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= Why we use computer?

| =Solve computational
| problems!

= pure theoretical CS

= applied Mathematics
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For some specific
| purposes:

i Optimization-
| define energy/cost/
@ profit...... functions

i Maximize/minimize
them
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= Opt. Examples:

= Shortest path

= Traveling salesman
= Texture synthesis

<= Photo cuts

uld

traveling
salesman
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We just met this
man 1n midterm!

= Opt. Examples:
= Shortest path
= Traveling salesman

= Texture synthesis sl
traveling
= Photo cuts salesman
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? Introduction

= Shortest path: : A

- = ?; - :

| = welghted graph A [\ NS
? = directed/undirected SEebvs | L

= Bellman—Ford/ R —ehme

Dijkstra 5 ST
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<= Photo cuts:

= define energy function

| < combine photos for
panorama purpose

= computed by energy |
function minimization &=
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Introduction
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= Network Design Problem

= given a undirected graph

= find subgraph connects all
vertices

<= minimize sum of shortest path
weights

=+ subject to budget constraint
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= This paper try to: "1‘1 Tt T’i‘
N E

t4 ¢
= show NP-completeness of NDP‘ ‘ ool

= even for special case: ;‘\
all edge weights are equal and |

; )
budget restricts to spanning tree ‘ f
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= The result implies:

= construct similar algorithms for JINNG ="
other combinatorial problems ’

f = traveling salesman problem

= multi-commodity network
flow problem
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Introduction
= The result implies:
= construct similar algorithms for NG

other combinatorial problems
= traveling salesman problem

= multi-commodity network
flow problem

=none are solvable 1n poly-time
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= In the rest of this presentation,

we are going to:
= !

<= Demonstrate what’s P and NP.

| = Give formal definition for Network %

| Design Problem(NDP). 5

| = Discuss relation between NDP and . ,
KNAPSACK.

= Prove NDP and SNDP 1s NPC. l
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= Introduction

=P and NP
} = Network Design Problem (NDP)
| ~KNAPSACK and NDP

= SNDP 1s NP-complete

= Proof of SNDP

<= Conclusion
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| What 1s Turing Machine anyway ?
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= A simple machine
i conceptually exists
for computation.

= Almost every
computation model
can be transformed to
Turing Machine.
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Deterministic and Non-deterministic

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

= Take a closer look on the main difference between
these two types.
(Transition Functions and Transition Relations)
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= Take a closer look on the main difference between
these two types.
(Transition Functions and Transition Relations)
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= Take a closer look on the main difference between |
these two types.
(Transition Functions and Transition Relations)
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<= A common misunderstanding

= Polynomial Time v.s. Non-Polynomial Time

Polynomial Time v.s. Non-deterministic Polynomial Time
: P = Upso TIME(n*) NP = Upso NTIME(n¥)
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Polynomial Time v.s. Non-deterministic Polynomial Time
et Ui o TIME (0} NP = U s NEIME(HEY
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= What’s reduction for?
we say “A reduce to B” if there exists a transformation R which
x € A & R(x) € B, this prove problem B is “at least hard as
problem A
; Example: 3-coloring reduce to 4-coloring
i 3-coloring 4-coloring
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<= What’s reduction for?

we say “A reduce to B” if there exists a transformation R which
x € A & R(x) € B, this prove problem B is “at least hard as
problem A

; Example: 3-coloring reduce to 4-coloring
| 3-coloring 4-coloring
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= What’s reduction for?
we say “A reduce to B” if there exists a transformation R which
x € A & R(x) € B, this prove problem B is “at least hard as |
problem A ,
| Example: 3-coloring reduce to 4-coloring
| 3-coloring 4-coloring |
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, = Reduction must be
| polynomial to
prevent paradox
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P-hard NP hard NP Complete

. eapas oy !
-

We call a problem X 1s NP-hard if all the problems
in the NP can be reduced to X.

- g e b, =t e ot

|

i In addition, if X belongs to NP, X is NP-complete.

| This also applied to the P-hard and P-complete.
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«~Examples of P and NP J
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=Examples of P and NP .
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NPC examples P examples

Hamiltonian path Circuit Value Problem
(CVP)

Vertex cover

Linear programming
Integer linear
programming

- g e o, = b

3-satisfiability
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s “ B
f Outline
= Introduction
=P and NP
: = Network Design Problem (NDP)
| ~KNAPSACK and NDP
f = SNDP 1s NP-complete
= Proof of SNDP
= Conclusion
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| = Goal : NDP is NP-complete
| = Step 1 : NDPisin NP

