
�

�QO��<j<�Q[��I<YjPE<gI

+g<hP<[j��P<ZGPIgI���IgIZQ<P��<gZhI[��.<<OP<p��IDD<g��
/gQ[<jP�!<[G<Y<dk���hPQhP�!IPg<�²�/kWk�.<W<[



�[��[Gkhjgs�.QNI�qQjP��[INNQEQI[EQIh«

�6RXUFH��2(&'�+HDOWK�6WDWLVWLFV�����

https://www.siam.org/meetings/sdm13/sun.pdf


«�[G��g]q[Q[O�Q[��I<YjPE<gI��<j<«

�

����RI�WKH�GDWD�LV�
³XQVWUXFWXUHG´�DQG�
VWRUHG�LQ�YHU\�

GLIIHUHQW�IRUPDWV�	�
LQ�GLIIHUHQW�VLORV�



«7QjP�!<[s��E]hshjIZ�/j<XIP]YGIgh

�

£
Y<QZh�<[G��QYYQ[O
£�ddg]p<Yh�<[G�
�I[Q<Yh

£ +]dkY<jQ][��I<YjP�
<[G�.QhX

£+]dkY<jQ][��I<YjP
£+<jQI[j�/QZQY<gQjs
£�gkO��QhE]pIgs�

£ �!.h
£
YQ[QE<Y�[]jIh
£!IGQE<Y�QZ<OIh
£
YQ[QE<Y�jgQ<Yh
£�I[]ZQEh�
£.Ih]kgEI�<YY]E<jQ][

£6Qj<Y�hQO[h
£�EjQpQjs�YIpIYh�
£"kjgQjQ][<Y�G<j<
£�IP<pQ]g<Y�G<j<
£ /]EQ<Y�Q[jIg<EjQ][h

