ADS-Review

1. Advanced Data Structure
1.1 Tree

1.1.1 AVL Tree

o IRABR: AZNERNKIRSERNER
o AVLRHIREN

o ZTRIEheight balancedfy

o WFHHI—IR, EAFHINEEENEXHEREZ1

s SEMNEN: EPRNER1, RBIFHTREZEREHBR)ER0, SUHME/LFF
EHNRAE

o RIBYbEEErotation

o HEEENARBITIRIIHEMZZH TR, BLLRR LR RLIUFIEES R

o LLAYEEE

o LREYSEEE

o RLEUEEE
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o MTHENKEHIEENO RIAVLY, EHNERIPBRNMEAGEANT RN EEEKESHII
1)

ng =ng—1 +ng—o +1 (1)
ng = Fri2 — 1
so k=In(n)

1.1.2 Splay Tree

o Bix: NEWARE, HAIMRESRBF—HEZHEFEO(M log N)AIRTIE]

o WREMN—IRETTIA
o BifMfi%: N, BXETRHILAEZE, SISHIEEIRTS
o IEREHITIIE

o MRLXTRBRTR, ERICRX TRl
o MRXTRARIETR

m zig-zag

Zig-zag

m 7ig-zig

o BRERHINIANT RIER RN EEEEIRT R LA LE
o MBRHOBRMELSER

o HEIEMPRAITIRX, HEIEEIIRT RXtRaccess)
o BIRTRMER, FEALAMRTN
o HAEFN EREIGANTRISEEIMET R, FRIEEFHREEFHNGE

1.1.3 Red-Black Tree

o TEMBIEN

TENE—TI_NIERN, AETRINSR I ERS
TREMIETRERE

M5 RERR R BRI RENULLARHRIEN UL S BB )
TETRIRN L F—EEHEERE TR

O O O ©°


af://n38
af://n72

o WFH— TR, FMBINZTREAZIREANHT RIVEREEESHERNENEST
=

e black height of node x: bh(x)
o FimAdblack heightZRMEIMTS RRERERRB T RAI L

o M:
" NS RO ENNEEREZH2In(N + 1)
= bh(Tree) >= h(T;ee)
o LTEMRIEME
o fHAinsert
» BHFEEMBSTHEAHESZTRIFALETR, ERXAMSHBIATEMATMER,
=R ThERE
» DERFIMTEALER:
v casel: BANDRAELXTANANERNTRELERY: QT mFlT R
=)

» case3: TRERGH, NEEA/ L FEEH TN FTEIFIRZGIRE—F
Ll

» BARNMESERERZO(log N) BAZEFENE PR LEEZR, BEHELLE
WRIRTA TR

o JHEE delete

» BT RENBR: ILEHQTRIBENULL, RIFAZE
v BRI RERN: BERFREBERANTR
» HBRAOTS REEDN2: BEARIE) L FEER/NIAILFRETR

» SHERAIT RRLBT REMERASHEIA, BRI Q2R BRI REERRA—
(354

o Number of rotations

» TREREInsertPHEfREANEIE2, MBRANTIEFIEEEREAERIT3



1.1.4 B+ Tree

o MIAEIB+HRIAIE X
o RPREMTREBERTAE 2~-Mm NLF
o RUSMYHEHB=E (v/2]~-v NLF, BMHTETRASIM21~-MANTTER
= B+ilY) L FIEMNAR T R BN/ NEUE, METRE MEHRHT A
» B PREkeyHR T REG, EEREHRKey D HRERMEMR) L FHIETLZ (8]
= keyBRVFRETS L FFkeyGIE— MBI MAIF T RAIRAILANE
o FTBERIMTREYRERR
o B+ tree of order 4 tH#FR2-3-48, order3pY#EFR92-3 tree
o B+IWAYENEX
o ¥$Forder M, BNMNTEAIB+HRTS T = O( lofg”M log N)
o B+HHTRE Depth(M, N) = O([logy/9 N|) , HEHENERISHERERI0g N
o XJForder3fIB+iims, IEMHBRHNRSINMEEE=")LFRFER), BURFTE—R
5|

1 Btree 1Insert ( ElementType X, Btree T )

2 |{

3 Search from root to leaf for X and find the proper leaf node;

4 Insert X;

5 while ( this node has M+1 keys ) {

6 split it into 2 nodes with [(M+1)/2] and [(M+1)/2] keys,

respectively;
7 if (this node is the root)
8 create a new root with two children;
9 check its parent;
10 }
11 }

12 //HERHE: REGENMESLHA, WRM mfkeysBE@d M, WRMAA, RJEHE 4%
B I AR

e Deletion is similar to insertion except that the root is removed when it loses two

children HIBRFIHENAYEERIL, AEBH—METRARERAN L FITHERBR
1.2 Invert File Index

e Term-Document Incidence Matrix Mi4XEXEFE
o a matrix of the appearance of each word in each doc
o MRBFERBYEPHI, WXINAIFER FAIERIERT, A0, EFRXERNHIE
A LUSRIE TN TR R
» ARFREHRSE, ARKEHIARE
o FIBEIEE I LIEZRBEEdocHRIHINE
e Inverted File Index BIHESZ 425 |
o Index is a mechanism for locating a given term in a text —fEX EREMLSERIFANS
i
o Inverted File contains a list of pointers to all occurrences of that term in the text

= K595 BiE--<REL HORFIHE—RHEIMAIdochIwS>
» EnblFR5I75I BRIF---<RE (HIAIdochIwS; ZdochE—PMHIRIMIE)>


af://n139
af://n172

No. | Term Times; Documents
Doc Text 1 |a <3; 2 73, 4>
1 | Gold silver truck z |arrived | <2; 34>
5 : Inverted 3 | damaged | <1; 2>
S]llp[[lt‘.[lt.of gold File 4 | delivery |<I:3>
damaged in a fire Index 5 | fire <1; 2>
3 | Delivery of silver - 6 |gold <3;12.4>
arrived in a silver 7 | of <3;2,3.4>
truck 8 |in <3;23.4>
4 | Shipment of gold °_| shipment | <2; 2.4>
arrived in a truck 10 | silver <2;1,3>
11 | truck <3;1,3,4>

e Index generator %35 |4 K2R

1 while(read a document D){

2 while(read a term T in D){

3 if(Find(Dictionary,T)==false)

4 Insert(T);

5 Get T's position Tlist;

6 Insert a node to T's posting list
7 3

8 '}

9 write the inverted index to disk

e While accessing a term by hashing in an inverted file index, range searches are expensive.
o EHVASAYMEIERLLTR

o word stemming fiE|I— PRI Z AR SRIFHE R REE—FhrootHZz{

o stop words EXf—LEHIRRS(ERuselessBIRERASLT, thila, the
o HTFfiE=SEARE

o using the memory block and merge them in the end SRFSHRREFEE

o distributed indexing 25|

= term-partitioned index ¥&ZiFERKIS
= document-partitioned index REBSALAYRS KX
o dynamic index shZ&&Z5]|
» REZRS|HdocES R
= ZZ5|fHmain index+auxiliary indextapk
e Thresholding B{&

o document: RIEFBIEXMEZNEHEFAISHE
N FR/REETE
n DER—EEERNNE, EAGERT
o query: IBHEEINtermsiZBRHEMASTEHFHIFE
o BXNWMHARNFESEANER
o RS |ZEANTNIE
o how fast does it index Z8 |55 R
o how fast does it search #ZEEZH
o Expressiveness of query language EifiESHIRI
e Relevance measurement

o /= precision Pr = Rr/(Rg + IR)



o BEE recall R = (Rr + Ry)

