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SUMMARY

This article is consentrated on resource
alloction aspects, in an ISDN or in a com-
puter network where we distinguish more
than one packet classes, in cases of ran-
dom contention for M indentical resources
from 2 or more statistically different
packet types. In particular attention is
focused on sharing bandwidth among voice
and data virtual circuits, and sharing buf-
fer before a multiserver system. These two
problems can be commonly formulated as willl
{be showed in this article.
{ The problem generally speaking is to deter-
mine the optimal policy for accepting or
rejecting a call when the type of the re-
questing packet is known as well as the
state vector with components the numbers
of customers of each type that are in ser-
vice. The optimal choice of buffer size
and bandwidth is involved in the design of
service facility as well as the rules  of
sharing resources among users.

The objective of this study is to develop
analytical models and computational algo-
rithms for the determination of the state
subset with better performance for slotted
time systems with call traffic modeled as
stationary independent arrival processes
and with service time modeled as a general
discrete time distribution. The parameters
optimized are these that are generally
accepted as throughput, utilization and
blocking of the system.

The term policy is usually reffering to
the determination of the acceptable states
of the system or in other words the opera-
tion of accepting or rejecting a call when
the type of the requesting customer is
known as well as the system state characte-
rized by the allocation policy. The state
is a vector with components the numbers of
customers of each type that are in service.

1. INTRODUCTION

A priority model for buffer allocation for
two or more packet classes that are going
to be served by a multiserver and sharing
bandwidth among several packet types, espe-
cially but not only withing the ISDN frame-~
work, are under consideration in this stu-
dy, We examine a priority model because is
crusial for some implementations, a class
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of packets to have priority in service, fon
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; example voice packets within an ISDN. The
%rticle is consentrated on these points
glthough the method can be inplemented in a
ariety of problems that appeared in the 1i-
terature. Some of these problems including
;he previous are numbered following: a) A
number of user types try to get access to a
host. There is an upper limit to the number
of virtual circuits that can terminate to
Fhe host, b) k types of jobs are looking
forward to be served by a limited number of
Processors in a multiprocessor machine or in
g computer network [2], c) several types of
customers contending to set up virtual cir-
cuits through a limited bandwidth channel in
an ISDN [8], d) in some cases a memory of
limited sized is chared among some packet .
types within a computer communication net-
work [1},{41,(5],(6]. Especially in a ISDN
framework communities of data and voice
packets share a common memory before they
get served by any server. Several articles
resented in the literature considering si-
ilar problems of buffer and bandwidth allo-
ation, [1],[7]1,(81,[9]. The usual goal of
Fuch studies is the determination of the
Pptimal policy for a specific allocation
scheme or the choise of the better policy
among several of them, and the development
of computational methods for that determina-
tion or choise.

2. THE MATHEMATICAL MODEL

Consider a multiserver system with a common
Maiting area including a total accomodation
f N storage places. This buffer is shared

getween two or more packet types.
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Fig. 1 Multiserver system with common
; waiting room.




%ach packet from one type is going to be |
]served with a first come first served poli-:
cy. The service time for any customer type
hs not constant and is modeled as a general:
piscrete time distribution. So the number !
of customers that are going to be served in!
E time slot ranges from 0 to 2, where 2 is |
he number of serves. u,(J) express the de-|
arture distribution %r%babilities for lst |
lass of packets, u, (1) .is the probability,
nesRacket of the lét class to depart, uj {
is. t ewprobabilityu%.?ackets of lst class |
o depart. Also A,'1l) express the arrival:
istribution roba%ilities for lst class ;
ackets,;)A,(0) is the pro?a?ility no packet |
f- 1st type to-arrive, A,'%) is the proba-
ility s packets of 1lst %ype to arrive, and
isial'so'modeled as a general discrete time
istribution.ATh?V?ame holds for the other
acket types. Ay 1) is the arrival distri-
ution pro?a?illty for kth packet type as
ell as uy''’), is the departure distribu-
ion probability.

ccordinly, for the bandwidth allocation
roblem, N is the bandwidth capacity, (1)
express the probability under which we fe-
eive i call clear packets from j packet
lass or better 1 call clear packet from j
acket class which terminate a virtual cir-
uit that used i u?iFS of bandwidth capaci-

, and finally Xy 1) express the probabi-
ity to receive i“call set up packets from
j packet type.

hen a packet, or in terms of bandwidth
Ylocation problem, a call set up packet,
equests for service at its arrival, may be
ccepted or rejected according to the poli-
y and the number of each packet type that
here is already in the waiting area, or

he virtual circuits that are already in
ction. We denote Ql(t )=ny, Qy(ty)=n,, etc,
he number of each packet type that are
aiting for service or virtual circuits in
ction, at the beginning of the t, slot.

And that is what we call a policy now. A
olicy is the decision to accept or reject
call, when Ql(tn)' QO5(t,), etc is know as
ell .as the identity o tﬂe requesting
acket. Also with no loss of generality we
an assume that the arrivals of packets or
all set up packets for buffer or bandwidth
llocation problems respectively, at each
ime slot, take place exactly at the end of
he slot. At the begining of each slot the
ultiserver system chooses by chance one of
he waiting packet types and serves a num-
er of it's population according to the pro-
ability distribution during the slot. 1In
he bandwidth allocation problem, that means
hat we make the assumption that in each
ime slot we could receive call clear packet
nly from one type. That assumption is a
lose approximation to the reality if we
hoose short enough time slots.

e observe that any state of the system,
(exept when the storage place or bandwidth
is full) comes from another minus one or
ome packets or virtual circuits, of any
Lype. As a result we understand that any
olicy must be a coordinate convex set of
pdmis?§?le states, as originally stated by
ein .

» CALCULATION OF THE TRANSITION PROBABILITIES,
GENERAL EQUATION

jtage priority to the J class of packets.

.1 Possible transition for the two packet

types case. One packet of a class could ’
arrive at max in a slot. !

Considering the state (ny, n2) l¥ing in the
interior of the state space In R%, we have
;seven possible transitions into it. These
‘are depicted in Fig.2 and are:

%(i) Arrival of two packets,one of each type
iwith service' completion of one customer
‘from either type (transitions from (ny,ny-1)).

;(ii) Arrival of one packet of any type, with
‘service completion of a customer of same type
(transitions for (np,n;)).

I

"{iii) Arrival of one packet of either type,
with service completion of a packet of the
'lother type {transitions from (ny-1,n,+1) or

H(ny+1l,np-1}).

(iv) No new arrivals, with service comple-
tion of a customer from either type (tran-
jsitions from (nj,ny+l) or (ny+l,n,)).

1
i
i

(0,N)

(0,N-1)

(0,2)
(0,1)
(0,0)

(N-1,0) (N,0)

Fig. 2. State transition diagram for the
two packet types case.

3.2, General equation

The general equation for the two packet ty-
pes and for the arrival of one packet of a
type at max in a slot case is:

1 1 1
Pr{nl,nz)) = z L %
I1=0 I1=0 J=0
2 (1i)
[iilki )AJPr{(Nl-Il),(NZ-Iz))]Y (1)
Where N;y=n; if i<>k and Ny=nj+l if i=J and

Y is a coe%ficient of policy and ¥Y(n.,n,)=0
if (nj,ny) doesn’t belongs to Q and Y(n;,
n,y)=1"1if (ny,n,) belongs to @, where Qis
the set of admissible states. Also Aj is thd
priority coefficient and express the percern

Now we can generalise this equation to hold
to the case that s packets from one type
could arrive in a slot, so the previous
;equation becomes:




o 1
Pr{n,,n,} = b by b
1722 1,<0  I,=0 J=1
) 2 . :
v[(.Plki(Il))AJPr{ (N =10, (My-I,)} 1Y (2)
i= '

This shape of general equation, and with
the use of policy’'s coefficient, makes pos- |
iple. for that equation to be able to ex- ;
press’ any .state general or boundary, for |
ny policy, exept for the state (0,0) and |
for the four states around it, which are !
i
|
i
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ommoni(in any policy but we need some spe-
ial equations there; which must include
he phenomenon that in the (0,0) state,
hereiiiisndt any packet to be served, so zero
packets.will-be-served under-probability 1.
o that, there are some possible transitions
ccording to the packets that could arrive, |
hat thexe aren’'t in other state anywhere
in Q.

o we have for Pr(0,0e = S?S?nd part of the
eneral equation + A O)XZ Pr {0,0}. Similar
gquations hold for t%e four states around
(0,0) state.

Now we can futher more generalize the pre-
vious equation for two packet types to hold
inder the situation that three or more packets
rlasses, (w packet classes), could be di-
ptinquished in the network.

So we have for three packet types:

i s z
Pr{nlﬂnz,n3} = 2 I I E

(1), 3
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K luk -(nk+§ Ik)-Pr “Nl Il)r(Nz 12)1

(Ny-I4)} .Y (3)

And for w packe types we have:
: s
?r{nl,nz,...,nw} = E
w (Ii) w .
I( P ki Yy / (2 n; -
i=1 i=

w (T)

'kiluk (nk+§-Ik).Pr{ Nl-Il),..,(Ni-Ii)“.”

