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Function Application in CS450 Lang

;3 A 450LangExpr (Expr) is one of:
;5 - Atom

Variable

“‘(bind [Variable Expr] Expr)

P

B

35 “(Expr . List<Expr>)

Function call case (must be last, why?)

“cons”

be careful when parsing this in HW!

What functions can be called?




Function Application in CS450 Lang

;5 A 450LangExpr (Expr) is one of:

;5 - Atom
5 Variable

H “(bind [Variable Expr] Expr)
35 “(Expr . List<Expr>)

55 - empty

55 An Environment (Env) is one of:

;5 - (cons (list Var Result) Env)

What functions can be called?

;3 A Result is a:
;3 - Number
;3 - ErrorResult

v

5 (Racket) Function

Qf 12 é)
. SN
/ >

(RackeOfUnéﬂons,adde

(define IN
) 450+
(_ 745 B

IT-EN

These should now have

to initial environment

“variable arity”
(like Racket +/-)




mtertude: NAr1able-arity functions in Racket

Programmer should not be constructing a list

;3 450+: Result .. -> Result
éf/////

Inside the function, args
is a list of arguments

(define/contract (450+ . args)
(-> Result? ... Result? )

)

These should now have
~ “variable arity”
(like Racket +/-)

(compare with JS “variadic” args)

function sum(...theArgs) {
let total = ©;
for (const arg of theArgs) {
total += arg;

}

return total;

}



Function Application in CS450 Lang

;5 A 450LangExpr (Expr) is one of:

)y
P
B

o o
)

Atom

Variable

“‘(bind [Variable Expr] Expr)
‘(Expr Expr ...)

[

parse

AN

“zero or more of the preceding”

;3 An AST is one of:

-

;5 - (call AST List<AST>)
-

(struct call [fn args])

run l

) o

: A Result one of:

’yy -~




“‘Running” Function Calls

;5 run: AST -> Result

;3 An AST is one of:

(define (run p) 5
;5 - (call AST List<AST>)

(define (run/e p env) (st“r:uct call [fn args])

(match p
[(caIl fn args)
)) ]

))
(run/e p INIT-ENV))




“‘Running” Function Calls

;3 run: AST -> Result

(define (run p)

(define (run/e p env)

;3 An AST is one of:

-

;5 - (call AST List<AST>)
55

(struct call Lfn/grgs])

(match p

TEMPLATE: extract pieces of compound data

[ (call fn args)
fn

))
(run/e p INIT-ENV))

args)) |




“‘Running” Function Calls

;3 run: AST -> Result

N

(define (run p) >

)

)

(define (run/e _p env)

oy o

An A§T is one of:

- (call ‘AST [ListkAST>)

(st;um args])

(match p

TEMPLATE: recursive calls

[(call fn args)
(run/e

z 777

List-processing function

))
(run/e p INIT-ENV))

args)) |




“‘Running” Function Calls

How do we actually run the function?

(define (run p)

(define (run/e p env)
(match p Runs a Racket function

[(call fn args) ???/

)
B
)

)

A Result is one of:
- Number

- ErrorResult

- gRacket) Function

(run/e fn env)«

function

(map (curryr run/e env) args)<Listofargs

(this only “works” for now)

))
(run/e p INIT-ENV))




Function Application in CS450 Lang

What functions can be called?

+ (2?22 1 2)
1. (Racket) functions in 2. user-defined (“lambda”) functions?
initial environment




‘Lambdas” in CS450 Lang

;3 A 450LangExpr (Expr) is one of:
;5 - Atom

Variable

“(bind [Var Expr] Expr)
“(Expr Expr ...)

P

B

B




‘Lambdas” in CS450 Lang

;3 A 450LangExpr (Expr) is one of:
;5 - Atom

Variable

“(bind [Var Expr] Expr)

“(fn (Var ...) Expr)

‘(Expr Expr ...)

P
B

o o
)

B




CS450 Lang “Lambda” examples

CS450LANG

;3 A 450LangExpr (Expr) is one of:

)y
P
B
o o
)

B

- Atom

Variable

“(bind [Var Expr] Expr
...) Expr)
‘(Expn\Epr ..

‘(fn (Var

)

h

(fn (x y) (+ xy))

Equivalent to ...

