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.07 N1an 7y eval n'X;2I5NY 7¥ N7yoMl nn'wIn v A'00/N N1ANA IYNNYN (NN .'9'X90

:map N'¥I9N ¥ n1ann

(map fname list)
NN'YIN NQRN TRR 7D 7V D'¥21190 7W n7090 N1'NY NN'wA TRNTENN'WALTAR VINIATKR N72PNN N'Y219 7w DY 727N N'¥190
'X72197 D'0INIARN NI'PN DX NYNT [N .ANRNN
Y1911 NINAN NNIYA DX 1I¥I0 D N1 ,XNAITY

val (res,env) (eval (parse (tokenize "(define pi 3)")) env);

val (res,env) (eval (parse (tokenize "(define area (r) (* pi (* r r)))")) env);

NNXNN

val (res,env) (eval (parse (tokenize "(map area (1 2 3))")) env);
0'9TN
val res =CONS(ATOM (NUMBER 3),CONS (ATOM (NUMBER 12),CONS (ATOM (NUMBER 27),ATOM NIL))) : SExp

val env = [fn] : (string -> SExp) list
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;N eval 7wi env 7w Nnin'NNn
val env = [fn] : (string -> SExp) 1list
val eval = fn : SExp -> (string -> SExp) list -> SExp * (string -> SExp) list

:AX'" SExp INIX N1ann
:XIN X190Ne

ATOM(NUMBER (X))
N'NSNTNNNe

ATOM(SYMBOL(s))
:XIN (x1 x2 x3 ... xn) (D*2A10 ['2 O'X¥NIN D'NINA D'TI9INN SExp q¥1) nn'wNe

CONS(x1, CONS(x2, CONS(x3, CONS(..., ATOM(NIL)))))



fun eva
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1 exp env = (case exp of
ATOM(atom) => (case atom of

NIL => (ATOM(NIL), env)

NUMBER (number) => (ATOM(NUMBER(number)), env)
SYMBOL ("nil") => (ATOM(NIL), env)

SYMBOL ("true") => (ATOM(SYMBOL("true")), env)
SYMBOL ("false") => (ATOM(SYMBOL("false")), env)
SYMBOL (symbol) => eval (find symbol env) env)

(* ... some cases omitted ...*)

)

(case

CONS (

ATOM (SYMBOL "map"),

CONS(ATOM (SYMBOL (functionName)),CONS(1lst,ATOM(NIL)))
=>

1st of

ATOM(NIL) => (ATOM(NIL),env)
| CONS(x,xs) => let

val (first, ) = (eval (CONS(ATOM(SYMBOL(functionName)),CONS(x,ATOM(NIL)))) env)
val map_exp = CONS(ATOM (SYMBOL "map"),CONS(ATOM(SYMBOL (functionName)),CONS(xs,ATOM(NIL))))

(rest, ) = (eval map_exp env)
in
(CONS(first,rest),env)
end

_ => raise MlispError)
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:![ :'N 9'VOo
NIRAN NNTANA TV
type 'a Node = {Element: 'a, Count: int};
datatype 'a RankTree = Nil | Tree of {Left:'a RankTree, Node:'a Node, Right:'a RankTree};

nN'Xj2219N NX N Tan

val insert = fn : ('a * 'a -> order) -> 'a RankTree -> 'a list -> 'a RankTree
.AN'YID 0DNARN DX 79Nn0 WTh NIANT YV M'TNNIE, DM IIN'YAL NIANT YV ,nNXIHTYN NYX219 n'n,'mn
1A' DY NXHYNN NYXAIDY YyaA'XR DY DX UTNH 12X c]'OI:’]"I |'N ,'1YJI"D YV D'NXN] N2OW 0N f]'OIﬂ'? |I'N ‘n'NIn
DT .EQUAL "M'Thn wTNn

datatype order = LESS | EQUAL | GREATER;
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{Element=elem, Count=count};

fun create _node (elem,count)

fun insert_item cmp Nil item = Tree({Left=Nil, Node = create node(item,1), Right=Nil})
| insert_item cmp (Tree({Left=1left, Node={Element=elem, Count=count}, Right=right})) item =
case cmp(item,elem) of
EQUAL => Tree({Left=1left, Node=create node(elem,count), Right=right})
| LESS => Tree({Left=(insert_item cmp left item), Node=create node(elem, count+l), Right=right})
| GREATER => Tree({Left=left, Node=create_node(elem, count+l), Right=insert_item cmp right item})
in

fun insert cmp tree items = foldl (fn (item,t) => insert _item cmp t item) tree items

end;
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2 Qo
D'2'INNN DNA'RN 7Y 1TON NI'RAY YV ,RNAITY? .YUﬂZl'N 7¢ N1'MNN NNTOA MIPN XIN YV 12'R 7V (rank) OpTI'RN
.6 11'n 7 12'Rkn 7w opT'NntL1,3,4,5,6,7,9 n'n

.NAMN ')

exception NotFound;

nN'Xj2119N NX N'TAN

val rank = fn : ('a * 'b -> order) -> 'b RankTree -> 'a -> int

NPT NONK YV 17W OPTI'RN NN DTN DNZII9N YV KXNI QRN DTN QKR NRT YV ,ARIYN DY RPI9 N7a7nn
.NotFound na"nn NX
7V D'NNXN DX [N 19071, (inorder) yya Na'Rn 7W NNIXN NIX WONT7 W' YV 12K 7W O TI'RN DX 2AWN7 1O :0'NIN

JNIXD 7Y '7%NWN YYD NN D'NNXN DX [D1ENT QRN D0RN DNA'KR DY YV WI9'Nn 71700
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fun getCount Nil = ©

| getCount (Tree({Left=_, Node={Element=_, Count=count}, Right=_})) = count
in

fun rank cmp Nil item = raise NotFound

| rank cmp (Tree({Left=1left, Node={Element=elem, Count=count}, Right=right})) item =
(case cmp(item,elem) of
EQUAL => 1 + (getCount left)
| LESS => rank cmp left item

| GREATER => 1 + (getCount left) + (rank cmp right item))
end;
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:'2Q'vo
2 N'Y71190 DX N'TAN

val find = fn : 'a RankTree -> int -> 'a

NX NPT NINR AT A'R MI'ThN N'X22190 YV AT 0)72'R DY NA'X D71 NT'NA , O TI'XI NIANT YV n'nrmn
.NotFound nannn

INNWN YV NNQ XXN) DT OPTA'R 7V NQ'RN OXRN 21727 W' [IN1 07 TI'R7 D'RNNN YV N2'RN IR KIXN? 122 :0'NIN
D'NNXN IO0N NX O TI'RNN D'Y'ONN MWK "IN'N YVN NN NA'RN NX wUoN7? NONKX ,N'A'0NY DY NA'RN NIR wonoi

21NN YYD NN D'RYN1 K7W
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local 2
fun getCount Nil = ©

| getCount (Tree({Left=_, Node={Element=_, Count=count}, Right=_})) = count
in
fun find Nil rank = raise NotFound
| find (Tree({Left=left, Node={Element=e, Count=count}, Right=right})) rank =
let
val right rank = getCount right
val left_rank = getCount left
in
if ((count - right _rank) = rank) then e
else if left_rank >= rank then (find left rank)
else find right (rank - (count - right_rank))

end

end;
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' T9Q'VOo
XIN 'X Q'vod insert N'XPAI92 17'R1 2" * 'b -> order KIn '2 9'W02 rank N'¥2192 NXIWNN NYY119 7w 019'0N VITN

?a' * 'a -> order
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N'TN D'WINN 70 IN'YN] DONITY NN U7an NIRN2E, TIYUN YN NINIZN N9AN 7w Wi 720 NIXISNN NIyl
.OI'N7 121 TIT'22 X¥N'N7 DDMYY
DY NT'N' NNIYI N2 9212 72TIYW DTX 727 AWUKRD L I'TAY VTN NINMIYY NIX 127 79010 NIRNAN 7w )0 NI

