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A Study on the Parallelism of Synchronous Ranked
Neural Networks in CUDA System

Student : Hsing-Hao Chen Advisor : Dr. Po-Lung Tien
Department of Communication Engineering

National Chiao Tung University

ABSTRACT

In this thesis, we using the compute unified device architecture (CUDA)
which NVIDIA announced a graphic processor unit (GPU) computing
architecture to simulate the feature that synchronous ranked neural network
(SRNN) can be updated synchronously. And aim at the SRNN operating feature,
we discuss the effect of block update manner and-neurons’ rank distribution on
the amount of computation of SRNN convergence. We hope that we can aim at
different SRNN handling problems to find some better setting for minimum
computation. In the end, we use the packet scheduling of WDM OPAS-based
optical interconnect system (WOPIS) problem as our SRNN model’s handling
problem in block update manner. And prove the two effect factors that is as our
expectation. In addition, we also want to find the best trade-off between the
number of update block and execution parallelism by observing the execution

efficiency in different parallelism.
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C(3) = [(SS',O A = (53,0,/1)] C(4) =[(1 ',Sl',SZ') = (|,51,Sz)]
C(5)=10(5,75,.5,)=(5455,:5;)] C(6)=1[(S,.5,,0")=(S,,5;,0)]

A9 qplcay~c3) Lit HH - ERRhER A c@)~c(e) P EiEF
OPAS chijt EF M it > BhHlk® > B 3-5hid gja’mjv’ Fl & B P
fep ¥ AP s,,s, 2 A FECc@) > TP eG, & PeG, $ﬁéuPT‘—"
p-w%fr;ti%?%f%’%ﬁ.w-(Rl)ri%cgr‘r;tsiﬁn‘v%;*iﬁf;ziﬁ%i'or‘né b i)+ o
RIS B ZPir P42 AP D1 5, % 5,0 [ 5 C4) > T L PGl PeG, >

Pl RS Pfop H i b PF R Ao @E'Jiﬁ.ﬁﬁ 7 OPAS ehijg £ EH P o @ &7 eh

l—=

S eGP R ET PG F 2 p(G,P)=0 ¥ S FEW 4 iﬁagj&%gp-
feP PR ERS 3 AR > €8 F 5 - FERA g 8yG, P)=nG.,P)=1lc
A LT R FERY R EERSNN T L T - AT S

Ry~Re:Y > 1,0, xn(G.,P)=0, forg=1~6

PeU P'eU

25



TSOPS

332¥ % p PR LWL

g% TSOPS ¥ it # 4 B /oL cnif 215 » A PR At B4 ¥

ppiu)

Bl - MRE S FWERORCES FLTLFF A B 4t o KL R
fl - B FOB P ch% = AWG iy s e pr ot & cho @ A PR 7 08
FwhiafiEn: - BEd 3 BiIhkandte T o a ¥ - BRI LD -

BATRendt e fo- B e S AEHFRPN 3 d 2T & o FT RAP RS B K D

ul

|

RPIR, frR, KA hd RSk y - BB AR L RAR TG % FOB
Poe FDL e ® ol v » (B )b e B ¢ 5 4 0 4 A PN pFo &

e w MR foR, & T A

R, * Y % 11, xn(G.,P)=0, G, ={P'eU —{P}|(5,,0"d(P")=(S,,0,d(P)}

PeU P'eU

R, : Zb(P)xIPZO

PeU
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AT ERP RS N RATR R G - B - R 2 R AT e
Bl et B g R B G M o R T RHH EM o F 0 0 A EAR

R,~R, » FV i ﬁ%‘u‘v“ rE

e
=
|
i
i
E:)
T‘S“Q\
Pu

it 4 (Contention Free, CF) =i i#:

CF:ZZZIPIP'Xn(GSIP')+Z b(P)XlP:O (1)

g=1PeU P'eU PeU

333H- s gz it¢ BpALEEE

debk P FHS GO BECRFOERMMA- BT UERE DI T N

N

PR
M 5 ok £ (throughput)je ¢ F1t @ 44 % ®0T o B0 0 50 @ R e
A MR Y E - BHE R - R T - B

