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mox Swix ¢ Mx<s 1, x2 0, > ‘m*agef‘ } (IP)
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m‘mzftg : /"\Tg)?/w, 3»0} (D)

™min leLO ‘ MTLQ zw, Wwz0 Y ‘W‘h-ﬁ?f“} (ID)
€ 0 S o= €5 T Zgp

Questions . For what class ox, matrices

© Z1p=2,; Ywe Z.

@ 2ip= 2p YWE Z.

® 2:p = 2y ‘v‘wéZZ: Mx<1, %xz0 TO1

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



'_\nr&e. quas\]ow S — Y‘e,\/'\s'\jted

mox §wix ¢ Mx<s1 x2 0, > ‘M‘\asef‘ } (IP)
Maxfwa:MXS’l,x}D} (P)
m’\nzlq-ta : /"\Tg57/w, Lo>/0} (D)

mMin ilTLO . /"\TLQ zw, 4wz0, Y ‘wﬁe.go,r} (ID)
2_,S 2,= 2, € Z4p

Questions: For what class o wialrices

© Zip=2,, Ywe Z+

@ 2Zip= Z2p VWE Z. (x70:Mx<13 wileoyrn |

® 2:p = 2y V‘wéZi Mx<1, %xz0 TO1

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



_\hre,e. quas\]ow S — re,\/'\s'\jted

mox §wix ¢ Mx<s1 x2 0, > ‘\W\asef‘ } (IP)
V\ﬂo\xf,wa:MXS’l,x}Dg (P)
m'\nzlq-xa : /"\Tg57/w, Lo>/o} (D)

™in alTLO v MTLO zw, Wz 0, Y ‘wﬂe.go,r} (ID)

ZiP < 2P= ZD = 7:710

Q\/e,s‘\] ons . For w\/w.‘\' c\mss o‘, Malw'\(es
© Z1p=2,; Ywe Z:— moadeice s sglc\s,}b'mg) @ 26
@ ZIP Zp V w c Z: 2><7/O'-M><S’lz 'm~\eo\>m\

® 2Z;p

1

[=

I

0 V‘WGZ: Mx<1,%xz0 TDTI

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



Q\/e,$-\’n ons . For w\na‘\' class o‘» Majw’\ms
© Zj:p = Z:I:D V¥ w e Z: wodryce s Soxlc'\ssz'\vwb @ 26
@ 2Zip= Z2p VW Z: §x70: Mx<13 ‘\Meq)m\

® 29 = 2 V‘WGZ: Mx<1 xz0 TDT

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



Q\/e,S'lﬂ ovns .

For w\na‘\' class OL Ma'\r’\cQS

© Zj:p = Z:I:D VY w e Z: Wodrice s so\lc\s,‘b'\vwb @ 2 O

@ 21p= 2p VYwe Z. (x20:Mx<13 wleoymn

® 29 = 2 V‘WGZ: Mx<1 xzo TDT

Ve will see

{x 20
Mx< 1,20 TDODIT

. Mx< 13 '\n\e@ral —

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



Questions: For what class o watrices

© Zip=2,; Ywe Z, wadeices sokistyiny @ 2 @
@ 2Zip= Z2p VW Z: £><7/O=M><513 ‘\nieq)m\

® 2ip=2p, Ywe Z, Mx<l, %20 TDT

Ve will see

{x20: Mxg 13 '\n\eq)ral —
Mx< 1, <z0 TOI

Thwes ©, @ ,® equivalent.

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



pef‘ \ec:\\ovl

olex: A O,l walrix M s \oer,]ec:\- il

§,><>/O°. Mx < ’13 S '\wleo\)ra\.

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



Per\ec)ﬂovl

olo);: A O,l walrix M s \oer,]ec)r (l

2><>/O°. Mx < ’13 S 'mle@w\\.

\X/6 uu'.\\ 6\40w, vnigve COMB}wm*or’\cp\ 05{)60&‘
OL9SOC.\0\\¢.A W\\L\ ‘Per—lzC\' V"’O\*F{C@S}

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



pef‘ Xec;\'\ovl

olesf: A O,l walrix M s \oer,]ec)r (l

2><>/O°. Mx < ’13 S '\wlerorn\.

