Dwoknhshmf o‘q‘kkdkbnl ot sdqr sn qdct bd mdt q‘kmdsv nqj sq‘hmhmf shl d ne qd‘k‘ ookhb‘shnmr

0<1 0 0 0

Ihl Snqqdrdm Rghm,hbghqn L nqh+GhqnrghM‘j‘rghl ‘ +RghmihSnl hs‘ + 1 Nk‘u K‘mcrudqj

0Cdo‘qsl dms neHmenql ‘shnmRbhdmbd E‘bt ksx neDmfhmddqhmf+J xnsn Tmhudqrhsx Xnrghc‘,gnm,l ‘bgh+R‘j xn,j t +

J xnsn 5/ 5,/0+I‘o‘m

1Cdo‘qsl dms neBnl ot sdq‘mc Hmenql ‘shnmRbhdmbd Mnqvdfh‘mTmhudqrhsx neRbhdmbd ‘mc Sdbgmnknfx+ M,6/ 23 Sqnmcgdhl +Mnqv‘x

Dl ‘hk9ihl ? mdq‘-mn

@arsq‘ bs- Mdt q‘kmdsvnqj r g‘ud addmoqnonrdc sn rnkud ch� bt ks oqna, kdl r khj d roddbg ‘mc bg‘q‘bsdq qdbnfmhshnm- Gnvdudq+sgdqd g‘r rn e‘q mns bnl d t o ‘mx qdunkt shnm‘qx rxrsdl - Sghr o‘odq fhudr sgd qdrt ksr ne ‘ rt qudx nesgd nmfnhmf qdrd‘qbg nmmdt q‘kmdsvnqj ‘ookhb‘shnmr- L nqd, nudq+vd onhms nt s sgd cdl ‘mcr enq sgd l ‘oohmf ne mdt q‘k‘ookhb‘shnmr nmsn o‘q‘kkdkbnl ot sdqg‘qcv‘qd- Vd oqnonrd ‘ �dwhakd l ‘oohmf nea‘bj oqno‘f‘shnmsq‘hmdc mdt q‘kmdsvnqj r nmsn ‘ ghfgkx o‘q‘kkdkbnl ot sdq- Sgd dwodqhl dmsr t mcdqs‘j dmrgnv sgd mddc enq‘ookhb‘shnmrodbh�b l ‘o, ohmf nesgd fhudmmdt q‘kmdsvnqj ‘mc sq‘hmhmf rds-

0 Hmsqnct bshnm

Knsr nemdt q‘kmdsvnqj qdrd‘qbg g‘r s‘j dmok‘bd enqsgd k‘rs sdmxd‘qr- Rnl d ‘rj he mdt q‘kmdsvnqj r qd‘kkx b‘mcn l nqd sg‘mvdkk,j mnvmrs‘shrshb‘kl dsgncr Z0“- Sghr o‘odq rt qudxr rnl d ne sgd oqdrdms mdt q‘kmdsvnqj ‘ookhb‘shnmr sq‘hmdc ax sgd a‘bj oqno‘f‘shnm’AO( ‘kfnqhsgl Z1“-

Roddchmf t o mdt q‘kmdsvnqj bnl ot s‘shnmax t rhmf o‘q‘kkdkoqnbdrrhmf l ‘, bghmdr g‘r addmcddokx rst chdc- Rdudq‘kmdt qnbnl ot sdqr ‘mc mdt qnbghor g‘ud addmcdrhfmdc- Gnvdudq+sgdqd rddl r sn ad ‘ f‘o adsvddmsgd qdrd‘qbg nmbnl , ot sdq ‘qbghsdbst qd ‘mc mdt q‘k‘ookhb‘shnmr- Sgd odqenql ‘mbd ne o‘q‘kkdkhl okd, l dms‘shnmr ‘qdnesdml d‘rt qdc ax mnm,qd‘kk‘qfdmdsvnqj rhydr Z2“-V gdqd‘r+qd‘k ‘ookhb‘shnmr nesdmt rd rl ‘kkmdsvnqj r- Nmd qd‘rnmenqsghr l ‘x ad sg‘s ‘ookhb‘, shnmqdrd‘qbgdqr nesdmhl okdl dms sgdhq oqnfq‘l r nm‘ rhmfkd oqnbdrrnq l ‘bghmd khjd ‘ OB nq ‘ TMHWvnqj rs‘shnm- Sgdqdenqd+sgdx l ‘x g‘ud sn rb‘kd cnvmsgd mdsvnqj rhyd- Eqnl sgd ‘ookhb‘shnmr rst chdc hmsghr o‘odq hs hr mns onrrhakd sn cq‘v ‘ rhmfkd bnmbkt rhnmsg‘s qdbnfmhshnmq‘sd b‘mad hl oqnudc ad l ‘j hmf sgd

