*SOUC Ueyl Saow 9Bps uUp UIB3UOD JOU ABW 11NDLD B DSNEDBQ JUBAGD IINDIID B

01 P2ISBAUOD @G jouuwsd | aanbi4 ug pa:eJasnygi O] Ayl ‘9 dweXa JO4 SIS IXS JBAGD

. mémdéggm;;“Lék;b;jggssmngnagfé = oﬁ&} pasodwooep 38 uED SN0l UBW3Isod asauly) AssaAs

30U “USASMON  "3SR21U0US 241 3¢ 10U PISU UD (UM ‘INnol e 01 PRILDAUCD Al{SE3 39 URD UIAQD

1ML Y (raujod Burlsels sty o3 uinysa pue ydesb e jo =bpe ydes Luole {i1BW JBA}|ESp

Isnw uewysod Byl ‘s1 jeyl) SOUD IsSBI| 1B peSiBARL] S °6pd ydes 1eul yons unol
1E83304s Y2 puly 03 :{r3] uveunsod SSPUIYY SYI JO IBUI O3 PIIBR{RJ 51 WHqoJ4d siyj

TS3n2133 {ed1a309(e bHulzAieue ui ®side ued wI|qoid JR{IWIS ¥ "ASADD 1{NJLLD

11DYS B pull Isdi4 OF S[1ymylJom s 31 Y (48A02 2yl jo y3ibus| Y1) $1In341D 3y3

o syibusy sy3 jo wns syl uc spuadap 140113 (eUOIIRINdWOD SYI IDUIY TSI INDIIT ISIYI

(T

e,
Suoie psindwod =g 1SN UCIIDUNY HIBIISD B ‘PUNO] BOUQ *JSAOD 1[NDUA{D e p2{{ED 8§
£3(n2a10 fBuriinear jo 39S 2 TSIINDUID AQ pIUaAOD ¢ 1shw ydesS poaloalipun psissuuod

e 0 s3bp2 34l 1B []] pPoylaw sS0J4] APJeH oYl AQ swaisAs uojiebiaay BuizdAjeue uj

NOILIONA0YINT "1

t4no3 uswisod [Bwi3do Aue ueyI J435UGY 3
43A03 31ND41D 3523404Ss 2yl yoiym oy sydedb 3Isixe sdayl 18Yl UsA0Ud S1 3] ‘pdsSSMASID

Os|® s} wajgosd uewlsod 8svUIY) PYI 0) $IDA0D TIMOIID JO diysuoliejed sy}

“1-u+2 3Jsow e yibusp 4O 4BAOD 3 INDLD

B SIS{X® S48yl Usyl ssv4l Bujuueds jujofsip-26pa oMl sujejuod ydeab ayj 4
‘ulgey Ag pednp
-GJ3UY sWylraobie Jo SseD 2Yyl - uwydrjsoble di3siiiqegosd B Aq we|goud te21394004]
-udeab & BuiAjos o 9pdwexs ue s93IN31ISUOD Siyy ‘ydeub Indut 2y3 jo Juspusdepuy
‘(Zu)o s1 =wy3l bujuuna peidedxs sii  paiussaud St 43A0D e yons Bujpujy uoy
wyliJobie di3sifiqeqodd vy tubojuz +3 031 |enbs Jo ueyl sss| S| ysiym 4o yabus| syz
4BA03 31NDUA1D e sey sebps & puk sedijasA u  yjrm ydesb ps3ydsaipun poldeuuGd aé;;
-36014g AJ4oA® 1BYI UMOYS Si 1] "U9A0D 1INDJID JJOYS B PUl) 01 Asesssosu self| }8Wos S|
11 swelsAs uojleSraay BujzAleue u]  -s31no41D BUl 40 syibus| a2y3 jo wns =2yj si yibus|

