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Abstract:  Although high-speed multi-plane switching networks have removed their internal conflict problem, a routing control
algorithm is necessary for realizing conflict-free routing. Otherwise, the conflict phenomenon cannot be totally avoided. This is because
the routing plane may be chosen inappropriately by the incoming packet at the input stage. Therefore, a control algorithm based on the
idea of conflict links set is presented in this paper. This algorithm controls the allocation of packets among routing planes in the
multi-log, N switching networks, and hence, the conflict-free routing is totally guaranteed. Moreover, it is not only applicable for the RNB
and SNB, but also suitable for unicast and multicast. On the other hand, inner link conflicts are removed in multi-logo N networks. The
switching efficiency is improved, but no performance analysis models can be used to analyze the switching performance of Multi-log,N

switching networks. So an analysis model based on embedded Markov chain is proposed in this paper, and is adopted to analyze the queue
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management and the relevant performance measures in detail, such as the mean waiting time, queue length and the probability of packets
loss. All these conclusions are capable of providing well theoretical support for the design of the optical switching architecture based on
multi- log, NV switching networks.

Key words: multi-log,N; switching network; MIN; control algorithm; self-routing; blocking

RIS R G5 VN 28 350 AR I A J v AT 8 W 235 T 28 DG S B (R HE BN A H L A SR AT X TR, Bl
TH i G B A AR BN MK ER TR R T SR (BORS) FT Re AT A # 0 A A M I R R AT T LA EE
B Bt LR A R S A B Oy o P B0 11 L P B8, bl R AT AR [ R AT AR B, AR R ) 4 A1 K

E e PR RE AT e 9 4%, %2 % H B X 4% (multistage interconnection network, &A% MIN) A AT K U7t 45 44 Jg 1k
(21 75 2 e B 2% v — B A 52 0T A5 I AE R 28k 25 2 kAL . 4 7 SR K (R T3 T A8 e fig 1 5 AR 7 A o
S I B R AT 4 45 K AT L8 AN D T MIN A 7R R3O0 2 J IS 50 8 4390 70 47 42 MIN 72t 2 A8 B oo
(switching element, {2j X SE)if o 5 i B 3% 1% 2 9,84~ SE 1] L& — A~ mxn {5 [0 #4 & %% (directional coupler, f&]
FK DC). A 2 — MR, A SR ¥ m=n=2,B0 454> SE BAT A AP H, W B L(a)frzs.— A NxN 1) MIN
2% HLA n=logoN 41,38 E TR log,N W25 log,N 9 4 FAT R 4T 1) 45 84 J& V-1 26 =& Bk 2% HH (self routing) B % H M
— e X P e AR OR T AN e P RS T RS o, R AN TE VR - B S 5 R R S S A B R
W,logoN BRI M S HAE O(logoN); 26 = logo N IRAT Al s A/ HH 15 i EL A3 AH [ 1) 6 e BE 25 )5 7 s AT
log, N W 2% A 5 1 G 6 AT 3 19 R, DR A B A7 0K 1A s vl T L s ik 3% ) R )2, 1 O B R W8 T logo N A2 — ity
FH ZE 11 #A 2R 45 040, 1X 5 log, N 191 fiE R 58 Al K 52 i BH 2 (blocking) s& 8 — AN SE [ A% N 4 H /] — %y HE, a1
1) IER(O0->NFIB—6), 7058 1 MM HHER 5 KA T o H a5, 8 5 2 e SE R SLZ A7 7074
MR A P AL — AN, ) — NE T B ARG T — I B T A 263X 25 8 0 A% i 28 38, IR A 80 3ok L TR
WEAEAZ e 28 495 v TG T SRR A8 H8te P99 28 W AT 3R 1 i N /it 2 TR) 6 v 5 b 8 S R, BT AR BRIV IR 51 7 ik v o
S [ — A IpE K HE Multi-logo NPT 4% Multi-log,N B 2% 3241 2 A log, N i i 7K 1 2% 3% (horizontal cascading, fij
FX HC). I HHE S (vertical stacking, 6K VS) LA S IX Pl 21 & K S L B 4 1% G BH 2. 7E Multi- logoN 1E 0%
AT BLIX 3 MOIE TS AR E I HC 7S B Multi-log, N1 W 4% B AR 38 K, 0% 1 3 9838 n, IR
UEHC B Multi-log, N ANFABOEASH AT 15GVS AN Multi-log, N W 48 L A%, AR 3 3E S B0 AT # kiLHAE
Multi-log,N' FHT N 25 5 TE2 AT R P 1) S5 R 4 i s bl 17 T P 3 498, 75 DU G ¥ G A S TG FHL2E.

