ADS Summary

JerryG

(ADS VRAEF)— LK m 45 ) . SFAR E mU S S5 A NBER, A —5EXT)

ARG -

1

A

AVL ¥, HEH (S19PED4r) AVL tree, splay tree

BR HENE—MEERTHR/RSINEEREN, TMUREALGD SAMEEK
INER, BEREZREREE log BAl. HFINZXERRK (BST) H#E, WTEE
HZXH, HARNEMSAANFEX, STAFNEAN, LtnsiEaN, %
BOXWIEEES, AFFEER. FERRE AVL i, HENTE RGN BN,
ENHEETEIEM-_XHMEMRNL, FEHRE I . ATIWERKE
FrX 3], fTHERN. BRI BERAR.

TXWEATEMEE, THEREXD

Perfect : “SER Z X" RIBEMNZXW, IS HRMNEA FROMNEEER G
ERERTAMNMEEX A0, EMANEEX -1, FEXNMEXHITEE 1. 0
ZEEKIER) . ERUBEEZXWNEGIEETIE, FTED IR 2/ (h+1)
~1, HARFAENEB—EBXNT 28 FURMNNEIREEMNENEN T R
B, TEZIXWME—IMEELEHEAMR MM P RERT SNBEKESR
HEE.

Complete : “E£ X"  {EMN—RKERE—F LE2VYEHE_XWH, hxE—F
MEEERT R, TRUZRAENR, XFRbIEETE, BE—RATHESS,
FEMIE RN,

Full/Strictly : “SEFH_XH” | IEMER THB A%, EMTAEBLAERN IR
X, AR EEEAENE & FHTR. WBXSHEN.
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full complete perfect
binarytree binarytree binarytree

Balanced : “F#—X 4" | Bl AVL &, 1M TRNEGTRSHNERET 1 A%,



2. AVL #§
(1) & X

[Definition] An empty binary tree is height balanced. If T is a
nonempty binary tree with 7; and T} as its left and right
subtrees, then T is height balanced iff
(1) T, and Ty are height balanced, and
(2) | A, —hg| <1 where h; and hj are the heights of T, and Ty,
respectively.

[Definition] The balance factor BF(node ) =h; —hy . Inan
AVL tree, BF( node )=-1,0,or 1.

AVLWE %WA% FR T yub‘d X%’H‘L@x X, Exﬂtﬁfsﬁﬁ, MR fT—

TRAEATFHNSHNERBET 1 (9% (EX BF EFHEREG TS, HE4T
m:?% X HIERE _E T 21, BFEM/\anJolﬂ%jj 1, 0, 139),
SFEE—Ffm A, #HJUETF—EMRUBEER AVLH ., XERNB IS, E
R A

QB ED T
TR AVL RS E h. IR TERENM S, BROTAKERER O(h), Frid
—MEE h AR R n XA EER RN IRNIRAE.

1 1 \/g h+2 Ve
+

= & — -1 = h=0(

n, \/g( 2 J (Inn)

ARUER (R¥%) T REHENTHE h WERBREFIRA, S ER logn £Y,
X TR AVL BIERR AL A, BABIAN R BMEH A9 AVL &, sl—ERERIEHE
REZEN logn B3, AHEEGRE R - XKBHARIAES . XhE AVLHHEKR
L.

()MMETFE, Hekk rotation

AVL MBS AR RSB - XWHWEFEXRE, —BXMENEE (E
NMER) SSBATED S BFENHERER) Hill, BANXMHRREXTH S
HITEENRERE, EAFWM-XEREROENRE .

A EHmA—IITE (trouble maker) f§ ((REBZXWHTTE), FEE LEH
BB E =AY BF E, ﬁﬂ%iﬁﬂ%’l\*ﬁﬁT S (trouble finder), FBEHITHEE R
£ (ARBE—R), He#k975 Xl maker 1 finder FIIEXHRIE X R RE (key) .
<1>maker 72 finder B9F%F XA EE, F AX LA finder RAELEREEF,
AOJREANZ T ENEZETFSEAEE (RE5EBE) . maker —EFEX B R—E
finder EHK, BRBMNAOX=FAERDHNBEHNMBEXR.

<2>maker F finder 7£ maker IR =B FM, B maker I T = 7E finder A F#H
FH maker REMNEHZF (EBRMAREIE). WRIHRNFITELE,



[Example] Input the months
-2

Single rotation @
e

0 0

Mar>  ClNov D

& The trouble maker Nov is in the right subtree’s right

subtree of the trouble finder Mar. Hence it is called an
RR rotation.

In general:

MA-B 4%, AR finder, maker 7£ BR &1, ;& maker (IR S8 2 B (LAY BR
RE maker — T &), HOTRETE BR A, IRMEIM AR BETE—REI TR E 1,

<3>maker F finder 7E maker IR SBEM, B maker B9 T S7E finder 274
fH maker EEMERTF (REAXTHBE) . IR #HTRIE.

LITEY, OpPIay RITED, AU SV LLTU Ay R

2 Double Rotation

Z-B A6, FRLLA maker IR T RTEER B (maker & C), TJ8EE C, thaJ&E
fE CL = CR |,

15 SFRELRBRIEFHIAMCXLEFENREMRN, RFEFE finder. maker.
maker father I=NMR RHEMNBEXR, REFELIESGE, FEILDT SR
FBITE], HEAMFROERITUEERM, 55

BRIEY, AVL AN RERZ — R (MREXEEEE—NBE), BEx—
A finder J5, LEASBEE0,



MR - AVL MBI BBRIR AR 2%, D AZFTIEN . B SEREKERE &FBERT
FIMBRIGE, TEEEREN logn B3, KErPEEXBURCHERTIFEEMBRAY
KEE. AVL WRIBBR—RASHE. RS, FEEUUEILRMOMREEES.,

3. R

()B4 : hER (splaytree) MEBABS AVLRARE : EKAEAE (find) HidiE
PIBARKNNENFEZELE, NESESLNGIEFIEERK. BARBREEH
AT RSB EEREEBRIRY S L.

)i/ B AR RIHETHE X HERD AL, NizE#HT—EZEk
AR 1E. E%E’Jﬁ"iﬁﬁ%m SFiFETa X, BHZEEE, YeEARTAE, W
Iﬁjv FER,

—, XE’] \%E%ffﬁ*ﬁ,ﬁ, B AT B AR, (AVL iR XAHRE)
(‘516 :
f_ e - /»;Ez

E
AE

HE_FME=FME, 9 5E zig-zag F zig-zig, DRI AVL #2ERRIWGE. B2
TeiEiR 1k,

Try again -- For any nonroot node X , denote its parent
by P and grandparent by G :

Case 1: Pis theroot = Rotate X and P

Case 2: Pis not the root

Double rotation

AINERRXE—MEHRIERE,

RAZ, EHEEHEE ERE. ﬁﬁu xM)illﬂ_I ﬁé&gé&ﬁhﬁ’]ﬁkﬁ:o

VRN [ RRKEEAD HRWERD, Stk BST MMM E EFAE, ??&Fi)‘il‘lﬂ
FHRANT R, EEAZRD R LR, X BRBEAR LR —EERT

il



(4) MiBR - REMAIMBR 5@ BST FA4EE. H4o M4

X will be at the root.
There will be two
subtrees 7; and Ty.

@ Step 3: FindMax (T} ) ;

Deletions:

@ Step 1: Find X ;

@ Step 2: Remove X ;

The largest element
will be the root of 7} ,
and has no right child.

@ Step 4: Make Tp the right child

& of the root of 7 .

EHREFFHBRNTE, TREFXNMIECETA T —K HE °, FHERTRIE

ERT R, AEiE, SHFEARN W, G EIRENE, FREEE —RHF findmax,
Al—EEmATH, RERANTEEXERABET L, AL —BE#EIXAD

RO REFHENE ., TUEH, —XMrERES, HIATRX BE .

(5) BARE T
PR IRER logN, BINER M KRIE (B/4E/M) B9REEZEZFZ MlogN
HER.

4. S Hr(Amortized Analysis)

@ Target: Any M consecutive operations take at
most O(M log N) time.

-- Amortized time bound

worst-case bound = amortized bound = average-case bound

Probability
is not involved

& Aggregate analysis

%~ Accounting method
& Potential method

1) 48
BEMXMEIEEEE — MR | E—MEE(operation), #<iE B SN
o WF—PERNEZRE ERETERLERS, ESELNFEENRERNISRE
EEMEELRREN. N THMNEEXEST, ERANE=MMITE. X—&
RN, HEERA,

(2) Aggregate analysis it 47
THE m RBENSESENE, AEEFHERY. FREEART. BAENE
5L ] BETRME SKFE R /) o

(3) Accounting method &1t/ B 24 ?
HERR T N EIEANHIRERER, NEFENETEE, MRIFBFELISRE
THAEMR, MABEEEAN KA TR, KA UAEMIRIEF LFREFELLS



MBS MDY M . RERBFRIERE PN EREZNATET
SKERBFEZ A0,
(4) Potential method #&E

& Potential method

Idea: Take a closer look at the credit —
\/ ¢, —c; = Credit, = ®(D,) - ®(D,_,)

Z ¢ = Z (ci +®@(D,)-D(D,_, )) Potential functio;

i=1 i=1

- (Zc.-)+ o(D,)-D(D,)
= >0

In general, a good potential function should always
assume its minimum at the start of the sequence.

X B AN —ME X LS. EXBIREMB FRTH B R
BRRIETRENLBSNERE, BEMNNERBERINLE (§—THMEMX
FRRZEE) BBVIXR, HERES. FREFENRME, §—FH, B
EINESF TR LFRERS BB Y . EXEHEREE, IRERE
—ERATHERREE—TNERATENBKEN, FTUEEXIBKREXE
MFBERE, RN XERIALFFRIEMIERIENIR (XEFRBRZWHE
). BRERBNSRAETTRE T ORI ITHER.

