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Graph # Tree FYFIIR mEXR:

MEET] M Node LE¥5k K 7=,

Tree REEFRIATLTIHA, — X ZRIKEF.

Graph T PIFRIEB IR, ZXTEZHIXR. —MRIAA Tree & Graph AYFEIAIEN, BITT A graph 89
R FRIL Tree.

Graph FJFRIAFE R ERERHA

1 2 3 45
1 2] F{5]/] 1o 1 0 0 1
ZE*I —+5| 3| 414 ]| 211 01 1 1
3| 2] 4] 3101 01 0
al 2] 5] +3]/] 4lo 110 1
s| F-La[ [ FH{z]/] 5/1 1010

(a) (b) (c)
V: Node/Vertices &,
E: Edges i51
neighbour: /&, —> vertex AFEBEE— KD ERNAR H b vertex.
Degree of a vertex: —*> vertex fY8FE/ N4, T FR deg(V)
Directed Graph: &g &.
EERILMA—FKBMA->B HAERELENAE—&KIAM B-> A
XHEMEE, RS T 54 A->B, A NRETINE B, {8 B MMEIRE A
P, B B2 MR Edge(u, VIFFAFRT E(V, ).
Undirected Graph: 7[5 &.
EEELWNE—%ILMA->B, BENXFZILDHBM B->A 5o INER A-B.
XHFRE R, R4 T %14 A->B, a0 A fI%REH B, A8 B REERF A

Path: B%1Z, tban [1-2, 2-3, 3-4] o] MR 1 £ 4 B9— KR

Simple Path: — % &2 BB H vertex A HILE — K. # =5 Z, simple path %5 cycle.
cycle B9 path f#0: [1-2,2-3,3-1], M 1 EZ] 7 1, 54958 7 FF.

Cycle: IETNE X2 H [V1-Vy, Vo V3, . Vp—1-Vi ] HRLAI—% path /1, v, = v, (k>2), T B BT k-1
REBAAEE.

Connected graph: — graph EEE® Y vertex &8 0] BT E £ path EFE—i&.

Tree: #. Z0 % (undirected) B L2 connected, 1% F cycle. —/>

Rooted tree: F hierarchy FXZMEIH, /R0] M43 7EZE parent child XA M. LEIN KK A
7R = X4 binary tree g2 X 7.



ERSEI =

1 23 45
1 2] F{5]~] 1o 1 00 1
ZE*I —+ 5| 3| 44 ]| 211 0 1 1 1
3| 2] FH{a]/ 3lo0 101 0
| A2l 3]/ 4o 11 0 1
s| e [ Fz2]/ 5/t 1010

(a) (k) (c)

Adjacency matrix

& #R adj matrix

THRIETTEREN. —17:2 node, 52 node, - node Z [E]2 % edge iIC AL 0 HHE
1.

EL a3k {195 = node fy—> graph:

V=1{1,2,34,5)

E={1-2, 2-4, 2-3, 3-4, 5-4, 1-5, 2-5}

A4S BY adj matrix —Hx ] PUXH:

N=5

adj_matrix = [[0 X N] X N]

#ENTH A EE—1 Vertex HCZ /E/E’E/?FJZ’ R[] #9187 BT X R B
adj_matrix[1][2] = 1, adj_matrix[2][1] =
adj_matrix[2][4] = 1, adj_matrix[4][2
adj_matrix[2][3] = 1, adj_matrix[3][2
adj_matrix[3][4] = 1, adj_matrix[4][3
adj_matrix[5][4] = 1, adj_matrix[4][5

]1
1=1
1=1,
=1

R AT X E #1758 index, Adjacency List ] IXTRTTEMFFE R KDLz B2 S Edge IR,
o Z[a:0(n?).
o WEREM vertex ZAIEEH edge FE O(1)AYHT(E]
o EHMXFEA— matrix, SKBATE edge FEATHEMNAEEE 0(n"2). F A EHLXA
KB —R.
o MRZEXMEE (Undirected graph) it RREEE —FMT[E), ETUX AW, §EE
A [A][B]=1 FyREHEH S A [B][A]=1. X H k) matrix N iZ2HEX AL FRA.

Adjacency List

LbR & 195 F 52 A dictionary/map SRTFATH A vertex £ key, FFERIE AEA vertex
#Y neighbour.

B AL G/ MEX R A neighbour list B ] |)2 edge 1 5] |2 node.

F AR FE— node + —> edge FhT] UHEL H—Pims node. R ZJRER.



