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Algorithm 7.1: PREORD(INFO, LEFT, RIGHT, ROOT)
A binary tree T is in memory. The algorithm does a preorder traversal of T,
applying an operation PROCESS to each of its nodes. An array STACK is used
to temporarily hold the addresses of nodes.

1. [Initially push NULL onto STACK, and initialize PTR.]
Set TOP:=1, STACK[1]:= NULL and PTR:= ROOT.
2. Repeat Steps 3 to 5 while PTR # NULL:
3. Apply PROCESS to INFO[PTR].
4 [Right child?]
If RIGHT[PTR] # NULL, then: [Push on STACK.]
Set TOP:=TOP + 1, and STACK[TOP]:= RIGHT[PTR].
[End of If structure.}
5. [Left child?]
If LEFT[PTR] # NULL, then:
Set PTR:= LEFT[PTR].
Else: [Pop from STACK.]
Set PTR := STACK[TOP] and TOP:=TOP - 1.
{End of If structure.]
(End of Step 2 loop.]
6. Exit.
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Algorithm 7.2: INORD(INFO, LEFT, RIGHT, ROOT)
A binary tree is in memory. This algorithm does an inorder traversal of T,
applying an operation PROCESS to each of its nodes. An array STACK is used
to temporarily hold the addresses of nodes.

1. [Push NULL onto STACK and initialize PTR.]
Set TOP:=1, STACK[1]:= NULL and PTR := ROOT.
2. Repeat while PTR = NULL: [Pushes left-most path onto STACK.]
(a) Set TOP:=TOP+1 and STACK[TOP]:=PTR. [Saves node.]
(b) Set PTR:= LEFT{PTR]. [Updates PTR.]
[End of loop.]
Set PTR := STACK[TOP] and TOP:= TOP — 1. [Pops node from STACK..]
Repeat Steps 5 to 7 while PTR s NULL.: [Backtracking.]
Apply PROCESS to INFO[PTR].
[Right child?] If RIGHT[PTR] # NULL, then:
(a) Set PTR:= RIGHT{PTR].
() Go to Step 3.
[End of If structure.]
7. Set PTR := STACK[TOP] and TOP:=TOP - 1. [Pops node.]
[End of Step 4 loop.)
8. Exit.
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Algorithm 7.3: POSTORD(INFO, LEFT, RIGHT, ROOT)
A binary tree T is in memory. This algorithm does a postorder traversal of T,
applying an operation PROCESS to each of its nodes. An array STACK is used
to temporarily hold the addresses of nodes.

1. [Push NULL onto STACK and initialize PTR.]

Set TOP:=1, STACK[1}:=NULL and PTR:=ROOT.
2. [Push left-most path onto STACK.]

Repeat Steps 3 to 5 while PTR » NULL:

3. Set TOP:=TOP + 1 and STACK[TOP]:=PTR.
[Pushes PTR on STACK.}]
4, If RIGHT[PTR] # NULL, then: [Push on STACK.]

Set TOP:=TOP + 1 and STACK[TOP] := ~RIGHT[PTR].
[End of If structure.]
5. Set PTR := LEFT[PTR]. [Updates pointer PTR.]
[End of Step 2 loop.]
6. Set PTR:=STACK[TOP] and TOP:=TOP — 1.
[Pops node from STACK.]
7. Repeat while PTR > 0:
(a) Apply PROCESS to INFO[PTR].
(b) Set PTR:=STACK|[TOP] and TOP:=TOP ~ 1.
[Pops node from STACK.]
[End of loop.]
8. If PTR <0, then: »
(a) Set PTR:= —PTR.
() Go to Step 2.
[End of If structure.]
9. Exit.
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Procedure 7.4: FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, PAR)
A binary search tree T is in memory and an ITEM of information is given. This
procedure finds the location LOC of ITEM in T and also the location PAR of
the parent of ITEM. There are three special cases:

7.
8.

