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Abstract

Wit t'e grewing  revalense o Internet mgs (Ie ) devikesand tes nelegy,a @ rgeening semy ung amdigm
mmely me, ile’edge semy ting {v C) 1s delisa tely | re esedand designed tea ssemmedite t ‘ea , 11 tien reg irements
o loe ssermre. Int 1s @ er, we' ou sent'e reylems @ dymmis sk ssed lingand res® rie mim gement mn C
‘envirenment, Wit t'e s ev11s @ Jestive @ as 1eving t'e o, umil reven e '@ rnedp y edge servise |, reviders. §f 11!t e
i jerity @ ®sk ss ‘el linga nd res® rie n m gementa lgerit msare erm Rtedp yan integer  rege mming () | rey lem
and selved ina dis,re‘erred ® - ard ma nner, we mnew tively investigite t ‘e  reylem st ut reand ident1 ya avemy le
,re erty mmely te llyo nimell hrsenstgints. ‘e tewllyy nimed hr re ertyu rt-er ‘el ste designaney 1alent in@r
,regamming () reylemw 1v @npee ventlyandelegntly selvedat  elynemalsemy & tiem]sem, le ity. In erder
tecalate w r ro eseda res , we send st sym htuenspased enral-lie loe diwsette verr y t'e'e “estivenessand
‘e IMENsy @ 8 rd | rés .

Keywords Internete  ings (Ie )-N'q) ile'edge vemy ting - ask s ed ling -"Xesw ree mam gement -
even ‘e-o, tink |

1 Introduction ot ‘er [e devises ever t ‘e netwerk emp, ling t ‘emselves te
o0 crte wit ‘@ ot erandas ieve semmen ge Is [29].
‘eInternete . ings (le ) 1sa  remusing tes mal 1eld  §ft t-e mvr@singame ntandty,ese Io devices jemmng

In resent y@.rs, W 18 Intersennestsa. v riety @ senersa. nd t ‘e netwerk, sevem.l [e tes nial rey irementsare newly
ut ervard. assive AR genemtedpy le devisesatte
isartisle 1s art @ t'e o 19l Cellestion: Special Issue on rentendy, rlngt allenges ere 1sientin ermd tien  resess-

Emerging Trends on Data Analytics at the Network Edge ing es esilly ert'e artm Rrssemrioreq iring ral-ume
Gl est diters:@ey Z a,ng,chongwm,a, ndk an 1eng Weng

L dw andling (e.g., Internet @ g 1vles [10]).\u rt ‘ermere,

b9 gng Cen m + mere ntelligentand  eWwem I  resessing @ asity
venymg@ st ed n s @ ldpyeeq 1, edatteedge,and tu s el s te revide
weiWh ang ware sle devises (e.g., smirt | enes,@® te ker, me,ile
uangw@u ed .sn @ mes , S rtpa nds, ets.) wit  diverse servises. ‘ere ere,

1t nesessi tesa g rgeening semy ting a @ digm designed
orle y smessanda | liauens, @llededge vemy ung.
dge semy ting @ 1ns M s+ mere mement m wit t'e
Jrelrentien o Ie [34]. Asserdingtet etes maaly rvey
rem Interma o ] Bk & Cer, en. tien ([iC) [39], t e gleyal
AR geneptedpy le  devises willye s mmedu | te 180
‘ethp ytes (ZB)p y 2025, w 1v 70% s w ldye | resessed
atteedge o netwerk. Inanedge semy ting system, j&
req ‘estsa s wellas genem ted i & remle devises is served

engyank
%sy@dl Jted sn

iclartmcnto Cemy ter sienseand ‘es nelegy,
Cm ?nw:rsny o vetreln m, Beying 102249, C .

Beying ey Bap, en.tery @ ®etreln m - X ming, C 1.
niversity @ »etrela m, Beyjing 102249, Vi

wte ‘eyla, entery e \;ftworkmgand Wit 1ng
"es nelegy, Beying _niWrsity @ » ests

and ‘elesemm nia tiens, Beying 100876, C 1m. and  resessed re mmllyat te-edge server. ‘e‘edge
4 Cemy ter_s ool Beyjing In erma tien_viense serveris lewd ted slesertot ele devisetant esentali-ed
and ‘ev nelegy ?mvcrsny, Beymng 108101, C 1w sle dduw senter, terqyy s ertening t ‘e j& res, ense time.
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Ie devisesare dis;ersed in wideara , w ese lewd tiensare
time-aried wit devise meyility. ‘e set @ assessp leedge
serverse ‘@« lo devisede endsent ew rrentlea tiene
t'ele deviseandt-esevemgemdi se edgepa se sk tions.
Wit m It le edge servers de leyed geegn 1ally, j&
req ‘ests  re, osedp yirie sle devises willy e te nsmitted
te and served at ene @ t-eir assessyle edge servers,
asserding tea well-designed ss “ed ling sta tegy.