HHE R B ESCGRITME DT R R AT RITHE R EHRKMEAIRRSY, LN (R R AR )

o(T) = Z]og S(@i) where S(i) is the number of
gk ieT descendants of i (i included). =iwxizpyE

X, IERtBRARE %,

. 4T 2284 red-black tree

1. BESHS  4ENS AVLHEEATEBEZEEZXW, EERETEARE. AVLH
it ZAFREREE 1, MARKUESRAEEEIRENEX, FEMHE
TEFHOMR, NPT RIRTRN s BEE. XENFNESHEREN
EESRIN RE .



t
Red-Black Trees
@ Target: Balanced binary search tree
NULL=

[ Definition] A red-black tree is a binary search tree that

satisfies the following red-black properties:

(1) Every node is either red or black.

(2) The root is black.

(3) Every leaf (NIL) is black.

(4) If a node is red, then both its children are black.

(5) For each node, all simple paths from the node to descendant
leaves contain the same number of black nodes.

Internal node
External node

[Definition] The black-height of any node x, denoted by
bh(x), is the number of black nodes on any simple path
from x (x not included) down to a leaf. bh(Tree) = bh(root).

left right

[Lemma] A red-black tree with N internal nodes has height
at most 2In(V +1).

JRAMNERERSES EXLFTEEAR AR THEINT R, iIIRNZRXET S
EHRE#REEXREE. HPUEIHSRTE ""‘E’JE%%‘J&E%E@%J’J&%M%
RREETR, XENTEREHEBHLIET =, TRIBENEXT T AL NIL, X4
AT MR (5) NEXTTE. MR (5) ZI’fXTE’JB-%%IVHﬁ X black node
number XA R RAS. REARAESHELARANNES.

S LRI MRS R AR 2l0g(N+1), Tk UL sizeof(x) >= 2Abh(x) — 1,

BAEZ)
XEB|H csdn F—BXEMNitR
MRMNE, BANTALARIEN, TE, —REXNDHEANTABEREHFTAL.
£ FBNBENTHRE, SXEBMEHIER:
« MRBATRNRTREREN, BEIMTLAHETEM, SNAFRIZHOEN.
« MIRBANTRRRTR, BRNEENZTTHEE, LCTERREMAINUT.

fRitbz5h, AfttFRSBSIEARMNNEN, REATEE, AENTEESWMMEMANRE: ERmE%EHN

ARNNFEERIRR—MiENEE. BEELENT QUEXET R, 9&3?‘5“%4‘% {EithEAt
2, rﬁJTLh'Xi}_xft RABRMNXETRMBEANTR. TTREAZG, MRLBWOFERITHE, 3

PACTERE

—REE TH=M




BERER: BXETR afIRXTR b, MMTR dNEEHRERRE: BXETR a WERKXTR c NEE
REMAE, XETREMN a BERTIA ¢ BEERZHEER=.

wadela P AT Ryl g B O A2
= a ) i XX 3 d E==E

()]
[ b
o 9 o o
© 1 *? ¢ : x4y @
= P
X 0
0 (<]
2 x , °
? ?

ABRRER: BAXETR afBERXTR c Al BRETR afIRTR b, AETR c NEIBER, BBS
xR

KPR RNRETFNEEMS, REMLABERFMENRE. TREAUE
—PMERERE, EEXSEZERRR.

kR

MBREAZZR, SRERENFERL —RASE, BABRET, BETUEDOT
Mit£E .
https://blog.csdn.net/xiaofeng10330111/article/details/106080394?0ps_request_mis
c=%257B%2522requesth255Fid%2522%253A%2522165579654616782388059115%252
20252Ch2522scm%2522%253A%252220140713.130102334.pch255Fall.%2522%257D &r




equest_id=165579654616782388059115&biz_id=0&utm_medium=distribute.pc_sea

rch_result.none-task-blog-2~all~first_rank_ecpm_vl~hot rank-1-106080394-null-

null.142/Av19/control, 157 Av15/new 3&utm_term=%E7%BA%A2%E9I%BB%I 1%E6%A0%9

1&spm=1018.2226.3001.4187

RABEME, JEMOMBREZEE=RER, IAZE AVL AT logN Z&k3l.
Number of rotations

AVL Red-Black Tree
Insertion <2 <2
Deletion O(logN) <3

MIBR A9 R B AL RMAELL T~ AVL LSS . RRLABBILHE AVL AT, BS
ER2ZRE (BEHARH), PRIXEEBEBMRR. STL £ R AMHMNLRRKEN,

=. B+#4 B plus tree

1. & B+ EMRIFNE XERY, IafdeeFEart AP, mah
TRAREEE., B—MESHBRENRSIFHEEN.
BHREX N CRFERNEBIEENRY)
O All paths from root to leaf are of the same length — balanced tree
O Each node that is not a root or a leaf has between [ n/2]and n
children.
O Aleaf node has between [ (n—1)/2]and n-1 values

() Special cases:
» If the root is not a leaf, it has at least 2 children.

» If the root is a leaf (that is, there are no other nodes in the tree), it can have
between 0 and (n—-1) values.

n=4 [{] B+ 5

[ Mozast] | T [l Root node

| |Einstein| [ Gotd [| || [forinivasan|  [[ || — Internal nodes

Leaf nodes :

P e e B e e



Typical node

Pq K3 Py P Ky P,

> K, are the search-key values

w~

» P, are pointers to children (for non-leaf nodes) or pointers to records or buckets
of records (for leaf nodes)

> #EH, —A R — block
The search-keys in a node are ordered
Ki<K)<Kz<...<K,4

FREEAN AT, EH—E IR D —A, Ki BMER Pi+l femBF R R/AME,
T R R AR . Sa4h, M R A TR B AR, I SR A .

2. TANSHER, NPRE5EH
AN, ELRER, WFESHR (split), DRA/NMEZEAREE 1 WRED, RE
HBERTS/BHETHE, TEIAEEIR. MRREPRITRTR, WM
1
BEREM, ESBTRTEAD, WSSHHEENT[RETEF, RBEMRLEET

MART RIBMBR, K= 1
tE5h, B+AEEMEMMH T RNERT, FEME L. ZMENNITE.
RUEATARER,

3. B+RIMILA S AR
B+HitsiE R O(flog. NT)
XOREWHERE, BIERABHTE EETE-XN, HXEATHE
P, B, BrREEATBRETUERBER, X— AW AVL A RE, B
B F AR IMILERIE, FESLERA B+,
B+ BSRN B R THERS, MENHESNERNRAKIR, WUEMN
BRI AE A, BRI, EEELES . T B+RIBRTUR
K, BEBHRHEANFLE, B BRTHFATNE LERE, BAMAEH
AERIEIE CEHRFSIER. BE, AT BR, BrBATEHEWHER
B—AR ERAEHE. SWHEERE, SFEUSNBIIESRNELR.

wiR BIHESCEE S| inverted file index

1. EBEER  ZRIARIAONERS], —EFRBGRET B8 BR, E-EREHR
B—x FEE2RMNEENEFEEIZRERS (key, BRI AT LLRHNE).
EEES key BANZHAEMNEREE K, MEFHAZXA key TEMSHBXREKNEKR
MUZEH, tbansXft, MRXADERMEMRERMET 1 key HIANEEW. FrX,
BNED R BRI 76 key MA—MESH, XMEFHERBZERNELENR (SR,
BUINERFETRE). X2RSIEEWHERBE,

B, —key WEZNMEEHR (X)), EIRNEBZL - key FHREAES
XA key HREXM (WMBEXR), XRBEHXHRSINER. TR, EH



RS RSIR THESR,

BHRSIRENNEAZRRSIE  HE—MF (key), FEROMAEEEZXNE
B3 (MT1) . EFNEREARE - I XHNE—MEARIHBESES key,
RXIRIERALCTEL, BER2ERIRBRANT 17, MEHER S| Z BT U 0 I,

FEE A THEF T — MRS, TTUAE key EEMEXHEEE, NEEIER
ERAFHER, SREBFHIMILFTTH, BHERSIZ—ME LA I B #RE
[BHYREE, BPTEEMMEESRE XITEREE.

2. EHERSIMNEIRSH

No. | Term Times; Documents Words
Doc Text 1 |a <33 (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 5 | fire <1; (2;7)>
3 | Delivery of silver | HEEEEp | 6 [gold  [<3: (LiD.Q:3)(4:3)>
arrived in a silver 7 |of <3; (2;2),(3;2),(4;2)>
truck 8 |in <3; (2;5),(3;5),(4;5)>
: 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)>
Term Posting List
Dictionary
NE, EHERS|4P T —Nk, B—1TR term (17, ER key), REXNE T —1

posting list, FHEEEX term XMHERSIFR, BFFILNXHES, WL
HEETE, EENXMHF term HIAPREAAEE ., FIRXNEIREN, TR
I term EERH BT HXH.

