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MOT PHUONG PHAP DIEU KHIEN TAI KIEN TRUC PIPELINE CHlTC NANG 
THEO TIEU CHUAN DO TRE TOI THIEU ML 

Chu Due Toan , Tr inh Quang Kien", Pham IVIinh To i " , 
Hoang Thj Phuong^, Pham Xuan Bach^, Vu Anh Tuan^ 

' Trucmg Dai hoe Dien lire. ' Hoc vien Ky thudt Qudn su: 
"* Tru&ng Dgi hoc Sir phgm Ky ihudl Sum Dinh. 
Tru&ng Cao ddng Kinh le - M' thudt cdng nghe 

TOM T A T 

Su dung ly thuyet mach khda (Switching Theory) de thSm dinh kha nang giam tre thao tac trong 
Pipeline chirc nang dat mirc cue tieu (Minimal Latency - ML), bai bao dJ xuit phuong phap tai 
cau hinh Pipeline bang phucmg phap phan hoach cd sir dung cong nghe FPGA d̂  thiet lap ciu hinh 
nhanh ap dung trong thiet ke cac he xir ly song song chuyen dung nham nang cao tdc do tinh loan. 
Tir khoa: Dieu khien ldi kien triic Pipeline, ndng cao tdc do linh loan, cdng nghe FPGA, xir ly 
song song. 

DAT VAN DE 

Nhieu kki tai ckien dau la nkung ddi tirgng rat 
pkuc tap. nhu nkung ke tkong vu kki cd dieu 
kkien, tam xa, kha nang sat thuang Idn, gia 
thanh cao 11 ]. Chirng la su tick hgp ciia cac ke 
ca, dien, dien-dien tî r. dien tii-tin kgc... vdi 
nkieu tkam sd ky thuat cd mdi quan ke pkirc 
tap phan ank tinh san sang chien diiu. Kki can 
giam siil. kiem tra cae tkam sd ciia cac kki tai 
iiiiy thi yeu cau pkai cd dti sd lii'gng mau tai 
bilt cir thdi diem nao de pkan tick tinh nang 
ky. chien thuat theo thuat loan. Dieu nay dan 

den nhiem vu tao he ed kka nang xii ly tkam 
sd song song, eu tke tir tkao tac ndi tiep nku 
kinh la phiii chuyen thanh he song song tren 
kien true Pipeline nku kink I b [2,3]. 

Vdi pkirang pkap nay, sau n nhip clock dau 

tien thi cir mdi phep xir ly tiep theo chi can 

dimg I cku ky clock. Do vay tdc do xu ly ve 

mat nguyen tac se tang len n lan. Ngi dung 

ehinh ctia bai bao la la tdng kgp kien tnic 

Pipeline tdi uu bang pkirong phap tai kien 

tnic tkeo ckuan do tre tdi thieu. 
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Hinh I: a) Thao ldc ndi ttep: h) Thao tdc song song Iren kien Iriic Pipeline. 
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Hinh 2: Pipeline vd bang gidi 

Bang gidi kan Reservation |41 duoc sir dung 

de mo ta hoat ddng cua Pipeline, Mdi tiing 

cua Pipeline dupc md la trong mtii hiing. mdi 

kiing dupe chia thimh nliieu cdt. nidi cot dutic 

tktrc kien trong mdt cku ky ddng kd Hlnk 2 

ki ciu ti'iic Pipeline mink kpa \ii bang gitii 

kan Reservation cua nd. tai unit tlidi diem 1, 

neu CO thao lac dien ra sc duoc diiiik diiu ( \ 

cko chuc niing thir nhiit. B cko cktrc lumg 

tku kai), 

.\'/);/) tre Iaieitcv diroc dink ngkia la sd don vi 

lluii gian giira hai su khai diiu dtic liip. 

Danh sdth cam: Mdi bang gidi kan 

Reservation voi 2 koilc nkieu diem . trong 

mdl kiing sc cd I lioiic nhieu nhip lie bi cam. 

