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A Heuristic Orthogonal Binary Tree Search Algorithm for
Three Dimensional Container Loading Problem
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Abstract  This paper presents a heuristic orthogonal binary tree search algorithm for three
dimensional container loading problem. Firstly all boxes are composed into multiple good-strips.
The boxes in each good-strip are arranged along a vertical line. Then a binary tree is created.
Each tree node in the tree is a container-loading plan while the root node denotes an empty one.
The left child node of each node is obtained by inserting a line of good-strips along the length of
the container into the residual space of the container. Similarly, the right one is obtained by
inserting a line of good-strips along the width of the container. The binary tree must be extended so
that each leaf tree node must not accommodate any remaining boxes. The result is the container-
loading plan with highest fill rate among all the leaf tree nodes. The algorithm satisfies three
famous constraints on three dimensional container loading. It outperforms the best known

algorithm in the most strongly heterogeneous test data.
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E X sizel :=Max(gs.l_s, gs.w_s)
E X size2:=Min(gs.l_s, gs.w_s)
if(sizel <thick)
g_wel = size2
else if(size2<Zthick)
g_wel = sizel
if(g_wei>0)/ /UL B 5% gs ol LLRCHE £ 2
¥ gs MAFIGS_NEW
E R layer
layer := Exist_Knapsack_Rec(GL_REC, length,
thick,thick,GS)
if(layer =)
layer := (LN GS_NEW R ¥ 5| 3, L length N #
A IR g_wed 08y 5 & DU
FAE TR ST 018 AR 3 S
) SR it A, ) A
Knapsack_Rec := (length,thick, thickness,GS,gl.T)
¥ Knapsack_Rec I AF] GL_REC /i
& 6] layer
A T B0 A 1] B0 SR ) W I AR G 7
N RIS 0 SR A T R — L AR A B
AN 2R 3 P O 4% o B RIS THT 4 6 A 45 7 A I L O
H @ %5 &5 742 %00 KX N2 AH TR G 1
THE;QILICREX NP A FREG A EM T &
(8 L A S iZid s A AR A i0 s B 4R Il
T SR 1 P A 4R R AT
Bix7. AERIEMHE IR
Exist_Knapsack_Rec(GS_REC, length , max_L, max_w,
ALL)
for each Knapsack_Rec kr& GS_REC
i(kr.length=length,Ff H max(kr.sizel , kr.size2) =
max(max_L,max_w) .3 H min(kr.sizel , kr.size2) =
min(max_L,maxr_w))
if(ALLZ kr.ALL 3%+ H ALL 2kr.SELECTED)
iR [B] kr.SELECTED
1& [l &

P SIS FE T84T 1E Intel Core2 Q8300@2. 50 GHz 4b
PR 24T 4 Windows 7 %l i, 534 11
ST R FEE AR T UL R Z M s L
HY TR A T AR A R0 B A 10 3 ok & AR 45 AT R
K5 A 3 SR OB, R R 1 A 1 53
[B). R T He m e 2 RATTLL 0. 005 Ry [al#E, AL 0. 9~1
BB fr_gate fH. 8B5S HHHE L 1 G4t
21 YR 5 DA HR B B L 7 R e T R A T R AE N ATy
Ze. ARSI BB R U T SOk L9 ] AL AEAE 1
T 285 22 M 0 58 b 84 58 L AL §F BR1-BR15 —
3L 1500 A~ = 4 %6 48 5 4], A AT] T LA OR-Library
P 3ty O7F 2. 3 2 S ] 3 4y o 15 R 2R AL, 28 100
AN 2 [R) A AR 28 AU EOAH [A] L BR1~ BR15
A TR RSy i R 3.5.8.10,12,15,20, 30,
40,50,60,70,80,90,100, Z k£ 1 55 258 , GE B 1R
Dt 0 3 5 0 AN ) 22 A5 P 2R 4 ) A0 o 1 1

VFZ W50 & 4 3 B8 20 Ik 1 SCEk L9 iy
1500 A~ Hovb 4 A o & 2003 1 CCHD 2 LI il
AT AT 1Y 25 2 4 Rk (PTSAOYY | MFB #
EREMLR &R CH_OB Bk R A UE
% (SPBBL-CCO P By F Wk 5% 55 5 A4 256 4 [ 1L, X
3% BR1~BR7.

H_BR &M (GA_GB Bkl 2k Sl Rk
TS_BGHY [ Zr L BEAL A 38 I 1 R 5 1% (GRASP) ' |
maximal-space S35 A AR R 1 R B (VNS
TR A BLE KB (HSA) S MO 40 48 22 B vk
(CLTRS™ [FDA B VY I B 22 B &R
R %K (MLHS) " i T BR1~BR15 42 5L
fil. A2 B3EPT L T BR8~BRI15.

