ADS

AVL TREES, SPLAY TREES BH &I IE R/

AVLTrees (Al A#EII1)
AVLIS Rheight-balanced, SFEE—1 58, EFRIGINEEEEREY] (hy — he| < 1, SHNEEEX
%-1) . R BN, MREHRO(log N)HERE

Proof: height-balancedfBSTIAL# RO (log N)ME 4=

EREREE N TRANEFRIATHNEENE]. AL, ITFSERMITR, NZRroott) FIRET REHRM T XA:

np = Np—1 +np—2 +1 (1)
X2—NERBRERET, KMAH:
1 (1 5
Fb~7< +2¢5) )
5

lie¥e
AR SIEFATE, —RIIUN0ETHAE. HENRNEERR, JREEEN— L,

IREEASIERE S, CBEMAEER S ET NSNS HIEE

HURNBASBHAVIRATEN, FERTRE. BAISERAESHATETR, BITEERNATR

1. RR Rotation
ELTFRNGBEAN. TR, ##RSingle Rotation

-1
@ RRQ

Insertion

B[ |Br

2. LL Rotation
EEFRNEDEN, FRRIEEIR
3. LR Rotation
EEFHIAIDEA. BEEMR, FTHEBHIC, BHEANC, BDouble Rotation



LR 2 LR
[ = — 0
Insertion Rotation

Oorl

4. RL Rotation
FILRFEERIIFR, tHEFEMIR

ZR

AVIIH—HRE2TER, —2HRRNERIERN, SHAETRETHRASERLAESE THRITR, —EEREBAPH
lieks

. BASE/RVT A If there are 21 nodes in AVL tree, then the maximum depth of the tree is __? The depth of an
empty free is defined to be 0.

FHRAAEREACEE, IHREZHEN! XRABENIERR, R5INELMESRFNNLFHNIAFNSERE,
Blnp =np1 +np2+1, EF‘FJ:LUHWL‘I‘%ED_J RifEn = 0Mn; = 1, BHLHHO0.1.2,4,7,12, 20, 3389771,
BB ENOMAVIREDNFE20T TR (ZAR218E3MHE)

2. A Insert2,1,4,5,9,3,6,7into an inifially empty AVL free. Which one of the following statements is FALSE?
—HHEA, NRIT TG, JTEMSplayiiEr X3!

Splay Tree (¥%ZEIRTI =)

85O (log N)#iER, MMER, FHheight-balanced, RIFEXEHNO(M log N) (MEELIRERIRE) . SXREWE
—MHRE, ZSREEEETIRTR, HENRER

B
JWFAER T =X, HparenthP, grandparenthG

1. PJ9iR: FEEEXFIP
2. PIER
o Zig-zag: G. PFIXZ Tz Ff: XHiR, PHICENMZT

o Zig-zig: G. PHMIXE T—) FH: HIER, EAHE

Zig-zZig

Splayfpviese 2 —MiE)am LERE, BERRERINTREERTR



Insert: 1,2,3,4,5,6,7 Find: 1

TERAMREEAR, BNMERXTREIGRSE (HAETREK) ; EFMNUETTEEILIC, PJINEREFIERAN,
EANNBVE

3

1. EWERRNTR: IR, EREEHREN

2. HfEhiE: SAEEFHNA TR

3. EEFHPREAE: ITRAISAENEHESEREIRTYR (RANERBAEZT, TRAMBERNT)
4. BAETFHRERSAENARTFLE AENSKEEMEEFRRT)

R
SplayiiIE S22, —RITRE, ZRMESH

1. He#&: For the result of accessing the keys 3, 9, 1, 5in order in the splay free in the following figure, which one of
the following statements is FALSE?

@

T &

® ® ©,
@ ®
ICEEENBNEEERN T REREESL, BFIRT S, AERRARNIEEERNT:

o o
© 0 o
© 00
©o 0 ©
®

RETGEARERL, TRZRANEHEAEEEIESEM, SNTRARITK

2. WED: FER—REEN, SplayWEERRARASEENERE, ERASELERENRT, BELRA—MaMNNE
. :

®(T) = Z log S(i) = ZRank(i) ~ height of the tree (3)
ieT ieT

Where S(i) is the number of descendants of ¢ (5 inclueded).

AMORTIZED ANALYSIS $#F 917



B

B WRE—HESNRFED, ABSEATHESRERRE, THERTHEERELRS. N, MAMWEX—AREE
E—TRAEHITHON, SRS EEREINRIRERIFE TRET EAhARLERT 8] S 2 E L RIRRERIE L.,

worse case bound < amortized bound < average case bound (4)
AR, RTEERMRRTIEREFTRIERE. KTFFHERE, RN O ZETEERE SR

BRI : Any M consecutive operations starting from an empty data structure take O[M - f(N)] time, then the

amortized time bound of this data structure is O [%(N)] = O[f(N)].

f5F: Dynamic Arrays, ¥ABRFHEBING
MZER TG, #EITnRIRE, MEENNEIRSH:
n+20+21+__'+210g2(rL 1) < 3n (5)

AEltt, amortized time bound of dynamic arrays is:

WX DI =F750E

Aggregate Analysis B9 7%

b2 FERENEASTH. nMMEFIIRFERNN - O(N), NEMTEREY:
n-O(N)

—— =0 (7)
Accounting Method icli%

XE—MEENMNERGE. BRNITIREN, RASHELREIRE", BBLEYSRRERANIOIRRER, EARENER
FERMRENZE . When an operation's amortized cost exceeds its actual cost, we save the difference as credit to
pay for later operations whose amortized cost is less than their actual cost

The difference between aggregate analysis and accounting method is that the later one assumes that the amortized
costs of the operations may differ from each other. W21, IEMEIANTRIFIENRARR, WEH#ITRAEME: SoF
EEEMUTEE, RIRTERENIEENAER

Potential Method & (& %%

BE&: Pofential Function@— T AREXK. REIBEEmMessyFZEAIRE, BIRIRIENRAI LB RN THMRIZRIRIE
ROBEERA . BRMAUATREAMTREREFE RS, BSF LNEREERATNERIRIFORIL,

amortized cost = real cost + k- A® (8)
BREHED > 0B Pspars = 0. Hith, HAilE:

Z amortized cost = Z(real cost + k- A®)

= Zrealcost—i—k‘ZA(I)

= Zreal cost + k- (Pend — Pstart)

> Z real cost

5l F: Two-Stack Queue, —PINEk—1Outtk, AKZEIN, HHZEOuUt, MNREHETOUtAZ, MIEINKEFEIFRETEEA
#%FOutsn

EXBRBPNINEHS




YHOUtZTERELKE, FTEEINEHAETREMEE, &
real cost = O(h)

BRETMHA:
AP =0-h
=—h
Hitb, #HN1E:
amortized cost = real cost + k- AP
=O(h)+ k- (—h)
=0(1)

The Potential Function of Splay Tree
ERFER TR RS ERMERE, FTARA—FMELRIA:

(T) = Z log S(i) = Z Rank(z) ~ height of the tree
i€T ieT

Where S(2) is the number of descendants of 4 (7 inclueded).

TES S =FiEEA, HPEiRamortized costitfEé;, Fikreal costitfEc;, Rank(i)iHER;:

e Zig
AAA Single rotation
éi=1+4+ Ry(X) — R1(X)+ Ry
< 14 Ry(X) — Ru(X)
e Zig-zag
Zig-zag  (G)
é =2+ Ry(X) — Ri(X) + Ry(P) — R1(P) + R2(G) — R1(G)
< 2[Ry(X) — Ry (X))
e Zig-zig

é =2+ Ry(X) — Ri(X) + Ry(P) — R1(P) + R2(G) — R1(G)
< 3[Ry(X) — Ry (X))

FgSRHMEE FA=MIERFNSAER, WSployRHBESTERERN RAT, EXRMNTRAX) -

3[R(T) — R(X)] + 1 = O(log N)

R
BT ST TSR E S/ LR/ RN, HALLEE TR AT ENIEE

1. #Z&: When doing amortized analysis, which one of the following statements is FALSE?