Relevant | Irrelevant

Retrieved Ry Iz

Not Retrieved | Ry In

1.3 Heap
1.3.1 Leftist Heap Z{lfilt

e NPL(x) -- Null path length

o WFER—TRX, BE—NMEERNFHRNTRBRERERRANPLX), TR
NPL{E -1
o &% NPL(X) = min { NPL(c) cis a child of X} +1
o FUERIMER
o WFENMTR, EJLFHNPLERNMAILFHNPLE, FTLARKER AL
» npEERNRMNBECHAN, (BEAMMHEAMRR) L FInpEHESRME
o A{UHELR ER—FAFEN YR, BRIEHESEEN T

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

};

o WTF—MAREAEMTRIENE, E0—HE2" - 1M TR
o EluERNEFH
o BBIFFE:
» BREABELRA NIRRT RO/, BARNEFHENYLER

PriorityQueue Merge(PriorityQueue Hl,PriorityQueue H2)

{
if(H1==NULL) return H2;
if(H2==NULL) return H1;
if(H1->Element<H2->Element)
return Mergel(H1,H2);
else
return Mergel(H2,H1);
}

PriorityQueue Mergel( PriorityQueue H1l, PriorityQueue H2 )
{
if ( Hl->Left == NULL ) /* single node */
Hl->Left = H2; /* H1->Right is already NULL
and H1->NpT 1is already 0 */
else {
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17 H1->Right = Merge( H1l->Right, H2 ); /* Step 1 & 2 */

18 if ( Hl->Left->Npl < H1->Right->Np1 )
19 SwapChildren( H1 ); /* Step 3 */
20 H1->Np1l = H1->Right->Npl + 1;

21 } /* end else */

22 return H1;

23 }

24

25 //The time complexity is 0(log N)

o ERAIE
= JQE’éAi&Tﬁﬁa\ESZE:Fmrlght paths, BElIMNNIKREFE—
» BEMTEREGFTIMR, BFHANHELIERAYEHER

o Insertion is merely a special case of merging.

= RN LEEIRAImergeit TRMERIE]
o fifiHEAIDelete Min

o MBRETR
o BEGTFIHENMNEMERITEH

1.3.2 Skew Heap Fiif

PRI —FE R, BEETRIERNESMRIRERSIHEO (M log N)HIEHE
MR A R =

o Skew heaps have the advantage that no extra space is required to maintain path
lengths and no tests are required to determine when to swap children. <EZEEi5h
HENPLE, 3RAEAF T RAIRHE AR ZE est

o Itis an open problem to determine precisely the expected right path length of both
leftist and skew heaps.

B FEBAY I, Skew heaps are advantageous because of their ability to merge more
quickly than balanced binary heaps. The worst case time complexities for Merge, Insert, and
DeleteMin are all O(N), while the amorited complexities for Merge, Insert, and DeleteMin are
all O(logN).

FERIMerge

o Always swap the left and right children except that the largest of all the nodes on the
right paths does not have its children swapped.

o AEKESHiAmergefidi2

» NULLFOINULLEHTE=AE
= NULLFIFE= RIS HAVER BIESRIHE
. ﬁﬂ%ﬂ’éAﬂE?iE’Jﬂi’EA# ERT RELCRNERFIRIRET R, LB —MENES)L
HITEHBEEAFNEIL T, AHTHZERIREAFHRARRRENR, RER%
EE) L?)
o jBinsertXpER— = —/ R Imerge

o RUBERIMEESHT
o BERERIMRTRIEAD;
o PEERRERATEEY: number of heavy nodes

®= heavy nodes: if the number of descendants of p's right subtree is at least half of
the number of descendants of p, and light otherwise.

= The only nodes whose heavy/light status can change are nodes that are initially on
the right path
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o MWFRMEMS, BN, &7, HRINRRERNERELZO(N), =FHE(FRIMENERZE
O(log N)

1.3.3 Binomial Queue ZIREA%!

o EN: ZIPAFIE—FRFIheap-orderfitree, HF—tEE— binomial tree
e binomial tree Z ¥
o BENONTIINE— R =AY
o BEAKNIRERRNEEK- 189 "THHETMAY, formed by attaching a binomial
tree to the root of another binomial tree of height k-1;

o By, has k children and have 2* nodes, the number of nodes in depth d is C(k,d)
o IRBABY

o FRBEN"IWREFE—", WRFEMR MERNMEHITEH MRENFRTUT

1 typedef struct BinNode *Position;
2 typedef struct Collection *BinQueue;
3 typedef struct BinNode *BinTree;
4
5 struct BinNode
6 {
7 int Element;
8 Postion LeftChild;
9 Postion NextSibling;
10 }
11
12 struct Collection
13 {
14 int CurrentSize; /* total number of nodes */
15 BinTree TheTrees[ MaxTrees ];
16 } ;

o 7#FHJoperation
= FindMin
v HEEIENEURT RPRIS/IMERPRT
" HESZEREZH0(logN)
v AILIBgHP— N RERFE "I PRIRIME, BXEFRNIHMRIGEIZER
EYEE, XHE—RFindMiniEEEERIE
= Merge
v RN EEERNIASIHTE
» KIESEERN IS F AR I, BUNIEART R, NRE=EN
(FAL=4 7 — 1R N BRI & F
" WIS HRIEE
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1 BinTree CombineTrees( BinTree T1l, BinTree T2 )

2 { /* merge equal-sized T1 and T2 */

3 if ( Tl->Element > T2->Element )

4 /* attach the larger one to the smaller one */

5 return CombineTrees( T2, T1 );

6 /* insert T2 to the front of the children 1ist of T1 */
7 T2->NextSibling = T1->Leftchild;

8 Tl->LeftChild = T2;

9 return T1;

= EHEEZRERO(log N)

1 BinQueue Merge( BinQueue H1l, BinQueue H2 )
2 [{ BinTree T1l, T2, Carry = NULL;
3 int i, j;
4 if ( Hl->CurrentSize + H2-> CurrentSize > Capacity )
ErrorMessage();
5 H1->CurrentSize += H2-> CurrentSize;
6 for ( i=0, j=1; j<= H1l->CurrentSize; i++, j*=2 ) {
7 Tl = Hl1->TheTrees[i];
8 T2 = H2->TheTrees[i]; /*current trees */
9 switch( 4*!!carry + 2*1172 + 1171 ) {
10 case 0: /* 000 */
11 case 1: /* 001 */ break;
12 case 2: /* 010 */ H1->TheTrees[i] = T2; H2-
>TheTrees[i] = NULL; break;
13 case 4: /* 100 */ H1->TheTrees[i] = Carry; Carry =
NULL; break;
14 case 3: /* 011 */ carry = CombineTrees( T1l, T2 );
15 H1->TheTrees[i] = H2->TheTrees[i] =
NULL; break;
16 case 5: /* 101 */ carry = CombineTrees( T1l, Carry );
17 H1->TheTrees[i] = NULL; break;
18 case 6: /* 110 */ carry = CombineTrees( T2, Carry );
19 H2->TheTrees[i] = NULL; break;
20 case 7: /* 111 */ H1->TheTrees[i] = Carry;
21 carry = CombineTrees( T1, T2 );
22 H2->TheTrees[i] = NULL; break;
23 } /* end switch */
24 } /* end for-Toop */
25 return H1;
26 }
= |nsert

» E—FETEAIMerge, BHEISZRENO(N)

