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NANG CAO HIEU NANG HE VI XU LY PON CPU
TRONG HE XU LY SONG SONG PA CPU
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Céc hé xtr Iy song song da CPU chuyén dung, do dugc phan ra t6t nén cac hé vi xir Iy don CPU s&
dam nhiém phan 16n thoi gian 1am viée cta toan hé, dong nghia voi viéc hiéu nang toan hé s& phu
thudc chu yéu vao hiéu nang cua cac h¢ don CPU. Viée td chirc bd nhd cua chung doéng vai tro
quyét dinh dén hiéu ning cta toan hé. Bai bao nay xay dung mét kién tric bo nhé song song cling
phuong phap t6 chiic co sé dir liéu kiéu vector gitip cai thién dang ké hiéu ning cho kién trac bo
nh¢ song song. Khi khao sat hé thong theo mo hinh nay, chung toi thu duge quan hé dinh luong
cho cac thong s kién triic, thiét 1ap dugc mé hinh tinh todn hiéu ning cua hé xur 1y song song

chuyén dung.

Tir khéa: Hé xir Iy song song da CPU chuyén dung; hiéu ning; bé nhé song song; luong dir liéu;

téc dé dir liéu

PAT VAN PE

Céc hé xu 1y song song da CPU chuyén dung
thuong xtr Iy mot bai toan cu thé hodc mot
16p bai toan cung thudc tinh [3,4]. Khi d6 kha
nang phan rd chirc ning dugc cho 1a rat tét,
déng nghia vai viéc nhi€ém vy dugc chia déu
cho cac hé vi xtr 1y thanh phan. Thoi gian
thuc hién nhiém vu ctia ca hé théng c6 thé coi
la thoi gian 1am viéc cua cac hé don CPU co
trong hé¢ thong. Tinh toan hiéu ning cho cic
hé don CPU chinh la tinh to4dn hi€u nang cho
toan hé.

Trong cac hé xtr Iy song song da CPU, thanh
phﬁn CPU c¢6 tc dd vuot troi nhiéu 1an so véi
bat ky thanh phan nao cta hé, ké ca bo nhd.
Vi vay, diéu tién quyét dé hé co thé dat hiéu
ning yéu cau thi truée hét phai t6 chirc mot
kién tric song song cho khong gian nh¢ cua
hé don CPU. Kién trac nay tir 1au da duogc
biét dén 1a kién trac bd nhé dan xen [5]. Van
dé 1a lya chon mot kién triic hop 1y. Bai bao
nay lya chon kién trac c6 tinh téi do tin cay
lam viéc ctia b nhd, dac biét khi chung phai
lam viéc ¢ tdc do quét cao. Vi véy kién tric
bd nhé dan xen kiéu C-access dugc sit dung
thay vi kién trac S-access nhu thong thuong
(hinh 1). Tuy c6 phirc tap hon, nhung khi toc
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dd quét module nhé cao, co cAu chét dia chi
cua n6 giup luu dia chi cua tung ngan nhé cia
timg module nhé. Diéu nay 1a rat quan trong
vi CPU lam viéc theo timg chu ky may, ké ca
c4c chu ky may tham chiéu bd nhé. Khi tham
chiéu bd nhg, CPU chi cép thong tin dia chi,
thong tin diéu khién, cip thong tin dir licu
hodc thu thong tin dir liéu theo nhip clock clia
riéng minh ma khong cin biét bo nhé da chdt
dugc cac thong tin cua minh hay chua. Vi vay
kién trac C-access dic biét hitu ich khi n6 kip
phan tng voi bat ky téc do tham chiéu nao, vi
co cau chdt dia chi cua né duogc thuc hién
bang phan cting. Chu ¥ cach dia chi hoa cho
céc ngin nhé duge tién hanh trong kién triic
C-access 1a tdp hop n bit cia kénh dia chi
duogc chia thanh 2 phén, cac bit dia chi thap
am1- 8 (M bit,) chi rd sd hidu cac modul bd
nhd con cac bit dia chi cao apg- a, (N-m bit)
quy dinh vi tri cac 6 nhé trong mot module.
MO HINH HIEU NANG HE XU LY SONG
SONG PA CPU

Hellerman [1,2] da gidi thiéu mdt mo hinh,
trong d6 mot luong tham chiéu dugc quét
theo thir ty dén cta ching cho dén khi tim
théy module nhé 1dp lai dau tién. Vi vay,
chudi k yéu cau riéng biét dau tién nay duoc
truy nhap song song. Hi¢u ning E dbi véi bo
xtr Iy don CPU ¢6 2™ modul nhé dan xen 1a:
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Pay 1a mo hinh t6t nhat ctia [1] khi né bé qua
2m 2M k2. 2M 1y han bd cua dit liéu trong bd nhd, 1a loai phan
E@") - The( - 3 —E DL gy PUanBecua cf Ieu trone 50 A 1 ot P
K=1 k:1(2m)k,(2m Y bo v6 hudng lam suy giam dang ké hiéu nang

Trong do, P(k) 1a xac sudt dé luong tham
chiéu co6 chuoi yéu cau véi do dai bang k.
Nhom tac gid, trong cong trinh [1] ciing tim
dugc mé hinh tinh hi¢u ning thanh phan
nham ting d¢ chinh x4c bang cong thirc, khi
dir liéu tham chiéu c6 kiéu v6 hudng:

2" 2"kl oq _ ) )
EQM)=YkPK) =Y 3 ()70 c(j k) (2)
k=1 a1 o 2

Luén giai cac mo hinh trén cling kha phuc
tap, tuy nhién c6 thé nhan xét: (i) Mo hinh
Hellerman (1) chi phu hop véi viéc tinh toan
hiéu ning ddi véi may tinh da nhiém kiéu
SuperComputer hay MiniComputer. (ii) mé
hinh (2) qué phuc tap dé ¢ thé dung né nhu
cong cu dé didu tiét va didu khién kién tric bd
nhé dan xen C-access dé co hiéu ning cao
cho cac h¢ da CPU chuyén dung. M6 hinh (3)
1a mot ¢ ging trong viéc don gian hoa mod
hinh hiéu nang ma [1] da dat dugc. Tuy vay
néu md hinh nay phai tich hop thém anh
huéng cua tinh vé hudng trong to chirc dit
liéu trong cac module nh¢ thi hiéu nang con
giam nita [2] va trong nhiéu nhiéu nhiém vu
s& khong dap tng yéu cau vé hiéu ning cua
hé théng.

Trong trudng hop hé c6 kién tric Harvard thi
hi€u nang cua hé phu thudc vao hi€u nang cua
2 ludng tham chiéu 1a luéng 1énh va ludng dir
lidu. Mit khac ludng dir lidu 1a ludng c6 ciu
tric vo hudéng nén hiéu ning rat thap.

D6i véi ludng 1énh [1] nhan thdy trong mdi
chu ky b nhé, CPU thuc hién thao tac doc
cac l1énh chira trong cac modun nhé do bd
dém 1énh tro toi. Gia thiét ring néu mot l1énh
1& nhanh xuat hién véi Xac suat A trong ludng
1énh va goi P(k) 13 x4c sudt ma k trong sé n
Iénh s€ duogc giai ma thi xac suit dé k=1 sé& la
P(1)=A. Khi k #1, [1] cho hiéu nang tinh cho
ludng 1énh la:

_1-@-)"

IE 3)
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chung cua h¢ vi xtr Iy. Khao sat IEm theo A
theo sb lugng module nhé M dugc thé hién
trén hinh 2.

MO HINH DE XUAT CHO HIEU NANG
HE XU LY DON CPU TRONG HE XU LY
SONG SONG DA CPU CHUYEN DUNG

Dé giai quyét, bai bao sir dung cac dic diém
cua hé xtr Iy song song da CPU chuyén dung.
Ngoai dic trung da néu ¢ trén, con mot dac
diém rat quan trong 1a dir liéu cac 16p bai toan
chirc niang 1a dé vector hoa nhu dir liéu anh
s, dit lieu multimedia, dit liéu truyén
thong...; kich thudc cua 1 vector c6 thé quy
dinh trong hé chuyén dung; dung lugng
khong gian nhé khong quéa 16n. Néu dir lidu 1a
kiéu vector thi vin dé con lai 13 t6 chuc kich
thudc cho phu hop vai kién tric module nhd
song song. Xét nguyén ly hoat dong cua
ludng dir liéu bd nhé trén hinh 3. Néu kich
thudc cua cac vector khong dong nhit s& xay
ra tinh trang nhu hinh 3 a, b, ¢. Néu kich
thudc cac dit liéu vector 1a ddng nhét thi hiéu
nang s€ dat cuc dai khi kich thudc vector
bang ding sé luong module nhé M. Dé thuc
hién duogc didu do6 chi can dién thém gia trj 0
vao phan thiéu cua kich thudc vector dit lidu.
Céc dir liéu vo hudng sé& chi ton tai trong qua
trinh x{r Iy va gia cong ¢ cac khau trung gian,
ma nhitg khau xtr 1y ndy cha yéu xay ra ¢
truong thanh ghi da nang cua CPU.

