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"Noi dung

0 X ly song song
0 Xu hwéng phat trién ctia CPU

0 Cac mé hinh Iap trinh song song
OTruyén théng
CDwa trén dir liéu
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XU LY SONG SONG

Téng quan tinh toan song song

EVai tro cua xtr ly song song trong cudc
sbng
0 X ly song song hoan toan khéng xa la trong cudc séng
UQudy tinh tién & siéu thi
CMua vé vao cbdng vién
UBbwong cao tée nhiéu lan xe
0 Nhiéu sw viéc phire tap trong cudc sébng déu xay ra déng
thoi

Téng quan tinh toan song song



“Quay tinh tién & siéu thi

Source: http://www.baobinhthuan.com.vn/web/
data/news/2009/1/21476/thitruong.jpg

Source: Checkouts
http://www.sturm.si/en/images/iman/gal_img.0077.jpg

éng quan tinh todn song song

Mua vé vao cong vién

Source:http://lwww.vtc.vn/newsimage/original/
vtc_216925_suoitien.jpg

Source: The Old Entrance
http://www.matterhorn1959.com/blog1/4.TicketBooths.jpg

Téng quan tinh todn song song
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Source: Stock Photo: Cars In Traffic On Multi-lane Highway
http://www.worldofstock.com/closeups/TRC4948.php

“EVai trd clia X ly song song trong cudc
sbng

0 Tai sao lai phai xt&r ly song song?
QTiét kiém thoi gian + tién bac

= x& ly song song gilip ndng cao nang suéat
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“Ung dung xt& ly song song
Nhirng bai toan phtrc tap & nhiéu linh vuc
thwc té doi héi cao ve toc do
DPuwa ra quyét dinh nhanh dwa trén lwong Ién
di liéu nhuw:
D bao thoi tiét (dw bao bao, I, ...)
Chuan doan y khoa
Kinh té - tai chinh (mua ban ching khoén)
Quan sw

Xay dwng mé hinh dé tinh toan va phan tich
trén may tinh
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';;'L'J’ng dung x& ly song song

M6 phéng thc té xem xét dén nhiéu yéu t6 (tham so)
khac nhau = nhiéu kha nang/thé hién ctia mét bai toan

= c6 thé duwoc xtr ly song song




XU HUONG PHAT TRIEN
CUA CPU

Téng quan tinh toan song song

~ Sw phat trién cia CPU

0 Central Processing Unit (CPU)
0 60 nam phat trién ctia CPU Intel

P

60 YEARS OF THE TRANSISTOR: 1947 — 2007
http://www.intel.com/technology/timeline.pdf

Téng quan tinh toan song song
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Sw phat trién cua CPU
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sy phat trién ctia CPU

2 CPU nhiéu 18i ngay cang phé dung
0 Tai sao lai phai chuyén tir don 16i sang nhiéu 16i?
0 Tw 1975 hiéu nang CPU van tang lién tuc (100x/10 nam)
2 Nhirng rao can khi tdng téc CPU don 16i
OPower Wall

OMemory Wall
OComplexity Wall

Téng quan tinh toan song song
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0 Cbng suét (W) ctia CPU ti 1é voi NCV2f
QON: sb lwong transistor
LC: dién dung
QV: sé vol
Of tan sb
0 Xu hwéng tN |[C |V
(Cbng nghé transistor mai)
= S& nhw thé nao néu 1f

Tong quan tinh toan song song

Power Wall

- S6 lwong transistor/die ting gap ddi (1N)
« Kich thuwérce transistors thu nhé hon (| C)
« St dung sb vol thap hon (V).