= NP ZHRASIFHASBEANNTRRSEEO(N)JadE, EitiggaEs—4
RMELRSEREEHATE

= Delete Mini2{E

v RESNORTREERRR, SXE T IRIRIT AR EA— NRRI IS
(find min), BRI THETZTWHEA— NI ZIRAY, —HEZIFANZIEAZY

» EFAN"IRASIEF

" FESRENO(log N)



ElementType DeleteMin( BinQueue H )
{ BinQueue DeletedQueue;
Position DeletedTree, OldRoot;
ElementType MinItem = Infinity; /* the minimum item to be

A oW N R

returned */
5 int i, j, MinTree; /* MinTree is the index of the tree
with the minimum item */

7 if ( IsEmpty( H ) ) { PrintErrorMessage(); return -
Infinity; }

8

9 for (i =0; i < MaxTrees; i++) { /* Step 1: find the
minimum item */

10 if( H->TheTrees[i] & & H->TheTrees[i]->Element <
MinItem ) {

11 MinItem = H->TheTrees[i]->Element; MinTree = 1i; }
/* end if */

12 } /* end for-i-loop */

13 DeletedTree = H->TheTrees[ MinTree ];

14 H->TheTrees[ MinTree ] = NULL; /* Step 2: remove the
MinTree from H => H’ */

15 OldRoot = DeletedTree; /* Step 3.1: remove the root */

16 DeletedTree = DeletedTree->LeftChild; free(01dRrRoot) ;

17 DeletedQueue = Initialize(Q); /* Step 3.2: create H” */

18 DeletedQueue->CurrentSize = ( 1<<MinTree ) - 1; /*
2MinTree - 1 */

19 for ( j = MinTree - 1; j >=0; j - - ) {

20 DeletedQueue->TheTrees[j] = DeletedTree;

21 DeletedTree = DeletedTree->NextSibling;

22 DeletedQueue->TheTrees[j]->NextSibling = NULL;

23 } /* end for-j-Toop */

24 H->CurrentSize - = DeletedQueue->CurrentSize + 1;

25 H = Merge( H, DeletedQueue ); /* Step 4: merge H’ and H”
*/

26 return MinItem;

27 }

2. Algorithms
2.1 Backtracking

o [EIFZHNEARRR: EEMERENENHTERNIE, ERIFANSEFHITEIEINER
(pruning)

E=61: )\2RE
o BifRfEHEETHE/\MIERERR, HEE(IARTEARRS, BRI AL
o fEFgame treefATRFRREHAILE: MTFnPMERRIEEEN! MAENERFEIIE
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Method: Take the problem of 4 queens as an example
Step 1: Construct a game tree

(1)
x1= 2
(2) i3 S0
x2=2/ 3 4 1/ 3 4 1/ 2 3
® ® @ O @ § 6 @
x3=3/\42/\42/\3 3/ 41/ \41/\3 2/ \4 1 2/ \31/\31

@WOOWW G 0e2e5CI606 ) §269676962 69

xd=4] 3| 4 2| 3] 2| 4| 3| 4] 1 3| 1 3 2] 3] 1] 2 1
@OV WEIWEIEDE ¢269d2d9aDdY 63656860 63 6
— A

o
4 leaves

Each path from the root to a leaf defines an element of the solution space.
Z612: hNihsIRER

o BiF: E—SES EREIN RTINS, SACIIRRZID0ES, R a0
B, s MImaARE0
. RS
o A2 A gERERINAN IS
o EABERIEIIAAE R E A
o SIEE—MTEESE— NSRRI, FHEOETI PR M2 R

o HERTHIEEPRANEREHRE, FHES DRTE, WRRIEKENER_ E—ME
5, RERARIRAOEEE A TRl

» BRI LA S AR
o {UA3sCHL

1 bool Reconstruct ( DistType X[ ], DistSet D, int N, int Teft, int right
)

2 { /* x[1]...x[1eft-1] and X[right+1]...X[N] are solved */

3 bool Found = false;

4 if ( Is_Empty( D ) )

5 return true; /* solved */

6 D_max = Find_Max( D );

7 /* option 1: X[right] = D_max */

8 /* check if |D_max-X[i]|] in D is true for all X[i]’s that have been

solved */

9 OK = Check( b_max, N, Tleft, right ); /* pruning */

10 if Cok ) { /* add X[right] and update D */

11 X[right] = D_max;

12 for ( i=1; i<left; i++ ) Delete( [X[right]-X[i]|, D);
13 for ( i=right+l; i<=N; i++ ) Delete( [X[right]-X[i]ll, D);
14 Found = Reconstruct ( X, D, N, left, right-1 );
15 if ( 'Found ) { /* if does not work, undo */
16 for ( i=1; i<left; i++ ) 1Insert( [X[right]-X[i]|, D);

17 for ( i=right+l; i<=N; i++ ) 1Insert( [X[right]-X[i]ll, D);
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18
19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38

3
3
/* finish checking option 1 */
if ( 'Found ) { /* if option 1 does not work */
/* option 2: X[left] = X[N]-D_max */
OK = Check( X[N]-bD_max, N, Teft, right );
if Cok ) {
X[Teft] = X[N] - D_max;
for ( i=1; i<left; i++ ) Delete( [X[left]-X[i]l, D);
for ( i=right+l; i<=N; i++ ) Delete( [Xx[Teft]-x[i]l, D)
Found = Reconstruct (X, D, N, left+l, right );
if ( 'Found ) {
for ( i=1l; i<left; i++ ) Insert( [X[left]l-Xx[il|, D);
for ( i=right+l; i<=N; i++ ) Insert( |[x[left]-x[i]l,
D);
}
3
/* finish checking option 2 */
} /* finish checking all the options */
return Found;
}

o [EIREERI—FMRIR

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

bool Backtracking ( int i )

{

}

bool Found = false;
if (i >N)
return true; /* solved with (x1, .., xN) */
for ( each xi in si ) {
/* check if satisfies the restriction R */
OK = Check((x1l, .., xi) , R ); /* pruning */
if Cok ) {
count xi 1in;
Found = Backtracking( i+1 );
if ( !Found )
Undo( i ); /* recover to (x1, .., xi-1) */
}
if ( Found ) break;
3

return Found;

o [EFASZUANERE: NiIZEFEMOEIBHENESI, XFEEERIER TUIHBRESER



JUuouuuuuuOouuOoouououoo
2=2(3: AIT#H Tic-tac-toe
o EEHHEHMERENERFIEFELIERESNERETE

e Minimax Strategy SR AER/NFREE

o AFEZ/IVLARIBRPHIIIEERAIER, MAERKERAK
o goodnessi®#E] f(P) = War — Whuman , WRSHBITER FTRE—HLURBHFEER, 1F
BERBE—HRESEAT, REHTEACAESIRES TYHII LGRS

Bt Pruning
o MN: BREMXERTIRAN, AminERATNEMY, FEHELENERSHT—ENRLESE
2R, WFASEN L—EBERIRF AT LU TR

o «a pruning-- max-min
o [ pruning-- min-max

2.2 Divide & Conquer

e A method to solve problem recursively B3 f#RE)RR
o T(N)=aT(N/b)+ f(N)
o —LEARRIGIF

= BATFFIFEE - O(NlogN)
= WHGERH--O(N)
= JFFEHEFRIBRERRO(N log N)

