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A Heuristic Algorithm for the Two-Dimensional Bin
Packing Problem Using a Fitness Function

Yong Ho Yon' - Sun Young Lee" - Jong Yun Lee™

ABSTRACT

The two-dimensional bin packing problem(2D-BPP) has been known to be NP-hard, and it is difficult to solve the problem exactly.
Many approximation methods, such as genetic algorithm, simulated annealing and tabu search ete, have been also proposed to gain better
solutions. However, the existing approximation algorithms, such as branch-and-bound and tabu search, have shown the low efficiency and
the long execution time due to a large of iterations. To solve these problems, we first define the fitness function to simplify and increase
the utility of algorithm. The function decides whether an item is packed into a given area, and as an important information for a packing
strategy, the number of subarea that can accommodate a given item is obtained from the varant of the fitness function. Then we present
a heuristic algorithm BP for 2D bin packing, constructed by the fitness function and subarea. Finally, the effectiveness of the proposed
algorithm will be expressed by the comparison experiments with the heuristic and the metaheuristic of the literatures. As comparing with
existing heuristic algorithms and metaheuristic algorithms, it has been found that the packing rate of algorithm BP is the same as 97% as
existing heuristic algorithms, FIFFF and FBS, or better than them. Also, it has been shown the same as 86% as tabu search algorithm or

better.
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A4 HA FAl(two- dimensional bin packing problem,
2D-BPP)IA Z47Z} w;, h; & Mg Eol2 ZH= n 79
ZAArzE A Gtem)ot vB|S} Fol7t W, HE 4AF F§
9 AZa(bin)7t Foiz o] 49 FHLE RE A
£ AAA LEE AFie HAsE ALY F7b Ha)
HEE HAste WwyE 3 Aok

2D-BPPS] A++& Gilmorest Gomory[12]ell o8] 32
2 AMEHNey AF7A B A 7Y EC] A= &
ot 239 AZ 4 HYEAE 4 NP-hard B2 o] &
AEe A & Fats AL ojgrh gt 7Ee ©
2 d7EL ¢ FL #HE 47 A Fel2H(heuristic) =
£ EF 2 A€ (meta-heuristic) 52 2& 24} ¢nEFE
[4, 6, 11, 15-17]2 A|¢t3 v} Qlch dhAlg £2] A ElE
AA 71PES ol 43 71EY UEHA 24 daFEL
Feag gngFe sfo] 7wk Fo2 FfA4o] v
Bgo] o AibAIzke] A

mhd B =88 Foad 4nEH BEAMz 53 2
L AL dnBFe BREge 7HAs)Ela, &S Fol7
As HAZFsALS A9 F Ade HPAY  F(fitness
function) & A23ta o] & ol&3te AHE HAse A=
$ #Fg2¥ ¢uelF BP(Bin Packing)& A3t &3
2|& BP = 194 ¢agFoln A7Mssia]l & Aol
Haso AYS Filo 7|1EY Felzg dngEFA FFF
ot FBS ([4))el vla) 97%2] A7t AU $58tsien,
Bt A A dmeF [16]0] vl8) 86%< A7t 2AY ¢4
e QlFshsch

B =R AL oSy Z2oh A 3Feld AL B
B 2E9Y s & Astn, A j 7t FEFY s
o AHA7tsEA 4RE #HAY F A= AP #¥F
o(s,j) B A3t 43dA At 2 NAE A
Aste gnelFoz FoA AFxe AAE HAs= ¢
12ZE BPE A 57L £ =3 A% gae
Z& yd o2 AFPsln 7|EY Felay T v Fe
28 71gelA Aehe daelFa va E4¥Y. €22 6
A =8 L& 293t

2, #E|y

AA/AS BAAAN AF ndEHE F 7MY A A
o2 (1) AAE 90" 9 A T F e A oo n
£ 2 %A (orientation), (2) A7+ AgAe] wA2e B
3 A2 Wyoz do A £ YA A wE H
#) A tH(guillotine cut)e] 1t} Lodi, Martello ¢+ Vigo[17]&
o] T 7tx)o] Ao Abgte] wel £l F¥E g 2ol
ERE & Ao

(i) 2BPIOIG: 7HA& AT & 2l2(0), HPETE AHE

(G)
(i) 2BPRIG: 74 & 3AE 4 3R), HPELE A
(G);

(iii) 2BPIOIF: 7RAE& 248 4 Q13(0), A ADE AHE
A % (F);

(iv) 2BPRIF: 7A€ 3A¥ 4 ALR), FFALE A}

£33 &-3(F).

