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TOM TAT: Bai bao sé& trinh biy mot mo hinh minh hoa hé théng trén chip tmg dung nén tang két ndi mang
trén chip (NoC-based SoC). Viéc xay dung mdt mo hinh mang véi topo dang ludi 2 chidu kich thudc 4x4 dugc thyuc
hién. Trong d6, kién triic mdi router v&i phuwong phap chuyén mach goi, thanh phan giao tiép mang, va cac thanh
phan xir Iy nhu bo xtr 1y, bd nhd, ngoai vi ciing dugc xdy dung trén b cong cu Quartus va thyc thi trén phan cimg
Altera DE2. Mot giao dién dugc xay dung dya trén cong cu Matlab sé& hd tro cho viée giam sat tinh trang hoat dong
cia mang. Viéc danh gia vé tan s6 hoat dong, cong sudt tiéu thy, dién tich thiét ké ciing dwoc thuc hién dua trén
phin mém Design Compiler va thu vién saed90nm ciia Synopsys.

Tir khoa: Mang trén chip, Chuyén mach goi, M6 hinh luéi, Synopsys Design Compiler.

ABSTRACT: This paper investigate a demo NoC-based SoC. An experimental approach (2D mesh topology)
was used. Packet switching based router architecture, network resource interface, process element such as
processor, memory, peripheral are designed by Quartus IDE and implemented on Altera board. Beside FPGA
implementation, a Matlab-based graphical user interface was also designed to monitor network traffic from the
outside world. In addition, RTL codes were analysed and synthesized to get area and power consumption by Design
Compiler and Synopsys 90nm library (saed90nm). By using Quartus report, hardware cost of design was also
presented.

Keywork: Network-on-Chip, packet switching, mesh topology, Synopsys Design Complier.
1. GIOI THIEU

Ngay nay, voi cac ki thuat vi mach tich hop, nhiéu thanh phan xir 1y c6 thé dugc tich hop trén mdt chip don.
Phuong phép nay da din dén nay sinh nhiéu van dé d6i v6i kha ning mo rong, kha ning tai sir dung va hiéu ning
clia h¢ thong. Phuong phap thiét ké tap trung vao kha ning giao tiép thay vi tap trung vao kha ning xir Iy duwoc xem
nhur 14 phuong phap thiét ké duong dai dé thiét ké hé thong da 18i xir 1y trén chip (Multiprocessor System on Chip
MPSoC) [1].

Cac kién truc két ndi trén chip dong vai trd rat quan trong trong viéc quyét dinh hidu ning va cong suit tiéu thy
cua chip [1, 2, 3]. Mang trén chip (Network on Chip NoC) v6i phuong phap chuyén mach goi duoc xem la giai
phép tt nhat cho viéc lién két giita cac thanh phan xir 1y trén mét hé thong co do tich hop 1on [1, 2, 3, 12, 14].

Node vat Iy 1a mot diém truyén thong trén mang, né bao gom router, RNI va 16i IP [2 3, 7] Router la thanh
phan quan trong trén mang. Trén mdi router, c6 5 cong la cong dong, tay, bac, nam va cong ndi IP. Mdi cong co
kénh vio va ra. Cac bo dém dugc dit tai tat ca cac cong dé luu trit cic goi tin mot cach tam thoi. Mot goi tin di
chuyén qua cic node sir dung phuong phap chuyén mach store and forward.

Khéi diéu khién tao cac quyét dinh phan xir. P wu tién trong viéc phan xir duoc ¢d dinh theo thtr tu: cong nbi
IP ¢6 wu tién cao nhat, cong bic, déng, nam, tiy. Kich thudc gbi tin 1a 49 bit va né c6 cac bit diéu khién nhu 1a:
write, read request, read return, x-y counter, destination node ID, source node ID. Viéc thiét ké bo diéu khién tranh
chip 1a diéu can thiét dé giai quyét cac van dé khi hai hay nhiéu goi tin dau vao mudn chuyén tiép dén cung ngd ra.

Nhu vay, bai bao dé xuit mot mo hinh mang trén chip dugc voi cac dac tinh nhu sau:
¢ Topo dang ludi 2 chieu,
¢ Phuong phép dinh tuyén OXY,



M&i géi tin bao gdm 1 flit don, c6 3 loai flit

Sé luong node ¢ dinh bao gém 16 node,

Chiéu dai ctia mdi flit ¢b dinh 1a 49bit

Phuong phap chuyén mach goi store and forward
Phuong phap bit tay duya trén tin higu busy.

