  

for   b enc h m a r k s
� tes t s p ec ific a tion b ia s ed  tow a r d s  one m a c h ine
� v er y  s m a l l  b enc h m a r k s  u s ed

� N eed  to b e chang ed  ev ery  2  or 3  y ears since 
d esig ners coul d  targ et these stand ard  b enchm ark s
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Example St an d ard i z ed  W ork load  B en ch mark s
� Work stations: S tand ard  P erform ance E v al uation 

Corp oration ( S P E C)
� S P E C9 5 :18  ap p l ication b enchm ark s ( with inp uts)  

refl ecting  a technical  work l oad  ( F ig .  2 . 6 )
� E ig h t integ er :
� go,  m8 8 ksi m,  gcc,  compress,  l i ,  i j peg,  perl ,  v ort ex

� T en fl oa ting -p oint intens iv e:
� t omcat v ,  sw i m,  su 2 cor,  hy d ro2 d ,  mgri d ,  appl u ,  t u rb 3 d ,  
apsi ,  f ppp,  w av e5

� S ep a r a te a v er a g e for  integ er  ( CI N T 9 5 )  a nd  F P  ( CF P 9 5 )  
r el a tiv e to a  b a s e m a c h ine 

� B enc h m a r k s  d is tr ib u ted  in s ou r c e c od e
� Com p a ny  r ep r es enta tiv es  s el ec t w or k l oa d
� Com p il er ,  m a c h ine d es ig ner s  ta r g et b enc h m a r k s ,  s o 

tr y  to c h a ng e ev er y  3 y ea r s
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Intel Pentium Pro

Compaq/DEC Alpha HP PA

SP ECi n t 9 5 b ase P erf orman ce (1 0 / 1 9 9 7 )
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SP EC2 0 0 0  (CIN T )
Benchm ark L ang uag e Categ ory
16 4. g z ip C Com p ression
17 5 . v p r C F P G A  P l acem ent/ R oute
17 6 . g cc C C Com p il er
18 1. m cf C Com b inatorial  O p t.
18 6 . crafty C Chess
19 7 . p arser C Word  P rocessing
2 5 2 . eon C+ + Com p uter V isual iz ation
2 5 3 . p erl b m k  C P E R L
2 5 4. g ap C G roup  T heory ,  I nterp reter
2 5 5 . v ortex C O O  D atab ase
2 5 6 . b z ip 2 C Com p ression
3 0 0 . twol f C P l ace/ R oute S im ul ator
( http :/ / www. sp ec. org / cp u2 0 0 0 )
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SP EC2 0 0 0  (CF P )
B enc h m a r k L a ng . Ca teg or y
1 6 8 . w u p w is e F 7 7 Q u a ntu m  Ch r om od y na m ic s
1 7 1 . s w im F 7 7 S h a l l ow  W a ter  M od el ing
1 7 2 . m g r id F 7 7 M u l ti-g r id  S ol v er
1 7 3. a p p l u F 7 7 P a r a b ol ic / E l l ip tic  P DE
1 7 7 . m es a C 3-D G r a p h ic s  L ib r a r y
1 7 8 . g a l g el F 9 0 Com p u ta tiona l  F l u id  Dy na m ic s
1 7 9 . a r t C I m a g e R ec og nition/ N eu r a l  N et
1 8 3. eq u a k e C S eis m ic  W a v e P r op a g a tion
1 8 7 . fa c er ec F 9 0 I m a g e P r oc es s ing
1 8 8 . a m m p C Com p u ta tiona l  Ch em is tr y
1 8 9 . l u c a s F 9 0 N u m b er  T h eor y
1 9 1 . fm a 3d F 9 0 F inite-el em ent Cr a s h  S im u l a tion
2 0 0 . s ix tr a c k F 7 7 N u c l ea r  A c c el er a tor  Des ig ns
30 1 . a p s i F 7 7 P ol l u ta nt Dis tr ib u tion 
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Example P C W ork load  B en ch mark
� P Cs: Z iff D av is WinS tone 9 9  Benchm ark

� A  s y s tem -l ev el ,   a p p l ic a tion-b a s ed  b enc h m a r k  th a t 
m ea s u r es  a  P C' s  ov er a l l  p er for m a nc e w h en r u nning  
tod a y ' s  top -s el l ing  W ind ow s -b a s ed  32 -b it a p p l ic a tions

