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Abstract
algorithms to achieve deadlock freedom for network-on-chip. Dimensional Bubble Routing

Traditional deadlock avoidance techniques commonly employ restricted routing

Algorithm (DBRA) proposed a different deadlock avoidance theory which ensures deadlock-free
transmission by guaranteeing that the free space in downstream routers is greater than the
number of remaining dimensions, making it a promising deadlock-free routing solution for
network-on-chip. However, a significant drawback of the DBRA algorithm in high-dimensional
network-on-chip is that it requires a large amount of free buffer space to maintain its deadlock-
free properties. Specifically, for a packet with n remaining dimensions, the available buffer
space in the next hop queue must be at least n to ensure deadlock-free transmission. In contrast,
Dimension-Order Routing (DOR) does not require additional buffer space but has significant
limitations: it strictly mandates routing to be completed in a fixed dimensional order (e. g. , X-
dimension first, then Y-dimension), completely losing path adaptability. This rigidity in paths
can easily lead to packet accumulation when the network is locally congested, significantly
reducing network throughput and load scalability. This paper presents a novel deadlock-free
fully adaptive routing algorithm for network-on-chip called D2RA. The algorithm combines
DBRA and Dimensional Order Routing (DOR). It uses DOR when network buffer resources are
scarce, thereby fully utilizing the path diversity of DBRA while efficiently using the on-chip
network’s buffer resources. The algorithm is particularly suitable for k-ary n-mesh networks.
Compared to using DBRA alone, the hybrid routing algorithm significantly reduces
requirements of free spaces in the next buffer when employing DOR, moreover, DOR does not
require additional buffer space. This paper proves that D2RA guarantees deadlock-freeness in
any k-ary n-mesh network, and experimental results show that it has superior performance, as
well as stronger load and dimension scalability. In the 4-ary 3-mesh network, the D2RA
algorithm achieves a reduction in average packet latency of up to 96% compared to the DBRA
algorithm, and up to 81.7% relative to other popular algorithms. Furthermore, experiments
conducted by varying the number of virtual channels (VCs) and network scale demonstrate the
exceptional advantages of the D2RA algorithm in resource-constrained Network-on-Chip (NoC)

environments.

Keywords dimensional bubble routing; dimension-order routing; mixed routing strategy;

deadlock; network-on-chip
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FADRTAT 2 A REEA .
FE ST R FUFPPPC B  FRATTHE 56 4238
A B S B (DBRAY A KL
DBRA ={(R,,,, F""", S) €))
AR b, AT AT A2 Ak k-ary n-mesh X 2% (1)
iy it (DOR)BLYE . DOR B9 B #1730 58
ANYERE A B 2P S A BEREAT — N 4EEE L T
H RS SE IR e R E RTE R CR . &
FATHECTE 12 nbnom X P4 B2 1% i 19 58 5 %
TR E T T S4E S —— B 45 3
TR T S A R 4EBE 2 555 IR 24 SC i e o 2
HAT LA R R THT . R T ke, FA i A< 3
H ) DOR 8 T i B S 58 4R 1 1 (0 #6 vh 2
SRIGEHENE 2 5 J5 YR B
EX12. X TEEceCFmispeP. a0
BA 31 (u,dy=c(p)s B W37 55 v=dest(p). %
RDS(u,v)={ilv;—u, 70, i€[1,2, -, n ]} NP 4%
24k E S AT nwm( RDS (u, v)) Fm X A4
HHITERERNE . Pl R SCHEYEREE 1 2 |
w5 ¥ m A Bl RDS(u,v)={1,2}, I 4
num(RDS(u,v))=2., BRE min(RDS(u,v)) 5 3|
£ A RDS(u,v) i /NG F B R /NI 4 5 &
Zoin=min (RDS(u, v )), ] 41 : RDS(u, v)={1,2},
W24 gw=1. E& X a=sign(v—u), M d=
{Gumr @) d €D~ a€{—1, +1}. AT L7 5 il
R"%(u, v) 2 neighbor(u, d') 9
L B\F g = neighbor (u, d') BNBAF g Fy 5 5 u fE
d I T —BkAZ w BRG], AT A DOR & it i
325 1l PRI -
if 1<<credit(c,q)

otherwise

True,

FPOR (¢, p, g )= (10)

