Bchi? 8 B 2 T AL B2 it B E A

Energy Aware Flow Scheduling for Data Center
Network Using Genetic Algorithms
oy oA ies

e bl gL

o R R 102 & 6 7



Bhpd e R ANATFE 2N AT B ERE
Energy Aware Flow Scheduling for Data Center Network

Using Genetic Algorithms

Mogo4 B Eg Student : Yu-Ching Ma

Advisor : Dr. Po-Lung Tien

June 2013
Hsinchu, Taiwan, Republic of China

PEAR 102 £ 6



Behp? R AN ATFIFE 2P hY B E R

SRR fa e gcaE ¢

B> 2 A B P54 ] AT L EL

#ﬁ 2

2 =438 ¥ (cloud computing) FiT# KEPHHEE sz — > @ (T 5 L
BB 2 R AEPes s iy P o (datacenter) duEE 2 LA X EAR o Hodpv o
AT & Tt il o RN PP S S |%—E'5??3§ia?] » B lEE e L R % 2 F S e @
B yoie R DR S @A 258 Bk (throughput) 2 2238 5 p
Wb B HOR L b B S R0 RFEIRE > QA R a R
ROF ek T2 Bk B AL HE GG § T mptl o ATIE T B R
T = L

A P BT ERE TR AR R R B A K fie o d b

-n\

% F et 2 o B R e ie R iy oo i R R e

LR (Switch) inB M &2 T B RRERNAS LT E P LR F 473 7 E P
GEHMP BT Lhorets TR P BRI i R SR o
PN ARBVEF RIS = o B A A A 8 P o

BERERE N P ] - BRAARORE AP AAB P EHIY A
7% & 72 (Genetic Algorithm ) k|t p &> AFw 8 2 EH O 5 a2

Al ok ff@ i i i 3L > B heuristic algorithm eh- & > & § Hoig angd s > 2§

—=h

Tk G AR ETAER -5 R he 4 SHATIE K 2 L0 4B R R AT



Energy Aware Flow Scheduling for Data Center Network

Using Genetic Algorithms
Student: Yu-Ching Ma Advisor: Dr. Po-Lung Tien

Department of Communication Engineering
National Chiao Tung University

ABSTRACT

Cloud computing is one of the growing technology. in recent years. Data
center as the core of the supporting of the entire cloud services; the topic of how
to build a data center is very important. Data center should support a large
number of computing and-the storage and transmission of data, which needs
unblocked network. However-it's not a simple question to choose a path of the
Internet which can achieve targets such as high throughput and low delay. At the
same time, data centers consume huge amounts of energy to ensure performance,
which causes high operational costs, and huge carbon footprints are unfriendly
to the environment., Therefore, we have to consider how to reduce energy
consumption and keep high performance.

This thesis focus on network equipments in the data center which have
rapidly growth of energy consumption recent years. The switches contribute the
largest propotion of energy consumption of network equipments, so turn off
unneeded switches reduce energy consumption effectively. We can develop good
routing algorithm to improve energy consumption of network equipments.

It’s a complicated problem to decide routing path in a short period, so we
choose genetic Genetic Algorithm to achieve our goals. Genetic algorithm is one
of a heuristic algorithm. It solves the optimization problem quickly by imitating
the way of the natural selection. We use fat-tree topology in our simulation, and
make some improvements of GA in order to fit our problem and raise the

correctness of its solution.
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2.1 Data Center Network
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42 %7 fEw B L A2 R ER TR

B AR E - 2 request K447 0 4ok 5o

% 5 traffic pattern

Source 01|23 (4|56 |7 |8 |9 101112 |13|14]|15

Destination |1 |0 |0 [ 2+[0 |64 5]1 [0 [0 |2 |0 |6 |4 |5

=

size 3 /1|2 (2791 |5 |5 (3|11 4 |1 (3 |2 |5

He 24 %E 1,2,4,910,12 % & #-packet B T 2# % 0> @ Hife <]
Bfrs 700 S F £ Tt 2 L E T overflow; & F L BEH DT L
» €% = overflowe 5 7 fEiA- gL AR AP iR * i B2 ik dp AR anE iFsh
BARAAR Y N E ¢ SACEHE FEF TG W45 F A £ drequest B 448
4 2% giZrequestiihdte <o 5 0o R (M IR P E LK
% drop) e iZF #3# hpacket T i ¥ #i% I 4 o packet 0 A AP F {1 * drop
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A ol

e

i 2x T_population size % 50 > generation » 50 ° mutation probability :

