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ABSTRACT
Smrq｡ｦ u｠ {r o{z｠｡mz｡ o{zoq‾z ｡{ n{m｡ |ux{｡｠. Wtuxq ｡tq‾q m‾q s{{p y{nuxq m||xuom｡u{z｠

｡tm｡ omz su｣q mz m||‾{･uym｡u{z {r o｢‾‾qz｡ ､qm｡tq‾ o{zpu｡u{z｠, mzp ｠{yq ｡tm｡ omz

｡‾mow {｡tq‾ x{omx ｣q｠｠qx｠, ｡tq‾q m‾q z{ ｠ｦ｠｡qy｠ ､tuot mpp‾q｠｠ ｡tq ｠mrq｡ｦ {r o｢‾‾qz｡

､m｣q o{zpu｡u{z｠.

Ttu｠ |m|q‾ |‾q｠qz｡｠ mz m||xuom｡u{z {r ｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z ｡{ ｡tq mzmxｦ｠u｠ {r

{oqmz ､m｣q｠ uz ｡tq o{z｡q･｡ {r n{m｡ ｠mrq｡ｦ. Ttq ｠{x｢｡u{z ｢｠q｠ m n{m｡⊥｠ puyqz｠u{z｠ ｡{

n｢uxp m |m‾｠q‾ ｡tm｡ u｠ om|mnxq {r oxm｠｠urｦuzs m ｡uyq ｠q‾uq｠ o{z｠｡‾｢o｡qp r‾{y

ｌ-puyqz｠u{zmx, ｠｢‾rmoq-tqust｡ {oqmz ､m｣q pm｡m, m｠ ､{｢xp nq o{xxqo｡qp nｦ m ｠qz｠{‾ {z

｡tq |‾{､ {r m n{m｡, |‾q｠qz｡qp uz ｡tq r{‾y {r m ｠qz｡qzoq ｡tm｡ u｠ |‾{p｢oqp nｦ m

｡{wqzuｧq‾. T､{ pu｠｡uzo｡ y{pqx｠ {r |m‾｠uzs m‾q pq｠o‾unqp mzp uy|xqyqz｡qp uz {‾pq‾ ｡{

o{z｡‾m｠｡ ｡tqu‾ pu｠｡uzs｢u｠tuzs rqm｡｢‾q｠ uz ｡q‾y｠ {r |‾qou｠u{z mzp |q‾r{‾ymzoq.

A｡｡‾un｢｡q )‾myym‾｠ m‾q mz m｢syqz｡qp r{‾y {r C{z｡q･｡ (‾qq )‾myym‾｠ mzp ､q‾q

｠qxqo｡qp uz ｡tq fi‾｠｡ y{pqx p｢q ｡{ ｡tqu‾ |{､q‾r｢x mnuxu｡ｦ ｡{ |m｠｠ ｣mx｢q｠ m‾{｢zp mz

mn｠｡‾mo｡ ｠ｦz｡m･ ｡‾qq. Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾｠ ､q‾q ｠qxqo｡qp uz ｡tq ｠qo{zp

y{pqx mzp puffq‾ r｢zpmyqz｡mxxｦ r‾{y C{z｡q･｡ (‾qq )‾myym‾｠ uz ｡tm｡ ｡tq ot{uoq {r

｡tqu‾ {|q‾m｡u{z u｠ {‾pq‾qp. Mq｡t{p｠ {r |‾q|‾{oq｠｠uzs ､m｣q pm｡m ､q‾q pu｠o｢｠｠qp mzp

uy|xqyqz｡qp, mx{zs ､u｡t yq｡t{p｠ {r q･｡‾mo｡uzs |qmw｠ mzp ｡‾{｢st｠ r‾{y ､m｣q pm｡m.

A o{y|m‾m｡u｣q ｠｡｢pｦ {r ｡tq｠q o{z｡‾m｠｡uzs |m‾｠uzs yq｡t{p｠ u｠ |‾q｠qz｡qp, mzp ｡tqu‾

|q‾r{‾ymzoq u｠ q｣mx｢m｡qp. Ttq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾ ､m｠ r{｢zp ｡{ nq m y{‾q

qffiouqz｡ om｡qs{‾u｠uzs yq｡t{p ｡tmz ｡tq A｡｡‾un｢｡q )‾myym‾, n｢｡ {zxｦ nｦ m ym｡｡q‾ {r

ｍ%. H{､q｣q‾, ｡tq A｡｡‾un｢｡q s‾myym‾ |‾{p｢oq｠ rmx｠q |{｠u｡u｣q｠ m｡ m ‾m｡q {r ｡t‾qq ｡uyq｠

xq｠｠ ｡tmz ｡tq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾, ymwuzs u｡ y{‾q m||xuomnxq ｡{ ｡tq ｡m｠w.

P{｠｠unxq m||xuom｡u{z｠ {r ｡tq ｡qotz{x{sｦ uz m |‾{p｢o｡u{z om|mou｡ｦ mzp {｡tq‾ r｢｡｢‾q

､{‾w m‾q mx｠{ pu｠o｢｠｠qp.
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ｌ. INTRODUCTION

Wtq｡tq‾ xm‾sq {‾ ｠ymxx, ｡tq ｠mrq｡ｦ {r m ｣q｠｠qx u｠ ｡tq o{zoq‾z {r q｣q‾ｦ |ux{｡ mzp om|｡muz mxuwq. A

｣q｠｠qx⊥｠ ｠mrq｡ｦ u｠ m r｢zo｡u{z {r ymzｦ ｣m‾umnxq｠ ｠｢ot m｠ ｡tq ､uzp mzp ‾muz o{zpu｡u{z｠, ｡tq o｢‾‾qz｡ ､m｣q

o{zpu｡u{z｠, mzp q｣qz {｡tq‾ ｣q｠｠qx｠ - o{zoq‾z｠ ｡tm｡ tm｣q ‾qymuzqp ｡tq ｠myq r{‾ oqz｡｢‾uq｠. Ttq｠q

｣m‾umnxq｠ y｢｠｡ nq o{z｠｡mz｡xｦ y{zu｡{‾qp nｦ m ｣q｠｠qx⊥｠ o‾q､ uz {‾pq‾ ｡{ ymuz｡muz m ｠mrq o{｢‾｠q r{‾ ｡tq

｣q｠｠qx mzp |‾q｣qz｡ ｡tq o‾q､ r‾{y o{yuzs uz｡{ tm‾y'｠ ､mｦ. Ap｣mzoq｠ uz o{y|｢｡uzs tm｣q |‾{｣upqp

y{pq‾z ｠mux{‾｠ ､u｡t m yｦ‾ump {r ｡{{x｠ ｡{ m｠｠u｠｡ ｡tqy uz ｡tqu‾ ｡m｠w.

Ttq uz｡q‾zq｡ tm｠ qzmnxqp |ux{｡｠ ｡{ qffqo｡u｣qxｦ ｡‾mow {｡tq‾ ｣q｠｠qx｠ ｢｠uzs m x{om｡u{z n‾{mpom｠｡uzs

｠ｦ｠｡qy omxxqp AIS, ｠t{‾｡ r{‾ A｢｡{ym｡uo Ipqz｡ufiom｡u{z Sｦ｠｡qy ２Wuwu|qpum, ｍｋｌｑ３. N{､, mzｦ AIS

qzmnxqp ｠tu| u｠ mnxq ｡{ x{om｡q mzｦ {｡tq‾ AIS qzmnxqp ｠tu| mzｦ､tq‾q uz ｡tq ､{‾xp. A｠ m o{z｠q}｢qzoq,

｠tu||uzs xmzq｠ m‾q ｠mrq‾ r{‾ om‾s{ ｠tu|｠ mzp r{‾ ｠ymxxq‾ ｣q｠｠qx｠ ｡tm｡ zqqp ｡{ o‾{｠｠ ｡tqy.

A||xuom｡u{z｠ q･u｠｡ ｡tm｡ ､uxx mxx{､ m ｠mux{‾ ｡{ ｡‾mow m｡y{｠|tq‾uo ､uzp mzp ‾muz o{zpu｡u{z｠ mzp q｣qz

mooq｠｠ AI sqzq‾m｡qp |‾qpuo｡u{z｠ {r t{､ ｡tq ､uzp｠ yust｡ nq uz ｡tq r｢｡｢‾q - m ymv{‾ mp｣mzoqyqz｡

{｣q‾ ｡tq |‾qpuo｡u｣q y{pqx｠ m｣muxmnxq q｣qz ｌｋ ｦqm‾｠ ms{. M{pq‾z zm｣usm｡{‾｠ m‾q mnxq ｡{ |xmz mtqmp nｦ

rmo｡{‾uzs nmp ､qm｡tq‾ mzp ､uzp o{zpu｡u{z｠ uz｡{ ｡tqu‾ pqou｠u{z｠, ymwuzs q｣qz x{zs o‾{｠｠uzs｠ ｠mrq

mzp ‾{｢｡uzq.

H{､q｣q‾, ｡tq‾q u｠ z{ s{{p, mff{‾pmnxq ｠ｦ｠｡qy r{‾ ｣q｠｠qx｠ ｡{ ｡‾mow ｡tq ､m｣q o{zpu｡u{z｠ uz ｡tqu‾

uyyqpum｡q ｣uouzu｡ｦ. M{pqxxuzs mzp n｢{ｦ pm｡m p{ mxx{､ ｠{yq s{{p ｠｡m｡u｠｡uomx q｠｡uym｡q｠ ｡{ nq ympq

mn{｢｡ ｡tuzs｠ xuwq m｣q‾msq ､m｣q tqust｡ mzp ｠{yq o{zox｢｠u{z｠ omz nq ympq r‾{y ｡tm｡ pm｡m n｢｡ ｡tq‾q u｠

z{ m｣muxmnxq ｠ｦ｠｡qy ｡tm｡ ｡‾mow｠ mzp mzmxｦ｠q｠ ､m｣q｠ m｠ ｡tqｦ tu｡ m ｣q｠｠qx. Ttu｠ u｠ pq｠u‾mnxq ｠uzoq

m｣q‾msq ､m｣q tqust｡ p{q｠ z{｡tuzs ｡{ ｡qxx m ｣q｠｠qx mn{｢｡ {n｣u{｢｠ pmzsq‾｠ xuwq ‾{s｢q ､m｣q｠ ２､m｣q｠ ｡tm｡

m‾q tustq‾ ｡tmz ､{｢xp z{‾ymxxｦ nq q･|qo｡qp３ ｡tm｡ yust｡ {oo｢‾, {‾ xq｠｠ {n｣u{｢｠ pmzsq‾{｢｠ xuwq ｠quotq

､m｣q｠ ２‾{xxuzs, ｠x{｠tuzs mo｡u{z ｡tm｡ tm||qz｠ uz nmｦ｠ mzp tm‾n{‾｠ {‾ {｡tq‾ qzox{｠qp {‾ |m‾｡umxxｦ

qzox{｠qp n{puq｠ {r ､m｡q‾３ {‾ ymzｦ yqpu｢y-｡{-tust ､m｣q｠ {oo｢‾‾uzs uz m ‾{､.

Ttu｠ |m|q‾ |‾{|{｠q｠ m ｠{x｢｡u{z r{‾ ｡tu｠ |‾{nxqy nｦ yqmz｠ {r m||xｦuzs ｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z

｡{ ｡tq ､m｣q｠ ｡tm｡ tu｡ ｣q｠｠qx｠, uz {‾pq‾ ｡{ upqz｡urｦ ｡‾qzp｠ mzp mo｡u｣u｡ｦ {｣q‾ m ｡t‾q｠t{xp uz {oqmz-､m｡q‾

｠｢‾rmoq-tqust｡｠ ｡tm｡ o{｢xp |‾q｠qz｡ m pmzsq‾ ｡{ ｡tq ｣q｠｠qx. Sｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z u｠ m r{‾y {r

|m｡｡q‾z ‾qo{szu｡u{z uz ､tuot qmot {nvqo｡ omz nq ‾q|‾q｠qz｡qp nｦ m ｠q｡ {r ｠ｦyn{xuo rqm｡｢‾q｠. Ttu｠

mxx{､｠ r{‾ ⌒‾q|‾q｠qz｡uzs |m｡｡q‾z ｠｡‾｢o｡｢‾q｠, ｡mwuzs uz｡{ moo{｢z｡ y{‾q o{y|xq･ uz｡q‾‾qxm｡u{z｠tu|｠

nq｡､qqz m｡｡‾un｢｡q｠ ｡tmz u｠ |{｠｠unxq uz ｡tq om｠q {r flm｡, z｢yq‾uomx rqm｡｢‾q ｣qo｡{‾｠ {r fi･qp

puyqz｠u{zmxu｡ｦ ｡tm｡ m‾q ｢｠qp uz ｠｡m｡u｠｡uomx oxm｠｠ufiom｡u{z mzp omz nq ｢｠qp uz｠｡qmp {r ｠｡m｡u｠｡uomx |m｡｡q‾z

ｎ
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‾qo{szu｡u{z ur ｡tq‾q u｠ oxqm‾ ｠｡‾｢o｡｢‾q uz ｡tq |m｡｡q‾z｠∂ ２Wuwu|qpum, ｍｋｌｑ３. Suzoq ｡tq ｠{x｢｡u{z x{{w｠ ｡{

fizp oxqm‾ ｠｡‾｢o｡｢‾q｠ uz ､m｡q‾ ､m｣q｠, ｡tu｠ u｠ mz m||‾{|‾um｡q ot{uoq {r |m‾mpusy r{‾ ｡tu｠ |m｡｡q‾z

‾qo{szu｡u{z |｢‾|{｠q.

Iz {‾pq‾ ｡{ m||xｦ ｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z ｡{ ､m｣q｠, ｡t{｠q ､m｣q｠ y｢｠｡ nq |‾q｠qz｡qp uz ｠｢ot m

､mｦ ｡tm｡ ｡tqu‾ ｠ｦz｡m･ omz nq q｣mx｢m｡qp. Ozq ､mｦ ｡{ |‾q｠qz｡ ｠｢ot ｠｡‾｢o｡｢‾q u｠ nｦ yqmz｠ {r m ｠｡‾uzs {r

｠ｦyn{x｠ r‾{y m r{‾ymx xmzs｢msq. ({‾ymx xmzs｢msq｠ m‾q ､qxx-q｠｡mnxu｠tqp mzp ｡tq‾q q･u｠｡ ymzｦ ､mｦ｠

｡{ ‾q|‾q｠qz｡ mzp |m‾｠q ｡tqy, ymwuzs ｡tqy m flq･unxq yqmz｠ {r pq｠o‾unuzs pm｡m. Ooqmz ､m｡q‾ ｠｢‾rmoq

tqust｡｠, m｠ ｡tqｦ ､{｢xp nq q･|q‾uqzoqp nｦ m ｠qz｠{‾ ｠uzsxq |{uz｡ {z ｡tq |‾{､ {r m n{m｡, m‾q ｢｠qp ｡{

|‾{p｢oq m ｠｡‾uzs {r ｠ｦyn{x｠ ､tuot u｠ om｠｡ uz｡{ m ｠qz｡qzoq ‾q|‾q｠qz｡uzs m ｠｢‾rmoq tqust｡ ｡uyq ｠q‾uq｠.

Ttq ｠qz｡qzoq u｠ |‾q｠qz｡qp ｡{ ｡tq |m‾｠q‾ mzp m nuzm‾ｦ ‾q｠｢x｡ u｠ |‾{p｢oqp ､tuot oxm｠｠ufiq｠ ｡tq ｡uyq

｠q‾uq｠ pm｡m m｠ qu｡tq‾ ｠mrq r{‾ m ｣q｠｠qx ｡{ ｡‾m｣q‾｠q {‾ z{｡.

Ttu｠ |m|q‾ q･|x{‾q｠ ｡tq m||xuom｡u{z {r ｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z nｦ uy|xqyqz｡uzs ｣m‾um｡u{z｠ {r

｡tq ｠｢n-|‾{oq｠｠q｠ ｡tm｡ ymwq ｢| ｡tq ､t{xq. Ttq uy|xqyqz｡m｡u{z｠ {r ｡tq｠q upqz｡ufiqp mxs{‾u｡ty｠ ､uxx

｠u｡ mx{zs｠upq {zq mz{｡tq‾ uz ｡tq fizmx ｠ｦ｠｡qy, |‾{｣upuzs ｡tq {||{‾｡｢zu｡ｦ ｡{ o{y|m‾q mzp o{z｡‾m｠｡ ｡tq

puffq‾qzoq｠ nq｡､qqz ｡tqy mzp su｣q mz upqm {r ｡tqu‾ |‾qou｠u{z mzp |q‾r{‾ymzoq nｦ ‾qrq‾qzoq ｡{ m

｠|qoumx ｡ｦ|q {r o{z｡uzsqzoｦ ｡mnxq. I｡ u｠ t{|qp ｡tm｡ ｡tq ｠{x｢｡u{z |‾q｠qz｡qp uz ｡tu｠ |m|q‾ ､uxx mff{‾p

｣q｠｠qx o‾q､ mz mppu｡u{zmx ｡{{x ｡{ o{y|xqyqz｡ ｡tqu‾ mnuxu｡ｦ ｡{ |‾{｡qo｡ ｡tq ｠mrq｡ｦ {r ｡t{｠q {z n{m‾p nｦ

｠｢||xｦuzs ｡tqy ､u｡t m yqmz｠ ｡{ pq｡q‾yuzq ur ｡tq x{omx ､m｣q o{zpu｡u{z｠ m‾q ｢z｠mrq.

Ttq Auy:

Ttq muy {r ｡tu｠ |‾{vqo｡ u｠ ｡{ pq｣qx{| m ｠{x｢｡u{z ｡tm｡ uz｣q｠｡usm｡q｠ ｡tq m||xuom｡u{z {r ｠ｦz｡mo｡uo |m｡｡q‾z

‾qo{szu｡u{z ｡{ ｡tq mzmxｦ｠u｠ {r ､m｡q‾ ､m｣q｠ uz ｡tq o{z｡q･｡ {r n{m｡ ｠mrq｡ｦ. Ttu｠ uz｣q｠｡usm｡u{z ､uxx o{｣q‾

mxx ｡tq m‾qm｠ m｠｠{oum｡qp ､u｡t |m‾｠uzs m ｠ｦz｡mo｡uo ‾q|‾q｠qz｡m｡u{z {r m ､m｡q‾ ､m｣q uzox｢puzs pm｡m

om|｡｢‾q, pm｡m |‾q|‾{oq｠｠uzs mzp ｡‾mz｠r{‾ym｡u{z, ｡{wqzuｧm｡u{z {r ､m｣q｠ uz｡{ ｠qz｡qzoq｠, |m‾｠uzs {r

｠ｦz｡mo｡uo ‾q|‾q｠qz｡m｡u{z｠, mzp ､uxx o{zox｢pq ､u｡t m o{y|m‾m｡u｣q mzmxｦ｠u｠ {r ｡tq ｠qxqo｡qp yq｡t{p｠.

ｏ
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ｍ. BACK)ROUND
ｍ.ｌ DATA CAPTURE & PREPROCESSIN)

Ttq‾q m‾q ymzｦ ､mｦ｠ {r om|｡｢‾uzs {oqmz ､m｣q ｠｢‾rmoq tqust｡ pm｡m. Ooqmz n｢{ｦ｠ m‾q xm‾sq

uz｠｡‾｢yqz｡｠ ､tuot o{xxqo｡ ､qm｡tq‾ mzp {oqmz pm｡m r‾{y ｡tq ､{‾xp'｠ {oqmz｠, |‾{｣upuzs m xm‾sq m‾‾mｦ

{r pm｡m mn{｢｡ ｡tq ｠qm ｠ｦ｠｡qy uz ､tuot ｡tqｦ m‾q ｠u｡｢m｡qp. Ttq pm｡m ｡tm｡ {oqmz n｢{ｦ｠ |‾{｣upq u｠

o{xxqo｡qp r‾{y ｡tq {oqmz m｡ puffq‾qz｡ r‾q}｢qzouq｠, ､u｡t ｠{yq nquzs om|mnxq {r ｠｢n-｠qo{zp pm｡m

o{xxqo｡u{z ２Wuwu|qpum, ｍｋｌｑ３. Ooqmz n｢{ｦ｠ m‾q m s{{p ｠{｢‾oq {r ､m｣q pm｡m mzp o{｢xp |‾{｣upq m s{{p

｠{｢‾oq {r pm｡m r{‾ om｡qs{‾u｠m｡u{z. Az{｡tq‾ yqmz｠ nｦ ､tuot pm｡m o{｢xp nq o{xxqo｡qp u｠ r‾{y m ｠qz｠{‾

{z n{m‾p m ｣q｠｠qx. Mmzｦ ｠qz｠{‾｠ m‾q mnxq ｡{ om|｡｢‾q ､m｣q tqust｡, uzox｢puzs mooqxq‾{yq｡q‾ ｠qz｠{‾｠

２Bqzpq‾, L. C., )｢uzm｠｠{, N. L., mzp Wmx|q‾｡ J. N. ２ｍｋｋｔ３３. Ttq‾q m‾q mx｠{ ymzｦ ｡ｦ|q｠ {r {oqmz ､m｣q｠.

Cm｡qs{‾u｠uzs qmot uzpu｣up｢mxxｦ ､{｢xp nq m ｣q‾ｦ xm‾sq ｡m｠w. Iz｠｡qmp, ｡tq ｠{x｢｡u{z ｠t{｢xp ｠qqw ｡{

om｡qs{‾u｠q ｡tq ｢zpq‾xｦuzs ｡ｦ|q｠ {r mo｡u｣u｡ｦ ､tuot ymwq ｢| pmzsq‾{｢｠ ､m｣q｠.

Bqr{‾q ､q nqsuz ｡{ ｡{wqzuｧq ､m｡q‾ ､m｣q｠ uz｡{ ｠ｦyn{x｠, ､q ymｦ ､u｠t ｡{ |‾{oq｠｠ ｡tq pm｡m uz ｠{yq

rm｠tu{z fi‾｠｡. Rqmx pm｡m u｠ z{u｠ｦ, mzp z{u｠q o{｢xp |‾q｠qz｡ mz u｠｠｢q uz oxm｠｠ufiom｡u{z. Pm‾｡uo｢xm‾xｦ z{u｠ｦ

pm｡m ymｦ o‾qm｡q rmx｠q |{｠u｡u｣q｠ {‾ rmx｠q zqsm｡u｣q｠ ､tqz oxm｠｠urｦuzs ｠{yq pm｡m m｠ nqx{zsuzs ｡{ m

yqynq‾ {r m ｠q｡ mzp, uz ｡tq o{z｡q･｡ {r ｣q｠｠qx ｠mrq｡ｦ, m rmx｠q zqsm｡u｣q yust｡ qzpmzsq‾ xu｣q｠. Wtqz

｡‾ｦuzs ｡{ ‾qy{｣q ｠｢ot z{u｠q, u｡ u｠ ｣u｡mx ｡tm｡ ｡tq |‾{oq｠｠ ､tuot u｠ m｡｡qy|｡uzs ｡{ ‾qy{｣q z{u｠q r‾{y

pm｡m p{q｠ z{｡ uz ｡tq |‾{oq｠｠ mx｠{ ‾qy{｣q ‾qmx pm｡m r‾{y ｡tq ｠q｡. Aooupqz｡mx ‾qy{｣mx {r uy|{‾｡mz｡

pm｡m ｡tm｡ mz mxs{‾u｡ty ｡tuzw｠ u｠ z{u｠q ‾q|‾q｠qz｡｠ ｡tq q･mo｡ ｠myq |‾{nxqy m｠ z{u｠ｦ pm｡m.

ｍ.ｌ.ｌ Mqpumz (ux｡q‾uzs

Suy|xｦ pq｠o‾unqp, m yqpumz fix｡q‾ ‾q|xmoq｠ q｣q‾ｦ qxqyqz｡ uz ｠{yq pm｡m ｠｡‾｢o｡｢‾q ､u｡t ｡tq yqpumz {r

u｡｠ zqustn{｢‾uzs qxqyqz｡｠. Wuwu|qpum ２ｍｋｍｋ３ pqfizq｠ m yqpumz fix｡q‾ m｠ ⌒z{z-xuzqm‾ pusu｡mx fix｡q‾uzs

｡qotzu}｢q, {ヘqz ｢｠qp ｡{ ‾qy{｣q z{u｠q r‾{y mz uymsq {‾ ｠uszmx∂ mzp ｠｡m｡q｠ ｡tm｡ ｠｢ot z{u｠q ‾qp｢o｡u{z

⌒u｠ m ｡ｦ|uomx |‾q-|‾{oq｠｠uzs ｠｡q| ｡{ uy|‾{｣q ｡tq ‾q｠｢x｡｠ {r xm｡q‾ |‾{oq｠｠uzs∂. Wtm｡ u｠ yqmz｡ nｦ ｡tu｠ u｠

｡tm｡ ｡tq yqpumz fix｡q‾ ｠t{｢xp nq mnxq ｡{ pq-z{u｠q uz|｢｡ pm｡m mzp u｡ u｠ o{yy{zxｦ ｢｠qp r{‾ p{uzs ｡tu｠

｡ｦ|q {r mo｡u｣u｡ｦ. Iz ｡tqu‾ |m|q‾, Mqpumz (ux｡q‾, Mučqw, J, mzp Km|u｡｢xíw, J. ２ｍｋｍｋ３ z{｡q ｡tm｡ ｡tq ⌒Mqpumz

fix｡q‾ u｠ {ヘqz ｢｠qp uz om｠q {r ‾m‾q uy|｢x｠q q‾‾{‾｠ ｠｢||‾q｠｠u{z ｠｢|q‾|{｠qp {z m ｢｠qr｢x ｠uszmx.⌒. Ttqｦ

o{z｡uz｢q ｡{ ymwq m ‾qxq｣mz｡ |{uz｡ mn{｢｡ ｡tq Mqpumz (ux｡q‾ mzp u｡｠ m||xuomnuxu｡ｦ uz ｠u｡｢m｡u{z｠ ､tq‾q

∂L{､-|m｠｠ fix｡q‾｠ m‾q z{｡ m||xuomnxq nqom｢｠q {r |uo｡｢‾q qpsq｠ nx｢‾‾uzs.∂. Iz ｡tu｠ o{z｡q･｡, qpsq

nx｢‾‾uzs u｠ mzmx{s{｢｠ ｡{ x{｠｠ {r ､m｣q ｠tm|q {‾ pqfizu｡u{z mzp ｡tu｠ u｠ m ‾qxq｣mz｡ o{zoq‾z ｠uzoq m x{､ {‾

tust |m｠｠ fix｡q‾ yust｡ pq｠｡‾{ｦ pm｡m mn{｢｡ ､m｣q｠ ､tuot ､{｢xp nq ‾qxq｣mz｡ r{‾ pq｡q‾yuzuzs ｣q｠｠qx

｠mrq｡ｦ.

ｐ
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ｍ.ｌ.ｍ Pq‾u{puo Smy|xuzs

Pq‾u{puo ｠my|xuzs {r pm｡m u｠ m yqmz｠ {r |‾q|‾{oq｠｠uzs ｡tm｡ mo｡｠ ｡{ ‾qp｢oq ｡tq z｢ynq‾ {r pm｡m |{uz｡｠

uz ｡tq {｢｡|｢｡ ｠q｡. Ttu｠ |‾q|‾{oq｠｠uzs yq｡t{p ymｦ ｦuqxp uy|‾{｣qyqz｡｠ uz |q‾r{‾ymzoq n｢｡ m｡ ｡tq

o{｠｡ {r moo｢‾moｦ ｠uzoq ､u｡t rq､q‾ pm｡m |{uz｡｠ ｡{ ｡{wqzuｧq mzp ｡tq‾qr{‾q rq､q‾ ｡{wqz｠ ｡{ |m‾｠q, m

｠{x｢｡u{z ｠t{｢xp ｠|qzp xq｠｠ ｡uyq q･qo｢｡uzs n｢｡ m｡ ｡tq o{｠｡ {r z{｡ mo｡u｣qxｦ mzmxｦ｠uzs mxx pm｡m |{uz｡｠

r‾{y ｡tq uz|｢｡ ｠q｡. Wtqz m ｠uszmx u｠ ｢zpq‾｠my|xqp, m ｡ｦ|q {r z{u｠q omxxqp mxum｠uzs {oo｢‾｠. Ttu｠ ｡ｦ|q

{r z{u｠q u｠ ‾qmpuxｦ ｠qqz uz ｡tq ｠|m｡umx p{ymuz, r{‾ q･my|xq ｠ymxx ｡q･｡ {z m o{y|｢｡q‾ ｠o‾qqz tm｣uzs

{zoq nqqz tm‾p ｡{ ‾qmp nqr{‾q mz｡u-mxum｠uzs ､m｠ wz{､z mzp o{yy{zxｦ uy|xqyqz｡qp. Wtuxq ｡tq

Nｦ}｢u｠｡-Stmzz{z ｠my|xuzs ｡tq{‾qy u｠ m||xuomnxq ｡{ ｠|m｡umx pm｡m ２Mučqw, J. mzp Km|u｡｢xíw J. ２ｍｋｋｎ３３, u｡

ymｦ z{｡ nq |m‾｡uo｢xm‾xｦ ｢｠qr｢x r{‾ om｡qs{‾u｠uzs ､m｣q pm｡m mzp ｡tu｠ u｠ ｦq｡ ｡{ nq ｠qqz.

ｍ.ｌ.ｎ S|xuzq｠

S|xuzq｠ m‾q m oxm｠｠ {r r｢zo｡u{z｠ ｡tm｡ m‾q ｢｠qp r{‾ m||xuom｡u{z｠ ｡tm｡ ‾q}｢u‾q pm｡m ｡{ nq uz｡q‾|{xm｡qp

mzp/{‾ ｠y{{｡tqp. Wuwu|qpum ２ｍｋｌｑ３ pqfizqp ｠|xuzq｠ m｠ ⌒｠y{{｡t r｢zo｡u{z｠ ､u｡t ､tuot ｡{ fi｡ pm｡m, mzp

､tqz ｢｠qp r{‾ uz｡q‾|{xm｡u{z, ｡tqｦ p{ z{｡ tm｣q ｡tq {｠ouxxm｡{‾ｦ nqtm｣u{‾ ｡tm｡ u｠ otm‾mo｡q‾u｠｡uo {r

tust-pqs‾qq |{xｦz{yumx uz｡q‾|{xm｡u{z.∂. Ttq yq｡t{p m｡｡qy|｡｠ ｡{ fi｡ ｠y{{｡t o｢‾｣q｠ ｡{ {｡tq‾､u｠q

z{u｠ｦ pm｡m mzp ymｦ nq mnxq ｡{ pqz{u｠q m ｠my|xq ､u｡t{｢｡ ‾qy{｣uzs ‾qxq｣mz｡ pm｡m, ymwuzs u｡ mz

uz｡q‾q｠｡uzs z{u｠q-‾qp｢ouzs |‾q|‾{oq｠｠uzs yq｡t{p.

ｍ.ｌ.ｏ Pqmw Dq｡qo｡u{z

P‾q｣muxuzs wz{､xqpsq mzp yq｡‾uo｠ mn{｢｡ ｡tq ｠uｧq {r ､m｡q‾ ､m｣q｠ ｡tm｡ |‾q｠qz｡ pmzsq‾ ｡{ ｣q｠｠qx｠

‾qxm｡q｠ ｡{ ｡tq ｠uｧq {r ､m｣q｠ mzp ｡{ ｡tqu‾ |q‾u{puou｡ｦ ２T‾qp｢|, S., ｍｋｍｌ３. Dq｡qo｡u{z {r |qmw｠ mzp ｡‾{｢st｠

u｠ ｡tq‾qr{‾q ｣u｡mx uz {‾pq‾ ｡{ |‾{p｢oq ｡{wqz｠ ､tuot ‾q|‾q｠qz｡ ｡tq rqm｡｢‾q｠ {r ｡tq ､m｡q‾⊥｠ ｠｢‾rmoq ｡tm｡

m‾q uy|{‾｡mz｡ r{‾ pq｡q‾yuzuzs ｣q｠｠qx ｠mrq｡ｦ. Ttq‾q m‾q ｠q｣q‾mx yq｡t{p｠ m｣muxmnxq r{‾ pq｡qo｡uzs |qmw｠

mzp ｡‾{｢st｠ mzp {zq ､tuot ､{‾w｠ ､qxx uz ｡tq o{z｡q･｡ y｢｠｡ nq uz｣q｠｡usm｡qp.

ｍ.ｍ TOKENIZIN), )RAMMARS & PARSIN)

Azｦ wuzp {r ､m｣q mzmxｦ｠u｠ |q‾r{‾y｠ ｡､{ pu｠｡uzo｡ ｡m｠w｠. Ttq fi‾｠｡ ｡m｠w u｠ ｡{ ‾qo{szu｠q |m｡｡q‾z｠ uz pm｡m

mzp upqz｡urｦ |m‾myq｡q‾｠ m｠｠{oum｡qp ､u｡t ｡t{｠q |m｡｡q‾z｠. Ttq ｠qo{zp ｡m｠w u｠ ｡{ uz｡q‾|‾q｡ ｡tq ‾q｠｢x｡｠ {r

｡tq fi‾｠｡ ｡m｠w. Ttu｠ pu｣u｠u{z {r ｡m｠w｠ u｠ ｢｠qr｢x ｡{ ｡tuzw mn{｢｡ ､tqz o{z｠upq‾uzs ､m｣q mzmxｦ｠u｠, ｠uzoq u｡

yqmz｠ ｡tm｡ ､q m‾q mnxq ｡{ o{zoq|｡｢mxxｦ pq-o{｢|xq ｡tq｠q ｡､{ |m‾｡｠ r‾{y {zq mz{｡tq‾.

ｍ.ｍ.ｌ T{wqzuｧuzs

Ttq my|xu｡｢pq｠ {r ｡tq ､m｡q‾ ､m｣q｠ m‾q ‾q}｢u‾qp uz {‾pq‾ ｡{ oxm｠｠urｦ uzpu｣up｢mx |qmw｠ mzp ｡‾{｢st｠,

mzp |q‾u{p uzpuom｡u{z｠ uz {‾pq‾ ｡{ s‾{｢| ｠q｡｠ {r |qmw｠ mzp ｡‾{｢st｠ ｡{sq｡tq‾.  Ttq ｡‾{｢st, ｡tq |qmw,

mzp ｡tq ｠｡‾must｡ xuzq ｠qsyqz｡ m‾q upqz｡ufiqp m｠ |‾uyu｡u｣q |m｡｡q‾z｠. Ttu｠ ot{uoq ｠qqy｠ ｡{ nq m zm｡｢‾mx

{zq ｠uzoq ｡tq |‾q｣muxuzs wz{､xqpsq ｠｢‾‾{｢zpuzs ｣q｠｠qx ｠mrq｡ｦ ｢｠q｠ |qmw ｠uｧq mzp ｡‾{｢st ｠uｧq, mzp
ｑ
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｡tqu‾ ‾qxm｡u{z｠tu| ､u｡t {zq mz{｡tq‾ ｡{ pq｡q‾yuzq ､tq｡tq‾ {‾ z{｡ ｠{yq｡tuzs u｠ ｠mrq r{‾ m ｣q｠｠qx ｡{

｡‾m｣q‾｠q ２T‾qp｢|, S., ｍｋｍｌ３.. Ttq ｠｡‾must｡ xuzq ｠qsyqz｡ u｠ uzox｢pqp ｠uzoq, ､tuxq m ｠｡‾must｡ xuzq u｠

mx､mｦ｠ ｠mrq r{‾ m ｣q｠｠qx ｡{ ｡‾m｣q‾｠q, u｡｠ ‾qxm｡u{z｠tu| ､u｡t ｡tq |qmw｠ mzp ｡‾{｢st｠ ｡tm｡ ｠｢‾‾{｢zp u｡ m‾q

｣u｡mx r{‾ pq｡q‾yuzuzs ､tq｡tq‾ {‾ z{｡ m ｣q｠｠qx omz ymwq ｠mrq |m｠｠msq.

ｍ.ｍ.ｍ )‾myym‾｠ mzp Pm‾｠uzs

A |m‾｠q‾ u｠ m r｢zo｡u{z ､tuot ｠{x｣q｠ ｡tq |‾{nxqy {r pqoupuzs ur ｡tq o{z｡qz｡｠ {r m ｠｡‾uzs mptq‾q ｡{ m

｠q｡ {r o{z｠｡‾muz｡｠. Iz ｡tq fiqxp {r ｠ｦz｡m･ ‾qo{szu｡u{z ､q z{‾ymxxｦ omxx ｡tu｠ ｠q｡ {r o{z｠｡‾muz｡｠ m

s‾myym‾ mzp ｡tq‾q m‾q ymzｦ r{‾y｠ ｡tm｡ m s‾myym‾ omz ｡mwq. Iz ｡tq o{z｡q･｡ {r m||xｦuzs ｡tq

｠ｦz｡mo｡uo yq｡t{p ｡{ ､m｣q mzmxｦ｠u｠, m s‾myym‾ u｠ m pq｠o‾u|｡u{z {r m ｠q｡ {r ､m｣q｠ ｡tm｡ m ｣q｠｠qx omz

tmzpxq.

ｍ.ｍ.ｎ A｡｡‾un｢｡q )‾myym‾｠ mzp ｡tq CYK

A o{z｡q･｡-r‾qq s‾myym‾ u｠ m ｡ｦ|q {r r{‾ymx z{｡m｡u{z r{‾ q･|‾q｠｠uzs xmzs｢msq｠ ‾qo｢‾｠u｣qxｦ. S｢ot m

s‾myym‾ o{z｠u｠｡｠ {r {zq {‾ y{‾q ｣m‾umnxq｠ ｡tm｡ ‾q|‾q｠qz｡ oxm｠｠q｠ {r ｠｡‾uzs｠, ､u｡t ‾｢xq｠ ｡tm｡ pq｠o‾unq

t{､ ｡tq ｠｡‾uzs｠ uz qmot m‾q ｡{ nq o{z｠｡‾｢o｡qp ２H{|o‾{ヘ, J., M{｡､mzu, R., mzp Uxxymz, J. ２ｌｔｒｔ３３.

A｡｡‾un｢｡q )‾myym‾｠ m‾q, m｡ ｡tqu‾ o{‾q, m C{z｡q･｡ (‾qq )‾myym‾, mxnqu｡ mz m｢syqz｡qp {zq, mzp ｡tu｠

yqmz｠ ｡tm｡ ｠{yq {r ｡tq ｡qotz{x{sｦ ｢｠qp ｡{ |m‾｠q m C{z｡q･｡ (‾qq )‾myym‾ omz nq ｢｠qp r{‾ mz

m｡｡‾un｢｡q |m‾｠q‾. Ttq |m‾｠uzs yq｡t{p ｠qxqo｡qp ｡{ otqow ｡tq mptq‾qzoq {r m ｠qz｡qzoq ｡{ m s‾myym‾ u｠

m ｡mn｢xm‾ yq｡t{p r{‾ |m‾｠uzs m C{z｡q･｡-(‾qq )‾myym‾ omxxqp ｡tq C{owq–Y{｢zsq‾–Km｠myu

Axs{‾u｡ty, {‾ ｡tq CYK. R｢zzuzs ｡tq CYK mxs{‾u｡ty ２CYKA３ uz｣{x｣q｠ ｡tq o{z｠｡‾｢o｡u{z {r m ｡mnxq uz

yqy{‾ｦ ｡tm｡ mxx{､｠ ｡tq |m‾｠q‾ ｡{ pq｡q‾yuzq ､tuot z{z-｡q‾yuzmx ｡{wqz｠ pq‾u｣q r‾{y ､tuot

｠｢n｠｡‾uzs｠ {r m ｠qz｡qzoq. H{|o‾{ヘ, J., M{｡､mzu, R., mzp Uxxymz, J. ２ｌｔｒｔ３ z{｡q ｡tm｡ ⌒｢｠uzs Bus O

z{｡m｡u{z, ｡tq ､{‾｠｡ om｠q ‾｢zzuzs ｡uyq {r CYK u｠ O １z3 . | G| ２, ､tq‾q z u｠ ｡tq xqzs｡t {r ｡tq |m‾｠qp

｠｡‾uzs mzp | G| u｠ ｡tq ｠uｧq {r ｡tq CN( s‾myym‾ ). Ttu｠ ymwq｠ u｡ {zq {r ｡tq y{｠｡ qffiouqz｡ |m‾｠uzs

mxs{‾u｡ty｠ uz ｡q‾y｠ {r ､{‾｠｡-om｠q m｠ｦy|｡{｡uo o{y|xq･u｡ｦ, mx｡t{｢st {｡tq‾ mxs{‾u｡ty｠ q･u｠｡ ､u｡t

nq｡｡q‾ m｣q‾msq ‾｢zzuzs ｡uyq uz ymzｦ |‾mo｡uomx ｠oqzm‾u{｠.∂. )u｣qz ｡tq CYK u｠ wz{､z ｡{ tm｣q s{{p

|q‾r{‾ymzoq otm‾mo｡q‾u｠｡uo｠, u｡ ｠t{｢xp |‾{｣q u｡｠qxr ｡{ nq qffiouqz｡ uz ｡q｠｡uzs.

Iz ｡tqu‾ |m|q‾ ⌒Sｦz｡mo｡uo Pm｡｡q‾z Rqo{szu｡u{z {r ｡tq EC)∂, T‾mtmzum｠, P. mzp Sw{‾pmxmwu｠ E. ２ｌｔｔｋ３

{｢｡xuzq mz m｡｡qy|｡ ympq ｡{ m||xｦ ｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z ｡{ ､m｣q mzmxｦ｠u｠. Ttqu‾ |m|q‾ ｡mowxq｠

｡tq ‾qo{szu｡u{z {r EC) ､m｣q |m｡｡q‾z｠ uz ｡tq o{z｡q･｡ {r |m｡uqz｡ tqmx｡t, ｠{yq｡tuzs ､tuot ｠｡‾{zsxｦ

|m‾mxxqx｠ ｡tq |‾{nxqy {｢｡xuzqp uz ｡tu｠ |m|q‾, mzp m｠ ｠｢ot ｡tq ‾q｠qm‾ot p{zq uz ｡tu｠ |m|q‾ o{z｡uz｢q｠

｡tqu‾ ､{‾w mzp q･|mzp｠ ｡tq m||xuomnuxu｡ｦ {r ｡tqu‾ ‾q｠qm‾ot.

Ttq pu｠｡uzo｡ rqm｡｢‾q {r A｡｡‾un｢｡q )‾myym‾ |m‾｠uzs u｠ ｡tq z{｡u{z ｡tm｡ m s‾myym‾ |‾{p｢o｡u{z ymｦ

|m｠｠ ｠{yq o{y|｢｡qp m｡｡‾un｢｡q｠ r‾{y {zq ｡{wqz ｡{ mz{｡tq‾ mo‾{｠｠ m ｠ｦz｡m･ ｡‾qq. Wuwu|qpum ２ｍｋｍｋ３

｠｡m｡q｠ ｡tm｡ A｡｡‾un｢｡q )‾myym‾ u｠ mz ⌒q･｡qz｠u{z {r o{z｡q･｡-r‾qq s‾myym‾｠ uz ､tuot qmot ｠ｦyn{x tm｠
ｒ
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mz m｠｠{oum｡qp ｠q｡ {r m｡｡‾un｢｡q｠ ｡tm｡ om‾‾ｦ ｠qymz｡uo uzr{‾ym｡u{z, mzp qmot |‾{p｢o｡u{z tm｠ m ｠q｡ {r

｠qymz｡uo ‾｢xq｠ m｠｠{oum｡qp ､u｡t m｡｡‾un｢｡q o{y|｢｡m｡u{z.∂. N{‾ymxxｦ, z{ ｣mx｢q｠ m‾q |m｠｠qp p{､z ｡tq

｠ｦz｡m･ ｡‾qq p｢‾uzs ｡tq |‾{p｢o｡u{z {r m ｡{wqz uz m C{z｡q･｡ (‾qq )‾myym‾ mzp uz q｠｠qzoq ｡tu｠

o{xxqo｡u{z {r ｣mx｢q｠ msmuz｠｡ m ｠ｦz｡mo｡uo ‾q|‾q｠qz｡m｡u{z u｠ ､tm｡ ymwq｠ A｡｡‾un｢｡q )‾myym‾｠ ｢zu}｢q.

Iz｡q‾q｠｡uzsxｦ, ｡tu｠ yqmz｠ ｡tm｡ A｡｡‾un｢｡q )‾myym‾｠ o‾{｠｠ ｡tq n{｢zpm‾ｦ nq｡､qqz ｠ｦz｡mo｡uo mzp

｠｡m｡u｠｡uomx ‾q|‾q｠qz｡m｡u{z mzp mxx{､ ｡tq m||xuom｡u{z {r yq｡t{p｠ mzp mxs{‾u｡ty｠ r‾{y ｡tq fiqxp {r

｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z mzp ｠｡m｡u｠｡uomx |m｡｡q‾z ‾qo{szu｡u{z ｡{ ｡tq ｠myq ｠｡‾｢o｡｢‾q - m ｣q‾ｦ

|{､q‾r｢x mp｣mz｡msq.

Ttq CYK nqx{zs｠ ｡{ m oxm｠｠ {r |m‾｠q‾｠ ｡tm｡ |‾{p｢oq mzp ｢｠q m ｡mnxq ２ m ym｡‾u･ ３ uz yqy{‾ｦ ｡{ |q‾r{‾y

m sq{yq｡‾uo-xuwq mzmxｦ｠u｠ {r m ｠qz｡qzoq. Ttu｠ yq｡t{p u｠ ､qxx-wz{､z mzp ｢zpq‾｠｡{{p mzp ｡tq‾q q･u｠｡

｠q｣q‾mx ｣q‾｠u{z｠ mzp |q‾r{‾ymzoq-｢|s‾mpqp uy|xqyqz｡m｡u{z｠. T‾mtmzum｠, P. mzp Sw{‾pmxmwu｠ E.

２ｌｔｔｋ３ ｢｡uxu｠qp mz A｡｡‾un｢｡q )‾myym‾ ｡{ ‾q|‾q｠qz｡ ｡tq o{y|{zqz｡ |m‾｡｠ {r ｡tq EC) ､m｣q uz ｡tqu‾

|m|q‾ mzp, ｠uzoq ｡tq muy u｠ ｠uyuxm‾, ｡tq ｠{x｢｡u{z |‾q｠qz｡qp tq‾q ｠qxqo｡｠ ｡tq A｡｡‾un｢｡q )‾myym‾ m｠

{zq {r ｡tq ｡､{ |m‾｠uzs yq｡t{p｠ ｡tm｡ ､uxx nq q･|x{‾qp.

ｍ.ｍ.ｏ Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾｠ mzp Pm‾｠q‾ C{ynuzm｡{‾｠

A｡｡‾un｢｡q )‾myym‾｠ o{z｠upq‾ ｡tqu‾ mn｠｡‾mo｡ ｠ｦz｡m･ ｡‾qq m｠ ｡tqｦ ymwq |‾{p｢o｡u{z｠ mzp ｡tq CYK ｢｠q｠

m sq{yq｡‾uo z{｡u{z ｡{ |m‾｠q ｡tq ｠qz｡qzoq｠ |‾{p｢oqp nｦ ｡tqy. Iz o{y|xq｡q v｢･｡m|{｠u｡u{z ｡{ ｡tu｠ u｠

｡tq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾ mzp ｡tq Pm‾｠q‾ C{ynuzm｡{‾.

Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾｠ ２PE)｠３ |‾{｣upq ⌒mz mx｡q‾zm｡u｣q, ‾qo{szu｡u{z-nm｠qp r{‾ymx r{｢zpm｡u{z

r{‾ pq｠o‾unuzs ymotuzq {‾uqz｡qp ｠ｦz｡m･, ､tuot ｠{x｣q｠ ｡tq mynus｢u｡ｦ |‾{nxqy nｦ z{｡ uz｡‾{p｢ouzs

mynus｢u｡ｦ uz ｡tq fi‾｠｡ |xmoq. Wtq‾q C()｠ q･|‾q｠｠ z{zpq｡q‾yuzu｠｡uo ot{uoq nq｡､qqz mx｡q‾zm｡u｣q｠,

PE)｠ uz｠｡qmp ｢｠q |‾u{‾u｡uｧqp ot{uoq.∂ ２({‾p, D２z. p.３３.

Ttu｠ yqmz｠ ｡tm｡, uz｠｡qmp {r |m‾｠uzs m |{｡qz｡umxxｦ xm‾sq mn｠｡‾mo｡ ｠ｦz｡m･ ｡‾qq, ｡tq Pm‾｠uzs E･|‾q｠｠u{z

)‾myym‾ u｠ mnxq ｡{ o{z｠upq‾ ､tm｡ u｡ ､mz｡｠ ｡{ o{z｠upq‾ fi‾｠｡.

Ttq yq｡t{p ｠qxqo｡qp ｡{ |‾{oq｠｠ ｡tq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾ u｠ ｡tq Pm‾｠q‾ C{ynuzm｡{‾ - m

‾qsq･-nm｠qp yq｡t{p ｡tm｡ ‾qxuq｠ {z ｡tq upqm {r r｢zo｡u{zmx o{y|{｠u｡u{z. Ttq Pm‾｠q‾ C{ynuzm｡{‾

n｢uxp｠ xm‾sq r｢zo｡u{z｠ ､u｡t o{y|xq･ r｢zo｡u{zmxu｡ｦ r‾{y ymzｦ ｠ymxx y{p｢xm‾ r｢zo｡u{z｠. Pm‾｠q‾

o{ynuzm｡{‾｠ qzmnxq m ‾qo｢‾｠u｣q pq｠oqz｡ |m‾｠uzs ｠｡‾m｡qsｦ ｡tm｡ rmouxu｡m｡q｠ y{p｢xm‾ |uqoq､u｠q

o{z｠｡‾｢o｡u{z mzp ｡q｠｡uzs. Ttu｠ |m‾｠uzs ｡qotzu}｢q u｠ omxxqp o{ynuzm｡{‾ｦ |m‾｠uzs ２Wuwu|qpum ｍｋｍｌ３.

Ttu｠ yq｡t{p u｠ z{｡ ｠{ ､qxx ｠｡｢puqp mzp u｡｠ m||xuom｡u{z ｡{ ｡tq ｠｡｢pｦ {r ｠ｦz｡mo｡uo ､m｣q mzmxｦ｠u｠ u｠ m｠

ｦq｡ ｢zq･|x{‾qp. A r｢xxｦ-flqpsqp |m‾｠q‾ o{ynuzm｡{‾ u｠ m ｡m｠w {｢｡｠upq ｡tq ｠o{|q {r ｡tu｠ |m|q‾, mzp ｡tq‾q

q･u｠｡ r｢xx uy|xqyqz｡m｡u{z｠ {r ｡tu｠ ｡qotz{x{sｦ uz ｡tq fiqxp r{‾ |‾{s‾myyq‾｠ ｡{ ymwq ｢｠q {r ２Pm‾｠qo ２z.

p.３３. Suzoq m r｢xxｦ-flqpsqp uy|xqyqz｡m｡u{z ､{｢xp uz｡‾{p｢oq ｢zwz{､z xq｣qx｠ {r o{y|xq･u｡ｦ, u｡ ､{｢xp

z{｡ ymwq r{‾ m s{{p o{y|m‾u｠{z uz ｡q‾y｠ {r |q‾r{‾ymzoq. ({‾ ｡tu｠ ‾qm｠{z, ｡tq ｠o{|q {r ｡tq

uy|xqyqz｡m｡u{z y｢｠｡ nq o{zou｠q - ‾q|‾q｠qz｡uzs {zxｦ ｡tm｡ r｢zo｡u{zmxu｡ｦ ｡tm｡ m Pm‾｠uzs E･|‾q｠｠u{z

)‾myym‾ ‾q}｢u‾q｠. Mmzｦ |m|q‾｠ tm｣q nqqz |‾q｠qz｡qp ｡tm｡ {｢｡xuzq ｡tq yqmz｠ nｦ ､tuot ｡{ motuq｣q m
ｓ
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r｢zo｡u{zuzs Pm‾｠q‾ C{ynuzm｡{‾ ２H｢｡｡{z, ). mzp Mquvq‾, E. ２ｌｔｔｑ３３, mzp ｡tq yq｡t{p｠ |‾q｠qz｡qp ､u｡tuz

｠t{｢xp nq o{z｠upq‾qp uz ｡tq ｠|qoufiom｡u{z.

ｍ.ｍ.ｐ (｢zo｡u{zmx P‾{s‾myyuzs Rq}｢u‾qyqz｡｠

Pm‾｠q‾ o{ynuzm｡{‾｠ m‾q m |‾{oqp｢‾q ｡tm｡ uz｣{x｣q｠ ‾qp｢ouzs ymzｦ r｢zo｡u{z｠ uz｡{ m ｠uzsxq r｢zo｡u{z.

Oヘqz, ｡tu｠ yqmz｠ o{ynuzuzs y{‾q ｡tmz ｡､{ r｢zo｡u{z｠ m｡ {zoq. Ttu｠ u｠ wz{､z m｠ r｢zo｡u{zmx

o{y|{｠u｡u{z. Iz {‾pq‾ ｡{ |‾{p｢oq ｡tq qffqo｡｠ {r m |m‾｠q‾ o{ynuzm｡{‾, ｡tq ｠{x｢｡u{z zqqp｠ ｡{

uy|xqyqz｡ m rq､ nm｠uo r｢zo｡u{zmx |‾{s‾myyuzs |‾uyu｡u｣q｠ ｠｢ot m｠ o{y|{｠qL, r{xpL, xm｠｡, uzu｡, tqmp,

mzp ｡mux. Ttu｠ r｢zo｡u{zmxu｡ｦ omz nq r{｢zp uz ymzｦ xun‾m‾uq｠ n｢｡ r｢zo｡u{zmx xun‾m‾uq｠ m‾q {ヘqz n{｢zp

｢| ､u｡t {｡tq‾ r｢zo｡u{zmx |‾{s‾myyuzs o{zoq|｡｠ ｠｢ot m｠ uyy｢｡mnuxu｡ｦ, ､tuot mpp ｢zpq｠u‾mnxq

o{y|xq･u｡ｦ ｡{ ｡tq |‾{s‾my.

ｍ.ｎ PRECISION & PER(ORMANCE

P‾qou｠u{z mzp |q‾r{‾ymzoq m‾q ｡tq ｡､{ yq｡m-yq｡‾uo｠ ｡tm｡ ｡tu｠ |m|q‾ ､uxx o{z｠upq‾ ､tqz ymwuzs

o{y|m‾u｠{z｠ nq｡､qqz ｡tq yq｡t{p｠ {r |m‾｠uzs mzp ｡tq |‾q|‾{oq｠｠{‾｠ ｠qxqo｡qp r{‾ uz｣q｠｡usm｡u{z. I｡ u｠

uy|{‾｡mz｡ ｡{ wz{､ ｡{ m tust pqs‾qq t{､ |‾qou｠q qmot yq｡t{p mzp |‾q|‾{oq｠｠{‾ u｠ uz {‾pq‾ ｡tm｡ ｡tqu‾

mnuxu｡ｦ ｡{ o{y|xq｡q ｡tq ｡m｠w {r om｡qs{‾uｧuzs pm｡m omz nq o{y|m‾qp uz ｡q‾y｠ {r t{､ ､qxx ｡tqｦ m‾q mnxq

｡{ ‾qo{szu｠q oxm｠｠q｠ {r  ､m｣q｠. A o{zr｢｠u{z ym｡‾u･ mzp ｡tq pq‾u｣m｡u{z｠ ｡tq‾q{r m‾q ｠qxqo｡qp m｠ ｡tq

yqmz｠ nｦ ､tuot ｡tu｠ |m|q‾ ､uxx pq｡q‾yuzq ｡tq xq｣qx {r |‾qou｠u{z ｡tm｡ qmot yq｡t{p mzp |‾q|‾{oq｠｠

tm｠.

Ttq Mm｡｡tq､｠ C{‾‾qxm｡u{z C{qffiouqz｡ o{zr｢｠u{z ym｡‾u･ pq‾u｣m｡u{z u｠ ｠qxqo｡qp m｠ ｡tq |‾qou｠u{z

yq｡‾uo ｢｠qp r{‾ o{y|m‾u｠{z. Ttq Mm｡｡tq､｠ C{‾‾qxm｡u{z C{qffiouqz｡ u｠ m y{‾q |{､q‾r｢x yq｡‾uo ｡tmz

｡tq moo｢‾moｦ |‾qou｠u{z yq｡‾uo r{‾ ｡tq r{xx{､uzs ‾qm｠{z: C{z｠upq‾ m ｠my|xq uz ､tuot ｡tq‾q m‾q ｌｋ

s‾{｢zp ｡‾｢｡t｠, ｌ {r ､tuot ｠t{｢xp nq oxm｠｠ufiqp rmx｠q mzp ｔ {r ､tuot ｠t{｢xp nq oxm｠｠ufiqp m｠ ｡‾｢q. A

|m‾｡uo｢xm‾ oxm｠｠ufiq‾ ymｦ oxm｠｠urｦ mxx ｡tq pm｡m m｠ ｡‾｢q. Ttq {｣q‾mxx moo｢‾moｦ ､{｢xp nq ｔｋ%, n｢｡ uz rmo｡

｡tq oxm｠｠ufiq‾ tm｠ m ｌｋｋ% ‾qo{szu｡u{z ‾m｡q r{‾ ｡tq ｡‾｢q oxm｠｠ - n｢｡ m ｋ% ‾qo{szu｡u{z ‾m｡q r{‾ ｡tq rmx｠q

oxm｠｠. Ttq Mm｡｡tq､｠ C{‾‾qxm｡u{z C{qffiouqz｡ u｠ mnxq ｡{ ｡mwq uz｡{ moo{｢z｡ rmx｠q |{｠u｡u｣q｠ mzp

zqsm｡u｣q｠ mzp u｠ ｠｡uxx mz qffqo｡u｣q yqm｠｢‾q q｣qz uz pm｡m｠q｡｠ ､tq‾q ｡tq nmxmzoq {r ｡tq ｡‾｢q mzp rmx｠q

oxm｠｠q｠ m‾q {r ｣q‾ｦ puffq‾qz｡ ｠uｧq｠ ２Wuwu|qpum ２ｍｋｍｋ３３. H{､q｣q‾ ur ｡tq Mm｡｡tq､｠ C{‾‾qxm｡u{z

C{qffiouqz｡ ‾q｡｢‾z｠ qu｡tq‾ -ｌ, ｋ, {‾ ｌ, u｡ u｠ z{｡ o{z｠upq‾qp m ‾qxumnxq uzpuom｡{‾ {r t{､ ｠uyuxm‾ m

om｡qs{‾u｠q‾ u｠ ｡{ m ‾mzp{y ｠qxqo｡{‾ ２Wuwu|qpum ２ｍｋｍｋ３３. Iz ｡tq om｠q ｡tm｡ ｡tq Mm｡｡tq､｠ C{‾‾qxm｡u{z

C{qffiouqz｡ ‾q｡｢‾z｠ -ｌ, ｋ, {‾ ｌ, ｡tq ｠{x｢｡u{z rmxx｠ nmow {z｡{ ｡tq Aoo｢‾moｦ o{zr｢｠u{z ym｡‾u･ pq‾u｣m｡u{z

｡{ pq｡q‾yuzq moo｢‾moｦ.

