I~sfrnh Fifuyfynts tk Wjuqnhfynts Xywfyjlnjx ktw Wjqnfgqj Fljsyx

Ojfs2Unjwwj Gwnty@ _fmnf Lzjxxtzr@ X¹jgfxynjs Hmfwujsynjw@ Xfrnw Fpsnsj@ Tqn{njw Rfwns@ Unjwwj Xjsx QNU;1 Zsn{jwxny¹j ij Ufwnx ;

GU 6;>1 9 uqfhj Ozxxnjz1 K2<:7:7 Ufwnx Hjij} :

Ojfs2Unjwwj3GwntyEqnu;3kw@ _fmnf3LzjxxtzrEqnu;3kw@ hmfwujsynjwErfslttxyf3sjy@ Xfrnw3FpsnsjEqnu;3kw@ Tqn{njw3RfwnsEqnu;3kw@ Unjwwj3XjsxEqnu;3kw

Fgxywfhy

Yt rfpj qfwlj2xhfqj rzqyn2fljsy x~xyjrx wjqnfgqj1 |j uwtutxj fs fifuyn{j fuuqnhfynts tk wjuqnhfynts xywfyjlnjx3 Hwnynhfq fljsyx fwj wjuqnhfyji yt f{tni kfnqzwjx3 Fx hwnynhfqny~ tk fljsyx rf~ j{tq{j izwnsl ymj htzwxj tk htruzyfynts fsi uwtgqjr xtq{nsl1 |j sjji yt i~sfrnhfqq~ fsi fzytrfynhfqq~ fifuy ymj szrgjw tk wjuqnhfx tk fljsyx1 ns twijw yt rf}nrn�j ymjnw wjqnfgnqny~ fsi f{fnqfgnqny~ gfxji ts f{fnqfgqj wjxtzwhjx3 \j fwj xyzi~nsl fs fuuwtfhm fsi rjhmfsnxrx ktw j{fqzfynsl ymj hwnynhfqny~ tk f ln{js fljsy -gfxji ts fuuqnhfynts2qj{jq xjrfsynh nsktwrfynts1 j3l3 rjxxfljx nsyjsynts1 fsi fqxt x~xyjr2 qj{jq xyfynxynhfq nsktwrfynts1 j3l31 htrrzsnhfynts qtfi. fsi ktw ijhninsl |mfy xywfyjl~ yt fuuq~ -j3l31 fhyn{j wjuqnhfynts1 ufxxn{j. fsi mt| yt ufwfrjyjwn�j ny -j3l31 szrgjw tk wjuqnhfx.3 Ns ymnx ufujw1 |j fiwxy uwjxjsy ymj wjuqnhfynts rjhmfsnxr fsi ymj kwfrj|twp sfrji Ifw] ymfy |j ij{jqtuji yt wjuqn2 hfyj fljsyx3 \j ymjs ijxhwngj f sj| rtijq yt j{fqzfyj i~sfrnhfqq~ ymj hwnynhfqny~ tk fljsyx3 Ymjs |j ijxhwngj ymj nruqjrjsyfynts tk ymnx rtijq |nym ymj Ifw] kfzqy2ytqjwfsy kwfrj|twp3

6 Nsywtizhynts

F rzqyn2fljsy x~xyjr nx f xjy tk fzytstrtzx fsi nsyjw2 fhyn{j jsynynjx hfqqji fljsyx -F{tzwnx fsi Lfxxjw1 6>>7.3 Wjhjsy wjfq2qnkj fuuqnhfyntsx -j3l31 nsyjsxn{j hfwj rtsnytw2 nsl1 fnw ywfkfih htsywtq fsi uwthjxx htsywtq. fwj tkyjs inx2 ywngzyji fsi rzxy wzs htsynsztzxq~ |nymtzy fs~ nsyjwwzu2 ynts3 Fx f inxywngzyji x~xyjr1 mt|j{jw1 rzqyn2fljsy x~x2 yjrx fwj j}utxji yt utxxngnqny~ tk kfnqzwj tk ymjnw mfwi|fwj fsi4tw xtky|fwj htrutsjsyx3 Ymj kfnqzwj tk tsj htrut2 sjsy hfs tkyjs j{tq{j nsyt ymj kfnqzwj tk ymj |mtqj x~xyjr3 Yt rfpj ymjxj qfwlj2xhfqj rzqyn2fljsy x~xyjrx wjqnfgqj1 fs tg{ntzx xtqzynts nx ymj nsywtizhynts tk wjizsifsh~? izuqn2 hfynts -wjuqnhfynts. tk ymj hwnynhfq htrutsjsyx3

Wjuqnhfynts rjhmfsnxrx mf{j gjjs xzhhjxxkzqq~ fu2 uqnji ktw {fwntzx inxywngzyji fuuqnhfyntsx -Lzjwwftzn fsi Xhmnujw1 6>><.1 j3l3 ifyf2gfxjx3 Gzy ns rtxy hfxjx1 wjuqn2 hfynts nx ijhniji g~ ymj uwtlwfrrjw fsi fuuqnji xyfyn2 hfqq~1 gjktwj ymj fuuqnhfynts xyfwyx3 Ymnx |twpx fisj gj2 hfzxj ymj hwnynhfqny~ tk htrutsjsyx -j3l31 rfns xjw{jwx. rf~ gj |jqq nijsynfiji fsi wjrfnsx xyfgqj izwnsl ymj fu2 uqnhfynts wzs3

Tuutxnyj yt ymfy1 ns ymj hfxj tk i~sfrnh fsi fifu2 yn{j rzqyn2fljsy fuuqnhfyntsx1 ymj hwnynhfqny~ tk fljsyx rf~ j{tq{j i~sfrnhfqq~ izwnsl ymj htzwxj tk htruzyfynts3 Rtwj2 t{jw1 ymj f{fnqfgqj wjxtzwhjx fwj tkyjs qnrnyji3 Ymzx1 xn2 rzqyfsjtzx wjuqnhfynts tk fqq ymj htrutsjsyx tk f qfwlj2 xhfqj x~xyjr nx sty kjfxngqj3 Ymj nijf nx ymjs yt fzyt2 rfynhfqq~ fsi i~sfrnhfqq~ fuuq~ wjuqnhfynts rjhmfsnxrx |mjwj -yt |mnhm fljsyx. fsi |mjs ny nx rtxy sjjiji3 Ns ymnx ufujw |j |nqq ijxhwngj tzw fuuwtfhm yt ymnx tgojhyn{j fsi ymj wjfqn�ji yttq yt gznqi jfxnq~ wjqnfgqj rzqyn2fljsy x~xyjrx3

Ymnx ufujw nx twlfsn�ji fx ktqqt|x3 Xjhynts 7 uwjxjsyx kfzqy ytqjwfshj htshjuyx fsi wjuqnhfynts uwnshnuqjx3 Xjh2 ynts 8 nsywtizhjx f sj| fuuwtfhm tk i~sfrnh htsywtq tk wjuqnhfynts3 Xjhynts 9 uwjxjsyx ymj Ifw] kwfrj|twp ymfy |j ij{jqtuji yt wjuqnhfyj fljsyx3 Ymnx kwfrj|twp nsywt2 izhjx st{jq kjfyzwjx ktw i~sfrnh htsywtq tk wjuqnhfynts3 Xjhynts : ijxhwngjx tzw fuuwtfhm yt htruzyj fljsy hwny2 nhfqny~ ns twijw yt lznij wjuqnhfynts3 Xjhynts ; ijxhwngjx ymj nruqjrjsyfynts tk ymnx xtqzynts fsi tzw uwjqnrnsfw~ j}ujwnrjsyx3

7 Kfzqy2Ytqjwfshj

736 Knwxy fsi Xnruqj J}fruqj

\j htsxnijw ymj j}fruqj tk f inxywngzyji rzqyn2fljsy x~x2 yjr ymfy mjqux fy xhmjizqnsl rjjynslx3 Jfhm zxjw mfx f ujwxtsfq fxxnxyfsy fljsy |mnhm rfsfljx mnx hfqjsifw3 Ymnx fljsy nsyjwfhyx |nym?

• ymj zxjw yt wjhjn{j mnx rjjynsl wjvzjxyx fsi fxxt2 hnfyji nsktwrfynts -f ynyqj1 f ijxhwnuynts1 utxxngqj ifyjx1 ufwynhnufsyx1 uwntwny~1 jyh3. 1

• ymj tymjw fljsyx tk ymj x~xyjr yt xhmjizqj f rjjy2 nsl3

Nk ymj fxxnxyfsy fljsy tk tsj nrutwyfsy ufwynhnufsy -nsnynf2 ytw tw uwnrj ufwynhnufsy. ns f rjjynsl kfnqx -j3l31 mnx rf2 hmnsj hwfxmjx.1 ymnx rf~ inxtwlfsn�j ymj |mtqj uwthjxx3 Fx ymj fuuqnhfynts nx {jw~ i~sfrnh 2 sj| rjjynsl sjltynf2 yntsx xyfwy fsi htruqjyj i~sfrnhfqq~ fsi xnrzqyfsjtzxq~ 2 ijhnxnts ktw wjuqnhfynts xmtzqi gj itsj fzytrfynhfqq~ fsi i~sfrnhfqq~3

737 Y~uj tk Kfzqyx

Yt fhmnj{j kfzqy2ytqjwfshj1 xj{jwfq inxywngzyji x~xyjrx wjuqn2 hfyj ymjnw hwnynhfq htrutsjsyx3 Ns ymnx xjhynts1 |j ijfisj f hqfxxnfihfynts tk kfnqzwjx ns rzqyn2fljsy x~xyjrx3 Ns htruzynsl x~xyjrx1 kfzqyx hfs ktw j}fruqj thhzw ns inkkjwjsy xjhyntsx tk xtzwhj htij1 fsi hfs wjxzqy ns f |nij wfslj tk htsxjvzjshjx3 Ns inxywngzyji x~xyjrx1 fstymjw pnsi tk kfzqyx hfs gj htsxnijwji? ymj htrrzsnhfynts kfnq2 zwjx3

F kfzqy hqfxxnfihfynts xhmjrj nx tkyjs zxji yt hfyjlt2 wn�j kfzqyx ymfy mf{j ymj xfrj hmfwfhyjwnxynhx3 Ymj ij2 fisji hfyjltwnjx hfs ymjs gj zxji yt htqqjhy xyfynxynhx fgtzy kfzqyx fsi ij{nxj rjymtix ktw kfzqy uwj{jsynts fsi ijyjh2 ynts3 Ymzx1 xj{jwfq hqfxxnfihfyntsx tk kfnqzwjx mf{j gjjs uwtutxji3

F3 Kjitwzp fsi W3 Ijyjwx uwtutxj f hqfxxnfihfynts tk kfnqzwjx ns rzqyn2fljsy x~xyjrx -Kjitwzp fsi Ijyjwx1 7557.3 Ymj~ lwtzu kfnqzwjx ns fi{j hfyjltwnjx?

