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Forj— 2tondo
K X[j]
i—]j-1
while x[i]>k and >0 do
X[i+1] < X[i]
i i-1
repeat
X[i+1] < k
repeat
il ao (slj e s (Wl Js3 quﬁt&) Candy S 53 YL V.Q)jf.\ldsw\ da>de LB o) 4
ole) Sy p e 3 5 Jo s dals o(r) Sl e Lls 1 5t ploil aslin -1 ol | e
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Procedure mergesort(A,l,u)
If I<u then
mid — (I+u) /2
Mergesort(A,l, mid)
Mergesort(A,mid+1, u)
Merge(A, |, mid, u)

endif
end.
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Procedure Quick_Sort( A, I, u)
If | <uthen
Pivot— A[l]
[
ju;
repeat
Do i~ i+ 1 until A[i] > pivot
Do j— j- 1 until A[j] < pivot
If i <jthen
Swap(A[i], All])
Endif
Until i> ]
Swap(A[l], Al])
Quick_Sort(A, I, j- 1)
Quick_Sort(A,j+ 1, u)
endif
End.

(Heap Sort) &l o35 ilw <5 po—t-1-)

oS 505120 1 3 2050 oS 53 b S e 1 S

G S s o HEAPSI & 5 s sy a3 a8 il nl 55 oSl s Adjust
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5 dal = O10g N) Sles a5 0 13 10 5 e Sy WS oo 5L 3550 sl

e 3l s i L ssie has HEAPSS & LS pssss oo oy S cnl Lo Heapify o
355 3l Ay ot 53 1 0l 5 msien G o o pie o 4 (W33 Sl e o D) N2
Ailes O(M) L 2l S Sl 45 50 oS @djUSE

Procedure Adjust(A, i, n)
j— 2%
item— A(i)
while gn do
if j<n and A(j)<A(j+1) then - j+1 endif
if item=A(j) then
exit
else
Aljr2]) - AG)
J=27%
endif
repeat
A(j/2]) —item
end.
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Procedure Heapify(A, n)
for i Li/2]to 1 do
call adjust(A,i,n)
repeat
end.

1ot O(N) Sl 450 slols s Js 4 Heapify o, S
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Procedure HeapSort(A, n)
call Heapify(A,n)
fori—nto2do

Swap(A(i), A(1))
call Adjust(A,1,i-1)
repeat

end.
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Procedure DFS(v)
Visit(v)
For each vertex w adjacent to v do
If not visited w then
DFS(w)
Endif
repeat
end

= o 2 s (D s ie o3 gem 5L 95 Sla> JL s (MMMQ\;)WJO&)J{))Y\{&)}Q‘)J
el O(NF€) 1, SN Sl 4,0 1 5 3 50 D LSS

(BFS) s, Siules 5 gomimar—Y-1-)
2,03 pL BFS & sy ol st o, S 0,50 8 s i Gy gl 40 S 0, S s S
S olas OS5 S o8 0 S e iy nl 53 S o st [ 51T 6 S b o S S ey ol
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Procedure BFS(v)
Visit(v)
AddQueue(v)
While Queue is not empty do
DeleteQueue(v)
For each w adjacent to v do
If not visited w then
Visit(w)
AddQueue(w)
Endif
Repeat
Repeat
end

2l O(N+€) 55 w2, Sl oy s o 10 DFS ) S s ot - e s 3o
SO e aS Sy nl w5 S Ghlen 58 1) Mes 8 B1S G Olgne BFS 5 DFS (slear, S a5
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f(n)=0(g(n) = asb

f(n)=o(g(n)) = a<b
f(n)=Q(g(n) = azb
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f(n)=0(g(n) = a=b
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Procedure max (A,n,))
=1
for =2 to n do
if A()>A() then
Fi *)
endif
repeat
end.
1 5 eSen a3 An b el e sl U BN T 65 555 s 1SS sl
0<Ap<n-1

