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-

Von =V, t v, +1*> bk,

y;'m = y; + hzblk’
Collatz
k= hzf[% +chy, +chy, +Zaz‘/k/]
J

Vo1 =V +hy; +Zbiki
hy,., =hy, +Zb'i k,

LD, F1m, 4kESKRD Nystrom & Collatz DV 7« 7 v X kT —T7 VKL T D



EF1, #2, £3, F4okoizsl2]8]
7 1. Nystrom, order 4

HBNIN L VFRIHT B BAEIREOBAEERIC & 5 L

# 2. Collatz, order 4

0 n
L
.. v
1 1 (h 1 1
3 2 3 z
1
1 0 = 1
1 a —
! 2
T 1 1
a3 — — 0 ¢ 1 2
i Fad il =
& G : & &
ho| L4l N
i} fi fi , & p =
3% 3. Nystrom, order 5 * 4. Collatz, order 5
0 0 0
7. s
1 1 ah‘ 1 1_ H
5 50 4 3z
C;
2 f 7 Jol . 83
3 | 37 a7 10 1000 250
3 2 3
1 = -2 il £ S
T L ! 7 0 T
— 14 100 54 B 1 & 25
e} W[ TR 336 0 : 14 27 189
b 14 125 162 35 IS 1 32 0 5
il 336 336 336 336 ! 14 21 567 54
3. HEMEO LB

UV IT AT c FAT—EE T aTNe— c UL DFHE

et A U, B4 g Lz, G0 H LA TORMEFEAZE S5 ITRL
Te. Flet =485k 7o 7 %K1, M2, t=485FhED /7 7 %K 3, K4 1ZRLT-.

=485D L XZT =2 —AN 45D 1T, =970 D& ZITTERIIKIEL TWD Z ERE

5777 bbhnrs.
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BE. VTV T 4T AT EE AT UL LD FED

ﬂ N % |

t =0, 485, 970 TOIAEME & FRHTHE & D Ehig
t BftE | DoTLITAavIFAT—% | VaTIIY—RILLDFE
0 0 0 0
485 0 1.003098593540 1.003098593510
970 0 0.000061932703 0.000061932786
t=n*h

A

|

|

I

2. VaTFie— s YL DFHE
(t=475~500)

\ \W |

X1. YTV o707 « FA Tk

(t=475~500)
i
|

AT E T
\J Il j !

X3, YoFVvIT T AT
(t=950~975)

K4. vaFiw—-~YLLDHE
(t=950~975)

UV ITF AT cF ATl aTNw— c U VLDOFEDONAIN =T ORI
VTV IT AT AT —EE YV aT e — s UL LD HFEOANI L =T U DOfE
IZOWTHRN, r=1000F COMEEEX6 IR L. £, TV 7 7%K5, KH6ITRL
T2 TV T 4T e A ATkl aTv— c SN LD HEOEL L H NIV b
=T VOEO7 T 7B L TEY, W ONDOEDO % L 5 LB 2 &0
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otz Flo, "INV =T UOEORENIY 27 v~ — « ~UL LD HFIED T HFER)
ThHoT-.
£6. VTV IT 4wl A TIEE AT — s UL LD HED
NIV R=T v OERR
t TV ITAVD FH 45—k | aTII—RNILLDEE
0 4.93480220054 4.93480220054
250 457859977088 4.95086103797
500 5.03365616377 4.96535915062
750 5.34563256356 494789126955
1000 4.86025580064 4.93509082588
Iy 4.95058929988 4.94680089691
t=n*h
5.4; 5.4
i f IW
h.? ( { \ ( h.?
v & ‘ v B
‘ :/AH._/’-\_/’-‘Lr"-‘\_/-\_/'-‘\\_r"‘g"\_r”\_rﬂ\
4.8 ) ’ ‘ ) 4.8
4BJ d U U \ U I 4.5
u T T T T 5IEl T T T I]lljul T T Illsul T T lzﬁu u T T T T 5|D T T T I]lljul T T I]IEUI T T I2IDD

M5. ST VLITF 4wy« A T—iE M6. vaTiv—- LDk
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Nystrom & Collatz DV % « 7 v Z ik

Nystrom & Collatz D 4RO 7 - 7 o ZiEZEFIREICEM L, BEfEEZ L. &
DIMEfFEZE R TR LT,

KUTITECDR D L0005 BAEFEDLT, TAENOBMEMITITLALEEDLRWEL

~L7-.