� W or k s  th r ou g h  a  s er ies  of s c r ip ted  a c tiv ities  a nd  u s es  
th e tim e a  P C ta k es  to c om p l ete th os e a c tiv ities  to 
p r od u c e its  p er for m a nc e s c or es

� W ins tone' s tes ts  d on' t m im ic  w h a t th es e p r og r a m s  d o;  
th ey  r u n a c tu a l  a p p l ic a tion c od e

� w w w 1 . z d net. c om / z d b op / w ins tone/ w ins tone. h tm l
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Company Processor Price Clock W99
emachines Cyrix MII 653$    250 14.5 
CompUSA Intel Celeron 764$    400 18.0 
Compaq AMD K6-2 902$    350 15.4 
HP Intel Celeron 1,070$ 366 17.6 
Compaq AMD K6-2 1,453$ 450 17.9 
Compaq AMD K6-3 1,479$ 400 22.3 
HP Intel Pentium II 1,483$ 400 18.9 
NEC Intel Pentium III 1,680$ 400 22.0 

W i n st on e 9 9  (W 9 9 ) Resu lt s

� N ote: 2  Com p aq  M achines using  K 6 -2  v .  6 -3 :
K 6 -2  Cl ock  R ate is 1. 12 5  tim es faster,  b ut
K 6 -3  Winstone 9 9  rating  is 1. 2 5  tim es faster!
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Su mmari z i n g  P erf orman ce
M achine A M achine B

P rog ram  1 1 s 10  s
P rog ram  2 10 0 0  s 10 0  s
T otal 10 0 1 s 110  s
� A  is 10  tim es faster than B for p rog ram  1
� B is 10  tim es faster than A  for p rog ram  2
�What is rel ativ e p erform ance of A  &  B?
� A rithm etic m ean ( track ing  total  tim e) :

� Weig hted  arithm etic m ean
1.91001

Perform(A)
Perform(B)

==
110
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Early Lessons from SPEC
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Fig. 2.3
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Su mmari z i ng  Performanc e
� P r o b l e m  w it h  a r it h m e t ic  m e a n  u s in g r a t io s  ( Fig. 2.1 0 )
� C o u l d  c o m b in e  n o r m a l iz e d  r e s u l t s  w it h  t h e  geometric

m e a n
� Independent of the data for normalization

� E a c h  S P E C r a t e is  a  r a t io  o f  e x e c u t io n  t im e
� S P E C rate( A , g o)  =  time ( s u n S S 1 0 / 40 , g o)  /  time( A , g o)
� S u mmary  is  g eometric  mean of thes e ratios

n
n

i
∏
=1

i ratio time Execution
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R ep ort i ng  Performanc e
� G u id in g p r in c ip l e :  r e p r o d u c ib l e

� L is t ev ery thing  another ex perimenter w ou ld need to 
du plic ate the res u lts

� F ig .  2. 4
H a r d w a r e
C P U 4 1 .6 7 -M H z  P O W E R  4 1 6 4
C a c h e  s iz e 6 4 K  d a t a / 8 K  in s t r u c t io n
M e m o r y 6 4 M B
D is k  s u b s y s t e m 2 4 0 0 -M B  S C S I
S o f t w a r e
O S A I X  v 3.1 .5
C o m p il e r A I X  X L  C / 6 0 0 0  v 1 .1 .5
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Su mmary:  Performanc e
� L a t e n c y  v . T h r o u gh p u t

� C P U  T ime:  time s pent ex ec u ting  a s ing le prog ram:  
depends  s olely  on des ig n of proc es s or ( datapath,  
pipelining  effec tiv enes s ,  c ac hes ,  etc . )

� P e r f o r m a n c e  d o e s n ’t  d e p e n d  o n  a n y  s in gl e  f a c t o r :  
n e e d  t o  k n o w  I n s t r u c t io n  C o u n t ,  C l o c k s  P e r  
I n s t r u c t io n  a n d  C l o c k  R a t e  t o  ge t  v a l id  e s t im a t io n s
� P e r f o r m a n c e  e v a l u a t io n  n e e d s  t o  c o n s id e r :

� B enc hmark  prog rams
� S u mmarizing  performanc e
� R eporting  performanc e res u lts
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O u t li ne
� P e r f o r m a n c e

