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|���$67$���LQWURGXFWLRQ

|���2SWLPL]DWLRQ�RI�WUDGLQJ�UXOHV

|���3UHGLFWLQJ�5DQNV�LQVWHDG�RI�5HWXUQV

|���7LPH�VHULHV�SUHGLFWLRQ�ZLWK�$67$
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|���$�WHVW�EHQFK�IRU�ROG�DQG�QHZ�WUDGLQJ�VWUDWHJLHV

|���$Q�LQWHUDFWLYH�GHYHORSPHQW�WRRO�IRU�WUDGLQJ�UXOHV

|���$Q�QRQ�LQWHUDFWLYH�GHYHORSPHQW�WRRO�IRU�WUDGLQJ�UXOHV

|���'DWD�JHQHUDWLRQ�IRU�SRVW�SURFHVVLQJ
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7ZR�)RUPXODWLRQV�RI�WKH�3UHGLFWLRQ�7DVN

0HWKRGV�ZLWK�D�IL[HG�SUHGLFWLRQ�KRUL]RQ

�������µ7KH�7LPH�6HULHV�$SSURDFKµ

�������µ7KH�7UDGLQJ�5XOH�$SSURDFKµ

�����3UREOHP�

�����:H�GRQ·W�QHFHVVDULO\�LQWHQG�WR�VHOO�WKH�VWRFNV�K�GD\V

�����DIWHU�ZH�ERXJKW�WKHP

0HWKRGV�ZLWK�QR�IL[HG�SUHGLFWLRQ�KRUL]RQ

��������6LPXODWHG�WUDGLQJ�ZLWK�EX\��DQG�VHOO�UXOHV

�����3UREOHP�

�����)HZHU�SRLQWV�JLYH�ORZHU�VWDWLVWLFDO�VLJQLILFDQFH
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7KH�7UDGLQJ�5XOH�$SSURDFK�
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)LQG�D�IXQFWLRQ�J�WKDW�SURGXFHV�WKH�EHVW

SHUIRUPDQFH�DW�D�IL[HG�SUHGLFWLRQ�KRUL]RQ�25

ZKHQ�DSSO\LQJ�WKH�WUDGLQJ�UXOH�7

'UDZEDFN��6WDWLVWLFDO�VLJQLILFDQFH�

7KH�%X\�DQG�6HOO�VLJQDOV�DUH����1
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7KH�WUDGLQJ�DOJRULWKP�LV�H[SUHVVHG�DV�D�%X\�5XOH�DQG

D�6HOO�5XOH�

%X\�5XOH��

&ORVH�7�!&ORVH�7����	�9ROXPH�7�!PHDQ�9ROXPH�7����7��

'HVLJQ�,GHD�IRU�DQ�$UWLILFDO�7UDGHU

6HOO�5XOH��

/RVV!������_��3URILW!�����_��7UHQG����
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:KDW�,V�*RRG�3HUIRUPDQFH"

| :KLFK�SHUIRUPDQFH�PHDVXUHV�DUH�UHOHYDQW

± 7RWDO�SURILW

± $YHUDJH�SURILW�SHU�GD\

± 3URILW�SHU�\HDU

± 1XPEHU�RI�WUDGHV

| :KDW�LV�WKH�EHVW�ZD\�WR�PHDVXUH�WKH�SHUIRUPDQFH

| 7R�ZKDW�GR�ZH�FRPSDUH�ZKHQ�ZH�VD\�LW·V�JRRG�"

± %HQFKPDUNV���2IILFDO�6WRFN�,QGH[HV
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BuySell
0DUNHW

7UDGHU

Buy rule : Close(T) > max(High,T-10:T-1)
Sell rule : Loss>10 | Profit>30

   Operations
4Initialize
4Buy recommendations
4Sell recommendations
4Buy
4Sell

  Operations
4 Initialize
4 Step in time
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Mean profit above index= �����
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  Attributes
4Portfolio
4Cash
4Wealth
4Buy rule
4Sell rule
4Other parameters

