MH\\— cCouV S€E

Pac\ciw«o SD Covering

Pa‘r‘\- ) InjcroAuc)t{ow

Parx TL: Perlection
Pav+ T j'a{ea\n&SS

PM\'E v The Mangeriun (aropeH(ﬁ
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Recall €he kewy dlelinition :

A Ol wakw= M S /"\e,\nge,riu\q \'X.
Mx 21 ,x20 TOT
Fw € é:\:

miv\inx: /\'\X7/ 1,><7/O,,4 ;w{e%e(‘}:

Max { 'I,Tx{) s Mruj SR Y X% M%Qr}
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Recall €he kewy dlelinition :

A Ol wmake= M S /"\e\nge,ricm \'X—
Mx 21 ,x20 TOT
Vw e é::

M'\Vis.wTﬂi MXZ 1‘7<7/O,;4 iw{a%e(‘}:

Max { 'LTxo s Mruj SR Y X% M%Qr}

\)(/e S“‘O = S Menge,rian '\Xr M(/F'> Menoe,ﬁah
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EXaMQ\ZS o! Me\nﬁa{ﬁom ma#ri(es/cluﬂ'efs
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OJO‘ C\v’\c\es
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OJO‘ C‘u’\c\es

Pe: Led F be cloter of odd c.coc\es o} sigued
@m"\" (G, £). TThen

INONC.
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OJO‘ C‘u’\c\es

Pe: Led & be cloter c),\ odel agc(es o} S]@V/cd
@m"\" (G, £). TThen

wokr Men Oerio\\n

© K
®
®
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OJO‘ C‘u’\c\es

Pe: Led & be cloter c),\ odel agc(es o} S]@V/cd
@m"\" (G, £). TThen

© K wt Mengerian (=
@ P @6 winoVv (7
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OJOI C:\C\ZS

pr: Led N be clu“cer ol, oolOl. aﬁc(eS DL Sl@ﬂco{
6(‘0“3\4 (G,2). T hen

ORI Mengerian (=
@ P @6 winoVv (7

@ (Gli) \fMS (‘44' EK4)LW}V)DW-

odcd - K 4

2 3 4 5 6
|| 1

\
\
I .
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D'\r‘acied Cu‘\'S/ o\\fe,cltevl Db'\\ns

Covws'ade( a cliredeol sr‘a\p\n _C?=CV,E>.
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Direcled Cu‘\’S/ directed Oo;ws

Consider a direcied sr‘ap\n —€=CV,E>.

de,): Qa dicv\' 1S & Se{' OL eolges {er\' ~‘-Dr‘m (0}
CU* v Uae uwoler\g)'mg 64‘&@[’1 wLera all

edoes are Airecjxad —\—rovw one slnora Lo
tbe o Eher.
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Divrecled Cu‘\’S/ directed Oo;ws

Consider a direcied sr‘a\p\n —5-)=C\/,E>.

de,): Qa dicu\' 1S & Se{' OL eolges {er\' ~‘-Dr‘m (0}
CU* v Uae uwoler\g)'mg Q)r&plﬂ wLera all

edoes are Airecjxad —\—rovw one slnov"& Lo
tbe o Eher.

U v

%
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D'\rec-‘eot Cu‘\’S/ directed 6\NS

\ >4

Consider a direcied sr‘ap\n —(?=C\/,E>.

dej: a di)o‘.n 1S a sed DL erﬁo‘)es whose
conira cir]on vnakes Un& Al@ro\\p‘q
Sh‘owolb COV\wecheA.
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Divrecled Cu‘\’S/ directed Oo;ws

Consider a direcied sr‘a\p\n —5-)=C\/,E>.

dej: a di)o‘.n 1S a sed DL ecjooes whose
conira cir]on vnakes Un& Al@ro\\p‘a
S“\POV\OID COV\wecheA.
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Divrecled Cu‘\’S/ directed Oo;\ns

Consider a direcied sr‘a\p\n —(?=C\/,E>.

dej: a di)o‘.n 1S a sed DL ech)es whose
conira (.Jr]on Makes Un& Al@ro\\p‘a
S“\POV\OID cmmnec‘reA.
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Divrecled Cu‘\’S/ directed Oo;\ns

Consider a direcied sr‘a\p\n —(?=C\/,E>.

dej: a di)o‘.n 1S a sed DL ech)es whose
conira (.Jr]on Makes Un& Al@ro\\p‘a
S“\POV\OID cmmnec‘reA.

Pr- O&I\CU\S P CJL}'\)O‘\WS a\e b\oc\ﬁCV.S

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



T\"i [Lucc\/teS}—>/oum6er]
The c<lotter os. dicots s Me\nge\rian
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T\’\ [Lucc\/!esi—>/oum6zr]
The c<lotter ol diculs s Me\ngerian

del: F packs i} Jor M= MC(F)
"N Z_’LT;< . /"\><>/1,><7/o,><\ w*eger} =

™M ax f,cho p /"\Tt{)S/l,LQZD, N iw*e@er}
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T\’\ [Lucc\/!esi—>/oum6zr]
The c<lotter ol diculs s Me\ngerian

