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VHO| VFRQW WG RALNG MYQ @R W ZBUN Q FR U SRINDMYBI\W QR ’ZHHIO
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ROHOOEKHGMNLQJ

LQJ
HQJHORE

29(59, (:
, QV KIHIH F XKWL KV L O L RIVNVRLERIQNDHHYWY R W RRAUHNDIF WWR B(AV L O LR B Q4 B Q
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JWEHOLWWB®& X\ OQR WFK R PL DXQEKE IR GRUD Q W] KIH P VIHIBWZHRVO HY H O
GHVIZK® H V HDKURREKEBIWW IR D O J R WLKEDVHA M IQRYN X Q GQY OHE V HRQ F H
SUHVYKUBIK ORZWF UH®RERDERXWR W ISWRSRWHAKD © LARLB WK H U
\RX @H O D WILRRIDGHHRHS. Q 6R UK D J L D@ VWY D Q V RIEVMWUL B R U V

7KBUH VR WU U F XIODAL M® N B @FRQ V L G HRWDKAALRIBDS WE\W/HUEH Q V R U
QR GMRKDN HH B B V'V 7K@ S S U R B BWW U IV BRA ISK H VR/IX B/AMV HPHDRVHR

GLVWLBR X HWKM\KIR D JAHY G M DFHHE@RR G H VL PTIXIHY PHR \L\R S R UWMIEF @R U
EHWZWHKIQWH U FR P PRIQQ FROUNPIDBGL R SO LHYDWWE KOHR \L\R' S R UPMIS@AR D W

FRQWQLRUPDWLRQ

,0$*(352&(66,1*
,PDJH SURFHVVLQJ LV D WHFKQLTXH IRU FKDQJLQJ DQ LPDJH
FHUWDR@®WR QVL GG H LLGOR BWLNRIIYE ¥ XLOUQ RSIU R PID@ M [ S H OARLRQH]
VLIQLIGBPMEMMYDNL RED QRBUP RIONWH 9 LR Q. P D TH. W HHHG RHWV K H
Y L GRHRRK R W RD QVBISH U | R UIPDEQMF KR DRIBK D U D F W € H QM WFRVB\D J H
$VDUXOWHKIHP D BHURFHVVVLWIBKK HPDJBEWZR GLPHQVI@VDISSO\LQJ
D X W K R U MM BASVIOZHERR \B F H WV IFED TRIG R WAR QRIW KOHR VW L FINGYD QFLQJ
W H F K Q R RYD 16 '3 O L ALDWDLURSRV\R IDVB LD Q L] DWW HR Q $H R F HY\WLVQH P V
F H QUW/IIHY \V HIDHUJALKR QWY GSHH Y H O FOSRSD@ADD L Q V
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7 K WV ZIRL QREIVW U D W\W 1 DIRYHP® SH R F H Y WHQRIDWIGL JLWDSW RFHVVLQJ
6WUDLJKWWRVEXDDSH R FHWV\WLORPBRX V HES U L QW DS W DRMI B BSO H
SULDQYEK R WR/MB HF LOW LEIWIK Q G D PH QMAREB V8D D ZIKWORQOL]LQJ
WK NV MY YO D WAHDIEH R F HMVWQ GRRQ V W W BGE IQHIBUIDRWE GG V S HIFW H G

D QF D VLMWV KOHQ D OL@WR ¥ P D KV R Q LLDIFRIWI KN H Q WY DEHP D SRFHV VL QJ
WKURXYKD/QVHIRY BH VHDDS B URL QG L YL R EDAR R & WDKRHF W D
IRWPDSHRFHYNBQJISWRBDHW W E® (KIHTIDM@ #IR Q W B RIOL WD EHR/H DRIV
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& 6L QWHEH XGBIWIRW K/HD W HDQGLEDHY H Q \FRRDWA Q VA L H GRE H BAK H V H
G H IR U DLQIGHGIY MWDQ R Y D WLIMHPS IR VWWD@EIM U ME\WLIW B U LSRMRFHV VL Q J
SHULRGWK UHE HDUDYD Q/KXYVEWF R Q | L B G OH RSIE D MOHQN LOR.]L Q J
GLJVWDDHRHISH H SUR BHVYHBEGOM[ UDFWLRQ

,0$*(352&(66,1+1:,5(/(666(1625.(7:25.6
"X HV\R IOHL P LOW. HHGR/Y FEHD W MEHDUN K Q W MRRUE Y L\R MDKOHH G X RW/IKRIQD Q VP LW W
G DIMOD QF UW BKQOH HIIL F L HDQORG KKV H OXRINV KQHH W ZARRIZNH WHIBHR \RE Y L R X V
VRO XMUFROFRPSUHYKBRQ SRIVAD FIR P S U HVW BRIG YWAREHX P ERHIEIL W V
QHHWIRBS UWWKHRQWO LP L QFWEKZR V V\.EDBQESH PWHEDX® G,MY K LKV
UHVHD/WIHK D Q V R/IFK\HEFRADSHU R S R W B GNE D VRIG@/ KAHU D Q V | RRIPID YAH QRHOW

LPDJIHWW U XFFDWXUDH V | RHUPHRBMBRIX MVQU D WH G

5HT X L UHPRHOIROMKAL TKX P EWi i WOKHEMQZERRZR 7 WK P DV QKD Y R D/\PHIEDAV W H U \
/RZFRB QHEQH UQ Y ROORZR Z & 88 WU D GAIRWK Q L PEXIPQ G 7D @B IQTKIB G R F
LPSOHPHG IR S8R L Q W HRQMS OHD IRHAPHEHD W/WRH Q F UM BXN H OX®H

W IQHH W ZQRRUDZ DMAWDU D Q VP LW W H G

Source | Forword Wavelet : Coded
S — 1 Quantization 4 Entropy encoding o
image Transform . image
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(Channel

Reconstructed Inverse Wavelet
4+

2y —  De-quantization — Entropy decoding
image Transform -

DECODER
JLIKU )XQFWLRQDO %ORFN 'LDJUDP RI -SHJ (QF

$$ +2& LHMOBMWZRUNV
$ O DHD X P R-MIN RW RE VOID | F O Q R GMRIIMEEU E L WVULDDUQ \ERR_ P QG F D W L R
Z L WKK@IH D WGHMW K E R ¥ H GIRD\Q H PMKER@\Q H FDAUIBRHIDVM. B Q &RIWH QW L D O
XQEDODKBH® ZRDNRIER ZB QG GOINYHCHP S HGDWQLRIRRRPQLGLUHFWLR

D Q W HEHILDQRI W Z IR QUEH\Q Y GG W XTHMRZIRUDMIWY [EDO H
$ 6\VWOHPGHO

&RQVDGQHW RRZUN HRXQW LVMQRERWMY H OLHOMW DV VRIQQRBWMM SDUHG
WWRH F IDYQE3H DIOMKWLLRDY K H H F RAKGIVUW IREBFRSQ AN GH VFRY QBB &GLQJ
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LQVWR REHRW PEOMNAHRIDINL UASD WIRG IV WEVR W WD O F X O@WHILIRDOH Q B F K
H [ WPLHIP RIUM H T XD BVENGN D) RHY Y HALR Gl MVOOHRZD U RIW T X LI HNEDWQ G

VW DRI WU XF \E KRQMH JKG Y DOQHFHX LPRYIBD GD X J P H Q WKL/
UHTXIIRORZD VV KD YRMDEKE H V F EME KK P ERHOUF W L Y K\M/IRFWDOCFE X O D W L F
H QH LRW K\ WFHDEDIS U H S D WHDBU U D Q JRW I OF X O R VAR IOHF F MARK H

G D WIRG H J IRZHDW HIOBWGW LOL]H G

1(7:25. &2',1*)25:,5(/(66$33/,8&%,216
IHWZRRGLOILDIHQH RDARY RER DWW ZROU R U P\D WHVRKBEDS/U RP SW H G
L Q F U HDG\EBDQHFLHEPGHKQDAGAH VD BRIWN R U P\ @ FF BIKHEUHINR UDFEADLIR IMHHID/Q
V L P S/GI\Q @LAEH S O L E QWOHRGEM KFIDDARHDQ H W Z,ROW KW NV H B HOPK W WIRS W
L QV SAHEHWY H O R ISQVHIQ WINGEER B W HIHH FWWKDR/DREQE L U HQ H W R UINDV
W KHP S U R Y HLPWDBAY @0HO\E KUHH V X O %/S QU DRI R @ Q IV \L \DNVWWGEL U H O H V V
QHWZRUN

