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From last time :
A mafrix AeR™"is totally uwnimodlular (TU)

¥ every Square submatei hos determinant Oz!.
Ex: A=(1,) A ou) Non-ex: A= (o)
Prop: Let A €301 be o madvix with o

mosk one 1 and o most one -1 in
each oumn Then A s TU.

Cor e node-edoe incidence mafrix of
any directed graph S Jera\l\; nimp dul o

o | \<E . |
incidence matvix Aefoxf ~of a directed 9”70»"
L ee$™ )  e=(v,w) for some w v"Z\ew
A= 7L # eeshl) =@V for ome w W
ow.

38.3 Connections with bipartite graphs
The incidence matrix Aof a graph G=(vE)

s & NIXEl matix with (A)ve={ L % V€




Tam 83 G is bipartite & A is totally unimodular

(Proot ) (&) G ot \ox'parki‘ce = (5 hos an odd ciccurts.
Q e (élfc‘?é}) Comspbno\mg Swomodrix

000t has deferminant 2.

SWograpn € Somatrix =S A vt TU

=) S\APPOSQ 5 is bipartite with V=Uww

Consider directed Qraph D obrained \oxi Ni@ﬁhng all

ed%es fom U =W, The incidence motvix of D

s Obtoined Srom ot of & loy m\x\*\'}b\\lm@

(ows  indexed oy weW oy -1

Ap is TU = Ag = (820 is TU.

e\ e'b Qs e—l—l

Ex Vi f 1 v o O
vV, ¢ \l3 \ O O | | V\
ges \/.5 \.,\ 0 -| O 1 \I\l
VL ey Vq V\{ 0-1| 0 -l

Cor: Tor any bipactite geatn G, the polyhedra
e intenec-
{XGR;—» ©OAXE ﬂ\/i i\,e“{\;or \/TAZlej-%
1xeR,E: Axz1f ixleﬁ{;’()t\ITAe]lE'S



Cor: For bipartte graphs, {xelR;; P AYX ¢ ﬂv} = CorN fﬁM mﬂé&g}
(2) Clear.

(<) All vertices integers equal +o Ly $or some matching M

Cor'- For bipartite LN d((y)‘—' max{&w xelR;,AxsiLVi
Similar results for v(6) T(6), P(C-;).

Cor+For any bipartite OGN G, V(6)=T6) ond 0<(6)=P((3)
(%\, linear Progmmmivg duah”n/.’ )

Ppplications 1o inrerval scheduling

Cal Aeto 13™" gn inferval watrix i the 1's ' each row
ore conSecutive ('hrax\sPosed Version a\so sed: Consecutive

1s in eadh column )

mP" \F AeiolT™ is an interval madtvix
Then A is fotally wnimodulor

(Provt) Let M be o kxk suomadvix of AT ("‘ :‘) :‘ c?)
= M has consec. 15, 0 1] [o]
1 kxke L o# =i .
\(lkﬁ UG\R m\ﬂ‘ u(\'\:i'l i §=1'-| u:(-\ \ g)
0 ow 0-11

= det(W)=1 and UM has 1™ vow w;-mi-1 where m; = i vow of M
Since M hod consecudive ones WM has o most one |

tnd ot wost one ~1 in each columpn = UM totally unimod
= det(M)= det(UM) € §0, %17
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Interval Scheduling
M’ intervals L., T with values ¢, c.eR

Good : Select a disjoint Swbset of intervals
Ti, ., 55 do moximize Volue Cir+Cq

xI, T
L= , A( C [~V 9 ¢ d¥ 1
13 [QB)\D) B R é«s \ols A_“ \:k
disiont

Ey: T=107] T=004] T=(o,5] Tyelia], T=[as,4]
G=4 =5 CG=l <y=2  (s=3

o 5 | 7 23S 4
- Some $eas. So\ and  values
| T, {-') = (tCs=HF
23 T iIz,I ‘2 — C.z'\'Cg:Q
Ts 21—5,1‘1,—‘—-5} — CS'\'CH*-CS:Q

Interval scheduling 1P | erpi T,
\IOV\Q\O\QS X\)-va G.{O/\?g X'):i O & dopk Pict'.Ig



How o encode disyointness of chosen intervals 4
let £i¢té twm De the set of all endpoints ,)E‘Jia,',\oﬁ.

C\O\im : sLli.,...,T{J ave d\'s')O'er
& for all j=1,.,m, of most one L, contains t;

(Proot) (=) telinTy> T T, wor digjoint!

(&) IF T0Ty not disjoint, mox(T;,0Ty,) = by or by,
=t; for some |

Interva) scheduling solved by
(®) wmox Tx sk Dexel, xeZ’
2 % &1 forall el m

L Sk.tiel:
Fncode o Axel ———
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Note: Since ti¢t,t ¢, 1o T 46Ty D 1yeT W jebek
= e ones in each olwmn of B Gve Consecuhive



Cor+ The LP veloxation
LP) wmox Tx sk Dexel Axel
Solves interval &c\f\edu\mg (in \Bo\\momia\ fime ).
(Prook) Opt. val. odvoined o o verdex X
= x*integer = xe{o
= doke Ti,.., Ti, where §0,.ik= i X::ﬁ;