ZZf511: Closest Point Problem

o MFNAE, BhoRmsEegs O Rk aieEE
o« SIBIEHRRBES
o BWEAMSH=AFIAE, MFEME, 5NN ARSI SIS
= BERREXEEYLRHTHF S BEHTHE, BUATFEIO(N log N)HISRE
o T(N)=3T(N/3)+ f(N), EtSMmEASEREZO(N log N)
RS RENS &

e Substitution Method
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o RET—THMEBHEE
e Recursion-Tree Method
o E—HRREFRNN, Bt ANEXITENEEH TS LHESERXE
e Master Method
o F! REEEARHIT
o —LLHRTS
= N/b BARUEPH
= T(N)=0(1)EANZEL /NIRRT Z

o AR
1. If f(N)=O(N"*"*)for some constant ¢ > 0, then T(V)= O(N ")

2. If f(N)=O(N"**) then T(IV) = O(N"*"log N)

3. If f(N)=Q(N"*"**)for some constant £€> 0, and if af (N /b) < cf(N)
for some constant ¢ <1 and all sufficiently large N, then T(N)=@(f(N))

PERERMESIMER: BN® ¢ (IR ER, Wd TRANSN, ERTLUETRN = b* 3k
Sehk
B SiaENRDSRAETLIIET TENARREE

T(N)=a T(N/ b) + ®(N* logrN ),
whereaz=z1,b>1,andp=0is

o

[ O(N'"%") if a > b*
T(N)={ O(N*log’*' N) if a=b"

O(N*log’ N) ifa<b®

2.3 Dynamic Programing
e solve sub-problems just once and save the answer in a table FAfF(EZSEHE R FIISRAIER,
ERESHNEE
e Ordering Matrix Multiplications
o Let bn =the number of different ways to compute M1-Mn, Then Mi,, = M; M; 41, SO
b, = Z;le bib,—; // Catalan number

o Let M;; be the cost of optional way to compute Mi-Mj, Then we have

i B ™ - -
0 if 1=

m.. =<

iy . .
gl{ﬂj{ m,+m,,  +r_rr,} it j>i

o XFESEMRTAISRET(N) = O(N?), FiE5E:% by = O(A)

e Optinmal BST
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Given N words w, <w, <...... < w,y, and the probability
of searching for each w; is p;. Arrange these words in a
binary search tree in a Way that minimize the expected

total access time. T(NV)= Z p;-(1+d))
o using greedy method &REN IS CENMEESIENRT R, BIFEN, EfXF—ER

=
o FIBMKIEIRRIE T(N) = O(N?), %EETLUBEEEO(N?)
T;; ::= OBST for w,, ...... ,w, (i<]) ' _
¢ju=costof I (¢;;=0)

r;;s:=root of T;;

J
w;; ::= weight of T;; =kZ:;Pk (w;;=p;)

T,y with root r ,,
weight w,,, and

I;

Pi + cost( L) + cost( R ) + weight( L ) + weight( R )

TP T Ciier T G, T Wi T Wi

I;-J is optimal = 7;; =k is such that c, —ﬂlg{w +e,, e, ;)

e All-Pairs Shortest Path

o find the shortest path between all pairs of vertices in the graph

[ o o i

Method 2 Define
D¥[i][j]=min{length of pathi > {I<k} —>j}

and D[i][j]=Cost[i][j]- Then the length of the shortest path

fromitoj is DYi][j]-

Start from D! and successively generate D°, D1, ...,

DML, If D¥1is done, then either

® k ¢ the shortest pathi > {I<k} >j = D¥=D*1; or

@ k € the shortest pathi > {/<k} >
= {the S.P. from i to k } U {the S.P. from k toj }
= DF[i][i]1=D[i][k]+D[K][j]

- D*[][j1=min{D*"[il[j], D* " [i][k]+ D* " [K][j1}, k>0

Algorithm



void AllPairs( TwoDimArray A, TwoDimArray D, int N )
{

int 1, j, k;
for (1 =0; 1 <N; i++ ) /* Initialize D */
for( j = 0; j < N; j++ )
DL i 10 J1=AC71031;
for( k = 0; k < N; k++ ) /* add one vertex k into the path */
forC i =0; i < N; i++ )
for( j = 0; j < N; j++ )
ifCpl i1l k]l +DplkI[j1I<bplilljl)d
/* Update shortest path */
D[ i1l j1=plillk]1+0D[kI[JI;

o T(N) = O(N?) but faster in a dense graph
o HEFTELRRR
o MFELETL:, B—LRENZEMFETSIE— MRV, EXTERENINTAE

1 f[0][0]=0; L[0][0]=0;
2 f[11[0]=0; L[11[0]=0;
3 for(stage=1; stage<=n; stage++){

4

O 00 N O v»n

10
11
12
13
14
15
16 }
17

o BRI

for(line=0; line<=1; line++){
f_stay = f[ 1line][stage-1] + t_process[ Tine][stage-1];
f_move = f[1-1ine][stage-1] + t_transit[1l-Tine][stage-1];
if (f_stay<f_move){
f[line][stage] = f_stay;

L[Tine][stage] = Tine;

3

else {
f[Tine][stage] = f_move;
L[Tine][stage] = 1-Tine;

}
}

o —NMEENEAFMITEAM, BEMA/NINMIMERE—LRAEES, SFImAIA/N
RBw;, BFmr AW E e BRI EiIRAE

0-1EEERE: SEERIMTARER, MRRBEEMIANTE RN

o KAF0-1ERRERISSHLE

2.4 Greedy

o {R{LiRIRR

DT WEERLEAF; = maz(Fj, z; + Fj_u, )uw,<; EHENTHIMIM, FJLIE
PR E AR LUEEARSE EX

1 for(i=0;i<N;i++)

2 ({

3 for(j=M;j>=wlil;j--)

4 FLj1=max(FLJ1,x[i1+F[3-x[111D;
51}
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o Given a set of constraints and an optimization function. Solutions that satisfy the
constrains are called feasible solutions. A feasible solution for which the optimization
function has the best possible value is called an optimal solution.

o ROEE

o 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
o BEFFHREMETIZERM, ER—ERRILBRMK OB EZNERT—ERRENKL
i

o Greedy algorithm works only if the local optimum is equal to the global optimum=IR1E
BERRMNE BRMFN AR LAER
e Activity Selection Problem jEEIZHEEIRR
o FNSHIKIZIE N NS a1-an, Cij RREBIFSENSHZEeLHIN RS NEHEE
cij = maz(ci, + cxj) + 1, FHASHET = O(N?)
= BRESHEIS R = maz(crj1, c1 ) + 1), XEK()RIESa BRI HEE
&, FEEFajZrITTh
» BINEREIc1; = maz(c1j 1, cipy) + wij)
o WA
1. RRIEEHRRER---8
2. ISR R SRR a5
3. IRBUAYERN PR ER D5
4. R RERAYE-XT
5. iR ERIRFHRRTERN--XT
» iR BN FRERENERRRN—ESEaERMEST
o Consider any nonempty subproblem Sk, and let am be an activity in Sk with the earliest

finish time. Then am is included in some maximume-size subset of mutually
compatible activities of Sk

O corectness

® algorithm gives non-overlapping intervals

® the resultis optimal

» FEERILPRRXERSAERARERERES
o AILUHTRIORIEARZRMY

o the local optimum is equal to the global optimum

o AJLMEME—IRE ISR R —F

o IEBRARORIGIER BRI

o FERMNFEAE(optimal substructure), T BOEEZ IEERRTLMEF R FHREIRIE

e Huffman Codelf Xk ERE--FF IR RELE

o IBHIBREREHIAREAI0BRED, LUARIERERZAEN
o FERERB—NFHRE—IFHIRIR, SUEESTEEL
o FKIURIG: NNFEFERlog, NAIHO1FRIEFHITIRID

3. CS Theory
3.0 Amortized Analysis #iZ 53t

o mifbound>=ffifbound>=F{Jbound(FEcost, Ebound)
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o "ffiRcost—E/NF I cost XHERFRIAZERAY
o MADHAEREE LIS, MuLURERIFER FTEMEENTFITLERE

f: HAImultipop

1 while(!isEmpty(s)&&k>0){
2 pop(s);