&R QV MEWHK HRIMK LLEGN KGLH U H @ WF K H RHKYODWEH FSQJ R S VBBV L O L]H G
W K U R XW KR DX WNGHH Y H O RRI/P IS S O L E QNS KR QIODREIVH W ZRQOBH/Z
FKRM&D S SO L ADRN URIQW WY R K MK F \W QRS MWERLY W VW K BIRMHH W ZR U N
FRGLDYI DPRGHUQWENORRIL W IR UPW WH R [P O LIEQ WUBHE DREELUHOHVV
Q H W Z RoUHN RAUKK Q G D P 6{HOFNVDLGREINS IWFKMLWA @/GNHU D Q V LY Y WRQ FOX J K
QHW ZFDOMNH EEQ V L FODES@IR J U HRUS/W R @ X RWR/KDW U RGHU R G X [EW/ KR B MV
FD S DWRWR FHSWR GW RWRVHOYHV

1HW ZRRIGIE @ D QWIKIGM F R P P HRRGREDG GIDAVEL W IKWYDM M QUAHLSDUARGB RQFEL Q J
W U D QV BDBMBU FHRXDHS H U | R B BAWIGHR G KMNHEDILY BE W ZRUND V
SURP SWHSNR J D BRZMYQ L P DWHIHVGL O LR DW® R P H WDLFDO0U D \BIXH GIRYY
H[DPS®RO\QRPLWERD WURKBRHRPHRUDWWHRRP E L Q DWKRHRD\G
LPSURY HDFPHRGBV K HYUVY K R X & K \DP X G G O K &\W W DOIDENRZXLWWV KIFXUM. W L F D O
QXPHURRRQG DWKIFR/QHIRHARMDS URJUH VB VKRB BE QGQ KLV HDRZE IO O

W DRNHHD V YVGRHIWW K 19 W UR. W BHFID P L \QFHLGH QWK IHRHILDLHP X O W DQVHVR LR W L Q
WIRD W\AGH.H U H Q W N X E R GWKE /M V H QAMDIVOLORBHIE DF R Q FSLRHWRIID \D O
ZKOWLQF O RGHR/QV H TH F-SOW &D U IKRX X OW KKK/ D FVKHQ/Q RY TRV L R Q
DFFR P SWKIWK. WHR ALHD | R U PROQY K R Q QLGE D WAL i LR KULH/V H I ODEEAR/X K\H
PDLQVWREDEKHBHYXRE H LXQVH GV I6H F WDLGR®X L FINGDY H V W IQHDWZR U N
HQF R G HG H QRGM IQHV\ V LCFIDIBIWY 16 H F WALRR@F H Q VQUIDWZ @R GIIQ Y L FV
31&DVMBURJUHXWLYDHZRNGIQHWY R U NV

I 7TKHRAUNKILO®/ ZREBLQJ

7KARQVHT RMQEHNV HDUFHRIR P X Q LIFW WKSR W R MARHR VAW U FXRMA K H

E D WAV UH@YRAHK HRMWVQHH W ZRUIA S R W K HSAUL MW KIBQWV W U@ B W ZRKUHNU H

L Q I R U P\DWMLLMR YDA MR RGIR @/HKRIQW RHH MR IR VAWV URHPIHVRXW\M UIHRUIRAP

W R/IR X WERHK . QINU H DAWHVEVE P X L Y S KEID W' H RVLKETRVK Q BVQ DIE QXN UW R P
JRURW KR X UF 2 KH@RX W H [ SUHRIFpHEW \WKD UW IR R ®DQ G HDXW @

'"HP R Q V WWHINMRS H U DAVLLER YV P LWPVRIGE QR\G W YPHR VW U RBW L FD V W
VSHADM TXLYOW® EDW B LIFHRE K/HR X WRN HELH Q H | LHAV\DHUQ MHLYDHBUQRHI

W IR O O K PVDRIUPLOCHIEX WRW K/IR X U BEL 68 Q DEQ® GMRW K/ID RHLBH UL Y H
DWIED ¥ MW W/ILRLIW
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Source:

MNetwork Nodes: A

Sink Nodes:

JLIKU % XWWHUIO\ 1HWZRUN

Source:

Network Nodes:

Sink Nodes:

A
J)LIXU ORGLIHOHYVWEXWWHUIO\ QHWZRUN

QN KALR/G B @ G EL Q@R WHKQIG % | URPK L ERD®@H F R6G W X E W U\ R WNZERJ
TXDOLRGHR XP\G LOVLL]MHVOHDRK Q/ERFEHR QHY 1D NRD F F H R ReIKIBG

%) URW KUL\P PRI B - D\OHMK B W K R G IWGHF K GFLRTXEGHRR Q Q WAARWDBIGL D E O H
QXPREXQGAHWUBEW EFRONLIXUDWLRQV

7KHELUHQ HWZERWWWW R B GOLLMW ISR Z QL J X ULHG LK U HQRAR KQHH W Z/RWI KIH
R U L JE R\ OL KpUR/EH\QAVKID I8HD F NVHUWD Q V PRI RUDVQ VI ) IRW WHR % Q R I&/HR
P R UMKR QBIR @ H U HIWRUDHD V P MM-LSRUOHA M DKV EUUF D WK KHDIQ E VA
Q RE D VHU DHXR S H IRCOHDU R WHZD G H WOK HIRQG KQHD WROQUHW FRIGNL Q J
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1 IHWZREBBIBFXKHPHV

7KHE D\Q R GHHR®HGH F RGSHD F N KWAU D Q U P IEWFLDYRMD YOHE L 1 P S CRFQW K H
UHVXQWWGEBHUNR UPBRGAAW KV F KHP® VW R ®DED VRI@ O J H BEVUKCHREU \

- K L ONHISHU H Y U R K M R/EX VDKW KAHU D G L I\L IRFODMIB K HIPQWE KGHH W H U FOLLQQLA/IWLL F
QHWZRUN FRGLQJ VFKHPH ZHUH GHWHUPLQLVWLF LQ QDWXUH
G HW H U PLIQLLIR#ML @ YWD MBI U H HH RW KR Q V VRIKIDLYQWH G LA R U PR@/ LR Q
SDFNDRHVHSDFNDHBW Q6 FHL QN KWV HDHZE KW EVHR PARPPRRGLQ J
VFKHRIDWPB0QGRP HMHWZRREL/ILE 7ULD QIXMAVIZRRGELDU&D QG

2 SSRUWXQW Y RRIE L D1I&

I 5SDQGRRHCHWZRESLQJ

+HURIQPH DIZEZL XOBIQ HW ZFRRIGNRDJI H Q HARP® X Q L MDWWAEARED V LR W L Q J
V R X UG H W ZRRIGIHQXGL OMRQ Q HER AKHDEY QY IMIDRAXIODBYOHR V VHRDQH S UBV HQ W
V\V VWRHP KL VDMDG L U HIFUMDESEA 9 (° Z K HW IR HH U V8 IURH-E\U MNGHGIW B @ &R V

W IQHH W DROMEY/ MR G J(HAR Q VRLIY WEN W 2/ KIHR CDHOESH Q RWIEHR\Q Q H E QW IKRIQ V
QHW 2R@ N

$ 7ULDQJIXNDMIREELQJ
, QR U GMRD W U L Q\HLVFRORBEAR E DIHVBKL & G H V F IDLEERHECK H WHUHH F H MYKHDUW
R E WIDQ Q VIXA L@ ®MERHSD F NFFD/Q\QY R WRAY HRHU L J § Q B IOW WINU L D @ HVDZDRIU N
FRGKOBHISQRSRYH@K BD FNPRGVE K HFCH/RIW UL D Y FXEBPBEINUIRUPHG
L @/ ZRK D 7 H XW IS 1B F NDOHFHRVGEHLBAE LIWA K L KE I RV D WDHG G_.HYGX IPRD D W R
JHQHDWWALID B RGHMREZ @ UL D Q JX'DIORWZIR OX U H

\ bie By B Biy i bu\\ 0

JLIXU7ULDQJZDWWHUQ

$ 2SSRUW X GIMVZRIETS L Q J
, Q2 1& WU D FNRGHDBU R D@3 D WEAD Q V PR @AW ROQGHD B/IDF NCHLW WHHR) H G
U H J D URZAKHHWWKKBLW RW K R B RWEW X FKK/ H Q@ R QHORAZISID F NHW WAHRQ H G
D QGR X W\HH® FXH L J K E RORURHQIED §H U | RV ZFRRUNRGH U DEADLRRGRY K L V
LQIRUPDWLRQ

$33/,8&%,218)18&72:,5(/(66 1(7:25.6

WY QO LW KDAMD F R U S R QB W ZFRRIEN. QN ISH \ V IOADBLWE 5 U D F MY KEEHD U
| X W XRIN D U RHU\NM D \GRIQWD © O@IFEZ H YL X LI W BV WRR QG W EFRIGN. Q J
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RYHUORSISUAREB N M U O R SISUARIB KDADS S O L FADKRIDR@R/P S XI\VHAGV H V
D UMW KWU D Q@ B FEHRED Q H FEIVWRATFNRIDS X W WMV O DG SWZRDRM DVRG

