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TOM TAT LUAN VAN

Luan vin mo ta thiét ké mot cau tric tai ciu hinh ciu trdc thd tng dung cho xir
ly da phuong tién goi tiat la MUSRA (Multimedia Specific Reconfigurable
Avrchitecture). Cau tric nay duoc sir dung dé tang toc do tinh toan cho cac nhiém vu
tinh toan chuyén sau trong mot thuat toan bang viéc khai thac nhiéu mic co ché
song song trong mot thuat toan. CAu tric hd trg kha ning tai cAu hinh déng bang
viéc cho phép két cau phan cang tai cau hinh lai dé thuc hién cac chirc ning khac
nhau ngay ca khi hé théng dang lam viéc. CAu tric dé xuat duoc mé hinh hoa & mirc
truyén thanh ghi RTL (Register Transfer Level) s dung ngdn ngir VHDL. Mat vai
vi du benchmark ciing da dugc &nh xa 1én cau tric MUSRA dé danh gia do linh
hoat va hiéu ning cao ctia hé théng. Thiét ké da duoc md hinh hoa bang ngon ngi
VHDL (trong d6 RCA ciia MUSRA duoc thiét ké dugi dang RTL) va tién hanh mo
phong, so sanh véi cac phuong thic thuc hién khac. Céac két qua thuc nghiém chi ra
rang thiét ké dap ung duoc yéu cau co ban dit ra ban dau: nhu tang toc do tinh toan
cho cac vong lap; kha nang tai hinh linh hoat cac vong lap khéac nhau c6 thé sir dung
cho mot s6 phép toan thuong dung trong xir 1y da phuong tién trong truyén thong.
Céac module duoc tham s6 hoa, dé dang mé rong thiét ké theo cac phuong an két noi
khac nhau, trong d6 16i RCA ciia MUSRA dugc thiét ké véi kha ning co thé mo
rong kich thuéc theo ca 2 chiéu.



MO PAU

Ly do lwa chon dé tai

Xu huéng phat trién khoa hoc cong nghé nhirng nim qua chi ra rang cac thiét bi
di dong cam tay ngay cang tré nén thong minh hon, mat do tich hop céc tng dung
chic ning ngay cang cao hon. Cac thiét bi nay noi chung déu yéu cau kha nang xu
ly c4c chic nang tinh toan chuyén sau nhu truyén théng, chup anh, quay phim, xem
truyén hinh, dich vu dinh vi toan cau,... theo thoi gian thuc. Thuc hién phan cing
cho céc thiét bi nhu vay ludn 1a mot thach thirc d6i vai nha thiét ké boi cac yéu cau
khat khe nhu giam kich thudc va cong suét tiéu thy caa chip, ting hiéu nang xir ly,
rit ngan thoi gian thiét ké va trién khai san pham, don gian hoéa qua trinh nang cap
thiét bi sau ban hang,... Thém vao d6 kha ning hd tro da chuan (truyén théng hoic
ma hda) cua thiét bi ciing 1a yéu cau ngay cang pho bién bai n6 cho phép giam gia
thanh tich hop san pham ciing nhu cho phép khach hang cé thé nhan duoc nhiéu
loai hinh dich vu tir cac nha cung cép dich vu khac nhau trén cung mét thiét bi. N6i
chung, trong cac hé théng nhidng truyén thdng cé hai phuong phap chu yéu duoc st
dung cho viéc thyc thi mét chie ning mong mubn. Mot phuong phép 12 sir dung
cac vi mach tich hgp chuyén dung ASIC (Application Specific Integrated Circuit).
Phuong phap thir hai 1a sir dung céc bo vi xt ly (Processor) cé thé 1ap trinh bang
phan mém. Tuy nhién, ca hai phuong phap trén déu khong thé thoa man duogc tat ca
c4c yéu cau nhu chi ra ¢ trén trong viéc thyc thi cac ung dung da phuong tién thé hé
tiép theo. Mot giai phéap rat hira hen cho viéc giai quyét van dé néu trén 1a cac hé
thng tinh toan cé thé tai cau hinh (Reconfigurable Computing System)[1]. Biém
khac biét quan trong caa mot hé théng nhu vay véi cac hé thong xir 1y thong thuong
la n6 st dung céac két cau phan cang co thé tai cau hinh (Reconfigurable Hardware)
cho viéc ting téc do thuc thi cac phan tiéu ton nhiéu thoi gian tinh toan trong mot
thuat toan. Phan cang c6 thé tai cdu hinh thuong duogc to chac thanh mot mang céc
don vi xtr ly c6 thé tai cdu hinh RPU (Reconfigurable Processing Units)[2]. Céc
chtc ning tinh todn chuyén sdu cta mot thuat toan cé thé duoc hoan chuyén vao
hoic ra khoi mang RPU hoic & thoi gian chay (tac sy cdu hinh dong) hoic & thoi
gian bién dich (tic sy cAu hinh tinh). Uu diém 16n nhat cia kha nang co thé tai cau
hinh dong hé thong 1a n6 cho phép ting mat do chirc nang hiéu dung cua céc ung
dung dugc anh xa 18n mot don vi tai nguyén phan cing[3]. N6i cach khac, k¥ thuat



nay cho phép hé thong xir 1y c6 thé thuc hién cing mot sé lwong ung dung véi
lwong tai nguyén phan cang it hon khi dung cac mach ASIC riéng biét. Viéc ting
mat do chirc ning cua phan cing dat dwoc bang viéc 1ap lich cac nhiém vu tinh toan
dé chia sé theo thoi gian cuing mot tai nguyén phan ciing gidng nhu viéc quan ly bo
nhé 4o trong may tinh. Pidu dic biét 1a sau khi mang RPU dugc cdu hinh cho mot
chtc ning nao d6 né s& hoat dong giéng nhu mot don vi phan cing chuyén dung
cho chirc nang d6. Vi thé, hé théng xu 1y str dung cac két cau phan ciing c6 thé tai
c4u hinh thuong dat duoc sy dung hoa giira hiéu ning tinh toan va tinh mém deéo.
Piéu nay la bai vi phan cing c6 thé tai cdu hinh két hop dugc kha nang 1ap trinh lai
sau ché tao (post-fabrication programmability) cua bo vi xir ly véi phong cach tinh
toan song song hiéu nang cao cia mot vi mach ASIC.

FPGA (Field-Programmable Gate Array) la thiét bi hd trg cac két ciu phan
ctring ¢6 thé tai cau hinh & mac 18i tinh (Fine-grained fabric). FPGA c6 thé duoc céu
hinh dé thyc hién hau nhu bt ky chirc niang phan ciing sé nao. Tuy nhién nhuoc
diém cua FPGA 1a kich thuéc, cdng suét tiéu thu va tré lan truyén cao[4]. Biéu nay
han ché kha ning (ng dung cia FPGA cho céc thiét bi cam tay. Nham vuot qua cac
gidi han caa cac bo vi xu ly va céc thiét bi co thé tai cau hinh I8i tinh (cu thé 1a
FPGA), cé4c cau trdc phan cang co thé tai cdu hinh dong 18i thd CGRA (Coarse-
grained Reconfigurable Architecteture) di dugc nghién ctru va phat trién. Céac cau
trdc CGRA thudng dugc dé& xuit cho mot mién ang dung cu thé ([5], [6] va [7]),
chang han céc ung dung xir Iy da phwong tién va truyén thdng, thay vi huéng tai toi
mét tng dung bat ky nhu FPGA. CGRA duoc st dung dé ting tdc do tinh toan cho
c4c nhiém vu tinh toan chuyén sau trong mot thuat todn bang viéc khai thac nhiéu
muc co ché song song nhu DLP (Data Level Parallelism), ILP (Instruction Level
Parallelism), TLP (Task Level Parallelism) trong mét thuat toan [8]. Cau trdc cua
CGRA ciing can hd tro kha ning tai cau hinh dong bang viéc cho phép két cau phan
cting tai cau hinh lai dé thuc hién cac chtic nang khac nhau ngay ca khi hé thong
dang 1am viéc. Bang viéc cau hinh dong lai phan cing nhu vay, nhiéu chtc ning
khac nhau duoc anh xa ti cing mot két cau phan cing, do d6 dan dén giam duoc
kich thuéde, gia thanh cling nhur cong suat tiéu thu cua ca hé thong.

Xuat phat tir thuc té néu trén, luan vin tap trung nghién cau véi dé tai “Mo
hinh héa mitcc RTL va thwc thi mang phan cing c6 thé tai cau hinh ciu tric
tho cho cac &wng dung xir ly da phwong tién”.



Muc tiéu dé tai

M6 hinh hoa & murc truyén thanh ghi RTL (Register Transfer Level) va thuc thi
mét cau tric phan cting c6 thé tai cau hinh dong 16i thd tng dung trong linh vuc xir
ly da phuwong tién, goi tit 13 MUSRA (Multimedia Specific Reconfigurable
architecture). MUSRA duoc str dung dé ting toc do tinh todn cho cac nhiém vu tinh
toan chuyén sau trong mét thuat toan bang viéc khai thac nhiéu mirc co ché song
song trong maot thuat todn. Céac phan tir xir ly ¢é thé duoc cdu hinh doc lap dé thuc
hién mot chirc ning tinh toan trén dit liéu cd dau hoic khong dau 16 bit. Cau tric
cia MUSRA ciing can hd tro kha ning tai cau hinh dong bang viéc cho phép két
c4u phan cung tai cau hinh lai dé thuc hién cac chtrc ning khac nhau ngay ca khi hé
théng dang 1am viéc.
Phwong phap nghién ciru

Pé thyc hién myc tiéu trén, phuong phap nghién ciru duoc sir dung gom:

- Phuong phdp nghién ciru ly thuyét: Nghién ciu tim hiéu céc ky thuat mé hinh
hda mot chie nang phan cing & miac RTL bang ngdn ngit mé ta phan cang VHDL
tir 46 nghién cau, hiéu rd cau tric mang MUSRA di duoc dé xuat bai nhom nghién
ctu ¢ PTN SIS, Truong PHCN-DHQGHN.

- Phuwong phdp thiét ké: Phét trién va md hinh hoé cau tric phan cang tai cau
hinh & mac RTL. Tong hop phan cang véi cong nghé FPGA, tién hanh danh gia
hiéu ning, gia thanh phan cang cia cau tric MUSRA.

- Phwong phdp mé phong va kiém chizng: Mo phong thiét ké MUSRA vai mot
s6 trng dung benchmark trén phan mém ModelSIM nham dénh gia kha ning tai cau
hinh linh hoat va hiéu ning cao cta cau trdc MUSRA.

- Phwong phdp kiém thuc: Kiém nghiém thiét ké trén nén tang vi mach FPGA.
Két cau luan vin
Noi dung luan vin duogc t6 chac thanh cac phan sau:

+ Chuong 1: Ly thuyét tong quan: gisi thiéu chung vé CGRA, dua ra phuong 4n

tiép can thiét ké he thdng CGRA tng dung xu 1y da phuong tién.