3 k--3

41}

5 //The time cost T=min(sizeof(s),k)

o J5iE—: Aggregate analysis BESHH
o EARREE: nMNESIIRERERN M mRrslIBIEIAT(N), MEMEERIREEMN A
T(n)/n
o XJFUERR, —RmultipopHRZERIBHEISZREIO(N), 1BZpophIREIAEEEIT pushAREL,
mpushiRZENR, EltnXApush, popFimultipopfRZiBFEO(N)AIATE], R FHYAT
RIS ZEMEFE LT A
e J57%Z: Accounting method #Hi%
o EARE: MARMBMERFARNZEA, TeeaZ TR, S—MEERIREERH
B HSCFRAIN BT R RT LAS 2 SRRV IR S5 32 A R NN A IZETRIIER, FR(EMcredit,
EREINEREFRIEEHAFEEAY, BHEERATLIRT, EBREES

R SERREA 3% AR 1y
push 1 2
pop 1 0
multipop min(k,s) 0

o FATTLUBHERMEERIXFEER IpopREZ 1B ERSEBE pushAREL, EILLRTLAR
IHHTER MEREARARRE, ML HEE N SRR LR 92n AT LAEIRIREAANT Z0(1)
e 7%=: Potential method 88
o EARRN: MERHTEINEENSNT, EXBREREESE ¢, = ¢; + 0(D;) — 0(D;_1)it
BEE, Y ¢ — X ¢ = O(Dn) — O(Do) B REIRIESE R RILEATYIAE
o AFH, EXO(D,)RstackdRITTERAI MY, XFFpush, SEFREHA1, SIEEAIEEEERE
21, BEUSNT92, MdFpopRERYRIE, popT KIRAISEFRMUMTAK, SESEERNZE
7K, BEIRHERRO, RAMAIEHEELH70(1)
» XEGERERIEBRERIMARETEATREE
= In general, a good potential function should always assume its minimum at
the start of the sequence. —MFRIBEEREFELL B EEREHIWIRERR/IVE

3.1 P and NP

e Recall

o Euler circuit problem EXi[EIE&[AIRR: find a path that touches every edge exactly once
HE—RERELBRDEEF—IR, —EH R
o Hamilton cycle problem: find a single cycle that contains every vertex FZ|—MEIEREZS
BMR—IR
o Halting problem {Z#/ja]&&: Is it possible to have your C compliler detect all infinite
loops?---No fmiFes A eeRIFTERITCIRIEER
o ER# Turing Machine
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#HpY: Infinite Memory && Scanner FoPRAIAIEFIITHESL

= scanner FBEFhead, B8—MIL—IRRBEIER— state, HERREELAR
E—H%
BILAATRIERE:
= change the finite control state (&%
m erase the symbol in the unit currently pointed by head and write a new symbol in
BRFHBEAN
= Head moves on unit to left or right or stays at its current position ZEABaNE R
)
A deterministic turing machine executes one instruction at each point in time. Then
depending on the instruction and it goes to the next unique instruction IAEME R
 SHFEERTMAS—EHRITEHEE—RE R
A nondeterministic turing machine is free to choose its nect step from a finite set and is
one of the steps leads to a solution, it will always choose the correct one A FEEMEE R

» WTEEERMATLUBBEER T2, FARESERIERIsolution

e NP problem

o

o

A problem is NP if we can prove any solution is true in polynomial timeB] LA EBIATLRY
BRIPRASIE S RRAME SRR E XTI
Not all the decidable problems are in NP. BI{#iAR A AL ENP[EIEE

e NP-Complete Problems -- the hardest NPZE£[AJ#

(o]

o

(o]

E&: any problem in NP can be polynomially reduced to it —/"NPCaRZARTLAM{E[INP
AREIE Z IR MLV E!
NP-hard + NP AJLA#EHENPC

NRFA T AES I BN ARRERI—MNPCIRER, BRATAIAM AT LAESIRZURIAPIRZR
FRENPIERE

Blgn, WNRISEIREIKDRENPCEIE, BRI LT H IR TR A D (FFRTSPRIER) th 2
NPCa)&

» —NERATLAMKIFLIRHCPIEI, AEHKRIFLIRTSPIE, tEMERFLNEEEBM
FE—MER I ENPCEERAIZ Circuit Satisfiability[E8H(Circuit SAT)

SATRJ, TRREBEE, IREIMEHKEMEENPCHE, EHEBEAZENPCERER

« P, NP, NPH, NPCHI(REL

(o]

(o]

PEAILAEZ IR EABRAE, NPER ARSI BRI — RS R RS R
BIEIER, NP-hard[aJRUENPRER AT LABIE Z I 3L RIRI— MR AE 7T, NPCERT
FMENPEIAIFINZ 15289, NPCaRELENPXZNP-hard

NNIFNREXREZE, PC NP,NPN NP — hard = NPC

o FARIESHIA

o

o

Abstract Problem: a binary relation on a set | of problem instances and a set S of
problem solutions.
FRUESRYRER
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 An alphabet T is a finite set of symbols {0, 1}
* Alanguage L over L is any set of strings made up of symbols
from X L={x€EX*:0x)=1}

* Denote emply string by &
* Denote emply language by O
 Language of all strings over X is denoted by X*
* The complement of L is denoted by X*-L
* The concatenation of two languages L, and L, is the language
L={xx,:x; ELjand x, € L, }.

The closure or Kleene star of a language L is the language
L*={ g ULUIL?U3U -

where L* is the language obtained by concatenating L to itself k
times

[e]

A verification algorithm is a two-argument algorithm A, where one argument is an
ordinary input string x and the other is a binary string y called a certificate.

SATRRERLEEN TMI/REE;, MBIESFMBIINEPIEHKE, SEmTEE, /NA
BiFtEE, KEBRE, BXIIREIERZ, XERIUMH m-sAT (B
INREARERENPCARE, NINREEAEBENPCERE
v AR EIGIRE X NAKBEAFAZBNEGRANEE— AN vk BT
RBE
co-NP ZFTERELAHMILASEZNPERAI U IES LATHIRIIES

. SULTARETTEIAERE, NPHIco-NPESE, PEATERA MY
8 L€ NP Aco— NPYUIRLE—PEE

(o]

(o]

(e]

3.2 Approximation algorithm

e Approximation RatiolT{lAZ

o NTHITMEANAYIMAN, CAFERcost, CrAMMEINEZERIcost, T
max(%, %) < p(n) , ME—NEERNEIURIEZ T p(n) UL EERTLAEFRA—o(n) 8
&=

o approximation scheme: &7 nLIINEIE— NS EH

o PTAS: polynomial-time approximation scheme XFnpZItEXENE LT FiFER
€)

o FPTAS: fully polynomial-time approximation scheme XFnFle&BRZ I EXENE X

Zf51: Bin Packing

o Next Fit/5ik: REGERAIRECIBHEFIRA

o MR: MRRMIGEFTEMNMET, BbAnext it/ TiAFERIEFASES 2v-1, AILIAR
IBAIERIZESE, REZNIRGEZESHRMEFRNNSERT1, SURSKE—1 BT
2|

v RIBRSREFIR FERE T X
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=

void NextFit ( )
{ read iteml;
while ( read item2 ) {
if ( item2 can be packed in the same bin as iteml )
place item2 in the bin;
else
create a new bin for item2;
iteml = item2;
} /* end-while */

