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6LPRQ�3H\WRQ�-RQHV�0LFURVRIW�5HVHDUFK

DQG

-HDQ�0DUF�(EHU��6RFLpWp�*pQpUDO
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)LQDQFLDO�HQJLQHHULQJ
3URJUDPPLQJ

ODQJXDJH�GHVLJQ�DQG
LPSOHPHQWDWLRQ

-HDQ�0DUF

6LPRQ
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n $Q�RSWLRQ��H[HUFLVDEOH�DQ\�WLPH
EHWZHHQ�W��DQG�W�

n RYHU�DQ�XQGHUO\LQJ�FRQVLVWLQJ
RI�D�VHTXHQFH�RI�IL[HG
SD\PHQWV

n SOXV�VRPH�UXOH�DERXW�ZKDW
KDSSHQV�LI�\RX�H[HUFLVH�WKH
RSWLRQ�EHWZHHQ�SD\PHQWV

n SOXV�D�IL[HG�SD\PHQW�DW�WLPH�W�

� &RPSOH[�VWUXFWXUH

� 6XEWOH�GLVWLQFWLRQV

� 1HHG�IRU�SUHFLVLRQ

��	���
��	��������

3UHFLVH
GHVFULSWLRQ�RI�D

FRQWUDFW

6FKHGXOLQJ�IRU
EDFN�RIILFH

9DOXDWLRQ�DQG
KHGJLQJ

/HJDO�DQG
GRFXPHQWDWLRQ

�HWF«�
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3UHFLVH
GHVFULSWLRQ�RI�D

SXGGLQJ

&RPSXWH
VXJDU�FRQWHQW

(VWLPDWH�WLPH
WR�PDNH

,QVWUXFWLRQV�WR
PDNH�LW

� HWF«�
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3UHFLVH
GHVFULSWLRQ�RI�D

SXGGLQJ

&RPSXWH
VXJDU�FRQWHQW

(VWLPDWH�WLPH
WR�PDNH

,QVWUXFWLRQV�WR
PDNH�LW

%DG�DSSURDFK

� /LVW�DOO�SXGGLQJV��WULIOH��OHPRQ�XSVLGH
GRZQ�SXGGLQJ��'XWFK�DSSOH�FDNH��&KULVWPDV
SXGGLQJ�

� )RU�HDFK�SXGGLQJ��ZULWH�GRZQ
VXJDU�FRQWHQW��WLPH�WR�PDNH�
LQVWUXFWLRQV�HWF
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3UHFLVH
GHVFULSWLRQ�RI�D

SXGGLQJ

&RPSXWH
VXJDU�FRQWHQW

(VWLPDWH�WLPH
WR�PDNH

,QVWUXFWLRQV�WR
PDNH�LW

*RRG�DSSURDFK

�'HILQH�D�VPDOO�VHW�RI�³SXGGLQJ
FRPELQDWRUV´

�'HILQH�DOO�SXGGLQJV�LQ�WHUPV�RI
WKHVH�FRPELQDWRUV

�&DOFXODWH�VXJDU�FRQWHQW�IURP
WKHVH�FRPELQDWRUV�WRR

��
	����������	
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2Q�WRS�RI

7DNH

:KLSSHG

��SLQW &UHDP

0L[WXUH

7DNH

&KRSSHG

� $SSOHV

7DNH

� 2UDQJHV

2SWLRQDO

&RPELQDWRUV�FRPELQH
VPDOO�SXGGLQJV�LQWR
ELJJHU�SXGGLQJV
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2Q�WRS�RI

7DNH

:KLSSHG

��SLQW &UHDP

0L[WXUH

7DNH

&KRSSHG

� $SSOHV

7DNH

� 2UDQJHV

2SWLRQDO

salad = onTopOf topping main_part
topping = whipped (take pint cream)
main_part = mixture apple_part orange_part
apple_part = chopped (take 3 apple)
orange_part = optional (take 6 oranges)

1RWDWLRQ�

� parent child1 child2

� function arg1 arg2

6ORJDQ��D�GRPDLQ�VSHFLILF�ODQJXDJH�IRU�GHVFULELQJ�SXGGLQJV

��
�������	�����	�
����
�

salad = onTopOf topping main_part
topping = whipped (take 1pint cream)
main_part = mixture apple_part orange_part
apple_part = chopped (take 3 apple)
orange_part = optional (take 6 oranges)

onTopOf :: Pudding -> Pudding -> Pudding

whipped :: Pudding -> Pudding

take :: Quantity -> Ingredient -> Pudding

� 7KH�W\SHV�PDNH�VXUH�WKDW�\RX�FDQ¶W�GHVFULEH�D
QRQVHQVLFDO��H�J��take topping apple�
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�:DQWHG��6�3���WKH�VXJDU�FRQWHQW�RI�SXGGLQJ�3

