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We consider a monotone optimal policy for a discrete time problem of controlling the arriving 

customers. At each period one customer arrives at a manufacturing factory to order a job distinguished by the 

reward and the service time with a constant delivery interval_ The basic properties of optimal policies are obtained. 

It is shown that, contrary to intuition, from counterexamples an optimal policy cannot generally be monotone 

in such cases as finite-horizon problems with and without discounting and an infinite-horizon problem with dis

counting, while there exists a monotone optimal policy for infinite-horizon problems without discounting. 

1. Introduction 

In this paper we study the monotonicity of optimal policy for the follow

ing discrete time problem of controlling the arrival customers. Suppose that 

in each period one customer arrives at a manufacturing factory to order a job 

distinguished by the reward and the se~Tice time with the constant delivery 

interval. Let d be the delivery interval between the acceptance time and the 

completion time of the job. Let k be the random units of time of job length. 

Using queueing terminology we say k is the service time. And let r be the 

random reward received by the manufacturing factory if the customer is 

accepted. Let us assume that the joint distribution of (k, r) of successive 

customers are independent and identicalJ.y distributed. At the decision epoch 

each job is distinguished by (k, r). Let i be the work backlog (not including 

the job to be just accepted). Simply we say i is the state of the. system. 

The decision maker of the factory decides whether the arriving customer is to 

be accepted or rejected from i and (k, r). If the customer is accepted, then 

the next state is i + k - 1 with reward r and if the customer is rejected, 
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206 S. Nishimura 

then the next state is i-I fdr i ~ 0 and 0 for i 

the service time k ~ d - i + 1 has to be rejected. 

O. The customer with 

Ikuta [1] formulated this model as "Order Selection Problem" when the 

service time k is constant. And he proved the monotonicity of the stationary 

optimal policy such that the arriving customer is less likely to enter as 

the state i increases. In our model the decision maker distinguishes not only 

the reward r but the service time k of arriving customers. The constraint is 

the completion of the service within the delivery interval. In controlled 

queueing systems arriving customers are classified only by the reward and 

their service time is not distinguished. Miller [4] obtained the monotonicity 

in M/M/C finite capacity queue. Lippman [2] proved the monotonicity of opti

mal policies for finite-horizon problems with and without discounting allowing 

an infinite number of customer classes iteratively and extended the monotonic 

property to the infinite-horizon problems. Lippman and Stidham Jr. [3] con

sidered exponential congestion systems including M/M/l system as a special 

case and Stidham Jr. [8] considered GI/M/l congestion systems with extensions 

of batch arrivals, Erlang service-time distribution and others. The cost 

structure in these models consists of the holding cost and the reward. They 

proved the monotonicity of optimal policies and compared socially and indi

vidually optimal joining policies. 

In section 2, we formulate our model as Markov decision processes for 

finite-horizon problem with a discount factor a. The basic properties of 

optimal policies are obtained. Under the condition that the state of the 

system is i and the service time of the arriving customer is k, critical

numbers v (i, k) of the reward are inductively obtained on the horizon n,a 
length n and are nonnegative. An optimal policy is given as follows: if 

r ~ v (i, k) then the arriving customer is accepted and if r < v (i, k) n,a n,a 
then he is rejected. The plausible question is whether for fixed a, nand 

k, v (i, k) is monotone nondecreasing in i. In other words, the problem n,a 
is whether the customer who is accepted in the state i, is accepted in the 

state i'(i' < i). We will answer this question negatively, however, by the 

first counterexample in Example 1. 

In section 3, we consider infinite-horizon problems. Let the state of 

the system be (i, k, r) and actions be accep'tance and rejection. Using the 

technique given by [2], [3] and [6] it is proved that a stationary optimal 

policy exists and v (i, k) = lim v (i, k) is nonnegative. We also obtain a n-+oo n,a 
in Example 2 a counterexample such that v (i, k) is not nondecreasing for a 
infinite-horizon problem with discounting 0 < a < 1. These counterexamples 

come from the variable service time k. The author seems there is a relation 
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Monotone Optimal Control of A"ivals 207 

between our examples and unsuspected phenomena that the optimal congestion 

toll cannot be monotonic as given in [3] and [6]. But the natural requirement 

that there exists a monotone optimal policy for infinite-horizon problem 

without discounting a = 1, is proved in Theorem 3.3 and 3.4. From this result 

for a fixed k critical-number v(i, k) is monotone nondecreasing in i and for 

a fixed i critical-number per service time v(i, k)/k is monotone nondecreasing 

in k as given in Corollary 3.5. 

