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3-dimensional  matching

Q)
L&& X:§)(‘/ ,_.‘\[“’g B \{: %%\,,‘.,\SHB and 2= zl\,,_. R Z,\NS })Q_ +Hae g*d\‘\MOV\S\\‘M(.

\Wao oce &\wvu\ ™ _tY\\\?\Q,S b(\‘,u\\;jikw L ona the Tk T¢ T %m)\ o Mmaxmum humbe b—{
d\\\sao‘\nf —\T‘\?\o_s (La. o two h‘\?\u hove +he Same S esovdinate “ > .
E%ﬁv@\mﬁkj) we Can Ytk @—{ eoas a0 Mmoo mum N\M‘Ok‘mgf Frakkam n oo er»wi%*“" N*P%({\{b
X, I~ L. - Y\/\
Lx\i\lw(&mﬁ?k, whsco oo %ewl Yo to {W\I\OL o noxivam Qo uff‘ o(\\gjn‘mf L\UPWQOU&LS \3L ‘ﬁ“
T]-\L {bktm\w\& S Qa S\\MF\L ond. nodbural LP»YQ,\&X%‘\‘\\W\ a*F tle ?Tculw\, e N S
JNANY E\ Xe
[
) (60 €1 9vel e 500 15 tha ot of hypocedges contwining v

Mo 2o Yok | Wew B s e <ot of )xmmm&u

\We are &s‘w\%  ghow et tloa ¢ an L?/Yomnlﬁ'\& m\&w‘»%‘mm with qp?mx\\ matiom Catin 2.
The Vdea Y5 o av\ﬂu&e Yo P awd o hew tlat tlore s o l’uﬂya(u,&gt Cowth W 2 —\i ,
h avu% basic Qelution .

A%a‘m, wo Cown Q\jPl‘g the  Seme vedwdtion ag Jn ETPM&HL W\q{“clx\\vg o agsume 0 < X, < U ta Hae \Colkm\m&u

Larmmao, Tox ony bosic Solutimm X Witk 0<X, <l YWece®™ | tlo aists o wotth ><L>/%.
(oo ITn o badtc wltim w, tew ate (€l \\W\lu‘(kxg inokependants %xgm Lavstvaial

Suppce. by covtadiotin , Hat ol ehges have Mo <

Let W ba tho <et of verBias with  Hige depee ot , a xGO) = 1 vv e,

Qe XQ<L1 Yo, we must |ave &Q&{QZ% Hbove W,

We howe  lwl 2 lEL = ig 2t = ‘-3 (3, %) J(}NM&M > %&3@3 e sz 05 = lwl.

Co, ?Azwuﬁu st old ag Ofuelities . andk in Pactedac dmsmzb SRR VR

We ac<e gb‘“g Yo Show thotr The Jﬂ&w ConstNale  Camet b all \:nur\g indeponsent . and s
o numbar o meta ndopondant BT Concivaite Te ek most W1, while +he abave
Acqument ghows Hlat TE{Z 0wl and e Tmplies that ¥ s heb o basic Solution .

To Soe vy the Bight costrite ace Tinaadly dopandsnt . WU Wi €l bt Subsat of W
T tle ficst part L Wwa W Tn the sewend poct , and Wy In tha Hird PME’

Binge, e (D=0 Vv u W, we hove 2 K, = X ond Tmilariy * %o = Ke

L13 Page 4



n the fiest Part L WyeW in the sewnd ?mrf ,oamde Wy ) in Tha Haed \7%(&,

Cingg. O\QXQ\/\:D VU kW, we have i\)\) K, = Ag o d S\wﬁ\ar\% Z&\ui N = {KE )

and T > Ko = = e Q\I\D\N‘mg Wnaear OLQ,PQVLMV\/UL %\C “4le  oemnstraintx .

[ EENUN LEN |

Now, we wie *he lopmma T K\\\/L Gn L\)wwm{m% m\im‘\ir\,\m Ltk approximaﬁm fatie 2.

{

The Ydeo is very Simple, Juck Keap picking & hyperadge with  xe? 5.

