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Abstract In this paper, a performance evaluation model of the Multistage Interconnection
Network(MIN) with the multiplé—buffered crossbar switches under Hot-spot environment is proposed
and examined. Buffered switch technique is well known to solve the data collision problem of the MIN.
The proposed evaluation model is developed by investigating the transfer patterns of data packets in
a switch. The performance of the multiple-buffered axa crossbar switch is analyzed. Steady state
probability concept is used to simplify the analyzing processes. Two important parameters of the
network performance, throughput and delay, are then evaluated. To validate the proposed analysis
model, the simulation is carried out on a Baseline network that uses the multiple buffered crossbhar
switches. Less than 2% differences between analysis and simulation results are observed. It is also
shown that the network performance is significantly improved when the small number of buffer spaces
is given. However, the throughput elevation is getting reduced and network delay becomes increasing
as more buffer spaces are added in a switch.
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9E9 RE Holgle Sa%e] WEe Y vog
A%go] 2% H&E o Bl g volete] =
de g o vES e AL HZE
A Azt 27 ©og YoldsE HAMH AHYg
& Z7FEA "y wbd, stagte] wAdinE dule
glolelel FEo] HolAks vl FA) g€FEo]
ZrhgttE onjoitt. @8 go] U8l AA2 A F
Z24 ZAAZ 9A F7HHA =1, WENI AdA]
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1 2x2 buffered crossbar 29X E FAH 8x8 MINg A% (¢ = 1.0)

dojet H2 YEE (Hot-spot = 10%)
Buffer A3 Aelg WEHRE T2 tolg AR e
size (NT, %) Hzle] KAAZE (AY) 3 B (%)
Sk A& o)A 34 Al g o4 34 Al &g oA
0 42.33 42.36 3.000 3.000 51.67 57.64
1 55.65 55,59 4.768 5.000 44.45 44,41
2 58.05 58.15 7.089 7.300 41.95 4485
4 58.80 58.81 12.37 12.50 41.20 41.19
8 58.71 5881 2375 2391 41.29 4119
16 58.89 58.83 47.31 4762 41.11 41.17
32 53.70 b3.31 95.52 95.69 41.30 41.19
% 2 2x2 buffered crossbar 29X 2 FAE 8x8 MIN9 A% (¢ = 0.9)
tojel #7 dHAE (Hot-spot = 10%)
Buffer e MElg HEYIE 343 dloje} A gt
size (NT, %) 312 Az (At) g & (%
34 Al gl ol A 34 A g ol 4 34 Al E#H ol
0 4551 45,50 3.000 3.000 54,49 54.50
1 61.43 61.01 4.810 4.840 3857 38.99
2 64.50 64.28 6.830 6.890 3550 35.72
4 65.33 65.26 11.36 1141 34.67 34.74
8 65.36 65.34 21.12 21.09 34.64 34.66
16 65.36 65.27 40.30 40.24 34.64 34.73
32 65.36 65.34 78.20 78.19 34.64 34.66




200 ARG ERA: FREA A U D A 3 5Q076)
H 3 2x2 buffered crossbar 2 X2 FAE 8x8 MINY A% (¢ = 0.8)
tole} H7 JEE (Hot-spot = 109)
Buffer A3de AgE HESZE 33 Hlojet HA &
size (NT, %) R AAAZE (A g & (%)
34 Al g ol 34 AlEg ol 34 Al g ol
0 49.06 49.02 3.000 3.000 50.94 50.98
1 67.87 67.20 4.590 4.650 32.13 32.80
2 72.07 7157 6.240 6.370 2793 2843
4 7350 73.23 9.900 9.940 26.50 26.77
8 7353 73.60 16.97 17.02 26.47 26.40
16 7353 73.51 31.12 31.41 26.47 26.49
32 73.53 73.39 60.94 61.09 26.47 26.61
100
N N « - - Hot-Spot Port (simulaton} —&— Hot-5pot Port (analysis)
100 t i —e—Adacont Port siulaton) - ¢ - Aciacent Port {analysis)
N N « »» - Coid Port (Type 2 (simulation)  —e— Cold Port {Type 2) (analysis}
0 A —A » == ~Coid Port(Type 3) (simulaton}  —e— Cold Por{Typo 3) (analysis}
a0
™
€ w z
et HOFSpOt POR{SM —a— HobSpot Port(ermtysis)
P o ddscent Port(simy e 0} 8004 Pert (i)
e CoM Part(Type 2(simd + wte + Cald Rort{Type 2 {ensiyals)
2 - -4 - Cold Port Typs Dsimd —— Cald Por{Type 3 (andiysis)
10
0 ; .
0 4 8 2 16 2 « 2 2 0 4 8 12 1 ) 2 2 ®
Butfer Size Buffer Size
1Y 5 8x8 MIN HE &9 dEo A% 84 (¢ = 1.0, Hot-spot = 10%)
A3, FEF FHGHY HolFALE APdEl AEe]  H ] AAUHE dojet HAo] EEIE HY F
kT Ao = 2AAd B wEe 2r)e]  zhel Hol A3 ARA] YRAAL, FE 44
Z7ke ANAQ MESL AQ A Z71E 2ds £ dolg Ao] o) BT $4 A Lase A
o, st2go] wAste 289 JAPTFE WENZ o] HA AAAI A FFqE vAR ez A