  Attributes
4Stock data
4Index
4Current time T
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6LPXODWLRQ�RI�6LPSOH�%X\�DQG�6HOO�5XOHV
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3HUIRUPDQFH�RI�6LPSOH�%X\�DQG�6HOO�5XOHV
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7UDGLQJ�6LPXODWLRQ�RI�WKH�6WRFKDVWLFV�,QGLFDWRU
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| )HDWXUH�IXQFWLRQ�

± &ORVH��+LJK��/RZ��9ROXPH��5DQN��7UHQG��9RODWLOLW\�«

| ,QGLFDWRU�IXQFWLRQV�

± 6WRFKDVWLFV��0$&'��56,��.H\UHY��&ORVH3RV��5XQV��'D\V�

0RQWKV��'D\VLQ��3URILW��/RVV��3RWHQWLDO«

| 2SHUDWRU�IXQFWLRQV�

± 0LQ��0D[��0DY��&URVVLQJV��5HSHDWV����
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8VLQJ�WKH�7UDGHU�DV�DQ�2EMHFWLYH�)XQFWLRQ

S� �IDVWD�%X\5XOH��6HOO5XOH�

([DPSOH�

S� �IDVWD�¶7UHQG�!����	�*YRO�!���·��¶/RVV!���_�3URILW!��·�

6WUDWHJLHV�

| 3DUDPHWHUL]H�WKH�%X\�5XOH�DQG�6HOO�5XOH�

± %X\�5XOH��¶�7UHQG�!D��	��*YRO�!E�·

± 6HOO�5XOH��¶�/RVV!F��_��3URILW!G�·

± 2SWLPL]H��3��Z�U�W��D��E��F�DQG�G

| 7KH�%X\�5XOH�DQG�6HOO�5XOH�DUH�V\PEROLF�H[SUHVVLRQV

± &UHDWH�QHZ�UXOHV�E\�FRPELQLQJ�IXQFWLRQV�DQG�RSHUDWRUV�ZLWK

JHQHWLF�PHWKRGV�IRU�H[DPSOH
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'HILQLWLRQ�

6WRFK>.�.V�'�%X\OHYHO��6HOOHYHO@�W� 

�&ORVH�7��/�����+�/�

ZKHUH

/� �PDY�PLQ�/RZ�W�.�W����.V�

+� �PDY�PD[�+LJK�W�.�W����.V�

'HFLVLRQ�UXOH�

%X\�LI�6WRFK�W�!%X\OHYHO

6HOO�LI�6WRFK�W��6HOOHYHO

7KH�6WRFKDVWLFV�,QGLFDWRU
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7KH�6WRFKDVWLFV�,QGLFDWRU
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3�6HOOHYHO���IRU����<HDUV

0D[LPXP"
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2QH�&XUYH�SHU�<HDU

:KHUH�LV�WKH�0D[LPXP"
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7KH�IXQFWLRQ����������LV�VWRFKDVWLF
DQG�KDV�QR�ZHOO�GHILQHG�´PD[LPXPµ

(QWLWLHV�WR�PD[LPL]H�

|��7KH�PHDQ�YDOXH��

|��7KH�ORZHU�OLPLW�RI�D�FRQILGHQFH�LQWHUYDO�

�

|�7KH�6KDUSH�5DWLR�

5LVN

������������� θθ=lowP

������
������
θ

θ

������θ

���θ

20
©�7KRPDV�+HOOVWUöP�����

�@9>3�

�@(>3�

θ
θ

0RGLILHG�6KDUSH�5DWLR�
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1R�7UDGLQJ��-XVW�6KRUW�,QWHUHVW�5DWH
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6XUSULQVLQJO\�(QRXJK«�

6WRFNV�$UH�127�&OHDUO\�WKH�%HVW�$OWHUQDWLYH

+LVWRULFDOO\�

�6WRFNV�KDYH�EHHQ�ZRUVH�WKDQ�D�EDQN�DFFRXQW���RXW�RI����\HDUV«
�(TXDOO\�JRRG�EHWZHHQ�-DQ���DQG�-DQ��
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%X\�LQ�'RZQWUHQG�&RPELQHG�ZLWK

'HFOLQH�LQ�7UDGHG�9ROXPH
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%X\�LQ�'RZQWUHQG�FRPELQHG�ZLWK

'HFOLQH�LQ�WUDGHG�9ROXPH

%HWWHU�WKDQ�LQGH[���RXW�RI����\HDUV�
7KH�PHDQ�H[FHVV�SURILW������LV�KRZHYHU
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5DQNLQJ�6WRFN�5HWXUQV�5�W�

{ }( )
50

1N
1 (t)R(t),...,R  (t),R order

(t)Rank
N
k

1
k

m
km

k �−
−

−=

1LFH�WKLQJV�DERXW�UDQNV�
✔ 3UHGLFWLQJ�WKH�UDQN�LV�DV�JRRG�DV�SUHGLFWLQJ�WKH

UHWXUQV
✔ &OHDU�EHQFKPDUN��KLW�UDWH�IRU�VLJQ�!����
✔ 8QLIRUP�GLVWULEXWLRQ
✔ 7KH�HIIHFW�RI�JOREDO�HYHQWV�JHWV�DXWRPDWLFDOO\

LQFRUSRUDWHG

7KH�VWRFN�ZLWK�KLJKHVW�5�JHWV�UDQN����

7KH�VWRFN�ZLWK�ORZHVW�5�JHWV�UDQN�����
7KH�PHGLDQ�VWRFN�JHWV�5DQN �

:as defined is m stock for rankday -k The
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2QH�'D\�0HPRU\�LQ�WKH�5DQNV

(t)Rank of function a as tabulated 1)(tRank 11 +

5DQN�W��� -0.45 -0.35 -0.35 -0.15 -0.05 0.05 0.15 0.25 0.35 0.45
)UDFWLRQ��!� ���� 52.9 49.1 47.3 48 49.6 49.5 48.2 47.8 46.4
0HDQ�UDQN 0.067 0.017 -0.005 -0.011 -0.011 -0.004 -0.005 -0.01 -0.014 -0.033
QR��RI�REV� 30878 30866 31685 30837 30434 31009 31258 30539 30951 31550

With 59.4% probability:
✔ The worst performing 10% of the stocks will be in the
upper half next day.
✔ This prediction can be done EVERY day (since there is
always a worst performing 10%).

5DQN©�W�

207 Swedish stocks 1987-1997
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$��%��#�&����#����
���'����

data from the Swedish stock market

one curve per year 1987-1997
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)LYH�'D\�0HPRU\�LQ�WKH�5DQNV

(t)Rank of function a as tabulated 5)(tRank 55 +

5DQN�W��� -0.45 -0.35 -0.35 -0.15 -0.05 0.05 0.15 0.25 0.35 0.45
)UDFWLRQ��!� ���� 51.9 50.1 50.3 50 50.2 49.4 48.4 48.4 44.3
0HDQ�UDQN 0.04 0.01 0 0 0 0 0 -0.01 -0.01 -0.04
QR��RI�REV� 30692 30689 31485 30652 30286 30772 30955 30349 30644 31026

With 56.5% probability:
✔ The worst performing 10% of the stocks will be in the
upper half next day.
✔ This prediction can be done EVERY day (since there is
always a worst performing 10%).

5DQN��W�

207 Swedish stocks 1987-1997
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)LYH�'D\�0HPRU\�LQ�WKH�5DQNV

data from the Swedish stock market

one curve per year 1987-1997
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+RZ�$ERXW�3UHGLFWLQJ�5DQNV"

Ideas:
✔ Use the rank variables as inputs and/or
    outputs in a time series prediction. E.g:

(t))R..., (t),R  (t),R g( )1(tRank

or

k))-(tRank ... 1),-(tRank  (t),Rank g( )1(tRank

k511

1111

=+

=+

✔ Formulate Trading rules based on rank
variables. E.g:

0.3(t)Rank   AND400 (t)Rank ifBuy 51 <−< �

the function g may be a neural network,
fuzzy rule base etc.
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����7UDGLQJ�WKH���GD\�UDQN�LQ�$67$������VWRFNV