L QU DV WWXRE FR \B H'QWUQ B XWZRRIB/N D P D L

$)LGBHRZQORDG

'RZQORDGQBRBVH UWBRO LFHRPS X VRIDBHIW KHR \F\R P P R/@ WNKRDRAF IXQ
QHW FRPI®P X Q L FIOMWMHGER Z Q O RIDIGMIED G L WQ R MIDRNGAH UWH IE1D L HQ W
L7 H JQ RWGH ODKADION IR H B @P X O WR RONHBUHRW K/HH UWBOUDRI U RK IS
FOLMNQMURSRUWDMPREREWHULQJ

+ 9LGRRHPD QG YMHH G AR D G FDY,® V WOIHYW D J,10Q J

9L G HRRG H P DRD®H R Q V L GUIHHFEL ZOMWBR Z Q O ROUEXK L FKKSHD LRWAWVK H
G R Z Q O RIDGEHRE O OLLE bl ®HMX R K &G F RIGGRR @ WAD DRVD NLLQIWRF RDX Q W
V P DEHIOVIX\A H W HRUF\R EDEID S S @ IPHED/E MG L Y L W KBIQ 8 W J P & WRK
FDE¥S RZQORB T KIGGW L P BDAK © DX M GWWKNHGL\W UHDPLQJ

+: LHOBMVKHWZRUNYV
, @D G G LWRCRSS O L B D W-R QAN ZIRQAWE R € ¥ HRQ ERMQ HW ZHROUFNJ \ S W L R G
FDEX® S S QB8 GQN @HHW BRUDKIZ L U HPHINRH W ZRHMKH W ZIRRIQIRIP\HW K

UR XV K USK R YOLRFHAR® [ L V WQ QD V I QRGH WKB U BHIQIWE K R YPDGCHAKLRSSD H
FRQ Q H FIRH YUKRVX IV G K R Q Q H BW RY EVRRVEK B LIHHOWK H V

$+ 1THWZREB IOGHWMWOWLPHGLD
$OWKRRBIR G & IQH W Z\RWINQR/@RMAVY D OMAU D G EWR P R ® Q DF DWV\MWRRH
UHFBEW ZFRRIA\L Q& S D U D GRS RWEP\S O H P M QRASIDHHN ZRURF H ¥ VW@ J
FRPELQRWDR RMWR GHIH [ W HQISHR Q FRIS\® F R GRIDPH V VP H HRY KH
HQFRBIMXIR X URRRP S UH U QHGR PR B IMGEIK D Q QRSO R W 1D B WY IHRUQIRQG/
ORVV,MADEHHERIRQFUBBWEZRUNRUFROEBWREGH SOHPH@WDWLF
W U D G LQWLYRZFOUDNG\MAEH ODQSU R YUREX VWR HDQ V HWYWR@@®H W ZR U N
G\QDPLFV

&21&/86,21
- LUHOHYYRW ZREN K D GHU D @HV W HROMKUHR @ HIPRJFEAKX @ LYWWUPHR V W
UHF AR YWIRO\H D BW L END® E X Q GRIB FHR W K B Q& F D DP G WLIEEK OTMKLLIVV
GHYHORGWEDBWWRI U HDW HQWGW®HBS S O L FHDR\BLRRZGEN BV WD O H
QHW Z RUNMEGW @ HIF FX/L SIRHEGR O O HIFQV R Q@ B DURRIPRKIK \VLIFOQOLURQPHQ\
SHUIR UWRIPGEWHR F HR @QLHEHW U LG DWEWEU D Q V P WWRWR R A D \B UR @\ F D O
R X W F R RIRWXER Y MVUPHR VUM F FRX\ROHDK DN Y)W U RIBEARRIERPPRQ G
P L O LBVDED L FOWDL BMRERVF\R Q Y H\LHIG OHYYR W ZRHINVXDOK\WY L FD O
ZRQGGILLAH P S H (S DW X VWL A NRL@RIFV/DRY MRHP V

© HH[D P LIQ@ RLH/V H DRFRIQ VZ IGIHHDHIYWR W Z R@ K IVF K VW P DVOH V RERY
H[W H QK G| DORDFOR O B R W RW KK Y L U RWIRRIPWW HFXAWUL RMEKHMB X J K
QHWZRIU R W H JEPR\PEK® L FDVWALIRQDRE Bl VHH Q H UDTOXQ \SBLHMGBKU D G L R
W U D Q VBPH.IFYUHRUF R @RVHURRRXID B Q0 HRWV U D Q VA XEEKHLUAKK HDF T X0 QG
SUR FG-DWRD H GW R RH D BIR G BVBISIR ZHH T X L U MAMHO DVQARRHALYQHILD W R U
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UH S OB\PH B V RBLDUJRMY W L+SR Z H Y WHERH Q WUUHDTOX R @VAUHH V R IOLDUJRN L W
UDQ &R PK DW WDDBIR € KR RDUID\) G R B QMRHLOD QVDBERW WRBGERPQQHO
WBHFHLRG R BQH OJDRUWRR UPP X O W 1Q K RV'STRQIBU D QQIPWBU HFHLYLQJ
QR G HSHWH R UP B % FIHQWIZ@RR GHAR Q VINRIDAMR X WY § BEGOW R DY Q HDU O \

W KQHX P ERHIFJK D Q QMW GQ¥H W ZFRRUGNL XV HD@®\E KUHD G UR T X HQ WHINOAK® W H Q
RSWLABEGDYRQY FREN R0 U HTHR S UW KIDDAD G R R P E LSOHGFRDQ\D G

W K BID W\R IGHH V W LA IWWIRRREW M@ S O LIEQ MR@IRHR ZHKHWHKE HYWLQDWLRQ
ORFDWHG

5()(5(1&(6
> @ /RZ FRASDSQHBWN L FILPDIMR PISVV VRRHRELHO WHQ QRWZRBRSXWHU
IHWZRRANWQDO + &BVV5HIOMX4 /XR :DQJID &KH®

@ 2SWYRDJPRUGHGYRWZRUNV 6HQVRER VYV BIDIUNG K L.Q$ E U D KD P
+D® (11L F IFFOQXW VDIDU RQ IRNK PYDROL ALLEUO NV Q@ R W Z BGREHWZRUNV
_-RXUQDO+ &BWHIULVKRBYRELQVNL

@ $KO¥XE BIEMOLH W ZIRU R U PIDWR FRI® U P DRVHR@(7UDQVDRWLRQV

\%

\Y

85/ KWWS FYZZRUQHOO HGX FRMVWIBY PF®\ ID U
> @ 0D QWLILKEBOLHW ZARRIGP B HAX\D W L B HHY/ILBOX O W LPHGIUD QVDRWLRQV
85/ KWWS RDSEAIY SGI

> @ 6KBQBWO$ D G D SRAEYRIU WXIQW FARIGRPGIF K D Q @\LIRIO PXOWLPHGQUR U
QHW ZR QM U QIRX URM@INON U LEEHKQWHRA/ ZRUNV 85/ KWWS KERGDZL

FRP MRXUQDOV LMGVQ DEV
> @ /LBRXQJ &KDQJ 6KHQJOL =KDQJ / /X 3XKWREDDOOWSUEHARY &R
3K\VLEFPMRPXQLFDWLRQ 85/ KWWS RDSQAIY SGI

\Y

@ )HREHRQBDRFKXQLHWZKRIG LR &R Q WIHQMU L B RBL.RY L B MAMLPLLLEY
3HHWR 3HHWAUZ R UHNW Z&RRIGIL)XD G D P HDIDWEDOVL FDWLRQE®5/ KWWSV 2727

UAVDUAKI DIMCHABLR L& KHEB) HY  SXEQFDIRQ Bl HERNB&RA. QIBIRIB&RQMIE AL
EXWLRQBDQGBOXDRLPIBGEMBACHMBLHWZRUNY OLQNV D FI  EI
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' QWHUYDO *UDSK ZLWK &RQVHFXWLYH &
5RPDQ 'RPLQDWLRQ

0 SHGGDXSDD\D 6XEEKHGADUL
5HVHDUFK BHFEKROWPRPHQW RI1 ©®D MKIHPHAWWIXRED V6 L
$VVLVWDQW'RBRUWRHRQEW RI1 @D MKHPHAWWLXRED V6 L
SURIHWHRNWG 'HSDUWPHQW RI $SSORKIGYOI®W K 8 PIDADNIIPW 6 3

$ % B53% &7

Ve

.
7 KW K HRRFW\D SLKBVQ P S R (B D@W R W K H PDKECDW Y H GIR S RIG H QRVALLDQIDON

LRIQQUD SAAD S URAL QUR IHV HEWUDWK HR R G I\DE/H W@/ X B [WBQNV LY HO\
D QIG QIES/S O L AMWDIURERYOWQ R B FIVH QFHIF K QRO R J\

