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(57) Cong trinh hién thue mét phuong phap hd tro viéc thiét ké hé thong tang toc phan
cing voi kién truc két n01 lai bang cach tao ra khung suon hd tro thiét ké. Khung suon
cung cap nhimng ho trg can thiét cho viéc don gian hoa viéc thiét ké, phan tich, danh gia va
lua chon klen trac két ndi phu hop nhat voéi mg dung nham dat duoc hiéu qua cao nhat
trong hiéu suat xtr Iy va it ton tai nguyén phan cimg. Nhimg hd tro da duoc dé cap bao gom
mo-dun phén tich dic tinh giao tiép dit liéu, mo-dun phan hoach phan ctng phin mém,
mo-dun sinh kién trac két ndi lai, cong cy sinh ma dic ta phén cing va cong cu téng hop
hé thong Phuong phap hudng t61 vi€e tao lap mot kién tric két nbi lai linh dong phu hop
nhat véi dac tinh giao tiép dir lidu gitra cac thanh phan trong mot umg dung cu the Kién
trac két ndi lai s& khac nhau cho timg tmg dung ca vé thanh phan 13n tai nguyén can thiét
cho céc thanh phan.
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Linh vuc k§ thuét dwoe dé cap

Cong trinh huéng dén viéc hién thuc mot phuong phap hd trg thiét ké tang téc phan ctng voi
kién trac két ndi lai, dugc st dung trong linh vyc khoa hoc tinh todn, dédc biét la tinh toan voi
hiéu ning cao v6i chi phi phan cung tiét kiém va ning lugng tiéu thu thip. Phuong phap don
gian hoéa qua trinh tao ra cac hé théng tang tde phz‘?ln cing, co thé duogc st dung bdi dai da sb céc
d6i trong ngudi ding trén phin cing tai ciu hinh véi do linh hoat cao véi chi phi san xuét thip.
Ngoai ra, kién tric két ndi lai gitip cho hiéu suét tinh toén ctia céc hé thdng tang téc phin cimg
cao hon.

Tinh trang k¥ thuit ciia cong trinh

Nhu ciu tinh todn ngay cang ting 1én, dic biét 1a khi chiing ta dang bude vao ky nguyén dit liéu
16n. Tuy nhién, tbc do tang tin sb hoat dong ciia CPU da cham lai trong vai ndm qua. Do do,
céc lya chon thay thé nén dugc nghién ctu dé dap tng yéu cAu nay. Mit khac, ngay cang nhiéu
béng bén din c6 kha nang tich hop trén mot chip don. Cho dén thdi diém hién tai, c6 thé tich
hop hon 50 ty béng ban din trén mdt chip don. Tuy nhién, nhidu thach thte cin duoc giai quyét
khi mot sb luwgong 16n cac bong ban dan nhu vay duge tich hop trén mot con chip nhu phat xa
nhiét, ti€u thu dién ning va tic nghén trong qua trinh truy cdp bd nhé. Do do, cac kién tric da
15i ddng nhét va khong dong nhét da duoc gi6i thisu @8 tiép tuc cai thién hiéu ning hé thdng va
cho phép str dung sb lugng 16n cac bong ban dan nhu vay. So véi cac hé théng da 151 dong nhit,
cac hé théng khong ddng nhét cung cép nhiéu sitc manh tinh toan hon trong khi tiéu thu ning
lugng hiéu qua hon do st dung cac 16i chuyén dung cho céc chirc nidng cu thé.

La mot trong nhitng xu hudng chinh trong da 16i khong dong nhét, hé théng tang téc phan cing
dugc xem nhu huéng tiép can chinh dé tiép tuc cai thién hiéu suit trong twong lai. Trong cic hé
théng nhu vay, thudng c6 mot bo xit Iy da dung (General Purpose Processor — GPP) hoat dong
nhu mot bd x 1y chil va mot hodc nhiéu bo tang tbe phén ctng (con goi 1a nhéan) hoat dong nhu
bo ddng xir Iy dé tang tdc xir Iy cho céc chitc nang tinh toédn chuyén siu cla ing dung chay trén
bd xtr ly chu. Do su Kkét hop ctia ca GPP va nhan dic trung cho ting (ng dung cu thé, hé théng
tang tdc phan cimg tiét kiém ning lugng hon va c6 hiéu suit cao hon GPP trong khi van cung
cAp mirc do linh hoat déng ké.

