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Abstract

problem. In recent years, network on chip (NoC) has been proposed as an effective solution to the complex on-chip com-

With increasing integration of system on chip (SoC), communication between IP cores become an urgent

munication problems, Virtual channel and routing algorithm play an important role in NoC design, They have great im-
pact on latency, throughput and other performance of NoC. According to the characteristics of load distribution of NoC,
we presented a novel non-uniform distribution technology of virtual channel (VCND). The technology of virtual channel
is used in the internal Mesh and non-virtual channel is used on the boundary of Mesh. Hence, the amount of buffer unit
is reduced. Then a modified deadlock-free routing algorithm was proposed, called combination XY (CXY). Simulation
results show that CXY routing algorithm can improve network throughput and keep low message latency compared with
XY and XY-YX routing algorithms. And VCND can save router’s area and increase the utilization rate of buffer unit

obviously with a little losing of network throughput and latency, compared with uniform distribution technology of vir-
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tual channel.

Keywords Network on chip, Virtual channel, Routing algorithm

1 5%

BEE B HARNAR R R, AN ERUBRB S
8 IP L, AR ERMENRES ERRANH LREBFSE
MR EE LR, NoC B—METREMEHEBFERE
REEM, HBL0 R R MM B E AR BB RO 45 At
B, ARG ERRMR A kSB[ IRITF T RR
— Hsf o [5) 4 F0AE £5 E F F (D

B BRI IR H R B NoC ByPERE™ . UK
(18R —FP & OIEREM XY B B i, g R %
X R RIEEE Y W, YEREEARMKH, K
SRR THE NoC B . HBEREEARRA, NoC

PR H #7:2013-10-15 R % B 3. 2014-01-31

WM EBERBEER A B EHE, RSB EET .
SCHRL 3 4Rt —Fh B S TEFE B B oh LR (DyXY) , I B 3 N 8K
BAEERERE. WREFESFRERE, WRESKR
EEEHHERL, ERHERERBNIARE. T4
B —FhICFEH 5 B R B (XX, BB B R XY i
FRBAT I, SRR R AT, IR AR R ER AR
TRAEA, I ERA YX B IR ITER A . OISR
HH— 7 [ B B ol Bk (IX/Y) TERUR A Sk A SR B —
B, MEAE R 0 B, BUR AR XY BRI B k#7155 Y-
B2 1 6F, iRk E YX Rl BT84 . SCil6 )i
E Mesh Z5H I 7R I8 51 5% B 69 B oy B0 T 1k BE A B0
AR B A 155 0 P 2 E T, 3 HRERR R BUR G EIA B

AXZERAARBERST B (6137302, URERBFEEN ERXEHELT B

(BS2009DX024, BS2010DX013) , IR B AR E4 W B (ZR2012FM023), INFRE B BRI R B (JOOLG3L ¥R .
WK (1988 —) & i+, TERRFE R K LML, E-mail; gl_linlin@sina. cn; FXRMA977—), B, B4+, B8R, B+ 4 5, CCF B94
B, EEMRAB A LA BIBERNE r ER%; RBEOAI7I—), &, 4, BIEE, B4 S0, TERR A IR EREME  F LR,

¢ 164 -



R B ERBM MR, X7 b —Fh TR 5E 9 B8 o 3 vk
XY-YX). ZEERBEYETEE BN AKAESGE,
B XY B AR YX B B, R B t R R A R A 3t
XY Bk R 4% S AR B G 13 R T 3R o B AR R A ik, B
AR TEARIE R4 TESE BRI T R AT BRI 4B 7 30, R =
WIEHERE

M HUEER AR NoC B BB R EE MR E,
HEHEEEARBERKERL T, NoC NEA 5 ™= £ M ERFE
B, BHUAE AR PO IO, EREBAEEREAR
SHOMEINES B AR E AR 3 AR W BT RA HE R
BE] 7 A IE ) 2% P BE A B HR T 4 3R P B U158 T B R B R BT
REW/ B th AR AR, SRR B v T A R . B AT BLE
EHREERMNMEERESFFHKHAEI Ry 10,
B R R T .

