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Master best practices to build modular and scalable 
server-side web applications
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7DEOH�RI�&RQWHQWV
3UHIDFH �

&KDSWHU����:HOFRPH�WR�WKH�1RGH�MV�3ODWIRUP �
7KH�1RGH�MV�SKLORVRSK\ �

6PDOO�FRUH �
6PDOO�PRGXOHV ��
6PDOO�VXUIDFH�DUHD ��
6LPSOLFLW\�DQG�SUDJPDWLVP ��

,QWURGXFWLRQ�WR�1RGH�MV���DQG�(6���� ��
7KH�OHW�DQG�FRQVW�NH\ZRUGV ��
7KH�DUURZ�IXQFWLRQ ��
&ODVV�V\QWD[ ��
(QKDQFHG�REMHFW�OLWHUDOV ��
0DS�DQG�6HW�FROOHFWLRQV ��
:HDN0DS�DQG�:HDN6HW�FROOHFWLRQV ��
7HPSODWH�OLWHUDOV ��
2WKHU�(6�����IHDWXUHV ��

7KH�UHDFWRU�SDWWHUQ ��
,�2�LV�VORZ ��
%ORFNLQJ�,�2 ��
1RQ�EORFNLQJ�,�2 ��
(YHQW�GHPXOWLSOH[LQJ ��
,QWURGXFLQJ�WKH�UHDFWRU�SDWWHUQ ��
7KH�QRQ�EORFNLQJ�,�2�HQJLQH�RI�1RGH�MV�OLEXY ��
7KH�UHFLSH�IRU�1RGH�MV ��

6XPPDU\ ��
&KDSWHU����1RGH�MV�(VVHQWLDO�3DWWHUQV ��

7KH�FDOOEDFN�SDWWHUQ ��
7KH�FRQWLQXDWLRQ�SDVVLQJ�VW\OH ��

6\QFKURQRXV�FRQWLQXDWLRQ�SDVVLQJ�VW\OH ��
$V\QFKURQRXV�FRQWLQXDWLRQ�SDVVLQJ�VW\OH ��
1RQ�FRQWLQXDWLRQ�SDVVLQJ�VW\OH�FDOOEDFNV ��

6\QFKURQRXV�RU�DV\QFKURQRXV" ��
$Q�XQSUHGLFWDEOH�IXQFWLRQ ��
8QOHDVKLQJ�=DOJR ��
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8VLQJ�V\QFKURQRXV�$3,V ��
'HIHUUHG�H[HFXWLRQ ��

1RGH�MV�FDOOEDFN�FRQYHQWLRQV ��
&DOOEDFNV�FRPH�ODVW ��
(UURU�FRPHV�ILUVW ��
3URSDJDWLQJ�HUURUV ��
8QFDXJKW�H[FHSWLRQV ��

7KH�PRGXOH�V\VWHP�DQG�LWV�SDWWHUQV ��
7KH�UHYHDOLQJ�PRGXOH�SDWWHUQ ��
1RGH�MV�PRGXOHV�H[SODLQHG ��

$�KRPHPDGH�PRGXOH�ORDGHU ��
'HILQLQJ�D�PRGXOH ��
'HILQLQJ�JOREDOV ��
PRGXOH�H[SRUWV�YHUVXV�H[SRUWV ��
7KH�UHTXLUH�IXQFWLRQ�LV�V\QFKURQRXV ��
7KH�UHVROYLQJ�DOJRULWKP ��
7KH�PRGXOH�FDFKH ��
&LUFXODU�GHSHQGHQFLHV ��

0RGXOH�GHILQLWLRQ�SDWWHUQV ��
1DPHG�H[SRUWV ��
([SRUWLQJ�D�IXQFWLRQ ��
([SRUWLQJ�D�FRQVWUXFWRU ��
([SRUWLQJ�DQ�LQVWDQFH ��
0RGLI\LQJ�RWKHU�PRGXOHV�RU�WKH�JOREDO�VFRSH ��

7KH�REVHUYHU�SDWWHUQ ��
7KH�(YHQW(PLWWHU�FODVV ��
&UHDWLQJ�DQG�XVLQJ�(YHQW(PLWWHU ��
3URSDJDWLQJ�HUURUV ��
0DNLQJ�DQ\�REMHFW�REVHUYDEOH ��
6\QFKURQRXV�DQG�DV\QFKURQRXV�HYHQWV ��
(YHQW(PLWWHU�YHUVXV�FDOOEDFNV ��
&RPELQLQJ�FDOOEDFNV�DQG�(YHQW(PLWWHU ��

6XPPDU\ ��
&KDSWHU����$V\QFKURQRXV�&RQWURO�)ORZ�3DWWHUQV�ZLWK�&DOOEDFNV ��

7KH�GLIILFXOWLHV�RI�DV\QFKURQRXV�SURJUDPPLQJ ��
&UHDWLQJ�D�VLPSOH�ZHE�VSLGHU ��
7KH�FDOOEDFN�KHOO ��

8VLQJ�SODLQ�-DYD6FULSW ��
&DOOEDFN�GLVFLSOLQH ��
$SSO\LQJ�WKH�FDOOEDFN�GLVFLSOLQH ��
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6HTXHQWLDO�H[HFXWLRQ ��
([HFXWLQJ�D�NQRZQ�VHW�RI�WDVNV�LQ�VHTXHQFH ��
6HTXHQWLDO�LWHUDWLRQ ��

:HE�VSLGHU�YHUVLRQ�� ��
6HTXHQWLDO�FUDZOLQJ�RI�OLQNV ��
7KH�SDWWHUQ ��

3DUDOOHO�H[HFXWLRQ ��
:HE�VSLGHU�YHUVLRQ�� ��
7KH�SDWWHUQ ��
)L[LQJ�UDFH�FRQGLWLRQV�ZLWK�FRQFXUUHQW�WDVNV ��

/LPLWHG�SDUDOOHO�H[HFXWLRQ ��
/LPLWLQJ�WKH�FRQFXUUHQF\ ��
*OREDOO\�OLPLWLQJ�WKH�FRQFXUUHQF\ ��

4XHXHV�WR�WKH�UHVFXH ��
:HE�VSLGHU�YHUVLRQ�� ��

7KH�DV\QF�OLEUDU\ ��
6HTXHQWLDO�H[HFXWLRQ ��

6HTXHQWLDO�H[HFXWLRQ�RI�D�NQRZQ�VHW�RI�WDVNV ��
6HTXHQWLDO�LWHUDWLRQ ���

3DUDOOHO�H[HFXWLRQ ���
/LPLWHG�SDUDOOHO�H[HFXWLRQ ���

6XPPDU\ ���
&KDSWHU����$V\QFKURQRXV�&RQWURO�)ORZ�3DWWHUQV�ZLWK�(6�����DQG
%H\RQG ���

3URPLVH ���
:KDW�LV�D�SURPLVH" ���
3URPLVHV�$��LPSOHPHQWDWLRQV ���
3URPLVLI\LQJ�D�1RGH�MV�VW\OH�IXQFWLRQ ���
6HTXHQWLDO�H[HFXWLRQ ���

6HTXHQWLDO�LWHUDWLRQ ���
6HTXHQWLDO�LWHUDWLRQ�c�WKH�SDWWHUQ ���

3DUDOOHO�H[HFXWLRQ ���
/LPLWHG�SDUDOOHO�H[HFXWLRQ ���
([SRVLQJ�FDOOEDFNV�DQG�SURPLVHV�LQ�SXEOLF�$3,V ���

*HQHUDWRUV ���
7KH�EDVLFV�RI�JHQHUDWRUV ���

$�VLPSOH�H[DPSOH ���
*HQHUDWRUV�DV�LWHUDWRUV ���
3DVVLQJ�YDOXHV�EDFN�WR�D�JHQHUDWRU ���

$V\QFKURQRXV�FRQWURO�IORZ�ZLWK�JHQHUDWRUV ���
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*HQHUDWRU�EDVHG�FRQWURO�IORZ�XVLQJ�FR ���
6HTXHQWLDO�H[HFXWLRQ ���
3DUDOOHO�H[HFXWLRQ ���
/LPLWHG�SDUDOOHO�H[HFXWLRQ ���

3URGXFHU�FRQVXPHU�SDWWHUQ ���
/LPLWLQJ�WKH�GRZQORDG�WDVNV�FRQFXUUHQF\ ���

$V\QF�DZDLW�XVLQJ�%DEHO ���
,QVWDOOLQJ�DQG�UXQQLQJ�%DEHO ���

&RPSDULVRQ ���
6XPPDU\ ���

&KDSWHU����&RGLQJ�ZLWK�6WUHDPV ���
'LVFRYHULQJ�WKH�LPSRUWDQFH�RI�VWUHDPV ���

%XIIHULQJ�YHUVXV�VWUHDPLQJ ���
6SDWLDO�HIILFLHQF\ ���

*]LSSLQJ�XVLQJ�D�EXIIHUHG�$3, ���
*]LSSLQJ�XVLQJ�VWUHDPV ���

7LPH�HIILFLHQF\ ���
&RPSRVDELOLW\ ���

*HWWLQJ�VWDUWHG�ZLWK�VWUHDPV ���
$QDWRP\�RI�VWUHDPV ���
5HDGDEOH�VWUHDPV ���

5HDGLQJ�IURP�D�VWUHDP ���
7KH�QRQ�IORZLQJ�PRGH ���
)ORZLQJ�PRGH ���

,PSOHPHQWLQJ�5HDGDEOH�VWUHDPV ���
:ULWDEOH�VWUHDPV ���

:ULWLQJ�WR�D�VWUHDP ���
%DFN�SUHVVXUH ���
,PSOHPHQWLQJ�:ULWDEOH�VWUHDPV ���

'XSOH[�VWUHDPV ���
7UDQVIRUP�VWUHDPV ���

,PSOHPHQWLQJ�7UDQVIRUP�VWUHDPV ���
&RQQHFWLQJ�VWUHDPV�XVLQJ�SLSHV ���

7KURXJK�DQG�IURP�IRU�ZRUNLQJ�ZLWK�VWUHDPV ���
$V\QFKURQRXV�FRQWURO�IORZ�ZLWK�VWUHDPV ���

6HTXHQWLDO�H[HFXWLRQ ���
8QRUGHUHG�SDUDOOHO�H[HFXWLRQ ���

,PSOHPHQWLQJ�DQ�XQRUGHUHG�SDUDOOHO�VWUHDP ���
,PSOHPHQWLQJ�D�85/�VWDWXV�PRQLWRULQJ�DSSOLFDWLRQ ���

8QRUGHUHG�OLPLWHG�SDUDOOHO�H[HFXWLRQ ���
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2UGHUHG�SDUDOOHO�H[HFXWLRQ ���
3LSLQJ�SDWWHUQV ���

&RPELQLQJ�VWUHDPV ���
,PSOHPHQWLQJ�D�FRPELQHG�VWUHDP ���

)RUNLQJ�VWUHDPV ���
,PSOHPHQWLQJ�D�PXOWLSOH�FKHFNVXP�JHQHUDWRU ���

0HUJLQJ�VWUHDPV ���
&UHDWLQJ�D�WDUEDOO�IURP�PXOWLSOH�GLUHFWRULHV ���

0XOWLSOH[LQJ�DQG�GHPXOWLSOH[LQJ ���
%XLOGLQJ�D�UHPRWH�ORJJHU ���

&OLHQW�VLGH�c�PXOWLSOH[LQJ ���
6HUYHU�VLGH�c�GHPXOWLSOH[LQJ ���
5XQQLQJ�WKH�PX[�GHPX[�DSSOLFDWLRQ ���

0XOWLSOH[LQJ�DQG�GHPXOWLSOH[LQJ�REMHFW�VWUHDPV ���
6XPPDU\ ���

&KDSWHU����'HVLJQ�3DWWHUQV ���
)DFWRU\ ���

$�JHQHULF�LQWHUIDFH�IRU�FUHDWLQJ�REMHFWV ���
$�PHFKDQLVP�WR�HQIRUFH�HQFDSVXODWLRQ ���
%XLOGLQJ�D�VLPSOH�FRGH�SURILOHU ���
&RPSRVDEOH�IDFWRU\�IXQFWLRQV ���
,Q�WKH�ZLOG ���

5HYHDOLQJ�FRQVWUXFWRU ���
$�UHDG�RQO\�HYHQW�HPLWWHU ���
,Q�WKH�ZLOG ���

3UR[\ ���
7HFKQLTXHV�IRU�LPSOHPHQWLQJ�SUR[LHV ���

2EMHFW�FRPSRVLWLRQ ���
2EMHFW�DXJPHQWDWLRQ ���

$�FRPSDULVRQ�RI�WKH�GLIIHUHQW�WHFKQLTXHV ���
&UHDWLQJ�D�ORJJLQJ�:ULWDEOH�VWUHDP ���
3UR[\�LQ�WKH�HFRV\VWHP�c�IXQFWLRQ�KRRNV�DQG�$23 ���
(6�����3UR[\ ���
,Q�WKH�ZLOG ���

'HFRUDWRU ���
7HFKQLTXHV�IRU�LPSOHPHQWLQJ�'HFRUDWRUV ���

&RPSRVLWLRQ ���
2EMHFW�DXJPHQWDWLRQ ���

'HFRUDWLQJ�D�/HYHO83�GDWDEDVH ���
,QWURGXFLQJ�/HYHO83�DQG�/HYHO'% ���
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,PSOHPHQWLQJ�D�/HYHO83�SOXJLQ ���
,Q�WKH�ZLOG ���

$GDSWHU ���
8VLQJ�/HYHO83�WKURXJK�WKH�ILOHV\VWHP�$3, ���
,Q�WKH�ZLOG ���

6WUDWHJ\ ���
0XOWL�IRUPDW�FRQILJXUDWLRQ�REMHFWV ���
,Q�WKH�ZLOG ���

6WDWH ���
,PSOHPHQWLQJ�D�EDVLF�IDLO�VDIH�VRFNHW ���

7HPSODWH ���
$�FRQILJXUDWLRQ�PDQDJHU�WHPSODWH ���
,Q�WKH�ZLOG ���

0LGGOHZDUH ���
0LGGOHZDUH�LQ�([SUHVV ���
0LGGOHZDUH�DV�D�SDWWHUQ ���
&UHDWLQJ�D�PLGGOHZDUH�IUDPHZRUN�IRUdb04 ���

7KH�0LGGOHZDUH�0DQDJHU ���
$�PLGGOHZDUH�WR�VXSSRUW�-621�PHVVDJHV ���
8VLQJ�WKH�b04�PLGGOHZDUH�IUDPHZRUN ���

7KH�VHUYHU ���
7KH�FOLHQW ���

0LGGOHZDUH�XVLQJ�JHQHUDWRUV�LQ�.RD ���
&RPPDQG ���

$�IOH[LEOH�SDWWHUQ ���
7KH�WDVN�SDWWHUQ ���
$�PRUH�FRPSOH[�FRPPDQG ���

6XPPDU\ ���
&KDSWHU����:LULQJ�0RGXOHV ���

0RGXOHV�DQG�GHSHQGHQFLHV ���
7KH�PRVW�FRPPRQ�GHSHQGHQF\�LQ�1RGH�MV ���
&RKHVLRQ�DQG�FRXSOLQJ ���
6WDWHIXO�PRGXOHV ���

7KH�6LQJOHWRQ�SDWWHUQ�LQ�1RGH�MV ���
3DWWHUQV�IRU�ZLULQJ�PRGXOHV ���

+DUGFRGHG�GHSHQGHQF\ ���
%XLOGLQJ�DQ�DXWKHQWLFDWLRQ�VHUYHU�XVLQJ�KDUGFRGHG�GHSHQGHQFLHV ���

7KH�GE�PRGXOH ���
7KH�DXWK6HUYLFH�PRGXOH ���
7KH�DXWK&RQWUROOHU�PRGXOH ���
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7KH�DSS�PRGXOH ���
5XQQLQJ�WKH�DXWKHQWLFDWLRQ�VHUYHU ���

3URV�DQG�FRQV�RI�KDUGFRGHG�GHSHQGHQFLHV ���
'HSHQGHQF\�,QMHFWLRQ ���

5HIDFWRULQJ�WKH�DXWKHQWLFDWLRQ�VHUYHU�WR�XVH�', ���
7KH�GLIIHUHQW�W\SHV�RI�', ���
3URV�DQG�FRQV�RI�', ���

6HUYLFH�ORFDWRU ���
5HIDFWRULQJ�WKH�DXWKHQWLFDWLRQ�VHUYHU�WR�XVH�D�VHUYLFH�ORFDWRU ���
3URV�DQG�FRQV�RI�D�VHUYLFH�ORFDWRU ���

'HSHQGHQF\�,QMHFWLRQ�FRQWDLQHU ���
'HFODULQJ�D�VHW�RI�GHSHQGHQFLHV�WR�D�',�FRQWDLQHU ���
5HIDFWRULQJ�WKH�DXWKHQWLFDWLRQ�VHUYHU�WR�XVH�D�',�FRQWDLQHU ���
3URV�DQG�FRQV�RI�D�',�FRQWDLQHU ���

:LULQJ�SOXJLQV ���
3OXJLQV�DV�SDFNDJHV ���
([WHQVLRQ�SRLQWV ���
3OXJLQ�FRQWUROOHG�YV�DSSOLFDWLRQ�FRQWUROOHG�H[WHQVLRQ ���
,PSOHPHQWLQJ�D�ORJRXW�SOXJLQ ���

8VLQJ�KDUGFRGHG�GHSHQGHQFLHV ���
([SRVLQJ�VHUYLFHV�XVLQJ�D�VHUYLFH�ORFDWRU ���
([SRVLQJ�VHUYLFHV�XVLQJ�', ���
([SRVLQJ�VHUYLFHV�XVLQJ�D�',�FRQWDLQHU ���

6XPPDU\ ���
&KDSWHU����8QLYHUVDO�-DYD6FULSW�IRU�:HE�$SSOLFDWLRQV ���

6KDULQJ�FRGH�ZLWK�WKH�EURZVHU ���
6KDULQJ�PRGXOHV ���

8QLYHUVDO�0RGXOH�'HILQLWLRQ ���
&UHDWLQJ�DQ�80'�PRGXOH ���
&RQVLGHUDWLRQV�RQ�WKH�80'�SDWWHUQ ���

(6�����PRGXOHV ���
,QWURGXFLQJ�:HESDFN ���

([SORULQJ�WKH�PDJLF�RI�:HESDFN ���
7KH�DGYDQWDJHV�RI�XVLQJ�:HESDFN ���
8VLQJ�(6�����ZLWK�:HESDFN ���

)XQGDPHQWDOV�RI�FURVV�SODWIRUP�GHYHORSPHQW ���
5XQWLPH�FRGH�EUDQFKLQJ ���
%XLOG�WLPH�FRGH�EUDQFKLQJ ���
0RGXOH�VZDSSLQJ ���
'HVLJQ�SDWWHUQV�IRU�FURVV�SODWIRUP�GHYHORSPHQW ���
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,QWURGXFLQJ�5HDFW ���
)LUVW�5HDFW�FRPSRQHQW ���
-6;��ZKDW"� ���
&RQILJXULQJ�:HESDFN�WR�WUDQVSLOH�-6; ���
5HQGHULQJ�LQ�WKH�EURZVHU ���
7KH�5HDFW�5RXWHU�OLEUDU\ ���

&UHDWLQJ�D�8QLYHUVDO�-DYD6FULSW�DSS ���
&UHDWLQJ�UHXVDEOH�FRPSRQHQWV ���
6HUYHU�VLGH�UHQGHULQJ ���
8QLYHUVDO�UHQGHULQJ�DQG�URXWLQJ ���
8QLYHUVDO�GDWD�UHWULHYDO ���

7KH�$3,�VHUYHU ���
3UR[\LQJ�UHTXHVWV�IRU�WKH�IURQWHQG ���
8QLYHUVDO�$3,�FOLHQW ���
$V\QFKURQRXV�5HDFW�FRPSRQHQWV ���
7KH�ZHE�VHUYHU ���

6XPPDU\ ���
&KDSWHU����$GYDQFHG�$V\QFKURQRXV�5HFLSHV ���

5HTXLULQJ�DV\QFKURQRXVO\�LQLWLDOL]HG�PRGXOHV ���
&DQRQLFDO�VROXWLRQV ���
3UHLQLWLDOL]DWLRQ�TXHXHV ���

,PSOHPHQWLQJ�D�PRGXOH�WKDW�LQLWLDOL]HV�DV\QFKURQRXVO\ ���
:UDSSLQJ�WKH�PRGXOH�ZLWK�SUHLQLWLDOL]DWLRQ�TXHXHV ���

,Q�WKH�ZLOG ���
$V\QFKURQRXV�EDWFKLQJ�DQG�FDFKLQJ ���

,PSOHPHQWLQJ�D�VHUYHU�ZLWK�QR�FDFKLQJ�RU�EDWFKLQJ ���
$V\QFKURQRXV�UHTXHVW�EDWFKLQJ ���

%DWFKLQJ�UHTXHVWV�LQ�WKH�WRWDO�VDOHV�ZHE�VHUYHU ���
$V\QFKURQRXV�UHTXHVW�FDFKLQJ ���

&DFKLQJ�UHTXHVWV�LQ�WKH�WRWDO�VDOHV�ZHE�VHUYHU ���
1RWHV�DERXW�LPSOHPHQWLQJ�FDFKLQJ�PHFKDQLVPV ���

%DWFKLQJ�DQG�FDFKLQJ�ZLWK�SURPLVHV ���
5XQQLQJ�&38�ERXQG�WDVNV ���

6ROYLQJ�WKH�VXEVHW�VXP�SUREOHP ���
,QWHUOHDYLQJ�ZLWK�VHW,PPHGLDWH ���

,QWHUOHDYLQJ�WKH�VWHSV�RI�WKH�VXEVHW�VXP�DOJRULWKP ���
&RQVLGHUDWLRQV�RQ�WKH�LQWHUOHDYLQJ�SDWWHUQ ���

8VLQJ�PXOWLSOH�SURFHVVHV ���
'HOHJDWLQJ�WKH�VXEVHW�VXP�WDVN�WR�RWKHU�SURFHVVHV ���

,PSOHPHQWLQJ�D�SURFHVV�SRRO ���
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&RPPXQLFDWLQJ�ZLWK�D�FKLOG�SURFHVV ���
&RPPXQLFDWLQJ�ZLWK�WKH�SDUHQW�SURFHVV ���

&RQVLGHUDWLRQV�RQ�WKH�PXOWLSURFHVV�SDWWHUQ ���
6XPPDU\ ���

&KDSWHU�����6FDODELOLW\�DQG�$UFKLWHFWXUDO�3DWWHUQV ���
$Q�LQWURGXFWLRQ�WR�DSSOLFDWLRQ�VFDOLQJ ���

6FDOLQJ�1RGH�MV�DSSOLFDWLRQV ���
7KH�WKUHH�GLPHQVLRQV�RI�VFDODELOLW\ ���

&ORQLQJ�DQG�ORDG�EDODQFLQJ ���
7KH�FOXVWHU�PRGXOH ���

1RWHV�RQ�WKH�EHKDYLRU�RI�WKH�FOXVWHU�PRGXOH ���
%XLOGLQJ�D�VLPSOH�+773�VHUYHU ���
6FDOLQJ�ZLWK�WKH�FOXVWHU�PRGXOH ���
5HVLOLHQF\�DQG�DYDLODELOLW\�ZLWK�WKH�FOXVWHU�PRGXOH ���
=HUR�GRZQWLPH�UHVWDUW ���

'HDOLQJ�ZLWK�VWDWHIXO�FRPPXQLFDWLRQV ���
6KDULQJ�WKH�VWDWH�DFURVV�PXOWLSOH�LQVWDQFHV ���
6WLFN\�ORDG�EDODQFLQJ ���

6FDOLQJ�ZLWK�D�UHYHUVH�SUR[\ ���
/RDG�EDODQFLQJ�ZLWK�1JLQ[ ���

8VLQJ�D�VHUYLFH�UHJLVWU\ ���
,PSOHPHQWLQJ�D�G\QDPLF�ORDG�EDODQFHU�ZLWK�KWWS�SUR[\�DQG�&RQVXO ���

3HHU�WR�SHHU�ORDG�EDODQFLQJ ���
,PSOHPHQWLQJ�DQ�+773�FOLHQW�WKDW�FDQ�EDODQFH�UHTXHVWV�DFURVV�PXOWLSOH�VHUYHUV ���

'HFRPSRVLQJ�FRPSOH[�DSSOLFDWLRQV ���
0RQROLWKLF�DUFKLWHFWXUH ���
7KH�PLFURVHUYLFH�DUFKLWHFWXUH ���

$Q�H[DPSOH�RI�PLFURVHUYLFH�DUFKLWHFWXUH ���
3URV�DQG�FRQV�RI�PLFURVHUYLFHV ���

(YHU\�VHUYLFH�LV�H[SHQGDEOH ���
5HXVDELOLW\�DFURVV�SODWIRUPV�DQG�ODQJXDJHV ���
$�ZD\�WR�VFDOH�WKH�DSSOLFDWLRQ ���
7KH�FKDOOHQJHV�RI�PLFURVHUYLFHV ���

,QWHJUDWLRQ�SDWWHUQV�LQ�D�PLFURVHUYLFH�DUFKLWHFWXUH ���
7KH�$3,�SUR[\ ���
$3,�RUFKHVWUDWLRQ ���
,QWHJUDWLRQ�ZLWK�D�PHVVDJH�EURNHU ���

6XPPDU\ ���
&KDSWHU�����0HVVDJLQJ�DQG�,QWHJUDWLRQ�3DWWHUQV ���

)XQGDPHQWDOV�RI�D�PHVVDJLQJ�V\VWHP ���
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2QH�ZD\�DQG�UHTXHVW�UHSO\�SDWWHUQV ���
0HVVDJH�W\SHV ���

&RPPDQG�0HVVDJH ���
(YHQW�0HVVDJH ���
'RFXPHQW�0HVVDJH ���

$V\QFKURQRXV�PHVVDJLQJ�DQG�TXHXHV ���
3HHU�WR�SHHU�RU�EURNHU�EDVHG�PHVVDJLQJ ���

3XEOLVK�VXEVFULEH�SDWWHUQ ���
%XLOGLQJ�D�PLQLPDOLVW�UHDO�WLPH�FKDW�DSSOLFDWLRQ ���

,PSOHPHQWLQJ�WKH�VHUYHU�VLGH ���
,PSOHPHQWLQJ�WKH�FOLHQW�VLGH ���
5XQQLQJ�DQG�VFDOLQJ�WKH�FKDW�DSSOLFDWLRQ ���

8VLQJ�5HGLV�DV�D�PHVVDJH�EURNHU ���
3HHU�WR�SHHU�SXEOLVK�VXEVFULEH�ZLWK�b04 ���

,QWURGXFLQJ�b04 ���
'HVLJQLQJ�D�SHHU�WR�SHHU�DUFKLWHFWXUH�IRU�WKH�FKDW�VHUYHU ���
8VLQJ�WKH�b04�38%�68%�VRFNHWV ���

'XUDEOH�VXEVFULEHUV ���
,QWURGXFLQJ�$043 ���
'XUDEOH�VXEVFULEHUV�ZLWK�$043�DQG�5DEELW04 ���

'HVLJQLQJ�D�KLVWRU\�VHUYLFH�IRU�WKH�FKDW�DSSOLFDWLRQ ���
,PSOHPHQWLQJ�D�UHOLDEOH�KLVWRU\�VHUYLFH�XVLQJ�$043 ���
,QWHJUDWLQJ�WKH�FKDW�DSSOLFDWLRQ�ZLWK�$043 ���

3LSHOLQHV�DQG�WDVN�GLVWULEXWLRQ�SDWWHUQV ���
7KH�b04�IDQRXW�IDQLQ�SDWWHUQ ���

386+�38//�VRFNHWV ���
%XLOGLQJ�D�GLVWULEXWHG�KDVKVXP�FUDFNHU�ZLWK�b04 ���

,PSOHPHQWLQJ�WKH�YHQWLODWRU ���
,PSOHPHQWLQJ�WKH�ZRUNHU ���
,PSOHPHQWLQJ�WKH�VLQN ���
5XQQLQJ�WKH�DSSOLFDWLRQ ���

3LSHOLQHV�DQG�FRPSHWLQJ�FRQVXPHUV�LQ�$043 ���
3RLQW�WR�SRLQW�FRPPXQLFDWLRQV�DQG�FRPSHWLQJ�FRQVXPHUV ���
,PSOHPHQWLQJ�WKH�KDVKVXP�FUDFNHU�XVLQJ�$043 ���

,PSOHPHQWLQJ�WKH�SURGXFHU ���
,PSOHPHQWLQJ�WKH�ZRUNHU ���
,PSOHPHQWLQJ�WKH�UHVXOW�FROOHFWRU ���
5XQQLQJ�WKH�DSSOLFDWLRQ ���

5HTXHVW�UHSO\�SDWWHUQV ���
&RUUHODWLRQ�LGHQWLILHU ���

,PSOHPHQWLQJ�D�UHTXHVW�UHSO\�DEVWUDFWLRQ�XVLQJ�FRUUHODWLRQ�LGHQWLILHUV ���
$EVWUDFWLQJ�WKH�UHTXHVW ���
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$EVWUDFWLQJ�WKH�UHSO\ ���
7U\LQJ�WKH�IXOO�UHTXHVW�UHSO\�F\FOH ���

5HWXUQ�DGGUHVV ���
,PSOHPHQWLQJ�WKH�UHWXUQ�DGGUHVV�SDWWHUQ�LQ�$043 ���

,PSOHPHQWLQJ�WKH�UHTXHVW�DEVWUDFWLRQ ���
,PSOHPHQWLQJ�WKH�UHSO\�DEVWUDFWLRQ ���
,PSOHPHQWLQJ�WKH�UHTXHVWRU�DQG�WKH�UHSOLHU ���

6XPPDU\ ���
,QGH[ ���
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const zmq = require('zmq')
const sink = zmq.socket('pull');
sink.bindSync("tcp://*:5001");

sink.on('message', buffer => {
  console.log(`Message from worker: ${buffer.toString()}`);
});
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 function produce() {
   //...
   variationsStream(alphabet, maxLength)
     .on('data', combination => {
       //...
       const msg = {searchHash: searchHash, variations: batch};
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       //...
     })
   //...
 }
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�/"i�0i#,)),40P

[�*�))i&0i�"�21&#2)N\
[��("i"� %i-/,$/�*i!,i,+"i1%&+$i4"))N\

�,!"N'0i�/,2$%1i1%"0"i ,+ "-10i1,i�i4%,)"i+"4i)"3")Ni�),+$i4&1%i1%"i%")-i,#i+-*Oi1%"
,##& &�)i-� (�$"i*�+�$"/Oi�,!"N'0i%")-0i0,)3"i1%"i !,!* !*�5c$!((i-/,�)"*i�6i*�(&+$i02/"
1%�1i"� %i&+01�))"!i-� (�$"i4&))i%�3"i&10i,4+i0"-�/�1"i0"1i,#i!"-"+!"+ &"0Oi1%20i"+��)&+$i�
-/,$/�*i1,i!"-"+!i,+i�i),1i,#i-� (�$"0i4&1%,21i&+ 2//&+$i ,+#)& 10Ni�%"i�,!"i4�6Oi&+i#� 1O
&+3,)3"0i"51/"*"i)"3")0i,#i/"20��&)&16Oi4%"/"�6i�--)& �1&,+0i�/"i ,*-,0"!i,#i�i%&$%i+2*�"/
,#i0*�))Oi4"))f#, 20"!i!"-"+!"+ &"0Ni�%&)"i1%&0i �+i�"i ,+0&!"/"!i2+-/� 1& �)i,/i"3"+
1,1�))6i2+#"�0&�)"i&+i,1%"/i-)�1#,/*0Oi&+i�,!"N'0i1%&0i-/� 1& "i&0i"+ ,2/�$"!Ni�0i�
 ,+0".2"+ "Oi&1i&0i+,1i/�/"i1,i#&+!i+-*i-� (�$"0i ,+1�&+&+$i)"00i1%�+i;::i)&+"0i,#i ,!"i,/
"5-,0&+$i,+)6i,+"i0&+$)"i#2+ 1&,+N

�"0&!"0i1%"i )"�/i�!3�+1�$"i&+i1"/*0i,#i/"20��&)&16Oi�i0*�))i*,!2)"i&0i�)0,i ,+0&!"/"!i1,i�"
1%"i#,)),4&+$P

��0&"/i1,i2+!"/01�+!i�+!i20"
�&*-)"/i1,i1"01i�+!i*�&+1�&+
�"/#" 1i1,i0%�/"i4&1%i1%"i�/,40"/


�3&+$i0*�))"/i�+!i*,/"i#, 20"!i*,!2)"0i"*-,4"/0i"3"/6,+"i1,i0%�/"i,/i/"20"i"3"+i1%"
0*�))"01i-&" "i,#i ,!"Qi&1]0i1%"i�,+X1a�"-"�1a�,2/0")#iU���Vi-/&+ &-)"i�--)&"!i1,i�i4%,)"
+"4i)"3")N
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6PDOO�VXUIDFH�DUHD
�+i�!!&1&,+i1,i�"&+$i0*�))i&+i0&7"i�+!i0 ,-"Oi�,!"N'0i*,!2)"0i202�))6i�)0,i%�3"i1%"
 %�/� 1"/&01& i,#i"5-,0&+$i�i*&+&*�)i0"1i,#i#2+ 1&,+�)&1&"0Ni�%"i*�&+i�!3�+1�$"i%"/"i&0
&+ /"�0"!i20��&)&16i,#i1%"i���Oi4%& %i*"�+0i1%�1i1%"i���i�" ,*"0i )"�/"/i1,i20"i�+!i&0i)"00
"5-,0"!i1,i"//,+",20i20�$"Ni�,01i,#i1%"i1&*"Oi&+i#� 1Oi1%"i20"/i,#i�i ,*-,+"+1i&0i,+)6
&+1"/"01"!i&+i�i3"/6i)&*&1"!i�+!i#, 20"!i0"1i,#i#"�12/"0Oi4&1%,21i1%"i+""!i1,i"51"+!i&10
#2+ 1&,+�)&16i,/i1�-i&+1,i*,/"i�!3�+ "!i�0-" 10N

�+i�,!"N'0Oi�i3"/6i ,**,+i-�11"/+i#,/i!"#&+&+$i*,!2)"0i&0i1,i"5-,0"i,+)6i,+"i-&" "i,#
#2+ 1&,+�)&16Oi02 %i�0i�i#2+ 1&,+i,/i�i ,+01/2 1,/Oi4%&)"i)"11&+$i*,/"i�!3�+ "!i�0-" 10i,/
0" ,+!�/6i#"�12/"0i�" ,*"i-/,-"/1&"0i,#i1%"i"5-,/1"!i#2+ 1&,+i,/i ,+01/2 1,/Ni�%&0i%")-0
1%"i20"/i1,i&!"+1&#6i4%�1i&0i&*-,/1�+1i�+!i4%�1i&0i0" ,+!�/6Ni�1i&0i+,1i/�/"i1,i#&+!i*,!2)"0
1%�1i"5-,0"i,+)6i,+"i#2+ 1&,+i�+!i+,1%&+$i")0"Oi#,/i1%"i0&*-)"i#� 1i1%�1i&1i-/,3&!"0i�i0&+$)"O
2+*&01�(��)6i )"�/i"+1/6i-,&+1N

�+,1%"/i %�/� 1"/&01& i,#i*�+6i�,!"N'0i*,!2)"0i&0i1%"i#� 1i1%�1i1%"6i�/"i /"�1"!i1,i�"i20"!
/�1%"/i1%�+i"51"+!"!Ni�, (&+$i!,4+i1%"i&+1"/+�)0i,#i�i*,!2)"i�6i#,/�&!!&+$i�+6i-,00&�&)&16
,#i�+i"51"+0&,+i*&$%1i0,2+!i&+#)"5&�)"Oi�21i&1i� 12�))6i%�0i1%"i�!3�+1�$"i,#i/"!2 &+$i1%"i20"
 �0"0Oi0&*-)&#6&+$i&10i&*-)"*"+1�1&,+Oi#� &)&1�1&+$i&10i*�&+1"+�+ "Oi�+!i&+ /"�0&+$i&10
20��&)&16N

6LPSOLFLW\�DQG�SUDJPDWLVP

�3"i6,2i"3"/i%"�/!i,#i1%"i""-a�1a�&*-)"Ma�12-&!iU���Vi-/&+ &-)"i,/i1%"i#�*,20i.2,1"P

W�%),(%�%05c%/c0$!c1(0%)�0!c/+,$%/0%��0%+*KX
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccbc�!+*�. +c �c�%*�%

�& %�/!i�Ni	��/&")Oi�i-/,*&+"+1 ,*-21"/i0 &"+1&01Oi ,&+"!i1%"i1"/*i[4,/0"i&0i�"11"/\i1,
!"0 /&�"i1%"i*,!")Oi4%"/"�6i)"00i�+!i0&*-)"/i#2+ 1&,+�)&16i&0i�i$,,!i!"0&$+i %,& "i#,/
0,#14�/"Ni�+i%&0i"00�6Oi�$!c�%/!c+"cW�+./!c%/c�!00!.XOi%"i0�60P

W�$!c !/%#*c)1/0c�!c/%),(!Lc�+0$c%*c%),(!)!*0�0%+*c�* c%*0!."��!Kc�0c%/c)+.!c%),+.0�*0c"+.
0$!c%),(!)!*0�0%+*c0+c�!c/%),(!c0$�*c0$!c%*0!."��!Kc�%),(%�%05c%/c0$!c)+/0c%),+.0�*0
�+*/% !.�0%+*c%*c�c !/%#*KX

�"0&$+&+$i0&*-)"Oi�0i,--,0"!i1,i-"/#" 1Oi#2))6f#"�12/"!i0,#14�/"Oi&0i�i$,,!i-/� 1& "i#,/
0"3"/�)i/"�0,+0Pi&1i1�("0i)"00i"##,/1i1,i&*-)"*"+1Oi�)),40i#�01"/i0%&--&+$i4&1%i#"4"/
/"0,2/ "0Oi&0i"�0&"/i1,i�!�-1Oi�+!i&0i"�0&"/i1,i*�&+1�&+i�+!i2+!"/01�+!Ni�%"0"i#� 1,/0i#,01"/
 ,**2+&16i ,+1/&�21&,+0i�+!i�)),4i1%"i0,#14�/"i&10")#i1,i$/,4i�+!i&*-/,3"N
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�+i�,!"N'0Oi1%&0i-/&+ &-)"i&0i�)0,i"+��)"!i�6i��3�� /&-1Oi4%& %i&0i�i3"/6i-/�$*�1& i)�+$2�$"N
�1]0i+,1i/�/"Oi&+i#� 1Oi1,i0""i0&*-)"i#2+ 1&,+0Oi ),02/"0Oi�+!i,�'" 1i)&1"/�)0i/"-)� &+$i ,*-)"5
 )�00i%&"/�/ %&"0Ni�2/"i,�'" 1f,/&"+1"!i!"0&$+0i,#1"+i1/6i1,i/"-)& �1"i1%"i/"�)i4,/)!i20&+$i1%"
*�1%"*�1& �)i1"/*0i,#i�i ,*-21"/i0601"*i4&1%,21i ,+0&!"/&+$i1%"i&*-"/#" 1&,+i�+!i1%"
 ,*-)"5&16i,#i1%"i/"�)i4,/)!i&10")#Ni�%"i1/21%i&0i1%�1Qi,2/i0,#14�/"i&0i�)4�60i�+
�--/,5&*�1&,+i,#i/"�)&16Oi�+!i4"i4,2)!i-/,���)6i%�3"i*,/"i02  "00i&+i1/6&+$i1,i$"1
0,*"1%&+$i4,/(&+$i0,,+"/i�+!i4&1%i/"�0,+��)"i ,*-)"5&16Oi&+01"�!i,#i1/6&+$i1,i /"�1"i+"�/f
-"/#" 1i0,#14�/"i4&1%i%2$"i"##,/1i�+!i1,+0i,#i ,!"i1,i*�&+1�&+N