$31 ‘fydedB B Jo sebpa syl ||B U49A0D UDJUM SIINDIID 4O 185 B S| UBAOD 31nD41D ¥

12v¥1S8yY
|9Bds| ‘ejlel “JSIUSY) Di41IUS|DS [SBIS| Wg|
yapoy (3eyd iy

[®rds] ‘eyiey ‘Abojouyoe) o 23In313su| [sedS| ‘uoiuyaw]
tel} uoly

SLINJYII A9 HIVYY V HNIYIAQD



3004 34yl 1deox3 $8213143A Yl ||B WOl SlkuBWS AW sobpa oeq) ‘sabps >deq Z-Uu 3sou
je pue sobpo-s°43’ |-U sulejuod Y 2duls ‘sebps  f-uz 3sow e pue s9D|3JdA U
S RY—PUR-£D0:4 =36 P 1A G - PRIDBUUOD -S| — 1 {SAG--OYI-AG-PSII S IA-ISUA L) XSIUDA BY]) X3IBA
1seMO| @Yl 01 spes| yolym 26ps oeq syl °sooyd sm neuews sab6ps doeq yolym wody
A X9349A Udes U0y :xelﬁeA yoes wod) =6ps »2eq QU0 1sow I ‘uUoliippe Ul ‘pué 1
sujejuod Yojym 9 jo ydeubgns B oq | 397 "USA® S| X@3deA Yyoeo jo Ia.dbap syl aduls
qdeJB J2|n3 ue si  4-5 ydesb 2y3 jo Jusuodwod psIdSUUOD yoejz ] 943 9yl jo ydedb
- -gns B Sl 3] ®2U|S 3SSU0) B S| 4 *sobps pe31o|ep Byl JO 19s @yl °q 4 197 Y Woly
(A“n) eo6ps Y3 °38|°p UBY3 ‘ppo S 9 ul A Jo 934B3p Byl JI ‘n 03 A UWOJY SpJEM
-joeq (A‘n) 9bps-9943 @2yl bBulsioAed]l USYM "SpJeMYOBq SDUO puB UOI3D3JIp plemloy
Yl U] SDoUO ‘©2|M3 posdaAel]l s} 9bpe-s9u] yoez ] U0 §4Q B IDNPUOD MON  “[NHV]

9 jo 2843 bujuueds (sd4g) Yyodeas-3siij-yidep e 99 | 18] ‘4 pue Y puly ol
i
96ps AJ4SA®D S43A0D Y2IYm M Ul SIIND11D Jo 39s e Bujppe A g JO J43A0D 11INDU4[D B 03

pSpusIXe 2q UBD 3I8S SIY] "S1Ind4id 1ujolsip-2bpe jo 395 B S| 4-9 ‘@10j849Yy]
-ydeab Ja2|n3 UB S| 4-9 4O Jusuodwod pIId3ULOD yse3z (111)
“H Ul paujeijuod 3Issd0) B SI 4 (1)

‘sebpa  ¢-ugz 3IsSOW 3B pub SID|IJISA U sey pue 2944-9b6plaq ‘paldsauuod si Y (1)
:3ey3 yons 4 pue H sydeaBgns suiejuod g ydedb po3dsdjpun Atsas ‘1dey U|
-ydeubgns AJdel|Ixne.uB U} paujeluod s31nd41d Aq sabps Bujulewss syl J49A0D uayl pue

sebpa u-® 3ses| 3e 49A0D IS4l oM ‘(ubolu)p+ 2 YIBUS| JO J3A0D B 3INUISUOD O]

SHAVYY9 3IS¥YdS 0L NOI11dNd3d Vv 'Z

-[¥3] daey pue spuowpj jo poyisw buj||eds
aya Buysn 31 Bujajos pue [r3] wa]qold uojieidodsuedy 34o00Yd3iH B BulldNIISUOD Aq LWL
(Uﬁolsu)o Ul punoj °q Aew 4no3j 3§9340Yys Y -J3Ylo 94yl Joj uolIn|os B sp|atA A|3d8Ulp.

swo|goldd 3yl 4O BUO JO4 uUOIIN|OS B ‘UsAsMOY sydedb pes3doed|p pe3dsuuod A|buotls

10} psuljep 9q ued swajqodd uewisod IsIUIY) SYI puB JSA0D J|NDU|D ay2 y3og

*l-U+2 yibus| Jo 49A0D 11NDUID B Ssey

seo43 Bujuueds jujolsip-26pa oml sujeluod yosiym ydeab Aisas jeyy moys os|e oM -Bwl3
(¢u)o 3sow 3e soJinbaug wyjjaob|e syl Jo UOISJSA Dl3sSlulwaalap ¥ Y] quJ!JOG[é
51351 |1qeqoad jo Asobojes payyl s,uigey o1 sbuo|ag 11 ysns se pue (04sz A3||lqeqodd
4yaim) S3reujwial Jou Aew wyrjuoble siyl -ydedb andul ay3 Jo Juapuadepul ‘aBEJeAé

2yl uo awi3l  (Zu)Q Vsexen 3|1 -peiussaud s| J9A0D e yons HBulpuil Jo) (S8D10YD wopued
SWOS SUlBIUOD Ydiym wyjjdoble ue) wyitioble oi3sijigeqold y -ubojuz +35 3sow 3e

S1 yoiym Jo yabus| oy3z J42A00 3 no4id> e sey ydeab sa.3-96piuq Aue eyl saocud oM

©(se21348A U y3|M ydeub s3s|dwod syl uoy "b6-3) (U)o se sbue| se °q Aew J9A0D B Yodns

1o yabus| 2yl ‘USABMOH "U4SA0D IINOJ41D B WIO SIINDAID |Blusuiepuny syl ‘A|snojaqQ



