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66+�FRQILJXUDWLRQV ��
-DYD�LQVWDOODWLRQ ��
)OLQN�LQVWDOODWLRQ ��
&RQILJXUDWLRQV ��
6WDUWLQJ�GDHPRQV ��
$GGLQJ�DGGLWLRQDO�-RE�7DVN�0DQDJHUV ��
6WRSSLQJ�GDHPRQV�DQG�FOXVWHU ��

5XQQLQJ�VDPSOH�DSSOLFDWLRQ ��
6XPPDU\ ��
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&KDSWHU����'DWD�3URFHVVLQJ�8VLQJ�WKH�'DWD6WUHDP�$3, ��

([HFXWLRQ�HQYLURQPHQW ��
'DWD�VRXUFHV ��

6RFNHW�EDVHG ��
)LOH�EDVHG ��

7UDQVIRUPDWLRQV ��
0DS ��
)ODW0DS ��
)LOWHU ��
.H\%\ ��
5HGXFH ��
)ROG ��
$JJUHJDWLRQV ��
:LQGRZ ��

*OREDO�ZLQGRZV ��
7XPEOLQJ�ZLQGRZV ��
6OLGLQJ�ZLQGRZV ��
6HVVLRQ�ZLQGRZV ��

:LQGRZ$OO ��
8QLRQ ��
:LQGRZ�MRLQ ��
6SOLW ��
6HOHFW ��
3URMHFW ��

3K\VLFDO�SDUWLWLRQLQJ ��
&XVWRP�SDUWLWLRQLQJ ��
5DQGRP�SDUWLWLRQLQJ ��
5HEDODQFLQJ�SDUWLWLRQLQJ ��
5HVFDOLQJ ��
%URDGFDVWLQJ ��

'DWD�VLQNV ��
(YHQW�WLPH�DQG�ZDWHUPDUNV ��

(YHQW�WLPH ��
3URFHVVLQJ�WLPH ��
,QJHVWLRQ�WLPH ��

&RQQHFWRUV ��
.DIND�FRQQHFWRU ��
7ZLWWHU�FRQQHFWRU ��
5DEELW04�FRQQHFWRU ��
(ODVWLF6HDUFK�FRQQHFWRU ��
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(PEHGGHG�QRGH�PRGH ��
7UDQVSRUW�FOLHQW�PRGH ��

&DVVDQGUD�FRQQHFWRU ��
8VH�FDVH�b�VHQVRU�GDWD�DQDO\WLFV ��
6XPPDU\ ��

&KDSWHU����'DWD�3URFHVVLQJ�8VLQJ�WKH�%DWFK�3URFHVVLQJ�$3, ��

'DWD�VRXUFHV ��
)LOH�EDVHG ��
&ROOHFWLRQ�EDVHG ��
*HQHULF�VRXUFHV ��
&RPSUHVVHG�ILOHV ��

7UDQVIRUPDWLRQV ��
0DS ��
)ODW�PDS ��
)LOWHU ��
3URMHFW ��
5HGXFH�RQ�JURXSHG�GDWDVHWV ��
5HGXFH�RQ�JURXSHG�GDWDVHWV�E\�ILHOG�SRVLWLRQ�NH\ ��
*URXS�FRPELQH ��
$JJUHJDWH�RQ�D�JURXSHG�WXSOH�GDWDVHW ��
0LQ%\�RQ�D�JURXSHG�WXSOH�GDWDVHW ��
0D[%\�RQ�D�JURXSHG�WXSOH�GDWDVHW ��
5HGXFH�RQ�IXOO�GDWDVHW ��
*URXS�UHGXFH�RQ�D�IXOO�GDWDVHW ��
$JJUHJDWH�RQ�D�IXOO�WXSOH�GDWDVHW ��
0LQ%\�RQ�D�IXOO�WXSOH�GDWDVHW ��
0D[%\�RQ�D�IXOO�WXSOH�GDWDVHW ��
'LVWLQFW ��
-RLQ ��
&URVV ��
8QLRQ ��
5HEDODQFH ��
+DVK�SDUWLWLRQ ��
5DQJH�SDUWLWLRQ ��
6RUW�SDUWLWLRQ ��
)LUVW�Q ��

%URDGFDVW�YDULDEOHV ��
'DWD�VLQNV ��
&RQQHFWRUV ��
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：
zh
is
he
ng