1 2 3 45
EPEHE 1fo 1 00 1
A =NE:HEE 4]/ 211 01 1 1
3 [ 2] F-[a]] 3l0 1 01 0
al 2] 5] 3-[3]] alo 11 0 1
s| e [ F{2]/] slt 101 0
(&) (b) (c)

class Graph:
def _init__(self):
self.vertices = []

class Edge:
def _init__(self, u, v, val):
selfu=u
selfv=v
self.val = val

class Vertice:
def _init__(self, v):
self.val =
self.edges = [] #this also records neightbour

def add_edge(self, e):
self.edges.append(e)

AT 27 neighbour B H#77 node FYRILA
class Graph:
def _init__(self):
self.graph = defaultdict(list)

def addEdge(self,u,v):
self.graph[u].append(v)

e Z[E: m + n (edge NI + vertex PEY)
o KEBEEW vertex Z BB FH edge, HE 0(degree of vertex) g9 8]
EEan R (148 5K vertex 1, 0 Z (8] 78 B —5%14. origin £ 1, destination £ 0.
AT ERILX AT O(1) A e E] 1 XA key fFiERE A list.
FAXEMAT list KALB/E, Frid#%E] destination FERIN B ZIX key i HISBENEK Lt
= degree of vertex.
XA FE, 1 BERANLE, 2 # 3. 352 7R B LI 0, AT DUR B E R IX KB

inb



BFS

BFS @& E kMR 08 B4

1. E%?EE%E'EID?E@

2. FEHERZEN—REEL—ERE .
ELZNFRER M H BT vertex F| EAh vertex FEEJLL.

class Graph:

def BFS(s):
# Mark all the vertices as not visited
visited = [False] * (len(vertices))
queue =[]
# Mark the source node as visited and enqueue
queue.append(s) # queue.enqueue()
visited[s] = True
while len(queue) > 0:
# Dequeue a vertex from queue and 'visit it’
s = queue.pop(0) # queue.dequeue()
print (s)
# Get all adjacent vertices of the dequeued vertexs.
# If a adjacent has not been visited, then mark it visited and enqueue it
foriin self.graph[s]:
if visited[i] == False:
queue.append(i)
visited[i] = True

- Visit all adjacent vertices of E which are not visited (C, F).
- Insert newly visited vertices into the Queue and delete E from the Queue.

Consider the following example graph to perform BFS traversal
Queue

LI [efc]e] |

Step 5:
- Visit all adjacent vertices of B which are not visited (there is no vertex).

Step 1: - Delete B from the Queue.

- Select the vertex A as starting point (visit A).
- Insert A into the Queue.
Queue

- L LI T Jefe] |
Al T T]

Step 6:
Step 2: - Visit all adjacent vertices of € which are not visited (G).
- Visit all adjacent vertices of A which are not visited (D, E, B). - Insert newly visited vertex into the Queue and delete C from the Queue.
- Insert newly visited vertices into the Queue and delete A from the Queue..

Queue

e [T TTTIle]
[(Tolele[ T 1]

Step 3: StepZ:
P - Visit all adjacent vertices of F which are not visited (there is no vertex).

- Visit all adjacent vertices of D which are not visited (there is no vertex)
y ¢ b - Delete F from the Queue.

- Delete D from the Queue.

ueue Queue
m m EENNENG

hm 4



Step 8:
- Visit all adjacent vertices of G which are not visited (there is no vertex),
- Delete G from the Queue.

N>

- Quet b came Empty. So, lp(h BFSp
F\ sult of BFS is a Spanning T hwnb\w

N

R XEE] BFS 1y visit FEeFE—F—E—EHARmIMNY.
1 2 3 4 5 6

g \.oOoo
\O N

Breadth-First Search Levels

ﬁﬂ%mbﬁﬁ weighting E’\]ﬂiﬂ’rﬁtlﬂ ﬁ. BFS HT &% 1/1\}=' 5, BET A
MR ZH weighting FYERFZERIZ 0T, N EZXS BFS 17— L&

DFS

DFS #7275 DFS edge #1 back edge X edge.

DFS edge 2REEFE node FE—K visit £ NMBE MR EN 21T FBEKEE.
Hfth edge #BZ back edge.