Innovation-Enabled
Technology Pipeline

65 nm

m
2005 45 nm
"'m,,w 2007
|

! 38om Wy
aine

SiGe SO
Strained
Silicon

http://www.digital-daily.com/cpu/intel_penryn/

Tong quan tinh toan song song

+ Mbi thé hé mach in méi (90, 60, 45, 32, 22, 16, 11 nm)
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Power Wall

- Dién nang cung cap da gidm tir 15V xubng con 1V trong vong gan
30 nam

« Nguéng téi thidu 1a 0.7V

=> con gidm thém dwoc (1.0/0.7)?=2X

» Nhwng khi tdang mat do (tN) va xung nhip (1f) cia CPU Ién thi mirc
tiéu hao nang lwong tang ttr 1 W 1én 100 W chi trén 1 cm?

= kho tan nhiét

« Da dat t¢i gi¢i han & xung nhip CPU khéng giup téng téc hé théng
nhw trwdc niva (ké tr P4)

iMemory Wall

10
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~ Memory Wall

« Do tré ciia DRAM cai thién khong dang ké = dung cache ciia CPU
« CPU cache tbn kém do miss (c6 thé mét 300 xung déng hd)

« D& gidm miss 2 = ting gép 4 1an dung lwong cache (kich thuéc
thwe sw tang!)

=2Nhiéu transitor trong CPU dwoc dung cho viéc x( ly truy xuét bd nhé nay

« Cach dé dang hon dé tang bang théng bd nhé = Truy xuét bd nhé
song song

= Nhin chung hiéu nang dwgc nang cao

Tong quan tinh toan song song

"Memory Wall

0 Ti lé miss khi tang dung lwong cache
a.1

0.01

0001

miss rate

1e-04

1e-03

1K 4K 16K 64K 256K M Inf

cache size
http://en.wikipedia.org/wiki/File:Cache,missrate.svg

Tong quan tinh toan song song
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“Xu hwéng phat trién CPU

0 Do nhirng rao can trén nén CPU don 15i
UHiéu nang sé tang rat cham (5 — 10%)
LT6t cho phan mém truyén théng (chay tuan tw

0 Giai phap ctia nha san xuat phan ctrng dé tang tbc CPU
100x la t&ng sb 16i/nhan thay vi tang f.

= md& ra mot ki nguyén song song mai

Tfmg quan tinh toan song song

~ May tinh va hiéu ndng phan mém

0 Trwéde day chi can nang cap phan cirng 2
chuwong trinh chay nhanh hon

Evolution of Intel Platforms ',.(

Floating point peak performance [Mflop/s]
CPU frequency [MHz]

100,000
Hai xt huéna khc nh era of
al Xu hwong ac nhau parallelism
10,000
R (-
Core 2 Quad
1,000
Tan so CPU bij
free speedup giam xuong do
100 gi¢i han vat li
o single precision
Pentium —&—double precision
~—4—CPU frequency
10 r T T T o T N y
1993 1995 1997 1999 2001 2003 2005 2007
Year Source [3]

data: www.sandpile.org

Tfmg quan tinh toan song song
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“May tinh va hiéu nang phan mém

20

18

16

14

12

10

Discrete Fourier Transform (single precision): 2 x Core2 Extreme 2.66 GHz
Performance [Gflop/s]

best code

Numerical Recipes

or T v T T T T T T T T T T T 1
16 32 64 128 256 512 1024 2048 4096 8192 16384 32768 65536 131072 262144
Problem size
Source [3]

Téng quan tinh toan song song

LAP TRINH SONG SONG

Téng quan tinh toan song song
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Lap trinh song song truyén thdng

| _|,||| 'l
i

g
N 3

Téng quan tinh todn song song

problem

2 t1

iTl'nh toan song song la gi? (1)

0 Théng thuéng, phdn mém duwoc viét cho tinh toan

tuan tw (serial computation):

Obwoc chay trén may tinh don véi moét bo xir ly trung tam
(CPU).

M0 bai toan (problem) sé dwoc chia thanh mét chudi ca cau
Iénh roi rac.

0CAc cau lénh dwoc thwe hién mot cach tuan tw.