2. KIEN TRUC MANG

Mot NoC duoc xem la mot hé théng két ndi duoc thyc hién trén chip. Hé théng SoC ung dung md hinh NoC
voi cac thanh phan xir 1y duge giao tiép thong qua mot nén tang két néi dang chuyén mach goi. Hé thong duoc xay
dung bao gdm cac node mang. Cac node nay cé thé giri va nhan dir liéu bang cac goi tin thong qua modi trudng
mang chuyén mach goi. Déi voi timg hé thong khac nhau thi s6 lugng node c6 thé sé thay ddi va chirc ning cua cac
thanh phﬁn cling khac nhau nhu 1a bd xtr Iy, bd nhd, thanh phﬁn ngoai vi. [1, 2, 3, 8, 18]

Topo mang quyét dinh thiét ké vat Iy va qui dinh vé so do két ndi giita cac router, cac kénh truyén dan trén toan
mang [1, 2, 3, 4]. Topo con quyét dinh s lwrong router ma mot khung dit liéu sé di qua ciing nhu chiéu dai lién két
giita cac router [6, 12]. Do d0, topo anh huéng dén do tré lan truyén (latency) va cong suat ning luong tiéu thy cua
mang. Topo dang ludi (mesh) dugce xem 13 lwa chon tdt cho thiét ké NoC [14, 18, 20]. M6 hinh mang duogc thuc
hién st dung dang ludi 2 chiéu véi kich thude 4x4
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Hinh 1: Topo dang luéi 2 chiéu véi 16 node mang

Vi topo dang ludi 2 chiéu, thi router s& c6 5 ngd vao/ra twong tng voi 4 hudng két nbi véi cac router lan can
la North, South, East, West va 1 duong két noi voi thanh phan xu 1y [20].

Local
0 Highest

Router e —
® East

—) Iport :
mm— Outport
South
/ 3
4

Hinh 2: Thiét ké router véi 2 kénh truyén vat Iy vao/ra tai méi hudng

Tai mdi hudng két ndi c6 thé bao gdbm cac kénh truyén vat 1y riéng biét tuong ing cho ngd vao, ngd ra dé thyc hién
cho chiic nang doc ngd vao hodc ghi dén ngd ra.

2.1 Kich thwéc géi tin

Trén co ché chuyén mach goi store and forward, cac flit dugc st dung dé truyén thong tin trén mang [1, 2, 6,
10, 12, 17]. H¢ thong duogc thiet ke vdi cau trac 1flit/1packet. Co 3 loai géi tin nhu sau: goi tin ghi (write), goi tin
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yéu cau doc (read request), va géi tin dir liéu doc tra vé (read return). Trong d6, goi tin ghi dugc xuét phat tir thanh
phan master trén mang khi c6 nhu cau ghi dir liéu 1én slave. Goi tin yéu cau doc dwoc xuat phat tir thanh phan
master khi ¢6 nhu cau doc dir liéu tur slave va goi tin dir ligu doc tra vé tir thanh phﬁn slave dé gui dir liu vé master
khi dugc yéu cau.

Write flit
48-43 &2 41 40 39-36 35-8 7-0
xy | Read | Write | Retumn | Destination | Memory Data
routing Node ID | address
Read request flit
4843 42 41 40 39-36 35-8 7-4 3.0
Xy Read | Write | Return | Destination | Memory Source ZETOS
routing Node ID | address | Node ID
Return flit
4843 42 41 40 39-36 35-28 270
X=y Read | Write | Retumn | Destination | Data ZE108
routing Node ID | memory

Hinh 3: Kich thudc goi tin

Tat ca cac gbi tin déu c6 kich thude cd dinh 1 49 bit trong d6 mot sd phan trong géi tin chira cac bit 0. Trong
tat ca cac g0i tin ¢6 3 loai bit co 1a write, read, return & vi tri bit 40, 41, 42 trong goéi tin. Mat bit thé hién cho mot
co khac nhau, nham chi ra rang goi tin thudc loai nao. Chi 1 trong 3 bit dugc bat 1én. Néu 1a géi tin réng (empty
packet) thi 3 bit nay duoc dit vé 0.

Ngoai ra, trong ca 3 loai goi tin déu yéu cau thong tin ciia node ma cac goi tin mudn giri dén 1a ID ctia node
dich. S6 node tuong tmg trén mang luéi kich thudc 4x4 13 16 node. Nhu vdy can 4 bit bao gdm 2 bit cho truc OX
va 2 bit cho truc OY dé ma hod vi tri cho mdi node. Cac g0i tin write va read request yéu cAu mot dia chi trong bd
nhé, nham cung cAp thong tin cAn ghi va doc tir dija chi bd nhé nao trén slave IP trong trudng hop tai nguyén 1a bo
nhd.

