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e errata: loop invariatis B3I PL T 4544
— A[PARENT(i)]=2A[LEFT(i)] and A[PARENT(i)]=A[RIGHT(i)], if these nodes exist
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1) /311: binary search trees

 binary search tree/& B — 554 7
o ‘B Ffrdynamic set MR LeRAE Y 4T R m) 2 2 /b ?

Search
Insert
Delete
Minimum
Maximum
Successor

Predecessor



7]i1: binary search trees (4

INORDER-TREE-WALK (X)

if x # NIL
INORDER-TREE-WALK (x.left)
print x.key
INORDER-TREE-WALK (x.right)
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o ANATUE I E B IR R ?
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7]i1: binary search trees (4

TREE-SEARCH(x, k)

n = W D=

if x == NIL or k == x.key

return x
if k < x.key

return TREE-SEARCH (x. left, k)
else return TREE-SEARCH (x.right. k)
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7]i1: binary search trees (4

ITERATIVE-TREE-SEARCH (X, k)
while x # NIL and k # x.key

I

2 if k < x.key

3 x = X.left
4 else x = x.right
5 returnx

o XNEIRWERZE AT

o VREE TR M HO A R B 2
o ANATUE I E B IR R ?
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7]i1: binary search trees (4

TREE-M ]N]h-Tl]h-T(.l'] TREE-MAXIMUM(X)

|  while x.left 7 NIL |  while x.right # NIL
2 x = Xx.left 2 X = Xx.right

3 returnx 3 returnx

o XNEIRWERZE AT

o VREE TR M HO A R B 2
o ANA[UE B B IR AR ?
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F]/1: binary search trees (4

TREE-SUCCESSOR (X)
if x.right # NIL

|

2 return TREE-MINIMUM (x.right)

3 y=ux.p

4 while y # NIL and x == y.right Q@
5 X =y

6 y=y.p

7 return y
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o VREE TR ML B B R A SR B ?
o N AGERAE LR ?

o EHBITH A2 D7
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F]/1: binary search trees (4

o UAR]HHIBR— AN T ?

o Nt ALERA]

A ?
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7]i1: binary search trees (4

o HAFRIINESFE— M FERE I binary search tree?
o WMARANEERXAM, ZEANKT?



7]i1: binary search trees (4

binary search treefllhash table %G 1T 4 L6k & ?

— 1z4THf[E]: search, insert, delete

— successor/predecessor

— range search

— sorting

S E AN -
e hash function vs. total order

 size/resize
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0] i2: red-black trees

VR E 4 B i red-black tree -1 4 2

— No simple path from the root to a leaf is more than twice as long as
any other.

N A= BA Xk ?

. Every node is either red or black.

The root 1s black.

Every leaf (NIL) is black.
If a node 1s red, then both its children are black.

For each node, all simple paths from the node to descendant leaves contain the
same number of black nodes.
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7] 2: red-black trees (4

2z idinsertMldelete H &S AR 2 /E2 J5, AftZ4binary
search treeJ P4 i A FE R 7

N A rotationZ J5 1y BE R Frbinary search tree {14 i ?
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P s W L
}L’}\ ' RIGHT-ROTATE(T, ) ! }ll



7] 2: red-black trees (4

o ¥z (red) NG, fixupEE HFREMH A2
— {RFrEE S path FHIblack$ &
— VHBERAZERred
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Case Case 3

19



7] 2: red-black trees (4

o BRI, fixupHEE HbRRTA?
— {RFFEF S path FHblack% &=
— JHFERFEIZE M red

o XHEWKEIWz,y, x73 WA A7

— y moves into z’s position.

— X moves into y’s position.



7] 2: red-black trees (4

QAT SEA2 52 M B 277k >R F ) i 2
— y moves into z’s position.
— Gives y the same color as z.
RIVER AT A7
— yIERI A B 2 W i)
2 IS i 2 HY i) L2
— y=red?
— y=black
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7] 2: red-black trees (4

WA B E #5 2Ey (black) o — e
A 1 1) R 2 S SRS

— X moves into y’s position. - AR P

“ase 2 /J'*».
— Push y’s blackness onto x. @ """""""" O
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