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g  c o n s tr u c to r  a n d  o p e r a b o n s

b a c k w a r d s , it w r a
p s  a r o u n d  to  th e  b a c k .

fo r w a rd ,  it w r a
p s  a r o u n d  to  th e  fr o n t .  w n e n  th e  ite r a to r  is  a t  th e  fr o n t o f  th e  lis t a n d  m o v e s

a n d  ite r a te s  th ro u
g h  it in fin ite ly

.  T h a t is ,  w h e n  th e  ite ra to r  r e a c h e s  th e  e n d  o f  th e  lis t a n d  m o v es

W rite  a  c la s s ,  In f  i n i t e l t e r a t o r « T >
,  tha t w a lk s  b a c k w a r d s  a n d  fo r w a r d s  th ro u

g h  a n  a m
y  lis t

P ro b le m  8  A n
y  C o lo u r  Y o u  L ik e
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/ / Y o 1łT  m e t h o d s  u i ıı 
g o  h e r e . . .

p r i v a t e  N o d e < T »  r o o t

p u b l i c  c ıa s s  B i n a r y s e a r c h T r e e « T  e x t e n d s  C o m p a r a b l e < T > >

t lıi s .  R i g h t  =  
r i g h t

t lıi e .  I e f  t  =  l e f t

t ln  8 .  v a l u e -
v a ı u e

P u b l i c  N o d e ( T  v a l u e ,  N o d e < T >  l e f t , N o d e < T >  r i g h t ) {

p u b l i c  N o d e < T >  r i g h t

p u b l i c  N o d e < T >  l e f t

p u b ı i c  T  v a l u e

p u b ı i c  c ıa s s  N o d e < T  e x t e n d s  C o m p a r a b l e < T > >

F o r  th e s e  m e th o d s ,  a s s u n ıe  a  s t a n d a rd  d p fin itin n  o f  a  b in a r
y  

s e a r c h  lr e e  a s  p
r e s e n te d  in  c la s s

is  a  la m b d a  th a t r e t u r n s  b  a r
g

u m e n t,  a n  i n t e g e r,  p lu s  o n e .

 T h e s y
n

t a x o f  al am b d a i ıse l f is («p a r a m e t e r s » ) -
>  « e x p r e s e i o n  b o d y »

,
 e .  g. ,

 ( int  x ) -
>  x  +  1 �

la m b d a  sto r e d  in  f  w ith  th e  v a lu e  5 .

F o r th e  la v a  s ta n d a rd  lib r a r y  ty p
e s ,  th is  m e th o d  is  c a lle d  a p p ıy ,  e .g .

,  
f .  A p p y (5 ) c a l】s  th e

 T o  inv o k e  an  an o n y m
o u s  fun c t ion ,  w e  c a l l the  me t ho d  specified by its fun c t i on a l  int er f a c e . �

h rn c tio n s  th a t ta k e  a  T  a n d  a  U  a n d  p
r o d u c e  a n  R .

ty p e  o f ħm c tio n s  th a t ta k e  a  T  a n d  
p

ro d u c e  a n  R  a n d  B i F u n c t i o n « T .  U , R » - th e  tw
e  o f

ja v a .  u t i l .  F u n c t i o n .  F o r  o u r  p
u r

p
o s e s ,  w e  o n ly c a r e  a b o u t tw a  F u n c t ĺ o n « T .  R > - th e

 t h e  t yp e  o f  a  ıam b d a  i s d i ct at ed  b y
 a

 n u m b e r  o f  fiınc t ion a l  i nt æl ac e s d e f ine d  j n t he �

R e c a ll th a t in  Ja v a  8 ,  w e  w o r k w ith  a n o n
y
m o u s  fu n c tio n s  (la m b d a  e x p

re s s io n s ) a s  fo llo w s
p ro b le m , w e

'

ll im
p
le m e n t th e s e  h ig h e r  o rd e r  fu n c tio n s  o v e r  a  b in a r

y  
s ea rc h  tr ee .

ty p e .  ıt turns o u t th a t w e  c a n  plement th e se  ń in c tio n s  o v e r  a n
y  

c o n ta in e r  w e  p
le a s e ! In  th is

In  c la s s , w e  dis c u s se d  th e  h i
g lte r o rd e rTu n c tio m , m a p ,  f il t e r , a n d  f o l d  o v e r  o u r  lis t a b s rr a c t d a ta

P r o b le m  9  B r a in  D a m a g e
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c a lle d  b
y  y o u r  t r e e M a p  fu n c t io n  w ith  th e  r o o t .)

h e l
p e r  ń tn c tio n  th a t 

p e r fo r m s  r e c u r s iv e  in s e r tio n  o v e r  th e  n o d e s  o f a  tr e e .  T h is  h e l
p e r  w ill th e n  b e

B y  p a s s in
g  a  tr a n s fo r m a tio n  fu n c t io n  th a t  r e t u r n s  t r u e  i f  th e  in

p
u t  is  e v e n .  (H in t Y u u  w u I n e e d  a

fa ls e  fa ls e

ー

ハ

t 
:

T o  th e  fo llo w in
g  o u tp u t tr e e

r o r  e x a m p le ,  w e  m a y m p  th e  fo llo w in
g  in p

u t tr e e

B in a r y s e a r c h T r e e < r »  t )

P u b ıi c  s t a t i c  < T , U »  B i n a r y s e a r c h T r e e « u »  t r e e M a p (F u n c t i o n « T , U »  f ,

a r e  th e  re s u lt o f a p p
l
y
in

g  
th is  fu n c tio n  to  th e  e le m e n ts  o f th e  o ld  tre e .

th a t m a p  ta k e s  a  tr a n s fo r m a ū o n  h m c tio n  o v e r e le m e n ts  a n d  
p

ro d u c e s  a  n e w  tre e  w h o s e  e le m e n ts

(a) W ń te  an  im
p le m e n ta tio n  o f th e  s ta ū c  m a p  m e th o d  o v e r  th e  B i n a r y s e a r c h T r e e  c la s s .  R e c a ll

csc m \u b )- P FM  Pw lS cf  m
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/ 
1

\ 
3

A s s u m e  th a t  f o l d  a
p p

lie s  its  a r
g u m e n t f u n c tio n  to  th e  tr e e  u s in

g  
a n  in o r d e r  tr a v e r s a i .

T h e n  th e  r e s u lt o f  th e  fo ld  is  0  +  2  +  1  +  3  =  6 .

in itia l v a lu e  o f 0

u p d a te d  v a lu e .  F o r  e x a m
p

le ,  if w e  fo ld  th e  a d d i tio n  ħ m c tio n  o v e r  th e  f n llo w in g  
tr e e  w i th  a n

th e  a c c u m u la te d  v a lu e  s o  fa r  a s  w e ll a s  th e  c u r r e n t  e le m e n t o f  th e  tr e e  a n d  
p

r o d u c e s  a  n e w

f o l d  ta k e s  a s  in p
u t a n  in itia l v a lu e  a n d  a  b in a ry  

tr a n s fn r m a tio n  fu n c t io n .  T h is  fn n r tin n  ta k e s

B i n a r y s e a r c h T r e e < T »  t )

p u b l i c  s t a t i c  « T ,  R »  R  t r e e F o l d ( B i F 1m c t i o n « R ,  
T ,  R »  f , R  i n i t i a l

s i
g
n a tu r e

C o m p le te  th e  d pJ in itin n  o f  th e  s ta tic  Jo ld  m e th o d  o v e r  th e  B i n a r y s e a r c h T r e e  c la s s  w i th

C SC  207 (17fa )- P ra c tic e  F in a l 
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国
習

一
：
、

、
，

、
。

tr a v e r s e  th e  o ld  t r e e ,  r e m o v in g  n o d e s  fr o m  th e  n e w  lt e e  u s ĵ n
g  th e  a s s u m e d  r e m o v e  m e th o d .)

(H in t to  im
p le m e n t th is  f u n c tio n ,  fir s t  c r e a t e  a  c o

p y  o f  t h e  t r e e  to  f il te r  u s in
g  m a p .  T h e n

u
p d a te d  tr e e  a f te r  r e m o v a l .

tr a v e r s a i ,  p r e s e r v in
g  th e  o r d e r  o f  th e  b in a r

y  s e a r c h  t r e e .  M e  m e th o d  r e t u r n s  th e  r o o t  o f th e

th e  B i n a r y s e a r  c h T r e e  c la s s  t h a t r e m o v e s  th e  f ir s t  o c c u r r e n c e  o f  t  fr o m  th e  t r e e  in  a n  in - o r d e r

T o  im
p le m e n t f i l t e r ,  a s s u m e  t h e  e x is te n c e  o f a  m e th o d  p u b ıi c  b o o ıe a n  r e m o v e ( T  t )  in

If o u r  f ilte r  r e t u r n e d  t ru e  f o r  a n y  in te g e r  th a t w a s  o d d .

/ 
1

\ 
3

e le m m t .  F o r  e x a m
p

le ,  w e  m a y m a
p  

th e  fo llo w in g  in p
u t tr e e

th e n  k e e p s  a ll th e  e le m e n ts  o f th e  tr e e  w h e r e  th e  fu n c tio n  (o r  
p re d ica te) returns tr u e  fo r  trm t

f i l t e r  ta k e s  a s  in
p

u t  a n  in it ia l v a l u e  a n d  a  f u n c tio n  f r o m  e le m e n t s  o f  th e  tr e e  to  b o o le a n s .  F ilte r

B in a r y s e a r  c h T r e e < T >  t )

p u b l i c  s t a t i c  < T >  B i n a r y s e a r c h T r e e « T >  t r e e F i l t e r  (F u n c t i o n < T . B o o l e a n >  f .