4.1 ZOIHEERSH

R B A R TR C1 3 i A C2
LY BE T A R Hok A T AR SR BT A
SCE DL F AR AR T R R B 2 1
T BRI A SO 3 T BR8~BR15. 3 2 Fl# 3 41
WA TEIER frogate BUE RS BRI 78 0
15 5.

@ OR Library. http://people. brunel. ac. uk/~ mastjjb/jeb/
orlib/thpackinfo. html
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% 2 HOBTS &£ fr_gate BRIEHIE
fr_gate

cane BRS BRY BR10 BR11 BR12 BR13 BR14 BR15
casel B! 0. 955 *0. 965 <] ©0.94 *0.935 *0. 965 *0.935
case2 *0.955 *0.95 * 0. 965 ©0.94 *0.925 *0.925 *0.925 “]
case3 #] 0.95 *0.92 £0.915 *0.97 *0. 945 *0.965 1
cased * 0. 945 0. 915 0. 925 0. 955 0. 945 0. 96 "1 0. 94
cases *0.96 0. 95 0. 955 £0.97 £0.905 0. 96 0. 965 £0.93
caseb *0.975 *0.98 0. 94 "1 *0.925 *0.98 0.975 0. 945
case? 40.925 *0. 965 0. 95 *1 *0.95 0. 94 1 20.91
case8 0. 955 £0.94 £0.9 *0.935 *0.96 *0.985 “1 *0.935
cased 0. 965 0. 94 1 1 0. 945 #0. 965 0. 945 0. 945
casel0 *0.915 0. 94 0. 925 0. 95 0. 965 1 1 *0.965
casell *0. 965 1 *0.935 1 1 *0. 945 1 *0.985
casel2 "1 *0.95 0. 955 ! ©0.94 *0.935 *0. 94 *0.975
casel3 *0.94 *0. 945 0. 94 0. 95 0. 965 1 *0.915 ©0.95
caseld 0. 935 0. 91 0. 925 £0. 945 0. 95 0. 965 "1 0. 925
casel5 0. 96 0. 94 0. 95 0. 95 0. 925 0. 95 £0.935 0. 975
casel6 0.9 1 1 0. 96 0. 96 0. 96 *0.95 0. 96
casel? £0.925 *0. 945 0.9 £0.93 £0.915 *0.955 *0.955 *0.965
casel8 0. 935 0. 92 *0.91 ©0.92 £0.945 0. 94 *0. 945 *0.93
casel9 *0.935 *0. 945 *0.935 “] *0.905 *0.955 1 1
case20 *0.96 “1 “1 *0.915 *0. 945 0. 96 0. 94 0. 945
case21 *0.95 “0.96 0. 95 0. 95 £0.92 *0.96 *0.935 *0.93
case22 £0.97 0.97 £0.92 *0.95 *0.96 0. 965 0. 925 0. 965
case23 “0.975 0. 935 1 1 0. 96 1 *0.955 *0.93
case24 #0.945 0. 935 0. 96 *0.93 0. 945 0. 975 *0.95 £0.93
case25 1 1 1 £0.945 *0.955 1 0. 94 “1
case26 *0.9 *0.95 0. 94 ©0.93 ] *0. 96 #0.905 20.9
case27 *0.94 *0.975 1 *0.935 *0.95 *0. 94 *0.92 “]
case28 £0.93 0. 94 0. 935 0. 96 "1 0. 95 £0.915 "1
case29 1 0. 95 0. 985 1 £0. 95 “0.935 £0. 96 0. 95
case30 * 0. 965 0. 935 0. 955 0. 98 "1 0. 975 0. 955 1
case31 0. 955 *0. 955 *0.925 ©0.96 ©0.96 *0.97 1 0. 92
case32 0. 96 0. 94 “1 *0.945 *0.97 *0.95 0.93 *0.965
case33 *0.96 0. 96 0. 95 *1 *0. 965 0. 925 *0. 905 0. 94
case34 *0.98 *0.96 #0.925 *0.945 *0.97 #0.955 *0.96 #0.93
case35 *0.955 0. 91 *0.975 *0. 945 #1 0. 94 0. 92 £0.935
case36 *0.97 0. 945 ©0.92 £0.91 0. 95 1 *0. 965 1
case37 0. 96 *0.93 1 *0.95 0. 96 1 *0. 905 20,94
case38 0.93 £0.935 0. 935 "1 0. 955 “0.93 “0. 965 £0. 955
case39 0. 96 0. 94 "1 0. 955 0. 95 "1 “1 0. 955
cased0 "1 *0.975 0. 965 ] *0.975 *0.935 #0.955 *0. 965
cased]1 21 *0.95 1 *0.95 £0. 95 #1 *0. 945 0. 955
cased?2 ! *0.95 *0. 935 #1 £0.94 *0.965 *0.965 *0.955
cased3 "1 "1 0. 96 0. 935 0. 955 0. 955 0. 96 0. 945
casedd 0. 965 1 0. 96 0. 96 "1 0. 97 0. 935 20.91
cased5 *0.955 *0.935 0. 96 "1 *0. 945 0. 945 #0.95 *0.98
cased6 £1 “0.9 *0.93 *0.97 ©0.94 1 *0.93 0. 96
cased? *0.95 0. 975 1 *0.95 *0.97 £0.97 0. 965 0. 92
cased8 “0.975 0. 96 1 #1 0. 955 *0.93 0. 935 0. 95
cased "1 1 0. 97 0. 955 0. 945 0. 955 £0.97 0. 965
case50 *0.96 0. 94 #0.905 1 ©0.97 *0.97 1 0. 96
case51 "1 0. 945 *0.96 0. 955 “1 #1 *0.95 *0.975
case52 *0.935 0. 94 *0.95 0. 965 ] #1 *0.925 0. 96
case53 "1 0. 935 0. 955 0. 965 0. 95 0. 96 0.915 0. 98
case54 *0. 905 0. 965 0. 92 0. 975 "1 0. 96 “1 0.97
case55 "1 0. 975 "1 0. 965 0. 945 *0.93 "1 1
case56 0. 935 1 *0. 965 ! ©0.94 *0.965 *0.93 0.975
case57 * 1 ©0.97 #0.925 £0.945 £0. 955 #0.915 *0.915 £0.925
case58 *0.935 0. 91 0. 94 *0. 965 *0.955 0.95 *0.955 20.9
case59 "1 ©0.935 “1 £0.96 *0.975 #0.945 ©0.93 *0.93
case60 *0.96 “1 “1 1 1 #0.91 #0.91 *0.905
caseb1 *0.935 #0.935 *0. 945 0. 95 1 #1 *0.97 0. 97