M4 T i e e hedk - BAE T L R S GERT > PRA K

o

¥ - 4 pe(Single Assignment, AS) :

Con (D ab)=n(l,5,,0)=0 (2)

S, .Syl

+ﬁh£'\;m$ RIS F R AP A dg s R R LF R Y andk
n(1,s,,0)=1> % & 5 - B F s, B H=TF i Ba % Iﬂﬂi%] Wit e o
£ ORCH O B W N OB SE - R By (B )& (10
request) » ¥ 2 n(1,5,0)=0 -

P oW sk o A WP T A fE- ] CFAr SA ET R AP R
BAE Y RES > FRNABELATE U 0 F- FLFEAEER
(Priority-First, PF) » *24] - $(batch)iT k eh4t e » B LR F it 3 ¢
TR RAERESOHE A UH O BRI HER  EAER S R A BF - F
A FARLREIF > KBALEOLFTREF BLEDIe o ¥ g
AP R F R - s FRES SAKRT LA ELAELE

g i L e fA

Yk

Delay, MD) > *Tl4r % § o 1S 8 e 4 BB ™ 2L 0 7R gt i E
EE - N T e £ = G

B R AR T LR AN PN AR R LR R AT
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[%iﬁ#'fii&‘iii%]‘é 5 4L 45 WOPIS et s o A 2 g S -
$He kRN - BRALSDEE P LSS - RUF CFrSAZ 3 F R4
8 1U4) PR e MD o 4 @ 3830 0 24 i o % SRR B0 0 A 2 T E R
£ v BAOFRPRELL T FEFRELE PR A

3.4 SRNN f&Z WOPIS }+ 3 BL RS # A

300 45341 * SRNN #4] % 2 /& WOPIS F e i % 5 8 # 2 B 48> 2
W%ﬁwﬁgiﬁﬁﬂwﬂﬁﬁﬁﬁ%ﬁﬁ%g’ﬂﬂP=u§@,@m’
AV, IR R AREPP DI REPR AHNSAFPEIRBEHN LA AL
PP LT W, foo, » P ="/ ,S,,S,,0,4") o

BT hAPLE B2 B NS mﬂmCPHHaﬁ%CFww&&ﬁi%
4o T

7
fe =33 G, POHVING+ 3 b(P)v, .

g=1 PeU:.P'eU PeU

E %k HF 4 >~ SA P olReE GO S EE T 0 AR R AP S K

[Y V1-n(1,85,0) BT = fon RAA P SA AR M & ke T

S,.S5.4

for =3 S 7(G,, POWVSVE + ST n-2n(1,5,,0)IV, + 3 n®(1,5,,0),

PeU P'eU PeU 1,8,,0

#¢ 6, ={P'eU -{P}(1'5,0)=(1,5,0)} > T fI* T 3L » A

SR EAREE N AR P AT T

=

NG
Ee)
o
S
s
ke
peics

prp,z—z 27(G2,P)-2n(G:,P")

e
tepz—b(P)—[l—ZnU,SPO)] (5)

ﬁf%,ﬁwggﬁ»%iﬁﬁ{@’gﬁwﬁﬁgaﬁﬁi#ﬁgi
AE AN e r B g oy AN P AL TR B DRI pr(p)frE B
S E chut &) 0 F L ;_s_,_fi;gj_d AP R 3 - B F % S fc(rank function) > ¥
PAP LT AR HE DR AREL B KEFERERE TR TP LS
%5&&&0¢%,;zﬁﬁ@ﬁga%ﬁ;zkﬁiﬁ,ﬁwg&&&&
Rt - BAEBR Fo(osoNum B BAPE FREP DE B S GRT
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M4 D r(P)=—[pr(P)xNumxF +d(P)xNum+s]°> &2 ¢ F 52 WOPIS p &7 FDL
B R Num 24 A B (e BORRSHE) Aigd PV o @
FuAaAEARFEELE NS ANE P

[ 8
prp::zj—ZpQuU(PU—r(Pnn(Gs,PW
M,=pgxb(P)+p8[172n(|,sl,0)] (6)

