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2XWOLQH

� 6HPDQWLF�:HE
� 1DWXUDO�6HPDQWLFV
� 5HODWLRQDO�0HWD�/DQJXDJH��50/�
� 6HPDQWLF�:HE�/D\HUV
� 7RROV

� 2QWRORJ\�&KHFNHUV
� &KHFNLQJ�6HPDQWLFV�RI�:HEVLWHV

� &RQFOXVLRQV
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6HPDQWLF :HE

� 7KH�LQIRUPDWLRQ�LQ�WKH FXUUHQW�ZHE�
� KDV PHDQLQJ IRU�KXPDQ RQO\
� LV�QRW PDFKLQH�SURFHVVDEOH

� 6HPDQWLF :HE EULQJV�
� VHPL�VWUXFWXUHG LQIRUPDWLRQ
� PHDQV WR DGG�VWUXFWXUH �VHPDQWLFV�FRQVWUDLQV��
RQ�GDWD��ZLWK�WKH XVH RI�

� ODQJXDJHV��;0/� ;0/6FKHPD��5')��5')6��
'$0/�2,/��2:/
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1DWXUDO�6HPDQWLFV

� %DVHG�RQ�
� *RUGRQ�3ORWNLQ
V 6WUXFWXUDO�2SHUDWLRQDO�
6HPDQWLFV��626��

� *HQW]HQ
V 6HTXHQW�&DOFXOXV�IRU�1DWXUDO�
'HGXFWLRQ��

� �1DWXUDO�6HPDQWLFV���16�
� WHUP�E\�*LOOHV�.DKQ
� IRUPDOLVP�IRU�VSHFLILFDWLRQV RI�

� W\SH�V\VWHPV
� SURJUDPPLQJ�ODQJXDJHV
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1DWXUDO�6HPDQWLFV � 6\QWD[

� +L DUH K\SRWKHVHV �HQYLURQPHQWV ZLWK ELQGLQJV��
� 7L�DUH�WHUPV��SLHFHV RI�DEVWUDFW�V\QWD[�
� 5L DUH UHVXOWV �W\SHV��UXQ�WLPH YDOXHV� FKDQJHG�
HQYLURQPHQWV�

� +M _� 7M � 5M DUH VHTXHQWV�
� 3UHPLVHV RU SUHFRQGLWLRQV DUH DERYH WKH OLQH
� &RQFOXVLRQ LV EHORZ WKH OLQH
� &RQGLWLRQ RQ�WKH VLGH�LI�H[LVWV PXVW�EH VDWLVILHG
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1DWXUDO�6HPDQWLFV YV�50/

� 50/�KDV�WKH�VDPH YLVXDO V\QWD[�DV�16

rule RelName1(H1,T1) => R1 & ...

RelNameN(Hn,Tn) => Rn &

<cond>

------------------------------

RelName(H, T) => R
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1DWXUDO�6HPDQWLFV YV�50/

� UXOHV DQG�SURSRVLWLRQV�DUH JURXSHG�LQWR
UHODWLRQV

relation negate: bool => bool =

axiom negate true => false

axiom negate false => true

end

� D[LRPV�DUH UXOHV ZLWK�QR SUHPLVHV

axiom negate true => false 

rule

---------------------

negate true => false
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50/ GDWDW\SHV� W\SHV� WXSOHV

� GDWDW\SH�GHFODUDWLRQ
datatype Exp = INT of int

| NEG of Exp

| ADD of Exp*Exp

� W\SH�GHFODUDWLRQ �DOLDVHV�
type Constant = int

type Identifier = string

� WXSOHV�GHFODUDWLRQ�
type Point = int * int

type Bag = string * int * Exp
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50/ H[DPSOH��WKH ([S�ODQJXDJH

� $EVWUDFW�V\QWD[
datatype Exp = INTconst of int

| PLUSop of Exp * Exp

| SUBop of Exp * Exp

| MULop of Exp * Exp

| DIVop of Exp * Exp

| NEGop of Exp

Exp: 10 – 12/3 

SUBop

INTconst

DIVop

INTconst INTconst

10 12 3
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50/ H[DPSOH��WKH ([S�ODQJXDJH

