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Adaptive unicast routing algorithm for vertically partially connected 3D NoC
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Abstract: Traditional TSV ( Through Silicon Via) table in vertically partially connected three-Dimensional Network-on-
Chip (3D NoC) only stores TSV address information, which easily causes network congestion. In order to solve this problem,
a record table architecture was proposed. The record table stored not only the nearest four TSV addresses to the router, but
also the input-buffer occupancy and fault information of the corresponding router. Based on the record table, a novel adaptive
unicast routing algorithm for the shortest transmission path was proposed. Firstly, the coordinates of current node and
destination node were calculated to determine the transmission mode of packets. Secondly, by using the proposed algorithm,
whether the transmission path was faulty and got information of buffer occupancy was obtained simultaneously. Finally, the
optimal transmission port was determined and the packets were transmiited to the neighboring router. The experimental results
under two network sizes show that the proposed algorithm has obvious advantages in average delay and throughput compared

with Elevator-First algorithm. Additionally, the rates of losing packet under Random model and Shuffle traffic model are

25.5% and 29.5% respectively when the network fault rate is 50% .

Key words: vertically partially connected three-Dimension Network-on-Chip (3D NoC) ;

average delay; throughput
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AN O, HLAFT BEEWT LUl Bt AR ts 2, gR 1 HOE A
F42H#ER 3D NoC, DyXYZ(Dynamic XYZ) B X,
Y. Z FmaalER 4.4.2 A BE R Mg 2 2%,
BAEME LA 4 MRMES . FAENRMERAARE
W EE, BT B R AP0, M3EHR5 @ i, DyXYZ
BRI T ) AR B s — P R m 4R (E
B:REEHERT2HEZER 3D NoC 28 HE %R 10
AKEEIE ST R4 EE T o

SCERLO T AISCHR (3 ] 43 5l 4R i d i FAE 2T E AN 3D
NoC ZEM1) Elevator-First [ Fy 5 5 FB% B 23 45 1), R IR
A2 A BEERAEY. HTEEENERS FREARE,
SCHR[ 10 )%} Elevator-First BEFE AT I0HE, M B A" 5 5
A, S PRI, 45 A B B E L T LA SR SE A, BT
TSV b/ NRMZ P B 8 o e & B A5 P i TSV
/T RIFREME TSV #HATE BG4 1Ah, 8 T RAUhE
PR, BB RSB kR Bl T
IR TSV B/ T RFEFHESENA TSV 50k, Hik
b i R S U I L S P U NS O /A N L E: 25
RN, R H 2RI MIGK, 5% TSV B/ TRIFHEL R
TR, AV TP B 4 U SR B8 10 30 () 2R 5K TR B R O ok
X REE NP EEL" . B, A3k SCHk[ 11 ] R T
Bt R VA B SR [ 127 H TR Y 22 L 22 ()R, 4R L B i RS 1
B IR B R A R R LB AN E 281 o5, T BT A3
TTFEHR A TE DL, CRIE T A S BEEL 5

1 dk2E#3D FHALEM

FEREIE 3D HFMEEH)Z PR 2D mesh 454, A2 M)
MBI , H 5 3D mesh 54 AR & TSV 1ty 73 A7 2 FR o H
BEALE o TRESAA P ELA W S ph 2% - = 4k B oy 5 Y 11 o ey
o HA TSV B av BN = 4R B b Ay, BA 7 N,
SRR AR P R L B R R O AR AR
BT % eh i, B 0 T, S B A AR S R L
MESR 0. EIRERIMEMRELANE 1 s B4 B s
i B o = R ARBARERIR o
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X s
| TSV

1 JELE%E 3D IR
Fig. 1 Vertically partially connected 3D topology model

2 EFRFHIRIT
TEFEAT %) 3D NoC i, |/ F 2 5% FBUIE A0 Tk B

BEBWEAEE UL REEEERENMVERF BB
HE, ASCHICERI TR 12] et R G AR, ik
Tk TSV b/ TREGHN DR, AL RS L A57# 6 4
TP R RO ) TSV AL B AR B, Wil AR T R A
AR S B o FErE B S et vl A B oMU L 77 5
AE s O g 2R A SRS e ), 4R R R R, 1
(L, D) W RIS RRANER 1 FiR . AR BT i A
V0 o B O, TE R TR RIS S 0 o iR T AL R
51 RoR . ASCIRE F D A A 1 AR EE D 8 flits,
F1 WRE(L1,1)FHEmERE
Tab. 1 Record table stored by node (1,1,1)
bk TSV T TSV
Hhk Bk SEF ik B 2R

