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Abstract In this paper, a performance evaluation model of Networks with the multiple-buffered
crossbar switches is proposed and examined. Buffered switch technique is well known to solve the
data collision problem of the switch networks. The characteristic of a network with crossbar switches
is determined by both the connection pattern of the switches and the limitation of data flow in a each
switch. In this thesis, the evaluation models of three different networks : Multistage interconnection
network, Fat-tree network, and other ordinary communication network are developed. The proposed
evaluation model is developed by investigating the transfer patterns of data packets in a switch with
output-buffers. Two important parameters of the network performance, throughput and delay, are
evaluated.

The proposed model takes simple and primitive switch networks, ie., no flow control and drop
packet, to demonstrate analysis procedures clearly. It, however, can not only be applied to any other
complicate modern switch networks that have intelligent flow control but also estimate the
performance of any size networks with multiple-buffered switches. To validate the proposed analysis
model, the simulation is carried out on the various sizes of networks that uses the multiple buffered
crossbar switches. It is shown that both the analysis and the simulation results match closely. It is
also observed that the increasing rate of Normalized Throughput is reduced and the Network Delay
is getting bigger as the buffer size increased.

Key words : crossbar switch, buffer, throughput, delay, analysis, simulation
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Gotage 0
ol RolE jol MEYNA YR o AT 29X
29 o D,E dojg #Fo] EYHE FLE AWR
W, HA Alo)E (j—1) FBA 37T &8 & wyz} o
olg} HAS AL v BS, T 29X 4F @
o2 AZo| Fd€ dHolg Hzle] T &8 doz
A Beolvh vE 290% £8 © D;E dojet
o] 2EEHA e AL AolF (G- A7 &
g o st sl RS AASIA F2 AdeidA,
291% Y DollA #F &Y doz APl dlolet
o] Q& Afold wetr o HolF jo VES
2 Wy il AR 293 28 B 0,2 dojg B2
o] 2957 ¥ %8, PD,=0),,,, , & 5
P(D; =0); oy, ;= Ple= O)i,cycle(j— 1y XPE=0); e (- 1)
(13
o] "tk o7|A jz=pfolvh TR e Mo|F jol &
Az &8 & D,E dolg w#Hzlo] ¥ # ¥E,
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2 Atdn.
w2k, 9o KolF jol MENA W do 29X
g &5 3 dolg H3lo] S¥d FE2 2H9A R
2 #<4€ dolet sizlel B3 £9 9 NPT HE,
P(i=0); yuo j-1), ANF 28 & WH7} dlolel HRL
AgekA BT Ye BE, Ple=0), i 2 EHE
& ST d71M, 2913 BE APH=0), 4y o E 22
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AW BAE Bohed MEALE PASE 2949 B
o @ 4 L~ADE o8 AV & UL,
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o] dlolel Ho] APE FEL Ple=0)igae-n ¥4

3 A BYL AH BE Yoz Edshw
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3. HESZE2| 45 "It

e B 1~F 4, 29 5~18 8 4z 8x8
buffered crossbar A9X2 TAH 64x64 MINZ
Fat-tree(3, 3, 2)¢} 4719 XEE 713 2904 g-%H
o] 29X FaE wFe FAv|d OE WEHA AN
e Aelga AR B Y AAGE vwg X
o Tejzoltt B =EAA Jled 24 23S H 85
o Z} YEYZ ¢Y ©oz Holg w3zl #48 &

ES A3AAPEA &3 FAAE AHEgw vES

¥ 1 8x8 buffered crossbar 29X2 FAE 64x64 MINY % (Lsgee 0 = 1)
) Network Delay (At)
buffer size Normalized Throughput (NT,%) Delay for success packets (At) Discarded &8 (%)
Analysis Simulation Analysis Simulation Analysis Simulation
0 49.59 49.60 2 2 50.415 50.403
1 70.33 70.24 2975 2975 29.673 29.758
2 79.21 79.15 3.925 3.923 20.792 20.846
4 87.01 86.88 5.785 5.786 12.994 13.118
8 92.58 92.51 9472 9.483 7.422 7.493
16 96.00 95.95 16.825 16.821 3.995 4.046
32 97.92 97.92 31.518 31.380 2,077 2.078
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w7 P 50 —
p
80 + & 40 +
J ——X — analysis
—_ --© - - simulation
S 60 1 230+
H 3
< X == analysis 'g
3 . .
E 20+ ©- - - simulation 3 20
) /
. 10 + P e
L =
nlm
0+ : : } | ; :
0 —— ’ Pt ’ t ‘ 0 4 8 12 16 20 24 28 32
0 4 8 12 16 20 24 28 32 Buffer Size
Buffer Size
(a) A3E AE (b) AFAZHLDDT= (bxn+1)At)
3% 5 tF buffered 8x8 2AAZ TAAE 64x64 MIN, (g0 =1
E 2 FT(@, 3, 209 AR 46 s
A3de A=E (NT, %)
dolel HR ABE Cu tever 1)
ffi
B;Z:r L, tevet 1 = 0.5 Ly tevet 1 = 0.7 S, tever 1 = 1.0
34 Al g o) &4 AlEd ol a4 Al Eg ol
0 59.78 59.59 49.49 49.43 3834 38.36
1 82.00 81.73 69.45 69.12 53.96 53.78
2 86.86 86.68 75.41 75,19 59.22 59.02
4 88.35 88.25 7857 78.60 62.73 62.71
8 88.46 88.53 79.34 79.27 64.29 ) 64.10
16 83.46 88.44 79.36 79.41 64.63 64.56
32 88.46 88.34 79.36 79.26 64.65 64.84
100 T )
Ly tewit =05 100
5 2
80 iy 80 T
$outeves =07
‘gﬁ) Lo teert =10 'gGOI
£ £
3 H
E @0 3 analysis a0
= =0~ =simulation
——analysis
0 20 + = »0= =simulation
0 I 3 i 1 1 i1 | 5. I3 L § 0 : “ { : * JI
' ‘ i ' ' ' ‘ y X 0.5 0.6 0.7 0.8 0.9 1
0 4 8 12 16 20 24 28 R

Buffer Size

(a) WH Alelze] m& Throughput W2}

% 6 MHE AR FTG, 3, 2)

cole] B2 FUYE (Lyrevert )

(b) Hlolet #9489 W& Throughpute #3}

4% 24 Aztsh A Bl Ase) Mm
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F 3 FTG, 3, 28 AsEHAZ AL A7h

VESZ AR
T, tevet 1 = 0.7 L, lever 1 = 1.0
Buffer vEdas $3% dolg 2 g HENZE 5933 dloje}l Wzl g
size e AAAIZE (At) & (%) sJZ e A AAIZE (Ar) & (%)
34 Al Ed o] 3 4 Al g o] 34 Al E-#) o] A 34 Al B ol
0 4.406 3.946 50.51 50.57 4311 3.781 61.66 61.64
1 5.432 4.881 30.55 30.89 5.498 4.860 46.04 46.22
2 6.139 5.429 24.59 24.81 6.487 5.594 40.78 40.98
4 6.852 5.965 21.43 21.40 7.906 6.584 37.27 37.29
8 7.180 6.233 20.67 20.73 9.370 7576 35.71 35.90
16 7.211 6.277 20.63 20.59 10.06 8.036 35.37 35.44
32 7212 6.293 20.63 20.74 10.12 8.011 35.35 35.16
70 0T
——analysis B=32

Lo tewl1 = 19 60 - e ANAlSYS
= =0= = simulation

= «0= =simulation

X| A A|ZHDelay)

T * * [VE; } ; t —

0 4 8 12 16 20 24 28 32 0.5 0.6 0.7 0.8 0.9 1
Buffer Size Hole T2 RUB (o tever1)

(a) W3 Alojzol] w2 WEYI AAIRE W3} (b) Hiole} FrdEol & WEYZ XA W

a3y 7 ¥HE Y FTG, 3, 2 A% 24 23 Algdeld 2o win (MEHa A3

% 4 409 TES 71 294 B9eAMe TE 39) £ 24 (G - 0.)

Normalized Throughput (NT,%) Network Delay(at)
buffer size ’ Delay for success packets (At) Discarded & (%)
Analysis simulation Analysis Simulation Analysis Simulation

0 73.09 73.22 1.00 1.00 26.91 26.78

1 87.78 87.85 1.49 1.49 12.22 12.15

2 93.04 93.16 1.90 1.88 6.96 6.84

4 97.07 97.12 2.54 253 293 2.88

8 99.28 99.28 3.35 333 0.72 0.72

16 99.94 99.89 3.89 3.84 0.06 0.11

32 100 100 3.99 3.98 0 0
3 AQAE Jddtn, o] oA AEFHe|HE 53l ol ZAze} wl$ AT UL R Ao AL
o 4 doletEr viaste] EdFu Slth AlE# ] =
B e, 2790 Was volgle gued ye  HEE
93 Y% AL A7) Aok, TR ¥ AL @ =RAAE 292 23 9o 25 uns 3RS
< F F 2F3Fo= volgE £33 AYEtt B zmz2n A9xER FA" UEYZ] M BEA ®

AN el wish gol, YEAZ 45 BA BH AIe g Agew, 4EAL SR
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