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The Heuristic Approach to the Order Consolidation Problem
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We consider the batch processing of orders where either whole or part of a single order or a specific pair of
different orders may be grouped in a batch within a fixed capacity. Our objective is to maximize the total
number of batches filled up to the batch size. In this paper, we study the Level-2 problem where at most 2 kinds
of orders can be grouped in a batch. This problem is known to be NP-hard and Max SNP-hard. So we develop
heuristic algorithm and evaluate the performance of the algorithm.
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d7bolut 8o 4HY T A AP olA = LHAE Y B
FEES Hofsto At v A (batch) 2 AT Fol 7
X o A v A 2719 7FS A9 Aok 7hg sk ol |
A 7 o Wers A 3AY 5Eol w01 &
T AT olgA g FEES TASE AT E Fof
A AastE AL & F Yorder consolidation) ©) 2} a1 A
A2 A7} A4 9 A5 FH(continuous casting) Al O} T &
3k B4 2 ) FH (L. Tang, 2001, S. Y. Chang, 2000). &

A AA FHQ 87-E 94 F27](continuous caster)E
HAA F7 249 £t (slab) 2 TrEE HAolt) o] FH
oA £2HE A o THEA A
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batch)$} &7 Hj Xl(heterogeneous batch) 2 T2}, 3}t F
TOET o] R H-E Y HjAe} 2 F A o
o] FEOE o|FZ B4E E4 w2t FET It o
= Ag/\LHV\Ur FAAF 5o st g ujA= "jﬁ‘é T AE
At} F& M7t AdE o e A § & T2 AHrE B
gt & o) $-2l& o] EAE #4-B L A(Level-B problem)et
St} o] =F o A= ¢ W-2 EA|(Level-2 problem) It THE T}
& 3 EA(order consolidation) 2| A ¥} 2] =717} 29]
T2 FEFol BF 19 49+ Maximum Cardinality

1y
Matching A 2 & 4 T} o] FA19 & Micali et al. 7}

HA dagF < NEsk A TS Micali, 1980). Hwang et al.& ©
4 HjA &} F 7HA] FEOE o] Folxl EA HjA E AHE-sto]
w29 frE Hstste A4S OFATHH.C. Hwang,

T Aol opvgt A4 a3 A1 whet Jokstod FA3 2005). 1ES o] A 7F NP-hardo| ] ThaFA ZF2 AL
9 AFS HEA ok dtetd 1A S0l At FEE F (PTAS)?M £7Hs ¢ Max SNP-harde} S 38tAth. 18 1
oA FA Fol7k 2R Y= ASL FUZ FoA 2L A 5L Y= 67} R (tree) FRE 7HAE A4 tisiA A
2 ANEE AL LS Y 5 97 Bl TN EG ALY Lee er al. & WA A5E H25}te
FE A RAE WA ) FAl vk B o Hhomogeneous  EA o] thaj A THEATE T2 o] BAZF YuHH O Np-
o =EL THUAAYRY AR FXFEATATRY A YS ol £PF ATY(AT FAY : 3AAE wHF J)A FuALF
HANE 4000261902)
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hardo] A ¥+ F7+ 18 Z(interval graph)oll A= A &1
2] o] EAdthal 5759 th(Kangbok Lee, 2004). o] A+
ol A= Hwang et al. (H.C. Hwang, 2005)9 A5 viBOE ¢
. wA Y frel2g daugES fdsta 999 HolHE
43 2 GrtE &t

=29 AL 50 2o Al 28 e A E A
O 2 Bttt Al 3EAAME tree TRAANE HH3)|7F &
A& Holal o] & o] &3] -2 TA Y FE Y ¢
A kst o] ol that A5 H7HE shTh PhA o= Al 44 of

Aol =x o9 8l F5 A7 BEFe ANES A

2. 2A1AE

#4-2 TA = 53 28 Z(undirected graph) G = (V, E)°.2 &
ddo] 7hgsttt. A71A v G AEY HelL Ex
BA T (edge) ] oIt Ay eV & FES e 7
Ao VA wv)e & z-‘:-gl TEEe Uit Bk & u

AR

ww)twh)d ¢FEoz xe(u)ere(v):/\% ia=teiae
234 o) B MAR TR 3 A5E 2 BT, 2
Al ool £4 A E EHAI] A 0 33,