WO OB 8T

i 1 4 (1,3) 2 6 (1,2) 1 5
B 1 6 (1,00 1 3 (3,00 3 3
= 0 1 (22) 2 2 (3,00 3 7
L) 4 (0.0) 2 2 (0,2) 2 4

2.1 BRRMET

R RRHEES R B g, b e T
BT B BEME P Em B, RESLWERS AW
E B RENH, HERE =g h R n b/ TR
WHBERMAZESARGENEE L, FEE =i A
F RS 2IE 2 E BRI EEH)2R B A & 1A%
T ki MG B, , St =4t B F 2R 40 EL AT 4RI 2 i A A 5
BB, BARENIT %, 4K B BB EBIMARH
WA RN 4 AR AL, R 0 B B AS s 3
B M AZIFE R . MR EIME ARSI RR DA TSV
Mk, R4S Hr i) TSV stk FAH B 1 B 7705 B A BN # 3%
IR EE TSV Mhhh, SEEEBEE LR PR R E AN T A
HEATEE T TSV bk AR B TE. h TR BRa N EL,
I PN HE TR AR 0 S i — B L

1)  even layer 3D routers broadcast packets;

2)  if (routers «— packets) /o R THE L -/

3) record and return buffer;

4) plane routers broadcast packets;

5) if ( routers «— packets)

6) record and return buffer;

7) if ( record table is blank || TSV address is smaller)
/o JESRARE TSV Mokl oy 25 BREUR A P 347 9 TSV 3
HEE N 5/

8) update table;

9) end if

10) hop +1, broadcast packets;

7w AL BRECIN 1, dkakim 2 AT R )+ /
11)  end if
12)  end if

2.2 BRERNEFH

BH, =4 R 4 R G B R R e A R
TR AMERCRE ™ 2 5% A R I, K AR P B M b S ik
FRLsBE KB R GEME AR, B LUAR SO BRI & K A
PR, =R FRERET HRARERAFEEGLT
WFh:

1) PRSI, =ZER p AR, i 1 i (3,3,1) 8%
EH A 5 P TED s P 2B, BT 1 8 (2,1,1) B ER AR
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2) GEpEHR R, JE A BEERORE, N 1 R (1,1,1) B 18)  opposite port < packet;
AT 1 SO R VBB, W 1 P K (3,2, 1) S 19 else (they aren’ t faulty)
20)  adjacent routers are available, less buffer port «— packet;

e H ISR,

U S T A SRR A B B ) B B e KR S
HS D FRE R SR EHTIERROER ., HkENE
SR SRR, R R SR R R, R
R S E AR, X BAEIGR,

3 BENEEEEEE
3D NoC ot it ph B0 24 AR .45 R — 52 1) B 2 A U
AR TG I B E B 2, AR SCHR 02 0 P
Bk T TS R AR 2 R
R2 BHEEAPEEFSREX

Tab. 2 Main symbols and meanings in routing algorithm

e HX e EX
(X.,Y.,2.) ECT: R =R 3 E  Fim
(X4,Y4,2,) BB & D AR W EJrm
(Xp, Y0, Zy) BRETTS S M AR s MR

AX TWRTE X HEI iR 22 N dtFm

AY R R TS

3.1 EHBEmRER

HATILFRRPRRER A SR —F T 2 P B 3
B SRR AT R B A M RE B AR T, SRR
W SRS A BB AR R, SR DAL T R MU BB e T 1
RPN R AT 1 B RS B R — 225 [ O &
FRAR B A5 H0dE 40 T LA 0 i e A o) s 1 EL R S P 28
H T A LR SRR RS 4 P A A 1 SE ) FE ST 5 SR I 4 F)
BE, BT LAAR SORE BTl B4 S RO PR B0 foe s, B 2R A 2
FRZ,

1) if(AX =0 && AY =0)

)

2) local port «— packet;

3) elseif (AX=0)