<= Step 2 : Reduce a NP-complete

< problem to NDP |

]
1
|
‘ .
i
' ‘i
| ']
| i
5 26 ,
| !
i . : S— - ' :

v Y
AN W - P T T Y T AL | L . L T R Y T W € Sl P B T R W Y S ST B S AR T WL A Al S P A kTN WU B P AN I, ST A M A P WAk AV

20115 12H140 28 =



g —— DA A el PP . S ppang - e A ey A . o e S s '+ P e

N DP(cont )

NETWORK DESIGN PROBLEM(NDP):

Given an undirected graph G=(V,Ll), a weight

function L::E->N, a budget B and a criterion
threshold G(B,C €N), does there exist a subgraph

G’=(VE’) of G with weight ZL({i, m<=B and

criterion value F(G")<=(C  ieF

—a 4 g

Y

where F(G’) denotes the sum ot the weights of the

|
shortest paths in G’ between all vertex pairs? |

f.
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<= Weighted Graph G

8

8

Budget B=50

Criterion threshold C=500
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<= Weighted Graph G
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NDP(cont.)

e B b B L L B B B b B R L L B b B b B R L b B b B b b B b Bl b B b b b b b Bl b b b b b B b L B b b b b b b |

| = Now guess and verify!! gy e

| . Total weight=49 |

Criterion value=491

W W W W W e

Accept Reject

Reject Reject Accept
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< Now guess and verity!!

00000000000000000000000000000000000000000000000000000000

B=50,C=500

3 Total weight=57

Criterion value=463
57>50,463<=500

uuuuu

Accept

Reject
. X Accept
Reject Reject P
61
i . B e e At et et o At YA Rt e it ehnd Tt ma ot et s md |
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NDP(cont.)
'} 5
| |
|
| < NDPisin NP
| |
| = NP-complete?
| = Reduce Knapsack problem to NDP |
)
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} |
% Knapsack problem };
1 |
................................................................... |
| = nitems(T={1,2,3,4,5,6,....,t})
| < Item x has value Vx and weight Wx
! = Given Vand W
< Does there exist a subset S C I such that
> Zwi<:W and Zvl->:V i
i
] :
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A 1R, 4B
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| Example
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f8ta:l® W=V
« Vx=Wx for x=1,2,..... t
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|
Knapsack problem (another def.) |

; |
e e S S £ U |
e nitems(T={1,2,3,4,5,6,....,t}) ?

* Item i has value a: ?

~ * Givenb
.+ Does there exist a subset S < T such that |
e Zai =1b i
| ieS f
| ?;
(R e s e e |
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Knapsa(:k problem

.......................................................................

", =y S g <8 it Sl b st s
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Knapsack problem is NP-complete

Polynomial-time
Knapsack reducible

problem

s e ———— i At %, &, e ] + (W~
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Outhine
= Introduction
=P and NP l
= Network Design Problem (NDP)
| ~KNAPSACK and NDP
f = SNDP 1s NP-complete

= Proof of SNDP §

<= Conclusion
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A

A e
t=4 4 b
a; = 5

Ay =

I
~N

< There 1s a solution => |a;+a;=2+5=7
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= KNAPSACK (2, = Let A =

a, =3
a3:5
\a4:6

< NDP 1 Reduce

N ———

V={0ju{i,i’'|i€]l,t]}
E={(0,i),(0,©), (i, i) |ie€[1,t]}
L((0, 1)) = L((O, i) = L((i, I')) = 3
B=2A+Db

C=4tA-b

~t a~ V- e T T T AL | T S S € - T - ey
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= KNAPSACK (3, = 2 Lefza=")rt ol

\a4=6

; = NDP 1 G &L: @ @
v={0ru{i,i’|i€ll,t]} @

E={(0,i),(0,7), (i, | i€[1t]} (o) s
L((0, 1)) = L((0, ¥)) = L((i , )) = 3 |
B=2A+Db @ @

C=4tA-b @ i

e e b S A o - NNy v ———— s el
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= KNAPSACK (a, = 2 Lelb A=) s

\a4=6

|+ NDP 1

| oe ‘
v={o}u{i,i' |i€l],t]} @

E={(0,i),(0,7), (i, 1) | €1, t]} O e
L(0, 1)) = L((0, ) = L((i, ")) = |
B=2A+Db @ @

C=4tA-b @ @

44
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KNAPSACK => NDP

i
1
o et = Ay e

= KNAPSACK (a, = 2 let A=) a =16

\a4=6

| = NDP 1

V={0ju{i,i’'|i€]l,t]}
E={(0,i),(0,©), (i, i) |ie€[1,t]}
L((0, 1)) = L((O, i) = L((i, I')) = 3
B=2A+Db

