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7KH�WR6WULQJ�PHWKRG ���
7KH�LQGH[2I�PHWKRG ���
7KH�LV(PSW\��VL]H��DQG�JHW+HDG�PHWKRGV ���

'RXEO\�OLQNHG�OLVWV ���
,QVHUWLQJ�D�QHZ�HOHPHQW�DW�DQ\�SRVLWLRQ ���
5HPRYLQJ�HOHPHQWV�IURP�DQ\�SRVLWLRQ ���

&LUFXODU�OLQNHG�OLVWV ���
6XPPDU\ ���

&KDSWHU����6HWV ���
6WUXFWXULQJ�D�GDWDVHW ���
&UHDWLQJ�D�VHW ���

7KH�KDV��YDOXH��PHWKRG ���
7KH�DGG�PHWKRG ���
7KH�GHOHWH�DQG�FOHDU�PHWKRGV ���
7KH�VL]H�PHWKRG ���
7KH�YDOXHV�PHWKRG ���
8VLQJ�WKH�6HW�FODVV ���

6HW�RSHUDWLRQV ���
6HW�XQLRQ ���
6HW�LQWHUVHFWLRQ ���
6HW�GLIIHUHQFH ���
6XEVHW ���

(6��c�WKH�6HW�FODVV ���
(6��6HW�FODVV�RSHUDWLRQV ���

6LPXODWLQJ�WKH�XQLRQ�RSHUDWLRQ ���
6LPXODWLQJ�WKH�LQWHUVHFWLRQ�RSHUDWLRQ ���
6LPXODWLQJ�WKH�GLIIHUHQFH�RSHUDWLRQ ���

6XPPDU\ ���
&KDSWHU����'LFWLRQDULHV�DQG�+DVKHV ���

'LFWLRQDULHV ���
&UHDWLQJ�D�GLFWLRQDU\ ���

7KH�KDV�DQG�VHW�PHWKRGV ���
7KH�GHOHWH�PHWKRG ���
7KH�JHW�DQG�YDOXHV�PHWKRGV ���
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7KH�FOHDU��VL]H��NH\V��DQG�JHW,WHPV�PHWKRGV ���
8VLQJ�WKH�'LFWLRQDU\�FODVV ���

7KH�KDVK�WDEOH ���
&UHDWLQJ�D�KDVK�WDEOH ���
8VLQJ�WKH�+DVK7DEOH�FODVV ���
+DVK�WDEOH�YHUVXV�KDVK�VHW ���
+DQGOLQJ�FROOLVLRQV�EHWZHHQ�KDVK�WDEOHV ���

6HSDUDWH�FKDLQLQJ ���
7KH�SXW�PHWKRG ���
7KH�JHW�PHWKRG ���
7KH�UHPRYH�PHWKRG ���

/LQHDU�SURELQJ ���
7KH�SXW�PHWKRG ���
7KH�JHW�PHWKRG ���
7KH�UHPRYH�PHWKRG ���

&UHDWLQJ�EHWWHU�KDVK�IXQFWLRQV ���
7KH�(6��0DS�FODVV ���
7KH�(6��:HDN0DS�DQG�:HDN6HW�FODVVHV ���
6XPPDU\ ���

&KDSWHU����7UHHV ���
7KH�WUHH�GDWD�VWUXFWXUH ���
7UHH�WHUPLQRORJ\ ���
7KH�ELQDU\�DQG�ELQDU\�VHDUFK�WUHHV ���

&UHDWLQJ�WKH�%LQDU\6HDUFK7UHH�FODVV ���
,QVHUWLQJ�D�NH\�LQWR�D�WUHH ���

7UHH�WUDYHUVDO ���
,Q�RUGHU�WUDYHUVDO ���
3UH�RUGHU�WUDYHUVDO ���
3RVW�RUGHU�WUDYHUVDO ���

6HDUFKLQJ�IRU�YDOXHV�LQ�D�WUHH ���
6HDUFKLQJ�IRU�PLQLPXP�DQG�PD[LPXP�YDOXHV ���
6HDUFKLQJ�IRU�D�VSHFLILF�YDOXH ���
5HPRYLQJ�D�QRGH ���

5HPRYLQJ�D�OHDI�QRGH ���
5HPRYLQJ�D�QRGH�ZLWK�D�OHIW�RU�ULJKW�FKLOG ���
5HPRYLQJ�D�QRGH�ZLWK�WZR�FKLOGUHQ ���

6HOI�EDODQFLQJ�WUHHV ���
$GHOVRQ�9HOVNLL�DQG�/DQGL
V�WUHH��$9/�WUHH� ���

,QVHUWLQJ�D�QRGH�LQ�WKH�$9/�WUHH ���
&DOFXODWLQJ�WKH�EDODQFH�IDFWRU ���
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$9/�URWDWLRQV ���
&RPSOHWLQJ�WKH�LQVHUW1RGH�PHWKRG ���

0RUH�DERXW�ELQDU\�WUHHV ���
6XPPDU\ ���

&KDSWHU����*UDSKV ���
*UDSK�WHUPLQRORJ\ ���

'LUHFWHG�DQG�XQGLUHFWHG�JUDSKV ���
5HSUHVHQWLQJ�D�JUDSK ���

7KH�DGMDFHQF\�PDWUL[ ���
7KH�DGMDFHQF\�OLVW ���
7KH�LQFLGHQFH�PDWUL[ ���

&UHDWLQJ�WKH�*UDSK�FODVV ���
*UDSK�WUDYHUVDOV ���

%UHDGWK�ILUVW�VHDUFK��%)6� ���
)LQGLQJ�WKH�VKRUWHVW�SDWKV�XVLQJ�%)6 ���
)XUWKHU�VWXG\�RQ�WKH�VKRUWHVW�SDWKV�DOJRULWKPV ���

'HSWK�ILUVW�VHDUFK��')6� ���
([SORULQJ�WKH�')6�DOJRULWKP ���
7RSRORJLFDO�VRUWLQJ�XVLQJ�')6 ���

6KRUWHVW�SDWK�DOJRULWKPV ���
'LMNVWUD
V�DOJRULWKP ���
7KH�)OR\G�:DUVKDOO�DOJRULWKP ���

0LQLPXP�VSDQQLQJ�WUHH��067� ���
3ULP
V�DOJRULWKP ���
.UXVNDO
V�DOJRULWKP ���

6XPPDU\ ���
&KDSWHU�����6RUWLQJ�DQG�6HDUFKLQJ�$OJRULWKPV ���

7KH�VRUWLQJ�DOJRULWKPV ���
7KH�EXEEOH�VRUW ���

7KH�LPSURYHG�EXEEOH�VRUW ���
7KH�VHOHFWLRQ�VRUW ���
7KH�LQVHUWLRQ�VRUW ���
7KH�PHUJH�VRUW ���
7KH�TXLFN�VRUW ���

7KH�SDUWLWLRQ�SURFHVV ���
7KH�TXLFN�VRUW�LQ�DFWLRQ ���

7KH�KHDS�VRUW ���
7KH�FRXQWLQJ��EXFNHW��DQG�UDGL[�VRUWV��WKH�GLVWULEXWLRQ�VRUWV� ���

6HDUFKLQJ�DOJRULWKPV ���
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7KH�VHTXHQWLDO�VHDUFK ���
7KH�ELQDU\�VHDUFK ���

6XPPDU\ ���
&KDSWHU�����3DWWHUQV�RI�$OJRULWKP ���

5HFXUVLRQ ���
-DYD6FULSW�OLPLWDWLRQ�RQ�WKH�FDOO�VWDFN�VL]H ���
7KH�)LERQDFFL�VHTXHQFH ���

'\QDPLF�SURJUDPPLQJ ���
7KH�PLQLPXP�FRLQ�FKDQJH�SUREOHP ���
7KH�NQDSVDFN�SUREOHP ���
7KH�ORQJHVW�FRPPRQ�VXEVHTXHQFH ���
0DWUL[�FKDLQ�PXOWLSOLFDWLRQ ���

*UHHG\�DOJRULWKPV ���
7KH�PLQ�FRLQ�FKDQJH�SUREOHP ���
7KH�IUDFWLRQDO�NQDSVDFN�SUREOHP ���

,QWURGXFWLRQ�WR�IXQFWLRQDO�SURJUDPPLQJ ���
)XQFWLRQDO�YHUVXV�LPSHUDWLYH�SURJUDPPLQJ ���
(6�����DQG�IXQFWLRQDO�SURJUDPPLQJ ���
7KH�-DYD6FULSW�IXQFWLRQDO�WRROER[�c�PDS��ILOWHU��DQG�UHGXFH ���
-DYD6FULSW�IXQFWLRQDO�OLEUDULHV�DQG�GDWD�VWUXFWXUHV ���

6XPPDU\ ���
&KDSWHU�����$OJRULWKP�&RPSOH[LW\ ���

%LJ�2�QRWDWLRQ ���
8QGHUVWDQGLQJ�ELJ�2�QRWDWLRQ ���

2��� ���
2�Q� ���
2�Q

2
� ���

&RPSDULQJ�FRPSOH[LWLHV ���
'DWD�6WUXFWXUHV ���
*UDSKV ���
6RUWLQJ�$OJRULWKPV ���
6HDUFKLQJ�$OJRULWKPV ���

,QWURGXFWLRQ�WR�WKH�13�&RPSOHWHQHVV�WKHRU\ ���
,PSRVVLEOH�SUREOHPV�DQG�KHXULVWLF�DOJRULWKPV ���

+DYLQJ�IXQ�ZLWK�DOJRULWKPV ���
6XPPDU\ ���

,QGH[ ���
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function Stack() {
  //properties and methods go here
}
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class Stack {
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  push(element){
    this.items.push(element);
  }
  //other methods
}
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�$!*h5+1h+,!*h�%.!�1#hS/%),(5h�(%�'h+*h%0/h%�+*TMh5+1h3%((h/!!h0$!h�+*/+(!h0��Mh�* h5+1
3%((h�!h��(!h0+h3.%0!h�((h5+1.h��2���.%,0h�+ !h%*h%0/h�+))�* e(%*!h�.!�Mh�/h !)+*/0.�0! h%*
0$!h"+((+3%*#h/�.!!*/$+0hS0+h!4!�10!h0$!h/+1.�!h�+ !Mh5+1h*!! h0+h�(%�'h+*h0$!h�1*h�100+*TN

�+1h��*h�(/+h!4,�* h0$!h�+))�* h(%*!h0+h"%0h0$!h!*0%.!h�2�%(��(!h�.!�h+"h0$!h�%.!�1#h�  e+*L
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�+1h��*h�(/+h1/!h	++#(!h�$.+)!Lh�$.+)!h�(.!� 5h�+)!/h3%0$h	++#(!b�!2!(+,!.b�++(/Lh�+
+,!*h%0Mh(+��0!h0$!h/!00%*#h�* h�+*0.+(h%�+*h�* h*�2%#�0!h0+h�++(/hdh�!2!(+,!.b�++(/Mh�/
/$+3*h%*h0$!h"+((+3%*#h/�.!!*/$+0N

�$!*Mh%*h0$!h�+*/+(!h0��Mh5+1h��*h3.%0!h5+1.h+3*h��2���.%,0h�+ !h"+.h0!/0%*#Mh�/h"+((+3/N

8VLQJ�ZHE�VHUYHUV��;$033�
�$!h/!�+* h!*2%.+*)!*0h5+1h)%#$0h3�*0h0+h%*/0�((h+*h5+1.h�+),10!.h%/h�(/+h/%),(!Mh�10h%0\/
�h(%00(!h�%0h)+.!h�+),(!4h0$�*h&1/0h1/%*#h�h�.+3/!.L
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�+1h3%((h*!! h0+h%*/0�((h�����hSh t t p s : / / w w w . a p a c h e f r i e n d s . o r gTh+.h�*5h3!�h/!.2!.
+"h5+1.h,.!"!.!*�!Lh�$!*Mh%*/% !h0$!h�����h%*/0�((�0%+*h"+( !.Mh5+1h3%((h"%* h0$!hhtdocs
 %.!�0+.5Lh�+1h��*h�.!�0!h�h*!3h"+( !.h%*h3$%�$h5+1h��*h!4!�10!h0$!h/+1.�!h�+ !h3!h3%((
%),(!)!*0h%*h0$%/h�++'Mh+.h5+1h��*h +3*(+� h0$!h/+1.�!h�+ !h".+)h0$%/h�++'h�* h!40.��0h%0
0+h0$!hhtdocsh %.!�0+.5Mh�/h"+((+3/N

�$!*Mh5+1h��*h���!//h0$!h/+1.�!h�+ !h".+)h5+1.h�.+3/!.h1/%*#h5+1.h(+��($+/0h���hS�"0!.
/0�.0%*#h0$!h�����h/!.2!.TMh�/h/$+3*h%*h0$!h"+((+3%*#h/�.!!*/$+0hS +h*+0h"+.#!0h0+h!*��(!
�%.!�1#h+.h	++#(!h�!2!(+,!.h�++(/h0+h/!!h0$!h+10,10TN

https://www.apachefriends.org
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�$!*h!4!�10%*#h0$!h!4�),(!/Mh�(3�5/h.!)!)�!.h0+h$�2!h	++#(!
�!2!(+,!.h�++(/h+.h�%.!�1#h+,!*h0+h/!!h0$!h+10,10L

,W
V�DOO�DERXW�-DYD6FULSW��1RGH�MV�
�$!h0$%. h+,0%+*h%/h$�2%*#h�*h!*2%.+*)!*0h0$�0h%/h988h,!.�!*0h��2���.%,0Rh�*/0!� h+"h1/%*#
�����Mh3$%�$h%/h�*h�,��$!h/!.2!.Mh3!h��*h1/!h�h��2���.%,0h/!.2!.L

�+h +h/+Mh3!h*!! h0+h$�2!h�+ !L&/h%*/0�((! Lh	+h0+hh t t p : / / n o d e j s . o r g /h�* h +3*(+� 
�* h%*/0�((h�+ !L&/Lh�"0!.h0$%/Mh+,!*h0$!h0!.)%*�(h�,,(%��0%+*hS%"h5+1h�.!h1/%*#h�%* +3/M
+,!*h0$!h�+))�* h,.+),0h3%0$h�+ !L&/Mh3$%�$h3�/h%*/0�((! h3%0$h�+ !L&/Th�* h.1*h0$!
"+((+3%*#h�+))�* N

    QSP�LQVWDOO�KWWS�VHUYHU��J

��'!h/1.!h5+1h05,!h0$!h�+))�* h�* h +*\0h�+,5h�* h,�/0!h%0Lh�+,5%*#h0$!h�+))�* 
)%#$0h#%2!h5+1h/+)!h!..+./L

�+1h��*h�(/+h!4!�10!h0$!h�+))�* h�/h�*h� )%*%/0.�0+.Lh�+.h�%*14h�* h���h/5/0!)/Mh1/!h0$!
"+((+3%*#h�+))�* N

    VXGR�QSP�LQVWDOO�KWWS�VHUYHU��J

�$%/h�+))�* h3%((h%*/0�((hhttp-serverMh3$%�$h%/h�h��2���.%,0h/!.2!.Lh�+h/0�.0h�h/!.2!.h�* 
.1*h0$!h!4�),(!/h".+)h0$%/h�++'h%*h0$!h0!.)%*�(h�,,(%��0%+*Mh�$�*#!h0$!h %.!�0+.5h0+h0$!
"+( !.h0$�0h�+*0�%*/h0$!h�++'\/h/+1.�!h�+ !h�* h05,!hhttp-serverMh�/h %/,(�5! h%*h0$!
"+((+3%*#h/�.!!*/$+0N

http://nodejs.org/
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�+h!4!�10!h0$!h!4�),(!/Mh+,!*h0$!h�.+3/!.h�* h���!//h0$!h(+��($+/0h+*h0$!h,+.0h/,!�%"%! h�5
0$!hhttp-serverh�+))�* Mh�/h"+((+3/N

�!0�%(! h/0!,/h0+h +3*(+� h0$!h�+ !h�1* (!h�.!h)!*0%+*! h%*h0$!h�.!"��!
+"h0$%/h�++'Lh�(!�/!h$�2!h�h(++'Lh�$!h�+ !h�1* (!h"+.h0$!h�++'h%/h�(/+
$+/0! h+*h	%0
1�h�0hh t t p s : / / g i t h u b . c o m / l o i a n e / j a v a s c r i p t - d a t a
s t r u c t u r e s - a l g o r i t h m sLh�!h�(/+h$�2!h+0$!.h�+ !h�1* (!/h".+)h+1.
.%�$h��0�(+#h+"h�++'/h�* h2% !+/h�2�%(��(!h�0hh t t p s : / / g i t h u b . c o m / P a c k
t P u b l i s h i n g /Lh�$!�'h0$!)h+10R

-DYD6FULSW�EDVLFV
�!"+.!h3!h/0�.0h %2%*#h%*0+h0$!h2�.%+1/h �0�h/0.1�01.!/h�* h�(#+.%0$)/Mh(!0\/h$�2!h�h-1%�'
+2!.2%!3h+"h0$!h��2���.%,0h(�*#1�#!Lh�$%/h/!�0%+*h3%((h,.!/!*0h0$!h��2���.%,0h��/%�/h.!-1%.! 
0+h%),(!)!*0h0$!h�(#+.%0$)/h3!h3%((h�.!�0!h%*h0$!h/1�/!-1!*0h�$�,0!./L

�+h/0�.0Mh(!0\/h0�'!h�h(++'h�0h0$!h03+h %""!.!*0h3�5/h3!h��*h1/!h��2���.%,0h�+ !h+*h�*h
���
,�#!N

<!DOCTYPE html>
<html>
  <head>

https://github.com/loiane/javascript-datastructures-algorithms
https://github.com/loiane/javascript-datastructures-algorithms
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
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    <meta charset="UTF-8">
  </head>
  <body>
    <script>
      alert('Hello, World!');
    </script>
  </body>
</html>

�$!h"%./0h3�5h%/h !)+*/0.�0! h�5h0$!h,.!2%+1/h�+ !Lh�!h*!! h0+h�.!�0!h�*h
���h"%(!h�* 
3.%0!h0$%/h�+ !h+*h%0Lh�*h0$%/h!4�),(!Mh3!h�.!h !�(�.%*#h0$!hscripth0�#h%*/% !h0$!h
���h"%(!
�* Mh%*/% !h0$!hscripth0�#Mh3!h$�2!h0$!h��2���.%,0h�+ !L

�+.h0$!h/!�+* h!4�),(!Mh3!h*!! h0+h�.!�0!h�h��2���.%,0h"%(!hS3!h��*h/�2!h%0h�/h01-
HelloWorld.jsTh�* Mh%*/% !h0$%/h"%(!Mh3!h3%((h%*/!.0h0$!h"+((+3%*#h�+ !N

alert('Hello, World!');

�$!*Mh+1.h
���h"%(!h3%((h(++'h/%)%(�.h0+h0$%/N

<!DOCTYPE html>
<html>
  <head>
    <meta charset="UTF-8">
  </head>
  <body>
    <script src="01-HelloWorld.js">
    </script>
  </body>
</html>

�$!h/!�+* h!4�),(!h !)+*/0.�0!/h$+3h0+h%*�(1 !h�h��2���.%,0h"%(!h%*/% !h�*h
���h"%(!L

�5h!4!�10%*#h�*5h+"h0$!/!h03+h!4�),(!/Mh0$!h+10,10h3%((h�!h0$!h/�)!Lh
+3!2!.Mh0$!h/!�+* 
!4�),(!h%/h�!/0h,.��0%�!L

�+1h)�5h"%* h��2���.%,0hincludeh/0�0!)!*0/h+.h��2���.%,0h�+ !h%*/% !h0$!
headh0�#h%*h/+)!h!4�),(!/h+*h0$!h�*0!.*!0Lh�/h�!/0h,.��0%�!Mh3!h3%((
%*�(1 !h�*5h��2���.%,0h�+ !h�0h0$!h!* h+"h0$!hbodyh0�#Lh�$%/h3�5Mh0$!

���h3%((h�!h,�./! h�5h0$!h�.+3/!.h�* h %/,(�5! h�!"+.!h0$!h/�.%,0/h�.!
(+� ! Lh�$%/h�++/0/h0$!h,!."+.)�*�!h+"h0$!h,�#!L



��3�� /&-1c�d�2& (d�3"/3&"4

Tb8<bU

9DULDEOHV
��.%��(!/h/0+.!h �0�h0$�0h��*h�!h/!0Mh1, �0! Mh�* h.!0.%!2! h3$!*!2!.h*!! ! Lh��(1!/h0$�0
�.!h�//%#*! h0+h�h2�.%��(!h�!(+*#h0+h�h05,!Lh�*h��2���.%,0Mh0$!h�2�%(��(!h05,!/h�.!h*1)�!./M
/0.%*#/Mh�++(!�*/Mh"1*�0%+*/Mh�* h+�&!�0/Lh�!h�(/+h$�2!h1* !"%*! h�* h*1((Mh�(+*#h3%0$
�..�5/Mh �0!/Mh�* h.!#1(�.h!4,.!//%+*/L

�(0$+1#$h��2���.%,0h$�/h %""!.!*0h�2�%(��(!h2�.%��(!h05,!/Mh%0h%/h*+0h�
/0.+*#(5b05,! h(�*#1�#!h/1�$h�/h�b�CCMh�IMh��2�Lh�*h/0.+*#(5h05,! 
(�*#1�#!/Mh3!h*!! h0+h !�(�.!h0$!h05,!h+"h0$!h2�.%��(!h�(+*#h3%0$h%0/
 !�(�.�0%+*hS%*h��2�Mh"+.h!4�),(!Mh0+h !�(�.!h�*h%*0!#!.h2�.%��(!Mh3!h1/!
int num = 1;TLh�*h��2���.%,0Mh3!h+*(5h*!! h0+h1/!h0$!h'!53+. hvarMh�* 
3!h +h*+0h*!! h0+h !�(�.!h0$!h2�.%��(!h05,!Lh�+.h0$%/h.!�/+*Mh��2���.%,0h%/
*+0h�h/0.+*#(5h05,! h(�*#1�#!L

�$!h"+((+3%*#h%/h�*h!4�),(!h+"h$+3h0+h1/!h2�.%��(!/h%*h��2���.%,0N

var num = 1; //{1}
num = 3; //{2}
var price = 1.5; //{3}
var name = 'Packt'; //{4}
var trueValue = true; //{5}
var nullVar = null; //{6}
var und;  //{7}

�*h(%*!h{1}Mh3!h$�2!h�*h!4�),(!h+"h$+3h0+h !�(�.!h�h2�.%��(!h%*h��2���.%,0hS3!
�.!h !�(�.%*#h�h*1)�!.TLh�(0$+1#$h%0h%/h*+0h*!�!//�.5h0+h1/!h0$!hvarh'!53+. 
 !�(�.�0%+*Mh%0h%/h#++ h,.��0%�!h0+h�(3�5/h/,!�%"5h3$!*h3!h !�(�.!h�h*!3h2�.%��(!L
�*h(%*!h{2}Mh3!h1, �0! h�*h!4%/0%*#h2�.%��(!Lh��2���.%,0h%/h*+0h�h/0.+*#(5h05,! 
(�*#1�#!Lh�$%/h)!�*/h5+1h��*h !�(�.!h�h2�.%��(!Mh%*%0%�(%6!h%0h3%0$h�h*1)�!.Mh�* 
0$!*h1, �0!h%0h3%0$h�h/0.%*#h+.h�*5h+0$!.h �0�05,!Lh�//%#*%*#h�h2�(1!h0+h�h2�.%��(!
0$�0h%/h %""!.!*0h".+)h%0/h+.%#%*�(h05,!h%/h�(/+h*+0h#++ h,.��0%�!L
�*h(%*!h{3}Mh3!h�(/+h !�(�.! h�h*1)�!.Mh�10h0$%/h0%)!h%0h%/h�h !�%)�(h"(+�0%*#
,+%*0Lh�*h(%*!h{4}Mh3!h !�(�.! h�h/0.%*#Oh+*h(%*!h{5}Mh3!h !�(�.! h�h�++(!�*Lh�*
(%*!h{6}Mh3!h !�(�.! h�hnullh2�(1!Mh�* h+*h(%*!h{7}Mh3!h !�(�.! h�*h1* !"%*! 
2�.%��(!Lh�hnullh2�(1!h)!�*/h*+h2�(1!Mh�* hundefinedh)!�*/h�h2�.%��(!h0$�0
$�/h�!!*h !�(�.! h�10h*+0h5!0h�//%#*! h�h2�(1!Lh��'!h�h(++'h�0h0$!h"+((+3%*#N

        console.log("num: "+ num);
        console.log("name: "+ name);
        console.log("trueValue: "+ trueValue);
        console.log("price: "+ price);
        console.log("nullVar: "+ nullVar);
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        console.log("und: "+ und);

�"h3!h3�*0h0+h/!!h0$!h2�(1!h+"h!��$h2�.%��(!h3!h !�(�.! Mh3!h��*h1/!hconsole.logh0+h +h/+M
�/h(%/0! h%*h0$!h,.!2%+1/h�+ !h/*%,,!0L

�!h$�2!h0$.!!h3�5/h+"h+10,100%*#h2�(1!/h%*h��2���.%,0h0$�0h3!h��*h1/!
3%0$h0$!h!4�),(!/h+"h0$%/h�++'Lh�$!h"%./0h+*!h%/halert('My text here')M
3$%�$h+10,10/h�*h�(!.0h3%* +3h+*h0$!h�.+3/!.Mh�* h0$!h/!�+* h+*!h%/
console.log('My text here')Mh3$%�$h+10,10/h0!40h+*h0$!h�+*/+(!h0��
+"h0$!h !�1#h0++(hS	++#(!h�!2!(+,!.h�++(/h+.h�%.!�1#Mh !,!* %*#h+*h0$!
�.+3/!.h5+1h�.!h1/%*#TLh�$!h0$%. h3�5h%/h+10,100%*#h0$!h2�(1!h %.!�0(5h+*
0$!h
���h,�#!h0$�0h%/h.!* !.! h�5h0$!h�.+3/!.h1/%*#
document.write('My text here')Lh�+1h��*h1/!h0$!h+,0%+*h0$�0h5+1
"!!(h)+/0h�+)"+.0��(!h3%0$L

�$!hconsole.logh)!0$+ h�(/+h���!,0/h)+.!h0$�*h&1/0h�.#1)!*0/Lh�*/0!� h+"
console.log("num: "+ num)Mh3!h��*h�(/+h1/!hconsole.log("num: ", num)L

�!h3%((h %/�1//h"1*�0%+*/h�* h+�&!�0/h(�0!.h%*h0$%/h�$�,0!.L

9DULDEOH�VFRSH
��+,!h.!"!./h0+h3$!.!h%*h0$!h�(#+.%0$)h3!h��*h���!//h0$!h2�.%��(!hS%0h��*h�(/+h�!h�h"1*�0%+*
3$!*h3!h3+.'h3%0$h"1*�0%+*h/�+,!/TLh�$!.!h�.!h(+��(h�* h#(+��(h2�.%��(!/L

�!0\/h(++'h�0h�*h!4�),(!N

var myVariable = 'global';
myOtherVariable = 'global';

function myFunction(){
  var myVariable = 'local';
  return myVariable;
}

function myOtherFunction(){
  myOtherVariable = 'local';
  return myOtherVariable;
}

console.log(myVariable);   //{1}
console.log(myFunction()); //{2}

console.log(myOtherVariable);   //{3}
console.log(myOtherFunction()); //{4}
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console.log(myOtherVariable);   //{5}

�%*!h{1}h3%((h+10,10hglobalh�!��1/!h3!h�.!h.!"!..%*#h0+h�hglobalh2�.%��(!L
�%*!h{2}h3%((h+10,10hlocalh�!��1/!h3!h !�(�.! h0$!hmyVariableh2�.%��(!h%*/% !
0$!hmyFunctionh"1*�0%+*h�/h�h(+��(h2�.%��(!Mh/+h0$!h/�+,!h3%((h+*(5h�!h%*/% !
myFunctionL
�%*!h{3}h3%((h+10,10hglobalh�!��1/!h3!h�.!h.!"!.!*�%*#h0$!h#(+��(h2�.%��(!
*�)! hmyOtherVariableh0$�0h3�/h%*%0%�(%6! h+*h0$!h/!�+* h(%*!h+"h0$!h!4�),(!L
�%*!h{4}h3%((h+10,10hlocalLh�*/% !h0$!hmyOtherFunctionh"1*�0%+*Mh3!
h.!"!.!*�%*#h0$!hmyOtherVariableh#(+��(h2�.%��(!h�* h�//%#*%*#h0$!h2�(1!
localh0+h%0h�!��1/!h3!h�.!h*+0h !�(�.%*#h0$!h2�.%��(!h1/%*#h0$!hvarh'!53+. L
�+.h0$%/h.!�/+*Mh(%*!h{5}h3%((h+10,10hlocalhS�!��1/!h3!h�$�*#! h0$!h2�(1!h+"h0$!
2�.%��(!h%*/% !hmyOtherFunctionTL

�+1h)�5h$!�.h0$�0h#(+��(h2�.%��(!/h%*h��2���.%,0h�.!h!2%(h�* h0$%/h%/h0.1!Lh�/1�((5Mh0$!
-1�(%05h+"h��2���.%,0h/+1.�!h�+ !h%/h)!�/1.! h�5h0$!h*1)�!.h+"h#(+��(h2�.%��(!/h�* 
"1*�0%+*/hS�h(�.#!h*1)�!.h%/h�� TLh�+Mh3$!*!2!.h,+//%�(!Mh0.5h�2+% %*#h#(+��(h2�.%��(!/L

2SHUDWRUV
�!h*!! h+,!.�0+./h3$!*h,!."+.)%*#h�*5h+,!.�0%+*h%*h�h,.+#.�))%*#h(�*#1�#!Lh��2���.%,0
�(/+h$�/h�.%0$)!0%�Mh�//%#*)!*0Mh�+),�.%/+*Mh(+#%��(Mh�%03%/!Mh�* h1*�.5h+,!.�0+./Mh�)+*#
+0$!./Lh�!0\/h0�'!h�h(++'h�0h0$!/!N

var num = 0; // {1}
num = num + 2;
num = num * 3;
num = num / 2;
num++;
num--;

num += 1; // {2}
num -= 2;
num *= 3;
num /= 2;
num %= 3;

console.log('num == 1 : ' + (num == 1)); // {3}
console.log('num === 1 : ' + (num === 1));
console.log('num != 1 : ' + (num != 1));
console.log('num > 1 : ' + (num > 1));
console.log('num < 1 : ' + (num < 1));
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console.log('num >= 1 : ' + (num >= 1));
console.log('num <= 1 : ' + (num <= 1));

console.log('true && false : ' + (true && false)); // {4}
console.log('true || false : ' + (true || false));
console.log('!true : ' + (!true));

�*h(%*!h{1}Mh3!h$�2!h0$!h�.%0$)!0%�h+,!.�0+./Lh�*h0$!h"+((+3%*#h0��(!Mh3!h$�2!h0$!h+,!.�0+./
�* h0$!%.h !/�.%,0%+*/N

�.%0$)!0%�b+,!.�0+. �!/�.%,0%+*

+ �  %0%+*

- �1�0.��0%+*

* �1(0%,(%��0%+*

/ �%2%/%+*

% �+ 1(1/hS.!)�%* !.h+"h�h %2%/%+*h+,!.�0%+*T

++ �*�.!)!*0

-- �!�.!)!*0

h

�*h(%*!h{2}Mh3!h$�2!h0$!h�//%#*)!*0h+,!.�0+./Lh�*h0$!h"+((+3%*#h0��(!Mh3!h$�2!h0$!
+,!.�0+./h�* h0$!%.h !/�.%,0%+*/N

�//%#*)!*0b+,!.�0+. �!/�.%,0%+*

= �//%#*)!*0

+= �  %0%+*h�//%#*)!*0hS5dCDd6TdDDdS5dDd5dCd6T

-= �1�0.��0%+*h�//%#*)!*0hS5daDd6TdDDdS5dDd5dbd6T

*= �1(0%,(%��0%+*h�//%#*)!*0hS5d]Dd6TdDDdS5dDd5d]d6T

/= �%2%/%+*h�//%#*)!*0hS5d^Dd6TdDDdS5dDd5d^d6T

%= �!)�%* !.h�//%#*)!*0hS5dBDd6TdDDdS5dDd5dBd6T
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�*h(%*!h{3}Mh3!h$�2!h0$!h�+),�.%/+*h+,!.�0+./Lh�*h0$!h"+((+3%*#h0��(!Mh3!h$�2!h0$!
+,!.�0+./h�* h0$!%.h !/�.%,0%+*/N

�+),�.%/+*b+,!.�0+. �!/�.%,0%+*

== �-1�(h0+

=== �-1�(h0+hS2�(1!h�* h+�&!�0h05,!h�+0$T

!= �+0h!-1�(h0+

> 	.!�0!.h0$�*

>= 	.!�0!.h0$�*h+.h!-1�(h0+

< �!//h0$�*

<= �!//h0$�*h+.h!-1�(h0+

h

�%*�((5Mh+*h(%*!h{4}Mh3!h$�2!h0$!h(+#%��(h+,!.�0+./Lh�*h0$!h"+((+3%*#h0��(!Mh3!h$�2!h0$!
+,!.�0+./h�* h0$!%.h !/�.%,0%+*/N

�+#%��(b+,!.�0+. �!/�.%,0%+*

&& �* 

|| �.

! �+0

h

��2���.%,0h�(/+h/1,,+.0/h�%03%/!h+,!.�0+./Mh3$%�$h�.!h/$+3*h�/h"+((+3/N

console.log('5 & 1:', (5 & 1));
console.log('5 | 1:', (5 | 1));
console.log('~ 5:', (~5));
console.log('5 ^ 1:', (5 ^ 1));
console.log('5 << 1:', (5 << 1));
console.log('5 >> 1:', (5 >> 1));

�$!h"+((+3%*#h0��(!h�+*0�%*/h�h)+.!h !0�%(! h !/�.%,0%+*h+"h0$!h�%03%/!h+,!.�0+./N

�%03%/!b+,!.�0+. �!/�.%,0%+*

& �* 

| �.
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~ �+0

^ �+.

<< �!"0h/$%"0

>> �%#$0h/$%"0

h

�$!htypeofh+,!.�0+.h.!01.*/h0$!h05,!h+"h0$!h2�.%��(!h+.h!4,.!//%+*Lh�+.h!4�),(!Mh$�2!h�
(++'h�0h0$!h"+((+3%*#h�+ !N

console.log('typeof num:', typeof num);
console.log('typeof Packt:', typeof 'Packt');
console.log('typeof true:', typeof true);
console.log('typeof [1,2,3]:', typeof [1,2,3]);
console.log('typeof {name:John}:', typeof {name:'John'});

�$!h+10,10h3%((h�!h�/h"+((+3/N

W\SHRI�QXP��QXPEHU
W\SHRI�3DFNW��VWULQJ
W\SHRI�WUXH��ERROHDQ
W\SHRI�>�����@��REMHFW
W\SHRI�^QDPH�-RKQ`��REMHFW

��2���.%,0h�(/+h/1,,+.0/h0$!hdeleteh+,!.�0+.Mh3$%�$h !(!0!/h�h,.+,!.05h".+)h�*h+�&!�0Lh��'!
�h(++'h�0h0$!h"+((+3%*#h�+ !N

var myObj = {name: 'John', age: 21};
delete myObj.age;
console.log(myObj); //outputs Object {name: "John"}

�*h0$%/h�++'\/h�(#+.%0$)/Mh3!h3%((h1/!h/+)!h+"h0$!/!h+,!.�0+./L

7UXWK\�DQG�IDOV\
�*h��2���.%,0Mh0.1!h�* h"�(/!h�.!h�h(%00(!h�%0h0.%�'5Lh�*h)+/0h(�*#1�#!/Mh0$!h�++(!�*h2�(1!/
trueh�* hfalseh.!,.!/!*0h0$!h0.1!b"�(/!h.!/1(0/Lh�*h��2���.%,0Mh�h/0.%*#h/1�$h�/hZ���'0[h$�/
0$!h2�(1!h0.1!Mh"+.h!4�),(!L
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�$!h"+((+3%*#h0��(!h��*h$!(,h1/h�!00!.h1* !./0�* h$+3h0.1!h�* h"�(/!h3+.'h%*h��2���.%,0N

��(1!b05,! �!/1(0

1* !"%*! false

*1(( false

�++(!�* 0.1!h%/htrueh�* h"�(/!h%/hfalse

�1)�!. �$!h.!/1(0h%/hfalseh"+.h+0Mh-0Mh+.hNaNOh+0$!.3%/!Mh0$!h.!/1(0h%/htrue

�0.%*# �$!h.!/1(0h%/hfalseh%"h0$!h/0.%*#h%/h!),05hS(!*#0$h%/h8TOh+0$!.3%/!Mh0$!h.!/1(0h%/
truehS(!*#0$hFh9T

��&!�0 true

h

�!0\/h�+*/% !.h/+)!h!4�),(!/h�* h2!.%"5h0$!%.h+10,10N

function testTruthy(val){
  return val � console.log('truthy') : console.log('falsy');
}

testTruthy(true); //true
testTruthy(false); //false
testTruthy(new Boolean(false)); //true (object is always true)

testTruthy(''); //false
testTruthy('Packt'); //true
testTruthy(new String('')); //true (object is always true)

testTruthy(1); //true
testTruthy(-1); //true
testTruthy(NaN); //false
testTruthy(new Number(NaN)); //true (object is always true)

testTruthy({}); //true (object is always true)

var obj = {name:'John'};
testTruthy(obj); //true
testTruthy(obj.name); //true
testTruthy(obj.age); //false (age does not exist)
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)XQFWLRQV�RI�WKH�HTXDOV�RSHUDWRUV��  �DQG�   �
�$!h03+h!-1�(h+,!.�0+./h/1,,+.0! h�5h��2���.%,0h��*h��1/!h�h(%00(!h�%0h+"h�+*"1/%+*h3$!*
3+.'%*#h3%0$h0$!)L

�$!*h1/%*#h==Mh2�(1!/h��*h�!h�+*/% !.! h!-1�(h!2!*h3$!*h0$!5h�.!h+"h %""!.!*0h05,!/Lh�$%/
��*h�!h�+*"1/%*#h!2!*h"+.h�h/!*%+.h��2���.%,0h !2!(+,!.Lh�!0\/h�*�(56!h$+3h==h3+.'/h1/%*#
0$!h"+((+3%*#h0��(!N

�5,!R4S �5,!R5S �!/1(0

*1(( 1* !"%*! true

1* !"%*! *1(( true

�1)�!. �0.%*# x == toNumber(y)

�0.%*# �1)�!. toNumber(x) == y

�++(!�* �*5 toNumber(x) == y

�*5 �++(!�* x == toNumber(y)

�0.%*#h+.h�1)�!. ��&!�0 x == toPrimitive(y)

��&!�0 �0.%*#h+.h�1)�!. toPrimitive(x) == y

h

�"h5h�* h6h�.!h+"h0$!h/�)!h05,!Mh0$!*h��2���.%,0h3%((h1/!h0$!hequalsh)!0$+ h0+h�+),�.!h0$!
03+h2�(1!/h+.h+�&!�0/Lh�*5h+0$!.h�+)�%*�0%+*h0$�0h%/h*+0h(%/0! h%*h0$!h0��(!h#%2!/h�h"�(/!
.!/1(0L

�$!htoNumberh�* htoPrimitiveh)!0$+ /h�.!h%*0!.*�(h�* h!2�(1�0!h0$!h2�(1!/h���+. %*#
0+h0$!h0��(!/h0$�0h"+((+3L

�$!htoNumberh)!0$+ h%/h,.!/!*0! h$!.!N

��(1!b05,! �!/1(0

1* !"%*! h �$%/h%/ NaNL

*1(( �$%/h%/ +0L

�++(!�* �"h0$!h2�(1!h%/htrueMh0$!h.!/1(0h%/h1Oh%"h0$!h2�(1!h%/hfalseMh0$!h.!/1(0h%/h+0L

�1)�!. �$%/h%/h0$!h2�(1!h+"h0$!h*1)�!.L
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�0.%*# �$%/h,�./!/h0$!h/0.%*#h%*0+h�h*1)�!.Lh�"h0$!h/0.%*#h�+*/%/0/h+"h�(,$��!0%��(
�$�.��0!./Mh0$!h.!/1(0h%/hNaNOh%"h0$!h/0.%*#h�+*/%/0/h+"h*1)�!./Mh%0h%/h0.�*/"+.)! 
%*0+h�h*1)�!.L

��&!�0 �$%/h%/ toNumber(toPrimitive(value))L

h

�%*�((5MhtoPrimitiveh%/h,.!/!*0! h$!.!N

��(1!b05,! �!/1(0

��&!�0 �"hvalueOfh.!01.*/h�h,.%)%0%2!h2�(1!Mh0$%/h.!01.*/h0$!h,.%)%0%2!h2�(1!Oh+0$!.3%/!M
%"htoStringh.!01.*/h�h,.%)%0%2!h2�(1!Mh0$%/h.!01.*/h0$!h,.%)%0%2!h2�(1!h�* 
+0$!.3%/!h.!01.*/h�*h!..+.L

h

�!0\/h2!.%"5h0$!h.!/1(0/h+"h/+)!h!4�),(!/Lh�%./0Mh3!h'*+3h0$�0h0$!h+10,10h+"h0$!h"+((+3%*#
�+ !h%/htruehS/0.%*#h(!*#0$hFh9TN

console.log('packt' � true : false);

�+3Mh3$�0h��+10h0$!h"+((+3%*#h�+ !Qh�!0\/h0�'!h�h(++'N

console.log('packt' == true);

�$!h+10,10h%/hfalseMh/+h(!0\/h1* !./0�* h3$5N

�%./0Mh%0h�+*2!.0/h0$!h�++(!�*h2�(1!h1/%*#htoNumberMh/+h3!h$�2!hpackt == 1L
�$!*Mh%0h�+*2!.0/h0$!h/0.%*#h2�(1!h1/%*#htoNumberLh�/h0$!h/0.%*#h�+*/%/0/h+"
�(,$��!0%��(h�$�.��0!./Mh%0h.!01.*/hNaNMh/+h3!h$�2!hNaN == 1Mh3$%�$h%/h"�(/!L

�$�0h��+10h0$!h"+((+3%*#h�+ !Qh�!0\/h0�'!h�h(++'N

console.log('packt' == false);

�$!h+10,10h%/h�(/+hfalseMh�* h0$!h"+((+3%*#h�.!h0$!h/0!,/N

�%./0Mh%0h�+*2!.0/h0$!h�++(!�*h2�(1!h1/%*#htoNumberMh/+h3!h$�2!hpackt == 0L
�$!*Mh%0h�+*2!.0/h0$!h/0.%*#h2�(1!h1/%*#htoNumberLh�/h0$!h/0.%*#h�+*/%/0/h+"
�(,$��!0%��(h�$�.��0!./Mh%0h.!01.*/hNaNMh/+h3!h$�2!hNaN == 0Mh3$%�$h%/h"�(/!L
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�$�0h��+10h0$!h=== +,!.�0+.Qh�0h%/h)1�$h!�/%!.Lh�"h3!h�.!h�+),�.%*#h03+h2�(1!/h+"h %""!.!*0
05,!/Mh0$!h.!/1(0h%/h�(3�5/h"�(/!Lh�"h0$!5h$�2!h0$!h/�)!h05,!Mh0$!5h�.!h�+),�.! h���+. %*#h0+
0$!h"+((+3%*#h0��(!N

�5,!R4S ��(1!/ �!/1(0

�1)�!. 4h$�/h0$!h/�)!h2�(1!h�/h5hS�10h*+0hNaNT true

�0.%*# 4h�* h5h�.!h% !*0%��(h�$�.��0!./ true

�++(!�* 4h�* h5h�.!h�+0$htrueh+.h�+0$hfalse true

��&!�0 4h�* h5h.!"!.!*�!h0$!h/�)!h+�&!�0 true

h

�"h4h�* h5h�.!h %""!.!*0h05,!/Mh0$!*h0$!h.!/1(0h%/h"�(/!L

�!0\/h�+*/% !.h/+)!h!4�),(!/N

console.log('packt' === true); //false

console.log('packt' === 'packt'); //true

var person1 = {name:'John'};
var person2 = {name:'John'};
console.log(person1 === person2); //false, different objects

&RQWURO�VWUXFWXUHV
��2���.%,0h$�/h�h/%)%(�.h/!0h+"h�+*0.+(h/0.1�01.!/h�/h0$!h�h�* h��2�h(�*#1�#!/Lh�+* %0%+*�(
/0�0!)!*0/h�.!h/1,,+.0! h�5hif...elseh�* hswitchLh�++,/h�.!h/1,,+.0! h�5h0$!hwhileM
do...whileMh�* hforh�+*/0.1�0/L

&RQGLWLRQDO�VWDWHPHQWV
�$!h"%./0h�+* %0%+*�(h/0�0!)!*0h3!h3%((h0�'!h�h(++'h�0h%/h0$!hif...elseh�+*/0.1�0Lh�$!.!h�.!
�h"!3h3�5/h3!h��*h1/!h0$!hif...elseh�+*/0.1�0L

�!h��*h1/!h0$!hifh/0�0!)!*0h%"h3!h3�*0h0+h!4!�10!h�h/�.%,0h+*(5h%"h0$!h�+* %0%+*h%/htrueMh�/
"+((+3/N

var num = 1;
if (num === 1) {
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  console.log("num is equal to 1");
}

�!h��*h1/!h0$!hif...elseh/0�0!)!*0h%"h3!h3�*0h0+h!4!�10!h�h/�.%,0h�* h0$!h�+* %0%+*h%/
trueh+.h�*+0$!.h/�.%,0h&1/0h%*h��/!h0$!h�+* %0%+*h%/hfalsehSelseTMh�/h"+((+3/N

var num = 0;
if (num === 1) {
  console.log("num is equal to 1");
} else {
  console.log("num is not equal to 1, the value of num is " + num);
}

�$!hif...elseh/0�0!)!*0h��*h�(/+h�!h.!,.!/!*0! h�5h�h0!.*�.5h+,!.�0+.Lh�+.h!4�),(!Mh0�'!
�h(++'h�0h0$!h"+((+3%*#hif...elseh/0�0!)!*0N

if (num === 1){
  num--;
} else {
  num++;
}

�0h��*h�(/+h�!h.!,.!/!*0! h�/h"+((+3/N

(num === 1) � num-- : num++;

�(/+Mh%"h3!h$�2!h/!2!.�(h/�.%,0/Mh3!h��*h1/!hif...elseh/!2!.�(h0%)!/h0+h!4!�10!h %""!.!*0
/�.%,0/h��/! h+*h %""!.!*0h�+* %0%+*/Mh�/h"+((+3/N

var month = 5;
if (month === 1) {
  console.log("January");
} else if (month === 2){
  console.log("February");
} else if (month === 3){
  console.log("March");
} else {
  console.log("Month is not January, February or March");
}

�%*�((5Mh3!h$�2!h0$!hswitchh/0�0!)!*0Lh�"h0$!h�+* %0%+*h3!h�.!h!2�(1�0%*#h%/h0$!h/�)!h�/h0$!
,.!2%+1/h+*!hS$+3!2!.Mh%0h%/h�!%*#h�+),�.! h0+h %""!.!*0h2�(1!/TMh3!h��*h1/!h0$!hswitch
/0�0!)!*0N

var month = 5;
switch(month) {
  case 1:
  console.log("January");



��3�� /&-1c�d�2& (d�3"/3&"4

Tb9=bU

  break;
  case 2:
  console.log("February");
  break;
  case 3:
  console.log("March");
  break;
  default:
  console.log("Month is not January, February or March");
}

�*!h0$%*#h0$�0h%/h2!.5h%),+.0�*0h%*h�hswitchh/0�0!)!*0h%/h0$!h1/�#!h+"h0$!hcaseh�* hbreak
'!53+. /Lh�$!hcaseh�(�1/!h !0!.)%*!/h3$!0$!.h0$!h2�(1!h+"hswitchh%/h!-1�(h0+h0$!h2�(1!h+"
0$!hcaseh�(�1/!Lh�$!hbreakh/0�0!)!*0h/0+,/h0$!hswitchh/0�0!)!*0h".+)h!4!�10%*#h0$!h.!/0
+"h0$!h/0�0!)!*0hS+0$!.3%/!Mh%0h3%((h!4!�10!h�((h0$!h/�.%,0/h".+)h�((hcaseh�(�1/!/h�!(+3h0$!
)�0�$! h��/!h1*0%(h�hbreakh/0�0!)!*0h%/h"+1* h%*h+*!h+"h0$!hcaseh�(�1/!/TLh�%*�((5Mh3!h$�2!
0$!hdefaulth/0�0!)!*0Mh3$%�$h%/h!4!�10! h�5h !"�1(0h%"h*+*!h+"h0$!h��/!h/0�0!)!*0/h�.!htrue
S+.h%"h0$!h!4!�10! hcaseh/0�0!)!*0h +!/h*+0h$�2!h0$!hbreakh/0�0!)!*0TL

/RRSV
�++,/h�.!h2!.5h+"0!*h1/! h3$!*h3!h3+.'h3%0$h�..�5/hS3$%�$h�.!h0$!h/1�&!�0h+"h0$!h*!40
�$�,0!.TLh�,!�%"%��((5Mh3!h3%((h1/!h0$!hforh(++,h%*h+1.h�(#+.%0$)/L

�$!hforh(++,h%/h!4��0(5h0$!h/�)!h�/h%*h�h�* h��2�Lh�0h�+*/%/0/h+"h�h(++,h�+1*0!.h0$�0h%/
1/1�((5h�//%#*! h�h*1)!.%�h2�(1!Mh0$!*h0$!h2�.%��(!h%/h�+),�.! h�#�%*/0h�*+0$!.h2�(1!hS0$!
/�.%,0h%*/% !h0$!hforh(++,h%/h!4!�10! h3$%(!h0$%/h�+* %0%+*h%/h0.1!TMh�* h"%*�((5h0$!h*1)!.%�
2�(1!h%/h%*�.!�/! h+.h !�.!�/! L

�*h0$!h"+((+3%*#h!4�),(!Mh3!h$�2!h�hforh(++,Lh�0h+10,10/h0$!h2�(1!h+"hih+*h0$!
�+*/+(!Mh3$%(!hih%/h(!//h0$�*h10Ohih%/h%*%0%�0! h3%0$hMh/+h0$!h"+((+3%*#h�+ !h3%((
+10,10h0$!h2�(1!/h8h0+hAN

        for (var i=0; i<10; i++) {
          console.log(i);
        }

�$!h*!40h(++,h�+*/0.1�0h3!h3%((h(++'h�0h%/h0$!hwhileh(++,Lh�$!h/�.%,0h%*/% !h0$!
whileh(++,h%/h!4!�10! h3$%(!h0$!h�+* %0%+*h%/h0.1!Lh�*h0$!h"+((+3%*#h�+ !Mh3!h$�2!
�h2�.%��(!MhiMh%*%0%�0! h3%0$h0$!h2�(1!hMh�* h3!h3�*0h0$!h2�(1!h+"hih0+h�!h+10,10
3$%(!hih%/h(!//h0$�*h98hS+.h(!//h0$�*h+.h!-1�(h0+hATLh�$!h+10,10h3%((h�!h0$!h2�(1!/
".+)h8h0+hAN



��3�� /&-1c�d�2& (d�3"/3&"4

Tb9>bU

        var i = 0;
        while(i<10)
        {
          console.log(i);
          i++;
        }

�$!hdo...whileh(++,h%/h2!.5h/%)%(�.h0+h0$!hwhileh(++,Lh�$!h+*(5h %""!.!*�!h%/
0$�0h%*h0$!hwhileh(++,Mh0$!h�+* %0%+*h%/h!2�(1�0! h�!"+.!h!4!�10%*#h0$!h/�.%,0Mh�* 
%*h0$!hdo...whileh(++,Mh0$!h�+* %0%+*h%/h!2�(1�0! h�"0!.h0$!h/�.%,0h%/h!4!�10! L
�$!hdo...whileh(++,h!*/1.!/h0$�0h0$!h/�.%,0h%/h!4!�10! h�0h(!�/0h+*�!Lh�$!
"+((+3%*#h�+ !h�(/+h+10,10/h0$!h2�(1!/h".+)h8h0+hAN

        var i = 0;
        do {
          console.log(i);
          i++;
        } while (i<10)

)XQFWLRQV
�1*�0%+*/h�.!h2!.5h%),+.0�*0h3$!*h3+.'%*#h3%0$h��2���.%,0Lh�!h3%((h�(/+h1/!h"1*�0%+*/h�
(+0h%*h+1.h!4�),(!/L

�$!h"+((+3%*#h�+ !h !)+*/0.�0!/h0$!h��/%�h/5*0�4h+"h�h"1*�0%+*Lh�0h +!/h*+0h$�2!h�.#1)!*0/
+.h0$!hreturnh/0�0!)!*0N

function sayHello() {
  console.log('Hello!');
}

�+h��((h0$%/h�+ !Mh3!h/%),(5h1/!h0$!h"+((+3%*#h��((N

sayHello();

�!h��*h�(/+h,�//h�.#1)!*0/h0+h�h"1*�0%+*Lh�.#1)!*0/h�.!h2�.%��(!/h3%0$h3$%�$h�h"1*�0%+*h%/
/1,,+/! h0+h +h/+)!0$%*#Lh�$!h"+((+3%*#h�+ !h !)+*/0.�0!/h$+3h0+h1/!h�.#1)!*0/h3%0$h
"1*�0%+*/N

function output(text) {
  console.log(text);
}
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�+h1/!h0$%/h"1*�0%+*Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !N

output('Hello!');

�+1h��*h1/!h�/h)�*5h�.#1)!*0/h�/h5+1h(%'!Mh�/h"+((+3/N

output('Hello!', 'Other text');

�*h0$%/h��/!Mh+*(5h0$!h"%./0h�.#1)!*0h%/h1/! h�5h0$!h"1*�0%+*h�* h0$!h/!�+* h+*!h%/h%#*+.! L

�h"1*�0%+*h��*h�(/+h.!01.*h�h2�(1!Mh�/h"+((+3/N

function sum(num1, num2) {
  return num1 + num2;
}

�$%/h"1*�0%+*h��(�1(�0!/h0$!h/1)h+"h03+h#%2!*h*1)�!./h�* h.!01.*/h%0/h.!/1(0Lh�!h��*h1/!h%0
�/h"+((+3/N

var result = sum(1,2);
output(result);

2EMHFW�RULHQWHG�SURJUDPPLQJ�LQ�-DYDVFULSW
��2���.%,0h+�&!�0/h�.!h2!.5h/%),(!h�+((!�0%+*/h+"h*�)!e2�(1!h,�%./Lh�$!.!h�.!h03+h3�5/h+"
�.!�0%*#h�h/%),(!h+�&!�0h%*h��2���.%,0Lh�$!h"%./0h3�5h%/h�/h"+((+3/N

var obj = new Object();

�* h0$!h/!�+* h3�5h%/h�/h"+((+3/N

var obj = {};

�!h��*h�(/+h�.!�0!h�*h+�&!�0h!*0%.!(5Mh�/h"+((+3/N

obj = {
  name: {
    first: 'Gandalf',
    last: 'the Grey'
  },
  address: 'Middle Earth'
};
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�/h3!h��*h/!!Mh0+h !�(�.!h�h��2���.%,0h+�&!�0MhU("6Md3�)2"Vh,�%./h�.!h1/! Mh3$!.!h0$!h'!5h��*h�!
�+*/% !.! h�*h�00.%�10!h+"h0$!h+�&!�0h�* h0$!h2�(1!h%/h0$!h�00.%�10!h2�(1!Lh�((h�(�//!/h0$�0h3!
3%((h�.!�0!h%*h0$%/h�++'h�.!h��2���.%,0h+�&!�0/Mh/1�$h�/hStackMhSetMhLinkedListM
DictionaryMhTreeMhGraphMh�* h/+h+*L

�*h+�&!�0`+.%!*0! b,.+#.�))%*#hS���TMh�*h+�&!�0h%/h�*h%*/0�*�!h+"h�h�(�//Lh�h�(�//h !"%*!/
0$!h�$�.��0!.%/0%�/h+"h0$!h+�&!�0Lh�+.h+1.h�(#+.%0$)/h�* h �0�h/0.1�01.!/Mh3!h3%((h�.!�0!h/+)!
�(�//!/h0$�0h3%((h.!,.!/!*0h0$!)Lh�$%/h%/h$+3h3!h��*h !�(�.!h�h�(�//h0$�0h.!,.!/!*0/h�h�++'N

function Book(title, pages, isbn){
  this.title = title;
  this.pages = pages;
  this.isbn = isbn;
}

�+h%*/0�*0%�0!h0$%/h�(�//Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !N

var book = new Book('title', 'pag',  'isbn');

�$!*Mh3!h��*h���!//h%0/h�00.%�10!/h�* h1, �0!h0$!)h�/h"+((+3/N

console.log(book.title); //outputs the book title
book.title = 'new title'; //updates the value of the book title
console.log(book.title); //outputs the updated value

�h�(�//h��*h�(/+h�+*0�%*h"1*�0%+*/Lh�!h��*h !�(�.!h�* h1/!h�h"1*�0%+*h�/h0$!h"+((+3%*#h�+ !
 !)+*/0.�0!/N

Book.prototype.printTitle = function(){
  console.log(this.title);
};
book.printTitle();

�!h��*h !�(�.!h"1*�0%+*/h %.!�0(5h%*/% !h0$!h�(�//h !"%*%0%+*h�/h3!((N

function Book(title, pages, isbn){
  this.title = title;
  this.pages = pages;
  this.isbn = isbn;
  this.printIsbn = function(){
  console.log(this.isbn);
  }
}
book.printIsbn();
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�*h0$!h,.+0+05,!h!4�),(!Mh0$!hprintTitleh"1*�0%+*h3%((h�!h/$�.! 
�!03!!*h�((h0$!h%*/0�*�!/h�* h+*(5h+*!h�+,5h3%((h�!h�.!�0! Lh�$!*h3!h1/!
�h�(�//e��/! h !"%*%0%+*Mh�/h%*h0$!h,.!2%+1/h!4�),(!Mh!��$h%*/0�*�!h3%((
$�2!h%0/h+3*h�+,5h+"h0$!h"1*�0%+*/Lh�/%*#h0$!h,.+0+05,!h)!0$+ h/�2!/
)!)+.5h�* h,.+�!//%*#h�+/0h3%0$h.!#�. h0+h�//%#*%*#h0$!h"1*�0%+*/h0+h0$!
%*/0�*�!Lh
+3!2!.Mh5+1h��*h+*(5h !�(�.!h,1�(%�h"1*�0%+*/h�* h,.+,!.0%!/
1/%*#h0$!h,.+0+05,!h)!0$+ Lh�%0$h�h�(�//e��/! h !"%*%0%+*Mh5+1h��*h !�(�.!
,.%2�0!h"1*�0%+*/h�* h,.+,!.0%!/h�* h0$!h+0$!.h)!0$+ /h%*/% !h0$!h�(�//
��*h�(/+h���!//h0$!)Lh������.%,0h>h%*0.+ 1�!/h�h/%),(%"%! h/5*0�4h2!.5
/%)%(�.h0+h0$!h�(�//e��/! h!4�),(!h�* h%0h%/h,.+0+05,!h��/! Lh�!h3%((
 %/�1//h)+.!h+*h0$%/h(�0!.h%*h0$%/h�$�,0!.L

'HEXJJLQJ�DQG�WRROV

*+3%*#h$+3h0+h,.+#.�)h3%0$h��2���.%,0h%/h%),+.0�*0Mh�10h/+h%/h'*+3%*#h$+3h0+h !�1#
5+1.h�+ !Lh�!�1##%*#h%/h2!.5h1/!"1(h%*h$!(,%*#h5+1h"%* h�1#/h%*h5+1.h�+ !Mh�10h%0h��*h�(/+
$!(,h5+1h!4!�10!h5+1.h�+ !h�0h�h(+3!.h/,!! h/+h0$�0h5+1h��*h/!!h!2!.50$%*#h0$�0h%/
$�,,!*%*#hS0$!h/0��'h+"h)!0$+ /h��((! Mh2�.%��(!h�//%#*)!*0Mh�* h/+h+*TLh�0h%/h$%#$(5
.!�+))!* ! h0$�0h5+1h/,!* h/+)!h0%)!h !�1##%*#h0$!h/+1.�!h�+ !h+"h0$%/h�++'h0+h/!!
!2!.5h/0!,h+"h0$!h�(#+.%0$)hS%0h)%#$0h$!(,h5+1h1* !./0�* h%0h�!00!.h�/h3!((TL

�+0$h�%.!"+4h�* h�$.+)!h/1,,+.0h !�1##%*#Lh�h#.!�0h010+.%�(h".+)h	++#(!h0$�0h/$+3/h5+1
$+3h0+h1/!h	++#(!h�!2!(+,!.h�++(/h0+h !�1#h��2���.%,0h��*h�!h"+1* h�0hh t t p s : / / d e v e l o p
e r . c h r o m e . c o m / d e v t o o l s / d o c s / j a v a s c r i p t - d e b u g g i n gL

�+1h��*h1/!h�*5h0!40h! %0+.h+"h5+1.h,.!"!.!*�!Lh
+3!2!.Mh0$!.!h�.!h+0$!.h#.!�0h0++(/h0$�0h��*
$!(,h5+1h�!h)+.!h,.+ 1�0%2!h3$!*h3+.'%*#h3%0$h��2���.%,0h�/h3!((Mh3$%�$h�.!h�/h"+((+3/N

�,0�*�Nh�$%/h%/h�h".!!h�* h+,!*h/+1.�!h���h0$�0h/1,,+.0/h��2���.%,0Mh���;Mh�* 

���=Mh�)+*#h+0$!.h(�*#1�#!/hSh t t p : / / w w w . a p t a n a . c o m /TL
�!��0+.)Nh�$%/h%/h�h2!.5h,+3!."1(h��2���.%,0h���h3%0$h/1,,+.0h"+.h0$!h(�0!/0
3!�h0!�$*+(+#%!/h�* h".�)!3+.'/Lh�0h%/h�h,�% h���Mh�10h5+1h��*h +3*(+� h�h;8e
 �5h0.%�(h2!./%+*hSh t t p : / / w w w . j e t b r a i n s . c o m / w e b s t o r m /TL
�1�(%)!b�!40Nh�$%/h%/h�h(%#$03!%#$0h0!40h! %0+.h�* h5+1h��*h�1/0+)%6!h%0h�5
%*/0�((%*#h,(1#%*/Lh�+1h��*h�15h0$!h(%�!*/!h0+h/1,,+.0h0$!h !2!(+,)!*0h0!�)Mh�10
5+1h��*h�(/+h1/!h%0h"+.h".!!hS0$!h0.%�(h2!./%+*h +!/h*+0h!4,%.!Th�0
http://www.sublimetext.com/L
�0+)Mh�$%/h%/h�(/+h�h".!!h(%#$03!%#$0h0!40h! %0+.h�.!�0! h�5h	%0
1�Lh�0h$�/h#.!�0
/1,,+.0h"+.h��2���.%,0h�* h%0h��*h�(/+h�!h�1/0+)%6! h�5h%*/0�((%*#h,(1#%*/hSh t t p s
: / / a t o m . i o /TL

https://developer.chrome.com/devtools/docs/javascript-debugging
https://developer.chrome.com/devtools/docs/javascript-debugging
http://www.aptana.com/
http://www.jetbrains.com/webstorm/
http://www.sublimetext.com/
https://atom.io/
https://atom.io/
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,QWURGXFLQJ�(&0$6FULSW
�"h5+1h"+((+3h0$!h*!3/h�* h(�0!/0h0.!* /h��+10h��2���.%,0Mh5+1h)%#$0h$�2!h$!�. h0$!h$5,!
��+10h������.%,0h>h�* h������.%,0h?Lh�$�0h +!/h������.%,0h$�2!h0+h +h3%0$
��2���.%,0h�* h%/h0$!.!h�h %""!.!*�!Q

������.%,0h%/h�h/�.%,0%*#h(�*#1�#!h/,!�%"%��0%+*Lh��2���.%,0h%/h�*h%),(!)!*0�0%+*h+"h0$%/
/,!�%"%��0%+*Mh�/h�.!h�/�.%,0h�* h��0%+*��.%,0L

(&0$6FULSW���DQG�(&0$6FULSW��
�/h3!h'*+3Mh��2���.%,0h%/h�h(�*#1�#!h0$�0h.1*/h)+/0(5h+*h�.+3/!./hS�(/+h%*h/!.2!./h1/%*#
�+ !��TMh�* h!��$h�.+3/!.h��*h%),(!)!*0h%0/h+3*h2!./%+*h+"h0$!h�2�%(��(!h"1*�0%+*�(%0%!/h+"
��2���.%,0hS�/h5+1h3%((h(!�.*h(�0!.h+*h%*h0$%/h�++'TLh�$%/h/,!�%"%�h%),(!)!*0�0%+*h%/h��/! h+*
������.%,0Lh�$1/Mh0$!h�.+3/!./h+""!.h)+/0(5h0$!h/�)!h"1*�0%+*�(%0%!/hS+1.h��2���.%,0h�+ !
3%((h.1*h%*h�((h�.+3/!./TOh$+3!2!.Mh!��$h"1*�0%+*�(%05\/h�!$�2%+.h)�5h�!h�h(%00(!h�%0h %""!.!*0
".+)h�.+3/!.h0+h�.+3/!.L

�((h0$!h�+ !h,.!/!*0! h%*h0$%/h�$�,0!.h/+h"�.h%/h��/! h+*h������.%,0h=Mh3$%�$h�!��)!h�
/0�* �. h%*h�!�!)�!.h:88ALh�$!h)+/0h.!�!*0h.!(!�/!h+"h������.%,0Mh�0h0$!h0%)!h0$%/h�++'h%/
�!%*#h3.%00!*Mh%/h������.%,0h>Mh3$%�$h3�/h/0�* �. %6! h%*h�1(5h:89=Mh�()+/0h>h5!�./h�"0!.
%0/h,.!2%+1/h2!./%+*Lh�$!h�+))%00!!h.!/,+*/%�(!h"+.h .�"0%*#h0$!h������.%,0h/,!�%"%��0%+*/
)� !h0$!h !�%/%+*h0+h)+2!h0+h�h5!�.(5h)+ !(h0+h !"%*!h*!3h/0�* �. /Mh3$!.!h*!3h"!�01.!/
3+1( h�!h�  ! h�/h0$!5h3!.!h�,,.+2! Lh�+.h0$%/h.!�/+*Mh������.%,0h/%40$h! %0%+*h3�/
.!*�)! h0+h������.%,0h:89=hS��=TLh�$!.!h%/h�h*!3h2!./%+*h0$�0h%/h�(/+h�!%*#h,.!,�.! h0+h�!
.!(!�/! h%*h0$!h/1))!.h+"h:89>Mh3$%�$h%/h��((! h������.%,0h:89>h+.h������.%,0h?hS��>TL

�*h0$%/h0+,%�Mh3!h3%((h�+2!.h/+)!h+"h0$!h*!3h"1*�0%+*�(%0%!/h%*0.+ 1�! h%*h��>h�* h��?L

7KH�FRPSDWLELOLW\�WDEOH
�0h%/h%),+.0�*0h0+h'*+3h0$�0Mh!2!*h0$+1#$h��>h$�/h�(.!� 5h�!!*h.!(!�/! Mh%0/h"!�01.!/h)%#$0
*+0h�!h/1,,+.0! h�5h�((h�.+3/!./Lh�+.h�h�!00!.h!4,!.%!*�!Mh%0h%/h�!/0h0+h1/!h0$!h(�0!/0h2!./%+*
�2�%(��(!h"+.h0$!h�.+3/!.h5+1h�$++/!h0+h1/!hS�%.!"+4h+.h�$.+)!TL

�0h0$!h"+((+3%*#h(%*'/Mh5+1h��*h2!.%"5h3$%�$h"!�01.!/h�.!h�2�%(��(!h%*h!��$h�.+3/!.N

��=Nhh t t p : / / k a n g a x . g i t h u b . i o / c o m p a t - t a b l e / e s 6 /
��>Nhh t t p : / / k a n g a x . g i t h u b . i o / c o m p a t - t a b l e / e s 7 /

http://kangax.github.io/compat-table/es6/
http://kangax.github.io/compat-table/es7/
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�2!*h%"h0$!h"!�01.!/h�.!h*+0h5!0h�2�%(��(!Mh3!h��*h/0�.0h1/%*#h*!3h/5*0�4h�* h*!3
"1*�0%+*�(%0%!/h0+ �5L

�5h !"�1(0Mh�%.!"+4h�  /h/1,,+.0h0+h��>h�* h��?h�/h0$!%.h0!�)h/$%,/h0$!h%),(!)!*0�0%+*h+"
0$!h"1*�0%+*�(%0%!/L

�*h	++#(!h�$.+)!Mh5+1h��*h!*��(!h0$!h"1*�0%+*�(%0%!/h�5h!*��(%*#h0$!h!4,!.%)!*0�(
��2���.%,0h"(�#h�5h+,!*%*#h0$!h���hchrome://flagsMh�/h !)+*/0.�0! h%*h0$!h"+((+3%*#
%)�#!N

�2!*h3%0$h0$!h�*��(!b�4,!.%)!*0�(b��2���.%,0h"(�#h!*��(! Mh/+)!h+"h0$!
��>h"!�01.!/h)%#$0h*+0h�!h/1,,+.0! h%*h�$.+)!Lh�$!h/�)!h��*h�!h�,,(%! 
0+h�%.!"+4Lh�+h'*+3h!4��0(5h3$%�$h"!�01.!/h�.!h�(.!� 5h/1,,+.0! h%*h!��$
�.+3/!.Mh0�'!h�h(++'h�0h0$!h�+),�0%�%(%05h0��(!L

8VLQJ�%DEHO�MV
���!(hSh t t p s : / / b a b e l j s . i oTh%/h�h��2���.%,0h0.�*/,%(!.Mh�(/+h'*+3*h�/h�h/+1.�!e0+e/+1.�!
�+),%(!.Lh�0h�+*2!.0/h��2���.%,0h�+ !h3%0$h��>h�* h��?h(�*#1�#!h"!�01.!/h0+h!-1%2�(!*0h�+ !
0$�0h1/!/h+*(5h(�*#1�#!h"!�01.!/h".+)h0$!h3% !(5h/1,,+.0! h��=h/,!�%"%��0%+*L

https://babeljs.io
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�$!.!h�.!h)�*5h %""!.!*0h3�5/h+"h1/%*#h���!(L&/Lh�*!h+"h0$!)h%/h%*/0�((%*#h%0h���+. %*#h0+h%0/h
/!01,hShttps://babeljs.io/docs/setup/TLh�*+0$!.h+*!h%/h1/%*#h%0h %.!�0(5h%*h0$!
�.+3/!.h0$.+1#$h%0/h�.5b%0b+10h+,0%+*hSh t t p s : / / b a b e l j s . i o / r e p l /TMh�/h !)+*/0.�0! h%*
0$!h"+((+3%*#h/�.!!*/$+0N

�(+*#h3%0$h!��$h!4�),(!h+"h��>h�* h��?h0$�0h3%((h�!h,.!/!*0! h%*h0$!h"+((+3%*#h0+,%�/Mh3!
3%((h�(/+h,.+2% !h�h(%*'h/+h0$�0h5+1h��*h.1*h�* h0!/0h0$!h!4�),(!/h%*h���!(L

(&0$6FULSW���IXQFWLRQDOLWLHV
�*h0$%/h0+,%�Mh3!h3%((h !)+*/0.�0!h$+3h0+h1/!h/+)!h+"h0$!h*!3h"1*�0%+*�(%0%!/h+"h��>M
3$%�$h)�5h�!h1/!"1(h%*h0$!h!2!.5 �5h��2���.%,0h�+ %*#h�* h3$%�$h3%((h�(/+h�!h1/!"1(h0+
/%),(%"5h0$!h!4�),(!/h,.!/!*0! h%*h0$!h*!40h�$�,0!./h+"h0$%/h�++'Lh�)+*#h0$!
"1*�0%+*�(%0%!/Mh3!h3%((h�+2!.h0$!h"+((+3%*#h+*!/N

leth�* hconst
�!),(�0!h(%0!.�(/
�!/0.1�01.%*#
�,.!� h+,!.�0+.
�..+3h"1*�0%+*/h1/%*#h=>
�(�//!/

https://babeljs.io/docs/setup/
https://babeljs.io/repl/
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'HFODULQJ�YDULDEOHV�ZLWK�OHW�LQVWHDG�RI�YDU
�*0%(h��=Mh3!h�+1( h !�(�.!h2�.%��(!/h%*h�*5h,(��!h+"h+1.h�+ !Mh!2!*h%"h3!h+2!.3.+0!h0$!
2�.%��(!/h !�(�.�0%+*Mh�/h%*h0$!h"+((+3%*#h�+ !N

var framework = 'Angular';
var framework = 'React';
console.log(framework);

�$!h+10,10h+"h0$!h,.!�! %*#h�+ !h%/hReacth�/h0$!h(�/0h2�.%��(!h !�(�.! Mh*�)! h".�)!3+.'M
3�/h�//%#*! h0$%/h2�(1!Lh�*h0$!h,.!2%+1/h�+ !Mh3!h$� h03+h2�.%��(!/h3%0$h0$!h/�)!h*�)!O
0$%/h%/h2!.5h �*#!.+1/h�* h)%#$0h .%2!h0$!h�+ !h0+h�*h%*�+..!�0h+10,10L

�0$!.h(�*#1�#!/Mh/1�$h�/h�Mh��2�Mh�* h�IMh +h*+h�((+3h0$%/h�!$�2%+.Lh�%0$h��>Mh�h*!3
'!53+. h3�/h%*0.+ 1�! Mh��((! hletLh�!0h%/h0$!h*!3hvar '!53+. Mh)!�*%*#h3!h��*h/%),(5
/1�/0%010!h0$!h'!53+. hvarh"+.hletLh�*h0$!h"+((+3%*#h�+ !Mh3!h$�2!h�*h!4�),(!N

let language = 'JavaScript!'; //{1}
let language = 'Ruby!'; // {2} - throws error
console.log(language);

�%*!h{2}h3%((h0$.+3h�*h!..+.h�!��1/!h�h2�.%��(!h*�)! h(�*#1�#!h%/h�(.!� 5h !�(�.! h%*h0$!
/�)!h/�+,!hS(%*!h{1}TLh�!h3%((h %/�1//h0$!hleth�* h2�.%��(!/h/�+,!h%*h0$!h*!40h0+,%�L

�$!h,.!�! %*#h�+ !h��*h�!h0!/0! h�* h!4!�10! h�0h0$!
���hhttps://goo.gl/he0udZL

9DULDEOHV�VFRSH�ZLWK�OHW
�+h1* !./0�* h$+3h2�.%��(!/h !�(�.! h3%0$hleth'!53+. h3+.'Mh(!0\/h1/!h0$!h"+((+3%*#
!4�),(!hS5+1h��*h.1*h0$!h!4�),(!h1/%*#h0$!h���hh t t p s : / / g o o . g l / N b s V v gTN

let movie = 'Lord of the Rings'; //{1}
//var movie = 'Batman v Superman'; //throws error, variable movie already
declared

function starWarsFan(){
  let movie = 'Star Wars'; //{2}
  return movie;
}

function marvelFan(){
  movie = 'The Avengers'; //{3}

https://goo.gl/he0udZ
https://goo.gl/NbsVvg
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  return movie;
}

function blizzardFan(){
  let isFan = true;
  let phrase = 'Warcraft'; //{4}
  console.log('Before if: ' + phrase);
  if (isFan){
    let phrase = 'initial text'; //{5}
    phrase = 'For the Horde!';   //{6}
    console.log('Inside if: ' + phrase);
  }
  phrase = 'For the Alliance!';    //{7}
  console.log('After if: ' + phrase);
}

console.log(movie); //{8}
console.log(starWarsFan()); //{9}
console.log(marvelFan()); //{10}
console.log(movie);       //{11}
blizzardFan(); //{12}

�$%/h3%((h�!h0$!h+10,10h".+)h0$!h,.!2%+1/h�+ !N

/RUG�RI�WKH�5LQJV
6WDU�:DUV
7KH�$YHQJHUV
7KH�$YHQJHUV
%HIRUH�LI��:DUFUDIW
,QVLGH�LI��)RU�WKH�+RUGH�
$IWHU�LI��)RU�WKH�$OOLDQFH�

�+3Mh3!h3%((h %/�1//h0$!h.!�/+*h3!h#+0h0$%/h+10,10L

�*h(%*!h{1}Mh3!h !�(�.! h�h2�.%��(!hmovieh3%0$h0$!h2�(1!hLord of the RingsM
�* h3!h+10,10h%0/h2�(1!h+*h(%*!h{8}Lh�$%/h2�.%��(!h$�/h#(+��(h/�+,!Mh�/h5+1
(!�.*! h%*h0$!h��/&��)"d0 ,-"h/!�0%+*h+"h0$%/h�$�,0!.L
�*h(%*!h{9}Mh3!h!4!�10! h0$!hstarWarsFan "1*�0%+*Lh�*/% !h0$%/h"1*�0%+*Mh3!
�(/+h !�(�.! h�h2�.%��(!h*�)! hmovieh+*h(%*!h{2}Lh�$!h+10,10h".+)h0$%/h"1*�0%+*
%/hStar Warsh�!��1/!h0$!h2�.%��(!h".+)h(%*!h{2}h$�/h(+��(h/�+,!Mh)!�*%*#h%0h%/
+*(5h2�(% h%*/% !h0$%/h"1*�0%+*L
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�*h(%*!h{10}Mh3!h!4!�10! h0$!hmarvelFan "1*�0%+*Lh�*/% !h0$%/h"1*�0%+*Mh3!
�$�*#! h0$!h2�(1!h+"h0$!hmovie 2�.%��(!hS(%*!h{3}TLh�$%/h2�.%��(!h)� !h�
.!"!.!*�!h0+h0$!h#(+��(h2�.%��(!h !�(�.! h+*h(%*!h{1}Lh�$%/h%/h3$5h3!h#+0h0$!
+10,10hThe Avengersh+*h(%*!h{10}h�* h�(/+h+*h(%*!h{11}Mh3$!.!h3!h+10,10h0$!
#(+��(h2�.%��(!L
�%*�((5Mh3!h!4!�10! h0$!hblizzardFanh"1*�0%+*h+*h(%*!h{12}Lh�*/% !h0$%/
"1*�0%+*Mh3!h !�(�.! h�h2�.%��(!h*�)! hphrasehS(%*!h{4}Th3%0$h0$!h/�+,!h+"h0$!
"1*�0%+*Lh�$!*Mh+*h(%*!h{5}Mh�#�%*Mh3!h3%((h !�(�.!h�h2�.%��(!h*�)! hphraseMh�10
0$%/h0%)!Mh0$%/h2�.%��(!h3%((h$�2!h+*(5h�h/�+,!h%*/% !h0$!hifh/0�0!)!*0L
�*h(%*!h{6}Mh3!h�$�*#! h0$!h2�(1!h+"hphraseLh�/h3!h�.!h/0%((h%*/% !h0$!hif
/0�0!)!*0Mh+*(5h0$!h2�.%��(!h !�(�.! h+*h(%*!h{5}h3+1( h$�2!h%0/h2�(1!h�$�*#! L
�$!*Mh+*h(%*!h{7}Mh3!h�#�%*h�$�*#! h0$!h2�(1!h+"hphraseMh�10h�/h3!h�.!h*+0
%*/% !h0$!h�(+�'h+"h0$!hifh/0�0!)!*0Mh0$!h2�(1!h+"h0$!h2�.%��(!h !�(�.! h+*h(%*!h{4}
%/h�$�*#! L

�#�%*Mh0$%/h/�+,!h�!$�2%+.h%/h0$!h/�)!h�/h%*h+0$!.h,.+#.�))%*#h(�*#1�#!/Mh/1�$h�/h��2�h+.
�Lh
+3!2!.Mh0$%/h3�/h+*(5h%*0.+ 1�! h%*h��2���.%,0h0$.+1#$h��>L

&RQVWDQWV
��>h�(/+h%*0.+ 1�! h0$!h'!53+. hconstLh�0/h�!$�2%+.h%/h0$!h/�)!h0$%*#h�/h0$!h'!53+. hletO
0$!h+*(5h %""!.!*�!h%/h0$�0h�h2�.%��(!h !"%*! h�/hconsth$�/h�h.!� e+*(5h2�(1!Mh)!�*%*#h�
�+*/0�*0h2�(1!L

�+.h!4�),(!Mh�+*/% !.h0$!h"+((+3%*#h�+ !N

const PI = 3.141593;
PI = 3.0; //throws error
console.log(PI);

�$!*h3!h0.5h0+h�//%#*h�h*!3h2�(1!h0+hPIh+.h!2!*h0.5h0+h.! !�(�.!h%0h�/hvar PIh+.hlet PIM
0$!h�+ !h3%((h0$.+3h�*h!..+.h/�5%*#h0$�0hPIh%/h.!� h+*(5L

�$!h,.!�! %*#h�+ !h��*h�!h!4!�10! h�0hhttps://goo.gl/4xuWrCL

https://goo.gl/4xuWrC


��3�� /&-1c�d�2& (d�3"/3&"4

Tb:>bU

7HPSODWH�OLWHUDOV
�!),(�0!h(%0!.�(/h�.!h.!�((5h*%�!h�!��1/!h3!h��*h�.!�0!h/0.%*#/h3%0$+10h0$!h*!! h0+
�+*��0!*�0!h0$!h2�(1!/L

�+.h!4�),(!Mh�+*/% !.h0$!h"+((+3%*#h!4�),(!/h3.%00!*h3%0$h��=N

var book = {
  name: 'Learning JavaScript DataStructures and Algorithms'
};
FRQVROH�ORJ�
<RX�DUH�UHDGLQJ�
���ERRN�QDPH���
��?Q����DQG�WKLV�LV�D�QHZ
OLQH?Q����DQG�VR�LV�WKLV�
��

�!h��*h%),.+2!h0$!h/5*0�4h+"h0$!h,.!2%+1/hconsole.logh+10,10h3%0$h0$!h"+((+3%*#h�+ !N

FRQVROH�ORJ�C<RX�DUH�UHDGLQJ��^ERRN�QDPH`��
DQG�WKLV�LV�D�QHZ�OLQH
DQG�VR�LV�WKLV�C��

�!),(�0!h(%0!.�(/h�.!h!*�(+/! h�5h���'0%�'/hS`TLh�+h%*0!.,+(�0!h�h2�.%��(!h2�(1!Mh3!h3%((
/%),(5h/!0h0$!h2�.%��(!h2�(1!h%*/% !h�h +((�.h/%#*h�* h�1.(5h�.��!/hS${}TMh�/h3!h % h3%0$
book.nameL

�!),(�0!h(%0!.�(/h��*h�(/+h�!h1/! h"+.h)1(0%(%*!h/0.%*#/Lh�$!.!h%/h*+h*!! h0+h1/!h\nh�*5)+.!L
�%),(5h$%0h�+1"/h+*h0$!h'!5�+�. h0+h0�'!h0$!h/0.%*#h0+h�h*!3h(%*!Mh�/h3�/h +*!h3%0$hand
this is a new lineh%*h0$!h,.!2%+1/h!4�),(!L

�$%/h"1*�0%+*�(%05h3%((h�!h2!.5h1/!"1(h%*h+1.h!4�),(!/h0+h/%),(%"5h0$!h+10,10R

�$!h,.!�! %*#h!4�),(!/h��*h�!h!4!�10! h�0hhttps://goo.gl/PTqnwOL

$UURZ�IXQFWLRQV
�..+3h"1*�0%+*/h�.!h�h#.!�0h3�5h+"h/%),(%"5%*#h0$!h/5*0�4h+"h"1*�0%+*/h%*h��>Lh�+*/% !.h0$!
"+((+3%*#h!4�),(!N

var circleArea = function circleArea(r) {
  var PI = 3.14;
  var area = PI * r * r;
  return area;
};

https://goo.gl/PTqnwO
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console.log(circleArea(2));

�!h��*h/%),(%"5h0$!h/5*0�4h+"h0$!h,.!�! %*#h�+ !h0+h0$!h"+((+3%*#h�+ !N

let circleArea = (r) => { //{1}
  const PI = 3.14;
  let area = PI * r * r;
  return area;
}
console.log(circleArea(2));

�$!h)�%*h %""!.!*�!h%/h+*h(%*!h{1}h+"h0$!h!4�),(!Mh+*h3$%�$h3!h��*h+)%0h0$!h'!53+. 
"1*�0%+*h1/%*#h=>L

�"h0$!h"1*�0%+*h$�/h�h/%*#(!h/0�0!)!*0Mh3!h��*h1/!h�h/%),(!.h2!./%+*h�/h3!((Mh�5h+)%00%*#h0$!
'!53+. hreturnLh��'!h�h(++'h�0h0$!h"+((+3%*#N

let circleArea2 = (r) => 3.14 * r * r;
console.log(circleArea2(2));

�$!h,.!�! %*#h!4�),(!/h��*h�!h!4!�10! h�0 https://goo.gl/CigniJL

'HIDXOW�SDUDPHWHU�YDOXHV�IRU�IXQFWLRQV
�%0$h��>Mh%0h%/h�(/+h,+//%�(!h0+h !"%*!h !"�1(0h,�.�)!0!.h2�(1!/h"+.h"1*�0%+*/Lh�$!h"+((+3%*#
%/h�*h!4�),(!N

function sum (x = 1, y = 2, z = 3) {
  return x + y + z
};
console.log(sum(4,2)); //outputs 9

�/h3!h�.!h*+0h,�//%*#hzh�/h�h,�.�)!0!.Mh%0h3%((h$�2!h2�(1!h;h�5h !"�1(0Lh�+Mh4 + 2 + 3 ==
9L

�!"+.!h��>Mh3!h3+1( h$�2!h0+h3.%0!h0$!h,.!�! %*#h"1*�0%+*h�/h0$!h"+((+3%*#h�+ !N

function sum (x, y, z) {
  if (x === undefined)
  x = 1;
  if (y === undefined)
  y = 2;
  if (z === undefined)

https://goo.gl/CigniJ
https://goo.gl/CigniJ
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  z = 3;
  return x + y + z;
};

�%0$h��>Mh3!h��*h/�2!h�h"!3h(%*!/h+"h�+ !h1/%*#h0$!h !"�1(0h,�.�)!0!.h2�(1!/h"1*�0%+*�(%05L

�$!h,.!�! %*#h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / 2 M i J 5 9L

'HFODULQJ�WKH�VSUHDG�DQG�UHVW�RSHUDWRUV
�*h��=Mh3!h��*h01.*h�..�5/h%*0+h,�.�)!0!./h1/%*#h0$!happly() "1*�0%+*Lh��>h$�/h0$!h/,.!� 
+,!.�0+.hS...Th"+.h0$%/h,1.,+/!Lh�+.h!4�),(!Mh�+*/% !.h0$!h"1*�0%+*h/1)h3!h !�(�.! h%*h0$!
,.!2%+1/h0+,%�Lh�!h��*h!4!�10!h0$!h"+((+3%*#h�+ !h0+h,�//h0$!hxMhyMh�* hzh,�.�)!0!./N

var params = [3, 4, 5];
console.log(sum(...params));

�$!h,.!�! %*#h�+ !h%/h0$!h/�)!h�/h0$!h�+ !h3.%00!*h%*h��=Mh�/h"+((+3/N

var params = [3, 4, 5];
console.log(sum.apply(undefined, params));

�$!h/,.!� h+,!.�0+.hS...Th��*h�(/+h�!h1/! h�/h�h.!/0h,�.�)!0!.h%*h"1*�0%+*/h0+h.!,(��!
argumentsLh�+*/% !.h0$!h"+((+3%*#h!4�),(!N

function restParamaterFunction (x, y, ...a) {
  return (x + y) * a.length;
}
console.log(restParamaterFunction(1, 2, "hello", true, 7)); //outputs 9;

�$!h,.!�! %*#h�+ !h%/h0$!h/�)!h�/h0$!h"+((+3%*#N

function restParamaterFunction (x, y) {
  var a = Array.prototype.slice.call(arguments, 2);
  return (x + y) * a.length;
};

�$!h/,.!� h+,!.�0+.h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / 8 e q u k
5Mh�* h0$!h.!/0h,�.�)!0!.h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / L
a J Z q UL

https://goo.gl/2MiJ59
https://goo.gl/8equk5
https://goo.gl/8equk5
https://goo.gl/LaJZqU
https://goo.gl/LaJZqU
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(QKDQFHG�REMHFW�SURSHUWLHV
��>h%*0.+ 1�!/h�h�+*�!,0h��((! h�..�5b !/0.1�01.%*#Mh3$%�$h%/h�h3�5h+"h%*%0%�(%6%*#h2�.%��(!/
�0h+*�!Lh�+.h!4�),(!Mh�+*/% !.h0$!h"+((+3%*#N

var [x, y] = ['a', 'b'];

�4!�10%*#h0$!h,.!�! %*#h�+ !h%/h0$!h/�)!h�/h +%*#h0$!h"+((+3%*#N

var x = 'a';
var y = 'b';

�..�5h !/0.1�01.%*#h��*h�(/+h�!h,!."+.)! h0+h/3�,h2�(1!/h�0h+*�!h3%0$+10h0$!h*!! h0+
�.!�0!h0!),h2�.%��(!/Mh�/h"+((+3/N

[x, y] = [y, x];

�$!h,.!�! %*#h�+ !h%/h0$!h/�)!h�/h0$!h"+((+3%*#h+*!N

var temp = x;
x = y;
y = temp;

�$%/h3%((h�!h2!.5h1/!"1(h3$!*h5+1h(!�.*h/+.0%*#h�(#+.%0$)/h�/h0$%/h/3�,h2�(1!/h%/h2!.5
�+))+*L

�$!.!h%/h�(/+h�*+0$!.h"1*�0%+*�(%05Mh��((! h,.+,!.05h/$+.0$�* Mh3$%�$h%/h�*+0$!.h3�5h+"
,!."+.)%*#h0$!h !/0.1�01.%*#h+"h+�&!�0/Lh�+.h!4�),(!Mh�+*/% !.h0$!h"+((+3%*#h!4�),(!N

var [x, y] = ['a', 'b'];
var obj = { x, y };
console.log(obj); // { x: "a", y: "b" }