#ip BEMBR, ATHPXNEEES, BREAXMHN, SiE—M3, #F
ERNEHFEHRS], AEEBEE

Index Generator

while ( read a document D ) {
while ([read a term T in D|) {
if (| Find( Dictionary, T ) == false )
Insert( Dictionary, T );
Get T’s posting list;
Insert a node to T’s posting list;

}
}
Write the inverted index to disk;

-

3. ERIIENAT
(1) term access BY717%, FKIET, FEHRSIREBERAESIATHEME, A4
E]AALLE— term, HEBIT term FI—MEEEEIX term ST EFHER
SR THR, MABELMEE. HR, o IMUEIEL posting list 77 term AR
5IWE., A5, hash L] IUARES| term, ERANEESTEEEN.
(2) word stemming 18 FHRE (RSB NTFENTEBRIZ—NELT, MARE



T term R,

(3) stopwords : SIF—YEFRABRXKRDHE, MESIE, TINZR, RIMARS
X, S E—MRE, EEENREARIRE L

(4) distributed indexing # B ER5| SEFRRSIXHEELLE KX, BICKE#RE LK,
MRFBEZNUE, TREINBEIEAIKES,

%~ Solution 1: Term-partitioned index

% Solution 2: Document-partitioned index

> =5 =

8 g

1~ 10001~ 90001~
10000 20000 100000

XBMAEARA, term-partion FNFERETRFME D BE, FLEEXE—
N term T UEEAEER, MMEREELEN term EB/NMEE ; ™ document-
partion ENFERETRFE T XHEFHER, FRERNRRER IO HF
HNARNERS, KERREhLMEFEETT REFME4E
(5) dynamic indexing 7S %3]
BEEANERNEHEBES| (auxiliary index) &, BRE/NAEIR, LEEHSD
B, MRBRAEBEEIRSINHFERK. YHBRSIKAHS5EREIEFF.
(6) thresholding B{ETZHI
XEFR IS
F—NEXHFRERE : RIREXEERS R x N H/MI,
FEZANRETERERE T REREZA term BYIER, RIEEET phhY term,
FTHAE, SFREMNERMN term HEF, BAMAFHE, REZT MR FET
p%ANE . SERIX BT R 21T, BIENBRFERE X HPHRIRE, b
JMIREEEHXHRRE. XEEMMERNERIANEETTEAREEDN
(7) MRETEN
BRTHERREN, HMNFIORESIZMEXEDT (relevance measurement),
A I NERIRZERX,



Relevance measurement requires 3 elements:
1. A benchmark document collection
2. A benchmark suite of queries

3. Abinary assessment of either Relevant or Irrelevant
for each query-doc pair

Relevant | Irrelevant Collection

Retrieved Rgp Ig Retrieved

Not Retrieved | Ry In

Precision P=Ry / (Rg + Iy)
Recall R=Ry/(Rz+Ry)

Relevant Docs

MNE, HHEETBEEE T MIER precision $BHEE . recall ZEZK, H i Precision
IBHREREHANSPHEEHNILE. Recall #EHEMARAEPHIER T
B E, — ki, RESEREMNMES, precision #{K. recall 5,
ERUFRSE, BEREBERGCFEESMUE.

&, G, Rl leftist heap, skew heap

1. AR
# (heap), RRAXRILIELEBIINEE AEIELE ., LN —FHMERAIEIE
&1, XTI log ZABMEEE —EHBEARE (REEEMN) . TENHEREES
W, MRETUER —FTEZXW, BiLIE (percolate) XANEAREIE (logN),
o] FF LI pop. push EEAERE, RIMBELMEBBNALME L, B fds P2
i, SEEMAR, BAXFHEAARRENMER, ReMrERITE. FEEN
“XWEMFRRRIEFHROANER, RERIEKESRE—ELLEEEE X/,
BEELRERNBEFE MRS . 53 (merge) FRMET, TENMPWERE (REFHD
WANEBR N &3, FAREFHEE) . MABRERRNEN B EIE merge HE
ZEREE] log Al SERIBATMBRAR TN A merge B9%561, FrIALBRERFE
ZfRIR log Al merge B E)7A

2. ZfiE leftist heap

[ Definition] The null path length, Npl(X), of any node X is
the length of the shortest path from X to a node without two
children. Define NpI(NULL) = -1.

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

[ Definition] The leftist heap property is that for every node
X in the heap, the null path length of the left child is at least
as large as that of the right child.



EFHER—MERRSED R npl, EXIAE, ZBE RN THH TR npl 2 0.
EHHRIEE—N T RNERT npl —EXTEFTAE TR npl. HFEE—PXREM

B B AR right path L r ANB 8, BARED—#E 2 -1 AHA. X
HRABEEKERIE 0gN, FILUERRA], AHURMIREERE AR L.

PriorityQueue Merge ( PriorityQueue H1, PriorityQueue H2 )
{
if (H1==NULL) return H2;
if (H2==NULL) return H1;
if (H1->Element < H2->Element ) return Merge1( H1, H2 );
else return Merge1( H2, H1);

: 7
static PriorityQueue

Merge1( PriorityQueue H1, PriorityQueue H2 )

{

if (H1->Left==NULL ) /* single node */
H1->Left = H2; I* H1->Right is already NULL
and H1->Npl is already 0 */
else {
H1->Right = Merge( H1->Right, H2); /*Step1&2*/
if ( H1->Left->Npl < H1->Right->Npl )
SwapChildren( H1 ); I* Step 3*/
H1->Npl = H1->Right->Npl + 1;
} * end else */
return H1;

} T, = O(log N) | 4

B1& merge JEM LB, RIEZOGH TR K A AR B TR VY HE A9 4 7 1128 U3
merge, MRERSBEFHHHERITE npl B3R, WAk (swap) EHTH. IR
EHFTT R npl (B,

@ Merge (iterative version):
G) 0 Step 2: Swap children if necessary
W ®» @ O
) (U © W ©
DED) (3
H, H,

Step 1: Sort the right paths without
changing their left children

@ DeleteMin:
Step I: Delete the root

Step 2: Merge the two
subtrees

T,=0(log N)

&, REMNAREARENFENZTFHT R, BHE ERE npl, WRF
&5 swap.



3. #FlifE skew heap
R R B IARNEIESEY, 2E npl IS, & merge MBS ERIRF, A
BN, SBRBRIGEELGTH. EERNEST, EREEFE NS A
= EBT S EBH 1T swap.
BETHP npl NERE, HRERENEZ logN,

Amortized Analysis for Skew Heaps ® ®
8 8 g B
Insert & Delete are just Merge Yo X Yo
TMIHﬂ:llf = o(log N) ? m @

— : The only nodes whose heavy/light
D‘ the root of the resultlng tree / @ status can change are nodes that are
¢( Di ) = number of keavy nodes initially on the right path,
Hpi:l+hy (i=1,2) ™ T, =L+h+L+h
[Definition] A node p is /ieavy if the number of < Along the right path >

descendants of p’s right subtree is at least half of the T +®. -®
number of descendants of p, and /ight otherwise. Note vorst = L
that the number of descendants of a node includes the After merge: @, </, +L+h S2(h+h)

node itself [=0(10gN) ™ Typyri=O(log N)

BEEIERTTES, BRRBEXBIERE %,

Before merge: @, =/, +h,+h T,

amortized —

751 —IRBA%] binomial queue

1. & BREGHEMFHERRT log K3 merge ME), BRENEE T HBHER
FEN—MIRMR : JIXBTE L2, AR ERXFNEL R
BEEMEAN, EZREHD NlogN, ME. “HBAFIR—FR ARBINEIREM, &R
BFRIE log 25! merge MM RFERN T TH, BEKB T HFIBAEE. A
SRR (forest, BIETIH) KKIL.

@ Structure:

A binomial queue is not a heap-ordered tree, but rather a collection
of heap-ordered trees, known as a forest. Each heap-ordered tree is a
binomial tree.

A binomial tree of height 0 is a one-node tree.
A binomial tree, B, of height & is formed by attaching a binomial tree,
B, _, to the root of another binomial tree, B, _,.

By B, B, B,

° o C%qo %
Observatlen: B, consists of a root with __ & children,
which are_ 8o Bis -+ By 1 B, has exactly . 2 nodes.

The number of nodes at depth 4 is ldl é

I Bk IR — MR, FIEE k ANMZ T BL~Bk-1. — /N IEAS
A TS I AL AL 7 A A BT A () ERIRIED BE . BARK
Yl A EEON N IS, N TR RIRIE O 1 RIALE 1, TSI




ZIREAF BIBRAR B — AN Bi, 10 —IRBASY KT merge UM =T P — IR i
% TS —IRBAB ) merge He At — I ) merge AIHEA ] 2,

2. SSMMEUEES
BEFHN MW H AR Z XKL, XA firstchild-nextsibling 8977 5%

BinTree
CombineTrees( BinTree T1, BinTree T2)
{ /* merge equal-sized T1 and T2 */
if ( T1->Element > T2->Element )
I* attach the larger one to the smaller one */
return CombineTrees( T2, T1);
I* insert T2 to the front of the children list of T1 */
T2->NextSibling = T1->LeftChild;
T1->LeftChild = T2;
return T1;

} T,=0(1) 7

T2

9

TRREFHERITE MM EHER, HILRGTE. (FEATRSFTEIR)

3. AHEX
BinQueue Merge( BinQueue H1, BinQueue H2)
{ BinTree T1, T2, Carry = NULL;
inti, j;
if (H1->CurrentSize + H2-> CurrentSize > Capacity ) ErrorMessage();
H1->CurrentSize += H2-> CurrentSize;
for (i=0, j=1; j<= H1->CurrentSize; i++, j*=2 ) {
T1 = H1->TheTrees|i]; T2 = H2->TheTrees|i]; /*current trees */
switch( 4*!!Carry + 2*11T2 + I!T1) {
case 0: /* 000 */
case 1: /* 001 */ break;
case 2: [* 010 */ H1->TheTrees[i] = T2; H2->TheTrees[i] = NULL; break;
case 4: /* 100 */ H1->TheTrees[i] = Carry; Carry = NULL; break;
case 3: /* 011 */ Carry = CombineTrees(T1, T2);
H1->TheTrees[i] = H2->TheTrees[i] = NULL; break;
case 5: /* 101 */ Carry = CombineTrees( T1, Carry );
H1->TheTrees[i] = NULL; break;
case 6: /* 110 */ Carry = CombineTrees( T2, Carry );
H2->TheTrees[i] = NULL; break;
case 7: [* 111 */ H1->TheTrees[i] = Carry;
Carry = CombineTrees(T1, T2);
H2->TheTrees[i] = NULL; break;

I* assign each digit to a tree */
[carry| T2 | T1 |

} I* end switch */
} /* end for-loop */

return H1;
}

RN H BB INE . XoKERIER.




TSR 2 E R logN (FHEREAR—E) . FHREEUA ZIHH L.

. Deletemin

ERFBNNTE (BUNE) . RIEHZTEFER Bk R ER k M, X k
AT F— N H —IFBAG, %FLF 3.



