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Abstract: This paper deals with a heterogeneous machine interference model under the assumption that the 
priority machines have preemptive priority over the ordinary ones. In each group machines are char- 
acterized by exponentially distributed running and repair times with different rates. The failed machines 
are served by a single server according to the FIFO discipline. Although the system is Markovian, the 
number of states becomes very large. The main contribution of this paper is to give a computationally 
tractable method for the solution of steady-state equations. In equilibrium the article is concerned with the 
main operational characteristics of the system. Finally, an optimization problem is treated and numerical 
results illustrate the problem in question. 
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1. Introduction 

The machine repair problem has been analysed in many forms over the past 30 years. In its simplest 
form, where there are exponential running times, exponential repair times, a fixed number of machines in 
the system and a fixed number of repairman, the problem is frequently used as a textbook example of a 
continuous-time Markov chain or of limited source exponential queueing systems. Many articles have 
generalized this basic model by assuming, for example, general repair times and general failure times. For 
an extensive bibliography on the basic homogeneous finite-source model, reference may be made to 
Jaiswal [4] or Tak~tcs [11]. The machine interference problem with different types of machines has been 
discussed, for example, by Csige and Tomk6 [1], Gross and Ince [3], Kameda [6], Lehtonen [7], and Sztrik 
[9,10]. The multiple finite-source priority models, especially the double finite-source one of size N 1 and N2, 
with exponentially distributed source time and arbitrarily distributed service time were studied by Jaiswal 
[4], and Jaiswal and Thiruvengadam [5]. In this paper we consider an exponential machine interference 
situation where the operator looks after two independent sets of machines, each having different failure 
and repair rates. 
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This situation is quite common because new machines are frequently introduced either through 
expansion or replacement, and since the complete elimination of old machines takes years, the operator  is 
quite likely to have a heterogeneous mixture of old and new ones. The question of deciding which type of 
machine should be assigned priority so as to minimize the loss due to the interference is obvious 
importance. If m = 1, the model may be interpreted as being the machine interference with limited server's 
availability. (See Prsafalvi and Sztrik [8].) 

The assumptions are the following. There are two groups of machines of which one comprises of m 
priority machines and the other comprises of n ordinary ones. If at any time t, priority machine i is in 
working order, the probability that it will call service in the time interval (t, t + At) is -/,.At + o(At),  
i = 1 . . . . .  rn. Similarly, ordinary machine j may break down in the interval (t, t + At) with probabil i ty 
?~jAt + o(At) ,  j = 1 . . . .  , n. The successive repair times of priority machine i and ordinary machine j are 
supposed to be exponentially distributed random variables with means 1/o, ,  1/t~j, respectively. We also 
assume that the working and service times are mutually independent. 

The repairman serves the failed machines according to the following discipline. An ordinary machine 
will be taken up for service only when there is no priority machine waiting for service and if a priority one 
breaks down when an ordinary is in the service facility, the former preempts the latter. That  is, the service 
discipline between the groups is preemptively resumed. In the same group the machines are repaired in the 
order to their arrivals, that is, the service rule is FIFO. 

The purpose of the present paper  is to generalize the models treated by Elsayed [2], Jaiswal and 
Thiruvengadam [5], Prsafalvi and Sztrik [8], and Thiruvengadam [12]. Although the system is Markovian, 
the number  of states becomes very large. The emphasis of the article, therefore, is on deriving computa-  
tionally tractable formulas for the steady-state probabilities. In equilibrium the paper  deals with the main 
operational characteristics of the system, such as operative utilization, mean length of busy period, average 
number  of failed machines, machine availability, expected duration of time while the given machine is not 
in working order, mean waiting times of failed machines. Finally, an optimization problem is treated and 
numerical results illustrate the problem in question. 

2. The mathematical model 

Let the random variables X(t), v( t )  denote the number  of priority and ordinary machines at the service 
facility at time t, respectively. 

