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TOM TAT

Diéu khién tbi wu khong gian nhé dé nang cao toc dd cho cac hé xt ly song song la van dé khoa hoc va
thiét thwe, rat quan trong nhiéu nganh nhiéu Iinh vwc can (ng dung. M6t trong nhirng nguyén nhan co ban lam
gidm hiéu nang clia hé x& ly song song la sy xung dot khi truy cap t&i bd nhé dung chung. Bai bao nghién ctru
d& xuat mé hinh bd nhé dung chung c6 bd sung co ciu bd dém & 16i vao. M6 hinh nay cho phép t6i wu bd nhe
dung chung béng phuo’ng phap cép phat dong. St dung cdng nghé FPGA dé& dang tai kién tric hang doi theo
tham sb kich thuwéc m dé tdi wu hoa cAu tric bd nhé cho I6p bai toan Ia gidi phap nang cao hiéu néng, nang cao
tbc d6. Md hinh cho phép st dung cac bd nh¢ kich thwéc Ién nhung tbc do khdéng téi han dé nang cao do tin cay
cho hé xtr ly song song.

Tir khéa: nang cao hiéu néng; ly thuyét hang doi; cong nghé FPGA; hé xir ly song song; téc do

ABSTRACT

The optimal control of memory space to raise speed of parallel processing systems is a scientific and
practical issue, which is very important in many applied branches and fields. One of the major factors which
reduces the efficiency of the parallel processing system is the conflict in accessing to the common memory. The
article studies the proposal of a shared memory supplemented with a buffer structure at the input. This model
allows the optimum of the shared memory via the motive supply method. It is easy to use the FPGA technology to
re-build the queuing strcuture according to the parameter with size m to optimize the memory structure for
problems as a solution to raise the efficiency and the speed. The model allows the use of memories with big sizes
but unlimited speeds in order to increase the reliability for the parallel processing systems.

Key words: raising efficiency; queuing theory; FPGA technology; paralle processing systems; speed

1. Pit vin dé

Pac trung ctia cac hé xur 1y song song la
tbc do xur 1y rat cao nhung xac suit xung dot
cling cao. Van dé giam thiéu xac suat xung dot
khi truy cép tai nguyén dung chung dugc quan
tam nhiéu nhat di voi hé théng nay. Tai nguyén
vat 1y dung chung cta hé 1a cac cong giao tiép,
b6 nhd co6 toe do lam viéc thap hon bo vi xur 1y
(CPU). Bé nang cao kha ning phuc vu cta bd
nh¢ ding chung va giam thiéu tdi da xac sut
xung dot cua cac ludng tham chiéu tir cac CPU
khac nhau. Bai bao nay trinh bay viéc (rng dung
ly thuyét hang doi, quy ludt phan bé Markov va
cong nghé moi FPGA nham giam thiéu téi da
xac sudt xung dot khi tham chiéu bd nhé ding
chung, tir d6 nang cao hiéu nang cho cic hé xur
Iy song song.
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2. Md hinh truyén théng tham chiéu bd nhé
chung trong hé xir ly song song

Pé tranh xung dot cia cac ludng tham
chiéu tir cac CPU khac nhau trong hé xir 1y song
song md hinh truyén thdng ¢ cdu tric nhu sau
(Hinh 1):

—2
—>| MUX Bo nhé
5| Control chung

Tj + Kénh dia chi

+ Kénh diéu khién

Hinh 1. Tham chiéu by nhé chung trong hé xur ly
song song

Tai mot chu ky tham chiéu, khéi MUX
Control ding dé tiép nhan cac luong tham chiéu
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tir hé thong, kiém tra tinh wu tién, cho phép mot
ludng thtr i dugc truy cap téi b nhd chung (dé
don gian, so d6 nay khong mo ta kénh dir liéu va
dia chi cho bd nhd chung) con cac luéng tham
chiéu khac i déu bi tir chdi, dong nghia vai viée
cac CPU khac phai cho t6i cac chu ky tham
chiéu sau [5, 6, 7].

