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Improving the Performance of the ELP Approach

over the Ns-2 Network Simulator

student : Ting-We1i Ho Advisor : Prof. Shie-Yuan Wang

Institute of Computer Science and Engineering

National Chiao Tung University

ABSTRACT

Multi-core computers have been'ubiquitous in the current market. On such
a computer, efficiently using the computing power of all cores (CPUs) to finish
a task becomes an important and challenging issue. It is difficult for an
application (including a network simulator) to automatically gain performance
speedups on multi-core systems because the application process can only be run
on a single CPU at any given time.*To gain performance speedups, an application
program needs to be made “multi=threaded” so that its threads can be run on
multiple CPUs simultaneously. However, turning an application program to be

“multi-threaded” 1is not trivial and does not necessarily achieve good
performance speedups.

To solve this problem, an novel “Event-level Parallelism (ELP)” approach
was proposed in [7]. In this thesis, we first evaluated the performances of the
ELP approach proposed in [7], identified its drawbacks, and proposed a new
architecture for the ELP approach. We studied and compared the performances of
the original ELP architecture and our proposed new ELP architecture over the
ns-2 network simulator. Our results show that our proposed new ELP architecture
outperforms the original ELP architecture on simulation speedups in most of
the evaluated network conditions.

Keywords: ELP, ns-2, network simulator, multi-core, multi-thread, parallel
simulation
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Chapter 2 Background
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2.1 The ns-2 Network Simulator
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Figure 2.1 The module-based platform of the ns-2 network simulator
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Upper-layer model

class BiConnector : public NsObject
{
public:
NsObject* uptarget();
t t
ESn?jrSIi (—) NsObject* downtarget();
virtual void drop(Packet™ p);
Module
protected:
char *name;
sendDown() drop() NsObject* uptarget_:
downtarget_ drop_ NsObject* downtarget_;
NsObject* drop_;
j3
Lower-layer model Drop-layer model
(a) The Connetcor-model skeleton
class Connector : public NsObject
{
public:
virtual void send(Packet* p, Handler* h);
Module virtual void drop(Packet™ p);
send() drop() protected:
| target_ drop_ [ char *name;
NsObject™ target_;
JL JL NsObject* drop_;
Lower-layer model Drop-layer model e

(b) The bi-connetcor-model skeleton
Figure 2.2 The module skeleton used in the ns-2 network simulator
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2.3 The Multi-threaded Evolution
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2.3.1 Thread Design in the Linux Kernel
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Figure 2.3 Mapping between Threads and Processes
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Figure 2.4 ~Light-weight Process Architecture
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2.3.2 Thread Design in the User-Level
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2.3.2.1 The LinuxThread Library

User-Level

User User | ... User
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v v v
LinuxThreads Library
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Linux Kernel API
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Process
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Figure 2.5 The NxI model of the LinuxThread library
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2.3.2.2 NGPT
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Figure 2.6 1xl1 Multi-Thread Model in NPTL Library
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2.4 Event-Level Parallelism Approach
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2.4.1 The Event Relationship

Aipl &Y s APREP AR E L >2F 2% worker thread 7 - st T35 1%
> R 425430 Jookahead g% o) 0 Tt A EELP & > F 2 22 Jookahead 9
Mo Bk- BPRBEEREIEE B AER L Tt a2 @ H v dlogical
process XM L F TR T AL PATEE AR LEFEF L A AP INAE A THL
LW R RPT R RERT S TR PR SR 2T 2 LT

lookahead -

El E2
> Time
TxTime Propagation Delay
@*Lookahead of E1 >
(a) E1 and E2 are safe events
El E2
> Time

7

TxTime Propagation Delay

@7Lookahead of E14>

(b) Only E1 is safe event but E2 is not

Figure 2.8 Determination of lookahead values
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AR BECERIRB T 0 lookahead ¥ AR 5 #t ¢ A4ai (link)t @ﬁﬁjb’%?ﬁ"fﬁj AP o
BB EAGURLGE PR DA L e R d et AT BB Tx cn b 0 B ER R
B paEk? DEEE D TR 823 <] ~REME T M - 4oFigure 2.8 (a)#777 »

B P R EERAE A TL P 0 AR ETE R BBl 3 - B D 6k R & BRI B P nd B
¢ o Fp Py - FPE2 6 AR T2RAGE > 2 T2 42Tl 2 & TIHDATx > T2 »
PRl 3 EHE2B S S Ba BT 2% 2T 2 7 0T FH7 o ApF o 4o

