
 Tutorial 9
Error Checking in WLP4

Types of Errors
Name errors errors related to identifiers their meanings

eg name used but notdefined

eg name usedmultiple times in different contexts with no way
to disambiguate

Type errors errors related to thetypeof the expression
ie determining correcttype usage int t int vs incorrect type
usage int t int

We can detect semantic errors by traversing analyzing the

parse trees of our expressions
Idea traverse our parse tree togatherinfo on the prog so we can

enforce rules that need contextsensitive information

Name Errors

2 types of identifiers in WLP4 variable procedure names

types of name errors in WLP4

Duplicate declarations Complications also arise due to

Usewithout declaration Wl P4 supporting scope



g
1

int fi E int fr
int 7 0 int 7 0

return x return x

int wain int a int6 E int wain int a int6

int 7 0 return x

return x

Refined Talidxusedinwaitdnor
time but in local scopes defined in wain

g 2
int fr E int fr

int f l int 7 0

return f return x

3
int glint g E int fr

return g l
int 7 0

3 return x

int wain Cinta int 6

return g a t fl ta int wain int x int g
3 return fi x

ValidTAbilitybdistinguistbetween validicannotharemultiple

the fns vars in all scopes declarations in the samescope



P

Problem We need context to determine if vars Ins are valid
Idea Use a symbol table like we did forMIPS labels

Whenyou encounter a declaration add it to the table
If it is alreadythere error

lets you distinguish scope types of vars fn's
When you encounter a use check if it is in thetable If not error

WI PH enforces forward declaration onlyneed t pass
Procedure rules

Since paramsIdols occur before statements our codewill

have made a complete symbol table beforerunningany code
We can check our declaration before use rule on variables

by traversing the statements subtree
traverse to all leaf nodes fromtherules

factor ID

Ivalue ID

check if ID is in your symbol table if notthen error



For multiple scopes fromaddingprocedures
Create a global symbol table Yprocedures

all procedures should have their own local symbol tables

global table maps
procedure ID to 8procedure signature local symbol tables

y

e1D del type ID

D O
O

With this we can explore the statements expr

subtrees to find var uses In calls to check in the

global symbol table



egl symbol tables
int fr Symbol table

int 7 0 Procedure Signature Var type
return a f E x int

wain int int a int

int wain Cinta int6 E b int

int n o x int

return x 2 different locallydefined x's

int fr
int 7 0 Symbol table
return a Procedure Signature Var type

f E x int

int wain int a int 6 wain int int a int

return b int

No x in our symbol table error



eg2 symbol tables
int fr Symbol table

int f l Procedure Signature Var type
return fi f E f int

g int g int

int g int g wain int int a int

return g l b int

3 I differentiate between our

int wain Cinta int 6 procedures local variables

return g a LC a

int fr
int 7 0 Symbol table
return x Procedure Signature Var type

3 f E X int
int fr E f EJ x int

int 7 0 Wein int int A int
return x Y int

3 12 identical procedures f
int wain Cinta int g E and f error

return fi x Note this error would have
beenthrown when we 1st reached

a duplicate fl in symbol table

creation



Type Errors
For all nodes in a parse tree cache their types
Traverse our parse tree by recusing on children then parent
For leaf nodes get cache their typefrom the

global symbol table

For non leaf nodes assume children have their type cached
use them to compute their type
Types from expr's come from course referencesheet

Andmany moreing plus int int

Help us determine aint PLUS int int

int PLUS intt error node types

An assignment ie Ivalue BECOMES expr SEMI is

well typed if the value expr have the same type
else error

egg Given the following WLP4 code
int fool int a int y

return a 7 ytl

i n n

int a 0

int 6 0

int c NULL

int d NULL
Determine if the following WLP4 code is well typed



d c d6 d Cotta 6 e lvalue Lhs

c d new int d b c exp RHS

goal show the type of LHS type of RHS
otherwise the statement is not well typed

Parse tree
statement

type

value BECOMES Ipr
Break it down to
see if hits type

type type R its type



Starting with our value token type
Cdt c d6 td atra 6

value

STAR factor

LPAREN Text RPAREN

exp
PLUS term

term factor
factor LPARENTexter TRPAREN

i
ID'd expr Minus term

tern's factor

factor LPARENETRPAREN
LPAREN exp'rTRPAREN expr LU's Term

exp'r PLO's term ter'm factor

ter'm factor factor LPARENTIN RPAREN
factor ID'd IDI ter'm

i
LPAREN ex'pr RPAREN term STAR factor

expr MINIterm factor ID's
ter'm factor 1Dal

factor AMP value

ID e ID'd

Step 1 fill in types for all ID's we see from our

symbol table ie types from the provided code



value

STAR factor

LPAREN Text RPAREN

exp
PLUS term

term factor
factor LPARENTexter TRPAREN
ID'd int expr minus term

ter'm

factor LÉÉÉ
Rparen

LPAREN exp'rTRPAREN expr LU's Term

exp'r PLO's term ter'm factor

ter'm factor factor LPARENTIR RPAREN
factor ID'd intt IDI int ter'm

i
LPAREN ex'pr RPAREN term STAR factor

expr Minosterm factor ID's int
ter'm factor IDal int
factor AMP value

ID'c inst ID'd int

Step 2 Propagate upwards through parents with single
children



value

STAR factor

LPAREN Text RPAREN

exp int PLUS term

term int factor

factor inst LPARENTexter TRPAREN
ID'd int expr minus term

ter'm

factor LÉÉÉ
Rparen

LPAREN exp'rTRPAREN

exer Lo's Item in

e if
Lu's term

term int factor
ter'm factor inte factor.in LPARENTexpr'RPAREN

factor ID'd in IDI int ter'm

LPAREN ex'pr RPAREN termintSTARTactor

gintexprinFtMiNTsterm factorint ID 6 int
factor IDat inttjji.tt ampTvive
in's

ID c inst ID'd int

Step 3 From rule conditions in our reference sheet

get updated type repeat steps
Continue until your rootgets a type This is
the type of the entire expression

If rule condition with a given type is not

listed or met error exit



igtsn.ienjtgedin
Lltstype inI

STAR factor int

LPAREN Text in RPAREN

exp int
PLUS term int

term int factor int
factor inst LPAREN ex'priinTRPAREN
ID'd int expriin Minus term int

ter'm intt factor int

factor int LPARENTIERPAREN

ipyfyLPAREN
expri.in RPARENexpr inFLu's term int

ter'm int factor intexpri.int PL'US term int
gacjoi.in LpARENtetpriinIRPARENter'm int factor intt

factor int ID'd intt IDI int ter'm int
LPAREN ex'pritnRPARENEinst intt int termintSTAR factor int

expriintMinosterm intt factor int ID's int
ter'm int factor

intytfrommetmpwave
IDI int

factor inst AMP'Ivalve int

Dlc intt ID'd int



For the RHS

c d new int Itb c

expr
term
factor

PARENTI TPAREN
expr Plus term

expr Minus term factor

terms factor STAR factor
factor ID'd NEW IN'T IBR ex RBRACK

ID e expr Minus term

expr IT term factor

term's factor ID c

factor 1136

ID'd



exzri.in welltyped Ritstype int
ter'm int

factor int
LPARENTxjri.int
PARENexprinttPL'us term int

expri.in Mi'Nus'term inte factor int
satisfiesnew'sterms inst factor inttSTAR factor int

factor int ID'd.in NEwtintIBRIkexfn iijiIiu
expri.int NFterm inttID e inst

exp in pfterm int factor int
terms intt factor int ID c init
factor int ID6 int

ID'd int

Thus
statement

is well typed
type int

f Satisfies assignmentlualve BECOMES Epr
requirement of

type int type int
LAS RHS



if Ceta b da do

printIn At t c db

3 else
delete I d da c

Break it apart starting from the inner if

Note this is a quickerwayto perform typechecking
Ceta 6 a Cola 46

int int dint dint

int t tint d int int
tinge

int c ink
in If body is well typed

Now the if body

printIn At t c db

1
dint d int

ift inte

PRINTLN Tint Valid PRINTLN's exp needs to be type int

thus grindin is welltyped



The else body
delete I d da c

int dint

itt t int
inte int

DELETE J
T
int TE INVALID delete I requires an int

is not well typed since delete I d da c

is not well typed