mdsvnqj r k‘qfdq- Gnvdudq+rnl d ‘ookhb‘shnmr vhkkqdpt hqd o‘q‘kkdkg‘qcv‘qd sn odqenql qd‘k,shl d qdbnfmhshnm-

Hmsghr o‘odq vd oqnonrd ‘ o‘q‘kkdkAO hl okdl dms‘shnmsg‘s qt mr qd‘kmdt , q‘kmdsvnqj ‘ookhb‘shnmr d� bhdmskx- Hs hr du‘kt ‘sdc nmEt ihsrt @O0/ // +‘ l dr, r‘fd o‘rrhmf L HL C bnl ot sdqvhsg svn chl dmrhnm‘ksnqt r snonknfx mdsvnqj Z3“-

@O0// / g‘r chrsqhat sdc l dl nqx ‘mc d‘bg bdkkbnmrhrsr ne‘ Ro‘qb BOT+‘ EOT+

‘ l drr‘fd o‘rrhmf bgho+017 J A b‘bgd ‘mc 05 L A l ‘hml dl nqx- Sgd rxrsdl t rdc hmsghr qdrd‘qbg bnmrhrsr ne401 bdkkr-

1 Mdt q‘kmdsv nqj ‘ ookhb‘shnmr

Sgd l ‘hmbnmsqhat snqr sn sgd mdt q‘kmdsvnqj qdrd‘qbg+V hcqnv ‘mc Qt l dkg‘qs+ qdbdmskx ot akhrgdc ‘ o‘odq9[Mdt q‘kmdsvnqj r9@ookhb‘shnmr hmHmct rsqx+At rh, mdrr ‘mc Rbhdmbd! Z4“- Sgdx khrs ‘ vhcd u‘qhdsx ne bnl l dqbh‘k‘ookhb‘shnmr ne mdt q‘kmdsvnqj r- Sgd hmbqd‘rd hmoqnct bsr hmsgd k‘rs xd‘qr hr o‘qskx dwok‘hmdc ax sgd ‘u‘hk‘ahkhsx ne ‘mhmbqd‘rhmfkx vhcd ‘qq‘x ne cdchb‘sdc g‘qcv‘qd- Gnv, dudq+l ‘mx nesgd ‘ookhb‘shnmr ’d-f- bnmsqnk‘ookhb‘shnm( nt fgs sn ad bgd‘o sn ad ne bnl l dqbh‘khmsdqdrs- HmZ5“ ‘ rt qudx ne mdt q‘kmdsvnqj ‘ookhb‘shnmr+sq‘hmdc ax a‘bj oqno‘f‘shnm+hr fhudm- L ‘hmkx k‘qfd ‘ookhb‘shnmr – h-d- vgdqd o‘q‘kkdk oqnbdrrhmf hr nehmsdqdrs+v‘r hmbkt cdc-

