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Which is faster?

DC t Throughput
Plane Pariso Speed Passengers (pr;urgnp%
;i 610 mph 286,700
Boeing 747 | 6.5 hours (1130kmp/h) 470 (470 x 610)
BAD/Sud 1350 mph 178,200
Concorde | 3M0Urs | Gzsookmim) 132 (132 x 1350)
-+ Time to run the task (ExTime)
- Execution time, response time, latency
+ Tasks per day, hour, week, sec, ns ..
(Perfor'manceg
- Throughput, bandwidth
MPH (Mile Per Hour) From the lecture slide of David E Culler 3

Defining (Speed) Performance

= Normally interested in reducing
= Response time (execution time) — the time between the start and
the completion of a task
= Important to individual users
= Thus, to maximize performance, need to minimize execution time

performancey = 1 / execution_timey

If X is n times faster than Y, then
execution_timey
execution_timey

performancey
performancey

= Throughput — the total amount of work done in a given time
= Important to data center managers
= Decreasing response time almost always improves throughput

Performance Factors

= Want to distinguish elapsed time and the time spent on our task
= CPU execution time (CPU time) : time the CPU spends working on a task
= Does not include time waiting for 1/0 or running other programs

CPU execution time _ # CPU clock cycles .
= x clock cycle time
for a program for a program
or
CPU execution time # CPU clock cycles for a program

for a program - clock rate

= Can improve performance by reducing either the length of the clock cycle
or the number of clock cycles required for a program

Remind: Machine Clock Rate

= Clock rate (MHz, GHz) is inverse of clock cycle time
(clock period)
Clock rate = 1/ Clock period

F—one clock pevioH

10 nsec clock cycle => 100 MHz clock rate

5 nsec clock cycle => 200 MHz clock rate
2 nsec clock cycle => 500 MHz clock rate
1 nsec clock cycle => 1 GHz clock rate
500 psec clock cycle => 2 GHz clock rate
250 psec clock cycle => 4 GHz clock rate

200 psec clock cycle => 5 GHz clock rate




!-‘ MIPS (Million Instructions Per Second)

o TRBEYICETIN-m R O (BALIEMillion)
= [RIEMIPS (native MIPS)
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!-‘ MFLOPS, GFLOPS

= MFLOPS (Million Floating-point Operations Per
Second)

= GFLOPS (Giga Floating-point Operations Per
Second)
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SR~ 4o BT A+tyY Cell Broadband Engine

= ATASZTR FYTRIFIOEVY
= PowerPC Processor Element (PPE) 11&
= Synergistic Processor Element (SPE) 8{&

PlayStation3 DS X (&
PlaySation.com (Japan) /%

Diagram created by IBM to promote the CBEP, ©2005
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Figure 2. Elemant intarconnact bus (EI8)

IEEE Micro, Cell Multiprocessor Communication Network: Built for Speed

!-‘ Cell Broadband Engine (GFLOPS®{5l)

= E—UEEE
» 1Y AILTHRMEREZ1RETTEDLEER
(2 FLOP/cycle)
« 18 TADDEH% i 5ILIE(SIMD, Single Instruction Multiple
Data##R%) T, SPEHT-Y DI FItE 4
FyTRDSPENH 8
ENEREIRE 4GHz

2 X 4 x 8 x 4 =256 GFLOPS
HHEE x SIMDIE x T LFO7 x BERE%
« RUTAT AL 8GFLOPS 18R (256/8 = 32)

HREZBIEHTRIE
= DMAERIEEO—HILART DEELNA, SIMDAE, 5L . . .
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= BARUFI—2% (Synthetic Benchmark)
= Whetstone
= Dhrystone
= Livermore loops
= SPEC CPURUFT—4
= SPEC89, SPEC92, SPEC95, SPEC2000, SPEC2006
Intel DFHLLRFT—4
= Recognition, Mining, and Synthesis
= 1753, LU
= BRI (FPS, frame per second)
» BEAVFI—ODMBERIE?
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:- SPEC CINT2000 Summary example

164. gzip 1400 565 248+
175. vpr 1400 655 214%
176. goc 1100 376 292%
181. mef 1800 1193 151%
186. crafty 1000 236 424%
197. parser 1800 1023 176%
252. eon 1300 357 365+
253. per |bmk 1800 685 263+
254. gap 1100 525 210%
255. vortex 1900 758 251%
256. bzip2 1500 534 281
300. twol f 3000 1285 234%
SPECint_base2000 249

SPECint2000
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= Amdahl’s Law states that
the performance improvement to be gained
from using some faster mode of execution is
limited by the fraction of the time the faster
mode can be used.
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CPU execution time _ # CPU clock cycles

= x  clock cycle time
for a program for a program
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B, BUGREEZERTHENEER.
ChIZkY, REMISESTEIENDHS.
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Adapted from Computer Organization and Design. Patterson & Hennessy, © 2005