�$!h,.!�! %*#h�+ !h%/h0$!h/�)!h�/h +%*#h0$!h"+((+3%*#N

var x = 'a';
var y = 'b';
var obj2 = { x: x, y: y };
console.log(obj2); // { x: "a", y: "b" }

�$!h(�/0h"1*�0%+*�(%05h3!h3%((h %/�1//h%*h0$%/h0+,%�h%/h��((! h0$!h)!0$+ h,.+,!.05Lh�$%/h�((+3/
 !2!(+,!./h0+h !�(�.!h"1*�0%+*/h%*/% !h+�&!�0/h�/h%"h0$!5h3!.!h,.+,!.0%!/Lh�$!h"+((+3%*#h%/h�*
!4�),(!N

var hello = {
  name : 'abcdef',
  printHello(){
  console.log('Hello');
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  }
}
console.log(hello.printHello());

�$!h,.!�! %*#h�+ !h��*h�(/+h�!h3.%00!*h�/h"+((+3/N

var hello = {
  name: 'abcdef',
  printHello: function printHello() {
  console.log('Hello');
  }
};

�$!h0$.!!h!4�),(!/h,.!/!*0! h��*h�!h!4!�10! h�0N

�..�5b !/0.1�01.%*#Nhhttps://goo.gl/VsLecp
��.%��(!b/3�,Nhh t t p s : / / g o o . g l / E y F A I I
�.+,!.05b/$+.0$�* Nhhttps://goo.gl/DKU2PN

2EMHFW�RULHQWHG�SURJUDPPLQJ�ZLWK�FODVVHV
��>h�(/+h%*0.+ 1�! h�h�(!�*!.h3�5h+"h !�(�.%*#h�(�//!/Lh�+1h(!�.*! h0$�0h3!h��*h !�(�.!h�
�(�//h*�)! hBookh%*h0$!h��'" 1d,/&"+1"!d-/,$/�**&+$h/!�0%+*h0$%/h3�5N

function Book(title, pages, isbn){ //{1}
  this.title = title;
  this.pages = pages;
  this.isbn = isbn;
}
Book.prototype.printTitle = function(){
  console.log(this.title);
};

�%0$h��>Mh3!h��*h/%),(%"5h0$!h/5*0�4h�* h1/!h0$!h"+((+3%*#h�+ !N

class Book { //{2}
  constructor (title, pages, isbn) {
  this.title = title;
  this.pages = pages;
  this.isbn = isbn;
  }
  printIsbn(){
    console.log(this.isbn);
  }
}

https://goo.gl/VsLecp
https://goo.gl/EyFAII
https://goo.gl/DKU2PN
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�!h��*h/%),(5h1/!h0$!h'!53+. hclassh�* h !�(�.!h�h�(�//h3%0$h�hconstructorh"1*�0%+*
�* h+0$!.h"1*�0%+*/h�/h3!((g"+.h!4�),(!Mh0$!hprintIsbn "1*�0%+*Lh�$!h�+ !h"+.h0$!h�(�//
Bookh !�(�.! h+*h(%*!h{1}h$�/h0$!h/�)!h!""!�0h�* h+10,10h�/h0$!h�+ !h !�(�.! h+*h(%*!h{2}N

let book = new Book('title', 'pag',  'isbn');
console.log(book.title); //outputs the book title
book.title = 'new title'; //update the value of the book title
console.log(book.title); //outputs the book title

�$!h,.!�! %*#h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / U h K 1 n 4L

,QKHULWDQFH
�/h3!h$�2!h�h*!3h3�5h+"h !�(�.%*#h�(�//!/Mh0$!.!h%/h�(/+h�h/%),(%"%! h/5*0�4h0+h1/!
%*$!.%0�*�!h�!03!!*h�(�//!/Lh�!0\/h0�'!h�h(++'h�0h�*h!4�),(!N

class ITBook extends Book { //{1}
  constructor (title, pages, isbn, technology) {
    super(title, pages, isbn); //{2}
    this.technology = technology;
  }
  printTechnology(){
    console.log(this.technology);
  }
}

let jsBook = new ITBook('Learning JS Algorithms', '200', '1234567890',
'JavaScript');
console.log(jsBook.title);
console.log(jsBook.printTechnology());

�!h��*h!40!* h�*+0$!.h�(�//h�* h%*$!.%0h%0/h�!$�2%+.h1/%*#h0$!h'!53+. hextendshS(%*!h{1}TL
�*/% !h0$!h�+*/0.1�0+.Mh3!h��*h�(/+h.!"!.h0+h0$!hconstructorh/1,!.�(�//h1/%*#h0$!h'!53+. 
superhS(%*!h{2}TL

�(0$+1#$h0$!h/5*0�4h+"h0$%/h*!3h3�5h+"h !�(�.%*#h�(�//!/h%*h��2���.%,0h%/h2!.5h/%)%(�.h0+
+0$!.h,.+#.�))%*#h(�*#1�#!/h/1�$h�/h��2�h�* h�b�CCMh%0h%/h#++ h0+h.!)!)�!.h0$�0
��2���.%,0h+�&!�0e+.%!*0! h,.+#.�))%*#h%/h +*!h0$.+1#$h�h,.+0+05,!L

https://goo.gl/UhK1n4
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�$!h,.!�! %*#h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / h g Q v o 9L

:RUNLQJ�ZLWK�JHWWHUV�DQG�VHWWHUV
�%0$h0$!h*!3h�(�//h/5*0�4Mh%0h%/h�(/+h,+//%�(!h0+h�.!�0!h#!00!.h�* h/!00!.h"1*�0%+*/h"+.h0$!h�(�//
�00.%�10!/Lh�(0$+1#$h�(�//h�00.%�10!/h�.!h*+0h,.%2�0!h�/h%*h+0$!.h+�&!�0e+.%!*0! h(�*#1�#!/
S0$!h!*��,/1(�0%+*h�+*�!,0TMh%0h%/h#++ h0+h"+((+3h�h*�)%*#h,�00!.*L

�$!h"+((+3%*#h%/h�*h!4�),(!h+"h�h�(�//h !�(�.%*#h�hgeth�* hseth"1*�0%+*h�(+*#h3%0$h%0/h1/!N

class Person {
  constructor (name) {
    this._name = name; //{1}
  }
  get name() { //{2}
    return this._name;
  }
  set name(value) { //{3}
    this._name = value;
  }
}

let lotrChar = new Person('Frodo');
console.log(lotrChar.name); //{4}
lotrChar.name = 'Gandalf';    //{5}
console.log(lotrChar.name);
lotrChar._name = 'Sam'; //{6}
console.log(lotrChar.name);

�+h !�(�.!h�hgeth�* hseth"1*�0%+*Mh3!h/%),(5h*!! h0+h1/!h0$!h'!53+. hgeth+.hseth%*h".+*0
+"h0$!h"1*�0%+*h*�)!hS(%*!/h{2}h�* h{3}TMh3$%�$h%/h0$!h*�)!h3!h3�*0h0+h!4,+/!h�* h0+h�!
1/! Lh�!h��*h !�(�.!h0$!h�(�//h�00.%�10!/h3%0$h0$!h/�)!h*�)!Mh+.h3!h��*h1/!h1* !./�+.!h%*
".+*0h+"h0$!h�00.%�10!h*�)!hS(%*!h{1}Th0+h)�'!h%0h/!!)h�/h0$+1#$h0$!h�00.%�10!h%/h,.%2�0!L

�$!*Mh0+h0�'!h�h(++'h�0h0$!hgeth+.hseth"1*�0%+*/Mh3!h��*h/%),(5h.!"!.h0+h0$!%.h*�)!/h�/h%0h3�/
�h/%),(!h�00.%�10!hS(%*!/h{4}h�* h{5}TL

�0h%/h�(/+h#++ h0+h.!)!)�!.h0$�0h0$!h_nameh�00.%�10!h%/h*+0h.!�((5h,.%2�0!M
�* h3!h��*h/0%((h)�'!h�h.!"!.!*�!h0+h%0Lh
+3!2!.Mh3!h3%((h0�('h��+10h0$%/
(�0!.h+*h%*h0$%/h�++'L
�$%/h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / S M R Y s vL

https://goo.gl/hgQvo9
https://goo.gl/SMRYsv
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2WKHU�IXQFWLRQDOLWLHV
��>h�(/+h$�/h/+)!h+0$!.h"1*�0%+*�(%0%!/Oh�)+*#h0$!)Mh3!h��*h(%/0h%0!.�0+./Mh05,! h�..�5/Mh�!0M
��,Mh�!�'�!0Mh�!�'��,Mh)+ 1(!/Mh0�%(h��((/Mh�* h�5)�+(Lh�!h3%((h�+2!.h/+)!h+"h0$!/!
+0$!.h"1*�0%+*�(%0%!/h%*h+0$!.h�$�,0!./h+"h0$%/h�++'L

�+.h)+.!h%*"+.)�0%+*h��+10h�((h0$!h"1*�0%+*�(%0%!/h+"h��>h�* h%0/
/,!�%"%��0%+*Mh.!"!.h0+hh t t p : / / w w w . e c m a - i n t e r n a t i o n a l . o r g / e c m a - 2 6
2 / 6 . 0 /L

(&0$6FULSW���IXQFWLRQDOLWLHV
�*0%(h0$!h �0!h0$�0h0$%/h�++'h%/h�!%*#h3.%00!*Mh+*(5h+*!h"1*�0%+*�(%05h%/h�+*"%.)! h0+h�!
/$%,,! h3%0$h��?hS+.h������.%,0h:89>TMh3$%�$h%/h��((! hArray.prototype.includesL

�$!.!h�.!h+0$!.h"1*�0%+*�(%0%!/h0$�0h�.!h�()+/0h.!� 5h�* h)�5h�!h%*�(1 ! h%*h��?h�10h/0%((
*+0h�+*"%.)! Mh3$%�$h�.!N

�$!h!4,+*!*0%�0%+*h+,!.�0+.
����L��hfh����h���/hCh,+(5"%((
�/5*�h"1*�0%+*/
Object.valuesbObject.entries
�0.%*#h,�  %*#
�.�%(%*#h�+))�/h%*h"1*�0%+*h,�.�)!0!.h(%/0/h�* h��((/

�$!h!4,+*!*0%�0%+*h+,!.�0+.h)�5h�+)!h%*h$�* 5h3$!*h3+.'%*#h3%0$h)�0$Mh�* h%0
/%),(%"%!/h0$!hMath.pow(2, 3)h�+ !h0+h2 ** 3Mh3$!.!h**h%/h !/%#*! h0+h�!h0$!h*!3
!4,+*!*0%�0%+*h+,!.�0+.L

�+1h3%((h(!�.*h)+.!h��+10h0$!hArray.prototype.includesh"1*�0%+*�(%05h%*h0$!h*!40
Chapter 2Mh�//�60L

�+.h)+.!h%*"+.)�0%+*h��+10h��?Mh2%/%0hh t t p s : / / t c 3 9 . g i t h u b . i o / e c m a 2
6 2 /L

http://www.ecma-international.org/ecma-262/6.0/
http://www.ecma-international.org/ecma-262/6.0/
https://tc39.github.io/ecma262/
https://tc39.github.io/ecma262/
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(6��DQG�(6��EDFNZDUG�FRPSDWLELOLW\
�+h�h*!! h0+h1, �0!h)5h�1..!*0h��2���.%,0h�+ !h0+h��>h+.h�/?Qh�"h�+1./!h*+0Rh��>h�* h��?
�.!h/1�/!0/h+"h0$!h��2���.%,0h(�*#1�#!Lh�2!.50$%*#h0$�0h3�/h/0�* �. %6! h�/h��=h3%((
�+*0%*1!h3+.'%*#h�/h%/h0+ �5Lh
+3!2!.Mh5+1h��*h/0�.0h1/%*#h��>h�* h��?h0+h(!2!.�#!h0$!
*!3h/5*0�4h�* h)�'!h5+1.h�+ !h/%),(!.h�* h!�/%!.h0+h.!� L

�*h0$!h"+((+3%*#h�$�,0!./h+"h0$%/h�++'Mh3!h3%((h0.5h0+h1/!h��>h�* h��?h�/h)1�$h�/h3!h��*Lh�*
��/!h5+1h3�*0h0+h3.%0!h0$!h!4�),(!h�+ !h1/%*#h��=Mh5+1h��*h�(3�5/h1/!h���!(h0+h0.�*/,%(!.
0$!h�+ !h+"h0$%/h�++'h%*0+h��=h�+ !L

�+)!h+"h0$!h!4�),(!/h3!h3%((h�.!�0!h�.!h�(/+h�2�%(��(!h%*h��=h/5*0�4h�5
���!//%*#h0$!h�.�*�$h)�/0!.h+"h0$!h	%0$1�h.!,+/%0+.5
�0hhttps://github.com/loiane/javascript-datastructures-algo
rithmsL

�+3Mh3!h$�2!h�+2!.! h�((h0$!h��/%�h��2���.%,0h�+*�!,0/h0$�0h�.!h*!! ! h"+.h1/h0+h/0�.0
$�2%*#h/+)!h"1*h3%0$h �0�h/0.1�01.!/h�* h�(#+.%0$)/R

6XPPDU\
�*h0$%/h�$�,0!.Mh5+1h(!�.*! h$+3h0+h/!0h1,h0$!h !2!(+,)!*0h!*2%.+*)!*0h0+h�!h��(!h0+h�.!�0!
+.h!4!�10!h0$!h!4�),(!/h%*h0$%/h�++'L

�!h�(/+h�+2!.! h0$!h��/%�/h+"h0$!h��2���.%,0h(�*#1�#!h0$�0h�.!h*!! ! h,.%+.h0+h#!00%*#
/0�.0! h3%0$h�+*/0.1�0%*#h0$!h�(#+.%0$)/h�* h �0�h/0.1�01.!/h�+2!.! h%*h0$%/h�++'L

�+1h�(/+h(!�.*! h/+)!h+"h0$!h������.%,0h>h�* h������.%,0h?h"1*�0%+*�(%0%!/h0$�0h3%((h$!(,
1/h/%),(%"5h0$!h/5*0�4h+"h+1.h1,�+)%*#h!4�),(!/L

�*h0$!h*!40h�$�,0!.Mh3!h3%((h(++'h�0h+1.h"%./0h �0�h/0.1�01.!Mh3$%�$h%/h0$!h�..�5Mh0$!h)+/0
��/%�h �0�h/0.1�01.!h0$�0h)�*5h(�*#1�#!/h/1,,+.0h*�0%2!(5Mh%*�(1 %*#h��2���.%,0L

https://github.com/loiane/javascript-datastructures-algorithms
https://github.com/loiane/javascript-datastructures-algorithms
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�*h�..�5h%/h0$!h/%),(!/0h)!)+.5h �0�h/0.1�01.!Lh�+.h0$%/h.!�/+*Mh�((h,.+#.�))%*#h(�*#1�#!/
$�2!h�h�1%(0e%*h�..�5h �0�05,!Lh��2���.%,0h�(/+h/1,,+.0/h�..�5/h*�0%2!(5Mh!2!*h0$+1#$h%0/h"%./0
2!./%+*h3�/h.!(!�/! h3%0$+10h�..�5h/1,,+.0Lh�*h0$%/h�$�,0!.Mh3!h3%((h %2!h%*0+h0$!h�..�5h �0�
/0.1�01.!h�* h%0/h��,��%(%0%!/L

�*h�..�5h/0+.!/h2�(1!/h/!-1!*0%�((5h0$�0h�.!h�((h+"h0$!h/�)!h �0�05,!Lh�(0$+1#$h��2���.%,0
�((+3/h1/h0+h�.!�0!h�..�5/h3%0$h2�(1!/h".+)h %""!.!*0h �0�05,!/Mh3!h3%((h"+((+3h�!/0h,.��0%�!/
�* h�//1)!h0$�0h3!h��**+0h +h0$%/hS)+/0h(�*#1�#!/h +h*+0h$�2!h0$%/h��,��%(%05TL

:K\�VKRXOG�ZH�XVH�DUUD\V"
�!0\/h�+*/% !.h0$�0h3!h*!! h0+h/0+.!h0$!h�2!.�#!h0!),!.�01.!h+"h!��$h)+*0$h+"h0$!h5!�.h+"
0$!h�%05h0$�0h3!h(%2!h%*Lh�!h�+1( h1/!h/+)!0$%*#h/%)%(�.h0+h0$!h"+((+3%*#h0+h/0+.!h0$%/
%*"+.)�0%+*N

var averageTempJan = 31.9;
var averageTempFeb = 35.3;
var averageTempMar = 42.4;
var averageTempApr = 52;
var averageTempMay = 60.8;


+3!2!.Mh0$%/h%/h*+0h0$!h�!/0h�,,.+��$Lh�"h3!h/0+.!h0$!h0!),!.�01.!h"+.h+*(5h+*!h5!�.Mh3!
�+1( h)�*�#!h9:h2�.%��(!/Lh
+3!2!.Mh3$�0h%"h3!h*!! h0+h/0+.!h0$!h�2!.�#!h0!),!.�01.!h"+.
)+.!h0$�*h+*!h5!�.Qh�+.01*�0!(5Mh0$%/h%/h3$5h�..�5/h3!.!h�.!�0! Mh�* h3!h��*h!�/%(5
.!,.!/!*0h0$!h/�)!h%*"+.)�0%+*h)!*0%+*! h!�.(%!.h�/h"+((+3/N

var averageTemp = [];
averageTemp[0] = 31.9;
averageTemp[1] = 35.3;
averageTemp[2] = 42.4;
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averageTemp[3] = 52;
averageTemp[4] = 60.8;

�!h��*h�(/+h.!,.!/!*0h0$!haverageTemph�..�5h#.�,$%��((5N

&UHDWLQJ�DQG�LQLWLDOL]LQJ�DUUD\V
�!�(�.%*#Mh�.!�0%*#Mh�* h%*%0%�(%6%*#h�*h�..�5h%*h��2���.%,0h%/h�/h/%),(!Mh�/h/$+3*h�5h0$!
"+((+3%*#N

var daysOfWeek = new Array(); //{1}
var daysOfWeek = new Array(7); //{2}
var daysOfWeek = new Array('Sunday', 'Monday', 'Tuesday', 'Wednes day',
'Thursday', 'Friday', 'Saturday'); //{3}

�!h��*h/%),(5h !�(�.!h�* h%*/0�*0%�0!h�h*!3h�..�5h1/%*#h0$!h'!53+. hnewhS(%*!h{1}TLh�(/+M
1/%*#h0$!h'!53+. hnewMh3!h��*h�.!�0!h�h*!3h�..�5h/,!�%"5%*#h0$!h(!*#0$h+"h0$!h�..�5hS(%*!
{2}TLh�h0$%. h+,0%+*h3+1( h�!h,�//%*#h0$!h�..�5h!(!)!*0/h %.!�0(5h0+h%0/h�+*/0.1�0+.hS(%*!
{3}TL


+3!2!.Mh1/%*#h0$!hnewh'!53+. h%/h*+0h�!/0h,.��0%�!Lh�"h5+1h3�*0h0+h�.!�0!h�*h�..�5h%*
��2���.%,0Mh3!h��*h�//%#*h!),05h�.��'!0/hS[]TMh�/h%*h0$!h"+((+3%*#h!4�),(!N

var daysOfWeek = [];

�!h��*h�(/+h%*%0%�(%6!h0$!h�..�5h3%0$h/+)!h!(!)!*0/Mh�/h"+((+3/N

var daysOfWeek = ['Sunday', 'Monday', 'Tuesday', 'Wednesday',  'Thursday',
'Friday', 'Saturday'];

�"h3!h3�*0h0+h'*+3h$+3h)�*5h!(!)!*0/h�.!h%*h0$!h�..�5hS%0/h/%6!TMh3!h��*h1/!h0$!hlength
,.+,!.05Lh�$!h"+((+3%*#h�+ !h3%((h#%2!h�*h+10,10h+"h7N

    FRQVROH�ORJ�GD\V2I:HHN�OHQJWK��
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$FFHVVLQJ�HOHPHQWV�DQG�LWHUDWLQJ�DQ�DUUD\
�+h���!//h�h,�.0%�1(�.h,+/%0%+*h+"h0$!h�..�5Mh3!h��*h�(/+h1/!h�.��'!0/Mh,�//%*#h0$!h%* !4h+"
0$!h,+/%0%+*h3!h3+1( h(%'!h0+h���!//Lh�+.h!4�),(!Mh(!0\/h/�5h3!h3�*0h0+h+10,10h�((h0$!
!(!)!*0/h".+)h0$!hdaysOfWeekh�..�5Lh�+h +h/+Mh3!h*!! h0+h(++,h0$!h�..�5h�* h,.%*0h0$!
!(!)!*0/Mh�/h"+((+3/N

for (var i=0; i<daysOfWeek.length; i++){
  console.log(daysOfWeek[i]);
}

�!0\/h0�'!h�h(++'h�0h�*+0$!.h!4�),(!Lh�!0\/h/�5h0$�0h3!h3�*0h0+h"%* h+10h0$!h"%./0h:8h*1)�!./
+"h0$!h�%�+*���%h/!-1!*�!Lh�$!h"%./0h03+h*1)�!./h+"h0$!h�%�+*���%h/!-1!*�!h�.!h9h�* h:Mh�* 
!��$h/1�/!-1!*0h*1)�!.h%/h0$!h/1)h+"h0$!h,.!2%+1/h03+h*1)�!./N

var fibonacci = []; //{1}
fibonacci[1] = 1; //{2}
fibonacci[2] = 1; //{3}

for(var i = 3; i < 20; i++){
  fibonacci[i] = fibonacci[i-1] + fibonacci[i-2]; ////{4}
}

for(var i = 1; i<fibonacci.length; i++){ //{5}
  console.log(fibonacci[i]);           //{6}
}

�+Mh%*h(%*!h{1}Mh3!h !�(�.! h�* h�.!�0! h�*h�..�5L
�*h(%*!/h{2}h�* h{3}Mh3!h�//%#*! h0$!h"%./0h03+h*1)�!./h+"h0$!h�%�+*���%
/!-1!*�!h0+h0$!h/!�+* h�* h0$%. h,+/%0%+*/h+"h0$!h�..�5hS%*h��2���.%,0Mh0$!h"%./0
,+/%0%+*h+"h0$!h�..�5h%/h�(3�5/h.!"!.!*�! h�5h8Mh�* h�/h0$!.!h%/h*+h8h%*h0$!
�%�+*���%h/!-1!*�!Mh3!h3%((h/'%,h%0TL
�$!*Mh�((h3!h$�2!h0+h +h%/h�.!�0!h0$!h0$%. h0+h0$!h03!*0%!0$h*1)�!.h+"h0$!
/!-1!*�!hS�/h3!h'*+3h0$!h"%./0h03+h*1)�!./h�(.!� 5TLh�+h +h/+Mh3!h��*h1/!h�
(++,h�* h�//%#*h0$!h/1)h+"h0$!h,.!2%+1/h03+h,+/%0%+*/h+"h0$!h�..�5h0+h0$!h�1..!*0
,+/%0%+*hS(%*!h{4}Mh/0�.0%*#h".+)h%* !4h;h+"h0$!h�..�5h0+h0$!h9A0$h%* !4TL
�$!*Mh0+h0�'!h�h(++'h�0h0$!h+10,10hS(%*!h{6}TMh3!h&1/0h*!! h0+h(++,h0$!h�..�5h".+)
%0/h"%./0h,+/%0%+*h0+h%0/h(!*#0$hS(%*!h{5}TL

�!h��*h1/!hconsole.logh0+h+10,10h!��$h%* !4h+"h0$!h�..�5hS(%*!/h{5}h�* 
{6}TMh+.h3!h��*h�(/+h1/!hconsole.log(fibonacci)h0+h+10,10h0$!h�..�5
%0/!("Lh�+/0h�.+3/!./h$�2!h�h*%�!h�..�5h.!,.!/!*0�0%+*h%*hconsole.logL
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�"h5+1h3+1( h(%'!h0+h#!*!.�0!h)+.!h0$�*h:8h*1)�!./h+"h0$!h�%�+*���%h/!-1!*�!Mh&1/0h�$�*#!
0$!h*1)�!.h20h0+h3$�0!2!.h*1)�!.h5+1h(%'!L

$GGLQJ�HOHPHQWV
�  %*#h�* h.!)+2%*#h!(!)!*0/h".+)h�*h�..�5h%/h*+0h0$�0h %""%�1(0Oh$+3!2!.Mh%0h��*h�!h0.%�'5L
�+.h0$!h!4�),(!/h3!h3%((h1/!h%*h0$%/h/!�0%+*Mh(!0\/h�+*/% !.h0$�0h3!h$�2!h0$!h"+((+3%*#
*1)�!./h�..�5h%*%0%�(%6! h3%0$h*1)�!./h".+)h8h0+hAN

var numbers = [0,1,2,3,4,5,6,7,8,9];

�"h3!h3�*0h0+h�  h�h*!3h!(!)!*0h0+h0$%/h�..�5hS"+.h!4�),(!Mh0$!h*1)�!.h98TMh�((h3!h$�2!h0+
 +h%/h.!"!.!*�!h0$!h(�0!/0h".!!h,+/%0%+*h+"h0$!h�..�5h�* h�//%#*h�h2�(1!h0+h%0N

numbers[numbers.length] = 10;

�*h��2���.%,0Mh�*h�..�5h%/h�h)10��(!h+�&!�0Lh�!h��*h!�/%(5h�  h*!3
!(!)!*0/h0+h%0Lh�$!h+�&!�0h3%((h#.+3h 5*�)%��((5h�/h3!h�  h*!3h!(!)!*0/
0+h%0Lh�*h)�*5h+0$!.h(�*#1�#!/Mh/1�$h�/h�h�* h��2�Mh3!h*!! h0+h !0!.)%*!
0$!h/%6!h+"h0$!h�..�5Mh�* h%"h3!h*!! h0+h�  h)+.!h!(!)!*0/h0+h0$!h�..�5Mh3!
*!! h0+h�.!�0!h�h�+),(!0!(5h*!3h�..�5Oh3!h��**+0h/%),(5h�  h*!3
!(!)!*0/h0+h%0h�/h3!h*!! h0$!)L

8VLQJ�WKH�SXVK�PHWKRG

+3!2!.Mh0$!.!h%/h�(/+h�h)!0$+ h��((! hpushh0$�0h�((+3/h1/h0+h�  h*!3h!(!)!*0/h0+h0$!h!* 
+"h0$!h�..�5Lh�!h��*h�  h�/h)�*5h!(!)!*0/h�/h3!h3�*0h�/h�.#1)!*0/h0+h0$!hpushh)!0$+ N

numbers.push(11);
numbers.push(12, 13);

�$!h+10,10h+"h0$!hnumbersh�..�5h3%((h�!h0$!h*1)�!./h".+)h8h0+h9;L

,QVHUWLQJ�DQ�HOHPHQW�LQ�WKH�ILUVW�SRVLWLRQ
�+3Mh(!0\/h/�5h3!h*!! h0+h�  h�h*!3h!(!)!*0h0+h0$!h�..�5h�* h3+1( h(%'!h0+h%*/!.0h%0h%*h0$!
"%./0h,+/%0%+*Mh*+0h0$!h(�/0h+*!Lh�+h +h/+Mh"%./0Mh3!h*!! h0+h".!!h0$!h"%./0h,+/%0%+*h�5h/$%"0%*#h�((
0$!h!(!)!*0/h0+h0$!h.%#$0Lh�!h��*h(++,h�((h0$!h!(!)!*0/h+"h0$!h�..�5Mh/0�.0%*#h".+)h0$!h(�/0
,+/%0%+*h+ 1hS(!*#0$Th�* h/$%"0%*#h0$!h,.!2%+1/h!(!)!*0h0+h0$!h*!3h,+/%0%+*h0+h"%*�((5h�//%#*
0$!h*!3h2�(1!h3!h3�*0h0+h0$!h"%./0h,+/%0%+*hS-1TLh�1*h0$!h"+((+3%*#h�+ !h"+.h0$%/N
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for (var i=numbers.length; i>=0; i--){
  numbers[i] = numbers[i-1];
}
numbers[0] = -1;

�!h��*h.!,.!/!*0h0$%/h��0%+*h3%0$h0$!h"+((+3%*#h %�#.�)N

8VLQJ�WKH�XQVKLIW�PHWKRG
�$!h��2���.%,0arrayh�(�//h�(/+h$�/h�h)!0$+ h��((! hunshiftMh3$%�$h%*/!.0/h0$!h2�(1!/
,�//! h%*h0$!h)!0$+ \/h�.#1)!*0/h�0h0$!h/0�.0h+"h0$!h�..�5N

numbers.unshift(-2);
numbers.unshift(-4, -3);

�+Mh1/%*#h0$!hunshifth)!0$+ Mh3!h��*h�  h0$!h2�(1!h-2h�* h0$!*h-3h�* h-4h0+h0$!
�!#%**%*#h+"h0$!hnumbersh�..�5Lh�$!h+10,10h+"h0$%/h�..�5h3%((h�!h0$!h*1)�!./h".+)he<h0+h9;L

5HPRYLQJ�HOHPHQWV
�+h"�.Mh5+1h$�2!h(!�.*! h$+3h0+h�  h2�(1!/h0+h0$!h!* h�* h�0h0$!h�!#%**%*#h+"h�*h�..�5L
�!0\/h0�'!h�h(++'h�0h$+3h3!h��*h.!)+2!h�h2�(1!h".+)h�*h�..�5L

�+h.!)+2!h�h2�(1!h".+)h0$!h!* h+"h�*h�..�5Mh3!h��*h1/!h0$!hpoph)!0$+ N

numbers.pop();
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�$!hpushh�* hpoph)!0$+ /h�((+3h�*h�..�5h0+h!)1(�0!h�h��/%�hstackh �0�
/0.1�01.!Mh3$%�$h%/h0$!h/1�&!�0h+"h0$!h*!40h�$�,0!.L

�$!h+10,10h+"h+1.h�..�5h3%((h�!h0$!h*1)�!./h".+)he<h0+h9:Lh�$!h(!*#0$h+"h+1.h�..�5h%/h9?L

5HPRYLQJ�DQ�HOHPHQW�IURP�ILUVW�SRVLWLRQ
�+h.!)+2!h�h2�(1!h".+)h0$!h�!#%**%*#h+"h0$!h�..�5Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !N

for (var i=0; i<numbers.length; i++){
  numbers[i] = numbers[i+1];
}

�!h��*h.!,.!/!*0h0$!h,.!2%+1/h�+ !h1/%*#h0$!h"+((+3%*#h %�#.�)N

�!h/$%"0! h�((h0$!h!(!)!*0/h+*!h,+/%0%+*h0+h0$!h(!"0Lh
+3!2!.Mh0$!h(!*#0$h+"h0$!h�..�5h%/h/0%((
0$!h/�)!hS8>TMh)!�*%*#h3!h/0%((h$�2!h�*h!40.�h!(!)!*0h%*h+1.h�..�5hS3%0$h�*h1* !"%*! 
2�(1!TLh�$!h(�/0h0%)!h0$!h�+ !h%*/% !h0$!h(++,h3�/h!4!�10! Mhi+1h3�/h�h.!"!.!*�!h0+h�
,+/%0%+*h0$�0h +!/h*+0h!4%/0Lh�*h/+)!h(�*#1�#!/h/1�$h�/h��2�Mh�b�CCMh+.h�IMh0$!h�+ !h3+1( 
0$.+3h�*h!4�!,0%+*Mh�* h3!h3+1( h$�2!h0+h!* h+1.h(++,h�0hnumbers.length -1L

�/h5+1h��*h*+0!Mh3!h$�2!h+*(5h+2!.3.%00!*h0$!h�..�5\/h+.%#%*�(h2�(1!/Mh�* h3!h % h*+0h.!�((5
.!)+2!h0$!h2�(1!hS�/h0$!h(!*#0$h+"h0$!h�..�5h%/h/0%((h0$!h/�)!h�* h3!h$�2!h0$%/h!40.�
1* !"%*! h!(!)!*0TL
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8VLQJ�WKH�VKLIW�PHWKRG
�+h��01�((5h.!)+2!h�*h!(!)!*0h".+)h0$!h�!#%**%*#h+"h0$!h�..�5Mh3!h��*h1/!h0$!hshift
)!0$+ Mh�/h"+((+3/N

numbers.shift();

�+Mh%"h3!h�+*/% !.h0$�0h+1.h�..�5h$�/h0$!h2�(1!he<h0+h9:h�* h�h(!*#0$h+"h9?Mh�"0!.h3!h!4!�10!
0$!h,.!2%+1/h�+ !Mh0$!h�..�5h3%((h�+*0�%*h0$!h2�(1!/he;h0+h9:h�* h$�2!h�h(!*#0$h+"h9>L

�$!hshifth�* hunshifth)!0$+ /h�((+3h�*h�..�5h0+h!)1(�0!h�h��/%�hqueue
 �0�h/0.1�01.!Mh3$%�$h%/h0$!h/1�&!�0h+"hChapter 4Mh�2"2"0L

$GGLQJ�DQG�UHPRYLQJ�HOHPHQWV�IURP�D
VSHFLILF�SRVLWLRQ
�+h"�.Mh5+1h$�2!h(!�.*! h$+3h0+h�  h!(!)!*0/h�0h0$!h!* h�* h�0h0$!h�!#%**%*#h+"h�*h�..�5M
�* h5+1h$�2!h�(/+h(!�.*! h$+3h0+h.!)+2!h!(!)!*0/h".+)h0$!h�!#%**%*#h�* h!* h+"h�*h�..�5L
�$�0h%"h3!h�(/+h3�*0h0+h�  h+.h.!)+2!h!(!)!*0/h".+)h�*5h,�.0%�1(�.h,+/%0%+*h+"h+1.h�..�5Q

+3h��*h3!h +h0$%/Q

�!h��*h1/!h0$!hspliceh)!0$+ h0+h.!)+2!h�*h!(!)!*0h".+)h�*h�..�5h�5h/%),(5h/,!�%"5%*#
0$!h,+/%0%+*b%* !4h0$�0h3!h3+1( h(%'!h0+h !(!0!h".+)h�* h$+3h)�*5h!(!)!*0/h3!h3+1( h(%'!
0+h.!)+2!Mh�/h"+((+3/N

numbers.splice(5,3);

�$%/h�+ !h3%((h.!)+2!h0$.!!h!(!)!*0/Mh/0�.0%*#h".+)h%* !4h=h+"h+1.h�..�5Lh�$%/h)!�*/h0$!
*1)�!./hU=VM*1)�!./hU>VMh�* h*1)�!./hU?Vh3%((h�!h.!)+2! h".+)h0$!h*1)�!./h�..�5Lh�$!
�+*0!*0h+"h+1.h�..�5h3%((h�!he;Mhe:Mhe9Mh8Mh9Mh=Mh>Mh?Mh@MhAMh98Mh99Mh�* h9:hS�/h0$!h*1)�!./h:Mh;Mh�* 
<h$�2!h�!!*h.!)+2! TL

�/h3%0$h��2���.%,0h�..�5/h�* h+�&!�0/Mh3!h��*h�(/+h1/!h0$!hdelete
+,!.�0+.h0+h.!)+2!h�*h!(!)!*0h".+)h0$!h�..�5Mh"+.h!4�),(!Mhremove
numbers[0]Lh
+3!2!.Mh0$!h,+/%0%+*h8h+"h0$!h�..�5h3%((h$�2!h0$!h2�(1!
undefinedMh)!�*%*#h0$�0h%0h3+1( h�!h0$!h/�)!h�/h +%*#hnumbers[0] =
undefinedLh�+.h0$%/h.!�/+*Mh3!h/$+1( h�(3�5/h1/!h0$!hspliceMhpopMh+.
shifthS3$%�$h5+1h3%((h(!�.*h*!40Th)!0$+ /h0+h.!)+2!h!(!)!*0/L
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�+3Mh(!0\/h/�5h3!h3�*0h0+h%*/!.0h*1)�!./h:h0+h<h���'h%*0+h0$!h�..�5Mh/0�.0%*#h".+)h0$!
,+/%0%+*h=Lh�!h��*h�#�%*h1/!h0$!hspliceh)!0$+ h0+h +h0$%/N

numbers.splice(5,0,2,3,4);

�$!h"%./0h�.#1)!*0h+"h0$!h)!0$+ h%/h0$!h%* !4h3!h3�*0h0+h.!)+2!h!(!)!*0/h".+)h+.h%*/!.0
!(!)!*0/h%*0+Lh�$!h/!�+* h�.#1)!*0h%/h0$!h*1)�!.h+"h!(!)!*0/h3!h3�*0h0+h.!)+2!hS%*h0$%/
��/!Mh3!h +h*+0h3�*0h0+h.!)+2!h�*5Mh/+h3!h3%((h,�//h0$!h2�(1!h8hS6!.+TTLh�* h0$!h0$%. 
�.#1)!*0hS+*3�. /Th�.!h0$!h2�(1!/h3!h3+1( h(%'!h0+h%*/!.0h%*0+h0$!h�..�5hS0$!h!(!)!*0/h:Mh;M
�* h<TLh�$!h+10,10h3%((h�!h2�(1!/h".+)he;h0+h9:h�#�%*L

�%*�((5Mh(!0\/h!4!�10!h0$!h"+((+3%*#h�+ !N

numbers.splice(5,3,2,3,4);

�$!h+10,10h3%((h�!h2�(1!/h".+)he;h0+h9:Lh�$%/h%/h�!��1/!h3!h�.!h.!)+2%*#h0$.!!h!(!)!*0/M
/0�.0%*#h".+)h0$!h%* !4h=Mh�* h3!h�.!h�(/+h�  %*#h0$!h!(!)!*0/h:Mh;Mh�* h<Mh/0�.0%*#h�0h%* !4
=L

7ZR�GLPHQVLRQDO�DQG�PXOWLGLPHQVLRQDO
DUUD\V
�0h0$!h�!#%**%*#h+"h0$%/h�$�,0!.Mh3!h1/! h0$!h1"*-"/�12/"d*"�02/"*"+1h!4�),(!Lh�!h3%((
*+3h1/!h0$%/h!4�),(!h+*!h)+.!h0%)!Lh�!0\/h�+*/% !.h0$�0h3!h*!! h0+h)!�/1.!h0$!
0!),!.�01.!h$+1.(5h"+.h�h"!3h �5/Lh�+3h0$�0h3!h�(.!� 5h'*+3h3!h��*h1/!h�*h�..�5h0+h/0+.!
0$!h0!),!.�01.!/Mh3!h��*h!�/%(5h3.%0!h0$!h"+((+3%*#h�+ !h0+h/0+.!h0$!h0!),!.�01.!/h+2!.h03+
 �5/N

var averageTempDay1 = [72,75,79,79,81,81];
var averageTempDay2 = [81,79,75,75,73,72];


+3!2!.Mh0$%/h%/h*+0h0$!h�!/0h�,,.+��$Oh3!h��*h3.%0!h�!00!.h�+ !Rh�!h��*h1/!h�h)�0.%4hS03+e
 %)!*/%+*�(h�..�5Th0+h/0+.!h0$%/h%*"+.)�0%+*Mh%*h3$%�$h!��$h.+3h3%((h.!,.!/!*0h0$!h �5Mh�* 
!��$h�+(1)*h3%((h.!,.!/!*0h�*h$+1.(5h)!�/1.!)!*0h+"h0!),!.�01.!Mh�/h"+((+3/N

var averageTemp = [];
averageTemp[0] = [72,75,79,79,81,81];
averageTemp[1] = [81,79,75,75,73,72];

��2���.%,0h+*(5h/1,,+.0/h+*!e %)!*/%+*�(h�..�5/Oh%0h +!/h*+0h/1,,+.0h)�0.%�!/Lh
+3!2!.M
3!h��*h%),(!)!*0h)�0.%�!/h+.h�*5h)1(0% %)!*/%+*�(h�..�5h1/%*#h�*h�..�5h+"h�..�5/Mh�/h%*
0$!h,.!2%+1/h�+ !Lh�$!h/�)!h�+ !h��*h�(/+h�!h3.%00!*h�/h"+((+3/N
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//day 1
averageTemp[0] = [];
averageTemp[0][0] = 72;
averageTemp[0][1] = 75;
averageTemp[0][2] = 79;
averageTemp[0][3] = 79;
averageTemp[0][4] = 81;
averageTemp[0][5] = 81;
//day 2
averageTemp[1] = [];
averageTemp[1][0] = 81;
averageTemp[1][1] = 79;
averageTemp[1][2] = 75;
averageTemp[1][3] = 75;
averageTemp[1][4] = 73;
averageTemp[1][5] = 72;

�*h0$!h,.!2%+1/h�+ !Mh3!h/,!�%"%! h0$!h2�(1!h+"h!��$h �5h�* h$+1.h/!,�.�0!(5Lh�!h��*h�(/+
.!,.!/!*0h0$%/h!4�),(!h%*h�h %�#.�)h/%)%(�.h0+h0$!h"+((+3%*#N

���$h.+3h.!,.!/!*0/h�h �5Mh�* h!��$h�+(1)*h.!,.!/!*0/h�*h$+1.h+"h0$!h �5hS0!),!.�01.!TL

,WHUDWLQJ�WKH�HOHPHQWV�RI�WZR�GLPHQVLRQDO�DUUD\V
�"h3!h3�*0h0+h0�'!h�h(++'h�0h0$!h+10,10h+"h0$!h)�0.%4Mh3!h��*h�.!�0!h�h#!*!.%�h"1*�0%+*h0+h(+#
%0/h+10,10N

function printMatrix(myMatrix) {
  for (var i=0; i<myMatrix.length; i++){
    for (var j=0; j<myMatrix[i].length; j++){
      console.log(myMatrix[i][j]);
    }
  }
}

�!h*!! h0+h(++,h0$.+1#$h�((h0$!h.+3/h�* h�+(1)*/Lh�+h +h0$%/Mh3!h*!! h0+h1/!h�h*!/0! hfor
(++,h%*h3$%�$h0$!h2�.%��(!hih.!,.!/!*0/h.+3/Mh�* hjh.!,.!/!*0/h0$!h�+(1)*/L
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�!h��*h��((h0$!h"+((+3%*#h�+ !h0+h0�'!h�h(++'h�0h0$!h+10,10h+"h0$!haverageTemph)�0.%4N

printMatrix(averageTemp);

0XOWL�GLPHQVLRQDO�DUUD\V
�!h��*h�(/+h3+.'h3%0$h)1(0% %)!*/%+*�(h�..�5/h%*h��2���.%,0Lh�+.h!4�),(!Mh(!0\/h�.!�0!h�h;h4
;h)�0.%4Lh���$h�!((h�+*0�%*/h0$!h/1)hihS.+3ThChjhS�+(1)*ThChzhS !,0$Th+"h0$!h)�0.%4Mh�/
"+((+3/N

var matrix3x3x3 = [];
for (var i=0; i<3; i++){
  matrix3x3x3[i] = [];
  for (var j=0; j<3; j++){
    matrix3x3x3[i][j] = [];
    for (var z=0; z<3; z++){
      matrix3x3x3[i][j][z] = i+j+z;
    }
  }
}

�0h +!/h*+0h)�00!.h$+3h)�*5h %)!*/%+*/h3!h$�2!h%*h0$!h �0�h/0.1�01.!Oh3!h*!! h0+h(++,
!��$h %)!*/%+*h0+h���!//h0$!h�!((Lh�!h��*h.!,.!/!*0h�h;h4h;h4h;h)�0.%4h3%0$h�h�1�!h %�#.�)M
�/h"+((+3/N
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�+h+10,10h0$!h�+*0!*0h+"h0$%/h)�0.%4Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !N

for (var i=0; i<matrix3x3x3.length; i++){
  for (var j=0; j<matrix3x3x3[i].length; j++){
    for (var z=0; z<matrix3x3x3[i][j].length; z++){
      console.log(matrix3x3x3[i][j][z]);
    }
  }
}

�"h3!h$� h�h;h4h;h4h;h4h;h)�0.%4Mh3!h3+1( h$�2!h"+1.h*!/0! hforh/0�0!)!*0/h%*h+1.h�+ !h�* 
/+h+*L

5HIHUHQFHV�IRU�-DYD6FULSW�DUUD\�PHWKRGV
�..�5/h%*h��2���.%,0h�.!h)+ %"%! h+�&!�0/Mh)!�*%*#h0$�0h!2!.5h�..�5h3!h�.!�0!h$�/h�h"!3
)!0$+ /h�2�%(��(!h0+h�!h1/! Lh��2���.%,0h�..�5/h�.!h2!.5h%*0!.!/0%*#h�!��1/!h0$!5h�.!h2!.5
,+3!."1(h�* h$�2!h)+.!h��,��%(%0%!/h�2�%(��(!h0$�*h,.%)%0%2!h�..�5/h%*h+0$!.h(�*#1�#!/L
�$%/h)!�*/h0$�0h3!h +h*+0h*!! h0+h3.%0!h��/%�h��,��%(%0%!/h+1./!(2!/Mh/1�$h�/h�  %*#h�* 
.!)+2%*#h!(!)!*0/h%*b".+)h0$!h)%  (!h+"h0$!h �0�h/0.1�01.!L

�$!h"+((+3%*#h%/h�h(%/0h+"h0$!h�+.!h�2�%(��(!h)!0$+ /h%*h�*h�..�5h+�&!�0Lh�!h$�2!h�+2!.! 
/+)!h)!0$+ /h�(.!� 5N

�!0$+ �!/�.%,0%+*

concat �$%/h&+%*/h)1(0%,(!h�..�5/h�* h.!01.*/h�h�+,5h+"h0$!h&+%*! h�..�5/

every �$%/h%0!.�0!/h!2!.5h!(!)!*0h+"h0$!h�..�5Mh2!.%"5%*#h�h !/%.! h�+* %0%+*
S"1*�0%+*Th1*0%(hfalseh%/h.!01.*! 

filter �$%/h�.!�0!/h�*h�..�5h3%0$h!��$h!(!)!*0h0$�0h!2�(1�0!/h0+htrueh%*h0$!h"1*�0%+*
,.+2% ! 

forEach �$%/h!4!�10!/h�h/,!�%"%�h"1*�0%+*h+*h!��$h!(!)!*0h+"h0$!h�..�5

join �$%/h&+%*/h�((h0$!h�..�5h!(!)!*0/h%*0+h�h/0.%*#

indexOf �$%/h/!�.�$!/h0$!h�..�5h"+.h/,!�%"%�h!(!)!*0/h�* h.!01.*/h%0/h,+/%0%+*

lastIndexOf �$%/h.!01.*/h0$!h,+/%0%+*h+"h(�/0h%0!)h%*h0$!h�..�5h0$�0h)�0�$!/h0$!h/!�.�$
�.%0!.%�

map �$%/h�.!�0!/h�h*!3h�..�5h".+)h�h"1*�0%+*h0$�0h�+*0�%*/h0$!h�.%0!.%�b�+* %0%+*
�* h.!01.*/h0$!h!(!)!*0/h+"h0$!h�..�5h0$�0h)�0�$h0$!h�.%0!.%�
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reverse �$%/h.!2!./!/h0$!h�..�5h/+h0$�0h0$!h(�/0h%0!)/h�!�+)!h0$!h"%./0h�* h2%�!h2!./�

slice �$%/h.!01.*/h�h*!3h�..�5h".+)h0$!h/,!�%"%! h%* !4

some �$%/h%0!.�0!/h!2!.5h!(!)!*0h+"h0$!h�..�5Mh2!.%"5%*#h�h !/%.! h�+* %0%+*
S"1*�0%+*Th1*0%(htrueh%/h.!01.*! 

sort �$%/h/+.0/h0$!h�..�5h�(,$��!0%��((5h+.h�5h0$!h/1,,(%! h"1*�0%+*

toString �$%/h.!01.*/h0$!h�..�5h�/h�h/0.%*#

valueOf �%)%(�.h0+h0$!htoStringh)!0$+ Mh0$%/h.!01.*/h0$!h�..�5h�/h�h/0.%*#

h

�!h$�2!h�(.!� 5h�+2!.! h0$!hpushMhpopMhshiftMhunshiftMh�* hspliceh)!0$+ /Lh�!0\/h0�'!
�h(++'h�0h0$!/!h*!3h+*!/Lh�$!/!h)!0$+ /h3%((h�!h2!.5h1/!"1(h%*h0$!h/1�/!-1!*0h�$�,0!./h+"
0$%/h�++'Mh3$!.!h3!h3%((h�+ !h+1.h+3*h �0�h/0.1�01.!h�* h�(#+.%0$)/L

-RLQLQJ�PXOWLSOH�DUUD\V
�+*/% !.h�h/�!*�.%+h3$!.!h5+1h$�2!h %""!.!*0h�..�5/h�* h5+1h*!! h0+h&+%*h�((h+"h0$!)h%*0+h�
/%*#(!h�..�5Lh�!h�+1( h%0!.�0!h!��$h�..�5h�* h�  h!��$h!(!)!*0h0+h0$!h"%*�(h�..�5L
�+.01*�0!(5Mh��2���.%,0h�(.!� 5h$�/h�h)!0$+ h0$�0h��*h +h0$%/h"+.h1/h*�)! h0$!hconcat
)!0$+ Mh3$%�$h(++'/h�/h"+((+3/N

var zero = 0;
var positiveNumbers = [1,2,3];
var negativeNumbers = [-3,-2,-1];
var numbers = negativeNumbers.concat(zero, positiveNumbers);

�!h��*h,�//h�/h)�*5h�..�5/h�* h+�&!�0/b!(!)!*0/h0+h0$%/h�..�5h�/h3!h !/%.!Lh�$!h�..�5/h3%((
�!h�+*��0!*�0! h0+h0$!h/,!�%"%! h�..�5h%*h0$!h+. !.h0$�0h0$!h�.#1)!*0/h�.!h,�//! h0+h0$!
)!0$+ Lh�*h0$%/h!4�),(!Mhzeroh3%((h�!h�+*��0!*�0! h0+hnegativeNumbersMh�* h0$!*
positiveNumbersh3%((h�!h�+*��0!*�0! h0+h0$!h.!/1(0%*#h�..�5Lh�$!h+10,10h+"h0$!hnumbers
�..�5h3%((h�!h0$!h2�(1!/he;Mhe:Mhe9Mh8Mh9Mh:Mh�* h;L

,WHUDWRU�IXQFWLRQV
�+)!0%)!/Mh3!h*!! h0+h%0!.�0!h0$!h!(!)!*0/h+"h�*h�..�5Lh�+1h(!�.*! h0$�0h3!h��*h1/!h�h(++,
�+*/0.1�0h0+h +h0$%/Mh/1�$h�/h0$!hforh/0�0!)!*0Mh�/h3!h/�3h%*h/+)!h,.!2%+1/h!4�),(!/L
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��2���.%,0h�(/+h$�/h/+)!h�1%(0e%*h%0!.�0+.h)!0$+ /h0$�0h3!h��*h1/!h3%0$h�..�5/Lh�+.h0$!
!4�),(!/h+"h0$%/h/!�0%+*Mh3!h3%((h*!! h�*h�..�5h�* h�(/+h�h"1*�0%+*Lh�!h3%((h1/!h�*h�..�5
3%0$h2�(1!/h".+)h9h0+h9=h�* h�(/+h�h"1*�0%+*h0$�0h.!01.*/htrueh%"h0$!h*1)�!.h%/h�h)1(0%,(!h+"
:hS!2!*Th�* hfalseh+0$!.3%/!Lh�1*h0$!h"+((+3%*#h�+ !N

var isEven = function (x) {
  // returns true if x is a multiple of 2.
  console.log(x);
  return (x % 2 == 0) � true : false;
};
var numbers = [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15];

return (x % 2 == 0) � true : falseh��*h�(/+h�!h.!,.!/!*0! h�/
return (x % 2 == 0)L

,WHUDWLQJ�XVLQJ�WKH�HYHU\�PHWKRG
�$!h"%./0h)!0$+ h3!h3%((h0�'!h�h(++'h�0h%/h0$!heveryh)!0$+ Lh�$!heveryh)!0$+ h%0!.�0!/
!��$h!(!)!*0h+"h0$!h�..�5h1*0%(h0$!h.!01.*h+"h0$!h"1*�0%+*h%/hfalseMh�/h"+((+3/N

numbers.every(isEven);

�*h0$%/h��/!Mh+1.h"%./0h!(!)!*0h+"h0$!hnumbersh�..�5h%/h0$!h*1)�!.h9Lh9h%/h*+0h�h)1(0%,(!h+"h:
S%0h%/h�*h+  h*1)�!.TMh/+h0$!hisEvenh"1*�0%+*h3%((h.!01.*hfalseMh�* h0$%/h3%((h�!h0$!h+*(5
0%)!h0$!h"1*�0%+*h3%((h�!h!4!�10! L

,WHUDWLQJ�XVLQJ�WKH�VRPH�PHWKRG
�!40Mh3!h$�2!h0$!hsomeh)!0$+ Lh�0h$�/h0$!h/�)!h�!$�2%+.h�/h0$!heveryh)!0$+ Oh$+3!2!.M
0$!hsomeh)!0$+ h%0!.�0!/h!��$h!(!)!*0h+"h0$!h�..�5h1*0%(h0$!h.!01.*h+"h0$!h"1*�0%+*h%/htrueN

numbers.some(isEven);

�*h+1.h��/!Mh0$!h"%./0h!2!*h*1)�!.h+"h+1.hnumbersh�..�5h%/h:hS0$!h/!�+* h!(!)!*0TLh�$!h"%./0
!(!)!*0h0$�0h3%((h�!h%0!.�0! h%/h0$!h*1)�!.h9Oh%0h3%((h.!01.*hfalseLh�$!*Mh0$!h/!�+* h!(!)!*0
0$�0h3%((h�!h%0!.�0! h%/h0$!h*1)�!.h:Mh3$%�$h3%((h.!01.*htrueMh�* h0$!h%0!.�0%+*h3%((h/0+,L
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,WHUDWLQJ�XVLQJ�IRU(DFK
�"h3!h*!! h0$!h�..�5h0+h�!h�+),(!0!(5h%0!.�0! h*+h)�00!.h3$�0Mh3!h��*h1/!h0$!hforEach
"1*�0%+*Lh�0h$�/h0$!h/�)!h.!/1(0h�/h1/%*#h�hforh(++,h3%0$h0$!h"1*�0%+*\/h�+ !h%*/% !h%0Mh�/
"+((+3/N

numbers.forEach(function(x){
  console.log((x % 2 == 0));
});

8VLQJ�PDS�DQG�ILOWHU
��2���.%,0h�(/+h$�/h03+h+0$!.h%0!.�0+.h)!0$+ /h0$�0h.!01.*h�h*!3h�..�5h3%0$h�h.!/1(0Lh�$!
"%./0h+*!h%/h0$!hmaph)!0$+ Mh3$%�$h%/h�/h"+((+3/N

var myMap = numbers.map(isEven);

�$!hmyMaph�..�5h3%((h$�2!h0$!h"+((+3%*#h2�(1!/Nh[false, true, false, true, false,
true, false, true, false, true, false, true, false, true, false]Lh�0h/0+.!/
0$!h.!/1(0h+"h0$!hisEvenh"1*�0%+*h0$�0h3�/h,�//! h0+h0$!hmaph)!0$+ Lh�$%/h3�5Mh3!h��*
!�/%(5h'*+3h3$!0$!.h�h*1)�!.h%/h!2!*h+.h*+0Lh�+.h!4�),(!MhmyMap[0]h.!01.*/hfalse
�!��1/!h9h%/h*+0h!2!*Mh�* hmyMap[1]h.!01.*/htrueh�!��1/!h:h%/h!2!*L

�!h�(/+h$�2!h0$!hfilterh)!0$+ Lh�0h.!01.*/h�h*!3h�..�5h3%0$h0$!h!(!)!*0/h0$�0h0$!h"1*�0%+*
.!01.*! htrueMh�/h"+((+3/N

var evenNumbers = numbers.filter(isEven);

�*h+1.h��/!Mh0$!hevenNumbersh�..�5h3%((h�+*0�%*h0$!h!(!)!*0/h0$�0h�.!h)1(0%,(!/h+"h:Nh[2,
4, 6, 8, 10, 12, 14]L

8VLQJ�WKH�UHGXFH�PHWKRG
�%*�((5Mh3!h$�2!h0$!hreduceh)!0$+ Lh�$!hreduceh)!0$+ h�(/+h.!�!%2!/h�h"1*�0%+*h3%0$h0$!
"+((+3%*#h,�.�)!0!./NhpreviousValueMhcurrentValueMhindexMh�* harrayLh�!h��*h1/!
0$%/h"1*�0%+*h0+h.!01.*h�h2�(1!h0$�0h3%((h�!h�  ! h0+h�*h���1)1(�0+.Mh3$%�$h3%((h�!h.!01.*! 
�"0!.h0$!hreduceh)!0$+ h/0+,/h�!%*#h!4!�10! Lh�0h��*h�!h2!.5h1/!"1(h%"h3!h3�*0h0+h/1)h1,
�((h0$!h2�(1!/h%*h�*h�..�5Lh
!.!\/h�*h!4�),(!N

numbers.reduce(function(previous, current, index){
  return previous + current;
});
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�$!h+10,10h3%((h�!h120L

�$!h��2���.%,0hArrayh�(�//h�(/+h$�/h03+h+0$!.h%),+.0�*0h)!0$+ /Nhmaph�* 
reduceLh�$!h)!0$+ h*�)!/h�.!h/!("e!4,(�*�0+.5Mh)!�*%*#h0$�0h0$!hmap
)!0$+ h3%((h)�,h2�(1!/h3$!*h#%2!*h�h"1*�0%+*Mh�* h0$!hreduceh)!0$+ 
3%((h.! 1�!h0$!h�..�5h�+*0�%*%*#h0$!h2�(1!/h0$�0h)�0�$h�h"1*�0%+*h�/h3!((L
�$!/!h0$.!!h)!0$+ /hSmapMhfilterMh�* hreduceTh�.!h0$!h��/!h+"h0$!
"1*�0%+*�(h,.+#.�))%*#h+"h��2���.%,0Mh3$%�$h3!h3%((h!4,(+.!h%*hChapter
11Mh��11"/+0d,#d�)$,/&1%*0L

(&0$6FULSW���DQG�QHZ�$UUD\�IXQFWLRQDOLWLHV
�/h5+1h(!�.*! h%*hChapter 1Mh��3�� /&-1g�d�2& (d�3"/3&"4Mh0$!h��2���.%,0h(�*#1�#!h$�/
*!3h"1*�0%+*�(%0%!/h���+. %*#h0+h0$!h������.%,0b=hS��=h+.h��978<Th�* h������.%,0b>
S��>h+.h��978=Th/,!�%"%��0%+*/L

�$!h"+((+3%*#h%/h�h(%/0h+"h0$!h*!3h)!0$+ /h�  ! h%*h��>h�* h��?N

�!0$+ �!/�.%,0%+*

@@iterator �$%/h.!01.*/h�*h%0!.�0+.h+�&!�0h0$�0h�+*0�%*/h0$!h'!5b2�(1!h,�%./h+"h0$!h�..�5h0$�0
��*h�!h/5*�$.+*+1/(5h��((! h0+h.!0.%!2!h'!5b2�(1!h+"h0$!h�..�5h!(!)!*0/L

copyWithin �$%/h�+,%!/h�h/!-1!*�!h+"h2�(1!/h+"h0$!h�..�5h%*0+h0$!h,+/%0%+*h+"h�h/0�.0h%* !4L

entries �$%/h.!01.*/h@@iteratorMh3$%�$h�+*0�%*/h'!5b2�(1!h,�%./L

includes �$%/h.!01.*/htrueh%*h��/!h�*h!(!)!*0h%/h"+1* h%*h0$!h�..�5Mh�* hfalse
+0$!.3%/!Lh�$%/h3�/h�  ! h%*h��h?L

find �$%/h/!�.�$!/h"+.h�*h!(!)!*0h%*h0$!h�..�5h#%2!*h�h !/%.! h�+* %0%+*hS��((���'
"1*�0%+*Th�* h.!01.*/h0$!h!(!)!*0h%*h��/!h%0h%/h"+1* L

findIndex �$%/h/!�.�$!/h"+.h�*h!(!)!*0h%*h0$!h�..�5h#%2!*h�h !/%.! h�+* %0%+*hS��((���'
"1*�0%+*Th�* h.!01.*/h0$!h!(!)!*0h%* !4h%*h��/!h%0h%/h"+1* L

fill �$%/h"%((/h0$!h�..�5h3%0$h�h/0�0%�h2�(1!L

from �$%/h�.!�0!/h�h*!3h�..�5h".+)h�*h!4%/0%*#h+*!L

keys �$%/h.!01.*/h@@iteratorMh3$%�$h�+*0�%*/h0$!h'!5/h+"h0$!h�..�5L

of �$%/h�.!�0!/h�h*!3h�..�5h".+)h0$!h�.#1)!*0/h,�//! h0+h0$!h)!0$+ L

values �$%/h.!01.*/h@@iteratorMh3$%�$h�+*0�%*/h0$!h2�(1!/h+"h0$!h�..�5L
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�(+*#h3%0$h0$!/!h*!3h)!0$+ /Mh3!h�(/+h$�2!h�h*!3h3�5h+"h%0!.�0%*#h0$!h�..�5Mh3$%�$h1/!/
0$!h*!3hfor..ofh(++,h�* h�(/+h0$!h�0!.�0+.h+�&!�0h0$�0h��*h�!h.!0.%!2! h".+)h0$!h�..�5
%*/0�*�!L

�!h3%((h !)+*/0.�0!h�((h0$!/!h*!3h"1*�0%+*�(%0%!/h%*h0$!h"+((+3%*#h0+,%�/L

,WHUDWLQJ�XVLQJ�IRU(DFK�ZLWK�DUURZ�IXQFWLRQV
�!h��*h1/!h�..+3h"1*�0%+*/h0+h/%),(%"5h0$!h3�5h3!h%0!.�0!h�((h0$!h!(!)!*0/h+"h�*h�..�5h1/%*#
0$!hforEachh)!0$+ Lh�+*/% !.h0$!h"+((+3%*#h!4�),(!N

numbers.forEach(function (x) {
  console.log(x % 2 == 0);
});

�!h��*h/%),(%"5h0$!h,.!�! %*#h�+ !h3%0$h0$!h"+((+3%*#h+*!N

numbers.forEach(x => {
  console.log((x % 2 == 0));
});

,WHUDWLQJ�XVLQJ�WKH�IRUbRI�ORRS
�+1h$�2!h(!�.*! h0$�0h3!h��*h%0!.�0!h�*h�..�5h1/%*#h0$!hforh(++,h�* h0$!hforEachh)!0$+ L
��>h�(/+h%*0.+ 1�!/h0$!hfor..ofh(++,Mh3$%�$h%0!.�0!/h0$.+1#$h0$!h2�(1!/h+"h�*h�..�5Lh�!
��*h0�'!h�h(++'h�0h�*h!4�),(!h+"h$+3h0+h1/!h0$!hfor..ofh(++,h$!.!N

for (let n of numbers) {
  console.log((n % 2 == 0) � 'even' : 'odd');
}

�$%/h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / q H Y A N 1L

https://goo.gl/qHYAN1
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8VLQJ�WKH�QHZ�(6��LWHUDWRU��##LWHUDWRU�
�$!hArrayh�(�//h�(/+h$�/h�h,.+,!.05h*�)! h@@iteratorh0$�0h3�/h%*0.+ 1�! h%*h��>Lh�+h1/!
0$%/Mh3!h*!! h0+h���!//h0$!hSymbol.iteratorh,.+,!.05h+"h0$!h�..�5h�/h"+((+3/N

let iterator = numbers[Symbol.iterator]();
console.log(iterator.next().value); //1
console.log(iterator.next().value); //2
console.log(iterator.next().value); //3
console.log(iterator.next().value); //4
console.log(iterator.next().value); //5

�$!*Mh3!h��*h%* %2% 1�((5h��((h0$!hnexth)!0$+ h+"h0$!h%0!.�0+.h0+h.!0.%!2!h0$!h*!40h2�(1!h+"
0$!h�..�5Lh�+.h0$!h*1)�!./h�..�5Mh3!h*!! h0+h��((h0$!hiterator.next()L2�(1!h9=h0%)!/
�!��1/!h3!h$�2!h9=h2�(1!/h%*h0$!h�..�5L

�$!*h0$!h�..�5h%/h%0!.�0! h�* h0$!.!h�.!h*+h)+.!h2�(1!/h0+h�!h%0!.�0! Mh0$!
iterator.next() �+ !h3%((h.!01.*hundefinedL

�$!h,.!�! %*#h�+ !h$�/h0$!h/�)!h+10,10h�/h!4!�10%*#hnumbers.value()Mh3$%�$h5+1h3%((
(!�.*h%*h0$!h*!40h0+,%�L

�$%/h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / L 8 1 U Q WL

$UUD\�HQWULHV��NH\V��DQG�YDOXHV
��>h�(/+h%*0.+ 1�! h0$.!!h3�5/h+"h.!0.%!2%*#h%0!.�0+./h".+)h�*h�..�5Lh�$!h"%./0h+*!h5+1h3%((
(!�.*h%/h0$!hentriesh)!0$+ L

�$!hentriesh)!0$+ h.!01.*/h@@iteratorMh3$%�$h�+*0�%*/h'!5b2�(1!h,�%./Lh�$!h"+((+3%*#
%/h�*h!4�),(!h+"h$+3h3!h��*h1/!h0$%/h)!0$+ N

let aEntries = numbers.entries(); //retrieve iterator of key/value
console.log(aEntries.next().value); //[0, 1] - position 0, value 1
console.log(aEntries.next().value); //[1, 2] - position 1, value 2
console.log(aEntries.next().value); //[2, 3] - position 2, value 3

�/h0$!hnumberh�..�5h+*(5h�+*0�%*/h*1)�!./Mhkeyh3%((h�!h0$!h,+/%0%+*h+"h0$!h�..�5Mh�* 
valueh3%((h�!h2�(1!h/0+.! h%*h0$!h�..�5h%* !4L

https://goo.gl/L81UQW
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�+h�!h��(!h0+h.!0.%!2!h'!5b2�(1!h,�%./h%/h2!.5h1/!"1(h3$!*h3!h�.!h3+.'%*#h3%0$h/!0/M
 %�0%+*�.%!/Mh�* h$�/$h)�,/Lh�$%/h"1*�0%+*�(%05h3%((h�!h2!.5h1/!"1(h0+h1/h%*h0$!h(�0!.h�$�,0!./
+"h0$%/h�++'L

�$!hkeysh)!0$+ h.!01.*/h@@iteratorMh3$%�$h�+*0�%*/h0$!h'!5/h+"h0$!h�..�5Lh�$!h"+((+3%*#
%/h�*h!4�),(!h+"h$+3h3!h��*h1/!h0$%/h)!0$+ N

let aKeys = numbers.keys(); //retrieve iterator of keys
console.log(aKeys.next()); // {value: 0, done: false }
console.log(aKeys.next()); // {value: 1, done: false }
console.log(aKeys.next()); // {value: 2, done: false }

�+.h0$!hnumbersh�..�5Mh0$!hkeysh3%((h�!h0$!h%* !4!/h+"h0$!h�..�5Lh�*�!h0$!.!h�.!h*+h2�(1!/
0+h�!h%0!.�0! Mh0$!h�+ !haKeys.next()h3%((h.!01.*hundefinedh�/hvalueh�* hdoneh�/htrueL
�$!*hdoneh$�/h0$!h2�(1!hfalseMh%0h)!�*/h0$�0h0$!.!h�.!h/0%((h)+.!h'!5/h+"h0$!h�..�5h0+h�!
%0!.�0! L

�$!hvaluesh)!0$+ h.!01.*/h@@iteratorMh3$%�$h�+*0�%*/h0$!h2�(1!/h+"h0$!h�..�5Lh�$!
"+((+3%*#h%/h�*h!4�),(!h+"h$+3h3!h��*h1/!h0$%/h)!0$+ N

let aValues = numbers.values();
console.log(aValues.next()); // {value: 1, done: false }
console.log(aValues.next()); // {value: 2, done: false }
console.log(aValues.next()); // {value: 3, done: false }

�0h%/h2�(% h0+h.!)!)�!.h0$�0h*+0h�((h"1*�0%+*�(%0%!/h".+)h��>h3+.'h+*h0$!
�.+3/!./h5!0Lh�!��1/!h+"h0$%/Mh0$!h�!/0h3�5h0+h0!/0h0$%/h�+ !h%/h1/%*#h���!(L
�4�),(!/h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / e o j E G kL

8VLQJ�WKH�IURP�PHWKRG
�$!hArray.fromh)!0$+ h�.!�0!/h�h*!3h�..�5h".+)h�*h!4%/0%*#h+*!Lh�+.h!4�),(!Mh%"h3!h3�*0
0+h�+,5h0$!h�..�5h*1)�!./h%*0+h�h*!3h+*!Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !N

let numbers2 = Array.from(numbers);

�0h%/h�(/+h,+//%�(!h0+h,�//h�h"1*�0%+*h/+h0$�0h3!h��*h !0!.)%*!h3$%�$h2�(1!/h3!h3�*0h0+h"%(0!.L
�+*/% !.h0$!h"+((+3%*#h�+ !N

let evens = Array.from(numbers, x => (x % 2 == 0));

https://goo.gl/eojEGk
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�$!h,.!�! %*#h�+ !h�.!�0! h�h*!3h�..�5h*�)! hevensh�* h+*(5h.!0.%!2!/h0$!h!2!*h2�(1!/
".+)h0$!h*1)�!./h�..�5L

�$%/h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / n 4 r O Y 4L

8VLQJ�$UUD\�RI
�$!hArray.ofh)!0$+ h�.!�0!/h�h*!3h�..�5h".+)h0$!h�.#1)!*0/h,�//! h0+h0$!h)!0$+ Lh�+.
!4�),(!Mh(!0\/h�+*/% !.h0$!h"+((+3%*#h!4�),(!N

let numbers3 = Array.of(1);
let numbers4 = Array.of(1,2,3,4,5,6);

�$!h,.!�! %*#h�+ !h3+1( h�!h0$!h/�)!h�/h,!."+.)%*#h0$!h"+((+3%*#N

let numbers3 = [1];
let numbers4 = [1,2,3,4,5,6];

�!h��*h�(/+h1/!h0$%/h)!0$+ h0+h)�'!h�h�+,5h+"h�*h!4%/0%*#h�..�5Lh
!.!Mh3!h$�2!h�*h!4�),(!N

let numbersCopy = Array.of(...numbers4);

�$!h,.!�! %*#h�+ !h%/h0$!h/�)!h�/h1/%*#hArray.from(numbers4)Lh�$!h %""!.!*�!h$!.!h%/
0$�0h3!h�.!h1/%*#h0$!hspreadh+,!.�0+.h0$�0h5+1h(!�.*! h%*hChapter 1Mh��3�� /&-1g�d�2& (
�3"/3&"4Lh�$!h/,.!� h+,!.�0+.hS...Th3%((h/,.!� h!��$h+"h0$!h2�(1!/h+"h0$!hnumbers4h�..�5
%*0+h�.#1)!*0/L

�$!h!4�),(!/h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / F o J Y N fL

8VLQJ�WKH�ILOO�PHWKRG
�$!hfillh)!0$+ h"%((/h0$!h�..�5h3%0$h�h2�(1!Lh�+.h!4�),(!Mh�+*/% !.h0$!h"+((+3%*#h�..�5N

let numbersCopy = Array.of(1,2,3,4,5,6);

https://goo.gl/n4rOY4
https://goo.gl/FoJYNf
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�$!hnumbersCopyh�..�5h$�/h0$!h(!*#0$h>Mh)!�*%*#h3!h$�2!h>h,+/%0%+*/Lh�!0\/h1/!h0$!
"+((+3%*#h�+ !N

numbersCopy.fill(0);


!.!Mh0$!hnumbersCopyh�..�5h3%((h$�2!h�((h%0/h,+/%0%+*/h3%0$h2�(1!hhS[0,0,0,0,0,0]TL

�!h��*h�(/+h,�//h0$!h/0�.0h%* !4h0$�0h3!h3�*0h0+h"%((h0$!h�..�5h3%0$Mh�/h"+((+3/N

numbersCopy.fill(2, 1);

�*h0$!h,.!�! %*#h!4�),(!Mh�((h0$!h,+/%0%+*/h+"h0$!h�..�5h3%((h$�2!h0$!h2�(1!h2Mh/0�.0%*#h".+)
,+/%0%+*h1hS[0,2,2,2,2,2]TL

�0h%/h�(/+h,+//%�(!h0+h,�//h0$!h!* h%* !4h0$�0h3!h3�*0h0+h"%((h0$!h�..�5h3%0$N

numbersCopy.fill(1, 3, 5);

�*h0$!h,.!�! %*#h!4�),(!Mh3!h3%((h"%((h0$!h�..�5h3%0$h2�(1!h1h".+)h%* !4h3h0+h5hS*+0
%*�(1/%2!TMh.!/1(0%*#h%*h0$!h"+((+3%*#h�..�5Nh[0,2,2,1,1,2]L

�$!hfillh)!0$+ h%/h#.!�0h3$!*h3!h3�*0h0+h�.!�0!h�*h�..�5h�* h%*%0%�(%6!h%0/h2�(1!/Mh�/
 !)+*/0.�0! h$!.!N

let ones = Array(6).fill(1);

�$!h,.!�! %*#h�+ !h3%((h�.!�0!h�*h�..�5h+"h(!*#0$h6h�* h�((h%0/h2�(1!/h�/h1hS[1,1,1,1,1,1]TL

�$!h,.!�! %*#h!4�),(!/h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / s q i H S KL

8VLQJ�WKH�FRS\:LWKLQ�PHWKRG
�$!hcopyWithinh)!0$+ h�+,%!/h�h/!-1!*�!h+"h2�(1!/h+"h0$!h�..�5h%*0+h0$!h,+/%0%+*h+"h�h/0�.0
%* !4Lh�+.h!4�),(!Mh(!0\/h�+*/% !.h0$!h"+((+3%*#h�..�5h"+.h+1.h!4�),(!/N

let copyArray = [1, 2, 3, 4, 5, 6];

�+3Mh(!0\/h/�5h3!h3�*0h0+h�+,5h0$!h2�(1!/h4M5Mh�* h6h0+h0$!h"%./0h0$.!!h,+/%0%+*/h+"h0$!h�..�5M
.!/1(0%*#h%*h0$!h[4,5,6,4,5,6]h�..�5Lh�!h��*h1/!h0$!h"+((+3%*#h�+ !h0+h��$%!2!h0$%/h.!/1(0N

copyArray.copyWithin(0, 3);

https://goo.gl/sqiHSK
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�+3Mh�+*/% !.h0$�0h3!h3�*0h0+h�+,5h0$!h2�(1!/h4h�* h5hS0$!h,+/%0%+*/h;h�* h<Th0+h0$!
,+/%0%+*/h9h�* h:Lh�!h��*h1/!h0$!h"+((+3%*#h�+ !h0+h +h0$%/N

copyArray = [1, 2, 3, 4, 5, 6];
copyArray.copyWithin(1, 3, 5);

�*h0$%/h��/!Mh3!h3%((h�+,5h0$!h!(!)!*0/h/0�.0%*#h%*h,+/%0%+*h;h�* h!* %*#h%*h,+/%0%+*h=hS*+0
%*�(1/%2!Th0+h0$!h,+/%0%+*h9h+"h0$!h�..�5Mh.!/1(0%*#h%*h0$!h[1,4,5,4,5,6]h�..�5L

�$%/h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / h Z h B E 1L

6RUWLQJ�HOHPHQWV
�$.+1#$+10h0$%/h�++'Mh5+1h3%((h(!�.*h$+3h0+h3.%0!h0$!h)+/0e1/! h/!�.�$%*#h�* h/+.0%*#
�(#+.%0$)/Lh
+3!2!.Mh��2���.%,0h�(/+h$�/h�h/+.0%*#h)!0$+ h�* h�h�+1,(!h+"h/!�.�$%*#
)!0$+ /h�2�%(��(!Lh�!0\/h0�'!h�h(++'h�0h0$!)L

�%./0Mh(!0\/h0�'!h+1.hnumbersh�..�5h�* h,10h0$!h!(!)!*0/h+10h+"h+. !.hS9Mh:Mh;MhPh9=h�.!
�(.!� 5h/+.0! TLh�+h +h0$%/Mh3!h��*h�,,(5h0$!hreverseh)!0$+ Mh%*h3$%�$h0$!h(�/0h%0!)h3%((
�!h0$!h"%./0h�* h2%�!h2!./�Mh�/h"+((+3/N

numbers.reverse();

�+h*+3Mh0$!h+10,10h"+.h0$!hnumbersh�..�5h3%((h�!h[15, 14, 13, 12, 11, 10, 9, 8,
7, 6, 5, 4, 3, 2, 1]Lh�$!*Mh3!h��*h�,,(5h0$!hsorth)!0$+ h�/h"+((+3/N

numbers.sort();


+3!2!.Mh%"h3!h+10,10h0$!h�..�5Mh0$!h.!/1(0h3%((h�!h[1, 10, 11, 12, 13, 14, 15, 2,
3, 4, 5, 6, 7, 8, 9]Lh�$%/h%/h*+0h+. !.! h�+..!�0(5Lh�$%/h%/h�!��1/!h0$!hsorth)!0$+ 
/+.0/h0$!h!(!)!*0/h(!4%�+#.�,$%��((5Mh�* h%0h�//1)!/h�((h0$!h!(!)!*0/h�.!h/0.%*#/L

�!h��*h�(/+h3.%0!h+1.h+3*h�+),�.%/+*h"1*�0%+*Lh�/h+1.h�..�5h$�/h*1)!.%�h!(!)!*0/Mh3!
��*h3.%0!h0$!h"+((+3%*#h�+ !N

numbers.sort(function(a,b){
  return a-b;
});

https://goo.gl/hZhBE1
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�$%/h�+ !h3%((h.!01.*h�h*!#�0%2!h*1)�!.h%"hbh%/h�%##!.h0$�*haMh�h,+/%0%2!h*1)�!.h%"hah%/
�%##!.h0$�*hbMh�* hhS�!.+Th%"h0$!5h�.!h!-1�(Lh�$%/h)!�*/h0$�0h%"h�h*!#�0%2!h2�(1!h%/h.!01.*! M
%0h%),(%!/h0$�0hah%/h/)�((!.h0$�*hbMh3$%�$h%/h"1.0$!.h1/! h�5h0$!hsorth"1*�0%+*h0+h�..�*#!h0$!
!(!)!*0/L

�$!h,.!2%+1/h�+ !h��*h�!h.!,.!/!*0! h�5h0$!h"+((+3%*#h�+ !h�/h3!((N

function compare(a, b) {
  if (a < b) {
    return -1;
  }
  if (a > b) {
    return 1;
  }
  // a must be equal to b
  return 0;
}

numbers.sort(compare);

�$%/h%/h�!��1/!h0$!hsorth"1*�0%+*h".+)h0$!h��2���.%,0hArrayh�(�//h��*h.!�!%2!h�h,�.�)!0!.
��((! hcompareFunctionMh3$%�$h%/h.!/,+*/%�(!h"+.h/+.0%*#h0$!h�..�5Lh�*h+1.h!4�),(!Mh3!
 !�(�.! h�h"1*�0%+*h0$�0h3%((h�!h.!/,+*/%�(!h"+.h�+),�.%*#h0$!h!(!)!*0/h+"h0$!h�..�5M
.!/1(0%*#h%*h�*h�..�5h/+.0! h%*h�/�!* %*#h+. !.L

&XVWRP�VRUWLQJ
�!h��*h/+.0h�*h�..�5h3%0$h�*5h05,!h+"h+�&!�0h%*h%0Mh�* h3!h��*h�(/+h�.!�0!hcompareFunction
0+h�+),�.!h0$!h!(!)!*0/h�/h3!h*!! h0+Lh�+.h!4�),(!Mh/1,,+/!h3!h$�2!h�*h+�&!�0Mh�!./+*M
3%0$hnameh�* hageMh�* h3!h3�*0h0+h/+.0h0$!h�..�5h��/! h+*h0$!hageh+"h0$!h,!./+*Lh�!h��*
1/!h0$!h"+((+3%*#h�+ !N

var friends = [
  {name: 'John', age: 30},
  {name: 'Ana', age: 20},
  {name: 'Chris', age: 25}
];

function comparePerson(a, b){
  if (a.age < b.age){
  return -1
  }
  if (a.age > b.age){
  return 1
  }
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  return 0;
}

console.log(friends.sort(comparePerson));

�*h0$%/h��/!Mh0$!h+10,10h".+)h0$!h,.!2%+1/h�+ !h3%((h�!hAna (20)MhChris (25)Mh�* hJohn
(30)L

6RUWLQJ�VWULQJV
�1,,+/!h3!h$�2!h0$!h"+((+3%*#h�..�5N

var names =['Ana', 'ana', 'john', 'John'];
console.log(names.sort());

�$�0h +h5+1h0$%*'h3+1( h�!h0$!h+10,10Qh�$!h�*/3!.h%/h�/h"+((+3/N

>�$QD����-RKQ����DQD����MRKQ�@

�$5h +!/hanah�+)!h�"0!.hJohnh3$!*hZ�[h�+)!/h"%./0h%*h0$!h�(,$��!0Qh�$!h�*/3!.h%/h�!��1/!
��2���.%,0h�+),�.!/h!��$h�$�.��0!.h���+. %*#h0+h%0/h�����h2�(1!Lh�+.h!4�),(!Mh�Mh�Mh�Mh�* h&
$�2!h0$!h !�%)�(h�����h2�(1!/h+"h�Mb=<Mh�Mb>;Mh�Mb@>Mh�* h&Mb87=L

�$!.!"+.!Mh�h$�/h�h(+3!.h2�(1!h0$�*h�Mh�* h�!��1/!h+"h0$%/Mh%0h�+)!/h"%./0h%*h0$!h�(,$��!0L

�+.h)+.!h%*"+.)�0%+*h��+10h0$!h�����h0��(!Mh2%/%0hh t t p : / / w w w . a s c i i t a b
l e . c o m /L

�+3Mh%"h3!h,�//hcompareFunctionMh3$%�$h�+*0�%*/h0$!h�+ !h0+h%#*+.!h0$!h��/!h+"h0$!h(!00!.M
3!h3%((h$�2!h0$!h+10,10h["Ana", "ana", "John", "john"]Mh�/h"+((+3/N

names.sort(function(a, b){
  if (a.toLowerCase() < b.toLowerCase()){
    return -1
  }
  if (a.toLowerCase() > b.toLowerCase()){
    return 1
  }
  return 0;
});

http://www.asciitable.com/
http://www.asciitable.com/
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�+.h���!*0! h�$�.��0!./Mh3!h��*h1/!h0$!hlocaleCompareh)!0$+ h�/h3!((N

var names2 = ['Maève', 'Maeve'];
console.log(names2.sort(function(a, b){
  return a.localeCompare(b);
}));

�$!h+10,10h3%((h�!h["Maeve", "Maève"]L

6HDUFKLQJ
�!h$�2!h03+h+,0%+*/h0+h/!�.�$Nh0$!hindexOfh)!0$+ Mh3$%�$h.!01.*/h0$!h%* !4h+"h0$!h"%./0
!(!)!*0h0$�0h)�0�$!/h0$!h�.#1)!*0h,�//! Mh�* hlastIndexOfMh3$%�$h.!01.*/h0$!h%* !4h+"
0$!h(�/0h!(!)!*0h"+1* h0$�0h)�0�$!/h0$!h�.#1)!*0h,�//! Lh�!0\/h#+h���'h0+h0$!hnumbers
�..�5h0$�0h3!h3!.!h1/%*#h�!"+.!N

console.log(numbers.indexOf(10));
console.log(numbers.indexOf(100));

�*h0$!h,.!2%+1/h!4�),(!Mh0$!h+10,10h%*h0$!h�+*/+(!h3+1( h�!h9h"+.h0$!h"%./0h(%*!h�* h-1
S�!��1/!h%0h +!/h*+0h!4%/0h%*h+1.h�..�5Th"+.h0$!h/!�+* h(%*!L

�!h��*h#!0h0$!h/�)!h.!/1(0h3%0$h0$!h"+((+3%*#h�+ !N

numbers.push(10);
console.log(numbers.lastIndexOf(10));
console.log(numbers.lastIndexOf(100));

�!h�  ! h�h*!3h!(!)!*0h3%0$h0$!h2�(1!h10Mh/+h0$!h/!�+* h(%*!h3%((h+10,10h15hS+1.h�..�5
*+3h$�/h2�(1!/h".+)h9h0+h9=hCh98TMh�* h0$!h0$%. h(%*!h3%((h+10,10h-1hS�!��1/!h0$!h!(!)!*0
100h +!/h*+0h!4%/0h%*h+1.h�..�5TL

(&0$6FULSW���c�WKH�ILQG�DQG�ILQG,QGH[�PHWKRGV
�+*/% !.h0$!h"+((+3%*#!4�),(!N

let numbers = [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15];
function multipleOf13(element, index, array) {
  return (element % 13 == 0) � true : false;
}
console.log(numbers.find(multipleOf13));
console.log(numbers.findIndex(multipleOf13));
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�$!hfindh�* hfindIndexh)!0$+ /h.!�!%2!h�h��((���'h"1*�0%+*h0$�0h3%((h/!�.�$h"+.h�h2�(1!
0$�0h/�0%/"%!/h0$!h�+* %0%+*h,.!/!*0! h%*h0$!h0!/0%*#h"1*�0%+*hS��((���'TLh�+.h0$%/h!4�),(!Mh3!
�.!h(++'%*#h3$!0$!.h0$!h�..�5h*1)�!./h�+*0�%*h�*5h)1(0%,(!h+"h9;L

�$!h %""!.!*�!h�!03!!*hfindh�* hfindIndexh%/h0$�0h0$!hfindh)!0$+ h.!01.*/h0$!h"%./0
2�(1!h+"h0$!h�..�5h0$�0h/�0%/"%!/h0$!h,.+,+/! h�+* %0%+*Lh�$!hfindIndexh)!0$+ Mh+*h0$!
+0$!.h$�* Mh.!01.*/h0$!h%* !4h+"h0$!h"%./0h2�(1!h+"h0$!h�..�5h0$�0h/�0%/"%!/h0$!h�+* %0%+*Lh�*
��/!h0$!h2�(1!h%/h*+0h"+1* Mh%0h.!01.*/hundefinedL

�$%/h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / 2 v A a C hL

(&0$6FULSW���c�XVLQJ�WKH�LQFOXGHV�PHWKRG
�$!hincludesh)!0$+ h.!01.*/htrueh%*h��/!h�*h!(!)!*0h%/h"+1* h%*h0$!h�..�5Mh�* hfalse
+0$!.3%/!Lh�$!h"+((+3%*#h%/h�*h!4�),(!h+"h$+3h0+h1/!h0$%/h)!0$+ N

console.log(numbers.includes(15));
console.log(numbers.includes(20));

�*h0$%/h!4�),(!h0$!hincludes(15)h3%((h.!01.*htrueh�* hincludes(20)h3%((h.!01.*hfalse
�!��1/!h0$!h!(!)!*0h20h +!/h*+0h!4%/0h%*h0$!hnumbersh�..�5L

�0h%/h�(/+h,+//%�(!h0+h,�//h�h/0�.0%*#h%* !4h3$!.!h3!h3�*0h0$!h�..�5h0+h/0�.0h/!�.�$%*#h"+.h0$!
2�(1!N

let numbers2 = [7,6,5,4,3,2,1];
console.log(numbers2.includes(4,5));

�$!h+10,10h".+)h0$!h!4�),(!h��+2!h3%((h�!hfalseh�!��1/!h0$!h!(!)!*0h4h +!/h*+0h!4%/0h�"0!.
,+/%0%+*h5L

�$%/h!4�),(!h��*h�!h!4!�10! h�0hh t t p s : / / g o o . g l / t T Y 9 b cL

https://goo.gl/2vAaCh
https://goo.gl/tTY9bc
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2XWSXWWLQJ�WKH�DUUD\�LQWR�D�VWULQJ
�%*�((5Mh3!h�+)!h0+h0$!h"%*�(h03+h)!0$+ /NhtoStringh�* hjoinL

�"h3!h3�*0h0+h+10,10h�((h0$!h!(!)!*0/h+"h0$!h�..�5h%*0+h�h/%*#(!h/0.%*#Mh3!h��*h1/!h0$!
toStringh)!0$+ h�/h"+((+3/N

console.log(numbers.toString());

�$%/h3%((h+10,10h0$!h2�(1!/h1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15M
�* h10h0+h0$!h�+*/+(!L

�"h3!h3�*0h0+h/!,�.�0!h0$!h!(!)!*0/h�5h�h %""!.!*0h/!,�.�0+.Mh/1�$h�/h-Mh3!h��*h1/!h0$!hjoin
)!0$+ h0+h +h&1/0h0$%/Mh�/h"+((+3/N

var numbersString = numbers.join('-');
console.log(numbersString);

�$!h+10,10h3%((h�!h�/h"+((+3/N

    ��������������������������������������

�$%/h��*h�!h1/!"1(h%"h3!h*!! h0+h/!* h0$!h�..�5\/h�+*0!*0h0+h�h/!.2!.h+.h0+h�!h !�+ ! hS�* 
0$!*Mh'*+3%*#h0$!h/!,�.�0+.Mh%0h%/h!�/5h0+h !�+ !TL

�$!.!h�.!h/+)!h#.!�0h.!/+1.�!/h0$�0h5+1h��*h1/!h0+h�++/0h5+1.h'*+3(! #!
��+10h�..�5/h�* h0$!%.h)!0$+ /L
�$!h"%./0h+*!h%/h0$!h�..�5/h,�#!h".+)h3;/�$++(/h�0hh t t p : / / w w w . w 3 s c h o o l
s . c o m / j s / j s _ a r r a y s . a s pL
�$!h/!�+* h+*!h%/h0$!h�..�5h)!0$+ /h,�#!h".+)h3;/�$++(/h�0hh t t p : / / w w w
. w 3 s c h o o l s . c o m / j s / j s _ a r r a y _ m e t h o d s . a s pL
�+6%((�h�(/+h$�/h�h#.!�0h,�#!h��+10h�..�5/h�* h0$!%.h)!0$+ /h3%0$h#.!�0
!4�),(!/h�0hh t t p s : / / d e v e l o p e r . m o z i l l a . o r g / e n - U S / d o c s / W e b / J a v
a S c r i p t / R e f e r e n c e / G l o b a l _ O b j e c t s / A r r a yhSh t t p : / / g o o . g l / v u 1 d
i TTL
�$!.!h�.!h�(/+h#.!�0h(%�.�.%!/h0$�0h�.!h2!.5h1/!"1(h3$!*h3+.'%*#h3%0$
�..�5/h%*h��2���.%,0h,.+&!�0/Mh3$%�$h�.!h�/h"+((+3/N
�$!b�* !./�+.!b(%�.�.5Nhh t t p : / / u n d e r s c o r e j s . o r g /
�$!b�+`��/$b(%�.�.5N http://lodash.com/

http://www.w3schools.com/js/js_arrays.asp
http://www.w3schools.com/js/js_arrays.asp
http://www.w3schools.com/js/js_array_methods.asp
http://www.w3schools.com/js/js_array_methods.asp
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Array
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Array
http://goo.gl/vu1diT
http://goo.gl/vu1diT
http://underscorejs.org/
http://lodash.com/
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7KH�7\SHG$UUD\�FODVV
�!h��*h/0+.!h�*5h �0�h05,!h%*h��2���.%,0h�..�5/Lh�$%/h%/h�!��1/!h��2���.%,0h�..�5/h�.!h*+0
/0.+*#(5h05,! h�/h%*h+0$!.h(�*#1�#!/h/1�$h�/h�h�* h��2�L

TypeArrayh3�/h�.!�0! h/+h0$�0h3!h�+1( h3+.'h3%0$h�..�5/h3%0$h�h/%*#(!h �0�05,!Lh�0/
/5*0�4h%/hlet myArray = new TypedArray(length)Mh3$!.!hTypedArrayh*!! /h0+h�!
.!,(��! h3%0$h+*!hTypedArrayh�(�//Mh�/h/,!�%"%! h%*h0$!h"+((+3%*#h0��(!N

�5,! �..�5 �!/�.%,0%+*

Int8Array @e�%0h03+/h�+),(!)!*0h/%#*! h%*0!#!.