# 7. Nystrom, order 4 & Collatz, order 4 DEESE

t(n*h) Nystrom-4 Collatz-4
0 0 0
250 0.00148964492113 0.00148964500324
500 0.00297889807939 0.00297889816764
750 0.00446775621240 0.00446775631480
1000 0.00595621610813 0.00595621638473
2000 0.01190600929730 0.01190600929710
3000 0.01784917320200 0.01784917303500
4000 0.02378550232200 0.02378550245540
5000 0.02971479119780 0.02971479126550
6000 0.03563683535090 0.03563683496840
7000 0.04155143013890 0.04155142929500
8000 0.04745837185870 0.04745837147940
9000 0.05335745749010 0.056335745690690
10000 0.05924848414760 0.05924848366730
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Nystréom & Collatz D 4 IRDN VT« 7 o FEDNI NV =T DB
Nystrom & Collatz D 4IRD/V T« 7w BIEOANI IV =T A DN TR L7z,

3 8. Nystrém,order 4 @

NIV N=T OB

t FHERT

0 4893450220054
1 000 4 825657021 36 5.55
2000 4892451720674 ]
000 4915958275143 ”
4000 4.891425364755 ]
SO0 4 .85051 25882065 ]
alanln] 490401147346 g
OO0 4.898853835055 ]
g0 489378053455 ]
=10000] 480065882031 2 N

0 ao00o0 toooon 150000 200000

10000 | 4883559108537 ¢

9. Nystrom,order 4 DIV h=T DT T 7

# 9. Collatz,order 4 D/~ /L =7 » OEfEfE

: 1B )
( 4 83480220054 ]
1000 4. 829657021 41 5_5§
2000 4 82451 721006 ]
2000 4 51538275165 "

4000 | 491425364789
5000 | 48091 2985526 _
6000 | 450401147451 .
7000 | 489589539169 )
5000 | 489379064127 :
9000 | 4.88868521308 i

1 DDDD 4883591 DB?61 0 0000 Iﬂﬂtﬂﬂﬂ 150000 200000

v 4.5

3.5

1 0. Collatz,order 4 DNINV =T D757

NIV =T UOELEERD L& ERIERIZIEE A EZDORVENE L. BERT
T~ THDHNIL h=T 72, Nystrom D 4 % & Collatz @ 4 IRD1E 5 & & ¢ =10000
EFTEHETDE, M9, M100XEHIT/ 77 ThrDEENHICAZE.
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Nystrém & Collatz @ 5 RDI 5 « 7 v ZHEDOBAEMR D ek
Nystrom & Collatz @ 5RO/ 7 - 7 v ZiEZEFIREICEM L, BEfREZ i L. &

DOHAEfR A 1 01TR LTz.

# 1 0. Nystrom, order 5 & Collatz, order 5 DAz

t(nxh) Nystrom—-5 Collatz—5
0 0 0
250 0.00000175457764 0.000001447822009
500 0.00000350916316 0.000002895455977
750 0.00000526391211 0.000004343326990
1000 0.00000701877693 0.000005791121751
2000 0.00001403892271 0.000011583189676
3000 0.00002106007847 0.000017376018641
4000 0.00002808266773 0.000023169585297
5000 0.00003510644782 0.000028964086636
6000 0.00004213111383 0.000034759721379
7000 0.00004915700999 0.000040555999330
8000 0.00005618419941 0.000046352733912
9000 0.00006321254689 0.000052150649420
10000 0.00007024196392 0.000057949040370

