5T R L AR

— TCH7.171545>]2

— TCH7.27545>]4

— TCH7.37545>]2

— TCH7.47545>]2

— TCEH 7% 0] @4, 5
— TCH8.17154%>13. 4
— TCH8.2545>]4

— TCH8.31545>]4

— TCH8.47 %22

— TCHE 8% | @2

— TCH9.1%i 4521

— TC%9.3 194525, 7
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* Modify PARTITION so that |g=(p+r)/2| when all elements in
the array A[p..r] have the same value.
— J5VE1: if (A[j]==x) count++;
— J7vE2: if (Alj]==x) flag=true;
— J7ik3: if (A[p]==A[r]) return |g=(p+r)/2]; 17 177
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e How many calls are made to RANDOM?

— Worst case: O(n)
— Best case: T(n)=T(|n/2])+T([n/2])+1, T(n)=0O(n)



TCEH7.4145.2]2

o HRERIA: BHECAAGNA™ IR, AR R RS>

flithe X2 A !

e T(n)=2T(n/2)+0O(n)?
— ¥¥+P180, T(n)=min(...)+O(n)



TCEE 75 0] i4

o (a) Gnfar A 2
— B AL
— loop invariant

e (b) Stack depth is ©(n).

—
— R AT

e (c) the worst-case stack depth is ©(lgn).
— P ALEAE Jypivot, 1T AT?
— /XA B, FREXE R



TCH 8.1 424

e Hint: Itis not rigorous to simply conbine the lower bounds for
the individual subsequences.

o 2h>(k!)nk
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e return C[b]-C[a-1], A& 0] ?

e if (a>0) return C[b]-C[a-1]
e else return C[b]



TCEE 8% ) /i 2

* (b) Give an algorithm that satisfies criteria 1 and 3 above.
— counting sortfT N1 ?
— bucket sortfT AT ?
— VFE: HiNJEan array of data records, H fiEswap, ASBEfEHLEO0/1
— ZF{lquicksortHparititon (pivot=0)
 (e) How to modify counting sort so that it sorts the records in place in
O(n+k) time?
— CC = arraycopy(C);
— for (j=A.length; j>=1; j--)

— while (j I= C[A[j]]) 12 3 4 5 6 7
—  if (CIALNI<j<=CCIALl]) { a[2[s[3]0]2]3]0]3
— break; 0 1 2 3 4 5

b
[
I
3| w
~J
oo

- } else { C
— swap (A[C[A[j]]], ALil);

— CIA[jI]-;

- }




TCZ9.3 145217

e O(n)-time algorithm determines the k numbers in S that are
closest to the median of S.
1. %k o(n)
2. BANEUR LR HUZERE O(n)
3. 1EkiR&/IME O(kn)=0(n), 1T A4T?

4. gFk/NIE O(n)
5. P LB /MY{E O(n)
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— TCH 6=
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0] /@i1: heap#fllheapsort

MAX-HEAPIFY(A. i)
[ = LEFTI(i)

2 r = RIGHT(i)

3 ifl = A.heap-size and A[l] = Ali]

4 largest = [

5 else largest = |

6 if r = A.heap-size and A[r] > Allargest|
7 largest = r

8 il largest £ i

9 exchange A[i] with A[largest]

10 MAX-HEAPIFY (A, largest)

o XNEIRWERZEA AT

o VREE TR ZEMERE E HO A R B 2
o ANA[UE I E B IR AR ?

« EWBITHEZZD?




] &i1: heapflheapsort (4

BUILD-MAX-HEAP(A)

I A.heap-size = A.length

2 fori = |A.length/2| downto 1
3 MAX-HEAPIFY (A.7)

EAFIRER 24

PR BE A ZEMEHE e ) J A SR B 2
AnARTUE BH e 1 I 1 2
EHEATIN E R 2D ?

12



] &i1: heapflheapsort (4

HEAPSORT(A)

©
1 BuiLD-MAX-HEAP(A) ﬁ i
for i = A.length downto 2 \/ﬁz‘ (9
exchange A[1] with A[i] (4) @ Qa 3)

A.heap-size = A.heap-size — 1 -
MAX-HEAPIFY (A, 1) (= @

h = e b

EAFIRER 24

VR B Tl ZEMEHE & A 2 A R BN 2
AnARTUE BH e 1 I 1 2
CHEATIN E R 2 D7

13



7] @12 priority queue

HEAP-EXTRACT-MAX(A)
1 if A.heap-size < 1

error “heap underflow™
max = A[l]
A[l] = AlA.heap-size)
A.heap-size = A.heap-size — 1
MAX-HEAPIFY (A. 1)
return muex

=] O Lh 4= e b

EAFIRER 24

PR BETa] ZEMEHE e ) F A SR B 2
AnARTUE BH e 1 I 1 2
CHEATIN E R 2 D7

14



] E2: priority queue (4

HEAP-INCREASE-KEY (A, i, key)
I il key < A[f]
error “new key is smaller than current key”
Ali] = key
while i > 1 and A[PARENT(i)] < A[i]
exchange A[i] with A[PARENT(/)]
[ = PARENT(i)

o h e L b2

RENEIVERER & A?