Moo Pleciseln, —?\cst weo o Compute oo bacic Qolutiem %

1—% \(Le{o)ﬂj Cowi flduce o P{’b\o\lr\/\ \93 mmmg on L bir Ye= 0O ov ’?\\CLT»\% an m,&g, with
Y=\ and deletoe all the \\\yg(u\&u ‘m\'u(&uﬁmé with e,
e

1& X >‘é/ again o ?‘\LK e and delte all Ho ‘wﬁus@din% hyuukﬂu

Wa &sﬁ R T e ‘w\%i&(m\ 2olukiow |

How would the 1P solation chonge &

b em Loy 2Y L S Xa? 5 and ®660)7 1L 4l el fractival valeo of- edges et setting
e ot WA ot vt V- Sindlacly e Yo oand 2.

So . the total Practimal volue Camoved Yo ot wmost Xt 201-¥) = 32N €Y ag Ke 75 .

Thevadsre, 1 e Camaining - Qragh, Hloe 5 on LR e withokfectivas valla opt 2

?a»& Wndaction . Hee s an Intagral  sslutien M ith 9?*% - ﬁ_\ ot wm\mg &\MFL\\

Sa/ M:M/J(Q/ NS ‘m*(,qgm\ G lwtion with  valwa Eﬂt'V%\: EYE ?y\w‘mg +lo q?Frox‘\mp&?m\ Yotio.
> -

=2

&w‘s_%@a_ Tov BquthL v‘/\@‘tc\r\,\\r\&J lagt Time W sl o ﬁ\mFlgr Y convex  Combination qu”&k_wﬂy\jﬁ,

Cgm \sam O\?\TJ\L,A dlat &(gumav\fv o 2~ damensional M(L\’OLC\V\& o nd g,d' a QRMFMW Pﬁmlc%

Rormack @ With an additiena)l Yhes called “loeal \”M'm)/, one can  oblawm a2~ QFPYW\\MMTW\
Q\l\ib\(\vt"\m %*"' oo \,\/a‘\_g\ﬁw_&\ ngum ms\v\% +hig qPP{uacL. SQL CMP\*L( S of

S teative methots  Th esmbinatenial @P{\m‘\sqﬁm " TWC wou ol intecested .

Genecal QQC\%\'\ ment

IV\ *Hr\\\S P{D\g\z\m, \,\J\_’l\ Sas ‘%L&J \\m @’R" ‘(E_\ooﬁh o \\%(,mk,/ C&md\fo:\mb ({ \{‘LQ_(Q/ QAre. Wno ‘\T\‘%Q&fﬂ[ va(\mb[zg,

Problom definifion:  There ate wm  vwodhineg M= { M, My, . ,V\ME ond W So\os j:gj\wu?,ﬂy

L13 Page 5



Thesegm

There 3¢ a Total available time 1 \cm aoch rnadhine M7
1% ]o\o S VS \wnuss:zrk o omoeching 1 Bl etk g Q\\j ond  Ho P\"o@gg‘w\& B s FJ‘
G‘lvln tle above \\V\\)\AV, o &bq\ PR ()\SQEW all the \\\D\OS T madhingg B ‘M\\Yﬁwﬂ%a thee  total west

while Sm‘\sﬂ‘mg The Tine Gentramts (e total bro@ssing T on machine 3 i at mort Tl>

LP laxafion *  Thare €

[ \/&r\lm\okl 7(‘\5 o ndlcate \H\\QK\I\L( \)U\Z 3 IS O\&g\\gy\zt}\ Ao mochine 3

et B obe He wt oo poscible. porcs LY iavtelly e o VS Dessble, bue we Wil dlelete Datrs.
| P ) 3 37 | v

T i C}‘ PEN
Ny Y Y
\5 Yi‘j = \J :\ej ( 2aen So\o NS G\SS?Sm&\ ™ tne w@cb\\»\av
eMm:N e
)
S

‘jﬁ:ﬁ'»\\\)ék XT:\.\-)\S < T\ N yeM S ( +otal oncws‘xm& P at et T)\>

K;S = D \J 7:\ cE.
Tt ¢ :;0&% o oo thal £hic Y o velaxatiow bf +a ?muam (. ‘mﬁri(cx( Solibibng ore what e \Mcw\f)

QS&WNP‘E\mi Wae assume P\) « 9 ‘3 , oe thig ?ri\r Connol  ba In any *Fmsﬁlmh ¢olwlion .

gm\)\%gm 4ler. ¢ on (x%\\ghmuv& with  dotal ot C god‘tsfu\lmg all e Time comshaintg.

