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0] /1. Lowering Worst Case Complexity of Exponential Algorithms

e 3SAT
— Hldivide-and-conquerfi# 31X /™ a) @ 1) 7 ik e AT 4

=(Z1 VI VI ) A (B) AN (T2 VI3V as) A (2 VE) A (T V22 V 23)
F(Z;=1)= (2, VT5) A (Z1 V 23)

F is satisfiable <= at least one of the formulae F(l, = 1),
Flh=0,l=1),F(ly=0,l;=0,l3=1)
is satisfiable.

F(ly = 1) € 3CNF(n - 1,r — ,
F(ly = 0,1, =1) € 3CNF(n — 2,r — 1),
F(ly=0,l=0,l3=1) € 3CNF(n — 3,r — 1).

— PR RE NS 2 PR R AR N ?

Complexity|n = 10| n = 50 n = 100 n = 300
2" 1024 |(16 digits)| (31 digits) | (91 digits)
on/2 32 |~ 33.10%| (16 digits) | (46 digits)
(.2)" 7 9100 ~29-10% | (24 digits)
~10-2Y" | 89 1350 10240 |~ 1.64 - 10°]
n®-2¥" | 894 |~ 336000 [~ 10.24 - 10%[~ 14.8 - 10°




1] 2. branch-and-bound

* branch-and-bound e it E R H) IR A JR B 2 A4 ?

* branch-and-bound & % #3435 R L R
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r3 =1

ENEPN

{:l:] VTQ,.’L‘]}

x3=0 .T3:l

{Z1 V x2, 1‘3}




7] /@2: branch-and-bound (4

* MAX-SAT
— PHIRIE 77X
— PR AR R
— TR ARG AT

o REEST AN EAN A SR 7
— it Sk RREERL -

7

T3 I3 = T3 =
T3 =1 x3 =1
1{:01 0 1/ 10 1/ 10 1/ \0

9 9 9 9 8 8 7876 66 87 67



7] /@2: branch-and-bound (4

* TSP 3
— PHIRIE 77X
— PR AR R
— TR ARG AT

M(I)

1 — = - [ - - - = -
(5(612.623.524.635)‘ [S(Eu.Eza.Eu.e‘:ss) IS(elg,Ew,eas.eza)] IS(elg,em,gSs,gn)

> 12 12 _ 14
€24 €24

|8(€12, €13, €35, €23, €24) IS(Eu‘em.E;u‘eza,Eu)l

20 14




1] /882: branch-and-bound ()

* NNS (nearest neighbor search) 1°
— PHIRIE 77X ol
— PR SRS e

— TR ARG AT i
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7] /@2: branch-and-bound (4

e k-dtree
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7] /@2: branch-and-bound (4
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] #812: branch-and-bound ()

¢ ILP
—_ )F]j‘ E]/\J *’Q j\%jjj?iﬁ max z = 5x1 + 8xa,

subjectto: x1+ x2 = 6

— B S
- ?ﬂﬂL EP%@ El/‘J?H@ 1'El+ x;,x2 =0 and _integer.



7] /@2: branch-and-bound (4

max z = 5x1 + 8xa,

subject to: X1+ x2 = 6,

5x1+9x2 = 45,

x1,x2 =0 and 1nteger.
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7] /@2: branch-and-bound (4

max z = 5xy + 8x»,
subject to: X1+ x2 = 6,

x1,X2 =0 and integer.
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7] /@2: branch-and-bound (4

max z = 5x; + 8x»,
subjectto: x;1+ x2 = 6,
5x1 4+ 9x2 = 45,

x1,X2 =0 and integer.
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L
x 2.25 =4
X 3.75
7 «41.25
L La
X 1.8
X 4
Xy= 1
Infeasible Xe= A5
z =803
¥, =4 =93
Ly i
= 1 .
x 4 = 37

branch-and-bound (%:)

max z = 5xy + 8x»,
subjectto:  x1+ X2 6,
5x1 4+ 9x2 = 45,

IA

x1,X2 =0 and integer.

B:
. g Optimal continuous solution
Optimal

integer 44
solution

34

2¢
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1] fi2: branch-and-bound (%)

max z = 5x1 + 8xa,

M= 23 |yeg 4 subjectto:  x3+ x2 = 6,
z =41.25

5x1+9x2 = 45,

X1,X2 =20 and integer.

Xo
Xy
Infeasible xpm 43 8
z =40;
. gk
X,=4 Xs2 5 4 e
. Optimal continuous solution
Optimal
L integer
. solution
Xy= 1 r
«
Xy= 4 ‘ 3
z =37
: 2¢
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7] /@2: branch-and-bound (4
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o] f12: branch-and-bound

QAP (quadratic assignment problem)

— There are a set of n facilities and a set of n locations. For each pair of
locations, a distance is specified and for each pair of facilities a weight
or flow is specified (e.g., the amount of supplies transported between
the two facilities). The problem is to assign all facilities to different
locations with the goal of minimizing the sum of the distances
multiplied by the corresponding flows.

Given two sets, P (“facilities”) and I ("locations”), of equal size, together with a
weight function w: P X P = R and a distance function 4 : £ X £ — R. Find the
bijection £ : 2 = L ("assignment”) such that the cost function:

> w(a,b)-d(f(a), £(5)
a,bEP

1s minimized.



