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Last

~ Common List Function

1. map

;3 map: (X -3 Y) Listof<X> -> Listof<Y>
;5 Produces a\list resulting from applying— Tu |
;5 a given fn\to each element of a given 1lst (in imperative languages)

function “application”
(in high-level languges)
= function “call”

(define (map fn 1lst)
(cond
[ (empty? 1st) empty]
[else (cons (fn (first 1st))

(m3dp fn (rest 1lst)))])

lalal lalla) lalal Lala) \

map(@-0) - (9 @8 @=

https://javascript.plainenglish.io/map-filter-find-reduce-functions-in-js-fbcdf6c670d7

(map proc Ilst ...+) — list? procedure
proc . procedure?
st : list?

Applies proc to the elements of the Ists from the first elements to the last. The
proc argument must accept the same number of arguments as the number of

supplied Ists, and all 7sts must have the same number of elements. The result
is a list containing each result of proc in order.

Examples:

> (map (lambda (numberl number2)

(+ number1 number2)) RACKET'S map can

(1253 4) take multiple lists!
'(10 100 1000 100060))

"(11 102 1003 10004)




map In other high-level languages

Array.prototype.map()

The map() method of array instances creates a new array populated with the

results of calling a provided function on every element in the calling array.

JavaScript Demo: Array.map() Python3

1 const arrayl = [1, 4, 9, 16];
2

(W]

// Pass a function to map
const mapl = arrayl.map((x) => x * 2);

I

5 # Add two lists using map and lambda
6 console.log(mapl);
7| // Expected output: Array/[2, 8, 18, 32]
numbersl = [1, 2, 3]
Lambda
y ) — numbers2 = [4, 5, 6]
(“arrow function expression”) lambda

result = map(lambda X, y: X + y, numbersl, numbers2)
print(list(result))



* Common List Function #2: foldl / foldr

;; foldr: (XY ->Y) Y Listof<X> -> Y
;; Computes a sihgle value from given list, determined by given fn and initial val.
;5 fn is applied\to each list element, last-element-first

(d?finz (foldr £ initial 1st) (1 + (2 +(3 +0)))

con

[ (empty? 1lst) initial] (1-(2-@B-29)))
[else (fn (first 1st) (foldr fn initial (rest 1st)))]))

;5 foldl: (XY ->Y) Y Listof<X> -> Y
;; Computes a single value from given list, determined by given fn and initial val.
;5 fn is applied to each list element, first-element-first

(define (foldl fn result-so-far lst) TX1L + 0) +2) + 3)
(cond (((1 -0) - 2) - 3)

[ (empty? 1lst) result-so-far]
[else (foldl fn (fn (first 1st) result-so-far) (rest 1lst)))]))




" fold (reduce) in other high-level languages

JavaScript Demo: Array.reduce()

WO upbwhnPRE

const arrayl = [1, 2, 3, 4];
: lambda “initial”
llllst"
// @+ 1+2+3+4 \\
const initialvalue = ©; z// \
const sumWithInitial = arrayl.reduce((resultSoFar, x) => resultSoFar + x, initial); \\
\
\

console.log(sumWithInitial); \
// Expected output: 1© \\

JavaScript Demo: Array.reduceRight() AN

\

1 const arrayl = | \N

2 [e, 1],

3 [2, 3],

4 [4, 5], - . .

: “Initial” optional?

5 1;

6

7 const result = arrayl.reduceRight((resultSoFar, x) => resultSoFar.concat(x));

= Y& dd

9 console.log(result); U

10 // Expected output: Array [4, 5, 2, 3, @, 1]
11



Fold "dual”™: build-1list

(build-1ist n proc) — list? procedure
n . exact-nonnegative-integer?

proc : (exact-nonnegative-integer? . -> . any)

Creates a list of n elements by applying proc to the integers from 0 to (sub1 n) in order. If
st is the resulting list, then (list-ref Ist i) is the value produced by (proc 1i).