(i) LOC=NULL and PAR=NULL will indicate that the tree is
empty.
(ii) LOC# NULL and PAR = NULL will indicate that ITEM is the root
of T.
(iii) LOC=NULL and PAR # NULL will indicate that ITEM is not in T
and can be adde®+to T as a child of the node N with location PAR.
{Tree empty?)
If ROOT =NULL, then: Set LOC:=NULL and PAR:=NULL, and
Return.
(ITEM at root?]
If ITEM = INFO[ROOT], then: Set LOC:=ROOT and PAR:= NULL,
and Return. ’
(Initialize pointers PTR and SAVE.]
If ITEM < INFO[ROOT], then:
Set PTR := LEFT[ROOT)] and SAVE :=ROOT.
Else:
Set PTR := RIGHT{ROOT] and SAVE := ROOT.
(End of If structure.]
Repeat Steps § and 6 while PTR »# NULL:
{ITEM found?]
If ITEM = INFO[PTR}, then: Set LOC:=PTR and PAR:=SAVE,
and Return.
If ITEM < INFO[PTR], then:
Set SAVE :=PTR and PTR:= LEFT{PTR].
Else:
Set SAVE :=PTR and PTR:= RIGHT[PTR].
[End of If structure.]
{End of Step 4 loop.] .
{Search unsuccessful.] Set LOC:=NULL and PAR :=SAVE.
Exit.

o3 ,b & ITEM>INFO[PTR] L ITEM<INFO[PTR] <5 () &) iy 45 435 g0 k>0 6 Us e o
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Algorithm 7.5: INSBST(INFO, LEFT, RIGHT, ROOT, AVAIL, ITEM, LOC)

A binary search tree T is in memory and an ITEM of information is given. This
algorithm finds the location LOC of ITEM in T or adds ITEM as a new node in T
at location LOC.

1. Call FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, PAR).
[Procedure 7.4.]
If LOC # NULL, then Exit.
[Copy ITEM into new node in AVAIL list.]
(a) 1If AVAIL =NULL, then: Write: OVERFLOW, and Exit.
(b) Set NEW := AVAIL, AVAIL := LEFT[AVAIL) and
INFO[NEW]:= ITEM.
(c) Set LOC:=NEW, LEFT[NEW]:=NULL and
"RIGHT[NEW]:= NULL.
4. [Add ITEM to tree.]
If PAR = NULL, then:
Set ROOT := NEW.
Elce if ITEM < INFO[PAR], then:
Set LEFT[PAR]:= NEW.
Else:
Set RIGHT[PAR]:= NEW.
[End of If structure.]
5. Exit.

2.
3.




14 g Yo [ prin foad

qlTEM(Y)J..:b.dlb'c.é):(\)::)la:ﬁjaﬁ.ﬁd\»uddéfw&)&»4il»,-,.a
2 pd LSl sl dn K Ol e GITEM (1) 93 3 6Ll o daw K Ol e

o gy 0300 SN (S

025 i ) GLMB) paie S sl gm0 T 9390 G S50 S5 3 S o
s Q-:-‘S‘Jo».‘}'t)ér ) pd e S0 ek a0 gdoe baas Lie slues 45 4SS e 4l
el g gl Ol e lple s o0 g oSl Sl 4 S e ST 4S040
el 2S5 Ges b

Q3 w5 polie 4SS 5 8 g el ol 03ls Ay Agy Ay Sl Laen S 58
il 0l olia pale 1 (gl oS oS a 5yaTol K g pe LSIT g 9395 (5 gt 2
33 by e iy Dacal s g g el 22Kl G 5K A (T IT i) 00 sy
e = 1400 aScadclogn ply L sy nl 5 Kile Gas 45 3l OLE Oy a3 4 po
Locmbiie e n UT 9095 )3 3 paie S g f0) 5500 gl 2l 0L ol ol
.f(m) = 0Qlogyn) sxy =utlogyn

#9393 S sl 5,8

e plas ooal iy 428 55 5y 5 550 1 A Agy Ay SN i 0 5l (ghas parnas
skt ol gl ool oy G oS Bl |y LT e Sy s 5 g g 48 pama 0] 53 STy )15
Tl ) CJ‘:
Al ey 4 o S S AN B Ay G yele A r:i).r{“
A 3 Job S g polis UhH AR fas AS a e AR s A AL L L AR (AR pais 2 Sl ()
S Gl b AR ST (il 3 g g AR e Agy Ay o 53 Ax ST (D)

robe 4o pamee ol 53 oK1 (23 8515 gy 3540 5 0k 0l g5yl ples S OT 51y
g Al 35 1SS

v-oVe Jle

P 4 S 25 6908 10 e A 035580 S 5
14, 10, 17, 12, 10, 11, 20, 12, 18, 25, 20, 8, 22, 11, 23



el Slazs-tu J g0l 0.

Dol gt e DA 12 517010 (14 gmy J g 3ds L 4SS e i
As = Ay Oyp oy o dixAg =10
Ag = Ay Oy 39 oo i Ag = 12
AL = Ag Oy 0 yh o i Agy =20
A = Ag Uy ogd pddmAy =11
348 VN ddasy g0 ogqur;_,,ﬂt RS RURAL <
14, 10, 17, 12, 11, 20, 18, 25, 8, 22, 23
R PR I L P LW P DE JLA.AS
3V 2 or e gl 5l W gy S 0,5 K00 LA 020,580 Sl Sy Ul
S gl ol slows n b lie 5 Lg)lﬁ“'dl:_,: role i d &5 oS ga o chan
s gt e ie K o 5 5 by ol A ol oS (gladm o 028 o alim Yo il K S
2 g oa e bl (LBL 0 Ghdo Yool el ui...,- FaS)YAR s Ay Aq Sla e LAL O g
ot G5 & 3580 53 500, g Wnamylin shiaes ) el
0+l+2+3+...+(n-—2)+(n—l)=(n—-;l)l-=0(n2)
Ol a2 s it 4y in 500 000 4 Ly 5 A oy, U1 oo = 1000 (g1, (Jle g1y i
ol n? b bz A o2, S gl Ol S
U ol aS el s Koo 02 S 0l on 23993 S i Sys S 5l aslizad |
STy Angerny Ay A (S e 1 45 pame S 1) (551,55
e pr 5l 29393 (S gt 2553 S A A Ay polis 5 aslizud 1B =235
S Bl o S A A2l it B s 50 W Ay Sldie 45 5 g 50 0ntys
s s L2 S sla s b 5 Ay e g 0 S OB 02,581 Lot s
.c=14 (JT)MSC....Iclogszle’_J,isél&L:o__.;?wﬁl,-J_,LAS;I.)QL:.JQI):J.:).JJ
Sl 30 3 amplian logy m 4 Ly B 20550 53 50, g0 Saaslin IS slas fm) ol by
Ak A 025 381 53 48 i ey 10000 L5 p3les B o2y, S = 1000 51, (e
2B 2,85 Glaas e olaad w5y 534S oy 5 go S0z 2d 500000 1, aay Ui
ol A ‘.;wﬂt S lie sluws

valy Jl

PSS Ko Y 5 6348 10 e s
14, 10, 17, 12, 10, 11, 20, 12, 18, 25, 20, 8, 22, 11, 23



Yo\ Wy [ pein fuai

:..\.chc....:qv-\'\‘ JL e goae cd )l B r:u,ill Jlesl b

/14 \
10 17

N, o,
” / N
/

n

AN

px)

VoYY K
PO PR VORI
0+1+1+4+2+2+3+4+2+3+3+3+34+2+4+4+5=238
Lajl A 02y 8 Kos b )
0+1+2+3+2+44+54+4+6+T7T+6+8+9+5+10=27

RI2I3 G g &350 Kl s S Sl VA
ot ol 048 OB ITEM  SLedbl jate gl 19395 §pomitunr i ps SO T A5 o5
S o B T st ys GG ITEM. jais oS s o S gz, 5801 250
deJBN:J‘oK‘U.\SJ-u\A:..IPmcedun7.43..\3,3.&55!‘],”.1;_,);;.5.1,‘.:“){3‘
S oy INOTL &S 2y kS a iy POV g § SO roan 5 ool ITEM e
213y Il anajls N laamy shiws 4 K Il &rps 53545 e
& Sl sy 4 POV 50y 85 55 N OIS D 3551 L L5 olKT 0l (glaawy N2 Y el
g ga B 253 N 3 Snull
(N Lol O Ume g WPV 55N 3180 0 1 550 U 15 o7 1o s oy K g N2 Y Gl