del: F packs i} Jor M= MC(F)
"N Z_’LT;< . /"\><>/1,><7/o,><\ w*eger} =

™M ax f,cho p /"\Tt{)S/l,LQZD, N iw*e@er}

RQ,M! & Men@er\an pr— /F PO\C\<$
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T\’\ [Lucc\/!esi—>/oum6zr]
The c<lotter ol diculs s Me\ngerian

del: F packs i} Jor M= MC(F)
"N Z_’LT;< . /"\><>/1,><7/o,><\ w*eger} =

™M ax f,cho p /"\Tt{)S/l,LQZD, N iw*e@er}
Ram: ﬁ Men@er\an — /F PD\C\<$

Tl'\us c\u}ker ox_ CJ;CLAS packS P

mMin 912¢& ol c)}\jo'\n =

VW) o< numbef‘ o,\ Paifwise ol'.s")bin" JZCquS
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min 9S12¢& ol d'\‘jo'\n =

Masx numbe o.\. Pairfwise ol'.s;)bin{’ JECV*S

CA(C u*S
ohijoin
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T\n: Tl'le c,\u“cer ol. d}Cu\S XS Mewroeriaw
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T\n: Tl'le c,\u“ce\r ojr d]Cu\S XS Memcoer‘\aw

ECAMDWAS~ Gi\es Qon;)e.cj‘uracl .

]

"The c\uHer o\( di\')o\ws 1S Mewgeriam
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T\n: Tl'le c,\u“ce\r ojr d]Cu\S XS Memcoer‘\aw

ECAMDWAS~ Gi\es Qon;)e.cj‘uracl .

]

"The c\uHer o\( di\')o\ws 1S Mewgeriam

Not €ruve [So\nri')verl
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T\n: Tl'le c,\u“ce\r ojr d]Cu\S XS Memcoer‘\aw

ECAMDWAS~ Gi\es Qon;)e,cjtu¢e,cl .

)

‘l—\n& c\uHer o\( «Jibo'\ws 1S Mewgeriam

Not €ruve [So\nri')verl

Min & W s 20, x “"\?—6@—"'2

\ w\ M(rd ¥ Aijoing
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T\n: Tl'le c,\u“ce\r ojr d}Cu\S XS Mewcoer‘\aw

ECAMDWAS- Gi\es Qon;)e,cjtu¢e,cl .

]

"The c\u“er o\( dibo\ws 1S Mewgeriam

Not €ruve [So\nri')verl

l/ <

Z = ™M ZwTX H M7<7,1, < 20, x i\/l‘\e,@e,rz
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T\q: Tl'le c,\u“ce\r ojr d}Cu\S XS Memc{)eriaw

ECAMOWAS- Gi\es Qon;)e,cjtufe,cl .

]

"The c\uHer o\( di\')o\ws 1S Mewger'\am

Not €ruve [Sc\nri')Verl

Z = ™M ZwTX H M7<7,1, < 20, x i\/l‘\e,@e,rz

W™ X 211-(0 % /‘/\Ttos 1,90,y in*eger}
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T\'li Tl'le c,\u“ce\r ojr d}Cu\S XS Memc{)eriaw

ECAMOWAS- Gi\es Qon;)e,cjtufe,cl .

]

"The c\uHer o\( dibo\ws 1S Mewgeriam

Not €ruve [Sc,\nri')verl

Z = ™M ZwTX H M7<7,1, < 20, x i\/l‘\e,@e,rz

W™ X 211-(0 % MTKOS 1,90,y in*eger}
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T\n: Tl'le c,\u“ce\r ojr d}Cu\S XS Memcoer‘\aw

ECAMDVIAS~ Gi\es Qon;)e.cj‘ur&cl .

]

"The c\uHer o\( JIOO'\WS 1S Mewgeriam

Not €ruve [Sc,\nri'bverl

Z = ™M ZwTX H M7<7,1, < 20, x i\/l‘\e_@e,rz

W™ X élTLO % /‘/\Tkos 1,90,y in*eoer}
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T\n: Tl'le c,\u“ce\r ojr d]Cu\S XS Memcoer‘\aw

ECAMDWAS~ Gi\es Qon;)e.cj‘uracl .

]

"The clotter ol dibo\ws 18 Mewgeriam

Not €ruve [Sc,\nri'bverl

Z=wmniewx: Mx3z1, %20, x "‘"‘\%"-rz b

W ax 2:\:‘—;0 " /‘/\Tkos 1, 9> 0, V) in*eoer} = |
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Edmowds 2 Giles con\'). \no|cls —\—or S\oecia\ Case :
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Edmomcls 2 Giles con\'). Wiold s xor Spec{a\ Case :
Th [Sc\nr'\:)v@r/.\

Led G be dipraph.

Il 2 dipath }trom evern sovvrce 4o Query
sinkk  Ehenn  cluMer D,L D\l‘jo'\ws 'S Mam@erian.
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Edmomcls 2 Giles con\'). Wiold s xor Spec{a\ Case :
Th [Sc\nr'\:)v@r/.\

Led G be dipraph.

1)l 2 o\ipo\(:\a leom evern souvvce to Query
sink  Ehenn clubler D,L D\l‘jo'\ws 'S Mam@erian.

qu\ya one Can Ao be‘cée.f‘:
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Edwmoude 2 Giles cony. Wolds lor special case:
Th [Schriyver)

Led G be dipraph.

