
6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

�HHQ+�xBQM2 .BM�KB+� /2HH� K2KQ`B�

AH * K2ii2 � /BbTQbBxBQM2 /2HH2 T`BKBiBp2 T2` H� ;2biBQM2 /BM�KB+� /2HH�
K2KQ`B�- ;`�xB2 �HHǶmiBHBxxQ /B �H+mM2 7mMxBQMB K2bb2 � /BbTQbBxBQM2
/�HH� HB#`2`B� bi�M/�`/ Ubi�M/�`/ HB#`�`vVX AM7�iiB ĕ `B+?B2bi� HǶBM+HmbBQM2
/2H }H2 ?2�/2` Ibi/HB#X?=
G2 T`BKBiBp2 T`BM+BT�HB bQMQ

K�HHQ+-+�HHQ+- 2 `2�HHQ+, +QMb2MiQMQ /B �HHQ+�`2 /BM�KB+�K2Mi2
K2KQ`B� T2` mM� p�`B�#BH2 /B mM iBTQ bT2+B}+�iQ Q T2` �``�v /B
/BK2MbBQM2 MQM MQi� � T`BQ`Bc
7`22, +QMb2Mi2 /B `BH�b+B�`2 /BM�KB+�K2Mi2 K2KQ`B� UT`2+2/2Mi2K2Mi2
�HHQ+�i� +QM K�HHQ+V

A iBTB /B /�iQ bQMQ �M+Q`� bi�iB+B- Qpp2`Q ?�MMQ mM� /BK2MbBQM2 }bb�i�
� T`BQ`BX G2 p�`B�#BHB /B mM +2`iQ iBTQ /B /�iQ TQbbQMQ BMp2+2 2bb2`2
+`2�i2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9j9 f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

K�HHQ+
G� +?B�K�i� /B 7mMxBQM2

K�HHQ+UbBx2Q7UhBTQ.�iQVVc
+`2� BM K2KQ`B� mM� p�`B�#BH2 /B iBTQ hBTQ.�iQ- 2 `2biBimBb+2 +QK2
`BbmHi�iQ HǶBM/B`BxxQ /2HH� p�`B�#BH2 +`2�i� ULlGG b2 7�HHBb+2VX
a2 T ĕ mM� p�`B�#BH2 /B iBTQ TmMi�iQ`2 � hBTQ.�iQ- HǶBbi`mxBQM2

T4K�HHQ+UbBx2Q7UhBTQ.�iQVVc
�bb2;M� HǶBM/B`BxxQ `2biBimBiQ /�HH� 7mMxBQM2 K�HHQ+ � T +?2 TmMi�
[mBM/B �HH� MmQp� p�`B�#BH2 UT ;B¨ 2bBbi2VX
lM� p�`B�#BH2 +`2�i� /BM�KB+�K2Mi2 ĕ M2+2bb�`B�K2Mi2 �MQMBK�, �
2bb� bB Tmǁ 7�`2 `B72`BK2MiQ bQHQ i`�KBi2 mM TmMi�iQ`2

� /Bz2`2Mx� /B mM� p�`B�#BH2 /B+?B�`�i� K2/B�Mi2 mM T`QT`BQ
B/2MiB}+�iQ`2- +?2 Tmǁ 2bb2`2 `B72`Bi� bB� /B`2ii�K2Mi2 bB� i`�KBi2 mM
TmMi�iQ`2

amH #HQ++Q /B K2KQ`B� �HHQ+�iQ ĕ TQbbB#BH2 mb�`2 B TmMi�iQ`B +QM
HǶmbm�H2 �`BiK2iB+�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9j8 f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

SmMi�iQ`2 LlGG

Zm�M/Q 7�HHBb+2 H� `B+?B2bi� /B �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B� T2`
K�M+�Mx� /B bT�xBQ- H� 7mMxBQM2 `2biBimBb+2 mM TmMi�iQ`2 MmHHQ- Qpp2`Q
mM TmMi�iQ`2 +?2 MQM TmMi� � MmHH�- `�TT`2b2Mi�iQ /� LlGG- +QM
p�HQ`2 y- /B+?B�`�iQ BM bi/HB#X?X
LlGG ?� p�HQ`2 7�HbQ Up�H2 yV- K2Mi`2 Q;MB TmMi�iQ`2 MQM MmHHQ ?�
p�HQ`2 p2`Q U2 /Bp2`bQ /� LlGG- Qpp2`Q /� yV

B7 UT 44 LlGGV XXX
B7U5TV XXX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9je f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

�HHQ+�xBQM2 /BM�KB+� /B �``�v

SQbbQ +`2�`2 /BM�KB+�K2Mi2 mM �``�v /B BMi2`B H� +mB /BK2MbBQM2 L
pB2M2 BKK2bb� /� i�biB2`�\ GQ bB Tmǁ 7�`2 M2H KQ/Q b2;m2Mi2

Ti` 4 K�HHQ+UL bBx2Q7UBMiVVc

lM �``�v �HHQ+�iQ /BM�KB+�K2Mi2 Tmǁ TQB 2bb2`2 i`�ii�iQ +QK2 mM
�``�v +`2�iQ bi�iB+�K2Mi2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9jd f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

+�HHQ+
*?2 �bbmMxBQMB TQbbB�KQ 7�`2 bmH +QMi2MmiQ /2HH� K2KQ`B� �TT2M�
�HHQ+�i� +QM K�HHQ+\
L2bbmM�- +QK2 M2H +�bQ /2HH� /B+?B�`�xBQM2 /B mM� p�`B�#BH2 MQM
BMBxB�HBxx�i�X S2`ǁ- 2bBbi2 H� 7mMxBQM2

+�HHQ+UbBx2ni MmK- bBx2ni bBx2Vc

�HHQ+� /BM�KB+�K2Mi2 MmK 2H2K2MiB /B /BK2MbBQM2 bBx2 UBM #vi2bV 2 HB
BMBxB�HBxx� � y- �/ 2b2KTBQ +QM

BMi  Ti` 4 UBMi V +�HHQ+UL-bBx2Q7UBMiVVc

bB �HHQ+�MQ L BMi2`B 2 HB bB BMBxB�HBxx� � yX
_2biBimBb+2 LlGG BM +�bQ /B 7�HHBK2MiQ /2HHǶ�HHQ+�xBQM2

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9j3 f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

`2�HHQ+
*?2 bm++2/2 b2 +B bB �++Q`;2 +?2 HǶ�``�v �HHQ+�iQ ĕ i`QTTQ TB++QHQ 2 HQ
bB pmQH2 BM;`�M/B`2 /BM�KB+�K2Mi2 b2Mx� T2`/2`2 H2 BM7Q`K�xBQMB
K2KQ`Bxx�i2\

