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fun ms (t : tree) : tree =
Case t of

Empty⇒ Empty
IN ◦del ¥, × , r)⇒

merge(megelmsl ,
Ms r) ,

Node (Empty, ×, C- up



A tree is sorted iff

it's Empty
or it's Modell,x,r ) ≥r

where I sorted
"

r sorted
l≤¥
r ≥¥

for @-=-t wheat sorbet)



A tree t ≤
+
a. number ×

Empty ≤+ × always
Modell,y,r ) ≤+ x l ≤+ x

r ≤ex

y ≤ ×

every number in the tree is

≤ ×



theorem for
any tree t,
Ms (f) is sorted(FesuH) -

lndunctioront.ca#enptI.
To show : Ms ( Empty) is sorted

↳ Empty
by definition



Case for Modell , × , r) :
Itforl-i.ms(l) is sorted
IH for r : MSG) is sorted

ms(Norell, is sorted

xEge
•

merge
msr) > %-)

By IH.nl, msl
* oar

, msr
are sorted

, so

by Lemma I, megecmstmsr) is
#te8

By Lemma I again , sorted
and

: is sorted , so ¥?EÉ??%%Ñ



"Lenm⊕ If t,

↑ tz
are sorted

thing
°

then merge (1-1,1-2) is
sorted

prove along
the way Proof by ind . on .

casefor-cnphy-imezelc-npty.fr) is sorted
↳ tz
ord tz is sorted by

assumption ✓



④Case for Modell, , × , ,
r
, ) : ☒ sorted

sorted
IH : for

any +2, mezell , , tz) is sorted
IH foray sorted tz , merge ( r, , tz) is sorted
Tostig : mefel Nodelli

,
× ,,r, ), tz) is sorted

Node(myelli.la, × , , ingen, red
whey splitAtltz

, xD = -Clara)-

-19lz ≤ ×
rz ≥ ✗



To show *
I \ is sorted

- -8

Sufficestoshow :

⇔:*

mezell, ,b) is sorted by IH if lz sorted

myelin , re) is sorted by# if rz sorted
and lz ≤ × , by Lemma5

MYKA, rz) ≥ × , if n ≥ ✗ I beat, 's%É§and rz ≥ ×, "



fun
mye (t, , tz) =

Case ti of

Empty ⇒ tz
1 Norrell ,

,
✗
" a.)⇒ let vaK§ÉÉ§ÉpHtH¥qin -8 &

Node ( mizell,, let,- -✗
1 ,

merge ( r, , E)
- •



µemma2 If t is sorted and
sp.tt/tt(t,x)--(l.r )

then l is sorted
and r is sorted

µemma3 If t , ≤ ✗ and tz ≤ ×

thnmyeCtytzk-XLemma@lftid_xadtzzxthrmezelti.tz) ≥ ×



µmma5] for all sor④
if splitAt = (L

, r)
then I ≤ b

r ≥ b

Proofbyindont.
Case for Empty : splettttfnphy , b) =&1¥q,teo : empty≤ b ✓

Empty ≥ b



Case for ⊕

¥ , where
"""" " = ( ⁿᵈ"""*where ④ b) = split1-1-11, b)↓so*
IHfofi.lt ≤

b)er ≥ be
To show : Ill≤ b\
÷ÉE≥E!¥¥÷¥÷



D-pesardpaltonmafc.biz#datatypeboo1--tr-ue1fa1ie-
datatype list = ☐ I ofEt)
datatype thee = Emf/N£eot¥-

Int

Free)



Node ( tI☒, H , tnp_I Constructors
make

Irinavalues

datatype T = C
,
of T

,

I Cz of TzF-



potkrnmakh.my#
case e of

④⇒ e,§⇒ez"pate④⇒ ez



" ""ʳˢ " ""

noth.fi:4?:.-:f::::----what
when Anatoly P ,

Pzmakhsvz arddopz

ᵗ¥É%



Case ✓ of find first p ;

p,⇒e, that matches ✓
,

I pz⇒ez and then
Ii

. Step to ei
(with substitution)



C)⇒o-
"÷÷,f"I⇔⇒_m✓pattern

↳ I +2



fun
merge ( l , , b) =

Case l, of
☐ ⇒ lz

\ × : : xs
,
⇒ case lz of

☐⇒ l
,

ly ::ys⇒ -

÷ye(xs,y::yD



fun
merge ( l , , b) =

Case l, of
C) ⇒ lz

\ × : : xs
,
⇒ case lz of

☐⇒ l
,

ly ::ys⇒ ÷nye(xs,y::yD& case ( l , , b) of
( (3
, _ ) ⇒ lz

I C-
, G) ⇒l,

\ (x: : xs, y : : ys)⇒ : : rmgelxs,y÷y?



Case e of overlap :①

first-ma.to#P,--e,1Pe--sez② redundancy
IPs ⇒ es ③ exhaustiveness
/ Py ⇒ Ry



Case (c of
§¥¥ ⇒④firstma→
+ ⇒ I

1 ( x :: xs
, y : :ys)⇒2

É
1-, G) ⇒ I ↳ I instead
I (G)☒⇒ 0
/ .

. . -



Case e of

1 ⇒ I

÷.

/ ( x ::b
, y : :yD ⇒3



Case e of

( is, (7) ⇒2

Los , -7 ⇒ 0
C- , a) ⇒ I
( x ::xs

, y :iys)⇒