Thete 5 o ?o\\snm\o\l Hme a\\gon‘ﬂ\w\ s -ﬁm on &Sﬁifwmenf with total st © 0 whilb ;L\/ug Bme Conshaint

>

eonslvanl 3¢ volated \3\?5 ot wost Ty (e Sj‘l\wasg‘gwuk*m : ?\\\S < 1—(} >

(OV\& w\m% wenwda¢ \N\w& wo o)&\,it et on Tl cencivanint s \9&\\»\& Zw‘k\\ﬁﬁld\ while \;\m\mﬂvxi +le st b}

Ceme ’%%W Bt ‘E\\Y\dﬁvxg an Q\QS\\gy\w\en'ﬁ SO‘+\\5M\]“(§ all e conedvamnts  (ithout COV\M& +le m%%) s HP’KANX,)

Theodve ol % o Lhm

Lot M/:V\ . KM] s tle ek e% moadhinegs with  Bme ¢onshants ‘m\‘t\mua J\wva \mad«?mz)
w\'\\\kﬂ, Z‘*‘Q@ d.o

C,WP\NTL 2% bo&}(l OP{‘\M\ %bkvﬁ\\w Y, 1{— \\*\"g%&\\\m\zz/ {Jz)&\n(h \\\\N\PoSQTLL&”,

Delete all ?Q\\r& vk X‘\S:b

’HE Hy=\ L asdign Se\as o wmacdaee 1. Update  Tw e T

& @ @ 9

-py ok TEJ-{5T
Ti‘y thow 3¢ o0 mathine 1 With Mu&vu 1 Qler tles s s»\ha e ‘j with \4;5 >0>

! / N \
\A\;&xgﬁ& W & ™ - %‘\% , ek Yl vemove e T Conghvonwt 'fw wadhine

L13 Page 6



(©) 1 4w s a madier T owith Aagrae 2 and %”‘3 2\, updats M eM-§i0)

Return the &%Q)\ihmawt,

In%mmu{\, e o\\&arttw« finds antepral varidbles o FToc ac possible olelete o paiv \WC Xij=o
and follow the LP o assion Job § to madiine ¥ M =1 and cedis the problem muwoﬁhglg,

Tt we tomld alwows do tlo alove, tlan we Gould Solue e problom xactly

1% INTRRTINY oy Bad o mmgm Vorioble , Thean we Wil chow ot eitlec  coge @ N@ gt \mwm.

Note that i wadine 10 asa ) or ) 15 almott getfled  With ot mott twe undadded Jhs .

The new Ndea Han 3c to Yemwe the 4ime comsioinfc  on thote maddnes » 6wl we oo &a\\f\’% ghow

‘tufﬁ %L{ \/\‘D\o»“\\\w in )(LJ&Q_ “k‘\vw; C/smm\(dmfg Wi ld bg bvm\Mi b\% T‘l,

The k@é of Tha av\m\\as:g Te o thew wWithout @ LN @ “len W can a\\wmag Tk an \Lnfagmk variahle

Portsymane.  guatanien

Hace we aSsume ~Heo quhfﬁthm o\\quss Swtceeds n o\gg\gn?m& all ‘jolcs t machines (which wwe il prove kmp}

Wa m% agﬁ‘\%h o 30\9 3 t moching 1 When X\S:\ B% a %TMPL;L Y nducetive qrgumavﬁv as we See \nrj[wstw
Hag shows Hat o cogt o"% tla \w\lﬂlgxa\ D&S\»ghw\av\f T o mwve then Heo P valiw -

Tt femaine o eomtidec  flo Vielatiown of the time et .

