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:' 
We consider the problem of covering a weighted graph G = (V, E) by a set of " 

vertex-disjoint paths, such that the total weight of these paths is maximized. This 
problem is clearly NP-complete, since it contain's the Hamiltonian path problem as a 
special case. Three approximation algorithms for this problem are presented, exhibiting 
a complexity-performance trade-off. First, we develop an algorithm for covering 
undirected graphs. The time complexity of this algorithm is O(IEllogIEi), and its 
performance-ratio is ~. Second, we present an algorithm for covering undirected 
graphs, whose performance-ratio is j. This algorithm uses a maximum weight matching 
algorithm as a subroutine, which dominates the overall complexity of our algorithm. 
Finally, we develop an algorithm for covering directed graphs, whose performance­
ratio is j. This algorithm uses a maximum weight bipartite matching algorithm as a 
subroutine, which dominates the overall complexity of the algorithm. 

1 INTRODUCTION 

Let G = (V, E) be a (possibly directed) graph with no self-loops and parallel 
edges (or anti-parallel edges), and let Wo : E ~ ZH be a weight function. A 
path in G is either a single vertex v E V or a sequence of distinct vertices 
(VI, V2,' .. , Vk), where (vj, Vi+l) E E for 1:s; i:s; k -1 (in a directed graph, 
(Vi, Vj) is taken to be an edge from Vi to v). A path cover (abbrev. cover) of G 
is a set of vertex-disjoint paths that cover all the vertices of G. The weight of a 
cover S, denoted by Wo(S), is the total sum of the weights of the edges 

*Z+ is the set of positive integers. 
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ind uded ,,' S. A ""'C' of 'hc '1l."ilJlu", I,.." ihlc ,"," i~ h l i, "" ","'m al COl''' of 
v . a l~1 ii' we ig h. ;" ,lcn,, 'nl l:>y ,6(v). 

T hc "oneel" of gr~ l'b e,,'en nl( ", i,", i" ,,, ri,,,,, "pplicmio n" ' ucll a, 
mappinll p,1falld T""lIr~m. h>p,,,,, I1<1 ,,,d,;IUIU'c, (10] a"d e , ~te "p l;",i,.ali" " 
PJ. U" {<lHu" , 'cly. lhe " 1'1,,,,,,1 "m' Cling p",blem i, Nl'-co mplele cven for 
<1,1'0;,- .' ·cuo",·, 1('(1 pl.".' !l" 'r~' "'.... re no fa,,~ ha' fewcr thar\ I;yo edgC\ lBj. 
I he ,e are, 1"",,0"", ",..,., ,e<un, " " ..pllmal ",lVe r;nl; oj re'tr;cted ela"e' of 
1I",ph,. H....•....·h Cl .,1. h... e ,\0.'", ,,0.1 in [ 2] an .thciellt .. pl ill'''' co,,~ r i n ~ 

alll-<lli, hm 1", undll"dcd I< cc< I hc" ,e",11 ",,,, gCJ~"alize d hy Pillle , and 
W"If' lahl l' U]......"'. Jc,d<>jlCd ~ linea ' opl,," al ""H,;ng " 'gm ;lhm for' LI )_ 
d;ICel ,,1~ra r"'" ",her.., "" '''''' eyel<." , h,"e " "enu, Mo,~ " a"d \Vo l fSl~ h l have 
dc.d " ""d a"""", "p"m"l e<We, i"g f,,, cael i. i.e.. ",,<!; redcd f~ ,a ph, ,",here '1<' 

« II',e lie' .. " "",,e II"", "''" eyek [9 ] U",U,..",lcT ha' de.-eloped" polynomi,,' 
timr ;, '~ofil "m (4] f<lf op,,,nal (o~e, i ng " f <I",,,,, " f gr"ph' " ilh I"" ,n,led 
t,eew;dlh he.: LlJ fo' a ' d aocd ' e,,,llI. Il...."'h a"d Gi",pel [J] h""e ' '''dnccd 
,he I" "bie" , ol <tWef'''~'' lJ;ln t",1 "_}"<:Ii,, g,aph I" lhe m,,'chi,,)'. pmbk rn, /III 
Ihe "I""·,, ''''''k> eo""d", non« eighled gr aph, o nly. i" ,",'hieh e"", a" "1'"",,,1 
""" cr "an I", " 'l,,, , alc lJfl .., Jef'n"" 'I'" ",",,-cr .....ilh lhe ",i";",,,,,, """""'T "f 
pal l" , 