1538 it Ml 2 Eird 2015 4
(% )
fr_gate
case BRS BRY BR10 BRI11 BR12 BR13 BR14 BR15
casch? 0. 955 0.95 0. 95 x] x] 0. 925 0. 965 1
case63 “1 0.955 ©0. 945 1 “0.95 ©0. 965 1 0. 94
case6d ‘1 ©0.935 “0. 965 0. 95 £0.96 1 ©0.935 “0. 935
case65 0. 95 -1 © 0. 94 “ 0. 965 “ 0. 96 *0.955 *0.975 * 0. 955
case66 *0.97 © 0. 94 © 0. 945 “0. 965 “0.95 0. 94 0,97 20,94
case67 “0.93 “0. 94 1 0. 93 0. 98 * 0. 965 * 0. 945 “0. 97
case68 *0.935 *0. 955 “1 *0.975 “1 1 1 #0.93
case69 0. 92 “0.915 1 £0.975 “1 ‘1 ‘1 £0.94
case70 ] ©0.92 £0.95 “ 0. 955 “ 0. 96 *0.935 “0.915 “0. 95
caseTl 1 ©0. 94 ©0.975 20,9 1 £0.945 ©0. 96 “0. 96
caseT? 1 1 “0.98 “0. 965 “0. 965 1 1 1
case73 “1 1 ©0.955 “0.93 “0.97 1 “0.97 “0.95
caseT4 “0.91 £0. 945 ©0. 965 £0.965 “0.93 ©0. 955 £0.925 £0.97
case75 0,93 “0.96 ©0. 94 “ 0. 94 £0.955 0,97 . #0.915
case76 0. 94 1 “0. 96 © 0. 945 “ 0. 965 * 0,945 1 £0.9
case?7 “0. 96 “0.95 £0.9 “0.95 0. 93 0,95 “0.95 “0.93
caseT8 *0. 965 ©0. 945 ©0. 945 ‘1 0. 95 “1 £0.95 £0.9
caseT9 “0.935 “0.95 1 “0.97 20.93 0. 945 0. 96 “0.935
case80 0. 945 “0.9 £0.95 “0.965 “0. 96 1 *0.945 “0.965
case8l *0.93 “0.92 £0.93 0,915 1 *0. 94 0,915 © 0. 945
case82 “0.975 “0.93 1 0. 935 0. 945 1 ©0. 96 “0. 94
case83 0,95 “0.95 1 1 “0.93 “0.95 “0.96 *0.94
case84 0. 925 0,97 ©0. 945 *0.945 £0.925 1 “0.96 *0.945
case85 0. 94 #0.915 “0. 99 “ 0. 955 1 *0.955 *0.965 “0.97
case86 “0. 945 ©0.955 0.97 “0. 965 “0.97 ©0. 945 ©0. 96 1
case87 “0.975 ©0.98 0.98 20,94 1 “0. 96 1 1
case88 “0.95 ©0.935 0.95 “0.95 1 ©0. 945 ©0. 94 “0.95
case89 0,935 ] “0.95 “ 0. 98 . 1 1 *0.975
case90 0. 95 “0. 96 -1 -1 -1 1 “0.95 © 0. 945
casedl 1 ©0.925 1 0. 94 “0. 955 0,905 * 0,945 © 0. 945
case9? 20,94 £0.93 “0.95 0. 96 0. 965 0. 955 ‘1 “0. 955
cased3 1 “0. 96 ©0. 985 0. 97 *0.97 0. 965 0. 95 “0.94
case9d 209 “ 0. 945 1 “ 0. 955 “0. 96 ‘1 “0.98 “ 0. 96
cased5 0. 95 “0.97 “0.92 0. 96 “0. 955 * 0. 965 0. 96 “ 0. 945
case96 0,92 1 ©0.975 0. 945 0. 96 © 0. 945 “0. 96 1
case97 1 1 ©0.915 “0. 94 “0. 965 “0. 94 1 “0.93
case98 ] ] “0.94 *0.97 *0.97 *0.975 1 “0. 95
case99 *0. 965 ©0.945 ©0.925 1 £0.96 0. 945 “0.95 #0.945
casel00 0,96 £0. 965 ] ] . *0.935 1 £0.9
xR A RS 3O R IR ARAE s = 15 A B 3(b) 15 2 A AR
%* 3 HOBTS LA RHE

