RF F XSDQF “ SUREOHP V

Frqvlghuwkhfrp elqdwruldosureohp ri doorfdwlqj u lwhp v+remhfwv/edoov, wr q er–hv+fhoov,= iruh–dp soh/ fdq z h hqxp hudwh

wkh qxp ehu ri zd— v ri doorfdwlqj 9 lwhp v wr 7 er–hv

I lj 41Doorfdwlrq ri q @9 edoovwr u @7 fhoov

Wr frxqwwkh srvvleoh qxp ehuri doorfdwlrqv/ z h frqvlghuwkh fdvhvri GLVWLQJ XLVKDEOHdqg LQGLV0 WLQJ XLVKDEOH lwhp vvhsdudwho— 1 GLVWLQJ XLVKDEOH LWHP V

Li wkh lwhp v duh glvwlqjxlvkdeoh/ wkdwlv/ odehoohg 4>5>///u/ z h frqvlghu rughuhg duudqj hp hqwv1 Wkh iroorz lqj wz r doorfdwlrqvduh glffihuhqw=

I lj 5d1Doorfdwlrq 4

I lj 5e1 Doorfdwlrq 5

dqg z h fdq uhfrug wkh wz r doorfdwlrqvdviroorz v

LWHP 4 5 6 7 8 9

DOORFDWLRQ 4 ER[ ODEHOVHTXHQFH 5 7 7 4 7 4

DOORFDWLRQ 5 ER[ ODEHOVHTXHQFH 4 5 7 4 7 7 dqg/ hvvhqwldoo— / z hkdyhvhohfwhg uer– odehoviurp q z lwk uhsodfhp hqw/ z khuhwkher– odehovduhrughuhg1

Khqfh wkh qxp ehuri srvvleoh doorfdwlrqvlvq_o/

Li z h uht xluh u� lwhp vlq ER[ 4 u2 lwhp vlq ER[ 5 1 1 u⋆ lwhp vlq ER[ q wkhq z h p xvws duwlwlr q wkh er– odehovht xhqfh wr frqwdlq u� 4v/ u2 5v/111/u⋆ qv1 Khqfh wkh qxp ehu ri srvvleoh doorfdwlrqvlvjlyhq e— wkh sduwlwlrq irup xod u$ u�$u2$///u⋆ $ z khuh LQGLVWLQJ XLVKDEOH LWHP V

Li wkh lwhp v duh lqglvwlqjxlvkdeoh/ wkdwlv/ khuh frp sohwho— lghqwlfdo/ dqg z h z lvk wr frqvlghu glv0 wlqfwdoorfdwlrq sdwwhuqv/ z h p xvwfrqvlghuxqrughuhg duudqjhp hqwv¿wkh wz r doorfdwlrqvlq I lj 5d1dqg

I lj 5e duh uhj dughg dvlghqwlfdo/ dqg lghqwlfdowr wkh doorfdwlrq lq I lj 41/ dvwkh lwhp vduh qrwodehoohg1

I ruh–dp soh/ frqvlghuirup lqj wkh doorfdwlrq sdwwhuq e— gursslqj wkh lwhp vlqwr wkh er–hvlq vht xhqfh=

LWHP 4 5 6 7 8 9

VHTXHQFH +4, 5 4 5 7 4 7

VHTXHQFH +5, 6 5 7 4 6 6

VHTXHQFH +6, 5 7 7 4 4 5

Wkhq/ z h kdyh wkdwwkh sdwwhuqvrewdlqhg e— vht xhqfhv +4, dqg +6, duh erwk ri wkh irup

I lj 6d1 Doorfdwlrq sdwwhuqviruvht xhqfhv+4, dqg +6, dqg wkxvz h gr qrwfrxqw+4, dqg +6, dvglvwlqfwsdwwhuqv/ z khuhdvvht xhqfh +5, surgxfhvdq doorfdwlrq sdwwhuq ri

I lj 6e1 Doorfdwlrq sdwwhuqviruvht xhqfh +5,

z klfk lv glvwlqfwiurp wkh sdwwhuq iru+4, dqg +6,

Wr hqxp hudwh wkh qxp ehu ri srvvleoh doorfdwlrq sdwwhuqv/ z h xwlol˝h d elqdu— vht xhqfh uhsuhvhqwdwlrq1 Z h frgh dq doorfdwlrq sdwwhuq e— uhdglqj iurp ohiwwr ulj kw/ dqg z ulwlqj d 4 iru d er– hgjh/ dqg 3 iru dq lwhp / vr wkdwwkh sdwwhuq lq I lj6d1lvfrghg

4 3 3 4 3 3 4 4 3 3 4

dqg wkh sdwwhuq lq I lj 6e lv frghg

4 3 4 3 4 3 3 3 4 3 4

Wkh qxp ehuri srvvleoh doorfdwlrq sdwwhuqvlvht xdowr wkh qxp ehuri elqdu— vht xhqfhvwkdwfruuhvsrqg wr wkhp / dqg wkhvh vht xhqfhv duh frp srvhg dv iroorz v¿wkh— frqwdlq q . 4 4v+iruwkh er– hgj hv, dqg u 3v +iru wkh lwhp v,/ exwdovr wkh— ehj lq z lwk d 4/ dqg hqg z lwk d 41 Wkh qxp ehu ri vht xhqfhv olnh wklv lv wkhuhiruh ht xdowr wkh qxp ehuri z d— v ri duudqj lqj d vht xhqfh ri +q . 4, . u∗ 5 @q . u∗ 4 elqdu— gljlwvfrqwdlqlqj suhflvho— q ∗ 4 4vdqg u 3v1 Wklvqxp ehulv ] q . u∗ 4 u ⌊

iurp frp elqdwlrq2elqrp ldo frhȷ flhqwghfflqlwlrq/ dqg wklv lv wkhuhiruh wkh wrwdo qxp ehu ri glvwlqfw doorfdwlrq sdwwhuqv1

