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Baoweg 'Evvoleg IIpocopoiwong

ITegryQugpn

* Mebodog peretng oLOTNUATWY
— LTOAOYLOTINY], TOCOTINY hebOBOG
* 20omua - Olepyaoia LTO WEAETY], LloDETN oM
vrobeoewy, oyedlooy KUl HATHOUELY] LOVTEAOL
(LotONPATINEC-AOYIUES GLOYETIOELS)
> Avalotinn Abon  (poBnpotind  povieho, y
YOUUNANG TOATAOUOTNTAG CLOTYLOL)
> nopdderypor: #=yt=Ft/m
(ocua nalag m, aoxodue ovvaun b, xalolov toifr)
> YTOAOYLOTIUO ROVTEAO (TQOCOUOLWOT))
— EUTEAEOT] [LOVTEAOU
— OLALOYN 1ot eTe€ePYAOLN ATOTEAECTUATWY
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* Tekevtaio (mot nahn) emthoyy!
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Baoweg 'Evvoleg IIpocopoiwong
Egoguoyeg
* ZLOTNPATH TULQXYWYNG
* YmohoyloTna cLoOTNRXTA (LALXO, AOYLOULXO)
* ZLOTNPATA PETAPOQWY

* OpYyavworn xaL oYedlOoY] LTTYEECLWY
(vocoxopeta, TYLOQOUELX KTA)

* OwovVopId %ot YONIKTOOLOVO UL
OLOTYUX T

* XTOUTIWTINA CLOTNUXTA

TOPEG PE ETLYELRNOLOXY] 0LV (Operations research) xo

eTLOTY Y] Ololunong (management science)
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Baoweg 'Evvoleg IIgocopoiweng

o 2Zhotnpo:
GLVOAO OVTOTNTWY (entities) Tov AAAAETLOQOLY
ueTo€ TOLG
¢ Kataotaon (state):
OLVOAO PETABANTWY TOL TEQLYQAPOLY TNV
UATAOTAGY] TOL GLOTNPUXTOG o€ ndbe aTyun
— dlmELTY 7 oLveYNS LETABOAT
* Metaf3AnTeg etoOB0L
* Metaf3Anteg e€0060L

* MetafBAnTEC amOYoomg

* TpomoL HeAeTnC CLOTNUATWV
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Baoweg 'Evvoleg IIpocopoiwong
Kuatnyopieg Movtehwy

* TOTINX KAl OLUVOUA LOVTEAX
— XELTNELO: UETABOAN 1OTA T7) SLAOUELX TOL YOOVOL
* 2XTOYXOTINA KAl VIETEQIVIOTING [LOVTEAX

— ELTYQLO: TUYUXTA LOVTIEAOL TIOL ERPaVICOLY
nhovobewontiun ocvumepupopa

* 1 lpooouoiwon: woootinn xar vroroytotixy uébooog

TOV YONOWOTOLE! OLVauIXd XAl oTOYaoTInd UOVTEAA

*  AaxQlTa %o GLVEYT LOVTEAX

— ELTYQELO: HETABOAYN KATAOTACYC LOVIEAOL OE
OLOMPLTEG 7] CLVEYELG YQOVIMES OTLYILES.

* 2oveyns mpoocouoiwon
* Tlpooouoicwon oarprtav ovufavewy (discrete event
simulation, computer simulation)
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Baoweg 'Evvoleg IIpocopoiwong
2votnpota xat Movtela

Aol #o GuVEY T LOVTEAX

— ELTYQLO: HETABOAN KATAOTAGNG LOVIEAOL O
OLOMPLTEG 7] GUVEYELG YQOVIMES OTLYILEG.