If an edge is used to discover a new vertex, we call it a DFS edge,
otherwise we call it a back edge

—— DFS edge

DFS & & &R R o] S B 1E:

1. A=~ vertex o] IAZIA R PrE HAth =

2. ¥ %, Backtracking 2 YA () /%, tb 40 print all path between S to T.
3. BI2&F cycle

class Graph:

def DFS(s):
# Mark all the vertices as not visited



visited = [False] * (len(vertices))
stack =]
# Mark the source node as visited and enqueue
stack.push(s)
visited[s] = True
while len(stack) > 0:
# Dequeue a vertex from queue and 'Visit it’
s = stack.pop()
print (s)
# Get all adjacent vertices of the dequeued vertexs.
# If a adjacent has not been visited, then mark it visited and enqueue it
foriin self.graph[s]:
if visited[i] == False:
stack.push(i)
visited[i] = True

A —MRBEEEEEE, EEXFEEEKRILEME debug HEITXEE.
HEM S L mavRE A 7E R

def DFS(v, visited):
# Mark the current node as visited and print it
visited[v] = True
print(v)
# Recurion for all the vertices adjacent to this vertex
for neighbour_node in self.graph|[v]:
if visited[neighbour_node] == False: # if it is not visited -> backedge.
DFS(neighbour_node, visited)
DFS(vertex, [False for every vertex])

e Run time analysis
xfF adjacency list fySLIR 75 7%, BFS 1 DFS #FE20 (m + n) AR [E).
DFS #1 BFS {945
BFS: 3 TR RS & B AIE N, MEIHORE/).
DFS: o] I3 ZRF0 connectiviey [0/, {BANRE T B G B

il
gnfef#E O(N) B [B) A # E —1> Graph 2 & HIR?

—— DFS edge




F DFS, 2R #1774 10) B & neighbour AYATEEZIN T — back edge (2 —MM K explore f
edge, 1B friE Y neighbour 2 20 A\3T stack) X graph EmiF cycle.

“UNREA node FEREDERZIER T B CHY parent, 1 F EMhAIE /5[5 node, |35 A back
edge th L B

BFS/DFS 25

¥

a) Starting from A, give the layers the breadth-first search algorithm finds.

b) Starting from A, give the order in which the depth-first search algorithm visits
the vertices.

i) 5: 7 DFS f9it 72eh, WRLER back edge, B2 DFS edge

=yl

Dijkstra K2 HR K EERR, 7 HAREE T negative edge.
S ERRERZ EL FRNASEMEES, AR EE. XN FESITEMNE SR G Hib
e NREES. IRENS%E run 2 /AR B <EEE A infinite, 1 BB7% B o REMIR = k.

HiE:
1. EEFER T S IUIMY vertex $RICHY infinite distance
2. MERFHE, §—KIRE Y H&/)\ distance [y vertex [m]5MYIA, IR RIRAIFNIC T3k 20
FRBIERRIME D, FELLEMIVEEESILE MBEE/NFEITEMR.

—/(_*
5
10 12 1
Sta
3 —
15
10

it FE:

Priority Queue
PQ Visited Removed from PQ
a - a




b, c a b
cdf ab c
d,fe a,b,c d
fe a,b,cd f
e a,b,cdf e
Completed | a,b,c,d,f e | -

A1t Dijkstra A8 F§-F Negative Edge?

SSEBS/NMELREET ML

s

WEREF graph G EM s B t FIRIEEE, tNRIICATE HY edge cost I E—PMIEEFER G, R
S RER A ERERG?

R, EMUTHIF (ignore &L ILAMBRIE 2 L@ E)

M2 B 1 JRAEMERIEE (0.5+0.5vs 1).
WMRGE edge FMNLE 1L, N 2 2| 1 5 RFET 7 HEN—FRGHE.

XA IGth i A AR RZEREL: RBM LT B edge FIEE L IMANINE. 2NREML
cost, HLANZ5 edge 0.

Minimum Spanning Tree (MST)
EEENX:
Tree: ;X F cycle i graph



Spanning Tree: ;%5 cycle M %3 graph B vertices A9 tree.

Minimum Spanning Tree: fff5 o] §£ A spanning tree & edge weight Z #1&/]\AY spanning
tree.

Cut: a cut is a subset of vertex V. V EfE= 1% Ay vertex &£ 5.

Cut set: the subset of edges with exactly one endpoint in S. $EIX LEfE = 1% H K A vertex T {E—
MNEERZE, ‘@MY edge ZF0.

Cycle: Set of edges of the form a-b, b-c, c-d, -, y-z, z-a. (FEZEDFH— back edge, M z $5[T) a)
Cut property: {F&— cutset &, weight /\fJ— edge, —F7E MST E. (—A)1E#$E Prim
B 777%)

Cycle property: {FZ—> cycle &, weight sz KEy—> edge, —E AT MST E.

