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CopepxaHue

Q N3ydeHMe npodunnpyemoro npunoXeHus
Q lNogrotoBka NpuMNoXeHUa Ang aHanmaa

Q lNpodunuposaHue

Q AHanm3 Npon3BoaAUTENIBHOCTU NPUNOXKEHNS
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N3yuyeHne npodunmpyemMoro npunoxeHus

3anaHuve 1

a
a
a

3anyctute npunoxeHne Microsoft Visual Studio 2005,
B meHto File BinonHnTe komaHgy Open—Project/Solution...,

B ananorosom okHe Open Project BbibepuTe narnky
C:\ITPLab\Factorization,

[OBaxabl WenkHute Ha danne Factorization.sln vnn, BoibpaB dann,
BbINOSIHUTE KOMaHay Open.

[Tocne oTKpbITUA NpoekTa B OkHe Solution Explorer gBaxabl LWENKHUTE

Ha panne ncxoagHoro koga Factorization.cpp.

= | &
j Solution 'Factorization' {1 project)

S [ octorization |

| Header Files
= | Source Files
Eﬂ Factarization.cpp

N ngSuluti... [ Class ... xglprupe...
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N3yuyeHne npodunmpyemMoro npunoxeHus

Q lNpunoxeHue Factorization niuieT pasnoxeHne MHoOXecTBa
4yucern Ha NPOCTblIE MHOXUTENN.

d AJ'II'Opl/ITM pa3fioxXeHnd OCHOBAH Ha MNOMbITKE AENeHnd
HaueJi0 KaXXgoro 4Yncria Ha Bce 4ncria, MeHbLLUnNeE ero.

12 = ?7%7*..*7?

12/ 2 = 6; // npobyem pasgenutb Ha 2 elle pas
6/2=3; //npobyem pasgenutb Ha 2 eLle pas
3/2=1,5;/] bepem cnenyowmn genuTtens
3/3=1; [/ CTOINl- nony4ynnu eguHuuy
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N3yuyeHne npodunmpyemMoro npunoxeHus

QB NPUNOXXEHNN 06BbsABNEHDI cneaywouwime KOHCTaHTbl.

#define NUM_NUMBERS 100000
#define NUM_THREADS 2

U Pe3yanaTb| Pa3J10KEHNA COXPaAHAKTCA B MaCCUB BEKTOPOB
vector<int> divisors|NUM_NUMBERS+1];

Tak, Hanpumep,
divisors[5] = {5}
divisors[6] = {2, 3}

Q [n4 pPa3sioxKeHNA NCNoJib3yeTCA HECKOJIbKO NMOTOKOB.
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N3yuyeHne npodunmpyemMoro npunoxeHus

O B paHHoM paboTe Hac byayT MHTepecoBaTb TOSIbKO PYHKUMKM main u
factorizationl.

O PyHKUMS main coaepXxuTt Heobxogmmble 06bABNEHNS, onepaumn
co3daHunsi MOTOKOB M OXMAAaHUS NX 3aBEPLLEHMNS, a TaKKe BbIBOA Ha 3KpaH,
npegHasHavYeHHbIW AN KOHTPOMSA NPaBUITIbHOCTU pe3yrbTaToB.

O dyHkuma Factorizationl npeacraBnset codbon paboyyo QyHKUMIO

notoka. B Hen peanunsyeTtca npocTtenwlasa cTparerua pacnpeneneHuns
Harpy3kn Mexay noTokamm.

1 S0K 100K

Y
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[loaroTtoBka NpuUnoXxeHuUa ona aHanusa

0 [lMNoarotoBka 3akntoyaeTcsl B yCTaHOBKE ONpeaeneHHbIX onumi
KOMMUIIALMN U KOMMOHOBKM MPUNOXeHUs. BonbLUMHCTBO HACTpoekK
YCTaHOBMNEHbI MO YMOMNYaHWIO.

