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F 50 vs. TEFE

CPUA 5 M %(GHz) | SPEC Int SPEC Fp AR 2 25 H) FE A B 1A
Pentium4 670 3.80 11.5 12.2 Netburst/P4 2005.05
T7600 2.33 14.0 12.5 Core/Core 2 Duo 2006.09
Xeon 5160 3.00 17.5 15.4 Core/ Woodcrest 2007.01
Xeon X5482 3.20 25.3 21.2 Core/Harpertown 2007.11
Core 17-965 EE 3.20 32.1 38.5 Nehalem/Desktop 2008.11
Xeon X5570 3.33 34.5 38.4 Nelamen/Gainestown 2009.03
Xeon X5650 2.67 35.9 51.3 Nehalem/Gulftown 2010.04
Core 13-2100 3.10 34.1 48.0 Sandy Bridge/Desktop 2011.05
Xeon E3-1280 3.50 45.8 58.9 Sandy Bridge 2011.03
Xeon E5-2690 2.90 55.4 89.6 Sandy Bridge-EP 2012.05
EHRERT, HRERKIBERE (SPECint/fp2006)
- MRFRRDSERE TEHIHFITH, TERER
FEBEIEHNARE R
o BRELRT (BEBRTIIE) : BHHEHRE. MEL. KBF......

o HIHE T (SENAREAE)




it 3A200018 I AR AL IR SR

3A1000 (1GHz) 3A2000 (1GHz)

SPECEESF BRRE () A BN () e
164. gzip 503 279 323 433
175. vpr 389 360 222 0632
176. gcc 206 533 110 1003
181. mef 480 375 195 925
186. crafty 166 604 122 822
197. parser 707 254 266 676
252. eon 159 815 141 924
253. perlbmk 418 431 279 044
254. gap 338 325 155 711
255. vortex 291 652 125 1520
256. bzip2 383 391 285 527
300. twolf 421 712 364 824
SPEC_INT2000 447 764
168. wupwise 338 473 123 1296
171. swim 1299 239 324 957
172. mgrid 1045 172 169 1062
173. applu 900 233 197 1067
177. mesa 244 574 156 896
178. galgel 507 572 143 2022
179. art 173 1504 97 2686
183. equake 457 285 96 1353
187. facerec 288 659 146 1306
188. ammp 538 409 274 803
189. lucas 716 279 181 1104
191. fma3d 550 382 203 1034
200. sixtrack 553 199 276 399
301. apsi 1159 224 235 1108
SPEC_FP2000 367 1120
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i CPUBJSPEC CPU20065 &

o JUNAFRIEEZSEE: BEEE. IFERE. mE
e 3A2000fFFERN4nm LLTZE, EmEHKES

—

- 3A3000fF RSN 28nm T8, EFHAEFES

P P A
SPEC INT2006 | SPEC FP2006 | STREAM (GB) SPEC INT2006 | SPEC FP2006 STREAM (MB)
LS 341000 CPU#%, 1. 0GHz) 2.7 2.5 0. 30 9.0 7.7 0. 71
LS 342000 CPU#%; 1. 0GHz) 6.9 6.3 6. 1 922. 5 22.2 9.7
LS 33000 CPU#%, 1. 5GHz) 11. 1 10. 1 8.8 36. 2 32.9 13. 2
VIA C-4600 (JU#%, 2.06Hz) | 10, 8 9.8 4.5 27.5 23.2 3.3
AVD K10 (P, 1. 5GHz) 11.3 11.3 4.5 36. 6 34. 0 6.0
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Answers per month
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pplication Operations per second

Programming
Language

Compiler

ISA — Meanlingless Indication of Processor Speed
Datapath Megabytes per second
Function Units MFLOP/s

Transistors WiresPins Cycles per second (clock rate)
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SPEC CPUZHENAFE T

« System Performance Evaluation Cooperative (®ik: www.spec.org)
- PECPUMREIR B C KRB T5%: 1989, 1992. 1995, 2000. 2006

« SPEC CPU2000: 121 RFEFF, UNERER

« SPEC CPU2006: 121 RTEFF, 1TNERERER

TPC (EHAENEER)
EEMBC (R AAREHENRAEF)