+ Chwong 2: Thiét ké chi tiét cia MUSRA: trinh bay thiét két chi tiét cua
cau tric phan cing c6 thé tai cau hinh MUSRA (bao gém cac khéi chic
ning, giao dién ghép ndi, mo ta chic nang hoat dong, ...).

+ Chwong 3: Két qua md phéng va thir nghiém: trinh bay phuong an mo
phong va danh gia MUSRA trén phan mém ModelSIM. Cac két qua mo



phong va mot sé danh gia ciing dugc trinh bay trong chuong nay.
+ K&t luan: Trinh bay wu, nhuge diém cua thiét ké, dwa ra cac két qua thu
duoc tir viéc thuc hién dé tai va phuong huéng phat trién tiép theo.
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CHUONG1: LY T THUYET TONG QUAN
1.1 Giéi thiéu chung

Khi xem xét mot ddi twong xir 1y dix liéu, néu nhin & mac hé théng sé& thay phan
ta xir ly dix liéu 1a cac bo xu ly, khdi DSP hoic 1a cac may tinh don 1é trong mot hé
théng 16n va phtc tap. Tuy nhién, néu trong qua trinh xem xét dbi tuong xu ly dit
liéu, ta quan tam t6i cac khoi tinh toan & muac thap hon, muc logic chang han, thi s&
thay cac phan tir xt ly dir liéu co thé 1a cac té bao logic (logic cell) ciu tric tinh
trong FPGA (Field Programmable Gate Array) hay cé4c té bao cau trac thd (nhu
ALU, bo nhan, ..) trong CGRA (Coarse-grained Reconfigurable Architecture). Mot
cach tong quan, cac khdi tinh toan & muc thap hon c6 thé dugc phan chia thanh 2
Kiéu cau tric co ban:

- Cau trac tap trung xu Iy dit liéu & muc bit: duoc goi 1a ciu trdc tinh (fine —

grained) (vi du cac chip FPGA cua Xilinx[9] hoac Altera[10])

- CAu trdc tap trung xu Iy dit liéu theo nhdm bit vai cac khéi chirc ning phuc

tap: duoc goi 1a cau truc thd (coarse — grained) (vi du [5], [6], [7]).

Vi mach FPGA [a mét kiéu tng dung pho bién, truc quan cho nguoi thiét ké
khi muédn str dung cau trdc tinh dé xay dung 1én cac thiét ké cia minh. Uu diém ndi
bat cua kiéu cau trdc nay la tinh mém déo va linh hoat trong thiét ké. Tuy nhién, vi
can thiép tgi mac bit, nén hé théng két ndi trén vi mach dang nay chiém mot tai
nguyén dang ké [4]. Piéu ndy 1a mot khé khin cho nhitng ngudi thiét ké khi phai
thiét ké va lam viéc trén cac ung dung yéu cau tdi uvu vé mit tai nguyén nhu: cac
thiét bi di dong. Nhugce diém thir hai caa cau tric dang nay 1a hiéu suat st dung
nang lugng bi giam néu so vai cac vi mach ASIC [4]. CAu tric tho ra doi la mot giai
phap cho van dé nay. Cau trlc dang nay vira dam bao dugc su linh hoat trong thiét
ké, vira giai quyét duoc bai toan téi wu vé tai nguyén va nang lugng. Phan tiép theo
s& trinh bay rd hon vé mit cau trdc tong thé cua mot cau tric CGRA da dugc nghién
ctiu trén thé gioi.

1.2 Cau tric CGRA

Ty ting huéng ung dung cu thé ma cé nhiing dinh hudng nghién ciu khac
nhau vé CGRA. C6 thé ké dén mét sb cau truc tiéu biéu nhu: Cau tric REMUS[5]
va ADRES[6]. Cau trdc ADRES (Architecture for Dynamically Reconfigurable
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Embedded System) két hop bo xir Iy VLIW va ma tran tai cdu hinh I8i thd vao
thanh mét cAu tric don trong d6 ma tran tai ciu hinh 15i tho dong vai trd nhu mot
don vi ddng xir Iy véi VLIW. Nguoc lai cdu tric REMUS-II (Reconfigurable
Muiltimedia System version 11) thiét ké CGRA nhu mot 13i IP dugc gin vao bus hé
théng cua bo xt ly. REMUS-II chta tir mot hoidc hai don vi xir 1y cau trdc thd c6
kha nang tai cau hinh dong mot mang cac bo vi xt Iy RISC ghép véi mot bo xir ly
ARM théng qua bus AHB. Viéc thiét ké CGRA nhu vay gidp REMUS dé dang st
dung lai trong cé4c hé thong khéc nhau.

Vé tong thé, ciu trdc chung cua CGRA thuong bao gdm mot mang cac phan tu
xt Iy PEA (Processing Element Array), cac bo diéu khién truy nhap truc tiép bo
nhé DMA vao/ra, bo nhé ciu hinh, bo nhé dit liéu va bo diéu khién cAu hinh nhu da
chi ra trong Hinh 1- 1. Chirc nang cta cac khdi co thé tom luogce nhu sau:

P! Input DMA Controller {——

PEA J

‘ Crossbar Switch |

Crossbar Switch

\ |
Context JConfiguration v Data
Memory “| controller [~ 7 |[PE] [PE| ... Memory

\ Crossbar Switch |
PE PE PE
-------
| Output DMA Controller

\ 4

L

Hinh 1- 1 C4u tric chung ciia mot mang phan cing tai cau hinh ciu tric thé.

- B¢ diéu khién cau hinh (Configuartion Controller) thuc hién chtrc ning nap
c4c thong tin cau hinh (context) tir bo nhé cau hinh, sau d6 giai ma ching
thanh cac thong tin dé thiét 1ap chirc ning cua cac khdi tai cau hinh. Thoi
gian can dé cau hinh cac khdi tai cau hinh goi Ia thoi gian cau hinh. Téi uu
hoéa thoi gian nay chinh 1a ddi twong chinh khi thuc hién thiét ké cac bo
phan tich ngir nghia cua thdng tin cau hinh. Mot vai ky thuat nhu ky thuat
nén context, k¥ thuat song song hoa hoat dong cta bo phén tich ngir nghia
context khi PEA thuc thi déu 1a nhiing k¥ thuat c6 thé gidp lam giam thoi
gian cau hinh khoi hién tuong qua tai.
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Mdng cac phan ti xi 1y c¢d thé tai cqu hinh (PEA) thuong dugc to chuc
thanh mot mang c6 quy tic cac khdi ¢ kha ning tai ciu hinh nhu 13 cac té
bao logic cd kha ning tai ciu hinh (ching han bang LUT (Look-up Table)
trong FPGA) hoic cac phan tir xir Iy ¢ kha ning tai ciu hinh (vi du nhu
PACT XPP-I11[7] hoic REMUS[5]). Céac khéi ciu hinh dugc két ndi véi
nhau théng qua mang dinh tuyén c6 thé tai cau hinh. Mang dinh tuyén nay
dugc thiét ké dwa trén ky thuat chuyén mach-mach (circuit-switching
technique) hoac ky thuat chuyén mach géi (packet-switching technique).
Cac tham sé quan trong cua mot PEA ¢ thé ké dén d6 1a cau tric két ndi
hinh hoc (topology), cau trdc muc I8i cia PEA (vi du 4-bit, 8-bit hay 16-
bit), cac PE c6 cau tric dong nhat hodc khong dong nhat, do sau cau hinh,
mo hinh thuc thi,...

B¢ nhé 1a thanh phan chinh caa bat ki hé théng xu 1y ndo. Cach té chirc va
dung luong cta bo nhg anh huong truc tiép dén hiéu nang, su tiéu thu cong
suat va dién tich chip ban dan dung dé thuc thi cua hé thdng can thiét ké.
Dic biét ddi véi cac tac vu tinh todn chuyén sau can thuc hién song song
mét s6 lugng I6n cac tinh toan thi thong luong truy xuat bo nhé thuong 1a
nguyén nhan gay nén tinh trang thit nat co chai trong hoat dong cua hé
théng. B6 nhé trung tam dua trén cac bus truyén thdng vé co ban khong
thoa man dwoc cac y8u cau vé bang thong truy xuat dir liéu cua céc hé théng
tinh toén tai cau hinh. Mét bo nhg duoc phan tan dya trén vi mang trén chip
(Network-on-Chip: NoC) cho phép nhiéu phan tir xir ly thuc hién truy xuat
doc/ghi b nhé dong thoi 1a mot giai phap hiéu qua cho van dé nay. Bing
thong thich nghi, cau tric hé théng bd nhg, va co ché truy xuat bo nhé 1a
cac van dé chinh khi thuc hién thiét ké bo nhé phan tan trén chip.

O day can lam rd sy khac biét gitta cau tric va nguyén tic hoat dong caa mot

CGRA va mot bo xir Iy da 18i. Trong cac bo xir Iy da 16i, moi mot 18i 1a mot bo xir
ly hoan chinh bao gém don vi diéu khién (control unit) va khéi xu ly dix liu
(datapath). Nguoc lai, m&i mot phan tir xu ly cia CGRA chi chita mot khéi xir ly dix
liu va toan bo PEA dugc trang bi mot don vi diéu khién dung chung. Piéu nay
gilp 1am giam su quéa tai khi trién khai don vi diéu khién. Cac thong tin cau hinh
dong vai tro nhu cac 1énh cta bo xir ly quy dinh hoat dong cuia CGRA. Thong tin
cau hinh chi ra cac hoat dong cu thé cua PEA (vi du hoat dong cua tirng té bao tai
cau hinh (Reconfigurable cell: RC), c4c két néi bén trong giira cac RC, nguon dir
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lieu vao/ra cho PEA,..) ciing nhu 1a cac tham sb diéu khién hoat dong cua PEA.
Tuong tu nhu mot chu trinh 1énh cua bo xir Iy, mot chu trinh context ciing bao gébm
it nhit 3 pha d6 1a pha nap théng tin cau hinh (context fetching), giai ma théng tin
cau hinh (context decoding) va thuc thi. Tuy nhién, su khac nhau & day chinh 1a
CGRA chi can duogc cau hinh mot 1an cho viéc thuc thi nhiéu chu ki. Mot khi da
dugc cau hinh, CGRA hoat dong nhu mét phan ctiing danh riéng cho sy tinh toan
dugc dinh nghia trudc. CGRA chi duoc cau hinh lai khi c6 mét nhu cau tinh toan
khac xuat hién bang cach nap théng tin cau hinh méi. Nguoc lai, bo xir ly luén ludn
phai thuc hién tat ca cac pha cia mét chu ki 1énh cho tat ca céc Iénh tham chi néu
ma 1énh cua lénh d6 khong thay doi. Két qua 13, hiéu nang cia CGRA cao hon b

Xt ly bai vi thoi gian cho viéc thuc thi hai pha nap va giai ma duoc giam di.