• Uwtlwfr gzlx1

• Zsktwjxjjs xyfyjx1

• Uwthjxxtw kfzqyx1

• Htrrzsnhfynts kfzqy1

• Jrjwlnsl zs|fsyji gjmf{ntw3

Mt|j{jw1 ny nx sty jfx~ yt ijfisj ymj zs|fsyji xyfyjx tk fs fljsy gjhfzxj mj nx tkyjs fifuyn{j3 Rtwjt{jw1 f rzqyn2 fljsy x~xyjr mfx st lqtgfq htsywtq3 Xt1 ymj jrjwlnsl zs2 |fsyji gjmf{ntw hfs gj ijyjhyji g~ fs j}yjwsfq tgxjw{jw1 gzy ny hfssty gj jfxnq~ ijyjwrnsji fzytrfynhfqq~ g~ ymj x~xyjr nyxjqk3

Ns tzw uwtutxji xtqzynts1 |j htsxnijw1 y|t hfyjltwnjx tk kfnqzwjx?

• Uwthjxxtw kfzqyx1

• Htrrzsnhfynts kfzqy3

\j ymnsp ymfy tzw fuuwtfhm htzqi fqxt gj fuuqnji yt tymjw hfyjltwnjx tk kfnqzwjx3

738 Yjhmsnvzjx tk Wjuqnhfynts

Ymnx xjhynts1 fiwxy1 xzrrfwn�jx ymj uwnshnuqjx tk wjuqnhf2 ynts3 Ny ymjs utnsyx tzy ymj qnrnyx tk hzwwjsy wjuqnhfynts yjhmsnvzjx fsi wjuqnhfynts yttqx3

73836 Uwnshnuqjx tk Wjuqnhfynts

Wjuqnhfynts tk ifyf fsi4tw htruzyfynts nx fs jkkjhyn{j |f~ yt fhmnj{j kfzqy ytqjwfshj ns inxywngzyji x~xyjrx3 F wjuqn2 hfyji xtky|fwj htrutsjsy nx ijfisji fx f xtky|fwj htrut2 sjsy ymfy utxxjxxjx f wjuwjxjsyfynts ts y|t tw rtwj mtxyx -Lzjwwftzn jy fq31 6>=>.3 Ymjwj fwj y|t rfns y~ujx tk wjuqnhfynts uwtythtqx?

• fhyn{j wjuqnhfynts1 ns |mnhm fqq wjuqnhfx uwthjxx hts2 hzwwjsyq~ fqq nsuzy rjxxfljx1

• ufxxn{j wjuqnhfynts1 ns |mnhm tsq~ tsj tk ymj wjuqn2 hfx uwthjxxjx fqq nsuzy rjxxfljx fsi ujwntinhfqq~ ywfsxrnyx nyx hzwwjsy xyfyj yt ymj tymjw wjuqnhfx ns tw2 ijw yt rfnsyfns htsxnxyjsh~3

Fhyn{j wjuqnhfynts xywfyjlnjx uwt{nij kfxy wjht{jw~ gzy qjfi yt f mnlm t{jwmjfi3 Nk ymj ijlwjj tk wjuqnhfynts nx s1 ymj s wjuqnhfx fwj fhyn{fyji xnrzqyfsjtzxq~ yt uwtizhj tsj wjxzqy3

Ufxxn{j wjuqnhfynts rnsnrn�jx uwthjxxtw zynqn�fynts g~ fhyn{fynsl wjizsifsy wjuqnhfx tsq~ ns hfxj tk kfnqzwjx3 Ymfy nx? nk ymj fhyn{j wjuqnhf nx ktzsi yt gj kfzqy~1 f sj| wjuqnhf nx jqjhyji frtsl ymj xjy tk ufxxn{j tsjx fsi ymj j}jhz2 ynts nx wjxyfwyji kwtr ymj qfxy xf{ji xyfyj3 Ymnx yjhmsnvzj wjvznwjx qjxx HUZ wjxtzwhjx ymfs ymj fhyn{j fuuwtfhm gzy ny sjjix f hmjhputnsy rfsfljrjsy |mnhm wjrfnsx j}ujs2 xn{j ns uwthjxxnsl ynrj fsi xufhj3

Ymj fhyn{j wjuqnhfynts uwt{nijx f kfxy wjht{jw~ ijqf~3 Ymnx pnsi tk yjhmsnvzj nx ijinhfyji yt fuuqnhfyntsx |nym wjfq2ynrj htsxywfnsyx |mnhm wjvznwj xmtwy wjht{jw~ ijqf~x3 Ymj ufxxn{j wjuqnhfynts xhmjrj mfx f qt| t{jwmjfi zsijw kfnqzwj kwjj j}jhzynts gzy itjx sty uwt{nij xmtwy wjht{jw~ ijqf~x3 Ymj hmtnhj tk ymj rtxy xznyfgqj xywfyjl~ nx inwjhyq~ ijujsijsy ts ymj js{nwtsrjsy htsyj}y1 jxujhnfqq~ ymj kfnq2 zwj wfyj1 fsi ymj fuuqnhfynts wjvznwjrjsyx ns yjwrx tk wj2 ht{jw~ ijqf~ fsi t{jwmjfi3 Fhyn{j fuuwtfhmjx xmtzqi gj hmtxjs jnymjw |mjs ymj kfnqzwj wfyj gjhtrjx ytt mnlm tw ymj fuuqnhfynts ijxnls xujhnfijx mfwi ynrj htsxywfnsyx3 Tymjw|nxj1 ufxxn{j fuuwtfhmjx fwj uwjkjwfgqj3

73837 Qnrnyx tk Hzwwjsy Wjuqnhfynts Yjhmsnvzjx

Rfs~ yttqpnyx -j3l31 -Lzjwwftzn jy fq31 6>=>. fsi -{fs Wj2 sjxxj jy fq31 6>>;.. nshqzij wjuqnhfynts kfhnqnynjx yt gznqi wjqnfgqj fuuqnhfyntsx3 Mt|j{jw1 rtxy tk ymjr fwj sty vznyj flj}ngqj jstzlm yt nruqjrjsy fifuyn{j wjuqnhfynts rjhm2 fsnxr3

Ymjwjktwj |j ijxnlsji f xujhnfih fsi st{jq kwfrj2 |twp ktw wjuqnhfynts1 sfrji Ifw] -xjj ijyfnqx ns xjhynts 9.1 |mnhm fqqt|x i~sfrnh wjuqnhfynts fsi i~sfrnh fifu2 yfynts tk ymj wjuqnhfynts utqnh~ -j3l31 ufxxn{j yt fhyn{j1 hmfslnsl ymj szrgjw tk wjuqnhfx.3

8 Yt|fwix I~sfrnh Wjuqnhfynts fsi Fifuyn{j Htsywtq

Xj{jwfq xtqzyntsx mf{j gjjs uwtutxji yt wjuqnhfyj inxywngzyji x~xyjrx3 Ymjxj xtqzyntsx fwj tkyjs zxji g~ ymj ijxnlsjw yt wjuqnhfyj ymj x~xyjr htrutsjsyx gjktwj wzs ynrj3 Ymj szrgjw tk wjuqnhfx fsi ymj wjuqnhfynts xywfyjl~ fwj j}uqnh2 nyq~ fsi xyfynhfqq~ ijfisji g~ ymj ijxnlsjw gjktwj wzs ynrj3 Mt|j{jw1 ymjxj xtqzyntsx fwj sty xznyfgqj yt rzqyn2fljsy x~xyjrx3 Ymj xtqzynts |j uwtutxj nx rfnsq~ hmfwfhyjwn�ji g~ i~sfrnh wjuqnhfynts fsi fifuyn{j htsywtq3

836 I~sfrnh Wjuqnhfynts

Xj{jwfq wjuqnhfynts xywfyjlnjx -rfnsq~1 fhyn{j fsi ufxxn{j. hfs gj zxji yt wjuqnhfyj Fljsyx3 Fx j}uqfnsji ns Xjhynts 738361 jfhm xywfyjl~ mfx nyx uwtx fsi htsx1 ymj ywfijtkk gj2 nsl wjht{jw~ xujji {jwxzx t{jwmjfi3 Ymzx1 ymj hmtnhj tk ymj rtxy xznyfgqj xywfyjl~ wjqnjx ts ymj js{nwtsrjsy hts2 yj}y3

Ns rtxy rzqyn2fljsy fuuqnhfyntsx1 ymj js{nwtsrjsy hts2 yj}y nx {jw~ i~sfrnh3 Xt1 ymj hmtnhj tk ymj wjuqnhfynts xywfyjl~ tk jfhm htrutsjsy1 |mnhm wjqnjx ts f ufwy tk ymnx js{nwtsrjsy1 rzxy gj ijyjwrnsji i~sfrnhfqq~ fsi fifuyji yt ymj js{nwtsrjsy hmfsljx3

Rtwjt{jw1 f rzqyn2fljsy x~xyjr htrutsjsy |mnhm hfs gj {jw~ hwnynhfq fy f rtrjsy hfs qttxj nyx hwnynhfqq~ qfyjw3 Nk |j htsxnijw ymj wjuqnhfynts htxy |mnhm nx {jw~ mnlm1 ymj szrgjw tk wjuqnhfx tk ymjxj htrutsjsyx rzxy gj ymjwjktwj i~sfrnhfqq~ zuifyji3

Ymzx1 ymj xtqzynts |j uwtutxj fqqt|x yt i~sfrnhfqq~ fifuy ymj szrgjw tk wjuqnhfx fsi ymj wjuqnhfynts xywfyjl~3 Ymnx xtqzynts nx uwt{niji g~ ymj kwfrj|twp IFW] -xjj xjhynts 9.3

837 Fifuyn{j Htsywtq

Ifw] uwt{nijx ymj sjjiji fifuyn{j rjhmfsnxrx yt wjuqn2 hfyj fljsyx fsi yt rtink~ ymj wjuqnhfynts xywfyjl~3 Rjfs2 |mnqj1 |j hfssty fq|f~x wjuqnhfyj fqq ymj fljsyx tk ymj x~xyjr gjhfzxj ymj f{fnqfgqj wjxtzwhjx fwj zxzfqq~ qnr2 nyji3 Ns ymj ln{js j}fruqj -xjhynts 736.1 |j hfs hts2 xnijw rtwj ymfs 655 fxxnxyfsy fljsyx fsi wjxtzwhjx ymfy it sty fqqt| yt izuqnhfyj rtwj ymfs ;5 fljsyx3 Ymj uwtg2 qjr ymjwjktwj nx yt ijyjwrnsj ymj rtxy hwnynhfq fljsyx fsi ymjs ymj sjjiji szrgjw tk wjuqnhfx tk ymjxj fljsyx3 \j inxynslznxm y|t hfxjx?