M""" "Ic,1h i' \11" "1',c""'I'Ic'e",,,, ol lhe op, imal e<>"''' '' ''g p",bkrn. ,",' . "' I 
(\ \It tn dcye lc, p al'I'"";w;I\i,,, . "' ~""Ih", s lor " I'" ,,,al e""c, i n~ "I ~ '" p h,_ 

Dclille " C' ",' cr iflg al\'ori' '' o, ,,, be an ' -"l'P"'uma>wn " lgo';lh", if fm an)' 
gra ph (; ~ ( V , E ) ,OK! a weighl (uncrion W,, : F~ Z ' , ,he "' ~""lhm p""I"n, 
a "",' c r S , ,,e ll \hal [I->'''':,\·WLP(G l]20'. In 'h" e ~",. ' ;" c alled ,hc /H" 
!"r"'<lllce-rww ,, ~ thc algori thm_ Th,ee ' -"ppro. ;m"""" e(\veri"l( ;rlg", i,h"" 
a rc prc,c"l.d , Firs l, we de"dop a l -"pp,oxima' ion algo,ilhm fOl ,,,..·trillg 
""direc ted groph" called .-\Igor;lhm ,\ The ' ime e(\m l'l. , n~ " f ,h ....,I.•", ilh,,, 
j , 0 (1 Fl ing IE D_Sewml, we prc,""l • l · app' " " malO" " alg" '" hm f" , ..." en"g 
"",Jireclcd graph" calbl i\1~(),ilb ", H H", " , ~, "" h'" " ....... ~ """,n",," "e 'g h'
 
rna,,' h'"g " Ig" rilhm as" ' Ub" ' Uli".. . ' ile '''''' I'k' '' ) "f "h...·h ..I" """ ",,,, II", 
'''' e,,,11 ''''''1'1",;\" " f Alg""'Il'" n. 1' ; " ,, 1I ~. we ,1...,.c1up ., i -.,p{', .. " ",.,,, ..n 
algN ilh tn f'lf " ""' r i l1 ~ di rc," "" I\.-orh', <·" Ik <l ,\11\""""" (" Th" " '~",,'h,,, 

" ..." " """"11\Hll w~". h l 1>'1';"1<10 ", ." ,-h" ' I' ,,11'"'' '''''' ." " ,,,,,,,,,,01\(' _II...· 
.... ' '''I,le'''' "f " h,d , ,h " " ", le, Ille ,,,·,' r,,11 ,n", I'Io.- "","f ,\ I~",,,h,,, (". 

2. A I -APPROXIM ATION COVERING ALGORITHM 

0 ",1'",1 "l'l" nxr n1Jlli,, " "lgll'Il I1111 . 1I.,"ed ; , I ~, ,, i l ll n , -\ . i' l"e"""I,,1 bel.,.... , 
T he .,II\" ' ilh,,, " "'I,· , ~ I, d r", "(\>"" "'1\ ,,,,ef or,'d ed ~ ' '' I' l", r" f" " "" II ,·.."1­
g,,, ,, ~m A "J'C,a leS a.. 1"11,,,,'" II inilia lly ,·" "",u' l. a e",'~' ",,,, S! iUfli,,g of all 
'h" "C flic.. " f G .",d "" ..' d ~.." T lli, i", ' i,, 1"""C', ,,'he r. ",cll y ~"" i' a pa'h 
by ;"elf. h." • "' ei ~hl "I ll" " r ITe "Ig" rilll", Ille" p""' '' ' 'd, 10 i"c,ea,~ Ih,· 
.... r ighl <If Ihc co," , I>~ . dd i"l( "d~", hel"''''' '' " ,,<1 1"""1' of niS! i"g pa'~. s<' as 
'" ,'T",,'" '"''g'' ' palh... T he edg.., med '" "re ,He lon lle r p~lh, fro m ~xt"i ng 

" 'TC' ~rc "'h""'n '" ""'''"'''''''1\ oTd", of "-' e;ght. Once an "dge e ~ ( 11 . vi i, 

-, .._­~-----------~<~ . ~
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do"''' I" , th. c<>ver. the edgr , tl1at, by Ihe d \o;('o "I t, '"an"ol he ,- h",on 
I"ter , arc " lied 0'" (T"c~ .ol e I ~ e «J ~,o.d<l'" ~df!'" Ie. "<.I~.. ,n<mnl 1~ 

, ,, Ii,,,,• • ~ l'~ ~l . ",1>0.' . " , i< IIOl 30 cod",,;m of a pal h in ,n.. mv,' r,) Whe n 
11", ,," cifht " f the ,'nH r toon,, ! he in,-,c.,,,J " oy "'''' ~ , , he . I g ", j ' ~ n ' l e r· 
,,,,,,all". 