A2 3CE X NoC S 843 A Y At » 38 Y — FiofT i) e U@ 1
IS TEA BRI B L vp BITH R A i BE
B T AR s [F] Bt 4t — o o ) RSB B o BB 0 CXY, R
HREIIM A SR R B PR .

2 NoC rh VCND AR

2.1 EHUBERHAR

NoC f ¥y B BRI T BR 0 9 43 2 (8] (9 TR 2, Y B G R
ARSI (1 AR BUEE AR (2) BRUEEE R .
R M2 DR AR 2K B — 2% Yy T o 7 0 XoF R — £H B4R G v A
T BELEEHEXERESARREEHM R THE R EE
B BOEE rh ST (B R kS . P 1 SR B T R A
KW ARGEH. EIFEDEERRT, YA E5E S8
Krppoun , REAREARRBYEERNERAR. X F
SEHLGEE A, H— AR R A B A, H e R T L
WGP EER IR, R ELEERRR B RH
FAR, R R, 15 MR PR AR, Rl It i SR BY e 2R T
B SN LA R B ey AR R 2R BR8N, 0 T B e
P& A, FATTE (A BB AT , BR AT RE AR 4 S 4%
SRS TR (8 P R AU O, HE TR0 B AR T AR, R g o
HY 2% h B TT R R R e 28 T RRL ) — R RO U

Rt 8% | [hEEn
2t %

C R
E S E S

B SERLEE S ELEESHRER

NoC FrA B E R Fi R BB E A oy e RS E
5434 B R (uniform distribution technology of virtual chan-
nel, VCUD) . {XFE Mesh Py EREEERH A B L E TE , Mesh 1 R
L EE R A R EURE R R B HLEE IR S A B AR
(non-uniform distribution technology of virtual channel, VC~
ND) .
2.2 VCNDHER

#T 2D-mesh i NoC, N # B A RBER KX, A FHERE
BB/, RIBW AR FRES, S H VCUD # A6,
RGN LB rh T AR, B RATEE —F
VCND £ AR R MERIZ B, B AR BER B BEMK NoC #y4

BE, RS BT R, Rl BB AR E R,

B 2 R T VCND S AR EHLGEEB AR B IR 5T H
DX 458 Y B pl 5 AR 2 (8 6 P B 1 5, KA Bl e 5 A 2 1
FEAERLGEE. EEEAT JAEAEHRAE TE 3 FER.

(DEARAE SR S A1 55 B 4B BE B 28 2 mfE i 3%
FH B AEE « M HEE R SR TR S B T A, B e fE i B8
bR BT e B IH O AT —Bim A DM ERLEES .

(DOYHBRRAN R W S EH BN R A0 B i 25 Z 6] %
ook PR R HEE - S BOR A L T A Bt BE i Y s BT, B R
BHRIBAFRBHERBROFEERTAESRE AT,
WRA 25 NG BT, TSR,

OBIEEAEDR SRR S ZEER,
HBAFRERER . —fEMNOFBINEREE, 5 —F 2N
PIEREIL R IR . & TR BB M rh A A BN,
BRI A B, T BARYE o ok SE R4 (first come first
service, FCFS) iy JR I #EAT f 8% » 38k e tH BLOLAR (I RE

DQ """ - D ------ HRH
D—-fj[j{}{_] - igga
D{}D[} W by
D" N ' . i
TP ot
B 2 VCND M
A T
h b Q4Q: F—
Q' , : R1R4R3 o
¥ [z
] [ M &
c [N @ m ; 8[1
UiU Uy d ORh Qn !
T*TJT, _V_VJ
(W] Pr
P3 b
[5]