C=4tA-b

" T _— —— - s e ———— P — Wy - -y —mmmmwo'mwww—*wcwmq‘wwmj .
v T £ T Y T AL | W L T ST Y L € Yk 8 T W W BV P A e S AR WA Al S S D Ak TN AT W N I, ST Al YA kAT ST
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T : - — : —

KNAPSACK => NDP

i
1
o et = Ay e

= KNAPSACK (a, = 2 let A=) a =16

\a4=6

| = NDP 1

V={0ju{i,i’'|i€]l,t]}
E={(0,i),(0,©), (i, i) |ie€[1,t]}
L((0, 1)) = L((O, i) = L((i, I')) = 3
B=2A+Db

C=4tA-b

. ———y B ———a P Sy — - - -y —mmmmwo'mwww—*w--mmwwmj
v T 1T Y AL | T T A T A € B T W Y P A B P AR T W A Al S P AR Ak TN A B AN I, S U U P WAk AT S
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E,
]
=T
|
‘s
()
W;
1
V
Z |
T
mw

i
1
o et = Ay e

= KNAPSACK (a, = LetrAr=")en e

| = NDP 1

V={0ju{i,i’'|i€]l,t]}
E={(0,i),(0,©), (i, i) |ie€[1,t]}
L((0, 1)) = L((O, i) = L((i, I')) = 3
B=2A+Db

C=4tA-b

———y B e e Sy — ——— ~ e _mmmmw.vm~“"—*wdvmmw-mj
T A e ————— e AR . W s o A N S W~ Y TP ——

v T TP T T AL | . T T S S e § e — N s o — P ‘T — - -
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g
2>
A
P,
>
@
1
V
Z,
e
aw

= KNAPSACK (a, = LetrAr=")en e

\a4=6

= NDP 1

V={0tu{i,i'|i€l],t]}
E={(0,i),(0,7), (i, )| i€[1,t]}
L((0, i)) = L((0, ¥")) = L((i, I')) = &
B=2A+b =39 (budget)

C=4tA-b =249 (criterion threshold)

—

e -

~t a~ V- e T T T AL | T S S € - T - ey
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SERFELE R
B =2A + b = 39 (budget)
C = 4tA - b = 249 (criterion threshold)

| v e e B T W Sy | e
e\ - T 1T Y A LS O . A W S S ——e.— - §
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| |~z | Solve NDP

s Sea =18 G&L:
B =2A + b = 39 (budget)
C = 4tA - b = 249 (criterion threshold)

| < Any feasible solution
can be assumed to
contain the star graph.

{ - - e e v -
ey 3w L £ Y T UL . LAY WU 8 A MY S T Y. e ® B TV Y P A St e
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<= Any feasible solution can be assumed to contain the star graph.

- |
| i
: |

V- T~ BN T W ———— — W T T i b —— — Y et Y-~
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A=Y' a=16 G™: |
: B =2A + b = 39 (budget)
i C = 4tA - b = 249 (criterion threshold)

v - o
LY | - T T Y T AL | W L ST S S W § Sk T B T W S P Y e
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A=Y' a=16 G™: |
B =2A + b = 39 (budget)
| C = 4tA - b = 249 (criterion threshold)

Sum of weight: 2A =32
Criterion value: 4tA = 256

O

| h ey e Ty VS~ ¢ s -
R AP Y T T T 178 Y AU . LB O 2 T M N § Sl P 8 N TV v
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SERFELE R
B =2A + b = 39 (budget)
| C = 4tA - b = 249 (criterion threshold)

Sum of weight: 2A =32
Criterion value: 4;cA =256

|
/ routing load

2 X1X2t

o 4

®
Lo

v -~ -
AT L A T SR T T W P NS | L T N W § e W Y
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if -
|

i al=2 |
| -« 22t | Solve NDP |
a3=5 :
ap—0 ﬁ
................................................................... |
i |
.
; t *c i
R o G |

i B =2A + b = 39 (budget) :
i C = 4tA - b = 249 (criterion threshold) |

| Sum of weight: 2A =32
f Criterion value: 4;cA = 256

/

2RX (2% 12X 2t )

| e —— —— >~y TS - :
e by et Ao e A Y AL P L SR b A T 2
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if -
|

i al=2 |
| -« 22t | Solve NDP |
a3=5 :
ap—0 ﬁ
................................................................... |
i |
.
; t *c i
R o G |

i B =2A + b = 39 (budget) :
i C = 4tA - b = 249 (criterion threshold) |

*' Sum of weight: 2A =32
'f Criterion value: 4;cA =256

/

2P P2 % 1 X 2¢ - )

!

]

|

| e —— —— >~y TS - :
e by et Ao e A Y AL P L SR b A T 2
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| v o= B > 5 ' - :
!
i al=2
| et b SOIV@ NDP
i 33_5
i 34_6
i : *.
R o G

B =2A + b = 39 (budget)
C = 4tA - b = 249 (criterion threshold)

Sum of weight: 2A =32
Budget: 2A + b =39

Criterion value: 4tA =256
Criterion threshold: 4tA - b = 249

i

v

Ve ———

T~ o BN ST N ——— — -
P T T T T AL | L . L T T T T W § el
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[
b == 7| dSolve NDP |

SERFELE R
B =2A + b = 39 (budget)
C = 4tA - b = 249 (criterion threshold)

¥ Sum of weight: 2A+2=23¢=34
f Budget: 2A + b =39

Criterion value: 4tA - 2 = 2% = 254
Criterion threshold: 4tA - b = 249 X

| v e e B T W Sy | e e —e
e\ - T 1 Y A . LS O . T W S § . ® § S T -
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: =+ 222 | Solve NDP |

SERFELE R
B =2A + b = 39 (budget)
C = 4tA - b = 249 (criterion threshold)

I Sum of weight: 2A+7=24=39
{ Budget: 2A + b =39

| Criterion value: 4tA - 7 = 286 = 249
Criterion threshold: 4tA - b = 249

| v e e B T W Sy | e rr— o
e\ - T 1T Y AL | . LB O - T W S § .l § T -
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SERFELE R
B =2A + b = 39 (budget)
C = 4tA - b = 249 (criterion threshold)

I Sum of weight: 2A+7=24=39
{ Budget: 2A + b =39

| Criterion value: 4tA - 7 = 286 = 249
Criterion threshold: 4tA - b = 249

| v e e B T W Sy | e rr— o
e\ - T 1T Y AL | . LB O - T W S § .l § T -
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|

3 ®

| NDP 1s NP-complete

| |

KNAPSACK is NP-complete and reducible to NDP.
| For any instance of KNAPSACK, an instance of NDP can be constructed .
in polynomial-bounded time.

g KNAPSACK has solution < NDP has solution

!

1 Solving the mstance of NDP solves the mstance of KINAPSACK as well.

| NDP belongs to NP.

|

' Any feasible subgraph can be recognized in polynomial time.

§ ;

| NDP is NP-complete |

| |
1

| 61 |

‘ |

s v vy v e
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Outline
= Introduction
=P and NP
| = Network Design Problem (NDP)
| ~KNAPSACK and NDP
f = SNDP 1s NP-complete
= Proof of SNDP
= Conclusion
e e e et e e e e e e ittt et —:6,

20115 12H 14028




SNDOP co NP-complete

R00922157 ZE g.;z
R00922156 P&+

We will show that EXACT 3-COVER is reducible to SNDP.

-0
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-
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7
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m Simple Network Design Problem (SNDP):

e NDP with L({i,j})=1forall {i,j} ek
and B= V| -1

Q2

< unit edge weight

< spanning tree

= SNDP & NP

o v ¥ ol
D : T ST S TS W S T T W BN P VA e W AU W A Al W B D T i N - e -

2011 12A14REH



1

A Known NPC Problem: Exact 3-cover

|« Given a collection S = 10, Oy, ..., O} of 3-element subsets of a

set 7= {T,, Ty T, }, does there exist a sub-collection $” C § of

pairwise disjoint sets such that Y~ o =1T'7?
=

| * Example:

— = s SR [ R S ] i

= S SR RO e L i ]9 i

65

———y - Y sy e N N T Wl T N (TN Y A M S S TG N i
O s R o v e

e o TRur, . ——— -

TN . N TN (R VR g § 5 AT €N T P W e e S B o N W 8 WG P W Bl P g g <8
- - V- NN W o -~ o s an—

NV PN B A P D - R e e L A R R Lt it R
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A Known NPC Problem: Exact 3-cover

| « Given a collection S = 10y, Oy, ..., O } of 3-element subsets of a |
set 7= {T,, Ty, ..., T3}, does there exist a sub-collection $" C § of |

pairwise disjoint sets such that Y o =1T'"?
=

N ——

| * Example:

= = Ll e b sy Gl R S Rl e e s b s 7 (61
No!

