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TOM TAT
St dung 1y thuyét mach khoa (Switching Theory) dé tham dinh kha ning giam tré thao tic trong
Pipeline chirc ndng dat mirc cuc tiéu (Minimal Latency - ML), bai bao d& xuit phuong phap tai
céu hinh Pipeline bang phuong phap phan hoach ¢6 str dung cong ngh¢ FPGA dé thlet 1ap cau hinh
nhanh ap dung trong thiét ké cac hé xir Iy song song chuyén dung nhiam nang cao tdc do tinh toan.
Tir khéa: Piéu khién tai kién triic Pipeline, ndng cao toc do tinh todn, cong nghé FPGA, xir Iy
song song.

DAT VAN BE dén nhi¢m vu tao h¢ c6 kha nang xt 1y tham
Nhiéu khi tai chién déu 12 nhimg ddi tuong rt S0 song song, cu thé tir thao tac noi ticp nhu
phtrc tap, nhu nhiing hé thong vii khi ¢ diéu h?{,lh la phai chuyén thanh hé song song trén
khién, tdm xa, kha ning sat thuong 16n, gia kién trac Pipeline nhu hinh 1b [2,3].

thanh cao [1]. Chung la sy tich hop cua cac hé Vi phuong phap nay, sau n nhip clock dau
co, dién, dién-dién t, dién tu-tin hoc... voi tién thi cir mdi phép xir 1y tiép theo chi can
nhiéu tham s6 k¥ thuét co mbi quan hé phl’Ic dang 1 chu ky clock. Do vay tdc do xtr 1y vé
tap pha anh tinh san sang chlen dau. Khi can
giam sat, klem tra cac tham so cua cac khi tai
nay thi yéu ciu phai c¢6 du sé lugng miu tai
bat cir thoi diém nao dé phén tich tinh ning
ky, chién thuat theo thuét toan. Diéu nay dan

mit nguyén tic s& ting 1én n lan. Noi dung
chinh ciia bai bao 1a 1a tong hop kién tric
Pipeline t6i uu bang phuong phap tai kién
trc theo chuén do tré tbi thiéu.
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Hinh 1: a)Thao tic néi tiép;  b) Thao tdc song song trén kién triic Pipeline.
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PHUONG PHAP MO TA HOAT PONG CUA PIPELINE
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Hinh 2: Pipeline va bang gidi han Reservation tuong g

Bang gidi han Reservation [4] duoc su dung
dé mo ta hoat dong cuia Pipeline. Mdi tang
cua Pipeline dugc mo ta trong mot hang, mdi
hang duogc chia thanh nhiéu cot, mdi cot duoc
thuc hién trong mot chu ky dong hd. Hinh 2
1a chu trac Pipeline minh hoa va bang gidi
han Reservation ctia no, tai mot thoi diém t;
néu co thao tac dién ra s& dugc danh dau (A
cho chtic nang thtt  nhét, B cho chuc ning
th hai).

Nhip tré Latency dugc dinh nghia 1a sé don vi
thoi gian gitta hai su khéi dau doc lap.

Danh siach cdm: MObi bang gi6i  han
Reservation v&i 2 hodc nhiéu diém X trong
mot hang s€ c6 1 hoac nhiéu nhip tré bi cAm.
Danh sach cAm F 1a mot danh séch liét ké cac
sd nguyén twong g v6i nhip tré bi cAm. Véi
pipeline, s6 0 ludn ludn duge coi 1a mdt nhip
tré bi cAm.

Vécto xung dot: Mot vécto xung dot 1a mot
chudi s6 nhi phan c6 chidu dai N+1, v6i N 1a
nhip tré cam 16n nhat trong danh sach cdm.
Vécto xung dot khoi dau C(cn, Cpa,...Cr, Co)
duoc tao thanh tir danh sach cAm F.

Graph trang thdi: Bao gdm cac trang thdi c6
thé co6 coa mot Pipeline. Nuat graph chira
vector xung dot. Nhanh graph la céc cung
dinh hudng, di ra tr nat i, di vao nat khac i
hodc chinh nut i theo ludt “OR voi véc to xung
dot khoi dau .
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Tiéu chudn MAL: MAL 1a d6 tré trung binh
t6i thiéu (Minimum Average Latency) cua
Pipeline cling 1a ti s6 nho nhat cta tong do tré
/ tong s6 cung graph.

TONG HQP PIPELINE THEO TIEU
CHUAN DO TRE TOI THIEU ML

Co s¢ tong hop: Cian ct 1y thuyét mach khoa
(Switching theory) [5,6], ta c6 thé biéu dién
mét phan hoach 2 16p cho mot ham logic bat
ky F(X1, X2,..., Xm) nhu sau:

F(X1, X2,y Xm) = @, (@, (Y1, Youues ¥s)s 21, 2oy .-,
z,), 6 day {X}= (X1, X2, Xm), {YI= (Y1, Y2u-es
¥s ), {Z}= (21 22,.., z) va{Y}AZ}={X}.