Yopiotavtor aviiotoryo:
OLAOLTA UL GLVEYY] CLOTYUXTA
AVTLOTOlYLOY] HETAED HATYYOQLWY LOVTIEAWY UL
CLOTYUATWY OEV ELVAL [LOVOGTOVTY

— Topadetypo: T00TOG UEAETYG %IVNOYG OYVUATWY
2ILVEYNG TROCOUOLWON: EELOWOELS QOGS
[Tpooocopoiwor Staxprtwy cupBavtwy: petaBoin
LOVTEAOL OE OLUKPLTEG YOOVIXEG OTIYIES

10
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ITpocopoiwar Ataxgrtemy Xopfavimy
Mnyoviopot E€ehéng Xpovou

* Polot mpooopoiwong (netafinty), Yeovog
TPOCOUOLWONG
* Movadeg ypovog (mabopog aptfuog)
* Aev vploTaton GLOYETLON KETAED YOOVOU
TPOCOUOLWONG KAL TOAYUXATIUOL YOOVOL
* Mnyaviopol eZeMéng yYoOvou
— emopevo oy Bav
— mponaboplopevn yoovinr e€erén
e Tlapadetypo: poviehonolnor odmod xouBou

> LOVTEAO EMOPEVOL CLUPBAVTOG

> aQlén, avoywE? o, EXRLVYOY] TEAGLYOL KUl XOUALVOD
YOWMUOTOG GTO PAVAQL
> povteho mpoxaboplopevng yoovinng e€eMéng: nudelwto
XVTORXTO

> veo ovpPav uabe O+v*neplodog e€ehéng
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ITpocopoiwar Ataxgrtemv Xopfavimy
E&ehér pe Mnyoviopo Enopevov Xoppavtog

* Brnuato:
1. Betovpe apyod ypovo oo pe 1o 0
2. Y OOVOTIQOYQAUUATIOUOG LI BAVTWV

3. ab€noM TOL POAOYLOL TEOCOUOLWGYC GTOV YEOVO
TOL ETUKELUEVOL GLILPBAVTOG

4. exteleor) oLUPBAVTOC HUL YOOVOTOOYOXAUUXTIOUOGC
VEWY CLUBAVTWY

5. av eyet ohonAnpwbel To melpapa, TEQUATIOUOG,

XAALWG ETLOTEOYY] 0TO BNuoc 3
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ITpocopoiwar Ataxgrtemy Xopfavimy
'O¢erig Movtelonoinong

* Tpomog cOAMNYNG AetTOLEYING CLOTNLATOSG
> [lpooeyyion ovpfaviwy (event approach)
> [Tpooeyyion tolwv yaoewy (three-phase
approach)
— %L Ol OLO TEORAIVOLY GTNY AVATAOAOTACY] LECW
TOL YQOVOTIROYQXUUXTIGIOL GLUBAVTWY
— emnpocbeta: LTO cLVONUY cupBavta
— JloEETIUN nwdLKOTOLNGY| (LAOTOIMOT)
AELTOLEYHOTNTAG TWV CLUPBAVTWY
> [lpooeyyion depyaotwy (process approach)
— TEQLYQUYN OQACTNELOTYTAS OVIOTYTWY HATA T
AELTOLOYLX TOL CLOTNPATOG
— Taadetypha: azrcraft object nakel pebodo
XVEPOBSLACUOD Zank object
— Tehwog ypovos = apyirog yoovos + ypovogs usbooov
(xoovog wpoaouoiwaorg)
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ITpocopoiwar Ataxgrtemv Xopfaviey
IMagdaderypo: evag egonneetng/ wo oved

* Xpovog petaéd apilewv (A): AT, A2, A3, .., An
— IID: independent, identically distributed

¢ Xpovor egummeetong S): 57, 52, 53, ..., S»

FIFO opyavwor ovpdg, apytnd ddeL0 GLOTNIX

* ATOTEAECUATA TQOCOUOLWONG:
— nabvotépnon oy ovpa (D): DT, .., Dn
— ueoog aplpog tedatwy oty ovpa (Q), Pz 1o
TOGOGTO TOL YPOVOL TOL ELVAL Z TEAXTES GTYY OLOA.
— oaéonoinon eéunnpetn (U), P7 1o tococto touv
YOOVOL TOL elva busy 1| idle o eEvTNEETNG

(€XT.)  d(n)= iDi /n

o

. . "o \d
(ext.) q(n)="iPi= iTi/T :IQT(t)t

1 I "Blt)d
(ex.) w(n)y="iPi= > iTi/T JOT(t)t
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ITpoaoeyyion XopLoviwy
Egpyaoieg Exteleong Ilsipapotog

Start

Initialization routine Main program Timing routine

0. Invoke the initialization routine

1. Set simulation clock =0 [T 1. Determine the next event
2. Initialize system state and [~ type, say i
statistical counters 2. Advance the simulation

©

1. Invoke the timing routing

. Initiali li \ lock
o Jhisze SYO0I IR 2. Invoke event routine i J Repeaiedly ' i
® i
Event routine | 5
Libi routines

1. Update system state oL

2. Update statistical counters == Generate rendom

3. Generate future events and l— variates

add to event list

Is

i 4 No
simulation

over?

