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6LIJQLILFDQW LQFUHDVLQJ RI QXPEHU DQG GLYHUVLW\ RI SURYLGHG
PDQHQW LQFUHDVLQJ RI XVHU UHTXLUHPHQWY IRU D TXDOLW\ RI VHUYL
PHWKRGV RI PXOWLAMHWYYDBMW ICAHOMZRWYW NV PHG WR VROYH WKLV SUREOHP
ZRUN PDQDJHPHQW VA\VWHP DQG PDQDJHPHQW DOJRULWKP RI XVHU UH
DYDLODELOLW\ RI VHUYLFHV WKH G\QDPLF UHSOLFDWLRQ PHWKRG ZKLT
LVWLFV RI WKH SURSRVHG VWUXFWXUH RI WKH QHWZRUN PDQDJHPHQW °

H\ZRUBXOWLVHUYLFH QHWZRUN QHWZRUN PDQDJHPHQW V\VWHP DY
HQVXULQJ RI GDWD FRQVLVWHQF\

, QWURGXFWLRQ , JRUPDO GHVFULSWLRQ

7KH RSSRUWXQLW\ RI LQWHJIUBMW WK 1L QYHHP BMELR QR R WKH P
VHUYLFHV ZLWKLQ D KHWHURJHQHRXWVOHR FRRSESEHEWEN viv@WW KH S
IRU HQVXULQJ WKH UHTXLUHG TXDILWHRUFKINQFH DOREDWHQHD QG
FKDOOHQJH IRU EXLOGLQJ RI PXOWLVHYWHUWWLEHWZ MU WKS XVHU

GDPHQWDO IDFWRU ZKLFK ZLOO LQIAXHQEH JRQ WI5 b3 kL WV\VWHP
PHQW Rl WKLV JRDO LV WKH TXDOkW¥R] QQ\B&H SWHA HRiowHG D

RI PXOWLVHUYLFH QHWZRUN RGXFWLR EDVLF VWUXFWXUD

JRU WRGD\ WKH H[LVWLQJ PQ{%P%H %WL(‘;‘MLWH@VULY(EFH FRQVXPHU
PXOWLVHUYLFH QHWZRUN LQFUHBYUWRIPEnBLIILFXOW SWME F SFHDQDJHP
ZLWK WKH LQFUHDVLQJ FRPSOHE%\W?QQU'§EI\—‘\W RN Y Rk vHU YL

VHUYLFHV HVSHFLDOO\ ZLWK UHJR MY EW\BLEXWLIT lH\ﬁJ(BD\G_'LéﬁéFIHHHPHQ

78 7 SHFRPPHQGDWLRQ < VH YLFH FROVXPHU VHUYLFH UHILVW

2QH RI WKH PRVW SHUVSHFW L, WH@@,\M@% PSURY kLU LOW!
LQJ HIILFLHQF\ Rl PDQDJHPHQW,, S HE EQ PO VYL EHPSson VEKH
QHWZRUN LV D SDUWLDO WUDQV ViR VF\’/ W Y HWKR I RRMXH . W W K 1
UHTXLUHG TXDOLW\ Rl VHUYLFH, iWyRP R W%Q\QM§BHW PREY WiRT x H v w
VHUYLFH PDQDJHPHQW OD\HU 2§F5|>QQ}3HW§FP’| s SR G H UHVSROVH
WLRQ ZLWK_ LOIR