O Heobxognmble HAaCTPOUKU
— Komnunauusa B Release pexume
— ®opmart otnagoyHon nHdopmaumm Program Database (/Zi)
— Bknio4deHue B npunoxeHne otnagovyHon nHdopmauymm
— WMcnonb3oBaHue NoTokobe3onacHbIX 6ubnuoTek
— Wcnonb3oBaHue onumn komnoHosLmka /fixed:no

Q [locne yctaHOBKM BCeX 3TUX OMNUMU NPUNOXKEHNE rOTOBO K
NpodOUNNPOBaHUIO.
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[loaroTtoBka NpuUnoXxeHuUa ona aHanusa

3agaHuve 2

B meHio Build Beibepute nyHkT Configuration Manager..., B OTKPbITOM OKHe
BblbepuTe pexum Release.

Configuration Manager,

Active solution configuration: Active solution platForm:

Release A | Win3z w |

[b‘ld“'“*"
| |
e — PlatForm Bwild
<Edit...=
I'cILILLIrIécILILII T FEETSE W Win3Z w

Close
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[loaroTtoBka NpuUnoXxeHuUa ona aHanusa

3agaHue 2
Ykaxute popmat oTrnagodHon nHgpopmauum Program Database (/Zi).

Factorization Property Pages

Configuration: |F\EtiVE(RB|BaSB) | PlatForm: |F'-EtiVB(WiI'I32}' V| [anﬁguration Manager. .. l

Common Properties Additional Include Directaories

(=) Configuration Properties Resolve #using References

General Debug Information Farmat Program Database {/Zi)
! Suppress Skartup Banner s o
Wharning Level Lewel 3 {/W3)
Detect 64-bit Portability Issues Yes {/Wpb4)
Treat Warnings &s Errors Mo
Preprocessor i UUse UNICODE Response Files Yes
Code Generation
Language
Precompiled Headers
Oukput Files
Browse Information
Advanced
Cormmand Line
Linker

Manifest Tool

¥ML Document Generakor
Browse Information

Build Events

Custom Build Step

weh Deplovment

[ R R e R

Additional Include Directories
Specifies one or more directories to add to the include path; use semi-colon delimited list if maore than one.

(/I[path])

OF, l [ Cancel
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[loaroTtoBka NpuUnoXxeHuUa ona aHanusa

3agaHuve 2

Bkritounte reHepaunto otTrnagovyHou nHdopmauum.

Factorization Property Pages

Configuration: |.ﬁ.ctive(ReIease) w | PlatForm: |Active(Win32) w | [ Configuration Manager... l
Common Properties Generate Debug Info
[=- Canfiguration Properties Generate Program Diakabase File BT ST DR, | 2t getMame ), pdb
General Strip Private Symbals
Debugging Generate Map File Mo
C/C++ Map File Marne
Map Exports Mo
f:p”uetral Debuggable Assembly Mo Debuggable attribute emitted

Opkirmization
Embedded IDL
Advanced
Cornmand Line
Manifest Tool
ML Document Generator
Browse Information
Build Events
Custom Build Step
weh Deplovment

Generate Debug Info
Enables generation of debug information,  {/DEBLIG)

[ Ok l [ Cancel
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[loaroTtoBka NpuUnoXxeHuUa ona aHanusa

3agaHuve 2

cnonb3oBaHme NnoTokobe3onacHbIX OMONMoTeK.

Factorization Property Pages

Configuration: |Active(ReIease)

| Platform: |Active(Win32)

Cornmon Properties
[=) Configuration Propetties
General

Debugging
eneral

Ciptimization

eneration

Precompiled Headers
Cukput Files
Browse Information
Advanced
Cornmand Line
Linker
fanifest Tool
#ML Document Generator
Browse Infarmation
Build Events
Custom Build Step
wi'eb Deployment

= R R e R

V| [ Zonfiguration Manager. . ]

Enable String Pooling

Enable Minimal Rebuild

Enable C++ Exceptions

amaller Tvpe Check

EBasic Runtime Checks

Runtime Library

Skruck Member Alignment

Buffer Security Check

Enable Function-Lewel Linking
Enable Enhanced Instruction Set
Floating Poink Madel

Enable Floating Point Exceptions

Enable string Pooling
Enable read-only string pooling for generating smaller compiled code,  {f/GF)

Mo
Mo
Wes (JEHsC)
Mo

m
I Multi-threaded DLL {/MD)

= p=1u 110

Yes

Mo

Mok Set

Precise {/fpiprecise)
Mo

oK ] [ Cancel
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[loaroTtoBka NpuUnoXxeHuUa ona aHanusa

3agaHuve 2

YcTaHoBuTe onumio KomrnoHoBLuka /fixed:no.