-] 031 109dsed y3im ydeab syl Jo SIINDJID |BIUSWEPUN SY3 pa| B> 8dB S3INdJ|D

(l-u) -2 @Syl -3InoJ1o B Wioy | Ul A 01 N woyy yyed snbjun ay3 yam Jsyi=bol -

1-9 4o (a‘n) =bp= yose3 *(3°\) =9 ydedb e jo 8343 Bujuueds e aq | 397

“321M1 A]3oex® °bpa AJaA® S49A0D UDIYm JSA0D 11NDJ1D B WIoj ydeab aeueid e jo

seoe) 9yl 4o yoes Jjo sobpa syl eyl Os|e 30N ‘- (usA® s Xx@343A yoes jo 994bsp Byd

‘Al3us|eainba) ydeub usin3z ue si 31 3| Aluo pue }j1 ® yibus| jo J2A0D 3|NdJID e sey

sebpe ° pue S921349A U Yilm  (IA) =9 ydeab po31osuuod B ‘9404849Y] "IDUO Al31oex?
poJsA0d s| =bpe Uyoes yoiym Ul JBAOD 1INDUID B S| 3INDAID J9|ng ue jeyl 210N

(*[NHY] Wil Jeaul] uj pe>d9yd 3q ued sa]3J2doad

asayl)} ‘eed4-°bplig pue pa3dBUULOD BB sydeab andul Uyl |lB 1By} pswnsse s| 1|

€4jJ0}8dusy - (S3usUOdWOd paIDBUUOD JO JIqUnu By3 sosesJoul Yoiym Jo uolis|ap ay3 3bpe

ue) =b6piJq Aue ujeluUOD 30U SSOp 31 J1 Aluo pue ji J3A0D 3InND1[d B SBY ydeab vy

A

2 'big

-unol uewisod 2saujy) |ewiido
Aue ueyi Jo2buo| S| 4SA0D 3{NDJ1D 1S9IJ0YS BY3 Yoliym Joj (z 24nbi4 93s ‘ydeab

s,ussJteled 6°9) sydedb 3Isixs 243yl 9 UOlIDBS Ul usaoldd sy 3|nsad J4abuodlis y

| B4




3004 3yl 1deox3 $8213143A Yl ||B WOl SleuEWS AW sobpa oeq) ‘sabps >doeq Z-Uu 3sou
je pue sobpo-s°43’ |-U sulejuod Y 2duls ‘sebps  ¢-uz 3sow 3je pue s9D|3JdA U
~__——w—w4~seqmpue—ieaag-eBp{aqwipeaaauu03m5+—uH»wi{sﬂGﬂsqlwﬂqnP81{S}A 3SJ14 X33A9A 2Yl) XI1d3A
1seMo| 9yl 01 spes| yolym 26ps yoeq syl °sooyd sm neuews s=b6ps doeq yoiym wody
A X3349A Ydes U0y :xelﬁeA yoes wod) =6ps »oeq su0 1sow e ‘uoliippe Ul ‘pué 1
sujeluod Yyojym 9 jo ydeuabgns B oq | 397 "USAS S| X@3deA Yyoeo jo Ia.4bap syl aouls
qdeJB J2|n3 ue si  4-y ydesb 2y3 jo jusuodwod pIIdDBUUOD yoejz ] S43 9yl jo ydedb
- -gns B Sl 3] ®2U|S 3SSU0) B S| 4 *sobps pe31o|ep Byl JO 19s @yl =9 4 197 °H wWodly
(A“n) eo6ps °9y3 =38|°p UBY3 ‘ppo S 9 Ul A Jo 934B3p Byl JI ‘n 03 A UOJY SPJEM
-joeq (A‘n) 9bps-9943 @2yl bBulsioAed]l USYM "SpJeMYOBQ SDUO puB UOI3D3J1p pleEMIOy
Yl U] °DoUO ‘©2|M3 posdaAeu]l s} 9bpe-s9u] yoejz ] U0 §4Q B IDNPUOD MON  “[NHV]

9 jo 2843 bujuueds (sd4q) Yyotees-3siij-yidep e o9 | 18] ‘4 pue Y puly ol
i
96ps AJ4®AD S43A0D Y2IYm H Ul SIIND11D Jo 39s e Bujppe A g JO J43A0D 11INDUA[D B 03

pSpusixe 2q UED 38S SIY] "S1Ind4id 1ujolsip-2bpe jo 395 B S| 4-9 ‘a10ja49y]
-ydesb a2|n3 UB S| 4-9 4o Jusuodwod pIId3UUOD yse3z (111)
“H Ul paujeijuod 3Isad0) B SI 4 (1)