% TI4D4Tx < T2 » 4 Figure 2.8 (b)#757 » 7RA- & El I P en& BL{S » [ € 2% P o
GEhe o T §RETE2 R F o P S mEE2 R s it o El B2 &
LI A S ST

E1(SreNID, DstNID)=(1,2)

E2(SrcNID, DstNID)=(2,1) E3(SrcNID, DstNID)=(3,3)

(a) Packet Arrival Event (b) Local Computation Event

Figure 2.9 Two typical events

BTRAPHFEFLIABELT T IR - BREJNFNTEEL 7 § 8
Lo ¥ - Bt REAFOFEEE2 RN - PRI RKHRT o BF 2T THRES
BT A - ST R E e v ARNB kR (SreNID)#r#t A 0 1R (B H BN
- B p engh (DStNID)+ o BHI ki » BKF - BE 2L L7 5 Bite NI FFINj e
75 0 PRAE-E F e SreNID #-43% = 1 A DstNID Rtk % j o 4 Figure 2.9 (a) - ¥ -

—gil*ﬂ"iklk j‘g I_@ximi’?ﬁﬁ' BEE - Lﬂ—\j\i"ﬂ% agﬁifi,??gzt
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=1

FHEATBEETASEAP IR £ 3 ¢ BBFH v §BuE (¥ o - AR BIE
Eoda g BREBFE LN 2R 78R 9 SreNID f DstNID 47 € 4tk
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F - BPREALANL LB PRREOFITES o F B BARY RN E D Dite
P R e e BEE S MAMURTARNAS - LA o hipE R
PR R T G o AR o v AR - BEBIRGE T EHERY

SR AL Tl EAAR G AR EEE L c BRI FRE e ER- B hhd )
gL 0 IR R WA e -

BRT ko] & APRMH AT AR > hom - LT RN LF§

PEINY - LAnma g {FOE o

Rules Condition
Rule 1 SrcNID1 #SrcNID2 and DstNID1#DstNID2
Rule 2 SrcNID1 =SrcNID2 and DstNID1=#DstNID2
Rule 3 SrcNID1 #SrcNID2 and DstNID1=DstNID2
Rule 4 SrcNID1 =SrcNID2 and DstNID1=DstNID2

Table 2.1 Rules for Determining Safe Events

2.4.1.1 Packet Arrival Event

i e P o A @ﬁ%ﬁ: BRA KIFHaBEX PG S B Tﬁﬁﬁji i+ El & E2»
E1 #_d SrcNID1 i# & DstNID1 » E2 £ 4 SrcNIDZ2 ¥ & DstNID2 o ** #& kR BLe? p gk en
Bl ovVEDINe 2% kgt > doTable 2.1 #71 o

Apd-id % Figure 2.9 k3@ @ % iz 2 if 2 kg% F L £33 00

oo RIBERP & - fﬂ;éﬁg&*"\f‘-@i— Bz NIt gD B cudk
(link) Rl Z 7 5 Lij 12 jruditialdas gea]De X - B ?F—s&«’fibk’ﬁ AP AR e
B4 e ipid 0 Y & - BRI E p G - 1 output buffer - B¢ - Ea -~ Eb - Ec -
Ee ~ frEf $8 & it & Bix 4t s «HF # (Packet Arrival Event) » @ Ed A & &3 &
¥ % # (Local computation Event) o # - £ 4t¢ BT 2@ * fegdpr F5Lin v
Ed - BRIRBEEI V- BR B A 34t BT AR FE T ER LR -
Bp R d RABE R Eip R o
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Figure 2.10 Example of Packet Arrival Events

f* & 151 1 SrcNID1 #SrcNID2 & DstNID1 #DstNID2 % # 2 & DstNIS1 7|
DstNID2 epF ¥ 53 & » ,T*u”ﬁ > a& >EE o Figure 2.9 hEa~Ec 5 &) 0 Bk Ea
A FEER ] 2 Beo 822X Ba enp e No frBc ehp e N2 & 2 4p e - ¥ £.F 05 -
i N5 $I N2 iz > Bl Ba § 8 § %35 Ec -