Factorization Property Pages

Configuration: |P-EtiVB(RE|BaSE) b | FlatForm: |-°-EtiVB(WiI'I32}' v | [ Configuration Manaager. ., ]
Carnmon Properties Entry Paink
[=)- Canfiguration Properties Mo Enkry Paink Mo
General Set Chicksum Mo
Debugging Base Address
* d Base Address Generate a relocation section (/FIXED:NO}) v
Turn OFF Assembly Generation 1]
eneral Delay Loaded DLL Don't Support Unload
I"'pot . Irnpart Library
Manifest File )
Debugging Merge Sectlgns ]
System Tarqget Maching MachineX86 {/MACHINE:XE6)
Optimization Prafie Mo
ol LR Thread Attribute Mo threading attribute set
Advanced CLR Image Tvpe Default image kype
ﬁ%e Key File
Manifest Taol Key Container
XML Document Generakor Delay Sign Mo
Browse Information Errar Reparting Prompt Innmediately (JERRORREPORT:PROMPT)
Build Events CLR Unmanaged Code Check, Mo
Custarn Build Step
web Deployvment
Fixed Base Address
apecifies if image musk be lnaded at a fixed address,  (fFIXED:[Mo])
[ i ] [ Zancel ] [ Apply
N
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Co3paHue npoekta Intel® Thread Profiler

3agaaHue 3

a

U

Q

3anyctute Intel Thread Profiler. Start—All programs—Intel(R)
Software Development Tools—Intel(R) Thread Profiler 3.0—Intel(R)
Thread Profiler.

B oTkpbiBLLEMCA OKHE HaxXmuTe Ha KHornky New Project .

B HoBom okHe BbibepuTe Intel(R) Thread Profiler Wizard n Haxxmute
kHonky OK.

Hwxe Hagnmucu Launch an application nveetca ctpoka, B KOTOpOU
HeobXxoauMO yKkasaTb UMS NPOUIIMPYEMOro NpUNoXeHusi. Haxxmure
KHOMKY [...] n B OTKpbIBLLEMCS OMANOroBOM OKHE YKaXXuTte nyTb 0
NPUIIOXeHNs, nognexaiwero npodgunnposke. B Hawwem criyyae 310
C:\ITPLab\Factorization\release\Factorization.exe.

Haxxmute kHonky Finish.
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[MpodmnupoBaHue

Q ITP camocToaTenbHO OCyLECTBNAET UHCTPYMEHTaLMIO NPUNOXKEHNS K
3anyckaeT npouecc npodunmpoBaHus.

2 VTune{TM) Performance Environment - [Intel® Thread Profiler - Activity: 01:17 PM, 2007 Mar 12 (TP: factorization.exa)]

M Ele Edt vew Activity Corfigure Window Help _|= &
AHES = EEY T REE =" = R EY % g | ||[TP: factorization exe [01:17 PM. 2007 Mar 12) = | B> o Ry
= VTFrajectdd .
S & TP factorization exe (011:| | 4= =p ©ecE [+ ke ok irl@elz & Q@
1 01:17 PM, 2007 Mar 12 (TP
n Iv Thread State
- o
£ 3 : g
: 2
< ¥ Critical Path Data
o ¥ Concurrency
I~ Beh
0 [ Mo Thiead Active:
g - & [ Serial
= =] =] Under Utlized
] Full Utiized
fiociole [ 0ver Utized

%G RRE AR ©

[1} 05 1 15 2 25 3 35 4 45 5 [EE]
foooofooo0o0foooofoonooTooooTooooloooofooooloonootooaoloaoofiag

| £
I+ Ciitical Path Data
¥ Concunency
I Behavior

== Under Utiized
Fully Utilized
== Over Utilzed

Overhead -

< | ||| Profiie view | Summars 1

| General =
[Mon Mar 12 13:17:53 2007 Laading modules...

lMunMal 1213:17:53 2007 Done

For Help, press F1
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podounnpoBaHue