—EEHE X S 215, T EE final EEREASHERE. XEMSAMUNRAENAES—F s
HAYA—B graph BXRMESFEHAXLERS. FAINEEEER

 MST?
e Kruskal 7753 %#H):
HEFrH edge 25 weight M/NEIASKHES. FF— =& A k17 MST EFrHEER) edge.
MINEIRSRTE A BN edge, ZEEX NN edge IR EREIAZFEESA S cycle, 25
.

e Prim 773%:
EE—PEEEM vertex (EiX T H ES45), X/ vertex Y edge BB H— weight T/
(Y edge ¥R H &, X/ edge H—imhY vertex Nt V Bk, HET VTR T BN MIX
A vertex Fr B @SMY(REBEIARE!) edge Bk —> weight F/\fY edge R FK
EEXNIE BEIE vertex FINZIEEE R

ZA{a]3iE AR Kruskal #1 Prim F9 75552 X692
Invariant: Prior to each iteration, A is a subset of some minimum spanning tree.
1. Start from empty set. Empty set is certainly a subset of solution.
2. During each iteration, we make sure the edge (u,v) added does not hurting the invariant
that A is still a tree.
3. And since we sorted the edge by weight, the edge (u,v) adds smallest weight to the set A,
so A’s total weight is minimized.
4. Therefore invariant still holds after we add edge (u,v)

s
WEREH graph G EFH— MST, 1 RFKICATH AY edge cost &I E—DNIEEF K G, R
MST X 23S E B aY MST f5?

=19, B &Y Kruskal A, MST A9i%IR4E4%F edge cost BIHEFIITF.
5P edge cost N_EE—/MEILE, edge cost FIHEZI AT, Fr g Sk A9 MST th R,

10



Graph BALR 56
Final £ —&—ER 18 MST AR, f8E —MEAFH B RKIFIEA G — DRI R X EH
ETER % RIFE.

ALA
<>
VNV

WMRZ Prim: S EIFIRMB—D = FHEE.

R Z Kruskal: {RE CRIZFIE M edge FHEA.

Sample Exam:
1. F3 Prim &£ M vertex a FFi5$k MST.
T2 REF—H a FIRBIELE(RE XA explored set. — 45 R B {a}, [BIBINIAFTHY vertex
FRIEFFIX/ explored set fY cut edge ER&/INMESIA.
{a} By cut B9 F 6. 1%EIF 6. 3T d NN explored set.
{a,d} 89 cut H 9 F1 1, %EFF 1.3E g A0 explored set.
{a,d g} Bcut F9,7 3,4 % 3. e filA.
{a,d,g e} cut §9,74,5 %F 4.3 c fOA.
{a,d, g ectfcutEd9,75, 2% 2 AT
{a,d, g e cf} B cut §9, 7.3 7. ;I b.
R BREBIEENZ(1,2,3,4,6,7)

2. H Kruskal &3%:
MBI edge FRERANN, 207~ A IRUARANN.
Edge: {}, Vertex: {}

Edge set Vertex Set Note

1 {d, g} -

1,2 {d, g}, {c, f}

1,2,3 {d,g e}, cf

1,2,3,4 {D,g cf e}

1,2,3,4,6 {D,g cfea} TIEFE S BERAMAS =
F=H cycle

1,2,3,4,6,7 {d, g cfeab} %

11




Run Dijkstra's Algorithm on G starting from node a, to calculate the length of the shortest path
between a and each other node. Write down the order in which each vertex was extracted from

the priority queue.
T H = B H 2L Write down the order in which each vertex was extracted from the priority

queue. EftHER R “B—RBEHREHERRAIH vertex ZWA"?

g

Priority Queue
PQ Visited Removed from PQ
a - a
d,b a d
g b a, d g
B, e c Adg b
E, c Adgb e
Cf A, d gb,e c
f A d,gb,ec |f
Completed | A, d, g, b,e,c,f| -

Greedy HYIERBE %
1. exchange argument.
Transform any solution to the one found by the greedy algorithm without hurting its quality.

2. Structural

Discover a bound asserting that every possible solution must have a certain value and your
algorithm always achieves this bound.

Exchange Argument

T T greedy BEZRHFHEL.
EFMERRNEHEF RSN

“5 N /) item, §—PEBH benefit b F1 weight w;, B S 8E1E weight 5 W 94 G, 15 ] 15 B— L&
BE B K1k 2 HY benefit?

12



Fractional (9B 2: TR T U —F, LAHEEA.