0.05 * it -

™ML i % w i traffic pattern HoEg 10 X 0] 0 FAvkE oo & B

A * 3 B fitness RiF4iF Y 2 o 0 A= B generation ehT 355 o §

T

EE B R oB 12 513538 o B 13 5T * i £ -

72.00%
70.00%
v, (
« 68.00% \wa
5 11800
=
2 66.00% Test2
o
..E ——Test3
0, u
64.00% Test4
62.00% - Test5
60.00% Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrroi
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Generation
72.00%
70.00%
« 68.00%
2 66.00% Test7
o
..E ———Test8
0, u
64.00% Test9
62.00% -t Test10
60.00% Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr1rrrrrri

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Generation

B 12 T355 L £ AR5 F
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80.00%
78.00%
£ 76.00% A
2 /N
5 74.00% A — Test1
g 72.00% 3\ \ Test2
[ &)
2 70.00% - Test3
g \\A — Test4
5 68.00% NV :
e "X’ Test5
66.00% “ALARLS
64’.00% rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrroi
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Generation
80.00%
78.00%
£ 76.00%
2 I\
5 74.00% A VA\\ ——Test6
g 72.00% - Test7
o I\/\/\f_\/\/\_/s/'\/\/\
2 70.00% - \/ Test8
: \ s
o est!
5 68.00%
Test10
66.00%
64’.00% Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrruori
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Generation
B 13 TR * 5 £ AE$ E
d BT g0 b8 G ALF generation @ i 0 @ F B L EHREC L
PR oAt g - AR LRI RN ROREL S T I K

TR AL FRg fE Mede g (B 14 2 B 15) > * &5 - S p0cnp L R 5 brivrsg

PR AR A TR B PR MR A Rt R 0 @ 2R e

2l El
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Throughput Std.

‘. A‘/!. .“ ‘ //‘\ ‘

| w ..\v i
IRVATR S AV

1 357 9111315171921232527293133353739414345474951
Generation

——Testl
Test2

———Test3
——Test4
Test5

Throughput Std.

2.

2

’%")_A" '\‘ A
WA‘VA ‘» "‘\
V\/ ' Y, V‘“

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Generation

[~/ — 1 LIJE VW™

Test6
——Test7
Test8

—Test9
——Test10
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=]
=~
w
B3
S
=
=
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIrl TeStS
135 7 9111315171921232527293133353739414345474951
Generation
200
. 150 - A
g Test6
gloo Test7
[-}]
= Test8
= 50
Test9
0 Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrror0rrrr7o1rorToT1 _TeStlo
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Generation
B 15 & * o £ &% L 5% F
R b ed® overflow e prdR * i Bl VBAZ A - B - B AR
7 0% 0 R RIR S e Tl end 2L B 2 o B4 L BESKF - 2 traffic pattern
T £ 6o
% 6 traffic pattern
Source 0(1/2|31/|4|5|/6 (7 (8|9 1011|1213 |14 |15

Destination |1 |4 |3 |2 |8 |9 |15|11|5 |6 |4 |13 |10|6 |12 |7

size 3/5/2|1|5(3(4 |3 (12|51 |2 |3 |3 |3

r4 b pattern *c > GA 2 LINGO A~ %|:8 8 » 7 {4 7 %% o

% 7GA 2 LINGO 2 % ' #i
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throughput | Energy

GA 89.1304% | 89.875%

LINGO | 89.1304% | 85.375%

oY

I GA enE et £ 82 2R ET LINGO — % > fe i * it & 4ri g > i GA

‘."_'!l"\

LINGO shie&ri %> 3 § 4 23 H#7 I chrequest ° £3% pattern 42 > 2 &
® 124 2% E 10>4 Hrequest § 2 # external blocking i 38 o § & *
GA ¥ > e = /] fhrequest d *t it Bl % ¢ E 4% source $m%Lf = 9 request
k¥R o~ i&{;ﬁt#% 1024 7 & £ o R A gt pattern ¢ > "TLH| B
1243 7 28 FHa LB oHi @ docds (B0 B