KHO Summary

6 PM, 2007 Apr 02 factorization.exe)]

<

|[TP: Tactrzaton.exe (0754 P 2007 Apr02) <] B> W00 3 AN 1

= &% TP: factorization_exe (07-5:
4} 0756 PM. 2007 g 02 (TP |
Executable Name cMTPLabMF actorization'yeleasetF actorization exe
Hyper-Thissding Tachnology Enabled  No
Intel® EMEAT Enabled No
Fiun Date/Time Men Apr 02 19.55:59 2007
Run Length [sec) 439
Average Concuirency 131
Logieal Processors z
Theads 3
Calltes Yes
Callske Depth 5
Transhions 5
Transtions Per Sec 102
Fitred Trarsitions 167
Fitered Transtion Time 00
AFls 2158
APl Per Sec 441,75
= AFls | Count | Contended | Uncontended | Ignored Wail Time | Ignore &l Fitered | Block Fitered | Acquire Fitered | Ciiical Seclion Fitered | Overhead Fiered |
= 4Pt 2158 1 2157 000246358 [ 167 [ [ i
= Cilical Section 1924 0 1924 0 0 0 0 0 i
Initialzel 16 D 16 D 0 0 0 0 i
IritishizeC.. 2 0 2 0 o o o o o
EnteiCitic 937 0 937 0 0 0 0 0 i
LeaveCiitic 937 0 937 0 0 0 0 0 0
= File 163 0 189 0,00246838 0 167 0 0 ]
WiiteFile 169 0 189 0,00266888 0 167 0 0 i
=10 & i 3 D 0 0 0 0 i
GietStdHandls & 0 3 0 0 0 0 0 0
) Miscellaneous 50 0 50 0 I I I I i
GetProcad 50 D 50 D 0 0 0 0 i
= Process 1 0 1 0 0 0 0 0 i
EsitProcess 1 0 1 0 o o o o 0
.z 0 -7 9o 9o 9 o o 0o |
ThisadE ity 3 D 3 D [ [ [ [ i
ThieadExit z 0 2 0 0 0 0 0 ]
CreateThiead 2 0 2 0 0 0 0 0 i
= wait 1 1 D D 0 0 0 0 i
WaiFoul. 1 1 0 0 0 0 0 0 0
| | | PrafieViewsummany 1

For Help, press F1 SKESs
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[MpodmnupoBaHue

OkHo Profile

% VTune(TM) Performance Environment - [Intel® Thread Profiler - Activity: 07:56 PM, 2007 Apr 02 (TP: factorization.exe)]

MAEle Edt wew actity Configure Window Help e ﬁ
HEmH| & =RE R % OF | |[[TP: Tactorization exe (07:54 PM, 2007 Apr02] =] B> o,
i

= (b VFroect54

= & TP: factorization.exe (075 (4= = L [QEL[E [4 B[z iz 2 & 2 @

#0758 PM, 2007 pr 02 (TP |

3

25

£
b

. 15
£
=

|

05

0

= o

=)

I Thiead State

v Ciitical Path Data

¥ Concurency
I Behavior

[ Mo Thread Active
Serial

[ Under Utilized

[ Fully Utiized

[ Over Utized

[ Overhead

i ha 3
o [} 5]
Factorization exe
Activity: 1

== %[fwa R R e

[1} D‘,E 1 1‘,5 2 2‘,5

I Thiead State =
M active
W %% spin
it
Il Pause/lgnore
Iv ' Critical Path Data
J¥ Concunency
I™ Behavior
= N Thread Active
= Sl
= Linder Utiized
Fuly Utiized
Qv Lltiized
Overhead
Crical Path Target
~ Transitions

)
S )
o
-

Transition
Transition w/o Source
¥~ Faik/Jain -

4 v|| | Profils View | Summary 1

For Help, press F1 SKBls B
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[MpodunupoBaHue

OkHo Profile (rpynnupoBka no notokam)

2 VTune{TM) Performance Environment - [Intel® Thread Profiler - Activity: 11:43 AM, 2007 Mar, 20 factorization.exe)]

Pr e T
== L obms ke ohlhkb QR @
- » Thread State
. o ctive
Es il 77 Soin
- = it
25 I Ciitical Path Data
o [ Concunency
= I~ Behavior
T = [ Mo Thisad Active
. [ Serial
& [ Undes tiized
S [] Ful Utiized
s [ Over Utiized
= [ Overhead
o5
. |
i | = =
& - &
Factorization exe
Adtivity: 1
Thiead | Citical Path | B Mo Thieads Active | [ Serial | O Ser. Blocking | B Ser. Impact | [ Under Utiized | [ Under. Blocking | B Under. Impact | O Fully Utlized | O Full Blocking | E Full lmpact | O Over Utiized | O @wver. Blocking

