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A Heuristic Algorithm
for a Multi-Product Dynamic Lot-Sizing and Shipping Problem

with multiple freight container types allowed

Han-Sub Jung

Department of Industrial Engineering, Graduate School,
Pukyong National University

Abstract

This paper analyzes a dynamic lot-sizing problem, in which the order size of multiple products and
multiple container types are simultancously considered. In the problem, each order (product) placed in a
period is immediately shipped by multiple freight containers in the period. Moreover, each container has
type-dependent carrying capacity restriction. The unit freight cost for each container type depends on the
size of its carrying capacity and the total freight cost is proportional to the number of each container type
emploved. Also, it is assumed that the load size of each product is equal and backlogging is not allowed.
The objective of this study is to simultaneously determine the lot-sizes and the transportation policy that
minimizes the total costs, which consist of production cost, inventory holding cost, and freight cost. Because
this problem is NP-hard, a heuristic algorithm with an adjustment mechanism is proposed based on the
properties of the optimal solution. Also, we present a shortest path reformulation model to obtain the good

lower bound to our problem. The computational results from a set of simulatien experiment are presented.

Keywords : dynamic lot-sizing, transportation, heuristic algorithm, shortest path reformulation
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Az bR gdgit
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TIANAE x,, o da] &I F2 wid=A (knapsack

A7) ol Aol Aol FRHE AL y B 24T 5

N
Min ZFJ Yy

J=

N
. ZWJ‘ 'y,j 2x;.--

J=

¥, :nonnegative integer .

(94 1] Al HAA7) 93 388 U, =F /W, (j=12,.N)& 7

AbgkTt.

g . { .

J wargmmUj,j=1,2,~~,N}.
jee

[eHA 2] &, —<x W) (j=12:N)& et

W Woi i
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ko <lol®, [97) 2.412 g},

(Al 2.2] x,,, 2Wold, theat Zo) Feata [¢HA 2.1]2 Aok

y,‘j. = y!‘jl +1 ' kjl :kjl ~1 )

~ a

Ww=X. W, x =x +W,

! e ta,J;

o714, a, = A ANY kAA 49 @S veRdh

(&4 2.3] oldd, o5& 2daic):
rov oo " Xtger Koo ~’C,‘al,,l+ faeo
Ay =AW —{a), W=W-x, ..
T A = (g ol [SA 2,118 3o
[&A] 2.4] 9D x,, =009, o] WAUSE TRt
(A 2.5] & At o dAUS S FE I

k= (x W) (G=12:,N),
U,=k;-Flx,,,

ji= argmin{()'j, j=12,-N},

for ie A(t).
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(&A 1.1] & Atgn:
g, =MOD{x,,, W ) for 1<t<¢ and V.
PS(n=1ile, >0} 1<s<y,,

t, =argmax{r| PS(2) # {4} } .

W g =1o)AY PS() -} ={#} 29, 94 212 0l
t, =argmax{t| PS(r) - {1} % {6} |
Ji=PS(t) el j, = PS(,) .

€., e, SWyold, [@4 1.2]=2 7},

30



€., &, >Wyoll g v >W,
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(A 1.2] dag ANgd
Hp =0,
Xy = X fort=1.,t, and Vi, j,
M, :{’Mr.,i,j, >0, Vi},

N
Hepy = Hegy + 2.8 (3R, , )-8 %, N = Dbt —1;)
J=1

ieM, ieM,

F£i

= 28R -5(22,2_,., )

ieM,
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g, >009, [@A 1.2.3]12=2 it}

i1
[SHAl 1.2.2] FR=F, +H ., & Alic},

FR<0°®, ¢, =0,% ¥i [¢4 1.1IE 4.

olU®, ¢ =1, 2 FIL s AT F [EA L1]E ¢

=
Xy =X, fort=1,,t, and Vi, ;.
(97 1.2.3] ieM, -M, o A8 e Adsct:
N R N R
FRGU)=F, 4+ Hepy —h-(t,—1,) 6, =8, (500 %, V=6 % )"
j=1 =l
FR =max{FR(i),ie M, - M,},

i, =argmax{FR()} .

FR>00°IW, th&S Atsta (@4 1.7]2 )
Vi =Xt E
L h s
L=t

ob™, =1, B ¥ |94 11RO

(27 1.3] os& Ao

X, =X fori=4,,1, and Vi, j,
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U =k, F e, +e ;) J=Jp N,

—argmm{U Jj=J,» N},
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M4 :{l ‘ £r|.i.j'1 < Eri'j! ?
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(¢4 1.3.3) ieM,-M,d dis] oheS Aitgnh:

FR@Y=F, +F, —F, +Heyy, —h @, -1,) &

)

>
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t2:6,5 )) " !
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FR>0°]4, 43S A4lstn [@A 1.4]= 3o
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x'h"zvl'\ :x'lvfzyjl _g’\xJ-l :
SUW, 1 =1, % Fal (94 1112 2o

M,={i|x >0, Vi},

ta.i, 2
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X, =X, fort=1¢,t, and Vi, j.

[¢HAl 1.4.2] g5 Adsia [9A 11]1=2 2ok

iy =argmin{x, , ,ieM;-M},

x’z-ﬁ-!} :xfzviz-.fs + s !
'x"zvfsyl'z :x’zJan fajg !
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e

.
a,
oo
—
°
s
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e, =MOD(x,,;, W) for l<¢<T,
t, =argmin{tlx,., >0,1<r<T}
t, =argmin{t |e, >0, 1< <T, Vj},

M, ={ilx, >0 niilx, . >0},



greb £ 2o, 0l AL M, = {g)olRl o] BAE FRE.
ofd®, theg Asx FRET:

jo=argmin{jle, >0, Vjj.

3 N
Lo()=mn{d Y x,—-d,) 1<s<t,-L W, —e, ,}, ieM,,

=1 j=]

H . =max{h -1

max

(D), ie M},

min

i =argmaxth -1 (i), ie M.},
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*
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Al 6
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A} 4=

J o) A

[® 6-1]9149 ge das F5to 5FelA] Ar g Felad ¢
#H2 5 golEr},
[¥ 6-1] 234 3 v &A<
d!: l‘
‘ 1 2 3 4 5 S, h
!
1 80 75 24 70 90 100 1
2 25 40 17 23 20 120 | 0.9
3 102 110 129 120 117 150 1.1
5. M3, N3,

W =100, F, =150 W, =150, F, =200 ;

» AANEATE HE

[ 2] x,.=80, x,,. =25, x5, =102 .

[G¢A 31 M,(2)=

Mz(z):

M,(3)=

100+0-1x(2-1)* x 75

22-1)
12040-0.9x(2-1)" x40

=125>0,

2021
120+40-09x(3-1)"x17

33-D
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=165>0.
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120+ 74-0.9x (4-1)° x23

M (4)= =06>0,
:(4) 4(4-1)

M3(2):150+0_1'1X(2_U—le=20.0>o.
22-1)

|7 3.1] x,,, =80+75=155
X, =25+40+17+23=105 |
X, =102+110=212.

[ 4] AD={2,3,1} & Atz T gAY L= o

(& 6-2] =19™), AN BAsEe] 485 48 3

1 2 3 4 3
!
155 0 34 70 90
106 0 0 0 20

Lo ||

212 0 129 120 117

b @ AAUZ) HE <
[&Al 1] U, =150/100=1.50; U, =200/150=1.33; U, =250/200=1.25.

J'=3.

[T 2] k= (472/100)=5, k, =(472/150)=4, k, =(472/200)=3 .
W =W, =200.
(9l 2.1] k, =3>10lm8 #Agoly 30 24 sl

(5] 2.2] x,. =105<W =2000]| 22 T} &7 o] Fedsir):
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X, =04105=105, x,, =472-105=367,

A= A - 121 =131}, W =200-105=95.
A = {grolB= [BA 2,118 00,
(DA 2.1] k,=3>102& Al 30| ¢4 Fggic},
X, =212>W=95022 thgit go] FEn (CA 2.1]2 T
}:
k,=3-1=2, x, =212-95=117, x. =367-95=272,
Xy =0+95=95 W =200,
[etA 2.1] k,=2>1°12& #HAdoly 3o +4 &gt
(A 2.2] x, =117 <W =2000] B2 1}&7} o] &Fatr):
X, =95+117=212, x,, =272-117=155,
Aty = A -3y =41}, W=200-117=83.
Ay = {groiB g [9A 2.1]= o}
(@A 2.1] &k, =2>10]22 FAHo|Y 3o ¢4 g},
X, =155>W =83 o| =2 thgx} o] TP (G4 2.1]8 3
t}:
ky=2-1=1, x,=155-83=72, x, =155-83=72,
X, =0+83=83, W =200.

[SHA 2.1] k, <1012z [@4) 2.3]28 it}
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[2hA] 2.3) x,, >0012& [9A 2 4]8 7iT},

(a7 2.4] &2 At
U, =1.150/83=1.81,
U, =1-200/83=2.41,
U, =1-250/83=3.01.
ie{ljol wal &g gk

x, =0+83=83.

(% 6-3] =14, &= dAYFe] 435 watd .

! 1 2 3 4 0
i

1| 7210 ;83 Lo L84 70 P90
20I0§105 0 0 IV zo
3 oioim Lo 2129’; 120 117
Yy o102
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[ 6-4] =34, AV GATH HEF THH 3l

, 1 2 3 4 5
1

1| 15 0 154 0 90
2 105 0 0 0 20
3 | 212 0 249 0 117

> T WAHUS HE <

[ 6-5] =3¢ul}, & miAUF HL&FT WHalyd 3.
¢

1 2 3 4 5
7/
1 |72;0:i8]0!0!0]|3: 0!15 0 L 90 !
200005, 00 t0 1000 0 b op
310101212, 0:0:i0] 0 0o o L 117
yillio 2 lo0oto0oio| 102
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[F 6-6] =5Udf, @AM EATHY d8&F 44 4

{

_ 1 2 3 4 5
!

1| 155 0 154 0 90
2 1 105 0 0 0 20
3| 212 0 249 0 117

oo A UG A8 <

(& 6-7] +=5dm}, &3 "AYF &% Uzd 3
{
1 2 3 4 5

<

2000 0

1 i 1 : ] 1 1 1 1
2 lo 0wl 00000000
3 loioieizloioioloioimsloioio [ 0io g

(@A 1,11 e Atk

£, = MOD(27,100) =27,
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&, = MOD(3,100)=3
&, = MOD(72,100) =72 ,

1PS()} = {l-1-1}

ek

L=5, =3, j=1, j,=

[SHA 1.2] ¢, +¢, =30<W, =1000| 22 T} &S A4bgi):

To=x. fortr=35 and Vi,j,

U] iy
M, ={12}, M,={,2}.
(Al 1.3} Hy,, =100-(1-1)" ~1-(5-3)-7-100-(1-1)*

+120-(1-0)" =0.9.(5-3)-20-120-(1-0)" =-17.6

X =0+20=20, x

321 in

=3+7=10,

£, =27-20=7, &,=7-7=0,

By =X, =0,

£y =0°012% FR=F, +H,, & Aitdrt
FR=100-17.6=824>0°2% 0&& AL 94 1.1]12
7}

L

X, =X. fort=35 and Vi,
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AR Felae qmEzel U AFEAL A8, e Be 29z

(DAB7IHDL 4, 6, 8, 12, 1859 57HA =2 3},
() AFFME 3,6,8,1059 74 A$= 33, Z AFel dEd 8=
N( Lol )E e

o Wi it FHEE 251000 wpETh
o EEHA g% 50%°] HEE g 4 /58 BN

(32t AEol digh Tuu g of-a} o] gt
S =18 /2, TS,=1,3,6.
o714, TS & E0Q9 Cycle Times 4rigt.
(4)ZF Ao et ARFAEECh)E 1,008 FY3HA T
(5) & Aol F(ME 2, 3, 459 1A AR ginh.

Aol AAEH M oF Adelde Fmel meb e ol A
gk
e N=2:100, 200

e N=3:100, 200, 300
e N=4:100, 200, 300, 400

(7) $EN (AT AA4F0Ne) B} that ol 37k 3¢ doh,
o Adael el (7, x1)
100, 200, 300, 400
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o AAEe) vt Zb (W, x3x(j+(j-1)x0.25))
300, 650, 1051, 1500
o HaAlgHo] alate] #a (#,x3x(j-(j-1)x0.25))
600, 1150, 1650, 2100
(8) A7lel Fol7 ARz gl 3 4B WA
() ® Aol AL Astol ALgE TFE L AR g 2k
CPU @ Pentium 11-233
RAM : 320MB

Virtual Memory @ 450MB

A7) e AFzAS ugo T Aoty Fojad LugFe AL
AE37l st AP FelR¥s FAre oA AMPL(Advanced
Mathematical Programming Language)S o]&#3ste] RAEHsPOo™  Solver
Engine ILOGAFY] CPLEX 6.0.28 ol&3lgict, theket FAESE ddoz o 4
oA, Age] AlgH HFE Q] AFFL 2= T=120]/4 0] i1 480l Al F Aol

ARl A AdEL FHEgk PFEH ALAY AR HEd RANE
o 878 E7Fsesith. mepA, 2 =EelAd BASRY
sttt (lower bound)®] AeS #A 2 H7el7] Hetad AP N FE
7} AL BA(E4 K golar g3dd el sy AHAE A&t wat,
CPLEXTH 7)Aol Al & iolld v2nd she Fee ZRA5AS A Mixed

Integer Problem)& Branch & Bound & ol gatd HHHE Fb1 dof, o



AL olflel B w2 50000008 AFAII 2 whrpR e H A
(Best Solution)E 2y, A B =FdqM= EA45PR9 348 (0ptimal
Solution)7} A FsH= &Heg(lower bound)®] A%& H7telr] & LA, F
A (Optimal Solution)2t 2A5PRY H A& (Optimal Solution)e] ZHTHF3He
Hlarstolal, FeElsy dadFe] s AT A8 Falagset vl
ol A8 (Optimal Solution)e] =& ghghel vla, Felgajeh EAP] 4