`2�HHQ+UpQB/  Ti`- bBx2ni bBx2Vc

Ti` ĕ mM TmMi�iQ`2 � mMǶ�`2� /B K2KQ`B� T`2+2/2Mi2K2Mi2 �HHQ+�i�
U�Hi`BK2MiB BH +QKTQ`i�K2MiQ 2 BM/2}MBiQV
bBx2 ĕ H� MmQp� /BK2MbBQM2 UBM #vi2bV /2HHǶ�`2� /B K2KQ`B�
_2biBimBb+2 BH TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HHǶ�``�v `B/BK2MbBQM�iQ Q
LlGG- +?2 TQi`2##2 2bb2`2 /Bp2`bQ b2 BH #HQ++Q ĕ bi�iQ bTQbi�iQX
�ii2MxBQM2, *QK2 7� `2�HHQ+ � +QMQb+2`2 H� /BK2MbBQM2 /2B /�iB
Q`B;BM�HB\ GQ b� T2`+?û K�HHQ+ ?� `2;Bbi`�iQ [m2bi� BM7Q`K�xBQM2
[m�M/Q ĕ bi�iQ +?B�K�iQX AH bBbi2K� /2p2 BM7�iiB i2M2`2 i`�++B� /2HH2
/BK2MbBQMB /2B #HQ++?B /B K2KQ`B� �HHQ+�iB- T2` 2pBi�`2 /B �HHQ+�`2 /m2
pQHi2 mM� T�`iB+QH�`2 `2;BQM2 /B K2KQ`B�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9jN f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

7`22
AM *- H� ;2biBQM2 /2HHQ ?2�T 2 H� /2�HHQ+�xBQM2 /2HHQ bT�xBQ ĕ H�b+B�i� �H
T`Q;`�KK�iQ`2X
a2 T ĕ HǶBM/B`BxxQ /B mM� p�`B�#BH2 �HHQ+�i� /BM�KB+�K2Mi2- H� +?B�K�i�

7`22UTVc
`BH�b+B� HQ bT�xBQ /B K2KQ`B� TmMi�iQ /� T

H� +Q``BbTQM/2Mi2 K2KQ`B� }bB+� ĕ `2b� /BbTQMB#BH2 T2` [m�HbB�bB �Hi`Q
mbQX

7`22 /2p2 `B+2p2`2 +QK2 T�`�K2i`Q �iim�H2 UT2` p�HQ`2V mM TmMi�iQ`2
�H [m�H2 2`� bi�iQ �bb2;M�iQ +QK2 p�HQ`2 HǶBM/B`BxxQ `2biBimBiQ /� mM�
7mMxBQM2 /B �HHQ+�xBQM2 /BM�KB+� /B K2KQ`B� U+QK2 K�HHQ+V-
�Hi`BK2MiB BH +QKTQ`i�K2MiQĕ BM/2}MBiQX
�ii2MxBQM2, G� +?B�K�i� 7`22UTV MQM Tmǁ KQ/B}+�`2 BH p�HQ`2 /2H
TmMi�iQ`2- +?2 [mBM/B MQM /Bp2Mi� LlGG- K� +QMiBMm� � TmMi�`2
�HHǶBM/B`BxxQ /2HH� xQM� T`2+2/2Mi2K2Mi2 �HHQ+�i�X �++2/2`2 i`�KBi2 T
UBH p�HQ`2 /2H TmMi�iQ`2 T MQM +�K#B�V � [m2bi� xQM�- �/2bbQ HB#2`� 2
`B�HHQ+�#BH2- ĕ TQbbB#BH2 K� b+Q``2iiQX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 99y f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

>2�T
SQB+?û H2 p�`B�#BHB /BM�KB+?2 TQbbQMQ 2bb2`2 +`2�i2 2 /Bbi`mii2 BM mM
[m�HbB�bB TmMiQ /2H T`Q;`�KK� 2bb2 MQM TQbbQMQ 2bb2`2 �HHQ+�i2 bmHHQ
bi�+FX
o2M;QMQ �HHQ+�i2 BM mMǶ�Hi`� xQM� /B K2KQ`B� +?B�K�i� ?2�T
UKm++?BQVX G� HQ`Q ;2biBQM2 `BbmHi� KQHiQ TBɍ BM2{+B2Mi2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 99R f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

S`Q/mxBQM2 /B ;�`#�;2 UbT�xx�im`�V
aB p2`B}+� [m�M/Q H� K2KQ`B� �HHQ+�i� /BM�KB+�K2Mi2 `BbmHi�
HQ;B+�K2Mi2 BM�++2bbB#BH2- 2 [mBM/B bT`2+�i�- T2`+?û MQM 2bBbi2 �H+mM
`B72`BK2MiQ � 2bb�X
1b2KTBQ,
S4K�HHQ+UbBx2Q7UhBTQ.�iQVVc
XXX
S4Zc
AM [m2biQ KQ/Q H� +2HH� TmMi�i� /� S bm#BiQ /QTQ HǶ�bb2;M�K2MiQ S4Z
T2`/2 Q;MB TQbbB#BHBi¨ /B �++2bbQ U/� +mB BH i2`KBM2 bT�xx�im`�VX

 P 
 

Q 

S`BK� /2HHǶ�bb2;M�K2MiQ- p� HB#2`�i� H� +2HH� +QM 7`22USVX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 99k f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

S`Q/mxBQM2 /B ;�`#�;2 UbT�xx�im`�V
aB p2`B}+� [m�M/Q H� K2KQ`B� �HHQ+�i� /BM�KB+�K2Mi2 `BbmHi�
HQ;B+�K2Mi2 BM�++2bbB#BH2- 2 [mBM/B bT`2+�i�- T2`+?û MQM 2bBbi2 �H+mM
`B72`BK2MiQ � 2bb�X
1b2KTBQ,
S4K�HHQ+UbBx2Q7UhBTQ.�iQVVc
XXX
S4Zc
AM [m2biQ KQ/Q H� +2HH� TmMi�i� /� S bm#BiQ /QTQ HǶ�bb2;M�K2MiQ S4Z
T2`/2 Q;MB TQbbB#BHBi¨ /B �++2bbQ U/� +mB BH i2`KBM2 bT�xx�im`�VX

 P 
 

Q 

garbage 

S`BK� /2HHǶ�bb2;M�K2MiQ- p� HB#2`�i� H� +2HH� +QM 7`22USVX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 99k f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

