Red-Black Tree Rotations




Red-Black Diagrams

The diagrams which follow show the rotations
and recoloring for each “case” for Bottom-Up
Insertion, Top-Down Insertion and Bottom-Up
Deletion.

Bear in mind that each case has a left-right
symmetrical twin which is not shown here.
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Bottom-Up Insertion

Case 0 - X is th t Color it Black
ase is the roo /O\ olor it Blac S /.\
‘ G Recolor P, G, U X /d)\G
Case 1 - U is Red o / \O U Move X up to G P oy
g Move to another case g
X—p >
N o m
Case 2 -Uncle is ‘\G Zig-Zag Rotation ‘ «—
black. X and P are P / . U > P / G
opposite children /O Recolor X and G /O\ D\
@ O« @ ov
o m
Case 3 — Uncle is Black ‘ G ‘ P
AN
X and P are both left p / ® J/ G
(right) children /O Rotate P around G > X O
X _{»O\ bS Recolor P and G  m 0. \.U
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Bottom-Up Deletion

@ Black P Don’t care
O Red &8 Extra Black

Cmse 1

Rotate

Case 2 |
creb IR,

and recolor S o be red

=3

5 Rﬂlntq

Then go to one of the

other cases,

Dome if P is red.
Otherwise go to
some other case.

Done after this. The
black has been
absorbed.

Now oo lo case 3.
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Top Down Insertion

Case 1 — P is Black

Recolor X, Y and Z - P
g X
/
vy oOFr e @°F
Case 2 — P is red G/‘\ G d) P ‘
and P and X are P /O oY Recolor X, Y,Z,P,G _ P ./ \.U R
b left (righ N > P Rotate Paround G,y O G
both left (right) X [ ®° O AN > Y N
children Y O/ \O 7 ‘X/ \‘ @S ® ® \.
Y Z S U
Y Z
Case 3 — P is red and G ‘ G/‘\ X/ ~
. 7\ X G
P and X are opposite PO @V Recolor X,Y,Z /O\ ® Recolor X, G P/O\
. / : b
children <@ \. X Rotate X P /O\ [ YA Rotate X ® ® \.
/N around P S® @y around G S vz u
YO 20
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