mse t'een @ sle dvemy ting, wsk ssed lingand
res® rie mAmgement ave always yeena 1g - reile
1s8°emteaddemisas wellas ind stral semm nity [3]
[24]. It mA.inly ew ses en ow te sv ‘ed le t e inveming
J& req ests asress m lu, le resw reeu nits @ a s d
W ster,and t ere 1s ne d1 ‘erense on ss ‘ed ling vests w ‘en
disats ingjeyste ari@ sres® rsal nits. —gvert ‘eless, t'e
,Iyleme mskss ed lingandresw rse rra;!: gement leeks
di ‘erent in t ‘e vente t @ ‘edge semy ting, ¥ mmiri edas
t'e ellewing twe , ents.

e Uneven ross-layer data transmission latency: as Ie
devise @nalvays ave m lu, leassessyle-edge ser-
verswit ‘eteregene® sdi . te nsmissien disk nses. Be-
@ se e ‘eteregenc® s R tensmissien disknses, k-
tensy en i & t@ nsmissien te di ‘erent’edge server \a. -
ries. ‘ere erep neven & R te nsmissien R tensy needs
tep e L kennted sv@ ntw ‘endeterminingw 1» o ‘edge
serverss @ ldyedisats ‘edtot e ja, rey est[5,6]. It
wa 1d inu rless ss ‘ed ling vests en & & & nsmission
1 t'e & reg estis ss ed led tea sleseredge server.

terwise, 1t wa 1d sest mere en i & t® nsmissien.

. A§%nchrony irl!‘_gross—layer job dynamics: e  rmnsi, le
o 1 irst-Come? 1rst- erved 1sa sim, I ied @ t widely
resegni‘ed ass m ien mn _te ss-ed ling design.
Asserding te t ‘e rinsg le of 1rst—Coch wrst- ‘erved,
t'e j& reg est  ro osed ‘@rlier s @ 1d ye g ued
a @adand resessed in rier. In t'e'edge vemy ting
system, ewever, ‘eteregeneity @ i@ (g nsmissien
Btensy res lts in t'e disstisasuen o Y irst-Ceme-

iwst-_erved. anks te t'e s erter d® @ nsmissien
Bteniy, t'e j& req est ;ro osed hter tan ot er lo
devies mypearnvedat t'e disats ‘ed-edge server
‘@rlier,u rt-er elding t e servise | rierity. It eny, edies
t'e asyns reny in sress-hyer j¢ dymmiss, w 1
mikest'e reyleme ®skss ed lingmnteshplemte
‘edge envirenment.

In t1s @a,er, we pt ervard a sresscedge @sk
ss ‘ed lingand resw ree nam gement algerit m er-edge
semy ting, w ese eyjestive 1S te mi 1mi‘e t'e ‘edge
Jreviders’ reven-e. as le devise re esesapits &
req ‘est ermedy y seven ] usks, teget ‘er wit t-ed ssesi ted
B dget. re g @ ruskss ed lingandress reeallesd uen

algerit m, ‘edge  reviders @n mike t-ewr ‘e erts te
assem lis all @ t'e Rsks wit 1n j& req est, u rt-er
‘@Iming t'e Nk 1M mreven ‘e rem je {1 dgets.

‘e dissrete At re @ @ 1 wsk s ed lingand resw rse
i gement | rey lem mikes 1t « allenging te selve @ t.
ask ssed ling  reylem 1s ‘essentally a seny 1 tersl
JTelem w ile te resw rse @ asity e ‘edge server 1s
s,est1edpy t'en nyer o sk nses.Wense, 8 1 ,Teylem
1s 1n ‘erentlyan integer ,rega mming ()  re,lem, w 1
1s genes lly -ard [16]. In erder te selve w t @ r
,flem e nifntly, we md ® t t'e avemple  re erty
o tewllyu nimed hr senstants [16], w v | revides
mntega ]l @ tm m gasntee or in@r rega mming (&» ).

anks te t 15 avemple  re erty, we hkeadanuge o
A—tes my ‘e [26] te send st'ey 1 lent B» t@ ns erna tien
o wrengimlP reylem. ‘ee ‘estivenessande isiensy
o 8r re eseda rés svalidtedtre g sim Rtiens
pased enral-lielo dwset

‘e erigi] sentrpl tien @ @ r werk 1s t ree old as
ollows.

