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sandefi 1 Simulation Fundamentals (20 marks; 25 minutes)

a) 990511eN simulation fesezls (3 marks)

b) event-driven simulation way time-driven simulation uananueiials (2
marks)

C) WOBVWANUUANANIZHIN physical time, simulation time, waz wallclock time

wieuondietnsynoulvidanu (3 marks)

d) real-time execution waz as-fast-as-possible execution wanannuoiels (2
marks)
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e) win scaling factor lu paced real-time execution #Haudu 0.5 v35zyn

4 . o v a4 g 2 g 4 A o a
simulation 32v19U NI 0GR UM HosuAVIA1I (2 marks)

f) virtual environment waz analytic simulation nanananuedisls (4 marks)

g) simulation executive waz simulation application wanaanueg1als (4 marks)
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mandedi 2 Data Distribution (30 marks; 35 minutes)

a) woeSwennalouuy  publish-and-subscribe 1u  distributed simulation i

UszTomiotnals (2 marks)

b) dynamic data distribution waz static data distribution wanananuegnls (4
marks)

c)maladsdnaldmsdaoyalugduuy region unugduuy point lu Data Distribution

v93 Distributed Simulation (2 marks)
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Vehicle
® position
. Aircraft Submarine
PsHion . position
® altitude ® Jenth
d) swmanssems expression #iiuly1dveans name space (5 marks)
e) wuiuama Ship uaz Tank Tulaszunsy (2 marks)

f) wse5u1en federate wio simulation node ez 1asudeya update snaaralnin

wudnlude €) Taylideadsunlasms subscribe doyalmildedals (3 marks)
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T dy a3 4 [ a ¥ .
g)  nnnmdeail swaasuses 1uay 2 185udeyangdou (duplicate) wso
doyan lideams (unwanted) vnelsrtha (10 marks)
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Taormualy i S fhu Sensor 1§y Sensor 2 . ilu Sensor 3
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mandoii 3 Deadlock and Null Messages (10 marks; 15 minutes)

a) livelock uaz deadlock fiasndet1sls (4 marks)

b) null message frozls a9an message sssuavdals uazareldnaniaeamaina

deadlock 1u simulation ldeg1sls (3 marks)

[ Y
c) n topology wes simulation dsegluaniiz deadlock asgidaasit minluiagiiy

simulation time # JFK il 4 uay awes lookahead lu 1 dwmfuna link sauaasld

WU adeald null message s ls 3azasneen deadlock 18 (3 marks)
ORD
(waiting
on SFO)
JFK
< (waiting
SFO on ORD)
(waiting >
on JFK) aa

Y 4 o 9
aoeld null message $117u oA
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Question 4 Lookahead (5 marks; 10 minutes)

. . . Id‘ 1 ) v ds/
minluilegiiy simulation time ogh 1 uazat lookahead ilu 4 vsmousinwsellil

a) nndermuadiedu message aoutszaosauian lidindwils 1 mark)

|
b) i lookahead aanailu 2 wdewiedials (2 marks) |

¢) simulation vzdssmSudnisasm (time stamp) vos message ludo a) #

anaamude b) lawduiels (simulation time Sauils) (2
marks)
maded 5 Process-oriented Simulation (10 marks; 10 minutes)

¥

o A a . Y 1 = o Y o A a
nnlisunsusiasunsesdunuy process-oriented d19aneil Mvualinaiimseaduldly

< = 4 a 1 @ ] <
msasea (R) iu 10 nadwsesduldlunmssuneauesnuazsudlaomsing (G) v 30

4 4 a a 3 1 < 4 a o
saznawsestulFlumsivaugiesth (D) du 10 wsesdiu FI uaz F2 gnimualdunis
A A T ] o w Yy KX o w =

auudunilgnalauuy 5 uaz 15 awdau swaasldmudsdaumsn)asuuasaaiue
. . " : . A=
yoeaulsanauazmsvdu lvearar (time advance) lumisdinesveunsesiiunidoa

13U suspend (idle) waz (computing) Fudadulaolandu  WaitUntil uaz
AdvanceTime

/* simulate aircraft arrival, circling, and landing */
Integer: InTheAuir;
Integer: OnTheGround;

Boolean: RunwayFree;

1 InTheAir := InTheAir + 1;
2 WaitUntil (RunwayFree); /* circle */
3 RunwayFree := FALSE; /* land */
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AdvanceTime(R);

RunwayFree := TRUE;

/* simulate aircraft on the ground */
InTheAir := InTheAir - 1;
OnTheGround := OnTheGround + 1;
AdvanceTime(G);

/* simulate aircraft departure */
WaitUntil (RunwayFree);
RunwayFree := FALSE;
AdvanceTime(D);

OnTheGround := OnTheGround - 1;

RunwayFree = True;
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mewded 6 Dead Reckoning Model (15 marks; 20 minutes)

a) aesiedelymvesms update Yoyaves distributed simulation #ivi g uua
maud lvlaeld dead reckoning model wiousiso3unonannisves dead reckoning

woduwi (5 marks)

d' a 3 .
b) wszylymnernnatulumsly dead reckoning model vazuuaniaudly (2
marks)

C) WOTVEHANNIVDY time compensation (4 marks)
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d) weTenanmsves smoothing (4 marks)
Question 7 Clock Synchronization (10 marks; 10 minutes)

a) danosnuuuy push uaz pull lu clock synchronization #14 central time server

UANAAUDE1S 15 (2 marks)

b) angUdrearsii valszanam offset Tavszyudswnesiszau 1 Hmdednindinnes
nsgau 1+1 wnls die T1 =4.02, T2 = 7.5, T3 =123, Ta= 174 uazm
Latency waesdrafinuminu (4 marks)

T, | Tys  Ty=Tgsel

Leveli Server

Level i+1 Server ] %

(g 1)

. —

T+s  TT o+l T, Wallclock time

11
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c) auuAinnnveunsewvewna3a ) 4 Jaddunii uaz clock interrupt iAaiu

nn 10 Taddui wesuendesszdlSumnnmdsnaedials (4 marks)

Question 8 Distance Matrix (20 marks; 25 minutes)

a) distance matrix fooz'ls uaziitlszlomiosnals (4 marks)

b) Lower Bound on the Time Stamp Aoez'ls T1lszlemiocnels (4 marks)
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1n topology el ssmeudinde ¢) fs €)
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¢) ¥IH1 distance matrix (4 marks)

A B C D

Q| W >

D

d) ssmuunia Lower Bound on the Timestamp (LBTS) woauaaz Logical
Process (4 marks)

A

B

C

D

€) 991191 message latasansisziihwlszuiana’la (4 marks)
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Question 9 (10 marks; 10 minutes)

v
1WAAIBNITTIBUNATINIY transient message laoly Flush Barrier visaoauyy
¥
ERNSI

a) Tree (5 marks)

There are transient messages. \
b) Butterfly (5 marks) ‘

OI0IOIOI0I01O)

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

weswrannsves deadlock detection Tasld Signaling Protocol smeduay

----End of Examination----

“Truly be yourself, don’t emulate anybody.”
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