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LEARNING ALGORITHM FOR PRIORITY ASSICHMENT IN A

QUEULING SYSTEM WITH UNKNOWN CHARACTERISTICS

Hohammad Reza Meybodi
Compurer Sclence Department
Western Michigan Universicy

Kalamazoo, Michigan

ABSTRACT

An application of learning algoricthm of tha !ypg studied in the context of learming automata
to the priority assignment in a queuwing system with unknown characteristics is presented.

A5 & consequence, a learaing algorichm for asslgning prioricies for a two and chree=-class
H/M/1l quewing system is given. It is formally shown that the system would asymptotically
converge [0 Che classical prioricy assignment with a probablilicy as close to unlrty as de=
aired. Thar is, che proposed system will asymprotically assign che highest priority to the
class with the shortest service Cime. The leéarning algorithm is modified to minimize coral
average waiting cost for the system. A number of interesting siomlations are also presented.

INTRODUCTION

An importanc subject in gqueuing cheery is that of pricrities. In a pricrity gqueuing systea
there a k (k > 1) different classes of jobs and an arriving job belongs to one of chese k
differont classes. These classes may be distinguished according to some measure of impor=
tance, and to Lndicate the relative measure of importance a prisricy index 1 is associated
ty each class. It is convenclonal chac che larger che value aof the index associated with a
class, cha lower is che priorlcy associared wich char elass, chat is, preferencial crearment
is given to the class with cthe lower prioricy index. The diselpline according te which the
server selecrs che next unie from chese classes is called a priorvicy diszipline.

Prioricy discipline is specified by two rules. The first rule indicaces the manner in which
a unit is selecced for service. This rule may depend only on the knowledge of the priority
class to which a vnit belongs, or It may depend solely or partially on other considerations
relacing to che exiscing scace of che ayscem, e.g., the cype of unit last served or the
waiting tine of units present. The former disciplines are called exogencus priority disei-
plines while the lacecer are called endogenous priorvity disciplines. In exogenous prioricy
disciplines the decision to select the next unit for service depends only on the prioricy

L4 | - H
e L clazs of present 13 alwavs taken for serviee prior co the unir of

clas=s: a unit of ¢

Jth class (L < j).

The second rule specifies the manner in which the unif 15 served afrar enfering service
This rule may also be stace—independent or sfate deépendent.

Below, we briefly summarfze some major results on prioricy
present Study.

quening char are percinentc to our

It is shown [1] chae so long as che queuwing discipline seleecrs jobs im a way chat is inde-
pendent_of cheir service cime or any measure of cheir service cime, chen che discribution of
the number of jobs Ln the system and average walring rime will be inwvarianc te the order of
gervice.

Cax and Smith [2] considered a priority system with k Independent Polsson streams and arbi-
crary service ctime discribucion for each of the classes. Assuming a waiting cost per unic
time of e unics for each class 1 job and a nonpreemptive service discipline, chey showed

that a policy char ranka classes according to che "ue rule”

(L} HpSp 2 Bgfy 2 eee 2 UgE, P oaan 2 oAgEy

1 =1
vwill minimize the average walcing cosc. In (1) Ll a8 whera By is the mean service

1493




T P T R AR S FETH S P o o o 0 7 sy s
= it R e e g

requirements of class L jobs. 50 the optimal priority assipnment is in the decreasing order

of with the higheser priority for the class with che highest value of PP This poliey

Hige
will minimize the average cost of the systen for preemprive resume discipline providing ser=-
vige time diseriburions are exponencial [3]. Ewidencly Af che unit delay coscs feor different
classes of jobs are equal, assignment of priorities in increasing ovder of mean service time
requirement will also minimize che waicing cost. Thls should be noted that if the unit delay
cost is 1 for all the classes, total delay cost is essentially the same as tocal walrcing
time, S0 ordering according ro average service rime will minimize the average waiting cime.
N7va and Ponamarenko [&4] analyzed an (M/M/C) prioriry syscem with k indapendent Poilsson
streams by means of Markov decision processes. They showed, by a numerieal example, that the
simple uc tule does not hold for a system with finite queuwe size, and that the optimal
priority depends on the number of jobs in the sysStem as well as on the arrival rates af all
classes. The optimal statiopary priority policy was compurted by linmear programming.

In order to develop a meaningful priority scheme, we need to know the probabiliscie charaec-
teristics of che jobs in varicus classes, such as the arrival and service time distributions.
Bur in many practical sictuvations chis informacion may mot be known in advance. An incer-
esting guestion in this connection is cthat, if the probabilistic (arrival and service time)
characteriscics of jobs in various classes are not knowm in advance, how to go aboutr devel=-
eping & meaningful priority assignment among the various classes. That is, how to design a
prioricy queuing =vstem in which the prierities are worked out direcely without a prieri
knowledge of the input and service characteriseles of rhe sysres.

Varshavskii, Meleshina and Tsetlin [5] firse considered chis problem and propesed a solution
using {ixed Structure learning automaca where one automaton is used for aach class. This
lacter class of algorithm was developed by Tsectlin [6] in the context of =odelling of col=-
leceive behav.ors. The state transitlons of automaton are indirectly controlled by the ser-
viee requirements of jobs in sach class. At any given instance the class corresponding to
the automaca with highest scate number is chofen for service.

This approach leads co a Markovw chain with very complex transition structure which does mot
lend irself co formal amalysis. In view of this difficulty Varshavskii et al. (5] resorced
te simulacion to evaluate the effectiveness of this approach. They showed through extensive
simulacion that if the number of states of each automaton is choseéen £e be large to Start
with, their algoritha would asymprotiecally approach che priericy assignment char would be
used if the probabllistic characreristics of the system Lo be known.

Mevbodi and Lakshmivarahan [10] used a class of learning alporichm very similar te those that
are used in Marhemacical Peyeholopy [7, 11, 12] and formally showed that a randomized cholee
of classes for service would indeed asymptorically cowerpge to the classical prisrity assipn=
sent rule wich 2 probabllicy as close to wnicy as desired. That is che proposed sysrem will
asyetotically assign the higher prioricy o the class wich che shorcest averape service cime.
They modelled chis in che framework of single server pricricy queuing svsrem when chere are
only two classes of jobs and preesprion of che serviee is nor allewed. In this paper, the
resule ia [Ll0] is exrended re more than two classes. Number of interescing simulacions for
the case of two classes in presented.

THE MODEL

The priority assignment queuing svsreuw considered in this paper is represented schenmarically
in Figure 1. There are m classes of joba. There is only one server, no preemprion and queus
length of each class 15 allowed re be infimdice. Wicthin each class, the service is on a first
come first served basis. Jobs arrive inte m quewes from a group of m different classes of
infinite popularion according the independent Poisson process wich constant rare

31 (=0} i=l, 2, .v., m. The service time reguigement for jobs in different classes are inde-

pemsbenc. Furcther, within each class the service times are¢ independent and are identically

distributed with exponential discribution having mean u, , f=1, 2, ..., @. The following
assusption is very crucial in our amalysis. ~

(4l) The paramerers L, and ,:], i=1, 1, ..., @ are not knowvm. Wicthout loss

o - Ly T o0 < & £
of peneralicy ler 1 “n Hy e My

m. Consider a stage
the roral nusber of

T e ot e A R T Ty

|}
T(k)y=l/m|E T (k. )] whare I
i
i=]
LY ow'
and 1i ]{J] is the random service cime for
the average Service time caken over both e

it is evident that for large kl. kz. PP

is small with a very high probabilicy.

It is assumed that class 1 has a service 1
=-u,

= i

fole)=u, & Given that k jobs have bes
x(k)=1 Lf 1‘i}fk+1} < T(k)
x({k)=0 otherwise.

Clearly . k)

dlfkj-?rnhix{kj-l]-fu iift}dt =f-

Since T(k) is a random variable, so is dj

prababilicy chat fk+]ﬁtk job will hawve irc
from class i, Define d[k}'[dlik}. ﬁztk]1
for i=1, 2}, ..., m; and all k>l. Further
easily seen that dl{K]*dqtk}bd.[h}‘...?u
F 3 ]

follows that “=sypidjihjid:[k}1‘l, J=1.2.
L3

Also far large ki' isl, 2, is., m, tha di

high probability.

RKemark 1: Dynazic threshold at any time

to two regions. Depending om in which re
takes one of che values 0 or 1 (0 is eall
threshwld before the operacion of the sve
ence, process: of partitionimg will be dom
tlon of che svatem.

3. Learning Algorichm
3.1 Case 1: Two classes

Ler p, (k) be probabilicy wich which cthe |
service from class j. Defline p(k) = [p]

Infitially, "1{0] = p{0) = % with probab

With the above preliminaries, basic oper.

Increase the probablility of choosing the
class has service time less than T{k) (r

of choosing che ;Lh class 1f a4 job selec
T(k) (resulcted in failure). The increas
tively. The probability of choosfing ano
equal to one. How these probabllicies a
of the type discussed in [7]). when thew

algorithm. That is, updating algoricham

update timing algorichm decides as to wi
and 1 according to the prebability wvectc
vices o che currencly begin serviced jc
update timing algerichms. Tt can he she
linear reward-inaction updating algeric!
desired class.
Ludn:ing alporithm: Linear teward-inacr
P o(ktl) = p, (k) +u {1-p, (&)} I
where Jﬁ denotes che Indicator of the o
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hin each class, the service is on a firsc

from a group of m different classes of
i process with conscant rate

it for jobs in different classes are inde-

128 are independent and are idencically

m 7', t=1, 2, ..., 3. The following

1 are not known. Withour loss

=1

‘rom iml, 2, 2., m. Consider a scage
I k1+'r\,?+..,.+km is che cotal number of

3ld

k

m
. i 1 i
Ti{k)=1l/m[E 1t j[ki}] where Tt ’{ki} = El E ri{il. T(l}cn}-n
i=1 1=l
LELY i & ) " : th th .
and {}) is the random service cime for che j job in che 1™ class. T(k) is essencially
the average servica cime rtiken over both classes up to cime k. From estimation theory [17]
m =
ic is evidenr that for large k., 13. e km, che difference between T{k) and 1/m [ % ;T‘L
1 2 : i
Iz amall wich ity. =1

2 very high probabil

[c 15 assumed that class i has a service ctime discriburion with exponentcial density funccion

=L E
L
FL{E)=L1 [} Given chat X jobs have been given service, k=1, 2, ..., define

x=l 1 v es) < TOR)
#(k)=0  othervise.
Clearly (k) —u, Tk} -hirfiﬁ
=| B mj = " - - = -] - -
di[k] Prob[=(k)=L1] i fiiL]JL f-a & and ¢, (k)=l-d, (k)=e .
Since T(k) is a random variable, so is d,(k), i=1. 2, ..., m. Clearly, 4 (kd[e (k)] is che

probabilicy chac ik+l}:h job will have irs service rime less (more)chan T(k) if that job is
from class i. Define d[k]=(d1{Eﬁ. dzik], — dm(H}j. Borice 0<d.(k)<l with probabilicy ona

for i=1, 2, ..., =, and all kzl. Furcther, since ;Il < ;;1 L u;l (assimprion Al) it is
easily seen rChat d]Lkﬁ?dz[k]hia[i}ﬁ...ﬁ:m{k] with probabilicy ome for all k. From this it
follows that n-:np(d]fkﬁ}dlfki}dl, J=1,2,.::,0: s

k £ -1
Alzo far large Ll' I=l, 2, ...; @, the difference dtik] and l=a N iz small with a

hign probabilicy.

i_x'«ial_.l_l.‘-v\ Lz Dynamic chreshold at any time will parcicion che service time densicy funcolom in=-
" ap gy Bl st

o two reglons. Dependling on in which reglon the service time of (k+l) job lies, x{k¥l}

cakes one of che values O or 1 (0 is called failure aand 1 is called succesa). If we fix rche

throshold befors che operacion of che system starcs, uslng informacion from che past experi-

ence, process of partitioning will be done only once and remain fixed cthroughout the cpera-

tion of the ayscem.

th

h which the DD in figure 2 decides co pick up che (k+l} job for

service from class |. Define p(k) = (p

k). py(k)) where p, (k) + P (k) = 1 and k > 0.

p, (&
Inicially, p = p,{0) = = with probability one.

(@

With che above preliminaries, basic operacion of DD can be explained as follows:

_— . " " 4] ; i " :
[neredde che protablliey of choosing che 1 class ac time (k+*l) if a job selected fr
class has service time less than T(k) (resulted in success), and decreaze the probablilicy of

of choosing the 1"'h class if a job selected from chac class hes servigce cime greacer than
Tik) (resulted in faillure). The increase and decrease are called reward and penalty, Tespec=
tively. The probabllicy of choosing ancther class ls adjusted co keep cocal probabilicy
equal to one. How these probabilicies are adiusced is diccaced by an wpdatipg aleorithm of
of the ctype discussed in i?], when they are updated i diccaced by a ciming Ujdiiiﬁi
algorithr. That is, updating algorithm decides how to update plk) if to be updacted, and the
update ciming algorithm decides as to when to uwpdate plk). Jobs are sSelected from class |
and 2 according to che probabilicy wvector P. Dynamic chreshold T(k) is updated whenever zer-
vices to the currencly begin serviced job is finished. In cthis paper we use two different
update ciming algorithms. It can he shown that any of these two algerichms ctogecher wich cthe
linvar reward-inaction wpdating algorichm [7] will guarancee convergence of the system to tha
desired class.
Updating alparithm: Linear reward-inaction updating algorithm is given helow:

P (k¥l) = pyik) +o (l-py (k) Jy -d9p (k) I, jfi

where J_ denoces the indicator of the event and 0 < % < 1 is step langth para=eter.
5
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1, AEMerwi: alwrl) = pik). The probabili o (k) with which 3 ie updaeed

@ chils mod update rule Ll

-:l,.-'.] - .:l'-:j- ::1.\,'»'.] ilgk] - ._?'lk] pzl,'x]- .;'Elf'l\:}.
ince O-p, k)=l im=

1.2, it follews chac J.L{'kj “ u (k). Thacr is, according co chis modi=

2
pik) is updated more [réquently compared to update timing algorichm 1. Learning
Ll with scep 2 rteplaced by wpdate learning algericha 2 is called learning al-
spichm L admitbedly; updace timing algorichm 2 resulcs in a faster convergence. lNowever,
L2 is mob without fucther prablems. We need an extra condition such as

(CL) ..]lfk} - ;2(;;;1 for all k '
‘ar ctheorem 1 o be Erue. ..Lur.:l iz cthe protability thac class £ ix nopespcy at time k.
Theorem 1:  Under che assumpcion (Al) and (A2}, amd condicien (C1), if pik} svolves according
Lo the leaening alporichm L1, then for every ¢ » 0, chere exists a " such rhat 0 <3 < 1
il for all @ <49 « |* Frob | limic ;L{k:l = 1] > L= &

ko=

iemark 3: The procoss [p(k), k > 1} corresponding ce che linear reward-inagrion updace al-
wichm and timing update algorithe | and 2 is a process with two absorbing barriers. Our of
nese absorbing barriers only onc corresponds to the desired class. In face, the svystem o

erzes wicth a pasicive probabllicy co each one of chose absorbing states. From theorea

it is ewidenc chac chere is a trade—off bactween cthe speed of conveérgence and probabilley
myvarping ©o che desired class. Thus, a fasely conveeging laarning algorichm may wich a

iSCor

fui probabllicy converge co an undesired class. Larger value for ¢ will resulc in
awercenga for che syscem, but at che same cime will decrcasce the probablilicy of conwver-
ce o cha righe class.

irk .: Tha prioricy svstom reported here s an endogencus type priorlcy svatem becauss
cles of choosine class L and 1 are chenging over time: in other words,
mine

e probab
‘robabilicy chat one of the class has higher pricricy over the other class is cha
vime,  Exocencus prioricy discipline is a special case priociey discipline conceived
1aer, and can be obrained by setcing p, (k) = 1 and p,{k) = O far all k or by secting

ik} = 0 and p,(k) = 1 for all k dqpeu.éing on whether the higher priority Ls piven to the

‘irst class or second class.

simulation has been carried out o lnvescipace che conve
-1
B
selected ser of these simulacrion resulcs is presented to validate some of che theoregical
s~gections purt ferward Ie chis paper for learning algorithm L1 and L2, piocs far p, (k)

stensive computer Tence Propertiles

7 learning aleerithm L1 and L2 uwnder variocus cheice of parvaseccrs ' (i=1,2}). A

varisys choice of faramacers i Y} oare glven in Fleures

MErsus K

=i, & facr abouc lasrning algorichm L2 which is
than fu_(i#) and §
(Tl | 3

T3S Lhese d.

ehat Lf %Mo, I8 wreaver

| M
AL albwavs cenverge Co class [ where L =

H
5t MWhen the system uses learnlng alporichs L2, Y
1 isz increased and decreased raspectively. So a small value of

LIk may cause the systesm Lo converge to che wromg class or resulr in pfa].uﬂ.'.;lr'.z cha con=
i

PRy (kip, [k:ldlik:l and 5, (khp, (k) d (k)

ire probabilicies chat p

rergence time. For example. If due to long incerarrival cime of jobs entering lnco che
first class, 5, (k) i= very small, che system may converge to the class wirh longer service
time. If learning algorichm L1 15 used, .:l{k'j £,(k) p, (k) d,(k} Ls the probablilicy chac
p, k) Ez[k} i the prokabilicy that p, Is decreased ar cime

iz ingreasaed and ..-ll:'k:l ..zlfk]

e Im this case 1_|.1'\..| valug of .:ll,'-:} may¥ coly result in prolonging cthe convergence clse.

ure & fliluderates che acc of Inrerarrival cize of jobs in the class wich smaller sac-
iee rime on che convergence cf the sysrem.
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Pumark 6: The difference (p, = iy ) affecrs the rehavior of the svetem. IF changes in

-I' or .,; result im anm increase in che difference (cll{k] = i (k)), che system converges
-1

taster. It shoeuld be noted that a larger walue for (g ._;1] does not alwayz imply a

targer value for (d, (k) - dl{;-c}] because che difference fuju;} - d,(k}) depends not enly on
=1 -1 H & ¥ = . - 7] =

H and Mg burt on che behawior of Ti(k) over rime. Changing ;:1] and .,_l_l may also change
.-'][k] and po(k} which in cutn will affect the convergence behavier of che system.

The following remark gives sope insight inte Che bebavior of p,, £ = 1,2, during the opera-
cdon of che syscem. i

Hemark 7: It was earlier sald (Remark 4) that the exopenous nrioricy scheme corresponds o
ipylkl = 1 and pyik) = 0 far all kb or {p (k} = O and p,ik} = 1 for all ki, depending on

- - ) ®
whechar the highest prioriey iz assigned ce che flrst or sccond class. Let ¢. be the
i

prabapilicy that clase 1 is nonempty when {p (k) = 1 and p,(k} = 0 for all k!, Mow consider

1

the case wners po(k) = a and p, (k) = 1-a for all k, where a i% 3 posicive conscant less chan

4 1 ]
omw. Lot . be bthe probubilicy Lhet class i fs nanempty when p, (k) Es [ixed to constant a

: i

= - 3 a i ] *,

EnTdugioul The fperzbion of Lhe HVHLOG. It is gleasr that . : . 1 and e P
buvcaus- bY docfeas ong tnervdfing) the prohabilicy of oh 1age 1 {elass 21 from 1 (00
Lo ali-al, Cthe probabiiicy tear clase 1 {elass 2) Ls nenem will Increase (decteased. In

view of the Tact that ;"ll.'r.] is o sub=martingale and p,{k}] is & super=martingale, we have
2
Elz (krl) : p, (k)] .]l;k} and Eln,(htly ; p(k}] = £

v bkl )E und e (k+111 are super and sub-marcingale, TespecCively, And sioce

(k).
Tha: is

itmic p, (k) = | and limie p,(k)} = O

E - k- =

wi are the averspe walting cime for the exopenous prioricy scheme and

“ a for all k where O < 8 + 1, vedpectively, then we have
e iR ) 1 a
i 2D P L B L LT I
W, = . and W, = — Samarad o and alsa
I 2 “'_'i.""l:l{l_"J":'i_-;J'f"!j
In view of che fact that p, (k1) is 2 submarcingale and ipglld i is 2 supermarcinpale, we have
Ei'--':'l'ri"l" pivd] W, k), EfW, (k+1) | pk)] ~ W!{H. whers Hif'f:}. 1=1,2, 18 che

averdge wWaicing Cime for class I at time k. Also  limit I,.'t{'kj :— w‘_-.. Since
i
k = o
limie p (k) = 1 angd limic p, (k) = O.
k k o

- o= 2

Silrulaclon sStudies were conducied and it was discoverced that the speed of converpence of

®
Bofel, #m 1,2, oW, 1= 1,1 is very dopendent on the speed of convergence of the learnme
alporicha. i

4.2 CGage B: Threw classes

all Che assSuspfions which we ma r Lie previous cdse are «lso madge for chis case. Withe
out loss of pencralley, assume

(AL}

14098

2. Frobabiliry wecror viik} = {pr“
for all i. pj"i]tk] is the proi
class is g@pty. Ipicially pf_i}

2 i)
3. Tik}) = 1/3 ©I T [ki]
1wl
and
= {c} . 5
T“:I[H] 1/2 | T[i} iu.r) +_T{i
where .ki
i 1 L
™= 1 Py
i =1
and k
. q p
ey =2 1 v
I T n'.q b
wWharts .‘:i ix the number of jubs
actuwal service time of che .t‘"
wedfnloe Alsoritha GLI1
fter i be che class from which (k—rl]:h ju
pik} for k = 0.

i
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l. E Che queue of this chasen class is

choose a job [rom in from: of ¢
i 5

v a1y,

The updace timing amd wodare a:

If the queves correspondlng to
|:{'x.j using the following updage

Py (k+l]) = pi('r.'J + 1 [l—pii:.:
Au#) = poCk) = up.(k
FJ': b DJ_U{II Pyl )

and

BliHl) = pik) if ¥

plkil) = pik)

Update T{k) and T (k) j¥

(1)
goto 1 1

Let n be the clasa from wih

realizaction Erom p“}{kl.