Il 2 dipath }trom evern sovvrce 4o Query
sk Ehenn cluMer ox D\lbo'\ws 'S Mew@erian.

qu\ya one Can Ao beHex:

Cow\). [_Guen'm, Williams }
Let 6 be die)mplf. with sovrce v 3 swwk <.
Tl 3 d}pa&l’: leom ¥ to erery sk 2D

D di pa{'\/c Jrom everyy Souvie o S then

cludrer o} d}\')o\\ns (N Mewtbefiam
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U\/I weio\)\’ilver)\ vVersS i on O,L LuchOQSE—-YDUﬂCaaF 'ELv .

Wmin 9512& o), dl\join =

Wl o< number C)x pa\FWiSQ O{'.S\)O-l\/)"' CA;CU"S
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\/\/I weio\)\’ilver)\ vVersS i on O,L LuchO@$3~7/ouﬂcaaf‘ 'EL' .

Wmin 9512& o), d}\join =

Wl o< f\umbe\” C)x pa\FWiSQ O{'.S\)O-l\/)"' JicV*S

Can we Swayp role 0‘- A{CU*s/o\ibo{ws ?
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\/Vl weio\)\'llver)\ vVersS i on O,L LuchtCJ_SE—-YDuﬂcaaf‘ 'ELo .

Wmin 9512& o)r d}\join =

Wl o< f\umbe\” C)x pa\rwisa O{'.S\)O-l\/)"' JicV*S

Can we Swayp role o‘_ A{cds/o\ibo{ws ?

COW;)'. {WUOAO\\}
mMin size o} Aic ot =

V) 0 >< \ﬂuvwbev‘ o). ‘Pm'.rw'\SQ Ai%bo]w“‘ C‘A;\)‘ORWS
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U\/I weio\)\’ilver)\ vVersS i on O,L LuchO@$3~7/ouﬂcaaf‘ 'ELv .

Wmin 9512& o), d}\join =

Wl o< f\umbe\” C),‘ pa\FWiSQ O{'.S\)O-lﬂ"' JicV*S

Can we Swayp role 0‘- A{cds/o\i“)o{ws ?

COV';)'. I_\)(/Uodm\l
mMin size o} Aic ot =
Ma> viow ber o). Pm]rw\SQ 0\13;)0'”/1“‘ C‘A;\)‘ORWS
/

wide open Chard ?)
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R@V\.\Cd\"\ow 8 E\ne. mek\WO!\ p(\o\er-hg
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f)acl'( Lo pe.r],ec} DY a p\as
Led G be g)ra.p\n 2 M Aable-sed matcix ol G.
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Back Lo pe.r-\ec} DY a p\as
Led G be q)ro.p\a 2 M Aable-sed matcix ol G.

K@C—ﬂ\l’
V imduceo\ Subg)f‘ap\n H o.\- O W(H)= X H>

G pa(.‘ec\' :
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Back Lo pc.r-\ec} DY a p\as
Led G be q)ro.p\a 2 M Aable-sed matcix ol G.
K@C—ﬂ\"

V imduceo\ Subg)r‘ap\n H o.\- O W(H)= X H>
=

G pa(.‘ec\' :

Vcoluw\\n 5u'ama1cri>< /\/ OJ— N\;

™1 1 ZlTX . Nx < 1,)(7/0, x il/l"eﬁe‘{‘}:’

mMin Z:LTg) v /\/Tc{)7/1. D20 &\ iw“e%er}
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E)ack Lo pe.r-\ec} DY a pLS
Led G be g)ro.p\a 2 M Aable-sed matcix ol G.

Re—c—a\l,

V imduceo\ Sube)r‘ap\n H o.\- O W(H)= X H>
=

G pa(.‘ec\' :

Vcoluw\\n 3u'ama1cri>< /\/ OJ— N\;

moax § 1'x : N x < 4,%x20, < iwjrea‘)er} =

mMin Z:LT:O v /\/Tc{)7/1. D20 &\ iw“e%er}

Led vs Jv'md\ aVza\ogua olczl -\or Set Coler oy
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VColuW\\n Dulvmalcrix /\/ O—L N\L

max § 17x ¢+ Nx < 1,2 0, x Mjre@er}:

min Zleg ’ NT«gZi. WD 720 Y ‘Mkager}
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VColuW\\n Dulvmalcrix /\/ 0—‘» N\L

max § 17x ¢+ Nx < 1,2 0, x imle@er} =

min Z:LTIQ ’ NT«gZi. WD 720 Y ‘mkager}

alQ): cliter F has the packing) \oropa.r‘lg)
LV miner H o ¥, B pack S
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VColuW\\n Dulvmalcrix /\/ O—L N\L

max § 17x ¢+ Nx < 1,2 0, x Mjre@er}:

min lefg ’ NT«gZi. WD 720 Y ‘M&a%er}

ale): clier F has the packiwg) \oropa,r‘l@
l.), V WMoYy H o), /)\:, H packs

Pac\(«nb Propar‘\«o = a\na]obw; oj— Per.lec\' Qrap’/rs
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We yro ve J

Pe: G perlech cz)(a‘a‘n, M stable matcix o G
p— MX$1, <70 TD1I
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We yro ve J