Diéu nay lam giam hiéu ning déng ké d6i
v6i hé xir 1y song song. Trong md hinh nay, néu
coi xac sudt mot tham chiéu thanh cong 1a E, dé
dam bao mot tham chiéu thanh cong thi s6 lugng
céc phép thir can thiét:

>i@-E)E _1
= E
Day la m6 hinh tinh todn hi¢u nang E.

Ta can ¢6 phuong phap méi giup nang cao
hiéu nang lam viéc cua cac hé xir 1y song song nay.
3. Xay dung mé hinh toan hoc tham chiéu b
nhé dung chung trong hé xir ly song song da
CPU

Xét mo hinh b nhd dung chung trong hé
xur 1y song song Hinh 2 [1, 2, 3].

Tir khdi chuyén mach

| Thanh ghi tham chiéu 16i vao |

X

T&i khéi chuyén mach

! 1
! 1
! 1
! 1
! 1
. v v r 2
i [Hang doi Hangdo]  [Hang doi] [Hang doi]!
1| véo vao Va0 vao !
1| Modul Modul Modul Modul !
| nhé nhé Py nhd nhé |,
w1 #2 #k-1 #k |
! 1
| Hang Hang Hang Hang '
. doira doira doira doira |1
1

1 \ 4 * P * * :
: :
! 1
! 1

Hinh 2. T6 chirc bang logic trong bé nhé
dung chung cho hé xu ly song song
Hiéu niang tham chiéu E & day duoc dinh
nghia nhu ty so:
E= Nace/ Nacco
V6i Naee-sd luong cac tham chiéu thanh
cong t6i bd nhé dung chung va Naceo- tong so6 cac
tham chiéu téi by nhé dung chung.
Bay gid ta goi P 1a xac sudt dé thanh ghi
tham chiéu & 16i vao rdi khi mot ludng tham
chi€u khéi dau mot tham chi€u téi khdng gian

nhé. Tu d6 ta c6 biéu thic quan hé:

1_P  (@=P) (1). Biéu thirc hi¢u ning nay c6
E E E
thé viét lai nhu sau:

E- EE, @)
PE, +(1-P)E

p

Biéu thirc (2) 12 mo hinh toan hoc tham
chiéu chiéu bo nhé dung chung trong hé xur 1y
song song da CPU. Ta thdy mé hinh tinh toan
hiéu ning E (muyc 2) réat phtc tap, khao sat kho
khin va khong chi rd cac thong sb lién quan. Mo
hinh @& xuét (2) dé tinh toan, khao sat hiéu ning
E, ta thdy don gian hon nhiéu, chi & dugc cac
thong sb rang budc.

Bing 1. Hé thong cdc ky hiéu va cdc tham sé cho
bé nho song song dung chung

Ky hiéu Y nghia
£ Hiéu nang cua bd nhd song song dung
chung
E Hiéu ning cia mot tham chiéu khi
P | thanh ghi tham chiéu 18i vao ban
E Hiéu nang cua mot tham chiéu & murc
|

bang logic

T Chu ky cua bang logic

Tp Chu ky hiéu qua cua bo nhd

Do tré nho nhit dé truyén mot tham

Tq DN S .
chiéu tir hang dgi vao mé dun nhé

Te Chu ky vat 1y ctia moé dun nhg

Xac suét tai mot thoi diém thanh ghi

P tham chiéu 16i vao rdi

0 Sé, ludng tham chiéu doc 1ap trong hé
thong

k S6 md dun nhé trong mdi bang logic

| S6 lugng bang logic trong hé thong

m Kich thuéc hang doi ciia mdi mo dun

nhé

Dé xé4c dinh P dya trén co s6 cua 1y thuyét
hang doi, qua trinh tham chiéu t6i b nhd ding
chung 13 qua trinh Markov va co phan bé theo
luat ham mii (M), thoi gian phuc vu ctia bo nhé
la xac dinh (D), khong gian nhé phuc vu cac
tham chiéu bang 1 va kich thudc hang doi cia
mdi md dun nhé bang m (Hinh 3b).
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Déi tuong duoc phuc vy