&l (Best Solution)e HATFgel vln 28w Fo 2Bl Ea)pe] 346

o
=
E
2{_!{
32
ne
Jf
22
ook

(Best Solution)®] A4FAl7H sha-gkel vy oldlle] JEE

SEEERNEE LS

Fal gl A : zpol] = (ZHEU'_ZBEST)xlo()’
BEST

'5‘(] &11 -BH 9‘}‘ SPI?SH . jl‘O] 2 = (ZOPT B ZSPR) % 100 ,
opPT

Fe) ~ea o Sppe) - apol3 = = Zsm) | 00

SPR

AN Zypy = AME FElAHOo R AMEd o9 BAT%S g

Zeer = Branch & Bound =E=5F 500,0000. % AeF A&Ew
A& (Best Solution)® ZAT4 gk
Zopr = Tel2d P2 AHEd AF & (Optimal Solution)d

Zow = TIEY SPRE EE FH 3] (Optimal Solution)?
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7] Ae Ry pop pEIRY ool os) Abed HAde] 5ATEeE Bk
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a ol et B w= 5 AFEtA G2 AlEdold Aneirt, oluje] EHF
Fgke] Apole] W& 6.52%0 k. B F wREIF e Al e AlEdold A
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(E 731004 el &9 AeE AYR FU2Y0R 4FD A w25 E

500,000 2 AT 4rE" HM#(Best Solution)rh F& Zdfolr). 71491
Aol SPrel e Felagae] Aojd] FaE 10.11%0] 2 A} Fel e
kol el A A HFE 6264010k, Fdolm 43¢ Aol HFHAE 2L+ I
oh, E3, F(rEu )7 dA 882 F7HIncreasing)® BS99 A&} #F
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ol 10%018t2 BoiHTh. 7=621 Afol Mt FAzga Aot 09l 4-¢

=gk Fasy dnEd AAsrr ARAE Agse Aot (v 7

ot CPLEXHZIAE ol §51A3 & Aol A9 MR AWNEEL 2rFdoy

M8, M3, Decreasing® A9 32451303 Zo] gt AAAZHE QFE
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o
E #5EHA,

[F 7-8], [& 7-9] 233 [B7-10]1= 7=8%1 49 Algdo)d Hstolr},
7=8%) Aol speelst freElzgee] Abole] A W 12.18%) . H s}
Fel~d"eo] zolel AAl g -0.16800h. SRalY Felage)e zbolel A
A B vpA 10%01 o2 BEHAYT, HME (Best Solution)e] HFEE 3
Hallo] s BEe o 4 Avk. =89 A 169 Aok vhAAR Aol
709l Ase Aok FElad FmelFol HAHE AFste Afoldh (R

791 Felag damelFe] ALY CPLEX H71AE o] &7 Al 3o

(% 7-11], [¥% 7-12] 281530 [&7-13]% =129 A9 Al Aol
thor=129) Aol Sppelel fElaEse) atole] AR W 9.34%0l 1 H A5
o} Feladale) old AAFFE -15.49%%0ch 1=129) A9l SPRalle} el
~B&o zlolo] HFE S T 10% vivte g WolAdn AMajel FalAgse At
o8] gL RE AL glolM FeEiz"HHt AMdsEy A YEge

ok o)t} o= melulE e F7 sojde® s B Branch & Bound®] B4
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[F 7-1] = As et Sprelf o)

Uniform 2205.0 0 4.18 1972.5 18684.0 4.7 2232 0 .0
Increasing 9205.40 9069.0 4.77 2772.5 2532.0 9.50 J232.0 .0
Decreasing 4605.4 4386.5 4.88 9922.5 9455.6 1951 48392.0 .8
Unifarm 2205.0 2117.0 4.18 1872.5 16884.0 4.70 2232.0 .0
Increaeing 92056.0 90569.0 4.77 2772.58 2532.0 9.50 g282.0 .0
{Dscreaking 4505.Q0 42706.3 5.95 9693.0 d411.0 12 55 4582.0 )
" {Unifarm 2205.0 2117.0 416 1972.5 1884.0 4.70 2232.0 N
Increaeing 92085.0 8059.0 4.77 2772.5 2592 0 9.50 9232.0 .0
Decmasing 4470.0 4201.0 5.40 9704.5 93086.5 19 85 4432.0 ]
Unifarm 9112.5 2991.% 4.04 2264.5 2196.0 6.85 9108.0 ]
Increasing 4712.%8 4409.5 .87 9284.5 906B6.0 *18 .0 N-|
Dacreasing B912.5 6a@z.0 a.91 4884. 5 4983.0 B.88 .0 )
Uniform 9112.5 2991.5 4.04 2284.5 2198.0 6.085 .0 )
Increasing 4712.5 4409.5 6.87 92084.5 90BE.0 713 .0 N
Dacreasing BEB2.5 8229 8 10.18 4845.0 4272.8 B.71 .5 .8
Uniform 9112.5 £991.5 4.04 2284.5 21388.0 5.85 ] ]
Incmeaeing 4m12.5 4409.5 8.87 92684.5 9088.0 718 .0 -]
{Dacraaging 8712.5 6089.0 10.82 4645.0 4201.0 10.857 0 .8




7-2] =491 AS-9) SPrRsi o}

[ )

“F CHEMY 1 BPRl QP HELZ . BE. L

JUniform 2448.0 2117.0 15.64 2057 0 1884.0 . .
- {Increaking 5896.0 5055.0 20.82 2857.0 2692.0 12.84 9578.5
|Decreasing 5265.5 4966.5 20.04 §922.5 9459.8 19.51 4662 0
Uniform 2970.0 2117.0 11.95 2067.0 1884.0 918 2923.5
Increasing 8870.0 8059.0 1017 2857.0 2592.0 12.84 89473.5
Decreasing 51865 4276.8 20.80 gps1 .0 9411.0 19.198 4812.0
Uniform 2570.0 2117.0 11.95 2057.0 1884.0 9148 2925.5
lincmasing 9870.0 5059.0 1037 2857.0 2592.0 12,84 9925.5
{Decreasing 5086 .0 4201.0 21.50 9961.0 99085 16.77 4452 0
Uniform 7560.0 74006.0 2.08 7797.0 7286.0 7.01 10471.5
{Increasing 121168.0 11.4584.0 5.91 12987.0 111684.0 11.04 | 4283560
Dacreasing 1910501 17019.0 5.38 17641 5| 18511.5 624 | 172050
Uniform 7560.0 7408.0 2.08 7622 0 726880 4. 81 AR15. 6
Increasing 12510.0 | 11434.0 4.41 12422 0| 11184.0 11.27 | 12789.5
Decreasing 17647.0 | 16450.5 B. 4 17002.5 | 18051.8 552 | 16507.0
“AUniform 7782.5 7406.0 4.61 76220 7266.0 4.1 8875 0
| Inceasing 12782.5 | 11484.0 11.82 | 1272201 11164.0 19.886 | 13179.0
| Decreasing 17105.0 18082.0 B. 49 16702.5 166842.0 7.47 164050
“QUniform 8275.5 B9s7.0 g.42 90505 9450.0 4.94 | 1p858.5
{Increasing 15629.0 14487.0 7.88 156605 | 14768.0 7.40 | 18187.5
2| Decmasing 228475 22087.0 2.54 | 29648 5 22116.5 2. 41 22205.0
1Uniform 9190.5 8987.0 298| 10010.5 9450.0 593 | 08825
ilncreasing 15880.5 14487.0 10.91 16710.6 14768.0 13156 166308.0
_|Decreasing 22040.0 21447.0 278 29091.5 21425.8 7.7 220725
{Uniform 81840 8987.0 2.42 9928.5 59450.0 5.04 | 10858.5
-l Increasing 16697.5 14487.0 165.28 | 1706266 ( 14788.0 1528 | 171878
{Dacmasing 2194758 20707.0 5.08 21485 5 2078A.0 9.22 21097 9
JUniform 14464.0 14288.0 1.15 14227 5| 19680.0 4968 | 15194.5
1 Increasing 248640 258651.0 5. 66 228677.5 21082.0 7.52 ] 229345
‘.- ] Decraasing 37548.0 38271 .0 2.96 32879.0 51989.5 417 92985.5
& Uniform 14514.5 | 14299.0 1.51 141400 | 198300 5.74{ 151345
410 lincreasing 28014.5 28581 0 1055 23698.% 21092.0 19.02 | 23894.5
Decreacing 95714.0 35117.0 1.70 917989.5 30481.8 4,98 91515.5
Uniform 14484 0 14299.0 1161 14424 5| 13680.0 583 | 152155
Increasing 268884.0 25631.0 1418 24824 5 21092.0 18.75 24515.5
Decreasing 94764.5 93983.0 2.98 90720.0 29954.0 9,95 50308 5
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R HEUL _BEB{TL. GAP1 HEUZ .- BEST i
Uniform 2448.0 2205.0 13 58 2057.0 18725 B.
‘@ dIncreaking 58960 3206.0 15 82 2857.0 2772.5 7.
Decreasing 5265.5 4605.0 14.94 8922.5 3922.5 B,
Unitorm 2870.0 2209.0 7.48 2057.0 1872.5 8.
Increasing 9870.0 5205.0 515 28570 2r7e. s 5.
Decmeasing 5165 5 45056 0 14 B8 5861.0 3B895.0 il
Uniform 2870.0 22058.0 7.48 2057.0 1972.5 5.
Increasing 3370.0 2205.0 515 2857.0 2r7e.h 9.
Decreasing 5096.0 4470.0 14.00 9861.0 97864.5 8.
7560.0 7487.0 0.B4 7787.0 79625 .
12410.0 11887.0 3.62 12897.0 11888.5 9.
18105.0 17497.0 9. .47 17641 5 16803.0 5.
7560.0 T849.0 -1.18 18220 T9498.5 4.
Increaeing 12510.0 11887.0 6.95 12422.0 | 11362.5 1.
Decreasing 17547.0 ] 170815 267 | 170025} 18465.0 4.
Unform 7782.5 7801.0 -0.45 7522.0 7588.5 1.
Increasing 12762.5 11803.0 8.18 12722.0| 11400.5 2
Dagmasing 17105.0 167680.6 2. 08 18702.5 186107.0 4.
Uniform 8273.5 8058.5 2.36 94860.5 9517.5 8.
r:nim.m:._n 15628.0 14659.5 8.61 15d60.56 14917.5 8.
Dacreasing 220847.5 22998.5 1.11 22643.5 22967.5 g.
Unifam 9180.5 9266.0 =0.92 10010.5 grce.o0 2.
Increasing 155860.5 14859.5 9.01 18713.5 14344 5 2.
Dacraasing 22040.0 21768.5 1.28 28081.6 21747.0 5.
Unifarm 9184.0 9391.56 =z 2 9928.5 9888.5 0.
increasing 16857.5 14838.0 12.83 17028.5 15087.0 4.
Decreasing 21947.5 21229.0 0.56 21455 6 21219.0 2.
Uniferm 14464 0 14489.0 -017 14227.5 13708.0 4.
Incmeasing 24884.0 23783.0 4.55 22877.5 21908.0 8.
" |Decreasing 37946.0 96825.5 1.41 J26738.0 216814.5 3.
“HUniform 14514.5 145398.0 —-0.57 14140.0 197858.5 3.
{lncmasing 28074.5 239615.5 9.29 2968808.5 219889.5 11.74 29834 02 10,
ii..u.UmniWﬂ:u 35714.0 48771.5 -0.13 9175839.5 90945.5 276
. {Uniform 14484 0 14913.5 -9.01 14424 5 14014.0 2.89
{lncreasing 26884 0 2NT77.0 11.11 24p24.5 21582.5 14.04
|Decreasing 84784.3 947258.5 0.11 90720.0 30111.¢C 202




(% 7-4] T=4 479 AdMet Felz=gdafo] AR v

. E . HEL. BEAUY - HEUR -] - AEETE S AVQ | BEAT AVQ:

{Unkarm 0.039 0.140 $.039 0.120 0.DES 0.0s0 0.055 0.11
" 1Increasing 0.023 0.180 0.023 0.110 0.0 0.080 0.020 0.110
] Decrsasing 0.0186 0.160 0.029 0,180 0028 0.110 0021 0.193
C Unifarm 0.091 Q.74 0.029 0.110 D.018 0.850 0.023 0.400
4 Increasing 0.091 0.25{ 0.0 0.160 D.018 0.400 0.028 0.2v0
4. 1Dscreasing 0.623 g.240 0.09 0.180 0.0 0.280 0.029 0.220
Unifamn 0.889 0.970 0.089 0.420 0089 1.540 0.038 0.910
Increadsing 0.038 0.260 0.039 0.240 0.038 0.580 0.039 9.479
Dacreasing 0.039 0.230 0.047 0.270 0.089 0.910 0.042 0.270
Uniform 0.0 Z215.620 0.0 4.780 0.091 £9.530 0.081 108.910
increasing 0.081 121.950 0.089 5.830 0.023 10.000 0.0: 45, 660
4Decreasing 0.089 1067 980 0.047 40,690 2.047 21.040 0.044 76.349
Uniform 0.085 470.900 0.047 g9398.070 0.047 J684.270 0.049 951 . 413
2 {Increasing 0.047 548180 0.083 9089.650 0.047 401.9340 0.044 448 730
Decreasing §.039 852 550 0.047 394 920 0,055 389550 0.047 438 633
Unitgrm 0,083 599 870 a.08y §76.070 0.055 438 680 0.080 451.540
Aingredeing 0.0848 691.620 0.070 434.980 0.05% 459.580 0.063 5068.710
Dacreasing 0.083 509 050 0.070 423.450 0.083 423.110 0.0B5 479,617
{Unitorm 0.047 445 600 0.05% 92.190 0. 047 951.210 0.049 278 933
Increasing 0.03§ 520.540 0.047 256.170 0.055 94.720 0.047 219 477
Decreasing 0.05% 528 440 0.055 35.070 0.033 177.080 0.048 265 853
Uniform 0.083 544 430 0.047 400.500 0.063 N0 500 0.057 451.610
8 Increasing 0.0%5 805 440 0,055 454.970 0.055 441.970 0.85% 500.593
Decreasing 0.055 597.520 0.047 444 980 6.055 431.180 0.052 491,020
‘Hiniform 0.070 847 460 0.068 441 510 0.070 402 400 0.076 523.790
“fIncreasing 0.078 708 000 0.070 459.950 g.078 471,480 0.076 946.277
{|Dacreasing 0.078 675.0080 0,078 474.220 0.070 450.290 0.078 593.197
“|Yniform 0.0%5% 480 520 0.05% 208.290 0.047 804.170 0.052 980.993
|Increasing 0.0585 §99.510 0.083 902,450 0.083 417,950 0.080 449.570
Dec¢reasing 0.047 553.690 0.047 459.770 0.047 444 140 0.047 4682.867
Unifarm 9.083 382 380 0.070 410.570 0.970 419 889 0.0686 470.862
12 Increasing 0.070 BSG. 500 0.070 438 870 0.083 455.810 J.088 524,227
i Degreacing 2.670 627 830 0.683 480.840 0.089 452 744 0.06% 520.343
Unitorm 0.078 706.050 0.088 428.800 0.086 | 5,206.100 0.089 | 2,112,899
Increacing 0088 885 690 0.094 458.080 p0.094 516.870 0.051 559.513
Decreasing 0.078 692 830 0.10% 493,020 0.086 495 530 0.091 580 727
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. HEH BPA “HEUR . B ; . SAS T
JUniform 3112.5 28091.5 2945.0 2198.0 9.88 2851.5 7.53
Jincrmasing 4782.5 4409.5 8.01 8945.0 3068.0 510 4143.5 B.62

