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Minimum batch cover for efficient order consolidation

zx= 2000, Tang et al., 2001).
olg]3t FAES Fwek 718 (Undirected
N2 o8 FoE Graph) G=(V,E,w(v)) & ©l&aA dnkA o

AR F2 AN 7] oFstod 2 2¥st =& 5 vk 6=V, Ewv) & T
Aeld 7 s W, HAhTe] AdaslE FHE] node=l HAQ! ¥, edgesl M
BE FES AHYste FAE ugEL. 7 Ql E, 71¥]3l 7} node velV =2 weight &
& 2 EZ(G=,Ewv))S Y &9 A 5 owrv) Z olFofAh ZF node veV & 7+
7] A2 ZdEE o] Al I SEE(NP- Fooll dssd, wov) = 4 T2 FEES
hard)®] B ojy wl 2 o] 2 ol 9] 8} = (MAX oJu| gttt Edge e=(u,v)e £+ 7+ 71 714
SNP-hard)l& H.QItk st Tef=7t Fwol 3okl shtel wixE Agake] 7h
(Tree) 724 woll st o |log|V|) Art T8 AT AYsth wiA = w1 o] A el
FeE e F4 dagss A g et sk THoEY  o]Fofzl

homogeneous HJ A £} edgeell &JFA Fz <
1. Introduction a9 20 oY FEOoE  o]Fox

heterogeneous WX = 8 4 it} sk
2 A 2= v 7 AR kel whel v H ol
o] HjH| 7] A9 FAE complete HI X9} 4 BTh
o xith ol st wjx AAE FH A 2HAl T/ ¥ incomplete W X 2 - EE T}
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7 o]F

v Foxl vggs FEES vt AHY o] LAl HAA wet wiA HeE F
Fee dorste] 7ted A2 o HiA atsts EAS Haslshe EARZ UE
2 WEA7IE o] A ¥4 a&A T Stk Huiglk A9 -9 homogeneous
S Foltd Tod Q<lo] "}, wx)ef  27)¢] TR o] Fo]
olgfst FAlES AA HAA]Y AF¥E heterogeneous Hj X Wk ©]§-3Fo]  complete
oA otz o v AFF oAM= A = JiE Hoigksks AlghE A7 NP-
Ak Audee) a84s fsiA AAe hardo] ™ T3t TFEFA| AL R T (PTAS) 7}
s A7l mE 2 e RFE SRtHE A =7be % MAX-SNP-hard Aol T 81X
2 ko] o]Fojzitt. o] HAAA IAE W G7t weeTERE VHAE AF HA du
o gefst Fiss A4 ud AVl ot 2] 5o] &4 $th(Hwang and Chang., 2005). |
Al okt FAI7F B @ Th(Chang et al., A3F A A dREA QD -9 NP-hardi
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Aol G 7} interval 122l wfol s3] FH
Z okag]Eo] EA s tk(Lee et al., 2004).

2 =4 = homogeneous X8} 2712
0] F0] % heterogeneous Hl X| Tk

Zalt i e R B

e
2 o mlo

n
ot

A
1?91 79 Maximum Cardinality
S 9tk o] A9 AA
pejEo] &elA ok (Micali and Vazirani,
1980 and Papadimitriou and Steiglitz, 1988). 3}
ARE =88] ARFA QI EAl= NP-hardE A

o ool gk =2l 3@ KT} A4

Matching = Al 2 &
o)
=

P-hard, MAX-SNP-hard=#|Y S &
A= treeT2E 7HAI= ﬂ’—ﬂéﬁﬂ'
Al EAe "ol 58A G 7} tree
7}7‘] u #H# du REincia=

7 A A=

a7 wEe ANsd s,

co
=1

2. Problem Definition

Node v 2] homogeneous Hj*|7} -
¥ UE= x, &= edge
(u,v) ©| heterogeneous Hi X7} TAJE <
22H vector  y, = (v, (), y,(v)) = 77}
Ol &tAf, o 714 y,(u) == node u °fl 33}
y,(v) & node v °ll 3dlFst=
oJulsttt. E(v) ZF node vl A
ge =9 HA&olth Node v 2 degree=
ayd g EAe v
REow verd & Stk
Minimum Batch Cover (BC)

=1l
LT

Q
Il

o flo
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=roaro
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N
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cHSsS=U3s =2

Min 3 [x, 21+ 3 [y @)+ y.()/ 2]

veV ecE
s.t. x, + Zye W) =w(v), VveVr.

ecE(v)
X, ¥, ()20, VvelV
U property= &AM olA 2 edged 27

©]7&2] heterogeneous HiA|+= 1L EkA] o}
= H¥s £k
Property 1. Ye=(u,v)eE ©°] thajA
0<y,W+y, (<A = WFAZI= HA3

<x,,y.veV,eec E> 7} HEEA] E2) %}
Proof. $1 2] property”} A A oletar 717434}
G(V,E,w()) 2 &3
ek A yi(p)+r) > AT EHA
= (p.q) e E7F REEAL EARI.