Nhan xét chung:

C6 ba thanh phan chinh cdu thanh nén mét hé théng c6 CGRA: B diéu
khién cau hinh, bo nhé va mang phan tir xtr Iy c6 thé tai cau hinh PEA. O
muc hé théng, cac CGRA ¢6 thé duoc thuc hién nhu mét don vi ddng Xt ly
trong don vi xir 1y trung tdm (thuong 1a cac bo vi xir Iy) hoidc ciing co thé
duoc sir dung nhu mot 16i IP ghép ndi véi don vi xir ly trung tam qua hé
théng bus ding chung.

Bo nhé dugc quan Iy thanh 2 phan riéng biét 1a bo nhé cau hinh va bo nhg
dar lidu.

Hé thong str dung day néi, bus hoic cac bo ghép kénh co thé tai cau hinh dé
gan két cac phan tir xu 1y voi nhau. Viéc xay dung cac cau tric dinh tuyén
nay tly thudc vao ting loai tng dung cu thé va nha thiét ké.

1.3 Van @@ can giai quyét

Khi thiét ké mang CGRA ung dung cho xt 1y da phuong tién va truyén théng
can giai quyét cac noi dung sau:

Cau trdc cia CGRA céan duoc thiét ké huéng toi viée ting toc do tinh toan
cho cac vong lap. Bing viéc anh xa tinh toan trong than cua mot vong 16i
lén CGRA, CGRA chi can thuc hién cau hinh mot lan cho viéc thuc hién
nhiéu lan ca vong lap, vi vay nd cé thé giam mot cach hiéu qua thoi gian
thuc thi cua vong lap

Théng tin cAu hinh cho CGRA duoc té chicc dudi dang cac goi tin goi la
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context. Mdi context bao gom céc tir ciu hinh dung dé xac dinh hoat dong
ciia mang cac phan tir xtr 1y c6 thé tai cau hinh (Reconfigurable Cell Array:
RCA) (chang han chirc nang ciia méi RC (Reconfigrable Cell), két néi giira
cac RC, nguon dit liéu 16i vao, dich cua két qua, v.v.) cling nhu cac tham sd
diéu khién cho bo diéu khién cuaa CGRA. Qué trinh tai cau hinh va hoat
dong cua cac don vi phan cang can duoc to chirc va lap lich theo phuong
thire dudng dng hda (pipe line) nhiam giam thoi gian dung cho tai cau hinh.
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CHUONG2: THIET KE CHI TIET CUA MUSRA
2.1 Pic ta ky thuat

Trong phan nay s& md ta cac dac ta ki thuat cho mot mang céc phan t xi 1y ¢6
thé tai cau hinh ciu tric tho tng dung cho xir Iy da phuong tién goi tat A MUSRA
(Multimedia Specific Reconfigurable Architecture) [11] duoc nghién ciru va dé xuat
boi nhém nghién ctu ¢ phong thi nghiém Hé thdng tich hop théng minh thuoc
Trudng Pai hoc céng nghé - Pai hoc Quéc gia Ha Noi.

M6 hinh thuc thi cita MUSRA 13 mé hinh da 1énh — da dit lidu dugc dudng 6ng
hoa (pipelined Multi-Instruction - Multi-Data model), trong d6 mdi phan tir tai cau
hinh RC (Reconfigurable Cell) c6 thé dugc ciu hinh dé thuc hién mét tac vu doc
lap. Mai tang cua duong ong sé& tuwong dwong voi mot hang RC. Cac vong lap 16i
trong tng dung dugc thuc hién théng qua viéc anh xa than vong lap 1én MUSRA.
Nhu vay, chi can cau hinh MUSRA mét l1an cho viéc tinh toan lap lai cia mot vong
lap. Nhiéu lan l13p caa mot vong lap s& duoc 1ap lich dé thuc thi ddng thoi trong
duong 6ng. Diéu nay 1am giam mét cach dang ké thoi gian thyc thi tir d6 tang toc
do tinh toan cac vong lap 18i trong cac thuat toan.

Dé anh xa mot vong lip 18i 1én MUSRA, than cua vong lap sé dugc biéu dién
bang luu dd ludng dit liéu DFG (Data-Flow Graph) nhu dugc chi ra trong Hinh 2 - 1.
Céac DFG nay sau d6 s& duoc anh xa 1&n MUSRA bang viéc tao ra cac thdng tin cau
hinh vé viéc gan mot nét cia DFG t6i RC nao va sudn nao cua DFG t6i cac két ndi
trén mang MUSRA. Cudi cing, DFG duoc lap lich dé thuc thi tu dong trén
MUSRA bang viéc tao ra cac tham sé diéu khién twong tng cho bo diéu khién
MUSRA. Ngay khi da duoc cau hinh cho mét vong Iap nhat dinh, MUSRA s& hoat
dong giéng nhu mot phan cing chuyén dung cho vong lap do. Khi tat ca vong lap
da duoc hoan thanh, vong lap sé dugc loai bo khoi MUSRA va mot vong lap mai sé
duoc anh xa 1én MUSRA.

Nhu chi ra trong Hinh 2 - 1 mét 1an lap caa MUSRA duogc bat dau bang pha
LOAD-EXECUTION va sau d6 la pha EXECUTION, cudi cung duoc két thic
bang pha STORE-EXECUTION. Pha LOAD-EXECUTION va STORE-
EXECUTION bao ham rang su thuc thi xay ra song song vai viéc nap va luu dir
liéu mot cach tuong tng. Trong khi d6, pha EXECUTION c6 nghia rang trong subt
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pha nay khong c6 bt cir thao tac doc hodc xuat dit liéu nao dién ra. Su thuc thi caa
mét vong lap trén MUSRA duoc 1ap lich sao cho cac pha khac nhau cua céc lan lap
lien tiép duoc xép chong I1én nhau ¢ mac nhiéu nhat c6 thé (Hinh 2-2). Lap lich
cling can dam bao khong c6 bat ctr xung dot ndo xay ra giira cac tai nguyén khi
nhiéu pha dién ra déng thoi.

InputFIFO

Input #1

3 N=2
e}
= X LOAD -
Data broadcasted ¢ k1 EXECUTION
.z/ Input #2

directly to every RC

CLK2

CLK3 ; I EXECUTION
2

CLK4
CLK5
CLK6

\
STORE-
Output #1 EXECUTION
w Output #2

Hinh 2 - 1: Biéu dién DFG cho mét vong lap don gian.

OutputFIFO

No:

««Execution Time per each Iteration, Ny »!

<l >e—N—><Ny—><<—N;—>
‘ LOAD phase, EXE.

H STORE phase, I1=1
—p

1=1 H phase, I=1 l-—
(@] (@]
o LOAD phase, EXE. _ o
= < n =2 H phase, =1 STORE phase, I=2 ‘ S
= LOAD ph EXE =
= phase, . - =
= 4—4 1=3 phase, I=1 H STOREphase, I=3 | .......... SN IEEEEEEE
S «—I+l—> S
= . . N
< Total Execution Time for whole Loop, Ncpy; >

Time (cycles)

Hinh 2 - 2: Lap lich sir cau hinh va thuc thi cia mot vong lap trén MUSRA.

Trong md hinh ndy, MUSRA c6 thé bit dau tinh toan ngay khi di liéu caa lan
nhap dir liéu dau tién xuat hién & 16i vao cia MUSRA, vi vay pha LOAD va pha
EXECUTION cua cung mét 1an lip c6 thé tién hanh song song. N6i cach khac, mo
hinh thyc thi cho phép ba pha LOAD, EXECUTION, STORE dugc thyc hién goi
1én nhau theo phuong thirc dudng dng & mic cao nhat. O khia canh khéc, no ciing
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cho phép dir liéu cua lan lap tiép theo dugc nap dong thoi véi dix liéu cua lan lap
hién tai, vi vay mé hinh nay cé thé khdng chi tdi da hoa mirc do xép chdng gitta cac
lan 13p lién tiép ma con cai thién ca kha ning dé khai thac dir liéu c6 thé dung lai gitra
cac lan lap [11].

Cic dic tinh chia yéu cia MUSRA dwge dé xuat:

+ M@ hinh thyc thi cua mét izng dung trén MUSRA:

Da 1énh da dit liéu duge duong 6ng hda (Pipelined MIMD (Multi-instruction
Multi-Data)

+ MO hinh c4u hinh:

Théng tin cau hinh cho MUSRA dugc t6 chire dudi dang cac goi tin goi
la context. Mdi context bao gém cac tir cau hinh 32-bit diung dé xac dinh
hoat dong cua mang RCA (chang han chtc ning cua mdi RC, két ndi
gitta cac RC, ngudn dir lidu 16i vao, dich cua két qua, v.v.) ciing nhu cac
tham s diéu khién cho bo diéu khién caa MUSRA.

Mo hinh cdu trac czza MUSRA

Cac phan tir xtr ly c6 thé tai cau hinh RC (Reconfigurable Cell) duoc to
chtrc thanh mang 2 chiéu 8x8;

Céac phép tinh duoc hd trg bdi mdi RC: Hb trg cac phép tinh trén dit liéu
dau phay tinh c6 dau hoac khong dau (signed/unsigned fixed-point) nhu
chi ra trong Bang 2- 1;

MJi RC ¢6 3 toan hang nguon N-bit (N c6 thé 1a 8 hoac 16). So di can sir
dung 3 toan hang nguoén vi trong mot sé thuat toan xir Iy da phuong tién
ta can phai thuc hién cac phép toan cong-cong hoic nhan-cong (nhan ma
tran);

CO nhiing don vi chic nang dac biét thuc hién nhiém vu load/store di
liéu téifra khoi cac RC;

C6 nhirmg don vi chic ning dic biét thuc hién nhiém vi read/write dé
chuyén di liéu tir/téi bo nhé dir liéu cua MUSRA.

Bang 2- 1: C4c phép tinh duoc hd trg bdi RCA.