Bay gio mo rong cho truong hop F suy bién,
tie 14 c6 hodi tlep tir ddu ra cla mdi ham co
ban. Hon nita néu ham hoi tiép 1a tuyén tinh,
thoa man diéu kién @, ({V}) = ¢, ({V3}+ Ity),
voi {V}= (vq, Vo,..., k), 1 =0, 1, 2..., to la nhip
ddng bod cua hé thong, luc do6 ta s€ co quan hé:

F(Xli X2y Xm) = §0n( @0, (@ ({Xa} ¢17 (/72

’gon) ¢2 " q)n) ¢n) Odaytap hO’p ham
(0, la cdc ham co ban rang budc chit, tirc 1a

ching ¢ chirc nang khong ddi con tap hop
ham (p c6 rang bugc khong chat. Diéu nay
dan toi ket luan 14 néu thay d6i cau triic ham
(DJ s€¢ cho phép tao ra cac chirc ning khac
nhau trén cung mot cau trac tp hop ham co
ban. Mot phan hoach t6t 1a coi cac @, 1a cdu
trac chirc nang cb dinh (twong dwong nhu cac
tang cua Pipeline chirc ning) con céc goi* la
cic bd dém FIFO (ludn ludén thoa mian didu
kien @ ({V}) =¢,{V}+ It), c6 kich thuée
tuy bién dé twong thich véi chirc ning tht i
ctia h¢ thong (Hinh 3).
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Hinh 3: Phdn hoach ham logic theo kién triic Pipeline chirc ning

Pé xac dinh cac dic tinh cua bang gidi
han Reservation nham dat dugc do tré tbi
thiéu mong mudn, chung ta dinh nghia céc
thong sb sau:

Lc 1a chudi nhip tré: 1a chudi thoi gian giita
di liéu lién tuc dugc dua vao pipeline. Vi du
voichukyC=(2)thiLc=2,2,2,2, ...

lc 1 chudi thoi gian khoi dau: 1a thoi gian bat
dau cho mdi dir liéu. Phan tir thir i (i>0) trong
chudi 1a thoi gian bit dau cua dir liéu khoi
dau thtr i, do d6 né bang téng cua cac do tré
ctia cac khoi dau truée do. Trong vi du nay,
vOi Le nhu trénta cé: 1c =0, 2,4, 6, 8, 10, ....
Gc 1a tap hop khoang thoi gian khoi dau: 1a
tap hop cac khoang thoi gian riéng biét gitia
cac thoi diém khoi dau. Ge = { t; - t;, voi moi
i>j}, trong d6 t; va t; 1a phan tir thi i va thi j
trong chudi thoi gian khoi dau, nhu vi du trén
€0:Gc=2,4,6,8, ...

Chu y rang Gc xac dinh dic tinh ma bang gidi
han Reservation phai c6 dé dua ra chu ky C.
Néu mot ) nguyén i nam trong Ge, bét ky
mot bang gidi han Reservation nao dua ra chu
ky C ciing khong thé c¢6 hai diém x trén bat ky
1 hang nao c6 khoang cach bang i don vi thoi
gian (xung dong hd).

Hc 1a tap hop cac khoang thoi gian chip nhén
duoc dugc goi la phém bu cua G¢c (nghia la
Hc = Z — Ge, trong d6 Z 1a tap hop tat ca cac
s nguyén dwong). Véi chu ky chung ta da
duara: Hc = 0, 1, 3, 5, 7,...Vi vay, bat ky
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bang gidi han Reservation nao dua ra chu ky
C phai c6 cic diém danh dau x c6 khoang
cach cho phép nam trong He. Nhu vdy Hc
cho thiy khoang cach cho phép giira cac diém
x. Noi mot cach khac, néu bang han ché co
danh sach cam F, thi chu ky C 1a hop 18 néu:
FCHchOé’lCFﬁGC:O.

Vi tap hop Hc 1a vo6 han nén kho xir 1y tryc
tiép. Nhu vay, can gi6i han n6 bang cach tinh
Hc (mode p), trong do6 p 1a khoang thoi gian
ctia chu ky C, d6 chinh 1a téng cac nhip tré.
Pay la sy phan loai chinh xic tit ca cac
khoang thoi gian cho phép vi chudi do cdm
lap lai véi khoang thoi gian p. Xét vi du da
dua: He (mod 2) = {0,1}.

Pé kiém tra hoic xdy dung bang gidi han
Reservation, phai st dung dinh ly va dinh
nghia sau [4]: Hai s nguyén i va jeZ, trong
do Z, 1a tap hop tat ca cac s6 nguyén nho hon
p, 1 twong thich dbi véi He (mod p) néu va
chi néu |i-j | (mod p)eHc (mod p). Mot tap
hop duoc goi 1a 16p twong thich néu mdi cip
phan tr ctia n6 14 twong thich.