% “knapsack”
% = E Optimal:
-— 1 mlof 5
ltems: = - m e
] 7 5 . = *2mlof 3
*6mlof 4
Weight: 4m 8m 2m é6m 1ml ¢ 1 mlof 2
Benefit: $12 $32 $40 $30 $50 10m 1o alve: $124

R RN /BN E (D /w) HEFF, BRI BN ERS Y M REZI.

AT BRI, RIS EBE R task BHERER (bi/w;) B
BRIZH (bi/w;) > (bj/w)),] < L.

f2nE —F optimal F53%, ZEENMLE, RTEEFE T, (bj/w)) , RIEAEFET 1(bi/wy)
MR BAIEX AN 4 5k, BATT RUE IR MNE.
g INZ 2
1. f&Rani,j &R AR, PEINFAZE.
2. MR, AESE BRAOKNONEE—L EEH E 93D
RN {E A bi + bj
FATTT UM Optimal REFE EX(b;/wy)), B ¥k EX(b;/w;) k.
3. EMEYERNEA: E(‘Z—i - ‘l:,—i): RIBBAVE X, XESHEAT 0.

Pl FATTET US| 0 1 890, SRIE NS ME.
AEE X MRRIRE B2 AEINFEE8 Db /wik s Fr, ENMESHERES.

P

Structural

B 5 BE AR, B — N REE D /& EFBERLISER upper/lower bound.
RIGIE RN E X —ESH EIX A upper/lower bound.
& T greedy R EEH — M IFAIKE.

B N 4 lecture. > lecture B A RS [B)FLE R 8. FR ZEVDBE/LNEETIUHE T BH

lecture.

9 9:30 10 10:30 11 11:30 12 12:30 1 30 2 2:30 3 3:30 4 4:30

XANEBENREEESE — MEE DB E depth M ZE.
Depth B9E X2 FENEf[E] = overlap A9 task ML

13



Greedy B7%: JE4EFTH lecture $ AR B HEFF. 40 =4k classroom, FHEX A lecture ZeHE L.
MRELRETRT, A—HFAY room.

XANEER A B R 2 K20 (NlogN) , i sorting X R E.

XANE AR IEF M T:

B BABNA T iR m A B RAIRFE R E—E.

BRAINEZENE), BAIFE d 4 classroom. i RBETE—MRE i ENNEESED d-1 NEAMA
9 room FHRT (EAnESH T)

ABAVEAT A IREEHND B, Fr I EAIRE R A B &R TS, HIEL o] I, B d MRTEE
SiHX B R B EE.

Frld, ZORE[FEA d NEE. Greedy L8HIVTTEBHRHNSGE 7 d ME, Tl greedy BYIFHS
T URIE.

151
Assignment 5 fJ8&x /5 — @k 2 H EF]F

maximum degree d FITLEE. /RE d+ 1 FEE, 42 0~d.
TS B R — ST B AR ERE?

B e E H structural fYERR 7T 3%, A 914% prove — lower/upper bound.

X E Y upper bound 2Z: — maximum degree d WL [@EHERZ RFE d+1 FhgnEHi ol Y
color 7.

A1 prove F977 R & induction.
flRan—> graph EFH N /> vertex.
e

2 N=1,degree x% 4 0,d+1=1
BRI RATE—MEae.

%4 1% N=x [91ER
A& AT i AL
7E N=X, Fx K degree 1 d NEE, RFE d+1 @B,

E=:BETE_SIUH

RANGEXANEIIZ — vertex, FEHFFERIER K degree 4 d.

BATTT LRI A vertex E— NS5 HRFEEA—HERNEE

B XA vertex % RE d NRE, TEAE d+1 FEE T UL, Tl —EARSEEEMHE.
BTl N=X+1 Bl ~r.

ETE=2, o DUEAXF— max degree 4 d &, REHR d+1 MEE, E—E T URE.

14



F3X—2F, upper bound JFBR5EEET .
B TR BE A —FE U 2 X4 upper bound A BB

1. MEA vertex v 45, B E color 1.0 (1)
2. ST HMPAEHR vertex:
a. XNTBRIIEFEXZE vertex v, {8 EEAIFTH neighbour BIEIE. HEBR 7 X LEE
BzE EFEE—NTMFEANEE.
b. WMREZIMFTEEE AR color #AEE A, 5EA— 1783 color.
3. HPTE vertex HWHETER, XMHEARRERNEENER.

A A #E/ graph B % degree =2 d, frlA—3f vertex & ZH d MEE.