/| Co chu phuc vu #0 |

d N | Co cau phuc vu# 1 |
|
|

Hang doi phuc vu kich

| Co chu phuc vu # n-1 |
thuéc m

Tap hop CPU véi céc Hang doi kich thudc m+1

ludng tham chiéu

khong gian nh¢ ding M6 dun
chung nhé #1

M6 dun

> I nhé #2

Mo dun
Thanh ghi tham :I:I:II nhé #k

chiéu ¢ 16i vao J
Hang doi kich thuéc m cho
mbi mé dun nhé

a) b)

Hinh 3. So d6 hang doi tong qudt (a) va so do hang doi cho hé xit Iy song song (b)

3.1. Xdc dinh dai lwong xdc suit P

Goi Vi 1a s6 tham chiéu dén hé thong
trong khoang thoi gian phuc vu tham chiéu thi i,
i=0,1,2,.. Goi N 1a s6 tham chiéu dang co
trong hé théng ¢ thoi diém két thuc phuc vu

tham chiéu thir i, i = 0, 1, 2,... ta cO quan hé
[4,9,10]: Ta c6:
G (2)= 3 PIX =K ®
k=0

ta co tinh chat:

Gy () =Gy (2)Gw (2)
Ap dung tinh chit nay ta c6 dang thic
[10,11]:
Gy, () =G, ,-1(2)+Gy, (2) (4)
Ta co: xac sudt dé bang nhg lam viéc 1a

A _ > trong do: A 1a téc do toi cua hé thdng,

N

ula tde do phuc vu cta hé théng; do d6 xac suét
4 bang nhé 16 la 1-p hay
P[N;_; =0]1=1— p, do d6 c6 thé viét:

G ry =P+ {6y, @ --p) | )
Thay (5) vao (4) ta co: (6)
Gy (0= {(kp)%[em @ 7(1fp)]}evi @

G (2)= 6y () 5 =) .

Mit khéc, cdc tham chiéu dén hé théng
tuén theo qua trinh Poisson nén ta co:
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AT )< k
P[Vi=k]=( kF:) e T %e”

Trong do Tp 1a thoi gian phuc vu hi€u qua

cta hé théng ddi voi mdi tham chiéu, T, = 1va
2]
AT Ao o theo (3) tir d6 ta tinh dug
*u
G, (= TP =K]2 ®)
P k_ op (o)
Gy, (2) = kzok, e = ey

Gy, (2)=e "er? =e 77 ©)

Thay cong thirc (9) vao (7) ta co:

_o1-z) L= p)L—

6 e -0 )

Gy, (2)= (1-p)t-2) (10)

1 Zep(l_z)

Vi z 1a bién s6 thuc thoa man diéu kién:
|z|< e2r, khi d6 ta ludn co |2eP®D) <1, ta c6 thé

viét: GNi(Z):(1_p)(1_z)izieip(l—z)

i—0

hay

Gy, (2) = (- p)ieip(zi _ Zi+l)e—ipz (11)
i—0

Khai trién Marloranh déi véi ham € 7,
thay vao (11) ta duoc:

GNi (Z):(lfp)ieip( |+1)i( 1)k (Ip Z)

i=0 k=0

Hay (12)

Gy (2)= (lip)ieip i(*l)k @(an B Zk+i+1)

i=0 k=0 k!
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Hésé Z " trong vé phai ciia dang thirc (12):
© o (7 l)n—i (i )n—i (7 1)n—i—1(i )n—i—l ~ (13)
-p)%e { (n—i/)j! - (n—i—pl)! N
"“ip+n-1)

:(17p)§eiﬂ(71)ﬂ*i (ip) 7|(;]_i)!