Bing cach nay, kich thudc ciia mot vector
ludn bang boi cua sb lugng module nhé trong
hé don CPU. Thuong thi bang chinh luong
module nhé. Do d6 truy cap vao bd nhé di
liéu ludn dat hiéu ning t6i da, tirc 12 bang tdc
do truy cap cia CPU va bang sb luong
module 2™ nhé duoc to chirc song song
trong hé: DEm=2" Trong thuc t& s lugng
module nhé thudng dugce t6 chire bang 2,4.6...
nén dé tién cho tinh toan can thay cong thirc
tinh hiéu ning ludng tham chiéu dir liéu la
DEm=M, véi M la sb lwgng module nhé duoc
td chirc song song theo kiéu C-access cho
tung hé don CPU.
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Hinh 1. Kién triic b6 nhé dan xen kiéu C — access dung cho mot hé don CPU
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Hinh 2. Méi quan hé hiéu ndng IE theo J. theo s6 lwong module nhé M
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Hinh 3. Nguyén Iy hoat déng ciia luong dir liéu bg nhé
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Hinh 4. Nguyén Iy hoat déng ciia luéng 1énh
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Hinh 5. M6i quan hé hiéu ning Ey theo J. theo s6 lirong module nhé M
Bang 1. 1 =0,02
M 06 08 10 12 14 16 18 20 22
IE, theo m6 hinh [1] 571 7,46 9,15 10,76 12,32 13,81 15,24 16,62 17,94
MBS hinh dé xuét 5,85 7,73 9,57 11,38 13,16 14,91 16,62 18,31 19,97
Bang 2.1 =0,5
M 06 08 10 12 14 16 18 20 22
IE, theo m6 hinh [1] 1,94 1,98 2,08 2,08 2,08 2,08 2,08 2,08 2,08
Ey theo mo hinh dé xudt 3,47 4,49 5,50 6,50 7,50 8,50 9,50 10,50 11,50

Déi véi ludng 1énh, tai thoi diém bat du mot chu ky 1énh, bo quét trd téi n 1énh lién tiép ké tir dia

chi bd dém 1énh hién tai. Do d6 n module nhé s& ban trong chu ky nay.
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Néu mét 1énh 1& nhanh dugc giai ma trong
chu ky dir liéu tiép theo, thi n 1énh cho chu ky
Iénh tiép theo s& duoc bit dau tir dia chi cua
1énh r& nhanh d6. Pbi véi hang chira 1énh, néu
coi A 1a xdc sudt & mot Iénh 1a r& nhanh thi
hién nhién tat ca cac lénh doc dugc sau 1énh
ré€ nhanh cua chu ky 1énh nay sé khéng duogc
giai ma (hinh 4).
M6 hinh @& xuit s& 1a téng cia hiéu ning
luong tham chiéu lénh IEy va ludng tham
chiéu dir liéu DEy, trong kién trac Harvard va
duoc xac dinh:

Ev=IEy +DEy (4)
Trong d6, DEy =M nhu da phan tich con IEy,
dugc xac dinh nhu nguyén ly tinh xac sut
thong thuong. Cho riang xac suat dé k trong s6
n 1énh dugc gidi ma tuong duong k-1 1énh
trudc d6 khong phai 1énh r€ nhanh va Iénh tha
k 1a 1énh r€ nhanh s€ la:
P(K)=(1- 1) 7 & ; 1<k<n, nghia la cho toan
chudi 1énh n thi x4c suit do s& 1a P(n)=(1-
» n-1
Tur @6 ta tinh duoc

IEn=>"KkP(k) =i+2p(I-1)+3p(1-
k=1

Mi+.+ n(l- M"Y ova
1-@a-2)"

7\’ N
Tt d6, hi€u nang toan phan s€ la:

cling bang

M
Ew=IEw+DEy = 2 KP(K) + M (5)
k=1

Khéo sat mo hinh (5) thu dugc mét tap hop
gia tri Ey hop gia tri khi cho A va M bién
thién trong mién gia tri thyc tién ma cac hé da
CPU chuyén dung hay su dung.