(13)



A. Aggregate analysis shows that for all n, a sequence of n operations takes worst-case time T(n) in fotal. Then
the amortized cost per operation is therefore T'(n) /n

B. For potential method, a good potential function should always assume its maximum at the start of the
sequence

C. For accounting method, when an operation's amortized cost exceeds its actual cost, we save the difference
as credit to pay for later operations whose amortized cost is less than their actual cost

D. The difference between aggregate analysis and accounting method is that the later one assumes that the
amortized costs of the operations may differ fromn each other

2. B2 : Recall the amortized analysis for Splay Tree and Leftist Heap, from which we can conclude that the
amortized cost (fime) is never less than the average cost (fime). (F)

BERAI TR REEZLE R

3. BRBUEIE: Consider the following buffer management problem. Initially the buffer size (the numiber of blocks) is
one. Each block can accommodate exactly one item. As soon as a new item arrives, check if there is an
available block. If yes, put the item info the block, induced a cost of one. Otherwise, the buffer size is doubled,
and then the item is able to put info. Moreover, the old items have to be moved into the new buffer so it costs
k+1 to make this insertion, where k is the number of old items. Clearly, if there are N items, the worst-case cost for
one insertion can be Q(N). To show that the average cost is O(1), let us turn to the amortized analysis. To simplify
the problem, assume that the buffer is full after all the N items are placed. Which of the following potential
functions works?

A. The number of items currently in the buffer

B. The opposite number of items currently in the buffer
C. The number of available blocks currently in the buffer
D. The opposite number of available blocks in the buffer

XEHBF—BLEEATDEERM, BXREFRE, SRitem#l+1, {EbuffenFiNSEIEIE, RABEETMNEEARIMEH
SEXRENEN, TNESRAPHR-

B+ L 2R3

ERAVLANSplay W iEdE/ REK S, FINEERH—FREFRMY, BORERE, SRLEMMb+Y

AR

EX

2. HEFHAARE (EX—NEFHNL BEAEHFHAZT, RIBZER)

EBRSTIMANT (MENBIAMIEENT, BEPLALMNEERSENLTR, FEEMPHIE)

@ O:
Q

o )
) g

[ 7
) T § O O @
' oo @@me .
D @ @ @ @ @ @ D D @ @
m (a)

FERBEZIA, ATMRMENFRREZE—TNLE, IEFTMAKRTEZE




3 ATRERTFAR (ALASNBERTRESTRR)
4, EF—THRBES—TNILEREZ LB R EAERE

A

MBANTRALE, IERAERNERBERNER (NTHRARELENRIIEE) , BHEREZENRIEIRPIRERE
B2 BT REUERE

1. E—BR2IBTim
e, RETREF—ENR, BEHEAERTR, @HARL (AREAXTRNAEHRET, bHEEFE. NRE

RTANBRUAEEFE)
Case 1:
-
Case 2:
L

2. L—B—4—28, BERAUBEEAM
M2 MIB TR, THCase 3

3. L—R——8R, BEAIEEIMI
FoitfTCase 1HHMNEE, AEHEHE

Case 3:
(&
-
illi%
RIEMRT SAIBENARRE, LHTER, RIIBSTEMH
MBS & EIZETANIL
1. BB AR
TEHIMEE (ENRRLET m A IEMER)
2. BT ERNE
RBRIT
REFTANRXTAERGE (AeTANRXTA—ENE) , BRETAREIRT S, RERRBENE, RHEANI, &
BTE A ASRERE,
REHE

o RBTREELBHNEZT



FTEFAVLRIRRRIET & (MRABE2THFALFEIMI, MIEARRIARTR; URABRABITEHFEEAR
M, MEZFHEIIRTSR) , BLE (LFPaent5RENRE—H, AEEEETES)

HILBEMEELEMBIRATTR: AETR, ABRTRNGZTF, KUK, MEMNNERMEEERATT R
&2, EERHRLBRMAER

KT et HIAFELHER, BERILETE, M—EREPEANNTREIRTR

RFLEE: XTIREAFERLEEN, MR TRMSREENRTREAE—K

o RETREFIINE

FZRBTL (REFMREABEIXTRUBREL T —ITETR, EITEMETRTNR) ,
(AR RAFNEET R, NREABTRIER, REXE; URXTRNI, NEEEER, NRXTINR, TA
&), BARTREANEHREREEN)

RIBRERBT R SFELk

o MIBST B THEIMRIE
e MRTRAR: BELRNEZTFER ((FAEANNRNR, ERF—EN, TMEEREBET REMERAMMNR)

BIRE2MT R SEFHNEANIAFHENOER R (REFRRTROEE) , AEMEAN EERMPERT
ER

SRRAITE, ZENTARMAb+ROBMRENERTESHD, BNSBX MASILEES, ET2aHRaHN
FEEL

1. BRI TEABMESSE

FEE. TRAOTRANELFHPBTREAE, BHERAE—DILFHTL
2. AVLIHBILESSE: Is it true that DELETE operation in a RED-BLACK tree of n nodes requires §2(logn) rotations in the

worst case? (F)

A ERHRANFBFRA R R Z B R, AV eSS —IBierk 2 root

Number of Rotations AVL Red-Black Tree
Insertion <2 <2
Deletion O(log N) <3

b+
EX
— b+ tree of order M BB FMR:

1. BEB2EMAET, JRAHFHE (FaAtEIigtrEins)
2. WEBEMHFHE (@HR) WERFHNT[M /2| M2
3. FEHT SREEE RBMEEEN F T ah)

XEBAH—12-3-4 T WFIF, FELMEEFNTHER:



A B+ tree of order 4
(2-3-4 tree)

L 21|, |48| (72| 4

[N |

112‘15 I '25\31\41 59\\I:I ‘84\91 I

[1,4,8,11][ 12,13 |[15,18,19] | 21,24 | [ 25,26 | [ 31,38 | [41,43,46 [48,49,50( [ 59,68 | [ 72,78 | [ 84,88 | [91,92,99)]

. ST PEBEBEMNMEH (TERTEL, H—ERLUANULL)
2. TRPNHFOINNESTFN RE—DFH) s e T
3. FEEIEEMENFTR

BRI

\A

AR RS, EIREART; WRER, @MLBEFFD (BTERMPEFF, RTREMZPEANE: WRR
TR, FUIRREE S ERER EIFD)

1. @A, RUEH

73

|1,4,8,11"12,13”15,18,19"21,24"25,26"31,38"41,43, ,45,46"48,49,50"59,68"72,78"84,88"91,92,99|

2. FOTR, FEEE (45) MARTR (EAb+WAERENERENFIR, ELBNERTERNFH R
S

“1,4,8,11"12;13"15,18,19"21,24”25,26"31 38]41,43,44 45,46 [48,49,50][59, 68 |72, 7884, 88][01, 92, 99|

3. BRI EBENR T AthE, BE[ERD (FDIEHT SRNEERENR EBHMER, EEH 75 RMIEH T R4S
HEIAIE)

AR RN ANVA R

“1,4,8,11"12,13"15,18,19"21,24"25,26"31,38"41,43,44"45,46"48,49,50"59 68"72 78"84,88”91,95,99”