Syd o i o ING S



Wosls Glazsbu J gus! Yoy

il AU NS S In0rder Loy (guas sy 20l SOV 43S L5 5 15 ls 4w 10N 1 ¥ Sl

LY el laalmad BT 5 SOV Sl b s oK1 3515 o Ay S(N) 45 1S Goiows Ll g5 oo
Pydpe dimTING ST s s 3N § 8 gl SO 5,505 Semtilr U o 5 (¥

bt Vb b ww plas ool ol Il 95 51 ooy p e Sl 508 o i M

J};J‘”\_;b;xAVA]L" _lgNZ.,\.;uJ)a;:.l:.ob

VA Jles
V-VOJKJQ)}JQTJ&;&).J{'%{.IJE):‘)(JUV-YOﬁ.ﬁw}:};dwg’a&)é
.J);w)bs 4.2:."): (g..a)

INFO LEFT RIGHT

ROOT 1 33 0 9
2 25 8 10 60
AVAIL 3 | & 2 7 N
e o [ /@\ ®
5 6 15 50 66
6 0 /
7 75 4 0 .
8 15 0 0
9 4 0 0
10 50 1 0
S ol (2) Sl 1 3 ()
VoYo g

.a,l.\séloﬁa:;45.».);«?,:.@lo.\.:\.s.uv-\'oJS.iTcé,;;l«:;.g;su;Js(Jl)
O S5 3y 2l () VYP Sy dns s L5 44 Bl 3 s (Gl VTS S
.MJ@QLS«LE:'\;-):‘)



ror \03 [ prin Juab

INFO LEFT  RIGHT

ROOT 1| 33 0
2 25 8
3| e 2 7 6
4| e 0 0 e \
5 6 / ® 75
6 0 15 \50 66/
7| s 4 0 e
3
8 | 15 0 0
9
10
SLgm e (©) Dad o4 i 44 3;0—3‘)

V_oYF S

03,555 35le GBI L s il 33 oy 50y §8 BNULL 25Kl U g i Jes
el i o S
755 84S0 ls am g5 o gd oo S VYO KET i3 51756 ,5044 5,5 gl w0 0S5 5 (00)
VoYV K 5 s e 0L 75 5 8 Do 1 ey 1y i ol (A VoYY K Lyl on K g
el 60 jo 5,8 csly Soylal is b s i e s e 0L ) OF (6 4 i les (@)
75 55 g S S e 65l 66 5 S 0 yST a8 Jys s S e o)La1 75 @ ST 50 S0yl e
e D Bl 0,55 550 GlgSe L
Syl dr g2 gk go B VYO SET 23 31255 50755 51,445 8 gl 0 43S U5 5 ()
w2 255 SInOrder 2ley a4k, ;335 TS 08w akimYe ol o gdhe 3yls azu 532558
OF (85 gt Aalod (L) VYA JSi 5 do o OLES 25 G 31y |y iyl () VYA S
2558 gl 335 8 ol L Ol Loy 5 e )3 5133 Gl b s > e s OLES
plawl s S il 1ot L g il 55 025 gl 03355 tile o8 oS 4S5 s 4o ploui
i Slaean 33 Ci 5 s 505 Ol w4 OIS K 1o S S e bl L 05500 e

.~ INFO[1]



Waests Olazs-bu J yuol vo¥

INFO  LEFT  RIGHT

1] 3 0 9
2| 2 8 60
3| e 2 25/ \«»
41 66 0 / \
5 6 15 s
6 0 /
, o 3
8 0 0 \44
9| 4 0 0
10| 50 1 0
Sl Sl (w) Dyt o Do 758 ,8 (il
VoYY s

Ol ) 5 4y Procedure 7.7 5 Procedure 7.6 Slaasl ;5 sy cbe i o205 S0
,,)l.uqu_,m:;.:.qi,:;ai,us;,.:.u...\.,_,.v,\ S 4 by sl 43 e
300 3 gr 3 (§3mze Sor oS Sl 3 fo 4 3N OF 3 4S5 a b gy o ¥ 2l 4 £33 8al 5
35 i AL 4y b o S "o S il gi_ge N oS il iy ] S8, Kt S
AEL Azl ey o S U e A S Ll o N Y I

s ama 93 N Sadbios 8,86 das o 43 gz 2530 ) U Procedure 7.7 L0, 5,5
3030 s N sy Sy Jloulr L 01 gn |y INORder p2aley ey Ay oS o 3 0 S
2y SN J o 5 sl ST S bl G Sl 45 S0 ) 5k 4 ST