:9'A1 72T name MWW DTRN 1AW (NIWI UTIN,OI') 1" IRNN
sick(name, date(Day, Month, Year)).
2'NJ1IN INNN DY NNIYWA 117 poon >"awn
today(date(Day, Month, Year)).
,7uny
today(date(16, 7, 2020)).
:(NM2yn nawn n7ynnY [N1) TN 752 0''N 190N DY NINIYY DA NRIM)
mdays(1,31)
mdays(2,28)
mdays(3,31)
mdays (4, 30)
mdays(5,31)
mdays(6,30)
mdays(7,31)
mdays(8,31)
mdays(9,30)
mdays(10,31)
mdays(11,30)
mdays(12,31)
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N Qo
NN IYUNN .TITA% 012'0n7 1¥W DTRD 7N 3m-n TNN D"YIAY 197N DIVYW DTN 72 ' Tan NIKMNAN TN
T2 R¥N'NT X 7V DX 771 DK (7NNIRN X7 IX '02217) X 077 212y npononn bidud(X) nx2an

:NINQN NINIYAN Y ,NNAIT?

sick(noa, date(10, 7, 2020)).
sick(alex, date(7, 7, 2020)).
sick(raviv, date(2, 7, 2020)).
sick(daniel, date(3, 6, 2019)).
sick(tomer, date(29, 12, 2019)).
sick(itay, date(30, 12, 2019)).
Xl

today(date(16, 7, 2020)).
bidud(X(.
:N2N V790 7N

X=noa ; X=alex ; false.
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within_ 2 weeks(date(D1,M,Y), date(D2,$,Y)) :- D1 #>= D2, D1 - D2 #< 14.
within 2 weeks(date(D1,1,Y1l), date(D2,12,Y2)) :- Y1 #= Y2 + 1,
mdays(12,D3),
(D1 + (D3 - D2)) #< 14.
within 2 weeks(date(D1,M1,Y), date(D2,M2,Y)) :- M1 #= M2 + 1,
mdays(M2,D3),
(D1 + (D3 - D2)) #< 14.

bidud(X) :- today(D1), sick(X, D2), within 2 weeks(D1,D2).
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:'2 q'Wo
w2 71707 nxIN NN 10'wa9l DA D'WINY N'7'A NIXNAN TYYUN NYd
IN,N7N 12 0I'N TR D"'YIAY 197N DLW e

:1'"22%7 0101 D'RAN D'RINN YY) e

.DTNN NPT DI'7 D'TIMXN (0 14) D"YIAYA NINIZA 72TIYW DTN WAD o

010N Y"INXN] D'WIR 1Y 7
meeting(namel, name2, date(Day,Month,Year)).

ANWIASN DIM DAY NI 7D7197N e
Y U291 NINXNNAN D"2Win OXY NINIYA DD'T'7 101N XIn D DWY

NIMYTAN '97 DI'NY [121 TIT22 NIFNT7 D'DNIXY D'WINRND 7D DX KIXNT7 1D (7nNIkn X7 IX "0 1p, X 2a1w) shabak(X) Nk wnn'? 0>y

meeting(noa, alex, date(9, 7, 2020)).
meeting(alex, michal, date(10, 7, 2020)).
meeting(noa, guy, date(8, 3, 1920)).
meeting(noa, guy, date(8, 7, 2020)).
meeting(raviv, itay, date(6, 1, 2020)).
meeting(noa, raviv, date(11, 7, 2020)).
meeting(guy, dimion, date(15, 7, 2020)).
meeting(david, dimion, date(15, 7, 2020)).
meeting(alex, noa, date(1l5, 7, 2020)).

today(date(16, 7, 2020)). shabak(X).

X noa; X alex ;X = guy ;X = raviv ;X = michal ;false

JINN2N YN 7w TN
:NIN2N NINIYIN Y ,NNAITY?

