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Introduction ro lem ormulation

e investi ate the o o in makes an minimization ro em in t o inter onne ted e es ith arrivas to
the rst e e

onsider a s stem o t o inter onne ted e esasin i ae nitia  there are
o sinthe e e e o sarrivein the rst e ea ordin toa oisson ro ess
ith the arameter  There are identi a ma hines avaia ein ara e sothat ever ma hine an
ro essan o in and The o ro essin times in and are e onentia distri ted
random varia es ith rates and res e tive tera o om etesservi ein it either oins
ith ro a iit or eavesthes stem ith ro a iit hen a o initia in oins
it reates o0 sin henever a 0 om etes servi e in it eaves the s stem reem tion is

a 0 ed Theo e tiveis to determine a server a o ation o1i that minimizes thee e tedva eo
the rst time thes stemisem t i e e e ted makes an

i re T ointer onne ted e esin ro em

The a ove ro em is motivated dete tion and assi ationiss esin  tomated Tar et e o nition
T s stems and ait ontro iss esin aer a ri ation
The a iit to dete t and assi o e ts in a time ashion is a riti a a tor in determinin the
e ien o T s stems ne a roa h to tar et dete tion and assi ation in T s stems is the
0 0 in The area nder s rvei an e is divided into s at hes nitia eahs at h is se arate
ro essed sin ertain se entia dete tion and assi ationr es neo the o o in sit ations an arise
a ter the s at h ro essin is om eted it is determined that there is no tar et in the s at h in
this sit ation the s at h is dis arded and is not ro essed an rther it is determined that there
are tar ets o otentia interest in the s at h in this sit ation the s at h is divided into
sma er s at hes and a se arate ro essor is a o ated to ea h o the ne reated s at hes This



ro ess is re eated nti a  otentia tar ets are dete ted and assi ed nder the ass m tion that there
isa edn m erreso res e antennas and their asso iated data ro essin s stems and a ed set o
S at h ro essin a orithms e a orithms sed or dete tion and assi ation o ea h sta e o the
a ove ro ess theo e tiveis to determine reso r e a o ation strate ies to minimize the e e ted en th
0 s rvei an e time This is e ivaent to minimizin the e e ted makes an that is thee e ted va e
o}

the rst time that the s stem is rst em t ro em a t res essentia eat res o this ro em as
00 s Then m er o tasks initia resent in orres onds to the n m er o s  at hes ori ina
avaia e or ro essin nitia e have a h task that om etes ro essin in and eaves the
s stem orres ondstoas at hthe ro essin o hihis om eted and no tar etis o nd a h task
that om etes ro essin in and then oins and reates ne tasksin orres ondstoas ath
that is rther s divided into mne sma ers at hes There are no e terna ne arrivas hen e
ro em arises asoin semi ond torman at rin s stems s ei a in ait ontro o aer

a ri ation t osta eins e tionis sed tos eed the ait ontro ro essin aer a ri ation The
rst sta esortso t thro ha reiminar test a ersthat are de e ted and dis ards them The remainin
aers othro h ase ondins e tion the end o that ins e tion the are either de ared ere t and
the an e sedin oi hi s memor hi s et or dis arded other ise Thea ovet osta eins e tion
is an edesri ed the s stem o i as 00 s e a ers that arrive in the s stem or ins e tion
oin The reiminar sta eo ins e tion an emodeed the ro essin o a aerin The aers
that are o nd im er e t a ter the rstins e tion ie a ter their ro essin in are dis arded that is
the eave the s stem The aers that that ass the rst ins e tion oin and o thro h the se ond
ins e tion The ait ontro ro essis on ded ater the ro essin in i e the aers eave the
s stemo i a ter their se ond test is om eted reasona eo e tive or this ro em is to minimize
the en tho S es no rmode this an e trans ated to minimizin the rst time that the s stem is
rst em t the memor ess ro ert o the arriva ro ess ever timethes stem etsem t thes stem
enerates statisti a simiar ro ess s ares tminimizin thee e ted makes an as the rst time that

the s stem is rst em t is a reasona e oa
o ar makes an minimization ro ems have een investi ated either or s stems o seria ma hines or

on ara e ma hines see and the re eren es therein ro em is distin t
di erent rom the makes an minimization ro ems on seria ma hines kno n as sho s hed in see
and Traditiona  makes an minimization ro ems on identi a ara e ma hines are orm ated as
00 s Thereare o s to e ro essed identi a ma hines These ma hines are avai a e

in ara e sothatever ma hine an ro essan o The o s ro essin times arein enera random and
the o e tiveis to nd a strate that minimizes the e e ted makes an evera variations o the a ove
ro em ith di erent ass m tion on the 0 s ro essin times have een investi ated see or e am e