\X/6 Uu'.\\ 6\40w, vnigve COMB}wm*or’\cp\ ob}ec}
OL9SOC.\0\\¢.A W\\L\ ‘Per—‘zC\' V"’O\*F{C@S}

O,\ Woad i< TS par-;ec\' \'X. \ts v\qa\xiv\fml
Vow S ave kLn, chowr. vedors O,X. S“a“a

SQ*S o—\> O pede_d 6/‘6.9'4

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



pef‘ Xec;\\ovl

olesf: A O,l walrix M s \oer,]ec)r (l

2><>/O°. Mx < ’13 S '\wlerorn\.

\X/6 Uu'.\\ 6\40w, vnigve COMB}wm*or’\a\ ob}ec}
Ol9sOC.\0\\¢.A W\\L\ ‘Per—lzC\' vﬂo»‘ﬂ‘.‘ce,sj

O,\ Woad i< TS par-;ec\' \'X. \ts v\qa\xiv\fml
Vow S ave &Ln, chowr. \/ec.‘\ors O,X. S“abla

SQ*S o,\> O per4ad 6/‘6.9'4

pr—y 4 5-\UGQ3 o), ‘Peﬁ‘ec\' Mm‘\ﬂCGS =
study o} perlect graprs.

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



[ Ve set Cove v vio proue,m
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(-31 Wi in — Wiad Pe\m+iom

G‘=(\/,E) q)ro\\o\n, 5,{76\/ where s= &

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



(‘31 WMin — WIad V‘e,\arhovl

G“—'(V,E) tbro-\o\n, 5,(’6\/ wherce s=# €.

Th: [ Mevper |

5'\2& OX— WMinimvw $“-CV‘\' =

edne

wmax nb o} pairwise dhis)oint er—poJLs

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



(‘31 WMin — WIad V‘e,\arhovl

G = (V, E) q)ra\o\n, st € /' Where s= ¢,
Th: [ Mevper |
edye
5\2& OX— WMinimvw $“-CV‘\' =

wmax nb o} pairwise dhis)oint s’r—pMLs

S O €

Va

5*‘CU¥

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



P\V\ IV\‘\&{)&P P"Oﬁf‘amm'\wq ,(rame_wor\(

Let M be mxn O/l watrix, w & R,
del: Set Coveriny 1

min Zwrx " M><>/ 1,=<2z0, %< 'm*e@er } (IP)

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



P\V\ l'v\le,ge,r‘ P"O?)Y‘hmm\wq ,(rame_wor\(

Let M be mxn O/l watrix, w & R,

del: Set Coveriny 1

min Zwrx " /V\><>/ 1,|<2z0, x 'm%e@er } (ZCP)

<7 X e£O|\3n

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



P\V\ l'v\le,ge,r‘ P"O?)Y‘hmm\wq ,(rame_wor\(

Let M be mxn O/l watrix, w & R,

del: Set Coveriny 1

min Zwrx " /V\><>/ 1,|<2z0, x 'm%e@er } (IP)

<7 X 620.\3n

\)(/\f\b x\ne, Novm e Q

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



P\V\ IV\‘\&Q&P P"O?)Y‘hmm\wq ,(rame_wor\(

Let M be mxn O/l watrix, w & R,

del: Set Coveriny 1

min Zwrx " /V\><>/ 1,|<2z0, x< 'm%eq)er } (IP)

« x eso\3"

?
W\Ab e V\MHQ'/./ werdence \/e,c}ror o)- Se‘\

\
e [ 1]
N

=7

X\‘):l

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



P\V\ IV\‘\&{)&V‘ P"Oﬁf‘hmm\wq ,(rawpe_wor\(

Let M be mxn O/l watrix, w & R,

del: Set Coveriny 1

min ZWTX .