Report generator

1. Compute estimates of interest
2. Write report
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Exteleon Ileipapatog
IMadderypo: '"Evag Egumnoetng/Min Ovoa

i { e, =0.4 e, =2.1 e,=3.8

e, =3.3

Departures {
e, =24 e, =3.1 e, =49 e, =8.6=T(6)
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Exteleor) I1spapatog
(6rxdoyineg nataaTdaetg-1)

Initialization
time =0

System state

I | NEx
[] : °
l | p[ = |
I Clock Event list
0 0 0 ——— e o — — —
l-— Statistical counters .z_!
I Server Number Time , 5 0 0 I
| status in Times of last 0 I
t
I fucve Cff AL Number Total Area Area
arrival delayed delay under Q(r) under B(r)
System T e e el S S R e vy L S e e T e e e S R S R e sl
Computer representation
(a)
Arrival A e P e i Tt P et
time =0.4 I System state _i_ l
A 3
(] :
| | b 24 |
Clock i
L 0 R pE e TR e
: l Statistical counters
Server Number Time I 1 0 0 0 I
I status in, Times of last |
l s E!f ; Lot | Number Total Area Area l
arriva
]
System Lo i e S s S B I i)
Computer representation
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(b)
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Exteleor) I1spapatog
(6rxdoyineg nautooTdGEG-2)

Arrival e
time = 1.6 I System state s
D | L6 A 2.1 l
| 1.6 | : D 24 I
Clock Event list
1 i 1.6 — e —
: ll_ Statistical counters _f
Server Nu::nber Time 1 0 0 12
I status in Times of last I
! eene ':ff g Number Total Area Area
arrival delayed delay  under Q(f) under B(t)
System e T Y |
Computer representation
(c)
Arrival
o R TR | —— — — . —" — TN N, S S—— S——- S—_—— . Y— T pe | Sm—
time =2.1 I System state I
D 31 A 38 [
| 1.6 [ : D| 24 |
2.1 Clock Event list
b 2 A R e
l I Statistical counters I
Server Number
| o ". T 1 0 0.5 17
in Times of last [
@ I I czf e | Number Total Area Area |
arrival delayed delay  under Q(1) under B(¢)
System L i s e iy ot s i ke i e w i i T B
Computer representation
(d)
Departure
. P e B e IR e e S | S— e e s e s iy e TN . ——)
time =2.4 I System state T [
fedl S
24
' 21 I D| 31 I
Clock Event list
I 1 1 2.4 e e e e e e
L-: Statistical counters =-|
@ I Server Number Time l 2 038 11 20 l
| status in Tl of last : : ; ,
l qaehe °lf erent Number Total Area Area
arrival delayed delay  under Q(1) under B(1)
System Rt g s - it N e e R s e SR S R e
Computer representation

Mduog 02

(e)
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Exteleor) I1spapatog

(6rdoy g natotdaels-3)

———
Departure e e R SRS et N O
time = 3.1 i System state l
D 11 Al 38
| o[ 33 |
Clock Event list
@ [1] o] b __Em
Statistical counters
f Server Number Time 3 18 14 = I
I status in Tines of last : - 4 |
| e "_f FREn Number Total Area Area l
armival delayed delay  under Q1) under B(r)
System L._._.__,____,___J__..____.__.__._
Computer representation
(5
f.?cpanure — e — e
time=3.3 I System state l I
- Al 38
33
=
Bl | | |
. Clock Event list
33 — e e i s e e
[ g ¢ I-— Statistical counters '_:
I Server Number Time l 3 1.8 18 29
I status in Times of last 7 : I
Jicue °_f frenl Number Total Area Area F
l arrival delayed delay  under Q(r) under B(r)
System e e e e e e e e e e e e oSy
Computer representation
(2
Arrival
time =3.8 [ System state T S asahe o Semae
D | 13 Al 40
I D| 49 |
Clock
G | EETE 1sp_*m__3m_4
' Statistical counters
Server Number Time [ ’
’ status in The of last I 4
ueue t
' 1 ‘f! ; - ’ Number Total Area '
amval
System e e T N _f')id_ ___‘kh_y __“"d_er_Q('}___"ndiB{‘)
Computer representation