Tu d6 tiéu chudn ML dugc xac dinh cho ciu
trdc bang han ché véi chu ky C phai c6 cac
hang véi cac diém x tai cac thoi diém sau: z; +
I1*p; zp + ix*p...trong d6 {z, z, ...}1a 16p
twong thich cia He (mod p) va iy, i,... 13 cac
s6 nguyén tuy y.

Sir dung dinh 1y nay téi vai 16p twong thich dé
xdy dung lai bang gidi han Reservation tic la
tai kién trac cdu truc cua Pipeline.
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Bay gio ta xét tiép Pipeline ¢ chirc ning nhu dugc mo ta trén hinh 4.

to t t s ty ts

Téng 1 X X

Téng 2 X X X

Tang 3 X
F=(0,1,2,5)
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Hinh 4: Kién triic Pipeline va bang gi6i han Reservation ciia Pipeline chirc ning

Xét Pipeline trén, c6:Lc=3,3,3,3, ...,Ic =
0,3,6,9,12, 15, ....

Ge={ti—t, voimoii>j} =3,6,9,12, ..., Hc
=Z-G¢c=0,1,2,4,5,...

Hc (mod 3) = {0, 1, 2}.

Tir d6 tiéu chudn ML cho Pipeline trén dugc
xac dinh cho bang han ché véi chu ky C ¢o
céc diém x trong moi hang phai xuat hién &
cac thoi diém z; + i1*3; z, + i,*3... trong do
{z1, 2, ...}1a 16p tuwong thich cua He (mod 3).
Hang thir hai ciia bang han ché ban dau c6 hai
diém x tai thoi diém 1, 2 va 3. Dé vi trf cla
céc diém nay phu hop véi 10p twong thich {0,
1, 2} thi vi tri cac diém phai twong ting voi
cac thdi diém z, + i1*3; 2, + i,*3; 23 + i3*3
(trong d6 z; = 1, z; = 2, zz3= 0 1a 16p tuong
thich ctia He (mod3)). C6 thé thiy rang diém
x déau tién (vi tri 1) phtthop (vizy +i1*3 =1+
0*3=1), diém x th{r hai (vi tri 2) phu hop (vi
Zy + i*3 =2+ 0%3 = 2), diém x thu ba (vi tri
3) phu hop (vi z; + i1*3 =0 + 1*3 = 3). Nhu
vy chung ta khong can tri hodn cac diém x.
Dbi voi hang thir nhit, kha ning tuy chon cao
hon vi chi ¢6 2 diém x nén chi can kiém tra
diéu kién tuong thich v6i He (mod 3), cu thé
diém x dau tién (vi tri 0) phu hop (vi z1 + i,*3
= 0 + 0*3 = 0), diém x th{r hai (vi tri 5) phu
hop (vi z + i1*3 =2 + 1*3 = 5. Pbi véi hang
thir cudi, khong can thay doi. Két qua 1a cdu
tric nay da thoa man tiéu chuan ML.
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KET LUAN

Bai bao khing dinh kha ning ludn tim duoc
mot cau tric Pipeline cho phép thoa man tiéu
chuin 46 t& tdi thiéu ML (Minimum
Latency) bang quy trinh tong hop: Xuét phat
tir vécto xung dot gbe Cq cuia Pipeline d& dang
xac dinh cac thong $6 Le; Ic; Ge; Hc, tir d6
xac dinh 16p tuong thich cua He(mod p): Zp =
{z1. 7,...zi < p}. Can cu vao 16p tuong thich
vira tim dwogc, xac dinh lai vi tri cac diém
danh dau trén bang Reservation sao cho phu
hop vaéi quy ludt z; +iy*p; 2, + i,*p....

Khi tiéu chudn ML (Minimum Latency) dugc
xac lap thi Pipeline thao tac dat tbc do cao
nhat. Mat khac do c6 cdu tric tdi gian nén do
tin cdy chung cta ca hé thong dugc cai thién.
Két qua nay di duoc ap dung cho khau thiét ké
t6 hop kiém tra tham s6 khi tai chién ddu X35E.
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A CONTROL METHOD OF RECONFIGURATION FUNCTIONAL PIPELINE
STRUCTURES ON THE MINIMUM LATENCY STANDARD
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By using switching theory to make a valuation of the ability to reduce delays in pipeline operations
achieving the minimum latency (ML), the paper proposed a Pipeline reconfiguration method via
the partition using FPGA technology to get/have quick configuration, applied in the design of a
dedicated parallel processing with the aim of improving the computational speed.

Key words: control of reconfiguration functional pipeline structures, improve the computational

speed, FPGA technology, parallel processing.
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