Profile Wiew | 5

General 2 |

Tue tar 20 11:31:23 2007 Loading modules.
Tue Mar 2011:31:29 2007 Done
Tue Mar 20 11:43:55 2007 Loading modules,
Tue Mar 20 11:4356 2007 Done

For Help, press F1 [
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[MpodunupoBaHue

OkHo Profile (6e3 rpynnnpoBkmn)

% VTune(TM) Performance Enviranment - [Intel® Thread Profiler - Activity: 08:32 PM, 2007 Apr 02 (TP: factorization.ex

BArie Edt view actiiy Configure Window Help

HEB | E B BE| D % o | [TP: factorization.exe (08:32 P, 2007 4pr 02 =] [ an %y

[tuningrowser B Fre ] o ne

=B YTProject5d - :
= & TP: factorization.cxe (00:% [ 4= =p L |[[©CL [E [ et [= ol m el |2 @ 2 | @

(5 08:32 PM, 2007 Apr 02 (TP: |

4 08:32 P, 2007 pr 02 (TP | F| " Thiead State | 2]
45 |
4 %
_ @ ¥ Critical Path Data
g 3 ¥ Concurency
5 s # Behavior
B I Mo Theead Active
g 2 Serial
T [ ] 5l & Blncking
7 [ el & It
[ Under Utiized
05 [I] Under Utiized & Blocking
0 ] U Utiized & Irnpact
g ] Fully Utiized
g ] Full Utiized & Blacking
& [ Fuly Utized & Impact |
Activiy: 1

[ @ver Utlized

[ 0ver Utized & Blocking

==L Ry AR AR e e
voous T sz o s 3 35 4 4s ¥ Thread State - |
1 ] ] | o I ciive
. . . % Spin
it
I Fause/ignore
I#  Critical Path Data
¥ Concurency
I Behavior
== o Thread Active
— Serial
= Linder Utiized
Fuly Utiized
= et Utized
Overhead
Ciical Path Target
v Transitions

Transition
Transition w/o Source.
¥~ Forkflain -

4 | Profile View | Summary 1

For Help, press F1
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[MpodunupoBaHue

OkHo Profile

OBOWHAaA rpynnupoBKa

% VTune(TM) Performance Environmei

Thread Profiler, - Actin

BArie Edt view activiy Configure Window Help

HEDH &

luning Browser
=B YTProject5
= &% TP: factorization.exe [07:5:
(4 07:56 PM, 2007 &pr 02 (TP: |

|

Y-

== % okms kel

= | I |l [0 [w e 2

PRE | e

=N

Time (seconds)

it 5
o o

3 factorization

o
o

3
25
i — D =
0
= = o =

= o
3 5 pi
o o o
1: Thiead
Factorization.exe
Activiy: 1

cLo

cL2

5
o

2 factorization

i Thiead State

| Ciitical Path Data
¥ Concurrency
[~ Behavior

[ Mo Thisad Active

[ el

] Unds Utiized!

] Full Utiized

[ Ovver Utiized

[ Overhead

Tim

o5
' o

==L R AR ARE 9

1

1.5 25
o M T

I Thread State =
M :ctive
@ spin
at
Ml Fause/\onore
¥ Ciitical Path Data
[¥ Concurency
I~ Behavior
= Ho Thiead Active
-Gl
= inder Ltiized
Fully Utlzed
= Over Utized
Overhead
) Critical Path Target
~ Transitions
Transition
Transition w/o Surce
¥ Forkéloin —
7 1 UserEvent -

For Help, press F1

Profile View | Summary 1

TRER B
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podunmpoBaHue

OkHo Profile (obpalieHne K ko

%, ¥Tume{TM) Performa .
BB 12 pee potvey ortgan i b =1=ix
B %D B8 P |8 KT |F [P BTS00 o 00X (DY | HEY & PR Re | w

>

)

e vun iy (oo L ELEM B el AQA R @

Lachasia
& TSR 007 e 02 [T |

Lacharis [
& RSN 07 e 02 [T |

| saures |&
5 .