STV N TN /TN

“ 1,4,8,11 12,1315, 18, 19]21, 24|25, 26][31, 3841, 43, 44 [[45, 46 48, 49, 50| 59, 68][ 72, 78][84, 88 [[91, 92, 99

o MR
MHBNIRIL. BEMLBBIIRFE—TE%k, TBEMERNE, B LENEGHTX
%I\\\

‘ D+BVENMIBRIRFAELE I BWNEGF RS, NIHPELAE, FANEAET

(S

BR T IEAFIMER, b+IOERIRER S MRS R0

1. BxZkeys: A 2-3 free with 3 nonleaf nodes must have 18 keys at most. (T)
EA2-3tEY Forderns, —THTRESZEFIT, TIFMEEERZHERAZIMTR. BEA—HRBITAMTR, B
HTRBEER—ZF, FINRERIMR, 27%&%F, ATHERHFTR. BARFPIRARBTR, AIRE2~3TM&F, i
M—HE2 Xx 3 x3=18
2. HEZR: Which of the following statements concerning a B+ tree of order M is TRUE?
A. the root always has between 2 and M children
B. not all leaves are at the same depth
C. leaves and nonleaf nodes have some key values in common
D. all nonleaf nodes have between [M /2] and M children
ERARD, RERNBINHEN—RO+H; DIRBUARNHERFR

INVERTED FILE INDEX fZl#fZ=3|

‘ BIHFRSIR—MERNX AR, EHRMXAANRON, BXAIE@E; MEHRIERERXAE
EEXRTAE
H[HATRTRINXAE, FIREHABEHERS],

e B—THFERRLMNERE (AAE—LEFFRALMEXELIVIRRS, FMICRHIURECRHRX L SIE)
o MNESHEI—THFARBEMBINNGDF, E—THFARLANUE



No. | Term Times; Documents Words
Doc Text 1 |a <3; (256),(3;6),(4;6)>
2 | arrived |<2; (3;4),(4;4)>
1 | Gold silver truck 3 | damaged | <1; (2;4)>
2 | Shipment of gold 4 | delivery |<1; (3;1)>
damaged in a fire S | fire <1; 2;7)>
: : 6 | gold <3; (131),(2;3),(4;3)>
3 1 q g0 s s 1)\&99)
arrived in a silver Tlof k@262
truck 8 |in <35 (255),(3:5),(455)>
- 9 | shipment | <2; (2;1),(4;1)>
4 | Shipment of gold 10 [silver | <2; (1;2),3;3,7)>
arrived in a truck 11 | truck <3; (1;3),(3;8),(4;7)>

BUR T A
* Stop Words: BfiF, AABLFHIVABRZERELMBX (bt a”. “the"%) ; BULEMRIMAE—NEE, 21
—LEHIREIE BRI RIE
* Word Stemming: FF2#, BEAFTREH. WSS, EEURSINAIEREEARNET, BREE—TRIFNER
BHRTE 2T
* Distributed Indexing: H#HX. ENERIEIBERIFERA, FINFESHEFHE.
1. Term-partitioned Index: FHF, RBXIAHATEME. abcFLNBREFE— 1T, deffFkNEES—MEA
2. Document-partitioned Index: 1Y, IREXAGHITEME. XA123FE—THMA, 4567 ES— DA
* Dynamic Indexing: EIiSH5|, XIEABRRNEIRMH, FIARS|tHIZAEMBSRIE S ILIEE R TEE
e Compression: [£48., UILRS|EWDURNEEEN
* Thresholding: 5B BREIEXAINY

e TS
o —LEIEEEWIAGEN]
o Indexing Speed
o Searching Speed

o Expressiveness of Query Language (Ability to express complex information needs / Speed on complex
queries)

o BRESBEER
Precision: HEHMRIEENHE. HMERLENEEPEZOEERN. RRENEXERSMERRIERMILES)

Rpr

Precision P = m
Recall: HEMNZFNWMR., BERREZVARER. KRERHNBXERSABEBEXERNELE

Rp

NIR= ———
Recall R Rn ot By

(19)

Relevant 8% Irrelevant A48
Retrieved & &3 Rpr Ir

Not Retrieved FKi& &3 Ry Iy

=1

BIHFRSINERME2MSMRN, EPSRERNEorecisionflrecalliyit®, MRFHdistributed indexfiX 3



1. Distributed Index : In distributed indexing., document-partitioned strategy is to store on each node all the
documents that contain the terms in a certain range. (F)

RETNERTERXRIEIEL, EHRBEMZEXHEMN: store on each node ((all the documents) that contain the
terms) in a certain range), fcertain rangeE N &%termiidocumentizfEnode £, tBit2iH, TaEkEBterm
PEEH, BERARTHF

2. Retrieval & Relevancy : When evaluating the performance of data retrieval, it is important to measure the
relevancy of the answer set. (F)

JERretrievedfllrelevant@ A MNEE, refrieval HEIF 2B EIE
3. Range Search: While accessing a term by hashing in an inverted file index, range searches are expensive. (T)

XL ER— T BIHERS IR AXRZMEE, FriBRIrange searchisiI 2R —TERANXEE., EARERTESELS
DWHY, AU TRMERRE—T T, KNRS
4. FHESBEENITE: RTAFRN, AXER

HEAP

Leftist Heap Z£§i#E (NplZXKTFNplf)
AR E B AR T ST IRRE S H
EX SR

Npl: Null path length of Node X, T mXEi& B2 EF T aNRERZRKE. Npl(NULL) = —1 (H%S8Npl20, Eit
ETURAINPLREER-1T)

Npl(X) = min{Npl(C) + 1} for all C as children of X (20)

Leftist Heap: SFHFNEIT TR, EAFTRENDRTFETAEF RNl CERRX MRS, REREGSE)

Bl: TEXA TP EERE?

TR, BLARE. TRIIET R A FMIINpI KT A FH

e Declaration: 7ZFfi#REIE. ZFH. HFH. Npl

struct TreeNode

{
ElementType Element;
PriorityQueue Left;
PriorityQueue Right;
int Npl;

bi

. —EER
1. 3 — P RNpIETELAZFHNpIIN LT

2. MR- RBINplAr, MMERRONEDLZ—Dr + IBHNTEZXIN (CEENPIZMOFFIAR)

EXBRIE

1. merge



BAREAHN—MEHN (BEANTREFRAB-TTRNERER) , WiEthEETmergeSTiM, MNUARE
REYRIEESZ R Bmerge
o &3
FLERANFEHNFRRT RB9Eement, JEEREVNERRT R (MRHEREG], ARMER) . HEFRKIER
EFH, AFHNS—MEEHFNEH, RAHNEFR

EHFHE, HMBEREHE Root->Left->Npl >= Root->Right->Npl , MIRTHEMNRIREAFHAE (RASHE
L, A RIEESTFREERE M)

LeftistHeapNode * merge(LeftistHeapNode * x, LeftistHeapNode * y) {

if (x == NULL) return y;
if (y == NULL) return x;

if (x->Element > y->Element) {
swap (X, y);
} /7 ERDAFIRT R, BN&EEreturn x, FIBUXERARHR
x->Right = merge(x->Right, y);
if (x->Left->Npl == NULL || x->Left->Npl < x->Right->Npl) {
swap (x->Left, x->Right);
}

x->Npl = x->Right->Npl + 1; // EHNpl

return Xx;

o %K
ERRBASEZSHOMNRAMFIEEE, MNERNAEEREICK (BEIMERMNSEBRBRRE)

EERIEBUNREAERR, AERAEFHNERE, BEFRORSZ— TR, EERNOENG TR, RS
ERAFHNA TR (BREMEFRE? )
RIBLIMIIHRR S T AR B EREEFTERRGE LIRENDl, HAR|MARFR, MRIELZFHNPIKTAFH