R3 rang, cac nhan tang tbc va hanh vi giao tiép giita chung 1a khac nhau tir ing dung ndy sang
tng dung khic. Mot ing dung cu thé cin c6 mot kién tric két ndi cu thé chuyén biét cho cac
dac tinh giao tiép dit liéu ctia n6. Két ndi cu thé phai c6 hiéu suét tbi wu trong khi van gitt mic
sir dung tai nguyén phan cting t6i thiéu. Do d6, chung t6i d& xuat mot phuong phép thiét ké tu
dong 14y cac dic tinh giao tiép dir liéu ciia mot tmg dung nhd vao phuong phap théng ké dé
hién thuc mot hé thdng ting tdc phan cimg cho ting dung c6 két ndi lai. Két ndi lai dugc cung
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cap phi hop nhét cho viéc hd trg cac mau giao tiép bén trong tng dung trong khi st dung tai
nguyén phén cung cang thip cang tbt.

D3 biét thong tin vé nhitng hé théng ting tdc phan ctng, tuy nhién cac hé théng nay déu chi sir
dung mot loai két néi thay vi stt dung hé thdng két ndi lai gbm nhidu loai két ndi khac nhau.

Heé théng ting tdc phan cting Molen (cong bd trong “The molen polymorphic processor”), Bo
xtr ly Warp (cong bd trong “Design and implementation of a microblaze-based warp
processor”), He théng IMORC (cong bd trong “IMORC: An infrastructure and architecture
template for implementing high-performance reconfigurable FPGA accelerators™), Hé théng
PowerEN cua IBM, Hé théng FUSE (cong bd trong “Fuse: Front-end user framework for o/s
abstraction of hardware accelerators”), Hé thong dugc d2 xuét bai C. Pilato (cong bd trong “On
the automatic integration of hardware accelerators into fpga-based embedded systems”) va Hé
thdng tang tdc phan cing dugc d& xuit boi A. Canis (cong bd trong “Legup: An open-source
high-level synthesis tool for fpga-based processor/accelerator systems™) chi st dung loai két nbi
bus cho két ndi gitta bd xit Iy chd va cac nhan phan ciing.

Hé théng MORPHEUS (dugc cong b trong “The morpheus heterogeneous dynamically recon-
figurable platform™), Hé théng ting tbc phan cing dugc dé xuit boi E. Chung (dugc cong b
trong “Coram: An in-fabric memory architecture for fpga- based computing”) va Hé théng
P2012 (dugc cong b trong “P2012: Building an ecosystem for a scalable, modular and high-
efficiency embedded computing accelerator”) chi st dung mang két ndi trén chip (Network-on-
Chip) dé két nbi bd xir Iy chii va cac nhan phan cing.

Hé thdng Convey, Hé théng IBM Power 8, Hé théng Microsoft Catapult va Hé théng ting tdc
phan ctng cta Intel (cong bd trong “High-performance, energy-efficient platforms using in-
socket fpga accelerators™) stt dung bd nh¢ dung chung dé trao ddi dir liéu gitta bo xtt 1y chi va
nhéin hodc gitta cac nhén.

Heé théng dugc dé xuét bsi B. Betkaoui (cong bd trong “A framework for fpga acceleration of
large graph problems: Graphlet counting case study”) va Hé thdng duoc dé xuét béi J. Cong
(cong bd trong “Optimization of interconnects between accelerators and shared memories in
dark silicon”) st dung chuyén mach (crossbar) dé két nbi gitra bd xit 1y chu va cac nhan phan
cung.