‘sebpa  {-ug 3IsSOW 3B pub SID|IJISA U Ssey pue 9944-9b6plaq ‘pa3ldsauuod si Y (1)
:3ey3 yons 4 pue H sydeaBgns suiejuod g ydedb po3dedipun Assas ‘1dey U|
-ydeubgns AJdel|IxXne.uB U} paujeluod s31ndaid Aq sabps Bujulewss sYy3 J49A0D Uayl pue

sebps u-9 3sesa| 3e 49A0D 3sdljy oM ‘(ubolu)p+ 2 YIBUS| JO J3A0D B 3INUISUOD O]

SHAVYY9 3IS¥YdS 0L NOI11dNd3d Vv 'Z

-[¥3] daey pue spuowpj jo poyisw buj||eds
aya buysn 31 Bujajos pue [r3] wa]qold uojieilodsuedy 34o00Yd3iH B BulldNIISUOD Aq LW
(Uﬁolsu)o Ul punoj °q ABw 4no3l 3§9340Ys Y -J3Ylo 94yl Joj uolIn|os B sp|atA A|3d8Ulp.

swo|goldd Y3 4O BUO JO4 uOIIN|OS B ‘UsAsMOY sydedb pes3doedip pe3dsuuod A|buodtls

10} psuljep 99 ued swajqodd uewisod IsUIY) SYI puB JISA0D J|NDUID ay2 y3og

*l-U+2 yibus| Jo J49A0D 11NDUID B Ssey

seo43 Bujuueds jujolsip-26pa oml suleluod yosiym ydeab Aisas 1eyl moys os|e oM -Bwl3
(¢u)o 3sow 3e soJinbaug wyjjaob|e syl JO UOISJSA Dl3slulwaalap ¥ [Y] quJ!JOG[é
51351 |1qeqoad jo Asobojes payyl s,uigey o1 sbuo|ag 11 ysns se pue (04sz A3l |lqeqodd
4y1im) °S31euUjwial Jou Aew wyrjuoble siyl -ydedb andul ay3 Jo Juapuadepul ‘aBEJeAé

2yl uo awi3l  (Zu)0 Vsexen 3| -pe3jussaud s| J9A0D B yons HBulpuil Jo) (S8D10YD wopued
SWOS SUIBIUOD Ydiym wyljdoble ue) wyitioble oi3sijigeqold vy cubojuz +3s 3sow 3e

S1 yoiym Jo yabus| oYz J42A00 3indo4 > e sey ydeab sa.3-96piuq Aue eyl saocud oM

©(se21348A U y3|m ydeub s38|dwod syl uoy "b6-d) (U)o se sbue| se °q Aew J9A0D B Yodns

1o yabus| 2yl ‘USABMOH "J4SA0D IINOJ41D B WIO SIINDAID |elusuiepuny syl ‘A|snojaqQ



*2uU0 AQ pssesdd9p st A3l |eul

-pded s1l| pue peiepdn s] g usyl 10eXS 10U SI S J] g JOo S 3I8sgns e pue g
dan0o-4 ue s3idedoe  (S°g)3IN03IY  ©3INAIY  e4npsdouad Syl si g J9A0d-4 UusAlb e uj
$31no45-6 4o Jusquwnu syl Bujionpsa 4ol (0031 Diseq 8yl “s3InNd4id-6 Jo Jaqunu syl
2onpoad 01 AJ3 usyl sM | ‘9341 Bujuueds sy3l woujl pouleIgO SIINDIID [BIUSWEPUNY

JO 189S Syl S| J49A0D-4 |BlRlUl @Y} -s3In2419-b Jo 195 B AQ 4 JBA0D Sp

*1oex® aJe s3jesqns Ajdwsuou s3] | |B
41 9[glonpadad] s| J4SA0D-4 Uy *S-g 10 11nd2212-6 ou 03 pue § jo s3|noua}d-H
|yl ||e o3 sbuojaq yoiym 4 U] °O6ps LU0 3see| IB SISIXD B43Yl JI (4 031 1dadssu

Y31M) 3IDBX2 S| g JBA0D-4 UB JO § 33sqns Yy °S31nou1o-6 jo doqunu 3Iso||ews

34l YIIM JDA0D-4 ue S| 1] 4] J9A0D-4 wnuiulw-b e sy g g Jo 31ndujo-6 suo

Ises| 3@ 03 sbuojsq 4 4o 9bpe AUSAS 4| JIBA0D-4 UB S| S3indJ4|d-6 Jo g 39S y

*s3inou1d o|duis jujofsip-abps Jo uotun B S| (31n2412-6) 1ind4|D> pazi|eisusb y

4 1S3¥04 3HL 9HNIY3A0D ¢

¢ by

8 4 QVJ J
o———0

(] D p D
o} q o) q

‘9 Jo H ydeubgns syl pue ‘4 3souoj bBujpuodssiuod By3l ‘] °°u3 S4g e
‘g ydeab e sejeaisn||i ¢ sanbi4 9 J0J JSA0D JINDJID B SP|@]A 4-5 JO Jusuodwod