6�onTopOf p1 p2��  �6�p1����6�p2�

6�whipped p��  �6�p�

6�take q i�  �T�
�6�L�

«HWF«

�:KHQ�ZH�GHILQH�D�QHZ�UHFLSH��ZH�FDQ�FDOFXODWH�LWV
VXJDU�FRQWHQW�ZLWK�QR�IXUWKHU�ZRUN

�2QO\�LI�ZH�DGG�QHZ�FRPELQDWRUV�RU�QHZ�LQJUHGLHQWV�GR
ZH�QHHG�WR�HQKDQFH�6

����
��������������

�:DQWHG��6�3���WKH�VXJDU�FRQWHQW�RI�SXGGLQJ�3

6�onTopOf p1 p2��  �6�p1����6�p2�

6�whipped p��  �6�p�

6�WDNH�T�L�  �T�
�6�L�

«HWF«

6�LV�FRPSRVLWLRQDO

7R�FRPSXWH�6�IRU�D�FRPSRXQG�SXGGLQJ�

� &RPSXWH�6�IRU�WKH�VXE�SXGGLQJV

� &RPELQH�WKH�UHVXOWV�LQ�VRPH�FRPELQDWRU�GHSHQGHQW�ZD\
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:KDW�DUH�WKH�DSSURSULDWH�SULPLWLYH�FRPELQDWRUV"
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c1 :: Contract
c1 = zcb (date “1 Jan 2010”) 100 Pounds

zcb :: Date -> Float -> Currency -> Contract
-- Zero coupon bond

date :: String -> Date
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c1,c2,c3 :: Contract
c1 = zcb (date “1 Jan 2010”) 100 Pounds
c2 = zcb (date “1 Jan 2011”) 100 Pounds

c3 = and c1 c2

and :: Contract -> Contract -> Contract
-- Both c1 and c2

and

zcb t1 100 Pounds zcb t2 100 Pounds

c1 c2

c3

���
�����	�����

������	��

c3 = c1 ‘and‘ c2

and

zcb t1 100 Pounds zcb t2 100 Pounds

� 1RWDWLRQDO�FRQYHQLHQFH��FDQ�ZULWH�FRPELQDWRUV
ZLWK�WZR�DUJXPHQWV�LQ�DQ�LQIL[�SRVLWLRQ
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and

zcb t1 100 Pounds zcb t2 100 Pounds

give :: Contract -> Contract
-- Invert role of parties

c4 = c1 ‘and‘ give c2

give

c2

c4

c1

� and LV�OLNH�DGGLWLRQ

� give LV�OLNH�QHJDWLRQ

!
��������	�����������
�

andGive :: Contract -> Contract -> Contract
andGive u1 u2 = u1 ‘and‘ give u2

� andGive LV�D�QHZ�FRPELQDWRU��GHILQHG�LQ�WHUPV�RI
VLPSOHU�FRPELQDWRUV

� 7R�WKH�³XVHU´�LW�LV�QR�GLIIHUHQW�WR�D�SULPLWLYH��EXLOW�LQ
FRPELQDWRU

� 7KLV�LV�WKH�NH\�WR�H[WHQVLELOLW\��XVHUV�FDQ�ZULWH�WKHLU
RZQ�OLEUDULHV�RI�FRPELQDWRUV�WR�H[WHQG�WKH�EXLOW�LQ�RQHV
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$Q�RSWLRQ�JLYHV�WKH�IOH[LELOLW\�WR

� &KRRVH�ZKLFK�FRQWUDFW�WR�DFTXLUH��RU��DV�D�VSHFLDO
FDVH��ZKHWKHU�WR�DFTXLUH�D�FRQWUDFW�

� &KRRVH�ZKHQ�WR�DFTXLUH�D�FRQWUDFW
�H[HUFLVLQJ�WKH�RSWLRQ� �DFTXLULQJ�WKH�XQGHUO\LQJ�

�����
������
or :: Contract -> Contract -> Contract
-- Either c1 or c2

zero :: Contract -> Contract
-- A worthless contract that expires when
-- the underlying does