�%/,2$%,21i1%&0i�,,(Oi4"i4&))i0""i1%&0i-/&+ &-)"i&+i� 1&,+i*�+6i1&*"0Ni�,/i"5�*-)"Oi�
 ,+0&!"/��)"i+2*�"/i,#i1/�!&1&,+�)i!"0&$+i-�11"/+0Oi02 %i�0i0&+$)"1,+i,/i!" ,/�1,/Oi �+i%�3"
�i1/&3&�)Oi"3"+i&#i0,*"1&*"0i+,1i#,,)-/,,#Oi&*-)"*"+1�1&,+i�+!i4"i4&))i0""i%,4i�+
2+ ,*-)& �1"!Oi-/� 1& �)i�--/,� %iU*,01i,#i1%"i1&*"Vi&0i-/"#"//"!i1,i�i-2/"Oi#)�4)"00i!"0&$+N

,QWURGXFWLRQ�WR�1RGH�MV���DQG�(6����
�1i1%"i1&*"i,#i4/&1&+$Oi1%"i)�1"01i*�',/i/")"�0"0i,#i�,!"N'0iU3"/0&,+0i>Oi?Oi�+!i@Vi ,*"i4&1%
1%"i$/"�1i�!!&1&,+i,#i&+ /"�0"!i)�+$2�$"i02--,/1i#,/i1%"i+"4i#"�12/"0i&+1/,!2 "!i&+i1%"
����� /&-1i<:;?i0-" &#& �1&,+iU&+i0%,/1Oi��<:;?Oi�+!i#,/*"/)6i(+,4+i�)0,i�0i��@VOi4%& %
�&*0i1,i*�("i1%"i��3�� /&-1i)�+$2�$"i"3"+i*,/"i#)"5&�)"i�+!i"+',6��)"N

�%/,2$%,21i1%&0i�,,(Oi4"i4&))i4&!")6i�!,-1i0,*"i,#i1%"0"i+"4i#"�12/"0i&+i1%"i ,!"
"5�*-)"0Ni�%"0"i ,+ "-10i�/"i01&))i#/"0%i4&1%&+i1%"i�,!"N'0i ,**2+&16i0,i&1]0i4,/1%i%�3&+$
�i.2& (i),,(i�1i1%"i*,01i&*-,/1�+1i��<:;?f0-" &#& i#"�12/"0i 2//"+1)6i02--,/1"!i&+i�,!"N'0N
�2/i3"/0&,+i,#i/"#"/"+ "i&0i�,!"N'0i3"/0&,+i@N

�"-"+!&+$i,+i6,2/i�,!"N'0i3"/0&,+Oi0,*"i,#i1%"0"i#"�12/"0i4&))i4,/(i ,//" 1)6i,+)6i4%"+i
01/& 1a*,!"i&0i"+��)"!Ni�1/& 1i*,!"i �+i�"i"�0&)6i"+��)"!i�6i�!!&+$i�i"use strict"
01�1"*"+1i�1i1%"i3"/6i�"$&++&+$i,#i6,2/i0 /&-1Ni�,1& "i1%�1i1%"i"use strict"i01�1"*"+1i&0i�
-)�&+i01/&+$i�+!i1%�1i6,2i �+i"&1%"/i20"i0&+$)"i,/i!,2�)"i.2,1"0i1,i!" )�/"i&1Ni�,/i1%"i0�("i,#
�/"3&16Oi4"i4&))i+,1i4/&1"i1%&0i)&+"i&+i,2/i ,!"i"5�*-)"0Oi�21i6,2i0%,2)!i/"*"*�"/i1,i�!!i&1
1,i�"i��)"i1,i/2+i1%"*i ,//" 1)6N

�%"i#,)),4&+$i)&01i&0i+,1i*"�+1i1,i�"i"5%�201&3"i�21i'201i�+i&+1/,!2 1&,+i1,i0,*"i,#i1%"
��<:;?i#"�12/"0i02--,/1"!i&+i�,!"N'0Oi0,i1%�1i6,2i �+i"�0&)6i2+!"/01�+!i�))i1%"i ,!"
"5�*-)"0i&+i1%"i/"01i,#i1%"i�,,(N
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&01,/& �))6Oi��3�� /&-1i,+)6i,##"/"!i#2+ 1&,+i0 ,-"i�+!i$),��)i0 ,-"i1,i ,+1/,)i1%"i)&#"1&*"
�+!i1%"i3&0&�&)&16i,#i�i3�/&��)"Ni�,/i&+01�+ "Oi&#i6,2i!" )�/"i�i3�/&��)"i&+0&!"i1%"i�,!6i,#i�+
ifi01�1"*"+1Oi1%"i3�/&��)"i4&))i�"i�  "00&�)"i"3"+i,210&!"i1%"i01�1"*"+1Oi4%"1%"/i,/i+,1i1%"
�,!6i,#i1%"i01�1"*"+1i%�0i�""+i"5" 21"!Ni�"1]0i0""i&1i*,/"i )"�/)6i4&1%i�+i"5�*-)"P

if (false) {
   var x = "hello";
}
console.log(x);

�%&0i ,!"i4&))i+,1i#�&)i�0i4"i*&$%1i"5-" 1i�+!i&1i4&))i'201i-/&+1iundefinedi&+i1%"i ,+0,)"N
�%&0i�"%�3&,/i%�0i�""+i1%"i �20"i,#i*�+6i�2$0i�+!i�i),1i,#i#/201/�1&,+Oi�+!i1%�1i&0i1%"
/"�0,+i4%6i��<:;?i&+1/,!2 "0i1%"ileti("64,/!i1,i!" )�/"i3�/&��)"0i1%�1i/"0-" 1i1%"i�), (
0 ,-"Ni�"1]0i/"-)� "vari4&1%ileti&+i,2/i-/"3&,20i"5�*-)"P

if (false) {
   let x = "hello";
}
console.log(x);

�%&0i ,!"i4&))i/�&0"i�iReferenceError: x is not definedi�" �20"i4"i�/"i1/6&+$i1,
-/&+1i�i3�/&��)"i1%�1i%�0i�""+i!"#&+"!i&+0&!"i�+,1%"/i�), (N

�,i$&3"i�i*,/"i*"�+&+$#2)i"5�*-)"i4"i �+i20"i1%"ileti("64,/!i1,i!"#&+"i�i1"*-,/�/6
3�/&��)"i1,i�"i20"!i�0i�+i&+!"5i#,/i�i),,-P

for (let i=0; i < 10; i++) {
  // do something here
}
console.log(i);

�0i&+i1%"i-/"3&,20i"5�*-)"Oi1%&0i ,!"i4&))i/�&0"i�iReferenceError: i is not defined
"//,/N

�%&0i-/,1" 1&3"i�"%�3&,/i&+1/,!2 "!i4&1%ileti�)),40i20i1,i4/&1"i0�#"/i ,!"Oi�" �20"i&#i4"
�  &!"+1�))6i�  "00i3�/&��)"0i1%�1i�"),+$i1,i�+,1%"/i0 ,-"Oi4"i4&))i$"1i�+i"//,/i1%�1i4&))
�)),4i20i1,i"�0&)6i0-,1i1%"i�2$i�+!i�3,&!i-,1"+1&�))6i!�+$"/,20i0&!"i"##" 10N

��<:;?i&+1/,!2 "0i�)0,i1%"iconsti("64,/!Ni�%&0i("64,/!i�)),40i20i1,i!" )�/"i ,+01�+1
3�/&��)"0Ni�"1]0i0""i�i.2& (i"5�*-)"P

const x = 'This will never change';
x = '...';
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�%&0i ,!"i4&))i/�&0"i�iTypeError: Assignment to constant variablei"//,/i�" �20"
4"i�/"i1/6&+$i1,i %�+$"i1%"i3�)2"i,#i�i ,+01�+1N

�+64�6Oi&1]0i&*-,/1�+1i1,i2+!"/)&+"i1%�1iconsti!,"0i+,1i�"%�3"i&+i1%"i0�*"i4�6i�0
 ,+01�+1i3�)2"0i&+i*�+6i,1%"/i)�+$2�$"0i4%"/"i1%&0i("64,/!i�)),40i20i1,i!"#&+"i/"�!f,+)6
3�/&��)"0Ni�+i#� 1Oi&+i��<:;?Oiconsti!,"0i+,1i&+!& �1"i1%�1i1%"i�00&$+"!i3�)2"i4&))i�"
 ,+01�+1Oi�21i1%�1i1%"i�&+!&+$i4&1%i1%"i3�)2"i&0i ,+01�+1Ni�,i )�/&#6i1%&0i ,+ "-1Oi4"i �+i0""
1%�1i4&1%iconsti&+i��<:;?i&1i&0i01&))i-,00&�)"i1,i!,i0,*"1%&+$i)&("i1%&0P

const x = {};
x.name = 'John';

�%"+i4"i %�+$"i�i-/,-"/16i&+0&!"i1%"i,�'" 1i4"i�/"i� 12�))6i�)1"/&+$i1%"i3�)2"iU1%"i,�'" 1VO
�21i1%"i�&+!&+$i�"14""+i1%"i3�/&��)"i�+!i1%"i,�'" 1i4&))i+,1i %�+$"Oi0,i1%&0i ,!"i4&))i+,1
/�&0"i�+i"//,/Ni�,+3"/0")6Oi&#i4"i/"�00&$+i1%"i#2))i3�/&��)"Oi1%&0i4&))i %�+$"i1%"i�&+!&+$i
�"14""+i1%"i3�/&��)"i�+!i&10i3�)2"i�+!i/�&0"i�+i"//,/P

x = null; // This will fail

�,+01�+10i�/"i"51/"*")6i20"#2)i4%"+i6,2i4�+1i1,i-/,1" 1i�i0 �)�/i3�)2"i#/,*i�"&+$
�  &!"+1�))6i %�+$"!i&+i6,2/i ,!"i,/Oi*,/"i$"+"/& �))6Oi4%"+i6,2i4�+1i1,i-/,1" 1i�+
�00&$+"!i3�/&��)"i1,i�"i�  &!"+1�))6i/"�00&$+"!i1,i�+,1%"/i3�)2"i0,*"4%"/"i")0"i&+i6,2/
 ,!"N