EX\�WKH�ORRVHUV�
VHOO�WKH�ZLQQHUV

EX\�WKH�ZLQQHUV�
VHOO�WKH�ORRVHUV

%HWWHU�WKDQ�,QGH[
��RXW�RI����\HDUV

%HWWHU�WKDQ�,QGH[
��RXW�RI����\HDUV
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���5HILQHG�WUDGLQJ�UXOHV�ZLWK���GD\�UDQN�
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���5HILQHG�WUDGLQJ�UXOHV�ZLWK���GD\�UDQN�
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7KH�7LPH�6HULHV�$SSURDFK
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ZKHUH�\�LV�WKH�UHWXUQV�IRU�WKH�VWRFN�SULFHV

25�0D[LPL]H�WKH�KLW�UDWH�IRU�WKH�VLJQ�SUHGLFWLRQV�
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$67$�IRU�7LPH�6HULHV�$QDO\VLV

�3UHGLFWLRQ�RI�*HQHUDOLQGH[�7��IURP�*HQHUDOLQGH[�7���
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3UHGLFWLRQ�RI�*HQHUDOLQGH[�IURP�'RZ�-RQHV
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3UHGLFWLRQ�RI�*HQHUDOLQGH[�IURP�'RZ�-RQHV
ZLWK�9ROXPH�6HOHFWLRQ
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8VLQJ�$67$�1RQ�,QWHUDFWLYHOO\
IRU�7LPH�6HULHV�3UHGLFWLRQV

$�PDWODE�IXQFWLRQ�UHWXUQV�WKH�SHUIRUPDQFH�

S� �WDVWD�SUHGLFW��SUHGLFWRU�

([DPSOH�
!�WDVWD��¶7UHQGN���7���·���¶7UHQGN���7�·���>�����@��¶6;*(1·�

!������
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&RYDULDQFH�$QDO\VLV�RI���'D\�5HWXUQV�IRU���,QGH[HV
'DWHV�����������������DSSUR[�������GDWD�SRLQWV
�����������������'-�����63�����1LNNHL���������'$;�����6;*(1���)76(���

�������'-������������������������������������������������������������
����63���������������������������������������������������������������

�1LNNHL��������������������������������������������������������������

������'$;������������������������������������������������������������
����6;*(1������������������������������������������������������������

��)76(���������������������������������������������������������������
����1DLYH������������������������������������������������������������

6HOHFWLRQ����GD\�UHWXUQ�!������DSSUR[������SRLQWV�OHIW�DIWHU�VHOHFWLRQ

�+LWUDWH���������'-�����63�����1LNNHL���������'$;�����6;*(1���)76(���

�������'-������������������������������������������������������������
����63���������������������������������������������������������������

�1LNNHL��������������������������������������������������������������
������'$;������������������������������������������������������������

����6;*(1������������������������������������������������������������
��)76(���������������������������������������������������������������

����1DLYH������������������������������������������������������������

(�J��7KH�VLJQ�RI�D�UHWXUQ�DW�WLPH�7�IRU�'RZ�-RQHV�LV�LQ��������RI�WKH
�����FDVHV�WKH�VDPH�DV�WKH�VLJQ�RI�WKH�UHWXUQ�IRU�6;*(1�DW�WLPH�7��

�����6HOHFWLQJ�RQO\�WKRVH�FDVHV�ZKHUH�WKH�UHWXUQ�IRU�'RZ�-RQHV!�����GD\
�����FDXVHV�WKLV�ILJXUH�WR�LQFUHDVH�WR��������
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3UHGLFWLRQ�RI���'D\�5HWXUQ�IRU
WKH�6ZHGLVK�*HQHUDOLQGH[��6;*(1
IURP�WKH�5HWXUQ�RI�63����WKH�3UHYLRXV�'D\
ZLWK�'DWD�6HOHFWLRQ�%DVHG�RQ���'D\�5HWXUQ�IRU�63���
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��$67$�LV�ZULWWHQ�LQ�0$7/$%

��7R�XVH�$67$�\RX�PXVW�KDYH�D�0$7/$%�V\VWHP
��UXQQLQJ�RQ�\RXU�PDFKLQH

��7KH�$67$�V\VWHP�ZLOO�VRRQ�EH�DYDLODEOH�IRU
��GRZQORDG�DQG�LV�IUHH�IRU�SULYDWH�DQG�DFDGHPLF�XVH

��0RUH�LQIRUPDWLRQ�RQ
��KWWS���ZZZ�FV�XPX�VH�aWKRPDVK�DVWD�KRPH