Phan loai M3 1énh Phép tinh Y nghia

Tir goi
nho
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Arithmetic 5’b00000 (0) | A+B Phép cong A va B ADD
operations 5’00001 (1) | A-B Phép trir di B donvi | SUB
tr A
Shift 5600010 (2) | A>>BJ[3:0] Phép dich phai A di | BSR
operations B[3:0] don vi
5°b00011 (3) | A<<B[3:0] Phép dich trai Adi | BSL
B[3:0] don vi
5’00100 (4) | (A+((1<<B)>>1))>>B | Dich phai va Vong | SRR
Bypass A 5’b00101 (5) | A Bypass A A
Bitwise 5’b00110 (6) | A&B Toan tt AND AND
operations 5’00111 (7) | AIB Toan tir OR OR
5’b01000 (8) | A"B Toan tir XOR XOR
5°b01001 (9) | ~(A"B) Toan tt NOT XOR | NXOR
Absolute 5’b01010 |A—B| Chénh léch tuyét d6i | ASD
operation (10) (Absolute
Difference)
Comparison | 5°b01011 A-B>0 A c616n hon B TGT
Operations (11) khéng?
5’b01100 A-B=0 A c6 bang B khong? | TEQ
(12)
5’b01101 A—B>=0 A ¢6 16n hon hoac TGE
(13) bang B khong?
Saturation 5’b01110 A<0?0:(A>B?B:A) | Néu A<O thi két qua | CLIP
operator 1 (14) bang 0. Nguoc lai,
(Clip A néu A>B thi két qua
between 0 bang B.
and B) Nguoc lai két qua
bang A.
5°b01111 Max(A, B) Néu A<B thi két qua | MAXB
(15) bang B. Nguoc lai

két qua bang A.
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Condition 5°b10000 C?A:B Néu C=1 thi két qua | MUX
operation 2 | (16) bang A. Nguoc lai
(Multiplexer) két qua bang B.(‘C’
is the LOR_Input that
is result of RC that is
in the immediately
above row and the
same column with the
current RC)
Multiplication | 5’b10001 AxB Nhan 2 s6 8 bit chara | MUL
a7 trong cac byte thap
hon cuia AvaB
5’b10010 Reserved
(18)
Asymmetric | 5’b10011 B-A Tru di A don vi tur
Arithmetic (19) B.
operators 5’b10100 B—A>0 A c6 nhd hon B
(20) khong?
5’b10101 B—A>=0 A ¢6 nho hon hoac
(21) bang B khong?
Condition 5°b10110 C?B+A:B-A Néu C=1 thi két qua
operation 2 (22) bang A+B. Nguoc lai,
két qua bang B-A.‘C’
1a LOR_Input tir ciing
dong va ¢t véi RC
hién tai.
Saturation 5°b10111 Min(A, B) Néu A>B thi két qua | MIN
operator 2 (23) bang B, nguoc lai
két qua bang A.
5’b11000 Reserved
(24)
Bypass B 5’b11001 B Bypass B B
(25)
3-operand 5’11010 Result + B Result:= Result+ B | ACC
operators (26)
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5°b11011 C+A-B| Result := C+ |[A-B| | SADC
(27)

5°b11100 C+(A+B) Result := C+A+B SUM3
(28)

5°b11101 B+ [C-A| Result := B+|C-A| | SADB
(29)

5’b11110 A*B+C Result := A*B+C MAC
(30)

Others Reserved

2.2 Céu trdc mang phan cieng co thé tai cau hinh
2.2.1 CAu trac tong thé cia MUSRA

N

GRF

Crossbar Switch |

ﬁ INPUT FIFO + + +
o v ¥ v
(o

Data | Crossbar Switch |
|:[ Memory |/ outPuTt
Subsystem \l— FIFO

AV

N

s ke [

A RCO RClL || eeccee= RC7
. . .
+ ] ] ]
. . .
. . .
. . .
Context E:> Controll [ Crossbar Switch __|
N ontex ontroller ,
C Memory + + +
] Subsystem
> RCO RCL || =cce-- RC7
[ [ |

Hinh 2 - 3: CAu trlc cua MUSRA.

Hinh 2 - 3 md ta ciu tric cua phan cang cd thé tai cau hinh 16i thd CGRA
(Coarse-grained Reconfigurable architecture) duoc dé xuat cho cac ung dung xir ly
da phuong tién va truyén thdng goi tit a4 MUSRA. MUSRA bao gdom cac khéi
chinh nhu mang tinh toan c6 thé tai cau hinh RCA (Reconfigurable Computing
Array), cac bo dém FIFO (Input_FIFO/ Output_FIFO) cho viéc nhap/xuat di liéu,
tép cé4c thanh ghi toan cuc (GRFs: Global Register Files), bo nhé va hé théng mach
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diéu khién cho dix liéu (Data memory) va thdng tin cau hinh (Context memory), va
don vi diéu khién (Controller).

Dir liéu vao/ra cia mang RCA duogc xép hang doi bai cac bo dém FIFO do sau
32 hang véi bing thong 1a 256 bit (c6 thé td chuc thanh 32 byte hoic 16 tir 16 bit)
(nhu chi ra trong Hinh 2 - 4). Théng qua hé théng chuyén mach (crossbar switch)
trong RCA, dit liéu tir INPUT_FIFO c6 thé quang ba t&i moi RC, trong khi théng
qua OUTPUT _SWITCH dixr liéu di dugc xua ly boi RCA duoc xuit téi
OUTPUT _FIFO hoac ghi vao GRF.

512 bit

Row O gil ggl ,,,,,,,,,, Coll | ColO

Row 1 %til gg' ,,,,,,,,,, Coll | ColO
FIFO

Row 30 2‘;' gg' . | co1| coo

Row 31 (;czl %8' e Coll | ColO

Hinh 2 - 4: T6 chuc cua FIFO.

B6 nhé dit liéu 1a b nhé luu trix dir liéu dau vao va cac két qua tinh toan dugc
thue hién trén mang RCA. Bo nhé cau hinh 13 bd nhé luu trix cac thdng tin cau hinh
cua cac thanh phan trong RCA, vi du nhu: opcode, router A, router B, router-
config,... Bo diéu khién 1a mot may trang thai duoc tham sb hda cho phép tao ra cac
tin hiéu diéu khién hoat dong cua RCA mét cach chinh xac theo cac thong tin cau
hinh dugc nap téi nd.

Muc tiéu cua luan vin nay 1a mé hinh hoa va thuc thi mang RCA, do d6 cau
tric cia RCA s& duoc trinh bay chi tiét trong phan tiép theo.

2.2.2 Mang RCA
Thanh phan quyét dinh téi kha nang c6 thé tai cau hinh cia CGRA 1a mang RCA
duogc t6 chac thanh mot ma tran 8x8 phan tir RC (Reconfigurable Cell). Mdi phan
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tir RC caa mang c6 thé duoc ciu hinh mét cach doc 1ap t6i mot chirc nang riéng biét
& thoi gian chay. Nhiéu RC c6 thé duogc két hop vai nhau theo mot md hinh DFG
nao d6 dé thuc hién mot nhiém vu tinh toan chuyén sau (Computation-intensive
algorithms). Phan tich cdu trac TOP-DOWN cua mang RCA8x8 duoc chi ra trong
Hinh 2 - 5.

Dua trén céc phan tich vé tinh cuc b dit liéu va co ché song song c6 san trong
cac vong 1ap[12], két cdu truyén thdng ciia RCA dugc thiét ké nham khai thac téi da
kha ning tinh toan theo phuong thirc dudng dng hoa (pipelining) tinh toan cua cac
vong lap, ciing nhu khai thac t6i da dit liéu gitta cac 1an lip qua d6 giam bing thong
dir liu vao RCA. Cac RC trong hai hang lién tiép duoc két ndi véi nhau théng qua
hé thong céac chuyén mach crossbar (Crossbar Switch). Thong qua hé thong chuyén
mach ndy mot RC ¢d thé nhan két qua tinh toan tir mot RC bat ky & hang ngay trén n6, dic
biét RC trong hang dau tién c6 thé lay két qua tinh toan tir RC hang cudi cling.

RCA_8x8

/

RC_line

Route_b Route_a PE LOR
\ 4
datapath
—— v
sadd Barrel ALU smul

Hinh 2 - 5: : Cau tric TOP-DOWN ciia mang RCA.

Céc cong vao/ra cia mang RCA dugc dinh nghia nhu chi ra trong Bang 2-2.

Bang 2-2: Tin hiéu vao ra ciia khdi RCA8x8.

Huwong Do rong

Tin hi¢u . .
vao/ra (bits)

Y nghia
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CLK

Tin hiéu xung nhip dong b

ENABLE

Tin hiéu Enable dong bo,
tich cuc mic cao

Reset_N

Tin hiéu reset khong dong
bo, tich cuc mirc thap, xoa
ndi dung céc thanh ghi bén
trong.

FIFO_WIRE_IN

32*8

Nguén dit liéu 12 INPUT
FIFO

GRF

32*8

Tap céc thanh ghi toan cuc
(Global Register File)

ROUTER_A_CONFIG

8*8*10

Théng tin cau hinh cho
ROUTER toan hang A

ROUTER_B_CONFIG

8*8*10

Thong tin cau hinh cho
ROUTER toan hang B

ROUTER_LOR_CONFIG

8*8*10

Théng tin cau hinh cho
ROUTER cua thanh ghi
LOR

OPCODE_IN

8*8*5

Ma toan tur (mot thao tac
datapath c6 thé xur ly)

MUX_C_CONFIG

8*8*1

Théng tin cau hinh cho bo
hop kénh chon 16i vao C

BIT16_8 DATA A

8*8*1

Chon muec 18i cua dir liéu
todn hang A 1a 8 bit hay 16
bit

BIT16_8 DATA_B

8*8*1

Chon muc 18i cua dix liéu
todn hang B 14 8 bit hay 16
bit

BIT16_8 DATA_LOR

8*8*1

Chon muec 18i cua dir liéu
thanh ghi LOR la 8 bit hay
16 bit

BIT16_8 GRF

8*8*1

Chon muec 18i cua dir liéu tir
thanh ghi GRF Ia 8 bit hay
16 bit

BIT16_8_OPERATOR

8*8*1

Mxc 16i cua PE la 8 bit hay
16 bit (cac Operator cua PE
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thuc hién trén di liéu 8 hay
16 bit)

PE_OUT ouT 8*8*16 | Cong xuat két qua tinh toan
tir PE

LOR_OUT ouT 8*8*16 | Cong xuat dit liéu tir thanh
ghi cuc bo LOR

A) RC_LINE

Mot RC_LINE 1a mot hang gdm 8 RC trong cau tric mang RCA. Chirc ning
cac cong vao/ra cia RC_LINE duoc dinh nghia trong Bang 2-3.

Bang 2-3 Tin hiéu vao ra ctia khdi RC_LINE.

Huéng | D rong

Tin hiéu ) Y nghi
¢ vaolra | (bits) nem

CLK IN 1 Tin hiéu xung nhip dong bo

ENABLE IN 1 Tin hiéu Enable dong bg, tich cuc muc
cao
Tin hiéu reset khong dong bd, tich cuc

Reset N IN 1 muc thap, x6a ndi dung cac thanh ghi
bén trong.
Dit liéu vao dugc lay tir hang RC trudc.