2. Finite Horizon Model 

In this section we consider the following discrete time Markov decision 

process. Suppose that at each period one customer arrives at a factory to 

order a job distinguished by the reward r and the service time k. The r is 

a random reward received by a factory if the customer is accepted but there 

is no rejection cost. Assume that each customer has a constant delivery 

interval a, which means that the job should be completed before a units of 

time elapse from his arriving time. Let i be the work backlog at a decision 

epoch not including the job to be accepted (i is the state of the system). 

The system is controlled by accepting or rejecting arriving customers upon 

observing the state i and (k, r). 

Let K and R denote the random variables of the service time and the 

reward respectively. Assume that K € {O, •.. , a}, where K = 0 is the event 

that no customer arrives. Let 

(1) P(k) = P{K = k} (k=O, ••• ,a) 

and to simplify 

(2) Fk(r) 

Assume that 

(3) 

o ~ m 

the notation we put 

r
R ~ r I K k} if p(k) > ° 

0 r < 0 
if p(k) o or k 

1 r ~ 0 

E[R+ I K = k] = S: (1 -- Fk(r»ar < 00 

-+ 
E[R ] 

a 
L p(k)m

k 
< 00, 

k=l 

O. 

where R+ is the positive part of R. Random variables (K, R) of successive 

customers are independent and identically distributed and their joint dis

tributions are given by (1) and (2). 
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Suppose that at a decision epoch the state of the system is i (i = 0, ••• , 

d - 1) and the arriving customer is characterized by (k, r). If the customer 

(k ~ d - i) is accepted, then the next state is i + k - 1 and if k ~ d - i + 1 

then he cannot be accepted from the constraint of the constant delivery inter

val d. If he is rejected, then the next state is i-I but if i = 0, the 

next state is also O. Let B. k be the set of rewards r which is accepted when 
~, 

the state is i and the service time is k and put Bi Bi ,l X ••• X Bi,d-i' 

which is an action at the state i. 

Let V (i) be the maximal expected a-discounted (0 < a ~ 1) return with n,a 
the initial state i when the horizon length is n. The V (i) satisfy the n,a 
following recursive equations: 

V (i) n,a 
d-i J 

sup {l: p(k) B. (r + aV 1 (i + k - l)dFk(r) 
B. k=l ~ ,k n- ,a 
~ 

(4) 
= aV 1 (i - 1) 

n- ,a 

+ d~i p(k) sup {C (r - a(v 1 (i - 1) - V 1 (i+k-1»)dF
k
(r)}, 

k=l B. k JBi,k n- ,a n- ,a 
~, 

where V (-1) n,a V N(O). n, .... 

Then 

(5) 

If F(r) is a distribution function with finite mean, we have 

max 
B J 

00 00 

(r - x)dF(r) = J (r - x)dF(r) = f (1 - F(r»dr. 
B x x 

B. k = {r; r ~ v (i, k)} 
~, n,a 

attains the supremum in (4), where v (i, k) = a(v 1 (i - 1) - V 1 (i + n,a n- ,a n- ,a 
k - 1» is the critical reward r under given n, a and (i, k). 

(6) 

We rewrite (4) as 

V (i) 
n,a 

d-i 
aVn_

1 
a(i - 1) + l: 

, k=l 
p(k) )00 

v (i, n,a 

Let us put Vo (i) = 0 (i = 1, ..• , d - 1) then from (6) we recursive1y obtain 
,a 

V (i) with V (-1) = V (0). n,a n,a n,a 
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Theorem 2.1 v (i) is non-increasing in i, so that v (i, k) is non-n,a n,a 
negative for i = 0, •. , d - 1, k = 0, ..• , d - i. 