E the guewe of thix chosen cls
i selact che job from in frc
service and mote y 0 (k¥l]

The uvpdate timing and ueds

it the imstant when class
both the class n as well &

. i) .
eedare p[ “{k) using the I

% DO & I
9;_ ".r'\+l.l=:-“ (k)+ (7
?I'-jl:.-'.c-r'!.lt.'i“ (= |
and
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¥
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. - i L. i ., . . ) iy .,
/ the svarem. [f chanses in 2, cabapilic » (k) = fuil}[k} + p’[ ][njl} r# s ¥ i, where p i'}lr.;l + ;‘”{k:l—'h
[ s
= 1_{E)), Che sVvSL 2 cONVCrpes 1 i i ik} iz the probabil ity of choesing elass i for service vhen the :Lh
/_ L 3 At alwars L=n ] -5 <2 airially :’E:;]-'.'i.l] =% far all i, 2, i¥r wich srobabll lee one.
nfd = w Rt} e & ti ef
wamiee oy oand L, e alde chanse
noe beliavior of the svsieo, - :
T . ._';'i.k_rl-rtf.! T cdrdt.,
LT O i I = | 2 durfse Lie opera= = s . Ll
waEls L

genoud prioricy dcheme corresoonds o - (13
poik) = L for all ki, dependine on I . — ¥ (L) + i= 1,23,
s l-

f second class, Let [, be Lhe -

nd py(k]) = O for all ®i. Yow consider — k

2 . q
soere a 1s a4 posicive conscanc less cham I K ) W o I{q}u] qF1
SEY when py (k) E2 fixed po coastant a 1 =l 2

F : i {i) ;.

i - & & =@re = L5 the numbar of iobs which are served from class j and v “{i) 18 cha

that . > and = T i - ; e .th -

= 1 1 2 2 actudl service time of the 17 job from class i.
choosing class 1 (class 2} from 1 (0)

nonespry will increase (decrease). 1Inm areiss A

| tpo{k)} is a super-martingale, we have
?:uk}] g Lkl : f .

“tingale, respecrivelv. And since

m GL1

- - th ek 2 . .
rne class from which (k+l) job is chosen for service as 4 sample realization from

Q.

1f zhe gueue of rhis choden class {3 nom—empty then

choode a job from in front of the gueuwe for service, complece the service and nota
J 1

r Y (k)

updace tieinn and updace sleoriche far pik):

3 q If the gqueones corresponding to the other Swd classes are alzo nonemdty then wcgate
for the exopeoous priorisvy scheoe and = —_

i plR)} using the Following uwpdace algoricha.
ramre T ive v, Chen we have ) 3
‘ -.;1.[!\+l": = pp i)+ {1-p, (k) g
i - AL}

o i, oo pylitl) = p (%) - ip (k) 3Pl

il

plEkl) = pii) if v eeny s T
ad  poikY iz a supermargingale, we hove alse
-5.-.:3. wihiaerie .ill'n'.l. i =1, ig the PlhFLy = pik)
aie Wik} = “:- Simee Updata T(k) and T ... (k) j¥1 using 1 ey,
T ot | B )
vl That che speed of converDence of ket ke che job 1z chesen for service as

- wd ol

b speed of convergence of the learning
If the quewe of this chosen cluss is non=empry, Lhen
i selecr che job from in fromc of che chosen quewe for service, complaece che

;
: n) .
service and noce v (k+Ll).

se are alse made for chls case. Wicth— i (
" oEEe aten e oo " The updacte cimiac and updacte alporichm for o i}I"-:‘.I:

AL che lastant when class L i3 cadsen for service [_E che guaus ._-.:rr.es_nnndln;; Lo

borh the ciass p as well as that of class m (@ # a # 1) are borh non-empry then
i Py
update p o

L,

§ iy . s

\
“(k} using che following updace algzorithm:

soine 5 iy 5 i f
k), Whore I B Yy a-p P if

LI ':_‘Ek} ig Ehe

up che (k+1157 job for service from
L

¥y R, (0) = p,{0) = PJ':J} = L/3

4
Ll
o

e il
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