Examples:

> (build-list 10 values)

'(0 123 4567829)

> (build-1ist 5 (lambda (x) (* x x)))
'(01 4 9 16)

(build-list 4 add1)

;5 = (map addl (list @ 1 2 3))

;5 = (list 1 2 3 4)




Fold “alternative™ apply (with “variable-arity” fns)

(foldl + @ (list 1 23 4)) ; = (+ (+ (+ (+ 1 9) 2) 3) 4)) = 10

Il

(apply + (list 1 2 3 4)) ; = (+1 2 3 4) = 10

(apply string-append (list “a” “b” “cd”)) ; = “abcd”

« apply “applies” its fn argument to the contents of its List arg

 function must accept as input:
# of arguments == length of 1list arg




Common list function #3: filter

;; filter: (X -> Boolean) Listof<X> -> Listof<X>
;5 Returns a list] containing elements of given list
;5 for which the Jgiven predicate returns true

(define (filter g;ed? 1st)
(cond
[ (empty? 1lst) empty]
[else (if (pred? (first 1lst))

pred? and 1st must /ﬂ (cons\(first 1lst) (filter pred? (rest 1lst)))
be processed (filteR pred? (rest 1lst)))]))

together,

so11f allowed here \

o Xa) "~ ~nN NN .f"ter (|) _9 NN AN AN



filter In other high-level languages

JavaScript Demo: Array.filter()

const words = ['spray’', 'limit', 'elite', 'exuberant', ‘'destruction’, 'present’];
const result = words.filter((word) => word.length > 6);

console.log(result);
// Expected output: Array ["exuberant"”, "destruction"”, "present"]

it B o ATV o B S VU (N



Common list function #3: filter

lambda rules:
- Can skip the design recipe steps,

define (filter pred? 1st BUT . . .
cond - name, description, and signature
empty? lst) empty must be “obvious”
else (if (pred? (first lst - code is arithmetic only

cons (first lst) (filter pr{_ gtherwise, create standalone
filter pred? (rest lst function define

55 smaller-than: Listof<Int> Int -> Listof<Int>
;5 Returns a list containing elements of given list less than the given int

(define (smaller-than 1lst thresh)

(filter (laqua (x) (< x thresh)) 1st))

lambda creates an anonymous “inline” function (expression)




Another Useful List Function: andmap 2"

> (andmap positive? '(1 2 3))

Ht

(andmap p? 1st)

similar to:

#t

(apply and (map p? 1st))

“every”

> (andmap positive? '(1 -2 a))

But (won't run'): andmap is “short circuiting”

(foldl and #t 1st)

But (won't run!): and is not a function

(foldl (A (x y) (and x y)) #t 1st)

See also: ormap

” «

“any”, “some”




Another List function: 1st-max

Function design recipe:
1. Name

2. Signature

3. Description

;5 lst-max : Listof<Int> -> Int
;5 Returns the largest number in the given list




Another List function: 1st-max

Function design recipe:
1. Name

2. Signature

3. Description

4, Examples

—

;5 Ist-max : Listof<Int> -> Int
Returns the largest number in the given list

(check-equal?

(Ist-max (list 1 2 3)) 3))

(check-equal?
(1st-max (list)) ?72?))




Another List function: 1st-max

Function design recipe:
Name

Signature
Description
Examples

Template

—

Ll RY e =

;3 lst-max : Listof<Int> -> Int
;5 Returns the largest number in the given list
(define (1lst-max 1lst)
(cond
[ (empty? 1st) ....]
[(cons? 1st) .... (first 1st) e
(1st-max (rest 1st)) ....]))




Another List function: 1st-max

Function design recipe:
Name

Signature
Description
Examples

Template

Ll RY e =

;3 lst-max : Listof<Int> -> Int
;5 Returns the largest number in the given list
(define (1lst-max 1lst)
(cond
[ (empty? 1st) ???]
[(cons? 1st) .... (first 1st) e
(1st-max (rest 1st)) ....]))




Another List function: 1st-max

Function design recipe:
Name

Signature
Description
Examples

Template

Ll RY e =

(cond

;3 lst-max :
;5 Returns the largest number in the given list
(define (lst-max 1lst init-val)

[ (empty? 1st) ???]
[(cons? 1st) .... (first 1st)

Listof<Int> -> Int

\

Need extra information?

(1st-max (rest 1st)) ..::j))




Design Recipe For Accumulator Functions

When a function needs “extra information”:

1. Specify accumulator:
* Name
 Signature
* Invariant
« A property of the accumulator that is always true




Another List function: 1st-max

;5 lst-max : Listof<Int> Int -> Int
;5 Returns the largest number in the given list

(define (lst-max 1lst max-so-far)

(cond \ Need extra information?
[ (empty? 1lst) ?7?]
[(cons? 1st) .... (first 1st)

(1st-max (rest 1st)) ..::i))




Another List function: 1st-max

;5 accumulator max-so-far : Int
;5 Invariant: is the largest val in lgt “so far”
(define (lst-max 1lst max-so-far) i\

(cond \ Need extra information?
[ (empty? 1lst) ?7?]
[(cons? 1st) .... (first 1st)

(1st-max (rest 1st)) ..::i))




Another List function: 1st-max

;3 lst-max : Listof<Int> Int -> Int
;5 Returns the largest number in the given list
;5 accumulator max-so-far : Int
;5 Invariant: is the largest val in lst “so far”
(define (lst-max 1lst max-so-far)
(cond t/
[ (empty? 1st) max-so-far]
[(cons? 1st) .... (first 1st) ..
(1st-max (rest 1st)) ....]))




Another List function: 1st-max

But ... this is not the same function as before!

;3 lst-max : Listof<Int> Int -> Int

;5 Returns the largest number in the given list
;5 accumulator max-so-far : Int

;5 Invariant: is the largest val in lst “so far”
(define (lst-max 1lst max-so-far)

(cond
empty? 1lst) max-so-far
[else (1st-max (rest 1lst) Update the accumulator

(max (first 1st) max-so-far))]))




Design Recipe For Accumulator Functions

When a function needs “extra information”:

1. Specify accumulator:
* Name
 Signature
* Invariant
« A property of the accumulator that is always true

2. Define internal “helper” fn with extra accumulator arg

(Helper fn does not need extra description, statement, or examples,
if they are the same ...)

3. Call *helper” fn, with Initial accumulator value, from original fn




A List Accumulator Example

Function needs “extra information” ...

55 lst-max : List<Int> -> Int
;5 Returns the largest value in the given list

(define (1lst-max initial-1lst)

.. accumulator max-so-far : Int 1. Specify accumulator: name, signature, invariant
b | °

;5 Invariant: is the largest val in initial-1st “so far”

(define (1lst-max/accum lst max-so-far)
(cond
[ (empty? 1lst) max-so-far]
[else (lst-max/accum (rest 1st)
(max (first 1st) max-so-far))])

2. Define internal “helper” fn with accumulator arg

))




A List Accumulator Example

55 lst-max : List<Int> -> Int
;5 Returns the largest value in the given list

(define (1lst-max initial-1lst)

;5 accumulator max-so-far : Int
;5 invariant: is the largest val in initial-1lst

“so far”

(define (lst-max/accum lst max-so-far)
(cond
[ (empty? 1lst) max-so-far]
[else (1lst-max/accum (rest 1lst)

(max (first 1st) max-so-far))])

e ey e ?2?22?
(1st-max/accum 22?2 initial-1lst

3.Call “helper” fn, with initial
accumulator (and other args)

))




A List Accumulator Example

55 lst-max : List<Int> -> Int
;5 Returns the largest value in the given list

(define (1lst-max initial-1lst)

;5 accumulator max-so-far : Int
;5 invariant: is the largest val in initial-1lst

“so far”

(define (lst-max/accum lst max-so-far)
(cond
[ (empty? 1lst) max-so-far]
[else (1lst-max/accum (rest 1lst)

(max (first 1st) max-so-far))])

(1st-max/accum (rest initial-1lst)  (first initial-1st) ))

3.Call “helper” fn, with initial
accumulator (and other args)

First element used as initial accumulator




A List Accumulator Example

So list cannot be empty!

;5 1lst-max : NonEmptylList<Int> -> Int
;5 Returns the largest value 1n the given list

(define (1lst-max initial-1lst)

;5 accumulator max-so-far : Int
;5 Invariant: is the largest val in initial-1st “so far”

(define (lst-max/accum lst max-so-far)
(cond
[ (empty? 1lst) max-so-far]
[else (1lst-max/accum (rest 1lst)
(max (first 1st) max-so-far))])

(1st-max/accum (rest initial-1lst)  (first initial-1st) ))

First element (sometimes) used as initial accumulator




A List Accumulator Example

;5 1lst-max : NonEmptylList<Int> -> Int
;5 Returns the largest value 1n the given list

(define (1lst-max initial-1lst)

Helper needs signature, if different!

;3 lst-max/accum : List<Int> Int -> Int
;5 accumulator max-so-far : Int
;5 Invariant: is the largest val in initial-1st “so far”

(define (lst-max/accum lst max-so-far)
(cond
[ (empty? 1lst) max-so-far]
[else (1lst-max/accum (rest 1lst)
(max (first 1st) max-so-far))])

(1st-max/accum (rest initial-1st) (first initial-1st) ))




A List Accumulator Example

;5 lst-max : NonEmptylList<Int> -> Int
;5 Returns the largest value in the given list

(define (lst—maxlinitial—lstb

;3 lst-max/accum : List<Int> Int -> Int

Invariant should be specific

;5 accumulator max-so-far : Int

;5 Invariant: is the largest val in|initial-1st “minus” 1lst

(define (lst-max/accum|lst|max-so-far)
(cond
[ (empty? 1lst) max-so-far]
[else (lst-max/accum (rest 1st)

(max (first 1st) max-so-far))])

(1st-max/accum (rest initial-1lst)  (first initial-lst)

))




/D/‘w/ba&é
fold (reduce) In other high-level languages

JavaScript Demo: Array.reduce()

1 const arrayl = [1, 2, 3, 4];
2 “list” lambda “initial”
3 //0+1+2+3+4 IS \\
4 const initialvalue = 9; z// \
5 const sumWithInitial = arrayl.reduce((resultSoFar, x) => resultSoFar + x, initial); \\
6 \
\
7 console.log(sumWithInitial); \
8 // Expected output: 10 \\
° JavaScript Demo: Array.reduceRight() AN
\
1 const arrayl = | \N
2 [e, 1],
3 [2, 3],
4 [4, 5], e e 5
5 1 “Initial” optional?
6
7 const result = arrayl.reduceRight((resultSoFar, x) => resultSoFar.concat(x));
8 L] L] L] L]
9 console.log(result); |f nOt glven an “Inltlal" Value, the ???

10 // Expected output: Array | first element is used as the initial
(accumulator)!




A List Accumulator Example |
Can Implement with ...

;5 lst-max : NonEmptylList<Int> -> Int map? | X
;5 Returns the largest value in the given list

(define (lst-max|1lste) filter ?

;3 lst-max/a : List<Int> Int -> Int fold 2| ™
;5 accumulator max-so-far : Int
;5 Invariant: is the largest val in|1st@ “minus” rst-1st

(define (lst-max/a|rst-1lst|max-so-far)
(cond
[ (empty? rst-1st) max-so-far]
[else (lst-max/accum (rest 1st)
(max (first 1st) max-so-far))])

(1st-max/a (rest 1st@) (first 1st@)))




7 Common List Function: foldl

;5 foldl: (XY ->Y) Y Listof<X> -> Y

;5 Computes a single value from given list,

;; determined by given fn and initial val.

;5 fn is applied to each list element, first-element-first

(define (foldl fn result-so-far 1lst) R ETE)

(Cond Update th lat
[ (empty? 1st) result-so-far] k/// pdate the accumulator

[else (foldl fn (fn (first 1st) result-so-far) (rest 1st)))]))

“new” result-so-far

Ann AN nn An reduce (GCC’CUH) S c‘.

(((1L +0) + 2) + 3)

;3 sum-1st: ListofInt -> Int
(define (sum-1st 1st) (foldl + © 1st)) | | (((1 - @) - 2) - 3)




= 1L
Rilay fedice ] St Accumulator
(fOld) — when you

start adding

;“
elements ’ \\\M‘lil/
\&\\_)

Accumulator
implementing
callback function
(whichis
- mixing/addition
Array of lements of all fruits in the

Accumulator array together)

(in this case, it has an initial
value of O because it’s empty)

This accumulator
will now become
the initial value
for the next
iteration (set of
fruits)

Result (single value)

https://medium.com/Qcode-a-genie/javascript-array-reduce-using-real-world-analogies-1b3f169bd9f3



In-class Coding 3/12: Accumulators

55 rev @ List<X> -> ListX>
;5 Returns the given list with elements in reverse order

(define (rev 1sto)

|
:: accumulator ??? : ??? . . . 5
7 invariant: 277 1. Specify accumulator: name, signature, invariant
)) [ ) . . °

|
2. Define internal “helper” fn with accumulator arg

(define (rev/a 1lst acc ???)
P??

)

(rev/a 1ste ???)) 3.Call “helper” fn, with initial accumulator