4) N or S is available, N or S «— packet; otherwise, check W and
E; check W and E adjacent routers; /% N 5% S 7] [, 5#¢
ARG O B, K WA E J7 1 a9 R, Rk WA
E 7] 177 1) 4R L B e A% AR RO BE AR R, =/

5) if (one of W and E is faulty) / w BT T He— i =/

6) W or E < packet; 7« PRERTCHUEIR T * /

7)  else if (W and E are faulty)

8) N or S < packet; / = B AR RO «/

9) else (W and E aren’ t faulty)

10)  adjacent routers are available in target direction, less buffer W

or E < packet; otherwise, less faulty port «— packet;

/7 BIA-SBIL BE B SRR BTTR O ) R ), 8 W B E GiAF
o7 PR3 105 PSR AE 2 1h 28 72 BT 7% O 1) B i P R Tl
SEPER R I T IR = /

11)  else if (AY =0)

12)  A3EHE s

13) else (AX#0 && AY#0)

14) check 2 target direction and adiacent routers; / * {2 5 H

177 1] BE B A S A7 1) AR A L, IR A 2 X B T
TF] T 8 E AR B R =/

15) if (one of them is faulty)

16)  no faulty port «— packet;

17) else if ( they are faulty)

otherwise, less faulty port « packet;

3.2 REBEBERE

MHM S SEY SAER R, BB EREaAH B
HEH AR REHEERE BN A, AR RIEHRET, T
MR EE R, T LA SRR B AT, R
R RS BRI 8, A SOK H A1 sl LS 2R
TRIERY AR A, WRMEYREGERT
B TSV, AR ABEHEIL TSV #7454 ; B0, ARAE L 7 s 1)
IORE TR EN A58 TSV 915 Bk M vk & Bt
TSV, K HEE AR BIMIE R , 28 5 RAE B 17 st bk g 527
B, WRMEAR B, WR F RRE R 77 vk gk 2t
1B, B RS/ TSV MR E TR

Info = dis + interbuff (1)
Her: dis R IE RGBT sUDRRPAA TSV MR,
VR NEE R TSV 0l DL /M SERT ; interbuff 7R TSV
BB REHE b/ TRASOMER EAGER, EEE
T2 5 b B 5 T AR /8 R 45 0 2E; Info (H/NRNE
el TSV Huhb B AR, ol LUVES Bt i e B e b AT 155 o

1) f(Z,>Z7,)

2) X, =X;; Y, =Y, Z, =2,

3) if (M has TSV) /o BT S A TBER TSV « /
4) temporary address «— TSV, inner-layer routing;

/7 PEEEN TSV, R P12 MBS e AT 184 =/
5) else
6) calculate TSV, temporary address «— TSV, inner-layer
routing;
7) else if (Z,<2Z,)
8) A B
9) else

10)  intra-layer routing;

bR AR SCHE M A I 3 7 B I o T R
POREEL LR 3 O, 704 T O 0 B phy 28 tP 0 TR HUAT 40
B, BT BRI E 2SR O(N) N R 4% hig— 4
A5 SE
3.3 TS S REH

TE =4 Fr b L0 PR B 1 O I B P B B AR T R |
AFEH W 1 BR, M A (1,0,1) 3 54(1,0,0) B
B, R 4(2,0,0) F ¥ 4 (2,0,1) BEERE, PIskE
AR AN 5 R, T S8, 4 3R il RAB ( Random-
Access-Buffer) " JEATSEGIR & » 76 B FLAT Q% 0L T %
FIFO A TEHLA], — BB SE4, RAB 2 H 27 H TE
FERATHIER , A ER AT R RN, HETFTRFEHN
PR RBARA

PRl S 7 S0 S R 45 o (0 SR RTAR R4S 8., AR R d e
LRI, T 20 U R S BT SE AR B4 A SR B R 2
T RAAR SO FE B BCBR 351 38 6 0 4, LAk O 1 R SR B4R
ST ER B RO 8 5 0 B, AR SO X B AR I L B0 R HE AT
R T , DA TR i B 135 8
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4 THHE {BAEVIRP 28 RIBE R, 24 7 AR 435 A F 0. 028 A1 0. 02 A,
< LW R BR[O ] FsCEk [ 11 ] F ik N Bk PSR E A S 0K