and The main res t states that in the a ove ro em it is o tima to serve the
0 s ith the on est e e ted ro essin time T rst The ro ems on makes an minimization on
ara e ma hines investi ated so ar are ndamenta di erent rom ro em or the o o in reason

n the traditiona orm ation the n m er o o s in the s stem is monotoni a de reasin in the time
intervas et eens essivearrivas mninreaseinn m ero o sinthes stemo rson atthe arriva
o thene o s these times are inde endent o the servi e om etion times n ro em ith

e have an in reaseinthen m ero the o sto e ro essed at the om etion timesi the inter onne tion
o 1rs Th s the time instants herethen m er o o sin thes stem in reases are hi h  orre ated ith

0 om etion times in The orreation et een o arrivas to and o om etions in ives
rise to ro ems that are one t a di erent rom those revio s st died even hen n the
ase it mi ht a ear that one an onvert ro em into a traditiona makes an minimization

ro emon ara e ma hines herethe o s ro essin times are des ri ed a random varia e hih



itha ro a iit ise onentia ith arameter and ith ro a iit ise a tothes mo t o
inde endent e onentia random varia es ith arameters and h a trans ormation does not res t
ina ro eme ivaentto ro em e a seit dis ards some o the in ormation avaia ein ro em

ei a s h atrans ormation i nores the in ormation a o ttheo rreneo a o om etion in
and its inter onne tion to ore re ise i denotes the servi e time in and denotes the
indi ator n tion or the inter onne tion then

ith stri tin sion and here is the minima, ed ithres etto hih and
area meas ra e ote that this oss o in ormation im ies that an o tima so tion to the trans ormed
ro em is not aranteed to e an o tima so tionto ro em

rom the a ove dis ssion it is evident that ro em is distin t di erent rom traditiona makes an
minimization ro ems in and tisasodi erent orm e a seitin des
ne arriva s

ro em an e vie ed as s hed in o a random task ra h here the tasks ro essin times
are identi a  distri ted at ea h  eneration t are statisti a  di erent a ross di erent
enerations n thisas et ro em has eat res simi ar to those o t is distin t di erent
rom the ro ems investi ated in or the o0 0 in reasons n the tasks ro essin times are
deterministi n the ra hsaredeterministi n hi hisan n ished do ment the ro essin
times at a  enerations o the ra h are identi a  distri ted mn o r o inion the e han e ar ments
eadin to the res ts o de end heavi on the ass m tion that the the ro essin times are either

deterministi or identi a  distri ted a ross enerations and an not e e tended in a strai ht or ard
manner to the sit ation here the ro essin times are not statisti a identi a a ross enerations or the

s e ia ase hen the ro essin times are statisti a identi a ie the res t o this a eris the
the same as that o

The main ontri tion o this a er is the ana siso ro em or ro em it is im ossi e
as demonstrated thee am ein e tion to determine a server a o ation oi that is o tima nder

set o arameters and ene e onsiderasei oi that ives riorit to
and esta ish a ondition on and s ient to  arantee that is o tima  nterestin this
onditions  arantees that oi oin ides ith T rthermore hen e rove that i the
a ove ondition is not satis ed thenitisa a s o tima to ive riorit to nd this a ain oin ides
ith T or ase hen

The a erisor anizedas o o0 s Themainres tontheo timait o oi and its roo are stated
in e tion n e tion eintrod e the n tiona e ation o this ro em and trans orm and red e
this e ation into a orm that an e ana zed sin iteration method n e tion an ind tion roo
o the o timait o nder the s ei ed s ient ondition is iven n e tion e esta ish a ver
sim ee am e to st d the ne essit and s ien o ondition in this se tion e dis ss thes e ia
ase and rove that or i the onditionin e tion isnot satis edthe oi that ives riorit

to is 0 tima



nal siso ro lem

n this se tion e rovide the mainres to the a er e esta ish a ondition on the ro essin times in

and and the inter onne tion ro ess S ient to arantee the o timait o oi ie the

oi that ives riorit to n ontrast to the ondition resented in o r ondition is inde endent
o then m er o0 ma hines and then m er o o0 s reated in a ter an inter onne tion  ote that
the nat re o the o tima it is interestin on hen the e e ted makes anis nite n order to ass re the
niteness 0 makes an e ass methat — — — ore ivaent — nder this ondition
e an sho that evenas o tima oi ike have a nite e e ted makes an The ar ment is

simi ar to hitts roo in
The o o in theorem ives the main res tso the a er

e ro eed to esta ish the main res t o the a eras o o s irst via some reiminar ana sis