Algo.itlYn A. 

1",,"1: An urd lfcc'o<l p a~ h (; ~ ( \i, E) ;In<! a "".'thl IUlI<" in" W",L-. 
>/. ­

Illi,ia)i""	 " '+- O F", oa<:h VC V. 1'1 01 . - v. "j u ) +- , ' . 
( ' 11 <' E \ i' all cndp"m of • path In ,he n o> '"t ,I ... " p ( vI ;, II", 
1'_"" ""'Cling v. and <I( v ) j, the o lher "ndl~) jn l or th" pai ll ' ) 

""' 1 ,h,- ~ d~ ~, "I F i" ,lc .c.",li"g order ul "' , igh t 

n" "" '" ,-,11'.'-' _I" .'1 , r """ C1 , ~ \\ '"1,-:,,, m.'''''' '" 
t· - ! I,:
""'">. ",,-,, ,.... J
 

I 
I ·-," u:"	 ,' """ , ,., ,,_.- ,',., c. ' , 
.'1 ' f" . y: ,	 '- I · 1" . .-).,,"'" ,i , ,' lLd~ , oJ .., <"><' " 
1'_ I M	 m 'uk,I ,,,,' , 

, " , "'" ,,,,,	 "" '~ j~' ",..,'J "",.,.- I" I • I ",·"",-,1"	 
I ' 

I 
,,,,,", ' j,. " '. ' ....,." ' '' ' ' ' .,,,'_... ·-1 

>.	 

I>. 

T I>e "",m L. AII<lJilhrn A " " j-al' pn" inm ,o " , ,,,,,, i"j: 'I j:O! ith1l1 _ 
M,, ' eovet, Iho a lgo rit h m , Oil \>0 ;O\1 I'I, 01<' ,, ,,d ,,, Oil£! l<'~ I"'; ,) li me 

I" ~f- II i, C "'~ 10 ,"< 11"1 ,\, pt<"'ucc, a eo>er "I r, . T he '-x"ocl "m " r , h~ 
cdrc , "f M r",m /' in "ac h Ile f' li,,,, . " , UI"" tha lli" "c" e, " f ( ; ' ~ ( V , F ~ ... 
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o f <kg.re<: e ~c cc dmg 1. The le,1 "fill f PIc) "",,,re, ,1»0, G' co nta in, flO 

cyd es. TOll" i'" i," {' over '" {i, 
'I t>< ' ''lI .,wi ,, ~ de fi n; ti",,, a rc ""'d 1" prove thl' claimed per fo" ,,,,n cc " t ;lt ~}_ 

Exte ",) , 100 1lO1~ >n or ""'i~ ht . "I<II that '''' ,\1 <;: / " ' he we;~h l 91 M ;, d c fi, ,,,d 
10 be 1\ ,, 1M I = L.. M l\.'"" (d . An "<he ~ ~ E' ;, ,'.fbl a n L'· '-x'~ e. l k no ' <' 'he 
""",1..-. of F ' · c d ~ c , i",-;,Io" , to ,1 vC r," , v<' V h~ , I ~ (" J, n iveo" 1'"lh p e I' , . 
let .1/'1 dc""te 11", "" ,,( E'-edit", i" d u.kd in p. ..",I lei /.:. "­
I. =( ", vl l~ .. . (pl , d" j ,,) - l l. 

l. c l I JI 'T( (;) N> " " " 1" ;", ,,1 "" Vel "I G . (lI" e , v c ti ,... O f'1 ( G ) n" be 
,ie""", 3., roc ,,,,~)n "I lI""c ", ' s. ' Ia",d y. F h £ , .and E,. where 

i l l 1 , ' , =Ie ~ i " , "J!" , [''l O!' fi U I), 
(1) E, · Ie - (I., 0)1~ f /If''fi Ci> - r , ,1~1,,1 ~ ,i"l .-) = II, 
(1) E, - !~ ~ (". pll e ~(W"(GI F ,,,, •• I<I. i .. ), <I.CcJI-ll. 