2

-000(0)
] R | R 001(1)
<] 010(2)

— — — — Foiis)

100(4
An SE Bar Cross 101E53

¥ resereseen 110(6

-~ 111%7?

(a) An SE and its two states bar and cross (b) A 8x8 1] log,8 M 4% (baseline)

Fig.1 An example of MIN, SE and its two states
1 ZBREEMLE . AT IR

I 555 s B AR 1) T B, D 4l 45 A ) 22 0 A, Y T 1 T 4% 3 T A L I D 4% (1 L G R e R e 4 A
61 T IRAT R A T W B SRR A% B AIK HR  (crosstalk) . B ATHURE L A BTG B 28 K RS HLAS A VS Y
Multi-log, N U T L IX S8 FEA B 5R [A I, VS Y Multi-log, N /EYGAS B 458 5 1HE T AATT I G E Multi-log, N I8
T i R G A e — Sk S B I B2 5 b R ISP IR T B e 0 e, LA 2R T A S B IG BEL 2E I  EAE B 11
FH 8525 1 S 7, 75 U JE ¥4 £ i JC FHL 2E AHAE. Multi-log, N [ AH SCHIF 5T 1, 25 B4R P 8 S G B 28 T 75 22 log,N W 4%
(routing plane, #% [1°F 1) EIAN 8,18 /085 &2 Multi-log,N ™ 4% 5 4% t 4592 LealP %5 1 T Multi-log,N 78 SR FR 85
SEFTC BEL 2 T 75 (% 2% e ST 110 %, Tschal™ 45 Hy 7 Multi-logo N SEF ™ 4% A EL 28 7 75 (14 % £ 1 170 %, L 5k 22 AH I 1)
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X Bt F :Multi-log,N 3% W 404 b 68 AT AR R B 45 4] Bk 595
YIS AT AT 0 4 P SR 2 4 % v ST T A 36 49 i AL A S — 0 0 A s A R v VS Y Multi-log, N P4 4% v 4 1 57

1 Multi-log,N 8 X# 5%

20 AT e P24 Sy v PR R AT e R AR B T T T L, 06T MINSs PR R o3 AT A b R
B TR BT logoN P 4% 1) BHL S 47 2 56 W JLAS 4k e, A AT 77 4 v 6 A8 e Pk B, AN S A S N/ Hh o 152 A7
S S, BLAE FL N FR IR SE B T AH RV (1 28 47 FA 4 (internal buffers, W #5282 47). K KT logoN T RES>
BT B0 SRR 0 4 DASE A 0 4% (4 Banyan BI2%01. Omega FI2% FI Delta 94517145 4 15 5440 T 40 216 N 35 2247 T )
1749 Patel "X JTEZ # ) Delta 444 M 1 P RE 43 M1 A 5T, 18 1) 7 3L 1 G T 190 4% b A — 00 HH 982 10326 1
i3, LB R0 28 BRI 48 KT 189 K Kumar™7E Patel (WHF Al Ext 45183647 T3 78,45 81 T L2 0l Banyan
7R ) R A, B i 4% 5 il (networks replication) FI4E 2 47 5K (links dilation) %) HiE 4T 404k, Kruskal®4s
Hi G T Patel 4510 MW IR R TE 20X AT TEZZ 1 log, N 1 BAME BB 9108 T B (R BELZE (19 mT B, 75 logoNV HHiAs TN
WG b A B 28 R0 e R A TE—A SEQ@x2) PN AE 1 H8 A — A0 A 24 F IR — A i o B i AR s 4 A2 4
B GRAT B B R A HEAT 4y BT 5T Theimer 25 A0 Turner 'R Jeng!" 2%t 47 B A & 2847 (22 A7 W B
7 SE [ A\ st )log,N HEAT T 5. Lint 12 18 1 AT 55 (1 it e A oL 3K 6 9 LT 81K T 1) — Rk 58 v ——
AL, /R AT K4 (approximated Markov chains). F & /R AT K GERFL log, N, T 75 IR 2 BB log,V 1 2 5 5 45 B
£, N—oolt], JL T AN AT Be s gk AT K5 43 B, DXL bk 1L 8 B A ABL IR B 7k AT SRR AR A 20 A E B 18R 15 21 11 45 2R A7
TE— 3 IR ZE. T A0, T 1K 2 M % A ¥0 S Multi-logy N 25 (10 BEIF 5T, T A& 572 T logoN W 4% Tl ik 7F SE B
VL AT AR R 5 ) 8L AR ST 59 — 3B o0 W LAE &6 Multi-log, N FOAS ik 7 BAF A R AH G PE B
FRERBEAT 73BT L.