Goi tin read request chita node ID ngudn boi bén nhan goi tin read request can phai biét node nio trén mang gii
yéu cau doc dit liéu. Goi tin read return nham tra 161 cho godi read request va goi tin nay chi chira node ID dich va
dir liu doc tir bd nhé. Goi tin write chira 8 bit dir liéu ghi trong khi goi tin read return chira 8 bit dir liu doc.

T4t ca cac goi tin ¢6 6 bit & vi tri bit 43 dén 48 dé phuc vu cho viéc dinh tuyén: 3 bit cho mdi chidu X va Y.
Cac bd dém nay dugc khoi tao voi khoi RNI va thay ddi boi router. Vi 16 node mang thi 2 bit dugc st dung dé
ma hoa vi tri ctia node trén ludi 2 chiéu 4x4 va 1 bit dé chi ra chidu di chuyén ctia goi tin trén truc X va Y. Néu mot
md hinh luéi c6 kich thudc 16n hon thi sé lwong bit nay can dwgc thay ddi sao cho phu hop.

2.2 Router

Chtre ning chinh clia cac router 1a dinh tuyén céc flit tir ngd vao dé di ra cac cong ngd ra twong Gmg dua trén
dia chi trén flit [1, 2, 9, 10, 15, 17, 19]. Thanh phan chinh c4u thanh nén router 14 cic bo dém ngd vao va bo dém
ngd ra (in/out buffer), bd tinh toan dinh tuyén (route computation), bd cap phat kénh ao (virtual channel allocator),
bo cip phat chuyén mach (switch allocator) va thanh phin chuyén mach giita cac hudng khac nhau (crossbar
switch).

Trong cic mang chuyén mach goi, cac thanh phan xt 1y s& giri dit liéu 1a cac goi tin dén router. Géi tin nhan tai
ngd vao cua router. Bo dém luu trit goi tin trude khi giri né dén ngd ra cua router. Mdi ngd ra cua router 6 mot bd
don kénh. N6 nhan cac géi tin tir cac hang doi khac nhau va sau d6 chon mdt goi tin dé giri ra bén ngoai dé dén ngd
vao cua router tiép theo. Cac b diéu khién hudng di va bo dém 1a thanh phin chinh quan trong trong router. Céc
giao thirc va thuat toan dinh tuyén duoc thyc hién trong khéi nay.
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Hinh 4: Kién triic tong quat bén ngoai ctia mot router

Kién truc bén trong router bao gom 2 16p chinh:
« Lép bién (boundary layer). O 16p nay chirc nang chinh 1a Iuu giit cac flit & cac bd dém va bd didu khién bo dém
quan ly cac tin hi€u ngd vao.
« L6p 16i (internal layer). Chirc ning chinh 1a xtr 1y thong tin dia chi ngudn va dich cua flit tir d6 dua ra quyét
dinh dinh tuyén cac flit d&n ngo ra kénh dan twong ing hodc dugc chuyén ngugc lai vé cac by dém & 16p bién.
2.2.1 Kién triic bd dém
Theo kién triic tong quét bén trong router, mdi cong vao déu coé mot khéi dém duogc ding 1am ving nhé cho di

liéu di vao tir mot cong [20]. Bén canh d6 & cac cong ngd ra ciing dung mdt khdi dém cho dit liéu ¢ ngd ra. Kich
thudc do rong va sau cia mot bd dém thi tuy thudc vao moi thict ke router khac nhau.

Trong do, do rong cua by dém thi tuy thudc vao kich thudc dinh dang cua mot flit dir ligu dugc truyén tai trén
kénh truyén vét ly.
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Hinh 5: Cau truc khoi bo dém va luong dir li€u tai ngd vao router

Do sau tic kha nang chira dugc tdi da bao nhiéu flit cia mot bd dém thi co thé thay dbi va linh hoat phu thudc
vao co ché diéu khién luong dugc ap dung trong thict ke. Véi thiet ke 1flit/1packet thi kich thudc bd d€m khong can
thiet ke voi kich thudc 16n.

Trong phuong phéap thiét ké cua d& tai, mdi goi tin chi bao gdm 1 flit vi thé kich thudc bo dém s& duoc giam
bot. B dém nhan dir liéu ngd vao hoat dong vai nguyén tac:
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e Goi tin di tr router lan can khi di vao mot router khac sé dwogc luu trit tam thoi trén mdt bo dém
buffer boundary in. Buffer levell va buffer level2 1a hai bo dém riéng biét mdi bd dém luu trir dwge mot géi tin
c6 kich thudc do rong 49 bit.