LeftistHeapNode * merge(LeftistHeapNode * x, LeftistHeapNode * y) {
LeftistHeapNode * tx = x, * ty = y; // WENEEEEHHAENTFH

LeftistHeapNode * res = NULL, * cur = NULL; // “res 2HRZREMETE, cur 2%
BimergefJ T =
while (tx != NULL && ty != NULL) {

if (tx->Element > ty->Element) {

swap(tx, ty);
} /7 EBRNER, RIEIMRIENR

if (res == NULL) { // {XEFEXEHRE, ¥iaftresflcur
res = tx;
cur = tx;
} else { // B—RBEHRZEEN
cur->Right = tx; // tx@MIRFEHFNEHENIR
cur = cur->Right; // HEHEETFEEESHcur->Rightflty
}
tx = tx->Right; // FIAFI#9txF@cur->Right (tx->Right)
}

if (ty != NULL) {

cur->Right = ty;
} // EENERERE, txBELBMELXRT, &F Ty

adjust(res); // WARNMXEEENpl, BEBEE LFRIES T RNZNp YA T ANpL



return res;

2. Bk
EfEmergeZMRMNA T T RNF TR, EREMEER LEMHNpI

LeftistHeapNode * del(LeftistHeapNode * cur, ElementType x) {

if (cur->Element == x) { // URKE, EHifmergefAfGreturn
return merge(cur->Left, cur->Right);
} else {
if (cur->Element > x) return cur; // WERMIERALLIEARE/), HEEEHE]

if (cur->Left != NULL) del(cur->Left, x); // HEAFWEEIHK
if (cur->Right != NULL) del(cur->Right, x); // EAFNEESHK

adjust(cur); // VHENpl

R
ENERBOMREERA, NS HEDPETERE, EELT, B, merge. WHIRBHESR

1. Merge: Merge the two leftist heaps in the following figure. Which one of the following statements is FALSE?

A. 2 is the root with 11 being its right child

B. the depths of 9 and 12 are the same

C. 21 is the deepest node with 11 being its parent
D. the null path length of 4 is less than that of 2
REANERMY, 35T 8 T LEREHRET

2. BAEA: We can perform BuildHeap for leftist heaps by considering each element as a one-node leftist heap,
placing all these heaps on a queue, and performing the following step: Until only one heap is on the queue,
dequeue two heaps, merge them, and enqueue the result. Which one of the following statements is FALSE?

A.inthe k-th run, [ N /2k] leftist heaps are formed, each contains 2k nodes
B. the worst case is when N = 2K for some integer K

C. the time complexity T(N) = O(4log2° + Tflog 2! + fflog 2% + - - - + Jrlog 2K) for some integer K
so that N = 2K

D. the worst case time complexity of this algorithm is @ (N log N)
CEXNM, ECEmMER, KIUDFXY
3. 58 BINRBEERNAIELEER, FEIR

Skew Heap (Fo&{433ik)

‘ FHEHE—TARE (MRIE)



FUEEARENEME, SN0, EEETEAGFH, XERABELIRKRHR, MM TENBE LM T, [,
skew heap EAREEZiEnpl, EEZESEE—E/)\Fleftist heap (FEskew heapHlleftist heap iR\ £ 2 —FiS 5k
merge, AEEIEM)

flF: HXREERE T AR mMergetRE, skew heapfIRIFIRF

(1) ®
(4] 23) () (%)
® @ ®w® @ 0 @

FE™NSkew HeapBHEH:

EFENMER, EREEABER, F1ERSES—, —TIOEMNRT

tesh, & TEMI06M201t Bk, —EEIBIFRIR! merge=MAFHIERERIMIE, thFERR

AR

AIDGRHFIRRR, E8)3F, SRESMERBATH, GTRHTmergeRfE, IHRSHAETFHER, AEEHEREEE FH
ERNEFHAIMRIEER TR

5% : The result of inserting keys from 1 to 2% — 1 for any k > 4 in order into an initially empty skew heap is always
a full binary tree.

True. RAEFNEBE, FT—NHE_XW, BEA—TEH, EENPEI-—THEHER. BREABAIEFT—BAEE, BE
BRHERRBILD (AALHHERR) , RRERHINEZENUE. ZHEIXMIRNFET, RMEZHEF, BE
ETHL AT A

BT 4

‘ FHpotential methodXtflERIMerget@ e T IR DT

1. RLEHBEERE, BNEFESIAFTHZ
o Heavy Node: A node p is heavy if the number of descendants of p’s right subtree is at least half of the
number of descendants of p, HFRR, PHAFHEIERE

o Light Node: IEheavy free

FLt, FHANIBELAHMTIR:
1. MR- REheavy node, EEGFRAEEH (HEEFE) , ME—ETHlght node
2. MR- RElght node, EAFMALESH (FHElsE) , MEREEZ Aheavy node

3. aHIREP, MR—ITREEheavyHlightEINEN, HEEFR—EEHNREMEEZLE (BRmergef 2B
LM TFmergeaF4)

2. BEERE: Hhheavy nodelg ML

® = number of heavy node in Heap (21)

RIEX T BEERE, NSRS HRENERENR:



¢ =c+ ®(Hpergea) — ®(H,) — ®(H,y) (22)
HepcRmergetIERE, P(Hmerged) NEFHERIMERNREE, O(H,)MNP(H,)hEHEITMENEEE, ANEHERHPR
AEAMEE ENTREKEheavy /lighttIZR, FAMKRIMRETEXIRAMEREZANT

gl 0 H, B AMEZ Elight nodef$i®, h,kH,SHMEEZheavy nodetIf@E, hdnH FERERAMNERZ L
heavy nodefy#i@ (B1H, theavy nodeti@fimh, + hY) , #1A:

c=lz+hy+1,+hy (Bt e 72 B AR 24 T— B Zmergeft) T AR
®(Humergea) < lo + h2 + 1y + R (B %heavy node &I )5—5& 474 Hlight node, lignt nodes 35 il hEAs
®(H,) = hy +h?
®(X,) = hy + by

(24)

=
[T skew heapAS B8R, BRFESHleftist heaptbiiER

1. IFFFHEAN: The result of inserting keys 1 1o 2% — 1 for any k > 4 in order info an initially empty skew heap is always
a full binary tree. (T)
MNBIKIEN, skew heap& i —igfull binary free, BHR—THENTIZENAT
2. merge: ERskew heaplIEMIRIE, EAI)
3. FERIEEER: Which one of the following statements is FALSE about skew heaps?
A. Comparing to leftist heaps, skew heaps are always more efficient in space
B. Skew heaps have O(log N) worst-case cost for merging
C. Skew heaps have O(log N) amortized cost per operation
D. Skew heaps do not need to maintain the null path length of any node
AIETE X B R Nleftist heapTENNpI#ITZE, FTEHREESHNZE
4, MMM If a leftist heap can be implemented recursively, so can its counterpart skew heap. (F)

Leftist heapigAtt i\ Fskewed heap, fFEfIright pathBIKERIIMZEO(n)8%, SSHBITREAK, BHELEE,
{B5xF1E5 ) Rleftist heaptk|BRI LUETT

BINOMIAL QUEUE —IGfAS!

EX
\ “IBABIAR E 2T IRNES, BB B IS
Binomial Tree — I

B ZIRERE ) (K) RENER, Blparentm/\F (KF) chidren, FIEKM ZINEEEEE, BH2 Nk — 1IN
HEHEE

Bo B1 B2 B3

4 24 @fi

B EEE—RNEES—RWORT, TEMMRNERE (FINEARZTRTEZXH)



MR
1. KIS — e, HERELMRTF (BIE)
2. BitBdE—HBECIAHE (BUIEmR)
Binomial Queue —IFfAZ!

B IR AR A T, REFE2EN A, ERAEREEERNRE, BR, NRBNSZETHARNRARR,
BENTRANMIZTHHHTAS (x =ko-2° + k1 -2 + ko - 22+ ... k; =0o0r 1) , MAINSIIBRNLIEEM
T . BUZIRASIREM I —TIREAT I, BAKE

FRBAE, —HBASIESIRMR —IEIES, ENERNAE ZIiRHhs/ (K) B3

BR{E
RASIEH

BH2NTIRAYY, LFREMESH2TZIRNES, MER-HFIME— A TMLEH

BREAERIIGHLE

JERinsertionREMIRIRE 2 E 2 B ELFIM, TINER—T Z#HHEHMNARX., MEMRIE (merge. find min, delete
min) #ZlogkHIrY

BifAE
FAE FE —TUHAR A R/RIEE D, EHRNERENO(log N), BEMMESE— M HIMOEHEARIMR, LREXRER
0(1)
FAEHHEA
MR, FHATRI— R ZIEAR TFTEN SR FRNE R — RN, FAAMIRIAE REEREINESERBR, AfEmerge
FITRIERE BN AT
ZR
ZIATIRIRIELE R E R, ESIRNEMEERERXE-
1. 8ZE: For a binomial queue, ____ takes a constant time on average.
A. merging
B. find-max
C. delete-min

D. insertion

ERANERT, RAEBARBHEREN (RE. T, ROER, “HEMENRTIERERZHRFIN) , RN
O(log N)

2. 55: ZUBAIIFTRESERABIES, BELREETK, MASRKIET

BACKTRACING [c];#f

Eight Queens /\Efg
B fith o) %

1. [EREfER



Find a placement of 8 queens on an 8 X8 chessboard such that no two queens aftack. (Two queens are said to
attack iff they are in the same row, column, diagonal, or antidiagonal of the chessboard)

2. MEBH

ZEBEBZR2TAREM: TER—1T/7). TEXNBLE. MRRARENSE, OSHMEMRAINERE (RE
[BE—TREM)

BAVGREECRNESE, ATNAHNTRERN (REBE-TAREMY) . ERS N FI5 S E8B N —H e fefE:
1)
x1= 2 3 4
(2 @3 <! 50
x2=2/ 3 4 1/ 3 4 1/ 2 4 1/ 2 3
® ® W & & 69 @@ @ &) 6 &
x3=3/\42/\42/\3 3/\d1/\4a1/\3 2/\da1/\4a1/\2 2/\31/\31/\2
DEOOOBI @0e2e5eIE06 C963a)E)d9ds 62696769626
x4=4| 3| 4 2| 3| 2| 4] 3| 4 1| 3| 1| 4] 2| 4 1 2| 1] 3| 2[ 3] 1| 2| 1

OOUVOBO VBB WDPVVOY OB
~— -

——
4! leaves

‘ ERXRMREA T HERERTEIN, LRSI TERINMIEIESH, DFSRESM, REXAMNG

3. [E#

22, LAHIES-KEREFWEITHN, BAEKRERE_KARSEMS., B, BITTUADFSHTEM (HAHEX
REFMN, BREEE—TTR)

MIBRFHEE TRE, MRETTRNAERFHETEER, RPZTANFETER BzTsmE, REIE—TR, &
REARMIBHAR TR (FEMBRE-MRNER, FNHEDFSESHII, FEAREBATERAFEIIIRR)

D)
&)
1/ 2 3
&) 6o 6

2 2/\31/\31/\2
) OO
3 2 31 1 2[ 1
DDA E

[ZFA: The Turnpike Reconstruction Problem U 2 ik 2 i 0] &5

1. [EREER

N(N-1
Given N points on the x-axis with coordinates 1 < x9 < --- < . Assume that £; = 0. There are (2 )

distances between every pair of points.
E—SEAR AN VKRR, AENRREENEBNES (TEES) 5 0 U Ans; MR/ TEE
aD, BEREERERIOLHT

2. BH
SMiEs, — 0, BfAzy — max{D}, ZHMELREHET . AEHNMDPMAZNRETE, WE—FBN%E,
M (2y_1) BayBEN (z)) . EHERR, KMA/\2E—H, DFSKE

% D=(1,2,2,2,3,3,3,4,5,5,5,6,7,8,10)
1. iTE/N =6
2. 21=0, zg =10
3. DFS[ELA




a — (3 Pruning BIf%
Tic-tac-toe H=F1H
1. |a]EEfER
IXIMIMEE, ERME. B, IBEANNHF
2. [a@Bo
FREXDlayoutflgame, BIEIENRL—MEE, ELEEET, ZEENERER, TZEERINF; EEEN
E—E T, BRSEEBIER, —HEZ/OMEgErdiE
o EMEFHALUEX, OF=HE, FillEAE3? possible board layouts
o F—HHBMAIDUEIRME HEESML, FRINEAEI! possile games
3. Minimax Strategy
HENRB— 1 AREEEMIENgoodness:
f(P) - Wcomputer - Whuman (25)

HAWRBHETFRAME PETENFREERE (IRXRE—MEEHN, NIPETERRRBULLE LK)

EEandFT@EER, BEAEGY, RESNKNRYE; BEEXFEY, AMEMENAL. TAAZHIREURS
B —&E%, Bf(P)=6—4=2

O
X

Hrphumanf Bt E&AME f(P), JminZ; ficomputert§Bir2 &AM f(P), Jmaxh

BMNMmaxBmMAL L, ZEENA—ERKRE f(P)RMLMNRIERE ST, MRNOESHEERIEN SIEL

RAVUERNEM FRAM A CHERE. B, HOIBRORRKN, HXZEBRMERPERSANIDT; LLAMBHEAT
EEREBHTFERELLEEINf(P)RA, MERRLLE, SHEFRIVCRNILILARNG, MERIMUEHIE
FERRERAIRT: M@ TEE, TEALE—T6F

7EE—E (maxE) RHEL, HENNERSEET—F (MminE) RHEAR; AEEAEMINEG, HEmMINGERSE,
HERRIEET—E (MaxBF&/N) ;5 KL

i

REBRXTERE, BNRINEAETABELRMTESIERER, TEREERERD THEENMEL ., RIHNF
BEIN—EMHRE, BERMEEP—H

RO ERARELERER, EARANNERE, 8- RNRARERAFTEZRR—BENERAT



4. o — [ Pruning

HERMER A AIRERENT REEE, BOLRHE—5RTHERNRIE, AIAEREN LMEE—TTRIFER, UEMR
MFRTEER., BAEBOTMIPER:

o MoXPTRUABETRIEERXTRNAETRN (AEAERETRRETHRXTRAKL0, MM RNRE TR,
FtbmoxB—E A EZF LR E)

o MNTRIAETRIEERXTRUAETRK (ERETRRAE TR TANMETF68, MERXHRNTETRNL, EHit
MiNE—E AR IEEL Eﬁ’é)

IR, i@FIwhich node is the first fo be pruned[a@, #HEEN—EREZRF. RRNEHNGEER, URERFS
BMRTEANEWERE, BAARFNREMSKEE, BEWERNRAEF

=g

EHNZE R T ERUHTFHEHABIAER, HBTEH B ESRIEENE R

1. #Z: What makes the time complexity analysis of a backtracking algorithm very difficult is that the sizes of
solution spaces may vary. (F)
SHEMBEERESITHEANRETRS, LUEKNBINERLSE

2. BIR: Given the following game tree, if node b is pruned with e — 8 pruning algorithm, which

of the following statements about the value of node a is correct?