PRELINE_OUT_IN IN groxlp | o ou vaoduge ly tirhang RC truce

(Hang 0 l4y dit liéu tir hang 7)

FIFO_WIRE_IN IN 32*8 Nguon dix liéu 1a INPUT FIFO

Tap cac thanh ghi toan cuc (Global

Register File)
ROUTER A CONFIG IN 8%10 Théng tin cau hinh cho ROUTER toan
- hang A
Thong tin cau hinh cho ROUTER to4
ROUTER B CONFIG IN 8%10 ong tin cau hinh cho ROU toan
o hang B
Thong tin ciu hinh cho ROUTER ci
ROUTER_LOR_CONFIG | IN 8*10 Ong tin cau hinh cho ROUTER cua
thanh ghi LOR
Ma toan tir (Mot thao t3 h ¢6 thé
OPCODE_IN IN g5 7a t'oan tir (Mot thao tac datapath co thé
xu ly))
Théng tin cau hinh cho bo hop kénh
MUX_C_CONFIG IN g%1 ongﬁt_m \Cau inh cho bo hop kén
chon 16i vao C
h 7 I~' o ~ I-A 7 h A I\
BIT16_8 DATA A IN g%1 C (__)n muc OI_Cuadu’ iéu toan hang A la
8 bit hay 16 bit

25



Chon muc 16i cua dir liéu toan hang B la

BIT1 DATA B IN *1
6.8 - 8 8 bit hay 16 bit
BIT16 8 DATA LOR IN g*1 C}hon.muc 16i @a dir liéu thanh ghi LOR
1a 8 bit hay 16 bit
Chon muac 16i cua dir liéu tir thanh ghi
BIT1 RF IN *1 ’ |
686G 8 GRF la 8 bit hay 16 bit
Murc 161 cua PE 1a 8 bit hay 16 bit (cac
BIT16 8 OPERATOR IN 8*1 Operator cta PE thuc hién trén di liéu 8
hay 16 bit)
PE OUT OUT %16 Cong xuat ket qua tinh toan tir cac PE
trong RC
0 at dix liéu tir thanh ghi 0
LOR OUT OUT 816 Cong xuat dir liéu tur thanh ghi cuc bo

LOR cua cac RC trong hang

B) Phan ti# RC

RC (Hinh 2-6) 1a don vi xir ly ¢ kha nang tai cau hinh co s& cia mang RCA. Mdi RC
c6 mat phan tir xir ly PE (Processing Element) c6 thé thuc hién cac phép tinh trén 2 hoic 3
toan hang 8/16 bit c6 dau, chang han nhu cac phép tinh logic va sé hoc, phép nhan, va cac
phép tinh duoc ding nhiéu trong xir Iy da phuong tién va truyén thong (nhu dich barrel,
dich 1am tron, tong sai 6 tuyét dbi, v.v). Mdi RC ciing c6 mét thanh ghi dit liéu cuc bo
LOR (LOcal Register), ding cho viéc hiéu chinh chu ky Iam viéc ctia duong 6ng khi nh
xa vong lap 1én RCA, hoic dé Iuu cac hé sé trong sudt thoi gian RCA 1am viéc. Dit liéu
dau vao ciia mdi RC ¢6 thé tir INPUT_FIFO, tir RC hang ngay trén nd hozc tir thanh ghi
GRF. Chtrc ning cua cac cong vao/ra cia mdi RC duoc mé ta trong Bang 2-4.

InputFIFO

PRE_LINE

PRE_LINE

InputFIFO
ARE_LINE

ROUTER_A_Config

ROUTER_B_Config

__ |InputFiFo

YYVvVY | £ T10-8DATAA

BIT16_8_DATA_B
—

BIT16_8_DATA_LOR
D —

BIT16_8_GRF

MUX_C_CONFIG
-

BIT16_8_OPERATOR
-

PE_OUT
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Hinh 2 - 6: Cau trdc caa mot phan ta RC.




Bang 2-4: M6 ta céc tin hiéu cua RC.

Huwéng

bo rong

Tin hiéu . i Y nghia
vao/ra (bits)

PRELINE_OUT IN 16*16 = 256 | Nguon dir liéu tir hang RC ngay
trén nd, dix liéu cé thé 1a két qua
cua PE ciing c6 thé 1a di liéu
16i ra cua thanh ghi cuc bo LOR

FIFO_WIRE IN 32*8 Nguén dix liéu Ia INPUT FIFO

GRF IN 32*8 Tép céc thanh ghi toan cuc
(Global Register File)

ROUTER_A_CONFIG IN 10 Théng tin cau hinh cho
ROUTER toan hang A

ROUTER_B_CONFIG IN 10 Théng tin cau hinh cho
ROUTER toan hang B

ROUTER_LOR_CONFIG | IN 10 Théng tin cau hinh cho
ROUTER cua thanh ghi LOR

OPCODE_IN IN 5 Ma toan tur (mot thao tac
datapath c6 thé xu 1y))

MUX_C_CONFIG IN 1 Théng tin cau hinh cho bo hop
kénh chon 16i vao C

BIT16_8 DATA_A IN 1 Chon mc 18i cua dir liéu toan
hang A 1a 8 bit hay 16 bit

BIT16 8 DATA B IN 1 Chon mtc 18i cua dir liéu toan
hang B la 8 bit hay 16 bit

BIT16_8 DATA_LOR IN 1 Chon mtc 18i cua dir ligu thanh
ghi LOR Ia 8 bit hay 16 bit

BIT16_8 GRF IN 1 Chon muec 18i cua dit ligu tur
thanh ghi GRF la 8 bit hay 16
bit

BIT16_8 OPERATOR IN 1 Mouc 16i cta PE Ia 8 bit hay 16
bit (cac Operator cua PE thuc
hién trén dir liéu 8 hay 16 bit)

PE_OUT ouT 16 Cong xuat két qua tinh toan tir
PE

LOR_OUT ouT 16 Cong xuat dir liéu tir thanh ghi
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cuc bd LOR

CLK

IN 1 Tin hiéu xung nhip dong bo

ENABLE

IN 1 Tin hiéu Enable dong b, tich
CuC muc cao

Reset_N

IN 1 Tin hiéu reset khong dong bo,
tich cuc mac thip, x6a 16i ra
Result REG

Y nghia cac bit cho cac phan ROUTER_A CONFIG, ROUTER_B_CONFIG,
ROUTER _LOR_CONFIG (dé don gian trong phan md ta tiép theo ky hiéu 1a A, B,
C mot cach tuong ung) la twong tu va dugc dinh nghia nhu sau (Hinh 2 - 7):

A/B/C.c-b-a C ‘ b | a

Hinh 2 - 7: Binh dang thong tin cau hinh cac phan A, B, C.

a: 5 bit, y nghia cua a phu thudc vao gia tri caa c, cu thé:

khi ¢ = 2°b00, a xac dinh dia chi cot cua dir li¢u trong FIFO (xac dinh vi
tri cu thé trong s 32Byte sau mdi lan FIFO xuat dit liéu).

khi ¢ = 2°b01, chi 4 bit LSB cua a dugc dung dé chon két qua 15i ra tir
mot PE hay LOR tir hang ngay trén no.

khi ¢ = 2°b10, a x4c dinh dia mot gia tri hang sé tir thanh ghi GRF.

b: 3 bit, chua str dung.
¢: 2 bit, ngudn di lidu 16i vao cua RC.

[00] input FIFO,

[01] hang RC ngay phia trén,
[10] GRF,

[11] khéng nhan dir ligu mai.

Chi tiét xem Bang 2-5
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Bang 2-5: Dinh nghi thong tin cdu hinh nguon dit liéu 16i vao mdi RC.

Théng tin cau hinh 16i
vao ¢

Théng tin cau hinh 16i
vao a

Nguaén dix liéu 18i vao

Khi ¢ = 2°b01 ngudn di
lieu 16i vao la tx 16i ra
cua RC hang trudc do6?
(Néu hang hién tai Ia
hang 0 (hang dau tién)
hang trén no6 s¢ la hang 7
(hang cubi cung) ).

8 bxxxx0000

Li ra caa PE[x][0]

8 bxxxx0001

Li ra cua PE[X][1]

8’ bxxxx0010

Li ra cua PE[x][2]

8 bxxxx0011

Li ra cua PE[X][3]

8 bxxxx0100

Li ra cua PE[X][4]

8 bxxxx0101

Li ra caa PE[X][5]

8 bxxxx0110

Lbi ra caa PE[X][6]

8 bxxxx0111

Ldi ra cua PE[X][7]

8’ bxxxx1000

Li ra cua LOR[x][0]

8 bxxxx1001

Li ra cua LOR[x][1]

& bxxxx1010

L6i ra ciia LOR[X][2]

& bxxxx0011

L6i ra cua LOR[X][3]

& bxxxx1100

L6i ra ciia LOR[X][4]

8 bxxxx1101

Li ra cua LOR[X][5]

8 bxxxx1110

Li ra cua LOR[x][6]

8 bxxxx1111

Li ra cua LOR[X][7]

Khi ¢ = 2°b00 nguon dit liéu | Ca 5 bit cua a Dir liéu nam & cot thir may cua
16i vao 1a tir Input FIFO Input FIFO

Khi ¢ =2"b10 nguon dit liéu | a[4..0] 0~31: chon thanh ghi nao trong
16i vao Ia tir mot trong hai GRF

thanh ghi hang s6

Khi ¢ = 2’bl1 khong | Khdng dung Khong dung

nhan 16i vao

C) Phan ti xi¢ ly PE (Processing Element)

Phan tir xt Iy PE bao gdm don vi thuc thi tinh toan (Datapath) thuc hién tat cac

c4c chure ning tinh toan va mot thanh ghi két qua 16i ra. Giao dién vao/ra va chic

nang cta tirng cong duwoc mo ta trong Bang 2-6.
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DATAPATH
ode_IN C_

Bang 2-6: M0 ta cac tin hiéu cua PE.

Opc
Result
CLK
Reset N _J1 ouT REG |«
Result_REG

Hinh 2 - 8: C4u tric caa mot PE.

L. Huwéng Po rong , .
Tin hiéu . ) Y nghia
vao/ra (bits)

A IN IN 16 Cong nhap di liéu cho toan hang A

B_IN IN 16 Cong nhap di liéu cho toan hang B

C_IN IN 16 Cong nhap dix liéu cho toan hang C

OPCODE_IN IN 5 Ma toan tir (mot thao tac datapath cd
thé xt ly)

RESULT ouT 16 Cong xuat két qua tinh toan khdng
ddng b (khdng qua thanh ghi)

RESULT REG ouT 16 Cong xuat két qua tinh toan dong bo
(qua thanh ghi)

BIT16_8 OPERATOR | IN 1 Mouc 16i cua PE Ia 8 bit hay 16 bit
(cé&c Toan tir cua PE thuc hién trén
dir liéu 8 hay 16 bit)

CLK IN 1 Tin hiéu xung nhip dong bo

Reset N IN 1 Tin hiéu reset tich cuc muc thap,
khong dong bo, dung xda 16i ra
Result REG
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D) Pon vi thuc thi tinh toan (Datapath)

Opcode_IN C_IN
DATAPATH

Result

Hinh 2 - 9: Giao dién vao/ra cua datapath.

Bang 2-7: M0 ta céc tin hiéu vao ra cua Datapath.