UPDWLR% DERXW WKH ORFL

'Q PRGHUQ PXOWLVHUYLFH GHWGR YNV SRKBERO G HEwo\ DeoL
SOHPHQWDWLRQ RI WKH VHUYLF§|H PFQLPP]II_@ 8 U

IRUPHG E\ XVLQJ VHYHUDO WHFKQLR\QIBIQQ

&25%% 6SHFLILFDWLRQ &2 % P R BURWEHWZRUN D VHW RI OR
FRO 6SHFLILFDWLRQ 623 RV HIJ:‘JHPEbQJUD% JRRC PXOWLVHUYLFH
RWKHUV $QG RQH RI WKH PRVW SURPA VEQy [5q:I1| VHUYLEH
WKDW HQVXUH HITHFWLYH VHUYLRRY, BRQL \;’\WBV@\W ‘E)'jHQs WEFHVY
ZRUN LV 628 UPDWLRQ DERXW KH ORFDWLRQ
628 DUFKLWHFWXUH DQG 'HDW/%H V iRV EWR) BRIP BYAWERROH vHUYI
DUH GLVFXVVHG LQ D ODUJH QXf RlHB\w,W\LFQ,_HL \NB%\/WWKH VHD
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VWDQGDUGYV UHSUHVHQWDWLRQ VHUYLFHER o XJsK ,ZR\ WKDW
WKH\ FDQ EH GLVFRYHUHG DQG DFFHVVHG E\ WKH HQG XxVHU
RU DSSOLFDWLRQ 1HY¥ 6 "6 6, , 6
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ZKHUH 5 LV D VHW RI ORFDO VHUWULIHE WRLX¥YWHULBHY WHKDWWUWH GRLYHL
FDWHG LQ WKH PXOMAL \OBUIY\. AH VCHEWFRRWMN Y DQG ,QWHJUDWLRQ 8'', UH
VHUYLFH DUHDV IURP ZKLFK PXOWDQHGYUGEHPQHHWRRUMPLUWRRRAODVVLI\L
SRVHG 6 LV D VHW RI VHUYLFHVPRRDWHBPUHR VW URYVYBHBGLEH W XMXKWMW DO O
HUYLFH QHWZRUN Y LV D QXPEHWKRIPVEHUXYV Y WBHMXRGDU MW\VDD
QXPEHU RI VHUYLFH DUHD K LV D QKREIKBUWWAUVFHWIYR®HRU HIDLKWK VHUYLF
WULHV DQG VHUYLFH DUHDV LQ WRH G X SOHYWH V¥ H\Q HWHRW N G 7lKkQH WKt
QXPEHU RI VHUYLFH UHJLVWU\ LWWK}H BRXWD W KRHK H IQXXPLERHU LRRVWDQ FH
WKH VHUYLFH DUHD IRU ZKLFK LWHYLVWWSRONDROHKW/ GCRAKPHQW ZKLFK
'XH WR WKH IDFW WKDW D PXOWS&MWUYLFH QHWZRUN FDQ LQ
FOXGH D VHW RI JHRJUDSKLFDOO\ GHW® W \SXW HZBU M XEIQHSMD \ZQWKG L I TH!
GLITHUHQW VL]HV WKH VHUYLFHVHURD ARD\AXRBWLRWLRI P X\OWL SGIWWLQ L
VXEQHWY RU EH D SDUW RI RQH OWUURMHVVXIERWVIRV DQG YDULRXV WHFKQLFI
7R DFFRXQW WKH VHUYLFHYV SURORMRONVH WUKIHF Y DIOXHY RIITXDOLW\ |

Network Ne 3

)LJ 7KH SODFHPHQW RI VHUYLFH UHJLVWU\ LQ PXOWLVF

0 XVHU ZDQWV WR JHW DFFHWWHMWR QAN MWKBHFDPH QXREHBHWKURXJIK
WKHQ DOO IXQFWLRQDOO\ HTXLYDBGBRW VHUYLFHV )(6 WKDW DUH

UHJLVWHUHG LQ WKH 8'", UHJLVWU\ DUH VE'%STL §§V$RH6|—\|/\?I-H:IWQV¥|WZRU

LQVWDQFH WKDW VDWLVILHV XVHU UHTXLUH

$W WKH LPSOHPHQWDWLRQ VWHBRRIBGEH QNI MW XF WM H RI XVE
WLVHUYLFH QHWZRUN VHUYLFH SURYR@KHUSKEORY WO WQURIYRDUHP HQ
WLRQ DERXW WKLV VHUYLFH O RFIDOOLA® H WY WHY YWD WL VR WD B LIWE L H G
PHWULFV HWF LQ D FHQWUDO VUWYLHdgwW RUILDHDWUIDMWLRQ RI XVHU UHT.

.6 ~DGG F W PHQGDWLRQ <
7R VROYH WKLV SUREOHP WKH PDQD
6 & 1HW DGG F W XVHU UHTXHVWV LQ PXOWLVHUYLFH QF
ZKHUH 1HW LV D VHW RI HOHPHQMR( & RORX® W LW K H Y& HRQHWRRU N J |
, LV D VHW RI UHFRUGV LQ WKHIHAXHYWWV\ ZD BROX BWH VEHUNULIFHG RXW DV IF