case BRS BRY BR10 BR11 BR12 BR13 BR14 BR15
casel 0.90770 0.89982 0.90167 0.89797 0. 90258 0. 89360 0. 90087 0.89307
case2 0.92014 0.91775 0.91323 0.91107 0. 90090 0. 89556 0.89812 0. 89895
case3 0.91217 0. 905 04 0. 90864 0.89615 0. 89290 0. 901 26 0. 89008 0. 89937
cased 0.88816 0.91346 0. 904 44 0. 90533 0. 88879 0. 90384 0.90223 0.89597
case5 0.91183 0.91502 0. 90883 0. 89898 0. 89594 0.89527 0.89969 0.89156
caseb 0. 90661 0. 90806 0. 89328 0.90282 0. 902 34 0.89777 0. 90404 0.90263
case7 0. 90802 0. 91340 0. 90420 0. 89743 0. 89290 0.89410 0.89312 0. 89097
case8 0.91263 0. 894 34 0. 90085 0. 89985 0. 89802 0. 89907 0. 89958 0.89251
cased 0. 906 62 0.90547 0.89940 0. 90570 0. 90863 0.90130 0.89385 0.89561
casel0 0.89998 0.89705 0.91195 0. 90140 0. 90265 0.90193 0. 89895 0.89438
casell 0.91431 0. 906 36 0.90511 0. 90618 0.91571 0.90283 0.90707 0. 90332
casel? 0. 90958 0.90010 0.89958 0. 89808 0. 89339 0. 90206 0.89752 0. 89659
casel3 0.91936 0.91310 0.91154 0.90236 0. 89594 0.89495 0. 89537 0. 88397
caseld 0.92759 0.90572 0. 909 99 0.89894 0.89652 0.89396 0. 89635 0.89713
casels 0.91454 0.907 34 0.91163 0.90778 0.91086 0.90175 0.89618 0.89788
casel6 0.91608 0.91793 0.91070 0.90103 0. 897 84 0. 89827 0.89151 0.90004
casel? 0.90342 0.90217 0. 90042 0. 90790 0.90157 0.90257 0. 89997 0. 89526
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case BRS BRY BR10 BRI11 BR12 BR13 BR14 BR15
casel8 0. 90595 0.91068 0. 89770 0. 89768 0.89584 0.89255 0.89052 0.88813
casel9 0.90778 0. 90540 0. 91364 0.90159 0. 90700 0. 90599 0.89023 0. 89687
case20 0.91886 0.91769 0.91389 0.90792 0. 90602 0. 89965 0. 89896 0. 89637
case?1 0.90497 0. 89765 0. 89974 0. 89170 0. 89440 0. 89567 0. 89494 0. 88871
case2? 0.92073 0. 91164 0.91157 0. 90767 0. 89934 0. 89390 0.89121 0. 89035
case23 0. 91044 0. 90876 0. 901 54 0.89391 0.90093 0.90125 0.89267 0.89252
case24 0.90921 0.90727 0. 90766 0. 90367 0. 89880 0. 90092 0. 897 26 0. 89330
case25 0.92362 0.90578 0. 90503 0.90535 0.90448 0.89771 0. 88962 0. 90157
case26 0. 896 32 0. 90858 0. 89898 0. 88820 0. 88825 0. 88995 0. 87980 0. 88533
case27 0.91687 0. 90514 0. 90367 0.90726 0.90332 0. 89254 0.89415 0.88973
case28 0.91171 0.91289 0. 89801 0. 90546 0.89177 0. 89057 0.89178 0. 89422
case29 0.90845 0.90423 0. 89981 0.89831 0.89417 0. 90826 0.90062 0.89547
case30 0.91121 0.91176 0. 90876 0. 90804 0.91777 0. 905 54 0.89452 0.90019
case3l 0. 91369 0.90751 0. 89698 0. 90180 0. 89162 0.90181 0. 89502 0.89303
case3? 0. 92269 0. 90786 0.91129 0.90512 0. 90884 0. 90122 0. 89106 0. 88977
case33 0. 92246 0.91239 0.91227 0.90377 0. 90440 0. 89784 0.89078 0.90375
case34 0.91677 0.91237 0. 90159 0. 90239 0. 89999 0.88911 0. 89440 0. 89042
case35 0. 92450 0. 92124 0.91881 0.90345 0.90109 0. 90628 0.90427 0. 90843