vy

AMRDOAETTENENFIUCD N DL EHAEWDDR D S, FEM L 4 IROEHE E Wl 5 OfED
Pl & D i /{ oo TIERWA, EBL 56 H 4ROFOXL Y BREEO LWEEZRS
L ENTERL. £, ZOMBETIL Collatz D 5 IRDTTHIFEEEIT K.
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Nystréom & Collatz D 5ROV T« 7 o FEDNI NV =T DB
4 RO & [FFRIC 5IROBEED NI L b =T A2 DWW CHl L.
# 1 1. Nystrom,order 5 D/~ )V b =7 o O EfE

t HERE

0 493480220054
1 000 4935625358525
2000 493644470723
000 493726616418
4000 4938087758357
SO0 4953850545650
GO 493573135518
FO00 494055335555
g0 494137550048
B000 494218777748
10000 | 4543530201 5451

1 2. Collatz,order 5 D/~ I )L k=7 o OEAESAE

t BT

0 495480220054
1000 493552105801
2000 4953624000424
F000 45956855061 88
4000 495767821 231
B 000 4595838747585
GO0 495511685088
FO00 4958836325350
G000 4594055585384
2000 4941 27558026
10000 | 4594188537558

5.5

v 4.5

3.57

50000 1onoon 1650000 200000
t

1 3. Nystrom,order 5 DIV h=T DT 57

0000 tonoon 160000 200000
t

1 4. Collatzorder 5 DNNIN " =T DT T 7

Nystrom & Collatz D 5K D EE D AIL =T O, —ETHDEEMRD/ NIV K
=T ACKH L, Bl ORGEIZ LY 4RO &3 Lz, SIROBEE, L Tw
LU 5IROEGE, ETOBRELENTH O WG &7 D EED v
HafsZ ENTET.

DT ENRDNoT.
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4. BlEMEDOELE

HRBIEIC R U, BRI Z23E LE DR LB DWW THIEBRF L. T r T o
v 73R, NIV R=T U OEIIAE R IRECEB L, BAEDIRIEIXRH A T v T RS
KT DIFENEL D, LnL, FBETIZON, MHEOTANKEL 2D, V7L
TF AT e FAT—EE T aTFv— c NN LD FEZEFREN 1 IRB L2 KSEET
HHTED, NIND=T UOBEDHROED D ICREDOERMMIHO X L IZH TN D &
B2 oD, KR WEFMOFEIZB O TH T 6 OBMEMIIREMR & 2z EEDT,
NIV =T B IO E BICREDRKRENFE TH S, NIV b RITMEN S R
FVEHENTWDEED, MO X LIEY R 2 L— a3 v ORERICEA il it 2 L0 HE
MNEZBND. —F, ZZTERY LFFv A7 e 7o BT 2oy o425 b
DT, TV IT 4w I THINEMRT LAY XLAPREEIN TS, EEERLY
TV IT 4y TRV E LT, BEODRNWT AT XALDHFNEIVERTHD L
WRD.

BTN

[1]L. Collatz, The Numerical Treatment of Differential Equations, Berlin : Springer
Verlag, p. 61, 1960.

[2]]J.R. Dormand, Numerical Methods for Differential Equations A Computational
Approach, 1996.

[3]R. E. Scraton, The numerical solution of second-order differential equations not
containing the first derivative explicitly, The Conputer J., vol. 6, pp. 368-370,
1963-1964.