A ke P 246 T8 3k 42 1 2 PAAT % b ARV AR i N/ L TR ST I Togo N TR 4 St e ek [ ) b hik 5 0 4 s A B 1
FENT,T Multi-logoN 4% 52 HH 2 A LogoN W28 K4 0 BIR T logoV I 445 1) 11 308 3% ER PRI AR A 2 SR 380 A 4 Y. 7 42 1)
SR BB 1 23 HAE 22 A TogoN W4 266 2 T (10 326 48, 2 df LA S B JE 1 5 1) Leal > AR 1ogyV 199 8% 1) H 6 155 10 A
#1540 22 K (path-intersection graph, fij X PIG),3% J& Fl H 4 (4 R BEXT PIG %5 (4, & 5 FH A A i (448 2% Multi- log,N
WA % Fp AN [ (10 8% £ 1 T8 2035 19 20 AR 1 20 AR 105k I P69 B0 4 S 66 ey 810K ) 36 e SF 1T . Kabacinskil'™!
FEH Bl ST I WNB (0 # H 5095, 12 S0 LA A v AR T T 52 2% R RS 8 P AT BB R R fn . Lu 2 TSI
FIE 42 T S8l RNB A% b 8008, R FH AT T SR AR A i () 52 24 BE A 31 O(1g*N). A SCHE W 25 ST 5 )
SEr b AR T SR AE — A H P T b A 1 DR S B i SE AR — Bl i eR I ORI I 2O O(NP), (B R 3 f B
Sy T SEHLBE AT 42556 RNB. (1) 504 2% £, 1 T 42546 SNB. 1) 22 35 % e, B A B4 1 3 R

2  Multi-log, N M 4&HI IR E %

Leal 2 1) Multi-log, N W46 HATZAEVELF . 4 AR /N (O(logaN)) H BT AT 175 3K 11 #4642 K M1 455 10 4 05,
I 5 3 B 06 A B 45 H0 . AE Multi-log, N FI AR I 58 H AR 22 WF 9T 2 26 T4 Multi-log,N il A AR B 28 5 B2 (1 % v 1
TR0 B A AT DG T 43 A A T 6 B el P 18T ) (10932 5%l R 649 782 Multi-log, N 1 3 B :041 5 HC 78 Mullti-log, N A
R IE B 06 A8 e 5 460 PR A 3 o 45 R AN A IR T B AR IR — 1k B3N 7 S AR NI B2 2% T R Ge 74, AT Ae
77 LA B e Ak A ik R rh B RE HT VS B Multi-logo N 5 38 45 6 A8 8 45 440, 31X Hh A& AR AS 471 5 A IR R 4L
ST, VS IR Multi-log,N 5| 2 4% 2 2% A FU I — AN It BRLZE AR SCIR 5 o, i DG4 71 75 B Multi-logo N 3445
VS 2,

Leal %ty Multi-log,N 75 # 4% 5355 iz B AT 25k fl B S8 7 75 0P 1T 50, m =21 n(=logo,N) 1 logoN 44 114
AL AL AL XA G510 & T 5% (unicast) R 48, e 7 4 2 2 #f (multicast) R 48 Ik 77 2 — 05T

Tscha™'%5 tH T Multi-logo N 55 7™ 4% =l BELJE JIF 75 101 T 50,24 m iﬂfﬁ%i&ﬁﬂ‘,ﬁm%(%}ﬂ;n hwE B A
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m> @(n-lm JEH =logaN,6=2"") Tscha 04 i FB AR S 61 1 7 46 LSS (1 BESE JR T 48, 00 1 T
L.