HBARFREMR, XA vertex Wi ZHEHRR d MEE
E I, BN ER S~ E BT d+1 FERE, J#.E upper bound, FTIX AL EEZ EHAY.

Huffman Tree

Huffman # F§ % binary encoding A948%2. (R §&-2 binary encoding)

00 |010 011 | 10 | 11

M root FrE, fEAERE 0, A ERE L

B0 a, M root B IAEHEE a,amL. 3K 0,0.

RNF IS LN T I SN ABEE, bt 25 e TR BE * HRKE 5/
1t

Vabrix

FIRBTE FEHMMEHEF, A — min heap.
SN AR B PR R 9 — 4R, K HL A A SR AR AN A A #THY root node, FEFTANA min heap.

15



X = abracadabra
Frequencies

EEEEE
5 1

1

3
-

e dads

2
DR HF R AR M min heap EZHRHATTAE.

Randomised Algorithm

WHEH O] BE PRI
REEERIEEE I, RN EEREARTEBURT input size fY[a)E.

Generate Random Permutation
HIR—EF n, a0 A — AR {1,2,..n} A EER
EReRIE: §—AA S~ £ X E /ALY

def FisherYates(A):
N = len(A)
foriin range(N):
j = random.randint(i, N)
Alil, Al = Afjl, All]

return A
SkipList
above(p)
before(p) 14 | after(p)
below(p)

F— node P reference: F AH

Search FYIZ7E:
UREARRE—EBAMITE key > k BIFHE, EFAMER HEX—EBETARZE.
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BB EEMIENR, Search HRASHE&IE THF key.

5, +oo |
52 114 =
R e 14 E
S [mo 23— 6 ——Jl——fo—
Insert

MNEET—ETE 8H—XIIASMBE T REEF EEL—EEOQEMAXME
EEEniX B 14 SAAAINT 3 2%, U BREHL 7 2 JRAE &R L E.

Deletion

B1d search ¥ FI&JE TH key, MIBx, AER LEEME. (BTEFIM key —EREBC LF)

AT A—DAE N A key B9 skiplist 5 & 4 logN?
% x BEREMNREZE DR key TIT x EET
T x EEEMOBRE
HEE x EHEEZED— element E’\J#E/%z@%%
B3R x R0 logN I0iE, R By > MR 1. (XEWAMULT, REXE

coefficient)

i (8] 2 24/ :
Search/Delete/Insert: Olog(N) 55 E—%.

42 divide & conquer
1. Divide : #8—" KA /B
2. Conquer: fRi&/NE)BEE ZBIRT T
3. Combine: W E REY N BN E R &I IHRME, XN FEPHEMLHING

computation.

IE A UE A
HIFBiT 2454 7 Induction(f9 X #&)F0 Invariant
R
1. HSLIEMA base case RYERESIEM.
2. Combine #: Assume 75— recursive case, F case JR[E] T BN FESE EZERNIE

# input (£f& Invariant)
3. EBH merge £ B4R, K case i return value h 2 5IEM. FF4 Invariant.

17



4, RILEBANERIEHMILASEEE: it £ base case X2 recursive case &30 U4 H IF AT

b 2a
EES

245
JFAA Merge Sort B9 IE#Tt
1. Base case 2 array size = 1 5{ 0. [LBfANFHE sort. © AR5 R sorted.
2. Recursive case: {gi% merge BYZE R sorted sub list.
3. Merge M —HETERT list B4R sorted sub list B/ MEHR CLEBALE) F/NAIFAP
ME, FFAERIFT list 2484 sorted
4. FrAEANERIEH M IXRILE.

AEEREITE

Unrolling

BEEFHERNMAT: T(N) =aT(N/b)+0(?)

—/NK case FK recursion PYFHEZE#E 2 5% SN/ case? EH{TJ1L>K recursion?
W E: b

317 recursion call fY>KZ%: a.

&2 Merge sort Z445:

’/T(n)\ 1 (of size n) > ¢cn
T(n/2) T(n/2) 2 (of size n/2) = cn
T(n/4) T(n/4) T(n/4) T(n/4) 4 (of size n/4) > cn

logn

2% (of size n/2¥) > en

T T T T T T T T

n (of size 1) > en

X case E—E list. ExX—0 .

EJEE NHY case 22 base case (array K/E 4 1).