XNl

:N2n V790 7PN
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sym _meeting(X,Y,D) :- meeting(X,3,D) .
sym meeting(X,Y,D) :- meeting(Y,X,D).

shabak(X) :- bidud(X).
shabak(X) :- today(D1),
sym _meeting(X,Y,D2),
within 2 weeks(D1,D2),
sick(Y,D3),
(within_2 weeks(D3,D2) ; within_ 2 weeks(D2,D3)),
not(bidud(X)).
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:'A Q'Wo
I'227W DTN 70 IR ,NI7D ,NIaT 7w n7unl v '77(_\1%) 7170'w D TITAN 72UN DX 2'NINT7 Wzan NINNAN TN
:D'NINN NYI7WUN TNX NIND7 D'

N7N 12 0I'N TRN D"YIQW 197N D0

NYADN DI'N D''YIAY 197N DI0I,0TRN NZATN DI'7 D'TINXN DY'YIAYI] NINIRA 72TIYW DTX WADe

NY'A9N DI'N D'"VIAY 197N DOVI,TITA2 2"NY DT WADe
IN 'OV NI'NT 2107, X 21w WKRD) INyd TIT2a% 010'n7 Dn'7ww 178 75 nimw NX 'R doomed(X) NX wnn'7 037y
.(Nnwn

NN, 0MTIPN D'9'YON "Y1 11D NINIYA [NIX NIAY ,NNAIT?
today(date(16, 7, 2020)).
doomed(X).
:TIT'2 NINYW7 2'1N' 101X T7 001N DX 7D

X = noa; X = alex ;X = guy ;X = raviv ;X = michal ;X = dimion; X = david; false.
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doomed(X) :- shabak(X). 3

doomed(X) :- sym meeting(Y,X,D2),
today(D1),
within 2 weeks(D1,D2),
doomed(Y).
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UNNWN7 |'K . T2A72 atoml car, cdr, cons, cond, eoZefunnl'xmlsnl ,90'"7 W PITRTA WNNWNT7 'Y ,IT N7RWA
.TA72 S "va NiM'vwNa XX L9071 DNYona

DX N'TNNIEXS NN NNYW AWK NN'WALEX DY INY YR SHI0 :DN0NI9 AW N7a7n QWX SNOC n'¥21190 DX AIMD X
N7 1N ,|1n1 .CONS n¥71190 7w nm Q190 N SNOC -7 0"MuN19n 170 .XS NN'YAN Q102 NS0INN N7apNnn NN'wAn
ATY NIYA19 TN ,naIn

(defun SNOC (XS X) (cond ((eq XS nil) (cons X nil))
(t (cons (car XS) (SNOC (cdr XS) X)))))

ANON7 N1 1VaN DX TRUE-7 9072 721mn 7wn IR 0Tt S 10 N7apn AR LISTABLE n'¥j?a19n NN 2IND A
ANDN7 712' 'K 10N DX FALSE %7 90'71 721700 0vn DXL (NINM'wA 7w IR DI0K 7W An'YID 1N172) Nin'wAn 2'N0]
Ngatibhal

(defun LISTABLE (S) (cond ((eq S nil) t)
((atom S) nil)
(t (LISTABLE (cdr S)))))
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290

NP'TA NIX NN7¥N2 NNAYY NFDINY D AN NADIN NAIWNN DX 1IN0 T-1 0 D'0I19'0N 7¢ NNTAN AIT 72D 11y
.NNIYI 0 X7 NTY? N AT NWA? NoIN X7 0717 0'o19'on

T 7w subtype n'n' 0 -w "N (X)
selective update nhoixn nowa 0 T 7w subtype n'nt 0 -w Anm ()
selective update nn'nnn nowa 0 T 7w subtype Nt 0 -w NN (1)

