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,QWURGXFWLRQ,QWURGXFWLRQ
�� '\QDPLF�FRGH�JHQHUDWLRQ�LV�D�SURJUDPPLQJ�WHFKQLTXH�'\QDPLF�FRGH�JHQHUDWLRQ�LV�D�SURJUDPPLQJ�WHFKQLTXH�
WKDW�LV�EHLQJ�ZLGHO\�XVHG�LQ�FRPSOH[�V\VWHPVWKDW�LV�EHLQJ�ZLGHO\�XVHG�LQ�FRPSOH[�V\VWHPV

�� 6WURQJO\�7\SHG�([HFXWLRQ�(QYLURQPHQWV��67((���VXFK�DV�6WURQJO\�7\SHG�([HFXWLRQ�(QYLURQPHQWV��67((���VXFK�DV�
-90�DQG�0LFURVRIW�&/5��SURYLGH�ULFK�VHUYLFHV�WR�UXQQLQJ�-90�DQG�0LFURVRIW�&/5��SURYLGH�ULFK�VHUYLFHV�WR�UXQQLQJ�
FRGH��G\QDPLF�ORDGLQJ��VHFXULW\��FRGH��G\QDPLF�ORDGLQJ��VHFXULW\��««��

�� 7R�HQIRUFH�W\SH�VDIHW\�DW�ORDG�WLPH�67((�VKRXOG�UHWDLQ�7R�HQIRUFH�W\SH�VDIHW\�DW�ORDG�WLPH�67((�VKRXOG�UHWDLQ�
HQRXJK�LQIRUPDWLRQ�LQ�ELQDULHV�DERXW�W\SHV��PHWDGDWD�HQRXJK�LQIRUPDWLRQ�LQ�ELQDULHV�DERXW�W\SHV��PHWDGDWD�

�� ,W�LV�FRQYHQLHQW�IRU�3/�WDUJHWLQJ�67((�WR�VKDUH�D�,W�LV�FRQYHQLHQW�IRU�3/�WDUJHWLQJ�67((�WR�VKDUH�D�
VLJQLILFDQW�DPRXQW�RI�SURJUDPPLQJ�DEVWUDFWLRQVVLJQLILFDQW�DPRXQW�RI�SURJUDPPLQJ�DEVWUDFWLRQV



(QFRGLQJ�&RGH�*HQHUDWLRQ�LQWR�%LQDULHV(QFRGLQJ�&RGH�*HQHUDWLRQ�LQWR�%LQDULHV

3URJUDPPLQJ�ODQJXDJH

,QWHUPHGLDWH��RU�
PDFKLQH��ODQJXDJH

5HDO�WUDQVIRUPDWLRQ

3HUFHLYHG�WUDQVIRUPDWLRQ

/DQJXDJH�/HYHO�57&*((�OHYHO�57&*

Type T

Type T



:KDW�ZH�GLG":KDW�ZH�GLG"
�� :H�LQWURGXFHG�D�:H�LQWURGXFHG�D�&RGH&RGH W\SH�WR�UHSUHVHQWV�FRGH�YDOXHVW\SH�WR�UHSUHVHQWV�FRGH�YDOXHV
�� &RGH�LQVWDQFHV�DUH�EXLOW�DURXQG�PHWKRGV&RGH�LQVWDQFHV�DUH�EXLOW�DURXQG�PHWKRGV
�� $�VLQJOH�RSHUDWLRQ�FDOOHG�$�VLQJOH�RSHUDWLRQ�FDOOHG�%LQG%LQG DOORZ�FRGH�PDQLSXODWLRQDOORZ�FRGH�PDQLSXODWLRQ

public static public static intint add(intadd(int i, i, intint j) { j) { 

return i + j; }return i + j; }

// // OOx,y.x+yx,y.x+y
Code c = new Code c = new Code(typeof(T).GetMethod("addCode(typeof(T).GetMethod("add"));"));

// // OOy.1+yy.1+y
Code inc = c.Bind(1, new Free());Code inc = c.Bind(1, new Free());



%LQGLQJ�9DOXHV��%LQGLQJ�9DOXHV��%LQG%LQGYY��
�� 9DOXHV�FDQ�EH�ERXQG�WR�DUJXPHQWV9DOXHV�FDQ�EH�ERXQG�WR�DUJXPHQWV
�� $OO�YDOXHV�FDQ�EH�ERXQG�WR�DQ�LQSXW�DUJXPHQW�$OO�YDOXHV�FDQ�EH�ERXQG�WR�DQ�LQSXW�DUJXPHQW�

Code c = Code c = SelectCodeGenSelectCodeGen();();