OTai mdi thoi diém chi thwe hién dwoe mot cau énh.

l instructions
N 13 2 t

1/1/15 Tong quan tinh toan song song 28

5/11/16
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“Tinh toan song song la gi? (2)

0 Y nghia don gian nhét, tinh todn song song la viéc st dung déng thoi
nhiéu tai nguyén may tinh dé giadi quyét bai toan vé tinh toan.
01Dé chay trén nhiéu CPU
0 Mgt bai toan dwoc chia thanh cac phan riéng biét ma cé thé dwoc giai quyét
dong thoi.
0 M&i phan dwoc chia nhd hon dwéi mét day cac cau lénh
0 Céc cau lénh ctia méi phan thuc thi ddng thdi trén cac CPU khac nhau

problem instructions

-~ | -=
-~ |-
-~ 1 1-E
-~ | -=

1/1/15 Tong quan tinh toan song song

Tinh toan song song: Cac tai nguyén

0 Céac ngudn tai nguyén tinh toan cé thé bao gém:
M6t may tinh don véi nhiéu bd vi x& ly (CPU);
M6t may tinh don véi mot hodc nhiéu CPUva mét sé tai nguyén
chuyén dung nhv GPU, FPGA .. ;
OMét sb lwong tuy y cac may tinh dwoc két ndi bdi mot mang may
tinh;
UHoac két hop cla ca hai loai trén.

/1115 Tong quan tinh toan song song 30

5/11/16
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~ Tinh toan song song: Van dé tinh toan

0 Van dé tinh toan thuworng dwoc thé hién qua cac dic

diém nhu kha nang:

LChia thanh cac phan riéng biét cac cong viéc dé co thé giai quyét
cung mot luc;

OThwe thi nhiéu cau l1énh chwong trinh tai nhiéu thoi diém;

LGiai quyét bai toan trong thdi gian it hon véi nhidu nguyén tai
nguyén,tl'nh toan hon la thyc thi chi trén mét tai nguyén tinh toan
duy nhat.

1/1/15 Tong quan tinh toan song song 31

“Tinh toan song song: dé lam gi? (1)

0 Tinh toan song song la sw tién hoa cla tinh toan tuan tw dé cb gang

moé phéng céc trang thai dién ra trong thé giéi tw nhién: nhiéu phirc
tap, cac sy kién lién quan xay ra cung mot thoi diém, nhung trong
cung mét chuéi.
O Vidu:
1Quy dao hanh tinh va thién ha
1 Cac mo hinh thoi tiét va dai dwong
0Kién tao dia chat
0Giov cao diém & Ha Noi
0Day truyén I&p ghép 6 to
LCac hoat dong hang ngay trong mét doanh nghiép
DOXay dwng mét trung tam mua sdm
Q...

1/1/15 Tong quan tinh toan song song 32

5/11/16
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“Tinh toan song song: dé lam gi? (2)

13

O Tinh toan song song c6 thé dwoc coi 14 “tinh toan hiéu
ndng cao” va la déng lwc dé mé phdng cho cic hé thdng
phtrc tap va giai quyét “cac bai lon” nhu:

JDw béo thoi tiét va khi hau

01Cac phan (rng hoa hoc va hat nhan

0Cac bai toan sinh hoc va gen nguoi

_C&c hoat dong dia chat

LCéc thiét bi co khi — nhw chan tay gia cho tau vi try
0 Cac mach dién tor

C&c quy trinh san xuét

/1115 Tong quan tinh toan song song 33

"Tinh toan song song: dé lam gi? (3)

o Ngay nay cac tng dung thwong mai dang la dong Iwc thuc day cac
nha phat trién may tinh va phan mem tao ra cac may tinh co toc do
nhanh hon. Vi cac tng dung nay yéu cau xtr ly mét so lwgng lon dor
liéu va tinh vi phtre tap. Vi du nhw cac irng dung:
0OCac co s& di liéu song song, data mining
0Tham do dau khi
[1Cac may chd tim kiém, cac dich vu thwong mai
LIMay tinh trg gitp chuén doan trong y hoc
LQuan ly cac tap doan quéc gia va da quéc gia
0Dd hoa cai tién va do hoa
1Video mang va cac cong nghé da phwong tién
0 Méi trwdng lam viéc cdng tac

0 Cubi cung, tinh toan song song la mét c6 géng dé tbi da hoa nhirng
yéuvd han nhwng dwdng nhw chung ta van can thém thoi gian..