False,

FMTE L D2RA 1) 1% i pR &N

R” " (u,v)= Ry (u, v)UR" " (u,v) (11

TE D2RA KBS H, O T ORFFRIES A 1 2R
6 Fh o FE S AT BB # HE DBRA B H 5 W& 2E 17 41 S
BEATIERE .

FEX13.  ZHE— k-ary n-mesh W% (N, Q).
fil'E ce C FISCpe P, i (u, d)=c(p). H
B 5 v=dest(p). g 7= — 1 B\F| H g€ R"* (u,v)
URwin (1, v)s FATT E X D2RA 1 i 12 455 1l bR %K

Foe (g o] TT0E IFPRFR ) =Tre )
False, otherwise
D2RA 1 45 e BUE N -
R =S({ g0 € R FP (¢, p, qo )= True }U
{g€ER"HIFP (¢, p, qo)=
False and F"?* (¢, p, ¢, )= True }) (13)

T it 2 48 T RIS R pR B 2 28 IS FRAT]
HEAT LLKE D2RA A3 -
D2RA — <RD2RA’ F(D2F(" iRDZR/\> (14)
N1 20 R D2RA B il B AT A AR
X B AT HIE .
Bkl D2RABHR L.
IO ST S = <<wys wps s u, >
K BFRT o = <<v v, 0,>
: Tk HFRBAS ¢
. E= 1 //Wie Tk S E E S
2. z=num(RDD(u, v)) //T1 5 K P 4% 4E

it

TG IR ML

3. IFG==0)

4. q = <<u, 0>/ /3352 il

5. END IF

6.  ELSE //#3CEA 52 it

7. g:=min (RDS(u,v)) //g i/ NEJE S

8. FOR i :=1TOnDO //M4ERE 1 EN4ESE nfffi

I/ FZAEI AR SO LA E R H AR A

9. a = sign(v —u),

10. [Fa==+10Ra==—1

11. d:= <4, a>//{EdJr 1] L
R

12. q = neighbor(u, d)// ¢"H ufr
dJrm BT —Bkry g2 it A%

13. m = credit(¢g")// m FBAFI ¢')
23 AR SCE

14. IF m = = //3 & DBRA Ji % %
BV

15. E :=E-+{q. high_priority}

16. END IF
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17. ELSE IF g==1¢ and m=1// meet
with DOR

18. E .= E+{q. low_priority}

19. END ELSE IF

20. END IF

21. END FOR

22. q := Select(E) / /34 BERAF

23.  END ELSE//K 2| H 5 5 £ 19 4l 358 %
T —BkBAS R

Bk 1L IR T D2RA BB Y B B R A
i DBRA A DOR B . Horp, D2RA ST
DBRA 58 4 W P % S =1 0 DL e 9%, PRIIE T35
R IR ZREYE . DI Ah, Bk R R BRI
AKX HE(F 1E . DBRA B A1 DOR % Hh =2 22 nh ¢
U5, 3 S AL 48 Duato SRR MLy . [RIES AGA:
1 AT LUE H: D2RA B3 1 i 4 i A2 sh AR 1k
. B 1 E SR — LG X2 A /£ DBRA
T AR 1R 14 ) i AR i om B2 A9 M
HB AT AB AR 1) 5 515 2 0142 B DBRA % i 26 45 BA
B 5 DU R W7 — 25 % ol X1 24 38 2 75 1t 2 DOR i
F ] S 9 455 2 75l 2 DOR I #8 Z5K . D2RA Bk
FRYEAS G B 3 45 1 - S o B 52 wh B2 R a2
L0 FE , ST 45 R A .

& 372 D2RA FEHE I — 0. B3, 19 i wy
M) — R SCHE T My Ty A 2D itz = 2,
HAE . Ea L RSN — 2 AR R
uss us FE 2" J5 1) b eredit(c, {us, 2 ) )=1<<z, Hilk
ANt JE DBRA Y45 o (H & 2 i SCRIR 1 B /N FE HL
credit(c, {us, 2" ))= 13 /& DOR i % . [H it BA 371
Cusy  YVE AR St i A BEBE NSNS v

credit(c, <u,, y'>)=2
u,

credit(c, <u, x'>)=1

y-direction

x-direction &

3 D2RA R ER

Ay w2 AR SN
Uys s £y J7 1) I credit(c, <u2,y+> )=2=x, il &
DBRA W% . BB (s, v )N 0 SE R HE A
WPEAT A G b . XM e 2R SO 5 B A B

<uz,y‘ >1/|57‘7T*ﬂ3% H HARBA S o 5 credit(c,
(o y ) )2 A BANF (g 2 ) WG RIS T —
At HARBAG . 3 A6 F R s D2RA 5% L
DBRA FL AL T 5 2 1 th k4.

TERE 4T85 5 1T %5 B8 DBRAL D2RA HFE 54 in
DOR FEAR AR, AT LB IEsMAZE has ], FRAT]
i 3 E 4 405 1 38 DBRA Fil D2RA 4 il
#.

Kl 4(a) j& DBRA Hi A iy Az B3R 7 4 ki ok
(385 . Ho Ao, 1T F A AN AH S5 4 H 2 1
7 V) H T2 O 5[] ) 42 ST TR S A B R 2 R e
] (1) — 20 2% o DX (05 R AT oA, #5 05 FHAE R
AT 2 W 1A D O X BN H A8 1Y) i
2t 5T R AR SR AE S . B4 AN
()2 D2RA iy A v 1A AR @ 2 flh ki sk i 18
Horp, (OB w, Mo, 47 B A UGS rs (D) E
g2 w Mo JEAT HO R AR AR 5 AR 5 2l
ro R B o B ROHE — A SRR AR OB T s
R r Bl X EfF S HEA 108 4R T8
2 E N 00 XA I8 5 H W 4 B @ J2 75 R S AR 4
JE (ORI e R M s, = 1 IHi 1 2R e %
DOR Ji 45 ; 2Bl it = /8 % £ DBRA Jii 45 . it
PR 25 10 1 RS I AT LB A5 R R T 5%
T3 5 2% A0 B 0 1S B 0. SRR XA
o B RN MR S A U A PR SR E S . O b
T 4 %F EE AT %0 . D2RA Y ff 3 1 ok 12 5 A
DBRA W Z M — 1M K ETTCRHZH A S
FTSE B H F 4 BUE B S5, 0 T EE G i — A~k B
% H F 1 % ¥k H DBRA Ji #2168 /& DOR i 45 . B&
T P2 A 25 L A1, D2RA B35 Fl DBRA 8%
BB F S BRAR AR [R] o PRLIE s D2RA B892 (R 44 512 R
HZ7E DBRA 5 ik L alh b 38 i /b & 88 14 5k n]
SEER

DBRA [ H A1 DOR [ Fh 55 43 51 A 75 9 4%
B R AR A AR . SR X JT R REHE T H DBRA
% FH AT DOR [ Hy [F] B A B — B W A 2 I
FEA . 9 AN AE [A)— 25 0 45 15 B — A K2 A5 O 1 1 1
T s IRl R FH DOR F )7 i i FTRE 5 3% h il s 3
15 BT (R ZE /), 7 AR SRR 42

] s F AT HE D2RA Fil DBRA 843k i i . &%
IR FH DBRA S35 19 T A7 9 46 31 819 A 25 I
RS ], i D2RA B3 X AMEE

& 6Ca)H, 25K H DBRA &%, 75 2 J7 Ml 11
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AND ——3§,
credit
z=num (RDD (uv)) # Seebt g a0 v, 645
() (b)
credit H
z=num (RDD Cuy)) ik i -
1 # AL
1 —
J u, Lt
S o B