Pr: G perlech @(ap‘n, M stable mateix o G
p— MX$1, <70 TD1I

T\ne O\VIOI\OOU& —\»DJ‘ 56‘\"C_0V€rilf\© WOV'd ba

Ré.p\'tc:axst'low Co\n:) [Conf‘o\rJﬂ/Cor\nU&'OO\S’B
The Jro\\owlng ave equvn vedle nt —}or cloter /l\-’:

@f)‘v has Uo.e. packims \oroper{ﬂ
@ ¢ 'S Mengarian.
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We yro ve J

Pei G perlect opcaph, M sta ble mateix of G
p— MXéﬂ, <70 TD1I

T\ne O\VIOI\OOU& —\»DJ‘ 56‘\"C_0V€rilf\© WOV'd bQ

Ré.p\'tc:axst'low Co\n:) [Conf‘o\r“/Cor\nvebO\S’B
The Jro\\owmg ave equvn vedle nt —}or cloter /l\-’:

@f)‘v has Uo.e. packims \oroper{ﬂ
@ ¢ 'S Mengarian.

Nole @ = @ &rivial.
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Qveﬁ'\'\mn: \X/\ﬂb -\'\4& Niaowme r‘ep\ica\‘iow?
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G?ues*'\on: \X/\'lg) -\'\4& Nawme r‘ep\ica\viow?

0163: Lel f;: c\uHer wikL %FDU\/)(J.SQ&' e\eme\njr e .
Then H is obtaived lrom F by rep\[ca‘:ihge, i

H=?S:e @5Sec 3 U
ZS,S’&UEZ&GSC‘T’/E
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G?ve?hon: \X/\'lg) -‘r\aa Niaowme r‘ep\ica\‘iow?.

Olexz Lev F clobler wikh %rouwrlsejr element e.
T\’va‘/‘} H s cb‘ca\iwecl *rDM ? btﬁ r‘ep\ical:ihge, (L

H=?S:e @5Sec 3 U
ZS,S—Q,UE:&GSG/)E}

e e _
€. |
; _ i .
11 .
MCF) = MCH) = | | A
15}
i i B
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G?vesincm: \X/\"‘f) the vname r‘ep\ica‘viow?

016): Les F clodler wikh cbrouwclselr element e
T\’v&ﬂ H s cb‘ca\iwed *rom ? btﬁ r‘ep\ical:ihge (L

H=?S:e @5Sec 3 U
ZS,S’&UE:Q,GSC‘/)':E

e z _
e |
| ’ oL
A1 .
MCF) = McH) = | |5 @
0
i ] B

(T\/\'\S oS W\/M'\ clup\](m"(on 00085 —\—or Skﬁb\o— S@{' ma‘&ﬁ(@g)
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RZP\\C&'\'\OVI cony — variant
I} % \Vas khe packino Pro\parh{}, then

S©o Aoes o iy rep\'\cml:o\/\.
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RZP\\C&'\'\OW c:on;) — variant
I} % \Vas khe packine PfO‘{?QHt{) then

S©o cAoes o iy rep\%cm‘(o\/\.

Exercisez
Show bokh wversion ol replicabion Con).

oYye QOIU( Vﬂle\/ﬂ‘
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RZP\\CQ'\'\OVI cony — variant
I} % \Vas khe packino Pro\parh{}, then

so does oo ceplication.

Execcise -
S how bo‘(L Ve S, o0n oL rep\'\ca‘v[om Cow:).
o vre eo,uivm‘e\njr
\
S'W\ni\av‘ Lo use ol. o(up\JCm(iow;
to prove TDT Jor set packing problews
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T-\ne, \r‘e,p\'\co\lriom cow;). preO\icASZ

' packmg) prope(-}b p— Manoeria\n propeﬂu\)"
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T-\ne, \r‘e,p\'\co\&riom cow;). preO\icASZ

' Packmg) prope(-}b p— Menoeria\n propeﬂu\)"
\X/e pr‘ov&c):

: /"]ewge,rian properlno — fcle.alwess /
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T—\na \r‘e,p\'\co\lriom cow;). pFZO\iCASZ

' Packiwg propaﬁlb p— Manoeria\n proyaerho"
\X/c prov&c):

: Mewge,rian properjno — :ole.alwess /

T\ﬂvs we @x peC'\‘:

Pr:
Il 7\ c\u'utef‘ ‘/'Ols U—»a Po«ck(tﬂ@ pfopertg

t\/le,\/\ \‘\f 1S idao\‘.

Svmmer gc\aool/ TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



T-\ne, V‘e,p\'\co\&riom cow;). preO\icASZ

' Packiwg) propa(-}b p— Manoeria\n proper4x0"
\X/e pr‘ovac):

: Mewgerian properjno — .'ole.alwess /

T\ﬂvs we @x peC'\‘:

Pr:
Il 7\ c\u'\Lef‘ ‘/tas U—»e Po«ck(tﬂ@ pfoszt@

t\/le,\/\ \‘\f 1S idao\l.

T\ﬂ'n$ 40“0&«/5 f\rov\n La\avwa\n /5 {'LQOPQ—VV‘

Svmmer gc\nool/ TIPCO 2020, 3. Guvenin, C‘%O, U niv. Waler oo .