case36 0.91790 0. 905 66 0. 90842 0. 90477 0.90332 0.90361 0. 90132 0.89417
case37 0.91375 0.91363 0.91069 0. 90764 0.91141 0. 90166 0. 89762 0.89343
case38 0.90215 0.90151 0. 91094 0.89517 0.90376 0.89619 0.90075 0. 89578
case39 0. 91590 0.91043 0.90747 0. 90761 0.89736 0.89297 0. 89610 0. 89472
cased0 0.90973 0. 90132 0.90317 0. 90366 0.90057 0. 89338 0. 88523 0. 88772
cased 1 0. 91600 0.91946 0.91403 0. 90666 0.90376 0. 89453 0.89171 0. 88694
cased? 0. 90305 0.907 16 0.91595 0.91176 0. 90853 0. 90581 0.89914 0.89519
cased3 0.91039 0.91369 0.90374 0.91366 0. 90383 0.89296 0.89443 0.88214
casedd 0.91825 0.91096 0. 90749 0. 90847 0.90485 0.91134 0.90077 0. 89494
cased5 0. 90842 0. 90414 0. 89709 0. 89433 0.89798 0. 87981 0.89315 0. 88599
cased6 0. 91159 0.90203 0. 89483 0.89705 0. 90405 0. 89433 0. 89590 0. 89381
cased7 0. 906 00 0. 89462 0.90103 0.88284 0.89651 0. 89862 0.89743 0. 88575
cased8 0. 91649 0. 91364 0.91801 0.91095 0.91072 0.90439 0.90145 0. 89678
cased9 0.91397 0. 905 66 0. 91034 0.89297 0.90514 0. 89949 0.89287 0. 890 14
case50 0.91000 0.91832 0. 89750 0. 89802 0. 89840 0. 88968 0. 89859 0. 89089
case51 0.91986 0. 92402 0. 91690 0. 90557 0. 909 30 0.90258 0. 90063 0. 88785
case5? 0.91688 0.91301 0.90282 0. 90468 0. 89899 0. 89723 0. 89580 0. 89643
case53 0.92337 0.91166 0. 90521 0. 89502 0.90343 0.90033 0. 89960 0. 89009
case54 0.89335 0. 90457 0. 90254 0.90257 0.89705 0. 90270 0. 89200 0.89517
case55 0.91449 0. 90386 0.90815 0. 90534 0.90909 0. 90450 0. 89779 0. 89523
case56 0.90122 0.91793 0.91147 0.91137 0.89774 0. 90882 0.89962 0. 90009
caseb7 0.91399 0.916 30 0.90075 0. 89580 0.90256 0.89017 0.90023 0.89076
case58 0.91339 0.91077 0.91701 0.90710 0.90232 0.90683 0. 90170 0. 90090
case59 0. 90034 0.90761 0. 90465 0.89727 0.90477 0. 897 24 0.90175 0. 89566
case60 0. 91190 0. 90940 0.91182 0.90953 0.91201 0.89753 0. 89307 0. 89395
case61 0.91893 0.90755 0.91611 0. 90428 0.91387 0. 90575 0. 90597 0. 89392
case62 0. 89910 0.91517 0. 90641 0.90153 0. 89956 0. 89092 0. 89732 0. 89359
case63 0. 90567 0.90948 0. 89652 0. 89430 0.90061 0.90261 0. 89955 0. 89353
case64 0.91332 0.90781 0.90110 0.90091 0. 88563 0.89453 0. 89109 0. 89127
case65 0.92422 0.91656 0. 90493 0.91606 0. 90667 0. 90132 0.90452 0.91461
case66 0.90972 0. 899 64 0. 89734 0. 896 90 0.90731 0.90127 0. 89709 0. 89797
case67 0.91838 0. 90249 0. 90137 0.89905 0. 898 60 0. 89424 0. 88649 0. 88453
case68 0. 92846 0.90592 0.91243 0.90511 0.90911 0.90359 0.90216 0.90132
case69 0.90357 0.89773 0. 89907 0. 89424 0.90339 0.89012 0. 89158 0.88314
case70 0. 90982 0.90382 0.89325 0. 89821 0.90816 0.90289 0.89397 0.89253
case7l 0.90838 0.92125 0. 92109 0.91466 0.91133 0.90618 0. 90509 0. 89587