@ookhb‘shnm Mdsvnqj rhyd ’HwG wN( Mn nesq- o‘s-

B‘mbdqbdkkbk‘rrh�b‘shnm 25/ / w1/ w0 356

Bnhmqdbnfmhshnm 148 w4 w5

G‘mcvqhssdmchfhs qdbnfmhshnm’O( 21 w04 w0/ 1/ //

Hl ‘fd bnl oqdrrhnm 53 w7+5+3 ’w53(

Knb‘shmf ok‘ms bdkkr hmhl ‘fd 0/ / w04 w0/ 41:56:58

MDSs‘kj sdws,sn,ognmdl dr 1/ 2 w5/ ,01/ w15 4327

Naidbs cdsdbsnq 850 w4/ w0 4/

Naidbs hmrodbshnm 3/ 85 w53 w1

Noshb‘kBg‘q‘bsdqQdbnfmhshnm 2/ // w1/ w83 83

Noshb‘kBg‘q‘bsdqQdbnfmhshnm 14/ / w0/ / w83 0+017

O‘o‘mhbnkn‘t Rl d‘qBdkkBk‘rrhe- 7/ w5 w0 6/ 1

O‘odqbt qqdmbx qdbnfmhshnm 017 w53 w01

Qn‘c bk‘rrh�b‘shnmr hmr‘sdkkhsd hl ‘fdr 45 w1/ w0 441

Roddbg qdbnfmhshnm 123 w0/ / / w50 0+2// +// /

Roddbg qdbnfmhshnm 240 w3/ / / w50 5+/ // +// /

Vdkchmf Cdedbs Hmcdmsh�b- 04 w0/ w8 0/ 13

S‘akd 0- Rnl d mdt q‘kmdsv nqj ‘ ookhb‘ shnmr a‘rdc nmeddc,enqv ‘qc mdt , q‘k mdsv nqj r- ’O( hmchb‘sd sg‘s ‘ oqd,oqnbdrrhmf mdsv nqj hr t rdc hm eqnms ne sgd eddc,enqv ‘ qc l dt q‘kmdsv nqj hmot sr- H+G+N hmchb‘ sd sgd mt l adq ne hmot s+ghccdm ‘mc nt sot s mdt qnmr+qdrodbshudkx-

S‘akd 0 khrsr ‘ rt l l ‘qx ne sgd rt qudx- @r e‘q ‘r onrrhakd+u‘qh‘shnmr hmsgd mdsvnqj rsqt bst qd ‘qd hmchb‘sdc- Rdd Z5“ enqqdedqdmbdr sn d‘bg vnqj -

2 O‘ q‘kkdkoqnbdrrhmf enq mdt q‘kmdsv nqj r

Eqnl sgd rt qudx hmsgd oqduhnt r rdbshnmvdrdd‘s kd‘rs svn bnl l nmbg‘q‘bsdqhr, shbr nel ‘mx ‘ookhb‘shnmr- Ehqrs+rnl dnesgd mdsvnqj r ‘qd rl ‘kk- Sgdrt qudx v‘r bnmbdmsq‘shmf nmk‘qfd mdsvnqj r+sgt r l ‘mx nsgdq ‘ookhb‘shnmr t rhmf rl ‘kkmds, vnqj r vdqdnl hssdc-Rdbnmc+sgdnt sot s k‘xdqnesdmbnmrhrsr ne‘ rl ‘kkmt l adqne mdt qnmr- Sgd k‘ssdqhmchb‘sdr sg‘s hs l ‘x ad hmu‘hmsn ‘kknb‘sd l ‘mx oqnbdrrnqr enqbnl ot shmf sgd nt sot s k‘xdq-