_B72`BK2MiB ~miim�MiB U/�M;HBM; `272`2M+2bV
aBKK2i`B+Q �H T`Q#H2K� T`2+2/2Mi2, +QMbBbi2 M2H +`2�`2 `B72`BK2MiB
7�bmHHB � xQM2 /B K2KQ`B� HQ;B+�K2Mi2 BM2bBbi2MiBX
1b2KTBQ,
S4Zc
7`22UZVc
GǶQT2`�xBQM2 7`22UZV T`QpQ+� BH `BH�b+BQ /2HH� K2KQ`B� �HHQ+�i� T2`
H� p�`B�#BH2 +mB Z TmMi�
S TmMi� � mM� xQM� /B K2KQ`B� MQM TBɍ bB;MB}+�iBp� UTmǁ 2bb2`2
`Bmb�i� BM 7mim`QVX
 S +QKTQ`i2`2##2 HǶ�++2bbQ �HHǶBM/B`BxxQ }bB+Q TmMi�iQ /� S 2
HǶBMi2`T`2i�xBQM2 /2H bmQ +QMi2MmiQ +QK2 mM p�HQ`2 /2H iBTQ /B  S +QM
`BbmHi�iB BKT`2p2/B#BHBX

 P 
 

Q 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 99j f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

_B72`BK2MiB ~miim�MiB U/�M;HBM; `272`2M+2bV
aBKK2i`B+Q �H T`Q#H2K� T`2+2/2Mi2, +QMbBbi2 M2H +`2�`2 `B72`BK2MiB
7�bmHHB � xQM2 /B K2KQ`B� HQ;B+�K2Mi2 BM2bBbi2MiBX
1b2KTBQ,
S4Zc
7`22UZVc
GǶQT2`�xBQM2 7`22UZV T`QpQ+� BH `BH�b+BQ /2HH� K2KQ`B� �HHQ+�i� T2`
H� p�`B�#BH2 +mB Z TmMi�
S TmMi� � mM� xQM� /B K2KQ`B� MQM TBɍ bB;MB}+�iBp� UTmǁ 2bb2`2
`Bmb�i� BM 7mim`QVX
 S +QKTQ`i2`2##2 HǶ�++2bbQ �HHǶBM/B`BxxQ }bB+Q TmMi�iQ /� S 2
HǶBMi2`T`2i�xBQM2 /2H bmQ +QMi2MmiQ +QK2 mM p�HQ`2 /2H iBTQ /B  S +QM
`BbmHi�iB BKT`2p2/B#BHBX

 P 
 

Q 
? 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 99j f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

_B72`BK2MiB ~miim�MiB U/�M;HBM; `272`2M+2bV U+QMiXV

Ĕ TQbbB#BH2 +?2 BH #HQ++Q /B K2KQ`B� `B/BK2MbBQM�iQ /� mM� `2�HHQ+
p2M;� �HHQ+�iQ BM mM� /Bz2`2Mi2 TQbBxBQM2 /2HHQ ?2�TX AH +QMi2MmiQ
/2HH� T`2+2/2Mi2 �`2� /B K2KQ`B� pB2M2 [mBM/B bTQbi�iQ /�HH�
`2�HHQ+X S2`ǁ
1b2KTBQ,
BMi  Ti`R 4 UBMi V K�HHQ+U8  bBx2Q7UBMiVVc

BMi  Ti`k c
XXXX
Ti`k 4 UBMi V `2�HHQ+UTi`R-Ry bBx2Q7UBMiVVc
AH TmMi�iQ`2 Ti`R +?2 TmMi�p� �HHǶ�`2� /B K2KQ`B� T`BK� /2HH�
+?B�K�i� �HH� `2�HHQ+ /QTQ TQi`2##2 TmMi�`2 � mMǶ�`2� MQM TBɍ
p�HB/�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 999 f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

S`Q/mxBQM2 /B ;�`#�;2 2 `B72`BK2MiB ~miim�MiB ?�MMQ bp�Mi�;;B
bBKK2i`B+B,

H� T`BK� +QKTQ`i� bT`2+Q /B K2KQ`B�
H� b2+QM/� +QKTQ`i� `BbmHi�iB BKT`2p2/B#BHB 2 b+Q``2iiBX

G� b2+QM/� ĕ TBɍ T2`B+QHQb� /2HH� T`BK� 2 BM �H+mMB HBM;m�;;B MQM ĕ
T`2pBbi� HǶBbi`mxBQM2 7`22X
oB2M2 H�b+B�iQ �H bmTTQ`iQ /2H HBM;m�;;BQ HǶQM2`2 /B 2z2iim�`2 ;�`#�;2
+QHH2+iBQM Uǳ`�++QHi� `B}miBǴVX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 998 f 9Ne



6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

1b2KTBQ /B �HHQ+�xBQM2 /BM�KB+�
OBM+Hm/2 Ibi/BQX?=
OBM+Hm/2 Ibi/HB#X?=
K�BMUV
&
BMi t 4 Ry-  SR-  Skc

SR 4 K�HHQ+UbBx2Q7UBMiVVc
 SR 4 k tc
Sk 4 SRc
 Sk4 j U SRVc
T`BMi7U]t4W/  SR4W/  Sk4W/ $M]- t-  SR-  SkVc
7`22USRVc
'

PILA HEAP 

X 

P1 

P2 ? 

? 

10 
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6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

1b2KTBQ /B �HHQ+�xBQM2 /BM�KB+�
OBM+Hm/2 Ibi/BQX?=
OBM+Hm/2 Ibi/HB#X?=
K�BMUV
&
BMi t 4 Ry-  SR-  Skc

SR 4 K�HHQ+UbBx2Q7UBMiVVc
 SR 4 k tc
Sk 4 SRc
 Sk4 j U SRVc
T`BMi7U]t4W/  SR4W/  Sk4W/ $M]- t-  SR-  SkVc
7`22USRVc
'

PILA HEAP 

X 

P1 

P2 ? 

10 
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6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

1b2KTBQ /B �HHQ+�xBQM2 /BM�KB+�
OBM+Hm/2 Ibi/BQX?=
OBM+Hm/2 Ibi/HB#X?=
K�BMUV
&
BMi t 4 Ry-  SR-  Skc

SR 4 K�HHQ+UbBx2Q7UBMiVVc
 SR 4 k tc
Sk 4 SRc
 Sk4 j U SRVc
T`BMi7U]t4W/  SR4W/  Sk4W/ $M]- t-  SR-  SkVc
7`22USRVc
'

PILA HEAP 

X 

P1 

P2 ? 