case?? 0. 90858 0. 90409 0.90305 0. 90594 0. 903 60 0.90583 0.89263 0. 89041
case73 0.907 99 0.91213 0.90416 0.90097 0.909 24 0. 89868 0.89925 0. 88871
case74 0.91332 0.89957 0. 89867 0.90027 0.90356 0.89677 0. 88966 0. 892 84
case5 0. 896 62 0. 90410 0. 90500 0.91715 0. 900 20 0. 89831 0. 89463 0. 88965
case76 0.91023 0.90719 0.90353 0.90071 0.91155 0. 89996 0. 89060 0.88511
case?7 0.91539 0.90831 0. 91570 0.89765 0.89794 0. 90184 0. 88961 0. 89421
case78 0.91588 0.91122 0.91319 0. 906 25 0. 89399 0. 89509 0. 89074 0. 88542
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case BRS BRY BR10 BRI11 BR12 BR13 BR14 BR15
case79 0.89521 0.89485 0.89161 0.89797 0. 89902 0.89185 0. 89636 0.89523
case80 0.91225 0. 90608 0.91030 0. 906 27 0. 90380 0. 89835 0.90031 0. 89759
case81 0.89287 0. 88967 0. 89860 0. 88758 0. 88509 0. 88501 0. 88400 0. 87546
case82 0. 900 24 0. 89656 0.90293 0. 89952 0. 88423 0. 88429 0.88738 0.89374
case83 0.92198 0.91749 0. 90937 0. 90997 0.90016 0. 89740 0. 898 24 0. 89908
case84 0.91051 0.90928 0. 90696 0.90613 0.89251 0. 895 64 0. 88958 0. 88846
case85 0.91403 0. 89897 0. 90853 0.91428 0.90618 0. 90160 0.90053 0. 89408
case86 0.92018 0. 91650 0. 906 40 0. 90037 0. 90079 0. 89878 0.90753 0.89135
case87 0.92955 0.91707 0.91732 0. 90984 0.91596 0.91213 0.90285 0. 90305
case88 0. 90956 0. 91096 0. 90151 0.90374 0. 89074 0.89781 0. 88906 0. 88886
case89 0. 909 66 0.91028 0.90471 0.91276 0.91012 0.90291 0. 89932 0.89711
case90 0.90352 0.91025 0. 89934 0. 90029 0. 89875 0.90043 0. 89532 0. 89532
case9 1 0. 90970 0.90973 0. 90049 0. 89396 0.89771 0. 896 70 0. 89159 0.89278
case9? 0. 907 90 0. 90905 0. 90799 0. 90843 0.91075 0. 89999 0. 898 20 0. 90109
case93 0.91020 0. 91856 0.91948 0.91193 0. 90740 0. 89459 0.89559 0. 89690
case9d 0.92893 0.91951 0.91554 0.91546 0.91118 0. 90598 0. 90369 0. 90240
case95 0.91511 0. 90652 0. 89799 0. 89662 0. 89047 0. 89605 0. 89590 0.89783
case96 0.91234 0.90918 0. 899 44 0.89412 0.89253 0.89477 0. 896 30 0.88416
case97 0.91035 0. 89733 0. 90087 0. 90098 0.89412 0. 89774 0. 89845 0.89173
case98 0.92038 0.91389 0. 90970 0.90729 0.90339 0.89671 0. 89238 0.89293
case99 0.91410 0.89725 0. 89532 0. 88739 0. 89157 0. 88956 0. 87895 0.89179
casel 00 0. 91506 0.91171 0. 91130 0.90779 0.90111 0. 89976 0. 905 34 0.89223
KA G T ATARE L S5 A A HOBTS #yit 100 B, b H A dcd i) MLHS S48 & T 0. 8400, 4
LR SR TR W RAIE R S A B X — 2 S 4 R T RPN 60 B It CLTRS 8 ¥k 0.17% ;4
TS E B4 FE 3R (%), HOBTS & ik 5y 18 45 TR SKON 70 BFL it CLTRS 83k 0.63% ;4
EIERBHE R C1.C2 f1 C3 AR &4 15 H 1. R RPN 80 WL it CLTRS # ¥k 0.87% ;4
M A LIE W EERBHE C1.C2 F1 C3 4 TR SKON 90 BFL it CLTRS Bk 1.35% ;4
FIRTEE T ZEFA R 2B0E 90 FP LA LI IH ST 2088 5 R FIZEECR 100 B it CLTRS # ik 1. 81%. M