A T gl s e o S5 aS Sl Lho s 53 aslp s cpl 3 (B) sres LSS sl

A=0
n-1 1
=— A +-(01+A_
AT AHAEA)
1 1 1 1 1 1 11
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Function Linear_search(A, n, x)

for =1 to n do
if A()=x then *)

return i
endif
repeat
end.
J))SAL“)M—%X1+r];X2+:X3+ +r:‘|'><n_F1xn—n1(1+2+3+---+n)
Ln+2n _n+1
n 2 2
M})‘ML)‘}J;Lﬁﬁegﬁdbﬁw\).)éj“dalf‘nUM}Q)ﬂﬁ)béjﬁ)}gl).)4.&.!
s
sl s 1 QUICKSOI 12, S 6l 1 0l SSke s
0 n=1
T(n)=

(n—1)+E§T(i) n>1

=T(n+1) = n+nTZT( )

=1

nT(n)=n(n-1)+ ZiT(i)
= T . D+
(N+D)T(n+1) =n(n+1) + ZZT(i)

= (n+)YT(n+D) —-nT(n)= 2n+_2T(n)
= (N+)YT(n+1D) =2n+(n+2)T(N)

2n n+2
T(n+1 T
=T(n+])= 1t (n)
n>l:>nzT<2
= T+ <2+ 21(n)
n+1

—Tm) <2+ (- = T(n) < 2+”—+1[2+L1T(n—2)]
n n n-

BN NPT ULE NP LLE UL TP
n+1 n n-1

—T(n)<2(n +1)(ni+1+%) +:—J_’1[2+2%1T(n -3)]

=T()<2n+ D) i1y, ”+1T( n-3)
1 n n-1
:T(n><2(n+1>( NEF —) _“+1T(1)
+1 n n—1 2
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LS s |, BinarySearch

Function BinarySearch( A, n, x)
low ~ 1
high—n
while lowghigh do
mid—| (low+high)/2]
if x=A(mid) then
return mid
elsif x>A(mid) then
low— mid+1
else
high- mid-1
endif
repeat
return O
end.
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function  Greedy(A,n)
solution — [
for +1 to n do
x- select (A)
if feasible(x,solution)then
solutior union (solution,x)
endif
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return solution
end .
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Procedure kruskal
T — O
While (|T|<n-1)and (|E|0) do
Select edge e from E with minimum cog
Delete e from E
If e does not create a cycle in T then

adde toT
endif
repeat
if IT| <n-1 then write ('no spanning Treenyif

end.
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Procedure (G, n, v, cost, dist)
For +1 to n do
dist[i] — cost (v,i)

p[i]— v
s[i]— false
repeat
s[v] — True
for i1 to n-2 do
select vertex u such that dist(mjn {dist(w) | s(w)= false}
s[u] — true
for all vertices w in which s(w) = $al db
if dist (u) +cost (u,w) <dist (w) eh
dist (w)— dist (u) + cost (u,w)
pw]— u
end if >
repeat
repeat
end.
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Vertex

Dist

11
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Vertex

Dist

11
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i (Greedy)sla ~ 55,

Vertex| S | Dist | P
1 110 1
2 0 |10 5
3 12 1
4 1[4 3
) 115 3
6 0 |17 5
Vertex| S | Dist | P
1 110 1
2 1|10 5
3 12 1
4 1|4 3
) 115 3
6 0 |16 2

O oly b 31T el a5, Sl A teS oS el e Oyl s eals SI30 W, Pl Y s
Oyt P sl sy 5l tilee 337572) g ¥ oy 0V ol 51 ome (2808 e 3 3L o0
SIS SN(SPST) el g pme V (a2)) s e s s 20l S 5Ly St s ol a5 5 S W5 oo
Glip oo o IS (el Lig 55V ain) @ be s 0 8l 8 51 ol 055 3L e 4

@\5\1, o
@L’C%‘—g@
@ il = o, b Gills

Select:  Dist o zS L e ol Sl

Feasibility: —
Union: (x ) ab s
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\n% (Greedy)sla ~ 55,
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O(P) &1 los 50 48 3,5 3l osly g Olsion [y VL ot sS018 35km alasSlo il iles ot
.!ssjf

(Activity Selection) lgdlad ang bl —F-Y
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YA (Greedy)sla ~ 55,

Procedure Activity_selector (A, S, F, n)
A— {1}
j=1
for i—2 ton do
if §S=F then
A — AO({}
i
endif
repeat
end.