Pq‾r{‾ymzoq u｠ ｡{ nq q｣mx｢m｡qp ｢｠uzs ｡tq yq｡‾uo｠ {r ｡{｡mx tqm| yqy{‾ｦ ｢｠qp uz nｦ｡q｠, mzp ｡uyq ｡mwqz

r{‾ ｡tq yq｡t{p {‾ |‾q|‾{oq｠｠{‾ ｡{ o{y|xq｡q q･qo｢｡u{z.

ｔ
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Bｦ uz｣q｠｡usm｡uzs mzp uy|xqyqz｡uzs ｡tq｠q mxs{‾u｡ty｠, yq｡t{p｠, mzp q｣mx｢m｡u{z u｡ u｠ |{｠｠unxq ｡{

|‾q｠qz｡ m o{y|m‾m｡u｣q ｠｡｢pｦ {r ｡tq yq｡t{p｠ m｣muxmnxq r{‾ ｡tq puffq‾qz｡ ｠｢n|‾{oq｠｠q｠ ｡tm｡ ymwq ｢|

｡tq ymuz |‾{oq｠｠ {r m||xｦuzs ｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z ｡{ ｡tq |‾{nxqy. Ttq puffq‾qzoq｠ nq｡､qqz

|m‾｠uzs yq｡t{p｠ m‾q ､qxx-wz{､z, n｢｡ ｡tqu‾ puffq‾qzoq｠ uz ｡tq o{z｡q･｡ {r ｡tqu‾ m||xuom｡u{z ｡{ ､m｣q

mzmxｦ｠u｠ mzp ｡{ ｣q｠｠qx ｠mrq｡ｦ tm｣q z{｡ nqqz ｠｡｢puqp nqr{‾q.

ｍ.ｎ.ｌ Rq｠qm‾ot Q｢q｠｡u{z:

Iz {‾pq‾ ｡{ pq｣qx{| ｠{ヘ､m‾q ｡tm｡ u｠ mnxq ｡{ uz｣q｠｡usm｡q ｡tq m||xuom｡u{z {r ｠ｦz｡mo｡uo |m｡｡q‾z

‾qo{szu｡u{z ｡{ ｡tq mzmxｦ｠u｠ {r ､m｡q‾ ､m｣q｠ uz ｡tq o{z｡q･｡ {r n{m｡ ｠mrq｡ｦ, ｡tu｠ uz｣q｠｡usm｡u{z ､uxx;

upqz｡urｦ t{､ ｡{ q･|‾q｠｠ m ｣q｠｠qx⊥｠ puyqz｠u{z｠, pq｣qx{| mz mxs{‾u｡tyuo m||‾{mot ｡{ |‾{p｢ouzs

|m‾｠q‾｠, pqfizq m||‾{|‾um｡q |q‾r{‾ymzoq yq｡‾uo｠, uy|xqyqz｡ m ｠q｡ {r ｠ｦz｡mo｡uo |m‾｠q‾｠ mzp

|‾q|‾{oq｠｠{‾｠, mzp pqy{z｠｡‾m｡q ｡tq nm｠u｠ nｦ ､tuot m v｢psyqz｡ omz nq ympq m｠ ｡{ ､tq｡tq‾ {‾ z{｡

｡tu｠ m||xuom｡u{z tm｠ nqqz m ｠｢ooq｠｠.

ｌｋ
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ｎ. THE SPECI(ICATION

ｎ.ｌ THE CORE PIPELINE

Iz ｡tq ‾q｠qm‾ot }｢q｠｡u{z, ｠{ヘ､m‾q ､m｠ {｢｡xuzqp ､tuot ､{｢xp nq mnxq ｡{ uz｣q｠｡usm｡q ｡tq m||xuom｡u{z

{r ｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z ｡{ ｡tq mzmxｦ｠u｠ {r ､m｡q‾ ､m｣q｠ uz ｡tq o{z｡q･｡ {r n{m｡ ｠mrq｡ｦ. Ttq ｢｠q‾

{r ｠{ヘ､m‾q ｠t{｢xp nq mnxq ｡{ su｣q ｡tq |‾{s‾my ｡､{ |uqoq｠ {r uz|｢｡; ｠{yq ､m｣q pm｡m mzp ｠{yq ｣q｠｠qx

pm｡m, mzp ‾qoqu｣q m ｠uzsxq |uqoq {r {｢｡|｢｡; m pq｠o‾u|｡u{z {r ｡tq ｠mrq｡ｦ {r ｡tq uz|｢｡ ､m｣q｠ r‾{y ｡tq

|q‾｠|qo｡u｣q {r ｡tq ｣q｠｠qx.

ｎ.ｌ.ｌ Ttq Dm｡m S｡‾｢o｡｢‾q｠ - Vq｠｠qxDm｡m mzp Wm｣qDm｡m

Ttq‾q u｠ m zm｡｢‾mx pu｠｡uzo｡u{z nq｡､qqz Vq｠｠qx｠ mzp Wm｣q｠ mzp ｡tq |‾{|q‾｡uq｠ mzp m｡｡‾un｢｡q｠

m｠｠{oum｡qp ､u｡t ｡tqy. Wq ､{｢xp xuwq m ｠｡mzpm‾p ､mｦ ｡{ ‾q|‾q｠qz｡ n{｡t Vq｠｠qx mzp Wm｣q pm｡m uz ｠｢ot

m ､mｦ ｡tm｡ mxx ｠｢n-|‾{oq｠｠q｠, z{ ym｡｡q‾ ｡tqu‾ uz｡q‾zmx r｢zo｡u{zmxu｡ｦ, omz ymwq ｢｠q {r ｡tqy ､u｡t{｢｡

zqqpuzs ｡{ |‾{｣upq ｡mux{‾qp pm｡m ｡{ puffq‾qz｡ ｠｢n-|‾{oq｠｠q｠. Iz {‾pq‾ ｡{ |‾{｣upq m ｠｡mzpm‾p ｠otqym

r{‾ pm｡m ､q ､uxx pqfizq ｡､{ pm｡m ｡ｦ|q｠ ､tuot ､q zmyq Vq｠｠qxDa｡a mzp Wa｣qDa｡a. Vq｠｠qxDm｡m mzp

Wm｣qDm｡m m‾q n{｡t uyy｢｡mnxq mzp ‾q|‾q｠qz｡ Vq｠｠qx mzp Wm｣q pm｡m uz mz msz{｠｡uo ､mｦ r{‾ ｢｠q nｦ ｡tq

‾q｠｡ {r ｡tq |‾{s‾my. Ttq Vq｠｠qxDm｡m {nvqo｡ ｠q‾｣q｠ m｠ m pm｡m ｠｡{‾msq o{z｡muzq‾ r{‾ Vq｠｠qx |m‾myq｡q‾｠.

Az uz｠｡mzoq {r ｡tq Vq｠｠qxDm｡m ｡ｦ|q u｠ mz {nvqo｡ ､u｡t ｐ |‾{|q‾｡uq｠ pqfizqp uz (us｢‾q ２｣３ {r ｡tq

A||qzpu･. Ttq Wm｣qDm｡m {nvqo｡ ｠q‾｣q｠ m｠ m pm｡m ｠｡{‾msq o{z｡muzq‾ r{‾ Wm｣q pm｡m. Az uz｠｡mzoq {r m

Wm｣qDm｡m ｡ｦ|q u｠ mz {nvqo｡ ､u｡t ｍ |‾{|q‾｡uq｠ pqfizqp uz (us｢‾q ２｣u３ {r ｡tq A||qzpu･.

ｎ.ｌ.ｍ Ttq A‾otu｡qo｡｢‾q - (｢zo｡u{z｠

Iz {‾pq‾ ｡{ mpp‾q｠｠ ｡tq ‾q｠qm‾ot }｢q｠｡u{z, ｡tq |‾{|{｠qp m||xuom｡u{z y｢｠｡ rmouxu｡m｡q ｡tq r｢xx |‾{oq｠｠

{r m||xｦuzs ｡tq ｠ｦz｡mo｡uo yq｡t{p ｡{ ｡tq mzmxｦ｠u｠ {r ､m｣q pm｡m uz ｡tq o{z｡q･｡ {r ｣q｠｠qx ｠mrq｡ｦ.

P‾q｣u{｢｠xｦ ､q tm｣q ｠|{wqz mn{｢｡ ｡tq pu｣u｠u{z {r ｡tq |‾{oq｠｠ uz｡{ ｡､{ pu｠｡uzo｡ ｡m｠w｠. Iz {‾pq‾ ｡{

motuq｣q s‾qm｡q‾ s‾mz｢xm‾u｡ｦ, ､q omz n‾qmw p{､z ｡tq｠q ｡､{ ｡m｠w｠ uz｡{ r{｢‾ pu｠｡uzo｡ ｠｢n-｡m｠w｠:

- Rqo{szu｠q mzp Ipqz｡urｦ

- Rqo{szu｡u{z: Ttq |‾{oq｠｠ {r r{‾ymxxｦ |q‾oqu｣uzs m pm｡m|{uz｡.

- Ipqz｡ufiom｡u{z: Ttq |‾{oq｠｠ {r pq｠o‾unuzs m pm｡m|{uz｡ {‾ s‾{｢| {r pm｡m|{uz｡｠.

- C{z｡q･｡｢mxu｠q mzp Iz｡q‾|‾q｡

- C{z｡q･｡｢mxu｠m｡u{z: Ttq |‾{oq｠｠ {r ｠q｡｡uzs m ｠｡msq r{‾ mz uz｡q‾|‾q｡m｡u{z ｡{ ymwq ｠qz｠q.

- Iz｡q‾|‾q｡m｡u{z: Ttq |‾{oq｠｠ {r pq‾u｣uzs yqmzuzs r‾{y mz upqz｡ufiom｡u{z.

Wq omz z{､ m||xｦ ｡tq｠q pu｠｡uzo｡u{z｠ ｡{ ｡tq ｠|qoufio o{z｡q･｡ {r mz m||xuom｡u{z {r ｡tq ｠ｦz｡mo｡uo

yq｡t{p ｡{ ､m｣q mzmxｦ｠u｠.

ｌｌ
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ｎ.ｌ.ｎ Rqo{szu｠q mzp Ipqz｡urｦ

Ttq z{｡u{z {r Rqo{szu｡u{z u｠ mzmx{s{｢｠ ｡{ |‾{oq｠｠uzs Wm｣qDm｡m uz｡{ m r{‾y ｡tm｡ omz nq upqz｡ufiqp, m

|‾{oq｠｠ ｡tm｡ yust｡ uzox｢pq ｠｢ot ｠｢n-|‾{oq｠｠q｠ m｠ z{u｠q ‾qy{｣mx. Iz ｡tu｠ uy|xqyqz｡m｡u{z ､q mp{|｡

｡tq zmyq P‾qP‾{oq｠｠{‾ ｡{ upqz｡urｦ m r｢zo｡u{z ｡tm｡ |q‾r{‾y｠ ｡tq ｡m｠w {r |‾{oq｠｠uzs Wm｣qDm｡m uz｡{ m

‾qo{szu｠mnxq r{‾y. Wq mp{|｡ ｡tq zmyq P‾qP‾{oq｠｠qpWa｣qDa｡a ｡{ upqz｡urｦ |‾{oq｠｠qp Wm｣qDm｡m ｡tm｡

tm｠ nqqz ‾q｡｢‾zqp nｦ m P‾qP‾{oq｠｠{‾.

Ipqz｡ufiom｡u{z u｠ mzmx{s{｢｠ ｡{ ｡{wqzuｧuzs P‾qP‾{oq｠｠qpWm｣qDm｡m uz｡{ m yqmzuzsr｢x ‾q|‾q｠qz｡m｡u{z.

Wtq｡tq‾ ｡tm｡ ‾q|‾q｠qz｡m｡u{z o{z｠u｠｡｠ v｢｠｡ {r m ｠｡‾uzs xu｡q‾mx, m｠ ､{｢xp nq ｡tq om｠q ､u｡t m

Pm‾｠q‾C{ynuzm｡{‾, {‾ m ｠｡‾uzs xu｡q‾mx mzp moo{y|mzｦuzs m｡｡‾un｢｡q ｡mnxq, m｠ ､{｢xp nq ｡tq om｠q ､u｡t mz

A｡｡‾un｢｡qPm‾｠q‾, u｠ {r z{ o{z｠q}｢qzoq m｡ ｡tu｠ xq｣qx {r mn｠｡‾mo｡u{z ｠uzoq ｡tq ‾q｠｢x｡ {r n{｡t {r ｡tq｠q

q･my|xq｠ u｠ ｡tm｡ ｡tq ‾q｠｢x｡mz｡ u｠ |m｠｠qp {z｡{ ｡tq zq･｡ ｠｡msq. Wq mp{|｡ ｡tq zmyq T{wqzuｧq‾ ｡{ upqz｡urｦ

m r｢zo｡u{z ｡tm｡ |q‾r{‾y｠ ｡tq ｡m｠w {r |‾{p｢ouzs m yqmzuzsr｢x ‾q|‾q｠qz｡m｡u{z r‾{y m ｠q｡ {r

P‾qP‾{oq｠｠qpWm｣qDm｡m, mzp ｡tq zmyq Sqz｡qzoq ｡{ upqz｡urｦ ｡tq yqmzuzsr｢x ‾q|‾q｠qz｡m｡u{z ｡tm｡ u｠

|‾{p｢oqp.

ｎ.ｌ.ｏ C{z｡q･｡｢mxu｠q mzp Iz｡q‾|‾q｡

C{z｡q･｡｢mxu｠m｡u{z u｠ mzmx{s{｢｠ ｡{ |‾{p｢ouzs m Pm‾｠q‾ r‾{y ｠{yq Pm‾｠q‾)qzq‾m｡{‾ mzp ｠{yq o{z｡q･｡.

Ir m Pm‾｠q‾)qzq‾m｡{‾ u｠ ｡{ nq ｢｠qr｢x ｡{ m ｠|qoufio Vq｠｠qx u｡ zqqp｠ ｡{ ‾qoqu｣q m｠ mz m‾s｢yqz｡ m o{z｡q･｡

‾q|‾q｠qz｡uzs m ｠q｡ {r Vq｠｠qxDm｡m ､u｡t ､tuot u｡ omz uz｡q‾|‾q｡ u｡｠ uz|｢｡. Suzoq m ｠q｡ {r Vq｠｠qxDm｡m ､uxx

nq ｢｠qp puffq‾qz｡xｦ nｦ m puffq‾qz｡ Pm‾｠q‾, u｡ u｠ zqoq｠｠m‾ｦ r{‾ m Pm‾｠q‾)qzq‾m｡{‾ ｡{ nq mnxq ｡{ sqzq‾m｡q

u｡｠ {､z ｠|qoufio o{zfis｢‾m｡u{z uzr{‾ym｡u{z p｢‾uzs ｡tq o{z｠｡‾｢o｡｢o｡u{z {r m Pm‾｠q‾. Wq mp{|｡ ｡tq

zmyq Vq｠｠qxC{z｠｡‾auz｡｠Gqzq‾a｡{‾ ｡{ upqz｡urｦ m r｢zo｡u{z ｡tm｡ |q‾r{‾y｠ ｡tq ｡m｠w {r |‾q|m‾uzs m

Vq｠｠qxDm｡m o{z｡q･｡ r{‾ ｢｠q uz ｡tq sqzq‾m｡u{z {r m Pm‾｠q‾, mzp ｡tq zmyq Vq｠｠qxC{z｠｡‾auz｡｠ ｡{ upqz｡urｦ m

Vq｠｠qxDm｡m o{z｡q･｡. Wq mp{|｡ ｡tq zmyq Pa‾｠q‾Gqzq‾a｡{‾ ｡{ upqz｡urｦ m r｢zo｡u{z ｡tm｡ |q‾r{‾y｠ ｡tq ｡m｠w

{r |‾{p｢ouzs m Pm‾｠q‾ r‾{y m ｠q｡ Vq｠｠qxC{z｠｡‾auz｡｠. Iz｡q‾|‾q｡m｡u{z u｠ mzmx{s{｢｠ ｡{ |m‾｠uzs m Sqz｡qzoq.

Wq mp{|｡ ｡tq zmyq Pa‾｠q‾ ｡{ upqz｡urｦ m r｢zo｡u{z ｡tm｡ |q‾r{‾y｠ ｡tq ｡m｠w {r |m‾｠uzs m Sqz｡qzoq ｡{

|‾{p｢oq m ‾q｠｢x｡, mzp ､q mp{|｡ ｡tq zmyq Pa‾｠qp ｡{ upqz｡urｦ ｡tq ‾q｠｢x｡ {r m |m‾｠q.

I｡ u｠ qz｡u‾qxｦ ‾qm｠{zmnxq m｡ ｡tu｠ |{uz｡ ｡{ m｠w ｡tq }｢q｠｡u{z ⌒D{q｠z⊥｡ ymwuzs m pu｠｡uzo｡u{z nq｡､qqz

Rqo{szu｡u{z mzp Ipqz｡ufiom｡u{z, {‾ nq｡､qqz C{z｡q･｡｢mxu｠m｡u{z mzp Iz｡q‾|‾q｡m｡u{z o‾qm｡q m ｠ｦz｡tq｡uo

pu｠｡uzo｡u{z ｡tm｡ mpp｠ o{y|xq･u｡ｦ r{‾ z{ nqzqfi｡?∂. Ttu｠ puffq‾qzoq u｠ z{｡ ､u｡t{｢｡ nqzqfi｡. A s‾mz｢xm‾

n‾qmwp{､z xuwq ｡tu｠ mxx{､｠ ｡tq r{｢‾ ｠｢n-｡m｠w｠ ｡{ nq pqo{｢|xqp r‾{y {zq mz{｡tq‾. Dqo{｢|xuzs ｡tq

｠｢n-｡m｠w｠ yqmz｠ ｡tm｡ ｡tq uz｡q‾zmx r｢zo｡u{zmxu｡ｦ {r {zq ｠｢n-｡m｠w p{q｠ z{｡ zqqp ｡{ nq wz{､z nｦ

mz{｡tq‾ mzp ｡tqｦ omz nq ‾q|xmoqp uzpq|qzpqz｡xｦ. Ttu｠ yqmz｠ u｡ y｢｠｡ mpq}｢m｡qxｦ moo{yy{pm｡q ｡tq

r{｢‾ ｠｢n-|‾{oq｠｠q｠ uz｣{x｣qp uz ｡tq ｡､{ ｡m｠w｠ ｡tm｡ ymwq ｢| ｡tq m||xuom｡u{z. I｡ y｢｠｡ ｡mwq uz m ｠q｡ {r

｠｢n-|‾{oq｠｠q｠ mzp ‾｢z ｡tqy, uz {‾pq‾, |‾{p｢ouzs m ‾q｠｢x｡. Az mpq}｢m｡q ｠{x｢｡u{z y｢｠｡ |‾{｣upq q‾‾{‾

ｌｍ
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otqowuzs r{‾ pq｣qx{|yqz｡, rqm｡｢‾q |q‾r{‾ymzoq ｡q｠｡uzs r｢zo｡u{zmxu｡ｦ r{‾ o{xxqo｡uzs |q‾r{‾ymzoq

‾q｠｢x｡｠, mzp |‾{｣upq m ｠{xup r‾myq､{‾w r{‾ r｢‾｡tq‾ ､{‾w.

Ttu｠ ､t{xq |‾{oq｠｠ u｠ ｣u｠｢mxu｠qp uz ｡tq fis｢‾q nqx{､.

ｎ.ｍ Ttq A‾otu｡qo｡｢‾q - C{xxqo｡u{z｠ mzp Ttq C{‾q

Ttq ｠|qoufiom｡u{z pqfizq｠ m ∠o{‾q⊥ ｢zu｡ ｡tm｡ ､‾m|｠ qmot {r ｡tq r{｢‾ ｠｢n-|‾{oq｠｠q｠ uz r｢zo｡u{z｠ ｡tm｡

|q‾r{‾y ｡q｠｡｠ {z ｡tqy mzp ‾｢z｠ ｡tqy uz {‾pq‾. Ttq｠q ､‾m||q‾｠ mxx{､ ｡tq ymuz r｢zo｡u{z {r ｡tq o{‾q

｢zu｡ ｡{ ‾qrq‾ msz{｠｡uomxxｦ ｡{ r{｢‾ |‾qpqfizqp r｢zo｡u{z｠ ､tuot ymwq｠ ｡tq ｠ｦ｠｡qy ‾q｠uxuqz｡ ｡{ |‾{nxqy｠

､u｡t ｡tq mxs{‾u｡ty｠ p｢‾uzs pq｣qx{|yqz｡ mzp mxx{､｠ |m‾｠uzs q‾‾{‾｠ ｡{ nq |m｠｠qp nmow ｡{ ｡tq

m||xuom｡u{z uz ｡tq ｠myq ､mｦ qmot ｡uyq p｢‾uzs |‾{p｢o｡u{z. I｡tm｠ nqqz |‾q｣u{｢｠xｦ pu｠o｢｠｠qp ｡tm｡ mzｦ

wuzp {r ､m｣q mzmxｦ｠u｠ |q‾r{‾y｠ ｡､{ pu｠｡uzo｡ ｡m｠w｠ - ｡tq fi‾｠｡ ｡m｠w nquzs ｡{ ‾qo{szu｠q |m｡｡q‾z｠ mzp

ｌｎ
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upqz｡urｦ |m‾myq｡q‾｠ m｠｠{oum｡qp ､u｡t ｡t{｠q |m｡｡q‾z｠, mzp ｡tq ｠qo{zp ｡m｠w nquzs ｡{ uz｡q‾|‾q｡ ｡tq

‾q｠｢x｡｠ {r ｡tq fi‾｠｡ ｡m｠w.  Ttq ｠|qoufiom｡u{z ､uxx mp{|｡ ｡tq zmyq C{xxqo｡u{z ｡{ pq｠o‾unq m ｠q｡ {
VesselConstraintGenerator, ParserGenerator, PreProcessor, eindPeaksAndTroufhs, Tokeniser
}, ､tq‾q

VesselConstraintGenerator :: VesselData => VesselConstraints
ParserGenerator :: VesselConstraints => Parser
PreProcessor :: Wa┕eData => PreProcessedWa┕eData
eindPeaksAndTroufhs :: PreProcessedWa┕eData => PreProcessedPeaksAndTroufhs
Tokeniser :: PreProcessedWa┕eData => Sentence

Azp ｡tq Pm‾｠q‾)qzq‾m｡{‾ ‾q｡｢‾z｠ m ｣mx｢q ｡tm｡ o{zr{‾y｠ ｡{

Parser :: Sentence => Parsed

Ttq｠q ｠u･ r｢zo｡u{z｠ m‾q mx､mｦ｠ |q‾r{‾yqp ｡tq ｠myq ‾qsm‾pxq｠｠ {r ｡tq ymwq-｢| {r mzｦ {r ｡tq

uzpu｣up｢mx ｠｢n-｡m｠w｠ ｡tm｡ ymwq ｢| m C{xxqo｡u{z. )u｣qz ｡tm｡ u｡ u｠ ｠|qoufiqp ｡tm｡ ｡tq ｠{x｢｡u{z y｢｠｡

uz｣q｠｡usm｡q mzp ｡q｠｡ ｡tq puffq‾qzoq｠ nq｡､qqz ｣m‾u{｢｠ yq｡t{p｠ {r o{y|xq｡uzs ｡tq｠q ｠｢n-｡m｠w｠, u｡ y｢｠｡

nq |{｠｠unxq ｡{ pqfizq mzp mp{|｡ mz uy|xqyqz｡m｡u{z ｡tm｡ ､uxx mxx{､ ｡tq ‾q｢｠q m xm‾sq oqz｡‾mx n{pｦ {r

o{pq ､t{｠q r｢zo｡u{z u｠ ｡{ pu‾qo｡ ｡tq {|q‾m｡u{z {r ｡tq ｢zpq‾xｦuzs o{xxqo｡u{z {r ｠｢n-｡m｠w｠ uz m

‾q|qm｡mnxq, ｡q｠｡mnxq ymzzq‾. (u‾｠｡, o{z｠upq‾ ｡tq ｠uy|xq｠｡ |{｠｠unxq uy|xqyqz｡m｡u{z {r m ｠ｦ｠｡qy ｡tm｡ u｠

mnxq ｡{ pu‾qo｡ ｡tq {|q‾m｡u{z {r m C{xxqo｡u{z. Aヘq‾ upqz｡urｦuzs u｠｠｢q｠ ､u｡t ｠｢ot m ｠ｦ｠｡qy, u｡ u｠ |{｠｠unxq

｡{ nq mnxq ｡{ r｢‾｡tq‾ pq｣qx{| ｡tq uy|xqyqz｡m｡u{z ｡{ fi･ ｡tq｠q u｠｠｢q｠. Ttq C{‾q, uz {‾pq‾ ｡{ |‾{｣upq

｡tq r｢zo｡u{zmxu｡ｦ pq｠o‾unqp mn{｣q, zqqp {zxｦ uy|xqyqz｡ m ｣q‾ｦ ｠uy|xq |u|qxuzq. Ttq C{‾q o{｢xp nq

pqfizqp

Coreて┕ersion ┱と :: てVesselData, Wa┕eData, Collectionと => Result
Wtq‾q ｡tq C{‾q |‾{oqqp｠ m｠

Deri┕e { VesselConstraintGenerator, ParserGenerator, PreProcessor,
eindPeaksAndTroufhs, Tokeniser } erom Collection

Let VesselConstraints = VesselConstraintGeneratorてVesselDataと
Let Parser = ParserGeneratorてVesselConstraintsと
Let PreProcessedWa┕eData = PreProcessorてWa┕eDataと
Let PreProcessedPeaksAndTroufhs = eindPeaksAndTroufhsてPreProcessedWa┕eDataと
Let Sentence = TokenizerてPreProcessedWa┕eDataと
Let Parsed = ParserてSentenceと
Return Parsed

Ttu｠ uy|xqyqz｡m｡u{z ､{‾w｠ |q‾rqo｡xｦ fizq mzp ｡tu｠ u｠ ｡tq xmｦ{｢｡ ｡tm｡ ､m｠ ｢｠qp r{‾ ｡tq |‾{｡{｡ｦ|uzs.

H{､q｣q‾, ｡tu｠ uy|xqyqz｡m｡u{z u｠ z{｡ |‾{p｢o｡u{z ‾qmpｦ r{‾ m z｢ynq‾ {r ‾qm｠{z｠. Hq‾q, ｡tq ｠{x｢｡u{z u｠

|‾{p｢ouzs m zq､ ｠q｡ {r Vq｠｠qxC{z｠｡‾muz｡｠, m zq､ Pm‾｠q‾, mzp m zq､ ｠q｡ {r P‾qP‾{oq｠｠qpWm｣qDm｡m

q｣q‾ｦ ｡uyq ､q ､mz｡ ｡{ sqzq‾m｡q m ‾q｠｢x｡ r‾{y m zq､ ｠q｡ {r Wm｣qDm｡m. Suzoq ｡tq C{‾q tm｠ z{ z{｡u{z

{r t{､ x{zs ｠{yq｡tuzs yust｡ ｡mwq, u｡ u｠ z{｡ pq｠u‾mnxq ｡{ ｠|qzp ｡uyq ‾q-omxo｢xm｡uzs ｠q｡｠ {r pm｡m mzp

ｌｏ
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r｢zo｡u{z｠ ｡tm｡ ､uxx nq ｡tq ｠myq {z ｡tq zq･｡ ‾｢z. Iz {‾pq‾ ｡{ fi･ ｡tu｠ yuz{‾ u｠｠｢q, ｡tq ｠{x｢｡u{z pqfizq｠

m |‾{p｢o｡u{z ｣q‾｠u{z {r ｡tq C{‾q ｡{ nq:

Coreて┕ersion ┲と :: てVesselData, Collectionと => てWa┕eDataと => Result
Wtq‾q ｡tq C{‾q |‾{oqqp｠ m｠

Deri┕e { VesselConstraintGenerator, ParserGenerator, PreProcessor, Tokeniser }
erom Collection

Let VesselConstraints = VesselConstraintGeneratorてVesselDataと
Let Parser = ParserGeneratorてVesselConstraintsと
Deeine ReturnedFunction to be a eunction that takes てWa┕eDataと as an arfument and

proceeds as
Let PreProcessedWa┕eData = PreProcessorてWa┕eDataと
Let Sentence = TokenizerてPreProcessedWa┕eDataと
Let Parsed = ParserてSentenceと
Return Parsed

Return ReturnedFunction
Ttq ｠qo{zp uy|xqyqz｡m｡u{z {r ｡tq C{‾q fi･q｠ ｡tq fi‾｠｡ u｠｠｢q ､q upqz｡ufiqp uz ｣q‾｠u{z ｌ. I｡ u｠ z{､

|{｠｠unxq pqfizq ｡tq C{‾q ｡{ nq m o｢‾‾uqp r｢zo｡u{z ｡tm｡ |‾{p｢oq｠ m zq､ r｢zo｡u{z ｡tm｡ ox{｠q｠ {｣q‾ ｡tq

m‾s｢yqz｡｠ ､q |m｠｠ uz. Ttq ｣mx｢q｠ mzp r｢zo｡u{z｠ ｡tm｡ {zxｦ zqqp ｡{ nq |‾{p｢oqp {zoq m‾q |‾{p｢oqp uz

｡tq fi‾｠｡ ｠｡q| mzp m zq､ r｢zo｡u{z u｠ ‾q｡｢‾zqp ､tuot tm｠ mooq｠｠ ｡{ ｡t{｠q |‾q-o{y|｢｡qp ｣mx｢q｠. Ttq

‾q｡｢‾zqp r｢zo｡u{z z{ x{zsq‾ uzo｢‾｠ ｡tq {｣q‾tqmp｠ {r ｡tq fi‾｠｡.