ST BASBENsrc P REFFHIELE AT EREINAY - Bag
Ndst * #at 3 4 enE 2 B2 > & F &3+ 8 & Nsrc 3| Ndst e @R S o i e [ o g &
Fls Nerc» 3F¢#x - Bp e 2 Nl enF 2§ NI eflfeabdvr g2 T- BF &
P 5 Njo oo i ra Nk2EFled &> £ BF 23 Ndst o 4% Nk
£ 2.3 Ndst 0% 2 ’E'B—**F”J*&EZ’”F'EI,T*Q PRI E2 -

d P p v Fars &4 NS F ohE BEaEE ¢ BAEDIN2 b ¥ 2Ecy v &
35 END FIN2 ehd BB T 4L F e o v ¥ 11 iBall-pairs shortest path
Dijkstra’s algorithm¥ A3+ 5 » ¥ &5 915 & BLF P E@RITATF PFFRF o KR ¥
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1 #rde i o B END DINT S BB 2 71 5 PP B 5 PLAs7 » Ebendd R ¥ 5 Tb® Ed«h

FEPRE ZTd > 4% TbtPLAs>Td » 78 A-Eb7? € B DIEd > Rt v T 7@ & o

B
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¥ o Figure 2.9 Ea~Eb % &) BK Ea s i7enper > Eb Fli - 446 @
BF BT RPN R o ST P BT P Ba ¢ BRI Eb > S0 A
FHBREE A R TR o Fatlat e a A bV BeHE o

@ &% it 4:SrcNID1=SrcNID2 and DstNID1 =DstNID2 % i ;A g ALK E At
" Figure 2.9 é0Eb~ Ef 5 &) » 553K Eb ARy meips fF ) 3t Ef o g2 7R - SR e+ p — pFRF
Pac - Bdte 0 2 By4ag iR it LR R enig 2T > € 2 - Bife ﬁw@ﬁ%]
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2.4.1.2 Local Computation Event

Ec

N1 L12 '@ L23 N3
J N N

L14 L12

(o))

L47 L58 L69

NUNRRNE: /N@ L (n
-

Figure 2.11 Example of Local Computation Events
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$°E1 402 ;’K&w 25 F dps s Figure 210 e9Eb ~ Ed % & » B Ebit 4 (7
ko] oEd » 82 2XEbenp el EN5 » Bdenp cen ANS - R & ¢ B i - £ /4N5 FINS
I PRREDRE TR BB TIE 4D F 0 BT T b RIEDE BB TIR R 7 -

BRK B RS b i - @R T RPN NBERRETR S FE O gt
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2.4.2 ELP for Wireless 'Network

B2 A g E o A PR SRR b MURETRE T o B A g; g
o Ft 4t JEND E P Nj 2 FONGERIND R T dpfp 2 ch ¥ 7 g 3 Ap e e
ERMRROELT o5 - L4 WA RO SR A REPFT TG S
JT T g 48 gL FM R AR EC R S T é.@ﬁ%%lfﬁ][l\ g ELPE AR - F 3t e BiX
o SRt Hate AND BN 2N 35N ¢ 5 ppEa
Fli v PEE* AP amREE (wireless channel) » #7071 e — B & 2L ¢ &% pF
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:ﬁij
%T

fciE s iF o

Table 2.1 ig i 1 @ SrcNID1 #SrcNID2 ® DstNIDI #DstNID2 » & &% 4 B ek
T > % & 3 40 SreNID1 #DstNID2 fv SreNID2#DstNIDL ik i+ > o s Fg iheds % 2 %
Eal it B A TR RRRERT R AR BT R A g T AR
Bt — B H e FEP > F 3 3 B a8 Na~Nb 4~ w3 El~E2 m@%}il EHt
o RFRZ2E AT EREE BREl REFF LTI B2 7Em 5 T2 2 Tl
‘v Jookahead sPpF AP < 32 T2 « o & i B HHR™ » s Na iz fi3fe - @ &g Nb e
#He o FEERY AR OEE RN T3V EE2 AR @ g Na FlE e F
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Chapter 3 n 3 =7 ELP 7F %

GEBEHC 0 A PGSR AR PELP FM % o Figure 3.1 %7 E 7 -

Bl RS AR R A o

3.1 The Overview of the Original ELP

Architecture

whAHELP EHEY > AR w BAF TS > T oG B Byt v P A ELP P47
PEF AR S o

® Master Thread

ERE L FEAGP v MBI I T 47 P thread F T 78R 2

B
R LR e A

® Vorker Thread

=

79 master thread ez 2 F 2 > T3 N (FHAL? 74 4 3%

=3 global event queue p -
® (lobal event queue

TR AREEARY AL hE AR E A PiEA > ¥ F master thread rJ2 o

¥ it ¢ # master thread {rworker thread =2 -
® Safe event queue

7% *73 d master thread 45 ¥|«h% > ¥ ¢ » % & worker thread k47 >

safe event queue » 3 ¥ ic € # master thread {vworker thread %2 o



/ Global Run Queue |
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Thread J
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A
Worker Worker
Thread 1 O O 0 Thread N-1

