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Abstract: In the Internet, the exponential growth of user traffic has been driving routers to run at higher capacity.
Traditional routers consist of line cards and centralized switching fabrics. The centralized switching fabric in such a
router, however, is becoming the bottleneck for its limited port numbers and complicated scheduling algorithms. In
addition, the fabric is the single point of failure (SPF) in the router. Direct networks, such as 3-D Torus topology,
have been successfully applied to the design of scalable routers. They show good scalability and fault tolerance.
Unfortunately, its scalability is limited in practice. This paper introduces another type of direct network, called
cellular router (CR). With a little modification, this network shows excellent topological properties. Based on this
network, two classes of minimal routing algorithms are introduced. The load-balanced minimal routing (LBMR)
algorithm makes use of path diversity and shows low latency and high throughput on both uniform random (UR)
and Tornado traffic. This paper also discusses some other aspects of the routing algorithms, such as effects of queue
length and scheduling algorithms. The CR architecture is a promising choice for the design of scalable routers.

Key words: scalable router; cellular router; cobweb; switch fabric; direct network
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2D 2 4 (some nodes have
Mesh n=t degree of 2 or 3) 2n-2t 2yn -2 Vn
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Fig.7 Comparison of various topologies
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A AR L ST

SCHR [15] 2 X [bla=bmoda,HT, " AT 5 45 52 1 AN 1 21 s(Xe,y1,20) B d(Xp,y2,20), 77 76 T 3R 56 & (Lo,
p=3t2-6t+1):1) [Xo—X11,=[(3t°~6t+3)(Yo-y1)]pi2) [Xo—Xa]p=[(3t°~6t+2)(z2—21)]p. 5 HF X %l J5 [ %t 5 25 EAT Hs i, )
GloballDs=x;,GloballDy=x,. 1 GloballD /1% 5155 Globalyg,Globalyy,...,Global.s, EAAE K 9 Pix. o,
I s 10 GloballDg,axis fRR A EALF s BIME 4l Lt F7R H-Torus ¥y Bl %,p &7~ H-Torus ¥4 A% H .

NeighborID(s,axis,t)
1) IF (axis=0) THEN

2) BEGIN nid=(s+1)modp END

3) ELSE IF (axis=1) THEN

4) BEGIN nid=(s—3xt+2)modp END
5) ELSE IF (axis=2) THEN

6) BEGIN nid=(s—3xt+1)modp END
7) ELSE IF (axis=3) THEN

8) BEGIN nid=(s—1)modp END

9) ELSE IF (axis=4) THEN

10) BEGIN nid=(s+3xt-2)modp END
11) ELSE IF (axis=5) THEN

12) BEGIN nid=(s+3xt-1)modp END

Fig.9 Computing the neighbor’s GloballD
9 IHEALE) GloballD
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Fig.10 Computing the information of all the nodes based on node s
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#32 (load-balanced minimal routing, & #% LBMR).
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Fig.11 Model of simulation system
K11 i RmgeRin
Table 2 Traffic patterns for evaluation of routing algorithms
F 2 T VPAl S S R R

Comments
Uniform random traffic pattern, packets are injected from each node to a randomly selected destination node
Tornado traffic pattern, as shown in Fig.12

Traffic pattern
UR
Tornado

(a) Counter-Clockwise tornado
(2) WFEF A MR B
Fig.12 Tornado traffic patterns

(b) Clockwise tornado
(b) MG T e 2 R R i

12 BN &

4.2 KW

4.2.1 RNF,LNF I LBMR S5 7E 5200 & F i 4k i A7k
K 13 45H 7 RNFLNF fil LBMR Syt ) 35 5 B AL 2 TR 308 & R0 i 61 (L ) 461 ) 8 48 RIS TR =2 1190 4 1

S

B Uniform random g  Counter-Clockwise tornado B Clockwise tornado

<L 25 < 40 < 40

= o RNF b2 35l ¢ RNE wod % 35 O RNF o

£ 50l = LNF g B = LNF e 2 % 5 LNF o

e LBMR S 30 LBMR / S 30 LBMR =

Q [=% [=% f

S 15 $ 25 / ‘a_.) 25 /

iy < 20 4 =20 |

3 10 3 ,/ 5‘ /P

§ 5 15 /f,; qc) 15 d’
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% a8 é 5 o 97g'$§ it BBEa-8E8888ad :D)') 5 o= vv@$$$e—e—eﬂ>—$eﬂ

£ 0 s 0 S

S 4N @O SO~ O 2 d NSO~ O g dN MO~ QO
Injection load per node Injection load per node Injection load per node

(a) Uniform random (b) Counter-Clockwise tornado (c) Clockwise tornado
(a) HIEIREHLIS B (b) I s A B it (C) MBUINS Bt i 2 RS 7
Fig.13 Latency curves for each algorithm on three types of traffic
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Fig.14 Throughput curves for each algorithm on three types of traffic
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Fig.15 Comparisons of different VOQ-Len
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Fig.16 Comparison of different topology scales
Bl 16 ANl b RIS L At
4.2.4 VUL SLTEE FE IS 5 ek 26 (1) 5% )

TE T A8 o BN A U A B T Wave-Front 850355 8] 17 25 M T 4 8% FIR B S0vE 1 Mk e Ll
#::Max Size Matchingl 841y . PIME ) (parallel iterative matching) %y . Wave-Front 47 %1 iSLIP(iterative round
robin matching with slip)™53, 3o PIM S35 R1 iSLIP S HR A T B A IR S A8 1 N 34 5T B L 3
St I, WFA(wave front arbiter) 57 2 JIL HH 401K (1 E Hof AR 52 e FF) 4 e K1 b, 34709 Ao 3 A0 1) 15 b e v A R 1
FETHEEA RGN T BER ) H-Torus &5 K I 78 99 247 Ji2 Job R v, B A4 150 (0 52 480 I 45 fy 4 AR /AR (ot 1 48 H A

A7) AT T S R A R S K A G A A 4 b AT ARK D

Uniform random

Uniform random

S, 0 5 10 :
= —o— Max-Size S 0.9} —— Max-Size
2 60 o pim-1 S 08 = PIM-1
8 50 WaveFront 3 07 WaveFront
o ol eisLIp S o6l = iSLIP-1
8 % g o0s
g 30 S 04
o
£ 20 » £ 03
s > 02
g, 10 g 01
£ o0 g 00
[} > .
Z 0010.2030405060708091 < 00.10.2030405060.708091

Injection load per node Injection load per node

(a) Latency (b) Throughout
(a) FER (b) HH:&

Fig.17 Comparisons of different scheduling algorithms
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