C
W\ﬂb )(\hc v‘hma./ ;V\C'\A&V)CL \/&CA’OJ‘ D)— SQ‘\'

Mo ||

=7

xy=1

Mx > 1 =<z 0, x 'wr'e@er} (LP)

<7 X 620.\3n

FiVIA.S Min wellb\ﬂ* ,}o\w\[‘.o
ol sels Coverinay sr‘ouvmlSa*‘

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



Min §w'x MX}’LX7/ O, > ‘M‘\agef‘ } (IP)
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Mmn §wix MX}’LX7/ O, > \W‘\Q%Q(\ } (IP)

™min {wa:/"\x»’l,x?/D} (P)

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



Mmn §wix MX}’LX7/ O, > ‘M‘\agef‘ } (IP)
™min {wa:/"\x»’l,x?/D} (P)

Winx {11’3: /"\Tcos W,to)D} (D)

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



min fwix t Mx21, x2 0, > nlegyer ] (IP)
™Min {wa:/"\x»’l,x?/D} (P)
s {179 4 My S w, y> 0 (D)

(ID)

WMy tiT“O . MT‘ﬂs w, 4y7z0, Y imiegef}

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



M fwi @ Mx21, x2 0, > nleger } (IP)
™Min {wa:/"\x»’l,x?/D} (P)
s {179 4 My S w, y> 0 (D)
wax {170 0 MTy< w, Yy 20, Y wleger ) (ID)

L(\’ EIPI ZP/zDI?ID l)& D\P‘)]VV\AI \/&'JCS f\%)f'

(T, (P), (D), (ID) respective |y,

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



min fwix t Mx21, x2 0, > nlegyer ] (IP)
™Min {wa:/"\x»’l,x?/D} (P)
s {179 4 My S w, y> 0 (D)
wax {170 0 MTy< w, Yy 20, Y wleger ) (ID)

L(\’ EIPI ZP,’ZD,?ID l)& D\PJ]VV\AI \/&'JCS f\%)f'

(T9), (P), (D), (1TD) re$p¢,c_4iv¢ \0, Lhen

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



Res—\a%mo‘\ I"\@V\@_@(’s L
G=(V, E) s,teV
M matrise wheve

o columns ‘wmle.%ed bb E

e rows = char. vectors o) sLPoALs
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Res%a%mo‘\ /‘/\@\n@g(’s L
G=(V, E) s,teV
M matrise wheve

o columns ‘wmle»(ed bb E

e rows = char. vectors o) s—&—paJ‘Ls
\ 2 3 4 g
/O d | | |
S < \ I
M =
2 BEER
2 S i ‘ |

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



M malrix wheve
® co\uwnns ‘wwle%ed bto E

® TowsS = char. V&C\OF.S 0,\» S“—pa\"&LS

Question : What does (TP) dinds Jor w=1 ¢

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



M malrix wheve
® co\u\m\ns ‘wwle%e() b‘:) E

® Cows = char. V&C\OF.S 0,\» S—Lpa\-uas
Question : What does (TP) dinds Jovr w=1 ¢

™Min 1T><

o _
P

111 ><>/fl_, <20, x wmlege
i _ <2 xe to13Y

har, vector o) 54-pm%l’l

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



M malrix wheve
® co\u\m\ns ‘wwle%e() bb E

® Cows = char. V&C\OF.S D,\» S—Lpa\-uas
Question : What does (TP) dinds Jovr w=1 ¢

™Min 17 %

o _
e

111 ><>/fl_, <20, x wmlege
i _ <2 xe to13Y

har, vector o) 54-pm%l’l

—> L"nols Min S Z2e S“—C./‘\’

Svmmer gc\nool/ TPCO 2020, 5. Guvenin, C%O, U niv. Waler oo .



M malrix wheve
® co\uwnns ‘wwla%ed b‘O E

® Tows = char. V&L\OF.S D,\» 5—‘—‘30\-&'43

@uas*“\(?\/l P \X/\nar\’ 0‘025 (ID) 4'\V\AS Lu\'le\n w= 1 ?

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



M malrix wheve
® co\uwnns ‘wwla%ed b‘O E

® Tows = char. V&C,\OF.S 0,\» S—Lpa\-uas

@ueshom p \X/\ﬂm'\' 0‘025 (ID) 4'\V\AS w‘na\n w= 1 ?

™ X 1Tt{) / char. vector o} st-path
s+ L

Bl
|
| W <1, w20, yinleger

/

- I » & 50,136

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



M malrix wheve
® co\u\m\ns ‘wwla%ed b‘O E

® Tows = char. V&C\OF.S 0,\» S—Lpa\-uas

&ue$'¥‘\0m p \X/\ﬂm'\' 0‘025 (ID) 4'\V\AS w‘na\n w= 1 ?

