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Abstract . The paper presents a simulat ion model, based on Zeigler 's formalism which
describes the system dynamic behavior; also, using the principles of object-oriented
simulation , model programming is achieved using the advanced concepts of Turbo
Pascal programming.
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1. INTRODUCTION

A system of m machines is considered, operated by n workers, m>n . The
machines run automatically yet, after certain periods of continous operation function
occurs and worker intervention is required. The cont inous operation period of the
machine and the time required by the worker to repair the machine are random values
of random variables of the given distribution. In this situat ion two possibilities occur:
the re is at least one unoccupi ed, lazy worker, ready to intervene immediately in order
to repair the respect ive machine or all workers are busy, in which case the machine is
placed last in the waiting line . The whole waiting period in order to get repaired is
named interference time. The problem of finding an optimum operation mode for the
system arises, i.e. the optimum rat io of the worker's total time of "laziness" and the
interference t ime. This problem is called the machine interference problem and it
corresponds to a waiting model of the fo llowing form: '/'/n ;(m-n ,.)(see [61,[7]). This
problem has not been solved yet analytically in the must general case; the problem
was solved only in the case when all machines have i.i.d. running time and the repair
times are also i.i.d . random variables. "Exper ience" on this type of data is obtai ned by
simulat ion and by changing several input parameters an optimum value is obtained .
Work studies 14 1the model Exp{).)/Exp(j.l)/n :(m-n;FIFO) and the quanti ties determined
analytically for certain particular cases are compared to those obtained by simu lation.
Any simulation model may be considered as a time-related dynamic system, its
components being described by three categor ies of variables, i.e.:
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input entrance variables. state variables and output variables . T he dynamic behaviou r
of a model with discrete events is described by t he DEVS (Discrete Event System
Specification ) object. defined as follows: lJEVS = (I .S,O.t .o .o!,~ ,i. ). where: I is the "input"
set . i.c. t he cart hcsian product of t he input variable val ue ranges ; 0 is the "out put"
set , t.c. the cart hosia n product of the output variable value ranges; S is t he "sta tes" sc t. ,
si.c. the ca rthesian product of the state va riables values ranges ; l:S-.R+ u IOj is the, .
t ime advance funct ion . its value 1(8), seS represent ing the interval of t ime afte r which
t he system will switch into state 6(8) . where S has the meani ng presented further on;
fl :S(S is the t ransit ion function of the system when shi fting: from one state to another
in the case of no ent rance to into the sys te m. i.e. if the system is in state s at moment T

J
. then at moment T + t(s ) it will shift into state ti(s) . if in the interval IT ,T + t (s )1 no
external event occurs ; b..x: Qx1- Q. where Q is the set of all type pairs (s.e). s e S and
eeR, O~:!>t( s ) . fun ct ion 8",x shows that if a model is in t he state s at the moment T and
input x occurs at moment T +e, then . after occurrence of the external event , the system
state will be 8..x( ,<; ,e.x ) ; ;.:8 _ Q is the outpu t function. showing: that if t he system is in
state s at moment T. then ;''<s) represents the informat ion conveyed by the model at the
ou t put. (see (5)).

Observation 1.1. As the considered model is autonomous. i.e. it has inpu t parameters
(m, n , the type of random variables whose values are continuous ope rat ing and
separation time respect ively ). but it has no input variables. i.e. / = $ . the system
transit ion is described by funct ion 8. function 8,.x having no signi fiance .

2. THE STATE VARIABLES ARE:

(2.1) List_Of_O pl'rllting_Machines can be the empty set de noted. .\ . or a list of type
(X!. t l) ... (Xp.t p)' where X, is the machi ne code. X, E {I .....m 1 and t , t he t ime of cont inous
operat ion of mach ine XI from the respect ive moment on, i = l ....,p. Wh en machi ne X,

sta rts operation. the conti nous operation time t , will be gene rated as val ues of the
random variab le. usin g: the Monte Car lo method .