% %
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=
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o

2:551—— Zl: 9"1‘:}- y:p,q)(p)ﬂ‘ y:p,q)(q)
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9o} e AstoA S@l= RS 7S
<x,,y;veV,eeE> 5 Ty o] ¥
T Ao

. .
x,=x,+kd, x

.
=% +kyA

y(p,q)(p) =n, y(p,q)(q) =n

x'v:x:, YveV except p, ¢q

Yo=Y, "ecE except (p,q)
p, ¢ = A3 TE node velV oA Hj
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A9}t (p,q) & AL BE edge ecE oA
o wixlE WErt g7l wWiel f-E=
?,q, (pg o wWAFT 1sE H

q 4
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.
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x'v:x:, YveV except p, ¢q

'

Ve =Jes
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-
gk, meA

VeeE except (p,q)
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3. Hardness and Nonapproximability.

ol oA

CompleteA| Q!

el 2 deld

) NP-
. gl oA

#

cHSsS=U3s =2

degree”} 3 YA &+ node cover Al 7} -

g ZAY AgdE AeE HIEs BYo

24 7 A7 NP-hardd S S 38taixt
st} shATE -2 EAle Hask EA0]7]
woll 98 FAS AREA e e
stth. -2 FA18 AAEA HAHAS FEE
< AHeokstel 5 A+ Kk B AAY
2 Fo HixER RE FE FHS U
& deEvkeE Ev Aot

Node Cover in planar graphs with maximum
degree 3 (NC-3)

Instance: A planar graph G'=(V',E') with no
node degree exceeding 3,

K.

positive integer
Question: Is there a node cover of size K' or
less for G', i.e. a subset ¥ V' with |I7|S K'
such that for each edge e=(u,v)e E' at least
one of u and v belongs to v

.Theorem 1 NC-3: TFEFA|ZFe] 98] A,
BCS A &Al midow Wger)

Proof. NC-39] instance G'=(V',E')7} 1%
Sou A 37 =42 7 2AE s
o]X 2t G 9 7} edge e'eE'°ll tisAl 171
9] edge node v, & Wr=il 149 weight,
wv,) =102t A&k a8 6 9
node v, eV' ol thaliA d(v)+1 70 nodes
2 4% star-component S(v,) = Fig. 13}
2ol Agt} noded] ¥F ko] A= 7
node®] weight= 2lw| gttt o]gst HHo R
BC9J GV,E,w(v)) & et
K=K'+2|E'2 g2gc}

as

instance

Degree=3 Degres=2  Degree=1

+ KR

Fig.1.{a) Transformation of ¢'c £ {b) Star component S{v;)
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SM) A level-00l D3 nodeSS
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L
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ity Vi )
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7] wjZel BCO RE edge-node= WHEA]
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heterogeneous Wi x| & T &tA Hrf. whebA
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$8id = &E ] MAX SNP-Complete ™A 7}
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Z1 3k
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¢
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Node Cover-B (NC-B)
A graph G'=
bounded by B.

Instance: (V',E") with degrees
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Question: Find the smallest node cover G', i.c. a
smallest subset ¥ < V' such that for each edge
e=(u,v)e E' atleast one of u and v belongs
to V2

Theorem 2 NC-B 4]+ %2 #4|¢] BCE
AgHet A

Proof. "1 % NC-B2| an instance G' & ¢l
A9 instance G = W3 A]7|AR o] R
kA Theorem 12 W& g3 A9 At}
ot vi %] A7) A=B % star-component2]
weight™= Fig.3.7} #Zo] wglslglnt.
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Degres=&

Leyelnl

Leyel L

[E)

Fig3. (3 Tranfomationcf 's B (k) Star component S(v)
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4. Properties of Optimal Solutions
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7t =ATE 5 Uk o
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=
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Qe DA BT 0=nw)) P 715
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oash s e AlRe Absels
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G oAM= HAHE tree 725 TS &
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£
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5. Optimal Algorithms of Tree

Treeoll Al HZ <ugs5S T3]
sl WA 270] propertyE A|]FETE 5o
A OBE G=(V,E,w(v) 7t reed W GE
T=TWV,E,w(lV)) & X%A3A z(v) & node

voll 0]%3t nodedtal A 2&}A}.

Property 2. T(V,E,w(v)) °I4 degree=1°]1L
weighto] A Xt} &
Aaf ol A sk 7)
A

Proof. 27} 4] caseE A Z}al WA}

casel). w(p)>2A4.

d(p)=1°]7] wiEel, Property 1o ]3| =4

BE node peV & ¥
o]742] complete W7}

sk,

case2). A<w(p)<24.