BiEER -

+.  EI#E backtracking

L fRRAEE - B —RKEBERRERBE, MAERRTEHRROGFTEERNITE
(), FRFFRASHNEERYD, EERFRA, RABAT—EINMBE R bk
Friol @t o] IR A REA, SEEn ! MIIAR, B—RABAFKAXF
BRRE@ED, RAFETUMNAMANEEEEFNREATN. RAMNEREEE
KR

2FMBEME, HIHMBXNRNMELN St RAREEEEES LM,
EIMET MMERH 451, RSB (prune) , BERALERZE.

bool Backtracking (inti)
{ Found = false;
if(i>N)
return true; /* solved with (xq, ..., Xy) */
for (each x; € S;) {
I* check if satisfies the restriction R */
OK = Check((x4, ..., X;) , R); /* pruning */
if (OK) {
Count x; in;
Found = Backtracking( i+1);
if (!Found)
Undo( i ); /* recover to (x4, ..., X;.4) */

}
if (Found ) break;
}

return Found;

}

XEEWANER, XEREERTERE 4N, BB IT# (x-xn)
check BEEXHEE, MEREEAMME (x1~xi) BRE TS B o] (TR T BE
M, MPRE, WEH, EMEIE/NNES @R, EF A check D754, EXKEFT
7E, R check KA, BHFHAMERELS, RZAR check KRS, NARE
SEE, SBEALENER, IiTHERERAIEI R EL check 2 ELER X E

aunu avi

(1)
x1
x2=2/ 3 3
3
x3=3/\42/\42/\3 3/\41 2
@® 3 0¢d G696 8626
x4=4 4 21 3| 2| 4] 3 4 1 3| 1 31 2] 3 1 2| 1

Ol UL E ' )@@ OB EWE6S




3.516

)1 \BERIM : 7 8+8 MERFHMHEE LR/ N EEFABEE. IXAFF—i,
(BN BEFFEENIUERS BAERE)

HZED(E (x1~x8) , 1<=xi<=8 HEH],

B EA

Qx;#x; ifi#£] O(x—x;)/((—j)=#*1

LR ATE TR | B IZH AN REE AR ] 1T AR — AR IR A o4k
SNREDADEFEM, RARZER— LT UEMNHE, HBREX AR DU
HER. REN\EREOBFELLRER, TUEESNHE,

#1452 ¢ o-B BIKY

FWTHEE LT, HEFRBEZRLEES, EHDERIRNFHALRIFTHIIRE
X, MEREEHAETH. EBAEINTREX. HEFHR, TUFMNAELBHAIT
RERHNES, REPBHRADERR. #ITHH.

tba/N\EEEET, NTELHFNENTR BRBEHIXNBERFHERK, BHFA
XOREATRAFINER (BAzEFm)  RAZREFEIFERAMRE. MEFL
BRI R, FRIEEN, BRRWABXEKES, TUFAEEHNTRE
&

AINEREBR BN o-p FEH, BRFAFRRARKERT BAHNRMAE (EREHTD
=) BERMOHIIRMLER CREEBR) .

TR f: T E - IMRRZENT2E TURT PR, XN RNEE
BRETE—PSLE, RTEXNEABOTTEER (BFEE) . LN THFME, 3,
MIEX f=Wc-Wh, HfWcERTHCHEAEN "= "T7E8 WhEZXFH. X
TESRNBZREE, MEHE, WNHRBERFE, FEEXEFE. R REMN
RiF, TTRERRE.

min-max =5 B R

HZRMINE L, ESEXE A max. mn B, £—F (BH5) & max E.
BERNAENT SHBRIINEREE, BELEIRFEST 2B IRFEE.

max ERECHRRKRE, M PTaERNEEMEFHAN&EAE.

min EENFHINNE, 8 M TRBREFHRNE/NME.

Bf max Bi&ETEH min EH&RA®E, min B&ETHE max BEi&/NE.

RGP ERIEE SNESHERNN, MREIVZLERSESH, W

a B min BEES/MER, ZMBCELZLATRER— min EFNRAE, A9
BEHE max BiE, BIEEEMRBERTEH TN F TR,

B BIH . max BERER/MER, XHBECELAYUEER— max EFM&/NE, AT
BERE min B, HEHHEFRAREBHEHNTFHR.



- |
¢ pruning f pruning

min

min

FIXFPETRG 5E0%, A REIREANEE 0 (RS (size of search tree) ) .
B LB IR) 9 A B S B A T SR R A
R e NAEFA . BANTE R, XA, B Saa e am

\. 438 divide and conquer

1. B AR EENELRAE A Xm@LiE{d (dvide) AFEFTNFRIA,
FiofRAR5e (conquer) FI3EE I (merge/combine) , A K| BRARTE.
AR FEBEETINRE D BAE/NNFEBR, XA R TEE (recursion)

2. ARR

(1) DEENAEFRMZEES B NEA LR ETREE, IR ETMERS
BRI FIEE /N instance, FRIBAKZEZEB S AESHNER T AR,
BUEL “E “TT5. FMEEXFFia#E, RIEREMIM,

(2) ZBREFNERENIBENBEESFHFRKOANR, XTEEFAEERELS.

(3) MNTEBNMTFEM, TTEEERRILEENDPUERES, WRERFET
BIEB AL BEF A EREERR,

(4) DEENBREZ, BHARERERENATARE, LHEEBW
HAEBEIEESHOM, KB R,

3. ERoHER
WREEREBE KB A a MAR AN Fi)RE, SNFiRBA/NA N/b, E
BEXEbRMFETFa. (why, think) . INNEEFHFIX a N FRIBNERMBEEN
MEEXE (FEILBEENTD) |, BERMH, TRILHI NAp * (logN)Ag B
=

T(N)=aT(N/b)+f(N)

KT (N) BRRIBMNELEE, LLREE, 2 A=FTTE substitution
method, recursion tree method, master method,

F—MITERERE. BRARIE, FIMEENREANERITE (B BHADHS)
F=MENFEBEN FELN, TRNERZEIER



[ Theorem] The solution to the equation
T(N)=a T(N/ b) + ©(N* log’N ),
wherea>1,b>1,and p >0 is

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

O(N*log? N) ifa<b”

o UM IR A (GTIZ$5) R IFE A ENERE R NN logsa, XMNMEEL
logea IR k fiftLE, EAMN—ABRTUETSELE. MEFHmEEE, 4110 log A9FE
BIN—1EAEME (MTCEFRXPHME )

4. #f5] R R e
HEHFEEMNAR, HHEEFELINANR. RRLLRESERBTEFTH
SHRE. miaEED, BAM—EARTE ERRxLH5HF ARR—KEE
Z (x=k kBxBOFEE) 2RAEED, 25EEKR/NBEBE, W &
BEEREDY | NRZENESE, MIRABLLER, EFNERENEYTT, I
il

LEXampie)

I S
.

ETEBFBINR IR MEFHRNE (RBEL | R R[RER/NRER) #9—
¥, EAstrip, EINRMWEFLETHSEETIMEXE, SR RABTEEEE

EIMERANEMR, AEEFREZNR, XHTURIERZEZER LR,
Divide and Conque¢
° l,;thprlpintln rip= O(~N), we have
I* points are all in the strip */
—e 4 for ( i=0; i<NumPointsInStrip; i++)
for ( j=i+1; j<NumPointsInStrip; j++ )
- if (Dist(P;, P;) < §)
® . 5=Dist(P;, P;);
14
L]
. The worst case: NumPointinStrip = N
5 5
- I* points are all in the strip */
The worst case: I* and sorted by y coordinates */
for (i =0; i < NumPointsInStrip; i++)
for (j=i+1; j < NumPointsInStrip; j++ )
if (Dist_y(P;, P;) > &)
break;
For any p, , at most 7 else if ( Dist( P, P;) < &)
points are considered. &=Dist(P;, P, );
M =0(N) 4

ARHBT(N)=2T(N/2)+O(N), REZEH NlogN



F.
1.

F7AMK] dynamic programing

BAE SN (R dp), BRIEEEEMENMNEERE EXEEHEIEKREH
BUANBPTEE, B5EREFANE, MER¥REEARELAETITE
REREUNEZE, RBETIEEIH. T dp WERZHMNEBTFE, B4 RREHR
R, XEETHEHEER. TEHEH dp XHITEE, BIEHIEMTEE
B, —EET, BREEREREHEDW, fdp WEE HEhE EBEXERLE
R, ELE EREBHER, HILTEE, do FEERSEETE, X2EAMN
BRE R, dp M REERER.

BATTE

(1) WEFEE, EXRSE

(2)  FIHARERE (BAE), SHREEBHRE 8)

(3) RRIEHIMFITESIRSE

(4) RIBRESHEBIREBLE
HAEXSENTFRIABIRSEETEERAEN. RE—BRA— N SHEERE
™, MArBREERAERS/ N EERARANERE, FORESEIFE. iR
BEMEEARAOEIRAE TRESEAMTEINF. (tEIRY, REEHHENR
WERTPER TR, AEEBER, (B FRROARERLNERME &
FEMENKMETRE, SIBEHWEBER SE4u0)),

451

safyl 1. ERPRET|, KL dp BB IFCHEMENGF, HiBIHEEE
Z3, BAdp 24&MER. AfE, B,

B85 2. FERESRIEIM P

SR 0 NMERFAMNFEER, RE—FTERFFES2ITEER/) (RINES).
JER axb BYFEREFN bxc BUFEIEAETRAIE L E R abe.

MRXARNKEE, BWETEK/NZ catalan number, EEEER, LEEZ.