Lap bang so sanh mbi quan hé hiéu ning Ey
theo s6 lugng module nhé M khi 2=0,02 va
A=0,5, thé hién & bang 1 va bang 2.

R3 rang, trong tit ca cac truong hop khi co
cung gid tri A va M thi hiéu nang Ey ctia mo
hinh dé xuit déu 16n hon hiéu ning IEm cua
moé hinh cii khi mé hinh d& xut thanh céng

trong viéc vector hoa co sé dir liu chira trong
bo nhé C-access.

KET LUAN

V6i mo hinh d& xuat, hidu nang tong ciia Cac
hé xtr ly song song da CPU chuyén dung ting
1én dang ké, dic biét khi sé luong cac module
nhd M 16n va sac xuat gip lénh ré nhanh A
thap. Piéu nay 1a phu hop voi cac hé xir ly
chuyén dung khi ma co s¢ dir liéu dugc vector
hoa d& dang véi cdu trac x4c dinh trude. Khi
d6 chi can to chic bo nhd song song kiéu C-
access v4i s6 luong dung bang kich thude cua
dit liéu vector thi hiéu nang truy cap dbi véi dit
liéu loai nay dat xap xi 100%.

Péi voi truy cap vao vung chira 1€nh, thuét
toan cho cac hé chuyén dung thuong han ché
cac 1énh ngét (ddc biét cac 1énh ngit cing) dé
tranh viéc ding dot dot ngdt mot tién trinh
nao d6 dang xir Iy, nén xac suat gip lénh ré
nhénh A thip. Vi vy cac dudng dic tuyén cua
hinh 5 thuong la & phia trén nén hiéu nang
cua IE la kha cao.

TAI LIEU THAM KHAO
1. Nguyén Minh Ngoc, D3 Xuan Tién, Vii Hoang
Gia.Vé Thong luong trung binh ciia hé luu  trir
song song. Tap chi Khoa hoc va KV thuat,
HVKTQS sé 115, 11-2006.
2. Hellerman, H., and Smith, H. J Throughput
Analysis of some Idealized Input, Output, and
Compute Overlap Configurations.” Computing
Surreys, 2, June 1980, pp. 111-118.
3. M. V. Wilkes. Slave memories and dynamic storage
allocation. IEEE Transactions Electronic Computers
Vol EC-14. No 2 April 2005.
4. BacmwmseB A.E., [Io Cyan Towen, Kabecac /1., Camna
S ., Honmora A.B. Merojonornieckrue acnieKTbl U
MHCTPYMEHTAJIbHBIE CPEICTBA
aBToMaTH3MpoBaHHOTO MH(popMaTHKa.
TenexommyHukaimy.  Yrpasnenne. Homep 6(169)
2013 r.Crp. 123-134.
5. bopommH, AM. CpaBHUTENBHBIH  aHAIM3
BO3MOXKHOCTEH 1 CKOPOCTH 00pabOTKH MHOTOMEPHBIX
JIAaHHBIX ~ NPOTPaMMHBIMH  CpelcTBaMH  Om3Hec-
AQHAIMTHKA Ha OCHOBE WHICKCHUPYIOIMX CTPYKTYp
ocHoBHo# namsiti [ Tekct]/A.M. Bopomus, C.B.

Tenekommyrunkarmm, Ympaeieane—2010—Ne 1~ C.
99-102.

13



Pham Xuéan Béach va Prg Tap chi KHOA HQOC & CONG NGHE 120(06): 9 - 14

SUMMARY
TO IMPROVE THE EFFICIENCY OF SINGLE CPU SYSTEM
IN THE PARALLEL MULTI-CPU SYSTEM

Pham Xuan Bach®, Do Xuan Tien?, Chu Duc Toan®"
Nam Dinh University of Technology Education,
2Academy of Technology and Military, °Electric Power University

The specialized parallel multi-CPU systems, so should be good decompose then the single-CPU
processors will undertake the majority of a time working system, meaning that the system
efficiency will depend primarily on the efficiency of single CPU systems. The organization of our
memory plays a crucial role in the efficiency of the all system. This paper build a parallel memory
architecture and method of vector database organization significantly improve efficiency for
parallel memory architecture. When surveying system according to this model, we obtained
quantitative relation to architectural parameters, created a efficient model of the specialized
parallel multi-CPU systems, the result emulation cho precision best.

Key words: The specialized parallel multi-CPU systems; efficiency; parallel memory; data
stream; computational speed
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