, Q W HIUNDCBEOVGHY D\ @MV W HRP\W QR QB HBRY H WH D @K HR UV S H FILOmXY V
RIUD ZKW R Q\Q WWWELBBEIH UDALEHYWH DAOKHEA) D F M IOADYTR@RIG HORBO HP V
D ULV IQXKHI®R U O G

, QV KSLD/SDVW REL JGREBBRPLQD/QRQY HUDBIRWR QV H F OWRXHYHV
F D U RDANG

.H\Z R UG\ Q3-R® DR P L Q DXVQALEMBILR Q3-R® DGR P L Q W P K SUN HIDWRO \
, Q W HIUUYIDSX

ODWKHP bYWENSEDEW VLILBRDWLRQ

A J/

,1752'8&7,21
7 K A D MRHY H O FRIRHDEB\K HRORIF F X U Q H 6\HQW QLAY V SWIBHIKG/H J D B I
L WDEV/H F RWP KHR X R E 1 W MARB\JWH V H D G RERWD'E S O L ADRDULRERMYOQ R K H V
6FLHQMHFKQRORJ\

'RPLQDMJLRDERW URGHNPAPH® Q6H b ©DEVH F RIPBHP BIU@IU R D H V HIDQ F K
JUDWKHRR ®D\QJUDWK HRIQVINGD QG VNDY @RFNIDQEHGHWRLHPL
@ QREW KKHDUBR Q W UV EXQNLHIGFE M EFRRGRPLQ U WE G P L Q QWR REQ &
RW KHOWWRSHAFWQHIG @ U H V HQXWHRED\U W L QOZHN\G HHRGRPLQD@/ LR Q
JUDSKYV

SHFHQ@RRLQDWLQJ IXQFWLRQV LQ GRPLQDW L R YWKHH®R\U) LKDSYK
W K H RRJRMAVLLYADL IY QY K BI FVAKV MBHR P L Q DXOLFQSI U R @O H H@F O H D U
VHQVWSURSHQHUD RIMKMLRYE RPLQ SWRE @ HPL ODGGRPLQDWLQ.
I X QF WUB-QWR X B8[LWBQVLYHO\

Let (V, E) be a graph. A subset D of V 1s said to be a dominating set of & if every
vertex in V — D 1s adjacent to a vertex in D. The mimimum cardinality of a dominating set

1s called the domination number and 1s denoted by ().
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: HF R Q VIL&H WIHE K W KORRARWERGX O WHLGSIHH

6,*1('520$1'20,1$7,1*)81&7,21
7KH FRQFHSW RI 6LJQHG GRPLQDWLQJ IXQFWIKRQ H DLW IDQWIURLC
SRV VR ESGILARWKBWY B R R DQ PMDLVR/Q JW K®DIX RV W\R K IH U VRL F H V
DJ U DBHE DR GVORKK LIDQ ¥ W ZR 5 RV L VQGBH D WQ M FIWKIDHP@OW ZRIU N V
SRVL/Q@HIDWEYRIMOHFWQ@W ZR ISMWR RGRAD QL] DMZ RIQAMORED O
GHFLVDR@ Y G H

7KHRPDBRP L QDIIFQRDRQD'SEDEHILBWE& FNDH HD@K B HILQRIV LR Q
5RPDARPLQDMORADRA W L YED V@ GWLLE BPIHH Q3P HIU EEDDeW H 22D @W
HQWEWOHBEBRPD®SLUBQWGXJJHEWN GH® UB\EHPOO HGRPLQDWLRQ
QXPEMHQERPDERPLQRWEPRANQ QWHUDPBRVWR Q V H FOL IRML] HD U H
VWXEBLWHB\®X EEBG G\5HG G DE%D0 D K H WZ mEU L

7KARQFRAAWGR 6 I5R P L Q DVDIF@ID RQW U REGHKHIE VO @K HUHVH QW H C
Y D U LORRAMHEIGS SEHRIX @@WK/H J BREGDER P L Q R WR BRQUJ U DSGRX DUDFWHUL]
W KIHJ D SZH\L FKKD WIHK HE\RFK Q G WP L7 IH/ D OGEHR® DGR P L Q DXAVQLFMRIRRWVR Q D

S UR G X PIBS D WKIWW.IKUN X B H 8D U ¥D \@L

Let (V, E) be a graph. A signed Roman dominating function on the graph G 1s a

function f: V — {—1,1,2}, which satisfies the following two conditions:

@ Foreachue?, ) f(v)=1:
vEN[H]
@ Each vertex u for whichf u = —1 1s adjacent to at least one vertex v for which

jw=21

Thevalue f(7) =>_ f(u) is called as the weight of the function f, and it is denoted by

usv

w(f). The signed Roman domination number of ,denoted by ysz G 1s the minimum
weight of a signed Roman dominating function ofG.

Each signed Roman dominating function f on G is uniquely determined by the
ordered partitions (V_y, Vq, Vy)of V(G), where Vi={veEV/fv=i}for i =—-1, 12
Thenw f ==V_1+Vi+ 2 V5.

There exists a 1-1 correspondence between the functions f : V — {—1, 1, 2} and
the ordered partitions(V_4, V, V;)ofV. Thus we write f =V_;,V, V.

,17(90$/*5$3+

Letl= I,,I,13, ... ... ..... I, be an interval family, where each ;1s an interval on

the real line and ;= [a;, b;] fori = 1, 2, 3, ... ..... n. Here a; is called the left end point and

b; 1s called the right end poimnt of I . Without loss of generality, we assume that all end
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points of the mtervals in  are distinet numbers between 1 and 2n. Two imtervals i = [a;,
bi] and j = [aj, bj] are said to intersect each other if eithera; < b;or a; < b;. The intervals are
labelled 1n the increasing order of their right end points.

Let G V, E be a graph. G i1s called an interval graph if there 1s a 1-1
correspondence between V and I such that two vertices of G are joined by an edge in E if
and only if their corresponding intervals in I intersect. If i 1s an interval in I the

corresponding vertex in G 1s denoted by v.

Consider the following interval family.

I Is
i [ ® @ ®
L
*r— & o
I Is
@ ®* © 9
7KARUUH YV $ R Q@EIUBBR
V1
.
V6
V3
Vs
V4
Interval graph

,QZKDIWO ORHAR Q V L G WWIWDHFH W KWYVSHK DLWV KLHQ W HHWYDEB® L KK V
FRQVHFXOWRMHYH HG H QW WHRH Q W H U B\

7KHVLIRPG®R P L Q DWW R BWH® O O R RWEID W H U BB B
5(68/76

7KHRP /HWEHMKBW HUYIBKVOK HU WAKHYH 7K HQKH J GHRE® D Q
GRPLQODWRRGU V
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YseG=2k+2forn=5k+1.5k+3.5k+5
=2k + 3forn=5k + 2,.5k + 4,

wherek = 1,2,3 .......... respectively.
Proof: Letgbe the interval graph with n vertices, where n = 6.

Let the vertex set of be {v,, v, v3, vy v, }-

Case 1: Supposen =5k + 1, where k=1,2,3 ... ......

Let : V —»{—1,1, 2} and let (V_,, V;, V5) be the ordered partition of V induced by fwhere
Vi={veV/f v= Hori=—1, 1,2. Then there exist a 1-1 correspondence between the
functions f :V —{—1,1,2} and the ordered pairs (V_4,V;, V) of V.Thus we write
[=V_,V,V,.

Eelly —Swe iy B s W L o S
VZ = U3, Vg V13, ee wev vee vee wee o V13, vn—S,l Vp—3, Un.
N E T S —— | S . | S

It was shown in [10] that ¥, 1s a minimumdominating set of §. Further the setV,dominates
V_;. That 1s , every vertex u such that f u = —1 is adjacent to some vertex v with
fvr=2.

Therefore f = V_4, V3, V; becomes a signed Roman dominating function of G.

Now V= 2k, V,=2k +1,V_, = 2k.
Therefore > f(W)=D_f(M+D_ fM+D f(»

vel velly vely

=—2k + 2k + 2k + 2=2 k+2.
Let g = (V' ,V,V') be a signed Roman dominating function ofG. whereV' dominates
—1 1

-1 a B x 2 ’

V' .ThengV = g(v) = g+ g+ g

. -
vel velly velf velh

=—" 4+ ¥V 42V
—1 1 2

Since V, is a minimum dominating setof G. we have V, < V' . This implies thatg V =
—V+V+2V =2—V_+V,+2V,=f(V).

-1 1 2
Therefore (V) is a minimum weightof §. where f(V_4, V4, V) 1s a signed Roman

dominating function .

Thus y; G = 2k + 2.
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Case 2: Supposen =5k + 2, where k=1,2,3 ... ......

Now we proceed as in Casel.

POl Sk [ P C—— B D, | R | IEN .
Vo=13, Vg V13, - ce we s e e U 14, Un—9, Vg U ;
V—l =V Vs UV7p eer ver vve v ey U100 Un—7, Vs, Vp—2.