Suppose we are to multiply » matrices M, * - - * M,

where M; is an r;_;X r; matrix. Let m;; be the cost of the optimal way
to compute M;* - - * M . Then we have the recurrence
equations: 0 if i=j

m; =
ij . . . .
{15111311{ m,+m,, ;+r_nr;} if j>i

Dp EX T IXMMNFRIBMUARNEGEME, REEHLE., BRBXMELZ—EINF
K M XN ZHEAE, MmN ERLER, FHEE NA3,

#1613 LA ZXEHH OBST (&)
FHEN-XEUMATEHETE XN NFHHNERNRERFFEDNY, BEF
MBEET, FEHE (TR) BEARNBIA I AMR/GER, RINFELEILXE
TRELR, N FoERE (EXNE, REQBREDRZ0). HMNFE
BERARIMFHEE, FESEMRIA X —MRU/RE,



Given N words w, <w, <...... < wy, 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

N

total access time. T(NV)= Z p;,-(1+d)
Bk FOBBAZERER i~ XETEARMAM OBST, FHEMT —LHEBISHttn
wHBNIERE, TN EERERAEL.
T;; ::= OBST for w;, ...... s W (i<j)

o

c;ji=costof T;; (¢;;=0)

rij=rootof T;;

w;; ::= weight of 7;; =§m (w;;=p;)
T;; (i)

Py + cost( L) + cost( R ) + weight( L ) + weight( R )

=Pkt CixatCru, j Wi g1 T Wei
J J

T;; isoptimal = r;;=k issuch that c,, =1_11,islg{wij+ci',_,+c,+,'j}
i<isy —————————
REEBTERER TEIPINRF.
ERXANITEKRE cln, Ri&/VERRE, FERBRSEBIESES—F kK (EF
kEMEBR XN, TERELIIFR (B).
R E#EH N3,

St 4: RN (Floyd MAELHAAFE)

G~ CIERG BRI, KT RBEEE . FRATANE Di jstra Hik
ATLAH bfs ARG tH — A s B A T A s S R ER B, 0 TR B SR B2 V72,
FATIAE AR AR PST s A B R EE B, R A dlijstra, 77 28— IABREA AE N
Ui (source) , EEIZRERE V'3, HAKEGHHE, FrLAlHEH dp FIERE.

Method 2 Define

D*[i] [j]=min{length of pathi > {I<k} >}
and D'[i][j]=Cost[i][j]. Then the length of the shortest path
fromitoj is DV '[i][j].

Start from D' and successively generate D°, D', ...,
DN-1, If D*lis done, then either
® k ¢ the shortest pathi > {/I<k}—>j = D*=D*'; or

@ k € the shortest pathi > {/<k} —>j
= { the S.P. from i to k } U {the S.P. from k toj }
= DF[i]llj1=D*'[i][k]+D*'[K][]]

D*[ill 1= min{ D*'[i11 j1, D* " [i11k1+ D* (K1 i1}, k 2 0

Algorithm



R — =4/ dp, k BRI PR B AR T DA ) e ARSHRE TR R Bl el
B kA RMAZRILEE k A iPFEDL . XFER IR R A E IR V3, (HIEH
% EACR R (RBEREARKEE, TER dp fU7E) .

S 52 7 I )

g ®
V' N

Parts

t1.2

Exhaustive search gives O( 2V) time + O( N ) space

PP VA AR S, FATUKE FEETARES, R RS T B
o Fak, 2= M AESE—tRAS I AT DLE R 23 5 — %MK & 1) T — MRS, I
HFEFHA RS 0], 75 240 S f S Re A 8] CARCERC =0 o BRYsE P s
AIRES B EZ 4R SR AE B CRITKZR B 2 2Bk 2] ) — SR KR s

XA ) R HORAS RO 78 7 FR AR LU T B, £ 1ine] [stage] Rom M 46, Ui
IKZE 1ine LMY stage IRESFTHR MY, HITRESATELRRE, #TLFIH dp
f[line][stage] = min { f[line][stage-1] + t<{(line, stage—
1)->(line, stage)>, f[ line][stage — 1] + t<("line, stage-
1)->(line, stage)> }
dp FIE R E LN, B UMRMESRE—2 line HEFHE R R FISFE .

g 6. 0-1 AL @ (0-1 knapsack problem)
HE—NMEEAMPEEULEN M, BEE E RN wi Al
pi, MM EARAEBELANHHEZIH—IR, ER—FBYSEANY
AL 7 A B s i K. GIESRK N N —A~ 0-1 5

# A Dynamic Programming Solution

W, ,= the minimum weight of a collection from {1, ..., i } with total
profit being exactly p
O takei: W, ,=w,+W_, , ,
@skipi: W, ,=W,_, ,

@ impossible to getp: W, , =

ip =
s i=0
m,p = "/i-l,p pi > p

min{ W,_, ,w,+W,

i-1,p-p, 3 Otherwise

i=1, e (4 p=1,---s R Pmax — O( nzpmax)



X HLE ST 1 LU AR R AT 1 MR IR B SR AW A p P e B RN
. BE AR EREHAEE WG, @) <M HRK q B EEERER R
pmax, RIW)&hiRERS, XAMERREAR K (AN T B RALLLRS A6 s 2t
FARBEGHE)D » BN 0-1 AR U np R

+. HILEE greedy

1 B TMERCEEFANMthEERELNH, LHEFMHE DR, JOHNEARR
e  §—FERERM, REBILBENRML. FESEWERARNE, AUEAR
FREELMITHIREK, —BRERK. FIMABRARETFEERELLRRK, T
BRORKEHRE, EREAHIEMBIESEFRIIMNOAMR. FE, THHNRARD
RN R REBEIRE— R,

2. H4l
B 1. AERLBRIEFE A

BTENFEZE BIn PEXFsi<fi,i=1,2.n) , KEMABENELENESZ D
. Bdp MAAMEEAELRE, RUEEATMURILERE, BRUIAFIESE
BB OSRES, BN TSR R R,

BT ANTHEN, MXERAET, AEL%F—%4%8 (3%) 1
BERAT, IMIBEROE T —RER ? EAXZEBRIEREELERES, X2
BEii&t, TFEMLEROEM K35, AREESRITH. KEREN.
MREDHEALTT, TEMEHRS, RAEFNARZL  BESFEWH (R
BESREFN) .

@ Greedy Rule 2: Select the interval which is the shortest
(but not overlapping the already chosen intervals)

S B0

@ Greedy Rule 3: Select the interval with the fewest

conflicts with other remaining intervals (but not overlapping
the already chosen intervals)

— = ®6

— ——d

@ Greedy Rule 4: Select the interval which ends first (but
not overlapping the already chosen intervals)

Resource become free as soon as possible
] XS EUE BRI MRS — E REE 2 SR AL IR
PIVIRA—2, JTHRUEERIERIRABIHN—T, HFRALSER
EEEEM, ERERIEEDBHET—PRABR—EEBLXNOEERE
FIUERROCER TR, BHBEEE  RE—NHFENRLE, MrES
RATRBXNROEERSE, MREFTE, WERERFXNMRMBELAT
HRDRENRILE.




#45] 2: Huffman 43%%

TERBRETR, MREENFHUSKNLEKE, F5BELEL0NRE. BT
KHFLRREZTEFH, NREEAFAEKREL, JeHIERREFRLEAMT
FHBERNE, HMEXAR ., BRXMEFAXBE THEFHZ BN REEF
FERSRKR (prefix), A, HFARFHAEMBAERR, FUANRELHMESH
FHMUBRENRL, PHESE.

BENSXAREEOERIA (EEZEFEMMN) NAEZREZXWED  Fr
EHTRNNFF, METRAGER TSR TR, mAsXEEIN— 0, [@
Ap— 1, BEEMH R, XFEATREENRXR, FEEREN, RFEMBETS

A, RIEG—MH 0/1 ERAL/AERDKERHE, BRIBIMTR, LEHTH
FE, REEFMRTRITHEBRBET DIt S,

PirIX huffman IBFRNE BRI OEZE K= X FEHESEHIRBRE (3
AFFREAKE, KELEMPHTOREITERNHAEE) KENEE. (R

—/R, ERATIEFIKERE (M HRHREMR), 1925 AR44H full-tree, B
AMFERFNTIRARTR, BAREYE, JHUHEXMTR|RTTREH).

» Huffman’s Algorithm (1952)

void Huffman ( PriorityQueue heap[], int C)
{ consider the C characters as C single node binary trees,
and initialize them into a min heap;
for(i=1;i<C;i++){
create a new node;
I* be greedy here */
delete root from min heap and attach it to left_child of node;
delete root from min heap and attach it to right_child of node;
weight of node = sum of weights of its children;
I* weight of a tree = sum of the frequencies of its leaves */
insert node into min heap;

4

T=0( ClogC )

Huffman BIBEALLR B R | £IE CAPREA—R/NER, ST RHE
HENEFHFRE, REEXFE—ITR, ERT. GETRAMNEERRIH
BT R, FEHTRNERATHIRNEZN, BEAESR., XFHGRIK
IR 1, ER CRENT], Ry AELE | 8K pop EFRNTTR, B TRFH
BEREAINTE, ZERECIIBNERERFLBRORREVLE, WENEIL
RIAFFTRER, NSRFFREN.