Uint8Array @e�%0h1*/%#*! h%*0!#!.

Uint8ClampedArray @e�%0h1*/%#*! h%*0!#!.

Int16Array 9>e�%0h03+/h�+),(!)!*0h/%#*! h%*0!#!.

Uint16Array 9>e�%0h1*/%#*! h%*0!#!.

Int32Array ;:e�%0h03+/h�+),(!)!*0h/%#*! h%*0!#!.

Uint32Array ;:e�%0h1*/%#*! h%*0!#!.

Float32Array ;:e�%0h����h"(+�0%*#h,+%*0h*1)�!.

Float64Array ><e�%0h����h"(+�0%*#h,+%*0h*1)�!.

h

�$!h"+((+3%*#h%/h�*h!4�),(!N

let length = 5;
let int16 = new Int16Array(length);

let array16 = [];
array16.length = length;

for (let i=0; i<length; i++){
  int16[i] = i+1;
}
console.log(int16);

�5,! h�..�5/h�.!h#.!�0h0+h3+.'h3%0$h�!�	�h���/Mh)�*%,1(�0!h�%0/Mh�* h)�*%,1(�0!h"%(!/
�* h%)�#!/Lh�5,! h�..�5/h3+.'h!4��0(5h(%'!h/%),(!h�..�5/Mh�* h3!h��*h�(/+h1/!h0$!h/�)!
)!0$+ /h�* h"1*�0%+*�(%0%!/h0$�0h5+1h(!�.*! h%*h0$%/h�$�,0!.L
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�0h0$!h"+((+3%*#h(%*'Mh5+1h��*h"%* h�h#++ h010+.%�(h+*h$+3h0+h1/!h05,! h�..�5/h0+
)�*%,1(�0!h�%*�.5h �0�h�* h%0/h�,,(%��0%+*/h%*h.!�(e3+.( h,.+&!�0/N

h t t p : / / g o o . g l / k Z B s G xL

6XPPDU\
�*h0$%/h�$�,0!.Mh3!h�+2!.! h0$!h)+/0e1/! h �0�h/0.1�01.!Nh�..�5/Lh�+1h(!�.*! h$+3h0+
 !�(�.!Mh%*%0%�(%6!Mh�* h�//%#*h2�(1!/h�/h3!((h�/h�  h�* h.!)+2!h!(!)!*0/Lh�+1h�(/+h(!�.*! 
��+10h03+e %)!*/%+*�(h�* h)1(0% %)!*/%+*�(h�..�5/h�/h3!((h�/h0$!h)�%*h)!0$+ /h+"h�*
�..�5Mh3$%�$h3%((h�!h2!.5h1/!"1(h3$!*h3!h/0�.0h�.!�0%*#h+1.h+3*h�(#+.%0$)/h%*h(�0!.
�$�,0!./L

�+1h�(/+h(!�.*! h0$!h*!3h)!0$+ /h�* h"1*�0%+*�(%0%!/h0$�0h3!.!h�  ! h0+h0$!hArrayh�(�//h%*
0$!h������.%,0h:89=h�* h:89>h/,!�%"%��0%+*/L

�*h0$!h*!40h�$�,0!.Mh5+1h3%((h(!�.*h��+10h/0��'/Mh3$%�$h�.!h�..�5/h3%0$h�h/,!�%�(h�!$�2%+.L

http://goo.gl/kZBsGx
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�+1h(!�.*! h%*h0$!h,.!2%+1/h�$�,0!.h$+3h0+h�.!�0!h�* h1/!h�..�5/Mh3$%�$h�.!h0$!h)+/0
�+))+*h05,!h+"h �0�h/0.1�01.!h%*h�+),10!.h��%!*�!Lh�/h5+1h(!�.*! Mh3!h��*h�  h�* 
.!)+2!h!(!)!*0/h".+)h�*h�..�5h�0h�*5h%* !4h !/%.! Lh
+3!2!.Mh/+)!0%)!/h3!h*!! h/+)!
"+.)h+"h �0�h/0.1�01.!h3$!.!h3!h$�2!h)+.!h�+*0.+(h+2!.h�  %*#h�* h.!)+2%*#h%0!)/Lh�$!.!
�.!h03+h �0�h/0.1�01.!/h0$�0h$�2!h/+)!h/%)%(�.%0%!/h0+h�..�5/Mh�10h3$%�$h#%2!h1/h)+.!h�+*0.+(
+2!.h0$!h�  %0%+*h�* h.!)+2�(h+"h!(!)!*0/Lh�$!/!h �0�h/0.1�01.!/h�.!h/0��'/h�* h-1!1!/L

�*h0$%/h�$�,0!.Mh3!h3%((h�+2!.h0$!h"+((+3%*#h0+,%�/N

�$!h/0��'h �0�h/0.1�01.!
�  %*#h!(!)!*0/h0+h�h/0��'
�+,,%*#h!(!)!*0/h".+)h�h/0��'

+3h0+h1/!h0$!h�0��'h�(�//
�$!h !�%)�(h0+h�%*�.5h,.+�(!)

7KH�VWDFN�GDWD�VWUXFWXUH
�h/0��'h%/h�*h+. !.! h�+((!�0%+*h+"h%0!)/h0$�0h"+((+3/h0$!h����hS��/0b�*b�%./0b�10Th,.%*�%,(!L
�$!h�  %0%+*h+"h*!3h%0!)/h+.h0$!h.!)+2�(h+"h!4%/0%*#h%0!)/h0�'!/h,(��!h�0h0$!h/�)!h!* Lh�$!
!* h+"h0$!h/0��'h%/h'*+3*h�/h0$!h0+,Mh�* h0$!h+,,+/%0!h/% !h%/h'*+3*h�/h0$!h��/!Lh�$!h*!3!/0
!(!)!*0/h�.!h*!�.h0$!h0+,Mh�* h0$!h+( !/0h!(!)!*0/h�.!h*!�.h0$!h��/!L
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�!h$�2!h/!2!.�(h!4�),(!/h+"h/0��'/h%*h.!�(h(%"!Mh"+.h!4�),(!Mh�h,%(!h+"h�++'/Mh�/h3!h��*h/!!h%*
0$!h"+((+3%*#h%)�#!Mh+.h�h/0��'h+"h0.�5/h%*h�h��"!0!.%�h+.h"++ h�+1.0N

�h/0��'h%/h�(/+h1/! h�5h�+),%(!./h%*h,.+#.�))%*#h(�*#1�#!/Mh�* h�5h�+),10!.h)!)+.5h0+
/0+.!h2�.%��(!/h�* h)!0$+ h��((/L

&UHDWLQJ�D�VWDFN
�!h�.!h#+%*#h0+h�.!�0!h+1.h+3*h�(�//h0+h.!,.!/!*0h�h/0��'Lh�!0\/h/0�.0h".+)h0$!h��/%�/Mh�* 
 !�(�.!h+1.h�(�//N

function Stack() {
  //properties and methods go here
}

�%./0Mh3!h*!! h�h �0�h/0.1�01.!h0$�0h3%((h/0+.!h0$!h!(!)!*0/h+"h0$!h/0��'Lh�!h��*h1/!h�*h�..�5
0+h +h0$%/N

let items = [];

�!40Mh3!h*!! h0+h !�(�.!h0$!h)!0$+ /h�2�%(��(!h"+.h+1.h/0��'N

push(element(s))Nh�$%/h�  /h�h*!3h%0!)hS+.h/!2!.�(h%0!)/Th0+h0$!h0+,h+"h0$!
/0��'L
pop()Nh�$%/h.!)+2!/h0$!h0+,h%0!)h".+)h0$!h/0��'Lh�0h�(/+h.!01.*/h0$!h.!)+2! 
!(!)!*0L
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peek()Nh�$%/h.!01.*/h0$!h0+,h!(!)!*0h".+)h0$!h/0��'Lh�$!h/0��'h%/h*+0h)+ %"%! hS%0
 +!/h*+0h.!)+2!h0$!h!(!)!*0Oh%0h+*(5h.!01.*/h0$!h!(!)!*0h"+.h%*"+.)�0%+*
,1.,+/!/TL
isEmpty()Nh�$%/h.!01.*/h0.1!h%"h0$!h/0��'h +!/h*+0h�+*0�%*h�*5h!(!)!*0/Mh�* h"�(/!
%"h0$!h/%6!h+"h0$!h/0��'h%/h�%##!.h0$�*h8L
clear()Nh�$%/h.!)+2!/h�((h0$!h!(!)!*0/h+"h0$!h/0��'L
size()Nh�$%/h.!01.*/h0$!h*1)�!.h+"h!(!)!*0/h0$�0h0$!h/0��'h�+*0�%*/Lh�0h%/h/%)%(�.
0+h0$!hlengthh,.+,!.05h+"h�*h�..�5L

3XVKLQJ�HOHPHQWV�WR�WKH�VWDFN
�$!h"%./0h)!0$+ h0$�0h3!h3%((h%),(!)!*0h%/h0$!hpushh)!0$+ Lh�$%/h)!0$+ h%/h.!/,+*/%�(!h"+.
�  %*#h*!3h!(!)!*0/h0+h0$!h/0��'h3%0$h+*!h2!.5h%),+.0�*0h !0�%(Nh3!h��*h+*(5h�  h*!3
%0!)/h0+h0$!h0+,h+"h0$!h/0��'Mh)!�*%*#h�0h0$!h!* h+"h0$!h/0��'Lh�$!hpushh)!0$+ h%/
.!,.!/!*0! h�/h"+((+3/N

this.push = function(element){
  items.push(element);
};

�/h3!h�.!h1/%*#h�*h�..�5h0+h/0+.!h0$!h!(!)!*0/h+"h0$!h/0��'Mh3!h��*h1/!h0$!hpushh)!0$+ 
".+)h0$!h��2���.%,0harrayh�(�//h0$�0h3!h�+2!.! h%*h0$!h,.!2%+1/h�$�,0!.L

3RSSLQJ�HOHPHQWV�IURP�WKH�VWDFN
�!40Mh3!h�.!h#+%*#h0+h%),(!)!*0h0$!hpoph)!0$+ Lh�$%/h)!0$+ h%/h.!/,+*/%�(!h"+.h.!)+2%*#
0$!h%0!)/h".+)h0$!h/0��'Lh�/h0$!h/0��'h1/!/h0$!h����h,.%*�%,(!Mh0$!h(�/0h%0!)h0$�0h3!h�  ! h%/
0$!h+*!h0$�0h%/h.!)+2! Lh�+.h0$%/h.!�/+*Mh3!h��*h1/!h0$!hpoph)!0$+ h".+)h0$!h��2���.%,0
arrayh�(�//h0$�0h3!h�(/+h�+2!.! h%*h0$!h,.!2%+1/h�$�,0!.Lh�$!hpoph)!0$+ h%/h.!,.!/!*0! h�/
"+((+3/N

this.pop = function(){
  return items.pop();
};

�%0$h0$!hpushh�* hpoph)!0$+ /h�!%*#h0$!h+*(5h)!0$+ /h�2�%(��(!h"+.h�  %*#h�* h.!)+2%*#
%0!)/h".+)h0$!h/0��'Mh0$!h����h,.%*�%,(!h3%((h�,,(5h0+h+1.h+3*hStackh�(�//L
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3HHNLQJ�WKH�HOHPHQW�IURP�WKH�WRS�RI�WKH�VWDFN
�+3Mh(!0\/h%),(!)!*0h/+)!h�  %0%+*�(hhelperh)!0$+ /h"+.h+1.h�(�//Lh�"h3!h3+1( h(%'!h0+
'*+3h3$�0h0$!h(�/0h%0!)h�  ! h0+h+1.h/0��'h3�/Mh3!h��*h1/!h0$!hpeekh)!0$+ Lh�$%/h)!0$+ 
3%((h.!01.*h0$!h%0!)h".+)h0$!h0+,h+"h0$!h/0��'N

this.peek = function(){
  return items[items.length-1];
};

�/h3!h�.!h1/%*#h�*h�..�5h0+h/0+.!h0$!h%0!)/h%*0!.*�((5Mh3!h��*h+�0�%*h0$!h(�/0h%0!)h".+)h�*
�..�5h1/%*#hlength - 1h�/h"+((+3/N

�+.h!4�),(!Mh%*h0$!h,.!2%+1/h %�#.�)Mh3!h$�2!h�h/0��'h3%0$h0$.!!h%0!)/Oh0$!.!"+.!Mh0$!
(!*#0$h+"h0$!h%*0!.*�(h�..�5h%/h;Lh�$!h(�/0h,+/%0%+*h1/! h%*h0$!h%*0!.*�(h�..�5h%/h:Lh�/h�h.!/1(0M
0$!hlength - 1hS;hfh9Th%/h:R

9HULI\LQJ�LI�WKH�VWDFN�LV�HPSW\
�$!h*!40h)!0$+ h%/h0$!hisEmptyh)!0$+ Mh3$%�$h.!01.*/htrueh%"h0$!h/0��'h%/h!),05hS*+h%0!)
$�/h�!!*h�  ! TMh�* hfalseh+0$!.3%/!N

this.isEmpty = function(){
  return items.length == 0;
};

�/%*#h0$!hisEmptyh)!0$+ Mh3!h��*h/%),(5h2!.%"5h3$!0$!.h0$!h(!*#0$h+"h0$!h%*0!.*�(h�..�5h%/
8L
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�%)%(�.h0+h0$!hlengthh,.+,!.05h".+)h0$!harrayh�(�//Mh3!h��*h�(/+h%),(!)!*0hlengthh"+.
+1.hStackh�(�//Lh�+.h�+((!�0%+*/Mh3!h1/1�((5h1/!h0$!h0!.)hsizeh%*/0!� h+"hlengthLh�* 
�#�%*Mh�/h3!h�.!h1/%*#h�*h�..�5h0+h/0+.!h0$!h%0!)/h%*0!.*�((5Mh3!h��*h/%),(5h.!01.*h%0/
lengthN

this.size = function(){
  return items.length;
};

&OHDULQJ�DQG�SULQWLQJ�WKH�HOHPHQWV�RI�WKH�VWDFN
�%*�((5Mh3!h�.!h#+%*#h0+h%),(!)!*0h0$!hclearh)!0$+ Lh�$!hclearh)!0$+ h/%),(5h!),0%!/
0$!h/0��'Mh.!)+2%*#h�((h%0/h!(!)!*0/Lh�$!h/%),(!/0h3�5h+"h%),(!)!*0%*#h0$%/h)!0$+ h%/h�/
"+((+3/N

this.clear = function(){
  items = [];
};

�*h�(0!.*�0%2!h%),(!)!*0�0%+*h3+1( h�!h��((%*#h0$!hpoph)!0$+ h1*0%(h0$!h/0��'h%/h!),05L

�* h3!h�.!h +*!Rh�1.hStackh�(�//h%/h%),(!)!*0! Lh�1/0h0+h)�'!h+1.h(%2!/h!�/%!.h3$%(!
/01 5%*#h0$!h!4�),(!/Mh0+h$!(,h1/h%*/,!�0h0$!h�+*0!*0/h+"h+1.h/0��'Mh(!0\/h%),(!)!*0h�
helperh)!0$+ h��((! hprinth0$�0h%/h#+%*#h0+h+10,10h0$!h�+*0!*0h+"h0$!h/0��'h+*h0$!h�+*/+(!N

this.print = function(){
  console.log(items.toString());
};

�* h*+3h3!h�.!h.!�((5h +*!R

8VLQJ�WKH�6WDFN�FODVV
�!"+.!h3!h %2!h%*0+h/+)!h!4�),(!/Mh3!h*!! h0+h(!�.*h$+3h0+h1/!h0$!hStackh�(�//L

�$!h"%./0h0$%*#h3!h*!! h0+h +h%/h%*/0�*0%�0!h0$!hStackh�(�//h3!h&1/0h�.!�0! Lh�!40Mh3!h��*
2!.%"5h3$!0$!.h%0h%/h!),05hS0$!h+10,10h%/htrue,h�!��1/!h3!h$�2!h*+0h�  ! h�*5h!(!)!*0/h0+
+1.h/0��'h5!0TN

    let stack = new Stack();
����FRQVROH�ORJ�VWDFN�LV(PSW\�������RXWSXWV�WUXH
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�!40Mh(!0\/h�  h/+)!h!(!)!*0/h0+h%0hS(!0\/h,1/$h0$!h*1)�!./h5h�* h8Oh5+1h��*h�  h�*5
!(!)!*0h05,!h0+h0$!h/0��'TN

����VWDFN�SXVK����
����VWDFN�SXVK����

�"h3!h��((h0$!hpeekh)!0$+ Mh0$!h+10,10h3%((h�!h0$!h*1)�!.h8Mh�!��1/!h%0h3�/h0$!h(�/0h!(!)!*0
0$�0h3�/h�  ! h0+h0$!h/0��'N

    FRQVROH�ORJ�VWDFN�SHHN��������RXWSXWV��

�!0\/h�(/+h�  h�*+0$!.h!(!)!*0N

    VWDFN�SXVK�����
    FRQVROH�ORJ�VWDFN�VL]H��������RXWSXWV��
    FRQVROH�ORJ�VWDFN�LV(PSW\�������RXWSXWV�IDOVH

�!h�  ! h0$!h!(!)!*0h11Lh�"h3!h��((h0$!hsizeh)!0$+ Mh%0h3%((h#%2!h0$!h+10,10h�/h3Mh�!��1/!
3!h$�2!h0$.!!h!(!)!*0/h%*h+1.h/0��'hS5Mh8Mh�* h11TLh�(/+Mh%"h3!h��((h0$!hisEmptyh)!0$+ Mh0$!
+10,10h3%((h�!hfalsehS3!h$�2!h0$.!!h!(!)!*0/h%*h+1.h/0��'TLh�%*�((5Mh(!0\/h�  h�*+0$!.
!(!)!*0N

    VWDFN�SXVK�����

�$!h"+((+3%*#h %�#.�)h/$+3/h�((h0$!hpushh+,!.�0%+*/h3!h$�2!h!4!�10! h/+h"�.Mh�* h0$!
�1..!*0h/0�01/h+"h+1.h/0��'N

�!40Mh(!0\/h.!)+2!h03+h!(!)!*0/h".+)h0$!h/0��'h�5h��((%*#h0$!hpoph)!0$+ h03%�!N

    VWDFN�SRS���
    VWDFN�SRS���
    FRQVROH�ORJ�VWDFN�VL]H��������RXWSXWV��
    VWDFN�SULQW�������RXWSXWV�>����@
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�!"+.!h3!h��((! h0$!hpoph)!0$+ h03%�!Mh+1.h/0��'h$� h"+1.h!(!)!*0/h%*h%0Lh�"0!.h0$!
!4!�10%+*h+"h0$!hpoph)!0$+ h03+h0%)!/Mh0$!h/0��'h*+3h$�/h+*(5h03+h!(!)!*0/Nh5h�* h8Lh�$!h
"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h!4!�10%+*h+"h0$!hpoph)!0$+ N

(FPD6FULSW���DQG�WKH�6WDFN�FODVV
�!0\/h0�'!h�h)+)!*0h0+h�*�(56!h+1.h�+ !h�* h/!!h%"h3!h��*h%),.+2!h%0h1/%*#h/+)!h+"h0$!h*!3
��)���.%,0b=hS��=Th"1*�0%+*�(%0%!/L

�!h�.!�0! h�hStackh"1*�0%+*h0$�0h��*h�!h1/! h�/h�h/+.0h+"h�(�//Oh/%*�!h��2���.%,0h"1*�0%+*/
$�2!h�+*/0.1�0+./Mh3!h��*h/%)1(�0!h0$!h�(�//h�!$�2%+.Lh�!h !�(�.! h�h2�.%��(!h*�)! hitems
0$�0h%/hprivateh�* h+*(5h���!//%�(!h0+h0$!hStackh"1*�0%+*b�(�//Lh
+3!2!.Mh0$%/h�,,.+��$
�.!�0!/h�h�+,5h+"h0$!h2�.%��(!hitemsh"+.h!��$h�(�//h%*/0�*�!h�.!�0! Lh�$!.!"+.!Mh%0h +!/h*+0
!/��(�0!h3!((h%*h��/!h3!h*!! h0+h1/!h/!2!.�(h%*/0�*�!/h+"h0$!hStackh�(�//h�0h0$!h/�)!h0%)!L

�!0\/h/!!h$+3h3!h��*h !�(�.!h0$!h/�)!hStackh�(�//h1/%*#h0$!h*!3h��>h/5*0�4h�* h�+),�.!
%0/h,.+/h�* h�+*/h�#�%*/0h0$!h�,,.+��$h3!h1/! h%*h0$%/h�$�,0!.L

'HFODULQJ�WKH�6WDFN�FODVV�XVLQJ�(6��V\QWD[
�$!h"%./0h�+ !h3!h3%((h�*�(56!h%/h0$!h"+((+3%*#N

class Stack {
��FRQVWUXFWRU����^����WKLV�LWHPV� �>@����^�`��`
  push(element){
    this.items.push(element);
  }
  //other methods
}
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�!h/%),(5h0.�*/"+.)! h0$!hStackh"1*�0%+*h%*0+h�hStackh�(�//h1/%*#h0$!h��>h/%),(%"%! 
/5*0�4Lh�/%*#h0$%/h�,,.+��$Mh3!h��**+0h !�(�.!h2�.%��(!/h%*h0$!h�+ 5h+"h0$!h�(�//h�/h+0$!.
(�*#1�#!/hS��2�Mh�CCMh�ITMh/+h3!h*!! h0+h !�(�.!h0$!)h%*/% !h0$!h�(�//hconstructorhS(%*!
{1}TMh�* h3!h��*h)�'!h�h.!"!.!*�!h0+h0$!h2�.%��(!h1/%*#hthis.nameofVariableh%*h+0$!.
"1*�0%+*/h+"h0$!h�(�//L

�(0$+1#$h0$!h�+ !h(++'/h�(!�*!.h�* h%0h%/h)+.!h�!�10%"1(Mh0$!h2�.%��(!hitemsh�.!hpublicL
�$!h��>h�(�//!/h�.!h,.+0+05,!h��/! Lh�(0$+1#$h�h,.+0+05,!e��/! h�(�//h/�2!/h)!)+.5h�* 
!/��(�0!/h�!00!.h0$�*h"1*�0%+*e��/! h�(�//!/Mh0$%/h�,,.+��$h +!/h*+0h�((+3h1/h0+h !�(�.!
privateh,.+,!.0%!/hS2�.%��(!/Th+.h)!0$+ /Lh�* Mh%*h0$%/h��/!Mh3!h3�*0h0$!h1/!.h+"h0$!
Stackh�(�//h0+h$�2!h���!//h+*(5h0+h0$!h)!0$+ /h3!h�.!h!4,+/%*#h%*h0$!h�(�//Lh�0$!.3%/!Mh%0h%/
,+//%�(!h0+h.!)+2!h!(!)!*0/h".+)h0$!h)%  (!h+"h0$!h/0��'hS/%*�!h3!h�.!h1/%*#h�*h�..�5h0+
/0+.!h%0/h2�(1!/TMh�* h3!h +h*+0h3�*0h0+h�((+3h0$%/h��0%+*L

�!0\/h0�'!h�h(++'h�0h+0$!.h�,,.+��$!/h0$�0h��*h�((+3h1/h0+h$�2!h,.%2�0!h,.+,!.0%!/h1/%*#h��>
/5*0�4L

(6��FODVVHV�ZLWK�VFRSHG�6\PEROV
��>h%*0.+ 1�! h�h*!3h,.%)%0%2!h05,!h��((! hSymbolh0$�0h%/h%))10��(!Mh�* h%0h��*h�!h1/! h�/
�*h+�&!�0h,.+,!.05Lh�!0\/h/!!h$+3h3!h��*h1/!h%0h0+h !�(�.!h0$!hitemsh,.+,!.05h%*h0$!hStack
�(�//N

OHW�BLWHPV� �6\PERO������^�`

class Stack {
  constructor () {
����WKLV>BLWHPV@� �>@����^�`
  }
  //Stack methods
}

�*h0$!h,.!�! %*#h�+ !Mh3!h !�(�.!h0$!h2�.%��(!h_itemsh�/h�hSymbolhS(%*!h{1}TMh�* h%*%0%�0!
%0/h2�(1!h%*/% !h0$!h�(�//hconstructorhS(%*!h{2}TLh�+h���!//h0$!h2�.%��(!h^%0!)/Mh3!h/%),(5
*!! h0+h.!,(��!h�((hthis.itemsh+��1..!*�!/h3%0$hthis[_items]L

�$%/h�,,.+��$h,.+2% !/h�h"�(/!h�(�//h,.%2�0!h,.+,!.05Mh�!��1/!h0$!h)!0$+ 
Object.getOwnPropertySymbolsh3�/h�(/+h%*0.+ 1�! h%*h��>Mh�* h%0h��*h�!h1/! h0+
.!0.%!2!h�((h0$!h,.+,!.05hSymbolsh !�(�.! h%*h0$!h�(�//Lh�*h!4�),(!h+"h$+3h3!h��*h!4,(+.!
�* h$��'h0$!hStackh�(�//h%/h#%2!*h�/h"+((+3/N

    OHW�VWDFN� �QHZ�6WDFN���
    VWDFN�SXVK����



�1� (0

Tb?9bU

    VWDFN�SXVK����
    OHW�REMHFW6\PEROV� �2EMHFW�JHW2ZQ3URSHUW\6\PEROV�VWDFN��
    FRQVROH�ORJ�REMHFW6\PEROV�OHQJWK�������
    FRQVROH�ORJ�REMHFW6\PEROV������>6\PERO��@
    FRQVROH�ORJ�REMHFW6\PEROV>�@������6\PERO��
    VWDFN>REMHFW6\PEROV>�@@�SXVK����
    VWDFN�SULQW������RXWSXWV��������

�/h3!h��*h/!!h".+)h0$!h,.!�! %*#h�+ !Mh%0h%/h,+//%�(!h0+h.!0.%!2!h0$!h_itemsh�5)�+(h�5
���!//%*#hstack[objectSymbols[0]]Lh�* Mh�/h0$!h_itemsh,.+,!.05h%/h�*h�..�5Mh3!h��*
 +h�*5h�..�5h+,!.�0%+*h/1�$h�/h.!)+2%*#h+.h�  %*#h�*h!(!)!*0h0+h0$!h)%  (!h+"h0$!h�..�5L
�10h0$%/h%/h*+0h3$�0h3!h3�*0h�/h3!h�.!h3+.'%*#h3%0$h�h/0��'L

�+h(!0\/h/!!h�h0$%. h+,0%+*L

(6��FODVVHV�ZLWK�:HDN0DS
�$!.!h%/h+*!h �0�h05,!h3!h��*h1/!h0+h!*/1.!h0$�0h0$!h,.+,!.05h3%((h�!h,.%2�0!h%*h�h�(�//Mh�* 
%0h%/h��((! hWeakMapLh�!h3%((h!4,(+.!h0$!h��-d!�1�d01/2 12/"h%*h !0�%(h%*hChapter 7M
�& 1&,+�/&"0d�+!d
�0%"0Mh�10h"+.h*+3Mh3!h*!! h0+h'*+3h0$�0h�hWeakMaph��*h/0+.!h�h'!5b2�(1!
,�%.Mh3$!.!h0$!h'!5h%/h�*h+�&!�0h�* h0$!h2�(1!h��*h�!h�*5h �0�h05,!L

�!0\/h/!!h3$�0h0$!hStackh�(�//h3+1( h(++'h(%'!h%"h3!h1/!hWeakMaph0+h/0+.!h0$!h%0!)/
2�.%��(!N

FRQVW�LWHPV� �QHZ�:HDN0DS������^�`

class Stack {
  constructor () {
����LWHPV�VHW�WKLV��>@�����^�`
  }
  push(element){
    let s = items.get(this); //{3}
    s.push(element);
  }
  pop(){
    let s = items.get(this);
    let r = s.pop();
    return r;
  }
  //other methods
}

�*h(%*!h{1},h3!h !�(�.!h0$!h%0!)/h2�.%��(!h�/h�hWeakMap
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�*h(%*!h{2}Mh3!h/!0h0$!hitemsh2�(1!h%*/% !h0$!h�+*/0.1�0+.h�5h/!00%*#h0$%/
S.!"!.!*�!h0+h0$!hStackh�(�//Th�/h0$!h'!5h+"h0$!hWeakMaph�* h0$!h�..�5h0$�0
.!,.!/!*0/h0$!h/0��'h�/h%0/h2�(1!
�*h(%*!h{3},h3!h.!0.%!2!h0$!h2�(1!h+"h0$!hitemsh�5h.!0.%!2%*#h0$!h2�(1!h".+)h0$!
WeakMapMh0$�0h%/Mh�5h,�//%*#h0$%/h�/h0$!h'!5hS0$�0h3!h/!0h%*h(%*!h{2}T

�+3h3!h'*+3h0$�0h0$!hitemsh,.+,!.05h%/h0.1(5h,.%2�0!h%*h0$!hStackh�(�//Lh�10h0$!.!h%/h+*!
)+.!h/0!,h3!h*!! h0+h +Lh�%#$0h*+3Mh0$!hitemsh2�.%��(!h%/h/0%((h !�(�.! h+10/% !h0$!hStack
�(�//Mh/+h�*5+*!h��*h�$�*#!h%0Lh�!h3%((h3.�,h0$!hStackh�(�//h3%0$h�hclosurehS�*h+10!.
"1*�0%+*TMh/+h0$!hWeakMaph$�/h/�+,!h+*(5h%*/% !h0$!h"1*�0%+*N

let Stack = (function () {
  const items = new WeakMap();
  class Stack {
    constructor () {
      items.set(this, []);
    }
    //other methods
  }
  return Stack; //{5}
})();

�$!*h0$!h�+*/0.1�0+.h+"h0$!hStackh"1*�0%+*h%/h��((! Mh%0h3%((h.!01.*h�*h%*/0�*�!h+"h0$!hStack
�(�//hS(%*!h{5}TL

�+h(!�.*h)+.!h��+10h��2���.%,0h�(+/1.!/h,(!�/!h.!� hh t t p : / / w w w . w 3 s c h o
o l s . c o m / j s / j s _ f u n c t i o n _ c l o s u r e s . a s p

�+3h0$!hStackh�(�//h$�/h�h,.%2�0!h,.+,!.05h*�)! hitemsLh�0h%/h/0%((h�*h1#(5h/+(10%+*Mh�10h%0
3+.'/h.!#�. %*#h0$!h,.%2��5h+"h0$!h,.+,!.0%!/Lh
+3!2!.Mh3%0$h0$%/h�,,.+��$Mh%0h%/h*+0
,+//%�(!h0+h%*$!.%0h0$!h,.%2�0!h,.+,!.0%!/h%"h3!h!40!* h0$%/h�(�//Oh3!h��**+0h$�2!h%0h�((R

�"h3!h�+),�.!h0$!h,.!�! %*#h�+ !h3%0$h0$!h�+ !h0$�0h3!h%*%0%�((5h1/! h%*h0$%/h�$�,0!.h0+
 !�(�.!h0$!hStackh�(�//Mh3!h3%((h*+0%�!h/+)!h/%)%(�.%0%!/N

function Stack() {
  let items = [];
  //other methods
}

http://www.w3schools.com/js/js_function_closures.asp
http://www.w3schools.com/js/js_function_closures.asp
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�$!h0.10$h%/h0$�0h�(0$+1#$Mh��h>h%*0.+ 1�! h0$!h�(�//h/5*0�4Mh3!h/0%((h��**+0h !�(�.!h,.%2�0!
,.+,!.0%!/h+.h)!0$+ /h�/h%0h%/h,+//%�(!h%*h+0$!.h,.+#.�))%*#h(�*#1�#!/Lh�$!.!h�.!h %""!.!*0
�,,.+��$!/h3%0$h3$%�$h3!h��*h��$%!2!h0$!h/�)!h.!/1(0Mh�10h!��$h+*!h$�/h%0/h,.+/h�* h�+*/
.!#�. %*#h�h/%),(!.h/5*0�4h+.h,!."+.)�*�!L

�$%�$h�,,.+��$h%/h�!00!.Qh�0h !,!* /h+*h$+3h5+1h1/!h0$!h�(#+.%0$)/h,.!/!*0! h%*h0$%/h�++'
%*h.!�(e(%"!h,.+&!�0/Lh�0h !,!* /h+*h0$!h2+(1)!h+"h �0�h5+1h3%((h�!h !�(%*#h3%0$Mh+*h0$!
*1)�!.h+"h%*/0�*�!/h0$�0h5+1h*!! h+"h0$!h�(�//!/h3!h�.!�0!Mh�)+*#h+0$!.h�+*/0.�%*0/L
�(0%)�0!(5Mh0$!h !�%/%+*h%/h5+1./L

�+.h!2!.5h �0�h/0.1�01.!h�(�//h3!h�.!�0!h%*h0$%/h�++'Mh5+1h3%((h"%* h0$!
/%),(!h"1*�0%+*h�(�//h�* h�(/+h0$!h��>hWeakMaph3%0$h�(+/1.!h�,,.+��$
3$!*h +3*(+� %*#h0$!h/+1.�!h�+ !h+"h0$%/h�++'L

6ROYLQJ�SUREOHPV�XVLQJ�VWDFNV
�0��'/h$�2!h�h2�.%!05h+"h�,,(%��0%+*/h%*h.!�(e3+.( h,.+�(!)/Lh�$!5h��*h�!h1/! h"+.
���'0.��'%*#h,.+�(!)/h0+h.!)!)�!.h0�/'/h+.h,�0$/h2%/%0! Mh�* h0+h1* +h��0%+*/hS3!h3%((
(!�.*h$+3h0+h�,,(5h0$%/h!4�),(!h3$!*h3!h %/�1//h#.�,$/h�* h���'0.��'%*#h,.+�(!)/h(�0!.
+*h0$%/h�++'TLh�$!h��2�h�* h�Ih,.+#.�))%*#h(�*#1�#!/h1/!h/0��'/h0+h/0+.!h2�.%��(!/h�* 
)!0$+ h��((/h�* h0$!.!h%/h�h/0��'h+2!."(+3h!4�!,0%+*h0$�0h��*h�!h0$.+3*h/,!�%�((5h3$!*
3+.'%*#h3%0$h.!�1./%2!h�(#+.%0$)/hS3$%�$h3!h3%((h�+2!.h(�0!.h+*h0$%/h�++'h�/h3!((TL

�+3h0$�0h3!h'*+3h$+3h0+h1/!h0$!hStackh�(�//Mh(!0\/h1/!h%0h0+h/+(2!h/+)!h�+),10!.h��%!*�!
,.+�(!)/Lh�*h0$%/h/!�0%+*Mh3!h3%((h(!�.*h0$!h0$.!!h)+/0h"�)+1/h�(#+.%0$)h!4�),(!/h+"h1/%*#
�h/0��'Lh�!h3%((h�+2!.h0$!h !�%)�(h0+h�%*�.5h,.+�(!)Mh3$!.!h3!h3%((h�(/+h0.�*/"+.)h0$!
�(#+.%0$)h0+h�h��/!h�+*2!.0!.h�(#+.%0$)Mh0$!h��(�*�! h,�.!*0$!/%/h,.+�(!)Mh�* Mh"%*�((5Mh3!
3%((h(!�.*h$+3h0+h/+(2!h0$!h0+3!.h+"h
�*+%h,.+�(!)h1/%*#h/0��'/L

'HFLPDO�WR�ELQDU\
�+1h�.!h,.+���(5h�(.!� 5h�3�.!h+"h0$!h !�%)�(h��/!Lh
+3!2!.Mh�%*�.5h.!,.!/!*0�0%+*h%/
2!.5h%),+.0�*0h%*h�+),10!.h��%!*�!Mh�/h!2!.50$%*#h%*h�h�+),10!.h%/h.!,.!/!*0! h�5h�%*�.5
 %#%0/hS8h�* h9TLh�%0$+10h0$!h��%(%05h0+h�+*2!.0h���'h�* h"+.0$h�!03!!*h !�%)�(h�* h�%*�.5
*1)�!./Mh%0h3+1( h�!h�h(%00(!h�%0h %""%�1(0h0+h�+))1*%��0!h3%0$h�h�+),10!.L
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�+h�+*2!.0h�h !�%)�(h*1)�!.h0+h�h�%*�.5h.!,.!/!*0�0%+*Mh3!h��*h %2% !h0$!h*1)�!.h�5h:
S�%*�.5h%/h�h��/!h:h*1)�!.h/5/0!)Th1*0%(h0$!h %2%/%+*h.!/1(0h%/h8Lh�/h�*h!4�),(!Mh3!h3%((
�+*2!.0h0$!h*1)�!.h98h%*0+h�%*�.5h %#%0/N

�$%/h�+*2!./%+*h%/h+*!h+"h0$!h"%./0h0$%*#/h5+1h(!�.*h%*h�+((!#!hS�+),10!.h��%!*�!h�(�//!/TL
�$!h"+((+3%*#h%/h+1.h�(#+.%0$)N

function divideBy2(decNumber){

  var remStack = new Stack(),
  rem,
  binaryString = '';

  while (decNumber > 0){ //{1}
    rem = Math.floor(decNumber % 2); //{2}
    remStack.push(rem); //{3}
    decNumber = Math.floor(decNumber / 2); //{4}
  }

  while (!remStack.isEmpty()){ //{5}
    binaryString += remStack.pop().toString();
  }

  return binaryString;
}

�*h0$%/h,.!�! %*#h�+ !Mh3$%(!h0$!h %2%/%+*h.!/1(0h%/h*+0h6!.+hS(%*!h{1}TMh3!h#!0h0$!h.!)�%* !.
+"h0$!h %2%/%+*hS)+ TMh�* h,1/$h%0h0+h0$!h/0��'hS(%*!/h{2}h�* h{3}TMh�* h"%*�((5Mh3!h1, �0!
0$!h*1)�!.h0$�0h3%((h�!h %2% ! h�5h:hS(%*!h{4}TLh�*h%),+.0�*0h+�/!.2�0%+*Nh��2���.%,0h$�/h�
*1)!.%�h �0�h05,!Mh�10h%0h +!/h*+0h %/0%*#1%/$h%*0!#!./h".+)h"(+�0%*#h,+%*0/Lh�+.h0$%/h.!�/+*M
3!h*!! h0+h1/!h0$!hMath.floorh"1*�0%+*h0+h+�0�%*h+*(5h0$!h%*0!#!.h2�(1!h".+)h0$!h %2%/%+*
+,!.�0%+*/Lh�%*�((5Mh3!h,+,h0$!h!(!)!*0/h".+)h0$!h/0��'h1*0%(h%0h%/h!),05Mh�+*��0!*�0%*#h0$!
!(!)!*0/h0$�0h3!.!h.!)+2! h".+)h0$!h/0��'h%*0+h�h/0.%*#hS(%*!h{5}TL



�1� (0
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�!h��*h0.5h0$!h,.!2%+1/h�(#+.%0$)Mh�* h+10,10h%0/h.!/1(0h+*h0$!h�+*/+(!h1/%*#h0$!h"+((+3%*#
�+ !N

    FRQVROH�ORJ�GLYLGH%\��������
    FRQVROH�ORJ�GLYLGH%\�������
    FRQVROH�ORJ�GLYLGH%\���������

7KH�EDVH�FRQYHUWHU�DOJRULWKP
�!h��*h!�/%(5h)+ %"5h0$!h,.!2%+1/h�(#+.%0$)h0+h)�'!h%0h3+.'h�/h�h�+*2!.0!.h".+)h !�%)�(
0+h�*5h��/!Lh�*/0!� h+"h %2% %*#h0$!h !�%)�(h*1)�!.h�5h:Mh3!h��*h,�//h0$!h !/%.! h��/!h�/
�*h�.#1)!*0h0+h0$!h)!0$+ h�* h1/!h%0h%*h0$!h %2%/%+*/Mh�/h/$+3*h%*h0$!h"+((+3%*#h�(#+.%0$)N

function baseConverter(decNumber, base){

  var remStack = new Stack(),
  rem,
  baseString = '',
  digits = '0123456789ABCDEF'; //{6}

  while (decNumber > 0){
    rem = Math.floor(decNumber % base);
    remStack.push(rem);
    decNumber = Math.floor(decNumber / base);
  }

  while (!remStack.isEmpty()){
    baseString += digits[remStack.pop()]; //{7}
  }

  return baseString;
}

�$!.!h%/h+*!h)+.!h0$%*#h3!h*!! h0+h�$�*#!Lh�*h0$!h�+*2!./%+*h".+)h !�%)�(h0+h�%*�.5Mh0$!
.!)�%* !./h3%((h�!h8h+.h9Oh%*h0$!h�+*2!./%+*h".+)h !�%)�(h0+h+�0�#+*�(Mh0$!h.!)�%* !./h3%((
�!h".+)h8h0+h@Mh�10h%*h0$!h�+*2!./%+*h".+)h !�%)�(h0+h$!4� !�%)�(Mh0$!h.!)�%* !./h��*h�!h8
0+h@h,(1/h0$!h(!00!./h�h0+h�hS2�(1!/h98h0+h9=TLh�+.h0$%/h.!�/+*Mh3!h*!! h0+h�+*2!.0h0$!/!h2�(1!/
�/h3!((hS(%*!/h{6}h�* h{7}TL

�!h��*h1/!h0$!h,.!2%+1/h�(#+.%0$)Mh�* h+10,10h%0/h.!/1(0h+*h0$!h�+*/+(!h�/h"+((+3/N

    FRQVROH�ORJ�EDVH&RQYHUWHU�������������
    FRQVROH�ORJ�EDVH&RQYHUWHU�������������
    FRQVROH�ORJ�EDVH&RQYHUWHU��������������



�1� (0
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�+1h3%((h�(/+h"%* h0$!h��(�*�! h,�.!*0$!/!/h�* h0$!h
�*+%b�+3!.
!4�),(!/h3$!*h5+1h +3*(+� h0$!h/+1.�!h�+ !h+"h0$%/h�++'L

6XPPDU\
�*h0$%/h�$�,0!.Mh5+1h(!�.*! h��+10h0$!h/0��'h �0�h/0.1�01.!Lh�!h%),(!)!*0! h+1.h+3*
�(#+.%0$)h0$�0h.!,.!/!*0/h�h/0��'Mh�* h5+1h(!�.*! h$+3h0+h�  h�* h.!)+2!h!(!)!*0/h".+)h%0
1/%*#h0$!hpushh�* hpoph)!0$+ /L

�!h�+),�.! h %""!.!*0h/5*0�4!/h0$�0h��*h�!h1/! h0+h�.!�0!h0$!h�0��'h�(�//Mh�* h,.!/!*0! h0$!
,.+/h�* h�+*/h+"h!��$h+*!Lh�!h�(/+h�+2!.! h$+3h0+h/+(2!h+*!h+"h0$!h)+/0h"�)+1/h,.+�(!)/
%*h�+),10!.h��%!*�!h1/%*#h/0��'/L

�*h0$!h*!40h�$�,0!.Mh5+1h3%((h(!�.*h��+10h-1!1!/Mh3$%�$h�.!h2!.5h/%)%(�.h0+h/0��'/Mh�10h1/!h�
,.%*�%,(!h %""!.!*0h0$�*h����L



�
4XHXHV

�+1h$�2!h�(.!� 5h(!�.*! h$+3h/0��'/h3+.'Lh�1!1!/h�.!h2!.5h/%)%(�.Mh�10h%*/0!� h+"h����M
0$!5h1/!h�h %""!.!*0h,.%*�%,(!h0$�0h5+1h3%((h(!�.*h��+10h%*h0$%/h�$�,0!.L

7KH�TXHXH�GDWD�VWUXFWXUH
�h-1!1!h%/h�*h+. !.! h�+((!�0%+*h+"h%0!)/h0$�0h"+((+3/h0$!h����hS�%./0b�*b�%./0b�10TMh�(/+
'*+3*h�/h0$!h#&/01a ,*"d#&/01a0"/3"!h,.%*�%,(!Lh�$!h�  %0%+*h+"h*!3h!(!)!*0/h%*h�h-1!1!h%/h�0
0$!h0�%(Mh�* h0$!h.!)+2�(h%/h".+)h0$!h".+*0Lh�$!h*!3!/0h!(!)!*0h�  ! h0+h0$!h-1!1!h)1/0
3�%0h�0h0$!h!* h+"h0$!h-1!1!L

�$!h)+/0h,+,1(�.h!4�),(!h+"h�h-1!1!h%*h.!�(h(%"!h%/h0$!h05,%��(h(%*!h0$�0h3!h"+.)h".+)h0%)!
0+h0%)!N

�!h$�2!h(%*!/h"+.h)+2%!/Mh0$!h��"!0!.%�Mh�* h�h�$!�'+10h(%*!h�0h�h#.+�!.5h/0+.!h�)+*#h+0$!.
!4�),(!/Lh�$!h"%./0h,!./+*h0$�0h%/h%*h0$!h(%*!h%/h0$!h"%./0h+*!h0$�0h3%((h�!h�00!* ! h0+L
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�h2!.5h,+,1(�.h!4�),(!h%*h�+),10!.h��%!*�!h%/h0$!h,.%*0%*#h(%*!Lh�!0\/h/�5h3!h*!! h0+h,.%*0
"%2!h +�1)!*0/Lh�!h+,!*h!��$h +�1)!*0h�* h�(%�'h+*h0$!h,.%*0h�100+*Lh���$h +�1)!*0h3%((
�!h/!*0h0+h0$!h,.%*0h(%*!Lh�$!h"%./0h +�1)!*0h0$�0h3!h�/'! h0+h�!h,.%*0! h%/h#+%*#h0+h�!
,.%*0! h"%./0h�* h/+h+*Mh1*0%(h�((h0$!h +�1)!*0/h�.!h,.%*0! L

&UHDWLQJ�D�TXHXH
�!h�.!h*+3h#+%*#h0+h�.!�0!h+1.h+3*h�(�//h0+h.!,.!/!*0h�h-1!1!Lh�!0\/h/0�.0h".+)h0$!h��/%�/
�* h !�(�.!h+1.h�(�//N

function Queue() {
  //properties and methods go here
}

�%./0Mh3!h*!! h�h �0�h/0.1�01.!h0$�0h3%((h/0+.!h0$!h!(!)!*0/h+"h0$!h-1!1!Lh�!h��*h1/!h�*h�..�5
0+h +h%0Mh&1/0h(%'!h3!h1/! h%0h"+.h0$!hStackh�(�//h%*h0$!h,.!2%+1/h�$�,0!.hS5+1h3%((h*+0%�!h0$!
Queueh�* hStackh�(�//h�.!h2!.5h/%)%(�.Mh&1/0h0$!h,.%*�%,(!/h"+.h�  %*#h�* h.!)+2%*#h0$!
!(!)!*0/h�.!h %""!.!*0TN

let items = [];

�!40Mh3!h*!! h0+h !�(�.!h0$!h)!0$+ /h�2�%(��(!h"+.h�h-1!1!N

enqueue(element(s))Nh�$%/h�  /h�h*!3h%0!)hS+.h/!2!.�(h%0!)/Th�0h0$!h���'h+"
0$!h-1!1!L
dequeue()Nh�$%/h.!)+2!/h0$!h"%./0h%0!)h".+)h0$!h-1!1!hS0$!h%0!)h0$�0h%/h%*h0$!
".+*0h+"h0$!h-1!1!TLh�0h�(/+h.!01.*/h0$!h.!)+2! h!(!)!*0L
front()Nh�$%/h.!01.*/h0$!h"%./0h!(!)!*0h".+)h0$!h-1!1!Mh0$!h"%./0h+*!h�  ! Mh�* 
0$!h"%./0h+*!h0$�0h3%((h�!h.!)+2! h".+)h0$!h-1!1!Lh�$!h-1!1!h%/h*+0h)+ %"%! hS%0
 +!/h*+0h.!)+2!h0$!h!(!)!*0Oh%0h+*(5h.!01.*/h0$!h!(!)!*0h"+.h%*"+.)�0%+*
,1.,+/!/e2!.5h/%)%(�.h0+h0$!hpeekh)!0$+ h".+)h0$!hStackh�(�//TL
isEmpty()Nh�$%/h.!01.*/htrueh%"h0$!h-1!1!h +!/h*+0h�+*0�%*h�*5h!(!)!*0/Mh�* 
falseh%"h0$!h-1!1!h%/h�%##!.h0$�*h8L
size()Nh�$%/h.!01.*/h0$!h*1)�!.h+"h!(!)!*0/h0$!h-1!1!h�+*0�%*/Lh�0h%/h/%)%(�.h0+
0$!hlengthh,.+,!.05h+"h0$!h�..�5L
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(QTXHXH�HOHPHQWV�WR�WKH�TXHXH
�$!h"%./0h)!0$+ h0$�0h3!h3%((h%),(!)!*0h%/h0$!henqueueh)!0$+ Lh�$%/h)!0$+ h3%((h�!
.!/,+*/%�(!h"+.h�  %*#h*!3h!(!)!*0/h0+h0$!h-1!1!h3%0$h+*!h2!.5h%),+.0�*0h !0�%(e3!h��*
+*(5h�  h*!3h%0!)/h0+h0$!h!* h+"h0$!h-1!1!N

this.enqueue = function(element){
  items.push(element);
};

�/h3!h�.!h1/%*#h�*h�..�5h0+h/0+.!h0$!h!(!)!*0/h"+.h0$!h/0��'Mh3!h��*h1/!h0$!hpushh)!0$+ 
".+)h0$!h��2���.%,0harrayh�(�//h0$�0h3!h�+2!.! h%*hChapter 2Mh�//�60Mh�* h�(/+h%*hChapter
3Mh�1� (0L

'HTXHXH�HOHPHQWV�IURP�WKH�TXHXH
�!40Mh3!h�.!h#+%*#h0+h%),(!)!*0h0$!hdequeueh)!0$+ Lh�$%/h)!0$+ h%/h.!/,+*/%�(!h"+.
.!)+2%*#h0$!h%0!)/h".+)h0$!h-1!1!Lh�/h0$!h-1!1!h1/!/h0$!h����h,.%*�%,(!Mh0$!h"%./0h%0!)h0$�0
3!h�  ! h%/h0$!h+*!h0$�0h%/h.!)+2! Lh�+.h0$%/h.!�/+*Mh3!h��*h1/!h0$!hshifth)!0$+ h".+)
0$!h��2���.%,0harrayh�(�//h0$�0h3!h�(/+h�+2!.! h%*hChapter 2Mh�//�60Lh�"h5+1h.!)!)�!.Mh0$!
shifth)!0$+ h.!)+2!/h0$!h!(!)!*0h0$�0h%/h/0+.! h�0h0$!h%* !4h8hS"%./0h,+/%0%+*Th+"h0$!h�..�5N

this.dequeue = function(){
  return items.shift();
};

�%0$h0$!henqueueh�* hdequeueh)!0$+ /h�!%*#h0$!h+*(5h)!0$+ /h�2�%(��(!h"+.h�  %*#h�* 
.!)+2%*#h%0!)/h".+)h0$!h-1!1!Mh3!h�//1.! h0$!h����h,.%*�%,(!h"+.h+1.h+3*hQueueh�(�//L

3HHNLQJ�WKH�HOHPHQW�IURP�WKH�IURQW�RI�WKH�TXHXH
�+3Mh(!0\/h%),(!)!*0h/+)!h�  %0%+*�(hhelperh)!0$+ /h"+.h+1.h�(�//Lh�"h3!h3�*0h0+h'*+3
3$�0h0$!h".+*0h%0!)h+"h+1.h-1!1!h%/Mh3!h��*h1/!h0$!hfronth)!0$+ Lh�$%/h)!0$+ h3%((h.!01.*
0$!h%0!)h".+)h0$!h".+*0h+"h0$!h-1!1!hS%* !4h8h+"h0$!h�..�5TN

this.front = function(){
  return items[0];
};
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9HULI\LQJ�LI�WKH�TXHXH�LV�HPSW\
�$!h*!40h)!0$+ h%/h0$!hisEmptyh)!0$+ Mh3$%�$h.!01.*/htrueh%"h0$!h-1!1!h%/h!),05Mh�* 
falseh+0$!.3%/!hS*+0!h0$�0h0$%/h)!0$+ h%/h0$!h/�)!h�/h0$!h+*!h%*h0$!hStackh�(�//TN

this.isEmpty = function(){
  return items.length == 0;
};

�+.h0$!hisEmptyh)!0$+ Mh3!h��*h/%),(5h2!.%"5h0$�0h0$!h(!*#0$h+"h0$!h%*0!.*�(h�..�5h%/h8L

�%'!h0$!hlengthh,.+,!.05h+"h0$!harrayh�(�//Mh3!h��*h�(/+h%),(!)!*0h0$!h/�)!h"+.h+1.
Queueh�(�//Lh�$!hsizeh)!0$+ h%/h�(/+h0$!h/�)!h"+.h0$!hStackh�(�//N

this.size = function(){
  return items.length;
};

3ULQWLQJ�WKH�HOHPHQWV�RI�WKH�TXHXH
�* h3!h�.!h +*!Rh�1.hQueueh�(�//h%/h%),(!)!*0! Lh�1/0h(%'!h3!h % h"+.h0$!hStackh�(�//Mh3!
��*h�(/+h�  h0$!hprinth)!0$+ N

this.print = function(){
  console.log(items.toString());
};

�* h*+3h3!h�.!h.!�((5h +*!R

�$!hQueueh�* hStackh�(�//h�.!h2!.5h/%)%(�.Lh�$!h+*(5h %""!.!*�!h%/h0$!
dequeueh�* hfronth)!0$+ /Mh3$%�$h%/h�!��1/!h+"h0$!h %""!.!*�!h�!03!!*
0$!h����h�* h����h,.%*�%,(!/L

8VLQJ�WKH�4XHXH�FODVV
�$!h"%./0h0$%*#h3!h*!! h0+h +h%/h%*/0�*0%�0!h0$!hQueueh�(�//h0$�0h3!h&1/0h�.!�0! Lh�!40Mh3!
��*h2!.%"5h0$�0h%0h%/h!),05hS0$!h+10,10h%/htrueMh�!��1/!h3!h$�2!h*+0h�  ! h�*5h!(!)!*0/h0+
+1.h-1!1!h5!0TN

    let queue = new Queue();
    console.log(queue.isEmpty()); //outputs true
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�!40Mh(!0\/h�  h/+)!h!(!)!*0/h0+h%0hS(!0\/henqueueh0$!h!(!)!*0/h"John"h�* h"Jack"g5+1
��*h�  h�*5h!(!)!*0h05,!h0+h0$!h-1!1!TN

    TXHXH�HQTXHXH��-RKQ���
    TXHXH�HQTXHXH��-DFN���

�!0\/h�  h�*+0$!.h!(!)!*0N

    TXHXH�HQTXHXH��&DPLOD���

�!0\/h�(/+h!4!�10!h/+)!h+0$!.h�+))�* /N

    TXHXH�SULQW���
    FRQVROH�ORJ�TXHXH�VL]H�������RXWSXWV��
    FRQVROH�ORJ�TXHXH�LV(PSW\�������RXWSXWV�IDOVH
    TXHXH�GHTXHXH���
    TXHXH�GHTXHXH���
    TXHXH�SULQW���

�"h3!h�/'h0+h,.%*0h0$!h�+*0!*0/h+"h0$!h-1!1!Mh3!h3%((h#!0hJohnMhJackMh�* hCamilaLh�$!h/%6!h+"
0$!h-1!1!h3%((h�!h3Mh�!��1/!h3!h$�2!h0$.!!h!(!)!*0/h-1!1! h%*h%0hS�* h%0h%/h�(/+h*+0h#+%*#h0+
�!h!),05TL

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h�((h0$!henqueueh+,!.�0%+*/h3!h!4!�10! h/+h"�.Mh�* h0$!
�1..!*0h/0�01/h+"h+1.h-1!1!N

�!40Mh3!h�/'! h0+hdequeueh03+h!(!)!*0/hS0$!hdequeueh)!0$+ h%/h!4!�10! h03%�!TLh�$!
"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!hdequeueh)!0$+ h!4!�10%+*N
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�* h3$!*h3!h"%*�((5h�/'h0+h,.%*0h0$!h�+*0!*0h+"h0$!h-1!1!h�#�%*Mh3!h+*(5h$�2!h0$!h!(!)!*0
CamilaLh�$!h"%./0h03+h-1!1! h!(!)!*0/h3!.!h !-1!1! Oh0$!h"%*�(h!(!)!*0h-1!1! h0+h0$!
 �0�h/0.1�01.!h%/h0$!h(�/0h+*!h0$�0h3%((h�!h !-1!1! h".+)h%0Lh�$�0h%/Mh3!h"+((+3h0$!h����
,.%*�%,(!L

7KH�4XHXH�FODVV�XVLQJ�(&0$6FULSW���V\QWD[
�/h3!h(!�.*! h%*hChapter 3Mh�1� (0Mh3!h��*h�(/+h3.%0!h0$!h/�)!hQueueh�(�//h1/%*#h0$!
������.%,0h>h/5*0�4Lh�*h0$%/h�,,.+��$Mh3!h3%((h1/!h�hWeakMaph0+h'!!,h0$!h,.+,!.05hitems
,.%2�0!Mh�* h3!h3%((h�(/+h1/!h�*h+10!.h"1*�0%+*hSclosureTh0+h!*��,/1(�0!h0$!hQueueh�(�//L

�$!h�+ !h%/h,.!/!*0! h�/h"+((+3/N

let Queue2 = (function () {

  const items = new WeakMap();

  class Queue2 {
    constructor () {
      items.set(this, []);
    }
    enqueue(element) {
      let q = items.get(this);
      q.push(element);
    }
    dequeue() {
      let q = items.get(this);
      let r = q.shift();
      return r;
    }
    //other methods
  }
  return Queue2;
})();

�+1h��*h1/!h!%0$!.h+"h0$!hQueueh�(�//h0$�0h3!h�.!�0! Oh0$!h+10,10h+"h+1.h0!/0/h3%((h�!h0$!
/�)!L
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7KH�SULRULW\�TXHXH
�/h-1!1!/h�.!h(�.#!(5h�,,(%! h%*h�+),10!.h��%!*�!h�* h�(/+h%*h+1.h(%2!/Mh0$!.!h�.!h/+)!
)+ %"%! h2!./%+*/h+"h0$!h !"�1(0h-1!1!h0$�0h3!h%),(!)!*0! h%*h0$!h,.!2%+1/h0+,%�L

�*!h)+ %"%! h2!./%+*h%/h0$!h,.%+.%05h-1!1!Lh�(!)!*0/h�.!h�  ! h�* h.!)+2! h��/! h+*h�
,.%+.%05Lh�*h!4�),(!h".+)h.!�(h(%"!h%/h0$!h�+�. %*#h(%*!h�0h0$!h�%.,+.0Lh�$!h"%./0h�(�//h�* 
�1/%*!//h�(�//h,�//!*#!./h#!0h,.%+.%05h+2!.h0$!h�+��$h�(�//h,�//!*#!./Lh�*h/+)!h�+1*0.%!/M
!( !.(5h,!+,(!h�* h,.!#*�*0h3+)!*hS+.h3+)!*h3%0$h*!3�+.*h�$%( .!*Th�(/+h#!0h,.%+.%05
+2!.h+0$!.h,�//!*#!./h"+.h�+�. %*#

�*+0$!.h!4�),(!h".+)h.!�(h(%"!h%/h0$!h3�%0%*#h.++)h"+.h,�0%!*0/h%*h�h$+/,%0�(hS!)!.#!*�5
 !,�.0)!*0TLh��0%!*0/h0$�0h�.!h%*h�h/!2!.!h�+* %0%+*h�.!h/!!*h�5h�h +�0+.h,.%+.h0+h,�0%!*0/h%*
�h(!//h/!2!.!h�+* %0%+*Lh�/1�((5Mh�h*1./!h3%((h +h0$!h0.%�#!h�* h�//%#*h�h�+ !h0+h0$!h,�0%!*0
 !,!* %*#h+*h0$!h/!2!.%05h+"h0$!h�+* %0%+*L

�$!.!h�.!h03+h+,0%+*/h3$!*h%),(!)!*0%*#h�h,.%+.%05h-1!1!Nh5+1h��*h/!0h0$!h,.%+.%05h�* 
�  h0$!h!(!)!*0h�0h0$!h�+..!�0h,+/%0%+*Mh+.h5+1h��*h-1!1!h0$!h!(!)!*0/h�/h0$!5h�.!h�  ! h0+
0$!h-1!1!Mh�* h.!)+2!h0$!)h���+. %*#h0+h,.%+.%05Lh�+.h0$%/h!4�),(!Mh3!h3%((h�  h0$!
!(!)!*0/h�0h0$!%.h�+..!�0h,+/%0%+*Mh/+h3!h��*hdequeueh0$!)h�5h !"�1(0N

function PriorityQueue() {
  let items = [];
  function QueueElement (element, priority){ // {1}
    this.element = element;
    this.priority = priority;
  }
 
  this.enqueue = function(element, priority){
    let queueElement = new QueueElement(element, priority);
 
    let added = false;
    for (let i=0; i<items.length; i++){
      if (queueElement.priority < items[i].priority){ // {2}
        items.splice(i,0,queueElement);             // {3}
        added = true;
        break; // {4}
      }
    }
    if (!added){
      items.push(queueElement); //{5}
    }
  };

  this.print = function(){
    for (let i=0; i<items.length; i++){
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      console.log(`${items[i].element}  -
      ${items[i].priority}`);
    }
  };    
  //other methods - same as default Queue implementation
}

�$!h %""!.!*�!h�!03!!*h0$!h%),(!)!*0�0%+*h+"h0$!h !"�1(0hQueueh�* hPriorityQueue
�(�//!/h%/h0$�0h3!h*!! h0+h�.!�0!h�h/,!�%�(h!(!)!*0hS(%*!h{1}Th0+h�!h�  ! h0+hPriorityQueueL
�$%/h!(!)!*0h�+*0�%*/h0$!h!(!)!*0h0$�0h3!h3�*0h0+h�  h0+h0$!h-1!1!hS%0h��*h�!h�*5h05,!TM
,(1/h0$!h,.%+.%05h+*h0$!h-1!1!L

�%./0h3!h*!! h0+h�+),�.!h%0/h,.%+.%05h0+h0$!h.!/0h+"h0$!h!(!)!*0/hS(%*!h{2}TLh�$!*h3!h"%* h�*
%0!)h0$�0h$�/h�h$%#$!.h,.%+.%05h0$�*h0$!h!(!)!*0h3!h�.!h0.5%*#h0+h�  Mh0$!*h3!h%*/!.0h0$!h*!3
!(!)!*0h+*!h,+/%0%+*h�!"+.!hS3%0$h0$%/h(+#%�Mh3!h�(/+h.!/,!�0h0$!h+0$!.h!(!)!*0/h3%0$h0$!
/�)!h,.%+.%05Mh�10h3$%�$h3!.!h�  ! h0+h0$!h-1!1!h"%./0TLh�+h +h0$%/Mh3!h��*h1/!h0$!hsplice
)!0$+ h".+)h0$!h��2���.%,0harrayh�(�//h0$�0h5+1h(!�.*! h��+10h%*hChapter 2Mh�//�60Lh�*�!
3!h"%* h�*h!(!)!*0h3%0$h�h$%#$!.h,.%+.%05Mh3!h%*/!.0h0$!h*!3h!(!)!*0hS(%*!{3}TMh�* h3!h/0+,
(++,%*#h0$!h-1!1!hS(%*!h{4}TLh�$%/h3�5Mh+1.h-1!1!h3%((h�(/+h�!h/+.0! h�* h+.#�*%6! h�5
,.%+.%05L

�(/+Mh%"h0$!h,.%+.%05h3!h�.!h�  %*#h%/h#.!�0!.h0$�*h�*5h,.%+.%05h�(.!� 5h�  ! Mh+.h%"h0$!h-1!1!
%/h!),05Mh3!h/%),(5h�  h0+h0$!h!* h+"h0$!h-1!1!hS(%*!h{5}TN

    OHW�SULRULW\4XHXH� �QHZ�3ULRULW\4XHXH���
    SULRULW\4XHXH�HQTXHXH��-RKQ������
    SULRULW\4XHXH�HQTXHXH��-DFN������
    SULRULW\4XHXH�HQTXHXH��&DPLOD������
    SULRULW\4XHXH�SULQW���

�*h0$!h,.!2%+1/h�+ !Mh3!h��*h/!!h�*h!4�),(!h+"h$+3h0+h1/!h0$!hPriorityQueueh�(�//Lh�!
��*h/!!h!��$h�+))�* h.!/1(0h%*h0$!h"+((+3%*#h %�#.�)hS�h.!/1(0h+"h0$!h,.!2%+1/h�+ !TN
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�$!h"%./0h!(!)!*0h0$�0h3�/h�  ! h3�/hJohnh3%0$h,.%+.%05h2Lh�!��1/!h0$!h-1!1!h3�/h!),05M
0$%/h%/h0$!h+*(5h!(!)!*0h%*h%0Lh�$!*Mh3!h�  ! hJackh3%0$h,.%+.%05h1Lh�/hJackh$�/h$%#$!.
,.%+.%05h0$�*hJohnMh%0h%/h0$!h"%./0h!(!)!*0h%*h0$!h-1!1!Lh�$!*Mh3!h�  ! hCamilaMh�(/+h3%0$
,.%+.%05h1Lh�/hCamilah$�/h0$!h/�)!h,.%+.%05h�/hJackMh%0h3%((h�!h%*/!.0! h�"0!.hJackhS�/h%0h3�/
%*/!.0! h"%./0TOh�* h�/hCamilah$�/h�h$%#$!.h,.%+.%05h0$�*hJohnMh%0h3%((h�!h%*/!.0! h�!"+.!h0$%/
!(!)!*0L

�$!h,.%+.%05h-1!1!h3!h%),(!)!*0! h%/h��((! h�h)%*h,.%+.%05h-1!1!Mh�!��1/!h3!h�.!h�  %*#
0$!h!(!)!*0h3%0$h0$!h(+3!.h2�(1!hS9h$�/h$%#$!.h,.%+.%05Th0+h0$!h".+*0h+"h0$!h-1!1!Lh�$!.!h%/
�(/+h0$!h)�4h,.%+.%05h-1!1!Mh3$%�$Mh%*/0!� h+"h�  %*#h0$!h!(!)!*0h3%0$h0$!h(+3!.h2�(1!h0+
".+*0h+"h0$!h-1!1!Mh�  /h0$!h!(!)!*0h3%0$h0$!h#.!�0!.h2�(1!h0+h0$!h".+*0h+"h0$!h-1!1!L

7KH�FLUFXODU�TXHXH�c�+RW�3RWDWR
�!h�(/+h$�2!h�*+0$!.h)+ %"%! h2!./%+*h+"h0$!h-1!1!h%),(!)!*0�0%+*Mh3$%�$h%/h0$!h�%.�1(�.
-1!1!Lh�*h!4�),(!h+"h�h�%.�1(�.h-1!1!h%/h0$!h
,1d�,1�1,h#�)!Lh�*h0$%/h#�)!Mh�$%( .!*h�.!
+.#�*%6! h%*h�h�%.�(!Mh�* h0$!5h,�//h0$!h$+0h,+0�0+h0+h0$!%.h*!%#$�+.h�/h"�/0h�/h0$!5h��*Lh�0h�
�!.0�%*h,+%*0h+"h0$!h#�)!Mh0$!h$+0h,+0�0+h/0+,/h�!%*#h,�//! h�.+1* h0$!h�%.�(!h+"h�$%( .!*M
�* h0$!h�$%( h0$�0h$�/h0$!h$+0h,+0�0+h%/h.!)+2! h".+)h0$!h�%.�(!Lh�$%/h��0%+*h%/h.!,!�0! h1*0%(
0$!.!h%/h+*(5h+*!h�$%( h(!"0hS0$!h3%**!.TL
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�+.h0$%/h!4�),(!Mh3!h3%((h%),(!)!*0h�h/%)1(�0%+*h+"h0$!h
+0h�+0�0+h#�)!N

function hotPotato (nameList, num){

  let queue = new Queue(); // {1}

  for (let i=0; i<nameList.length; i++){
    queue.enqueue(nameList[i]); // {2}
  }

  let eliminated = '';
  while (queue.size() > 1){
    for (let i=0; i<num; i++){
      queue.enqueue(queue.dequeue()); // {3}
    }
    eliminated = queue.dequeue();// {4}
    console.log(eliminated + ' was eliminated from the Hot Potato  game.');
  }

  return queue.dequeue();// {5}
}

OHW�QDPHV� �>
-RKQ
�
-DFN
�
&DPLOD
�
,QJULG
�
&DUO
@�OHW�ZLQQHU� 
KRW3RWDWR�QDPHV�����FRQVROH�ORJ�
7KH�ZLQQHU�LV��
���ZLQQHU��

�+h%),(!)!*0h�h/%)1(�0%+*h+"h0$%/h#�)!Mh3!h3%((h1/!h0$!hQueueh�(�//h3!h%),(!)!*0! h�0h0$!
�!#%**%*#h+"h0$%/h�$�,0!.hS(%*!h{1}TLh�!h3%((h#!0h�h(%/0h+"h*�)!/Mh�* h-1!1!h�((h+"h0$!)hS(%*!
{2}TLh	%2!*h�h*1)�!.Mh3!h*!! h0+h%0!.�0!h0$!h-1!1!Lh�!h3%((h.!)+2!h�*h%0!)h".+)h0$!
�!#%**%*#h+"h0$!h-1!1!Mh�* h�  h%0h0+h0$!h!* h+"hS(%*!h{3}Th0+h/%)1(�0!h0$!h$+0h,+0�0+hS%"h5+1
,�//! h0$!h$+0h,+0�0+h0+h5+1.h*!%#$�+.Mh5+1h�.!h*+0h0$.!�0!*! h0+h�!h!(%)%*�0! h.%#$0h�3�5TL
�*�!h3!h.!��$h0$!h*1)�!.Mh0$!h,!./+*h0$�0h$�/h0$!h$+0h,+0�0+h%/h!(%)%*�0! hS.!)+2! h".+)
0$!h-1!1!e(%*!h{4}TLh�$!*h0$!.!h%/h+*(5h+*!h,!./+*h(!"0Mh0$%/h,!./+*h%/h !�(�.! h0$!h3%**!.
S(%*!h{5}TL

�$!h+10,10h".+)h0$!h,.!2%+1/h�(#+.%0$)h%/N

    &DPLOD�ZDV�HOLPLQDWHG�IURP�WKH�+RW�3RWDWR�JDPH�
    -DFN�ZDV�HOLPLQDWHG�IURP�WKH�+RW�3RWDWR�JDPH�
    &DUO�ZDV�HOLPLQDWHG�IURP�WKH�+RW�3RWDWR�JDPH�
    ,QJULG�ZDV�HOLPLQDWHG�IURP�WKH�+RW�3RWDWR�JDPH�
    7KH�ZLQQHU�LV��-RKQ
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�+1h��*h�$�*#!h0$!h*1)�!.h,�//! h0+h0$!hhotPotatoh"1*�0%+*h0+h/%)1(�0!h %""!.!*0
/�!*�.%+/L

-DYD6FULSW�WDVN�TXHXHV
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���Mh!4!�10%*#h��2���.%,0
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�*+0$!.h!4�),(!h3+1( h�!h�h/��2!*#!.h$1*0Lh�+1h$�2!h�h�(1!Mh�* h0$%/h�(1!h%/h0$!h,+%*0!.h0+
0$!h,(��!h3$!.!h5+1h��*h"%* h0$!h*!40h�(1!Lh�%0$h0$%/h(%*'Mh5+1h#+h0+h0$!h*!40h,(��!h�* h#!0
�*+0$!.h�(1!h0$�0h3%((h(!� h0+h0$!h*!40h+*!Lh�$!h+*(5h3�5h0+h#!0h�h�(1!h".+)h0$!h)%  (!h+"h0$!
(%/0h%/h0+h"+((+3h0$!h(%/0h".+)h0$!h�!#%**%*#hS".+)h0$!h"%./0h�(1!TL

�!h$�2!h�*+0$!.h!4�),(!g3$%�$h)%#$0h�!h0$!h)+/0h,+,1(�.h+*!h1/! h0+h!4!),(%"5h(%*'! 
(%/0/g0$�0h+"h�h0.�%*Lh�h0.�%*h�+*/%/0/h+"h�h/!.%!/h+"h2!$%�(!/hS�(/+h'*+3*h�/h3�#+*/TLh���$
2!$%�(!h+.h3�#+*h%/h(%*'! h0+h!��$h+0$!.Lh�+1h��*h!�/%(5h !�+1,(!h�h3�#+*Mh�$�*#!h%0/h,(��!M
+.h�  h+.h.!)+2!h%0Lh�$!h"+((+3%*#h"%#1.!h !)+*/0.�0!/h�h0.�%*Lh���$h3�#+*h%/h�*h!(!)!*0h+"
0$!h(%/0h�* h0$!h(%*'h�!03!!*h0$!h3�#+*/h%/h0$!h,+%*0!.N
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�*h0$%/h�$�,0!.Mh3!h3%((h�+2!.h0$!h(%*'! h(%/0h�* h�(/+h0$!h +1�(5h(%*'! h(%/0Lh�10h(!0\/h/0�.0
3%0$h0$!h!�/%!/0h �0�h/0.1�01.!h"%./0L

&UHDWLQJ�D�OLQNHG�OLVW
�+3h0$�0h5+1h1* !./0�* h3$�0h�h(%*'! h(%/0h%/Mh(!0\/h/0�.0h%),(!)!*0%*#h+1.h �0�h/0.1�01.!L
�$%/h%/h0$!h/'!(!0+*h+"h+1.hLinkedListh�(�//N

function LinkedList() {

  let Node = function(element){ // {1}
    this.element = element;
    this.next = null;
  };

  let length = 0; // {2}
  let head = null; // {3}

  this.append = function(element){};
  this.insert = function(position, element){};
  this.removeAt = function(position){};
  this.remove = function(element){};
  this.indexOf = function(element){};
  this.isEmpty = function() {};
  this.size = function() {};
  this.toString = function(){};
  this.print = function(){};
}

�+.h0$!hLinkedListh �0�h/0.1�01.!Mh3!h*!! h�hhelperh�(�//h��((! hNodehS(%*!h{1}TLh�$!
Nodeh�(�//h.!,.!/!*0/h0$!h%0!)h0$�0h3!h3�*0h0+h�  h0+h0$!h(%/0Lh�0h�+*0�%*/h�*helement
�00.%�10!Mh3$%�$h%/h0$!h2�(1!h0$�0h3!h3�*0h0+h�  h0+h0$!h(%/0Mh�* h�hnexth�00.%�10!Mh3$%�$h%/
0$!h,+%*0!.h0$�0h�+*0�%*/h0$!h(%*'h0+h0$!h*!40h*+ !h%0!)h+"h0$!h(%/0L

�$!.!h%/h�(/+h0$!hlengthh,.+,!.05hS(%*!h{2}Th%*h0$!hLinkedListh�(�//hS%*0!.*�(b,.%2�0!
2�.%��(!Th0$�0h/0+.!/h0$!h*1)�!.h+"h%0!)/h3!h$�2!h+*h0$!h(%/0L
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�*+0$!.h%),+.0�*0h*+0!h%/h0$�0h3!h*!! h0+h/0+.!h�h.!"!.!*�!h"+.h0$!h"%./0h*+ !h�/h3!((Lh�+h +
0$%/Mh3!h��*h/0+.!h0$%/h.!"!.!*�!h%*/% !h�h2�.%��(!h0$�0h3!h3%((h��((hheadhS(%*!h{3}TL

�$!*h3!h$�2!h0$!h)!0$+ /h+"h0$!hLinkedListh�(�//Lh�!0\/h/!!h3$�0h!��$h)!0$+ h3%((h�!
.!/,+*/%�(!h"+.h�!"+.!h3!h%),(!)!*0h!��$h+*!N

append(element)Nh�$%/h�  /h�h*!3h%0!)h0+h0$!h!* h+"h0$!h(%/0L
insert(position, element)Nh�$%/h%*/!.0/h�h*!3h%0!)h�0h�h/,!�%"%! h,+/%0%+*h%*
0$!h(%/0L
remove(element)Nh�$%/h.!)+2!/h�*h%0!)h".+)h0$!h(%/0L
indexOf(element)Nh�$%/h.!01.*/h0$!h%* !4h+"h0$!h!(!)!*0h%*h0$!h(%/0Lh�"h0$!
!(!)!*0h%/h*+0h%*h0$!h(%/0Mh%0h.!01.*/he9L
removeAt(position)Nh�$%/h.!)+2!/h�*h%0!)h".+)h�h/,!�%"%! h,+/%0%+*h%*h0$!h(%/0L
isEmpty()Nh�$%/h.!01.*/htrueh%"h0$!h(%*'! h(%/0h +!/h*+0h�+*0�%*h�*5h!(!)!*0/
�* hfalseh%"h0$!h/%6!h+"h0$!h(%*'! h(%/0h%/h�%##!.h0$�*h8L
size()Nh�$%/h.!01.*/h0$!h*1)�!.h+"h!(!)!*0/h0$!h(%*'! h(%/0h�+*0�%*/Lh�0h%/h/%)%(�.
0+h0$!hlengthh,.+,!.05h+"h0$!h�..�5L
toString()Nh�/h0$!h(%/0h1/!/h�hNodeh�(�//h�/h�*h%0!)Mh3!h*!! h0+h+2!.3.%0!h0$!
 !"�1(0htoStringh)!0$+ h%*$!.%0! h".+)h0$!h��2���.%,0h+�&!�0h0+h+10,10h+*(5h0$!
!(!)!*0h2�(1!/L

$SSHQGLQJ�HOHPHQWV�WR�WKH�HQG�RI�WKH�OLQNHG�OLVW
�$!*h�  %*#h�*h!(!)!*0h0+h0$!h!* h+"h�hLinkedListh+�&!�0Mh0$!.!h��*h�!h03+h/�!*�.%+/Nh+*!
3$!.!h0$!h(%/0h%/h!),05h�* h3!h�.!h�  %*#h%0/h"%./0h!(!)!*0Mh+.h+*!h3$!.!h0$!h(%/0h%/h*+0
!),05h�* h3!h�.!h�,,!* %*#h!(!)!*0/h0+h%0L

�$!h"+((+3%*#h%/h0$!h%),(!)!*0�0%+*h+"h0$!happendh)!0$+ N

this.append = function(element){

  let node = new Node(element), //{1}
  current; //{2}

  if (head === null){ //first node on list //{3}
  head = node;

  } else {

    current = head; //{4}
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    //loop the list until find last item
    while(current.next){
      current = current.next;
    }

    //get last item and assign next to node to make the link
    current.next = node; //{5}
  }

  length++; //update size of list //{6}
};

�$!h"%./0h0$%*#h3!h*!! h0+h +h%/h0+h�.!�0!h0$!hNodeh%0!)h,�//%*#helementh�/h%0/h2�(1!hS(%*!
{1}TL

�!0\/h%),(!)!*0h0$!h"%./0h/�!*�.%+h"%./0Nh�  %*#h�*h!(!)!*0h3$!*h0$!h(%/0h%/h!),05Lh�$!*h3!
�.!�0!h�hLinkedListh+�&!�0Mh0$!hheadh3%((h,+%*0h0+hnullN

�"h0$!hheadh!(!)!*0h%/hnullhS0$!h(%/0h%/h!),05e(%*!h{3}TMh%0h)!�*/h3!h�.!h�  %*#h0$!h"%./0
!(!)!*0h0+h0$!h(%/0Lh�+Mh�((h3!h$�2!h0+h +h%/h,+%*0h0$!hheadh!(!)!*0h0+h0$!hnodeh!(!)!*0Lh�$!
*!40hnodeh!(!)!*0h3%((h�!hnullh�10+)�0%��((5hS�$!�'h0$!h/+1.�!h�+ !h".+)h0$!h,.!2%+1/
0+,%�TL

�$!h(�/0h*+ !h".+)h0$!h(%/0h�(3�5/h$�/hnullh�/h0$!h*!40h!(!)!*0L

�+Mh3!h$�2!h�+2!.! h0$!h"%./0h/�!*�.%+Lh�!0\/h#+h0+h0$!h/!�+* h+*!Mh3$%�$h%/h�  %*#h�*
!(!)!*0h0+h0$!h!* h+"h0$!h(%/0h3$!*h%0h%/h*+0h!),05L

�+h�  h�*h!(!)!*0h0+h0$!h!* h+"h0$!h(%/0Mh3!h"%./0h*!! h0+h"%* h0$!h(�/0h!(!)!*0Lh�!)!)�!.
0$�0h3!h+*(5h$�2!h�h.!"!.!*�!h0+h0$!h"%./0h!(!)!*0hS(%*!h{4}TMh/+h3!h*!! h0+h%0!.�0!h0$.+1#$
0$!h(%/0h1*0%(h3!h"%* h0$!h(�/0h%0!)Lh�+h +h/+Mh3!h*!! h�h2�.%��(!h0$�0h,+%*0/h0+h0$!hcurrent
%0!)h+"h0$!h(%/0hS(%*!h{2}TL
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�$!*h(++,%*#h0$.+1#$h0$!h(%/0Mh3!h'*+3h3!\((h.!��$! h%0/h!* h3$!*h0$!hcurrent.next
!(!)!*0h%/hnullLh�$!*Mh�((h3!h$�2!h0+h +h%/h(%*'h0$!h�1..!*0h!(!)!*0\/hS3$%�$h%/h0$!h(�/0h+*!T
*!40h,+%*0!.h0+h0$!h*+ !h3!h3�*0h0+h�  h0+h0$!h(%/0hS(%*!h{5}TLh�$!h"+((+3%*#h %�#.�)
!4!),(%"%!/h0$%/h��0%+*N

�* h�/h3%0$h3$!*h3!h�.!�0!h�hNodeh!(!)!*0Mh%0/h*!40h,+%*0!.h3%((h�(3�5/h�!hnullLh�!h�.!
�
h3%0$h0$%/Mh�!��1/!h3!h'*+3h0$�0h%0h%/h#+%*#h0+h�!h0$!h(�/0h%0!)h+"h0$!h(%/0L

�* h+"h�+1./!Mh3!h��**+0h"+.#!0h0+h%*�.!)!*0h0$!h/%6!h+"h0$!h(%/0h/+h0$�0h3!h��*h�+*0.+(h%0h�* 
!�/%(5h#!0h0$!h(%/0h/%6!hS(%*!h{6}TL

�!h��*h1/!h�* h0!/0h0$!h �0�h/0.1�01.!h3!\2!h�.!�0! h/+h"�.h3%0$h0$!h"+((+3%*#h�+ !N

let list = new LinkedList();
list.append(15);
list.append(10);

5HPRYLQJ�HOHPHQWV�IURP�WKH�OLQNHG�OLVW
�+3Mh(!0\/h/!!h$+3h3!h��*h.!)+2!h!(!)!*0/h".+)h0$!hLinkedListh+�&!�0Lh�#�%*h0$!.!h�.!
03+h/�!*�.%+/h3$!*h.!)+2%*#h!(!)!*0/Nh0$!h"%./0h+*!h%/h.!)+2%*#h0$!h"%./0h!(!)!*0Mh�* h0$!
/!�+* h+*!h%/h.!)+2%*#h�*5h!(!)!*0h�10h0$!h"%./0h+*!Lh�!h�.!h#+%*#h0+h%),(!)!*0h03+
removeh)!0$+ /Nh0$!h"%./0h+*!h%/h.!)+2%*#h�*h!(!)!*0h".+)h�h/,!�%"%! h,+/%0%+*Mh�* h0$!
/!�+* h+*!h%/h��/! h+*h0$!h!(!)!*0h2�(1!hS3!h3%((h,.!/!*0h0$!h/!�+* hremoveh)!0$+ h(�0!.TL

this.removeAt = function(position){

  //check for out-of-bounds values
  if (position > -1 && position < length){ // {1}

    let current = head, // {2}
    previous, // {3}
    index = 0; // {4}

    //removing first item
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    if (position === 0){ // {5}
      head = current.next;
    } else {

      while (index++ < position){ // {6}

        previous = current;     // {7}
        current = current.next; // {8}
      }

      //link previous with current's next: skip it to remove
      previous.next = current.next; // {9}
    }

    length--; // {10}

    return current.element;

  } else {
    return null; // {11}
  }
};

�!h3%((h %2!h%*0+h0$%/h�+ !h/0!,h�5h/0!,Lh�/h0$!h)!0$+ h%/h#+%*#h0+h.!�!%2!h0$!h,+/%0%+*h+"
0$!h!(!)!*0h0$�0h*!! /h0+h�!h.!)+2! Mh3!h*!! h0+h2!.%"5h0$�0h0$!h,+/%0%+*h2�(1!h%/h�h2�(% 
+*!hS(%*!h{1}TLh�h2�(% h,+/%0%+*h3+1( h�!h".+)h8hS%*�(1 ! Th0+h0$!h/%6!h+"h0$!h(%/0hSsize - 1M
�/h0$!h%* !4h/0�.0/h".+)h6!.+TLh�"h%0h%/h*+0h�h2�(% h,+/%0%+*Mh3!h.!01.*hnullhS)!�*%*#h*+
!(!)!*0h3�/h.!)+2! h".+)h0$!h(%/0TL

�!0\/h3.%0!h0$!h�+ !h"+.h0$!h"%./0h/�!*�.%+g3!h3�*0h0+h.!)+2!h0$!h"%./0h!(!)!*0h".+)h0$!h(%/0
Sposition === 0Mh(%*!h{5}TLh�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$%/N

�+Mh%"h3!h3�*0h0+h.!)+2!h0$!h"%./0h!(!)!*0Mh�((h3!h$�2!h0+h +h%/h,+%*0hheadh0+h0$!h/!�+* 
!(!)!*0h+"h0$!h(%/0Lh�!h3%((h)�'!h�h.!"!.!*�!h0+h0$!h"%./0h!(!)!*0h+"h0$!h(%/0h1/%*#h0$!
currenth2�.%��(!hS(%*!h{2}hOh3!h3%((h�(/+h1/!h0$%/h0+h%0!.�0!h0$!h(%/0Mh�10h3!h3%((h#!0h0$!.!h%*h�
)%*10!TLh�+Mh0$!hcurrenth2�.%��(!h%/h�h.!"!.!*�!h0+h0$!h"%./0h!(!)!*0h+"h0$!h(%/0Lh�"h3!h�//%#*
headh0+hcurrent.nextMh3!h3%((h�!h.!)+2%*#h0$!h"%./0h!(!)!*0L
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�+3Mh(!0\/h/�5h3!h3�*0h0+h.!)+2!h0$!h(�/0h%0!)h+"h0$!h(%/0Mh+.h�*h%0!)h".+)h0$!h)%  (!h+"h0$!
(%/0Lh�+h +h/+Mh3!h*!! h0+h%0!.�0!h0$!h(%/0h1*0%(h0$!h !/%.! h,+/%0%+*hS(%*!h{6}g3!h3%((h1/!h�*
%* !4h2�.%��(!h"+.h%*0!.*�(h�+*0.+(h�* h%*�.!)!*0Th3%0$h+*!h !0�%(Nh0$!h�1..!*0h2�.%��(!h3%((
�(3�5/h)�'!h�h.!"!.!*�!h0+h0$!h�1..!*0h!(!)!*0h+"h0$!h(%/0h0$�0h3!h�.!h(++,%*#h0$.+1#$hS(%*!
W@XTLh�* h3!h�(/+h*!! h0+h)�'!h�h.!"!.!*�!h0+h0$!h!(!)!*0h0$�0h�+)!/h�!"+.!h0$!h�1..!*0
!(!)!*0hS(%*!hW?XTOh3!h3%((h*�)!h%0h,.!2%+1/hS(%*!hW;XTL

�+Mh0+h.!)+2!h0$!h�1..!*0h!(!)!*0h".+)h0$!h(%/0Mh�((h3!h$�2!h0+h +h%/h(%*'hprevious.next
3%0$hcurrent.nexthS(%*!h{9}TLh�$%/h3�5Mh0$!h�1..!*0h!(!)!*0h3%((h�!h(+/0h%*h0$!h�+),10!.
)!)+.5h�* h3%((h�!h�2�%(��(!h0+h�!h�(!�*! h�5h0$!h#�.��#!h�+((!�0+.L

�+h1* !./0�* h�!00!.h$+3h0$!h��2���.%,0h#�.��#!h�+((!�0+.h3+.'/Mh,(!�/!
.!� hh t t p s : / / d e v e l o p e r . m o z i l l a . o r g / e n - U S / d o c s / W e b / J a v a S c r i p
t / M e m o r y _ M a n a g e m e n tL

�!0\/h0.5h0+h1* !./0�* h0$%/h�!00!.h3%0$h/+)!h %�#.�)/Lh�%./0Mh(!0\/h�+*/% !.h0$�0h3!h3�*0h0+
.!)+2!h0$!h(�/0h!(!)!*0N