The index of the i-th priority machine and the j - th  ordinary machine in the queue (in FIFO order) at 
time t is ai(t),  flj(t) respectively. Since all the distributions are exponential, the process 

X ( t )  = ( X ( ' ) ,  cq( t )  . . . . .  otx(t)(t); v ( t ) ,  i l l ( t )  . . . . .  f lo(o(t))  (I) 

is a finite-state, continuous-time, irreducible Markov chain with state space 

0 (il . . . . .  ik; Jl . . . . .  Js), 
k = 0  s = 0  

where 

( i l  . . . . .  i k ) ~  V~,  ( J l  . . . . .  J s ) ~  Vs n, k = O  . . . . .  m ,  s = O  . . . . .  r / ,  

and V/r is the set of all variations of order l of the integers 1 . . . . .  r. 
By definition, let V0 ~ = i 0 =J0 = {0} denote the event that X(t )  or v( t )  equals to zero. Then it is easy to 

see that if Yi, ai > 0, i = 1 . . . . .  m and Xj, /~j > 0, j = 1 . . . . .  n, then (X( t ) ,  t >~ 0) possesses a unique ergodic 
distribution which can be obtained as the solution of the steady-state balance equations satisfying the 
normalizing condition. 
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Let us denote the steady-state distribution by 

p(O; O) = lim P ( x ( t )  = O; v( t )  = 0), (2a) 
t - ~ O 0  

p(O; Ja,-- ' ,  Js) = lim P ( X ( t )  = 0 ;  v( t )  =s ,  i l l( t)  =Jx . . . . .  fls(t) = j , ) ,  (2b) 
t ---) O0 

p( i  1 . . . . .  ik; O) = lim ( x ( t )  = k, a l ( t  ) = i 1 . . . . .  Otk(t ) = ik; v ( t )  = 0), (2C) 
t--~ O0 

P(il  . . . . .  ik; Jl . . . . .  J,) 

= lira P ( x ( t ) = k ,  Otl(/) = i 1 . . . . .  ak(t  ) =ik; v ( t ) = s ,  f l l ( t ) = j l  . . . . .  fls(t) =Js)" 
t---~ O0 

Then it is easy to verify that the stationary equations are 

, ,  + X, p(O; O)= #jp(O; j ) +  o,p(i; 0), (3) 
j = l  i f f i l  

i =  l u ~ J l  . . . . .  Js 

= ~ o,p(i; j, . . . . .  J:) + E #rp(O; r, Jl . . . . .  J:) +)~j:p(O; Jl . . . . .  J:-l) 
i ffi 1 r ~ J l  . . . . .  Js 

for 1 ~<s < n, (4) 

Ti+Pj, p(O; Jl . . . . .  J . ) =  °ip(i;  Jl . . . . .  Jn)+Xj.p(O; J l , ' " , J . - 1 ) ,  (5) 
i i = l  

( E T q + ~ ) k j + ° i l ) P ( i l  . . . . .  ik; O) 
q ~ i  1 . . . . .  i k j = l  

=' ikp ( i l  . . . . .  ik-1;O) + E Oqp(q, i I . . . . .  ik;O) f o r l ~ < k < m ,  (6) 
q ~ i t , . . . , i  k 

xj+o,1 p(i l  . . . . .  ira; o ) = , , . p ( i l  . . . . .  ira_,, 0), (7) 

( E " q ' q -  E )% +Oi l )P( i l , ' ' ' , i k ;  Jl . . . . .  J s )  
q ~ i  I ik v ~ j l  . . . . .  j~ 

=' ikP( i l  . . . . .  ik--1, Jl . . . . .  Js) + )kLp(il . . . . .  ik; Jl . . . . .  Js-l) 

+ E Oqp(q, i 1 . . . . .  ik; Jl . . . . .  Js) f o r l ~ < k < m ,  l < s < n ,  (8) 
q ~ i l , . . . , i  k 

( E ) k v + a i l ) p ( i l  . . . . .  irn;Jl . . . . .  Js) 
v •Jl ", Js 

= ,imP(il . . . . .  ira--l; Jl . . . . .  J,) +)~Ap(il . . . . .  ira; Jl . . . . .  L - l )  

for 1 ~<s~<n, ~ Xo=O. (9) 
v ~ J l  . . . .  , Jn 

Analytic solution of (3)-(9) appears to be formidable, if not impossible. Therefore, the problem was 
approached numerically. 
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Let  us deno te  by  II V/r II the ca rd ina l i ty  of  Vf and  let  Z ~k'~) be  the vec tor  

( p ( 1  . . . . .  k ;  1 . . . . .  s )  

p ( 1  . . . . .  k ;  Jl . . . . .  J~) 

Z ( k ' s ) =  p ( 1  . . . . .  k;  n . . . . .  n - s + l )  

P ( i l  . . . . .  ik; Jl . . . . .  .L)  
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p ( m  . . . . .  m - k + 1 ;  n . . . . .  n - s + l )  

II V~ I1" It Vs" II, k = 0 , . . . ,  m, s = 0 . . . . .  n. The  c ompone n t s  p ( i  I . . . . .  ik; Jl  . . . . .  L )  are  l is ted 

G,,, , o = Din.o, G k, o = ( I  -- A k,oG k + l.o ) - l D k .o . 

In the  fol lowing let  the vector  Z (~) be 

z(O,s) 

Z (~) = Z(k , s )  

Z(.,,,~ 

where  

of  d imens ion  
in the lex icographica l  o rde r  of  the e lements  (i~ . . . . .  ik; Jl . . . . .  Js). No t i ce  tha t  Eqs. (3 ) - (9 )  can  be  wr i t ten  

in the fol lowing ma t r ix  form:  

Z (0,0) = Ao.o Z(1,°) q- Bo,o Z(° 'I) ,  (10) 

Z (°,s) = A o , s Z  o 's)  + B o , s Z  (°'s+~) + Co.sZ (°'s-~) for 1 ~ s < n,  (11) 

z(O, ") = A o , , , Z  (1,') + Co , , ,Z  ( ° , ' -1 )  ' (12) 

Z (k'O) = nk ,o  Z (k - l 'O)  + Ak.o Z(k+l 'O) for 1 ~< k < m,  (13) 

Z (,. ,o) = D...o Z ( "  - 1,o), (14) 

Z (k,s) = A k . s  Z ( k + l , s )  + D k , s Z  (k-~,s)  + C k , ~ Z  (k 's -~)  for  1 ~< k < m,  1 ~< s ~< n,  (15) 

Z ( ' , ~ ) = D , , , . ~ Z ( " - a ' s ) +  C., ,s Z ( ' ' ' s - a )  for 1 ~ s ~ n ,  (16) 

where  the involved  matr ices  are of  the fol lowing order :  

Ak,s -II Vy II" II Vs" II × II V ~  I1" II V~" II; n0,~ -!1Vs" II × !1Vs~-I II, 

c~,s -II v ~  [! 11 v~" II × II v ~  II-II v~"_~ II; Ok s -II v ~  II-II vs-II × I! v~m-, I1" II V~" I1" 

The entr ies  of  the above  matr ices  can be  de t e rmined  b y  the help  of  Eqs. (3)- (9) .  F i r s t  we give the so lu t ion  

to (13) and  (14). 
I t  is easy to see tha t  Z ~'°)  can be  ob t a ined  in an i te ra t ive  manner ,  viz. 

Z (k'°) = Gk,o Z ( k - l ' ° ) ,  k = 1 . . . . .  m,  (17) 
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of dimension 
be written as 

Z (o) = AoZ(o) + Bo Zo).  

Similarly, from (11), (15) and (16) we get 

Z(S)=AsZ(S)+BsZ(S+a)+CsZ (s-l), l <~s<n. 

Finally, from (12), (15) and (16) we obtain 

Z (-) = A ,Z( , )  + Cn Z(n-1). 

The involved matrices A s, B s, C s are of the following structure: 
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II V~" II "(E~'=0 PI V~ II), s = 1 . . . . .  n. By the help of these vectors Eqs. (10), (13) and (14) can 

As= 

Am--l,s 

Din, s 0 

(18) 

0 Ao, s 

Da,s 

(19) 

(20) 

i.: ° t o 
' n s =  O '  Cm,s 

Then it can be easily verified that Z (s) can be evaluated recursively by 

Z (s) = Fs Z(s-1), s = 1 , . . . ,  n, 

where 

(21) 

F , = ( I - A , ) - 1 C , ,  F ~ = ( I - A , - B s F , + I ) - ~ C s ,  s = l  . . . . .  n - 1 .  

Since (21) is started by Z (°) which is calculated by (17), hence the whole system depends on Z (°'°) = p(0; 0). 
Starting with any p(0; 0) after normalizing by 

~ ~ E P( i l  . . . . .  ik; Ja . . . . .  Z )  = 1 ,  
k=O s=O ( i l  . . . . .  ik)~V~ ( J l  . . . . .  Js )  ~ V n  

the steady-state probabilities (2) are obtained. 