* Tinh trang st dung ctia mdi buffer levell va buffer level2 dwgc thé hién qua tin hiéu levell used va
level2_used. Tin hi¢u nay nhim bao bo dém do dang dugc st dung. Tin hiéu nay s€ di dén khéi control_buffer in.
Ngoai ra, trong ndi dung ctia géi tin tir router 1an cén giri dén thi bit 42, 41 va 40 s& di dén khdi control buffer in
dé khéi nay nhan biét 1a c6 gbi tin read request, write hodc return méi dén. Tir cac thong tin vé tinh trang cac bo
dém, tinh trang xung d6t ma control buffer in s& diéu khién trang thai cua buffer levell, buffer level2 va
buffer_in.

« Néu buffer levell duogc sir dung thi gia tri nay s& duoc ghi vao buffer in cua 16p bén trong dé tiép tuc cho qua
trinh xtr 1y tiép theo.

2.2.2 Co ché xir Iy tranh chip

Trong qua trinh truyen thong gitta cac router trén mang dai khi xay ra cac tru’ong hop tranh chdp. Tranh chip
xay ra khi c¢6 2 hay nhiéu géi tin & ngd vao mudn di chuyén dén cung mét kénh truyén ngd ra.

Pé kiém soat vin dé tranh chﬁp trén mang, thuat toan dinh tuyén s& xem xét mdi ngd vao mot cach riéng biét
trong mot vong 1dp voi thir ty uu tién ¢d dinh sau:
« 0 & hudng local két ndi voi thanh phan xt 1y thi d6 wu tién cao nhat
« 1 & hudng north két ndi véi router 1an cén
« 2 & hudng east két ndi véi router 1an cin
« 3 & hudng south két nbi véi router 1an can
« 4 & hudng west két ndi voi router 1an can c6 do wu tién thip nhat

O mdi ngd vao, thuat toén dinh tuyén s& chon mot goi tin hodc tir bd dém néu kénh din ngd vao duoc sir dung
hodc mot empty packet néu kénh din trong trang thal ranh (idle). Néu dit liéu nhan duoc 13 mot trong cac gobi tin
read request, write, return thi chiéu ngd ra mong mudn duoc tinh toan va luu trong mot bién. Mdi dau vao ciing c6
mdt cd tranh chip (collision flag) twong ung.

Moi bo dém ngd vao cua router co 1 tin hiéu busy va né duoc dit 1én 1 khi bd dém ngd vao duoc st dung. Pau
tién, thuat toan dinh tuyén s& kiém tra tin hiéu bao busy ¢ ngd vao hién tai va néu co nay bdo ban thi sau do co
tranh chép s€ dugc dat 1én 1. Mot vong lap dugc thuc hién tir ngd vao 0 tic ddi véi ngo két ndi tai nguyén mang
dén ngd vao hién tai. Didu nay bo qua cac empty packet va néu c6 bat ky goi tin nao muén di chuyén dén cing ngd
ra thi collision flag s€ dugc dat 1én 1.

2.2.3 Thuit toan dinh tuyén

Phuong phép dinh tuyén XY duoc sir dung trong thiét ké. Dé dich chuyén cc géi tin théng qua toan mang tir
node guri dén node nhan, router s& tim tai cac bo dém x-y tai bit 43-48 cua goi tin di dén router. Viéc quyét dinh go6i
tin s& di theo hudng North hay South trén chiéu doc ctia mang ludi 2 chiéu s& dugc duya trén thong tin cta phan y-
flag va y-counter. Trudc tién, router s& kiém tra thong tin & chidu doc. Néu y-flag duoc dit 13 0 thi goi tin duoc di
chuyén dén hong South. Nguoc lai, néu y-flag dugc dat 1a 1 thi goi tin s& dugc di chuyén dén huéng North. Khi goi
tin dugc di dén router ké tiép, thi gi tri trong phin y-counter dugc giam di 1 don vi.