Property’} AAloletal 7Hg&kAt. 1ejw H
Aol 3 72l homogeneous HHX &} &
70 €] heterogeneous HIX|7F TFAAE  d(p)=1

9l node p7} WHEA] EAET) $Els AlZ

& 7bsdl <x,yiveV,eeE> & ol#ll9}
Zo] wrs 4 Sl
Xp=A s Vi (P) =X ¥V (P) =4

Yip iy TP = V(o 2oy (T(P)) -

x,=x,,for Vvel except p

y;:y: for Vee E except (p,7(p)).
AMEL 7hsals A eeh wix erE 2
A #Aoh webA A28 7hsall= #H A @l
ot} wpgbA property”’} A H S},
Property2 2 13l $-2]= treeoll A 2|3l
= 25 o degree’} 19]3 weight7} A Xt}
& node®l AF 7hedt W2 complete
T & Ao wet
A ko RO =olo A& degree’} 121 node
9] weight= A Xt} & #vhal 7Ry shoh
Degree’} 121 node veV o tialA z(v)
9} heterogeneous WA E AT W AT
F 9 HAd weights 5, , HAH
<x,,y.veV,ec E> oA 291 weight= &,
g} 223 a3 o] Ao
5v=/1—w(v),if w(z(v)) 2 A —w(v)

=w(z(v)), otherwise.

homogeneous Bl %] &

5: = y:v,zr(v))(v) .

5,9 52 ol g g9 BN &
EstA 2 TagZelA z(v) & diAlEHA
g 4719 nodeE x(v), z(v), p(v), 181
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uO) =k e 159 weight s vt
Faa=

wz(v) =6, , wz(v)=wrz(1)-3,,

w(u(v) =6, w(u))=w(z(»)-4,.

MEE node x(v) 9 z(v) S ©] &3]
TV,Ew(v) & T= wst

T(x(v) = T(V (2(v)), E(x(v)), w(v)) o}
T(z(v) =TV (z(), E(z(m),w(v)) & g
t}.. (see Fig. 4.)

sub-tree

T(zm)

T(x ()
(a)
Fig.4. (a)Given tree, T’ (b)T(ﬂ.’(\ )) and T(z(v))

A9 A5 2ol uo % un E o1$3HA
T(u(v)) = TV (u(v)), E(u(v)), w(¥)) s}
T(u() =TV (). E(uo).wv) 5 &

2 9tk V@) ={ v , z() l°oli
E(x(v)) ={ (v,z(v)) }OItk. V(z(m) = vE A
st z(v) Al z(v) ol EEE B E node
o] Agoln E(xz(v) & T(z(v) oA H9
RE edge59 AFoITh olsh e

i, mlﬂ

uv) s u) E olgstel e

nodes

T(u() & T(u(v) 5 247 B 5 9k

<= olgdA A T(z(v) & T(z(v) 9
HAA =2 Adgat] TV, Ewv) 9 THsAE
WE 4 9tk

OPT(T(z(v))) + OPT(T(x(v))) > OPT(T) - (1)

W T(uv) & T(uev) = ARsHE 7o

2 TW,Ewk) 5 22337 wiEel 4(2)

2 98 5 9.
OPT(T (u(v))) + OPT(T(u(v))) = OPT(T) - (2)

= Property= #4 ¢zl st 22
A& ALY 712 Alssit
Property 3. 1% T, E,w(v)) ol tialiA
degree’} 191 E= node peV o s ot
=9 Aol e
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Proof. Propertyl ¥} E o oo A
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w(z(v)) = wz(v) -6, ©]i
w(u(v)) = w(z(v)) -5, 0] 7]

w(z(v)) < w(p(v)) ©I o,

OPT(T(z(p))) < OPT(T(1(p))) -(4)
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golel o8 Amth ZAY 2k webA,
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e

Property 22} Property 3%
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o} del 52 Figsel dvekelth

Batch on Tree Algorithm for T (77.Z.w(v))

-

Begin

Let =t ., X, =0 Ve = (0.0) for all
ve Vs &
Sort ¥ by ascending order using degree of

node;
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While =0 begin
v = firstnode in 7 ;
if d(v)=0 begin
X, = w(v)
end
else &(v)=1 begin
X, = Lw(v) / /LJ* A
o (¥) = wilv) —x, g
if wim(v)) =
Pt (TN = A= v po (V)3
Ww(m(v)) = w(m (v)) — ¥z ooy (TVI);

— Yepaon(v) begin

end

else begin
Vv TV = wimT (v}
Wm(v)) =0

end

(T (v)) =L (T (v))—1;
E=F—{(v.7 (v}
Reorder 7(v) using <(7(¥));

end

V= —qvis

End

Fig.
=%

o] }g=

0(log|V|) °

5.Batch on Tree Algorithm
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Ao YA S A
Zhell A8 745 steh o #Ae] ¥
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theorem©] A H3alA # .

Theorem 3. The Batch on Tree Algorithm ¢
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6. Conclusion
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