• ymj fljsy,x hwnynhfqny~ nx xyfynh1

• ymj fljsy,x hwnynhfqny~ nx i~sfrnh3

Ns ymj fiwxy hfxj1 rzqyn2fljsy x~xyjrx mf{j xyfynh twlfsn2 �fynts xywzhyzwjx1 xyfynh gjmf{ntwx tk fljsyx1 fsi f xrfqq szrgjw tk fljsyx3 Hwnynhfq fljsyx hfs gj ymjwjktwj nijsyn2 fiji g~ ymj ijxnlsjw fsi hfs gj wjuqnhfyji g~ ymj uwtlwfr2 rjw gjktwj wzs ynrj3

Ns ymj xjhtsi hfxj1 rzqyn2fljsy x~xyjrx rf~ mf{j i~2 sfrnh twlfsn�fynts xywzhyzwjx1 i~sfrnh gjmf{ntwx tk fljsyx1 fsi f qfwlj szrgjw tk fljsyx3 Xt1 ymj fljsyx hwnynhfqny~ hfssty gj ijyjwrnsji gjktwj wzs ynrj3 Ymj fljsy hwnyn2 hfqny~ hfs gj ymjwjktwj gfxji ts ymjxj i~sfrnh twlfsn�f2 yntsfq xywzhyzwjx3 Ymj uwtgqjr nx mt| yt ijyjwrnsj i~2 sfrnhfqq~ ymjxj xywzhyzwjx yt j{fqzfyj ymj fljsy hwnynhfq2 ny~D Ymzx1 |j uwtutxj f sj| fuuwtfhm ktw tgxjw{nsl ymj itrfns fljsyx fsi j{fqzfynsl i~sfrnhfqq~ ymjnw hwnynhfq2 ny~3 Ymnx fuuwtfhm nx gfxji ts y|t pnsix tk nsktwrfynts? xjrfsynh2qj{jq nsktwrfynts fsi x~xyjr2qj{jq nsktwrfynts3

9 Ifw}

Ifw] nx f kwfrj|twp yt ijxnls wjqnfgqj inxywngzyji fuuqn2 hfyntsx |mnhm nshqzij f xjy tk inxywngzyji htrrzsnhfynsl jsynynjx -fljsyx.3 Jfhm fljsy hfs gj i~sfrnhfqq~ wjuqn2 hfyji fs zsqnrnyji szrgjw tk ynrjx fsi |nym inkkjwjsy wjuqnhfynts xywfyjlnjx -ufxxn{j fsi fhyn{j.3

936 Ifw} Fwhmnyjhyzwj

Ifw] nshqzijx lwtzu rjrgjwxmnu rfsfljrjsy yt i~sfr2 nhfqq~ fii tw wjrt{j wjuqnhfx3 Ny fqxt uwt{nijx fytrnh fsi twijwji rzqyn2hfxy ktw ymj wjuqnhfynts lwtzux, nsyjwsfq htrrzsnhfynts3 Ktw utwyfgnqny~ fsi htrufyngnqny~ nxxzjx1 Ifw] nx nruqjrjsyji ns Of{f3

Knlzwj 6? Ifw] fuuqnhfynts fwhmnyjhyzwj

F wjuqnhfynts lwtzu nx fs tufvzj jsyny~ zsijwq~nsl j{2 jw~ fuuqnhfynts fljsy3 Ymj szrgjw tk wjuqnhfx fsi ymj nsyjwsfq xywfyjl~ tk f xujhnfih fljsy fwj ytyfqq~ mniijs yt ymj tymjw fuuqnhfynts fljsyx3 Jfhm wjuqnhfynts lwtzu mfx j}fhyq~ tsj qjfijw |mnhm htrrzsnhfyjx |nym ymj tymjw fljsyx3 Ymj qjfijw fqxt hmjhpx ymj qn{jsjxx tk jfhm wjuqnhf fsi nx wjxutsxngqj ktw wjqnfgqj gwtfihfxynsl3 Ns hfxj tk kfnqzwj tk f qjfijw1 f sj| tsj nx fzytrfynhfqq~ jqjhyji frtsl ymj xjy tk wjrfnsnsl wjuqnhfx3

Knlzwj 7? Htrrzsnhfynts htxy fx f kzshynts tk ymj wjuqn2 hfynts ijlwjj

Ifw] uwt{nijx lqtgfq sfrnsl3 Jfhm wjuqnhfyji fljsy mfx f lqtgfq sfrj |mnhm nx nsijujsijsy tk ymj hzwwjsy qt2 hfynts tk nyx wjuqnhfx3 Ymj zsijwq~nsl x~xyjr fqqt|x yt mfsiqj ymj fljsy,x j}jhzynts fsi htrrzsnhfynts3 Jfhm fljsy nx nyxjqk |wfuuji nsyt f YfxpXmjqq -Knlzwj 6.1 |mnhm fhyx fx f wjuqnhfynts lwtzu rfsfljw fsi nx wjxutsxngqj ktw ijqn{jwnsl wjhjn{ji rjxxfljx yt fqq ymj rjrgjwx tk ymj wjuqnhfynts lwtzu1 ymzx uwjxjw{nsl ymj ywfsxufwjsh~ ktw ymj xzuutwyji fuuqnhfynts3 Nsuzy rjxxfljx fwj nsyjwhjuyji g~ ymj YfxpXmjqq1 jsfgqnsl rjxxflj hfhmnsl3 Mjshj fqq rjx2 xfljx ljy yt gj uwthjxxji ns ymj xfrj twijw |nymns f wjuqn2 hfynts lwtzu3

Fs fljsy hfs htrrzsnhfyj |nym f wjrtyj fljsy1 zswj2 lfwinsl |mjymjw ny nx f xnslqj fljsy tw f wjuqnhfynts lwtzu1 g~ zxnsl f qthfq uwt}~ nruqjrjsyji g~ ymj WjrtyjYfxp nsyjwkfhj3 Jfhm WjrtyjYfxp wjkjwjshjx f inxynshy wjrtyj jsyny~ htsxnijwji fx ymj qjfijw tk nyx wjuqnhfynts lwtzu3 Ymj wjqnfgnqny~ kjfyzwjx fwj ymzx gwtzlmy yt fljsyx g~ fs nsxyfshj tk f Ifw] xjw{jw -Ifw}Xjw{jw. wzssnsl ts j{2 jw~ qthfynts3 Jfhm Ifw}Xjw{jw nruqjrjsyx ymj wjvznwji wjuqnhfynts xjw{nhjx1 gfhpji zu g~ f htrrts lqtgfq sfr2 nsl4qthfynts xjw{nhj3

937 Rjfxzwjrjsyx

Tzw fiwxy j}ujwnrjsyx fsi rjfxzwjrjsyx tk Ifw] fwj {jw~ uwtrnxnsl3 \j j{fqzfyji xj{jwfq htxyx fsi rfij htrufw2 nxtsx |nym tymjw x~xyjrx -xjj -Rfwns jy fq31 7556..3 Ns ymnx ufujw1 |j ozxy xmt| ymj htxy tk xjsinsl f rjx2 xflj yt f wjuqnhfynts lwtzu zxnsl ymj fhyn{j wjuqnhfynts xywfyjl~3 Knlzwj 7 uwjxjsyx ymwjj htsfilzwfyntsx |nym ink2 kjwjsy wjuqnhfynts ijlwjjx3 Ns ymj WI26 htsfilzwfynts1 ymj yfxp nx qthfq fsi sty wjuqnhfyji3 Ns ymj WI27 -wjxu3 WI2 8. htsfilzwfynts1 ymjwj nx tsj -wjxu3 y|t. wjuqnhf-x.@ ymj qjfijw gjnsl ts ymj xjsinsl mtxy fsi ymj tymjw wjuqnhf-x. wjxninsl ts tsj -tw y|t. inxynshy wjrtyj mtxy-x.3

: Fifuyn{j Htsywtq tk Wjuqnhfynts

\j |nqq st| ijyfnq tzw fuuwtfhm ktw i~sfrnhfqq~ j{fqzfy2 nsl hwnynhfqny~ tk jfhm fljsy ns twijw yt ujwktwr i~sfrnh wjuqnhfynts |mjwj fsi |mjs gjxy sjjiji3

:36 M~utymjxnx fsi uwnshnuqjx

\j |fsy xtrj fzytrfynh rjhmfsnxr ktw ljsjwfqny~ wjf2 xtsx3 Gzy ns twijw yt gj jkfihnjsy1 |j fqxt sjji xtrj uwntw nsuzy kwtr ymj ijxnlsjw tk ymj fuuqnhfynts3 Ymnx ij2 xnlsjw hfs hmttxj frtsl xj{jwfq fuuwtfhmjx tk wjuqnhf2 ynts? xyfynh fsi i~sfrnh3

Ns ymj uwtutxji i~sfrnh fuuwtfhm1 ymj fljsy hwnynhfq2 ny~ wjqnjx ts y|t pnsix tk nsktwrfynts?

• X~xyjr2qj{jq nsktwrfynts3 Ny |nqq gj gfxji ts xyfs2 ifwi rjfxzwjrjsyx -htrrzsnhfynts qtfi1 uwthjxx2 nsl ynrj333.3 \j fwj hzwwjsyq~ j{fqzfynsl ymjnw xnl2 snfihfshj yt rjfxzwj ymj fhyn{ny~ tk fs fljsy3

• Xjrfsynh2qj{jq nsktwrfynts3

Xj{jwfq fxujhyx rf~ gj htsxnijwji -nrutwyfshj tk fljsyx1 nsijujsijshj tk fljsyx1 nrutwyfshj tk rjxxfljx333.3 \j ijhniji yt zxj ymj htshjuy tk wtqj1 gjhfzxj ny hfuyzwjx ymj nrutwyfshj tk fs fljsy ns fs twlfsn�fynts1 fsi nyx ijujs2 ijshnjx yt tymjw fljsyx3

Styj ymfy tzw fuuwtfhm nx ljsjwnh fsi ymfy ny nx sty wjqfyji yt f xujhnfih nsyjwfhynts qfslzflj tw fuuqnhfynts itrfns3 Fqxt fljsyx hfs gj jnymjw wjfhyn{j tw htlsnyn{j3 \j ozxy xzuutxj ymfy ymj~ htrrzsnhfyj |nym xtrj fljsy htrrzsnhfynts qfslzflj xzhm fx FHQ -KNUF1 6>><. fsi PVRQ -Knsns jy fq31 6>>9.3

:37 J}fruqj

Ymj fuuqnhfynts ijxnlsjw |nqq rfszfqq~ j{fqzfyj hwnynhfq2 ny~ tk ymj wtqjx1 htwwjxutsinsl yt ymjnw ™nrutwyfshj™ ns ymj twlfsn�fynts fsi ns ymj htruzyfynts3

Ns ymj j}fruqj nsywtizhji ns xjhynts 7361 |j fwj hts2 xnijwnsl y|t wtqjx? Nsnynfytw fsi Ufwynhnufsy -Knsns jy fq31 6>>9.3 Ymjnw wjxujhyn{j |jnlmyx |nqq gj xjy g~ ymj fuuqn2 hfynts ijxnlsjw yt wjxujhyn{jq~ 53< fsi 538 -xjj 6.3

Yfgqj 6? J}fruqjx tk wtqjx fsi ymjnw |jnlmyx

Wtqjx \jnlmyx Nsnynfytw 53< Ufwynhnufsy 538

:38 Fwhmnyjhyzwj

Ns twijw yt ywfhp ymj i~sfrnhfq fituynts tk wtqjx g~ fljsyx1 |j uwtutxj f wtqj wjhtlsnynts rjymti3 Tzw fuuwtfhm nx gfxji ts ymj tgxjw{fynts tk ymj fljsy j}jhzynts fsi ymjnw nsyjwfhyntsx yt wjhtlsn�j ymj wtqjx tk jfhm fljsy fsi yt j{fqzfyj mnx uwthjxxnsl fhyn{ny~3 Ymnx nx zxji yt i~sfrn2 hfqq~ htruzyj ymj hwnynhfqny~ tk fs fljsy3