(c)
F4 D2RA 5 DBRA kR 2 BT H () DBRA i A S AR 805 48 P R 1932 88 s (b)) 2 D2RA B A F1 AR 12
i YE PR R 2 )

00 | .. | ©00E0 wigivor | (010][0][0)

-+

q"2= (B,x) x q’1= (u,x) X q72= (u,y'}

¥ neighbor

neighbor ¥

4

fREDORELIZ: LATHFE G th

@ @] @ @ T AT @ @ @

. _ _ {CKDORSEE LM LR SLIA
@ w2 > 5 RAFAAT 1861

»

1
neighbori ¥ neighbor | V'
¥
0000 | . | BOE | oo | OO
q72= {u,y) X gl= (C,x*) % i q2= (A, x")

K5 —A ki sEsis

AT R S AR DCARIE R X Jr e 5.1 MARRR

F 25 B3R S0 3 s 18 6 (b) T L 2% 57 i D2RA B3, R A F AR I IE B D2RA A FE I ke G AL . 7E
T 7 L A A WO R RSO T LR, s R A T 20 o MG

B DOR SEME A B4R 3C 5 . SEBRIE W1 3% 5 1 Fik1. 4 M% G=(V,E) N k-ary n-mesh [
DBRAHRZ . 2% AT S A VAR R R4 T e S 5 NL i

25 TR FeA] G BB IE ] D2RA 5L HY T

E A A IS ; 2
SRS S AR . ) i TR

Fik2. A E G=Vipe, Ecni) yﬂLi_'ﬁz%
€] (Channel Dependency Graph, CDG) , HHTii i 4

5 D2RA ZE$iigt sl
V(‘D(‘:E 4 ( 61’,6')6E(,‘DG 24 HAL 244 3] BE A

— A AR D2RA BB e e AT fa] i e, ELIRVEAEIE ¢
k-ary n-mesh [ 2 HEARREREGRIL AT . XS5 IEKAE TR 3. BT w AR HERE 8] d W) R E e

FEBEL. FPIEUEEST I i A SRS [ BERE] o AR R R — i B g .
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.| Q0@ | @O@E | QI
I B - I _
o @@@@ neighbor @@@@ @@@
(b) —— fooesgmey
I I - . ' _
K6 DBRA B EMD2RA BEAEH A AT H X 5 ((a)  DBRA #32, (b) i D2RA &%)
5.2 x#ES|E T X Vge R (u,dest(p)) H : FP*(¢;, p,q)=
5131 4HE— A D2RAB LW &~ False, FF L FPC (¢, p, ¢ )=False, & W % % T

ary n-mesh M5 (N, Q). %F TATL =i F 7 05w, Hoih
ST 1) b G e, 7E CDG il 2 -
e, E Vipesit. (e, e, )EE e (15
Sl RIAM U SR D2RA % 575
1 mesh 26 (BT 1 w i d 5 ) R AT A
WS pLETT 2w I 0 d BIBABN B2 07 0l d B
TR p B AT, BN L, s B2 y*
D7 [ B A L B0y O 88 vp AS v RSO
SHA y T A, RO S BAE y 7 1) i
B Vo=, oy ++ oy 1ty o1, ), v ="dlest( p)=
(U1, gy o0y Vg oo, U s 1E[1,2,0,m ] 0 R d=
(i, 1) LAY 05w g d 5 ) b R 3 Y A5 R 4
wy=rke 25 dERDD(u,v) B4 v, > u,s H it v, > k.
W d={, — 1) BT 8wk dJym L 5y
Bl 24u=1. &HdERDD(u,v), B4 v, <u,» R
v, <<lo XPFNEOLT o, FIEHR S L2 7 )5 . I
d€RDD (u, dest( p)), IS p A dJ7 R HI 2P o
HFEE
SI¥2. DA D2RA B B k-
ary n-mesh W2 (N, Q). FEEH L pe P, i F 747 4%
us RDD(u, dest(p))={d }, ¥ T Vj =i, Yg&R"™"
(u,dest(p)) A FP*(c;, p, q)=False, % B\ 31| ¢' =
neghbor(u, d ). W credit(c;, ¢ )= 0.
AT IE UL, X5 B 2, QiR — A S R ARG R
Jr ) d LA B R AP I HLE R0 R T R s
B2 — Bk % th 25 BAF ¢ % EL ik
B . A RDD(u, dest(p))={d }- IBALTCiE
230 p T —2# DBRA [t i J&2 4% DOR #% i » A%
g W TR BARBAS, K ¢’ € R™ (u, dest(p));

V=i, credit(c,q )<<DBFC(c,p)=1 ( H
RDD(u, dest( p))= d } A R ¢ A —A 2 WL
23], FEA HOL ARG H2 T - S p 4 2EAD - r LA
credit(c;, ¢ )=0.
TEEE
P73 S0 p RAE o ) R i 20 2k
O p WL BRI T 25 s IS A BNF g 7 12 S 1
. 2 Tk AT o3 A 55 itE A BRI g RS p,
MYRFIE o

p,=lastic, q,)

plEEE

RDD(u,dest(p))={x"}

q,=<u, x>

p
D @ [I D neighbor

RDD(u,dest(p))={x"} x

B7 gI#2i— "5

SI3E 3. 45— A D2RA 8% i BE0E Y &-
ary n-mesh 2% (N, Q). £ 77 25 w i 1 38 18 e, 17
TENI g =it d)s d={guin @ )» gun €[ 1,2, =+, ]
acl—1,+1}. X F V=i, credit(c;,q)=0, p=
last(q ), B3R B e, FpELA AT CBAS ¢ — ELIR D L i
S p Mt fe AR

(D % p % 75 DBRA % i ¥ A ¢, N
RDD(u, dest( p))={d };

(2) R w, & U W d R R
min ( RDS(uy, dest(p)))= gun+ 15

(3) W3R w A& 5 ) d W BT A
min ( RDS(u, dest( p)))= Guins

() fFFEEIE T e, e, > e, W /2 .

O A iH B RFLLAE A CAFIAE TR D 5
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O 5w BT ] d T 05 Je s R C p A AT RETE 4R JE g B AP (R ST p
@ B\ g, ={us d ) #15 credit(c;, q,)=0 H. HEA g Z 01 EYEE g EEIRIES A0 DL H i

min ( RDS(u,, dest(q,))) = guin+ 1o

SIEE3. By EUE Y w e dT7 I ERIBAS g
— HAL TR , 3 p 2 e Jm i A BRI g iR SC
B4 -

(1) WA p A6 DBRA % 1 vE AR EAS ¢, T8
2R3 p RFT d J7 ) B2

(2) QR K w2 d J7 10 B R s R4
S p B/ NI R A ERTET g+ 15

(3) QAR 5w A2 d 5 ) L 345 B4
3 p T/ NI AL BE R T35 T G

(4) DIT 5w Rl sV d 7 1) B A v, A BA
Gl — ELAL TR S I H BN ) $5 5 4R SC ) fe /N 1)
BHERTET g T 1o FEV T wfEd I LR
A g Rz —.

W . (D) AT T Y =1 credit(¢;, {u, d ) )=
0, A p RATREC &858 0 1 i H , 50, p — 28 S5
PR 265 W WAL C PR SR AN A7 A HOL [R]85 , BTG 37 =4,
v (usd) ) >0 MRS p 1§ DBRA
E%Ehl_/\ly\ﬁﬂq Cuy d ) W) p RESTE d 5 1) L3R4y
B 2D R IMAESEA g Z iR SCp 2= AAEPIAJ5 ] |
Pl it e 20 Hi B DBRA LA - 20 2425 IR SC
23 [6] i SCA BEFEA ¢ X WGP I p i 4l ¢ TP RS
— AL, B . RDD(u, dest(p))={d}. KN
d:<g > BEE RDS(u, dest( p))={ guin )o

