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if-then L, 5w
if-then-else L & 5wy °

for IS5 s siws ®
while-do | <5 jsiws ®
do-while || <5 5w @
repeat-until ;1 <5 500 °
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COMPOUND STATEMENT
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5 S15555...35,

T T(n) =", Ti(n)
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IF-THEN STATEMENT
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if ¢ then S

F
: B(n) = Tc(n)
E ! W(n) = To(n) + Ti(n)
5 A(n) = Tp(n) + p{(n)ﬂ(n)
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IF-THEN-ELSE STATEMENT
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if C then 5, else 5,

P+ p=1

C T F

B(n) = Tp(n) + min{Z} (), T3(n))
L 2] W) = To(n) + max{Ti(n). T(n))

o A(n) = To(n) + ()T (0) + po(0)T(n)
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F while ' do S

q T(n) = Tp(n) + ) (Ty(n) + T, (n))
C=True
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S do S while C

T
FoTm =T+ Y Tyl + Tyn) + Ty(n)
C=True C=False
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REPEAT-UNTIL STATEMENT
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repeat S until C

T T =T+ Y (Tpl)+ Tylm) + Tln)
C=Fualse C=True
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for 1 <— a to b do
r<— x+ 1

for 7 <— a downto b do

r— x+ 1 0

for 1 <— 1 to n do
r<—xr+ 1

o

for 1 <— n downto 1 do

rT— x+ 1 9
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for 1 «<— 1 to n do
for j — 1 to n do

T— 1/ 2 @
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for 1 <— 1 to n do
for j — 1 to n do
for £k — jto n do

T—x/ 2 e
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for 1 «<— 1 to n do
for j «— 7 to n do

print ¢ + 7 0
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1+2+3+4+-+(n—1)+n
S(nv—l)
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NG 1 ulael g gane sdauwlas sy slasls 4

1424344+ +@n—-1)+n

S(n—1)

S(n)

int sum (int n)

{
if (n == 1) return 1;
return sum(n-1) + n;
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(4ebx sloa) i

NG 1 ulael g gane sdauwlas sy slasls 4

sum(4) =6+4=10

int sum (int n) l K\\\\

ST sum(3) =3+3=6
g if (n == 1) return 1; l \\\\\
e return sum(n-1) + n;

Yy sum(2) =1+2=3
: sum(1l) = 1
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sum(3)
int sum (int n) l
{ ) sum(2)
int s;
s = sum(n-1) + n; l
if (n ==1) s = 1; sum(1)
return s;
} l
sum(0)
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out_type f(in _type in)
{
if (some easily-solved condition) // base case
solution statement

2 else // general case
% recursive function call
E }
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void f (int n)

//
//
//
//
//
{

Prints n asteriskRs, one to a Line

Precondition:
Postcondition:
IF n > 9, n stars have been printed, one to a Line

if (

else

{

ELSE no action has taken place

n<=0)
cout <<
f (n-1) ;

Void a5, L 313850 s Yl

n is assigned

// base case
// do nothing
// general case

cx)

<<

c« ¢

J
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* % ¥
X* * ¥ *

g (7)

* ¥ ¥ x ¥

* ¥ X X ¥ ¥

Void a5, L 313850 s Yl

S a5 520 e sod S s s (SES5L selin

* ¥ X X ¥ X %

void g (int n)

//precondition: n > @

if (n==1) // base case
cout << “*’;

else // general case

{
g (n - 1);
cout << endl;
f (n);
cout << endl;
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RECURSIVE ALGORITHMS

23 45 Lol 0323981 1S3 o950
AS S8 oS e (SAW

830 i 550 153

Direct Recursive aadlicus JidS 4l
A A daalg Slsal
Indirect Recursive padiue pad  JdsS Hl

A—B—A daulyl Sleal s
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S(n)
A
4 A
A 4[] Aln]
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S(n-1)

Prepared by Kazim Fouladi | Fall 2016 | 2" Editi
Y
—

P



o
IS5 slapisy o3

Jie

32eTl (s0lT S ¢ sane (stamlas 5150 (SES50 o, K

return RECURSIVE-SUM(A,n -1) + A[n]

S(n)
A
. N
A |A[1] Aln]
L Y,
g
; S(n-1)
©  RECURSIVE-SUM(A,n)
- if n = 1 then
: return A[n|
: else

P
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RECURSIVE-SUM( 4,n)
if n = 1 then
return A|[n]

else ET(n -1)5

..______________________.a.-_-_-_.__._
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CALLING TREE

f(n) = F(h(n), h(ny)s- s £ ()
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f(n) =Afn-1)+Af(n-2)+--+ A f(n—k)
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fn) = A f(n =1) + A f(n —2) + -+ A f(n — k) + g(n)
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z fn)=fln—=1)+a = f(n)= f(0)+ na
fn) = f(n—1) +an = f(n) = f(0) + a2
fn)=aftn—1) = f(n)= f0)a"
f(n) = p(n)f(n—=1) = f(n) = fO]]_, ()
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for i — 1tondo | f(n)
for j «— nto i do if n = 0 then
print f(7) return 1
else

return f(n-1) * n
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f(n)

if n = 1 then
return 1
else

print f(n/2)
print f(n/2)
return (
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n 0.1n2 0.1n2 + n + 100

10 10 120
20 40 160
50 250 400

100 1000 1200
1000 100000 101100
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fin) =lgn  fin)=n fln) = nlgn fin) =n

10 0.003 st 0.01 ps 0.033 us 0.10 ps 1.0 ps 1 ps
20 0.004 us 0.02 ps 0.086 us 0.40 ps 8.0 us 1 msli]
30 0.005 ps 0.03 pus 0.147 us 0.90 pus 27.0 us Is
40 0.005 ps 0.04 ps 0.213 ps 1.60 ps 64.0 us 18.3 min
50 0.006 ps 0.05 ps 0.282 ps 2.50 ps 125.0 ps 13 days
102 0.007 pus 0.10 ps 0.664 us 10.00 ps 1.0 ms 4x1013 years
103 0.010 ps 1.00 ps 9.966 ps 1.00 ms 1.0s

g 10* 0.013 ps 10.00 ps 130.000 ps 100.00 ms 16.7 min

‘; 103 0.017 pus 0.10 ms 1.670 ms 10.00 s 11.6 days

§ 106 0.020 ps 1.00 ms 19.930 ms 16.70 min 31.7 years

5 107 0.023 ps 0.01 s 2.660 s 1.16 days 31,709 years

é 108 0.027 ps 0.10 s 2.660 s 115.70 days 3.17x107 years

g 10° 0.030 ps 1.00 s 29.900 s 31.70 years

2 1 ns = 10" second.

g 11 ms = 103 second.




Prepared by Kazim Fouladi | Fall2016 | 2"d Edition

v# Loy g5l ol g >0
MJ&|33JIA3AJ‘5M3L§A

131,072
65,536
32,768
16,384

8,192
4,096
2,048
1,024
512
256
128
64

32

16

1 L L L L L L L L L L
o 1 2 4 8 16 32 64 128 256 512 1024 2048

&~
)”}; b/



v Lotz 95l Sl g >l
i g auil 95 (ol
cf(n) df(n)
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(@) g(n) € O(f(n))
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(c) g(n) € B(f(n))
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f(n) € O(g(n))

Je e R*IN € NVn € N[(n > N) = |f(n)] < ¢|g(n)|]
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n* € O(n* + 10n)

n € O(n?)
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f(n) € Q(g(n))

Jc € RY3N € NVn € N[(n > N) = | f(n)| > ¢|g(n)|
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