I , ", <~ f".•'l t>e a"c~ l~e "I h , ~,, ' e Ihal" a,,;1 u "'" ,',,,, c,, d hy Ihe " " ,.., 
p"lh I' " P, "" he ,e I. (pI > I. I". olloc'fWi'C'. 'he "Ig,lri'hnl ",orrld h.we ""d"d"'l 
e Jr' f . AI,,, . " b,e ,,'" 'hat " ',;it) "'",i".. c. ~ \l'd ' ll. hJC olhe,,,,i;e, e .r... ,f 
W,.l . l =-- w, .(c,l . whe •• c, ~ r::•• tI ,,, " lgor ;' hl11 "',"'Id I"", ,, ("flQ. ell e for FA. 
i,,".~d 01 <, 1[ere.lI' "•. il ~ ~ I.. , . I( E, ",h ." " .."d v " ,e <o"O'e,1 I,,· 
i'" /'. , Ie' 5 1<1 - 1'" [ lc,,, I,.. I,n ca,,11 cd". ~ ~ F , ",10"", .~, < ) - k, . ~" . 

I'Id d ., :i ' 1'1,, ( e,) + W,,( ..,ll 
le' ~ - (... ,,) I'<: ~" c~j(. of E,. ",, ~,, 'c . ",.1. 0 ,8 ·. ,I. I .. ) • 1. If ,1 . ( .,) =' I ~ II~ 

'<;, - 1<, .< , ) " lh" "'I of t:: ' ·e~~,,, "K"t<,. '" " If..,,, W"I~)'" 
min! Wde ,). 11',, 1<, )], r "c n ,hc r"' " e, e.g., if 1'1,, 101 > Il/de , I. I!!c ..lgOl;II" " 
"" o" ld h.", ,hose" ,,10' p•. i" ' I,'ad " I r, . l -"tn8 ' ';tnil;" alg,,",en l. """ e ,," 
" e,.if ~ Ihl! if d,.d t' l ~ 2 and S, ~ (e" e.) i, lhe 'el 01 l; ' -edge, "" id~,,' 10 c. 
th,' n W" l e) 5 mi" .·.. 1W" f,'ll fo' " ",," S ~ ! S " .q . l lereafte ' , ,I <E F, a n ~ 
S ,• .'>, dCC ~eh l",d ~, aoo" e . Ihen lhe "' I S '''I"lling Ille lauo r ine,!I"' III }' i, 
dCl1" wd hy SI<! (il S , ....I S, bo llo ",,, .. f) Ihe iOWQrr.lil}. Ic' S;.e l ~ S, ). CI ("a 'I~·. 

fo r eae ll edve 'E l:.', wller< S (d = {r" r,l, W" (r) '" h W" k 1) + W" (r, J), 

U"ng Ih< ' a;,1abo'· e . w. hn,l lha' 

IV, " L I-l.'(; (~ l . w, ~ L 'l ll'" l r. l· W,,(t ,»). 
.. ~. -.~ . ".,-,...." 

."" 
\I\ ~ L )I Wde,)' W" I,·, I). 

".'.'" ',..,.,' 
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l.e' u, M w ,,'im.'< 'b< e"">!Til>" , i,,n "f ",eh edge , c L' 10 \\' . 
\V, + 11',+ 11',. ' .r l p be • palh "I p~ , "00 lei c b< an edg, o n I' , 

A""mt 11,.. Ihu c ;, an edge 01 ~ ( pl- C, . 

•	 1/ t\i 017((.; ), Ihen W<:(c ) al';>ca,,"nce in II , . AI'O.lI•."e "'c . al me,", 
tw o> c d~e, f ( E" '''c h Ihal t € Si t ')' >0 W,,(<l "I'll""" " n,,,, ' , ,,,'i<·c in 
11'" ",."e in " . c h "IC ~ appca",,",e il .. n,,, l'i p'.icd by I. No,e mal W" " j 
M.e' no. ~r pe'" in W,.I I< " e"., c"" t, il'u' e, """I 2 · Wd el ' 0 w. 