O 00 N O v b W N

=
o
oy

e First Fit/5i%: RESEHREISE— MR TRIFEF

o BJLAFO(N log N)HIBSRIEZERELIXNEE
o MRKMHBERFTEMNMET, BBARN R EZMBENEFAZSRIIM

1 void FirstFit ( )

2 |{ while ( read item ) {

3 scan for the first bin that is large enough for 1item;
4 if ( found )

5 place item in that bin;
6 else

7 create a new bin for item;
8 } /* end-while */

9 |}

o Best Fit/7ix: RIEEHIEEM TN HIYmABRRZ AR IHEF
o MESHREBREO(N log N) FiEERIEF I EIASBIRNEN1.7(5
o LAE=MLER E#RZOnline Algorithm, EILUEBBRZEROnlinelIE AR ZRIFEFAINEL
DT RIS/ 3ME
e OffLine Algorithm
o EFHREMEZAISTNE RITBIEFHRRIESIERIRFHEE, AEFEAFirst FitEi%, X
MR FREEFINMIASEE(11M+6)/9
o FRNELTIEREH—LEILRIFINER
Zf52: Knapsack Problem 0-15 &|aJRH

o Bif: BNMIBEASEAMHNEEE, 8 MInEECHEEWIFKEP, REBREEILK
wmRA
o FRAROEENLUER2, ERENT
o 51%@]&%9&%% Pmaz < P, opt < P frac: Pmaz < P, greedy 1 P, opt < P, greedy + Dmaz ﬂ:tE_rL\)j%:

P,
B <]y Pme 9
Pgreedy - greedy

o (ERESHXAITIEKR
o Wi, {FEERI MMM ERAUHNE/NIEE, WKSERISIEAW,, = W1, 1R
pi>p) Wip = min(Wi1p, Wi1pp, + wi)
o XMHNEMRNEENEHEFERO (0 Pmaz)
o HHIEZ NP-hard (B, (BRNESTMEANNESEERE, RE—MWIRIIXNMNEEZIE
RENAZENP-hard[a&

Z2f5I3: K-center problem

o [AREEIA: EEEFNINT[REFETPEEK T RA—EREENAN AT MERBSENR, &
REEBXEEPIIRAFZ(distance)BYS&/IME
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o XTEBNEY: BHENEMRER—E, WREI=ATSR
o —MADNBE: BE—MPUNIERTASFNG, ARFIRMASESEEEERH
o ANBANERFAIECH

1 Centers Greedy-2r ( Sites S[ ], int n, int K, double r )

2 | { Sites S’[ ] =5S[ 1; /* S’ is the set of the remaining sites */
3 Centers C[ | = empty;

4 while ¢ S’[ ] != empty ) {

5 Select any s from S’ and add it to C;

6 Delete all s’ from S’ that are at dist(s’, s) <= 2r;

7 } /* end-while */

8 if ( |C| <= K ) return C;

9 else ERROR(No set of K centers with covering radius at most r);
10 }

o WMERAINERMMRN(CH): RAZFiE, BEANSRAFEMOFIRRI TS

1 Centers Greedy-Kcenter ( Sites S[ |, int n, int K )
2 | { Centers C[ | = empty;

3 Select any s from S and add it to C;

4 while ( |C| < K ) {

5 Select s from S with maximum dist(s, C);

6 Add s it to C;

7 } /* end-while */

8 return C;

9

}

o IXMELERGEMFER2, EILE/N2-approximation
o [REP=NP, BNK-center[TERFEEMIFNF2R0EREE

3.3 Local Search[5&pi&Z=

o MRUEZERBXHN, RUBEFRRERERAS
o [FEFFEZRAYIESELOCal Search Framework
o Local: alocal optimum is a best solution in a neighborhood

n EMNSPERXRE: S~S:Sis aneighboring solution of S - S' can be obtained by a
small modification of S.
= N(S): neighborhood of S
o Search: fEneighborhooddM\— 1 mRtA&, KEIESIBRMATGR

= gradient descent — BE L, HEBE FERIAIAERML
o [SEBEREIENNELR

1 SolutionType Gradient_descent()

2 | {

3 Start from a feasible solution S in FS ;

4 MinCost = cost(S);

5 while (1) {

6 s’ = Search( N(S) ); /* find the best S’ in N(S) */
7 CurrentCost = cost(S’);

8 if ( CurrentCost < MinCost ) {

9 MinCost = CurrentCost;

10 S =25";
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11 }

12 else break;
13 }

14 return S;

15 }

FH1: MBS
o (AR EXRREGHEHEINIRES, MFCHIE—FiAL, EPE— N RR/ESTH
o RIFESHIEIITHE: EEEFMTERITRR, LATH cost(s)=|s|
o S'ZESHIME, NRSHELINSHEIE—IRIEE!
o HZITE: NS=VIR, SXMFE— " RABEREREIRNINES

n BETREEEA—EwWork, XUHEREIL: Metropolis Algorithm
= BETNEERERIEEPE, MmetropolisZRENIERBEIEE

1 solutionType Metropolis()

2 | {

3 Define constants k and T;

4 Start from a feasible solution S in FS ;
5 MinCost = cost(S);

6 while (1) {

7 S’ = Randomly chosen from N(S);

8 CurrentCost = cost(S’);

9 if ( CurrentCost < MinCost ) {
10 MinCost = CurrentCost; S =5";
11 3
12 else {
13 with a probability eA{-dcost/KT} , let S =S’;
14 else break;
15 }
16 }
17 return S;
18 }

2212: Hopfield Neural Network

* ZHEEGHRINHENEW, wiBIEHRR M RIRSEARE, BRI HRINSHER. There may
be no configuration that respects the requirements imposed by all the edges.
o TEMFIIFBNAGFOHBHERMAII) wesusy <0
o MWF—PIMR, WMREFDIHATIROHNFIRZ NikEr, WRAEREZHRER, PBAX
MEFERER
o state-flipping&%

1 configType State_flipping()

2 | {

3 Start from an arbitrary configuration S;
4 while ( ! IsStable(s) ) {

5 u = GetUnsatisfied(S);

6 SuU = - su;

7 3

8 return S;

9 1}

o State-flippingELEREHEW = ) |w.)RIEFNEXEREBR, FA—ESEL
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22(53: Max Cut Problem

o ERABEGHKII—MIEAB).EBw(A, B) = 3 vy WA
o TTMR: (HI—FEIHE
o SBEMIEN: STELAHSERMNM EIABZ s — 183, ks E2Hopfield Neural
NetworkgI—FSakiER
o TH: BHRMBINENFSETEERNBRN—E w(A, B) > Tw(Ax, Bx)
o big-improvement-flip&i%: é’.%ﬁﬁgﬁﬁsﬁ{tﬁﬁagigﬁagmam\j—Lf;jw(A,B)E@aﬁ«;ﬁdﬂ%
1k, ATIEEA TSR RS
o SXEELUREE (2 4 €)w(4, B) > w(Ax, B¥)
= REZ0(Zlog W) KflipsZ A LUE TR
o BANEINSFEA TR 32M0EEE:, ERERNEET 1w

3.4 Random Algorithm FE#l &%

o FAREHAYRSSRAIERINIIEINR
o EARRIMER
o efficient randomized algorithms that only need to yield the correct answer with
high probability FRIEEBHERAE HIFFRINER
o randomized algorithms that are always correct, and run efficiently in expectation