T HATC R A R R TR RO 90 I
o H AT B 1 MLHS 5335 0. 2706, 446§ R 28800

HOBTS & #:%f T BR8~BR15 BUBE 4 R H K F .
FAF ARG £ B RE IR B HOBTS 81k (1 fIL .

x4 FWEEI BRS~BRI5 HIEFTE LR

i 22 (0,

ok st BRAECD :
BRS BRY BR10 BR11 BR12 BR13 BR14 BR15
H_BRL¥J C1&.C2 80. 10 78.03 76.53 75.08 74. 37 73.56 73.37 73. 38
GA_GBL0] C1&.C2 87.52 86. 46 85.53 84. 82 84. 25 83. 67 82. 99 82. 47
TS_BGH] C1&.c2 87.11 85.76 84.73 83.55 82.79 82.29 81.33 80. 85
GRASPLIS] C1 90. 26 89. 50 88.73 87. 87 87.18 86. 70 85. 81 85. 48
maximal-spacel16’ C1 91. 02 90. 46 89. 87 89. 36 89.03 88.56 88. 46 88. 36
HSALz6] C1&.C2 90. 56 89. 70 89. 06 88.18 87.73 86. 97 86. 16 85. 44
A2L27] C1 88. 41 88. 14 87. 90 87. 88 87.92 87.92 87. 82 87.73
VNS C1 92.78 92.19 91. 92 91. 46 91. 20 91.11 90. 64 90. 38
- . C1 93.70 93. 44 93.09 92. 81 92.73 92. 46 92. 40 92. 40

CLTRS!8 o -

Cc1&.c2 92. 26 91. 48 90. 86 90. 11 89. 51 88. 98 88. 26 87.57
FDAL1 Cl1 92. 92 92. 49 92. 24 91. 91 91. 83 91. 56 91. 30 91. 02
MLHSE? Cl 94. 54 94. 14 93. 95 93. 61 93. 38 93. 14 93. 06 92. 90
C1&.C2 93.12 92. 48 91. 83 91.23 90. 59 89. 99 89. 34 88. 54
HOBTS C1&.C2&.C3 91.18 90. 84 90. 59 90. 28 90. 14 89. 85 89.61 89. 38

5 4 T AR IERX BR8~DBRI15 [y i1 5B}
], %f BR8 ~BR15, HOBTS % ¥ ) *F # iz 17 i Ji]
J2 175, 49,7 CLTRS #il MLHS & ¥:1E% & C1 Al
C2 A (AT E LT C3 495 . BR1~BR15 fy

SE 4 s )43 5 A 197, 33s #1320 s, B F BR1~

BR7 #F Fh £ 5> i1 5L 05[] B BR8 ~BR15 ~F- 3
/b L CLTRS Fl MLHS 53 X% F BR§~BR15
(971432 i ] He BR1~BR15 B8 % &, A
SCREAETT R ) LA R .
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£S5 AXEEI BRS~BRIS it &R E

=] SRS /s X TR /s
BRS 83. 62 BR12 192. 81
BRY 104. 78 BR13 224. 88
BR10 134. 16 BR14 237.37
BR11 157. 55 BR15 268. 72
S P 175. 49

4.2 HEMERMESH

D 8 S 195 20 19 2R A S B8 g )25 P Bk 19 B
Ze k. TE R S 1 D0 AR PN 7 0 RS HEA A
[7] 45 A 9 1 T i #8 AN A [ EL AT RLIE . ik
AL, e 73 B Z A Se VR sk 6 & L CZ R 55 2
SCHESE T AR M2 v 8 A 3l 2 05).

x6 ERXRMIMTEEX

7 A4 A L
b_n TR
b_lwh B A 5 RSF
_lw KR TE - ${E
c_h 2 e

HOBTS 5% 1y — U 1) J2 5

tree_node_n HOBTS 589 — R 9 5 55 %8
gln T e ek WAL R O =

HOBTS 3R fiff — ™ ) 88U 5 3 5R A 08 )2 5

tree_layer_n

gl_com_n

HOBTS_T HOBTS 3R fift — A [a] 181 1y S F 55 1 (]
fr_gate_n i 1Y fr_gate {H B BCR

gl_t A B — A - 2 1 R )

dp_gl_t JH 30 25 R A 1 — A )2 11 R T B )
dp_gs_t 2l 25 B AR i — A 2% 09 S 33 53 ]
dp_u B 75 WA B 25 A — P B9 F S 3T B )