[ = WA, /R fese, FRIEE B9k, Mo R X DR AR, s IRk,
2004

[h1] http://ja.wikipedia.org/wiki/



Estimation of Difficulty of Multidimensional Knapsack

Problems with Demand Constraints

Hirokazu OHTAGAKI

Okayama University of Science

1 Introduction

The development of computational complexity theory
led to a fascinating insight into the inherent difficulty
of computational optimization problems. Optimization
problem of knapsack type involves various applications
in engineering, science and economics, it is significant to
solve various kinds of knapsack problems. Recently, an
improved surrogate constraints method is proposed to
solve multidimensional nonlinear knapsack problems of
large size, witch have surrogate gaps. However the knap-
sack problems are of NP-hard. Furthermore, the knap-
sack problems with demand constraints are frequently
quite difficult to obtain high quality solution because of
loss of monotonicity of constraints. To obtain even fea-
sible solution is extremely difficult. Application of the
algorithms to such a problem directly is not effective.

In this report, by using entropy, a method for evalu-
ating difficulty of multidimensional 0-1 knapsack prob-
lems with demand constraints is proposed. It is shown
in chapter 5 that solving the problems with demand con-
straint is rather difficult than solving that with ordinary
problems with no demand constraint. Computational
experiments show that the proposed method is effective

to evaluate the computational difficulty of the problems.

2  Formulation of Problems

Multidimensional Knapsack Problems with Demand

Constraints can be formulated as follows;

N
[P] maximize flx) = Z nTy (La)
n=1

N
subject to gm(x) = Z CrnZn < b,
el

m=12,...,ml, (1.b)

N
gm(w) = Z Cmn®n < bm:

n=1
m=ml+1ml+2,...,M (1.0)

x(= (z1,20,...,25)T) € X =TIY_,{0,1} C RV, (1.¢)

where,  denotes an N dimensional 0-1 valued decision
variable, f(x) denotes N dimensional vector-valued
objective function (g1(z),g2(x), ..., gmi(x))T and
(gmi141(®), gmi42(x), ..., gnm(x))T denote m1 and M —

m1 dimensional vector-valued constraint functions, re-

spectively. The vector b = (b1,ba, ..., bmi, bmis1,---,00) "

denotes available amounts of resources. The constraint
(1.b) is of ordinary type, and the constraint (1.c) is of
demand type.

By using a surrogate multiplier u = (u1,ua, ... ,uM)T,
the problem [P] is translated into the surrogate demand

constraints problem;

[P5(u)] maximize f(x) (2.a)
subject to uTh(z) <0, (2.b)
zeX, (2.¢)
where,
h(z) = g(x) — b, (2.d)

M
u€U={u€RM|Zum§1, u >0} (2.e)
m=1
Inequality (2.0) is called a surrogate demand constraints
equation,
A surrogate dual [PSP] to the original problem [P] is

written as follows;
[PSP] min{opt[P%(u)]: u € U} (3)

where, opt[ PS(u) ] denotes an optimal value of the ob-

jective function of the problem PS.
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3 Estimation of Difficulty of Problems
Let p, be a probability such that

FP@)]en=0 > ()

=1

or
FPP@)en=1 < fUP(@)]en=0

To estimate the probality p,, the normalized difference

of the upper bound;

dn
FREAL () — [NEAR (z)

dn = P (@)]en=0 = fV5 (@) |0, =1

The following entropy is used to estimate the difficulty

of the problem;

hn = _pnlogQ(pn) -(1- pn)10g2(1 — Dn)

4 Computational Experiments

The results obtained from computational experiments
to 60 problems shown in the references Chu et.al.(12).
The problems tested are generated by using random
number generator such that the objective functions and
constraint functions are correlated to mutually.

From the obtained results, the probability p, in the
problems with demand constraints may be estimated ap-

proximately as
9g—adn—p

where the values of parameters o and f are -12.2 and
1.0, respectively.