B3 VCND FH¥EaEn

B 3 iR T VCND TR AER . a FRERATEREL
BENBATRZENER. SR P FRERG S CH
EWEIT, AT NROERBIMRG S AZhET. MRS
Bt U gk, AL 5288 a P &R, 1
W ARG Yy B SR B A FIAL . ¢ R (6 R I SDLE 1 Y P YT
RZEEEE. BEC QMEEE R A FRERB B
8 1 5 RALEER 0 B R ALEE, i S im0 B B 4%
D EAEE, BRIEESE——X M. YHECREXEH
ZENT, HiEa Q MW LARAG Wy I S BR e (R AR, Bt S¥ D
R M DR 1 SBAUEE, RET MEME. MR
#A R A Q [FATIER , MR HE FCFS g 7 10 4 Bo ik 2% t  F
B EER M BTUREE, bl dRALFSHBRFLT R
ZlE . b c WAEETE AL UF — AN, B2 b
ABREEBUEES L. £ dBXT, BbE D 2K
AL R A Q R A B R B b 2% C B9S2 sh BT, AR 3B
FCFS RU#ATSY B, W0 R Bl 48 C 30 A 25 R s 85T,

« 165



DR, 75 VCND AR T, NoC i1 5 % Ak B L8
B AENTRAELEE. HAR ENERARBANNE R
BT 1R B AR E R . M BEEEEA BT,
R BRI AR OEERS.

3 OXY BHE*x

7E XY BB M XY-YX e B s e B, A SR
— PG TEFEB R B Bk CXY, XY B Bk R4 7 By
Bk X, )E Y % ARBRER/DOBRT, HEERT
HEBBER. ZREENRIEHEMBANE. SEFR
e, 25 5 P A B 2R, S AR SR TR R,

XY-YX Bheh Bk EE M P XY B i R R R a9 6% Bt A
BAKYERE. ZEERE YT RS B HT KR
BEERL X B R Y 5. RARYNHTRASHEN
AR AL B AR R, R EOERE R XY B B YX
B R B LR AR o BT LA RO 48 S BT B BOR A

FEET 2D-mesh 8 NoC o, 2 i} VCND AR, 8T
MR _EAE R AGEE BT L Tk i S SR8, R i T B el B
EN SRS R, BT U AR, AR — Rk
HER TSR A% CXY,

QXY BXY-YX

M4 XY,XY-YX,CXY Bk i M g

XY

destCol<-dest destRow-Dest
switchCow «Switchaddr
switchRow=—switchaddr

ES5 CXYBhBEERER

CXY BB T E R AR S BT A TEKIIH
H H T A7 SRR B T R A et R XY Be s k.
HEY 2 LT A B B B3 R 7 500 R 8 e,
WK YX B . BT R R REE, B T
BEGRIEBAG A, 2 AT R AT R T R A R, SR
RYXBHEE ARUEREIES SBARE. BH%
RIOCRH XY B B YX B AR & 7 20k g
X F B R W B AR B R AT RAE. 5 XY B
AL YX B iy Sk i TR R 39534 . M Turn Model
RERIUT g M BE AT, 5 XY B BE AN XY-YX B el B3k

» 166 -

FL, ZER I T WA B A3t EA S 5. K4
BT 3MBHAEEARFHEERE. B 5 AHT CXY I
HELRERENTESR. 5 XY BRaBEEM XY-YX %
AR, CXY i Bk BE 39 M ) 28 B % S 3, 3% NoC
BT ok B R AR ) 457 B SE R
Bk CXYRAaERE
dest /R B M T S hil , destRow Fn B B S BT 4R - destCol F
N EL: SR EF=Y:E T LY
switchaddr F7R YR 3% B 5 S itk , switchRow 7R X808 i1 R/
17445, switchCol 7R X1 B B 7 s T AR AR
i A :dest, switchaddr
B Hi % H 3% 1 Ceast, west, north, south)
N e BIR R T — Bk A BRI, A 6 B,
If (dest==switchaddr) return true;
Else if (destCol>switchCol)
{
If (destCol%2 == 0)
Return east; //F 8 XY BHE®%
Else
{// %A YX B BB
If (destRow>>switchRow)
Return south;
Else if (destRow<CswitchRow)
Return north;
Else
Return east;
}
}
Else if (destCol<CswitchCol)//RF YX &5
{
If (destRow>>switchRow)
Return north;
Else if (destRow<switchRow)
Return south;
Else

Return west;

}
Else
{//EER—3
If (destRow>>switchRow)
Return north;
Else

Return south;

B 6 CXYHHEE

4 MHEEHESH

ALK A gpNoCsiml. 0 45 B 2817, & 7 LA 3 NoC #
Mesh, Torus, Butterfly #1 Fat Tree & £~ IMN #7105
A, ZEEEE X NoC Bl 8 — 5%, SCB X NoC H:fE
Bl . FTECE S B EERIMEROR I BRI AR,
FrhBSTR/N BB E BB AT R B, S
PoEEN B MGV SRR R R TR R,

BARARI4 R 3 R A, AR R BRI R R
. XA ERZEEanBhER BIERF a8 Bl



MBI BERASAEBRREREITMER. HEREFE
NRTTRW K . AP EBRENEBLEEANSCE 3. 840
LUBEX R — R T, BB ITREAER 2 MR KA
Pr A YGEST 10000 B EA, BT 1000 SAT4p R B R AR E B
Bt (warm-up) ,

& 7 451 5X 5Mesh W T ESER. (2. (DR 3 F
BB E VCUD TR M Bt BB 5ERT . CXY B
B7E VCUD FHEMF B MEYERME T XY BhE
A XY-YX SR, SR EEARKE, 3 R ER
W B L R A — 3, B B R L T AR Bm, XY #1 XY-
YX B BN FERE T CXY BBk, MNEEaE
AZRIKXB 0.6 B, XY F1 XY-YX B i B8k B 8 35 RE I T 450
I, T CXY B AR ERIR AR 0. 7 i 4 Wk 1
. CXY Bt BETESR AN 0. 3 Z /0, KIBHEF
BAFSFFHEOERER B YBEAEARE I
0.7 Z[EA,CXY B BB KB HEHBRETREMBEE.
(o) (D2 3 BRI B e VCND T K48 i) Fnk B A1 23
if. CXY Beik7E VOND T 3K15 iy 75 ut B A0 2 3 i £
FRERMBHER, FHEMNEEERE. B TFMEN
A /I , (o7 R 01 328 S O 4 B (00 o5 P9 45 6 B B B 3006, 55
VCUD#M LK, CXY s E 7 VOND T HFHEBEEMET
6. 3%6 . L& LI FERT I8N 10. 2%

z ! T 400

S 09fpi—id [

B osl..|®XY =T, /;

2 @ XY-¥X b ”

RS B S e i

3 o5 ) 8/

£ o4 L § 0 /A

-

bl ®

02 B

o 01 02 03 04 05 06 07 08 09 & 01 02 03 04 05 06 07 08 09

P44 A\ % (flits/cycle/IP) B4\ # (flits/cycle/IP)

(DERBEHOHATHELR (D ERIEHES AT TR

—~ 09 00—

':3 08 ;--x:v : 4 || -exy

% oz ------Q-XY—YXl AN W0 gxv-vx ( s

_}w_ 06 A-CXY I /l( ;.E 4001 XY, A

5 o S /

E 04 4 ¥ 0 e

= o / H

=+ 02 b Y S

® g 0

01 02 03 04 05 06 07 08 09
AN (flits/cycle/IP)

(REGEERANSHTHAELR (DEBPEEIESSE T FHER
B 7 7E 5X5 PUETF fF ik B AP SERT

[ 8 4 H 8X8 Mesh £5# T 3 Rk B IZMIH B4
MEHT] LIE S, CXY B & k7 VCUD fil VCND F &
BRI TR WM R B, 3 MR B LA
ZHMETHRBNBEHLERTE XS METHRENFTLE.
LR HEE AN 0.6 BF,CXY J& B B35 18 10 1 REAHIK
F 100 A~080 E 3 .

B 94 12X12 Mesh 1T 3 BB EMIT AL
R, CXY BMEBEAFEHBEMEHERET XY BEhEE
MXY-YX BB, 3 MBEBEEE VOND TR
EEETFFE VCUD TR H TR, EHX%E VCND T,
NFBARAERGEE BT R SR AR A RN, AR
BBRESFARFEAHE, SBCEYEM M. ¥ VCUD
ToHESEAQEARNGEM, A TFHRRARDEE, A5

01 02 03 04 05 06 07 08 09
¥ 40,3 N\ % (flits/cycle/IP)

RO E, B RGET ERPRIER SN, T,
3 Pkt BIRIRAG A 1 B T 5X5 A1 8 X8 MUK K151
Rk B, AR P 45 S 247 SIE it B 5008 0 T A SR B3 i 488

P T 550 f—r
5 1l 500 |-
§ o9l :g_yx A 450 |- ::z-\'x '}
L 08 ff -A-CXY = 400 -] A-CXY
3w o R i
2 06 i 2 s i/
2 05 / ¥ 20 /
= 04 W 200 /
" 0g ® 15 /A
@ 02 ‘/ " 100
N ez 03 04 05 06 07 08 09 %01 02 03 04 05 06 07 08 09
FolE . AR (flits/cycle/IP) F AN (flits/cycle/IP)
(DRPEEYAMHETHEER (b BRUEESSNMA TR E
-1 600
F pm— - Wi /
E 08+ .@-xy-¥x 7 2 :;z‘vx I
E 07 k-] -A-Cxy A / —amo F~{ -#-CXY /
5 06 2 300
3 o5 =
g u /- §,‘ 200 / [
g 03 y/ % 100 g
e 02 i
o 1 02 03 04 05 06 07 08 09 005 02 63 04 05 06 07 08 08

¥ A AR (flits/cycle/IP) ¥ 4.3 A& (flits/cycle/IP)
(O BHEHEENSSATHELR (O BAEEIESS 56T KT

B8 7 8X8 MUK T Byt BAFH3Ems

= 1‘1 XY —a 00 i
F ool T [k | g ) -
S 08 ESdl P 7/
5 07 7 ;—é 400
3" 06 /A W 300
g 05 /. x 20
w04 B
A on i 100
%o, 0

01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09

¥4, N\ R (flits/cycle/IP) ol 8 AR (flits/cycle/IP)
(BELEENSIRTHEFLE  (DESEESS S T RS E
-~ 1! 1 00 T
£ o9 : 600 b
£ ool i T | S /;
3 op}H wexv / 2 ACXY A/
© ¥ 400 4
g o W 300
g o £ ® y
-1 04 Yi B 200
A 03 10 ' ;
¥ oz 0 HI - i

01 02 03 04 05 06 07 08 09

01 02 03 04 05 068 07 08 09
$ AT N E({its/cycle/IP) AR 4 N\ #{lits/cycle/IP)

(QEBEHFEHDFIFTHELR (DBIEEIENSIN T T HER
9 FE12X12 T K& B A ERS

B 10 A 11 #E T RE PSR T, CXY B B %RE
VCOND #AR TG B R, FEME ARSI, CXY Ml
BRRBHELBOAKMRE. 73 MMERET,CXY
B BEHBHAFEL RS54 0. 8516.0. 98.1. 00, W4
KIEN EFARAEARET 0.4 ZRTHEA - HEREA
FEASEGIEIN, 8 X 8 MUAE T B CXY Bl B 1 3575 1 F- 9 38
BHETFHEFMAET CXY § BRI EER . B
HEMEHER R K, BER G EA LB, VCND T
R FEALFAREAHEE, RBCP TR,

I I
[] = 545-CXY
| @ B¥B-CXY A
- 12#12-CXY s i

/qr/
..
VA

F ok F(flits/cycle/switch)
EEE8ERSEEESRE .~

02 03 04 05 08 07 0B
P4 N (flits/cycle/TP)

B 10 VCND T CXY BB skmE g
« 167 -



¥4 % i (cycles)

B K eyclotp)
B 11 VCND T CXY B85k 9 ¥ 5 i

B 12 8 13 44 3 FhBS B 37 VCUD 1 VOND
BT R R . (F RS RAEUH, M XY Bl B A XY-YX %
BB, CXY BB % F ot AV SRR T 13, 12% 5
1. 54%, M4 VI 5E 0T 5} IR T 12. 3% 5 9. 75%., 5
VCUD ML, CXY B f B35 7E VOND T #7889 % 1t 88 e 4%
T 4520, ETFIRERIEANT 3. 84%. {AR7E VOND .,
B ey BRI T 19, 964% , 36 HL128 wh 28 LA ey
',