RACKET

(lambda (x y) (+ x y))

(fn (x) (fn (y) (+ x y)) ; “curried”

A

(fn (x y) (+ x y))
10 20 ) ; fn applied




CS450 Lang “Lambda” full examples

Expression that

(checl-equal? checesaual /St
(eval4so (eva145@
‘(bind [x 10] ‘( (bind [x 10]
( (fn (y) (+ x y)) 20 ))) (fn (y) (+ x y)))
) ; with bind argument —20 ))
) ; with bind (fn only)

(check-equal?

(eval4s5o
( (fn (xy) (+ xy))
10 20 ) )

? )




 Repo: ¢s450f24/in-class-25

e File: hwl2-examples-<lLast>-<First>.rkt

In-class Coding 11/25: fn examples

Expression that

evaluates to a
(check-equal? (check-equal? /function result
(eval4so (eval4s5o
‘(bind [x 10] ‘( (bind [x 10]
( (fn (y) (+ x y)) 20 ))) (fn (y) (+ x y¥)))
30 ) ; with bind argument —20 ))
30 ) ; with bind (fn only)

(check-equal? Come up with some of your own!
(i.e., not my examples)
;3 An Expr is one of: (eval4se
;5 - Atom ( (fn (x y) (+ x y))
;5 - Variable 10 20 ) ) 5 meaningful examples only!
;5 - f(bind [Var Expr] Expr) 30 ) with eval4s50
55 - “(fn (var ...) Expr) '
;55 - “(Expr Expr ...)




CS450 Lang “Lambda” AST node

55 A 450LangExpr (Expr) is one of: ;5 An AST is one of:

55 - Atom -

;5 - Variable parse ;3 - (fn-ast List<Symbol> AST)
;5 - “(bind Var Expr Expr) ‘ 5o

55 - ‘(fn (Var ...) Expr) struct fn-ast [params body])
55 - “(Expr Expr ...)

Why can’t we use a Racket 1lambda?

A Racket 1lambda is a “Result”, e.g.,
you can't “get” the

parameters or the body code

(it's not “transparent”)



“Running” Functions?

;5 run: AST -> Result

(define (run p)

TEMPLATE

(define (run/e p env)
(match p

N

;3 An AST is one of:
R |

;5 - (fn-ast List<Symbol> AST)

(struct fn-ast [params body])

[ (fn-ast params body) ?°? param§*55/Zkun/e bodﬁ/g;;;/;;;/

))
(run/e p INIT-ENV))




“Running” Functions?

;5 run: AST -> Result

(define (run p) ;5 An AST is one of:
-
;5 - (fn-ast List<Symbol> AST)

(define (run/e p env) (stFuct fn-ast [params body])

(match p

[ (fn-ast params body) ?? params ?? (run/e body env) ??]

What should be the “Result” of running a function? | | *° Result 1s one of:
)) ;5 - Number
Can we “convert” a 450lang “fn” AST ;5 - ErrorResult
(run/e p|. _ & S,
into a Racket function??? 55 - (Racket) Function ???

We can’t! (it's not “transparent”) (this is what makes FFIs and mixed lang progs
complicated) So we need some other representation




“Running” Functions?

;3 An AST is one of:
-
+—>(fn-ast List<Symbol> AST)

(struct fn-qét [params body])

Can we “convert” this into a Racket function?

~

WAIT! Are fn-result and fn-ast the same?

/

;3 A Result is one¢ of:

;5 - Number

;5 - ErrorResu

;5 - (Racket)/Function

|53 =>(fn-result List<Symbol> AST 2?)
(struct fn-result [params body])

We can't!! need some other representation




“Running” Functions? Full example

(bind [x 10]
(fn (y) (+ x ¥)))

parse

—

(bind ‘x_(num 10)

(fn-ast(y
(call (v\
(list Yvar ‘x) (var ‘y)))

ol |

(fn-result ‘(y)
(call (var ‘+\

(list (var ‘ﬁ) (var—y))

Where is the x???

fn-result and fn-ast cannot be the samel!!

(how can we “remember” the x)



“Running” Functions?

;5 An AST 1s one of:

-

;5 - (fn-ast List<Symbol> AST)
(struct fn-ast [params body])

~

WAIT! Are fn-result and fn-ast the same?