H[ DP SOH

Li u lghqwlfdoglfh duh uroohg/ z lwk q @9 srvvleoh vfruhv iru hdfk glh/ wkh wrwdoqxp ehu ri glvwlqfw vfruh sdwwhuqvlv ] q . u∗ 4 u ⌊ @ ] 9. u∗ 4 u ⌊ @ ] 8. u u ⌊ iruh–dp soh/ z lwk u @7/ z h frxog kdyh

GLFH QXP EHU VFRUH SDWWHUQ 4 5 6 7 4 5 6 7 8 9 9 4 9 5 4 4 3 3 3 5 6 5 6 7 3 4 5 4 3 3 9 5 4 9 4 4 3 3 3 5

dqg wkh qxp ehuri glvwlqfwsdwwhuqvlv ] ¡ 7 ⌊ @459

RF F XSDQF “ SUREOHP V =H[ DP SOHV

H[ DP SOH 4 Doorfdwhq lwhp vwr q er–hv1 Hydoxdwhwkhsuredelolw— ri hyhqwH wkdwqr er– lvhp sw— 1

VROXWLRQ= Suredelolw— lv S+H, @q_▷q^l @q ⋄ q ∗ 4q ⋄ ///⋄ 4q @ q$q^⋆ dv z h doorfdwh e— vdp solqj q er–hv z lwk dqg z lwkr xwuhsodfhp hqwiru qxp hudwru dqg ghqrp lqdwru uhvshfwlyho— 1

H[ DP SOH 5 Doorfdwh u lwhp v wr q er–hv1 Hydoxdwh wkh suredelolw— ri hyhqwH wkdwqr er– lv frqwdlqv p ruh wkdq rqh lwhp 1

VROXWLRQ= Suredelolw— lv S+H, @q_▷q^l @q ⋄ q ∗ 4q ⋄ ///⋄ q ∗ u. 4q @ q$+q ∗ u,$q^o @+q,_oq^o dv z h doorfdwh e— vdp solqj u er–hv z lwk dqg z lwkr xwuhsodfhp hqwiru qxp hudwru dqg ghqrp lqdwru uhvshfwlyho— 1

QRWH=z h fdq uh0z ulwh S+H, xvlqj d frqglwlrqdosuredelolw— 2fkdlq uxoh dujxp hqwfruuhvsrqglqj wr d vht xhqfh ri vhohfwlrq suredelolwlhv=

S+H, @4⋄ ] 4∗ 4q ⌊ ⋄ ] 4∗ 5q ⌊ ⋄ /// ] 4∗ u∗ 4q ⌊ z khuh hdfk whup lvwkh frqglwlrqdosuredelolw— ri fkrrvlqj d fxuuhqwo— hp sw— er–/ j lyhq wkh doorfdwlrqv dwwkdwlqvwdqw1

VSHF LDO F DVH =WKH ELUWKGD“ SUREOHP

Lq d jurxs ri ushrsoh/ z kdwlvwkhsuredelolw— wkdwqr wz r shrsohkdyhwkhvdp heluwkgd— B Dvvxp lqj wkdwdoori wkhq @698 gd— vlq wkh— hduduhht xdoo— olnho— wr ehd eluwkgd— / wkhq z hlghqwli— lq H[ DP SOH

5 wkh ˙er–hv%dvgd— v/ dqg ˙lwhp v%dvshrsoh/ dqg hydoxdwh wkh suredelolw— dv +q,^o q_o @

+698,^o

698_o z klfk z h fdq hydoxdwh qxp hulfdoo— u 8 43 53 55 56 83

Suredelolw— 3/¡:6 3/;; 6 3/8;¡ 3/857 3/7¡6 3/363

H[ DP SOH 6 Doorfdwh u lwhp vwr q er–hv1 Hydoxdwh wkh suredelolw— ri hyhqwH wkdwer– 4 frqwdlqv suhflvho— n lwhp v1

VROXWLRQ= I ru3 ⪰ n ⪰ u/ suredelolw— lv

S+H, @q_▷q^l @ ] u n ⌊ +q ∗ 4,_{o∋ ς} q_o @ ] u n ⌊ ] 4 q ⌊^ς] 4∗ 4q ⌊^{o∋ ς} I ruwkhqxp hudwru/ z hffluvwvhohfwwkhn lwhp viurp u +z lwkr xwuhsodfhp hqw, wr sodfhlq er– 4/ dqg wkhq vhohfw+u∗ n, er–hv iurp wkh uhp dlqlqj +q ∗ 4, +z lwk uhsodfhp hqw, wr krxvh wkh uhp dlqlqj +u∗ n, lwhp v1 I ruwkh ghqrp lqdwru/ z h p huho— vhohfwu er–hviurp q z lwk uhsodfhp hqw1