
!"#$%&'()*+,-./-
$ 0(12 $

3415

6789:

Behavior Study-group in Transport Grounds, University of Yamanashi

&';<=>?@(A



! BC(DEFGHIJKLM
NOPQRSTUVIJK(
WXFYZ[=I\F&'[
=]^

! IJK(_`abMLcde
ML(f'Fgh]^i>?@
" jklmniopDEFPqV

DE(rstiuvw\(_
`FxH^f'

! >?@(&'^yVz(f'
a{|qIJKTURSi}
M<Q^~����(I\(
&'

IJK ���@

NO

&' >?@

��>?@���+��>?@

op>?@a��=!"#$%^y

! ��>?@(I\

" b=opDEFW��
�=\

! !"#$%&'

" ��;<Q?$%a�
�~qI\F��+a
&'[=]^

),(~ 1 !VNU

xV "#1

"���mn>?@(j



"���mn>?@

! opDE(_`

" DEvy�

! ���@DEV�
�DEV��D
E���

" �\(opDE(
w�y �L�

! ¡w(¢£VD
¤(1¥VD¤
(¦§XV

MNLVNLVCNLVMXL¨¨¨¨

rst(_`©mnw\(_`)

! rstyeaT|qª�[=(L

" ª\«¬

! ­®«¬(j¯°nV±²³´Vµ¶(s·³´)¸

-¹º¨»¼½º³´¨¨¨

! rst(w\vy

" uv>?@V¾uv©¾¿ÀÁÂ>?@V

b=ÃÄ£ÅaÆÇ[=



e�£Å�

�ÈÉÊ(ÅË ��ÌÍ(Î~

£ÅLM(«¬

! ÏÐ+ÑÒÓÔ
jklV­®«¬a°nyw�b=

°nyÕ\+aÖ×[=

! ÉÊ+ÑÒÓÔ
!"#$%&'iØÙVÃÄiDLUÚ[~

]<My>?@(!"#$%FÛd=]^



&'¸@ÜÝÞ�

ßà&'Ó

! á(âFã(w\^ä
ÑPQG(ià¶w\

! à¶w\Fß1å[=
ã(tFßà&'æ^
[=&'ÒÓFßà&
'Ó^Tç�

$ % $ %&
#

#
n

i

in xfxL
1

|| ''

$ % $ %xLxL nMLn |max|ˆ ''
' ()

#

«¬>?@(è�Vfi«¬opaÑ|

q~=

ßà&'F[=Qdayéêë^(«
¬opiì²aÑ=�



éê(«¬op

! op+«¬>?@ymnib=
DEa{�^f';<=�z(^
íb=«¬îF«¬[=opy
mnw\FïD[=]^aT|q
ðñ=]^i§ò+�

! óô/õ>?@y](ïDiïD
PQö÷iøcQv�ùúûü�

! øcQv�ùú;<Ñ~G(yï
DFPÑ�<lÑMÑ~�
" jklMXLVMNP

ý

21 UUU *#

P(1)

ßà&'¸@ÜÝÞ�

! à¶w\ß1å
1. þrtFÿk=

2. þrt!U�"(&'
t(Ò#FÛd=

3. "(&'tFÛd=

4. $%�&(à¶w\(
§³'D�-õ@)F(
'PV$%Pq~Ñ~è
�y1a)=

óô/õ>?@y*+�,-XbU

$ %xLn |'

'

ML'̂ ST'
2'



.ù+Ñ/U0P�1Ó

! ß234Ó
" 5+w\(67�-õ@Fn~qÛ'

" 8º,/�(�1i9~

" :($%i;~

! Newton-RaphsonÓ

" ,»"$<=(>"?@Fn~q"FÛd=

" :($%iA~

" B/¹�CF�1[=(�³´iLL=

! &NewtonÓ©BFGSÓÂ

" B/¹�CF,D�CLMVà¶w\^à¶w\(§E'D(FFn
~qG"?@Pq~h

" HE'DF[=ì²iÑ~(�A~

1

1

12 gH **#''

H:à¶w\(HE'D

B/¹�C
g: I¶w\(§E'D

¸@ÜÝÞ�«¬^þrt

! ¸@ÜÝÞ�(«¬

" �S+a¦c&'tFO[

" w\vaT|q�19¶aFiO=

" ¸@ÜÝÞ�(«¬aT|qy$%PÑ~]^ib=

! þrtF �Ú|qÛd=�

" JKaÿk=(j¯*Lý)

