CS 536 Announcements for Wednesday, March 20, 2024

Midterm 2
e Thursday, March 21, 7:30 — 9 pm
e S429 Chemistry
e bring your student ID

Last Time
e name analysis
e handling tuples

e handling classes
e review for Midterm 2

Today
e type checking
e type-system concepts
e type-system vocabulary
e base
e typerules
e how to apply type rules

After Spring Break
e runtime environments

What is a type?
Short for data type
e classification identifying kinds of data
e a set of possible values that a variable can possess
e operations that can be done on member values

e a representation (perhaps in memory)

Type intuition — is the following allowed?
int a = 0;
int *pointer = &a;
float fraction = 1.2;

a = pointer + fraction;
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Components of a type system
base types (buit-in/primitive) \nreopr  looyivel o) d

rules for constructing types w2 SXTwcx 9\“’55 entm

means of determining if types are compatible or equivalent
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rules for inferring the type of an expession

Type rules of a language specify
What types the operands of an operator must be (-\—) > ) ==, ';)

double a;

int b; .

a = b;é-—'a\\wex) \n Sc.w\) (/\"\'

b = a;€é— ¢t \%ﬂ\ i;\'S;,vos,\eSa\ " Cx

What type the result of an operator is

Type coercion
e implicit cast from one data type to another
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Places where certain types are expected
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Type checking: when do we check?
static typing — type checking done &% Oomeile fme
dynamic typing — type checking done o« m*im&

combination of the two<&— 'Sowm does -eL\'s
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Static vs dynamic trade-offs
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Duck typing - type is defined by methods and properties = OQ"VQI\ dOl\@ A*im"“‘('““‘i

class bird:
def quack() : print("quack")

class robobird
def quack() : print("0100101101")
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Type checking: what do we check?

strong vs weak typing — (on+iNinp With Mo Qreu'se d6
e degree to which type checks are performed
e degree to which type errors are allowed to happened at runtime

General principles .
o statically typed > ";‘V(‘OI\VP (-Qewaf Xype eccors Q‘Jba\'w &t Cun JC\‘“&\
e more implicit casting allowed > \W ¢o\&™
o fewer checks performed at runtime > wéaaer

Example
C (weoker) SHendacd 1L (s«omogr\
union either { real(2) + 2.0
int 1i;
float f;
}ouy
u.i = 12;

float val = u.f;

Type safety

e All successful operations must be allowed by the type system u °£
e Java is explicitly designed to be type safe -(-f Now have & vorieble d&’\““d Rt

e Taghi e 0 o2 oF At X 2 (o0
S~b ﬂv\‘f: |oC Dot 1:‘ ?}\W“m (vt cantine ok “pe (o q

e Cisnot _
x aMowy — [ prints(mssm, 1);

X0l — & o e struct big { .
( qqe‘o\So: -t\" int a[100000]; /""?""""‘I 5"£“*‘l ‘ane
VDV \ony) i

struct big *b = malloc(1l);
-

e C++is a little better
class T1 { char a; }
class T2 { int b; }

int main () {
Tl *myTl = new T1();
T2 *myT2 = new T2();
myTl = (71 *)myT2; Q—-—o.\\w(, km\\eg\’\&b Coskl

}
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Type checking in base

base's type system \tesad 6'\\\’

e primitive types '\M'e%ef ) |ofaiw\,v0\‘5 ) V‘ﬁ“")
o type constructors ¥« lQ
e coercion \oc\toa\ coannet ol ved A ey Qr\-teo&er & i W v&SK

Type errors in base
Operators applied to operands of wrong type

o arithmetic operators twx have \nkg@ g OQ(’TMA’S
e logical operators must have \°:\w\ ogd‘owﬁs

e equality operators == ~N=
¢ must have operands of the same type

e can't be applied to e Plo, 901\«« fia
= Swnc*a Nemdy taple Point g2
— {2
*V‘Q m Q =< ?'L Q/—'W‘ c‘\\avm
— XLQL Vatinb\ b .
o other relational operators - muot Wow 2 Q&_'.x =z Q’-'-\] €z (lon o
e assignment operator = ‘l“;‘ﬁl’ﬁ?*’”‘b {n‘\eo&(rs\
e must have operands of the same type 1_: 2, S
e can't be applied to — ;w\o*\fﬂ NDAMGS ? ? not A\\owea
~ Xupll Na b

= xap\e vetiabh

Expressions that, because of context, must be a particular type but are not

o expression§that must be logical (i'n base) \n'lﬂ.
condicbn of & condikion of Wh

e reading Coad 77 Ko .
¥ cant ‘ol Cunition "N"'/\'?"‘?\"' na il )’\'“9\" M
e writing weyrl << Ko .
e Senaton naral K it jruge vaise
= bt o~ W 'w-'m\, xgression 08, (742)
Related to function calls
e invoking (i.e., calling) something that is not a function

invoking a function with
e wrong number of arguments
e wrong types of arguments

returning a value from a void function V€)' v  CRALER Ko
not returning a value from a non-vo1id function 1o ) Can™t haw@ C2xurn,

returning wrong type of value in a non-void function
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Type checking
Recursively walks the AST to

e determine the type of each expression and sub-expression using the type rules of
the language

« find type errors (& e pck 'f\‘e“\\
Add a typeCheck method to AST nodes

Type checking: binary operator

Ge+ €42 o LHS
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Type "checking": literal (-\Me@ Cm«
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Type checking: IdNode (;MQO‘)G‘\
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Type checking: others "ol S‘\"‘bb\ o\l
e call to function f / Onkey Sot &
e get type of each actual parameter of f A

| | £ o o
e match against type of corresponding formal parameter of f
e pass f's return type up the tree

o statements
e type check constituents of s

= coivion, o ﬁgt, wp e oBL ~ Sraterems dont
Qto&wao. Nl —) & \ag no “elauwa ‘t\\()t“
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Type checking (cont.)
Type checking: errors
Goals:
e report as many distinct errors as possible
e don't report same error multiple times — avoid error cascading

Introduce internal error type

e when type incompatibility is discovered
e report the error
e pass error up the tree
e when a type check gets error as an operand

e don't (re)report an error
e pass error up the tree

Example:

integer a.

logical b.

a = True + 1 + 2 + b.
b = 2.
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