J£

¥

£l
|

Hdp-p s VB SH - o AP §LRP i b0 D - R
ERER NS L REBEA R EEE ()R SRk P ] E
F(0,<0) (2B i@ & h(n(1.5,0)=1) » & (3) Bie “fil & ¥ % % I

& E R G e W (b(P)=0)° @ HEIIF ()P H 2 3 AT U E TR

)

Py = 0;

P In(I,Sl,O):l and b(P)=0

P In(IS ,0)=0 and b(P)=1 Pg TP, > 0;

(7)

)

P In(l $,,0)=0 and b(P)=0 = Pg > 0;

)

N

b |n(I,Sl,O):1andb(P):1: FAS R AAN

AT () 0 AT A R min{0 k= -p 2 2p, 0 TP R AR (AT
0,>-2p ¥ 915 PEIEP > 2 2p, 50 g=1~)> NPT g fixid o s
—py>2p, ° = 0 30 e SRNN B &4 A2 &4t 59 T ac I 48 T f i
BAP O EAFERBE/AN G AR D PP R R S

2p, > py>0 forall g=1~7, and p,>p,>0.

) }\‘. fra VA ;FT

A

*Eﬁﬁﬁ?T’N§ﬁ$ﬁ$ﬁﬁﬁ&$ﬁﬁé%iﬁﬂﬁ?mé%&&ﬁ)
BT e A R tip b CF 2 SAZLI B & bk jo » Bl § 4 B4 T
j\ o
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43 % %- % & % #(CUDA)

TE - KA O T;(Compute Unified Device Architecture - CUDA)E_-
T v ez W) 0 &5 B A A2 ¥ (Graphic Processing Unit > GPU)3* & %
e F R o BERE LAY Y DN F T 0 4o C, C++, Fortran ®
TR R RFASRFFREDEY AT FRYFRE Y PESF T

(4c: OpenGL)iE 7 B % - M A NVIDIAGPU % ¢ z R E A e %7

Tk

e A Fe P B F B AL E N P 68 o @ L w4 & CUDA 2 % » &

AtS

P#-Lt - T o GPU fo ¢ & 3@ %E (Central Processing Unit > CPU) e

BEA 0 MEP A PAPESE CUDA KR AP T Fithi B oo

41 WA AL B d & AL B i
L

B
&
¥

# % (Streaming Processor » SP)#7 & = éh T {7 %
ool PREFEAIELREF AL o0 JH H P HEE
e - B o 2 % T it~ % 37 & (multithreaded) ~ % 4% <~ (multi core)
é@;ggém#,gjs EF BB AR 2R s s R R 4B 4-1 2 4-20
m GPU * CPU ##7 { 5% ¥ 28 ¥ it 4 0% & F1 4> GPU £ &% / % 3+
ERE BRI FHTEAKT D AR T o F]t A MO
e 88 % Y By A& 2 (data processing) @ 23R PP~ (data caching)zE ol
o A2 (flow control) » %% B 4-3 - { Haark® > GPU #F 5 & 2 F T
{7 (data-parallel) e R* 3 @ % @ F L ~ % (data element) T 7 a4y 7 b th 042
e FikHPAEN AR - FRFEFEEYE Z B A R g dataelement o B F R g

4§ F2 32 4 0% 42 (sophisticated flow control) > » %] 5 & j#F:8 & b b g < 3t e
BAWEE > AL cRBOFFERET UEELA BB R A s LFREBR

TR R
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Theoretical

GFLOP/s
1750
GeForce GTX 580
=== NVIDILA GPU Single Predision
1500 g NWIDIA GPLU Double Predision -
=—g—|rtel CPU Single Predision ST
=t |ntel CPU Dvauble Predsion
1250
1000
GeForceGTX 280
750
Tesla C2050
500
GeForce 7800
250 -
GeForce 6800 Ultra
oreent WoadcrestT €518 C1060