T 7w subtype n'n* 0 -w 1IOK (T)

type o type T naIwn
o ={{:int, £:int} r ={€:int, 4:int, £:int} 1) @) (n)@
o ={4:int, &:{4:int, £: int}} r ={4:int, {:{4:int}} M W@ ®
o ={{:int, £:int, £:int} r ={4:int, £:int} (1) @) (1)@
o=fn:{l:int, £:int, £:inty —>int | T =fn:{&:int, £:int} — int @(a) Q) (%)
o=fniint > {£:int, :{4:int}} t=fiint = {4 :int, {:{f,:int, £: int} @()) Q) (x)
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N2 707 .nmdnn para ninxn niwTN (binding) NIDMD 17'R MY NIXAN NITIDNNNA NNX 70 112y

N/wmY (value\entity) 7W/niwna N (type) 019'00 NX ,(name) oW DX |'"'x7 W' ,(binding)

fun ++ n = (n := In + 1; n);

int ref -> int ref o019'Un NI'AY NMITAMN ANPAU97 ++ DY |2 NDND MY

val f = let val x = ref 42 in fn () => ++ X end;

.int ref o19'uon N'nW ref 4277VY% x DWN A7 N'¥73190 7V 1'TN1ID 1202 NN MY A'NN

.unit->int ref 019'VN NI'NY NYTAMN D¥ZAIDT7 f DY 2 N2 NIY! PN INKY
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IYna -1 9wo

val g = fn () => let val x = ref 42 in ++ x end;

.unit->int ref 019'UN NI'NY NITAIMN N'¥PAIO7 £ DWN ['A NIM1D NIY!

INTIDNN AT NYNINNA NI'X X DY 1AV N2'M100 D 27 D'

local val x = ref 42 in fun h () = ++ x end;

NDMD NxN PIL,int ref o19'un ref 427W7xown 2 localn 7¥ N'M15n N2'201 NN NN

.unit->int ref 019'UN MTAMN N'¥72190 |27 h WD |12
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NITIDNN 7D VIXT DI'O ANXT7 N2'07 1901NN NIYTN (bindings) NI2MD 17'X 1MW .NIS0I1 NITIDN |77
) 1V/Niwn NN (type) 019'0N NX ,(name) Dwin NN |"'x7 W', (binding) n2>™M 727 .17 10

N/ wmwvalue/entity)

val (r,s,t) = (£(),80),h())
val ((),(),()) = (r:=0,s:=1,t:=2)
val (u,v,w) = (£(),8(),h())
val (x,y,z) = (£(),8(0),h());
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val (r,s,t) = (f(),g(),h())

val

r\

= ref 43, val s

ref 43, val t

val ((),0),()) = (r:=0,s:=1,t:=2)

val
val
val
val
val
val
val

val

r\

(u
r

u

(x

= ref
V5 W)
= ref
= ref
»Y52)
= ref
= ref

= ref

0, val s

ref 1, val t =

= (f(),g(),h())

1, val s

1, val v

ref 1, val t =

ref 43, val w =

= (f()Jg())h());

2, val s
2, val v

2, val y

ref 1, val t =
ref 43, val w =

ref 43, val z =

3

ref 43

ref 2

ref 3
ref 3

ref 4
ref 4
ref 4

Iwnn -"aQwo
MW 2 NX7 17w npMd 17X DivM

DIDTN
fun ++ n = (n := !n + 1; n);

val £ = let val x = ref 42 in fn () => ++ X end;

val g = fn () => let val x = ref 42 in ++ x end;

local val x = ref 42 in fun h () = ++ x end;
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:N2N 10N 7w (value) 7vn nnl (type) 019'0N 1NN ,0MTIPN 0'9'WOI NITIDNN NDNY

[lr, 1(FO)), M6, ey Us, T(FQ)) + Y(FO)) IS
Val it = [2, 3, 4, 3, 1, 9] : int list

nN'NN 0y ML7¢ N'ONIS'N N0 N7NNNNNA TIPN DX D'¥N 1N 17 230 100 7w 7vn 0 nni o19'on nqn nn

217111 N2IDIN NAIYNN NX 1210 ?(dynamic scoping) N'MNI'T

7V INIXRI 019'V INIX (K)