(2.2) Lisl_Of_l\.lachines_In_Repa ir can be the void set. denoted A. Of a list of the form:
(x p'+ ' ,0 1 oYl I... (x p+ q ,Oq ~""q ) where xp +i is t he machine code, YI is the workers code
who is repairing the machine xp +,' Xp .. , E : 1•....,m I, YIE: 1. .... • n 1.0", is the t ime required
for the repair. as the value of a random variable. gene rated by the Monte Car lo
method; it can also be assumed t hat rr I:!> 0"2" ':S:uq•

(2 .3 ) List_Of_Machines_Waiti ng_ t'or_Repair can be the void set noted ,\ . or a queue
of the form Xp+ q+1 . . .xp+q+r where x p+q+.' i = 1,...,r is t he code of t he machi ne wait ing: for
t he repair ; ass uming that all workers are busy. Xp+q +1 represents the first machine in
the queue. x p+q+2 the next one a.s.o. and x P+q +r the last one .

(2.4) I.isl_Of_Workers_In_ Laziness an be the empty set noted A, or a queue of form
Y q + J ....V" • where J'q... is the code of worker. i = 1,...n-q;Yq+l is the first one in the queue
a.s.o and Y" is t he last one . showing t hat a damaged machine wi.Il be repai red



3. OUTPUT VAlUABLES

4. DESCRIBING THE MODEL

then EF is the machine efficiency factor, EM is the worker efficiency factor, and / is
the interference factor (see 14)).
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(3. 1)

(3.2)
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/ =1 ; =1 , . 1
TRT TTBS rwr

EF = TRT... n \T... TST ; EM = TTBS . TTID ;/ = TST

m "
Observation 2.2. We have: LTr(i)=LTrm(i) ,

, ~ 1 i : l

Observation 2.3. If we note

m m m " "
TUT = LTu(i j; TST =L Tr(i );TWT = LTa(i );TTID = LTI(i).TTIJS = L Trm(i) ;

Obscrcvation 2.1. If the List_Of_OperatingJ\tachines is " if p =O, the
List_Of_1\lach ines_ln_ Repair is" if q = O, the List_Of_Machines_Waiting_For_ Repair
is " if r =OIhen 111 =p+q+r and n =q +r.

bY.\'q +1 and .\ 'q ..2 w ill become the first one queuing; the worker having finished his
repair job will be placed last in the queue.

LOM= Oand L1\1H =O and LMWR=O and LML=O;
LOM ",0 and LMR=O and LM WH=O and LML= O;
LOM =Oand LMR ",0 and Lf\.IWH =O and LML= O;
1.01\1 =0 and L1\1 R= Oand LMWR;teO and LML=O;
LOM ;teOand LMR=O and LMWR ;teO and LML=O;
1.0 M= 0 and LMH= Oand LM\\'R=O and LML ;teO;

Describing the model's behavior implies describing fun ctions t ,O.I, of models object
DEVS. We note: LOM the length of the List_Of_Opera ting) \tachines ( LO~t=p) ; LMR
the length of the List_O f_ Machines_In_Repair ( LMR= q ); LMWR the len gth of the
queue List_Of)\tachines_Waiting_For_ Repair ( LM\\'R= r ) ; LML the length of the
queue List_Of_Workers_In_Laziness ( LML=n-q )( see Remark 2.1). We can cons ider 24

= 16 possibi lities; it is easily confi rmed that 11 of these cases are impossible:

••, 3.1) Ou tput variables are: Til is a vector of m components. TIl (l) ,... ,T u (m ) , where
T l.lt ). represents the total tim e of effective operation of mach ine; ,;= I ,... ,m.
(3.2/ T r is a vector of m compo nents . Tr(I ),.." T rl m), where r r(i J , represents the total
repair time of machine i, i = 1.....m,

(3.3) To is a vector of m components, Ta(l ),...,T a(m) , where Ta ti s, represents the total
time of mach ine i waiting for repair. j = l ,...,m .
(3.4) T l is a vector of n compone nts , Tl(l ).....Tl (n ), where T l (i) , represents the total
time of "laainess" of worker i, ;=I ,...,n.
(3.5) Trm is a vector of" components . Trm(l ),...,Trm (n ), where Trmt i s, represents the
total working time of worker i, j = l, ....n .
The defined vectors represent the image of function I ..
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LO~I = O and L~lH ..O and LMWR = Oand LM L;tO;
LOr-.1 = Oand J."1 H=Oand LMWH ..Oand LMLt O;
LOM 10 lind I.M H=Oand LMWR ", 0 and I.MI. / O;

LOM =O and LMH ,tOand LMWH 10 and I.MLtO;
La M -o and LM R , Oand LMWR ,,0 and Ll\.1J.;tO.