ClearlyV, 1s a minimumdominating set of §. Here we observe that the setV,dominates V_,.
Therefore f =V _,, V4, V5 1s a signed Roman dominating function of §.
NowV,=2k+1,V,=k+1,V_;=2k.
Therefore > f(") =D f(M+ D f(M+D f(v).

—

velly vel vels

=—2k + 2k + 1 + 2k + 2=2 k+3.
Ifg=(V ,V',V)is asigned Roman dominating function of §. then it follows as in
-1 1 2

Case 1, that (V) is a minimum weightof§ for the Roman dominating function
f V—IJ Vl! VZ a

Thusysz G = 2k + 3.

Case 3: Supposen =5k + 3, where k=1,2,3 ... .......

Now we proceed as in Casel.

el — [ P P el o O o D g W o U
Pt "o T T ST | T T ) e
V—l =V Vs, V7 e vie s vinvwen e, U3y Uy V3, V1 -

We have seen [10], that V5is a minimumdominating set of §. Here we observe that the

setV;dominates V_;.
Therefore f = V_4, V4, V,is a signed Roman dominating function of G.

Now Vy=2k+1,Vo=k+1,V_,=2k+1.
Therefore Zf(r) = Z f(1')+Zf(r)+ Zf(v) :

vel’ vel’y velq vels

=2k —1+2k+1+2k+2=2 k+2.
Ifg=(V,V',V)isasigned Roman dominating function of . then it follows as in
. 1 2

Case 1, that (V) is a minimum weightof§ for the signed Roman dominating function

f V—IJ Vlr VZ 2
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Thusy se = 24+ 2.
Case 4: Suppose 7= 54+ 4. where k= 1,2,3 ... .....
Now we proceed as in Casel.

1ol e =& Vo, Bosiisnniiniia Pa-t w5, Vo Vnt

Vi= Sl O st i B ol

V—} = 35 Pnciiiiiiiinniinnn ) g0, 7, %n—2g, an_z :
Obviously /> is a minimumdominating set of . Here we observe that the set /" >dominates
V_i.

Therefore /= Vo, V1, V> is a signed Roman dominating function of .

Now V;=2£+2,V,=4#+1,V_1 =24+ 1.
Therefore > f(M =D fM+DX fMW+D.F().

vel” velly velh vel;
=—28—1+2£+2+28+2=2 £+3.

If g= V', V', V") is asigned Roman dominating function of &. then it follows as in
-1 1 72

Case 1. that /() is a minimum weightof& for the signed Roman dominating function
FoE .V Fs.

Hence ysv §= 24+ 3.

Case 5: Suppose 7= 54+ 5. where k= 1,2,3 ... ...

Now we proceed as in Casel.

LetV ;i ={¥1, 4,6 wocrnsensessinen- U0, P n—6, ¥4, V-1 };
V21— 03, U5 B 15, v son snnom nanmn B 00 P 025 P 7 e
Vb= 005 05, 87 e i s s inning P =8, M5, Bm=—a3, ¥

n’

Clearly /> is a minimumdominating set of & and the set/’> dominates / ;.
Therefore /= V' _;, V1, V> is a signed Roman dominating function of . Now
Vi =.7.€"+_7', Vs =.{'+17, V_; =28+ 2.

Ifg= V', V', V') isasigned Roman dominating function of & . then it follows as in
=§ g

Case 1. that /() is a minimum weightof& for the signed Roman dominating function
TP -Vl .

Hence ysp &= 24+ 2.
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Theorem 4.2:Letg& the an interval graph with n vertices, where 2 < 7 < 6.

Theny o &=1 for n=4

= 2for7nz = 3, 5.

Proof: Let& be the interval graph with n vertices, where2 < 7z < 6.

Case 1: Suppose 77= 3. Let 77}, ©>, 3 be the vertices of & .
LetVi=v;; V={v}.V_1=v;

Obviously /> 1s a minimumdominating set of , and /> dominates //_;. Therefore

JS=V_;, Vi, VV>is a signed Roman dominating functionof .

And > f(v) = Zf(1)+2f(1)+2f(1

vel” vel vels
=—1+1+2xi=2
Thus p e = 2.

Case 2: Suppose 7= 4. Let 7,1, v2, 3, ¥4 be the vertices of . Let

Vi={v:}.V={vs}. V-1=vi,vs.
Clearly /> 1s a minimumdominating set of & and / >dominates /' _;.

Therefore /= V_;, V1, V> is a signed Roman dominating function of .

and - FfO=Z O+ 20+ 6.

vel” velh vels
— ok o ek —

Thus y v &= 1.
Case 3: Suppose 2= 5. Let v;, v, v3, U4, 5 be the vertices of .

LETV}Z{Ug,ﬂj}Z Vo=vi; V_1=v;,vs.
Agam /> 1s a minimumdominating set of & and the set/”>dominates /_;.

Therefore /= V-1, V1, V2 is a signed Roman dominating function of .

Therefore > £(1)=>" f()+ D f(M)+ D f(¥)

vel” velly vel vels
A F 2T I ME=2
Thus =2
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Theorem 4.3:Let &the an interval graph with n vertices . where » = 6. Then
ys# & =y +IHform =54+ 1, 54 + 2, and 54 + 4. where #=

1,2 3, .. .. ..1espectively.

Proof :Let& be the interval graph with n vertices . where n = 6.

Then by [10]. we have

yeGg=2k+2 for n=5k+2,5k+4. where £=1,2,3 ... ... ... ...

=24+ 1, forn=54+ 1, where £=1,2,3 ... ... ... ...
Now by Theorem 4.1, we have
VseG=2k+ 3. forn=5k+2,5k+4, where £#=1,2,3 ... ... ... ...
=2k+2.form=5k+1 where £#=1,2,3 ... cuv cur u.
Forn=54+2,54+4. where #=1,2,3 ... ee ... ...
ysk g =2 +3
=QC+DH)+1=yr & +1
Again for 7= 54+ 1, where #=1,2,3 ... ... ... ...
Vs § =2 +2
=QC+D+1=yr & +1
Theorem 4. 4: Letgbe the Interval graph with n vertices . where n = 8.Then y 4 &=
y form =5 +3,54& + 5, where £ = 1,2, 3, ccecccrcun. respectively.
Proof :Letg be the interval graph with n vertices , where n = 8.

Suppose 7= 54+ 3.54+ 5,where £=1,2, 3, ... ... ....
Then yw§= 24+ 2and y p &= 24 + 2.(by [10])
Hence y w§=yr &G .
Theorem 4.5:Let & be the interval graph with n vertices . where n = 6. Theny s» =
2y & for=54 + 1,5/ + 3 .54 + 5 .wherex= 1,2,3 .........respectively.

Proof: Let &be the interval graph with n vertices ., where n = 6.

Suppose 7 = 54 + 1,54 + 3,54 + 5 where # = 1,2,3 ........ respectively.
7TKHEQ7KHRUHW KHJGRE IR P L QO WRRRU

=2(£+1)=2 y g (by[10])
Thus v g=2r4.
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,/1/18675%,216
,OOXVWQDWLRQ

I Is
® ® © 9
Ii
I4 I
@ 9 @ ® @ @
I Is
> 2 @ 9
, QW HIDYDLO@ \
V1
V]‘ 1
Va2
Vs -1
1
V3
Vs
-1
1 Va

Interval graph
D={v; vstand y &= 2.

Vi={vi,vsveV2=v3:,v7 . V_1mvs vy

S fM=V_. -1+ V. 1+ V;.2==124+13+2(2)=5=/()

vel’

Therefore psp 6= 5.

,OOXVWUWDWLRQ
Iz Is Iy
I L ® @ ® & Y
: 14 I? Im
® * o e & e —
Iz IS Ig Ill
o ——— o © ® o -o0@
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, QW HIDYDL.O \

Vs vy 1

, Q W HUYDEK
D={vs vs, vijand y &= 3.

Vi={v,04 060U}, V2=03,08 V1; V-1=0U305 07 V10

DW=V 4.1+ Vi 1+ V,.2=—14+14+23)=6= /()

vel’

Therefore y o4 &= 6.

