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ii tiionnia 1 Simulation Fundamentals 	 (20 marks; 25 minutes) 

a) miuitrii simulation hat,15 	 (3 marks) 

b) event-driven simulation Ltfl,', time-driven simulation Mf19illfill0d1415 (2 

marks) 

c) a"i9J1ot-nillosind1l5nrill physical time, simulation time, ttaa: wallclock time 

yilautmi'mdilthcf/nauliTioin 	 (3 marks) 

d) real-time execution i=1  as-fast-as-possible execution ttAndilficuadiA15 (2 

marks) 



in 14`1111ra ngy   21 

e) 11ifl scaling factor 114 paced real-time execution lifill.lu 0.5 mn),-ii 
, g  

simulation w„ievilliwNlcaat5Ttrutifutirvii ulatitiocufiiimiiil 	(2 marks) 

f) virtual environment UM' analytic simulation btAiwillricwadil5 (4 marks) 

g) simulation executive UM: simulation application UfWillfil406115 (4 marks) 
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filinwilaii 2 Data Distribution 	 (30 marks; 35 minutes) 

a) miuitriii-Anttuu publish-and-subscribe h distributed simulation ii 

115-,Ionliatii115 	(2 marks) 

b) dynamic data distribution (1,' static data distribution tion9iilt-Tuadili5 (4 

marks) 

c)tvi911414a114t-rniampluphtuu region taruphtuu point 1i Data Distribution 

Eual Distributed Simulation 	 (2 marks) 
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Aircraft • position 

• altitude 

Submarine 
• position 

• denth 

	 pia u 	 

9lAautilt-yar40 d) 	f) 

Vehicle 
position 

d) 9A1M4510f115 expression citc1J011146ualyil name space 	(5 marks) 

e) 1,cchlt-M1V Ship UV.' Tank 11.11A0ntf1511 	 (2 marks) 

f) 9lau1tri1 federate lila simulation node di1190,4iuiTalp update 9-infm1vilmici 

e)ioulthialteirAtnutiJalni5 subscribe 4avilia:Matii415 (3 marks) 
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g) 	T11111111411d1A b!Mll'ilt41,1b910 1 Uflf 2 bikuTavii414014 (duplicate)da 
v 	v EuapTilmalni5 (unwanted) adiAlnfil 	 (10 marks) 

bile Updates TOlbfl501111,1 
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S FO 
(waiting 
on JFK,) 

JFK 
(waiting 
on ORD) 
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diniaail 3 Deadlock and Null Messages 	(10 marks; 15 minutes) 

a) livelock u deadlock 6'14414mi-1115 	(4 marks) 

b) null message tlaaa',15 oi-min message 1551Nliadill5 ttanholliAnCANni5ttlfl 

deadlock 1 simulation Vadill5 	(3 marks) 

C) inn topology tal simulation 44adleurfn-na; deadlock Q1'.171.1.ti-iAdilii 

simulation time ci JFK vliu 4 ttm,' 	lookahead 	1 incriimp link 91ttdA114 

9aa1191 null message innurvii15 119a,./r(13J15t100fIdeadlock 14 	(3 marks) 

ORE )11 
(waiting 
on SFO) 

AM null message iiwyw 	4an-ra, 
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Question 4 Lookahead 	 (5 marks; 10 minutes) 

iiin1vii91thi simulation time a0 1 ttalifii lookahead tcflu 4 Aautiit-nwialcdd 

a) 9ifyilari1111,1fl641,1 message 9ini9nToulnallthilfriityill5 (1 mark) 

b) viinfii lookahead flqaullti 2 9a4aA1✓1iad1115 (2 marks) 

c) simulation 9aalniicani5Ntla1 (time stamp) GUN message liAa a) ii 

flflNoilvil'a b) Ithellemi015 (simulation time 31fi1ai115) 	 (2 

marks) 

4 itriaail 5 Process-oriented Simulation 	(10 marks; 10 minutes) 

91fliihtlf1511i-MalttliD1111-4,11.1111 process-oriented 411d1Nd timcwolit-aaiiimiDA111,119111,1 

f115N90fl (R) Viill 10 nmilttilalcrwiflunivuutimfrwaanttaiur:Ilflormbni (G) t.111,t 30 

twat-minttilalcrwlinuni5fiau4vialcrAli (D) rim 10 tfitalcilv Fl UM': F2 ci nti-nriallTuirm 

