ey ("a &
P oaolS L wtipe 8251

oy Ol

S P 9ol SR 21,5 oL

Performance Evaluation of Computer Systems (PECS)

Ol 31 (Jbio g 3108 4 diwnansS (g juwrdnnd 0508 Jguo! :F dundds

:L’H)M

B B | KW Ve 5

(Mohammad Abdollahi Azgomi)

azgomi@ijust.ac.ir

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE

DES (b g (wg0e Joo!

S (DES) 3158 - A (g jlurdansd
S1oXB3 s gyt ST g ypw S g0 O

) (10 ek puiSe O

313 = S’ (6 sl d0liyy O
as - Al (6 5lwdams 4ol p W01 ks lw O
a5 st daliyy ol @I58 O
b‘»)_w (55"“’45-9“’ MU:{ )u&l.w 0
138 =S’ (g sl 4oy (5121 samo O

Ay dmansS (G 5l dund Aol p VS0

(S1083 g o ST (g g pow 35 0 S (Fwwd (6 jlwdess 1L O

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE




Cumd (DES) 3108 - dns (5 5lwdns

oS ploj Jgb 3 &5 sl (g9 @ e Sy (g5l s0 0
Sl ggbds & il Sl g il jolite (pl g1y b0
Owlod WIS 0 gt 13500 Sl bl 4> (instantaneously)

WNgad 0 0313
Sl (events) Lolis; 1S o s il > Ll & Sloj b ol ;O
e

Sy a3 oy |y e b &S ST Gl S S das, 0
1diged
(customer arrival) (Cho i o ) ¢ yube S 3959 O

Syube (z9,> 9) (service completion) gy ;s Jo8 O
(.cwl (fake event) e 313, 6 aS) (giloams oL O

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE

(1o s g pow S (g 35 5o
(1o oy g p— ST (g 0 35 30 S5 5l 0> e 85 (51 O
o5 o0 o3lazwl o3lw (SIngle-server service center)
1wl grke iy S ) et i O
LS o Ay y5 oS Mitan Sl jide g Bedio S5 gyl 108948 O
S o Slap oyb o 5l a8 s plalaglsn 5 L S (gl 09,8 O

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE




(401s1) (g0 yumsg s S5 (yamtg oot 35 0

390 ),k 55 (performance measures) ol,5 s, Lao
;A )le PO &1
(average customer waiting time) .\l o a5l lo; (:SSke O
(average customer time spent in system) i 3 00 yo loj (ke O
(average number of waiting customers) st b e Sl ;,Sle O
(average number of customers in system) piuwew ;3 b o dldad ke O
(average server utilization) sdiad g (590,82 (pSoke O

fresgle Sty |y 398 (slajline g 03905 (gLt |) it (pl 4955 O
sl Lo (il cpand plosl WL &S ()5 uiwss O

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE I

(Time Advance Mechanism) ‘_’)Lo)‘ 90 9 9)0- W&o

olitwl e & 3l (simulation clock) (gjlwammw celw O
S o 6l e )3 1) (0adgjluannd) (loj (b e oS 395 o0
2 J%e il sl 3l 3,90 Bl ploj g o (gilotnnd (o o (sl logas O
) 92 Foals (59,
2,15 339 b 29k sl (approach) céla, 450
(fixed-increment time advance) cob il b ol o pgls O
(next-event time advance) (cax slis, b ;loj o pgls O

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE




ol Sl L Gloj o3 gl

| | |
f | I !
0 At 24t 3At 4t 5At 6At Time
€ € &

8l o 3l (A) b (Sloj Slaetal Bl ole Waalss) O

Wloslssl 3]

il 38l e S b il e sl ol 8l Juoled oS olaolas, O
g o3l> C/SP
Sl g4Atae; g6, Atae;, O

€989 oy dyg0 1y B cdd Lol ccunl odlo hgy cpl (gilwedly O
S o ply8 ks
Sloss ooy e > 4At 4y 93 ;m €5 9€5 15 O

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE

$ax 3, b blej o3 gl

05 4yl (23)lde jho 4|y (gilwand col O
105 o |y s loali ) £6g (slaile; O

2y dalgs (event list) dlus y Cowdd Jols O
~ (most imminent event) sqdgllew 48 dud, o) 4 el

EPylen,® ) ok
Do oo |yl DA ) 5 290 0 0y
D9 plKindy baalis ) Cud 45 Canl 3Kae godgll B Blas, lal L O

yobas Wb a5 (stopping rule) sy oacls (g)ldp b Jd ol O
b oo ol il onds o o o

Sl g M8 o Yo gim Blsy ol S ool el gy il 20

Mlgzs ol Clad pas slaoyed &S (o 0 (o ol ule (spolis
g

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE




(a01sf) (guns 3hd ) b Hloj 3 pigl>

ol 2 K GBS 1) Sl pmg e SO g S JWe O
:W
i s yie (arrival time) sqy9 ol & O
{19 = 0) col Jouo (loj (silotend £5y5 oloj *
L=t g+ s o opll gyuie g pli-1 (o yuie (Interarrival time) sqy9 cp olo; A; O
A

i

Pl sy slp Lyge (SEIVICE tIME) gy olojsS; O

Pl o yuie can p» (Waiting time) jlasl b L (delay) ,sb:D; O

oS pli ¢ yuie (service completion time) gy o JolS ol :C; =8+ D; + S; O

€ €] . € __ 63 €4 €5

T 1 1 T T T

0 fH L t3 ¢ Time
| ! ! |
W_M__M——)

4y Ay A3
| | |
- N —
M S
PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE q

(DES program) D‘Aﬁ)—w d}uw Mb).g ‘&. U;'M’y d‘).j O
S dagi ) OIS 4wl
Lol 51 pIaS g dlady b S duiun 9 03909 et |y prianns (gLBIUE, O

VL] R IFC IV e | X) P
ovbwl o alas 51 BaiCd o Cumd S 9 03905 Wi 1) WDIAS, O
S ol le s
Cvmilo; LA, (loj (wlwl o Walud ) sudicd o Cowd (ol (wlwl o @
Nigad o0

9 &9 b cwlile 5 (gilwand (b 3 1 )15 3590 SajLol 9 OLEMBI O
wrlod (5 9l@ea Wdlas ) £939 (Lo

4 dagi b gilwamd bl 3 1) S 3y00 (Sl )l ol O
W bod A 0w 6910 (s, ll g el

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE Ve




ad — A (6 swdnn aol g go2I ylodd b

oy b i (simulation clock) (gjlwamw celwO
Ll 045 6 jlods

) i s oS Sn  ola e (SYStEm State) povmw s O
.D)ﬁ.é 94299 Lgl.g(vlo) o 0 )Jaa.ub ub)mwo oldas OBy g pa W9 O

S gl 48y clslej (€vents list) Walad y Cud O

&1y bossyles ol 5l «(statistical counters) (g bl grosilows 0
S Ol wdeo bl Gl pla (bl Gbajlee dnulxe
Dge5 malgs o3kl o e ¢ (server utilization)

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE AR}

ad j— A G jlwdins doli p 2ol

((initialization function) aJgl »3,lade &G 0
Gl &Sl pl dad o plodl a7 Sl )lS" dlax 1 g 00l plol 1) (g5lwdnd daliy gl (23)lade O
S oo adgl (23 jlade jho 4y |y (gjluand

(timing function) Jb; &G 0

LS o oS 1y (g Dlas E9J5anj O
Sy sl ) Gileand cels O

:(event functions) das, glgi O

Do pll alime @l )3 093 plomil b oS g5y sl 4 & eyl g Slles gl O
((library functions) _glabuls glss O

A 0 g (B3l sla e g5 g1y (utility functions) wiesge wlg O
(report generator) I35 g O
:(main program) ! &b, 0

S oo ] caslio i 5 Sy o 1) il g 03503 Lapo o2 41 ) (398 s O

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE VY




ad ;- dwwS (6 jlwdamnn dolip LS L

Initialization Main F . Timing
Function ain Function Function
Event Library
Functions Functions
Yes . . No
Report Simulation
Generator Done?
PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE W

ad ;- A jlwdand a0l (515 ] gannno

Initialization
Function

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE \f




(aolal) B1ad A (6 5lwdmni dolips (g1 yuruno

Timing
> .
Function

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE VO

(aoldl) 31ud y— dnnS 6 jwdunnd 4ol (61 pa] uuno

Library
Functions

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE \s




(aolal) 31ud y— dinnS 6 5 wdund 4ol (612 suuno

Timing
Main Function Function
Event
Functions
No
\‘
PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE VY

1ol 40l (S (gilusand 4ol y a8 1 g jlwdmd Aol doilB uclgd O
Sl i) ol el b baolis ) iled b O

9 %z b el s Sl T 390 oo Cite 4 a5 b O
1l glp oloyod gdlas y LS| g O
Lgd 1al 2959 (glaolis 5l L8 piww zg 3 sladlas, O
b os ol L oty ] 31 e ol olejed s b g 3, 33 51 O
Do Ly yx3 (65500 cauolio 0aclB
2dlad ;) Condd (g1 cuwlio 031> ylods L S O

o &y emlio 03 pladlo &S cunl p3Y cud pl 4 ol go2y 4 a2g L O

Dgas Lyl @y (g 5lodnd 4ol b dgid (g jlwodly 9 il

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE A




SIONBD g gy ST gt g ot 3 g0 S (Swwd (65 lwdamnns 1o

(At 488> o 2 lilej 2e) 39,9 (2 Sledlej O
004,12,05,1.7,02,1.6,0.2,1.4, 1.9, ...