ｎ.ｎ TOKENIZIN), )RAMMARS & PARSERS

D｢q ｡{ ｡tqu‾ |{､q‾ uz pq｠o‾unuzs ｠｡‾｢o｡｢‾mx mzp ｠｡m｡u｠｡uomx rqm｡｢‾q｠ , m｡｡‾un｢｡q s‾myym‾｠ m‾q ｠qxqo｡qp

mzp ｢｠qp uz ｡tu｠ |m|q‾ m｠ ｡tq y{pqx r{‾ ｡tq r{‾y｢xm｡u{z {r m |m｡｡q‾z s‾myym‾ r{‾ EC)⊥｠. O｡tq‾

‾qm｠{z｠ r{‾ ｡tu｠ ｠qxqo｡u{z, ､tuot m‾q o{yy{z ｡{ mzｦ ｠ｦz｡mo｡uo m||‾{mot ｡{ |m｡｡q‾z ‾qo{szu｡u{z, m‾q

｡tq r{xx{､uzs: ｌ３ mz uzo‾qm｠q {r |m‾｠uzs ｠|qqp u｠ {n｡muzqp m｠ ｡tq uzvqo｡u{z {r m｡｡‾un｢｡q｠ uz｡{ ｠ｦyn{x｠

２z{z｡q‾yuzmx｠ mzp ｡q‾yuzmx｠３ ‾qp｢oq｠ ｡tq s‾myym｡uomx o{y|xq･u｡ｦ mzp ｍ３ ｡tq ｡qotz{x{sｦ {r

|‾{oq｠｠uzs m｡｡‾un｢｡q s‾myym‾｠ u｠ rmu‾xｦ ym｡｢‾q mzp ymzｦ uy|xqyqz｡m｡u{z｠ {r q｣mx｢m｡{‾｠ p{ q･u｠｡∂

ｎ.ｎ.ｌ Az A｡｡‾un｢｡q )‾myym‾

Ttq mx|tmnq｡ {r ｠ｦyn{x｠ W = { Pi , Tj , Fk } u｠ mp{|｡qp r{‾ qzo{puzs ｡tq ､m｣qr{‾y｠, ､tq‾q Pi
pqz{｡q｠ m |{｠u｡u｣q |qmw ２{zq ､tq‾q ｡tq ､m｡q‾ xq｣qx u｠ mn{｣q ｡tq yqpumz ､m｡q‾ xq｣qx３ ､t{｠q zmyq u｠ i,

T pqz{｡q｠ m zqsm｡u｣q |qmw ２{zq ､tq‾q ｡tq ､m｡q‾ xq｣qx u｠ nqx{､ ｡tq yqpumz ､m｡q‾ xq｣qx３ ､t{｠q zmyq u｠

j, mzp F pqz{｡q｠ m flm｡ ｠qo｡u{z {r ､m｡q‾ ､t{｠q zmyq u｠ k. A ｠q｡ {r m｡｡‾un｢｡q｠ u｠ m｠｠uszqp ｡{ qmot |qmw

P mzp qmot ｡‾{｢st T. Ttu｠ ｠q｡ u｠ pqfizqp m｠ { maf } ､tq‾q:

- てmafと is the mafnitude oe the peak/troufh てthe ├ distance oe the hifhest/lo┖est
point erom the median ┖ater le┕elと

Iz ｡tu｠ s‾myym‾, ｡tq o{zoq|｡ {r ymszu｡｢pq ‾qrq‾｠ ｡{ ｡tq z｢yq‾uomx ｣mx｢q {r ｡tq ymszu｡｢pq {r m

､m｣q'｠ my|xu｡｢pq.

ｌｐ
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Iz ､m｡q‾ ､m｣q ‾qo{szu｡u{z r{‾ ｣q｠｠qx ｠mrq｡ｦ, s‾{｢|｠ {r |qmw｠ mzp ｡‾{｢st｠ mx｠{ om‾‾ｦ uzr{‾ym｡u{z. ({‾

q･my|xq, m ｣q｠｠qx qzo{｢z｡q‾uzs ymzｦ tust-yqpu｢y ､m｣q｠ ､u｡tuz m ｠t{‾｡ ｡uyq u｠ wz{､z ｡{ nq

pmzsq‾{｢｠. Az{｡tq‾ q･my|xq nquzs ｡tm｡ m ｠uzsxq ､m｣q ､t{｠q my|xu｡｢pq u｠ rm‾ s‾qm｡q‾ ｡tmz ｡tq

q･|qo｡qp z{‾ymx my|xu｡｢pq nm｠qp {z o｢‾‾qz｡ o{zpu｡u{z｠ u｠ pmzsq‾{｢｠. Ttq‾qr{‾q, |qmw｠, ｡‾{｢st｠ mzp

flm｡ ｠qo｡u{z｠ m‾q s‾{｢|qp ｡{sq｡tq‾ uz｡{ xm‾sq‾ ｢zu｡｠. Ttq mx|tmnq｡ {r ｠ｦyn{x｠ G = { πl , φm , δn ,

αo , . てperiodと } u｠ mp{|｡qp r{‾ qzo{puzs s‾{｢|｠ {r ､m｣qr{‾y｠, ､tq‾q π pqz{｡q｠ m s‾{｢| {r ymzｦ

tust-yqpu｢y ymszu｡｢pq ､m｣q｠ ox{｠q ｡{ {zq mz{｡tq‾ ､u｡t xu｡｡xq ｡{ z{ flm｡ ｠|moq nq｡､qqz ｡tqy ､t{｠q

zmyq u｠ l, φ pqz{｡q｠ m ｠uzsxq ､m｣q ､t{｠q my|xu｡｢pq u｠ rm‾ s‾qm｡q‾ ｡tmz ｡tq q･|qo｡qp z{‾ymx

my|xu｡｢pq nm｠qp {z o｢‾‾qz｡ o{zpu｡u{z｠ ､t{｠q zmyq u｠ m, δ pqz{｡q｠ m s‾{｢| {r o{z｠qo｢｡u｣q

､m｣qr{‾y｠ ､t{｠q my|xu｡｢pq｠ uzo‾qm｠q｠ nｦ ｠{yq my{｢z｡ qmot ｡uyq ､t{｠q zmyq u｠ n, α pqz{｡q｠ mzｦ

s‾{｢| {r ､m｣q｠ ､tuot p{ z{｡ nqx{zs ｡{ ｡tq oxm｠｠q｠ {r s‾{｢|｠ pq｠o‾unqp mn{｣q ､t{｠q zmyq u｠ o, mzp

｡tq period ｡{wqz pqz{｡q｠ ｡tq qzp {r m ｠q}｢qzoq. Ttu｠ ｡{wqz u｠ z{｡ ｠｡‾uo｡xｦ zqoq｠｠m‾ｦ ｠uzoq ｡tq qzp {r

m s‾{｢| o{｢xp nq uzrq‾‾qp nｦ fizpuzs m ｡{wqz ‾q|‾q｠qz｡uzs ｡tq ｠｡m‾｡ {r m zq､ s‾{｢| {‾ ｡tq qzp {r m

｠qz｡qzoq, t{､q｣q‾ u｡ u｠ uzox｢pqp n{｡t m｠ m ｣u｠｢mx mup ２｠uzoq ｡tq qｦq zm｡｢‾mxxｦ pqym‾w｠ ｠qz｡qzoq｠ ｡tm｡

qzp ､u｡t m |q‾u{p３ mzp m｠ m o{y|｢｡m｡u{zmx mup ｠uzoq m ｠uy|xq ２Strinf.splitてゆ.よと３ omxx omz z{､ ｠|xu｡

m ｠qz｡qzoq uz｡{ s‾{｢|｠３. A ｠q｡ {r m｡｡‾un｢｡q｠ u｠ m｠｠uszqp ｡{ qmot s‾{｢| π, φ, δ, or α Ttu｠ ｠q｡ u｠

pqfizqp m｠ { ma┛ } ､tq‾q:

- てma┛と is the larfest mafnitude oe the peak/troufh in the class
({‾ q･my|xq, ｡tq‾q ymｦ nq m ｠qz｡qzoq ｠｢ot m｠

- π┰ p┰ t┰ p┱ t┱ . a┰ p┲ e┰ t┲ e┱ p┳ e┲ . φ┰ p┴ . a┱ p┵ e┳ t┳ e┴ . δ┰ p┶ t┴ p┷ t┵ p┸ t┶ .
Wtuot, pq｠o‾unqp nｦ ｡tq mn{｣q o‾u｡q‾um, ｠t{｢xp nq ‾qmp m｠ pq｠o‾unuzs m ｠q‾uq｠ {r fi｣q s‾{｢|｠ {r

､m｣qr{‾y｠; { π┰ , α┰ , φ┰ , α┱ , δ┰ }, ､tuot ‾q|‾q｠qz｡ ｡tq s‾{｢|｠ {r ､m｣qr{‾y｠ { p┰ t┰ p┱ t┱ }

, { p┲ e┰ t┲ e┱ p┳ e┲ } , { p┴ } , { p┵ e┳ t┳ e┴ } , mzp { p┶ t┴ p┷ t┵ p┸ t┶ } ‾q｠|qo｡u｣qxｦ. Emot

､m｣qr{‾y tm｠ u｡｠ zmyq uz ｠｢n｠o‾u|｡, mzp qmot ､m｣qr{‾y⊥｠ zmyq u｠ mz uzo‾qyqz｡uzs uz｡qsq‾ - ､u｡t

{zq ｠q｡ {r uzo‾qyqz｡uzs zmyq｠ |q‾ ､m｣qr{‾y ｡ｦ|q. Iz |‾mo｡u｠q, ｡tq zmyq｠ {r qmot ､m｣qr{‾y omz nq

uzrq‾‾qp nｦ ｡tq Pm‾｠q‾ ｠uzoq ｡tqｦ m‾q o{z｠qo｢｡u｣q uz｡qsq‾｠ ､tuot ‾qxm｡q pu‾qo｡xｦ ｡{ ｡tq z｢ynq‾ {r

{oo｢‾‾qzoq｠ {r ｡tm｡ ｡{wqz. ({‾ q･my|xq ｡tq‾q m‾q ｔ {oo｢‾‾qzoq｠ {r ｡tq P ｡{wqz uz ｡tq mn{｣q ｠qz｡qzoq.

Iz {‾pq‾ ｡{ mooq｠｠ ｡tq m｡｡‾un｢｡q｠ {r ｡tq ｔ｡t ｡{wqz uz ｡tq m｡｡‾un｢｡q ｡mnxq, {zq omz ｠uy|xｦ mooq｠｠ ｡tq ｓ｡t

２ ｔ - ｌ３ P m｡｡‾un｢｡q {z ｡tq ｡mnxq. Ttq‾qr{‾q ､q omz |‾{p｢oq m ｠uy|xq‾ ｠qz｡qzoq ｠｢ot m｠
- π p t p t . α p e t e p e . φ p . α p e t e p e . δ p t p t

Azp uzrq‾ ｡tq m｡｡‾un｢｡q zmyq｠ r‾{y ｡tqu‾ |{｠u｡u{z r‾{y ｡tq ｠｡m‾｡ ２｡tq xqヘ３ {r ｡tq ｠qz｡qzoq. Pm‾｠uzs

｡tu｠ ｠qz｡qzoq u｠ z{､ ‾qp｢oqp ｡{ ｡tq |‾{nxqy {r pq｡q‾yuzuzs ur mzｦ {r ｡tq s‾{｢|｠ {‾ ｠｢ns‾{｢|｠ m‾q

｢zmooq|｡mnxq r{‾ ｡tq ｣q｠｠qx uz }｢q｠｡u{z. Ttq r｢xx s‾myym‾ omz nq ｠qqz uz (us｢‾q ２uuu３ {r ｡tq

A||qzpu･.

ｌｑ
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ｎ.ｎ.ｍ A Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾

Ttq mx|tmnq｡ {r ｠ｦyn{x｠ A = { t┵, t┴,  t┳, t┲, t┱, e, p┱, p┲, p┳, p┴, p┵ } u｠ mp{|｡qp r{‾

qzo{puzs ｡tq ､m｣qr{‾y｠, ､tq‾q qmot ｡{wqz t┛ pqz{｡q｠ m zqsm｡u｣q |qmw {r ymszu｡｢pq ┛, qmot ｡{wqz

p┛ pqz{｡q｠ m zqsm｡u｣q |qmw {r ymszu｡｢pq ┛, mzp qmot ｡{wqz e pqz{｡q｠ m |q‾u{p {r flm｡ ､m｡q‾. Iz ｡tu｠

s‾myym‾, ymszu｡｢pq u｠ m pｦzmyuo z{｡u{z ｡tm｡ u｠ omxo｢xm｡qp r‾{y m ｣q｠｠qx⊥｠ pm｡m. Ttq r｢xx s‾myym‾

omz nq ｠qqz uz (us｢‾q ２u３ {r ｡tq A||qzpu･. C{y|m‾qp ｡{ ｡tq pq｠o‾u|｡u{z ‾q}｢u‾qp {r ｡tq A｡｡‾un｢｡q

)‾myym‾, m Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾ omz nq pq｠o‾unqp ｣q‾ｦ ｠uy|xｦ. I｡ ｠t{｢xp nq z{｡qp ｡tm｡ ｡tq

｠uy|xuou｡ｦ {r ｡tq s‾myym‾ u｠ m｠｠{oum｡qp ､u｡t m ｡‾mpq-{ff ､u｡t ｡tq o{y|xq･u｡ｦ {r ｡tq Pm‾｠q‾

C{ynuzm｡{‾ ‾q}｢u‾qp ｡{ |m‾｠q ｡tu｠ s‾myym‾.

ｎ.ｎ.ｎ Az A｢syqz｡qp CYKA r{‾ mz A｡｡‾un｢｡q )‾myym‾

Ttq CYKA tm｠ nqqz ｠qxqo｡qp r{‾ |m‾｠uzs ｡tq C{z｡q･｡ (‾qq )‾myym‾ ｡tm｡ ymwq｠ ｢| ｡tq A｡｡‾un｢｡q

)‾myym‾. I｡｠ uy|xqyqz｡m｡u{z ｠t{｢xp r{xx{､ ｡tq ､qxx-wz{､z |｠q｢p{o{pq ２‾qrq‾qzoq?３. Iy|xqyqz｡uzs

m nm｠uo, ｢z-{|｡uyu｠qp ｣q‾｠u{z {r ｡tq CYKA ､uxx mxx{､ ｡tq r｢zpmyqz｡mx otm‾mo｡q‾u｠｡uo｠ {r ｡tq CYKA

｡{ nq uz｣q｠｡usm｡qp.

ｎ.ｎ.ｏ A Pm‾｠q‾ C{ynuzm｡{‾ r{‾ m Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾

Iz {‾pq‾ ｡{ moo{y|xu｠t ｡tq ｡m｠w {r |m‾｠uzs m Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾, ｡tq ｠{x｢｡u{z y｢｠｡

uy|xqyqz｡ m Pm‾｠q‾ C{ynuzm｡{‾ om|mnxq {r o{y|xq｡uzs fi｣q m｡{yuo Pm‾｠q‾｠ ､tuot m‾q ｡tqz

o{y|{｠qp uz｡{ xm‾sq‾, y{‾q ｢｠qr｢x r｢zo｡u{z｠ nｦ m Pm‾｠q‾ )qzq‾m｡{‾.

Pm‾｠qCtm‾

Pm‾｠qCtm‾ y｢｠｡ nq om|mnxq {r ｡mwuzs m｠ uz|｢｡ m otm‾mo｡q‾ mzp ‾q｡｢‾zuzs m zq､ r｢zo｡u{z ｡tm｡ u｠

om|mnxq {r ｡mwuzs m｠ uz|｢｡ m ‾q|‾q｠qz｡m｡u{z {r m ｠｡‾uzs mzp pq｡q‾yuzuzs ur ｡tq fi‾｠｡ otm‾mo｡q‾ {r ｡tq

uz|｢｡ ｠｡‾uzs ym｡otq｠ ｡tq uz|｢｡ otm‾mo｡q‾. Ttu｠ omz nq ｠t{､z m｠: ParseCharλ :: Char => て
ParseChar :: Strinf => Success と assuminf that the Strinf ┖as a match
Rqvqo｡Ctm‾

Rqvqo｡Ctm‾ y｢｠｡ nq om|mnxq {r ｡mwuzs m｠ uz|｢｡ m otm‾mo｡q‾ mzp ‾q｡｢‾zuzs m zq､ r｢zo｡u{z ｡tm｡ u｠

om|mnxq {r ｡mwuzs m｠ uz|｢｡ m ‾q|‾q｠qz｡m｡u{z {r m ｠｡‾uzs mzp pq｡q‾yuzuzs ur ｡tq fi‾｠｡ otm‾mo｡q‾ {r ｡tq

uz|｢｡ ｠｡‾uzs ym｡otq｠ ｡tq uz|｢｡ otm‾mo｡q‾, mzp ‾q｡｢‾zuzs rmx｠q ur ｡tq ym｡ot u｠ r{｢zp. Ttu｠ omz nq

｠t{､z m｠: RejectCharλ :: Char => て RejectChar :: Strinf => Failure と assuminf that the
Strinf ┖as a match
Pm‾｠qMmzｦ

Pm‾｠qMmzｦ u｠ m yq｡m-|m‾｠q‾. I｡ y｢｠｡ nq om|mnxq {r ｡mwuzs m｠ uz|｢｡ m z｢ynq‾ {r |m‾｠q‾｠ mzp ‾q｡｢‾zuzs

m zq､ r｢zo｡u{z om|mnxq {r ｡mwuzs m｠ uz|｢｡ m ‾q|‾q｠qz｡m｡u{z {r m ｠｡‾uzs mzp pq｡q‾yuzuzs ur ｡tq fi‾｠｡ z

otm‾mo｡q‾｠ {r ｡tq uz|｢｡ ｠｡‾uzs ym｡ot ｡tq uz|｢｡ |m‾｠q‾｠ uz q･mo｡xｦ ｡tq {‾pq‾ ｡tq uz|｢｡ |m‾｠q‾｠ ､q‾q

tmzpqp ｡{ Pm‾｠qMmzｦ. Ttu｠ omz nq ｠t{､z m｠: ParseMan├λ :: [Parsers] => て ParseMan├ :: Strinf
=> Success と assuminf that the Strinf ┖as a match
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Rqvqo｡Mmzｦ

Rqvqo｡Mmzｦ u｠ mx｠{ m yq｡m-|m‾｠q‾. I｡ y｢｠｡ nq om|mnxq {r ｡mwuzs m｠ uz|｢｡ m z｢ynq‾ {r |m‾｠q‾｠ mzp

‾q｡｢‾zuzs m zq､ r｢zo｡u{z om|mnxq {r ｡mwuzs m｠ uz|｢｡ m ‾q|‾q｠qz｡m｡u{z {r m ｠｡‾uzs mzp pq｡q‾yuzuzs ur

｡tq fi‾｠｡ z otm‾mo｡q‾｠ {r ｡tq uz|｢｡ ｠｡‾uzs ym｡ot ｡tq uz|｢｡ |m‾｠q‾｠ uz q･mo｡xｦ ｡tq {‾pq‾ ｡tq uz|｢｡

|m‾｠q‾｠ ､q‾q tmzpqp ｡{ Pm‾｠qMmzｦ, mzp ‾q｡｢‾zuzs rmx｠q ur ｡tq ym｡ot u｠ r{｢zp.. Ttu｠ omz nq ｠t{､z m｠:

ParseMan├λ :: [Parsers] => て ParseMan├ :: Strinf => Failure と assuminf that the Strinf
┖as a match
Pm‾｠q(‾{y

Pm‾｠q(‾{y u｠ mz{｡tq‾ yq｡m-|m‾｠q‾. I｡ y｢｠｡ nq om|mnxq {r ｡mwuzs m｠ uz|｢｡ m z｢ynq‾ {r |m‾｠q‾｠ mzp

‾q｡｢‾zuzs m zq､ r｢zo｡u{z om|mnxq {r ｡mwuzs m｠ uz|｢｡ m ‾q|‾q｠qz｡m｡u{z {r m ｠｡‾uzs mzp pq｡q‾yuzuzs ur

｡tq fi‾｠｡ z otm‾mo｡q‾｠ {r ｡tq uz|｢｡ ｠｡‾uzs ym｡ot mzｦ {r ｡tq uz|｢｡ |m‾｠q‾｠ ､u｡t{｢｡ z{ ‾qsm‾p su｣qz ｡{

､tuot u｠ mooq|｡qp. Ttu｠ omz nq ｠t{､z m｠:ParseFromλ :: [Parsers] => て ParseFrom :: Strinf =>
Success と assuminf that the Strinf ┖as a match

ｎ.ｏ PREPROCESSORS

Sq｣q‾mx |‾q|‾{oq｠｠{‾｠ tm｣q nqqz ｠qxqo｡qp uz {‾pq‾ ｡{ pq｡q‾yuzq ur mzp t{､ ｡tqu‾ m||xuom｡u{z ｡{ ､m｣q

pm｡m nqr{‾q ｡tq ｡{wqzuｧm｡u{z {r ｡tm｡ ､m｣q pm｡m uz｡{ m ｠qz｡qzoq mffqo｡｠ ｡tq moo｢‾moｦ {r m |m‾｠q‾⊥｠

mnuxu｡ｦ ｡{ o{‾‾qo｡xｦ oxm｠｠urｦ |m｡｡q‾z｠. Ttqｦ y｢｠｡ nq uy|xqyqz｡qp uz ｠｢ot m ､mｦ ｡tm｡ ｡tqｦ omz nq

qm｠uxｦ mnxm｡qp r‾{y ｡tq ‾q｠｡ {r ｡tq |‾{oq｠｠ ｠{ ｡tm｡ ｡tq ｢｠qr｢xzq｠｠ {r ｡tqu‾ m||xuom｡u{z ｡{ ､m｣q pm｡m

omz nq ｠｡｢puqp

ｎ.ｏ.ｌ (uzpuzs Pqmw｠ mzp T‾{｢st｠

Sq|m‾m｡q r‾{y ｡tq {｡tq‾ upqz｡ufiqp |‾q|‾{oq｠｠uzs yq｡t{p｠ u｠ ｡tq |‾{oq｠｠ {r fizpuzs |qmw｠ mzp

｡‾{｢st｠ uz pm｡m. Ipqz｡ufiom｡u{z {r |qmw｠ mzp ｡‾{｢st｠ uz ｡tq pm｡m y｢｠｡ {oo｢‾ r{‾ ｡{wqzuｧm｡u{z ｠｢ot

｡tm｡ ｡tq ymszu｡｢pq {r m ､m｣q omz nq ｠｢nvqo｡ ｡{ |m｡｡q‾z ‾qo{szu｡u{z. Ttq‾q m‾q ｠q｣q‾mx yqmz｠ {r

motuq｣uzs ｡tu｠ ｡tm｡ m‾q ､qxx pq｠o‾unqp {z ｡tq uz｡q‾zq｡ [｠｡mow {｣q‾fl{､ + {｡tq‾ {zq upqz｡uomx], m｠ ､qxx

m｠ m ､qxx-‾qsm‾pqp xun‾m‾ｦ ｡tm｡ u｠ om|mnxq {r p{uzs ｡tu｠.

ｎ.ｐ A TESTBED

A ｠q|m‾m｡q m||xuom｡u{z r‾{y ｡tq ｠{x｢｡u{z y｢｠｡ nq uy|xqyqz｡qp uz ､tuot ｡tq pu｠｡uzo｡u｣q｠ xuwq

|‾qou｠u{z mzp |q‾r{‾ymzoq omz nq yqm｠｢‾qp r{‾ qmot {r ｡tq |m‾｠uzs yq｡t{p｠ mzp |‾q|‾{oq｠｠{‾｠.

Cm|｡｢‾uzs ｡tu｠ pm｡m u｠ wqｦ ｡{ q｣mx｢m｡uzs ｡tq ｠{x｢｡u{z mzp ｠t{｢xp |‾q｠qz｡ ｡tq ｢｠q‾ ､u｡t m r｢xx ｠q｡ {r

o{y|｢｡qp pm｡m ､tuot omz ｡tqz nq uz｡q‾|‾q｡qp ｡{ |‾{｣upq uz｠ust｡ uz｡{ ｡tq puffq‾qzoq｠ nq｡､qqz ｡tq

yq｡t{p｠ mzp |‾q|‾{oq｠｠{‾｠ mzp tqx| ｡{ ｠qxqo｡ ｡tq nq｠｡ my{zs ｡tqy. Kqｦ ｡{ ｡tq q｣mx｢m｡u{z u｠ ｡tq

o{xxqo｡u{z {r ｡‾｢q |{｠u｡u｣q｠, ｡‾｢q zqsm｡u｣q｠, rmx｠q |{｠u｡u｣q｠, mzp rmx｠q zqsm｡u｣q｠. U｠uzs ｡tu｠ pm｡m, u｡ u｠

|{｠｠unxq ｡{ pq‾u｣q yq｡‾uo｠ ､tuot m‾q y{‾q ｢｠qr｢x ｡tmz m ｠uy|xq xu｠｡ {r t{､ ymzｦ |m‾｠q｠ ‾q｠｢x｡qp uz

｠｢ooq｠｠.
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ｏ. THE IMPLEMENTATION

ｏ.ｌ MEETIN) LAN)UA)E DEMANDS

N{｡ mxx xmzs｢msq｠ yqq｡ ｡tq ‾q}｢u‾qyqz｡｠ ｡tm｡ ｡tq ｠|qoufiom｡u{z ymwq｠ {z ｡tq ｠{x｢｡u{z. Axy{｠｡ mxx

|m｡｡q‾z｠ omz nq ‾q|‾q｠qz｡qp uz mzｦ xmzs｢msq, mzp y{｠｡ {r ｡tq r｢zo｡u{zmxu｡ｦ ‾q}｢u‾qp nｦ o{｢xp nq

|q‾r{‾yqp uz mzｦ xmzs｢msq. H{､q｣q‾ ｡tq‾q m‾q m rq､ o{z｠upq‾m｡u{z｠ {r ｡tq ｠{x｢｡u{z m｠ {｢｡xuzqp uz

｡tq ｠|qoufiom｡u{z ｡tm｡ ‾q}｢u‾q m xmzs｢msq ｡tm｡ tm｠ m oq‾｡muz ｠q｡ {r rqm｡｢‾q｠.

ｏ.ｌ.ｌ A Lmzs｢msq ､u｡t Cx{｠｢‾q｠

A Cx{｠｢‾q u｠ m ｡qotzu}｢q r{‾ xq･uomx ｠o{|uzs {r zmyq｠ uz m xmzs｢msq ､u｡t fi‾｠｡-oxm｠｠ r｢zo｡u{z｠. Wtm｡

｡tu｠ yqmz｠ u｠ ｡tm｡ m xmzs｢msq ｡tm｡ ｠｢||{‾｡｠ ox{｠｢‾q｠ u｠ mnxq ｡{ nuzp r｢zo｡u{zmxu｡ｦ uz r｢zo｡u{z｠ ｡tm｡

m‾q ｡tqz |m｠｠qp nmow r‾{y m x{､q‾ xq｣qx {r ｠o{|q ｢| uz｡{ m tustq‾ xq｣qx {r ｠o{|q. Iz ｠t{‾｡, ox{｠｢‾q｠

mxx{､ m r｢zo｡u{z ｡{ nq |‾{s‾myyqp nｦ ｠{yq {｡tq‾ |m‾｡ {r m |‾{s‾my. Ttu｠ u｠ m ‾q}｢u｠u｡q r{‾ n｢uxpuzs

|m‾｠q‾ o{ynuzm｡{‾｠, m｠ ｡tq wqｦ r｢zo｡u{zmxu｡ｦ {r m |m‾｠q‾ o{ynuzm｡{‾ ‾q}｢u‾q｠ ｡tm｡ m zq､ r｢zo｡u{z nq

‾q｡｢‾zqp r‾{y m o{zfis｢‾m｡u{z r｢zo｡u{z ｡tm｡ ox{｠q｠ {｣q‾ ｡tq m‾s｢yqz｡｠ |m｠｠qp uz｡{ ｡tq o{zfis｢‾m｡u{z

r｢zo｡u{z.

ｏ.ｌ.ｍ A Lmzs｢msq ､u｡t ⌒(｢zo｡u{z｠ m｠ (u‾｠｡-Cxm｠｠ Cu｡uｧqz｠∂

A |‾q‾q}｢u｠u｡q r{‾ n｢uxpuzs ox{｠｢‾q｠ u｠ ｡tm｡ m xmzs｢msq ‾qo{szu｠q｠ r｢zo｡u{z｠ m｠ fi‾｠｡-oxm｠｠ ou｡uｧqz｠.