GeForceFx 5800

0 - Harpertowm
Sep01PEMIWR4Ys  Jun-04  Oct-05  Mar-07  Jul-08  Dec-09

Bl 4-1 CPU f= GPU & & it 4 + £ M

Theoretical GB/s
200 GeForceGTX 580

neForceGTX 480

13{] GeForceGTX /
P /

160

sl GPU

GeForceGTX 280

140

120

w

[#
1]
i}
=]
=
L]
(=)
(=]
:
:
[
=

m;EF:-'c e6800 6T / Westmere

Bloomfield

reefx 5900 Woodcrest
20 Prescott

Horthveod ' ' ' ' - ' !
2003 2004 2005 2006 2007 2008 2009 2010

Bl 4-2 CPU v GPU = R H % T = £ M)
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FROFFEFIRACPULIRGETFithfel s R &P o &end o
CPUHwlics Mo ik BERFLTFRAKRL > ¥ Ehd I T Famk o o
R & B e 4 @R 4 5 (Message Passing Interface » MPI) > &k T 24 24 i 4
PRRRE S TR RER o I BB P D e A AT
BOZEHET ®HRIPRFIFE AL RS > LT FEHRRE T
AEHBE SR A REE MRk A F P B e GPU L R W TR
< g d o Tl 5 GPU j\,é/;rkbﬁ;’ﬁ ~ & 7 SP(Ex:GTX580 #73 512 i SP) > 1
WG T T R Ak -3 GPU L HFE T F LR FET T 2

EEErROBE N Z R FEE GPU o> Bzt (global memory)

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

CPU GPU

Bl 4-3 CPU 4r GPU AT # % 3* #£ 4 *
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4.2 W H

o
o
]
=
[
=
°
o
T

GigaThead

® 4-4 CUDA Fermi 7 £ GPU

fr ¥4 HGPU 4pt - CUDA #3384 @ A jp > (hG ML » A 4 > & & 7| SP
N B RAMT R SPRA LAY FY a4 0 P Ak AT R
NVIDIA GPU% £ # (%% B4-4) > B & GPUR 4c » 7 & 5 p ehL22 LIP3~ -
M GTX 580k > v 25 768KBei > 3 L2E-P~> 2 & 3 & B i § a2 % (Streaming
Multiprocessors » SM» 4c § 4-4)$% 5 48KBe L1428 5 - » BSM> @ & # SM
pPr& F 1 =L - 3ESPe A U SPs € k- B HARFESOES S AR

7ok o f£ 5 SPMD(Signal Program Multiple Data Architecture) -

33



% SM #3 7T 7% F o f & p %3R4 (on-chip memory) :
® - ®7% % + | (48KB/16KB)#L1 Cache » # L1 Cache 3 48KBR| £ % 2z {4 4
16KB » & z_ 7 2Kk o
® - ¥ A < | (48KB/16KB)s £ % =g - & - @ Block® #73 Threads

TS

MEEEF R AE N 8 AT RED BB o

g

® - BrEf ¥ BcP-B e h 88 (read-only constant cache memory) > #3 - & F
AL ensg Be g 4 ik iE R o

® - BFrEf I PP e g ¥ (read-only texture cache memory) ¥ - & F
AL e B g o 4e i enfEF o

® 327681 32-bit7Register

“,4f. gtz ks SMp R 7274 B Warp(d = -+ = % Threads #t %2 = » § CUDA #&

SO TR AR ko] H ) A7 E (scheduler) s & Bl ¥4~ B SPsy ¥ R E R EFAS B

Warps s34 7 2 42 o ¥ ¢ > B3 -+ = B %4 5 B~ (Load/Store) ~ it 2 v 4

7k & e o i (Special Function Unit »'SFU) » @ e 2 i L #-5% 3 SP > B &k 5 >

e x & 77 - 32 (Float Pointy FP)2 — & & #c(Integer » INT) et & =~

BB - B4 AR e
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CUDA Core
Owpatch Port

4.3 235K 3 # 3

CUDA = # #pF » ¥ % GPU £ 5 F ® (coprocessor) » i & f2 ;¢
&{,CNMMﬁertﬁn4%£iﬁﬂﬁ%9,gﬂwww&&m%
PR FETEREAENBR Y- B ask (i CUDA P 5 kernel) o # f

»F GPU pPd 2 R FET FHE o d AN PRI LE e F = B
AT H - 5 kst ﬁﬂs,*if?.éﬁ%i:ﬂ’ H-o Z Rt ht d2=35 F#H (barrier
synchronization) » % — fE# & 45 7 & CUDA A2 7 3l d 37 & 5
Grid ~ Block ~ Thread» = far¢ & » - ® Grid ¢ 4 7 % # Blocks» - # Block
A& 33 %% Thread - - % Grid p e Threads € #4749 b hfr < S0 dic
(kernel function) » @ F - % Block p ¢ Threads B ¢ 4 » fe 3/ - B SM p
PE BRI LSRN LA S - gt b T
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ThREY 2NN FxaF bt o ¥ AMAERE Y- A > CUDA
AR E N REIRTRY DM 4ot B Thread 7 p & e
¥ & 13z % 48 (local memory) » @ Block p ¢ Thread 7 £ % 3= {& ¥ (Shared
Memory » SMEM)ic £ * > S g Rz B @ b Grid & 72 o
Block & il 2 » fru &R A1 F A & 5ok IR an (off-chip) & & iz % (Global
Memory » GMEM) - “,éf. 2t CUDA B FHGEARAFE T F R &S firk
W2 RMEEZF > &% 5 dvid - BT R B d BB (Constant
Memory » CMEM) » 2 4c i = & 3 3 B 0 B & o b 8 35 R 48 (Texture
Memory » TMEM) = % = 2 & 1 & £ 4258 2 fd R F Rk #H o W@
FHA-RpPFE > m CUDAR & T s AR H il - BELFHRE- B
Block p ¢ Threads > ¥ - #& R £ #& % CPU = (& CUDA I # 5 Host)fr
GPU # (& CUDA * 4 5 Device)B el % o 2+ = B is 5 g &) ¢ £ -

- G P o

43.1F¢ % 3¢ Thread

- B CUDA #23% » & 273 B 7|(series)ir » % I {7 (parallel)$8 & o 2% i %
¥ T Fme d GPU(Device): R im > m & 2% 4 Bl ind CPU(Host)z3 # 7 -
CUDA #& ;¢ {%ﬁ@ BRI A g NP et et S o S 5L R F T fF R
Aoendgst o @ oip 4k GPU T A 7 e g ik > = CUDA ¥ 4 4 5 kernel o 4v
Bl 4-6 GPU B F# Ffl AL Ben 4 ¢ > ¥ CPU 27 & i v AR 7g & T

73 7 e o
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Host Device
Grid 1
Kernel 1 Block Block Block
(0,0) (1,0) (2,0)
Block .- Block ‘\ Block
(o, !;)' (1, 1) \ (2,1)
" Grid2
Kernel 2 b
v < 4 | N [
Block (1, 1) _

%] 4-6 CUDA 1% & 3¢ Thread 7+ & B

@ kernel |5 i Thread sl iF# 4] X f4 7 - & CUDA @ =% i Thread ®
¢4 ¢ - B Block p » @ % =& Block p & Threads ¥ ™ i i## SMEM %
Al o F 2 I CUDAp 2 enle h e RE b sedk > ngFd T2 -
R % o ® & - % Thread 7 Block p 75'3’,5 A e ehi— B ID> % —“F’f?uﬂ
- B - FlZ ez il Rk F B Thread 0 ID> B &) k3 - B = 4 Block
R N5 Dx~Dy e Dz > 7R A - B % 31 5 (X,y,z)e0 Thread ID
ijﬁ?’ % 77 5 x+yxDx+zxDxxDy o ® — i Block p & % v 2 & 7 1536 B
Threads -

Ra 5B F4p F kernel 7 Block ‘Fﬁgﬁrﬁté k- B Grid p o+ ;T%{;;.,
k- @ Grid p e0#r 5 Threads $% ¢ 1 {7 4p I & kernel > * F - & Block p
¢ Threads 3% ¢ 4 » I/ F -  SM M 34 {7 > @ 2 I Block 0 Threads ] % i ¢
B~ ik p- Block 0 SMEM > ¥ i 35 i 2 3 ce AR W 5 L R B o