® Asserding te t'e Ryered stg i re @ ‘edge semy tng
Aardigm, we erm kte t'e sress:edge j&, | resessing
amewerk mman-edge-emy, led [o  system. Comy #.-
tior. ] res® rie @ asity @ ‘edge servers, ‘eteregeneity
o J& rey ests, everh  ed sigml] sevem. ge o ‘edge
pase sktions and devise meyility are u lly wken n
sensides tien.

. n tepasiss @ system eorm htien, a sress-edge
wsk ss ed ingand resw ree ne.m gement a lgerit m
1s wareu lly designed, w 1+ as jeves t'e o timil
reven ‘e’ @ redp y'edge  reviders. In vint ‘¢ @ dissrete
s agsteristiss o eorigiml | reylem erm htien, we
send st ey alent ®» tens ermitien py meE.ns e
tew llyu nimed Rr senstmints [16] and A—tes nig e
[26]. ‘ere ore,lo jeysw@npess ed lede 1vently.

e P cend vtsim Rtienspa sed ena rail-werld &k sete
pase shtiens and endu sers in te N e, # me CB®
ara [17] te veriy @ r 1o eseda [rés . Besides,
t'e ‘e estiveness o @ r ss-ed ling algernt m s
demenstm ted wit a semarisen wit shte-e art
, olises.

‘eremiinder @ @ r a ‘eris er@ni‘edas ellews. In
‘estion 2, we 8 rvey t'e relhted werk mest ertinent te
15, er.In _‘estion 3, t'eu ndimenkl new tiens @ ‘edge
semy ting medelare given,pased en w 18 t'e  reylem
o uskss ed lingandrese rie nim gement s erm hted.
‘estion 4 arstly mtred ses t'e evemll @ mewerk e
r wsk sved lingand rese ree nam gementa lgerit m,
and t'en vend sts'eq nalent 2 tens erna tiena mmed te
selve @ r reylem wit 1g ‘e 1vensy. In _estien 5, we
Jererme  ermmentspased enra l-lielo diRsette veri y
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e ralgerit m. In estien 6, we milly s mmarie @r
resers werk n® T a ‘erand mikea @ tleeke ® ruu re
werk.

2 Related work
2.1 Peer-to-peer network

61 ‘erent rem t'e tadiierm] slhient-server (C_) medel,
Jeer-te- ‘eer ® 2 ) netwerking 1sa distrgl ted sémy & tien
medel n w 1+ intersennested ‘eers reeu | arte treir
rese rees (e.g. (@ _ vere, disk stem ge, netwerkpa ndwidt
‘ets.) te sarea Engst'a,s et'er wit @t te need o
sentm 1 ‘ed servers.» eersare net enly vens mersy talse
,reviders @ res® rses.

‘€ INleR. SVe mes anismamengst eers P » net-
werks aspeen‘e tensively st died 1n t-e litenu re. G o
‘etal. [9] ;remeted t'e 8 skimpility @ pedy senser net-
werk (B tre g  re esmnga &R tansmissienss ed I-
ingand'énergy arvestng ste tegy, w 'ere senser s tes, i f.
dym miss, and energy dym miss were u lly wken @re o .

metal [15] 1im, reved t'e'e 1vienvy @ A erwarding

or® » netwerksp y'e ‘estively miking | redistion @ ven-
nestien skt 1 sing Ba yesa n sk ssiter,u rternng red sing
t'e'energy sens m, tien @ & W t@nsmissien. atsi@ ‘etal.
[28] sensenteted on t'e replem @ air resw rveallew -
tiena mengst eerspa sed en  eers’ reyl R tien mi interd nse,
Were @s  eer @n on% & hin sared rese rsesaml-
ec¥ S te 1ts sentry! tien.\ rem t'e  ers estive @ seosfl
netwerks, C ‘enetal. [4] ehmimted t ‘¢ malisi@ s [ eers in
» 2> ile s arng netwerks,and mide t'e riendly  eers sel-
by em tivelya s jevingt'evemmen ge.lst re g rep ®tien
§ erying. Eee'etal [18] st died t'e ;reqylem @ reu @ tien
MR gement wit plesks am tes nelegy a, lied, w ere
Jeers’ eyl Ruen @npe sel -mimimed wit @ tt'al se o
a senta ] nede res, ensp le orrey & tien nmAm gement. 1m
‘etal. [14] teek t cadanuge @ _L tes nelegy te remeve
t'epad dw remu nw sted  ecrs n® X netwerks and
U rt er im, reve t ‘e servise relay ility.

2.2 Edge computing

Mt tem 1ddevelo, mente le ,anemerging semy ting
JArdigm mmely edge semy ting aspeen § t ervard.