e sho that ro em an ered edtoa orres ondin sta e ro em ind tion e esta ish
the o timait o oi or the orres ondin sta e ro em nder the onditions o Theorem  The
hioso h o ora roahis itesimiar tothat o
e note that the ondition o Theorem is a tomati a satis ed i or
e an orm ate ro em as a arkovde ision ro em The states a ein o r mode onsists o the
ordered airs o the orm here isthen m er o avaia e o s in the The a tion s a e
at state onsists o0 the ordered airs o the orm here are
the ossi e a o ation o servers to the o s in itho t oss o enerait e an restri t o r attention
to the arkov o1 ies denoted the ve tor or hih
min
iven the state and the a tion the time nti the ne t transition is an
e onentia random varia e ith arameter sares t thene tstate an

eone o the o o in states ith the orres ondin ro a iities
ith ro a iit
ith ro a iit
ith ro a iit
ith ro a iit
Denote the minim m e e ted makes an Then  satis es the d nami ro rammin
e ation

min



ith ens res that or ever

and is e ivaent to

min —
here isan ed ositiven m er e iknmer s hthat
ma
e an inter ret as the n tiona e ation or a dis rete time arkov de ision ro ess hose tran
sitions 0 r at ed rate ie the time nit et een the transitions are — hi h is inde endent o the

oi This inde enden e et een transitions and the oi aiitateso rana sisanda o s sto se
S essivea ro imation a e kno nres tsind nami ro rammin to ana ze ro em

De ne oran arkov oi and n tion - the o0 a ost n tion
Th s easeo the minim m e e ted makes an is the so tion to the e ation
min
onstr tthese eneo as 0 0 s
or a
or a

min or a



De ne the oi that satis es
min

here is de ned in and iskno n or a t is kno n
that i or a then satis es

min

here is the minim m e e ted makes an nder the initia ondition rthermore or

im

The ar ment sedinthe roo o emma isas eia aseo a enera reationshi et een ne ative
d nami ro rammin and s essive a ro imation rst introd ed tra h ote that sin e o r
a tions a eis nite emmas and in rovide the ar ments ient or esta ishin the emma
oti e that the set o S are a ed the o timait e ations or sta e ro em n thene t
se tion e st d this ro em and its inter retation and rove that i ——  oi is o tima or
ever

onsider the se en e onstr ted S Thisse en ehasthe o o in inter retation onsider

the o 0 in nitehorizon ro em ith transitionsde ned ashorizon ss methatinthe e ein s stem

in i re transitionso rata edrate hi hisinde endent o theservi in oi ith ro a iit
— the transition o rs in ith ro a iit — there is an arriva and ith ro a iit

there is a transition to the same state De ne the sto in time  as the minim m
o the makes an and horizon — The o e tive is to minimize thee e tedva eo t is eas to see that
the o timait e ation or this s stem oin ides ith s This orm ation is a ed the sta e
ro em This sti es h in e tion S are a ed the o timait e ations or the sta e
ro em atra ia oi a hievesthe minim m in orasei nmer the oi is a ed
o tima at sta e n at emma sho sthereationshi et een ro em and the sta e ro em
n emma e sho ed that sovin ro em an ered edtosovin the stae ro em ene
rovin theorem ise ivaentto rovin the o o in theorem

The roo o this theorem re iresa en th ar ment or this reason to ari the ideas e
roeed as 0 0 s irst e resent an o tine o the roo here the main ideas are o tined Then e
resent a the detais o the roo



e rove Theorem ind tionon n m ero sta es or that matter e de ne

sin the a ovee ressions e state theind tionh otheses orsta e as

oi that ives riorit to is 0 tima at sta e
or ever
or ever
or ever
The ind tion then ro eedsas o o s irst e veri the vaidit o this esta ishes the
asis o theind tion or the ind tion ste e ass me that are vaid and rove that nder
this ass m tion and ondition are tr e
e note that is s ient to assert the va idit o Theorem o ever to roveind tive that
that istr e eneed ei a are sed toind tive esta ish Theorem
via the 0 0 in emmas
and
and
and
and

ondition 1is s ient to arantee that the minim m e e ted makes an is nite

e roeedint oste s irst e esta ish the asis or the ind tion Then e om ete the roo
esta ishin the ind tion ste

rom s and e have min — n this ase oi erorms as € as
an other oi atthe rststa e so isvaid sares t — or ever
hen e hi h roves the vaidit o The asis or the

ind tion ar mentisno om ete

s stated in e tion e ass me that are vaid and ro eed to sho that
are a so tr e via the roo o emmas or the roo o emmas e rst esta ish the