OLNBHGG F W ZKHUH DGG LV VHURLPRFORFMDW SRYWLFXODU VHUYLFH |

6, k LV D FRVW RI VHUYLFH W Lﬁ@ﬁyﬁﬁgv\ﬁmgfgﬁ \F&%XVV\?’I%GHYWIEF\A}?EGL

SHUIRUPDQFH D LV DYDLODELOLWHY\U kX HHBRYOESALYERKW DEVHQFH RI

(OHPH@WW WK  ZKHUH / LW D ¥WMWyRIQ FDVH WKH UHTXHVWHG VHUYL
TXDOLW\ PHWULFV EDVHG RQ ZKIHRXWWES VHDYEKHIRWMNNWILFHRUZDUG
ZLWK WKH UHTXLUHG 4R6 SDUDHRHWHUWKDW SWHWIRWPOVEHG FORVHU W
/+«,6 $IWHU UHJLVWUDWLRQ QHETKHYYW EN SV RFHUYVOIGEDGG WKH DQV:

IF{U'XXUVLLQQJJ VHUYLFH UHJLVWUDWL 1%1 'H\H(anRSPH W RLIXQFWLRQ
VHUYLFH DUHD QXPEHU M LV Dvéugﬁg \/SDR L&/W,I HFP{%HQGG\'(%MHU U
LV UHPRYHG IURP WKH UHJLVWU\ WKH VHRRDGD@X¥HEHUWIRI VRKMK HAHYHO |
VHUYLFHV PD\ FKDQJH +RZHYHU IXXFWVRQPDOFR HDWAHDUNXPERDIHPHQW V
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YLFH QHWZRUN EXLOW RQ WKH EDNRIPDWLRQS$VHYYHWRIRVHEVSRQVLEC
)LJ 7KH NH\ HOHPHQWYV RI W KLRQ QHEMALHR Q@ UBH W K HHEH QW HIDXOVHU DQC
VHUYLFH UHJLVWU\ ORFDO VHUYLGWWOHIEN W W HP\R Q@ RVFRDUN/ L V& Y/ FVWWYEHW X/
DQG VHUYLFH LQVWDQFHYV LQVWDQFHV LQ LWV VHUYLFH DUHD
KHQ D XVHU VHQGYV D UHTXHVW WR

=@ VHUYLFH ILUVW WLPH KLV UHTXHVW LV

WUDO VHUYLFH UHJLVWU\ DFFRUGLQJ \

ULWKP RI XVHU UHTXHVWV VKRZQ SUF
= Seniosiscetected - VHQGY WKH UHTXHVW DJDLQ DQG D FF
VWDQFH RU IXQFWLRQDOO\ HTXLYDOHQ
VHUYLFH DUHD H[LVWV WKH UHTXHVW

| Transfer the request to the central service registry

Check availability of service copies
within the service area

e nstace ofsenios copy 2 ORFDWLRQ VHUYHU WKDW LV VLWXDWF

s deteded 7KLV OHDGV WR UHGXFH UHTXHVW S

Trnsfr eues folocaion server wich W & e i ol gy XQORDGLQJ FHQWUDO VHUYLFH UHJLVW
- senioe 2 7KH ILUVW DGYDQWDJH RI WKH SUF

v QHWZRUN PDQDJHPHQW V\VWHP LV WKI

user and the requested service

v FDXVH WKH LPSOHPHQWDWLRQ RI QHZ

Request processing by service instance LQFUHDVLQJ WKH QXPEHU RI H[LVWLQJ
— QRW UHTXLUH FKDQJLQJ WKH VWUXFW)
[ Userresponse formation | DIJHPHQW VA\WWWHP 7KH VHFRQG DGYDQ

Sendingthereslsofprocessingto |— D Q F H L P S U R Y L Q J I R U H [ D P S O H L Q F D VI‘
the user WKH QHWZRUN PDQDJHPHQW V\VWHP D

| Establishing a connection between the

yLJ ODQDJHPHQW DOJRULWKWULIEXWHQ U AXXWYWBVYRFHVVLQJ DQG D°
LQ PXOWLVHUYLFH QHWIZ®UFNWLRQDOO\ HTXLYDOHQW VHUYLFH |

)LJ %ORFN GLDJUDP RI WKH QHWZRUN PDQDJHPHQW V\VW}

19 'HYHORSPHQW RI WKH PHWKHRGVKH PRVW HITHFWLYH PHWE
RI LQFUHDVLQJ WKH VHUYL?—V \SD%E&‘LBV'H@\;)V\RE}E_dRIﬂOMF/{Y}]L\FE'VGL\V’VKUHHf'?
LQ PXOWLVHUYLFH QH Q‘ Q Q

