What is mean t b y:

p erformance of computer systems

Man y di�eren t factors to b e tak en in to accoun t:

1. T ec hnology

� basic circuit sp eed (clo c k, MHz)

� pro cess tec hnology (ho w man y transistors on a c hip)

2. Organization

� what t yp e of pro cessor (RISC vs. CISC)

� what t yp e of memory hierarc h y

� what t yp e of I/O devices

� ho w man y pro cessors in the system

3. Soft w are

� ho w go o d are compilers, O.S., database driv ers etc.

4. and man y more

What are the metrics that can b e used to measure

the p erformance of computer systems?

1. Ra w sp eed (p eak p erformance but it is nev er attained)

2. Execution time (also called resp onse time, i.e., time to execute

ONE program from b eginning to end). Need sp eci�c b enc hmarks

for:

� In teger dominated programs (compiling, formatting etc.)

� Scien ti�c

� Graphical in terface (preview ers, plotters etc.)

� Multimedia tasks (video, audio etc.)

3. Throughput (total amoun t of w ork in a giv en time)

� Go o d metrics for the manager of a computer system. Best

utilization of resources

� Database programs (k eep man y users happ y at the same

time)

� W eb serv ers

4. Quite often impro ving resp onse time will also impro v e through-

put and vice-v ersa

Measure of p erformance - execution time

� Execution time

P er f or mance

A

=

1

E xecutiontime

A

� Pro cessor A is faster than pro cessor B, i.e.,

E xecutiontime

A

< E xecutiontime

B

P er f or mance

A

> P er f or mance

B

� Relativ e p erformance

P er f or mance

A

P er f or mance

B

=

E xecutiontime

B

E xecutiontime

A

Measuring execution time

� W all clo c k, resp onse time, elapsed time

� Unix time function

13.7u 23.6s 18:27 3% 2069+1821k 13+24io 62pf+0w

� Di�cult to mak e comparisons form one system to another

� Remainder of this lecture:

execution time = CPU execution time

De�nition of CPU execution time

C P U E xecution time = C P U cl ock cy cl es � cl ock cy cl e time

C P U E xecution time is program dep ende n t

C P U cl ock cy cl es is program dep enden t

cl ock cy cl e time (nanoseconds, ns.) dep ends on the particular ma-

c hine

Since cl ock cy cl e time = 1=cl ock cy cl e r ate (cl ock cy cl e r ate in

MHz) an alternate de�nition is:

C P U E xecution time =

C P U cl ock cy cl es

cl ock cy cl e r ate

Clo c k cycle rate of 1 MHz ! Cycle time 1 �s

Clo c k cycle rate of 1 GHz ! Cycle time 1 ns

CPI { Cycles P er Instruction

De�nition:

CPI Av erage n um b er of clo c k cycles p er instruction

C P U cl ock cy cl es = N umber of I nstr uctions � C P I

or

C P U E xec:time = N umber of I nstr uctions�C P I �cl ock cy cl e time

CPI is what computer arc hitects try to minimize but CPI in isola-

tion is not a measure of p erformance (program dep enden t, compiler

dep enden t)

Ideally CPI = 1 (p erfect pip eline, see later c hapters) but this migh t

imp ose that clo c k is slo w er (compromise)

CPI 6= 1 (i.e., CPI > 1 ) b ecause of breaks in o w of con trol (branc hes),

impact of memory hierarc h y etc.

Could CPI b e less than 1? Y es in sup erscalar pro cessors where sev eral

instructions can b e executed concurren tly

Classes of instructions

Y ou can giv e di�eren t CPI’s for v arious classes of instructions (e.g.,

oating-p oin t arithmetic instructions tak e longer than in teger ones)

C P U E xec:time = n

X

1

(C P I

i

� C

i

) � cl ock cy cl e time

where C

i is the n um b er of instructions of the i th

class that ha v e b een

executed.

Note that minimizing the n um b er of instructions do es not necessarily

impro v e the execution time of the program.

Impro ving part of the arc hitecture can impro v e a C

j

. One often talks

ab out the con tribution to CPI of a class of instructions

Ho w to measure a v erage CPI for a giv en program

Instruction coun t: need a sim ulator or (ma yb e less precise) a pro�ler

� Sim ulator \in terprets" ev ery instruction and coun ts them

� Pro�ler can either coun t ho w man y times eac h basic blo c k has

b een executed or use some sampling tec hnique

� In mo dern pro cessors, can use programmable hardw are coun ters.

C P U E xec:time can b e measured (elapsed time)

cl ock cy cl e time, a giv en of the pro cessor

Other p opular measures of p erformance { MIPS

MIPS = Millions of Instructions p er Second

M I P S =

I nstr uction count

E xec:time � 10

6

or

M I P S =

I nstr uction count � cl ock r ate

I nstr uction count � C P I � 10

6

or

M I P S = cl ock r ate

C P I � 10

6

Since MIPS is a rate, the higher, the b etter!

But MIPS in isolation is no b etter than CPI in isolation. MIPS is:

� Program dep ende n t

� Do es not tak e in to accoun t the instruction set

� Can giv e \wrong" results: Mac hine A with compiler C1 executes

program P faster than with compiler C2 but the MIPS under C1

is lo w er than the MIPS under C2 (b ecause, e.g., C1 generates

few er instructions)

Other p opular measures of p erformance { MFLOPS

MFLOPS = Millions of oating-p oin t op erations p er second

M F LO P S =

N umber of f l oating � point oper ations

E xec:time � 10

6

Same problems as MIPS

� Program dep ende n t

� Do es not tak e in to accoun t the instruction set

� Coun ts op erations, no time to execute instructions

Benc hmarks

Benc hmarks = ) w orkload represen tativ e of what the computer will

b e used for.

Industry b enc hmarks to compare mac hines: SPEC b enc hmarks (SPECin t

and SPECfp) up dated ab out ev ery 3 y ears

Benc hmarks for scien ti�c and parallel applications (P erfect Club,

NASA)

There exists b enc hmarks for databases, TPC-A, TPC-B, TPC-C

Benc hmarks for desktop (PC) applications? A �ew but not widely

recognized.

Ca v eats:

� Compilers sup eroptimized for the b enc hmarks

� Utilities, user in terface etc. often not in b enc hmarks

Ho w to rep ort (b enc hmark) p erformance

� Use arithmetic mean for execution times

P

i n

exec

i

n

� Use harmonic mean for rates

n

P

i n

1=r ate

i

=

1

ar ithmetic mean