N IES 38w
-~ XY,VCND
—+ XY-YX,VCND
<+ CXY,VCND

%
H
»
2
=
-
+
&3

a1 02 03 04 05 06
$H AN X (flits/cycle/IP)

B 12 VCUD#H VCND F iy Znt g

07

- XY, VCUD
@ XY-YX,VCUD
-# CXYVCUD
v XY,VCND
-t XY-YX,VCND
-+ CXY,VCND

001

02 03 04 05 06 07
A N H (flits/cycle/IP)

Bl 13 VCUD #1 VCND F g4 #y3Eat

& 14 %6 PR A AL 8 43 7 028 b 8T B3R 1
HER, ERHBEEARSY 0.7 217, VCND THE T
FIHRE F VCUD T3R8 B s BRI R, VCND HEAR
ﬁémﬁméﬁﬁiﬁéﬂﬁfﬁ%ﬁﬁi%@%#ﬁiﬁ%ﬁ%fﬁﬁ,%
BHBE I, My VCUD R, VCND AR (51888 s 2.
TCR R 3% 20, 03%,

4

= § X8 VCND
-®- 12X 12,VCND
~ 8 X 8VCUD
¥ 12X 12,VCUD

=3

L Sk E

(buffer unit slots/cycle)
Egbabe

o
o & 8

=3

04 05 08 a7 08
AR NEflits/cycle/TP)

B 14 BrhipsTR xR

2 150 i AR e 40050 8 4 T RGO B 8. VCUD
FN RHUE Y5 5045 B AR BB E AL, VOND RR B HUEE
FHARTRARFBER . ARHTUE S, R VCND #
AREERIBBE DB h BR324 404 55 B, B
H 3w T AR 42. 654, B B B EAUB > 29. 82% .

+ 168

LS 82X 8 B, 48 i 84 57 T Bk /0> 28, 5206, B th 78
ERD 19. 96496, REE 45 M9, NoC LR R
m*ﬁ,ﬁﬁﬁ35M%E‘Eﬁmﬁﬁ,ﬁﬁﬁéﬁttfiﬂ‘ﬁiﬁﬁad\,ﬁﬁuﬁ
VCNDT,gﬂ\ﬁﬁﬁtéﬁéﬁrﬂfﬁﬁmﬂmwtmjtm}%ﬂﬁi&
TFe. % NoC #i# ik F| 20 X 20 i, B8 w28 5T T AR 0 o
12. 5606, B e 2% T B0 A L B4 BB A 2 8. 7924 £ bR
B R EEM ST ERE SR T 2L 35%, B
BEBE B A T 19, 5%, BB TH R EREET
20.03%.

F 1 NoC P g 10U 1 43 A ALY 46

NoC  f#l VCUDE#H VCND &# ZAH BT B B

A i (bit) (bit) AR A HHRBL
5X5 3 38400 22016 42.6% 29.82%
§X6 3 55296 34816 37.74% 26.418%
X7 3 75264 50688 32.65% 22.82%
8X8 3 98304 70262 28.52% 19. 964%

BERIE NoC I — KB R INT 2P B 5 A >
T8, 2% 3OO\ T 48 1 B I 55 T R AR B £ P A
RE,E8 NoC HIBIRMBET R, HHE NoC B,
R —FE mesh R - A3k B BUEE, P ER 3 R 1
iR VCND # &, R Bt 42 1 — b B4t 9 2 96 4 B B
CXY. BEBMRE SR A5 B 0% SRR B & i3]
TRBTES A B, 53 XY BB s YX B A,
TTRZ SRR, 7E 5X5,8X8.12X 12 2 Mesh RIZ8 T, 4 1
XY BB EM XY-YX B 81, CXY B B R 4
MRS BIRE T 13.12% 5 11, 54% s WRER T FE B 43 B e A
T12.3%59.75%. #iH VCUD # K, VCND AR5 L
4. 525 BFR I BN 3. 8496 S FE TR 4 078 20, 03X Hy R ph ofs
TR BT, IR0 T 19, 45 9% 3% o S8 F A

2 ¥ x

[1] Dally W J, Towles B. Route packets, not wires; On-chip inter-
connection networks[C] // Proceedings of IEEE Design Automa-
tion Conference, 2001 . 684-689