/1115 Tong quan tinh toan song song 34

5/11/16
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“Tai sao phai tinh toan song song? (1)

0 Day la mot cau hoi nhiéu ngwdi dat ral Tinh toan song
song la phure tap trén nhiéu khia canh!

0 Cac ly do chinh st dung tinh toan song song:
OTiét kiém thoi gian
0Gidi quyét cac bai toan I6n
0 X ly ddng thai tai cung mét thei diém

1/1/15 Téng quan tinh toan song song 35

Ny Lép trinh song song truyén théng

Tuan ty Song song
void quicksort(int * a, int n) void quicksort(int * a, int n)
{
if (n <= 1) return; if (n <= 1) return;
int s = partition(a,n); - int s = partition(a,n);
parallel_invoke(
quicksort(a,s); [&{quicksort(a,s);},
quicksort(ats,n-s); [&){quicksort(a+s,n-s);});
} }

0 Y twdng don gidn nhwng mang lai hiéu qua cao

Tfmg quan tinh toan song song

5/11/16
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ity L4p trinh song song truyén théng

0 Lap trinh song song khéng don gian
0 3 khé khan chu dao
LCé&ch suy nght tuan tw
LChuyén déi tir tudn tw sang song song
0Kha ndng mé rong theo phan cirng
2 Con nhiéu van dé khac nhw debug, kiém thir, hiéu ndng

Tfmg quan tinh toan song song

“Cach suy nght tuan tw

2 Kién trdc Von Neumann

Arithmetic

Control .
Unit Logic
Unit

= két qua co tinh tat dinh (chac chan)
1 Khéng con phu hop khi chuyén sang song song
=» trang thai khéng xac dinh

Tfmg quan tinh toan song song

5/11/16
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' Cach suy nght tuan tw

Tuan ty Song song

void quicksort(int * a, int n) void quicksort(int * a, int n)

{ {
if (n <= 1) return; if (n <= 1) return;
int s = partition(a,n); int s = partition(a,n);
parallel_invoke(
o quicksort(a,s); [&]{quicksort(a,s);},
q quicksort(ats,n-s); [&]{quicksort(a+s,n-s);});
}

0 Thoi diém 1 & 2 = biét chac tinh trang ctia mang a
0 Thoi diém 3 2 khong biét chac tinh trang clia mang a

Téng quan tinh todn song song

= Chuyén déi tuan tw sang song song

Tubnty =) MO hinh moi quan hé

gitra tuan tw va song

(A Song song song bang mot do thi co
hwéng

2 BPinh —1énh

, (1Canhndix >y

x =» |énh x thwc thi trwdc
lénh y (tuan tw)

1 Khdéng cé canh ndi x va y

= x || y (song song)

Source [4]

Téng quan tinh todn song song

5/11/16
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~ Chuyén déi tuan tw sang song song

0 Ham tinh Fibonacci dé qui

int fib (int n)
{ song song
1 if (n < 2)
2 return n;
else
{
3 int x = fib(n-1);
4 int y fib (n-2);
5 return x + y;
}

}

Tfmg quan tinh toan song song

* Chuyén dbi tuan tw sang song song

4 Binh luat Amdahl

10

1Tilé code chay song song

1 cang nhiéu = téc d6 ting
1 1én cang nhiéu lan

e ——

speedup = IL
-D

Speedup
o - ] w o o [=2] -~ w w

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Parallel Portion of Code

Tfmg quan tinh toan song song

5/11/16
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~ Chuyén déi tuan tw sang song song

0 Khi tang sb CPU lén

P R
SERRERE

Tang s6 CPU ciing gitp
tang toc do v&i cung ti l1é
code chay song song

— N = 0 W N = @
— M o o
—

256

o o= o
— N =
w o o

— O

4096
8192
16384
32768
65536

-l

Source [2 Number of Processors
Tfmg quan tinh toan song song

~ Kha nang mé rong theo phan cting
- Liéu khi phan cirng thay doi (s6 CPU thay dbi)
thi code c6 phai thay doi khéng?