Knlzwj 8? Ljsjwfq fwhmnyjhyzwj ktw wjuqnhfynts htsywtq

Ns twijw yt htqqjhy ymj ifyf1 |j fxxthnfyj fs tgxjw2 {fynts rtizqj yt jfhm Ifw}Xjw{jw ts jfhm rfhmnsj -xjj xjhynts 9.3 Ymnx rtizqj |nqq htqqjhy j{jsyx -uwt{niji g~ Ifw}Xjw{jw.3 F wtqj fsfq~xnx nx ymjs fxxthnfyji yt jfhm fljsy -qjfijw tk ymj lwtzu wjuqnhf. tk ymnx rfhmnsj1 g~ htsxnijwnsl mnx xjsy fsi wjhjn{ji rjxxfljx3

Ymj gfxnh fwhmnyjhyzwj htsywtqqnsl ymj wjuqnhfynts tk fljsyx nx xmt|s ns Knlzwj 83

Ymj sj}y xjhyntsx ijxhwngj ymj wtqj fsfq~xnx fsi fhyn{2 ny~ fsfq~xnx rjymtix ymfy |j uwtutxj3

:39 Wtqj Fsfq~xnx

\j htsxnijw y|t hfxjx3 Ns ymj fiwxy hfxj1 jfhm fljsy inx2 uqf~x j}uqnhnyq~ mnx wtqjx tw nsyjwfhynts uwtythtqx3 Ymj wtqjx tk jfhm fljsy fwj ymzx jfxnq~ ijizhji kwtr nsyjwfh2 ynts j{jsyx3 Ns ymj xjhtsi hfxj1 fljsyx it sty inxuqf~ ymjnw wtqjx stw ymjnw nsyjwfhynts uwtythtqx3 Ymj fljsy wtqjx fwj ijizhji kwtr ymj nsyjwfhynts j{jsyx g~ ymj wtqj fsfq~xnx rtizqj3

Ns ymnx fsfq~xnx1 fyyjsynts nx kthzxji ts ymj uwjhnxj tw2 ijwnsl tk nsyjwfhynts j{jsyx -j}hmfslji rjxxfljx.3 Ymj wtqj rtizqj hfuyzwjx fsi wjuwjxjsyx ymj xjy tk nsyjwfhynts j{jsyx wjxzqynsl kwtr ymj itrfns fljsy nsyjwfhyntsx -xjsy fsi wjhjn{ji rjxxfljx.3

\j fxxthnfyj yt jfhm fljsy fs jsyny~ ymfy fsfq~xjx ymj fxxthnfyji nsyjwfhynts j{jsyx3 Ymnx fsfq~xnx ijyjwrnsjx ymj wtqjx tk ymj fljsy3 Knlzwj 9 nqqzxywfyjx ymj {fwntzx xyjux tk ymnx fsfq~xnx3

Yt wjuwjxjsy ymj fljsy nsyjwfhyntsx1 xj{jwfq rjymtix mf{j gjjs uwtutxji xzhm fx xyfyj rfhmnsjx fsi Ujywn sjyx -Kfqqfm2Xjlmwtzhmsn jy fq31 6>>>.3 Ktw tzw fuuqnhfynts1 xyfyj rfhmnsjx uwt{nij f |jqq xznyfgqj wjuwjxjsyfynts3 Jfhm wtqj nsyjwfhynts rtijq nx wjuwjxjsyji g~ fs fzlrjsyji ywfsxnynts sjy|twp -FYS. -\ttix1 6><5.3 F ywfsxnynts wjuwjxjsyx fs nsyjwfhynts j{jsy -xjsinsl tw wjhjn{nsl f rjx2 xflj.3 Knlzwj : xmt|x fs j}fruqj tk FYS ymfy wjuwjxjsyx ymj nsyjwfhynts rtijq tk ymj wtqj Nsnynfytw ijxhwngji gjqt|3 F qngwfw~ tk wtqjx ijfisnynts nx zxji yt wjhtlsn�j ymj fhyn{j wtqjx3 Yt kfhnqnyfyj ymj nsnynfqn�fynts tk ymnx qngwfw~1

Knlzwj 9? Wtqjx wjhtlsnynts

Knlzwj :? J}fruqj tk FYS

|j mf{j nsywtizhji f wtqj ijxhwnuynts qfslzflj3 Jfhm wtqj nx wjuwjxjsyji g~ f xjy tk nsyjwfhynts j{jsyx3 Ymnx qfslzflj nx gfxji ts f xjy tk tujwfytwx -xnrnqfw yt ymtxj uwtutxji ns -R3 \ttqiwnilj fsi Pnss~1 6>>>.1 xjj Yfgqj 7.1 nsyjw2 fhynts j{jsyx fsi {fwnfgqjx3

Nsyjwfhynts j{jsyx wjuwjxjsy ymj j}hmfslji rjxxfljx3 \j inxynslznxm y|t pnsix tk nsyjwfhynts j{jsyx? Wjhjn{jRjx2 xflj fsi XjsiRjxxflj3 Ymj fyywngzyjx tk ymj XjsiRjx2 xflj fsi Wjhjn{jRjxxflj nsyjwfhynts j{jsyx fwj xnrnqfw yt ymj fyywngzyjx tk FHQ rjxxfljx?

• XjsiRjxxflj-Htrrzsnhfyn{j fhy1 xjsijw1 wjhjn{jw1 htsyjsy1 wjuq~2|nym1 333.3

• Wjhjn{jRjxxflj-Htrrzsnhfyn{j fhy1 xjsijw1 wjhjn{jw1 htsyjsy1 wjuq~2|nym1 333.3

Yfgqj 7? Tujwfytwx

Tujwfytwx Nsyjwuwjyfynts F3G Xjufwfyj y|t htsxjhzyn{j j{jsyx F|G Tw F||G Ufwfqqjq j{jsyx -F./ T ynrj tw rtwj -F.0 6 ynrj tw rtwj -F.s s ynrj tw rtwj ‘Fb Kfhzqyfyn{j

Ns twijw yt gj fgqj yt fiqyjw {fwntzx rjxxfljx1 |j ns2 ywtizhj ymj ™|nqi hfwi™ hmfwfhyjw D3 Ktw j}fruqj1 ns ymj nsyjwfhynts j{jsy Wjhjn{jRjxxflj -™HKU™1 ™]™1 ™^™1 D.1 ymj htsyjsy nx zshtsxywfnsji3 Xt1 ymnx nsyjwfhynts j{jsy hfs rfyhm fs~ tymjw nsyjwfhynts j{jsy |nym ymj htrrzsn2 hfynts fhy HKU1 ymj xjsijw ™]™1 ymj wjhjn{jw ™^™ fsi fs~ htsyjsyx3

Knlzwj ;? Htsywfhy sjy uwtythtq

Ns ymj j}fruqj tk xhmjizqnsl rjjynslx1 ymj fxxnxyfsy fljsyx zxj ymj htsywfhy sjy uwtythtq -KNUF1 6>><. -xjj ;. yt xhmjizqj f rjjynsl3 Ymj nsyjwfhynts rtijq tk ymj nsn2 ynfytw wtqj nx ijizhji kwtr ymj htsywfhy sjy uwtythtq3 Ny nx ijxhwngji ns Yfgqj 83

Ymnx ijxhwnuynts wjuwjxjsyx ymj inkkjwjsy xyjux -xjsy fsi wjhjn{ji rjxxfljx. tk ymj Nsnynfytw3 Ny hfs gj nsyjw2 uwjyji fx ktqqt|x -KNUF1 6>><.3

• F hfqq ktw uwtutxfqx rjxxflj nx xjsy yt ymj ufwynhn2 ufsyx kwtr ymj nsnynfytw ktqqt|nsl ymj KNUF Htsywfhy Sjy uwtythtq3

• Ymj ufwynhnufsyx wjuq~ yt ymj nsnynfytw |nym ymj uwt2 utxji rjjynsl ynrjx3 Ymj ktwr tk ymnx rjxxflj nx jnymjw f uwtutxfq tw f wjkzxfq3

• Ymj nsnynfytw xjsix fhhjuy tw wjojhy rjxxfljx yt ufw2 ynhnufsyx3

• Ymj ufwynhnufsyx |mnhm flwjj yt ymj uwtutxji rjjy2 nsl nsktwr ymj nsnynfytw ymfy ymj~ mf{j htruqjyji ymj wjvzjxy yt xhmjizqj f rjjynsl -htsfiwr.3

Yfgqj 8? Ijxhwnuynts tk ymj wtqj Nsnynfytw

-XjsiRjxxflj-™HKU™1 Fljsy1D1D1R6..0 3 --Wjhjn{jRjxxfljJ{jsy-™uwtutxj™1 D1 Fljsy1D1R71 R6.. | -Wjhjn{jRjxxfljJ{jsy-™wjkzxj™1 D1 Fljsy1 D1R71 R6...0 3 --XjsiRjxxflj-™fhhjuy™1 Fljsy1D1D1 R71 R6.. | -XjsiRjxxflj-™wjojhy™1 Fljsy1D1D1 R71 R6...0 3 -Wjhjn{jRjxxfljJ{jsy-™htsfiwr™1 D1 Fljsy1D1R7..0 3

Styj ymfy ns rfs~ hfxjx1 wtqjx hfs gj ijizhji gjktwj ymj jsi tk ymj fxxthnfyji xjvzjshj tk nsyjwfhynts j{jsyx -fisfq xyfyj tk ymj fxxthnfyji FYS.3 Ns ymj xhmjizqnsl rjjy2 nslx j}fruqj1 ymj wtqj Nsnynfytw rf~ gj wjhtlsn�ji fx xtts fx ymj ™HKU™ rjxxflj nx wjhjn{ji1 fx ny nx zsnvzj yt ymnx wtqj3

:3: Fhyn{ny~ Fsfq~xnx

Ns rzqyn2fljsy x~xyjrx1 ymj nsyjwsfq fhyn{ny~ tk fljsyx hfs2 sty gj tgxjw{ji1 gjhfzxj ny nx uwn{fyj3 Ymj tgxjw{fynts nx wjxywnhyji yt j{jsyx3 Yt j{fqzfyj ymj ijlwjj tk ymj fljsy fhyn{ny~1 |j zxj x~xyjr j{jsyx ymfy fwj htqqjhyji fy ymj x~x2 yjr qj{jq3 \j fwj htsxnijwnsl y|t pnsix tk j{jsyx? HUZ ynrj fsi htrrzsnhfynts qtfi3 \j fwj hzwwjsyq~ j{fqz2 fynsl ymj xnlsnfihfshj tk ymjxj rjfxzwjx fx nsinhfytwx tk fljsy fhyn{ny~1 yt gj zxjkzq yt hfqhzqfyj fljsy hwnynhfqny~3 Ktw fs fljsy Agent_i fsi f ln{js ynrj nsyjw{fq Δt1 ymjxj j{jsyx uwt{nij?