10 

20 
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6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

1b2KTBQ /B �HHQ+�xBQM2 /BM�KB+�
OBM+Hm/2 Ibi/BQX?=
OBM+Hm/2 Ibi/HB#X?=
K�BMUV
&
BMi t 4 Ry-  SR-  Skc

SR 4 K�HHQ+UbBx2Q7UBMiVVc
 SR 4 k tc
Sk 4 SRc
 Sk4 j U SRVc
T`BMi7U]t4W/  SR4W/  Sk4W/ $M]- t-  SR-  SkVc
7`22USRVc
'

PILA HEAP 

X 

P1 

P2 

10 

20 
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6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

1b2KTBQ /B �HHQ+�xBQM2 /BM�KB+�
OBM+Hm/2 Ibi/BQX?=
OBM+Hm/2 Ibi/HB#X?=
K�BMUV
&
BMi t 4 Ry-  SR-  Skc

SR 4 K�HHQ+UbBx2Q7UBMiVVc
 SR 4 k tc
Sk 4 SRc
 Sk4 j U SRVc
T`BMi7U]t4W/  SR4W/  Sk4W/ $M]- t-  SR-  SkVc
7`22USRVc
'

PILA HEAP 

X 

P1 

P2 

10 

60 
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6mMxBQMB �HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�

1b2KTBQ /B �HHQ+�xBQM2 /BM�KB+�
OBM+Hm/2 Ibi/BQX?=
OBM+Hm/2 Ibi/HB#X?=
K�BMUV
&
BMi t 4 Ry-  SR-  Skc

SR 4 K�HHQ+UbBx2Q7UBMiVVc
 SR 4 k tc
Sk 4 SRc
 Sk4 j U SRVc
T`BMi7U]t4W/  SR4W/  Sk4W/ $M]- t-  SR-  SkVc
7`22USRVc
'

PILA HEAP 

X 

P1 

P2 

10 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 99e f 9Ne



GBbi2 +QHH2;�i2

GBbi2

Ĕ KQHiQ +QKmM2 /Qp2` `�TT`2b2Mi�`2 b2[m2Mx2 /B 2H2K2MiB imiiB /2HHQ
bi2bbQ iBTQ 2 7�`2 QT2`�xBQMB bm /B 2bb2X
1b2KTB, b2[m2Mx� /B BMi2`B Ukj 9e 8 k3 jV

b2[m2Mx� /B +�`�ii2`B U^t^ ^`^ ^7^V
b2[m2Mx� /B T2`bQM2 +QM MQK2 2 /�i� /B M�b+Bi�

6BMQ`� �##B�KQ mb�iQ ;HB �``�v T2` `2�HBxx�`2 i�HB bi`miim`2- MQMQbi�Mi2
+Bǁ TQ`iB i�HpQHi� � mM BKTB2;Q BM2{+B2Mi2 /2HH� K2KQ`B�X
o2/B�KQ �/2bbQ mM KQ/Q #�b�iQ bmHHǶ�HHQ+�xBQM2 /BM�KB+� /B p�`B�#BHB-
+?2 +B T2`K2ii2 /B `2�HBxx�`2 HBbi2 /B 2H2K2MiB BM K�MB2`� +?2 H�
K2KQ`B� }bB+� miBHBxx�i� +Q``BbTQM/� K2;HBQ � [m2HH� �bi`�ii�- +BQĕ �H
MmK2`Q /B 2H2K2MiB /2HH� b2[m2Mx� +?2 pQ;HB�KQ `�TT`2b2Mi�`2X
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.Bp2`bB KQ/B /B `�TT`2b2Mi�`2 b2[m2Mx2 /B 2H2K2MiB

RX _�TT`2b2Mi�xBQM2 b2[m2MxB�H2, i`�KBi2 �``�v
o�Mi�;;B,

HǶ�++2bbQ �;HB 2H2K2MiB ĕ /B`2iiQ Ui`�KBi2 BM/B+2V 2/ 2{+B2Mi2
HǶQ`/BM2 /2;HB 2H2K2MiB ĕ [m2HHQ BM K2KQ`B� =) MQM b2`pQMQ bi`miim`2
/�iB �//BxBQM�HB
ĕ b2KTHB+2 K�MBTQH�`2 HǶBMi2`� bi`miim`� U+QTB�- Q`/BM�K2MiQ- ĘV

ap�Mi�;;B,
/Q##B�KQ �p2`2 mMǶB/2� T`2+Bb� /2HH� /BK2MbBQM2 /2HH� b2[m2Mx�
BMb2`B`2 Q 2HBKBM�`2 2H2K2MiB ĕ +QKTHB+�iQ 2 BM2{+B2Mi2 U+QKTQ`i� mM
MmK2`Q /B bTQbi�K2MiB +?2 M2H +�bQ T2;;BQ`2 Tmǁ 2bb2`2 /2HHǶQ`/BM2 /2H
MmK2`Q /2;HB 2H2K2MiB /2HH� bi`miim`�V

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 993 f 9Ne



GBbi2 +QHH2;�i2

kX _�TT`2b2Mi�xBQM2 +QHH2;�i�
lM� HBbi� +QM+�i2M�i� ĕ mM� b2[m2Mx� HBM2�`2 /B MQ/B- +B�b+mMQ /2B
[m�HB K2KQ`Bxx� mM p�HQ`2 2 +QMiB2M2 mM `B72`BK2MiQ UTmMi�iQ`2V �H
MQ/Q bm++2bbBpQ M2HH� b2[m2Mx�X
S2` �;;BmM;2`2 2 +�M+2HH�`2 MQ/B BM [m�HmM[m2 TQbBxBQM2
b2KTHB+2K2Mi2 �;;Bmbi�M/Q BH bBbi2K� /B TmMi�iQ`B b2Mx� QT2`�`2 bmB
MQ/B MQM BMi2`2bb�iB /�HH� �;;BmMi� Q /�HH� +�M+2HH�xBQM2X
GǶ�++2bbQ �;HB 2H2K2MiB ĕ /B iBTQ b2[m2MxB�H2, T2` �++2/2`2 �H ;2M2`B+Q
MQ/Q- bB /2p2 b+�M/B`2 H� HBbi�- /�iQ +?2 HǶ�++2bbQ �/ mM 2H2K2MiQ ĕ
TQbbB#BH2 �ii`�p2`bQ BH TmMi�iQ`2 +QMi2MmiQ M2HHǶ2H2K2MiQ T`2+2/2Mi2X
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kX _�TT`2b2Mi�xBQM2 +QHH2;�i� U+QMiBMm�V
G� b2[m2Mx� /B 2H2K2MiB pB2M2 `�TT`2b2Mi�i� /� mM� bi`miim`� /B /�iB
+QHH2;�i�- `2�HBxx�i� i`�KBi2 bi`miim`2 2 TmMi�iQ`BX
P;MB 2H2K2MiQ ĕ `�TT`2b2Mi�iQ +QM mM� bi`miim`� *,

mM +�KTQ UQ TBɍ +�KTB b2 M2+2bb�`BQV T2` HǶ2H2K2MiQ U�/ 2bX BMiV
mM +�KTQ TmMi�iQ`2 �HH� bi`miim`� +?2 `�TT`2b2Mi� HǶ2H2K2MiQ
bm++2bbBpQ UQppB�K2Mi2- i�H2 bi`miim`� ?� iBTQ B/2MiB+Q � [m2HHQ /2HH�
bi`miim`� +Q``2Mi2V

GǶmHiBKQ 2H2K2MiQ MQM ?� mM 2H2K2MiQ bm++2bbBpQ
BH +�KTQ TmMi�iQ`2 ?� p�HQ`2 LlGG +?2 �bbmK2 [mBM/B BH bB;MB}+�iQ /B
ǳ}M2 HBbi�ǴX

