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1# 23430(3# 56# 732# 890()# (:# 8;08<0=># )32898<# ?8<=@30(A# ?B8(:<89(237C08;2(#

D=28<=>#E8)?CF23B8<#D=78#/<37(430(3#2.E28<8G#4.;282=#?B8H3;;8B.*#+8I#E.E#<(908#(:#

2.D7(H=I# 9(0.)(E.# B8;2.# 4.;282# ?8;23?3008# :.)397A32;A*# JB(4(0.# 28)/# – BA9#

23>0878K(43;E(>#8KB.0(430(GL#0.#?82B3D7A3)/F#)8M08;2C#(#0.#23?78<=93730(3I#.#2.EN3#

D=;2B8#?B(D7(N.FM(G;A#O(:(43;E(G#?B3937#B.:)3B.#2B.0:(;28B.*#J8E.:.237C0=G#;7/4.G#

03/9.408G#K80E(#:.#D87C@()(#4.;282.)(#?B8(:8@37#<#08ADB3#P66Q#K89.I#E8K9.#E8)?.0(A#

Intel D=7.#<=0/N930.#82)30(2C#<=?/;E#)8937(#Pentium Q#;#2.E28<8G#4.;2828G#Q%%H#(:-:.#

?B8D73)# ;# 23?7882<898)*# -87C@(3# <302(7A28B=# ;?8;8D0=# B3@(2C# ?B8D73)/I# 08# 80(#

;7(@E8)#@/)0=3I#428I#3;23;2<3008I#03#/;2B.(<.32#?87C:8<.237A*

%89 &.E28<.A#4.;282. JB8H3;;8B

1978 4.77 MHz Intel 8086

1985 33 MHz Intel 80386

1993 60 MHz Intel Pentium

2004 3.46 GHz Intel Pentium 4

2006 2.333 GHZ Intel Core Duo T2700

2007 3 GHz Intel Core 2 Duo E6800

2008 3.33 GHz Intel Core 2 Duo E8600
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2009 3.06 GHz Intel Core i7 950

2011 3.4 GHz Intel Core i7 2600

2012 3.5 GHz Intel Core i7 3770

!803408I# /<37(430(3# 2.E28<=># 4.;282# – 03# 39(0;2<300=G# ;?8;8D# ?8<=@30(A#

?B8(:<89(237C08;2(*#1<3930(3#;?3H(.7C0=>#(0;2B/EH(GI#E.E#0.?B()3B#MMX (MultiMedia

eXtensionT# (# SSE (Streaming SIMD ExtensionTI# ?8:<87(78# /;E8B(2C# <=?87030(3#

<=4(;7(237C0=>#8?3B.H(G#<#8?B3937300=>#E7.;;.>#:.9.4*#

U7A# /<37(430(A# ?B8(:<89(237C08;2(I# 038D>89()8# <=?870(2C# E.E#)8N08# D87C@33#

4(;78#(0;2B/EH(G#?.B.7737C08*#U7A#V28K8I#0.4(0.A#;#?B8H3;;8B8<#Intel PentiumI#?8A<(78;C#

;/?3B;E.7AB083# <=?87030(3I# 8D3;?34(<.FM33# <=?87030(3# 9</># (0;2B/EH(G# :.# 2.E2I# .#

Pentium Pro 827(4.7;A#<03843B390=)#<=?87030(3)#(0;2B/EH(G*#

'<37(430(3# E87(43;2<.# A93B# ?B8H3;;8B8<# 2.EN3# 8E.:=<.32# <7(A0(3# 0.#

?B8(:<89(237C08;2C*#1#P66W#K89/I#;287E0/<@(;C#;#B8;28)#E80E/B30H((#0.#B=0E3#(#()3A#

03# 2.E# /N# )08K8# <.B(.028<# <=D8B.I# <39/M(3# ?B8(:<89(237(# CPU ;2.7(# ?B397.K.2C#

?B8H3;;8B=# ;# 9</)A# <=4(;7(237C0=)(#A9B.)(#<)3;28# 8908K8*#1#?8;739/FM(3# K89=# V2.#

230930H(A#?B8987N(7.;C# <=?/;E8)#CPU ;# 2B3)AI# 432=BC)AI#@3;2CF#(# <8;C)CF#A9B.)(*#

,2.# 2.E# 0.:=<.3).A# )/7C2(A93B0.A# B3<87FH(A# :0.)308<.7.# E878;;.7C0=G# ;E.48E# <#

B.:<(2((#B=0E.#?82B3D(237C;E(>#E8)?CF23B8<*

$.E;().7C083# /;E8B30(3I# E828B83# )8N08# ?87/4(2C# 82# B.;?.B.7737(<.0(A#

?B8KB.))=#0.#N ?B8H3;;8B8<#XA93BTI#9.32;A#:.E808)#Y)9.7.#XAmdahl Law):
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1#V28G#O8B)/73#P – V28#4.;2C#<B3)30(#<=?87030(A#?B8KB.))=I#E828B.A#)8N32#D=2C#

