
Lecture 6 :

-

① Append -1 reverse

Predicting running time②
of programs



(* Purpose : output • list with
the same elements in
the

opposite order ! *)
(* E.

g
. reverse G. 2,3, y] = [4,32

,
I]

fog reverse ( L : int list) : eat list -_
⇒

cease lot
⇒

put × at the back end of
Ix : :xs⇒ append @versecxs)

,



"

Induction on or example
"

-

reverse G. 33,4] should be (4. 3,2
,
I]

It:¥¥. I ?¥¥recursion teen

reverse [2,3, y ] ¥+314,3,z]
I

gE¥f
reverse [ 3.43- [4.3)



XX pX8Exs
[2,3J : : l l : :& ,3) = G. 2,3)
IG, 3. D ? ? ?

O



(* purpose : make a new list

with all the e Its of one list

before all the elk of another
⇒

(* E.g . append ( [ 4,33, El , 23) = [4,3%2]• a s 3
"

*)
fun append ( l , : int list

,
ez : int list) :

Ise l , off
lat list

⇒ la

\ x : : xs ⇒ X e: append ( xs, L2 )
•

[ built in @ l ,@lzcppndCh.lz) ]



'

sin : :c:o)
append ( 14,33, G. 23) be [4,3, say

put

.tn.⇒ [3,12]



Analyzing ( predicting nnningtime
a

resources

① running time

② space 1memory
③ network traffic

⑨ power

→ make predictions based on

"

size
"

of the data



① program→ recurrence

② recurrence → closed form

③ closed form → big
- O



Size : length of ly and/or

length. of ez

Pandit : number of steps append
3 takes



append ( CI, ED
|→ case of C>⇒ he / - -

- } 2 steps
to L2

append ( x : : xs, ez)
-

t case x : : xs of ↳⇒Lz ) x : : xs ⇒ x :c.

↳ x : : append Lxs,ee)
append (xs,

t)

'

rn ::÷÷ . . } :#Is:*recursive u



cost
recurrence
-

: math function

from the size of

the input to
the cost# steps)
&

work

Work
append (
NF length of l

,

Napped ( o) = 2 otefsihgut
Napped ( n) = 2-1 Napped (n - ± )

n to treat



Closed form : non - recursive

- def
.
of the

same functions

closed form (n) = 2^+2
-



w-EI-acY.se#to.nProof
.
Ind - on n
-

case for O

Wcpperdco) = 2=2.0+2
✓

Case ltk !

-

IH

wopper.SC/2)--2bntZTSIWopgserd(ktD=2CktDt2--2-
Napped(k)

¥ 2-1212+2
=/



Big-onotat.no#
-

① ignore constant factors

② ignore small inputs

→ rough comparisons betweenalgorithms
→ rough predictions



buckets
OLD C 040g→ E- Oln) E- ok toga ) c . . .

constant linear

-
-

COLM C 01ns ) C- o( 2n)

quadratic cubic exponential

^ ne

1€:
-



① approx I to OC - )

f- is 0cg) means

for all ×
,
f Cx ) Eg Cx)
a

frogwww.f
→£8 .

× ios O (2x) but 2x is not 0 (x)



② ignore constant factors

f is 0cg) means

there exists a K such that

for all X
,

f Cx) Ekg Cx)
gcx)
-
-2x x is 0 (2x)

E.
g .

4µs
⇒

axisocx)

↳ 2x E KY

for 12=2



③ ignore small inputs
-

f is O Cg ) Iff

there exists a K and To such that

for all x Z Xo

f- (x) E hog Cx)t.my
1-3

Xo



E.g. =EiPoCx)
approve : Fk sit . for all XZO

2x -12 E #

2-0+2=2 # 13.0=0
e-

re_£ef Fk Xo sit . for all XZ Xo
2x -12 E Kx Eg.E

s 4 x xx Yes
X=2 yes - r r



Wapperd ( n) n -- length ofl ,

Wopperdln) has closed form

2n -12

2n ez is 0cm)



fog reverse ( L : int list) : eat list=

ease l of
⇒

put × at the back e
Ix : : xs⇒ append @versecxs)

,

I

① recurrence Wreo ( o > = ko ← %m#af
Wreu CE) =

-

µ
kit Wrev ( E )

length of l size of
input to

+ woppe.sc D
Size of

= length xs input to append



wreotm-k-wreoG-D-woppcn-I.EE
k
,

t Wco ( n - i ) t!¥
I 1tWreoG-i
I n t War G - D

ntcn-D-la-zj-cn-33x.IS
unmoor yal of N

' '

E¥qcz= Eat z is



( * Purpose : reverse l into r *)
(* E.g . rev -Two Piles ( G , 2,33, [4,563)

= [ 3,2, I, 4,56] *)

fun rev Two Piles ( L : int list
,

r8 int list ) : int list =

Lase l of

[ I ⇒ n

Ix : :xs ⇒ reo Two Piles( xs
,
x ::D



( * reverse l in linear time * )

fun fast Reverse(l : int list) ? cut list --

rev Two Piles ( d, CS )
-



W
fastReverse (ng )

= Kt W.pevtwop.ie#ED
run ur

① (n) length of l

Wreutwo Piles ( o) = ko⑤

Wrev Two Piles (g) = k Wreutwo Piles (n -D

length ofL

W (n) = It wcn- i)-



Harder problems

can be

easier to solve

efficiently !