VS T Multi-logoN B AAREIR T 1 7k h HORFPE, (5 Bk ot T 670 LA SRR, S S0  2 AL  T
I 6 1T T, 250 0L SR 52 B A3 W 2 AR5 AT 40 8 4 4L Multi-logo 926
T 3 0 e T 7 B o B A2t B 2 B R AR .

1
2 —

L1
)

Multi-log, N

Input
controller

N | N

Fig.2 Multi-log,N model
2 Multi-log,N f5 7

e 2 s AL b Multi-log,N A& B m AN B P i s VS B g (1 AR B ZE R 2 Fa 25 T B B ~P iz
V) 11003 42 B % AE B N i 5 Mulit-logo N 2 [H)S 5 — AN Hr N 32 25 (input controller). 3 A\ 428 Hl 8% 252 LA 3
A5 T T RE <1 26 R I 4 T B2 1 49 21 A T A T 1 5% L IR R A AR D S IR 43 A P AT A Y % Bl R TR
Multi-logo N P SEBLJG 0 S84 51— AN I8 43 ) P A B B, B =21+ 22,76 71 N VTS50 370 22 IR T 15 18 B 3R i
FH A V8 SRORT 55 =, b P 22 % ) 0 ASE B At G 25 T i Nt R G2 b BA 1SS AE AN JS I 26 3 T IR

Multi-logo V' 9 £ [ % R 450755 10) 2 A SEARLIE i A\ 478 il 2 AR 4 20k 2y AU - B 1o 1 VH B ATITE logoN )
PRGN B AF AP S IR AN 53 2153 590 £ /A AN ) B bl P 18T S 5 B b B2 P 8 el T B0 o 5 10 7 9T O L S MR 43 4l
g RS TR A R BE RS AR, 0 16x16 P  II SK AT 11000101, 2% 37 3K XJ T & 2o 1) 4 g 4R 2

P:[;m:m:{12,12,7,6,5} O T 8,2 BB HR 10 3 45): P 518 2 2 2095, AR A2

S5 AR 7 A i S 3 SO SR R AR IR R -
Step 1:1&15 %t~V 142 B0 40 (% 1 3R ) Plane[m], W, JC 2 Plane[k]/& — ME RE G A&l k Bk H
PRy b P 33 SR 6, FEHTME Ky Plane[k]=D,0<k<m.
Step 2:1H SR SO O BERR 4,10 20 ¢ ISR AL BRSO 1(1),0<<i<N;
h 22 95 R 248 2 o7 B 8 B 2% (bit permutation network)!' ), — AN SR A § AL MR 4 i+1 &, B0k — A
RO MRk B AR i T DAHERf 8 AL B2 i1 RN EERR T LU R E L N R #3545 BUAH B
IR B 2.
Step 3: S BEG RN AZHE,E 0 Liy)=I0)NI(),0<ij<N,i#).
For (i=0; i<N; i++)
For (j=i+1; j<N; j++)
[ LEH=IONG);
If L(i,j)#D then
HEUEK 7 o AN A ASE 1 BV 4R & Plane[k) 1 Plane[t], 2K A5 Plane[k]5%, Plane[t]
F EL AR AE TS SRR ZE o 5%, 75 U, 7 S 08T 1) e b P AR
]
L(i)=3, K iyj W LLBEAALE V1l Plane(k].
AP 4R Plane H4-17 K0T ¢ Dy #2130 AH 214 H 1R .
LA 3 T ¥ 8x8 Baseline A8 M K 3 1 T/ (A3 KO0 SRl iR 1% S AR BT R G m =2, 57 LB m=2.
B oV SR 4 SRR I @0 L0 D)={1} FTEARRAS 70 Al 1 B 0 th P10, B0 Plane[0)=
{r0},Plane[11={r1}; X L(1,2)={4,5} &K XF r1 1 r2 ZE AN [R) B 7 10 (HBEAS R BT 1L O A 38 SRk 7= 4B
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MIE, R Plane[0]={r2};L(4,6)={2} 74 F1 r6 HEXNAE [ 8 B °F 10,45 Plane[0]={r0,r4},Plane[1]={r1,76};
L(6,7)={6},Plane[0]={r2,r7}; HABIITE KX 73 Fl 5 AT RAATEAT S, 0T LATE 2 A B b1 10 N A 55 8 b, DAl vy

135 5 I 2l Plane[01={r0,r2,r3,r4,r7} Plane[1]={r1 75,76}, M1 & 4 BT /R ZEVERIZE N ONP).