Ban chét k§ thuit clia cong trinh

Cong trinh dugc thuc hién nham giai quyét van dé k¥ thuat néu trén. Muc dich chinh ctia cong
trinh 12 d& xudt mot phuong phap hd trg cho viée thiét ké hé théng tiang toc phan cimg véi kién
trac két ndi lai. Phuong phap dugc x4y dyng thanh mot khung suon dé hd tro nguoi st dung.
Khung suon cung cAp mot giao dién ngudi dung truc quan, thyc hién nhan dit lidu dau vao 1a
tap tin ma ngudn bang ngdn ngit C. Khung sudn cung cip kha ning dua ra cac théng ké vé thoi
gian hoat dong ciing nhu dic tinh giao tiép dit liéu cta cac thanh phan trong tmg dung dugc dic
ta bang ngon nglt C. Khung sudn ciing dugc ra cic két qua két qua thiét ké kién tric két ndi lai
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dua trén dic tinh giao tiép dir liéu. Cubi ciing, khung sudn dua ra tap tin céu hinh hé théng
phin ctng nhim x4y dung hé théng tang tdc phan cimg trén cac nén tang tinh toén.

Pé thuc hién muc dich nay, nén tang FPGA va céc cong cu hd tro téng hop FPGA duogc st
dung nhu mdt phin cia hé théng duoc thiét ké. Cu thé 1a viéc st dung cong cu tong hop
Quartus dugc cung cip béi hing Intel Altera cho cac chip FPGA tuwong tng cta hang, cong cu
tbng hop ISE, Vivado ctia Xilinx cho cac chip twong tmg cla Xilinx. Ngoai ra, phin mém thiét
ké hoat dong trén hé didu hanh Linux hd trg ddy di cac thu vién dugc su dung trong chuong
trinh.

Khung suon nhan di liéu dAu vao 1a tap tin ma ngudn phét trién bang ngdn ngit cip cao C. Céc
cong cu QUAD va gprof dugc sit dung dé tién hanh phan tich Gng dung dé rat trich duge céac
dac tinh giao tiép dit liéu va thoi gian thyc thi cta cac phan trong ma ngudn dau vio.

Dua trén cac két qua phan tich nay, khung sudn cung cAp mdt md-dun phan hoach phén cing
phan mém dé phan tach cac phin s& dugc hién thyc trén phén ctng va céc phan tiép tuc dugc
thuc thi bang phan mém trén may chi. Md-dun nhan du vao 1a két qua phan tich do cong cu
QUAD va gprof sinh ra dé dua ra dugc két qua phan hoach.

Khung suon dugc tich hop mo-dun sinh kién trac két ndi lai dé tao ra céc két nbi phu hop nhét
cho cac phén cia Gmg dung s& hién thuc trén phin cting. Pau vao dé thuc hién mo-dun nay la
dic tinh giao tiép dit lidu da duoc rut trich & bude trude. Két qua dau ra ctia md-dun 12 mot kién
trac két nbi phit hgp véi cic phan cta tmg dung s& dugc xay dung trén phan cimg.

Bén canh d6, khung sudn dugc tich hgp cic cong cu sinh ma dic ta phin ctng dé chuyén db6i
cac phan sé hién thuc trén phén cing tir ngdn ngt C sang ma dic ta phin cimg. Pau vao cla
cac cong cu sinh ma nay la ma ngudn bing ngdn ngit C cho phén tmg dung s& dugc hién thyc
trén phan cing. PAu ra cia budc ndy s& 1a ma dic ta phan cimg twong tmg kha hién trén cic
thiét bi phan cimg.

Cudi cung, dudi su hd trg cia cic cong cu téng hgp Quartus cho thiét bi ctia Intel Altera va
ISE, Vivado cho thiét bi ctia Xilinx, toan bd dic ta phén cing cho céac phén ung dung dugc hién
thuc trén phan cimg va kién triic két néi lai s& duoc téng hop dé tao ra tap tin céu hinh thiét bi
phin cing tuong tng.