�1i&0i�" ,*&+$i�"01i-/� 1& "i1,i20"iconsti4%"+i/".2&/&+$i�i*,!2)"i&+i�i0 /&-1Oi0,i1%�1i1%"
3�/&��)"i%,)!&+$i1%"i*,!2)"i �++,1i�"i�  &!"+1�))6i/"�00&$+"!P

const path = require('path');
// .. do stuff with the path module
let path = './some/path'; // this will fail

�#i6,2i4�+1i1,i /"�1"i�+i&**21��)"i,�'" 1Oiconsti&0i+,1i"+,2$%Oi0,i6,2
0%,2)!i20"i��?]0i*"1%,!iObject.freeze()iUh t t p s : / / d e v e l o p e r . m o z i
l l a . o r g / i t / 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 / O

b j e c t / f r e e z eVi,/i1%"ideep-freezei*,!2)"iUh t t p s : / / w w w . n p m j s . c o m
/ p a c k a g e / d e e p - f r e e z eVN
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7KH�DUURZ�IXQFWLRQ
�+"i,#i1%"i*,01i�--/" &�1"!i#"�12/"0i&+1/,!2 "!i�6i��<:;?i&0i1%"i02--,/1i#,/i�//,4
#2+ 1&,+0Ni�%"i�//,4i#2+ 1&,+i&0i�i*,/"i ,+ &0"i06+1�5i#,/i!"#&+&+$i#2+ 1&,+0Oi"0-" &�))6
20"#2)i4%"+i!"#&+&+$i�i �))�� (Ni�,i�"11"/i2+!"/01�+!i1%"i�!3�+1�$"0i,#i1%&0i06+1�5Oi)"1]0
#&/01i0""i�+i"5�*-)"i,#i )�00& i#&)1"/&+$i,+i�+i�//�6P

const numbers = [2, 6, 7, 8, 1];
const even = numbers.filter(function(x) {
  return x%2 === 0;
});

�%"i-/" "!&+$i ,!"i �+i�"i/"4/&11"+i�0i#,)),40i20&+$i1%"i�//,4i#2+ 1&,+i06+1�5P

const numbers = [2, 6, 7, 8, 1];
const even = numbers.filter(x => x%2 === 0);

�%"ifilteri#2+ 1&,+i �+i�"i!"#&+"!i&+)&+"Oi�+!i1%"i("64,/!ifunctioni&0i/"*,3"!Oi)"�3&+$
,+)6i1%"i)&01i,#i-�/�*"1"/0Oi4%& %i&0i#,)),4"!i�6i=>iU1%"i�//,4VOi4%& %i&+i12/+i&0i#,)),4"!
�6i1%"i�,!6i,#i1%"i#2+ 1&,+Ni�%"+i1%"i)&01i,#i�/$2*"+10i ,+1�&+0i*,/"i1%�+i,+"i�/$2*"+1O
6,2i*201i02//,2+!i1%"*i4&1%i-�/"+1%"0"0i�+!i0"-�/�1"i1%"i�/$2*"+1i4&1%i ,**�0Ni�)0,O
4%"+i1%"/"i&0i+,i�/$2*"+1i6,2i*201i-/,3&!"i�i0"1i,#i"*-16i-�/"+1%"0"0i�"#,/"i1%"i�//,4P
() => {...}Ni�%"+i1%"i�,!6i,#i1%"i#2+ 1&,+i&0i'201i,+"i)&+"Oi1%"/"]0i+,i+""!i1,i4/&1"i1%"
returni("64,/!i�0i&1i&0i�--)&"!i&*-)& &1)6Ni�#i4"i+""!i1,i�!!i*,/"i)&+"0i,#i ,!"i1,i1%"i�,!6
,#i1%"i#2+ 1&,+Oi4"i �+i4/�-i1%"*i&+i 2/)6i�/� ("10Oi�21i�"4�/"i1%�1i&+i1%&0i �0"ireturni&0
+,1i�21,*�1& �))6i&*-)&"!Oi0,i&1i+""!0i1,i�"i01�1"!i"5-)& &1)6Oi�0i&+i1%"i#,)),4&+$i"5�*-)"P

const numbers = [2, 6, 7, 8, 1];
const even = numbers.filter(x => {
  if (x%2 === 0) {
    console.log(x + ' is even!');
    return true;
  }
});

�21i1%"/"i&0i�+,1%"/i&*-,/1�+1i#"�12/"i1,i(+,4i��,21i�//,4i#2+ 1&,+0Pi�//,4i#2+ 1&,+0i�/"
�,2+!i1,i1%"&/i)"5& �)i0 ,-"Ni�%&0i*"�+0i1%�1i&+0&!"i�+i�//,4i#2+ 1&,+i1%"i3�)2"i,#ithisi&0
1%"i0�*"i�0i&+i1%"i-�/"+1i�), (Ni�"1]0i )�/&#6i1%&0i ,+ "-1i4&1%i�+i"5�*-)"P

function DelayedGreeter(name) {
  this.name = name;
}

DelayedGreeter.prototype.greet = function() {
  setTimeout( function cb() {
    console.log('Hello ' + this.name);
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  }, 500);
};

const greeter = new DelayedGreeter('World');
greeter.greet(); // will print "Hello undefined"

�+i1%&0i ,!"Oi4"i�/"i!"#&+&+$i�i0&*-)"igreeteri-/,1,16-"i1%�1i�  "-10i�i+�*"i�0i�+
�/$2*"+1Ni�%"+i4"i�/"i�!!&+$i1%"igreeti*"1%,!i1,i1%"i-/,1,16-"Ni�%&0i#2+ 1&,+i&0
02--,0"!i1,i-/&+1iHelloi�+!i1%"i+�*"i!"#&+"!i&+i1%"i 2//"+1i&+01�+ "i500i*&))&0" ,+!0
�#1"/i&1i%�0i�""+i �))"!Ni�21i1%&0i#2+ 1&,+i&0i�/,("+Oi�" �20"i&+0&!"i1%"i1&*",21i �))�� (
#2+ 1&,+i(cb)Oi1%"i0 ,-"i,#i1%"i#2+ 1&,+i&0i!&##"/"+1i#/,*i1%"i0 ,-"i,#igreeti*"1%,!i�+!
1%"i3�)2"i,#ithisi&0iundefinedN

�"#,/"i�,!"N'0i&+1/,!2 "!i02--,/1i#,/i�//,4i#2+ 1&,+0Oi1,i#&5i1%&0i4"i+""!"!i1,i %�+$"i1%"
greeti#2+ 1&,+i20&+$ibindOi�0i#,)),40P

DelayedGreeter.prototype.greet = function() {
  setTimeout( (function cb() {
    console.log('Hello' + this.name);
  }).bind(this), 500);
};

�21i0&+ "i4"i%�3"i+,4i�//,4i#2+ 1&,+0i�+!i0&+ "i1%"6i�/"i�,2+!i1,i1%"&/i)"5& �)i0 ,-"Oi4"
 �+i'201i20"i�+i�//,4i#2+ 1&,+i�0i�i �))�� (i1,i0,)3"i1%"i&002"P

DelayedGreeter.prototype.greet = function() {
  setTimeout( () => console.log('Hello' + this.name), 500);
};

�%&0i&0i�i3"/6i%�+!6i#"�12/"Qi*,01i,#i1%"i1&*"i&1i*�("0i,2/i ,!"i*,/"i ,+ &0"i�+!
01/�&$%1#,/4�/!N

&ODVV�V\QWD[
��<:;?i&+1/,!2 "0i�i+"4i06+1�5i1,i)"3"/�$"i-/,1,16-& �)i&+%"/&1�+ "i&+i�i4�6i1%�1i0%,2)!
0,2+!i*,/"i#�*&)&�/i1,i�))i1%"i!"3"),-"/0i1%�1i ,*"i#/,*i )�00& i,�'" 1f,/&"+1"!i)�+$2�$"0
02 %i�0i��3�i,/i�KNi�1]0i&*-,/1�+1i1,i2+!"/)&+"i1%�1i1%&0i+"4i06+1�5i!,"0i+,1i %�+$"i1%"i4�6
,�'" 10i�/"i*�+�$"!i&+1"/+�))6i�6i1%"i��3�� /&-1i/2+1&*"Qi1%"6i01&))i&+%"/&1i-/,-"/1&"0i�+!
#2+ 1&,+0i1%/,2$%i-/,1,16-"0i�+!i+,1i1%/,2$%i )�00"0Ni�%&)"i1%&0i+"4i�)1"/+�1&3"i06+1�5
 �+i�"i3"/6i%�+!6i�+!i/"�!��)"Oi�0i�i!"3"),-"/Oi&1i&0i&*-,/1�+1i1,i2+!"/01�+!i1%�1i&1i&0i'201
06+1� 1& i02$�/N
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�"1]0i0""i%,4i&1i4,/(0i4&1%i�i1/&3&�)i"5�*-)"Ni�&/01i,#i�))Oi)"1]0i!"0 /&�"i�iPersoni#2+ 1&,+
20&+$i1%"i )�00& i-/,1,16-"f��0"!i�--/,� %P

function Person(name, surname, age) {
  this.name = name;
  this.surname = surname;
  this.age = age;
}

Person.prototype.getFullName = function() {
  return this.name + '' + this.surname;
};

Person.older = function(person1, person2) {
  return (person1.age >= person2.age) � person1 : person2;
};

�0i6,2i �+i0""Oi�i-"/0,+i%�0inameOisurnameOi�+!iageNi�"i�/"i-/,3&!&+$i,2/i-/,1,16-"
4&1%i�i%")-"/i#2+ 1&,+i1%�1i�)),40i20i1,i"�0&)6i$"1i1%"i#2))i+�*"i,#i�ipersoni,�'" 1i�+!i�
$"+"/& i%")-"/i#2+ 1&,+i�  "00&�)"i!&/" 1)6i#/,*i1%"iPersoni-/,1,16-"i1%�1i/"12/+0i1%"i,)!"/
-"/0,+i�"14""+i14,iPersoni&+01�+ "0i$&3"+i�0i&+-21N

�"1]0i0""i+,4i%,4i4"i �+i&*-)"*"+1i1%"i0�*"i"5�*-)"i20&+$i1%"i+"4i%�+!6i��<:;? )�00
06+1�5P

class Person {
  constructor (name, surname, age) {
    this.name = name;
    this.surname = surname;
    this.age = age;
  }

  getFullName () {
    return this.name + ' ' + this.surname;
  }

  static older (person1, person2) {
    return (person1.age >= person2.age) � person1 : person2;
  }
}

�%&0i06+1�5i&0i*,/"i/"�!��)"i�+!i01/�&$%1#,/4�/!i1,i2+!"/01�+!Ni�"i�/"i"5-)& &1)6i01�1&+$
4%�1i1%"iconstructori&0i#,/i1%"i )�00i�+!i!" )�/&+$i1%"i#2+ 1&,+iolderi�0i�istatic
*"1%,!N



�!(�+)!c0+c0$!c�+ !K&/c�(�0"+.)