Theo tinh chit ham sinh xé4c suét tir (8) va
(13) ta co:

i=0

- (ip)"Hip+n- 14).
P[Ni:n]=(1—p)§e'p(—1)nfl% .

Xéc suat dé thanh ghi tham chiéu 161 vao
roi s€ duoc xac dinh:

P=>P[N; =n] (15)

M=

n=0

_a-p)3 S oy ) o en-y)

n=0 i=0 (n_i)!

3.2. Xdc dinh dai lwong hiéu ndng khi cdc

héang doi ciia cdc médun nhé di diy E, - Goi

M la ma trgn chuyén doi trang thdi cho mé

hinh nay (véi My dwgc hiéu la xdc sudt ma

trang thdi tiép theo la j, trang thdi hign tai la i)
thi M duwgc biéu dién nhw sau

X X

SRR

0

0

. oo_q‘g

0 0 o - 1 0

Xéc suét tién nghiém cia bat ky trang thai
nao phai bang chinh tan suat xuét hién cua trang
thai do. Goi p = (po, P1,---» Pz ---, p T) l& vector
Xac sut tién nghiém cia T +1 trang thai va
ching dugc xac dinh tu mbi quan hé
pM = p. Ta cé:

Po(1- gx) + p1 = Po; PogX/T + p2 = py;
PoOX/T + p3 = P2 ;... PoOX/T + pr = pr1 ;

:
Pogx/T = pr > p, =1 Giai hé phuong trinh ta

i=0

duoc: Po :;; DFL;
1+ogx(T +1)/2 1+gx(T+1)/2
B gx(T -1) _ 20x ;
P2 T T+ gx(T +1)/2] pT’1_T[1+qx(T +1)/2]
_ ax
Pr T+ ox(T +1)/2]

Thay po & trén va giai phuong trinh an x
ta co:

V1+2ng*T(T +1)/b -1

q(T +1)
Do d6 o - 2 , Pz dugc tinh
1+ 142007 T(T +1) /b
tuong tu.
Tur day ta tinh dugc
®  _ 29

P+ (L= Do) 2q—1+4/1+2nq?T(T +1)/b

E; =(0,T,n,b)= 29
2q—1+4/1+29°nT(T +1) /b
ap dung dé tinh E, ta chi can thay T boi
To E, = 29 (16)
201+ .[1+2¢°nT, (T, +1)/b

3.3. Xdc dinh dai lwgng hi¢u nding khi thanh
ghi tham chiéu 16i vao 6 trang thdi réi E

Pé xac dinh E,, ta gia dinh rang mdi
ludng tham chiéu s& chi & mot trong ba trang
thai: trang thai ty do (i); trang thai thuc hién
tham chiéu thanh cong (ii); trang thai thuc hién
tham chiéu khong thanh cong (iii). Xac suit dé
mdt tham chiéu khong thanh cong sé 1a:

A=Y do d6 _, An-1) _ (17)

2km O g
trong d6 , — ("=D  Goi p =(a,B.y) 1a vector xac
2km

suét tién nghiém ciia ba trang thai. Cac xac suit
on dinh nay c6 thé dugc xac dinh qua mdi quan
hé p=Tp. Tt quan h¢ nay ta co:

o= (1-q) o+ (1-0) p = (1-g)(atp) (18)

B =38q(atP) + 3y (19)

v = (1-8)(qo+qp+y) (20)

Sau khi bién ddi ta duoc két qua :

_1-29-qe+(1-29-02)° +4q(1-q)  (21)
2(1-q)

E =0

4. Khao sat, danh gia hiéu ning ctia m6 hinh
diéu khién

Mo hinh bai béo dé xuét dua trén mé hinh
Bailey, diém khac 1a trong d6 mdi bang nhd vat 1y
duoc thay thé bang mot bang nhd logic, bang
logic chi ¢6 mot mo dun (k =1) véi hang dgi ¢6
kich thudc m. Céc ludng tham chiéu duoc gia thiét
chi tao céc thao tac ghi/docvaco T)=Tg = 1.