‘ears itedt re @ ‘edge semy ting 1s designedy y l@ rming
t'e ‘@u res @ » » netwerking. “amis anden etal [27]
sapsterred teedgeasa jeereo slo d. eu nstiem ity
o slw d vas seamted nte m lu, le-edge sites de, loyed
sleseto t e lo devise. &, req ests remleo devises were
ss ed led teand servedatt e edge site, s ertening t ‘¢ ja&,
res, ense timea nd S ving t ‘e netwerkpa ndwidt  er remete
d R te nsmissien.

e ,rqylem o #sk ss-ed ling in edge envirenment
aspeen a et te 1v 1n resent yars. M et al. [22]
amlyed t'e geege 1+ re ung  reglem m meyile
ve ™ Rhr netwerk, w ere di® link errer mteand ve 1vle
density e streets were u lly sensidered. §fng ‘et al
[32] ew sed en t'e  reylem e m Iti-ksk ss-ed ling
i Ypird edge-sle d-envirenment, w ere sevesl sriti ]
158 ‘es like  reit, de dline and de endense were @ ken
mnte asse nt. Zae ‘et al. [33]  re esed a dymmis
,rés  eor sress-edge msk ssed Iing w v o, timied
t'e tol] system sest and ‘energy ‘e 1siensy e
ang etal [35] reg hted t'e resed re @ lLive vimal-
Ps me () migatien mn yyrd ‘edge-sle d system
wit t'e o il atien & jestive @ MR 1M m t'eadver ge
ctal [23] sem, re ‘ended t'e m lti-ve vle wsk
‘}(a frng re, lem 1n'edge semy tinga sa ste tegis @ me,
a.nd as jeved t'e vest-e ‘estive and msentive-sem atp le
ssed ling sseme w'en a s ‘eq 1lpmu m selved
.t @t t'e tes nig'es @ Lyd'yu nev e timiatien and
vkrey-Ch rke-Greves (@) a1 stien, Z ang-etal. [37]
Xmgncd an enline semy 'k tien o l& ding mes amism 1n
‘edge-semy ting systems @, timi g t ‘e leng-term rewa rd.
Mngetal [31] erm kted t'e reylem @ semy ®uien
o leding n m Itidssess ‘edge ‘envirenment as a dee,
seq ‘enti | medelpa sed on rein ersement l@ rning, emy ling
t'eap ity tear terma tia lly dissever t ‘e semmen a tterns
be ind wr@ sa, hauens. ‘engel.at [30] st died t-e
sk ssed ling rqylem rem t'e [ers estive o lo
servise ,reviders t re g ou sing en sede dissemimi tien
m ve ™ Rr senser netwerks, im, reving t ‘e seves gea nd
sost @ dissemum ting | resess. Z angetal. [36] e, timi - ed
rebted a@meters te netwerk resw rses in le netwerk
rem twe di ‘erent time s« les,andu luma tely red «ed te
‘energy seny m, tienrey lting rem netwerk semm nis. tien
petweenle devises.
§F ave dene sevem ]l res@.rs  werks  revi@ sly ent'e
te,1v @ ‘edge semy ting. In [12], wea  lied stes asts

devise.



3 System model and problem formulation
3.1 Fundamental notations

System overview §f sensider an C system eor Io
servises, w 1v sensists ¢ N me, ﬁ![o devisesand M
‘edge servers. ‘e ume er1 on 1s dissreti ‘ed inte time slots
wit telengt e 7, indeedpy?t. as meyilelo devise
mevesa sress time slets,anda g ita rily desides w et er te
,fe eset'ecjq, req estat@s umesloett. ‘e )& req est
rem meyile I devises 1s irstly | re- resessed in lewal,
t enis tmnsmitted to t ‘e dis @ ts ‘ed-edge servers eor remete
‘ee¥ tien.
askswit int eja, req estarereg hted topyess ed led
to edge serversat'@s devisien time slot I'. esw rses
alleated te t'e j& req estare alse determined w ile
sved ling. ystem @ e terisres ensplete sen 1g ret e
lengt e devisien time slot I'pased ent ea i alsitatien,
W 18 MRy SeVer ene or meral nits @ time slet 7. Atr@.s
desisien time slet I, #.sk req ‘ests  re, osedp y ma, ile lo
devises willpe sv ‘et ledand dis,ats ‘ed te t e'edge site,

sensta inedp y t e sigm 1 seves ge @ ‘edgepa se sk tiensa nd
res® rie @ asity @ ‘edge servers.