ZLWK 62% DUFKLWHFW< VHILWHE\)NWII:_)I;Q LV SUHVHQWHG LQ ¢

,QFUHDVLQJ RI LOWHQVLW\ RI UHRXHYMM BDARH VMK N LVFHURDFHVY DYDL
OHDG WR VHUYHU RYHUORDG DQ & RAWKEHG GHMULDPWRKIUWHRITY WHKHH QO VR VRAUHNU P
ZRUGY WR D GHWHULRUDWLRQ RGWQDPYLIF H HBYDURDDELRQ VWHW KRG DOMRF)
OHDGV WR ORZHU YDOXH RI TXD®mON\ PHWIM BY RS RHMEZW BRNWHV HU
YLFHVY DQG UHGXFLQJ QHWZRUN FRPBKIWEWNVNYMOQRHVWKH UHSOLFDWLRQ P

1RZDGD\V VSHFLDO PHWKRGW WROHRINVWURQD RD VHLDELEHWLQVWDQFH
RI' VHUYLFHY DUH QRW XVHG IRU7KBRY HWRAUHU HWRKUFHH OWRDCHG VRVWHAHUY UHT
XVHV RQO\ HILVWLQJ DGYDQWDJHQWWDQFHKLWHBWXU H LW RUIHRESAFRGH D Q G
VHUYLFH DYDLODEOH +LODUL RI TK® YWOWM RWK/IHW BIWREGHRBRLDOV DY
WKH H[LVWLQJ PHWKRGV IRU LQFUHW®WVLWY O MAHY XDWOWWRI\VRIOYHUW KU HH
YLFH VKRXOG EH LPSURYHG RU QUHSROQHD VWIHRM RRYHEG YLFHYV )LJ
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ORPHQW RI GHFLVLRQ PDNLQVKHERMWYURBOIZKRKBWNHRQSDUDPHWHUV F
&KRRVH WKH ORFDWLRQ IRUUHB®QEBPIWLRQ WKIUHY KROGHWHRBQG WKL
(QVXULQJ RI GDWD FRQVLVWEIHXF6/KH YDOXHV RI WKHVH SDUDPHW
'"HFLVLRQ DERXW VHUYLFH LQVOWDHFWLWRSRLQUHEULFD@H RQ DQG WK
EDVHG RQ WKH DQDO\WLV RI WKHFOQWHRE WHASRLERKMWU UHTXHVWV WR

|
Determining the replication and deletion

threshold
<€

| Estimation of request’s intensity to the service |

no

yes
hecking of all service’s counters wa;
performed
A service’s record contains @
copy mark

yes

e request’s count is lesS no
han the deletion threshold
yes

Replica is deleted

el

Replication threshold was
exceeded

Moment of decision-making
about replication

The server that has the necessary resources to
accommodate the replica is being searched

S
=
= no
. Server is found
=
o <
o g | Creation of replica |
p—
o
= 8 es
; = Replicated service is being registered in Y Replica is registered in CR
|72] CR
8 no
= | Replica is registered in CR Sending information about replica to
@) the local services registry

=
- =

]
The request for modifications of primary
service instance has come

yes Synchronous replication is used no

| Update the primary service instance

Update the primary service instance and I
its replicas Update replicas

)LJ &RPSOH[ DOJRULWKP RI VHUYLFH UHSOLFDWLR

Data consistency
ensuring

7KH FHQWUDO UHJLVWU\ VHUYLFK) FRYHWRKM WKSOQRPWHBQ ZDV VX
RI UHTXHVWYV IRU HDFK VHUYLFHVFEFUWXW LRDT R WWK/HF 8 X QR\D WAR VOHQ\Y L F H
RI WKH SDUWLFXODU VHUYLFH LQ¥8&P b vy 6 BH PHSHA ¥ D BEBLURAYY
VHUYLFH DUHDV &5 H[FHHGYV WKHDWﬁUWXﬁR@@UWHU%\Q W%'ﬁs%u@ VUA
DERXW UHSOLFDWLIRRFRRSPREK WKL, plX Y XY LV DOVR V W WR WKH
UHSOLFD ORFDWLRQ PXVW EH GHYHY RLQE pIRU Wik %Wb%PonJEoHQVHL
WKH VSHFLILHG VHUYLFH DUHD Wik YWWY Hib WK B Wy KD My Wi HURE B Epw
VDU\ UHVRXUFHV WR DFFRPPRGBWH WWH WWSOWRODFRENML EHQH[W VHL
GHILQHG ,I WKH UHTXLUHG VHUYHU7kM IGRRXEBN WKMOISRONAFY P I OR WV WA w K
VHQGV D UHTXHVWMWRRFWHKBIWHH DWERB\ R IQOXWKH UHTXHVWYVY WR VHUYLFHV
UHTXHVW LW VSHFLILHV WKH ORRDKH- R/@ URUFKXW QW BREHHM[FHHGY WK