4.1 HE\RT

RRAE L TR rH i P AL by 0 AR , A SCBET H X
RER R A, AN 2 Bi7n . HrpBuRmor Awik. 1) Bk
A, R BT R 45 2) IR, ARSI M E L R R
ASSCR A RALBS i 4% Bt A%t e/ N AR SO R/
0 32bo BEHAMRYEAT2 b BEAT LG AU AR B
RAX 5y, Horp Sk 1A BREOR B ik 45 8 A Ur F 2
WA AE MR E . P4 i B, R SRR D ® R
T LS I A SRR T 6, BT LU TRFHE R R E %
BEA LR REAEERMLLY, FILAE 3 b RERGHIMLL
F(Pri) . LARREMILEH;0 BRMML IR, Temp FEN 1
REFER DA IGR B ibhl, Temp 0 REFIBL AT E
SKH B, Hop 5 Btk sk ol 0 76 W 4% rh A& 4 iy Bk i,
/NATbe Xy Yy Z, 5y VR B ROHBHE R XY Z B Ak, N
BOEHTMEMN 32 x32 x 32, LI B — W AR HEA S b
FIRo HH Hop FAL A s ik B 7 B A7 BOR 388 30 S 5 4 R/
AR LB o Ext FB AT BERUS #EATY R RAE o

26 1b 1b 7b 15b 6b
[Head | PrifTemj Hop [ X | 7% | Z | Ext |
0 31
[ Body] Pri | Data |
0 _ 31
| Body| Pri | Data |
0 31
| Tail | Pri | Data |
0 31

B2 Hiemash

Fig. 2 Packet structure

4.2 MEEHEESH

ARG RETTR N Access Noxim FTFIR {7 LA EAT
4% 1 BE 5 B, ‘B ¥ Noxim F1 HopSpot 45 &, #1458 Access
Noxim 375 R A | Ty MBEA FIPAR ALK 3D NoC fjH.,

T UL B R R MR, SCERE Bk 1 BIAS RIS 9 1)
RN IR BRI T WIR R BB ALEAT B R AL e, B
TOCHRL O TANSCHR L 11 45 F W -1 Rl i 1 e SR SR 4, O 17 5K i
A AL, A S2 B 6 B RAB SRS B HLH AR i8IS

R3 FBRSHIEE

Tab. 3  Setting of experimental parameters

RS SRR E LB SR E
W& 4EH 4 x4 x4.6 x6 x6|| FriRf i/ Hk 8 flits, /) 4 flits
WERA  Random.Shuffle || #f A K/ 32b

4.2.1 B%FHEN

EAFNBEDEART 4 HEEESRMEIET
I IEMT A 3 FE] 4 B7s o BAHCHE A Y SE I 2 46 2R
AHYSRAT FEA W45 2] B B9 SRR X B ], SF
IERE A 2 BB EIER R IS H, BiREEARER S
A~ TP A B Sl H AT 1o P 285 v e AR A B3 2

7E Random JREBIRI T, th T 4308 S8 B4 Ja A i 1 )
GAE 5 TS B TEAR R B i 2RI B R L B AR, BT DAAE
TEATRELGT, -4 328 i i85 T 3CAK [ 9 1A SCRR [ 11 ] B9 38 3%

B, BN EMB R AL, BTSSR S T4 E L, SCHk
[12] A4 SRR E SR IR, RR B2 BRI R T
EHERSAGE.
100 7
—— AT HIE i
o= BRI 15 3% Ly

- 3CERIOTH I
o SR S 5

[==3
=
T

=)
=
T

S GE s} /cycle
i~
-

20
0 1 1 1 1 1 1 1
0.01 0.02 0.03 0.04
AT BB EENR/(flit - cycle™)
(a) Randomiji 2 LAY
100
——ZR R
o 80 [-o-XXHRI2H %
) —-- BR[O 1A
5 60+ ’j{ﬁk[ll]ﬁ&%
g
& 401
B
20+
() 1 1 1 1 1 1 1
0.01 0.02 0.02 0.03
A HEABEIEAZR/(fit - cycle™)
(b) Shuffleffi BRI