A. greater than 68
B. less than 65
C. less than 68
D. greater than 65

BIf%: Given the following game tree, which node is the first one to be pruned with a-B pruning algorithm? (C)

DIVIDE & CONQUER 7'j5



Introduction
Ok
1. Divid: ¥R)@F o AL E R F B
2. Conquer: & [a)RREAfRIR
3. Combine: Combine the solutions to the sub-problems into the solution for original problem. &+ 8] rVEE S FH 2R
[a) R
Example: Maximum Sequence of Sum
B BH—PMEFFY (BERR) , MNPRE—DEEFFS, E/ZFFINEMNEKR
BEE BRI ESR2T, EREBSEANTFFI. ARKANTFY. EMERLSANTFT
EX&E: RANA. WTEXIEE, AEENET(N)EEEMOEENET (N /2)EEthEEEmeEcNagm.,
HERMNBNTEHER:

T(N) = 2T(N/2) + c¢N

= O(NlogN) (26)

Closest Pair of Points
EFELE—LS, RIEDEESRN2D
oiagiE
| EFETE—L£4, BPEDON2BS ., RERIIEADHTEESFN (8)3) , MEETEMHETHR

2. BRMBHERNASERERS, MNFERGSEE, ZNGHRIIMEESREN, HFIEPENG, 2R HHNME
BHAEEREEE)N, —EEHRELMETEAN

.
.
oo
—o .
.
. / b
> .
. .
) )

3. RERAMWNTEE, EXERFEREFEEANMEESHITIHE, RNERERIBZTFARAN, NBEMLZE

4. HEFTRENENEBARLEMEMD RELINE—TR, U AEHEERINR. BRRHIMTELE (XM
EREBMUTHART AN, BAEZRRIT)
BERIBEEETARINR, BELn—EELAGTEN: Hlt, TERIKREEGNN—10 x § (FFEH20 x JHE
R, RREETHLSHN, BENAXSZEZAR) 1EEN

5. B, EARMNREBADTI, EXEXCEARSRER TR (PPTLIANNEST, EMENL, EREZEHT) ,
FIAR FAENENR, BOREHNERERENAN, BIEDRMBESRERERIFERO(N), XH¥, acrosstEHE
BATO(N): SR, BANERELRFERABRIMTIIE



SEREDH
T FENEES R, BE:
T(N) = 2T(N/2) + O(N)
——

divide g (27)
= O(NlogN)
EHEIURERE
DIBNE REAR LR ISHENGE
BN —RIERE
T(N) = aT(N/b) + f(N) (28)

B T — L 55 BT R
Substitution %
SREER, ABRN (BRNNEREYEESE, SEEEAANN, IEEMER, MRt
WFT(N) = 2T(N/2) + N, KEBEUEEHO(NlogN), £AX:
T(m) = 2T(m/2) + m

—2.0 (—log %) +m (29)

= O(mlogm)
Recursion Tree &3
HETFREBTERANTRARIR
ZREETF, AEXRM,;, HEIMEHE D@EHEAKT

[Example] T(N)=3T(N/4)+@O(N?)

5T ¢ M _______________________________ > L‘Nz
/ \
() ) ) — > 2w
log, N _"T~_ P

PR
c(l&)l (15)2 (16)1 ’“‘(le)2 c'(“)z (ﬁ)z c(ls)z c()l ()z """" )(%)ICNZ

ni ni m 1" m m n
oy nn III 1 1 ny orn lll
ey ey oy ey 1 ey ey iy

I
~
2
=
N
2
=
N
2
=
\

!

i
&

=

£
<

3lng4N - Nlog43
log, N-1 . © .
T(N)= Z (%)’CNZ+®(Nlog43)<Z(%)'CN2+®(Nlng43)
=0 i=0
_ cN?
1-3/16

+O(N"**)=0(N?)

Master 5%

RREPX T AR R LR EN, %VCEPX%’AL‘XHWHZEEﬁﬂﬁﬁ%ﬂﬁiﬁ FIEWSRE, MFForm SERMFIREEES., ~
o, ‘E‘{ZFEEW»EE ERFENDELEEAENERTARIE (—RE2TET—FMAN, A METERELIS LT
HER)

AR _EEMEcombinefyti i f (V) MconquertIRNT (N /b) B EX
Form 1: L8 f(N)5N82, KF F2atBRFb2E5E L f(V) Mk

1. f(N) = O (Ned=¢), MT(N) =6 (N"&°)
2. f(N) = O(N™&), WT(N) = O(N"&log N)



3. f(N) =Q (NP&a+e)  Baf(N/b) < cf(NN) for some constant ¢ < 1 and all sufficiently large N (XN §AFR
fEregularity condition) , MT(N) = O(f(N))

Form 2: tb&af(N/b)5f(N). XA AE LARR LBE AR —LE, HRTRT ERMform 12—HEA

1. Raf(N/b) = sf(N)forfixedk < 1, MT(N) = O(f(N))
2. MRaf(N/b) = Kf(N) forfixed K > 1, MT(N) = © (N'&2)
3. mRaf(N/b) = f(N), WT(N) = © (f(N)log, N)
Form 3: S{FT(N) = aT(N/b) + © (N¥log? N)Bsma, WREMHILENEH, B4 LBIIXMIR REEMIT A
O (N'e&:2) if a > 0" 4T logya >k

T(N) =< O (N¥log"™' N) ifa=0bF (30)
O(NklogpN) if a < b*

R

1. i@ X When solving a problem with input size N by divide and conquer, if at each stage the problem is
divided into 8 sub-problems of equal size N /3, and the conquer step takes O(N2 log N) to form the solution
from the sub-solutions, then the overall time complexity is __

A. O(N?log N)
B. O(N?log® N)
C.O(N3logN)
D. O(Nlog8/10g3)
KB s
T(N) =T(N/3) + O(N?log N) (31)

AN, &

1
N?logN = %z\ﬂ log N — 5 (;g?’ N2+ O(N?%log N) (32)
<
1 8log3
O(N?logN) = 5N*log N + c;g N? (33)

BIE]. X#, BRICRIFRAET, ENENBLARN. RESHSED, EDHNFNT, AT
2. EBRERE:

3. To solve a problem with input size N by divide and conquer algorithm, among the following methods, __is the

worst.

A. divide into 2 sub-problems of equal complexity N /3 and conquer in O(N)

B. divide info 2 sub-problems of equal complexity N /3 and conquer in O(N log N)
)

D. divide into 3 sub-problems of equal complexity N /3 and conquer in O(N log N)

AFICLt, BFIDLE, RIMBR—EHECDH™4%, DLLREFE, BN log NKAD, RIMIL, CRENFD, REERN, B
RRT RIEO(N)ZHM, BXAE) , BHRREEBECLLDAT . tEN log NAIE, BREEN R, KA, HEX
m, &#Wa > 1, B

C. divide into 3 sub-problems of equal complexity N/2 and conquer in O

(
(

DYNAMIC PROGRAMMING zhzS# %l

[

HARZHSE T ERENDSHRE, KSHEZEHMALER, MAEERAEER/IMLERAR, RIEFENEDES ZXR



SHRANEELUERNER, EARMIKEET ZANCENFEBNER, MAEANIIFIEFEEE, ZEWNEHH
BER HIMERINF R E 52

Introduction
SINSTTEE
FIRBANIETTEEFIERE, —MRABTZENT:
int Fib(int N) {
if (N <= 1)
return 1;

else
return Fib(N - 1) + Fib(N - 2);

}
B _EEEARIS)IN :
F4/F5\F3 ¥ F4\F2
N 2N 2N SN
F2 2. F1  F2_F1 F1 Fo
2N \
2 FL FL Fo Fl Fo Fl Fo

F1 FoO

HITRIFO~FAMMES ITE TIFZ R, MREZ—REM AT ICERBNE, MrINBERRATRNEEITE., XUHMENSML
Bz BAR TThose who cannt remember the past are condemned fo repeat it.

