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CountSort(A[L, ..., n]k)

1 Create Array C[1,..., k]
2 Create Array B[l,..., n]
3¢=1

:4 while 7 <n do

:5 C[A[i]] = ClALi]] + 1
6

7

8

=441
t=1and j =1
:8 while j <k do
9 while C[j] > 0 do

110 Bli] = j

11 clil = el -1
12 t=1+1

13 J=441

:14 return B[1,...,n]
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OccurrenceSort(A[L, ..., n|k)

:1 Create Array C[1,..., k]

:2 Create Array BJ[l,..., n]

:3 Create List Array D[1,..., n]
41 =1

:5 while ¢ <n do

:6 C[A[]]] = C[A]]]] + 1
7 =441l
81=1

:9 while ¢ <k do

10 DICi]].append(%)

A1 1=1+1

12 j=land /=1

:13 while 5 <n do

14 while D[j] is not empty do

15 Let a be the next element of D[j]
16 Remove a from D]j]

17 t=1

18 while 7 < j do

19 Bl =a

20 W=1041

21 1=1+1

22 9 =gl

:23 return B[1,...,n]
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T(n) = g(n) - T(h(n)) + f(n)

NN NIXRMPN TY NNTN AT 1IN RIDER TTA 0P TV DNNRIRN TV TT7100 XN AT RN T (n) Wi

N 0P A(n) U j2IND . f(n) N'N2IN ARNPN TY NN D1 g(n) NIW NIRDPN 1900 ,T'(A(nr)) N'00IpN2
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Find(A[1,...,n],z)

1 if A is empty then

2 return NO

:3 else if = A[n] then

4 return YES

5 else

6 return Find(A[l,...,n — 1], )

NIN YV IT N2'0N .7272 TNR I8 NAIY W' NNIX 7279 D (0N' NIXDANN) NINYP DNl D'NAYA 1NN 0N 71N RN YV !
NYnna D' TV TIY - DY72UN RTT 9
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i O(n)

im O(n) 12 w'w NIXTT N Find(A[L, ..., n], ) DNTRIR TY D'ONIPIN YU 5 IR

:Find(A[L,...,n],2) & QXN AT DX NNT N NYD

T(n—1) | T(z) =T(z— 1)+ O(1) nint2 wNNW)

_ n-O(1) + T(0) | T(0) = O(1)
=(n+1)-0(1)
=0O(n)
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Merge(Bi[1,...,n),Bs[l,...,n]) MergeSort(A[L, ..., n])
A1 1=1 =13 = 1. 1if n=1 then
:2 while i; <n/2 and i; <n/2 do 2 return A
3 if Bifi1] < Balia] then :3 By = MergeSort(A[L, ..., n/2]).
4 Bli] = Bili1]. 4 By = MergeSort(A[n/2 +1,...,n]).
5 i1 =11 + 1. 5 return Merge(B;, B2).
6 else
7 B[Z] = BQ[ZQ}
:8 19 = 19 + 1.
9 1=1+ 1.
10 if 43 >n/2 then
111 B[z,,n] :BQ[ZQ,,TL/2]

12 if iy > n/2 then
113 B[z,,n] = Bl[zl,,n/2]
return B
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LYXOMerge(Bi[1,...,n),Ba[l,...,n])
0=ty =iy = I
while i; <n/2 and i» <n/2 do
if LYXO(Bl[Ll],Bz[LQD = Bl[tﬂ then > O(].) DIpna O(logn)
Bli] = Bii1].
11 =11 + 1.
else
Bli] = Ba[ia].
i = io + 1.
t=1+1.
if &1 >n/2 then
B[z,,n} = BQ[ZQ,,TI,/Q]
if i >n/2 then
B[z,,n} = Bl[zl,,n/Q]
return B
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w N = o

n MIP AT NN 7021 lgn NNPIT Y70 MY 9w aRIwn) O(n-1g(n)) RN AT'AN T NIPI2'0N NN J02
O(Z1gn)+0(nlgn)-O(lgn) = O(nlg® n) X'N DNIIATIXN 72 TW NIDIL'ON TR NI O(lgn) W .(DDYD

;N0 NNDI) NIYYAXA 127N INIX NN 1'20NT TWON

T(n) = g(n) + T(h(n)) + f(n)

(h(n) = %) '¥N1 D¥NOXN OIPN TT ARIP T02 .(g(n) = 2) 2 2NN AXMPA W' NIDIPD NIXMP NN
f(n) =) O(n) 7732 D2"IND DDA W TY ATD 1Y O(nlogn) RN ATAN DNMATIN TY AXIN AT
.NININ NNDINN 9"y LYXOMerge 7w XN AT DX IXNT 1IIN1 2 7Y .(O(nlogn)

T(n)=2- T(g) +n-logn

NI NN AWM IvRLT(5) 99 WA 7 OX 19N T'(n) TW 0N
n n n n

T(=)=2-T(=)+ = -log =
(5) () +5 logg
ININ AWM INCUT(G) WA 1IN T'(5) W i oy AR
n n n n

ININ AWM 1IN T() WA 1IN T(%) 99 un 'wdy JaR

.9IDA'N TY MDD 'WNNT QWOX NX" XT 1T DN0

.0"NY2 N72'PJY NN NX 2'N) .0I9TN NN |'2N7 ND1 IXIQ NXT DIPNna
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Pre-Order .3 :In-Order .1
'R’ YU NN < INAY YU NN < Y I'N' YV NN <= YOI < INDY YU NN
PreOrder(x): InOrder(x):
Print z.key if z.left # @ then InOrder(z.left)
if zleft # & then PreOrder(z left) Print = key
if z.right # @ then PreOrder(z.right) if z.right # & then InOrder(x right)
Post-Order :Out-Order .2
I [0] 2 DAY ) o g ) I 19N ) INAY YU NN < YIIY < |'N' YU NN
'Rty Y ( In-Order-n
PostOrder(z): OutOrder(z):
if zleft 7 & then PostOrder(z.left) if z.right # @ then OutOrder(z.right)
if x.right # @ then PostOrder(z.right) Print z.key
Print x.key if x.left # @ then OutOrder(z.left)
172N
N1 YVa "JNND'I'D NN9A N'TNAN NN 120D
NN
JINNY DN 2NN NN XINAT )N INN'NN NN9NN DX RINND'T NN Y
Min(z):
while x.left # @ do
x = x.left

return z.key

MinRecursive(x):

if z.left # @ then

return z key
return MinRecursive(z.left)

:DY N''DNIPN MY D) NNT NIYY'T TWON

.O(height) YVUN N21)2 DION D'ANMIRIXRN W W YN Nt

2'7'27n

SMIPRN YYD NN NTNY .0"I0A "IN YV TY NIPN0 MY [T0T
.a,b,c.d,e,g,h,j, f pre-order
.c,d,b,a,h,qg,j, e, f :in-order

.N'0NIPN2 NTYN TN
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:NNo

.27 MIMY pre-order NP0 WX YU'DIN NIN D a XINYW D'UTI NNIX L YUN TY WIIYN NN'¥N] 7'NN
NI'NJ 2"N @ 197 Y'SINY NN 70U D'YTI NNIR "IN YV T NNRIDNN 9"V in-order N NP0 NX [N2) NYD
.a 7Y "IN YUN NN2 NIMT 2N 1AM Y'9INY NN |2 10D ¢ TY "IRNYN YUN NN2

po=[a,b,C, da€7g7h7j7 f}
iO=[C, d,b,a h7g>jaevf]

—

po=[b, c, d] po=[e, g,h, j, f]
io=[c, d, b] io=[h, g, 7, €, f]
po=[c, d] po=[g,h,j] po=[f]
io=[c, d] io=[h, g,j]  io=[f]
po=[d]  po=[h] po=;]
io=[d]  io=[h] io=[]

YUN NX 9371 pre-ordern JY [IURIN 12'RA BIPN NN 9PIN1 OX ,DNNRINRD TY 0PN YV 7 IR
ATNIwNN

NN INNDYN YYD NDNITNYWIE RN YYD DN AITNY  NR0P NIYVA MY 1099 0'yan DX DP7'N nwyng
[ND D) D'2"N DN D ¢,d,b N'N INNW YU NN Y in-order ¥ D'UTI' NNIX  ?N'W2 NN 70 T 0IPN RN
J2 NN NMIPNAN NjPN0NA T 0IWD) b, ¢, d X'N pre-order NjP'IOYW NINIT I3 1D DN .N7JIY 1702 NI'NJ
IN) "INNYN YUN NN JY WIIWAY NINTT [N T'D @ WIIWN DR IRXNY '9D ("IXNWN YUN NNQ XTY NN
TU N'2'0NIPY NN DNIX QIN9TJIE 0PN MW7 N'wan DN DX PINT NI AW e NN (¢ W "IXNWN AN
-YUn 70 NN DThUY

ReconstructTree(PO, I0):

:1 Set root PO|0] of T

2 Let ¢ be the index of PO[0] in IO

:3 Set right sub-tree ReconstructTree(PO[IO[i :]],I0][i :])
:4 Set left sub-tree ReconstructTree(PO[IO]: i, IO]: i])
5 return T’

N QRN NR NAY VNN NI A :] IN'Pa 2ms1 A yn NN L Yun ITNYT DNNIRIRD 8 IR
NN 7D NN 11NN NTINY MNR A 11WNT 1IN'PD an0) A[B] 1197 Xaw wnn NNYT NP anod Af: )
.B 1wna NIv

27001 NIPFI0N 'NY TV 721V DNNIATIRD NIXRMP 702 D NIXYT N2 ,|RT O(n x height) Np* itnwn 70
|Xon O(n) MNIA 727 RN NIPN0N DR 10 N1 702 .O(n) TT7102 NIPA0 ‘N 1Y O(n) D' NYI NN
JANY'J |NT2 NAYWINA NN 70Y
ATNIYNN YYN
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.NNAIT NIYNAND )19 ,N210) X'T Myon
post-order = b,a | pre-order = a,b NIPMON |NIN2
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Successor(m):

if x.right # @ then
return Min(x.right)
else
y =m.p
while y # @ and m = y.right do
m=y
y=mp
if m = y.left then
return y.key
else
return &
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A4 for i €{n,...,1} do
2 HeapifyDown(%)
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DFS(G = (V, E),v)

BFS(G = (V, E),v)

:1 Mark 7 as visited.
2 for u € N(v) do
%) if v is not visited then
4 DFS(G, u)

:1 Create empty list L.
:2 Add v to the tail of L.
:3 while L. #£ @ do
4 Let u be the head of L.
Mark w visited and remove it from L.
for w € N(u) do

if w is non-visited then

Add w to the tail of L.
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Prim(G = (V, E))
1T =0
:2 Mark arbitrary vertex as visited.
:3 while there exists a non-visited vertex in G do
4 Find minimum weighted edge between a visited
vertex v and a non-visited vertex u.
5 Mark « as visited and add {v,u} to T

6 return T’

NIN NNT1 (QUNN R'T XIN NN DAY AWNA XN DA ) ,0M9 TW DNMIRTRA 1700 9V 1AW A1 9n0na
q1m

HeapPrim(G = (V, E))
1T =0
:2 Create an empty heap H
:3 Mark arbitrary vertex ¢ as visited.
:4 Add all edges {i,j} € FE to H.
:5 while there exists a non-visited vertex in G do
6 {i,7} = H.popRoot().
7 if 2 and j are both visited then Go To 6
8 Let = be the non-visited vertex of {7, j} .
9 Mark x as visited and add {,j} to T
10 Add all edges {z,y} € FE to H.

11 return T
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MUnn2 nyIdn Ni'Yva
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Dijkstra(G = (V, E), s)
1 forv eV do

2 Mark v as not-visited

3 father(v) = @

4 dist(v) = co.

5 dist(s) =0

:6 while There exists a not-visited vertex do
7 Find the closest non-visited vertex v.
8 Mark v as visited

9 for not-visited v € N(v) d

10 if dist(v) + w(v,u) < d|st( ) then
11 dist(u) = dist(v) + w(v, u)

12 father(u) = v
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Dijkstra_Heap(G = (V, E), s)

1 for v € V do
Mark v as not-visited
father(v) = @
dist(v) = co.
dist(s) = 0
Create Heap H with all vertices sorted according to dist()
while There exists a not-visited vertex do
v = H.PopRoot()
9 Mark v as visited
10 for not-visited u € N(v) d

N o g RN

A1 if dist(v) + w(v,u) < dlst( ) then
12 dist(u) = dist(v) + w(v, u)

3 H .UpdateKey(u) = dist(u)

14 father(u) = v
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197N

SN Jpwn NITYa NINYEPN 70 1197 NINYPN Y w Jpwn Ntxpasl G = (V, E) (120 X731 'YE 9 (1Im
NINIAN NIYON NN 12190/IN'IN
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.2rn a) ca(e) = a-w(e) XN IPYNN N'¥PAD DX 7"1D (2)

NI0DP"T INNN  ININY - https://www.cs.yale.edu/homes/lans/readings/routing/dijkstra-routing-1959.pdfY
?21T'R D'NTA 10012 NTATY N'wa TIVT L..DAl ,¥PN 917000 N'WAT 19Y DNMINTIRN DX 2NN
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BipartiteMatching(G = (AU B, E))

1 M=o

:2 while True do

3 Construct H (M)
Compute path P from s to t.
if P = o then

return M

Remove from P the first and last edges.
M = MAP

© N o o R

NYPA NINSN 737 INIX 7'Tan 0YS 7011 H(M) 9 mi M = {} P )Ty DY T'NNN DNNIAIRN
nMan MAP MMon'on wionn NPT H(M) -2 D'DTIVUN RT DAY YW 12 P 791700 NR'YNA MY NNN
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:H (M)

H(G, M)

1 Create empty graph H = (Vy, Eg).
2 Add s and ¢ to V.

3 Add all vertices of G to V.
:4 Add (s,v) forve A\ V(M)
5 Add (v,t) for v € B\ V(M)
6 for {v,u} € E do

7 if {v,u} € M then

8 Add (u,v) to Ep.

9 else
10 Add (v,u) to Eg.
11 return H
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MaximumFlow(G = (V, E),c: E — N)

1 Initialize f to have zero flow on all edges of G.
:2 while True do

3 Construct G'.

4 Compute path P in G from source to target.
5 if P = & then
6
7

return f
Update f according to P.
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core/services/aop-cambridge-core/content/view/5D6E55D3B06C4AF7B1043BC1D82D40764/S0008414X00036890a.
. pdf/maximal-flow-through-a-network.pdf
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