
Comprehensive Solutions: Computer Architecture (60 points) Autumn 1989 

Problem 1 (17 points). 

Operation CPI Frequency 

Call/ Return 2 5% 
Branches 2 20% 
ALU 1 43% 
LoadJStore 2 25% 
FP Operation 5 5% 

la.  (2  points). I 

1 b. (3 points). 

CPIe=5%x(1x lOO%+2x0%)+20%x(1x70% 
+ 2 ~ 3 0 % ) + 4 S % x  1 + 2 5 % ~ ( 1 ~ 4 0 % + 2 ~ 6 0 % ) + 5 % x . i  

= 1.41 cycles. 

l c  . (4 points). 

Fraction of execution doing FP = 5% x 5/1.7 = 14.7% 
Speedup = 1/[(1- 14.7%) + 14.7%/1.2] = 1.025 =+ 2.5% ffaster. 

Id. (3 points). Replace '20% of 25 lw/sw instkctions 20 Iw/sw plus 512 = 2.5 new ld/sd 
instructions. 
New instruction distribution: 

LW/SW 20.0% 2 cycles 
LD/SD 2.5% 3 
B/Call ' 35.0% 2 
ALU 45.0% 1 
FP 5.0% 5 

CPIe = 2 x 20j97.5 + 3. x 2.5/9?.5 + 2 x 25/97.5 + 1 x 45/97.5 + 5 x SJ97.5 = 1.12 cycles 
perf = IC x CPI x CT ;s CTOICI = n n e w  

ratio of perf = (ICdd x ~ ~ l d d ) / ( ~ C n e w  x CPIner) 
= (1 x 1.7)/(.975 x 1.i2) r 1.0137 * 1.37% f.rtar. 

A 
le. (5 points). 

CPlc = 1 x 0.03 x 10 + 0.25 x 0.04 x (10 + 0.4 x 10) = 0.34 cycles. 



I Problem 2 ( 13 points). a 2a. (8 points). -- dm: index dl blocks =s 2'' = 16KB page 
tag = 18 index = 10 offset = 4 

4-way: 214/1 212 = I K B  page 
tag = 20 index = S offset = 4 

2b. (.5 points). 
dm: l6EB page - 2E pages in mm -- 204800 refslpf 

204800 rlpf x 1.6 c/i/ 1.3 r/i = 252K c/pf 3 3.9iu pf/c 
3.9711 pf/c x 16 EB1pfl.L B/c = 0.016 B/c 1.6% 

4-way: 4KB page - 8K pages in mm -- 809600 refslpf 
809600 r/pf x 1.6 c/i/1.3 r/i = 1.01M c/pf =s 0.9% pf/c 
0.99~ pf/c x 4 KB/pf/4 B/c = 0.0010 B/c 0.10% 

Problem 3 (4 points). 

Problem 4 (4  points). 



Problem 6 (22 poi~its). 4 8a. (4 points). 1, 
5 buses, to carry values: SUll 

XSQ 
A i 
svn XSQ 
S W  XSQ + A i  

Sb. (7 points). 



( 7 point.). Simplest solution: 

5d. (4 points). 
Data processing unit: - - 

Mom *ten to  hold A,, otherwise u n c h u y d .  
Contrd unit: 

Use the counter appmlch. 
Nad to modify the LOAD condition 
Add a mt signal for the counter. 