T 2 event i
Global run queuefq

Figure 3:1 A& 4 “7ELP 2 ¢

A Ny i akin - ELP ¢ 24 NiB thread > # ¢ - % % master thread: #
# ] & worker thread - Master thread A & f § % 2 F #h&F 5 > A 3% 2 F
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worker thread T 7 {73 % ¢ @ = {5 % T F o

4o Figure 3.2 #r7¢ % master thread e 428 > % master thread 35 ¥| 843 % e»
% >F EpF o { ¢ v pLworker thread 2 2 > 4 safe event queue /% & 2 45 % 3| safe
event F¥ 'master worker thread e ¢ i » ptsk i 0 2 3| worker thread # 3 safe event
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The number of safe
events exceeds the pre-
defined high watermark
for the safe event queue

fEEid = )
(¥

—Start Start main loop

The number of safe
events in the safe event
queue is below the pre-
defined low watermark

value
Time Stamp of the found
event has exceeded the
simulation time

Figure 3.2 Master Thread 3% 7/ 4% [

hiEieeopE P EET 1% ¢ 3 - if worker thread &+ &4 {7 > EE FZF 2R T 5
B ARRER AR T ERGE afly o) BFRemE 2 AF BRI TEY > -
AL 2FE o FP o B P W FI T~ iE worker thread * AR FE 2FE 0 FUR
*E = £
325 safe event list & worker thread $1 {7 » s 745 Fleh% > F 2 H &3 &)

R Rze o wiTen® 2% 247 safe event list 4 » worker thread * ¥ n B 4p34

T
[

» d > p o safe event list = % ° #7 master thread % Z 45 & 37

7 0 Pk ik Bl4e Figure 3 #7717 » § worker thread ¥ ¥ » ¢ 2 safe event queue
PRB~% > F 2 RHLF o 4o% safe event queue = Z PF > worker thread ¢ 2 ' fEmaster
thread & 45% 2% 2 > p & P& » (RFEGK & 3 & master thread 2 = % > ¥ 2 afpx >
#7121 master thread ¥ ™7z % & =x fR K {2 > safe event queue p 7 € 7 Eiw £ 2% %>

& Jf £ j¥_global run queue A £ #TE S o
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Dequeue and Complete the
execute the head execution of the
value safe event

The safe event list is
empty

Start Start main loop

Waked up by a worker
thread or a pre-defined

timer
Time Stamp of the found
event has exceeded the
simulation time
Figure 3.3 ! Worker. Thread /=42 8)
Global run queue p *zegl AR FFH Fend 2 > T F EF AIVHEFR G 25

R FEAEATREERAFPERO D REET €GP AR FREL B
BREBEHAE - AT R A MY > & FAJE global run queue f FE 2 s wA T F) &
B 2t o AR TEAY A2 PRTE E L B4R RER 2T~ global run queue p #
EFHE o

AT R g“ F kst gyl B B B ¥ worker thread h#ic® o
BB o F NIEIZE B € £ 1 #f worker threads 4¢ * - ¥ master thread - ¥
% worker threads ¥ M- E 2% 2% 2 > 23 B EehiRg 4 > 7AREF > EF
CPU fcerdff 4 » 2xie» ¥ M R RAME A - @ master thread s & & Ghtix a v T 45
FIR Gy 50k 2 F 2 5 % 17 worker thread ¥ M 5§ pFj¢_safe event queue f £ 3% >

E RN

%] master thread {=worker thread 3% § I /%73 P~ global event list {r safe

v
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3 ¥ oic fF AR A e e threads 52~ R v ll’“q*f’ﬁ?lﬁ i * lock i o vk R EB U
FehiE s m 3 €T aRE 73%)*]&? ™A * lock e d & i worker thread ¥ 1 F B
S N ="
B > FIM T AR FE R LR 5% 3 B 8P o 3 worker thread ¥ 14 A
HEATERY b3 FEFYNEEFERRE REFF O mOEFRT o RIFE
% i% worker thread T - B B3t p e e B F REEF B Y GE . N F AN
thread ID hf e % 2otz b 7R S ©