• Ymj zxji ynrj tk HUZ -cp_i.1

• Ymj htrrzsnhfynts qtfi -cl_i.3

cp_i fsi cl_i rf~ gj ymjs zxji yt rjfxzwj ymj fljsy ijlwjj tk fhyn{ny~ aw_i fx ktqqt|x?

aw_i =3D (d_1 ∗ cp_i/3DΔt + d_2 ∗ cl_i/3DCL)/3D(d_1 + d_2) -6.

|mjwj?

• HQ nx ymj lqtgfq htrrzsnhfynts qtfi1

• d_1 fsi d_2 fwj |jnlmyx nsywtizhji g~ ymj zxjw3

:3; Fljsy Hwnynhfqny~

Ymj fsfq~xnx tk j{jsyx -x~xyjr j{jsyx fsi nsyjwfhynts j{jsyx. uwt{nijx y|t pnsix tk nsktwrfynts? ymj wtqjx fsi ymj ij2 lwjj tk fhyn{ny~ tk jfhm fljsy3 Ymnx nsktwrfynts nx ymjs uwthjxxji g~ ymj fljsy,x hwnynhfqny~ rtizqj3 Ymj qfyyjw wj2 qnjx ts f yfgqj Y -fs j}fruqj nx ln{js ns Yfgqj 6. ymfy ijfisjx ymj |jnlmyx tk wtqjx3 Ymnx yfgqj nx nsnynfqn�ji g~ ymj fuuqnhfynts ijxnlsjw3 Yfgqj 8 ln{jx j}fruqjx tk wtqjx fsi ymjnw |jnlmyx3

Ymj hwnynhfqny~ tk ymj fljsy Agent_i |mnhm kzqfiqqx ymj wtqjx r_{i1} yt r_{im} nx htruzyji fx ktqqt|x?

w_i =3D (a_1 ∗ ∑ j=3D1,m T [r_{ij]}] + a_2 ∗ aw_i)/3D(a1 + a2) -7.

\mjwj? a_1 fsi a_2 fwj ymj |jnlmyx ln{js yt ymj y|t pnsix tk ufwfrjyjwx -wtqjx fsi ijlwjj tk fhyn{ny~.3 Ymj~ fwj nsywtizhji g~ ymj ijxnlsjw3

Ktw jfhm Fljsy A_i1 nyx hwnynhfqny~ w_i nx zxji yt htr2 uzyj ymj szrgjw tk mnx wjuqnhfx3

:3< Wjuqnhfynts

Fs fljsy nx wjuqnhfyji fhhtwinsl yt?

• w_i? mnx hwnynhfqny~1

• \? ymj xzr tk ymj itrfns fljsyx, hwnynhfqny~1

• wr? ymj rnsnrzr szrgjw tk wjuqnhfx |mnhm nx ns2 ywtizhji g~ ymj ijxnlsjw1

• Wr? ymj f{fnqfgqj wjxtzwhjx |mnhm ijfisj ymj rf}2 nrzr szrgjw tk utxxngqj xnrzqyfsjtzx wjuqnhfx3

Ymj szrgjw tk wjuqnhfx nb_i tk Agent_i hfs gj ijyjwrnsji fx ktqqt|x? nb_i =3D rounded(rm + w_i ∗ Rm/3DW ) -8.

Yfgqj 9? J}fruqjx tk fljsyx1 ymjnw |jnlmyx fsi ymj fxxt2 hnfyji szrgjw tk wjuqnhfx

Fljsyx Hwnynhfqny~ Szrgjw tk wjuqnhfx ujw fljsy ujw fljsy Fljsy61 Fljsy71 Fljsy81 Fljsy 9 51> 7 Fljsy:1 Fljsy;1 Fljsy<1 Fljsy=1 Fljsy>1 Fljsy651 Fljsy661 Fljsy671 Fljsy681 Fljsy69 53: 6 Fljsy6:1 Fljsy6;1 Fljsy6<1 Fljsy6=1 Fljsy6>1 Fljsy751 Fljsy761 Fljsy771 Fljsy781 Fljsy79 537 5

Yfgqj 9 ln{jx fs j}fruqj tk fljsyx1 ymjnw hwnynhfqny~ fsi ymj fxxthnfyji wjuqnhfx |mjs Wr B8I 75 fsi wrB8I 53 Styj ymfy -wrB8I5. rjfsx ymfy fljsy nx sty wjuqnhfyji3 Ymj szrgjwx tk wjuqnhfx fwj ymjs zxji g~ Ifw] yt zu2 ifyj ymj szrgjw tk wjuqnhfx tk jfhm fljsy3

; J}ujwnrjsyx

\j rfij xtrj uwjqnrnsfw~ j}ujwnrjsyx zxnsl ymj xhj2 sfwnt tk fljsyx xhmjizqnsl ymjnw rjjynslx1 fx nsywtizhji ns xjhynts 7363

Fljsyx yfpj wfsitrq~ wtqjx tk Nsnynfytw1 hmttxj Ufwynh2 nufsyx ktw xhmjizqnsl rjjynslx tw wjrfns nsfhyn{j -|nym2 tzy fs~ wtqj.3 Xj{jwfq rjjynslx fwj xhmjizqji xnrzqyfsj2 tzxq~3 Ymj szrgjw tk hwnynhfq fljsyx -|mnhm hfs gj jnymjw Nsnynfytw tw Ufwynhnufsy. nx ;5* tk ymj szrgjw tk fljsyx3 Fx ymj inxywngzyji tgxjw{fynts rtizqj nruqjrjsyf2 ynts mfx sty gjjs htruqjyji ~jy1 |j mf{j wzs ymjxj uwj2 qnrnsfw~ j}ujwnrjsyx ts f xnslqj rfhmnsj3 Ns twijw yt xnrzqfyj ymj uwjxjshj tk kfzqyx1 |j nruqjrjsyji f kfnqzwj xnrzqfytw wfsitrq~ xytuunsl ymj ymwjfi tk fs fljsy -hmt2 xjs wfsitrq~.3 Ymj szrgjw tk ymj nsywtizhji kfzqyx |fx xjy jvzfq yt ymj szrgjw tk fljsyx3 \j wjujfyji xj{jwfq ynrjx ymj j}ujwnrjsyx |nym f {fwnfgqj szrgjw tk wjxtzwhjx -szrgjw tk wjuqnhfx ymfy hfs gj zxji.3

Kwtr ymjxj fiwxy j}ujwnrjsyx1 |j ktzsi ymfy ymj szr2 gjw tk wjxtzwhjx xmtzqi gj fy qjfxy jvzfq yt ymj szrgjw tk hwnynhfq fljsyx3

\j fwj hzwwjsyq~ |twpnsl ts rtwj j}ujwnrjsyx fsi rjfxzwjrjsyx ns twijw yt gjyyjw j{fqzfyj tzw fifuyn{j hts2 ywtq fwhmnyjhyzwj fsi yt htrufwj ny yt tymjw htsywtq rjym2 tix -nshqzinsl wfsitr wjuqnhfynts.3

< Wjqfyji \twp

Xj{jwfq fuuwtfhmjx fiiwjxx ymj rzqyn2kfhji uwtgqjr tk kfzqy ytqjwfshj ns rzqyn2fljsy x~xyjrx3 Ymjxj |twpx hfs gj hqfxxnfiji ns y|t rfns hfyjltwnjx3 F fiwxy fuuwtfhm kthzxjx jxujhnfqq~ ts ymj wjqnfgnqny~ tk fs fljsy |nymns f rzqyn2fljsy x~xyjr3 Ymnx fuuwtfhm mfsiqjx ymj xjwn2 tzx uwtgqjrx tk htrrzsnhfynts1 nsyjwfhynts fsi httwin2 sfynts tk fljsyx -fsi ymjnw wjuqnhfx. |nym ymj tymjw fljsyx tk ymj x~xyjr3 Ymj xjhtsi fuuwtfhm fiiwjxxjx ymj ink2 fihzqynjx tk rfpnsl wjqnfgqj fs fljsy1 ufwynhzqfwq~ f rt2 gnqj fljsy1 |mnhm nx rtwj j}utxji yt xjhzwny~ uwtgqjrx -Uqjnxhm fsi Xhmnujw1 7556. -Xnq{f fsi Utujxhz2_jqjyns1 6>>=. -Otmfsxjs jy fq31 6>>. -Xywfxxjw jy fq31 6>>=.3 Ymnx xjhtsi fuuwtfhm nx gj~tsi ymj xhtuj tk ymnx ufujw3 \nymns ymj kfrnq~ tk wjfhyn{j rzqyn2fljsy x~xyjrx1 xtrj x~xyjrx tkkjw mnlm wjizsifsh~3 F ltti j}fruqj nx f x~x2 yjr gfxji ts ymj rjyfumtw tk fsy sjxyx3 Zsktwyzsfyjq~?

• |j hfssty ijxnls fs~ fuuqnhfynts ns yjwr tk xzhm wjfhyn{j rzqyn2fljsy x~xyjrx3 Gfxnhfqq~ |j it sty mf{j ~jy f ltti rjymtitqtl~3

• |j hfssty fuuq~ xzhm xnruqj wjizsifsh~ xhmjrj tsyt rtwj htlsnyn{j rzqyn2fljsy x~xyjrx fx ymnx |tzqi hfzxj nshtsxnxyjshnjx gjy|jjs htunjx tk f xnslqj fljsy3

Xtrj |twp -Ijhpjw jy fq31 6>><. tkkjwx i~sfrnh hqtsnsl tk xujhnfih fljsyx ns rzqyn2fljsy x~xyjrx3 Gzy ymjnw rt2 yn{fynts nx inkkjwjsy1 ymj tgojhyn{j nx yt nruwt{j ymj f{fnq2 fgnqny~ tk fs fljsy nk ny nx ytt htsljxyji3 Ymj fljsyx hts2 xnijwji xjjr yt mf{j tsq~ kzshyntsfq yfxpx -|nym st hmfsl2 nsl xyfyj. fsi kfzqy2ytqjwfshj fxujhyx fwj sty htsxnijwji3 X3 Mfll nsywtizhjx xjsynsjqx yt uwtyjhy ymj fljsyx kwtr xtrj zsijxnwfgqj xyfyjx -Mfll1 6>><.3 Xjsynsjqx wjuwjxjsy ymj htsywtq xywzhyzwj tk ymjnw rzqyn2fljsy x~xyjr3 Ymj~ sjji yt gznqi rtijqx tk jfhm fljsy yt ujwktwr kzshynts2 fqnynjx fsi rtsnytw htrrzsnhfyntsx ns twijw yt wjfhy yt kfzqyx3 Jfhm xjsynsjq nx fxxthnfyji g~ ymj ijxnlsjw yt tsj kzshyntsfqny~ tk ymj rzqyn2fljsy x~xyjr3 Ymnx xjsynsjq mfs2 iqjx ymj inkkjwjsy fljsyx |mnhm nsyjwfhy yt fhmnj{j ymj kzsh2 yntsfqny~3 Ymj fsfq~xnx tk mnx gjqnj{jx ts ymjxj fljsyx js2 fgqjx ymj xjsynsjq yt ijyjhy f kfzqy |mjs ny thhzwx3 Fiinsl xjsynsjqx yt rzqyn2fljsy x~xyjrx xjjrx yt gj f ltti fu2 uwtfhm1 mt|j{jw ymj xjsynsjqx ymjrxjq{jx wjuwjxjsy kfnq2 zwj utnsyx ktw ymj rzqyn2fljsy x~xyjr3