LMBench (LA

B FJunix R4t 1 HE)
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SPEC CPU2000;MiX IR FE1E

Benchmark Type Source Description

gzip Integer C Compression using the Lempel-Ziv algorithm

Vpr Integer C FPGA circuit placement and routing

gcce Integer C Comnsists of the GINU C compiler generating optimized machine code.
mecft Integer C Combinatorial optimization of public transit scheduling.

crafty Integer C Chess playing program.

parser Integer C Syntactic English language parser

eon Integer C++ Graphics visualization using probabilistic ray tracing

perlmblc Integer C Perl (an interpreted string processing language) with four input scripts
zap Integer C A group theory application paclkage

vortex Integer C An object-oriented database system

bzip2 Integer C A block sorting compression algorithum.

twolf Integer C Timberwolf: a simulated annealing algorithm for WVLST place and route
wupwise FP F77 Lattice gauge theory model of quantum chromodynamics.

sWim FP F77 Solves shallow water equations using finite difference equations.
mgrid FP F77 Multigrid solver over 3-dimensional field.

apply FP F77 Parabolic and elliptic partial differential equation solver

mesa FP C Three dimensional graphics library.

galgel FP FoO Computational fluid dynamics.

art FP C Image recognition of a thermal image using neural networls

equake FP C Simulation of seismic wave propagation.

facerec FP C Face recognition using wavwvelets and graph matching.

amimp FP C molecular dynamics simulation of a protein in water

lucas FP FoO Performs primality testing for Mersenne primes

fima3d FP FoO Finite element modeling of crash simulation

sixtrack FP F77 High energy physics accelerator design simulation.

apsi FP F77 A meteorological simulation of pollution distribution.




SPEC CPU2006;MIR 72 FF E 1

SPEC CPU2000 Integer Benchmarks

SPEC CPU2000 Floating Point Benchmarks

400.perlbench |C PERL Programming Language
401.bzip2 C Compression

403.gcc C C Compiler

429.mcf C Combinatorial Optimization
445.gobmk C Artificial Intelligence: go
456.hmmer C Search Gene Sequence
458.sjeng C Artificial Intelligence: chess
462.libquantum |C Physics: Quantum Computing
464.h264ref C Video Compression
471.omnetpp C++ |Discrete Event Simulation
473.astar C++ |Path-finding Algorithms
483.xalancbmk |C++ |XML Processing

410.bwaves Fortran Fluid Dynamics

416.gamess Fortran Quantum Chemistry

433.milc C Physics: Quantum Chromodynamics
434.zeusmp Fortran Physics / CFD

435.gromacs C/Fortran |Biochemistry/Molecular Dynamics
436.cactusADM [C/Fortran |Physics / General Relativity
437.leslie3d Fortran Fluid Dynamics

444.namd C++ Biology / Molecular Dynamics
447.dealll C++ Finite Element Analysis

450.soplex C++ Linear Programming, Optimization
453.povray C++ Image Ray-tracing

454.calculix C/Fortran |Structural Mechanics
459.GemsFDTD |Fortran Computational Electromagnetics
465.tonto Fortran Quantum Chemistry

470.1bm C Fluid Dynamics

481.wrf C/Fortran |Weather Prediction o
482.sphinx3 C Speech recognition 7




LRETMEREELE: —1MlF

Computer A Computer B Computer C
Program P1 (secs) 1 10 20
Program P2 (secs) 1000 100 20
Total time (secs) 1001 110 40

o MNEBEANEFRPATHELE

XFPIFEF: A>B>C

XFTP2REF: A<B<C

EREPATHE: A<B<C

BAEZRPIMP2HHATHE, AeERNRRA. B. C=F KR

Computers Weightings
B : W(1) W(2) W(3)
Program P1 (secs) 1.00 10.00 20.00 0.50 0.909 0.999
Program P2 (secs) 1000.00 100.00 20.00 0.50 0.091 0.001
Arithmetic mean:Wi(1) 500.50 55.00 20.00 n
Arithmetic mean:W(2) 91.91 18.19 20.00 > Weight, x Time,

Arithmetic mean:Wi(3) 2.00 10.09 20.00 L= L




I3—{t BT e & A

Normalized to A Normalized to B Normalized to C
A B C A B C A B C
Program P1 1.0 10.0 20.0 0.1 1.0 2.0 0.05 0.5 1.0
Program P2 1.0 0.1 0.02 10.0 1.0 0.2 50.0 5.0 1.0
Arithmetic mean 1.0 5.05 10.01 5.05 1.0 1.1 25.03 2.75 1.0
Geometric mean 1.0 1.0 0.63 1.0 1.0 0.63 1.58 1.58 1.0
Total time 1.0 0.11 0.04 0.1 1.0 0.36 25.03 2.75 1.0

« SHRBREEFRIITE AR, HEINPITHR R —MTE, A—
MITiER “H—H” » BN, KPITHREN —ESHIFHETH L, R
JEBIH— BT I B P39 . SPECUIREFEHRA T &7,

o« CPHE— R EBEARASAREATE, SRS UTEYE.
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> nCPUBYSPEC CPU20004 &

3A1000 (1GHz)

3A2000 (1GHz)

SPECEESF BRRE () A BN () e
164. gzip 503 279 323 433
175. vpr 389 360 222 0632
176. gcc 206 533 110 1003
181. mef 480 375 195 925
186. crafty 166 604 122 822
197. parser 707 254 266 676
252. eon 159 815 141 924
253. perlbmk 418 431 279 044
254. gap 338 325 155 711
255. vortex 291 652 125 1520
256. bzip2 383 391 285 527
300. twolf 421 712 364 824
SPEC_INT2000 447 764
168. wupwise 338 473 123 1296
171. swim 1299 239 324 957
172. mgrid 1045 172 169 1062
173. applu 900 233 197 1067
177. mesa 244 574 156 896
178. galgel 507 572 143 2022
179. art 173 1504 97 2686
183. equake 457 285 96 1353
187. facerec 288 659 146 1306
188. ammp 538 409 274 803
189. lucas 716 279 181 1104
191. fma3d 550 382 203 1034
200. sixtrack 553 199 276 399
301. apsi 1159 224 235 1108
SPEC_FP2000 367 1120
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i CPUBJSPEC CPU20065 &

e 3A2000f¢ F3EN40nm LLLE,, EWEHMNES
. 3A3000fF FHIEAM28nm T2, EHEFES

P P A
SPEC INT2006 | SPEC FP2006 | STREAM (GB) SPEC INT2006 | SPEC FP2006 STREAM (MB)
LS 341000 CPU#%, 1. 0GHz) 2.7 2.5 0. 30 9.0 7.7 0. 71
LS 342000 CPU#%; 1. 0GHz) 6.9 6.3 6.1 922. 5 22.2 9.7
LS 33000 CPU#%, 1. 5GHz) 11. 1 10. 1 8.8 36. 2 32.9 13. 2
VIA C-4600 (JU#%, 2.06Hz) | 10, 8 9.8 4.5 27.5 23.2 3.3
AVD K10 (P, 1. 5GHz) 11.3 11.3 4.5 36. 6 34. 0 6.0




CPIXIPC

- HERQARGHARE)E, RASHUTEREE B s
AR CPIEIR FHIPC

%35 CPI“Average Cycles per Instruction”

]

e CPI=(CPU Time * Clock Rate) / Instruction Count

= Cycles / Instruction Count

* Instruction Frequency

CPU time = Cycle Time x Z CPI , x I,

j=1
= Cycle Time x CPI x Instructio n Count

n I
CPI = Z CPI , x F, where F, =

j=1

j

Instructio n Count
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Base Machine (Reg / ReqQ)

Op
ALU
Load
Store
Branch

T E CPIF 5T

Freq

50%
20%
10%
20%

/

e
Typical Mix

Cycles CPI(i)

1 5

2 4

2 2

2 4
1.5

(% Time)
(33%)
(27%)
(13%)
(27%)
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« Learning Curve: 4722 P&
* Volume: JIEZFZITRE. FE—KEHA
« Commodities : 355 EHHIN

41,000

.\ 1000 MHz
400
] \
16 MB fa00
0 I\
$700

600

w0 -\ \ \\ 867 I\-H-‘I\;\'

Intel LISt Prce (1,000 umis)

4MB8
Dollars par 40 F ' M
DRAM chip 400 N
\ \ \\ \.\?33 MHz
Final chip cost 300 \ \ \.
$200 . \\_- -
450 MHz 500 mHz 500 MHz
$100
30 T T T T T T T T T T T T T T
May-  Jun— ul-99  Aug-  Sep— Oct-99 Mew-  Dea-  Jan- Feb-00 Mar-  dpr- May-  Jur-  Jul-00 Aug-
Q9 a8 a9 o9 o 9 oo fuls} oo oo g o0
Date
FIGURE1.5 Prices of six generations of DRAMs (from 16Kb ta 64 Mb) over time in 1977 dollars, showing the leam- FIGURE 1.6 The price of an Intel Pentium Ill at a given frequency decreases over time as yield enhancements de-

ing curve at work. A 1977 dollar is worth about 52 95 in 2001; more than half of this inflation occurred in the five-year period crease the cost of good die and competition forces price reductions. Data courtesy of Microprocessor Report, May
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e MR = (1+b* i F TEIf/a) 2 =78%
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ptotal = Pswitch + I:short + PIeakage
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CMOSHIEEZSIhE

» TE90nm )5 % F DI FE LR H
.« MHEKTE. VHIERKE. HE R

W R {EIKEE (sub-threshold leakage)
o B <>

» MRHE (gate leakage)
o M<->JH
e WM<

- RMPNZIFHE (junction leakage)
o YR <> FE
o <> HE

Citd
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» MUTR

» MR

o GMI%: BRE vs. BEGH REAASHBER
- BB BATIHAL vs. HATHAIMES

o HERZ: BNE vs. B

- TEH: HFRAEMER vs. [KIFEREE
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T BN REIREL

* 1950-60Ff;: Computer Arithmetic

- ZTZRH, THENLEGHER S

- EEFAM. W T’ B BITHAINE. BoothIRrEHE %

- REBHCEARIENSHWIHAER, ERREERE

« 1970-80:FA4X: Instruction Set Architecture
o XA BARARERAN, RERISCEH
e 1990EfL)5: CPU, Memory, I/O, Multiprocessors......

« Hm: ) EREBTREGFE, RESRBKEANEEDR (0
TR, BN o MR T ERERITHR T2 A,
FENGEE WA EEREHIT

- KR WEERTEL 57




R “NENTT”

TR REWA

. RBAETEHARAHENEREWEARE NS
- RFETZ/KFREATENRER R IMRE T EZSERKEEE

KREIMELIEE. BERERMRS, WTLB. H/KE. R4

- IMENE RS KRR FEEARKBHIERES ). 7 L&kt

TEHHETAEFACPU, ANCPU] FKFHAE (WIBMAlIntel)

- MARREIENGEREHNRKBRTFASI
- REHENHERHATREIETE, RELBAGGEH
« 1980ERIBMIETHEN BRI REE, KXE# TIHHENTILRE
o FELEHINLETHERIE RN —RRZE T iHEVLTIEIR R
- EEFJI: 2010FERET LZEHEAR, 20105 M HTFR
o Wintel N KN ALK THEYL: DOS. Windows. Office. JiFx;
. BEEREA GRS, TR EOSRA MRS
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DEC Alpha 21264 1996 | 600MHz - 1.2 2.0 0. 60 0. 60
AMD K7 Athlon 1999 | 700MHz - 1.4 1.6 0. 88 0. 88
Intel Pentium III 1999 | 600MHz - 0.6 0.8 0.75 0.75
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AMD K10 Phenom II X4 955 2009 | 3.2GHz | 128fi 51.2] 21.3 2. 40 1. 20
Intel Nehalem X5560 2009 | 2.8GHz | 128fi 44.8  32.0 1. 40 0. 70
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AMD Piledriver Fx8350 2014 | 4.0GHz | 2564 128.0] 29.9 4. 29 1. 07
Intel Skylake E3-1230 V5 2015 | 3.4GHz | 256fi 217.6] 34.1 6. 38 1. 60
g i3A2000 2015 | 1.0GHz - 16.0 16.0 1. 00 1.0
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