S`%2`T

)LOHV\VWHPV ��
+')6 ��
$PD]RQ�6� ��
$OOX[LR ��
$YUR ��
0LFURVRIW�$]XUH�VWRUDJH ��

0RQJR'% ��
,WHUDWLRQV ��

,WHUDWRU�RSHUDWRU ��
'HOWD�LWHUDWRU ��

8VH�FDVH�b�$WKOHWHV�GDWD�LQVLJKWV�XVLQJ�)OLQN�EDWFK�$3, ��
6XPPDU\ ��

&KDSWHU����'DWD�3URFHVVLQJ�8VLQJ�WKH�7DEOH�$3, ��

5HJLVWHULQJ�WDEOHV ��
5HJLVWHULQJ�D�GDWDVHW ��
5HJLVWHULQJ�D�GDWDVWUHDP ��
5HJLVWHULQJ�D�WDEOH ��
5HJLVWHULQJ�H[WHUQDO�WDEOH�VRXUFHV ��

&69�WDEOH�VRXUFH ��
.DIND�-621�WDEOH�VRXUFH ��

$FFHVVLQJ�WKH�UHJLVWHUHG�WDEOH ��
2SHUDWRUV ��

7KH�VHOHFW�RSHUDWRU ��
7KH�ZKHUH�RSHUDWRU ��
7KH�ILOWHU�RSHUDWRU ���
7KH�DV�RSHUDWRU ���
7KH�JURXS%\�RSHUDWRU ���
7KH�MRLQ�RSHUDWRU ���
7KH�OHIW2XWHU-RLQ�RSHUDWRU ���
7KH�ULJKW2XWHU-RLQ�RSHUDWRU ���
7KH�IXOO2XWHU-RLQ�RSHUDWRU ���
7KH�XQLRQ�RSHUDWRU ���
7KH�XQLRQ$OO�RSHUDWRU ���
7KH�LQWHUVHFW�RSHUDWRU ���
7KH�LQWHUVHFW$OO�RSHUDWRU ���
7KH�PLQXV�RSHUDWRU ���
7KH�PLQXV$OO�RSHUDWRU ���
7KH�GLVWLQFW�RSHUDWRU ���
7KH�RUGHU%\�RSHUDWRU ���
7KH�OLPLW�RSHUDWRU ���
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'DWD�W\SHV ���
64/ ���

64/�RQ�GDWDVWUHDP ���
6XSSRUWHG�64/�V\QWD[ ���
6FDODU�IXQFWLRQV ���

6FDODU�IXQFWLRQV�LQ�WKH�WDEOH�$3, ���
6FDOD�IXQFWLRQV�LQ�64/ ���

8VH�FDVH�b�$WKOHWHV�GDWD�LQVLJKWV�XVLQJ�)OLQN�7DEOH�$3, ���
6XPPDU\ ���

&KDSWHU����&RPSOH[�(YHQW�3URFHVVLQJ ���

:KDW�LV�FRPSOH[�HYHQW�SURFHVVLQJ" ���
)OLQN�&(3 ���

(YHQW�VWUHDPV ���
3DWWHUQ�$3, ���

%HJLQ ���
)LOWHU ���
6XEW\SH ���
25 ���
&RQWLQXLW\ ���

6WULFW�FRQWLQXLW\ ���
1RQ�VWULFW�FRQWLQXLW\ ���

:LWKLQ ���
'HWHFWLQJ�SDWWHUQV ���
6HOHFWLQJ�IURP�SDWWHUQV ���

6HOHFW ���
IODW6HOHFW ���

+DQGOLQJ�WLPHG�RXW�SDUWLDO�SDWWHUQV ���
8VH�FDVH�b�FRPSOH[�HYHQW�SURFHVVLQJ�RQ�D�WHPSHUDWXUH�VHQVRU ���
6XPPDU\ ���

&KDSWHU����0DFKLQH�/HDUQLQJ�8VLQJ�)OLQN0/ ���

:KDW�LV�PDFKLQH�OHDUQLQJ" ���
6XSHUYLVHG�OHDUQLQJ ���

5HJUHVVLRQ ���
&ODVVLILFDWLRQ ���

8QVXSHUYLVHG�OHDUQLQJ ���
&OXVWHULQJ ���
$VVRFLDWLRQ ���

6HPL�VXSHUYLVHG�OHDUQLQJ ���
)OLQN0/ ���
6XSSRUWHG�DOJRULWKPV ���
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6XSHUYLVHG�OHDUQLQJ ���
6XSSRUW�9HFWRU�0DFKLQH ���
0XOWLSOH�/LQHDU�5HJUHVVLRQ ���
2SWLPL]DWLRQ�IUDPHZRUN ���

5HFRPPHQGDWLRQV ���
$OWHUQDWLQJ�/HDVW�6TXDUHV ���

8QVXSHUYLVHG�OHDUQLQJ ���
N�1HDUHVW�1HLJKERXU�MRLQ ���

8WLOLWLHV ���
'DWD�SUH�SURFHVVLQJ�DQG�SLSHOLQHV ���

3RO\QRPLDO�IHDWXUHV ���
6WDQGDUG�VFDOHU ���
0LQ0D[�VFDOHU ���

6XPPDU\ ���

&KDSWHU����)OLQN�*UDSK�$3,���*HOO\ ���

:KDW�LV�D�JUDSK" ���
)OLQN�JUDSK�$3,�b�*HOO\ ���

*UDSK�UHSUHVHQWDWLRQ ���
*UDSK�QRGHV ���
*UDSK�HGJHV ���

*UDSK�FUHDWLRQ ���
)URP�GDWDVHW�RI�HGJHV�DQG�YHUWLFHV ���
)URP�GDWDVHW�RI�WXSOHV�UHSUHVHQWLQJ�HGJHV ���
)URP�&69�ILOHV ���
)URP�FROOHFWLRQ�OLVWV ���

*UDSK�SURSHUWLHV ���
*UDSK�WUDQVIRUPDWLRQV ���

0DS ���
7UDQVODWH ���
)LOWHU ���
-RLQ ���
5HYHUVH ���
8QGLUHFWHG ���
8QLRQ ���
,QWHUVHFW ���

*UDSK�PXWDWLRQV ���
1HLJKERUKRRG�PHWKRGV ���
*UDSK�YDOLGDWLRQ ���

,WHUDWLYH�JUDSK�SURFHVVLQJ ���
9HUWH[�&HQWULF�LWHUDWLRQV ���
6FDWWHU�*DWKHU�LWHUDWLRQV ���
*DWKHU�6XP�$SSO\�LWHUDWLRQV ���

8VH�FDVH�b�$LUSRUW�7UDYHO�2SWLPL]DWLRQ ���
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6XPPDU\ ���

&KDSWHU����'LVWULEXWHG�'DWD�3URFHVVLQJ�ZLWK�)OLQN�DQG�+DGRRS ���

4XLFN�RYHUYLHZ�RI�+DGRRS ���
+')6 ���
<$51 ���

)OLQN�RQ�<$51 ���
&RQILJXUDWLRQV ���
6WDUWLQJ�D�)OLQN�<$51�VHVVLRQ ���
6XEPLWWLQJ�D�MRE�WR�)OLQN ���
6WRSSLQJ�)OLQN�<$51�VHVVLRQ ���
5XQQLQJ�D�VLQJOH�)OLQN�MRE�RQ�<$51 ���
5HFRYHU\�EHKDYLRU�IRU�)OLQN�RQ�<$51 ���
:RUNLQJ�GHWDLOV ���

6XPPDU\ ���

&KDSWHU����'HSOR\LQJ�)OLQN�RQ�&ORXG ���

)OLQN�RQ�*RRJOH�&ORXG ���
,QVWDOOLQJ�*RRJOH�&ORXG�6'. ���
,QVWDOOLQJ�%'8WLO ���
/DXQFKLQJ�D�)OLQN�FOXVWHU ���
([HFXWLQJ�D�VDPSOH�MRE ���
6KXWWLQJ�GRZQ�WKH�FOXVWHU ���

)OLQN�RQ�$:6 ���
/DXQFKLQJ�DQ�(05�FOXVWHU ���
,QVWDOOLQJ�)OLQN�RQ�(05 ���
([HFXWLQJ�)OLQN�RQ�(05�<$51 ���
6WDUWLQJ�D�)OLQN�<$51�VHVVLRQ ���
([HFXWLQJ�)OLQN�MRE�RQ�<$51�VHVVLRQ ���
6KXWWLQJ�GRZQ�WKH�FOXVWHU ���
)OLQN�RQ�(05����� ���
8VLQJ�6��LQ�)OLQN�DSSOLFDWLRQV ���

6XPPDU\ ���

&KDSWHU�����%HVW�3UDFWLFHV ���

/RJJLQJ�EHVW�SUDFWLFHV ���
&RQILJXULQJ�/RJ�M ���
&RQILJXULQJ�/RJEDFN ���
/RJJLQJ�LQ�DSSOLFDWLRQV ���

8VLQJ�3DUDPHWHU7RRO ���
)URP�V\VWHP�SURSHUWLHV ���
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)URP�FRPPDQG�OLQH�DUJXPHQWV ���
)URP��SURSHUWLHV�ILOH ���

1DPLQJ�ODUJH�7XSOH;�W\SHV ���
5HJLVWHULQJ�D�FXVWRP�VHULDOL]HU ���
0HWULFV ���

5HJLVWHULQJ�PHWULFV ���
&RXQWHUV ���
*DXJHV ���
+LVWRJUDPV ���
0HWHUV ���

5HSRUWHUV ���
0RQLWRULQJ�5(67�$3, ���

&RQILJ�$3, ���
2YHUYLHZ�$3, ���
2YHUYLHZ�RI�WKH�MREV ���
'HWDLOV�RI�D�VSHFLILF�MRE ���
8VHU�GHILQHG�MRE�FRQILJXUDWLRQ ���

%DFN�SUHVVXUH�PRQLWRULQJ ���
6XPPDU\ ���

,QGH[ ���
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CassandraSink.addSink(input)
  .setQuery("INSERT INTO cep.events (id, message) values (�, �);")
  .setClusterBuilder(new ClusterBuilder() {
    @Override
    public Cluster buildCluster(Cluster.Builder builder) {
      return builder.addContactPoint("127.0.0.1").build();
    }
  })
  .build();
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�+ "d"51/� 1"!Md$,d1,d1%"d#,)!"/d�+!d"5" 21"dstart-local.batN

    !FG�IOLQN������
    !ELQ?VWDUW�ORFDO�EDW
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    �VXGR�WDU��[]I�IOLQN�������ELQ�KDGRRS���VFDODB�����WJ]
    �FG�IOLQN������
    �ELQ�VWDUW�ORFDO�VK
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    �VVK�NH\JHQ

�%&0d4&))d$"+"/�1"d1%"d-2�)& d�+!d-/&3�1"d("60d&+d1%"d/home/flinkuser/.sshd#,)!"/Ld�,4
 ,-6d1%"d-2�)& d("6d1,d1%"d��0(d��+�$"/d*� %&+"d�+!d-"/#,/*d1%"d#,)),4&+$d01"-0d,+d1%"
��0(d��+�$"/d1,d�)),4d-�004,/!d)"00d ,++" 1&,+d#/,*d1%"d�,�d��+�$"/N

    VXGR�PNGLU��S��KRPH�IOLQNXVHU��VVK
    VXGR�WRXFK��KRPH�IOLQNXVHU�DXWKRUL]HGBNH\V
    VXGR�FS��KRPH�IOLQNXVHU��VVK
����VXGR�VK��F��FDW�LGBUVD�SXE�!!��KRPH�IOLQNXVHU��VVK�DXWKRUL]HGBNH\V�

��("d02/"d1%"d("60d%�3"d/"01/& 1"!d�  "00d�6d"5" 21&+$d1%"d#,)),4&+$d ,**�+!0N

    VXGR�FKPRG������KRPH�IOLQNXVHU��VVK
    VXGR�FKPRG������KRPH�IOLQNXVHU��VVK�DXWKRUL]HGBNH\V

�,4d6,2d �+d1"01d1%"d-�004,/!d)"00d��
d ,++" 1&,+d#/,*d1%"d�,�d��+�$"/d*� %&+"N

    VXGR�VVK��WDVN�PDQDJHU��!
    VXGR�VVK��WDVN�PDQDJHU��!
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6,2d+""!d1,d),$&+d1,d"� %d*� %&+"Ndopen file /etc/ssh/sshd_configL
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d0"/3& "d�6d"5" 21&+$d1%"d ,**�+!Ndsudo service sshd
restart
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����OLQX[�[���USP
    VXGR�USP��LYK�MGN��X���OLQX[�[���USP

�"51d4"d+""!d1,d0"1d2-d1%"dJAVA_HOMEd"+3&/,+*"+1d3�/&��)"d0,d1%�1d��3�d&0d�3�&)��)"d1,
�  "00d#/,*d"3"/64%"/"L