P
S I\
pse F ot iolea\

l
/
Z
0 o G v.\
‘
O U
l



P
S
ose T
V)o*‘ iolea\ — =
— F b
aS
mnL M
wro\" H

l
/
Z
0 o G v.‘
‘
O U
l



as

Sum
wmev gc\n
ool T
IPCO
2020
. B Guvewnin C
- CR0
) U ni
W \X/
a‘te,\l‘l
oD.



P

Spsa_ ﬂf: not ideal — /}: has wmni minol H.
I( H & A, then W does wot pack /
O(f\ae(w'\sc, bf) Lehiwan’s {’Lv/

;<= l/rf)_ 4mc\(owa\ o_xJ(\‘evva ‘poin{' oL Ex7 O\M(N>K7/1’§

a' b'
g;[ 3 ], Bz[ E»"]/ ATB=34dT lor d7 |
a

Svmmer gc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



P

Spsa_ ﬂf: not ideal — /}: has wmni minol H.
I( H & A, then W does wot pack /
O(f\ae(w'\sc, bf) Lehiwan’s {’Lv/

;<= l/rf)_ 4mc\(owa\ o_xJ(\‘evva ‘poin{' oL Ex7 O\M(N>K7/1’§

a' b'
g;[ 3 ], Bz[ E»"]/ ATB=34dT lor d7 |

a

(Reidnes, Rysec | => A creglag, B s-reqlar

Svmmer gc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



P

Spsa_ ﬂf: not ideal — /}: has wmni minol H.
I( H & A, then W does wot pack /
O(f\ae(w'\sc, bf) Lehiwan’s {’Lv/

;<= l/rf)_ 4mc\(owa\ o_xJ(\‘evva ‘poin{' oL Ex7 O\M(N>K7/1’§

a' b'
g;[ 3 ], Bz[ E»"]/ ATB=d+td T|lor d7 |

a

(Reidnes, Rysec | => A creglag, B s-reqlar
1ar 1-1"(3+dT)2

7

Svmmer gc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



P

Spsa ﬂf: not ideal — /}: has wmni minol H.
I( H & A, then W does wot pack /
O(’\ae(w'\éc. b:) Lehiwan’s {’Lv/

;<= l/fi 4mc\(owa\ o_xJ(\'evva ‘poin{' o\_ Ex7 O\M(N>K7/1§

a' b'
g;[ 3 ], Bz[ E"]/ ATB=34dT lor d7 |

(Reidnes, Rysec | => A creglag, B s-reqlar
s =1 AR 1= 1" (AT = n(ntd)

Svmmer gc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



P

Spsa ﬂf: not ideal — /}: has wmni minol H.
I( H & A, then W does wot pack /
O(’\ae(w'\éc. b:) Lehiwan’s {’Lv/

;<= l/fi 4mc\(owa\ o_xJ(\'evva ‘poin{' o\_ Ex7 O\M(N>K7/1§

a' b'
g;[ 3 ], Bz[ E"]/ ATB=34dT lor d7 |

[&('\0\665, Rtoser:l p— s T"V‘egu\wr/ R s—fe,ﬂu‘av‘
nvs =1 4B 121" (3+dTI) = nned) => n=rs-oh

7

Svmmer gc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



P

Spsa ﬂf: not idleal —> /F has  mni minor H.
Isr H ~ A ﬁLeh H JoeS \nolr pack \/
O(f\ae(w\sc. b:) Lehiwan’s {’Lv/

;<= '/rj_ 4r‘uc\(0\nal o_xJ(\‘evv/a ‘poin{' o\_ Ex7 O\M(N>K7/1§
a' b
: : T
ﬁ;I::":I,B:[L"], QB‘:S*ATJ‘-OFA?I

[&('\0\665, RLOSQ(] p— s T"V‘egu\wr/ R S'r@—ﬂda‘/‘
nvs =1 4B 121" (3+dTI) = nned) => n=rs-oh

—

o?&'.wml sol. L, mi\qé_iTXZ M[)‘é)}l,X}OB,

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



P

Spsa ﬂf: not idleal —> /F has  mni minor H.
Isr H ~ A ﬁLeh H JoeS \nolr pack \/
O(f\ae(w\sc. b:) Lehiwan’s {’Lv/

;<= '/rj_ 4r‘uc\(0\nal o_xJ(\‘evv/a ‘poin{' o\_ Ex7 O\M(N>K7/1§
a' b
: : T
S Y L B SNVERIS

[&('\0\665, RLOSQ(] p— s T"V‘egu\wr/ R S'r@—ﬂda‘/‘
nvs =1 AR 1= 1 (34dT)2 = nned) => n=rs-al.