Hs hr nauhnt r sg‘s rnl d nesgd mdt q‘kmdsvnqj r+khjd sgnrd qdbnfmhshnmroddbg ‘mc uhrhnm‘ookhb‘shnmr+mddc o‘q‘kkdkoqnbdrrhmf- Sghr hr mddcdc ansg enq sq‘hm, hmf ‘mc vgdmodqenql hmf qdbnfmhshnm- Gnvdudq+pt hsd l ‘mx ‘ookhb‘shnmr b‘mcn vhsgnt s dwodmrhud o‘q‘kkdkg‘qcv‘qd- Sghr l ‘x ‘krn ad mdbdrr‘qx enq ‘ oqnct bs sn ad l ‘qjds‘akd+d-f- bnmsqnk‘ookhb‘shnmr hmbnmrt l dq oqnct bsr- Rshkk+o‘q‘kkdk oqnbdrrhmf b‘mad t rdc sn qdct bd sgd sq‘hmhmf shl d ne‘m‘ookhb‘shnm- Adknv+�qrs sgd o‘q‘kkdkm‘st qd nesgd AO ‘kfnqhsgl hr cdrbqhadc- Sgdm+hs hr oqnonrdc gnv sn sq‘hmansg rl ‘kkmdsvnqj r ‘mc mdsvnqj r vhsg edv nt sot s t mhsr nm‘ o‘q‘kkdkbnl ot sdq-

2-0 O‘q‘kkdkhl okdl dms‘ shnmr ne AO

Sgd AO ‘kfnqhsgl qdud‘kr rdudq‘kch�dqdms j hmcr ne o‘q‘kkdkhrl +‘r cdrbqhadc hm Z7+8“9

z Sq‘hmhmf rdrrhnm o‘q‘kkdkhrl +Rs‘qsr sq‘hmhmf rdrrhnmr vhsg ch�dqdms hmhsh‘k rs‘qshmf u‘kt dr nmch�dqdms oqnbdrrnqr-

z Sq‘hmhmf rds o‘q‘kkdkhrl +Rokhsr sgd sq‘hmhmf rds ‘bqnrr sgd oqnbdrrnqr- D‘bg oqnbdrrnq g‘r ‘ knb‘kbnox ne sgd bnl okdsd vdhfgs l ‘sqhw‘mc ‘bbt l t k‘sd vdhfgs bg‘mfd u‘kt dr enqsgd fhudmsq‘hmhmf o‘ssdqmr-

z Ohodkhmhmf+Ohodkhmdr sgd sq‘hmhmf o‘ssdqmr hmsgd k‘xdqr+h-d- bnl ot sd ghccdm ‘mc nt sot s k‘xdq nmch�dqdms oqnbdrrnqr- V ghkd sgd nt sot s k‘xdq oqnbdrrnq b‘kbt k‘sdr nt sot s ‘mc dqqnq u‘kt dr+sgd ghccdmk‘xdq oqnbdrrnq bnmbt qqdmskx oqnbdrrdr sgd mdws sq‘hmhmf o‘ssdqm-

z Mncd o‘q‘kkdkhrl +Sgd mdt qnmr vhsghm‘ k‘xdqqt mhmo‘q‘kkdk’m‘l dc mdt qnm o‘q‘kkdkhrl (- Et qsgdq+sgd bnl ot s‘shnmvhsghmd‘bg mdt qnml ‘x ‘krn qt mhm o‘q‘kkdk’MnqcrsqΔnl Z8“ m‘l dr sghr vdhfgs nqrxm‘ord o‘q‘kkdkhrl (-

Sgd vdhfgs t oc‘sd hmsdqu‘k+

�+cdmnsdr sgd mt l adqnesq‘hmhmf o‘ssdqmr sg‘s hr oqdrdmsdc adsvddmvdhfgs t oc‘sdr-

Rdudq‘kAO hl okdl dms‘shnmr g‘ud addmbnmct bsdc nmfdmdq‘kot qonrd bnl , ot sdqr- Mncd o‘q‘kkdkhrl hr t rdc sn hl okdl dms AO nmHmsdkhORB. 75/ gxodqbt ad hmZ0/“ ‘mc nmL ‘rO‘qL O,0 RHL C bnl ot sdqhmZ00“- @bnl ahm‘shnmnesq‘hmhmf

rds ‘mc mncd o‘q‘kkdkhrl enq L ‘rO‘q L O,0105 hr fhudmhmZ01“- Bnl l nmsn ‘kk sgdrd hl okdl dms‘shnmr hr sgd k‘bj neonrrhakd ‘c‘oshnmsn sgd k‘qfd q‘mfd nemdt , q‘kmdsvnqj ‘ookhb‘shnmr- D-f-+hmsgd b‘rd ne‘ mncd o‘q‘kkdkhl okdl dms‘shnm+hs rb‘kdr a‘ckx enqrl ‘kkeddc,enqv‘qc mdsvnqj r-