p93122uuod AJBA® 10} 31NOJA|D JB|Nnj UB puB H Ul 4 J0J JIA0D Yy " (SUOS s3I pue



‘9404349y] "3oex® s| g Jo 1e9sqns Ajdwsuou AusAs.uollluljiop Ag -s31asgns 10exe

Seol-Us -3SOW 3B SUTBIUOD g “E—BWWST-AG—dBA0D=H-—0{qIINPIIA{—UR—SG—F -] o] 1 JOOId-

*s31no415-6  [ubo|]. 3sow 3B SUJBIUOD UBAOD-4 3|qlONpedd]  AdeA] Ty ewwsT

i O *$195gNS Yyons  |-U  3ISOW 3IB UlBRIUOD Aew
g ‘sebps |-u 3sow 3e SU|BIUOD 4 BDUIS "3IdUlISIp ||e @Je sabpe ssay] g Jo

‘zgnngo_S 43y3o ou Ag pue § Jo s31indu4iD-6 | |B AQ padsA0d S| Yojuym 4 ;S; sbps

U0 3Sed| 3B SIS|X® 2493yl ‘g J9A0D-4 UB JO § 3I9SQNS 10BXD AJUSAS U104 1 Joodd

©S39sqnNs 310eX® |[-U  1SOW IB SU|BIUOD J4BA0D-4 AJdSA] :§ ewws]

*s31Nn0410-6 Jsmay suiejuod g

Sduls wnuwjujw-6 30U Ing 18A0D-4 2|qIONpaJJdl ue S| k eunbij uy se g pue 4 Joy

Lg daA0o-4 9yl b-e ‘wnwiuiw-6 S| 14SA0D-4 9|qIoNpaddl AJSAD Jou IRyl S3I0N

O *g  Jo Ajtjewjulw-6 oyl Buridipealuod ‘suo |eulblio sya

ueyl s3yinod|o-6 JoMa) sey UsA0D-4 Juel|nNsSad 2Yy) *(s°9)3ona3y  Alddy g J4on0d-4

wnwjutw-6 B jo 38s5qns 312ex®-UOU B S| § 3IBY3} AJIBJIUOD BY3 01 BWNSSY 1 Joouy
"2 gIoNpaddl S| J43A0D-4 wnwlujw-6 AusAz . i7 ewwsq
O *odsz-Uou s| GglgN paiepdn ay3l

Ul Ad3us AusAs Jsyirsym BuIosys Aq peindoexe aq ued ¢ aulT *(§-uz 1sow 1e s|

H u1l sebps Jo usqunu ay3l 3eyl Joquswad) awil (|S|u)0 sedinbsa 7z aujlj by L

AdsAs Joj) | <(3)8313N Jdayzaym Buiddsys Aq A|dwis suop 99 ued | aulT 1 Joodd

“(]s|u)o s1 (s°8)30na3¥ Jo w3 uojINdEXs BYL | ewweT

2wl bujuuna o51303dwAse syl Buijzosygje
anoyiim paiepdn usyl pue ‘ewil (,u)0 Ul pe3Indwod 8q ued 3s|| B3I A[[BRI3IIU]
4 ybnodyy ssed yojym g J4®A0D-4 JUS1IND BYI U} SIINdUI2-6  Jo JSQUNU BY] SUEIUOD

4 2 4 9bps Adsas Joj yoiym ggle 1s1| e =suedeud am 3JnQ3y Juswa|dui o)

‘pus
pus
1SN (5-8)=:g TSY3 JeA0oo-4 ue si SN (5-8) 31 “g
: ' o151 | Fo@ fo)mys UBsa 35 g
PUS S-g=:g USUl $-g Aq PoJsnod> s| 'o jo a6ps Ausae J1 UIBaq ol
usyl |=s 31
¢{%¢+--<lo}=g 32| Jueuwos U1Bsq

£ (5°9)39na3y @4npa30.d



*J49A0D-4 2|qglonpaddl ue ulelqo 0] | s4npsdodd s(3l A|[dde sm Gayj]
"s31no415-6 |ubo] | 3sow 3B Jo BUIIS|SUOD USA0D-4 UB 1DNJISUOD O3 B o.4npadodd

3yl @sn oM 3sdl4 :sdels oml U] pesdodd SM UBA0D-4 2|q[dnpadd) ue aonpoud of

43N00-4  37810N03¥Y¥] NV OINIANIS o

*s9bps Jjo usqunu 8yl ul

desul| sl yoiym Jo yibus| syl usA0D 1Inoaid e sey ydeab ssusp AdsAj 1] Adej]o40)