�*h0$!h��/!h+"h0$!h(�/0h!(!)!*0Mh3$!*h3!h#!0h+""h0$!h(++,h%*h(%*!h{6}Mh0$!hcurrenth2�.%��(!
3%((h�!h�h.!"!.!*�!h0+h0$!h(�/0h!(!)!*0h+"h0$!h(%/0hS0$!h+*!h3!h3�*0h0+h.!)+2!TLh�$!
current.nexth2�(1!h3%((h�!hnullhS�!��1/!h%0h%/h0$!h(�/0h!(!)!*0TLh�/h3!h�(/+h'!!,h�
.!"!.!*�!h+"h0$!hprevioush!(!)!*0hS+*!h!(!)!*0h�!"+.!h0$!h�1..!*0h+*!TMhprevious.next
3%((h,+%*0h0+hcurrentLh�+h0+h.!)+2!hcurrentMh�((h3!h$�2!h0+h +h%/h�$�*#!h0$!h2�(1!h+"
previous.nexth0+hcurrent.nextL

�+3h(!0\/h/!!h3$!0$!.h0$!h/�)!h(+#%�h�,,(%!/h0+h�*h!(!)!*0h".+)h0$!h)%  (!h+"h0$!h(%/0N

https://developer.mozilla.org/en-US/docs/Web/JavaScript/Memory_Management
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Memory_Management
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�$!hcurrenth2�.%��(!h%/h�h.!"!.!*�!h0+h0$!h!(!)!*0h0$�0h3!h3�*0h0+h.!)+2!Lh�$!hprevious
2�.%��(!h%/h�h.!"!.!*�!h0+h0$!h!(!)!*0h0$�0h�+)!/h�!"+.!h0$!h!(!)!*0h3!h3�*0h0+h.!)+2!Lh�+
0+h.!)+2!h0$!hcurrenth!(!)!*0Mh�((h3!h*!! h0+h +h%/h(%*'hprevious.nexth0+
current.nextLh�+Mh+1.h(+#%�h3+.'/h"+.h�+0$h��/!/L

,QVHUWLQJ�DQ�HOHPHQW�DW�DQ\�SRVLWLRQ
�!40Mh3!h�.!h#+%*#h0+h%),(!)!*0h0$!hinserth)!0$+ Lh�$%/h)!0$+ h,.+2% !/h5+1h3%0$h0$!
��,��%(%05h0+h%*/!.0h�*h!(!)!*0h�0h�*5h,+/%0%+*Lh�!0\/h0�'!h�h(++'h�0h%0/h%),(!)!*0�0%+*N

this.insert = function(position, element){

  //check for out-of-bounds values
  if (position >= 0 && position <= length){ //{1}

    let node = new Node(element),
    current = head,
    previous,
    index = 0;

    if (position === 0){ //add on first position

      node.next = current; //{2}
      head = node;

    } else {
      while (index++ < position){ //{3}
        previous = current;
        current = current.next;
      }
      node.next = current; //{4}
      previous.next = node; //{5}
    }

    length++; //update size of list
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    return true;

  } else {
    return false; //{6}
  }
};

�/h3!h�.!h$�* (%*#h,+/%0%+*/Mh3!h*!! h0+h�$!�'h0$!h+10e+"e�+1* h2�(1!/hS(%*!h{1}Mh&1/0h(%'!
3!h % h%*h0$!hremoveh)!0$+ TLh�"h%0h%/h+10h+"h�+1* /Mh3!h.!01.*h0$!h2�(1!hfalseh0+h%* %��0!
0$�0h*+h%0!)h3�/h�  ! h0+h0$!h(%/0hS(%*!h{6}TL

�+3h3!h�.!h#+%*#h0+h$�* (!h0$!h %""!.!*0h/�!*�.%+/Lh�$!h"%./0h/�!*�.%+h%/h0$!h��/!h3$!.!h3!
*!! h0+h�  h�*h!(!)!*0h�0h0$!h�!#%**%*#h+"h0$!h(%/0Mh)!�*%*#h0$!h#&/01d-,0&1&,+Lh�$!h"+((+3%*#
 %�#.�)h!4!),(%"%!/h0$%/h/�!*�.%+N

�*h0$!h,.!�! %*#h %�#.�)Mh3!h$�2!h0$!hcurrenth2�.%��(!h)�'%*#h�h.!"!.!*�!h0+h0$!h"%./0
!(!)!*0h+"h0$!h(%/0Lh�$�0h3!h*!! h0+h +h%/h/!0h0$!h2�(1!hnode.nexth0+hcurrenthS0$!h"%./0
!(!)!*0h+"h0$!h(%/0TLh�+3h3!h$�2!hheadh�* h�(/+hnode.nexth,+%*0%*#h0+hcurrentKh�!40Mh�((
3!h$�2!h0+h +h%/h�$�*#!h0$!hheadh.!"!.!*�!h0+hnodehS(%*!h{2}TMh�* h3!h$�2!h�h*!3h!(!)!*0
%*h0$!h(%/0L

�+3h(!0\/h$�* (!h0$!h/!�+* h/�!*�.%+Nh�  %*#h�*h!(!)!*0h%*h0$!h)%  (!h+.h�0h0$!h!* h+"h0$!
(%/0Lh�%./0Mh3!h*!! h0+h(++,h0$.+1#$h0$!h(%/0h1*0%(h3!h.!��$h0$!h !/%.! h,+/%0%+*hS(%*!h{3}TL
�$!*h3!h#!0h+10h+"h0$!h(++,Mh0$!hcurrenth2�.%��(!h3%((h�!h�h.!"!.!*�!h0+h�*h!(!)!*0h,.!/!*0
�"0!.h0$!h,+/%0%+*h3$!.!h3!h3+1( h(%'!h0+h%*/!.0h0$!h*!3h%0!)Mh�* hprevioush3%((h�!h�
.!"!.!*�!h0+h�*h!(!)!*0h,.!/!*0h�!"+.!h0$!h,+/%0%+*h3$!.!h3!h3+1( h(%'!h0+h%*/!.0h0$!h*!3
%0!)Lh�*h0$%/h��/!Mh3!h3�*0h0+h�  h0$!h*!3h%0!)h�!03!!*hprevioush�* hcurrentLh�+Mh"%./0
3!h*!! h0+h)�'!h�h(%*'h�!03!!*h0$!h*!3h%0!)hSnodeTh�* h�1..!*0h%0!)hS(%*!h{4}TMh�* h0$!*
3!h*!! h0+h�$�*#!h0$!h(%*'h�!03!!*hprevioush�* hcurrentLh�!h*!! hprevious.nexth0+
,+%*0h0+hnodehS(%*!h{5}TL
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�!0\/h/!!h0$!h�+ !h%*h��0%+*h1/%*#h�h %�#.�)N

�"h3!h0.5h0+h�  h�h*!3h!(!)!*0h0+h0$!h(�/0h,+/%0%+*Mhprevioush3%((h�!h�h.!"!.!*�!h0+h0$!h(�/0
%0!)h+"h0$!h(%/0h�* hcurrenth3%((h�!h*1((Lh�*h0$%/h��/!Mhnode.nexth3%((h,+%*0h0+hcurrentM
previous.nexth3%((h,+%*0h0+hnodeMh�* h3!h$�2!h�h*!3h%0!)h%*h0$!h(%/0L

�+3Mh(!0\/h/!!h$+3h0+h�  h�h*!3h!(!)!*0h%*h0$!h)%  (!h+"h0$!h(%/0h3%0$h0$!h$!(,h+"h0$!
"+((+3%*#h %�#.�)N

�*h0$%/h��/!Mh3!h�.!h0.5%*#h0+h%*/!.0h0$!h*!3h%0!)hSnodeTh�!03!!*h0$!hprevioush�* 
currenth!(!)!*0/Lh�%./0Mh3!h*!! h0+h/!0h0$!h2�(1!h+"h0$!hnode.nexth,+%*0!.h0+hcurrentL
�$!*Mh/!0h0$!h2�(1!h+"hprevious.nexth0+hnodeLh�* h0$!*h3!h$�2!h�h*!3h%0!)h%*h0$!h(%/0R

�0h%/h2!.5h%),+.0�*0h0+h$�2!h2�.%��(!/h.!"!.!*�%*#h0$!h*+ !/h3!h*!! h0+
�+*0.+(h/+h0$�0h3!h +h*+0h(+/!h0$!h(%*'h�!03!!*h0$!h*+ !/Lh�!h�+1( h3+.'
3%0$h+*(5h+*!h2�.%��(!hSpreviousTMh�10h%0h3+1( h�!h$�. !.h0+h�+*0.+(h0$!
(%*'/h�!03!!*h0$!h*+ !/Lh�+.h0$%/h.!�/+*Mh%0h%/h�!00!.h0+h !�(�.!h�*h!40.�
2�.%��(!h0+h$!(,h1/h3%0$h0$!/!h.!"!.!*�!/L
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,PSOHPHQWLQJ�RWKHU�PHWKRGV
�*h0$%/h/!�0%+*Mh3!h3%((h(!�.*h$+3h0+h%),(!)!*0h0$!h+0$!.h)!0$+ /h".+)h0$!hLinkedList
�(�//Mh/1�$h�/htoStringMhindexOfMhisEmptyMh�* hsizeL

7KH�WR6WULQJ�PHWKRG
�$!htoStringh)!0$+ h�+*2!.0/h0$!hLinkedListh+�&!�0h%*0+h�h/0.%*#Lh�$!h"+((+3%*#h%/h0$!
%),(!)!*0�0%+*h+"h0$!htoStringh)!0$+ N

this.toString = function(){

  let current = head, //{1}
  string = '';    //{2}

  while (current) {   //{3}
    string +=current.element +(current.next � 'n' : '');//{4}
    current = current.next;   //{5}
  }
  return string;                //{6}
};

�%./0Mh0+h%0!.�0!h0$.+1#$h�((h0$!h!(!)!*0/h+"h0$!h(%/0Mh3!h*!! h�h/0�.0%*#h,+%*0Mh3$%�$h%/hheadL
�!h3%((h1/!h0$!hcurrenth2�.%��(!h�/h+1.h%* !4hS(%*!h{1}Th�* h*�2%#�0!h0$.+1#$h0$!h(%/0Lh�!
�(/+h*!! h0+h%*%0%�(%6!h0$!h2�.%��(!h0$�0h3!h3%((h�!h1/%*#h0+h�+*��0!*�0!h0$!h!(!)!*0/\h2�(1!/
S(%*!h{2}TL

�!40Mh3!h%0!.�0!h0$.+1#$h!��$h!(!)!*0h+"h0$!h(%/0hS(%*!h{3}TLh�!h3%((h1/!hcurrenth0+h�$!�'
3$!0$!.h0$!.!h%/h�*h!(!)!*0hS%"h0$!h(%/0h%/h!),05h+.h3!h.!��$h0$!h/!�+* h(�/0h!(!)!*0h+"h0$!
(%/0hSnullTMh0$!h�+ !h%*/% !h0$!hwhileh(++,h3%((h*+0h�!h!4!�10! TLh�$!*Mh3!h#!0h0$!h!(!)!*0\/
�+*0!*0Mh�* h�+*��0!*�0!h%0h0+h+1.h/0.%*#hS(%*!h{4}TLh�* h"%*�((5Mh3!h%0!.�0!h0$!h*!40h!(!)!*0
S(%*!h{5}TLh�0h(�/0Mh3!h.!01.*h0$!h/0.%*#h3%0$h0$!h(%/0\/h�+*0!*0hS(%/0h{6}TL

7KH�LQGH[2I�PHWKRG
�$!h*!40h)!0$+ h0$�0h3!h3%((h%),(!)!*0h%/h0$!hindexOfh)!0$+ Lh�$!hindexOfh)!0$+ 
.!�!%2!/h0$!h2�(1!h+"h�*h!(!)!*0Mh�* h.!01.*/h0$!h,+/%0%+*h+"h0$%/h!(!)!*0h%"h%0h%/h"+1* L
�0$!.3%/!Mh%0h.!01.*/h-1L
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�!0\/h0�'!h�h(++'h�0h%0/h%),(!)!*0�0%+*N

this.indexOf = function(element){

  let current = head, //{1}
  index = -1;

  while (current) {   //{2}
    if (element === current.element) {
      return index;       //{3}
    }
    index++;                //{4}
    current = current.next; //{5}
  }

  return -1;
};

�/h�(3�5/Mh3!h*!! h�h2�.%��(!h0$�0h3%((h$!(,h1/h%0!.�0!h0$.+1#$h0$!h(%/0Oh0$%/h2�.%��(!h%/
currentMh�* h%0/h"%./0h2�(1!h%/h0$!hheadhS0$!h"%./0h!(!)!*0h+"h0$!h(%/0g3!h�(/+h*!! h�h2�.%��(!
0+h%*�.!)!*0h0+h�+1*0h0$!h,+/%0%+*h*1)�!.MhindexhS(%*!h{1}TTLh�$!*Mh3!h%0!.�0!h0$.+1#$h0$!
!(!)!*0/hS(%*!h{2}TMh�* h�$!�'h%"h0$!h!(!)!*0h3!h�.!h(++'%*#h"+.h%/h0$!h�1..!*0h+*!Lh�"
,+/%0%2!Mh3!h.!01.*h%0/h,+/%0%+*hS(%*!h{3}TLh�"h*+0Mh3!h�+*0%*1!h�+1*0%*#hS(%*!h{4}TMh�* h#+h0+
0$!h*!40h*+ !h+"h0$!h(%/0hS(%*!h{5}TL

�$!h(++,h3%((h*+0h�!h!4!�10! h%"h0$!h(%/0h%/h!),05Mh+.h%"h3!h.!��$h0$!h!* h+"h0$!h(%/0hScurrent
= current.nexth3%((h�!hnullTLh�"h3!h +h*+0h"%* h0$!h2�(1!Mh3!h.!01.*h-1L

�%0$h0$%/h)!0$+ h%),(!)!*0! Mh3!h��*h%),(!)!*0h+0$!.h)!0$+ /h/1�$h�/h0$!hremove
)!0$+ N

this.remove = function(element){
  let index = this.indexOf(element);
  return this.removeAt(index);
};

�!h�(.!� 5h$�2!h�h)!0$+ h0$�0h.!)+2!/h�*h!(!)!*0h�0h�h#%2!*h,+/%0%+*hSremoveAtTLh�+3
0$�0h3!h$�2!h0$!hindexOfh)!0$+ Mh%"h3!h,�//h0$!h!(!)!*0\/h2�(1!Mh3!h��*h"%* h%0/h,+/%0%+*
�* h��((h0$!hremoveAth)!0$+ h,�//%*#h0$!h,+/%0%+*h0$�0h3!h"+1* Lh�0h%/h2!.5h/%),(!Mh�* h%0
%/h�(/+h!�/%!.h%"h3!h*!! h0+h�$�*#!h0$!h�+ !h".+)h0$!hremoveAth)!0$+ g%0h3%((h�!h�$�*#! 
"+.h�+0$h)!0$+ /hS0$%/h%/h3$�0h%/h*%�!h��+10h.!1/%*#h�+ !TLh�$%/h3�5Mh3!h +h*+0h*!! h0+
)�%*0�%*h03+h)!0$+ /h0+h.!)+2!h�*h%0!)h".+)h0$!h(%/0g3!h*!! h+*(5h+*!Rh�(/+Mh0$!h�+1* /
�+*/0.�%*0/h3%((h�!h�$!�'! h�5h0$!hremoveAth)!0$+ L
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7KH�LV(PSW\��VL]H��DQG�JHW+HDG�PHWKRGV
�$!hisEmptyh�* hsizeh)!0$+ /h�.!h0$!h/�)!h�/h0$!h+*!/h3!h%),(!)!*0! h"+.h0$!h�(�//!/h
%),(!)!*0! h%*h0$!h,.!2%+1/h�$�,0!.Lh�10h(!0\/h0�'!h�h(++'h�0h0$!)h�*53�5N

this.isEmpty = function() {
  return length === 0;
};

�$!hisEmptyh)!0$+ h.!01.*/htrueh%"h0$!.!h%/h*+h!(!)!*0h%*h0$!h(%/0h�* hfalseh+0$!.3%/!N

this.size = function() {
  return length;
};

�$!hsizeh)!0$+ h.!01.*/h0$!hlengthh+"h0$!h(%/0Lh�*(%'!h0$!h�(�//!/h3!h%),(!)!*0! h%*
!�.(%!.h�$�,0!./Mh0$!hlengthh2�.%��(!h+"h0$!h(%/0h%/h�+*0.+((! h%*0!.*�((5Mh�/hLinkedListh%/h�
�(�//h�1%(0h".+)h/�.�0�$L

�* h"%*�((5Mh3!h$�2!h0$!hgetHeadh)!0$+ N

this.getHead = function(){
  return head;
};

�$!hheadh2�.%��(!h%/h�h,.%2�0!h2�.%��(!h".+)h0$!hLinkedListh�(�//hS)!�*%*#h%0h��*h�!
���!//! h�* h�$�*#! h+*(5h�5h0$!hLinkedListh%*/0�*�!Mh*+0h+10/% !h+"h0$!h%*/0�*�!TLh�10Mh%"
3!h*!! h0+h%0!.�0!h0$!h(%/0h+10/% !h0$!h�(�//h%),(!)!*0�0%+*Mh3!h*!! h0+h,.+2% !h�h3�5h0+h#!0
0$!h"%./0h!(!)!*0h+"h0$!h�(�//L

'RXEO\�OLQNHG�OLVWV
�$!.!h�.!h %""!.!*0h05,!/h+"h(%*'! h(%/0/Lh�*h0$%/h/!�0%+*Mh3!h�.!h#+%*#h0+h�+2!.h0$!h +1�(5
(%*'! b(%/0Lh�$!h %""!.!*�!h�!03!!*h�h +1�(5h(%*'! h(%/0h�* h�h*+.)�(h(%*'! h(%/0h%/h0$�0h%*h�
(%*'! h(%/0Mh3!h)�'!h0$!h(%*'h".+)h+*!h*+ !h0+h0$!h*!40h+*!h+*(5Mh3$%(!h%*h0$!h +1�(5h(%*'! 
(%/0Mh3!h$�2!h�h +1�(!h(%*'Nh+*!h"+.h0$!h*!40h!(!)!*0h�* h+*!h"+.h0$!h,.!2%+1/h!(!)!*0Mh�/
/$+3*h%*h0$!h"+((+3%*#h %�#.�)N
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�!0\/h#!0h/0�.0! h3%0$h0$!h�$�*#!/h0$�0h�.!h*!! ! h0+h%),(!)!*0h0$!hDoublyLinkedList
�(�//N

function DoublyLinkedList() {

 let Node = function(element){

   this.element = element;
   this.next = null;
   this.prev = null; //NEW
 };

 let length = 0;
 let head = null;
 let tail = null; //NEW

 //methods here
}

�/h3!h��*h/!!h%*h0$%/h�+ !Mh0$!h %""!.!*�!/h�!03!!*h0$!hLinkedListh�(�//h�* h0$!
DoublyLinkedListh�(�//h�.!h)�.'! h�5hNEWLh�*/% !h0$!hNodeh�(�//Mh3!h$�2!h0$!hprev
�00.%�10!hS�h*!3h,+%*0!.Th�* Mh%*/% !h0$!hDoublyLinkedListh�(�//Mh3!h�(/+h$�2!h0$!htail
�00.%�10!h0+h'!!,h0$!h.!"!.!*�!h+"h0$!h(�/0h%0!)h+"h0$!h(%/0L

�$!h +1�(5h(%*'! h(%/0h,.+2% !/h1/h3%0$h03+h3�5/h0+h%0!.�0!h0$!h(%/0Nh".+)h0$!h�!#%**%*#h0+
%0/h!* h+.h2%�!h2!./�Lh�!h��*h�(/+h#+h0+h0$!h*!40h!(!)!*0h+.h0$!h,.!2%+1/h!(!)!*0h+"h�
,�.0%�1(�.h*+ !Lh�*h0$!h/%*#(5h(%*'! h(%/0Mh3$!*h5+1h�.!h%0!.�0%*#h0$!h(%/0h�* h5+1h)%//h0$!
 !/%.! h!(!)!*0Mh5+1h*!! h0+h#+h���'h0+h0$!h�!#%**%*#h+"h0$!h(%/0h�* h/0�.0h%0!.�0%*#h%0h�#�%*L
�$%/h%/h+*!h+"h0$!h� 2�*0�#!/h+"h0$!h +1�(5h(%*'! h(%/0L
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,QVHUWLQJ�D�QHZ�HOHPHQW�DW�DQ\�SRVLWLRQ
�*/!.0%*#h�h*!3h%0!)h%*h0$!h +1�(5h(%*'! h(%/0h%/h2!.5h/%)%(�.h0+h0$!h(%*'! h(%/0Lh�$!h %""!.!*�!
%/h0$�0h%*h0$!h(%*'! h(%/0h3!h+*(5h�+*0.+(h+*!h,+%*0!.hSnextTMh�* h%*h0$!h +1�(5h(%*'! h(%/0h3!
$�2!h0+h�+*0.+(h�+0$hnexth�* hprevhS,.!2%+1/TL


!.!h3!h$�2!h0$!h�(#+.%0$)h0+h%*/!.0h�h*!3h!(!)!*0h�0h�*5h,+/%0%+*N

this.insert = function(position, element){

  //check for out-of-bounds values
  if (position >= 0 && position <= length){

    let node = new Node(element),
    current = head,
    previous,
    index = 0;

    if (position === 0){ //add on first position

      if (!head){              //NEW {1}
        head = node;
        tail = node;
      } else {
        node.next = current;
        current.prev = node; //NEW {2}
        head = node;
      }
    } else  if (position === length) { //last item //NEW

      current = tail;     // {3}
      current.next = node;
      node.prev = current;
      tail = node;

    } else {
      while (index++ < position){ //{4}
        previous = current;
        current = current.next;
      }
      node.next = current; //{5}
      previous.next = node;

      current.prev = node; //NEW
      node.prev = previous; //NEW
    }
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    length++; //update size of list

    return true;

  } else {
    return false;
  }
};

�!0\/h�*�(56!h0$!h"%./0h/�!*�.%+Nh%*/!.0h�h*!3h!(!)!*0h�0h0$!h"%./0h,+/%0%+*h+"h0$!h(%/0hS0$!
�!#%**%*#h+"h0$!h(%/0TLh�"h0$!h(%/0h%/h!),05hS(%*!h{1}TMh3!h/%),(5h*!! h0+h,+%*0hheadh�* htail
0+h0$!h*!3h*+ !Lh�"h*+0Mh0$!hcurrenth2�.%��(!h3%((h�!h�h.!"!.!*�!h0+h0$!h"%./0h!(!)!*0h+"h0$!
(%/0Lh�/h3!h % h"+.h0$!h(%*'! h(%/0Mh3!h/!0hnode.nexth0+hcurrenth�* hheadh3%((h,+%*0h0+h0$!
nodehS%0h3%((h�!h0$!h"%./0h!(!)!*0h+"h0$!h(%/0TLh�$!h %""!.!*�!h*+3h%/h0$�0h3!h�(/+h*!! h0+h/!0h�
2�(1!h"+.h0$!h,.!2%+1/h,+%*0!.h+"h0$!h!(!)!*0/Lh�$!hcurrent.prevh,+%*0!.h3%((h,+%*0h0+h0$!
*!3h!(!)!*0hSnodeg(%*!h{2}Th%*/0!� h+"h*1((Lh�%*�!h0$!h*+ !L,.!2h,+%*0!.h%/h�(.!� 5h*1((M
3!h +h*+0h*!! h0+h1, �0!h�*50$%*#L

�$!h"+((+3%*#h %�#.�)h !)+*/0.�0!/h0$%/h,.+�!//N

�+3h(!0\/h�*�(56!h0$%/Mh&1/0h%*h��/!h3!h3�*0h0+h�  h�h*!3h!(!)!*0h�/h0$!h(�/0h!(!)!*0h+"h0$!
(%/0Lh�/h3!h�.!h�(/+h�+*0.+((%*#h0$!h,+%*0!.h0+h0$!h(�/0h!(!)!*0Mh0$%/h%/h�h/,!�%�(h��/!Lh�$!
currenth2�.%��(!h3%((h.!"!.!*�!h0$!h(�/0h!(!)!*0hS(%*!h{3}TLh�$!*Mh3!h/0�.0h)�'%*#h0$!h"%./0
(%*'Nhnode.prevh3%((h.!"!.!*�!hcurrentLh�$!hcurrent.nexth,+%*0!.hS3$%�$h,+%*0/h0+
nullTh3%((h,+%*0h0+hnodehSnode.nexth3%((h,+%*0h0+hnullh�(.!� 5h�!��1/!h+"h0$!h�+*/0.1�0+.TL
�$!*Mh0$!.!h%/h+*(5h+*!h0$%*#h(!"0h0+h�!h +*!Mh0$�0h%/h1, �0%*#htailMh3$%�$h3%((h,+%*0h0+hnode
%*/0!� h+"hcurrentL
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�$!h"+((+3%*#h %�#.�)h !)+*/0.�0!/h�((h0$!/!h��0%+*/N

�$!*h3!h$�2!h0$!h0$%. h/�!*�.%+Nh%*/!.0%*#h�h*!3h!(!)!*0h%*h0$!h)%  (!h+"h0$!h(%/0Lh�/h3!
 % h"+.h0$!h,.!2%+1/h)!0$+ /Mh3!h3%((h%0!.�0!h0$!h(%/0h1*0%(h3!h#!0h0+h0$!h !/%.! h,+/%0%+*
S(%*!h{4}TLh�!h3%((h%*/!.0h0$!h*!3h!(!)!*0h�!03!!*h0$!hcurrenth�* hprevioush!(!)!*0/L
�%./0Mhnode.nexth3%((h,+%*0h0+hcurrenthS(%*!h{5}TMh�* hprevious.nexth3%((h,+%*0h0+hnode
/+h0$�0h3!h +h*+0h(+/!h0$!h(%*'h�!03!!*h0$!h*+ !/Lh�$!*Mh3!h*!! h0+h"%4h�((h0$!h(%*'/N
current.prevh3%((h,+%*0h0+hnodeh�* hnode.prevh3%((h,+%*0h0+hpreviousLh�$!h"+((+3%*#
 %�#.�)h!4!),(%"%!/h0$%/N

�!h��*h)�'!h/+)!h%),.+2!)!*0/h%*h�+0$h0$!h)!0$+ /h0$�0h3!
%),(!)!*0! Nhinserth�* hremoveLh�*h��/!h+"h�h*!#�0%2!h.!/1(0Mh3!h�+1( 
%*/!.0h!(!)!*0/h�0h0$!h!* h+"h0$!h(%/0Lh�$!.!h%/h�(/+h�h,!."+.)�*�!
%),.+2!)!*0Nh"+.h!4�),(!Mh%"hpositionh%/h#.!�0!.h0$�*hlength/2Mh%0h%/
�!/0h0+h%0!.�0!h".+)h0$!h!* h0$�*h/0�.0h".+)h0$!h�!#%**%*#hS�5h +%*#h/+Mh3!
3%((h$�2!h0+h%0!.�0!h"!3!.h!(!)!*0/h".+)h0$!h(%/0TL
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5HPRYLQJ�HOHPHQWV�IURP�DQ\�SRVLWLRQ
�!)+2%*#h!(!)!*0/h".+)h�h +1�(5h(%*'! h(%/0h%/h�(/+h2!.5h/%)%(�.h0+h�h(%*'! h(%/0Lh�$!h+*(5
 %""!.!*�!h%/h0$�0h3!h*!! h0+h/!0h0$!h,.!2%+1/h,+%*0!.h�/h3!((Lh�!0\/h0�'!h�h(++'h�0h0$!
%),(!)!*0�0%+*N

this.removeAt = function(position){

  //look for out-of-bounds values
  if (position > -1 && position < length){

    let current = head,
    previous,
    index = 0;

    //removing first item
    if (position === 0){

      head = current.next; // {1}

      //if there is only one item, update tail //NEW
      if (length === 1){ // {2}
        tail = null;
      } else {
        head.prev = null; // {3}
      }

    } else if (position === length-1){ //last item //NEW

      current = tail; // {4}
      tail = current.prev;
      tail.next = null;

    } else {

      while (index++ < position){ // {5}

        previous = current;
        current = current.next;
      }

      //link previous with current's next - skip it
      previous.next = current.next; // {6}
      current.next.prev = previous; //NEW
    }

    length--;
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    return current.element;

  } else {
    return null;
  }
};

�!h*!! h0+h$�* (!h0$.!!h/�!*�.%+/Nh.!)+2%*#h�*h!(!)!*0h".+)h0$!h�!#%**%*#Mh".+)h0$!
)%  (!Mh�* h0$!h(�/0h!(!)!*0L

�!0\/h0�'!h�h(++'h$+3h0+h.!)+2!h0$!h"%./0h!(!)!*0Lh�$!hcurrenth2�.%��(!h%/h�h.!"!.!*�!h0+h0$!
"%./0h!(!)!*0h+"h0$!h(%/0Mh0$!h+*!h3!h3�*0h0+h.!)+2!Lh�((h3!h*!! h0+h +h%/h�$�*#!h0$!
.!"!.!*�!h".+)hheadOh%*/0!� h+"hcurrentMh%0h3%((h�!h0$!h*!40h!(!)!*0hScurrent.nextg(%*!
{1}TLh�10h3!h�(/+h*!! h0+h1, �0!h0$!h�1..!*0L*!40h,.!2%+1/h,+%*0!.hS�/h0$!h"%./0h!(!)!*0h,.!2
,+%*0!.h%/h�h.!"!.!*�!h0+h*1((TLh�+Mh3!h�$�*#!h0$!h.!"!.!*�!h+"h$!� L,.!2h0+h*1((hS(%*!h{3}g�/
$!� h�(/+h,+%*0/h0+h0$!h*!3h"%./0h!(!)!*0h+"h0$!h(%/0Mh+.h3!h��*h�(/+h1/!h�1..!*0L*!40L,.!2TLh�/
3!h�(/+h*!! h0+h�+*0.+(h0$!h0�%(h.!"!.!*�!Mh3!h��*h�$!�'h3$!0$!.h0$!h!(!)!*0h3!h�.!h0.5%*#
0+h.!)+2!h%/h0$!h"%./0h+*!Mh�* h%"h,+/%0%2!Mh�((h3!h*!! h0+h +h%/h/!0h0�%(h0+h*1((h�/h3!((hS(%*!
{2}TL

�$!h"+((+3%*#h %�#.�)h%((1/0.�0!/h0$!h.!)+2�(h+"h0$!h"%./0h!(!)!*0h".+)h�h +1�(5h(%*'! h(%/0N

�$!h*!40h/�!*�.%+h.!)+2!/h�*h!(!)!*0h".+)h0$!h(�/0h,+/%0%+*Lh�/h3!h$�2!h0$!h.!"!.!*�!h0+
0$!h(�/0h!(!)!*0h�(.!� 5hStailTMh3!h +h*+0h*!! h0+h%0!.�0!h0$!h(%/0h0+h#!0h0+h%0Lh�+Mh3!h��*
�//%#*h0$!htailh.!"!.!*�!h0+h0$!hcurrenth2�.%��(!h�/h3!((hS(%*!h{4}TLh�!40Mh3!h*!! h0+
1, �0!h0$!htailh.!"!.!*�!h0+h0$!h/!�+* e(�/0h!(!)!*0h+"h0$!h(%/0hScurrent.prevh+.
tail.prevh3+.'/h�/h3!((TLh�* Mh*+3h0$�0htailh%/h,+%*0%*#h0+h0$!h/!�+* e(�/0h!(!)!*0Mh�((
3!h*!! h0+h +h%/h1, �0!h0$!hnexth,+%*0!.h0+hnullhStail.next = nullTLh�$!h"+((+3%*#
 %�#.�)h !)+*/0.�0!/h0$%/h��0%+*N
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�* h0$!h0$%. h�* h"%*�(h/�!*�.%+Nh.!)+2%*#h�*h!(!)!*0h".+)h0$!h)%  (!h+"h0$!h(%/0Lh�%./0Mh3!
*!! h0+h%0!.�0!h1*0%(h3!h#!0h0+h0$!h !/%.! h,+/%0%+*hS(%*!h{5}TLh�$!h!(!)!*0h3!h3�*0h0+
.!)+2!h3+1( h�!h.!"!.!*�! h�5h0$!hcurrenth2�.%��(!Lh�+Mh0+h.!)+2!h%0Mh3!h��*h/'%,h%0h%*h0$!
(%/0h�5h1, �0%*#h0$!h.!"!.!*�!/h+"hprevious.nexth�* hcurrent.next.prevLh�+M
previous.nexth3%((h,+%*0h0+hcurrent.nextMh�* hcurrent.next.prevh3%((h,+%*0h0+
previousMh�/h !)+*/0.�0! h�5h0$!h"+((+3%*#h %�#.�)N

�+h'*+3h0$!h%),(!)!*0�0%+*h+"h+0$!.h)!0$+ /h+"h +1�(5h(%*'! h(%/0Mh.!"!.
0+h0$!h/+1.�!h�+ !h+"h0$!h�++'Lh�$!h +3*(+� h(%*'h+"h0$!h/+1.�!h�+ !h%/
)!*0%+*! h%*h0$!h�/"#� "h+"h0$!h�++'L
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&LUFXODU�OLQNHG�OLVWV
�h�%.�1(�.b(%*'! b(%/0h��*h$�2!h+*(5h+*!h.!"!.!*�!h %.!�0%+*hS�/h3%0$h0$!h(%*'! h(%/0Th+.h�
 +1�(!h.!"!.!*�!h�/h3%0$h0$!h +1�(5h(%*'! h(%/0Lh�$!h+*(5h %""!.!*�!h�!03!!*h0$!h�%.�1(�.
(%*'! h(%/0h�* h�h(%*'! h(%/0h%/h0$�0h0$!h(�/0h!(!)!*0\/h*!40hStail.nextTh,+%*0!.h +!/h*+0
)�'!h�h.!"!.!*�!h0+hnullMh�10h0+h0$!h"%./0h!(!)!*0hSheadTMh�/h3!h��*h/!!h%*h0$!h"+((+3%*#
 %�#.�)N

�h +1�(5b�%.�1(�.b(%*'! b(%/0h$�/htail.nexth,+%*0%*#h0+h0$!hheadh!(!)!*0Mh�* hhead.prev
,+%*0%*#h0+h0$!htailh!(!)!*0N

�!h3%((h*+0h�+2!.h0$!hCircularLinkedListh�(#+.%0$)h%*h0$%/h�++'hS0$!
/+1.�!h�+ !h%/h2!.5h/%)%(�.h0+hLinkedListh�* hDoublyLinkedListTL

+3!2!.Mh5+1h��*h���!//h0$!h�+ !h�5h +3*(+� %*#h0$%/h�++'\/h/+1.�!
�+ !Lh�*/% !h0$!h�++'\/h/+1.�!h�+ !h5+1h3%((h�(/+h"%* h0$!h������.%,0h>
2!./%+*h+"h�((h0$!h0$.!!h(%*'! h(%/0h�(�//!/L
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6XPPDU\
�*h0$%/h�$�,0!.Mh5+1h(!�.*! h��+10h0$!h(%*'! h(%/0h �0�h/0.1�01.!h�* h%0/h2�.%�*0/Mh0$!h +1�(5
(%*'! h(%/0h�* h0$!h�%.�1(�.h(%*'! h(%/0Lh�+1h(!�.*! h$+3h0+h.!)+2!h�* h�  h!(!)!*0/h�0h�*5
,+/%0%+*Mh�* h$+3h0+h%0!.�0!h0$.+1#$h�h(%*'! h(%/0Lh�+1h�(/+h(!�.*! h0$�0h0$!h)+/0h%),+.0�*0
� 2�*0�#!h+"h�h(%*'! h(%/0h+2!.h�*h�..�5h%/h0$�0h5+1h��*h!�/%(5h�  h�* h.!)+2!h!(!)!*0/
".+)h�h(%*'! h(%/0h3%0$+10h/$%"0%*#h+2!.h%0/h!(!)!*0/Lh�+Mh3$!*!2!.h5+1h*!! h0+h�  h�* 
.!)+2!h(+0/h+"h!(!)!*0/Mh0$!h�!/0h+,0%+*h3+1( h�!h�h(%*'! h(%/0h%*/0!� h+"h�*h�..�5Lh�*h0$!
*!40h�$�,0!.Mh5+1h3%((h(!�.*h��+10h/!0/Mh0$!h(�/0h/!-1!*0%�(h �0�h/0.1�01.!h0$�0h3!h3%((h�+2!.
%*h0$%/h�++'L
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�+h"�.Mh5+1h$�2!h(!�.*! h��+10h/!-1!*0%�(h �0�h/0.1�01.!/h/1�$h�/h�..�5/hS(%/0/TMh/0��'/M
-1!1!/Mh�* h(%*'! h(%/0/hS�* h0$!%.h2�.%�*0/TLh�*h0$%/h�$�,0!.Mh3!h3%((h�+2!.h�h �0�h/0.1�01.!
��((! h/!0/Mh3$%�$h%/h�(/+h�h/!-1!*0%�(h �0�h/0.1�01.!h0$�0h +!/h*+0h�((+3h 1,(%��0! h2�(1!/L

�*h0$%/h�$�,0!.Mh5+1h3%((h(!�.*h$+3h0+h�.!�0!h�h/!0h �0�h/0.1�01.!Mh0+h�  h�* h.!)+2!h2�(1!/M
�* h�(/+h0+h/!�.�$h3$!0$!.h�h2�(1!h�(.!� 5h!4%/0/Lh�+1h3%((h(!�.*h$+3h0+h,!."+.)
)�0$!)�0%��(h+,!.�0%+*/h/1�$h�/h1*%+*Mh%*0!./!�0%+*Mh�* h %""!.!*�!Lh�+1h3%((h�(/+h(!�.*
$+3h0+h1/!h0$!h*�0%2!h��>hS������.%,0h>ThSeth�(�//L

6WUXFWXULQJ�D�GDWDVHW
�h/!0h%/h�h�+((!�0%+*h+"h%0!)/h0$�0h�.!h1*+. !.! h�* h�+*/%/0/h+"h1*%-1!h!(!)!*0/hS)!�*%*#
0$!5h��**+0h�!h.!,!�0! TLh�$%/h �0�h/0.1�01.!h1/!/h0$!h/�)!h)�0$h�+*�!,0h�/h"%*%0!h/!0/h�10
�,,(%! h0+h�h�+),10!.h/�%!*�!h �0�h/0.1�01.!L

�!0\/h0�'!h�h(++'h�0h0$!h)�0$h�+*�!,0h+"h/!0/h�!"+.!h3!h %2!h%*0+h0$!h�+),10!.h/�%!*�!
%),(!)!*0�0%+*h+"h%0Lh�*h)�0$!)�0%�/Mh�h/!0h%/h�h�+((!�0%+*h+"h %/0%*�0h+�&!�0/L

�+.h!4�),(!Mh3!h$�2!h�h/!0h+"h*�01.�(h*1)�!./Mh3$%�$h�+*/%/0/h+"h%*0!#!.h*1)�!./h#.!�0!.
0$�*h+.h!-1�(h0+h8g0$�0h%/Mh�dDdW8Md9Md:Md;Md<Md=Md>MdPXLh�$!h(%/0h+"h0$!h+�&!�0/h3%0$%*h0$!h/!0h%/
/1..+1* ! h�5h{}hS�1.(5h�.��!/TL

�$!.!h%/h�(/+h0$!h*1((h/!0h�+*�!,0Lh�h/!0h3%0$h*+h!(!)!*0h%/h��((! h�h*1((b/!0h+.h�*h!),05b/!0L
�*h!4�),(!h3+1( h�!h�h/!0h+"h,.%)!h*1)�!./h�!03!!*h:<h�* h:ALh�/h0$!.!h%/h*+h,.%)!
*1)�!.hS�h*�01.�(h*1)�!.h#.!�0!.h0$�*h9h0$�0h$�/h*+h,+/%0%2!h %2%/+./h+0$!.h0$�*h9h�* 
%0/!("Th�!03!!*h:<h�* h:AMh0$!h/!0h3%((h�!h!),05Lh�!h3%((h.!,.!/!*0h�*h!),05h/!0h3%0$hWdXL
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�+1h��*h�(/+h%)�#%*!h�h/!0h�/h�*h�..�5h3%0$h*+h.!,!�0! h!(!)!*0/h�* h*+h�+*�!,0h+.h+. !.L

�*h)�0$!)�0%�/Mh�h/!0h�(/+h$�/h/+)!h��/%�h+,!.�0%+*/h/1�$h�/h1*%+*Mh%*0!./!�0%+*Mh�* 
 %""!.!*�!Lh�!h3%((h�(/+h�+2!.h0$!/!h+,!.�0%+*/h%*h0$%/h�$�,0!.L

&UHDWLQJ�D�VHW
�$!h�1..!*0h%),(!)!*0�0%+*h+"h��2���.%,0h%/h��/! h+*h������.%,0b<K8hS/1,,+.0! h�5
)+ !.*h�.+3/!./Th,1�(%/$! h+*h�1*!h:899Lh�0h�+*0�%*/h0$!hArrayh�(�//h%),(!)!*0�0%+*h0$�0
3!h�+2!.! h%*h!�.(%!.h�$�,0!./Lh������.%,0b=h�(/+h�+*0�%*/h�*h%),(!)!*0�0%+*h+"h0$!hSet
�(�//h0$�0h5+1h3%((h(!�.*h$+3h0+h1/!h(�0!.h+*h%*h0$%/h�$�,0!.Lh�$!h�(�//h3!h3%((h%),(!)!*0h%*
0$%/h�$�,0!.h%/h��/! h+*h0$!hSeth%),(!)!*0�0%+*h+"h������.%,0h>L

�$%/h%/h0$!h/'!(!0+*h+"h+1.hSeth�(�//N

function Set() {
  let items = {};
}

�h2!.5h%),+.0�*0h !0�%(h$!.!h%/h0$�0h3!h�.!h1/%*#h�*h+�&!�0h0+h.!,.!/!*0h+1.h/!0dSitemsT
%*/0!� h+"h�*h�..�5Lh
+3!2!.Mh3!h�+1( h�(/+h1/!h�*h�..�5h0+h +h0$%/h%),(!)!*0�0%+*Lh�!0\/
1/!h�*h+�&!�0h0+h%),(!)!*0h0$%*#/h�h(%00(!h�%0h %""!.!*0(5h�* h %/�1//h*!3h3�5/h+"
%),(!)!*0%*#h �0�h/0.1�01.!/h0$�0h�.!h/%)%(�.Lh�(/+Mh+�&!�0/h%*h��2���.%,0h +h*+0h�((+3h5+1
0+h$�2!h03+h %""!.!*0h,.+,!.0%!/h+*h0$!h/�)!h'!5Mh3$%�$h#1�.�*0!!/h1*%-1!h!(!)!*0/h%*h+1.
/!0L

�!40Mh3!h*!! h0+h !�(�.!h0$!h)!0$+ /h�2�%(��(!h"+.h�h/!0hS3!h3%((h0.5h0+h/%)1(�0!h0$!h/�)!
Seth�(�//h%),(!)!*0! h%*h������.%,0h>TN

add(value)Nh�$%/h�  /h�h*!3h%0!)h0+h0$!h/!0L
delete(value)Nh�$%/h.!)+2!/h0$!h2�(1!h".+)h0$!h/!0L
has(value)Nh�$%/h.!01.*/htrueh%"h0$!h2�(1!h!4%/0/h%*h0$!h/!0h�* hfalseh+0$!.3%/!L
clear()Nh�$%/h.!)+2!/h�((h0$!h%0!)/h".+)h0$!h/!0L
size()Nh�$%/h.!01.*/h$+3h)�*5h!(!)!*0/h0$!h/!0h�+*0�%*/Lh�0h%/h/%)%(�.h0+h0$!
lengthh,.+,!.05h+"h0$!h�..�5L
values()Nh�$%/h.!01.*/h�*h�..�5h+"h�((h0$!h2�(1!/h+"h0$!h/!0L
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�$!h"%./0h)!0$+ h3!h3%((h%),(!)!*0h%/h0$!hhas(value)h)!0$+ Lh�!h3%((h%),(!)!*0h0$%/
)!0$+ h"%./0h�!��1/!h%0h3%((h�!h1/! h%*h+0$!.h)!0$+ /Mh/1�$h�/haddh�* hremoveLh�!h��*h0�'!
�h(++'h�0h%0/h%),(!)!*0�0%+*h$!.!N

this.has = function(value){
  return value in items;
};

�/h3!h�.!h1/%*#h�*h+�&!�0h0+h/0+.!h�((h0$!h2�(1!/h+"h0$!h/!0Mh3!h��*h1/!h��2���.%,0\/hin
+,!.�0+.h0+h2!.%"5h0$�0h0$!h#%2!*h2�(1!h%/h�h,.+,!.05h+"h0$!hitemsh+�&!�0L


+3!2!.Mh0$!.!h%/h�h�!00!.h3�5h+"h%),(!)!*0%*#h0$%/h)!0$+ Mh3$%�$h%/h�/h"+((+3/N

this.has = function(value){
  return items.hasOwnProperty(value);
};

�((h��2���.%,0h+�&!�0/h$�2!h0$!hhasOwnPropertyh)!0$+ Lh�$%/h)!0$+ h.!01.*/h�h�++(!�*
%* %��0%*#h3$!0$!.h0$!h+�&!�0h$�/h0$!h/,!�%"%! h,.+,!.05h+.h*+0L

7KH�DGG�PHWKRG
�$!h*!40h)!0$+ h3!h3%((h%),(!)!*0h%/h0$!haddh)!0$+ Mh�/h"+((+3/N

this.add = function(value){
  if (!this.has(value)){
    items[value] = value; //{1}
    return true;
  }
  return false;
};

	%2!*h�h2�(1!Mh3!h��*h�$!�'h3$!0$!.h0$!hvalueh�(.!� 5h!4%/0/h%*h0$!h/!0Lh�"h*+0Mh3!h�  h0$!
valueh0+h0$!h/!0hS(%*!h{1}Th�* h.!01.*htrueh0+h%* %��0!h0$�0h0$!h2�(1!h3�/h�  ! Lh�"h0$!
2�(1!h�(.!� 5h!4%/0/h%*h0$!h/!0Mh3!h/%),(5h.!01.*hfalseh0+h%* %��0!h0$�0h0$!h2�(1!h3�/h*+0
�  ! L

�!h�.!h�  %*#h0$!h2�(1!h�/h'!5h�* h2�(1!h�!��1/!h%0h3%((h$!(,h1/h/!�.�$
"+.h0$!h2�(1!h%"h3!h/0+.!h%0h�/h0$!h'!5h�/h3!((L
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7KH�GHOHWH�DQG�FOHDU�PHWKRGV
�!40Mh3!h3%((h%),(!)!*0h0$!hremoveh)!0$+ N

this.delete = function(value){
  if (this.has(value)){
    delete items[value]; //{2}
    return true;
  }
  return false;
};

�*h0$!hremoveh)!0$+ Mh3!h3%((h2!.%"5h0$�0h0$!h#%2!*hvalueh!4%/0/h%*h0$!h/!0Lh�"h0$%/h%/
,+/%0%2!Mh3!h3%((h.!)+2!h0$!hvalueh".+)h0$!h/!0hS(%*!h{2}Th�* h.!01.*htrueh0+h%* %��0!h0$�0
0$!h2�(1!h3�/h.!)+2! Oh+0$!.3%/!Mh3!h3%((h.!01.*hfalseL

�/h3!h�.!h1/%*#h�*h+�&!�0h0+h/0+.!h0$!hitemsh+�&!�0h+"h0$!h/!0Mh3!h��*h/%),(5h1/!h0$!hdelete
+,!.�0+.h0+h.!)+2!h0$!h,.+,!.05h".+)h0$!hitemsh+�&!�0hS(%*!h{2}TL

�+h1/!h0$!hSeth�(�//Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !h�/h�*h!4�),(!N

let set = new Set();
set.add(1);
set.add(2);

�1/0h+10h+"h�1.%+/%05Mh%"h3!h+10,10h0$!hitemsh2�.%��(!h+*h0$!h�+*/+(!hSconsole.logTh�"0!.
!4!�10%*#h0$!h,.!2%+1/h�+ !Mh0$%/h3%((h�!h0$!h+10,10h%*h	++#(!h�$.+)!N

2EMHFW�^����������`

�/h3!h��*h*+0!Mh%0h%/h�*h+�&!�0h3%0$h03+h,.+,!.0%!/Lh�$!h,.+,!.05h*�)!h%/
0$!h2�(1!h3!h�  ! h0+h0$!h/!0h�* h%0/h2�(1!Mh�/h3!((L

�"h3!h3�*0h0+h.!)+2!h�((h0$!h2�(1!/h".+)h0$!h/!0Mh3!h��*h1/!h0$!hclearh)!0$+ Mh�/h"+((+3/N

this.clear = function(){
  items = {}; // {3}
};
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�((h3!h*!! h0+h +h0+h.!/!0h0$!hitemsh+�&!�0h%/h�//%#*h%0h0+h�*h!),05h+�&!�0h�#�%*hS(%*!h{3}TL
�!h�+1( h�(/+h%0!.�0!h0$!h/!0h�* h.!)+2!h�((h0$!h2�(1!/h+*!h�5h+*!h1/%*#h0$!hremove
)!0$+ Mh�10h0$%/h%/h0++h)1�$h3+.'h�/h3!h$�2!h�*h!�/%!.h3�5h+"h +%*#h%0L

7KH�VL]H�PHWKRG
�$!h*!40h)!0$+ h3!h3%((h%),(!)!*0h%/h0$!hsizeh)!0$+ hS3$%�$h.!01.*/h$+3h)�*5h%0!)/
�.!h%*h0$!h/!0TLh�$!.!h�.!h0$.!!h3�5/h+"h%),(!)!*0%*#h0$%/h)!0$+ L

�$!h"%./0h)!0$+ h%/h0+h1/!h�hlengthh2�.%��(!h�* h�+*0.+(h%0h3$!*!2!.h3!h1/!h0$!haddh+.
removeh)!0$+ Mh�/h3!h1/! h%*h0$!hLinkedListh�(�//h%*h0$!h,.!2%+1/h�$�,0!.L

�*h0$!h/!�+* h)!0$+ Mh3!h1/!h�h�1%(0e%*h"1*�0%+*h".+)h0$!h�1%(0e%*hObjecth�(�//h%*
��2���.%,0hS������.%,0h=CTMh�/h"+((+3/N

this.size = function(){
  return Object.keys(items).length; //{4}
};

�$!hObjecth�(�//h%*h��2���.%,0h�+*0�%*/h�h)!0$+ h��((! hkeysh0$�0h.!01.*/h�*h�..�5h+"h�((
0$!h,.+,!.0%!/h+"h�h#%2!*h+�&!�0Lh�*h0$%/h��/!Mh3!h��*h1/!h0$!hlengthh,.+,!.05h+"h0$%/h�..�5
S(%*!h{4}Th0+h.!01.*h$+3h)�*5h,.+,!.0%!/h3!h$�2!h%*h0$!hitemsh+�&!�0Lh�$%/h�+ !h3%((h3+.'
+*(5h%*h)+ !.*h�.+3/!./hS/1�$h�/h��ACMh��<CMh�$.+)!=CMh�,!.�9:CMh��"�.%=CMh�* h/+h+*TL

�$!h0$%. h)!0$+ h%/h0+h!40.��0h!��$h,.+,!.05h+"h0$!hitemsh+�&!�0h)�*1�((5Mh�+1*0h$+3h)�*5
,.+,!.0%!/h0$!.!h�.!Mh�* h.!01.*h0$%/h*1)�!.Lh�$%/h)!0$+ h3%((h3+.'h%*h�*5h�.+3/!.h�* h%/
0$!h!-1%2�(!*0h+"h0$!h,.!2%+1/h�+ !Mh�/h"+((+3/N

this.sizeLegacy = function(){
  let count = 0;
  for(let key in items) { //{5}
    if(items.hasOwnProperty(key)) //{6}
    ++count;  //{7}
  }
  return count;
};

�+Mh"%./0h3!h3%((h%0!.�0!h0$.+1#$h�((h0$!h,.+,!.0%!/h+"h0$!hitemsh+�&!�0hS(%*!h{5}Th�* h�$!�'
3$!0$!.h0$%/h,.+,!.05h%/h.!�((5h�h,.+,!.05h+"h+1.h+�&!�0hS/+h0$�0h3!h +h*+0h�+1*0h%0h)+.!h0$�*
+*�!Mh(%*!h{6}TLh�"h,+/%0%2!Mh3!h3%((h%*�.!)!*0h0$!hcounth2�.%��(!hS(%*!h{7}Th�* h�0h0$!h!* h+"
0$!h)!0$+ Mh3!h3%((h.!01.*h0$%/h*1)�!.L



�"10

Tb89?bU

�!h��**+0h/%),(5h1/!h0$!hfor-inh/0�0!)!*0Mh%0!.�0!h0$.+1#$h0$!
,.+,!.0%!/h+"h0$!hitemsh+�&!�0Mh�* h%*�.!)!*0h0$!hcounth2�.%��(!\/h2�(1!L
�!h�(/+h*!! h0+h1/!h0$!hhash)!0$+ hS0+h2!.%"5h0$�0h0$!hitemsh+�&!�0h$�/
0$%/h,.+,!.05Th�!��1/!h0$!h+�&!�0\/h,.+0+05,!h�+*0�%*/h�  %0%+*�(h,.+,!.0%!/
"+.h0$!h+�&!�0Mh�/h3!((hS,.+,!.0%!/h�.!h%*$!.%0! h".+)h0$!h��/!h��2���.%,0
Objecth�(�//Mh�10h%0h/0%((h$�/h,.+,!.0%!/h+"h0$!h+�&!�0Mh3$%�$h�.!h*+0h1/! h%*
0$%/h �0�h/0.1�01.!TL

7KH�YDOXHV�PHWKRG
�$!h/�)!h(+#%�h�,,(%!/h0+h0$!hvaluesh)!0$+ Mh1/%*#h3$%�$h3!h3�*0h0+h!40.��0h�((h0$!h'!5/
+"h0$!hitemsh+�&!�0h�* h.!01.*h%0/h2�(1!/h�/h�*h�..�5N

this.values = function(){
  let values = [];
  for (let i=0, keys=Object.keys(items); i<keys.length; i++) {
    values.push(items[keys[i]]);
  }
  return values;
};

�$%/h�+ !h3%((h+*(5h3+.'h%*h)+ !.*h�.+3/!./Lh�/h3!h�.!h1/%*#h	++#(!h�$.+)!h�* h�%.!"+4
�/h0!/0%*#h�.+3/!./h%*h0$%/h�++'Mh0$!h�+ !h3%((h3+.'L

�"h3!h3�*0h�+ !h0$�0h��*h�!h!4!�10! h%*h�*5h�.+3/!.Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !Mh3$%�$
%/h!-1%2�(!*0h0+h0$!h,.!2%+1/h�+ !N

this.valuesLegacy = function(){
  let values = [];
  for(let key in items) { //{7}
    if(items.hasOwnProperty(key)) { //{8}
      values.push(items[key]);
    }
  }
  return values;
};

�+Mh"%./0h3!h3%((h%0!.�0!h0$.+1#$h�((h0$!h,.+,!.0%!/h+"h0$!hitemsh+�&!�0hS(%*!h{7}TMh�  h0$!)h0+
�*h�..�5hS(%*!h{8}TMh�* h.!01.*h0$%/h�..�5Lh�$%/h)!0$+ h%/h/%)%(�.h0+h0$!hsizeLegacyh)!0$+ 
3!h !2!(+,! Mh�10h%*/0!� h+"h�+1*0%*#h0$!h,.+,!.0%!/Mh3!h�.!h�  %*#h%*h�*h�..�5L
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8VLQJ�WKH�6HW�FODVV
�+3h0$�0h3!h$�2!h"%*%/$! h%),(!)!*0%*#h+1.h �0�h/0.1�01.!Mh(!0\/h0�'!h�h(++'h�0h$+3h3!h��*
1/!h%0Lh�!0\/h#%2!h%0h�h0.5h�* h!4!�10!h/+)!h�+))�* /h0+h0!/0h+1.hSeth�(�//Mh�/h"+((+3/N

let set = new Set();

set.add(1);
console.log(set.values()); //outputs ["1"]
console.log(set.has(1));   //outputs true
console.log(set.size());   //outputs 1

set.add(2);
console.log(set.values()); //outputs ["1", "2"]
console.log(set.has(2));   //true
console.log(set.size());   //2

set.remove(1);
console.log(set.values()); //outputs ["2"]

set.remove(2);
console.log(set.values()); //outputs []

�+Mh*+3h3!h$�2!h�h2!.5h/%)%(�.h%),(!)!*0�0%+*h+"h0$!hSeth�(�//Mh�/h%*h������.%,0h>Lh�/
)!*0%+*! h�!"+.!Mh3!h�+1( h�(/+h$�2!h1/! h�*h�..�5h%*/0!� h+"h�*h+�&!�0h0+h/0+.!h0$!
!(!)!*0/Lh�/h3!h1/! h�..�5/h%*hChapter 2Mh�//�60OhChapter 3Mh�1� (0Oh�* hChapter
4Mh�2"2"0Oh%0h%/h*%�!h0+h'*+3h0$!.!h�.!h %""!.!*0h3�5/h+"h%),(!)!*0%*#h0$!h/�)!h0$%*#L

6HW�RSHUDWLRQV
�!h��*h,!."+.)h0$!h"+((+3%*#h+,!.�0%+*/h+*h/!0/N

�*%+*Nh	%2!*h03+h/!0/Mh0$%/h.!01.*/h�h*!3h/!0h3%0$h!(!)!*0/h".+)h�+0$h0$!h#%2!*
/!0/
�*0!./!�0%+*Nh	%2!*h03+h/!0/Mh0$%/h.!01.*/h�h*!3h/!0h3%0$h0$!h!(!)!*0/h0$�0h!4%/0h%*
�+0$h/!0/
�%""!.!*�!Nh	%2!*h03+h/!0/Mh0$%/h.!01.*/h�h*!3h/!0h3%0$h�((h0$!h!(!)!*0/h0$�0h!4%/0
%*h0$!h"%./0h/!0h�* h +h*+0h!4%/0h%*h0$!h/!�+* h/!0
�1�/!0Nh�$%/h�+*"%.)/h3$!0$!.h�h#%2!*h/!0h%/h�h/1�/!0h+"h�*+0$!.h/!0
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6HW�XQLRQ
�$!h)�0$!)�0%�h�+*�!,0h+"h1*%+*h%/Nh0$!h1*%+*h+"h/!0/h�h�* h�Mh !*+0! h�5N

�$%/h/!0h%/h !"%*! h�/N

�$%/h)!�*/h0$�0h5hS0$!h!(!)!*0Th!4%/0/h%*h�h+.h5h!4%/0/h%*h�Lh�$!h"+((+3%*#h %�#.�)
!4!),(%"%!/h0$!h1*%+*h+,!.�0%+*N

�+3Mh(!0\/h%),(!)!*0h0$!hunionh)!0$+ h%*h+1.hSeth�(�//h2%�h0$!h"+((+3%*#h�+ !N

this.union = function(otherSet){
  let unionSet = new Set(); //{1}

  let values = this.values(); //{2}
  for (let i=0; i<values.length; i++){
    unionSet.add(values[i]);
  }

  values = otherSet.values(); //{3}
  for (let i=0; i<values.length; i++){
    unionSet.add(values[i]);
  }

  return unionSet;
};
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�%./0Mh3!h*!! h0+h�.!�0!h�h*!3h/!0h0+h.!,.!/!*0h0$!h1*%+*h+"h03+h/!0/hS(%*!h{1}TLh�!40Mh3!h3%((
#!0h�((h0$!hvaluesh".+)h0$!h"%./0h/!0hS0$!h�1..!*0h%*/0�*�!h+"h0$!hSeth�(�//TMh%0!.�0!h0$.+1#$
0$!)Mh�* h�  h�((h0$!h2�(1!/h0+h0$!h/!0h0$�0h.!,.!/!*0/h0$!h1*%+*hS(%*!h{2}TLh�$!*Mh3!h3%((h +
0$!h!4��0h/�)!h0$%*#h�10h3%0$h0$!h/!�+* h/!0hS(%*!h{3}TLh�0h(�/0Mh3!h3%((h.!01.*h0$!h.!/1(0L

�!0\/h0!/0h0$!h,.!2%+1/h�+ !h�/h"+((+3/N

let setA = new Set();
setA.add(1);
setA.add(2);
setA.add(3);

let setB = new Set();
setB.add(3);
setB.add(4);
setB.add(5);
setB.add(6);

let unionAB = setA.union(setB);
console.log(unionAB.values());

�$!h+10,10h3%((h�!h["1", "2", "3", "4", "5", "6"]Lh�+0!h0$�0h0$!h!(!)!*0h3h%/
,.!/!*0h%*h�+0$h�h�* h�Mh�* h%0h�,,!�./h+*(5h+*�!h%*h0$!h.!/1(0h/!0L

6HW�LQWHUVHFWLRQ
�$!h)�0$!)�0%�h�+*�!,0h+"h%*0!./!�0%+*Mh$!.!h0$!h%*0!./!�0%+*h+"h/!0/h�h�* h�Mh%/h !*+0! h�5N

�$%/h/!0h%/h !"%*! h�/N
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�$%/h)!�*/h0$�0h5hS0$!h!(!)!*0Th!4%/0/h%*h�Mh�* h5h!4%/0/h%*h�Lh�$!h"+((+3%*#h %�#.�)
!4!),(%"%!/h0$!h%*0!./!�0%+*h+,!.�0%+*N

�+3Mh(!0\/h%),(!)!*0h0$!hintersectionh)!0$+ h%*h+1.hSeth�(�//Mh�/h"+((+3/N

this.intersection = function(otherSet){
  let intersectionSet = new Set(); //{1}

  let values = this.values();
  for (let i=0; i<values.length; i++){ //{2}
    if (otherSet.has(values[i])){    //{3}
      intersectionSet.add(values[i]); //{4}
    }
  }

  return intersectionSet;
}

�+.h0$!hintersectionh)!0$+ Mh3!h*!! h0+h"%* h�((h0$!h!(!)!*0/h".+)h0$!h�1..!*0h%*/0�*�!
+"h0$!hSeth�(�//h0$�0h�(/+h!4%/0h%*h0$!h#%2!*hSeth%*/0�*�!Lh�+Mh"%./0Mh3!h3%((h�.!�0!h�h*!3hSet
%*/0�*�!h/+h0$�0h3!h��*h.!01.*h%0h3%0$h0$!h�+))+*h!(!)!*0/hS(%*!h{1}TLh�!40Mh3!h3%((h%0!.�0!
0$.+1#$h�((h0$!hvaluesh+"h0$!h�1..!*0h%*/0�*�!h+"h0$!hSeth�(�//hS(%*!h{2}TMh�* h3!h3%((h2!.%"5
0$�0h0$!h2�(1!h!4%/0/h%*h0$!hotherSeth%*/0�*�!Mh�/h3!((hS(%*!h{3}TLh�!h��*h1/!h0$!hhas
)!0$+ Mh3$%�$h3!h%),(!)!*0! h!�.(%!.Mh%*h0$%/h�$�,0!.h0+h2!.%"5h0$�0h0$!h!(!)!*0h!4%/0/h%*
0$!hSeth%*/0�*�!Lh�$!*Mh%"h0$!h2�(1!h!4%/0/h%*h0$!h+0$!.hSeth%*/0�*�!h�(/+Mh3!h3%((h�  h%0h0+h0$!
�.!�0! hintersectionSeth2�.%��(!hS(%*!h{4}Th�* h.!01.*h%0L

�!0\/h +h/+)!h0!/0%*#Mh�/h"+((+3/N

let setA = new Set();
setA.add(1);
setA.add(2);
setA.add(3);

let setB = new Set();
setB.add(2);
setB.add(3);
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setB.add(4);

let intersectionAB = setA.intersection(setB);
console.log(intersectionAB.values());

�$!h+10,10h3%((h�!h["2", "3"]Mh�/h0$!h2�(1!/h2h�* h3h!4%/0h%*h�+0$h/!0/L

6HW�GLIIHUHQFH
�$!h)�0$!)�0%�h�+*�!,0h+"h %""!.!*�!Mh$!.!h0$!h %""!.!*�!h�!03!!*h/!0/h�h�* h�Mh%/h !*+0! 
�5h�dbd�Mh !"%*! h�/N

�$%/h)!�*/h0$�0h5hS0$!h!(!)!*0Th!4%/0/h%*h�Mh�10h5h +!/h*+0h!4%/0h%*h�Lh�$!h"+((+3%*#h %�#.�)
!4!),(%"%!/h0$!h %""!.!*�!h+,!.�0%+*h�!03!!*h/!0/h�h�* h�N

�+3h(!0\/h%),(!)!*0h0$!hdifferenceh)!0$+ h%*h+1.hSeth�(�//h�5h!4!�10%*#h0$!h"+((+3%*#N

this.difference = function(otherSet){
  let differenceSet = new Set(); //{1}

  let values = this.values();
  for (let i=0; i<values.length; i++){ //{2}
    if (!otherSet.has(values[i])){    //{3}
      differenceSet.add(values[i]); //{4}
    }
  }

  return differenceSet;
};
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�$!hintersectionh)!0$+ h3%((h#!0h�((h0$!hvaluesh0$�0h!4%/0h%*h�+0$h/!0/Lh�$!hdifference
)!0$+ h3%((h#!0h�((h0$!h2�(1!/h0$�0h!4%/0h%*h�h�10h*+0h%*h�Lh�+Mh0$!h+*(5h %""!.!*�!h%*h0$!
%),(!)!*0�0%+*h+"h0$!h)!0$+ h%/h%*h(%*!h{3}Lh�*/0!� h+"h#!00%*#h0$!h2�(1!/h0$�0h�(/+h!4%/0h%*
0$!hotherSeth%*/0�*�!Mh3!h3%((h#!0h+*(5h0$!h2�(1!/h0$�0h +h*+0h!4%/0Lh�%*!/h{1}Mh{2}Mh�* 
{4}h�.!h!4��0(5h0$!h/�)!L

�!0\/h +h/+)!h0!/0%*#hS3%0$h0$!h/�)!h/!0/h3!h1/! h%*h0$!hintersectionh/!�0%+*Th2%�h0$!
"+((+3%*#h�+ !N

let setA = new Set();
setA.add(1);
setA.add(2);
setA.add(3);

let setB = new Set();
setB.add(2);
setB.add(3);
setB.add(4);

let differenceAB = setA.difference(setB);
console.log(differenceAB.values());

�$!h+10,10h3%((h�!h["1"]h�!��1/!h1h%/h0$!h+*(5h!(!)!*0h0$�0h!4%/0/h+*(5h%*hsetAL

6XEVHW
�$!h(�/0h/!0h+,!.�0%+*h3!h3%((h�+2!.h%/h0$!h/1�/!0Lh�*h!4�),(!h+"h0$!h)�0$!)�0%�h�+*�!,0h+"h
/1�/!0h%/h0$�0h�h%/h�h/1�/!0h+"hS+.h%/h%*�(1 ! h%*Th�Mh�* h0$%/h%/h !*+0! h�5N

�$!h/!0h%/h !"%*! h�/N
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�$%/h)!�*/h0$�0h"+.h!2!.5h5hS!(!)!*0Th0$�0h!4%/0/h%*h�Mh%0h�(/+h+""!0d1,d"5&01h%*h�Lh�$!h"+((+3%*#
 %�#.�)h!4!),(%"%!/h3$!*h�h%/h�h/1�/!0h+"h�h�* h3$!*h%0h%/h*+0N

�+3h(!0\/h%),(!)!*0h0$!hsubseth)!0$+ h%*h+1.hSeth�(�//h0$.+1#$h0$!h"+((+3%*#h�+ !N

this.subset = function(otherSet){

  if (this.size() > otherSet.size()){ //{1}
    return false;
  } else {
    let values = this.values();
    for (let i=0; i<values.length; i++){ //{2}
      if (!otherSet.has(values[i])){    //{3}
        return false; //{4}
      }
    }
    return true; //{5}
  }
};

�$!h"%./0h2!.%"%��0%+*h0$�0h3!h*!! h0+h +h%/h0+h�$!�'h0$!h/%6!h+"h0$!h�1..!*0h%*/0�*�!h+"h0$!hSet
�(�//Lh�"h0$!h�1..!*0h%*/0�*�!h$�/h)+.!h!(!)!*0/h0$�*h0$!hotherSeth%*/0�*�!Mh%0h%/h*+0h�
/1�/!0hS(%*!h{3}TLh�h/1�/!0h*!! /h0+h$�2!h�h(!//!.h+.h0$!h/�)!h*1)�!.h+"h!(!)!*0/h�/h0$!
�+),�.! h/!0L

�!40Mh3!h3%((h%0!.�0!h0$.+1#$h�((h0$!h/!0h!(!)!*0/hS(%*!h{2}TMh�* h3!h3%((h2!.%"5h0$�0h0$!
!(!)!*0h�(/+h!4%/0/h%*hotherSethS(%*!h{3}TLh�"h�*5h!(!)!*0h +!/h*+0h!4%/0h%*hotherSetMh%0
)!�*/h0$�0h%0h%/h*+0h�h/1�/!0Mh/+h3!h3%((h.!01.*hfalsehS(%*!h{4}TLh�"h�((h0$!h!(!)!*0/h�(/+h!4%/0
%*hotherSetMh(%*!h{4}h3%((h*+0h�!h!4!�10! Mh�* h0$!*h3!h3%((h.!01.*htruehS(%*!h{5}TL

�!0\/h0.5h0$!h,.!2%+1/h�+ !N

let setA = new Set();
setA.add(1);
setA.add(2);
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let setB = new Set();
setB.add(1);
setB.add(2);
setB.add(3);

let setC = new Set();
setC.add(2);
setC.add(3);
setC.add(4);

console.log(setA.subset(setB));
console.log(setA.subset(setC));

�!h$�2!h0$.!!h/!0/NhsetAh%/h�h/1�/!0h+"hsetBhS/+h0$!h+10,10h%/htrueTOh$+3!2!.MhsetAh%/h*+0h�
/1�/!0h+"hsetChSsetCh+*(5h�+*0�%*/h0$!h2�(1!h2h".+)hsetAh�* h*+0h0$!h2�(1!/h1h�* h2TMh/+
0$!h+10,10h3%((h�!hfalseL

(6��c�WKH�6HW�FODVV
������.%,0b978<h%*0.+ 1�! h�h�!0h�(�//h�/h,�.0h+"h0$!h��2���.%,0h���Lh�!h !2!(+,! h+1.
Seth�(�//h��/! h+*h0$!h��=bSeth�(�//L

�+1h��*h/!!h0$!h !0�%(/h+"h0$!h������.%,0h>hSeth�(�//h%),(!)!*0�0%+*h�0
https://developer.mozilla.org/en-US/docs/Web/JavaScript/R

eference/Global_Objects/SethS+.hhttp://goo.gl/2li2a5TL

�+3Mh(!0\/h0�'!h�h(++'h�0h$+3h3!h��*h1/!h0$!h*�0%2!hSeth�(�//Mh�/h3!((L

�!0\/h1/!h0$!h/�)!h!4�),(!/h3!h1/! h0+h0!/0h+1.hSeth�(�//Mh�/h"+((+3/N

let set = new Set();
set.add(1);
console.log(set.values()); //outputs @Iterator
console.log(set.has(1));   //outputs true
console.log(set.size);   //outputs 1

�$!h %""!.!*�!h�!03!!*h+1.hSeth�(�//h�* h0$!h��>hSeth�(�//h%/h0$�0h0$!hvaluesh)!0$+ 
.!01.*/hIteratorhS3$%�$h5+1h(!�.*! h%*hChapter 2Mh�//�60Th%*/0!� h+"h0$!h�..�5h3%0$h0$!
2�(1!/Lh�*+0$!.h %""!.!*�!h%/h0$�0h3!h !2!(+,! h�hsizeh)!0$+ h0+h.!01.*h0$!h*1)�!.h+"
2�(1!/hseth/0+.!/Lh�$!h��>hSeth�(�//h$�/h�h,.+,!.05h*�)! hsizeL

https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Set
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Set
http://goo.gl/2li2a5
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�!h��*h�(/+h��((h0$!hdeleteh)!0$+ h0+h.!)+2!h�*h!(!)!*0h".+)hseth2%�h0$!h"+((+3%*#h�+ !N

set.delete(1);

�$!hclearh)!0$+ h�(/+h.!/!0/h0$!hseth �0�h/0.1�01.!Lh�$%/h%/h0$!h/�)!h"1*�0%+*�(%05h3!
%),(!)!*0! L

(6��6HW�FODVV�RSHUDWLRQV
�!h !2!(+,! h0$!h)�0$!)�0%��(h+,!.�0%+*/h/1�$h�/h1*%+*Mh%*0!./!�0%+*Mh %""!.!*�!Mh�* h�(/+
/1�/!0h%*h+1.hSeth�(�//Lh�*"+.01*�0!(5Mh0$!h��=h*�0%2!hSeth�(�//h +!/h*+0h�+*0�%*h0$!/!
"1*�0%+*�(%0%!/Lh
+3!2!.Mh3!h��*h0.5h0+h/%)1(�0!h0$!)h%*h��/!h%0h%/h*!! ! L

�!h3%((h1/!h0$!h"+((+3%*#h03+h/!0/h%*h+1.h!4�),(!/N

let setA = new Set();
setA.add(1);
setA.add(2);
setA.add(3);

let setB = new Set();
setB.add(2);
setB.add(3);
setB.add(4);

6LPXODWLQJ�WKH�XQLRQ�RSHUDWLRQ
�+h�  h�((h0$!h!(!)!*0/h".+)h03+h/!0/Mh3!h��*h�.!�0!h�h0$%. h+*!hS(%*!h{1}TMh%0!.�0!h0$!h+0$!.
03+h/!0/hS(%*!/h{2}h�* h{3}TMh�* h�  h�((h0$!%.h!(!)!*0/h%*0+h0$!h1*%+*h/!0Mh�/h !)+*/0.�0! 
�5h0$!h"+((+3%*#h�+ !N

let unionAb = new Set(); //{1}
for (let x of setA) unionAb.add(x); //{2}
for (let x of setB) unionAb.add(x); //{3}
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6LPXODWLQJ�WKH�LQWHUVHFWLRQ�RSHUDWLRQ
�+h/%)1(�0!h0$!h%*0!./!�0%+*h+,!.�0%+*Mh3!h3%((h*!! h0+h�.!�0!h�*h�14%(%�.5h"1*�0%+*h0+h$!(,
�.!�0!h�h*!3h/!0h3%0$h0$!h�+))+*h!(!)!*0/h0$�0h�+0$hsetAh�* hsetBh$�2!hS(%*!h{1}TMh�/
 !)+*/0.�0! h$!.!N

let intersection = function(setA, setB){
  let intersectionSet = new Set();
  for (let x of setA){
    if (setB.has(x)){ //{1}
      intersectionSet.add(x);
    }
  }
  return intersectionSet;
};
let intersectionAB = intersection(setA, setB);

�!h��*h�(/+h1/!h�h/%),(!.h/5*0�4h0+h/%)1(�0!h0$!h%*0!./!�0%+*Mh�/h"+((+3/N

intersectionAb = new Set([x for (x of setA) if (setB.has(x))]);

�$!h,.!�! %*#h�+ !h +!/h0$!h/�)!h0$%*#h�/h0$!hintersectionh"1*�0%+*h3!h !2!(+,! L

�%.!"+4h%/h0$!h+*(5h�.+3/!.h0$�0h/1,,+.0/h/%),(%"%! h/5*0�4h�+ !Lh
+3!2!.M
0$!hintersectionh"1*�0%+*h��*h�!h!4!�10! h%*h�((h)+ !.*h�.+3/!./h0$�0
/1,,+.0h��>L

6LPXODWLQJ�WKH�GLIIHUHQFH�RSHUDWLRQ
�$%(!h0$!h%*0!./!�0%+*h+,!.�0%+*h%/h��$%!2! h�5h�.!�0%*#h�h*!3h/!0h3%0$h0$!h�+))+*
!(!)!*0/h0$�0h�+0$hsetAh�* hsetBh$�2!Mh0$!h %""!.!*�!h+,!.�0%+*h%/h��$%!2! h�5h�.!�0%*#h�
*!3h/!0h3%0$h0$!h!(!)!*0/h0$�0hsetAh$�/h�10hsetBh +!/h*+0Lh��'!h�h(++'h�0h0$!h"+((+3%*#
�+ !N

let difference = function(setA, setB){
  let differenceSet = new Set();
  for (let x of setA){
    if (!setB.has(x)){ //{1}
      differenceSet.add(x);
    }
  }
  return differenceSet;
};
let differenceAB = difference(setA, setB);
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�$!h+*(5h %""!.!*�!h�!03!!*h0$!hintersectionh"1*�0%+*h�* h0$!hdifferenceh"1*�0%+*h%/
(%*!h{1}h�/h3!h+*(5h3�*0h0+h�  h0$!h %""!.!*0h�!0h!(!)!*0/h0$�0hsetAh$�/h�* hsetBh +!/h*+0L

�!h��*h�(/+h3.%0!h0$!h,.!2%+1/h"1*�0%+*h%*h�h/%),(!.h/5*0�4Mh�/h"+((+3/N

differenceAB = new Set([x for (x of setA) if (!setB.has(x))]);

�%.!"+4h%/h0$!h+*(5h�.+3/!.h0$�0h/1,,+.0/h/%),(%"%! h/5*0�4h�+ !L

+3!2!.Mh0$!hdifferenceh"1*�0%+*h��*h�!h!4!�10! h%*h�((h)+ !.*
�.+3/!./h0$�0h/1,,+.0h��>L

6XPPDU\
�*h0$%/h�$�,0!.Mh5+1h(!�.*! h$+3h0+h%),(!)!*0h�hSeth�(�//h".+)h/�.�0�$Mh3$%�$h%/h/%)%(�.h0+
0$!hSeth�(�//h !"%*! h%*h0$!h !"%*%0%+*h+"h������.%,0h>Lh�!h�(/+h�+2!.! h/+)!h)!0$+ /
0$�0h�.!h*+0h1/1�((5h,.!/!*0h%*h+0$!.h,.+#.�))%*#h(�*#1�#!h%),(!)!*0�0%+*/h+"h0$!h/!0h �0�
/0.1�01.!Mh/1�$h�/h1*%+*Mh%*0!./!�0%+*Mh %""!.!*�!Mh�* h/1�/!0Lh�!h%),(!)!*0! h�h2!.5
�+),(!0!hSeth�(�//h�+),�.! h0+h0$!h�1..!*0h%),(!)!*0�0%+*h+"hSeth%*h+0$!.h,.+#.�))%*#
(�*#1�#!/L

�*h0$!h*!40h�$�,0!.Mh3!h3%((h�+2!.h$�/$!/h�* h %�0%+*�.%!/Mh3$%�$h�.!h*+*/!-1!*0%�(h �0�
/0.1�01.!/L



�
'LFWLRQDULHV�DQG�+DVKHV

�*h0$!h,.!2%+1/h�$�,0!.Mh5+1h(!�.*! h��+10h/!0/Lh�*h0$%/h�$�,0!.Mh3!h3%((h�+*0%*1!h+1.
 %/�1//%+*h��+10h �0�h/0.1�01.!/h0$�0h/0+.!h1*%-1!h2�(1!/hS*+*.!,!�0! h2�(1!/Th1/%*#
 %�0%+*�.%!/h�* h$�/$!/L

�!0/Mh %�0%+*�.%!/Mh�* h$�/$!/h/0+.!h1*%-1!h2�(1!/Lh�*h�h/!0Mh3!h�.!h%*0!.!/0! h%*h0$!h2�(1!
%0/!("h�/h0$!h,.%)�.5h!(!)!*0Lh�*h�h %�0%+*�.5hS+.h)�,TMh3!h/0+.!h2�(1!/h%*h,�%./h�/hU("6M
3�)2"VLh�$!h/�)!h#+!/h"+.h$�/$!/hS0$!5h/0+.!h2�(1!/h%*h,�%./Mh/1�$h�/hU("6Md3�)2"VTOh$+3!2!.M
0$!h3�5h0$�0h3!h%),(!)!*0h0$!/!h �0�h/0.1�01.!/h%/h�h(%00(!h�%0h %""!.!*0Mh�/h3!h3%((h/!!h%*h0$%/
�$�,0!.L

'LFWLRQDULHV
�/h5+1h$�2!h(!�.*! Mh�h/!0h%/h�h�+((!�0%+*h+"h %/0%*�0h!(!)!*0/hS*+*.!,!�0! h!(!)!*0/TLh�h
 %�0%+*�.5h%/h1/! h0+h/0+.!hU("6Md3�)2"Vh,�%./Mh3$!.!h0$!h'!5h%/h1/! h0+h"%* h�h,�.0%�1(�.
!(!)!*0Lh�h %�0%+*�.5h%/h2!.5h/%)%(�.h0+h�h/!0Oh�h/!0h/0+.!/h�hU("6Md("6Vh�+((!�0%+*h+"h!(!)!*0/M
�* h�h %�0%+*�.5h/0+.!/h�hU("6Md3�)2"Vh�+((!�0%+*h+"h!(!)!*0/Lh�h %�0%+*�.5h%/h�(/+h'*+3*h�/h�
)�,L

�*h0$%/h�$�,0!.Mh3!h3%((h�+2!.h/+)!h!4�),(!/h+"h$+3h0+h1/!h0$!h %�0%+*�.5h �0�h/0.1�01.!h%*
0$!h.!�(h3+.( Nh�h %�0%+*�.5h%0/!("hS0$!h3+. /h�* h0$!%.h !"%*%0%+*/Th�* h�*h�  .!//h�++'L

&UHDWLQJ�D�GLFWLRQDU\
�%)%(�.(5h0+h0$!hSeth�(�//Mh������.%,0h>h�(/+h�+*0�%*/h�*h%),(!)!*0�0%+*h+"h0$!hMaph�(�//M
�(/+h'*+3*h�/h�h %�0%+*�.5L
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�$!h�(�//h3!h3%((h%),(!)!*0h%*h0$%/h�$�,0!.h%/h��/! h+*h0$!hMaph%),(!)!*0�0%+*h+"
������.%,0h>Lh�+1h3%((h*+0%�!h0$�0h%0h%/h2!.5h/%)%(�.h0+h0$!hSeth�(�//hS�10h%*/0!� h+"h/0+.%*#
�hU("6Md("6Vh,�%.Mh3!h3%((h/0+.!h�hU("6Md3�)2"Vh,�%.TL

�$%/h%/h0$!h/'!(!0+*h+"h+1.hDictionaryh�(�//N

function Dictionary(){
  var items = {};
}

�%)%(�.h0+h0$!hSeth�(�//Mh3!h3%((h�(/+h/0+.!h0$!h!(!)!*0/h%*h�*hObjecth%*/0�*�!h%*/0!� h+"h�*
�..�5L

�!40Mh3!h*!! h0+h !�(�.!h0$!h)!0$+ /h�2�%(��(!h"+.h�h)�,b %�0%+*�.5Mh3$%�$h�.!N

set(key,value)Nh�$%/h�  /h�h*!3h%0!)h0+h0$!h %�0%+*�.5L
delete(key)Nh�$%/h.!)+2!/h0$!h2�(1!h".+)h0$!h %�0%+*�.5h1/%*#h0$!h'!5L
has(key)Nh�$%/h.!01.*/htrueh%"h0$!h'!5h!4%/0/h%*h0$!h %�0%+*�.5h�* hfalse
+0$!.3%/!L
get(key)Nh�$%/h.!01.*/h�h/,!�%"%�h2�(1!h/!�.�$! h�5h0$!h'!5L
clear()Nh�$%/h.!)+2!/h�((h0$!h%0!)/h".+)h0$!h %�0%+*�.5L
size()Nh�$%/h.!01.*/h$+3h)�*5h!(!)!*0/h0$!h %�0%+*�.5h�+*0�%*/Lh�0h%/h/%)%(�.h0+
0$!hlengthh,.+,!.05h+"h0$!h�..�5L
keys()Nh�$%/h.!01.*/h�*h�..�5h+"h�((h0$!h'!5/h0$!h %�0%+*�.5h�+*0�%*/L
values()Nh�$%/h.!01.*/h�*h�..�5h+"h�((h0$!h2�(1!/h+"h0$!h %�0%+*�.5L

7KH�KDV�DQG�VHW�PHWKRGV
�$!h"%./0h)!0$+ h3!h3%((h%),(!)!*0h%/h0$!hhas(key)h)!0$+ Lh�!h3%((h%),(!)!*0h0$%/
)!0$+ h"%./0h�!��1/!h%0h3%((h�!h1/! h%*h+0$!.h)!0$+ /Mh/1�$h�/hseth�* hremoveLh�!h��*h/!!
%0/h%),(!)!*0�0%+*h%*h0$!h"+((+3%*#h�+ !N

this.has = function(key){
  return key in items;
};

�$!h%),(!)!*0�0%+*h%/h!4��0(5h0$!h/�)!h�/h3$�0h3!h % h"+.h0$!hSeth�(�//Lh�!h�.!h1/%*#h0$!
��2���.%,0hinh+,!.�0+.h0+h2!.%"5h0$�0hkeyh%/h�h,.+,!.05h+"h0$!hitemsh+�&!�0L
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�$!h*!40h)!0$+ h%/h0$!hseth)!0$+ Mh�/h%*h0$!h"+((+3%*#h�+ !N

this.set = function(key, value){
  items[key] = value; //{1}
};

�$%/h.!�!%2!/h�hkeyh�* h�hvalueh,�.�)!0!.Lh�!h/%),(5h/!0h0$!h2�(1!h0+h0$!hkeyh,.+,!.05h+"
0$!hitemsh+�&!�0Lh�$%/h)!0$+ h��*h�!h1/! h0+h�  h�h*!3h2�(1!h+.h1, �0!h�*h!4%/0%*#h+*!L

7KH�GHOHWH�PHWKRG
�!40Mh3!h3%((h%),(!)!*0h0$!hdeleteh)!0$+ Lh�0h%/h2!.5h/%)%(�.h0+h0$!hdeleteh)!0$+ h".+)
0$!hSeth�(�//Oh0$!h+*(5h %""!.!*�!h%/h0$�0h3!h3%((h"%./0h/!�.�$h"+.hkeyhS%*/0!� h+"hvalueTMh�/
"+((+3/N

this.delete = function(key){
  if (this.has(key)){
    delete items[key];
    return true;
  }
  return false;
};

�$!*Mh3!h3%((h1/!h0$!h��2���.%,0hremoveh+,!.�0+.h0+h.!)+2!h0$!hkeyh�00.%�10!h".+)h0$!
itemsh+�&!�0L

7KH�JHW�DQG�YDOXHV�PHWKRGV
�"h3!h3�*0h0+h/!�.�$h"+.h�h,�.0%�1(�.h%0!)h".+)h0$!h %�0%+*�.5h�* h.!0.%!2!h%0/h2�(1!Mh3!h��*
1/!h0$!h"+((+3%*#h)!0$+ N

this.get = function(key) {
  return this.has(key) � items[key] : undefined;
};

�$!hgeth)!0$+ h3%((h"%./0h2!.%"5h0$�0h0$!h2�(1!h0$�0h3!h3+1( h(%'!h0+h.!0.%!2!h!4%/0/hS�5
/!�.�$%*#h"+.hkeyTMh�* h%"h0$!h.!/1(0h%/h,+/%0%2!Mh%0/h2�(1!h%/h.!01.*! Lh�"h*+0Mh�*hundefined
2�(1!h%/h.!01.*! hS.!)!)�!.h0$�0hundefinedh%/h %""!.!*0h".+)hnullOh3!h�+2!.! h0$%/
�+*�!,0h%*hChapter 1Mh��3�0 /&-1c�d�2& (d�3"/3&"4TL



�& 1&,+�/&"0d�+!d
�0%"0

Tb8;:bU

�$!h*!40h)!0$+ h%/h0$!hvaluesh)!0$+ Lh�$%/h)!0$+ h3%((h�!h1/! h0+h.!0.%!2!h�*h�..�5h+"h�((
valuesh%*/0�*�!/h,.!/!*0h%*h0$!h %�0%+*�.5Mh�/h"+((+3/N

this.values = function(){
  var values = [];
  for (var k in items) { //{1}
    if (this.has(k)) {
      values.push(items[k]); //{2}
    }
  }
  return values;
};

�%./0Mh3!h3%((h%0!.�0!h0$.+1#$h�((h�00.%�10!/h".+)h0$!hitemsh+�&!�0hS(%*!h{1}TLh�1/0h0+h)�'!
/1.!h0$!h2�(1!h!4%/0/Mh3!h3%((h1/!h0$!hhash"1*�0%+*h0+h2!.%"5h0$�0hkeyh.!�((5h!4%/0/Mh�* h0$!*
3!h3%((h�  h%0/h2�(1!h0+h0$!hvaluesh�..�5hS(%*!h{2}TLh�0h0$!h!* Mh3!h3%((h/%),(5h.!01.*h�((
0$!h2�(1!/h"+1* L

�!h��**+0h/%),(5h1/!h0$!hfor-inh/0�0!)!*0h�* h%0!.�0!h0$.+1#$h0$!
,.+,!.0%!/h+"h0$!hitemsh+�&!�0Lh�!h�(/+h*!! h0+h1/!h0$!hhash)!0$+ hS0+
2!.%"5h3$!0$!.h0$!hitemsh+�&!�0h$�/h0$%/h,.+,!.05Th�!��1/!h0$!h+�&!�0\/
,.+0+05,!h�+*0�%*/h�  %0%+*�(h,.+,!.0%!/h+"h0$!h+�&!�0Mh�/h3!((LhS�.+,!.0%!/
�.!h%*$!.%0! h".+)h0$!h��/!h��2���.%,0hObjecth�(�//Mh�10h%0h/0%((h$�/
,.+,!.0%!/h+"h0$!h+�&!�0h0$�0h3!h�.!h*+0h%*0!.!/0! h%*h"+.h0$%/h �0�
/0.1�01.!LT

7KH�FOHDU��VL]H��NH\V��DQG�JHW,WHPV�PHWKRGV
�$!hclearh�* hsizeh)!0$+ /h�.!h!4��0(5h0$!h/�)!h�/h0$+/!h".+)h0$!hSeth�(�//hSChapter 6M
�"10TLh�+.h0$%/h.!�/+*Mh3!h3%((h*+0h#+h0$.+1#$h0$!)h�#�%*h%*h0$%/h�$�,0!.L