»

i

# 17 safe event queue p 0% 2 E i > A &

3.2 Inter-thread Communication

Master thread £ worker threads B i t— féid i 9> 3% > i ¥ master thread
¥ i 4 worker thread 4 safe event queue p #8B~% > % 2 X $ 7> @ worker thread
» it v fLmaster thread » & 2 2 WHRITHLX 2 F % o

POSIXP 7o R BFF IS GRE o f ¢ 3 a FI v i s o
4 %] & pthread_cond_signal €)#2 pthread_cond_broadcast () - pthread_cond_signal
O ¢ wEFipRifidan T RR P hd ¢ =g {7 %> pthread_cond_broadcast

O¢ MRS Nl drort EFPRFESEEY g 78

% master thread # £ i #~worker threads 4 # {7 safe event queue p 7% 2>
¥ 2pro v ¥ i * pthread cond_broadcast ()2 #'fL#75 iworker thread o # 4.
F P WP I OFE 2T P A ieSrF dworker threads 1 1% > 7R A4 e AL worker
threads 3 ¥ st FIZ H 2 IX 25 27 U Fa b e r kPR > &F @ £73% CPU

CF P IPenE 2% 2 E#KpP -] >t worker threads B #P¥ - master thread #-
% & * pthread_cond_broadcast () » @ #_* pthread _cond_signal ()2 %+ fZip &

i# #icen worker threads -

¥ - 23 4 > worker threads + ¢ i frmaster thread 2 F43i7eh% 2% i kg i
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pthread_cond_signal ()3 =" fZmaster thread °

3.3 Precomputation of the Minimum Path

Lookahead

Master thread#tic 45 3 % > % > ¥ i* & lookaheads7~ /] 3 B » Flpt i 7 3
AP B LBARFBETTETE B R o 50 3R E G BhenB BRI AP
AP B ApaREh F4aR b etk o @ % — B S| 3nip ARgh. B 4AKE b anae RS
iTf1* Floyd-Warshal i & iz ¥ £ & X g% 5 ~ - B BLAP B 440 ji- B
BLEF| Y - BEATFICY bEm Rl R0 (NDGEFFRE & 21 Es%
4 280 (NHanepi sz F - Master thread® 2 %% % eh* %RZEIDfr B 2D kB~
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Chapter 4 z¢

FERT AR T P
M FHEE T R E
[PCiE % - ¢+

e
At

E A T
Lk AL

bE FEHT IS
HF R BT AT R AR -

L= RRE RN AL
B 2% 2 > 1% thread 2 B &b

R il

 ELP 2z T#m* PR ’%*’;ﬁtbiﬁ RIRIDIE LU ol AR
Parameter Name Value
ns-2 Version 2.31
CPU model Intel Quad-Core
Main memory 2 GBytes

Simulated Grid Network Topology

3x3, 4x4, 5xb, 6x6, Tx7, 8x8, 9x9, *10x10

Number of threads

1, 2, 3, 4

Simulated Time (s) 60
Traffic Type CBR UDP, TCP
Interface Output Queue Length (pkts) |50

Event Computation Empty Loop:Count
(x1000)

0,10, 20, 30, 50, 60, 70, 80, 90, 100

Link Bandwidth (Mbps) I, *10, 100, 1000
Link Delay (ms) 1, *10, 100, 200, 300
Transmit range (m) 250

Table 4.1

T * IR B
¢ - R IES
8~ PRARHE  f 89

ik £

3

) e Grid

<

$diche Table 4. 1 #572 » 25|17 54 & * éh,
A r BRI 3OS AR TR Y IR B

~ 16 ~

The ‘used parameter settings

K AE H g

4

o 5—\3 TFB L;j_:

25~36~49~64~81 ~100 i node °

-28-




O
Q)
O
O
O

—————————————————————

Y 0700070

s

————————————————————

A;{A

250m

***** SEeReRene

«250m»

~

NN N N O

OO0,

@=n!