@ fo Thread - % - # & Block & Grid p = 7 - B p ¢ & ID> K

)

)

BE Al * - = ek sl k5 & B Block e0 ID> @ T e N A

Thread = LR 7 > #F12 hipged £ 5 o
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4321 K W E

Grid
Block (0, 0) Block (1, 0)

B 4-7 CUDA FF & 3 o a4 2 17 L W

CUDA Thread ¥ » fi % 67 F/Fa B 5 B TR - ¥ & - e fa 4 3%
VAR g g 3k bR 4-Te & - B Thread 3 p ¢ 3 P hH
(Local Memory) 2 # 35 % (Register) - m & - & Block p ¢ Threads > Rl 3 -
TR B 1T LA e SMEM o

SMEM & CUDA #sV s @G it F b3 A& & chds > AP #F de 8 4R 5 -
fa *F’a‘ it f9 p 9 F4ler L1 Cacher & * SMEM &t & > # ¢t 38 GMEM 3%
oo e A e EE R oM 50 R > SMEM 3 Bk Pk
B0 A0 R BTy BrPE W L B R R (bank conflict) - %] 5 CUDA ¢ p & -
SMEM 4 & &+ 2 @apk 2 R > 4 5 - BRHMG - B L P DR A
(bank) » § F H Bendrdl > T B 2 BHRALT MR FE TG 30 ER
CUDA ¥ 2 — = #{ 7+ =  Threads ¥ SMEM e 3B - @ 3 AR » 3 24
g 7o B e Threads & # * 4p fp cndk Al P~ T 4L pF > iz Threads %

=

=

FTFEMUE A N (- X F - % Thread 33 ) 33 4p F 9 SMEM %
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Boood BRPEFY Y o LR L2 B Threads: k ¥ F - B HF A R
# P~ (read)sh# i pF » CUDA R ¥ 2 * B 3% (broadcast)sh = ;% » A - B pF R iF
# (clock cycle)p = = 8 i > B 4-8 3 & AHF 7 LW o

GMEM E_7 I Block p ¢ Threads = 4pid il e — ¥ 3 » F1 5 F & & F
- & Grid p ¢ Threads #% ¥ 1 3 B~4p b e GMEM ® H o & & i7- &
NVIDIA Fermi GPU z Tﬁi‘ » R A GPU P 4 » GMEM e L2 2 L1
Beoo BEAR G BT R fhgf B OF] QL MO A D s e T G iE - WA HE-B > 3 ik
SMEM ¥ rtd & % & f o gz Flut B 8¢ 5 #- P45 i8 (cache miss)en f 4 -

¥ ¢ » SMEM & GMEM 3¢ ¢ 3 7B - I {2 (data consistence) R 42 - &
7o 4. SMEM 5 P~ RAE - # % F 2 A kernel B SMEM % B~ chw (1) o
‘v » CUDA # & ¢ Block F # & #( __syncthreads() )k  # - @ ¥ 3> GMEM
Al & % Host = 4 % # * F % Host ¥ 4 Device z} o & ¥
( cudaThreadSynchronize() )k & # > 2 Fx %% Host 4 & & * Device :3i¥ &
S F 4L pF > Device 33 @ #-F L@ H = o 1 0 0 3] Host 2 ok o