•	 II ,( Of'r<Gl. lhe n W,, (r) ~ pt>C".. al mO<l I,u ' lime' in \1:" " h" .~. in 
odd, "~'h "1'1"'"," "c e, ,I i, " ' ul" pli,,d hy l. NO le thai W" I ~ ) do", ,,,' 
'PJ'""' ,n \1: , ," d 11',. Ilene< , t c..n"i h <. c, ~, n,.." , 2· WG (, 1 10 11-- . 

•	 If t" O I'T(Gt, the n W,.l , j ap['Car> " neC in W , . 4.ho, . h"e may "" a' ",,,,, 
olle cd ~, ,.' ~ r."",'h " " t £ ' I> IIlc " le" l I" <, ,n W" le) "ppca" at m" S! " ncc 
'" W,. ~'hc ,,, "i, mul"plied hj I. " " " he ' m",e.•here "a' ", "" 0' ''' Wt" 
r' e h ',"hl it.", ( 5 (" 1, w Wei r ) ap i""" " t ,,,,, I 0 [\(''' itt W,. ",It.,e i,;, ,I 
"lUl';plicd by J. He ' ''c . , ,,, mIlOO H~ ' a' " '<>'l 2 · '.v"k) l" W 

•	 If "f OI'TiCil. tlw n tlk" e m"y he . >in~ le e d~" e' E E,. " ,~h Ihat r ' ;, ,I 
,nelde nl 10 e . '" W" l d i I'P~a,, " Ill" " " n"" III W, . "' her" il i~ ~ l uU il'he<l 
by I . A~" , 'h"" , II ~ . '" ", ,,,t , Iwo " <! ~es e' E I'" su,'h th"t r fS (<'). SO 
W" k l ' l' l'e ~" ~I mosl "nee in II'" ""he ,,' t, "a~h appe a, "" "" " " 
",u ll;plied by j , "'<,re IIt .\1 Wd d d()e, "01 "1']'''''' '" \1', 110" e('." ,''' "­
"i!>u(c. " ... " " 1· W "l t .' ' 0 w . 

r" ,,,m,.",i ,,,, (he ~ bove ,a"l , a. edge t on ~ I.. 'h 1'( 1'" eon" i!>",~< a'
 
"',,,' 2 W"' ( ~ ) ' <> \\' II 1"11"",, , ~"'
 

{J((;)= 1¥-"v« ()J' 7((;)) - II-'G IE, ) ' Wd E,) j W,,(i:' ,l ~ II' 

"" LL 2 · Wn(d -2 \\-'(; f/ · ' ) - 2 ' W~(l'~L 

W" n,''''' " "n 10 lh' ~o"'ple , i ' l of 110" alHmi,lun. A"w.'c V ­
I, ,, v" , • ",\. Th" {~I1" "' i "g d,," """",,,e, ,.,e " " 'd ' I ll<- ",I L' i, 
' q " e"" n"d hy a d" uhl}' link"d Ii, ,, The , <'I E' i, , cl>r~ "'I\,,· ,1 hy • Ii". T ho 
"" I, "' "I" e", m~'1 by a 'ahle I'l l ", "l",l,e,. fo' " "" h II ~ V ,h~ ~ n " ) 
q , j co n" i". Ihe va luc. d PI"' ), ~( '\l, a'Hl. lH ,in'tr 10 ." i l\c id~ n, ~ Ii" " f 
"i · T I", i ,\Cid" n ,· ~ II" , d,"~ >t.,l h)' / (v,l. " ~"" , ns.be "Clli"", ,,, 'j,,,~, ,, , ,,, ", 
in ( ;. 1::.." 'en e , '\ '" j.l .,, ) i' ~ , ,,,,,i.I C d ...illl ~ r "i",,·, I" lhe c<lgr (" " v,) 
ill /; , t " II",1 .", F -p"utl" . Cle.rly. ' he inili, 1i ' .c "el' i' h"e'" ,n I" I" and Ih" 
_ . " "1' ""all l>c ilnr)em~w<d in O{ I L· J · I"~ I E ll li "'c. l.~ l , - ( l>. , 11,1", r l", 
" n c,lg< , I""t'li a' 'he hN,1 01 .he I"up S,,,,-"C lhe Ii'l E i ' ,l~uhl\' linked, Iho 
e,,,aeli,' " 01 ~ ,,,"" E i, don" in 0 (1) "n" . The ed" e, Jende rt d 1<'<t " " ,,," n' 
b~ ' he eh"ie" 01 " ," e lo""d, ,,",I i" ,o" d i" leI, · delc .ed. hI' ",,>in ,: ll.... 
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Eo I'<'; " c" in Ille i",,;,l<:noc h" . "I ", ~, I<I l>,_ '1h~. II,e e ~ l u<1 i .,n 0' ,\1 tro". 
L 'e' I"ll'e, O{i,H:) time, '" 'h. e <ccu,i"" ' imc ,,1 the I".,p i' O(IEIJ, The 
0" 11'''1' Ie p ;, .Im I"",,,, in 11'1, II foll"w< Iha ' ,he ,,, " , i",e " I tl,,· a l~o r ill ,," 

