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Abstract

A multipath MIN (Multistage Interconnection Network), CSMP(Chained Shuffle Multi-Path)
network, is proposed, having fault-tolerance and dynamic reroutability. The number of stages and
the number of links between adjacent stages are the same as in single path MINs, so the overall
hardware complexity is considerably reduced in comparison with other multipath MINs.

The CSMP networks feature links between switches belonging to the same stage, forming loops
of switches. The network can tolerate multiple faults, up to (N/4)*(log, N-1), having occured in any
stages including the first and the last ones (N: No. of input).

To analyze reliability, terminal reliability (TR) and mean time to failure (MTTF) age given for
the networks, and the TR figures are compared to those of other static and dynamic rerouting
multipath MINs. Also the MTTF figures are compared.

The performance of the proposed network with respect to its bandwidth (BW) and probability
of acceptance (PA) is analyzed and is compared to that of other more complex multipath MINs.
The cost efficiency analysis of reliability and performance shows that the network is more cost-
effective than other previously proposed fault-tolerant multipath MINs.
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MTTF (upper bound)

MTTF (upper bound) of dynamic rerouting
multipath networks.

94 (N) | Kappa ABN DRF CSMP1 CSMP2
8 [43652.92 | 166305.62 |38888.89 | 300744.58 | 237529.37
16 |22600.69 | 97097.58 |19269.47 | 148503.88 | 127377.05
32 |12038.28 | 59824.96 | 9760.33 | 83309.24 74532.55
64 6437.68 | 38089.60 | 4968.38 | 43993.37 45836.56

128 3415.56 | 24773.92 | 2523.93| 312113 29076. 36

256 1783.15 |  16349.55 | 1277.371 19994.30 18828. 24
512 925.94 1  10901.84 647.37 |  13029.98 12368. 58
1024 481.03 7324.67 346.81 8596, 87 8210.39

T 3. A AdzAY A H4E0E59]

MTTF (lower bound)

Table3., MTTF (lower bound) of dynamic rerouting
multipath networks.

J#E4(N) | Kappa | ABN DRF |CSMP1 | CSMP2
8 29166.67 | 937.4999 | 32142.86 | 142851.90 | 115384. 27

16 11160.71 | 36585.37 | 13888.89 | 50000.00 | 42857.14

32 4503.05 | 14999.99 | 6087.31 | 19230.77 | 17045.45

64 1705.59 | 6532.69 | 2651.09 | 7811.78 7073.94

128 815.57 | 2757.53 | 11215.29 | 3289.47 3024.19
256 353.67 | 544.21 | 551.29 | 1420.45 1320.42

512 139.01 544.21 | 243.10 624.45 585.39
1024 71.25{ 229.04 109.15 265.43 247,82
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ki 4. F&aF3Eo] p=1,p=0.53 4% PA
Table4. PA of a request probability p=1, p=0.5

Q84 (N) p=1% A% p=0.5¢ %%
CSMP, CSMP, CSMP, CSMP,
8 0.647 0.706 0.834 0.89
16 0.581 0.634 0.798 0.858
32 0.533 0.580 0.766 0.823
64 0.496 0.539 0.739 0.792
128 0.466 0.505 0.714 0.764
256 0.441 0.477 0.691 0.739
512 0.420 0.453 0.671 0.716
1024 0.401 0.432 0.652 0.6%
3} e,
* Gamma H<ubel A
BW _amma= N*P(n)
=N% (1— (1—=P(n—1)) * (1—q(n—1))?

wle] 739

N* P (n)
=Nx* (1— (1-P(n—1))")
* ABN A&t A

* Kappa %<
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BW _,pv=2N% P (n—1)
=2N* (1 (1—P(n—2)/4)%
*« DRF #H<ubo] AS
BW _per=2N% P (0)
=2N*% (1— (1—P(1)/4))*
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{1) Total Cost(TC)