N1IY 1Y X 019'V INIX (1)
O19'0 NKX"AY (1)
NXM NXRAY (T)

:71n"

X DY NIY' N7W 12202 1TAmM X7 h n'¥j1197 X1 Cwxo
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.ML nowa xan mipn 1ima (4)

val n = 3;
fun foo x =
let

fun foo x = x + n
val n = foo x

in
foo x

end;

‘ML 7w nrronion nixoY'a yaIx 11l
Applicative order ynywi (Lexical scoping) n'7j'o? nn'nn (a)
Applicative order ynywi (Dynamic scoping) nmaT nn'nn (b)
Normal order qnywi (Lexical scoping) n'7p'op'? nn'nn (C)
Normal order Ynywi (Dynamic scoping) n'maT nn'nn (d)

.N7202 NQIYWNN DX X7M7 X3 ?ML 2 7"30 n1onann TNX 722 £oe n 10N W N N

Lexical scoping Dynamic scoping
foo n

Applicative order (a) 6 (b) 9

Normal order (c) 6 (d) 12
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.ML nowa xan Tign jima (5)

val t = ref 0;

fun ++ = (t = !t + 1; t);

val t = ref 1;

fun bar t = if 't * 't < 5 then 't else !'(++ t);

.N7202 NRIWNN DX X'M7 X1 7ML 7w 7"10 nionann TNX 792 bar (++ (++ t)) '101an )W A nn

bar (++ (++ t)) Lexical scoping Dynamic scoping

Applicative order (@) 2 (b) 4

Normal order (c) 3 (d) 4




-6 N 72N
A I 5 I 1 9 aNIXNN transpose DRI LPTIOIAN] A

transpose pl(A, B)
LDIAPIIP D'DINININD YN TNR NINGY7 TWK]
XMDNI MIY NIINN N9 AN 22 IWRI NI 22 NN %2 NI NIXNLA 72PN LP'TIaN
AT = B :aniha A% 1190w B IwKI panon bprman

NNDAIT
?- transpose pl([[1,2,3],[4,5,6],[7,8,9]], Ts).
Ts = [[1, 4, 7], [2, 5, 8], [3, 6, 9]].



-6 N 7" an
transpose_first row([],[]1,[1])- AII1I19

transpose first row([[X|Xs]|Rest1],[X|Rest2],[Xs|Rest3]) :-

transpose_first row(Restl,Rest2,Rest3).

transpose_pl([[1|_1,[1).
transpose_pl(Mat,[R|Rs]) :- transpose first row(Mat,R,Matl), transpose_pl(Matl,Rs).



NINY — "2 Tyin 2019 2'aX

4 (‘m 15) 4 "INV

nminmh

,2'0NIPY [9IX] .DNXYA DY D70W DYY-NN? onny 2" aaxnn v 7va yy xin (binomial tree) mnma yy
YV 7¥ wIiwn nooinn 7apnn ,n Ton B, minan yvn ;1271 TNX Nnixn 10m ,B, mionn ,0 110N 'Nifan yyn
U'y viiwn 207 B, ;1N 02y oy wiwn 217m B, ,0191 ANk B, i yy 7w wiwn 7w qon xyxxyd B, mna
D' DY waiwn 200m B, mnma yy 12'97 AR 1 omm T 21 7xnwn B, 9w pniy DRy v 17
D'N2AN 700 D'¥V-NN DY wIv W yy 97 .3 v 0 naan o' oy ' 9xnwn xa B ,...,B,,B,, B,

1mn 0MIn

Order 0 1 2

°Q L .. A

W
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|0 DAY 73 W "Nnnwn 799" NX 0t i yy %5 .0rmin o'y v qoix X' (binomial heap') nmna anny
13 71122 NNt AannY? NNt .1Ma 73 D1yn N

® © (12
ey 2 @7
@9 63 @) @3

63

DM NNWIE MR YY a7 ML nowa nnTan 01197

nNTan

(* Binomial tree defined as (node value, list of children trees) *)
datatype 'a tree = Empty | Node of 'a * ('a tree) list;