RURIERRY, HEAEHRERIETIRENE
F601: E{ERE

o DHJcost=REIN * BREXAIEE + EARNARM* ERZER
o —MfEEBRIEIE
o (BIXFEIEESINEREEIERIIH RS R work

1 int Hiring ( EventType C[ ], int N )

2 { /* candidate 0 is a least-qualified dummy candidate */
3 int Best = 0;

4 int BestQ = the quality of candidate 0;

5 for ( i=1l; i<=N; i++ ) {

6 Qi = interview( i ); /* Ci */

7 if ( Qi > BestQ ) {

8

9

BestQ = Qi;
Best = 1;
10 hireC i ); /* ch */
11 }
12 }
13 return Best;
14 }

o IRSINEXENINFEMEN, IBARBINECStZEO(CLIn N + NC;) , {(BEEFEEHTHEN
AHED, B ARSI EARYEE G TBENAYEES 2 BT TR B LUARX AR
e Randomized Permutation BEHHEFE XL
o —HhLVEERAISCINA T A RBEINERARTRAIN K
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1

N O v bW N

void PermuteBySorting ( ElemType A[ ], int N )

{

for ( i=1; i<=N; i++ )

A[i]1.P = 1 + rand(Q%(N3);
/* makes it more likely that all priorities are unique */

Ssort A, using P as the sort keys;

F612: E{@EEE(online)

o FAURRRERS: SCEHRTKNAREN, EREAIN-KPARIEHE—NMRIK MRS ER

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

g.gl
or

int onlineHiring ( EventType C[ ], int N, int k )

{

}

int Best = N;

int BestQ = - INF ;
for ( i=1; i<=k; i++ ) {
Qi = interview( i );
if ( Qi > BestQ ) BestQ = Qi;
3
for ( i=k+1l; i<=N; i++ ) {
Qi = interview( i );
if ( Qi > BestQ ) {
Best = 1;
break;
}
}
return Best;

o ICSIABIMARRERIRER, NWEEHERNTARBOESHFESKRINPAZRRIEHRI

k
PS) = 57— @)
N k kNll
P =Y —L -2y
z;k;lN( -1) N;z
k. N k Affl

o FAKSHITEILUSEIRSENKE, MNIZEN/e(eEBEARXIEAIEE)

RHU3: HEHERF
o MEMMNELT, RHRENNESREZON?),
o EHHIRHAIEZYERO(Nlog N) B5KE every input permutation is equally likely
o FEHSEE—MIEIE pivot

o central splitter: E#HD AMERRNpivotHBEREDVERKERN1/4
o Modified Quicksort: FEFIRBIEZANEEE—MFODEIR

e The expected number of iterations needed until we find a central splitter is at most 2.

o RERFEHIEREpivOtRIRIEAEFRISZRERO(N log N)
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3.5 Parallel Algorithm ##{57&i%

o TORPFHTELAAGIERY
o Parallel Random Access Machine(PRAM)
» (FEHEMNRE, B HEBRunit time access
= RRIAIHSSAIE
» EREW: FEEREHEE—MUE
» CREW: AJLARRHEARERNS
» CRCW: AJLIERTES
= NN
forP;, 1<i<n pardo
B(0,1) :==A(1)
forh=1tolog ndo T'(n)=logn+2
ifi<n/2h
B(h, i) := B(h-1, 2i-1) + B(h-1, 2i)
else stay idle
fori=1: output B(log n, 1); fori > 1: stay idle

" R
» FEERIESESR N A EZ MRS IR B HEA IR EE

= Fully specifying the allocation of instructions to processors requires a
level of detail which might be unnecessary
o Work-Depth(WD)&i%

= |n Work-Depth presentation, each time unit consists of a sequence of instructions
to be performed concurrently; the sequence of instructions may include any
number

o ItENMRIR, BEREELT

forP;, 1<i<n pardo
B(0,1) :=A(1)

forh=1tologn
for P;,, 1 <i<n/2h pardo

B(h, i) := B(h-1, 2i-1) + B(h-1, 2i)

fori=1 pardo

output B(log n, 1)

o FEFTEILRMNSHINY
o Work Load T{ES & W(N)
o EIARYIEITATIE] T(N)

= P(N)=W(N)/T(N) processors and T(N) time(on a PRAM)
= W(N)/p time using any number of p(less than W(N)/T(N)) processors(on a PRAM)
= W(N)/P+T(N) time using any number of p processors(on a PRAM)

e WD-presentation Sufficiency Theorem

o An algorithm in the WD mode can be implemented by any P(n) processors within
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O(W(n)/P(n) + T(n)) time, using the same concurrent-write convention as in the
WD presentation.

ZH01: Prefix Sum
o HREBHIFATR
for P;,1 <i<n pardo
B(0, i) := A(i)
forh=1tologn
fori, 1 <i<n/2" pardo
B(h,i):=B(h-1,2i-1)+ B(h -1, 2i)
forh=lognto0
for i even, 1 <i <n/2" pardo
C(h,i) :==C(h +1,1i/2)
fori=1 pardo
C(h, 1) :=B(h, 1)
for i odd, 3 <i < n/2h pardo
C(h,i) :=C(h+1, (i-1)/2) + B(h, i)
for P;,1 <i<n pardo
Output C(0, i)

I(n)= O(logn) W(mn)=0(n)
e T(N)=O(log N) W(N)=0O(N)
RfU2: HAIFHF
o BHBERHAIEEA BEFHMAEN
o E{—TITE, m=n, FEABHHTEEFER, log nEEH

o &% Partitioning Paradigm

» SEINETNINERE, FTHRT
= 5| ARANK(,A)ZRTBIITTEAT AR ITERZE, DEITEAMBRIATERANK, 2
[ERRINTITEIEH

forP;,1<i<n pardo

C(i + RANK(i, B)) := A(i)
forP;,1<i<n pardo

C(i + RANK(i, A)) == B(i)

= [FERANKERAZSER, nILAEREISZYETRlIog N3l
s AEZARTEIEZE Tog n, work loadf9K/NMEn Tog n
o BHRMBITEIL: EEZEMwork load#B2Z o(n+m) 25
e FELL: parallel ranking
o {Rign=mHAHBEA™IZEIE
o LHR—: Sp= bZn . IERNEEDBIEDPE, BEAlog n, FitESANAFRY
RANK



af://n1109
af://n1117

o HEBT: Actual Ranking B2pMIEAO(log NI FEIE, ATLUSEIRTIESRERR og n,
{BEwork loadZspk 7 O(n)4k 31
=63: ERKE
o IBRANEEFRY+BmaxB A {# A
o HE—FhE%: BHAIO(1), work loadEn?

forP;,1 <i<n pardo
B(i) :=0
foriandj,1<i,j<n pardo
if (A1) <AQ) I (A1) =A()) && (1<]))) )
B(1) =1
else B(j) =1
forP;,1 <i<n pardo
if B(i) ==
A(i) iIs a maximum in A

- - 2
I'(n)=0Q1), W(n)=0(n")
o FBH WIHEE
o h =loglogn , GIEZER/n AIRHERIDE/n N FIERE, XEFamARtEFIwork
load#BAO(/n)NEERR, RERAE—MEEKEL /n MERTPHIREKE