Maximize E y, T Eye

veEV eEF
subjectto Ny, —z,(u)—z,(v) =0 fore=(u,w)EE
Ay, + E r,(v) <w(v) forveEV
eEHV)
xe(v)ZO forveVande € E(v)
y,= 0 AF forveVv
y. €10, 1} fore eF
Lemma 11 %3 Apolo] 5 709 £4 w37 2AT07 44
3t &4 WA 7F H o g A WA = THE 4 gl
Proof. Hwang et al. (H. C. Hwang, 2005) L
3. Fel 2
3.1 94 2 EAANA F A U5F(Optimal-Tree)

T E G7F YH(tree) T2 E 7HAE &
d 2] E 9 TreeGroup S e F0] &4

2005). th& Lemma 2= 92 A& Foll A UYF F25 7}
A= HA 7 HEA EAFE HoE

Lemma 2 : Abo] Z(cycle)] &= &4 w27} ithd Apo] &
ol lar v x| 7 22 WA 2 TS < YTk
Proof : EA WA o] HA 87} n7l o] EAM & o] Fo| 7 A
O1F =< (v, vy), (Vg vy), -+ (v, v,) > 7}
A3 gvat 7Pt Ak plo,), qlo) 9 08 B2
2ol A ostat,

p(vi) =T (0, ) (vi) if i<n
=2, o) (0;) else i=n
qlv) =z, () if i>1
=1, ,(v;)  else i=1
0 = min{q(v,), q(vy), -+, q(v,)}

Lemma 19 &J3}<d

T W) Fag, o (0) =p(v) +qlv, ) =2
for i<n

x, t1)( )+I(l vl)(%) p(v;) +qlv,) =
for i=n

)+08k ¢ (v)= (vi)—ai o

off rE Kl o
>
(o3
o

ZCEAAT ?iné 78 F Ut o g AZE 7}
e et 2o
I,(ﬂ, l,v,)(’uz’,*l): p, (Ui)’ I’(ﬂ, l,v,)(vi): q, (1}7)
for i>l,i#kandi #n
2y () =p"(v,) &', oy (0)=q (v))
for i=n
x'vl l=p' (vj,l) for i=k
I89 z(v,_,) <Aol7] ol wjx 9 AFe Wart gl

I ZL 7HEElE Aol C7F AIAE H A s ot O

Lemma 20| 939 Qukz ¢l 2= Goj A= HA &
(optimal forest)o] 7 EAE & + ok WA UF #2
o} frARgH :'K}%]]*L}%near optimal tree) S Z-=THH TreeGroup
G ES &5t F2 3E A& T 32 2o th(<Figure

1> PKI—Z)

AR Q7] )9 AAE T8 2,

Step 1 : Remove e = (u,v) €E such that w(u)+ w(v) < A
Step 2 : Identity all connected components (G, Gy, -+, G,)
from G.
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such that

9‘79

(a) Given graph G, where dotted line represents
wlu)+w(v) < A

(c) Identity all connected components (G, G,)

b) Remove e = (u, v)
wlu)+wv) < A

(d) Find near-optimal tree in G,.

Figure 1. Procedure to obtain near-optimal tree

Step 3 : For each component, solve for G;.
1) If G, is tree, done

2) else, find near-optimal tree in G;,.

3284 EA oig AH

ZAAHURE 37] 93 S HBol 93 2714 B2
& Aok

: AU (Optimal tree)ol| A 7haA7F & Holle ¢
A 2 E(incident edge)7t W& Aol 7hEA 7}
A2 oA e A ZAET A& Aol

217 o) 74 P T4 A A% 4S
AT web 27 Rl A 2 gol e 24
29l A4 o 48 WA £ ek
TE 29 A% S Blu) T} kAL o] A2 2] AT W
<Figure 2>$} 2T},
Alu) = {el, €9r """ ek}—% u € VY ?J@E/Hﬂﬂ%(incident

edge-set)°] 2t kA, A7] A ¢;,= (u, v;) ©1 2L w(v,) = w(v,)
> > w(v,) 2t 7HE% T &4 WX E A E BE7] sl
7227} 2 x4=HE1 AT HES AV AFA7}
w(v;) = A w 01%3}04 z, = (z,(u),
23 w(v) <20
(:ve(U),:ce(v,-)): (A