IERRBEAEGE | T —MEFOREKER/ NORDHN T, FRIRKEN
AN x, y, BAx, y =& THREENEIMLEH TR E, BATIMNBEL
AL TR KENREL, FEFEXNFHNT,



+—. NP @& NP problem

1. BE NP, TEEATHEOIANMRN, SEIRXN AN HHE .

2. ERW:
B RV —MmRATERE, EENIPRSES. HFiE. TENEAXD)
BB, XNMHREBEPEFEELRAN, BN TEMAXRN—UTE
2, TEMNERVBFEXBLEMEN, BRTENERRNES D
IR, Fik. E=E. HEE SRS EREARERNT,
ZAMBEAHERVAMS, EEABELERBMELESTE, BAK/NN F
E1THE) T SRBERVEXH (ERERITIUARE) .

r

NP-Hard
// ?23

3. @k

P=NP=
NP-Complete

Complexity

Undecidable

Undecidable

D
—_

P = NP P = NP

THENRA (7 ERD)
?1:<P=NP?> AAERE P=NP (BREILEIER—RIEET NP ERARE
FP) SEREFREMRE P =NP BB, LLE P F1 NPC AR 20K P=NP,
4 P. NP. NPC ¥:& P=NP=NPC fyX &,
?72.<NP-P-NPC = = 2>EMEMHET P! = NP, HFRHAEEBEXHE—
NP B]@l, EAXABTPHABT NPC, (X—H%BAZRHFE HFLEERF
7ERY)
?3: <NPC = NP hard ?>BI{##E 7 P M1 NP B2 R, thAFAERES NPC = NP
hard (B BI{NFEIEIERA—N3E undecidable f4[a]B-REE A £ T =k A ) 36 iF R
FIEFME, BMEREARET NP)

4. NP B9#E=
fa B bR, NP ol @248 5T ol @ pY e — o sE AV R, EPREEZ A g R

IEH R A IEHAYE)E .
HRAXBESRITAR "BATENE T 2WMANE MEX, EXER

FRBRMREXT . TREERG LR H MR, BRI
=S [B) 5 Y fE) R



BRI P —EZET NP Ay, RIREAZIN AN BT —E-AEZ NN
Fif i) (R 3 W 2 5 IE RS

244k reduce

@ NP-Complete Problems -- the hardest

An NP-complete problem has the property that any problem in NP can
be polynomially reduced to it.

If we can solve any NP-complete problem in polynomial time,
then we will be able to solve, in polynomial time, all the
problems in NP!

Given any instance « € Problem A, if we can find a program R(a) - f

€ Problem B with Tg(N) = O(N*!), and another program D(/) to get an

answer in time O(V*?). And more, if the answer for Sis the same as the
answer for o. Then — —

i I Decision problem is e;siiie‘i":_’_j;

O O(N*) .
VaeA [ f H' ]~
| =R D J f ﬂ
'___?___(_tz_)______J____(_ﬁ{____E :“:;Vs:'e:;ora
O(N¥)
ffe, BlEAEE, REESFTNERTFR, BAAEEBRE LD ERE

B, BREZEMMNEE. £ NP EESTH, FNI—RERACIELRTTEE
EMABREN. XHANERF LRI AW EEBRT BVRE, B ANES
[BIRLETE] B (=8, ARXBUMNZE BT UANMA, AZRERNEA, BAT
A —E T URIR B,

7

NP [B)Erh, FEEXFE—KE (NPC) , P NP [OERE ] LA T,

BIErE NP (o) @ER D] Pi@id NPC ]R3 & (ZIMAAEIRNA) Hiikikmm
k. NPC ZEfRIELEMY, R T EE— NPC o) @5t 482 F AT FrE NP (g

=i

6.

2248 NPC [B)73
(1) SAT [aJ (H—MHKIERA NPC #9[a):)

\E—Dn MREEAMNSG RFTER, AR XETENR

(2) PR [E] B (5]

3)

(4)

()

(6)
(7)

B[E—E, HEEEE 1 simple cycle IRIFEFEN TR —K.,
FRTT7 ) (TSP)

BE—NEINE, [E2EFEE—) simple cycle it G S BLHA
KN EMARBIL K?

TE M. 78 5 [0] & (vertex cover problem)

SKE—E, AESFEH— KN EBE KR E, FEERPE—FIL
EPFAMARAEXINREF,

B [a) @ (clique problem)

BE—TE, HAMERESE—IMANNELAKNZEETE (F).
RKBERE (B)

TeEE (k)



+=. EME% approximation

1.

B WFRELRERME@MELIN NPC 5@, HARESEATEEEESTR
BB ARG SO, FrIXBERIE, ERENBRRTJRELRILE.
Approximation Ratio

[Definition] An algorithm has an approximation ratio of p (n) if,
for any input of size n, the cost C of the solution produced by the
algorithm is within a factor of p (n) of the cost C* of an optimal

solution: max( c 2) < o)

c~’c )’
If an algorithm achieves an approximation ratio of p (n), we call it a
p (n)-approximation algorithm.

[Definition] An approximation scheme for an optimization problem
is an approximation algorithm that takes as input not only an instance
of the problem, but also a value £> 0 such that for any fixed &, the
scheme is a (1+ &)-approximation algorithm.

We say that an approximation scheme is a polynomial-time
approximation scheme (PTAS) if for any fixed £> 0, the scheme runs in
time polynomial in the size n of its input instance

o(n**) O0((1/¢e)’n

fully polynomial-time
approximation scheme

(FPTAS)

SHFEERFILMURAES, MR, FR—=, STEUER, TJhUREERE
1B, E—XEEIEMEE, MRIARFELHFEVESAR, BAOAHENET
[E—# “approximationschema”, %t &AM RE, XNF—FEMUAER, A7
REESHEMNRTEBEEGEIEY, WA EERE. ATHIAE 1+¢
IR BEEAFINELEEReI—D n RHR, WRINMPRFXNTFHEMe,
BEZMRAM, BLAIKAMAER PTAS, & n NZTRIEH AL T 0 BT
BRA (HHEREX, F—E2XH), BAIAHNZ FPTAS,

BERPHEEAEE MR, FERACERX.

L 30]

B 1: FFEE

R HE NS, KNIEO~1 28, BENKAETIBEYH 1
¥, BIEMENNEFNRNEE m. X2— npc MEIE, X EBIEME AR
K m.

% Lnextfit | B—MIRBES—NMEF, REEXN—I#FYm, REEERSH
HBALE— M RBGENFE T, R, FAEMA— IR TFEE. JRUER, X
MITEASABE 22m-1 ¥, BFEE—MIRK/NEAN, EERIFH 2m-1 M8
F, FrRAXFEEMIEIAERZ 2, ERFEFEEE, RIEE, IERARABATET 2m
MEF, I 5EREEE m, MTZEDEmANETF, FE.

MIX BT INEHIEORIERNEE © ]I, REGFEBHIERATEE®, IR
XTI TR T REIA R TR FRIE.



& 2firstfit | BRIFFEBANE L, EANT MM, HFAZRRERE L—M&
MEFE T, MERHFEEAENE BB NE EB=E T NEX M @BEHE,
W, EEXBEZ=EMIAE T . IMEETDUEREMERE 1.7,

#ia o online algorithm : FEHIEHCR AN IR N TTE M E A RREE, TIRHE LB A
SIE A TR, T PUERR, T EERM, ELELINERRER 5/3, AUEE
.

7% 3 1 455 offline algorithm : BAEL, BFBWMARANRNGFHF XN EEES> Lk
|, AXAMEEF, KON A&SE, BN NI FEY SEEF, A
EBMNXY&FTE, 047 first fit 5KES . o DUERRXFER T AMNEFASEBIE 11m/9
+6/9, FERARIHIEMER 11/9, XFMEHFBERONE LS AL REITIEHYE
1o

B4 2. HEE#M (knapsack)
0-1 B ERMEZE dp — iRt WEFE—DLR A BRI, mAELET 0-
1 B8 2EFENKINETEMAEHAREANBEARY, Mo NEFR
B xi, XA A= [EE xivwi, EER xixpi. EINRTE. XMPER TERATE
ERERER pi/wi ZFSYRREMAY, EERFE— M@K, XHELTINEE&
LRRRY.
BT 0-1 ER, XMl (BREFRRNBERESHEERE THYR) R
BERENEMIAR. FETROERLRHELRE 2.

The approximation ratio is 2.

Proof:  Pmax=Popt < Pgrac

Pmax < Pgreed_v —) Popt / Pgrcedy <1 +pma.x / Pgreed_v <2

Popt < Pgreedy +pmax
12

Hrh pmax 2¥SIEEHNTRS{E, popt & 0-1 KAWL, pfrac EBREEDE
B TR AR, pgreedy 2 0-1 BB ARF R R E LB MR AU

#45) 3: K-center problem FCMERE[A] R

BKHEFELENANTENS, ERWELFE LM K DREA center, £5F n NRE
I center MEEE MR AER/ XERMEEY np A, HARIEME..
XA EIBENENMOUE - HRESNEr, FEEEFELEMN KN r AFENEA,
BEOEEREIX n e,

RE—FEUESA 2 IR EE, FRXMEETUBE r~2r ZANFERER.
—MIREMSERE  nANTRER, §MTAN 2r ¥ ERERAAE R — 1R, BE
ERE, NT—1MEEMR, BMNERME— "SR 2R SEE R FTE Hitb
R, AHEE, IRXNMEEREE KAXRAER, BNET kK NMPLES AR 2R A
EEME, NARBERES, BAWAR< . MEERMNBEINEESTRAE R
WE— N FEREES/NTERE . ETRZEE—AKRmax, MO0 ZE| Rmax B4
FHEr, 2FARAERE—ETIUNIKE r <= R <= 2r R, XMEMZIEMNE
EHER,

T RUEFRAME p A% T np, k-center IL{URRFFHE 2.



+=. B ZE local search

1. BR EERRNEEERATERNRIENER, RIE BE" BOFG NEEN
JiE" RERERAHE. EEENEEF—RAZIRENIAR, EREREEELR
ARTEET REEZENLIE, — TS REMERREER, MEERE
REEN—NESEIMHRN. TBOR, AEREMEKRABNTIEEEL. FIX
BEMRERTRERKESI, ARNVNBNEFLRAIEE. Bih—x, AREEZX
Eit ERRBREEREN, EREERA T BEREAEXN S, TS ERHRE.
Neighbor Relation
@ S ~8':S'is a neighboring solution of S — S' can be
obtained by a small modification of S.
@ N(S): neighborhood of S — the set { S': S~ S' }.

SolutionType Gradient_descent()
{ Start from a feasible solution S € £¥;
MinCost = cost(S);
while (1) {
S’ = Search( N(S) ); /* find the best S’ in N(S) */
CurrentCost = cost(S’);
if ( CurrentCost < MinCost ) {
MinCost = CurrentCost; S=8§’;

else break;

return S;

' 4

Hrh neighborhood R FEIERFHNEEM S, —MEIIRBET —LELTHRG
TERAERMNFTBNES, BT ENRERLREXLESPIRBIERNTIRT
e,

FEIRNERTHRLETRBIRMNMR, TERMLE BN =B
%, BFBATHRAE np EHEIBFZENLIE.

ARXNMAREEH, MREMEBTEEN T —SIARBIELNER, WEER
H, BELXTES S trap @@, Bl trap ZENBHRLMIEEBRMLHOM

B AT U P Gaa e srsimiesers 3T

RETEROOME, KUF RE, USELRE, FHOH, ERML, —f
NIFaEiE TRS. BEE T HRNEERARINRKE L, £ AXRMBR np %9
=

2. 41
1) 1. ESBEER
NP —FEZKGHEEX, XERMER, EHMRSHEERNNA K NEBEERET AR
BHNBERE. EXNEEF, RBREAESHANES, §—REHERNE
EMBR— DTS

#45] 2: Hopfield Neural Networks
SHE—NEE, WBEEEE. EBREEMABERES-158 1. EX b 2
RUASHEHRB EACAH R, Sk ORISR BENAERND, iR,



NTERNTR u, #RHE stable (1RE) 7Y, WRFEHBBAGF DN ELXHE

w,s,s20
Ve 0

K FRDROE L HER . . WTF—FRESTR, WERE
SERE stable By, BAFRXMNEESRBE stable (., EFESEIELH—EHRE
EIRE T R ?

RAREEE - AT RIRERET L. BIER—FMRESR, NEFSREM,

HEE—NAREN R, FEBE (fip), RIBERE. ARXHRRELEXAD
TROATRRER, BHUTRSESZAENHMERTREEAXENE., FAXNT

Bk, SPMREERNANFAELELEBE, FEEMDARENm.

Claim: The state-flipping algorithm terminates at a stable
configuration after at most W = Z |w | iterations.

Proof: Consider the measure of progress
(D(S) = 2:eis good Iwel

When u flips state (S becomes S”):

« all good edges incident to # become bad
« all bad edges incident to # become good
« all other edges remain the same

DS)=D(S)—- D Iwl+ D |w,|

e:e=(u,v)eE e:e=(u,v)eE
e is bad e is good

Clearly 0 <®P(S)<W B

XANER tricky /RIITRMAET, MEFT—PHIGRHAMETTE SI3FRABEE—
E MR EXBEXNEER T BMEREBNGEIN). A FE— " adk
WREPFHGBIENE « FOANELENEZM (FHAREREX TR
REZIEH), MXMEXERLFH, IUDELETRERRERER,
BIR XAFR—MZIMANBNEZL EiwIJgERK,

#5) 3: R AYIEE (max cut problem)

BE—E, HE—FEESPRAIMEES A BRTE, FERmHDHEA. BH
HIIMNEMREKR (BITMUERD A. B REHNANENRN) .

o] P& B Hopfield Neural Networks [a) @AY 248 © FrEi0NEYIER, LLAT9 AL AB
EEMEETAENR-1 3 1 ARES, AT EERNFETL (FiKRERE
§3h) WNEMRA. RAFERIRE EASRKIERHRIERF AL EARRIG
Ko RERSEILETIERBERER.
BEAERXNEEALLBRARAFEARESR, XHAFENTHLNNENRK, M
RE—ME, TTRUERR, EEEA 2 :



Claim: Let (4, B) be a local optimal partition and let (4*, B*)
be a global optimal partition. Then w(A4, B) = %2 w(A*, B*).

Proof: Since (4, B) is a local optimal partition, for any ueA
Z wuv S Z wuv
veAd veB
Summing up for all ueA

2 3 W= Y W0 S XD W = WA, B)
{uyicA ueA veAd

ucA veB
2 ) w, <w(4,B)
{uvicB
WA*, B¥) < D W+ O W, +w(A4,B)<2w(A,B)

{uvicA {u,v)}cB
-

+m. FEHLE% random algorithm

1.

BEALAHES - MYV EEEZ—MERMEX, —MEEMATREECNESNEHEYLE
BE, BZ—FEREEENTAREEYIME (ER@MA, HERLSEE, T—SBET
BEAE) . BEVIEE—MRIEHNEE M,

BEAEENE R  XAEIEE, 3-8 7 MEE bad input. FEYAYERIFREE
ERDFEHELE, BETT UL bad input ¥4k 4 bad random, M5 i%E 42 bad
result (bad input 2T §EELH AR, bad random RAKTJEE) .

e A EREYLL - AT HEVAESREABELEEI, BT A A#TE
BEMLHES (random permutation) . BE&ATIERSETENMWAII— AL ER
(random priority), b0 1~NA3 Z[B)RIBENE. ARERBLLFH*THEFRIT,

X PRIEE M AES MIEN T EHEEREN, ReEHFREERN,

B4

s 1 : E{REA

Bx RXEENDA, BRNREEIRFNBIA FZRENMREHEH) . A
HRZEX NS EEMEEEAH, IREXH, HAXMARMN Ch, EXERBERN
Ci, {82 Ciim/NTF Ch, ATAESIE RS, iLRNE/ NN RIS K2 RT3 A BIHE
KEAK (trade off) .

E 1 MRXAREENT L REEKEERBNEE, MEASIEREINALLZ
BIFFE ABMES, #kA. XHEHERIAE N K hire, FRE, EXER OCh+InN +
Ci*N )F InN RAMRITEIRERE 1/1 + 1/2 + +1/N L K.

%2 (hire only once) : INRURHISE k, MEXBI K MA, R 1 K, BIE
EXARMNEN, ME k+1 PAFFE, —BBE—Lbe k M EMNREFHOA
THFEN, mEEFHAXANA, FELEEX AERTHA.

Pes]= S Prs]=y K k31
r[S]= r[S.] = =— -
2 NGy N &

BRI RAFHAMERX/ME, WEECAK/N) In (N/K).
ATIEPr&A, Blk=Ne, MWRER le. XMIET, BHBHIYAZE ? 7



#4512 PR pivot HIBEHLILEE

PR HE 0 BAREF A pivot, ¥ITED FIFEE] pivot BMIAIAIE, MAE]INE
TR, EARM pivot MIZFEILEAR/NIHREINE, ©EHF pivot FIKESZIRHEAYX
B, 5 pivot EEFHARKERPEIX=ATENPEE, BRET—TEE, B8
MR ERIAEZFEE N2 B,

central splitter BJAMIE pivot IR FHEFIGHZ 1/4 Fh 1/4 TTEH[E, Rldb
IE 1/4 & 3/4 XM EAMTRIXEF . RAZ, WEHMEIE pivot (Z04aTHI BT
AR 7). XANRFIF, FRIBMAANARBIT R B 3/4.

+H. FTHEE parallel algorithm

1 BK BTRKE. £1% cou FEEHERANFE, FELEF[INRATUARR (F
— N EHERR) MTSEES. —NEE IFRBREBN—ERF ARLE
E—HFTENTHIESCES, BTBRATAFNT, EMITHIESTRAKBTE
AITRIES . HITER, BREENA cpu TUENHITEXIESEXMEE, &
BEEESHT AR, EEILEENEZNER TB ST E,

2. PRAM (Parallel Random Access Machine)

SEIHAT BB LA ALY

Parallel Random Access Machine (PRAM)

P, 15| cooooc P, Unit time access
(read/write/
computation)

Shared memory

processori: c:=a+b

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

WAEREG— 1, H @R F) LR, FOVEENAE, Fra B el Divsin . A8
ENEAE, AR MNILZEN RIS TR mNESEE (=
O o FTIBHAT, TROVEES NS o] DRI (FE[R—ANEHBh A 25 3 a7
MR ES . R GRE) MEN —RATFAS .
For Pi: 1<=i<=n, pardo A(i) := B(i);.
(pardo JFAT, BiHEHEE, = 5#F)

3. Access conflict 358 1%
Hir—EsmR— e — R AFT RN G Z N EIES LR, mELATE



FOURRESHIE, XURSBHMAER LR IOINEE, HERNER, £5
MNHEENAREE, HIEIMER.

RIBAIRISF PR TR, o RUK PRAM i =4

(C: concurrent, E: exclusive, R: read, W: write)

EREW: [E—HRANFARER AT S bR RS 1)

CRCW: TJ AR, AAFEINE

CRCW: T AR E (ARHRBREI)

XF CRCW Kig, FEBBERNEMNERLP, MERERNFE.

Arbitray rule | {EEMRE, FEAL

Priority rule | RBHESHF(NHILIER S

Common rule : ? E1{&

. Word Depth

5 PRAM B2, WD HAZE—MEHERLTE cou TEES (MRITHFM,
MHITZIES), MELEEAME cpu hEEJIHEK, FAFERIEN cpu FS5EF
W17, TATEER, SATHMERS.

- MEBETFIERR

(1) Work Load W(n): fR BB PR EMNEARIREIE (operation) M=
MR BB IARBITERMBR, WN)—RKTEHFET T(n), BERLFHFTEERFES
AERE. FTEELERD THRELRS, ReFAF TR ETHE, ATKH
HITUT B RIMNOBR LI T E=E)

(2) Worst-case running time T(n): &¥RAf[E)E 2 EF . BIEHER MBS R 8
. HITERBIRIE TN BTEENE/N, SNFTEREX. TTIXIXREA
BAL, FAEEEP—IEHRTIAEEZA cpu ITIES, Xt T(n)Eb&ETER/N
MEEREA,

2?9 (F—WHARREMNSH, FERE

. 4]

#1451 1 SRF[E) R

[(Example) The summation problem.
Input: A(1),A(2), ...,A(n)
Output: A(1) +A2) + ... +tA(n)
EABE | FOMAKRN, SXERBAKEREE—E REKEEE.
Work-Depth (WD) Presentation

forP;, 1<i<n pardo
B(0,i) :=A(i)
forh=1tologn
for P, 1 <i <n/2" pardo
B(h, i) := B(h-1, 2i-1) + B(h-1, 2i)
fori=1 pardo
output B(logn, 1)




845 2 © prefix sum BTZEH[a) 8

raraliel Aigorinms

[(Example) Prefix-Sums.
Input: A(1),AQ), ...,A(n)

Output: ZA(I') ) ZA(i) 5%2% _ZA(I')
¥ Technique: Balanced Binary Trees

Clhi) =3 A(K)
i mmwﬂ,can 2

where (0, @) is the
c@.1) B C2.2) rightmost descendant

leaf of node (h, i).
N\.€12) caj3

N\_C(14)

B(2,1)

B(1,1) B(1,2) B(L3)[ & B [ if (i==1)
C(h, i) := B(h, i)
if (i%2==0)
C " C(h, i) := C(h+1, i2)
B(0,1) B(0,2) B(0,3) B(04) B(0,5) B(0,6) B(0,7) B(0,8)
if (%2 == 1 && i 1= 1) C(h, i) := C(h+1, (i-1)/2) + B(h, i) o

BIEKRMER CRETHRE BE) NEME, Bh )2FiF (MfH0) MNERE
AR IANTE, HEHOHH a0, BOEAFTEC (h, ). XFC, HEARE
FRUET M, MEMNREDHHT R FREALAN D RN, T8E5D
BEXTENAEZT, B ABE B4 CESKTAER BUEEELRTF T
USRI EEMA T R CEMECHBE. —EN CESRAENCEE
* REZAIL—ENCENCLEFMNBE, MWiIMEEHMTITE, R C
EMNEETHMTEN, MEILEEREEN, X85 BEHEK.

TEIRAF

B:hM/NEIK, i HiTEH

C:h MNKEN, i HTEH. FIABEMIRRE  h MAEDN, i 31T

#2513 1 A K

EHEATHET] (HUA%K) A (1-n) FB (1-n) EC (1~2n)

BT RBEAL | FTEEE BRI | SRNRENAREE, BARK—AT
MR MBIEA, FRBHRAR T ELBRIE,

Merging wsp Ranking

RANK(j,A) =i, ifA(@)<B() <A@+ 1),forl<i<n
RANK(/,A) =0, if B(j) <A(1)
RANK(/, A) = n, if B(j) > A(n)

The ranking problem, denoted RANK(A,B) is to compute:

1. RANK( 4, B) forevery 1 <i<n, and
2. RANK(i,A)foreveryl<i<n

: forP;,1<i<n pardo
the r:?nkmg problem, the C(i + RANK(i, B)) := A(i)
merging problem can be

solved in O(1) time and et l<nlpavo

Claim: Given a solution to
C(i + RANK(i, A)) := B(i) J

O(n+m) work.




XEBEAA Rank #4H < rank (j, A) KEZEB (j) BEEAHEF, RHFINMVNE
FRHE rank T I B 37 C £ 3 4T3% & C (tricky B33 75) , M e SREE 1k 4 FF 473K rank.
X F44E B FEEAN TR, HE A B89 rank {EIR B IEM TR ERR LR,
FRAFHTHRERT .

@ Binary Search @ Serial Ranking
forP;,1<i<n pardo i=j=0;
RANK(i, B) := BS(A(i), B) while (i<n||j<m){
RANK(i, A) := BS(B(i), A) if (A(i+1) < B(j+1) )
RANK(++i, B) = j;

else RANK(++j, A) =i;

T(n)=0(log n) }
W (n) = O(nlogn) T(n)=W (n)=0(n+m)
E—FANH TR ERRENTEER PN TEF rank, EZFMEEN
R MEE—RMEE, ERFEHTRE.
BEREF—FMITEFANLANFRE, BATEEW (n) EFFEES T, BNBELR
W 4B TR T,
Parallel ranking: % A, B B4 BIERHE S p MITE. XHXFHATHART 5
33, FR rank MRES—NEERANNHIFTARHIETH, XHETEER
plogn, ZEERVAF MG, TRIREE rank BIALE, BRIAHMNRIETENAN R,
FMNEABAG n/p-1PNTR, HRNNIEHF.
B p &fEA n/logn, AN BETHEETINEMLME, T2 logn.

1l 4 0 FIHEKE

AL BOTEERREXRERNEMERME, REE. XTHTER (R5E cou HER
#), ATUFTHERRLRNER, £ OOMNERRERAE, EXHIEER
N2, NEE, FrXEERDE, EEMIEE LXEYE.

% 20 TIRDEE

— IR DERRMNBE, BEHHEFNKER n EESRVRE, SEVniT

%, FHThME—EREAER (SENEBAM), HERBVIRAE X1
KERAREEARELER.

T(n)<T(n)+c,, W(n)<~vnWH/n)+e,n
= T(n)=0(loglogn), W(n)=0(nloglogn)

BEAPFREXEMTAEESFEXNER. THEERAFZRILARR.

R 3 WFE o H ik

Xk 2 FsE 1 EEHUE, BEII O M n/h B, S48 hPtE, HF h = loglogn
SNE—H h MR, FEERE 1A%, BRETERN n/h MRKEFERZE 2
BTk

HPE—-FSTAHN FITHT Aloglog (n/h), &ET[1F T A loglogn R 3!



+
1

FT—W Hhn/h=n (GE1REMITHEE), DA n/hloglog n/h, E&Ew A
ZMR7. H¥ h B loglogn MEFEHMNBMAEE W EEZTRIFASBLME |

% 4: random sampling FEAL3H#E %

—FF R, HEBYENTE, TURIEEEABMENT AL, WANEELT

SR ERAEILE.

EADHEE © REGMASLAE A B nhg TEB4 B #TRIE (XE q B 7/8). XX
)

/‘-A-: \, Ay . 7= |:=|I N N8 2 l2E
DBEAEMEEAXET (1) W (n), REHTEERE. (XEXBERSL
# Random Sampling  7(n)=0(1), W(n) = 0(n) # Random Sampling
with very high probability, on an Arbitrary CRCW PRAM .M(,,"“') ~T=0(1), W =0(n)
I e I while (there is an element larger than M) {
l random T=0(1) for (each element larger than M)
l”ml"“] B: n"® elements of A ],,IMI W= 0" Throw it into a random place in a new B(n"*);
=0(r"") Compute a new M;
n** blocks on— ot }
M ~T=0), W,=0(n""y)=0("") wp ("0 4

I"ml B: n MO elements of A ]"ml [ Theorem] The algorithm finds the maximum among

n elements. With very high probability it runs in O(1)

n'? blocks time and O(n) work. The probability of not finishing
MO ~T=0(1), W,=0((n""))=0(n"") wpT™=00 within this time and work complexity is O(1/x¢) for

W(n)=0(n) iti tant
M) ~T =0(1), W =0(n) some positive constant c.

7. SMEBHEREE external sort

BEER ANFEHFNRNRFAERNT, MEEURE (disk, HFA tape FT7K~)
E o BR—FRNAMB tape, WMERK/NANBAE, ERFBAE, & tape F
B MATEHFY . (KNENREREHFNTERNEHE AEREER, tape
BOUREZRNUHFA) .

“SNER” IR FHEFNBUREN TN, AT, XMERT, AN
WE TS REEERS, FMMBHEFN— 1 EEBRESELTHINFIARLE
RE, BO#E 10,

A i8] EZHFE D =Fh

(1) HWEFERE: FEZERTASHF, 2P ERERIR

(2) Disk transfer : HRFF—HREIEMBBIANGFFH (UETFEETEHE), ®KiE.

(3) Diskseek : BEkFHE, EMF BRI EURRARIAAE, RIE.
ATRDIETHE, —EBR RS 10 R, LHE seek, B 10 TEAE M
MEFEHEEZING, MNATESEIREZI#E. IRMVES, REBAGTIFREZATE
SEENWEMELSR, BE seek,

BEASHERE N 2REFMFNEEZ, MEBERERITEFENEEZ, XBEIA

AMEENZN, BUTREESETMBH#AANTE, WEBHEFEHRE#RET.

k-way merge

SMNERHE PPV E AR BB R AR 7B tape AR ER#EB#AT (RED) HEIFFFEFER
i} tape &, REBEFBERFHETIEF (merge) . ERERAFFFAKE R k B9 5BA
5,



passo p

' - e[l
7y XY ] ]
L. " M KB
l N ER ]—a M M Ko S
—_— K J Mem e s 4 -
Tape Mem .. T i R T
] e e By T
e, IR 8
MiBTR HESDE ;
nere -
MNTEE rN?G J

—_—
K [l AP

g VR 8194 11 | 96/12/35]17/99]28 | 58|41[75] 15]
O 11 5875

{13 .)\.
T, EEE
{T,

§ VR 15415875 |

T Number of passes = 1+ l-log (NIM )-|
6

Q Require 2k tapes!
Pass : FIB pass B IBEA—RHEANBHNEN, BHEFKEEKNETFTIH
4, BHEFHEBARE  (FH) SMENEEIARNFHRE. HPRpH
FREFT —R, RERFHEE M AMBERERHFERATS, XMIRE
ERNTRRL, LLHFE— pass, JEHEH pass I merge =4,

Tape (& | FRXNER, B4 merge MER, |IAF kM KHEIEN, FE
Xk MRAERRHEE T, FTIAE—KE T Tape FAETEEMNBEHEN, M2
2, AN k> tape, B tape FHEET MM B, SXREFRXI XL tape
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In general, for a k-way merge we need 2k input buffers
and 2 output buffers for parallel operations.

k=X == #of input buffers = === buffer size=y
L seck time <= ¥ block size on disk <=l

Beyond a certain k value, the I\O time would
actually increase despite the decrease in the number of
passes being made. The optimal value for k clearly
depends on disk parameters and the amount of internal
memory available for buffers.