A& ol Aol costE AFH st 29 2| 4219
FHEE Adsts Bue] F2 ol8xm gun =
E 5 HE278Ep=12 7% BW
Table5. BW of a request probability p=1.
44 (N) | Gamma Kappa ABN DRF CSMP2
8 4.95 5.37 5.84 6.32 5.65
16 9.26 10.64 10.29 12.13 10.14
32 17.40 21.01 18.56 23.36 18.56
64 32.81 41.86 34.43 45.10 34.50
128 62.06 83.07 64.26 87.28 64.64
256 117.74 164.86 | 121.09 169.30 122.11
512 223.95 327.17 | 229.38 328,99 231.94
1024 426.99 648.19 | 437.25 | 640.39 442 .37
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E 6. H&eg3E p=0.59 792 BW 2) AgE e &a &
Tableg. BW of a request probability p=0.5 Kl;]J_ | L 58S & HER e MTTF9] TC
of w3t wlE Ao)dc} F
91#4(N) | Gamma | Kappa | ABN | DRF | CSMP2
8 6.22 6.58 7.11 7.18 7.19 _ MTTF
Nr= (6c)
16 1.9 | 1312 | 1357 | v | 1373 TC
32 288 | 26.18 | 25.98 | 28.16 | 2.82 (3 M e Es
64 43.97 | 5216 | 49.92 | 55.62 | 50.69 ‘ =
128 84.74 | 104.06 | 9%.38 | 10982 | 9779 A Al EEEL pe2 e S BWS TColl o
256 163.33 | 207.36 | 186.11 | 217.09 | 189.18 3wz Aot F,
512 315.39 | 413.70 | 360.96 | 429.57 | 366.59 B
1024 609.28 | 825.34 | 700.42 | 848.90 | 711.68 7e= s X 1000 (6d)
Al (6c) 7+ A (6d)oll 2JelA CSMPALRE R 71&
o] =& Az Alefu} Al A 4ol S0l 3 2 Ak
mXn AZAup 232 TC(total cost) = mxn & ] 1 SRR nes UR#‘ ee
) 5w 28, 39, 310, 113 2ok o714 83 T
2 gt CSMP1e] TCE bl gl dche

ZA7E Nofel  2x1, MUX, 1x2 DeMUXZ Ab&s}
3 Okl A n—3gbAA] & 3x3 2% 4£=k7F N/2o,
n—2%ke N/27je| 2x2 A9 A a2 FAHEH =2

9% 7}7} upper bound % lower bound®]  MTTFej
&k o) agelw, 107 11 22t p=1,p=
0.59 wo] BWoll ot cHv] 25 &olch

el E8% 2l =2 ell ] 9al] delta A

TCCSMPl 4N+3*3* (N/Z) (logzN—2)+2*2*
(N/2)
= ON/2) log:N—3N (62) B 8. Upper boundol 4l AZS o459 (70
olt}, =3 CSMP29 TCE +#3l4 Table 8. Reliability cost efficiency (7% in
upper bound,
TCCSMPZ:3*3* (N/2> * (IngNfl) +4N
= (9N/2) log.N—N/?2 (6b) 9le4(N) | Delta |[Kappa | ABN | DRF [CSMP1 |CSMP2
3 o) 8 1735.67 [ 136.42 | 1299.26 | 243.06 | 3580.29 | 2283.94
Ik 16 244.14] 25.22] 296.03| 43.01| 618.77 | 454.92
Al (6a) ot Al (6b)oll ofsl) & AHLukel TCot 7]& 32 39.06| 5.22| 74.78] 8.47) 133.51| 105.87
o] 3 MAzAHNuA] AL4aro TCE 3™ 64 6.78] 1.14| 2017 1.76| 32.55| 27.09
%73 2ok Z70) 9léte CSMP AL ubSo] TCo} 128 1.25] 0.257| 5.69| 0.38 8.56 7.33
7Aoo ok & 9lch 256 0.239] 0.058 | 1.659| 0.083 | 2.367] 2.072
512 0.448] 0.013| 0.495] 0.019 | 0.679 [ 0.604
1024 0.003 0.003] 0.151| 0.005 | 0.200 | 0.180
E 7. 748 AAzAY dFAzH L0509
total cost H 9. Lower boundoll A A& % ohu] & 4% (9
Table 7. Total cost of dynamic rerouting multipath Table 9. Reliability cost efficiency (7g in lower
networks, bound,
l# 4 (N) { Gamma | Kappa | ABN | DRF | CSMP1 | CSMP2 9@ 4 (N) | Delta |Kappa| ABN| DRF jCSMP1 |{CSMP2
8 192 | 320 128 160 18 104 8 1735.67 | 91. 146 [732.422[200.893] 1700.62 | 1109.46
16 528 896| 328 [ 448 240 280 16 244.14 (12,456 |111.541| 31.002| 208.333 | 153.061
32 1344 | 2304| 800 | 1152 624 704 32 39.06| 1.954| 18.750{ 5.284| 30.819 | 24.212
64 3264 | 5632 1888 | 2816 | 1536 1696 64 678 | 0.303| 3.460[ 0.941] 5.086 | 4.171
128 7680 | 13312] 4352 | 6656 | 3648 3968 128 125 {0.0613 | 0.6336| 0.1826{ 0.0917 | 0.7621
256 17644 | 30720 | 9856 | 15360 | 8448 9088 256 0.239[0.0125 } 0.1235| 0.0359| 0.1681 | 0.1453
512 39936 | 69632 [ 22016 [34816 | 19200 | 24080 512 0.048]0.0020 | 0.0247] 0.0070] 0.0325 | 0. 0286
1024 89088 | 155648 | 48640 | 77824 [ 43008 | 45568 1024 0.013|0.0005 [ 0.0047 | 0.0022| 0.0058 | 0.0054