(c ) C o m ple te  th e  d e fin itio n  o f th e  s ta tic jitter  m e th o d  o v e r B i n a r y s e a r c h T r e e  d a s s
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g
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ta k e  a d v a n ta g e  o f  th is  fa c t w h e n  in s e r tin g  a t th e  c u r s o r ? )

s ta n c e s  c a n  w e  a d d  o n to  a  lis t in  0  (1 ) tim e ?  W ith  th is  in  m in d ,  h o w  c a n  w e  s p
li t u

p  
th e  te x t  to

D e m o n s tr a te  
y o u r  s c h p m p  o n  th e  e x a m

p
le  lis t o f  c h a r a c te r s  a b o v e .  (H in t U n d e r  w h a t c ir c u m -

o f  r e
p

r e s e n t in g  te x t  s o  th a t in s e r tio n  is   (1 ) (p o te n tia lly  
a m o r z e d  o v e r  a  fr a r t io n  o f  th e  te x t).

H o w  c a n  w e  p e r f o r m  in s e r tio n  a t th e  c u r s o r  m o r e  e ılic ie n t ly
?  D e s c r ib e  a n  a l te r n a t iv e  w a

y

a n d  w h a t h a p p e n s  if  th e  t e x t  b u ffe r  is  v e r y  
la r g

e )  ·
c h a r a c te r s  g

iv e  a b o v e  (H in t c o n s id e r  w h a t  a r r a y  
l is t  o p

e r a tio n  w e  n e e d  to  p
e r f o r m  to  in s e r t  te x t ,

to  in s e r t te x t  in to  th e  b u ffe r .  w n a t is  it?  D e m o n s tr a te  th is  p
ro b le m  o n  th e  s a m p

le  a r r a y  
lis t o f(a ) T h e r e  is  a  b ig  p e r fo r m a n c e  

p
r o b le m  w ith  th is  c h o ic e  o f  r e p

r e s e n ta tio n ,  h o w e v e  w h e n  w e  tr y

p a r t o f a  t e x t b u ffe r  b e c a u s e  w e  c a n  o n l
y  

e d it te x t  (a d d  o r  r e m o v e  c h a r a c te r s ) a t th e  c u r s o r
th e  c a re t a b o v e  r e

p
re s e n ts  th e  p

o s i tio n  o f  th e  c u r s o r  in  th e  b u f fe r .  T h e  c u rs o r  is  a n  e s s e n tia l
r h a r a r tp r s  in  th e  b u ffe r).

lite r a l fo r  a  n e w lin e .  N o te  th a t n e w lin e s  a r e  n o t  tr e a te d  s p
e c ia ll

y
- th e y  a r e  s im p

ly  
a d d itio n a l

(R e c a ll th a t c h a r a c te r  lite r a ls  in  Ja v a  a r e  w r itte n  w ith  s in
g

le  q
u o te s  a n d

'
\ n

' is  th e  c h a r a c te r

e .  g .
,  
a n  a rra

y  
lis t o f r h a r a c tp rs

th e  te x t buñr .  B e c a u s e  te x t is  lin e a r  in  n a tu r e ,  o u r  firs t in c lin a tio n  is  to  s to r e  th e  te x t in  a n  a r r a y

Im a g
in e  th a t 

y
o u  a re  w ri 山

吧  
a  te x t e d ito r  

p
r o

g
r a m - T h e  k e y  p

ie c e  o f  ta  in  s u c h  a  p
r o g r a m  is

P r o b le m  1 0  E c lip s e

P a
g
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'
T  r e m o v e (ĺ n d e x ) r e m o v e s  th e  e le m e n t a t th e  

g
iv e n  in d e x  fr o m  th e  a r r a y  lis t .

-

v o i d  a d d  ( v ) : a  d  d  s  ı ı t o  th e e n d  o f  th e a r r a
y lis t .  

ľ  ı u ıın
y o u r im

p
le m e n ta t io n .

T h e  fo llo w in
g  m e th o d s  o f  th e  A r r a

y L is t c la s s  w ill b e  h e l
p ń d  in  

y o tır  im
p le m e n ta tio n .

*  
v o i d  i n s e r t (c h ) in s e r ķ  th e

g iv e n  c h a r a c te r a t th e c u r s o r a n d  a d v a n c e s  th e c lır s o r (o p e r a te s

c a u s e s  th e  c u r s o r  to  m o v e  b a c k w a rd s

'
T e x t B u f f e r o  c r e a te s  a  n e w ,  e m p ty  te x t b u H e r .

e ffic ie n tl
y  th a n  th e  v e  sc h e m e  d e sc r ib e d  a b o v e .  Im

p
le m e n t th is  in  a  c la s s  c a lle d  T e x t B u f f e r .

Y o u r  T e x   
·  

tB u f  f e r  c la s s  s h o u ld  c o n ta in  th e  fo llo w in
g  c o n s tr u c to r  a n d  m e th o d s

\c) D e s i
g n  a  d a ta  s tr u c tu r e  th a t a llo w s  u s  to  

p e r f o r m  jn s e r tio n  in to  th e  te x t a t th e  c u r s o r  m o r e

P a
g e  1 9  o f  2 0
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