Proof: The proof is given by indu<::tion on n. From the initial condition 

vI (i, k) ,a 0. Suppose that V 1 (i) is non-increasing in i then v (i, k) n- ,a n,a 

~ O. Then from (6) we obtain 

(7) 

v (1) - V (i + 1) = a(v 1 (i - 1) - V (i» n,a n,a n- ,(~ n-l,a 

d-i-l 
+ E 

k=l 
p(k) ~

v (i + 1, k) n,a 

v (i, k) n,a 

+ p(d - i) (''' (1- Fd . (r) )dr 
Jv (i,d-i) -~ 

n,a 

The third term on the right hand side in (7) is nonnegative. Put the set 

A.={k;v (i,k»v (i+l,k),k=l, ••• ,d-iL 
~ n,a n,a 

From a{v I (i - 1) - V
n

_
l 

N(i)} 
n- ,a ,u. 

and v (i, k) - v (i + I, k) n,a n,a v N(i, 1) - v (i + k, 1) we have 
1I,u. n,a 

V (i)-V (i+1)~v (i,l) n,a n,a n,a 

E p(k)(v N(i, k) - v (i + 1, k) 
kt.A. n,U. n,a 

~ 

v (i, 1) -n,a E 
kEAi 

P (k) ( v (i, 1) - v (i + k, 1) 
n,a n,a 

~ (1 - E p(k» v a(i, 1) ~ 0. 
kEA. n, 

~ 

The proof is completed. 

From Theorem 2.1. negative reward c.ustomers are rejected in optimal 

policies. The next plausible question is that for fixed a, nand k, v (i, k) n,a 
is monotone nondecreasing in i. In other words, the problem is whether the 

customer who is accepted in state i, is accepted in state i'(i' < i). We 

will answer this question negatively by the first counterexample. 

Example 1. Put d = 3, p(3) = 0, FI(r) = F2(r) = 1 - e-r(r > 0), then 

ml = m2 = 1. And as the initial condition Vo,a(i) = ° (i = 0, 1, 2). From 

(6) we recursively obtain 

VI (0) ,a VI (1) = p(l) + p(2), VI (2) ,a ,a p(1) 

V
2 

(0) 
,(), 

(1 + a)(p(l) + p(2», 
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a(p(l) + p(2» + p(l) + p(2)e-ap(2) 

~(p(l) + p(2» + p(1)e-ap (2) . 

Then we have 

V3 N(2, 1) - v3 (1, 1) = al-v2 (2) + 2V2 (1) ,'-' ,a ,a ,a 

= alp(2)(2e-ap(2) - 1) + p(l)(l - e-ap(2»} < 0 (0 < a :: 1), 

when p(2) is sufficiently close to 1 and p(l) is close to O. Then in the case 

of n = 3 and k = 1 customers whose reward r is v3 (2, 1) < r < v3 (1, 1) are ,a ,a 
rejected at the state i = 1 and are accepted at i = 2. 

Ikuta [1] proved that if K is a constant the critical number of reward 

v (i, k) is monotone nondecreasing in i by induction. The monotonicity of n,a 
v 1 N(i, k) implies the monotonicity of v (i, k). In queueing control n- ,'-' n,a 
problems monotone optimal policies are proved inductively ([2], [3] and [6]) 

and many other decision problems has this property (see, for example, [1]). 

This counter example shows that we cannot use the induction to prove the con

cavity of V (i). n,a 

3. Infinite Horizon 

In this section we consider optimal policies for infinite-horizon prob

lems. We will prove there exists a monotone stationary optimal policy without 

discounting (a = 1) which maximizes the long-run average expected return per 

unit time. However, we will obtain a counterexample in Example 2, where this 

monotonicity of a stationary optimal policy is not satisfied for a discounting 

problem. 

Our original model consists of the infinite action space. We reformulate 

it to the model with finite actions using the technique (e.g., by Lippman [2], 

Lippman and Stidham Jr. [3] and Stidham Jr. [6]). They proved the existence 

of stationary optimal policies for infinite-horizon controlled queueing prob

lems both with and without discounting. Let the state of the system be 

(i, k, r) at the arriving time of customers where i is the waiting time not 

including the work seeking admittance, k is the customer's service time and r 

is the reward. There are two possible actions: accept (a = 1) or reject 

(a = 0). Let V (i, k, r) be the maximal expected a-discounted return for n 
n,a 

length problem when the initial state is (i, k, r). The functions V (i,k, r) n,a 
satisfy the following recursive equations: 
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(9) 

where 

v 1 (i, k, r) = n+ ,a 

v (i) 
n,a 

Monotone Optimal Control of Arrivals 

{~ {ar 

av (i n,a 

+ aV (i + ak - l)} n,a 

1) 

v (-1) = V (0). n,a n,a 

k ~ d - i 

k > d - i 

It is trivial from definition that V (i) given is the same as (6). n,a 

In the reformulated model the action space is finite and the expected 
+ return at each period is bounded above by ER m < 00 by assumption. Using 

the same logic in Stidham Jr. [6] page 1605, there exists the stationary 

optimal policy for reformulated model and lim V (i, k, r) = VN(i, k, r). 
zrK>O n , a u. 