] S T Tt ranammlar = £and
Uachrzmion] cout o6 ramdemln o Tyt
= z HYH
Backeeinsell ox1sz 36 for (imt 307 3% TAGAT_oERCinGs (divissTs|sandowide) .
g Syme Object: 3 bacioazation] 31 !
3 o ox11a7 3 <o divisorsiramdemlax] (3] €
z 38 '
0 cour <t endi:
5 15 “ 1
i ox1201 az »
By o
44 || DUCED UINAPI factorizationd (LPVOID pazg)
s
0x1219 ABT tid = *(itT)pAEG:
e — =m0 vt stast, end;
%358 2|33 b} 3 NUR_RUNDERS ; m_THRTADS
T 3|3 %1533 3| 3 R - 3
il o | IR | S SRS [PITTL end = [NUM_KUMBESS / NUN_THREADS)
3 tacorzaton] 1: Theead 2 taonaston]
Factoisution ses anidiE for [ine iemmaTt; i<ends 1+4)
Aty 1 int mamber = 1
ine tdx = mesbeer
< 3
[ Teansiion Souwce =31-1 REER G
Transiton Thesads Adaress |Lize | Source s

L R R R - g e o 3=

WARDLE =Handie [NUR_THREASS) ;
et cRu[NUR_THREADS] ;

]
|

1 I
/4 creation of thraads
<l for [int i=D: 1<NUR_THREADE: e}
3 ‘ .
] = 15
tHandlef1] = CeeateTheesdNOLL, O, factorizationt, seMum(i), O, NULL
: 1a10: 1o
P —
cour <« ramsomldy ¢ "Hites
Tor (snn 3e0: 3¢ SLAEIC_CRST<ANt(diviscralcandomIar) .sise())s 3+
axtaan an cout <o dsvisses(eandemia] (3] <
3
r 5
o [ <l [T 5 1l | o] | ProiVien ] Sy tousce |
Fr ik, e FL For o e P
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[MpodunupoBaHue

OkHo Timeline

2 VTune({TM) Performance Environment - [Intel® Thread Profiler - Activity: 10:37 AM, 2007 Mar, 21 (TP: factorization.exe)]
BAEle Edt Wew Activity Corfigure Window Help = ﬁ
AHER | = SRR =" =R =™ '3 9 | || TP tactarization.exe (10:37 M. 2007 Mar 21) | > dh ¥y

iaindb Ay g yo SO a0
[1] s 1 s e E@so 3 3 445 8 s I3 Thread State
W sctive
[l %% spin
Wait
M Fausefignoe
i3 Critical Path Data
I+ Concurrency
I~ Behavior
== N0 Thisad Active
—Seial
s rider Ltiized
Fully Uitized
== ver Utlized
Overhead
Critical Path Target
2 Transitions

1 H H

Transition

Transition w/o Source
Iv —— Fork Aloin
1 UserEvent

Profile iew | Sumrnary 1

General

“wied Mar 21 10:37:12 2007 Loading modules.
‘wied Mar 21 10:37:12 2007 Done

For Help, press F1 SKBf g
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[MpodunupoBaHue

OkHo Timeline (obpalueHne K Koy
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CamocToAaTenbHaa paboTta

O B okHe Profile yctaHoBMTE NepBMYHYIO rpyNNMUPOBKY NO NOTOKaMm, a
BTOPUYHYIO MO YPOBHIO NMapanfenuama. YCTaHOBUTE COOTBETCTBNE MeXAY
cton6buamu B okHe Profile n nonocamu B okHe Timeline.

QO Mbl ycTaHOBUNKU, YTO OCHOBHAas NpuynHa MeasieHHon paboTbl HaLero
NPUNOXEHUS — HEPABHOMEPHOE pacnpeneneHmne Harpysku mexay
notokamu. Npegnoxute Baw crnocob pelueHna gaHHoM Npobnemsi.

0O OTBeTbTe Ha KOHTPONbHbIE BOMPOCHI

— Hannuune kakux LBETOB B KPUTUYECKOM MYyTU CBUAETENBCTBYET O
npobriemax ¢ NPoM3BOAUTENTbHOCTLIO NMPUITOXEHNNA?

— B yem pasHuua mexay rpynnmpoBKkon No obbektam 1 no tunam
00beKkToB?
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