Danh siicli cim /•' lij mdt danh siich liel ke cic 

sd nguyen lutTiig tnig voi nhip O'e hi cam. \ tVi 

pipeline, sd 0 ludn ludn duoc coi la ludl nhip 

Ire bi Ciim, 

I'ccio Xling diil: \ltit vccto xung dot la mdl 

cliudi sd nlii pkiin cd ckit;u dai N * 1. vdi N lii 

nhip U'i cam kin nhat trong dank sack eiim. 

\ ccto xung ddt klioi diiu Cic,.. c„ |.. C;. c ) 

diitvc tati tkank tu danh s.ick ciini F. 

(irapit ngng thai: Bao gdm cic trang tkai cd 

tke cti cua mgt Pipeline. Nut graph cluia 

vector xung dtit. Nkiink grapli la eae eung 

dink huong. di ra ttr mit i. di vao ntii kkiic i 

koi3c cliink nut i tkeo luat "OR vrri vcc ta xung 

dot kitot ddu 

26 

hun Reservulion lirong irng 

Tieu chudn M.M: \ l \L la do tre tiung binh 
tdi tkieu (Minimum \vciage Latency) cua 
Pipeline ciing la ti so nko nhiit eua tdng do ire 
/ king sd cung graph. 

lONG H(,)P PIPIT.INT: T H E O TIFU 

C H U A N D O 1 RT "TOI THIEU ML 

C<r sir long hop: Can cti ly thuy el mack kkoa 
(Switeking tkeory) 15.6]. ta cd tke bieu dien 
mdl pkiin koaeh 2 ldp eko mdt kiini logic biit 
k.v /•( V|. .V' v,„) nhu sail 

/ i v , . V. V,,,) - (.i,((/J,Ci|. IS, .,. K k r , , . - . 

.-,), odiiy | , \ } - (.v,.,v: v,„), {\] O'l-''^ 
v.), 1/ f=(--|,_-, -,) \a l>"lt . ; ; / | \\]. 

Bay gig nio' rgng eho trudng kgp P suy bien. 
tire la ed hdi tiep tiJ diiu ra cua mdi kam co 
ban. Hon nua neu kam kdi tiep la tuv en link, 
tkoa man dieu kien C, (I U|) = (T), ( | ' I * /'i4. 
vdl { T\ - (V|. v̂  I'k )- / = 0. 1.2 ,. /ii la nhip 
ddng bd eua ke tkong. ltic dd ta se cd quan he 

/•lv|. _ .v;.,,,_. v,,,) '/',^(...V:(|/'|(',Xl|. 
tp',. cp, -...(pi I. o..... (^„). ^„ ) . d clay tap hgp 
ham cp^ la eac kam co ban rang huge ckat. tire 
la ckiing co ehirc nang kkdng ddi cdn tap hgp 
kam (ft ed rang huge kkdng ckiit, Dieu nay 
diin tdi ket luan la neu thay ddi ciiu tnic ham 
(p^ sc cko pkep tao ra ciie ehirc niing kliac 
nkau tren cimg mot ciu li'uc liip ktip kam co 
ban. Mot pkiin koach itil la coi ciic ^, ki ciu 
true cliiic nang cd dinh (tirong dirtuig nlur cac 
tang cua Pipeline chuc nang) cdn cac (ft, la 
eae bd dem FIFO (ludn ludn thoa man dieu 
kien i^ , ' ( | r j ) = ( 9 ( | U | * //,,). co kick thudc 
tuy bien de tuong thich vdi chire nang thii i 
cua he thdng (Hinh 3). 
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Hinh 3 Phdn houch hum logic 

De Xiic d inh cae dijc t ink cua bang g id i 

kiin Reservat ion nki im dat dugc do tre tdi 

tki t iu mong mudn, ch img ta dink nghTa cac 

ikdng sd sau: 

I.î  lil ekudi nkip tri i : la ckudi t l idi gian giua 

dli lieu liijn tue dirge dua viio pipeline. V i du 

vdi cku ky C (2) thi L f - 2. 2. 2. 2. ,., 

k la ckudi ikd i gian kkt i i diiu: la t l idi gian bat 

diiu cko mdi diT lieu. Pkiin ttr thir i ( i>0) trong 

chudi la tkoi gian biit diiu cua dfr lieu kkdi 

diiu tkir i, do dd nd biing tdng ciia cac dp Ire 

eua c ic kkti i diiu trutic dd. Trong \ i du miy. 