And then lim V (i) = V (i) = sup VTI(i), where VTI(i) and V (i) are the 
n~ n,a a. TI a. a. a 

211 

expected return function for our original infinite-horizon problem with dis-

counting (0 < a < 1) from a policy TI and the optimal policy, respectively. 

Since V (i) is nonincreasing in i, then VN(i) is nonincreasing in i. We n,a u. 

have 

Theorem 3.1 V (i) is nonincreasing in i and satisfies the following a 
equation 

d-i (lO 

V (i) = av (i - 1) + 1: p(k) r 
a a k=l JV' (i 

a ' 

where Va(-l) = Va(O) and va(i, k) = a(Va(i - 1) - Va(i + k - 1». 

Moreover, the stationary critical-number policy that the acception region of 

reward under (i, k) is {r: r ~ v (i, k)} is optimal among all policies. a 
The monotonicity of va(i, k) in i is not satisfied, in general, which is 

shown by a counterexample. Put d = 3 and p(2) = 0, then V (i) is given by a 

(10) 

+ P(I)J
oo 

(I-F
l 

(r»dr+p(3)Joo (I-F
3
(r»dr 

o a(v(0)-V(2» 
00 

+ p(1) r 
J a(v (0) 

a 

a et 

(1 - Fl (r»dr 
.- V (1) 

a 
00 

Va (2) = a.Va (1) + P(I)J (1 - F
1
(r»dr. 

a(va (1) .- Va (2» 

If p(3) = 1 and p(l) = 0, then V (2) = a 2v (0), V (1) = av (0), V (0) > 0 a a a a a. 
and v

a
(2, 1) - v (1, 1) = a(v (1) - V (2» - a.(v (0) - Va (I» 

= _ a.(1 ~ a)2 V (0) <ao for oa< a. < 1 • a 
a. 
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In this case, however, there exists an optimal monotone policy because of 

p(l) = O. Let us choose p(l) and p(3) sufficiently close to 0 and 1 respec

tively under 0 < p(l) + p(3) ~ 1. We can make a counterexample such that the 

arriving customer of the service time k = 1 is accepted in the state i = 2, 

but is rejected in the state i = 1 (v
c
/2, 1) < r < va(l, 1» as follows: 

Example 2. Put a 0.5, P(R 

p(O) = 0.06, p(l) = 0.04 and p(3) 

0.2 I K = 1) P(R = 1 I K = 3) = 1, 

0.9. From the elementary calculation, 

the following VO.S(i) (i = 0, 1, 2) satisfies (10) with 

10721.28/9876 

~ 1.086, VO.s(l) = 0.5 VO. 5(0) = 0.543 and VO. 5(2) = 225.52/823 ~ 0.274. 

There are two customer classes: (k = 1, r = 0.2) and (k = 3, r = 1). Using 

contraction mapping fixed point theorem (see Ross [5] Corollary 6.6), VO.s(i) 

is the unique solution of (10) for ex. = 0.5. 

We obtain v O•5(1, 1) = 0.s(VO. 5 (0) VO. 5(1» = 0.2715 and 

vO. s(2, 1) = 0.5(VO•s (1) - VO•s (2» ~ 0.1345. 

From 0.2715 > 0.2 > 0.1345 the customer of k = 1 is accepted at i 2 but 

rejected at i = 1. 

We now turn our attention to the infinite-horizon problem without dis

counting a = 1, in which the oQjective is to maximize long-run average 

expected return per unit time. For any bounded function h(i), 

d-i d-i 
sup {.: p(k) f (r+h(i+k-1)dFk (r) + (1- .: p(k) i dFk(r» h(i-1)} 

k-l B. k k-l B. k 
~, ~ 

is attained by B. k = {r; r ;;: h(i - 1) - h(i + k - 1)} as was shown in (5) and 
~, 

(6). Then, to prove the existence of a stationary optimal policy it is suf-

ficient that I v (i - 1) - v (i) I is bounded for all ex. and i = 1, ... , d-l 
ex. a 

using Theorem 6.17 and 6.18 in Ross [5] or Theorem 2.11 and Corollary 2.13 in 

Stidham Jr. and Probhu [7]. We have 

Iv (i-I) - V (i) 1< (I-a) V (i-l)+ d~i p(k)f

oo 

(l-Fk(r»dr 
a a - a k=l v (i, k) 

a 

< (1 - a) __ m ___ + m = 2m 
- 1 - a 

(i = 1, ... , d-l) 

where m ER+. We have 
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Theorem 3.2. There exist the nonincreasing bounded function vU) and 

the constant g such that for each i 

1im 
a+1 

(v U) - v (0» 
a a 

is well defined and satisfies the functional equation 

(11) g + vU) 
d-i 00 

vU - 1) + ~ p(k) J' (1 - Fk(r»dr. 
k=l v(i, k) 

where g is the maximal long-run average expected return per unit time, 

213 

V(-l) = v(O) and vU, k) = vU - 1) - vU + k - 1). Moreover, the stationary 

critical-number policy that the acception region of reward under (i, k) is 

{r: r ::: vU, k)} is optimal among all policies. 

We are now in the position to prOVE! the monotonicity of the optimal 

stationary policy for infinite-horizon problems without 
d 

discounting (a = 1). 
d 

We first treat the case of 0 < ~ p(k) < 1 because the case of ~ p(k) '" 1 
k=l is complicated. k=l 

d 
Theorem 3.3. Suppose that 0 < ~ p(k) < 1, then v(i, 1) is nonnegative 

k=l 
and nondecreasing in i, so that V(i) is nonincreasing and concave. 

Proof: From Theorem 3.2 v(i, 1) = V(i - 1) - V(i) is nonnegative. We 

will prove vU, 1) is nondecreasing in i using reduction to absurdity. From 

(11) we have 

(12) g - vU, 1) 
d-i 00 
~ p(k) f (1 - Fk(r»dr 

k=l v(i, k) 

and then 

d-i JVU, k) 
v(i, 1) - v(i - 1, 1) = ~ p(k) (1 - Fk(r»dr 

k=l v(i - 1, k) 

(13) + p(d - i + 1) (00 (1 - F d-i+1 (r) )dr 
Jv(i - 1, d - i + 1) 

d-i ~V(i, k) 
> ~ P(k) (1 - Fk(r»dr. 
- k=l v(i - 1, k) 

Suppose that for some j (0 ~ j ~ d - 1) 

(14) v(d - 1, 1) ~ ••• ~ v(j, 1) 

and 

(15) vU, 1) < vU - 1, 1) 
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Put the set A = {k; v(j. k) < v(j - 1. k). p(k) > o. k = 1 •...• d - j}. 

Using the equation v(j - 1, k) - v(j, k) = v(j - 1. 1) - v(j + k - 1, 1) and 

o ~ Fk(r) ~ 1 we have 

v(j, 

~ -

(16) 

JV(j - 1, 
1) - vU - 1. 1) ~ - L p(k) 

k£A v(j, k) 

L p(k) (vU - 1. k) - v(j. k» 
k£A 

L p(k) (v(j - 1. 1) - v(j + k - 1. 1) 
k£A 

- v(j - 1, 1) L p(k) + L p(k) v(j + k - 1, 1). 
k£A k£A 

From (14) we have 

(17) v(j. 1) - v(j - 1. 1) ~ (v(j. 1) - v(j - 1. 1» L p(k) 

> v(j, 1) - v(j - 1, 1). 

d 

k£A 

where the last inequality is derived from 0 < L p(k) < 1 and (15). This 
k=l 

contradiction in (17) comes from (15), then v(i, 1) is nondecreasing in i and 

the proof is completed. 
d 

Next we treat the case L p(k) 1. 
k=l 
d 

Theorem 3.4. Suppose L p(k) = 1, then there exists a nonnegative and 
k=l 

nondecreasing function v(i, 1) satisfying (12). That is, there exists a non-

increasing and concave function V(i) satisfying (11). 

Proof: Let U(i) and u(i. 1) = U(i - 1) - U(i) satisfy (11) or (12). 

Suppose that for some j (0 ~ j ~ d - 1) 

(18) u(d - 1, 1) ~ ... ;;: u(j. 1) 

and 

(19) u(j. 1) < u(j - 1.1). 