5()(5(1&(6

> @KDQIDY+HQQDQW=KDR/RZHQVAVEDBORG LY NALY QFRP IBRPLQDYLRQ
JUDSK&RPE 2SWLP

> 300D Y Q/®VND G 2QGRPLQD@G&R{HREMHDD WP RRDM D'SK/ AW H
ODWK SS

> @ HH& *UD SK@A S H U D FUWILYKRUMRO O DRNGE B BQ U D SIKHAW Z RIURNDV
SS =

> @RFND(\QBIQ«HGHW®L7HP L +7R Z BWW K HRRGJR P L Q DQULIRSIMV ZR 8 B V

> @RFNDANQHH\H3U$ +HGHW @ LOMDRMHGHW @ LZHP L +5R P IBR P L Q D@ULIREK V
"LV AW B WS

> @ 'XQEBHGHWQ+H® R BQD Q630 D V-HEL J QGRP L Q DQALIRIKNK $ O DU
6FKZH@V3RFWK,QWHRIR QW K H WSS S O L F R MULDRSXWO HM ZR U N
SS #

> @D\QHAV +HGHW®OLMPEODMHU +'RPLQDWIRDSKSYYD FRBGEVEHO
"HNNDQRL HZRUN

> @D\QHY +HGHWG@LMRIEODHU +)XQGDP HRIRPQQYDLYURSKIEH O
"HNNDQRL HZRUN

> @QDOWHZDUWHIH@Q®RPDPSHUSFLH GWHILIFFRQ SS

> @ \D6XEEG@5HGGDBEBREDKHYV 2P BRPIERPLQDYERQWDIRR QWHUYDO
JUD S®W H U QIR IURM®EDY A DWDISQ D O \BMHLYADYRWO,VVX8S + )HEUXDU\

> @W2 7TKHRYUD SKFHOD WK &ROODT B3X¥EQAGHQFH

> @HDO®HMDQBERVLQJ +'HIHQGAHPGWURRPQOFODVSREDBI®LOLWDU\
6 W U DSPHHOD WOKR Q WKFOQ S S

> @LBDUYDWREDKHYVZRUL®hBDO®ERP IER P L Q DXWLFMRIFGOBR G X F W
*U D RIDS D WKW YD QW H U Q-IRW UR®ID® K H FLDQRR P8 )$\W SO L F DAMWLARRBR/O
,VVX$HSU SS =
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2Q 1HRWRSKLF 6 RIWRSREOFDIEWDO 6SDF

$ +D\GDU(
'HSDUWPHQW RI ODWKHBDWQW\BQEX AFDWLWR® %D
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Suppose G = (V, E) is a graph. For each vertexvofGdenoted by E¢ (V), the set of edge of
Gincident to . We shall write(V) for Ec (V) Let f: E = {1,2,...,|E|} be a bijective mapping.
The vertex-sum ¢ (v) at v is defined as ¢f v = ee(v) f(e).For any two distinct vertices u, v of
G.or (V) # @f (W) gives an anti-magic labeling of G. A graph G is called anti- magic if G has an
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D WDHG M DLIHEBYDW KFHR U U H W RIREGM DYFHHUQRIE FRHVEBY H UDMEBR Q Q FLGHQ W
HG RHi
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Theorem 1: The Boolean graph of cycleB(C» ), (n = 4) 1s anti-magic.

Proof: Let C be a cycle with the vertices V1 Vz» Va, s Un . By the definition of Boolean graph
B(Cn) the vertex set is given by

VBGCh=v;1<i<nVU{yj;1<j<nj
D QUGKIKE YHLWL Y H\Q

EBGCr=vivi; 1 <isn—1U{yjuyj+1;1<j<n—1}
We discuss Boolean graph of cycl in two cases.
Case (a): n=0 (mod 2)
Label the vertices of B(Cr )using the functionf : E — N as follows: f(vi
vie1) =1:1=1,2, ....n—-1 & f(vi,vp)=n
flyyu+)=n+);)=1,2,...,n-1 &f(m,u)=2n
fvig) =(@0-2) (1+1) +; + 3 if 1<]
and f(vigj) =(n-1) -1)+(n-2)+3 11>}

The induced function f* : V — N, such that /* (v) = Z S ;)

uenbd(y)
: HF R Q VW& K B D BRHYOAW WILBHWW L Q F W

6 XEFDIVAKHQ ZKHIUM

£* (vi) = f(vi vir1) + £ (Viva) + HZ_: fvu ;)

n—1
£* (v1) = f(v1 v2) + f(vivp) + Z[(n —2)i+1)+j+ 3]

J=2
f*(v)=1+n+(n-2)(1+1) (n-2) +3(n-2) + @ —1

=1+n+2@0-2)+3 (n-2) + —”(”2_1) -1
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2n+2 (2n* —n—4n+2) +n® —n]

() '_|_|’_‘

|
£ (V1) = _ [5n% — 9n + 4]
o
6XEFDMIKHQ ZKHIUM

£* (W)= fOwpa)+ D aty)
=1 J=3

= (vi v2) + f(v2 v3) + D [(n — 2)(i +1) +j + 3]

—1+2+ @-2). (1=2) (i+1) + 3 (n-2) + ”(”2“) g
e W
2y ¢
— L 12170+ 12)
6 XE FDV1—KHLQ_2LL « Q+
f* (vi) = f(via1 v) + £(vi vir) + Z”: S ;)
yooRy

= (i—l) +1 + Z f(v?.uj) + Z f(vau j)
7=l j=i+l
i>] i<j

=2 1+ i[(n—l)(i—l)+(n—2)} +3] + i [(n —2)G +1) +j + 3]

Jj=+1

= 2i-1+@-1) (i-1) (-2) + 3-2) + @2) ¥ DD
2
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nn+l) i(i+l)

+ (n—1) (n-2) (1+1) + 3 (n—1) +

i 2'
e & 1 Bt ; ! _ .
£* (vi) = = [(n—1)i* + (20 — 150 + 19)i + (3n? + 9n — 22)]
6XEDVIHYKHQ Q
f* (Vo) = £ (Viva) + f(Va1Va) + D, f(va,
-y
=n+@0-1)+ > [(n-1)i-1)+(n—-2)j+3]
j=1
n—2)n-1)

=2n—1+(n-1) (n-2) (1-1) + 3 (n-2) + (n-2), (

9,

i

(2n® — 6n + 4)i +n° — 7n? + 24n - 22]

() J_:_'

: HFR Q VW& B K HAD ERH-0G/IHWBHL VW L Q F W
6XEFDW:HKH® ZKHWUM

£ () =1 (4 uj+1) + f(wj un) + Z S,

i=j+2
=@ 20+ N [ -1)(G 1)+ (n—2)j+ 3]
i=j+2
’_H(H‘l'l)_(j Jrl)(Jr'nLZ)—\Jr VEE A SR
ﬂ 2 2 |J

1 : = . : : :
= _[n+2j+(@m1) @ +n-j*-3j-2)+2m-j-1D(@m-2j—-n+4)]
2

=3n+)+(n-1)

1 . . . :
= _[(5-3n)i?+(@2n2-Tn+ 1)j+n’-2n2+ 13n-6]
6XEFDWMIHKH® « Q=+
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£ () =f(uj.y) + fuj =)+ > fvu;)

=1

#j,J+l
i-1 n
= f (uj—1u5) + f{uj vj+1) + 2 fva ;) + > flvuy)
o b
Jj-1 ]
=@+ + @+ S [n-2)G+1)+j+3] + Z [(m-1)(i-1)+(n—2)j+ 3]
=1 =5+

G-Dr (o+j+1) (-1) +@-1) [ nm+1) _(G+1)(7+2) |
2 L| 2 2 h
+H(n-2); —n+ 4] (n—-1)

=2n+2j-1+(n-2)

= @n+4j-2)+ @2) G-15+2G-1) @+j+ 1)+
2

(0-1) [(n (1) - G+1) G+2)] + 2 (0-1) [(n-2)j —n + 4]

= 1_[ (5—2n)j>+ (20 — 6n + 5) j+n® — 20’ + 9n —10]
2

6XEFDWMHKH® Q+ZKHIUM

P
£ () = flujru)) + fujvie) + D f v ,)
=1

=(2n-2)+(2n-1) + UZ[[H = 2)i+1)+j+ 3]

=4n-3 +(n-2) + ﬂ + (nt1+7) (1)

i

1. . .
= _[nj® + (n+2)j+6n—8]
2

6 XEFDWH: KH® QZK HIUM
i1
£* () = £ (wjy) + fluny) + 2 flva ;)

i< j

J-1

t* (w)=(n+-1)+2n + Zl[(n —2)(i+1)+j+ 3]

—
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=3n+-1+(n-2) [(-Dj i 1 + (nt+147) (-2)

| 2
[11_]'2 +(n+2)) — 2]

f""(tlj)=1_
2
&DVEQ PRG

Let us label the vertices of B(Cn ) using the function f : E — N as follows: f(vi
vir) = 2i-1,i=1,2. ....n-1

f(viva) =2n-1

fuju)=2j;j=12,...,n-1

f(u1 up) = 2n

f(viuj) = (n-2) (i+1) +j+ 3 if i<

and f (viny) = (n—1) (1i-1)+ (n-2);+3 for 1>

The induced function £* : V— N such that * (v)= > f(vu,)
uenbd (v}

We consider the when the labels are distinct.
6XEFDVKHQ ZKHUM

-1
t* (vi) = £ (vi vi+1) + f{vive) + Z fvu
=2

n—1
= (2i-1)+ (20-1) + Y [(n—-2)(G+1)+ j +3]

— @2i-1) + 1) + [(@=2) (i+1) + 3] (@=2) + """
2

i e 4
= _[(2n’ - 8n + 12)i+3n’ + n— 10]
2
L

6 XEFDVHKHQ ZKHUH L M

£ (vi) =f (viq1 vi) + f{vivis)) + Z!fﬁ’f”j

d
<

L |
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i

=2(-1)-1+2i—-1+ Z[(ﬁ —2)(i+1)+j+ 3]
=3

= 4i4 + [(0-2) (i+1) + 3] (n-2) + [ n(n+1) _

:
]__
2 2|J

= I_[Si — 8+ (2n4) (ni+n-2i+ 1)+ (n’ +n)-6]
2

= 1_[8i—3+2113'1+2n2—41ri+211—411i—4n+8i—4+n2+11—6]
.