Ta9@aU

�%"i14,i&*-)"*"+1�1&,+0i�/"i ,*-)"1")6i&+1"/ %�+$"��)"Oi�21i1%"i/"�)i(&))"/i#"�12/"i,#i1%"
+"4i06+1�5i&0i1%"i-,00&�&)&16i,#i"51"+!&+$i1%"iPersoni-/,1,16-"i20&+$i1%"iextendi�+!
superi("64,/!0Ni�"1]0i�002*"i4"i4�+1i1,i /"�1"i�iPersonWithMiddlenamei )�00P

class PersonWithMiddlename extends Person {
  constructor (name, middlename, surname, age) {
    super(name, surname, age);
    this.middlename = middlename;
  }

  getFullName () {
    return this.name + '' + this.middlename + '' + this.surname;
  }
}

�%�1i&0i4,/1%i+,1& &+$i&+i1%&0i1%&/!i"5�*-)"i&0i1%�1i1%"i06+1�5i/"�))6i/"0"*�)"0i4%�1i&0
 ,**,+i&+i,1%"/i,�'" 1f,/&"+1"!i)�+$2�$"0Ni�"i�/"i!" )�/&+$i1%"i )�00i#/,*i4%& %i4"i4�+1
1,i"51"+!Oi4"i!"#&+"i�i+"4i ,+01/2 1,/i1%�1i �+i �))i1%"i-�/"+1i,+"i20&+$i1%"i("64,/!
superOi�+!i4"i,3"//&!"i1%"igetFullNamei*"1%,!i1,i�!!i02--,/1i#,/i,2/i*&!!)"i+�*"N

(QKDQFHG�REMHFW�OLWHUDOV
�),+$i4&1%i1%"i+"4i )�00i06+1�5Oi��<:;?i&+1/,!2 "!i�+i"+%�+ "!i,�'" 1i)&1"/�)0i06+1�5Ni�%&0
06+1�5i,##"/0i�i0%,/1%�+!i1,i�00&$+i3�/&��)"0i�+!i#2+ 1&,+0i�0i*"*�"/0i,#i1%"i,�'" 1Oi�)),40
20i1,i!"#&+"i ,*-21"!i*"*�"/i+�*"0i�1i /"�1&,+i1&*"Oi�+!i�)0,i%�+!6i0"11"/i�+!i$"11"/
*"1%,!0N

�"1]0i*�("i�))i,#i1%&0i )"�/i4&1%i0,*"i"5�*-)"0P

const x = 22;
const y = 17;
const obj = { x, y };

obji4&))i�"i�+i,�'" 1i ,+1�&+&+$i1%"i("60ixi�+!iyi4&1%i1%"i3�)2"0i22i�+!i17Oi/"0-" 1&3")6N

�"i �+i!,i1%"i0�*"i1%&+$i4&1%i#2+ 1&,+0P

module.exports = {
  square (x) {
    return x * x;
  },
  cube (x) {
    return x * x * x;
  }
};
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�+i1%&0i �0"Oi4"i�/"i4/&1&+$i�i*,!2)"i1%�1i"5-,/10i1%"i#2+ 1&,+0isquarei�+!icubei*�--"!
1,i-/,-"/1&"0i4&1%i1%"i0�*"i+�*"Ni�,1& "i1%�1i4"i!,+]1i+""!i1,i0-" &#6i1%"i("64,/!
functionN

�"1]0i0""i&+i�+,1%"/i"5�*-)"i%,4i4"i �+i20"i ,*-21"!i-/,-"/16i+�*"0P

const namespace = '-webkit-';
const style = {
  [namespace + 'box-sizing'] : 'border-box',
  [namespace + 'box-shadow'] : '10px10px5px #888888'
};

�+i1%&0i �0"Oi1%"i/"02)1&+$i,�'" 1i4&))i ,+1�&+i1%"i-/,-"/1&"0i-webkit-box-sizingi�+!i-
webkit-box-shadowN

�"1]0i0""i+,4i%,4i4"i �+i20"i1%"i+"4i0"11"/i�+!i$"11"/i06+1�5i�6i'2*-&+$i!&/" 1)6i1,i�+
"5�*-)"P

const person = {
  name : 'George',
  surname : 'Boole',

  get fullname () {
    return this.name + '' + this.surname;
  },

  set fullname (fullname) {
    let parts = fullname.split('');
    this.name = parts[0];
    this.surname = parts[1];
  }
};

console.log(person.fullname); // "George Boole"
console.log(person.fullname = 'Alan Turing'); // "Alan Turing"
console.log(person.name); // "Alan"

�+i1%&0i"5�*-)"i4"i�/"i!"#&+&+$i1%/""i-/,-"/1&"0Oi14,i+,/*�)i,+"0Oinamei�+!isurnameOi�+!
�i ,*-21"!ifullnamei-/,-"/16i1%/,2$%i1%"iseti�+!igeti06+1�5Ni�0i6,2i �+i0""i#/,*i1%"
/"02)1i,#i1%"iconsole.logi �))0Oi4"i �+i�  "00i1%"i ,*-21"!i-/,-"/16i�0i&#i&1i4�0i�i/"$2)�/
-/,-"/16i&+0&!"i1%"i,�'" 1i#,/i�,1%i/"�!&+$i�+!i4/&1&+$i1%"i3�)2"Ni�1]0i4,/1%i+,1& &+$i1%�1i1%"
0" ,+!i �))i1,iconsole.logi-/&+10iAlan TuringNi�%&0i%�--"+0i�" �20"i�6i!"#�2)1i"3"/6
seti#2+ 1&,+i/"12/+0i1%"i3�)2"i1%�1i&0i/"12/+"!i�6i1%"igeti#2+ 1&,+i#,/i1%"i0�*"i-/,-"/16Oi&+
1%&0i �0"iget fullnameN
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0DS�DQG�6HW�FROOHFWLRQV
�0i��3�� /&-1i!"3"),-"/0Oi4"i�/"i20"!i1,i /"�1&+$i%�0%i*�-0i20&+$i-)�&+i,�'" 10Ni��<:;?
&+1/,!2 "0i�i+"4i-/,1,16-"i �))"!iMapi1%�1i&0i0-" &#& �))6i!"0&$+"!i1,i)"3"/�$"i%�0%i*�-
 ,))" 1&,+0i&+i�i*,/"i0" 2/"Oi#)"5&�)"Oi�+!i&+12&1&3"i4�6Ni�"1]0i0""i�i.2& (i"5�*-)"P

const profiles = new Map();
profiles.set('twitter', '@adalovelace');
profiles.set('facebook', 'adalovelace');
profiles.set('googleplus', 'ada');

profiles.size; // 3
profiles.has('twitter'); // true
profiles.get('twitter'); // "@adalovelace"
profiles.has('youtube'); // false
profiles.delete('facebook');
profiles.has('facebook'); // false
profiles.get('facebook'); // undefined
for (const entry of profiles) {
  console.log(entry);
}

�0i6,2i �+i0""Oi1%"iMapi-/,1,16-"i,##"/0i0"3"/�)i%�+!6i*"1%,!0Oi02 %i�0isetOigetOihasOi�+!
deleteOi�+!i1%"isizei�11/&�21"iU+,1& "i%,4i1%"i)�11"/i!&##"/0i#/,*i�//�60i4%"/"i4"i20"i1%"
�11/&�21"ilengthVNi�"i �+i�)0,i&1"/�1"i1%/,2$%i�))i1%"i"+1/&"0i20&+$i1%"ifor...ofi06+1�5N
�3"/6i"+1/6i&+i1%"i),,-i4&))i�"i�+i�//�6i ,+1�&+&+$i1%"i("6i�0i#&/01i")"*"+1i�+!i1%"i3�)2"i�0
0" ,+!i")"*"+1Ni�%&0i&+1"/#� "i&0i3"/6i&+12&1&3"i�+!i0")#f"5-)�+�1,/6N