™ X 1Tt{) / char. vector o} st-path
s+ L

Bl
|
| W <1, w20, yinleger

/

| | _ loé £O|‘3€,

— anls Maximuwr nb olr ol}s;)o\njv s‘r-Pa”nS

Svmmer gc\nool/ TPCO 2020, 5. Guvenin, C%O, U niv. Waler oo .



M wmalrix wheve
o co\uwms ‘W»Az%e() bb E

® Tows = char. VC—C*OF.S 0,\» S*—po;'cLS

T\ae—\f\ Me.\n YAl /5 E\neowem

(
—

S €1p = 250 Hor W

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



M wmalrix wheve
o co\uwnns ‘W»Az%e() bb E

© TowsS = char. L/&C,*OF.S 0,\» S*—po;kLS

T\ae—\f\ Me,\n YAl /5 E\neowem

(
—

S €1p = 250 Hor W

EX@FCRSZ I

s\/\owl ZiP = ZID V W/ 6 Z+

\X/\na'\ c)oes k\n‘\s 5“3 W *\e,rV\q.S O)- cbr'o\plﬂs ?

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



Th
e
e q_uas\'.ovz S

: )

™M a X M
$ 1 v /Vtho<
I W,
% 7 O, Y ‘m*e.
ger ) (IP)

WIV"\&“ gc I
[} [ v“.‘
DD .



Th
e
e q_uas\'.ovz S

)

™M A X T
$ 1 v /Vtho<
I W,
% 7 O, ) ‘m*e.
ger ) (IP)

Fo
c ol w € Z: v 2
. <0 7
O

/ = CO . .
0 v.‘
» ' L l
D



T\nrea q_uas".ow S

Mmin fwix ¢ MX} 1 x2 0, > \W“Z%Q(\ } (IP)
™M {wa:szi,x}D} (P)
max { L'yt MTy < w,\o»o} (D)

M ax {11-\0 : MT‘OS w, W70, Yy ‘mlage,r.} (IP)

For all we Z,: 2.2 2= 2,2 Zip

Q\/eﬁlﬂowS'. For w\na\)" c,la«SS O.\— wmtjw';ces does
O, ZIP = ZID VY w e Zi

@ ZIDz ZD VWC—, Zn,\,

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



T\nrea q_uas".ow S

Mmin fwix ¢ MX} 1 x2 0, > \W“Z%Q(\ } (IP)
™M {wa:szi,x}D} (P)
max { L'yt MTy < w,\o»o} (D)

M ax {11-\0 : MT‘OS w, W70, Yy ‘mlage,r.} (IP)

For all we Z,: 2.2 2= 2,2 Zip

Q\/eﬁlﬂowS'. For w\na\)" c,la«SS O.\— wmtjw';ces does
O, ZIP = ZID VY w e Zi

@ ZIDz ZD VWC—, Zn,\,

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



T\nrea q_uas\'.ovz S

Mmin fwix ¢ MX} 1 x2 0, > ‘M*ao‘)ef‘ } (IP)
™M {wa:szi,x}D} (P)
Mmax {.’LT‘Q : /‘/\Tcgé w, \57/0} (D)

M ax {11-\0 : MT‘ﬁs w, W70, Yy ‘mlage,r.} (IP)

For oll we 27 2 % 2,= 2,7 Z1p

Q\/e,ﬁ*'n ons . For w\na.)" c,la«SS ol— wmnjtr}ces does
®© Zip = ZID VW € Z:
@ 2Z50= 2p Ywc Z. §x20: Mx 713 \Me@m\

® 2ip= 25 Ywe Zn,‘ Mx7»1,xz0 TDT

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



T\nre& quas\}ow S

Mmin fwix ¢ /V\X} 1,><7/ O, > \w-\eq)er } (IP)
™M {wa:szi,x}D} (P)
Mmax {fg : /‘/\Tcgé w, «57/0} (D)

M ax {11-\0 : MT«os w, W70, Yy ‘mlage,r} (IP)

For oll we 27 2 % 2,= 2,7 Z1p

QV&SM ons . For w\na.* class ol— Motlw](es does
O, ZJ:P = Z:I:D VW € ZV.‘.. W\m)sﬁces So\lc'\s,k)'mg) @3 ©)
@ 2Z50= 2p Ywc Z: §x20: Mx 713 ‘mleo\)m\