A gt NMAE A 24 ¢neFEL (6], [4]1%
[16]el 4 A€ w} glod, 34 7Hed A& A% 24}
g FEL (1], [11], 0719 1514 =AUt A&
(exact) ¥ag]Fo] gt J+71 Martello, Vigo®} Dell'Amico
([81, [19], [21D)ell 93] o] FojHov AR G A
g Ags dnaFS (1913 (21004 A=t o] &
RYFEL FATA 7IHE ALEE R, FoA BE A
o] A A A8 Yo AgAe] dgHlower bound) &
A3t Martello®t Vigo([21)E ¢4 35 (continuous
lower bound)

Ly= [{gwjhj)/ PPIH]

of digh #ote) 799 A8 8(worst-case performance ratio)
< ARSI 2, (713 [20]e14 A<t 149 HA FA49 8
e Unkslste] 2ak9 EAl9 &3 L, 3} olF AMF &
@og L,, Ly, L& frx=stadch g4 7Hsd A o
g 3182 Dell' Amico, Martello®t Vigo([8)ell 28} A7) =
2ith. Lodi, Martello®t Vigo([18)& HA dnelFE HA)|
71¥el we}l o3 go] F MR EFI%TH
(i) 197(one-phase) &ie|F: 2717} f3Q A F 4o
MAE AH AAste 49
(i) 24 (two-phase) @iglF: |7} Welx, o7}
F&9 2ER(strip)ol] AAE HAZ, A71elA &
o1z 7470 A (pseudo-item) S A7|7F ¥ A%
2ol AHA stz B
g BEe A 7|He o #Hul(evel)S AN “left-
most downward strategy”([13)2 7§AE 2 A4gct, GyHH
o 2t ¢3nEe F wAZ FAEY 1dAdME 9
ZoH e8Zxocg HHWE A 7y AME HAD,
7 gile 2ekAlol N HBad sHEAfAR AR 2dA 4
=g S AAANES AAR st ALl
A gt 294 ¢1elEe Chung, Garey$t Johnson([6])
o o8 Moz tE e Berkeyst Wang([4D)ell ¢
& a#AQ Fezgow WA N, oo A F
7} @1elE FFF 9 FBS £ 7189 =%dA A5 A7
g3 gled, o F 71A Felzag FunFe AFEHE
£ 747t O(nlogn)(FBS)® O(n®) (FFF)22 484 3
th[17)). 99 F ¢ueFe 25 NAE Folo =& g
Ao AFsn FAYEL oG53 2o
(i) Finite Best Strip( FBS ): 19tAldlA #A 74HE HA)
#e o Uojx £ Fho] HistsEe el of
AAE HAFch EAsH: ddol dAle MAE 3
A 4 dord A2e Gl 2718k 2gAlel M=
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1A o)A wtEolAl eldg AAso HAFc) o]
A9 A F Eol7h 7 2 )& AL
of AP o Uux] 2 Fo] Ha9l Ao
A @A AL 4T 5 dx AFa7 o
E A N2 ARLd HA g

Finite First Fit(FFF): @42 7445 A 5 3
A A Ao AAGT ol Al #HE
oz HAsly @ MAE HAT F A= A A
A gl HAFE HAYT F dE dde] gl 3
S N2e g x735c AAE A £ 9
= AZA7 E A N2 AFad HAFCH

(i)

rl

I

A/ A EAS F8 7 QA 24k (9], [10],
[14], (1712t O8]l ZobE 4 ¢1ov Dyckhoff([9])=
A A AP a2l Agae Rga jAe] =
gol wet FAe F¥L EFREAASG & =EdA bFE
TAE [91AM e ERel d2d 2/V/A/Mela, [17]64 <)