-Pzrfw jy fq31 7555. uwjxjsy f kfzqy ytqjwfsy rzqyn2 fljsy fwhmnyjhyzwj ymfy wjlwtzux fljsyx fsi gwtpjwx3 Ymj~ fiiwjxx ymj uwtgqjr tk wjht{jwnsl ymj rzqyn2fljsy x~xyjr kwtr tsq~ nyx gwtpjw kfnqzwjx3

-Kjitwzp fsi Ijyjwx1 7557. uwtutxj yt zxj uwt}njx3 Ymnx fuuwtfhm ywnjx yt rfpj ywfsxufwjsy ymj zxj tk fljsy wjuqnhfynts1 n3j3 jsfgqnsl ymj wjuqnhfx tk fs fljsy yt fhy fx f xfrj jsyny~ wjlfwinsl ymj tymjw fljsyx tk ymj x~xyjr |mnhm |nqq sty pst| ymfy ymj~ fwj nsyjwfhynsl |nym f lwtzu tk wjuqnhfx3 Ymj uwt}~ rfsfljx ymj xyfyj tk ymj wjuqnhfx3 Yt it xt1 fqq ymj j}yjwsfq fsi nsyjwsfq htrrzsnhfyntsx tk ymj lwtzu fwj wjinwjhyji yt ymj uwt}~3 Mt|j{jw ymnx ns2 hwjfxjx ymj |twpqtfi tk ymj uwt}~ |mnhm nx f vzfxn hjsywfq jsyny~3 Yt rfpj ny wjqnfgqj1 ymj~ uwtutxj yt gznqi1 ktw ns2 xyfshj1 f mnjwfwhm~ tk uwt}njx ktw jfhm lwtzu tk wjuqnhfx3 Ymj~ utnsy tzy ymj xujhnfih uwtgqjrx tk wjfi4|wnyj hts2 xnxyjsh~1 wjxtzwhj qthpnsl fqxt inxhzxxji ns -Xnq{f jy fq31 7555.3

Ns inxywngzyji htruzynsl1 rfs~ yttqpnyx nshqzij wjuqn2 hfynts kfhnqnynjx yt gznqi wjqnfgqj fuuqnhfynts3 Mt|j{jw1 rfs~ tk uwtizhyx fwj sty jstzlm flj}ngqj yt nruqjrjsy fs fifuyji wjuqnhfynts3 Rjyf]f -R3Ltqr1 6>>=. nruqj2 rjsyx ns Of{f fhyn{j fsi ufxxn{j wjuqnhfynts ns f flj}ngqj |f~3 Fzymtwx j}yjsiji Of{f |nym f wjfhyn{j rjyfqj{jq fw2 hmnyjhyzwj3 Qnpj ns Ifw]1 ymj wjuqnhfynts nx ywfsxufwjsy3 Mt|j{jw1 Rjyf]f wjqnjx ts f rtinfiji Of{f nsyjwuwjyjw3 LFWK -Lzjwwftzn jy fq31 6>=>. wjfqn�jx kfzqy2ytqjwfsy Xrfqqyfqp rfhmnsjx zxnsl fhyn{j wjuqnhfynts3 Xnrnqfw yt Rjyf]f1 LFW] zxjx f rjyfqj{jq fsi uwt{nijx inkkjwjsy wjuqnhfynts xywfyjlnjx3 Gzy1 ny itjx sty uwt{nij fifuyn{j rjhmfsnxr yt fuuq~ ymjxj xywfyjlnjx3

= Htshqzxnts

Qfwlj2xhfqj rzqyn2fljsy x~xyjrx fwj tkyjs inxywngzyji fsi rzxy wzs |nymtzy fs~ nsyjwwzuynts3 Yt rfpj ymjxj x~xyjrx wjqnfgqj1 |j uwtutxji f sj| fuuwtfhm yt j{fqzfyj i~sfr2 nhfqq~ ymj hwnynhfqny~ tk fljsyx3 Ymnx fuuwtfhm nx gfxji ts ymj htshjuyx tk wtqjx fsi ijlwjj tk fhyn{ny~3 Ymj fljsy hwnynhfqny~ nx ymjs zxji yt wjuqnhfyj fljsyx ns twijw yt rf}2 nrn�j ymjnw wjqnfgnqny~ fsi f{fnqfgnqny~ gfxji ts f{fnqfgqj wjxtzwhjx3

Yt {fqnifyj ymj uwtutxji fuuwtfhm1 |j wjfqn�ji f kfzqy2 ytqjwfsy kwfrj|twp -Ifw}.3 Ymj nsyjlwfynts tk IFW] |nym f rzqyn2fljsy uqfyktwr1 xzhm fx INRF njjj>>1 uwt{nijx f ljsjwnh kfzqy2ytqjwfsy rzqyn2fljsy uqfyktwr3 Ns twijw yt {fqnifyj ymnx kfzqy2ytqjwfsy rzqyn2fljsy uqfyktwr1 y|t xrfqq fuuqnhfyntsx mf{j gjjs ij{jqtuji -rjjynslx xhmjizq2 nsl fsi hwnxnx rfsfljrjsy x~xyjr.3 Ymj~ fwj nsyjsiji fy j{fqzfynsl tzw rtijq fsi fwhmnyjhyzwj {nfgnqny~3 Ymj~ fnr fqxt fy htruqjynsl ymj rtijq fsi fiozxynsl ymj ufwfrj2 yjwx3 Ymj tgyfnsji wjxzqyx fwj nsyjwjxynsl fsi uwtrnxnsl3 Mt|j{jw1 rtwj j}ujwnrjsyx |nym wjfq2qnkj fuuqnhfyntsx fwj sjjiji yt {fqnifyj ymj uwtutxji fuuwtfhm3

Wjkjwjshjx

S3 F3 F{tzwnx fsi Q3 Lfxxjw3 Inxywngzyji Fwynfihnfq Nsyjq2 qnljshj? Ymjtw~ fsi Uwf}nx1 hmfuyjw Tgojhy2Twnjsyji Htshzwwjsy Uwtlwfrrnsl fsi Inxywngzyji Fwynfihnfq Ns2 yjqqnljshj1 ufljx =6›65=3 Pqz|jw Fhfijrnh Uzgqnxmjw1 6>>73

P3 Ijhpjw1 P3 X~hfwf1 fsi R3 \nqqnfrxts3 Hqtsnsl ktw nsyjqqnljsy fifuyn{j nsktwrfynts fljsyx3 Ns FYFQ,><1 QSFN1 ufljx ;8›<:3 Xuwnsljw [jwqfl1 6>><3

F3 Jq Kfqqfm2Xjlmwtzhmsn1 X3 Mfiifi1 fsi M3 Rf�tz�n3 Uwtythtq jslnsjjwnsl ktw rzqynfljsy nsyjwfhyntsx3 Ns RFFRF\,>>1 szrgjw 6;9< ns QSFN1 ufljx 67=›68:3 Xuwnsljw [jwqfl1 6>>>3

F3 Kjitwzp fsi W3 Ijyjwx3 Nruwt{nsl kfzqy2ytqjwfshj g~ wjuqnhfynsl fljsyx3 Ns FFRFX75571 Gtzqtlsf1 Nyfq~1 75573

Y3 Knsns1 W3 Kwny�xts1 I3 RhPf~1 fsi W3 RhJsynwj3 PVRQ fx fs fljsy htrrzsnhfynts qfslzflj3 Ns Ymnwi nsyjwsf2 yntsfq htskjwjshj ts nsktwrfynts fsi pst|qjilj rfs2 fljrjsy3 FHR Uwjxx1 St{jrgjw 6>>93

KNUF3 Xujhnfihfynts3 ufwy 71 fljsy htrrz2 snhfynts qfslzflj1 ktzsifynts ktw nsyjqqn2 ljsy um~xnhfq fljsyx1 ljsj{f1 x|ny�jwqfsi3 myyu?44|||3hxjqy3xyjy3ny4zk{4qjtsfwit4fiuf4nsij}3myr1 6>><3

W3 Lzjwwftzn1 G3 Lfwgnsfyt1 fsi P3 Rf�tzsn3 Qjxxtsx kwtr ijxnlsnsl fsi nruqjrjsynsl lfwk3 Ns Uwthjjinslx Tgojhyx Twnjsyji Ufwfqqjq fsi Inxywngzyji Htruzyfynt1 {tqzrj QSHX <>61 ufljx 78=›7:;1 Styynslmfr1 6>=>3

W3 Lzjwwftzn fsi F3 Xhmnujw3 Xtky|fwj2gfxji wjuqnhfynts ktw kfzqy ytqjwfshj3 NJJJ Htruzyjw1 85-9.?;=›<91 Fuwnq 6>><3

X3 Mfll3 F xjsynsjq fuuwtfhm yt kfzqy mfsiqnsl ns rzqyn2 fljsy x~xyjrx3 Ns H3 _mfsl fsi I3 Qzptxj1 jinytwx1 Rzqyn2Fljsy X~xyjrx1 Rjymtitqtlnjx fsi Fuuqnhfyntsx1 szrgjw 67=; ns QSHX1 ufljx 6>5›6>:3 Xuwnsljw [jw2 qfl1 6>><3

I3 Otmfsxjs1 P3 Rfw�zqqt1 K3 G3 Xhmsjnijw1 P3 Ofhtg2 xjs1 fsi I3 _fltwtist{3 Sfu? Uwfhynhfq kfzqy2ytqjwfshj ktw nynsjwfsy htruzyfyntsx3 Ns 6>ym NJJJ Nsyjwsf2 yntsfq Htskjwjshj ts Inxywngzyji Htruzynsl X~xyjrx (ICDCS)1 Fzxyns1 Yj}fx1 6>>3

X3 Pzrfw1 U3 W3 Htmjs1 fsi M3 O3 Qj{jxvzj3 Ymj fifuyn{j fljsy fwhmnyjhyzwj? Fhmnj{nsl kfzqy2ytqjwfshj zxnsl ujwxnxyjsy gwtpjw yjfrx3 Ns Ymj Ktzwym Nsyjwsfyntsfq Htskjwjshj ts Rzqyn2Fljsy X~xyjrx ICMAS, Boston,ZXF, 2000.