tomgpw Sldle; O
0 2.0,0.7,0.2,1.1,3.7, 0.6, ...
165 s dnd doils oucld O

o 4als (Gilodnd g g9 (6 yite (N=0) (et 4 gy By O

: .= (manual simulation) g ¢;lwams O
st ) o (sl 1 e 0 5 (6)lol (sloosilads 0lis) Cund sl o Sl (glapite O
29 0dly oyl &lSlas
g 0 425 (SNAPSNOL) (6593 (uSe S 38 Cpgo & i Syl 20y
S odlitl (gilodund plsl sl (358 (g 92959 O sledlej leed S O

Swoled dulre

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE q

A 3,90 1,5 (g, lre

w :lzDi ZeX | DY JORE IR IS RN PN Wi |

18 ywinn nd‘)‘!ﬂ*"‘“"’“ " ):bﬂdfaah)“};ﬂﬁ 0

W =W, +ELS] sl 0113 g oo Lo g b g o5 xS E[S] O
() o )0 ol o dawi (WSlke O
LQ — JQ(I) el (Silodard (loj Code b wimses stalie cdo JST(D) O
T(n) 4 el e ol Sl e QO O
S o paseda |y Cio 5 e a5 (5:S0le Q) ioeie ) g Sloj Sike O
| T(n) ok gy &S Gloj 3l (spmS 2RI g (utilization) dl)sa).g,; )
_ el Jyito
p=—— [B® e s o B
T(I’l) 0 sl 03B s gy (390 Jgiaie oaimd LS e B(t) O
S o pasdia |y 02imd g 8900 BY) (i 5 g loj (nSike O
L:LQ+,0 HICOWIWEN N VRV C I KPS VU Wi |
PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE Yo

10



Initialization | _ _ _ _ _ _ _ _ o o |
time=0 || System state | |
: | . Al 04 |
L1 | | o[ |
| : Clock Event list 1
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559 o slaoley - O, 14, 0, 1.7,0.2,1.6,0.2, 1.4, 1.9, ...
s clile; 1264, 0.7,0.2, 1.1, 3.7, 0.6, ...

Area under B(t) = 1.2 :11 .Coul 0399 Joinio 1.6-0.4 = 1.2 0023 gy g o (sl 2] U (398 JSu5 poe |

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE Yy

¥ o lons (5,98 S

Arrival ______________.-________._.._.___________'I
time = 2.1 | | System state | ?I
: [ a1 Al 38 |
D | 16 : ' p[ 24 |
. | 2.1 | Clock Event list |
@) [i| 1]] 2 21 | = = - SR~~~ )
| - |
Server  Number Time |

: status in Times  Oflast | 1 0 0.5 17 :
@ | quene (?f event | Number Total Area Area |
i arrival | Serviced _delay  under Q(r) under B(f) |
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e sldle; 1220, 0.7,0.2, 1.1, 3.7, 0.6, ...
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3509 o clale; : O, 12, 08, 10,0.2,1.6,0.2,1.4,1.9, ...
s leile; 1220, 04, 0.2,1.1,3.7, 0.6, ...

P oasld auwlome )3 Culed )3 o5 Gl (lodl 552 9 0 9005 093 (6 o 4y (g Lo (2l U (398 S o |
: Number = 2 :13J .0l wlgd Cgmse doils

TotalDelay = 0.8 :13) .Cowl 0399 i o 13 0.8 (5 yiubio cypod dlisd ] G |

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE \id

13



(a0l1) O 8 lows (5598 S

told oloj o0l B Q(E) o 5 cooluns duwlne dwlne (sl O

O
Q)
2
1
IN—— B NN
0 04 1.6 2.1 2.4
O Areaunder Q(t)=1* (2.1-1.6) +2 * (2.4-2.1)=0.5+0.6 = 1.1
PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE YvY
& *
7 0 low (5,98 s
Departure | . _ _ o _ _ _ _ _ o b"____'______________\;"
tme=3.1 |1 System state | 9
: [ B Al 38 |
D 1 I D| 33 I
1 : Clock Event list |
@) |y 1] o 37T T 7 Stsicad comiers 1
| - - :
Server Number Time !
| ; 3 18 18 27 | |
T e Tmes OE !
| 9 o_f | Number Total Area Area |}
' ‘ arrival | Serviced  delay under O(r) under B() | |
System - Computer representation :

5399 o sy 1 O, DR, 08, 100,0.2,1.6,0.2, 1.4, 1.9, ...
oy £l 1220, 0, 02, 1.1, 3.7, 0.6, ...
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Departure | _ _ _ _ L e L e e e - 0
time =33 | | System state | ’ |
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Server Number Time |
: status in T oflast | 3 18 1.8 | | 29 :
| queue of event I_\'umber Total Area Area |
|l______ _Moval ___ Sericed delay underQ() underB() |
System Computer representation

3935 o elaole; 1 0, D, 08, 17,0.2,1.6,0.2, 1.4, 1.9, ...
gy sladle; 1220, 07, 02, 1.1, 3.7, 0.6, ...
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I arrival Serviced delay  under Q(t) under B(r) |
System : Computer representation

3909 o ooy O, 1R, 06, 107, 0, 1.6,0.2,1.4, 1.9, ...
s slole; 1220, 07, 02, 1, 3.7, 0.6, ...
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\______ _gmval | Serviced  delay under Q() under B() |

System Computer representation

3959 (O dLQ(’L") : 0%’ ]>Q" 0>§’ W, 0>Q’, %, 02, 14, 19,
sy sy 1220, 07, 02, 14, 3.7, 0.6, ...
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| queue Timy event | !
| (_)f Number Total Area Area |
. arrival ] Serviced  delay under Q(f) under B(¢) |
System Computer representation

29)9 2 dLQ(’L") . 0>@’ ]>Q’ 0>§’ W, 0>Q, ]>6, 02, 14, 19,
o9y Slile :2>()’ @Q’ @Q’ 1><1’ 3><?’ 0.6, ...

PECS#4 - General Principles of DES - By: M. Abdollahi Azgomi - IUST-CE Yy

16



Arrival
time = 5.6

System

! System state |

I' | P A58 :

| 56 : : D[ 86 |
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|

| queue of event | Nambor Total Aren Area |

| ______@val | Sericed delay underQ(n) under B() |

Computer representation

3909 o cile; 1 04, 12, 05, 17, 02, 106,02, 1.4, 1.9, ...
s il 120, 04, 02, 14, 37, 0.6, ...
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TR S8 1|77 7~ Swistoaicomiers 1
| " |
Server Number Time |
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f_______&mval | Serviced delay under O(r) under B() |
System Computer representation

3935 0 <oy 1 04, DR, 08, 14, 02, 16, 02, 14, 1.9, ...
R LS'LQ("L")' :2>'O’ @Q’ @Q” ]>‘<1’ 3>'Q’ 06’
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Arrival O

time = 7.2 : System state | :
| .1
]| R A2 !
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[ | 58 N Clock Event list |
L) 2 e 7217 Suisdaicomen ]
‘@ | "
Server Number Time |

| ; 5 27 5.7 63 | |
| e Tmes AR |
| q of | Number Total Area Area |
|. arrival J Serviced  delay under Q(f) under B(¢) |

System Computer representation
3959 o sklej O><4’ D’Q’ (}‘6’ D'<7’ (}‘Q’ D'<6’ (}‘Q’ D'<4" D‘@’

sy slles 1240, 047, 02, I, 347, 0.6,
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| Status in Times  Oflast | 57 9.9 71 |
@* | queue of event | Number Total Area Area |
[ arrival IServiced  delay _ under 0(¢) under B(r) |

System Computcr representation

s939 o ladles : 0, DR, 05, DY, 02, D6, 02, D4, D9,
sy slile; 120, 07, 02, I, 37, 06,

).vl.o wl‘_g,uwmla.b,.wul.m45:,,»6985,.»;‘5,“,0%4;&,,&‘,&,&1,:0§
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11D oadlgd VF o ko (e 40 bad 0310 (LS o wasg b O
O Wq=15.7/6 = 0.95 min./customers

O Lg=9.9/8.6=1.15 customers

O  p=7.7/8.6 =0.90 (dimensionless)

O L=Lg+p=1.15+0.90 =2.05 customers

I, EIS] aolgi oo Qlipuine omigpw SWibj & agi U (uwixod O
:M Mbﬂo

O E[S]=(2.0+0.7+0.2+1.1+3.74+0.6)/6 = 8.3/6 = 1.38 min.
2 g Oloj Syide padid & gy E9xb b Siludnd il o8 o bryl 9385 O
eSS )3 1y (gt i
toS durlo o2 1, W ailyi 0 o1 O
O  W=Wq,+E[S]=0.95+ 1.38 =2.33 min.
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