£2] Verbeek F, Schmaltz J. On necessary and sufficient conditions
for deadlock-free routing in wormhole networks [J). IEEE
Transactions on Parallel and Distributed Systems, 2011, 22
(12).:2022-2032

[3] LiM, Zeng Q A, Jone W B, DyXY: A proximity congestion-
aware deadlock-free dynamic routing method for network on
chip[ C] // Proceedings of the 43rd Annual Design Automation
Conference. 2006, 849-852

(43 Patooghy A,Miremadi S G. XYX: A power &. performance effi-
cient fault-tolerant routing algorithm for network on chip[C]//
Proceedings of the 17th Euromicro International Conference on
Parallel, Distributed and Network-based. Weimar, Germany,
2009.245-251

[5] Tang M, Lin X, Palesi M. Routing Pressure: A Channel-related
and Traffic-aware Metric of Routing Algorithm [ J], IEEE
transactions on Parallel and Distributed Systems, 2013 ( Pre-
Prints)

(6] #H. &% — %t K E R4 i mesh g4y P 2 33 5 e T B
BRI W BHIR 2, 2012,39(6) . 40-43

(F#%E 177 1)



HFHSTHF T RCFRIRIE.. FOMETE & R EH R
B ZLBRNEL BRAEHELTRETBERE
/NSRRGSR, S T — BT SR (R RE

2% XK

[1] Bellare M, Rogaway P. Entity authentication and key distribution
[C]//Stinson D R. Crypto’93, Lencture Notes in Computer Sci-
ence 773. Berlin: Springer,1993:232-249

[2] Canetti R,Krawczyk H. Analysis of key-exchange protocols and
their use for building secure channels [C] / EUROCRYPT
2001, LLNCS, vol. 2045, Springer-Verlag,2001:453-474

[3] ILaMacchia B, Lauter K, Mityagin A. Stronger security of au-
thenticated key exchange[ C] // ProvSec 2007, 1.NCS, vol. 4784,
Springer-Verlag, 2007:1-16

[4] Lee J,Park ] H. Authenticated Key Exchange Secure under the
Computational Diffie-Hellman Assumption[R]. Report 2008/
344, Cryptology ePrint Archive, 2008

[5] ¥ EWL.ETHR. % HHABEHIGERIL TENR 2%,
2008,35(9):9-12

[6] EBEFTER,.EHW,. % MERNTETHGHINESESHE
PRI, HHEHBIR 5 %R, 2010,47(9) : 1604-1610

(7] BEARAKRR. CK AT HERZ 2R AEEH A
BT MR, 2011, 34(1): 47-54

[8] Zhou Qing-lei, Yang Zeng-fu. TUP. A New eCK-Secure AKE
Protocol under the CDH Assumption[ ] ]. Int. J. Communica-
tions, Network and System Sciences,2012,5:332-336

[9] Bian Shi-zhu, Wang Jian-dong, Ren Yong-jun. Strongly-secure
and Efficient Authenticated Key Exchange Protocol[ ]J]. Com-
puter Engineering,2010,36(7)

{107 Nishide T, Yoneyama K, Ohta K. Attribute-based encryption
with partially hidden encryptor-specified access structures[ C]//
Proceedings of the 6th international conference on Applied cryp-
tography and network security, 2008. New York, USA, 2008:
111-129

[11] Kim M B, Fujioka A, Ustaoglu B. Strongly Secure Authenticated
Key Exchange without NAXOS’ Approach[ CJ // Proc. of the
fourth International Workshop on Security, IWSEC09 Lecture
Notes in Computer Science. vol. 5824, Springer-Verlag, 2009
174-191

[12] Cremers C J F. Formally and practically relating the ck, ck-
hmqv,and eCK security models for authenticated key exchange
[OL]. Cryptology ePrint Archive, August 2009

[13] Cheng Qing-feng, Ma Chuan-gui, Wei Fu-shan. A modified eCK
model with stronger security for tripartite authenticated key ex-
change[ C] // Zhengzhou information Science and Technology In-
stitute. Zhengzhou, China, 2010