AP E R e T SR GA RATEZ A hFT R
43 €% GA X iA-ZR I FeOFH

APEFEAH - BT BE | am (k/2)20 2l A Pank=4 > 47

g B FE & Y 4 ghpF i o N & 2% request B2 A4 @ % o

21N

pheks B R v B - EiEé e 7 3 B F (1) drop v (2) overflow -

11

(3) & *4ik & o Drop & overflow 5>t ¢ # F5 L& 0

B =

\\Xr

@:’ ’/\{1—_1« pES e

iP* #- fithess £ & 4= T ¢
fi = drop + w X overflow w : weight

LS : L)
= 5 J— 0
¢ b &

OEL R PE D - BV (FenfEe % overflow i 00 F PI2T o ek v ,T}ug 1
congestion cf* {F > AT AP R-H k- BHEE 0 P 5 4ot overflow s b o

4.3.1 weight erji-2_
0 EREATOf B GAAR L ¥ LA E T T weight 3% % IR IR Biosol
WEoAPHELT SRR DN E o RERY LR B 16 5 fik ¥ 37

e e weight (748% B > B 17 B| 5 overflow £2 drop 37 B (s crd$u vt i o
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200
180
160
140
120
100
80
60
40
20

O -

drop+10*overflow

= drop+10*overflow

0 4 812162024283236404448

2000
1800
1600
1400
1200
1000
800
600
400
200
0

drop+100*overflow

= drop+100*overflow

0 4 812162024283236404448

20000

drop+1000*overflow

e drop+1000*overflow

18000

\

16000
14000

\

\

12000
10000

8000

\
\
\

6000

\

4000

N\

2000
0 .

N

0 4 812162024283236404448

B 16 weight 4 %] % 10~ 100 ~ 1000 =& %" ¥
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10

5

0 -

overflow

weight=10
weight=1000

weight=100

\

\

N

0 4 812162024283236404448
generation

5.5

4.5

3.5

drop

weight=10
weight=1000

weight=100

Rr.d
v/
N/

0 4 812162024283236404448
generation

B 17 overflow 2 drop 4 %] &4& % B

% 1000 3 Gt -

A EIFEPLR o A8 LA B E

432 HmEs

d o &k é A2 P opattern RfcEe (£ 4) Dot b &2 2

w J‘!—g, 213 8 weight sn4 B 72 ~ > {2 500 iFfgde A > 24 el 835 3% weight

LHCRE 10 ek g -

% 8 fift 10 bt

Throughput Energy
it 5 GA & 5] GA
Testl | 89.1304% | 89.1304% | 89.875% | 89.875%
Test2 | 89.1304% | 89.1304% | 89.875% | 89.875%
Test3 | 89.1304% | 89.1304% | 89.875% | 85.375%
Test4 | 89.1304% | 89.1304% | 89.875% | 89.875%
Test5 | 89.1304% | 89.1304% | 89.875% | 89.875%
Test6 | 89.1304% | 89.1304% | 89.875% | 89.875%
Test7 | 89.1304% | 89.1304% | 89.875% | 89.875%
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Test8 | 89.1304% | 89.1304% | 89.875% | 89.875%
Test9 | 89.1304% | 89.1304% | 89.875% | 85.375%
Test10 | 89.1304% | 89.1304% | 89.875% | 89.875%

BAES B P b B BB - feho ie® GAT 455 Test 3~ 9 iBfhd

Menig * g E o FM L2 £ skeh o 2R A B3 Pl i /240 hit rate At pattern
R 20% RS o RIS TG R B £k g RS S
PBrleggFie ey BRI GA SR 4w - BPERF > FBAFOV L EHI 4
BHEASB > FAIMER N RfEZ D 4o S04 B M 4 > HER
P iRe T o RBl18 2 B 19 5 Ti5fi 2 L5 dEF B > F fi ¢ %2 overflow A

e A=

e TSt ] o= TeSt2 Test3 e Testh e Test7 Test8
e T@5t4 === Test5 e Test9 === Test10
20000 20000
2 18000 3 18000
é 16000 é 16000
5 14000 5 14000 -
2 12000 2 12000 +-
g 10000 g 10000 +— "\“
S 8000 S 8000 +—
6000 6000 %
S 4000 S 4000 .
2000 T 2000 ﬁ%@
0 M 0 - :

1 6111621263136414651
Generation

1 6111621263136414651
Generation

B 18 T35 f cdf % §
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e T@ St ] === Test2 Test3 e TeStH == Test7 Test8
e TS 14 === T St5 e Test9 == Test10
0.92 0.92
E 09 - .§ 0.9
- e
2. 0.88 2 0.88
£ /ad £
2 0.86 2 0.86
=} =
S 0.84 S 0.84 -
? 0.82 + @ 0.82
= =
= 0.8 = 0.8
0.78 TTTTTTTITT T I I T I A T T I rrin 0.78 TTTTTTTITT I I I T I I AT I I T T I rrrrin
1 6 111621263136414651 1 6 111621263136414651
Generation Generation

B 19 T i=f, il % §)
44 A FARI[ P FHRCAIFD F bR

AR E A B WY EPER IR TS B RR S AT

et

F R & 0 24 2-cut crossover R #5fe sk F A #c
» TAYE g e 3.2.6 &P UGB A5 o

P4 B 4 2-cut crossover £ iz % crossover H-#tlF — # pattern 100 =t >
KRS S RRBEE A MR A Eoe R 9.

% 9 iz 2 crossover % 2-cut crossover et fi

solution
Energy Throughput | 2-cut crossover | < % crossover
¥ 64.81% 90.9% 39% 66%
T1 66.85% 90.9% 27% 17%
T| 68.89% 90.9% 17% 9%
Tl 70.93% 90.9% 14% 7%
| 7297% 90.9% 3% 1%
T EER S BRI R R S d 39%% D] 66% 0 & T gt fhi
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e——Tegt9 e=——Testl10

95.00%
90.00%
85.00%
80.00%
75.00%
70.00%

Throughput

1 6111621263136414651
Generation

Ve fie 2 R A F B 2 FR g e §Tetord ™ L 2-cut crossover £ i
% crossover L 3ax ot £ (B 20) 2 T3 * 0w € (B 21) 385 B " & o
New Crossover 2-cut Crossover
e TSt ] == T St2 === Test3 Testl Test2 Test3
e T'e5t4 === Test5 e T@§t4 === Test5
95.00% 95.00%
= 90.00% - « 90.00% -
E E
-§°85.00% . -5085.00% .
© 80.00% - © 80.00% -
= =
&= 75.00% = 75.00%
70.00% 70.00% LR AR RN NN RN AR RRRRRRRRR Rl
1 6111621263136414651 1 6111621263136414651
Generation Generation
New Crossover 2-cut Crossover
e TeStH === Test7 =—Test8 = Test6 Test7 Test8

=—=Test9 =—=Test10
95.00%
90.00%
85.00%
80.00%
75.00%
70.00%

Throughput

1 6111621263136414651
Generation

Bl 20 New crossover ¥ 2-cut crossover '* &, 5 vt &
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New Crossover 2-cut Crossover

e T@St] === Test2 == Test3 Testl Test2 Test3
e TeSt4 == Test5 e T St4 == Test5

: 84.00% » 84.00%

L 2

2. 79.00% 2. 79.00%

£ £

= =

2 74.00% 2 74.00%

5 =)

o o

B 69.00% - B 69.00%

: 5 N

5 64.00% UL RN AR R RN R RN RN RRRRRRR ARl LE 64.00% L AR A RN RN AR AR AR RRR ARl
1 6 111621263136414651 1 6111621263136414651

Generation Generation
New Crossover 2-cut Crossover
e——eTesthf e==——=Test7 ———Test8 e Test6 Test7 Test8
e——Tegt9 e=——Testl10 e Tegt9 e=—Test10

: 84.00% » 84.00%

2 2

2. 79.00% 2. 79.00%

: : ﬂ“ﬁ\n

= =

2 74.00% 2 74.00%

o =)

5 69.00% I 69.00%

. 0 . 0

so 2

[}] %)

5 64.00% UL RN AR R RN R RN RN RRRRRRR ARl [5 64.00% LR AR RN NN RN AR RRRRRRRRR Rl
1 6111621263136414651 1 6111621263136414651

Generation Generation

B 21 New crossover ¥ 2-cut crossover " &, iz * 5 &
B AP EIHER LA RIS R Rt A E D w P T é 41 2-cut
crossover s RS @ * it B HE - BE 0 Jacid B4 RR o
4.5 2 ek B hE 5B
W o] S 2 crossover it 0 Aol H ML R AR FEPFE R B E R
$HF B 2 B o F] 5 A ez 2 crossover (82 Eo-4 4 RV - B 4 en

28 F) B A iR g A R F e T @ ip - LA 4 el Flenk fié‘zﬂkrf?iga‘&:i&{jvj‘ g
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¥ Fap AR e

e 4 B - crossover sk R # A 1~150 2% A4[1,15]% B * uniform
distributed hit Ffci e ¥ hd B R AR R Y 4~T7 2 FRERE > APY
‘b# * normal distribution (mean=6) k-2 & & o F BEL B IS 5 4o
T2 10 o (BRS¢ )