Vild-unlactitlionaiiifi-ahl 5 ttm,.' 15 011161*ll 910,M111V
9 
1111,1t1A -4un15tirAtnardm'imai 

Gualvi-Hahviilltmz,m156utiiilthalml (time advance) 11,4111541maltaltniOlcalltM0161 

till 	suspend (idle) tall, (computing) tutidnliotallt-Ciu WaitUntil um; 

AdvanceTime 

/* simulate aircraft arrival, circling, and landing */ 

Integer: InTheAir; 

Integer: OnTheGround; 

Boolean: RunwayFree; 

1 	InTheAir := InTheAir + 1; 

2 	WaitUntil (RunwayFree); 
	

/* circle */ 

3 	RunwayFree := FALSE; 
	

/* land */ 

8 
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4 	AdvanceTime(R); 

5 	RunwayFree := TRUE; 

/* simulate aircraft on the ground */ 

6 	InTheAir := InTheAir - 1; 

7 	OnTheGround := OnTheGround + 1; 

8 	AdvanceTime(G); 

/* simulate aircraft departure */ 

9 	WaitUntil (RunwayFree); 

10 	RunwayFree := FALSE; 

11 	AdvanceTime(D); 

12 	OnTheGround := OnTheGround - 1; 

13 	RunwayFree := True; 

9 
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filtrupliail 6 Dead Reckoning Model 	 (15 marks; 20 minutes) 

a) m'iulatililtip-rualfin update 4030%01 distributed simulation 

dead reckoning model 1110111TA1110116flf115110A dead reckoning 

ma64tini 	 (5 marks) 

b) 91u,-Ipltiplifrialaqthitini514 dead reckoning model bMni,1131/11111,61% (2 

marks) 

c) 91aili1011611f1151101 time compensation 	 (4 marks) 
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d) miuitnitAiflf1151101 smoothing 	 (4 marks) 

Question 7 Clock Synchronization 	 (10 marks; 10 minutes) 

a) O'flaillIJI,b1111 push bbfl2,1 pull 114 clock synchronization W1 4' central time server 

ttAiwllruad1et5 	 (2 marks) 

b) 91f1211414dlld 911J5n.litlifil offset Iflo5a,Ariitili'crIndi6iiii i 4-m1011-)n-iitii'vinaii  

uAiu i+1 tviii15 taia Ti = 4.02, T2 = 7.5, T3 = 12.3, T4 = 17.4 ttanii 

Latency Itmal4-1131filviiiiitt 	 (4 marks) 

T 1 T3T6 T4=T3-6+L' 
Level i Server 

Level k-1 Server 
L 

.1 	 r4 
L'  14 	 

T + i 1 ( -r3 	/\/allclock time T2=-11+6+L 

1 1 
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c) 	enalFi-iiwribitalAaaaltpulAJ 4 	um; clock interrupt tilau 
f 10 ilaSItnii 	 (4 marks) 

Question 8 Distance Matrix 	 (20 marks; 25 minutes) 

a) distance matrix gm,i115 imiliJnluistiadill5 	(4 marks) 

b) Lower Bound on the Time Stamp 'ila0,15 	 (4 marks) 

12 
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LPA 	 LPB  

c) 	distance matrix 	(4 marks) 

A B C D 

A 

B 

C 

D 

d) 	 Lower Bound on the Timestamp (LBTS) GuaAtwia,-, Logical 

Process 	 (4 marks) 

A 

B 

C 

D 

message 1nlaafficA9aqiilfrthanmAi (4 marks) 
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Question 9 
Pt 14 	 

(10 marks; 10 minutes) 

,11.M11-11f115518111ANM'll,n14 transient message 	Flush Barrier If\MDAttlill 

a) Tree 
	

(5 marks) 

There are 

  

transient messages. 

   

b) Butterfly (5 marks) 

There are 

 

transient messages. 
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Question 10 	 (10 marks; 15 minutes) 

910iU1614flf1151101 deadlock detection Io614 Signaling Protocol LimarTAttii 

----End of Examination---- 

"Truly be yourself, don't emulate anybody." 
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