+<jQI[jh +g]pQGIgh

+<sIgh
+P<gZ<���

�gkO�

]Zd<[QIh

«0P<j�"IIG��QO��<j<��[<YsjQEh



0]�.IGkEI�
]hjh�<[G��Zdg]pI�$kjE]ZIh

�

7RS�8VH�
&DVHV�IRU�
%LJ�'DWD�
$QDO\WLFV

,PSURYH�
&OLQLFDO�
7ULDOV

3UHGLFW�
'LVHDVHV

)LQG�&XUHV�
�H�J���IRU�
&DQFHU�

6WXG\�
3RSXODWLRQ�
+HDOWK

3UHYHQW�
'LVHDVHV�

�SURDFWLYHO\�

,PSURYH�
&DUH�

(IILFLHQF\�
DQG�&RVW�

C

)UDJPHQWHG��
6LORHG�'DWD

(YLGHQFH�DQG
,QVLJKWV

5HGXFH�&RVWV

,PSURYH�2XWFRPHV
6KDUHG�
'DWD

3HUVRQDOL]HG�FDUH

5LJKW�LQWHUYHQWLRQ

5LJKW�SDWLHQW�

5LJKW�WLPH

+ROLVWLF�EHQHILWV

3DWLHQWV
3URYLGHUV
3D\HUV
3KDUPD�

� �

�



¹Ä�ÃÁÈ0�¥"��¦�Q[�ÃÁÂÆ�¹ÂÃ0�¥"��¦�Q[�ÃÁÃÃ

/Z<gj�!][Is��h��kIYQ[O��QOQj<Y��I<YjP

�




<hI�/jkGs���Zdg]pI�
<gI��NNQEQI[Es�<[G�
]hj

È

*RDOV
Љ 2SWLPDO�XWLOL]DWLRQ�RI�UHVRXUFHV
Љ 5HGXFH�SUHVFULSWLRQ�RI�DQWLELRWLFV�IRU�

FKLOGUHQ�
Љ &KDUJHV�EDVHG�RQ�FODLP�SDWWHUQ
Љ 5HGXFH�FDUH�FRVW�E\�*HQRPLF�DQDO\WLFV
Љ 5HGXFH�FODLP�GHQLDOV�

([DPSOH���/HDQ7DDV�
Љ ,PEDODQFH�EHWZHHQ�

,QIXVLRQ��
DSSRLQWPHQW��
VXSSO\�DQG�
GHPDQG�

Љ )UHTXHQW�PLG�GD\�
SHDNV

Љ 8QSUHGLFWDEOH�ORQJ�
ZDLW

Љ 6XE�RSWLPDO�
XWLOL]DWLRQ�RI�
UHVRXUFHV�

Љ 0DQXDO�DSSURDFK�
FDXVHV�RYHU�
VWDIILQJ


gIGQjh�� I<[0<hh�E]Z

6WDQIRUG�LQIXVLRQ�WUHDWPHQW�KDQGOLQJ��������FDVHV�
DQQXDOO\

&RORUDGR�&DQFHU�&HQWHU�IDFLQJ�PLG�GD\�SHDN�	�ORQJ�
ZDLW

5HVXOWV�DQG�
7DNHDZD\V
0DFKLQH�OHDUQLQJ�
GHOLYHUV�NH\�UHVXOWV
6WDQIRUG�,QIXVLRQ��
Љ ����KLJKHU�

SDWLHQWV��DW�����
ORZHU�FRVWV

Љ ����ZDLW�WLPH�
UHGXFWLRQ�DW�PLG�
GD\��

&RORUDGR�&DQFHU�
&HQWHU��
Љ ����KLJKHU�

SDWLHQWV
Љ ����ORZHU�RYHUWLPH
Љ 6LJQLILFDQW�VWDII�

VDWLVIDFWLRQ

�




<hI�/jkGs���QhI<hI�+gIGQEjQ][

�

�<j<�/]kgEIh�<[G��QO��<j<��[<YsjQEh�+Y<jN]gZ
� �Ij[<�h�G<j<D<hI�]N�ÄÈ��Q[GQpQGk<Yh
� �IZ]Og<dPQE�¥<OI��D]Gs�Z<hh�Q[GIr�IjE�¦
� !IGQE<Y�EY<QZ��dP<gZ<Es�EY<QZ
�  <D]g<j]gs�jIhj�<[G��Q]ZIjgQEh�I[OQ[IIgQ[O�gIhkYjh
� �"/��I<YjPE<gI��[<YsjQEh�dY<jN]gZ�N]g�<EEkg<jI�

dgIGQEjQ][�]N�Q[jIgpI[jQ][�]kjE]ZIh

�D]kj�!Ij<D]YQE�/s[Gg]ZI�
� +I]dYI�qQjP�jPgII�]g�Z]gI�]N�jPIhI�gQhX�N<Ej]gh�P<pI�ZIj<D]YQE�

hs[Gg]ZI��Q[hkYQ[�gIhQhj<[EI��PQOP��+��PQOP�jgQOYsEIgQGIh��Y]q�
�� 

� !]gI�jP<[�][I�Q[�jPgII�1�/��<GkYjh�P<pI�ZIj<D]YQE�hs[Gg]ZI

� !Ij<D]YQE�hs[Gg]ZI�Q[EgI<hIh�gQhXh�]N�PI<gj�GQhI<hI��hjg]XI�
<[G�GQ<DIjIh���j�Qh�E]hjYs�j]�jgI<j�

.IhkYjh
� .IpIghI�I[OQ[IIgQ[O�<[G��]gq<gG�hQZkY<jQ][�

¥.��/¦��E<[�YI<g[�Z]GIYh�GQgIEjYs�Ng]Z�G<j<�
qPQEP�E<djkgI�jPI�k[GIgYsQ[O�ZIEP<[QhZh�<[G�
dg]EIhhIh�E][hQhjI[j�qQjP�jPI�G<j<

� �I[Ig<jIG�Q[GQpQGk<Y�Q[hQOPjh��qQjP�<EEkg<Es

� �IpIY]dIG�j<gOIjIG�E]hj�INNIEjQpI�E<gI�
Z<[<OIZI[j�dg]Og<Zh�N]g�Q[GQpQGk<Yh�qQjP�]g�
<j�gQhX�N]g�ZIj<D]YQE�hs[Gg]ZI