MO ta viin tit cac hinh vé

Hinh 1 md ta phwong phéap hd trg thiét ké ma chung t6i dé xuét dé hién thuc mot tmg dung cu
thé trén céac hé théng ting tbc phan cting v6i két ndi lai.

Hinh 2 md ta kién trtc tdng quan hé théng ting tbc phan cing ding két ndi lai.

Hinh 3 m6 t& md hinh tinh toan song song nhiéu nhan cho mt ham.

Hinh 4 m t mo hinh tinh toan xtt 1y éng (pipeline) nhiéu nhan cho nhiéu ham.

Hinh 5 md ta thuét toan xay dung tu dong két ndi lai cho hé théng tang tbc phan cing.
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M6 té chi tiét giai phap hitu ich

Hinh 1 mé ta phuong phép hd trg thiét ké ma chung t6i d& xuat dé hién thyc mdt Ung dung cu
thé trén cac hé théng tang téc phin cing véi két ndi lai. Cac budc tién hanh va cach thirc thuc
hién tirng budc duge md ta nhu sau:

1. Lap hd so: Ung dung dugc lap hd so bang cong cu (phuong tién) QUAD 8 trich xuét
céc dic tinh giao tiép dir liéu cua ung dung va bing coéng cu gprof dé xac dinh cic ham tinh
toan can dugc ting tbc. Két qua ciia budc nay dugc s dung trong budc “Phén hoach phan
ctrng/phan mém” tiép theo ciing nhu bude “Két nbi lai”.

2. Phan hoach phin cing/phdn mém: Muc tiéu chinh cta viéc Phan hoach phan
ctng/phin mém trong cac hé théng phan cing ting téc khong ddng nhat 13 ci thién hiéu ning
hé théng, tr d6, dat duoc muc do tang tdc cao hon. Dé dat dugc muc tiéu nay, cac phén cua
chwong trinh c6 thoi gian thyc thi 16n (cic ham tinh todn chuyén séu) thuong dugc anh xa 1én
phan cting, trong khi cac phén cén it thoi gian tinh toan dugc thuc hi¢n trén mdy chi. Budc nay
nhan dau vao 13 két qua phan tich cua budc “Lap hd so” dé chon lua cac ph?m cua ung dung s&
duoc tang tdc dua trén thoi gian thue thi cta nd. Két qua cia budc nay 1a mot bang phan hoach
phan dugc thyc thi trén phén ctmg va phén dugc thyc thi trén may chu. Két qua ciia budc nay s&
14 dAu vao cho hai buéc “Két ndt lai” va “Sinh phan cing” tiép theo.

3. Két ndi lai: S&r dung céc hd so chi tiét cia cac dic tinh giao tiép dit liéu sinh ra trong
buge “Lap hd so”, modt nhan phén ctng ting tdc s& biét chinh xac nhan nao s& st dung cac két
quéa dau ra ciia né. Do d6, nhén co6 thé phan phdi du ra clia no truc tiép dén cac nhan st dung
khi két qua da sin sang (thay vi chuyén du ra cla n6 tré lai may chi nhu trong cidc mo hinh
thuc thi thong thuong). D& hd trg mo hinh nay khi trién khai 1én mot hé thdng phan cing ting
tdc hién co, bén canh co s& ha tﬁng truyén thong c6 san, mot két nbi lai giita cdc nhan s& dugc
trién khai. Két qua ctia budc nay 1a mot dac ta cac két ndi s& dugce st dung dé xay dung hé
théng. Két qua ciia budc ndy cling s& dugc st dung & budce “Sinh phén ctng” tiép theo.