00 in ats



sit asdis ssed e ore an e de ned as the minim mo thee e tedva eo the
sto in time inthe stae ro em orthenstae ro em nderan s ei oi andaon ever
sam e atho servi e om etions o inter onne tion and o arrivas thesto in time orres ondin to
the initia state isno on er than than the sto in time orres ondin to the initia state
or to the initia state There ore the a oveine aitieshod

nthe sta e ro em onsiderthee eto ivin asma amo nto ro essin timetoasin e
0 ei a et denote to rst order in  the amo nt hi hthee etedva eo
o0 d han e rom i e ereto ivea o in ane tra amo nto re ro essin time Then

here the ine ait hods e a seo
n the other hand sin e the ro essin times are e onentia e have

or a

hi hres tsin
an e rovedin asimiar a

ote that the roo o this at ives s a ver int itive inter retation o the n tions
and or the sta e ro em rom the a ove dis ssion it is ear that
an e vie ed as the han einthee e tedva eo in the a sen e 0 arrivas asares to ivin a
re ro essin toa o in an e inter reted as the ost advanta eo re ro essin a o in
overa o in inthensta e ro em ote that remains the same hether or not arriva s
are in ded in the ro em orm ation im ies that it is etter to ive the re ro essin to
hih an esho nto ee ivaenttotheo timait o oi



The rstine ait isares to ondition and these ondine ait o o s rom and

nt itive an einter retedas o o s onsiderthe sta e ro em hereane o isadded
to the s stem and one has the o tion o assi nin it to either or Then ives the ost
advanta e o assi nin the e tra o to instead o im ies that at ever sta e itis etter

to assi n the e tra o to



The rstine ait isares to ondition andthese ondine ait o o s rom here
and

ased on a ts e rove emmas that are needed or the om etion o the ind tion ste
the de nition o hi h ives riorit to ekno that oran ar itrar oi
or a

itho t oss o enerait e have restri ted o t attention to oiies or hih

its de nition tiizes servers there ore it res ts in an o tima a tion
hen e rovethat an oi that min an e im osed
at sta e rea o atin one server rom a o in toa o e e tion o the same ar ment
sho s that is o tima at sta e There ore to om tethe roo e om are at sta e the
oa ost ntionsd eto oi and here
and

e have

The ine ait in to ether ith ar ment ro eedin it om etesthe roo o emma



n endi e sho that

and

ote that sin and the ind tion h othesis name
that the et hand sidesin s are non ositive ie

or a

€ an see



n endi e sho that

ote that a ain the ri ht hand sides in S are non ositive e a se o and the
ass m tion that or a ie

n endi e sho that



ea seo and the ind tion h othesis on and name or a
e kno that the ri ht hand sideo the s are non ositive ie
or a

The ind tion ste is no om ete as are tr ¢ e a se 0 emmas and
res e tive This on desthe roo o Theorem

iscussion
n this se tion e rst resent an e am e thati strates the roe o the ondition e ressed in
Theorem Thee am esho sthat is s ient tnot ne essar toens retheo timait o oi
that ives riorit to e e onse ent theres to Theorem doesnot rovide an in ormation
a o ttheo tima a o ation strate or ro em hen is not satis ed eidenti an instan e
here it is im ossi e to determine an o tima a o ation strate or ro em hen is not

satis ed e dis ss thisinstan eater am e



onsider the s stemin 1 re et the initia state e ose there are three ma hine
avaia e ie and ea h inter onne ted o rom to reatest o o s ie et
and en e the re irement e ressed is

o asdis ssed eore eon needtorestri tattentiontonon idin a o ation strate ies Th s hen

the state is s h that the a o ation de ision is trivia oroream e there are
on three states en o ntered or hi h the a o ation is not trivia hen the s stem is at the initia state
andi thes stem enters states or e onsidert onon idin riorit a o ation strate ies
oi that ives riorit to and oi that ives riorit to Theset o oiiesdi er romeah
other in their a o ation o servers i the s stem is in states and or other states oth
oi ies a t in the same orm
De ne the n tions and as the e e ted makes an nder oi and oi res e tive
t ea h state the n tion is de ned as the minim m e e ted makes an Then

t the states and the t o strate ies and a o ateserversdi erent Th s e have




here as mentioned e ore at ea h state is de ned as
min

The o tima o1 in this ase an e easi determined oi iteration n order to doso e rst

ook at the e e ted makes an nder strate ies and i the s stem is at either states or

om arin the e e ted makes an asso iated ith ea h o these strate ies e identi the east e e ted