Condidec Cate @ The weadhine 1 was o@g\gwmk Lot \r\%agm\ So\o& \;L{WL and Y5 now GV\LAa Lyfft

(=0 R N
with o {ractiowal 30\9, ‘e el val®a] | <7 e yob )
© A By
wahine

canftant c\%\\‘{‘f\mut & ko ptlar madine

O madime V1% wk\% left With owe Sc\o yoaven G we Yemove the Oashannt | the werst cae

is \Ju\a \J Wil be R%T\gnai o wachinge Vo~ tle rew LP SDL‘JIW\‘ Snce- \)LJ STf ovhde ‘H\L

CaxCent ‘\V\%L&\’m\ QQQTSV\‘V\,@,J& ot pmackhng \\ tokes ot wost T\‘ Yime wmils . TL\NS \MAPRL& TL%T

N AN
+le time violoabion 1¢ ot mogt T‘\_ 23_ C\\\\—]
4 Yok )
=1 Jo )
e, j
2 T R N
Cage @ Vo Simdlac bt a Tttle wsve WPL‘\@KM\- A gi/\%‘ J“LJL
Tr= | /
OWL\& o \y\og are wundoided ot mmodhine X B C,L/

but e bunow ot X\:)‘—%\(;S 2| (e, machine Y s {wacﬁm\\a O\Sg\\KKQoL o jala )
2

L13 Page 7



We hew chew  tHat Yo violation N¢ ot woct Ty .
The LY wsee  tima \(\‘Q‘ ?\3 + \‘\\SL \>\\SL 5 while e \\v\h&m\ Q@g\xghmawt wsee at meosT Pyt P‘GL\
Qo tle Violation 1S at moe¢t P}Sﬁr?\} ‘X\‘} P\‘j\ "XT‘JlP\LSl = (\«X;SDP\\S\% U*Y{\EQPI&\L

< ( 1‘\03\”\(?va T (s P < T\\\

< T

: Coma ) 4y, 2 1) .

TL\JL(SLJXWL/ Q,SS&AWL\W\J% o Q\]&E(\\T\AW\ “+ernmunataes | \\JC ?Tbm& an (Kgg\wgnwwi‘ wrilh  cost all wost e L?

~

Value - while tle fime onShamt on acdh  madhine 18 \lolated \o\% ot wmeet \l‘

?ro\‘)uﬁrm m’ﬁ bosie 2o lkim s

T“ CW\)\QXQJ “Hrd. ?\‘Do% s \\JT ‘(QYV\O:,\V\E %‘ %\/\D\\/ %L&T ‘U\L Qv\ibV\\JC\”M mug % %Q(M\mg“l\—i‘ SV"CCECA{,—\AL% ! y\,ﬂ ’
inoa basic feasible Solkiew . tne of ® ®® ,@ s awhﬂ )
g“??“&i @ and @ OLQL"’( Q?PL\% Then taece are \Ek L‘w\U\v\\é “\v\oku?gv\ouwjt ‘Hg\m\“ constaints C\Wm"é

oo \SD\D ConGtvonmte  and The  waching  tswgtamts .

Call the Bt Job  Crnsieints T and tha Bt mackine Gonsteint s 7.

RQ—QA\L —%Lovt kT¥\+ \H‘%\ 2 \E\ N ow \DD\SEQ %DKVK\\W‘

¥
Sine 04X <l yee® (as @ ond B dent o\p\?%\ > e dagrer DJY 20dn \No\o 363 has olagsu 7 1.
Tor o madine V€ \"\% . \\{ d\a&\”m =1 Hon @ QP’\DL\\.ZS . So, Q}&Mm\m% @ obszwxut a\p\a% , —tleen

208 yaching has d\p_%{,UL ot \eesk Two .

