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1
α

2
α

3
α α α
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α

T
α

1
α

2
α

3
α

T−2
α

T−1
α

T

. < 0 ?
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α
5

α
6

α
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α
1

α
2

α
3
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 Negative

α
T−2

α
T−1

α
T

. < 0 ?
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α
5

α
6

α
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Input

Output

Proposed method

...

...

. < 0 ?

Positive Negative

...

...

Positive...

...

. < 0 ?

 Negative

...

...
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...

. < 0 ?
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H (X)

)G5�·u+�³/-.+P·�ªV¯
'*«.+9°�+P8r±¼©�²G8r5D5g)|³/+P2D5

h1 (X) , . . . , hT (X)
8:-/·�°�+�),¢r«6'D5

α1, . . . , αT
'*«�8A'�·u+�³/-.+�'*«/+

ª�4V4t5g'*+q·º©�²G8r5D5*)K³/+P2
HB (X)

£=ª.¬u'98:²G5g4�ªV¯�'*«.+�5*©?«/+P·u¬.²,+
T1, . . . , TL

8r-/·½'*«/2*+q5g«.4t²,·/5
θ1, . . . , θL

4r®�'D«.+9'*+q5B'?5�¶�Å$«.+�©?«.4t),©�+~4r®$'*«.+
Tl
8:-/·

θl
),5�·u+�'D+�2D7~),-/8r-t']'D4�4rªu'?8:),- 8

©�4r7�­.¬.'D8A'D)|4t-/8:²,²,¯º+��T©�),+�-6'�©�²,8t5*5*)|³/+�298:-�·Ô8:'9³/2?5B'�5*)|¢t«6'P£('D«.),5T)K'�798`¯Ô8:­.­Y+P8r2�'*«/8:'
5g+�'g'*),-.¢�'D«.+P5*+9­/8r2D8r7~+�'*+P2D5�)G5�8r5�«/8:2?·½8r5�5*+�'*'*),-.¢�'*«.+�­/8:2?8:7�+�'D+�2?53®µ4r2�8�©P8r5D©�8t·u+�4:®
©�²G8r5D5g)|³/+�2?5P¶V¿�4A°�+P»r+P2�°�+]°�),²|²�5*+�+�'D«/8A'q£.¬/5*)|-/¢T·u¯V-/8:7�)G©�­/2*4t¢r2?8:7�7�)|-.¢�£V)K'�)G5$­Y4t5D5g),ª.²,+
'*495g+�'�'*«.+q5g+]­�8:2?8:7�+�'D+�2?5�),-�81°$8`¯9'D«/8A' ?

����� 2*+q5g+P2*»t+P5$'D«.+�4t¬u'*­/¬u'�4r®='D«.+�ªY4V4t5g'*+q·�©�²G8r5D5g)|³/+�2�4r-�8:-V¯�¢r),»r+P-�·.8A'?8T5g+�'P£�+r¶ ¢/¶/4t-
'*«.+�'D2D8r)|-/)|-.¢95*+�'�4:®='*«/+]ª�4V4t5g'*+q·�©�²,8t5*5*)|³/+�2q¶

� � <�+q8:2D²|¯94t­u'*),798:²d),-�'D+�2D795$4:®�'D«.+]©�4t7~­/¬u'D8:'*),4r-/8r²k©�4t5g'�4:®�'D«.+]©�²G8r5D5g)|³/+P2P£u8:7�4t-.¢t5g'
8:²,²Z©�8t5*©P8r·u+q5�'D«/8A'�»t+�2D)K®µ¯ ��� ¶

Ð�-.4r'*«.+P2�ª�+P-.+�³/'�4:®�'*«.+9­.2D4r­Y4t5*+P·�7�+�'D«.4u·�)G5�'D«/8A'�)|'�),5�+q8r5*)|+P2�'*4�©?«.4V4t5*+~'*«.+�'D2*¬/+
­�465g)|'*),»r+�8:-/·�-.+P¢t8A'D)|»t+�2?8A'D+P5�4:®�'*«.+]·u+�'*+P©�'*4t2P¶VÀM-/·u+P+P·d£u),-�8�ªY4V4t5g'*+P·�©�²G8r5D5*)K³/+P2P£t'*«/+�2D+
),5$8�¬/-.)��6¬.+�'*«/2*+q5g«.4t²,·T'*«/8:'$·.+�'*+P2*7�),-.+P5�'*«/+�­Y4r),-6'�4t-T'*«/+LFIH � ©�¬/2*»t+�4r-�°�«.)G©?«T'*«/+
©�²G8r5D5g)|³/+�2�²,)|+q5�¶dÀv'])G5]5g¬��9©�)|+P-6'3'D4�5g+�']'*«.)G53'*«.2D+P5*«.4t²,·�­.2D)|4t2�'D4�ª.¬.),²,·u),-.¢�'*«/+�©P8r5D©�8t·u+
'*49¢r¬�8:2?8:-6'*+P+�'D«/8A'�'D«.+�©�8t5*©P8r·u+�°�),²|²=8r©?«.),+�»t+�'D«.)G5�­Y4r),-t'�4r®�'D«.+�FIH � ©�¬.2D»r+ K�®µ4t2�'*«/+
¢r),»r+�-�·.8:'D8t5g+�' MS¶ É ),-/©�+�'*«.+~©�4r7�­.¬.'D8A'D)|4t-�©�4t5g'�4r®%ª/¬.)|²G·u),-.¢T'D«.+1©P8r5D©�8t·u+]),5�-.+�¢t²|),¢r),ª.²,+
°�)K'D«~2D+P5*­Y+P©S'='*4�'D«/8A'(4r®�ªY46465B'D)|-/¢/£A)|'%)G5%+P8t5g¯�'D4�ª.¬.),²,·�©�²G8r5D5*)K³/+P2D5�®µ4t2%8r-V¯�­�4t)|-6'(4r-1'*«/+
F H � ©�¬.2D»r+18t©?«.),+�»A8:ª.²,+�ªV¯�'D«.+14t2*),¢r),-/8r²�ªY46465B'D+P·�8:²,¢r4r2D)|'*«.7�¶YÀM-�©�4t-6'*2?8r5g'P£/­/2*+P»6),4r¬�5
©�8r5D©�8t·u),-.¢17�+�'*«.4u·.5�°�4r¬/²,·�+�)|'*«/+�2�2D+��6¬.),2*+3'*4�'D2D8r)|-�8�-.+P° ©P8r5D©�8r·.+�®µ4t2�+P8t©?«�·u+q5g),2D+P·
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� �ºE�NP\]IQOWa1FPEk�=<SNPf�e?OKNPJMJMIWwV<*CBJ h (X)
N�UtN�@gNPJM<*@