GǶBMBxBQ /2HH� HBbi� ĕ BM/BpB/m�iQ /� mM� p�`B�#BH2 /2H iBTQ /2B TmMi�iQ`B
�B p�`B 2H2K2MiBX

a�`¨ MQbi`� �#Bim/BM2 �ii`B#mB`2 � [m2bi� p�`B�#BH2 BH MQK2 bi2bbQ /2HH�
HBbi�- B/2MiB}+�M/Q BH +QM+2iiQ /B ǳBMBxBQ HBbi�Ǵ U Q ǳi2bi� /2HH� HBbi�ǴV
+QM H� HBbi� bi2bb�X

HǶ�++2bbQ � mM� HBbi� �ppB2M2 �ii`�p2`bQ BH TmMi�iQ`2 �H T`BKQ 2H2K2MiQX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98y f 9Ne
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:`�}+�K2Mi2

25 8 5

lista

G� p�`B�#BH2 HBbi�- /B iBTQ TmMi�iQ`2- ĕ miBHBxx�i� T2` �++2/2`2 �HH�
b2[m2Mx�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98R f 9Ne
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.2}MBxBQM2 `B+Q`bBp� /B HBbi�

SQbbB�KQ /2}MB`2 `B+Q`bBp�K2Mi2 mM� HBbi� +QK2 b2;m2X
lM� HBbi� ĕ mM� bi`miim`� /2}MBi� bm mM BMbB2K2 /B 2H2K2MiB +?2,

MQM +QMiB2M2 M2bbmM 2H2K2MiQ- Qpp2`Q ĕ mM� HBbi� pmQi�, [ ]- QTTm`2
+QMiB2M2 mM 2H2K2MiQ 1G /2iiQ i2bi� U?2�/V /2HH� HBbi�V b2;mBiQ /�H
`2biQ /2HH� HBbi� G- /2ii� +Q/�, [1G, G]

G� /2}MBxBQM2 mb�i� /�H * `B~2ii2 T`QT`BQ [m2bi� /2}MBxBQM2X lM�
p�`B�#BH2 /B iBTQ HBbi� Tmǁ p�H2`2 LlGG U+?2 `�TT`2b2Mi� H� HBbi�
pmQi�V- QTTm`2 Tmǁ 2bb2`2 mM TmMi�iQ`2 � mM� bi`miim`� +?2 +QMiB2M2
mM /�iQ TBɍ mM TmMi�iQ`2- +?2 `�TT`2b2Mi� mMǶ�Hi`� HBbi�X
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1b2KTBQ, a2[m2Mx2 /B BMi2`BX
bi`m+i 1G &

BMi BM7Qc
bi`m+i 1G  M2tic

'c
ivT2/27 bi`m+i 1G 1H2K2MiQGBbi�c
ivT2/27 1H2K2MiQGBbi�  GBbi�.B1H2K2MiBc

R G� T`BK� /B+?B�`�xBQM2 bi`m+i 1G /2}MBb+2 mM T`BKQ +�KTQ- BM7Q-
/B iBTQ BMi 2 T2`K2ii2 /B /B+?B�`�`2 BH +�KTQ M2ti +QK2 TmMi�iQ`2 �H
iBTQ bi`miim`�iQ +?2 bB bi� /2}M2M/Qc

k H� b2+QM/� /B+?B�`�xBQM2 miBHBxx� ivT2/27 T2` `B/2MQKBM�`2 BH iBTQ
bi`m+i 1G +QK2 1H2K2MiQGBbi�- +?2 M2 /Bp2Mi� HǶ�##`2pB�xBQM2c

j H� i2`x� /B+?B�`�xBQM2 /2}MBb+2 BH iBTQ GBbi�.B1H2K2MiB +QK2
TmMi�iQ`2 �H iBTQ 1H2K2MiQGBbi�X
� [m2biQ TmMiQ TQbbB�KQ /2}MB`2 p�`B�#BHB /B iBTQ HBbi�,
GBbi�.B1H2K2MiB GBbi�R- GBbi�kc
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB, U3- j- R8V (�HHQ+�xBQM2 bi�iB+�)

1H2K2MiQGBbi� 1HR-1Hk-1Hjc
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi�4�1HRc

1HRXBM7Q 4 3c
1HRXM2ti 4 �1Hkc

1HkXBM7Q 4 jc
1HkXM2ti 4 �1Hjc

1HjXBM7Q 4 R8c
1HjXM2ti 4 LlGGc

 lista 
El1 

El2 

El3 

LQi�, T2` TQi2` mb�`2 H� +Qbi�Mi2 LlGG /Q##B�KQ BKTQ`i�`2 BH }H2
bi/HB#X?
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB, U3- j- R8V (�HHQ+�xBQM2 bi�iB+�)

1H2K2MiQGBbi� 1HR-1Hk-1Hjc
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi�4�1HRc

1HRXBM7Q 4 3c
1HRXM2ti 4 �1Hkc

1HkXBM7Q 4 jc
1HkXM2ti 4 �1Hjc

1HjXBM7Q 4 R8c
1HjXM2ti 4 LlGGc

 lista 
El1 

El2 

El3 

LQi�, T2` TQi2` mb�`2 H� +Qbi�Mi2 LlGG /Q##B�KQ BKTQ`i�`2 BH }H2
bi/HB#X?
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB, U3- j- R8V (�HHQ+�xBQM2 bi�iB+�)

1H2K2MiQGBbi� 1HR-1Hk-1Hjc
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi�4�1HRc

1HRXBM7Q 4 3c
1HRXM2ti 4 �1Hkc

1HkXBM7Q 4 jc
1HkXM2ti 4 �1Hjc

1HjXBM7Q 4 R8c
1HjXM2ti 4 LlGGc

 lista 
El1 

El2 

El3 

8 

LQi�, T2` TQi2` mb�`2 H� +Qbi�Mi2 LlGG /Q##B�KQ BKTQ`i�`2 BH }H2
bi/HB#X?
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB, U3- j- R8V (�HHQ+�xBQM2 bi�iB+�)

1H2K2MiQGBbi� 1HR-1Hk-1Hjc
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi�4�1HRc

1HRXBM7Q 4 3c
1HRXM2ti 4 �1Hkc

1HkXBM7Q 4 jc
1HkXM2ti 4 �1Hjc

1HjXBM7Q 4 R8c
1HjXM2ti 4 LlGGc

 lista 
El1 

El2 

El3 

8 

3 

LQi�, T2` TQi2` mb�`2 H� +Qbi�Mi2 LlGG /Q##B�KQ BKTQ`i�`2 BH }H2
bi/HB#X?
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB, U3- j- R8V (�HHQ+�xBQM2 bi�iB+�)