® res® rie mnsknsesattime sletf miy avepeenallesw ted
te ,revi@ s J& req ests w en send sting Rsk s ‘ed ling
te INnseming j&, rey ‘ests, t'eawibple n npyer o resw rse
msknsesat time slot R;(z) 1s ne graiter tan t'e ever ll
rese rse s asity Aj,as erm Rtedpy R;j(7) < Aj.

1gm] sevem ge everh | asress ‘edge pase sktiens is
sefisidered. as ‘edgepase shtion j asa limited sigm |
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Table 1 3 mnary @ new tiens

N
e nitien

;roﬁ uen

t,T mnde ,lengt e time slet
r inde o desision time slot
i, N,N mnde ,n nyer, sete me,ile le devises
j, M, M mnde , n nyer, set @ ‘edge serverspa se sk tions
B; B! dget  re esedpyle devivei’s e req est
L; i 1m mdisknse @ sigm]sever ge oredge serverpa se sk tiens j
M; set @ asxessp le'edge serverspa se sk.tions orle devise |
N; sete a 1lated le devises wit insigmlsever ge eoredge serverpa se sk tiens j
p,gf, i 1 npere (» _syslestolo devise i’s & req est orlew]semy & tien, remete semy & tiena tedge site
fis fm (> _ reg envy o le devise i, edge server
r[l”, /¢ lowj semy wtier ]k tensy, remete semy wuemlRktensyatredge site orle devise i’s j&, rey est
8¢ dw sietele devisei’s) e req est or remete semy W tienatedge site
wi, hi, p;i s annelpandwidt | s annel , ewer @ 1n, wireless te. nsmit , ewer @ Ie  devise i
o neise , ewera tedge site
,-"/-, ‘El-"/- &g tansmissien disk nse, R tensyp etween le  devise jand edge server j
™ . 1m me [ ested j¢ sem, letion ume eorle devise i’s j& req est
Ti; set @ aa 1hy le ime slots eor remete e ‘ew tiena tedge server j erle devise i’s j4) req est
Aj, Rj(t) n nyer o ‘edge server j’s ever 1l res® rse insk nses,a W iky le res@ ree inswnsesa t ime slot ¢
kL R;@®) inde ,sete | ossple resw rieallesations eredge server jattime slet
a; (1) 0 nyer o ‘edger server j’s res@ ree inswnsesa llewa ted to o devise i’s j@) req ‘estatt e time slet
Ai{j ) ra ] desision aray les genem tedp y A-tes nig ‘e [26] in®» ta ns erma tien

o cuterasserding te t'eautalsitauen, mu ding ene or
meral nits @ time slet 7.

In t 1s werk, wsk ss ed ling 1s vend sted wit t-e
& jestive @ o timi Ing t'e reven'e ‘@rned py ‘edge
Jreviders, w 18 1ss;espally md 1m1 mgt-es mnR tien
o @ ‘edge revider j € M’s revene. ‘e everll
reven e 1s '@rmed rem t'e 8 pmtted g dgets B; o all
N maeyile Ie devises. As dessrpyed m estien 3.1, 1t
1s ,re,ertierd]l te t'e wsk sem, letion Bti® wit in t'e
m m m'e  ested j@ vem, letien ume 7 | erm kted
as q.4.

B;
Lre : aiyj(t) (€]
iENjEM[ tzti,c-"_til,'} t

Gven t'e limited res® rse @ asity @ ‘edger serversat
‘@ time slet 7, t ‘e teh]lame nt @ allew ted rese ries @
‘@ ‘edgeserver j € M @nnete sessitsresw rse . asity,

orm Rtedas t'e ellewing senstaint (5) re@rding t-e
res® rie @ a sty @ ‘edge servers.
o (1) < Rj()  VjeM,
ieN;

vVt e 771 (®)]

Besides, itiseyvie stattewsksem letions tie wit 1n
t'emk 1m me  ested jq sem letion time ™ s @ ldpye

negratertanl. ‘esenstdnti,® thsksem,letion s tie

1s erm htedas q.6.
A o
a,j .
e <1 VieN (6)

jGMi lzrilzr_,’_ritrj 1

e g senpining t'e e timiatien & jestive wit
t'e ap eve-mentiened senste.ints, 8 r reylem o wsk
sv ‘el lingand res® rie mad m gement m C system @.n
be erm Rted ermallyand rra.t'crrausa.llya.s ollews.