Aads 0L | Jle Sl sl @ ges 5 IS

wlay = s,y b ol

select: Al azls 1 0LL ol o 53 &S nlled

feasibility: il wsln by =105 eds Ol cdlas o =1L

Union: Ls o Ol ae yazes 0 0T 03 S @il

Sles 4 ols o S 5 ol IS glil (5l 50 a0 by 05 S0 55 Olaj p it 15l o
2L »O(nlog n)

:Jle
selection| s | f;
4 1|4
- 3 |5
- 0O |6
4 5 |7
- 3 |8
- 519
- 6 |10
4 8 |11
- 8 |11
- 2 113
4 12|14
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(Divide & Conquer) o 5 el 53,-Y

25 3 S p e oS r e S sS Jln a5 0T 5035 g8 ol Wl Shanl s cnl 53
SN Gl s nl i S5 e b e 5 e Sl 5008 e 22550 s | il
S 5 S w0 B el antle ol 4 VU Sl i = slad a5 e ol 4 (TOP DOWNIAEL o ool 4 VU
Sl ol 03 sy opl KEe Kgdis S 5 en b s ok o Blas 25 00 S S Sl e 5 oo Al 5
s oL 53 0338 s > Olo3 05, Vb jzwie L 5 5 aalons (50185 Pl o5 ol (s S
G458 |y Sl sl Al s syl aian bl 555 0 S S S files & 55 Sl
A Jeol T Vgans A3l a5 om0 S8 Bl o300t AL SR 0 22 LS S 238
50 % s Jom s, IS S ek il sbes on LT ilee 5 o3l 53 0 e ol iy
ils 5 g Jo g
Procdure D&C (p,q)
if small (p,q) then
return G(p,q)
else
m— divide (p,q)
return combine (D&C(p,m) , D&C(m+1,q))
endif
end.
Small.s s ax. 1, combine; divide .G csmall ol s Sl Ll (o) cnl o3 w83 @1 sl
;\éswuﬂégiﬁ@l}O,:«\);ASJLMOJ«\qMMH;:J\bMU(JJlQ:ﬁ&jS;)f)Jdﬁfw
uwwwub (v-:i))ij\ gl @l?\féqdjgﬁséw( S S S d 4 adins o510
J:uﬁjgmﬁ”a@jdivide@u ASen Jo 15 S sS 03100 L s G 0l bls OLL Bls 5

Aades ol [ Bles 5 Sl oS 5 oa COMDINERL 5 550 odge w0 15 S5 58

4l S wty 5 ateS paie araloes —)-¥

03,50 p3 03 oSl IS 3 S s | Ll S a5 S jaie Ol o 5 ool gy S b

1) s
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£ (Divide & Conquer) J> 5 powis @y

Procedure MinMax(A, I, u, min, max)
if I=u then
min— A(l)
max— A(l)
elsif I+1=u then
if A(l)<A(u) then
min- A(l)
max- A(u)
else
min- A(u)
max- A(l)
endif
else
mid — (1+u)/2
call MinMax(A, |, mid, min1, max1)
call MinMax(A, |, mid+1, min2, max2)
if minl<min2 then
min-minl
else
min-min2
endif
if max1>max2 then
max- max1
else
max- max?2
endif
endif
end.