* > = + ald) + T DY) = L st 3 RN : v
o, 75+ I 2 ) S &E} CX&LQ 2 M&w> S K ‘Ex* o&sapngﬂ*m&aﬁwkﬁ MSLHEM*MSL )3

> L (T, 24 ¥Y , 643 243
R R JeTE & Teut Vit D\

= 3wt

So. equalitios hold Throughoul . and Tn partienlar  dog(N=0 w\g%ﬂ* ovnd. MS G)=0 \ﬂ&\«* )
and Lucklemmere , the YKN\GCWCW\% gfa'\)k A 0}‘\‘536\“% Wl O owﬁ f/\ado_& ( Swe d\lgilv-

Conider sne  Such %dm C.  Than \TS%OQ\ =\ M* 0 (,\ .

Ne omchy Soh \Jt ﬁk(\c hag < \(\3:\ \)\A 4l Soko constant , tle total Jf\rrxcﬂm.cv\ valie 'a

Hee %dl 1ot \aexk \j*(\ck: LM*(\C\ , ond. this RMP\TM Hat Hoce must 2cishk g

\ P (PN L v !

N b -l D YRVINGRNG I 1 N

L13 Page 8



MACWARE 1 Wil { Mj Ze oo c«o,%u Y=L L AN LAkt (5) Mt Df\)?\\a) onch WL dong -

To conclude, +la a\&b<Tt\/\m wmus t terminatae %LA,LCL(Q{\N“V\\ .Ond whan Tt deey, tle Fer‘f\www% S\Nb\rrxn‘lc%

Yo what we Qe .

Mq’m\:»\& in Qeneral  @raphs
) &)
As \QOL\ W\a,\g obsecved ‘p% o khel LP fm \a‘Ath%RL Ma{‘cwng 15 o \\\,\%Rguﬂ \QN &anm& ?’a?k&

O& confte, Tt has o do with e odd eycle L 2. Lzé\% o while ‘\vﬁL&m\ DPJ\‘ =1
S
>

¥ dmends fove  on mwm‘«mk g\\%m LP {w %mw«k w\fﬁu&m% .
oy L Weo Ve
[
x (6N < VN 9 vel

¥ (EE@) < lsl-| Y SeV wlere S| odd and  BG) Vsl et of adges with

> N
both voties in S,

Xe > © e GTL
Tt ¢ Qasy o see tlok e new Osmckiikte are valld L ot an odd set S Cannet contain
meve Thoon \;,‘/\/L ad\&gg.
-
TL Htume st 4hat thic P Y¢ ovact and also Y& can bo Solued  n ?%K\a\/\m»\,l Tiwe ( a¢
+lew S A ?q\\d%\wﬁ SQquw‘t\\n\ ﬁmc\e‘}\ Rath owe d’&%‘(mﬁ“ NN Prove and. Wa \Am\é’( do Tt .
Qee C\N%ﬂ‘@r ] %JY > Yeelive wethods n Combinatntal W%Tm\\soﬁﬁﬁx J/ 1\_? \Abw ace ntecested.
You oy wondey L g Moy taseacchors A, whetlee Aloce e o V%\\SY\M\\D\,\ STSQ LP «Ew
&Qmm\ W\Atd,{w\&.
RQULV\HVA) R g thwoss Ym\/uﬂ Gn »Q){\‘\Eﬁ\'\n,vv—b\\%k lovwrr Yound \%\r +le LP $3e {W &z\r\uo\,k W\m%ﬂ\?n%
hooa \/de %mwm\ Qthfw\& Q‘\»\(_\v_dﬂhg o\l tla ?@smm LPs tlall wa coulde {mqg‘mgz_\,

Ss, E\AYPY\\&\W\&\\% W hag b b se (‘X‘N\PNC,Q,JVM %\r %e»\;u(x\ mﬁr(,],\'w\% l

RQ‘S erances

Mateals oo %\(m C\\a:v'hb( L oand S :rg “orative methods in Combinastow o) ‘O?‘HV\A\B%‘UW /_

T\(\L %7—"\‘?/{@\ O\SS\\%WMQV\*/S &S H— XS A ’i\v g\/\mm\ss and Tﬂ(d\bﬁ .

L13 Page 9