/

;3 A Result is one
55 - Number

;3 - ErrorREsul
;5 - (Racket) Function

;5 - (fn-result List<Symbol> AST 22?)
(struct fn-result [params body])




“Running” Functions?

Takeaway quiz:

Q: What is the difference between fn-ast and fn-result?

A: fn-ast is AST data, represents code that a programmer writes;
fn-result is Result data, represents result of running the program
(importantly contains environment for variables that are not fn parameters)

A Function Result needs an extra environment
(for the non-argument variables used in the body!)

;3 A Result is one of:

;3 - Number

;3 - ErrorResult

;5 - (Racket) Function

;5 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])




“Running” Functions?

;5 run: AST

-> Result

(define (run p)

(define

(run/e p env)

(match p

;3 An AST 1is one of:
-
53 - (fn-ast List<Symbol> AST)

(struct fn-ast [params body])

[ (fn-ast params body) ?? params ?? (run/e body env) ??]

What should be the “Result” of running a function?

))
(run/e p

Can we “convert” a 450lang “fn” AST
into a Racket function???

)y
)
)

)

: A Result is one of:

- Number
- ErrorResult
- (Racket) Function 2??

We can't!! need some other representation




“Running” Functions?

;5 run: AST -> Result

(define (run p) ;5 An AST is one of:
-
;5 - (fn-ast List<Symbol> AST)

(define (run/e p env) (struct fn-ast [params body])

(match p

[ (fn-ast params body) ?? params ?? (run/e body env) ??]

What should be the “Result” of running a function? ;5 A Result 1s one of:

) ) ‘\\\\\\\\\\;; - Number
;3 - ErrorResult
(run/e p INIT-ENV)) . - (Racket) Function

\??\Tﬁifn-result List<Symbol> AST Env)

(struct fn-result [params body env])




Result of “Running” a Function

;5 run: AST -> Result

(define (run p)

(define (run/e p env;\\\\\\\\\\\\ﬁ§
(match p Save the current env

.. body won’t get “run” until the function is called
[(fn -ast params body) (fn-result params body env 6/
=~
))

(run/e p INIT-ENV))




bz /‘W/baffy

‘Running” Function Calls: Revisited

|
How do we actually run the function?

; A Result is one of:
33 - Number

. ;3 - ErrorResult
(define (run p) ;5 - (Racket) Function

/

(define (run/e p env) 2292
(match p Runs a Racket function

/

[(call fn args) (apply
(run/e fn env
(map (curryr run/e env) args))]

(this only “works” for now)

))
(run/e p INIT-ENV))




‘Running” Function Calls: Revisited

- . _
How do we actually run the function? |’ A Result 1s one of:

33 - Number

. 55 - ErrorResult
(define (run p) ;5 - (Racket) Function

55 - (fn-result List<Symbol> AST Env)
/€§%Puct fn-result [params body env])

(define (run/e p env)
(match p

apply doesn’'t work for fn-result!!
must manually implement “function call”

[(call fn args) (|450apply
(run/e fn env)
(map (curryr run/e env) args))]

') (this doesn’t “work” anymore!)

(run/e p INIT-ENV))




CS450 Lang “Apply”

Can we refactor data def to make this cleaner?

55 A FnResult is one of;

;5 - (Racket) Function

;5 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])

;5 450apply : [Racket fn or fn-result]
(define (450apply fn args)

List<Result> -> Result

;3 A Result is one of:
;3 - Number

;3 - ErrorResult

;3 - FnResult

1

;5 A Result is one of:

5 Number

5 ErrorResult

5 (Racket) Function

;5 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])




CSL}SO Lang “Apply" /,;;/AFnResult is one of;

7 - (Racket) Function

TEMPLATE? 55 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])

;3 450apply : FnResulteEist<Result> -> Result
(define (450apply fn args)

)...




CS450 Lang “Apply”

TEMPLATE

55 A FnResult is one of;

;5 - (Racket) Function

55 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])

;5 450apply : FnResult List<Result> -> Result

(define (450apply fn args)
(match fn
[(? procedure?) B
[ (fn-result params body env)
params

] ;; racket function
;3 user-defined function
body . env]))




CSL}SO Lang “Apply" ;3 A FnResult is one of;

;5 - (Racket) Function

TEMPLATE: mutually referential data and template calls!

;5 - (fn-result List<Symbol> AST Env)
(struct fn-result [paramé/b6ay 9ﬁv])
/

)

;5 450apply : FnResult List<Result> -> Result

(define (450apply fn args)
(match fn

[ (? procedure?) . ] ;; rac function
[ (fn-result params body env) . er-defined function
params (ast-fn body .. ) .. (env-fn env .. ) .. ]))
env-add : Env Var Result -> Env




CSL}SO Lang “Apply" ;3 A FnResult is one of;

;5 - (Racket) Function
;5 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])

/

;5 450apply : FnResult List<Result> -> Result
(define (450apply fn args

(match fn
[ (? procedure?) . racket function
[ (fn-result params body env) ;5 US efined fynction

(ast-fn body .. ) .. (env-add env ?’~args params ?? ) .. |))

= These are lists

env-add : Env Var Result -> Env



CSL}SO Lang “Apply" ;3 A FnResult is one of;

;5 - (Racket) Function
55 - (fn-result List<Symbol> AST Env)

(so this function should be inside run) (struct fn-result [params body env])

;5 450apply : FnResult List<Result> -> Result
(define (450apply fn args)

(match fn
[ (? procedure?) . ] ;; racket function
[ (fn-result params body env) ;3 user-defined function

(ast-fn body .. ) .. (foldl env-add env params args) .. ]))

run/e : AST Env -> Result




CS450 Lang “Apply”

55 A FnResult is one of;

;5 - (Racket) Function

55 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])

;5 450apply :

(match fn

FNnResult List<Result> -> Result
(define (450apply fn args)

[ (? procedure?)
[ (fn-result params body env)
(run/e“pody (foldl env-add env params args))]))

2?2

] ;; racket function
;3 user-defined function

run/e :

AST Env -> Result




CS450 Lang “Apply”

55 A FnResult is one of;

;5 - (Racket) Function

55 - (fn-result List<Symbol> AST Env)
(struct fn-result [params body env])

;3 450apply :

FnNnResult List<Result> ->

(define (450apply fn args)

(match fn

Result

Runs a Racket function

e
[(? procedure?) (apply fn args)] ;; racket function
fn-result params body env
run/e body (foldl env-add env params args

1

1

WAIT! What if the the number of par‘a'ms and a’r*gs don’t match!




CS450 Lang “Apply”

;3 450apply :
(define (450apply fn args)

(match fn

FNResult List<Result> -> Result

? procedure? apply fn args
[ (fn-result params body env) ;3 user-defined function
(if (= (length params) (length args))
(run/e body (foldl env-add env params args))

1))




CS450 Lang “Apply™: arity error

;5 450apply : FnResult List<Result> -> Result
(define (450apply fn args)

(match fn
? procedure? apply fn args
[ (fn-result params body env) ;3 user-defined function

(if (= (length params) (length args))
(run/e body (foldl env-add env params args))
ARITY-ERROR)])) .
N\ 1{;; A Result is one of:

B

55 X NOT-FN-ERROR -+ - FnResult

B

Ny; An ErrorResult is one ofsell:: - Number
>\ - UNDEFINED-ERROR XEr‘r‘or‘Result

55 - ARITY-ERROR




 Repo: ¢s450f24/in-class-25

e File: hwl2-examples-<lLast>-<First>.rkt

In-class Coding 11/25: fn examples

Expression that

evaluates to a
(check-equal? (check-equal? /function result
(eval4so (eval4s5o
‘(bind [x 10] ‘( (bind [x 10]
( (fn (y) (+ x y)) 20 ))) (fn (y) (+ x y¥)))
30 ) ; with bind argument —20 ))
30 ) ; with bind (fn only)

(check-equal? Come up with some of your own!
(i.e., not my examples)
;3 An Expr is one of: (eval4se
;5 - Atom ( (fn (x y) (+ x y))
;5 - Variable 10 20 ) ) 5 meaningful examples only!
;5 - f(bind [Var Expr] Expr) 30 ) with eval4s50
55 - “(fn (var ...) Expr) '
;55 - “(Expr Expr ...)