Stage 0

(0) 000

0)000
&3001 j

':000(0)

001(1) (1) 001

(2)010
(3)011

010(2)  (2)010

01B) 30y

(4)100
(5)101

(6)110
it
A

(5) 101

Link level 0

Fig.3 8x8 log,N (N=8)

K 3

1

1 2
1004
g |:101E5; (4) 100
A
2

o)
(6) 110
? (7) 111

Table 1 A request table

1 iHEkE
WRAT0 B SRk SRk R (10 HED
10:056 1(0)={0,1,5,6}
rl:1-5 (1)={1,1,4,5}
12:2-55 1(2)={2,3.4,5}
r3:353 1(3)={3,2,1,3}
r4:4—0 I(4)=1{4,4,2,0}
r5:5-7 1(5)=1{5,5,7,7}
r6:6—1 1(6)={6,6,2,1}
r7:72 (7)=1{7,6,3,2}

Fig.4 Routing illustration of requests 0 to »7
8x8 log,N M 4% (N=8) K 4 5K r0~r7 B R E -

I B EEAAE F TR R IE T 2 R R N 2 BRI DL 7 E SR I AR RN B ER SR IS 2 iR 2 A
HLRR KA B AR T LA R IR, — A B R A AR Y B v a] DL S, AN AR AR 0 5 R TR — AN B T T SR A B
PR 3k i ST 4 2 A8 ) A I A B A AR S

fiin N A 1) i R 22 B 300 (¥ AR o 1) R ik, 4 67 o g B 1 U7 R DR A — AN H Ik d=dod, ...
dy-1,d;€{0,1},0<i<S N—1. 401 2R H 3 1 ik i(10 2E6), 00 d=1;75 W,d=0. 53 11 #2087 H sk @ 2847 % th A2
B TeHs d V53 O R A WU TR P B AT L% R AT R BT b R B AR B N 4
TR IURATCEE A LW SUEE A R IT ) PR AR B — G RIUR A S 1 U I RS e

JCH EEEAR IR SN — 23] TN — RIS R, H AR AL RIE AN H R, 8] 5 TR,

Stage 0 | 5
(oot 00/ Bkeessee g(') '1: o01(1)
aot01001 3011 f NA 7 - 9100
gg%g?j 0j0} “‘::"% ...... ll: %8??5‘%
ot T 1)

Fig.5 Multicast requests (Req:3—2,4,7; d=00101001)
K5 &R M I (Req:352,4,7;d=00101001)
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3 Multi-log, N [ 2% B 1% € 7 #r4 2L

Multi-log, N fiff ke 1 K P 6 F) i % BEL 2 ) AL, 380 38 i N S F6) 2 4 mT LA IC B 26 b A% 326 291 i 1 9, (H Multi-
logoN £ 73 AL AZHIN A7 AE LU PIAS (1) 2 S 58 42 Jo B8, X R T8 I s 2 0 8 by ~F 10 00 A8 1. R ey
B8 P B SR T 2 2L A 2 A S T TR] AR 23R, R T ¥ DR i I BEL 2 IR AR S 2 71 BT AR 1) R0 485 (2) Multi-logo NV B
SR U T PN PSR B BEL JE o 0 AR AT i ¥ 1/O 4 T 1) 80, B Multi-log, NV 199 2% 1) i N/t mT 6 H 30 4 FH i N it
1/ s 11 IS 20 201 0 B 3 o R O A 2 IR ok Rl A 2 AN AT 1 AT — 5 I SRR AT BEBL .
LA, #E Multi-log, N HF B2 7 2% i BA A2 AN RT3 S ), Wi 18] 6 Broms.