�]<Y�
�EEkg<jIYs�dgIGQEj�hkDhIfkI[j�gQhX�]N�ZIj<D]YQE�
hs[Gg]ZI�<[G�Qjh�p<gQ]kh�N<Ej]gh�][�D]jP�d]dkY<jQ][�<[G�
Q[GQpQGk<Y�YIpIY

�




<hI�/jkGs���QhI<hI�+gIpI[jQ][

�

$DWIEjQpIh
� +gIpI[j�GQhI<hIh�<[G�GIYQpIg�Z]gI�INNIEjQpI
������PI<YjPE<gI�jPg]kOP�dg]<EjQpI�Q[jIgpI[jQ][
������<[G�YQNIhjsYI�EP<[OIh�
� �[NIg�Q[hQOPjh�Ng]Z�d<jQI[j�G<j<�<[G�E]ggIY<jI
������qQjP�d]dkY<jQ][�PI<YjP
� +<jQI[j�G<j<��dg]NQYI��pQj<Y�hQO[h��<EjQpQjs��GQIj�
������hYIId��dPshQ]Y]OQE<Y�<[G�DIP<pQ]g<Y�Q[GQE<j]gh

+Y<sIgh
� 7IYYj]X�¥hj<gjkd�qQjP�à¹ÂÅÆ!�g<QhIG¦��
������
<NKqIYY�
][EQIgOI�<[G��[hQOPjh�<ddh�N]g�������
������dIgh][<YQvIG�PI<YjP�h]YkjQ][h�N]g�IpIgsG<s
������E][hkZIgh

� ��!�7<jh][��I<YjP���E]O[QjQpI�E]ZdkjQ[O��
D<EXI[G�Q[�jPI�EY]kG

�[O<OIZI[j�<[G��[<YsjQEh�+Y<jN]gZ
� 
<NIqIYY��I<YjP�$djQZQv<jQ][�+Y<jN]gZ
� �]g�d]dkY<jQ][�PI<YjP�Z<[<OIgh�<[G�E][hkZIgh
� +Igh][<YQvIG�dY<[�jP<j�I[O<OIh�E][hkZIgh�Q[�

PI<YjPs�DIP<pQ]gh�pQ<�gIq<gGh��hjgI<ZYQ[IG�
E]ZZk[QE<jQ][��<EjQ][<DYI�Q[hQOPjh

� �[jIYYQOI[j��I<YjP��jQ[Ig<gs� �<EjQ][�dY<[�qQjP�
gIE]ZZI[G<jQ][h�jP<j�OIj�DIjjIg�qQjP�khI�<[G�
]pIg�jQZI

� 7<jh][��I<YjP�dY<jN]gZ�dg]pQGIh�[<jkg<Y�
Y<[Ok<OI�dg]EIhhQ[O�j]�<hhIhh�khIg�h�<EjQpQjs�
O]<Yh�<[G�dg]pQGI�dg]Zdjh

.IhkYjh
� /j<jI�]N�
]Y]g<G]�I[O<OIZI[j�
� 
]�hd][h]gIG�Ds�1[QjIG��I<YjPE<gI�<[G��<QhIg
� ÆÁÚ�d<gjQEQd<jQ][�Q[�dg]Og<Z
� ÇÆÁÚ�Q[EgI<hI�Q[�PI<YjP�<hhIhhZI[j�E]ZdYIjQ][
� ¹ÂÁÁ��<q<gGIG�N]g�PI<YjPs�DIP<pQ]gh�
� $jPIg�hkEEIhhNkY�g]YY]kjh�qQjP�
I[jkg<��I<YjP��
������
]ZZk[Qjs��I<YjP�+Y<[�¥7<hPQ[Oj][¦��
]pI[jgs�
�������I<YjP�ZIgQE<