(h)
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Exteleon Ieipapotog
(6rxdoyneg nataataostg-4)

Mduog 02

Arrival
. s D T T T S (ST . — S— w— — ] e Ly—— ¢ . M. p——— SRR ey —
time = 4.0 I System state | I
A
] =
4.0 I D[ 49 I
e 1 il e R
I Statistical counters :
Server Number Time I 1 L8 1.8 11 I
status in of last 3 ; :
| Times l
ueue t
| q ‘ff o I Number Total Area Area I
e arrival delayed delay under Q(r) under B(1),
b e s e e e R e R e e e e
Computer representation
i
Departure
. P S — o — . Sy . m— Se— ) eu—— T TR PR, m— e A - S v—
time = 4.9 I System state T l
A -
) o i
I p| 36 |
[ ; ol B
l Statistical counters 2
Server Number Time | I
I status in Times of last I 3 &1 £l 40 I
cue
l el ‘ff gyent ! Number Total Area Area I
i arrival delayed delay under Q(t) under B(1)
ystem e e o e e e e e S e e e e
Computer representation 5
()
Arrival
e B e e B R E S e —_—— e — . — —
time = 5.6 | System state T |
A 5.8
0
| 5.6 | p| 85 l
Clock E i £
i 1 Pyl Pl e FLLITE S
’ | Statistical counters |
: Server Number Ti
[ status in Times ol'l;::l | 3 &1 &1 4'-{ |
l fuede "'r svent | Number Total Area Area |
arrival delayed delay under O(r) under B(r
System Bt i e SRR R o Dkl R Gt R TS L S
Computer representation
(k)
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Exteleor| I1spapatog

(6rxdoyineg nutoaTAGEG-5)

Arrival

Al 12
5.6 I D| 86

|
l
I : ; 5.8 - l—— TR T
l
|
I

I Statistical counters

@ Server Number Time
status in Times |, oflmst 5 2.7 29 49

ueue t
@ A of srep Number Total Area Area

delayed delay under Q(t) under B(r)
System [t e e i R O SR e S

e 5.8 | T e T I T e LRy

Q]

Arrival
= = P T e e T Sem—
time =7.2 I System state 1
D 72 A 9.1
| 5.6 | : D| 86
5.8 Clock Event list
l 1 3 12 L— —_—— e ——— — — ——
1.2 Statistical counters —I
l Server Number Time l s 27 57 3
I status in Timas of last : : !
t
! Tt ‘ff i Number Total Area Area
arrival delayed delay under Q(¢) under B(r)
e e e e cioms o e e a— e o —— —— — — a— — m— cmm——)
System Computer representation
(m)
Departure
e T e e S R T T A i T TR A T T B S A S S I T L L L T s "1
time = 8.6 System state |
A 9.1
8.6

7.2 Clock Event list
1 2 8.6 I—"""'"—_'-—"""'"—-—-——_—J

Statistical counters

e
l
| 58 I p[ 92
|
|
|
[

HOCNOIN

Server Number Time | 6 57 9.9 79
status in Times of last : : :
Suepe o.f event ] Number Total Area Area
arrival delayed delay under Q(r) under B(r)
e e e ek S e e ey

‘Computer representation

(n)

Mduog 02 A. Avayvootonovrog - [lav. Abnvav



IMTagaderypo: "Eveg Egvnneetng/Mia Ovoda

Mduog 02

2olnnon Ilspapatog

[Tote mpoywpa 0 YEOVOS TPOCOUOLWONG;
Araprnelo ovpBavtog
XQOVOTROYOU L UATIOUEVE GLUBAVTA YLor TNV
L0l Y OOVINY| OTLYWT

— wvobetnon navova arodpaong
Teppatiopodg TELEAUATOG

— emitevén ononol (n.y. eévnneeon 1000 nelatwv)