WA gl_n~~c_lw/b_lwhF tree_layer_n=gl_n+1.
i Zree_[ayer_n%m/W—F 1. X% F X
B A tree_node_n=< 2" — 1, i D) tree_node_n=<
2t B — ] ORE R R TR S A BT
WA —ASEE R BT gl_com_n=tree_node_n—1,
Iy LA
gl_com_n =~ Qelw/blwh 1 g (13)
T 4303 1 I 1) 5 248 3% A A A 2 B B 1 4
Az B — S T~ B R A A 1O bon/2,
MAFE R — M2 F A N — A XA
AT B4 c_h/b_lwh A FF o BT L AL 5 F
Y08 (b_n X b_lwh)/ (2Xc_h) M 4. 8 T AL
FABA)Z T P R AR AL ds BB R A 8
RS LA 2% A A58 JRE B A 2D
(b_n X b_lwh)/c_h (14)
B B AR O 255K A2 T A ) Y 15
I ] «

c_lw X (b_n X b_lwh) %

dp_gl_t=
P8t 2X c_h

dp_u

(15)

X THREEMZ AR — AL AT SRR AR T
B IZ R AT H — 21 B b_n /4 W AT LAAS
BT AR T A G 2% i A s RO

b_n X 5/4 (16)
HA AL 3T b_nX3/4 R, H % 3 b_nX
2/4 K.

B A~ 3l 25 BRI 7 1SR 0 4% 75 AL IR ALY T 5

P} 1]«

dp_gs_t = c‘_hXbTTnXdp_u a7n
RHEA(1H) ~ DA 15
b X b_lwht X 1
gl_[=< _n W X C_ w+
2 X ¢_h?
5><C_h><b_n2>><d7 (18)
16 P

A% (13) F1(18) , HOBTS i 4k 3R it — 4k 75
£, [ 188 #E % I (7] -
HOBTS_T =~ fr_gate_n X gl_com_n X gl_t

A fr_gate_n X b_n® X (2-5/0-h — 1) X
b_lwh® X c_l 5Xc_h
( _lw 7(_w+ c_ )Xdp_u
c_h*
(19)

ST LAAS SCEREE 1R B (8] 52 A% BE 3R 7Ry
T(b n)= O(b_n*) (20)

FRAT FUAE T A A5OSR SOk b B0 R 5 ik
AR N 8] 52 % B 8 20 A o 12 SCSR0 1% B I ) &2 % B Oy
OCh_n®) , Ui W] T A SO 25 1 I ) 52 % 32 02 A 5
JIH.

HE T B A AR Ry
ZAW% 2 RMAAE. HiREREAS T lw/
b_lwh ZAH I A LE kB 7 B b 5 Y
FEfit s ) AN K BE A 10 3% 58 TH 3L N A 58 T A
AT

Ph b a0 0 75 TRERTE 7 XA BB Y n s AR
M SEBR SRS R B T N SRk TR
5L L.

4.3 EHEHK ST S

HOBTS 5 e E R AL 2 s H
P B —UOE TP Z )5 A As g — A=
AR TR R BURE n A S E R R A BR
(100 %0) 535« 326 JE 9 FH R B™ A% /N T 45 4 K T8 I 4
KAE 5 BT A # RO S /MY P AR A8 58 125 1 52 3
PR 0 JZ B A O B A R B R O BT R A
I 58 AR Dy R B 2 B 1Y Y I HAT B RR L BT LAAR 3
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FRSFAS /NI DL

5 #RiF

= Y 2 A ) AR 22 i ST [ A AR 2 o
HHIBERE T BT RN W4 W PR A G+ B Ok
PRI, A SCHR HR T = A 2 A R A1 i3 ke oK SO
TWRF R A A T AR IR ARl i
o 1R M B BE T B — T2 I AR R AR B A A A
MZEfA T e, W —HY R HETA M 1A
AEEA TR R R R AT 7 1k ) T A it 5
A VR AT 3R ey AR IR SR O e R T R4
. HOBTS 583k 1 U nl LA TR i 3 2 C1.C2 Al C3
SRR TR TR BN T 90 I, S 1 378 A g
IR T MLHS 503k AE A TR 28BN T 60 I, -3 31
FEARMEAR T CLTRS 53k (H 2R 7 M 250 i
90 I HOBTS Fk fe flt - il i S 1 fr_gate {H 1Y%
SR BE R R W] IR TE. 34 HOBTS Bk A7 7E
e ZEOCHE R TT 1A TR R A D ik, HOBTS 55
LA RANS T A BEARA S 55 =X
PR 2R TR B TR T 3R Y 0 T2 . 2 A T AR AR X
TR AN R RO 2 ORI R IR
AU TR & T [
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