(* Binomial heap is a list of (binomial tree, rank) in ascending rank order *)
type 'a heap = ('a tree * int) list;
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val merge = fn : int heap -> int heap -> int heap
XN NNAIT
- val h1 = [(Node (5,[Node (21,[1)1),1)1;
- val h2 = [(Node (17,[Node (99,[1)1),1)1;
- val h3 = merge h1 h2;
val h3 = [
(Node (5,[Node (17,[Node (99,[1)]1),Node (21,[1)1).2)
] : (int tree * int) list
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|  merge h2 [] = h2

fun merge [] hl

| merge ((t1,nl)::xs) ((t2,n2)::ys) = if nl < n2 then ((t1l,nl)::(merge xs ((t2,n2)::ys))) else
if n2 < nl1 then ((t2,n2)::(merge ((tl,nl)::xs) ys)) else
let
val (Node(nodel,l1l1l))
val (Node(node2,12))

tl
t2

val tree = if nodel < node2 then (Node(nodel,t2::11))
else (Node(node2,tl::12))
in
merge (merge [(tree,nl+l)] xs) ys

end;
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fun merge_trees (Node(nodel,l1)) (Node(node2,12)) !4l

fun

1 nodel < node2 then (Node(nodel, (No¢5H1eP iiA TS r1y)

else (Node(node2, (Node(nodel,11))::12));

merge_aux [] = []
merge_aux [t] = [t]
merge_aux [(t1,nl1),(t2,n2)] = (case nl = n2 of
false => [(t1,nl1),(t2,n2)]
|  true => [(merge_trees t1 t2, nl1 + 1)])
merge _aux ((t1,nl)::(t2,n2)::(t3,n3)::xs) = (case nl = n2 of
false => (t1l,nl) :: (merge_aux ((t2,n2)::(t3,n3)::xs))
|  true =>

if n2 = n3 then (t1,n1) :: (merge_aux ((t2,n2)::(t3,n3)::xs))

else merge_aux ((merge_trees t1 t2, n1 + 1) :: (merge_aux ((t3,n3)::xs))));
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fun merge heaps hl [] = hl 4

|  merge _heaps [] h2 = h2

| merge _heaps ((tl,nl)::xs) ((t2,n2)::ys) =
if n1 < n2 then ((tl,nl)::(merge_heaps xs ((t2,n2)::ys)))
else if n2 < nl then ((t2,n2)::(merge_heaps ((tl,nl)::xs)) xs)
else ((tl,nl)::(t2,n2)::(merge_heaps Xxs ys));

fun merge hl h2 = merge aux (merge heaps hl h2);
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val insert = fn : int heap -> int -> int heap

XN NNAIT

- val hd4d = insert h3 9;
val h4 = |
(Node (9,[1),0),

(Node (5,[Node (17,[Node (99,[]1)]1),Node (21,[1)1).2)
] : (int tree * int) list

fun insert h elem = merge h [(Node(elem,[]),0)];
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val delmin = fn : int heap -> int heap

XN NNAIT
- delmin h4;
val h4 = [
(Node (9,[Node (17,[Node (99,[1)]1),Node (21,[1)1).2)

] : (int tree * int) list



NINY — "2 Tyin 2019 2'aX

fun min _1st m [] = m 4

|  min_1lst m (x::xs) = if x < m then (min_lst x xs) else (min_1st m xs);

fun create heap [] _ = []
| create heap (t::ts) n = (create_heap ts (n-1)) @ [(t,n)];

fun delmin_aux _ [] _ = []

| delmin_aux m (((Node(elem,1l)),n)::xs) begin 1st = case m = elem of
false => delmin_aux m xs (begin lst @ [((Node(elem,1l)),n)])
| true => (case (null 1) of
true => xs

| false => merge (begin_lst@xs) (create_heap 1 (n-1)));
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fun delmin [] = []
| delmin h = let

val head 1st = map (fn ((Node(n, ), )) => n) h

val min = min_1st (hd head 1st) (tl head_1st)
in

delmin_aux min h []

end;
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exception E;
fun r(x) = if (x mod 2 = 0) then raise E else x;
fuii £(a;[]) =0
| £(a,x::xs) = (a*x + f£(a,xs)) handle E => x+f(a, xs);

val x = 2;
£(r(x), [3,4]);