�/"�1"d�djava.shd#&)"N

    VXGR�YL��HWF�SURILOH�G�MDYD�VK

�+!d�!!d#,)),4&+$d ,+1"+1d&+d&1d�+!d0�3"d&1N

    ���ELQ�EDVK
    -$9$B+20( �XVU�MDYD�MGN�����B��
    3$7+ �-$9$B+20(�ELQ��3$7+
    H[SRUW�3$7+�-$9$B+20(
    H[SRUW�&/$663$7+ �
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    ��MDYD��YHUVLRQ
    MDYD�YHUVLRQ�������B���
    -DYD�70��6(�5XQWLPH�(QYLURQPHQW��EXLOG������B���E���
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�,d)"1Z0d$"1d01�/1"!N

    FG��XVU�ORFDO
    VXGR�ZJHW��KWWS���ZZZ�HX�DSDFKH�RUJ�GLVW�IOLQN�IOLQN�������IOLQN�
����������ELQ�KDGRRS���VFDODB�����WJ]
    VXGR�WDU��[]I�IOLQN�������ELQ�KDGRRS���VFDODB�����WJ]

�,4d1%�1d1%"d�&+�/6d&0d/"�!6Md4"d+""!d1,d!,d0,*"d ,+#&$2/�1&,+0L

&RQILJXUDWLRQV
�)&+(Z0d ,+#&$2/�1&,+0d�/"d0&*-)"Ld�"d+""!d1,d12+"d�d#"4d-�/�*"1"/0d�+!d4"d�/"d�))d0"1Ld�,01
,#d1%"d ,+#&$2/�1&,+0d�/"d0�*"d#,/d1%"d�,�d��+�$"/d+,!"d�+!d1%"d��0(d��+�$"/d+,!"Ld�))
 ,+#&$2/�1&,+0d�/"d!,+"d&+d1%"dconf/flink-conf.yamld#&)"L

�%"d#,)),4&+$d&0d�d ,+#&$2/�1&,+d#&)"d#,/d�d�,�d��+�$"/d+,!"N

    MREPDQDJHU�USF�DGGUHVV��ORFDOKRVW
    MREPDQDJHU�USF�SRUW������
    MREPDQDJHU�KHDS�PE�����
    WDVNPDQDJHU�KHDS�PE�����
    WDVNPDQDJHU�QXPEHU2I7DVN6ORWV���

�,2d*�6d4�+1d1,d %�+$"d*"*,/6d ,+#&$2/�1&,+0d#,/d1%"d�,�d��+�$"/d�+!d��0(d��+�$"/
��0"!d,+d6,2/d+,!"d ,+#&$2/�1&,+0Ld�,/d1%"d��0(d��+�$"/Mdjobmanager.rpc.address
0%,2)!d�"d-,-2)�1"!d4&1%d1%"d ,//" 1d�,�d��+�$"/d%,01+�*"d,/d��d�!!/"00L

�,d#,/d�))d��0(d��+�$"/0Md1%"d ,+#&$2/�1&,+d#&)"d0%,2)!d�"d)&("d1%"d#,)),4&+$N

    MREPDQDJHU�USF�DGGUHVV���MREPDQDJHU�LS�RU�KRVW!
    MREPDQDJHU�USF�SRUW������
    MREPDQDJHU�KHDS�PE�����
    WDVNPDQDJHU�KHDS�PE�����
    WDVNPDQDJHU�QXPEHU2I7DVN6ORWV���

�"d+""!d1,d�!!d1%"dJAVA_HOMEd!"1�&)0d&+d1%&0d#&)"d0,d1%�1d�)&+(d(+,40d"5� 1)6d4%"/"d1,d),,(
#,/d��3�d�&+�/&"0N

    H[SRUW�-$9$B+20( �XVU�MDYD�MGN�����B��

d 公
众

号
：
zh
is
he
ng



�*0.+ 1�0%+*a0+a�,��$!a�(%*'

S`99`T

�"d�)0,d+""!d1,d�!!d1%"d0)�3"d+,!"d!"1�&)0d&+d1%"dconf/slavesd#&)"Md4&1%d"� %d+,!"d,+d�
0"-�/�1"d+"4d)&+"L


"/"d&0d%,4d�d0�*-)"dconf/slavesd#&)"d0%,2)!d),,(d)&("N

    �WDVN�PDQDJHU��!
    �WDVN�PDQDJHU��!
    �WDVN�PDQDJHU��!