8] fx £ 7 JLRBE 7 AU B R TS iX A2 LogN. 52X iRy S .
R Merge B ZE =2 O(N), AT U2 AIAY 8] & 2 E = O(NlogN)

Master Theorem

T(N) = aT (%) + O(N4logk )

18



O(Nd) if d>logya — ———casel
T(N) =4 0(N%log"** N) if d =logp a — — — —case?2
O(N™08 %) if d < log, a — — — —case3

B TN FETLERALRL O(N) R ZE A6

T(N) = 2T (5) + O(NY)
hered = 1,a =2,b = 2.2 =log, 1, f¥& case2 . O(N'logN) = O (NlogN)

T(N) =T (g) + O(NlogN)

hered =1, k=1,a=2,b=2.2=log, 1, f# case2 .0(N'log'** N) = 0 (N log® N)

T(N) = 4T (g) + O(N)
hered =1, k =1,a=4,b=2. 1<log, 4 ff# casel .0(N'°82%) = 0 (N?)

T(N) = 4T (g) +O(N3)
hered =3, k =1,a = 4,b = 2. 3 > log, 4, & casel .0(N%) = 0 (N®)

DRAEMENEE

FHEE

Binary Search

BEd: T — P ELHFNEE SHENMEN. BE A% /NEE N NEREeHE, &45
o IX#E,

—HiaSeE A S B A

BEANPEIES N #70bR, o DR —F R, SeEm/Nh—¥F

RELER, RESNEE, RERSERAETHEIN N REFE.

NFEENPMTENR, BIERIBRAAEZSlog, NRLER.

Hi$#2 5 Binary Search Tree i3 & —#%:

[1, 3, 4, 6, 7, 8, 10, 13, 14]

19



FRAERRMR
def StandardBinarySearch(arr, target):
L,R=0,len(arr) - 1
while L <= R:
mid = (L + R)//2
if arr[mid] == target:
return mid
if target > arr[mid]:
L = mid + 1
else:
R =mid - 1
return -1
R ElE
T(N) =T (3)+0(1) > 0(logN)

—RME, H— P BEEHLA TR, REAi1Z2BENEEE E I sEF =M Binary Search:
FERNEERF
ZRNEERERT On), HEEEEKRMEEZREA O(logn)

Merge Sort

XANEENBRIEEIEEE M, 2R % Divide and Conquer (a7 A B AR
2 1) merge step 2 IFFEF ILHIBIEFT RS,

Merge Sort B #EAY > B F2:

4 [ 8 [ 7 | 2 | nn [ 1 | 3

[ a Y | 7 A 1 T E

T | 8 | [ 7 [ 2 ] 11 Tk [ 3

Ce s 7127 [a]

2 [ 8 | [ 2 [ 7 ] 1 1]

fAtHg

A Z— array input.

20



def mergesort(A):
if len(A) <= 1:
return A
mid = len(A)//2
lefthalf = A[:mid]
righthalf = A[mid:]
left = mergesort(lefthalf)
right = mergesort(righthalf)
return merge(left, right)

def merge(L, R):
res =[]
while len(L) > 0 and len(R) > O:
if L[0] < R[O]:
res.append(L.pop(0))
else:
res.append(R.pop(0))
if len(L) > O:
res += L
elif len(R) > 0:
res += R
return res

iNgEIE=PAYE
T(N) = 27 (5) + O(N) > O(NlogN)

Count Inversion

FE— array BH 2/t inversion - —X inversion #§ A > B /B2 index A < index B.
XEF

[4,2][4,1][4.3]
[8,71[8,2][8,1],[8,3]
[7,2]]7, 1][7 3]
[11,1][11,3
[2,1]
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[ 4 8 | 7 [ 2 ] [ [ 1 3

2 | @ | [ =7 | =2 ] a | [3

CeJ[Cs ] 7127 [E] [

1
1
1 8 | 2 7 1 [ 1]
XERNIZE 1,1
1+
241 =4 +1=2
2 [ a4 | 7 [ 8 ] N 3 1

4+2+7?

JR12[E merge sort.
K merge HYBHE, ZNRAM array 5 pop, M Z M array B R4 EBZ inversion count.
% merge (2 7iTE HCH inversion Z9MEAFEE SN K H subproblem {4 inversion.

Maxima Set

Maxima point: £/ S HY y EELLEr B EA MBS &K
KIXESHES.

e ?

® All the red points are
maximum points.

MERLE 1L : maxima set o] Y “HEE" E L IBHE.

XA A% x BT ED, AT PURIEA LAY maxima set 52 0] B3 55 £ 1A Y maxima set &=, iR
13 SR N T o] &8

MREMFA maxima set, o] PUBIIXSEL v EREBREFHN—EBS, MABTERSTHMAZE

maxima set 1Y =.

