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BUFFER STORE OF LINE - TYPE MODELLING

Sum m ary: The paper presents the mathematical model o f a buffer store. The store consist 
o f automatic lines o f FIFO type, l oading and unloading contr ol consist in the choice of 
the line.

1. Introduction

Buffer stores o f various types occur in the computer integrated production [3], [4],
The process o f storing is modelled by means o f arithmetical-logical equations o f  state [1], 
These equations allow to construct computer simulator program for control purposes [2],
The paper presents mathematical model o f buffer store. The store consist o f type FIFO 
lines and of control points: loading and unloading ones.

2. Problem formulating

Let's consider the system composed of two machines with buffer stores between them. 
The machines serve object o f various types. During the change o f the type o f the served 
object the machine expects the change of the tool. The expectation time o f the machine 
depends on the type of the two objects following each other.

From the point o f view o f minimalization of the total expectation time o f  the machine - 
the optimum sequence o f  serving the objects may be marked. The optimum sequences of 
serving objects for every machine are different in the general case. For this reason 
compromising solutions are marked.

The buffer store between machines plays important part in the optimization o f the 
production schedule. This store allows to minimize times o f expectation o f the second 
machine. The object that exist in the store and minimizes the expectation time, is subjected to 
the service in the second machine.

Buffer stores have limited capasity. Moreover, various constructions o f these stores are 
used, e.g. linear (FIFO), pile (LIFO), round robin etc.
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A model o f the multilinear buffer store will be presented in the paper. The store consist 
o f many independent lines with the common loading point and with the common unloading 
point.

Let's assume that the objects, that have been served with the optimum sequence for the 
first machine, are delivered to the store. These objects will be placed in the chosen store line.

The objects are moved to the furthest free position in the buffer store lines. The object 
from the last position o f  the line may be delivered to the unloading point - and 
further on, to the service in the second machine.

Moments and types o f  the objects occuring in the loading point are random. The 
stream o f object in the loading point determines extortion of the system. The moments of 
taking object from the unloading point to the second machine may be treated analogically.

The objects may be introduced into the store on the first position o f the chosen line. 
The objects may be taken out from the last position o f the store o f the chosen line in the 
analogical way.

We assume that all the times o f  changes of tools in the second machine are known
before starting the service o f the next object. The problem of control a buffer store consist in
defining:
- the line where the next object should be unloaded
- the line where the next object should be loaded.

The minimization o f the global shutdown time o f  the second machine is accepted as 
the criterion o f control.

3. Mathematical model

Let's assume that the buffer store consist o f M lines, and eveiy line contains N 
positions.

We accept the following designations: 
m - number o f lines, ( m =l,...,M ) 
n - number o f positions, (n=l,...,N )

Let's assume that there are I object types in the served system. The matrix o f shutdown 
times for the change o f the tool is given:

where: ti.j - the time o f the machine shutdown after the service of the i-th object and 
before the service of the j-th  object.

The cycle "c", after which the object moves one position further within the buffer store 
line, is given. We accept that during the "c" cycle the object may be taken out:

I
J ( 1)
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- from the loading point to the first position of the chosen line,
- from the last position o f the chosen line to the unloading point,
A buffer store works in cycles. Let's denote by: k - the cycle number, (k -l,...,K ).

We accept the following priorities o f cycle k:
I). The object is unloaded if the unloading point in k - 1 cycle was empty and if the object was 

on the last position o f the chosen line.
II).The object is moved to the following position if this position has been free in the cycle k-1
III).The object is loaded if it was in the loading point in the cycle k - I, and when the first 

position o f the chosen line was free.

Definition 1:

The state o f  the buffer store after cycle k is the following matrix

Z
m= 1
n = 1 N

(2)

where

*k
*• m .n

I i if  there is the object o f type i in k cycle on n position
j o f m line
[O if the n position of the m line is empty in the k cycle

(2.a)

We also accept:
- the state o f loading point

ii if  the object o f type i exists in the loading point
{ in this cycle
lo if  the loading point was empty in this cycle

(3 )

- the state o f unloading point

i i if  the object o f type i exists in the
{ unloading point in cycle k
[O if  the unloading point was empty in this cycle

(4 )

The initial state o f the system is defined by:

x°, y°, Z°

and the final state is defined by

Xk y k Zk



The number o f cycles results from the time of the work o f the system.

Definition 2:

The following vector is the control in cycle k

U‘ = K J  1= u  (5)

where

and

Cm if  the object in cycle k should 
uki=  1 be loaded into line m (5.a)

lO in the oposite case

im if  the object in cycle k should 
uk2 = ( be unloaded from line m (5 b)

lo in the oposite case

The admissible control must fulfil the following condition:

(«*=/») =>[(-¿f: = 0) a (x ‘_i > 0)] (6.a)

and

(,/‘ = m) => [ ( i ‘ . > 0) a ( / ' 1 = 0)] (6.b)

Moreover we assume that

[(**-'> 0 ) a (« * > 0)] => (X*= 0) (7.a)

and

[ ( / - '  = 0 )a ( i/‘ -0 )]  => ( / > 0 )  (7,b)

The record o f  the state is kept at the end o f the cycle.

4. Equations of state

The buffer store state changes after every cycle. These changes depend on the 
accepted control.

Equations o f state have the general form:

60



x* Z " ' r t , d x) (8)

(9)
. *  = / I ( x* - |y - | , z * - , ,i#1‘ ,«/i) (io)

where: dv, dx- exterior interference
The state o f the unloading point is marked in the following way:

if ( / * '  > 0) a (dr = 0)
/ = ( * ,  i f  ( / " = 0 )  a  ( « , ? = » » )  ( 1 1 )

\o, if ( / - '  >  0 )  A  (dr =  1 )  V  ( y 1’ 1 =  0 )  A  ( ; , :  =  0 )

The state o f  the store is marked in the following way:

if ( C  = o)
„ V ( i - V . v = ( < v ,  if ( * V v  >  0 )  a  ( / / (  =  0 )  ( 1 2 )

\o,  if (< -;. > o) a (, , ‘ = W)

- the positions from 2 to N - 1 :

if ( C = o )
= if ( - L ' , > 0 ) a ( C > ° )  (13)

\0. if ( C  > 0 )A =0)

- the first position

* . if ( < 7 = 0 ).a (« ,* * » )
¿V. if (< V > 0 )  (14)

\o, if = 0) A  ( « *  = 0) V  ( < - ' > 0) A  (? *;' = 0)

The state o f the loading point is marked in the following way:
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I d , ,  if  (x * - ' = 0 )
A•i'= / .V k- ',  if  (X1- '  >0)A (» ,‘ = 0 )

\o ,  if (i/* > 0)
( 15)

Equations o f state allow to mark the state o f the store in the following cycles from k=l to k=K

5. Final remarks

Equations of state allow to create a computer simulator program o f control a buffer 
store. In the simulator, control: Ujk and u2k should be defined for every cycle k. The total 
time o f the change of tools in the machine is accepted as the criterion o f  control. Therefore 
the following may be added up:

<7 = £ ? * - >  min (16)
kr. 1

where: qk - time of the machine expectation in the cycle k
Components qk are marked in the following way:

j t i r  if  ( x1' = j )  a (  x ' = /) and for 1 < r < k

q k = l  ( « ; =  0)

\ 0, in oposite case

Heuristic contr ol rules may be applied for minimizing index (16).
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