i,O<I£ I 'I°ItIl:'I)li",e • 

We "ole Ih.,1 'h. ""ling " ep '"" I", oW;lIed "" "," W" ;, C<lTl st,,,,, 
, <" " I" ng in .n OIIFIl al~,," ' ''c'- Furlher more . it u " be .l~}"' n I h~ , in 
graph. where W" k l - k for c,u'h , € ... , Ihe al):"r ;lh", I'rod"ee< ~ eo~ ~r 1'.• 
'''~' ""i' fie' /;' '--') s 2 ' Wd I' ,) - 11':"1. k . wha c VA i' the n l"" I ~,, of I'" ,h, 
' hat ,u....,t "ol"ed "c rtiec., n.~ I~,uno.l i' ' \:ht , Ih'" ;'. lhere . ," g"' I'h, 
whe' e the e""'uti",, <>. 'he "'g""lhm "n.,in~ c~,,~hl y , n ", pro of i. o mitl<d 

3	 A ;_A ~PR OX I MAl ION ALGORIT HM FOR COV ERING 
UNDI RECTED GRAPHS 

In Ih" "'ClIO". we OC..; n bc ",IJ . n~ l )'Ic ~ see",~1 "ppl",ima,i,,,' "'gown", 
10' opl; "~ " w Horing d ""d itce t<d ~ ' ''rh•. " ,,,,,,d AI!:'"ith''' R. In dOIng " ' . 
"' " ,pl ~ "n " " " Il " " i' h", 1m fi ", I ; "~ ~ ,,,,,,jill"''' weighl (legree _con't"" ned 
<uhr.,. lph o r ;, gi~~ n l',-, ~'h . ,\ poly"" ", i" ' ~ lg" ,, ' h" rm 'he '''''er ""'ble'" ",'" 
he dCI ;,,"d fl ,,'" [S]. "hcre th~ line" pw"a""",ng approach" ta ke". A no ­
Ihe' " lg"' '' h''' 1",. ' he """ ' IllLJ'" ",e 'ghTdCj;r~ "-CI, " ' I", i "c d '" bgT ~ph pm blc ., . 
..hid, """' ", at, hln!: ' ''' hni'lue', ;, ~i" e" in [l 1) 

Algn. ilhm B 

Inpul 
Z',
 

Ob, ,,i,, a !,I:'p ' Gx = ( V . X). X >:;: E , where ,I.X" , Il') !i 2 loc c"eh 
[ E \ ' "Old ",.,l X I " ", " imi/c d 
C (,'" ed '" '' '' ilr "ol;,t~d 1''''''' and q 'd<-." I 

51'1' ] Le I I' he tli,' ,<t of C1'"k " n (ix, 

Sup .1 y -1,1, " .m ~d~ '" mi""n"'" "'<;li:h, "" SO"" < ~ n 
cc -x : v5" 1' ~
 

:> rep 5 O" tpuI; I'H- - ip l I' j.J a "' a, ;", al cm" li '~ l(d (o ," """~Nr '" G ' ­

I v. £'>l, 

.
Th,'.,..", 2. Alp-mi ,h", Il 

.
" ~ I 

I'rool It" im m cd",'~ that fiB "" C",r' " I G . ,, ' ...~ I",!,,,, hy r l ",'in ~ 
' he ,' I" imed r Nfnrn",""-, .t i" , 
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let Opr,G f bt In ''I'll'" II '''~(' "f CO 0 10,,,,,,,( 1f1~1 " , ~ \ l ~ 
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