Decmasing 6312.5 5582.0 8.3 5948 0 4388.0 22.02 5800.9 14.55
{Unifarm 4186.0 2991.5 99.99 2945.0 2138, 0 288 5 19.29
Jincreasing 53180 4405 5 94.21 95845.0 086, 0 510 5 17.78

Decreasing 7818.0 8229.8 25.49 4372.0 4272.8 16.97 3 18.47

Uniform 125 2991.5 4.04 2345.0 2198.0 9.688 5 7.53
{increasing 4712.5 4409.5 4.av 9345.0 2086.0 9.0 5 19.66 3_85

Decraising §712.5 B086.0 i0.82 4872.0 4201.0 18.95 [ 14.81 14.60

Uniform 8979.5 8789.5 2.18 9177.0 8816.5 2.99 5 27.83 10.M
{Increasing 15098.5 18927.5 7.598 14677.0 18979.5 6.47 5 18.57 9.49

Decreaking 21860.0 21000.0 4.10 22082 0 20546.0 5.33 0 8.72 5. 56

Uniform 9289 .5 8769 5 5.80 9166.0 69165 5 2.81 5 9.66 5.08

Increasing 15248 5 19927 5 9. 45 15i16.0 139749.5 B.18 5 14 58 10.74

Decreasing 22866.5 20982.8 11.21 51492.5 20858.8 5.98 2 9.22 g.80

Uniferm BEB1. 0 6785.5 0.81 91 88.0 8915.5 2.81 5 9. B4 4. 48

ngreasing 14961.0 19927.5 7.42 15568.0 15878.5 11.40 5 90.00 16.27

Decreasing 20560.0 19785.5 4.02 20948.5 19791.5 518 5 8.05 5. 08

19223 0 11779.5 9.82 12581 0 12958.5 1.84 5 791 4. 48
212290 15718.5 7.87 20961.0 18884 5 5.4 5 1012 7.73

Decmieing 82177.5 90639.0 5.02 91166.0 0242.0 .12 5 9. 48 5.87
{Uniform 18158.0 11778.5 11.71 12771.0 12858.5 9.34 5 8.94 7.80

Increasing 29850 0 19718.5 16.99 22121.0 150884.5 11.25 5 14.64 198.94
{Decmasing 907205 29496 8 4.47 31989.5 29928.9 6.86 3] 7.96 5.39
dUniform 121855 11778.5 9.54 120625 12868.5 2.62 5 .46 4. 87

increaking 22685.5 18718.5 15,11 22292 5 19684.5 12.08 5 16.86 14.81

Decreasing 303877.5 20854.5 5.01 90626.5 20410.5 7.45 5 6.90 8.59
{Uniform 19905.6 18871.5 2 80 20932 5 168700.5 11.84 5 5.37 .58

Increasing 396805.5 91899.5 5.87 33802.5 29572.5 12.88 5 8.75 9.50

Decreacing 50229.0 49188.0 212 48161.5 44582.5 812 [ 4. 48 4.91

Uniform 18941.0 18871 .5 2.49 20886.0 18700.5 11.74 5 5. 78 B.B7

Increasing 95181.0 91A93.5 1125 94907.0 29572 6 18.04 5 12.87 13 56
{Decreasing 48904.5 47640.8 2.85 47081.5 48228.5 B.60 5 5.88 5.78

Uniform 16597.5 19871.5 2.47 205876 0 19700.5 12.18 208285 5.50 672

Incrsasing 36437.6 31839.5 1518 35678.0 28672.5 20 B85 91612.5 24 09 19.95

Decregeing 489772.5 455095, 5 8.2 46047.5 416445 10.04 .5 10.91 9.72

o7



; HEHT: BESTT.. CHEWR. -1 . BERTZ

Uniform 31125 9112.5 0.00 2945 0 2284 5 0 .0

Increasing 47825 47125 1.08 9345.0 9284.5 0 .0

Decmacing ag12.5 6312.5 0.00 6346.0 4664.5 N .0

Uniform 41880.0 Ni1zs 3.9 2345.0 2284.5 0 .0

Increaeing 5591860 4712.5 25.58 9545.0 3284 5 .0 .0

Decreasing 7618.0 8862.5 18.92 4372.0 4b45.0 .0 .5

Uniform 3112.5 9112.5 0.00 2345.0 2284.5 0 .3

Incraasing 4712.5 4712.5 0.00 93450 39284.5 0 .0

Decreacing 8712.5 8712.5 6.0B 4572.0 4845 0 .0 0

Unitorm §979.5 40862.5 -g.52 9177.0 3041.0 8 .0 .

Increasing 15098.5 14061.0 8.94 14877.0 14220.5 4.82 18886.0 15678.0 8.238 §.59
Dacreacing 21860.0 218911.0 2 58 220620 21473, 0 2.74 228230.0 2208925 018 1.89
Unifarm 9288.5 9411.0 -1.18 91660 9581 .0 -4.18 11184.0 11879.0 -8.78 —4.02
Increasing 15249 5 144310 5.87 15116.0 14904.0 5.09 17114.0 16585.0 §.28 4.88
Decreasing 226B8.5 20948 5 8.2 21482.5 21049.0 i.82 226818.0 22145.0 9.058 486
Unitarm g881.0 9612.5 -9.70 3166.0 an4g § -5.00 11184.0 12165.5 —-b.38 ~7.88
Increaeing 14961.0 144925 9.29 15566.0 14669 0 4.79 15420.5 18508.5 14.86 7.81
Decreasing 20580.0 20440.0 0.59 20946.5 208090 1.84 21580.0 21501.0 295 1.79
Unitarm 12229.0 12164.5 0.53 12561.0 18155.5 -4.52 14799.0 15372.5 —4.12 -2.70
Increasing 21223 0 20082.5 5.71 20981.0 20204 5 4.74 29934.0 22817.5 9.18 4.21
Dscreacing 321?75 31278.0 2.08 911606.0 50850.0 1.09 94551.0 92519.0 4.958 2.98
Uniform 18158.0 12998.0 6.85 12271.0 14157.§ ~9.79 14757.0 15557.5 —-4.88 -2.ee
increasing 228580 20234.5 12.47 22121.0 21109.0 4.82 24287.0 296877.5 1.78 & 52
Decreasing 90726.5 30406.0 0.78 51968.5 50948 0 1.95 928100 892478.0 1.82 1.1%
Unitarm 12184.5 19726 0 -11.15 12682 5 16827.0 -17.28 14812.0 16088.5 —-7.92 -12.11
Increasing 22895 .5 20682.0 10.54 gz282 5 218535 2.90 24725.5 29475.0 5.94 b 28
Decreasing 90877.5 29838, 5 2,49 90526.5 99921.0 0.68 31803.95 31878.0 0.72 1.30
Unitorm 19380%.5 19419.0 -D0.55 20852 % 191039.5 9.12 21419.5 21774.0 —1.68 2 391
ncreacing 39805.5 52981.5 4 58 93962 6 902968 5 10.19 94280 5 39068.5 5.64 6.19
Decmasing 50229.0 495880 180 48181.5 45244 0 B.43 489581 6 47755.5 2.58 9. 46
Unitorm 1§941.0 18922.5 -2.82 20898.0 209010 7 54 215040 295515 -9.65 -9.08
ncreasing a5181.0 99009.5 .83 54807.0 515568.0 10.82 35504.0 84231.0 3.72 6.98
Decraasing 484904. 5 49085.0 -0.97 470815 462700 1.85 4p198.5 47596.0 1.28 0.85
Unifarm 189387.5 211745 -0.87 20578.0 20868.5 0.04 214465 24188.5 -11.156 -6.58
ncreasing 38487 5 34848.0 6.10 95878.0 42189.5 10.84 33003.5 95417.5

Dacreasing 48772 .5 48068.0 B.20 46047.5 49728 0 8.3 48906 0 4BB48. 0

H8



[H7-7] =621 A 5-o] HAsel Fel2gafe] Adrt vl

i F T T e “Reste [ HEGT Avey
Unftorm 0.0389 1.750 0.023 6.160 g. 6.803
Increasing D.033% 2.040 0.081 8. 200 D.098 1.240 0.096 1.160
Dwcraasing 0.038 2,890 0.081 D.210 0.089 0.530 0.09¢ 1.210
Unifem 0.470 0.050 0.070 1.830 0.070 146.240 0.070 40.993

a9 Increasing 0070 18.170 0.970 0.420 0. 086 5.210 0.076 B.267

{__-{Decreasinp 0.070 14.090 0.078 0980 0.070 1.000 0.074 5190
“|Uniform 0.078 321.810 0.102 7.880 0,086 988. 460 0,083 232.550
Increasing 0.083 92.9310 0.102 1.720 D.078 40.770 g.081 25.140
Decreasing 0.078 156.180 D.12% 0.790 0.086 3.060 0.03e 6. 337
{uniform 0.047 581.080C 0. 047 355.640 0.055 2. 210 0.048 432.5480
Increasing 0. 047 560.280 0.055 408.090 0.047 408. 890 0.048 459.009
Dscreasing 0.063 §972.840 0.047 407.590 0.083 411.080 0057 469.487

: Uniform 0.088 $17.680 0.094 434.380 0.0a8 447.720 0.008 493.980
L Ingreasing 0.088 664.270 0.088 469880 0.08b 467.980 ¢.088 594.073
] +| Decreasing 9,078 556.020 0.094 484 290 0.102 454 270 0.091 525.527
JUnifarm 0.102 685020 0109 4n5.070 0.1089 466.660 0107 545.590

4 {increasing 0.108 174.120 0.102 498 320 0.208 539.870 0.139 596.087
Decreasing 0102 778.070 0.102 475.890 0.078 485 440 0.094 588.100
Unifa m 0.0v0 613.210 0.063 395 600 0.0%5 4293. 540 0.083 476788
Increasing Q.089 883.110 0.07¢ 425 570 0.07a 456, 230 0.088 §14.908
]0screasing 0.083 708.210 0.055 455180 0.083 461.890 0.080 541,077
Uniform g.102 827 850 0.1d2 408 010 D098 480,550 0.086 931 470

9 Increasing 0102 7368 300 0,102 500.450 0.078 500180 0.094 §79.649
1 Decreasing 0.102 786.980 0.102 517.220 0.088§ 9.245.130 0.0968 | 1,510 449
Uniform 0.117 T3.780 0.117 485.740 0.102 526.5490 0112 575.808
IncrBaENg 0.125 BBE.540 0.125 551.8580 0.108 575.010 0.120 871.787
Decreasing 0.117 615180 0.148 §21.770 0.102 574.530 0122 837143
Uniform 0.076 759.250 0.070 439,750 0.078 §517.4980 0.079 572.990
Jincmasing 0.070 792 940 $.063 5268.870 0.070 522.120 0088 B14.510
Decrezking 0.07D 746.090 ©.070 594 480 0.070 ¥14.840 0.070 B10. 583
Uniform 0.117 510.220 D109 575.490 0.102 548.700 0.109 877.470