S3 Ojssnslx R3 \ttqiwnilj fsi I3 Pnss~3 Ymj rjymti2 tqtl~ lfnf ktw fljsy2twnjsyji fsfq~xnx fsi ijxnls3 FN1 65-7.?6›7<1 6>>>3

T3 Rfwns1 U3 Xjsx1 O32U3 Gwnty1 fsi _3 Lzjxxtzr3 Yt|fwix fifuyn{j kfzqy2ytqjwfshj ktw inxywngzyjirzqyn2fljsy x~x2 yjrx3 Ns JWXFIX,75561 ufljx 6>:›7561 75563

R3Ltqr3 Rjyf}f fsi ymj kzyzwj tk wjfljhynts3 Ns TTU2 XQF 2\twpxmtu ts Wjfljhyn{j Uwtlwfrrnsl ns H00 fsi Of{f1 ufljx 78=›7:;3 Xuwnsljw [jwqfl1 6>>=3

Xyjkfs Uqjnxhm fsi Fsiw Xhmnujw3 Kfytrfx 2 f kfzqy2 ytqjwfsy rtgnqj fljsy x~xyjr gfxji ts ymj fljsy2 ijujsijsy fuuwtfhm3 Ns Ns Uwthjjinslx tk ymj IEEE Nsy3 Htsk3 ts Ijujsifgqj X~xyjrx fsi Sjy|twpx -DSN^′01.1 75563

K3 Ij Fxxnx Xnq{f fsi W3 Utujxhz2_jqjyns3 Fs fuuwtfhm ktw uwt{ninsl rtgnqj fljsy kfzqy ytqjwfshj3 Ns X3 S3 Rfmjxm|fwn1 jinytw1 Xjhtsi Nsyjwsfyntsfq \twpxmtu ts Rtgnqj Fljsyx1 szrgjw 69<< ns QSHX1 ufljx 69›7:3 Xuwnsljw [jwqfl1 6>>=3

Q3 Xnq{f1 [3 Gfynxyf1 fsi O3 Xnq{f3 Kfzqy2ytqjwfsy j}jhzynts tk rtgnqj fljsyx3 Ns Nsyjwsfyntsfq Htskjwjshj ts Ij2 ujsifgqj X~xyjrx fsi Sjy|twpx1 ufljx 68:›6981 75553

R3 Xywfxxjw1 P3 Wtymjwrjq1 fsi H3 Rfnmtkjw3 Uwt{ninsl wjqnfgqj fljsyx ktw jqjhywtsnh htrrjwhj3 Ns \3 Qfrjwx2 itwk fsi R3 Rjw�1 jinytwx1 Nsy3 Htskjwjshj ts Ywjsix ns Inxywngzyji X~xyjrx ktw Jqjhywtsnh Htrrjwhj1 szrgjw 6957 ns QSHX1 ufljx 796›7:83 Xuwnsljw [jwqfl1 6>>=3

W3 {fs Wjsjxxj1 P3 Gnwrfs1 fsi X3 Rfkkjnx3 Mtwzx? F flj}ngqj lwtzu htrrzsnhfynts x~xyj3 HFHR1 8>-9.?<;› =81 6>>;3

\3 \ttix3 Ywfsxnynts sjy|twp lwfrrfw ktw sfyzwfq qfs2 lzflj fsfq~xnx3 Htrrzsnhfynts tk Fxxthnfynts tk Htr2 uzynsl Rfhmnsjw~1 65-68.?:>6›;5;1 6><53

Dynamic and Adaptive Replication for Large-Scale Reliable Multi-Agent Systems

Z. Guessoum,

LIP6, Université Pierre et Marie Curie (Paris 6) BP 169, 4 place Jussieu, F-75252 Paris Cedex 5 Paris, France

Zahia.Guessoum@lip6.fr

J.-P. Briot

LIP6, Université Pierre et Marie Curie (Paris 6) BP 169, 4 place Jussieu, F-75252 Paris Cedex 5 Paris, France

Jean-Pierre.Briot@lip6.fr

S. Charpentier

LIP6, Université Pierre et Marie Curie (Paris 6) BP 169, 4 place Jussieu, F-75252 Paris Cedex 5 Paris, France

charpentier@mangoosta.net

ABSTRACT

In order to make large-scale multi-agent systems reliable, we propose an adaptive application of replication strategies. Critical agents are replicated to avoid failures. As criticality of agents may evolve during the course of computation and problem solving, we need to dynamically and automatically adapt the number of replicas of agents, in order to maximize their reliability and availability based on available resources. We are studying an approach and mechanisms for evaluating the criticality of a given agent (based on application-level semantic information, e.g. messages intention, and also system-level statistical information, e.g., communication load) and for deciding what strategy to apply (e.g., active replication, passive) and how to parameterize it (e.g., number of replicas).

Keywords

Multi-agent, Fault-tolerance, Observation, Organization, Roles.

1. INTRODUCTION

A multi-agent system is a set of autonomous and interactive entities called agents ([1]). Recent real-life applications (e.g., intensive care monitoring, air traffic control and process control) are often distributed at large scale and must run continuously without any interruption. As distributed systems, multi-agent systems are exposed to possibility of failure of their hardware and/or software components. The failure of one component can often evolve into the failure of the whole system. To make these large-scale systems reliable, an obvious solution is the introduction of redundancy: duplication (replication) of the critical components.

Replication mechanisms have been successfully applied for various distributed applications ([8]), e.g. data-bases. But in most cases, replication is decided by the programmer and applied statically, before the application starts. This works fine because the criticality of components (e.g., main servers) may be well identified and remains stable during the application session.

Opposite to that, in the case of dynamic and adaptive multiagent applications, the criticality of agents may evolve dynamically during the course of computation. Moreover, the available resources are often limited. Thus, simultaneous replication of all the components of a large-scale system is not feasible. Our idea is thus to automatically and dynamically apply replication mechanisms where (to which agents) and when it is most needed. In this extended abstract we will introduce our approach to this objective and the software architecture to help at building reliable multiagent systems.

2. REQUIREMENTS AND TECHNIQUES FOR FAULT-TOLERANCE 2.1 A First and Simple Example

We consider the example of a distributed multi-agent system that helps at scheduling meetings. Each user has a personal assistant agent which manages his calendar. This agent interacts with:

• the user to receive his meeting requests and associated information (a title, a description, possible dates, participants, priority, etc.),

• the other agents of the system to schedule a meeting.

If the assistant agent of one important participant (initiator or prime participant) in a meeting fails (e.g., his machine crashes), this may disorganize the whole process. As the application is very dynamic - new meeting negotiations start and complete dynamically and simultaneously - decision for replication should be done automatically and dynamically.

2.2 Principles of Replication

Replication of data and/or computation is an effective way to achieve fault tolerance in distributed systems. A replicated software component is defined as a software component that possesses a representation on two or more hosts ([7]). There are two main types of replication protocols:

• active replication, in which all replicas process concurrently all input messages,

• passive replication, in which only one of the replicas processes all input messages and periodically transmits its current state to the other replicas in order to maintain consistency.

Active replication strategies provide fast recovery but lead to a high overhead. If the degree of replication is n, the n replicas are activated simultaneously to produce one result.

Passive replication minimizes processor utilization by activating redundant replicas only in case of failures. That is: if the active replica is found to be faulty, a new replica is elected among the set of passive ones and the execution is restarted from the last saved state. This technique requires less CPU resources than the active approach but it needs a checkpoint management which remains expensive in processing time and space.

The choice of the most suitable strategy is directly dependent on the environment context, especially the failure rate, and the application requirements in terms of recovery delay and overhead.

2.3 Limits of Current Replication Techniques

Many toolkits (e.g., [7] and [15]) include replication facilities to build reliable applications. However, most of them are not quite flexible enough to implement adaptive replication mechanism. For example, the chosen strategy cannot be modified in the course of the computation.

Therefore we designed a specific and novel framework for replication, named DarX (see details in Section 4), which allows dynamic replication and dynamic adaptation of the replication policy (e.g., passive to active, changing the number of replicas). Moreover, DarX has been designed to easily integrate various agent architectures.

3. TOWARDS DYNAMIC REPLICATION AND ADAPTIVE CONTROL

Several solutions have been proposed to replicate distributed systems. These solutions are often used by the designer to replicate the system components before run time. The number of replicas and the replication strategy are explicitly and statically defined by the designer before run time. However, these solutions are not suitable to multi-agent system. The solution we propose is mainly characterized by dynamic replication and adaptive control.

3.1 Dynamic Replication

In most multi-agent applications, the environment context is very dynamic. So, the choice of the replication strategy of each component, which relies on a part of this environment, must be determined dynamically and adapted to the environment changes.

Moreover, a multi-agent system component which can be very critical at a moment can loose its criticality later. If we consider the replication cost which is very high, the number of replicas of these components must be therefore dynamically updated.

Thus, the solution we propose allows to dynamically adapt the number of replicas and the replication strategy. This solution is provided by the framework DarX (see Section 4).

3.2 Adaptive Control

DarX provides the needed adaptive mechanisms to replicate agents and to modify the replication strategy. Meanwhile, we cannot always replicate all the agents of the system because the available resources are usually limited. In the given example (Section 2.1), we can consider more than 100 assistant agents and resources that do not allow to duplicate more than 60 agents. The problem therefore is to determine the most critical agents and then the needed number of replicas of these agents.

We distinguish two cases: 1) the agent’s criticality is static and 2) the agent’s criticality is dynamic. In the first case, multi-agent systems have static organization structures, static behaviors of agents, and a small number of agents. Critical agents can be therefore identified by the designer and can be replicated by the programmer before run time.

In the second case, multi-agent systems may have dynamic organization structures, dynamic behaviors of agents, and a large number of agents. So, the agents criticality cannot be determined before run time. The agent criticality can be therefore based on these dynamic organizational structures. The problem is how to determine dynamically these structures to evaluate the agent criticality? Thus, we propose a new approach for observing the domain agents and evaluating dynamically their criticality. This approach is based on two kinds of information: semantic-level information and system-level information.

4. DARX: A FRAMEWORK FOR DYNAMIC REPLICATION

DarX is a framework to design reliable distributed applications which include a set of distributed communicating entities (agents). Each agent can be replicated an unlimited number of times and with different replication strategies (passive and active). Note that, we are working on the integration of other replication strategies in DarX, including quorum-based strategies [2]. The number of replicas may be adapted dynamically. Also, and this is a novel feature, the replication strategy is reified such as one may dynamically change the replication strategy.

4.1 DarX Architecture

DarX includes group membership management to dynamically add or remove replicas. It also provides atomic and ordered multi-cast for the replication groups’ internal communication. For portability and compatibility issues, DarX is implemented in Java.

4.2 Agent Replication

A replication group is an opaque entity underlying every application agent. The number of replicas and the internal strategy of a specific agent are totally hidden to the other application agents. Each replication group has exactly one leader which communicates with the other agents. The leader also checks the liveness of each replica and is responsible for reliable broadcasting. In case of failure of a leader, a new one is automatically elected among the set of remaining replicas.

DarX provides global naming. Each replicated agent has a global name which is independent of the current location

Figure 1: DarX application architecture

of its replicas. The underlying system allows to handle the agent’s execution and communication. Each agent is itself wrapped into a TaskShell (Figure 1), which acts as a replication group manager and is responsible for delivering received messages to all the members of the replication group, thus preserving the transparency for the supported application. Input messages are intercepted by the TaskShell, enabling message caching. Hence all messages get to be processed in the same order within a replication group.