Discrete Fourier Transform (single precision): 2 x Core2 Extreme 2.66 GHz
Performance [Gflop/s]

best code

Numerical Recipes

16 32 64 128 256 512 1024 2048 4096 8192 16384 32768 65536 131072 262144
Problem size

- phai thay déi code = van dé I16n ???

Tfmg quan tinh toan song song

5/11/16
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int main(int argc, char *argvl[]) typedef struct
{ {

pthread t thread; ?nt S
thread _r s args; Sne ouERuEs

Sele,_Arg gsi } thread args;
int status;
int result; void *thread func ( void *ptr )
int thread result; {

if (argc < 2) return 1; int i = ((thread args *) ptr)->input;
int n = atoi(argv([l]); ((thread_args *) ptr)->output =
if (n < 30) result = fib(n); £ib (1)

return NULL;

else { )

args.input = n-1;
status = pthread create (&thread, NULL, thread func,

SeEeH) o by 0 Tang tbc 1.5 1an
// main can continue executing
executes. ) Code cho CPU 2 nhan

result = fib(n-2); R
// Wait for the thread to term 2 CPU 4 nhan

pthread join(thread, NULL); = Sira code

result += args.output;
}
printf ("Fibonacci of %d is %d.\n", n, result);
return 0O;

Lap trinh song song kiéu truyén thdng

0 D&c diém
JTheo mé hinh song song vé tac vu
Khong phi hop véi céc kién tric may tinh da nhan/da 16i méi.
C6 nhiéu van dé vé ly thuyét chwa khac phuc dwoc trong mé hinh
I&p trinh song song theo tac vu.

Téng quan tinh todn song song
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”""Lép trinh song song dwa trén di liéu

2 M&i phan cta dir liéu dwoc chia cho mét bd xir ly (tac
vuy) thye hién

do i=26,50 do i=m,n
A(i)=B(i)*delta A(i)=B(i)*delta
end do end do

task 1 task 2 task n Source [2]

Téng quan tinh toan song song

Lap trinh song song dwa trén di¥ liéu
0 Dac diém clia mé hinh
[1Song song cac thao tac trén mét tap div lieu (VD: mang hodac ma
tran)
LOM&i tac vu x&r ly mét phan dir liéu cla cing mét CTDL
0C4c tac vu thye hién cung mét thao tac trén di liéu
0PhU hgp véi kién tric da nhan/da 16i méi
0Khdc phuc nhiéu van dé cla lap trinh song song theo tac vu.

Téng quan tinh toan song song

5/11/16
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Lap trinh song song dwa trén di¥ liéu

0 Méi trwdng lap trinh:
0Ngén ng truyén théng (Fortran)
OThw vién db hoa (OpenGL, Direct3D)
0ONg6n nglr mé rong (CUDA)
0Ngén ngl xt ly theo kiéu mang

Téng quan tinh toan song song

“Ngon ngir truyén théng

0 Bat ngudn tir Iinh vwe tinh toan hiéu nang
cao (High Performance Computing)

2 S dung réng rai trong cac siéu may tinh

21Ngoén nglr Fortran (Fortran 90, HPF)
QVidy: Céong haimatranAva B

C=A+B DOI=1,N
DOJ=1,N
C(L,J)=A(L J) + B(, J)
END DO
END DO

Téng quan tinh toan song song

5/11/16
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\‘"""'Ng 6n nglr truyén thdng