Rl Increasing 0.125 | 1.084.780 0.109 525.580 0.102 574.170 0.112 711.510
i Decreasing 0.125 650.100 0128 529.180 D102 845.420 0117 641.550
Uniform 0.148 BEE. 870 0.141 541.150 0.117 708.220 0.185 701.747
Increasing o141 | 1,158 870 0.198 566.430 0.125 658.910 0.133 195.7537
Decreasing g1 978,920 0.146 579 2680 0125 659.110 0.138 792.230
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1 HEWUTE - o] 4P HEUS
Unilorm 3622 0 8 4.87 4105.0 3987.0
2:]llncreasing 5972 0 .8 .05 5755.0 4779.0
{Decruasing 8654.0 .9 17.985 7892.5 87440
Unitorm 4582 5 .8 38.45 4105.0 g987.0
Incruaeing 85325 i) 9017 5705.0 4779.0 . . . .
|Dscoasing §740.0 .4 22.28 5093.6 #5925 22 77 55820 6p0a4.3 21.62 22.71
Uniform 3522.0 .8 407 4105.0 3387.0 21.92 5887.0 H04.5 30.039 16.94
Increasing 53270 .8 B.05 5705.0 4779.0 15.88 7837.0 58845 ip.22 108.58
Dacreasing 7829.5 ) 8.33 8099.5 8480.9 25 87 3748.5 7924.5 22.85 19.88
Unitarm 12777.0 5 2.24 | 13575.0 128670 8.77 188156.D 194085 ALY 11.23
increasing 20877.0 .5 5 94 20668 5 18775.0 11.28 25709.8 18814.5 18,82 12.27
Decreasing 30418 0 .5 4.20 29619.0 27635.0 7.80 90842.5 28674.5 V.55 6.95
1uUniform 19203.5 .5 5.85 195640 12867.0 5.68 18508, 0 16408.% 2810 12.81
Increasing 218595 .5 10.94 21278.5 18775.0 19.97 24159.0 19814.5 21.80 16.98
Oegmasing 31001.5 .0 5. 48 23033.5 26608.0 g.82 500825 27946.5 7.
{Uniform 12725 0 .5 1.82 [ 155640 129670 5.68 14510.5 19408.5 i3
Increasing 214250 & 9.77 218640 18775.0 15.99 22798.5 180814.5 15,
1Decmeasing 268900 .8 498 28850.0 260830 10.61 29561.0 27122 5 B
Uniform 17450.0 .5 2.40 19092.0 17491 .0 g.18 19969.0 18102 5 7.
Increaking 25550.0 .5 647 50582.0 27671.0 10.84 31089.0 28288.5 9.
Dacreasing 44897 5 N 9.58 45844 0 41771.0 8.75 44B60.5 42321.0 5
Uniterm 18421.0 .5 610 1688392.6 174310 §.04 18412.5 18102.5 7
Increasing 51821.0 .5 19.47 91445.5 27671.0 18.84 92140.5 282608.5 13
Decreating 43198.6 .8 2.688 44290.0 40541 0 9.25 44208.5 41022.8 7.
Unifarm 17418.5 N 2.21 16832.5 174591.0 8.04| 19845.5 18102.5 B
Increasing 92018.5 .5 15.81 32092 6 27871.0 15 76 92945.5 28266.5 18,
{Decreasing 42490.5 .5 4.62 49180.0 99211.0 10.15 47187 6 88774.5 b,
Uniform 27698.5 b §.97 27990.0 262868.0 5. 51 29906.0 268091.6 9.
‘¢ |Increasing 48988 5 b 9.04 44782 6 410200 8.17 50741.0 44539 5 18.
... 5| Decreasing 68701.0 b 9.47 64247 5 612875 4.08 86432.0 BB174.5 3.
~{Unitorm 27805.0 .5 8.25 28214.5 26286.0 7.84 | 90068.0 28831.5 4
{Incmasing 486050 .5 12.78 48384.5 41020.0 18.09 49531.5 445358 5 11.
|Dacraasing B7147.0 .0 4, 41 84516 0 59470.8 8.15 66704 0 84238.0 8.
= Uunitorm 27752.0 .5 6.04 28228 & 262868 .0 7.48 29377.5 268091.5 2.
Increaeing 500520 .5 18.14 50819.0 410200 23.87 63946.5 445593 5 18,
Dacreaking B7244 6§ B 8.08 61228.0 57854.0 &.20 .5 p2247 5 m
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T E . BESR QART .. BEAFZ
Uniform 35820 9522.0 0.00 355639.0 . 46475 .
Increasing 5372.0 5922.0 0.94 5163.0 11 47 7497.0 8191.5 21.28 11.25
1Decreasing 8654 0 7822.0 10.684 ) 7418.0 B.47 9562.0 8691.5 15.85 10.92
{Unifom 4500.5 3561.5 2§.09 4105.0 3892 5 11.17 5997.0 4519.0 16.28 15.49
Increasing 8592.5 59822.0 22.75 5705.0 51039.0 10.50 7467 8 59475 17.9% 17.08
Decreasing §740.0 7798.5 12.94 6093.5 79590.5 10.41 8992.0 8491.5 15.92 18.08
Uniform 8522.0 ECEEN] -8.11 4105.0 9824 5 18.26 59397.0 4625.5 15.86 5 89
Incraasing 5822 0 539220 0.60 5705.0 5159.0 10.50 7887.0 B2759.5 21.82 10.71
Decmasing 7628.5 76088.5 0.54 8093.5 7172.0 12 85 5743.5 9338.0 1884 10.08
Unitarm 12777.0 14948.5 -10.94! 19575.0 134385 0 1.04 18691560 162255 718 =0.91
Increasing 20877.0 20187.0 2.43 20869.5 198906 4.99 25709.0 22521.5 5.25 4.22
Dscreasing ap418.0 80158.0 D.98 29819.0 29632.0 -0.04 90B42.5 | 91987.0 —1.87 -0.28
tUnifarm 19209.5 16128.5 -18.19 18564.0 19454.5 0.8 18508.0 17617.5 —8.9839 —7.88
Increasing 21859.5 22872.0 3. 21 210795 20042.5 6.14 24159.0| 29789.0 1.58 1.43
|Decruasing 31001.5 9050%.5 1.88 29099.5 28275 0 2.70 900625 | 90500.5 —1.44 0.95
Uniform 12725.0 17941.0 ~-£8.07 15064.0 146876.5 -B.B2| 14510.5| 198021.5 -28.72 -20.54
croasing 21425.0 29275.0 ~7.95 218640 20995.5 §.48 29796 65| 24713.0 =777 -4.08
Decreasing 26090.0 890584.5 ~5.87 8§850.0 28722 0 0.45 289681.0 91090.0 —8.78 —4.00
{unitorm 17450.0 19759.5 -11.58 18082.0 184425 -2.11 198085.0| 21825.0 -9.07 —7.81
dincreasing 29950.0 90544.5 -1.95 90692.0 29731.5 2.88 31083 0| 91280.5 —0.81 0.04
1Decreacing 44937.5 444585 1.08 45844 0 44588, 0 2.99 448060 5 45080.5 -0.78 1.08
Unifarm 10421.0 218968.0 -15.88 188925 22239.0 -15.92 6| gee21.5 =14, 81
Increasing 51921.0 82065.0 -0.42 91445.5 91148 0 0.86 5| 82827.5
|Decmasing 4591965 45898.0 -5.48 44290, 0 44592.5 -0.88 5| 450855.0
Junitarm 17416.5 22942.0 ~22. 05 168925 215925 -12.78 5 25982.5
Increasing 3201 6.5 917388.5 0.a8 32082.5 91848.0 0.50 5.5 39443.5
1DecreaEing 42498.5 44706.0 —-4.94 43180.0 417345 3.49 5] 44188.5
Unifarn 27898.5 28858.5 -9.56 27998 0 786880 ~£.40 0| 8a#19.5
Increasing 4B9HD. 5 48537.5 3.18 44762.5 43699.0 2. 48 0] 49951.0
iDecreasing 66701.0 686639.5 0. g% 84247.5 £4088.0 0.25 0| &\B4a D
Unifarm 27805.0 328220 -14.77 282145 30859.5 -8.55 0! 855@0.5
Increasing 48805.0 48082.0 1185 48984 5 478397.5 -2.87 6| 503025
acmeasing 67147.0 £9750.0 -9.73 64518 0 853801.5 -1 .51 0] 89786.0
AUnifarm 27752.0 93822 0 -17.48 28226.5 926300 -19.50 5 §97120.0
Increaeing 50052 0 49029.0 0.48 508149.0 49542 0 2.57 .8 661665
Decmasing §7244.5 B7162.5 0.98 61220.0 84091.5 -4 41 5 ]
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[B 7-10] 7=8¢]

FEEERL D SPCER

TIMIN] _ F HE T Beeti. | - HELS 1. T EEaT.AVG.
S {unitem 0.070 98450 0.055 .940 . 228.927
& |Increasing 0089 9.850 0.065 89.550 D047 185.290 0.055 58.230

¥ Decreasing 0. 063 10.240 p.083 44. 080 0.05% 40.110 0.080 94197
Unitam 0.084 898.144 0.084 4762400 0.070 974.950 0.088 a64.081
dIncreasing 0.088 215.290 0.086 289.230 0.070 448170 0.081 908,997
_Tm__qnicnaiinn 0.pas 58.550 0.094 88 870 ©.070 0.990 0.008 42 417
A ] Uniferm 0.109 457.740 0,117 489.000 0.108 438.730 0112 454.829

1 :#4]Increasing 0.108 948.2680 0.133 978.970 0,068 582.090 0.109 417.913
JOncreasing 0.109 70.420 0.102 74.150 0.078 542.280 0.038 220,950
Uniorm 0.084 485.770 0.088 474.820 0.070 456.160 0.08% 478,917
Increasing 0.086 492 980 0.078 498.940 0.070 430,280 0.078 434.189

4 -1Dacreasing 0.078 502.793 0.070 550 350 0.070 480,060 0.078 505 048
- 7{Uniform D117 470.226 0.117 525.640 0102 526.280 06112 507.972
A48 0117 534. 426 0.109 570.820 0.094 530.530 0.107 5B5.279
| Decreasing 0,108 515620 0109 667500 0102 559.200 0.107 644.040
Uniform 3141 550.760 0141 530.360 0.109 486.310 0.180 599,142

‘% [Incrmasing 0141 576.310 D141 633.180 £.1684 695,420 0.148 003.097

o Decreasing 0.156 585.180 0.141 815.480 0108 504,140 0.188 568.289
Uniform §.094 594.120 0.086 508.100 0.085 485. 240 0.069 508.153

2 {lncreasing 0. 088 535 580 p.102 542850 6.078 524.000 0.088 534.070
{Dacrasing D.084 597.990 0.102 588.800 0.078 | 9,024.280 5.081 | 1,561.840
_Unfform D183 751.120 0.125 581.650 0.109 587.574 0122 640.153
81 |incmasing 0.1989 597 780 0,141 800.140 0.109 639.790 0124 812 563
JDeacreasing 0.133 810.560 0.134 620.630 0.108 626,540 0.12% 622 510
{uniform 0172 830. 970 0.184 B57.930 0.12% 504.080 0.154 687,409

1. &{Increasing 0.184 952 850 0.156 681.930 0.153 811.660 0.151 748.813
-C 1 Degreasing 0.172 570.820 D158 588.040 0.193 B81.520 0.154 779 450

| Uniform 0.125 859.560 01858 514.620 0.094 554.300 0117 842 827
% |Increasing 0.108 841.830 0.117 571.150 0102 582 020 0.108 865 000
Dscrsasing 0,308 874 470 0.184 p12.120 0102 605.630 0125 657,407

Unifom 0.184 820.020 D14l 591.320 0.125 799.900 0.143 750.413

10 {: & lincreacing 0.158 927.830 .14 422,350 0.125 712.960 URE) 754 380
A Decroasing 0.164 957.180 0.148 572 080 0.19% 882.270 0.148 770.508

. “{Uniform 0.18a | 1,026.170 0.148 706,450 0.156 667.590 0.164 800.737
increasing D.180 | 1,108.480 0.158 754.580 0.158 720.010 0.1B4 661.020
Decreasing D160 | B,774.800 0.184 794.200 0.156 744.220 D.187 | 9,417.678
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[E 7-11] 7=1290 A 99 SPrel)et

_u.

. HEUYL BPH1 ‘HELZ _BPRZ . 4

{Uniform 5742 5970.5 5p82.5 59898.0 8768 8553 & B.68 8.0&
Increacing 8900.% 8022 5 10.94 9852 & 7720.0 5960 830495 7.07 10.09
|Decreasing 188158 11705.0 18.75 128308 11094.8 18.88 15141] 1984295 12.74 14. 48
4Uniform 8802 5 5970.5 28.68 5B&7 5980.0 9.91 [:EEN:] 8548.5 8.07 14.88
Incmaking 10111 Bpe2. 5 26.08 8417 7720.0 8.08 10944.5 9909.5 1142 15.39
Decreacing 19568.5| 11984.0 19.18 19248| 10785.0 29.35 14486| 13048 5 10.85 17.78
tniform 5742 5370.5 §.82 hEg2. 5 53858.0 10.89 8758 6998.5 B 68 6.08
Increasing 9050.5 BOR2.5 12.81 8852.5 7720.0 14.57 10368 9809.5 11,87 12.85
Decreasing 12080.5] 110920 9.00 12028.5| 10482.9 14.73 14009.6| 12716.0 10.81 11.51
Uniform 168894.5] 18047.5 4.48 159547| 1852056 5.54 26083.5] 195890 33.15 14.48
Increaeing 302584 5| 2BOE?.5 7.97 50847| 2B9R4. 5 B.75 897844 5] 29855.0 27.23 14.85
Dacreasing 436508.5) 41870.0 4.27 44784 5] 41919.5 B.p8 44986 5| 428080 5.04 539
Uniform 18287} 16047.5 5.87 19481.5} 1856205 5.19 20756.5| 186850 5.98 5. 01
Increasing 91467| 20057.5 i12.22 31454! 2893845 10.89 92656 6] 29555.0 11.25 11.48
Dscreacing 49457 | 40594 5 7.00 43687 407140 7.30 44580 41812.5 9.04 7.45
1Uniform 16846.5] 18047 5 4.44 18636( 1abh20.5 5.48 226545 5| 18589.0 15.08 894
ncmasing 91648 .5 2805875 12.80 32996| 28864.5 14.00 95945.5] 25353.0 20.42 15.74
J{Dsceasing 41482.5! 999708 5 96 49285| 895085 8.51 43991.5| 404170 7.2 7.98
]Uniferm 24781 29700.0 4.48 27997 241740 4,87 28788| 27152.5 5.95 508
Increasing 42528 99184.0 8.51 45405| 42518 0 B.80 470668 482545 §.82 8.04
Decreasing 63109 5] BO511.5 4.29 68729.5| &4899.5 5.74 65440 5] B5452 0 6.19 5.85
{Uniform 256081 237000 8.09 27317 281740 b. BB 28596.5! 27182.5 5.98 6.87
‘¥ lincreasing 444682 5| 59194.0 18.48 47298 5| 42518.0 11.28 48521 43254.5 12.18 12.81
Decreasing B1166.5| 58588.3 4. 44 87197) £3000.8 B.57 B7658.56] 69984 2 6.78 5.91
Unitormn 24895 5| 29700.0 9.95 27125 5! 281740 9.84 28743| 271525 5. 86 4 48
Increasing 45878 59194.0 16.59 40502 42516.0 14.08 50267| 48P54.5 16.28 15 82
Dacreasing 59628 5| bB6AEE O 5.54 64778.5| 80958.0 8 27 B5108.5| B1458.5 5.94 5.92
Uniform 38812 871440 9.014 40417.5| 896212 0 5.77 42499| 410245 §.88 413