ISHRNARH R SEEF D N FEE, BRCEFEHENSERUBRESKE, ALMSANERT FROEEERSNGR

ERFMG

LERZIOPERTHRERERIFOEERNEERE, ER, REBOVELUFEXHFNZEMY, ETEERDPHITRE. THSA
HTLME A TTIEE ADPKREZAENR :

1. Optimal Substructure: RS EDFENRMBEAERFRIARME, FCRFEASMBME[SRLIERXT MRZEHF
[ERRENRA R RMAT AILE SRR, BNSHIICRMAEEEXT, ZTHROERE)

2. Overlapping Sub-problems: MR FEIFZHEEE, FEAFTEICE, EWREEHRZERE
Shortest Path in DAGs £ 52 & 12 )55

Introduction

HH— T ERE, BRVHENNNKE, S22V RENGR/NES
6

®®

a [}

Nt

AT LGN R D A BN FEIRE, UTH=DAf, H11E:

Solution

dist(D) = min{dist(B) + 1, dist(C) + 3} (34)

ARG REE . MRRAREBENEE, BEIZEL—RSERSEETRNEAN; BONRBENNERTE T RHNE
BRZEBHICRE TRE? XML

Maximum Subarray Problem

Introduction



EE—BNYREPRIEETNTE, YNBINERRSHTEE (dvide) SRR ITHMRERENTEE
(conauer) . BRAWHEOHTHR, FOBUFATFEHENES, BXFL, PHmegeBHRFEESN; HHT
MUENSUFAEOHHTE, FNEEER

Solution

SMUNELEEEFDSHELRFT, THER, HEAEN:

N ifi=1
OPT (i) = {max{:ci, z; +OPT(: — 1)} ifi>1

HHBOPT(Z) = max sum of any subarray of  whose rightmost index is 3. LA i M T EERINEAFFT!
Optimal Binary Search Tree
‘ EERXEBEH R FERIRthe best fot static searching, tFiE{UEER, RSBNFMER

Introduction

K[ENDEE, w <wy < -+ <wy, HRwHERINEE P, BNFEE—FN, HPENSERNEH), &5,
BfA:

N
T(N) = pi-(1+d) (36)
=1
Subquestions
1. Notation

ATESERR, BEX— TS
o Tyj: OBSTforwy,...,w; (i <j), Bw;BlwMRERMT = RIERKN
o ¢+ Costof Tj;, BEZAIME
° 7i;: Root of Tj;

o wij: Weight of Ty, 5 slisREINFI, wi; = Y0, D

2. Analysis
FKEAT;;, BRBTHRAw,, WEEMIMT:
HEMNBMTBEEAN:

cij = pr, + cost(L) + cost(R) + weight(L) + weight(R)
=Pkt Cik-1+ Chy1j+ Wik-1+ Why1j (37)
= Wij + Cik—1 + Chi1,j
o MitprRERFEWw,FE— RN EIEE, MEMR p,, FRUTFIEERD:

o fiicost(L)flcost(R) RTEFHAGIET SNRMIER TARIMNE, ERIERNT — 1wy, HUTEHFRPE
B DENEESS T, ERTHEEENNY p = weight

T2, BHOFHE T RMHRORME:

T;j is optimal = 7;; = k is such that ¢;; = %El‘{wij +cig-1 +ci) (38)
i<I<j

Solution

MRRAERRNERE, SRIMRENC;HKEEHET (LWt &Ec;)WFEERERc; 11, MitEc; ; 1NEFERRc; 1) »
EFEEICES D FRIBNESE



LA —MIE A ARIR S 56 :

1. B—FHARITRIENIER, EAREUBESHR;

BITER2 T RE (FES2MESHBFELLR) , FRE—THNECTNSHEZTNEL;

B=THEE, LR RiE, FRE TS ZTNEETMALE=ITHNGL

MU, SERRIIBRWIVE, RiEchariX MR, BJMRISD H2RFH (break~casefldo~void) , AEREZATH
RISPHX2RFMEIR, DU

A w N

break.. break | case..case | char.. char do..do return..return [switch itch| void.. void
0.22 | break | 0.18 [ case | 0.20 | char [ 0.05 | do | 0.25 Jreturn| 0.02 [switch| 0.08 | void
break.. case | case.. char char..do do.. return |return..switch| switch.. void
0.58 | break | 0.56 | char | 0.30 | char [ 0.35 [return| 0.29 [return| 0.12 [ void
break.. char case..do char.. return | do.. switch | return.. void
1.02 | case | 0.66 | char | 0.80 Ireturn 0.39 |return 0.47 |return

break..do case.. return | char.. switch [ do.. void
117 | case | 1.21 | char | 0.84 Ireturn 0.57 |retum @

break.. return | case.. switch| char.. void @ @

1.83 | char [ 1.27 [ char [ 1.02 Jreturn

break.. switch | case.. void @ @ @
1.89 | char | 1.53 | char T(N) = O(N3 GowiteD
break.. void (N) ( )

2.15 | char

Knapsack Problem

Introduction

SKH-RIRNNEYNEBw;, FEERELENER TEEPEASMERTESHNYRES

Subquestions
1. FlalRE
OPT(i,w) = optimal value of knapsack problem with items 1, . . . , ¢ subject fo weight limit w. EERFINw, 7]
EM@AT~i
2. BHE

HATRI LA FE)RRIF D A 2T AT RERR:
o &, WEAELRIOPT(I — 1, w — w;)
o Tkt WiEMEEHRIOPT(i — 1, w)
Hltt, BefllaisEnTE:

0 ifi=0
OPT(i,w) = ¢ OPT(i — 1, w) if w; > w (39)
max{OPT(i — 1,w),v; + OPT(¢ — 1,w — w;)} othrerwise

Solution

MOMIR . BRBHKROFE, HHEIOPT(4,w), JH—kK(n + 1) x (w+ 1)iFE, S—HBATURTIERGNERS
2, RUERENN X w (FEXTE—SHARIINR)

Ordering Matrix Multiplication

Introduction

B[HLTIER, EMENNAE (Tx5)) . AREMEEESE (BRARRE) , MUENTNESRNESKHNMTES

SIFHERESRIE M1j10x20] * Majpoxs0] © M3ajsox1] - Majix100]

o MRRBMi110x20 + (Maj20x50) * (M[s0x1] - Majix100)) ) MIRFIET,
MIZEZERIATE 50 x 1 x 100 4+ 20 x 50 x 100 + 10 x 20 x 100 = 125,000




o MR ((Mif10x20] - Mapoxs0)) - Miasox1)) - Majixi00),
MIATE20 x 50 x 1 +10 x 20 x 1+ 10 x 1 x 100 = 2,200

Solution

1. FIEES R

BIRM;R—1ri—1 X ri#95ERE, mi M HRME THSINTEHRX (Ko FEBNARL EREDF)

min;<;<j{mq + mgs1y; + rioamirs}

0 o
i tie)

2. R ABEIMLARPENTSESR, LR EMEWE— TN TEMRN _SEAE, CRE—MERNER

mi N mo N e myN-1,N my,N
miN-1 ma N-1 cee mMmN-1,N-1

miz2 ma2

mia

void OptMatrix( const long r[], int N, TwoDimArray M ) {
int i, j, k, L;
long ThisM;
for( i = 1; i <= N; i++ )
M[i][i] = O;
for( k = 1; k < N; kt+ )
for( i =1; 1 <= N - k; i++ ) {
j=1i+k;
M[i][j] = Infinity;
for( L = i; L < j; L++ ) {
ThisM = M[i][L] + M[L + 1][J] + r[i - 1] * r[L] * r[j];
if( ThisM < M[i][F] )
M[i][j] = ThisM;