= T = f B2 e s e IR ER B e Bei e S BB e Il 22 61

[ L0 ] [ PSRN T

S - S TV S (VNN Y A I P OGN ik i TN . N TN (R VR g § 5 AT €N T P W e e S B o N W 8 WG P W Bl P g g <8
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‘r,_A e N AR P 8 LTI, A P g
|

A Known NPC Problem: Exact 3-cover

e e B L B L L E R R R R R L L EL L L L LR LELELELELELEEEELLELEEELEELELELEEELELEELLTEE L L

G collection S = 10y, Oy, ..., O } of 3-element subsets of a |
set 7= {T,, T,, ..., Ty}, does there exist a sub-collection S’ C S of |

pairwise disjoint sets such that Y o =1T'"?
=

| * Example:
= = Ll e b sy Gl R S Rl e e s b s 7 (61
| No!

— =28 Sa s SRR e S s IR o fIL 72 65 I
S’={{3,4,5},{1,2,6}} Yes! i
|

65

i b ot e e A el
i

N - B e e

2 —— N iy g O — TN RV g T RN T I it N W
N T T Y S | W . R e vor o—coa~—

T T Y P - . —— i — - S P~ e e e e,
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m Simple Network Design Problem (SNDP):

e NDP with L({i,j})=1forall {i,j} ek
and B= V| -1

()
L4

, special case of NDP

)
X4

unit edge weight

9,
14

spanning tree

SNDP &€ NP

)
L4

'

s v Y - » :
e : T T ST T T TS W T S T B YN W W W BN P VA B W AR U WL Al WA S A ED T T N B AN T ANl YA P WA

20112 12A14HEMH 66



ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

< (Given any instance of EXACT 3-COVER, we define an
instance of SNDP as follows:

B p U suT
R = {po, p1,-.-,pr}
{ r=Cgss+ Csr + Crr
' 7 = e e
' BR ool sion=iS
ol e gl S
C= Crp -t Crs Crrt Oss = Csp=Crqp

67

oy,

AN e —— L T T Y T AL | L . L T R Y T W € Sl T B T T W Y S ST B S AR T W A Al S P A kTN A W B AN S ST Al M A

i ———— — T — i hand it ———— — et
—
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< (Given any instance of EXACT 3-COVER, we define an
instance of SNDP as follows:

W= R |

, R:{p()apla"'apT}
| r=Cgs + Cst + Crr

' E:{{pi,po}iizl,...ﬂ“}

| BRIl oncaSi |
ol e gl S
C = Cgrr + Crs + Crr ‘|‘[CSS‘|‘CST‘|‘CTT ]=” I
67 J
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< V. vertex

< R:vertex of S."T construct
e Coct CortCpr

<= L:edge of R.S.'T

<= (: Total routing cost

68
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- —~ — — — - ~r v vm— - -~ - -_ ~ - v - B

= Cpg=(2%s)*r+s=2rs+s

o — " a - v v ¥ Y
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e CRT=9 rt+6t

| v - ~ar - e ——Tyy o " Ty
EOPA AR AARMSA S AN SR AR RGPS ST IR A SIS AR st At St S SRR AT AN HE A SERAEL A b SR MR S A SR CAnb AT ATt
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= Coe={[2*(s-1)]*s}/2=5%-s

2

~yy W i hand -

e

o - a TNy v » n— W :
AT T A - SR T 1T W N NP | W T W S T W N P AT N B W AT WL A WA P D N T N B AN N SN A NG P WAk AT
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e CST=9 st-6t

= Cor=[1+3*(s-1)]*3t= 9st-6t

73

| v - ~ crp——" e —yT Yy o " Y-y
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s Crr=18t%-12t

4 \
]
\ J
. -

+ Crp={[2*2+4*(3t-3)]*3t}/2=18t%-12t

o — " a - v v ¥ Y
AT S - WL W 1T Y T AL | W T L T ST T T T TS T S S T R T W W BN S S R W AR e W A i W P D TN T WM B AN N VAN VA P WA i AT
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~

il
2 CRR_

= CRre=2rs+s

i = Crr=9rt+6t
+ Coc=S2-s
<= Cer=9st-6t

= Crr=18t%-12t

- A e

AT Y\ r —— L T 1T T T AL | W L T ST T T TS T e —
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Illustration of Reduction

v u - v v
Y W — - L T T T T AL | T L T R T T N W S T T T T W Y S S R W AR W A

2011 12A14REH



Illustration of Reduction

= {01702703704}

v g v > ) ¥
AT S - L T T T I AL | L T L T R T T T T W € Sl T B T T W W Y S S R S AR WL Y A A S A TN AT W B AN T SN AN A P WAk AWY
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Illustration of Reduction

S ={01,02,03,04} Sh=—n|

v g v > ) ¥
AT S - L T T T I AL | L T L T R T T T T W € Sl T B T T W W Y S S R S AR WL Y A A S A TN AT W B AN T SN AN A P WAk AWY