Ta thay khi T =T.= 16, két qua mo phong
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khong hang doi (m=0) cho két qua 1a 0,27; va
hiéu ning bang 0,65 khi str dung hang doi.

Khao sat sy anh huong s luong cac muc
tham chiéu chta trong hang doi it hon kich
thude hang doi m vai cac gia tri m khac nhau va
tde do luéng tham chiéu khac nhau, duoc chi ra
trong bang 2. Viéc phan tich cho thiy khi kich
thudc hang doi khd nhd ciing tao ra sy céi thién
vé hiéu qua, bang 2

E
1

AN '—**\
0.8 . \
0.6

~. N
~ Sl
0.4 S N
\\\\

0.2 M6 hinh Bailey (m=0)

—e— m=2

o T

1 3 5 7 9 11 13 15 17 19 21

Hinh 4. Hiéu qud tham chiéu ngau nhién bing nhé
logic theo T dugc S0 s&nh trong hai truong hop khi
m=2 va truong hop khong co bang nho logic
(m :0, T)=T4 :0)

p m =1 m =2 m =3 m =4 m =5 m =6 m =7 m =8
0,1 0,999 0,999 1 1 1 1 1 1
0,2 0,998 0,999 1 1 1 1 1 1
0,3 0,992 0,998 0,999 1 1 1 1 1
0,4 0,977 0,995 0,999 0,999 0,999 1 1 1
0,5 0,946 0,984 0,995 0,998 0,999 0,999 1 1
0,6 0,890 0,957 0,983 0,993 0,997 0,999 0,999 0,999
0,7 0,796 0,894 0,946 0,972 0,986 0,992 0,996 0,998
0,8 0,634 0,762 0,845 0,899 0,934 0,957 0,972 0,982
0,9 0,383 0,498 0,592 0,668 0,730 0,781 0,822 0,855
1,0 0 0 0 0 0 0 0 0

Bing 2. Xdc sudt mot yéu cau dén khi hang doi chwa day theo m va p véi qui tic hang doi M/D/1/m

Nhdn xét: Ta théiy, néu p =0,5 thi xac suét
hang doi co it hon 3 ngan (gdm 2 ngin hang doi
va thanh ghi tham chiéu 16i vao) chwa day sé 1a
0,995. Gia tri nay chung to kich thudc hang doi
nho s& dap ung dugc yéu cau cai thién hiéu
nang. Véi hang doi M/D/1/m, dé don gian ta xét
truong hop hang doi dai vo han.

Khao sat sy phu thuéc E vao cac tham
s6 duoc thé hién trong cac hinh 4 va hinh 5. Ta
c6 thé thiy rang:

- Trong truong hgp khong c6 b dém
(m=0), hiéu ning ctia h¢ s& thap hon nhiéu
so véi truomg hop c6 bo d&m m >0 khi b =1
(gia thiét k =1).

Khi xem xét anh huéng véi cac truong
hop M > 0 dén hiéu qua ta thay:

- Khi p = qTpn /b dugc giir khong dbi
gia tri 0,5, khi n tang thi T, ciing ting. Néu ta
gia thiét rang Tc=Td =1, nhu vay Tp ~ Tc.&. s&
giam. Didu nay dé thay do ¢ chi phu thudc vao
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s6 luong bd xur Iy va sd luong bang nhé |. Hiéu
qua sé€ tang cham khi tang T. va | trong khi duy tri
p =0,5. Véi q cb dinh, viéc ting gip do6i Tc, dé
duy tri hiéu ning bang cach ting gip doi sé luong
bang nhd hodc giam di mot nira s lugng bo xir 1y
(trong Gmg giam 1/2 s6 dong tham chiéu).

e e

S < \\ RN
N \\\\ \
AN

SEEERNENN
JHN

1 © 5 q T

Hinh 5. Sy phu thudc ciia E theo chu ky vit Iy
ciia mé dun nhé Te khi m thay doi

a)
a)
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Hinh 6. Bé thj ciia E theo s6 luong tham chiéu n

Néu kich thudc hang doi 16n, thoi gian
chd ghi vao bd nhd s& 1au va cac ludng tham

chiéu khac c6 thé doc nham dir liéu.