SERESH

M;; = M; - ... M;j, byisthe number of different ways to compute M1y,

RBEE—THERNFFINERHITIL (FREEE, EARE—FSFR—ETER—MFE REEZEESHERRFIFIE

A, My, =My - My,
n—1
= by = biby
=1

~o(27)

Product Assembly

Introduction

BRMKERE—BE, STHNERAEENNEEA—, BRUKEERIM%R, RGN ER

Solution



HIXARER— T REKRZOE, REEBELRMEESTNTEMEENREMNEENT, The optimal path to stage is based on
an optimal path to stage — 1

£[01[(0] = 0;
£[1100] = 0; // £fLO][11ANRME—FIKLEIELITNMRENRENE, £11]111MREBEZRRKE
for( int stage = 1; stage <= n; staget++ )
for( int line = 0; line <= 1; line++ ) {
f[line][stage] = min(

f[line][stage - 1] + t_process[line][stage - 1],
f[1 - line][stage - 1] + t_transit[l - line][stage - 1] );
}
solution = min( £[0][n], £[1][n] );

\ BRI, XNTERLLSRES, FASSER?
All-Pairs Shortest Path

Introduction

For all pairs of v; and v; (¢ # ), find the shortest path between. MIRERZREENXIHME, XNMIDEEKIEM =18
MREKRE, MIERERTR

SN HAHsingle-source algorithmfVig (Wit 2NE T AR BREREEE) , WAEENERERO(V?)
Solution

1. Sub-problem: XEHMFAHRLLBEER, BINMIERIANTR (HAT2BEWIENNT)
FEXDF[i][j]: 12N T AR SEES., MWD 1[i][j] = Cost[i][j], #js@mzERDY ][]

DF[i][j] = min{lenth of path i — {I < k} — 5} (43)
2. it FEBRSTERE, BEREEHERELT. F NS NEBEATETE, BAZTE, £ % Rmin& M HEomH
B8R
D*i)[j] = min{D*"'[3][], D*"'[i][k] + D*'[k][5]} (44)
3. i3

void All Pairs( TwoDimArray A, TwoDimArray D, int N ) {
int i, j, k;
for( i = 0; 1 < N; i++ )
for( j = 0; j < N; j++ )
D[i][j] = A[i1[F]1; // Sb¥ED~{-1}[i]1[7]
for( k = 0; k < N; k++ )
for( i = 0; 1 < N; i++ )
for( j = 0; j < N; j++ )
if( D[il[k] + D[kI[i] < D[i1[3J] )
D[i]1[j] = D[i][k] + D[kI[J];

MRBFN=BFEFFELN, FEENERENO(N?)

R
HSMUNERRERZE—EABE, BERA, ENENZER—REEEAN, SEZRNOPHIERE

1. #:32: In dynamic programming, we derive a recurrence relation for the solution to one subproblem in terms of
solutions to other subproblems. To furn this relation into a bottom up dynamic programming algorithm, we need
an order to fill in the solution cells in a table, such that all needed subproblems are solved before solving a
subproblem. Among the following relations, which one is impossible to be computed?

A. A(i,j) = min{A(i - l,j),A(i,j — 1),A(i —1,57— 1)}
B. A(i,j) = F(A(min{i, j} — 1, min{s, j} — 1), A(max{é, j} — 1, max{s, j} — 1))



C. A(’L,j) = F(A(Za] - 1)7A(i -1,j- 1)aA(i -Lj+ 1))
D. A(’LaJ) = F(A(Z —2,5- 2)7A(i +2,5+ 2))

SECHET, AR + 1, BELESEMATERSTNAS, BIFE, HRINFETE(, ),
(i—1,1 < j < max;)BBEHEITT, BOFR, (1—1,j+ 1)BEEEH — LTRDHEE5T

TIDMIRFRE, EXFTARNBYTE. REYE < inowld, THINE] > juow: JEE
BENES, DPEA—T—7, BA—FI—FI. Eit, BACRERIN, BAHYEBLN

2. R BWNEREEREREBES., URNEAEFERS, XRFRILRENKRAEE, TULS, RIEME
TEET. DPREIENMRTIREHRRZI, TEMAKL

GREEDY & ()

Introduction
1. BX: BE—SHMERHGPZETRMME. Make the best decision at each stage, under some greedy criterion. A

decision made in one stage is not changed in a later stage, so each decision should assure feasibility.
2. RS-

BOLEEKRINE— 1 BERINER, ROSREBEXRIIE/ERME. Greedy algorithm works only if the local optimum
is equal to the global optimum.

BALERIEKRIZAE, BEROVBEDRAMKE —PTIRNE, Greedy algorithm does not guarantee optimal
solutions. However, it generally produces solutions that are very close in value (heuristics) fo the optimal, and
hence is intuitively appealing when finding the optimal solution takes too much time.

Activity Selection Problem

Introduction

Given a set of activities S = {al, as, ... ,an} that wish to use a resource. Each a; takes place during a time interval
[si, fi). Activities a; and a; are compatible if s; > fj ors; > fi.in other words, their time intervals do not overlap.

Our target is to select a maximume-size subset of mutually compatible activities.

Solution

1. DPSolution: c;; = cj, + cij + 1, HATERBMNXFN_HIARE LR, HiEZERO(N?)
2. Greedy Solution: FA1E TE/ L Ngreedy rule, TES—FHEHEERIFNo overlappingfy
o Select the interval which starts earliest
o Select the interval which is the shortest
o Select the interval with the fewest conflicts with other remaining intervals
o Select the interval which ends first (75357 3% I RER)
BAAEROIREEH#ITHF, FIXERENO(nlogn +n) = O(nlogn)

\ EBRMIFNRE, EAROASEESLHNERE, BNRSREF, HFERARNERESANTRE
Huffman Code
Introduction

FRIRUPNFRAA, Ul x, z, IRRABINREEEN, €a=00,u =01,z =10,z = 11, NEB—FEZH 1000F5F
X A7 2 2000bit



MERKNE X frequency: number of occurrences of a symbol, SitENFERFEIMANRE, HIEHINREIRZHER/HEER

KEREN2HEIE, tbila = 0,u = 110,z = 10,2z = 111
R TIRIERIBEM—H, E{RiEno code is a prefix of another, &5 —NRIEEEth 4B

WRBAAEFRFRENMAIHIUREL, NI E# THRID?

Haffman’s Algorithm

13 1

G
fil1o 1512 |3 | 4

HRIE LIRSS, BRI AR X —RGRRDA -

Fnifls, BEEZ—TMRTAL, FHERT REfrequencyE

=

TON %
MXANISsEIA (EAZLASZREORE = AN PAE T OREBINH)  AEEXRWMREVRES, WIVRHEER SR

BEE D FEXFN—REDN, FERILHILIRRRR2T

frequency&/NI2DS, EERE, AME......

=Etb

HMRIERRF TR, RARENEETE., STFANRRSEBHERT/RITHNEER (£04A1)

void Huffman (PriorityQueue heap[], int C) {
/1 —HBCTFR
=1; i <C; i++) {

for (int i
BIE—DH T Mnew_node
MR/ iR root, EZFInew nodeMAERF L

R/ VR Eroot, #Zlnew_nodefIfH#ZF L
new_node->Weight = new_node->Left->Weight + new_node->Right->Weight
fEnew node i

T =0(ClogC)

AIDGERR, AROEEERI MG L RNE

1SEREEH2-3INNERE, ENASTRMZTFER233, Blb+ free of order 3; B/, 2-3-4RMEDT RMFZFEN2843504, Blorderhd, «
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