Ttm｡ u｠ ｡{ ｠mｦ ｡tm｡ r｢zo｡u{z｠ y｢｠｡ nq m｡{yuo ｣mx｢q｠, om|mnxq {r nquzs |m｠｠qp m｠ m‾s｢yqz｡｠ ｡{ {｡tq‾

r｢zo｡u{z｠, nquzs ‾q｡｢‾zqp r‾{y ｡tqy m｠ ｣mx｢q｠ r‾{y {｡tq‾ r｢zo｡u{z｠, mzp nquzs m｠｠uszqp ｡{ ｣m‾umnxq｠

{‾ ｠｡{‾qp uz pm｡m ｠｡‾｢o｡｢‾q｠.

ｏ.ｌ.ｎ Ct{{｠uzs m Lmzs｢msq

)u｣qz ｡tq |‾q‾q}｢u｠u｡q｠, Jm｣m｠o‾u|｡ |‾{｣upq｠ m |q‾rqo｡ nm｠q xmzs｢msq ｡{ uy|xqyqz｡ ｡tq rqm｡｢‾q ｠q｡

pq｠o‾unqp uz ｡tq ｠|qoufiom｡u{z. Jm｣m｠o‾u|｡ u｠ m y｢x｡u-|m‾mpusy, ｠uzsxq-｡t‾qmpqp xmzs｢msq. Ttq

y｢x｡u-|m‾mpusy zm｡｢‾q {r Jm｣m｠o‾u|｡ mxx{､｠ m |‾{s‾myyq‾ ｡{ uy|xqyqz｡ rqm｡｢‾q｠ uz ､tm｡q｣q‾

|m‾mpusy ｡tqｦ ot{{｠q, mzp q｣qz ｡{ yu･ |m‾mpusy｠. Jm｣m｠o‾u|｡ tm｠ r｢zo｡u{z｠ m｠ fi‾｠｡-oxm｠｠ ou｡uｧqz｠,

mzp ｠｢||{‾｡｠ ox{｠｢‾q｠ m｠ |m‾｡ {r u｡｠ ｠ｦz｡m･. Ttu｠ yqmz｠ ｡tm｡ mz uy|xqyqz｡m｡u{z omz ｡mwq mp｣mz｡msq

{r puffq‾qz｡ |m‾mpusy｠ r{‾ puffq‾qz｡ ｡m｠w｠. Iz ｡tq o{z｡q･｡ {r ｡tq ｠{x｢｡u{z, ｡tu｠ ､uxx mxx{､ n{｡t ｡tq

u｡q‾m｡u｣q mxs{‾u｡ty｠ mzp r｢zo｡u{zmx o{y|{｠u｡u{z ｡{ nq |‾{s‾myyqp uz ｡tq ｠myq xmzs｢msq.
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ｏ.ｍ IMPLEMENTIN) THE SOLUTION

ｏ.ｍ.ｌ Pm‾｠q‾ C{ynuzm｡{‾｠ nｦ yqmz｠ {r (｢zo｡u{zmx C{y|{｠u｡u{z

Iz ｡tq uy|xqyqz｡m｡u{z {r ｡tq ｠{x｢｡u{z {｢｡xuzqp uz ｡tq ｠|qoufiom｡u{z, ‾qs｢xm‾ q･|‾q｠｠u{z ym｡otuzs

､m｠ ot{｠qz m｠ ｡tq yqmz｠ nｦ ､tuot m Pm‾｠qCtm‾ |m‾｠q‾ ｠t{｢xp ‾qo{szu｠q ｡tq otm‾mo｡q‾

‾q|‾q｠qz｡m｡u{z |‾{｣upqp ｡{ u｡. Ttu｠ mxx{､｠ ｡tq Pm‾｠qCtm‾ r｢zo｡u{z ｡{ ymwq ｢｠q {r Jm｣m｠o‾u|｡⊥｠ uzn｢ux｡

‾qsq･ xun‾m‾ｦ. A ‾qsq･ u｠ ｠｢||xuqp ｡{ Pm‾｠qCtm‾, ､tuot u｠ ox{｠qp {｣q‾ nｦ m ‾q｡｢‾zqp r｢zo｡u{z ｡tm｡

｡mwq｠ m ｠｡m｡qotmuz Ttq Rqvqo｡Ctm‾ |m‾｠q‾ u｠ n｢ux｡ uz｡{ ｡tq ｠myq r｢zo｡u{z m｠ ｡tq Pm‾｠qCtm‾ |m‾｠q‾,

､u｡t ｡tu｠ r｢zo｡u{z nquzs zmyqp |m‾｠qRqsq･λ. Ttq x{､q‾-om｠q xmynpm ２λ３ u｠ ｢｠qp uz ｡tq

uy|xqyqz｡m｡u{z ､tqzq｣q‾ m o｢‾‾uqp r｢zo｡u{z u｠ pqoxm‾qp. Ttu｠ ､mｦ, mxx omxxuzs ｠o{|q｠ ｡tm｡ ｢｠q ｡tu｠

r｢zo｡u{z ｠t{｢xp nq m､m‾q ｡tm｡ ｡tq r｢zo｡u{z u｠ o｢‾‾uqp. Iy|xqyqz｡uzs ｡tq Pm‾｠q‾ C{ynuzm｡{‾

‾q｠｢x｡qp uz nｦ rm‾ ｡tq tustq｠｡ ｡uyq uz｣q｠｡yqz｡ my{zs mxx {r ｡tq ｡m｠w｠ ｡tm｡ ympq ｢| o{y|xq｡uzs ｡tq

｠{x｢｡u{z. L{｡｠ {r q･|q‾uyqz｡m｡u{z ､m｠ zqoq｠｠m‾ｦ ｡{ moo{yy{pm｡q ｡tq q‾‾{‾-tmzpxuzs mzp

o{y|{｠u｡u{z {r ｡tq y{p｢xm‾ r｢zo｡u{z｠ ｡tm｡ ymwq ｢| ｡tq Pm‾｠q‾ C{ynuzm｡{‾. E｣qz｡｢mxxｦ, u｡ ､m｠

pq｡q‾yuzqp ｡tm｡ ｢｠uzs puffq‾qz｡ ｡ｦ|q｠ {r pm｡m r{‾ puffq‾qz｡ oxm｠｠q｠ {r q‾‾{‾ mxx{､qp qmot ｠ymxx

r｢zo｡u{z ｡{ |m｠｠ {z {‾ tmzpxq ｡tq uz|｢｡ u｡ ､m｠ ‾qoqu｣uzs ur ｡tm｡ uz|｢｡ ､m｠ mz q‾‾{‾.

ｏ.ｍ.ｍ O｡tq‾ Lun‾m‾uq｠

Iz {‾pq‾ ｡{ fi｡ m ｠|xuzq ｡{ m z{u｠q |uqoq {r pm｡m, ｡tq ｠{x｢｡u{z ｡mwq｠ mp｣mz｡msq {r m ｠|xuzq fi｡｡uzs xun‾m‾ｦ

｡tm｡ u｠ r‾qqxｦ m｣muxmnxq {z )u｡t｢n. Or ｡tq {zq｠ ｡q｠｡qp, ｡tu｠ ､m｠ ｡tq rm｠｡q｠｡.

ｏ.ｎ ISSUES ENCOUNTERED & OVERCOME

ｏ.ｎ.ｌ Ct{y｠wｦ N{‾ymx ({‾y

Ttq ot{y｠wｦ z{‾ymx r{‾y s‾myym‾ r{‾ ｡tq s‾myym‾ pq｠o‾unqp uz ｡tq S|qoufiom｡u{z ２A||qzpu･

Ctm‾｡ ２u３３ omz nq ｠qqz uz Ctm‾｡ ２uu３ {r ｡tq A||qzpu･ mzp ｡tq ot{y｠wｦ z{‾ymx r{‾y s‾myym‾ r{‾ ｡tq

s‾myym‾ pq｠o‾unqp uz ｡tq S|qoufiom｡u{z ２A||qzpu･ Ctm‾｡ ２uuu３３３ omz nq ｠qqz uz Ctm‾｡ ２uu３ {r ｡tq

A||qzpu･. Iy|xqyqz｡uzs ｡tq CYK mxs{‾u｡ty u｠ z{｡{‾u{｢｠xｦ puffio｢x｡ ２yqpu｢y.o{y ２ｍｋｍｌ３３. D{uzs ｠{

｡{{w y｢ot x{zsq‾ ｡tmz q･|qo｡qp. I｡ ､m｠ q･|qo｡qp ｡tm｡ ｡tq uy|xqyqz｡m｡u{z ､{｢xp ｡mwq m‾{｢zp m pmｦ,

n｢｡ u｡ ‾q}｢u‾qp ｎ {‾ ｏ pmｦ ｡{ nq o{y|xq｡qp.

ｏ.ｎ.ｍ Dm｡m A｣muxmnuxu｡ｦ

Wtuxq |‾{p｢ouzs ｡tq |‾{|{｠mx r{‾ ｡tu｠ |‾{vqo｡ ‾q｠qm‾ot ､m｠ o{zp｢o｡qp uz｡{ ｡tq pm｡m ｡tm｡ u｠ mnxq ｡{ nq

o{xxqo｡qp r‾{y {oqmz n｢{ｦ｠ mzp ､m｠ mnxq ｡{ fizp ｡tm｡ ymzｦ n｢{ｦ｠ m‾q om|mnxq {r |‾{p｢ouzs tust

|‾qou｠u{z ｠｢‾rmoq tqust｡ pm｡m ２tust |‾qou｠u{z nquzs uz ｡tq ｌtｧ ‾mzsq３. H{､q｣q‾ ｢|{z m｡｡qy|｡uzs ｡{

‾q｡‾uq｣q pm｡m r‾{y n｢{ｦ｠ u｡ ､m｠ r{｢zp ｡tm｡, uz |‾mo｡u｠q, z{ n{｢ｦ q｣q‾ ‾qmxxｦ ｠｡{‾q｠ pm｡m m｡ ｡tu｠

r‾q}｢qzoｦ r{‾ q･｡qzpqp |q‾u{p｠. Ttq ｠my|xq ｌHｧ ｡uyq ｠q‾uq｠ ｡tm｡ tmp nqqz ｠qqz ､tuxq ‾q｠qm‾otuzs
ｍｋ
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m‾q {zxｦ q･my|xq｠. Iz｠｡qmp, y{｠｡ n｢{ｦ｠ |‾{p｢oq pm｡m m｡ m r‾q}｢qzoｦ {r ｌｐ ｠qo{zp｠ ｢| ｡{ ｔｋ yuz｢｡q｠

{‾ q｣qz x{zsq‾. Ttu｠ pm｡m u｠ ymzｦ {‾pq‾｠ {r ymszu｡｢pq m､mｦ r‾{y nquzs pu‾qo｡xｦ ｢｠qr｢x r{‾ yｦ

|｢‾|{｠q｠. Ttu｠ pm｡m ymｦ nq ｢｠qr｢x uz m ｠｢||xqyqz｡m‾ｦ rm｠tu{z n｢｡ u｠ xuwqxｦ z{｡ |‾qou｠q qz{｢st ｡{ ｢｠q

m｠ uz|｢｡ r{‾ m ､m｣q |m‾｠q‾.

Iz {‾pq‾ ｡{ |m‾｠q ､m｣q｠, m ｠{x｢｡u{z y｢｠｡ nq mnxq ｡{ mzmxｦ｠q ､m｣q pm｡m. Wu｡t{｢｡ m ｠｢u｡mnxq ｠{｢‾oq {r

pm｡m r‾{y n｢{ｦ｠, u｡ ､m｠ ‾q}｢u‾qp ｡tm｡ mz uz｣q｠｡usm｡u{z ｡mwq |xmoq uz ｠qm‾ot {r {｡tq‾ ｠{｢‾oq｠ {r pm｡m

r{‾ uz|｢｡. Ttq‾q m‾q ｠q｣q‾mx {|｡u{z｠ m｣muxmnxq tq‾q.

Sｦz｡tq｠u｠ - Ttq fi‾｠｡ {|｡u{z u｠ pm｡m ｠ｦz｡tq｠u｠. Ttq‾q m‾q ｠q｣q‾mx ‾qo{szu｠qp mxs{‾u｡ty｠ m｣muxmnxq r{‾

sqzq‾m｡uzs {oqmz ､m｣q｠, |q‾tm|｠ ｡tq y{｠｡ uy|xqyqz｡qp nquzs ｡tq Tq｠｠qzp{‾r Axs{‾u｡ty

２Tq｠｠qzp{‾r, J. ２ｌｔｔｔ３３. )‾qm｡ ､{‾w tm｠ nqqz p{zq uz ｡tq xm｠｡ rq､ ｦqm‾｠ ｢｠uzs ｡tu｠ mxs{‾u｡ty ｡{

sqzq‾m｡q {oqmz ､m｣q｠. Wq ｠qq m s‾qm｡ uy|xqyqz｡m｡u{z {r ｡tq mxs{‾u｡ty m｣muxmnxq m｠ m su｡t｢n

‾q|{｠u｡{‾ｦ ２su｡t｢n.o{y ２z.  p.３３. I｡ yust｡ nq |{｠｠unxq ｢｠uzs ｡tu｠ mxs{‾u｡ty ｡{ pq‾u｣q mz

{oqmz-｠｢‾rmoq-tqust｡-{｣q‾-｡uyq s‾m|t nｦ mzmxｦ｠uzs ｡tq {｢｡|｢｡ pm｡m. Ttq nqzqfi｡｠ {r ｢｠uzs ｡tu｠

｠otqyq {r pm｡m ｠ｦz｡tq｠u｠ u｠ ｡tm｡ ｡tq pm｡m u｠ |｠q｢p{-‾mzp{y mzp o{z｡‾{xxmnxq. Ttq p{､z｠upq｠ m‾q

｡uyq ｡mwqz ｡{ mx｡q‾ ｡tq o{pq uz ｡tq ‾q|{.

Hmzpo‾mヘuzs - Az{｡tq‾ yqmz｠ {r pm｡m ｠ｦz｡tq｠u｠ u｠ ｡{ tmzp-o‾mヘ ､m｣q｠ r{‾ ｡tq |m‾｠q‾. Ttq nqzqfi｡｠

{r ｡tu｠ ｠otqyq m‾q ｡tm｡ pm｡m u｠ q･mo｡xｦ m｠ ｡tq |‾{s‾my ‾q}｢u‾q｠ u｡, u｡ u｠ rm｠｡, mzp ｠|qoufio pm｡m ｠q｡｠ omz

nq o‾mヘqp. Ttq p{､z｠upq｠ m‾q ｡tm｡ ｡tq pm｡m u｠ o{y|xq｡qxｦ ｠ｦz｡tq｡uo.

)qzq‾m｡u{z - Az{｡tq‾ {|｡u{z u｠ pm｡m sqzq‾m｡u{z. Ttu｠ {|｡u{z ､m｠ ｢x｡uym｡qxｦ ｡tq {|｡u{z ｡tm｡ ｦuqxpqp

｡tq nq｠｡ ‾q｠｢x｡｠ mzp ｠uzoq u｡ u｠ ‾qmx ､m｣q pm｡m, |｢‾|{｠q-sqzq‾m｡qp r{‾ ｡tu｠ m||xuom｡u{z, o{｢xp nq

o{xxqo｡qp uz m ､mｦ ｡tm｡ ､{｢xp nq qm｠ｦ ｡{ |‾q｠qz｡ ｡{ ｡tq ｠{x｢｡u{z.

ｏ.ｎ.ｎ A Wm｣q Dm｡m M{nuxq Dq｣uoq Cm|｡｢‾q S{x｢｡u{z

Iz {‾pq‾ ｡{ sqzq‾m｡q pm｡m r{‾ ｡tq ｠{x｢｡u{z, m ｠q|m‾m｡q |uqoq {r ｠{ヘ､m‾q ､m｠ pq｠uszqp mzp

uy|xqyqz｡qp. Ttu｠ m||xuom｡u{z ｡mwq｠ ｡tq r{‾y {r m N{pqJS ､qn ｠q‾｣q‾ ｡tm｡ mxx{､｠ o{zzqo｡u{z｠ r‾{y

｡､{ WqnS{owq｡｠, {zq r‾{y m y{nuxq pq｣uoq q}｢u||qp ､u｡t mz mooqxq‾{yq｡q‾ ｠｢ot m｠ m y{nuxq |t{zq,

mzp mz{｡tq‾ r‾{y m pq｣uoq ､u｡t m ､qn-n‾{､｠q‾ ｠｢ot m｠ m xm|｡{| o{y|｢｡q‾. Ttq m||xuom｡u{z, {z n{{｡,

､mu｡｠ fi‾｠｡ r{‾ m WqnS{owq｡ o{zzqo｡u{z r‾{y m y{nuxq pq｣uoq ｡tm｡ u｠ qzmnxqp ､u｡t mz mooqxq‾{yq｡q‾.

Wtqz u｡ ‾qoqu｣q｠ ｡tm｡ o{zzqo｡u{z u｡ ｡tqz ､mu｡｠ r{‾ m WqnS{owq｡ o{zzqo｡u{z r‾{y m ､qn-n‾{､｠q‾.

Ozoq n{｡t m‾q o{zzqo｡qp m｡ ｡tq ｠myq ｡uyq, ｡tq m||xuom｡u{z, ｢｠uzs r‾{z｡-qzp Jm｣m｠o‾u|｡, ｡mwq｠ xu｣q

mooqxq‾{yq｡q‾ pm｡m r‾{y ｡tq y{nuxq pq｣uoq ｡tm｡ tm｠ mz mooqxq‾{yq｡q‾ mzp n‾{mpom｠｡｠ u｡ mo‾{｠｠ ｡tq

zq｡､{‾w ｡{ ｡tq ｠q‾｣q‾ ､tuot n‾{mpom｠｡｠ ｡tm｡ pm｡m ｡{ ｡tq ､qn-n‾{､｠q‾ r{‾ xu｣q ｣uq､uzs {r ｡tq pm｡m,

mzp o{xxm｡q｠ ｡tm｡ pm｡m uz {‾pq‾ ｡{ ｠m｣q ｡tm｡ pm｡m ｡{ fixq ､tqz ｡tq m||xuom｡u{z u｠ }｢u｡.

Ttu｠ |uqoq {r ｠{ヘ､m‾q, ､tuxq {zxｦ z｢ynq‾uzs m rq､ t｢zp‾qp xuzq｠ {r o{pq uzox｢puzs ｡tq ｠q‾｣q‾ mzp

oxuqz｡｠, u｠ rmu‾xｦ o{y|xq･ p｢q ｡{ t{､ u｡ tm｠ ｡{ v｢ssxq WqnS{owq｡｠ mzp ｡{{w m rq､ pmｦ｠ ｡{ o‾qm｡q mzp

｡｢zq.

ｍｌ
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ｏ.ｎ.ｏ Aooqxq‾m｡u{z pm｡m yuyuo｠ ､m｣q tqust｡ pm｡m ､qxx

U｠uzs m y{nuxq pq｣uoq'｠ mooqxq‾{yq｡q‾｠ u｡ u｠ |{｠｠unxq ｡{ sqzq‾m｡q pm｡m r‾{y ｡tq ｠｢‾rmoq {r ｡tq ､m｡q‾

nｦ |xmouzs ｡tq y{nuxq pq｣uoq {z ｡{| {r  m n{m｡⊥｠ ｠qm o{y|m｠｠ ２zqsm｡uzs ‾{xx mzp |u｡ot３. Pm‾｠uzs

｠｢‾rmoq pm｡m mzp |m‾｠uzs mooqxq‾{yq｡q‾ pm｡m m‾q puffq‾qz｡. Bqzpq‾, L. C., )｢uzm｠｠{, N. L., mzp

Wmx|q‾｡ J. N. ２ｍｋｋｔ３ pu｠o｢｠｠ t{､ ox{｠q mz m||‾{･uym｡u{z {r ､m｣q ｠｢‾rmoq tqust｡ omz nq motuq｣qp nｦ

x{{wuzs m｡ mooqxq‾{yq｡q‾ pm｡m. Ttq‾q u｠ m‾{｢zp m ｐ% yu｠｠-q｠｡uym｡u{z r‾{y ｢｠uzs ｡tu｠ ｡qotzu}｢q,

t{､q｣q‾; ｠uzoq ､m｣q pm｡m ､m｠ oxm｠｠ufiqp mヘq‾ ｡tq o{xxqo｡u{z {r ｡tq pm｡m - ｡tq mo｡｢mx pm｡m ｡tm｡ ｡tq

o{xxqo｡qp pm｡m ‾q|‾q｠qz｡｠ u｠ u‾‾qxq｣mz｡ ur ｡tq oxm｠｠ufiom｡u{z {r ｡tq ､m｣q｠ {oo｢‾｠ mヘq‾ o{xxqo｡u{z. Ttm｡

u｠ ｡{ ｠mｦ, ｡tq q･|q‾uyqz｡ ‾q}｢u‾q｠ ｠{yq｡tuzs ｡tm｡ x{{w｠ xuwq ､m｣q pm｡m mzp u｠ ｠{yq､tm｡ z{u｠ｦ m｠ ‾qmx

pm｡m {ヘqz u｠. Bｦ sqzq‾m｡uzs ､m｣q pm｡m mzp ｡tqz oxm｠｠urｦuzs u｡, ｡tq q･|q‾uyqz｡ u｠ |‾{｣upqp ､u｡t s{{p

s‾{｢zp ｡‾｢｡t.

ｏ.ｎ.ｐ Luyu｡m｡u{z｠

Iz |‾mo｡u｠q, ｡tq ｠｡mow mzp tqm| n{｡t |‾q｠qz｡ u｠｠｢q｠ ､tqz ｢｠uzs m Pm‾｠q‾ C{ynuzm｡{‾ mzp m CYKA.

Suzoq m Pm‾｠q‾ C{ynuzm｡{‾ u｠ m ‾qo｢‾｠u｣q r｢zo｡u{z, u｡ u｠ |{｠｠unxq ｡{ ‾qmot ｡tq ym･uy｢y omxx ｠｡mow

｠uｧq {r ｡tq Vｓ Jm｣m｠o‾u|｡ uy|xqyqz｡m｡u{z ‾m｡tq‾ }｢uowxｦ. Ozq {r ｡tq xuyu｡m｡u{z｠ {r ｢｠uzs m

tustq‾-xq｣qx xmzs｢msq u｠ ｡tm｡ uz {‾pq‾ ｡{ smuz ｠｢ot ｡tuzs｠ m｠ sm‾nmsq o{xxqo｡u{z mzp r｢zo｡u{z｠ m｠

fi‾｠｡-oxm｠｠-｣m‾umnxq｠, u｡ u｠ zqoq｠｠m‾ｦ ｡{ ｡‾mpq {ff yqy{‾ｦ qffiouqzoｦ. Suzoq ｡tq CYKA |‾{p｢oq｠ m xm‾sq

｡mnxq uz yqy{‾ｦ, u｡ u｠ |{｠｠unxq ｡{ o‾m｠t ｡tq tqm| ､tqz m｡｡qy|｡uzs ｡{ ‾qmp ｠qz｡qzoq｠ {r xqzs｡t

s‾qm｡q‾ ｡tmz m‾{｢zp ｍｒｋｋ otm‾mo｡q‾｠. Ttu｠ u｠ m ｠uszufiomz｡ my{｢z｡ {r pm｡m ‾q|‾q｠qz｡uzs m‾{｢zp mz

t{｢‾ {r ､m｣q pm｡m - rm‾ y{‾q ｡tmz ､{｢xp nq ‾q}｢u‾qp r{‾ ｡tq m｣q‾msq |m‾｠q.

ｏ.ｎ.ｑ I｠{y{‾|tu｠y

Jm｣m｠o‾u|｡ u｠ u｠{y{‾|tuo uz ｡tq o{z｡q･｡ {r ､qn m||xuom｡u{z pq｠usz. Ttu｠ yqmz｠ ｡tm｡ ｡tq q･mo｡ ｠myq

xmzs｢msq u｠ ｢｠qp r{‾ ｡tq r‾{z｡-qzp o{pq m｠ u｠ ｢｠qp r{‾ ｡tq nmow-qzp o{pq. N{｡ {zxｦ p{q｠ ｡tu｠ ｠m｣q

pq｣qx{|yqz｡ ｡uyq uz ｡q‾y｠ {r ｡tq yqz｡mx o{｠｡ uzo｢‾‾qp nｦ tm｣uzs ｡{ ｠､u｡ot o{z｡q･｡ nq｡､qqz

xmzs｢msq｠ ､tuxq pq｣qx{|uzs zq｡､{‾wqp m||xuom｡u{z｠, n｢｡ u｡ yqmz｠ ｡tm｡ ｠q‾umxu｠qp pm｡m ｠｡‾｢o｡｢‾q｠ mzp

q｣qz o{pq omz nq ｠tm‾qp nq｡､qqz ｡tq r‾{z｡-qzp mzp nmow qzp m｡ {zoq p｢‾uzs ‾｢z｡uyq. Wtqz

qzo{｢z｡q‾uzs u｠｠｢q｠ ､u｡t pm｡m m｣muxmnuxu｡ｦ, u｡ ､m｠ ‾qxm｡u｣qxｦ ｠｡‾must｡r{‾､m‾p ｡{ }｢uowxｦ |‾{｡{｡ｦ|q m

､m｣q om|｡｢‾q ｠q‾｣q‾ ｢｠uzs Jm｣m｠o‾u|｡ ｠uzoq I pupz⊥｡ tm｣q ｡{ ｠､u｡ot o{z｡q･｡ ｡{ mz{｡tq‾ xmzs｢msq uz

{‾pq‾ ｡{ moo{y|xu｠t m ｠upq-｡m｠w.

ｍｍ
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ｐ. EVALUATION AND RESULTS
ｐ.ｌ PRECISION & PER(ORMANCE

Wtqz pq｠uszuzs ｡tq ｠{x｢｡u{z, u｡ ､m｠ uy|{‾｡mz｡ ｡tm｡ u｡ nq |{｠｠unxq ｡{ ｠qz｠unxｦ pqy{z｠｡‾m｡q ｡tq

|‾qou｠u{z mzp |q‾r{‾ymzoq {r ｡tq ｠qxqo｡qp yq｡t{p｠ mzp ｠｢n-|‾{oq｠｠q｠ ｡tm｡ ymwq ｢| ｡tq ｠{x｢｡u{z. Iz

{‾pq‾ ｡{ ｡q｠｡ ｡tq |‾qou｠u{z mzp |q‾r{‾ymzoq {r ｡tq yq｡t{p｠ ot{｠qz, ｡tq ｠{x｢｡u{z |q‾r{‾y｠ ｡､{ ｡ｦ|q｠

{r mzmxｦ｠u｠. (u‾｠｡, ｡tq ｠{x｢｡u{z u｠ mnxq ｡{ pq｡q‾yuzq t{､ |‾qou｠q ｡tq yq｡t{p｠ m‾q nｦ sqzq‾m｡uzs m

o{zr｢｠u{z ym｡‾u･ mzp pq‾u｣m｡u{z｠ ｡tq‾q{r. Ttu｠ mxx{､｠ ｡tq ｠{x｢｡u{z ｡{ ymwq m pq｡q‾yuzm｡u{z mn{｢｡

t{､ qffiomou{｢｠ ｡tq yq｡t{p｠ m‾q. Sqo{zp, ｡tq ｠{x｢｡u{z u｠ mnxq ｡{ pq｡q‾yuzq t{､ qffiouqz｡ ｡tq

yq｡t{p｠ m‾q nｦ o{xxqo｡uzs ｡tqu‾ yqy{‾ｦ ｢｠msq mzp ｡uyq ｡mwqz ｡{ |m‾｠q m ｠qz｡qzoq. Bｦ ymwuzs

‾qrq‾qzoq ｡{ ｡tq ｠｡m｡u｠｡uo｠ ｡tm｡ m yq｡t{p q･tunu｡｠ u｡ u｠ |{｠｠unxq ｡{ ymwq m pu｠｡uzo｡u{z nq｡､qqz

yq｡t{p｠ ｡tm｡ tm｣q m ｠uyuxm‾ xq｣qx {r |‾qou｠u{z. ({‾ q･my|xq, u｡ ymｦ nq ｡tm｡ {zq yq｡t{p {r |m‾｠uzs {‾

|‾q|‾{oq｠｠uzs u｠ v｢｠｡ m｠ qffiomou{｢｠ m｠ mz{｡tq‾ yq｡t{p n｢｡ ｡tm｡ ｡tq‾q q･u｠｡｠ m z{｡mnxq puffq‾qzoq

nq｡､qqz ｡tq ｡､{ yq｡t{p｠ uz ｡q‾y｠ {r ｡tqu‾ ｠|qqp {‾ ｡tq my{｢z｡ {r yqy{‾ｦ ｡tqｦ o{z｠｢yq. Ir {zxｦ m

rq､ pqs‾qq｠ {r moo｢‾moｦ m‾q x{｠｡ n｢｡ {zq yq｡t{p |‾{｣q｠ y｢ot rm｠｡q‾ {‾ o{z｠｢yq｠ y｢ot xq｠｠ yqy{‾ｦ

｡tmz mz{｡tq‾ yq｡t{p, ｡tqz u｡｠ m||xuomnuxu｡ｦ r{‾ m ｢｠q om｠q u｠ oq‾｡muzxｦ tustq‾. C{z｣q‾｠qxｦ, q｣qz ur m

yq｡t{p u｠ rm｠｡q‾ {‾ ｢｠q｠ xq｠｠ yqy{‾ｦ ｡tmz mz{｡tq‾ ｡tqz u｡｠ m||xuomnuxu｡ｦ u｠ oq‾｡muzxｦ x{､q‾.