In order to study effectiveness of the estimation
method presented, the value of PGC(Percent Gap
Closure) is introduced;

fR,EAL _ fOPT

FREAL _ fOPT x 100

Table 1. Difference of upper bounds, probability p, and

its approximation

Difference Problem

On 00~09 10~19 20~29 00~29 Pn
0.0~ 0.5469 0.5517 0.4098 0.5027 0.503
0.01~ 0.2800  0.2937  0.3085 0.2938 0.234
0.1~ 0.1161 0.1008 0.1221 0.1129 0.100
0.2~ 0.0421  0.0382  0.0490 0.0427 0.043
0.3~ 0.0265 0.0167 0.0187 0.0206 0.018
0.4~ 0.0074  0.0000  0.0000 0.0027 0.008
0.5~ 0.0000 0.0000 0.0000 0.0000 0.003
0.6~ 0.0000 0.0000 0.0000 0.0000 0.001
0.7~ 0.0000  0.0000  0.0000 0.0000 0.001
0.8~ 0.0000 0.0000 0.0000 0.0000 0
0.9~ 0.0000  0.0000  0.0000 0.0000 0
1.0~ 0.0000  0.0000  0.0000 0.0000 0
1000
100 |
%
E
=

0

1

15 25 30

Entropy

Fig.1. Entropy vs Computational Time
(M =ml =75, N=250)

60

50 =

540 -

E3

i=

W0

10

0 L 1 1 L

0 0.2 0.4 0.8 08 1

Tightness ratio &

Fig.2. Entropy vs Tightness Ratio

(ml=4,M =5, N =500: Single

Demand Constraint)
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o L L P L
o D2 04 06 E:3 1
Tightness ratio &

Fig.3. Entropy vs Tightness Ratio
(ml=M =4,N =500)

Time(s)
g

Entropy
Fig.4. Computational Time vs Entropy

(ml=M=5N=500)

1000000
100000 - iy ° :
10000 } . w8 R =007
o .n
E 000 i
- 100 F . - . y :
10
«l i i '}
0 5 10 15 20
PGC(%)

Fig.5. Computational Time vs PGC
(ml=M =5,N=500)

5 Conclusions

Estimation method for difficulties of multidimensional
0-1 knapsack problems with multiple constraints includ-

ing demand constraints is presented. From computa-

tional experiments, the probablity of p, such that
P @) zn=0 > FUB(@)]0,=1

can be approximately expreed as

2~(xd" —-B

and the obtained computational results show that the
approximated expression for the probability p,, is effec-
tive to estimate the entropy of difficulties of the tested

problems.
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On distribution and number of data points in damped inverse

problems

“E 1 LMERE
W | TEEREAR AR L e~ & —
Tadahiro Hatakeyama
Information Processing Center, Okayama University of Science,
Ridai-cho, Okayama 700-0005, Japan

1 EU0IC

T8IV b LS DETNINT A —
8 RWTE L BT T R OENEET 5, .
ZDEIBHE, BETNNRIRA=IE (M) BT —%
B(N)ZHBATL 9 LHRTEIVIREICE>TL
0, 22—V BRNCEMEES 2 LKL
7% (Menke, 1989 72 &), Z D X 9 &Il f@%z KD
DEMBETEDOOEDE LT, BT MK LT Mkt
R &2\ TS 2520 R/ 3N
T4y T4 v 7 SRR E DRICEAR (o > 0) D
S ORI Z & - ThRAME T X S B GHiBI %) %
£ 251038 1) Stochastic Inversion (Gubbins, 1983)
72 & >, Bayesian Modelling (Jackson, 1979) 72 & & I
BENTws, ZO223EBNICKRECELSZDLD
ThH 20, LR ERMUIEZZ -2 D THLDT, C
T L GER T %,

Stochastic Inversion (¥ 7z {& Baysian Modelling) T
Aoz, EFIUNTXA—F (x) 28R L TR/
(A RaN= K iT{ESE (N

Sx) = (y°- G;c)TC,gl(y" - Gx)

+ao® (z - w#)TCr;l(;c —z%), (1)