Banyan network
1 plane 1 1
> »1[»
2 2
> Banyan network _>:|:|:| S
plane 2
N N
-»> > T+
Banyan network
plane m

Fig.6 Multi-log,N without blocking
6 TCHLZER Multi-log,N M 4%

SEFR b Multi-log,N 2t — iy iy H 2247 H. G BH 28 1) 22 27 A2 . 45 #4. Mulit-log, N Fll Crossbar(iF 41 N 2247 ) &
WA 08 T B JE A8 4 &5 K] AL X 9 R 55 K 4 S B Y AN 7] . Crossbar 1] fig S 20 B\ 1 (head of the line, %% HOL)BH 2,1
Multi-logoN #3320 At £h P [H1 2k 52 B0 P9 8 G BEL 28, AN AT B 20 HOL L% 1 R Multi-log, N (¥ 54 A A Ak
TR R AS (FE AT A I 8 A7 7 4L ), 5 2 e T AN T 8 55 T B N\ i PR 42 068, T FL— B 5 2 RT3 1) N A5 T Ao 4l
ANT] B A S N i HE B S50, SUZ A f S i HERA .2 1 A3 SRk o1 L r2, WHERTE Crossbar 45 14 H g 25 18 i HOL FH %€,
1M 7E Multi-logoN 45 #4 1P 21AN 22 DH it Multi-logy NV 2 — ity i H 92 7 H. 0 BH JE 1) 22 AT 0 45 ) SR I i 1k 3% &5
FELE 42 D6 AT e 0 85 vp B VAN e A8 20 A # HME B, DX R H i = W 3 9 D' 22 47,38 X e A FH D' S 38 4: (FDL), H
B 152 A 1) R 3K 6 ] S e 7 80 AR L b A e

P BB 7 RS AT 0] 28 0 #05 AN B [P 119 6F 9 288 28 7 5, 1k e 20 A PR RS M R IR 45 T £ (Qo S) PRAIE 55 8 L #5252
25 T FE AN U ) UL B B B AR B A I 48 I 1) A A3 2, I 8% ke R 1 IR AN W A AR AR Ak, T EE — T B R
Aiff ) Gt ASE TR SR il IR AN [ 9 2486 7 Y P P At b s A Sif 1, DK b, 7 A 28 PR B ) 8% 12 FH 1) 22 A T AS T i e 56
26 U0 TR T 1 S 55 AR SCT A A O (10 A A TR A T PR R, L VR B0 A B 1 2 B 5 A B VAN 43 T I
it
3.1 HXREHIRE

TEHEAT P 265 0 DG 1 B8 43 BT I, P 3 A 20 AR Al 3 AF DG 8 TH AR L. TR] 0h it 42 6% 28 1 A 0 12 2 v 5 i
S8BT I HERA I . R, X A8 40 5 04 1 e (R F A AR 22 BEAE R, K 22 412 v A BT THTAS 8t ) 4%, 1 G 1 32 (1) S it 2
)57 Ay e X R 23 4 S5 M 2R 381 0 A e 5 g T i N i B ) e 5 AT T 3R AR 22 B0, T e A R A e &
49 I 3 A 39750 1R AR S S AE P 4% 70 R R A0 K DL R N 25 1 FH 4y BB R (A TE R, I 4 i = R DL H AR ARy v
(R 5 )20 G 1) R A5 Y AN A AR 2 b 20 0 X 8% 70 (1 T AT Y £ SR 1 8% 90 2 1) 1 R ALy e 3
K JH 1) B4 3 B (interrupted Poisson process, fai #i IPP), 38 % #k & ON-OFF #:% ON-OFF BiALZ A 2 R 1K)
Markov I #7320 7 ONCIRES T 7™ A, T HLAT BUESE ™ 4L 2 AN 7 HFR A — A 5EK). ML R G A2 B AE ON RES
— B[R] (G L 2 A B BR); 75 OFF ARZS A AE 40 41, 244K, 78 OFF IRt ] LUs B E L 2 AN B 7E ONRZS B
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OFF PR 45 150 B 1) I 1) 2 — AN Bl WL AR 8, 30 8 I\ 2, 1% B WL ZZ 58 B AN JL AT 43 #ii 5k 3 2 43 £ii (heavy tailed
distribution)® . 2£ [ 7 H1.p F1 g 5333 7 N ON R A E] OFF IR ZAFI M OFF R4 F] ON IR 10 H B MR 4 SRR
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