—w(v,), w(v,)) T4 WAE HED T ¢ 71537}

Procedure Max-Likely(G) for G(V; E)

begin
Let @(u) be low likelihood incident edge-set of uEV
for all uEeV

begin
Qu): =02
Blu): =0
Let A(u) be incident edge-set of u& 1
Alu)= €, €y, ==+, €, With w(el) > w(ez) > .- Zw(ek)
where ¢, = (u, vl)
Tw : = w(u)
=1
for i: =1 to k begin
if w(vi) > )\, then 7w := Tw—1;
else 7w : = Tw*(/\*w(v ))
if 7w<0, then Qu) U{u v, }
else Blu)+
t++; end
end
end
Figure 2. Procedure Max-Likely(G)
w(u) < A=w(v) (i=j B wE o] &M E A WA E
BE 4 YOEE Bt j—-10) B0 1T Q) E )
2§ ol FYFE AH =AM A (low likelihood incident
edge-set)ol 2k T Qu)= EAE (u, v)), -+, (u, v,) 9
Aol HH o] BAEEL IYZ Gl A AAAZIT o] 9}
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2 S BE HEd deiA AstA dot Max-Likely S
FY Tl Yehde 2HZ ¢S E(forest) 2 YEFE F

AoH, o] o Z+z+e] A& (component)o] T34 Maximum
Spanning Tree ¥IElHS -/F Yot 7 GRS g i
(ree) 55 A& 7 Atk o] A7 YrE& o5 Mol A 41
S} Connecting Procedure©] -4 af shute] ZAHAYFE F
At B, HEH 07 o] UF-9| Tree Group L8 Z S A
&3t TAE £

A

Step 1 : Max-Likely Procedure
Step 2 : Maximum Spanning Tree
Step 3 : Connecting Procedure

& UF-2 9E7] el s 4 AES AZs of d) o
o, 7t JEES ?3‘}‘%91 Aol AU BAYE 2 o

(sub-tree)©] T, EE &2
N A & WA E v Ao T
T otute] Aol A& A mAeE 7HE 'T‘ %i‘:}. A
Y HE 1YY & BA = T8
#3) A Connecting Procedure S 1.2 g},
BAY e=(u, v) € B9 FHT(degree)F

deg(e) = deg(u)

(a) Given graph G

©

(c) Maximum Spanning Tree

+deg(v) 2k BostA ZAEE A
2 7FEAE A BAZE Y 3?% 75
A& 7HE ZAEE ddste 44, 7H % %"d
T ZAEE deste A9 7 A2 gHsrE 7
A g AdEste 4-97F SART. e e 3l
& ZA¢7t doldtd b 7EAY 2E5)0E &
& 5 7] Wl F 87kA7F EATY. 29 -2 Aol
ot A 7]%0] L A -Folls 7 WA T AL 2
ot 7H AL 7
Tk DA o Al <Figu
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Step 4 : Tree-Group Algorithm

Step 3 B3l ZAHAUTE BE F A7) WEOA Tree-
Group G E|F< AP 4 Qleh T A AA < #d-2 &
Aol 3t Fe 2y a1y EL g3 2

Heuristic Algorithm for Level-2 problem

begin
Max-Likely(G)
Maximum Spanning Tree(G)
Connecting Procedure(G)
Tree Group(G)

end

o]

9] AZHE-F} S (time complexity) =

28 &g FdA Step 13} Step 29} Step 39 47
O(lE) ©1 Step 42] A 7HE:

:iOi'

©

(b) Max-Likely procedure

(d) Connecting Procedure

Figure 3. Heuristic algorithm to construct near-optimal tree
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Connecting Procedure for G(V; E)

begin
if 2l <|V]-1
then begin
Q(G) is set of removed edges from G
for all w=V such that deg(u)=0 do
Q(u) is set of removed incident edges
from «
Let e, =(u, v,) be selected edge in Q(u)
Let A(u) be the incident edge-set of u
by 1) smallest degree 2) smallest weight
B:=BJ{e,}
Q) : = Qu) {e} Qv,) —Qv {e}
Alu) : ( Ufe}, 4,) v )U{e.}
QG : = QG ~{e,}
end
end
begin
if B <|VI-1
then begin

S(G) be set of edges from G, S(G) := @
H, is component of G
Q(H;, H;) be set of removed edges between #,
and H;, i<j
For all Q(#,, H,) do
Select one e=(u;, v;) by 1) smallest degree 2)
smallest weight
S(G) : = S(@ e}
end
Sort S(G@) by 1) smallest degree 2) smallest weight
Let S(G) be e, ey -
k:=1
while (12| <|V|-1)
if e, do not make cycle then

» € € = (UI,7 v, )