ｐ.ｌ.ｌ )‾{｢zp T‾｢｡t mzp Tq｠｡uzs Bｦ-P‾{･ｦ

Iz {‾pq‾ ｡{ ｡q｠｡ ｡tq qffqo｡u｣qzq｠｠ {r ｡tq |m‾｠uzs yq｡t{p｠ uz｣q｠｡usm｡qp, ｡tq ｠{x｢｡u{z ｡q｠｡｠ qmot |m‾｠q

nｦ |‾{･ｦ. Ttm｡ u｠, uz {‾pq‾ ｡{ ｡q｠｡ m yq｡t{p, m ｠{x｢｡u{z om｡qs{‾u｠q｠ qmot |m‾｠uzs m｡｡qy|｡ nｦ ､tq｡tq‾

{‾ z{｡ ｡tq |m‾｠q ｠｢ooq｠｠r｢xxｦ upqz｡ufiq｠ ､tq｡tq‾ {‾ z{｡ m ｣q｠｠qx ｠t{｢xp nq mnxq ｡{ ymwq ｠mrq |m｠｠msq

mo‾{｠｠ ｡tq ､m｣q｠ uz ｡tq ｡uyq ｠q‾uq｠ ‾q|‾q｠qz｡qp nｦ ｡tq ｠qz｡qzoq ｡tm｡ ､m｠ |m‾｠qp. )u｣qz ｡tm｡ u｡ u｠ z{｡

|{｠｠unxq ｡{ tm｣q {‾ ｡{ o‾qm｡q |q‾rqo｡ s‾{｢zp-｡‾｢｡t msmuz｠｡ ､tuot mz q｣mx｢m｡u{z {r |‾qou｠u{z omz nq

ympq, u｡ ､m｠ zqoq｠｠m‾ｦ ｡{ sqzq‾m｡q m｠ s{{p mz m||‾{･uym｡u{z m｠ o{｢xp nq ympq {r s‾{｢zp ｡‾｢｡t uz

{‾pq‾ ｡{ pq｡q‾yuzq ｡tq qffiomoｦ {r ｡tq ｠qxqo｡qp yq｡t{p｠. Iz {‾pq‾ ｡{ p{ ｡tu｠ m ｠my|xq {r ｍｋｋ pm｡m ｠q｡｠

{r ｣m‾ｦuzs xqzs｡t｠ ､q‾q uz｡q‾|‾q｡qp nｦ yｦ｠qxr mzp, ｢｠uzs t｢ymz |q‾oq|｡u{z mzp ｠|qoumxu｠qp

wz{､xqpsq {r ､m｣q nqtm｣u{｢‾ uz ｡tq o{z｡q･｡ {r ｣q｠｠qx ｠mrq｡ｦ, ､q‾q oxm｠｠ufiqp m｠ qu｡tq‾ ‾q|‾q｠qz｡uzs m

pmzsq‾ {‾ z{｡ ｡{ ｡t‾qq n{m｡｠ {r ｣m‾ｦuzs ｠uｧq. Ttu｠ oxm｠｠ufiqp pm｡m ､m｠ ｡tqz o{z｠upq‾qp ｡{ nq s‾{｢zp

｡‾｢｡t msmuz｠｡ ､tuot y{‾q o{zo‾q｡q mzmxｦ｠u｠ o{｢xp nq o{zp｢o｡qp. U｠uzs ｡tq｠q ｍｋｋ oxm｠｠ufiqp pm｡m ｠q｡｠,

ｐ |‾q|‾{oq｠｠{‾｠ ２{r ､tuot ｌ ､m｠ m o{z｡‾{x ､tuot |q‾r{‾y｠ z{ {|q‾m｡u{z３, ｍｋ ｠qz｠u｡u｣u｡ｦ ｠q｡｡uzs｠ mzp

ｎ ｣q｠｠qx｠, ｑｋｋｋｋ ｡q｠｡｠ ､q‾q ｠｢nvqo｡ ｡{ qmot |m‾｠uzs yq｡t{p. T｢zuzs pm｡m ､m｠ mx｠{ ｢｠qp uz ｡tq

o{z｠｡‾｢o｡u{z {r ｡tq |m‾｠q‾｠. Ttu｠ pm｡m ､m｠ tmzp-sqzq‾m｡qp mzp fi｡-｡{-|｢‾|{｠q ､u｡t ｡tq uz｡qz｡u{z

｡tm｡ ｡tq |m‾｠q‾｠ nq mnxq ｡{ om｡qs{‾u｠q ｡tqy, mzp m｠ ｠｢ot p{q｠ z{｡ r{‾y |m‾｡ {r ｡tq ｍｋｋ pm｡m ｠q｡｠

､tuot ､q‾q ｢｠qp ｡{ ｡q｠｡ ｡tq |m‾｠q‾｠.

ｍｎ
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ｐ.ｌ.ｍ P‾qou｠u{z - C{zr｢｠u{z Mm｡‾uoq｠, Aoo｢‾moｦ mzp ｡tq Mm｡｡tq､｠ C{‾‾qxm｡u{z C{qffiouqz｡

C{zr｢｠u{z ym｡‾uoq｠ ､q‾q sqzq‾m｡qp nｦ ｡tq ｠{x｢｡u{z r{‾ qmot {r ｡tq yq｡t{p｠, r{‾ qmot {r ｡tq

|‾q|‾{oq｠｠{‾｠, mzp r{‾ qmot {r ｡tq ｠qz｠u｡u｣u｡ｦ ｠q｡｡uzs｠ ｠q|m‾m｡qxｦ. C{xxqo｡uzs ｠q|m‾m｡q ｠q｡｠ {r

o{zr｢｠u{z ym｡‾uoq｠ mxx{､｠ ｡tq ｠{x｢｡u{z ｡{ |‾q｠qz｡ m o{y|‾qtqz｠u｣q o{y|m‾u｠{z {r ｡tq ‾q｠｢x｡｠ {r

｢｠uzs qmot yq｡t{p, {r m||xｦuzs qmot |‾q|‾{oq｠｠{‾, mzp {r |‾{｣upuzs ｡tq ｠ｦ｠｡qy ､u｡t m puffq‾qz｡

｠qz｠u｡u｣u｡ｦ r{‾ oxm｠｠urｦuzs |qmw｠ mzp ｡‾{｢st｠.

ｐ.ｌ.ｎ Pq‾r{‾ymzoq - Hqm| ｢｠msq mzp Tuyq ｡mwqz

Mqm｠｢‾uzs ｡tq ｡uyq ｡mwqz mzp tqm| yqy{‾ｦ ｢｠qp r{‾ m yq｡t{p {‾ ｠｢n-|‾{oq｠｠ ｡{ o{y|xq｡q

q･qo｢｡u{z u｠ ｢zpq‾｡mwqz nｦ ｡tq ｠{x｢｡u{z uz {‾pq‾ ｡{ sm｡tq‾ ｠｡m｡u｠｡uomx pm｡m ‾qxm｡uzs ｡{ qmot yq｡t{p

mzp ｠｢n-|‾{oq｠｠. Bｦ p{uzs ｡tu｠, u｠ u｡ |{｠｠unxq ｡{ m｠oq‾｡muz ｡tq ｣umnuxu｡ｦ {r ｡tq yq｡t{p｠ uz｣q｠｡usm｡qp.

Ttu｠ u｠ mz uy|{‾｡mz｡ yq｡‾uo r{‾ mzｦ o{y|｢｡uzs ｡m｠w m｠ u｡ omz su｣q mz uzpuom｡u{z {r {｣q‾mxx ｢｠qr｢xzq｠｠

- ‾m｡tq‾ ｡tmz v｢｠｡ |‾qou｠u{z. Ir ｡､{ mxs{‾u｡ty｠ m‾q mnxq ｡{ |q‾r{‾y ｡tq ｠myq ｡m｠w ｡{ ｡tq ｠myq pqs‾qq

｡tqz u｡ u｠ |{｠｠unxq ｡{ uzpuom｡q ､tuot u｠ nq｡｡q‾ nｦ ‾qrq‾qzoq ｡{ t{､ o{z｠｡‾muzqp {zq {‾ ｡tq {｡tq‾ u｠ uz

｡q‾y｠ {r t{､ y｢ot yqy{‾ｦ ｡tq mxs{‾u｡ty ‾q}｢u‾q｠ {‾ t{､ x{zs u｡ ｡mwq｠ ｡{ o{y|xq｡q ｡tm｡ ｡m｠w. Iz

｡tu｠ ､mｦ ､q m‾q mnxq ｡{ o{ynuzq |‾qou｠u{z mzp |q‾r{‾ymzoq ｡{ o{y|m‾q ｡tq ｠qxqo｡qp yq｡t{p｠ mzp

|‾q|‾{oq｠｠{‾｠

ｐ.ｍ COMPARIN) METHODS

I｡ u｠ |{｠｠unxq r‾{y ｡tq pm｡m ‾q｡｢‾zqp nｦ ｡tq ｠{x｢｡u{z

uz u｡｠ q｣mx｢m｡u{z |tm｠q ｡{ qffqo｡u｣qxｦ o{y|m‾q ｡tq

｡､{ yq｡t{p｠, ｐ |‾q|‾{oq｠｠{‾｠, mzp ｍｋ |qmw-fizpuzs

｠qz｠u｡u｣u｡ｦ ｠q｡｡uzs｠ uz ｡q‾y｠ {r |‾qou｠u{z mzp

|q‾r{‾ymzoq. Wu｡t ‾qrq‾qzoq ｡{ A||qzpu･ uuu, u｡ u｠

|{｠｠unxq ｡{ z{｡q ｡tq puffq‾qzoq nq｡､qqz ｡tq

|‾qou｠u{z {r ｡tq ｡､{ |m‾｠uzs yq｡t{p｠ m｠ ｡tqｦ ､q‾q

‾qo{‾pqp p｢‾uzs ｡tq o{z｡‾{x ｡q｠｡｠ ､tq‾q z{

|‾q|‾{oq｠｠{‾｠ ､q‾q mo｡uzs. Ttq‾q u｠ m ym‾wqp

puffq‾qzoq, ､u｡t ｡tq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾

nquzs ｍ% y{‾q |‾qou｠q uz ｡q‾y｠ {r moo｢‾moｦ mzp ｍ%

y{‾q |‾qou｠q uz ｡q‾y｠ {r ｡tq Mm｡｡tq､｠ C{‾‾qxm｡u{z C{qffiouqz｡. Ttu｠ omz nq ｠qqz uz (us｢‾q ｌ

２A||qzpu･ uuu３. H{､q｣q‾, ｡tq puffq‾qzoq uz ｡q‾y｠ {r ｡tq z｢ynq‾ {r rmx｠q |{｠u｡u｣q｠ mzp zqsm｡u｣q｠

nq｡､qqz ｡tq ｡､{ yq｡t{p｠ u｠ }｢u｡q ｠｡‾uwuzs. Ttq A｡｡‾un｢｡q )‾myym‾ |‾{p｢oq｠ ｡t‾qq ｡uyq｠ rq､q‾ rmx｠q

|{｠u｡u｣q｠ n｢｡ ｐｋ% y{‾q rmx｠q zqsm｡u｣q｠. Ttu｠ omz nq ｠qqz uz ｡tq A||qzpu･ ２Ctm‾｡ ２｣uuu３ mzp ２u･３３. Iz

｡tu｠ ‾q｠|qo｡, ｡tq A｡｡‾un｢｡q )‾myym‾ u｠ y{‾q om｢｡u{｢｠ ｡tmz ｡tq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾. Iz m

om｡qs{‾u｠m｡u{z ｡m｠w ､tq‾q rmx｠q |{｠u｡u｣q｠ m‾q o{z｠upq‾qp ｢zpq｠u‾mnxq, ｡tq A｡｡‾un｢｡q )‾myym‾ u｠

oxqm‾xｦ ｡tq ｠｢|q‾u{‾ |m‾｠q‾. Iz ｡tq o{z｡q･｡ {r ｣q｠｠qx ｠mrq｡ｦ, rmx｠q |{｠u｡u｣q｠ m‾q ｡tq y{｠｡ uy|{‾｡mz｡
ｍｏ
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m｠|qo｡ {r m |m‾｠q‾⊥｠ om|mnuxu｡uq｠ ｠uzoq q｣qz {zq rmx｠q |{｠u｡u｣q o{｢xp |｢｡ m ｣q｠｠qx uz pmzsq‾ ur u｡ ､q‾q

‾qxｦuzs {z ｠｢ot m ｠ｦ｠｡qy r{‾ u｡｠ ｠mrq｡ｦ. ({‾ ｡tu｠ ‾qm｠{z, A｡｡‾un｢｡q )‾myym‾ tm｠ |‾{｣qz u｡｠qxr ｡tq

y{‾q m||‾{|‾um｡q |m‾｠q‾ r{‾ ｡tq ｡m｠w.

E｣qz {z ｠ymxx ｠q｡｠ {r ２ｌｋｋ |{uz｡｠３ pm｡m ２‾q|‾q｠qz｡uzs m‾{｢zp ｌｋ ｠qo{zp｠３ ｡tq m｡｡‾un｢｡q |m‾｠q‾

{｢｡|q‾r{‾y｠ ｡tq |m‾｠uzs q･|‾q｠｠u{z s‾myym‾ uz ｡q‾y｠ {r rmx｠q zqsm｡u｣q upqz｡ufiom｡u{z, t{､q｣q‾ ｡tq

|q‾r{‾ymzoq puffq‾qzoq u｠ z{｡ zqsxusunxq, m｠ omz nq ｠qqz uz (us｢‾q｠ ｍ mzp ｎ nqx{､.

D｢q ｡{ ｡tq zm｡｢‾q {r ｡tq ､mｦ ｡tm｡ ｡tq C() ｡tm｡ ymwq｠ ｢| ｡tq A｡｡‾un｢｡q Pm‾｠q‾ u｠ |m‾｠qp, ｡tq

|q‾r{‾ymzoq puffq‾qzoq o{z｡uz｢q｠ ｡{ nq mz u｠｠｢q r{‾ xm‾sq‾ ｠q｡｠ {r pm｡m mzp ｡tq xm‾sq‾ ｡tq ｠q｡ {r pm｡m,

｡tq xm‾sq‾ ｡tq pu｠|m‾u｡ｦ nq｡､qqz ｡tq |q‾r{‾ymzoq puffq‾qzoq. Ttq uzo‾qm｠q uz ｡uyq ｡mwqz mzp

yqy{‾ｦ ｢｠qp r{‾ ｡tq PE) uzo‾qm｠q｠ Luzqm‾xｦ ､u｡t ｡tq ｠uｧq {r ｡tq uz|｢｡ ｠qz｡qzoq, ､tuxq ｡tq uzo‾qm｠q

uz ｡uyq ｡mwqz mzp yqy{‾ｦ ｢｠qp r{‾ ｡tq A｡｡‾un｢｡q |m‾｠q‾ uzo‾qm｠q｠ P{xｦz{yumxxｦ ２uz ｡tq {‾pq‾ ｎ３.

Iz {｡tq‾ om｠q｠ ､tq‾q ｡tq ｠｡‾uzsqzoｦ r{‾ rmx｠q |{｠u｡u｣q upqz｡ufiom｡u{z u｠ z{｡ ｠{ ｠｡‾{zs, ｡tq

o{ynuzm｡u{z {r |q‾r{‾ymzoq mzp |‾qou｠u{z ｡tm｡ ｡tq |m‾｠uzs q･|‾q｠｠u{z s‾myym‾ q･tunu｡｠ ymwq u｡ m

y{‾q ｢｠mnxq |m‾｠q‾ Rqsq･q｠ m‾q |{､q‾r｢x, {|｡uyu｠qp ｡{{x｠ mzp ｡tq {|｡uyu｠m｡u{z nqzqfi｡｠ ｡tm｡ |m‾｠uzs

q･|‾q｠｠u{z s‾myym‾｠ smuz r‾{y ｢｠uzs ｡tqy |xmｦ m |m‾｡ uz ､tｦ ｡tqｦ m‾q ｠{ qffiouqz｡. Az{｡tq‾ ‾qm｠{z

､tｦ ｡tq |m‾｠uzs q･|‾q｠｠u{z s‾myym‾ u｠ ｠{ y｢ot rm｠｡q‾ ｡tmz ｡tq m｡｡‾un｢｡q s‾myym‾ u｠ ｠｢‾qxｦ u｡｠

rmux-rm｠｡ }｢mxu｡uq｠. Bｦ q･|xuou｡xｦ pq｠o‾unuzs mzp {‾pq‾uzs ｡t{｠q oxm｠｠ufiom｡u{z ｡tm｡ omz nq ympq

uyyqpum｡qxｦ m｡ ｡tq r‾{z｡ {r ｡tq {‾pq‾qp xu｠｡ {r |m‾｠q‾｠ ｡tm｡ m |m‾｠uzs q･|‾q｠｠u{z s‾myym‾ ｢｡uxuｧq｠,

｡tq yq｡t{p u｠ mnxq ｡{ }｢uowxｦ upqz｡urｦ mzp ‾qvqo｡ oq‾｡muz oxm｠｠q｠ {r oxm｠｠ufiom｡u{z ｣q‾ｦ }｢uowxｦ. Iz

{‾pq‾ r{‾ ｡tq m｡｡‾un｢｡q |m‾｠q‾ ｡{ nq qffqo｡u｣q, mzｦ |‾{p｢o｡u{z ｠ｦ｠｡qy ｡tm｡ ､u｠tq｠ ｡{ ｡mwq mp｣mz｡msq {r

u｡ y｢｠｡ ｡mwq uz｡{ o{z｠upq‾m｡u{z ｡tq ｠ymxx pm｡m ｠q｡｠ r{‾ ､tuot u｡ u｠ nq｠｡ ｠｢u｡qp nｦ |‾q｠qz｡uzs u｡ ､u｡t

ｍｐ
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‾qxm｡u｣qxｦ ｠ymxx pm｡m ｠q｡｠. Ttu｠ ､mｦ, ｡tq rmx｠q zqsm｡u｣q upqz｡ufiom｡u{z ｡tm｡ ｡tq yq｡t{p q･tunu｡｠ omz nq

xq｣q‾msqp ､u｡t{｢｡ uzo｢‾‾uzs ｡tq m｠｠{oum｡qp ｡uyq mzp yqy{‾ｦ o{｠｡｠ ｡tm｡ o{yq ､u｡t ｢｠uzs u｡.

ｐ.ｎ COMPARIN) PREPROCESSORS

Ttq qffqo｡u｣qzq｠｠ mzp ｢｠qr｢xzq｠｠ {r ｡tq |‾q|‾{oq｠｠uzs yq｡t{p｠ ｠qxqo｡qp r{‾ uz｣q｠｡usm｡u{z puffq‾qp

､uxpxｦ. Iz (us｢‾q ｏ ２‾ust｡３, Aoo｢‾moｦ, Mm｡｡tq､ C{‾‾qxm｡u{z C{qffiouqz｡, (mx｠q P{｠u｡u｣q Rm｡q mzp (mx｠q

Nqsm｡u｣q Rm｡q m‾q ｠t{､z r{‾ qmot

P‾qP‾{oq｠｠{‾ r{‾ ｡tq Pm‾｠uzs E･|‾q｠｠u{z

)‾myym‾. Iz ｡tq o{z｡‾{x ｡q｠｡ ２N{zq３ ｡tq

Aoo｢‾moｦ u｠ ｓｐ%, ｡tq Mm｡｡tq､ C{‾‾qxm｡u{z

C{qffiouqz｡ u｠ ｒｌ%, (mx｠q P{｠u｡u｣q Rm｡q u｠ ｔ%,

mzp ｡tq (mx｠q Nqsm｡u｣q Rm｡q u｠ ｌｔ%. Ttq rmx｠q

|{｠u｡u｣q mzp zqsm｡u｣q ‾m｡q｠ m‾q ‾qxm｡u｣qxｦ x{､

mzp m｠ ｠｢ot ｡tq moo｢‾moｦ mzp Mm｡｡tq､

C{‾‾qxm｡u{z C{qffiouqz｡ m‾q ‾qxm｡u｣qxｦ tust.

(｢xx pm｡m u｠ m｣muxmnxq uz ｡tq A||qzpu･ ２Ctm‾｡

２｣uuu３ mzp ２u･３３. Mqpumz fix｡q‾uzs mzp S|xuzq

fi｡｡uzs tm｣q o{y|m‾mnxq moo｢‾mouq｠, n｢｡ ｡tq

rmx｠q |{｠u｡u｣q ‾m｡q r{‾ ｠|xuzq fi｡｡uzs u｠ y｢ot

tustq‾ ｡tmz yqpumz fix｡q‾uzs m｠ ｠｢ot ｡tq

yqpumz fix｡q‾uzs u｠ su｣qz m tustq‾ Mm｡｡tq､

C{‾‾qxm｡u{z C{qffiouqz｡ ｡tmz ｠|xuzq fi｡｡uzs. B{｡t m｡｡qy|｡｠ m｡ m |q‾u{puo fix｡q‾uzs ､q‾q o{y|xq｡qxｦ

｢z｠｢ooq｠｠r｢x, n{｡t ｠t{､uzs m ｌｋｋ% rmx｠q |{｠u｡u｣q ‾m｡q. Cxqm‾xｦ ｡tq｠q ｡､{ m‾q z{｡ ｢｠qr｢x r{‾ ｡tq

|｢‾|{｠q ｠uzoq, uz ｡tq o{z｡q･｡ {r ｣q｠｠qx ｠mrq｡ｦ, rmx｠q |{｠u｡u｣q｠ ‾q|‾q｠qz｡ ｡tq y{｠｡ uy|{‾｡mz｡ yq｡‾uo.

Ttq ｠qm‾ot r{‾ m ｢｠qr｢x |‾q|‾{oq｠｠{‾ ､m｠ z{｡ m ｠｢ooq｠｠ uz ｡tu｠ uz｣q｠｡usm｡u{z. Axx |‾q|‾{oq｠｠{‾｠

uz｣q｠｡usm｡qp pup z{｡ q･tunu｡ pq｠u‾mnxq otm‾mo｡q‾u｠｡uo｠ uz ｡q‾y｠ {r |‾qou｠u{z.

ｐ.ｏ APPRAISIN) THE SOLUTION

ｐ.ｏ.ｌ Ttq C{‾q mzp C{xxqo｡u{z｠

I｡ u｠ puffio｢x｡ ｡{ pq｡q‾yuzq ､tq｡tq‾ ｡tq yq｡t{p｠ ot{｠qz xmow s‾qm｡q‾ moo｢‾moｦ p｢q ｡{ m xmow {r

|‾qou｠u{z, {‾ m xmow {r ｡‾｢qzq｠｠. Iz ｡tu｠ o{z｡q･｡ ｡tq ､{‾p｠ moo｢‾moｦ, |‾qou｠u{z, mzp ｡‾｢qzq｠｠ m‾q nquzs

｢｠qp uz m ｠xust｡xｦ puffq‾qz｡ ｠qz｠q ｡tm｡ uz ｡tu｠ xm｠｡ otm|｡q‾. Ttq fis｢‾q nqx{､ m｡｡qy|｡｠ ｡{ pq｠o‾unq ｡tq

puffq‾qzoq nq｡､qqz |‾qou｠u{z mzp ｡‾｢qzq｠｠ ､u｡t mzmx{sｦ ｡{ mz m‾otq‾ｦ ｡m‾sq｡ ｠t{､z nqx{､

２Wuwu|qpum ｍｋｍｋ３. Oz ｡tq xqヘ u｡ u｠ |{｠｠unxq ｡{ ｠qq mz uxx｢｠｡‾m｡u{z {r x{､ moo｢‾moｦ p｢q ｡{ m xmow {r

|‾qou｠u{z. Ttq nxmow p{｡｠ {z ｡tq xqヘ-tmzp ｡m‾sq｡ ｠｢‾‾{｢zp ｡tq oqz｡q‾ {r ｡tq ｡m‾sq｡ mzp ｡tq yup|{uz｡

{r ｡tq｠q ｠t{｡｠ u｠ ‾{｢stxｦ oqz｡‾mx ｡{ ｡tq n｢xx｠qｦq {z ｡tq ｡m‾sq｡. Ttq nxmow p{｡｠ {z ｡tq ‾ust｡-tmzp
ｍｑ
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｡m‾sq｡ m‾q uz m y｢ot ｡ust｡q‾ |m｡｡q‾z uz o{z｡‾m｠｡ ｡{ ｡t{｠q {z ｡tq xqヘ-tmzp ｡m‾sq｡, n｢｡ ｡tq |m｡｡q‾z u｠

{ff｠q｡ r‾{y ｡tq oqz｡q‾ {r ｡tq n｢xx｠qｦq.

I｡ u｠ ｡‾｢q ｡{ ｠mｦ {r ｡tq｠q ｡m‾sq｡｠ ｡tm｡ ｡tqｦ tm｣q ｡tq ｠myq xq｣qx {r moo｢‾moｦ, n｢｡ t｢ymz |q‾oq|｡u{z

mxx{､｠ m |q‾｠{z ｡{ ‾qmpuxｦ pq｡q‾yuzq m puffq‾qzoq nq｡､qqz ｡tq ｡､{ ｠q｡｠ {r ｠om｡｡q‾qp |{uz｡｠ {z ｡t{｠q

｡m‾sq｡｠; zmyqxｦ ｡tm｡ ｡tq xqヘ-tmzp ｡m‾sq｡⊥｠ ｠t{｡｠ m‾q ､qxx-oqz｡q‾qp n｢｡ z{｡ moo｢‾m｡q, ､tuxq ｡tq

‾ust｡-tmzp ｡m‾sq｡⊥｠ ｠t{｡｠ m‾q {ff-oqz｡‾q uz ｡tq ｠myq ､mｦ q｣q‾ｦ ｡uyq. Wu｡t ｡tu｠ wz{､xqpsq,

uzr{‾ym｡u{z mn{｢｡ t{､ ｡{ uy|‾{｣q m ｠t{{｡q‾'｠ |q‾r{‾ymzoq yust｡ nq sqzq‾m｡qp. Oz ｡tq xqヘ, ｡tq

｠t{{｡q‾ o{｢xp nq ｡{xp ｡{ ｡mwq ｡tqu‾ ｡uyq ､u｡t ｡tqu‾ ｠t{｡｠ n｢｡ ｡tqu‾ muy ｠qqy｠ fizq. Oz ｡tq ‾ust｡, ､q

yust｡ m｠w ｡tq ｠t{{｡q‾ ｡{ ‾q-｠o{|q ｡tq n{､ ｠uzoq u｡ ｠qqy｠ xuwq ｡tq ｠ust｡ ymｦ nq {ff.

Ttq ｠myq u｠ z{｡ wz{､z r{‾ ｡tq oxm｠｠ufiom｡u{z｠ ympq nｦ qmot |m‾｠q‾, ｡tm｡ u｠ ｡{ ｠mｦ ｡tm｡ qmot {r ｡tq

｡t{｢｠mzp｠ {r |m‾｠uzs m｡｡qy|｡｠ ympq nｦ qmot yq｡t{p tm｠ z{｡ nqqz ‾q-q｣mx｢m｡qp uz ｡tq rmoq {r ｡tq

uzr{‾ym｡u{z |‾{｣upqp nｦ ｡tq |m‾｠q‾ mn{｢｡ u｡｠ |m‾｠q ｡{ pq｡q‾yuzq uz ､tuot ､mｦ ｡tq |m‾｠q ､qz｡ ､‾{zs

｠uzoq p{uzs ｠{ ､{｢xp ｡mwq x{zsq‾ ｡tmz ｡tq ｠o{|q {r ｡tu｠ |m|q‾ ､{｢xp mxx{､. Bqom｢｠q ｡tu｠ uzr{‾ym｡u{z

u｠ z{｡ wz{､z, u｡ u｠ z{｡ |{｠｠unxq ｡{ ｢zpq‾｠｡mzp ur ｡tq ｠{x｢｡u{z xmow｠ moo｢‾moｦ p｢q ｡{ m xmow {r

|‾qou｠u{z, {‾ xmow｠ moo｢‾moｦ p｢q ｡{ m xmow {r ｡‾｢qzq｠｠.

ｐ.ｏ.ｍ Ttq C{‾q mzp C{xxqo｡u{z｠

Ttq pq｠usz {r ｡tq C{‾q mzp C{xxqo｡u{z｠ tm｠ mxx{､qp ｡tq m||xuom｡u{z ｡{ qffqo｡u｣qxｦ tmzpxq ｣m‾umz｡

yq｡t{p｠ {r o{y|xq｡uzs ｡tq ｠｢n-｡m｠w｠ uz｣{x｣qp uz |m‾｠uzs m ｠qz｡qzoq. Bｦ ｠q|m‾m｡uzs mzp ､‾m||uzs

｣m‾umz｡ yq｡t{p｠, ｡tq o{‾q mff{‾p｠ ‾q|qm｡mnxq ‾｢z｠ {r mzｦ C{xxqo｡u{z {r r｢zo｡u{z｠ ｡tm｡ ､q pq｠u‾q. Ttq

C{‾q⊥｠ API ｠t{｢xp mxx{､ ｡tq Tq｠｡Bqp ｡{ om‾‾ｦ {｢｡ |‾{s‾myym｡uo ｡q｠｡uzs {r ｡tq yq｡t{p｠ upqz｡ufiqp.