— TePULBAVOVTAL LOVO Ol OVTOTYTEG TTOL EYOLY
OAOYAT|OWOEL TOV NOXAO BQAOTYOLOTYTAG TOLG

— AV YOOVIUO OQLO
— ouvONuUN TEQPATIOUOV
Movtehomolnoy e TV TEOCEYYLoN GLIBAVTWY
— optén mEAATN
— VXY WEYON TEAXTY]
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IMagadesrypo: "Eveg EEvnnpetng/Mia Ovoa
Awryoappo gong: arrival event

Schedule the next
arrival event

Setdelay =0
for this customer
and gather statistics

;

Add 110 the
nurhber of customers

delayed

'

Make the
server busy

y

Schedule a departure
event for this
customer

Add 1to the
number in queue

Write error
message and stop
simulation

Store time of
arrival of this
customer
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IMagaderypo: "Eveg EEvnneetng/Mia Ovoa
Awyoappo gorg: departure event

Mduog 02

Make the
server idle

Subtract 1 from
the number in
queue

:

;

Eliminate departure
event from
ccosideration

Compute delay of
customer entering service
and gather statistics

y

Add 1 to the number
of customers dclayed

:

Schedule a departure
event for this
customer

'

Move each customer
in queue (if any) up
one place
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/* External definitions for single-server gqueueing system. =*/

#4include <stdio.h>
#include <math.h>

#include "rand.h" /* Header file for random—number generator. */
#define Q_LIMIT 100 /* Limit on queue length. */_

$define BUSY 1 /* Mnemonics for server's being busy */
#define IDLE o /* and idle. =/

int next_event_type, num_custs_delayed, num_delays_reqgquired,

num_events, num_in_g, server_status:;
float area_num_in_g, area_server_status, mean_interarrival,
mean_service, time, time_arrival[Q_LIMIT + 1],
time__last_event, time_next_event[3], total_of_ delays:
FILE *infile, *ocutfile;

void initialize(void) ;s
void timing(veid)
wvoid arrive(void)
void depart (veoid)
void report (void)
void update_time_avg_stats(veid) s
float expon(float mean) ;

v

main () /* Main function. =/
/* Open input and ocutput files. =/

infile = fopen("mml.in", wyw)
outfile = fopen("mml.out", "wn")

w

/* Specify the number of events for the timing function. =/
num_events = 27
/* Read input parameters. */

fscanf(infile, "%$f %f %d4d", &mean_interarrival, &mean__service,
&num_delays_reguired) ;

/* Write report heading and input parameters. #*/
fprintf (ocutfile, "Single-server gqueueing system\n\n") :
fprintf(cutfile, "Mean interarrival time%11.3f minutes\n\n",
i mean__interarriwval) ;
fprintf(outfile, "Mean service time%16.3f minutes\n\n",
mean_service) ; .
fprintf(outfile, "“"Number of customers$144d\n\n",
num_delays_required) ;
/* Initialize the simulation. */
initialize() s
/* Run the simulation while more delays are still needed. =*/
while (num_custs_delayed < num_delays_required) (
/* Determine the next event. =*/
timing () :
/* Update time-average statistical accumulators. */
update_time_avg_stats() ;
/* Invoke the appropriate event function. */
switch (next_event_type) {
case 1:
arrive() ;
break:
case 2:
depart () ;s
break;
H
/* Invoke the report generator and end the simulation. #*/
report() ;s

fclose(infile)
fclose(outfile) ;

return 0;
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Kooutac—2

void initialize(void) /* Initialization function. */
( /* Initialize the simulation clock. #/
time = 0.0;
/* Initialize the state variables. */
server_status = IDLE;
nunm_in_gq =0}
time_last_event = 0.0;
/* Initialize the statistical counters. */
num_custs_delayed = 0;
total_of_delays = 0,07
area_num_in_gq = 0.0}
area_server_status = 0,0;
/* Initialize event list. Since no customers are present, the
departure (service completion) event is eliminated from
consideration. */

time_next_event(l) = time + cxpon(naan 1ntorarriva1),
tint next_ _event(l] = 1.0e+30;

vold timing(veid] /* Timimg function. #/

l
ine iy
float min_time_next svant = 1.0e+29;

next_event_type = 0;
/% Datarsine the event type of the next event to occur. #/
for (1 = 1; i <= num events; ++1) |
if (time_next_event[i] < min_ tinu next_svent) |
min_time_next_event = time next _event{i];
next_event_type = i;
]
/% Chack to ses vhather the svent list is empty. */
if (next_event_typa == 0) |
/* The event list is empty, so stop the simulation, #/
fprintf{outfile, "\nEvent list empty at time ¥f", tinﬁ}r
exit(1)s
) L]
/* The event list is not empty, so advance the simulation clock. %/

time = min_time next_event;
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Ko oroac—3

void arrive(veid) /* Arrival event function. #/
t float delay; I
/% 8chedula next arrival. w»/
time_next_event[l] = time + expon(mean_interarrival):
/* Check to see whather server is busy. %/
if (server status == BUSY) (

/* Server is busy, so increment number of customers in queue.
*f

++mum_in_q:

/* Check to see whether an cverflow condition exists., */

if (num_in g > Q_LIMIT) |
/* The gqueue has overflowed, so stop the simulation, =/
fprintf{outfile, "\noverflow of the array time_arrival at");
fprintf(outfile, ™ time ¥f", tima);

exit(2):
}

/* There is still room in the queue, so store the time of
arrival of the arriving customer at the (new) end of
time_arrival. =/

time_arrival(num_in_g) = time;
]

élse |
/* Server is idle, so arriving customer has a delay of zero.
(The follewing two statements are for program clarity and do
not affect the results of the simulation.) =/

delay = 0.0}
total of_delays += delay;

/* Increment the number of customers delayed, and make server
busy. =/

++num_custs delayed;
server status = BUSY;

/* Schedule a departure (service completien). */

time_next_event[2] = time + expon(mean_service);
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void depart(void) /* Departure event function. #/

int L
float dalay:

/% Check te see whether the gueuae is empty. */

if (num_in_gq == 0) {

/* The gueue is empty so make the server idle and eliminate tha
departure (service completion) event from consideration. &y

server status = IDLE;
tima_next_event(2] = 1.0a+10;

aelse |
/% The gueue is nonempty, so decrement the number of customers
in gqueua. */

~=mum_in_«q;

/% Compute the delay of tha customer whe is beginning service
and update thae total delay accumulateor. ¥/

dalay = time = time_arrival([l]:
total of delays += delay:

A% Incrament the number of customers delayed, and schedule

departure. */

++num_custs_delayed:
time_next_event[2] = time + expon({mean_service):;

S* Move each customer in gueue (if any) up one place. */

for (i = 1; i <= num_in_g:; ++1}
time_arrival[i] = time arrival[i + 1]:

)
void report(void) S* Raport genarator function., #/

{
/* Compute and write estimates of desired measures of performance.

*f

fprintf(outfile, "\nynAverage delay in queuaill.3f minutesinin",
total of delays / num_custs_delayed) s

fprintf (sutfile, "Avaerage number in queueild.lf\nyn®,
area_ num_in_g / tima);

fprintf (cuefile, "sarver utilization¥ls.3fv\ny\n",
ares_ server satatus / time);

fprintf(outfile, "TIme simulation ended$12.3f", tima);

float expon(float mean) J* Exponential variate generation function.
*

{
float u;

A% Generate a U(0,1) random variate. #/

u = rand{l}:

J* Return an exponential random variate with mean "mean™. & F

return -mean * log(u);
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IMagadsrypo: "Evag EEvnneetng/Mia Ovpd
Arnoteieopata Iletpapotog

e Simulation results

mean interarrival: 1000min
mean service time: 0.500min
number of customers: 1000
avg delay in quene: 0.430min
avg number in guene: 0.418

server utilization: 0.460
time simulation ended: 1027.915

* Ocpoata cLINTNONG
— Y QOVOG OAOXATIOWOYG TELQAUATOG
— Tuyaiot aptbpol xot pevpata (streams)
— otabepn nataotaon peyebwy (steady state)
— entiunon d(n) avti yo w(n)
— TPOGOLOPLOPOG (extipnom) w(n)
w(n)=dn) +E(S)
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ITpocopoiwan Awuxgrtev XopBavieny
ITooadrogiopog avpPavtwy xo petafintoy (1)

* Me6Bodog ypapov cupBaviwy (Schruben,
Sargent)