%010 EAEE AT AR RS

Throughput 90.9% | 90.9% | 90.9% | 90.9%

Energy 64.81% | 66.85% | 68.89% | 70.93%
Length =1 56% 18% 9% 13%
Length =2 59% 12% 15% 11%
Length =3 62% 20% 3% 12%
Length =4 67% 11% 9% 8%
Length =5 69% 14% 8% 6%
Length =6 75% 14% 6% 5%
Length =7 72% 13% 8% 7%
Length =8 70% 10% 16% 4%
Length =9 61% 14% 15% 10%
Length =10 53% 17% 20% 10%
Length =11 47% 21% 12% 19%
Length =12 45% 19% 20% 15%
Length =13 48% 16% 18% 18%
Length =14 22% 27% 19% 28%
Length =15 25% 31% 16% 21%
random 63% 18% 11% 7%
Normal (mean=6) | 74% 12% 8% 4%
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¥
ot
=S
H
=
[l

5 909% ~ @ * i & 5 64.81%c0fE IS S TR 22 o

Throughput=90.9%,
Energy=64.81%

80%

75%
? 70% A /,_
65%
N
5506 |4 N
50%
45% M
40% \
350 \
30% \
25%

20% T T T T T T T T T T T T T #

solution found probabil

crossover length

&l 22 Different crossover length compare
K,% IR R 4~7 2% > random s0& A F X 0 & * normal 35 fFenid &
P45 A A MERE 160 APmPLc T ALI MER 1/3~1/2 %

'

Crossover #_g f #x 3 o
4.6 F=x @ix
ORI Kw > AE B timeslot & # request > BLE 4 3F 5 timeslot 2 T A

Fw B8

Nud

BiFREETNELR o
4.6.1 3% %_

PR T AR R4 B 23 o TR RER PN G R R PR N o
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Generate requests,

add to queue

Send requests

Run algorithm (GA...)

Calculate remain

capacity Timeslot++

B 23 Batch ;42 H]
Timeslot=100
# 2 request : Binomial distribution ( Pgen)
17 P erserver - Uniform distribution
A% 3@ ~ -] ! Binomialdistribution (Psize )

average packet size

Load'= link capacity Pgen

Pgen % ‘Psize & & Load 34 &~ /]

B2 250 (1) 4.2 & * e B2 drop (M F 4 GA-1)
(2)4.3 & & * &#1GA == drop ( "1 # GA-2)
(3) Sequential ; @ AR 5 3te <] d ]/ (seqMax)
(4) Sequential ; @ % gL E A L 4te < ] d o] F] % (seqMin)
(5) Sequential ; &% &AL "8 R % server "8 A (seqOrder)
(6) LINGO (optimum )

(7)random :EH 2 #E HE > F 3 2 F T BE > F 243
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4.62 & % ] s 5P

1f“b

$He Aol R g B R R TR R § A L R 2
* EE‘E‘_W”%\IRN?\ 11 _Lﬁapf'*i‘a Load 5 m]:—é*:"f » A F\?' Pgeni Ps]zelgg\‘mgg_ﬂ °

% 11 F load 7 FF Pgen 2 Page 504 i

Average throughput Average energy
Load 0.5 0.5 0.5 0.5

Pgen=05 Pgen=0.625 Pgen=0.5 Pgen=0.625

Psize =1 Psize =0.75 Psize =1 Psize =0.75
GA-1 80.99% 78.31% 70.78% 77.07%
GA-2 80.90% 78.36% 69.30% 77.12%
seqMax 80.60% 78.24% 74.37% 79.38%
seqMin 80.60% 73.90% 74.37% 79.57%
seqOrder 80.60% 76.07% 74.37% 79.94%
optimum 80.99% 78.96% 69.08% 76.80%

Pse=1 P% (3¢ =} % 5 5) B grhgpds » AR Pl 5 g 3fs <y

S SRC AR N TR A §FHE AL ) D@
LB S R R o R A R A R IF 0 T = ] SRR

Bt <] 3RS S ek e

4.6.3 # I load

Bt &0 AN B EPsize > 1% 354 Pgen = /] K3 Load e 11T & % 5 Psize=0.9
(32458 %) 5 4.6) Poie=0.75 (L 324F ¢ %] & 4)~ Psine=0.6 (L 324f ¢ +

|5 3.4) ek > © 4100 B timeslot éh % T 3542 K iTH o
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1. Psize=0.9 (:Li:;_‘lij'é' <] % 46)