(2) NS 3 p #AE DOR % eh 2 A BA S ¢ HH

15 credit(c

poWy E /N R R YN R T T g W
min (RDS(u, dest (p)))= guno MAM M HET 3 1,
W wot dJ7 10 B 55 5 B4 BRF g v 4R SC
TE d 7 ) _EORNTEA B H s BRI p 18 B/ IN R A A R
THEET gun + L MR w AJE d 7 W) AT A
W p 4 Foe/ NI AR A8 B R T 855 T oo
(3) HF credit(c;, {u,d) )=0 H. min( RDS(u, dest
()= guins B IE 41 R min (RDS(u, dest(p)))=
Goin T 1 WIBAF g = (u, d ) JET5 R L L 2538 4 2
AR, A W min (RDS(u, dest(p)))= guno A
G ¢ = neighbor(u, d ), B84 ¢ = R"* (u, dest(p)),
3 p ¥ B DOR % feKe i A A ¢ B T3 Y =
5 (uy d) )= 0 R p G A M2 BT
A1 (e, a’>, ft LA FPC (¢, py g )= False, X TE W &
S p ACGEAFEIE A BN ¢ s 55—y T, 1 L EEBA
ﬁﬂq A — A2 RS A] L 415 p 1 I DOR i H A]
/\Mﬁﬂq K It credit(c;, ¢ )=0. 2R X p'=
), AR 4 2) B9 25 3 v] LL#E ) min (RDS (4,
dest(p')))= Guino FRATIXT AT 15 o P 55109 o J5 1]
Y S R R R AR A ) BA B AR SR A
R O BIVEAZ 2 i 5/ NI AR A JBE 2R g TG R 6
WA K SHIAR T X5, IBAFA T JTI7 I il
AN wgs T AT — R EH —E 80, H itk
credit(c;, {ugy dy)=0; & M X po=last({us, d))s
RT3 1, S pu ANFEAT d 5 ) LA 20, PR

iscredit(c

last(q

T DOR T F & h , AR SCp iE ARSI g2 min (RDS(uy, dest( pu)))= gun 1 1o
p=last(c, ¢) p.=last(c, q.) p,,‘!asl{t'i q,)
@ @] Dl Dl neighbor @ D’ @ @ neighbor p @ @ @]
dERDD(u.dest(p,)) = dERDD(u, dest(p,)) B »  d¥ERDD(u,dest(p )
q= ', d) q,= (u, d)

K18

5133, W& 4h  RATNGEE g, S 1 4
& g+ 1 2 ARIHE FRATTAT LA AERE g, + 1S4
FE goin 1 2 LB B 2 A FE s IV BUAT 80 1Y) 38 HE 2L 2
Ji T Bk B e B R o7 vk

SIE 4. ZE DA D2RA Bl SR £-
ary n-mesh M5 (N, Q),Vp € PLr T4 s u b, A0

B3 355 4 () — N Fat

RDS(u, dest(p))={n}(n Him4EfE) R4 I =1
1 qe R  (u, dest( p)) fHiF FP*" (¢;, p, q)=
1P A R, QR — RSO 4E B n A R
P& A Hon R s 4 B Mz i SC A = 3 H H
F14) b I IO 245 WKL
D2RA FH - R R R F I D2RA Jk

True,



64 BHSCEE : D2RA: FEFIRA Mt 0 F F 45 TCREam {5 L 1279

PR RS B RERS B IR 2R BIA HAR T
PRI o 44 B2 1) 22 o BA A7) o A 4 SR AT AR
1 I8 AG B4 BT
BATLLE 1 A i — 4k mesh 61, 17081 y

LoEE

q= u,y)

neighbor

Q@@

q,= (u,y")