makes an or di erent va es o ie

i

other ise
and
i
other ise
0 e rst ass me sin S and it an e seen that
i
Then e ass me sin S and e have

i
i
n s mmar e an identi threere ions orva eo arameter as o o S

n thisre ion itisa a so tima to o o oi

n this re ion the o tima o1 de ends on the state at states and
it iso tima to o o hie at the o tima a o ation oin ides ith oi
n thisre ion oi is 0 tima
om arin ith the a overes t e on de that the re irement e ressed
is not satis ed the oi is not in enera o tima The re irement e ressed is on
S ient tnot ne essar to arantee the o timait o oi The o tima o0i neednot ea

riorit oi and an o tima a o ation an e de endent on the state o the s stem



s mentioned at the e innin o e tion i is not satis ed theres t o this a er rovides no
on sive eviden e a o t the orm 0o an o tima a o ation oi o ever itis ossi e to determine an
o tima a o ation strate or ro em hen is not tr e and h a strate is desired
in the o o in theorem

Theorem an e roved ar ments simi ar to those sed to rove Theorem  These ar ments are
resented in endi
Theorem and sho sthatitis ossi e to determine an o tima a o ation oi oran om ination

0 and hen ea h o inter onne tin rom to reatese at one o in
onclusion

The main res t o the a er rovides a ondition s ient to arantee the o timait o the oi that
ives riorit to or ro em n this ase here ever task inter onne tin rom to reates
eat one o in ie e have determined an o tima a o ation oi oran om ination o
va eso and

Determinin an o tima a o ation o1 or an om ination o va eso and hen is
a ro em orth o investi ation nother sit ation simiar to ro em that is ra tia sini ant

arises hen then m er o ro essorsre ired to ro essa o at a ertain e e de ends onthe e e
Determinin an o tima a o ation strate ors ha asso ro emsa earsto ea ha en in task
The determination o an o tima a o ation strate that sto hasti a minimizes makes an or ea h o the
a ove ro emsis asoan interestin  ro em orth o investi ation
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ppendices

roo o E s

To rove s e in or ate the ass m tion that is o tima at sta e hi h trans ates to

o e have

The rst and thirde aities o 0 rom These onde ait o o s rom § and



Then




The rst and third e aities o o rom the de nition o and The se ond
e ait isares to S and The o rthe ait o o s rom the de nitions and
Theine ait hods eas eo at

Then




ain the rst and thirde aities o o rom the de nition o and The se ond
e ait isares to S and The o rthe ait o o s rom the de nitions and
Theine ait hods eas eo at

sin S and the ind tion h othesis on e o tain



The rst and thirde aities o 0 rom These onde ait o o s rom § and

Then




The rst and third e aities o0 0 rom The se ond e ait o o s rom S
and The o rthe ait o o s rom the de nitions and The astt oe aitites are sim e
ro in the terms Theine ait in isas se ento in at



here
min

Th s




The rst and thirde aities o 0 rom These onde ait o o s rom § and
The o rthe ait o o s rom the de nitions and The rst ine ait in ho ds
ea seo is iven and the se ond ine ait isas se ento in at



Then

The rst and thirde aities 0 0 rom These onde ait o o s rom s and



The rst and thirde aities o 0 rom These onde ait o o s rom § and

ea seo S and e an rite

The rst and third ine aitieshods e a seo These onde ait hods e a seo S
and

Then




The rst and thirde aities o 0 rom These onde ait o o s rom § and




The rst and thirde aities o 0 rom These onde ait o o s rom § and

rom S and e have

The rst third and o rthe aitieshods e a seo The se ond e ait hods e a seo
S and



here
min

Then

The rst and thirde aities o 0 rom

The se ond e

a it

O O S rom

S

and



The rst and thirde aities o 0 rom These onde ait o o s rom § and




The rst and third e aitieshods e a seo These onde ait hods e a seo S
and The the ait o o s rom The ine ait hods e a seo and

utline o the proo o Theorem

n this a endi e rovide the reader ith the essen e 0 the roo o Theorem irst de ne
as the om iment o ondition Theroem an e roved the same ar ment as in e tion that
is ro em an ered ed to rovin the o timait o nder ondition or the sta e ro em
des ri ed S To ro eed iththe roo eesta ishanind tionsimiartothato e tion
oti e that sin e and the ind tion h otheses or sta e i e
oi that ives riorit to is o tima at sta e
or ever

or ever



The asis o ind tion is veri ed thro h the same ar ment as in e tion ss min that the
ind tion h otheses are vaid at sta e e seanmero atsand emmas to rove the vaidit o
These a ts and emmas hi h are stated eo and their roo s are ver simi ar to

those 0 e tion