" §¶}M<Q:FMaÿk=

" NOaH~qyÏÐ+ÑG(Fÿk=



B/¹�Ci�PhÑUa���

! .Q$õ�ÓFn~q~=^B/¹�C(R�Ci�1�
íÑ~^íi���GPhyS¤PqPñ�

" &.Q$õ�ÓFn~qTUûüÑè�¢

! z<�GttFðd=³ayB/¹�C(R�Ciì²

" ]<i£ÍÑè�V�»Þ&'L

! PLP

" &'�ó¼"�WaXUib=]^GVY��@Ñ>?@�Z[

" ?$%(º\$@(�§FPqä=V�1]\

" þrt(è±i^~Và¶w\(vi_kÑ~

ïD(`



17

\tïD
! éêë^(opF�1[=Qda

y'ïD[=]^iì²aiVøc
Qv�ùú�íÑ~G(y\tï
DF��ì²ib=�

! \tïD¯w\Fbcâ?@Ñ F
n~qïDûüÑvaPqVb=´
d(w\(eaÏPqïDF��
ÒÓ�
" Gauss(ðïÓ¯?@XFFßG

¥;hÑ=T�af´^gF'd=
ÒÓ�

" Gauss-LegendreÓ¯bcâ?@
i�í=w\a�~qyVbcâ
("MabhiQDjF��^¾
kal¶ThïDF�k=ÒÓ

1 2 3

4

5

6

7

8

9

�mÑw\Fn,Ño"w\�
?@PQj�

18

\tïD(pq

! \tïDyw\(vraT|ql¶Úó$s
iªå[=�
" bcâ?@F[=(�V�mÑvraÑ=^ïDituh;hÑ
=©�1vi�[iÂ

" �mÑ>?@yw\(viThhLMÑ~

" b"MïDy³´iLL=



19

YwQ½$Yx�(y\)aT=ïD

! ïD^~�(ytïFðd=
zq�z]�tïFðd={
(ÒÓF|kqä=�

! 2"My\F[}~�](��a
¤MlMiqVz<iïDPQ
~w\TU�L(��)4L
(��) F('[=�

! y\F�ñh1æaS�;i<
ll¶ThïDF?@�í=�

1 2 3

4

5

6

7

8

9

](�a^�(��y20�z(

�·��ooéV���éÑ(�
]<TUw\(ïDö÷y
14.85^Ñ=

20

y\(��

! y\(S�@$��yQ~q~(��aH
~q~ñ[iVì�PG�D(�P~y\F
OPqh<ñi��

" jkl

! ��Hí(y\

! bªæ��DE(y\

! y\a?hV¦ctiO�aVì²Ñ*+Fí
·�^��$Pqh<=T�Ñ\t(��Ói
b=^TUmp+ÑïDiûüaÑ=�



21

��Hí(y\

! jkl��ý�D¤1(�
�DE(-3LM1ñ�(´
(y\�

! Õ�[=DEw\(´(
y\FS�;iq(]<y
ûü)z<F�¶aÕ�;
i=

! ](ª�aT|qV�¶(
�~^]�yQh;�V�¶
(�~^]�y�P^~��
¶w\a�cQy\aÑ=�

�� �    �

¡¢ 

¡¢�

¡¢£

0.2

0.4

0.6

0.8

1

22

bªæ��DE(S�

! Choleskiª�

" jklR&��DE¤F��bR&¥Fsaª�[=Qd

ay ^uvª�F[<l~~

" ¦c¦Fbªæ��DEa�n[=�R&��DE(y
\�-õ@§F ^ª�[=�QaPLyLL’=+
^Ñ=�C�[=^§yMVN(b,+)aÑ=�

jklV2"M(jF¨[^

,- sb .#

/- Lb .#

22211222

11111

2

1

2212

11

2

1

2

1 0

//-

/-

/
/

-
-

llb

lb

ll

l

b

b

..#

.#

00
1

2
33
4

5
00
1

2
33
4

5
.00
1

2
33
4

5
#00

1

2
33
4

5



23

&y\

! �"ïDa�~qy\aT
=ïD(l¶F�©=Qd
ayV�19¶ib1aª
«aÑ=

! Õ¬ÒÓ^Pq­�+Ñ\
C©&y\Âib=

»#$ô

1 2 3

1

2

3

24

&y\(j

! .ù+j^PqHalton\Cib=�z(�1ÒÓy®\
paÕPq

! z(¯aGSobolVFaureÑ °7VQaPV"\Vw\Á
­aT|q <impi�~Ly±Ñ=T�a

! b"Må
" \C(±Ñ=®\pFÛdqVz<²<a�cq\CF³Ub"Må
[=�

! ��DEå
" \CF��Hí(y\S�^¦°(ª�FPq��DEå

$ %6 7tt

t

t

t

ttt ppspspsss 1,2,1,1 *...#. !