$IWHU UHSOLFDWLRQ WKH DQWAH ZRMWKWWRE VHYXAWGRFIRSHVY WR |
HUDWLRQ LV VHQW WR WKH ORFDRNLWRHVHHYRXURFIH&EQV DB FREK DQFHD ZLV
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RXVO\ VXEPLWWHG ,I WKH UDW H DRAWJLHRIX HDV W\Q RKU W& R XWH RO L B B\ (OFK@\R
EHORZ WKH GHOHWLRQ WKUHVKREHGXWHKEB WRFDWERQ RUHLY M HWK 6 HFHL G HIVF |
WR UHPRYH WKH UHSOLFD IRU IUHH RGD YV SDFQ\ R WKKRG W BKYDAW HQV XU
$IWHU UHPRYDO RSHUDWLRQ WHKHYIQIRBHROWERRHDORBXE UMHDSOHGED XP

68 LV GHOHWHG IURP WKH,ORGDEWHUHYRFMW K\ HVRHINKRGY GHSHQGV R

WKLV LQIRUPDWLRQ LV VHQW WRFb”F%Wﬁ@éW%MV@FH%WﬁW\QUW%R\HNU
WKH PHVVDJH DERXW UHPRYDO Mﬁ%\ﬁls':d\_\ﬁﬁ’q_ WK'T’—‘FPLWTH@- HEHQW RIV
GHOHWHYV LQIRUPDWLRQ DERXW FRSTPDURLBYH &R Mo FBIW KDW 623
GUHVV IURP WKH GHVFULSWLRQ Ifl%klf%@\l_lﬁtb AUV I 28 LD PN FKI

7KH HIITHFWLYHQHVV RI WKH PHMKKRG RV A PR YREeH WR XVH WKHI
FDWLRQ LV ODUJHO\ GHSHQGHQWUYRBDPWK i RERRYVRH HRIVEH W KREWD FRQV
WKDW HQVXUH GDWD FRQVLVWHWYRFKLYWRBIXW UHHWIFOWIRLRLRY RVSUR
XVHG WR VV\QFKURQL]JH WKH UH$BRMYWHRIMbOWDXY SHHWR SIRYHG WR PRC

7DQLVFK $FFRUGLQJ WRUWRMRRRGH)RY wuDQV

Provider

CR
1 ~
>
Servi 2 °
(Servioe J—0 S
S
. 5
4 5
N__
SIKJ ,,,,, - SE ___________ Sy
r’::: —————
b iervieesrepliea __ _ _ _____
Notes: 1) a request to change the service, 2) the request to the central

services registry to check a presence of copies marks and their addresses, 3) the
response to register, 4) the service send the updated data to all its replicas,
5) updating confirmation 6) confirm the changes.

)LJ 7KH SULPDU\ EDFNXS SURWRFRO

| D SURYLGHU ZDQWYV WR FK DKM XSBDOVHVRI WK N HSUGWY DU\ VHUYLFE
UHTXHVW WR WKH SUL®R ZUWKHUNRE¥HFE®WMDE¥HQJ LQGLYLGXDO WUDQ\

XSGDWHV 66NUQIGAH WK H UHTXHV\(NHL{/\YF%(T/\WKFPL#H QWEE%FDREPOSHOLRUPQA/&%G
VHUYLFH UHJLVWU\ WR FKHFN IREpRy S & VRS #1761

VESHHY PR WNW R1 wi
DQG WKHLU DGGUHVVHV I WKHgERS$AHY FRYNVFERLRB di'éLNZ:S/VXUH G
F WKH XSGDWH SURFHVV LV EHLQJ FRPSOHWHG DOG WK