1H2K2MiQGBbi� 1HR-1Hk-1Hjc
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi�4�1HRc

1HRXBM7Q 4 3c
1HRXM2ti 4 �1Hkc

1HkXBM7Q 4 jc
1HkXM2ti 4 �1Hjc

1HjXBM7Q 4 R8c
1HjXM2ti 4 LlGGc

 lista 
El1 

El2 

El3 

8 

3 

15 

LQi�, T2` TQi2` mb�`2 H� +Qbi�Mi2 LlGG /Q##B�KQ BKTQ`i�`2 BH }H2
bi/HB#X?
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�HB�bBM;
aB T�`H� /B �HB�bBM; [m�M/Q bB miBHBxx�MQ /m2 TmMi�iQ`B U�HB�bV T2` 7�`
`B72`BK2MiQ �HHQ bi2bbQ p�HQ`2X
a2 bB KQ/B}+� BH p�HQ`2 TmMi�iQ /� mMQ /2B /m2- BKTHB+Bi�K2Mi2 U+QK2
2z2iiQ +QHH�i2`�H2V bB KQ/B}+� �M+?2 BH p�HQ`2 TmMi�iQ /�HHǶ�Hi`Q-
2bb2M/Q HQ bi2bbQX
Zm2biQ ĕ mM 72MQK2MQ T�`iB+QH�`K2Mi2 `BH2p�Mi2 [m�M/Q bB
K�MBTQH�MQ HBbi2X
L2HHǶ2b2KTBQ pBbiQ T`BK�- b2 �p2bbB,
HBbi�k4�1Hkc
HBbi�k @@= BM7Q 4 N
�HHQ`� �p`2B �M+?2 +?2 H� +QM/BxBQM2
UU1HR@@=M2tiV@@=BM7Q 44 NV b�`2##2 p2`�
_B+Q`/B�KQ +?2 HBbi�k @@= BM7Q 2[mBp�H2 � U HBbi�kVXBM7Q
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L2H T`Q;`�KK� +?2 �##B�KQ �TT2M� pBbiQ T2` +`2�`2 mM� HBbi� /B i`2
2H2K2MiB /Q##B�KQ /B+?B�`�`2 i`2 p�`B�#BHB /B iBTQ 1H2K2MiQGBbi�X
AH MmK2`Q /2;HB 2H2K2MiB /2HH� HBbi� /2p2 2bb2`2 /2+BbQ � i2KTQ /B
+QKTBH�xBQM2X
LQM ĕ TQbbB#BH2- T2` 2b2KTBQ- +`2�`2 mM� HBbi� +QM mM MmK2`Q /B
2H2K2MiB H2iiB BM BM;`2bbQX J� �HHQ`� [m�H ĕ BH p�Mi�;;BQ `BbT2iiQ
�HHǶ�``�v\
Zm2HHQ +?2 �##B�KQ pBbiQ MQM ĕ HǶmMB+Q KQ/QX SQbbB�KQ `B+Q``2`2
�HHǶ�HHQ+�xBQM2 /BM�KB+� /2HH� K2KQ`B�X
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB U3- j- R8V (�HHQ+�xBQM2 /BM�KB+�)
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi� 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f �HHQ+�xBQM2 T`BKQ 2H2K2MiQ  f

HBbi�@=BM7Q 4 3c

HBbi�@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f b2+QM/Q 2H2K2MiQ  f

HBbi�@=M2ti@=BM7Q 4 jc
HBbi�@=M2ti@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f i2`xQ 2H2K2MiQ  f
HBbi�@=M2ti@=M2ti@=BM7Q 4 R8c
HBbi�@=M2ti@=M2ti@=M2ti 4 LlGGc

PILA HEAP 

lista ? 
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB U3- j- R8V (�HHQ+�xBQM2 /BM�KB+�)
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi� 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f �HHQ+�xBQM2 T`BKQ 2H2K2MiQ  f

HBbi�@=BM7Q 4 3c

HBbi�@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f b2+QM/Q 2H2K2MiQ  f

HBbi�@=M2ti@=BM7Q 4 jc
HBbi�@=M2ti@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f i2`xQ 2H2K2MiQ  f
HBbi�@=M2ti@=M2ti@=BM7Q 4 R8c
HBbi�@=M2ti@=M2ti@=M2ti 4 LlGGc

PILA HEAP 

lista 
info next 

8 
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*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB U3- j- R8V (�HHQ+�xBQM2 /BM�KB+�)
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi� 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f �HHQ+�xBQM2 T`BKQ 2H2K2MiQ  f

HBbi�@=BM7Q 4 3c

HBbi�@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f b2+QM/Q 2H2K2MiQ  f

HBbi�@=M2ti@=BM7Q 4 jc
HBbi�@=M2ti@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f i2`xQ 2H2K2MiQ  f
HBbi�@=M2ti@=M2ti@=BM7Q 4 R8c
HBbi�@=M2ti@=M2ti@=M2ti 4 LlGGc

PILA HEAP 

lista 
info next 

8 

info next 

3 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98d f 9Ne



GBbi2 +QHH2;�i2

*`2�xBQM2 /B mM� HBbi� /B i`2 BMi2`B }bb�iB U3- j- R8V (�HHQ+�xBQM2 /BM�KB+�)
GBbi�.B1H2K2MiB HBbi�c f TmMi�iQ`2 �H T`BKQ 2H2K2MiQ /2HH� HBbi�  f

HBbi� 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f �HHQ+�xBQM2 T`BKQ 2H2K2MiQ  f

HBbi�@=BM7Q 4 3c

HBbi�@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f b2+QM/Q 2H2K2MiQ  f

HBbi�@=M2ti@=BM7Q 4 jc
HBbi�@=M2ti@=M2ti 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc f i2`xQ 2H2K2MiQ  f
HBbi�@=M2ti@=M2ti@=BM7Q 4 R8c
HBbi�@=M2ti@=M2ti@=M2ti 4 LlGGc

PILA HEAP 

lista 
info next 

8 

info next 

3 

info next 

15 
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Pbb2`p�xBQMB,
bi`m+i 1G &

BMi BM7Qc
bi`m+i 1G  M2tic

'c
ivT2/27 bi`m+i 1G 1H2K2MiQGBbi�c
ivT2/27 1H2K2MiQGBbi�  GBbi�.B1H2K2MiBc

HBbi� ĕ /B iBTQ GBbi�.B1H2K2MiB- [mBM/B ĕ mM TmMi�iQ`2 2 MQM
mM� bi`miim`�- +QbŢ +QK2- BM BMi  T- T ĕ mM TmMi�iQ`2 � BMi2`Q 2 MQM
mM BMi2`QX
H� xQM� /B K2KQ`B� T2` Q;MB 2H2K2MiQ /2HH� HBbi� UMQM T2` Q;MB
p�`B�#BH2 /B iBTQ GBbi�.B1H2K2MiBV /2p2 2bb2`2 �HHQ+�i�
2bTHB+Bi�K2Mi2 +QM K�HHQ+
1bBbi2 mM KQ/Q TBɍ b2KTHB+2 /B +`2�`2 H� HBbi� /B j 2H2K2MiB\
*`2B�KQ H� HBbi� � T�`iB`2 /�H 7QM/Q5