6WDUWLQJ�GDHPRQV
�,4d1%"d,+)6d1%&+$d)"#1d&0d01�/1&+$d1%"d�)&+(d-/, "00"0Ld�"d �+d01�/1d"� %d-/, "00d0"-�/�1")6
,+d&+!&3&!2�)d+,!"0d,/d4"d �+d"5" 21"d1%"dstart-cluster.shd ,**�+!d1,d01�/1d1%"
/".2&/"!d-/, "00"0d,+d"� %d+,!"N

    ELQ�VWDUW�FOXVWHU�VK

�#d�))d1%"d ,+#&$2/�1&,+0d�/"d$,,!Md1%"+d6,2d4,2)!d0""d1%�1d1%"d )201"/d&0d2-d�+!d/2++&+$L
�,2d �+d %" (d1%"d4"�d��d�1dhttp://<job-manager-ip>:8081/L

�%"d#,)),4&+$d�/"d0,*"d0+�-0%,10d,#d1%"d�)&+(d�"�d��N

公
众

号
：
zh
is
he
ng
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S`9:`T

�,2d �+d )& (d,+d1%"d�+�`��*�#!.d)&+(d1,d$"1d1%"d#,)),4&+$d3&"4N

�&*&)�/)6Md6,2d �+d %" (d,21d1%"d��/'`��*�#!./d3&"4d�0d#,)),40N

公
众

号
：
zh
is
he
ng
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S`9;`T

$GGLQJ�DGGLWLRQDO�-RE�7DVN�0DQDJHUV
�)&+(d-/,3&!"0d6,2d4&1%d1%"d#� &)&16d1,d�!!d�!!&1&,+�)d&+01�+ "0d,#d�,�d�+!d��0(d��+�$"/0d1,
1%"d/2++&+$d )201"/L

�"#,/"d4"d01�/1d1%"d!�"*,+Md-)"�0"d*�("d02/"d1%�1d6,2d%�3"d#,)),4"!d1%"d01"-0d$&3"+
-/"3&,20)6L

�,d�!!d�+d�!!&1&,+�)d�,�d��+�$"/d1,d1%"d"5&01&+$d )201"/Md"5" 21"d1%"d#,)),4&+$d ,**�+!N

    VXGR�ELQ�MREPDQDJHU�VK�VWDUW�FOXVWHU

�&*&)�/)6Md4"d+""!d1,d"5" 21"d1%"d#,)),4&+$d ,**�+!d1,d�!!d�+d�!!&1&,+�)d��0(d��+�$"/N

    VXGR�ELQ�WDVNPDQDJHU�VK�VWDUW�FOXVWHU

6WRSSLQJ�GDHPRQV�DQG�FOXVWHU
�+ "d1%"d',�d"5" 21&,+d&0d ,*-)"1"!Md6,2d4�+1d1,d0%21d!,4+d1%"d )201"/Ld�%"d#,)),4&+$d
 ,**�+!0d�/"d20"!d#,/d1%�1L

�,d01,-d1%"d ,*-)"1"d )201"/d&+d,+"d$,N

    VXGR�ELQ�VWRS�FOXVWHU�VK

�,d01,-d1%"d&+!&3&!2�)d�,�d��+�$"/N

    VXGR�ELQ�MREPDQDJHU�VK�VWRS�FOXVWHU

�,d01,-d1%"d&+!&3&!2�)d��0(d��+�$"/N

    VXGR�ELQ�WDVNPDQDJHU�VK�VWRS�FOXVWHU

5XQQLQJ�VDPSOH�DSSOLFDWLRQ
�)&+(d�&+�/&"0d ,*"d4&1%d�d0�*-)"d�--)& �1&,+d4%& %d �+d�"d20"!d�0d&1d&0Ld�"1Z0d01�/1d4&1%d�
3"/6d0&*-)"d�--)& �1&,+Md4,/!d ,2+1Ld
"/"d4"d�/"d$,&+$d1/6d�d01/"�*&+$d�--)& �1&,+d4%& %
/"�!0d!�1�d#/,*d1%"d+"1 �1d0"/3"/d,+d�d0-" &#& d-,/1L公

