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A sorted list is . - Easy
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① 2,34T is sorted
→ is sorted

① 12€23 is sorted ⇒ ee
. of

② ! ± everything in G.3.ee#g



③ A list is sorted iff

@ its CT
,
or

④ It is x : : xs where

① xs sorted
② x E the first element

of XS

( if it has one)



⑨ A list is sorted off
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⑤ its Ex ]

② H's x : :yiiys , where

y
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ys is sorted
and xey



( * Purpose/ specification :

output a sorted permutation
-

ofPftst*)
fun isortll : int list) : int list =

cases l of
⇒ [I

Ix :c. xs ⇒ insert x.isortcxs))
T

" insertion a sorted
sort

"

perm .

of es



Permutations
l

,
is a permutation of ez

means

they have the same effs
,

occur if the same number of times
,

but possibly in a different
order
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I
, 3,2J is a pen of (1,33. Y]

[4, 1,3, 2,5J is not I

[4%32,2] is not
[4, 1,3] is not



Should
got[4 , 1.3.23 bet G. 2.3.43

treys fighttreed

sort [ 1. 3,2 ) G. 2,3]

treys grata
sort 13,2] →

Cz
,

the beg '



should

safe, 1.4.23 Tse' 9.2.37

t g 's:t.
Sort [ 1,4 , e] -0Mt g. z, gym

middle



(* Specs : insert ( x , e) outputs"

a sorted permutation of
x ::L lflissortedx)

f- on insert ( x : int
,
l : int list) : int list =

case l of
T> ⇒Tx]

I gigs ⇒ case x Ey of
true ⇒

/ false ⇒

× : : 'y÷yf
288 Insert( x .gs)



Tim , for all
'int list values l cud int x

if l is sorted , then

insert ( x,l) is a sorted pen of x : :L

Case :

insert ( x, C)) = [x) sorted ✓

perm of x
: :
✓

cage for y :c.gs
-

:

case for xey ± true :
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laserHx
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.gs) E x : : y
: :
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• Sorted XEYV

gigs is sorted
- by assumption

-

perm of x : y
: :
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Case x Ey is
false

i. y ex
→ ye x

insert ( x
, y

:c.gs)
E
y
" insert(x,ys)

By IH , insettx.gs) is a
sorted pen of xiiys

[ys is sorted]
① sorted

② permutation of x : : ay : : ys
⇒x :c

. ys

y
'
.
: insertCx

, ys )



This for all l : int list,

isort .lt) is a sorted Perm . ofl
.

Cassius :

i sort(a) I CI
is a sorted pen of Cy

Cag for x : : XS
-

:

To C-Sort (x: : xD € insertCxisortxs) is a
show

: sorted
- -

perm of

Xi : XS

by msg using isotopes 's, ist r



xtx is a

sorted perm
of

±÷i÷÷'←n*x
> is a perm of x : : xs as well
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bestead i sort G. 33,4]
is OG)

worst-case ' sort [ 4. 3,2
,
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Winsett ) is Ocn)

Wisort ( n) = It Wisest (n - 1) +Winsett
E l twist ( n - e) t nd

-

K n t wisort ( n - i)

i
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