ｍｒ
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ｑ. (UTURE WORK

Ttu｠ |m|q‾ ｠q‾｣q｠ m｠ ｡tq s‾{｢zp､{‾w r‾{y ､tuot y｢ot r｢｡｢‾q ､{‾w o{｢xp ｡mwq u｡｠ nm｠u｠. Ttq‾q m‾q

｠q｣q‾mx pu‾qo｡u{z｠ ｡tm｡ o{｢xp nq q･|x{‾qp ｠｡m‾｡uzs r‾{y ym｡q‾umx ｡tm｡ ｡tu｠ |m|q‾ |‾q｠qz｡｠ mzp mz

qff{‾｡ u｠ ympq tq‾q ｡{ ｠qz｠unxｦ pu｣upq ｡tq upqz｡ufiqp q･|x{‾m｡u{z｠ ｡tm｡ o{｢xp nq ympq uz｡{ om｡qs{‾uq｠.

ｑ.ｌ (URTHERIN) THE SOLUTION

ｑ.ｌ.ｌ P‾q|‾{oq｠｠uzs

Ay{zs ｡tq upqm｠ ､tuot I tm｣q tmp n｢｡ z{｡ nqqz mnxq ｡{ q･|‾q｠｠ m‾q ｣m‾u{｢｠ |m‾｠q‾ ｡ｦ|q｠ ､tuot ymｦ

tm｣q nqqz mnxq ｡{ |‾{｣upq ｣m‾umz｡ mzp r‾｢u｡r｢x ‾q｠｢x｡｠. Ttq L｢x｢ (ux｡q‾ u｠ z{｡qp ｡{ nq mnxq ｡{ ‾qy{｣q

uy|｢x｠q q‾‾{‾｠ r‾{y pm｡m |{uz｡｠. Wq tm｣q ｢｠qp ｡tq Mqpumz (ux｡q‾ ｡{ m｡｡qy|｡ ｡{ p{ ｡tu｠. Iz ｡tqu‾ PtD,

Jmzw{､u｡ｧ, M. ２ｍｋｋｒ３ ｠t{､｠ ｡tm｡ ⌒LULU ｠y{{｡tq‾｠ tm｣q m ｣q‾ｦ m｡｡‾mo｡u｣q ym｡tqym｡uomx ｠｡‾｢o｡｢‾q

mzp ｠m｡u｠rｦ uy|{‾｡mz｡ o‾u｡q‾um r{‾ ｠y{{｡tq‾｠ o{y|m‾qp ｡{ {｡tq‾ z{zxuzqm‾ ｠y{{｡tq‾｠ ｠｢ot m｠ ｡tq

yqpumz ｠y{{｡tq‾∂. Ttu｠ u｠ m pq｠u‾mnxq |‾{|q‾｡ｦ, mzp ､{｢xp tm｣q nqqz uz｡q‾q｠｡uzs ｡{ q･|x{‾q.

ｑ.ｌ.ｍ P‾{p｢o｡u{z S{ヘ､m‾q

P‾q｠qz｡xｦ, ｡tq m||xuom｡u{z u｠ {zxｦ om|mnxq {r |m‾｠uzs m ｠ymxx ｡{ xm‾sq s‾{｢| {r ､m｣q｠, |‾q｠qz｡qp uz m

｠uzsxq m‾‾mｦ {r ､m｣q pm｡m |{uz｡｠. Iz {‾pq‾ ｡{ ‾qmxu｠q ｡tu｠ m||xuom｡u{z m｠ m |‾{p｢o｡u{z-‾qmpｦ ｠ｦ｠｡qy u｡

ymｦ nq pq｠u‾mnxq ｡{ mzmxｦ｠q s‾{｢|｠ {r ､m｣q｠ {zq mヘq‾ mz{｡tq‾ ､u｡t{｢｡ tm｣uzs ｡{ ‾q｠｡m‾｡ ｡tq |‾{s‾my

nｦ |‾{｣upuzs ｡tq ｠myq ｠q｡ {r ｣q｠｠qx pm｡m mzp m puffq‾qz｡ ｠q｡ {r ､m｣q pm｡m.

Ttq o｢‾‾qz｡xｦ uy|xqyqz｡qp o{‾q ､{｢xp nq om|mnxq {r ｠｢||{‾｡uzs ｡tu｠ r｢zo｡u{zmxu｡ｦ ､u｡t m rq､

otmzsq｠ ｡{ ｡tq o{z｡‾{x fl{､ mzp ｡tq mppu｡u{z {r m x{{| ｡tm｡ ､{｢xp mxx{､ m ｢｠q‾ ｡{ uz|｢｡ zq､ pm｡m

mヘq‾ ‾qoqu｣uzs ｡tq ‾q｠｢x｡｠ {r ｡tq xm｠｡ pm｡m.

Ttu｠ ｠ymxx otmzsq ymｦ z{｡ nq qz{｢st ｡{ ‾q|‾q｠qz｡ m y{‾q ｢｠qr｢x |‾{s‾my. A y{‾q r｢zo｡u{zmx

|‾{p｢o｡u{z uy|xqyqz｡m｡u{z {r ｡tu｠ ｡qotz{x{sｦ o{｢xp uz｠｡qmp o{xxqo｡ ､m｣q pm｡m xu｣q r‾{y m ｣q｠｠qx｠⊥

｠qz｠{‾｠, ymwuzs uz｡qxxusqz｡ pqou｠u{z｠ mn{｢｡ t{､ {ヘqz ｡{ |m‾｠q ｡tq o{xxqo｡qp pm｡m. Ttq ｠uy|xq｠｡

uy|xqyqz｡m｡u{z {r ｡tu｠ r｢zo｡u{zmxu｡ｦ o{｢xp ｡mwq ｡tq r{‾y {r m |q‾u{p ｡{wqzuｧm｡u{z mzp |m‾｠uzs {r ｡tq

o{xxqo｡qp pm｡m. Ttu｠ m‾qm {r ‾q｠qm‾ot ､{｢xp nq upqmx r{‾ ｡t{｠q x{{wuzs ｡{ ｢｠q ｡tq ｡qotz{x{sｦ

|‾q｠qz｡qp uz ｡tu｠ |m|q‾ ｡{ r｢‾｡tq‾ ｡tq fiqxp {r ｣q｠｠qx ｠mrq｡ｦ.

Ttq‾q u｠ m sm| uz ｡tq ym‾wq｡ r{‾ mz m||xuom｡u{z ｡tm｡ mxx{､｠ ｠mux{‾｠ ｡{ ｡‾mow ､m｣q |m｡｡q‾z｠ {z ｡tqu‾

y{nuxq pq｣uoq ｢｠uzs ｡tq {z-n{m‾p ｠qz｠{‾｠ mzp ｡tu｠ |‾q｠qz｡｠ mz uz｡q‾q｠｡uzs {||{‾｡｢zu｡ｦ r{‾ r｢｡｢‾q

､{‾w. Ttq m||xuom｡u{z zqqp z{｡ nq o{y|xq･. C｢‾‾qz｡ ､m｣q o{zpu｡u{z｠ mzp tu｠｡{‾uo ､m｣q o{zpu｡u{z｠

|‾q｠qz｡qp uz ｡tq r{‾y {r m y{nuxq m||xuom｡u{z r{‾ ｠mux{‾｠ ｡{ ｢｠q ｡{ ｣u｠｢mxu｠q ｡tq o｢‾‾qz｡ ､m｣q

ｍｓ
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o{zpu｡u{z｠ u｠ z{｡ ｠{yq｡tuzs ｡tm｡ o｢‾‾qz｡xｦ q･u｠｡｠ mzp ｡tu｠ |m|q‾ ｠q‾｣q｠ m｠ m nm｠u｠ r{‾ mzｦ{zq x{{wuzs

｡{ ‾q｠qm‾ot ｡tq uy|xqyqz｡m｡u{z {r ｠｢ot m |‾{p｢o｡.

ｑ.ｌ.ｎ M{‾q Vq｠｠qx C{z｠｡‾muz｡｠

I｡ ､{｢xp tm｣q nqqz zuoq ｡{ ｢｠q y{‾q {r ｡tq ｣q｠｠qx⊥｠ puyqz｠u{z｠ mzp m｡｡‾un｢｡q｠ ｡{ nq｡｡q‾ pqfizq ｡tq

s‾myym‾｠ |‾{p｢oqp.

ｑ.ｍ OTHER DIRECTIONS

ｑ.ｍ.ｌ E･|q‾uyqz｡mx Pm‾｠q‾ W{‾w

Iz ｡tqu‾ ｠xupq pqow, L. Tt{ym｠ ｣mz Buz｠nq‾sqz {r Uzu｣q‾｠u｡ｦ {r L{zp{z, pu｠o｢｠｠q｠ m yq｡t{p nｦ

､tuot u｡ u｠ |{｠｠unxq ｡{ pqfizq Pm‾｠q‾ C{ynuzm｡{‾｠ ｡tm｡ ymwq ｢｠q {r m｡｡‾un｢｡q｠. Ttu｠ ‾q|‾q｠qz｡｠ m

yqmz｠ nｦ ､tuot ､q o{｢xp yq‾sq mxx ｡t‾qq {r ｡tq |m‾｠uzs yq｡t{p｠ pqfizqp uz ｡tu｠ |m|q‾. Ttu｠ m‾qm {r

‾q｠qm‾ot ､{｢xp nq upqmx r{‾ ｡t{｠q x{{wuzs ｡{ ｢｠q ｡tq ｡qotz{x{sｦ |‾q｠qz｡qp uz ｡tu｠ |m|q‾ ｡{ r｢‾｡tq‾

‾q｠qm‾ot uz｡{ ｡tq{‾q｡uomx |m‾｠uzs yq｡t{p｠ mzp ｡tqu‾ m||xuom｡u{z｠.

ｍｔ
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ｒ. CONCLUSIONS

Ttq |｢‾|{｠q {r ｡tu｠ |m|q‾ mzp ｡tq ｠{x｢｡u{z {｢｡xuzqp ､u｡tuz u｡ ､q‾q ｡{ uz｣q｠｡usm｡q ｡tq m||xuom｡u{z {r

｠ｦz｡mo｡uo |m｡｡q‾z ‾qo{szu｡u{z ｡{ ｡tq mzmxｦ｠u｠ {r ､m｡q‾ ､m｣q｠ uz ｡tq o{z｡q･｡ {r n{m｡ ｠mrq｡ｦ, o{｣q‾uzs m｠

y｢ot {r ｡tq m｠｠{oum｡qp ym｡q‾umx uz｣{x｣qp ､u｡t |m‾｠uzs m ｠ｦz｡mo｡uo ‾q|‾q｠qz｡m｡u{z {r m ､m｡q‾ ､m｣q

uzox｢puzs pm｡m om|｡｢‾q, |‾q|‾{oq｠｠uzs mzp ｡‾mz｠r{‾ym｡u{z, ｡{wqzuｧm｡u{z {r ､m｣q｠ uz｡{ ｠qz｡qzoq｠,

mzp |m‾｠uzs {r ｠ｦz｡mo｡uo ‾q|‾q｠qz｡m｡u{z｠, uz {‾pq‾ ｡{ o‾qm｡q m o{y|m‾m｡u｣q mzmxｦ｠u｠ {r ｡tq yq｡t{p｠

｠qxqo｡qp. Ttq ｠{x｢｡u{z pq｠uszqp ､m｠ m ｠｢ooq｠｠ {｣q‾mxx, mxx{､uzs ｡tq |m‾｠uzs {r m ｠ｦz｡mo｡uo

‾q|‾q｠qz｡m｡u{z {r m ､m｡q‾ ､m｣q ｡{ nq uz｣q｠｡usm｡qp. Dqfizu｡u｣q o{zox｢｠u{z｠ ､q‾q ‾qmotqp mn{｢｡ ､tuot

|m‾｠uzs yq｡t{p ､m｠ nq｠｡ mzp ｡tq qffqo｡ {r |‾q|‾{oq｠｠{‾｠ {z ､m｣q pm｡m, ､tuot ､m｠ ｡tq |｢‾|{｠q {r ｡tq

|m|q‾.

Ttq A｡｡‾un｢｡q )‾myym‾ ､m｠ oxqm‾xｦ ｡tq nq｠｡ ‾q|‾q｠qz｡m｡u{z r{‾ ､m｡q‾ ､m｣q｠ uz ｡tq o{z｡q･｡ {r

mzmxｦ｠uzs ｡tqy r{‾ ｣q｠｠qx ｠mrq｡ｦ. Ttq A｡｡‾un｢｡q Pm‾｠q‾, ｡t{｢st u｡ ､m｠ ｠x{､q‾ mzp ｢｠qp m x{｡ y{‾q

yqy{‾ｦ, q･tunu｡qp ｡t{｠q otm‾mo｡q‾u｠｡uo｠ ｡tm｡ ､q‾q y{｠｡ pq｠u‾mnxq - zmyqxｦ m｠ x{､ m rmx｠q |{｠u｡u｣q

‾m｡q m｠ |{｠｠unxq. Az A｡｡‾un｢｡q )‾myym‾⊥｠ mnuxu｡ｦ ｡{ ｠｡{‾q mzp o{yy｢zuom｡q ｣mx｢q｠ m‾{｢zp ｡tq

mn｠｡‾mo｡ ｠ｦz｡m･ ｡‾qq mzp ｡{ ‾q|‾q｠qz｡ ｡t{｠q ｣mx｢q｠ uz mz m｡｡‾un｢｡q ｡mnxq mxx{､｠, uz ｡tu｠ o{z｡q･｡, r{‾ m

fizq‾-s‾muzqp mzmxｦ｠u｠ {r ｡tq ､m｣q pm｡m p｢‾uzs ｡tq ｡{wqzu｠m｡u{z |tm｠q. Ttq yqmz｠ nｦ ､tuot ｡tq

C{z｡q･｡ (‾qq )‾myym‾ ｡tm｡ ymwq｠ ｢| ｡tq A｡｡‾un｢｡q )‾myym‾ u｠ |m‾｠qp u｠ ｡tq CYK mxs{‾u｡ty mzp

｡tu｠ u｠ ｡tq ymv{‾ |‾{nxqy ｡tm｡ ｡tq A｡｡‾un｢｡q )‾myym‾ tm｠. Ir ｡tq C{z｡q･｡ (‾qq )‾myym‾ ､q‾q

|m‾｠qp nｦ ｠{yq {｡tq‾, rm｠｡q‾ mxs{‾u｡ty ｡tmz ｡tq CYK mxs{‾u｡ty, ｡tq A｡｡‾un｢｡q )‾myym‾ ､{｢xp z{｡

|‾q｠qz｡ ｡tq ｢zpq｠u‾mnxq |q‾r{‾ymzoq otm‾mo｡q‾u｠｡uo｠ ｡tm｡ u｡.

Ttq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾ q･tunu｡qp m s‾qm｡q‾ Mm｡｡tq､｠ C{‾‾qxm｡u{z C{qffiouqz｡ mzp mx｠{

tmp rm‾ y{‾q pq｠u‾mnxq |q‾r{‾ymzoq otm‾mo｡q‾u｠｡uo｠ n｢｡ |‾{p｢oqp ｡t‾qq ｡uyq｠ y{‾q rmx｠q |{｠u｡u｣q｠

mzp ､m｠ ｡tq‾qr{‾q m ｡q‾‾unxq omzpupm｡q r{‾ ｡tq nq｡｡q‾ yq｡t{p uz ｡tu｠ o{z｡q･｡, ｡t{｢st yust｡ nq ｢｠qr｢x

uz {｡tq‾ o{z｡q･｡｠ ｠uzoq u｡｠ Mm｡｡tq､｠ C{‾‾qxm｡u{z C{qffiouqz｡ ､m｠ tustq‾ mzp u｡ tmp nq｡｡q‾

|q‾r{‾ymzoq otm‾mo｡q‾u｠｡uo｠.

U｠uzs n{｡t {r ｡tq｠q yq｡t{p｠ ｡{sq｡tq‾, u｡ ｠t{｢xp nq |{｠｠unxq ｡{ mxx{､ m |m‾｠q‾ ｡{ o{ynuzq ｡tq

om｡qs{‾u｠m｡u{z nqzqfi｡｠ {r ｡tq A｡｡‾un｢｡q )‾myym‾ ､u｡t ｡tq |q‾r{‾ymzoq nqzqfi｡｠ ｡tm｡ ｡tq Pm‾｠uzs

E･|‾q｠｠u{z )‾myym‾ q･tunu｡｠. Iz ｡tq o{z｡q･｡ {r ｣q｠｠qx ｠mrq｡ｦ, m o{ynuzqp yq｡t{p xuwq ｡tu｠ ､{｢xp

､{‾w nq｠｡, mxx{､uzs x{､ ‾m｡q｠ {r rmx｠q |{｠u｡u｣q｠ uz ｡tq om｡qs{‾u｠m｡u{z , s‾qm｡q‾ |q‾r{‾ymzoq, mzp

｡tq‾qr{‾q mx｠{ ｡tq mnuxu｡ｦ ｡{ tmzpxq xm‾sq‾ pm｡m ｠q｡｠.
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N{zq {r ｡tq |‾q|‾{oq｠｠uzs yq｡t{p｠ ､q‾q m ｠｢ooq｠｠. P‾q|‾{oq｠｠uzs ､m｣q pm｡m, ｡t{｢st {ヘqz

p‾m｠｡uomxxｦ ‾qp｢ouzs ｡tq my{｢z｡ {r ｡uyq ｡mwqz {‾ ｡tq yqy{‾ｦ ｢｠qp r{‾ ｡tq |m‾｠uzs yq｡t{p｠ ｡tm｡

mooq|｡qp ｡tq |‾q|‾{oq｠｠qp ､m｣q pm｡m, p‾mym｡uomxxｦ uzo‾qm｠qp ｡tq ‾m｡q｠ {r rmx｠q |{｠u｡u｣q

om｡qs{‾u｠m｡u{z r{‾ n{｡t |m‾｠uzs yq｡t{p｠. A｠ ｠｢ot z{｡ |‾q|‾{oq｠｠uzs ｡tq pm｡m u｠ oxqm‾xｦ ｡tq nq｠｡

m||‾{mot, pq｠|u｡q ｡tq |q‾r{‾ymzoq mp｣mz｡msq｠ ｡tm｡ u｡ p{q｠ |‾{｣upq.

Hm｣uzs ｠|qz｡ ymzｦ ､qqw｠ uz ｡tq |‾{oq｠｠ {r q･|q‾uyqz｡uzs ､u｡t ｡tq |m‾｡uo｢xm‾｠ {r t{､ ｡{ nq｠｡

‾q|‾q｠qz｡ |m‾｠q‾ o{y|{｠u｡u{z uz Jm｣m｠o‾u|｡, ｡tu｠ uz｣q｠｡usm｡{‾ rqqx｠ m｠ ｡t{｢st oq‾｡muz ｡m｠w｠ o{｢xp z{､

nq uy|xqyqz｡qp msmuz - ｢｠uzs ｡tq wz{､xqpsq smuzqp {｣q‾ ｡tq xm｠｡ rq､ ､qqw｠ - uz y｢ot xq｠｠ ｡uyq mzp

｡{ m tustq‾ pqs‾qq {r }｢mxu｡ｦ. Pm‾｠q‾ o{y|{｠u｡u{z u｠ puffio｢x｡ ｡{ uy|xqyqz｡ r{‾ ｡tq ｠myq ‾qm｠{z ｡tm｡

{｡tq‾ o{y|{｠u｡u{z ｡m｠w｠ m‾q - ｡tm｡ u｠ ｡tm｡ ｡tq r｢zo｡u{z｠ ､tuot ymwq ｢| m xm‾sq‾ o{y|{｠qp r｢zo｡u{z

y｢｠｡ mooq|｡ m‾s｢yqz｡｠ mzp |m｠｠ ‾q｡｢‾z ｣mx｢q｠ mx{zs uz m ｠{‾｡ {r otmuz r‾{y ｡tq fi‾｠｡ ｡{ ｡tq xm｠｡

､u｡t{｢｡ wz{､uzs ､tuot r｢zo｡u{z yust｡ tm｣q nqqz o{y|{｠qp nqr{‾q ｡tqy {‾ ､uxx nq o{y|{｠qp mヘq‾

｡tqy. Ozq |‾{nxqy tq‾q u｠ ｡tm｡ {r q‾‾{‾ tmzpxuzs. S{yq r｢zo｡u{z｠ ymｦ nq mnxq ｡{ tmzpxq m oq‾｡muz

oxm｠｠ {r q‾‾{‾ mzp z{｡ mz{｡tq‾ oxm｠｠, mzp ｠{yq r｢zo｡u{z｠ ymｦ z{｡ tmzpxq {‾ |‾{p｢oq q‾‾{‾｠ m｡ mxx.

E｣qz ur m r｢zo｡u{z zq｣q‾ |‾{p｢oq｠ {‾ pqmx｠ ､u｡t q‾‾{‾｠ uz mzｦ ､mｦ, u｡ ｠｡uxx y｢｠｡ nq |‾q|m‾qp ｡{ otqow

r{‾ ｡tqy, ｠{‾｡ ｡tqy nｦ ｡ｦ|q mzp |m｠｠ ｡tqy {z, yqmzuzs ｡tm｡ ｠{‾｡uzs uz|｢｡ mzp ｠mzu｡ｦ otqowuzs u｡

nqo{yq｠ m t｢sq |m‾｡ {r ｡tq uy|xqyqz｡m｡u{z r{‾ q｣q‾ｦ r｢zo｡u{z ｡tm｡ ymｦ nq o{y|{｠qp uz｡{ ｠{yq

otmuz {r r｢zo｡u{z｠.
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ｓ. RE(LECTIONS

P‾{p｢ouzs ｡tu｠ |m|q‾ mzp uy|xqyqz｡uzs ｡tq ｠{x｢｡u{z tm｣q nqqz m xqm‾zuzs q･|q‾uqzoq r{‾ yq. Wtuxq

I rqqx m｠ ｡t{｢st yｦ |‾{s‾myyuzs ､m｠ ｠｡‾{zs m｡ ｡tq ｠｡m‾｡ {r ｡tu｠ |‾{vqo｡; I z{､ tm｣q ｡tq q･|q‾uqzoq

{r ､tm｡ u｡ rqqx｠ ｡{ n‾uzs m |uqoq {r ｠{ヘ､m‾q ､u｡t ｡tu｠ ymzｦ y{｣uzs |m‾｡｠ ｡{ o{y|xq｡u{z. Ttq

uy|{‾｡mzoq {r pq｣qx{|uzs m s{{p |xmz mzp ｠｡uowuzs ｡{ u｡ tm｣q ‾qmxxｦ nqqz ympq oxqm‾ ｡{ yq ､tuxq

､{‾wuzs yｦ ､mｦ ｡t‾{｢st ｡tu｠ |‾{vqo｡. I rqqx m｠ ｡t{｢st I |xmzzqp mzp q･qo｢｡qp ｡tq |m‾｠uzs yq｡t{p｠

mzp ｡tq o{‾q ｠{ヘ､m‾q om‾qr｢xxｦ, n｢｡ ｡tm｡ ｡tq uy|xqyqz｡m｡u{z {r yｦ q｣mx｢m｡u{z o{pq ､m｠ z{｡ ｡{ ｡tq

｠myq xq｣qx {r }｢mxu｡ｦ mzp ｡tm｡ ｡tq {｣q‾mxx my{｢z｡ {r ｡uyq mzp ‾q｠qm‾ot ｡tm｡ I ｠|qz｡ |xmzzuzs yｦ

q｣mx｢m｡u{z ､m｠ xq｠｠ ｡tmz u｡ ｠t{｢xp tm｣q nqqz. I uz｡qzp ｡{ uy|‾{｣q {z ｡tq |m‾｠q‾ |‾{p｢oqp uz ｡tq

｠{x｢｡u{z mzp |‾{p｢oq m |‾{｡{｡ｦ|q |‾{p｢o｡ ｡tm｡ uzo{‾|{‾m｡q｠ mxx ｡tq qxqyqz｡｠ pu｠o｢｠｠qp tq‾q uz｡{ m

｠uzsxq m||xuom｡u{z ｡tm｡ |‾{｣upq｠ ｠mrq｡ｦ-otqowuzs r{‾ n{m｡｠ {｢｡ {z ｡tq ､m｡q‾. S｢ot mz m||xuom｡u{z

o{｢xp nq pu｠｡‾un｢｡qp r{‾ r‾qq mzp, ､u｡t ｠｢ffiouqz｡ ､m‾zuzs｠ mn{｢｡ t{､ u｡ u｠ mz ｢z｡q｠｡qp |‾{｡{｡ｦ|q,

yust｡ nq mnxq ｡{ |‾{｣upq mz q･｡‾m xmｦq‾ {r ｠qo｢‾u｡ｦ r{‾ ｣q｠｠qx |ux{｡｠. Wtqz p{uzs ｠{, I ､uxx ｡mwq uz｡{

moo{｢z｡ ｡tm｡ mzｦ ｠{x｢｡u{z u｠ {zxｦ m｠ s{{p m｠ ｡tq q｣mx｢m｡u{z ｡{ ､tuot u｡ omz nq ｠｢nvqo｡qp.

Ttq ｠{x｢｡u{z I |‾{p｢oqp p{q｠ mxx{､ s‾qm｡ uz｠ust｡ uz｡{ ｡tq puffq‾qzoq｠ nq｡､qqz ｡tq ｡､{ |m‾｠q‾｠ ｡tm｡

､q‾q ｠｡｢puqp mzp nq｡､qqz ｡tq |‾q|‾{oq｠｠{‾｠ ｡tm｡ ､q‾q o{z｠upq‾qp. I｡ u｠ |{｠｠unxq r‾{y ｡tq ‾q｠｢x｡｠ ｡{

｠qq t{､ puffq‾qz｡ ｡tq yq｡t{p｠ m‾q uz ｡q‾y｠ {r ｡tqu‾ |‾qou｠u{z mzp ｡tqu‾ |q‾r{‾ymzoq. H{､q｣q‾, ｠{yq

m｠｠｢y|｡u{z｠ ympq m｡ ｡tq ｠｡m‾｡ {r ｡tq |‾{oq｠｠ tm｣q nqqz |‾{｣qp qz｡u‾qxｦ ､‾{zs. ({‾ q･my|xq, I r｢xxｦ

q･|qo｡qp ｡{ nq mnxq ｡{ ｡mwq mp｣mz｡msq {r |‾q|‾{oq｠｠uzs ｡{ ‾qy{｣q pm｡m q‾‾{‾｠ mzp ‾qp｢oq ｡tq my{｢z｡

{r pm｡m ｡tm｡ ､{｢xp nq zqqpqp ｡{ ymwq m ｠｢ooq｠｠r｢x otm‾mo｡q‾u｠m｡u{z. Iz rmo｡, I omyq ｡{ ｠qq ｡tm｡ ｡tu｠

､m｠ z{｡ ｡tq om｠q m｡ mxx mzp u｡ u｠ z{､ oxqm‾ ｡{ yq ｡tm｡ I ympq ｡tq m｠｠｢y|｡u{z ｡tm｡ ｢｠uzs m

|‾q|‾{oq｠｠{‾ ､{｢xp nq ｢｠qr｢x ､u｡t{｢｡ ‾qmxu｠uzs I ､m｠ ymwuzs mz m｠｠｢y|｡u{z. Ttq o{zox｢｠u{z I my

z{､ ymwuzs mn{｢｡ |‾q|‾{oq｠｠{‾｠ z{｡ nquzs ｢｠qr｢x ymｦ mx｠{ nq mz m｠｠｢y|｡u{z, ｠uzoq I tm｣q z{ ､mｦ

{r o{zfi‾yuzs ｡tm｡ I ot{｠q ｡tq ‾ust｡ |‾q|‾{oq｠｠uzs yq｡t{p｠ {‾ uy|xqyqz｡qp ｡tqy uz ｡tq nq｠｡ ､mｦ.

M｢ot y{‾q ｠｡｢pｦ zqqp｠ ｡{ nq p{zq uz｡{ |‾q|‾{oq｠｠uzs ､m｣q pm｡m nqr{‾q ｡{wqzuｧm｡u{z. Iz ｡tq r｢｡｢‾q,

I uz｡qzp ｡{ }｢q｠｡u{z ｡tq ｡tuzs｠ ｡tm｡ I m｠｠｢yq - q｣qz ur ｡tqｦ ymｦ ｠qqy {n｣u{｢｠.