�$!hkeysh)!0$+ h.!01.*/h�((h0$!h'!5/h1/! h0+h% !*0%"5h�h2�(1!h%*h0$!hDictionaryh�(�//Lh�+
.!0.%!2!h�((h0$!h'!5/h".+)h�h��2���.%,0h+�&!�0Mh3!h��*h1/!h0$!hkeysh)!0$+ h".+)h0$!hObject
�(�//h�5h,�//%*#h+1.h+�&!�0h�/h�h,�.�)!0!.hS�((h0$!h�(�//!/h3!h�.!�0! h/+h"�.h%*h0$%/h�++'h�.!
�(/+h��2���.%,0h+�&!�0/Mh%*�(1 %*#h0$!hDictionaryh�(�//TMh�/h"+((+3/N

this.keys = function(){
  return Object.keys(items);
};
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�%*�((5Mh&1/0h/+h0$�0h3!h��*h2!.%"5h0$!h+10,10h+"h0$!hitemsh,.+,!.05Mh(!0\/h%),(!)!*0h�
)!0$+ h��((! hgetItemsh0$�0h3%((h.!01.*h0$!hitemsh2�.%��(!Mh�/h"+((+3/N

this.getItems = function(){
  return items;
}

8VLQJ�WKH�'LFWLRQDU\�FODVV
�%./0Mh3!h3%((h�.!�0!h�*h%*/0�*�!h+"h0$!hDictionaryh�(�//Mh�* h0$!*h3!h3%((h�  h0$.!!h!e
)�%(/h0+h%0Lh�!h3%((h1/!h0$%/hdictionaryh%*/0�*�!h0+h!4!),(%"5h�*h!e)�%(h�  .!//h�++'L

�!0\/h!4!�10!h/+)!h�+ !h1/%*#h0$!h�(�//h3!h�.!�0! N

var dictionary = new Dictionary();
dictionary.set('Gandalf', 'gandalf@email.com');
dictionary.set('John', 'johnsnow@email.com');
dictionary.set('Tyrion', 'tyrion@email.com');

�"h3!h!4!�10!h0$!h"+((+3%*#h�+ !Mh3!h3%((h#!0h0$!h+10,10h�/htrueN

console.log(dictionary.has('Gandalf'));

�$!h"+((+3%*#h�+ !h3%((h+10,10h3h�!��1/!h3!h�  ! h0$.!!h!(!)!*0/h0+h+1.h %�0%+*�.5
%*/0�*�!N

console.log(dictionary.size());

�+3Mh(!0\/h!4!�10!h0$!h"+((+3%*#h(%*!/h+"h�+ !N

console.log(dictionary.keys());
console.log(dictionary.values());
console.log(dictionary.get('Tyrion'));

�$!h+10,10h3%((h�!h�/h"+((+3/Mh%*h0$!h.!/,!�0%2!h+. !.N

    >�*DQGDOI����-RKQ����7\ULRQ�@
    >�JDQGDOI#HPDLO�FRP����MRKQVQRZ#HPDLO�FRP����W\ULRQ#HPDLO�FRP�@
    W\ULRQ#HPDLO�FRP

�%*�((5Mh(!0\/h!4!�10!h/+)!h)+.!h(%*!/h+"h�+ !N

dictionary.delete('John');
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�!0\/h�(/+h!4!�10!h0$!h"+((+3%*#h+*!/N

console.log(dictionary.keys());
console.log(dictionary.values());
console.log(dictionary.getItems());

�$!h+10,10h3%((h�!h�/h"+((+3/N

    >�*DQGDOI����7\ULRQ�@
    >�JDQGDOI#HPDLO�FRP����W\ULRQ#HPDLO�FRP�@
    2EMHFW�^*DQGDOI���JDQGDOI#HPDLO�FRP���7\ULRQ�
�����W\ULRQ#HPDLO�FRP�`

�/h3!h.!)+2! h+*!h!(!)!*0Mh0$!hdictionaryh%*/0�*�!h*+3h�+*0�%*/h+*(5h03+h!(!)!*0/L
�$!h$%#$(%#$0! h(%*!h!4!),(%"%!/h$+3h0$!hitemsh+�&!�0h%/h/0.1�01.! h%*0!.*�((5L

7KH�KDVK�WDEOH
�*h0$%/h/!�0%+*Mh5+1h3%((h(!�.*h��+10h0$!hHashTableh�(�//Mh�(/+h'*+3*h�/hHashMapMh�h$�/$
%),(!)!*0�0%+*h+"h0$!hDictionaryh�(�//L


�/$%*#h�+*/%/0/h+"h"%* %*#h�h2�(1!h%*h�h �0�h/0.1�01.!h%*h0$!h/$+.0!/0h0%)!h,+//%�(!Lh�+1
(!�.*! h%*h,.!2%+1/h�$�,0!./h0$�0h%"h3!h3�*0h0+h#!0h�h2�(1!h".+)h%0hS1/%*#h�hgeth)!0$+ TMh3!
*!! h0+h%0!.�0!h0$.+1#$h0$!h/0.1�01.!h1*0%(h3!h"%* h%0Lh�$!*h3!h1/!h�h$�/$h"1*�0%+*Mh3!
�(.!� 5h'*+3h3$%�$h,+/%0%+*h0$!h2�(1!h%/h%*Mh/+h3!h��*h/%),(5h.!0.%!2!h%0Lh�h$�/$h"1*�0%+*h%/
�h"1*�0%+*h0$�0Mh#%2!*h�h'!5Mh3%((h.!01.*h�*h�  .!//h%*h0$!h0��(!h3$!.!h0$!h2�(1!h%/L

�+.h!4�),(!Mh(!0\/h�+*0%*1!h1/%*#h0$!h!e)�%(h�  .!//h�++'h3!h1/! h%*h0$!h,.!2%+1/h/!�0%+*L
�$!h$�/$h"1*�0%+*h3!h3%((h1/!h%/h0$!h)+/0h�+))+*h+*!Mh��((! h�h(+/!h(+/!h$�/$h"1*�0%+*Mh%*
3$%�$h3!h/%),(5h/1)h1,h0$!h�����h2�(1!/h+"h!��$h�$�.��0!.h+"h0$!h'!5h(!*#0$L
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&UHDWLQJ�D�KDVK�WDEOH
�!h3%((h1/!h�*h�..�5h0+h.!,.!/!*0h+1.h �0�h/0.1�01.!h0+h$�2!h+*!h2!.5h/%)%(�.h0+h0$�0
3$%�$h3!h1/! h%*h0$!h %�#.�)h%*h0$!h,.!2%+1/h0+,%�L

�/h1/1�(Mh(!0\/h/0�.0h3%0$h0$!h/'!(!0+*h+"h+1.h�(�//h2%�h0$!h"+((+3%*#h�+ !N

function HashTable() {
  var table = [];
}

�!40Mh3!h*!! h0+h�  h/+)!h)!0$+ /h0+h+1.h�(�//Lh�!h3%((h%),(!)!*0h0$.!!h��/%�h)!0$+ /
"+.h!2!.5h�(�//N

put(key,value)Nh�$%/h�  /h�h*!3h%0!)h0+h0$!h$�/$h0��(!hS+.h%0h��*h�(/+h1, �0!h%0T
remove(key)Nh�$%/h.!)+2!/h0$!h2�(1!h".+)h0$!h$�/$h0��(!h1/%*#h0$!h'!5
get(key)Nh�$%/h.!01.*/h�h/,!�%"%�h2�(1!h/!�.�$! h�5h0$!h'!5

�$!h"%./0h)!0$+ h0$�0h3!h3%((h%),(!)!*0h�!"+.!h3!h%),(!)!*0h0$!/!h0$.!!h)!0$+ /h%/h0$!
hashh"1*�0%+*Lh�$%/h%/h�h,.%2�0!h)!0$+ h+"h0$!hHashTableh�(�//N

var loseloseHashCode = function (key) {
  var hash = 0;                           //{1}
  for (var i = 0; i < key.length; i++) {  //{2}
    hash += key.charCodeAt(i);          //{3}
  }
  return hash % 37;                       //{4}
};
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	%2!*h�hkeyh,�.�)!0!.Mh3!h3%((h#!*!.�0!h�h*1)�!.h��/! h+*h0$!h/1)h+"h!��$h�$�.h�����
2�(1!h0$�0h�+),+/!/hkeyLh�+Mh"%./0Mh3!h*!! h�h2�.%��(!h0+h/0+.!h0$!h/1)hS(%*!h{1}TLh�$!*Mh3!
3%((h%0!.�0!h0$.+1#$hkeyhS(%*!h{2}Th�* h�  h0$!h�����h2�(1!h+"h0$!h�+..!/,+* %*#h�$�.��0!.
2�(1!h".+)h0$!h�����h0��(!h0+h0$!hhashh2�.%��(!hS0+h +h/+Mh3!h��*h1/!h0$!hcharCodeAt
)!0$+ h".+)h0$!h��2���.%,0hStringh�(�//h(%*!h{3}TLh�%*�((5Mh3!h3%((h.!01.*h0$%/hhashh2�(1!L
�+h3+.'h3%0$h(+3!.h*1)�!./Mh3!h)1/0h1/!h0$!h.!/0h+"h0$!h %2%/%+*hSmodTh+"h0$!h$�/$h*1)�!.
1/%*#h�*h�.�%0.�.5h*1)�!.hS(%*!h{4}TL

�+.h)+.!h%*"+.)�0%+*h��+10h�����Mh.!"!.h0+
http://www.asciitable.com/L

�+3h0$�0h3!h$�2!h+1.hhashh"1*�0%+*Mh3!h��*h%),(!)!*0h0$!hputh)!0$+ Mh�/h"+((+3/N

this.put = function (key, value) {
  var position = loseloseHashCode(key); //{5}
  console.log(position + ' - ' + key); //{6}
  table[position] = value; //{7}
};

�%./0Mh"+.h0$!h#%2!*hkeyh,�.�)!0!.Mh3!h*!! h0+h"%* h�h,+/%0%+*h%*h0$!h0��(!h1/%*#h0$!hhash
"1*�0%+*h3!h�.!�0! hS(%*!h{5}TLh�+.h%*"+.)�0%+*h,1.,+/!/Mh3!h3%((h(+#h0$!h,+/%0%+*h+*h0$!
�+*/+(!hS(%*!h{6}TLh�!h��*h.!)+2!h0$%/h(%*!h".+)h0$!h�+ !h�/h%0h%/h*+0h*!�!//�.5Lh�$!*Mh�((h3!
$�2!h0+h +h%/h�  h0$!hvalueh,�.�)!0!.h0+hpositionMh3$%�$h3!h"+1* h1/%*#h0$!hhash
"1*�0%+*hS(%*!h{7}TL

�!0.%!2%*#h�h2�(1!h".+)h0$!hHashTableh%*/0�*�!h%/h�(/+h/%),(!Lh�!h3%((h%),(!)!*0h0$!hget
)!0$+ h"+.h0$%/h,1.,+/!Mh�/h"+((+3/N

this.get = function (key) {
  return table[loseloseHashCode(key)];
};

�%./0Mh3!h3%((h.!0.%!2!h0$!h,+/%0%+*h+"h0$!h#%2!*hkeyh,�.�)!0!.h1/%*#h0$!hhashh"1*�0%+*h3!
�.!�0! Lh�$%/h"1*�0%+*h3%((h.!01.*h0$!h,+/%0%+*h+"h0$!h2�(1!Mh�* h�((h3!h$�2!h0+h +h%/h���!//
0$%/h,+/%0%+*h".+)h0$!htableh�..�5h�* h.!01.*h0$%/h2�(1!L

�$!h(�/0h)!0$+ h3!h3%((h%),(!)!*0h%/h0$!hremoveh)!0$+ Mh3$%�$h%/h�/h"+((+3/N

this.remove = function(key){
  table[loseloseHashCode (key)] = undefined;
};

http://www.asciitable.com/
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�+h.!)+2!h�*h!(!)!*0h+"h0$!hHashTableh%*/0�*�!Mh3!h/%),(5h*!! h0+h���!//h0$!h !/%.! 
,+/%0%+*hS3$%�$h3!h��*h#!0h1/%*#h0$!hhashh"1*�0%+*Th�* h�//%#*h0$!hhundefinedh2�(1!h0+h%0L

�+.h0$!hHashTableh�(�//Mh3!h +h*+0h*!! h0+h.!)+2!h0$!h,+/%0%+*h".+)h0$!htableh�..�5h�/
3!h % h"+.h0$!hArrayListh�(�//Lh�/h0$!h!(!)!*0/h3%((h�!h %/0.%�10! h0$.+1#$+10h0$!h�..�5M
/+)!h,+/%0%+*/h3%((h*+0h�!h+��1,%! h�5h�*5h2�(1!Mh$�2%*#h0$!hundefinedh2�(1!h�5h !"�1(0L
�!h�(/+h��**+0h.!)+2!h0$!h,+/%0%+*h%0/!("h".+)h0$!h�..�5hS0$%/h3%((h/$%"0h0$!h+0$!.
!(!)!*0/TLh�0$!.3%/!Mh*!40h0%)!h3!h0.5h0+h#!0h+.h.!)+2!h�*+0$!.h!4%/0%*#h!(!)!*0Mh0$!
!(!)!*0h3%((h*+0h�!h,.!/!*0h%*h0$!h,+/%0%+*h3!h#!0h".+)h0$!hhashh"1*�0%+*L

8VLQJ�WKH�+DVK7DEOH�FODVV
�!0\/h0!/0h0$!hHashTableh�(�//h�5h!4!�10%*#h/+)!h�+ !N

var hash = new HashTable();
hash.put('Gandalf', 'gandalf@email.com');
hash.put('John', 'johnsnow@email.com');
hash.put('Tyrion', 'tyrion@email.com');

�$!*h3!h!4!�10!h0$!h,.!2%+1/h�+ !Mh3!h#!0h0$!h"+((+3%*#h+10,10h+*h0$!h�+*/+(!N

    �����*DQGDOI
    �����-RKQ
    �����7\ULRQ

�$!h"+((+3%*#h %�#.�)h.!,.!/!*0/h0$!hHashTableh �0�h/0.1�01.!h3%0$h0$!/!h0$.!!h!(!)!*0/
%*h%0N
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�+3Mh(!0\/h0!/0h0$!hgeth)!0$+ h�5h!4!�10%*#h0$!h"+((+3%*#h�+ !N

console.log(hash.get('Gandalf'));
console.log(hash.get('Loiane'));

�!h3%((h$�2!h0$!h"+((+3%*#h+10,10N

    JDQGDOI#HPDLO�FRP
    XQGHILQHG

�/hGandalfh%/h�h'!5h0$�0h!4%/0/h%*hHashTableMh0$!hgeth)!0$+ h3%((h.!01.*h%0/h2�(1!Lh�/
Loianeh%/h*+0h�*h!4%/0%*#h'!5Mh3$!*h3!h0.5h0+h���!//h%0/h,+/%0%+*h%*h0$!h�..�5hS�h,+/%0%+*
#!*!.�0! h�5h0$!hhashh"1*�0%+*TMh%0/h2�(1!h3%((h�!hundefinedhS*+*!4%/0!*0TL

�!40Mh(!0\/h0.5h0+h.!)+2!hGandalfh".+)hHashTableMh�/h"+((+3/N

hash.remove('Gandalf');
console.log(hash.get('Gandalf'));

�$!hhash.get('Gandalf')h)!0$+ h3%((h#%2!hundefinedh�/h0$!h+10,10h+*h0$!h�+*/+(!h�/
Gandalfh*+h(+*#!.h!4%/0/h%*h0$!h0��(!L

+DVK�WDEOH�YHUVXV�KDVK�VHW
�h$�/$h0��(!h%/h0$!h/�)!h0$%*#h�/h�h$�/$h)�,Lh�!h$�2!h�+2!.! h0$%/h �0�h/0.1�01.!h%*h0$%/
�$�,0!.L

�*h/+)!h,.+#.�))%*#h(�*#1�#!/Mh3!h�(/+h$�2!h0$!h$�/$h/!0h%),(!)!*0�0%+*Lh�$!h$�/$h/!0
 �0�h/0.1�01.!h�+*/%/0/h+"h�h/!0Mh�10h0+h%*/!.0Mh.!)+2!Mh+.h#!0h!(!)!*0/Mh3!h1/!h�hhash
"1*�0%+*Lh�!h��*h.!1/!h�((h0$!h�+ !h3!h%),(!)!*0! h%*h0$%/h�$�,0!.h"+.h�h$�/$h/!0Oh0$!
 %""!.!*�!h%/h0$�0h%*/0!� h+"h�  %*#h�h'!5e2�(1!h,�%.Mh3!h3%((h%*/!.0h+*(5h0$!h2�(1!Mh*+0h0$!
'!5Lh�+.h!4�),(!Mh3!h�+1( h1/!h�h$�/$h/!0h0+h/0+.!h�((h0$!h�*#(%/$h3+. /hS3%0$+10h0$!%.
 !"%*%0%+*TLh�%)%(�.h0+h/!0Mh0$!h$�/$h/!0h�(/+h/0+.!/h+*(5h1*%-1!h2�(1!/Mh*+0h.!,!�0! h+*!/L

+DQGOLQJ�FROOLVLRQV�EHWZHHQ�KDVK�WDEOHV
�+)!0%)!/Mh %""!.!*0h'!5/h��*h$�2!h0$!h/�)!h$�/$h2�(1!Lh�!h3%((h��((h%0h�h�+((%/%+*h�/h3!h3%((
0.5h0+h/!0h %""!.!*0h2�(1!/h0+h0$!h/�)!h,+/%0%+*h+"h0$!hHashTableh%*/0�*�!Lh�+.h!4�),(!Mh(!0\/
0�'!h�h(++'h�0h3$�0h3!h#!0h%*h0$!h+10,10h3%0$h0$!h"+((+3%*#h�+ !N

var hash = new HashTable();
hash.put('Gandalf', 'gandalf@email.com');
hash.put('John', 'johnsnow@email.com');
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hash.put('Tyrion', 'tyrion@email.com');
hash.put('Aaron', 'aaron@email.com');
hash.put('Donnie', 'donnie@email.com');
hash.put('Ana', 'ana@email.com');
hash.put('Jonathan', 'jonathan@email.com');
hash.put('Jamie', 'jamie@email.com');
hash.put('Sue', 'sue@email.com');
hash.put('Mindy', 'mindy@email.com');
hash.put('Paul', 'paul@email.com');
hash.put('Nathan', 'nathan@email.com');

�$!h"+((+3%*#h3%((h�!h0$!h+10,10N

    �����*DQGDOI
    �����-RKQ
    �����7\ULRQ
    �����$DURQ
    �����'RQQLH
    �����$QD
    ����-RQDWKDQ
    ����-DPLH
    ����6XH
    �����0LQG\
    �����3DXO
    �����1DWKDQ

�+0!h0$�0hTyrionh$�/h0$!h/�)!h$�/$h2�(1!h�/hAaronhS16TLhDonnieh$�/h0$!
/�)!h$�/$h2�(1!h�/hAnahS13TLhJonathanMhJamieMh�* hSuehS5Th$�2!h0$!
/�)!h$�/$h2�(1!h�/h3!((Mh�* h/+h +hMindyh�* hPaulhS32TL

�$�0h3%((h$�,,!*h0+h0$!hHashTableh%*/0�*�!Qh�$%�$h2�(1!/h +h3!h$�2!h%*/% !h%0h�"0!.
!4!�10%*#h0$!h,.!2%+1/h�+ !Q

�+h$!(,h1/h"%* h+10Mh(!0\/h%),(!)!*0h�hhelperh)!0$+ h��((! hprintMh3$%�$h3%((h(+#h+*h0+
0$!h�+*/+(!h0$!h2�(1!/h%*h0$!hHashTableh%*/0�*�!Mh�/h"+((+3/N

this.print = function () {
  for (var i = 0; i < table.length; ++i) {  //{1}
    if (table[i] !== undefined) {         //{2}
      console.log(i + ": " + table[i]); //{3}
    }
  }
};

�%./0Mh3!h3%((h%0!.�0!h0$.+1#$h�((h0$!h!(!)!*0/h+"h0$!h�..�5hS(%*!h{1}TLh�+.h0$!h,+/%0%+*/h0$�0
$�2!h�h2�(1!hS(%*!h{2}TMh3!h3%((h(+#h0$!h,+/%0%+*h�* h%0/h2�(1!h+*h0$!h�+*/+(!hS(%*!h{3}TL
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�+3Mh(!0\/h1/!h0$%/h)!0$+ h2%�h0$!h"+((+3%*#h�+ !N

hash.print();

�!h3%((h$�2!h0$!h"+((+3%*#h+10,10h+*h0$!h�+*/+(!N

    ���VXH#HPDLO�FRP
    ����QDWKDQ#HPDLO�FRP
    ����DQD#HPDLO�FRP
    ����DDURQ#HPDLO�FRP
    ����JDQGDOI#HPDLO�FRP
    ����MRKQVQRZ#HPDLO�FRP
    ����SDXO#HPDLO�FRP

JonathanMhJamieMh�* hSueh$�2!h0$!h/�)!h$�/$h2�(1!g0$�0h%/Mh5Lh�/hSueh3�/h0$!h(�/0h+*!h0+
�!h�  ! MhSueh3%((h�!h0$!h+*!h0+h+��1,5h,+/%0%+*h5h+"hHashTableLh�%./0MhJonathanh3%((
+��1,5h%0Mh0$!*hJamieh3%((h+2!.3.%0!h%0Mh�* hSueh3%((h+2!.3.%0!h%0h�#�%*Lh�$!h/�)!h3%((
$�,,!*h0+h0$!h+0$!.h!(!)!*0/h0$�0h$�2!h�h�+((%/%+*L

�$!h% !�h+"h1/%*#h�h �0�h/0.1�01.!h0+h/0+.!h�((h0$!/!h2�(1!/h%/h+�2%+1/(5h*+0h0+h(+/!h0$!/!
2�(1!/Oh%0h%/h0+h'!!,h0$!)h�((Mh/+)!$+3Lh�+.h0$%/h.!�/+*Mh3!h*!! h0+h$�* (!h0$%/h/%01�0%+*
3$!*h%0h$�,,!*/Lh�$!.!h�.!h�h"!3h0!�$*%-1!/h0+h$�* (!h�+((%/%+*/Nh/!,�.�0!h�$�%*%*#Mh(%*!�.
,.+�%*#Mh�* h +1�(!h$�/$%*#Lh�!h3%((h�+2!.h0$!h"%./0h03+h%*h0$%/h�++'L

6HSDUDWH�FKDLQLQJ
�$!h/!,�.�0!b�$�%*%*#h0!�$*%-1!h�+*/%/0/h+"h�.!�0%*#h�h(%*'! h(%/0h"+.h!��$h,+/%0%+*h+"h0$!
0��(!h�* h/0+.%*#h0$!h!(!)!*0/h%*h%0Lh�0h%/h0$!h/%),(!/0h0!�$*%-1!h0+h$�* (!h�+((%/%+*/O
$+3!2!.Mh%0h.!-1%.!/h�  %0%+*�(h)!)+.5h+10/% !h0$!hHashTableh%*/0�*�!L

�+.h!4�),(!Mh%"h3!h1/!h/!,�.�0!h�$�%*%*#h%*h0$!h�+ !h3!h1/! h0+h +h/+)!h0!/0%*#h%*h0$!
,.!2%+1/h0+,%�Mh0$%/h3+1( h�!h0$!h+10,10N
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�0h,+/%0%+*h<Mh3!h3+1( h$�2!h�hLinkedListh%*/0�*�!h3%0$h0$.!!h!(!)!*0/h%*h%0Oh�0h,+/%0%+*/
8:Mh8=Mh�* h:9Mh3!h3+1( h$�2!hLinkedListh%*/0�*�!/h3%0$h03+h!(!)!*0/h%*h%0Mh�* h�0
,+/%0%+*/h87Mh8@Mh�* h9@Mh3!h3+1( h$�2!hLinkedListh%*/0�*�!/h3%0$h�h/%*#(!h!(!)!*0h%*h%0L

�+.h/!,�.�0!h�$�%*%*#h�* h(%*!�.h,.+�%*#Mh3!h+*(5h*!! h0+h+2!..% !h0$.!!h)!0$+ /NhputM
getMh�* hremoveLh�$!/!h0$.!!h)!0$+ /h3%((h�!h %""!.!*0h%*h!��$h %""!.!*0h0!�$*%-1!h3!
 !�% !h0+h%),(!)!*0L

�+h$!(,h1/h%),(!)!*0h�hHashTableh%*/0�*�!h1/%*#h0$!h/!,�.�0!h�$�%*%*#h0!�$*%-1!Mh3!h3%((
*!! h�h*!3hhelperh�(�//h0+h.!,.!/!*0h0$!h!(!)!*0h3!h3%((h�  h0+h0$!hLinkedListh%*/0�*�!L
�!h3%((h��((h%0h0$!hValuePairh�(�//hS !�(�.! h%*/% !h0$!hHashTableh�(�//TMh�/h"+((+3/N

var ValuePair = function(key, value){
  this.key = key;
  this.value = value;
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  this.toString = function() {
    return '[' + this.key + ' - ' + this.value + ']';
  }
};

�$%/h�(�//h3%((h/%),(5h/0+.!hkeyh�* hvalueh%*h�*hObjecth%*/0�*�!Lh�!h3%((h�(/+h+2!..% !h0$!
toStringh)!0$+ h0+h$!(,h1/h(�0!.h%*h+10,100%*#h0$!h.!/1(0/h+*h0$!h�.+3/!.h�+*/+(!L

7KH�SXW�PHWKRG
�!0\/h%),(!)!*0h0$!h"%./0h)!0$+ Mh0$!hputh)!0$+ Mh�/h"+((+3/N

this.put = function(key, value){
  var position = loseloseHashCode(key);

  if (table[position] == undefined) { //{1}
    table[position] = new LinkedList();
  }
  table[position].append(new ValuePair(key, value)); //{2}
};

�*h0$%/h)!0$+ Mh3!h3%((h2!.%"5h0$�0h0$!h,+/%0%+*h3!h�.!h0.5%*#h0+h�  h0$!h!(!)!*0h0+h�(.!� 5
$�/h/+)!0$%*#h%*h%0hS(%*!h{1}TLh�"h0$%/h%/h0$!h"%./0h0%)!h3!h�.!h�  %*#h�*h!(!)!*0h%*h0$%/
,+/%0%+*Mh3!h3%((h%*%0%�(%6!h%0h3%0$h�*h%*/0�*�!h+"h0$!hLinkedListh�(�//hS3$%�$h5+1h(!�.*! 
��+10h%*hChapter 5Mh�&+("!d�&010TLh�$!*Mh3!h3%((h�  h0$!hValuePairh%*/0�*�!hSkeyh�* 
valueTh0+h0$!hLinkedListh%*/0�*�!h1/%*#h0$!happendh)!0$+ hS(%*!h{2}Th3!h%),(!)!*0! 
%*hChapter 5Mh�&+("!d�&010L

7KH�JHW�PHWKRG
�!40Mh3!h3%((h%),(!)!*0h0$!hgeth)!0$+ h0+h.!0.%!2!h�h/,!�%"%! h2�(1!h2%�h0$!h"+((+3%*#
�+ !N

this.get = function(key) {
  var position = loseloseHashCode(key);

  if (table[position] !== undefined){ //{3}

    //iterate linked list to find key/value
    var current = table[position].getHead(); //{4}

    while(current.next){  //{5}
      if (current.element.key === key){ //{6}
        return current.element.value; //{7}
      }



�& 1&,+�/&"0d�+!d
�0%"0

Tb8<;bU

      current = current.next; //{8}
    }

    //check in case first or last element
    if (current.element.key === key){ //{9}
      return current.element.value;
    }
  }
  return undefined; //{10}
};

�$!h"%./0h2!.%"%��0%+*h3!h*!! h0+h +h%/h0+h�$!�'h3$!0$!.h0$!.!h%/h�*5h!(!)!*0h�0h0$!h !/%.! 
,+/%0%+*hS(%*!h{3}TLh�"h*+0Mh3!h.!01.*hundefinedh0+h.!,.!/!*0h0$�0h0$!h2�(1!h3�/h*+0h"+1* 
%*h0$!hHashTableh%*/0�*�!hS(%*!h{10}TLh�"h0$!.!h%/h�h2�(1!h%*h0$!h,+/%0%+*Mh3!h'*+3h0$�0h0$!
%*/0�*�!h%/h�hLinkedListh%*/0�*�!Lh�+3Mh�((h3!h$�2!h0+h +h%/h/!�.�$h"+.h0$!h!(!)!*0h3!
3�*0h0+h"%* h�5h%0!.�0%*#h0$.+1#$h0$!h(%/0Lh�+h +h/+Mh3!h*!! h0+h#!0h0$!h.!"!.!*�!h+"h0$!h$!� 
+"h0$!h(%/0hS(%*!h{4}TMh�* h0$!*h3!h��*h%0!.�0!h0$.+1#$h%0h1*0%(h3!h"%* h0$!h!* h+"h0$!h(%/0hS(%*!
{5}Mhcurrent.nextMh3%((h�!hnullTL

�$!hNodeh(%/0h�+*0�%*/h0$!hnexth,+%*0!.h�* h0$!helementh�00.%�10!Lh�$!helementh�00.%�10!h%/
�*h%*/0�*�!h+"hValuePairMh/+h%0h$�/h0$!hvalueh�* hkey �00.%�10!/Lh�+h���!//h0$!hkey
�00.%�10!h+"h0$!hNodeh(%/0Mh3!h��*h1/!hcurrent.element.keyh�* h�+),�.!h%0h0+h/!!h3$!0$!.
%0h%/hkeyh3!h�.!h/!�.�$%*#h"+.hS(%*!h{6}TLhS�$%/h%/h0$!h.!�/+*h3!h�.!h1/%*#h0$!hhelperh�(�//
ValuePairh0+h/0+.!h0$!h!(!)!*0/Lh�!h��**+0h/%),(5h/0+.!h0$!h2�(1!h%0/!("Mh�/h3!h3+1( h*+0
'*+3h3$%�$h2�(1!h�+..!/,+* /h0+h�h,�.0%�1(�.h'!5LTh�"h%0h%/h0$!h/�)!hkeyh�00.%�10!Mh3!h)1/0
.!01.*h0$!hNodeh2�(1!hS(%*!h{7}TMh�* h%"h*+0Mh3!h/$+1( h�+*0%*1!h%0!.�0%*#h0$.+1#$h0$!h(%/0h�5
#+%*#h0+h0$!h*!40h!(!)!*0h+"h0$!h(%/0hS(%*!h{8}TL

�"h0$!h!(!)!*0h3!h�.!h(++'%*#h"+.h%/h0$!h"%./0h+.h(�/0h!(!)!*0h+"h0$!h(%/0Mh%0h3%((h*+0h#+h%*/% !
0$!hwhileh(++,Lh�+.h0$%/h.!�/+*Mh3!h�(/+h*!! h0+h$�* (!h0$%/h/,!�%�(h��/!h%*h(%*!h{9}L

7KH�UHPRYH�PHWKRG
�!)+2%*#h�*h!(!)!*0h".+)h0$!hHashTableh%*/0�*�!h1/%*#h0$!h/!,�.�0!h�$�%*%*#h0!�$*%-1!
%/h�h(%00(!h�%0h %""!.!*0h".+)h0$!hremoveh)!0$+ h3!h%),(!)!*0! h!�.(%!.h%*h0$%/h�$�,0!.Lh�+3
0$�0h3!h�.!h1/%*#hLinkedListMh3!h*!! h0+h.!)+2!h0$!h!(!)!*0h".+)hLinkedListLh�!0\/
0�'!h�h(++'h�0h0$!hremoveh)!0$+ h%),(!)!*0�0%+*N

this.remove = function(key){
  var position = loseloseHashCode(key);

  if (table[position] !== undefined){

    var current = table[position].getHead();
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    while(current.next){
      if (current.element.key === key){ //{11}
        table[position].remove(current.element); //{12}
        if (table[position].isEmpty()){ //{13}
          table[position] = undefined; //{14}
        }
        return true; //{15}
      }
      current = current.next;
    }

    //check in case first or last element
    if (current.element.key === key){ //{16}
      table[position].remove(current.element);
      if (table[position].isEmpty()){
        table[position] = undefined;
      }
      return true;
    }
  }

  return false; //{17}
};

�*h0$!hremoveh)!0$+ Mh3!h3%((h +h0$!h/�)!h0$%*#h3!h % h%*h0$!hgeth)!0$+ h0+h"%* h0$!
!(!)!*0h3!h�.!h(++'%*#h"+.Lh�$!*h%0!.�0%*#h0$.+1#$h0$!hLinkedListh%*/0�*�!Mh%"h0$!
currenth!(!)!*0h%*h0$!h(%/0h%/h0$!h!(!)!*0h3!h�.!h(++'%*#h"+.hS(%*!h{11}TMh3!h3%((h1/!h0$!
removeh)!0$+ h0+h.!)+2!h%0h".+)hLinkedListhS(%*!h{12}TLh�$!*Mh3!h3%((h,!."+.)h�*h!40.�
2�(% �0%+*Nh%"h0$!h(%/0h%/h!),05hS(%*!h{13}Mh0$!.!h�.!h*+h!(!)!*0/h%*h%0h�*5)+.!TMh3!h3%((h/!0
0$!h0��(!hpositionh�/hundefinedhS(%*!h{14}TMh/+h3!h��*h/'%,h0$%/h,+/%0%+*h3$!*!2!.h3!
(++'h"+.h�*h!(!)!*0h+.h0.5h0+h,.%*0h%0/h�+*0!*0/Lh�0h(�/0Mh3!h3%((h.!01.*htrueh0+h%* %��0!h0$�0
0$!h!(!)!*0h3�/h.!)+2! hS(%*!h{15}TMh+.h3!h3%((h.!01.*hfalseh�0h0$!h!* h0+h%* %��0!h0$�0h0$!
!(!)!*0h3�/h*+0h,.!/!*0h%*hHashTablehS(%*!h{17}TLh�(/+Mh3!h*!! h0+h$�* (!h0$!h/,!�%�(h��/!
+"h0$!h"%./0h+.h(�/0h!(!)!*0hS(%*!h{16}TMh�/h3!h % h"+.h0$!hgeth)!0$+ L

�2!.3.%0%*#h0$!/!h0$.!!h)!0$+ /Mh3!h$�2!h�hHashMaph%*/0�*�!h3%0$h�h/!,�.�0!h�$�%*%*#
0!�$*%-1!h0+h$�* (!h�+((%/%+*/L

/LQHDU�SURELQJ
�*+0$!.h0!�$*%-1!h+"h�+((%/%+*h.!/+(10%+*h%/h(%*!�.h,.+�%*#Lh�$!*h3!h0.5h0+h�  h�h*!3
!(!)!*0Mh%"h0$!h,+/%0%+*h%* !4h%/h�(.!� 5h+��1,%! Mh0$!*h3!h3%((h0.5h%* !4hC9Lh�"h%* !4hC9h%/
+��1,%! Mh0$!*h3!h3%((h0.5h%* !4hCh:Mh�* h/+h+*L
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7KH�SXW�PHWKRG
�!0\/h#+h�$!� h�* h%),(!)!*0h0$!h0$.!!h)!0$+ /h3!h*!! h0+h+2!.3.%0!Lh�$!h"%./0h+*!h3%((h�!
0$!hputh)!0$+ Mh�/h"+((+3/N

this.put = function(key, value){
  var position = loseloseHashCode(key); // {1}

  if (table[position] == undefined) { // {2}
    table[position] = new ValuePair(key, value); // {3}
  } else {
    var index = ++position; // {4}
    while (table[index] != undefined){ // {5}
      index++; // {6}
    }
    table[index] = new ValuePair(key, value); // {7}
  }
};

�/h1/1�(Mh3!h3%((h/0�.0h�5h#!00%*#h0$!h,+/%0%+*h#!*!.�0! h�5h0$!hhashh"1*�0%+*hS(%*!h{1}TL
�!40Mh3!h3%((h2!.%"5h0$�0h0$!h,+/%0%+*h$�/h�*h!(!)!*0h%*h%0hS%"h%0h%/h�(.!� 5h+��1,%! Mh%0h3%((h�!
(%*!h{2}TLh�"h*+0Mh3!h3%((h�  h0$!h!(!)!*0h0+h%0hS(%*!h{3}Mh�*h%*/0�*�!h+"h0$!hValuePairh�(�//TL

�"h0$!h,+/%0%+*h%/h�(.!� 5h+��1,%! Mh3!h*!! h0+h"%* h0$!h*!40h,+/%0%+*h0$�0h%/h*+0hSposition
%/hundefinedTMh/+h3!h3%((h�.!�0!h�*hindexh2�.%��(!h�* h�//%#*hposition + 1h0+h%0hS(%*!
{4}Mh0$!h%*�.!)!*0h+,!.�0+.h++h�!"+.!h0$!h2�.%��(!h3%((h%*�.!)!*0h0$!h2�.%��(!h"%./0h�* h0$!*
�//%#*h%0h0+hindexTLh�$!*Mh3!h3%((h2!.%"5h3$!0$!.h0$!h,+/%0%+*h%/h+��1,%! hS(%*!h{5}TMh�* h%"h%0
%/Mh3!h3%((h%*�.!)!*0hindexhS(%*!h{6}Th1*0%(h3!h"%* h�h,+/%0%+*h0$�0h%/h*+0h+��1,%! Lh�$!*Mh�((
3!h$�2!h0+h +h%/h�//%#*h0$!h2�(1!h3!h3�*0h0+h0$%/h,+/%0%+*hS(%*!h{7}TL

�*h/+)!h(�*#1�#!/Mh3!h*!! h0+h !"%*!h0$!h/%6!h+"h0$!h�..�5Lh�*!h+"h0$!
�+*�!.*/h+"h1/%*#h(%*!�.h,.+�%*#h%/h3$!*h0$!h�..�5h%/h+10h+"h�2�%(��(!
,+/%0%+*/Lh�!h +h*+0h*!! h0+h3+..5h��+10h0$%/h%*h��2���.%,0h�/h3!h +h*+0
*!! h0+h !"%*!h�h/%6!h"+.h0$!h�..�5Mh�* h%0h��*h#.+3h�/h*!! ! 
�10+)�0%��((5Lh�$%/h%/h,�.0h+"h��2���.%,0\/h�1%(0e%*h"1*�0%+*�(%05L
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�"h3!h.1*h0$!h%*/!.0/h".+)h0$!h
�+!)&+$d ,))&0&,+0h/!�0%+*h�#�%*Mh0$%/h3%((h�!h0$!h.!/1(0h"+.h0$!
$�/$h0��(!h1/%*#h(%*!�.h,.+�%*#N

�!0\/h/%)1(�0!h0$!h%*/!.0%+*/h%*h0$!h$�/$h0��(!N

�!h3%((h0.5h0+h%*/!.0h	�* �("Lh�$!h$�/$h2�(1!h%/h8@Mh�* h�/h0$!h$�/$h0��(!h3�/h&1/09L
�.!�0! Mh,+/%0%+*h8@h%/h!),05Lh�+Mh3!h��*h%*/!.0h0$!h*�)!h$!.!L
�!h3%((h0.5h0+h%*/!.0h�+$*h�0h,+/%0%+*h9@Lh�0h%/h�(/+h!),05Mh/+h3!h��*h%*/!.0h0$!:L
*�)!L
�!h3%((h0.5h0+h%*/!.0h�5.%+*h�0h,+/%0%+*h8=Lh�0h%/h!),05Mh/+h3!h��*h%*/!.0h0$!h*�)!L;L



�& 1&,+�/&"0d�+!d
�0%"0

Tb8<?bU

�!h3%((h0.5h0+h%*/!.0h��.+*Mh3$%�$h�(/+h$�/h�h$�/$h2�(1!h+"h8=Lh�+/%0%+*h8=h%/<L
�(.!� 5h+��1,%! h�5h�5.%+*Mh/+h3!h*!! h0+h#+h0+h-,0&1&,+dCd9hS9>hC9TLh�+/%0%+*h8>h%/
".!!Mh/+h3!h��*h%*/!.0h��.+*h�0h8>L
�!40Mh3!h3%((h0.5h0+h%*/!.0h�+**%!h�0h,+/%0%+*h8:Lh�0h%/h!),05Mh/+h3!h��*h%*/!.0h%0L=L
�!h3%((h0.5h0+h%*/!.0h�*�h�(/+h�0h,+/%0%+*h8:Mh�10h0$%/h,+/%0%+*h%/h+��1,%! Lh�+h3!>L
0.5h,+/%0%+*h8;Mh3$%�$h%/h!),05Oh/+Mh3!h��*h%*/!.0h0$!h*�)!h$!.!L
�!40Mh3!h3%((h%*/!.0h�+*�0$�*h�0h,+/%0%+*h<Mh3$%�$h%/h!),05Oh/+Mh3!h��*h%*/!.0h0$!?L
*�)!L
�!h3%((h0.5h0+h%*/!.0h��)%!h�0h,+/%0%+*h<Mh�10h0$%/h,+/%0%+*h%/h+��1,%! Lh�+Mh3!h3%((@L
#+h0+h,+/%0%+*h=Mh3$%�$h%/h!),05Mh�* h3!h��*h%*/!.0h0$!h*�)!L
�!h3%((h0.5h0+h%*/!.0h�1!h�0h,+/%0%+*h<h�/h3!((Mh�10h0$%/h%/h+��1,%! Lh�+Mh3!h3%((h#+AL
0+h,+/%0%+*h=Mh3$%�$h%/h�(/+h+��1,%! Lh�$!*Mh3!h3%((h#+h0+h,+/%0%+*h>Mh3$%�$h%/
!),05Oh/+Mh3!h��*h%*/!.0h0$!h*�)!Mh�* h/+h+*L

7KH�JHW�PHWKRG
�+3h0$�0h3!h$�2!h�  ! h+1.h!(!)!*0/Mh(!0\/h%),(!)!*0h0$!hgeth"1*�0%+*h/+h0$�0h3!h��*
.!0.%!2!h0$!%.h2�(1!/Mh�/h"+((+3/N

this.get = function(key) {
  var position = loseloseHashCode(key);

  if (table[position] !== undefined){ //{8}
    if (table[position].key === key) { //{9}
      return table[position].value; //{10}
    } else {
      var index = ++position;
      while (table[index] === undefined
      || table[index].key !== key){ //{11}
        index++;
      }
      if (table[index].key === key) { //{12}
        return table[index].value; //{13}
      }
    }
  }
  return undefined; //{14}
};

�+h.!0.%!2!h�h'!5\/h2�(1!Mh3!h"%./0h*!! h0+h2!.%"5h0$�0h0$!h'!5h!4%/0/hS(%*!h{8}TLh�"h%0h +!/h*+0
!4%/0Mh%0h)!�*/h0$�0h0$!h2�(1!h%/h*+0h%*h0$!h$�/$h0��(!Mh/+h3!h��*h.!01.*hundefinedhS(%*!
{14}TLh�"h%0h +!/h!4%/0Mh3!h*!! h0+h�$!�'h3$!0$!.h0$!h2�(1!h3!h�.!h(++'%*#h"+.h%/h0$!h+*!h�0
0$!h/,!�%"%! h,+/%0%+*hS(%*!h{9}TLh�"h,+/%0%2!Mh3!h3%((h/%),(5h.!01.*h%0/h2�(1!hS(%*!h{10}TL
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�"h*+0Mh3!h3%((h�+*0%*1!h/!�.�$%*#h0$!h"+((+3%*#h,+/%0%+*/h%*h0$!hHashTableh%*/0�*�!h1*0%(
3!h"%* h�h,+/%0%+*h0$�0h�+*0�%*/h�*h!(!)!*0Mh�* h0$%/h!(!)!*0\/h'!5h)�0�$!/h0$!h'!5h3!h�.!
/!�.�$%*#h"+.hS(%*!h{11}TLh�$!*Mh3!h3%((h2!.%"5h0$�0h0$!h%0!)h%/h0$!h+*!h3!h3�*0hS(%*!
{12}Mh&1/0h0+h)�'!h/1.!TMh�* h0$!*h3!h3%((h.!01.*h%0/h2�(1!hS(%*!h{13}TL

�$%/h%/h0$!h.!�/+*h3!h3%((h�+*0%*1!h1/%*#h0$!hValuePairh�(�//h0+h.!,.!/!*0h0$!hHashTable
!(!)!*0Mh�!��1/!h3!h +h*+0h'*+3h�0h3$%�$h,+/%0%+*h0$!h!(!)!*0h3%((h��01�((5h�!L

7KH�UHPRYH�PHWKRG
�$!hremoveh)!0$+ h%/h!4��0(5h0$!h/�)!h�/h0$!hgeth)!0$+ Lh�$!h %""!.!*�!h3%((h�!h%*h(%*!/
{10}h�* h{13}Mh3$%�$h3%((h�!h.!,(��! h3%0$h0$!h"+((+3%*#h�+ !N

table[index] = undefined;

�+h.!)+2!h�*h!(!)!*0Mh3!h3%((h/%),(5h�//%#*h0$!h2�(1!hundefinedh0+h.!,.!/!*0h0$�0h0$!
,+/%0%+*h%/h*+h(+*#!.h+��1,%! h�* h0$�0h%0h%/h".!!h0+h.!�!%2!h�h*!3h!(!)!*0h%"h*!! ! L

&UHDWLQJ�EHWWHU�KDVK�IXQFWLRQV
�$!h(+/!h(+/!h$�/$h"1*�0%+*h3!h%),(!)!*0! h%/h*+0h�h#++ h$�/$h"1*�0%+*Mh�/h3!h$�2!
�+*�(1 ! hS0++h)�*5h�+((%/%+*/TLh�!h3+1( h$�2!h)1(0%,(!h�+((%/%+*/h%"h3!h1/!h0$%/h"1*�0%+*L
�h#++ h$�/$h"1*�0%+*h%/h�+),+/! h+"h�!.0�%*h"��0+./Nh0%)!h0+h%*/!.0h�* h.!0.%!2!h�*h!(!)!*0
S,!."+.)�*�!Th�* h�(/+h�h(+3h,.+���%(%05h+"h�+((%/%+*/Lh�!h��*h"%* h/!2!.�(h %""!.!*0
%),(!)!*0�0%+*/h+*h0$!h�*0!.*!0Mh+.h3!h��*h�.!�0!h+1.h+3*L

�*+0$!.h/%),(!h$�/$h"1*�0%+*h0$�0h3!h��*h%),(!)!*0h�* h3$%�$h%/h�!00!.h0$�*h0$!h(+/!
(+/!h$�/$h"1*�0%+*h%/h &�9Mh3$%�$h%/h�/h"+((+3/N

var djb2HashCode = function (key) {
  var hash = 5381; //{1}
  for (var i = 0; i < key.length; i++) { //{2}
    hash = hash * 33 + key.charCodeAt(i); //{3}
  }
  return hash % 1013; //{4}
};

�$%/h�+*/%/0/h+"h%*%0%�(%6%*#h0$!hhashh2�.%��(!h3%0$h�h,.%)!h*1)�!.hS(%*!h{1}Mh)+/0
%),(!)!*0�0%+*/h1/!h5381TOh0$!*Mh3!h3%((h%0!.�0!h0$!hkeyh,�.�)!0!.hS(%*!h{2}TMh)1(0%,(5h0$!
hashh2�(1!h�5h33hS1/! h�/h�h)�#%��(h*1)�!.TMh�* h/1)h%0h3%0$h0$!h�����h2�(1!h+"h0$!
�$�.��0!.hS(%*!h{3}TL
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�%*�((5Mh3!h3%((h1/!h0$!h.!/0h+"h0$!h %2%/%+*h+"h0$!h0+0�(h�5h�*+0$!.h.�* +)h,.%)!h*1)�!.
S#.!�0!.h0$�*h0$!h/%6!h3!h0$%*'h0$!hHashTableh%*/0�*�!h��*h$�2!h%*h+1.h��/!Oh(!0\/h�+*/% !.
9888h�/h0$!h/%6!TL

�"h3!h.1*h0$!h%*/!.0/h".+)h0$!h
�+!)&+$d ,))&0&,+0h/!�0%+*h�#�%*Mh0$%/h3%((h�!h0$!h.!/1(0h3!h3%((
#!0h1/%*#hdjb2HashCodeh%*/0!� h+"hloseloseHashCodeN

������*DQGDOI
������-RKQ
������7\ULRQ
������$DURQ
������'RQQLH
������$QD
������-RQDWKDQ
������-DPLH
������6XH
������0LQG\
�����3DXO
������1DWKDQ

�+h�+((%/%+*/R

�$%/h%/h*+0h0$!h�!/0h$�/$h"1*�0%+*h0$!.!h%/Mh�10h%0h%/h+*!h+"h0$!h)+/0h$%#$(5h.!�+))!* ! 
$�/$h"1*�0%+*/h�5h0$!h�+))1*%05L

�$!.!h�.!h�(/+h�h"!3h0!�$*%-1!/h0+h�.!�0!h�h$�/$h"1*�0%+*h"+.h*1)!.%�h'!5/L
�+1h��*h"%* h�h(%/0h�* h%),(!)!*0�0%+*/h�0hhttp://goo.gl/VtdN2xL

7KH�(6��0DS�FODVV
������.%,0b978<h%*0.+ 1�! h�hMaph�(�//h�/h,�.0h+"h0$!h��2���.%,0h���Lh�!h !2!(+,! h+1.
Dictionaryh�(�//h��/! h+*h0$!h��=bMaph�(�//L

�+1h��*h0�'!h�h(++'h�0h0$!h !0�%(/h+"h0$!h������.%,0h>hMaph�(�//
%),(!)!*0�0%+*h�0
https://developer.mozilla.org/en-US/docs/Web/JavaScript/R

eference/Global_Objects/MaphS+.hhttp://goo.gl/dm8VP6TL

�+3Mh(!0\/h�+*/% !.h$+3h3!h��*h1/!h0$!h*�0%2!hMaph�(�//Mh�/h3!((L

http://goo.gl/VtdN2x
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Map
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Map
http://goo.gl/dm8VP6
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�!0\/h1/!h0$!h/�)!h!4�),(!/h3!h1/! h0+h0!/0h+1.h�%�0%+*�.5h�(�//N

var map = new Map();

map.set('Gandalf', 'gandalf@email.com');
map.set('John', 'johnsnow@email.com');
map.set('Tyrion', 'tyrion@email.com');

console.log(map.has('Gandalf'));   //outputs true
console.log(map.size);   //outputs 3
console.log(map.keys()); //outputs ["Gandalf", "John", "Tyrion"]
console.log(map.values()); //outputs ["gandalf@email.com",
"johnsnow@email.com", "tyrion@email.com"]
console.log(map.get('Tyrion')); //outputs tyrion@email.com

�$!h %""!.!*�!h�!03!!*h+1.hDictionaryh�(�//h�* h0$!h��>hMaph�(�//h%/h0$�0h0$!hvaluesh�* 
keysh)!0$+ /h.!01.*h�*hIteratorhS3$%�$h5+1h(!�.*! h%*hChapter 2Mh�//�60Th%*/0!� h+"
0$!h�..�5h3%0$h0$!h2�(1!/h+.h0$!h'!5/Lh�*+0$!.h %""!.!*�!h%/h0$�0h3!h !2!(+,! h�hsize
)!0$+ h0+h.!01.*h0$!h*1)�!.h+"h2�(1!/h0$!h)�,h%/h/0+.%*#Lh�$!h��>hMaph�(�//h$�/h�h,.+,!.05
*�)! hsizeL

�!h��*h�(/+h��((h0$!hdeleteh)!0$+ h0+h.!)+2!h�*h!(!)!*0h".+)h0$!h)�,Mh�/h"+((+3/N

map.delete('John');

�$!hclearh)!0$+ h�(/+h.!/!0/h0$!hmaph �0�h/0.1�01.!Lh�$%/h%/h0$!h/�)!h"1*�0%+*�(%05h3!
%),(!)!*0! h%*h0$!hDictionaryh�(�//L

7KH�(6��:HDN0DS�DQG�:HDN6HW�FODVVHV
�(+*#h3%0$h0$!h03+h*!3h �0�h/0.1�01.!/hSeth�* hMapMh��>h�(/+h%*0.+ 1�! h�h3!�'h05,!
2!./%+*h+"h0$!/!h�(�//!/NhWeakMaph�* hWeakSetL

��/%��((5Mh0$!h+*(5h %""!.!*�!h�!03!!*h0$!hMaph+.hSeth�(�//!/h�* h0$!%.h�"�(h2!./%+*/h�.!N

�$!hWeakSeth+.hWeakMaph�(�//!/h +h*+0h$�2!h0$!hentriesMhkeysMh�* hvalues
)!0$+ /
�0h%/h+*(5h,+//%�(!h0+h1/!h8�&!�0/h�/h�h'!5
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�$!h.!�/+*h"+.h�.!�0%*#h�* h1/%*#h0$!/!h03+h�(�//!/h%/h,!."+.)�*�!h.!(�0! Lh�/hWeakSeth�* 
WeakMaph�.!h3!�'(5h05,! hS1/%*#h+�&!�0h�/h�h'!5TMh0$!.!h%/h*+h/0.+*#h.!"!.!*�!h0+h0$!h'!5/L
�$%/h�!$�2%+.h�((+3/h0$!h��2���.%,0h#�.��#!h�+((!�0+.h0+h�(!�*h�*h!*0%.!h!*0.5h".+)h0$!h)�,
+.h/!0L

�*+0$!.h� 2�*0�#!h%/h0$�0h5+1h��*h+*(5h.!0.%!2!h�h2�(1!h%"h5+1h$�2!h%0/h'!5Lh�/h0$!/!h�(�//!/
 +h*+0h$�2!h0$!h%0!.�0+.h)!0$+ /hSentriesMhkeysMh�* hvaluesTMh0$!.!h%/h*+h3�5h0+h.!0.%!2!
�h2�(1!h1*(!//h5+1h'*+3h3$�0h0$!h'!5h%/Lh�$%/h�+*"%.)/h+1.h�$+%�!h%*h1/%*#h0$!hWeakMap
�(�//h0+h!*��,/1(�0!h0$!h,.%2�0!h,.+,!.0%!/h+"h0$!h��>h�(�//!/Mh�/h5+1h(!�.*! h%*hChapter 3M
�1� (0L

�$!h"+((+3%*#h%/h�*h!4�),(!h+"h3$�0h3!h��*h +h3%0$h0$!hWeakMaph�(�//N

var map = new WeakMap();

var ob1 = {name:'Gandalf'}, //{1}
    ob2 = {name:'John'},
    ob3 = {name:'Tyrion'};

map.set(ob1, 'gandalf@email.com'); //{2}
map.set(ob2, 'johnsnow@email.com');
map.set(ob3, 'tyrion@email.com');

console.log(map.has(ob1));  //{3} outputs true
console.log(map.get(ob3)); //{4} outputs tyrion@email.com
map.delete(ob2); //{5}

�!h��*h/0%((h1/!h0$!h/!0h)!0$+ h+"h0$!hWeakMaph�(�//Lh
+3!2!.Mh�/h%0h +!/h*+0h�((+3h1/h0+
1/!h�0.%*#h+.h�*5h+0$!.h,.%)%0%2!h �0�05,!hS*1)!.%�Mh�0.%*#Mh+.h�++(!�*h2�(1!/TMh3!h*!! h0+
0.�*/"+.)h0$!h*�)!h%*0+h�*h+�&!�0hS(%*!/h{1}h�* h{2}TL

�+h/!�.�$h2�(1!hS(%*!h{3}TMh.!0.%!2!h%0/h2�(1!hS(%*!h{4}TMh�* h�(/+h !(!0!hS(%*!h{5}TMh3!h*!! 
0+h,�//h0$!h+�&!�0h�.!�0! h�/h�h'!5L

�$!h/�)!h(+#%�h%/h�,,(%! h0+h0$!hWeakSet �(�//L
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6XPPDU\
�*h0$%/h�$�,0!.Mh5+1h(!�.*! h��+10h %�0%+*�.%!/h�* h$+3h0+h�  Mh.!)+2!Mh�* h#!0h!(!)!*0/
�)+*#h+0$!.h)!0$+ /Lh�+1h�(/+h(!�.*! h0$!h %""!.!*�!h�!03!!*h�h %�0%+*�.5h�* h�h/!0L

�!h�+2!.! h$�/$%*#Mh$+3h0+h�.!�0!h�h$�/$h0��(!hS+.h$�/$h)�,Th �0�h/0.1�01.!Mh$+3h0+h�  M
.!)+2!Mh�* h#!0h!(!)!*0/Mh�* h�(/+h$+3h0+h�.!�0!h$�/$h"1*�0%+*/Lh�+1h(!�.*! h$+3h0+
$�* (!h�+((%/%+*h%*h�h$�/$h0��(!h1/%*#h03+h %""!.!*0h0!�$*%-1!/L

�!h�(/+h�+2!.! h$+3h0+h1/!h0$!h��>hMaph�(�//h�* h�(/+h0$!hWeakMaph�* hWeakSeth�(�//!/L

�*h0$!h*!40h�$�,0!.Mh5+1h3%((h(!�.*h�h*!3h �0�h/0.1�01.!h��((! htreeL



�
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�+h"�.h%*h0$%/h�++'Mh3!h$�2!h�+2!.! h/+)!h/!-1!*0%�(h �0�h/0.1�01.!/Lh�$!h"%./0h*+*e
/!-1!*0%�(h �0�h/0.1�01.!h3!h�+2!.! h%*h0$%/h�++'h3�/h0$!h
�/$b���(!Lh�*h0$%/h�$�,0!.M
5+1h3%((h(!�.*h��+10h�*+0$!.h*+*e/!-1!*0%�(h �0�h/0.1�01.!h��((! h�h0.!!Mh3$%�$h%/h2!.5
1/!"1(h"+.h/0+.%*#h%*"+.)�0%+*h0$�0h*!! /h0+h�!h"+1* h!�/%(5L

�*h0$%/h�$�,0!.Mh3!h3%((h�+2!.N

�.!!h0!.)%*+(+#5
�.!�0%*#h�h0.!!h �0�h/0.1�01.!
�.�2!./%*#h�h0.!!
�  %*#h�* h.!)+2%*#h*+ !/
�$!h���h0.!!

7KH�WUHH�GDWD�VWUXFWXUH
�h0.!!h%/h�*h��/0.��0h)+ !(h+"h�h$%!.�.�$%��(h/0.1�01.!Lh�$!h)+/0h�+))+*h!4�),(!h+"h�h0.!!
%*h.!�(h(%"!h3+1( h�!h�h"�)%(5h0.!!h+.h�h�+),�*5h+.#�*%6�0%+*�(h�$�.0Mh�/h3!h��*h/!!h%*h0$!
"+((+3%*#h"%#1.!N
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7UHH�WHUPLQRORJ\
�h0.!!h�+*/%/0/h+"h*+ !/h3%0$h�h,�.!*0e�$%( h.!(�0%+*/$%,Lh���$h*+ !h$�/h�h,�.!*0hS!4�!,0h"+.
0$!h"%./0h*+ !h�0h0$!h0+,Th�* h6!.+h+.h)+.!h�$%( .!*Mh�/h%*h0$!h"+((+3%*#h"%#1.!N
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�$!h0+,h*+ !h+"h�h0.!!h%/h��((! h0$!h.++0hS88TLh�0h%/h0$!h*+ !h0$�0h +!/h*+0h$�2!h�h,�.!*0Lh���$
!(!)!*0h+"h0$!h0.!!h%/h��((! h�h*+ !Lh�$!.!h�.!h%*0!.*�(b*+ !/h�* h!40!.*�(b*+ !/Lh�*
%*0!.*�(h*+ !h%/h�h*+ !h3%0$h�0h(!�/0h+*!h�$%( hS>M<M@M8<M8:Mh�* h97h�.!h%*0!.*�(h*+ !/TLh�
*+ !h0$�0h +!/h*+0h$�2!h�$%( .!*h%/h��((! h�*h!40!.*�(h*+ !h+.h(!�"hS:M=M?M87M89M8;M8?Mh�* h9<
�.!h(!�2!/TL

�h*+ !h��*h$�2!h�*�!/0+./h�* h !/�!* �*0/Lh�$!h�*�!/0+./h+"h�h*+ !hS!4�!,0h0$!h.++0Th�.!
,�.!*0Mh#.�* ,�.!*0Mh#.!�0e#.�* ,�.!*0Mh�* h/+h+*Lh�$!h !/�!* �*0/h+"h�h*+ !h�.!h�$%( .!*
S�$%( TMh#.�* �$%( .!*hS#.�* �$%( TMh#.!�0e#.�* �$%( .!*hS#.!�0e#.�* �$%( TMh�* h/+h+*Lh�+.
!4�),(!Mh*+ !h<h$�/h>h�* h88h�/h%0/h�*�!/0+./h�* h:h�* h=h�/h%0/h !/�!* �*0/L

�*+0$!.h0!.)%*+(+#5h1/! h3%0$h0.!!/h%/h0$!h/1�0.!!Lh�h/1�0.!!h�+*/%/0/h+"h�h*+ !h�* h%0/
 !/�!* �*0/Lh�+.h!4�),(!Mh0$!h*+ !/h8:Mh89Mh�* h8;h�+*/0%010!h�h/1�0.!!h".+)h0$!h0.!!h+"h0$!
,.!�! %*#h %�#.�)L

�$!h !,0$h+"h�h*+ !h�+*/%/0/h+"h0$!h*1)�!.h+"h�*�!/0+./Lh�+.h!4�),(!Mh*+ !h:h$�/h�h !,0$h+"
;h�!��1/!h%0h$�/h0$.!!h�*�!/0+./hS<M>Mh�* h88TL

�$!h$!%#$0h+"h�h0.!!h�+*/%/0/h+"h0$!h)�4%)1)h !,0$h+"h�*5h*+ !Lh�h0.!!h��*h�(/+h�!h�.+'!*
 +3*h%*0+h(!2!(/Lh�$!h.++0h%/h+*h(!2!(b7Mh%0/h�$%( .!*h�.!h+*h(!2!(b8Mh�* h/+h+*Lh�$!h0.!!h".+)
0$!h,.!�! %*#h %�#.�)h$�/h�h$!%#$0h+"h;hS0$!h)�4%)1)h !,0$h%/h;Mh�/h/$+3*h%*h0$!
,.!�! %*#h"%#1.!h(!2!(b:TL

�+3h0$�0h3!h'*+3h0$!h)+/0h%),+.0�*0h0!.)/h.!(�0! h0+h0.!!/Mh3!h��*h/0�.0h(!�.*%*#h)+.!
��+10h0.!!/L

7KH�ELQDU\�DQG�ELQDU\�VHDUFK�WUHHV
�h*+ !h%*h�h�%*�.5h0.!!h$�/h03+h�$%( .!*h�0h)+/0Nh+*!h(!"0h�$%( h�* h+*!h.%#$0h�$%( Lh�$%/
 !"%*%0%+*h�((+3/h1/h0+h3.%0!h)+.!h!""%�%!*0h�(#+.%0$)/h0+h%*/!.0Mh/!�.�$Mh�* h !(!0!h*+ !/
0+b".+)h�h0.!!Lh�%*�.5h0.!!/h�.!h(�.#!(5h1/! h%*h�+),10!.h/�%!*�!L

�h�%*�.5h/!�.�$h0.!!h%/h�h�%*�.5h0.!!Mh�10h%0h+*(5h�((+3/h5+1h0+h/0+.!h*+ !/h3%0$h(!//!.h2�(1!/
+*h0$!h(!"0e$�* h/% !h�* h*+ !/h3%0$h#.!�0!.h2�(1!/h+*h0$!h.%#$0e$�* h/% !Lh�$!h %�#.�)h%*
0$!h,.!2%+1/h0+,%�h!4!),(%"%!/h�h�%*�.5h/!�.�$h0.!!L

�$%/h3%((h�!h0$!h �0�h/0.1�01.!h0$�0h3!h3%((h3+.'h+*h%*h0$%/h�$�,0!.L
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&UHDWLQJ�WKH�%LQDU\6HDUFK7UHH�FODVV
�!0\/h/0�.0h�5h�.!�0%*#h+1.hBinarySearchTreeh�(�//Lh�%./0Mh(!0\/h !�(�.!h%0/h/'!(!0+*h2%�h0$!
"+((+3%*#h�+ !N

function BinarySearchTree() {

  var Node = function(key){ //{1}
    this.key = key;
    this.left = null;
    this.right = null;
  };

  var root = null; //{2}
}

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h$+3h�h�%*�.5b�!�.�$b�.!!hS���Th%/h+.#�*%6! h%*h0!.)/
+"h0$!h �0�h/0.1�01.!N

�1/0h�/h%*h(%*'! h(%/0/Mh3!h3%((h3+.'h3%0$h,+%*0!./h�#�%*h0+h.!,.!/!*0h0$!h�+**!�0%+*h�!03!!*
0$!h*+ !/hS��((! h! #!/h%*h0.!!h0!.)%*+(+#5TLh�$!*h3!h3+.'! h3%0$h +1�(!h(%*'! h(%/0/M
!��$h*+ !h$� h03+h,+%*0!./Nh+*!h0+h%* %��0!h0$!h*!40h*+ !h�* h�*+0$!.h+*!h0+h%* %��0!h0$!
,.!2%+1/h*+ !Lh�+.'%*#h3%0$h0.!!/Mh3!h3%((h1/!h0$!h/�)!h�,,.+��$hS3!h3%((h�(/+h3+.'h3%0$
03+h,+%*0!./TLh
+3!2!.Mh+*!h,+%*0!.h3%((h,+%*0h0+h0$!h(!"0h�$%( Mh�* h0$!h+0$!.h+*!h3%((h,+%*0
0+h0$!h.%#$0h�$%( Lh�+.h0$%/h.!�/+*Mh3!h3%((h !�(�.!h�hNodeh�(�//h0$�0h3%((h.!,.!/!*0h!��$h*+ !
+"h0$!h0.!!hS(%*!h{1}TLh�h/)�((h !0�%(h0$�0h%/h3+.0$h*+0%*#h%/h0$�0h%*/0!� h+"h��((%*#h0$!h*+ !
%0/!("h�/h�h*+ !h+.h%0!)Mh�/h3!h % h%*h0$!h,.!2%+1/h�$�,0!./Mh3!h3%((h��((h%0h�h'!5Lh�h'!5h%/
$+3h�h0.!!h*+ !h%/h'*+3*h%*h0.!!h0!.)%*+(+#5L

�!h3%((h"+((+3h0$!h/�)!h,�00!.*h3!h1/! h%*h0$!hLinkedListh�(�//hS".+)hChapter 5Mh�&+("!
�&010TLh�$%/h)!�*/h0$�0h3!h3%((h�(/+h !�(�.!h�h2�.%��(!h/+h0$�0h3!h��*h�+*0.+(h0$!h"%./0h*+ !h+"
0$!h �0�h/0.1�01.!Lh�*h0$!h��/!h+"h�h0.!!Mh%*/0!� h+"h0$!h$!� Mh3!h$�2!h0$!h.++0hS(%*!h{2}TL
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�!40Mh3!h*!! h0+h%),(!)!*0h/+)!h)!0$+ /Lh�$!h"+((+3%*#h�.!h0$!h)!0$+ /h3!h3%((h
%),(!)!*0h%*h+1.h0.!!h�(�//N

insert(key)Nh�$%/h%*/!.0/h�h*!3h'!5h%*h0$!h0.!!
search(key)Nh�$%/h/!�.�$!/h"+.h0$!h'!5h%*h0$!h0.!!h�* h.!01.*/htrueh%"h%0h!4%/0/
�* hfalseh%"h0$!h*+ !h +!/h*+0h!4%/0
inOrderTraverseNh�$%/h2%/%0/h�((h*+ !/h+"h0$!h0.!!h1/%*#h%*e+. !.h0.�2!./!
preOrderTraverseNh�$%/h2%/%0/h�((h*+ !/h+"h0$!h0.!!h1/%*#h,.!e+. !.h0.�2!./!
postOrderTraverseNh�$%/h2%/%0/h�((h0$!h*+ !/h+"h0$!h0.!!h1/%*#h,+/0e+. !.
0.�2!./!
minNh�$%/h.!01.*/h0$!h)%*%)1)h2�(1!b'!5h%*h0$!h0.!!
maxNh�$%/h.!01.*/h0$!h)�4%)1)h2�(1!b'!5h%*h0$!h0.!!
remove(key)Nh�$%/h.!)+2!/h0$!h'!5h".+)h0$!h0.!!

�!h3%((h%),(!)!*0h!��$h+"h0$!/!h)!0$+ /h%*h0$!h/1�/!-1!*0h/!�0%+*/L

,QVHUWLQJ�D�NH\�LQWR�D�WUHH
�$!h)!0$+ /h3!h3%((h�!h%),(!)!*0%*#h%*h0$%/h�$�,0!.h�.!h�h(%00(!h�%0h)+.!h�+),(!4h0$�*h0$!
+*!/h3!h%),(!)!*0! h%*h,.!2%+1/h�$�,0!./Lh�!h3%((h1/!h�h(+0h+"h.!�1./%+*h%*h+1.h)!0$+ /Lh�"
5+1h�.!h*+0h"�)%(%�.h3%0$h.!�1./%+*Mh.!"!.h0+h0$!h�" 2/0&,+h/!�0%+*h%*hChapter 11Mh��11"/+0d,#
�)$,/&1%*L

�$!h"+((+3%*#h�+ !h%/h0$!h"%./0h,%!�!h+"h0$!h�(#+.%0$)h1/! h0+h%*/!.0h�h*!3h'!5h%*h�h0.!!N

this.insert = function(key){

  var newNode = new Node(key); //{1}

  if (root === null){ //{2}
    root = newNode;
  } else {
    insertNode(root,newNode); //{3}
  }
};

�+h%*/!.0h�h*!3h*+ !hS+.h%0!)Th%*0+h�h0.!!Mh0$!.!h�.!h0$.!!h/0!,/h3!h*!! h0+h"+((+3L

�$!h"%./0h/0!,h%/h0+h�.!�0!h0$!h%*/0�*�!h+"h0$!hNodeh�(�//h0$�0h3%((h.!,.!/!*0h0$!h*!3h*+ !hS(%*!
{1}TLh�!��1/!h+"h%0/h�+*/0.1�0+.h,.+,!.0%!/Mh3!h+*(5h*!! h0+h,�//h0$!h2�(1!h3!h3�*0h0+h�  
0+h0$!h0.!!Mh�* h%0/hlefth�* hrighth,+%*0!./h3%((h$�2!h�hnullh2�(1!h�10+)�0%��((5L
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�!�+* Mh3!h*!! h0+h2!.%"5h0$�0h0$!h%*/!.0%+*h%/h�h/,!�%�(h��/!Lh�h/,!�%�(h��/!h3+1( h�!h%"h0$!
*+ !h3!h�.!h0.5%*#h0+h�  h%/h0$!h"%./0h+*!h%*h0$!h0.!!hS(%*!h{2}TLh�"h%0h%/Mh�((h3!h$�2!h0+h +h%/
,+%*0h0$!h.++0h0+h0$%/h*!3h*+ !L

�$!h0$%. h/0!,h%/h0+h�  h�h*+ !h0+h�h %""!.!*0h,+/%0%+*h0$�*h0$!h.++0Lh�*h0$%/h��/!Mh3!h3%((
*!! h�hhelperhS(%*!h{3}Th,.%2�0!h"1*�0%+*h0+h$!(,h1/h0+h +h0$%/Mh3$%�$h%/h !�(�.! h�/h"+((+3/N

var insertNode = function(node, newNode){
  if (newNode.key < node.key){ //{4}
    if (node.left === null){   //{5}
      node.left = newNode;   //{6}
    } else {
      insertNode(node.left, newNode); //{7}
    }
  } else {
    if (node.right === null){  //{8}
      node.right = newNode;  //{9}
    } else {
      insertNode(node.right, newNode); //{10}
    }
  }
};

�$!hinsertNodeh"1*�0%+*h3%((h$!(,h1/h"%* h+10h3$!.!h0$!h�+..!�0h,(��!h0+h%*/!.0h�h*!3h*+ !
%/Lh�$!h"+((+3%*#h(%/0h !/�.%�!/h3$�0h0$%/h"1*�0%+*h +!/N

�"h0$!h0.!!h%/h*+0h!),05Mh3!h*!! h0+h"%* h�h,(��!h0+h�  h�h*!3h*+ !Lh�+.h0$%/
.!�/+*Mh3!h3%((h��((h0$!hinsertNodeh"1*�0%+*h�5h,�//%*#h0$!h.++0h�* h0$!h*+ !h�/
,�.�)!0!./hS(%*!h{3}TL
�"h0$!h*+ !\/h'!5h%/h(!//h0$�*h0$!h�1..!*0h*+ !h'!5hS%*h0$%/h��/!Mh%0h%/h0$!h.++0hS(%*!
{4}TTMh0$!*h3!h*!! h0+h�$!�'h0$!h(!"0h�$%( h+"h0$!h*+ !Lh�"h0$!.!h%/h*+h(!"0h*+ !hS(%*!
{5}TMh0$!*h3!h3%((h%*/!.0h0$!h*!3h*+ !h0$!.!hS(%*!h{6}TLh�"h*+0Mh3!h*!! h0+h !/�!* 
�h(!2!(h%*h0$!h0.!!h�5h��((%*#hinsertNodeh.!�1./%2!(5hS(%*!h{7}TLh�*h0$%/h��/!Mh0$!
*+ !h3!h3%((h�+),�.!h*!40h0%)!h3%((h�!h0$!h(!"0h�$%( h+"h0$!h�1..!*0h*+ !L
�"h0$!h*+ !\/h'!5h%/h#.!�0!.h0$�*h0$!h�1..!*0h*+ !h'!5h�* h0$!.!h%/h*+h.%#$0h�$%( 
S(%*!h{8}TMh0$!*h3!h3%((h%*/!.0h0$!h*!3h*+ !h0$!.!hS(%*!h{9}TLh�"h*+0Mh3!h3%((h�(/+
*!! h0+h��((h0$!hinsertNodeh"1*�0%+*h.!�1./%2!(5Mh�10h0$!h*!3h*+ !h0+h�!
�+),�.! h3%((h�!h0$!h.%#$0h�$%( hS(%*!h{10}TL

�!0\/h1/!h�*h!4�),(!h/+h0$�0h3!h��*h1* !./0�* h0$%/h,.+�!//h�!00!.L



�/""0

Tb8>7bU

�+*/% !.h0$!h"+((+3%*#h/�!*�.%+Nh3!h$�2!h�h*!3h0.!!Mh�* h3!h�.!h0.5%*#h0+h%*/!.0h%0/h"%./0h'!5L
�*h0$%/h��/!Mh3!h3%((h.1*h0$!h"+((+3%*#h�+ !N

var tree = new BinarySearchTree();
tree.insert(11);

�*h0$%/h��/!Mh3!h3%((h$�2!h�h/%*#(!h*+ !h%*h+1.h0.!!Mh�* h0$!h.++0h,+%*0!.h3%((h�!h,+%*0%*#h0+
%0Lh�$!h�+ !h0$�0h3%((h�!h!4!�10! h%/h%*h(%*!h{2}h+"h+1.h/+1.�!h�+ !L

�+3Mh(!0\/h�+*/% !.h0$�0h3!h�(.!� 5h$�2!h0$!h"+((+3%*#h0.!!N

�$!h�+ !h0+h�.!�0!h0$!h0.!!h/!!*h%*h0$!h,.!�! %*#h %�#.�)h%/h�h�+*0%*1�0%+*h+"h0$!h,.!2%+1/
�+ !hS%*h3$%�$h3!h%*/!.0! h0$!h11h'!5TMh�/h"+((+3/N

tree.insert(7);
tree.insert(15);
tree.insert(5);
tree.insert(3);
tree.insert(9);
tree.insert(8);
tree.insert(10);
tree.insert(13);
tree.insert(12);
tree.insert(14);
tree.insert(20);
tree.insert(18);
tree.insert(25);

�(/+Mh3!h3+1( h(%'!h0+h%*/!.0h�h*!3h'!5h3%0$h0$!h2�(1!h6Mh/+h3!h3%((h!4!�10!h0$!h"+((+3%*#
�+ !N

tree.insert(6);
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�$!h"+((+3%*#h/0!,/h3%((h�!h!4!�10! N

�$!h0.!!h%/h*+0h!),05Mh/+h0$!h�+ !h".+)h(%*!h{3}h3%((h�!h!4!�10! Lh�$!h�+ !h3%((9L
��((h0$!hinsertNodeh)!0$+ hSrootMhkey[6]TL
�$!h�(#+.%0$)h3%((h�$!�'h(%*!h{4}hSkey[6] < root[11]h%/htrueTMh0$!*h%0h3%((:L
�$!�'h(%*!h{5}hSnode.left[7]h%/h*+0hnullTMh�* h"%*�((5Mh%0h3%((h#+h0+h(%*!h{7}h�5
��((%*#hinsertNodehSnode.left[7]Mhkey[6]TL
�!h3%((h#+h%*/% !h0$!hinsertNodeh)!0$+ h�#�%*Mh�10h3%0$h %""!.!*0h,�.�)!0!./L;L
�0h3%((h�$!�'h(%*!h{4}h�#�%*hSkey[6] < node[7]h%/htrueTMh0$!*h%0h3%((h�$!�'h(%*!
{5}hSnode.left[5]h%/h*+0hnullTMh�* h"%*�((5Mh%0h3%((h#+h0+h(%*!h{7}h�5h��((%*#
insertNodehSnode.left[5]Mhkey[6]TL
�!h3%((h#+h+*�!h)+.!h%*/% !h0$!hinsertNodeh)!0$+ Lh�0h3%((h�$!�'h(%*!h{4}<L
�#�%*hSkey[6] < node[5]h%/hfalseTMh0$!*h%0h3%((h#+h0+h(%*!h{8}hSnode.righth%/
nullg*+ !h<h +!/h*+0h$�2!h�*5h.%#$0h�$%( h !/�!* !*0/TMh�* h"%*�((5Mh%0h3%((
!4!�10!h(%*!h{9}h�5h%*/!.0%*#h'!5h6h�/h0$!h.%#$0h�$%( h+"h*+ !h<L
�"0!.h0$%/Mh0$!h/0��'h+"h)!0$+ h��((/h3%((h,+,h1,Mh�* h0$!h!4!�10%+*h3%((h!* L=L

�$%/h3%((h�!h0$!h.!/1(0h�"0!.h'!5h6h%/h%*/!.0! h%*h0$!h0.!!N

7UHH�WUDYHUVDO
�.�2!./%*#hS+.h3�('%*#Th�h0.!!h%/h0$!h,.+�!//h+"h2%/%0%*#h�((h0$!h*+ !/h+"h�h0.!!h�* 
,!."+.)%*#h�*h+,!.�0%+*h�0h!��$h*+ !Lh
+3!2!.Mh$+3h/$+1( h3!h +h0$%/Qh�$+1( h3!h/0�.0
".+)h0$!h0+,h+"h0$!h0.!!h+.h".+)h0$!h�+00+)Qh�.+)h0$!h(!"0e$�* h+.h0$!h.%#$0e$�* h/% !Q
�$!.!h�.!h0$.!!h %""!.!*0h�,,.+��$!/h0$�0h��*h�!h1/! h0+h2%/%0h�((h0$!h*+ !/h%*h�h0.!!Nh%*e
+. !.Mh,.!e+. !.Mh�* h,+/0e+. !.L
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�*h0$!h"+((+3%*#h/!�0%+*/Mh3!h3%((h %2!h !!,(5h%*0+h0$!h1/!/h�* h%),(!)!*0�0%+*/h+"h0$!/!
0$.!!h05,!/h+"h0.!!h0.�2!./�(/L

,Q�RUGHU�WUDYHUVDO
�*h%*`+. !.h0.�2!./�(h2%/%0/h�((h0$!h*+ !/h+"h�h���h%*h�*h�/�!* %*#h+. !.Mh)!�*%*#h%0h3%((
2%/%0h0$!h*+ !/h".+)h0$!h/)�((!/0h0+h0$!h(�.#!/0Lh�*h�,,(%��0%+*h+"h%*e+. !.h0.�2!./�(h3+1( 
�!h0+h/+.0h�h0.!!Lh�!0\/h�$!�'h+10h%0/h%),(!)!*0�0%+*N

this.inOrderTraverse = function(callback){
  inOrderTraverseNode(root, callback); //{1}
};

�$!hinOrderTraverseh)!0$+ h.!�!%2!/h�hcallbackh"1*�0%+*h�/h�h,�.�)!0!.Lh�$%/h"1*�0%+*
��*h�!h1/! h0+h,!."+.)h0$!h��0%+*h3!h3�*0h0+h!4!�10!h3$!*h0$!h*+ !h%/h2%/%0! hS0$%/h%/
'*+3*h�/h0$!h2%/%0+.h,�00!.*Oh"+.h)+.!h%*"+.)�0%+*h+*h0$%/Mh.!"!.h0+
http://en.wikipedia.org/wiki/Visitor_patternTLh�/h)+/0h�(#+.%0$)/h3!h�.!
%),(!)!*0%*#h"+.h0$!h���h�.!h.!�1./%2!Mh3!h3%((h1/!h�h,.%2�0!hhelperh"1*�0%+*h0$�0h3%((
.!�!%2!hnodeh�* h0$!hcallbackh"1*�0%+*h0+h$!(,h1/h3%0$h%0hS(%*!h{1}TLh�4!�10!h0$!h"+((+3%*#
�+ !N

var inOrderTraverseNode = function (node, callback) {
  if (node !== null) { //{2}
    inOrderTraverseNode(node.left, callback);  //{3}
    callback(node.key);                        //{4}
    inOrderTraverseNode(node.right, callback); //{5}
  }
};

�+h0.�2!./!h�h0.!!h1/%*#h0$!h%*e+. !.h)!0$+ Mh3!h*!! h0+h"%./0h�$!�'h3$!0$!.h0$!h0.!!hhnode
0$�0h3�/h,�//! h�/h�h,�.�)!0!.h%/hnullhS0$%/h%/h0$!h,+%*0h3$!.!h0$!h.!�1./%+*h/0+,/h�!%*#
!4!�10! Mh(%*!h{2}Mh3$%�$h%/h0$!h��/!h��/!h+"h0$!h.!�1./%+*h�(#+.%0$)TL

�!40Mh3!h3%((h2%/%0h0$!h(!"0h*+ !hS(%*!h{3}Th�5h��((%*#h0$!h/�)!h"1*�0%+*h.!�1./%2!(5Lh�$!*M
3!h3%((h2%/%0h0$!h.++0h*+ !hS(%*!h{4}Th�5h,!."+.)%*#h�*h��0%+*h3%0$h%0hScallbackTMh�* h0$!*
3!h3%((h2%/%0h0$!h.%#$0h*+ !hS(%*!h{5}TL

�!0\/h0.5h0+h!4!�10!h0$%/h)!0$+ h1/%*#h0$!h0.!!h".+)h0$!h,.!2%+1/h0+,%�h�/h�*h!4�),(!Mh�/
"+((+3/N

function printNode(value){ //{6}
  console.log(value);
}
tree.inOrderTraverse(printNode); //{7}

http://en.wikipedia.org/wiki/Visitor_pattern
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+3!2!.Mh"%./0Mh3!h*!! h0+h�.!�0!h�h��((���'h"1*�0%+*hS(%*!h{6}TLh�((h3!h3%((h +h%/h,.%*0h0$!
*+ !\/h2�(1!h+*h0$!h�.+3/!.\/h�+*/+(!Lh�$!*Mh3!h��*h��((h0$!hinOrderTraverseh)!0$+ h�5
,�//%*#h+1.h��((���'h"1*�0%+*h�/h�h,�.�)!0!.hS(%*!h{7}TLh�$!*h3!h!4!�10!h0$%/h�+ !Mh0$!
"+((+3%*#h3%((h�!h0$!h+10,10h%*h0$!h�+*/+(!hS!��$h*1)�!.h3%((h�!h+10,10h+*h�h %""!.!*0h(%*!TN

��������������������������������������

�$!h"+((+3%*#h %�#.�)h%((1/0.�0!/h0$!h,�0$h0$�0h0$!hinOrderTraverseh)!0$+ h"+((+3! N

3UH�RUGHU�WUDYHUVDO
�h,.!`+. !.h0.�2!./�(h2%/%0/h0$!h*+ !h,.%+.h0+h%0/h !/�!* �*0/Lh�*h�,,(%��0%+*h+"h,.!e+. !.
0.�2!./�(h�+1( h�!h0+h,.%*0h�h/0.1�01.! h +�1)!*0L

�!0\/h0�'!h�h(++'h�0h%0/h%),(!)!*0�0%+*N

this.preOrderTraverse = function(callback){
    preOrderTraverseNode(root, callback);
};

�$!hpreOrderTraverseNodeh)!0$+ h%),(!)!*0�0%+*h%/h�/h"+((+3/N

var preOrderTraverseNode = function (node, callback) {
  if (node !== null) {
    callback(node.key); //{1}
    preOrderTraverseNode(node.left, callback); //{2}
    preOrderTraverseNode(node.right, callback); //{3}
  }
};
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�$!h %""!.!*�!h�!03!!*h0$!h%*e+. !.h�* h,.!e+. !.h0.�2!./�(/h%/h0$�0h0$!h,.!e+. !.h+*!h2%/%0/
0$!h.++0h*+ !h"%./0hS(%*!h{1}TMh0$!*h0$!h(!"0h*+ !hS(%*!h{2}TMh�* h"%*�((5h0$!h.%#$0h*+ !hS(%*!
{3}TMh3$%(!h0$!h%*e+. !.h0.�2!./�(h!4!�10!/h0$!h(%*!/h%*h0$!h"+((+3%*#h+. !.Nh(%*!/h{2}Mh{1}M
�* h{3}L

�$!h"+((+3%*#h3%((h�!h0$!h+10,10h%*h0$!h�+*/+(!hS!��$h*1)�!.h3%((h�!h+10,10h+*h�h %""!.!*0
(%*!TN

������������������������������������������

�$!h"+((+3%*#h %�#.�)h%((1/0.�0!/h0$!h,�0$h"+((+3! h�5h0$!hpreOrderTraverseh)!0$+ N

3RVW�RUGHU�WUDYHUVDO
�h,+/0`+. !.h0.�2!./�(h2%/%0/h0$!h*+ !h�"0!.h%0h2%/%0/h%0/h !/�!* �*0/Lh�*h�,,(%��0%+*h+"h,+/0e
+. !.h0.�2!./�(h�+1( h�!h�+),10%*#h0$!h/,��!h1/! h�5h�h"%(!h%*h�h %.!�0+.5h�* h%0/
/1� %.!�0+.%!/L

�!0\/h0�'!h�h(++'h�0h%0/h%),(!)!*0�0%+*N

this.postOrderTraverse = function(callback){
  postOrderTraverseNode(root, callback);
};

�$!hpostOrderTraverseNodeh%),(!)!*0�0%+*h%/h�/h"+((+3/N

var postOrderTraverseNode = function (node, callback) {
  if (node !== null) {
    postOrderTraverseNode(node.left, callback);  //{1}
    postOrderTraverseNode(node.right, callback); //{2}
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    callback(node.key);                          //{3}
  }
};

�*h0$%/h��/!Mh0$!h,+/0e+. !.h0.�2!./�(h3%((h2%/%0h0$!h(!"0h*+ !hS(%*!h{1}TMh0$!*h0$!h.%#$0h*+ !
S(%*!h{2}TMh�* h�0h(�/0Mh0$!h.++0h*+ !hS(%*!h{3}TL

�/h5+1h��*h/!!Mh0$!h�(#+.%0$)/h"+.h0$!h%*e+. !.Mh,.!e+. !.Mh�* h,+/0e+. !.h�,,.+��$!/h�.!
2!.5h/%)%(�.Oh0$!h+*(5h0$%*#h0$�0h�$�*#!/h%/h0$!h+. !.h%*h3$%�$h(%*!/h{1}Mh{2}Mh�* h{3}h�.!
!4!�10! h%*h!��$h)!0$+ L

�$%/h3%((h�!h0$!h+10,10h%*h0$!h�+*/+(!hS!��$h*1)�!.h3%((h�!h+10,10h+*h�h %""!.!*0h(%*!TN

    ��������������������������������������

�$!h"+((+3%*#h %�#.�)h%((1/0.�0!/h0$!h,�0$h0$!hpostOrderTraverseh)!0$+ h"+((+3! N

6HDUFKLQJ�IRU�YDOXHV�LQ�D�WUHH
�$!.!h�.!h0$.!!h05,!/h+"h/!�.�$!/h0$�0h�.!h1/1�((5h,!."+.)! h%*h0.!!/N

�!�.�$%*#h"+.h)%*%)1)h2�(1!/
�!�.�$%*#h"+.h)�4%)1)h2�(1!/
�!�.�$%*#h"+.h�h/,!�%"%�h2�(1!