Average flow size=4.6, Throughput

0.2

0.4 0.6 0.8
Load

100.00%
95.00% *\
90.00% \
85.00%
\ —é— optimum
« 80.00%
3 \\ \ - & - GA-1
= 75.00%
: NN b -a2
S 70.00% ~
.ﬁ \ § —»%— seqMax
65.00%
° \‘\ \K —*— seqMin
60.00%
—®— seqOrder
55.00%
° T\\\\\\\\ —+—random
50.00% -
45-00% T T T T 1
0.2 0.4 0.6 0.8 1
Load
Average flow size=4.6, Energy
100.00%
90.00%
S 80.009
.g % —&— optimum
.
£ 70.00% - - GAl
g —a - GA-2
a 60.00% —%— seqMax
E —*— seqMin
= 50.00%
—®— seqOrder
40.00% / random
30.00% T T T T )

B] 24 Average flow size=4.6
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2. Psize=0.75 (-‘I'i::::id»é—: %] % 4)

Average flow size=4, Throughput

Load

100.00%
95.00% N
90.00% \
85.00% X |
«= 80.00% \ —é— optimum
= \ N - & - GA-1
< 75.00%
bn — e -
5 \ \ - A -GA-2
e 70.00%
e .
= \.\ —— seqMax
= 65.00% = "
60.00% \ \ —*— seqMin
—®— seqOrder
55.00%
_— d
50.00% \4\= random
45.00% . : . .
0 0.2 0.4 0.6 0.8
Load
100.00%
90.00%
£ 80.009
'g . —<— optimum
o
£ 70.00% m - GAL
% —A = GA-2
a 00.00% —»%— seqMax
St
g / —*— seqMin
@ 50.00%
/ —®— seqOrder
40.00% / random
30.00% . : . .
0 0.2 0.4 0.6 0.8

Bl 25 Average flow size=4
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3. Psize=0.6 (:Li:—'_‘lij'é’ <] % 34)

Average flow size=3.4, Throughput

100.00%
95.00%
90.00%
85.00%
—<— optimum
= 80.00%
=4 - ® - GA-1
=  75.00%
=4 —a = GA-2
e 70.00%
= —>— seqMax
= 65.00% .
—*— seqMin
60.00%
—0— seqOrder
55.00%
—+—random
50.00%
45-00% T T T T 1
0 0.2 0.4 0.6 0.8 1
Load
100.00%
90.00%
S 80.00% )
= —— optimum
.
£ 70.00% - % - GA-l
g —a - GA-2
a 60.00% —— seqMax
St
z 50008 —*— seqMin
= .00%
—0— seqOrder
40.00% random
30.00% . . . . )
0 0.2 0.4 0.6 0.8 1

Load

B] 26 Average flow size=3.4
BLEZEH 24~260 FHFEIRF % GA-1 A E_GA20 AL BE R Y L EPEAR

¥0g2 optimum i % L AT HRAFIFE 4 hg S L7 Bafhe T
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~

g BLE o2

i 76 fritd AE g %@ seqMin 2 seqOrder B L7 1 AT
ZEREREY GBS

At LFKZ 2 GA - Flp gz TR I GA ¢ha ﬁ"% o i
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51 73 %%
Bty P AR AT ATIRE 2 0 bt AR P hRRERE

2oL Pt A FIHE 2 AR S P RSP EI FeE R RE e B R
2 RS BAF SRR R B 4 3] UM fdeui 4 Bl PRI A e R A
B ek > Ao it 1 MAE 0 S AIY AT 2 R .

e A B B R sE S e 2 B R WABNR A 2 7 F kg R |
PENPOFTRE F LI RES > SRR R A ROF i Rk
# 3 request G ] 0 WRF X B B0 S R AT et B oo i 2]
U7 Rk RE T RS EA U R AR AR F ) PN ROE
A FAERNEFEE a G F R B LE AR EA P DR

i % f8load T "”Kﬁ#;“'l T E RO T B f £ 19 PR gt e

52 AkEY

TR S LR U T I R ST ATE STt B T

A R Flip e Ry o LFET 2 P A FIp T ORT E Ek i

A=

CRIFAFIFE LR T aF RS o YA GA2 e 2P > AT RS A

4 7§23 congestion e gy R-F EAE T — i AT A T AN M
I‘fl]’& Qﬁp;%ﬁﬁga VS |g ‘&%m;bi:;p,ﬁaéé‘:}:‘ AT R AR
PR
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