�



ÂÁ

:DWVRQ�
+HDOWK

+LQGVDLW�
*RRJOH�
&ORXG

�<j<��[<YsjQEh���!<EPQ[I� I<g[Q[O������+Y<jN]gZh�<[G�/IgpQEIh

3K\V,4 2SWXP

+<jQI[jh +g]pQGIgh +<sIgh

$SS $S
S $SS

�I<YjP�Qj 
<gI�Qj.IhI<gEP�Qj

7I<g<DYIh
²�/I[h]gh

,QRYDORQ
+ROGLQJV

$PDUD

�<j<�
�OOgIO<jQ][�
+Y<jN]gZh�

�<j<�/P<gQ[O�
�[QjQ<jQpIh

(05 &ODLP
V %LOOLQJ

�ZIgOQ[O� <[GhE<dI����QOQj<Y��I<YjP��]YG�.khP

/HDQ7D
DV

*16

+<jQI[j��[O<OIZI[j�
+Y<jN]gZh�<[G�/IgpQEIh

.IhI<gEP�/jkGQIh�<[G�
YQ[QE<Y�0gQ<Yh

/Z<gjdP][I�
YQI[jh�¥Q$/¦

���

2PDGD

&OLQLFD
O�1RWHV

5HVRXUF
H�8VDJH

�<j<

�[hQOPjh



�[�ÃÁÂÅ��ZIGQE<Y�gIE]gGh�<EE]k[jIG�N]g�ÅÄÚ�]N�<YY�G<j<�hj]YI[�<[G�jPI�
PI<YjPE<gI�hIEj]g�P<h�hII[�jPI�DQOOIhj�Q[EgI<hI�Q[�G<j<�jPINj�hQ[EI�
ÃÁÂÁ�¥N<g�Z]gI�h]�jP<[�DkhQ[Ihh�]g�O]pIg[ZI[j�hIEj]gh¦�

/P<gI�qQjP�
<gI���]g�
<jEP�!I��N�9]k�
<[

��

�3ULYDF\
�NHHS�
VHFXUH�

2ZQHUVKLS
�ZKR�
RZQV"�

$FFXUDF\
�QRLVH"�

5HOHYDQFH�
�WRR�PXFK"�

0LVXVH
�SHQDOL]H"�



�gI�7I�0PIgI�9Ij�« ][O�.]<G���kZds�.QGI���

ÂÃ

7KH�EHVW�ZD\�WR�SUHGLFW�WKH�IXWXUH�
LV�WR�FUHDWH�LW�

��$EUDKDP�/LQFROQ�DQG�3HWHU�'UXFNHU

/LNHO\�:LQQHUV�DQG�/RVHUV
3DWLHQWV�ZLOO�ZLQ�EXW�PLJKW�SD\�PRUH

%HWWHU��PRUH�HIILFLHQW��DQG�WLPHO\�FDUH�ZLWK�PRUH�FKRLFHV
0LJKW�SD\�KLJKHU�SUHPLXPV�EDVHG�RQ�ILWQHVV�DQG�OLIHVW\OH�
GDWD��IRU�SRRU�FKRLFHV�

3URYLGHUV�±�KRVSLWDOV�ZLOO�ZLQ�EXW�GRFWRUV�FRXOG�VHH�WUDGHRIIV
+LJKHU�HIILFLHQFLHV�DQG�ORZHU�FRVWV
6RPH�VSHFLDOWLHV�ZLOO�EHQHILW��EXW�QRW�DOO
3ULYDWH�SUDFWLFHV�PD\�VWUXJJOH���ORVH
³,QWHOOLJHQW�PDFKLQHV´�PD\�FRPSOHPHQW�GRFWRUV��EXW�DOVR�VTXHH]H�WKHP�
PRUH

3D\HUV�±�LQVXUDQFH�FRPSDQLHV�FRXOG�ZLQ�EXW�LW�GHSHQGV
'HSHQGV�RQ�PL[�RI�KHDOWK\�YV�XQKHDOWK\�SRSXODWLRQ



�<EX�0]�0PI�¥�I<YjPs¦��kjkgI

��



2���"

ÂÅ