Thus the following 5 cases are left to be for studied:

LOM ..0 and LMH ..0 and LMWR=O and L~1 L=O;

LOM=Oand LMII ,0 and LMWIl ,0 and LML= O;
LOM ..0 and LMH ..Oa nd 1.1\I\.... 1{ .,0 and I.MI.=O;
LOM ,to and LMR=Oan d LMWH =O an d LMJ. ..0;
LaM .to a nd LMIt , Oa nd LMWR=Oand LML ... 0.

Considering t he sys tem in sta te s , we note s = li(s) , Function I (s ) is expressed
as follows :

ir l~\1 W;. a.I..AlR = 0

1(l.M W = O. /-MR, 0

(4. 1.)

In expressing function ;.. , operat ion := wi ll he u sed, as in informa ti cs ; o:=a+b
meaning that a becomes the old a plu s b.

Case 4.1. The system is in sta te: s =«xl . I I ) ... (Xp .l p );(xp + I ,n bYI ) ... b::p +" .0" S "l i\ ;AJ.
where p =m·n. i.e . m·n machines are in operation and n are in repair. all workers are
busy, there are no machines waiting: for repair . The image of function i . changes as
follows: 'l'ut x, ):= Tu tx, ) + 1(8). i = I ....,m· n; Tr(xm_n+, ):= Tr(xm_,, +. ) + 1(8), i= I ,...,n;
Trm (y, ):= Trm(y, )+t{8 ), i = I ....,1I .

In orde r to express H , two subcaace will he st udied :

Case 4.1 .1. When I I S O l . t he following:event will he t he damaging of machi ne XI and. as
there am not "lazy" workers. machine XI will be placed IMt in the queue of machines
waiting: for repair, the sys te m will shift into sta te:

"'" , ,.,
S = « x I' I 1 )...(x p _I' I p _1 ),(xp.n l'YI ) (x p HI _I,n" ' Y n );XpHI : 1\) where:

, . . ,
I I '" T:.! - I (s )• .. . . 1 , , _ 1 = I P - I (s ); (ll '" 0"1 - I (s) , ' . , ,n" '" n" - I (s ).

Case 4.1.2 . When II > n l the following event will be the returning to operating state of
machine Xp+1 and as there are no machines waiting for repair, worker Yl will shift into
laaineea; machine xp • I shift ing into the sta te of operation implies random generation



I. Florea I A Formal, Object -oriented Approach 221

of t ime du ring continuous ope ration and its introducing into the list observing the
inc reas ing order of times; the system will shift into state:

s : « Xl, 'l: l l " ,( x p +l . tp+ l );(xp.2· 0"1· YI )· ··(Xp+" . CT,, _1· Y,, _1) ; A ;YI ) ; let r be the time of

continuous operation of machine x, ... i • and be k so that : t . - t(s) ~ r s t . +
1

- /{ s) . then :

•
rl : rl - t{ s) . .... rk "" r k - t ( s ):rk<1 = r :rk.. 2 = r k.. 1 - t(s) ..... r p • 1 = rp - t I s );
• •

crl = tl:! - l (s)" ... 0"" _1 = 0"" - I (s).

Case 4.2. The system is in state: s : (. \ ; (x l' 0 I. )'I) . .. (x " . o". )'n ); x " ..l . . ..rm;al, i.e. n

mach ines are in repair requiring all n workers. the rest of m -n machi nes waiting for
repair, while there are no "lazy" workers. The image of function 1. changes as follows:

Tr(xl ): = T rcx , )+ t{s), t e l ,...,n; Tu(x""," I ): = Tu (xn ..., )+ /(s). i=l, ... ,n;
Trm(y, ):= T r m (y, )+ /( s) . i =I •...•n .

The following event will be machi ne Xl shift ing into the state of operation.
simultaneously with machine Xn + l shift ing into repair, wich will be int roduced into the
list of machines in repair. being repaired by worker Y t • who has become available; the

, " " ,.
system will shift into state: s = {(XI . f l );(x 2" ° l> y I 1.· ·(x"+ 1'. cr" . )',,); X',, ...2 , , , X'm; A); be 'r

the time of continous operation of machine XI an d 0" the repair time of machine x"... ,
and be kso that O"k-l(s)Sa Sahl -l{s);then:

•
r l = r :O"I = 02 - /( 5).... .0 . _1 = O"k - I( s ).o. = 0.°. +1 = 0 . ..1 - / (s). · ··. O"n = 0"" - 1( 5 ):

, . , . ,

)'1 = )'2"" ' Yk - 1 = ) 'k.)'k = )'1' )'11'+1 = y k..l···· · yn = y" ,

Case 4.3. The system is in the state:

i.e p machines are operating, n are in repair, m-n-p are waiting for repair and there
are no "lazy" workers. The image of function I, changes as follows:

T U(Xj ): = T U( Xi )+t(s) , i= l .... ,p;
Tats: i ).'= Ta ix, )+I(s ). i=p+ n+ l, ...,m ;

Tr(xp.... ): = Tr(xp+j )+ /( s), i = l ,n;
Trm (yj ),'= Trm (yj )+l(s ), i =l , .n.