J t l ‘q ds ‘k- Z2“ oqnonrd ‘ gxaqhc rbgdl d t rhmf mncd ‘mc sq‘hmhmf rds o‘q,

‘kkdkhrl enq gxodqbt ad ‘qbghsdbst qdr- Sgd l dsgnc l ‘j dr hs onrrhakd sn u‘qx sgd mt l adqneoqnbdrrnqr ‘rrhfmdc sn d‘bg cdfqdd neo‘q‘kkdkhrl ‘mc t shkhydr sgd gx, odqbt ad bnl l t mhb‘shnmmdsvnqj - Gnvdudq+sgd d�dbs ne� hr mns bnmrhcdqdc- @r rgnvmhmZ02“+kdrr eqdpt dms vdhfgs t oc‘sdr l ‘j dr sgd bnmudqfdmbd q‘sd rknvdq

’h-d- sgd cdbqd‘rd hm dqqnq odq hsdq‘shnm hr rl ‘kkdq( ct qhmf sq‘hmhmf- Rhmbd sgd l ‘hmhmsdqdrs hr sn l hmhl hyd sgd sns‘ksq‘hmhmf shl d+hs hr hl onrrhakd sn nl hs sgd rdkdbshnmne‘ oqnodq�+vgdmsq‘hmhmf rds o‘q‘kkdkhrl hr t rdc-

2-1 Rl ‘ kkmdsv nqj r

Sn nas‘hmghfg roddct o nm‘ ghfgkx o‘q‘kkdk bnl ot sdq+vd rgnvdc Z03+04“ sg‘s l t kshokd hmgdqdms cdfqddr ne o‘q‘kkdkhrl hmsgd AO ‘k, fnqhsgl rgnt kc ad bnl ahmdc- Sghr hr ghfgkx mddcdc he sgd mdt q‘k mdsvnqj r ‘qd ne rl ‘kk rhyd- Sgd o‘qshshnmhmf ne sgd mdsvnqj hr fhudm hmEhft qd 0+vgdqd ohodkhmhmf ‘mc mdt qnmo‘q,

‘kkdkhrl ‘qd bnl ahmdc- L nqdnudq+vd hmbkt cdc sq‘hmhmf rds o‘q‘kkdkhrl -Hmsghr o‘odq+vdoqn, onrd ‘ �dwhakd ‘mc rb‘k‘akd l ‘oohmf a‘rdc nmsgdrd qdrt ksr- V ghkd sgd oqduhnt r vnqj v‘r nm�wdc bnl ahm‘shnmr nesgd cdfqddr neo‘q‘k, kdkhrl +sgd mdv rbgdl d ‘kknvr ‘qahsq‘qx bnl , Ehf -0- O‘qshshnmhmf ne sgd ahm‘shnmr ne sq‘hmhmf rds o‘q‘kkdkhrl ‘mc mdt , mdsv nqj + v gdm ohodkhmhmf qnmo‘q‘kkdkhrl - Sgd oqnonrdc sgd l ‘oohmf hr ‘mc mdt qnm o‘q‘kkdkhrl ‘qd rgnvmhmEhft qd 1- Hs bnl ahmdr mdt qnmo‘q‘k, bnl ahmdc- S gd cnssdc khmdr kdkhrl ‘mc sq‘hmhmf rds o‘q‘kkdkhrl - Vd ‘kknv rgnv v ghbg mdt qnmr ‘qd sgdmt l adqneoqnbdrrnqr ‘rrhfmdc enqd‘bg cd, l ‘oodc sn d‘bg oqnbdrrnqfqdd ne o‘q‘kkdkhrl sn ad bg‘mfd‘akd- V hsghm d‘bg cnssdc qdbs‘mfkd+mdt qnm o‘q‘kkdkhrl hr t rdc- Ohodkhmhmf l ‘x ‘krn ad hmbkt cdc Z05“-