� D efinition
� C P U  performanc e formu la
� M eas u ring  and ev alu ating  performanc e 

� C os t
� Cost and price
� Cost of  ch ips
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Ch i p  Cost :  M anu fac t u ri ng  Proc ess

Fig. 1 .1 5
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Cost  of a Ch i p  I nc lu d es . . .
� D ie  c o s t :  a f f e c t e d  b y  w a f e r  c o s t ,  n u m b e r  o f  d ie s  p e r  

w a f e r ,  a n d  d ie  y ie l d
� g oes  rou g hly  w ith the c u b e of the die area
� A n 8 ” w afer c an c ontain 1 9 6  P entiu m dies ,  b u t only  7 8  

P entiu m P ro ( F ig .  1 . 1 6  and 1 . 1 7 )
� T e s t in g c o s t
� P a c k a gin g c o s t :  d e p e n d s  o n  p in s ,  h e a t  d is s ip a t io n ,  ...
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Ch ip M etal L ine W af erD ef ect A rea D ies/ Y iel dD ie Cost
l ay ers w idth  cost  / cm 2 m m 2 w af er

38 6 D X 2 0 . 9 0 $ 9 0 0  1 . 0  43 36 0  7 1 % $ 4 
48 6 D X 2 3 0 . 8 0 $ 1 20 0  1 . 0  8 1  1 8 1  5 4% $ 1 2 
P ow erP C  6 0 1 4 0 . 8 0 $ 1 7 0 0  1 . 3 1 21  1 1 5  28 % $ 5 3 
H P  P A  7 1 0 0 3 0 . 8 0 $ 1 30 0  1 . 0  1 9 6  6 6  27 % $ 7 3 
D E C  A lpha 3 0 . 7 0 $ 1 5 0 0  1 . 2 234 5 3 1 9 % $ 1 49  
S u perS P A R C 3 0 . 7 0 $ 1 7 0 0  1 . 6  25 6  48  1 3% $ 27 2 
P entiu m 3 0 . 8 0 $ 1 5 0 0  1 . 5  29 6  40  9 % $ 41 7  
From "Estimating IC Manufacturing Costs,?” b y  L inl e y G w e nnap , Microprocessor Report, 
A ugust 2 , 1 9 9 3 , p .  1 5

R eal W orld  Ex amp les
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Syst em Cost :  1 9 9 5  W ork st at i on
S y s t e m S u b s y s t e m %  o f  t o t a l  c o s t
C a b in e t S h e e t  m e t a l ,  p l a s t ic 1 %P o w e r  s u p p l y ,  f a n s 2%C a b l e s ,  n u t s ,  b o l t s 1 %( S u b t o t a l ) ( 4 % )
M o t h e r b o a r d P r o c e s s o r 6 %D R A M  ( 6 4 M B ) 36 %V id e o  s y s t e m 1 4 %I / O  s y s t e m 3%P r in t e d  C ir c u it  b o a r d 1 %( S u b t o t a l ) ( 6 0 % )
I / O  D e v ic e s K e y b o a r d ,  m o u s e 1 %M o n it o r 22%H a r d  d is k  ( 1  G B ) 7 %T a p e  d r iv e  ( D A T ) 6 %( S u b t o t a l ) ( 36 % )
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Component
Cost

component
cost

Direct Costs

component
cost

direct costs

Gross Margin

component
cost

direct costs

gross margin

Average
Discount

list price

avg. selling price

Input: 
chips, 
displays, ...

Making it: 
labor, scrap, 
returns, ...

Overhead: 
R&D, rent, 
marketing, 
profits, ...

Commission: 
channel profit, 
volume 
discounts,

+33%

+25%

+50%

(25%)

(33%)

(8%)

(33%)

(WS)Q :  W h a t  %  o f  c o m p a n y  
in c o m e  o n  R e s e a r c h  a n d  
D e v e l o p m e n t  ( R & D ) ?

Cost  v ersu s Pri c e
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Su mmary:  Cost
� I n t e gr a t e d  c ir c u it s  d r iv in g c o m p u t e r  in d u s t r y
� D ie  c o s t s  go e s  u p  w it h  t h e  c u b e  o f  d ie  a r e a
� E c o n o m ic s  ( $ $ $ )  is  t h e  u l t im a t e  d r iv e r  f o r  

p e r f o r m a n c e !


