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4.1 [5] <§4.1> We wish to compare the performance of two different

computers: M1 and M2. The following measurements have been made on these
computers:

program

1 2.0 seconds 1.5 seconds
2 5.0 seconds 10.0 seconds

Which computer is faster for each program, and how many times as fast is it?
e NTRRFL: M2EEM11R2.0/1.5=1.31%
SHFREF2: MLEM21110.0/5.0=21%

4.2 [5] <§4.1> Consider the two computers and programs in Exercise 4.1. The
following additional measurements were made:

Instructions executed on M1 Instructions executed on M2

1 5 x 10° 6 x 10°

Find the instruction execution rate (instructions per second) for each computer
when running program 1.

%: FEM1LEEITREFLR, F8SFZERK: 5000/2=2500MIPS
EM2 LiafiTREFIN, 84 /%% 6000/1.5=4000MIPS
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4.3 [5] <§4.1> Suppose that M1 in Exercise 4.1 costs $500 and M2 costs $800. If
you needed to run program 1 a large number of times, which computer would you
buy in large quantities? Why?
%: REZHERTBITERL FUEEZEERFL:
STREFL: M2EEM1PR2.0/1.5=1.31%, TIM2KIHH%EM1#]800/500=1.61%
H/RIBITREF2091E, M1EEM2PR2£%.
Bl MZIAFEEML,
4.6 [5] <§4.1> Another user has the following requirements for the computers
discussed in Exercise 4.1: P1 must be executed 1600 times each hour. Any remain-

ing time is used to run P2. If the computer has enough performance to execute
program 1 the required number of times per hour, then performance is measured

by the throughput for program 2. Which computer is faster for this workload?
Which computer is more cost-effective?

%, 1/NEFA3600FF, PIPATI600MKJE, T EEFATP2, RELLBP2HIRER
XFFM1: 1600x2.0=3200Fp, &F400F>, P2ILPHAT400/5=80¢K
XFFM2: 1600x1.5=2400F>, &F1200FF, P2ILF4T1200/10=120¢K
FrbL, XP5ET, M2EHR, EMIEHENELEL, Fh.
M2k MK 1.64%, M2 R EbM1H:120/80=1.5/%.
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4.7 [10] <§4.2> Suppose you wish to run a program P with 7.5x 10” instructions
on a 5 GHz machine with a CPI of 0.8.

a. What is the expected CPU time?

b. When you run P, it takes 3 seconds of wall clock time to complete. What is
the percentage of the CPU time P received?

%: FEFPHICPUBAT AR
Instruction count x CPI x Clock time = 7.5x109x0.8x1/(5x109°) = 1.2%}
PATIERFP I P RS 2 R PAT I 18] A 37D,
Hh BIERERE PRI A~ CPURE RF1.280, X 51.2/3=40%.
HAth60% ) I A1 PAT HARH P IR BAE R B FFEEEFFI/OTE B
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4.8 [10] <$4.2> Consider two different implementations, P1 and P2, of the same
instruction set. There are five classes of instructions (A, B, C, D, and E) in the in-

struction set.

P1 has a clock rate of 4 GHz. P2 has a clock rate of 6 GHz. The average number of
cycles for each instruction class for P1 and P2 is as follows:

“Ginss | cPionpi | cPionpz

A 1 2
B 2 2
C 3 2
D 4 4
E 3 4

Assume that peak performance is defined as the fastest rate that a computer can
execute any instruction sequence. What are the peak performances of P1 and P2
expressed in instructions per second?

%:  (FA—R22ENAFREI, TREAAFRPICPIFARFIR2MHE, )
P1HFARIESHICPIAL, FrlL, WR—EEEABITHRHZARIES, NIAJA |
{EMEfe. HAEN: 4x109=4000MIPS

P2fHA. BMICRIELHICPIA2, Bk, FH—BATEIAHATHIEZABICEIES, N
AP E(EHERE. HAE N : 6x109/2=3000MIPS
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4.11 (5] <§4.2> Consider program P, which runs on a 1 GHz machine M in 10
seconds. An optimization is made to P, replacing all instances of multiplying a val-
ue by 4 (mult X, X,4) with two instructions that set x to x + x twice (add X,X; add

X,X). Call this new optimized program P’. The CPI of a multiply instruction is 4,
and the CPI of an add is 1. After recompiling, the program now runs in 9 seconds

on machine M. How many multiplies were replaced by the new compiler?

% RIEFRLSWICPINA, INEFELWICPINL, 1434845245 NiETe 4,
A& TeAE 2 BT I RIZERL T 4x 1-1x2=21 it B
FEFPHIBATE RN 1080, FEFP IPATR A NOR, 4850 T 180=1091 B £
FH24F109/2=5x1085% 4454 .

Bk, EFGRIFNRET AL TATRS BN MIETRS .
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4.12 [5] <§4.2> Your company could speed up a Java program on their new com-
puter by adding hardware support for garbage collection. Garbage collection cur-

rently comprises 20% of the cycles of the program. You have two possible changes
to the machine. The first one would be to automatically handle garbage collection
in hardware. This causes an increase in cycle time by a factor of 1.2. The second

would be to provide for new hardware instructions to be added to the ISA that
could be used during garbage collection. This would halve the number of instruc-

tion needed for garbage collections but increase the cycle time by 1.1. Which of
these two options, if either, should you choose?

Z: JTALT, BN TRORA THRBERKTE S, TSR A IR 0 1.24%,
FrbL, RERFHATHF A R A (1-0.2)x1.2=0.964%

HR2T, FERATHIRWERNTES LR D T —F, HE AN EER
1165, BrCA, FEFFRIATEY B2 R ) (1-0.2/2)x1.1=0.99%%
BT, Fa1tk24r.
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4.14 [5]| <§4.2> The table below shows the number of tfloating-point operations
executed in three different programs and the runtime for those programs on three
different computers:

Floating-point
Program operations

Execution time in seconds

Computer A Computer B W
2 5 10

Program 1 5x10°
Program 2 20x10° 20 20 20
Program 3 40x10° 200 50 15

Which computer is fastest according to total execution time? How many times as
fast is it compared to the other two computers?

. WEEFBPITHERE, TWHEVLAN222F, BAT5H, CHh45%).
L, CHIBUTEE R, thARLA222/45=4.94%, WBHRAT75/45=1.74%,
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4.15 [15] <§$4.2, 4.3> One user has told you that the three programs in Exercise
4.14 constitute the bulk of his workload, but he does not run them equally. The
user wants to determine how the three computers compare when the workload
consists of different mixes of these three programs. (You know you can use the
arithmetic mean to find the relative performance.)

Suppose the total number of floating-point operations (FLOPs) executed in the
workload is equally divided among the three programs. That is, program 1 runs 8
times for every time program 3 runs, and program 2 runs twice for every time
program 3 runs. Find which computer is fastest for this workload and by what fac-
tor. How does this compare with the total execution time with equal numbers of
program executions?

% RikA. BRICHE RE&- 3o, NSRS EA:
A: 8/11=72.7%. B: 2/11=18.2%. C: 1/11=9.1%
A] HAEAREE R LB G, SRR EARFIME N -
THENLAR: 2x72.7%+20x18.2%+200%9.1%=23.3%}
THEHIB A 5x72.7%+20%x18.2%+50%x9.1%=11.8%)>
HEHNLCH: 10x72.7%+20x18.2%+15x9.1%=12.3%
FrlL, BRIEE R, LLARYA23.3/11.8=1.974%, HWCHZ12.3/11.8=1.044%,
BN EFBPATIREHEE, WS HHEHLREMER:
A: 222/3=74%p; B: 75/3=25%p; C: 45/3=15%
FrLl, CHIEERM, HLAP4.94%, ELBIL1.7/%.
M ERFITRE, NEWE, PHEEEHEBRISRAME.



