


Electure5 :
·Get
⑧ Booleas

· Induction



-

Val xiint = 5

Val Y : int
= x+2

Declarations

↓fun f(x) = 2 * x + 3



let
val xiint= 5

these variables

in
Valy = x + 1 7 exist in

⑮
end

this expression (localvariable
↳> let val x =5

Let val +=5
-

in
Valy =5+1

# in valy=

5+y e5y
- 5+6 +> 11



Val z T let val@=5

in
-> as
+Y

Val w =z error : no x in scope

"Nearest
enclosing binder"



let Val x = e,

end

: A Dit

7in ↳ 8 T

⑫ :T Stand for

Expressions

get r
x= 5

&
e(let
L



Toron het valx = e
, in ez end

① run e
,
to produce a

value

② substitute that value

in for x in 22

(let valx =5 in x+x ad> 5+5
let Val X =5(let val x= 2+3 in x+xed)# Ex+Y
⑫



fe f(x) =

Exelements :
In J



let val vin M
in

stringJ : String
#t. to String(x)

end

↳ "Y"



in
let
ralx = Y

let

y=x +7 some in
valy = x+7I

end
Y +yS end

as xty

end

Val X = 4

Val = let val z = X+ 1 in ... end
Y



for f((X ,g) : intxint) : int =
f(3

,
2) +- 23 +2

->set:+=
Pair

Let viigp pattern
in

In
Val

ar(ax)+y f(3
,4)

↳- let val (x,y)
= (2

,3)

in 2*X +3 end



SML is "garbage - collected"

let val x =5 in x + x ena b memory for
↳ 5 +5 X

gets
freed



-Representing a time
12-hour clock 24-hour clock

3 : 16
pm

15 : 16

type timelz = inteintstry type time24 =

C* (n
,
m
,p) where & Intint

( 01h424
1 he12

⑧ - m260

0 = m < 60 *

p = "am" or p=
"

pm"x)



↳ Purpose: write a function to
convert a 12-hour time to
a 24-hour time

Z
.g. to24 (3, 20, "pm") =(

,
28)

to24 (3
,
20
, "am") = (3, 20)

to24 (12 , 0, "pm") = (12 , 0)
to24 (12, 0, "am") = (0 , 0)

*



fun to24((m,P) time(2) : time24 =

( case po =
"am" = (case h of

12 = (0, m)

long = (n,m)

1 "pm"E(case h of

mornoh 12 =) (i,)parens lany = Ch=())



Let val x = 5
in

blah

d



Bleas
a boolean is either

- true or
S

- false

-> and that's it !

operation : case analysis



case biboof

true = e,

I false - 2

case tre of-true =>5 - 5I false E 6

case false of
true -5 - 6
I false6



Y = y X
, y :
int

ba Orekse byi=

X-y
X
,gent case b

,
ofCtrue>true

X -y
x
,y : int I false E b2

&&

(biboso b) : boo :

case b
,
of

⑫fa



Thelperopening(Pre : check if one 12-hour time
is earlier than another*

for earlier (t : timeli, +z : +it: book
11let val (h ,m) = +4) using-

[al (h2
, mz) = to (tz) to24

as

a

In helpe

(hha) orelse (hi = he function"

andalso

Zend
m
, <ma)=



C Example : 12 : 00 am is earlier 12 :00pm
Then

7:00 am is
earlie 6 :00

pm
Than *

7 : 15an earlier 7 : 16 am
Then



earlier ((7,o, "am"), (6, 0,"pm)
↳ let val (h

,m .) = to24 (7
,
0
,
"an")

val (n
,
mz) = to24 (6

,
0
, "pm))

in
↳- let Val (h , ,m . ) = (7, 0)

Val (m2
, mz) = (10, 0)

in

end hi she orelse---

↳ 7418 Orelse ... - + true Greise--
↳ true



Xalx = 5 case b of

tre =)...

↑

-17

5- 17



Laughs laughs(n) = "Hahahaba - -ha "
-
n letters

->Laughshahiis
a

case n of

O= W

11 = "al

lany => laughs (n-2)" "ha



laughs (5)
↳ laughs (3)""hat
↑ (laughs (1) ha) ""ha"
↳ ("a"r "hall a "ha"

I "ahaha"



fun alaughs (n : int) : string =
case-n
0 =

"H

lany E -

(case even P(n) of
true = "h" 1 alaughs(n-1)

I false= "a"Malaughs (n-D)

-alt laughs (4) = "Kaha"5 = "ahaha"



altlaughs(5)
It case explst of Else = "a"naHlaughs(5-1)
I "allnaltlaughs (4)
It "a"a case everP(4) of true "h"maltlaghs(
H "an + "altlaughs(3)
- "dhlin altlayhs(3)

H --



Etheorem For all natsn ,

laughs (1) = altlaughs (n)
= =



Helper
Theorem :

Daghs GIf n is odd, altlaughs

then MEhs(n) ** ha"=ah laughs (n)
-

↓
"ahaha .... ha" nxha" "ah"ahaha ...ha
-
- ↑

n letters >



Froot case for li

Foshow Toughs(1)"ha = ah "laughs (1)

But loghs (1) ="oi -Both = "aha"

usefor, where h is odd
Indruttie myypothesis:: Kushs(kHzahna/Kaigsu
-

ThHas(2)MinEahhaughn(thu)



Wh(b+2)"ha

↳Daughs (R)"has" ha
=> (ahMaghs(2)a by inductive-

= ah" (laughs(R) ha) hypothesis

(laughs(k +2) associativity

ingIH loughs(1)"he

= ah "laughs (R)