[14] McCullagh N, Barreto S L. A new two-party identity-based au-
thenticated key agreement [C]//Proceedings of CT-RSA 2005,
Lecture Notes in Computer Science 3376. Springer-Verlag,
2005,262-274

[15] Lauter K, Mityagin A. Security analysis of KEA authenticated
key exchange[ C] // Public Key Cryptography PKC2006, LNCS
3958. 2006:378-394

[16] Krawezyk H. HMQV: A high-performance secure Diffie-Hell-
man protocol, Advances in Cryptology CRYPTO 2005[C] //
LNCS 3621. 2005:546-566

(177 LaMacchia B, Lauter K, Mityagin A. Stronger security of au-
thenticated key exchange[ CJ // ProvSec2007, Lecture Notes in
Computer Science 4784, 2007;1-16

[18] Ustaoglu B. Obtaining a secure and efficient key agreement pro-
tocol from (H)YMQV and NAXOS[J]. Designs, Codes and Cryp-
tography, 2008,46(3):329-342

(197 Kudla C,Paterson K. Modular security proofs for key agreement
protocols{C] // Advances in Cryptology-Asia crypt 2005, LNCS
3788. Springer-Verlag,2005:549-565

[20] Jeong I R,Katz J,Lee D H. One-round protocols for two-party
authenticated key exchange[ C] // Applied Cryptography and
Network Security, Second International Conference, ACNS
2004, volume 3089 of Lecture Notes in Computer Science.
Springer, 2004 ; 220-232

[217 Okamoto T. Authenticated key exchange and key encapsulation
in the standard model [ C] // Advances in Cryptology-ASIA-
CRYPT 2007, volume 4833 of Lecture Notes in Computer Sci-
ence., Springer,2007.:474-484

(22] Boyd C, Cliff Y, Nieto J G, et al. Efficient one-round key ex-
change in the standard model [ C] // Information Security and
Privacy 2008, Volume 5107 of Lecture Notes in Computer Sci-
ence. Springer,2008:69-83

(L% 168 /)

[7] BRFH—g,#A R, BAEE. BT 2DMesh i NoC Bl BRI
S5 E0]. FHE LT R, 2009,35(22) . 227-229

(8] Ka® . ¥nE FUH, % —MehENERLLHEERHAFISE
F#y b BB m RS0 RN S5 KR, 2012,49(1).183-192

09] R¥, %27, 8%, %. EaRh#Er F LS B EEE S TRE
U] RERFHER . B AR, 2013,43(2) 1 263-267

[10] BAHFIR, B, 24 B8 o7 B b 3 50 B9 |2 0L 38 40 B O 4k SR
(3. e 722 51 EHL, 2013,30(8) : 1-7

{117 Yoon Y J,Concer N, Petracca M, et al. Virtual channels vs, mul-
tiple physical networks: A comparative analysis { C] // Procee-
dings of the 47th ACM/IEEE Design Automation Conference.
2010:162-165

[12] Lin J, Lin X, Tang L. Making-a-stop: A new bufferless routing
algorithm for on-chip network[J]. Journal of Parallel and Dis-
tributed Computing,2012,72(4) :515-524

[13] Chawade S D. Review of XY routing Algorithm for Network-on-
chip Architecture[ J]. International Journal of Computer Appli-
cations,2012,43(21):48-52

[147] Chiu Ge-ming. The Odd-Even Turn Model for Adaptive Routing
[J]. IEEE Transactions on Parallel and Distributed Systems,
2000,11(7).729-736

(15] Hu S, Lin X. A Symmetric Odd-Even Routing Model in Net-
work-on-Chip[ C] // Proceedings of the 11th International Con-
ference on Computer and Information Science. Shanghai, China,
2012:457-462

[16] Moosavi S R,Chang C-Y,Rahmani A, et al. An efficient history-
based routing algorithm for interconnection networks[ C]J// Pro-
ceedings of the International SoC Design Conference. 2012:277-
280

[17] Al-Nayeem A, Zerin T. gpNoCsim 1.0 User’s Guide 2006
[OL]. http;//www. buet. ac. bd/cse/research/noc/

o 177 o