‘ML 7¢ D'N2N D'OIRNIINM TNX 722 120100 079 A NN ANYD

dynamic binding, eager evaluation .2 static binding, eager evaluation ny ML .X
uncaught exception E uncaught exception E
dynamic binding, normal-order evaluation oy ML .7 static binding, normal-order evaluation by ML .2

valit=13:int valit=7:int
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datatype fselem = File of string * string |

Folder of string * fselem list;
720N
(N1M90 IX D'¥2p) N2 D'70MN D'VINYX 7Y AW DY W' (Folder) Nn™19071,p1IN1 oW W' (File) yal'? AwKRd ,NIMS01 0¥ N'7'oN 0'¥27 NDWN

N'¥22190 DX wnn'7 037y (‘1 4) X

val find = fn : string -> fselem -> string list
NN N7'2NN NM90N TVI NM7NNNN NMI90NN NIMS0N 71701 NX 17D ,yal7? X'mn path — 0 NX DTN, N'M7NNN 0901 Yaly oW N7apnn
JIM90N 70 Ny NX 07NN nn'wA My axit 72170nn .yapn
NotFound NAMINN DX PINT7 W' XXM X7 Yalpn DUI TN

NN NRMPN IV XNATY?
find "f" (Folder("a", [Folder("b", [File("f", "some content...")])1));

NN ARXINN
[uan, ubu]

JIMIN NIMD0N YV NN DY INIX DY T'N' YAl NN 727 nw'w nn% [nn
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fun find ¥ name (File(name, )) = if name itaname then [] else raise NotFound

| find _ (Folder(_,[])) = raise NotFound

| find f _name (Folder(name,f 1lst)) = name :: (find f_name (hd f 1lst))
handle NotFound => find f_name (Folder(name, (tl f 1st)));
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val find content = fn : string -> fselem -> st#glk list list

,'N Q'yon N1iwa .7"10 DINN *2pa 0'¥aEn 70 IR wsNN,NM7NNN NM90I1 YAl 7¢ DIN NAX'NY NTNNN N72pnn
SUNIN VIT 'R Y2 DW DYON,[D 11D .NIMD0 21701 7W NN A'TNRN NY72190 [27,0TD TAN YaI7n NI y'oIn 710

J170nnn 27N 100007 W DY
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find content "abc" (Folder("a", [File("f1l", "abc"), Folder("b", [File("f2", "abc")])]));

N'NN AKRXINN

[["a","f1"], ["a","b","f2"]]



NNV — 'N TVIN 07-08 Q1IN
4

fun insertFirst x 1 = map (fn 1lst => x::1st) 1

local

in
fun find_content ¢ (File(name,content)) = if c = content then [[name]] else []
| find _content c (Folder( ,[]1)) = []
| find content c (Folder(name,(f::fs))) =
(insertFirst name (find_content c f)) @ (find content c¢ (Folder(name,fs)))

end;
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val scorch = fn : fselem -> fselem 4
(KINW N2 NIMD0N N1AN DX N'RYN 7aKR) [ININ NIMS0N 11N 0¥ 72 NX NNt L, N'M7NNN N"M90 N7a7nin
LOXRXINN DX NY'tNNl

.(File) yal X71 (Folder) n"z'n N1'n N'N7NNNN N*I%0N D 1NN
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fun scorch (Folder(name,[])) = Folder(name,|])
| scorch (Folder(name,(File(_, ))::fs)) = scorch (Folder(name,fs))
| scorch (Folder(name,(f::fs))) =
let
val (Folder(_,scorched)) = scorch (Folder(name,fs))
in
Folder(name, (scorch f)::scorched)

end;