—

o?&'.wml sol. L, mi\qé_iTXZ M[)‘é)}l,X}OB,

BV* 11- ; =

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



P

Spsa ﬂf: not ideal — /}: has wmni minol H.
I( H & A, khen W does wot pack
O(f\ae(w'\se. b:) Lehiwan’s {’Lv/

;<= '/rj_ 4r‘uc\(0\nal o_xJ(\‘evv/a ‘poin{' o\_ Ex7 O\M(N>K7/1§

a' b'
g;[ 3 ], Bz[ E"]/ ATB=3+dT lor d7 |

[&('\0\665, RLOSQ(] p— s T"V‘egu\wr/ R S'r@—ﬂda‘/‘
nvs =1 4B 121" (3+dTI) = nned) => n=rs-oh

—

> OV&RMhl 50\ {a Mi\qé_iTX'u M[){>7/l’><7/03

ok 1'% =1 1

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



P

Spsa ﬂf: not ideal — /}: has wmni minol H.
I( H & A, khen W does wot pack
O(f\ae(w'\sc. b:) Lehiwan’s {’L'/

X= 41 4r‘ac\(owal extreme point ol éxz O\ M) <748

a' b'
g;[ ‘-"], Bz[ E“]/ ATB=3+dT lor d7 |

[&('\0\665, RLOSQ(] p— s T"V‘egu\wr/ R S'r@—ﬂda‘/‘
nvs =1 4B 121" (3+dTI) = nned) => n=rs-oh

—

> 0?&.‘\”’&[ 50\ {a Mi\qé_iTX'u M[){>7/l’><7/03

. T
BV* 1TX$1I/Y\1:%

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



P

Spsa ﬂf: not ideal — /}: has wmni minol H.
I( H & A, khen W does wot pack
O(f\ae(w'\sc. b:) Lehiwan’s {’L'/

X= 41 4r‘ac\(owal extreme point ol éxz O\ M) <748

a' b'
g;[ ‘-"], Bz[ E“]/ ATB=3+dT lor d7 |

[&('\0\665, RLOSQ(] p— s T"V‘egu\wr/ R S'r@—ﬂda‘/‘
nvs =1 4B 121" (3+dTI) = nned) => n=rs-oh

—

> 0?&.‘\”’&[ 50\ {a Mi\qé_iTX'u M[){>7/l’><7/03

s -ol
r

. T
BV* 1TX$1I/Y\1:%

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



P

Spsa ﬂf: not ideal — /}: has wmni minol H.
I( H & A, khen W does wot pack
O(f\ae(w'\sc. b:) Lehiwan’s {’L'/

X= 41 4r‘ac\(owal extreme point ol éxz O\ M) <748

a' b'
g;[ ‘-"], Bz[ E“]/ ATB=3+dT lor d7 |

[&('\0\665, RLOSQ(] p— s T"V‘egu\wr/ R S'r@—ﬂda‘/‘
nvs =1 4B 121" (3+dTI) = nned) => n=rs-oh

—

> 0?&.‘\”’&[ 50\ {a Mi\qé_iTX'u M[){>7/l’><7/03

s -ol
r

aa
Tsus( 11-;(-;1/{\1:\%.: :S__%lzz

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



P

Spsa ﬂf: not idleal —> /F has  mni minor H.
Isr H ~ A ﬁLeh H JoeS \nolr pack \/
O(f\ae(w\sc. b:) Lehiwan’s {’L'/

X= 41 4r‘ac\(owal extreme point ol éxz O\ M) <748
a' b'
: : T
Al ] e L], arenids toeds

[&('\0\665, RLOSQ(] p— s T"V‘egu\wr/ R S'r@—ﬂda‘/‘
nvs =1 AR 1= 1 (34dT)2 = nned) => n=rs-al.

—

o?&'.wml sol. L, mi\qé_iTXZ M[)‘é)}l,X}OB,

—
= —

'
— T -
BV* 1Tx$ 1 l/f\l-: \%. rsrpl-s__%'zz

—> H does wot pa.ck \/ 7

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



EXC_\UO\QCA WM inovs .‘o\r Jc\w, \_oo\c\<i\n0‘> \Iofooar(:u\

Svmmer gc\nool/ TPCO 2020, 1B. Guenin C%O, U niv. Waler oo .



Qu@slc'uwl: w\mg axc(ude& WMivol S .\or tle packlﬂg
propectyy 2 vot loc Menoerian propesiny

Svmmer gc\nool/ TIPCO 2020, 3. Guvenin, C%O, U niv. Waler oo .



QUQ—S*'(DVI: w\ntg Q%C(udfi WMivol S -‘or‘ J&LL packiﬂg
properho D ot lor Mevwger;a‘n P'OPUJ‘G?
RQ‘P\‘\C’Q&'IO\"’ Cow:). 506625'\' IS RN &Lﬂ. Same_

Svmmer gc\nool/ TPCO 2020, 1B. Guenin C%O/ U niv. Waler oo .



Qu@slc'uwl: w\mg axc(udei WMivol S .\or tle packlﬂg
propectyy 2 vot loc Menoerian propesiny
RQ‘P\‘\C’Q&'IO\G Cow:). 506623‘\' % SRS tle sawme

e} a Motber B s miniwally non-packing i)
o /)'L' o!oQS \ﬂo\l Pack

[ Quervy propev Moy o,‘. /)k PaCkS

Svmmer gc\nool/ TIPCO 2020, 3. Guvenin, C%O, U niv. Waler oo .



Queslciow: w\ntﬁ axc(ude& WMivol S -\or tle ()acklﬂg
propectyy 2 vot loc Menoerian propeﬂlg?