0 ‘n=1
1-(n) — 1 n=2
2T(g)+2 n>2
n n 2 N 2 nl
:>T(n):2[2T(Z)+2]+2:4T(Z)+4+2:2 T(?)+2 +2

:Zi-l-(g)_i_zi +2i—1+“.+22 +21

n=2k

2 2T (Q)+ 2 4.4 2

:Zk‘1+2k‘1+...+21:E+n—2:%_2
[ e — 2

n 2¢-2
2
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(Strassen) cpwl gl B9, 4w b 95 0 o —Y-4
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oAl 5 Y 6005 Al A U S 4 Cad 50 4 Ot 5l 11 (60555 e Sl e U
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{An AuMBn 512}{0 11 C 1j
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Sl o3 ¥ Olstie 15 Loy by 45 s Olsie b aS L il ailps N4 Gls o 5l 5 5
L;L»)'c\_;]ad\)bl.ujsj\;@uL;“_.if)'b.&'lj_;lfé/\qjyui})w\ésjs%l)s\)gwuwjb
il O(P)

C11=A11B 11+ AAIB o1

C12=A110B 1+ A1dIB 2
C21=A210B 11+ A 2B 21
C22=A2B 1ot A 24IB 2,

2
T (n)=8r D44 = of plogs |= 3
2 4

el g ¥ o Sl s A 5L a9 VL S¥sles Ol b ) S B st 2l

Al AL o Sl mez WA 5 e il 0 V5 S S e 3L (S0 4558 el
.,usdatji.x,;@z\/\jyyvq\)gy/\

P =A,(B,-B,)

P, =(A;*+A,)B,,

P =(A,+A,)B,

Py =A,(By—Byy)

P = (ALt A,)(B, +By,)

R =(A,—A)(B,; +B,,)

P, =(A;~ A4 (B, +B),)

Cu=R+R-R+kK

C,=R+P,

Cu=R+hR,

C,=R+R-R-P
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‘Y (Divide & Conquer) J> o powis g

T (n)=7 7 3 +18%- =0 |0 (29

b 795 (R s Y-
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213 tlone O(I) 5L s 5 oS i sl
o(n2) - (n-1)+(n=2)+...+1
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(v (Divide & Conquer) J> o powis g
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t4 (Divide & Conquer) J»> s powis @y

T(n) = 2T(g) + 62 = O(n.logn)

(Sl awdtin 55wl slgan, S 5 b —F-f

o 3 e Lond 5 A3l oy (650 sl 4 plS 5a sl oS Lol Sl (slallSs 1ty abos
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t0 (Divide & Conquer) J> s powis @y

QMWV\L{J}\JJ}J&QJ;\%{)EZ&)}Q\
doa s ladais (X,Y) T sl Y Ske 5 6T sla X wilpv:f&gw\olﬂ;ybél}:ﬁuﬂbm
il O(L) a5 o gyls i, cpl 1 s A 5 1) ol ks
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£ (Divide & Conquer) J> s powis @y

oSt S5 bl ds convexhull s, « 1, bl Extreme point
U
Adles o N ples el cONVEX hUllensss o 5k 5o

Aol 4k ¥ el Lsconvex hulleass oy e 5
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=l kernelol Js convex hulls s
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23,80 O3 Lo 3550 iy 5
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A% (Divide & Conquer) J> s powis @y

(Convex Hull) Cu=s pg ddg —0-¢

Graham gz, 581-1-0-¢

ol P11 O 5 oS a1 3L p Y a8 (Sl 48 1) (g3 1l s =)

5 S o el o e S g 3 B gl el 5l 0 S | Las i e Y
.m&wt;\iﬂupnuprL@j

o Wy e ahE 53 L s g ady 035 3 S e s ool 15wty S s, P2 s P
Shadats S5 S gl 55 oiSin WLl andy w1y ) 2 2550 4k 553 S S ST S

~¢-:"J:"(’L>.”'H)J~Uﬁ°)l€}>}°“‘-w>'%ﬂ

Procedure Graham
p. — find the point with minimum y
Sort the other points around(€CW —Polar angle) and call them,p.., g
Push (p1)
Push (p2)
Fori—=3 ton do
While Right (stack [top-1] , stack[top}) Rlo
Pop
Repeat
Push (i
repeat
End.

e glls das o OLAS Al (3 aS (g OO aS Wil POP & Lﬁf‘Yl{ﬁ)ﬂlﬁ)bﬁ e
i O3 3355 PUSHL POP 15 i S S 31 ity 4l 4 15 2ol O(N) &Sk 2 O(F) L

el O(N ogNn) oz, S e 45,0 10 .ol O(N lOGN) (3L 5 e Sles
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S
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2 S
Yl ulosS oS (bosas NG i+l o ol dle o 5l Jols s sm o 22 GH(Y) -
A5l
LM A 5SS b kbl S ¢l s I 51 ol 35 0 250 Go(M) -
(o dl s Y
g.(y)=0

(3L anils (g3 5 aS 5100 sﬁjw@gn'Fle\)‘
el i e B s s e 05 e )t e il e S S <O
(91 (v))=-o

g (y) = Max{giﬂ(y), Piaa * gi+1(y_Wi+1)} ¥

S o W s S0 SS w1 s 1l

Plvy.|y. ]|y

WY | Ve Y

M=30 %o(30)
90(30)_=Max{gl(30) .20+ g1 1&}:_ 50 91(30)/ \91(18)

91(30) =Max{g(30) .10+ go( 20} = 40 PN PN
01(18) =Max{9(19 .10-g5( § = 30 %(30)  0A20) 9(18) G5)

1> BANWA

93(30) 0:(17) 93(20) g(7)

g - 0 1 2 Y M-1 M

0 -00 ol
-0
-0

i -00 ai(y)
-00

n-1 -0
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oy (Dynamic Programming)Lssy o) lw 4ol gy

N[ E S

v x v x v

function DP_knapsack(W,P,n,M)
fori—0 to M do g[n,i] ~ O repeat
for i—0 to n do g[-,i] - - repeat
for i=n-1 to O
for =0 to m
gli.j] =max{g[i+1,y],p-1+g[i+1,y-Wi:1] }
repeat
repeat
return g[0,M]
end.

A3l O(MLN) (s Sl Sles 45 50
el s ($2505 DIl 4 Lis §r Js cl Gladezas all s VL (":‘i)jﬁ\ b ad e Sl L e
Ay 58 (pseudo polynomialkides tor as O 4 1 ol sl oa 22y 58 e 434S

(APSP)s yus 1y 780 55 dot alims —Y—0

(Al o s 285 s s (ol 1S (55 e (2808 Bl ks 1 45 5 05 el
GIS ) g5 et ot e (L5 SS U5k 05 S 1 0T G &S il Pairs Shortest Paths)
il
amloe 1 3,00 L 553K K ol 5l s Ks ol e il el e Sl S sla s pled Lo R mlos
San SV ol e L5 KEN - 85 5 S e s N6 G 3TKs 3 5 bl oy s 1 2B S 6 S e
=S S 35 uj)@a;\duu“cM\k:OL;_ajﬂA(i,j) =olp) 3 S ailonn [y e 1 286 S (5
il o COSH(I,]) oler oS sy o il ol 5l Lo

sadn Gl O Ll Lol sk 4l s ] a5l e S S 3 S

: v%))ij\
A= A o
Al 4851 ) Ba K S S8 re bl b i) 1 AS e Aa el i el D) s (S Jsha
A j)=
<

AY.j)=cost(i )
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p[i.j] -0
repeat
repeat
for k—1tondo
foric1tondo
forj-1tondo
Alfi,j] = min{AfI,[LAILKI+ALKT} - ()
repeat
repeat
repeat
end.
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t[13] = min {t (12)+t(23) + vov,v; =3++/2+3V5 Z 9
(12)+t(3,)+vvv —2+J§+3J_} ® % @
= 242+3\5 1 1
23] = mm{t 22)+1(33)+v,v,v,} =3++5 vs
[34] = min{t(33) +t(44) + v,v,v,} = 35 ® ©

t[2.4] = min{t(22) +t(34) +v,v,v, =6+ 25
t(23) +t(44)+v,v,v, =6+ 2@}



http://www.txt.ir

v (Dynamic Programming)Lssy o) lw 4ol gy

t[14] = min{t(12) + t(24) + vov,v, =8+ 242+ 25 |
t(12) +t(34) +vov,v, = 4+4/5+242
t(13) +t(44) +v,v,v, } =4+2J2+45

(LCS) &S i ddlis uy o 5 S¥sb -0

02313 = (LONgest Common SubsequenCeis iz 5 cp 5 SVsb s 4 a3 cpl 5o
e 11 p3Y (sleds a5 I

G Ml s oS X w553 e lp ol o5 5 b pod ity sla SLIS 51 (o) s can
2 s 0493 sl

Aeadee QL X b S X ol sy 1) X anty gll 5l pn o oty G 10X ol 0

Aadee DL X L1 X andy O sl Nl 16~

X :<X11'”!Xm >
Xi :<X1!'”!Xi >
7 =< z,,2, >

S el Xl s 5 Z o oS s 5
Cyiyyeei iy <i, <--<i:0j:1< j<k z; =X

Il

aﬁg'ﬁl}_‘b;):)ﬂw,\fdmdud.s)b S5 MM ladsh @ atiy o3 (959,5 5 dhiaws pl)s
ARl o S it s 25

HEL XN

il Ndsb & oo sMdsb & JolaSY 5 X dlos 5o

Y 5 X S i dlis 5 onp GVsb Jsb i s >



http://www.txt.ir

¢ (Dynamic Programming)Lssn o)l 4ol gy

sl MU s T S5 s @b Sl eslinal alis cal o g el Jomely S
o1 Uy (3l el o o F 8w il il S5 4
Clif] = Y) s X1 S e dlis 5 05 Yok db )
doal s sy (Sl mea 3l g et 51 S (85 () C[1,0]=C[0,j]=0 5 D, -¥
(ceils
c[m,n]= > -v
iS5k adal, ¥
c[i,j]:{ ALl %y,
max{c[i -1 j].c[i,j 1]}  ;else

5505 G5k o3l L YL (255801 € (sl (MHL)F(NHD) o 5l K 085 5 55 L Ol oo

0 j
0 00O 0 00
10
0 Ci-1-1 | Ci-1,)
1 |0 Cij1 | Gij
0
m 0 e

=B 5 Oy aale sy I 5505 Ciigj 5 Gij1 5 Ciedj1 4 3L aslns 1 Gijj O tlns o)

il ||



http://www.txt.ir

10 (Dynamic Programming)Lssn o)l 4ol gy

wao%éﬁ)jﬁlﬁ@ﬁj)é
Procedure LCS (X,Y,m,n)
For 0 to m do c[i,0+-0 repeat
For -0 to n do c[0,j]-0 repeat
For +1 to m do
For 1 to n do
If x=y; then cl[ij]— 1+c[i-1,j-1], b[i,j] — "'
elsif c[i-1,j] > c[i,j-1] then cji — c[i-1,j] , b[i,j] — 'V’
else clijl— c[ij-1], b[i,j] — "
endif
repeat
repeat
end.
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S ol b S ke d) o5 GVsb Ol Ol 5 S e | 23850 ol s Il
procedure print_LCS(X,b,i,))
if (iI=0) or (j=0) then return endif
if b[i,j]j="y" then
print_LCS(X,b, i-1, j-1)
write (X)
elsif b[i,j]==" then
print_ LCS(X,b,i,j-1)
else
print_ LCS(X,b, i-1,j)
endif
end.
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procedure BT(A, i, n)
f1—sum(A,n)
if i>n then
if f1= 2 then write(A) endif
else
if f1>2 or 2-f1>n-i then return endif (*)
Ali] <1
BT(A,i+1,n)
Ali] <0
BT(A,i+1,n)
endif
end.
2,8 S50 BT(ALA) & emr L VL w5, ad sl Sl oS
ASn o (ol 1-1) sl 0 B A 4ty slesS 21 YL S 3 SUM b S
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Procedure perm(A, k, n)

if k=n then
write(A)
else
forick to n do
swap(A[K]LA[])
perm(A,k+1,n)
repeat
endif

end.
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