In order to express s' two cases will be studied:

Case 4.3 .1. When t l S U t the following event will be the damaging of machine Xl , which
will be placed last in the queu e of machines waiting for repair; as there are no "lazy"
workers available, the system. will shift into state:

~~I

, .", "" " , ,
S = « x l' r I ) '" (Xp -l ' r p _I) ; (x p ' 01 ,)'1) '" (x p..,, -l> On')',, ) ; XP+" '" Xm ; M where:
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· . , . . .
r 1 = r 2 - I (s ).... . r p _ j = r P - I (s ) ; 01 =01 - I (s ), ... .an = an - I(S); YI =YI> · · ·. Yn =Yn ·

Case 4.3.2. When tl>a j t he following event will be the shifti ng into operation of
machine Xp+l and aimultaneouely the shift ing into repair of machi ne X,,+,, + I which will
be repaired by worker )' , ; the system will shi ft into state:· ., , ' .
5 :: « XI . TI l.,,( Xp+ I . Tp +I) ; (Xp +2 . " j, y , l. .. (Xp+ ,,+ I . ("Jn . Yn) ; Xp +" +2" ' X", ; .1) ; let T be the

time of continous operation of repaired machine Xp+1 gen erated at random and 0" the
cont inuous time spent in repair by machine xp .." ..1 and be k, I so that
T. - t I s) S T S T•• , - t I s ). and " 1 - t ( s) S "S al .' - t(s ); then:

XI ::: X/ .X/., = x p.,..I,x/+2 = x f tl .·· · . x p. ,. . 1 :: x ,H ,. ; x p. ,...2 :: x p..n . 2•. . . , x "' :: X",;· . ., .
TI = TI - t (s)• .. . . T. = T.II - i (s ), t .ll .\ = T. T•• 2 = t .ll .' - i t s), ... . t p . ' = t p + I - I (s )· . ,. .
("J, = Cl:! - i (s ). .. . ,°I_ I = 0i - 1(8 ).(" = n, ("J 1+ 1 = ('I,., - i (s).... , rt n = ",. - i t s).

Case 4.4 . The syste m is in the state:s = « x " t 1)... (x"" t",); '\ ; '\; )'! ... y,. ). t.e. all m
machines operate and all n workers arc in laziness; the following event will be the
damaging of machine XI and its shift ing into repair, being repaired by worker Yl ' The
image of function I. changes as follows:

Tll (X, ) : = T u(x,) + i e., ) . i=l .....m; THy,) :::: Tl(Yi ) + 1(.'1 ), i =l ....,n.
The sys tem will sh ift into state : s' = « x ~ , T~ ) ... ( X~_ l ' r~ _ I); (x~. O"~ . y~ ) ; 6; " ;y; ... Y~ ) ;

where:

· , ., . . .
XI = x2 .· ... X", - I = X"' . X", = XI ; TI ::: r2 - 1(5 )• . .. , r m - 1 ::: T", - I (s )Y l = )'1 . · .. . Yn = Y ,. 0"1 = ;

0" being generate at random .

Ceso 4.5. The system is in the state:

5 = (( XI ' T1) ' .. ( Xp ' r p); (Xp+I ' "I ' YI) ' .. ( Xm •0 m _p ' Ym- p) ; .\ ; .ym-p+ I ' " Y,. ); l Sp:9n-n-l; i .e.

p machines are operating . m-p machines are repaired by m -p workers, there are no
machines are waiting for repair and n -n1 +p workers are in "laziness". The image of
fun ction i. changes as follows:

T utx, ): = Tu tx , )+/(s). 1= I. ... J>;
Tl(y. ): = T /(y, ) +/e.,), i=m·p+ 1,...•m ;

Tr(x, ): = Tr(x, )+/ (s ). i =p +1•...•m;
Trmty, ):=Trm (y, )+/ (s ). i= l .....m ·p .