If one of inequalities (13), (16) and (17) is strict inequality, then we can 

derive the contradiction as in the proof of Theorem 3.3. 

Then it is necessary that 

(20) 
d-j 

L p(k) 
k=l 

1 
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and 

(21) Fk(u(j - 1, k» = Fk(U(j, k» = 0 for p(k) > 0 

and using the monotonicity of uU, 1) in (18) and u{j + k, 1) 

k E: A in (16) 

(22) u(j + k, 1) = u(j, 1) for 1:s. k :s. max {k: p(k) > A}. 

Now put v(i) and v(i, k) as follows: 

(23) 

V(d - 1) = U(d - 1) 

vU, 1) 
{

UU' 1) 

u(j, 1) 

o 

j :s. 
1 :s. 
i 

i :s. d - 1 

i < j 

0 

u(j, 1) for 

v(i, k) V(i - 1) - v(i + k - 1) U=l, ... , d-1, k=l, ••• , d-i) 

V(O, k) V(O) - V(k - 1) (k=l, ••• , d) 

From the definition v(i, 1) is nonnegati.ve and nondecreasing in i because 

215 

u(i, 1) is nondecreasing in j < i < d - 1 from (18) and u(j, 1) is nonnegative. 

The proof will be completed if we prove 

d-i co 

(24) 9 = v(i, 1) + E p(k) ( (1 - Fk(r»dr 
k=l JV(i, k) 

for i = 0, ... , j - 1. In the cases of i = 1, "', j - 1 we have v(i, 1) 

u(j, 1), v(i, k) = ku(j, 1) u(j, k) then 

d-j co 

9 = u{j, 1) + E p(k) J (1 - Fk(r»dr 
k=l u(j, k) 

(25) 
d-j co 

v(i, 1) + E p(k) J (1 - Fk(r»dr 
k=l v(i, k) 

(i 1, ... , j - 1). 

For i = 1, ••• , j - 1 the equation (24) is proved. Moreover, from (21) 

F
k

(V(l, k» = Fk(U(j, k» = 0 then for i = 1 in (25) we have 

d-j co 

9 v(l, 1) + E p(k) J (1 - Fk(r»dr 
k=l v(l, k) 

(26) 
d-j co d-j 

v(l, 1) + E p(k) S (1 - Fk(r»dr - E p(k) v(1, k). 
k=l 0 k=l 
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In the case of i = 0, we have v(O, k) V(O) - V(k - 1) + V(k) - V(k) 

V(O) - V(k) - V(O) + V(l) v(l, k) - v(l, 1) ~ v(l, k) and Fk(V(O, k» 

Fk(V(l, k» Fk(U(j, k» 0 then from (26) 

v(O, 1) + d~j p(k) r
oo 

(1 - Fk(r»dr 
k=l Jv(O, k) 

d-j 00 

1.: p(k) J (1 - Fk(r»dr 
k=l v(l, k) - v(l, 1) 

d~j P(k)JooO(l _ Fk(r»dr + v(l, 1) _ d~j p(k) v(l, k) g. 
k~ ~l 

The proof is completed. 

If there exists j satisfying (18) and (19), every customer arriving in 

state j is accepted by the stationary optimal policy because of (20) and (21). 

The transition probability from state j to state j - 1 is 0 and states i = 0, 

... , j - 1 are transient as the stationary Markov chain. For a stationary 

optimal policy satisfying (18) and (19) there exists a stationary optimal 

monotone policy such that every customer arriving in state i = 0, ..• , j is 

accepted. 

Corollary 3.5 There exists a critical-number monotone stationary optimal 

policy for infinite-horizon without discounting a = 1 such that the acception 

region of reward r under (i, k) is B. k = {r; r ~ v(i, k)}. For a fixed k, 
~, 

v(i, k) is nondecreasing in i and for a fixed i the critical-number of reward 

per unit service time v(i, k)/k is nondecreasing in 1 ~ k ~ d - i. 

Proof: The proof is immediately obtained from that V(i) is nonincreasing 

and concave. 

In our model the constant delivery interval is assumed and then the FIFS 

queue discipline is adopted. We may consider its variations, for example, 

a variable delivery interval model or a multi-stage production model. Espe

cially in the latter case the decision maker should form the job scheduling 

at the decision epock. It seems to the author that it is necessary to study 

composite problems of scheduling and decision. 
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