AAAIZES Z2oFA "k a9 59 tagte] BASE=
29 Bold 13 W &Y WoldE 2949 B2
B3 ge] AAHAE AT A4S AAYE BaE

A MEHZ QAT A9 dAA FA B
£ 4, 59} 62 4x4 buffered crossbar =YR2 T4
¥ 64x64 MINHIEHINAN VENT 7] 48 T

th ol VIEYA 98 dez fdde dHolelse] & FdEo] G wEl dago] Y= F
A &Y dog A =Ho FYEC] ¥ AE o g o) FA A HEed VEY= A AL U
¥ 4 4x4 buffered crossbar =X 2 FAIE 64x64 MINQ 4% (( = 1.0)

dojel 92 AFHE (Hot-spot = 1%)
Buffer = I R HEHZE 533 Hojel 2 ag
size (NT, %) R AAAZE (At) g & (%)
34 Al B¢ ol M B4 Al Egol 4 )4 Al Edol A
0 36.85 36.75 3.000 3.000 63.15 63.25
1 53.14 53.98 4,641 4,690 46.86 46.02
2 58.12 53.84 6.539 6.580 41.88 41.16
4 61.18 61.15 10.75 10.87 38.82 38.85
8 61.35 61.31 20.36 20.34 38.65 38.69
16 61.35 61.27 4131 41.30 38.65 3873
32 61.35 61.26 86.01 86.03 38.65 38.74




F2%E WA 28 WYY aa 292 FHE OB ABFY AR 201
3 5 4x4 buffered crossbar 2HAZ FAE 64x64 MINS] A5 ((=09)
vlolel si7l YHE (Hot-spot = 1%)
Buffer A AE HEHaZE §4% dolet w7l g
size (NT, %) A A AAIZE (At) g & (%)
Lk AlEdol 4 34 Alg ol &4 AlE#ol
0 3963 3952 3.000 3.000 60.37 60.48
1 58.79 58.52 4.558 4.570 41.21 4148
2 63.77 64.64 6.279 6.280 36.23 35.36
4 67.94 67.59 9.942 9.950 32.06 3241
8 68.17 68.16 1758 1757 31.83 31.84
16 68.17 68.08 32.29 32.37 31.83 31.92
32 68.17 68.05 60.39 61.88 31.83 31.95
¥ 6 4x4 buffered crossbar 29X 2 FAE 64x64 MINS A% ((=08)
dlolel #3 YEE (Hot-spot = 1%)
Buffer B33 Aeg HEAIE TH diolet AR ‘%ﬂ%
size (NT, %) 718 FAARE (Ar) 3} E %
34 AlEF oM a4 Al Edold ik 1géﬂ°]'§i
0 42.80 42.82 3.000 3.000 57.20 57.18
1 63.33 64.13 4,421 4.440 36.67 35.87
2 70.13 71.24 5.790 5.900 29.87 28.76
4 76.33 75.58 8.837 8.840 23.67 24.42
8 76.69 76.92 14.46 14.42 23.31 23.08
16 76.69 76.96 23.40 23.80 23.31 23.04 i
32 76.69 76.63 4057 40.79 23.31 23.37
100 S o
i —————p ~ & - Hot-Spot Port {simulaton) —&—Hot-S00t Poxt (analysis)
% = —e—Adacent Port {simulaton) = % - Adjacent Port (analysis)
= =%~ = Cold Port (Type 2) (simulaton}  —6-—Cold Port (Type 2) (analysis)
+ ~= = Cokd Pori(Type 3) (simulatior)  ~—=—Coid PortType 3} (analysis)
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