Adknv d‘bg oqnbdrrnql ‘oohmf+sgdmt l adqnesq‘hmhmf rds o‘qshshnmr ’M (^{S RO}

‘mc sgd mt l adqneoqnbdrrnqr enqmdt qnmo‘q‘kkdkhrl ’M ( ‘qd fhudm- Sgd qdk‘, MO shnmadsvddmsgdl b‘mad dwoqdrrdc ax9 B B^{w x} M ¡ ’0( S RO M MO vgdqd B ‘mc B hr sgd mt l adq ne oqnbdrrnqr hmsgd gnqhynms‘k ‘mc udqshb‘k w x chqdbshnmr+qdrodbshudkx- Enq ‘ fhudm vdhfgs t oc‘sd hmsdqu‘k+‘ k‘qfdq mt l adq

Ehf -1- Bnl ahm‘ shnm ne sq‘hmhmf rds ‘mc mdt qnmo‘q‘ kkdkhrl -

ne sq‘hmhmf rds o‘qshshnmr hl okx edvdq sq‘hmhmf o‘ssdqmbnl ot s‘shnmr nm d‘bg oqnbdrrnqadsvddmvdhfgs t oc‘sdr-

Adenqd qt mmhmf ‘ mdt q‘k‘ookhb‘shnm+vd g‘ud sn rdkdbs sgd l ‘oohmf fhuhmf rgnqsdrs onrrhakdsns‘ksq‘hmhmf shl d-Sgt r+enqd‘bg l ‘oohmf+vdg‘udsn oqdchbs sgd sns‘ksq‘hmhmf shl d enq ‘ rds ne vdhfgs t oc‘sd hmsdqu‘kr- Sgd sns‘ksq‘hmhmf shl d hr fhudmax9

S ¡ S ’�(M’�( ’1( snsℓ k

0hs vgdqd S hr sgd shl d enq nmd hsdq‘shnm‘mc M’�( hr sgd mt l adq ne hsdq‘shnmr 0hs mddcdc-S b‘madent mc dhsgdqax drshl ‘shnmnqax qt mmhmf d‘bg nesgdonrrhakd 0hs l ‘oohmfr enq nmd hsdq‘shnm- M’�( b‘mad drshl ‘sdc a‘rdc nmsgd dqqnq ‘esdq ‘ edv hsdq‘shnmr Z06“- Vd rgnt kc rdkdbs sgd l ‘oohmf fhuhmf rl ‘kkdrs onrrhakd S_{snsℓ k} ‘mc t rd sgd bnqqdronmchmf �,u‘kt d-

2-2 Edv nt sot s t mhsr

Sn sq‘hm‘ mdsvnqj d� bhdmskx+vgdmedv nt sot s t mhsr hr oqdrdms+sgd mt l adq ne oqnbdrrnqr ‘rrhfmdc sn sgd nt sot s k‘xdq bnl ot s‘shnmrgnt kc ad qdct bdc- Sgt r+ vd g‘ud sn ohodkhmd sgd bnl ot s‘shnmrn sg‘s ghccdm‘mc nt sot s k‘xdq nt sot sr ‘qd bnl ot sdc nmch�dqdms oqnbdrrnqr-

0

20

40

60

80

100

63 259 906 5438

MCUPS

Weight Update Interval

(N ,N ) = (32,16) NP TSP (N ,N ) = (64,8) NP TSP (N ,N ) = (128,4) NP TSP

0

200

400

600

800

1000

0 1000 2000 3000 4000 5000 6000

Weight update interval

Total time (s)

0

100

200

300

400

500

600

700

0 1000 2000 3000 4000 5000

Weight update interval

Number of iterations to 5% error