VHUYLFH EHFRPHYV DYDLODEOH DJDL KM/WH—BPW{#\WQ\ K @HWZ
ZLOO FRQWDLQ LQIRUPDWLRQ DER QQSM‘HR/H@QN_:\(/\) pd!ILFLH

GUHVVHV WKH VHUYLFH ZLOO VHQQFy\/ig@g(@\q@v\{/\H@Gm\r\Lrp:Lvm@FD\om LUWRVE
UHSOLFDV :KHQ DOO XSGDWH DERQRZPBHGHBHRMOMWKDWHVERHAKH VLPX
UHFHLYHG IURP DOO UHSOLFDV WMWY B YLYR H W HIQHAWZ WIRNS ZBY LGHYHO |
D FRQILUPDWLRQ RI DFFHSWLQJWWWMHA FEQ QR$IWUD@/G WEHVXR PRGHYV
GDWH SURFHVV LV EHLQJ FRP SO HIWHIGR Y\§ GLDH/BID ISADRFEHR/Y LV SHU
IRUPHG DV D VLQJOH DWRPLF RSHUDMISKQFRPO WHB QMU HQYWDW MWD R W
HQVXUHV VHUYLFH FRSLHV FRQV)INWHQF\

7R SHUIRUP DV\QFKURQRXV UHSQQFPRGIR QZ IDW KR XSW RWHSFORGFDWLRQ D
WKDW HQVXUHV GDWD FRQVLVWHGQHQWWVRYV VBK IR SRANGVEUW Q X W DL BHR QU H J
EORFNLQJ SURWRFRO 7KH GLIIMDWQFR® EERXWHQKD @QRRDWLRQ RI W
EORFNLQJ SURWRFRO DQG D SULMIADWIIRAN ¥ 8 IBYHRIWRIFR B G M | MQKHDWW K H
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Servers

Central services
registry

Servers

Local services
registry

— — — User's request for the provision of services

Sending information to the user about the requested service instance with the required parameters

- — = Request processing and transmission of results to the user

)LJ 7KH VLPXODWLRQ PRGHO RI WKH PXOWLVHUYLFH

ZKLFK LQFOXGHV WKH UHTXHVWHG QVHQ FUFHHD \DH) & HHUWW B i P\L \CKHDL @D E L O
FROQHFWLRQ EHWZHHQ WKH XVHUHN QG RQK HORHHRMHU $WON KB RHKH U |
WLPH WKH VHUYHU WKDW VW R U HWUW B W HGH TWXHHV & HIGH U HIQ ¥ IHF B HVDZ HEHD W
LQ D UHPRWH SDUW RI WKH QHWZRUWNHS &DMD WU BRIV PR DLONGLRKLVR QMG O
GHOD\ WR WKH GHOLYHU\ Rl VHUYEBHBVHG BDWXG FIDQ/ M HDIF W HY D O X HV
JURZLQJ VHUYLFH LQVWDQFH SRSXODULW\ WKH OHYHO RI LWV
DYDLODELOLW)\ ZLOO EH VLJQLILFDQWO\ UHGXFHG WKDW QHJDWLYHO\
DIIHFWVY RQ WKH YDOXHV RI TXDOLW\ PHWULFV

.Q WKH VHFRQG PRGH DV VKRZQ LQ )LJ WKH ORDG RQ
WKH VRPH VHUYLFHV LV GLVWULEXWHG RYHU WKH OHWZRUN E\ DS
SO\LQJ Rl PRGH ZLWK UHSOLFDWZIRU ,u ruvm wnm Uarcnu wil
UHTXHVWYV IURP D SDUWLFXODU SDUW RI WKH QHWZRUN WR D UHPRWH
VHUYLFH LQVWDQFH H[FHHGV WKH UHSOLFDWLRQ WKUHVKROG WKHQ
WKH GHFLVLRQ WR FUHDWH D UHSOLFD RI WKH UHTXHVWHG VHUYLFH
QHDU VHUYLFH XVHUV ZLOO EH WDNHQ T7KXV L@4PFRBRKGHREHOBEN LW\
PDQDJHPHQW DOJRULWKP RI XVHU UHTXHVWV )LJ D XVHU
UHTXHVWY WKDW ZDV UHFHLYHG E\ MOKHD MHQWHKID @ XRERW FRI WHATLUHAVI V
LV UHGLUHFWHG WR WK HJQRWDW MRIQHUBMIHDNERB RN VR WKH VHUYLFH LQVW
UHSOLFD RI WKH VHUYLFH LV UHJDS®®WKWGE RI UHSOLFDWLRQ PRGH UHG