jklp=3ÑMlVþrt0^Pqo/3, 2/3, 1/9, 4/9, 7/9, 2/9, 5/9, 8/9¨¨¨



25

&y\C(zq^Õ¬

! y\c´Ñ~(�Vy\WXa��~Q&'æ(µ
¶y·kÑ~�
" Õ¬¯"���åPQHalton\C

Halton\Ca��DEF¸P�hi=

! b"MïDF[=^�L~®\iì²aÑ=�z(
�V1íÑ®\´(Halton\Cy¡wFxH
" Õ¬¯º-"�¹@FL�QHalton\C

b"MHalton\C(ºä�hi=»¼F½<¾k=

" "Ma�cQ\CFn~=©8\Cy"MÚw\a�cq
}Ã¿}Ãib=MP~Â

26

À¤('YwQ½$Yx�ïD

! �P�(º"»s�¨PQT�ÑG(iÀ¤ÁYwQ½$Yx�a
T=ïD�

! ­»

1. XFc(�¶w\LM«¬î(\("M(y\FS�;i=

2. ](y\FXF(t^PqV8.¾Á(mntF�1[=

3. .¾Ái(mnt^z(¯(.¾Á(mn^(tFÂÃPVz
<M(1¥w�F1-0(ª\G�YZ[=�

4. 1Ä3(º,/�F/U0[�z(ÅÆT\FR^[=�

5. YwQ½$Yx�;<Qopy ^ÑUV](ty¿¥&
'æ�b=�

8
#

#
R

r

r

i G
R

P
1

1



27

1 2 3

4

5

6

7

8

9

À¤('YwQ½$Yx�(zq�

! !"#$%('¥ªå
aÕPqVop(ªå
iÇ]MÑ~è�ib
=�HñUªåiÀ¤
+�b=�

!  �Ñ^í�GV«¬o
pi0aÑ|qPñ�û
üXib=�

28

ÈÉÁYwQ½$Yx�ïD

! À¤aPqÊ=ÑM1
¥w�FË|QÈÉÁ
aª�[<l~~�

! á(�(T�aóô/õ
Áaª�[=]^�V~
~L^~Ly{^PqV
Ì(zqHHy~�<
G:Ûûü�

0.5

1



29

óô/õª�

! óô/õª�(§òâyá(
T�aÑ=�

! óô/õÁ(º\$@!"#$
%yDÍÎibMLcd'd
=ì²ib=�

! ¤(tyóô/õª�(mn
º\$@(zq�bUV]<a
wPqyVJKÑtFÂÃPqV
z(ö÷FÂÃ[=ì²ib
=�

8
#

j

U

U

i
j

i

e

e
S ,

,

0.5

1

º\$@(Î~aT=ª�(Î~

30

ÈÉÁYwQ½$Yx�ïD(­»

1. XFc(�¶w\LM«¬î(\("M(y\FS�;
i=

2. ](y\FXF(t^PqV8.¾Á(mntF�1[
=

3. ](mnFóô/õª�F�~VÈÉ+Ñ0-1ª\aª�
[=�](ª�Ï(tFS^[=

4. 1Ä3(º,/�F/U0[�z(ÅÆT\FR^[=�

5. YwQ½$Yx�;<Qopy ^ÑUV](ty
¿¥&'æ�b=�

8
#

#
R

r

r

i S
R

P
1

1



31

YwQ½$Yx��$º(
!"#$%&'Ó

! YwQ½$Yx�à¶ß1å©MSLÂ
" YwQ½$Yx�aT|q�1;<QopFà¶^PqVß1åF���

! YwQ½$Yx�>$#�õÓ©MSMÂ
" YwQ½$õPQop^«¬ö÷(FFª\�ÐÑ»õ��PqeF^=ÒÓ�

! YwQ½$Yx�ºÒ¸Ó©MSSÂ
" YwQ½$,Ó/sºÒ¸aÕ\à¶('D�yÑhV�1;<=op^VÕ\à

¶(ïF'Ô[=�

! ](T�ÑÒÓ´ayÎ~ib=�ÑÕÑMlV8&'æy:Í+&'a
ÕPqVYwQ½$Yx��»¸º^YwQ½$Yx�Ö»Þiw�Pqh=LM
�b=�

32

&'ÒÓ´(ÂÃ

! MSL
" ���@\^y\S�T\a×Æ[=�
" y\S�T\iØD1í~^§ÙXÚÚ?+¢mXFx·:ÍïD^§Û(WXFx

H�
" y\S�T\i���@\aÕPq¥;hÜ';<=^§ÙXGÑ~�

! MSM
" JÝÑÐÑ»õin~M<Qè�ayÜ';<Qy\S�T\aÕPq§ÙXFxH
" JÝÑÐÑ»õin~M<Ñ~^§ÙXyÑ~
" y\S�T\i���@\aÕPqØD1í~^Ú?+¢maÑ=

! MSS
" Ü';<Qy\S�T\aÕPq§ÙXFxH
" y\S�T\iÞß[=^Ú?+¢m�
" QaPàá(�1aG�§¶YwQ½$Yx�iì²�Vz(YwQ½$Yx�aÕPqÀ¤

ÁYwQ½$Yx�(zqiS�[=�



33

T~^]�

! YwQ½$Yx�F·�^VïD(½=d� �
h;z�Ñ>?@GV�mÑ�ó¼"�FâL
�^GVn,Ñ@$��(ºä�hi�LÑ
Uo)a�1ö÷FOPqh<=^ãh<=

�»ÞË

z�ÑaäPhÑ~i



�»Þ&'^y�

! �»Þ('ÍFn~Q!"#$%&'

! ¦�DEihL|q~Ñ~^f'�í=ÑM
à¶Fß1å[=ãy¦ÏopFß1å[
=ã�b=

$ % $ % $ %
$ % $ %9

#
'''

''
'

dpxp

pxp
xP

|

|
|

$ % $ %
$ %

$ % $ %''
''

'
' |*|

|

|
| xPxL

dxp

xp
xP :#

9
HñU!"#$%&'i�»Þ¸�ó$��Gûü

�»Þ&'Ó(Wå

! !"#$%(DEy?$%iÛd=

! æ�

" !"#$%i§Lç{¿û�Gz(¯F&'[=
]^iûü

" èk(ßà&'ié±:aÑ=(FU�=]^
i�í=è�ib=



MCMCFn~Q�»Þ&'Ó

! Markov Chain Monte CarloÓ
" ¦�DEa��~qV"(t©¦ÏopÂFðd=]
^F/U0[�

" >�,�@óÓy,êay\a�< GVë@ÒìX
F|k=©�(T(¦ÏDEF¦�DE^[=Â

" n,a�klV!"#$%FJKa�LPqVà¶F
�1PqV¦ÏDEFMaí¶!"#$%F·î|^�
L[VF/U0PqV!"#$%(µ¶DEF^=

" Qh;�!"#$%ib=^ía§é§é�Lil~
~LM�1in,

äïÑ¸@ÜÝÞ�y8��ðñF

>?@«¬Stage



��+Ñò�(óè(A)

! &'à¶a��h>?@_`(«¬

" ô½[=õöæ(?$%)i§ÛÑMà¶w\(1¥�(

'

" õöæ(±Ñ=>?@´�yAICW(��æaT=ÂÃ

! &'!"#$%a��hª\(«¬

" ÷taT=øù«¬

" &'t(NOaT=('

! °n^±²³´(!"#$%yú

>?@_`y �Ú|q«ç�

! ��aw[=¸�ÝûÝÑCçaT=
" ­®«¬ay°nyüLiÑ~

! uvmnw\a°nFý½[=��G%-Y$y«¬îa½MÑ~
! °ny¾¿ÀÁ(>?@_`^[=

" �º^!$-¸�s"»s(«¬a�~qVXFc©¾�È²þÂ
a¦cG(iO=a��
! ,êÑóô/õ>?@(JnyÿP~VNLVCNL

! &'ö÷LM(Ï!+ÑCçaT=
" >?@(&'ö÷i"PhÑ~^ía>?@(_`i´Î|q~
=ûüXF|k=
! uvmnw\�°n(!"#$%iúaÑMÑ~V#$�,Ó¹Ñ
«¬ib=(�y�

! %º,Ó/sóô/õ>?@(ó¼��(�\i0Ä1aÑMÑ~V%
ºõ_`iÎ|q~=�



ª\«¬(|kÒ(Á

! &'DÍaì²Ñª\y()PÑ~
" °n(!"#$%i£~^íay°n(ª�aT=*²(
ª�(DÍy�íÑ~

" °ni¢ÃÑúaÑMÑ~^íy�
! ?$%(í|©°ni+^� §ÛÂ
! ,-.�@Ñª\,'(í|

" ª\´(¡w(()
! ?$%(-ß+$JV

! Ö×PÑ~ª\^(.[=]^Gì²
" °niÖ×Pq~Ñ~(a£Íb=&'y/0b|q1
æDPLÑ~

" þr(5+F2<�a

>?@_`(í|aH~q

! XFc(_`(f'3«¬î(4Xa��
=¾�È²þ(f'

! XF_`F�ma[=TUV�Èª\Fí·
�^ø=Òi~~(^ãh<=

! à¶i�~^NO^LÑ��G~~(L�

" 5~MP~©6Â



�hUa

! !"#$%F&'[=]^i78(5+�y
bUñi��9è��(Í:Fðd=]^i
5+�[�

! ñQz<F9è�:;Jn[=^~�]^i
ß<5+�b=]^ib~]^G2<�a