Néu router nhan dugc mot g0i tin véi phﬁn y-counter la 0, thi thuat toan dinh tuyén s€ xem xét tiép tuc & phﬁn
x-flag va x-counter dé quyét dinh s& di chuyén goi tin theo hudng ndo cta chiéu ngang. Co ché xtr 1y trong phan nay
ciing twong tu nhu ddi véi xir Iy quyét di huéng di theo chiéu doc ciia gbi tin. Néu x-flag dat 1a 0 thi géi tin s& dugc
di chuyén dén hudng East. Trong trudng hop nguoc lai, néu x-flag dat 1a 1 thi goi tin s& duoc di chuyén dén huéng
West.
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Hinh 6: Dinh tuyén Oxy cho mé hinh dang luéi 2 chiéu

Truong hop, neu router nhan dugc mot goi tin ma thong tin trong ca x-counter va y-counter déu duoc dat 1a 0
thi router nhan ra rang géi tin da di dén duoc dich. Hudng tiép theo goi tin can di s& 1a hudng Local théng qua RNI
dé di dén resource.

2.2.4 Thanh phin chuyén mach

Do dic diém cua giai thuat dinh tuyén XY, cac goi dir lidu s& duoc truyén theo phuong X truée. Do do,
cac goi dir liéu ¢ ngd vao huong North va South (phuong Y) s€ khong duogc phép chuyen dén ngora huong East
va West (phuong X) va tat ca cac dit liéu tir huéng East, huéng West va Local s& duoc truyén dén tat ca cac hudng

con lai [6, 14].
Déi voi ngd két ndi vai tai nguyén mang thi dit liéu tir 4 huéng North, South, West, East déu c6 thé truyén dén.
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Hinh 7: Cau truc khdi chuyén mach router
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2.3 Thanh phin giao tiép mang (RNI)

Thanh phan giao tiép mang (hay con goi la Resource Network Interface RNI) 1a mot giao dién két nbi dé gan
két phan mang véi tai nguyén mang. Chirc ning ciia thanh phan nay 1a dé chuyén doi cac tin hiéu tir bus cuc bd
thanh dinh dang gdi tin dé phu hop voi tin hi¢u ¢ phan mang va ngugc lai [1, 2, 7, 21].

Tai nguyén mang duoc két nbi v6i router thong qua RNI c6 thé nhan cac gdi tin tir router hodc giri cac géi tin
dén router. Thiét ké bén trong ctia mot RNI c¢6 thé dugc phan ra lam 2 phan: phu thudc va doc 1ap véi tai nguyén
[1, 7]. Thiét ké ciia RNI bao gdbm master RNI va slave RNL
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Hinh 8: Thanh phan va két ndi cia RNI trong h¢ thong mang trén chip

Master RNI dugc két ndi giira router va master IP nhu dummy processor. Ngugc lai, slave RNI 1a cau ndi dé két
noi router va slave [P bao gom dummy memory, switch...

2.3.1 Master RNI

Khéi master RNI nhdm két nbi giira mot thiét bi master IP va router trén mot node don bao gém: router,
network adapter, master IP. Chirc nang khoi nay gom:

» Xay dung gdi tin dya trén dit li€u tir master IP.
* Giai ma gdi tin tur router va chuyén thanh dir liéu dé chuyén dén master IP.
* Thém thong tin dinh tuyén x-y

Trong goi tin ma RNI nhdn va gtri déu chira thong tin vé node ID dich. RNI s& quyét dinh gia tri cho cac bo dém x-
y counter dua trén gia tri node ID ctia chinh n6 va node ID dich ma goi tin mudn giri dén dé hd trg cho router trong
qué trinh dinh tuyén goi tin trén mang. Thong tin do RNI xir Iy gdm céc bit tir 18 dén 23 trong ndi dung goi tin giri
di gém: y-flag, y-counter, x-flag, x-counter. Trong do, y-flag dugc dat 1a 1 hodac 0 dua vao vi tri y trén ludi 4x4 cua
node. Pay 14 2 bit cao trong 4 bit ma RNI lay tir théng tin node ma RNI gin vao ciing nhu node ma RNI muén gui
g0i tin dén

« 1 néu vi tri node dich nhé hon vi tri ciia node ma RNI gén két

« 0 néu vi tri node dich 16n hon vi tri ctia node ma RNI gan két

x-flag ciing duoc dat gia tri 1 hodc 0 dia vao vi tri trén ludi. Co ché trong ti nhu ddi véi y-flag.

y-counter 1a mot gia tri 2 bit va thu dugc nhd co ché xir Iy sau. RNI s& xem xét 2 bit cao cua node ID dich
trong goi tin trur di gia tri node ID cta chinh RNL

« Néu két qua 1a mot s6 am, thi gia tri ndy s& dugc dit vao trong phan y-counter va trudc y-counter s& duoc dit
gia tri 1.
* Ne¢u gia tri nhan dugc la duong thi phan trudc y-counter s€ dugc dat gia tri 0.