Iy|xqyqz｡uzs ｠{ヘ､m‾q u｠ uy|{‾｡mz｡. H{､q｣q‾, uz m ｠ouqz｡ufio uz｣q｠｡usm｡u{z, ｡tq qy|u‾uomx q｣mx｢m｡u{z

{r ｡tq ‾q｠｢x｡｠ sm｡tq‾qp u｠ {r ｡tq tustq｠｡ uy|{‾｡mzoq. Ttq ｠ouqz｡ufio yq｡t{p uz｣{x｣q｠ ymwuzs

tｦ|{｡tq｠q｠ mzp ｡tqz om‾‾ｦuzs {｢｡ qy|u‾uomx {n｠q‾｣m｡u{z｠ nm｠qp {z ｡t{｠q tｦ|{｡tq｠q｠ uz {‾pq‾ ｡{

pq｡q‾yuzq ｡tq ｣mxupu｡ｦ {r ｡t{｠q tｦ|{｡tq｠q｠. Iz ｡tq r｢｡｢‾q, I ､uxx nq ｡mwuzs ｡tu｠ uz｡{ o{z｠upq‾m｡u{z

､tqzq｣q‾ I |xmz m |‾{vqo｡ - ｡tm｡ u｠ ｡{ ｠mｦ I ､uxx m｠w ｡tq }｢q｠｡u{z｠ ⌒Wtm｡ u｠ yｦ tｦ|{｡tq｠u｠∂ mzp ⌒Wtm｡

omz I p{ ｡{ |‾{｣q {‾ ｡{ pu｠|‾{｣q ｡tm｡ tｦ|{｡tq｠u｠∂ mzp |xmz mz m||‾{mot ｡tm｡ ｡mwq｠ ｡tq｠q ｡､{ |{uz｡｠

uz｡{ o{z｠upq‾m｡u{z ‾m｡tq‾ ｡tmz fi‾｠｡ ｡tuzwuzs mn{｢｡ t{､ I s{ mn{｢｡ o{z｠｡‾｢o｡uzs ｡tq ｠{ヘ､m‾q.
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Wtqz ､‾u｡uzs m ｠ouqz｡ufio |m|q‾, u｡ u｠ {r ｡tq tustq｠｡ uy|{‾｡mzoq ｡{ nq mnxq ｡{ |‾q｠qz｡ ｡tq q｣qz｡｠,

｡t{｢st｡｠, mzp o{zox｢｠u{z｠ ｡tm｡ mz uz｣q｠｡usm｡{‾ s{q｠ ｡t‾{｢st p｢‾uzs ｡tq o{｢‾｠q {r ｡tq uz｣q｠｡usm｡u{z -

｠{ m｠ ｡{ |‾{｣upq ｡tq ‾qmpq‾ ､u｡t m o{y|‾qtqz｠u｣q ｠qxqo｡u{z {r uy|{‾｡mz｡ |{uz｡｠. D{uzs ｡tu｠ ､qxx u｠

z{｡ |{｠｠unxq ､tqz {zq p{q｠ z{｡ ｡mwq z{｡q｠ m｠ {zq u｠ s{uzs mx{zs. Wtuxq I ､m｠ om‾qr｢x ｡{ ymwq z{｡q｠

mn{｢｡ ､tm｡ I pup uz {‾pq‾ ｡{ ‾qo{‾p ｡tqy uz ｡tu｠ |m|q‾, I ､m｠ z{｡ ‾us{‾{｢｠ mn{｢｡ p{uzs ｠{. (‾{y z{､

{z, I ､uxx nq wqq|uzs m pmuxｦ pum‾ｦ {r q｣qz｡｠ ｡tm｡ {oo｢‾ mzp wqq|uzs ｡tqy ot‾{z{x{suomx. I rqqx m｠

｡t{｢st p{uzs ｡tu｠ ､uxx mup yq s‾qm｡xｦ uz ｡tq zq･｡ ｠ouqz｡ufio |m|q‾ I ､‾u｡q m｠ I ､uxx nq mnxq ｡{ |‾q｠qz｡ m

y{‾q {‾pq‾qp |m|q‾ mzp v｢｠｡urｦ, ur z{｡ {zxｦ ｡{ yｦ｠qxr, q･mo｡xｦ ､tq‾q q｣q‾ｦ t{｢‾ tm｠ nqqz ｠|qz｡.

Lm｠｡xｦ, I tm｣q xqm‾zqp v｢｠｡ t{､ tm‾p ､‾u｡uzs m ｠ouqz｡ufio |m|q‾ u｠. I mxx{｡｡qp yｦ｠qxr ｡{{ xu｡｡xq ｡uyq ｡{

､‾u｡q m ‾q|{‾｡ ｡tm｡ p{q｠ v｢｠｡uoq ｡{ ｡tq ､{‾w mzp ｡uyq I tm｣q |｢｡ uz｡{ ｡tq |‾{vqo｡. I rqqx m｠ ｡t{｢st I

tm｣qz⊥｡ p‾m､z {｢｡ ｡tq o{zox｢｠u{z｠ ｡{ ｡tq q･｡qz｡ ｡tm｡ I o{｢xp tm｣q su｣qz y{‾q ｡uyq mzp I tm｣q yｦ

{､z |xmzzuzs ｡{ nxmyq r{‾ ｡tu｠. I my q･ou｡qp ｡{ ､‾u｡q y{‾q ｠ouqz｡ufio |m|q‾｠ uz ｡tq ｣q‾ｦ zqm‾ r｢｡｢‾q

mzp, ､tqz I p{ ｠{, |xmzzuzs ｡tq ‾q|{‾｡ ､uxx nq ｡tq fi‾｠｡ ｡tuzs ｡tm｡ I r{o｢｠ yｦ m｡｡qz｡u{z {z.

Rqyqynq‾uzs ｡{ wqq| yq｡uo｢x{｢｠ z{｡q｠ ､uxx tqx| yq ｡{ {‾smzu｠q yｦ｠qxr, mzp o{z｠｡mz｡xｦ m｠wuzs

yｦ｠qxr ur I my p{uzs ､{‾w ｡tm｡ ､uxx |‾{｣q m tｦ|{｡tq｠u｠ ､uxx wqq| yq {z ｡‾mow.
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ｔ. )LOSSARY O( TERMS
Ttq｠q ｡q‾y｠ m‾q ｢｠qp uz ｡tu｠ |m|q‾.

Pm‾｠q‾ A |m‾｠q‾ u｠ m r｢zo｡u{z ､tuot ｡mwq｠ uz m ｠qz｡qzoq mzp

‾q｡｢‾z｠ ｡tq ‾q｠｢x｡ {r ､tq｡tq‾ {‾ z{｡ ｡tm｡ ｠qz｡qzoq nqx{zs｠

｡{ m ｠q｡ {r o{z｠｡‾muz｡｠.

Pm‾｠q‾)qzq‾m｡{‾ A Pm‾｠q‾)qzq‾m｡{‾ ‾q｡｢‾z｠ m |m‾｠q‾.

T{wqzu｠q‾ A ｡{wqzuｧq‾ ｡mwq｠ m ｠q｡ {r pm｡m |{uz｡｠ mzp ｡｢‾z｠ ｡t{｠q pm｡m

|{uz｡｠ uz｡{ ｡{wqz｠.

P‾qP‾{oq｠｠{‾ A |‾q|‾{oq｠｠{‾ ｠u｡｠ nqr{‾q ｡{wqzuｧm｡u{z mzp |‾q|m‾q｠ pm｡m

uz ｠{yq z{｣qx ､mｦ.

C{ynuzm｡{‾ A o{ynuzm｡{‾ u｠ m tustq‾-{‾pq‾ r｢zo｡u{z ｡tm｡ ｢｠q｠ {zxｦ

r｢zo｡u{z m||xuom｡u{z mzp qm‾xuq‾ pqfizqp o{ynuzm｡{‾｠ ｡{

pqfizq m ‾q｠｢x｡ r‾{y u｡｠ m‾s｢yqz｡｠.

(｢zo｡u{zmx P‾{s‾myyuzs A |‾{s‾myyuzs |m‾mpusy uz ､tuot |‾{s‾my｠ m‾q

o{z｠｡‾｢o｡qp nｦ m||xｦuzs mzp o{y|{｠uzs r｢zo｡u{z｠. I｡ u｠ m

pqoxm‾m｡u｣q |‾{s‾myyuzs |m‾mpusy uz ､tuot r｢zo｡u{z

pqfizu｡u{z｠ m‾q ｡‾qq｠ {r q･|‾q｠｠u{z｠ ｡tm｡ ym| ｣mx｢q｠ ｡{

{｡tq‾ ｣mx｢q｠, ‾m｡tq‾ ｡tmz m ｠q}｢qzoq {r uy|q‾m｡u｣q

｠｡m｡qyqz｡｠ ､tuot ｢|pm｡q ｡tq ‾｢zzuzs ｠｡m｡q {r ｡tq |‾{s‾my.

P‾{p｢o｡u{z A ‾q､‾u｡q ‾｢xq ｠|qourｦuzs m ｠ｦyn{x ｠｢n｠｡u｡｢｡u{z ｡tm｡ omz nq

‾qo｢‾｠u｣qxｦ |q‾r{‾yqp ｡{ sqzq‾m｡q zq､ ｠ｦyn{x ｠q}｢qzoq｠.

Tq‾yuzmx Tq‾yuzmx ｠ｦyn{x｠ m‾q ｡tq qxqyqz｡m‾ｦ ｠ｦyn{x｠ {r ｡tq

xmzs｢msq pqfizqp nｦ m r{‾ymx s‾myym‾.

N{z-Tq‾yuzmx ２Vm‾umnxq３ N{z｡q‾yuzmx ｠ｦyn{x｠ ２{‾ ｠ｦz｡mo｡uo ｣m‾umnxq｠３ m‾q ‾q|xmoqp

nｦ s‾{｢|｠ {r ｡q‾yuzmx ｠ｦyn{x｠ moo{‾puzs ｡{ ｡tq |‾{p｢o｡u{z

‾｢xq｠.

Aoo｢‾moｦ

P‾qou｠u{z

T‾｢qzq｠｠

ｌｋ. ABBREVIATIONS
Ttq｠q mnn‾q｣um｡u{z｠ m‾q ｢｠qp uz ｡tu｠ |m|q‾.

CYK C{owq–Y{｢zsq‾–Km｠myu Axs{‾u｡ty

PE) Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾

C() C{z｡q･｡-(‾qq )‾myym‾

CN( Ct{y｠wｦ-N{‾ymx-({‾y

ｎｏ



A Sｦz｡ao｡uo Pa｡｡q‾z Rqo{szu｡u{z A||‾{aot ｡{ Wa｣q Azaxｦ｠u｠ - Jayq｠ D Ba｡qyaz

ｌｌ. APPENDIX

Ttq｠q fis｢‾q｠, ｡mnxq｠, mzp pums‾my｠ m‾q ‾qrq‾qzoq｠ uz ｡tu｠ |m|q‾.

Ctm‾｡ ２u３ ⌒Bm｠uo C{z｡q･｡-(‾qq )‾myym‾ r{‾ ｡tq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾∂

H｢ymz-Rqmpmnxq Mmotuzq-(‾uqzpxｦ

N{z-Tq‾yuzmx｠ N{z-Tq‾yuzmx｠

S｡m‾｡, )‾{｢|uzs, Pqmw, T‾{｢st, Mmszu｡｢pq S, ), P, T, M

Tq‾yuzmx｠

r, |, ｡, ｌ, ｍ, ｎ, ｏ, ｐ, i

P‾{p｢o｡u{z｠ P‾{p｢o｡u{z｠

S｡m‾｡ -> )‾{｢|uzs S｡m‾｡ | )‾{｢|uzs | i

)‾{｢|uzs -> Pqmw | T‾{｢st | (

Pqmw -> P Mmszu｡｢pq

T‾{｢st -> T Mmszu｡｢pq

Mmszu｡｢pq -> ｌ | ｍ | ｎ | ｏ | ｐ

S -> ) S | ) | i

) -> P | T | r

P -> | M

T -> ｡ M

M -> ｌ | ｍ | ｎ | ｏ | ｐ

Ctm‾｡ ２uu３ ⌒Ct{y｠wｦ-N{‾ymx-({‾y {r ｡tq ｠myq C{z｡q･｡-(‾qq )‾myym‾ r{‾ ｡tq Pm‾｠uzs E･|‾q｠｠u{z

)‾myym‾"

H｢ymz-Rqmpmnxq Mmotuzq-(‾uqzpxｦ

N{z-Tq‾yuzmx｠ N{z-Tq‾yuzmx｠

S｡m‾｡ｋ, S｡m‾｡, )‾{｢|uzs, Pqmw, T‾{｢st,

Mmszu｡｢pq, m, n

Z, S, ), P, T, M

Tq‾yuzmx｠

r, |, ｡, ｌ, ｍ, ｎ, ｏ, ｐ, i

P‾{p｢o｡u{z｠ P‾{p｢o｡u{z｠

S｡m‾｡ｋ -> )‾{｢|uzs S｡m‾｡ | r | T Mmszu｡｢pq | P

Mmszu｡｢pq

S｡m‾｡ -> )‾{｢|uzs S｡m‾｡ | r | T Mmszu｡｢pq | P

Mmszu｡｢pq

Z ->  ) S , r , T M , P M

S ->  ) S , r , T M , P M

) ->  r , P M , T M

M ->  ｌ , ｍ , ｎ , ｏ , ｐ

ｎｐ
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)‾{｢|uzs -> r | T Mmszu｡｢pq | P Mmszu｡｢pq

Mmszu｡｢pq -> ｌ | ｍ | ｎ | ｏ | ｐ

P -> |

T -> ｡

T ->  ｡

P ->  |

Ctm‾｡ ２uuu３ ⌒Bm｠uo A｡｡‾un｢｡qp C{z｡q･｡-(‾qq )‾myym‾ r{‾ ｡tq A｡｡‾un｢｡q )‾myym‾∂

H｢ymz-Rqmpmnxq Mmotuzq-(‾uqzpxｦ

N{z-Tq‾yuzmx｠ N{z-Tq‾yuzmx｠

S｡m‾｡, Cxm｠｠, Cxm｠｠π, Cxm｠｠α, Cxm｠｠φ, Cxm｠｠h,

)‾{｢|, )‾{｢|uzs, Pqmw, T‾{｢st, Mmszu｡｢pq

S, C, Π, Α, Φ, Δ, ), Γ, L, Λ

Tq‾yuzmx｠

π, α, φ, h, r, |, ｡, ., i

P‾{p｢o｡u{z｠ P‾{p｢o｡u{z｠

S｡m‾｡ -> Cxm｠｠ S｡m‾｡ | Cxm｠｠ | i

Cxm｠｠ -> Cxm｠｠π | Cxm｠｠α | Cxm｠｠φ | Cxm｠｠h

Cxm｠｠π -> π )‾{｢| .

Cxm｠｠α -> α )‾{｢| .

Cxm｠｠φ -> φ | . | φ ｡ .

Cxm｠｠h ->  h )‾{｢| .

)‾{｢| -> )‾{｢| )‾{｢|uzs | )‾{｢|uzs

)‾{｢|uzs -> | | ｡ | r

S -> C S | C | i

C -> Π | Α | Φ | Δ

Π -> π ) .

Α -> α ) .

Φ -> φ | . | φ ｡ .

Δ -> h ) .

) -> Γ ) | Γ

Γ -> | | ｡ | r

Ctm‾｡ ２u｣３ ⌒Ct{y｠wｦ-N{‾ymx-({‾y A｡｡‾un｢｡qp C{z｡q･｡-(‾qq )‾myym‾ r{‾ ｡tq A｡｡‾un｢｡q )‾myym‾∂

H｢ymz-Rqmpmnxq Mmotuzq-(‾uqzpxｦ

N{z-Tq‾yuzmx｠ N{z-Tq‾yuzmx｠

S｡m‾｡, Cxm｠｠, Cxm｠｠Π, Cxm｠｠A, Cxm｠｠Φ, Cxm｠｠Δ,

)‾{｢|uzs, )‾{｢|uzsSqxqo｡u{z, Pqmw, T‾{｢st,

Mmszu｡｢pq

S, C, |, m, r, p, ), s, |, ｡, M

Tq‾yuzmx｠

Π, A, Φ, Δ, (, P, T, ., i

ｎｑ
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P‾{p｢o｡u{z｠ P‾{p｢o｡u{z｠

S｡m‾｡ -> Cxm｠｠ S｡m‾｡ | Cxm｠｠ | i

Cxm｠｠ -> Cxm｠｠Π | Cxm｠｠A | Cxm｠｠Φ | Cxm｠｠Δ

Cxm｠｠Π -> Π )‾{｢|uzs .

Cxm｠｠Α -> Α )‾{｢|uzs .

Cxm｠｠Φ -> Φ P . | Φ T .

Cxm｠｠Δ -> Δ )‾{｢|uzs .

)‾{｢|uzs -> )‾{｢|uzsSqxqo｡u{z )‾{｢|uzs |

)‾{｢|uzsSqxqo｡u{z

)‾{｢|uzsSqxqo｡u{z -> Pqmw | T‾{｢st | (

Pqmw -> P Mmszu｡｢pq

T‾{｢st -> T Mmszu｡｢pq

Mmszu｡｢pq -> ｌ | ｍ | ｎ | ｏ | ｐ

Z -> CS | AX | ΔX | ΠΘ | Φλ

S -> CS | AX | ΔX | ΠΘ | Φλ

C -> AX | ΔX | ΠΘ | Φλ

A -> α

Δ -> h

Π -> π

Φ -> φ

Ω -> .

X -> )Ω

) -> )Y | r | | | ｡

Y -> r | | | ｡

Θ -> ΓΩ

Γ -> ΓΣ | | | ｡

Σ -> | | ｡

λ -> ΣΩ

Ctm‾｡ ２｣３ ⌒Vq｠｠qxDm｡m pm｡m {nvqo｡ pqfizu｡u{z∂

Ve｠｠elDa｡a

Lqzs｡t Ttq xqzs｡t {r ｡tq Vq｠｠qx, yqm｠｢‾qp uz rqq｡ r‾{y ｡tq n{､ ｡{ ｡tq ｠｡q‾z.

Wup｡t Ttq ､up｡t {r ｡tq Vq｠｠qx, yqm｠｢‾qp uz rqq｡ r‾{y {zq xqqn{m‾p ｡{ mz{｡tq‾ m｡ ｡tq
ym･uy｢y ､up｡t {r ｡tq Vq｠｠qx.

Bq‾｡t Ttq nq‾｡t {r ｡tq Vq｠｠qx, yqm｠｢‾qp uz |q‾｠{z｠.

M{｡{‾ Wtq｡tq‾ {‾ z{｡ ｡tq Vq｠｠qx'｠ y{｡{‾ u｠ o｢‾‾qz｡xｦ qzsmsqp.

Smux Wtq｡tq‾ {‾ z{｡ ｡tq Vq｠｠qx u｠ o｢‾‾qz｡xｦ ｢zpq‾ ｠mux.

Nmyq Ttq zmyq {r ｡tq Vq｠｠qxDm｡m

Ctm‾｡ ２｣uu３ ⌒Wm｣qDm｡m pm｡m {nvqo｡ pqfizu｡u{z∂

WaveDa｡a

Sq‾uq｠ Ttq pm｡m-|{uz｡｠ {r ｡tq ､m｣qr{‾y ｡{ nq mzmxｦ｠qp. Ttu｠ u｠ mz m‾‾mｦ {r {nvqo｡｠ uz ｡tq
r{‾y { ･, ｦ }.

Nmyq Ttq zmyq {r ｡tq Wm｣qDm｡m

ｎｒ
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Azz{｡m｡u{z
｠

A Sq｡ {r mzz{｡m｡u{z｠ ､tuot uzpuom｡q ｡tq ｣q｠｠qx｠ ｡tu｠ Wm｣qDm｡m u｠ ｠mrq r{‾.

Ctm‾｡ ２｣uuu３ ⌒T‾｢q P{｠u｡u｣q｠, T‾｢q Nqsm｡u｣q｠, (mx｠q P{｠u｡u｣q｠, (mx｠q Nqsm｡u｣q｠, Aoo｢‾moｦ, Mm｡｡tq､｠

C{‾‾qxm｡u{z C{qffiouqz｡ ２|‾q｠qz｡qp m｠ m %３, (mx｠q P{｠u｡u｣q Rm｡q ２|‾q｠qz｡qp m｠ m %３, mzp (mx｠q Nqsm｡u｣q

Rm｡q ２|‾q｠qz｡qp m｠ m %３ r{‾ ｡tq Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾∂

P‾qP‾{oq｠｠{‾ TP TN (P (N ACC MCC (PR (NR

N{zq ｐｐｔｏ ｏｑｋｓ ｏｒｍ ｌｎｍｑ ｓｐ ｒｌ ｔ ｌｔ

Mqpumz

(ux｡q‾uzs ｑｍｔｍ ｍｓｌｒ ｍｍｑｎ ｑｍｓ ｒｑ ｐｌ ｏｐ ｔ

Pq‾u{puo:

Nｦ}｢u｠｡

Iz｠|u‾qp ｑｔｍｋ ｋ ｐｋｓｋ ｋ ｐｓ ｋ ｌｋｋ ｋ

Pq‾u{puo:

T‾mpu｡u{zmx ｑｔｍｋ ｋ ｐｋｓｋ ｋ ｐｓ ｋ ｌｋｋ ｋ

S|xuzq (u｡｡uzs ｑｏｓｏ ｌｔｌｋ ｎｌｒｋ ｏｎｑ ｒｋ ｎｔ ｑｍ ｑ

Ctm‾｡ ２u･３ ⌒T‾｢q P{｠u｡u｣q｠, T‾｢q Nqsm｡u｣q｠, (mx｠q P{｠u｡u｣q｠, (mx｠q Nqsm｡u｣q｠, Aoo｢‾moｦ, Mm｡｡tq､｠

C{‾‾qxm｡u{z C{qffiouqz｡ ２|‾q｠qz｡qp m｠ m %３, (mx｠q P{｠u｡u｣q Rm｡q ２|‾q｠qz｡qp m｠ m %３, mzp (mx｠q Nqsm｡u｣q

Rm｡q ２|‾q｠qz｡qp m｠ m %３ r{‾ ｡tq A｡｡‾un｢｡q )‾myym‾∂

P‾qP‾{oq｠｠{‾ TP TN (P (N ACC MCC (PR (NR

N{zq ｐｋｌｋ ｏｔｎｑ ｌｏｏ ｌｔｌｋ ｓｎ ｑｔ ｎ ｍｓ

Mqpumz

(ux｡q‾uzs ｐｒｓｍ ｎｍｐｒ ｌｓｍｎ ｌｌｎｓ ｒｐ ｏｔ ｎｑ ｌｑ

Pq‾u{puo:

Nｦ}｢u｠｡

Iz｠|u‾qp ｑｔｍｋ ｋ ｐｋｓｋ ｋ ｐｓ ｋ ｌｋｋ ｋ

Pq‾u{puo:

T‾mpu｡u{zmx ｑｔｍｋ ｋ ｐｋｓｋ ｋ ｐｓ ｋ ｌｋｋ ｋ

S|xuzq (u｡｡uzs ｑｍｎｓ ｍｌｔｍ ｍｓｓｓ ｑｓｍ ｒｋ ｎｔ ｐｒ ｌｋ

ｎｓ
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Ctm‾｡ ２･３ ⌒A｣q‾msq Hqm| Mqy{‾ｦ U｠qp ２uz Bｦ｡q｠３ r{‾ ｡tq uzpu｣up｢mx ｠｢n-|‾{oq｠｠q｠ ｡tm｡ ymwq ｢| ｡tq

Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾∂

P‾qP‾{oq｠｠{‾ T{wqzu｠q‾ ２B３ Pm‾｠q‾)qzq‾m｡{‾ ２B３ Pm‾｠q‾ ２B３ T{｡mx ２B３

N{zq ｌｎ.ｌｌ ｏｒ.ｏｒ ｑｏｍ.ｑｎ ｒｋｎ.ｍｌ

Mqpumz (ux｡q‾uzs ｏ.ｑｏ ｏｒ.ｍｐ ｌｍｑ.ｑｏ ｌｒｓ.ｐｎ

Pq‾u{puo: Nｦ}｢u｠｡

Iz｠|u‾qp ｌ.ｍｔ ｏｒ.ｎｌ ｍ.ｌｔ ｐｋ.ｒｔ

Pq‾u{puo:

T‾mpu｡u{zmx ｌ.ｍｑ ｏｒ.ｎｌ ｍ.ｌｔ ｐｋ.ｒｑ

S|xuzq (u｡｡uzs ｎ ｏｒ.ｍｒ ｌｋｑ.ｍｌ ｌｐｑ.ｏｓ

Ctm‾｡ ２･u３ ⌒A｣q‾msq Hqm| Mqy{‾ｦ U｠qp ２uz Bｦ｡q｠３ r{‾ ｡tq uzpu｣up｢mx ｠｢n-|‾{oq｠｠q｠ ｡tm｡ ymwq ｢| ｡tq

A｡｡‾un｢｡q )‾myym‾∂

P‾qP‾{oq｠｠{‾ T{wqzu｠q‾ ２B３ Pm‾｠q‾)qzq‾m｡{‾ ２B３ Pm‾｠q‾ ２B３ T{｡mx ２B３

N{zq ｏｒ.ｓｌ ｋ.ｑｒ ｏｋｍｋ.ｓｌ ｏｋｑｔ.ｍｔ

Mqpumz (ux｡q‾uzs ｌｌ.ｍｓ ｋ.ｐｔ ｍｋｎ.ｒｌ ｍｌｐ.ｐｓ

Pq‾u{puo: Nｦ}｢u｠｡

Iz｠|u‾qp ｌ.ｓｑ ｋ.ｐｔ ｌ.ｋｐ ｎ.ｐ

Pq‾u{puo:

T‾mpu｡u{zmx ｌ.ｓ ｋ.ｐｔ ｌ.ｋｐ ｎ.ｏｏ

S|xuzq (u｡｡uzs ｒ.ｓｎ ｋ.ｐｔ ｌｎｔ.ｋｔ ｌｏｒ.ｐｌ

Ctm‾｡ ２･uu３ ⌒A｣q‾msq Tuyq Tmwqz ２uz Muxxu｠qo{zp｠３ r{‾ ｡tq uzpu｣up｢mx ｠｢n-|‾{oq｠｠q｠ ｡tm｡ ymwq ｢| ｡tq

Pm‾｠uzs E･|‾q｠｠u{z )‾myym‾∂

P‾qP‾{oq｠｠{‾ T{wqzu｠q‾ ２MS３ Pm‾｠q‾)qzq‾m｡{‾ ２MS３ Pm‾｠q‾ ２MS３ T{｡mx ２MS３

N{zq ｋ.ｋｓ ｋ.ｍｍ ｌ.ｓｔ ｍ.ｌｔ

Mqpumz (ux｡q‾uzs ｋ.ｋｑ ｋ.ｍｎ ｋ.ｐｒ ｋ.ｓｑ

Pq‾u{puo: Nｦ}｢u｠｡

Iz｠|u‾qp ｋ.ｋｑ ｋ.ｍｔ ｋ.ｋｔ ｋ.ｏｏ

Pq‾u{puo:

T‾mpu｡u{zmx ｋ.ｋｐ ｋ.ｍｍ ｋ.ｋｑ ｋ.ｎｎ

S|xuzq (u｡｡uzs ｋ.ｋｐ ｋ.ｍｍ ｋ.ｏｎ ｋ.ｒ

ｎｔ
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Ctm‾｡ ２･uuu３ ⌒A｣q‾msq Tuyq Tmwqz ２uz Muxxu｠qo{zp｠３ r{‾ ｡tq uzpu｣up｢mx ｠｢n-|‾{oq｠｠q｠ ｡tm｡ ymwq ｢|

｡tq A｡｡‾un｢｡q )‾myym‾∂

P‾qP‾{oq｠｠{‾ ２MS３ T{wqzu｠q‾ ２MS３ Pm‾｠q‾)qzq‾m｡{‾ ２MS３ Pm‾｠q‾ ２MS３ T{｡mx ２MS３

N{zq ｋ.ｍ ｋ.ｋｏ ｌｐ.ｌｔ ｌｐ.ｏｎ

Mqpumz (ux｡q‾uzs ｋ.ｋｓ ｋ.ｋｏ ｋ.ｓｎ ｋ.ｔｐ

Pq‾u{puo: Nｦ}｢u｠｡

Iz｠|u‾qp ｋ.ｋｐ ｋ.ｋｐ ｋ.ｋｐ ｋ.ｌｐ

Pq‾u{puo:

T‾mpu｡u{zmx ｋ.ｋｐ ｋ.ｋｐ ｋ.ｋｐ ｋ.ｌｐ

S|xuzq (u｡｡uzs ｋ.ｋｓ ｋ.ｋｏ ｋ.ｑｐ ｋ.ｒｒ

ｏｋ



A Sｦz｡ao｡uo Pa｡｡q‾z Rqo{szu｡u{z A||‾{aot ｡{ Wa｣q Azaxｦ｠u｠ - Jayq｠ D Ba｡qyaz

ｌｍ. RE(ERENCES
● A｡wuz｠{z, K. ２ｌｔｓｔ３. Az Iz｡‾{p｢o｡u{z T{ N｢yq‾uomx Azmxｦ｠u｠. ｍzp qp. J{tz Wuxqｦ & S{z｠.

● Bqzpq‾, L. C., )｢uzm｠｠{, N. L., mzp Wmx|q‾｡ J. N. ２ｍｋｋｔ３. A C{y|m‾u｠{z {r Mq｡t{p｠ r{‾

Dq｡q‾yuzuzs Suszufiomz｡ Wm｣q Hqust｡｠ - A||xuq｠ ｡{ m ｎ-y Du｠o｢｠ B｢{ｦ p｢‾uzs H｢‾‾uomzq

Km｡‾uzm. J{｢‾zax {r A｡y{｠|tq‾uo azp Ooqazuo Tqotz{x{sｦ. [{zxuzq] V{x｢yq ｍｒ, |msq｠ ｌｋｌｍ - ｌｋｍｓ.

A｣muxmnxq m｡: t｡｡|｠://v{｢‾zmx｠.myq｡｠{o.{‾s/｣uq､/v{｢‾zmx｠/m｡{｡/ｍｒ/ｑ/ｍｋｌｋv｡qot{ｒｍｏ_ｌ.･yx

[Aooq｠｠qp ｌｋ Mmｦ ｍｋｍｌ].
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