— TEOCEYYLO GLULPBAVTWY

— ovpfavra -- xopfot

— Y QOVOTQOYQXUUUATIOUOG GLUBAVTWY --
natevbuvopeveg ocvvdeaoerg, maylh Berog

—  XEYUOG YOOVOTIROYQAULUATIOUOG —- AeTTO BEAOG pe
ebhaopevn yooppun

* [lpooeyyion Tolwy Yaoewv

— emnpocbeta T LTTO cLVONUN cvpPBavTa
— Y QOVOTQOYQUUUATIOROG GLUPBAVTWY LTO cLYON KUY
Y wPELG va TopeADet ypoovog -- Aento Belog

* Y{nAotepog Babuog moAvmhonotnTog

Mduog 02

—  MAVOVEG ATAOLOTELONG (TT.Y(. ATOUANELYCY] HOUBwY
e ElO0O0 LOVO UAVOVIXEC YORUMES e AETTO BEAY])
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ITpoabrogiopog Xopfavtwy xar MetaAntwv
Mze0Oobog I'gapov — ITagddetypo G/Gn/1

Departure

Arnval i
SETVICE

Enter ?Q:“D

End
5 simulation
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ITpocopoiwan Awxgrtev XopBaviey
ITooadrogropog aupfavtwy ot petafintov (2)

* Joyvpa cuvdeodeueva ouvbeTina TUNUTA

(strongly connected components)

— Owaoylon nopPwv oe nabe ocuvbetind Tpnpa

— TEWTOG YOXPOGS: 2 TUT LT

— 0eLTEROG YoayYoc: 2 tunpata (arrival, enter service-

— departure

¢ Kavovag apytmonoinong

— nabe 1oyvEx cLVOESEUEVO CLVOETIUO TUNPX TTOL OEV
eyet xopfo mov Seyeton e€wteEny] oLvdeo
ELCOOOL, TOETEL VO EYEL TOLAXYLOTOV EVX XQYINA

YQOVOTIQOYOX P UXTIOUEVO HOWPBO - aupfav
* Evodlantind oynpoto avanoeQaoToomG
OQAGTNOLOTYTWY
— dypappo dpaotnEtotTag (activity diagram)
e 2opPavta (2 toTor), TOEOL, OLEEC, NTA.
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Koataveunpevn Ilpocopoimwan

Extéleon - 10e€po povieAou

—  OELOLONY| UL UEVTOIUOTIOLYILEVY] EXTEAEDY),
LOVAOINOG LTOAOYLOTNG

—  TOEAAATAT] KL UATAVEUULEVY] TOOCOUOLWGY)
Katavourn epyoctwy oe ToAOLG eneéeQYAOTES
Ynuovtind nedio épsvvag (ACM/IEEE PADS)
Evaidortinol pebodot natave unuevng
TPOCOULOLWONG
. Exywonon Aettovpytwv vtootneténg
. Katavopur, povtelov

. Mnyoviopog xo0ovou-divng (time-warp
simulation)
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Koatavepunpevn Ilpocopoimwaon
Exynmoror Asttovgyiev vTooTyEENS

* /ettovpyieg LTOGTNELENG
— OMpLovpyla tuyalwy xptbpwy, petatpony) os
QLY UXTAVOUNG, OLoYELOLOT) AMOTOG
ovpufBavtwy, avaAvor €000V, KTA
* 2.ClOlNY| EXTEAEOT)
* Mupo1ep0g POPTOG 1EVTEINOL eneéePYXOT
o Awtalr ene€epyaoT®wy TOTOL
enonTY)/enteleoty) (master/slave)
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ITpocopoiwan Awuxgrtev ZopBaviey
Katavouy| povieiov

* Exywonon entéleong LTOROVTEAWY

* AvefanTy entéleon

* Amaltnon emuoveviog uetald encleQyanotmy YL
™V enitevgrn opbNg oelpdg exteleong ouvpBavtwy