*sobps uboju 3ses| je suje3UOD 3] 4| BSUSP S| SIDIIJSA U YIMm g ydedb y

] "jooud 2y3 saisjdwod yojym [ubo|](f-uz) jsow 1B S| J9A0D-4

2yl jo yjbus| oy3z ‘sdogedsy] ¢-uz 2Isow 1e s] 31no415-6 yosee jo yibus| sy3

‘sebpe ¢-uz 3Jsow 3e sey Y pue Y U] paUIBIUOD S| SIINDJD-6 359yl JO Yoes BDJUIS
"s31nd5112-6 [ubo|] 3sow Je sujPIUOD pue 9|qIONPaJLl S| g ‘4 pue 7 sewws Ag

‘g J8A0D-4 uwnuwiujw-B e sey 31 sedy-96plig s Y 9OUIS D Isow JB S| YdIym 40

yibus| syl 31ndo419-6 ouo A|30ex® AQ padsA0d a9 ABW 4-5 Jo s=bps By1 ||¥ ‘Hod

isedoj e pue Y ydeubgns ssueds e paulelqo 9m UO|31D3S snojasdd syl uj 1 Joo.ld

‘[uBo| (€ -ug) +2 ueyl adow ou s| ysiym 4o yibus| Byl 4SAOD 1INDUID B SEY §

usayj 'SQBPS 2 pue s32]11d49A u yim L[dEJB SQJ__}—SSP!JC] e 9q 9 ‘219'] | wedoay)
& f 4
{{4F°47[“1}= © “{y’3’3%3'p’d’q’e)= o}= g
¢
{{qISI}IaIpIDI!}: o) v

14 T 15 i
4 ‘{‘qlgl‘;lel[/qle}= ) I{qlﬁl\/ilplalqle}= 3}= 8 )

4 D)
v 'big

O ‘[uboi]s |g] 4o L-usi- g2



set|nbal g-g seulq jo doo| syl =sdusy ‘swij (ubolu)p seajnboa ¢ BulT jo uoj3IRDOAUL
yoes | ewws Ag -obeusae 2yl uo sauwi3l (UA)O = (upz+ L)z peieedsd sue g-G sauil]
‘saseaddap ‘g| [13un obeusAe 2yl uo 221M3 URYI SJOW OU PI||BD S| IINQIY OOUIS

"UAz+ 1> |g] seridwy yorym uy s (1- |g]) |8  snuya pue UZ><IZI> b Ul 3y

“(gW)0 Aq
pspunog si ¢-] saulq Jo awlj uolindaxs 2b6edsAe 2yl ‘suojsdsy) Tswll (U)o = (uz)o
= ([g\u)o sadinbsa ¢ Bull Ul IINAIY JO UOIIBDOAUL YdEs | PWWaT Ag rsbeuane

2yl uo sam;i (U)o = (L-u)z ueyl sdow ou pajeadst ade §-7 saui ‘|-u >|g| IS
©S35e2403p {9[ [13un abeisAe 2yl uO 9D[MJ UBY] 3J0W OU PIINDBXD S| £ BUIT ‘2404249y]
*g Jo Alijeuipaed sy3 Bujonpsi Inoylim obeusAR 9yl UO 3DIM] UBYI SJ0W p=0AUl 3q

ou [ |Im 33NQ3Y 3IBYI °pn|ouod =M ‘(g BUWWST) Z/1 ©3 |enba 1o ueyl ssa| SI 19sgns

3oex@ ue Bufsooys jo A3i[jqeqodd 2yl G eu|] ul pue 7 aulq ul yioqg =oulg 1joodd

“(zU)0 s! 97 40 swil uolindaxa abeusAe ay) 19 ewws]

O /1= (z-uz)/(l-u) 3sow 3e S| G Bul

ul 39sqns 3oexs ue bujsooyd Jo A3l|lgeqoud syl ‘suojedsy) Tg-ug zz_Ll+ uﬁolJ 7 =

1= 1=1

! \ ‘/ : > : S| ubo

= 4 7 I | jsow 1e A3l |BUIpJED UIIM g
<LUBO[J+l/Luéo[J <\‘8| LuéoIJ L J

40 s3iesgns Ajdws-uou U0 Jaqunu Byl ‘sJ404248Y) '[UBO[J +1 2 |g] ‘g eulq ay

"¢/L>ug/(1-u) 3sow 3e s] auo Bujsooyd Jo Al||lgeqoad =y3 (€ ewwsq)