4. Sinh ra phan cting: Nhu da n6i & trén, chung tdi sir dung céc nén tang dién to4n c6 thé
tai cAu hinh lam nén tang chi yéu. Céc cong cu tdng hop cip cao nhu Xilinx Vivado, DWARYV,
v.v., dugc st dung dé tao cac dic ta ph?ln cung co thé téng hgp cho cac nhan tr cac déc ta béng
ngdn ngi cAp cao tuong Ung. Két qua cta budc nay 1a mot tép tin dung dé cu hinh cac hé
théng phan cimg twong thich va dugc st dung trong budce cubi cung “Trién khai trén nén tang
phén cimg”.

5. Trién khai trén nén tang phan ctmg: O budc cudi cing nay, tit ca cac thanh phan trong
thiét ké dugc téng hop va trién khai trén nén tang tinh todn tai cAu hinh bang cic coéng cu cua
mdt nha cung cp cu thé nhu Xilinx khi trién khai trén nén tang Xilinx hodc cong cu Convey
PDK khi stt dung may Convey. Phin mém duoc thuc thi trén mdy chi trong khi phan ctng ting
té¢c duoc trién Khai trén thiét bi tinh toan tai c4u hinh. Co s& ha ting truyén thong cia hé théng
dam bao viée giao tiép dit lidu gitra cac bo tang tbc phan cimg va phin mém, trong khi két ndi
lai ciia chiing t6i s& thye hién viéc lién két cac nhan.

-5
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Hinh 2 mé ta kién trac téng quan hé thong ting tbc phan cing v6i két nbi lai. Trong kién triic
nay, bd xu ly chu co thé 12 CPU hiéu suét cao da dung (vi du: CPU Intel x86) hodc bo xur ly
nhing (vi du: Xilinx PowerPC) hodc bo xtt 1y mém (vi du: MicroBlaze hodc Nios). Cac nhén
cta hé théng ting tbe phén ctng dugc trién khai duéi céc nén tang phan cting nhu FPGA, bd xtr
ly tin hi€u s6 (DSP), GPU (Bo xut ly dd hoa), v.v. Trong khi bd xt ly chi sit dung bd nhé chinh
dé luu trix dir liéu cia tng dung, cac nhén c6 bd nhé cuc bd cta chung dé luu trix dit liéu cuc bod
(b6 dém dir liéu) dé cai thién kha nang song song gitra cic nhan. Trong kién trc nay, chia s& bo
nhé cuc bd va mang két nbi trén chip dugc dung d8 két ndi cac nhan tinh toan tao thanh kién
trac két ndi lai.

Hinh 3 md tA mo hinh tinh toan nhiéu nhan cho mot ham (song song vé dit liéu). Song song vé
dit liéu 12 mot kich ban thuec thi trong d6 dit liéu dugc chia nho thanh cac phan doan va cac nhan
xir ly song song dam nhan céc phan doan d6. Néi cach khéc, mot ham tinh toan chuyén sau co
thé duge ting tdc bi mot sd lugng cac nhan ddng thoi. Mbi nhan xur 1y timg phan doan dit ligu.
Gia st rang mot ham tinh toan chuyén sdu ¢6 »n nhan tang tdc, dit liéu dau vao cho ham dugc
phan chia thanh » phan doan. Viéc giam thoi gian x{t Iy cia ham nay so vGi mot nhan xt ly duy
nhét 12 Agy= 25
1a chi phi phét sinh khi xit Iy song song & mérc dit liéu. Chi phi nay phu thudc vao thudt toan
dugc ap dung va sinh ra do cac dit li¢u bd sung can dugc xtr ly dé dat dugc két qua chinh xac

— 0, trong d6 7; 12 thoi gian dé xur ly toan b dit liéu chi véi mot nhan va O

cho tiing phéan doan.