Y00 W3 [ pria Jua

INFO LEFT  RIGHT

ROOT 1 3 10
Bl
AVAIL 3 60 7
60
4| 66 0 0 yd \
5 6 B 75
6 0 / \ /
15 50 66
7 4 /
8 0 4
9 0
10

X gm SAule (&) gt g Do 2588 (il

VYA S

Procedure 7.6: CASEA(INFO, LEFT, RIGHT, ROOT, LOC, PAR)
This procedure deletes the node N at location LOC, where N does not have two
children. The pointer PAR gives the location of the parent of N, or else
PAR = NULL indicates that N is the root node. The pointer CHILD gives the
location of the only child of N, or else CHILD = NULL indicates N has no
children.

1. [Initializes CHILD.]
If LEFTILOC] = NULL and RIGHT{LOC] = NULL, then:
Set CHILD :=NULL.
Else if LEFT{LOC] % NULL, then:
Set CHILD := LEFT[LOC].
Else
Set CHILD := RIGHT[LOC].
{End of If structure.]
2. 1f PAR#NULL, then:
If LOC = LEFT[PAR], then:
Set LEFT[PAR]:= CHILD.

Set RIGHT[PAR]:= CHILD.
[End of 1 structure.]
Else:
Set ROOT := CHILD.
{End of If structure.]
3. Retum. '
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Procedure 7.7: CASEB(INFO, LEFT, RIGHT, ROOT, LOC, PAR)
This procedure will delete the node N at location LOC, where N has two
children. The pointer PAR gives the location of the parent of N, or else
PAR = NULL indicates that N is the root node. The pointer SUC gives the
location of the inorder successor of N, and PARSUC gives the location of the
parent of the inorder successor.

1. [Find SUC and PARSUC.]
(a) Set PTR:= RIGHT[LOC] and SAVE := LOC.
(b) Repeat while LEFT[PTR] = NULL:
Set SAVE :=PTR and PTR:= LEFT{PTR].
[End of loop.]
(c) Set SUC:=PTR and PARSUC:= SAVE.
2. [Delete inorder successor, using Procedure 7.6:]
Call CASEA(INFO, LEFT, RIGHT, ROOT, SUC, PARSUC).
3. [Replace node N by its inorder successor.]
(a) If PAR»*NULL, then:
If LOC = LEFT[PAR], then:
Set LEFT[PAR|:= SUC.
Else:
Set RIGHT[PAR]:=SUC.
[End of If structure.]
Else:
Set ROOT:= SUC.
[End of If structure.]
(b) Set LEFT[SUC]:= LEFT[LOC] and
RIGHT[SUC]:= RIGHT[LOC].
4. Return.

JJL“‘“’L‘“LSL“)’TU|}~“J 7.7}7.6}}1.&'_,0_(.; LSL&MLJ;J{_))‘o:LAJ.u‘LﬁichQJS‘

Algorithm 7.8: DEL(INFO, LEFT, RIGHT, ROOT, AVAIL, ITEM)
A binary search tree T is in memory, and an ITEM of information is given. This
algorithm deletes ITEM from the tree.

1. [Find the locations of ITEM and its parent, using Procedure 7.4.]
Call FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, PAR).
2. [ITEM in tree?)
If LOC = NULL, then: Write: ITEM not in tree, and Exit.
3. [Delete node containing ITEM.]
If RIGHT[LOC] » NULL and LEFT{LOC] # NULL, then:
Call CASEB(INFO, LEFT, RIGHT, ROOT, LOC, PAR).
Else:
Call CASEA(INFO, LEFT, RIGHT, ROOT, LOC, PAR).
[End of If structure.]
4. [Return deleted node to the AVAIL list.]
* Set LEFT[LOC]:= AVAIL and AVAIL := LOC.
5. Exit.
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