* Avapovn ene€epyaotn o ™) AP pnvopa Ty

* Amovoia xaxfolrob poAoyLoL ot TANEOLG AMOTAG
ovpuBavtwy

— TAEOVEUTYX
*  AVIIUXTAOTOOY] LE AVTHANXYY] VO TWY
(message passing)
— Xpovinrn oppayide (time stamp)
* Meloventnpoto
1. Epgavion ade€odwy (deadlock)
— T.X. OLO eMEeEEQYACTEG TEQLLEVOLY O EVIG TOV AAAO
— oamaitnor ya pebodo evtomiopon wot avarapdng N
TEOANYNG ano adte€oda
2. XopunAog Babuog aéonoinong
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ITpocopoiwan Awuxgrtev ZopBaviey
Mmnyoviopog Yovov-6ivrg

o Katavourn povielov, ave€dointr extereon
* Emrowwviag petald eneéeynotwy
> Atopopa: 0 enelepyaoTnNG O GTUUOTA
AVOLUEVOVTAG T1) AN UNYLULATWY
* MnVOpoTa [he TEOYEVEGTEQY] YQOVINY] GPOAYLON
— mowydotopa (rollback) oty yoovinn avtn otyun
— OTOCTOAY| AVTLYVOULATWY (antimessages) yLo
QVTLOTOLY Y] EVEQYELX OTX LTTOAOLTIO LOVTEAX
* /MTpota
—  MATHAANAN NXTUVOWUY] LOVTEAOL OYETIETOL YE TN
CLYVOTYTA TULOWYVELOUATWY
— amouyn adteEOdwY
— vdnrog Babudg akronoinorng eneepyaoty
— udnio nootog mowyvplopatog (CPU, wvnun)
— amobNreuon TWV ATECTAAPEVWY UIVORATWY VIO TNV
TOVOTN T EXTEAEONC TILOWYVOIGIATOG
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ITpocopoiwan Awuxgrtev ZopBaviey

Anodoon pnyaviapoL Yovov-86ivrg

* Tuyaloxw amdOS00M PNYAVIGOL YOOVOL-OIVNG

e 2vvapton Babuod cuoyetiong peta€d
LTTOLOVTEAWY

* [Tapdderypa: dintvo ovpwv/eneéepyonotmy YwELS
oLY VY| AAAXYY OLEAG ATLO TOVLG TEAKTES
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Mduog 02

2taow Exmovnong
Meletng Ilgpocopoiwong

Oplopog TEORAMIATOC AL OYEOLUTUOS TNG
UEAETTG

2VALOYY| OEOOUEV®Y KAl OPLOUOG LOEXATOV
LOVTEAOU

Koataoneun) vToAoyotinod LovTelou
Amotipnon

Extéheon mAOTIHWY TELQUUATWY
Eroinbevon

2YEOLXOILOG TIELQAUATLOUOD

Extéheon metpoapatwy

Avaiuor dedopevmy e£060u

Texpnplwaor, TeEovolasy ®ot LAOTOLNGY TwWY
XTOTEAEOULATOY
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2vveyns Ilpocopoimwan

[Topaderypo: Aviaywviopog peta&d minbuoumy
Onoapata- apmoantina (prey - predator)

nanbvopoc: x(t), y(t)

ovbuog petaBoing Onpapatwy:

dx/dt= p.yevwnoewv-p.0avatwv=rx(t)-ax(t)y(t)

a, r: feTirol mpaypoTinol

oLOpOG petaBoAng apmanTIHWY:

dy/dt=pu0pog avénong (moepovoia OMEopdTwy)-

o.petwong(Edierdrn Onpoapdtwv)=bx(t)y(t)-sy(t)

s: OeTindg mpoypotinog

oy neg ouvinueg: x(t)>0, y(t)>0

* TEELOOIUY| GLVAQTYGY] TOL YOOVOU

1 T>0: x(t+nT)=x(t), Vt, n Betinodg ancpotog
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Mduog 02

Population size, thousands

13

12

11

10

2vveyns Ilpocopoimwan
ITogabetypo

Prey, x(1)

Predators, y(1)

T T T T T T T v vy

0 0 T W VA IS OO 0 6 53 v e s i T 0 O N 1 OO0 T I IOF 6 T BT e Y B B A |
1000 2000 3000 4000
Time, ¢
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Xrotiotiny] ITpocopoinwon
(Monte Carlo Simulation)

[Topaderypo:
Ynoloyiopog epufBadob KAELGTOL OYNUATOG

Armplovpylo TETEOYWVOL TAELEAS O
Arnplovpylo v toyodev onpetwy (X,y)
[oyvet ot: E/Et=hits/v, 6toy v—>00
dooe E= o®*hits/v
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