Qué trinh xtr Iy twong tw dugc ap dung d6i véi x-counter clia goi tin. Nhung gia tri sir dung dé thyc hién phép
trur 1a 2 bit thap trong phan node ID dich va node ID ctia chinh RNI.
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wits_detal7..0)

Hinh 9: Giao dién giao tiép giira master RNI v&i route



2.3.2 Slave RNI

Khéi slave RNI nham két ndi gitra mot thiét bi slave va router trén mot node don bao gdm: router, network
adapter, slave IP. Chirc nang ctua khoi nay bao gom:

» Xay dung goi tin dya trén dit li¢u tu slave IP.
» (iai ma goi tin dén tir router va chuyén thanh dir liéu dé chuyén dén slave IP.
* Thém thong tin dinh tuyén x-y

I— clk
—— |reset
busy_outf4. 0]
clk

1 |busy_inf4.0] Iacal_pkt_out[48.0] na_nat_rdy|
local pit. inf48.0] north_pkt_out[48 0] read_request|
gt |I0cal_pkt_n i
Sl east_pkt_out(48 0] sl R
north_pkt_in48..0] ¢
SO PR QutiSE ) packet_data_oufds.0]
east_pk_inf48 .0]

N
west_pkt_outi48. 0] address[3).0)
south_pid_in48.0] packet_data_ir[48.0]

wite_ata(7 0]

west_pkt_in[48..0] read_data[7.0]

nreset

Hinh 10: Giao dién giao tiép giita slave RNI véi router

Co ché xtr Iy @i voi phin x-y counter trén slave RNI tuong tu nhu master RNI.
3. GIAM SAT HOAT PONG MANG

Tinh trang hoat dong cia md hinh NoC s& khé quan sat tir thé gidi bén ngoai. Chinh vi thé, mot giao dién da
duoc xay dung véi su hd tro clia cong cu Matlab nhiam dé giam sat tinh trang hoat dong cia mang.

Board DE2 Altera

MATLAB

Network on
Chip
115200, 8N1
Mesh 4x4

Hinh 11: Két ndi giita board DE2 va may tinh

Giao dién s& nhan dir liu tir hé thong dugc xay dyung trén board FPGA DE2 thong qua cong truyén thong no1
tlep bat dong b UART. Chirc ning cua glao dién la tong hop tinh trang tai mi duong truyén khac nhau tai mdi
cong dong thoi tinh trang xung dot tai moi bd dém trén moi hudng cia router cling duoc ghi nhédn. Tinh trang trén
mdi duong truyén vat 1y va xung dot tai mdi huéng ngd vao trén router s& dugc minh hoa bang cac dai mau theo
qui udc sau

Mau M0 ta trang thai

D6 | Kénh dan co ludng dir liéu 16n: chu ky gui dit
lidu nhé (khoang 4 chu ky), c6 nhidu géi tin tir
cac cip node ngudn - dich khic nhau di qua.
Cam | Kénh dan co ludng dit lidu di qua it hon: chu ky
giri dit liéu 16n (khoang 10 chu ky), c6 nhiéu goi
tin tir cac cip node ngudn - dich khic nhau di
qua.

Vang | Kénh din c6 luong dir liéu di qua it: chu ky gui
dir liéu 16n (khoang 10 chu ky), khong c6 nhidu
goi tin tir cac cip node ngudn - dich khac nhau
di qua.

Tring | Khong c truyén thong tin trén cac kénh din

Bang 1: Phan b6 mau chi thi dbi v6i kénh dan




Ngoai ra, tinh trang hoat dong trén mang s& dua trén hanh vi ghi va doc ctia cac thanh phin master ddi véi slave.
Tinh trang mang co6 thé dugc quyét dinh boi viéc thay d6i hanh vi cia mot bd xtir ly. Mot ngd vao tir mot dai 4
switch s€ cho phép thay doi tinh trang hoat dong ciia mang trén chip nhu bang sau

Node nguon | Node dich | Tén suét Hoat dong
processor memory | 4 chu ky | Ghi va yéu cau
0000 0100 xung doc
processor memory | 10  chu | Yéu cau doc
0101 0100 ky xung
processor memory | 10 chu | Ghi va yéu cau
0101 0001 ky xung | doc
processor memory | 10 chu | Yéu cau doc va
1001 0011 kyxung | ghilén 1111
processor memory | 10 chu | Yéu cdu doc va
1001 1111 kyxung | ghilén 0011
processor Switch 2 chu ky | Yéu cau doc
1000 1100 xung
processor Node 4 chu ky | Ghi
1000 (Switch) | xung