0 Wu diém

UDwa trén nhirng ngén ng phd bién (Fortran)
0 Khuyét diém

0Khong hd tro nén tang desktop

Tfmg quan tinh toan song song

“Thw vién doé hoa

1 Shading Language
0OpenGL’s shading Language (GLSL)
UDirectX High Level Shader Language (HLSL)
0 Uu diém
ODwa trén dac diém chung clia phan cirng GPU 2
lam dwoc trén nhieu GPU khac nhau
2 Khuyét diém
1Khéng thé hién dwoc dac diém riéng cla méi card
do hoa
0Kho str dung

Tfmg quan tinh toan song song
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“Thw vién dé hoa — vi du

float main(float?2 texcoord : TEXCOORDO,
uniform samplerRECT img) : COLOR
{

float a, b, c, d;

a = fltexRECT (img, texcoord);

b = fltexRECT (img, texcoord + float2(0, 1));
c = fltexRECT (img, texcoord + float2(1l, 0));
d = fltexRECT (img, texcoord + float2(1l, 1));

return max (max(a, b), max(c, d));

} 31|41/59(26 |53 58|97 |93
23(84 62 64|33 (83|27 95
288 41 97 16 9399 37
515 82 9 |74 83|94 45

92[30/78 1640 62|86 |20 8464/83]07
89/98/62 80|34 82|53 42 88/97/93 /99
11170) 6 79|82|14 80|86 98180182 |86 97/99
51/32|82(30 66 47| 9 38 7082 8286 98/86.
\ SNl SN f Source [8]

Téng quan tinh toan song song

~Ngbén nglr mé réng

0 Puworc phat trién va hd tro bdi nha san xuat phan cirng
0 Mé& rong dwa trén ngbén nglr quen thudc
0 Goém

OXMT-C (PRAM trén Chip)

CCUDA - NVIDIA nam 2007

LCAL(Compute Abstraction Layer) — AMD - Radeon

Téng quan tinh toan song song
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~ Ngbn ngir mé réng

0 Uu diém
Gan véi ngdn ngty quen thudc (cha yéu C)
JDon gidn hoa (che di phan song song)

0 Khuyét diém
JKho téi wu

void incrementArray (float *a, int N) _ global  void incrementArray (float *a, int N)
{ {
int i; int idx = blockldx.x*blockDim.x + threadldx.x;
for (i=0; i <N; i++) if (idx <N)
a[i] = a[i] +1.0f; a[idx] = a[idx] + 1.0f;
} }

Téng quan tinh toan song song

"Ngén ngir x Iy theo kidu mang

0 Tan dung strc manh ctia cac CPU/GPU nhiéu nhan
0 Uu diém
LCode ngén gon va rd rang
0 Khuyét diém
QY twéng thiét ké dwa trén mang
0 Goém
HRapidMind — CPU/GPU
UAcceleware — CPU/GPU

Téng quan tinh toan song song

5/11/16
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Ngbn ngir x Iy theo kidu mang

C++ RapidMind

Thwec hién tinh toan

float results[100007]; Array< 1 , Valuelf > output;

//Stream Program chay trén du

liéu
for(int 1 = 0; i1 < 10000; ++1) Program prg = RM BEGIN {
{ In<Valuelf> a; // input 1
result[i] = inputl[i] + In<Valuelf> b; // input 2
input2[i]; Out<Valuelf> c; // output

}
c = a + b; //thao téac
} RM_END;

output = prg(input1, input2);

Tong quan tinh to4n song song

Ngén nglr xt ly theo kiéu mang

RapidMind

Xuéat két qua

const float* results =
output.read data();

for (int 1 = 0; 1 < 10000; ++1) for (int 1 = 0; 1 < 10000; ++1)
{ {

std::cout << "output[" std: :cout << "output["
<< 1 << "] = (" << 1 << "] = ("
<< results[i] << ")" << results[i] << ")"
<< std::endl; << std::endl;
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