2011 12A14REH



Illustration of Reduction

S ={01,02,03,04} R

v - Sy i —— i hand TNy v - e ) Y e e 2 4 -y
AT e —— L T T T I AL | L T L T R T T T T W € Sl T B T T W W Y S S R S AR WL Y A A S A TN AT W B AN T SN AN A P WAk AWY
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Illustration of Reduction

S ={01,02,03,04} R

v g v > ) ¥
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Illustration of Reduction

S ={01,02,03,04} R

v g v > ) ¥
AT S - L T T T I AL | L T L T R T T T T W € Sl T B T T W W Y S S R S AR WL Y A A S A TN AT W B AN T SN AN A P WAk AWY
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Illustration of Reduction

S ={01,02,03,04} R
Flad == {7’1,7’2,7’3,7’4,7’5,7’(5}

v g v > ) ¥
AT e —— L T T T I AL | L T L T R T T T T W € Sl T B T T W W Y S S R S AR WL Y A A S A TN AT W B AN T SN AN A P WAk AWY
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| . . ;
[llustration of Reduction ;
'} ;
| |
| S={onon050) s=4 E
: ol = {7-177-277-377-477-577-6} '
| %
|
i‘ (OF] (0} O3 Oy '
f |

T %) T3 Ty Ts T
5 . |
Lm.,, by st hyoud Mt A A ettt Pt A IR N Bt s A A A o Tl Bt~ B ANttt A A -0 A, Yt S B .2 3 Al B S-Sl S P

2011 12A14REH



Illustration of Reduction

S ={01,02,03,04} S
ol — {7’1,7’2,7’3,7’4,7’5,7'6} =

v - Sy m— s Eand TNy v - - ) Y Y
AT e —— L T TP Y AL | L L T ST T S W S T S T T e T L R BV P S E B S AR W A i S P D kN AT M B AN SN SN Al UM P WAt AT
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! [ [
[Hlustration ot Reduction
S ={01,02,03,04} R
T'= {7-17 T2,T3,T4,T5, 7-6} = 2
i (OF] (05) O3 Oy
e H e R
T Tr T3 Ty Ts Te
\_ J
| ;
i . :
Lm-" A e ST A LA £ YRS VY CMVIITLY R LAY T 5 VAT AT A SRS S § VS YA Y IV~ P AR - e SVTADY T A A Pl S W P A8 VA AU AT VST YYF TR T USRS TS IV e OTS -':-..Tw,E
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! [ [
[Hlustration ot Reduction
5= 101,02,03,04} =g
: T:{7-177-27T37T477-577-6}t = 2
i (OF] (05) O3 Oy

£ =5 e R

T Tr T3 Ty Ts Te

\_ J
| T |
! i
i " :
Lm.sv.».-m.‘-.-.. SO PR, S N 2. bty SN A A A -k g S A D A~ AN P B S -t Aot S Pt A b s L -l P e -'-'-T—n’s
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Illustration of Reduction

S ={01,02,03,04} S
= {7-177-277-377-477-577-6} t

=4
="

01 2{71772773}

AT Y\ r —— L T TP Y P AP | L L T ST T S S T S T T T W BV P, YA B S AR e W A i S P WD kTN T O B N
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Illustration of Reduction |

= {01702703704} S = 4 Ol v {7-177-277-3} ,
T:{7-177-277-37T477-577-6}t 2

] .
;

|

| i
1

: i
] ']
| ;
76 '
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Illustration of Reduction |

S ={01,02,03,04} s=4 Oli= AT, T T O T |
T:{7-177-277-37T477-577-6}t 2

] .
;

|

| i
1

: i
] ']
| ;
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Illustration of Reduction

S:{01,02,03,04} h=—nv] 012{7'1,7'2773} 022{7'2,7'377'5}
2

Kl — {7-177-27 73,74, T5, 7-6} t

oy,

{ v - g -
L arreres 3 oo o T Y T ALY (. LAY T £ T T L STt § S TR SV PV A Yo - S TR ST
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=01, 02,053,041} ==
= {7-177-277-377-477-577-6}t 2

Illustration of Reduction

O v {71772773} o= {72773775}

IHZ {72774775}

oy,

| v
Mt vy v e

T 1T Y T AP | W T ST T S S W § Sk T B T W Y S YA e

201 1E12}314E|EHH



S ={01,02,03,04} S
ol — {7’1,7’2,7’3,7’4,7’5,7’6} =

Illustration of Reduction a

4 012{71772773} 022{72773775}
2

IHZ {72774775}

| O1 (05 O3 Oy
i 1
T T2 T3 Ty Ts Te §
{
iﬁ
1
76 J
L..M.....-.“."T- T ST LA Y T ARITAY IR LAEITY W S AT o~ ¢ v~ A At b, e i S TR e Suver= — VT ve - e ree —;,E
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S ={01,02,03,04} S
ol — {7’1,7’2,7’3,7’4,7’5,7’6} =