1.0

0.8 / = -y

06 | ¢ ——m=6
—a— m=4|

0.4 — — m:g
—m=

————
0.2 —
0.0 - Te
1 5 10 15 20 25 30 35 40 45 50

Hinh 7. Bé thi ciia E theo m chu ky vdt Iy mé dun

nhé Te khi giit ¢6 dinh p= 0,5

Vé6i mot hé thong gdm c6 n ludng tham
chiéu, | bang nh¢ I6gic, Ti=1, m= 4+ 6 va q=1.0
(tai day du). Pé hiéu nang E > 0,90 véi £ <01,
v6i m =2, can chon p <0,2. Khi tang T, ching
¢6 tac dong 1am ha thap hiéu niang toan phan, dé

duy tri hiéu ning can giit p < 0,5.

Nhan xét: So sanh hi¢u nang cua mo hinh
hién c6 va mo hinh cai tién ta théy: Tir cac d6 thi
khéo sat, danh gia hi¢u nang, trong hinh 4 vdi
truong hop m = 0 (nghia 1a m6 hinh khéng c6 bd
dém kich thuéc hang doi m, mo hinh truyén
thong) c6 hiéu nang thap hon nhiéu so véi khi c6

bd dém kich thudc hang doi m cu thé m =2 (mo
hinh cai tién dua bo dém kich thudc hang dgi m vao
hé théng).

Twong ty nhu vay tir cic dd thi hinh 5, 6,7
ta nhan thiy v6i m = 0 thi hiéu ning déu thip hon
S0 Vai trudong hop m # 0.

5. So' @0 nguyén ly diéu khién toi wu theo tham
s6 m

Phan khao sat d3 chi rd duoc mbi quan hé
dinh lugng giita hi¢u nang E voi kich thudc hang
doi. Tuy nhién E con phy thudc vao mat d6 ludng
tham chiéu theo thoi gian (do tham s6 n khong 1a
hang s6) nén can mot co cdu diéu khién kich thudc
m cua hang dogi trong mbi quan hé véi mat do
ludng tham chiéu. Co cdu nay duogc thiét ké nhu
sau: coi co cdu hang doi nhu mét cau trac FIFO
thi phuwong phap tai cu trac FIFO theo tham sb
kich thudc m d& dang thuc hién rat nhanh duoc
bang cong nghé FPGA. Trong trudng hop kich
thude bd FIFO biang m >1 (hinh 8a) s& sir dung
FPGA theo phuong thirc Hinh 8b.

Trong ciu tric nay khdi “Tin hiéu diéu
khién cho FPGA” vé ban chit 1a co cu phét hién
ludng tham chiéu va tinh mat d6 trung binh theo
thoi gian dé ra quyét dinh 1a can hang chd kich
thude m bao nhiéu 14 t6i vu. Co cdu chip hanh s&
lap trinh dé tai kién triic cho FPGA cho phu hop.
Bing cach do ta tiém can dugc hé thong thich nghi
theo mat do ludng tham chiéu.

6. Két luan

- Bai bdo da tim ra va chung minh dugc mo
hinh toan hoc tham chiéu b nhé ding chung
trong h¢ xur 1y song song da CPU.

- Xay dung duoc hé thong diéu khién téi uu
theo tham sb kich thuéc hang doi m. Tap hop céac
két qua thu dugc cua bai béo dugc sir dung nhu
mdt cong cu hd trg cho viée thiét ké tdng hop cac
hé xtr 1y song song da CPU chuyén dung, dap trng
yéu cau thue tién.

Qn
A A Q A £
= 53¢ > gL > —> 5 ——>
= = 8 Dn o=
- Q2
A A A
Nhip Clock dua s6 liéu vao
a)
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