DEIRBDTH S, 2T, y= Gz BEELE
AR GEREOEE Ry = f(x) DL H Tk D)
T y° BF =87 b, C 3 F—% DA%

*hatake @center.ous.ac.jp

FE, AN 1 HIR, MR CREEERT, £
7oo 2D Cop B XX ZUAE 2 €T L ~DE
B E R0 (W72 ) Th s, bL. €
TNADLDHRXEHLBEFERNT PV TRVEGS, 6
2II, ?(z— ) Cl(z —a?), Dk Ik D,

C I Ta? 3% OMifEL2 BTG 2 TRk
JIUE R SITEBRTH 208, YARDZ Lotz
KELKELT 5, &1l(2006) Tl&. ABIC i (Akaike,
1980) ZFH LT

ABIC(a?) =

ABIC1+ ABIC2 + ABIC3
Nln(S(&)) — M In(a?)

1l

+In|[JTCTH+ 7G| @

LI BERMET S X 91T o ZEEL H3 5 WiE
2R HETOMAINZG o2 — ABIC Hift %2R L.
fERE OB OIEE Z 5 2 7, 72721 (2) T, 1151 J 135
ED%E& G LR—, IEREOLE RO/ Y ToY
a5 ;5 = 0fi)0x; TH %, AFETIZELL (2006)
DHERIHDE G T — 5 %> - BRI 72 [
IZ2\>T, ABIC % V> 7= Stochastic Inversion O HJ
BEPEICOWTEZ B,

2 BERE

ARTHEMY 2, RIS X294 b
513 6 NIRRT (PR A - R 7T— 226 Hh
fek 5 2 BRI A BIEUR B L 74380 TH 2 77 A 155K
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ZRDHRETH 5, HESKD 3 Rr—X AL ),
YRAE), BLP Z(THE)—I3MELZER, A7
ARBUCKHT L TRIE BT H 5, Lol fRAT =
tan™' Z/vVX2 + Y2 ®fffi D = tan'Y/X I A
ARBOIFRIEEE T H %, BIAEDOHBRRES 1B L
TX,)Y,ZZ2BHT2Z L3R5 TH2, LrLE
RIS R OHBRESS DR T H B R T —
YOGEIE, WEF=VX2+Y?+ 22 k02
LT H 5GBS VAT, BEAEDEAT
M7= L7220, 7, 4 bogfix,
EARE R GOV T 28O FMTH 2 DT, H
BRECHpE RS, TaRBH 20T TSR,
ZABHTH EHICH L TEKD H 25D HER
W% 7V (7 ARE0) % K % 72 81T Stochastic
Inversion Z > %, ARETIE, EBRISHAERTRER Y
4 P OFAEDIEDITG K D OB 2 A b A
ZHw, FE2EUART —4 2 L T Stochastic
Inversion {2 ABIC ¥5% il 2 CHiRTEZ R 20> £ 9
PRGET %, 72 L AV A MDD T =82y b
TH, beA L ABIC RIDPBIZETE T, kb kv
A EERLHLBE AT L3 TE2 201, 2
DOHRERE L) $fToEBR B2 9,

BEEETIVEGRT —F DIER

RNERETIV(EZ) &L TEBEERY 2005 457 5
(IGRF 10th; Maus et al., 2005) Z{#->7-, IGRF 3D -
AN L7 P e RS 00 & 3R E (B b %
—RD T2Fy 7yay by ORVHIZEEZ NS
DT, TDXH)BREICIZEYTH S, UTD L)
LT, &9 A oA L TIGREF €7 )L & h
FHEREUAHT =% 2R L 7,

U ®IZ, V7 7L v A8 (IGRF) 2 6 &8l T
DETERS (X,Y and Z) 285, Kic. IEHROAGIC
9 7 v & LR~ (1o = 1000 [nT]) % 202
NOBFITN AT T, 2 2 6RFA (1) LA (D)
ZEMEL, TEEOSZDOHNMT =% & Lz, &5
2R % 1000 [nT] DELHNL 7 —1&, HZROBEHHI I
BOWTKEN1S~3EOHOLT—%2ET,