(Nw-Iw)).Y (4)

ng if i #k

where Ni =
n.+C if i =k
i
4. THE METHOD
Let P_=[P

ro 1Py oo Ppy ]T, where T means

transBose ana m depengs on the policy. Py

for the three packet types case, contais all

the probabilities Pr{ n,i,j} for every add-
issible i,j, as well as, for the two packet

pres case, contains all the probabilities
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‘Pr{n,i) for every addmissible i. From the

;construction of general equation (two or
‘three customer types) and indepentently of
.the policy we are following, we can perceive
that the system mooves to Py, from PO'PH"”
Ppsv.. Py, where p_ is an one dimentional
rarray that mentioned before. That observa-
‘tion leads us to perceive that we are able

ito express P, as a function of PO'Pl'”"Pz'
SO we can write

i

3 - (0) (1) (z)

Pp = A Pyt Ay TPy y et Ay TURG(5) -

iGenerally speaking the system is mooved to
Py_, only for Pyp_,_g, ST P <
‘P,
ik
'So is possible to express P, as

(0)p ,p (1)

L Y VL

(z)
Py ¥ ¥A TR okl
Z+S

(1)
=g A 'Ve . (6)
1eo kK Tk-I

‘That means that we can express every Py in
terms of PO,Pl,..,PZ_1 as follows:

(0) (1) (z)
Pyt A, VP, 4R,

(2+5)

+Ak

Pk-z-s

P =A

P
z z 4

o

o
1

(0),-1 (1) (z)
= (I-A, ") A e, ven Be))

2-1
- (z2~1) (0)
P = B, P,y * ... +B, P

(0) (1) (z)
Where AZ ,..,Az ,...,Az

appropriate dimensions and
(0)’-1
2

0 (7)

are arrays of

(I) _ _ (z-1)
B, = (I-A . A, (8)

Now generally have

Z poal0) -1 (1) -
Pp = (I=A,77) (A TP o+ o+

(z)

(z+s)
k Fk-z

+ ..+ Ak

P ) =

k-2-s

= (1-2(0),-1-, (1) (0) (z-1)
= (I-A 7)) LA (B Pt +B TR )

(0) (z-1)
Pot .+ B SR 1) 4

(2) 4
+~Ak (Bk_2 0

(z+s), (0} (z-1) -
oAy )Bk—z—spo *oe +Bk—z-s P,-1) 1=

= p{0p

x Fg (9)

(z-1)
.t Bk Pz—l
where '

B0 = (1

z+s
(I),(
I Ak Bk

(0))—1
k I=1

0)
-1

i

8 2+s
2-1) (0),-1 (I)y(z-1)
koD B AT BTy

f(
B
'k 1

= (I-A
I

Bo it is possible to express every Py {i,i,ky}
state that belongs to the ky plane vertical £o
the ky point of k axis as a function of By,
1¢++1P, 1 larray Po contains Pr{i,j,0} for

every admissible i,j, Same holds for

P1,Py...). As a result we are able that way
Lo express every Py as a function of Py,

Pl -++P,_y1. That is result of using transi-

{




tlon probabllltles for every (i,j,k) state,:
exept for a set of states Q,.Q3 set con-
tains all these states that have a distance;
{in thelcorlentatlon) that is smaller than !
2z from the policy's surface. If we write
now transition equations for all the states’
that belong to Q;, we take a linear homoge-'
neous equation system. The number of these
equations are the same as the number of :
‘istates (i,3j,k) for k=0. Substituting one of |
tQQ§§ equations with the normallzatlonequaw

L » o Pr{ i,j,k} =1

HUQ}Onkx; !
e - with-(i,3,k) e Q- (10)
wel'fdkeralllinear non homogeneous system of
equations-that can be solved. (the descrip-
tion of the method is made for three custo-
mer -types. For more customer types an iden-
tical procedure to this can be implementend).

Once we have calculated probabilities for
every -admissible state of the system, we

calculate performance characteristics which'
are: idlenes =Pr{ 0,0,0}, Utilization = ‘
= 1-Pr{ 0,0,0}, Rejection = 2 Pr{i,j,k}

A(C), where oy is all the sta%es which have
a“distance from policy’'s surface smaller
than s. And finally throughput = l1-Rejection.

5. CONCLUSION

1The method that developed enables us to
evaluate the performance of all the band-
width and buffer.in a-multiservice environ-
ment allocatien schemes, for two  or more
fcustdmer- types; which give a coordinate con-
ven: state.diagram and to choose the better
~tpolicy for -any special allocation scheme
we heed.
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