Programming Languages: Functional Programming

Midterm Examination
Oct. 26, 2023

1. (20 points) &% anime :: List (String, (Int,Int)) @ —EEZHEHHE FIREZ FH AT
0 flan

anime = [(" FAL/NE", (2011,2017)),
(" /NITRENS (1973,2005)),
(" BEE/NFRAR"(1972,1980)),
(" Aiﬁﬁfﬁfﬁ", (1999,2020)),
(" EEREEERE", (1998,2000))] .

X f& &% people :: List (String,Int) & — %% A B R 945 F (2023 F) BF4L > BFIW
(("Alice",20), ("Bob",28), ("Clare", 17), ("Dan",45)], T3 & ¥

allWatchedBy :: List (String, (Int,Int)) — List (String, Int) —
List (String, List String) ,

{5515 allWatchedBy anime people 5| G FRENE B BRIA o Fl70 » £ LR FIFH » allWatchedBy
anime people &5 R E

(" BANEY, |
(n /J\I]T[]"L‘H ["BOb" "Dan"])

(" BEE/NFRER[]),

(u lﬁ%"‘ﬁ"‘ﬁu, [n 11C€" "Bob" "Clare"])
(n r‘/i{fn [IIB n])]

RN RO REABLERE () It — Int — Int, FEMBEZHZ FHE/NE - 3 (1)
Int — Int — Int, FEIMESHZ PRI KFE -

'Alice","Bob","Clare"]),

Solution: A TR —EAJREE XL o

allWatchedBy :: List (String, (Int,Int)) — List (String, Int) —
List (String, List String)
allWatchedBy anime people =
map (A(prog,duration) — (prog,watchedBy duration people)) anime ,

watchedBy :: (Int,Int) — List (String,Int) — List String
watchedBy duration = map fst - filter (overlap duration - snd)




where overlap (x,y) age=ylw>x71z
where birth = 2023 — age
(z,w) = (birth+3,birth+18) .

2. (20 points) #EBH map-fusion B : A f 8 g, map f-map g = map (f - g).

Solution: That is equivalent to proving that for all xs, map f (map g xs) = map (f - g) xs
The proof is an induction on xs.

Case xs:=[]:

map f (map g [])
= { definition of map }

[]

= {definition of map }

map (f-g) [] -

Case xs:=x:xs:

map f (map g (x:xs))
= {definition of map }

map f (g x:map g xs)

= {definition of map }
f (gx):mapf (map g xs)

= {induction }
f(gx):map (f-g) xs

= {definition of (-) }
(f-g) x:map (f - g) xs

= { definition of map }
map (f - g) (x:xs) .

3. (15 points) Haskell 1‘E° NEFRBE zipWith I/_I%Z B RE zipWith:: (a — b — ¢) —
List a — List b — List c. /Ef zipWith f xs ys #§ xs 2 ys PRI BEREERNTEEL f - 5
u zipWith (+) [1,2,3,4] [5 6] = [6,8]; zipWith (:) [1,2] [[4,5],]],]7,8]] = [[1,4,5],[2]]. B

M EmEAEER > EMERIIRERGR - zipWithf IBZHNTREEE -
A EFE —EREL lzipWith » TRFEI zipWith, BEERZHTERE TR - fla0
lzipWith (+) [1,2,3,4] [5,6] = [6,8,3,4] .
FaEAA -

Page 2




Figure 1: An internally labelled binary tree.

Solution:

IzipWith:: (a — a — a) — List a — Lista — Lista
]

lzipWith f | ys =ys
lzipWith f (x:xs) [] =X:XS
lzipWith f (x:xs) (y:ys) =f xy:lzipWithf xs ys .

4. (20 points) Tt ERHEER AR A BT Z T
data ITree a = Null | Node a (I Tree a) (I Tree a) .

Bign > ¢ ALAERE 1M ZJTH - Node REIREFAIEE: » AR ; Null B ER - &

1AL ©

t::ITreeInt
t = Node 6 (Node 5 (Node 7 Null
(Node 11 Null Null))
Null)
(Node 2 (Node 3 Null Null)
(Node 9 (Node 1 (Node 8 Null Null) Null)
(Node 4 Null Null))) .

BB — R E levels :: 1 Tree a — List (List a), {56 —F & & 1 K -F B BIIER o Bl U0
levelst = [[6],]5,2],[7,3,9],[11,1,4],[8]].

o - THRE LIRZBR  URAZEPERBHIRE -
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Solution:

levels::1Tree a — List (List a)
levels Null =]
levels (Node x t u) = [x]: lzipWith (++) (levels t) (levels u) .

5. 8 E R xs, dels xs S ET 1 xs Z HHBRr—EITR NPT B AT REAER o 5120 dels "abede" =

["bcde", "acde", "abde", "abce", "abcd" .
dels:: List a — List (List a)

dels [ ] =17?
dels (x:xs) = xs:map (x:) (dels xs) .

(a) (5 points) Base case Fl dels [| = 7? WG FiBEZETE?

Solution: dels [] = [].

(b) (20 points) F&RP
dels (xs ++ ys) = map (++ ys) (dels xs) +H map (xs +-) (dels ys) .

"R RATRE IR EME
e ([]+) = id, EH id )& identity function, id x = x.
« map id = id.
e mapf (xs++ys) =27+ 77, BSREECS T °
o« () (H D)) = (+H [y]) - ().
o ((x:xs) +) = ((x:)??), BIREES M °
« UEREETRENMES -
B AN HER -

Solution: Induction on xs. Case xs:=[]:

map (+ ys) (dels []) ++ map ([] +) (dels ys)
= {definition of map and dels }

[]++ map ([] +) (dels ys)
= {([]+)=id and map id =id}

dels ys
= { definition of (++) }

dels ([] ++ys) .
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Case xs:=x:xs:

map (+ ys) (dels (x:xs)) + map ((x:xs) ++) (dels ys)
= {definition of dels }
map (++ ys) (xs:map (x:) (dels xs)) +H map ((x:xs) +H) (dels ys)
= {definition of map }
(xs{—H— ys)f: map }(—H— ys) (map (x:) (dels xs)) ++ map ((x:xs) +) (dels ys)
= {map-fusion
(xs 4+ ys) :map ((+H ys) - (x:)) (dels xs) ++ map ((x:xs) ++) (dels ys)
= {(Hys) (x))=(x)-(Hys)and ((x:xs) H) = (x:) - (xs +) }
(xs +H ys) :map ((x:) - (- ys)) (dels xs) + map ((x:) - (xs H)) (dels ys)
= {map-fusion, map f (xs + ys) = map f xs ++ map f ys }
(xs{—H—dys) :malz}a (x:) (map (+ ys) (dels xs) + map (xs ++) (dels ys))
= induction
(xs +H-ys) :map (x:) (dels (xs ++ ys))
= {definition of dels }
dels (x: (xs ++ ys))
= { definition of (++) }
dels ((x:xs) + ys) .
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