In orde r to express II' two cases will he st udied:

Case 4.5.l.Whcn TI :50 \ the following event will be machine Xl shifting into repai r .
being repaired by worker ) ·", -p .. l ,the first in the queue of "lazy" workers: the system
will shin into state:
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' ( " " "' " . , ,
s '= (Xt.tl) .. . (Xp _I , tp_ I );(Xp ' O'I'Yl ) ... (X"" l'Jm ~ p' I.Ym_ p.I);.1 ; Y"" p+ Z . .. Yn) let 0' he the
t ime of repair of machine Xl and k so that :CTk - I (s ) S O' S CTk+1- I (s ) ; then:

XI "" xz . · -' . Xp _t '= xI" XP "" Xp . }. .. . . X~'k '= x 1'_"' . 1' X~+k _1 '= XI . X~.k_ 2 "" Xp.k+2 , ... . x~ ::: x m ;
• • •

YI "" YI. · · · .Yp+k "" Yp _k .Yp.k.1 '= Ym -p . I , Yp • .hZ "" Yk+l> .. · , Ym- p +1 '= Ym - p ;
• •

tl "" t z -i(s )• . . . • t p _l ::: t p -/(s );

O'~ "" 0'1 - I (s )• . . . , CT~ '= Ok - i t s). CT~ .I "" n, CT~ _2 '= llh I - I (s)• . . . •o~ _1'.1 "" O'm _ P - i ts).

Case 4.5.2 . When t t > 0 1 the following event will he machine Xp+1 shi fting into
ope ration , worker YI will be placed last in the queue of "lazy" workers; t he system will
shift into sta te:

, , . , , . ., ,. , . .
s "" « Xl. t l ) '" (xp+l> r 1'. 1l;(X ,,_z. 0'\ . YI)' " (Xm , CTm_p ~ I ' Ym -p- I) ; 6; Ym- p '" Y,I) ; let r he t he
time of cont inous operat ion of machine xp + I and be k so that t ", - t(s ) S r S tk+1 - i t s) ;

then :

· . ., .
t I "" t 1 - I (S), .. . , t k "" t k - i ts) , t k . \ ::: t . t k _Z '= t k+ I - I (s), .. . . t 1'_1 ::: t l' - i ts)

• •
0'1 "" O'z - I (s), ... . 00m _p _1 "" O'm _ l' - 1(5).

)'1 = )'Z, .. · , Ym- p- l = Ym- 1'; Ym- p :; Ym -p+!' " '' Yn - ! '= Yn ' Yn "" )'1'

Observations:

4.1. An event occuring in a system is equivalent to the transition of the system from
one state into anot her; t his is achieved using the "rule of the min imum time", i.e. an
event will occur afte r a period of time equal to min 1tr. 0 1 } at the respective moment .

4.2. If t l "" 0'1 a rule has to be set up for the determination of the following event ; in
t he paper it was established that if t l "" 0'1 . then the following event will be t he fi rst of
the machines on the operat ion list shift ing into repair.

4.3. The in itial stat e of the system consists of: all machines operate and all workers are
in "laziness" (see case 4 ) and the vectors represent ing the image of the output fun ction
are all Zero.

5. OBJECT-ORIENTED SIMULATION OF THE MODEL

The object-oriented simulat ion represents a reflection of OOP (Object­
Oriented Programming ) in the simulation of models wit h discrete events. It is thus
possible to make use of the advantages offered by OOP in simulat ion (see 111./2]). The
object-or iented simulation of a model is in fact its decomposition into several
subrnodels: the descr iption of thei r behaviour uses methods grouped according to the
objects corresponding to each submodel and emphasizing the connections between the
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t submodcls. A possibile presen tation of the digraph model associated to
ered simulat ion problem (see 15]), in this case is:

I~ml l ,

out
I Ion

Opera ting Machines out
Machines on ou t in Repair

on .......-
out

~
out on

<,

<,
<,

out ou
on

Workers in on Machines
Laziness Waiting for

Repair

Figure I : A possi bile presentation ort he digraph model

spondence between the submodels and the objec ts desc ribed by t hem is :
g Machines" corre-spond to .I\I_Op. "Machines in Repair" to 11_Rep, "Workers
ss" to \\'_Lazy and "Machines Waiting for Repair" to :\1_Wait ing_Rep. The
-en submodels a re ac hieved through a seventh object called the coordinator .
Op manages the dynamically alotted list of operating mach ines ; each node of
mprises the mach ine code, the time of conu nous operat ion and a pointer to
ing e lement, as presented in sect ion 2. The program frame describing the

methods of this object is :

p wObject
irst :...; Tuarrayj lcdimjnax] of real ;
roced ure l ni t t m .word): Procedure In s (Ird tNod:..'> ;