Glé}i a C\UHCT n}; S Mi\n.'vwﬁﬂb \now—\DackIﬂg \Sf
o /)‘L‘ oﬂoQS viol Pack

[ Quervy propev Moy a,‘. /)k PaCkS
C.\UHZ(S u.,\*\/. PO‘C\<,"”© ProY)eF*‘Q ave {oQQa\ :>

(A m'\n‘.vvm\ls now'packiwg c\uHer 'S

@ m'\mvnanb V\ovn—-'\dea\ oV

@ ioleal o

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



MM\M&”(Q nown - pack(no\ c\uhte.rs klm\- are mn A

Le_\« maw /S k\v

52 '/ri Jrac\iovm\ ex treme ‘poin{- oL Sx70\ M) < 7 13

a' b'
H"["n],v[ b] ATB=34d T Lor d
a

Svmmer gc\nool/ TPCO 2020, 1B. Guenin C%O, U niv. Waler oo .



MM'\M&H(Q nown - pack(no\ c\uhte.rs Uaﬂ" are mn A

Le_\« maw /S k\v

52 '/ri Jrac\iovm\ ex treme ‘poin{— ol- Sx70\ M) < 7 13

a' b'
Aa[ 3 ], B=[ b], ATB=24dT lor d |
Q

\

ole,l'. A mna duHe(‘ ¢ khin ;_\, A=\

Svmmer gc\nool/ TIPCO 2020, 3. Guvenin, C%O, U niv. Waler oo .



MM\M&”(Q nown - pack(vw\ c\uhte.rs Qlaﬂ\- are mn A

La\«wwm/s k\v
52 '/rj_ ,imc\iovm\ ex treme ‘pom{- ol- Sx70\ M) < 7 13
a' b'
Az[’- ],B=["-,,] ATB=34dT lor d7 |
a" b / l\
ole,}'. A ™A C\V‘H'e(‘ v kEhinw “\r =\
Pe [ Corwuc;)o\s, Guenin, Mqrgo’r ]
Lot 7: be a wmni clutter
@ //: 1S \M'\V)'\vv)a\lb no\n—\oacki\ng :>
@ F s thin

Svmmer gc\aool/ TIPCO 2020, 3. Guvenin, C‘%O, U niv. Waler oo .



MM\M&”(Q nown - pack(vw\ c\uHe.rS Qlaa\- are mn A

La\« maw /S k\v

X = l/fi Ajr‘ac\iowa\ ex treme poi\f\“ oL Sx70\ M) < 7 13
a' b
: : T
Az[;w], B=[ b] A'B=2+dT lord |

\

ole,}: A mna C\V‘H'e(‘ s Ehin \_\} A=\

P [ Curwuc;)o\s, Guenin, Mqreolr ]

Leb 7 be a mn. clutter

0, fn 1S V""\V)'\v'm\|3 WOW—\Oackﬂ\ng —>
@ F s thin

Queslr'nov\: clOQS E\«e CownVvesSe \ﬂo\d ?

Svmmer gc\nool/ TIPCO 2020, 3. Guvenin, C%O, U niv. Waler oo .



/V\i\m\no\nvb wmn—pﬁckM@ c,\uH@\‘Q EL#A‘ ave idea\)

A far-fedched conyectore &7 bt pessibly &rve

. ’ V



/V\iV\'\vmnvb wmn—pﬁmkM@ c,\uHerQ EL#A‘ ave idea‘)

( but possibln &ru
A —gar-fe\c\aeo\ Co\n)ec‘:sz/ e -

/&,/ = 2 Cc)n')e,c\'\)fe [ Cornut;)o\s, Guen'\m) Motfe)ojr]
I,( /F 1S m'\\nivvw\\lx\/) V!ow—pa\ckiwg asz QAéa\
t\"em d covec B o) F with Bl=2.

Svmmer gc\nool/ TPCO 2020, 1B. Guenin C%O, U niv. Waler oo .



Mm;m\\vb wmn—pack'wué c,\uHerQ EL:& ave iciea‘)
: bul possi rue
P! ,gar-.fe\c\aeo( Cowbec‘:wz L/ . Hﬁ{
/t/z, 2 Cc)n')e,c\'\)fe [C,orwv(,;)()\s, (J‘U&\ﬂ'\m) Mq(60+]
I_( ¢ 1S m'\\nivwant\/) V!ow—packiln@ asz ;Aea\
t\"en d covec B o) F with Bl=2.

2 3 4 S ¢
RN .

I | |
I l I

B = £l| (7)> Cove(

M (@) =

Svmmer gc\nool/ TIPCO 2020, 3. Guvenin, C%O, U niv. Waler oo .



/V\iV\'\vmnvb wmn—pﬂmkM@ c,\uHerQ EL#A‘ ave idea‘)

( but possibln &ru
A —gar-fe\c\aeo\ Co\n)ec‘:sz/ e -

/&,/ = 2 Cc)n')e,c\'&)fe [ Cornut;)o\s, Guen'\m) Motfe)ojr]
I,( /F 1S m'\\nivwa\lxs V)ow—packiwg asz QAéa\
t\"em d covec B o) F with Bl=2.

2 3 4 S ¢
RN .

I | |
I | |
| ||

/"\((96)7- R=6L6Y% cover

<

Mol vation _}0( CU\/’:)C_C‘\'U(C/

Svmmer gc\nool/ TPCO 2020, 1B. Guenin C%O/ U niv. Waler oo .