Tin higu Huong | 5 rong (bits) Y nghia
) vao/ra T
A IN IN 16 Cong nhap di liéu cho toan hang A
B_IN IN 16 Cong nhap dix liéu cho toan hang B
C_IN IN 16 Cong nhap dix liéu cho toan hang C
OPCODE_IN IN 5 M4 toan tir (mot thao tac datapath
c6 thé xtr 1y)
RESULT ouT 16 Cong xuat két qua tinh toan

Don vi thyc thi tinh toan (Datapath) thuc hién cac phép tinh dugc liét ké trong
Bang 2-1. Cac khéi thuc hién cac phép toan dugc thiét ké nhu Hinh 2 - 10. Khéi
ALU duoc thiét ké dé thyuc hién cac phép tinh sé hoc va logic co ban. Cac khéi thuc
hién phép dich mot bit, dich 3 bit, tinh tri tuyét d6i caa mot hiéu (ABS), phép so
sanh duoc dat ngoai khdi ALU. Thong qua viéc két hop mot cach hop Iy cac khoi
nay vai khoi ALU sé& cho phép phan tir xt ly PE thuc hién cac phép tinh con lai,
nho d6 giup toi gian hda dién tich thyuc thi céc PE.
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1'b1—|
SHF(B-1) >
B[3:0] o
—_—t—p
ABS —
-
e B |
MUL e
A -
-
ABS e
| o o
A -
B P
—
COMPARE
—-

5
8
lw)
m
o
X >
1 ALU
ADD/SUB
/
LOGIC
COMPARE
_RESULT
\ &
BYPASS
< /
= >
> /u
/

\

SHF

-B[3:0]}

MUX_O

RESULT=I»

Hinh 2 - 10. So d6 thiét ké cac khéi thuc hién cac phép tinh trén datapath.

(1) Khéi ALU

Khéi ALU (Hinh 2 - 11) duoc thiét ké dé thuc hién céc phép tinh s hoc va
logic co ban: bo cong, bo trir, b truyén qua (by pass) va bo logic co ban (AND, OR,
XOR, NOT, NXOR) nhu mé ta trong bang 2-8 dudi day.

Bang 2-8: M@ ta cac phép toan dugc thuc hién trén khoi ALU

Phan loai Opcode Phép tinh Y nghia Tir goi nhé
Arithmetic 5°b00000 (0) | A+B Phép cong A va B ADD
operations 5’b00001 (1) | A-B Phép trir di B donvi | SUB

tr A
Bypass A 5500101 (5) | A Bypass A A
Bitwise 5°b00110 (6) | A&B Toan tir AND AND
operations 5°b00111 (7) | AB Toan tir OR OR
5’01000 (8) | A™B Toan tir XOR XOR
5’01001 (9) | ~(A"B) Toéan tr NOT XOR | NXOR
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B A
ALUSIO]
16 16 16 16 16 16 16 16 l llG 16

Yy Yy
Mode A B
ADD/SUB
A Cout SUM

AorB AorB AorB AandB + AorSout
16 16 16 16 16 16
[
ALUs[3:1] 5x1 Mux
g

Hinh 2 - 11: Khdi ALU.

Hinh 2 - 12 chi ra cau trGc phan ctmg don vi chitc ning ADD/SUB thuc hién ca
phép tinh cong va trir duoc xay dung trén co sé mot bo cong hai sé 16-bit va mot sb
mach logic b6 tro. Tin hiéu Mode duoc dung dé chon ché do hoat dong cua bo
ADD/SUB la cong (Mode = 0) hay trir (Mode = 1).

ADD/SUB

A[15:0] SUM[15:0]
p-{A[15:0]  SUM[15:0] -

B[15:0
[12:01 e Cout
r B[15:0] CARRY_OUT -

Mode

» CARRY_IN

HBD_ADDER

Hinh 2 - 12: Pon vi chtic ning ADD/SUB thuc hién phép tinh cong va trir hai s6 16-bit.

Trong don vi ADD/SUB can mét bo cong dé thuc hién phép tinh cong hodc trir. N6i
chung, ¢6 2 phuong phép chinh dé thyc hién bo cong 1a: bo cong lan truyén co nhé (Ripple
carry adder: RCA va bo cong véi co nhd duge tinh trude (Carry Lookahead Adder: CLA)
[13]. B6 cong RCA c6 wu diém 1a don gian, dé thuc hién, gia thanh thuc thi phan cang
thap. Tuy nhién nhuoc diém cua bo cong RCA 1 tré lan truyén co nhé 16n, dan dén tée do
tinh toan cham. B cong CLA cai thién téc do tinh todn bing cach thuc hién cac mach
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logic cho phép tinh toan ddng thoi tat ca cac cd nhd ¢ gia thanh phan ciing cao. Mach logic
dé thue hién bo cong CLA n-bit s& dic biét phuc tap véi gié tri n lon. Trén thyc té phuong
phap tinh toan trudc co nhé chi duge ding dé thuc hién cac mé-dun cong hai sé 4-bit.

Do d6, dé can bang gitra y8u cau vé tdc do thuc hién phép cong va chi phi phan cing,
luan van chon phuong phap thuc hién lai ghép (HBD_ADDER) gitta bd cong CLA va
RCA. Céc sb hang 16i vao A, B dugc tach thanh cac nible 4-bit va dugc thuc hién tinh tong
dong thoi boi 4 module bo cong CLA 4-bit. Co nhé tir cac khéi CLA 4-bit duoc lan truyén
giéng nhu cach thuc hién bo cong RCA va s& duoc ding dé lya chon cd nhé dé tinh két
qua tong cua A va B cubi ciing. So do khbi bo cong 16-bit lai ghép dugc chi ra trong Hinh
2-13. Mdi khdi CLA_ADDER la mét bo cong hai s6 4-bit theo phuong phap CLA
c6 cau triic nhu duoc chi ra trong Hinh 2 - 13

B[15:12] A[15:12] B[LL:§] A[11:8] B[7:4] A[7:4] B[3:0] A[3:0] C_IN
CSA_ADDER CSA_ADDER CSA_ADDER
Ty T Ty o 7 TR
C_IN B[3:0] A[3:0] C_IN B[3:0] A[3:0] C_IN B[3:0] A[3:0] C_IN B[3:0] A[3:0] C_IN B[3:0] A[3:0] C_IN B[3:0] A[3:0]
B[3:0] A[3:0] C_IN
CLA_ADDER CLA_ADDER CLA_ADDER CLA_ADDER CLA_ADDER CLA_ADDER
CLA_ADDER
couT  S[30] C_ouT  S[3:0] COuT  S[3:0] COUT  S[3.0] COUT  S[3.0] couT  S[30] =
C_OUT| ("« C_OUT  S[3:0]
-« 3 = T
: i ] |
e MUXce S T N MUX oo e [ N LV TT)
T ; T

S[15:12) s[11:8] S[7:4] S[3:0]

Hinh 2 - 13: Cau tric cua bo cong lai ghép HBD_ADDER.

P[0
C_in C[o]
- cil st
P[L
A[3:0] ] . > .
——|A[3:0] P[3:0] P[3:0] 2l > s[2]
HALF_ADDER P[2
B[3:0]
— B[3:0] G[3:0] P G[3:0]
c[3] f—» SI3]
CLA_BLOCK Pl
C_out
CH——">

Hinh 2 - 14: B6 cong CLA 4-bit.

(2)Khbi MUL
Khéi MUL  duoc thiét ké theo phuong phap Baugh-Wooley [15] . Cau tric
phan ciing ciia bo nhan Baugh-Wooley dugc mo ta nhu trong Hinh 2 - 15
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—

------------- [ Thira s6 thir nhat |

[ Tich‘r}éng phan I I

I\-k*\“

[ Thiras3 thir 2 |

Enable

.........................................

0. dwgc chap nhén
*k + 1 trong chu ki cudi cling

Hinh 2 - 15: So d6 cau triic phan cang cua bd nhan Baugh-Wooley [15]

Phuong phap Baugh-Wooley 4p dung cho ca phép nhan c6 dau va khéng dau.
Toan tir c6 diu duoc biéu dién dudi dang sb bu hai dé dam bao chac chan rang dau
ctia céc tich riéng phan ludn 1a dau duong. Cac tich riéng phan dugc diéu chinh sao
cho dau am dugc chuyén dén budc cudi cing. Cau trdc bo nhan 4 bit Baugh-
Wooley dugc thé hién nhu trong Hinh 2 - 16 .

V& mit toan hoc c6 thé md ta phuong phap nhan Baugh-Wooley nhu sau:

Gia sir ¢6 hai s6 bl hai 4 bit X va Y:

2
X =-22%+Y %2 2,
3 Z(; ' Y=-2"y;+> y2 (2-1)
i=0
Tich cua X va Y dugc thuc hién nhu sau:
2 2 2 2
XY =X,y,2° —in y, 2" —Zx?,yj 21+3 +ZZXiyj 2] (2-2)
i=0 i=0 i=0 j=0

Déi véi sb bu hai ta luon co:
3 _ 3

> 2 ==2"+) x2'+1 (2-3)
i=0 i—0

Do d6 tich trén trd thanh:

35



2 2 2 2 .
XY = 3y326+Z“xiy32'+3+2~°’—26+Zx3yj2”3+23—26WLZZ“xiyjz'H
i=0

i=0 i=0 j=0
2

2 2 2 S
=XY3 2%+ D X Y52 4D Xy 21 4D Y Iy 2 4 20 -2
i-0 i=0

i=0 j=0
= 2T+ X5 2° + (X Y5+ XY,)2° + (XY + XYy + XY, +1)2° (2-4)
F(Xo Y5 + X5Yo + X, Yo+ X,¥1)2° + (XY, + X Y, + X,Y,)2° +
(XoY1+ X,Y0)2" + XY 2°
M0 hinh thuc hién nhu Hinh 2 - 16 du6i day.

EI¥0 X2¥0 X1Y0 XOYO
X3I¥1 XZ¥Y1 X1¥1 XO¥1
Yo

X2Y2 X1¥2 X0¥Z X0¥YZ X3 %2 e E
X3IY¥Y3 X2¥Y3 X1¥3 X0¥Y3
1 1
v

ok

P .
B
BIErErere

— (b [oa b [
! ! '

!
z z

Hinh 2 - 16. B¢ nhan MUL 4 bit [15]
(3) Khéi ABS
Déi vai s6 nhi phan, ta ludn co:
|A_B|:{A—B if A>B:{é+B+1 if A>B (2-5)
B-Aif A<B |A+B+1 if A<B

Mach logic thuc hién khéi nhu sau:

ABS

>\\

|

8 - — /

CARRY 1'b 1| CARRY_IN
GENERATOR CLA 16bit
e e X
] A
|
>/

/
Hinh 2 - 17: So dd thuc hién khdi ABS
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Bo Carry generator sé phat hién gia tri nho hon trong hai gia tri A, B. Trong
trrong hop B nho hon A, khong ¢6 gia tri co nhd dugc tao ra, B sé bi dao, nguoc lai
A s& bi dao. Diéu nay dugc thuc hién bang mach XOR phia sau. Do d6, gia tri
(A, B) hoic (A, B) s& dugc truyén téi bo CLA

E) Thanh ghi cuc bg LOR

Bang 2-9: M0 ta tin hiéu cua thanh ghi cuc bo LOR.