$19sQNs 32BX3 |[-U 3SOW 38 2B B4dY3 20UIS -ug 2<|§|>“z [ulT Ay 14004

"30EX® S| 97 JO G DUl JO g SUIT ul WopuBJ JB UBSOYD g

40 S 39sqns 2yl eyl g/ o3 |enbs Jo ueyl ssa3| s| A3l|lqeqouad ay] 1G BPWWST]

'mqngdﬁle
24l JO JOjABY3q 2yl SIPWIISS O] pasn s| eBwwd| Byl 4s3e7  -uaddey jou ssop siy3
@d)31deud U} 3RY3l so)jdwl G ewwe] ‘g JO S 1I9SQNS 1DEXD-UOU B Buipuly .anoyaim
doAsd0) doo| Aew 1) ‘Aj|eoi3adosy] -213si]igeqoud sg‘ 97 =4npad0.4d egl
pus.
PUS (S°g)3INAR|Y 1 (B2
‘|ubo] | 3sow 3B A3y|eUipded JOo g Jo 31°sqns A3dwS-UOU Wopued e=:§ UIB3q
op |ubo|]<|g| =liym-
puUs (s‘@)30n0Y |18

‘Z Allleulpied JO g JO 135QNS wopued e=:§ Ulbaq

N M N WO

O—Puzz(é])w 2]

‘L "34°m H  JO S3InOJ|D |BIUSWEPUNY JO 39S 9Yyl=:g U1Hag

{97 ed4npsdoud



at most O(nl'slogn)s 0(n2) time on the average. |
LG is a probabilistic algorithm which produces an F-cover B with card-
inality at most [logn]. The final step is to obtain an irreducible F-cover

" using the deterministic algorithm IR(B) below.

procedure |R(B);

1. begin while there exists a non-exact subset S of B do
2. call REDUCE(B,S)
end

o _ o X
Let B -{c1,c2,...,cb} and p=2 1. Let S],Sz,...,Sp be the list of

nonempty subsets of B sorted in lexicographic order. . Let NCTES be a list which
records the number of g-circuits of S covering every edge f of F. S s

exact if and only if there exists an edge f of F for which NCTEB(f)= NCTES(f)

|SJ. To produce NCTES_ we use NCTES . The time needed for such a computation
l =i

is 0(n| S @)Si|). Therefore, the total execution time of Line 1 for a given B

p
is at most 0(n % | Si_ & S.|). For the lexicographic order, this expression is

0(np) .

When a non-exact subset is found, the value of p s halved. Therefore, the
o0

total execution time of Line 1 is bounded by 0(np Z 2_1)= 0(np) .
i=0

Lemma 1 and |[8] <[logn] imply that the total execution time of Line 2

is bounded by 0(nlog2n).

Using p< Zflogn1g 2n we conclude:

Theorem 2:  An irreducible F-cover may be produced in 0(n2?) time on the

average.

Similar considerations, but using deterministic instead of probabilistic methods,

yield the following result:

Theorem 3: An irreducible F-cover may be produced in at most 0(n3) time.

5. COVERING A GRAPH WHICH CONTAINS TWO EDGE-DISJOINT SPANNING TREES

Let G be a graph which contains two edge-disjoint spann(ng_g:gg§imﬂflwgnd"_Wm*_
TZ' In Section 2 a method was presented for deleting some of the edges of a
spanning tree to yield an Euler subgraph. We use the same method to cover G.

First, we delete m edges of T] and obtain a connected Euler subgraph of G,
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Similar considerations, but using deterministic instead of probabilistic methods,

yield the following result:

Theorem 3: An irreducible F-cover may be produced in at most 0(n3) time.

5. COVERING A GRAPH WHICH CONTAINS TWO EDGE-DISJOINT SPANNING TREES

Let G be a graph which contains two edge-disjoint spann(ng_g:gg§imﬂflwgnd"_Wm*_
TZ' In Section 2 a method was presented for deleting some of the edges of a
spanning tree to yield an Euler subgraph. We use the same method to cover G.

First, we delete m edges of T] and obtain a connected Euler subgraph of G,



‘g uol1d95 jo o|dwexs

2y3 3Ino Buijujod 40} USAZ UOWIYS J10SS3404d MUeYl 03 YSIM BM : INIWIDAITMONAY

*sebpa syl uo
saybiam yaim ydedb e uj 3ybiom ||ews jo J2A0D 11nd41d> e Bujpuiy jo ws|qodd syi 23eb)

-153AU] 01 pup UiBus| WNWUJW JO JDAOD B pul} O1 SJE SUOISUIIXD 1330 2[qlSSod

j221M] .
1soW 1B poJ2A0d S| abpo yoes YdIUM Ul JDA0D 1inddid e aaey ydedb Ausas ss0Q (11)
jl-U+9 01 |enbe 4o ueYyl sso| Yibua| JO 12A0D 1Nd41D B 2ArY ydedb AdsAas s90( (1)