= 1_[(2112 —8n + 16)i+3n’ — n — 18]
2

Subcase (iii): When1=3.4. 5, ....n-1

f* W) =fuw)+fFvin)+ D fvu;)
j:::'l—lj
=2(-1)-1+2i—-1+ ‘E:f(v,uj) +3 fvu;)
J=itl

J=l
i i< j

-2 n

=4-4+ Z_[(w —1)}i-1)+(n—2)j+3] +_Z [(mn—2)G+1)+j+ 3]

= 4i— 4+ [@-1) G-1)+3] -2) + @-2) 22DV 7D ”f D s f02) 143 (i) +
[ n(n+1) _i(i+1) 1
2 T2

o . . : o o ) : j
= = [8i—8+(Ri—4) (ni—n—i+td)+(-2) ({2 —3i+2)+ (i +n—2i+1) 2n—2i) + n’
+n—i2 —i)

1 )
£ (w) = = | (n-1)i + (2n? - 150 + 23)i+3n” + 9n - 28].
6 XEFDIWHKHQ Q

B () = 1 v+ 190+ 3, f o)
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=2(i-1)-1+2n—1+ E[m ~1)i-1)+(n—2)j+3]

=2i—3+2n—1+[@-1)(~1)+ 3] (@=2) + (=2) [ =2 -1) |
2

= l [(An+4-8)+(2n—4)[ni—n—-1+4]+ (n-2) (113 —3n+2)
.

= 1_[(2112 — 6n + 8)i+n® — 7Tn’ + 24n - 28].
2

" HFRQVWE& B Y K QIO ERHG/IHWAEHL VWL Q FW

6XEDVH:KH® ZKHIUM

* () = f{uj vr) + fwju) + D fvu;)
=2
(=41

n

=2j+2n+ > [(n=1)G=1)+ (n—2)j+ 3]
Fn(n+1)_(j+1)(j+1ﬂ+[
B 2

1_.. 3 . : . . :
=_[4j+4n+m-1) (0> +n-j-3j-2)+2 (n—-1) (nj — 2j —n + 4)]
.

=2 +2n+(n-1) (n-2)) —n + 4] (n-1)]

1
£ () = = [ (5-3n)i* + (20? — Tn + 3)j+n* — 2n + 11n — 6]

BXEFDWIHKH®  « Q

£ () = fujw) +Hf (w0 + > flvu,

1
=g+l
J._]- n
= flr w) + ) + X fvar,) + 2 FOu,)
:-t=_1; =j+2
J-1 n
=2(-1)+ 25+ z[(n -2+l +5+ 3]+ Z [(m-1)i-1)+(n—-2)j+ 3]
=1 =2
(J-DJj

=2j -2 +2j+ (n-2) +(@H+1) G-+ (@-1) [ nm+1) _(G+DG+2) T

. I 2 2 )

[(n-2)] —n+

4] (asj-1)
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= % [8i — 4+ (n-2) G®—j) +2 (-1) (0H+1) + (n-1) (0® +n—j* - 3j - 2)+ 2 (n-j-1) (nj — 2;

—n + 4]

= 1_[(q — 2n)j* + (2n? — 6n + 9)j+n® — 2n? + 5n - 12].
2

6 X EF DWIHK H @ Q +Z K HIUM
j-1

£ () = f(ujqu)) + £ (u uje1) + Z fou,
:'_J

=1

=2(G-1)+ 25+ D [(n-2)i +1) +j + 3]
i=1

=4j-2+(n-2) ﬂ"‘ (nt+1+3) (3-1)

q

=g < 4 =B 60+ 2 -1 @)
2

= l_[Ile + (n+10)j— 2n - 6].
2

6 XEFDWH IKHNDQZ KHIUM
=1
£* (u) = fujg) + £ () + % (v ;)
:

J-1

=2(4-1)+2n+ Z[(n —2)i+1)+j+ 3]

=2n+ 2j — 2+ (n-2) (J_i— 1+ (n+j+1) (-2)
)

- 1_[411 +4j—4+ (0-2) (7 —j—2) + 2 (-2) (n+j+1)
.

=y .
= _[nj® + (n+4)] — 2n — 4]
2

$\VDZ KRW ©OHD E HROLGY® H U VD IQRBHKNE JRHIV KR R QKW DBK\F OBIQ WILJ L F

2. B(Cn )is anti-magic.
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50)(5(1&(6
>@ $ORQ * .BPSODEBHRGLIVWWHIWQVH JUDBSIOQWDRDJILF -RXUQDO RI *U|
+

@ %RZGQWLPDJLFOQEDIQWQ BNWILRUK D SKD/Q XVFULSW
@: &UDQBWRPIDSD VWILIKY QW L P B XIURIMM FKHR U\ +
@+DUW V¥ I5HQ@H DOWD SKHRSRD G HBRLEL &% RVWR @S + B5HYLVHG
YHUVLRQ
®.DSO®H¥K5RGLVOMR V)P UWDWERYWY PRHIVNY AWEBWKHPDWLFV

+
@ LDQJIXEK%QWLRDIEFRIHDOIODDSADQXVFULSW
@=KDOQBXQPKEQWL P D RINFIQHI YV W IS R GDREIW D SAWHHRW L&FRCPCS X G\FHL B Q F H

+

V V V

\%

vV V

@XEUDPBQXPRIDLR BDO QNG R QH 3K DQIRBIDS Q W L FDJE ARJIHINH UD O L [H G
S\UDBUG SHW DODWKHP O{ O LE®NK QH. ¥ D

\%
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$SSOLFDWLRQV RI 0 'LPHQVLRR®IMEOB[L
6 W U XHFW X U

9YDQLWKD * 6 XEELDK O 1IDYDQHHWKDN

5HVHDUFK YWKRRBDUHSDUWPHQW Rl 0DWKHP DMIRRW KXRXGD
7DPLO 1DGX ,QGLD

$VVRFLDWH FHFIHWPRIQOW Rl ODWKHBI/WLEFROGHILH BUBYDLN

7DPLO 1DGX ,QGLD

$VVRFLDWH 3HFOHWPRIQW RI 0DWKHP DMIRRWKXRXGDM &RO

7DPLO 1DG$ILQGDWHG WR ODQRQPDQLDPEEX® B NI ERFY WBOH Y
+ DPLO 1DGX ,QGLD

$ % B53% &7

, QV KSLD/S Bl QRAGUKW IR Q FRIFS WL P H Q V WRIQMIRWPX H [ LXEJQUHRV W ERIXUSDVQ|G
LQ Y HV WR BIRIMVER S H U WHDHOVR E WY KREK D U D F W HRJIQ R D W@ R QI [JWR|I W
V X ERIXBL WE O X VR D P W/Q M M

.H\ZRUGRIWHWH O D WKl R R MHBWU H L PIBDIHH LXQIW X EVAH O H Y M BVH W
GLPHQMVDORIQDEKER URKEV HW

GHFWLRQ®@52'8&7,21

,F O D VD WIX® PVID MHR RRLIR[@ ¥ R/O XRADPR @V K H PROR\GLHREIDHY, QHRE H YLHQU
JHQHRDWK H PPRA DO LFARP S O LIFQIBEMHG R P IV G XRDWE H ¢ B[HD F W