Illustration of Reduction a

ke {7-27 73, 7—5}

4 O] S {71772773}
2 O T

IHZ {72774775}

| O1 (05 O3 Oy
i 1
T T2 T3 Ty Ts Te §
{
iﬁ
1
76 J
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; ustration of Reduction |
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S ={01,02,03,04} s=4 01 = {71,72, 3} 02 = 1T, 7T3,754 |

T = {7-177-277-377-477-577-6}t = Gar— {7‘2’7'4’7'5} O {7-477_577_6}

|
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Illustration of Reduction

=01, 02,053,041} Gh==p]
T = {7-177-277-377-477-577-6}t < 2

Cog=85°—s=16—4=12

1 O1 05} O3 Oy
T1 Ty T3 Ty Ts Te
76
Pt e e s et e e b ———— e S —— o et e e i et s r——

01 2{71772773}

IHZ = {72774775}

Ok {7-27 73, 7-5}

o4 = {74, 75,76}
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Illustration of Reduction

=01, 02,053,041} (=il
= {7-177-277-377-477-577-6}t = 2
Cog=85°—s=16—4=12
CST = 9st — 6%

— o4 X2 — 6 X 2 =60

1 O1 05} O3 Oy
T1 Ty T3 Ty Ts Te
76
Pt e e s et e e b ———— e S —— o et e e i et s r——

01 2{71772773}

IHZ = {72,74775}

Ok {7-27 73, 7-5}

o4 = {74, 75,76}
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Illustration of Reduction

S:{01,02,03,04} oh=—pt/] 012{71,72,73} 022{7'2773,7'5}

T={r,72,73, 74,75, T6} L =2 5= {ry ro,m} 04 = {74, 75, 76)
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C'gr = 9st — 6t |
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Illustration of Reduction

S:{01,02,03,04} oh=—pt/] 012{71,72,73} 022{7'2773,7'5}

T={r,72,73, 74,75, T6} L =2 5= {ry ro,m} 04 = {74, 75, 76)

Cog=85°—s=16—4=12 |

C'gr = 9st — 6t |
| AT e — 6 () ‘
| Crr=18"— 12t

B D) o o, o3 o
— 48
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=12+60+48 (w 12! T T4 Ts T
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Illustration of Reduction

B G 000301} .5 =4 01 ={m1,T2, T3} 02 =1{T2, 73,75}
T = {7'177'2;7_377-477-577-6}t = 2 — {7‘2,7'4,7'5} 0y — {7‘4,7’5,7‘6}

Cog=85°—s=16—4=12
C's = 9st — 6t
| = e Gl — 6O =60
SC - — 1817 — 12¢

| —18 x4 —12 x 2 o o, o3 o
=8
T:CSS—FCST—I-CTT/
= 12 4+ 60 + 48 Ty T2 T3 Ty Ts To
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76
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Illustration of Reduction

Cog=85°—s=16—4=12
C's = 9st — 6t
| DA X2 — 6:x 2= 60
| Crr=18"—12t

| =18 x4 —12x 2 o o, o; o,

— A
p=Cg i Cop+ Crpp

= 12 + 60 + 48 T1 T2 T3 T4 Ts To
120
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Illustration of Reduction

Cog=85°—s=16—4=12
Cst = 9st — 6t
| —GHced- X2 — 6:% 2 = 60
| Crr=18"—12t

=18 x4 —12x 2 o o, o; o,

— A
p=Cg i Cop+ Crpp

= 12 + 60 + 48 T1 T2 T3 T4 Ts To
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T i ¥ ooy 33 s 3 pesc |
| |
j [llustration of Reduction :
|
1)
Csp = 95t — 6t @ |
| =gl X2 — 6% 2= 60
| Crr=18t% — 12t
— 18 x4 —12 x 2 oy o o5 o4
| — 48
r =Cgs + Csr + Crr .
=12+60+48 (= 2 2 T T T
120 i
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Illustration of Reduction

Cog=85°—s=16—4=12

C's = 9st — 6t @
| DA X2 — 6:x 2= 60
| Crr=18"—12t

| =18 x4 —12x 2 o o, o; o,

— A
p=Cg i Cop+ Crpp

= 12 + 60 + 48 T1 T2 T3 T4 Ts To
120
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Cog=85°—s=16—4=12