. Inceasing 65890{ 819920 7.5% 0BE59] B08G2.0 10.22 89965) A4528.5 7.50 8.41
Z{Dacreacing 97047} 94879 5 2560 96003| 81574.5 4.84 89940.5! 988505 318 3.51
Uniform 88189.5] 971840 2.83 40451 28212.0 5.88 42807 .5 410245 3.86 412
Increasing 682858.5| 81382.0 11.p2 89608! 608820 14.74 71607.5| 845285 10.97 12.91
Dacreacing 94154.5| 918758 2.70 84579| 68768.9 6.49 87080] 93870.5 3.8 417
{Uniform 38077] 97iB4.0 2.40 40508| §8212.0 6.00 48093] 41024.5 5.08 4. 48
Increaking 70281 $1982.0 14.50 70505] #0B6Z. O 16.25 74905| 84528 5 15.15 15 78
1Dscreaking 99919.5] 90680.0 5.91 g2340| 96012.0 7.38 98918 5 .47 5.98

91092.5
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| i <BEETZ. =818
Uniform 8774.0 5919.5 J720.0 -12.99 -5.34
Increasing 9900.5 8876.0 B8501.5 1.78 Q888 10868.5 —3.87 018
Dacreaking 13815 12479.0 12108.5 8.54 151 41 14607.5 4.97 5.87
Uniform 6802.5 9118.0 F025.0 =106.48 88445 3953.0 =31 .23 -21.31
Increasing 30111 9504.5 8797.0 -3 88 10844.5 124715 ~17.09 -4 78
{Dacreating 139588.5 12887.0 11442 5 15 74 14438 14803.0 -9.18 5.88
{Uniform 5742 8404. 5 -31.68 5892 .6 7125.5 -17.30 B7ED 10600D.0 -36.15 —-28.3¢
Increaking 9059.9 85270 -5.00 8952.5 5981.5 =11.40 1098B] 12155.5 -14.71 -10.37
Dacreasing 12090.5 12173.5 -0.68 12028 56 11507.5 4. 51 14068.5 140686.0 017 1.39
Unifarm 1BEB4. 5 22719.5 -18.81 18647 24918.0 -21.55 26060. 6] 28508.5 —1.80 -18.92
Increasing a0284.5 92698.5 ~-7.94 30847 34072 5 -8 47 97944 5 9?5 0.18 -5.54
|Decreasing 4968568.5 458565 -5.00 44794.5 48510.5 -7.88 44886 5 49998.0 -6.11 —B.92
Uniom 19287 296868.5 ~95.47 19481 .5 28%505.9 —-31.66 207508 39924.5 —-48. 01 -38.386
Increaeing 31487 39002.0 ~19.27 91454] 90210.5 -17.68 32658.5| 51747.0 —-p8.Ba -24.81
{Decreasing 434397 483959.0 -7.57 49687 48634.0 -5.99 44980 520856.0 —-13.88 =10.4
“IUnitarm 10846.5 30018.0 -97.21 19586 28387.5 -33.52 22545.5 429392.5 -46.74 —-98.18
Increasing 91648.5 Jevo0e.o —-18.24 92996 99568.0 -19.10 3653495 50957.0 —30.84 —22.60
Decreacing 414825 47852.0 —12.95 43265 484870 -10.77 45391.5 51480.0 ~15.80 -198.17
Unidorm 24781 30504.5 -16.89 275897 944625 ~-20.80 287686 JEBSB. & -26.04 -21.78
ncreasing 42628 48484 5 -5.68 45405 519145 -11.52 47068 522945 -9.89 -10.01
Decreasing 69108.5 B75397.5 -6, b8 48729.6 7a807.0 -b.83 $5440.5 7471 6.0 -7.06 -5.75
Unifarm 25603 348340 —-26.50 2791V 99054.0 -208.52 208598.5 44355.5 —95.5¢2 —-90.18
nceaking 44482.5 501149.0 =11.25 47284 6 57147.5 -17.28 48521 64670.0 -25.20 -17.83
{Dacreasing 851186.5 B7882.5 -9.58 67197 ¥4848.0 -10.48 47658 5( 721440 —B.B2 -6.74
Unifarm 24595 5 37388.5 -34.07 271 25.5 4071485 =92 43 20745 47191 .5 -=&g.08 -95.20
lIncreasing 45679 54007.5 -15.49 486802 59795.5 —18.89 50287 85208.0 —-22.88 -19.07
Decraasing 59826 5| 67881.0 —11.80 pa7768.5] 71854.0 -9.22 85108.5] 758678.0 —18.97 -11.59
Uniform 88912 44901.5 -14.88 40417.5 50028.0 -19.21 424499 49583.0 -14.30 -16.08
ncreasing 65930 79920.5 =10.00 8RB6S 75103.5 -10.88 B8345 770394.5 -9.96 =10.81
Decraaking g7047| 105300.0 -7.84 9p009| 109388.0 -7.13 99940.5) 108181.0 -7.57 -7.81
Uniform 98188.5 595485 -3%. 9 40451 57448.5 =29.58 42807.5 620060 -21.28 -9z 28
Bp289.5 81699.5 ~18.87 55803 92874.5 -16.01 71807 5| B84121.5 -14.88 =15.75
Decrmasing 94164.5] 102876.0 -B.48 94529} 109820.0 -13.82 g7080] 1194560.0 -14.43 -12.28
Uniform Jao077 B1B7E.5 —38. 46 40505 508887.0 =91.9 49083 65209.0 -99.82 -234.58
nceaeing 70281 84944.5 -18.67 70505 B8d4492.5 -18.55 74305| B82078.5 -16.560 -16.80
Decreasing §3910.5 104848.0 -10.51 82940| 101980.0 —3.45 9919 5 12926R5.0 -21.37 -13.78
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[§ 7-13] =129

A5 Faesh Felsgao

1 lunitem 0.108 3 0.094 402 589 419.608 0.098 395,052
Increaeing 0.094 442.198 0.034 452 08D 447,984 0008 447,307
_|Decreasing 0,102 460. 442 0.094 487 851 442 687 0.094 485.660
“[Unitam 0.125 478.160 0.108 470.787 484.698 0142 489.52¢

] Increasing 0.185 535.105 0.102 530,522 529.0M 0.107 5382.808
Decrsasing 0.128 542.821 0102 592 996 559.800 0.108 559.862

Uniform 0.184 5086.942 0.125 508.852 D.948 497.778 0.229 505.157
Increasing 0.184 0626.283 0.109 B23.807 D133 5955480 0135 615.812
Dacrsaking 0.1568 897200 0.125 654.929 0.109 £52.829 6130 G681 875

Uniferm £.128 525.925 0.109 561.808 0.109 554,987 0115 547177

9 [Increasing p.1988 ] 1,797.180 0.117 595.051 0,102 595 246 0117 9B3 R42

. Decreasing 0.138 578.758 0102 827.978 0.148 538.079 0115 559 288
L Uniferm g.i72 448298 0.14 388 41 0141 625.429 0161 648 710
&_ : “Z Increasing 0.184 857.856 0.141 704002 0.14§ 651 047 0.146 671102
{Decreasing 0112 595,981 .14 714.578 0.199 659.928 0.148 703.282
Unitemm 0.211 503.474 0172 729.545 D.164 655.989 g.182 683 .002
Incmaeing 0.208 495.520 D.164 754.945 0164 551.384 0177 713083

12 _.|Dacreacing 0.195 796.449 0.805 750.178 0,158 747.024 0.218 744.551
1 {Unferm 0.148 847401 014 559,094 D.133 673.508 0141 661.448
Increasing ¢.156 528.841 0.188 785.848 0133 887.873 0141 505 458
Decreasing 0.158 872.920 0.199 725.148 0.125 879177 0.138 832.418

Unifam 0.18B 706.630 0.158 Bz 227 0.158 789.820 0.167 775.594

E Increasing 0.195% 774.979 0.158 801 492 0156 | 4175.540 0189 | 1. 17195
{Decrasing 0.209 B2 594 01568 792.880 0.168 704.087 0172 792174
Unifomm 0.254 814.981 0.180 787.002 0.1ag@ 750.8580 0.2 784.104

4 Increasing 0.227 §Ba. 820 0,185 904.571 0188 | 4188.410 0.209 | 1,991.494

.. iDscreasing D.227 g16.971 0.180 927 544 D.195 878.000 020 907 785
qUnifom D.188 690162 0.148 727.887 0.148 662.0M 0181 700.670
incmasing 0172 T32.654 0.148 794,142 0.156 754.788 0.169 761.18%
JDegcreaking 0172 797.392 0158 BA9. 02D 0.158 778.008 0181 g0 788
JUniform 0.211 Bb7.758 0.180 913,704 0.195 B93. 345 0.195 891 002

10 Increasing 0.218 BB3.95D 0.188 965 842 0.188 908,882 0138 920,844
# Deceasing D.211 945.199 0.180 83BH.9D9D 0.1a0 913.6824 0.180 947 542
{Unifom 0.268 | 1.091.220 0219 1,091.010 g.219 1 1,028.190 0.2841 1,007.120
increasing D.27a | 1.120.88D 0.219 595 027 p.2ig ¢ 1,083.120 0.237 { 1,060.8928
{Decrsasing D.268 | 1.045.140 0.218 | 1.050.070 0,242 | 1,057.280 0.242 | 1,044.157
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F ol Uniform 10084.5 8403.5 20.00 8727.0 .5 5.85 .6 9181, 18
Increaking 14886.0 12587.8 16.58 144670 15048.5 10.68 51 19297,
Decreasing 20253.0 168400.2 10,07 20875.5 10656.0 10.75 51 19054,
sl Unitorm §998.5 8409.5 7.06 §781.0 8654.9 10.48 .0 9191,
Inceacing 159849.5 12597 .5 26,93 14481.0 19048 5 11.00 .0 192897,
HDecreasing 208895 17688.5 16.78 21048 0 188248 14.88 .51 18538,
Uniform 8995.5 0408.5 7.08 §5727.0 9864.5 9.85 0 5191
Increaeing 15700.0 12897.5 8.75 14617.0 190646, 5 13 87 0] 13297,
|Decmasing 19702.5 17401 .8 19.22 202840 1768450 19. 67 5 16083.
{Uniform 27108.0 268089.5 4.11 28712.5 257880 7.18 5 27009,
Increasing 45453 0 89871.5 8.0 45112.5 41 488. 0 B.74 5 40681 .
Decreasing 62108.5 §560911.5 5. 42 65522 5 817t 0 6.18 0 59484,
Uniform 2BIBY 5 280899.5 3.55 28551.0 26788.0 b 5% 5 27008,
Increasing 49299.0 98871.5 8.80 48473.5 41486.0 12.02 5 40661 .
{Dacreasing 81182.0 572925 §.80 647710 55050.5 6.19 0 57751.
Uniferm 287872 5 28089.5 2 87 2685675 26786.0 814 N 270039,
Increasing 448980 99871 .5 11.88 47887 .5 414880 14.90 5 40861 .
;{Decreacing B1014.0 555085 9.99 816853.5 580880 6.49 0 58119,
“JUniform 265825 95808.0 278 40545.0 39478.0 5.97 B 38749,
Increaeing 62844.5 58159.0 7.7 6B605 0 63994 0 8.22 .0 58188,
Decreasing 99570.5 B9156.5 4.80 | 109067.0 97689.0 5.49 5 87898,
~tUniferm 375085 35603.0 5.89 41080.5 98476.0 6.78 8 3748,
Increasing B7572.0 58159.0 16.18 710945 63984 0 12.15 5 58198.
Decreasing 90412.0 Ba979.9 4. 87 | 100509.0 94574.5 6.27 0 BED17F.
Uniform 385755 85609 0 2.7 408220 98478.0 478 0 98749,
Increaeing 58157.0 58159.0 13.75 ¥2598.5 53544.0 18.14 .5 58198,
Decreasing 89358.0 B3608.0 5. 88 37879.5 91510.0 5.74 .0 82997,
Uniform 58977.0 BARBZ.0 4.08 81280.0 58705.0 4.95 .0 58004,
Hnceasing 99843.5 32156.0 7.80 | 102810.0 94553.0 g.20 9 D 91192
1Decmasing 145222 5 | 1408480 9.09 [ 160805.5 | 149863.0 4.48 | 141977.01 196827,
~wiUniform 50796.5 586820 9.79 81299.5 598705.0 4.92 58694 5 58004,
- Increacing 102802.5 §2156.0 11.68 | 1056650 94558.0 11.98 | 1o0s882.0 51192,
1. ..|Decreasing 142514.5 | 138584.0 406 | 1460894 5 | 139382.0 5.95 | 187578.0 | 1982728,
; Uniform 58752 0 568662.0 9,86 80928.0 568705.0 879 595365 580049,
4| Increaking 1058740 §2156.0 14.89 | 112088.5 94555.0 18.50 | 109252 5 81132
Dsceasing 1§86508.0 | 182180.0 5.68 | 143081.0 ) 194901.0 6.05 | 1260875 | 128580,