� )LUVW�DWWHPSW�DW�D�(XURSHDQ�RSWLRQ

european :: Contract -> Contract
european u = u ‘or‘ zero u

� %XW�ZH�QHHG�WR�VSHFLI\�ZKHQ�WKH�FKRLFH�PD\�EH
H[HUFLVHG
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get :: Date -> Contract -> Contract
-- Acquire the underlying at specified date

european :: Date -> Contract -> Contract
european t u = get t (u ‘or‘ zero u)

� ,QIRUPDOO\���get t c��DFTXLUHV�WKH�XQGHUO\LQJ
FRQWUDFW�F�DW�WLPH�W

"������������	�
�

get :: Date -> Contract -> Contract
-- Acquire the underlying at specified date

� $�FRQWUDFW�FRQIHUV�FHUWDLQ�ULJKWV�DQG�REOLJDWLRQV

� :KHQ�\RX�DFTXLUH�D�FRQWUDFW��\RX�WDNH�RQ�LWV�IXWXUH
ULJKWV�DQG�REOLJDWLRQV��WKDW�LV��RQO\�WKH�RQHV�WKDW�IDOO
GXH�RQ�RU�DIWHU�WKH�DFTXLVLWLRQ�GDWH�

� ,I�\RX�DFTXLUH�WKH�FRQWUDFW�(get t u)�DW�WLPH�s<t�
WKHQ�\RX�DUH�REOLJHG�WR�DFTXLUH�WKH�XQGHUO\LQJ�u�DW�WKH
�ODWHU��WLPH�t�

� ,I�\RX�DFTXLUH�WKH�FRQWUDFW�(c1 ‘or‘ c2)�\RX�PXVW
LPPHGLDWHO\�DFTXLUH�\RXU�FKRLFH�RI�c1�RU�c2
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� 5HPHPEHU�WKDW�WKH�XQGHUO\LQJ�FRQWUDFW�LV�DUELWUDU\

c5 :: Contract
c5 = european t1 (

zcb t2 100 Pounds
‘and‘ zcb t3 100 Pounds
‘and‘ give (zcb t4 200 Pounds)
)

get t1

or

zero

and

and

give

zcbzcbzcb

7KH�XQGHUO\LQJ

�����
���
�

anytime :: Contract -> Contract
-- Acquire the underlying at any time
-- before it expires (but you must acquire it)

c6 = anytime (
zcb t2 100 Pounds

‘and‘ zcb t3 100 Pounds
‘and‘ give (zcb t4 200 Pounds)
)

� (YHU\�FRQWUDFW�KDV�D�KRUL]RQ��DW�ZKLFK�SRLQW�LW
H[SLUHV��DQG�FDQQRW�EH�DFTXLUHG
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� ,Q�DQ�$PHULFDQ�RSWLRQ��\RX�FDQ�XVXDOO\�FKRRVH�QRW�WR
H[HUFLVH�WKH�RSWLRQ�DW�DOO

7KDW¶V�HDV\�

anytime (u ‘or‘ zero u)

&KRRVH
ZKHQ

&KRRVH
ZKHWKHU

&
��������
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$Q�$PHULFDQ�RSWLRQ�XVXDOO\�FRPHV�ZLWK�D�SDLU�RI�WLPHV�

� \RX�FDQQRW�DFTXLUH�WKH�XQGHUO\LQJ�EHIRUH�W�

get t1 (anytime (u ‘or‘ zero u))

� \RX�FDQQRW�DFTXLUH�WKH�XQGHUO\LQJ�DIWHU�W�

get t1 (anytime (truncate t2 (u ‘or‘ zero u)))

truncate :: Date -> Contract -> Contract
-- You cannot acquire the underlying after
-- the specified date

QRW�TXLWH
ULJKW
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american :: Date -> Date -> Contract -> Contract
american t1 t2 u
  = get t1 (anytime (truncate t2 (u ‘or‘ zero u)))

&RPELQDWRUV

'��
����
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give :: Contract -> Contract
or :: Contract -> Contract -> Contract
and :: Contract -> Contract -> Contract
zero :: Contract -> Contract
get :: Date -> Contract -> Contract
anytime :: Contract -> Contract
truncate :: Date -> Contract -> Contract
…and some more besides…

� &KRLFH�RI�FRPELQDWRUV�GULYHQ�E\

� (FRQRP\��DV�IHZ�DV�SRVVLEOH�

� ([SUHVVLYHQHVV��FDQ�GHVFULEH�PDQ\�FRQWUDFWV�

� (IILFLHQF\��PDSV�FOHDQO\�RQWR�H�J��YDOXDWLRQ�HQJLQH�

� :H�QHHG�DQ�DEVROXWHO\�SUHFLVH�VSHFLILFDWLRQ�RI�ZKDW
WKH\�PHDQ
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n 2QFH�ZH�KDYH�D�SUHFLVH�FRQWUDFW�VSHFLILFDWLRQ��ZH
PD\�ZDQW�WR�YDOXH�LW

