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“CS450 LANG”

;3 A 450Bool is either:

ites: . . _ 4
Programmer writes: .: An Atom is one of: s ‘450true
\ ;s - Number ;3 - ‘450false
;3 A Program is-one of: |5 ~ 450Bool
;5 - |Atom
;5 - (+ ,Program ,Program)

;5 - (X ,Program ,Program)




“CS450 LANG” Examples

Programmer writes:

¥

Program is one of:
Atom

“(+ ,Program ,Program)
(X ,Program ,Program)

‘ “evals50”

Result
Number
Boolean

is one of:

parse

—

run

B

(struct num AST

An AST 1is

(mk-num
(mk-boo
(mk-add
(mk-mul

one of:
Number)
Boolean)
AST AST)
AST AST)

‘'vall])

(struct boo AST
(struct add AST
(struct mul AST

‘'vall])
[ 1ft rgt])
[ 1ft rgt])

(JS semantics)




“CS450 LANG” Examples

Programmer writes:

.
;; A Program is one of: (check-equal? (eval450 100) 100)
HHE ,\Atom (check-equal? (eval450 ‘450true) #t)
;5 - (+ ,Program ,Program)
;3 - (X ,Program ,Program) ~ | (check-equal? (eval450 ‘(+ 100 200)) 300)

° ? =
Valid Program: (Mevamw ‘(+ 450true 450)) 451)

4> | “eval450” \\)
(check-equal? (eval450 (+123 4)) 22?2 )

;3 A Result is one of:

55 - Number match: no matching clause for '(+ 1 2 3 4)
;3 - Boolean




Dynamic Errors (e.g, Exceptions)

When a function argument:
1. Comes from arbitrary users

2. Has a sufficiently complex data definition
« (So that contracts are not enough to enforce the signature)

Then dynamic errors may be needed




Parsing: “CS450 LANG” Programs

55 parse: Program -> AST
;3 Converts a\CS45@ Lang surface program to its AST

!

;3 A Program is one of: (define £Program? p)
55 Atom r (atom? p) The best (shallow

;5 - (+ ,Program ,Program) T (cons? pfy) check) we can do

;3 - (X ,Program ,Pr‘ogr‘W |
/ function argument:
1.

Comes from arbitrary users —

(define/con;t/r'af‘((parse p) 2. Has sufficiently complex

data definition where,
contracts are insufficient

match p
atom? parse-atom p
X ,Y mk-add (parse X parse y

X LY mk-mul (parse Xx parse y




Parsing: “CS450 LANG” Programs

;5 parse: Program -> AST
;5 Converts a CS450 Lang surface program to its AST

;5 A Program 1s one of:
;5 - Atom
55 - (+ ,Program ,Program)
55 - (X ,Program ,Program)
function argument:
: 1. Comes from arbitrary users
(define/contract (parse p) 2. gas¥F?MﬂHWCﬁmpMX
_ ata definition where
( > Program? AST?) contracts are insufficient
(match p
atom? parse-atom p
X ,Y mk-add (parse X parse y
X ,Y mk-mul (parse x) (parse y

[ (error .. )]))




meertude: RACKet exceptions

Exceptions are just special structs

Super struct (enables using exception API)

(struct exn:fail:syntax:cs450 exn:fail:syntax [])

(define/contract (parse p)
(-> Program? AST?)

(match p
atom? parse-atom p
X ,Y mk-add (parse X parse y
X ,Y mk-mul (parse x) (parse vy

[ (error .. )]))




meertude: RACKet exceptions

Exceptions are just special structs

Super struct (enables using exception API)

/]
(struct exn:fail:syntax:cs450 exn:fai;/gyntax [1)

/

(define/contract (parse p)
(-> Program? AST?)

(match p
atom? parse-atom p
X ,Y mk-add (panse X parse y
X ,Y mk-mul rse x) (parse y

[ (raise-syntax-error
‘parse "not a valid CS450 Lang program" p
#:exn exn:fail:syntax:cs450)]))




“CS450 LANG” Invalid Syntax Example

Programmer writes:

¥

B
B

B

)

; A Program is one of:

- Atom

- ~(+ ,Program ,Program)
- (X ,Program ,Program)

‘ “eval450”

: A Result is one of:
: - Number
: - Boolean

(check-equal? (eval450 ‘(+ 123 4)) 22?2 )

mateh: no matching clause for +

parse: not a valid CS450 Lang program in: (+ 1 2 3 4)

Can write tests with exceptions!

(check-exn exn:fail:syntax:cs450?

(A () (evals50 ‘(+1234)))




HW10

« Add another data type
) . Strings

« Add some boolean constructs (also follows JS semantics):
» “equality” ~= comparator (look up JS ==)
e “truthy” (look it up) conditional



Supporting CS450 LANG String Programs

Programmer writes: ;5 An Atom is one of:

\ ;5 - Number
;5 A Program is eré of:|’’ ~ 45@?001
;5 - |Atom 55 - String
b |
;5 - (+ ,Program ,Program)

55 - (X ,Program ,Program)




Supporting CS450 LANG String Programs

Programmer writes:

\ 4
;5 A Program is one of: parse ;5 An AST is one of:
55 - Atom S
;5 - (+ ,Program ,Program) ‘ 55 - (mk-str String)
55 - (X ,Program ,Program) .

;-; e o o

(struct str AST [val])




Parsing “CS450 LANG + STRINGS™ Programs

;5 parse: Program -> AST
;5 Converts a 450Lang Program to AST

(define (parse p)
(match p ;5 An AST is one of:

B

5—> (mk-str String)

[ié.string?) (mk-str p)l
ceo))

;_; e o o

;_; e o o

(struct str AST [val])




Running “CS450 Lang + Strings” Programs

;5 run: AST -> Result
;5 computes the result of given program AST

;5 A Result 1s a: ;3 An AST is one of:

e o —
) o o
J’ o o

;5 - String ;3 - (mk-str String)

/ o

(define (run p) T
_(struct str AST [val])

(match p
[(str s) s]4——’”””””—’————’—’—’———




Running “CS450 Lang + Strings” Programs

;5 run: AST -> Result
;5 computes the result of given program AST

;3 A Result 1s a:
;3 - Number
;5 - String

What should happen when two strings are added???

e.g., What is the “meaning” of (+ “hello” “world!”)
(define (run p)

(match p
num n) n
str s) s

[(add x y) (450+ (run x) (run vy))]
mul X y ??2?? (run Xx run y




Last e

;3 450+: Result Result -> Result

;5 “adds” two CS450Lang Result values together - . :
;3 (following js semantics) ;5 A Result is a:

;3 - Number
(define (450+ x y)

;5 - Boolean
(+ (res->num x) (res->num_y)))

‘\\\\\s ;5 res->num: Result -> Number

(define (res->num Xx)
(cond TEMPLATE
[ (number? x) ... |
[ (boolean? x) ... ]))




Last [ine

;5 450+: Result Result -> Result
;5 ‘‘adds” two CS450Lang Result values together
;5 (following js semantics)

(define (450+ x y)
(+ (res->num x) (res->num_y)))

‘\\\\\s ;5 res->num: Result -> Number

(define (res->num Xx)
(cond
[ (number? x) x]
[ (boolean? x) (boo->num x)]))




;3 450+: Result Result -> Result ff A Eesglt 15 a.
;5 “adds” two CS450Lang Result values together ”0 Bumler
;3 (following js semantics) 55 oo.ean

55 - String

(define (450+ x y) 0

(+ (res->num x) (Pes—>num\y))) ;5 res->num: Result -> Number

(define (res->num Xx)
‘\\\\\\A (cond

[ (number? x) x]
[ (boolean? x) (boo->num x) ]
[ (string? x) ??? (str->num x) ??7]))




JavaScript Semantics Exploration: “plus”

* repljs.com

;3 A Result 1s a:
;3 - Number
;3 - Boolean
;5 - String




e.g., What is the “meaning” of (+ “hello” “world!”?) | mm) “helloworld!”

;3 450+: Result Result -> Result

;5 “adds” two CS450Lang Result values together
;5 (following js semantics!)

: res->num is not enough!
(define (450+ x y)
(cond + |s sometimes a string operation!
and (number? x) (number? vy + Xy

[(and (string? x) (string? y)) 2??)]




;5 450+: Result Result -> Result
;5 ‘‘adds” two CS450Lang Result values together
;5 (following js semantics!)

res->num is not enough!

(define (450+ x y)

(cond + Is sometimes a string operation!

and (number? x) (number? vy + Xy

[(and (string? x) (string? y)) (string-append x y)]




;5 450+: Result Result -> Result
;5 ‘‘adds” two CS450Lang Result values together
;5 (following js semantics)

(define (450+ x y)
(cond
[ (and (number? x) (number? y)) (+ x y)]
[(string? y) ??? ]

[(and (string? x) (string? y)) (string-append x y)]




;5 450+: Result Result -> Result
;5 ‘‘adds” two CS450Lang Result values together
;5 (following js semantics)

(define (450+ x y)

(cond
[(and (number? x) (number? y)) (+ X y)]
[(string? vy) (string-append (??? x) y)]

[(and (string? x) (string? y)) (string-append x y)]




;3 A Result is a:
;3 - Number

Check if Bool behavior correctz *° ~ 00tean
(TODOY) ;; - String

13 res->str: Regult -> String
;5 450+: Result Result -> Result (define (res->str x)

;5 “adds” two CS450Lang Result values tof (cond
;5 (following js semantics) [ (number? x) (num->str x)]

. [ (boolean? x) (boo->str x)]
(define (450+ x y) [(string? x) x]))

(cond
[(and (number? x) (number? y)) (+ X y)]
[(string? y) (string-append (res->str x) y)]

[(and (string? x) (string? y)) (string-append x y)]




;3 450+: Result Result

;5 “adds” two CS450Lang Result values together

-> Result

;5 (following js semantics)

(define (450+ x y)
(cond

(string? y)
(string? x)

(can any cond clauses be combined?)

'(and (number? x) (number? y)) (+ x y)]|

(string-append (res->str x) y)]
(string-append x (res->str y))]

' (and (string? x) (string? y)) (string-append x y) ]




;5 450+: Result Result -> Result
;5 ‘adds” two CS45@Lang Result values together
;5 (following js semantics)

Does this cover bools??
(TODO!)

(define (450+ x y)
(cond
[(or (string? x) (string? y))
(string-append (res->str x) (res->str y))]
[else (+ x y)]))




;5 450+: Result Result -> Result
;5 ‘adds” two CS45@Lang Result values together
;5 (following js semantics)

Does this cover bools??
(TODO!)

(define (450+ x y)
(cond
[(or (string? x) (string? y))
(string-append (res->str x) (res->str y))]
[else (+ (res->num x) ??? (res->num y))]))




Running: “CS450 LANG™ Programs: “times”

;5 450times: Result Result -> Result
55 “multiplies” 450Lang Results
;5 (following js semantics)

(define (450times X y)
(cond
[ (and (number? x) (number? y)) (* x y)]
and (number? Xx string? vy
and (string? x) (number? y
and (string? x) (string? y




JS Semantics Exploration: “times” strings

Not always the same as “plus”!

e.g., What is the “meaning” of (x “ » o« 1) | =) NaN



“Not a Number”

i= NaN
From Wikipedia, the free encyclopedia

number) which is undefined or unrepresentable, such as the result of 0/0. Systematic use of NaNs was introduced by the

IEEE 754 floating-point standard in 1985, along with the representation of other non-finite quantities such as infinities.

/1/| mdn web docs

NaN

The nan global property is a value representing Not-A-Number.



Running: “CS450 LANG™ Programs

;5 run:

AST -> Result
;5 computes the result of running a CS450Lang program AST

30
30
30
30
30

) )

An AST
- (num
- (boo
- (str
- (add
- (mul

is one of:
Number)
Boolean)
String)
AST AST)
AST AST)

=)

)
) J
)

)J

: A Result i1s either:

- Number
- Boolean
- String




Running: “CS450 LANG™ Programs — with NaN!

;5 run: AST -> Result
;5 computes the result of running a CS450Lang program AST

;3 An AST 1s one of: . .
;5 - (num Number) ;5 A Result is either:
, , e o -
;5 - (boo Boolean) e IR I;umtl)er‘
;5 - (str String) 5o Scho.ean
;5 - (add AST AST) 5o Na;lng
y 3 ! u ” . JJ -
»» | Don't forget to update all Resul.t functions! (struct nan [])
Zae;ﬁé}?x;-siilﬁli)_} e (define NaN (nan)) ; “singleton”
(cond
(string? x) x] Predicate? (TODO!)
(boolean? x) (bool->str x)]
[ (number? x) (num->str x)]
' (NaN? x) “NaN”’]))




Running: “CS450 LANG” Programs: “times”

;3 A Result 1s either:
;3 - Number
;3 - Boolean

;5 450times: Result Result -> Result ;5 - String

;5 “multiplies” two 450 lang Results 55 - NaN

55 (following js semantics) (str‘uct nan [])
(define (450times x y) 299 (define NaN (nan))

(cond ‘

[ (and (number? x) (number? y)) (* x y)] Does this cover all corner cases?
[else NaN])) Try: ‘(X “two” 4)




HW10

* Add another data type

« Strings
- Add some boolean constructs (also follows ]S semantics):
e “equality” ~= comparator (look up JS “loose” ==)

j> e “truthy” (look it up) conditional



A new 450 LANG Boolean construct

;5 A Program is one of:
;5 - Atom
55 - (+ ,Program ,Program)
;5 - (X ,Program ,Program)
¥
;5 A Program is one of:
;5 - Atom
55 - (+ ,Program ,Program)
55 - (X ,Program ,Program)
53 - (iffy ,Program ,Program ,Program)

(sort of like “if”)




Truthiness — more than Booleans

In JavaScript, a truthy value is a value that is considered true when encounteredin a

Boolean context. All values are truthy unless they are defined as falsy. That s, all values

are truthy except false, @, -, en, "", null, undefined, NaN, and document.all.

https://developer.mozilla.org/en-US/docs/Glossary/Truthy



A new 450 LANG Boolean construct

Truthy

;3 Jjs “truthy true” R

(check-equal? (eval450 ' (iffy 10 100 200)) 100)

(check-equal? (eval450 ' (iffy (—A 100 100) “a” “b”)) “b”)

/
;; A Program is one of: Falsy
;5 - Atom
55 - (+ ,Program ,Program)
55 - (X ,Program ,Program)

" (iffy ,Program ,Program ,Program)

)

Truthy




HW10

* Add another data type

« Strings
- Add some boolean constructs (also follows ]S semantics):
e “equality” ~= comparator (look up JS “loose” ==)

e “truthy” (look it up) conditional



A 450 Lang “Equality” Operator

;5 A Program is one of:

;5 - Atom

- " (+ ,Program ,Program)

- (x ,Program ,Program)

“(iffy ,Program ,Program ,Program)

o

)

B

¥
;5 A Program is one of:
;5 - Atom
55 - (+ ,Program ,Program)
55 - (X ,Program ,Program)
53 - (iffy ,Program ,Program ,Program)
55 - (~= ,Program ,Program)




A “Loose” Equality Operator

* Follow JS == “loose” equality operator
« Look it up

Is this right???

;3 weird “loose” ~=

(check-true (eval450js '

test case
(~= (+ 10 90) (+ "10" "0"))))

30
30
50
30

o o
B

;5 A Program 1is one of:

Atom

“(+ ,Program ,Program)

(X ,Program ,Program)

" (iffy ,Program ,Program ,Program)

As usual, everything we've
learned so far will make this
easier, i.e., Templates,
conversion functions, etc ...

“(~= ,Program ,Program)




(define evald50 (compose run parse))

In-class 4/15: write hw10 Examples /Tests

55 "adding" strings

55 A

)
3
50
30

)

Program is one of:
Atom

“(+ ,Program ,Program)
(X ,Program ,Program)

“(iffy ,Program ,Program ,Program)

“(~= ,Program ,Program)

(check-equal? (evals50js ' (+ “true” false)) ??)

o o
)

(check-true (eval450js ' (~= (+ 10 90) (+ "10" "0"))))

weird ~= cases

repljs.com

55 Js “truthy true”

(check-equal? (evals50js ' (if 10 100 200)) 100)

55 Js “truthy false”

(check-equal? (evals50js ' (if (- 100 100) “a” “b”)) “b”)

;3 A Result is one of:
N Number

« For ~=: Look into JavaScript “loose equality” ;5 - Boolean
« For iffy: look into JavaScript “truthy” values ;5 - String
| may collect so all can use for hw (even if it's wrong!) ;5 - NaN