"roccdu re Act_T 'imett .reall ; Procedure Act_T utt .real ):

Type M_O
F
P
I
Procedure Delete;

Function Total_Tu(m :word):real ;

compo nen
the consid

The corre
"Operatin
in Laaine
links bet w
Obj ect :\1_
the list co
the follow
data and

224

end-,

where: First is a pointer to the first element of t he list ; Tu is the machines' operat ing
times vector; Init method initializes the list of machines in operation with the empty
list a nd Tu by zero; Ins_Ord method implements a new node into the list, in ri sing
orde r of time; Delete method suppressess the first node of the list; Act_Time method
adjusts the time of continous operation of the respective mach ine by subtracti ng the
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advance t ime (minimu m time); LgList method supplies the number of nodes
(machines) on t he list ; Act_Tu method Act ualizes the operation t ime of t he machines.
The description of the M_Rep object which manages t he list of machines in repai r is
almost ident ical to that of object 1\1_Op; the difference lies in the fact that each node of
the list comprises an add itional fie ld comprising t he code of the work repairing the
respective machi ne; also, the object processes vectors tr an d trm which have the same
signifiance as in the formal descript ion of the model. The sequence presenting the da ta
a nd methods of this object is:

Type M_Rep= Object
Fi rst :...;
Trm .arruyl lcdim maxi of real ;
Procedure Ins_Ord(Nod:...);
Procedure Act Tr(l: rea1);
Procedure Delete;
Function Total Tr( m:word ):real;
Function The First:...

Tr:arraYll ..di m_max l of real ;
Procedure lnittm.word j;
Procedure Act_'l'imett.reul ):
Procedure Act_Trm(t:real);
Functi on Lg_List:Word ;
Total_T r m (m.word j.real ;
end,,

The W Lazy object manages the dynamically alotted list of "lazy" workers, based on
t he queue principle, i.e. it will process the fi rst an d last fields, pointers to the fi rst and
last nodes of the queue; introduction into the queue will take place after the element
shown by the last pointer , and deletion will be performed at the othe r end. Also, it will
change vector tl. the signifiance of which has been presented in sect ion 3. The
sequence describing this object is:

Type W_Lazy = Object
First,Last:...;
Tbarray l l ..dimjn axf of real:
Procedure lnit fm .word):
Procedure Implcment(....} ;
Function Lg_qcu e:word;
Function Total_t1 (m :word):real ;

Procedure Delete;
P rocedure Act_Tlazy(t :real);
Function The_Fi rst:...;
end,,

The methods perform the actions suggested by thei r names. The list of machines
wait ing for repair, organized on the same principle as the list of "lazy" workers is
processed by the M_\Vaiting_Rep object, which also updates vector to. (see sect ion 3).
The methods, whose names suggest t he perfo rmed action , and the processed data are
presented in t he following description:

Type M_Waitinc_Rep= Object
First,Last:... ;
Procedure Init fm .word);
Procedure Implementt ..I;
Function Lg_queue:word;
Function Total j tatrn.wordkreal :

T'a.array]l ..dimjnax] of real ;
Procedure Delete ;
Procedure Act_Twaitj-eptt creal):
Function The First :...

end'•

The coordinato r object uses instances rno of M_Op type , mr of M_Rep type, wi
of \V_Lazy type and mwr of M_Waitig_Rep type; it is introduced by the following
seque nce :
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type coordi nator e Object
Procedure lnitSist;
Fu nction GenVarAH...): real ;
Procedure SelectSv (var tip_cv: word ;var t_min : real);
Procedure Transition(m,n :integer);
Procedure Teoflff'act t.....) end ;

T he Initsist met hod reads the model input parameters (number of machines .
nu mber of workers , the exponential variable parameters which generate the continuo us
ope ra t ion and repai r time, number of simulated events ) and initi ali zes the syst em, i.e .
a ll'machines are operating. all workers are in "laziness", the list of machine in repai r
and the queue of mach ines waiti ng for repair a re empty. Applying the Monte Carlo
method. the GenVarAI method ge nera tes ra ndom variables . thei r values being the
operat ion and repair times . The Select Ev method determines the type of the following
event according to the list lengths and the times of the first operat ing of the first
mach ine in repair . The sequence of Turbo r ascal language instructions required for
th is is ;