\ o i 1 , nku iren ta ed: \^ -~ 0. 2. -L 6. 8. 10 

G, lii liip kpp kkoang t l idi gian kkoi diiu: lii 

liip Iltip Ciic kkoang IktVi gian rieng biet giua 

cac l l idi diem kkoi diiu. G^ , 1 , t,. vdi mgi 

i ' - j l . ti'oiig dd t, Vii t, la pkiin tu tk i i i vii tkiVj 

trong chudi t l idi gian kktVi dau. nku \ i du tren 

ed:Ge = 2 . 4. 6. 8. ... 

Ciui y riing Gi xac dinh diic tink ma biing git i i 

kiin Reservation pkai cd de dua ra cku ky C. 

Neil mtit so nguyen i niim trong Gc. biit k\ 

mdl bang gioi kan Reservation ntio dira ra cku 

ky C Cling kkdng the ed hai diem x tren bat ky 

I hiing nao ed khoang ciieli bang i don v i thai 

gian (xung ddng kd). 

I ll ki liip kgp ciie kkoang ikdi gian ckiip nhan 

tlirge dutre ggi lii pkiin bii ctia G( (ngkia la 

I It / ( ic . l iong dd / ki Uip ktrp tiit ea ciic 

sd iiLiuven dirong) \ ' o i cku ky ekirng ta da 

dua ra I I , - 0. I. T 5. 7.. ,V i viiy. biit ky 

theo kien iriic Pipeline chirc ndng 

bang gidi han Reservation nao dua ra ehu ky 

C phai ed cac diem diinh diiu x cd kkoang 

cack cho pkep niim trong H^-. N k u viiy H^ 

cko tkay kkoang cAck cko pkep giiTa cac diem 

,̂  Ndi mpt cack kkac. neu bang kan eke ed 

dank sack cam I , thi chu ky C la hop le neu: 

F c Ht hoac F n G( = 0. 

Vi tap kpp H(_ la vd han nen khd xir ly true 

tiep. Nlur viiy. can gidi kan nd bang ciich tinh 

He (mode p), ti'ong dd p la khoang thdi gian 

cua cku ky C, dd chink la tdng eae nkip tre. 

Day la sir pkiin loai ckink xac tiit ca cic 

kkoang tht'ii gian cko phtip vi chudi dp cam 

lap lai \ t i i khoang thdi gian p, Xet vi du dii 

dira: I k (mod 2) | 0 , l } , 

De kiem tra koac xiiy dung bang gidi ban 

Reservation, pkai su dung dink ly va dink 

ngkia sau [41: Hai sd nguyen i va J G Z , , trong 

dd Zp la tap kgp tiit ca cae sd nguyen nhd kon 

p. la tuong tkick ddi vdi Fl^ (mod p) neu vii 

ehi neu ' i-j ! (mod p)eH(. (mod p), Mdt tap 

hgp dirtye ggi la ldp tuang thick neu mdi ciip 

pkan tu cua nd la tirong tkick, 

T u dd tieu ckuiiii M L dupe ,xae dink cko eau 

tnic bang kan eke vti i cku ky C pkai cd eac 

kang Vtii eae diem x tai cae tkdi diem sau: z, -i-

i i *p ; z: ^ i:*p,,,,ti-ong dd {z,. zi . . . } la Idp 

tirong thick eua Ht (mod p) va i,. i i . . . la eac 

sd nguyen tuy y. 

Su dung dink ly nay ldi vai ldp luting tkick dc 

,xay dimg lai bang gidi ban Reserviition lire la 

lii i ki<}n tnic c i u triie eua Pipeline, 
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Biiy gid ta xet tiep Pipeline cd chirc nang nhu dugc md ta tren hinh 4. 
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Hinh 4: Kien tnic Pipeline vd bung gidi 

Xet Pipeline tren, ed: Lc = 3, 3, 3, 3 

It = 0 . 3 , 6 , 9 . 12. 15 

Gc = { t, - t j , vdi mgi i>ji = 3. 6. 9, 12 

TU = Z - G c = 0. 1.2. 4.5. . . . 

lU (mod 3)= {0. 1.2}. 