A Huwéng = . N .
Tin hiéu . D¢ rong (bits) Y nghia
vao/ra

LOR_IN IN 16 Cong nhap dit liéu

LOR_OUT ouT 16 Cong xuat di liéu

CLK IN 1 Tin hiéu xung nhip dong bo
Reset N IN 1 Tin hiéu reset tich cuc muc thap,

x0a 15i ra Result REG

F) Bé dinh tuyén Router
C6 2 loai bo dinh tuyén véi sb luong cac cong vao khac nhau duoc s dung dé
lay dit lidu tir cac nguon khéc nhau vao RC.

- ROUTER_A: Bd dinh tuyén cho cong toan hang A cua datapath va 16i vao
thanh ghi LOR (Local Register) noi bo cia RC. ROUTER_A chi ¢6 2 nguén dix liéu
la Input_FIFO va PRE_LINE (hang RC trén)

- ROUTER_B: B9 dinh tuyén cho cong toan hang B cua datapath: C6 3 ngudn
dir liéu la Input_FIFO, Tép thanh ghi toan cuc GRF va PRE_LINE (hang RC trén)

Bang 2-10: M6 ta cac tin hiéu cua Router_A.

Tin higu Huong | 5 rong (bits) Y nghia
) vao/ra T

PRELINE_OUT IN 16*16 = 256 Nguon dir liéu tir hang RC ngay
trén no, dir liéu c6 thé la két qua
cta PE ciing c6 thé 1a dit liéu 16i ra
cua thanh ghi cuc bo LOR

FIFO_WIRE IN 32*8 Ngudn dit liéu 12 INPUT FIFO

ROUTER_CONFIG | IN 10 Théng tin cau hinh cho ROUTER

BIT16_8 DATA IN 1 Muc 16i cua dir liéu tor INPUT
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FIFO 12 8 bit hay 16 bit

A OUT ouT 16 Cong 16i ra cia ROUTER

CLK IN Tin hiéu xung nhip dong bo

ENABLE IN Tin hiéu cho phép xuat két qua
tinh toan tir Datapath téi 16i ra
Result_REG (qua thanh ghi)

Reset N IN 1 Tin hiéu reset tich cuc muc thap,

x0a 15i ra Result REG

Bang 2-11: M0 ta cac tin hiéu caa Router_B.

Huoéng

Tin higu VAofra Do rong (bits) Y nghia

PRELINE_OUT IN 16*16 = 256 Ngudn dit liéu tir hang RC ngay trén
no, di liéu co thé 1a két qua cua PE
ciing c6 thé 12 dit liéu 16i ra ciia thanh
ghi cuc b LOR

FIFO_WIRE IN 32*8 Nguon dit liéu 1a INPUT FIFO

GRF IN 32*8 Tép cac thanh ghi toan cuc (Global
Register File)

ROUTER_CONFIG | IN 10 Théng tin cau hinh cho ROUTER

BIT16 8 DATA IN 1 Chon muc 161 cua dir liéu tir INPUT
FIFO la 8 bit hay 16 bit

BIT16 8 GRF IN 1 Chon muc 16i cuia cua dix liéu tur
GRF 14 8 bit hay 16 bit

B OUT ouT 16 Cong loi ra cia ROUTER

CLK IN 1 Tin hiéu xung nhip dong bo

ENABLE IN 1 Tin hiéu cho phép xuat két qua tinh
toén tir Datapath t6i 16i ra
Result_REG (qua thanh ghi)

Reset N IN 1 Tin hiéu reset tich cuc muc thap, x6a

16i ra Result REG
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CHUONG 3: KET QUA MO PHONG VA THU NGHIEM

3.1 M6 hinh mé phéng cia MUSRA

CAu tric MUSRA dé xuat da dugc md hinh hda & mac RTL bang ngdn ngit
VHDL. G mtc hé théng, mot bo md phong c¢é d6 chinh xac mie chu ki ciing duoc
xay dung nham danh gia va kiém thyc sy thuc thi cua cac ung dung khéac nhau trén
MUSRA. Bén canh MUSRA, bo mé phong ciing sir dung mét bo xir ly LEON3 va
mét s6 18i IP khac tir thu vién Gaisler [14] nhu chi ra trong Hinh 3-1. Sy két ndi
gitra cac 161 IP duogc thuc thi qua bus AMBA 32-bit cia ARM. LEON3 dong vai tro
nhu mot don vi xir Iy trung tdm quan Iy va lap lich tit ca cac hoat dong cua hé
théng. Bo nhé ngoai dugc sir dung dé giao tiép dir liéu gitra cac tac vy trén CPU va
cac tac vu trén RCA. Su dong bo gitta RCA, CPU va cac DMA duoc thuc thi theo
co ché ngat. Sau khi MUSRA hoan tit moi tc vu da duoc an dinh, nd sé tao ra mot
ngat qua khéi IRQC dé bao hiéu cho CPU va tra lai quyén diéu khién bus cho CPU.
Cac ngir canh cau hinh cho cac ung dung benchmark phai duoc luu trugc trong bo

nhé ciu hinh cia MUSRA.

Instruction
Memory

IRQC

il

CjPEU

I

Data
Memory

il

AMBA BUS

AMBA/CGRA Interface

|

. ’CDMAC‘ IN_FIFO GRFE
Context N Context > Data
Memory Y] Parser RCA Memory
OUT FIFO
<7
o — Output DMA [—— .
I MUSRA J

3

—

Input DMA

7’ DDMAC ‘

Hinh 3- 1. M6 hinh m6 phong cia MUSRA trong mo6i treong ModelSim.
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3.2 Kich ban kiém chitng

Phan nay s& trinh bay viéc 4nh xa mot s6 vi du benchmark 1én cau tric MUSRA da
duogc dé xuat. Cac vi du benchmark duoc sir dung bao gom phép tinh tong cac sai khac tuyét
d6i (sum of absolute differences: SAD), phép tinh tong chuyén dong (moving sum), phép
nhan chap (convolution) va nhan ma tran-vecto trong cac thuat toan xt Iy tin hiéu s6. Mic du
cau trdc thyc té cua RCA 1a 8x8, tuy nhién dé don gian trong viéc trinh bay trong phan nay
mét s6 hinh v& chi minh hoa mang RCA voi kich thudc 4x4.

3.2.1 Phép téng sai phan (chénh léch) tuyét déi (SAD)

SAD duoc str dung rong réi trong xt 1y s6 tin hiéu anh/video dé do luong s twong quan
gitra khdi diém anh hién tai va khdi diém anh tham chiéu[13]. Trong Hinh 3- 2(a) dura ra mot
DFG cho tinh tong SAD ctia mot khdi 4x4 trén cau tric RCA. Trong so do nay, sai khac
tuyét dbi ciia mdi hang cua ting khi 4x4 duoc thuc hién mot cach doc Iap trén tirng tang cua
duong dng. T6 chic dit liéu cho tinh toan nhw chi ra trong Hinh 3- 2(b), cac pixel caa khdi mé
hoa duoc sir dung trong tat ca cAc lan tinh toan do d6 s& duoc dung dé khai tao thanh ghi hang
s6 RCA ¢ lan tinh toan dau tién; cac pixel cua khéi tham chiéu kich thudc 4x(2xp+3) dugc
nap vao mang RCA théng qua INPUT_FIFO, mdi hang 4 pixel (ky hiéu 1a P;) mét lan. Bang
cach str dung DFG va t6 chic dit liéu nhu vay, dit liéu tring I3p gitra hai tmg vién duoc khai
thac dé giam di s6 1an truy xuat bd nhd, dong thoi dam béo tat cac RC caa duong dng lubn ¢
trang thai hoat dong.

CLK1 KN H e ~4—4 pixels—m InputFIFO
Pn -4—32 Bytes—p»~
CLK2 T §
PINI
CLK3 2 P4
= P5 4
2 P4 3 P3
+ Not used
CLK4 Z% P3 2 Il
T P2 1 Pl
0 PO
CLK5 P
PO
A 4x(2*p +3)-pixel search band
CLKé -4—4 pixels—m-
* ca
1)
CLK7 © c3 :> ConstReg0
o
° i c2 |V e
v co
CLK8
A 4x4-pixel current block
SAD4x4 (a) (b)

Hinh 3- 2: (a) DFG va (b) T chic dix liéu cho qué trinh tinh todn trén MUSRA.
3.2.2 Tong chuyén dong (Moving Sum)
Thuat todn nay duoc sir dung phd bién véi cac chudi dir liéu bién d6i theo thoi
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gian dé 1am tron cac thiang giang trong timg doan ngin. Téng chuyén dong trén mot
ctra s6 trugt d6 dai N ngang qua cac thanh phan 1an can caa mot chudi x(n) c6 cong
thirc nhu sau[13]:

N-1
SUMW(n) = > x(n—k) (3-1)
k=0
Hozc: SUMW (n) =[SUMW(n—1) + x(n)]- x(n=N) (3-2)
Hinh 3- 3 chi ra viéc &nh xa cdng thic (2) 1én MUSRA trong truong hop N =10.
Cong viéc nay ciing minh hoa vai tro va cach sir dung thanh ghi LOR nhu mét don vi

tré dé tao ra cac phan ta x(n-N).

X(n)

1 1
=

!/DD

D D

[

RCA 4x4

¥ SUMW(n)

Hinh 3- 3. Anh xa tong chuyén dong trén mét ctra s6 truot voi do dai N=10.

3.2.3 Nhan vé hwong hai vector

Hinh 3- 4 (a) chi ra DFG cho phép nhan v6 hudng mot vector kich thudc 4x4 véi
mét vecto 4x1. Anh xa ctia DFG t6i mang RCA va qua trinh thuc thi duong dng hoa
dugc chi ra trong Hinh 3- 4(b-c).
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oo [n/mMMm (=W [«]m
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Y

SR

Z[n]
(a) (b)
Pipelined Execution
(n -1)"iteration

1 -- th ; :
) Data load (ny"iteration
3 Calc stagel Data load (n+1)"iteration
4 Calc stage2 Calc stagel Data load
5 Calc stage3 Calc stage2 Calc stagel
6 Data store Calc stage3 Calc stage2
7 Data store Calc stage3

Data store
8 ________________________________
9

Cycles
(©)

Hinh 3- 4. DFG (a), Anh xa ctia DFG trén MUSRA (b), va su thuc thi duoc dudng dng hoa
(c) cta phép nhén vo6 hudng hai vecto.