$QDO\WLV RI VLPXODWLRQ UHERBMERRBVOVRRZQLWKDWH\ELGXDO WU I
SO\LQJ Rl WKH GHYHORSHG Q HWZSRGOW PID QDK B WHDWH EWMHPYHQW EHW:

)LJ /HYHO RI WUDIILF RI EDFNERQH OLQN
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&RQFOXVLRQV 6SHFLILFDWLRQ &RPPRQ 2EMH
%URNHU $UFKLWHFWXUH &25%% 9HUVLRQ

,Q WKLV SDSHU WKH VWUXFWRHGWRIURR DOHPHQW +V\VWHP

RI PXOWLVHUYLFH QHWZRUN ZLWK VHlWEEwFRQUHW_m\HJR@ B SHEKLL WFPW L R Q
WXUH LV SUHVHQWHG $V WKH g@ §’§ ‘%\@\’?@FWK%%WUXI%@\PXUﬁRS\U
WKH FHQWUDO VHUYLFH UHJLVW PH uﬁJﬁsvaFg@[y\ QR
WLRQ VHUYHUV DQG VHUYLFH LQs%WDLQE%Hz\:ULDrLQNv@GJR%BW’}HLGNMIEIW%MH KV
BURFHVVLQJ RI XVHU UHTXHVWVPDIQW KHRH QWK HREURZRVHG KWBXF

WXUH LV SHUIRUPHG LQ DFFRUGDQFH ﬁLLK\W/QQFDIEQY)QmEb B OH\

ULWKP RI XVHU UHTXHVWV ZzKLFK LV SUHEHEWHER LD \gmL@'pmﬂfaN“D
7KH PDLQ DGYDQWDJIHV RI WKH §Hi(HRESHGC QAPBZRWN P 256 ¢
DIJHPHQW V\VWHP DUH WKH VFDOK)\HW(SLV‘G\R[BQ@DDD(\OMSN\Q?@LHJJD\Q’FPHZVTI Y

7R LQFUHDVH WKH DYDLODELDPFWRRY Y/HUF\Q_FMWPL OOV FFHVVHG -

VHUYLFH QHWZRUN ZLWK 62% D © "FW\ RI 6HUYI
UHSOLFDWLRQ PHWKRG ZDV GHY%%&%%\% i&%@%&? gRZzYZ oPvw
FUHDWLQJ LI QHFHVVDU\ DGGLWLRQD(Q)MR@(LMU/ R | \A/yK&pblH;TXd—lVM/U—i-Gg
VHUYLFHV QHDU VHUYLFH XVHUVKD?Q;EH-I@VXV!UFHP(E)QWD-I FIREQVHY WO\ ,%0
WKH SULPDU\ EDFNXS SURWRFRO ZDV PREQWRIEHY 9 *(HHFWV RI S5HS
7KH DQDO\VLV RI WKH SURSRSQ&EUWQXWﬁQW RURPRpH LQ ‘HEGSKHUH
DJHPHQW V\VWHP RI PXOWLVHUYLFH g@HW ZRWWN ;ZD¥x Y « 'RZO
IRUPHG XVLQJ VLPXODWLRQ PRGHDOLFTKHR Q HYX OOWH RODWHYH WR 4R6 §
VHDUFK VKRZHG WKDW DSSO\LQ3URFMHGCH QM YR ORSHG VAMWHWHUQDWLR
DOORZV LQFUHDVLQJ WKH DYDL@B%I'OEL*WZ\UW%WZF?!BJW\@&VMWLP@\‘P $SS(

UHGXFLQJ WKH DFFHVV WLPH WR WKH.QHWZRNN PHYRXVEEY D0 PR Foxp]
UHGXFLQJ WKH ZRUNORDG RI WKUHHBRFNERRH $sQbQODBPIQDEWV IRH 6 HUYLFH
FHQWUDO VHUYLFH UHJLVWU\ &RQVWUXFWHG RQ WKH %DVLV RI 62%

7KXV XVLQJ Rl UHSOLFDWLR \MKJOQ‘Z’\V'USQPMIRWQQJ&WWHQFH &3$'60
ILF EDODQFLQJ LQ WKH QHWZRU Q*SGE{RMR(S MWJ%ELDQ(;, WEBuwHo 9p

TXDOLW\ RI VHUYLFH LQ PXOWLVHUYWEHEQWWZ R PDs®HV DQG
SXEOLVKHG RFW  E\ 3UHQWLFH +DOO SDJ
SHIHUHQFHYV 7DQLVFK 3 3I$WRPLF &RPPLW LQ