Procedure coc rdona tor .Solec rlcv:
var I" ' r' ' q' .t: ,....• ....• ..... . ...,

begin
p: e mo .TheFtrst: q :=mr.The_First ; r :=ml.The_First; t := mwr .T he_First ;
if (mo.Lg_List< > 0) and Imr. Lg_List < > 0) and (ml.Lg_Queue = O) and
(mwr. hc Queue=O) a nd (p" .T ime_Op <=q.T ime_Rep)
{case 4.1.1 } t hen

begin
tip_ev := 1;t_min ;= p" .Ti me_Op

end ,,
if (mo.Lg_List< > 0) and (mr.Lg_l. ist< > 0) and (mI.Lg_Queue = O) and

(mwr.l ~cqueue= O) and (p" .T ime_Op>q " .T ime_rep)
lease 4.1 .21 t hen

begi n
tip_ev:= 2 ;t_min ;= q ".T imp_rep

end ,,
if (mo.Lg_List= O) and (mr. Lg_List < > 0) and Iml.Lgjqueue e Oj and

(mwr. lgj queue -c >0 )
{case 4 .2} t hen

begin
t ip ev:= 3;t min:=q" .Ti mp rep- - -

end ,,
if (m o.Lg_Li st < > O) and (mr.Lg_ List<>O) a nd (mwr.Lgj queue <> 0) a nd
(ml.l j:Lquelw = O) and (p" .T ime_Op <e qc .Tlmcj-ep)

{case 4.3.1Jthen
begin

tip_cv :=4 ; t_m in:= p".T imp_Func
end -,

if (mo.Lg_List < > 0) and (mr. Lg_l. ist < > 0) and (mwr.Lg_queue< > 0) a nd
(mI.lIC Queue = O) a nd (p" .T ime_Op > q" .T ime_rep)

{case 4.3.21 then



The method al so dete rmines the minimum t ime after whi eh the follow ing
event occurs, i.o. the transition of the sys tem from one stat e in to another. The system
t ransition from one sta te into anot he r is pe rfor med by the T ransition Method , which is
presented furt her on :
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mr.Act_Trm(t _min );

q:=mr. T he_Fi rst ;
t :=mwr. The_First ;

mr.Act_Tr(t_min );

begin
tip ev:=5; t_min :=q 1\ .TimPJep

e nd ,•
if (mo.LgList-c > 0 ) a nd (mr. Lg_List=O) and (mwr. lgj qucuee u) a nd

Iml.Lgqueue -c > 0)
tea se 4 .4) then

begin
tip_ev :=6; t_min := p1\ .T imc_Op

e nd :•
if (mo.LgList c > 0) and ( m r. L~LList< >O ) and (m wr .Lgqueue e Oj and

(m l.lg_CJueue< > O) a nd (p1\.T imc_Op <= q1\.T imcJ ep)
(case 4.5.11 then

begin
tip_ev:=7;
t_min:= pA.T ime_Op

end ,•
if (mo. Lg_l. ist < > 0) and tmr.LgList < > 0) and Iml.Lgj queue -c > 0) a nd

(m wr.Lgj q ue ue e u) and (pA.T ime_Op > qA.T imcJ ep)
lease 4.5 .2 It hen

begin
tip cv:= 8; t_min :=qA.TimeJep

e nd ,•
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Selecr Evtti p_ev ,t_min l;
p :=mo.T he_First ;
r :=ml. T he_First;
case tip_ev of
I : begin

mo.Aet_T u(t_min l; mr.Act_Tr(t_minl;
with mo do

begin
cod_Ill I := pA .Cud_M; mwr .I mplemenUeod_m l j.Dolete :
Act_T'i mett_rnin l. mr .Act_Ti me(t_min );

end e nd ;
2 : begin

rno.Act Tu(t_min );
wit h rnr do

begin
mo.Act_TimeU_m in ); nod 2.Cod_M I : e q " .Cod_m;
nodz .Timc_op I := Ge nVarAI( la m); mo .Ins_O rd (Nod2 );