CQx/hﬁ A /Q\/ff
e
W,
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Figure 4.1 The 5x5 grid:-wired and wireless networks

L 5xh & R AR IR S bl deFigure 4.1 (a)#7t7+ 5 Grid wired network
Shipid > o F B EERIRE b TN R s Rt e B d o @ Figure 4.1 () ¥ &
Grid wireless network e ¥ = 3% > & @ & gfct ~ 7T ~ 2~ APt E ZLenfF REIT S
250 2> % v @ afe WIFFT 0T o 475 RIEE G0 2 g £ TCP & £ UDP 2 i
e 2 0 FUE R ) RATRT AR T R T R PE R
BN KAZ e FART OGP RREA GO L IE RS S
EABR e

Event computation loop #74 7+ eh& - BE 241 2p N (Fehg e Bl=t#Hc» 4o
for(i=0;i<N;it++); » & fr“,'{gv) T B e KR dt ¢ &ophysical layer s fofdmg o i
P E o ooy oy - BRESe B A APRESHEL FIY

BEEZ EPATILT AcfE o ehoverhead ©



4 | f{’ gé'g ELP #x 5% fﬁrﬂ%

139 ELP en8 ) EEFp AT A g BT F IR DR ) e
® vworker thread =B #c

¥] 5 worker thread eh#ic® iA-%7 &~ ¥ Uk B3 7 hE 2 Hc F]P speedup
B AT RE -

® HikH Tk

RREREERY Y R A0y e B kg 07 F & timer event 2 & physical
layer event » #73 U AJReE - T A GREF LSRR} F > L F;
et 0 3 R A BRI E ] Bt A FRETIT L X 2FE R 0 AT
12 speedup t *X7F § AT 4 e E B o

® AT kT BT R APT G o

% 7 ¥4 race condition® 2 > F M B > ¥ EPFE lock run queue 0 FE ¥
P-FEELF - BREESE 320 e FELELEEINB o
speedup * 5% > F 2 #7F B*F’Ji*u:},? IREFFEHTERDON B

® BIFIE Bk

AT EFIRERAEREY A BEEI LXDF a8 F4A%F > master thread
ARF TS APEFERF IS E v E >F 2 kS worker thread @ i€ F worker
thread ¥ 12 { B-en£ 3% 2 F 287 > e -

12:;}7?'1 FoAOpa 45 cnB BT 0T IV R A e FF o FIRL AP R IR T e Bk #-¢

% 7 e (7B P ~ traffic type ~ event computation loop count * ##% o
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4.2 Overheads of finding Safe Events

POHX 2T RPN 0 AR T RRERE Tt | d droverhead
jeAe o o speedup AR H 0 FIE PN - BE 2F EIOGFAPR T
TR e B N dhoverhead o Bt 5 & 2 F 2 pF 0 F]L & 735 global run
queue > % & * lock % faifdk » et > A4 * gettimeofdays () function % 4 =B~

# lock #" frunlock & o > kg H X @ Do oo

Number of Worker

Threads 1 2 3 4

average required time| 1.341316| 4.446133| 5.157505| 5.641939

standard deviation 0.483141| 4.622712| 4.619523| 4.110412

Table 4.2 Time required for finding safe events

R s  HEX2F A7 Rl Efedt F58p 5 8 o d Table3 7 PP &
FAHX 2T EFT OB IPF FPE g EEEE] 1T 2P 7 597G
PRty FH o RF A S0 B A B CPUZ R chcache s f # 0 @ § worker thread
PR AP X 2EENTORTS Y Y R AR AP A 2EERE
ftworker thread PR FenE 25 & - Hig 4 > M LF 4 Fl 4% F % thread
BRSPS 2 F AT EARE

4.3 The Proportion of Physical-layer Events to
All of the Simulated Events

EAEREFEEY ¢ 0 i ¥ physical layer event § & ot g b i ok g2 o e
EiTHE Mg ~ f245 ~ 31 send power -~ receive power ¥ ¥ 0 @ fns-2 AL T
FiFed > F P AP AR E 4~ event computation loop %”ﬁ“t“ WHELIEH A o

% i85 12 physical layer event 2 #f s heavy weight event 4% % p& » % £ T 324e %
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REZE2FENE mﬂfﬁ“f]%iﬁvﬁ e léf]*uilﬁz PR e o Ft AR 7
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Chapter 6 Performance Evaluation of the

Two ELP Architectures using Ns-2
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6. 2 Performance Evaluation of Wired Networks

\

She

& A B

i

Table 4.1 -

F_*

T B MR T ki B R AR TR Y i h R

—o— 7 thread
—&— 3 thread
—— 4 thread

0 10 20 30 40 50 60 70 80 90 100

Event Computation Loop Count (x1000)
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Wireless UDP Case
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Chapter 7 Future Work
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Chapter 8 Conclusion
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