Tu dd lieu chuan \11. cho Pipeline tren dirge 
Xiic dinh cko bang han che vdi cku kv C cd 
Ciic diem x trong mdi kang pkai xuat hien tV 
eae tlidi diem z, + i,*3; ẑ  + ii*3.. . trong dd 
{Z|. Zi ...}la kip tirang thick cua He (mod 3). 
Hang tkir hai ctia bang han eke ban dau cd kai 
diem \ tai tlidi diem I, 2 vii 3. De vi tri eiia 
cae dit;in nay phii kcrp vtii kip tirong tkick {0. 
1.2} tki vi tri cac diem phai tirong iJng vdi 
Ccie tkdi diem z, - ii*3; Z: + i2*3; z-, + i-i*3 
(trong dd z, = 1. Z: = 2 . z-, = 0 la lap tirong 
tkieh ciia He (mod3)). Cd the tkiiy rang diem 
X diiu lien (vi tri I) phii kijp (v i z, -̂  i,*3 = I + 
0*3=1). diem x thu hai (vi tri 2) phii hgp (vi 
z, * i-'3 = 2 + 0*3 = 2). didm x thir ba (vi tri 
3) phli htTp (vi z, + i,*3 = 0 + I *3 = 3). Nku 
vay ckiing ta khdng can tri hoan cac diem x. 
Ddi vdi hang thu nhat. kha nang tuy ehgn cag 
kon vi cki cd 2 diem x nen cki can kiem tra 
dieu kien tirang tkick vdi He (mod 3). cu tkS 
diem x dau tien (\ i tri 0) pliii hgp (viz, + i,*3 
= 0 + 0*3 = 0). diem x tkir kai (\ i tri 5) phii 
ktip ( v i z , * i.*3 = 2 ^ 1 *3 = 5. Ddi vdi kang 
tku cudi. khdng can thay ddi. Ket qua la cSu 
tnic n;iv da thoii man tieu chuan ML, 

hgn Reservation cuu Pipeline chirc ndng 

KET LUAN 

Bai bao khang djnh kha nang ludn tim dirge 

mgt eau tnic Pipeline cho phep thoa man tieu 

chuan do Ire tdi thieu ML (Minimum 

Latency) bang quy trinh tdng hop: Xuat phal 

ttr V ectp xung dot gdc C„ eua Pipeline de dang 

xac dink cac tkong sd he k ; G^; H(. tir dd 

xac dink ldp tirang thick eua H( (mod p): Z,. -

{z, Z1...Z, < p). Can cu viio Idp tuong thich 

vira tim duge. xac djnh lai vi tri cac diem 

dank dau tren bang Reservation sao cko phii 

hgp vdi quy luat z, +i|*p; Zi + i:*p.... 

Khi tieu chuan ML (Minimum Latency) dugc 

xac lap thi Pipeline thao tac dat toe dp cao 

nkat. Miit kkac do cd cau triie tdi gian nen do 

tin ciiy chung cua ca he thdng dugc cai ikien. 

Ket quit nay da dugc ap dung cho khau thiet kc 

td hijp kiem tra tham sd khi tai chien dau X35E. 
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A CONTROL METHOD OK RECONFIGl RATION FUNC FIONAI. PIPELINE 
STRUCTURE.S ON THE MINIIVIUIV1 EA FKNCA STANDARD 
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By using switching theory lo make a valuation olthe abilily lo reduce delays in pipeline operations 
achieving ihe minimum lalencv (ML), the p.ipci proposed a Pipeline rcconllguruiion method via 
the pariilion using 1 P ( ; A technology lo gel have quick coullguration. applictl in the dcs,g,i of i 
dedicaled parallel processing with the aim oTimproting the computational speed 
Key words, control ol reconfiguruttoti Innctional pi/'elitte sinninres, improre the compiilulionul 
specil. T'PG.I technology, purullelprocessing 
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