� 5HODWLRQ HYDO
relation eval: Exp => int =

axiom eval(INTconst(ival)) => ival

rule eval(e1) => v1 & eval(e2) => v2 & int_add(v1,v2) => v3

------------------------------------------------------

eval (PLUSop(e1,e2)) => v3

rule eval(e1) => v1 & eval(e2) => v2 & int_sub(v1,v2) => v3

-----------------------------------------------------

eval (SUBop(e1,e2)) => v3

rule eval(e1) => v1 & eval(e2) => v2 & int_mul(v1,v2) => v3

-----------------------------------------------------

eval (MULop(e1,e2)) => v3

rule eval(e1) => v1 & eval(e2) => v2 & int_div(v1,v2) => v3

-----------------------------------------------------

eval (DIVop(e1,e2)) => v3

rule eval(e) => v1 & int_neg(v1) => v2

-----------------------------------------------------

eval (NEGop(e)) => v2

end
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50/ RYHUYLHZ
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50/ 7RROV IRU 6HPDQWLF :HE /D\HU

� 50/ WRROV
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2QWRORJ\ &KHFNHUV

� &KHFNHUV '$0/�2,/
2QWRORJ\

50/
6SHFLILFDWLRQ

'$0/�2,/
ILOH �$67�

2QWRORJ\
&KHFNHU

translate

generate

report errors
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2QWRORJ\ &KHFNHUV�² GLUHFWLRQV 	�SUREOHPV

� 'LUHFWLRQV
� EXLOGLQJ WKH�'$0/�50/�WUDQVODWRU

� ILQGLQJ D PDSSLQJ�EHWZHHQ '$0/�DQG�50/ FDQ EH
SUREOHPDWLF

� 3UREOHPV
� 50/�LV�QRW XVHU�IULHQGO\
� 7KH LQWHUQDO 50/ OLEUDU\ LV�QRW YHU\�SRZHUIXO
� $Q�50/ GHEXJJHU�H[LVWV�EXW KDV�WR�EH LPSURYHG�
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5HODWHG�:RUN � &KHFNLQJ�6HPDQWLFV RI :HEVLWHV
� 7KLHUU\�'HVSH\URX[ � %ULJLWWH�7URXVVH
� KWWS���ZZZ�URFT�LQULD�IU�aWGHVSH\U�SDSHUV�ULDR������
� $SSOLFDWLRQV RI�16�WR 0DUNXS /DQJXDJH %DVHG�'RFXPHQWV

� VSHFLI\LQJ WKH VHPDQWLFV RI�QHZ�;0/ ODQJXDJHV ZLWK 1DWXUDO�6HPDQWLFV
� WUDQVODWLRQ IURP�'7'�WR�D�IRUP�RI�$EVWUDFW�6\QWD[ 7UHH

� 0DLQWDLQLQJ RI�:HE 6LWHV ² ([DPSOHV
� 6SHFLI\LQJ�D�7KHPDWLF�'LUHFWRU\
� 6SHFLI\LQJ�WKH�&RKHUHQFH�RI�DQ�,QVWLWXWLRQDO�6LWH�
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)XWXUH�:RUN

� $SSO\LQJ 50/�WR�FKHFN RQWRORJLHV
� 50/�YV 5XOH0/ �GLIIHUHQFHV 	 VLPLODULWLHV�
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&RQFOXVLRQV

� 1DWXUDO�6HPDQWLFV LV�D SRZHUIXO IRUPDOLVP�
WR XVHG WR VSHFLI\�VHPDQWLFV RI
SURJUDPPLQJ�ODQJXDJHV

� 50/��5HODWLRQDO 0HWD�/DQJXDJH� FDQ�
JHQHUDWH�H[HFXWDELOH�VSHFLILFDWLRQV

� %XLOGLQJ�D SDUDOHO�EHWZHHQ�SURJUDPPLQJ�
ODQJXDJHV DQG 6HPDQWLF :HE ODQJXDJHV�RQH�
FRXOG�ILQG�SODFHV�ZKHUH 50/ FDQ�SURYH�
XVHIXO��


