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Imperative versus Declarative

 Abstracting out control

Calculating Sum of a List

Imparative

total = 0
for i in range(len(lst)):
total += lst[i]

Declaritive

sum(1lst)




Imperative versus Declarative

 Abstracting out control

Calculating Filtered Elements of a List

Imparative Declaritive

result = [] filter(predicate, 1lst)
for i in range(len(lst)):
if predicate(lst[i]):

result.append(lst[i])




Imperative versus Declarative

 Abstracting out control

* Imperative:
 Tell machines exactly what to do
« Loops, conditions, returns, temporary variables
 Declarative:
« Declare what we want to accomplish
 Functions, first-class functions, higher-order functions
« Modularity and composability

« Declarative programming is closer to how we think
 Declarative programming is more understandable



Imperative versus Declarative

 Abstracting out control
« Immutability, no side effects

e Declarative:

e Avoid stateful interactions
« Only input can affect output
 No race conditions!

* Imperative:
« Too many bugs QAQ

 Declarative programming iIs easier to reason about
 Declarative programming is more understandable



Imperative versus Declarative

C

 Abstracting out control
« Immutability, no side effects

« Good reputation for academic

* Yet not commonly used
« Hide implementation details
- Extra cost to performance
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Imperative versus Declarative

 Abstracting out control
« Immutability, no side effects

« Good reputation for academic
* Yet not commonly used, but learnt from

* |terators, generators

« Lambdas, higher-order functions
—  Built-in functions like map, reduce, filter, etc.

https://docs.python.org/3/howto/functional.html



Imperative versus Declarative ’

 Abstracting out control
« Immutability, no side effects

« Good reputation for academic
* Yet not commonly used, but learnt from

(( * Lambdas
m==) = -+ Stream API, map, reduce, etc.
Java  * Future and completable future.

https://docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html
https://docs.oracle.com/javase/8/docs/api/java/util/concurrent/CompletableFuture.html



Useful Functions

* map

YV V V V V VY

map {O -><>}
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Useful Functions

* map
e filter
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Useful Functions

*map
e filter
e reduce
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lab08p1: over-or-under

(define (over-or-under a b)
(if (< a b)
-1
(if (= ab) 0 1)
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lab08p1: over-or-under

(define (over-or-under a b)

(cond
((< ab)-1)
((=ab) o)
((>ab) 1)
)
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lab08p2-3: lambdas

(define (make-adder n) (lambda (x) (+ n x)))

(define (composed f g) (lambda (x) (f (g x))))
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lab08p4: gcd

(define (gcd a b)
(if (= b 0)
a
(gcd b (remainder a b))

def gcd(a, b):
1T br=="08:
return a

return gcd(b, a %

b)
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lab08p6: ordered

(define (ordered s)

WRABONHEFLIN TR, NEZEHFF
BUBABIPTR<=F2P TR, FEHREIND ZHF R

I~




lab08p6: ordered

(define (ordered s)
(if (REANHFINTE)
EZHE
FINTTE<=FE2PTE, FH
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lab08p6: ordered

(define (ordered s)
(if (or (REONTLXR) (REINTE))
EZHE
BINPNTE<=FE2PTTE, FHEEES ZHERRY

L




lab08p6: ordered

(define (ordered s)
(if (or (null? s) (REIPTER))
EZHE
BINPNTE<=FE2PTTE, FHEEES

ZHEFPR
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lab08p6: ordered

(define (ordered s)

(if (or (null? s) (null? (cdr s)))
EZHEF

FIPTR<=FE2P TR, FHEEES

L

ZHEFPR
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lab08p6: ordered

(define (ordered s)
(if (or (null? s) (null? (cdr s)))

Ht
FINTE=FE2N TR, FHIEEEN

L

ZHEFPR
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lab08p6: ordered

(define (ordered s)
(if (or (null? s) (null? (cdr s)))

Ht
(and

FIPTTER< 5%24%m2§
) EEE = ELHEFR
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lab08p6: ordered

(define (ordered s)
(if (or (null? s) (null? (cdr s)))

Ht
(and

(not (> (F—1x&) (F=ZAHTE)))
) EEEm R E L HEFR
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lab08p6: ordered

(define (ordered s)
(if (or (null? s) (null? (cdr s)))

Ht
(and

(not (> (car s) (car (cdr s))))
) EEEm R E L HEFR
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lab08p6: ordered

(define (ordered s)
(if (or (null? s) (null? (cdr s)))
Ht
(and
(not (> (car s) (car (cdr s))))
(ordered (/F4EER4%))

)
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lab08p6: ordered

(define (ordered s)
(if (or (null? s) (null? (cdr s)))
Ht
(and

(not (> (car s) (car (cdr s))))
(ordered (cdr s))
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hw08p1: pow

(define (pow base exp)
MRIEEA0, FERA1
MRIEEEBEEL REIXYXFNFER
NRIEMETE, REIXTFUXY X AFHER



hwO8p1: pow *

(define (pow base exp) 2y+1 Y\ 2
(if (= exp 0) < = z(z")

1

(

INRIEEEBE, REXHYYRITHET
MRIEETE, REXFEMUXEIYRTHFET




hw08p1: pow >

(define (pow base exp)

(if (= exp 0) " = z(z¥)”
1
(if (even? exp)
(XYY R HIFETT)

(X UAXBIY R FTHIETT )



hw08p1: pow

(define (pow base exp)
(if (= exp 0)

1

(if (even? exp)
(XHYYRFTBETT)

) (* base (xHyYXFIHIFTT))

C132y+1 . x(wy)Z
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hw08p1: pow 7
% = (z¥)?
def1 b
e (oo g o) 0 = o)
1
(if (even? exp)
(square (xEJyR77))

) (* base (square (xgyyX77)))



hw08p1: pow v
% = (z¥)?
def] b
(de %2? Egogxpa;§ exp) a3y+1:::$(xy)2
1
(if (even? exp)
(square (pow base (quotient exp 2)))

(x base (square (pow base (quotient exp 2))))
)



hw08p1: pow >
% = (z¥)?
def1 b
et (ron beze o0 o = a{or
1
(let ((xe2y (square (pow base (quotient exp 2)))))
(if (even? exp)
xey
(* base xe2y)

)



hw08p2: filter-|st

(define (filter-1st fn 1st)
MERINFTHE, REZRI|R
HBNEFIRE—1ITE, AEKIER TN



hw08p2: filter-|st

(define (filter-1st fn 1st)
(if (null? 1st)
nil
SRk — N ITE, AEHRER TS
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hw08p2: filter-|st

(define (filter-1st fn 1st)
(if (null? 1st)
nil
(if (fn (car 1st))
REFE—1ITE, MIEFE

NSk

BERFE—1oTE, THIER

NSk
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hw08p2: filter-|st

(define (filter-1st fn 1st)
(if (null? 1st)
nil
(if (fn (car 1st))
(cons (car 1st) (FiER THIZIZR))
(FHERTRIFIZR)
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hw08p2: filter-|st

(define (filter-1st fn 1st)
(if (null? 1st)
nil
(if (fn (car 1lst))
(cons (car 1lst) (filter-1st fn (cdr 1st)))
(filter-1st fn (cdr 1lst))

38



hw08p3: no-repeats

(define (no-repeats s)
MR FAE, RE=F|FR
BULE—NTEMNEEYRPMBR, ARREAAEFR AR



hw08p3: no-repeats

(define (no-repeats s)
(if (null? s)
nil

(FBEE—NTEMNEEFI R MR,

RERELEFTHAR)
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hw08p3: no-repeats

(define (no-repeats s)
(if (null? s)
nil
(cons
(car s)

(BERIEMNEEFNRFMBRE— N TERERTHAR)

41



hw08p3: no-repeats

(define (no-repeats s)
(if (null? s)
nil
(cons
(car s)
(no-repeats

| ARESIRRHER TR TR



hw08p3: no-repeats

(define (no-repeats s)
(if (null? s)
nil
(cons
(car s)
(no-repeats
(filter-T1st
(& FETSHE—IPTER)
(AN FRsHFEAE)
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hw08p3: no-repeats .

(define (no-repeats s)
(if (null? s)
nil
(cons
(car s)
(no-repeats
(filter-T1st
(lambda (x) (not (eq? x (sE—PTE))))
(BN FIRSHFEAR)



hw08p3: no-repeats

(define (no-repeats s)
(if (null? s)
nil
(cons
(car s)
(no-repeats
(filter-1st
(lambda (x) (not (eq? x (car s))))
(cdr s)

45



hw08p7: label-sum

(define (label-sum t)

RTEM T, NEERALRITRE
BUPRUARZ N LB 0 NS R 2 A



hw08p7: label-sum

(define (label-sum t)
(if (tEﬂJr%)
(tHYAREE)
(tHREM LB D XN ER )
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hw08p7: label-sum

(define (label-sum t)
(if (is-leaf t)
(tHYAREE)
(tHREM LB D XN ER )
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hw08p7: label-sum

(define (label-sum t)
(if (is-leaf t)
(label t)
(tHREM LB D XN ER )
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hw08p7: label-sum

(define (label-sum t)
(if (is-leaf t)
(label t)
(+
(tHYAREE)
(FrEDXHERZF)
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hw08p7: label-sum

(define (label-sum t)
(if (is-leaf t)
(label t)
(+
(label t)
(FTENZHERZ)
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hw08p7: label-sum 7

(define (label-sum t)
(if (is-leaf t)

(label t)
(+
(label t)
) (reduce + (FFERXHER))
) —0-00090+>
) S L R S
Y YV Y Y Y VvYY
map{O-><>}

Y Y Y Y Y Yy



hw08p7: label-sum >

(define (label-sum t)
(if (is-leaf t)
(label t)
(+
(label t)
(reduce + (map label-sum (tE99%)))
)
)



hw08p7: label-sum

(define (label-sum t)
(if (is-leaf t)
(label t)
(+
(label t)
(reduce + (map label-sum (branches t)))

)
)

54



hw08p8: derive

(define (derive expr var)
(cond ((number? expr) 0)
((variable? expr) (if (same-variable? expr var) 1 0))
((sum? expr) (derive-sum expr var))
((product? expr) (derive-product expr var))
((exp? expr) (derive-exp expr var))
(else 'Error)))

aC dx
— =0 —

ox_ . 0y _. o(f(0) +9(x)
0x 0x —

1 —
dx Ox

?




hw08p8: derive

A(f() +9(x) _9f(x)  ag(x)

0x 0x 0x
(define (derive-sum expr var)
af (x) , 9g(x)
( dx T dx )

)



hw08p8: derive

A(f() +9(x) _9f(x)  ag(x)

dx dx dx
(define (derive-sum expr var)
(make-sum
af (x)
(66%))
g\x
) ( ox )



hw08p8: derive

A(f() +9(x) _9f(x)  ag(x)

dx dx dx

(define (derive-sum expr var)
(make-sum
(derive (f(x)) var)
(derive (g(x)) var)
)



hw08p8: derive

A(f() +9(x) _9f(x)  ag(x)

dx dx dx

(define (derive-sum expr var)
(make-sum
(derive (first-operand expr) var)
(derive (second-operand expr) var)

)



hw08p8: derive

0 0 0
F@X90) 0@ 0 1 ey 29D

(define (derive-product expr var)

(LD xg(x) + f(x)x 2L2)

)



hw08p8: derive

d(f(x)xg(x)) of (x) ag(X)

( ) Xg(x) + f(x)X
0x 0x
(define (derive-product expr var)
(make-sum

(af(x)
0x

(f)x222)



hw08p8: derive

o(f(x)xg(x)) of (x) ag(X)
( ) xg(x) + f(x)x
d0x 0x
(define (derive-product expr var)
(make-sum

(make-product (%) (g(x)))
(make-product (f(x)) (ag;x)))




hw08p8: derive

0 0 0
F@X90) 0@ 0 1 ey 29D

(define (derive-product expr var)
(make-sum
(make-product
(derive (first-operand expr) var)
(second-operand expr)

)

(make-product
(first-operand expr)
(derive (second-operand expr) var)

)



hw08p8: derive

o(f (1))

= = g(OXf(x)ID

(define (derive-exp exp var)

) (g(x)xf(x)9971)



hw08p8: derive

o(f (1))

= = g(OXf(x)ID

(define (derive-exp exp var)
(make-product
(g(x))
(f(x)9~1)
)



hw08p8: derive

o(f (1))

= = g(OXf(x)ID

(define (derive-exp exp var)
(make-product
(second-operand exp)

(f9e1)
)



hw08p8: derive

o(f (1))

= = g(OXf(x)ID

(define (derive-exp exp var)
(make-product
(second-operand exp)

(make-exp
(f(x))
) (g(x)—1)



hw08p8: derive

o(f (1))

= = g(OXf(x)ID

(define (derive-exp exp var)
(make-product
(second-operand exp)

(make-exp
(first-operand exp)
) (g(x)—1)



hw08p8: derive

o(f (1))

= = g(OXf(x)ID

(define (derive-exp exp var)
(make-product
(second-operand exp)
(make-exp
(first-operand exp)
(make-sum (g(x)) -1)
)



hw08p8: derive

o(f (1))

= = g(OXf(x)ID

(define (derive-exp exp var)
(make-product
(second-operand exp)
(make-exp
(first-operand exp)
(make-sum (second-operand exp) -1)

)
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