T
1 Bl
. — o (1) @)
o j(t) . . T;
ieN jeM,; t=til"+ti’_’j
8 pjestte,
a; j(t) < R;() VieM, VteT; ®)
ieN;
™
Oli,j(t) < 'L’l-rC VieN )
JeEM,; t=t[-[‘+ti’_'_‘/-
Ol,‘,j(t) [S Rj(t) Vi e N, VjeM;, ‘v’teﬁj (10)

were R;j(t) denetes t'e set @ all K essple resw rse

alleanens {0,1,...,R;(1)},and 7; ; indrdtes t'e set ®

awibp le ume slots or remete'e ‘eu tien re ering te {rilc +
tr _lc tr m

Ti,j"ci +‘Ci,j+1"“’ Tl’ }
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‘e @, tim atien reylem de ined ap ove 1san integer
,regamming () reylem, w v 15 genemlly -ard
[16] te selve @ t. In erder te sv ed le j&@ reg’ests in
an‘'e rsent nRnner, we try te'e  lereand mikeu se o
avemp le tev niy ‘es eversemingt e+ allenges on | rey lem
selving, w 1v willye intred sed in dew1l ms'c‘»u.n 4.

4 Algorithm design

In t 1s sestion, we 1rstly @ tline t e ®sk ss ‘ed lingand
rese rie Nk gement W mewerk n, C system,and t ‘en
sensenta te on t e'eq 1 lent Ep tﬂ'.gs ormi tien a 1med te
selve @ r  reylem'e 1sently. eeretalarmlyses ent-e
‘e ‘estiveness and semy wuem] sem, le ityare givenas
well.

4.1 Task scheduling framework overview

Algerit m 1 11l stetes t e st de sede @ sress-edge sk
ss ‘et lingalgerit mas jeving o, umi '@ rning. §f en t-e
J& req est e osedpy meyile o devise 1s ssed led,
t'en npyereo allewted rese ree sk nses 1s determineda s
well. ‘e ,resed re @ @ sk ssed ling 1s send sted re nd
pyre nd wit desisien time slet .

At '@s desisien tme slet ', wsk ssed ler irstly
reserves t'e j& reg ests spmitted by N meyie lo
devises d ring t'e kst desisien ume slot, wit lewa tien
o mayile le deviseand et er devise 1n ermi tien (e.g.,
B, t™ ,etc.) sellestedas well. Asverding te t e w rrent
lexa tien @ ma,1le o deviseand sigrm.l sevem ge @ ‘edge
padse shtiens, t'e set @ 1ts assessple edge serverspa se
sktiens (1.e., M;) 1s qy®Rined. en, 1t 1s 1g tume te
Jererm B» selvingaimed teasy ire t'e res Its @ wsk
sv ‘el lingand rese rve allewtion o. Wew tea  ly B
tes N1y ‘es to selve t e sk ss ‘ed ling | reylem (7) willye
u lly disw ssed in_ estions 4.2a nd 4.3.

§¥ en ss ed IiNg t'e j@ req estsasserding te o, edge
Jreviders will'@rn t'e md 1m m reven e rempl dgets.

inse ‘edge servers’ resw rie @ asity 1s himited, art
® usks wit in t'e j& re§ est miy pe rejested and
u nss ‘ed led. ‘e r@sen eor wsk rejestion 1sa lessy dget
® ‘ering B; wit a strist req irement er Nk 11m me J'c‘-tcd
j& sem letien time 7™ . ‘e mayile le  devise aving
rejested wsk 15 8 ggested te re-y pmut itsu nss ‘ed led
®sks wit merey dgeta dded era reh ‘ed req rement er
M 1m me [ ested jq sem, letion ime 7™ .

§t toeresw reesallevdted to j&) req ests, @~ ‘edge

Server’s res# rse @ asityat di ‘erent time slets s @ ldye

u dited Il t'en nyere res® rve mshnses o; ;(¢) @ ‘edge
server j 1salleated te t'e j& req-est iat ume slot ¢,
ten t'e'edge server j’s res® rse @ asityat tume slet ¢
willpe red sedpy o; j(f) 0 nmyer @ res® rse msknses,

mn reaptien ert'ene tre nd @ wsk s ed lingatte
desision time slete " = 1" + 1.