&RQWUDFW
0RGHO�RI�ZRUOG

�H�J��LQWHUHVW�UDWHV�

9DOXDWLRQ�HQJLQH

%�
�������

�
�	
�	��������

)����

*LYHQ�D�FRQWUDFW�&��GHILQH

9�0�&��WR�EH�WKH�%'7�WUHH�IRU�&�XQGHU�
LQWHUHVW�UDWH�PRGHO�0

FRQWUDFW�&

��

��

��

zcb 1 100 Pounds

LQWHUHVW�UDWH�PRGHO�0

���

���

��

9DOXH�WUHH�9�0�&�

9DOXDWLRQ
HQJLQH
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1RZ�GHILQH�9�0�&��FRPSRVLWLRQDOO\

9�0��c1 ‘and‘ c2��  �9�0�c1����9�0�c2�

9�0��c1 ‘or‘ c2�  �PD[��9�0�c1���9�0�c2���

9�0��give c�  ���9�0�c�

9�0��anytime c�  �VQHOO��9�0�c���

9�0��get t c�  �GLVFRXQW��9�0�c�>W@��

«HWF«

� 7KLV�LV�D�PDMRU�SD\RII���'HDO�ZLWK�WKH����LVK
FRPELQDWRUV��DQG�ZH�DUH�GRQH�ZLWK�YDOXDWLRQ�

$GG�YDOXH�WUHHV
SRLQW�ZLVH

&�	�
�	������


�2EYLRXV�LPSOHPHQWDWLRQ�FRPSXWHV�WKH�YDOXH�WUHH�IRU
HDFK�VXE�FRQWUDFW

� %XW�WKHVH�YDOXH�WUHHV�FDQ�JHW�� *
�$QG�RIWHQ��SDUWV�RI�WKHP�DUH�QRW�QHHGHG

get t

tVLPSOH
GLVFRXQWLQJ
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³/D]\�HYDOXDWLRQ´�PHDQV�WKDW

n GDWD�VWUXFWXUHV�DUH�FRPSXWHG�LQFUHPHQWDOO\��DV�WKH\
DUH�QHHGHG��VR�WKH�WUHHV�QHYHU�H[LVW�LQ�PHPRU\�DOO�DW
RQFH�

n SDUWV�WKDW�DUH�QHYHU�QHHGHG�DUH�QHYHU�FRPSXWHG

6ORJDQ

:H�WKLQN�RI�WKH�WUHH�DV�D�ILUVW�FODVV�YDOXH�³DOO�DW�RQFH´

EXW�LW�LV�RQO\�PDWHULDOLVHG�³SLHFHPHDO´

#
	�������	����������	���

� 7ZR�FRQWUDFWV�PD\�ORRN�GLIIHUHQW��EXW�EH�WKH�VDPH

c1 ‘and‘ c2  =  c2 ‘and‘ c1

�:H�DGG�D�VHW�RI�UXOHV�DERXW�HTXDOLW\�WR�RXU�ODQJXDJH

�8VLQJ�WKHVH�UXOHV�ZH�FDQ�WUDQVIRUP�D�FRQWUDFW�LQWR�DQ
HTXLYDOHQW�RQH�WKDW�WDNHV�OHVV�ZRUN�WR�HYDOXDWH

anytime (anytime c) = anytime c

�FI��TXHU\�RSWLPLVDWLRQ��SURJUDP�WUDQVIRUPDWLRQ�
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n $�VPDOO�VHW�RI�EXLOW�LQ�FRPELQDWRUV

n $�XVHU�H[WHQVLEOH�OLEUDU\�GHILQHV�WKH�]RR�RI�FRQWUDFWV

n 6R�\RX�FDQ�GHILQH�DQ�LQILQLWH�IDPLO\�RI�FRQWUDFWV

n &RPSRVLWLRQDO��PRGXODU��DOJRULWKPV�IRU�YDOXDWLRQ��DQG�RWKHU
SXUSRVHV

n 1RW�FRYHUHG��REVHUYDEOHV����6HH�WKH�SDSHU�

n 3URWRW\SH�LPSOHPHQWDWLRQ�LQ�+DVNHOO�������¶V�QRW�����¶V�RI
OLQHV��


