o FHVEMY R
— TCH21.1%:>J2. 3
— TC5H21.2719%5>)1. 3. 6
— TCHH21.3W8:>J1. 2. 3
— TCHE21 % [ fl1
— DWH1.1%:>J4. 5. 10, 14, 16. 31
— DWH1.2W%:>J5. 7. 11, 17. 18. 20. 38. 40
— DW21.39945>J1. 10. 14. 15, 18. 61
— DW1.4745>J1. 5. 8. 10. 11. 21




TCEE21.1 04522

e Two vertices are in the same connected component if and
only if they are in the same set.
— in the same connected component = in the same set
— in the same set = in the same connected component
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TCH21.374:>]1

e fori=1to 16

— MAKE-SET(x,)




TCH21.3 IR 1 ¢

e fori=1to 16
— MAKE-SET(x)
e fori=1to 15by2

6883



TCE21.3044: 211 ()

e fori=1to 16
— MAKE-SET(x)

e fori=1to15by?2
— UNION(x;, X.,4)

e fori=1to13by4
— UNION(x;, x.,,)

o8
g



TCE21.3044: 211 ()

fori=1to 16
— MAKE-SET(x)
fori=1to 15 by 2
— UNION(x;, X.,4)
fori=1to13 by 4
— UNION(x;, x.,,)
UNION(x;, X:)




TCE21.3044: 211 ()

fori=1to 16
— MAKE-SET(x;)
fori=1to 15 by 2
— UNION(x;, X.,4)
fori=1to13 by 4
— UNION(x;, x.,,)
UNION(x;, X:)
UNION(x;;, X;3)




TCE21.3044: 211 ()

fori=1to 16

— MAKE-SET(x;)
fori=1to 15 by 2

— UNION(x;, X.,4)
fori=1to13 by 4

— UNION(x;, x.,,)
UNION(x;, X:)
UNION(x;;, X;3)
UNION(x,, X40)




TCE21.3044: 211 ()

fori=1to 16

— MAKE-SET(x,)
fori=1to 15 by 2
— UNION(x;, X.,4)
fori=1to13 by 4

— UNION(x;, x.,,)
UNION(x;, X:)
UNION(x;;, X;3)
UNION(x,, X40)
FIND-SET(x,)
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TCE21.3044: 211 ()

fori=1to 16

— MAKE-SET(x;)
fori=1to 15 by 2

— UNION(x;, X.,4)
fori=1to13 by 4
— UNION(x;, x.,,)
UNION(x;, X:)
UNION(x;;, X;3)
UNION(x,, X40)
FIND-SET(x,)

FIND-SET(x,)

11



TCE21.37

e FIND-SET(X)
— y=X;
— while (y!=y.p) /7R
* Y=V.p;
— whie (x!=x.p) // T 48 B8 4%

° X.p=y;
* X=X.p;

o XBREFAAARE?

* temp=x.p;

* X.p=y,;
* Xx=temp;

25 >] 2
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o R E SCIE B & R AL) G5 IR Ee 2 3R 2
— PRIV 5] Y XU
— UL PR EFE




DWZE 1.1 1925210

S <SR ENEINSESCS LR
— WIRES SIS, RS R AE AL, IR T

J& T IR B AN [F) 138 7 52 J& T IR B[R] — 38 7 52
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¢ 6L L A ) W Tl 1) TR A P ) s A X TR

N




DWZE 1.1 1125 >] 31
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DWZE 1.2 1125211

o FiGHE: BEAREIRE]— RSz e, Hrhe AR HHL?
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DWZE 1.2 1745218

o HWHEAIHI—A, BEA 1A
— XA TAE
IR SR AL:



DWZE1.27 1125 2] 20

o VEGIE| M = G-vA % = #MEIEHE



DW 25 1.27191 2% > 40

IR R ™. FECT & 1Y SR B A A3 ?
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DW 1.4 545215

e HiGMiE: decomposes into cycles
— HEg
1. M &K AE—
2. REERXAE, FAREEDREER, AR, m& 0 ovE T
— RS R BT P I Nk

o BRIAB<n BB R, WD H =0l KB, BB, W RRE
S| EVEEAT 538



DWH1.4T545:.2]8

o B HECEZIAgEUE, R RE Ainduction trap (P42).
o HiEMiE: ifandonlyifs

o FRoVEUERH BB Rg: B BRE [B]BEXT K 5E 7] o

22



o FMBHFMNIT R
— TCEE22%
— DWZEE2E
—TC5523 %
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2 3 4
0 0
1 0 1 1
1 01 0
01 1 0 1
1 1.0 10

h

= |

Ln o D b
—
o

]
s
I
n
-

0 0
000010
0 00 I 1

—
—
—
—
e’
—

00 01 00

o e L B —
=




ZIN (52)
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i1, BB EALR S @

e Two-dimensional array
o BEHEMHAMERA?
— 1A

—

m~cmT e e
[ Y e s e

a
[ Y s Y s Y e
[ Y s Y s

[ R

[ Y s Y s Y e
[ Y s Y s Y e
Lo Y o Y s
— e L



)il PRI ENLER S @

o SR IR B BT AR A MR, X N )RR B R A M AR
o AT ARG R AF A 5 [B] 4T FT RedE /N ?

010 0 0
21000010
310 00 01 1
410 1 0 0 0 0
100 01 0 0

S~
/‘\\—
;Q%
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i1, BB EALR S @

e List of lists

— Stores one list per row, where each entry stores a column index and
value.

— Entries are kept sorted by column index.

o BESTTARHNA? A&EETH AN ?

— BEHLYTIH]
— [ &/ R
— MR
L] 2] 5]/
2| =L 5] 3] 14]/]
3| 2] Ple]/
s 2] P[5 H3]/
5| {4 P ] P2]/

28



EIEEINE

e Dictionary of keys

}3

I HALR N 3

— Represents non-zero values as a dictionary.

— Maps (row, column)-tuples to values.

o BESTTARNA? A&EETH AN ?

— FEALVT A
— M=/ FiEAE
— A

u

— /] T [u] ]

k| T | T (k]

—/Tk[ T The] /]

\“\‘\\\|\*
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i1, BB EALR S @

e Coordinate list

— Stores a list of (row, column, value) tuples.
— Entries are sorted (by row index, then column index).

o BESTTARNA? A&EETH AN ?

— BEALVTH

— ME/EFEH

— MR
{
{1, 2,3},
{1,4,1},
{2,3,1},
{3,1,2},
{3,4,1},

{4,1, 2}



i1, BB EALR S @

o BMRIME, RERRTIEMEBGESHEME, EAGESH
/RS




i1, BB EALR S @

* Yale format

— A: array of non-zero element values.

— |A: array of index of first nonzero element of row i.
— JA: array of column index of each A element.

o BESTTARNA? A&EETH AN ?

— FEALVT R
— M=/ EiEAE
— A

[1020 0 0 0 0] A4 = [ 10 20 30 40 50 60 70 &0 ]
[ 030 040 0 O] L=[0 2 4 78]

[ 0O 0OBOGOTO 0] » Ta=[ 01 1 3 2 3 4 5]
[ O 0 0O 0 080l

32



DS

I HALR N 3

EIEEINE

EFEA e R 5 R

— TR R

— T ) R RIS B
45 fi

1. Use dictionary of keys, list of lists, or coordinate list to construct the
matrix.

2. Once the matrix is constructed, it is typically converted to Yale
format or similar formats for more efficient matrix operations.



A @2 .

J ARSI (BFS)

A 5 2

— TR =R R A B2 BFS(G.s)

— BFS-tree;e WA MR ? A —E M ?

= 5 (=—=)

o I I/1/T ¢
v W X \1—
r ) f I

i - I/-:-_oq\|
© [ o
(=) (=) 1 2 2
N .

1 foreach vertex u € G.V — {5}

2 u.color = WHITE
3 U.d = o0
4 .7t = NIL
5 s.color = GRAY
6 s5.d=10
7 s.m = NIL
8§ 0 =10
9 ENQUEUE(Q.s)
10 while O # @
( w 11 u = DEQUEUE(Q)
(== 12 for each v € G.Adj[u]
: _.L‘él“. ¢ 13 if v.color == WHITE
¥ ¥y 14 Vv.color = GRAY
u 15 vd = u.d + 1
=) 16 v =u
@E ¢ 17 ENQUEUE((Q. v)
y 18 u.color = BLACK

34



a] @2 -

« RENIHE (DFS)

— GTELE T AR R A=A AR Y

}3

I Z (@

— v is a descendant of u in the depth-first forest if and only if

* visdiscovered during the time in which u is gray.

e ud<vd<vf<ulf

e Atthetime u.d, thereis a path from u to v consisting entirely of white vertices.

v W ] L L
D O d@=ad OO

35



m) 2. B R @

« IREEMLIGHER (DFS)
— {RELRSCCHLILIN JREE 1 2

» We shall see that by considering vertices
in the second depth-first search in
decreasing order of the finishing times
that were computed in the first depth-
first search, we are, in essence, visiting
the vertices of the component graph
(each of which corresponds to a strongly
connected component of G) in

topologically sorted order.

()

(b)

()

R

d}
[

l :."’?3‘—’{‘*6)‘_'}

L‘CEJ—* __.
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o) /3. B /N AR

. 1ﬁ<ﬁ%f‘éﬁtKruskalfﬁ?£B’J,%'\?"§”Eﬁ‘7
o SLINHERARIIRIPEREH A BEASLHL?

8 7
b) () (d
4 - 9
2
) (a) 11 (i 4 14 (e
7 6
2 10
S
W= e 4
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) 3. B/ NE R 4

<

a1 Prim &y | AR,

 REEMH g ?
R A BT HIP Bt 4 B ALY

o SLI)

\J -7 L LT N L
3 7 8 7
(d) b (d)
4 9 4 9
2 2 —~
() nl G 4 14 (e () 4 14 ]
! ¢ 10} ! ® 10 )
8 — : 8 ¢ —~\
'\ir!.-" 1 \5J 9 'M_f .-)I xfr vt 5 \:’* /‘I
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0] /3. B/ DN R (4

o HLIRTZRE
— HMSTE RN EXMENT F) 8, A2 F T 7 28 By mt ] BA
fifE R ?
— i id {5 fractional knapsack problems ? ‘&t A] DA FH Sr 2R v 4K 31 B
Pifi. MEEE, XA AEA S
— AR, E&E S matroid (FURE).