DBConnectionDBConnection connconn = new Connection(= new Connection(……););

c.Bind(connc.Bind(conn);// Fix the connection);// Fix the connection



%LQGLQJ�&RGH�9DOXHV�WR�%LQGLQJ�&RGH�9DOXHV�WR�$UJV$UJV �%LQG�%LQGSS��
�� $Q�LQSXW�DUJXPHQW�RI�D�FRGH�YDOXH�FDQ�EH�ERXQG�ZLWK�DQRWKHU�$Q�LQSXW�DUJXPHQW�RI�D�FRGH�YDOXH�FDQ�EH�ERXQG�ZLWK�DQRWKHU�

FRGH�YDOXH�UHWXUQLQJ�D�YDOXH��FRPSDWLEOH�ZLWK�LW�FRGH�YDOXH�UHWXUQLQJ�D�YDOXH��FRPSDWLEOH�ZLWK�LW�
�� $UJXPHQWV�RI�WKH�FRGH�YDOXH�ERXQG�WR�DQ�DUJXPHQW�DUH�OLIWHG�$UJXPHQWV�RI�WKH�FRGH�YDOXH�ERXQG�WR�DQ�DUJXPHQW�DUH�OLIWHG�

LQWR�WKH�VLJQDWXUH�RI�WKH�UHVXOWLQJ�FRGH�YDOXHLQWR�WKH�VLJQDWXUH�RI�WKH�UHVXOWLQJ�FRGH�YDOXH
Code c = Code c = CodeOfAddCodeOfAdd(); // c is (); // c is OOx,y.x+yx,y.x+y
Code d = Code d = c.Bind(cc.Bind(c, new Free());, new Free());

// d is // d is OOx,y,z.xx,y,z.x + y + z+ y + z



6SOLFLQJ�&RGH�9DOXHV��%LQG6SOLFLQJ�&RGH�9DOXHV��%LQGFF��
�� ,I�WKH�DUJXPHQW�LV�RI�KLJKHU�RUGHU�W\SH��D�GHOHJDWH�W\SH�LQ�&/,�,I�WKH�DUJXPHQW�LV�RI�KLJKHU�RUGHU�W\SH��D�GHOHJDWH�W\SH�LQ�&/,�

ZH�FDQ�VSOLFH�D�FRGH�YDOXH�LQ�SODFH�RI�LQYRFDWLRQV�RI�WKH�ZH�FDQ�VSOLFH�D�FRGH�YDOXH�LQ�SODFH�RI�LQYRFDWLRQV�RI�WKH�
DUJXPHQWDUJXPHQW

�� :LWK�WKLV�PHFKDQLVP�LW�LV�SRVVLEOH�WR�ZULWH�PHWKRGV�ZLWK�KROHV�:LWK�WKLV�PHFKDQLVP�LW�LV�SRVVLEOH�WR�ZULWH�PHWKRGV�ZLWK�KROHV�
IRU�RWKHU�PHWKRGVIRU�RWKHU�PHWKRGV
delegate void delegate void Cmd(intCmd(int i);i);
static void static void For(CmdFor(Cmd c) {c) {
for (for (intint j; j < 10; j++) j; j < 10; j++) c(jc(j); }); }

static void static void Print(intPrint(int i) {i) {
Console.WriteLine("IterationConsole.WriteLine("Iteration {0}", i); }{0}", i); }

Code f = Code f = CodeOfForCodeOfFor(), p = (), p = CodeOfPrintCodeOfPrint();();
Code c = Code c = f.Bind(newf.Bind(new Splice(pSplice(p));));



)RUPDO�0RGHO)RUPDO�0RGHO
�� /HW�/HW�

²² F� �DGG&RGH�%LQG�DGG&RGH�%LQG����QHZ�)UHH�����QHZ�)UHH����F� �DGG&RGH�%LQG�DGG&RGH�%LQG����QHZ�)UHH�����QHZ�)UHH����
ZH�H[SHFW�ZH�H[SHFW�

²² DGG�DGG����[���\��  �DGG�DGG����[���\��  �F�[F�[��\���\�
�� :H�KDYH�GHILQHG�D�WUDQVIRUPDWLRQ�RQ�,/�FRGH�WKDW�:H�KDYH�GHILQHG�D�WUDQVIRUPDWLRQ�RQ�,/�FRGH�WKDW�´́FXW�DQG�FXW�DQG�

SDVWHSDVWHµµ FRGH�IUDJPHQWVFRGH�IUDJPHQWV
�� 7KHRUHP��WKH�FRGH�JHQHUDWHG�E\�WKH�WUDQVIRUPDWLRQ�SUHVHUYHV�7KHRUHP��WKH�FRGH�JHQHUDWHG�E\�WKH�WUDQVIRUPDWLRQ�SUHVHUYHV�

WKH�H[SHFWHG�VHPDQWLFVWKH�H[SHFWHG�VHPDQWLFV
�� 7KHRUHP��RQO\�ZHOO7KHRUHP��RQO\�ZHOO��IRUPHG�DQG�W\SHIRUPHG�DQG�W\SH��VDIH�FRGH�FDQ�EH�JHQHUDWHGVDIH�FRGH�FDQ�EH�JHQHUDWHG



$SSOLFDWLRQV$SSOLFDWLRQV
�� %LQG%LQGππ LV�XVHIXO�WR�WXUQ�LQWHUSUHWHU�LQ�GXPP\�FRPSLOHUVLV�XVHIXO�WR�WXUQ�LQWHUSUHWHU�LQ�GXPP\�FRPSLOHUV
�� 2XU�FXUUHQW�LPSOHPHQWDWLRQ�LV�SUHWW\�IDVW��LW�LV�VXLWDEOH�2XU�FXUUHQW�LPSOHPHQWDWLRQ�LV�SUHWW\�IDVW��LW�LV�VXLWDEOH�
IRU�UXQWLPH�FRGH�JHQHUDWLRQIRU�UXQWLPH�FRGH�JHQHUDWLRQ

�� *HQHUDO�FRPELQDWRUV�FDQ�EH�GHILQHG�WR�JHQHUDWH�*HQHUDO�FRPELQDWRUV�FDQ�EH�GHILQHG�WR�JHQHUDWH�
DUELWUDU\�SURJUDPVDUELWUDU\�SURJUDPV

�� ,W�LV�SRVVLEOH�WR�H[SUHVV�VWDJHG�FRPSXWDWLRQV�EHFDXVH�,W�LV�SRVVLEOH�WR�H[SUHVV�VWDJHG�FRPSXWDWLRQV�EHFDXVH�
WUDQVIRUPDWLRQ�LV�,/�WUDQVIRUPDWLRQ�LV�,/���!�,/!�,/



5(��%HQFKPDUN5(��%HQFKPDUN
�� ,W�LV�D�,W�LV�D�ZRUVW�FDVHZRUVW�FDVH WHVW��WHVW��

ZH�XVH�GHEXJ�FRGH���ZH�XVH�GHEXJ�FRGH���
�� &RPSLODWLRQ�WLPH�RI�&RPSLODWLRQ�WLPH�RI�

&RGH�%ULFNV�YHUVLRQ�LV�&RGH�%ULFNV�YHUVLRQ�LV�
DERXW�RQH�WKLUG�RI�WKH�DERXW�RQH�WKLUG�RI�WKH�
66&/,�YHUVLRQ66&/,�YHUVLRQ
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&RQFOXVLRQV&RQFOXVLRQV
�� &RGH�JHQHUDWLRQ�LV�H[SUHVVHG�E\�PHDQV�RI�FRPELQDWLRQ�&RGH�JHQHUDWLRQ�LV�H[SUHVVHG�E\�PHDQV�RI�FRPELQDWLRQ�
RI�FRGH�YDOXHV��EDVLFDOO\�PHWKRGV�RI�FRGH�YDOXHV��EDVLFDOO\�PHWKRGV�

�� 0HWKRG�DSSOLFDWLRQ�QRWLRQ�RIIHUV�FRQWURO�RYHU�WKH�0HWKRG�DSSOLFDWLRQ�QRWLRQ�RIIHUV�FRQWURO�RYHU�WKH�
JHQHUDWHG�FRGHJHQHUDWHG�FRGH

�� ,W�LV�SRVVLEOH�WR�H[SUHVV�VWDJHG�FRPSXWDWLRQV�WKDW�FDQ�,W�LV�SRVVLEOH�WR�H[SUHVV�VWDJHG�FRPSXWDWLRQV�WKDW�FDQ�
HYHQ�EH�HYHQ�EH�¶¶FURVV�SURFHVVFURVV�SURFHVV··

�� ,W�LV�SRVVLEOH�WR�GHULYH�SURSHUWLHV�RI�JHQHUDWHG�FRGH�,W�LV�SRVVLEOH�WR�GHULYH�SURSHUWLHV�RI�JHQHUDWHG�FRGH�
UHO\LQJ�RQ�WKH�VWUXFWXUH�RI�WKH�ELQGLQJUHO\LQJ�RQ�WKH�VWUXFWXUH�RI�WKH�ELQGLQJ