B.;?.B.773730.#0.#N ?B8H3;;8B8<*#!.E#73KE8#<(908I##?B(#/<37(430((#4(;7.#?B8H3;;8B8<#N

).E;().7C0=G# <=(KB=@# ;2B3)(2;A# E#
! "

1

1 P%
*# &.E()# 8DB.:8)I# 3;7(# <=# )8N323#

B.;?.B.7737(2C#¾ <;3G#?B8KB.))=I 28#).E;().7C0=G#<=(KB=@#;8;2.<(2#Q#B.:.*

1#;8<B3)300=>#J!#?B(;/2;2</F2#?B39;2.<7AFM(3#(:#;3DA#).;;(<08-?.B.7737C0=3#

<=4(;7(237C0=3# /;2B8G;2<.# ;# 8430C# <=;8E()# D=;2B893G;2<(3)# (# D87C@()# 8DZ3)8)#

;8D;2<3008G# ?.)A2(# XDRAMT*# &.E(3# /;2B8G;2<.# 0.:=<.F2# KB.O(43;E()(# ?B8H3;;8B.)(##

(GPU).
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+.#B(;/0E3#[#?B(<3930.#;>3).I#82B.N.FM.A#.B>(23E2/B0=3#827(4(A#<#8BK.0(:.H((#

H302B.7C08K8#XCPU) (#KB.O(43;E8K8#?B8H3;;8B8<#XGPU). !803408I#B.:0(H.#<#.B>(23E2/B3#

?89B.:/)3<.32#(#B.:7(4(A#<#?B(0H(?.>#B.D82=*

 

\(;. 1*#]BK.0(:.H(A#CPU (#GPU

 

+.?B()3BI# 827(4.32;A# ?B(0H(?# 98;2/?.# E# ?.)A2(*# 1# ^_`# 80# ;<A:.00=G# (# 73KE8#

?B39;E.:/3)=G#— 3;7(# (:# ?.)A2(# 4(2.32;A# 23E;37C# 23E;2/B=I# 28# 43B3:# 03E828B83# <B3)A#

?B(9a2#<B3)A#(#97A#;8;390(>#23E;373G*#U.#(#?B(#:.?(;(#28#N3#— ?(E;37C#:.?(;=<.32;A#<8#

OB3G)D/O3BI#(#43B3:#03;E87CE8#2.E28<#D/932#:.?(;=<.2C;A#B.;?878N300=G#BA98)#;#0()*#

b0=)(#;78<.)(I#V28#0.:=<.32;A#?B(0H(?#78E.7C08;2(*

1# /0(<3B;.7C0=>#?B8H3;;8B.>#D87C@(3# E87(43;2<.# 2B.0:(;28B8<#(#?78M.9C#4(?.#

(9/2# 0.# D/O3B=# E8).09I# .??.B.2083# ?B39;E.:.0(3# <32<730(A# (# 8KB8)0=3# 8DZa)=#

0.4(?8<8G# EV@-?.)A2(*# 1;3# V2(# .??.B.20=3# D78E(# 0/N0=# 97A# /;E8B30(A# (;?87030(A#

03)08K84(;7300=># ?828E8<# E8).09*# 1(9384(?=# 2B.2A2# 2B.0:(;28B=# 0.# ).;;(<=#

(;?870(237C0=>#D78E8<I#/?B.<7AFM(3#?828E.)(#D78E(I#B.:937A3)/F#?.)A2C#03D87C@8K8#

8DZa).# (# E802B8773B=# ?.)A2(# 0.# 03;E87CE8# E.0.78<*# 1=@3?3B34(;730083# 03# /;E8BA32#

<=?87030(3# 82937C0=># ?828E8<I# 808# ?8:<87A32# 4(?/# 8DB.D.2=<.2C# 03;E87CE(># 2=;A4#

?828E8<I# 8908<B3)3008# (;?870AFM(>;A# 4(?8)# (# 2B3D/FM(># <=;8E8G# ?B8?/;E08G#

;?8;8D08;2(#?.)A2(*

1(9384(?=#?B()30AF2#cdef#XSingle Instruction Multiple Thread, 890.#(0;2B/EH(A#(#

03;E87CE8# ?828E8<T# 97A ;E.7AB08G# 8DB.D82E(# ?828E8<*# cdef# 03# 2B3D/32I# 428D=#

B.:B.D824(E# ?B38DB.:8<=<.7# 9.00=3# <# <3E28B=I# (# 98?/;E.32# ?B8(:<87C0=3# <32<730(A# <#

?828E.>*

+.# B(;/0E3# P ?B39;2.<730=# 9.00=3I# 828DB.N.FM(3# ?B3<8;>89;2<8# KB.O(43;E(>#

/;2B8G;2<#0.9#H302B.7C0=)(#?B8H3;;8B.)( ?8#E87(43;2</#8?3B.H(G#;#?7.<.FM3G#:.?A28G#

<#;3E/09/#Xfloating-point operations per second, flops).
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\(;. 2*#%B.O(E#E87(43;2<.#8?3B.H(G#;#?7.<.FM3G#:.?A28G#<#;3E/09/#97A#/;2B8G;2<#

CPU (#GPU

&.E.A# ?B8(:<89(237C08;2C# 8D3;?34(<.32;A# 23)I# 428# GPU ;8;28(2# (:# 03;E87CE(>#

?828E8<=>#)/7C2(?B8H3;;8B8<I#<#E828B=G#<>89A2L

& Scalar Processors - ;E.7AB0=3#?B8H3;;8B=

& Special Function Unit - D78E(# 97A# <=?87030(A# ;?3H(.7C0=># 8?3B.H(G# XE# ?B()3B/I#

<=4(;730(A#cos (7(#sin)

& Instruction Fetch – )89/7CI 82<34.FM(G# :.# (0;2B/EH((# X2*3*# <;3# ;E.7AB0=3#

?B8H3;;8B=#<=?870AF2#890/#E8).09/T

& Register File – 0.D8B#B3K(;2B8<#

& Shared Memory – B.:937A3).A#?.)A2C#

& Double Precision – )89/7C#97A#<=4(;730(G#;#9<8G08G#28408;2CF*

+.#B(;/0E3#5#?B(<3930.#;>3).#8BK.0(:.H((#?828E8<8K8#)/7C2(?B8H3;;8B.*
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\(;. 3*#]BK.0(:.H(A#?828E8<8K8#)/7C2(?B8H3;;8B.

 

1?8703# 843<(908I# 428# 9.00.A# ;>3).# 827(408# ).;@2.D(B/32;A*# '<37(4(<.A#

E87(43;2<8# <=4(;7(237C0=># D78E8<I# )8N08# ?8<=;(2C# ?B8(:<89(237C08;2C*# +.?B()3BI#

GeForceGTX 680 ;893BN(2#[W5g#.B(O)32(E8-78K(43;E(>#/;2B8G;2<*

!803408I#<=;8E.A#?B8(:<89(237C08;2C#GPU 03#)8K7.#03#8;2.2C;A#D3:#<0().0(A. 1

B3:/7C2.23 <8:0(E78 2.E83 0.?B.<730(3, E.E GPGPU (General-Purpose computing on

Graphics Processing Units) – (;?87C:8<.0(3# KB.O(43;E(># ?B8H3;;8B8<# 97A# B3@30(A#

03KB.O(43;E(>#:.9.4*#1#E.43;2<3#;B39;2<#97A#GPGPU <=;2/?.F2 CUDA, OpenCL (#DX11

Compute Shaders.

1# 0.;28AM33# <B3)A# BA9# ?B(78N30(GI# 8;/M3;2<7AFM(># B.;432=I# /N3# 8D7.9.F2#

?8993BNE8G#<=4(;730(G#0.#GPU. +.?B()3BI# <#;(;23)3#MATLAB B3.7(:8<.08#D8733#P66#

O/0EH(GI#<=?870A3)=>#0.#KB.O(43;E8)#?B8H3;;8B3*#]N(9.3)=G#?B(B8;2#;8;2.<7A32#P-20

B.:* 

1=4(;730(A# 0.# ^_`# ?B397.K.F2# D3;?B3H393020/F# ?B8(:<89(237C08;2C#

?B(78N30(G# D7.K89.BA# 28)/I# 428# ^_`# 8DB.D.2=<.32# 4.;2(# ?B(78N30(AI# 2B3D/FM(3#

D87C@8G#<=4(;7(237C08G#)8M08;2(I#?B(#V28)#8;2.7C0.A#4.;2C#?B(78N30(A#<=?870A32;A#

0.#h_`*#R#284E(#:B30(A#?87C:8<.237AI#?B(78N30(3#?B8;28#B.D82.32#:0.4(237C08#D=;2B33*

CPU + GPU – V28# )8M0.A# E8)D(0.H(AI# ?828)/# 428# h_`# ;8;28A2# (:# 03;E87CE(>#

A93BI# 8?2()(:(B8<.00=># 97A# ?8;7398<.237C08G# 8DB.D82E(# 9.00=>I# <# 28# <B3)A# E.E#^_`#

;8;28A2#(:#2=;A4(#).730CE(>I#D8733#?B8(:<89(237C0=>#A93BI#;8:9.00=>#97A#?.B.7737C08G#
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8DB.D82E(# 9.00=>*# J8;7398<.237C0=3# 4.;2(# E89.# 8DB.D.2=<.F2;A# 0.# h_`I# .#

?.B.7737C0=3#4.;2(#- 0.#^_`*

B),(/*$0,+&'3+C'.
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NVIDIA CUDA – 03KB.O(43;E(3# <=4(;730(A# 0.# KB.O(43;E(># ?B8H3;;8B.>*#

URL.http://www.ixbt.com/video3/cuda-1.shtml X9.2.#8DB.M30(AL#6g*65*P6[5T.

5. p28# 2.E83# <=4(;730(A# 0.# GPUq# oo# p28# 2.E83# <=4(;730(A# 0.# GPU?

1=;8E8?B8(:<89(237C0=3# <=4(;7(237C0=3# B3@30(A*# NVIDIA
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Documentation URL.http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html 
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