B3 4 x4 x4 AT K4 FEn

Fig. 3 Average delay under 4 x4 x4 network size

100
—— LR
oL |-o-3CHRN2IE %
2z - SCRRI91R
B 6ol o SCRRI 1B VR
2
& a0r
H_
20
0 1 1 1 1 1 1 1
0.01 0.02 0.03 0.04
AT BB EENR/(ft - cycle™)
(a) Randomfi 2RI
120 ]
—— A E®
100F |-o-3CHR[12)8 % 1
< —-a-SCRRIS1E . A
2 gol [ SCHROIFIL A
s
oL
& 60
H_
401

0.01 0.02 o.l)z 0.'03
BV EEIECEANR/(flit - cycle™)
(b) Shufflefi B LAY

B4 6x6x6 MZEIET 1 T3 T

Fig. 4 Average delay under 6 x6 x6 network size

& Shuffle JEEATIT , SCARI9 A SCHRT 11 ] B HLAE 4 x
4 x AP IBIIF BTEA SRR T 0. 015 ), F B IERS 2 T4
SCHE. X[ 12 1S8R A RN T 0.016 HHKIH 54 3C
AERIE R TIER  BAEEARKT 0.016 57, FIER
FAI KRN Shuffle FiEBIALLUZ 7 L HAR 00 =,
SN E R T RETT A MRS RAER, SEALZ M
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JEALRT, 7T LU 2 (6] £ i B PR R I O , (A8 P JE RIS T 3C
BR[12]5 . 6 x6 x6 MMA T RIFLL-S Lk, AR
PSS HUBRISE I , A Bk (T34 SE I AR AT BT s A
4.2.2 B BerR

it RO PR B A B R R S L i Dy
2 iR A AL B, BT DL i AR B /N LR AN R
BB R T R fli ok E . Tk RAEINTHE
AR

PN
ZLengthi
_ i
Throughput = N 7 (2)

Touter

Hr: Throughput 48 MZEAT IR Ty S GERR W1 R 44 T UL 2
HPBRAUES s N, T8 RIS SR, SIS HUBEE 3¢ T 9
SCHRO 5 BRI Py $57E T (8] P B E 2018 B B R i B
BB Length, 4855 | MERAMIVN (7 it (%)

Bl 5 FE 6 7EPIFF G T 4 Mk AT iE R B
o

2~ 0.04

3 ——RCERE
5 - CHRI12]5
< 0.03f [T XRIOTH I
é ...o...)‘cm[u]§:¥£ Rl
’fﬁ_‘f 0.02F
b
=
i 0.01F
=
<_
¥ 0.00 L L L L L L L
0.01 0.02 0.03 0.04
BATEEIRAENF/(flit - cycle™)
(a) Randomifi B AY
{; 0.021
g O—==0
. o=
= 0.017 p,:;,;z:::::g:::::g
= S
Eg 0.013 -
R —~—AXEF
= 0.000} o= SRR 2 18 1k
0 —- SRR EL P
i o SCRRIT [k
& 0.005 ' ! ! L L L L
0.01 0.02 0.02 0.03
AN BB NZ/(flit - cycle™)
(b) Shuffleifi BAEAY

BS 4 x4 x4 FEEHUE F BRI
Fig. 5 Throughput under 4 x4 x4 network size

T LA HY BB TEA R4S I, A% SCHEE H SCHR (9] sk
(11 F03CHR[ 12 ] B AR L%, 78 Random JE M T A 3C
BHIRHIFERP L, B7E Shuffle FEAAI T A& SCHF R
BHA=ANEEAHEORS . HIENES SNRFEH
R R i AR T2 A B R, T LA (R B
&4 1264 Shuffle B AR A , A SCH BN 25 (R Dy 38 L B e T
FERZEE AR EE,

FAME FICER[9 1 ki £ W TSV bt B 3 A A th
TR, MR TSV kAR, BI(E A AT A TSV Wtk it
1372 [ A%H , S B P R AT TR, ZE PR R AL T
kBRI T HAL =k
4.2.3 THEH

RO 10 E 52 TR e B A2 P Y TSV il Bt ) 2%

BRIRA R, NI DU 2 ARG BT Sk, &30
BT RPN T BER SR SR T BR

2 —~—AXEE

£ 0.03 |- -o-3CHR[ 1218

° - SCRRIO1H &

é o CER[11VE R 5 crinQerne R

Jf@r 0.02 -

=

e

% 0.01F

=

<_

lm' ()-0() 1 1 1 1 1 1 1
0.01 0.02 0.03 0.04
AT REARAEANF/(flit + cycle™)

