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LOWER-LIMIT BARRIER IN THE PROBLEM OF THE
IDENTIFICATION OF A BARRIER IN THE FUNCTIONING OF A
CERTAIN INVENTORY STORAGE AND ISSUE SYSTEM

The paper investigates a certain inventory system whose input is a non-aggregated dynamic-
parameter process. The authors derive equations that define the distribution of conditional probabilities
for the case of a lower-limit barier in subsystem L. They depend on the parameters of the functioning of
transport subsystem and the parameters of the process of product supply to finite-volume storage.
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1. Introduction

Paper [1] defined the notion of a barrier in the functioning of an inventory storage
and issue system with non-aggregated dynamic-parameter input and presented the
general operating principles of such a system and the conditional distributions for
intermediate states of the subsystem L. These distributions were used in paper [2] to
derive relations satisfied by the density functions for intermediate states.

Continuing the investigations reported in [1], [2], this paper contains derivation of
the analytical forms of the conditional probabilities in the case of a lower-limit barrier
in a process controlled by a dynamic-parameter input.
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2. Conditional probabilities in the case of a lower-limit barrier
in the subsystem L

The lower-limit barrier of the subsystem L at time ¢ € T is defined by the random
event z(f) = 0. The state can be characterized by probabilities of the form:

i ({03.0) = P(2(1) = 0, x(t) = x,, W(t) =u), t €T}, u=10. (1)
These probabilities satisfy the following relations:
foru =0,
({0}t +7) = P(z(t +7) = 0,x(¢ +7) = x, ,W(t +7) =0) =
V V
1 1 (2)
= [ 405:7.00" (2,0 + [ 4 (407,00} (dz, 1),
i 0
where

g% (2,{0};7,1) = P(x(t) has one jump for ¢+ 6 € (¢, +17),v(s) = 0 for s €[t,1 + 7],

2=dz <O0Jx(t)=x,, (1) = 0) + 0" () )
izk,z=z()e[ON ], teT, t+7€T,

q,?,?l (z,{0};7,6) = P(x(s) =x,,s €[t,t +7],v(s) =0 for s €[, 1 + 7],

Z—a’TSO‘x(t)zxk,v(t) =0)+0"(7); (4)
z=z(t)e[OV],teT, t+7 €T,

q,ldfl (2,{0};7,¢) = P(x(s) = x,, for s €[¢,t+7],v(¢) has one jump for 1+ 60 € (¢,t +7),

h(z+x,0)—d(t-6)<0 ‘x(t) =x. (1) =1)+0"(7); (5)
z=z(t)e[0O ], teT, t+7 €T,
foru=1,
OF ({0}, t+7)=P(z(t+7) =0, x(t +7) = x,, v(t +7) = 1) =

" "
=3 ol oy 200 @)+ [ g 10k 700 ()
i 0 0

where
q}k”(z, {0};7,¢) = P(x(¢) hasone jumpfor t + @ € (¢, +7), v(s) =1 for s €[t,t + 7],
h(z+0x,)—(t —0)x, <0|x(t) = x,,v(t) = 1) + 0" (7); (7)
izkz=z(t)el0O),teT, t+7€T,
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qu (2,10} 7.0) = P(x(s) = x,, v(s) =1 for s €[r,1 + 7],
221, <0[x(t) = 3, v(0) =)+ 0" (¢); (®)
z=z(t)e[0, V], teT, t+7r €T,

q,?,y (z,{0};7,t) = P(x(s) = x, for s €[t,t+ 7], v(¢) has one jump for t+ 8 € (¢,¢ + 1),

h(z—d0)+x,(t—0) < O‘x(t) =x., V() =0)+ 0" (7); )
z=z(t)e[0V],teT, t+reT,.

In order to find the probabilities Q,lf({O};tJrr) and Ql?l({O};t-‘rT) , we have to
find the conditional probabilities ¢’ (z,{0}:7,t), qu (2,{0};7,t), gy (z,{0};7,1),
q,.?{OI(Z,{O}; T,t) s G (2,40):7,0), q,?,?l(z, {0};7,t) . Taking into account relations (3)
and (6) from [1], we obtain

()
g1l (2, {0} 7,0) = exp(-,"7) % d(1-exp(-7;"0))+o{"(r), (10)
B i

where

B={00<60<7; h(z+6x;)+(r—0)x, <0},

11
izk,z=z(t)e[0OV,],teT, t+rel,. (D

If x, >0, x, <0,7small,0<f<7r,tel),t+7<T, then

(O:h(z+6)+(r—0)x, <O} ={0:z2+0x, +(—0O)x, <O} N {0 2+ 6k, <V} =

{H:OSHS _Z_mk}m{9:9< VI_Z}, <1,

= X, =X, X,
a, other z.
Thus
0:0<0 <%k | 0<z<-mx,
B = X, —X;
a, other z.

Hence, from (10), by integration, we get

1-7'7 ﬁgl)ﬂ+0(1) 7;z), 0<z<-mx,,
q,-‘k”(z,{O};r,z)—of”(r)=( O X, =X, (72) (12)

1

0, other z.
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Similarly it can be shown that the conditional probabilities are given by the fol-
lowing formulas:
for x, >0, x, — any state,

g (240);7.0) =0 (1), 0< 2 < V], (13)

for any x,, x;,

1-7, D)zl 7+0" 0<z<d
¢ A0y ol (r) = TR DT HOTE, 0= 2<dn gy
0, other z,
001 1 (- ) 1-7t)+0"(z), 0<z<dr
e (24050~ 0] (7) = ’ (15)
0, other z,
for x, <0, x, =0,
1 ) (A-7'0)2d| z+= |+ 0V (5;2), 0<z<—m,
qu (2,{0};7,0) =0 (7) = xl. (16)
0, other z,
for x; <0, x, <0,
i (2, {0}57,0) 0" (2) =
a- ﬂl*ll')ﬂ'l(kl)l' +0" (1), xX; > x,,08z < -1,
(1 7[ ) 0 +zxk +0(1)(T;Z), X, > X — T, < Z <~
ki
0, x; > x,, other z, .
-7tz + 0P (1), X; <x,0<z < -1y, (a7)
(1 Vi T);[(l) M]+O(”(T;Z), X, <X,,—1X, <z<-Tx,
X =X
0, x; < x,, other z,
for x, <0,
111 0 1-z"0)1 -7ty +0"(z), 0<z<m,,
Gue (2:40357.0) =017 (7) = (18)
0, other z,

for x, >0,

g2 (z,{0};7,6)— 0" (r)=0,0< z <V, (19)
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fOI’ xk = 0’

g% (z, {0}z, 1) — o (1) =
0,

for x, <0,

(1—71'1({1)‘[)71';1(7—3}+O(1)(,L_; Z), 0<z< z'd’

other z,

ql(c)kll (z,{0};7,8)— 01(1)(7.) —

(1 - 7[151)1')7[;17 + 0(1) (T),
0,

(I- 71'1({1)7)7[;]7 +o¥ (7),

* Z4+ 17X
(1-zP0)m)| 1% |+ 0" (z;2),
X
0,
for x, <0,

d+x, <0,0<z<dr,
d +x, <0, other z,

d+xk >090SZ<—ka’
d+x,>0,-x,7<z<dr,

d+xk > 09 Other Z’

ai (2,03;7,0) = 0" (r) =

(I- EIEI)T)ﬂ'l*lT + 0(1)(2.)’
0,
=207+ 00 (1),

wdrt—2z
(- 200z CE72 4 o0 ),

X

0,

for x, >0,

1= 7O *]
% (2, 10y, 1) — 0P () = | L7 7 D
0,

for x, =0,

1-z"0) "

0,

g% (z,100:7,0) — 0" (z) =

d+x,<0,0<z<dr,
d +x, <0, other z,
d+xk >0,0SZ<—xkr,

d+x,>0,—x,7r<z<dr,

d +x; >0, other z,

dr

-z
X
other z,
dr—z
T+0(1)(T; Z), OSZ<d,Z-’

other z,

57

(20)

1)

(22)
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for x, >0,
g (2, {0}z, ) =0 (1) =0, 0< z < V. (25)

The components o' (z; ...), 01”) (7), which appear in equations (12)—(25) are in the

vicinity of 7= 0 infinitely small quantities of an order higher than z. The relations
(12)—(25) will be used in the authors’ next paper to derive relations satisfied by the

probabilities Q({0};¢+ 7). These will be used for quantitative identification of
a barrier in the functioning of the system under consideration.
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Bariera dolna procesu w zagadnieniu identyfikacji i bariery funkcjonowania
pewnego systemu gromadzenia i wydawania zapaséw

Badana jest bariera dziatania pewnego systemu gospodarki zapasami, ktérego wejscie jest procesem
niezagregowanym o dynamicznych parametrach. Wyprowadzono wzory wyrazajace warunkowe rozklady
prawdopodobienstwa w przypadku bariery dolnej podsystemu L. Zaleza one od parametréw funkcjono-
wania podsystemu transportowego oraz parametrow procesu podazy produktu do magazynu o skonczonej
objetosci.

Stowa kluczowe: system, bariera, zapas