"ﬁi i SMEM & GMEM 2 ¢t >CUDA # ¥ *h 3%t =7 & farE f o Bf 3 & ¢
CMEM 2 TMEM - &2 GMEM #p P » T ¥ A #r5 o Thread 3% B~ o 2 g
el A A GPU A5 BE SR T 5 dodl Wi - @ P L5
foif P B i F Gl CUDA RS o i 1C PF i % > Bldo - & 7 ¢ &
@UP&i@ﬁ?%@g%ﬁ%yﬂW$?u$§%ﬁﬁ§&w%»§ﬁ
B p (CMEM £ & 33 - B f ) e
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Thread 0 o B0 Thread 0 P Bank 0
Thread 1 .. Bank1 Thread 1 Bank 1
Thread 2 o Bank 2 Thread 2 M Bank 2
Thread 3 [ Bank 3 Thread 3 Bank 3
Thread 4 - Bank 4 Thread 4 Bank 4
Thread 5 \ Bank s Thread 5 Bank 5
Thread 6 . BankG Thread 6 - Bank 6
Thread 7 - Bk Thread 7 Bank 7
Thread & V. Banks Thread 8 Bank 8
Thread 9 A Bank9 Thread 9 Bank 9
Thread 10 \,, Bank 10 Thread 10 Bank 10
Thread 11 v Bank 11 Thread 11 Bank 11
Thread 12 Flﬂlll Thread 12 Bank 12
F
Thread 13 . baky Thread 13 Bank 13
Faroud 14 g Bk 11 Thraad 14 Bank 14
y
R b Bank 13 Thread 15 Bank 15

(a) (b) (c) (d)
Bl 4-8 (A KA BRALEFD)AKAGREE 55 (C)F AAFR
(d) & 4% 4 >

433 F %

LG R &3 R TFE S CUDA LT A fE R % S0 A B 7 & Host
Device & ¢ * - 2 & — i Block p o7 Threads # * o % ¥ 34 7 2 L %4
B 4-9> CUDA A2 meninfed 9§ 2 & R Z K 7] ;% en(serial) & Host =3 +
Fo2RHEINAPFETE DA F LR kernel ot F TR O~ T
Device =} 4 7 » &P & Host s Bie A il 3 & £ % hid > f2 58 £ ¢ %
FREFTE2 o v Host #4871 3

Z & % 3| Device 3t 8 & % pF >
= 1k Device s B ehe KREFRI L BTRP AL RN fr‘ﬁf‘wv» BT b
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+ Host Device B shle # Sl » MpE AR TR ik o

At E ¥ AR BT A kAR SMEM e R - R B R A
Threads & T F e {7 (T B E & 41 S 7) LR EEF L DR
3 > F)p F Thread 9 SMEM 4 S B enpEiz > 5 1 mEF R a- R A
U g zmfdz et Pl MREEN] TGO R o

C Program

Sequential

Execution
Serial code g
Parallel kernel Device
Eernell<<<>>>() Grid 0

Block (0, 0) || Block (1,0) || Block (2, 0)

A W

Block (0, 1) || Block (1, 1) || Block (2, 1)

A

Serial code LIDSE
Device
Parallel kernel
Eernell<<<>>>() Grid1
Block (0, 0) Block (1, 0)
Block (0, 1) Block (1, 1)
Block (0, 2) Block (1, 2)

B 4-9 CUDA Host = 42 ;% # (7
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4.4 42X R

Bigden® LG 3o k- B Blockp Threadss ¢ 4 4 fie 7| -
SM%# 7+ a - BSM FPERFF i3 5 BBlockstikd 7 > @ - BSM I i
R4 7 cnBlock#ic B 0 Pl A & B SM A M F R 0 bldo i n B
%EM’W§§¢$§ﬁMWm’@k%ﬁ%?%ﬂiﬁ&ﬂ’%{$~®

W

B 3 F 2~ B Blocks -

- B SM B4 - ®& 7 Block > SM ¢ &% & Block p
Thread % %.> 2 = - = B Threads % - # 4 = - i Warp>® SM B| 2 Warp 3
PREP[PEFICRP[EAP DT F4255 > 2 % F Block e Warp ¢ - 42 & SM
PR EHEF A EY e AR AN T AR 2 - B Block
Wﬁﬂmwd%&%’E?ﬁﬁﬁé32%%&’ﬁ%?u§?%%@?ﬁﬁ
Ay BB RE RN £ - B Block p &+ I % Threads» 78 A& i

H

¢ p Bv i Threads & & *» & = @ Warps > # ¢ % 0 | 31 5L Threads ¢
A3 % - B Warp > @ % 32 3|63 5L Threads 2] ¢ 48~ 31 % = # Warp >