[#F 7-15] 7=18%

Uniform 10084 5 .0 -17.91 8727, 12848.0 -23.10 10010.5 14074.0 -28.87 -28.09
Increasing 14/86.0 16873.5 -10.84 14487, 17694.5 -17.78 148805 186085 -18.W ~15.94
Decreasing 20253 0 23049.5 =12.08 204875, 29174.5 -8.892 212945 2239398, 5 =-5.18 -8.07
Uniform 8888.5 14103.0 -36.19 5781, 19564.0 -27.88 100300 15430.0 —=35.00 -93.09
Increasing 15969.5 17200.5 -7.04 1 4481 18727.0 -22.67 14980.0 19894.0 —24.95 -18.22
Dacreasing 208609.5 22182 5 -5 83 21048, 228810 —B.01 210840.5 227460 -7 28 =7.04
Uniferm 8996.5 18033.0 -43.68 9727, 13694.0 -28.13 10080.0 17382. 5 —42.30 -838.10
ncmeasing 19700.0 171870 —-20.20 14817. 175688.5 -156.68 152800 205338.0 -25.83 -20.56
Dacmasking 19702.5 20833.0 -4, 04 20284, 21002.5 —3.42 19736.5 20865.0 —-4.50 -3.89
Uniform 2v109.0 48911.D ~44 57 28712, 45042.5 -96.25 92275 5 58407.0 —40.13 —40. 82
increasing 43488.0 57665.0 —-24.856 45112, 50058.5 —-24.88 46025.5 #8081 .0 —-27.33 -25 62
Dscreasing 62109.5 760176 —18.30 85522 91287.5 -19.84 63082.0 79648, 5 ~20.60 -19.48
Uniform 26984 5 48118.0 —471.83 28551 45743.0 -985.75 281905 57692.5 —48. 38 -42.55
Jincreaeing 49299.8 81984.5 -30.01 46473 59028.0 -21.27 48251.5 BEE14.5 —9g.24 -g7.84
Decreasing 81182.0 F7760.0 =21 8t 84777, 78125 5 -18.15 52976, 0 TRA21 .5 —-18.59 -18.38
Uniform 26767.% 47928 .5 - 454D 20567, 46345.0 -40.08 92588.0 | 678285 -43.89 —-42 a4
AIncreasing 44896.0 | 64078.0 -30.84 | 47867 84147.5 -25.69 | »sobge 5| 639815.0 —-27.40 -27.81
Decreasing g1014.0 794215 -18.50 81853, TB078.0 -20.77 502320 715388.0 -15.72 -17.80
Uniform 385825 56354 5 -35.08 40545. 60994.5 -33.53 3684081.0 84837.0 —-40.856 —-308.42
Incraasing 82844.5 82274.0 -29.68 88805, 84020.5 -18.95 59098.0 8sg22. 5 -27.99 -231@
1Decmeacing 95570.6 | 107924.0 —-12.81 | 108057 120858.0 -14.50 g1911.5 | 116874. 0 -20.85 -18.12
Undom A7500.5 60230.5 =37.73 41080, 5915856 -30.59 484972.5 86139B6.0 -43.59 —-87.28
Increasing 87572.0 84685.5 -20. 21 71094, B6130.0 -17.4b 84407 5 80985.9 -25.118 -22.27
Decreasing 80412.0 | 1085358.0 -15.18 | 100R09. 121520.0 -17.30 ggevyi. 0| 110706.0 -15.00 -17.16
Unifarm JB576.5 62401.0 —-41.99 40322, 8601 6.5 ~-40.72 289974 70985.0 —-45.88 —42.69
Increasing 568157.0 846235 -21.88 72598 99556.0 -18.85 B8385.5 8029%5.5 —25.43 -22 37
Decredsing §84a58.0 | 107224.0 =17.58 97874, 118842.0 ~17.87 gses0.n | 1077948.0 =18.37 =-18.21

= iUniform 608977.0 §8875.0 —39.64 81280, 106082.0 -41.70 59798.0 §36852.5 -356.92 -g7v.22
Increaeing 993848 5 | 157008.9 =27 49 | 102310. 140072.0 ~26.96 9756008.0 { 129B40.0 -24. 30 -28.45
{Decmaeing 145292 51 172908.0 —18.01 150303. 1865682.0 -19.44 { 141377.0} t70527.0 —20.81 ~108.75
Unifom 65879A.5 | 1028481.0 —42.85 61234, 10814€6.0 -40.89 59p894.5 | 1195748.0 —47. 44 -43.84
Increaeing 102902 5 | 146471.0 -29.75 | 105885, 146110.0 -27.06 | 10p8B2.0| 144B54.0 —30.40 -29.06
;{Decreasing 142514.5 | 182458.0 ~21.89 | 146894, 1785396.0 =17.91 197575 0[ 181091.0 ~24.03 -21.28
| Uniformn he7sz. 0 | 1121068.0 -47.99 80929, 107752.0 -43. 45 59598.5 | 117540.0 —-49.28 -48.77
a4l incmwaking 1056740 | 144028.0 —-26.4% | 112p98. 146034 0 -2 M 1p08252.5 | 141B816.0 -27.08 -25.48
Dacreasing 189569.0 | 171081.Q =18.43 | 1430871 178840.0 -15.92 1 198pa7.65 | 180460.0 —24. 62 -20.88
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(& 7-16] 7=189] 42l A} Fajzgaio] Az vl

T N E HELY TR | BERYZ AEUS | BEATS | HEUAVG | BERT_AVG
Unifarm 018 438,52 0.11 494.24 0.20 470.24 D.15 486.020

% [increasing 0.14 598 61 0.11 526.02 012 520.89 012 520.27
Dscroaking 014 555,54 0.11 583298 0.1 554. 71 0.12 550.94
Uniform 0.20 585,04 0.15 617.22 0.1% T 018 697 91
“#:{increasing a.20 821.24 0.14 £23.52 0.1% 635,69 018 628, BD
|Decreasing 018 859,52 0.14 880.58 0.1% 086.57 0.18 657 96
unitorm 9.28 838.88 017 6260.10 017 548.91 0.18 837 98

8 [increasing 0.29 721,82 0.18 bS6.10 0.19 711.19 D.20 708,72
JDecreacing 0.23 TH7. 84 0.16 003.15 .17 B07.49 0.19 799.58
“luniterm 0.18 703,43 0.18 860.27 0.16 708.91 0,17 §38.96
2:|Increasing 0.20 79D.88 0.18 T80.54 1.15 766.39 0.50 758,28
_iDscreasing 019 77691 016 78281 018 788.14 0.17 78579
Unitorm 0.29 7558.11 0.20 754.62 .20 793.90 0.21 T757.84
#:fIncreasing 0.25 2.087.45 0.18 B40.99 6.20 900.26 0.2 1,596 28
{Dacreasing 0.24 887.19 .20 879.17 0.20 994.03 0.22 405.08

4 Uniform 0.30 809.56 0.24 B46.55 0.24 862 79 0.26 840 44

4 Ingreasing 0.80 976.19 .24 571.52 0.24 961.59 026 a78.48
14 | Decreasing 0.30] 1,010.88 0.24 384.28 0.z4| 1.074.00 0.28 | 1,020.58
B - {Unifomr 0.22 929,59 0.20 B45.78 .18 949 8¢ 0.20 B3840
2:{Increasing 0,22 964.90 0.18 8a6. 0 018 §79.60 0.20 974.84
{:: {Decrvasing 0.2 317.91 0.18 809,40 0.20 1215 0.20 81918
TUnifom 0.28 972 41 0.24 340,99 ngs| 1.027.83 0,26 909,44
Jincreasing 0.29 | 1,020.94 D.g4 | 1.00518 023 | 1.088.07 0261 1.099.53
Decreasing 0.27 1,082.12 0.23 1.048.24 0.23 1,109,064 0.24 1.077.82
Unitorm 0.95{ 1.050.10 p.25| 1.088.97 088 1.08572 0.9 1,058.40

‘4 [Incmasing 0.5 ] 1,181.88 D90 1,192.79 o.2e| 1.128.78 ¢ 91 1,190 47
_. |Dacraasing 0.84| 1.278.13 0.28 | 1,282 54 0,27 | 1.200.54 0890 1.299.74

- Tunitorm 0.25 1 1.008.61 0.22| 1.001.01 228 981 09 0.26 BE6. 28

% {Inceacing 0.28 | 1.015.35 0.22 | 1.048.80 g22| 1.087.11 0.28F 1.092.95%

. |Cecreasing .24 1,05¢78 0.72 | 1106385 0.2 1,058,390 0.22} 1.072.88
Uniform 0,84 114210 D.28 | 1.189.81 0.28| 1.196.10 0.90} .143.29
Increasing 0393 | 1,250.88 0.97 | 1.2890.01 0.26 | 1.743.97 0.29| 1,288.29
Decreasing 092 1.298.17 0.26 | 1.235.82 2.94| 1.277.92 0.91 ] 1.268.77
Gniform 0.40 | 1,268.45 D.99 | 1.262.19 0.94] 1.808.793 0.95 | 1.275.79
Increasing 0.40 | 1,582 11 0.94] 1.268.88 0.54] 1.5941.23 0.58 | 1.884.mM
Qecreasing 0.99 7.008 98 0.54 1,488 57 0.99 1,441 89 0.95% 3,905.87

e
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14.5%
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(& 7-18]

70

M| N F

Unidorm
{"@{lncreasing 7.58 2 51 i1.29 -18.45
. 1Decmasing 5.0D 8.13 10.92 ~12.28
Uniform 5.28 19.57 19.49 -1 .7
HIncreasing 522 11.07 17.06 -15.54
{ Dacre asing 5.80 10 44 18.69 ~15.698
| Uniform 5.29 0.83 6.9 -399.1%
#1increasing 9.88 an 10.7M -21.16
Decreasing 5. 75 5.87 10.08 -14.08
Unifsrm 16.28 582 -0.91 ~28 34
12 {Increasing 998 6.59 4.22 -21.5
.'.__'.’Dnmas.inu .02 1.88 -0.28 -19.91
1 iUniform 488 -4 02 -7.88 -47.32
8:]lncreasing 11.4 4 BB 1.49 —85.42
2|Decreacing 4 87 4 98 0.96 —-23.40
Unitorm 1.75 -7.69 —-20.54 —47.65
$llncreasing 12 81 7.61 -4.08 -394 24
1Dacreasing 4 91 1.78 -4.00 -28.15
Uniform B.70 -2.70 -7.8 -92.688
2:Increaking 8.14 4 21 0.04 —22. 41
|Cscreaeing 9.08 2.98 1.08 -18.64
{Unifarm 9.75 -2.88 ~14. 61 ~40.09
Increasing 12.28 8.52 -0.92 ~20. B8
Decreasing 5. 43 1.156 -2. 808 -21.14
Unform p1s =121t —20.10 -43.986
${increasing 14 09 5.26 -0.01 —-580.94
“{Decreaeing ?2 739 1.30 -2 01 —-23.99
Unifarm 428 2.9 ~5.43 -2B8.79
Incredsing B.90 6.18 2.B4 ~24.28
Decreasing 5. 88 8.48 5.00 ~21.89
Unidorm 9.00 -3.09 -12.94 -42.54
Increasing 10.899 5.99 -1.08 ~26.92
Decreasing 2.85 0.85 -9.20 -£5.97
Unitorm -0.81 ~8.59 -16.79 -44.80
Increasing 13.02 9.10 -0.88 -29. a7
Decreaking 2.78 _5.80 —1.88 =277




(3

S H BERT BEaT _ “BEer
.4 Uniform 0. 0.117 0.044 8.909 g. 229 327 935.862 486 092
Increasing 0. 0.110 0.038 1.180 0.055 a4, 230 447 987 528,270
Dacreasing 0. 0.198 0.0aB 1.210 4,080 34,197 489 BB0 550,942
Uniform 0. 0.400 0.070 48,993 0.088 384.091 489.528 597 508
& {Increasing 0. 0.270 0.078 B.267 0 081 5306.897 532.903 626.738
{Decreasing 0. 0.220 0.079 5.130 g.08e8 42 47 hGg.982 BB7. 957
Unifarm 0. 0.910 0.085 282 550 g.112 464 828 505.157 897.957
Yincreasing 0. 0.973 0.081 25.140 0.109 417.819 815.912 708.724
| Dacraaking 0. 0.270 0.098 8.357 0 098 228.950 B61.575 799.526
Uniform 0.0m 109,910 0.049 482 980 0.083 478.917 547.177 699.955
2 |Incraaging 0.081 45, 880 0.049 454.003 0.078 494.183 909 842 753 283
Decreaking 0.044 76 543 0.057 482 437 D.073 505,048 599, 260 795.759
Unifarm 0.049 831.419 0.089 499 960 n.i1g 507 872 848.710 787,941
Increasing 0.044 446 790 0.088 594 073 D.107 585,279 871.102 1.596.29
Decreacing 0.047 488,833 0.081 526.627 D.107 544 040 703.202 $05.0685
4 Uniform 0.080 451 540 0.107 545.590 5.150 558.149 488.002 940.495
Incmeasing 0.083 508.710 0.138 598.087 0.148 $09.837 713.689 970.484
Decreasing 0.0B5 478.817 0.094 589.100 0.184 588.293 744.551 1,0268.589
Uniform 0.045 276,993 0,088 476.789 0.083 509.159 651,448 898,402
Increasing 0.047 219. 477 0.088 514.909 0,088 534 070 899 458 §74.838
] Decreasing 0.048 285 884 0 060 541.077 0.091 [1,581.840 632.410 513,147
] Unifarm 0,057 451.810 0.098 541.470 0.1z2 B40.193 775.584 305, 441
| 8 ]increaeing 0.055 500.539 0.094 575.843 0.128 812 568 0.189 [1,9417.1385 1,093.590
Dacmaking D.052 491.020 0.098 11,610.445 0,185 822 510 0.172 733.174 1,077.933
ke 4 Unfferm 0.076 528.730 0.112 575,388 0154 887.489 0.201 784.104 1,058.997
Increasing 0.076 548 277 8.120 871.797 0.161 748,813 0.209 | 1,991.494 1,150 487
Dacreasing 0.076 599.187 0122 697.143 0.154 279460 0.201 807.765 1,293.737
Uniform §.052 380,539 0.073 572.950 0.117 642 B27 0.181 700.070 986.283
Increacing 0.080 499 970 0.088 614.610 0.109 865,000 0159 761.155 1,042 953
Dacreasing ¢.047 489,887 0.070 £18.985 0.125 897.407 0.181 910,786 1,072 880
~|Uniform 0.088 470.868 0.108 677.470 0.143 750.419 0.185 891.802 1,149.230
{Increasing 0.088 524 227 0112 711.510 0.141 754.980 0.198 92D fad 1,268.240
Deceasing £.085 520,948 0.117 B41.560 0.148 770.508 0.190 942 542 1,289.770
Unifam (.D89 112.893 0155 701.747 D184 §00.737 0.284 | 1,097.120 1,275.790
4 {Increasing g.091 559.518 2,199 794.737 0164 a6l 020 0.237 | 1.060.826 1,964,007
Decraasing . 081 560.727 0.158 752 230 0.187 [ 9, 417.578 0.242 | 1,044.157 9,905.878
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[ 21 ] B4 o) APLE o $3 REY

« File Name : p.mod

param M; #o}o] &l o] <=(M)

param T; #A1 8 7]kl Ao|(T)

param N; ## "ol 4

param W { j in 1..N} #elelve] B8 AAFW)

param f { j in 1..N}; #€69] Adoidd 28](F)

param SetUp {i in 1..M}; #A5 io] igk AYrr6]8]8(Si)
param HCost {1 in 1..M}; #A3%F 1o digt @3 A8 §Hi)

param d {1 in 1..M , ¢ in 1. T} #712F tol A9 AE digh o5 Dti)

#7170 toll AREH AL AH oW E AMESHY FEHE de WEhll= B (Xti)
var X {t in 1..T, i in 1..M, j in O..N} >= O;

#2170 el e AF il g AaFE vehle B

var 1{tin0..T, {in 1. M}>=0;

#7132 to] AHgEE Adolde] (HFAT)E Yehds de(i))

var Y {t in 1..T , j in 0..N} integer >=0;

#x>009 1, opd 0F Yehll= W (deltalx))

var Z{ t in 1..T , 1 in 1. .M} binary :
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minimize TC :
sum { t in 1..T , 1 in 1..M} SetUp[i] = Z[t,i] +
sum { t in1..T , & in 1..M} HCost[i] = I[t,i] +

stm { t in 1..T , j in 1. N} £{j] = Y[t,)];

#-A pe] Ak (2)
subject to C3{1 in 1..M}:

1[0,1] = 0:

#EA pel Aok (3)
subject to C3_1{i in 1..M}:

IT,1] = 0;

#54 Pol AFa (4)
subject to C1 {t in1..T, i in 1..M} :

I{t,i] = I[t-1,i} = sum{j in 1..N} X[t,i,j] + d{i, t] = O;

#5-A pol AL (5)
subject to C2 {t in 1..T , j in 1..N}:

sum{i in Y. MIX[t,i,7) <= WLl = Y[t, i1
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#deltaCO ol AFE-E A2k
subject to C4{ t in 1..T, 1 in 1..M}:

sum{j in 1. N}X[t.i,]] <= 10000«Z[t,i];parem M; # olol¥de] (M)
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[ 5-2 ] &AP2 Sample Data

« File Name : p.dat

param T = 4;
param M = 3
param N = 2;
param W f =

1 100 100

2 200 200,

param :SetlUp HCost

1 125 1
2 180 1
3 990 1;
param d: 1 2 3 4 =

1 21 24 24 30

2 42 36 438 39

3 0 93 ol 63:
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[ #%-3 ] #AP) MINAYE AT 5]

« FileName : p.run

reset: # HA JHE doJHE =713} AT

model p.mod; # REE ARE qlalst}

data p.dat; # ZH¥¥ AR & AFHolgE I}

option solver cplexamp.exe; # Solver Engine® 2 CPLEXE o] &3t}

o

# nodes = 500000 : Branch and Bound?] ©Axt 4 500,0000.2 A A FICH

—

# AMPLel A CPLEX®] Parameter® %3l

# backtrack = 1 @ 2QA7FS ©E87) 93 Parameter =74
option cplex_options 'nodes = 500000 backtrack = 1';

#EA ded 29 dolEe 49 delelg M EAE Ao

e

solve:

¥ BEYS e neFEo,

display TC;

#EAE AN 228 AZE vz

display _solve_time;
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[ -=-4 1 &4 SPRY) APLE ol 45 227

* File Name @ spr.mod

param M: #olo] | o] 4= (M)

param T: #4138 7]k de(T)

param N; #Ag ol 2] =

param W { J in 1..N}; #gold FE A A=W)

param f { j in 1..N}; #99 #AdeldFd L8| (F)

param SetUp {i in 1..M}; #A1F io] gk AYAk=n)u]£(51)

param HCost {1 in L..M}; #4|F 1ol 3k D3 A v & (Hi)

param b {1 in 1..M}; # Fzx Fo7} 3= 717

param d 41 in .M, t in 1.. T} #717F tol A ) A% Al =220Dti)

param D 41 in 1..M, s in 1..T, t in1..T ! t>=s} :=sum{ k in 1..T © k>=
and k<=t} dli,k]: # 717F sl A 742 4 587

#param ¢ {1 in 1.M, t in 1..T, k in 1..T : k>=t} = sum {s in 1..T: s>=t
and s<=k-1}HCost[i]+D[1, s+1, kl;

param ¢ 11 in 1..M, t in 1..T, k in 1..T : k>=t} := SetUp[i] + sum {s in

1..T: s>=t and s<=k-1}HCost[il*D[i, s+1, k]l:

param LB {t in 1..T} = min{j in LN} :=ceil( sum {1 in1..M s in

1..T v s <=t} dli, s]/W[il):

param UB {t in 1..T} = max{j in 1..N} = ceil{ sum {1 in 1. .M, s in

1l

1..T + s >=t} dli, sI/Wlil):
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#Aad e

var 1 41 in 1..M, t in 1..T} >=0;

var w { 1 in 1. M, t in 1..T, kin 1..T : k>=t} >= 0;

var z { 1 in 1. M, t in 1..T } >=0;

var v {t in1..T, j in 1..N} >=0;

# A pol EXES

minimize TC :
sum { 1 in 1. M, t in1.. T, kin1..T : k>=t} cli, t, kl*w[i, t,
k] +
sum { 1 in L..M, t in 1. T} SetUpli] * uli, t] +

sum { t in 1..T, j in 1..N} f[j] * v[t,j];

#o=A Pel AR (1)
subject to C1 {t in 1..T}:
sum { 1 in 1..M, k in 1..T : k>=t} D[i, t, k)*w[i, t, k] <= sum { j

in 1N} Wl lsvlt,j]s

# A pol Ak (2)
subject to C2 {1 in 1..M}:

sum{t in 1..T, k in 1..T ¢ t<=b[i] and k >= bli)twli, t, k] = 1;



# A po AR (3)
subject to C3 {i in 1..M, t in 1..T : t>b[i]}:
sumik in 1..T @ k<t} wl{i, k, t-1] - sum{k in 1..T @ k>=t} w1, t,

k] = 0,

# A po Aok (4)
subject to C4 {1 in 1..M, t in1..T }:

sum{k in t..T @ k>=t} w(i, t, k] + uli, t] = z[i. t];

# A po Aok (5)
subject to C5 {t in 1..T}:

sumf{s in 1..T, j in 1.. N : s<=t} v{s, j] >= LBlt];

# A pel Aok (6)
subject to C6 {t in 1..T}:

sun{s in 1..T, J in 1..N: s>=t} y[s, j] <= UB[t];

subject to C7 {i in 1. .M, t in 1..T}:

7z, 1] <= 1;
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[ 55 ] ¥4 572 Sample Data

» File Name @ spr.dat

param T := 4;
param M = 3;
param N = 2;
param °: W f 1=

1 100 100

2 200  200:
param : SetUp HCost b =

1 125 1 1
2 180 1 1
3 990 1 2,

1 21 24 24 30
2 42 36 48 39
3 0 93 ol 63:
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[ F5-6 1 AR MiAAGE A 3
» File Name @ spr.run
reset: # A YHE dole|& 2713 A7),
model spr.mod; # Fd3 ARE JAsc)
data spr.dat; # 2% AHu me AYdolelE g)d s},
option solver cplexamp.exe: # Solver Engine® & CPLEXE o] &3t}
# A dEd 29 dolg et 49 dolEE M a EAE Adet

solve;

display TC.

ZAg ANEEd 228 AGE woR}

display _solve_time:
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File Name : frmDocument.frm

Option Explicit

w4 A

Private TC As Single ' Total Cost
Private M As Integer "% of Item
Private BT As Integer 'Period

Private N As Integer "# of Container
Private sT As Integer " 7132

Private W_index As Integer " Aol
Private A_index As Integer i b
Private dti(30, 10) As Integer R E

Private dti2(30, 10) As Integer TR

Private Si(10) As Single "SetUp H| &
Private Hi(10} As Single © A 31B] L
Private Wj(4) As Integer '3 A A
Private Fj(4) As Integer ' EE|

CHawad 24088 JlAs Beelye Ay
In

Private W_hat As Integer

Private Xt(30) As Integer YA
Private Xti(30, 10) As Integer v AR
Private Xtij(30, 10, 4) As Integer v AR AlEF
Private XHtij(30, 10, 4) As Integer v AL
Private Xtj(30, 4) As Integer e s
Private Mti(30, 10) As Integer " A R B A
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Private Mti2(30, 10) As Integer
Private Ati(30, 10) As Integer
Private Y1j(30, 4) As Integer
Private U_Fj(4) As Single
Private S UFj(4) As Integer
Private Ktj(30, 4) As Integer
Private U_Fj2(4) As Single
Private S_UFj2(4) As Integer
Private K1j2(30, 4) As Integer

Private Etj(30, 4) As Integer
Private t1 As Integer
Private t2 As Integer
Private ;1 As Integer
Private j2 As Integer
Private j3 As Integer
Private W_max As Integer
Private H_cum As Integer
Private M1i{10) As Integer
Private M2i(10) As Integer
Private M3i(10) As Integer
Private M41(10) As Integer
Private M51(10) As Integer
Private M6i(10) As Integer
Private FRi(10) As Integer
Private kj(4) As Integer
Private Uj{4) As Single

Private Sub H_Step01()' AR £ A5+ 194

Dim j As Integer
Forj=1ToN
U _Fj(G) =Fi() / W)
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"Hg FHo Y] %
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"R EE] &4
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Next
EIEE
sT=1
PR AR 9 9 22 P,
Call H_Step02
End Sub

Private Sub H_Step02()* A8 & A5 29+A4)
"EAY] 2= @71ke) AFY F2E AL
Dim 1 As Integer
Fori=1ToM
Xti(sT, i) = dti(sT, 1)
Next
' If sT = BT Then Exit Sub
'R A A o] B 3R gk
Call H Step03
End Sub

Private Sub H_Step03()* ¥4 ¥ &A1+ 37|
v zb Aol s
CRAR R AT 0B A A0 2o 05 TahA7Io)h
Dim i, t As Integer
Fori=1ToM
'E7IZN) 71 o 8
If sT = BT Then Exit For
FEZIEY] et ool ndEA gt
If Xti(sT, 1) = 0 Then
Else
VEAE] 8] ATl 0BT £ FoE | ZES XA}
Fort=sT+1To BT
IfM i t(i, sT, t) > 0 Then
Xti(sT, 1) = Xti(sT, i) + dti(t, 1)

—_
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Else
Exit For
End If
Next
" EAN A, 238 AR
Mti(sT, i} =M _i t(3,sT, t- 1)
Mti2(sT, i) =t-1
End If
Next
Call H_Step04
End Sub

Private Function M_1_t(ByVal ai As Integer, ByVal ts As Integer, ByVal te ;\s Integer) As
Single
If te = ts Then
Mit=0
Exit Function
End If
Dim H_sum As Single
Dim k As Integer
Fork=tsTote- 1
H sum = H_sum + Hi(a1) * (k - ts) * dti(k, ai)
Next
M_i_t=(Si(a1) + H_sum - Hi(ai) * (e - ts) * (te - ts) * dti(te, ai)) / (te * (te - ts))

End Function

Private Sub H_Step04() ' SHAIH| &A= 4thA
rEgEdy S
Dim i, t, k, sort? As Integer
Fori=1ToM
Fort =sT To Mti2(sT, 1)
dti(t, 1) =0

§2



Next
Next
' B2 7IE A AF oA HdE
Fori=1ToM
Fork=1Toi
Ifk=1Then
Ati(sT, 1-k+ 1)=1
Exit For
End If
If Mti2(sT, 1) < Mti2(sT, Ati(sT, 1 - k)) Then
Atu(sT,1-k+1)=1
Exit For
End If
If Mti2(sT, 1) = Miti2(sT, Ati(sT, 1 - k)) Then
If Mti(sT, 1) < Mti(sT, Ati(sT, i - k}) Then
AT, i-k+1)=1i
Exit For
Elself Mti(sT, 1} = Mti(sT, Ati(sT, i - k)) Then
If Xti(sT, 1) <= Xti(sT, Ati(sT, i - k}) Then
At(sT, 1-k+ 1)=1
Exit For
Else
Ati(sT, 1 -k + 1) = Ati(sT, 1 - k)
End If
Else
AN(sT, 1 -k+ 1) =Ati(sT, i - k)
End If
End If
If Mt2{sT, 1) > Mtz2(sT, Ati(sT, 1 - k}) Then
Ati(sT,1-k+ 1) =Ati(sT,i1-k)
End If
Next
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Next
Call A_Step01
If T = BT Then Exit Sub
sT=sT+1
Call H Step02
End Sub

Private SubA_Step01()' 7 wiAYF @A
Y e
Dim j, k As Integer
Forj=1ToN
U_Fi(j) = Fi()) / Wi())
Next
wAY e LBAE 4
Forj=1ToN
Fork=1Toj
If U Fj(j -k) > U Fj(j) Then
S UFK(g-k+1)=5S_UF(-k)
Else
S UFG-k+1)=j
End If
Next
Next
Call A_Step02
End Sub

Private Sub A_Step02()' €% "l#H U F G2
Rz A
Dim 1, ] As Integer
Fori=1ToM
Xt(sT) = Xt(sT)} + Xti(sT, 1)
Next
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@Y Adeld £4 4
Fory=1ToN
I (Xt(sT) Mod Wj(j)) = 0 Then
Ktj(sT, j) = Fix{Xt(sT) / Wi(j)
Else
Ky(sT, j) = Fix(Xt(sT) s Wj(G) + 1
End If
Next
g A AF Q9
A index =1
e A RO E DRI P b
W index = 1
W _hat = Wj(S_UFj(W_index))
Call A_Step(2 01
End Sub

Private Sub A_Step02 01()" % "hAYS @A 2.1
If Kt(sT, S_UFj(1)) <=1 Then
Call A Step02 02
Exit Sub
End If
If Xu(sT, Ati(sT, A _index)) >= W _hat Then
Y4(sT, S UFj(W _index)) = Y4{sT, S UFj(W_index)) + 1
Ky(sT, S_UFj(1)) =Ktj(sT, S UF(1)) - 1
Xti(sT, Ati(sT, A_index)) = Xti(sT, Ati(sT, A_index)) - W _hat
Xt(sT) = Xt(sT) - W_hat
Xuy(sT, At(sT, A_index), S UFj{(W_index)) = Xtij(sT, Ati(sT, A_index),
S _UFj(W_index)) + W_hat
W_hat = Wj(S_UFj(W_index))
Call A Step02 01
Else
Xt(sT) = Xt(sT) - Xti(sT, Ati(sT, A _index})
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Xty(sT, At(sT, A_index), S_UF)(W_index)) = Xtij{sT, Ati(sT, A index),
S UKW _index)) + Xt(sT, Ati(sT, A_index))
W_hat = W_hat - Xt1(sT, Ati(sT, A_index))
A index = A index + 1
If A_index > M Then
Call A_Step02 02
Else
Call A Step02 01
End If
End If
End Sub

Private Sub A_Step02_02()' & wfAYE @7 2.2
If Xt(sT) = 0 Then Exit Sub
VAbEke] Wi we Adely &5 ¢
Dim j, k As Integer
Forj=1ToN
H (Xt(sT) Mod Wj(j)) = 0 Then
Kt;2(sT, j) = Fix(Xt(sT) / Wj(}))
Else
K4j2(sT, j) = Fix(Xt(sT) / Wj(j)) + 1
End If
Next
A UG BNY Fo
Forj=1ToN
U _Fi2() = Kg2(sT, 1) * Fi(j) / Xt(sT)
Next
el og 99w S eEde 49
Forj=1ToN
Fork=1Toj
IfU_Fj2( - k) > U_Fj2(j) Then
S UF20-k+ D) =S _UF2(G -k
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Else
S UFj2(-k+1)=)
Exit For
End If
Next
Next
Dim i As Integer
Fori=A indexTo M
Xty(sT, Au(sT, 1), S_UF;2(1)) = Xtij(sT, Ati(sT, i), S_UF;2(1)) + Xta(sT, Ati(sT, 1))
Next
End Sub

Private Sub G_Step01()' 24 wWlAYUZF G4 1
'backword
t1 =BT
Dim j As Integer
P ZE oY Y] HAE§HE T
Forj=1ToN
IfW_max < Wj(j) Then W_max = Wj(j)
Next
Call G_Step01 01
End Sub

Private Sub G_Step01 010)' &% "AUZ w4 1.1

Dimt,1,j, t max, ] max As Integer
Fort=1To BT

Forj=1ToN

Xy(t,)) =0

Next
Next
Fort=1To BT
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Fori=1ToM
Forj=1ToN
Xtj(t. j) = Xu(t, j) + Xtij(t, i, j)
Next
Next
Next
Fort=1Tottl
Forj=1ToN
Etj(t, 1) = X4j(t, j) Mod Wi(j)
Next
Next
"t1,j1% Adbgeh
t max =10
Fort=1t1To 1 Step -1
Forj=1ToN
If E4j(t, j} > 0 Then
tmax=t
j_max =j
Exit For
End If
Next
If j <= N Then Exit For
Next
tl =t max
j1=j max
Ift1 =00rtl =1 Then
Call G_Step02
Exit Sub
End If
'12,j28 A4}
t max =0
Fort=tl -1To 1 Step -1
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Forj=1ToN
If Ey(t, ;) > 0 Then
t max =t
J_max =}
Exit For
End If
Next
If j <= N Then Exit For
Next
t2 =t max

J2 =] max

If t2 = 0 Then
Call G_Step02
Exit Sub

End If

If Etj(tl, j1) + Etj(t2, j2) <= Wj(j2) Then
Call G_Step01_02
Exit Sub

End If

If Eti{t], j1} + Etj(t2, j2) > W_max Then
tl =12
Call G_Step01_01
Exit Sub

Else
Call G_Step01 03

End If

End Sub

Private Sub G Step01 02 01()' ZA w7 YE T4 1.2.1
H cum=190

Dim1i,j, s costl, s cost2 As Integer

9%



Dim XHtlij sum, XHt2ij sum As Integer

Fori=1ToM
If M21(1) = 1 Then
Forj=1ToN

XHt1ij_ sum = XHtij(tl, i, j)
XHt21j sum = XHti(t2, 1, 1)
Next
[f XHt11j_sum > 0 And XHtij(t1, i, j1) = XHt1ij_sum Then
H cum=H_cum + Si(3)
End If
H_cum=H cum - Hi(i) * (t] - t2) * XHty(t1,1,i1)
If XHtlijj sum > 0 And XHt2i} sum =0 Then
H_cum=H_cum - Si{i)
End If
End If
Next
Fori=1ToM
If M2i(i) = 1 Then
XHti(t2, 1,32) = XHtij{t2, i, j2) + XHtij(t1, 1, 1)
Etj(tl, j1) = Etj(tl, j1) - XHtij{t1, 1, 1)
XHuy(tl,1,j1)=0
End If
Next
If Etj(tl, j1) > 0 Then
Call G_Step01 02 03
Exit Sub
Eise
Call G_Step01 02 02
Exit Sub
End If
End Sub
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Private Sub G_Step01 02 02(}' %A 4= o4 1.22
If F3(j1} + H cum <=0 Then
tl =t2
Call G_StepO1 01
Else
Dim 1, As Integer
Fori=1ToM
Forj=1ToN
Xtij(tl, 1, j) = XHHj(t1, 1, j)
Xtij(t2, 1, ) = XHtij(t2, 1, j)
Next
Next
t1=12
Call G_Step01 01
End If
End Sub

Private Sub G Step01 02 03()' 4 wWlAUZ 94 123
Dim 1, j, FR_max, i max As Integer '
Dim XHt1ij_sum, XHt2ij_sum As Integer
Fori=1ToM

I M1i(i) = 1 And M2i(i) = 0 Then
FRi(i) = Fj(j1) + H_cum - Hi(i) * (t1 - t2) * Etj(tl, j1)
Forj=1ToN
XHtly sum = XHtij(tl, 1, j)
XHt2y sum = XHtij(t2, i, j)
Next
If XHt1y_sum > 0 And XHt2ij sum =0 Then
FRi(1) = FRi(i) - Si(i)
End If
If FR_max < FRi(i) Then
FR_max = FRi(i)
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I max =1
End If
Else
FRi(1) = 0
End If
Next
If FR_max > 0 Then
Xuj(12, 1_max, j2) = Xtij(12, i_max, j2) + Egj(t1, j1)
Xty(tl, 1_max, j1) = Xtij(tl, i_max, j1) - Eg(tl, 1)
tl =12
Call G_Step01 01
Else
tl =12
Call G_StepO1 01
End If
End Sub

Private Sub G Step01 03()' 24 mlAHY S 1.3
H cum=10
Dim i, j As Integer
Fori=1ToM
Forj=1ToN
XHtij(tl, 1, j) = Xtij(t1, 1, )
XHtij(t2, 1, j) = Xtgj(t2, 1, j)
Next
Next
RS RERIEERCE S RS
Dim ) min As Integer ‘
Forj=j2ToN
If((Et(t1, 1) + Etj(t2, j2)) Mod Wj(j)) = 0 Then
kj() = Fix((Etj(tl, j1) + Btj(t2, 2)) / Wj(j))
Else

Ak

il

102



ki(p) = Fix((Eyj(t1, j1) + Etj(t2, 32)) / Wi(j) + 1
End If
Ui0) = ki) * Fig) / (Eg(tl, j1) + Etj(t2, 2))
Next
13=j2
For;j=j2ToN
If Uj(33) > Uj(j) Then
13=]
End If
Next
Fori=1ToM
If XHtij(t1, 1, j1) > 0 Then
M3i(i) =1
Else
M3i(1) =0
End If
Next

Dim count As Integer

count =0
Fori=1ToM
If M31(1) = 1 And XHtij(t1, i, j1) <= Etj(t1, j1) Then
MA4i(i) =1
count = count + 1
Flse
M4i{i) = 0
End If
Next

If count = 0 Then
Call G_Step01 03 03
Exit Sub

Else
Call G_Step01 03 01
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Exit Sub
End If
End Sub

Private Sub G_Step01 03 01()' =& w|AHYUZ oA 13.1
H cum=0
Dim 1, j As Integer
Dim XHtl1j_sum, XHt2ij sum As Integer

Fori=1ToM
If M4i(i) = { Then
Forj=1To N

XHtlij_sum = XHtlij_sum + XHtij(tl, 1, 7)
XHt21_sum = XHt2{j_sum + XHtij(t2, 1, j)
Next
If XHtlij_sum > 0 And Xtij(t1, i, j1) = XHt1ij_sum Then
H_cum=H_cum + Si(i)
End If
H _cum=H_cum - Hi(i) * (t1 - t2) * Xtij(t1, 1, j1)
If XHtlij sum > 0 And XHt21j sum = 0 Then
H_cum=H cum - Si(i)
End If
XHt)(t2, i, 13) = XHty(t2, 1, 3) + XHtj(tl, 1, j1)
Eu(tl, ;1) = Etj(tl, 31) - XHtij(t1, i, j1)
"Ifj3 <> j2 Then XHtij(12, i, j2) =0
XHty(tl, 1,31) =0
End If
Next
If Etj(t1, ;1) > 0 Then
Call G_Step01 03 03
Exit Sub
Else
Call G_Step01 03 02
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Exit Sub
End If
End Sub

Private Sub G_Step01 03 02(0)' Z2A wiAUZE 132
IfFiG1) + Fj(32) - Fi(33) + H cum >0 Then
Call G_Step01 04
Else
t1 =12
Call G_Step01 01
End If
End Sub

Private Sub G_Step01 03 03()' =4 "WiAYEF 1.3.3
Dim 1, j, FR_max, i max As Integer
Dim XHtlij sum, XHt2ij sum As Integer
Fori=1ToM
If M3i1(i) = 1 And M4i(i} = 0 Then
FRi(1) = Fj(G1) + Fj(32) - Fj(G3) + H_cum - Hi(d) * (t1 - £2) * Etj(t1, 1)
Forj=1ToN
XHtlij sum = XHtij(t1, i, j)
XHt2ij_sum = XHtij(t2, 1, j)
Next
If XHtly sum > 0 And XHt2ij sum = 0 Then
FRi(1) = FRi(i) - Si(1)
End If
If FR_max < FRi(i) Then
FR_max = FRi(i)
1_max =1
End If
Else
FRi{1) = 0
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End If
Next
If FR_max > 0 Then

XHtij(12, 1 max, j2) = XHtj(t2, i max, j2) + Etj(tl, j1)
XHtij(t], i_max, j1) = XHHj(t1, i_max, j1) - Etj(t1, j1)

t1 =12

Call G_Step01 01
Else

t1 =12

Call G_Step01 01
End If

End Sub

Private Sub G_Step01 04()' &4 WAYUSE 14

Dim 1 As Integer
Fori=1ToM
If XHtij(t2, 1,j2) > 0 Then
M51(1) =1
Else
M5i(1)) =10
End If
Next
Dim count As Integer

count =0
Fori=1ToM
If M51(1) = 1 And XHt(12, 1, j2) <= Etj(t2, j2) Then
M6i(i) = 1
count = count + 1
Else
M6i(i)=0
End If

Next
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If count = 0 Then
Call G_Step01 04 (02
Exit Sub

Else
Call G_Step01_04 01
Exit Sub

End If

End Sub

Private Sub G Step01 04 010" &4 WAUZ 141
Dim i, j As Integer
Fori=1ToM
If Mé1(1) = 1 And j3 <> j2 Then
XHtj(12, 1, 33) = XHty(t2, 1, j3) + XHtij(t2, 1, j2)
Etj(t2, 2) = Etj(t2, j2) - XHtij(t2, 1, j2)
XHuj(12,1,j2) =0
End If
Next
If Etj{t2, j2) > 0 Then
Call G_Step01_04 02
Exit Sub
Else
Fori=1ToM
Forj=1ToN
Xty(tl, 1, 3) = XHtyj(t1, 1, j)
Xtiy(t2, 1, j) = XHtj{t2, 1, j)
Next
Next
tl=¢2
Call G_Step01 0t
Exit Sub
End If



End Sub

Private Sub G Step01 04 02()' Z& wl#UZF 142
Dim 1, j,1_min As Integer
Fori=1ToM
If M5i(1) = § And Mé6i(i) = 0 Then
1 min =i
Exit For
End If
Next
XHtij(t2, 1i_min, j3) = XHtij(12, 1_min, j3) + Etj(t2, j2)
XHuj(t2, 1_mun, j2) = XHtij(£2, i_min, j2) - Etj(t2, j2)
Fori=1ToM
Forj=1To N
Xtij(tl, 1, j) = XHty(tl,1,3)
Xtij(t2, 1, j) = XHtj(t2, 1, §)
Next
Next
tl =12
Call G_Step01 01
End Sub

Private Sub G Step02()' =3 AU S 2
Dimt, 1,3, t_minl, t_min2, jtempl, jtemp2, j min As Integer
Fort=1To BT
Fori=1ToM
Forj=1ToN
Ifi=1Then
Xy(t, j) = Xuy(t, 1, j)
Else
Xt(t, 1) = Xt(t, )) + Xtij(t, 1, 3)
End If
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Next
Next
Next
Fort=1To BT
Forj=1ToN
Eti(t, ) = Xt(t, 7} Mod Wj(j)
Next
Next
t minl =0
Fort=2To BT
If t minl > Q Then Exit For
Fori=1ToM
Forj=1ToN
I Xtij(t, i, j) > 0 Then
t_mint =t
End If
Next
Next
Next
t_ min2 =0
Fort=2To BT
Ift min2 > 0 Then Exit For
Forj=1ToN
If Etj(t, j) > 0 Then
t min2 =t
End If
Next
Next
Dim count As Integer
Fori=1ToM
For jtempl =1 To N
If Xtij(1, 1, jtemp1) > 0 Then Exit For
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Next
Forjtemp2=1To N
If Xtij(t_min2, i, jtemp2) > 0 Then Exit For
Next
If jtempl <N And jtemp2 < N Then
M3i(1) =1
count = count + 1
Else
M3i(1))=0
End If
Next
Ift minl <>t min2 Or count = 0 Then Exit Sub
Forj=1ToN
It Etj(t_ min2, j) > 0 Then

J min =j
Exit For
End If
Next
End Sub
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