:uado ujewsd swe|qoud buimo||ol Sy

O ‘g euwws] 031 Adeijuod ‘o9oim) sieadde [ jo 96ps yoes yoiym

Ul J3A0D 1IND41D B S| JBA0D 11N5J12 8yl Jo sbew; syl P o3juo g pue s|de3juad
Jsuul ay3a ojuo paddew si 3INd4(D J9Yylo 9yl usyl -uobejuad U483INO BY] OJUO SIINDUID
ssay3 jJo ouo bujddew Aq 4 Jo wsiydiowoine ue sujjaq G yibus| jo yoea ‘s3indaid
JUIO[SIp-X83J43A OM] JO SIS|SUOD 4 3INDJID UBJUO}|JWEH OU SUlejuod 4 pue G s|i
d 40 31nD112 3s9340Ys 3yl jo yibus| syl 2dujg 7 o994b9p sAey seD1dS9A Byl [|B
uj 4 wody g 4o sebps syl jo uoljle|sp @yl wouy buil|nsss ydedb SU3 =g d a°91
‘Q 40 °b6ps QU0 A|31DEX® YllM JUSPIDUl S| 4 4O X3IUSA UDE3  (SDIM] PIJIA0D S|
ysiym Jo yoea) sabps jusoepe-uou A||eninw G JO SIS|suod g 189S 3yl ‘23.69p ppo

10 Uoed S9D[1J9A (| SUIRIUOD 4 9OU|S "BDUO URYJ BJ0W pataA0d sabpa jo 18s 3yl

3q @ 1397 -sabps Qg Ag peJaAod 8q ued 4 9soddng S(XOREZ M My (e A )

CLZOZEMEAC LAY (M xE ACACAY A) Y i1z yabua| Jo J8A0D B S3ISIX2 343yl 1 J00ud
-sobpe |z 1Se3| 3B SUIBIUOD d JO JSA0D 11NnD1]D AJ9A3 g ewuws]
:3jnsad 9yl uadaeys mou oM

[] "UOI1D|PEJluod B 1B paAllle DAY BM ‘g AQ 9|QISIAIp 30U S| Qg 9dUIS QT S!
J9A02 11N241D 2yl JO yibus| |[B301 92Ul 1BYl PSWNSSE SM JIIASMOH g SI' 4SA0D 2yl U}
s31no112 9y3 [|B Jo yabua] 2yl ‘g sl 31ndJ4id 1s2340Ys 2yl jo Yyibus| Syl pue sID|3U8A
0l sey ydeab 2ya 2oul§ “f AQ 9|qISIAIP S] 3IND241D yoes jo yibus| syl ‘suoyauayl
©sebpa-0) JO JoqWnu USAD UB SUJEIUOD 1! ‘9DUSH "SSWII JO JSqWNU USAD UB 3|dejuad
syl pue uobeiued syl usaM3Iaq uolbBOJ BYI S9SSOJD 3 NDUID AJSAZ D Ul 3ou Sbpd

ue pue 9b6ps-}) e A|S2jeuUJs3|B SUIBIUOD 3[ND41D AJsas ‘8|qissodw] S| SIyl UG
©31ND4)1D SWOS AQ 9D2[M] pasdoAed] 99 3Isnw 96ps-) Byl usyl ‘3 Ul A|SA|IND3SUOD
Jeadde sobps-p uou syz yyoq Ji -s=bps-p uou oml pue 3bps-) B YIIM JUSpIdUL

SI d 40 X3349A Uyde3 " JSA0D JINDJID WNWlUjw B U} IindJid B 39 J 397 1 Joodd



299

REFERENCES

[AHU] A.V. Aho, J.E. Hopcroft and J.D. Ullman, The Design and Analysis of
Computer Algorithms, Addison-Wesley, (1974).

[c] H. Cross, “Analysis of Flow in Networks of Conduits of Conductors',
Bull. No. 286, Univ. of lllinois Engineering Experimental Station,

Urbana, I11. (1936).

[EJ] J. Edmonds and E.L. Johnson, ""Matching, Euler Tours and the Chinese
Postman'', Math. Programming 5 (1973), 88-124.

[EK] J. Edmonds,and R.M. Karp, ‘''Theoretical Improvements in Algorithmic
Efficiency for Network Flow Problems', J. ACM 19 (1972) 248-264.

[K] T. Kameda, ""On Maximally Distant Spanning Trees of a Graph'', Computing 17
(roze ), is=iig:

[L] C.L. Liu, Introduction to Combinatorial Mathematics, McGraw-Hill (1968).

[R] M.0. Rabin, '"Probabilistic Algorithms', Proc. Sym. on New Directions

and Recent Results in Algorithms and Complexity, Carnegie-Mellon
University, Academic Press (April 1976).




