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TOM TAT
Bai bao s€ gi¢i thieu mé hinh mang trén chip NoC (Network-on-Chip) ¢ng dung
trong thiét k& mot hé thong trén chip SoC (System-on-Chip), tlr d6 d& xuat mot kién
trdc mang trén chip co s& (d&t tén la BASIC-NoC), tdng hop mang bang VHDL dé
thwe hién trén FPGA, viéc mo phdng va danh gia hiéu nang mang dwoc thyc hién
bang phan mém ModelSIM.
ABSTRACT
This article introduces the Network-on-Chip (NOC) model used for System-on-Chip
(SoC) applications. A basic NoC structure (BASIC-NoC) is proposed to synthesize
the network using VHDL and implemented on the FPGA platform. Simulation and
performance results are also presented.

1. GIOI THIEU

Trong qui trinh thiét ké chip, bon khia canh cin quan tdm d6 1a: qua trinh tinh toan
(computation), bd nhé (memory), 1/0 va truyén thong (communication), [4]. Khi
cong suét xir 1y ting va cac tng dung tap trung nhidu di liéu ngay cang phd bién thi
viéc giai quyét cac thach thirc ciia qua trinh truyén théng (communication) bén trong
mot hé thong trén chip SoC (System-on-Chip) dang dugc dit ra hon bao gio hét. Hai
giai phap thiét ké truyén thong thuong dung cho SoC 1a sir dung cac duong day riéng
biét hodc sir dung cac bus chung cho toan hé thdng, tuy nhién cac giai phap nay boc 10
cac han ché nhu kém linh hoat va kho thyuc hién khi nhu cau truyén thong hodc sd
lugng tai nguyén gia tang.

Mang trén chip, Network on Chip (NoC), ra doi véi ¥ dinh s& gidi quyét cac kho
khan nay bang cach thuc hién mot ‘mang truyén thong (communication network) bao
gom cac micro-router/switch lién két cac tai nguyén hé thong (1], [3], [4]. Hau hét cac
khai niém co s¢ va cac thuét ngir ap dung cho NoC déu duogc bat ngudn tir mang may
tinh. Céch thire lién lac nay mang lai tinh mém déo, cho phép kha nang chuan hoa va
su dung lai cac kién trac truyen thong da duoc thiét ké va tdi wu, giup giam chi phi va
thoi gian thiét ké, cling d6ng nghia vai viée thoi gian dua san pham ra thi truong (time
to market) duoc rat ngan. NoC cho phep chia s¢ tai nguyén, nang cao bang thong bang
vige chia sé cac kénh truyén trén mang, giam nho nang luong tiéu thy do cac day dan
dugc thu ngin, viéc phan 16p khi thiét ké va kha nang sir dung lai cic tai nguyén la
nhiing dic diém thuan loi khi thiét ké duya trén NoC.
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Hinh 1. Kién triic mét NoC don gidan 3 x 3 tai nguyén



Hinh 1 trinh bay mét kién trac NoC véi topology dang ludi (mesh) 3 x 3 gdm 9
tai nguyén lién két v6i nhau, dir liéu trao ddi giita cac tai nguyén dugc dong thanh
cac packet (go1) va chuyen di nho cac router thong qua cac lién két truyén thong,
mdi tai nguyén dugc gin chi vi mot router va khdi RNI (Resource Network
Interface) dong vai tro giao dién gitta tai nguyén va router. Hinh 2 minh hoa hai
giai phap thiét ké SoC khac nhau cua cing mot san pham: thiét ké dua trén kién
trdc bus (bus-based) va thiét ké dya trén kién trac NoC (NoC-based).
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Hinh 2. Hai gidi phdp thiét ké SoC:  a) Thiét ké t{fuyén thong sir dung bus chung
b) Thiet ké su dung kién triic NoC

Hién nay, cac nghién ctu vé NoC dang dugc thuc hién bdi nhiéu nhom nghién
clru clia cac cong ty, truong dai hoc, vién nghién ctru trén thé gidi theo nhiéu
huong khac nhau [3],[4]. Viéc ing dung mé hinh mang may tinh cho SoC da mo
ra hudng phat trién day htra hen trong thiét ké cac hé thong nhiing. Tai Viét Nam
huong nghién ciru vé NoC van con rat méi va chua dugc khai pha, chinh vi vay
nghién ctru vé NoC va thyuc hién NoC trén nén phan cting FPGA sé& 13 mot trong
nhitng budc di tién phong vé nghién ctru va thiét ké mang trén chip.

2. XAY DUNG BASIC-NoC

Dura trén co so 1y thuyét vé Interconnection Networks [1], [2], [3], nghién ctru
nay s& tién hanh xay dung mot kién tric mang trén chip co sd, tong hgp mang
bang ngdn ngit VHDL st dung ISE Foundation 9.1i ciia hing Xilinx, mo phong
hoat dong cua mang bang ModelSIM va danh gia két qua. Viéc thuc hién mang
trén phan ctimg FPGA s& dugc tién hanh trong thoi gian dén. Mang dugc xdy dung
s& 1a mét kién trac co s cho viée phat trién cac hé théng trén chip dua trén FPGA
(FPGA-based SoC) va c6 thé dugc mé rong trong nhiing nghién ciru tiép theo, vi
vay mang dugc dat tén 1a BASIC-NoC.

2.1. Topology mang



BASIC-NoC c¢6 topology dang Torus 2 x 2 [1],[2], bao gdm 4 tai nguyén ndi
v6i 4 router theo so d6 khoi dugc trinh bay trén Hinh 3.
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Hinh 3. So dé khéi BASIC-NoC

Trong kién tric nay cac router lan luot dwoc ky hiéu 1a R_x0y0, R_x0y1, R_x1y0 va
R_x1yl véi cac toa dd tuong ing theo chidu ngang va chiu dimg ciia cac router 1an luot
la (0,0), (0,1), (1,0) va (1,1). Cac toa d0 nay ciing chinh la dia chi cta cac router trong
mang. M6i router duoc gin voi mot tai nguyén hay con goi 1a mot don vi xir 1y dit liéu
Data Processor (DP) dugc ky hiéu twong ung la DP_x0y0, DP_x0yl, DP_x1y0 va
DP_x1y1, dia chi cac bd xur Iy nay ciling chinh 1a dia chi cua router.

2.2. Co ché dinh tuyén (Routing)

Céc DP trao dbi dir liéu voi nhau bang cach truyén packet thong qua cac router. Mdi
packet c6 chira dia chi dich trong phan header va dia chi nay dugc router sir dung trong
qué trinh dinh tuyén dé chuyén packet dén dich chinh xac. Vi dy la mang don huéng, néu
tinh theo phuong X hay theo phuong Y céc router chi chuyén packet theo mot hudng xac
dinh nén giai thuat dinh tuyén duoc ap dung trong mang nay giai thuat dinh tuyén XY (XY
Routing) [1], [2], [3], day 12 mot giai thuat thudc 16p giai thuat dinh tuyén theo chiéu
(Dimension Ordered Routing) duoc sir dung véi muc dich dam bao dé dang md rong
mang khi c6 yéu cau gia ting sd luong tai nguyén.

2.3. Co ché diéu khién luong (Flow Control)

Co ché didu khién ludng dam bao viéc cip phat cac tai nguyén sao cho cac packet co
thé di qua mang tir ngudn dén dich mot cach chinh xac. Packet dwoc phan chia thanh cac
don vi truyén tai nho hon goi 1a cac Flit va dugce chuyén qua mang. Flit 1a don vi co ban
dé thuc hién viéc cip phat bang thong va bo dém trong router, ¢6 3 loai flit dwoc sir dung:

Hinh 4. Khuoén dang cua packet duoc sur dung trong BASIC-NoC

< Packet

v

—Packet Header————>

X_addr | Y addr | PSN Pavload
——
4 bits 4 bits
[01] X addr | Y addr | PSN: Packet Sequence Number

Head Flit



Head Flit, Body Flit va Tail Flit hoic két hop cta céc loai flit nay. Khuon dang
ctia mot packet duoc cho trén Hinh 4. Trong nghién ctru nay sir dung co ché diéu
khién luong Wormhole Routing két hop véi viée st dung 2 kénh 4o Virtual
Channel (VC) cho kién tric router [1], [2].

V6i co ché didu khién ludng Wormhole Routing viéc truyén thong giita cac
router trong mang duogc tién hanh tuan tu theo tung Flit. DO rong cua bus dir licu
phai tuong tmg véi kich thudc cia Flit. Dé tiét kiém tai nguyén BASIC-NoC sir
dung cac don vi dit liéu c6 kich thude nho nhét 1a 8 bit, dé phan biét giita cac loai
Flit can str dung thém 2 bit diéu khién, suy ra kich thudc mét Flit 1a 10 bit (bao
gbm 8 bit dit liéu va 2 bit diéu khién), dy ciing chinh 13 do rong bus dit liéu trong
BASIC-NoC.

2.4. Kién triic Router

Trén co s& lya chon topology mang, co ché dinh tuyén va diéu khién luong,
kién trac Virtual Channel Router cho BASIC-NoC dugc xay dung bao gom 2
Sub_Router c6 kién tric gibng hét nhau 1a xRouter va yRouter véi so d6 khoi
dugc trinh bay trén Hinh 5.
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Hinh 5. Kién triic Virtual Channel Router cho BASIC-NoC



Giai phap xay dung router tir cac Sub_Router giup qua trinh thiét ké tro nén dé
dang, ddc biét thuan loi khi téng hop thiét ké BASIC-NoC bang ngo6n ngit VHDL.
Véi giai phap nay, mdi Sub_Router dam nhan chirc ning dinh tuyén va diéu khién
ludng cho packet theo mot phuong xac dinh: xRouter chuyen packet theo phuong
X con yRouter chuyén packet theo phuong Y. So do khdi cua Sub Router duoc
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) Hinh 6. So do khoi Sub_Router
3. TONG HQP BASIC-NoC BANG VHDL

Trén co s& md hinh mang dugc xay dung, viéc téng hop BASIC-NoC st dung
ngdn nglt mo ti phan cimg VHDL dugc thyc hién bang bd cong cu ISE
Foundation 9.1i cua hang Xilinx, su dung FPGA Xinlinx Spartan 3E XC3S500E
véi tai nguyén khoang 500 ngan cong Sau khi chay chuong trinh téng hop, mang
chiém khoang 61% tai nguyén phan cimg cta chip, két qua chi tiét duoc trinh bay

O Bang 1.
Device Utilization Summary (estimated values)
No# Logic Utilization Used Available Utilization
1 Number of Slices 2873 4656 61 %
2 Number of Slice Flip Flops 2793 9312 29 %
3 Number of 4 input LUTSs 4076 9312 43 %
4 Number of bonded 10Bs 26 232 11%
5 Number of GCLKs 1 24 4 %

dout_ack

Bdng 1. Két qua tong hop BASIC-NoC sir dung FPGA Spartan3E XC3S500E ciia Xilinx



4. KET QUA MO PHONG
Sau khi tong hop phan cing BASIC-NoC, qua trinh m6 phong va danh gia hi¢u
nang mang dugc thuc hién bang cach truyén mot s luong 16n packet qua mang,
do téng thoi gian tur lac bét dau truyén packet dau tién cho dén khi nhan dugc hoan
toan packet cuoi cung, tir do tinh dugc tré trung binh va thong lugng trung binh
(Average Throughput) ctia mang.
Nghién ctru nay thue hién hai mé phong truyén dit liéu dong thoi trén mang:
= Mo phéng 1: Truyén dir liéu tir router R_x0y0 dén router R_x1y0, cac
packet s€ chi di tir router R_x0y0 dén router R_x1y0.
= Mo phéng 2: Truyén dit liéu tir router R_x1y0 dén router R_x0yl, cac
packet s& phai di tr router R_x1y0 qua router R_x0y0, sau do dugc
chuyén dén router R_x0y1.

Trong ca hai md phong duoc thuc hién déu khong c6 su tranh chép yé tai
nguyén duong truyén voi muc dich tinh todn gid tri thong lugng 16n nhat cua
mang.

Trong ca hai m6 phong: thue hién viéc ghi lai thoi diém bat dau truyén packet
tir router ngudn va thoi diém nhan
thanh cong packet tai router dich,
tor d6 tinh dugc thoi gian truyén-
nhan trung binh cta mot packet,
nghia 1a tinh dugc gia tri thong
lugng trung binh cia mang.

Cic tham so ding mé phéng:
truyén lién tuc 5000 packet, mdi
packet gom 4 Flit, mdi Flit co do
rong 10 bit, tan s6 xung clock cho
toan mang f = 50 MHz, thoi gian
nghi gitra 2 Flit trong mot packet 1a
1 chu ky xung clock, thoi gian nghi
gitta 2 packet lién tiép 1a 2 chu ky
xung clock. Hinh 7 biéu dién dang
song md phong trong clra sd cla
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chuong trinh ModelSIM. |
Hinh 8 trinh bay két qua mo & L |

phong biéu dién su phu thudc cua

gia tri thong lugng trung binh theo

s0 packet dugc truyén ciia hai mé phong.

Hinh 7. Dang song moé phong trong
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a) M6 phéng 1: Truyén tir R_x0y0 dén R_x1y0 b) Mé phéng 2: Truyén tir R_x1y0 dén
R_x0y1
Hinh 8. Quan hé giita théng lwong trung binh (MegaPacket/s) theo s6 packet dwoc
truyén

Tir két qua trén Hinh 8 chiing ta rit ra nhitng nhan xét sau day:

= Trong ca hai mo phong: ban dau khi sé lwong packet truyén nho thong
luong ciia mang nho, sau do thong luong cua mang tang khi so packet
truyén tang, thong luong dat gia tri 6n dinh khi s6 packet truyén du 16n
tr 1000 packet trd 1én.

* Khi mang ¢ trang thai 6n dinh thong luong trung binh cua hai lién két
truyén thong trong hai mo phong dat gia tri xap xi bang nhau vao
khoang 2.5 MegaPacket/s (= 2.5x10° packet/s) = 2.5 x 4 x 10 (Mbps) =
100 (Mbps).

= Néu toan mang c6 N lién két truyén thong dién ra dong thoi giita cac tai
nguyén thong luong ctia toan mang s€ 1a: N x 2.5 (MegaPacket/s) = N x
100 (Mbps).



5. KET LUAN

Két qua m6 phong cho thiy kién trac _mang trén chip rat thich hop cho cac ing
dung da phuong tién (multimedia) yéu cau toc do xir 1y cao, lwong dit liéu trao ddi
nhiéu va bing thong 16n, cling nhu rat thich hop cho cac tng dung dya trén xu ly
song song. Kién trac mang trén chip co s& BASIC-NoC s& 1a nén tang cho vige
trién khai cac tng dung cho cac hé théng trén mot chip SoC thuc hién trén nén
phan cimg FPGA.
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