Dé y rang trong phép nhan vé hudng hai vecto, vecto dau vao dugc str dung lap
lai dé tinh mdi gi4 tri cua vecto 15 ra, do d6 cac gia tri cua vecto 16i ra s& dugc nap
vao mét trong cac thanh ghi GRF d3 duoc dinh nghia trong RCA trudc khi bit dau qua
trinh tinh todn. Bang céach thuc hién nhu vay sé& giam dang ké lugng truy xuat bo nhé.
3.2.4 Tich chap

Tich chap (Convolution) thuc hién phép nhan trén hai ham 16i vao dé tao ra ham
16i ra theo cong thuc (3-3) [13]:

y[n]{h[k]*x[n—k] (33)

Trong d6, x[k] 14 cac mau cua tin hiéu 16i vao b loc (x[k]=0 Vk<0); h[k] la cac hé
s6 cua dap wng tan s6 cua bo loc FIR; va y[n] cac mau cua tin hiéu 15i ra caa bo loc.
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Tich chap dugc ¢ng dung kha phd bién trong linh vyc xir Iy tin hiéu va hinh anh.
Mot (ing dung duoc biét dén kha rong réi cua tich chap 1a bo loc FIR (Finite impulse
response). Hinh 3- 5(a) chi ra DFG dang thuc hién truc tiép caa mot bo loc FIR bac 4.

C6 thé thay tir Hinh 3- 5(a) rang DFG cho bo loc FIR bac 3 14 twong ty DFG cho
phép nhan vo huéng hai vecto. Tuy nhién can chd y rang, ludn cé 3 gia tri cua chudi
x[n] dwoc st dung lai khi tinh toan 2 gia tri lién tiép cua chudi y[n]. Do d6 dé khai thac
dugc dit liéu ding lai gitra cac lan Iap lién tiép nay, DFG nhu trong Hinh 3- 5(b) s&
dugc st dung. Trong DFG nay, cac mau x[n] s& dwoc nhan vai cac hé sb h[n] twong
ng va cong tich lily véi nhau dé tao ra miu 16i ra z[n] theo phwong thtc tinh toan
duong 6ng 4 tang. Cac mau x[n] s& duoc “phun” 1an luot tir INPUT FIFO va duoc
quang ba t6i tat cac RC. Nhu vay tai mot thoi diém chi c6 mot mau x[n] duoc xuat ra
boi INPUT_FIFO va mdi mau chi xuat mot lan do d6 s& giam di mot luong dang ké
bang thong truy xuat bo nhd.

InputFIFO

h3]
I h[2]
?
hl1]
?
hi[o]

Constant_REG

(a) (b)
Hinh 3- 5: DFG thuc hién mot bo loc FIR bac 3.

3.3 Két qua thuc nghiém va danh gia

3.3.1 Két qua tong hep phan cing
M6 hinh RTL caa mang RCA8x8 da duoc téng hop trén cong nghé FPGA Virtex-7
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(XC7VX485) bang bd cong cu thiét ké Vivado Design Suite cua hang Xilinx. Bang 3-
1 chi ra tai nguyén phan cing ciaa chip FPGA duoc sir dung cho thyc hién mang
RCA8x8. Chi c6 2 loai tai nguyén phan cing cua chip FPGA duoc sir dung cho thuc
hién mang RCA8x8 la Flip-Flop va LUT vai ty ¢ su dung la 0,84% va 23,13% mot
cach twong ung. Véi luong tai nguyén sir dung tuong ddi thap nhu vay, nd 1a kha thi
dé tich hop mang RCA8x8 trong cac hé thong tinh toan hiéu ning cao.

Bang 3- 1 Két qua tong hop mang RCA8x8 trén céng nghé FPGA Virtex-7 ((Xc7vx485t).

o N . . . A xS Ty 1€ sir dung tai
Loai tai nguyén | Tai nguyén dwec sir dung| Tai nguyén co san R
nguyén (%)
Flip-Flop 5120 607200 0,84
LUTs 70209 303600 23,13

3.3.2 Két qua mo phéng

Céc vi du benchmark dugc anh xa lén md hinh RTL cia MUSRA va dugc md
phong qua céng cu EDA Modelsim tir hing Mentor Graphic. Két qua md phong cua
khdi udc lugng chuyén dong (a) va bo loc FIR (b) str dung mé hinh RTL caia MUSRA
duoc chi ra trong Hinh 3- 6. Viéc anh xa céc vong lap 1én MUSRA 1a kha don gian va
linh hoat. Céc chirc ning cia MUSRA ¢6 thé dugc thay doi dé& dang theo timng vong lap
bang viéc nap thdng tin ciu hinh tuong tng vao phan cang tai cau hinh ciaa MUSRA.

[ e T ™ — B N
58 RCA signal list (oL e S
File Edit View Add Format Jools Bookmarks Window Help

g RCA signal list - Default L4

EXTELY

4 frca_4¢4 th/REG_FILE_CONF_DATA 1

< frca_4x4_th/RCA_DATA_A_I(127 downto 96) [2026

4 jrca_4x4_tb/DATA_O(127 downto 96) 6865

cme == =
T Cursor 1 | 1395652 ps
[] IS I Y T

[0 ps to 5563043 ps [ frea_axa_tb/RCA_DATA_A_1(127 downto 96) [127:96]
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i [ m
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Hinh 3- 6. Két qua md phong cua khébi ude lwong chuyén dong (a) va bo loc FIR (b) sir dung
mo hinh RTL cua MUSRA.

Pé danh gia va so sanh hiéu niang cia MUSRA, céc vi du benchmark ciing duoc
anh xa Ién cac nén tang tinh toan khac nhau. Két qua cé trong Bang 3- 2 dudi day.
Bang 3- 2 tong hop thoi gian thuc thi (tinh theo sé chu ki) trén cac nén tang phan cing
khac nhau, gém: MUSRA, Tl C6678 DSP, REMUS, va b xir ly LEON. Trong do,
LEON la bo xur ly da chirc nang 32-bit, REMUS la mot cau trdc tai cau hinh I3i thd
dua trén mang 8x8 té bao tai cau hinh RC, Tl C6678DSP 1a mot bo xu ly tin hiéu sé
32-bit dugc sir dung trong céc (ng dung can xir ly tin hiéu hiéu niang cao. M6 phong
dugc thyc hién véi chudi dit liéu dau vao co chiéu dai 1024, 2048, 4096 byte. Bé dam
bao cong bang, tat cac cac nén tang danh gia sir dung bus hé théng 32-bit.

Bang 3- 2 Thoi gian thyc thi cac vong lap kernel trén cac nén tang tinh toan khéc nhau.

vonglap | Podai | Béxily | TIC6678 DSP | TI1C6678 | REMUS | MUSRA
Kernel | chudidir | LEON | (non-optimized DSP [5] CGRA
ligu [14] code) (Optimized | CGRA
(bytes) code)
1.024 10.125 NA NA 2.027 260
(SAD) 2.048 20.370 NA NA 4.075 516
4.096 40.860 NA NA 8.171 1.028
Do dai 1.024 29.148 24.117 NA 3.074 1.026
ctra 86 2.048 58.142 48.181 NA 6.146 2.050
truot
(Window
4.096 116.128 96.301 NA 12.290 4.098
length
N=8)
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Nhéan vo 1.024 64 622 30.827 555 386 386
huong 2 2.048 128.864 61.827 1.067 770 770
véc-to cO
. 4.096 257.344 122.987 2.083 1.538 1.538
do dai-4
1.024 407.765 NA 7.216 3.075 1.032
8-tap FIR 2.048 816.384 NA 14.384 6.147 2.056
4.096 1.641.778 NA 29.736 12.291 4,104

Nhu chi ra trong Bang 3- 2, hiéu nang thuc thi caa cac vong lap trén bo xi ly LEON
va DSP 1a tuong ddi thap bai vi phuong phap thuc thi kiéu tuan tu. Phan tich su thyc
thi caa cac vong lap trén bo xir Iy LEON & mac 1énh hop ngit cho thay: tai mdi lan lap,
bo xtr ly phai ding mét lugng I6n cac chu trinh 1énh dé diéu khién vong lap. Nguoc
lai, cac cau tric CGRA nhu REMUS va MUSRA c¢6 thé cai thién dang ké hiéu ning
ctia cac vong 1ap vi ching c6 kha nang thuc hién nhiéu phép tinh va nhiéu lan Iap song
song. So v&i mo hinh REMUS, mé hinh dé xuat trong luan van nay cé hiéu niang tot
hon vi mé hinh nay khai thac dix lié u cuc bo dya theo cac vong lap lién tiép, do d6 no
khong chi giam bang thong dir liéu dau vao ma con khai thac hiéu qua co ché xir Iy
song song nhiéu mirc trong mdi vong lap. Nhu thay trong Bang 3- 2, bang viéc téi sir
dung céc dix liéu lap gitra hai lan lap lién ké nhau trong céc thuat toan SAD, tinh tong
chuyén dong, vong lap FIR, mé hinh dé xuat cho phép giam dang ké s6 lan truy nhap
bo nhé khi chiéu dai chudi dit liéu dau vao 16n, do d6 c6 kha ning giam dang ké bang
thong truy xuat bo nhé. Hon nia, vi chi ti da 4 byte dit liéu can phai doc trong mdi
chu ki nén l1am giam déng ké bang thong truy cap bo nhd dugc doi hoi dé nap dir liéu
tir bo nhé bén ngoai vao bo nhé trong cia MUSRA. Nhu vay 13, bang cach dam bao
ludng dix lidu cdp cho RCA lién tuc mé hinh dé xuat dat dugc hiéu ning cao hon do st
dung 100% tai nguyén dudng dng cho tinh toan.
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KET LUAN
Trong thoi gian tim hiéu va nghién ctru dudi sy giup d& tan tinh caa thay huéng
dan TS.Nguyén Kiém Hung, dén nay toan bo noi dung cua luan vin da dwoc hoan
thanh dap tng day du c4c yu cau da dit ra. Qua qua trinh tim hiéu thyuc hién dé tai, toi
d3 thu duoc nhitng két qua chinh nhu sau:

- Tim hiéu xu huéng nghién cau CGRA trén thé gidi,

- Thiét ké da dwgc mo hinh hoa bang ngdn ngit VHDL (trong d6 RCA cua
MUSRA duogc thiét ké dudi dang RTL) va tién hanh mo phong, so sanh voi
cac phuong thuc thuc hién khéc. Cac két qua thuc nghiém chi ra rang thiét ké
dap tmg duoc yéu cau co ban dit ra ban dau: nhu ting toc do tinh toan cho cac
vong 1ap; kha ning tai hinh linh hoat cac vong lap khac nhau c6 thé sir dung
cho mot sd phép toan thuong ding trong xir 1y da phuong tién trong truyen
théng

- Céc module dugc tham sé hoa, dé dang ma rong thiét ké theo cac phuong an
két ndi khac nhau, trong d6 16i RCA ciia MUSRA duoc thiét ké vai kha ning
c6 thé mé rong kich thude theo ca 2 chiéu.

Tuy nhién, vin con mot sé han ché nhu:

- Céc phép toan mo ta trong DATAPATH con chwa duoc t6i wu.

- Chua thé thyc hién duge mo phong kiém tra toan dién céac khoi.

- Céc bit cau hinh lya chon ché d6 16/8 bit dd duoc bo qua.

Két qua thu duoc cua luan vin hoan thanh & mac xay dung mét cau traic MUSRA

hoan chinh, trong d6 phan 16i RCA duoc thiét ké & muc RTL.
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