Procedure Coordinator. Transuiontm.n.integer):
var p:... ; r :..; £I : ... ; t_mi n :... ; nod :... ; nod I :... ; nod2:... ;
begin
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cod_m l :=q" .Cod_W; ml.Implement (codjn l ); Delete; Act_Time(t_min);
end end;

3 :begin
rnr.Act_Tr(t_min ); rnr.Act_Trrn(t_min ); mwr.Act_Ta(t_min );
with mr do

begin
nod2 .Cod_M 1:= q" .Cod_m; nod2 .Timp_opl :=GenVarAlOarn ); mo.lns_Ord (Nod2);

nod .Cod_W:=q" .Cod_W; nod .Time_rep:=GenVarAl(niu );
nod .Cod_m:= mwr.TheFirst" . CodM_wait ; mwr.Delet e;

Delete ; Act_Tirne(t_min);lns_Ordfblod ):
end end;

4:begin
rnf.Act_Tutt_min ); mr.Act_Tr( t_min ); mr.Act_Trm(t_ rmn j.rnwr.Act_Tatt_min );
with rno do

begin
cod_m 1:= p" .Cod_M;mwr.Irnplernent(cod_m I j.Delete :
Act_Trmettjnin); mr.Act_Tirne(t_min);

end cnd;
5 :begin

mo .Act_Tult_min ); mr .Act_Tr(t_min); mr.Act_Trm(t_rnin ); mwr.Act_Ta(t_rnin );
with mr do

begin
nod2 .Cod_M I := q" .Cod_m; nod2 .Timp_opl :=GcnVarA)(Iam);
rno .Act_Time(t_min); mo .lns_Ord(Nod2);
nod.Cod jn:e mwr.TheFirst" .Codwait REp; nod.Cod_W:= q " .Cod_W;

nod .Ti me_rep:= GenVarAl(niu );Delet e; mwr.Delete; Act_Ttmett_minkins_ord tnod);
end end ',

6 :begin
rno.Act_T u(t_min );mI.Act_Tl(t_mi n );nod .Cod_m:= p " .Cod_M; mo .Dele te;
nod.Time_rep:= GenVarAHn iu ); nod .Cod_W:= mI.The_First " .Lcod, W;
ml .Dele te;mo.Act_Time( t_min) ; mr .1 ns_Ordtblod );

end ,,
7 :bchri n

mo .Act_Tu(t_minkmr .Act_Tr(t _min); mr.Act_T rm (t _mi n); ml .Act_TI(t_m in);
nod .Cod_m := p" .Cod_M; mo.Delete; nod .T ime_rep:=GenVarAHniu );

nod .Cod_W:= m l.T hc_First" .Lcod_mu nc; ml .Delete;
mo.Act_Timc(t_mi n ); mr .Act_Time(t_min ); mr.Ins_Ord (Nod);

end '•
8:begin

mo.Act_Tu(t_min); mr.Act_Tr (t_min); mr.Act_Trm(t_m in ); ml.Act_THt_min );
with m r do
begin

mo .Act_Time(t_min); nod2.Cod_M1:=q " .Cod_m; n002 .Timp_op I := GenVarAl (lam);
mo.Ins, Ord(Nod2);cod_w l := mr.T he_First" .Cod_\V; ml.implcmcnt(cod_wl );
Delete ; Act_Time(t_min);

end
end , end , end:, . ,
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6. PRACTICAL CONSIDERATIONS
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In (4J the theoretical inferen ce factor is established for m =4. n =1 and 1.. = 1.

With my simulation program, I obtained values approximately equal to the theoretical
values. In the following table, for 1.. = 1 and for different values of m and n, the resu lts
obtained using my program are presented. conside ring J.1=2 .0 <slow service ). J.1 =5.0
<moderate se rvice) and J.1 = 10 .0 (fast service ).

For m = 10, n = 2

nlU I EF EM
2.0 1.95932 0.41554 0.98749
5.0 0.50911 0.77843 0.73412
10.0 0.14008 0.90018 0.43779

For m =10. n = 3

nlU I EF EM
2.0 0.71552 0.52240 0.92799
5.0 0.10162 0.81812 0.55033
10.0 0.02006 0.90727 0.30302

For m =10. n =4

nlU I EF EM
2.0 0.16303 0.64534 0.76237
5.0 0.01276 0.83317 0.41185
10.0 0.00261 0.90716 0.23150

Thus . l can find the best value of efficiency factor I, EM, EF (see section 2).
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