4.2 Integral optimum guarantee

A lin@r  rega mming , reylem @n yieldan e, timi 1 sel -
tien 1n ntegers, 1 1ts see 1s1ent nA.tr1 1s tek b nimed hr
( ) [16].In @ r  relem setting, we investiggte t ‘e voe -
sent nitr1 @ lin@r senstants (8) and (9), tesu ying
wetertesatisyte Jre/erty. ‘e see 1sient MR tri
1s denetedy, yan ry y- rE tri Crye.

emitrt Coxoissidteyetonll mimed hr, 1 1t meets
t'e ellewing twe senditiens: (1) Any e it'entries a, y mn
Crxcpelongs to {—1,0,1}; (2) ‘ere‘e 1st twe disjemnt
rew 8psets Ryand Ry eastly artiiening t'e rew set

(1



Proof : u ese tat t'e min C, . re resents te
see 1vieiit natr1  ermedpy t'e venstaints (8)and (9),
were t'e 0 nyers @ rewsand sel mnsare res; estively
denetedp y rand ¢, s;es1 1@ lly erm htedpy gqs. 11and
12. ‘e n myer @ rews re resents t'e tokl n nyer o
sensta ints, w ‘ere ryand ro se a@tely indisate t e n nyer
e senstaints (8)and (9). ‘en npere sel mnss ewst e
dimensien @ t'e araple a.

r=ri+nr
= ™ —rlgc—ri{’]-+1 +N (11)
JjEMieN;
c= ot - =+ (12)
ieN jeM;

istly,any entry @ see 1sient matri C, . pelengs te
{0, 1}, s is ying t ‘e Condition 1 w ‘ereany n® tr1 ‘entry is
‘eiter-1,0, or 1.

‘esendly, in terms @ t e Condition 2, t ‘e'entries @ rews
wW'Is peleng te t e rew s pset {1,2, ..., r1}areelestedas
t'e set Ry. As well, t ‘e remi ining entries @ rews ernmu |
aneterset Ry, auisyimg Ry Ry = (. av ‘entrymt-e
vee nient mitri G,y 15 denetedpy ay y, W ere x and
yare t'e inde o mitri 's rewand sel mn. In view o
t'e venstants (8), 1t 1s ,emted ®w ttatt ey mnitien @
‘entries gre edpy sl mns in rews Ry 15a 1 X ¢ vester
w ese entriesare 1, erm htedpy 4. 13. §fit res est
te t'e senstmints (9),as ¥ v , t'e 8 mMNRtyen @ ‘entries
gre edpy sel mns inrews Ry 1salsea 1 x ¢ vester wit
allentriesegalte 1,e ressedas(14). re g intega ting
(13)and (14) intea.vve nt, we venul detatt e see 1vient
matri C,y . stis 1es t e Condition 2 s, es1 1edas  q. 15.

axy =1, Vye{l,2,..,c} (13)
X€ER

ax,y = 1, Vye{l,2,..c} (14)
XER

ax,y — ax,y =0=<1,Vye{l,2, .., c} (15)
XER XERy

Inpre, it 1ss mmiried tat t'e vee 1vient matrn
Crxchet sius ies twe senditiens er tewlu nimed hrity,
Jrevingtatt-esee 1vientmitri  ermedy y t e sensts ints
o gs. 8and 9 sausies t'e tewlu nimed hr ( )
Jre erty. E

Eemma 1  revidest e legiimi sy @ lin@rrek atien en
t ‘e integer sensta ints (10). u rwskss ed Iing  reylem (7)
asintegal o tim mas lengasany e tim m'e ists. ‘e
integer sensta ints (10)’s rek. atien1s erm htedas g.16.

Otl‘,j(l‘) e 0, Rj(t) Vi EN, V] € Mj, Vt € 7;1' (16)

4.3 Equivalent LP transformation

@t t'e replem str Wt re o sensta.ints ‘e | lented,
we u rt'er wke adannge o )»-Tc‘\ ny ‘¢ te tmns erm
telP reqylem (7) tean'eq nalent iner  rege mming
@) replem w v ast'e sme o timi]l sel tien [26].

anks te t'e 8 siess @ ‘eq 1vlent B» @ ns ernm tien,
e r ssed ing ;rqylem (7) @npye selved ‘e 1viently mn
,olynema ]l time wit t e reylem sale.

eall tata devisien wraple o; (1) € Rj(t) =
{0,1,...,R;(#)}, t'en t'e &Jestive U nstien (4) @An pe
Iin@ ried wit t-e A-re, resent tiena s ellews.

r’_mi R./‘(Z)
i k
e ~k~)»i,j(t) (17)
ieN jeM,; ;:fl!f+r’_tr,_ k=0 I

In s es118, '@ @ mteger ardple o j(f) mer P
JTeylem (7) 1s remevedp y s m_ lingat@s e its  essple
ale k € Rj(t), weig ted py t'e newly mtred sed
ey les Af."j(t) € RT,sius yingt'e ellewing eq a tiens.