3. The main operational characteristics 

In this section the Markov chain (1) is supposed to be in equilibrium. We study the following measures. 
(i) Operative utilization. By operative utilization we mean the long-run fraction of time during which 

the repairman is occupied serving either priority or ordinary machines. Clearly, if this measure is denoted 
by U s, then we have 

U s = l - p ( 0 ; 0 ) = M S /  M S + l ~  ~,= )~j , 

where M8 denotes the expected busy period length. Thus, 
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(ii) Machine availability. If U~, ~ denote the long-run fraction of time during which priority machine i 
and ordinary machine j are in working order, respectively, clearly we have 

U~ = 1 - • E E P ( i l  . . . . .  ik; J, . . . . .  Js) ,  
k = l  s = 0  i ~ (  i 1 . . . .  , ik) (Jl . . . . .  i s )  

~ : 1 -  ~ k ~i, ~L~ p ( i ]  . . . . .  ik; J~ . . . . .  i s ) .  
k = 0  s = l  ( i l  . . . . .  ik) J ~ ( J l  . . . . .  J.~) 

(iii) Mean waiting times. Applying Theorem 3 in Tomk6 [13], namely 

)(e, U i = ( 1 / y i ) ( S  i + 1/Yi) -1, i = 1 , . . . ,  m', Q = ( 1 / ~ . j  . + 1 / X j  , j = 1 . . . . .  n ,  (22) 

for the average time while the machine i and j are not in working order, we obtain 

s;= (1-  <)/(v,<); 4 =  (1 - ~) / (x ,~) .  

Since the average number of failed machines ((2) is 

n 

Q =  ~ ( 1 -  U , )+  ~ ( 1 -  R ) ,  
i = l  j = l  

from (22) we have 

n 

o = F. + E x, g 4 ,  
i = 1  j = l  

which is Little's formula for an ( (rn ,  n ) / M / M / 1 )  queueing system. Clearly, the mean waiting times are 

D ; = S ~ - I / o ; ,  i = 1  . . . . .  m; j = l  ..... , .  

4. Numerical results 

(i) As an illustration consider the following optimization problem. An operator looks after two 
independent sets of machines, old and new ones. The question is, which type of machines should be 
assigned priority so as to minimize the total loss per unit time, i.e. to minimize 

i = l  j = l  

where 

C, = profit per unit time for priority machine i, 
Cj = profit per unit time for ordinary machine j ,  
B = wage of the operator per unit time. 

Input parameters for old and new machines are shown in Table 1. 
In Case 1 new machines have priority, while in Case 2 old machines preempt the new ones. The derived 

results can be seen in Table 2. As it can be observed assuming priority to the old ones is preferable. 
However, it should be noted that more numerical work is needed to make specific comments about the 
effect of different parameters. 

(ii) In this section our aim is to show, how the different rates influence the operational characteristics. 
We consider six cases, the input parameters are depicted in Table 3, 5, 7, 9, 11 and 13 while the resulting 
measures are collected in Table 4, 6, 8, 10, 12 and 14. 
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Table 1 

Input  parameters a 

A. P&afalvi and J. Sztrik / The heterogeneous machine interference problem 

Old machines New machines 

Machine Failure rate Repair rate Profit Machine Failure rate Repair rate Profit 

1 0.5 0.8 4 1 0. 0.3 2 
2 0.6 0.9 5 2 0.2 0.4 3 

3 0.7 1.1 6 

a Wage of the operator is 7. 

Table 2 

Case Us M8 SI $2 $3 D1 I)2 03 

1 0.9551 10.1481 4.19 3.27 - 0.85 0.77 - 

2 0.9857 32.9199 2.23 2.11 1.96 0.98 1.00 1.05 

Q L ~, ~2 g3 bl & 63 
1 3.0400 1.3871 6.46 6.09 5.70 5.21 4.98 4.79 

2 3.3413 1.2709 39.97 34.78 - 36.64 32.28 - 

Table 3 

Case "tl Y2 O1 02 X 1 h 2 ~ 1 Pg 2 

1 0.3 0.3 0.2 0.5 0.3 0.3 0.7 1.1 

2 0.3 0.3 0.2 0.7 0.3 0.3 0.5 1.1 

3 0.3 0.3 0.2 1.1 0.3 0.3 0.5 0.7 

4 0.3 0.3 0.5 0.7 0.3 0.3 0.2 1.1 

5 0.3 0.3 0.5 1.1 0.3 0.3 0.2 0.7 
6 0.3 0.3 0.7 1.1 0.3 0.3 0.2 0.5 

Table 4 

Case Q Us M8 S1 $2 D1 D2 $1 $2 61 62 

1 1.80 + 0.9396 12.9707 5.87 + 4.57 + 0.87 + 2.57 + 13.37 12.28 + 11.94 + 11.38 + 

2 2.74 0.9396 12.9707 5.52 3.86 0.52 2.43 13.74 11.86 11.74 10.95 
3 2.67 0.9396 12.9707 5.25 3.18 0.25 2.27 12.72 11.93 10.72 10.50 

4 2.40 0.9396 12.9707 2.45 2.13 0.45 0.70 15.17 + 11.17 10.17 10.26 

5 2.29 0.9396 12.9707 2.22 1.57 0.22 0.66 13.68 10.89 8.68 9.46 
6 2.16 - 0.9396 12.9707 1.63 - 1.30 - 0.20 - 0.40- 12.61 - 10.67 - 7.61 - 8.67 - 

Table 5 

Case "tl )'2 ol o2 hi  A 2 ~1 /x 2 

1 0.2 0.5 0.7 0.7 0.7 1.1 0.7 0.7 
2 0.2 0.7 0.7 0.7 0.5 1.1 0.7 0.7 
3 0.2 1.1 0.7 0.7 0.5 0.7 0.7 0.7 
4 0.5 0.7 0.7 0.7 0.2 1.1 0.7 0.7 
5 0.5 1.1 0.7 0.7 0.2 0.7 0.7 0.7 
6 0.7 1.1 0.7 0.7 0.2 0.5 0.7 0.7 
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T a b l e  6 

C a s e  Q US M8 S1 $2 D1 D2 "~l $2 D, 5 2 

1 2.45 - 0 .9615 - 9 . 9 9 7 0 -  2.02 1.74 0 .59 0.31 6 . 7 0 -  6 . 1 9 -  5.27 - 4 . 7 6 -  

2 2.54 0 .9656  11.2567 2.14 1.74 0.71 0.31 8.24 7.19 6.81 5.76 

3 2.68 0 .9730  14.4516 2.30 1.74 0.87 0.31 10.53 9.96 9.10 8.53 

4 2.73 0 .9715 13.6437 2.14 2.02 0.71 0.69 12.93 9.81 11.50 8.38 

5 2.90 0 .9785 18.2366 2.30 2.02 0.87 0.59 16.74 13.82 15.31 12.39 

6 3.01 + 0 .9820  + 21 .9083 + 2.30 2 .14 0.87 0.71 19.92 + 17.38 + 18.49 + 15.95 + 

T a b l e  7 

C a s e  )t I "/2 ° l  02 ~1 ~x 2 /-tl ~ 2 

1 0.3 0.4 0.2 0.5 0.6 0.8 0.7 1.1 

2 0.3 0.6 0.2 0.7 0.4 0.8 0.5 1.1 

3 0.3 0.8 0.2 1.1 0.4 0.6 0.5 0.7 

4 0.4 0.6 0.5 0.7 0.3 0.8 0.2 1.1 

5 0 .4  0.8 0.5 1.1 0.3 0.6 0.2 0.7 

6 0.6 0.8 0.7 1.1 0.3 0.4 0.2 0.5 

T a b l e  8 

C a s e  Q U~ M8 S, S 2 D, D 2 $1 $2 D, b 2 

1 3.09 0 . 9 7 3 6 -  1 7 . 5 9 7 3 -  6.00 + 4 .50 + 1.00 + 2.50 + 1 4 . 7 0 -  1 2 . 7 4 -  1 3 . 2 7 -  1 1 . 8 3 -  

2 3.11 + 0 .9766 19.8899 5.73 3.61 0.73 2.18 18.50 14.05 16.50 13 .14  

3 3.08 0 .9785 21 .7719 5.42 2.72 0 .42 1.81 17.99 15.84 15.99 14.41 

4 2.90 0 .9801 23 .4628 2.68 2.25 0.68 0.82 24.78 16.13 19.78 15.22 

5 2 . 8 4 -  0.9821 26.1671 2.41 1.63 0.41 0.72 23.51 17.83 18.51 16.41 

6 2.85 0 .9860  + 33.6255 + 1 . 8 3 -  1 . 5 0 -  0 . 4 0 -  0 . 6 0 -  26 .24  + 22.61 + 21 .24  + 20.61 + 

T a b l e  9 

C a s e  y~ 3'2 ol  02 h i ~ 2 ~1 ~ 2 

1 0.3 0.3 0.35 0.35 0.3 0.3 0.9 0.9 

2 0.3 0.3 0.45 0.45 0.3 0.3 0.8 0.8 

3 0.3 0.3 0.65 0.65 0.3 0.3 0.6 0.6 

4 0.3 0.3 0.6 0.6 0.3 0.3 0.65 0.65 

5 0.3 0.3 0.8 0.8 0.3 0.3 0.45 0.45 

6 0.3 0.3 0.9 0.9 0.3 0.3 0.35 0.35 

T a b l e  10 

Case  Q U s M ~  S D S b 

1 2.61 0 .9253 10.3325 4.17 1.31 10.18 9.07 

2 2.38 0 .9080 8 .2320 3.11 0.88 8.11 6.86 

3 2.11 0 .8962 7 .1967 2.02 0.48 7.02 5.35 

4 2.15 0 .8962  7 .1967 2.22 0.55 7.05 5.51 

5 2.04 0 .9080 8 .2320 1.59 0 .34 7.76 5.54 

6 2.05 0 .9253 10.3325 1.38 0.27 9.23 6.37 
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Table 11 
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Case  Y1 "~2 Ol a2 ~ 1 ~ 2 ~1 ~ 2 

1 0.35 0.35 0.7 0.7 0.9 0.9 0.7 0.7 
2 0.45 0.45 0.7 0.7 0.8 0.8 0.7 0.7 
3 0.65 0.65 0.7 0.7 0.6 0.6 0.7 0.7 
4 0.6 0.6 0.7 0.7 0.65 0.65 0.7 0.7 
5 0.8 0.8 0.7 0.7 0.45 0.45 0.7 0.7 
6 0.9 0.9 0.7 0.7 0.35 0.35 0.7 0.7 

Table 12 

Case Q U s M8 S D S b 

1 2.51 0.9639 10.6819 1.90 0.47 6.74 5.31 
2 2.68 0.9707 13.2820 1.98 0.59 8.53 7.10 
3 2.92 0.9792 18.8889 2.11 0.68 12.79 11.36 
4 2.87 0.9776 17.4822 2.08 0.65 11.64 10.22 
5 3.03 0.9826 22.6992 2.19 0.76 16.54 15.11 
6 3.07 0.9838 24.3387 2.23 0.83 19.51 17.82 

Table 13 

Case "~/1 ";/2 fll 0"2 ~ 1 ~ 2 /~ 1 /.t 2 

1 0.35 0.35 0.35 0.35 0.7 0.7 0.9 0.9 
2 0.45 0.45 0.45 0.45 0.6 0.6 0.8 0.8 
3 0.55 0.55 0.65 0.65 0.5 0.5 0.6 0.6 
4 0.5 0.5 0.6 0.6 0.55 0.55 0.65 0.65 
5 0.6 0.6 0.8 0.8 0.45 0.45 0.45 0.45 
6 0.7 0.7 0.9 0.9 0.35 0.35 0.35 0.35 

Table 14 

Case Q Us M~ S D S b 

1 2.98 0.9698 15.3366 4.28 1.42 11.65 10.54 
2 2.96 0.9733 17.3803 3.33 1.11 12.75 11.50 
3 2.84 0.9754 18.8914 2.24 0.70 13.29 11.63 
4 2.83 0.9732 17.3158 2.42 0.75 12.17 10.64 
5 2.77 0.9794 22.6630 1.78 0.53 15.18 12.96 
6 2.90 0.19867 35.3479 1.83 0.71 23.08 20.22 

I n  T a b l e s  4, 6 a n d  8, ' + '  a n d  ' - '  d e n o t e  t he  m a x i m a l  a n d  t h e  m i n i m a l  v a l u e  o f  t h e  c o r r e s p o n d i n g  

c h a r a c t e r i s t i c s ,  r e spec t i ve ly .  