T

250 @29 2BPIOIFe] 43t}

3. FEIYYN HEd #s9 39

YH|7b weli o)zt Al AgAket nole] A2 T
A A Xx={1,2,--,n} 7} FolA Uctz 7HA&AL gz
o] A i (i=12,--,n )% YH w,(w, < W) £°] A,
(h; < H)E ZE 229 A AR 239 e i = (w;,h,;)
2 Yk, Folzl i) NAE HAY o, AFLE
shtel AuAgAz A3 4 ok o] W), APAe] A%
ofe] #AHE UH 0(0,0), ol 7I2EAMLYE z-F, ¢
L H2EAMZE y-Fo2 3, 7 JjH9 QFol EHA
e AZre & AE (z,y)ol AU

dofo] g =z, y, 0=x< W, 0=y<H, 0<I
<H-y)ol st FEYHE oo FEFF AR 3
olstar, s=(z,y;l) 2 JeEpAHZ-EL),

{(uv)lz=u<s Wand y=v<y+l} (1)

A7l (z,y) & AFiol g FEodoje gzo}
g EAHe AFolw | & FRYHe] Eo|olr},

Agae] AAE A o FEdde FF 52 5={(0,
0;H)} & 2713} sta, Z4zbe] AAE H At PEFHHo|
A A j=(w, h) & SIA x Fho] 713 2L REoY

H
y+1
l s=(z y;l)
/ (= y)
o(0,0) x w

F2d9 g

(32 1) MEaLle

= =]

s=(z,y; 1)l AAZ AA j7F s o AL 5 kA
HAS) fFole BAYE FEYYGY HE (x,y) 9 SIAA
13 B89 s=(z,y;0) 5 A AAHT 59 Al
28 FE9ge] 449t

~y

)

h<lold (z,y+h;l—h) % (z+w,y;h) (Y 2)a)
h=1 ol (z4+w,y;l) (ZF 2)(b)

dolgle od /MAE REYGY s=(z,y;1)ol AN
4 gl o §He AAEne grslr] 98 oS e v
2993 YWY 3).

HAste AZLel o oo AAME AN + gidd
MEZE AZ2E A REGGo2 Yo 718 AANE A
Asta, ZE A7 HAE of 712 2 FH L wE{

A j=(w,h) 7t AFL2%9 & FEIY s=(2,y5!)
of AAd + JeAE AdstHA F M =W A<l 9
r+w < WE ZAMStajof grh, Ed §F FEgYe] Un}
v g2 At AE £ e AE gdsie AL ANE
&Aoo AAY F d: FHE AFIC oHF HA
& F o felsA Azl A8 & AM7L FolA REY
oo HAE F A& #EY F Yk F5E 929
o] FHe|ghc},

yt+!

§\\\\ s':(f‘f':“"?f—hx\\\

y+h

= 52 =(c+w yih)3

(my) rtw
(@) h<l?) ) Ae B8Ad 5, s,

y+tig

s=(z, y;l)
(=) - :;I-w
(h) h=iqu IIH L{EAJ%_]. 'I‘i'_?t}%q Sq
(O 2) R29d s ol h <19 A7} HAE o, MEH

WAE Polol

(38 3) FE2EY s of M Jks8 WAL e o,

s % s & Wt
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(Hel] AAe A J={1,2,n} 9 F2FGe AF
Sol st HA(fitness) T+ ¢: SxJ — {0, 1} 2
o33 2ol AFr

#(s,5) = l$+lj x II—;;‘;HJ

A710A s=(z,y;l) €S, j=(w,h) EJol1, AFAe]
Yol W gol7t Hol ddtd M=max{W,H}eltt. 0O

Aol s=(z,y;l)ES, j=(w, h) EJ W3 0<,
h<M=max{W,H}, 0O<w< W< Mo, 0<z< W
oJEZ 0< W-z< W< Mo|th °JE2Z%E dg9 4
(2% 2¢ F 3o

—M<Il-h<M, -Ms W—z—w=<M (2)
W—z—w l—h _
¢]=T+1' q).l=7+l Oia} slA 0{¢1,

¢, <20|th. 53], ¢, & ¢, & 39 4 2=

w< W—zold 1<¢, <2, 2387 ¥ 0<¢, <1
h<lod 1<¢,<2 2%A 2 0<g, <1

gt ¢, 3 ¢, £ 4 (3)& NEEH, o|2RH 4 (4)
g 2¢ & 9.

]_¢3J={1‘ ifwﬂ W—=z

(L, ifh<l
0, if w> W—z’ [%1—{ 3)

0, if h>1

w= W—zand h <1
otherwise

soi) = Lo ) x Loy) = {3 @

Z (29 D@ 2o j=(w,h) 7} s=(z,y:l) o A
A F ded ¢(s,5)=1 o2, (ZH H(b)-(2F 4)(d)2]
Aol ¢(s,5) =00]c}

(a) (b) (e) (d)
(3 ) WA j=(w,h)(EMENR) 9} £2HA 5= (z,y;1)
(F2 Mol FHAZH):
(aA)h<l, w< W—z, (D)h>1 w< W—zx,
(Vh<l, w>W-z, (Ah>1, w> W—r.

("al] A3 vust go|7t 42t W, Heolx, 7jA 9

st prdee) Aol 42 J={1,2,n} 9 St 3,

BRI s=(gy;1)ES59 MA j=(w, h) EJ7} FAL
F Aod (s,5) =102, AAY F 4 ¢(s,5) =0
o]t} 0

4. 3 J1SEHA %2 MAR A H22AE gD
2l &

o] FoXe FH7MesA 2L AAE 9F Lny:E
BP & 2%k 94 (29 59 o] 3277} 10x8% A
Fast 7 Mo FE9Y 5, =(2,53), s, =(505), 218
5 e A G, =(5,3), j,=(8,3) & ZE dEg 4G
a2k A G, o #REY s, o HAHA AA 5, 7t FA
g of Fo] 9o 2749 AFa7t "asA A A4
g ol 299 s,, A 4, 7t BEYY 5, o A=A 1
Me AFAgtez ZE NAE HAY 5 Ut og7]dlA
A ol AAE F e FEIYGY FE 2leln 4, 7}
AAE & e FEY999 = VI AA 4, = FE9Y
s, ol AAE el Qich ol Ze] oW AMNE HAT
F Ae FEY999 F= AAE A4y F2F FUE
A Fgt

Foiz A ;o BRI IAF Sl s jE F
A & Ae sS4 FEIHES IAE S & 9, 9
A 929 |5l AR $FE ol &8 ded
Zol & 4 9l

|81 = Escﬁ{s,jJ
=g A /Y I dx F OFoA REYY
s=(z,yl) o AALE + A= ANEY AFe J 3 &
o, o] A A4 F || & G2 2] 78 5 Uk

|.L|=§¢(s,ﬁ
059 (29 6) & =&oA A¢e BPEnEFelth
Gn2lF BPE 194 gagFez A717F WxHS A
Fae] AAE AH HAstes dneFolch FEdge]
e S={(0,0H)} 2 z7|sleta, & 824G s o AA7}
AAE o, 73 Fe | S 1E #AE AA 7t AgHES
A AT £ Hae | S |@e 2= AAE B Bl

8 ' 10
(32! 5) 3717 10 82! HE A F e F2EEY
s, =1(2,5:3), s, =(5,0;5) 2 = 7H JHH|
5 =(53), j,=(83) 8 %= d
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Algorithm BP: WxHQ MEAN MHHE XE XM
input w, H,
output L EE JH%HM Ii’é.“‘*-l &
0 begin;
1 sort items by non-increasing height:
2 while J= @ do
3 S:={(0,0:8)}
4 while §= @ do
5 select the subarea (z,y:1) in § which has the smallest x-value
6 if there are many subareas which have the smallest x-value then
7 select the subarea with the smallest y-value:
8 endif;
9 if |7]=0 then
10 select the item k= (w,h,) in J, that has the smallest | 5,| value:
11 if there are many items then :
12 select one that has the largest area:
13 endif;
14 piace the item k at the coordinate (z,y):
15 =J-{k}:
16 |f h,,=1 the
17 =(s- {(z yiDHu{lz+w, yi D}
18 else
19 S:i=(§—{(z,y: DD Uz, y+ hsl=h )z +w, yi k)
20 endif;
21 else Jllzl=0
22 if 5—{(x.yzf)}= @ then
23 §:=9,
24 else
25 find subareas (z,y:1) and (z, y: 1) in §={(z, y:1)} safistying
26 y+l=y and y=y+1:
27 if < z then
28 §=(5—{(z, y: D,(Z. 7: DHULE, y51+ D)
29 endif;
30 if > z then
31 = (8 {(z, p; 1), (. ws DPU{(z, w1+ D)
32 endif;
33 if z= z then
34 =(§—{lz,p: 0 (. y: 1) (g DUz g+ 14+ D
35 endif;
36 endif;
37 endif;
38  endwhile:
39 endwhile;
40 end:

(2% 6) BP XA €12|F

wHo] 7t 2 MAE Aegstd Aok dnLFe
A 5-7¢ BFEes BREYY F o el M e RE9Y
S Adsm, ¢ 2L FEYYe] g Aol y el 7t
AL RRgds A o 9-202 Hdd FE9Y
sol A £ A MAT A= Aol dagch oA 10-
138 7h ZL | 5188 e AMAE Mes g A
7t Be Ao wFo] 7} 2 S Ayl @A 1620
< A j=(w. ) & Sote] Mg REAG s=(z,51)

of HAY + Y& 9, AYPso] h=lo|d REIY
(z+w,y;l), h<lold HEHS (2,y+hil—h)

(z+w,y;h) S ABAHE FEAG A S F7lsts
BAolc), @A 21-37L Me® RRAS 5o HAQd F

E A7 9 Ztol 2853, oA 2-28& JAF S
ol o o]} AAE HAE + e FEIF 8l 5

2 @A while®& Woluhs x| AdAdct oA 24-36

A Soto] dAle FEYY s o HAE £ A= AA
7F gl s o8] RE9Ho] g uw, HA FHE LA
o2 AMEE7] g dAe HEIGE fFold oleiFd

T o

-5
=

Ae e FeIYs wgae 3o
(2" & A4 @xeF BP & ol838td 77t Wx H
A Aol 6709 AAE HAG dolch. LT BP Y
FEGol A Ao AL ERAEE e de AT n
ol BE AS Eol7t H/n Rt g WE o] o k¥
A A7 AAQE o Gehds FEFEY AN FE n—k
i @A 10914 |5 & Aste] vlstE (k+1)(n—k)

BIRj:

(28 7) ¥223 BPZ 87ie| JHHIE 37| wxH 2l AL
RS of
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Heo| qdato] wAsle] A7 EREE n(n+1)(2n+1)/6
o2 O(n') ot}

5. &8 &%

B =R 278 BP ¢1eFS javab0ez T2
4 592, PC pentium 4 24GHz Memory RAM 1 GBell A
AUt

A¥Az] vR e F2Y &2 F FFF, FBS
([4D)s} ©]%-7 M(neighborhood search)7]& AHE3H ERR
M= TS ([16]), L2l floor-ceiling?1 ¥ 2] FelAE ¢xg
& FCyq FCop (17D} 12441 wl'd-E Al (knapsack problem)
o] e HEF duF AP,[17)), Lodi, Martello®t
Vigo([17Dell o] A&A ke 83 alternate directions)
ARYF ADyy, 2121 SRAF KPpp ADyed #HE %
7182 o] &8 ElRAM A FaEFelch dFEe] B AA
dugFe F AR YAy 19AdA Fel2g dneds
FC, KP 5 AD%% olgstd 12 27]al& 8 2¢
Aol 1 Z718)e A7) 5§ o] &3t Hote A4
g Mesn A AAQste FFE B.F  F HEI
o] o 1AA AHEEE FelagdnzF FOSE AD €
A BFEE 25 On') 22 48A AcH(17-18).

<EID>E BEATe B4 A Aol 120709 o25
B o]z AZE bengl~beng8 Bengtsson([1]), cgeutl
~cgeut3e  Christofides®t Whitlock([5]), geutl ~gcut13}
ngcutl ~ngeutl2E Beasley([2], [3Del ¢l&] A<te doe]c).
A 299 n & 7z 49 AMA Folx, 3" LBE AL
9| 38 lower bound) Z, ([21)elw}. Fel28 E& e
Fej2g duFor 92 & SoLojet & W, LB =
sgtoln2 g4 SOL > LBolt. 483 592 ¢ndF
FFF 9 FBS ([4Del 93l %oiz sfolx, 68L& EFFAA
dnglE 7S ([16)25FE doj7 oot 789 BPE &
w=go dngFol ofs dojz ot wAT B * &#
Ne gxe® BP9 TSS9 vuoA BP< TS Z3+F
oltt. Hl1e AgARE Fzg LunIAFY FFFY
FBSo| Hl8] 97%°] ZAxrt gAY $Faidon, giA
2 gzE 75 ¥l 8% A7t 2AY ¥ A
o2 byt

<EDOME FAUE 4AE 107 2 oz A A
A 6719 ZHY2E Berkeyst Wang([dD)oll o3 Ated 2
719 A2 thg3 2 27§ #ET

2H2 1 w; % by & T3 [1,10] o1 uniformly
randomstAl A€, W= H=10;

g2 I w, & by & #3 [1,10] &l uniformly
random3}7l A€, W= H=30;

g2 I w; % h; & 77 [1,35] A1A uniformly
random&tA| A€ W= H=40;

CE 1) FOE ool chst g2|1E FFF, FBS, TS, BP2)

oY A3t
Name n LB | FFF | FBS 15 BP
bengl 20 4 4 4 4 4 *
beng?2 40 6 7 7 7 7 #
beng3 60 9 10 9 9 10
beng4 80 11 12 12 12 12 *
bengd 100 14 16 15 14 15
bengb 40 2 2 2 2 2 *
beng7 80 3 3 3 3 3 *
beng8 120 5 b 5 5 5 *
cgeutl 16 2 2 2 2 2 *
cgeut2 23 2 3 3 2 2 *
| cgcutd 62 23 26 26 23 24
geutl 10 4 5 5 5 5 *
geut? 20 6 7 7 6 7
geut3 30 8 9 8 8 8 *
geutd 50 13 15 15 14 14 *
geutd 10 3 | 1 4 3 *
geutb 20 6 8 8 7 7 *
geut? 30 10 12 12 12 11 *
geut8 50 12 15 14 14 14
geutd 10 3 3 3 3 3 *
geutll 20 7 8 8 8 8 *
geutll 30 8 10 10 9 9 *
geutl? 30 16 17 17 16 16 *
|_geutl3 32 2 2 2 2 2 *
ngcutl 10 2 3 3 3 3 ®
ngcut? 17 3 4 4 4 4 =
ngcut3d 21 3 4 4 4 4 *
ngcutd 7 2 2 2 2 2 *
ngeutd 14 3 4 B! 3 3 *
ngcuth 15 2 3 3 3 3 *
ngcut7 8 1 2 2 1 1 *
ngcutd 13 2 2 2 2 2 *
ngcutd 18 3 4 4 4 4 *
ngcutll 13 3 3 3 3 3 *
ngecutll 15 2 3 3 3 3 *
ngcutl2 22 3 4 4 4 4 *

2 IV w; & h; & 73 [1,35] o1 A uniformly
random@&tAl A€, W= H=100;

22 V:ow; % by & F3 [1,100] 1A uniformly
random3tAl A€, W= H=100;

Fel2 VI w; 9 h; & 73 (1,100] 1A uniformly
random®HA| A ¥, W= H=300;

o)z 222 7-102 Martello9} vigo([21Dell 3] <t

9 dz ggd 22 gygez FAHU
B 1w, & T |3 W W], b, & [1, %H] o4
uniformly randomaHAl A€,

892w 72 [LSw] e [2E a4

uniformly random@H#l 4 €);
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Class n

FFFoq
LB

1.17

FiS
LE

1.14

e
LB

1.14

KF,y,

=
113

e
LB
e

112

ADye
LB

112

TKFg
LB

L1 | I

TAD,
LB

1.06

1.08

1.12

1.09

1.09

1.10

1.08

1.09

1.08

1.06

1.08

1.10

1.07

1.07

1.07

1.07

1.07

1.05

1.04

1.06

1.08

1.06

1.06

1.06

1.06

1.06

1.04

1.05

1.04

1.07

1.06

1.06

1.06

1.06

105

1.05

1.04

1.04

1.108

1.084

1.084

1.082

1.078

1.078

1.066

1.060

1.060

1.10

110

1.10

1.00

1.10

1.00

1.00

1.00

1.00

1.10

1.10

110

1.10

1.10

1.10

1.10

1.10

1.10

L.15

115

115

1.15

1.10

110

115

1.10

1.10

1.07

1.07

1.07

1.07

1.07

1.07

1.07

1.07

1.07

1.06

1.06

1.03

1.03

1.03

1.03

1.03

1.03

103

1.096

1.096

1.090

1.070

1.080

1.060

1.070

1.060

1.060

1.20

118

118

118

1.18

1.20

118

1.20

1.18

118

114

1.14

115

1.14

115

112

111

1.14

1.14

111

111

112

111

1.13

1.07

1.05

1.12

1.13

1.10

1.10

1.10

1.10

1.10

1.08

1.08

1.08

1.12

1.09

109

1.09

1.09

1.09

1.09

1.09

1.09

1.154

1.124

1.124

1.128

1.124

1.134

1.108

1106

1120

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

110

1.10

1.00

1.10

1.00

1.00

110

1.00

1.00

1.20

1.20

1.10

1.20

1.10

115

1.20

1.15

1.15

110

1.10

1.10

113

1.10

L10

1.10

1.10

1.10

1.10

1.10

1.10

1.10

110

1.03

1.10

1.03

1.07

1.100

1.100

1.060

1.106

1.060

1.056

1.100

1.056

1.060

1.14

1.14

1.14

113

1.14

1.14

1.13

L11

111

111

111

111

1.09

111

1.11

1.09

104

1.11

1.10

1.10

1.10

110

1.10

1.07

1.06

1.08

1.12

1.09

1.09

1.09

1.09

1.09

1.08

1.06

1.07

1.12

1.09

1.09

1.09

1.09

1.09

1.09

1.08

1.08

Average

1120

1.106

1.106

1.100

1.106

1.106

1.092

1.070

1090

100

1.00

1.00

1.00

100

1.00

1.00

1.00

1.00

1.40

1.40

1.40

1.50

1.40

140

150

1.40

1.40

VI | 60

110

1.10

1.10

110

1.10

105

110

1.05

105

1.00

1.00

1.00

1.00

1.00

1.00

100

1.00

1.00

113

1.10

1.10

110

1.10

1.07

110

1.07

1.10

Average

1.126

1.120

1.120

1.140

1120

1.104

1.140

1.104

L110

20

110

110

1.10

110

1.08

1.10

1.08

1.04

114

111

111

1.11

107

1.09

1.10

1.07

1.06

1.07

VII| 60

1.08

1.08

1.08

1.06

1.07

1.07

1.05

105

1.06

1.07

1.06

1.06

1.06

1.06

1.06

105

1.04

105

100

104

1.04

1.04

1.04

1.04

1.04

1.04

1.03

1.04

Average

1.080

1.078

1.078

1.066

1.068

1.074

1.058

1.044

1070

1.17

L16

1.16

112

1.16

113

1.12

1.06

1.08

1.09

1.08

1.08

107

1.07

1.08

1.04

1.03

1.06

VIII| 60

1.06

1.06

1.06

1.06

1.06

1.06

1.03

1.02

1.04

1.07

1.06

1.06

105

1.06

1.06

1.03

1.02

1.03

1.06

1.06

1.06

1.04

1.06

1.06

1.04

1.04

1.04

Average

1.090

1.084

1.084

1.068

1.082

1.078

1.062

1.034

1030

20

1.01

1.01

1.01

101

1.01

1.01

1.00

1.00

1.01

10

1.02

1.02

1.02

1.02

1.02

1.02

1.01

1.01

1.02

IX | 60

1.02

1.02

1.02

1.01

1.02

1.02

1.01

1.01

1.01

80

1.02

1.02

1.02

1.02

1.02

1.02

1.01

1.01

100

1.02

101

1.01

1.01

1.01

1.01

1.01

1.01

1.01

Average

1.018

1.016

1.016

1.014

1.016

1.016

1.008

1.008

1010

20

1.14

1.14

1.14

1.16

1.14

110

1.14

110

1.12

40

1.14

1.09

1.09

1.10

1.09

1.09

1.09

1.06

1.09

X | 60

115

112

1.10

1.10

1.08

111

1.08

1.07

1.10

80

1.15

113

112

1.12

1.11

110

1.10

1.06

1.09

100

1.14

1.10

1.10

1.08

1.09

1.10

1.07

1.08

1.08

Average

1.144

1116

1110

1.112

1.102

1.100

1.09%

1.074

1.100
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