C's = 9st — 6t
D2 — 6: %X 2. =60

U =i e O
Sl A= D)

G -=Cop L Cpp
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Cog=s°—s=[6—4=12
C's = 9st — 6t
— 9 x4 x 256 x2=60

| Crr = 18t% — 12¢

| =18 x4 —12x 2 o o, o; o,

— A
p=Cg i Cop+ Crpp

= 12 + 60 + 48 T1 T2 T3 T4 Ts To
120
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Cog=s°—s=[6—4=12
C's = 9st — 6t
— 9 x4 x 256 x2=60

| Crr = 18t% — 12¢

| =18 x4 —12x 2 o o, o; o,

— A
p=Cg i Cop+ Crpp

= 12 + 60 + 48 T1 T2 T3 T4 Ts To
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CRR — 7“2 = 14400

v i hand - ) J
Y W — - T T T T AL | L T L T R T T S W € S T T T W W Y S S R S AR T WL A A A S A TN AT W B AN I VN W

2011 12A14REH



CRR — 7“2 = 14400

Cprs =2rs+s
= 1200644
= 964
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CRR — 7“2 = 14400

Cprs =2rs+s
=2 o 2004 4
= 964
Crr = 9rt + 6t
——OSGE1207 X2 =6 2
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CRR — 7“2 = 14400

Cprs =2rs+s
— A
= 964
Crr = 9rt + 6t
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Outline
= Introduction
=P and NP
= Network Design Problem (NDP)
= KNAPSACK and NDP
= SNDP 1s NP-complete
= Proof of SNDP
= Conclusion
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¥

=C

= If {p,, o}£E’ for some o€S, then

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F(G') = Frp(G)+Fr(CG)+Fpr(G)+F(G') +F(G)+F(G)
| > Frr(G) + Fps(GY) + Fpp(G)

| > Cpp + Cos + 2(r+1) + C;

2 Eo 1 Cs [ (e

= Crr + Cgg + Crr + 1

= Cpg + Cgg + Cpr + Cgs + Cr + Cop

r2

2rs + s
ort + 6t
Cic=8%2-5§

Cir = 9st - 6t
C+ = 18t2 - 12t

O N
el
I

N
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Il

oy,
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N AP - L T . Y- S b
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— Implication: In G’; each vertex in T 1s adjacent to exactly one vertex in S
— Frr(G)=Cgp s Fre(G) =0y Fg(G)=Cgg

Fpr(G)=Cpep,s For(G)=Cgy
— [ F(G’)<=C]| iff [F,.(G*)=C

TTJ

01 O3 O3 Oy ;
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! i
; ® 6 0,06
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

< Denote the number of vertices in S being adjacent in
G’ to exactly h vertices in 'I' by 5, (h=0,1,2,3)

Example: 5,=2, 5,=1, 5,=1, 5;=0
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! 3rd Property
? S R e e
| Prr(@) = 4363t — 1)/2)
| A s S e s B R i S B 0 SO S S el T oy rcto e e
= st 60 (255 "6s3)
. T CTT ;i G(t Ty 83) s 282
i 53 °
i T, -> T,
T5u= 0T
i T, -> T,
S5t
| ) K Ty
E 01 l (0))) 03 L Oy
; T1 %) T3 T4 Ts T ,
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= Introduction
=P and NP

= Network Design Problem (NDP)
= KNAPSACK and NDP
= SNDP 1s NP-complete
= Proof of SNDP

= Conclusion
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1

Conclusion

There’s various types of NDP, for example:

A complete Graph, a Distance and a Requirement
for vertex pair. Cost = Distance™ Requirement.
Find SPT to minimize Total Cost.

distance equal: poly-time, requirement equal: NPC

A weighted Graph, specific vertex p and integer Kk,
find SPT to minimize Total Weight sbj to: each

subtree include p and contain at most k vertices. }
k=2: matching problem, k=3: NPC ig
89 ;
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= We have shown today:

<= how P differs from NP

= what 1s Network Design Problem

N ———

<= why NDP and SNDP are NPC

= who 1nvolved in this presentation
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

= The most people are interested:

ooooooooooooooo

when will we finish the demo?

| = Let me show applications of
| NDP

= Bus/MRT Network

<= Social Network

| = Sensor Network

/ ; ! ]
'y / A ’ - ' - o
S o, o

| v - e e vy .- vever
e evveresimmrve e e e . A M, At Bl At T Al Bl bl AP b
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= A better way to:

= get people connected

= refine transportation

<= communicate between machines;

= That’s why engineers provide .
| people more comfortable life.

| . - s S — vevew w—r v et yaer~ranprrenrwryceed |
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< Introduction
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