R; (1) Rj(t)

= kA0, M0 =1 (18)
k=0 k=0

M) €RT, Vk e R;(t) (19)

Conb ming wit lin@r rek a tien en integer senstg ints
(10),t ‘e'cqy nalent® re,lem s ¢y inedas ellews.

e Ri(t
T; (0 B

. — kA0 (20)
@i j 0, X ;OGN jem, r=tlc gl k=0 pi

8 pJest te,
Rj(1)
k.kjgj(t) <Rj(t) VjeM, VieT (1)
ie]\f_/ k=0
™ 110)

ka0 <t/ VieN (22

JEM,; z:r,.’”+rl.”j k=0

Rj®
Mi=1 VieN, VjeM; VieT,; 23

k=0

Vie N,

Vk € R; (1),

VjeM,
Vt € 7;',]'

i (), A () e RT o

Tharam 1 An optimal solution to problem (7) is an
optimal solution to problem (20), which can be solved



Proof : Asserding te Bemn®. 1, t e vee 1vient nhtrr wit
te Lre erty ens res t'e intege.l @, tim m o t'¢ By
R lc‘fn (20), w v 1salset'c o tinil sel tente t ¢ I®
L&y lem (7).

"e‘erense to t'e litentt re [2],an B reylem @wnpe
selved in ume tatis ,elynemal wit t'e reylem’s iny t
s1'e(1e.,n nyere WrAp lesand sensta nts) singe isung
met odelegies like t ‘e interier-, emnt, sim_ le ,andellr, soid
algerit ms. te tat, t'e 0 nper @ A-virples mn te
B» reylem (20) 1s O(NMT*R*), were T*and R*are

orm htedas 4. 25 And t'e n npyer @ senstaints e
qs. 21 231s O(NMT™).

T" = Tij »
iGN,jGM,'

*
R* = jI_I:M vy (25)
In s mmary, t'e ™ reylem (20) @npe selved at
,olynemal semy wtiem] vem, le ity ¢ O(NMT*R*).
ankst'e e m mey alenseyetween | reylem (7)and
(20) ,reved ‘@.rler, t'e o, tmi ]l sel tien @ relem (7)
w 1s 15 erm Rtedpy P @npe werked @ tat elynemal
semy wtierk] sem le ity in t'e n nyer o meyile fo
devises (re. N)and edge servers (1e., M), t ra g Bp
selving. O

By ‘ecerem I, ®w r ®sk ssed ling reglem (7) @an
be ,resisely selved wit a  elynemal semy & tiem ]
sem,le ity mn t'e sale o vy C system, mnwl ding t-e
n nyere ma,ilele devisesa'ndedge serversWense ort |
t'e reven ‘e-o, timal wsk ss ‘ed ling res ltsn . C system
anpe selved wit ‘e 1vient Bp algeret ms (e'g., interier-
,omt, sim le ,and ell;, serdalgerit ms, ets.)and selvers

(c.g.,[BwGpL f[l],_rALwlp [21]).

5 Evaluation
5.1 Experimental setup

Inerder tocval atet'c jer erminic @ @ r re, osed vress-
‘edge ®sk ssed lingalgerit m, we send st'e  ermments
W ese ssermrie 1s sum Rted pased en t'e geelewd tion
N eIk tien @ pa se sk tiensa ndl sers wit mte e}, @ e
CB® ar@ m te A duset [17]. wenty e pase
sk tensare ﬁ.ndomlyiclcstcd remte A dusetand
a, liedas edge serverpase sktiens in ii'c , eriments.

‘e geolowd tien n erna.tien e u sers i t'e A dmset
1su sedas t'e nithl led tien @ me, ile fo d;ﬁcs, and
t'e meyility @ Ie devises 1s 1im, lementeda ssording tea
G ssp.n . ndem wa lk medel.

In aple 2, t'e val'es @ nAim system 3@ meters
are  resented, w ere t'e ammeters @ L;, B;, ‘l,'l.m are
g ndemly genem ted wit mnt'e wit res estte@s me,ile

Table2 erimenk] a @ meter setting
va@m. al e va@m. al e
v v
T 2 ms r 50 ms
w; ].5"*45 pi 1 8¥~
o 107 §¥'» 8¢ 2,000y, 1ts
L; 550 - 750 m B; 10- 15 [ense
Aj 5 ™ 140 - 155 ms

Ie devize. vammeters marked wit x are sen g red
asserding te [25], w 1le ot 'er ammeters are set a ter
® rin-de t mvestg@uen.  ermmentsare @rried ® t m

A LABwit teaide te P o timi atienteel, @
lﬁ]] te inveke []% "C?L p é‘blvcr’il]l sed er®» reylem
selving. X

5.2 Experimental results

Mt te proese @ veriying t'ee ‘estiveness @ @ r
e, esed & reés , we semare @ r sress-Ryer ®sk
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