Y2 4k mesh IR R 4R

P9 7R T Y 1 ey 279 50 B B A2 45719 A
y O B BAFIE G . TE W 1 TR T A B2
v 7 ) AR A

p
________ veee

y qg= (B,y

K9y Il LB

g BT STy I LR BAS R SCp il T
QB — DRSS ] QiR S p FEREABAS g,
HIEA 2 77 ) ERE% R B A% B DOR B HR . #03C p
WA 58 1 J5 1) 1 1 % B AR R BRI g, R R
TS p e,y I A FIA B B, $% B DBRA P&
BAF g, W2 AT 24~ LA b By 25 R SC2s 8], )3 p A e
AT g, PRI H S p 7R A BRI g HTA A x
J7i) FR B o 55— T L RS p #EA BN ¢ J5 AN
SHA y I BB (5B D, RIS p KA
P, PR BRI g 2t R s PRI S0 s [ 3R
TEI A HOL 42 T » HA8 y 5 ) F i 25 194 5C
B .

AR SOIEEE SR i SUARERS Bl SR
Je e T JE R ZE e

IE . FRATTSE AR R GE B n L 2D Y
i SO LA B AR 2RI 5L SRR L SRS TR X R
LS ARG EF ) .

i Ipe P AH15 RDS(u, dest( p))={n}, X F
Vi=i,VgeR"™ " (u,dest(p))s F**“(c;, p, )= False
B4 SC p sk IEAREFE Bl . B F RDS(u, dest(p))=
{n ) BRI S p RAEYERE n LA B i 2P, IR
S p RAE—A YL 7 ) Lo A7 B e 20, DR FRATTmT LA
BE RDD(u, dest( p))={d }» B\ 31| ¢’ = neighbor(u,d )

p
eleEle!
x ERDD(u ,dest(p,))
q= {u,x")

neighbor

LoEE

X ‘ q,= (u,x")

FLBAF ¢ = ol d s 7 85l 275 85 B AR5 A5
M5 51 B 2 0] LA 2 credit(c,, ¢ )=0. & X
P =last(q), W R p' ¥t B DBRA B th 7E A ¢/,
RDD(, dest( p'))={d }(5|FL3),

WK SC p' ¥ B DOR [ iE A ¢ Hi T 45 i n
& B i 4E 2 H O DOR i FH 47 B% o B 7 02
Xp B EE A mH, B>
credit(c;, ¢ )= 0, BT LA p' NATRESE M o PR, 3.
i1 4f th RDD(u, dest(p'))={d }, 52, X T
Vi=1i,credit(c, ¢ )= 0 BWHE I p' WA VL& ETT
A3 ¢'c % ¢" =neighbor(u',d ), BAF ¢" J&= 4 3C p'
T — B A AR BRG] R R AT AT LAAS S e
FPC=(c;, p', ¢")=False,

WS FRATTRT AT 85 o R A5 0% o D5 1) 1719 05
ozt #E L AR AR B 7 5 ) 1 il B A w, A
A5 g, ={us d)» H. credit(c;, q,)= 0, B L p,=
last(q,)s T 2 3C pa 7K A fig B FF BA 3 g,
I 4R 3C py 38 A7 TR B 20 AR H TR 20 AT
J7 1] S 4R S p, ME — W] R A B O ), B
dE€RDD(uy, dest(py))e X551 170G . B,
BN ILAT X A 5 | B 4 S5 A AL

UEEE

©@)@l[0

¥ g= \u,x")

neighbor

K10 5| 57E 2D mesh P —1 35t

SIS, 45—l A D2RA B LY £-
ary n-mesh M2 (N, Q) Ve, € C..Vpe P FH5 i u
B BRS¢ (p) P AR DBEC (¢ p)=1. 4 3j =i
M qeR™ (u,dest(p)), i 13 F*=(c,, p,q)=

True.