V R O X RAIWRKQP\RHG HSOAD U H V XWAX@IR WR FOG S U R [ IVARIDX MY L RDQWU R 6 X FIKI G
LQW UR G®F O/ GG W QFE M RVWWK HRWHD @ S S UR [G P N WHR BMRERMHE W
SURYLQHBBWRVERVWKHREHQR HVW RIOF SR OQ P HW WRIROMPERNHW
YHBRQ Y HRQQHEIVE S O LLF@ HEIEY H XV RVWVE S U R DRFKPWRK HFRJQVYV H G
IXQ G D P HIQAVS RO SNNIDWED J P B QRQ W U RV BEBHBREQ F H 8 RIMRR X\BR/| W
VXEJURRSWRDXNE JURGNSRKR P RP R UB REV\WPF XWRK/EIIABLLFR S H-X\@ L@ V
DOV® QRVERISHQW U R KIFRINVR IR R BW. G H DSOLVG HD @ RVARLIFO JHB QB V
GLVFEXWNKHDBYVIFR S HURNE GIVH B/WDLLERWRIMANK HIRDYDHD E R WQV X G LH G
HIWHQYHQHVUAD @ R QV LW KH & K WILXFEMHERILHD QLG W U RAGKIHR MREIR Q
VRV RJIL @R PED \DLGJ H BU RISFRIWRVERILL Q O\GR PUHH O Q WW BX @R R | W
LGHDGND U RVMRIE QINCGRVW RILRRPRPRUBKGHP LROLG Y HV VEZ L IWNDKW H G
LOOXVM[DPWEXE @S S O\LHHR WR. IR RV\M WW KAHK HIRRA ... % 8,0 JHBQ BV
LQW UREKFRVERRQWSE . % & ,DOJHFRMXEOJHBEQBKBEULWKIEBDWYLF
SUR S HUIVLEWYR YWHKDRHT X D OH O/ ELWERQ J U XUHHDFRW WIRKQV SWHIER\P H

RS H U D WIRRW RRVEWWE L QV R L\G HROBY R UW Q.5 H D O RWWY (CEONGR UW Q J
KRPRPRUZKIWR W URBIXARE FR U U H V SHRIQ@EG S®MD JIXQ6H]J >Q @

L Q W U FOGMEVHK® R RVB\EW U X W W IRIKS RIWAKUEL IQYCRLL & HPIV. @ RVWE | RH O G
DILHDGGR WXER G XRODP R G XA MVK Y HOIDX V W[DP\E QRIS QW XLWLRQ V
IOH[LEQWRLWW H G HBQ@YV W U X 5\W XUHDNGLOROKW K WOULDEEQV X U @% \
LOQWUR®BXAFRQFRIS)RUPDORVWRKERUPD OURVWWRKKRPRPRUIKQGE P
HV W D E & KWKHRIUIP D\DRINWRIXHER P R UISIK® V R LY DUOHHOIBR@IRRUP DOR MW L F
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JURXSVYEKILOH®@QUOH[LEQWXE JURMNEBXH [LEORIU GH YV FXEW HG @
ODMW>DO L@ W URGKIHR MREIRQIVRVWWY 1 HRIQBXW SXWUZDRBH
SUR'S R VULW\JIDRIGEY] @ B V\RIMK H ROV KIS D/S EHHL Q W U RGERRHRIS WLPHQVLRQD
VWUXRWRHHM OMRVE JURQSY Y HV WR BREIMSBN R S HZND DIRR W\D K &

Y D U IWVRAKWX RWOHU[ 1 ZOWRV W E J ZR YR O X VA D B B/Q M W

6(&7,2135(/,0,1$5,(6
: HUH Y EB XGLHI L Q MWWDRMQYH F H VRAD KSAD/S H U

'"HILQLWLR Q@ X]]VHWOX QLYHIUBPID SSLO %> @HILQLWLR@SEH
DQIQLY HHWE BRVB D U D PBIGEE UNK HDS D L U L ¥ D O\ORYBRW H Z K H U HD
PDSSLORPAVR W ISIR Z VKRG

([(DPSOH/HW"F F FEWKWHRWKEPB®QYG ~FRVWGHA OFRROIRFX U H
FKHDS HWRBIRMBDUDPHWHIWWH HI( 7TKHQS$ ~. H ~F F F . H AF
F "LWKKHDMRYWW HU

Definition 2.4:[11]: Let U be an initial universe. Let P (U) be the power set of U. E be the set
of all parameters and AC E. A soft set (fa. E) on the universe U is defined by the set of order
pairs (fa, E}Y= {(e, fa(e)): e € E, fa€ P(U)} where fa: E — P(U) such that fa(e)=¢
if ¢ € A. Heref 4 1s called an approximate function of the soft set.
Example 2.5: Let U = {u1.2.us.us} be a set of four shirts and E = {white(ei).red(ez).blue
(es)} be a set of parameters. If A = {e1 .2} C E. Let f(e1) = {u1. uz .us. us} and fa(ez)=
{u1,2,us}. Then we write the soft set (f, E) = {(e1, {u1, Uz .us, ua}). (€2.{ ur.u2,us})} over
U which describe the “colour of the shirts™ which Mr. X is going to buy. We may represent
the soft set in the following form: U = { ( er.u1), (e2,m). (e1. w2). (e2.u2), (e1.u3).
(e2, w3). (e1, wa)}

"HILQLW LX) BVE MV I L Y N B(VEDMD K/HRVB D U D PBIGIG{ UM W; G H Q\R WHHI W

RDOX]JVXE\RBWKHZDLUS L¥DOIXHS® RVWW B ZKHUIHDP D S S LR
W.R8

(IDPSOH/HW® "F F FEMVKHHRIW K LFIDHDQ G AFRVWO\ H FRIDRDOOLF
FKHDSEHMVIK/HMRBDUDPRAWHEUAWH H(C 7KHQS$ ~. H AF F F
H F F F LWK¥]]VRVWRW B G HQ EWSH G

'"HILQLWLR/@V$ EWIX]]VRVWW B D QOE WV X ERB WK HEBE SBIUQFORVLRQ
S GHQEWBIES"[I$. ["D 6LPLODHO}IS$ . [ 1D LFDO®RAHUQFAANAVLRQ
. $

'HILQLWLR@HW D Q*GE HX]]VRVWRWMWUWERPPRQLYSDY® $ S %E I
IXQFWKRIQ]]VRLWD RHS$ X Q GHRIY 181G HQ FEWH.G LYDVHWD O XHBGFWLRQ
ZKHUH %SBGHILBWGS E “EA. DIPQeED EL%W E3IRNDE@®WKH
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VRSWH LRD% QGARLY BIGHQREWH G %L BV HYWD OXHG VEKRI® H*% $S
S8GHILBWG *% E* %D IRDODO$ 7KH®]]VRDWQWL RPP X @RY B U
GHQRWA.G¢ H\YV D VHW YDOXH®G . BXQFWLRQ@G HA%AHE E\ ~d”*. D
DI®PQ@eED E L% Ei3' IRDEI®

'"HILQLWLRQ@HWEWVHMWHIPDSSLQ% 3 > L@ D OIHIGLVEXER H W
ZKHYH> @@HQ RWMUHRD QBHP SWRERHW @

'HILQLWLRQ/@® WE HQ RK)P SWH MW W QGE MV ZID H[LETQWX ER H WK HMDK H
LQWHURHB QYGERHD FEW H® Q&H I LBHID "PLQADI E EO [IRDQIO 7KH
XQLRIQQGHQEWHGQGEH ILB\HEG® ~PD[*DIH EIO IRDQIO

"HILQLW LR Q@ B/E 1D QQ LXWQIDYOH B MVHCHRD GO U D PHIGE® U \3SDLS LV
FDOMEB[LEQWRVAWW BAKHUS 3 8LDPDSSLORPLQWR ZKHY 18
G H Q RMEIR\D O IR IRFEGRHBW V

([DPSOH &R QWLKHDP S OKH D H D Q B RRWZHMR R @ ARHQXOP E HOUQ/E H
FDRKDUDFWBADALHIR G HUXRESVQR @ FD G/)SP E HUWGZ KL BK/ VR EL DA H
HD AIOH Y B@XOP EMUKB W BUY®@ O KHQ

(fa. E)= {f(e1) = {(u1.0.7). (uz. 0.5). (us. 0.4), (us. 0.2)}.
fa(ez) = {(u1. 0.5), (uz. 0.1). (us, 0.5)}} 1s the fuzzy soft set representing the “colour of the

shirts” which Mr. X is going to buy.

'HILQLWLRBQ P GLPHQVLRQDO IOH[LEOH IX]]\ VRIW VHV® RU D
. 3> @RGHQWRWHRWD ®OGLPHQVLIRIAEQWRYWRWVE \P

1IRWHCD W@P SRZARHU @¥R QV L BHRMEIGIWHKSHR L2 WRU GHIK HP HD Q
DUELRWO®DYXB 6K DNH) SSRLQWIHOWE @KHQ LG HILB\HG

' XL TXL NRMDEKP [ W3 > @PQQE3 > @P @OWKWXKURMPHDEBESRQJ
i P $OVR «««  LWRKRDO-OMHVANGQW @ PG LWKH
ODMWWOHRIBOW @ P

6(&7,21 0 ',0(16,21%/)/(;,%/()8==<62)768%*5283

'"HILQLWLR® GLPHQVORRQEQWRVWMWR @IJURXBE¥DOD® GLPHQVLRQD
|OH[LEQWRVWE J ULRMRIO O RAR.@G LKRRLARR) V

0))6* LQY$ [\ ™MPLOLQI$LQI$ \ 'DQI& [ ™LQI$S [ ~0))6* VXS
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