Bang 2: Giao dién giao tiép giita slave

Truong hop khi SW chuyén tir 0000 thanh 0100. Trong mdt sd xung nhip thi c6 xung dot xay ra giita cac gbi
tin huéng North, East, South. T4t ca déu dang giri cac goi tin dén khdi bd nhé tai 0100. Céc tin hiéu busy chi ra
thtr ty wu tién luén dugce dat voi ngd vao North va do dé no khong bao gio phai cho. Tuy nhién, cac goi tin tai ngod
vao hudng East va South doi khi can phai chd trong cac bo dém ngd vao vi thir tu vu tién cta ching thip hon. Bo
dém & hudng South thé hién mau doé cho thiy c6 tranh trap xdy ra & hudng nay nhiéu nhat vi d6 wu tién hudng nay
thap nhét so véi 2 hudng con lai.

Hinh 12: Tinh trang mang khi switch & trang thai 0100

Truong hop khi SW chuyén tir 0000 thanh 0011. Switch dugc cai dat 1a 0011, c6 thé thiy rang cac tin hiéu
busy dugc bét 1én tai ngd vao huéng South ctia node 0100 (cac ngd vao hudng South va Local déu dang ghi dén ngd
ra huéng North) va tai ngd vao hudng West cta node 0001 (ngd vao huéng West va South déu mudn ghi dén ngd ra
huong East)
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0000 0001 0010 0011
proc mem mem

Hinh 13: Tinh trang mang khi switch & trang thai 0011
4. PANH GIA THIET KE

4.1 P4nh gia tai nguyén phan cimng

Tir két qua tong horp phén clmg CyCloneH trén Altera DE2, chung t6i nhan thay rang s6 lugng thanh phan loglc
dugc yéu cau ddi véi moi module trong thlet ké 1a khac nhau. Diéu nay dang véi ca sb lugng cac khéi mach t6 hop
(combinational logic) va sé lugng mach tuan ty (sequential logic). Quartus d théng ké chi tiét sé lugng tai nguyén
dugc sir dung d6i voi mdi khéi thanh phan trong thiét ké.

Trong d6, router chiém nhiéu thianh phan logic nhét va kich thudc ctia chl'mg phu thugc vao vi tri clia cac router
trén mang. Diéu nay boi vi hau hét cac yéu cau phan cung dé xur Iy va quyet dinh dinh tuyén g01 tin déu duoc thuc
hién trén router. Ngoai ra, mdi router trén mang c6 s6 lwong hudng két ndi 1a khac nhau va sé lugng bo dém twong
ung O cac router nay khac nhau.

D6i v6i cac RNI ¢6 s6 lugng thanh phan logic it hon nhiéu lan so véi router. Boi hau hét viée tinh toan phirc
tap cua viéc dinh tuyén, dicu khi€n cac by dém da dugc dat trén cac router trong khi d6 cac RNI thi chi c6 chic
nang xay dung va giai ma cac gai tin va tinh toan gia tri cho thanh phan dinh tuyén dugc thém vao trong goi tin gui
di va nhan ve.

4.2 Pinh gia vé cong suit tidu thy

Cong suét tiéu thu trong mét thiét ké c6 thé dugc chia thanh 2 dang: cong sudt tinh (static power) va cong sudt
d6ng (dynamic power). Phan danh gi4 thiét ké vé mat cong suit s& dwoc thyuc hién véi su hd trg ciia cong cu Design
Compiler ciia Synopsys. Design Compiler nhin ddu vao 1a tip tin mé ta phan cimg RTL sir dung ngdn ngit mo ta
phan cimg VHDL, thu vién cell chuan saed90nm véi dic tinh céng nghé 90nm, cong sudt thip, va cac rang budc
khac nhau vé thiét ké. Ddi véi timg rang budc thay doi thi phuong phap tong hop s& khac nhau va s& anh hudng dén
nang luong tiéu thy cla thiét ké. Cong suét cua thiét ké dugc thé hién & bang sau

Ciong suit Toi wu mikc cao Thip
Cell Intemal Power 34978 mW 3.7003 mW
Net Switching Power 215.2984 uW 226.0009 uW
Total Dynamic Power 37131 mW 3.9263 mW
Cell Leakage Power 283452 mW 29.8259 mW

