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fa this paper. we farmroduze four methods of samnpling random variatics [rom exponemial djstribution.
These methods are investigaled theorericalls and asscssed npractically, Efficlency comparison s made muung
the ethods by wsing a large scale Mocte Carle simulativn. The advaniages und disudvanrages of those

mizthiods are alsa Dostrated,

midrpduction

Simulation in a * wide sense 7|57 is defined
as A numeocal  egchnique  for conducling
experiments ou a digital commuter, which involve
cerlain bypes of mathcmatical or logical models
that deseribe the systen Ozhavior, where as
simulation In a * marrew seras ™ falio called
stachastis simulation) {2 dofined as capsrunenting
with the model wvertime, it ineludes senpling
slochzstic variatios [tom probabiling distribation,
Sunmlativm i3 often viewed as a = Method ol 1.ast
Resar * to be used when everything clse bas
tailed,  sefbware  boilding  and  teclwicul
develapments Lave mude simulation coc of the
most widely used and aceepled teals for designer
i syslen amalysis and cpemtional research,

Many methods and prozedures are propuscd
for genermding rondem variciies from different
distributions [1].[2][315%61.[7].[8]. [ vur techniques
arc considered for pencrning random  varfetias
from exponcntial distibition by Mante Carlo
sirnulatinn namely -

1- Tverss trunslorm methad.
2- Ordered sample mctbusd.
3= Forsvile method.

d- Reguential racthos.

Woonole that a rasdent variable (e X ds
sl 10 bawve an exponential disicihulion with
parmmeter A . denoted by X--Faxpld), 0 X las
prebabilily denasity fanction {pd 1) 1]
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Inverse Translivem Method, [3]

Thiz mothod (= the most commen use for
genernting exponential variaties wlen the ¢.d.f of
e dlistribution exists and e inverse transform
ot be Tound analvticaTly, This method is based on
the following fheoremn -

Thevrem {17, |4

The randern variable V=1 =003, 1 i and
ouly i, the random varable X=F7 (111 has
cdf P{X £ x)=T(x].

The Cl-Algorithi deserilbes e necessary
steps Tor generaling mndom wariable by using the
irverse ranslorm merhod.

El-Algorithm

1-Read A,

2 Dwenerate U from U001,

I-Set X —-AIn.

4- Deliver X as a random vaeialies genersled lmm
Fapli} .

The advantane of fds melhod  thar i
veguired noowariaties fram U001} 1o pencrate a
saraple of gize 1 Tom exponential disiribution and
Ui dizudvanrape that if reguued o compuation lor
natural legarithm of U and thar inclode o power
series  cxpansion  for  cach  wnifuon veriale
gencrated weluel s ulso have Lime consuming.

Order Sample Mcethod

This method i kased on the propasitian due
ta, [7. The propozidor depend nnoa mapping,
whicl rransform the endored sample fiow woiloon
LIE0, L= distribution Lo b unil exponenlial Dspil)
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The theery behing the metheed is siven by (he
Tollowing theoren :- ’
Tlewnreva 2), [7)

L L'I‘|_'_.,...__{_;_1U [ be a
randoin sample of size 2n-1 Irom 60,1, and et

wil? M

WoWl W b the onder  stalstics
correspnnding I Lhe random
arisble T 00 AT Assume W0
ard W -1, then random varighie
. . m_ n
Vo= (W W TR - 1111 L RS
e ndependent  and  having Exp(l)

distribution,

The F2-Algorithem deseribes the necessy stops
for generating randem variable by using the order
sample method,

EX-Algorithm

I- Generate 11U .- U U
U(o,1).

2- Armange U U - U, in ascending order
of magnitude which are represented by the
order statistics W,, W, <, W

A=l "

3-Set W =g W =mir{U U, ) W, =2 iU e, U, )

oo W =max(U, -, U, LW, =1,

4- Put
¥, ==[w, - W e g'il_l_ =12, 0

PR
1 ]
fi+

5- Deliver Y,,k=12,-,n as a random sample
of size n generated from Exp(1),

The advantage of this method that it requires
one computation of the natural logarithm of the
uniform  variatics product for generating n
exponential variaties while its disadvantage that it
require the arrangement of the uniform variatics in
ascending order of magnitude and then calculating
the difference berween two successive ordered
variaties (U'__,I —Um}, which iz alsg time

consuming. Where it has heen found practically
that E2-Algorithm is faster than El1-Algorithm for
n=3 until 6,
Forsythe Method

Forsythe's method is a rejection technigue
for sampling from a continuows distribution, which
was originated to {1949) by J.N.Neumann. He
presented on ingemious method for generating a
sample from an exponential distribution, based on
comparisons of wuniform deviates alone, and
suggests that his method could be modified to yvield
a distribution satisfying any 1" —order differential

|
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equatiii. Fursytive (V852 presentes 2 general
fiethod o e the Von-Nennmnn idea he
Calendad and the merhad cfficiengy is analyred
Al wnplied vn sanipling from vormal and ither
distributions, The rmethod U listrated as Foliows:-
Suppose we wish o genemie a rndom
variable X having pd 1 of the fonn
[(R)=ce™™, w20 . .. AT

whete

x =l
5 -

and  h(x} s m  incressing  Tunctien
xe[0e) . In the firse stige ol the method an
inlervg] is selected for %, and in Lthe secoml slapn
the value of x is determined within the interval Ey
the aceeptance-rejection method.

For each k=1,2,... K (K is defined below)
where we choose g, as large as possible su bject to
the constraints
h{g*:l—h{gi_.:li L, =0

Mext compute
g
M = gfx (xMdx,  k=12--K

Here the number of intervals, k, is chosen as the
least index such that 1, excecds
The largest number less than 1. (k may be
chosen smaller if we set 1, ), and if we are willing
to truncate the generated variable by reducing any
value above g to the interval [gi_,,g*}_ Finally,
compute
dk =2, B 1 k=12--K
and the function
G, (x)=h(g,, +x)-h(g, ) <h(g,)-hg, ) =]
The E3-Algorithm  describes  the
necessary sicps for generating random variable
from equation (3). Steps 1 to 4 determine
which interval of [z, g, ), where the variable
x will belongs to, k=12 K. Steps 5 to 0
determune the value of x with that interval.
E3-Alporithm
1- Set k=1I.
2- Generate U from (0,17,
3If U<r,, goto step 5 ( the K" interval is
selected).
4-1f U=« , setk=k+] and go back 10 step 2.
- Generate another oniform deviate U and set

X=Ud, .
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fi- Ser L — {3 (XY,

- Gepere UL -2 T7, where M is suel thar
teUtsU, et but ot L0,
il o

8-1F N fscven, refect X and reton to stop 2,

9 1F Wois odd, sueept X

we dnveslismie Farsythe  aoethod by
simulating one random variable fony Expd 1 with
ten irdependant repelitions of size 1000 and the

efifciency of dhis mellwd is presanted in ble 15,
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Tuhle (1)
FEificivncics aof Forsythe Method
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The imporiant of these efficienzics appear
when k—1. From Lhe ahove tahle, we see the
method is stable oo average of 04331
standard deviation off T M 646 107"

The disadvantape of tlug methad el s
requies  lables and,

wilh

of the eomsiams 1
g, whore it is fbund in the practice thar the time
censuming in this uethed is higher than e 17

d '
and 2" methads., Amd we  diseoversd  an

advantage for this method that the perecnt of tle
exponential variatics generated [ic in the interval
|2, .8, ) decreases as the mumber of intervals
increases, where 44% of Lhe eaponeulial verialies
in [g_,,_.g,_). This peroent can be incredsed (0 ome
inftinlly sclects an optimom incarval where hix)
increases el this cptimality o diflicel io prsciice.

Sequential Method
Thiz methnd is hased o the asceplioce-
rejectior methed Tor zeocrauog randam variable

87

Teoin Lap( 1] by vging speeizl ovpe af stindandized
triangilne distribation.
batbnatically spoaking

L=t
wenticatly  indepordenly disteibution random
variahlzs from the standard trianuular distribution,
Wi Lhe distribulion gl

{Ki..'l=@,l,-~-}hc a seyuence  of

ix

- Cxxal
P o S g )]
T 2it-=1 Oy |

- ; ixd

Define a random variable M lzking posilive
ey walucs oough $20 ;"’l'_l;-' L e ua lities

Z" I- - Fl
MorN, PH N e Ex,& EE{'{
1 1 1
wi aveept the sequence 1'1'[ if ™z odd.
olbvrwize we reject it and repaal the process until
Mg ool oeedid e 1 b b nomber of
soquences rejeeted beltme an odd ™ appedrs o
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T=0.1. wmngd et K, be e value of Lthe firsr of the method is presemed in ke iollowing Luhles
varigble in o the  accepred  sequence.  then () (31, st £

Y =1+X, isfrom Hxp(l). More Jelails given in

[1]-

Lo the best of cur knowledae, the Tollowing
Et-Alzorithm seemns to Lo new, whors s
algorithar  deseribe  the  necessary  sieps  for
sieniing random variable from the Expf1} hy
using the standuniized triangular divribucion.
E4-Alporithm

I-Faud 8, Q<{i<l

-8 T -0,

3- Bet K 0,

4- Generate 1T from UG, 1), goto step S

500 L, <® set Y, - WG, il k=0, sor
k=k+], goto siep 4, else poto step 7.

6-Set Y, =1- f{l- 03U, i k=, set bkl

qoto step <, clse goto slep 7,

L
U DYV, v Y, Mok goto step 9.
iz|

g r Z_Yi =Y, k=k L, galastepd,
il

9-Sel X=TH Y.
10- 8 X s add, accepr X
TI- 1 I 13 even, reject X, T=T+I, moto step 3.

We  investipate  scquential  method by
simulating one randam variable from Expd 1} with
ten imlependent repetiticn ol sive 1000 with
6=0.L0.2,0.5 is considered and the effiziency

Teble (2}
Efficicncics of Sequential Methud €8 = 0.1 )
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The important of tese efficiencics appesr when k=1, we see the method s sable on average of 1,770
with standued deviarion of £ 15 198x 107

Tullz (3)
LMciencies of Scqueniial Methad (g = 1,2
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The uuporlant of these clfictencies appzar when k=1, From the alove whie, we see the method is stable o
avernge af G815 with stendard doviation ol 21 711146 105,

Tablc (4)
Etfitiencies of Sequential Melhod {o - 0,5 71

k=1
1 .99 M
2 11933 0y
kS (LIS 11045
4 D451 onay
-] (1,955 0o
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Nean 00557 § 10dds
Srtandard £ 1
Dreviation 4353% 42“'1"?.
)1® | e
The important of Ukse efTiciencics appear caponealial which can ke seen clearly i (20, (30,
when k=i_ From the abowve tuble, we see the and (1) Lahizs,
method is siable o oaverage of 09537 will
standard devialion of 1 42633% 16", Wlher: in Reference
practice we reazh to a conclusion that {here (- nao [1]- Ahrens. LI, and Dietor, 1. (1972 =
dilference jn comparizon with E? Algarithm b Computzr methods for sampling from e
thiz mcthod is  [asler (han B3 Algarithm as Cxponentiul  and  MNonual  distribotions”,
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generslimy one  randam worinte from oo
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