(2) Randomifi EAEAY

~0.018

kN

5

2 0.014F

g

ﬁ 0.010

fa

z ——ARH

E 0.006 - 3CHR[121E 7%

= —a--SCHRIO1H 1

& o SCHRIL LI 5

w 0.002 1 1 1 1 1 1 1
0.01 0.02 0.02 0.03
FAT BEEEANER/(i - cycle™)

(b) Shuffleifi BAHI

Bl6 6x6x6 MMM HEut
Fig. 6  Throughput under 6 x6 X6 network size

80

DE % _
B SRR I
BIRR2IEE [
SCHRIOVS-#: .

]I

-
25 5 25 50

4 % 4 x 49 45 LA 6 x 6 x 65 4 HIAR
L 5%
K7 FMMERETHELSRE
Fig. 7 Rate of losing packet under two network sizes
SCHRL 12 JASCHR 11 138k i T 80% S8 3R BT M R 2277,
BREEREEN, B2 ZHEdR L. U918 %A
PR AL 0 25 M Y TSV, B RLY TSV % 4k HRk, SCik
[OIBEABAZFEIR, T B SRR 8, B
B LSRR MR MR E . AR B SR RID R R P
fRR P TR R RO B T RO, R Ry
5% Bt , PIFh R4 AR AL T i BAL IR HH 2. 4% F 2. 8% 5 £ERK
[EZR N 50% B, EAER AR 25.5% F129.5% .
4.3 iEFRRHFFHIF
REASCER RGN, R ICRRIFE FER AN
HEAKXMT .
Regbit = {fault + intrabuff + (pc x 2 + hop + interbuff) x
2} x4 (3)
o : Regbit Frn FAT AR IR/ sfault KR GEHE B h 45 =5
B, T8 1 byintrabuff RARZ RS THERSHER;

ANANNNNNNN|
ey
I o
ZRQUXNAN
ANANNNNNNNNN

5
|
271

0
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interbuff BAEF (1) AL RSO ERFFHER 8 flit, BT
intrabuff 1 interbuff ¥IF5E 3 b;pe TRV B AR IRME B shop
Fon AT R 2 TSV Ak, H AR 38 R 2 R B R, pe 1
hop T BEIIAIEHBAT .

T4 45T BIRRM IR R RR TR R4
FERE WIS N x N i, SCER[ 11 ] BT AR 8 2 2875 3C
BRL 12 ] BOBEATTE 0 24 b N + 83 ARSCHIEAFIT 88 24 1o N +
48, fy HIRATAL, B P28 AR S I, SCRRL 11 ] R FF R 2
JRIZARREC , T SCHR [ 12 ] R4 SCHRIT RS K 2218

R4 BRRNEGFHE
Tab. 4 Hardware overhead of record table
e R R IT /b
MEAR SRk SR A O
4 x4 32 56 96
8 x8 128 80 120
16 x16 512 104 144
32 x32 2048 128 168
5 44E

AL EBEFHE2T % 3D NoC RIIRIMEEMIR B R FIC
R FEN AR AL, MEAUCRT TSV WAER
BAWITR TR S ABERE R, BRI T
SCER[ UL BRI R T EUME £ (i BSC IR G R R, AU
BTSN T HAR= AR, I HAEFIER A R4k A
fabs B —E R H, AR Shuffle FEEAIT , A
HKET 0. 02 i, AR SR P48 AT A B AN, T H AR
BN MEBTRARS. HZ2NMERBUNT 8 x8 I, &
SCHEMRITHER, ZRACEENAR, W TH—PER
FE2H % 3D NoC MR RE , REM LA K AE 2 H 3% 3D
NoC 1) Z- it i B HA A0 LU S 7 B U TR0 R
%38k (References)

[1] RAHMANI A M, VADDINA K R, LILJEBERG P, et al. Power and
area optimization of 3D networks-on-chip using smart and efficient
vertical channels[ C] // PATMOS 2011: Intemational Conference on
Integrated Circuit and System Design: Power and Timing Modeling,
Optimization, and Simulation. Berlin: Springer-Verlag, 2011: 278

-287.