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 983 f 9Ne



GBbi2 +QHH2;�i2

GBbi�.B1H2K2MiB �mt- HBbi� 4 LlGGc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 R8c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�V
�mt@=BM7Q 4 3c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 jc �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

PILA HEAP 

lista 

aux ? 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98N f 9Ne



GBbi2 +QHH2;�i2

GBbi�.B1H2K2MiB �mt- HBbi� 4 LlGGc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 R8c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�V
�mt@=BM7Q 4 3c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 jc �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

PILA HEAP 

lista 
info next 

15 
aux 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98N f 9Ne



GBbi2 +QHH2;�i2

GBbi�.B1H2K2MiB �mt- HBbi� 4 LlGGc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 R8c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�V
�mt@=BM7Q 4 3c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 jc �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

PILA HEAP 

lista 
info next 

15 
aux 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98N f 9Ne



GBbi2 +QHH2;�i2

GBbi�.B1H2K2MiB �mt- HBbi� 4 LlGGc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 R8c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�V
�mt@=BM7Q 4 3c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 jc �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

PILA HEAP 

lista 
info next 

15 
aux 

info next 

8 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98N f 9Ne



GBbi2 +QHH2;�i2

GBbi�.B1H2K2MiB �mt- HBbi� 4 LlGGc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 R8c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�V
�mt@=BM7Q 4 3c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 jc �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

PILA HEAP 

lista 
info next 

15 
aux 

info next 

8 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98N f 9Ne



GBbi2 +QHH2;�i2

GBbi�.B1H2K2MiB �mt- HBbi� 4 LlGGc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 R8c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�V
�mt@=BM7Q 4 3c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 jc �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

PILA HEAP 

lista 
info next 

15 
aux 

info next 

8 

info next 

3 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98N f 9Ne



GBbi2 +QHH2;�i2

GBbi�.B1H2K2MiB �mt- HBbi� 4 LlGGc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 R8c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�V
�mt@=BM7Q 4 3c �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

�mt 4 K�HHQ+UbBx2Q7U1H2K2MiQGBbi�VVc
�mt@=BM7Q 4 jc �mt@=M2ti 4 HBbi�c
HBbi� 4 �mtc

PILA HEAP 

lista 
info next 

15 
aux 

info next 

8 

info next 

3 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 98N f 9Ne



GBbi2 +QHH2;�i2

PT2`�xBQMB bmHH2 HBbi2
.2}MB�KQ mM� b2`B2 /B T`Q+2/m`2 2 7mMxBQMB T2` QT2`�`2 bmHH2 HBbi2X
lbB�KQ HBbi2 /B BMi2`B T2` b2KTHB+Bi¨- K� imii2 H2 QT2`�xBQMB bQMQ
`2�HBxx�#BHB BM KQ/Q /2H imiiQ �M�HQ;Q bm HBbi2 /B �Hi`Q iBTQ Ub�HpQ `�`2
2++2xBQMBV
6�++B�KQ `B72`BK2MiQ �HH2 /B+?B�`�xBQMB /2B iBTB 1H2K2MiQGBbi� 2
GBbi�.B1H2K2MiB pBbi2 BM T`2+2/2Mx�

AMBxB�HBxx�xBQM2
.2}MB�KQ mM� T`Q+2/m`� +?2 BMBxB�HBxx� mM� HBbi� �bb2;M�M/Q BH p�HQ`2
LlGG �HH� p�`B�#BH2 i2bi� /2HH� HBbi�X
h�H2 p�`B�#BH2 /2p2 2bb2`2 KQ/B}+�i� 2 [mBM/B T�bb�i� T2` BM/B`BxxQX
*Bǁ T`QpQ+�- M2HHǶBMi2bi�xBQM2 /2HH� T`Q+2/m`�- H� T`2b2Mx� /B mM
TmMi�iQ`2 � TmMi�iQ`2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ey f 9Ne



GBbi2 +QHH2;�i2

pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB  HBbi�V
&
 HBbi�4LlGGc
'

amTTQMB�KQ Q`� +?2 AMBxB�HBxx� bB� +?B�K�i� T�bb�M/Q +QK2
T�`�K2i`Q HǶBM/B`BxxQ /2HH� p�`B�#BH2 GBbi�R /B iBTQ
GBbi�.B1H2K2MiB- �/ 2b2KTBQ,

GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�U�GBbi�RVc

PILA 

Lista1 ? 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9eR f 9Ne



GBbi2 +QHH2;�i2

pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB  HBbi�V
&
 HBbi�4LlGGc
'

amTTQMB�KQ Q`� +?2 AMBxB�HBxx� bB� +?B�K�i� T�bb�M/Q +QK2
T�`�K2i`Q HǶBM/B`BxxQ /2HH� p�`B�#BH2 GBbi�R /B iBTQ
GBbi�.B1H2K2MiB- �/ 2b2KTBQ,

GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�U�GBbi�RVc

PILA 

Lista1 ? 

RDA Inizializza 

lista 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9eR f 9Ne



GBbi2 +QHH2;�i2

pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB  HBbi�V
&
 HBbi�4LlGGc
'

amTTQMB�KQ Q`� +?2 AMBxB�HBxx� bB� +?B�K�i� T�bb�M/Q +QK2
T�`�K2i`Q HǶBM/B`BxxQ /2HH� p�`B�#BH2 GBbi�R /B iBTQ
GBbi�.B1H2K2MiB- �/ 2b2KTBQ,

GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�U�GBbi�RVc

PILA 

Lista1 

RDA Inizializza 

lista 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9eR f 9Ne



GBbi2 +QHH2;�i2

pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB  HBbi�V
&
 HBbi�4LlGGc
'

amTTQMB�KQ Q`� +?2 AMBxB�HBxx� bB� +?B�K�i� T�bb�M/Q +QK2
T�`�K2i`Q HǶBM/B`BxxQ /2HH� p�`B�#BH2 GBbi�R /B iBTQ
GBbi�.B1H2K2MiB- �/ 2b2KTBQ,

GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�U�GBbi�RVc

PILA  

Lista1 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9eR f 9Ne



GBbi2 +QHH2;�i2

*Qb� bm++2/2`2##2 b2 T�bb�bbBKQ BH T�`�K2i`Q T2` p�HQ`2\
pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB HBbi�V
&
HBbi�4LlGGc

'

K�BMUV &
GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�UGBbi�RVc
XXX

'

PILA  

Lista1 ? 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ek f 9Ne



GBbi2 +QHH2;�i2

*Qb� bm++2/2`2##2 b2 T�bb�bbBKQ BH T�`�K2i`Q T2` p�HQ`2\
pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB HBbi�V
&
HBbi�4LlGGc

'

K�BMUV &
GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�UGBbi�RVc
XXX

'

PILA  

Lista1 ? 

lista ? 