R AE AT B 5 B A 3 A i g 2
URARTIE B & B 1E A 1 2
EMIEITR R 2 /b ?

{’\f

j,f 'k,.i LJ

15



0] @l2: priority queue (4

MAX-HEAP-INSERT(A, key)

1 A.heap-size = A.heap-size + 1
2 A[A.heap-size] = —oc
3 HEAP-INCREASE-KEY (A, A.heap-size, kev)

EAFIRER 24

VR BE Tl ZEMEAE & A 2 A R BN 2
AnARTUE BH e 1 I 1 2
EHEATIN E R 2D ?

16



] l2: priority queue (4

priority queue € heap < array
LA KA T, Ve UM ADTI B

XA AT AT BR 57
— WS
A



o] /i3 tree

— A 9
o VREEIRIKrooted tree 2 WA 4 =4 £ 1)1, ¢

18



o] /fi3:  tree (4

void traverse(BinTree T)
if (T is not empty)
Preorder-process root(7);
traverse{leftSubtree(7));
Inorder-process root(7);
traverse(rightSubtree(7));

Postorder-process root(T);
return;

o PRIEE L FfFpreorder/inorder/postordert)?
o BT I A3 At A

Preorder (whitedots: D B A C 1
Inorder (gray dots): A B C D E
Postorder (blackdots); A C B F H

o T om
m O a
—
o~ =

19



o] @4 R

(linked) list
(binary) tree
stack

gueue

heap

priority queue
union-find

dictionary



m]@id. H'EADT (4

union-find
UnionFind create(int n)

Precondition: none.

Postconditions: If sets = create{n), then sets refers 1o a newly created object; find{sets, ¢)
=¢ for | < e < n, and is undefined for other values of e.

int find(UnionFind sets, ¢)

Precondirion: Set {e} has been created in the past, either by makeSet(sets, ¢) or create,

void makeSet(UnionFind sets, int ¢)

Precondition: find(se1s, ¢) is undefined.

Postconditions: find(sets, e) = e; that is, e is the set id of a singleton set containing ¢.
Preconditions. find(sets, 5) = 5 and find(sets, ¢) = ¢, that is, both 5§ and ¢ are set ids, or
“leaders.” Also, s 1.

Postconditions: Let /sets/ refer to the state of sets before the operation. Then for all x such
that find(/sets/, x) = s, or find(/sets/, x) =1, we now have find(sets, x) = u. The vaiue
of u will be either s or t. All other find calls return the same value as before the union
operation.

21



1] @4 .

e dictionary

Dict create()
Precondition. none.

Postconditions: I d = create(), then:

1. d refers to a newly created object;
2. member(d, id) = false for all id.

boolean member(Dict 4, Dictld id)
Precondition: none,

Precondition: member(d) = true.

void store(Dict d, Dictld id, Object info)

Precondition: none,

Postconditions:

1. retrieve(d, id) = info;
2. member(d, id} = true,

22



(linked) list
(binary) tree
stack

queue

heap

priority queue
union-find

dictionary

IRUE S i e IR ER A Bk T 5 7 !

23



——

I
r'glm

=i
o
w.

web news images maps blogs wikipedia jobs more »

references

Cluster Microsystems » Java Software contains 2 documents.

clouds sources sites time
All Results (222) remix Sun. Microsoft snipe over Java Bid for world standard reignites war of words
@ Microsystems (61)
sun Microsystems Inc. and Microsoft Corp. yesterday traded insults over sun ‘s campaign to have its Java
© Oracle (11) computing system certified as a worldwide standard for computer programming. Java is a system that
© Open Source, Community (5) enables programmers to write software that will run on any type of machine. The same Java
’ www.highbeam.com/...TE10106A1603071C4A275E3F3C44390F7678700ET20E0AB0651A617F133D -
@ Downloads, Technology (5) [cache] - Highbeam
- SO java.com: Java + You
® Storage, Emcs (4) Get the |atest Java Software and explore how Java technology provides a better digital experience.
e Design (4) www.java.com - [cache] - Yippy Sources I, Yippy Sources |l

@ Java Software (2)
® Simpler, Nasdaq (3)
@ | egal, Federal (2)

® Sun Microsystems Unveils (2)

more
© Images (23)
@ Solar System (12)
@ |argest object (3)
@ Planets, Solar System Exploration (3)
@ Astronomy (2)
@ Dictionary (2)
@ QObserver(2)

@ Other Topics (1)
24



e Agglomerative clustering

— Each element starts in its own cluster, and pairs of clusters are merged
as one moves up the hierarchy.

e Single linkage

— The distance between two clusters is computed as the distance
between the two closest elements in the two clusters.

) & (O @ (= (O
o) ()
» def

S 8@ 5

abcdef

.

(&)
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o &M hierarchy 1% H EFEHIADT

— binary out-tree

ERAFWE ?

26



o EFHHE H XA hierarchyWe, 7525 2 HFLLADT?

— priority queue (+ dictionary)

27



o R elementIfFZ, TEFEIRA, WA7ETHEHITFEH
AR —Telement 41T /& Hcluster?

— union-find
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