Hinh 4 md ta& mé hinh tinh toan xir Iy éng (pipeline) nhidu nhan cho mot ham (song song vé
1énh). Song song & murc 1énh 1a mot kich ban thuc thi trong d6 cac nhén tang tbc ciia ham tao
thanh mot dudng dng dé xir Iy mot ludng chira cac phan doan dit liéu. M&di nhéan phu trach cua
mdi chtic ning dugc ting tdc c6 vai trd nhu mot giai doan ciia duong éng. Cac phan doan dit
lidu dugc truyén qua timg giai doan d6. Khac véi kich ban xu ly tudn ty, trong x1r ly song song
& mirc 1énh, cac nhan tham gia 1am viéc cung mot lic. DY sdu cua dudng 6ng 1a sb lugng phan
doan dit liéu duoc xur ly ddng thoi. Gid st rang ¢ n giai doan xu 1y, tong thoi gian thuc thi
trong kich ban tuln ty khi két nbi lai dugc 4p dung s& dam nhiém viéc truyén dit lidu gita cac
nhan duogc dinh nghia theo phuong trinh:

n—1 n—1-
Tserial = Z T + Z(D{(lm) + Dz{{out))o (1)
1=0 1=0
Trong do Df{in) va Di’fout) 1a luong dit lidu dau vao clia nhan duge tao boi may chi va dit lidu
diu ra ctia nhan duoc sit dung bai may chu.

Khi song song & muc 1énh dugc khai thac véi do siu m (gia su rang m > n), tdng thoi gian thuc
hién dugc xap xi boi phuong trinh:
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szpelme "'(_ + OO) + 1113,}( ( + O; ) + ..

+ onax (-—- + Oi) x (m—n+1) 2)
+ max (—+O) max (—+O)
1<i<n—-1"Mm 71—-2<1.<n i'm
T :
+ (Z% + On1) + Z(Dm) + Dffour))0

=0
trong d6 O; 14 chi phi phat sinh. Sy song song & muc 1énh ¢6 1¢i khi Tpipetine < Tserial.

Hinh 5 md ta thuét toan duoc dé xuét stt dung dic tinh giao tiép dit liéu cua Gmg dung @8 trién
khai tng dung do trén nén téng tang tdc phﬁn ctng. Két qua ctia thuat toan 1a mot hé théng ting
tbc phan cing véi mot két nbi lai duge tdi wu hoa vé thoi gian giao t1ep trong khi van glu duoc
muc st dung tai nguyen phan cting t6i thidu dé thiét 1ap cac két ndi. Két nbi lai bao gdbm céc
thanh phan két nbi dugc d& cap ¢ trén. Trude tién, thuat todn chon céc chirc néng tinh toan
chuyén sau nhét va phi hop d8 tang toc trén phan cimng (ttc 13, cac chuc ning c6 thé dugc tong
hop trén phan cliing) (dong 1). Céc ham tinh toan chuyén sdu dugc xem xét 4p dung kha nang
song song vé dit lidu néu duogc chip nhan (dong 2-8). Sau d6, thuat todn sir dung cong cu lap hd
so QUAD dé tao hd so dinh lugng mirc d9 truyén thong dit liéu cla tng dung (dong 9). Dya
trén hd so nay, mot két ndi lai hiéu qua duge chi dinh. Trong thudt toan nay, bd nhé cuc bd
dung chung (dong 10-15) dugc xem xét trudc. Bude tiép theo 13 anh xa tAt ca cac nhan con lai
khong duoc két ndi bang giai phap bo nh¢ cuc bd dugc chia sé vao mang két nbi trén ch1p Cubi
clng, co ché song song & muc 1énh dugc xem xét dé tiép tuc giam thoi gian thuc thi néu dugc
chép nhan (dong 17).
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YEU CAU BAO HOQ
1. Phuong phap thiét ké tu dong 14y cac dic tinh giao tiép dit liéu cia mot ung dung dé
hién thuc mét hé thdng ting tbc phan cimg cho ung dung két ndi lai bang céch tao ra
mdt khung suon hd trg thiét ké tang toc phan cting, phuong phap bao gdm cac budec:

1ap hd so: sit dung cong cu QUAD 8 trich xuét cac dic tinh giao tiép dit liéu clia
g dung va cong cu gprof dé xac dinh thoi gian thuc thi ciia cac phan khac nhau trong
ung dung;

phan hoach phan ctng/phan mém: cac phan cia tng dung c6 thoi gian thuc thi
16n d3 dugc xac & budc trude duge lya chon anh xa 1én ph?ln cing, trong khi cac ph?m
can it thoi gian tinh todn dugc lya chon thuc hién bang phén mém;

két nbi lai: str dung céc hd so chi tiét cua cac dic tinh giao tiép dit lidu d& két ndi
cac 16i phan cung ting bang mot kién trac két nbi phit hop c6 thé gdbm mang trén chip,
. o 1ea Y PR
duong dit liéu chung va chia s€ b nhd;

sinh ra phin ctng: cic cdng cu tbng hop cip cao Xilinx Vivado HLS hay
DWARYV, dugc st dung dé tao cac dic ta phﬁn cung co thé téng hop cho céac 161 phén
cing tur cac dic ta bing ngdn ngit cAp cao twong ung;

trién khai trén nén tang phan ciing: tht ca cac thanh phan trong thiét ké duoc tong

hop va trién khai trén nén tang tinh toan tai ciu hinh bang cac cong cu hang san xut nén
tang phan cimg ding dé hién thuc tng dung.

2. Phuong phép theo diém 1, trong d6 tich hop giai thuét sinh tw dong kién trac két ndi lai
tuy theo dic tinh giao tich dit liéu cta céc phén trong tng dung.

3. Phuong phap theo diém 1, trong d6 tich hgp kién trac két ndi lai bao gdm bod nhé cuc bd
chia sé va mang két nbi trén chip c6 cAu hinh phu hop véi dic tinh giao tiép dit liéu cua
tng dung.
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EXECUTION

Ch thich:

Application: Ung dung

Executable Binary: Ma nhi phén thuc thi
Profiling: Lap hd so

Hybrid Interconnect Generation: Sinh két ndi lai

- GCC Compiler: Trinh bién dich GCC

- Communication graph: d6 thi giao tiép

- HW/SW Partition: phan hoach phén clmg/phin mém
- HW Generation: Sinh phan cting

Implementation on Target Platform: Trién khai trén nén tang phan cting

Hinh 1
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— . Ch thich:
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- Local memory: B nhé cuc bo
Hardware Kernel Hardware Kernel Hardware Kernel
Hinh 2
Serial processing Data paralle! processing

Kernel i Kemeli_1 Kerneli 2 Kemeli_3 Chit thich:

- Serial processing: xur ly
tudn tu

- Data parallel processing:
xu ly song song muc dif
liéu

- Segment: phan tmg dung

- Data: dit liéu

- Kernel: 15i tinh toan

7

data

Hinh 3

Ty

EKernel 0 ! Data kernel 0

Ch thich:

- Serial processing: xu ly
tuln tu
- Instruction parallel
Serial processing processing: xti ly song
depth=4 _ song muc lénh
; ‘ - Segment: phan ting dung
- Data: dir liéu
- Kernel: 18i tinh toan
- Data kernel: dit liéu cho
time 181 tinh toan
- Depth: d0 sau

Y
0,
R

Kerel 2

Instruction parallel processing

Hinh 4
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ALGORITHM 1: Custom interconnect design with NoC

Input: Application source code
Output: The most optimized interconnect
Liw < List of the most computationally intensive functions suitable to implement on hardware;
repeat
for each HW in Ly, do
if HW satisfies the data parallelism solution (Aap > 0) & resource is available then
Replicate HW in Lp,,
end
end
until Ly, does not change;
G + Quantitative data communication profiling for functions in Lpy;
for each communication [HW; — HW; : Dy;] in G do
if Dﬁzn) = Dz‘j then
Apply the shared local memory solution for HW; and HWj;
Remove HW; from Lp,;
end
end
Map all HW in Ly, to the NoC using adaptive mapping algorithm;
Apply the instruction parallelism solution if Tpipetine < Teerial;
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Hinh 5
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