Bang 3: Cong suit tiéu thy cta thiét ké d6i vai ting phuong phép tdi uu

4.3 Panh gia vé tan sé hoat dong

Trong hé thong s6, tan sé hoat dong t6i da co thé dugc danh gia & nhiéu khia canh khac nhau va phuy thude vao
cac dicu kién hoat dong, cac rang budc ciling nhu tai nguyén vat Iy dé xay dung thiét ké. Cac tai nguyén vat ly nay
c6 the 1a nén tang phan ciing FPGA hodc 1a thu vién cell chuan cia nha .
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Yéu t6 chinh anh hudng dén tan s hoat dong cua thiét ké 1a kién truc cta thiét ké duogc xay dung tir cac ban
md ta hanh vi thiét ké. Tir ban md ta hanh vi thiét ké nay sé xdy dung thiét ké thanh cac mach t6 hop, tuan tu, két
hop két néi véi cac flip-flop. Gia tri cua tan s6 s& do gia tri setup-time va hold-time ciia cac flip-flop va gia tri tri
hodn ctia mach t6 hop quyét dinh bén canh d6 con ¢6 thém gia tri tri hodn trong qua trinh dinh tuyén ciia cac két ndi
s€ cac mach.

O khia canh tai nguyén vat ly, néu mot thiét ké duoc thuc thi trén nén tang FPGA thi tan sb hoat dong t6i da s&
phu thudc phan nhiéu vao loai FPGA duogc st dung. Ngoai ra, mot s6 yéu t6 khac ciing c6 thé anh hudng dén tan sb
hoat dong ctia mot thiét ké nhu nhiét d6, dién tich...Ching ta c6 thé d& dang nhan thiy cac FPGA khac nhau s& cho
phép thiét ké c6 thé hoat dong & tan s6 khic nhau nhu thé hién & bang sau

Ho FPGA (Altera) Tan so hoat dong toi da
Cyclone 90 Mhz
Cyclone 1T 122 Mhz
Stratix [T 150 Ntz

Bang 4: Tan s6 hoat dong tdi da khac nhau ctia cac ho FPGA

4.3 Panh gia vé dién tich

Dién tich cta thiét ké duoc chia ra thanh dién tich d6i vai cell va dién tich ddi véi thanh phan két nbi.
Tén s6 hoat dong Dién tich
76Mhz
Téi wu mire cao vé dién Net Interconnect area:
tich 151561.696162
Total cell area:
921980.612843
Total area:
1073542.309004
Khong toi wu vé dién tich | Net Interconnect area:
174088.557009
Total cell rea:
1155243.106324
Total area:
1329331.663333

Bang 5: Dién tich thiét ké dbi v6i timg phuong phap téi uu

Néu mot thiét ké trong qua trinh tong hop yéu cau tdi wu mirc cao vé mit dién tich thiét k& thi s& anh huong dén van
de timing cuia thiét k&, cu the 1a giam tan so6 hoat dong toi da.

5.KET LUAN

Pé tai thyc hién minh hoa mdt SoC co ban sir dung nén tang giao tiép NoC voi phuwong phap thyc nghiém
(experimental approach). Phuong phap nay su dung cac cong cu mo phong, gid 1ap hodc nén tang phan cing
FPGA d¢ danh gia hoat dong va hi¢u nang cua thict ke.

Mo hinh nay khéng nhim dé dua ra mot thiét ké chi tiét cho mot ing dung cu thé nhu xir Iy anh hodc xtr 1y tin
hi¢u ma chi nham xay dyng md hinh tong quat minh hoa mdt SoC co ban st dung nén tang NoC trong giao ti€p.
Keét qua cua dé tai da dat duwoc mdt so van dé nhu:

+ Xay dyng thanh céng mot mo hinh minh hoa SoC tmg dung NoC trong viéc truyén théng dit liéu. Mo hinh
mang trén chip dugc thiét ké véi cac dic tinh nhu: topo mang dang ludi 2 chiéu, kich thuéc mang 4x4 gom 16
node, giao tiép bang cac don vi goi tin (flit), co ché didu khién ludng request-return, co ché diéu khién tic nghén véi
tin hi¢u busy giira cac router

« Thyc nghiém mo hinh SoC tmg dung NoC trén nén ting phan cimg FPGA cu thé 14 trén board DE2 Altera,
nham xac nhan hoat dong thyc t€ cia moé hinh mang NoC luéi 4x4. Bén canh d6, viéc truc quan hoa hoat dong cua
mo hinh mang véi giao dién Matlab cling da hoan thanh.
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* DPanh gia thiét ké vé tan sb hoat dong, dién tich thiét ké, cong suét tiéu thu cua thiét ké vai cong cu hd trg vé
thiet ké vi mach Design Compiler va thu vién saed90nm ctia Synopsys.
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