Bt f] T 70— i Thread & %ug p & £ 4 F 3L B 25 * ¢ Threads & v »
* % - B Warp > F]gt 2 e 202 %% 81 i Threads <73 & - @ Warps /F ¢
AP P E D P MRS E &y F 8 Warps A s R 3R
ﬂéﬁ%ﬁ@ma»fg¢$@g$ﬁw6P SFU)# M B > o pF Warp
%i%ijﬁg*fﬁf'JT - Warp > @ v @@ H F R * > LD F iR
g
moEdEB kernel oo LT BT ERANGEFEFLFRF AP FHELR
- B Warp p e Threads # 2 i & #4792 > tldod 5 & if s else B> 2
¥ i & Warp p en Threads if 2 4p e (P e 2 R 7 if > & 5 3 7 else)» 2%
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Model(N,M,K,L,F)
Number of Blocks (4,8,3,4,4) (4,4,3,4,4)
1 16.01 11.94
2 13.25 10.01
3 12.39 9.28
6 11.51 8.58
12 11.01 8.11
24 10.53 7.47
sequential 7.97 6.33
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Model(4,8,3,4,4)
Number of Blocks Sequential Constant Random Constant
1 34.85 16.01
2 32.14 13.25
3 29.88 12.39
6 25.80 11.51
12 22.15 11.01
24 18.72 10.53
48 15.16 9.77
sequential 3.61 7.97

# 6-3 Model(4,8,3,4,4) #ic 35

59



Model(N,M,K,L,F)=(4,8,3,4,4)
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Model(4,4,3,4,4)
Number of Blocks Sequential Constant Random Constant
1 18.44 11.94
2 16.06 10.01
3 14.66 9.28
6 12.22 8.58
12 9.82 8.11
24 8.49 7.47
sequential 3.46 6.33
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61



Model(N,M,K,L,F)=(4,4,3,4,4)
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Model(4,8,3,4,4) Model(4,8,4,4,4) Model(4,8,5,4,4)
Parallelism Time/UC Parallelism Time/UC Parallelism | Time/UC
(ms) (ms)
0.75 18.32 1 31.16 0.625 51.10
0.25 23.01 0.5 31.82 0.3125 57.61
0.125 42.21 0.25 40.02 0.25 65.55
0.0625 83.60 0.125 74.27 0.125 118.61
0.03125 169.62 0.0625 148.16 0.0625 235.25
0.03125 298.16 0.03125 477.01
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Model(4,8,4,4,4) Sequential constant rank

Parallelism Time/Update Number of Total model converge
Cycle (ms) update cycles time (ms)
1 31.16 35.03 1091.63
0.5 31.82 32.63 1038.36
0.25 40.02 29.31 1173.04
0.125 74.27 25.33 1881.31
0.0625 148.16 21.64 3206.27
0.03125 298.16 19.03 5673.96

% 6-6 Model(4,8,4,4,4) & 7 ¥ i 5 ~ % % P ¥

300

N

o

o
I

Time/Update Cycle (ms)

Model(4,8,4,4.4)
! ! ! ! ! ! ! ! ! 40
i 0
: Q@
o
-------------------------------------------------------- R e e e A LU &)
i 0}
; ; : : : "C_U'
; i | /= Number of update cycles| —
| | —— Time/Update Cycle =
g = : : : o
: o
H | -
| z
L] e T e S S 20
i =
: >3
i =
0 | | | | | | 10

0 0.1

0.2 0.3

i i i
0.4 0.5 06

Parallelism

0.7 0.8 09 1

Bl 6-8 Model(4,8,4,4,4) 5 7 ¥ il 5 % % 5% 5 £ 0L R

66




Model(4,8,4,4,4) Random constant rank

Parallelism Time/Update Number of Total model converge
Cycle (ms) update cycles time (ms)
1 31.16 16.21 516.60
0.5 31.82 13.50 446.13
0.25 40.02 12.23 508.26
0.125 74.27 11.75 937.44
0.0625 148.16 11.42 1748.4
0.03125 298.16 11.25 3492.76
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