® 2ip= 25 Ywe Zn,‘ Mx7»1,xz0 TDT

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



Questions: For w\na.‘\' cla«SS o.\, Ma'\ﬂr](es
© ZIP = ZID Vw e Z’l Wodeice s 50\1"‘34‘().\‘”@ @3 3
@ 250= 2, Vwe Z, [(%x70:Mx=13 ntegyral

® 2;p=2py YweZ, Mx<l xzo TDL

<l

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



Q\/e,sjﬂowS'. T:oxr w\/w.‘\' cla«SS o.\, Ma'\trlces

© Zj:p = ZID W w € Z’l Wiodrice s sglc\s}b'mg) @3 3
@ 250= 2, Vwe Z, [(%x70:Mx=13 ntegyral
® 2;p=2py YweZ, Mx<l xzo TDL

<l

We saw @ 'tmp\ics O,

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



Q\/e,sjﬂowS'. Fovr w\/w.‘\' clo«SS o.\, Mot'\ﬂ"\(es

© 231p=2,5 Ywe 2", wmalrices sotisyiny ©2 @
@ 2Zi0= 2p Ywc Z. (x20:Mx=13 integyrnl

® 2;p=2py YweZ, Mx<l xzo TDL

We saw () implies @

For =123 leX M. class o} malrices su‘]sbms ®

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



Questions: For what class o wialrices

© 231p=2,5 Ywe 2", wmalrices sotisyiny ©2 @
@ 2Zi0= 2p Ywc Z. (x20:Mx=13 integyrnl

® 2;p-=2y Fwe Z,

+
We saw @ 'ump\ics O,
For L=|,2.3 let t/‘t; class ol» ma‘friczs ﬁu‘]&‘aglws @

Mx<1 %xz0 TDT

- \/"L3§ Mo

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



Questions: For w\/w.‘\' clo«SS o.\, thjm(es

© ZIP = ZID VY w e Z’l madrice s So\lc\s,}t)'mg) @9: O
@ 21? = 2p Vw e Z: £X7/O'-M>4513 ’\nteq)m\

® 2;p=2py YweZ, Mx<l xzo TDL

We saw @ 'ump\ie,s ®
For &=12,% led tft; class ol» mal rices 5&‘]&‘3&76 @

- \/VL?_,Q JLL% \/leﬂz(\\/\t';:\f't/g

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



Questions: For what class o wialrices

© 231p=2,5 Ywe 2", wmalrices sotisyiny ©2 @
@ 2Z50= 2p Ywc Z. (x20:Mx=13 integyrnl

® 2;p=2py YweZ, Mx<l xzo TDL

We saw @ \mp\ie,s ®
For &=12,% led tft; class ol» mal rices Sa‘]&‘aglws @

— \/VL?,Q \/VLL% \M|=JIL2,(\\M3=\,M/3
o‘e}: N\ '\Clea\ \"\ £><7/I', MX>/\3 'mXe.@rak,i.e, Mé'cf'l/z

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



Questions: For what class o wialrices

© 2ip=2,, Ywe 2", ©2®
@ 250= 2, Ywe Z,

® 25=2, Ywe Z,

We saw ® 'tmp\ics ®
For &=12,% led (ft; class ol» mal rices Sa\'aq-o}n@ @

— Ma<C My 2 M= MNMs= M,
O\Q,\l N\ '\Cleot\l \"\ £7<7/|'. MX7/\3 'H/l'\e.@"ft\/i-e, M&(/V(/z

0‘2,\1 M Me,v\o)e,\’"\av'\ \x, MK7/\,X7/\ TDT/ |.e Me JL;.

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



IAQO\\ vevysuwus Mewq}ar]o\\/l

WQ/ Soaw - Me,w@ersam — Talea\.

&ue‘S‘\'\OWI C‘JD&S CownveyYse lﬂolA /2

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



Idem\ vevysuwus Menq)e,r'(oufl

\X/e/ Saw . Me,\ngersw/l — Tolea\.
@ueshow: does Convevse \ﬂolA /2 No

L[]

I ||
QG':'-

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