An agent can communicate with a remote agent, unregarding whether it is a single agent or a replication group, by using a local proxy implemented by the RemoteTask interface. Each RemoteTask references a distinct remote entity considered as the leader of its replication group. The reliability features are thus brought to agents by an instance of a DarX server (DarxServer) running on every location. Each DarxServer implements the required replication services, backed up by a common global naming/location service.

4.3 Measurements

Our first measurements of DarX are very promising. We evaluated several costs and made comparisons with other systems (see [11]).

In this extended abstract, we just show the cost of sending a message to a replication group using the active replication strategy. Figure 2 presents three configurations with different replication degrees. In the RD-1 configuration, the task is local and not replicated. In the RD-2 (resp. RD-3) configuration, there is one (resp. two) replica(s); the leader being on the sending host and the other replica(s) residing on one (or two) distinct remote host(s).

5. ADAPTIVE CONTROL OF REPLICATION 5.1 Hypothesis and principles

We want some automatic mechanism for generality reasons. But in order to be efficient, we also need some prior input from the designer of the application. This designer can choose among several approaches of replication: static and dynamic.

In the proposed dynamic approach, the agent criticality relies on two kinds of information:

Figure 2: Communication cost as a function of the replication degree

• System-level information. It will be based on standard measurements (communication load, processing time...). We are currently evaluating their significance to measure the activity of an agent.

• Semantic-level information.

Several aspects may be considered (importance of agents, independence of agents, importance of messages...). We decided to use the concept of role, because it captures the importance of an agent in an organization, and his dependencies to other agents.

Note that our approach is generic and that it is not related to a specific interaction language or application domain. Also agents can be either reactive or cognitive. We just suppose that they communicate with some agent communication language such as ACL [6].

5.2 Example

The application designer will manually evaluate criticality of the roles, corresponding to their ”importance” in the organization and in the computation.

In the example introduced in Section 2.1, we are considering two roles: Initiator and Participant. Their respective weights will be set by the application designer to respectively 0.7 and 0.3 (see Table 1).

Table 1: Examples of roles and their weights Roles Weights Initiator 0.7 Participant 0.3

5.3 Architecture

In order to track the dynamical adoption of roles by agents, we propose a role recognition method. Our approach is based on the observation of the agent execution and their interactions to recognize the roles of each agent and to evaluate his processing activity. This is used to dynamically compute the criticality of an agent.

We consider two cases. In the first case, each agent displays explicitly his roles or interaction protocols. The roles of each agent are thus easily deduced from interaction events. In the second case, agents do not display their roles nor their interaction protocols. The agent roles are deduced from the interaction events by the role analysis module.

Figure 3: General architecture for replication control

In order to collect the data, we associate an observation module to each DarxServer on each machine (see Section 4.1). It will collect events (provided by DarxServer). The basic architecture controlling the replication of agents is shown in Figure 3.

The analysis of events (system events and interaction events) provides two kinds of information: the roles and the degree of activity of each agent. This information is then processed by the agent’s criticality module. The latter relies on a table T (an example is given in Table 1) that defines the weights of roles. This table is initialized by the application designer.

The criticality of the agent Ai which fulfills the roles ri1 to rim may be computed as follows (see [3] for details): wi = (a1 ∗ ∑ j=1,m T [r_{ij]}] + a2 ∗ awi)/(a1 + a2) (1)

Where: a1 and a2 are the weights given to the two kinds of parameters (roles and degree of activity). They are introduced by the designer. awi is the degree of activity of Ai. For each Agent Ai, his criticality wi is used to compute the number of his replicas. Ai may be then replicated according to:

• wi: his criticality,

• W: the sum of the criticalities of all agents,

• rm: the minimum number of replicas which is introduced by the designer,

• Rm: the available resources which define the maximum number of possible simultaneous replicas.

The number of replicas nbi of Ai can be determined as follows: nbi = rounded(rm + wi ∗ Rm/W ) (2)

6. EXPERIMENTS

We made some preliminary experiments using the scenario of agents scheduling their meetings, as introduced in Section 2.1.

Agents take randomly roles of Initiator, choose Participants for scheduling meetings or remain inactive (without any role). Several meetings are scheduled simultaneously. The number of critical agents (which can be either Initiator or Participant) is 60% of the number of agents.

As the distributed observation module implementation has not been completed yet, we have run these preliminary experiments on a single machine. In order to simulate the presence of faults, we implemented a failure simulator randomly stopping the thread of an agent (chosen randomly). The number of the introduced faults was set equal to the number of agents. We repeated several times the experiments with a variable number of resources (number of replicas that can be used). From these first experiments, we found that the number of resources should be at least equal to the number of critical agents.

We are currently working on more experiments and measurements in order to better evaluate our adaptive control architecture and to compare it to other control methods (including random replication).

7. RELATED WORK

Several approaches address the multi-faced problem of fault tolerance in multi-agent systems. These works can be classified in two main categories. A first category focuses especially on the reliability of an agent within a multi-agent system. This approach handles the serious problems of communication, interaction and coordination of agents with the other agents of the system. The second category addresses the difficulties of making reliable an agent, particularly a mobile agent, which is more exposed to security problems [13]. This second category is beyond the scope of this paper.

Within the family of reactive multi-agent systems, some systems offer high redundancy. A good example is a system based on the metaphor of ant nests. Unfortunately: 1) we cannot design any application in term of such reactive multiagent systems. Basically we do not have yet a good methodology. 2) we cannot apply such simple redundancy scheme onto more cognitive multi-agent systems as this would cause inconsistencies between copies of a single agent.

Some work [4] offers dynamic cloning of specific agents in multi-agent systems. But their motivation is different, the objective is to improve the availability of an agent if it is too congested. The agents considered seem to have only functional tasks (with no changing state) and fault-tolerance aspects are not considered.

[10] introduces sentinels to protect the agents from some undesirable states. Sentinels represent the control structure of their multi-agent system. They need to build models of each agent to perform functionalities and monitor communications in order to react to faults. Each sentinel is associated by the designer to one functionality of the multi-agent system. This sentinel handles the different agents which interact to achieve the functionality. The analysis of his believes on these agents enables the sentinel to detect a fault when it occurs. Adding sentinels to multi-agent systems seems to be a good approach, however the sentinels themselves represent failure points for the multi-agent system.

[5] propose to use proxies to make transparent the use of agent replication, i.e. enabling the replicas of an agent to act as a same entity regarding the other agents. The proxy manages the state of the replicas. All the external and internal communications of the group are redirected to the proxy. However this increases the workload of the proxy which is a quasi central entity. To make it reliable, they propose to build a hierarchy of proxies for each group of replicas. They point out the specific problems of read/write consistency, resource locking also discussed in [14].

In distributed computing, many toolkits include replication facilities to build reliable application. However, many of products are not enough flexible to implement an adapted replication. MetaXa [12] implements in Java active and passive replication in a flexible way. Authors extended Java with a reactive metalevel architecture. Like in DarX, the replication is transparent. However, MetaXa relies on a modified Java interpreter. GARF [7] realizes fault-tolerant Smalltalk machines using active replication. Similar to MetaXa, GARX uses a metalevel and provides different replication strategies. But, it does not provide adaptive mechanism to apply these strategies.

8. CONCLUSION

Large-scale multi-agent systems are often distributed and must run without any interruption. To make these systems reliable, we proposed a new approach to evaluate dynamically the criticality of agents. This approach is based on the concepts of roles and degree of activity. The agent criticality is then used to replicate agents in order to maximize their reliability and availability based on available resources.

To validate the proposed approach, we realized a fault-tolerant framework (DarX) and we used a multi-agent framework (DIMA [9]) to implement multi-agent systems. The integration of DarX with the multi-agent platform DIMA provides a generic fault-tolerant multi-agent platform. In order to validate this fault-tolerant multi-agent platform, two small applications have been developed (meetings scheduling and crisis management system). They are intended at evaluating our model and architecture viability. The obtained results are interesting and promising. However, more experiments with real-life applications are needed to validate the proposed approach.

9. ADDITIONAL AUTHORS

S. Aknine, (LIP6, email: Samir.Aknine@lip6.fr), O. Marin (LIP6, email: Olivier.Marin@lip6.fr and P. Sens (LIP6, email: Pierre.Sens@lip6.fr).

10. REFERENCES

[1] N. A. Avouris and L. Gasser. Distributed Artificial Intelligence: Theory and Praxis, chapter Object-Oriented Concurrent Programming and

Distributed Artificial Intelligence, pages 81–108. Kluwer Academic Publisher, 1992.

[2] F. Belkouch, M. Bui, and L. Chen. Self-stabilizing quorum systems for reliable document access in fully distributed information systems. Studies in Informatics and Control, 7(4):311–326, 1998.

[3] Jean-Pierre Briot, Zahia Guessoum, Sébastien Charpentier, Samir Aknine, Olivier Marin, and Pierre Sens. Dynamic and adaptive control of replication for reliable agents. In Adaptive Agents and Multi-Agent Systems, pages 10–19, London, 2002. AISB.

[4] K. Decker, K. Sycara, and M. Williamson. Cloning for intelligent adaptive information agents. In ATAL’97, LNAI, pages 63–75. Springer Verlag, 1997.

[5] A. Fedoruk and R. Deters. Improving fault-tolerance by replicating agents. In AAMAS2002, Boulogna, Italy, 2002.

[6] FIPA. Specification. part 2, agent communication language, foundation for intelligent physical agents, geneva, switzerland.

http://www.cselt.stet.it/ufv/leonardo/fipa/index.htm, 1997.

[7] R. Guerraoui, B. Garbinato, and K. Mazouni. Lessons from designing and implementing garf. In Proceedings Objects Oriented Parallel and Distributed Computatio, volume LNCS 791, pages 238–256, Nottingham, 1989.

[8] R. Guerraoui and A. Schiper. Software-based replication for fault tolerance. IEEE Computer, 30(4):68–74, April 1997.

[9] Z. Guessoum and J.-P. Briot. From active objects to autonomous agents. IEEE Concurrency, 7(3):68–76, 1999.

[10] S. Hagg. A sentinel approach to fault handling in multi-agent systems. In C. Zhang and D. Lukose, editors, Multi-Agent Systems, Methodologies and Applications, number 1286 in LNCS, pages 190–195. Springer Verlag, 1997.

[11] O. Marin, P. Sens, J.-P. Briot, and Z. Guessoum.

Towards adaptive fault-tolerance for distributed multi-agent systems. In ERSADS’2001, pages 195–201, 2001.

[12] M.Golm. Metaxa and the future of reflection. In OOPSLA -Workshop on Reflective Programming in C++ and Java, pages 238–256. Springer Verlag, 1998.

[13] F. De Assis Silva and R. Popescu-Zeletin. An approach for providing mobile agent fault tolerance. In S. N. Maheshwari, editor, Second International Workshop on Mobile Agents, number 1477 in LNCS, pages 14–25. Springer Verlag, 1998.

[14] L. Silva, V. Batista, and J. Silva. Fault-tolerant execution of mobile agents. In International Conference on Dependable Systems and Networks, pages 135–143, 2000.

[15] R. van Renesse, K. Birman, and S. Maffeis. Horus: A flexible group communication syste. CACM, 39(4):76–83, 1996.