(818)
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Table1Q. Performance cost efficiency (ns), p=1.

#4-(N) | Delta [Gamma | Kappa { ABN | DRF CSMP2
8 86,0001 25.781 | 16,781 | 45.625| 39.500 54. 308

16 56.125( 17.538 | 11.875 | 31. 366 | 27.976 36.229

32 39.000] 12.946 | 9.119 |23.320] 20.278 26. 364

64 29.917| 10.051 | 7.433 [ 18.237| 16.016 20. 340

128 23.357| 8.081! 6,240 | 14.765| 13.113 16. 290

256 18.750| 6.666 | 5.367 | 12.286| 11.022 13.437

512 15.389| 5.608 | 4.699 | 10.419| 9.449 11.325
1024 12.900| 4.793| 4.164 { 8990 8.229 9.708

10 & LA

1. HEepubslE p=0.59! A9 A5
EHH]E ?—(77?

Tablel11. Performance cost efficiency (75, p=0.5
A4#4(N) | Delta GammaTKappa ABN| DFR CSMP2
8 |117.167) 32.375 | 20.575]55.563 ] 44.900 | 60.154 |

16 | 80.250| 22.545 | 14.643]41.366| 31.857 | 49,029

32 1 59.000)17.024 | 11.361132.480 | 24.444 | 37.364

64 | 45.583]13.471| 9.261|26.441| 19.750 | 29.887
128 | 36.357( 10033 7.817(22. 147 16.500 | 24.645
256 | 20.813| 9.257 | 6.750(18.883| 14.133 | 20.817
512 | 24.889] 7.897 | 5.941|16.395( 12.338 | 17.900
1024 | 21.150 6.839 | 5.303{14.400  10.908 | 15618

\
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Cost Efficiency (Reliability)

upper bound
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71210, Upper boundell 4], <& ate] Alglx
Huja %(Uk)/deha Haupel Algls
Hela &5 (pd
Fig.10. Reliability cost efficiency of a network

{ng /reliability cost efficiency of delta
network (7g, in upper bound.

Cost Efficiency (Reliability)

lower bound

o4 |- - -
PR EE——
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| E 48 (n9
Fig.11. Reliability cost efficlency of a network

(pw /reliability cost cfficiency of delta
network {7 g, in lower bound.
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Cost Efficiency (Performance)
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Fig.12. Preformance cost efficiency of a network
(v /preformance cost efficiency of delta
network (75, p=1.
Cost Efficiency (Perfonnance)
p=0.5
0.75 R . . . .
0 200 «00 800 800 1000
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~—  ABN - csupR
a3 AS e FUALE p=0.53 F5, AEY
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Fig.13. Performance cost efficiency of a

network (7 /performance cost efficiency
of delta network(zng,p=0.5.
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