�21i4%�1i*�("0i*�-0i/"�))6i&+1"/"01&+$i&0i1%"i-,00&�&)&16i,#i20&+$i#2+ 1&,+0i�+!i,�'" 10i�0
("60i,#i1%"i*�-Oi�+!i1%&0i&0i0,*"1%&+$i1%�1i&0i+,1i"+1&/")6i-,00&�)"i20&+$i-)�&+i,�'" 10O
�" �20"i4&1%i,�'" 10i�))i1%"i("60i�/"i�21,*�1& �))6i �01i1,i01/&+$0Ni�%&0i,-"+0i+"4
,--,/12+&1&"0Qi#,/i"5�*-)"Oi4"i �+i�2&)!i�i*& /,i1"01&+$i#/�*"4,/(i)"3"/�$&+$i1%&0i#"�12/"P

const tests = new Map();
tests.set(() => 2+2, 4);
tests.set(() => 2*2, 4);
tests.set(() => 2/2, 1);

for (const entry of tests) {
  console.log((entry[0]() === entry[1]) � 'PASS' : 'FAIL');
}
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�0i6,2i �+i0""i&+i1%&0i)�01i"5�*-)"Oi4"i�/"i01,/&+$i#2+ 1&,+0i�0i("60i�+!i"5-" 1"!i/"02)10i�0
3�)2"0Ni�%"+i4"i �+i&1"/�1"i1%/,2$%i,2/i%�0%i*�-i�+!i"5" 21"i�))i1%"i#2+ 1&,+0Ni�1]0i�)0,
4,/1%i+,1& &+$i1%�1i4%"+i4"i&1"/�1"i1%/,2$%i1%"i*�-Oi�))i1%"i"+1/&"0i/"0-" 1i1%"i,/!"/i&+
4%& %i1%"6i%�3"i�""+i&+0"/1"!Qi1%&0i&0i�)0,i0,*"1%&+$i1%�1i4�0i+,1i�)4�60i$2�/�+1""!i4&1%
-)�&+i,�'" 10N

�),+$i4&1%iMapOi��<:;?i�)0,i&+1/,!2 "0i1%"iSeti-/,1,16-"Ni�%&0i-/,1,16-"i�)),40i20i1,
"�0&)6i ,+01/2 1i0"10Oi4%& %i*"�+0i)&010i4&1%i2+&.2"i3�)2"0P

const s = new Set([0, 1, 2, 3]);
s.add(3); // will not be added
s.size; // 4
s.delete(0);
s.has(0); // false

for (const entry of s) {
  console.log(entry);
}

�0i6,2i �+i0""Oi&+i1%&0i"5�*-)"i1%"i&+1"/#� "i&0i.2&1"i0&*&)�/i1,i1%"i,+"i4"i%�3"i'201i0""+i#,/
MapNi�"i%�3"i1%"i*"1%,!0iaddiU&+01"�!i,#isetVOihasOi�+!ideletei�+!i1%"i-/,-"/16isizeN
�"i �+i�)0,i&1"/�1"i1%/,2$%i1%"i0"1i�+!i&+i1%&0i �0"i"3"/6i"+1/6i&0i�i3�)2"Oi&+i,2/i"5�*-)"i&1
4&))i�"i,+"i,#i1%"i+2*�"/0i&+i1%"i0"1Ni�&+�))6Oi0"10i �+i�)0,i ,+1�&+i,�'" 10i�+!i#2+ 1&,+0i�0
3�)2"0N

:HDN0DS�DQG�:HDN6HW�FROOHFWLRQV
��<:;?i�)0,i!"#&+"0i�i[4"�(\i3"/0&,+i,#i1%"iMapi�+!i1%"iSeti-/,1,16-"0i �))"!iWeakMap
�+!iWeakSetN

WeakMapi&0i.2&1"i0&*&)�/i1,iMapi&+i1"/*0i,#i&+1"/#� "Qi%,4"3"/Oi1%"/"i�/"i14,i*�&+
!&##"/"+ "0i6,2i0%,2)!i�"i�4�/"i,#Pi1%"/"i&0i+,i4�6i1,i&1"/�1"i�))i,3"/i1%"i"+1/&"0Oi�+!i&1i,+)6
�)),40i%�3&+$i,�'" 10i�0i("60Ni�%&)"i1%&0i*&$%1i0""*i)&("i�i)&*&1�1&,+Oi1%"/"i&0i�i$,,!i/"�0,+
�"%&+!i&1Ni�+i#� 1Oi1%"i!&01&+ 1&3"i#"�12/"i,#iWeakMapi&0i1%�1i&1i�)),40i,�'" 10i20"!i�0i("60i1,
�"i$�/��$"i ,))" 1"!i4%"+i1%"i,+)6i/"#"/"+ "i)"#1i&0i&+0&!"iWeakMapNi�%&0i&0i"51/"*")6i20"#2)
4%"+i4"i�/"i01,/&+$i0,*"i*"1�!�1�i�00, &�1"!i4&1%i�+i,�'" 1i1%�1i*&$%1i$"1i!")"1"!i!2/&+$
1%"i/"$2)�/i)&#"1&*"i,#i1%"i�--)& �1&,+Ni�"1]0i0""i�+i"5�*-)"P

let obj = {};
const map = new WeakMap();
map.set(obj, {key: "some_value"});
console.log(map.get(obj)); // {key: "some_value"}
obj = undefined; // now obj and the associated data in the map
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                 // will be cleaned up in the next gc cycle

�+i1%&0i ,!"Oi4"i�/"i /"�1&+$i�i-)�&+i,�'" 1i �))"!iobjNi�%"+i4"i01,/"i0,*"i*"1�!�1�i#,/i1%&0
,�'" 1i&+i�i+"4iWeakMapi �))"!imapNi�"i �+i�  "00i1%&0i*"1�!�1�i4&1%i1%"imap.geti*"1%,!N
��1"/Oi4%"+i4"i )"�+2-i1%"i,�'" 1i�6i�00&$+&+$i&10i3�/&��)"i1,iundefinedOi1%"i,�'" 1i4&))i�"
 ,//" 1)6i$�/��$"i ,))" 1"!i�+!i&10i*"1�!�1�i/"*,3"!i#/,*i1%"i*�-N

�&*&)�/i1,iWeakMapOiWeakSeti&0i1%"i4"�(i3"/0&,+i,#iSetPi&1i"5-,0"0i1%"i0�*"i&+1"/#� "i,#
Seti�21i&1i,+)6i�)),40i01,/&+$i,�'" 10i�+!i �++,1i�"i&1"/�1"!Ni�$�&+Oi1%"i!&##"/"+ "i4&1%iSet
&0i1%�1iWeakSeti�)),40i,�'" 10i1,i�"i$�/��$"i ,))" 1"!i4%"+i1%"&/i,+)6i/"#"/"+ "i)"#1i&0i&+i1%"
4"�(i0"1P

let obj1= {key: "val1"};
let obj2= {key: "val2"};
const set= new WeakSet([obj1, obj2]);
console.log(set.has(obj1)); // true
obj1= undefined; // now obj1 will be removed from the set
console.log(set.has(obj1)); // false

�1]0i&*-,/1�+1i1,i2+!"/01�+!i1%�1iWeakMapi�+!iWeakSeti�/"i+,1i�"11"/i,/i4,/0"i1%�+iMap
�+!iSetOi1%"6i�/"i0&*-)6i*,/"i02&1��)"i#,/i!&##"/"+1i20"i �0"0N
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)&1"/�)0Ni�%&0i06+1�5i20"0i�� (i1& (0iU`Vi�0i!")&*&1"/0i�+!i,##"/0i0"3"/�)i�"+"#&10i ,*-�/"!i1,
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&+0&!"i1%"i01/&+$iU1%&0i&0i1%"i/"�0,+i4%6i1%&0i06+1�5i&0i �))"!i[1"*-)�1"\Vi�+!i1%�1i�i0&+$)"
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const name = "Leonardo";
const interests = ["arts", "architecture", "science", "music",
                   "mathematics"];
const birth = { year : 1452, place : 'Florence' };
const text = `${name} was an Italian polymath
 interested in many topics such as
 ${interests.join(', ')}.He was born
 in ${birth.year} in ${birth.place}.`;
console.log(text);
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//blocks the thread until the data is available
data = socket.read();
//data is available
print(data);
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/"12/+0i&**"!&�1")6i4&1%,21i4�&1&+$i#,/i1%"i!�1�i1,i�"i/"�!i,/i4/&11"+Ni�#i+,i/"02)10i�/"
�3�&)��)"i�1i1%"i*,*"+1i,#i1%"i �))Oi1%"i#2+ 1&,+i4&))i0&*-)6i/"12/+i�i-/"!"#&+"!i ,+01�+1O
&+!& �1&+$i1%�1i1%"/"i&0i+,i!�1�i�3�&)��)"i1,i/"12/+i�1i1%�1i*,*"+1N

�,/i"5�*-)"Oi&+i�+&5i,-"/�1&+$i0601"*0Oi1%"ifcntl()i#2+ 1&,+i&0i20"!i1,i*�+&-2)�1"i�+
"5&01&+$i#&)"i!"0 /&-1,/i1,i %�+$"i&10i,-"/�1&+$i*,!"i1,i+,+f�), (&+$iU4&1%i1%"iO_NONBLOCK
#)�$VNi�+ "i1%"i/"0,2/ "i&0i&+i+,+f�), (&+$i*,!"Oi�+6i/"�!i,-"/�1&,+i4&))i#�&)i4&1%i1%"
/"12/+i ,!"iEAGAINOi&+i �0"i1%"i/"0,2/ "i!,"0+]1i%�3"i�+6i!�1�i/"�!6i1,i�"i/"�!N
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resources = [socketA, socketB, pipeA];
while(!resources.isEmpty()) {
  for(i = 0; i < resources.length; i++) {
    resource = resources[i];
    //try to read
    let data = resource.read();
    if(data === NO_DATA_AVAILABLE)
      //there is no data to read at the moment
      continue;
    if(data === RESOURCE_CLOSED)
      //the resource was closed, remove it from the list
      resources.remove(i);
    else
      //some data was received, process it
      consumeData(data);
  }
}

�,2i �+i0""i1%�1Oi4&1%i1%&0i0&*-)"i1" %+&.2"Oi&1i&0i�)/"�!6i-,00&�)"i1,i%�+!)"i!&##"/"+1
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socketA, pipeB;
watchedList.add(socketA, FOR_READ);                     //[1]
watchedList.add(pipeB, FOR_READ);
while(events = demultiplexer.watch(watchedList)) {      //[2]
  //event loop
  foreach(event in events) {                            //[3]
    //This read will never block and will always return data
    data = event.resource.read();
    if(data === RESOURCE_CLOSED)
      //the resource was closed, remove it from the watched list
      demultiplexer.unwatch(event.resource);
    else
      //some actual data was received, process it
      consumeData(data);
  }
}
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