X1, . . . , XN

NP>6U
y1, . . . yN

�
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©�²G8r5D5g)|³/+�2?5P¶
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Å$«.+�­.2*4t­�465g+q·�­.2D4u©�+P·.¬.2*+1®µ4r2]ª/¬.)|²G·u),-.¢�8�©P8r5D©�8t·u+14r®�©�²,8t5*5*)K³�+�2?5�)G5]·u+P5D©�2D),ª�+q·¼),-

Ð�²,¢r4r2D)|'*«.7 ¾.¶
<�4:'D+�'*«�8A'�°�+¼8t5*5*¬.7�+�'*«/+¼­.2D4r­Y4r2*'*),4r-�4:®]'D2*¬/+�­�465g)|'*),»r+q5

P0

),- '*«/+�'D8r2*¢t+�'D+P·
2*+q8:²|´b°�4r2D²,·�8:­.­/²|)G©�8:'*),4r- )G5�8:­.­/2*4`¹u),7�8:'*+P²|¯�±V-.4A°�-�¶�Å$«.)G5]­.2D4r­Y4r2*'*),4r-½)G5�¬/5*¬/8:²,²,¯¼-.4r'
±6-/4A°�- ­.2*+q©�)G5g+P²|¯t£�ª/¬u'~4t-.+T±V-.4A°�5�'*«/8:'1­Y4t5*)K'D)|»t+P518:2D+�8�5*798:²,²�7�),-.4r2D)K'B¯�´�°�)K'D«.4r¬.'
'*«.)G5�8t5*5*¬.7�­u'D)|4t-Z£r'D«.+�°�«/4r²,+�©�8t5*©P8r·u+�8:2?©?«.)K'D+P©�'*¬.2D+�5B'D4r­/5�798:±V),-.¢�5*+�-/5*+r¶%;�+�°�)|²,²k5g+P+
ª�+P²|4A°Í'*«/8:'('*«.+�+�¹.8r©S'(»A8:²,¬.+$4:®
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;�+�8r5D5g¬.7�+9«/8`»V),-.¢�8�ªY4V4t5g'*+P· ©�²,8t5*5*)|³/+�2]'D«/8A'�8r©?«.),+�»t+P5�·.+P5*)|2D+P·�'*2D¬.+T­Y4t5*)|'*),»r+�8r-/·
'*2D¬.+9-.+�¢68A'D)|»t+~2?8A'D+P5]4t- 8�¢r),»r+�-½·.8:'D8r5*+�'q¶�Å$«.)G5�©�8r-½ª�+�·.4r-.+9ªY4V4t5g'*),-.¢�8�®�8:7�),²|¯�4:®
°�+q8:±¼©�²,8t5*5*)K³�+�2?5�¶k¬.-6'*),²('D«.+AFIH � ©�¬/2*»t+14r®�'D«.+T©�²G8r5D5g)|³/+P23­�8r5D5g+q538rª�4A»t+~'*«.+T·u+q5g),2D+P·
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Ð�'}'*«.)G5}­Y4r),-6'P£t°�+�«�8`»r+�8]ªY46465B'D+P·9©�²,8t5*5*)K³�+�2

HB (X)
·u+�³�-.+P·�ªV¯1°�+P8r±1©�²,8t5*5*)K³�+�2?5

h1 (X)
£,¶,¶|¶,£

hT (X)
8r-/·�°�+P)|¢t«t'?5

α1, . . . , αT
?
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∑
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∑
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Ct,T = qt (At + . . . + AT−1 + AT ) + 0
Ct,T−1 = qt (At + . . . + AT−1) + CT¶¶¶ ¶¶¶
Ct,t = qtAt + Ct+1
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Ct = min {Ct,s | t < s ≤ T} , St = 1 + args min {Ct,s | t < s ≤ T} .
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T0 = 1, T1 = S1, T2 = ST1
, . . . , Tt = STt−1

, . . . , TL = T + 1.
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