SN

(c) PSVMOD 24 sites

Figure 1: ilB& L 729 4 Fo3Ai, 3 /84—

FTRTOFEICE T, 755D RE Imax 1& 10
L7, ZHRHFETOBIEY o WilE 2 7 < 85
AICBETTERETH S, $o. TXNTORREE
K TIT o 72, IERIEHRIE T Z o0 5729012
R EHEDSAREEE DY, Z DEHEE T T HIL M
Wi (GAD) 85 xgpary = 90 2> S0 7o, FEBE, IR
WEEH E DR 2. SOOI, SEHEL2 RS —
FINREEICECELWEANESE S L5 TH S,

Y4 ~D%

YA FHAIZONT 3 DD — A% #E 2 1= (Fig. 1)
(1) 2% Ll 10044 +

(2 ¥ L30%A b

(3) ELEDHMIR T — 5 D 24 ¥ A b from PSV-
MOD1.0 (Constable et al., 2000)

A o) E Q) IFHRICT VY LITHET B,
D200 5, REFEEMNICIZEEN LSS,



(VDY A PEBHIUT I R HRIL 72, 34
MECE X, Y5 BEY) Th 2 L. REE O BRI
BIBOBAIDRE S LS BD2DT, {FVFLTH
215 D54F % L \» (Mochizuki et al., 1997), (3) 1& 3000
FEDETEHIIRIG S € 7L % R 2 7 0 1S EBR I
SN A IS T — % X — 2 (PSVMOD 1.0) & [d—
DY A PaAAT, 17T FAEEBR. 6 A4 M IXEEER,
1 DIFIEIEHRE LITIET 2, 2D 3 DDH A b3
y—viF, ZNEN () FFICEDD L () BdD e
Vs, H AR, HEPICH A F03d B ) Bk

<o Lvb, MBI D 255 3 BUEGDNTO B S

WrDHEE) 2-ELZDDTH 5,

ETIICE X B EHRIIER

TNV DOERRNER GRS L LT T LI %
20D ER ST,

() 27 RE TSGR L — A% 2 & 9 7% Giant
Gaussian Process (GGP) (Constable and Parker,
1988) € FILITHD 72 PSV £ 7V, H 2 W
DHIERREE % T 777 AFHD K4 DIRSY 2; 3
Vi o Lo & b OIERIIAICHE) bk
9 % (Hatakeyama and Kono, 2002), xfﬁ EEaN/4
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IGRF Random 100 sites Random 30 sites PSVMOD 24 sites
(Model) Sol Std Sol Std Sol Std
gy | —29556.8 | —29556.8 — —29556.8 — —29556.8 —
g3 —1671.8 | —1649.0 (109.3) | —-1237.3 (218.3) | —1263.8 (461.4)
hi 5080.0 4825.4 (114.6) 5224.8 (272.6) 5354.1 (359.4)
g9 —2340.5 | —2245.0 (110.0) | —2066.9 (288.6) | —1401.0 (484.4)
g3 3047.0 2994.6  (140.7) 2686.6 (250.0) 1755.9 (544.0)
hi —2594.9 | —2622.4 (150.9) | —-2376.9 (290.1) | —-3102.5 (417.0)
g3 1656.9 1602.9  (80.6) 17579 (234.4) 1207.2 (244.6)

h3 —516.7 —624.7  (80.8) —793.0 (184.5) 366.3 (322.7)
g3 1335.7 973.1 (113.7) 1286.2 (235.8) 1075.1 (319.8)
g3 —2305.3 | —2241.4 (104.8) | —2468.6 (187.7) —691.4 (449.9)
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h3 269.3 358.1 (103.5) 455.9 (221.6) —409.4 (281.3)
g5 674.4 580.9  (65.2) 562.1 (188.4) 382.9 (198.9)
h3 —524.5 —521.2  (65.5) —579.8 (161.9) 191.2 (277.2)
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