,78 7 SHFRPPHQGDWLRQ < &RPSXWLQHY (( &RQFXUUHQF\ YRO QR
*OREDO LQIRUPDWLRQ LQIUDVWUXFWXUH LQWHUQHW SURWRFRO DVSHFWV
DQG QH[W JHQHUDWLRQ QHWZRUNV *HQHUDO SULQFLSOHV DQG JHQ
HUDO UHIHUHQFH PRGHO IRU 1H[W *HQHUDWLRQ 1HWZRUNV *HQHYD
,QWHUQDWLRQDO 7THOHFRPPXQLFDWLRQV 8QLRQ GZ%ecrezZ "h j_"dhe_]*€

2SHQ 1HWZRUNLQJ )RXQGDWLRQ BRIWZDUH _
'"HILQHG 1HWZRUNLQJ 7KH 1HZ 1RWPpuerrur: fHWZRUNM M 1hjhn > H ]}}\ OZjde\k
:KLWH 3DSHU $SULO gZpehgZevgbc mge\_jkbl_I jZ*«h_e_dljhgedb O

KBKL?F: MIJ:<E?GBY >HKLMIGHKLVX < FMEVLBK?J<BKGUO K?LYO
? < >mjzZ\dbg E < >_fq_gdh K : Kh[he_\Z

AgZqbl_evgh_ m\_ebqg_gb_ gbkeZ b jZaghh[jZaby ij_~hklzZ\ey_fuo mkem] \ fmevlbk_j
gh_ ih\ur_gb_ Ij_[h\Zgbc ihevah\Zl_e_c d dZg_kl\m h[kem b\Zgby ijb\h”~bl d g_h[oh”bfh
Ah\ mijzZ\e_gby fmevibk_j\bkgufb k nyb WIzZ klzZlvy gZijZ\e_9Z gZ j_r_gb_ wlhc az"~zZql
kljmdImju kbkl_fu mijZ\e_gby k_va Zelhjblfz mijz\e_gby ihevah\Zl_evkdbfb azZijhkzfh
Djhf_ Ihlh ~ey ih\ur_gby mjh\gy *“hkimighklb mkem] [ue ij_"eh _g f_Ih’\ "bgzfbq_kdh
fhrbnbpbjh\Zg \ khhI\_IkI\bb k oZjzZdI_jbklbdzZfb ij_"~ez]Z_fhc kljmdImju kbkl_fu mijzZ\e_g

Dexqg_\u_ kehmZvibk_j\bkgZy k_Ilv kbkl_fzZ mijz\e_gby k_Ilvx gZebgb_ 62% f_
j_iebdZpbb h[_ki_gq_gb_ khleZkh\Zgghklb ~Zgguo

KBKL?F: MIJ:<E1GGY >HKLMIG1KLX < FMEVLBK?J<1KGBO F?J?@:0
/| < >mjz\deg E < >_fq_gdh K : Kh[he_\Z

AgZqg_ al[eevr_ggy gbkeZzZ e« jeaghfzZgelghkle ihkem] sh gzZz”~zZxlvky \ fmevibk_j\ekghc
i*"\bs_ggy \bfh] dhjbkIim\zZge\ *h ydhkle h[kem]h\m\Zggy ijba\h”blv *h g_h[os~ghkle ji
e.ggy fmevlbk_J\-kgbfb f_j_"Zfb Py klZlly kijyfh\ZgZ gZ \bjer_ggy p*}€ ijh[e_fb reyol
Imjb kbkl_fb mijzZ\eeggy f_j_"_x ¢ Zelhjblfm mijZ\esggy dhjbkim\Zpvdbfb azZiblzfb \ fn
Djef Ih]h "ey ieM\bs_ggy je\gy “hkImighkle ihkem] [m\ aZijhihgh\Zgbc f_Ih® "bgZfeqght
dh\Zgbc \e”rih\e~rgh "h 0ZjZdl_jbklbd azZijhihgh\Zgh€ kljmdIimjb kbkl_fb mijzZ\eeggy f_j_"

Dexgh\e keflm&vibk_j\ekgzZ f_j_"Z kbkl_fZ mijzZ\eeggy f_j_"_x gZy\geklv 62% f_Ih~"
dZp+€ aZ[_ai_q_ggy malh” _ghkls "Zgbo