Moo =2 Cony. —) rep\icﬁ(ov\ Cow:)-

Svmmer gc\nool/ TPCO 2020, 1B. Guenin C%O/ U niv. Waler oo .



pf,, t: '
2 Cony. :> ‘re.p\;caA(o\n Co\n;).

p}:

T . . .
o _show : rep\\cahon preserves pa.ck]wo propef"
3

) [} . ‘n .



Pe: =2 Cony. —) re.p\icaho\n Cow;)-

p):

To show : reP\iCO\HOV\ preserves P“‘k.""O PFOPQCF‘%

OUnﬁrw»\S&/ 3 VVHW;WW\HS wow—\OACk;lﬂQ C"v-‘"ler“ ﬁl
w\'“” e p\\Ca*aJ e\e\nem(-f

— -

MCF) = | |:

Svmmer gc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



Moo =2 Cony. —) re.p\icaho\n Cow;)-

pl:

To show : rep\icaHon preserves pa.ck]wo prope(‘r(c\g.

OELerw»\S&/ 3 VVHW;WW\HS wow—\OACk;lﬂQ c‘v-‘"ler“ ﬁl
bv\'“” e p\\Ca*aJ e\e\nem(-f

— -

MCF) = | |:

- . A (=
l—sb (ttl L‘]\n.b. X Ol'lsbotﬂk Se{s v )'

Svmmer Sc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



Moo =2 Cony. —) v’e.p\ica\]r(ow Cow:)-

pl:

To show : rep\icaHon preserves pa.ck]wo prope(‘r(c\g.

OUnﬁrw»\S&/ 3 VVHW;WW\HS wow—p&(k;ﬂ@ c‘v-‘"ler“ ?l
bv\'“” e p\\Ca*aJ e\e\nem(-f

— -

MCF) = | |:

- . A (=
l—sb (ttl L‘]\n.b. X Ol'lsbotﬂ( Se{s v )'

Fle packs => 3S,,5,€F st S, N, = ¢e3

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



pfl =2 Cony. —> \rep\ECaJn’ovr Cow;)-

pl:

To s\ﬂvw .

OUnﬁrw»\S&/ 3 VVHW;WW\HS wow—p&(k;ﬂ@ c‘v-‘"ler“ ?l
bv\'“” e p\\Ca*aJ e\e\nem(-f

M(F) =

rﬁb nCtZ L‘}\n.b. /%/o('.s')o‘m‘( se{s \

Fle packs => 3S,,5,€F st S, N, = ¢e3
—> S§-eUe &F R S-eve NS, =&

=

rep\icaHon Pre_ser\/es pa.ck..no propqrrfﬂ_

/\...

I

Z

Svmmer Sc\aooll TPCO 2020, 1B. Guenin CgO, Univ. Waderloo.



—_ 4% .
| \40, C= 2 CoV')ZC‘\uri \no\JS -\»Of' E.\WQ\FU\\J c(uHers

Svmmer gc\aool/ TIPCO 2020, 3. Guvenin, C‘%O, U niv. Waler oo .



T\')Q. AC‘:- 2 CoV")ZC‘\UF& \no\JS .\>or’ E.\WQ\FU\\J C(ujr\le(S

‘r\ﬁi Lseb\mou{}

T\f)& l—ouow‘mg Qare ea\u'\\/a\enj; -"Or a b'\\naf‘b clu¥“€‘(‘ ?:

O //\"' [ES /V\e\nger'\aw
® F has no @ wmivoc
KREEE )
I I
M (Q) = | | |
i | y

Svmmer gc\aoo|/ TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



T\'IQ. AC’; 2 CoV")ZC‘\UF& \no\JS .\>or’ ().\WCL(U\\J C(u)l\le(S

‘r\ﬁi Lseb\mouF]

em—

l‘ﬂ& l—ouow‘mg Qare ea\u'\\/a\enj; -"Or Qa b'\\naf‘b Clu¥“€‘(‘ ? :

) //\"' [XS /V\ewge Ciann &> /F PﬁC\fLCIV() V""VU*S
® F has no @ wmivoc
KREEE )
I I
M@=
i | y

Svmmer gc\aoo|/ TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



T\’IQ AC’; 2 CoV")ZC‘\uﬁi \no\JS .\>or’ ().\WCL(U\\J C(u)l\le(S

‘r\\i Lseb\mour/}

T\ﬂﬁ l—ollow‘mg Qare ea\u'\\/a\enj; -"0(’ Qa b'\waf‘b c\uHer ?:
(D }" [ES Me\nge Cian <=> //L: pac\'bcnn() Vro‘per*s

7o
@ F has no @6 Mo (C

I
I I

M (Q) =

p—
The (‘ep\§c*alr'\om Cow:). \no\on lor Eiwm\fﬁ clu”(’rs.

Svmmer gc\aooll TPCO 2020, 1B. Guenin C%O, Univ. Waderloo.



Thonk no v Jfor oLl attention

Kee P sajre g

1 Wou\d like Lo klw‘v\k :Q\nvwav\ AI)An

—‘—Of‘ numeroos AISCUssiows own (;L».‘s JvoPQQ,

Svmmer gc\nool/ TIPCO 2020, 3. Guvenin, C%O, U niv. Waler oo .