135 K] D2RA fRIE# — P S HAE—4
He Rz Ty 1) AR A B A A OCR A Bk
HCH Y b4 0 28 AL
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Pl

L
&

Eitd 2026 4F:

B 10538 T 5| B 5 76 4k mesh P i— 5.
U] o 1) % ER 2P AR SC p B B AT KL w, BRS¢
o YT 7 L B BASN A AL TR A . FRATT A
Mr ™ J7 1 W3 B NS g BT g 1Y B i SC
last(¢;, g )AL 2 7 gL G D JF B
WA SR IR A e Ry I may 2P
BTy 07 o] 4k mesh e m 45 AR RS B4, & 0]
LB B R B AR A B g 0 2 23 IR 03 1]
PRAIE 2™ J7 ] B 4 S Bl XA R 2 ) % 2D
3R 3 p AT LAR IR HAR TS 8.

WEB . T DBFC(c, p)= 1, XM E R p
IAE—DYERE EA TR L . RHIEGEUED,
W RDS(u, dest( p))={ g }+ 381 XF & SCH T80 42 4
Bl g AT IHNUER] . 5B 4 EEH g = n, G518 00
3o BB g™ guins G €10, 1, -0, m — 110, 5[
5 W57, B 3j=1 il ge R (u, dest(p)), fifi 15
FP (e, pyq)= True.

e UL, R R LEE R T g B A —A
Tl 4 4 i 1 R SR 2] LR H AR 19 588 8

X T g = g MG O - AT 25 S UETE AR

dpeP, H g= guns i 2 Vi =i, Vg€ R (4,
dest( p))MH1FF"(c;, p, q)= False,

T g = Guino WS p ME— T 2 48 B 5 0] Ry
d=<gm;n,a>, ac{—1,+1}, H B\ 3 ¢=
neighbor(u, d ).
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system performance enhancement. The routing algorithm is the

core of the routing strategy in network-on-chip routers and directly
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affects the communication performance between cores. channels. However, a significant drawback of the DBRA
Researching efficient routing algorithms holds — significant algorithm in high-dimensional network-on-chip is that it requires a

theoretical and practical value. Routing algorithms can improve
network performance by maximizing routing adaptiveness. One of
the most important metrics of adaptive routing algorithms is the
routing adaptiveness, which is defined as the ratio of the number
of allowed minimal paths to the total number of minimal paths.
For fully adaptive routing, the degree of adaptiveness is 1 while
for partially adaptive routing, it is between 0 and 1. At present,
the most popular option to design the fully adaptive routing
algorithm is Duato’s methodology, which resolves deadlock by
driving blocked packets through a routing-restricted, deadlock-
free escape channel. However, the escape channel tends to
become the performance bottleneck under saturated network
conditions, which causes a significant drop in the sustainable
network throughput when the network is congested. Dimensional
Bubble Routing Algorithm (DBRA) proposed a different
deadlock  avoidance deadlock-free

transmission by guaranteeing that the free space in downstream

theory ~ which ensures
routers 1s greater than the number of remaining dimensions. This
theory of DBRA allows the use of any minimal-path adaptive

routing algorithm without the need for additional “escape” virtual

large amount of free buffer space to maintain its deadlock-free

properties.  Specifically, for a packet with » remaining
dimensions, the available buffer space in the next hop queue must
be at least n to ensure deadlock-free transmission. In this paper
the novel fully adaptive routing algorithm called D2RA is
presented. This algorithm combines DBRA and Dimensional
Order Routing (DOR).

resources are scarce, thereby fully utilizing the path diversity of

It uses DOR when network buffer

DBRA while efficiently using the on-chip network’s buffer
resources. Compared to using DBRA alone, the hybrid routing
algorithm significantly reduces buffer space requirements when
employing DOR, as it does not require additional buffer space.
This work was supported by the National Key Research and
Development Program of China (2021YFB0300101). The aim
of the project is to improve the performance of TianHe’s
supercomputer system. The Phytium 2000+ processors with 64
cores are mainly adopted in the TianHe’s system. It is connected
between cores of Phytium 2000+by mesh network. Our research
of novel fully adaptive routing algorithm will be helpful to improve

the traffic performance of cores of Phytium processor.