C o m m e n t s .  (1)  I n  T a b l e  2 we  c a n  see  t h a t  t h e  c o s t s  a r e  v e r y  i m p o r t a n t  f a c t o r s ;  c o n c e r n i n g  s o m e  

c h a r a c t e r i s t i c s  (Q ,  S i , / ) i ,  J = 1, 2, 3), C a s e  1 is p r e f e r a b l e ,  w h i l e  r e s p e c t  to  t h e  t o t a l  co s t  L ,  C a s e  2 is 

b e t t e r .  

T h e  m o t i v a t i o n  o f  t h e s e  i n p u t  p a r a m e t e r s  is as  fo l lows .  A s  usua l ,  t h e  f a i l u r e  r a t e s  o f  o l d  m a c h i n e s  a r e  

g r e a t e r  t h a n  n e w  ones ,  b u t  i f  t h e  o p e r a t i v e  h a s  n o  e x p e r i e n c e  in  r e p a i r i n g  n e w  m a c h i n e s ,  t h e i r  r e p a i r  r a t e s  

a r e  less  t h a n  t h o s e  o f  o l d  ones .  

(2)  T a b l e  4 s h o w s  t h a t  u n d e r  c o n s t a n t  h o m o g e n e o u s  f a i l u re s  r a t e s  Us a n d  M 8 a r e  u n c h a n g e d ,  w h i c h  

fo l l ows  f r o m  K a m e d a  [6]. T h e  q u e u e  l e n g t h  a t  t h e  s e rv i ce  f ac i l i t y  is t h e  l o n g e s t  i f  t h e  p r i o r i t y  m a c h i n e s  
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have the least  service rates  and  vice versa. But this s t a t ement  does no t  ho ld  for every measure ,  for example ,  
for  $1- 

(3) Tab le  6 demons t r a t e s  that  under  cons tan t  homogeneous  service rates  charac ter i s t ics  Q, Us, M6 are  
c losely  connected .  Thei r  max ima l  values are  ob t a ined  if the p r io r i t y  machines  possess  the greates t  fai lure 
rates  and  vice versa. 

(4) In  Tab le  8 we can  see some interes t ing facts. Namely ,  U s, M 6  are  max ima l  if the p r io r i ty  machines  
have the greates t  fai lure rates  and  vice versa, bu t  this obse rva t ion  does  not  co r r e spond  to the queue  length. 
The  so journ  and wai t ing  t imes of  the machines  be long ing  to the p r io r i ty  and  o r d i n a r y  groups,  respect ively,  
behave  jus t  in an oppos i t e  way. 

(5) Table  10 prov ides  numer ica l  results  in the case of  homogeneous  repai rs  in bo th  groups ,  rep lac ing  
the p a r a m e t e r  values of  the non-homogeneous  case given in Tab le  3 with their  average values.  W e  can 
observe  that  the measures  Q, U s, M6 are less than  the co r r e spond ing  ones  in Tab le  4, fu r the rmore  S, D, S, 
/ )  are  also less than  the means  of  the values found  in Tab le  4. The  co inc idence  of  U~, M6 in Cases 1 - 6 :  
Cases  2, 5 and  Cases 3, 4 follow f rom K a m e d a  [6], too. 

(6) Tab le  12 demons t r a t e s  a surpr is ing  fact, namely ,  rep lac ing  the p a r a m e t e r  values of  the non -homoge -  
neous  case given in Tab le  5 with their  average values,  the resul t ing measures  are  greater  than  those found  
in Tab le  6. So the effect of  the rep lacement  in this case is jus t  an oppos i t e  than  in the ear l ier  one. 

(7) Tab le  14 shows how the system behaves  if we replace  the p a r a m e t e r  values given in Tab le  7 wi th  
their  average values.  The  effect is mixed,  since on the one  hand  measures  Q, Us, M8 are  less than  the 
co r r e spond ing  ones in Tab le  8 in Case 1, on the o ther  h a n d  they are greater  than  the co r r e spond ing  ones  in 
Case 7. 
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