Preprocessing: 5c1% y EﬁFf
Divide: & x X0 2 #H 17 A MWILHY recursive call

22



°
e
1o 00
@
o ? 4

Base case: IR AF— =, E B T2 Maxima set
Merge: 70 input Eﬂﬁﬁ\ maxima set, 3% x DB {E L 5 R. 5358 MS &4 MergedMS.
1. PrEH R EBTT AN MergedMS.
2. HEIRHPEERNY E AR L FHEEEISLLXAD y B/, BRI MergedMS, &0
B UAR.
3. 1%[g] MergedMS.

A B 2 2

T(N) = aT (3) + 0(?)

HiE x BN ¥ HFTEEMILE recursive call:a=2,b =2

Merge #B: BRRZHT ONPRLLER. R HD AWMy RANRKEHE L ENREER)
T(N) = 2T (5) + O(N) > O(NlogN)

HAth 5130
Majority Element

F—NMKEAN B array, EFEN T G 71335 KTE O(NlogN) A 8] B ZiX N EF.
B1F:[2,2,1,1,1,2,2],iR[E 2.

a) Describe your algorithm

W array — 0 A=, WZENFIA AR subarray 735K majority element. 1RIR Bl A9 F—
B, BLR EIX AN B9 31— T4 E 9 majority element candidate HILAYREL WK
FLAR 3] R

b) Justify the correctness of your algorithm

JRIE: — majority element —ES7E—4 4 _HJ subarray B#1R[El—K, B A EHNHEHE
1/2 PLE.

FAM1F:[1,1,1,2,2,2,2] ER— MR AEIF 7. REY—T] 2[5, Z218/ majority
element 2 1, 18/ majority element 2 2. BT & & tbiBid 1/2 W&, EXREDE AL
A subarray £ fJ—MAY majority element. 5 AT,

LHFOMLBRIINIHE EIE SR %44 subarray H[E#) majority element, b4
[2,1,2,1,2,1,2].
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FEYI—T1ZfE, ZAMIAEFEHIRE 2 154 H i majority element.

Y AR EIEFAEFHNE, o] INEEIRE], EAXIERT X NMF AL A subarray AYH
PUREEBAR T N/2%(1/2), ht R XMIF R EKR T 7 N/2.

NFRIR B A EIFEF R, 5t ARSI RN KT N/2 (8T IREIXANEHFH

ABaz, MR [B]3%F majority element.

c) Analyse time complexity
8 O(NlogN), k2T (3) + O(N).

Search in a 2D matrix

Bl F: XN — matrix B A logX AT EIHEIE N MR EHFE. N 2AFLK 2 MEHF
X NMCFEEFE row # column £BZ 737l sort {8y, LLANMEE—FTM EEIT, 2%
E; BETHIM ERT, h2 i8S g e

[1, 4, 7,11,15],
[2, 5, 8,12,19],
[3, 6, 9,16,22],
[10, 13, 14, 17, 24],
[18,21, 23, 26, 30]

5Nz

AT PUHEIX B AY— 2D matrix 73 BL PN sort %7 A9 2D matrix FFHEER A

EEanFA1E Hk 10, E—RAULEIEF [EHRF: [7,8,9, 14,23]. MRFAIKIL T 10, s E #IR [ YES.
BAVEI 10 72 9 A0 14 Hjal. PULIRATT IFE, X9 AGE TR 14 AL EANBENTT
., #EUUARET, A ARTREERED. FrIAERF Rl A A /)

FZLE: O(Nlog N). (N & matrix 1K, RTTEHEREN?)

X8 T(x) = 2T G) + 0(x%%), where x= N2

FRFRBAANA 2 K*¥1/4 DITR BN ZREE N Rt 0. yHAXER TR
= x 1N 457 77{€~ F master theorem.

24



	cover
	封面

	2123大复习2(1)update
	Graph
	图的实现方式
	Adjacency matrix
	Adjacency List

	BFS
	DFS
	例题
	BFS/DFS综合

	最短路
	例题

	Minimum Spanning Tree (MST)
	例题
	Graph算法综合例题


	Greedy
	Exchange Argument
	Structural
	例题

	Huffman Tree

	Randomised Algorithm
	Generate Random Permutation
	SkipList

	Divide & Conquer
	正确性证明
	时间复杂度计算
	Unrolling
	Master Theorem

	经典算法
	Binary Search
	Merge Sort
	Count Inversion
	Maxima Set
	其他例题
	Majority Element
	Search in a 2D matrix