» REERRET (n) = O(loglogn) W(n) = nloglogn
o BIMIKINDTII: BRAMEShi#HITIS, &EAIWork Load3Epk T O(n)

o H=Fh: BHEE, BEEREET(n) = O(1) HEW (n) = O(n)

o [Theorem] The algorithm finds the maximum among n elements. With very high
probability it runs in O(1) time and O(n) work. The probability of not finishing within this
time and work complexity is O(1/n¢) for some positive constant c.

while (there is an element Targer than M) {
for (each element larger than M)
Throw it into a random place in a new B(n7/8);
Compute a new M;

3.6 External Sorting pERHER

o NHATREREHE R TIREE?
o WEI/OIEKNET, FTERIFEFIBX
o fRIRFL: (FFBtapesHiTHEF

» tapefU%im: REEIRFEFHEE), FeeGRFHIIEE—FEESIE
= EEE3Rtapes
o BUAEFERSITLURMEMEKIER, INNTRHITHF
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o ERIZHMANEUEBIARTHITHIR, AEmifttapesH
o —HEBBEHTHWEIRAVRE passes) 1 + [log, (N/M)] &) LEVEE(2E&IFF)
o RARIBIR
B EEIRRTIREL
run merging
FHTERERNE TR
o run generation &R EIFAIrun
o RAEIRRYIREIRTTSIE
o FRKEIPAHHF, TEMpass#THT 1 + [log,(N/M)]
o REAERE2KNMER, LURIBFERT
o BRI R THERF
o FA3MtapeskitfT —ERIFHHEF
" REFHTIHERD, RARSERRD KM
» SHEXSELLTHESTS T, (BEFFEHTHHENSEE, SEMBLRE, 33
R EERMENREER D 7 #w S HRRTEEFE
o HrunfREESEKARRE FnIRHERIFAIR D RN ERIE B A Fn-1#0Fn-2
o XJFKEEmerge

Claim: For a k-way merge, F Pfrk) =F J,.Erk_)l +---+ F ;f‘_’k

(k) __ (k) _
where F,’ =0 (0 N<k-2), F,”| =1
o WNRAZRIEKAPRE, JLUBIN—EZMIrunsiERZERABREN

o KigHImergegz/DEEk+1/ tapes
- BPXRIRA(XEZERIZHRIBA)

o FHTHILRR EEXTbufferfSiEiNS
o WF—KERIFFH, T2k Mg A\bufferfl2 Mt bufferSEH THITIRE
o EX FKAREMAHMIF, EAWMERKELA, HESHinput bufferfIZEERIEN, SHbuffer
sizeifk/), SEELEP—blockiTsizelr), SEUARREZERseek timetZil, EUHRMAIK
(ERURTHENSEFIIMBmemoryRTHIE
o Y{ABRENENH<AIrun

o (EFMRISMISRIHITHEFRE, MNE—ENEHPIFA EIERERrunGENE
NEL, BERMEFRIEEERE AR SRIrun T BEE—run
o WMRAFHLUSHIMANTTER, MIXFITEERAIrunfIFIHEI2M
o HBARITREICEANTFAMRSETIEREwork
o H/MEmergefIRTEIGX M ELEREER)
o {ERAIRKEN, BXIEERENM I runt TEH
o T=0O(the weighted external path length)

O O ©O

4. fBAE: Projectilil=AIEER
o RAWEENES projectPHIITHIAS, (OMKHHEIE—TFXFHI i projecthRIERAR
4.1 Project 1: Shortest path with heaps

o XA projectEME— NNV IMNEISBEMITAIproject
o IETHRERME: AEPSINN—FPFrAHESUESNS, BARMRTT


af://n1233
af://n1258
af://n1262

o IEHBERMERN_INPATIZIL, R—EE/INEBRFNMERKAY, BT IS G EFAIREAE
BE
o HHHNE—IENEERERTR, B8N TAESIERRT RIEEFHEREE— 1 F PR
18T, xHUFTEF T rERF MBI ERER:, FRAXIIFHERTIT mEREIEmAEaR
3, FIERIRTRZEBA— M AR ERERIERER
o FE4HF—MEMEIRAPEERITTREREEH
o FMR R ASRERNSHT
= FindMin: B4R T —MNERS/\TRANES, FLNESERERO(1)
= DeleteMin: FESCFindMinZFE#TEH, SHINEERERZO(log N)
= Decrease Key: AIggR BT BEREE, MEEZRER0(logN)
» Insert: RIAISZRERO(log N), EEMEEARMNEO(1)
o BT ESRERLMEN

4.2 Project 2: Safe fruit

o XMREHIRMHAFHEY, B— M FEEFNEER, BRFELN, REEEREXREREHAY
=

4.3 Project 3: Beautiful Sequence

o XNMEBR—MIFEEFNEER, FEMEEN T—MBeautiful SequencefIEEHE
o —PMFIEMAREE=N, WREBIWMEBITR, FAER N TTRIVENEIHE/NT—

MATERIEFEM
o X/Nprojectit R EEITEE A BeiiERF RN
o MERREHINTEE—IE, BANTFEANGFS, EFFHANER2", NIEREERIE
SREZ0(2VN), RIEHELN, BERITXEALISEHEILIRE
o EY—MEdpl 1, dplk] BETFHFIRIKMNEPIESTRIING, RITEBMK
Blk+1BEHEAOZAY, NFRIKN PG ESTRS), FIIANSEKIANEBTE, AR
EEAREBEESNTRS, EX—SOFEMES T RN 2dpik] , B—EBHE
EFFFINE BT ANSBIIMNTIFER, REERKMREE— N, XA
K+ NS E I BRI M, A = E S T R N ETF AN RE
EFRFHINN
o FRLUXAMNERB MRS SR
dplk + 1] = dp[k] + > (277" + dp[j — 1] — dplj)) HAIATRAISZER

j<=k,|alj]—alk][<m
O(N?)

4.4 Project 4: Huffman Code

o FERRIUBKENFHITIERSMBNVERMERLE, FRBIRHAERA, FARKERBZPPT

FHRE, FEZCE—FAERXEMSNZI MRS EAREFERNEREXER

4.5 Project 5: Bin Pack

o THEEMIM, R—HIRMEIEN_(OARE, FESRETIIKENRIKE

e First-Fit &%

o SEMINRIREERF, AENEETR, RRSENKEVINERREWK, HEISE—
LARUS FRY SR 2

o HEFHENRASRERO(N log N) £ENREAISHEZO(N?)

o BAFLN2T7, B—PIAKNFHIEF

4.6 Project6: Skip List
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o FEESINTMIUHBIRAVEIESEN, REBTNESRIFRNESERE, AR EEBERRS
1

o BERAIMERIIT

o —PHERBZSITMER(level), B—EHE—EBENER, FEESLBTR
o BI—ERA—EMEREL—EBHESTR, BIESN—ERIT—
o B—EPFRIT RIRRRBIEINFHE
o ERBIIMFHMASLENTRE S M nextiBf (ZBEEIR— N 1H), RBLIELZINT
1 struct SNode
2 | {
3 int key;
4 SNode *forword[MAXN_LEVEL];
5%
6
7 struct SkipList
8 {
9 int nowLevel;
10 SNode *head;
11 3,

o levelfYHARERO (log N)RK5IRY, TEEREHAZO(N)RH

o HITFHENEIARIINGS, BERAVER, BN, BRETORESRELRZO0(log N) (BREAIIATE
EREMRAREMRBIRT

4.7 Project 7: MapReduce

o FENFT—FHITEILIER B EMapReduce, ZHEZEHS Amapfireduce@NERy, Hep
mapEFHTHIRT ARUERIEEEF TR, reduce RIS ERIERFHTEF
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