�!0\/h0�'!h�h(++'h�0h!��$h+*!L



�/""0

Tb8>=bU

6HDUFKLQJ�IRU�PLQLPXP�DQG�PD[LPXP�YDOXHV
�!0\/h1/!h0$!h"+((+3%*#h0.!!h"+.h+1.h!4�),(!/N

�1/0h(++'%*#h�0h0$!h,.!�! %*#h"%#1.!Mh�+1( h5+1h!�/%(5h"%* h0$!h)%*%)1)h�* h)�4%)1)
2�(1!/h+"h0$!h0.!!Q

�"h5+1h0�'!h�h(++'h�0h0$!h(!"0)+/0h*+ !h%*h0$!h(�/0h(!2!(h+"h0$!h0.!!Mh5+1h3%((h"%* h0$!h2�(1!h:M
3$%�$h%/h0$!h(+3!/0h'!5h".+)h0$%/h0.!!Lh�* h%"h5+1h0�'!h�h(++'h�0h0$!h*+ !h0$�0h%/h"1.0$!/0h0+
0$!h.%#$0hS�(/+h%*h0$!h(�/0h(!2!(h+"h0$!h0.!!TMh5+1h3%((h"%* h0$!h'!5h9<Mh3$%�$h%/h0$!h$%#$!/0h'!5
%*h0$%/h0.!!Lh�$%/h%*"+.)�0%+*h$!(,/h1/h�h(+0h3$!*h%),(!)!*0%*#h)!0$+ /h0$�0h3%((h"%* h0$!
)%*%)1)h�* h)�4%)1)h*+ !/h+"h0$!h0.!!L

�%./0Mh(!0\/h0�'!h�h(++'h�0h0$!h)!0$+ h0$�0h3%((h"%* h0$!h)%*%)1)h'!5h+"h0$!h0.!!Mh�/h"+((+3/N

this.min = function() {
  return minNode(root); //{1}
};

�$!hminh)!0$+ h3%((h�!h0$!h)!0$+ h!4,+/! h0+h0$!h1/!.Lh�$%/h)!0$+ h��((/h0$!hminNode
)!0$+ hS(%*!h{1}TMh�/h"+((+3/N

var minNode = function (node) {
  if (node){
    while (node && node.left !== null) { //{2}
      node = node.left;                //{3}
    }

    return node.key;
  }
  return null;  //{4}
};
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�$!hminNodeh)!0$+ h�((+3/h1/h0+h"%* h0$!h)%*%)1)h'!5h".+)h�*5h*+ !h+"h0$!h0.!!Lh�!h��*
1/!h%0h0+h"%* h0$!h)%*%)1)h'!5h".+)h�h/1�0.!!h+.h".+)h0$!h0.!!h%0/!("Lh�+.h0$%/h.!�/+*Mh3!h3%((
��((h0$!hminNodeh)!0$+ h�5h,�//%*#h0$!h0.!!h.++0hS(%*!h{1}Th�!��1/!h3!h3�*0h0+h"%* h0$!
)%*%)1)h'!5h+"h0$!h3$+(!h0.!!L

�*/% !h0$!hminNodeh)!0$+ Mh3!h3%((h0.�2!./!h0$!hlefth! #!h+"h0$!h0.!!hS(%*!/h{2}h�* h{3}T
1*0%(h3!h"%* h0$!h*+ !h�0h0$!h$%#$!/0h(!2!(h+"h0$!h0.!!hS0$!h(!"0)+/0h!* TL

�*h�h/%)%(�.h3�5Mh3!h�(/+h$�2!h0$!hmaxh)!0$+ Mh3$%�$h(++'/h/%)%(�.h0+h0$!h"+((+3%*#N

this.max = function() {
  return maxNode(root);
};

var maxNode = function (node) {
  if (node){
    while (node && node.right !== null) { //{5}
      node = node.right;
    }

    return node.key;
  }
  return null;
};

�+h"%* h0$!h)�4%)1)h'!5Mh3!h3%((h0.�2!./!h0$!h.%#$0h! #!h+"h0$!h0.!!hS(%*!h{5}Th1*0%(h3!h"%* 
0$!h(�/0h*+ !h�0h0$!h.%#$0e$�* h!* h+"h0$!h0.!!L

�+Mh"+.h0$!h)%*%)1)h2�(1!Mh3!h3%((h�(3�5/h#+h0+h0$!h(!"0e$�* h/% !h+"h0$!h0.!!Mh�* h"+.h0$!
)�4%)1)h2�(1!Mh3!h3%((h�(3�5/h*�2%#�0!h0+h0$!h.%#$0e$�* h/% !h+"h0$!h0.!!L

6HDUFKLQJ�IRU�D�VSHFLILF�YDOXH
�*h,.!2%+1/h�$�,0!./Mh3!h�(/+h%),(!)!*0! h0$!hfindMhsearchMh�* hgeth)!0$+ /h0+h"%* h�
/,!�%"%�h2�(1!h%*h0$!h �0�h/0.1�01.!hS3$%�$h%/h/%)%(�.h0+h0$!hhash)!0$+ h3!h%),(!)!*0! h%*
,.!2%+1/h�$�,0!./TLh�!h3%((h%),(!)!*0h0$!hsearchh)!0$+ h"+.h0$!h���h�/h3!((Lh�!0\/h0�'!h�
(++'h�0h%0/h%),(!)!*0�0%+*N

this.search = function(key){
  return searchNode(root, key); //{1}
};

var searchNode = function(node, key){
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  if (node === null){ //{2}
    return false;
  }
  if (key < node.key){ //{3}
    return searchNode(node.left, key); //{4}

  } else if (key > node.key){ //{5}
    return searchNode(node.right, key); //{6}

  } else {
    return true; //{7}
  }
};

�$!h"%./0h0$%*#h3!h*!! h0+h +h%/h !�(�.!h0$!hsearchh)!0$+ Lh�+((+3%*#h0$!h,�00!.*h+"h+0$!.
)!0$+ /h !�(�.! h"+.h���Mh3!h3%((h1/!h�hhelperh"1*�0%+*h0+h$!(,h1/hS(%*!h{1}TL

�$!hsearchNodeh)!0$+ h��*h�!h1/! h0+h"%* h�h/,!�%"%�h'!5h%*h0$!h0.!!h+.h�*5h+"h%0/h/1�0.!!/L
�$%/h%/h0$!h.!�/+*h3!h3%((h��((h0$%/h)!0$+ h%*h(%*!h{1}h�5h,�//%*#h0$!hrooth0.!!h�/h�
,�.�)!0!.L

�!"+.!h3!h/0�.0h0$!h�(#+.%0$)Mh3!h3%((h2�(% �0!h0$�0h0$!hnodeh,�//! h�/h�h,�.�)!0!.h%/h2�(% 
S%/h*+0hnullTLh�"h%0h%/Mh%0h)!�*/h0$�0h0$!h'!5h3�/h*+0h"+1* Mh�* h3!h3%((h.!01.*hfalseL

�"h0$!h*+ !h%/h*+0hnullMh3!h*!! h0+h�+*0%*1!h0$!h2!.%"%��0%+*Lh�"h0$!h'!5h3!h�.!h(++'%*#h"+.h%/
(+3!.h0$�*h0$!h�1..!*0h*+ !hS(%*!h{3}TMh0$!*h3!h3%((h�+*0%*1!h0$!h/!�.�$h1/%*#h0$!h(!"0h�$%( 
/1�0.!!hS(%*!h{4}TLh�"h0$!h2�(1!h3!h�.!h(++'%*#h"+.h%/h#.!�0!.h0$�*h0$!h�1..!*0h*+ !hS(%*!h{5}TM
0$!*h3!h3%((h�+*0%*1!h0$!h/!�.�$h".+)h0$!h.%#$0h�$%( h+"h0$!h�1..!*0h*+ !hS(%*!h{6}TL
�0$!.3%/!Mh%0h)!�*/h0$�0h0$!h'!5h3!h�.!h(++'%*#h"+.h%/h!-1�(h0+h0$!h�1..!*0h*+ !\/h'!5Mh�* 
3!h3%((h.!01.*htrueh0+h%* %��0!h0$�0h3!h"+1* h0$!h'!5hS(%*!h{7}TL

�!h��*h0!/0h0$%/h)!0$+ h1/%*#h0$!h"+((+3%*#h�+ !N

FRQVROH�ORJ�WUHH�VHDUFK����"�
.H\���IRXQG�
���
.H\���QRW�IRXQG�
��
FRQVROH�ORJ�WUHH�VHDUFK����"�
.H\���IRXQG�
���
.H\���QRW�IRXQG�
��

�0h3%((h+10,10h0$!h"+((+3%*#N

    9DOXH���QRW�IRXQG�
    9DOXH���IRXQG�

�!0\/h#+h%*0+h)+.!h !0�%(h+*h$+3h0$!h)!0$+ h3�/h!4!�10! h0+h"%* h'!5h1N

�!h��((! h0$!hsearchNodeh)!0$+ Mh,�//%*#h0$!h.++0h�/h�h,�.�)!0!.hS(%*!h{1}TL9L
�$!hnode[root[11]]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L
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�$!hkey[1] < node[11]h%/htruehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{4}h�* h��((:L
0$!hsearchNodeh)!0$+ h�#�%*Mh,�//%*#hnode[7]Mhkey[1]h�/h�h,�.�)!0!./L
�$!hnode[7]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L;L
�$!hkey[1] < node[7]h%/htruehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{4}h�* h��((h0$!<L
searchNodeh)!0$+ h�#�%*Mh,�//%*#hnode[5]Mhkey[1]h�/h�h,�.�)!0!./L
�$!hnode[5]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L=L
�$!hkey[1] < node[5]h%/htruehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{4}h�* h��((h0$!>L
searchNodeh)!0$+ h�#�%*Mh,�//%*#hnode[3]Mhkey[1]h�/h�h,�.�)!0!./L
�$!hnode[3]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L?L
�$!hkey[1] < node[3]h%/htruehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{4}h�* h��((h0$!@L
searchNodeh)!0$+ h�#�%*Mh,�//%*#hnullMhkey[1]h�/h�h,�.�)!0!./Lh�$!hnull
3�/h,�//! h�/h�h,�.�)!0!.h�!��1/!hnode[3]h%/h�h(!�"hS%0h +!/h*+0h$�2!h�$%( .!*M
/+h0$!h(!"0h�$%( h3%((h$�2!h0$!h2�(1!hnullTL
�$!hnodeh%/hnullhS%*h(%*!h{2}Mh0$!hnodeh0+h/!�.�$h%*h0$%/h��/!h%/hnullTMh/+h3!h3%((AL
.!01.*hfalseL
�"0!.h0$%/Mh0$!h/0��'h+"h)!0$+ h��((/h3%((h,+,h1,Mh�* h0$!h!4!�10%+*h3%((h!* L98L

�!0\/h +h0$!h/�)!h!4!.�%/!h0+h/!�.�$h2�(1!h8Mh�/h"+((+3/N

�!h��((! h0$!hsearchNodeh)!0$+ Mh,�//%*#hrooth�/h�h,�.�)!0!.hS(%*!h{1}TLh�$!9L
node[root[11]]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L
�$!hkey[8] < node[11]h%/htruehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{4}h�* h��((:L
0$!hsearchNodeh)!0$+ h�#�%*Mh,�//%*#hnode[7]Mhkey[8]h�/h�h,�.�)!0!./L
�$!hnode[7]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L;L
�$!hkey[8] < node[7]h%/hfalsehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{5}L<L
�$!hkey[8] > node[7]h%/htruehS(%*!h{5}TMh/+h3!h3%((h#+h0+h(%*!h{6}h�* h��((h0$!=L
searchNodeh)!0$+ h�#�%*Mh,�//%*#hnode[9]Mhkey[8]h�/h�h,�.�)!0!./L
�$!hnode[9]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L>L
�$!hkey[8] < node[9]h%/htruehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{4}h�* h��((h0$!?L
searchNodeh)!0$+ h�#�%*Mh,�//%*#hnode[8]Mhkey[8]h�/h�h,�.�)!0!./L
�$!hnode[8]h%/h*+0hnullhS(%*!h{2}TMh/+h3!h3%((h#+h0+h(%*!h{3}L@L
�$!hkey[8] < node[8]h%/hfalsehS(%*!h{3}TMh/+h3!h3%((h#+h0+h(%*!h{5}LAL
�$!hkey[8] > node[8]h%/hfalsehS(%*!h{5}TMh/+h3!h3%((h#+h0+h(%*!h{7}h�* h.!01.*98L
trueh�!��1/!hnode[8]h%/h0$!h'!5h3!h3!.!h(++'%*#h"+.L
�"0!.h0$%/Mh0$!h/0��'h+"h)!0$+ h��((/h3%((h,+,h1,Mh�* h0$!h!4!�10%+*h3%((h!* L99L
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5HPRYLQJ�D�QRGH
�$!h*!40h�* h"%*�(h)!0$+ h3!h3%((h%),(!)!*0h"+.h+1.h���h%/h0$!hremoveh)!0$+ Lh�$%/h%/h0$!
)+/0h�+),(!4h)!0$+ h3!h3%((h%),(!)!*0h%*h0$%/h�++'Lh�!0\/h/0�.0h3%0$h0$!h)!0$+ h0$�0h3%((
�!h�2�%(��(!h0+h�!h��((! h".+)h�h0.!!h%*/0�*�!Mh�/h"+((+3/N

this.remove = function(key){ root = removeNode(root, key); //{1} };

�$%/h)!0$+ h.!�!%2!/h0$!h !/%.! hkeyh0+h�!h.!)+2! Mh�* h%0h�(/+h��((/hremoveNodeMh,�//%*#
rooth�* hkeyh0+h�!h.!)+2! h�/h,�.�)!0!./hS(%*!h{1}TLh�*!h2!.5h%),+.0�*0h0$%*#h0+h*+0!h%/
0$�0h0$!h.++0h.!�!%2!/h0$!h.!01.*h+"h0$!h)!0$+ hremoveNodeLh�!h3%((h1* !./0�* h3$5h%*h�
/!�+* L

�$!h�+),(!4%05h+"h0$!hremoveNodeh)!0$+ h%/h 1!h0+h0$!h %""!.!*0h/�!*�.%+/h0$�0h3!h*!! h0+
$�* (!h�* h�(/+h�!��1/!h%0h%/h.!�1./%2!L

�!0\/h0�'!h�h(++'h�0h0$!hremoveNodeh%),(!)!*0�0%+*Mh�/h"+((+3/N

var removeNode = function(node, key){

  if (node === null){ //{2}
    return null;
  }
  if (key < node.key){ //{3}
    node.left = removeNode(node.left, key); //{4}
    return node; //{5}

  } else if (key > node.key){ //{6}
    node.right = removeNode(node.right, key); //{7}
    return node; //{8}

  } else { // key is equal to node.key

    //case 1 - a leaf node
    if (node.left === null && node.right === null){ //{9}
      node = null; //{10}
      return node; //{11}
    }

    //case 2 - a node with only 1 child
    if (node.left === null){ //{12}
      node = node.right; //{13}
      return node; //{14}

    } else if (node.right === null){ //{15}
      node = node.left; //{16}
      return node; //{17}
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    }

    //case 3 - a node with 2 children
    var aux = findMinNode(node.right); //{18}
    node.key = aux.key; //{19}
    node.right = removeNode(node.right, aux.key); //{20}
    return node; //{21}
  }
};

�/h�h/0+,h,+%*0h3!h$�2!h(%*!h{2}Lh�"h0$!h*+ !h3!h�.!h�*�(56%*#h%/hnullMh%0h)!�*/h0$!h'!5
 +!/h*+0h!4%/0h%*h0$!h0.!!Mh�* h"+.h0$%/h.!�/+*Mh3!h3%((h.!01.*hnullL

�$!*Mh0$!h"%./0h0$%*#h3!h*!! h0+h +h%/h0+h"%* h0$!h*+ !h%*h0$!h0.!!Lh�+Mh%"h0$!h'!5h3!h�.!
(++'%*#h"+.h$�/h�h(+3!.h2�(1!h0$�*h0$!h�1..!*0h*+ !hS(%*!h{3}TMh0$!*h3!h3%((h#+h0+h0$!h*!40
*+ !h�0h0$!h(!"0e$�* h/% !h! #!h+"h0$!h0.!!hS(%*!h{4}TLh�"h0$!h'!5h%/h#.!�0!.h0$�*h0$!h�1..!*0
*+ !hS(%*!h{6}TMh0$!*h3!h3%((h#+h0$!h*!40h*+ !h�0h0$!h.%#$0e$�* h/% !h! #!h+"h0$!h0.!!hS(%*!
{7}TL

�"h3!h"%* h0$!h'!5h3!h�.!h(++'%*#h"+.hSkey is equal to node.keyTMh0$!*h3!h3%((h$�2!
0$.!!h %""!.!*0h/�!*�.%+/h0+h$�* (!L

�$!hfindMinNodeh"1*�0%+*h%/h,.!/!*0! h�/h"+((+3/N

var findMinNode = function(node){
  while (node && node.left !== null) {
    node = node.left;
  }
  return node;
};

5HPRYLQJ�D�OHDI�QRGH
�$!h"%./0h/�!*�.%+h%/h�h(!�"h*+ !h0$�0h +!/h*+0h$�2!h�h(!"0h+.h.%#$0h�$%( h(%*!h{9}Lh�*h0$%/h��/!M
�((h3!h$�2!h0+h +h%/h#!0h.% h+"h0$%/h*+ !h�5h�//%#*%*#hnullh0+h%0hS(%*!h{9}TLh
+3!2!.Mh�/
5+1h(!�.*! h 1.%*#h0$!h%),(!)!*0�0%+*h+"h(%*'! h(%/0/Mh3!h'*+3h0$�0h�//%#*%*#hnullh0+h0$!
*+ !h%/h*+0h!*+1#$Mh�* h3!h�(/+h*!! h0+h0�'!h��.!h+"h0$!h,+%*0!./Lh�*h0$%/h��/!Mh0$!h*+ !h +!/
*+0h$�2!h�*5h�$%( .!*Mh�10h%0h$�/h�h,�.!*0h*+ !Lh�!h*!! h0+h�//%#*hnullh0+h%0/h,�.!*0h*+ !M
�* h0$%/h��*h�!h +*!h�5h.!01.*%*#hnullhS(%*!h{11}TL

�/h0$!h*+ !h�(.!� 5h$�/h0$!h2�(1!hnullMh0$!h,�.!*0h,+%*0!.h0+h0$!h*+ !h3%((h.!�!%2!h0$%/
2�(1!h�/h3!((Lh�* h0$%/h%/h0$!h.!�/+*h3!h�.!h.!01.*%*#h0$!h*+ !h2�(1!h�/h0$!h.!01.*h"1*�0%+*L
�$!h,�.!*0h*+ !h3%((h�(3�5/h.!�!%2!h0$!h2�(1!h.!01.*! h".+)h0$!h"1*�0%+*Lh�*h�(0!.*�0%2!h0+
0$%/h�,,.+��$h�+1( h�!h,�//%*#h0$!h,�.!*0h�* h0$!h*+ !h�/h�h,�.�)!0!.h+"h0$!h)!0$+ L
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�"h3!h0�'!h�h(++'h���'h�0h0$!h"%./0h(%*!/h+"h0$!h�+ !h+"h0$%/h)!0$+ Mh3!h3%((h*+0%�!h0$�0h3!h�.!
1, �0%*#h0$!h,+%*0!.h2�(1!/h+"h0$!h(!"0h�* h.%#$0h,+%*0!./h+"h0$!h*+ !/h%*h(%*!/h{4}h�* h{7}M
�* h3!h�.!h�(/+h.!01.*%*#h0$!h1, �0! h*+ !h%*h(%*!/h{5}h�* h{8}L

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h.!)+2�(h+"h�h(!�"h*+ !N

5HPRYLQJ�D�QRGH�ZLWK�D�OHIW�RU�ULJKW�FKLOG
�+3Mh(!0\/h0�'!h�h(++'h�0h0$!h/!�+* h/�!*�.%+Mh3$%�$h%/h�h*+ !h0$�0h$�/h�h(!"0h+.h.%#$0h�$%( Lh�*
0$%/h��/!Mh3!h*!! h0+h/'%,h0$%/h*+ !h�* h�//%#*h0$!h,�.!*0h,+%*0!.h0+h0$!h�$%( h*+ !L

�"h0$!h*+ !h +!/h*+0h$�2!h�h(!"0h�$%( hS(%*!h{12}TMh%0h)!�*/h%0h$�/h�h.%#$0h�$%( Lh�+Mh3!h3%((
�$�*#!h0$!h.!"!.!*�!h+"h0$!h*+ !h0+h%0/h.%#$0h�$%( hS(%*!h{13}Th�* h.!01.*h0$!h1, �0! h*+ !
S(%*!h{14}TLh�!h3%((h +h0$!h/�)!h%"h0$!h*+ !h +!/h*+0h$�2!h0$!h.%#$0h�$%( hS(%*!h{15}TOh3!
3%((h1, �0!h0$!h*+ !h.!"!.!*�!h0+h%0/h(!"0h�$%( hS(%*!h{16}Th�* h.!01.*h0$!h1, �0! h2�(1!hS(%*!
{17}TL

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h.!)+2�(h+"h�h*+ !h3%0$h+*(5h�h(!"0h+.h.%#$0h�$%( N
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5HPRYLQJ�D�QRGH�ZLWK�WZR�FKLOGUHQ
�+3h�+)!/h0$!h0$%. h/�!*�.%+h�* h0$!h)+/0h�+),(!4h+*!Mh3$%�$h%/h0$!h/�!*�.%+h3$!.!h0$!
*+ !h3!h�.!h0.5%*#h0+h.!)+2!h$�/h03+h�$%( .!*Nh0$!h.%#$0h�* h(!"0h+*!Lh�+h.!)+2!h�h*+ !
3%0$h�$%( .!*Mh0$!.!h�.!h"+1.h/0!,/h0$�0h*!! h0+h�!h,!."+.)! Mh�/h"+((+3/N

�*�!h3!h"%* h0$!h*+ !h3!h3�*0h0+h.!)+2!Mh3!h*!! h0+h"%* h0$!h)%*%)1)h*+ !9L
".+)h%0/h.%#$0e$�* h/% !h! #!h/1�0.!!hS%0/h/1��!//+.h(%*!h{18}TL
�$!*Mh3!h3%((h1, �0!h0$!h2�(1!h+"h0$!h*+ !h3%0$h0$!h'!5h+"h0$!h)%*%)1)h*+ !:L
".+)h%0/h.%#$0e$�* h/% !h/1�0.!!hS(%*!h{19}TLh�%0$h0$%/h��0%+*Mh3!h�.!h.!,(��%*#h0$!
'!5h+"h0$!h*+ !Mh3$%�$h)!�*/h%0h3�/h.!)+2! L

+3!2!.Mh*+3h3!h$�2!h03+h*+ !/h%*h0$!h0.!!h3%0$h0$!h/�)!h'!5Mh�* h0$%/h��**+0;L
$�,,!*Lh�$�0h3!h*!! h0+h +h*+3h%/h.!)+2!h0$!h)%*%)1)h*+ !h".+)h0$!h.%#$0
/1�0.!!h�/h3!h)+2! h%0h0+h0$!h,(��!h+"h0$!h.!)+2! h*+ !hS(%*!h{20}TL
�%*�((5Mh3!h3%((h.!01.*h0$!h1, �0! h*+ !h.!"!.!*�!h0+h%0/h,�.!*0hS(%*!h{21}TL<L

�$!h%),(!)!*0�0%+*h+"h0$!hfindMinNodeh)!0$+ h%/h!4��0(5h0$!h/�)!h�/h0$!hminh)!0$+ L
�$!h+*(5h %""!.!*�!h%/h0$�0h%*h0$!hminh)!0$+ Mh3!h�.!h.!01.*%*#h+*(5h0$!h'!5Mh�* h%*h0$!
findMinNodeh)!0$+ Mh3!h�.!h.!01.*%*#h0$!h*+ !L

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h.!)+2�(h+"h�h*+ !h3%0$h+*(5h�h(!"0h�$%( h�* h�h.%#$0
�$%( N
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6HOI�EDODQFLQJ�WUHHV
�+3h0$�0h5+1h'*+3h$+3h0+h3+.'h3%0$h���Mh5+1h��*h %2!h%*0+h0$!h/01 5h+"h0.!!/h%"h5+1
3�*0h0+L

���h$�/h�h,.+�(!)Nh !,!* %*#h+*h$+3h)�*5h*+ !/h5+1h�  Mh+*!h+"h0$!h! #!/h+"h0$!h0.!!
��*h�!h2!.5h !!,Mh)!�*%*#h�h�.�*�$h+"h0$!h0.!!h��*h$�2!h�h$%#$h(!2!(h�* h�*+0$!.h�.�*�$
��*h$�2!h�h(+3h(!2!(Mh�/h/$+3*h%*h0$!h"+((+3%*#h %�#.�)N

�$%/h��*h��1/!h,!."+.)�*�!h%//1!/h3$!*h�  %*#Mh.!)+2%*#Mh�* h/!�.�$%*#h"+.h�h*+ !h+*h�
,�.0%�1(�.h! #!h+"h0$!h0.!!Lh�+.h0$%/h.!�/+*Mh0$!.!h%/h�h0.!!h��((! h0$!h� !(/+*`�!(/'%%b�* 
��* %X/b0.!!hS���b0.!!TLh�$!h���h0.!!h%/h�h/!("e��(�*�%*#h���h0.!!Mh3$%�$h)!�*/h0$!h$!%#$0
+"h�+0$h0$!h(!"0h�* h.%#$0h/1�0.!!/h+"h�*5h*+ !h %""!./h�5h9h�0h)+/0Lh�+1h3%((h(!�.*h)+.!
��+10h0$!h���h0.!!h%*h0$!h*!40h0+,%�L

$GHOVRQ�9HOVNLL�DQG�/DQGL
V�WUHH��$9/�WUHH�
�$!h���h0.!!h%/h�h/!("e��(�*�%*#h0.!!Mh)!�*%*#h0$!h0.!!h0.%!/h0+h/!("e��(�*�!h3$!*!2!.h�h*+ !
%/h�  ! h0+h%0h+.h.!)+2! h".+)h%0Lh�$!h$!%#$0h+"h0$!h(!"0h+.h.%#$0h/1�0.!!h+"h�*5h*+ !hS�* 
�*5h(!2!(Th %""!./h�5h9h�0h)+/0Lh�$%/h)!�*/h0$!h0.!!h3%((h0.5h0+h�!�+)!h�h�+),(!0!h0.!!
3$!*!2!.h,+//%�(!h3$%(!h�  %*#h+.h.!)+2%*#h�h*+ !L
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,QVHUWLQJ�D�QRGH�LQ�WKH�$9/�WUHH
�*/!.0%*#h�* h.!)+2%*#h*+ !/h%*h�*h���h0.!!h3+.'/h0$!h/�)!h3�5h�/h%*h���Lh
+3!2!.Mh0$!
 %""!.!*�!h%*h0$!h���h0.!!h%/h0$�0h3!h3%((h*!! h0+h2!.%"5h%0/h��(�*�!b"��0+.Mh�* h%"h*!! ! Mh3!
3%((h�,,(5h0$!h(+#%�h0+h/!("e��(�*�!h0$!h0.!!L

�$!h"+((+3%*#h�+ !h%*/!.0/h�h*!3h*+ !h%*h�*h���h0.!!N

var insertNode = function(node, element) {
  if (node === null) {
    node = new Node(element);
  } else if (element < node.key) {
    node.left = insertNode(node.left, element);

    if (node.left !== null) {
��������YHULI\�LI�EDODQFLQJ�LV�QHHGHG�^�`
    }
  } else if (element > node.key) {
    node.right = insertNode(node.right, element);

    if (node.right !== null) {
��������YHULI\�LI�EDODQFLQJ�LV�QHHGHG�^�`
    }
  }
  return node;
};


+3!2!.Mh3$!*!2!.h3!h%*/!.0h�h*!3h*+ !Mh3!h*!! h0+h�$!�'h3$!0$!.h0$!h0.!!h*!! /h0+h�!
��(�*�! hS(%*!/h{1}h�* h{2}TL

&DOFXODWLQJ�WKH�EDODQFH�IDFWRU
�*h�*h���h0.!!Mh"+.h!2!.5h*+ !Mh3!h*!! h0+h��(�1(�0!h0$!h %""!.!*�!h�!03!!*h0$!h$!%#$0h+"h0$!
.%#$0e$�* h/% !h/1�0.!!hS%/Th�* h0$!h(!"0e$�* h/% !h/1�0.!!hS%)TLh�$!h.!/1(0h+"h%/dbd%)h*!! /h0+
�!h8Mh9Mh+.he9Lh�"h0$!h.!/1(0h%/h %""!.!*0h".+)h0$!/!h2�(1!/Mh%0h)!�*/h0$!h0.!!h*!! /h0+h�!
��(�*�! Lh�$%/h�+*�!,0h%/h��((! h0$!h��(�*�!h"��0+.L

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h��(�*�!h"��0+.h+"h/+)!h0.!!/hS�((h0.!!/h�.!h��(�*�! TN
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�$!h�+ !h0+h��(�1(�0!h0$!h$!%#$0h+"h�h*+ !h%/h#%2!*h�/h"+((+3/N

var heightNode = function(node) {
  if (node === null) {
    return -1;
  } else {
    return Math.max(heightNode(node.left),
    heightNode(node.right)) + 1;
  }
};

�+Mh%"h3!h�.!h%*/!.0%*#h�h*!3h*+ !h%*h�h(!"0e$�* h/% !h/1�0.!!Mh3!h3%((h��(�1(�0!h0$!h$!%#$0M
�* h%"h%0h%/h(�.#!.h0$�*h9hS)!�*%*#h%0h%/h*+0he9Mh8h+.h9TMh0$!*h3!h3%((h��(�*�!h0$!h(!"0e$�* h/% !
/1�0.!!Mh�/h"+((+3/N

//this code replaces line {1} from insertNode method
if ((heightNode(node.left) - heightNode(node.right)) > 1){
  ���GR�URWDWLRQV�^�`
}

�!h3%((h�,,(5h0$!h/�)!h(+#%�h%"h3!h�.!h%*/!.0%*#h�h*+ !h%*h�h.%#$0e$�* h/% !h/1�0.!!h2%�h0$!
"+((+3%*#h�+ !N

//this code replaces line {2} from insertNode method
if ((heightNode(node.right) - heightNode(node.left)) > 1){
  ���GR�URWDWLRQV�^�`
}
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$9/�URWDWLRQV
�$!*h%*/!.0%*#h*+ !/h0+h�*h���h0.!!Mh0$!.!h�.!h03+h��(�*�%*#h,.+�!//!/h0$�0h��*h�!h1/! N
/%),(!h.+0�0%+*h+.h +1�(!h.+0�0%+*Lh�!03!!*h/%),(!h.+0�0%+*h�* h +1�(!h.+0�0%+*Mh0$!.!h�.!
"+1.h/�!*�.%+/N

�%#$0`�%#$0bR��SNh�$%/h%/h�h/%*#(!h.+0�0%+*h0+h0$!h(!"0
�!"0`�!"0bR��SNh�$%/h%/h�h/%*#(!h.+0�0%+*h0+h0$!h.%#$0
�!"0`�%#$0bR��SNh�$%/h%/h�h +1�(!h.+0�0%+*h0+h0$!h.%#$0
�%#$0`�!"0bR��SNh�$%/h%/h�h +1�(!h.+0�0%+*h0+h0$!h(!"0

�!0\/h�+*/% !.h$+3h!��$h+*!h3+.'/L

�%#$0`�%#$0bR��SMb�b/%*#(!b.+0�0%+*b0+b0$!b(!"0

�+*/% !.h0$!h"+((+3%*#h %�#.�)N

�1,,+/!h*+ !h@7h3�/h0$!h(�/0h+*!h%*/!.0! h%*h0$!h���h0.!!Lh�$%/h3+1( h)�'!h0$!h0.!!
1*��(�*�! hS*+ !h<7ba�hh$�/h$!%#$0h`9TMh/+h3!h3+1( h*!! h0+h��(�*�!h%0Lh�$!/!h�.!h0$!h/0!,/
3!h3%((h,!."+.)h0+h��(�*�!h0$!h0.!!N

�+ !h�Mh3$%�$h%/h%*h0$!h)%  (!h+"h0$!h0$.!!h*+ !/h%*2+(2! h%*h0$!h��(�*�%*#hS�Mh�M
�* h�TMh3%((h0�'!h,(��!h+"h0$!h*+ !h�Mh3$%�$h$�/h�h��(�*�!h"��0+.h+"h`9hS(%*!h{1}T
�+ !h�Mh0$!h.%#$0e$�* h/% !h/1�0.!!Mh3%((h*+0h�!h�$�*#! 
�+ !h�Mh0$!h(!"0e$�* h/% !h/1�0.!!hS*+ !h�TMh3%((h�!h,(��! h�/h0$!h.%#$0e$�* h/% !
/1�0.!!h+"h*+ !h�hS(%*!h{2}T
�+ !h�Mh0$!h(!"0e$�* h/% !h�$%( Mh3%((h.!"!.!*�!h*+ !h�hS(%*!h{3}T

�$!h"+((+3%*#h�+ !h!4!),(%"%!/h0$%/h,.+�!//N

var rotationRR = function(node) {
  var tmp = node.right;  //{1}
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  node.right = tmp.left; //{2}
  tmp.left = node;       //{3}
  return tmp;
};

�!"0`�!"0bR��SMb�b/%*#(!b.+0�0%+*b0+b0$!b.%#$0

�+*/% !.h0$!h"+((+3%*#h %�#.�)N

�1,,+/!h*+ !h<h3�/h0$!h(�/0h+*!h%*/!.0! h%*h0$!h���h0.!!Lh�$%/h3+1( h)�'!h0$!h0.!!
1*��(�*�! hS*+ !h<7ba�h$�/h$!%#$0hB9TMh/+h3!h3+1( h*!! h0+h��(�*�!h%0Lh�$!/!h�.!h0$!h/0!,/
3!h3%((h,!."+.)h0+h��(�*�!h0$!h0.!!N

�+ !h�Mh3$%�$h%/h%*h0$!h)%  (!h+"h0$!h0$.!!h*+ !/h%*2+(2! h%*h0$!h��(�*�%*#hS�Mh�M
�* h�TMh3%((h0�'!h0$!h,(��!h+"h*+ !h�Mh3$%�$h$�/h�h��(�*�!h"��0+.h+"hB9hS(%*!h{1}T
�+ !h�Mh0$!h(!"0e$�* h/% !h/1�0.!!Mh3%((h*+0h�!h�$�*#! 
�+ !h�Mh0$!h.%#$0e$�* h/% !h/1�0.!!hS*+ !h�TMh3%((h�!h,(��! h�/h0$!h(!"0e$�* h/% !
/1�0.!!h+"h*+ !h�hS(%*!h{2}T
�+ !h�Mh0$!h.%#$0e$�* h/% !h�$%( Mh3%((h.!"!.!*�!h*+ !h�hS(%*!h{3}T

�$!h"+((+3%*#h�+ !h!4!),(%"%!/h0$%/h,.+�!//N

var rotationLL = function(node) {
  var tmp = node.left;   //{1}
  node.left = tmp.right; //{2}
  tmp.right = node;      //{3}
  return tmp;
};
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�!"0`�%#$0bR��SMb�b +1�(!b.+0�0%+*b0+b0$!b.%#$0

�+*/% !.h0$!h"+((+3%*#h %�#.�)N

�1,,+/!h*+ !h:<h3�/h0$!h(�/0h+*!h%*/!.0! h%*h0$!h���h0.!!Lh�$%/h3+1( h)�'!h0$!h0.!!
1*��(�*�! hS*+ !h<7ba�h$�/h$!%#$0hB9TMh/+h3!h3+1( h*!! h0+h��(�*�!h%0Lh�$!/!h�.!h0$!h/0!,/
3!h3%((h,!."+.)h0+h��(�*�!h0$!h0.!!N

�+ !h�h3%((h0�'!h,(��!h+"h*+ !h�Mh3$%�$h$�/h�h��(�*�!h"��0+.h+"hB9
�+ !h�Mh0$!h.%#$0e$�* h/% !h/1�0.!!hS*+ !h�TMh3%((h�!h,(��! h�/h0$!h(!"0e$�* h/% !
/1�0.!!h+"h*+ !h�
�+ !h�Mb0$!b(!"0e$�* h/% !h/1�0.!!Mh3%((h�!h,(��! h�/h0$!h.%#$0e$�* h/% !h/1�0.!!
+"h*+ !h�
�+ !h�Mh0$!h.%#$0e$�* h/% !h�$%( Mh3%((h.!"!.!*�!h*+ !h�
�+ !h�Mh0$!h(!"0e$�* h/% !h�$%( Mh3%((h.!"!.!*�!h*+ !h�

�+h��/%��((5Mh3!h�.!h +%*#h�*h��h.+0�0%+*h"%./0h�* h0$!*h�*h��h.+0�0%+*L

�$!h"+((+3%*#h�+ !h!4!),(%"%!/h0$%/h,.+�!//N

var rotationLR = function(node) {
  node.left = rotationRR(node.left);
  return rotationLL(node);
};

�%#$0`�!"0bR��SMb�b +1�(!b.+0�0%+*b0+b0$!b(!"0

�+*/% !.h0$!h"+((+3%*#h %�#.�)N
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�1,,+/!h*+ !h><h3�/h0$!h(�/0h+*!h%*/!.0! h%*h0$!h���h0.!!Lh�$%/h3+1( h)�'!h0$!h0.!!
1*��(�*�! hS*+ !h>7ba�h$�/h$!%#$0h`9TMh/+h3!h3+1( h*!! h0+h��(�*�!h%0Lh�$!/!h�.!h0$!h/0!,/
3!h3%((h,!."+.)h0+h��(�*�!h0$!h0.!!N

�+ !h�h3%((h0�'!h0$!h,(��!h+"h*+ !h�Mh3$%�$h$�/h�h��(�*�!h"��0+.h+"h`9
�+ !h�Mh0$!h.%#$0e$�* h/% !h/1�0.!!hS*+ !h�TMh3%((h�!h,(��! h�/h0$!h(!"0e$�* h/% !
/1�0.!!h+"h*+ !h�
�+ !h�Mh0$!h(!"0e$�* h/% !h/1�0.!!Mh3%((h�!h,(��! h�/h0$!h.%#$0e$�* h/% !h/1�0.!!
+"h*+ !h�
�+ !h�Mh0$!h.%#$0e$�* h/% !h�$%( Mh3%((h.!"!.!*�!h*+ !h�
�+ !h�Mh0$!h(!"0e$�* h/% !h�$%( Mh3%((h.!"!.!*�!h*+ !h�

�+h��/%��((5Mh3!h�.!h +%*#h�*h��h.+0�0%+*h"%./0h�* h0$!*h�*h��h.+0�0%+*L

�$!h"+((+3%*#h�+ !h!4!),(%"%!/h0$%/h,.+�!//N

var rotationRL = function(node) {
  node.right = rotationLL(node.right);
  return rotationRR(node);
};

&RPSOHWLQJ�WKH�LQVHUW1RGH�PHWKRG
�"0!.h2!.%"5%*#h0$�0h0$!h0.!!h*!! /h0+h�!h��(�*�! Mh3!h&1/0h*!! h0+h�,,(5h0$!h�+..!�0h.+0�0%+*
"+.h!��$h��/!L

�"h3!h�.!h%*/!.0%*#h�h*+ !h%*h0$!h(!"0e$�* h/% !h/1�0.!!h�* h0$!h2�(1!h+"h0$!h*+ !h%/h/)�((!.
0$�*h0$!h2�(1!h+"h%0/h(!"0e$�* h/% !h�$%( Mh3!h3%((h +h�*h��h.+0�0%+*Lh�0$!.3%/!Mh3!h3%((h +
�*h��h.+0�0%+*Lh�$!h�+ !h0$�0h!4!),(%"%!/h0$%/h,.+�!//h%/h#%2!*h$!.!N

//this code replaces line {1} from insertNode method
if ((heightNode(node.left) - heightNode(node.right)) > 1){



�/""0

Tb8@8bU

  // do rotations {3}
  if (element < node.left.key){
    node = rotationLL(node);
  } else {
    node = rotationLR(node);
  }
}

�"h3!h�.!h%*/!.0%*#h�h*+ !h%*h0$!h.%#$0e$�* h/% !h/1�0.!!h�* h0$!h2�(1!h+"h0$!h*+ !h%/h�%##!.
0$�*h0$!h2�(1!h+"h%0/h.%#$0e$�* h/% !h�$%( Mh3!h3%((h +h�*h��h.+0�0%+*Lh�0$!.3%/!Mh3!h3%((h +
�*h��h.+0�0%+*Lh�$!h�+ !h0$�0h!4!),(%"%!/h0$%/h,.+�!//h%/h#%2!*h�/h"+((+3/N

//this code replaces line {2} from insertNode method
if ((heightNode(node.right) - heightNode(node.left)) > 1){
  // do rotations {4}
  if (element > node.right.key){
    node = rotationRR(node);
  } else {
    node = rotationRL(node);
  }
}

0RUH�DERXW�ELQDU\�WUHHV
�(0$+1#$h0$!h���h0.!!h%/h�h/!("e��(�*�! h0.!!Mh/+)!0%)!/h%0/h,!."+.)�*�!h%*h%*/!.0%*#h+.
.!)+2%*#h*+ !/h%/h*+0h0$!h�!/0h+*!Lh�h�!00!.h+,0%+*h3+1( h�!h1/%*#h0$!h�! `�(��'h0.!!L

�$!h�! e�(��'h0.!!h�((+3/h�*h!""%�%!*0h%*e+. !.h0.�2!./�(h+"h%0/h*+ !/
Shttp://goo.gl/OxED8KTLh�(0$+1#$h3!h3%((h*+0h�+2!.h0$%/h0.!!h%*h0$%/h�++'Mh5+1h��*h"%* 
%0/h/+1.�!h�+ !h3%0$%*h0$!h�++'\/h�+ !h�1* (!L

�+1h/$+1( h�(/+h�$!�'h+10h0$!h
!�,h0.!!hShttp://goo.gl/SFlhW6Th%"h5+1h3�*0h0+h(!�.*
)+.!h��+10h0.!!/L

6XPPDU\
�*h0$%/h�$�,0!.Mh3!h�+2!.! h0$!h�(#+.%0$)/h0+h�  Mh/!�.�$Mh�* h.!)+2!h%0!)/h".+)h�h�%*�.5
/!�.�$h0.!!Mh3$%�$h%/h0$!h��/%�h0.!!h �0�h/0.1�01.!h(�.#!(5h1/! h%*h�+),10!.h/�%!*�!Lh�!
�+2!.! h0$.!!h0.�2!./�(h�,,.+��$!/h0+h2%/%0h�((h0$!h*+ !/h+"h�h0.!!Lh�+1h�(/+h(!�.*! h$+3h0+
 !2!(+,h�h/!("e��(�*�! h0.!!h*�)! h0$!h���h0.!!L

�*h0$!h*!40h�$�,0!.Mh3!h3%((h/01 5h0$!h��/%�h�+*�!,0/h+"h#.�,$/Mh3$%�$h�.!h�(/+h�h*+*(%*!�.
 �0�h/0.1�01.!L

http://goo.gl/OxED8K
http://goo.gl/SFlhW6
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�*h0$%/h�$�,0!.Mh5+1h3%((h(!�.*h��+10h�*+0$!.h*+*(%*!�.h �0�h/0.1�01.!h��((! h#.�,$Lh�$%/h3%((
�!h0$!h(�/0h �0�h/0.1�01.!h3!h3%((h�+2!.h�!"+.!h %2%*#h%*0+h/+.0%*#h�* h/!�.�$%*#h�(#+.%0$)/L

�$%/h�$�,0!.h3%((h�+2!.h�h�+*/% !.��(!h,�.0h+"h0$!h3+* !."1(h�,,(%��0%+*/h+"h#.�,$/Lh�%*�!
0$%/h%/h�h2�/0h0+,%�Mh3!h�+1( h3.%0!h�h�++'h(%'!h0$%/h&1/0h0+h %2!h%*0+h0$!h�)�6%*#h3+.( h+"
#.�,$/L

*UDSK�WHUPLQRORJ\
�h#.�,$h%/h�*h��/0.��0h)+ !(h+"h�h*!03+.'h/0.1�01.!Lh�h#.�,$h%/h�h/!0h+"h*+ !/hS+.h2!.0%�!/T
�+**!�0! h�5h! #!/Lh�!�.*%*#h��+10h#.�,$/h%/h%),+.0�*0h�!��1/!h�*5h�%*�.5h.!(�0%+*/$%,
��*h�!h.!,.!/!*0! h�5h�h#.�,$L

�*5h/+�%�(h*!03+.'Mh/1�$h�/h���!�++'Mh�3%00!.Mh�* h	++#(!CMh��*h�!h.!,.!/!*0! h�5h�h#.�,$L

�!h��*h�(/+h1/!h#.�,$/h0+h.!,.!/!*0h.+� /Mh"(%#$0/Mh�* h�+))1*%��0%+*/Mh�/h/$+3*h%*h0$!
"+((+3%*#h%)�#!N
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�!0\/h(!�.*h)+.!h��+10h0$!h)�0$!)�0%��(h�* h0!�$*%��(h�+*�!,0/h+"h#.�,$/L

�h#.�,$h	dDdS�Md�Th%/h�+),+/! h+"N

�Nh�h/!0h+"h2!.0%�!/
�Nh�h/!0h+"h! #!/h�+**!�0%*#h0$!h2!.0%�!/h%*h�

�$!h"+((+3%*#h %�#.�)h.!,.!/!*0/h�h#.�,$N

�!0\/h�+2!.h/+)!h#.�,$h0!.)%*+(+#5h�!"+.!h3!h/0�.0h%),(!)!*0%*#h�*5h�(#+.%0$)/L

�!.0%�!/h�+**!�0! h�5h�*h! #!h�.!h��((! h� &��!*0b2!.0%�!/Lh�+.h!4�),(!Mh�h�* h�h�.!
� &��!*0Mh�h�* h�h�.!h� &��!*0Mh�h�* h�h�.!h� &��!*0Mh�* h�h�* h�h�.!h+,1h� &��!*0L

�h !#.!!h+"h�h2!.0!4h�+*/%/0/h+"h0$!h*1)�!.h+"h� &��!*0h2!.0%�!/Lh�+.h!4�),(!Mh�h%/
�+**!�0! h0+h+0$!.h0$.!!h2!.0%�!/Mh0$!.!"+.!Mh�h$�/h !#.!!h;Oh�h%/h�+**!�0! h0+h+0$!.h03+
2!.0%�!/Mh0$!.!"+.!Mh�h$�/h !#.!!h:L

�h,�0$h%/h�h/!-1!*�!h+"h�+*/!�10%2!h2!.0%�!/Mh/1�$h�/h39Mh3:MhPMh3(Mh3$!.!h3&h�* h3&C9h�.!
� &��!*0Lh�/%*#h0$!h#.�,$h".+)h0$!h,.!2%+1/h %�#.�)h�/h�*h!4�),(!Mh3!h$�2!h0$!h,�0$/h�b�
�b�h�* h�b�b�b	Mh�)+*#h+0$!./L

�h/%),(!h,�0$h +!/h*+0h�+*0�%*h.!,!�0! h2!.0%�!/Lh�/h�*h!4�),(!Mh3!h$�2!h0$!h,�0$h�b�b	L
�h�5�(!h%/h�h/%),(!h,�0$Mh!4�!,0h"+.h0$!h(�/0h2!.0!4Mh3$%�$h%/h0$!h/�)!h�/h0$!h"%./0h2!.0!4Nh�b�
�b�hS���'h0+h�TL

�h#.�,$h%/h��5�(%�h%"h%0h +!/h*+0h$�2!h�5�(!/Lh�h#.�,$h%/h�+**!�0! b%"h0$!.!h%/h�h,�0$h�!03!!*
!2!.5h,�%.h+"h2!.0%�!/L
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'LUHFWHG�DQG�XQGLUHFWHG�JUDSKV
	.�,$/h��*h�!h1* %.!�0! hS3$!.!h! #!/h +h*+0h$�2!h�h %.!�0%+*Th+.h %.!�0! hS %#.�,$TM
3$!.!h! #!/h$�2!h�h %.!�0%+*Mh�/h !)+*/0.�0! h$!.!N

�h#.�,$h%/h/0.+*#(5b�+**!�0! h%"h0$!.!h%/h�h,�0$h%*h�+0$h %.!�0%+*/h�!03!!*h!2!.5h,�%.h+"
2!.0%�!/Lh�+.h!4�),(!Mh�h�* h�h�.!h/0.+*#(5h�+**!�0! Mh3$%(!h�h�* h�h�.!h*+0h/0.+*#(5
�+**!�0! L

	.�,$/h��*h�(/+h�!h1*3!%#$0! hS�/h3!h$�2!h*+0! h/+h"�.Th+.h3!%#$0! hS%*h3$%�$h0$!h! #!/
$�2!h3!%#$0/TMh�/h/$+3*h%*h0$!h"+((+3%*#h %�#.�)N

�!h��*h/+(2!h)�*5h,.+�(!)/h%*h0$!h�+),10!.h/�%!*�!h3+.( h1/%*#h#.�,$/Mh/1�$h�/
/!�.�$%*#h�h#.�,$h"+.h�h/,!�%"%�h2!.0!4h+.h/!�.�$%*#h"+.h�h/,!�%"%�h! #!Mh"%* %*#h�h,�0$h%*h0$!
#.�,$hS".+)h+*!h2!.0!4h0+h�*+0$!.TMh"%* %*#h0$!h/$+.0!/0h,�0$h�!03!!*h03+h2!.0%�!/Mh�* 
�5�(!h !0!�0%+*L
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5HSUHVHQWLQJ�D�JUDSK
�$!.!h�.!h�h"!3h3�5/h%*h3$%�$h3!h��*h.!,.!/!*0h#.�,$/h3$!*h%0h�+)!/h0+h �0�h/0.1�01.!/L
�$!.!h%/h*+h�+..!�0h3�5h+"h.!,.!/!*0%*#h�h#.�,$h�)+*#h0$!h!4%/0%*#h,+//%�%(%0%!/Lh�0h !,!* /
+*h0$!h05,!h+"h,.+�(!)h5+1h*!! h0+h.!/+(2!h�* h0$!h05,!h+"h#.�,$h�/h3!((L

7KH�DGMDFHQF\�PDWUL[
�$!h)+/0h�+))+*h%),(!)!*0�0%+*h%/h0$!h� &��!*�5h)�0.%4Lh���$h*+ !h%/h�//+�%�0! h3%0$h�*
%*0!#!.Mh3$%�$h%/h0$!h�..�5h%* !4Lh�!h3%((h.!,.!/!*0h0$!h�+**!�0%2%05h�!03!!*h2!.0%�!/h1/%*#
�h03+e %)!*/%+*�(h�..�5Mh�/h�//�6U&VU'VdDdDdDd9h%"h0$!.!h%/h�*h! #!h".+)h0$!h*+ !h3%0$h%* !4h&
0+h0$!h*+ !h3%0$h%* !4h'h+.h�/h�//�6U&VU'VdDdDdDd8h+0$!.3%/!Mh�/h !)+*/0.�0! h�5h0$!h"+((+3%*#
 %�#.�)N

	.�,$/h0$�0h�.!h*+0h/0.+*#(5h�+**!�0! hS/,�./!b#.�,$/Th3%((h�!h.!,.!/!*0! h�5h�h)�0.%4h3%0$
)�*5h6!.+h!*0.%!/h%*h0$!h� &��!*�5h)�0.%4Lh�$%/h)!�*/h3!h3+1( h3�/0!h/,��!h%*h0$!
�+),10!.h)!)+.5h0+h.!,.!/!*0h! #!/h0$�0h +h*+0h!4%/0Oh"+.h!4�),(!Mh%"h3!h*!! h0+h"%* h0$!
� &��!*0h2!.0%�!/h+"h�h#%2!*h2!.0!4Mh3!h3%((h$�2!h0+h%0!.�0!h0$.+1#$h0$!h3$+(!h.+3h!2!*h%"
0$%/h2!.0!4h$�/h+*(5h+*!h� &��!*0h2!.0!4Lh�*+0$!.h.!�/+*h0$%/h)%#$0h*+0h�!h�h#++ 
.!,.!/!*0�0%+*h%/h0$�0h0$!h*1)�!.h+"h2!.0%�!/h%*h0$!h#.�,$h)�5h�$�*#!Mh�* h�h03+e
 %)!*/%+*�(h�..�5h%/h%*"(!4%�(!L

7KH�DGMDFHQF\�OLVW
�!h��*h1/!h�h 5*�)%�h �0�h/0.1�01.!h0+h.!,.!/!*0h#.�,$/h�/h3!((Mh��((! h�*h� &��!*�5b(%/0L
�$%/h�+*/%/0/h+"h�h(%/0h+"h� &��!*0h2!.0%�!/h"+.h!2!.5h2!.0!4h+"h0$!h#.�,$Lh�$!.!h�.!h�h"!3
 %""!.!*0h3�5/h3!h��*h.!,.!/!*0h0$%/h �0�h/0.1�01.!Lh�+h.!,.!/!*0h0$!h(%/0h+"h� &��!*0h2!.0%�!/M
3!h��*h1/!h�h(%/0hS�..�5TMh�h(%*'! h(%/0Mh+.h!2!*h�h$�/$h)�,h+.h %�0%+*�.5Lh�$!h"+((+3%*#
 %�#.�)h!4!),(%"%!/h0$!h� &��!*�5h(%/0h �0�h/0.1�01.!N



	/�-%0

Tb8@=bU

�+0$h.!,.!/!*0�0%+*/h�.!h2!.5h1/!"1(h�* h$�2!h %""!.!*0h,.+,!.0%!/hS"+.h!4�),(!Mh"%* %*#h+10
3$!0$!.h0$!h2!.0%�!/h3h�* h4h�.!h� &��!*0h%/h"�/0!.h1/%*#h�*h� &��!*0h)�0.%4TMh�(0$+1#$
� &��!*�5h(%/0/h�.!h,.+���(5h�!00!.h"+.h)+/0h,.+�(!)/Lh�!h3%((h1/!h0$!h� &��!*�5h(%/0
.!,.!/!*0�0%+*h"+.h0$!h!4�),(!/h%*h0$%/h�++'L

7KH�LQFLGHQFH�PDWUL[
�!h��*h�(/+h.!,.!/!*0h�h#.�,$h1/%*#h�*h%*�% !*�!b)�0.%4Lh�*h�*h%*�% !*�!h)�0.%4Mh!��$h.+3
+"h0$!h)�0.%4h.!,.!/!*0/h�h2!.0!4Mh�* h!��$h�+(1)*h.!,.!/!*0/h�*h! #!Lh�!h3%((h.!,.!/!*0
0$!h�+**!�0%2%05h�!03!!*h03+h+�&!�0/h1/%*#h�h03+e %)!*/%+*�(h�..�5Mh�/h�//�6U3VU"VdDdDdDd9h%"
0$!h2!.0!4h3h%/h%*�% !*0h1,+*h! #!h"h+.h�/h�//�6U3VU"VdDdDdDd8h+0$!.3%/!Mh�/h !)+*/0.�0! h%*
0$!h"+((+3%*#h %�#.�)N

�*h%*�% !*�!h)�0.%4h%/h1/1�((5h1/! h0+h/�2!h/,��!h�* h)!)+.5h3$!*h3!h$�2!h)+.!h! #!/
0$�*h2!.0%�!/L
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&UHDWLQJ�WKH�*UDSK�FODVV
�/h1/1�(Mh3!h3%((h !�(�.!h0$!h/'!(!0+*h+"h+1.h�(�//N

function Graph() {
  var vertices = []; //{1}
  var adjList = new Dictionary(); //{2}
}

�!h3%((h1/!h�*h�..�5h0+h/0+.!h0$!h*�)!/h+"h�((h0$!h2!.0%�!/h+"h0$!h#.�,$hS(%*!h{1}TMh�* h3!
3%((h1/!h�h %�0%+*�.5hS%),(!)!*0! h%*hChapter 7Mh�& 1&,+�/&"0d�+!d
�0%"0Th0+h/0+.!h0$!
� &��!*0h(%/0hS(%*!h{2}TLh�$!h %�0%+*�.5h3%((h1/!h0$!h*�)!h+"h0$!h2!.0!4h�/h�h'!5h�* h0$!h(%/0h+"
� &��!*0h2!.0%�!/h�/h�h2�(1!Lh�+0$h0$!hverticesh�..�5h�* h0$!hadjListh %�0%+*�.5h�.!
,.%2�0!h�00.%�10!/h+"h+1.hGraphh�(�//L

�!40Mh3!h3%((h%),(!)!*0h03+h)!0$+ /Nh+*!h0+h�  h�h*!3h2!.0!4h0+h0$!h#.�,$hS�!��1/!h3$!*
3!h%*/0�*0%�0!h0$!h#.�,$Mh%0h3%((h�.!�0!h�*h!),05h+*!Th�* h�*+0$!.h)!0$+ h0+h�  h! #!/
�!03!!*h0$!h2!.0%�!/Lh�!0\/h%),(!)!*0h0$!haddVertexh)!0$+ h"%./0Mh�/h"+((+3/N

this.addVertex = function(v){
  vertices.push(v); //{3}
  adjList.set(v, []); //{4}
};

�$%/h)!0$+ h.!�!%2!/h�h2!.0!4hvh�/h�h,�.�)!0!.Lh�!h3%((h�  h0$%/h2!.0!4h0+h0$!h(%/0h+"h2!.0%�!/
S(%*!h{3}TMh�* h3!h3%((h�(/+h%*%0%�(%6!h0$!h� &��!*0h(%/0h3%0$h�*h!),05h�..�5h�5h/!00%*#h0$!
 %�0%+*�.5h2�(1!h+"h0$!h2!.0!4hvh'!5h3%0$h�*h!),05h�..�5hS(%*!h{4}TL

�+3Mh(!0\/h%),(!)!*0h0$!haddEdgeh)!0$+ h2%�h0$!h"+((+3%*#h�+ !N

this.addEdge = function(v, w){
  adjList.get(v).push(w); //{5}
  adjList.get(w).push(v); //{6}
};

�$%/h)!0$+ h.!�!%2!/h03+h2!.0%�!/h�/h,�.�)!0!./Lh�%./0Mh3!h3%((h�  h�*h! #!h".+)h2!.0!4hvh0+
2!.0!4hwhS(%*!h{5}Th�5h�  %*#hwh0+h0$!h� &��!*0h(%/0h+"hvLh�"h5+1h3�*0h0+h%),(!)!*0h�h %.!�0! 
#.�,$Mh(%*!h{5}h%/h!*+1#$Lh�/h3!h�.!h3+.'%*#h3%0$h1* %.!�0! h#.�,$/h%*h)+/0h!4�),(!/h%*
0$%/h�$�,0!.Mh3!h�(/+h*!! h0+h�  h�*h! #!h".+)hwh0+hvhS(%*!h{6}TL

�+0!h0$�0h3!h�.!h+*(5h�  %*#h*!3h!(!)!*0/h0+h0$!h�..�5h�/h3!h$�2!
�(.!� 5h%*%0%�(%6! h%0h%*h(%*!h{4}L
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�!0\/h0!/0h0$%/h�+ !Mh�/h"+((+3/N

var graph = new Graph();
var myVertices = ['A','B','C','D','E','F','G','H','I']; //{7}
for (var i=0; i<myVertices.length; i++){ //{8}
  graph.addVertex(myVertices[i]);
}
graph.addEdge('A', 'B'); //{9}
graph.addEdge('A', 'C');
graph.addEdge('A', 'D');
graph.addEdge('C', 'D');
graph.addEdge('C', 'G');
graph.addEdge('D', 'G');
graph.addEdge('D', 'H');
graph.addEdge('B', 'E');
graph.addEdge('B', 'F');
graph.addEdge('E', 'I');

�+h)�'!h+1.h(%2!/h!�/%!.Mh(!0\/h�.!�0!h�*h�..�5h3%0$h�((h0$!h2!.0%�!/h3!h3�*0h0+h�  h0+h+1.
#.�,$hS(%*!h{7}TLh�$!*Mh3!h+*(5h*!! h0+h%0!.�0!h0$.+1#$h0$!hverticesh�..�5h�* h�  h0$!
2�(1!/h+*!h�5h+*!h0+h+1.h#.�,$hS(%*!h{8}TLh�%*�((5Mh3!h3%((h�  h0$!h !/%.! h! #!/hS(%*!h{9}TL
�$%/h�+ !h3%((h�.!�0!h0$!h#.�,$h3!h1/! h%*h0$!h %�#.�)/h,.!/!*0! h/+h"�.h%*h0$%/h�$�,0!.L

�+h)�'!h+1.h(%2!/h!2!*h!�/%!.Mh(!0\/h�(/+h%),(!)!*0h0$!htoStringh)!0$+ h"+.h0$%/hGraph
�(�//h/+h0$�0h3!h��*h+10,10h0$!h#.�,$h+*h0$!h�+*/+(!N

this.toString = function(){
  var s = '';
  for (var i=0; i<vertices.length; i++){ //{10}
    s += vertices[i] + ' -> ';
    var neighbors = adjList.get(vertices[i]); //{11}
    for (var j=0; j<neighbors.length; j++){ //{12}
      s += neighbors[j] + ' ';
    }
    s += '\n'; //{13}
  }
  return s;
};

�!h3%((h�1%( h�h/0.%*#h3%0$h0$!h� &��!*0h(%/0h.!,.!/!*0�0%+*Lh�%./0Mh3!h3%((h%0!.�0!h0$!h(%/0h+"
verticesh�..�5/hS(%*!h{10}Th�* h�  h0$!h*�)!h+"h0$!h2!.0!4h0+h+1.h/0.%*#Lh�$!*Mh3!h3%((h#!0
0$!h� &��!*0h(%/0h"+.h0$%/h2!.0!4hS(%*!h{11}TMh�* h3!h3%((h�(/+h%0!.�0!h%0hS(%*!h{12}Th0+h#!0h0$!
*�)!h+"h0$!h� &��!*0h2!.0!4h�* h�  h%0h0+h+1.h/0.%*#Lh�"0!.h3!h%0!.�0!h0$!h� &��!*0h(%/0Mh3!
3%((h�  h�h*!3h(%*!h0+h+1.h/0.%*#hS(%*!h{13}Th/+h0$�0h3!h��*h/!!h�h,.!005h+10,10h+*h0$!
�+*/+(!Lh�!0\/h0.5h0$%/h�+ !N

console.log(graph.toString());
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�$%/h3%((h�!h0$!h+10,10N

$��!�%�&�'
%��!�$�(�)
&��!�$�'�*
'��!�$�&�*�+
(��!�%�,
)��!�%
*��!�&�'
+��!�'
,��!�(

�h,.!005h� &��!*0h(%/0Rh�.+)h0$%/h+10,10Mh3!h'*+3h0$�0h2!.0!4hAh$�/h0$!h"+((+3%*#h� &��!*0
2!.0%�!/NhBMhCMh�* hDL

*UDSK�WUDYHUVDOV
�%)%(�.h0+h0$!h0.!!h �0�h/0.1�01.!Mh3!h��*h�(/+h2%/%0h�((h0$!h*+ !/h+"h�h#.�,$Lh�$!.!h�.!h03+
�(#+.%0$)/h0$�0h��*h�!h1/! h0+h0.�2!./!h�h#.�,$Mh��((! h�.!� 0$`"%./0b/!�.�$hS���Th�* h
 !,0$`"%./0b/!�.�$hS���TLh�.�2!./%*#h�h#.�,$h��*h�!h1/! h0+h"%* h�h/,!�%"%�h2!.0!4h+.h�h,�0$
�!03!!*h03+h2!.0%�!/Mh0+h�$!�'h3$!0$!.h0$!h#.�,$h%/h�+**!�0! Mh0+h�$!�'h3$!0$!.h%0h�+*0�%*/
�5�(!/Mh�* h/+h+*L

�!"+.!h3!h%),(!)!*0h0$!h�(#+.%0$)/Mh(!0\/h0.5h0+h�!00!.h1* !./0�* h0$!h% !�h+"h0.�2!./%*#h�
#.�,$L

�$!h% !�h+"h#.�,$h0.�2!./�(h�(#+.%0$)/h%/h0$�0h3!h)1/0h0.��'h!��$h2!.0!4h3$!*h3!h"%./0h2%/%0
%0h�* h'!!,h0.��'h+"h3$%�$h2!.0%�!/h$�2!h*+0h5!0h�!!*h�+),(!0!(5h!4,(+.! Lh�+.h�+0$
0.�2!./�(h#.�,$h�(#+.%0$)/Mh3!h*!! h0+h/,!�%"5h3$%�$h3%((h�!h0$!h"%./0h2!.0!4h0+h�!h2%/%0! L

�+h�+),(!0!(5h!4,(+.!h�h2!.0!4Mh3!h*!! h0+h(++'h�0h!��$h! #!h+"h0$%/h2!.0!4Lh�+.h!��$h! #!
�+**!�0! h0+h�h2!.0!4h0$�0h$�/h*+0h�!!*h2%/%0! h5!0Mh3!h3%((h)�.'h%0h�/h %/�+2!.! h�* h�  h%0
0+h0$!h(%/0h+"h2!.0%�!/h0+h�!h2%/%0! L

�*h+. !.h0+h$�2!h!""%�%!*0h�(#+.%0$)/Mh3!h)1/0h2%/%0h!��$h2!.0!4h03%�!h�0h0$!h)+/0h3$!*h!��$
+"h%0/h!* ,+%*0/h%/h!4,(+.! Lh�2!.5h! #!h�* h2!.0!4h%*h0$!h�+**!�0! h#.�,$h3%((h�!h2%/%0! L



	/�-%0

Tb977bU

�$!h���h�* h���h�(#+.%0$)/h�.!h��/%��((5h0$!h/�)!h3%0$h+*(5h+*!h %""!.!*�!Mh3$%�$h%/h0$!
 �0�h/0.1�01.!h1/! h0+h/0+.!h0$!h(%/0h+"h2!.0%�!/h0+h�!h2%/%0! Lh��'!h�h(++'h�0h0$!h"+((+3%*#
0��(!N

�(#+.%0$) ��0�b/0.1�01.! �!/�.%,0%+*

��� �0��' �5h/0+.%*#h0$!h2!.0%�!/h%*h�h/0��'hS(!�.*! h%*hChapter 3Mh�1� (0TM
0$!h2!.0%�!/h�.!h!4,(+.! h�5h(1.�$%*#h�(+*#h�h,�0$Mh2%/%0%*#h�h*!3
� &��!*0h2!.0!4h%"h0$!.!h%/h+*!h�2�%(��(!L

��� �1!1! �5h/0+.%*#h0$!h2!.0%�!/h%*h�h-1!1!hS(!�.*! h%*hChapter 4M
�2"2"0TMh0$!h+( !/0h1*!4,(+.! h2!.0%�!/h�.!h!4,(+.! h"%./0L

h

�$!*h)�.'%*#h0$!h2!.0%�!/h0$�0h3!h$�2!h�(.!� 5h2%/%0! Mh3!h3%((h1/!h0$.!!h�+(+./h0+h.!"(!�0
0$!%.h/0�01/N

�$%0!Nh�$%/h.!,.!/!*0/h0$�0h0$!h2!.0!4h$�/h*+0h�!!*h2%/%0! 
	.!5Nh�$%/h.!,.!/!*0/h0$�0h0$!h2!.0!4h$�/h�!!*h2%/%0! h�10h*+0h!4,(+.! 
�(��'Nh�$%/h.!,.!/!*0/h0$�0h0$!h2!.0!4h$�/h�!!*h�+),(!0!(5h!4,(+.! 

�$%/h%/h3$5h3!h)1/0h2%/%0h!��$h2!.0!4h03%�!h�0h0$!h)+/0Mh�/h)!*0%+*! h!�.(%!.L

%UHDGWK�ILUVW�VHDUFK��%)6�
�$!h���h�(#+.%0$)h/0�.0/h0.�2!./%*#h0$!h#.�,$h".+)h0$!h"%./0h/,!�%"%! h2!.0!4h�* h2%/%0/h�((h%0/
*!%#$�+./hS� &��!*0h2!.0%�!/Th"%./0Mh+*!h(�5!.h+"h0$!h#.�,$h�0h�h0%)!Lh�*h+0$!.h3+. /Mh%0h2%/%0/
0$!h2!.0%�!/h"%./0h3% !(5h�* h0$!*h !!,(5Mh�/h !)+*/0.�0! h�5h0$!h"+((+3%*#h %�#.�)N
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�$!/!h�.!h0$!h/0!,/h"+((+3! h�5h0$!h���h�(#+.%0$)Mh/0�.0%*#h�0h2!.0!4h3N

�.!�0!h�h-1!1!h�L9L
��.'h3h�/h %/�+2!.! hS#.!5Th�* h!*-1!1!h3h%*0+h�L:L
�$%(!h�h%/h*+0h!),05Mh,!."+.)h0$!h"+((+3%*#h/0!,/N;L

�!-1!1!h2h".+)h�L9L
��.'h2h�/h %/�+2!.! hS#.!5TL:L
�*-1!1!h�((h0$!h1*2%/%0! hS3$%0!Th*!%#$�+./h4h+"h2L;L
��.'h2h�/h!4,(+.! hS�(��'TL<L

�!0\/h%),(!)!*0h0$!h���h�(#+.%0$)h�/h"+((+3/N

var initializeColor = function(){
  var color = [];
  for (var i=0; i<vertices.length; i++){
    color[vertices[i]] = 'white'; //{1}
  }
  return color;
};

this.bfs = function(v, callback){

  var color = initializeColor(), //{2}
  queue = new Queue();       //{3}
  queue.enqueue(v);              //{4}

  while (!queue.isEmpty()){      //{5}
    var u = queue.dequeue(),        //{6}
    neighbors = adjList.get(u); //{7}
    color[u] = 'grey';                      //{8}
    for (var i=0; i<neighbors.length; i++){ //{9}
      var w = neighbors[i];               //{10}
      if (color[w] === 'white'){          //{11}
        color[w] = 'grey';              //{12}
        queue.enqueue(w);               //{13}
      }
    }
    color[u] = 'black'; //{14}
    if (callback) {     //{15}
      callback(u);
    }
  }
};
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�+.h�+0$h���h�* h���Mh3!h*!! h0+h)�.'h0$!h2!.0%�!/h2%/%0! Lh�+h +h/+Mh3!h3%((h1/!h�hhelper
�..�5h��((! hcolorLh�/h�* h3$!*h3!h/0�.0h!4!�10%*#h0$!h���h+.h���h�(#+.%0$)/Mh�((h0$!
2!.0%�!/h$�2!h0$!h�+(+.hwhitehS(%*!h{1}TMh/+h3!h��*h�.!�0!h�hhelperh"1*�0%+*h��((! 
initializeColorMh3$%�$h3%((h +h0$%/h"+.h1/h"+.h�+0$h0$!h�(#+.%0$)/h0$�0h3!h�.!
%),(!)!*0%*#L

�!0\/h %2!h%*0+h0$!h���h)!0$+ h%),(!)!*0�0%+*Lh�$!h"%./0h0$%*#h3!h3%((h +h%/h1/!h0$!
initializeColorh"1*�0%+*h0+h%*%0%�(%6!h0$!hcolorh�..�5h3%0$h0$!hwhiteh�+(+.hS(%*!h{2}TL
�!h�(/+h*!! h0+h !�(�.!h�* h�.!�0!h�hQueueh%*/0�*�!hS(%*!h{3}Th0$�0h3%((h/0+.!h0$!h2!.0%�!/
0$�0h*!! h0+h�!h2%/%0! h�* h!4,(+.! L

�+((+3%*#h0$!h/0!,/h3!h!4,(�%*! h�0h0$!h�!#%**%*#h+"h0$%/h�$�,0!.Mh0$!hbfsh)!0$+ h.!�!%2!/
�h2!.0!4h0$�0h3%((h�!h1/! h�/h0$!h,+%*0h+"h+.%#%*h"+.h+1.h�(#+.%0$)Lh�/h3!h*!! h�h/0�.0%*#
,+%*0Mh3!h3%((henqueueh0$%/h2!.0!4h%*0+h0$!h-1!1!hS(%*!h{4}TL

�"h0$!h-1!1!h%/h*+0h!),05hS(%*!h{5}TMh3!h3%((h.!)+2!h�h2!.0!4h".+)h0$!h-1!1!h�5h !-1!1%*#
%0hS(%*!h{6}TMh�* h3!h3%((h#!0h%0/h� &��!*�5h(%/0h0$�0h�+*0�%*/h�((h%0/h*!%#$�+./hS(%*!h{7}TLh�!
3%((h�(/+h)�.'h0$%/h2!.0!4h�/hgreyMh)!�*%*#h3!h$�2!h %/�+2!.! h%0hS�10h$�2!h*+0h"%*%/$! 
!4,(+.%*#h%0h5!0TL

�+.h!��$h*!%#$�+.h+"huhS(%*!h{9}TMh3!h3%((h+�0�%*h%0/h2�(1!hS0$!h*�)!h+"h0$!h2!.0!4Mh(%*!
{10}TMh�* h%"h%0h$�/h*+0h�!!*h2%/%0! h5!0hS0$!h�+(+.h/!0h0+hwhiteMh(%*!h{11}TMh3!h3%((h)�.'h0$�0
3!h$�2!h %/�+2!.! h%0hS0$!h�+(+.h%/h/!0h0+hgreyMh(%*!h{12}Th�* h3%((h�  h0$%/h2!.0!4h0+h0$!
-1!1!hS(%*!h{13}Th/+h0$�0h%0h��*h�!h"%*%/$! h!4,(+.%*#h3$!*h3!hdequeueh%0h".+)h0$!h-1!1!L

�$!*h3!h"%*%/$h!4,(+.%*#h0$!h2!.0!4h�* h%0/h� &��!*0h2!.0%�!/Mh3!h3%((h)�.'h%0h%/h�/h!4,(+.! 
S0$!h�+(+.h%/h/!0h0+hblackMh(%*!h{14}TL

�$!hbfsh)!0$+ h3!h�.!h%),(!)!*0%*#h�(/+h.!�!%2!/h�h��((���'hS3!h1/! h�h/%)%(�.h�,,.+��$
%*hChapter 8Mh�/""0Mh"+.h0.!!h0.�2!./�(/TLh�$%/h,�.�)!0!.h%/h+,0%+*�(Mh�* h%"h3!h,�//h�*5
callbackh"1*�0%+*hS(%*!h{15}TMh3!h3%((h1/!h%0L

�!0\/h0!/0h0$%/h�(#+.%0$)h�5h!4!�10%*#h0$!h"+((+3%*#h�+ !N

function printNode(value){ //{16}
  console.log('Visited vertex: ' + value); //{17}
}
graph.bfs(myVertices[0], printNode); //{18}
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�%./0Mh3!h !�(�.! h�hcallbackh"1*�0%+*hS(%*!h{16}Th0$�0h3%((h/%),(5h+10,10h%*h0$!h�.+3/!.\/
�+*/+(!h+.h0$!h*�)!hS(%*!h{17}Th+"h0$!h2!.0!4h0$�0h3�/h�+),(!0!(5h!4,(+.! h�5h0$!
�(#+.%0$)Lh�$!*Mh3!h��((! h0$!hbfsh)!0$+ Mh,�//%*#h0$!h"%./0h2!.0!4hSA ".+)h0$!
myVerticesh�..�5h0$�0h3!h !�(�.! h�0h0$!h�!#%**%*#h+"h0$%/h�$�,0!.Th�* h0$!hcallback
"1*�0%+*Lh�$!*h3!h!4!�10!h0$%/h�+ !Mh0$!h�(#+.%0$)h3%((h+10,10h0$!h"+((+3%*#h.!/1(0h%*h0$!
�.+3/!.\/h�+*/+(!N

9LVLWHG�YHUWH[��$
9LVLWHG�YHUWH[��%
9LVLWHG�YHUWH[��&
9LVLWHG�YHUWH[��'
9LVLWHG�YHUWH[��(
9LVLWHG�YHUWH[��)
9LVLWHG�YHUWH[��*
9LVLWHG�YHUWH[��+
9LVLWHG�YHUWH[��,

�/h5+1h��*h*+0!Mh0$!h+. !.h+"h0$!h2!.0%�!/h2%/%0! h%/h0$!h/�)!h�/h/$+3*h�5h0$!h %�#.�)h�0h0$!
�!#%**%*#h+"h0$%/h/!�0%+*L

)LQGLQJ�WKH�VKRUWHVW�SDWKV�XVLQJ�%)6
�+h"�.Mh3!h$�2!h+*(5h !)+*/0.�0! h$+3h0$!h���h�(#+.%0$)h3+.'/Lh�!h��*h1/!h%0h"+.h)+.!
0$%*#/h0$�*h&1/0h+10,100%*#h0$!h+. !.h+"h2!.0%�!/h2%/%0! Lh�+.h!4�),(!Mh$+3h3+1( h3!h/+(2!
0$!h"+((+3%*#h,.+�(!)Q

	%2!*h�h#.�,$h	h�* h0$!h/+1.�!h2!.0!4h3Mh"%* h0$!h %/0�*�!hS%*h*1)�!.h+"h! #!/Th".+)h3h0+
!��$h2!.0!4h2d�d	h�(+*#h0$!h/$+.0!/0h,�0$h�!03!!*h3h�* h2L

	%2!*h�h2!.0!4h3Mh0$!h���h�(#+.%0$)h2%/%0/h�((h0$!h2!.0%�!/h3%0$h %/0�*�!h9Mh0$!*h %/0�*�!h:M
�* h/+h+*Lh�+Mh3!h��*h1/!h0$!h���h�(#+.%0$)h0+h/+(2!h0$%/h,.+�(!)Lh�!h��*h)+ %"5h0$!hbfs
)!0$+ h0+h.!01.*h/+)!h%*"+.)�0%+*h"+.h1/N

�$!h %/0�*�!/h!U2Vh".+)h3h0+h2
�$!h,.! !�!//+./h-/"!U2VMh3$%�$h�.!h1/! h0+h !.%2!h�h/$+.0!/0h,�0$h".+)h3h0+h!2!.5
+0$!.h2!.0!4h2
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�!0\h0�'!h�h(++'h�0h0$!h%),(!)!*0�0%+*h+"h�*h%),.+2! hBFSh)!0$+ N

this.BFS = function(v){

  var color = initializeColor(),
  queue = new Queue(),
  d = [],    //{1}
  pred = []; //{2}
  queue.enqueue(v);

  for (var i=0; i<vertices.length; i++){ //{3}
    d[vertices[i]] = 0;                //{4}
    pred[vertices[i]] = null;          //{5}
  }

  while (!queue.isEmpty()){
    var u = queue.dequeue(),
    neighbors = adjList.get(u);
    color[u] = 'grey';
    for (i=0; i<neighbors.length; i++){
      var w = neighbors[i];
      if (color[w] === 'white'){
        color[w] = 'grey';
        d[w] = d[u] + 1;           //{6}
        pred[w] = u;               //{7}
        queue.enqueue(w);
      }
    }
    color[u] = 'black';
  }
  return { //{8}
  distances: d,
  predecessors: pred
  };
};

�$�0h$�/h�$�*#! h%*h0$%/h2!./%+*h+"h0$!hBFSh)!0$+ Q

�$!h/+1.�!h�+ !h+"h0$%/h�$�,0!.h�+*0�%*/h03+hbfsh)!0$+ /NhbfshS0$!h"%./0
+*!h3!h%),(!)!*0! Th�* hBFShS0$!h%),.+2! h+*!TL

�!h�(/+h*!! h0+h !�(�.!h0$!hdh�..�5hS(%*!h{1}TMh3$%�$h.!,.!/!*0/h0$!h %/0�*�!/Mh�* h0$!hpred
�..�5hS(%*!h{2}TMh3$%�$h.!,.!/!*0/h0$!h,.! !�!//+./Lh�$!h*!40h/0!,h3+1( h�!h%*%0%�(%6%*#h0$!
dh�..�5h3%0$hhS6!.+e(%*!h{4}Th�* h0$!hpredh�..�5h3%0$hnullhS(%*!h{5}Th"+.h!2!.5h2!.0!4h+"h0$!
#.�,$hS(%*!h{3}TL
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�$!*h3!h %/�+2!.h0$!h*!%#$�+.hwh+"h�h2!.0!4huMh3!h3%((h/!0h0$!h,.! !�!//+.h2�(1!h+"hwh�/hu
S(%*!h{7}Th�* h�(/+h%*�.!)!*0h0$!h %/0�*�!hS(%*!h{6}Th�!03!!*hvh�* hwh�5h�  %*#h1h�* h0$!
 %/0�*�!h+"huhS�/huh%/h�h,.! !�!//+.h+"hwMh3!h$�2!h0$!h2�(1!h+"hd[u]h�(.!� 5TL

�0h0$!h!* h+"h0$!h)!0$+ Mh3!h��*h.!01.*h�*h+�&!�0h3%0$hdh�* hpredhS(%*!h{8}TL

�+3Mh3!h��*h!4!�10!h0$!hBFSh)!0$+ h�#�%*h�* h/0+.!h%0/h.!01.*h2�(1!h%*h�h2�.%��(!Mh�/
"+((+3/N

var shortestPathA = graph.BFS(myVertices[0]);
console.log(shortestPathA);

�/h3!h!4!�10! h0$!hBFSh)!0$+ h"+.h0$!h2!.0!4hAMh0$%/h3%((h�!h0$!h+10,10h+*h0$!h�+*/+(!N

GLVWDQFHV��>$�����%�����&�����'�����(�����)�����*�����+������,���@�
SUHGHFHVVRUV��>$��QXOO��%���$���&���$���'���$���(���%���)���%���*���&���+�
�'���,���(�@

�$%/h)!�*/h0$�0h2!.0!4hAh$�/h�h %/0�*�!h+"h1h! #!h".+)h2!.0%�!/hBMhCMh�* hDOh�h %/0�*�!h+"h2
! #!/h".+)h2!.0%�!/hEMhFMhGMh�* hHOh�* h�h %/0�*�!h+"h3h! #!/h".+)h2!.0!4hIL

�%0$h0$!h,.! !�!//+.\/h�..�5Mh3!h��*h�1%( h0$!h,�0$h".+)h2!.0!4hAh0+h0$!h+0$!.h2!.0%�!/h1/%*#
0$!h"+((+3%*#h�+ !N

var fromVertex = myVertices[0]; //{9}
for (var i=1; i<myVertices.length; i++){ //{10}
  var toVertex = myVertices[i], //{11}
  path = new Stack();       //{12}
  for (var v=toVertex; v!== fromVertex;
  v=shortestPathA.predecessors[v]) { //{13}
    path.push(v);                          //{14}
  }
  path.push(fromVertex);       //{15}
  var s = path.pop();          //{16}
  while (!path.isEmpty()){     //{17}
    s += ' - ' + path.pop(); //{18}
  }
  console.log(s); //{19}
}

�!h3%((h1/!h0$!h2!.0!4hAh�/h0$!h/+1.�!h2!.0!4hS(%*!h{9}TLh�+.h!2!.5h+0$!.h2!.0!4hS!4�!,0
2!.0!4hAMh(%*!h{10}TMh3!h3%((h��(�1(�0!h0$!h,�0$h".+)h2!.0!4hAh0+h%0Lh�+h +h/+Mh3!h3%((h#!0h0$!
2�(1!h+"h0$!htoVertexh)!0$+ h".+)h0$!hverticesh�..�5hS(%*!h{11}TMh�* h3!h3%((h�.!�0!h�
/0��'h0+h/0+.!h0$!h,�0$h2�(1!/hS(%*!h{12}TL
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�!40Mh3!h3%((h"+((+3h0$!h,�0$h".+)htoVertexh0+hfromVertexhS(%*!h{13}TLh�$!hvh2�.%��(!
3%((h.!�!%2!h0$!h2�(1!h+"h%0/h,.! !�!//+.Mh�* h3!h3%((h�!h��(!h0+h0�'!h0$!h/�)!h,�0$
���'3�. /Lh�!h3%((h�  h0$!hvh2�.%��(!h0+h0$!h/0��'hS(%*!h{14}TLh�%*�((5Mh3!h3%((h�  h0$!
+.%#%*h2!.0!4h0+h0$!h/0��'h�/h3!((hS(%*!h{15}Th0+h$�2!h0$!h�+),(!0!h,�0$L

�"0!.h0$%/Mh3!h3%((h�.!�0!h�*hsh/0.%*#Mh�* h3!h3%((h�//%#*h0$!h+.%#%*h2!.0!4h0+h%0hS0$%/h3%((h�!
0$!h(�/0h2!.0!4h�  ! h0+h0$!h/0��'Mh/+h%0h%/h0$!h"%./0h%0!)h0+h�!h,+,,! h+10Mh(%*!h{16}TLh�$%(!
0$!h/0��'h%/h*+0h!),05hS(%*!h{17}TMh3!h3%((h.!)+2!h�*h%0!)h".+)h0$!h/0��'h�* h�+*��0!*�0!h%0
0+h0$!h!4%/0%*#h2�(1!h+"h0$!hsh/0.%*#hS(%*!h{18}TLh�%*�((5hS(%*!h{19}TMh3!h/%),(5h+10,10h0$!
,�0$h+*h0$!h�.+3/!.\/h�+*/+(!L

�"0!.h!4!�10%*#h0$!h,.!2%+1/h�+ !Mh3!h3%((h#!0h0$!h"+((+3%*#h+10,10N

$���%
$���&
$���'
$���%���(
$���%���)
$���&���*
$���'���+
$���%���(���,


!.!Mh3!h$�2!h0$!h/$+.0!/0h,�0$hS%*h*1)�!.h+"h! #!/Th".+)hAh0+h0$!h+0$!.h2!.0%�!/h+"h0$!
#.�,$L

)XUWKHU�VWXG\�RQ�WKH�VKRUWHVW�SDWKV�DOJRULWKPV
�$!h#.�,$h3!h1/! h%*h0$%/h!4�),(!h%/h*+0h�h3!%#$0! h#.�,$Lh�"h3!h3�*0h0+h��(�1(�0!h0$!
/$+.0!/0h,�0$h%*h3!%#$0! h#.�,$/hS"+.h!4�),(!Mh3$�0h0$!h/$+.0!/0h,�0$h%/h�!03!!*h�%05h�h�* 
�%05h�Mh�*h�(#+.%0$)h1/! h%*h	��h�* h	++#(!h��,/TMh���h%/h*+0h0$!h%* %��0! h�(#+.%0$)L

�$!.!h%/h�%&'/0.�X/b�(#+.%0$)Mh3$%�$h/+(2!/h0$!h/%*#(!e/+1.�!h/$+.0!/0h,�0$h,.+�(!)Mh"+.
!4�),(!Lh�$!h�!(()�*`�+. b�(#+.%0$)h/+(2!/h0$!h/%*#(!e/+1.�!h,.+�(!)h%"h! #!h3!%#$0/h�.!
*!#�0%2!Lh�$!h�\b/!�.�$b�(#+.%0$)h,.+2% !/h0$!h/$+.0!/0h,�0$h"+.h�h/%*#(!h,�%.h+"h2!.0%�!/
1/%*#h$!1.%/0%�/h0+h0.5h0+h/,!! h1,h0$!h/!�.�$Lh�$!h�(+5 `��./$�((b�(#+.%0$)h,.+2% !/h0$!
/$+.0!/0h,�0$h"+.h�((h,�%./h+"h2!.0%�!/L

�/h)!*0%+*! h+*h0$!h"%./0h,�#!h+"h0$%/h�$�,0!.Mh0$!h/1�&!�0h+"h#.�,$/h%/h�*h!40!*/%2!h0+,%�M
�* h3!h$�2!h)�*5h/+(10%+*/h"+.h0$!h/$+.0!/0h,�0$h,.+�(!)h�* h%0/h2�.%�0%+*/L

+3!2!.Mh�!"+.!h3!h/0�.0h/01 5%*#h0$!/!h+0$!.h/+(10%+*/Mh5+1h*!! h0+h(!�.*h0$!h��/%�
�+*�!,0/h+"h#.�,$/Mh3$%�$h3!h�+2!.! h%*h0$%/h�$�,0!.Lh�$!/!h+0$!.h/+(10%+*/h3%((h*+0h�!
�+2!.! h%*h0$!h�++'Mh�10h5+1h��*h$�2!h�*h� 2!*01.!h+"h5+1.h+3*h!4,(+.%*#h0$!h�)�6%*#
#.�,$h3+.( L
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'HSWK�ILUVW�VHDUFK��')6�
�$!h���h�(#+.%0$)h3%((h/0�.0h0.�2!./%*#h0$!h#.�,$h".+)h0$!h"%./0h/,!�%"%! h2!.0!4Mh3%((h"+((+3
�h,�0$h1*0%(h0$!h(�/0h2!.0!4h+"h0$%/h,�0$h%/h2%/%0! Mh3%((h0$!*h���'0.��'Mh�* h3%((h"%*�((5h"+((+3
0$!h*!40h,�0$Lh�*h+0$!.h3+. /Mh%0h2%/%0/h0$!h2!.0%�!/h"%./0h !!,(5h�* h0$!*h3% !(5Mh�/
 !)+*/0.�0! h%*h0$!h"+((+3%*#h %�#.�)N

�$!h���h�(#+.%0$)h +!/h*+0h*!! h�h/+1.�!h2!.0!4Lh�*h0$!h���h�(#+.%0$)Mh"+.h!��$h1*2%/%0! 
2!.0!4h3h%*h#.�,$h	Mh2%/%0h0$!h2!.0!4h3L

�+h2%/%0h2!.0!4h3Mh,!."+.)h0$!h"+((+3%*#N

��.'h3h�/h %/�+2!.! hS#.!5TL9L
�+.h�((h1*2%/%0! hS3$%0!Th*!%#$�+./h4h+"h3Mh2%/%0h2!.0!4h4h�* h)�.'h3h�/h!4,(+.! :L
S�(��'TL

�/h5+1h��*h*+0!Mh0$!h���h/0!,/h�.!h.!�1./%2!Mh)!�*%*#h0$!h���h�(#+.%0$)h1/!/h�h/0��'h0+
/0+.!h0$!h��((/hS�h/0��'h�.!�0! h�5h0$!h.!�1./%2!h��((/TL

�!0\/h%),(!)!*0h0$!h���h�(#+.%0$)h�/h"+((+3/N

this.dfs = function(callback){
  var color = initializeColor(); //{1}

  for (var i=0; i<vertices.length; i++){ //{2}
    if (color[vertices[i]] === 'white'){ //{3}
      dfsVisit(vertices[i], color, callback); //{4}
    }
  }
};

var dfsVisit = function(u, color, callback){
  color[u] = 'grey'; //{5}
  if (callback) {    //{6}
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    callback(u);
  }
  var neighbors = adjList.get(u);         //{7}
  for (var i=0; i<neighbors.length; i++){ //{8}
    var w = neighbors[i];               //{9}
    if (color[w] === 'white'){          //{10}
      dfsVisit(w, color, callback);   //{11}
    }
  }
  color[u] = 'black'; //{12}
};

�$!h"%./0h0$%*#h3!h*!! h0+h +h%/h�.!�0!h�* h%*%0%�(%6!h0$!hcolorh�..�5hS(%*!h{1}Th3%0$h0$!
2�(1!hwhiteh"+.h!��$h2!.0!4h+"h0$!h#.�,$Lh�!h % h0$!h/�)!h0$%*#h"+.h0$!h���h�(#+.%0$)L
�$!*Mh"+.h!��$h*+*2%/%0! h2!.0!4hS(%*!/h{2}h�* h{3}Th+"h0$!hGraphh%*/0�*�!Mh3!h3%((h��((h0$!
.!�1./%2!h,.%2�0!h"1*�0%+*hdfsVisitMh,�//%*#h0$!h2!.0!4Mh0$!hcolorh�..�5Mh�* h0$!
callbackh"1*�0%+*hS(%*!h{4}TL