E(G) : =E(G {ek}
Qu,) : = Qu,) —{e,}, Q) : = Qv)—{e,}
A(up) =Au U{ek} Al v, ::A(vq)U{ek,}
Q@) : :Q(G) {er}
k:=k+1
end
end

end
Figure 4. Connecting Procedure

A=E O Viog V]) oI THH. C. Hwang, 2005). |E|< |V 0] 7]

A5l o] o125 AQRARE O V) oleh 28 4 515k

34 FrEl2g dueFe 9ot

$E7t AR Fel2E LnEZEE Hokap] Aol o)
BE P49 A4stel 4Ye AT o H 2Fe w

A% -

&3t

A E43817] $3) A 15 F Hl(grouping-ratio) S the- 3} o] A

9 ste] L3

number of batches by heuristic
optimal number of batches

grouping —ratio =

g A °ﬂ et Fel 28 d1gE9 connecting proce-
dureol] A Ao AElete= WS T 87HA7F A 8HA T o]
H A A& 3 747 Z7}8t}. &, Max-Likely Proce-

=R
dure = W%P%HMI A AYesa
27

ol AH & A 7hA 28 ] A 24 A= Ao
74100, A9 Bt A 7F 5001 ZAE = (edge den-

sity)7F 50%0] 1 274 BE L& *7} 50, =& B¢ 7FEA 7L
100019 A g W=7} 75%0lth 182 274 Ce =& 47}
150, =& W1t 7H5A 7k 200019 2A 2 DE7F25%0| o of
714 BAE dEs YE AT HoH Y F 3 Ao]d
BEAEE e FEoIth 181 EE WA A7) 10022 3}
H ZAEE AT woll = SD(Smallest Degree), BD(Biggest
Degree), SW(Smallest Weight) 2} BW(Bigger Weight)®] 7] &0 &
304 wHESte] AP3FGITE <Table 1> 24 AE ] #F 11
U E e Aol

Table 1. Grouping-ratio for every policy of connecting procedure

Policy EXIIN %7 B z7 C
SD-BW 91.7 92.4 96.5
SD-SW 945 94.2 96.5
BD-BW 82.4 90.2 96.5
BD-SW 82.2 90.2 96.5
SW-SD 92.1 93.8 96.5
SW-BD 91.4 93.6 96.5
BW-SD 82.7 90.2 96.5
BW-BD 82.8 90.2 96.5
Only MaxST 81.9 90.0 96.5

22 CollA 21FBuI7F BF 220 o] BE BA 74
AEof Q7] jEolth. 1 4 A4S 2 HEHE SD-SW
(smallest degree-smallest weight) 7] 0] 713 £t A< &
itk TLE A #E-2 EA o B Frel2E dareEell A Con-
necting Procedure | A1 = SD-SW7]&ol| ti sl A A &3}t

#d-2 A9 Felzge Brhstr] fdko WA 27
10022 st AT oM A3 <Table 2>4 3 3714
HEE 7HA AL ST

Table 2. Condition for each variable

Number of nodes 50, 100, 150, 200
50, 100, 200

25%, 50%, 75%

Average weight of node

Edge density
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Table 3. Grouping-ratio for every condition in Level-2 problem

Number of | Avg. Weight Edge Density

Node of node 25% 50% 75%
50 95.6 94.4 94.0

50 100 95.4 934 94.2
200 98.9 97.5 95.3

50 96.4 94.5 92.8

100 100 95.2 933 92.7
200 97.9 94.6 92.2

50 96.1 93.7 93.6

150 100 94.9 94.8 91.8
200 96.5 93.6 922

50 95.5 94.6 93.3

200 100 95.1 93.2 91.3
200 95.6 92.7 90.8

4 AR FFAT

[

| AT A=
TE HY BAZ A st 2AE #9-B TA 2 Zé
) FA tal EATh 882 FA4 = NP-hardo]H, MAX
SNP-hard @ &# A A THH. C. Hwang, 2005). zﬂw 2= o]

TAE EEH R 5 e Fo2y dagEE NEsdd
1, o] & HZE3] Hs] Yoz e b ]E1 i Heed

H5FA T <Table 3>& AHBRH THEGH|7}90% o] 4Y S &
F e o2 A At Gl Fol a&Hole T

AT o)W A e o2 YT vlolER T AT »
A AL GolHE o] duEZe HE

Lo A g
3 BHe A dugEo U3k worst case B4 2 St o £
< ¢3gF NES st o] astth 2 ofH ATl
Ae Al FA O tisi A oA AR B7E 301742 HE-B
EA o) e A+ Hasit}
A2
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