[2] SALAMAT R, EBRAHIMI M, BAGHERZADEH N. An adaptive,
low restrictive and fault resilient routing algorithm for 3D network-on-
chip[ C]// PDP 2015: Euromicro International Conference on Paral-
lel, Distributed and Network-Based Processing. Piscataway, NJ:
IEEE, 2015: 392 -395.

[3] BAHMANI M, SHEIBANYRAD A, PETROT F, et al. A 3D-NoC
router implementation exploiting vertically-partially-connected topolo-
gies| C] // Proceedings of the 2012 IEEE Computer Society Symposi-
um on VLSI. Washington, DC: IEEE Computer Society, 2012: 9 —
14.

[4] JIANG L, XU Q, EKLOW B. On effective TSV repair for 3D-
stacked ICs[ C]// DATE 2012: Proceedings of the Conference on
Design, Automation and Test in Europe. San Jose, CA: EDA Con-
sortium, 2012: 793 -798.

[5] DAVIS WR, WILSON J, MICK S, et al. Demystifying 3D ICs: the

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

pros and cons of going vertical[ J]. IEEE Design & Test of Comput-
ers, 2005, 22(6): 498 -510.
AHMED A B, ABDALLAH A B. Architecture and design of high-
throughput, low-latency, and fault-tolerant routing algorithm for 3D-
Network-on-Chip (3D-NoC) [ J]. The Joural of Supercomputing,
2013, 66(3): 1507 —1532.
AHMED A B, ABDALLAH A B. Graceful deadlock-free fault-toler-
ant routing algorithm for 3D network-on-chip architectures[ J]. Jour-
nal of Parallel & Distributed Computing, 2014, 74 (4): 2229 -
2240.
EBRAHIMI M, CHANG X, DANESHTALAB M, et al. DyXYZ:
fully adaptive routing algorithm for 3D NoCs[ C]// Proceedings of
the 2013 21st Euromicro International Conference on Parallel, Dis-
tributed and Network-Based Processing. Washington, DC: IEEE
Computer Society, 2013: 499 —503.
DUBOIS F, SHEIBANYRAD A, BAHMANI M. Elevaior-First: a
deadlock-free distributed routing algorithm for vertically partially
connected 3D-NoCs[ J]. IEEE Transactions on Computers, 2013,
62(3): 609 -615.
LEE J, CHOI K. A deadlock-free routing algorithm requiring no
virtual channel on 3D-NoCs with partial vertical connections[ C]//
Proceedings of the 7th ITEEE/ACM International Symposium on
Networks on Chip. Piscataway, NJ: IEEE, 2013:1 -2.
BRPE—08, &g, R4eE, 4. mmiE2E5% 3D NoC W H#iE
FRA TR R BRI, HENRE BT S BRI
2014, 26(3): 502 -510. (OUYANG Y M, HAN Q Q, LIANG H
G, et al. A distributed routing algorithm for reliable communication
in vertically partially connected 3D NoC[ J]. Journal of Computer-
Aided Design & Computer Graphics, 2014, 26(3):502 —-510.)
BRT, KA, WEIR, . WHIF2E 3D NoC WERITHE
B AL DNEET LR S, 2017, 38(4): 791 -
796. (ZHAO J Y, ZHU K, SHEN J L, et al. Low hardware over-
head, fault-tolerant routing algorithm in vertically partially connect-
ed 3D NoC[]J]. Journal of Chinese Computer Systems, 2017, 38
(4):791 -796.)
AHMED A B, ABDALLAH A B. Adaptive faunli-tolerant architec-
ture and routing algorithm for reliable many-core 3D-NoC systems
[J]. Journal of Parallel & Distributed Computing, 2016, 93/94
(C): 30-43.

This work is partially supported by the National Science and Technol-

ogy Major Project of the Ministry of Science and Technology of China
(2016ZX01012101), the National Natural Science Foundation of China
(61572520, 61521003).

SUN Meidong, born in 1993, M. S. candidate. His research inter-

ests include routing algorithm for 3D NoC.

LIU Qinrang, born in 1975, Ph. D., research fellow. His research

interests include broadband information network, NoC design.

LIU Dongpei, bom in 1985, Ph. D. His research interests include

chip verification and testing.

YAN Binghao, born in 1994, M. S. candidate. His research inter-

ests include traffic identification, intrusion detection.