�$!*!2!.h3!h2%/%0h0$!huh2!.0!4Mh3!h3%((h)�.'h%0h�/h %/�+2!.! hSgreyMh(%*!h{5}TLh�"h0$!.!h%/h�
callbackh"1*�0%+*hS(%*!h{6}TMh3!h3%((h!4!�10!h%0h0+h+10,10h0$!h2!.0!4h2%/%0! Lh�$!*Mh0$!h*!40
/0!,h%/h#!00%*#h0$!h(%/0h+"h*!%#$�+./h+"h0$!h2!.0!4huhS(%*!h{7}TLh�+.h!��$h1*2%/%0! hS0$!h�+(+.
whiteMh(%*!/h{10}h�* h{8}Th*!%#$�+.hwhS(%*!h{9}Th+"huMh3!h3%((h��((h0$!hdfsVisith"1*�0%+*M
,�//%*#hwh�* h0$!h+0$!.h,�.�)!0!./hS(%*!h{11}Mh�  h0$!h2!.0!4hwh0+h0$!h/0��'h/+h%0h��*h�!
2%/%0! h*!40TLh�0h0$!h!* Mh�"0!.h0$!h2!.0!4h�* h%0/h� &��!*0h2!.0%�!/h�.!h2%/%0! h !!,(5Mh3!
3%((h���'0.��'Mh)!�*%*#h0$!h2!.0!4h%/h�+),(!0!(5h!4,(+.! h�* h%/h)�.'! hblackhS(%*!h{12}TL

�!0\/h0!/0h0$!hdfsh)!0$+ h�5h!4!�10%*#h0$!h"+((+3%*#h�+ !N

graph.dfs(printNode);

�$%/h3%((h�!h%0/h+10,10N

9LVLWHG�YHUWH[��$
9LVLWHG�YHUWH[��%
9LVLWHG�YHUWH[��(
9LVLWHG�YHUWH[��,
9LVLWHG�YHUWH[��)
9LVLWHG�YHUWH[��&
9LVLWHG�YHUWH[��'
9LVLWHG�YHUWH[��*
9LVLWHG�YHUWH[��+
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�$!h+. !.h%/h0$!h/�)!h�/h !)+*/0.�0! h�5h0$!h %�#.�)h�0h0$!h�!#%**%*#h+"h0$%/h/!�0%+*Lh�$!
"+((+3%*#h %�#.�)h !)+*/0.�0!/h0$!h/0!,e�5e/0!,h,.+�!//h+"h0$!h�(#+.%0$)N

�*h0$%/h#.�,$h0$�0h3!h1/! h�/h�*h!4�),(!Mh(%*!h{4}h3%((h�!h!4!�10! h+*(5h+*�!Mh�!��1/!h�((
0$!h+0$!.h2!.0%�!/h$�2!h�h,�0$h0+h0$!h"%./0h+*!h0$�0h%/h��((! h0$!hdfsVisith"1*�0%+*hS2!.0!4hATL
�"h2!.0!4hBh%/h0$!h"%./0h+*!h0+h��((h0$!h"1*�0%+*Mh0$!*h(%*!h{4}h3+1( h�!h!4!�10! h�#�%*h"+.
�*+0$!.h2!.0!4hS"+.h!4�),(!Mh2!.0!4hATL
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([SORULQJ�WKH�')6�DOJRULWKP
�+h"�.Mh3!h$�2!h+*(5h !)+*/0.�0! h$+3h0$!h���h�(#+.%0$)h3+.'/Lh�!h��*h1/!h%0h"+.h)+.!
"1*�0%+*/h0$�*h&1/0h+10,100%*#h0$!h+. !.h+"h2!.0%�!/h2%/%0! L

	%2!*h�h#.�,$h	Mh0$!h���h�(#+.%0$)h0.�2!./!/h�((h0$!h2!.0%�!/h+"h	h�* h�+*/0.1�0/h�h"+.!/0hS�
�+((!�0%+*h+"h.++0! b0.!!/Th0+#!0$!.h3%0$h�h/!0h+"h/+1.�!h2!.0%�!/hS.++0/Th�* h+10,10/h03+
�..�5/Nh0$!h %/�+2!.5h0%)!h�* h"%*%/$h!4,(+.!.h0%)!Lh�!h��*h)+ %"5h0$!hdfsh)!0$+ h0+
.!01.*h/+)!h%*"+.)�0%+*h"+.h1/Mh/1�$h�/h0$!h"+((+3%*#N

�$!h %/�+2!.5h0%)!h!U2Vh+"h2
�$!h"%*%/$h0%)!h#U2Vh3$!*h2h%/h)�.'! h�(��'
�$!h,.! !�!//+./h-U2Vh+"h2

�!0\/h0�'!h�h(++'h�0h0$!h%),(!)!*0�0%+*h+"h0$!h%),.+2! hBFSh)!0$+ N

var time = 0; //{1}
this.DFS = function(){
  var color = initializeColor(), //{2}
  d = [],
  f = [],
  p = [];
  time = 0;

  for (var i=0; i<vertices.length; i++){ //{3}
    f[vertices[i]] = 0;
    d[vertices[i]] = 0;
    p[vertices[i]] = null;
  }
  for (i=0; i<vertices.length; i++){
    if (color[vertices[i]] === 'white'){
      DFSVisit(vertices[i], color, d, f, p);
    }
  }
  return {           //{4}
    discovery: d,
    finished: f,
    predecessors: p
  };
};

var DFSVisit = function(u, color, d, f, p){
  console.log('discovered ' + u);
  color[u] = 'grey';
  d[u] = ++time;     //{5}
  var neighbors = adjList.get(u);
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  for (var i=0; i<neighbors.length; i++){
    var w = neighbors[i];
    if (color[w] === 'white'){
      p[w] = u;                       //{6}
      DFSVisit(w,color, d, f, p);
    }
  }
  color[u] = 'black';
  f[u] = ++time;      //{7}
  console.log('explored ' + u);
};

�/h3!h3�*0h0+h0.��'h0$!h0%)!h+"h %/�+2!.5h�* h0$!h0%)!h3$!*h3!h"%*%/$! h!4,(+.%*#Mh3!
*!! h0+h !�(�.!h�h2�.%��(!h0+h +h0$%/hS(%*!h{1}TLh�!h��**+0h,�//h0%)!h�/h�h,�.�)!0!.h�!��1/!
2�.%��(!/h0$�0h�.!h*+0h+�&!�0/h�* h��**+0h�!h,�//! h�/h�h.!"!.!*�!h0+h+0$!.h��2���.%,0
)!0$+ /hS,�//%*#h�h2�.%��(!h�/h�h.!"!.!*�!h)!�*/h0$�0h%"h0$%/h2�.%��(!h%/h)+ %"%! h%*/% !h0$!
+0$!.h)!0$+ Mh0$!h*!3h2�(1!/h3%((h�(/+h�!h.!"(!�0! h%*h0$!h+.%#%*�(h2�.%��(!TLh�!40Mh3!h3%((
 !�(�.!h0$!hdMhfMh�* hph�..�5/Mh0++hS(%*!h{2}TLh�!h�(/+h*!! h0+h%*%0%�(%6!h0$!/!h�..�5/h"+.h!��$
2!.0!4h+"h0$!h#.�,$hS(%*!h{3}TLh�0h0$!h!* h+"h0$!h)!0$+ Mh3!h3%((h.!01.*h0$!/!h2�(1!/hS(%*!
{4}Th/+h0$�0h3!h��*h3+.'h3%0$h0$!)h(�0!.L

�$!*h�h2!.0!4h%/h"%./0h %/�+2!.! Mh3!h3%((h0.��'h%0/h %/�+2!.5h0%)!hS(%*!h{5}TLh�$!*h%0h%/
 %/�+2!.! h�/h�*h! #!h".+)huMh3!h�(/+h'!!,h0.��'h+"h%0/h,.! !�!//+.hS(%*!h{6}TLh�0h0$!h!* M
3$!*h0$!h2!.0!4h%/h�+),(!0!(5h!4,(+.! Mh3!h3%((h0.��'h%0/h"%*%/$h0%)!hS(%*!h{7}TL

�$�0h%/h0$!h% !�h�!$%* h0$!h���h�(#+.%0$)Qh�$!h! #!/h�.!h!4,(+.! h+10h+"h0$!h)+/0h.!�!*0(5
 %/�+2!.! h2!.0!4h2Lh�*(5h0$!h! #!/h0+h*+*2%/%0! h2!.0%�!/h�.!h!4,(+.! Lh�$!*h�((h0$!h! #!/
+"h2h�.!h!4,(+.! Mh0$!h�(#+.%0$)h���'0.��'/h0+h!4,(+.!h+0$!.h! #!/h3$!.!h0$!h2!.0!4h2h3�/
 %/�+2!.! Lh�$!h,.+�!//h�+*0%*1!/h1*0%(h3!h %/�+2!.h�((h0$!h2!.0%�!/h0$�0h�.!h.!��$��(!h".+)
0$!h+.%#%*�(h/+1.�!h2!.0!4Lh�"h�*5h1* %/�+2!.! h2!.0%�!/h.!)�%*Mh3!h3%((h.!,!�0h0$!h,.+�!//
"+.h�h*!3h/+1.�!h2!.0!4Lh�!h3%((h.!,!�0h0$!h�(#+.%0$)h1*0%(h�((h0$!h2!.0%�!/h".+)h0$!h#.�,$
�.!h!4,(+.! L

�$!.!h�.!h03+h0$%*#/h0$�0h3!h*!! h0+h�$!�'h"+.h0$!h%),.+2! h���h�(#+.%0$)N

�$!htimeh2�.%��(!h��*h+*(5h$�2!h2�(1!/h".+)h+*!h0+h03+h0%)!/h0$!h*1)�!.h+"
2!.0%�!/h+"h0$!h#.�,$hS2|V|T
�+.h�((h0$!h2!.0%�!/huMhd[u] < f[u]hS)!�*%*#h0$!h %/�+2!.! h0%)!h*!! /h0+h$�2!
�h(+3!.h2�(1!h0$�*h0$!h"%*%/$h0%)!Mh3$%�$h3+1( h%*h01.*h)!�*h0$�0h�((h0$!h2!.0%�!/
�.!h!4,(+.! T

�%0$h0$!/!h03+h�//1),0%+*/Mh3!h$�2!h0$!h"+((+3%*#h.1(!N

1 ≤ d[u] < f[u] ≤ 2|V|
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�"h3!h.1*h0$!h*!3h���h)!0$+ h"+.h0$!h/�)!h#.�,$h�#�%*Mh3!h3%((h#!0h0$!h"+((+3%*#
 %/�+2!.5b"%*%/$h0%)!h"+.h!��$h2!.0!4h+"h0$!h#.�,$N


+3!2!.Mh3$�0h��*h3!h +h3%0$h0$%/h%*"+.)�0%+*Qh�!0\/h�+*/% !.h0$%/h%*h0$!h"+((+3%*#
/!�0%+*L

7RSRORJLFDO�VRUWLQJ�XVLQJ�')6
	%2!*h0$!h"+((+3%*#h#.�,$Mh(!0\/h/1,,+/!h!��$h2!.0!4h%/h�h0�/'h0$�0h5+1h*!! h0+h!4!�10!N

�$%/h%/h�h %.!�0! h#.�,$Mh)!�*%*#h0$!.!h%/h�*h+. !.h0$�0h0$!h0�/'/h*!! h0+
�!h!4!�10! Lh�+.h!4�),(!Mh0�/'h�h��**+0h�!h!4!�10! h�!"+.!h0�/'h�Lh�+0!
0$�0h0$!h,.!2%+1/h#.�,$h�(/+h +!/h*+0h$�2!h�h�5�(!Mh)!�*%*#h%0h%/h�*h��5�(%�
#.�,$Lh�+Mh3!h��*h/�5h0$�0h0$!h,.!2%+1/h#.�,$h%/h�h %.!�0! b��5�(%�b#.�,$
S��	TL
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�$!*h3!h*!! h0+h/,!�%"5h0$!h+. !.h0$�0h/+)!h0�/'/h+.h/0!,/h*!! h0+h�!h!4!�10! h%*Mh%0h%/
��((! h0+,+(+#%��(b/+.0%*#hS+.h0+,/+.0h+.h!2!*h0+,+/+.0TLh�$%/h,.+�(!)h%/h,.!/!*0h%*h %""!.!*0
/�!*�.%+/h+"h+1.h(%2!/Lh�+.h!4�),(!Mh3$!*h3!h/0�.0h�h�+),10!.h/�%!*�!h�+1./!Mh0$!.!h%/h�*
+. !.h+"h %/�%,(%*!/h0$�0h3!h��*h0�'!h�!"+.!h0�'%*#h�*5h+0$!.h %/�%,(%*!hS5+1h��**+0h0�'!
�(#+.%0$)/h��h�!"+.!h0�'%*#h�(#+.%0$)/h�TLh�$!*h3!h�.!h3+.'%*#h%*h�h !2!(+,)!*0h,.+&!�0M
0$!.!h�.!h/+)!h/0!,/h0$�0h*!! h0+h�!h!4!�10! h%*h+. !.Oh"+.h!4�),(!Mh"%./0h3!h*!! h0+h#!0h0$!h
.!-1%.!)!*0/h".+)h0$!h�(%!*0Mh0$!*h !2!(+,h3$�0h%/h�/'! h"+.h�5h0$!h�(%!*0Mh�* h0$!*h !(%2!.
0$!h,.+&!�0Lh�+1h��**+0h !(%2!.h0$!h,.+&!�0h�* h#�0$!.h0$!h.!-1%.!)!*0/h�"0!.L

�+,+(+#%��(h/+.0%*#h��*h+*(5h�!h�,,(%! h0+h��	/Lh�+Mh$+3h��*h3!h1/!h0+,+(+#%��(h/+.0%*#
1/%*#h���Qh�!0\/h!4!�10!h0$!h���h�(#+.%0$)h"+.h0$!h %�#.�)h,.!/!*0! h�0h0$!h�!#%**%*#h+"
0$%/h0+,%�N

graph = new Graph();
myVertices = ['A','B','C','D','E','F'];
for (i=0; i<myVertices.length; i++){
  graph.addVertex(myVertices[i]);
}
graph.addEdge('A', 'C');
graph.addEdge('A', 'D');
graph.addEdge('B', 'D');
graph.addEdge('B', 'E');
graph.addEdge('C', 'F');
graph.addEdge('F', 'E');
var result = graph.DFS();

�$%/h�+ !h3%((h�.!�0!h0$!h#.�,$Mh�,,(5h0$!h! #!/Mh!4!�10!h0$!h%),.+2! h���h�(#+.%0$)Mh�* 
/0+.!h0$!h.!/1(0/h%*/% !h0$!hresulth2�.%��(!Lh�$!h"+((+3%*#h %�#.�)h !)+*/0.�0!/h0$!
 %/�+2!.5h�* h"%*%/$h0%)!h+"h0$!h#.�,$h�"0!.h���h%/h!4!�10! N

�+3Mh�((h3!h$�2!h0+h +h%/h/+.0h0$!h"%*%/$%*#h0%)!h�..�5h�* h0$!h !�.!�/%*#h+. !.h+"h"%*%/$%*#
0%)!Mh�* h3!h3%((h$�2!h0$!h0+,+(+#%��(h/+.0%*#h"+.h0$!h#.�,$Mh�/h"+((+3/N

%���$���'���&���)���(
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�+0!h0$�0h0$!h,.!2%+1/h0+,+/+.0h.!/1(0h%/h+*(5h+*!h+"h0$!h,+//%�%(%0%!/Lh�$!.!h)%#$0h�!
 %""!.!*0h.!/1(0/h%"h3!h)+ %"5h0$!h�(#+.%0$)h�h(%00(!h�%0Lh�+.h!4�),(!Mh0$!h"+((+3%*#h.!/1(0h%/
+*!h+"h)�*5h+0$!.h,+//%�%(%0%!/N

$���%���&���'���)���(

�$%/h�+1( h�(/+h�!h�*h���!,0��(!h.!/1(0L

6KRUWHVW�SDWK�DOJRULWKPV
	%2!*h�h)�,h+"h/0.!!0/Mh�+*/% !.h5+1h3�*0h0+h#!0h".+)h,+%*0h�h0+h,+%*0h�h1/%*#h0$!h/$+.0!/0
,�0$h,+//%�(!Lh�!h��*h1/!Mh�/h�*h!4�),(!h"+.h0$%/h,.+�(!)Mh0$!h3�5h".+)h��*0�b�+*%��
�(2 h0+h
+((53++ b�(2 h%*h�+/h�*#!(!/Mh�/h !)+*/0.�0! h�5h0$!h"+((+3%*#h%)�#!N

�$%/h%/h�h2!.5h�+))+*h,.+�(!)h%*h+1.h(%2!/Mh�* h3!h3%((h1/!h�,,/h/1�$h�/h�--)"h+.h	,,$)"
��-0h�* h��7"h0+h0.5h0+h/+(2!h%0Mh!/,!�%�((5h%"h5+1h(%2!h%*h�h�%#h�%05Lh�"h�+1./!Mh3!h�(/+h$�2!
+0$!.h�+*/0.�%*0/h%*2+(2! Mh/1�$h�/h0%)!h+.h��.h0.�""%�Mh�10h0$!h+.%#%*�(h,.+�(!)h.!)�%*/N
$+3h +h3!h#!0h".+)h�h0+h�h1/%*#h0$!h/$+.0!/0h,�0$Q
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�!h��*h1/!h#.�,$/h0+h/+(2!h0$%/h,.+�(!)h"+.h1/Mh�* h0$!h�(#+.%0$)h%/h��((! h0$!h/$+.0!/0
,�0$Lh�$!.!h�.!h03+h�(#+.%0$)/h0$�0h�.!h2!.5h"�)+1/Mh3$%�$h�.!h�%&'/0.�X/b�(#+.%0$)h�* 
�(+5 `��./$�((b�(#+.%0$)Mh3$%�$h3!h3%((h�+2!.h%*h0$!h*!40h0+,%�/L

'LMNVWUD
V�DOJRULWKP
�%&'/0.�\/h�(#+.%0$)h%/h�h#.!! 5b�(#+.%0$)hS5+1h3%((h(!�.*h)+.!h��+10h#.!! 5h�(#+.%0$)/h%*
Chapter 11Mh��11"/+0d,#d�)$,/&1%*Th0+h��(�1(�0!h0$!h/$+.0!/0h,�0$h�!03!!*h�h/%*#(!h/+1.�!
�* h�((h0$!h+0$!.h/+1.�!/Mh)!�*%*#h3!h��*h1/!h%0h0+h��(�1(�0!h0$!h/$+.0!/0h,�0$h".+)h�h#.�,$
2!.0!4h0+h�((h0$!h+0$!.h2!.0%�!/L

�+*/% !.h0$!h"+((+3%*#h#.�,$N

�!0\/h0�'!h�h(++'h�0h$+3h3!h��*h"%* h0$!h/$+.0!/0h,�0$h�!03!!*h0$!h2!.0!4h�h�* h�((h0$!h+0$!.
2!.0%�!/Lh�10h"%./0Mh3!h*!! h0+h !�(�.!h0$!h� &��!*0h)�0.%4h0$�0h.!,.!/!*0/h0$!h,.!�! %*#
#.�,$Mh�/h"+((+3/N

var graph = [[0, 2, 4, 0, 0, 0],
             [0, 0, 1, 4, 2, 0],
             [0, 0, 0, 0, 3, 0],
             [0, 0, 0, 0, 0, 2],
             [0, 0, 0, 3, 0, 2],
             [0, 0, 0, 0, 0, 0]];

�+3Mh(!0\/h�+*/% !.h$+3h�%&'/0.�\/h�(#+.%0$)h3+.'/h1/%*#h0$!h"+((+3%*#h�+ !N

this.dijkstra = function(src){
  var dist = [], visited = [],
  length = this.graph.length;

  for (var i = 0; i < length; i++) { //{1}
    dist[i] = INF;
    visited[i] = false;
  }
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  dist[src] = 0; //{2}

  for (var i = 0; i < length-1; i++){ //{3}

    var u = minDistance(dist, visited); //{4}

    visited[u] = true; //{5}

    for (var v = 0; v < length; v++){
      if (!visited[v] &&
      this.graph[u][v]!=0 && dist[u] != INF &&
      dist[u]+this.graph[u][v] < dist[v]){ //{6}
        dist[v] = dist[u] + this.graph[u][v]; //{7}
      }
    }
  }
  return dist; //{8}
};

�$!h"+((+3%*#h%/h�h !/�.%,0%+*h+"h$+3h0$!h�(#+.%0$)h3+.'/N

�%*!h{1}Nh�%./0Mh3!h*!! h0+h%*%0%�(%6!h�((h %/0�*�!/hSdistTh�/h%*"%*%0!hS��2���.%,0
)�4h*1)�!.hINF = Number.MAX_SAFE_INTEGERTh�* hvisited[]h�/hfalse
�%*!h{2}Nh�!�+* Mh3!h3%((h/!0h0$!h %/0�*�!h+"h0$!h/+1.�!h2!.0!4h".+)h%0/!("h�/
�%*!h{3}Nh�$!*Mh3!h3%((h"%* h0$!h/$+.0!/0h,�0$h"+.h�((h2!.0%�!/
�%*!h{4}Nh�+h +h/+Mh3!h*!! h0+h/!(!�0h0$!h)%*%)1)h %/0�*�!h2!.0!4h".+)h0$!h/!0h+"
2!.0%�!/h0$�0h%/h*+0h,.+�!//! h5!0
�%*!h{5}Nh�!h*!! h0+h)�.'h0$!h/!(!�0! h2!.0!4h�/hvisitedh/+h0$�0h3!h +h*+0
��(�1(�0!h03%�!
�%*!h{6}Nh�*h��/!h�h/$+.0!/0h,�0$h%/h"+1* Mh3!h3%((h/!0h0$!h*!3h2�(1!h"+.h0$!
/$+.0!/0h,�0$hS(%*!h{7}T
�%*!h{8}Nh�"0!.h�((h0$!h2!.0%�!/h�.!h,.+�!//! Mh3!h3%((h.!01.*h0$!h.!/1(0h�+*0�%*%*#
0$!h/$+.0!/0h,�0$h2�(1!h".+)h0$!h2!.0!4h/+1.�!hSsrcTh0+h�((h0$!h+0$!.h2!.0%�!/h+"h0$!
#.�,$

�+h��(�1(�0!h0$!hminDistanceh�!03!!*Mh3!h3%((h/!�.�$h"+.h0$!h)%*%)1)h2�(1!h%*h0$!hdist
�..�5Mh�/h"+((+3/Mh�* h.!01.*h0$!h�..�5h%* !4h0$�0h�+*0�%*/h0$!h)%*%)1)h2�(1!N

var minDistance = function(dist, visited){
  var min = INF, minIndex = -1;

  for (var v = 0; v < dist.length; v++){
    if (visited[v] == false && dist[v] <= min){
      min = dist[v];
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      minIndex = v;
    }
  }
  return minIndex;
};

�"h3!h!4!�10!h0$!h,.!�! %*#h�(#+.%0$)h"+.h0$!h#.�,$h3!h,.!/!*0! h�0h0$!h�!#%**%*#h+"h0$!
0+,%�Mh3!h3%((h$�2!h0$!h"+((+3%*#h+10,10N

��������
��������
��������
��������
��������
��������

�0h%/h�(/+h,+//%�(!h0+h)+ %"5h0$!h�(#+.%0$)h0+h.!01.*h0$!h2�(1!h+"h0$!
/$+.0!/0h,�0$h�* h�(/+h0$!h,�0$L

7KH�)OR\G�:DUVKDOO�DOJRULWKP
�$!h�(+5 e��./$�((h�(#+.%0$)h%/h�h 5*�)%�h,.+#.�))%*#h�(#+.%0$)hS5+1h3%((h(!�.*h)+.!
��+10h 5*�)%�h,.+#.�))%*#h%*hChapter 11Mh��00!.*/h+"h�(#+.%0$)Th0+h��(�1(�0!h�((h0$!
/$+.0!/0h,�0$/h+*h�h#.�,$Lh�%0$h0$%/h�(#+.%0$)Mh3!h��*h"%* h0$!h/$+.0!/0h,�0$h".+)h�((h0$!
/+1.�!/h0+h�((h0$!h2!.0%�!/L

�$!h�(+5 e��./$�((h�(#+.%0$)h%/h#%2!*h�/h"+((+3/N

this.floydWarshall = function(){
  var dist = [], length = this.graph.length, i, j, k;

  for (i = 0; i < length; i++){ //{1}
    dist[i] = [];
    for (j = 0; j < length; j++){
      dist[i][j] = this.graph[i][j];
    }
  }

  for (k = 0; k < length; k++){     //{2}
    for (i = 0; i < length; i++){
      for (j = 0; j < length; j++){
        if (dist[i][k] + dist[k][j] < dist[i][j]){ //{3}
          dist[i][j] = dist[i][k] + dist[k][j]; //{4}
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        }
      }
    }
  }
  return dist;
};

�$!h"+((+3%*#h%/h0$!h !/�.%,0%+*h+"h$+3h0$!h�(#+.%0$)h3+.'/N

�%*!h{1}Nh�%./0Mh3!h3%((h%*%0%�0!h0$!h %/0�*�!h�..�5h3%0$h0$!h2�(1!h+"h0$!h3!%#$0
�!03!!*h!��$h2!.0!4h�/h0$!h)%*%)1)h,+//%�(!h %/0�*�!h�!03!!*hih�* hjh%/h0$!
3!%#$0h+"h0$!/!h2!.0%�!/
�%*!h{2}Nh�/%*#h2!.0%�!/h0...kh�/h%*0!.)! %�0!h,+%*0/Mh0$!h/$+.0!/0h,�0$h�!03!!*
ih�* hjh%/h#%2!*h0$.+1#$hk
�%*!h{3}Nh�$!h"+.)1(�h1/! h0+h��(�1(�0!h0$!h/$+.0!/0h,�0$h�!03!!*hih�* hj
0$.+1#$h2!.0!4hkh%/h#%2!*h%*h(%*!h{3}
�%*!h{4}Nh�"h�h*!3h2�(1!h"+.h0$!h/$+.0!/0h,�0$h%/h"+1* Mh3!h3%((h1/!h%0

�$!h"+.)1(�h+*h(%*!h{3}h%/h0$!h$!�.0h+"h0$!h�(+5 e��./$�((h�(#+.%0$)Lh�"h3!h!4!�10!h0$!
,.!�! %*#h�(#+.%0$)h0+h0$!h#.�,$h3!h!4!),(%"%! h�0h0$!h�!#%**%*#h+"h0$!h0+,%�Mh3!h3%((h$�2!
0$!h"+((+3%*#h+10,10N

���������������������
,1)������������������
,1)�,1)��������������
,1)�,1)�,1)�����,1)��
,1)�,1)�,1)����������
,1)�,1)�,1)�,1)�,1)��


!.!MhINFh)!�*/h0$�0h0$!.!h%/h*+h/$+.0!/0h,�0$h�!03!!*h2!.0!4hih�* hjL

�*+0$!.h3�5h+"h+�0�%*%*#h0$!h/�)!h.!/1(0h3+1( h�!h0+h.1*h�%&'/0.�\/h�(#+.%0$)h"+.h!��$
2!.0!4h+"h0$!h#.�,$L

0LQLPXP�VSDQQLQJ�WUHH��067�
�$!h)%*%)1)h/,�**%*#h0.!!hS���Th,.+�(!)h%/h2!.5h�+))+*h%*h*!03+.'h !/%#*%*#L
�)�#%*!h5+1h$�2!h�h�1/%*!//h3%0$h/!2!.�(h+""%�!/h�* h3�*0h0+h�+**!�0h0$!h+""%�!\/h,$+*!
(%*!/h3%0$h!��$h+0$!.h3%0$h�h)%*%)1)h0+0�(h�+/0h0+h/�2!h)+*!5Lh�$%�$h%/h0$!h�!/0h3�5h+"
 +%*#h0$%/Q
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�$%/h��*h�(/+h�!h�,,(%! h0+h0$!h%/(�* h�.% #!h,.+�(!)Lh�+*/% !.h5+1h$�2!h�*h+h*1)�!.h+"
%/(�* /h�* h3�*0h0+h�1%( h�.% #!/h0+h�+**!�0h!��$h+"h0$!)h3%0$h�h)%*%)1)h�+/0L

�+0$h0$!h,.!�! %*#h,.+�(!)/h��*h�!h/+(2! h3%0$h�*h���h�(#+.%0$)Mh%*h3$%�$h!��$h+""%�!h+.
%/(�* h��*h�!h.!,.!/!*0! h�/h�h2!.0!4h+"h�h#.�,$Mh�* h0$!h! #!/h.!,.!/!*0h0$!h�+/0Lh
!.!Mh3!
$�2!h�*h!4�),(!h+"h�h#.�,$h3$!.!h0$!h0$%�'!.h! #!/h�.!h�h/+(10%+*h0+h���N

�$!.!h�.!h03+h)�%*h�(#+.%0$)/h0+h"%* h0$!h)%*%)�(h/,�**%*#h0.!!/Nh�.%)X/b�(#+.%0$)h�* 

.1/'�(X/b�(#+.%0$)Mh3$%�$h5+1h3%((h(!�.*h%*h0$!h"+((+3%*#h0+,%�/L

3ULP
V�DOJRULWKP
�.%)\/h�(#+.%0$)h%/h�h#.!! 5h�(#+.%0$)h0$�0h"%* /h�*h���h,.+�(!)h"+.h�h�+**!�0! h3!%#$0! 
1* %.!�0! h#.�,$Lh�0h"%* /h�h/1�/!0h+"h0$!h! #!/h0$�0h"+.)/h�h0.!!h0$�0h%*�(1 !/h!2!.5h2!.0!4M
3$!.!h0$!h0+0�(h3!%#$0h+"h�((h0$!h! #!/h%*h0$!h0.!!h%/h)%*%)%6! L

�+3Mh(!0\/h0�'!h�h(++'h�0h$+3h�.%)\/h�(#+.%0$)h3+.'/h1/%*#h0$!h"+((+3%*#h�+ !N

this.prim = function() {
  var parent = [], key = [], visited = [];
  length = this.graph.length, i;

  for (i = 0; i < length; i++){ //{1}
    key[i] = INF;
    visited[i] = false;
  }

  key[0] = 0;     //{1}
  parent[0] = -1;

  for (i = 0; i < length-1; i++) {  //{3}
    var u = minKey(key, visited); //{4}
    visited[u] = true;            //{5}

    for (var v = 0; v < length; v++){
      if (this.graph[u][v] && visited[v] == false
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      && this.graph[u][v] <  key[v]){ //{6}
      parent[v]  = u;            //{7}
      key[v] = this.graph[u][v]; //{8}
      }
    }
  }
  return parent; //{9}
};

�$!h"+((+3%*#h%/h�h !/�.%,0%+*h+"h$+3h0$!h�(#+.%0$)h3+.'/N

�%*!h{1}Nh�%./0Mh3!h*!! h0+h%*%0%�(%6!h�((h0$!hhkeysh2!.0%�!/h�/h%*"%*%0!hS��2���.%,0
)�4h*1)�!.hINF = Number.MAX_SAFE_INTEGERTh�* hvisited[]h�/hfalse
�%*!h{2}Nh�!�+* Mh3!h3%((h/!0h0$!h"%./0h'!5h�/hh/+h0$�0h0$%/h2!.0!4h%/h,%�'! h�/h0$!
"%./0h2!.0!4h�* hparent[0] = -1h�!��1/!h0$!h"%./0h*+ !h%/h�(3�5/h0$!h.++0h+"
���
�%*!h{3}Nh�$!*Mh3!h3%((h"%* h���h"+.h�((h2!.0%�!/
�%*!h{4}Nh�+h +h/+Mh3!h*!! h0+h/!(!�0h0$!h)%*%)1)h'!5h2!.0!4h".+)h0$!h/!0h+"
2!.0%�!/h0$�0h3�/h*+0h,.+�!//! h5!0hS0$!h/�)!h"1*�0%+*h�/h3!h1/! h%*h�%&'/0.�\/
�(#+.%0$)h�10h3%0$h�h %""!.!*0h*�)!T
�%*!h{5}Nh�!h*!! h0+h)�.'h0$!h/!(!�0! h2!.0!4h�/hvisitedh/+h0$�0h3!h +h*+0
��(�1(�0!h%0h03%�!
�%*!h{6}Nh�*h��/!h�h)%*%)1)h3!%#$0h%/h"+1* Mh3!h3%((h/0+.!h0$!h���h,�0$h2�(1!
SparentMh(%*!h{7}Th�* h/!0h0$!h*!3h�+/0h"+.h0$!h���h2�(1!hS(%*!h{8}T
�%*!h{9}Nh�"0!.h�((h0$!h2!.0%�!/h�.!h,.+�!//! Mh3!h3%((h.!01.*h0$!h.!/1(0h�+*0�%*%*#
0$!h���

�"h3!h�+),�.!h�.%)\/h�(#+.%0$)h3%0$h�%&'/0.�\/h�(#+.%0$)Mh3!h3%((h/!!h0$�0
0$!5h�.!h2!.5h/%)%(�.Mh3%0$h0$!h!4�!,0%+*h+"h(%*!/h{7}h�* h{8}Lh�%*!h{7}
'!!,/h0$!h,�.!*0h�..�5Mh3$%�$h%/h0$!h�..�5h0$�0h/0+.!/h0$!h���Lh�%*!h{8}
/0+.!/h0$!h)%*%)1)h! #!h2�(1!Mh3$%(!h%*h�%&'/0.�\/h�(#+.%0$)Mh0$!h %/0�*�!
�..�5h%/h1/! h%*/0!� h+"h0$!hkeyh�..�5h0+h/0+.!h0$!h %/0�*�!Lh�!h��*h)+ %"5
�%&'/0.�\/h�(#+.%0$)h0+h�  h0+h0$!hparenth�..�5Mh�* h0$%/h3�5Mh3!h��*
0.��'h0$!h,�0$h�(+*#h3%0$h%0/h %/0�*�!h2�(1!L

�!0\/h*+3h!4!�10!h0$!h,.!�! %*#h�(#+.%0$)h"+.h0$!h"+((+3%*#h#.�,$N

var graph = [[0, 2, 4, 0, 0, 0],
             [2, 0, 2, 4, 2, 0],
             [4, 2, 0, 0, 3, 0],
             [0, 4, 0, 0, 3, 2],
             [0, 2, 3, 3, 0, 2],
             [0, 0, 0, 2, 2, 0]];
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�!h3%((h$�2!h0$!h"+((+3%*#h+10,10N

(GJH���:HLJKW
���������
���������
���������
���������
���������

.UXVNDO
V�DOJRULWKP
�%)%(�.(5h0+h�.%)\/h�(#+.%0$)Mh
.1/'�(\/h�(#+.%0$)h%/h�(/+h�h#.!! 5h�(#+.%0$)h0$�0h"%* /h���
"+.h�h�+**!�0! h3!%#$0! h1* %.!�0! h#.�,$L

�!0\/h�+*/% !.h$+3h
.1/'�(\/h�(#+.%0$)h3+.'/h1/%*#h0$!h"+((+3%*#h�+ !N

this.kruskal = function(){
  var length = this.graph.length,
  parent = [], cost,
  ne = 0, a, b, u, v, i, j, min;
  cost = initializeCost(); //{1}

  while(ne<length-1) { //{2}

    for(i=0, min = INF;i < length; i++) { //{3}
      for(j=0;j < length; j++) {
        if(cost[i][j] < min) {
          min=cost[i][j];
          u = i;
          v = j;
        }
      }
    }

    u = find(u, parent); //{4}
    v = find(v, parent); //{5}

    if (union(u, v, parent)){ //{6}
      ne++;
    }

    cost[u][v] = cost[v][u] = INF; //{7}
  }
  return parent;
}
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�$!h"+((+3%*#h%/h�h !/�.%,0%+*h+"h$+3h0$!h�(#+.%0$)h3+.'/N

�%*!h{1}Nh�%./0Mh3!h3%((h�+,5h0$!h� &��!*0h)�0.%4h2�(1!/h0+h0$!h�+/0h�..�5h/+h0$�0
3!h��*h)+ %"5h%0h3%0$+10h(++/%*#h0$!h+.%#%*�(h2�(1!/hS(%*!h{7}T
�%*!h{2}Nh�$%(!h���h$�/h"!3!.h0$�*h0+0�(h! #!/he9
�%*!h{3}Nh�%* h! #!h3%0$h)%*%)1)h�+/0
�%*!/h{4}h�* h{5}Nh�+h�2+% h�5�(!/Mh2!.%"5h0$�0h0$!h! #!h%/h�(.!� 5h%*h���
�%*!h{6}Nh�"h! #!/huh�* hvh�.!h*+0h0$!h/�)!Mh0$!*h�  h%0h0+h���
�%*!h{7}Nh�!)+2!h0$!h! #!/h".+)h0$!h(%/0h/+h0$�0h3!h +h*+0h��(�1(�0!h%0h03%�!
�%*!h{8}Nh�!01.*h���

�$!h"%* h"1*�0%+*h%/h#%2!*h�/h"+((+3/Lh�0h,.!2!*0/h�5�(!/h%*h���N

var find = function(i, parent){
  while(parent[i]){
    i = parent[i];
  }
  return i;
};

�$!h1*%+*h"1*�0%+*h%/h�(/+h#%2!*h$!.!N

var union = function(i, j, parent){
  if(i != j) {
    parent[j] = i;
    return true;
  }
  return false;
};

�$!.!h�.!h�h"!3h2�.%�0%+*/h+"h0$%/h�(#+.%0$)h0$�0h��*h�!h !2!(+,! Lh�0h3%((h !,!* h+*h0$!
 �0�h/0.1�01.!h1/! h0+h/+.0h0$!h3!%#$0h0$!h! #!/h2�(1!/hS/1�$h�/h�.%+.%05h�1!1!Th�* h�(/+
$+3h0$!h#.�,$h%/h.!,.!/!*0! L
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6XPPDU\
�*h0$%/h�$�,0!.Mh3!h�+2!.! h0$!h��/%�h�+*�!,0/h+"h#.�,$/Lh�+1h(!�.*! h0$!h %""!.!*0h3�5/h3!
��*h.!,.!/!*0h0$%/h �0�h/0.1�01.!Mh�* h3!h%),(!)!*0! h�*h�(#+.%0$)h0+h.!,.!/!*0h�h#.�,$
1/%*#h�*h� &��!*�5h(%/0Lh�+1h�(/+h(!�.*! h$+3h0+h0.�2!./!h�h#.�,$h1/%*#h���h�* h���
�,,.+��$!/Lh�$%/h�$�,0!.h�(/+h�+2!.! h03+h�,,(%��0%+*/h+"h���h�* h���Mh3$%�$h"%* h0$!
/$+.0!/0h,�0$h1/%*#h���h�* h0+,+(+#%��(h/+.0%*#h1/%*#h���L

�$%/h�$�,0!.h�(/+h�+2!.! h/+)!h"�)+1/h�(#+.%0$)/h/1�$h�/h�%&'/0.�\/h�(#+.%0$)h�* h0$!
�(+5 e��./$�((h�(#+.%0$)h0+h��(�1(�0!h0$!h/$+.0!/0h,�0$Lh�!h�(/+h�+2!.! h�.%)\/h�(#+.%0$)
�* h
.1/'�(\/h�(#+.%0$)h0+h��(�1(�0!h0$!h)%*%)1)h/,�**%*#h0.!!h+"h0$!h#.�,$L

�*h0$!h*!40h�$�,0!.Mh5+1h3%((h(!�.*h0$!h)+/0h�+))+*h/+.0%*#h�(#+.%0$)/h1/! h%*h�+),10!.
/�%!*�!L
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$OJRULWKPV
�1,,+/!h3!h$�2!h�h0!(!,$+*!h�#!* �hS+.h�h*+0!�++'Th0$�0h +!/h*+0h$�2!h�*5h/+.0%*#h+. !.L
�$!*h5+1h*!! h0+h�  h�h�+*0��0h3%0$h0!(!,$+*!h*1)�!./Mh5+1h/%),(5h3.%0!h%0h +3*h%*h0$!
*!40h�2�%(��(!h/(+0Lh�1,,+/!h5+1h�(/+h$�2!h�h$%#$h*1)�!.h+"h�+*0��0/h%*h5+1.h�+*0��0h(%/0Lh�*
�*5h+. %*�.5h �5Mh5+1h*!! h0+h"%* h�h,�.0%�1(�.h�+*0��0h�* h$%/b$!.h0!(!,$+*!h*1)�!.L

+3!2!.Mh�/h0$!h�+*0��0h(%/0h%/h*+0h+.#�*%6! h%*h�*5h+. !.Mh5+1h$�2!h0+h�$!�'h%0h�+*0��0h�5
�+*0��0h1*0%(h5+1h"%* h0$!h !/%.! h+*!Lh�$%/h�,,.+��$h%/h$+..%�(!Mh +*\0h5+1h�#.!!Qh�)�#%*!
0$�0h5+1h$�2!h0+h/!�.�$h"+.h�h�+*0��0h%*h�")),4d��$"0h�* h%0h%/h*+0h+.#�*%6! Rh�0h�+1( h0�'!
"+.!2!.R

�+.h0$%/h.!�/+*Mh�)+*#h+0$!./Mh3!h*!! h0+h+.#�*%6!h/!0/h+"h%*"+.)�0%+*Mh/1�$h�/h0$!
%*"+.)�0%+*h3!h$�2!h/0+.! h%*h �0�h/0.1�01.!/Lh�+.0%*#h�* h/!�.�$%*#h�(#+.%0$)/h�.!h3% !(5
1/! h%*h0$!h �%(5h,.+�(!)/h3!h$�2!h0+h/+(2!L

�*h0$%/h�$�,0!.Mh5+1h3%((h(!�.*h��+10h0$!h)+/0h�+))+*(5h1/! h/+.0%*#h�* h/!�.�$%*#
�(#+.%0$)/Mh/1�$h�/h0$!h�1��(!h/+.0Mh/!(!�0%+*h/+.0Mh%*/!.0%+*h/+.0Mh)!.#!h/+.0Mh-1%�'h/+.0Mh�* 
$!�,h/+.0h�/h3!((h�/h0$!h/!-1!*0%�(h�* h�%*�.5h/!�.�$h�(#+.%0$)/L

7KH�VRUWLQJ�DOJRULWKPV
�.+)h0$%/h%*0.+ 1�0%+*Mh5+1h/$+1( h1* !./0�* h0$�0h5+1h*!! h0+h(!�.*h$+3h0+h/+.0h"%./0h�* 
0$!*h/!�.�$h"+.h0$!h%*"+.)�0%+*h#%2!*Lh�*h0$%/h/!�0%+*Mh3!h3%((h�+2!.h/+)!h+"h0$!h)+/0h3!((e
'*+3*h/+.0%*#h�(#+.%0$)/h%*h�+),10!.h/�%!*�!Lh�!h3%((h/0�.0h3%0$h0$!h/(+3!/0h+*!Mh�* h0$!*
3!h3%((h�+2!.h/+)!h�!00!.h�(#+.%0$)/L
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�!"+.!h3!h#!0h/0�.0! h3%0$h0$!h/+.0%*#h�(#+.%0$)/Mh(!0\/h�.!�0!h�*harrayhS(%/0Th0+h.!,.!/!*0h0$!
 �0�h/0.1�01.!h0$�0h3!h3�*0h0+h/+.0h�* h/!�.�$Mh�/h"+((+3/N

function ArrayList(){

  var array = []; //{1}

  this.insert = function(item){ //{2}
    array.push(item);
  };

  this.toString= function(){ //{3}
    return array.join();
  };
}

�/h5+1h��*h*+0!MhArrayListh%/h�h/%),(!h �0�h/0.1�01.!h0$�0h/0+.!/h0$!h%0!)/h%*h�*h�..�5hS(%*!
{1}TLh�!h+*(5h$�2!h�*hinserth)!0$+ h0+h�  h!(!)!*0/h0+h+1.h �0�h/0.1�01.!hS(%*!h{2}TM
3$%�$h/%),(5h1/!/h0$!h*�0%2!hpushh)!0$+ h+"h0$!h��2���.%,0hArrayh�(�//h0$�0h3!h�+2!.! h%*
Chapter 2Mh�//�60Lh�%*�((5Mh0+h$!(,h1/h2!.%"5h0$!h.!/1(0Mh0$!htoStringh)!0$+ hS(%*!h{3}T
�+*��0!*�0!/h�((h0$!h�..�5\/h!(!)!*0/h%*0+h�h/%*#(!h/0.%*#h/+h0$�0h3!h��*h!�/%(5h+10,10h0$!
.!/1(0h%*h0$!h�.+3/!.\/h�+*/+(!h1/%*#h0$!hjoinh)!0$+ h".+)h0$!h*�0%2!h��2���.%,0hArray
�(�//L

�$!hjoinh)!0$+ h&+%*/h0$!h!(!)!*0/h+"h�*h�..�5h%*0+h�h/0.%*#h�* h.!01.*/
0$!h/0.%*#L

�+0!h0$�0h0$%/hArrayListh�(�//h +!/h*+0h$�2!h�*5h)!0$+ h0+h.!)+2!h �0�h+.h%*/!.0h%0h%*0+
/,!�%"%�h,+/%0%+*/Lh�!h3�*0h0+h'!!,h%0h/%),(!h/+h0$�0h3!h��*h"+�1/h+*h0$!h/+.0%*#h�* 
/!�.�$%*#h�(#+.%0$)/Lh�!h3%((h�  h�((h0$!h/+.0%*#h�* h/!�.�$%*#h)!0$+ /h0+h0$%/h�(�//L

�+3Mh3!h��*h#!0h/0�.0! R

7KH�EXEEOH�VRUW
�$!*h,!+,(!h"%./0h/0�.0h(!�.*%*#h/+.0%*#h�(#+.%0$)/Mh0$!5h1/1�((5h(!�.*h0$!h�1��(!h/+.0
�(#+.%0$)h"%./0Mh�!��1/!h%0h%/h0$!h/%),(!/0h+"h�((h0$!h/+.0%*#h�(#+.%0$)/Lh
+3!2!.Mh%0h%/h+*!h+"
0$!h3+./0e��/!h/+.0%*#h�(#+.%0$)/h3%0$h.!/,!�0h0+h.1*0%)!Mh�* h5+1h3%((h/!!h3$5L
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�$!h�1��(!h/+.0h�(#+.%0$)h�+),�.!/h!2!.5h03+h� &��!*0h%0!)/h�* h/3�,/h0$!)h%"h0$!h"%./0
+*!h%/h�%##!.h0$�*h0$!h/!�+* h+*!Lh�0h$�/h0$%/h*�)!h�!��1/!h0$!h%0!)/h0!* h0+h)+2!h1,h%*0+
0$!h�+..!�0h+. !.Mh(%'!h�1��(!/h.%/%*#h0+h0$!h/1."��!L

�!0\/h%),(!)!*0h0$!h�1��(!h/+.0h�(#+.%0$)h�/h"+((+3/N

this.bubbleSort = function(){
  var length = array.length;           //{1}
  for (var i=0; i<length; i++){        //{2}
    for (var j=0; j<length-1; j++ ){ //{3}
      if (array[j] > array[j+1]){  //{4}
        swap(array, j, j+1);     //{5}
      }
    }
  }
};

�%./0Mh(!0\/h !�(�.!h�h2�.%��(!h��((! hlengthMh3$%�$h3%((h/0+.!h0$!h/%6!h+"h0$!harrayhS(%*!h{1}TL
�$%/h/0!,h3%((h$!(,h1/h0+h#!0h0$!h/%6!h+"h0$!harrayh+*h(%*!/h{2}h�* h{3}Mh�* h0$%/h/0!,h%/
+,0%+*�(Lh�$!*Mh3!h3%((h$�2!h�*h+10!.h(++,hS(%*!h{2}Th0$�0h3%((h%0!.�0!h0$!h�..�5h".+)h%0/h"%./0
,+/%0%+*h0+h0$!h(�/0h+*!Mh�+*0.+((%*#h$+3h)�*5h,�//!/h�.!h +*!h%*h0$!h�..�5hS3$%�$h/$+1( 
�!h+*!h,�//h,!.h%0!)h+"h0$!h�..�5h�/h0$!h*1)�!.h+"h,�//!/h%/h!-1�(h0+h0$!h/%6!h+"h0$!h�..�5TL
�$!*Mh3!h$�2!h�*h%**!.h(++,hS(%*!h{3}Th0$�0h3%((h%0!.�0!h0$!h�..�5h/0�.0%*#h".+)h%0/h"%./0
,+/%0%+*h0+h0$!h,!*1(0%)�0!h%0!)h0$�0h3%((h��01�((5h +h0$!h�+),�.%/+*h�!03!!*h0$!h�1..!*0
%0!)h�* h0$!h*!40h+*!hS(%*!h{4}TLh�"h0$!h%0!)/h�.!h+10h+"h+. !.hS0$�0h%/Mh0$!h�1..!*0h+*!h%/
�%##!.h0$�*h0$!h*!40h+*!TMh0$!*h3!h3%((h/3�,h0$!)hS(%*!h{5}TMh)!�*%*#h0$�0h0$!h2�(1!h+"h0$!
j+1h,+/%0%+*h3%((h�!h0.�*/"!..! h0+h0$!hjh,+/%0%+*h�* h2%�!h2!./�L

�+3Mh3!h*!! h0+h !�(�.!h0$!hswaph"1*�0%+*hS�h,.%2�0!h"1*�0%+*h0$�0h%/h�2�%(��(!h+*(5h0+h0$!
�+ !h%*/% !h0$!hArrayListh�(�//TN

var swap = function(array, index1, index2){
  var aux = array[index1];
  array[index1] = array[index2];
  array[index2] = aux;
};

�+h)�'!h0$!h/3�,Mh3!h*!! h�h0!),+.�.5h2�.%��(!h0+h/0+.!h0$!h2�(1!h+"h+*!h+"h0$!h%0!)/h%*L
�!h3%((h1/!h0$%/h)!0$+ h"+.h+0$!.h/+.0%*#h)!0$+ /h�/h3!((Mh�* h0$%/h%/h0$!h.!�/+*h3!h3%((
 !�(�.!h0$%/h/3�,h�+ !h%*0+h�h"1*�0%+*h/+h0$�0h3!h��*h.!1/!h%0L
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�"h3!h1/!h��=hS������.%,0b978<TMh3!h��*h.!,(��!h0$!h,.!�! %*#h"1*�0%+*h3%0$h0$!h"+((+3%*#
�+ !hS3$%�$h1/!/h0$!h!*$�*�! h+�&!�0h,.+,!.0%!/h0$�0h5+1h(!�.*! h%*hChapter 1M
��3�� /&-1g�d�2& (d�3"/3&"4TN

[array[index1], array[index2]] = [array[index2], array[index1]];

�$!h"+((+3%*#h %�#.�)h%((1/0.�0!/h0$!h�1��(!h/+.0h%*h��0%+*N

���$h %""!.!*0h/!�0%+*h%*h0$!h,.!�! %*#h %�#.�)h.!,.!/!*0/h�h,�//h)� !h�5h0$!h+10!.h(++,
S(%*!h{2}TMh�* h!��$h�+),�.%/+*h�!03!!*h03+h� &��!*0h%0!)/h%/h)� !h�5h0$!h%**!.h(++,hS(%*!
{3}TL

�+h0!/0h0$!h�1��(!h/+.0h�(#+.%0$)h�* h#!0h0$!h/�)!h.!/1(0/h/$+3*h�5h0$!h %�#.�)Mh3!
3%((h1/!h0$!h"+((+3%*#h�+ !N

function createNonSortedArray(size){ //{6}
  var array = new ArrayList();
  for (var i = size; i> 0; i--){
    array.insert(i);
  }
  return array;
}

var array = createNonSortedArray(5); //{7}
console.log(array.toString());       //{8}
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array.bubbleSort();                  //{9}
console.log(array.toString());       //{10}

�+h$!(,h1/h0!/0h0$!h/+.0%*#h�(#+.%0$)/h0$�0h5+1h3%((h(!�.*h%*h0$%/h�$�,0!.Mh3!h3%((h�.!�0!h�
"1*�0%+*h0$�0h3%((h�10+)�0%��((5h�.!�0!h�h*+*/+.0! h�..�5h3%0$h0$!h/%6!h0$�0h%/h,�//! h�5h0$!
,�.�)!0!.hS(%*!h{6}TLh�"h3!h,�//h5h�/h0$!h,�.�)!0!.Mh0$!h"1*�0%+*h3%((h�.!�0!h0$!h"+((+3%*#
�..�5h"+.h1/Nh[5, 4, 3, 2, 1]Lh�$!*Mh�((h3!h$�2!h0+h +h%/h��((h0$%/h"1*�0%+*h�* h/0+.!h%0/
.!01.*h2�(1!h%*h�h2�.%��(!h0$�0h�+*0�%*/h0$!h%*/0�*�!h+"h0$!hArrayListh�(�//h%*%0%�(%6! h3%0$
/+)!h*1)�!./hS(%*!h{7}TLh�1/0h0+h)�'!h/1.!h3!h$�2!h�*h1*/+.0! h�..�5Mh3!h3%((h+10,10h0$!
�..�5\/h�+*0!*0h+*hconsolehS(%*!h{8}TMh��((h0$!h�1��(!h/+.0h)!0$+ hS(%*!h{9}TMh�* h+10,10
0$!h�..�5\/h�+*0!*0h+*hconsoleh�#�%*h/+h0$�0h3!h��*h2!.%"5h0$�0h0$!h�..�5h3�/h/+.0! hS(%*!
{10}TL

�+1h��*h"%* h0$!h�+),(!0!h/+1.�!h�+ !h+"h0$!hArrayListh�(�//h�* h0$!
0!/0%*#h�+ !hS3%0$h�  %0%+*�(h�+))!*0/Th+*h0$!h/+1.�!h�+ !h0$�0h5+1
 +3*(+� ! h".+)h0$!h/1,,+.0h,�#!hS+.h".+)h0$!h	%0
1�h.!,+/%0+.5TL

�+0!h0$�0h3$!*h0$!h�(#+.%0$)h!4!�10!/h0$!h/!�+* h,�//h+"h0$!h+10!.h(++,hS0$!h/!�+* h/!�0%+*
+"h0$!h,.!2%+1/h %�#.�)TMh0$!h*1)�!./h4h�* h5h�.!h�(.!� 5h/+.0! Lh�!2!.0$!(!//Mh+*
/1�/!-1!*0h�+),�.%/+*/Mh3!h3%((h'!!,h�+),�.%*#h0$!)h!2!*h%"h0$!h�+),�.%/+*h%/h*+0
*!! ! Lh�+.h0$%/h.!�/+*Mh3!h3%((h)�'!h�h/)�((h%),.+2!)!*0h+*h0$!h�1��(!h/+.0h�(#+.%0$)L
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�"h3!h/1�0.��0h0$!h*1)�!.h+"h,�//!/h".+)h0$!h%**!.h(++,Mh3!h3%((h�2+% h�((h0$!h1**!�!//�.5
�+),�.%/+*/h)� !h�5h0$!h%**!.h(++,hS(%*!h{1}TN

this.modifiedBubbleSort = function(){
  var length = array.length;
  for (var i=0; i<length; i++){
    for (var j=0; j<length-1-i; j++ ){ //{1}
      if (array[j] > array[j+1]){
        swap(j, j+1);
      }
    }
  }
};
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�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h$+3h0$!h%),.+2! h�1��(!h/+.0h3+.'/N

�+0!h0$�0h3!h % h*+0h�+),�.!h0$!h*1)�!./h0$�0h�.!h�(.!� 5h%*h,(��!Lh�2!*
0$+1#$h3!h)� !h0$%/h/)�((h�$�*#!h0+h%),.+2!h0$!h�1��(!h/+.0h�(#+.%0$)h�
(%00(!h�%0Mh%0h%/h*+0h�h.!�+))!* ! h�(#+.%0$)Lh�0h$�/h�h�+),(!4%05h+"h�S+:TL

�!h3%((h0�('h)+.!h��+10h0$!h�%#h�h*+0�0%+*h%*hChapter 12Mh�)$,/&1%*d ,*-)"5&16Mh0+h(!�.*
)+.!h��+10h�(#+.%0$)/L
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�$!h/!(!�0%+*h/+.0h�(#+.%0$)h%/h�*h%*e,(��!h�+),�.%/+*h/+.0h�(#+.%0$)Lh�$!h#!*!.�(h% !�h+"
0$!h/!(!�0%+*h/+.0h%/h0+h"%* h0$!h)%*%)1)h2�(1!h%*h0$!h �0�h/0.1�01.!Mh,(��!h%0h%*h0$!h"%./0
,+/%0%+*Mh0$!*h"%* h0$!h/!�+* h)%*%)1)h2�(1!Mh,(��!h%0h%*h0$!h/!�+* h,+/%0%+*Mh�* h/+h+*L
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this.selectionSort = function(){
  var length = array.length,            //{1}
  indexMin;
  for (var i=0; i<length-1; i++){       //{2}
    indexMin = i;                     //{3}
    for (var j=i; j<length; j++){     //{4}
      if(array[indexMin]>array[j]){ //{5}
        indexMin = j;             //{6}
      }
    }
    if (i !== indexMin){              //{7}
      swap(i, indexMin);
    }
  }
};

�%./0Mh3!h3%((h !�(�.!h/+)!h+"h0$!h2�.%��(!/h0$�0h3!h3%((h1/!h%*h0$!h�(#+.%0$)hS(%*!h{1}TL
�$!*Mh3!h$�2!h�*h+10!.h(++,hS(%*!h{2}Th0$�0h3%((h%0!.�0!h0$!h�..�5h�* h�+*0.+(h0$!h,�//!/hS0$�0
%/Mh3$%�$h+0$h2�(1!h+"h0$!h�..�5h3!h*!! h0+h"%* h*!40h+.h0$!h*!40hminh2�(1!TLh�!h3%((h�//1)!
0$�0h0$!h"%./0h2�(1!h+"h0$!h�1..!*0h,�//h%/h0$!h)%*%)1)h2�(1!h+"h0$!h�..�5hS(%*!h{3}TLh�$!*M
/0�.0%*#h".+)h0$!h�1..!*0hih2�(1!h0+h0$!h!* h+"h0$!h�..�5hS(%*!h{4}TMh3!h3%((h�+),�.!
3$!0$!.h0$!h2�(1!h%*h0$!hhjh,+/%0%+*h%/h(!//h0$�*h0$!h�1..!*0h)%*%)1)h2�(1!hS(%*!h{5}TOh%"h0$%/
%/h0.1!Mh3!h3%((h�$�*#!h0$!h2�(1!h+"h0$!h)%*%)1)h0+h0$!h*!3h)%*%)1)h2�(1!hS(%*!h{6}TL
�$!*h3!h#!0h+10h+"h0$!h%**!.h(++,hS(%*!h{4}TMh3!h3%((h$�2!h0$!h*0$h)%*%)1)h2�(1!h+"h0$!
�..�5Lh�$!*Mh%"h0$!h)%*%)1)h2�(1!h%/h %""!.!*0h".+)h0$!h+.%#%*�(h)%*%)1)h2�(1!hS(%*!h{7}TM
3!h3%((h/3�,h0$!)L

�+h0!/0h0$!h/!(!�0%+*h/+.0h�(#+.%0$)Mh3!h��*h1/!h0$!h"+((+3%*#h�+ !N

array = createNonSortedArray(5);
console.log(array.toString());
array.selectionSort();
console.log(array.toString());
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�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h/!(!�0%+*h/+.0h�(#+.%0$)h%*h��0%+*h��/! h+*h+1.h�..�5M
3$%�$h%/h1/! h%*h0$!h,.!�! %*#h�+ !h[5, 4, 3, 2, 1]N

�$!h�..+3/h�0h0$!h�+00+)h+"h0$!h�..�5h%* %��0!h0$!h,+/%0%+*/h�1..!*0(5h%*h�+*/% !.�0%+*h0+
"%* h0$!h)%*%)1)h2�(1!hS%**!.h(++,Nh(%*!h{4}TMh�* h!��$h/0!,h+"h0$!h,.!�! %*#h %�#.�)
.!,.!/!*0/h0$!h+10!.h(++,hS(%*!h{2}TL

�$!h/!(!�0%+*h/+.0h%/h�(/+h�*h�(#+.%0$)h+"h�+),(!4%05h�S+:TLh�%)%(�.h0+h0$!h�1��(!h/+.0Mh%0
�+*0�%*/h03+h*!/0! h(++,/h0$�0h�.!h.!/,+*/%�(!h"+.h0$!h-1� .�0%�h�+),(!4%05Lh
+3!2!.Mh0$!
/!(!�0%+*h/+.0h,!."+.)/h3+./!h0$�*h0$!h%*/!.0%+*h/+.0h�(#+.%0$)h0$�0h5+1h3%((h(!�.*h*!40L

7KH�LQVHUWLRQ�VRUW
�$!h%*/!.0%+*h/+.0h�(#+.%0$)h�1%( /h0$!h"%*�(h/+.0! h�..�5h+*!h%0!)h�0h�h0%)!Lh�0h�//1)!/h0$�0
0$!h"%./0h!(!)!*0h%/h�(.!� 5h/+.0! Lh�$!*Mh�h�+),�.%/+*h3%0$h0$!h/!�+* h%0!)h%/h,!."+.)! N
/$+1( h0$!h/!�+* h%0!)h/0�5h%*h%0/h,(��!h+.h�!h%*/!.0! h�!"+.!h0$!h"%./0h%0!)Qh�+Mh0$!h"%./0h03+
%0!)/h3%((h#!0h/+.0! Mh$!h�+),�.%/+*h3%((h0�'!h,(��!h3%0$h0$!h0$%. h%0!)hS0$�0h%/Mh/$+1( h%0h�!
%*/!.0! h%*h0$!h"%./0Mh/!�+* Mh+.h0$%. h,+/%0%+*QTMh�* h/+h+*L

�$!h"+((+3%*#h�+ !h.!,.!/!*0/h0$!h%*/!.0%+*h/+.0h�(#+.%0$)N

this.insertionSort = function(){
  var length = array.length,            //{1}
  j, temp;
  for (var i=1; i<length; i++){         //{2}
    j = i;                            //{3}
    temp = array[i];                  //{4}
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    while (j>0 && array[j-1] > temp){ //{5}
      array[j] = array[j-1];        //{6}
      j--;
    }
    array[j] = temp;                  //{7}
  }
};

�/h1/1�(Mh0$!h"%./0h(%*!h+"h0$!h�(#+.%0$)h%/h1/! h0+h !�(�.!h0$!h2�.%��(!/h3!h3%((h1/!h%*h0$!
/+1.�!h�+ !hS(%*!h{1}TLh�$!*Mh3!h3%((h%0!.�0!h0$!h�..�5h0+h"%* h0$!h�+..!�0h,(��!h"+.h0$!h&1%h%0!)
S(%*!h{2}TLh�+0!h0$�0h3!h/0�.0! h".+)h0$!h/!�+* h,+/%0%+*hS%* !4h9TMh%*/0!� h+"h,+/%0%+*h8hS�/
3!h�+*/% !.! h0$!h"%./0h%0!)h�(.!� 5h/+.0! TLh�$!*Mh3!hh%*%0%�0! h�*h�14%(%�.5h2�.%��(!h3%0$
0$!h2�(1!h+"hihS(%*!h{3}TMh�* h3!h�(/+h/0+.! h0$!h2�(1!h%*h�h0!),+.�.5h2�(1!hS(%*!h{4}Th/+
0$�0h3!h��*h%*/!.0h%0h%*h0$!h�+..!�0h,+/%0%+*h(�0!.Lh�$!h*!40h/0!,h%/h"%* %*#h0$!h�+..!�0h,(��!h0+
%*/!.0h0$!h%0!)Lh�/h(+*#h�/h0$!hjh2�.%��(!h%/h�%##!.h0$�*hhS�!��1/!h0$!h"%./0h%* !4h+"h0$!h�..�5
%/hh�* h0$!.!h%/h*+h*!#�0%2!h%* !4Th�* h0$!h,.!2%+1/h2�(1!h%*h0$!h�..�5h%/h�%##!.h0$�*h0$!
2�(1!h3!h�.!h�+),�.%*#hS(%*!h{5}TMh3!h3%((h/$%"0h0$!h,.!2%+1/h2�(1!h0+h0$!h�1..!*0h,+/%0%+*
S(%*!h{6}Th�* h !�.!�/!h0$!h2�(1!h+"hjLh�0h0$!h!* Mh3!h3%((h%*/!.0h0$!h2�(1!h%*h%0/h�+..!�0
,+/%0%+*L

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h%*/!.0%+*h/+.0h%*h��0%+*N
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�+.h!4�),(!Mh/1,,+/!h0$!h�..�5h3!h�.!h0.5%*#h0+h/+.0h%/hT:Lb<Lb8Lb;Lb9ULh�$!/!h2�(1!/h3%((h�!
��..%! h+10h%*h0$!h/0!,/h,!."+.)! h�5h0$!h%*/!.0%+*h/+.0h�(#+.%0$)Mh�/h !/�.%�! h%*h0$!h
"+((+3%*#h/0!,/N

�$!h2�(1!h;h%/h�(.!� 5h/+.0! Mh/+h3!h3%((h/0�.0h/+.0%*#h0$!h/!�+* h2�(1!h+"h0$!9L
�..�5Mh3$%�$h%/h0$!h2�(1!h<Lh�$!h2�(1!h:h%/h(!//h0$�*h0$!h2�(1!h<Mh/+h<h/0�5/h%*h0$!
/�)!h,(��!hS)!�*%*#h0$!h/!�+* h,+/%0%+*h+"h0$!h�..�5TLh�$!h2�(1!/h:h�* h<h�.!
�(.!� 5h/+.0! L
�$!h*!40h2�(1!h0+h�!h/+.0! h�* h%*/!.0! h%*h0$!h�+..!�0h,(��!h%/h8hS3$%�$h%/:L
�1..!*0(5h%*h0$!h0$%. h,+/%0%+*h+"h0$!h�..�5TLh�$!h2�(1!h<h%/h#.!�0!.h0$�*h8Mh/+h<h%/
/$%"0! h0+h0$!h0$%. h,+/%0%+*Lh�!h*!! h0+h�*�(56!h3$!0$!.h8h/$+1( h�!h%*/!.0! h%*
0$!h/!�+* h,+/%0%+*g%/h8h#.!�0!.h0$�*h:Qh�0\/h*+0Mh/+h0$!h2�(1!h:h#!0/h/$%"0! h0+h0$!
/!�+* h,+/%0%+*Lh�!40Mh3!h*!! h0+h2!.%"5h0$�0h8h%/h%*/!.0! h%*h0$!h"%./0h,+/%0%+*h+"
0$!h�..�5Lh�/h8h%/h0$!h"%./0h,+/%0%+*h�* h0$!.!h%/*\0h�h*!#�0%2!h,+/%0%+*Mh8h*!! /h0+
�!h%*/!.0! h+*h0$!h"%./0h,+/%0%+*Lh�$!h2�(1!/h8Mh:Mh�* h<h�.!h/+.0! L
�!h)+2!h0+h0$!h*!40h2�(1!Nh;Lh�$+1( h0$!h2�(1!h;h/0�5h%*h0$!h�1..!*0h,+/%0%+*;L
S%* !4h;TMh+.h +!/h%0h*!! h0+h�!h)+2! h0+h�h(+3!.h,+/%0%+*Qh�$!h2�(1!h;h%/h(!//h0$�*
<Mh/+h<h3%((h#!0h/$%"0! h0+h%* !4h;Lh�$+1( h3!h%*/!.0h;h%*h0$!h%* !4h:Qh�$!h2�(1!h;h%/
#.!�0!.h0$�*h:Mh/+h;h%/h%*/!.0! h%*h,+/%0%+*h;h+"h0$!h�..�5L
�$!h*!40h2�(1!h0+h�!h%*/!.0! h%/h9hS,+/%0%+*h<h+"h�..�5TLh�$!h2�(1!h<h%/h#.!�0!.h0$�*<L
9Mh/+h<h#!0/h/$%"0! h0+h0$!h%* !4h<Lh�$!h2�(1!h;h%/h#.!�0!.h0$�*h9Mh/+h;h3%((h�(/+h#!0
/$%"0! hS,+/%0%+*h;TLh�$!h2�(1!h:h%/h�(/+h#.!�0!.h0$�*h9Mh�* h:h�(/+h#!0/h/$%"0! Lh�$!
2�(1!h8h%/h(!//h0$�*h9Mh/+h9h%/h%*/!.0! h�0h0$!h/!�+* h,+/%0%+*h+"h0$!h�..�5Lh�$1/Mh0$!
�..�5h%/h/+.0! L

�$%/h�(#+.%0$)h$�/h�h�!00!.h,!."+.)�*�!h0$�*h0$!h/!(!�0%+*h�* h�1��(!h/+.0h�(#+.%0$)/h3$!*
/+.0%*#h/)�((h�..�5/L
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�$!h)!.#!h/+.0h�(#+.%0$)h%/h0$!h"%./0h/+.0%*#h�(#+.%0$)h0$�0h��*h�!h1/! h%*h0$!h.!�(h3+.( L
�$!h0$.!!h"%./0h/+.0%*#h�(#+.%0$)/h0$�0h5+1h(!�.*! h%*h0$%/h�++'h +h*+0h#%2!h#++ 
,!."+.)�*�!Mh�10h0$!h)!.#!h/+.0h#%2!/h�h#++ h,!."+.)�*�!h3%0$h�h�+),(!4%05h+"h�S+d),$d+TL
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�$!h��2���.%,0hArrayh�(�//h !"%*!/h�hsorth"1*�0%+*
SArray.prototype.sortTh0$�0h��*h�!h1/! h0+h/+.0h�..�5/h1/%*#h��2���.%,0
S3%0$h*+h*!! h0+h%),(!)!*0h0$!h�(#+.%0$)h+1./!(2!/TLh������.%,0h +!/
*+0h !"%*!h3$%�$h/+.0%*#h�(#+.%0$)h*!! /h0+h�!h1/! Mh/+h!��$h�.+3/!.h��*
%),(!)!*0h%0/h+3*h�(#+.%0$)Lh�+.h!4�),(!Mh�+6%((�h�%.!"+4h1/!/h0$!h)!.#!
/+.0h�/h0$!hArray.prototype.sorth%),(!)!*0�0%+*Mh3$%(!h�$.+)!h1/!/
�h2�.%�0%+*h+"h0$!h-1%�'h/+.0hS3$%�$h5+1h3%((h(!�.*h*!40TL

�$!h)!.#!h/+.0h%/h�h %2% !e�* e�+*-1!.h�(#+.%0$)Lh�$!h% !�h�!$%* h%0h%/h0+h %2% !h0$!
+.%#%*�(h�..�5h%*0+h/)�((!.h�..�5/h1*0%(h!��$h/)�((h�..�5h$�/h+*(5h+*!h,+/%0%+*h�* h0$!*
)!.#!h0$!/!h/)�((!.h�..�5/h%*0+h�%##!.h+*!/h1*0%(h3!h$�2!h�h/%*#(!h�%#h�..�5h�0h0$!h!* h0$�0
%/h/+.0! L

�!��1/!h+"h0$!h %2% !e�* e�+*-1!.h�,,.+��$Mh0$!h)!.#!h/+.0h�(#+.%0$)h%/h�(/+h.!�1./%2!Mh�/
"+((+3/N

this.mergeSort = function(){
  array = mergeSortRec(array);
};

�/h%*h0$!h,.!2%+1/h�$�,0!./Mh3$!*!2!.h3!h%),(!)!*0h�h.!�1./%2!h"1*�0%+*Mh3!h�(3�5/
%),(!)!*0h�hhelperh"1*�0%+*h0$�0h3%((h�!h!4!�10! Lh�+.h0$!h)!.#!h/+.0Mh3!h3%((h +h0$!
/�)!Lh�!h3%((h !�(�.!h0$!hmergeSorth)!0$+ h0$�0h3%((h�!h�2�%(��(!h"+.h1/!Mh�* h0$!
mergeSorth)!0$+ h3%((h��((hmergeSortRecMh3$%�$h%/h�h.!�1./%2!h"1*�0%+*N

var mergeSortRec = function(array){
  var length = array.length;
  if(length === 1) {      //{1}
    return array;       //{2}
  }
  var mid = Math.floor(length / 2),     //{3}
  left = array.slice(0, mid),       //{4}
  right = array.slice(mid, length); //{5}

  return merge(mergeSortRec(left), mergeSortRec(right)); //{6}
};

�$!h)!.#!h/+.0h3%((h0.�*/"+.)h�h�%##!.h�..�5h%*0+h/)�((!.h�..�5/h1*0%(h0$!5h$�2!h+*(5h+*!
%0!)h%*h0$!)Lh�/h0$!h�(#+.%0$)h%/h.!�1./%2!Mh3!h*!! h�h/0+,h�+* %0%+*g0$�0h%/Mh%"h0$!h�..�5
$�/h�h/%6!h!-1�(h0+h1hS(%*!h{1}TLh�"h,+/%0%2!Mh3!h3%((h.!01.*h0$!h�..�5h3%0$h/%6!h1hS(%*!h{2}T
�!��1/!h%0h%/h�(.!� 5h/+.0! L
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�"h0$!h�..�5h%/h�%##!.h0$�*h1Mh0$!*h3!h3%((h/,(%0h%0h%*0+h/)�((!.h�..�5/Lh�+h +h/+Mh"%./0h3!h*!! 
0+h"%* h0$!h)%  (!h+"h0$!h�..�5hS(%*!h{3}TMh�* h+*�!h3!h"%* h0$!h)%  (!Mh3!h3%((h/,(%0h0$!
�..�5h%*0+h03+h/)�((!.h�..�5/Mh3$%�$h3!h3%((h��((hlefthS(%*!h{4}Th�* hrighthS(%*!h{5}TLh�$!
lefth�..�5h�+),.%/!/h+"h!(!)!*0/h".+)h%* !4h8h0+h0$!h)%  (!h%* !4Mh�* h0$!hrighth�..�5
�+*/%/0/h+"h!(!)!*0/h".+)h0$!h)%  (!h%* !4h0+h0$!h!* h+"h0$!h+.%#%*�(h�..�5L

�$!h*!40h/0!,/h3%((h�!h0+h��((h0$!hmergeh"1*�0%+*hS(%*!h{6}TMh3$%�$h3%((h�!h.!/,+*/%�(!h"+.
)!.#%*#h�* h/+.0%*#h0$!h/)�((!.h�..�5/h%*0+h�%##!.h+*!/h1*0%(h3!h$�2!h0$!h+.%#%*�(h�..�5
/+.0! h�* h���'h0+#!0$!.Lh�+h'!!,h�.!�'%*#h0$!h+.%#%*�(h�..�5h%*0+h/)�((!.h,%!�!/Mh3!h3%((
.!�1./%2!(5h��((hmergeSortRech�#�%*Mh,�//%*#h0$!h/)�((!.h�..�5h0+h0$!h(!"0h�/h�h,�.�)!0!.
�* h�*+0$!.h��((h"+.h0$!h�..�5h0+h0$!h.%#$0Lh�4!�10!h0$!h"+((+3%*#h�+ !N

var merge = function(left, right){
  var result = [], // {7}
  il = 0,
  ir = 0;
  while(il < left.length && ir < right.length) { // {8}
    if(left[il] < right[ir]) {
      result.push(left[il++]);  // {9}
    } else{
      result.push(right[ir++]); // {10}
    }
  }

  while (il < left.length){    // {11}
    result.push(left[il++]);
  }

  while (ir < right.length){   // {12}
    result.push(right[ir++]);
  }

  return result; // {13}
};

�$!hmergeh"1*�0%+*h.!�!%2!/h03+h�..�5/h�* h)!.#!/h0$!)h%*0+h�h�%##!.h�..�5Lh�1.%*#h0$!
)!.#!h%/h3$!*h0$!h/+.0%*#h$�,,!*/Lh�%./0Mh3!h*!! h0+h !�(�.!h�h*!3h�..�5h0$�0h3%((h�!
�.!�0! h"+.h0$!h)!.#!h�* h�(/+h !�(�.!h03+h2�.%��(!/hS(%*!h{7}Th0$�0h3%((h�!h1/! h0+h%0!.�0!
0$!h03+h�..�5/hS0$!hlefth�* hrighth�..�5/TLh�$%(!h3!h��*h%0!.�0!h0$.+1#$h0$!h03+h�..�5/
S(%*!h{8}TMh3!h3%((h�+),�.!h3$!0$!.h0$!h%0!)h".+)h0$!hlefth�..�5h%/h(!//h0$�*h0$!h%0!)h".+)
0$!hrighth�..�5Lh�"h,+/%0%2!Mh3!h3%((h�  h0$!h%0!)h".+)h0$!hlefth�..�5h0+h0$!h)!.#! h.!/1(0
�..�5h�* h�(/+h%*�.!)!*0h0$!h2�.%��(!h0$�0h%/h1/! h0+h%0!.�0!h0$!h�..�5hS(%*!h{9}TOh+0$!.3%/!M
3!h3%((h�  h0$!h%0!)h".+)h0$!hrighth�..�5h�* h%*�.!)!*0h0$!h2�.%��(!h0$�0h%/h1/! h0+h%0!.�0!
0$!h�..�5hS(%*!h{10}TL
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�!40Mh3!h3%((h�  h!2!.5h.!)�%*%*#h%0!)h".+)h0$!hlefth�..�5hS(%*!h{11}Th0+h0$!h)!.#! 
.!/1(0h�..�5h�* h +h0$!h/�)!h"+.h0$!h.!)�%*%*#h%0!)/h".+)h0$!hrighth�..�5hS(%*!h{12}TLh�0
0$!h!* Mh3!h3%((h.!01.*h�h)!.#! h�..�5h�/h0$!h.!/1(0hS(%*!h{13}TL

�"h3!h!4!�10!h0$!hmergeSorth"1*�0%+*Mh0$%/h%/h$+3h%0h3%((h�!h!4!�10! N

�+0!h0$�0h"%./0h0$!h�(#+.%0$)h/,(%0/h0$!h+.%#%*�(h�..�5h1*0%(h%0h$�/h/)�((!.h�..�5/h3%0$h�h/%*#(!
!(!)!*0Mh�* h0$!*h%0h/0�.0/h)!.#%*#Lh�$%(!h)!.#%*#Mh%0h +!/h0$!h/+.0%*#h�/h3!((h1*0%(h3!h$�2!
0$!h+.%#%*�(h�..�5h�+),(!0!(5h���'h0+#!0$!.h�* h/+.0! L

7KH�TXLFN�VRUW
�$!h-1%�'h/+.0h%/h,.+���(5h0$!h)+/0h1/! h/+.0%*#h�(#+.%0$)Lh�0h$�/h�h�+),(!4%05h+"h�S+d),$d+TM
�* h%0h1/1�((5h,!."+.)/h�!00!.h0$�*h+0$!.h�S+d),$d+Th/+.0%*#h�(#+.%0$)/Lh�%)%(�.(5h0+h0$!
)!.#!h/+.0Mh%0h�(/+h1/!/h0$!h %2% !e�* e�+*-1!.h�,,.+��$Mh %2% %*#h0$!h+.%#%*�(h�..�5h%*0+
/)�((!.h+*!/hS�10h3%0$+10h/,(%00%*#h0$!)h�/h0$!h)!.#!h/+.0h +!/Th0+h +h0$!h/+.0%*#L

�$!h-1%�'h/+.0h�(#+.%0$)h%/h�h(%00(!h�%0h)+.!h�+),(!4h0$�*h0$!h+0$!.h+*!/h5+1h$�2!h(!�.*! 
/+h"�.Lh�!0\/h(!�.*h%0h/0!,h�5h/0!,Mh�/h"+((+3/N

�%./0Mh3!h*!! h0+h/!(!�0h�*h%0!)h".+)h0$!h�..�5h��((! hpivotMh3$%�$h%/h0$!h)%  (!9L
%0!)h%*h0$!h�..�5L
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�!h3%((h�.!�0!h03+h,+%*0!./g0$!h(!"0e$�* h/% !h+*!h3%((h,+%*0h0+h0$!h"%./0h%0!)h+":L
0$!h�..�5Mh�* h0$!h.%#$0e$�* h/% !h+*!h3%((h,+%*0h0+h0$!h(�/0h%0!)h+"h0$!h�..�5Lh�!
3%((h)+2!h0$!h(!"0h,+%*0!.h1*0%(h3!h"%* h�*h%0!)h0$�0h%/h�%##!.h0$�*h0$!h,%2+0Mh�* 
3!h3%((h�(/+h)+2!h0$!h.%#$0h,+%*0!.h1*0%(h3!h"%* h�*h%0!)h0$�0h%/h(!//h0$�*h0$!
,%2+0h�* h/3�,h0$!)Lh�!h3%((h.!,!�0h0$%/h,.+�!//h1*0%(h0$!h(!"0e$�* h/% !h,+%*0!.
,�//!/h0$!h.%#$0e$�* h/% !h,+%*0!.Lh�$%/h,.+�!//h$!(,/h0+h$�2!h2�(1!/h(+3!.h0$�*
0$!h,%2+0h�!"+.!h0$!h,%2+0h�* h2�(1!/h#.!�0!.h0$�*h0$!h,%2+0h�"0!.h0$!h,%2+0Lh�$%/h%/
��((! h0$!h,�.0%0%+*h+,!.�0%+*L
�!40Mh0$!h�(#+.%0$)h.!,!�0/h0$!h,.!2%+1/h03+h/0!,/h"+.h/)�((!.h�..�5/hS/1��..�5/;L
3%0$h/)�((!.h2�(1!/h�* h0$!*h/1��..�5/h3%0$h#.!�0!.h2�(1!/Th1*0%(h0$!h�..�5/h�.!
�+),(!0!(5h/+.0! L

�!0\/h/0�.0h0$!h%),(!)!*0�0%+*h+"h0$!h-1%�'h/+.0h2%�h0$!h"+((+3%*#h�+ !N

this.quickSort = function(){
  quick(array,  0, array.length - 1);
};

�%)%(�.(5h0+h0$!h)!.#!h/+.0Mh3!h3%((h/0�.0h !�(�.%*#h0$!h)�%*h)!0$+ h0$�0h3%((h��((h0$!
.!�1./%2!h"1*�0%+*Mh,�//%*#h0$!h�..�5h0$�0h3!h3�*0h0+h/+.0h�(+*#h3%0$h%* !4h8h�* h%0/h(�/0
,+/%0%+*hS�!��1/!h3!h3�*0h0+h$�2!h0$!h3$+(!h�..�5h/+.0! Mh*+0h+*(5h�h/1�/!0h+"h%0TMh�/
"+((+3/N

var quick = function(array, left, right){

  var index; //{1}

  if (array.length > 1) { //{2}

    index = partition(array, left, right); //{3}

    if (left < index - 1) {           //{4}
      quick(array, left, index - 1);     //{5}
    }

    if (index < right) {                   //{6}
      quick(array, index, right);        //{7}
    }
  }
};

�%./0Mh3!h3%((h$�2!h0$!hindexh2�.%��(!hS(%*!h{1}TMh3$%�$h3%((h$!(,h1/h/!,�.�0!h0$!h/1��..�5
3%0$h/)�((!.h�* h#.!�0!.h2�(1!/h/+h0$�0h3!h��*h.!�1./%2!(5h��((h0$!hquickh"1*�0%+*h�#�%*L
�!h3%((h+�0�%*h0$!hindexh2�(1!h�/h0$!h.!01.*h2�(1!h+"h0$!hpartitionh"1*�0%+*hS(%*!h{3}TL
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�"h0$!h/%6!h+"h0$!h�..�5h%/h(�.#!.h0$�*h9hS�!��1/!h�*h�..�5h3%0$h�h/%*#(!h!(!)!*0h%/h�(.!� 5
/+.0! h�0h(%*!h{2}TMh3!h3%((h!4!�10!h0$!h,�.0%0%+*h+,!.�0%+*h+*h0$!h#%2!*h/1��..�5hS0$!h"%./0
��((h3%((h,�//h0$!h�+),(!0!h�..�5Th0+h+�0�%*hindexhS(%*!h{3}TLh�"h�h/1��..�5h3%0$h/)�((!.
!(!)!*0/h!4%/0/hS(%*!h{4}TMh3!h3%((h.!,!�0h0$!h,.+�!//h"+.h0$!h/1��..�5hS(%*!h{5}TLh�!h3%((h +
0$!h/�)!h0$%*#h"+.h0$!h/1��..�5h3%0$h#.!�0!.h2�(1!/Lh�"h0$!.!h%/h�*5h/1��..�5h3%0$h�h#.!�0!.
2�(1!hS(%*!h{6}TMh3!h3%((h.!,!�0h0$!h-1%�'h/+.0h,.+�!//hS(%*!h{7}Th�/h3!((L

7KH�SDUWLWLRQ�SURFHVV
�$!h"%./0h0$%*#h3!h*!! h0+h +h%/h�$++/!h0$!hpivoth!(!)!*0Lh�$!.!h�.!h�h"!3h3�5/h%*h3$%�$
3!h��*h +h0$%/Lh�$!h/%),(!/0h+*!h%/h/!(!�0%*#h0$!h"%./0h%0!)h+"h0$!h�..�5hS0$!h(!"0)+/0h%0!)TL

+3!2!.Mh/01 %!/h/$+3h0$�0h0$%/h%/h*+0h�h#++ h/!(!�0%+*h%"h0$!h�..�5h%/h�()+/0h/+.0! Mh��1/%*#
0$!h3+./0h�!$�2%+.h+"h0$!h�(#+.%0$)Lh�*+0$!.h�,,.+��$h%/h/!(!�0%*#h�h.�* +)h%0!)h+"h0$!
�..�5h+.h0$!h)%  (!h%0!)L

�+3Mh(!0\/h0�'!h�h(++'h�0h0$!h,�.0%0%+*h,.+�!//N

var partition = function(array, left, right) {

  var pivot = array[Math.floor((right + left) / 2)], //{8}
  i = left,                                      //{9}
  j = right;                                     //{10}

  while (i <= j) {                //{11}
    while (array[i] < pivot) {  //{12}
      i++;
    }
    while (array[j] > pivot) {  //{13}
      j--;
    }
    if (i <= j) { //{14}
      swap(array, i, j); //{15}
      i++;
      j--;
    }
  }
  return i; //{16}
};
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�+.h0$%/h%),(!)!*0�0%+*Mh3!h3%((h/!(!�0h0$!h)%  (!h%0!)h�/hpivothS(%*!h{8}TLh�!h3%((h�(/+
%*%0%�0!h0$!h03+h,+%*0!./NhlefthS(+3h�0h(%*!h{9}Th3%0$h0$!h"%./0h!(!)!*0h+"h0$!h�..�5h�* 
righthS$%#$h�0h(%*!h{10}Th3%0$h0$!h(�/0h!(!)!*0h+"h0$!h�..�5L

�$%(!h0$!hlefth�* hrighth,+%*0!./h +h*+0h�.+//h!��$h+0$!.hS(%*!h{11}TMh3!h3%((h!4!�10!h0$!
,�.0%0%+*h+,!.�0%+*Lh�%./0Mh1*0%(h3!h"%* h�*h!(!)!*0h0$�0h%/h#.!�0!.h0$�*hpivothS(%*!h{12}TM
3!h3%((h/$%"0h0$!hlefth,+%*0!.Lh�!h3%((h +h0$!h/�)!h3%0$h0$!hrighth,+%*0!.h1*0%(h3!h"%* h�*
!(!)!*0h0$�0h%/h(!//h0$�*hpivotMh�* h3!h3%((h/$%"0h0$!hrighth,+%*0!.h�/h3!((hS(%*!h{13}TL

�$!*h0$!hlefth,+%*0!.h%/h#.!�0!.h0$�*hpivoth�* h0$!hrighth,+%*0!.h%/h(+3!.h0$�*hpivotM
3!h3%((h�+),�.!h3$!0$!.h0$!hlefth,+%*0!.h%* !4h%/h�%##!.h0$�*h0$!hrighth,+%*0!.h%* !4
S(%*!h{14}TMh)!�*%*#h3$!0$!.h0$!h(!"0h%0!)h%/h#.!�0!.h0$�*h0$!h.%#$0h%0!)hS%*h2�(1!TLh�!h3%((
/3�,h0$!/!hS(%*!h{15}TMh/$%"0h�+0$h0$!h,+%*0!./Mh�* h.!,!�0h0$!h,.+�!//hS/0�.0%*#h�#�%*h�0h(%*!
{11}TL

�0h0$!h!* h+"h0$!h,�.0%0%+*h+,!.�0%+*Mh3!h3%((h.!01.*h0$!h%* !4h+"h0$!h(!"0h,+%*0!.h0$�0h3%((h�!
1/! h0+h�.!�0!h0$!h/1��..�5/h%*h(%*!h{3}L

�$!hswaph"1*�0%+*h%/h0$!h/�)!h3!h�.!�0! h"+.h0$!h�1��(!h/+.0h�(#+.%0$)h�0h0$!h�!#%**%*#h+"
0$%/h�$�,0!.Lh�!h��*h�(/+h.!,(��!h0$%/h"1*�0%+*h3%0$h0$!h"+((+3%*#h��>h�+ !N

[array[index1], array[index2]] = [array[index2], array[index1]];

7KH�TXLFN�VRUW�LQ�DFWLRQ
�!0\/h0�'!h�h(++'h�0h0$!h-1%�'h/+.0h�(#+.%0$)h%*h��0%+*h/0!,h�5h/0!,N
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	%2!*h0$!hT:Lb<Lb8Lb=Lb;Lb>Lb9Ub�..�5Mh0$!h,.!�! %*#h %�#.�)h.!,.!/!*0/h0$!h"%./0h!4!�10%+*h+"h0$!
,�.0%0%+*h+,!.�0%+*L

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h!4!�10%+*h+"h0$!h,�.0%0%+*h+,!.�0%+*h"+.h0$!h"%./0
/1��..�5h+"h(+3!.h2�(1!/hS*+0!h0$�0h>h�* h=h�.!h*+0h,�.0h+"h0$!h/1��..�5TN
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�!40Mh3!h3%((h�+*0%*1!h�.!�0%*#h/1��..�5/Mh�/h/!!*h%*h0$!h"+((+3%*#h %�#.�)h�10h*+3h3%0$
#.!�0!.h2�(1!/h0$�*h0$!h/1��..�5h+"h0$!h,.!�! %*#h %�#.�)hS0$!h(+3!.h/1��..�5h3%0$h2�(1!h8
 +!/h*+0h*!! h0+h�!h,�.0%0%+*! h�!��1/!h%0h+*(5h�+*0�%*/h+*!h%0!)TN
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�$!h(+3!.h/1��..�5hT9Lb:Uh".+)h0$!hST9Lb:Lb<Lb;UTh/1��..�5h�+*0%*1!/h0+h�!h,�.0%0%+*! hS(%*!h{5}
".+)h0$!h�(#+.%0$)TN

�$!*Mh0$!h#.!�0!.h/1��..�5hT<Lb;Uh".+)h0$!hT9Lb:Lb<Lb;Uh/1��..�5h�(/+h�+*0%*1!/h0+h�!
,�.0%0%+*! hS(%*!h{7}h".+)h0$!h�(#+.%0$)TMh�/h/$+3*h%*h0$!h"+((+3%*#h %�#.�)N

�0h0$!h!* Mh0$!h#.!�0!.h/1��..�5hT=Lb>Uh3%((h�(/+h/1""!.h0$!hpartitionh+,!.�0%+*Mh�+),(!0%*#
0$!h!4!�10%+*h+"h0$!h-1%�'h/+.0h�(#+.%0$)L
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7KH�KHDS�VRUW
�$!h$!�,h/+.0h%/h�*+0$!.h!""%�%!*0h�(#+.%0$)Lh�$!h�(#+.%0$)h$�/h0$%/h*�)!h�!��1/!h%0h/+.0/
0$!h�..�5h�/h%"h%0h3!.!h�h�%*�.5h0.!!Lh�+h +h/+Mh3!h*!! h0+h)�*�#!h0$!h�..�5h�/h�h�%*�.5h0.!!
�+*/% !.%*#h0$!h"+((+3%*#h%*"+.)�0%+*N

�* !4h8h%/h0$!h.++0h+"h0$!h0.!!
�$!h,�.!*0h+"h�*5h*+ !h�h%/h�^:hS3%0$h0$!h!4�!,0%+*h+"h0$!h.++0h*+ !T
�$!h(!"0e$�* h/% !h�$%( h+"h�h*+ !h�h%/h:]�
�$!h.%#$0e$�* h�$%( h+"h�h*+ !h�h%/h:]�C9

�+h"+.h!4�),(!Mh3!h��*h�+*/% !.h0$!hT:L<L8L=L;L>L9Uh�..�5h�/h0$!h"+((+3%*#h0.!!N

�$!h$!�,h/+.0h�(#+.%0$)h%/h#%2!*h�/h"+((+3/N

this.heapSort = function(){
  var heapSize = array.length;
  buildHeap(array); //{1}

  while (heapSize > 1) {
    heapSize--;
    swap(array, 0, heapSize);    //{2}
    heapify(array, heapSize, 0); //{3}
  }
};

�$!h"%./0h/0!,h%/h0+h�1%( h0$!h$!�,h/0.1�01.!hS(%*!h{1}Th%*h�h3�5h0$�0harray[parent(i)] ≥
array[i]L

�$!*Mh�/h0$!h/!�+* h/0!,Mh3!h3%((h/3�,h0$!h"%./0h,+/%0%+*hS0$!h�%##!.h2�(1!h%*h0$!h�..�5Th3%0$
0$!h(�/0h,+/%0%+*h+"h0$!h�1..!*0h$!�,hS(%*!h{2}TLh�$%/h3�5Mh0$!h�%##!/0h2�(1!h3%((h�!h,(��! h�0
%0/h/+.0! h,+/%0%+*L
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�0!,h{2}h)%#$0h��*�!(h0$!h$!�,h,.+,!.05Lh�+.h0$%/h.!�/+*Mh3!h*!! h0+h.1*h�h"1*�0%+*h��((! 
heapifyh0$�0h3%((h0.�*/"+.)h0$!h�..�5h%*0+h�h$!�,h�#�%*Mh)!�*%*#h%0h3%((h#!0h0$!h.++0h+"h0$!
�1..!*0h$!�,hS0$!h/)�((!.h2�(1!Th�* h,1/$h%0h%*0+h0$!h�+00+)h+"h0$!h0.!!h�#�%*L

�$!hbuildHeaph"1*�0%+*h%/h#%2!*h�/h"+((+3/N

var buildHeap = function(array){
  var heapSize = array.length;
  for (var i = Math.floor(array.length / 2); i >= 0; i--) {
    heapify(array, heapSize, i);
  }
};

�"h3!h�,,(5h0$!h,.!�! %*#h"1*�0%+*h0+h0$!hT:L<L8L=L;L>L9Ub�..�5Mh3!h3%((h$�2!h0$!h"+((+3%*#
/0!,/h1*0%(h0$!h$!�,h%/h�1%(0N

�%*�((5Mh3!h3%((h$�2!h0$!hheapifyh"1*�0%+*h/%)%(�.h0+h0$!h"+((+3%*#N

var heapify = function(array, heapSize, i){
  var left = i * 2 + 1,
  right = i * 2 + 2,
  largest = i;

  if (left < heapSize && array[left] > array[largest]) {
    largest = left;
  }

  if (right < heapSize && array[right] > array[largest]) {
    largest = right;
  }
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  if (largest !== i) {
    swap(array, i, largest);
    heapify(array, heapSize, largest);
  }
};

�"0!.h0$!h$!�,h%/h.!� 5Mh3!h��*h/0�.0h0$!h$!�,h/+.0h�(#+.%0$)Lh�$!/!h3%((h�!h0$!h/0!,/h{2}
�* h{3}h�,,(%! h0+h0$!h�..�5L
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7KH�FRXQWLQJ��EXFNHW��DQG�UDGL[�VRUWV��WKH
GLVWULEXWLRQ�VRUWV�
�+h"�.Mh5+1h$�2!h(!�.*! h$+3h0+h/+.0h�*h�..�5h3%0$+10h1/%*#h�*5h�14%(%�.5h �0�h/0.1�01.!L
�$!.!h%/h�(/+h�*+0$!.h05,!h+"h/+.0%*#h�(#+.%0$)h��((! h0$!h %/0.%�10%+*h/+.0h%*h3$%�$h0$!h �0�
%/h %/0.%�10! h".+)h0$!h+.%#%*�(h�..�5h%*h)1(0%,(!h%*0!.)! %�0!h/0.1�01.!/hS�1�'!0/TMh3$%�$
�.!h0$!*h#�0$!.! h�* h,(��! h+*h0$!h+.%#%*�(h�..�5L

�$!h)+/0h"�)+1/h %/0.%�10%+*h�(#+.%0$)/h�.!h0$!h�+1*0%*#h/+.0Mh�1�'!0h/+.0Mh�* h.� %4h/+.0L
�$!/!h0$.!!h�(#+.%0$)/h�.!h2!.5h/%)%(�.L

�!h3%((h*+0h�+2!.h0$!/!h�(#+.%0$)/h%*h0$%/h�++'Lh
+3!2!.Mh5+1h��*h"%* 
0$!h�(#+.%0$)/h�* h!4�),(!/h3%0$%*h0$!h/+1.�!h�+ !h�1* (!h+"h0$%/h�++'h+.
%*h0$!h	%0$1�h.!,+/%0+.5
�0hhttps://github.com/loiane/javascript-datastructures-algo
rithmsL

6HDUFKLQJ�DOJRULWKPV
�+3Mh(!0\/h0�('h��+10h/!�.�$%*#h�(#+.%0$)/Lh�"h3!h0�'!h�h(++'h�0h0$!h�(#+.%0$)/h3!
%),(!)!*0! h%*h,.!2%+1/h�$�,0!./Mh/1�$h�/h0$!hsearchh)!0$+ h+"h0$!hBinarySearchTree
�(�//hSChapter 8Mh�/""0Th+.h0$!hindexOfh)!0$+ h+"h0$!hLinkedListh�(�//hSChapter 5M
�&+("!d�&010TMh0$!/!h�.!h�((h/!�.�$h�(#+.%0$)/Mh�* h+"h�+1./!Mh!��$h+*!h3�/h%),(!)!*0! 
���+. %*#h0+h0$!h�!$�2%+.h+"h%0/h �0�h/0.1�01.!Lh�+h3!h�.!h�(.!� 5h"�)%(%�.h3%0$h03+e/!�.�$
�(#+.%0$)Oh3!h&1/0h +h*+0h'*+3h0$!%.hZ+""%�%�([h*�)!/h5!0R

7KH�VHTXHQWLDO�VHDUFK
�$!h/!-1!*0%�(h+.h(%*!�.h/!�.�$h%/h0$!h)+/0h��/%�h/!�.�$h�(#+.%0$)Lh�0h�+*/%/0/h+"h�+),�.%*#
!��$h!(!)!*0h+"h0$!h �0�h/0.1�01.!h3%0$h0$!h+*!h3!h�.!h(++'%*#h"+.Lh�0h%/h�(/+h0$!h)+/0
%*!""%�%!*0h+*!L

�!0\/h0�'!h�h(++'h�0h%0/h%),(!)!*0�0%+*N

this.sequentialSearch = function(item){
  for (var i=0; i<array.length; i++){ //{1}
    if (item === array[i]){         //{2}
      return i;                   //{3}
    }
  }

https://github.com/loiane/javascript-datastructures-algorithms
https://github.com/loiane/javascript-datastructures-algorithms
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  return -1;  //{4}
};

�$!h/!-1!*0%�(h/!�.�$h%0!.�0!/h0$.+1#$h0$!h�..�5hS(%*!h{1}Th�* h�+),�.!/h!��$h%0!)h3%0$h0$!
2�(1!h3!h�.!h/!�.�$%*#h"+.hS(%*!h{2}TLh�"h3!h"%* h%0Mh3!h��*h.!01.*h/+)!0$%*#h0+h%* %��0!h0$�0
3!h"+1* h%0Lh�!h��*h.!01.*h0$!h%0!)h%0/!("Mh0$!h2�(1!htrueMh+.h%0/h%* !4hS(%*!h{3}TLh�*h0$!
,.!�! %*#h%),(!)!*0�0%+*Mh3!h.!01.*! h0$!h%* !4h+"h0$!h%0!)Lh�"h3!h +*\0h"%* h0$!h%0!)Mh3!
��*h.!01.*h-1hS(%*!h{4}TMh%* %��0%*#h0$�0h0$!h%* !4h +!/h*+0h!4%/0Oh0$!h2�(1!/hfalseh�* hnull
�.!h�)+*#h+0$!.h+,0%+*/L

�1,,+/!h3!h$�2!h0$!hT<Lb;Lb:Lb9Lb8Uh�..�5h�* h3!h�.!h(++'%*#h"+.h0$!h2�(1!h:Mh0$!*h0$!
"+((+3%*#h %�#.�)h/$+3/h0$!h/0!,/h+"h0$!h/!-1!*0%�(h/!�.�$N

7KH�ELQDU\�VHDUFK
�$!h�%*�.5h/!�.�$h�(#+.%0$)h3+.'/h/%)%(�.h0+h0$!h*1)�!.h#1!//%*#h#�)!Mh%*h3$%�$h/+)!+*!
/�5/hZ�\)h0$%*'%*#h+"h�h*1)�!.h�!03!!*h9h�* h988[Lh�!h3%((h�!#%*h�5h.!/,+* %*#h3%0$h�
*1)�!.Mh�* h0$!h,!./+*h3%((h/�5hZ$%#$!.[MhZ(+3!.[Mh+.h0$�0h3!h#+0h%0h.%#$0L

�+h)�'!h0$!h�(#+.%0$)h3+.'Mh0$!h �0�h/0.1�01.!h*!! /h0+h�!h/+.0! h"%./0Lh�$!/!h�.!h0$!h/0!,/
0$�0h0$!h�(#+.%0$)h"+((+3/N

�h2�(1!h%/h/!(!�0! h%*h0$!h)%  (!h+"h0$!h�..�5L9L
�"h0$!h%0!)h%/h0$!h+*!h3!h�.!h(++'%*#h"+.Mh3!h�.!h +*!hS0$!h2�(1!h%/h.%#$0TL:L
�"h0$!h2�(1!h3!h�.!h(++'%*#h"+.h%/h(!//h0$�*h0$!h/!(!�0! h+*!Mh0$!*h3!h3%((h#+h0+h0$!;L
(!"0h�* h���'h0+h9hS(+3!.TL
�"h0$!h2�(1!h3!h�.!h(++'%*#h"+.h%/h(�.#!.h0$�*h0$!h/!(!�0! h+*!Mh0$!*h3!h3%((h#+h0+<L
0$!h.%#$0h�* h���'h0+h9hS$%#$!.TL
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�!0\/h0�'!h�h(++'h�0h%0/h%),(!)!*0�0%+*N

this.binarySearch = function(item){
  this.quickSort();  //{1}

  var low = 0,                 //{2}
  high = array.length - 1, //{3}
  mid, element;

  while (low <= high){ //{4}
    mid = Math.floor((low + high) / 2); //{5}
    element = array[mid];               //{6}
    if (element < item) {               //{7}
      low = mid + 1;                  //{8}
    } else if (element > item) {        //{9}
      high = mid - 1;                 //{10}
    } else {
      return mid;                     //{11}
    }
  }
  return -1; //{12}
};

�+h#!0h/0�.0! Mh0$!h"%./0h0$%*#h3!h*!! h0+h +h%/h/+.0h0$!h�..�5Lh�!h��*h1/!h�*5h�(#+.%0$)h3!
%),(!)!*0! h%*h0$!h�,/1&+$d�)$,/&1%*0h/!�0%+*Lh�$!h-1%�'h/+.0h3�/h�$+/!*h"+.h0$%/
%),(!)!*0�0%+*hS(%*!h{1}TLh�"0!.h0$!h�..�5h%/h/+.0! Mh3!h3%((h/!0h0$!hlowhS(%*!h{2}Th�* hhigh
S(%*!h{3}Th,+%*0!.hS3$%�$h3%((h3+.'h�/h�+1* �.%!/TL

�$%(!hlowh%/h(+3!.h0$�*hhighhS(%*!h{4}TMh%*h0$%/h��/!Mhlowh%/h#.!�0!.h0$�*hhighhMh3$%�$
)!�*/h0$�0h0$!h2�(1!h +!/h*+0h!4%/0Lh�+Mh3!h3%((h.!01.*h-1hS(%*!h{12}TMh"%* h0$!h)%  (!h%* !4
S(%*!h{5}TMh�* h$!*�!h$�2!h0$!h2�(1!h+"h0$!h)%  (!h%0!)hS(%*!h{6}TLh�$!*Mh3!h3%((h/0�.0
�+),�.%*#h3$!0$!.h0$!h/!(!�0! h2�(1!h%/h(!//h0$�*h0$!h2�(1!h3!h�.!h(++'%*#h"+.hS(%*!h{7}TM
�* h3!h*!! h0+h#+h(+3!.hS(%*!h{8}Th�* h/0�.0h+2!.Lh�"h0$!h/!(!�0! h2�(1!h%/h#.!�0!.h0$�*h0$!
2�(1!h3!h�.!h(++'%*#h"+.hS(%*!h{9}TMh3!h*!! h0+h#+h$%#$!.hS(%*!h{10}Th�* h/0�.0h+2!.L
�0$!.3%/!Mh%0h)!�*/h0$�0h0$!h2�(1!h%/h!-1�(h0+h0$!h2�(1!h3!h�.!h(++'%*#h"+.Mh0$!.!"+.!h3!h3%((
.!01.*h%0/h%* !4hS(%*!h{11}TL
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	%2!*h0$!h�..�5h%*h0$!h"+((+3%*#h %�#.�)Mh(!0\/h0.5h0+h/!�.�$h"+.h0$!h2�(1!h9Lh�$!/!h�.!h0$!
/0!,/h0$�0h0$!h�(#+.%0$)h3%((h,!."+.)N

�$!hBinarySearchTreeh�(�//h3!h%),(!)!*0! h%*hChapter 8Mh�/""0Mh$�/
0$!hsearchh)!0$+ Mh3$%�$h%/h!4��0(5h0$!h/�)!h�/h0$!h�%*�.5h/!�.�$h�10
�,,(%! h0+h0.!!h �0�h/0.1�01.!/L

6XPPDU\
�*h0$%/h�$�,0!.Mh5+1h(!�.*! h��+10h/+.0%*#h�* h/!�.�$%*#h�(#+.%0$)/Lh�+1h(!�.*! h0$!
�1��(!Mh/!(!�0%+*Mh%*/!.0%+*Mh)!.#!Mh-1%�'Mh�* h$!�,h/+.0h�(#+.%0$)/Mh3$%�$h�.!h1/! h0+h/+.0
 �0�h/0.1�01.!/Lh�+1h�(/+h(!�.*! h0$!h/!-1!*0%�(h/!�.�$h�* h�%*�.5h/!�.�$hS3$%�$h.!-1%.! 
0$!h �0�h/0.1�01.!h0+h�!h/+.0! h�(.!� 5TL

�+1h��*h�,,(5h�*5h(+#%�h5+1h(!�.*! h%*h0$%/h�$�,0!.h0+h�*5h �0�h/0.1�01.!h+.h�*5h05,!h+"
 �0�Lh�+1h&1/0h*!! h0+h)�'!h0$!h*!�!//�.5h)+ %"%��0%+*/h0+h0$!h/+1.�!h�+ !L

�*h0$!h*!40h�$�,0!.Mh5+1h3%((h(!�.*h/+)!h� 2�*�! h0!�$*%-1!/h1/! h%*h�(#+.%0$)/L



��
3DWWHUQV�RI�$OJRULWKP

�+h"�.Mh3!h$� h"1*h %/�1//%*#h$+3h0+h%),(!)!*0h/!2!.�(h %""!.!*0h �0�h/0.1�01.!/Mh�)+*#
0$!)Oh0$!h)+/0e1/! h�.!h/+.0%*#h�* h/!�.�$%*#h�(#+.%0$)/Lh�(#+.%0$)h%*h0$!h,.+#.�))%*#
3+.( h%/h2!.5h%*0!.!/0%*#Lh�*h0$%/h�$�,0!.Mh5+1h3%((h(!�.*h)+.!h��+10h0$%/h3+.( Mh�* h3!h3%((
�(/+h %/�1//h0$!h*!40h/0!,/h%*h��/!h5+1h�.!h%*0!.!/0! h%*h !(2%*#h !!,!.h%*0+h0$%/h3+.( L

�!h3%((h�+2!.h.!�1./%+*Mh3$%�$h3�/h%*0.+ 1�! h%*hChapter 8Mh�/""0Lh�!h3%((h�(/+h�+2!.
 5*�)%�b,.+#.�))%*#h�* h#.!! 5b�(#+.%0$)/Mh�* h3!h3%((h�(/+h�+2!.h/+)!h"�)+1/
,.+�(!)/L

5HFXUVLRQ
�!�1./%+*h%/h�h)!0$+ h0+h/+(2!h,.+�(!)/h0$�0h�+*/%/0/h+"h/+(2%*#h/)�((!.h,+.0%+*/h+"h0$!
/�)!h,.+�(!)h1*0%(h5+1h/+(2!h0$!h+.%#%*�(h(�.#!.h,.+�(!)Lh�0h1/1�((5h%*2+(2!/h��((%*#h0$!
"1*�0%+*h%0/!("L

�h)!0$+ h+.h"1*�0%+*h%/h.!�1./%2!h%"h%0h��*h��((h%0/!("h %.!�0(5Mh�/h"+((+3/N

function recursiveFunction(someParam){
  recursiveFunction(someParam);
};

�h"1*�0%+*h%/h�(/+h��((! h.!�1./%2!h%"h%0h��*h��((h%0/!("h%* %.!�0(5Mh�/h"+((+3/N

function recursiveFunction1(someParam){
  recursiveFunction2(someParam);
};

function recursiveFunction2(someParam){
  recursiveFunction1(someParam);
};
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�!0\/h/1,,+/!h3!h$�2!h0+h!4!�10!hrecursiveFunctionLh�$�0h3+1( h0$!h.!/1(0h�!Qh�*h0$%/
��/!Mh%0h3+1( h�!h!4!�10! h%* !"%*%0!(5Lh�+.h0$%/h.!�/+*Mh!2!.5h.!�1./%2!h"1*�0%+*h)1/0h$�2!
�h��/!h��/!Mh3$%�$h%/h�h�+* %0%+*h%*h3$%�$h*+h.!�1./%2!h��((h%/h)� !hS�h/0+,h,+%*0Th0+h,.!2!*0
%*"%*%0!h.!�1./%+*L

-DYD6FULSW�OLPLWDWLRQ�RQ�WKH�FDOO�VWDFN�VL]H
�$�0h$�,,!*/h3$!*h3!h"+.#!0h0+h�  h�h��/!h��/!h0+h/0+,h0$!h.!�1./%2!h��((/h+"h�h"1*�0%+*Qh�0
3%((h*+0h�!h!4!�10! h%* !"%*%0!(5Oh0$!h�.+3/!.h3%((h0$.+3h�*h!..+.Mh3$%�$h%/h'*+3*h�/h�h/0��'
+2!."(+3h!..+.L

���$h�.+3/!.h$�/h%0/h+3*h(%)%0�0%+*/Mh�* h3!h��*h1/!h0$!h"+((+3%*#h�+ !h0+h +h/+)!h0!/0%*#N

var i = 0;

function recursiveFn () {
  i++;
  recursiveFn();
}

try {
  recursiveFn();
} catch (ex) {
  alert('i = ' + i + ' error: ' + ex);
}

�*h�$.+)!b�!./%+*b:>Mh0$!h"1*�0%+*h%/h!4!�10! h:8MA==h0%)!/Mh�* h0$!h�.+3/!.h0$.+3/h0$!
!..+.hRangeError: Maximum call stack size exceededLh�*h�%.!"+4b�!./%+*b9>Mh0$!
"1*�0%+*h%/h!4!�10! h;<;M<:Ah0%)!/Mh�* h0$!h�.+3/!.h0$.+3/h0$!h!..+.hInternalError: too
much recursionL

�!,!* %*#h+*h5+1.h+,!.�0%*#h/5/0!)h�* h�.+3/!.Mh0$!h2�(1!/h)%#$0h�!
 %""!.!*0Mh�10h0$!5h3%((h�!h�(+/!L
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������.%,0h>h$�/h0�%(b��((b+,0%)%6�0%+*Lh�"h�h"1*�0%+*h��((h%/h0$!h(�/0h��0%+*h%*/% !h�h"1*�0%+*
S%*h+1.h!4�),(!Mh0$!h$%#$(%#$0! h(%*!TMh%0h%/h$�* (! h2%�h�hZ&1),[Mh*+0h2%�h�hZ/1�.+10%*!
��(([Lh�$%/h)!�*/h0$�0h+1.h�+ !h��*h�!h!4!�10! h"+.!2!.h%*h������.%,0h>Lh�$%/h%/h3$5h%0h%/
2!.5h%),+.0�*0h0+h$�2!h�h��/!h��/!h0+h/0+,h.!�1./%+*L

�+.h)+.!h%*"+.)�0%+*h��+10h0�%(h��((h+,0%)%6�0%+*Mh2%/%0hh t t p : / / g o o . g l / Z
d T Z z gL

7KH�)LERQDFFL�VHTXHQFH
�!0\/h#+h���'h0+h0$!h�%�+*���%h,.+�(!)Mh3$%�$h3�/h�+2!.! h%*hChapter 10Mh�,/1&+$d�+!
�"�/ %&+$d�)$,/&1%*0Lh�$!h�%�+*���%h/!-1!*�!h��*h�!h !"%*! h�/h"+((+3/N

�$!h�%�+*���%h/!-1!*�!h+"h9h+.h:h%/h9
�$!h�%�+*���%h/!-1!*�!h+"h+hS"+.h+F:Th%/h0$!h�%�+*���%h+"hS+a9ThCh�%�+*���%h+"hS+a:T

�+Mh(!0\/h/0�.0h%),(!)!*0%*#h0$!h�%�+*���%h"1*�0%+*Mh�/h"+((+3/N

function fibonacci(num){
  if (num === 1 || num === 2){ //{1}
    return 1;
  }
}

�!h'*+3h0$!h��/!h��/!Nh0$!h�%�+*���%h+"h9h+.h:hS(%*!h{1}Th%/h9Lh�+3Mh(!0\/h"%*%/$h%0/
%),(!)!*0�0%+*N

function fibonacci(num){
  if (num === 1 || num === 2){
    return 1;
  }
  return fibonacci(num - 1) + fibonacci(num - 2);
}

�!h�(/+h'*+3h0$�0h%"h+h%/h#.!�0!.h0$�*h:Mh0$!*h�%�+*���%hS+Th%/h�%�+*���%hS+a9ThCh�%�+*���%
S+a:TL

http://goo.gl/ZdTZzg
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�+3Mh3!h$�2!h0$!h�%�+*���%h"1*�0%+*h%),(!)!*0! Lh�"h3!h0.5h0+h"%* h0$!h�%�+*���%h+"h>Mh0$!
"+((+3%*#h3%((h�!h0$!h.!/1(0h+"h0$!h��((/h0$�0h�.!h)� !N

�!h�+1( h�(/+h%),(!)!*0h0$!h�%�+*���%h"1*�0%+*h%*h�h*+*.!�1./%2!h3�5Mh�/h"+((+3/N

function fib(num){
  var n1 = 1,
  n2 = 1,
  n = 1;
  for (var i = 3; i<=num; i++){
    n = n1 + n2;
    n1 = n2;
    n2 = n;
  }
  return n;
}

�$5h1/!h.!�1./%+*Qh�/h%0h"�/0!.Qh�!�1./%+*h%/h*+0h"�/0!.h0$�*h0$!h*+.)�(h2!./%+*Oh%0h%/h/(+3!.L

+3!2!.Mh*+0!h0$�0h.!�1./%+*h%/h�(!�.h0+h1* !./0�* Mh�* h%0h.!-1%.!/h(!//h�+ !h�/h3!((L

�*h������.%,0h>Mh�!��1/!h+"h0�%(h��((h+,0%)%6�0%+*Mh.!�1./%+*h%/h*+0h/(+3!.L

+3!2!.Mh%*h+0$!.h(�*#1�#!/Mh.!�1./%+*h�+ !h%/h1/1�((5h/(+3!.L

�+Mh3!h1/1�((5h1/!h.!�1./%+*h�!��1/!h%0h%/h!�/%!.h0+h/+(2!h,.+�(!)/h1/%*#h%0L
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�5*�)%�b,.+#.�))%*#hS��Th%/h�*h+,0%)%6�0%+*h0!�$*%-1!h1/! h0+h/+(2!h�+),(!4h,.+�(!)/
�5h�.!�'%*#h0$!)h%*h0+h/)�((!.h/1�,.+�(!)/L

�!h�+2!.! h/+)!h 5*�)%�h,.+#.�))%*#h0!�$*%-1!/h!�.(%!.h%*h0$%/h�++'Lh�*!h,.+�(!)h3!
/+(2! h3%0$h 5*�)%�h,.+#.�))%*#h3�/h���h%*hChapter 9Mh	/�-%0L

�+0!h0$�0h0$!h 5*�)%�h,.+#.�))%*#h�,,.+��$h%/h %""!.!*0h".+)h0$!
 %2% !e�* e�+*-1!.h�,,.+��$hS�/h3!h1/! h"+.h0$!h)!.#!h/+.0h�* h-1%�'
/+.0h�(#+.%0$)/TLh�$%(!h0$!h %2% !h�* h�+*-1!.h�,,.+��$h�.!�'/h0$!
,.+�(!)h%*0+h%* !,!* !*0h/1�,.+�(!)/h�* h0$!*h�+)�%*!/h0$!h/+(10%+*/M
 5*�)%�h,.+#.�))%*#h�.!�'/h0$!h,.+�(!)h%*0+h !,!* !*0h/1�,.+�(!)/L

�*+0$!.h!4�),(!h%/h0$!h�%�+*���%h,.+�(!)h3!h/+(2! h%*h0$!h,.!2%+1/h/!�0%+*Lh�!h�.+'!h0$!
�%�+*���%h,.+�(!)h%*0+h/)�((!.h,.+�(!)/Mh�/h/$+3*h%*h0$!h %�#.�)h+"h0$%/h/!�0%+*L

�$!.!h�.!h0$.!!h%),+.0�*0h/0!,/h3!h*!! h0+h"+((+3h3$!*h/+(2%*#h,.+�(!)/h3%0$h��N

�!"%*!h0$!h/1�,.+�(!)/L9L
�),(!)!*0h0$!h.!�1..!*�!h0$�0h/+(2!/h0$!h/1�,.+�(!)/hS%*h0$%/h/0!,Mh3!h*!! h0+:L
"+((+3h0$!h/0!,/h"+.h.!�1./%+*h0$�0h3!h %/�1//! h%*h0$!h,.!2%+1/h/!�0%+*TL
�!�+#*%6!h�* h/+(2!h0$!h��/!h��/!/L;L

�$!.!h�.!h/+)!h"�)+1/h,.+�(!)/h0$�0h��*h�!h/+(2! h3%0$h 5*�)%�h,.+#.�))%*#N

�$!b'*�,/��'b,.+�(!)Nh�*h0$%/h,.+�(!)Mh#%2!*h�h/!0h+"h%0!)/Mh!��$h+*!h3%0$h�
2�(1!h�* h2+(1)!Mh0$!h#+�(h%/h0+h !0!.)%*!h0$!h�!/0h�+((!�0%+*h+"h%0!)/h+10h+"h0$!
/!0h%*h�h3�5h0+h)�4%)%6!h0$!h0+0�(h2�(1!Lh�$!h�+*/0.�%*0h+"h0$!h,.+�(!)h%/h0$�0h0$!
0+0�(h2+(1)!h*!! /h0+h�!h0$!h2+(1)!h/1,,+.0! h�5h0$!hZ'*�,/��'[h+.h(!//L
�$!b(+*#!/0b�+))+*b/1�/!-1!*�!Nh�$%/h�+*/%/0/h+"h"%* %*#h0$!h(+*#!/0
/1�/!-1!*�!hS�h/!-1!*�!h0$�0h��*h�!h !.%2! h".+)h�*+0$!.h/!-1!*�!h�5h !(!0%*#
/+)!h!(!)!*0/h3%0$+10h�$�*#%*#h0$!h+. !.h+"h0$!h.!)�%*%*#h!(!)!*0/Th�+))+*
0+h�((h/!-1!*�!/h%*h�h/!0h+"h/!-1!*�!/L
��0.%4b�$�%*b)1(0%,(%��0%+*Nh�*h0$%/h,.+�(!)Mh#%2!*h�h/!-1!*�!h+"h)�0.%�!/Mh0$!
#+�(h%/h0+h"%* h0$!h)+/0h!""%�%!*0h3�5h0+h)1(0%,(5h0$!/!h)�0.%�!/hS3%0$h�/h"!3
+,!.�0%+*/h�/h,+//%�(!TLh�$!h)1(0%,(%��0%+*h%/h*+0h,!."+.)! Oh0$!h/+(10%+*h%/
"%* %*#h0$!h/!-1!*�!/h%*h!��$h+"h0$!h)�0.%�!/h0$�0h*!! h0+h�!h)1(0%,(%! L
�+%*b�$�*#!Nh�$%/h�+*/%/0/h+"h"%* %*#h$+3h)�*5h %""!.!*0h3�5/h3!h��*h)�'!
�$�*#!h%*h�h,�.0%�1(�.h�)+1*0h+"h�!*0/h1/%*#h�h#%2!*h�)+1*0h+"h/!0
 !*+)%*�0%+*/h 9P *L
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�((`,�%./b/$+.0!/0b,�0$/b%*b�b#.�,$Nh�$%/h�+*/%/0/h+"h"%* %*#h0$!h/$+.0!/0h,�0$
".+)h2!.0!4h1h0+h2!.0!4h2h"+.h�((h,�%./h+"h2!.0%�!/hS1M2TLh�+1h(!�.*! h��+10h0$%/
,.+�(!)h%*hChapter 9Mh	/�-%0h1/%*#h0$!h�(+5 `��./$�((h�(#+.%0$)L

�!h3%((h�+2!.h0$!/!h,.+�(!)/h%*h0$!h*!40h0+,%�/L

�$!/!h,.+�(!)/h�* h0$!%.h/+(10%+*/h�.!h2!.5h�+))+*h%*h,.+#.�))%*#h0$!
%*0!.2%!3/h+"h�%#h�+),�*%!/h/1�$h�/h	++#(!Mh�)�6+*Mh�%�.+/+"0Mh�.��(!M
�* h/+h+*L

7KH�PLQLPXP�FRLQ�FKDQJH�SUREOHP
�$!h)%*%)1)h�+%*h�$�*#!h,.+�(!)h%/h�h2�.%�0%+*h+"h0$!h�+%*h�$�*#!h,.+�(!)Lh�$!h�+%*
�$�*#!h,.+�(!)h�+*/%/0/h+"h"%* %*#h+10h%*h$+3h)�*5h3�5/h3!h��*h)�'!h�$�*#!h"+.h�
,�.0%�1(�.h�)+1*0h+"h�!*0/h1/%*#h�h#%2!*h�)+1*0h+"h/!0h !*+)%*�0%+*/h 8Ob *Lh�$!h
)%*%)1)h�+%*h�$�*#!h,.+�(!)h�+*/%/0/h+"h"%* %*#h0$!h)%*%)1)h*1)�!.h+"h�+%*/h*!! ! h0+
)�'!h�h,�.0%�1(�.h�)+1*0h+"h�!*0/h1/%*#h�h#%2!*h�)+1*0h+"h/!0h !*+)%*�0%+*/h 9Ph *L

�+.h!4�),(!Mh0$!h�*%0! h�0�0!/h$�/h0$!h"+((+3%*#h !*+)%*�0%+*/hS�+%*/TNh 9hDh9Oh :hDh=Oh ;hD
98Oh�* h <hDh:=L

�"h3!h*!! h0+h)�'!h�$�*#!h"+.h;>h�!*0/Mh3!h��*h1/!h9h-1�.0!.hS:=TMh9h %)!hS98TMh�* h9h,!**5
S9TL


+3h +h3!h0.�*/"+.)h0$%/h/+(10%+*h%*0+h�*h�(#+.%0$)Q

�$!h)%*e�+%*h�$�*#!h/+(10%+*h�+*/%/0/h+"h"%* %*#h0$!h)%*%)1)h*1)�!.h+"h�+%*/h"+.h+Lh�10h0+
 +h0$%/Mh"%./0h3!h*!! h0+h"%* h0$!h/+(10%+*h"+.h!2!.5h5dEd+Lh�$!*Mh3!h��*h�1%( h1,h0$!h/+(10%+*
+10h+"h0$!h/+(10%+*/h"+.h/)�((!.h2�(1!/L

�!0\/h0�'!h�h(++'h�0h0$!h�(#+.%0$)N

function MinCoinChange(coins){
  var coins = coins; //{1}
  var cache = {};    //{2}

  this.makeChange = function(amount) {
    var me = this;
    if (!amount) { //{3}
      return [];
    }
    if (cache[amount]) { //{4}
      return cache[amount];
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    }
    var min = [], newMin, newAmount;
    for (var i=0; i<coins.length; i++){ //{5}
      var coin = coins[i];
      newAmount = amount - coin;  //{6}
      if (newAmount >= 0){
        newMin = me.makeChange(newAmount); //{7}
      }
      if (
        newAmount >= 0 && //{8}
        (newMin.length < min.length-1 || !min.length)//{9}
        && (newMin.length || !newAmount) //{10})
        {
          min = [coin].concat(newMin); //{11}
          console.log('new Min ' + min + ' for ' + amount);
        }
    }
    return (cache[amount] = min); //{12}
  };
}

�+h�!h)+.!h+.#�*%6! Mh3!h�.!�0! h�h�(�//h0$�0h3%((h/+(2!h0$!h)%*e�+%*h�$�*#!h,.+�(!)M
#%2!*h0$!h !*+)%*�0%+*/Lh�!0\/h#+h0$.+1#$h0$!h�(#+.%0$)h/0!,h�5h/0!,L

�1.hMinCoinChangeh�(�//h.!�!%2!/h0$!hcoinsh,�.�)!0!.hS(%*!h{1}TMh3$%�$h.!,.!/!*0/h0$!
 !*+)%*�0%+*/h+"h+1.h,.+�(!)Lh�+.h0$!h��h�+%*h/5/0!)Mh%0h3+1( h�!h[1, 5, 10, 25]Lh�!
��*h,�//h�*5h !*+)%*�0%+*/h0$�0h3!h(%'!Lh�(/+Mh0+h�!h)+.!h!""%�%!*0h�* h*+0h.!��(�1(�0!
2�(1!/Mh3!h3%((h'!!,hcachehS(%*!h{2}TL

�$!*Mh3!h$�2!h0$!hmakeChangeh)!0$+ Mh3$%�$h%/h�(/+h.!�1./%2!h�* h%/h0$!h)!0$+ h0$�0h3%((
/+(2!h0$!h,.+�(!)h"+.h1/Lh�%./0Mh%"hamounth%/h*+0h,+/%0%2!hS< 0TMh0$!*h3!h3%((h.!01.*h�*h!),05
�..�5hS(%*!h{3}TOh�0h0$!h!* h+"h0$!h!4!�10%+*h+"h0$%/h)!0$+ Mh3!h3%((h.!01.*h�*h�..�5h3%0$h0$!
�)+1*0h+"h!��$h�+%*h0$�0h��*h�!h1/! h0+h)�'!h�$�*#!hS0$!h)%*%)1)h�)+1*0h+"h�+%*/TLh�!40M
3!h3%((h�$!�'hcacheLh�"h0$!h.!/1(0h%/h�(.!� 5h���$! hS(%*!h{4}TMh0$!*h3!h3%((h/%),(5h.!01.*h%0/
2�(1!Oh+0$!.3%/!Mh3!h!4!�10!h0$!h�(#+.%0$)L

�+h$!(,h1/h"1.0$!.Mh3!h3%((h/+(2!h0$!h,.+�(!)h��/! h+*h0$!hcoinsh,�.�)!0!.
S !*+)%*�0%+*/TLh�+Mh"+.h!��$h�+%*hS(%*!h{5}TMh3!h3%((h��(�1(�0!hnewAmounthS(%*!h{6}TMh3$%�$
3%((h !�.!�/!h0$!h2�(1!h1*0%(h3!h.!��$h0$!h)%*%)1)h�)+1*0h+"h�$�*#!h3!h��*h#%2!
S.!)!)�!.h0$�0h0$%/h�(#+.%0$)h3%((h��(�1(�0!h�((hmakeChangeh.!/1(0/h"+.hx < amountTLh�"
newAmounth%/h�h2�(% h2�(1!hS,+/%0%2!h2�(1!TMh0$!*h3!h3%((h��(�1(�0!h0$!h.!/1(0h"+.h%0h�/h3!((
S(%*!h{7}TL
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�0h0$!h!* Mh3!h3%((h2!.%"5h3$!0$!.hnewAmounth%/h2�(% Mh3$!0$!.hminValuehS0$!h)%*%)1)
�)+1*0h+"h�+%*/Th%/h0$!h�!/0h.!/1(0Mh�* h3$!0$!.hminValueh�* hnewAmounth�.!h2�(% h2�(1!/
S(%*!h{10}TLh�"h�((h0$!h2!.%"%��0%+*/h�.!h,+/%0%2!Mh%0h)!�*/h3!h$�2!h�h�!00!.h.!/1(0h0$�*
,.!2%+1/(5hS(%*!h{11}Lh�+.h!4�),(!Mh"+.h=h�!*0/Mh3!h��*h#%2!h=h,!**%!/h+.h9h*%�'!(Mh9h*%�'!(
�!%*#h0$!h�!/0h/+(10%+*TLh�0h0$!h!* Mh3!h3%((h.!01.*h0$!h"%*�(h.!/1(0hS(%*!h{12}TL

�!0\/h0!/0h0$%/h�(#+.%0$)h2%�h0$!h"+((+3%*#h�+ !N

var minCoinChange = new MinCoinChange([1, 5, 10, 25]);
console.log(minCoinChange.makeChange(36));

�+0!h0$�0h%"h3!h%*/,!�0h0$!hcacheh2�.%��(!Mh%0h3%((h$+( h�((h0$!h.!/1(0/h"+.h9h0+h;>h�!*0/Lh�$!
.!/1(0h"+.h0$!h,.!�! %*#h�+ !h3%((h�!h[1, 10, 25]L

�*h0$!h/+1.�!h�+ !h+"h0$%/h�++'Mh5+1h3%((h"%* h/+)!h!40.�h(%*!/h+"h�+ !h0$�0h3%((h+10,10h0$!
/0!,/h+"h0$%/h�(#+.%0$)Lh�+.h!4�),(!Mh%"h3!h1/!h0$!h !*+)%*�0%+*/h1Mh3Mh�* h4h�* h!4!�10!
0$!h�(#+.%0$)h"+.h0$!h�)+1*0h>Mh3!h3%((h,.+ 1�!h0$!h"+((+3%*#h+10,10N
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�+Mh"+.h0$!h�)+1*0h>Mh0$!h�!/0h/+(10%+*h%/h#%2%*#h03+h�+%*/h+"h2�(1!h;L

7KH�NQDSVDFN�SUREOHP
�$!h'*�,/��'h,.+�(!)h%/h�h�+)�%*�0+.%�(h+,0%)%6�0%+*h,.+�(!)Lh�0h��*h�!h !/�.%�! h�/
"+((+3/Nh#%2!*h�h"%4! e/%6!h'*�,/��'h3%0$h�h��,��%05h0+h��..5h�h�)+1*0h+"h3!%#$0h�* h�h/!0
+"h%0!)/h0$�0h$�2!h�h2�(1!h�* h3!%#$0Mh"%* h0$!h�!/0h/+(10%+*h%*h�h3�5h0+h"%((h0$!h'*�,/��'
3%0$h0$!h)+/0h2�(1��(!h%0!)/h/+h0$�0h0$!h0+0�(h3!%#$0h%/h(!//h0$�*h+.h!-1�(h0+h�L
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!.!Mh3!h$�2!h�*h!4�),(!N

�0!)bH �!%#$0 ��(1!
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h

�+*/% !.h0$�0h0$!h'*�,/��'h��*h+*(5h��..5h�h3!%#$0h+"h=Lh�+.h0$%/h!4�),(!Mh3!h��*h/�5h0$�0
0$!h�!/0h/+(10%+*h3+1( h�!h"%((%*#h0$!h'*�,/��'h3%0$h%0!)/h9h�* h:Mh3$%�$h0+#!0$!.h$�2!h�
3!%#$0h+"h=h�* h�h0+0�(h2�(1!h+"h?L

�$!.!h�.!h03+h2!./%+*/h+"h0$%/h,.+�(!)Lh�$!h8a9d2!./%+*Mh%*h3$%�$h3!h��*
+*(5h"%((h0$!h'*�,/��'h3%0$h0$!h3$+(!h%0!)Mh�* h0$!h".��0%+*�(b'*�,/��'
,.+�(!)Mh%*h3$%�$h3!h��*h0�'!h".��0%+*/h+"h0$!h%0!)/Lh�+.h0$%/h!4�),(!Mh3!
3%((h3+.'h3%0$h0$!h8a9d2!./%+*h+"h0$!h,.+�(!)Lh�$!h".��0%+*�(h2!./%+*
��**+0h�!h/+(2! h3%0$h 5*�)%�h,.+#.�))%*#Mh�10h%0h��*h�!h/+(2! h3%0$h�
#.!! 5h�(#+.%0$)Mh3$%�$h5+1h3%((h(!�.*h(�0!.h+*h%*h0$%/h�$�,0!.L

�!0\/h0�'!h�h(++'h�0h0$!h'*�,/��'h�(#+.%0$)Mh�/h"+((+3/N

function knapSack(capacity, weights, values, n) {

  var i, w, a, b, kS = [];

  for (i = 0; i <= n; i++) { //{1}
    kS[i] = [];
  }

  for (i = 0; i <= n; i++){
    for (w = 0; w <= capacity; w++){
      if (i == 0 || w == 0){ //{2}
        kS[i][w] = 0;
      } else if (weights[i-1] <= w){ //{3}
        a = values[i-1] + kS[i-1][w-weights[i-1]];
        b = kS[i-1][w];
        kS[i][w] = (a > b) � a : b; //{4} max(a,b)
      } else{
        kS[i][w] = kS[i-1][w]; //{5}
      }
    }
  }
  return kS[n][capacity]; //{6}
}
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�!0\/h0�'!h�h(++'h�0h$+3h0$%/h�(#+.%0$)h3+.'/N

�%*!h{1}Nh�%./0Mh3!h3%((h%*%0%�(%6!h0$!h)�0.%4h0$�0h3%((h�!h1/! h0+h"%* h0$!h/+(10%+*L
�$%/h)�0.%4h%/hks[n+1][capacity+1]L
�%*!h{2}Nh�!h3%((h%#*+.!h0$!h"%./0h�+(1)*h�* h.+3h+"h0$!h)�0.%4h/+h0$�0h3!h��*
3+.'h+*(5h3%0$h%* !4!/h %""!.!*0h".+)h8L
�%*!h{3}Nh�0!)hih��*h+*(5h�!h,�.0h+"h0$!h/+(10%+*h%"h%0/h3!%#$0h%/h(!//h0$�*h0$!
�+*/0.�%*0hS��,��%05TOh+0$!.3%/!Mh0$!h0+0�(h3!%#$0h3%((h�!h�%##!.h0$�*h0$!h��,��%05M
�* h0$%/h��**+0h$�,,!*Lh�$!*h0$%/h$�,,!*/Mh3!h3%((h/%),(5h%#*+.!h%0/h2�(1!h�* 
1/!h0$!h,.!2%+1/h+*!hS(%*!h{5}TL
�%*!h{4}Nh�$!*h3!h"%* h0$�0h�*h%0!)h��*h�!h,�.0h+"h/+(10%+*Mh3!h3%((h�$++/!h0$!
+*!h3%0$h0$!h)�4%)1)h2�(1!L
�%*!h{6}Nh�$!h/+(10%+*h��*h�!h"+1* h%*h0$!h(�/0h�!((h+"h0$!h03+e %)!*/%+*�(h0��(!M
3$%�$h%/h"+1* h%*h0$!h(+3!.e.%#$0h�+.*!.h+"h0$!h0��(!L

�!h��*h0!/0h0$!h"+((+3%*#h�(#+.%0$)h1/%*#h+1.h%*%0%�(h!4�),(!N

var values = [3,4,5],
weights = [2,3,4],
capacity = 5,
n = values.length;
console.log(knapSack(capacity, weights, values, n)); //outputs 7

�$!h"+((+3%*#h %�#.�)h!4!),(%"%!/h0$!h�+*/0.1�0%+*h+"h0$!hkSh)�0.%4h"+.h+1.h!4�),(!N
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�+0!h0$�0h0$%/h�(#+.%0$)h+*(5h+10,10/h0$!h)�4%)1)h2�(1!h0$�0h��*h�!h��..%! h�5h0$!
'*�,/��'h�10h*+0h0$!h��01�(h%0!)/Lh�!h��*h�  h0$!h"+((+3%*#h�  %0%+*�(h"1*�0%+*h0+h"%* h0$!
%0!)/h0$�0h�.!h,�.0h+"h0$!h/+(10%+*N

function findValues(n, capacity, kS, weights, values){
  var i=n, k=capacity;
  console.log('Items that are part of the solution:');

  while (i>0 && k>0){
    if (kS[i][k] !== kS[i-1][k]){
      console.log('item '+i+' can be part of solution w,v: ' +
      weights[i-1] + ',' + values[i-1]);
      i--;
      k = k - kS[i][k];
    } else {
      i--;
    }
  }
}

�!h��*h��((h0$%/h"1*�0%+*h.%#$0h�!"+.!h(%*!h{7}h+"h0$!h'*�,/��'h"1*�0%+*Lh�"h3!h!4!�10!h0$!
�+),(!0!h�(#+.%0$)Mh3!h3%((h$�2!h0$!h"+((+3%*#h+10,10N

,WHPV�WKDW�DUH�SDUW�RI�WKH�VROXWLRQ�
LWHP���FDQ�EH�SDUW�RI�VROXWLRQ�Z�Y�����
LWHP���FDQ�EH�SDUW�RI�VROXWLRQ�Z�Y�����
7RWDO�YDOXH�WKDW�FDQ�EH�FDUULHG���

�$!h'*�,/��'h,.+�(!)h��*h�(/+h�!h3.%00!*h.!�1./%2!(5Lh�+1h��*h"%* h0$!
.!�1./%2!h2!./%+*h3%0$%*h0$!h/+1.�!h�+ !h�1* (!h+"h0$%/h�++'L

7KH�ORQJHVW�FRPPRQ�VXEVHTXHQFH
�*+0$!.h��h,.+�(!)h0$�0h%/h2!.5h+"0!*h1/! h%*h,.+#.�))%*#h�$�((!*#!h,.+�(!)/h%/h0$!h
(+*#!/0b�+))+*b/1�/!-1!*�!hS���TLh�$%/h,.+�(!)/h�+*/%/0/h+"h"%* %*#h0$!h(!*#0$h+"h0$!
(+*#!/0h/1�/!-1!*�!h%*h03+h/0.%*#h/!-1!*�!/Lh�$!h(+*#!/0h/1�/!-1!*�!h%/h�h/!-1!*�!h0$�0
�,,!�./h%*h0$!h/�)!h.!(�0%2!h+. !.h�10h*+0h*!�!//�.%(5h�+*0%#1+1/hS*+0h/1�/0.%*#Th%*h�+0$
/0.%*#/L
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�+*/% !.h0$!h"+((+3%*#h!4�),(!N

�+3Mh(!0\/h0�'!h�h(++'h�0h0$!h"+((+3%*#h�(#+.%0$)N

function lcs(wordX, wordY) {

  var m = wordX.length,
  n = wordY.length,
  l = [],
  i, j, a, b;

  for (i = 0; i <= m; ++i) {
    l[i] = [];
    //{1}
    for (j = 0; j <= n; ++j) {
      l[i][j] = 0;
      //{2}
    }
  }

  for (i=0; i<=m; i++) {
    for (j=0; j<=n; j++) {
      if (i == 0 || j == 0){
        l[i][j] = 0;
      } else if (wordX[i-1] == wordY[j-1]) {
        l[i][j] = l[i-1][j-1] + 1;
        //{3}
        } else {
          a = l[i-1][j];
          b = l[i][j-1];
          l[i][j] = (a > b) � a : b; //max(a,b)
          //{4}
        }
      }
    }
    //{5}
    return l[m][n];
}
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�"h3!h�+),�.!h0$!h'*�,/��'h,.+�(!)h3%0$h0$!h���h�(#+.%0$)Mh3!h3%((h*+0%�!h0$�0h�+0$h�.!
2!.5h/%)%(�.Lh�$%/h0!�$*%-1!h%/h��((! h)!)+%6�0%+*Mh3$%�$h�+*/%/0/h+"h�1%( %*#h0$!h/+(10%+*
".+)h�h0+,h)�**!.Mh�* h0$!h/+(10%+*h%/h#%2!*h%*h0$!h(+3!.e.%#$0h�+.*!.h+"h0$!h0��(!b)�0.%4L

�%'!Mh0$!h'*�,/��'h,.+�(!)h�(#+.%0$)Mh0$%/h�,,.+��$h+*(5h+10,10/h0$!h(!*#0$h+"h0$!h���M
�10h*+0h0$!h��01�(h���h�(#+.%0$)Lh�+h�!h��(!h0+h!40.��0h0$%/h%*"+.)�0%+*Mh3!h*!! h0+h)+ %"5
+1.h�(#+.%0$)h�h(%00(!h�%0h�5h !�(�.%*#h�h*!3h)�0.%4h��((! hsolutionLh�+0!h0$�0h%*h+1.h�+ !M
0$!.!h�.!h/+)!h�+))!*0/Mh�* h3!h*!! h0+h.!,(��!h0$!h�+))!*0/h3%0$h0$!h"+((+3%*#h�+ !N

�%*!h{1}Nhsolution[i] = [];
�%*!h{2}Nhsolution[i][j] = '0';
�%*!h{3}Nhsolution[i][j] = 'diagonal';
�%*!h{4}Nhsolution[i][j]=(l[i][j] == l[i-1][j]) � 'top' : 'left';
�%*!h{5}NhprintSolution(solution, l, wordX, wordY, m, n);

�$!hprintSolutionh"1*�0%+*h%/h#%2!*h�/h"+((+3/N

function printSolution(solution, l, wordX, wordY, m, n){

  var a = m, b = n, i, j,
  x = solution[a][b],
  answer = '';

  while (x !== '0') {
    if (solution[a][b] === 'diagonal') {
      answer = wordX[a - 1] + answer;
      a--;
      b--;
    } else if (solution[a][b] === 'left') {
      b--;
    } else if (solution[a][b] === 'top') {
      a--;
    }
    x = solution[a][b];
  }
  console.log('lcs: '+ answer);
}

�!h��*h�  h0$!h�$�.h0+h0$!h�*/3!.h3$!*!2!.h0$!h %.!�0%+*h+"h0$!h/+(10%+*h)�0.%4h%/
 %�#+*�(L
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�"h3!h!4!�10!h0$!h,.!�! %*#h�(#+.%0$)h1/%*#h0$!h'acbaed'h�* h'abcadf'h/0.%*#/Mh3!h3%((
#!0h0$!h+10,10h4Lh�$!h)�0.%4h(h0$�0h3�/h1/! h0+h�1%( h0$!h.!/1(0h3%((h(++'h/%)%(�.h0+h0$!h
"+((+3%*#Lh�!h��*h1/!h0$!h�  %0%+*�(h�(#+.%0$)h0+h���'h0.��'h0$!h���h2�(1!Mh�/h3!((hS0$%/h%/
$%#$(%#$0! h%*h0$!h"+((+3%*#h"%#1.!TN

�.+)h0$!h,.!�! %*#h)�0.%4Mh3!h'*+3h0$�0h0$!h���h�(#+.%0$)h%/h��� h3%0$h(!*#0$h;L

�$!h���h,.+�(!)h��*h�(/+h�!h3.%00!*h.!�1./%2!(5Lh�+1h��*h"%* h0$!
.!�1./%2!h2!./%+*h3%0$%*h0$!h/+1.�!h�+ !h�1* (!h+"h0$%/h�++'L

0DWUL[�FKDLQ�PXOWLSOLFDWLRQ
��0.%4h�$�%*h)1(0%,(%��0%+*h%/h�*+0$!.h"�)+1/h,.+�(!)h0$�0h��*h�!h/+(2! h3%0$h 5*�)%�
,.+#.�))%*#Lh�$!h,.+�(!)h�+*/%/0/h+"h"%* %*#h0$!h�!/0h3�5hS+. !.Th+"h)1(0%,(5%*#h�h/!0h+"
)�0.%�!/L

�!0\/h0.5h0+h1* !./0�* h0$!h,.+�(!)h�h(%00(!h�!00!.Lh�+h)1(0%,(5h03+h)�0.%�!/Mh�h�!%*#h�
)�0.%4h)h�5h*h�* h�h�h)�0.%4h)h�5h,Lh�$!h.!/1(0h%/h)�0.%4h�Mh*h�5h,L

�+3Mh�+*/% !.h0$�0h3!h3�*0h0+h)1(0%,(5h�`�`�`�Lh�/h)1(0%,(%��0%+*h%/h�//+�%�0%2!Mh3!h��*
)1(0%,(!h0$!/!h)�0.%�!/h%*h�*5h+. !.Lh�+Mh(!0\/h�+*/% !.h0$!h"+((+3%*#N

�h%/h�h98h�5h988h)�0.%4
�h%/h�h988h�5h=h)�0.%4
�h%/h�h=h�5h=8h)�0.%4
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�h%/h�h=8h�5h9h)�0.%4
�$!h.!/1(0h%/h�h�`�`�`�h98h�5h9h)�0.%4

�%0$%*h0$%/h!4�),(!Mh0$!.!h�.!h"%2!h3�5/h+"h +%*#h0$%/h)1(0%,(%��0%+*N

R�R�R��SSSNh�$!h0+0�(h+"h0$!h)1(0%,(%��0%+*/h%/h9M?=8L9L
RR��SR��SSNh�$!h0+0�(h+"h0$!h)1(0%,(%��0%+*/h%/h=M;88L:L
RRR��S�S�SNh�$!h0+0�(h+"h0$!h)1(0%,(%��0%+*/h%/h@M888L;L
RR�R��SS�SNh�$!h0+0�(h+"h0$!h)1(0%,(%��0%+*/h%/h?=M=88L<L
R�RR��S�SSNh�$!h0+0�(h+"h0$!h)1(0%,(%��0%+*/h%/h;9M888L=L

�$!h+. !.h+"h0$!h)1(0%,(%��0%+*h��*h)�'!h�h %""!.!*�!h%*h0$!h0+0�(h*1)�!.h+"h)1(0%,(%��0%+*/
,!."+.)! Lh�+Mh$+3h��*h3!h�.!�0!h�*h�(#+.%0$)h0+h"%* h0$!h)%*%)1)h*1)�!.h+"h+,!.�0%+*/Q
�$!h)�0.%4h�$�%*h)1(0%,(%��0%+*h�(#+.%0$)h%/h#%2!*h�/h"+((+3/N

function matrixChainOrder(p, n) {
  var i, j, k, l, q, m = [];

  for (i = 1; i <= n; i++){
    m[i] = [];
    m[i][i] = 0;
  }

  for (l=2; l<n; l++) {
    for (i=1; i<=n-l+1; i++) {
      j = i+l-1;
      m[i][j] = Number.MAX_SAFE_INTEGER;
      for (k=i; k<=j-1; k++) {
        q = m[i][k] + m[k+1][j] + p[i-1]*p[k]*p[j]; //{1}
        if (q < m[i][j]){
          m[i][j] = q;
          //{2}
        }
      }
    }
  }
  //{3}
  return m[1][n-1];
}

�$!h)+/0h%),+.0�*0h(%*!h+"h0$%/h�+ !h%/h(%*!h{1}h�!��1/!h0$%/h%/h0$!h+*!h +%*#h�((h0$!h)�#%�M
)!�*%*#h%0h��(�1(�0!/h0$!h*1)�!.h+"h)1(0%,(%��0%+*/h+"h�h#%2!*h,�.!*0$!/%/h+. !.h�* h/0+.!/
0$!h2�(1!h%*h0$!h�14%(%�.5h)�0.%4hmL
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�"h3!h!4!�10!h0$!h,.!�! %*#h�(#+.%0$)h0+h+1.h%*%0%�(h!4�),(!Mh3!h3%((h$�2!h0$!h+10,10h7500M
�/h3!h)!*0%+*! h�!"+.!h�!%*#h0$!h)%*%)1)h*1)�!.h+"h+,!.�0%+*/Lh��'!h�h(++'h�0h0$%/N

var p = [10, 100, 5, 50, 1],
n = p.length;
console.log(matrixChainOrder(p, n));


+3!2!.Mh0$%/h�(#+.%0$)h +!/h*+0h,.+2% !h1/h3%0$h0$!h+. !.h+"h0$!h,�.!*0$!/%/h+"h0$!
+,0%)�(h/+(10%+*h!%0$!.Lh�!h��*h)�'!h/+)!h�$�*#!/h0+h+1.h�+ !h0+h�!h��(!h0+h#!0h0$%/
%*"+.)�0%+*L

�%./0Mh3!h*!! h0+h !�(�.!h�* h%*%0%�(%6!h�*h�14%(%�.5h)�0.%4hs 2%�h0$!h"+((+3%*#h�+ !N

var s=[];
for (i = 0; i <= n; i++){
  s[i] = [];
  for (j=0; j<=n; j++){
    s[i][j] = 0;
  }
}

�$!*Mh+*h(%*!h{2}h+"h0$!hmatrixChainOrderh"1*�0%+*Mh3!h3%((h�  h0$!h"+((+3%*#h�+ !N

s[i][j]=k;

�*h(%*!h{3}Mh3!h3%((h��((h0$!h"1*�0%+*h0$�0h3%((h,.%*0h0$!h,�.!*0$!/%/h"+.h1/Mh�/h"+((+3/N

printOptimalParenthesis(s, 1, n-1);

�%*�((5Mh3!h3%((h$�2!h0$!hprintOptimalParenthesish"1*�0%+*Mh3$%�$h3+1( h�!h�/
"+((+3/N

function printOptimalParenthesis(s, i, j){
  if(i == j) {
    console.log("A[" + i + "]");
  } else {
    console.log("(");
    printOptimalParenthesis(s, i, s[i][j]);
    printOptimalParenthesis(s, s[i][j] + 1, j);
    console.log(")");
  }
}

�"h3!h!4!�10!h0$!h)+ %"%! h�(#+.%0$)Mh3!h3%((h�(/+h#!0h0$!h+,0%)�(h+. !.h+"h0$!
,�.!*0$!/%/Mh(A[1](A[2](A[3]A[4])))Mh3$%�$h��*h�!h0.�*/(�0! h0+h(A(B(CD)))L
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*UHHG\�DOJRULWKPV
�h#.!! 5h�(#+.%0$)h"+((+3/h0$!h,.+�(!)e/+(2%*#h$!1.%/0%�h+"h)�'%*#h0$!h(+��((5h+,0%)�(
�$+%�!hS0$!h�!/0h/+(10%+*h�0h0$!h0%)!Th�0h!��$h/0�#!h3%0$h0$!h$+,!h+"h"%* %*#h�h#(+��(
+,0%)1)hS#(+��(h�!/0h/+(10%+*TLh�0h +!/h*+0h!2�(1�0!h0$!h�%##!.h,%�01.!h(%'!h�h 5*�)%�
,.+#.�))%*#h�(#+.%0$)h +!/L

�!0\/h0�'!h�h(++'h�0h$+3h3!h��*h/+(2!h0$!h)%*e�+%*h�$�*#!h�* h'*�,/��'h,.+�(!)/h3!
�+2!.! h%*h0$!h 5*�)%�h,.+#.�))%*#h0+,%�h1/%*#h0$!h#.!! 5h�,,.+��$L

�!h�+2!.! h/+)!h+0$!.h#.!! 5h�(#+.%0$)/h%*h0$%/h�++'h%*hChapter 9M
	/�-%0Md/1�$h�/h�%&'/0.�X/b�(#+.%0$)Mh�.%)X/b�(#+.%0$)Mh�* h
.1/'�(X/
�(#+.%0$)L

7KH�PLQ�FRLQ�FKDQJH�SUREOHP
�$!h)%*e�+%*h�$�*#!h,.+�(!)h��*h�(/+h�!h.!/+(2! h3%0$h�h#.!! 5h�(#+.%0$)Lh�+/0h+"h0$!
0%)!Mh0$!h.!/1(0h%/h�(/+h+,0%)�(Mh�10h"+.h/+)!h !*+)%*�0%+*/Mh0$!h.!/1(0h3%((h*+0h�!h+,0%)�(L

�!0\/h0�'!h�h(++'h�0h0$!h�(#+.%0$)N

function MinCoinChange(coins){
  var coins = coins; //{1}

  this.makeChange = function(amount) {
    var change = [],
    total = 0;
    for (var i=coins.length; i>=0; i--){ //{2}
      var coin = coins[i];
      while (total + coin <= amount) { //{3}
        change.push(coin);           //{4}
        total += coin;               //{5}
      }
    }
    return change;
  };
}

�+0!h0$�0h0$!h#.!! 5h2!./%+*h+"hMinCoinChangeh%/h)1�$h/%),(!.h0$�*h0$!h��h+*!Lh�%)%(�.
0+h0$!h 5*�)%�h,.+#.�))%*#h�,,.+��$Mh3!h3%((h%*/0�*0%�0!hMinCoinChangeh�5h,�//%*#h0$!
 !*+)%*�0%+*/h�/h�h,�.�)!0!.hS(%*!h{1}TL
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�+.h!��$h�+%*hS(%*!h{2}Mh/0�.0%*#h".+)h0$!h�%##!/0h+*!h0+h0$!h/)�((!/0h+*!TMh3!h3%((h�  h0$!
�+%*h2�(1!h0+htotalMh�* htotalh*!! /h0+h�!h(!//h0$�*hamounthS(%*!h{3}TLh�!h3%((h�  hcoin
0+h0$!h.!/1(0hS(%*!h{4}Th�* h�(/+h0+htotalhS(%*!h{5}TL

�/h5+1h��*h/!!Mh0$!h/+(10%+*h%/h2!.5h/%),(!Lh�!h3%((h/0�.0h3%0$h0$!h�+%*h3%0$h0$!h#.!�0!/0
2�(1!h�* h#%2!h0$!h�$�*#!h0$�0h%/h,+//%�(!h3%0$h0$%/h�+%*Lh�$!*h3!h��**+0h#%2!h)+.!h�+%*/
"+.h0$!h�1..!*0h�+%*h2�(1!Mh3!h3%((h/0�.0h#%2%*#h�$�*#!h3%0$h0$!h�+%*h0$�0h$�/h0$!h/!�+* 
#.!�0!/0h2�(1!h�* h/+h+*L

�+h0!/0h0$!h�+ !Mh3!h3%((h1/!h0$!h/�)!h�+ !h3!h1/! h%*h0$!h��h�,,.+��$Mh�/h"+((+3/N

var minCoinChange = new MinCoinChange([1, 5, 10, 25]);
console.log(minCoinChange.makeChange(36));

�$!h.!/1(0h3%((h�(/+h�!h[25, 10, 1]Mh0$!h/�)!h.!/1(0h0$�0h3!h#+0h1/%*#h��Lh�$!h"+((+3%*#
 %�#.�)h!4!),(%"%!/h$+3h0$!h�(#+.%0$)h%/h!4!�10! N


+3!2!.Mh%"h3!h1/!h0$!h[1, 3, 4]h !*+)%*�0%+*h�* h!4!�10!h0$!h,.!�! %*#h#.!! 5
�(#+.%0$)Mh3!h3%((h#!0h[4, 1, 1]h�/h0$!h.!/1(0Lh�"h3!h1/!h0$!h 5*�)%�h,.+#.�))%*#
/+(10%+*Mh3!h3%((h#!0h[3, 3]h�/h0$!h.!/1(0Mh3$%�$h%/h0$!h+,0%)�(h.!/1(0L

	.!! 5h�(#+.%0$)/h�.!h/%),(!.h�* h�(/+h"�/0!.h0$�*h 5*�)%�h,.+#.�))%*#h�(#+.%0$)/L

+3!2!.Mh�/h3!h��*h*+0!Mh%0h +!/h*+0h#%2!h0$!h+,0%)�(h�*/3!.h�((h0$!h0%)!Lh
+3!2!.Mh+*
�2!.�#!Mh%0h3+1( h+10,10h�*h���!,0��(!h/+(10%+*h"+.h0$!h0%)!h%0h0�'!/h0+h!4!�10!L

7KH�IUDFWLRQDO�NQDSVDFN�SUREOHP
�$!h�(#+.%0$)h0+h/+(2!h0$!h".��0%+*�(h'*�,/��'h,.+�(!)h%/h�h(%00(!h %""!.!*0h".+)h0$!h 5*�)%�
,.+#.�))%*#h2!./%+*Lh�$%(!h%*h0$!h8a9h'*�,/��'h,.+�(!)h3!h��*h+*(5h1/!h0$!h3$+(!h%0!)
0+h"%((h0$!h'*�,/��'Mh%*h0$!h".��0%+*�(h'*�,/��'h,.+�(!)Mh3!h��*h1/!h".��0%+*/h+"h0$!h%0!)/L
�!0\/h1/!h0$!h/�)!h!4�),(!h3!h1/! h�!"+.!h0+h�+),�.!h0$!h %""!.!*�!/Mh�/h"+((+3/N
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�0!)bH �!%#$0 ��(1!

9 : ;
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; < =

h

�*h0$!h 5*�)%�h,.+#.�))%*#h!4�),(!Mh3!h�+*/% !.! h0$�0h0$!h'*�,/��'h�+1( h+*(5h��..5h�
3!%#$0h+"h=Lh�+.h0$%/h!4�),(!Mh3!h��*h/�5h0$�0h0$!h�!/0h/+(10%+*h3+1( h�!h"%((%*#h0$!
'*�,/��'h3%0$h%0!)/h9h�* h:Mh3$%�$h0+#!0$!.h$�2!h�h3!%#$0h+"h=h�* h�h0+0�(h2�(1!h+"h?L

�"h3!h�+*/% !.h0$!h/�)!h��,��%05h"+.h0$!h".��0%+*�(h'*�,/��'h,.+�(!)Mh3!h3%((h$�2!h0$!h/�)!
+10,10Lh�+Mh(!0\/h�+*/% !.h0$!h��,��%05h�/h>h%*/0!� h+"h=L

�*h0$%/h��/!Mh0$!h/+(10%+*h3+1( h�!h0+h1/!h%0!)/h9h�* h:h�* h+*(5h:=Bh+"h%0!)h;Lh�$%/h3+1( 
#%2!h�h)�4%)1)h2�(1!h+"h@L:=h3%0$h�h0+0�(h3!%#$0h+"h>L

�!0\/h0�'!h�h(++'h�0h0$!h"+((+3%*#h�(#+.%0$)N

function knapSack(capacity, values, weights) {
  var n = values.length,
  load = 0, i = 0, val = 0;

  for (i=0; i<n && load < capacity; i++) { //{1}

    if (weights[i] <= (capacity-load)) { //{2}
      val += values[i];
      load += weights[i];
    } else {
      var r = (capacity-load)/weights[i]; //{3}
      val += r * values[i];
      load += weights[i];
    }
  }
  return w;
}

�$!h"+((+3%*#h%/h0$!h!4,(�*�0%+*N

�%*!h{1}Nh�$%(!h0$!h0+0�(h(+� h%/h(!//h0$�*h0$!h��,��%05Mh3!h3%((h%0!.�0!h0$!h%0!)/
�%*!h{2}Nh�"h3!h��*h1/!h0$!h0+0�(h3!%#$0h+"h0$!h%0!)Mh0$!*h3!h3%((h�  h%0h0+h0$!
0+0�(h2�(1!hSvalTh�* h1, �0!h0$!h�1..!*0hloadh+"h0$!h'*�,/��'
�%*!h{3}Nh�"h3!h��**+0h1/!h0$!h0+0�(h3!%#$0h+"h0$!h%0!)Mh3!h3%((h��(�1(�0!h3$�0h%/
0$!h.�0%+hSrTh0$�0h3!h��*h1/!
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�"h3!h�,,(5h0$!h/�)!h��,��%05h>h0+h0$!h8a9h'*�,/��'h,.+�(!)Mh3!h3%((h/!!h0$�0h%0!)/h9h�* h;
3%((h�!h/!(!�0! h�/h,�.0h+"h0$!h/+(10%+*Lh�*h0$%/h��/!Mh3!h$�2!h03+h %""!.!*0h+10,10/h"+.h0$!
/�)!h,.+�(!)h�10h1/%*#h %""!.!*0h�,,.+��$!/h0+h/+(2!h0$!h,.+�(!)L

,QWURGXFWLRQ�WR�IXQFWLRQDO�SURJUDPPLQJ
�+h"�.h%*h0$%/h�++'Mh3!h$�2!h1/! h�h,�.� %#)h��((! h%),!.�0%2!h,.+#.�))%*#Lh�*h%),!.�0%2!
,.+#.�))%*#Mh3!h�+ !h!��$h/0!,h+"h0$!h,.+#.�)Mh !/�.%�%*#h%*h !0�%(h3$�0h*!! /h0+h�!h +*!
�* h%*h3$%�$h+. !.h%0h*!! /h0+h�!h +*!L

�*h0$%/h0+,%�Mh3!h3%((h%*0.+ 1�!h�h*!3h,�.� %#)h��((! h"1*�0%+*�(h,.+#.�))%*#Lh�1*�0%+*�(
,.+#.�))%*#h3�/h�h,�.� %#)h1/! h!/,!�%�((5h�5h��� !)%�/Mh�* h0$�*'/h0+h)+ !.*
(�*#1�#!/h/1�$h�/h�50$+*h�* h�1�5Mh%0h/0�.0! h�!�+)%*#h,+,1(�.h�)+*#h%* 1/0.5
 !2!(+,!./h�/h3!((Lh�* h0$�*'"1((5Mh3!h��*h1/!h��2���.%,0h0+h,.+#.�)h"1*�0%+*�((5M
(!2!.�#%*#h%0/h��>h��,��%(%0%!/h�/h3!((L

)XQFWLRQDO�YHUVXV�LPSHUDWLYH�SURJUDPPLQJ
�!2!(+,%*#h%*h0$!h"1*�0%+*�(h,�.� %#)h%/h*+0h %""%�1(0Oh%0h%/h&1/0h�h)�00!.h+"h#!00%*#h1/! h0+
$+3h0$!h,�.� %#)h3+.'/Lh�!0\/h�+ !h�*h!4�),(!h0+h*+0!h0$!h %""!.!*�!/L

�+*/% !.h0$�0h3!h*!! h0+h,.%*0h�((h0$!h!(!)!*0/h+"h�*h�..�5Lh�!h��*h1/!h%),!.�0%2!
,.+#.�))%*#h�* h !�(�.!h0$!h"+((+3%*#h"1*�0%+*N

var printArray = function(array){
  for (var i=0; i<array.length; i++){
    console.log(array[i]);
  }
};
printArray([1, 2, 3, 4, 5]);

�*h0$!h,.!�! %*#h�+ !Mh3!h%0!.�0! h0$!h�..�5h�* h(+##! h!��$h+"h0$!h%0!)/L

�+3Mh(!0\/h0.5h�+*2!.0%*#h0$!h!4�),(!h0+h"1*�0%+*�(h,.+#.�))%*#Lh�*h"1*�0%+*�(
,.+#.�))%*#Mh0$!h"1*�0%+*/h�.!h0$!h.+�'/0�./Lh�!h*!! h0+h"+�1/h+*h3$�0h*!! /h0+h�!
 !/�.%�! Mh*+0h$+3Lh�!0\/h#+h���'h0+h0$!h,$.�/!hZ3!h%0!.�0! h0$!h�..�5h�* h(+##! h!��$h+"
0$!h%0!)/L[h�+Mh0$!h"%./0h0$%*#h3!h3%((h"+�1/h+*h%/h%0!.�0%*#h0$!h �0�Mh�* h0$!*h3!h3%((h0�'!
��0%+*h+*h%0Mh3$%�$h%/h(+##%*#h0$!h%0!)/Lh�$!h"+((+3%*#h"1*�0%+*h3%((h�!h.!/,+*/%�(!h"+.
%0!.�0%*#h0$!h�..�5N

var forEach = function(array, action){
  for (var i=0; i<array.length; i++){
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    action(array[i]);
  }
};

�$!*Mh3!h3%((h�.!�0!h�*+0$!.h"1*�0%+*h0$�0h3%((h�!h.!/,+*/%�(!h"+.h(+##%*#h0$!h�..�5h!(!)!*0/
0+h0$!h�+*/+(!hS3!h��*h�+*/% !.h%0h�h��((���'b"1*�0%+*TMh�/h"+((+3/N

var logItem = function (item) {
  console.log(item);
};

�%*�((5Mh3!h��*h1/!h0$!h"1*�0%+*/h3!h !�(�.! Mh�h"+((+3/N

forEach([1, 2, 3, 4, 5], logItem);

�++'%*#h�(+/!(5h+*(5h�0h0$!h,.!�! %*#h�+ !Mh3!h��*h !/�.%�!h0$�0h3!h3%((h(+#h!��$h%0!)h+"
0$!h�..�5h0+h0$!h�+*/+(!Lh�* h3!h$�2!h+1.h"%./0h"1*�0%+*�(h,.+#.�))%*#h!4�),(!R

�h"!3h0$%*#/h0+h'!!,h%*h)%* N

�$!h)�%*h#+�(h%/h0+h !/�.%�!h0$!h �0�h�* h0$!h0.�*/"+.)�0%+*h3!h*!! h0+h�,,(5h+*
0$%/h �0�
�$!h+. !.h+"h0$!h!4!�10%+*h+"h0$!h,.+#.�)h$�/h(+3h%),+.0�*�!Mh3$%(!h0$!h/0!,/
�* h0$!%.h+. !.h�.!h2!.5h%),+.0�*0h%*h%),!.�0%2!h,.+#.�))%*#
�1*�0%+*/h�* h �0�h�+((!�0%+*/h�.!h0$!h.+�'/0�./h%*h"1*�0%+*�(h,.+#.�))%*#
�!h��*h1/!h�* h��1/!h"1*�0%+*/h�* h.!�1./%+*h%*h"1*�0%+*�(h,.+#.�))%*#Mh3$%(!
0$!h(++,/Mh�//%#*)!*0/Mh�+* %0%+*�(/Mh�* h�(/+h"1*�0%+*/h�.!h1/! h%*h%),!.�0%2!
,.+#.�))%*#

(6�����DQG�IXQFWLRQDO�SURJUDPPLQJ
�%0$h0$!h*!3h��:89=h"1*�0%+*�(%0%!/Mh !2!(+,%*#h"1*�0%+*�(h,.+#.�)/h%*h��2���.%,0h%/h!2!*
!�/%!.Lh�!0\/h�+*/% !.h�*h!4�),(!L

�+*/% !.h3!h3�*0h0+h"%* h0$!h)%*%)1)h2�(1!h+"h�*h�..�5Lh�*h%),!.�0%2!h,.+#.�))%*#Mh0+
,!."+.)h0$%/h0�/'Mh3!h/%),(5h*!! h0+h%0!.�0!h0$.+1#$+10h0$!h�..�5h�* h2!.%"5h0$�0h0$!h�1..!*0
)%*%)1)h2�(1!h%/h�%##!.h0$�*h0$!h2�(1!h+"h0$!h�..�5Oh%"h/+Mh3!h3%((h�//%#*h0$!h*!3h)%*%)1)
2�(1!Mh�/h"+((+3/N

var findMinArray = function(array){
  var minValue = array[0];
  for (var i=1; i<array.length; i++){
    if (minValue > array[i]){
      minValue = array[i];
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    }
  }
   return minValue;
};
console.log(findMinArray([8,6,4,5,9])); //outputs 4

�+h,!."+.)h0$!h/�)!h0�/'h%*h"1*�0%+*�(h,.+#.�))%*#Mh3!h��*h1/!h0$!hMath.minh"1*�0%+*M
,�//%*#h�((h0$!h!(!)!*0/h+"h0$!h�..�5h0+h�!h�+),�.! Lh�+h0.�*/"+.)h0$!h�..�5h%*0+h/%*#(!
!(!)!*0/Mh3!h��*h1/!h0$!h��:89=h !/0.1�0%*#h+,!.�0+.hS...TMh�/h%*h0$!h"+((+3%*#h!4�),(!N

const min_ = function(array){
  return Math.min(...array)
};
console.log(min_([8,6,4,5,9])); //outputs 4

�/%*#h��:89=h�..+3b"1*�0%+*/Mh3!h��*h/%),(%"5h0$!h,.!�! %*#h�+ !h�h(%00(!h�%0h)+.!N

const min = arr => Math.min(...arr);
console.log(min([8,6,4,5,9]));

7KH�-DYD6FULSW�IXQFWLRQDO�WRROER[�c�PDS��ILOWHU�
DQG�UHGXFH
�$!hmapMhfilterMh�* hreduceh"1*�0%+*/hS3$%�$h5+1h(!�.*! h��+10h%*hChapter 2Mh�..�5/T
�.!h0$!h��/!h+"h"1*�0%+*�(h,.+#.�))%*#L

�/%*#h0$!hmaph"1*�0%+*Mh3!h��*h0.�*/"+.)h+.h)�,h�h�+((!�0%+*h+"h �0�h%*0+h�*+0$!.h�+((!�0%+*
+"h �0�Lh�!0\/h0�'!h�h(++'h�0h�*h!4�),(!h1/%*#h%),!.�0%2!h,.+#.�))%*#N

var daysOfWeek = [
  {name: 'Monday', value: 1},
  {name: 'Tuesday', value: 2},
  {name: 'Wednesday', value: 7}
];

var daysOfWeekValues_ = [];
for (var i = 0; i < daysOfWeek.length; i++) {
  daysOfWeekValues_.push(daysOfWeek[i].value);
}

�+3h(!0\/h�+*/% !.h0$!h/�)!h!4�),(!h1/%*#h"1*�0%+*�(h,.+#.�))%*#Mh�/h"+((+3/N

var daysOfWeekValues = daysOfWeek.map(function(day) {
  return day.value;
});
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console.log(daysOfWeekValues);

�/%*#h0$!hfilterh"1*�0%+*Mh3!h��*h"%(0!.h2�(1!/h+10h+"h�h�+((!�0%+*Lh�!0\/h�+*/% !.h�*
!4�),(!N

var positiveNumbers_ = function(array){
  var positive = [];
  for (var i = 0; i < array.length; i++) {
    if (array[i] >= 0){
      positive.push(array[i]);
    }
  }
  return positive;
}
console.log(positiveNumbers_([-1,1,2,-2]));

�!h��*h3.%0!h0$!h/�)!h�+ !h1/%*#h0$!h"1*�0%+*�(h,�.� %#)Mh�/h"+((+3/N

var positiveNumbers = function(array){
  return array.filter(function(num){
  return num >= 0;
  })
};
console.log(positiveNumbers([-1,1,2,-2]));

�(/+Mh1/%*#h0$!hreduceh"1*�0%+*Mh3!h��*h.! 1�!h�h�+((!�0%+*h0+h�h/,!�%"%�h2�(1!Lh�+.h!4�),(!M
(!0\/h0�'!h�h(++'h�0h$+3h0+h/1)h0$!h2�(1!/h+"h�*h�..�5N

var sumValues = function(array){
  var total = array[0];
  for (var i=1; i<array.length; i++){
    total += array[i];
  }
  return total;
};
console.log(sumValues([1, 2, 3, 4, 5]));

�!h��*h�(/+h3.%0!h0$!h,.!�! %*#h�+ !h�/h"+((+3/N

var sum_ = function(array){
  return array.reduce(function(a, b){
  return a + b;
  })
};
console.log(sum_([1, 2, 3, 4, 5]));
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�!h��*h�(/+h)%4h0$!/!h"1*�0%+*/h3%0$h0$!h��:89=h"1*�0%+*�(%0%!/Mh/1�$h�/h0$!h !/0.1�01.%*#
+,!.�0+.h�* h�..+3h"1*�0%+*/Mh2%�h0$!h"+((+3%*#h�+ !N

const sum = arr => arr.reduce((a, b) => a + b);
console.log(sum([1, 2, 3, 4, 5]));

�!0\/h0�'!h�h(++'h�0h�*+0$!.h!4�),(!Lh�+*/% !.h0$�0h3!h*!! h0+h3.%0!h�h"1*�0%+*h0+
�+*��0!*�0!h/!2!.�(h�..�5/Lh�+h +h/+Mh3!h��*h�.!�0!h�*+0$!.h�..�5h0$�0h3%((h�+*0�%*h�((h0$!
!(!)!*0/h".+)h0$!h+0$!.h�..�5/Lh�!h��*h!4!�10!h0$!h"+((+3%*#h�+ !h1/%*#h0$!h%),!.�0%2!
,�.� %#)N

var mergeArrays_ = function(arrays){
  var count = arrays.length,
  newArray = [],
  k =0;
  for (var i=0; i<count; i++){
    for (var j=0; j<arrays[i].length; j++){
      newArray[k++] = arrays[i][j];
    }
  }
  return newArray;
};
console.log(mergeArrays_([[1, 2, 3], [4, 5], [6]]));

�+0!h0$�0h%*h0$%/h!4�),(!Mh3!h�.!h !�(�.%*#h2�.%��(!/h�* h1/%*#h(++,/Lh�+3Mh(!0\/h!4!�10!h0$!
�+ !h3.%00!*h�!"+.!h1/%*#h"1*�0%+*�(h��2���.%,0h,.+#.�))%*#Mh�/h"+((+3/N

var mergeArraysConcat = function(arrays){
  return arrays.reduce( function(p,n){
  return p.concat(n);
  });
};
console.log(mergeArraysConcat([[1, 2, 3], [4, 5], [6]]));

�$!h,.!�! %*#h�+ !h +!/h!4��0(5h0$!h/�)!h0�/'Mh�10h%0h%/h"1*�0%+*e+.%!*0! Lh�!h��*h�(/+
/%),(%"5h0$!h�+ !h!2!*h)+.!h3%0$h��:89=Mh�/h/$+3*h�5h0$!h"+((+3%*#h�+ !N

const mergeArrays = (...arrays) => [].concat(...arrays);
console.log(mergeArrays([1, 2, 3], [4, 5], [6]));
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http://reactivex.io/learnrx/
http://reactivex.io/learnrx/
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http://underscorejs.org/
http://bilby.brianmckenna.org/
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https://www.packtpub.com/web-development/functional-programming-javascript
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+3h +h3!h)!�/1.!h0$!h!""%�%!*�5h+"h�*h�(#+.%0$)Qh�!h1/1�((5h1/!h.!/+1.�!/h/1�$h�/h���
S0%)!Th1/�#!Mh)!)+.5h1/�#!Mh %/'h1/�#!Mh�* h*!03+.'h1/�#!Lh�$!*h0�('%*#h��+10h�%#e�
*+0�0%+*Mh3!h1/1�((5h�+*/% !.h���hS0%)!Th1/�#!L

�!0\/h0.5h0+h1* !./0�* h$+3h�%#e�h*+0�0%+*h3+.'/h1/%*#h/+)!h!4�),(!/L
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�+*/% !.h0$!h"+((+3%*#h"1*�0%+*N

function increment(num){
  return ++num;
}

�"h3!h0.5h0+h!4!�10!h0$!hincrement(1)h"1*�0%+*Mh3!h3%((h$�2!h�*h!4!�10%+*h0%)!h!-1�(h0+h4L
�"h3!h0.5h0+h!4!�10!h0$!h%*�.!)!*0h"1*�0%+*h�#�%*h3%0$h�h %""!.!*0h,�.�)!0!.hS(!0\/h/�5hnumh%/
2TMh0$!h!4!�10%+*h0%)!h3%((h�(/+h�!h4Lh�$!h,�.�)!0!.h +!/h*+0h)�00!.Oh0$!h,!."+.)�*�!h+"h0$!
"1*�0%+*h%*�.!)!*0h3%((h�!h0$!h/�)!Lh�+.h0$%/h.!�/+*Mh3!h��*h/�5h0$!h,.!�! %*#h"1*�0%+*h$�/
�h�+),(!4%05h+"h�S9ThS3$%�$h%/h�+*/0�*0TL

2�Q�
�+3Mh(!0\/h1/!h0$!h/!-1!*0%�(h/!�.�$h�(#+.%0$)h3!h%),(!)!*0! h%*hChapter 10Mh�,/1&+$d�+!
�"�/ %&+$d�)$,/&1%*0Mh�/h�*h!4�),(!N

function sequentialSearch(array, item){
  for (var i=0; i<array.length; i++){
    if (item === array[i]){ //{1}
      return i;
    }
  }
  return -1;
}
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�+0!h0$�0h0$!h0+0�(h�+/0h+"h!4!�10%+*h+"h0$!hsequentialSearchh"1*�0%+*h !,!* /h+*h0$!
*1)�!.h+"h!(!)!*0/h+"h0$!h�..�5hS/%6!Th�* h�(/+h+*h0$!h2�(1!h3!h�.!h(++'%*#h"+.Lh�"h0$!h%0!)
3!h�.!h(++'%*#h"+.h!4%/0/h%*h0$!h�..�5Mh0$!*h$+3h)�*5h0%)!/h3%((h(%*!h{1}h�!h!4!�10! Qh�"h0$!
%0!)h3!h�.!h(++'%*#h"+.h +!/h*+0h!4%/0Mh0$!*h0$!h(%*!h{1}h3%((h�!h!4!�10! h0$!h/%6!e+"e0$!e
�..�5h0%)!/Mh3$%�$h3!h��((h0$!h3+./0e��/!h/�!*�.%+L

�+*/% !.%*#h0$!h3+./0e��/!h/�!*�.%+h+"h0$!hsequentialSearchh"1*�0%+*Mh%"h3!h$�2!h�*
�..�5h3%0$h/%6!h98Mh0$!h�+/0h3%((h�!h98Lh�"h3!h$�2!h�*h�..�5h3%0$h/%6!h9888Mh0$!h�+/0h3%((h�!
9888Lh�!h��*h�+*�(1 !h0$�0h0$!hsequentialSearchh"1*�0%+*h$�/h�h�+),(!4%05h+"h�S+Tg+
�!%*#h0$!h/%6!h+"h0$!h�..�5hS%*,10TL

�+h/!!h0$!h,.!�! %*#h!4,(�*�0%+*h%*h,.��0%�!Mh(!0\/h)+ %"5h0$!h�(#+.%0$)h0+h��(�1(�0!h0$!h�+/0
S0$!h3+./0e��/!h/�!*�.%+TMh�/h"+((+3/N

function sequentialSearch(array, item){
  var cost = 0;
  for (var i=0; i<array.length; i++){
    cost++;
    if (item === array[i]){ //{1}
      return i;
    }
  }
  console.log('cost for sequentialSearch with input size ' +
  array.length + ' is ' + cost);
  return -1;
}

�.5h!4!�10%*#h0$!h,.!�! %*#h�(#+.%0$)h1/%*#h %""!.!*0h%*,10h/%6!/h/+h0$�0h5+1h��*h/!!h0$!
 %""!.!*0h+10,10/L
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function swap(array, index1, index2){
  var aux = array[index1];
  array[index1] = array[index2];
  array[index2] = aux;
}

function bubbleSort(array){
  var length = array.length;
  for (var i=0; i<length; i++){        //{1}
    for (var j=0; j<length-1; j++ ){ //{2}
      if (array[j] > array[j+1]){
        swap(array, j, j+1);
      }
    }
  }
}

�+*/% !.h0$�0h(%*!/h{1}h�* h{2}h$�2!h�h�+/0h+"h9h!��$Lh�!0\/h)+ %"5h0$!h�(#+.%0$)h0+
��(�1(�0!h0$!h�+/0h�/h"+((+3/N

function bubbleSort(array){
  var length = array.length;
  var cost = 0;
  for (var i=0; i<length; i++){ //{1}
    cost++;
    for (var j=0; j<length-1; j++ ){ //{2}
      cost++;
      if (array[j] > array[j+1]){
        swap(array, j, j+1);
      }
    }
  }
  console.log('cost for bubbleSort with input size ' + length + '
  is ' + cost);
}

�"h3!h!4!�10!hbubbleSorth"+.h�*h�..�5h3%0$h/%6!h98Mh0$!h�+/0h3%((h�!h988hS98:TLh�"h3!h!4!�10!
bubbleSorth"+.h�*h�..�5h3%0$h/%6!h988Mh0$!h�+/0h3%((h�!h98M888hS988:TLh�+0!h0$�0h0$!
!4!�10%+*h3%((h0�'!h!2!*h(+*#!.h!2!.5h0%)!h3!h%*�.!�/!h0$!h%*,10h/%6!L
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