RDA Inizializza 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ek f 9Ne



GBbi2 +QHH2;�i2

*Qb� bm++2/2`2##2 b2 T�bb�bbBKQ BH T�`�K2i`Q T2` p�HQ`2\
pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB HBbi�V
&
HBbi�4LlGGc

'

K�BMUV &
GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�UGBbi�RVc
XXX

'

PILA  

Lista1 ? 

lista 

RDA Inizializza 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ek f 9Ne



GBbi2 +QHH2;�i2

*Qb� bm++2/2`2##2 b2 T�bb�bbBKQ BH T�`�K2i`Q T2` p�HQ`2\
pQB/ AMBxB�HBxx�UGBbi�.B1H2K2MiB HBbi�V
&
HBbi�4LlGGc

'

K�BMUV &
GBbi�.B1H2K2MiB GBbi�Rc
AMBxB�HBxx�UGBbi�RVc
XXX

'

PILA  

Lista1 ? 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ek f 9Ne



GBbi2 +QHH2;�i2

*QMi`QHHQ HBbi� pmQi�

#QQH2�M GBbi�omQi�UGBbi�.B1H2K2MiB HBbi�V
&
`2im`M UHBbi�44LlGGVc
'

� HBbi� pB2M2 T�bb�iQ BH p�HQ`2 +QMi2MmiQ M2HH� p�`B�#BH2 i2bi� /B HBbi� 2
[mBM/B TmMi� �H T`BKQ 2H2K2MiQ /2HH� HBbi� +QMbB/2`�i�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ej f 9Ne



GBbi2 +QHH2;�i2

ai�KT� /2;HB 2H2K2MiB /B mM� HBbi�
.�i� H� HBbi�

pQ;HB�KQ +?2 p2M;� bi�KT�iQ,
8 Ĝ> 3 Ĝ> 9 Ĝ> ff

  

5 8 4 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9e9 f 9Ne



GBbi2 +QHH2;�i2

o2`bBQM2 Bi2`�iBp�,
pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&

r?BH2 UHBb 54 LlGGV
&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

HBb 4 HBb@=M2ti 7� TmMi�`2 HBb �HHǶ2H2K2MiQ bm++2bbBpQ /2HH� HBbi�
UHBb 54 LlGGV T2`K2ii2 /B b+Q``2`2 }MQ �HH� }M2 /2HH� HBbi�- /B +mB
bQHBi�K2Mi2 MQM b�TTB�KQ H� HmM;?2xx�X
�ii2MxBQM2, SQbbB�KQ mb�`2 HBb T2` b+Q``2`2 H� HBbi� T2`+?û- �p2M/Q
miBHBxx�iQ BH T�bb�;;BQ T2` p�HQ`2- H2 KQ/B}+?2 � HBb MQM bB
`BT2`+mQiQMQ bmH T�`�K2i`Q �iim�H2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9e8 f 9Ne



GBbi2 +QHH2;�i2

pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&
r?BH2 UHBb 54 LlGGV

&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�UGBbi�RVc
XXX

'

 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ee f 9Ne



GBbi2 +QHH2;�i2

pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&
r?BH2 UHBb 54 LlGGV

&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�UGBbi�RVc
XXX

'

PILA HEAP 

5 

8 

4 
Lista1 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ee f 9Ne



GBbi2 +QHH2;�i2

pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&
r?BH2 UHBb 54 LlGGV

&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�UGBbi�RVc
XXX

'

PILA HEAP 

5 

8 

4 
Lista1 

lis 

RDA StampaLista 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ee f 9Ne



GBbi2 +QHH2;�i2

pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&
r?BH2 UHBb 54 LlGGV

&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�UGBbi�RVc
XXX

'

PILA HEAP 

5 

8 

4 
Lista1 

lis 

RDA StampaLista 

Output 

5 -->  

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ee f 9Ne



GBbi2 +QHH2;�i2

pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&
r?BH2 UHBb 54 LlGGV

&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�UGBbi�RVc
XXX

'

PILA HEAP 

5 

8 

4 
Lista1 

lis 

RDA StampaLista 

Output 

5 --> 8 -->  

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ee f 9Ne



GBbi2 +QHH2;�i2

pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&
r?BH2 UHBb 54 LlGGV

&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�UGBbi�RVc
XXX

'

PILA HEAP 

5 

8 

Lista1 

lis 

RDA StampaLista 

Output 

5 --> 8 --> 4 --> // 

4 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ee f 9Ne



GBbi2 +QHH2;�i2

pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB HBbV
&
r?BH2 UHBb 54 LlGGV

&
T`BMi7U]W/ @@=]- HBb@=BM7QVc
HBb 4 HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�UGBbi�RVc
XXX

'

PILA HEAP 

5 

8 

Lista1 

Output 

5 --> 8 --> 4 --> // 

4 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ee f 9Ne



GBbi2 +QHH2;�i2

*Qb� b�`2##2 bm++2bbQ T�bb�M/Q BH T�`�K2i`Q T2` BM/B`BxxQ\
pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB  HBbV
&
r?BH2 U HBb 54 LlGGV

&
T`BMi7U]W/ @@=]-  HBb@=BM7QVc
 HBb 4  HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�U�GBbi�RVc
XXX

'

 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ed f 9Ne



GBbi2 +QHH2;�i2

*Qb� b�`2##2 bm++2bbQ T�bb�M/Q BH T�`�K2i`Q T2` BM/B`BxxQ\
pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB  HBbV
&
r?BH2 U HBb 54 LlGGV

&
T`BMi7U]W/ @@=]-  HBb@=BM7QVc
 HBb 4  HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�U�GBbi�RVc
XXX

'

PILA HEAP 

5 

8 

4 
Lista1 

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 9ed f 9Ne



GBbi2 +QHH2;�i2

*Qb� b�`2##2 bm++2bbQ T�bb�M/Q BH T�`�K2i`Q T2` BM/B`BxxQ\
pQB/ ai�KT�GBbi�UGBbi�.B1H2K2MiB  HBbV
&
r?BH2 U HBb 54 LlGGV

&
T`BMi7U]W/ @@=]-  HBb@=BM7QVc
 HBb 4  HBb@=M2tic
'

T`BMi7U]ff]Vc
'

K�BMUV
&
GBbi�.B1H2K2MiB GBbi�Rc
XXX
f +Qbi`mxBQM2 HBbi� 8 @@= 3 @@= 9  f
XXX
ai�KT�GBbi�U�GBbi�RVc
XXX

'

PILA HEAP 

5 

8 
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