众
号

：
zh
is
he
ng
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S`9<`T

�,d)"1Z0d$"1d01�/1"!Ld�&/01d01�/1d1%"d+"1 �1d0"/3"/d,+d-,/1d9000d�6d"5" 21&+$d1%"d#,)),4&+$
 ,**�+!N

    QF��O�����

�,4d1%"d+"1 �1d0"/3"/d4&))d�"d01�/1d)&01"+&+$d,+d-,/1dA888d0,d4%�1"3"/d6,2d16-"d,+d1%"
 ,**�+!d-/,*-1d4&))d�"d0"+1d1,d1%"d�)&+(d-/, "00&+$L

�"51d4"d+""!d1,d01�/1d1%"d�)&+(d0�*-)"d-/,$/�*d1,d)&01"+d1,d1%"d+"1 �1d0"/3"/Ld�%"d#,)),4&+$
&0d1%"d ,**�+!N

    ELQ�IOLQN�UXQ�H[DPSOHV�VWUHDPLQJ�6RFNHW7H[W6WUHDP:RUG&RXQW�MDU���
����KRVWQDPH�ORFDOKRVW���SRUW�����
    ������������������������-RE�H[HFXWLRQ�VZLWFKHG�WR�VWDWXV�5811,1*�
    ������������������������6RXUFH��6RFNHW�6WUHDP��!�)ODW�0DS�����
����VZLWFKHG�WR�6&+('8/('
    ������������������������6RXUFH��6RFNHW�6WUHDP��!�)ODW�0DS�����
����VZLWFKHG�WR�'(3/2<,1*
    ������������������������.H\HG�$JJUHJDWLRQ��!�6LQN��8QQDPHG�����
����VZLWFKHG�WR�6&+('8/('
    ������������������������.H\HG�$JJUHJDWLRQ��!�6LQN��8QQDPHG�����
����VZLWFKHG�WR�'(3/2<,1*
    ������������������������6RXUFH��6RFNHW�6WUHDP��!�)ODW�0DS�����
����VZLWFKHG�WR�5811,1*
    ������������������������.H\HG�$JJUHJDWLRQ��!�6LQN��8QQDPHG�����
����VZLWFKHG�WR�5811,1*

�%&0d4&))d01�/1d1%"d�)&+(d',�d"5" 21&,+Ld�,4d6,2d �+d16-"d0,*"1%&+$d,+d1%"d+"1 �1d ,+0,)"
�+!d�)&+(d4&))d-/, "00d&1L

�,/d"5�*-)"Md16-"d1%"d#,)),4&+$d,+d1%"d+"1 �1d0"/3"/N

    �QF��O�����
    KL�+HOOR
    +HOOR�:RUOG
    7KLV�GLVWULEXWLRQ�LQFOXGHV�FU\SWRJUDSKLF�VRIWZDUH���7KH�FRXQWU\�LQ
    ZKLFK�\RX�FXUUHQWO\�UHVLGH�PD\�KDYH�UHVWULFWLRQV�RQ�WKH�LPSRUW�
    SRVVHVVLRQ��XVH��DQG�RU�UH�H[SRUW�WR�DQRWKHU�FRXQWU\��RI
    HQFU\SWLRQ�VRIWZDUH���%()25(�XVLQJ�DQ\�HQFU\SWLRQ�VRIWZDUH��SOHDVH
    FKHFN�\RXU�FRXQWU\
V�ODZV��UHJXODWLRQV�DQG�SROLFLHV�FRQFHUQLQJ�WKH
    LPSRUW��SRVVHVVLRQ��RU�XVH��DQG�UH�H[SRUW�RI�HQFU\SWLRQ�VRIWZDUH�
����WR VHH�LI�WKLV�LV�SHUPLWWHG���6HH��KWWS���ZZZ�ZDVVHQDDU�RUJ�!�IRU
����PRUH LQIRUPDWLRQ�

d 公
众

号
：
zh
is
he
ng
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S`9=`T

�,2d �+d3"/&#6d1%"d,21-21d&+d),$0N

��WDLO��I�IOLQN�
�WDVNPDQDJHU�
�IOLQN�LQVWDQFH�
�RXW
  !�IOLQN�URRW�WDVNPDQDJHU���IOLQN�LQVWDQFH���RXW��  
�VHH���
�KWWS���
�ZZZ���
�ZDVVHQDDU���
�RUJ���
�IRU���
�PRUH���
�LQIRUPDWLRQ���
�KHOORZ���
�ZRUOG���

  !�IOLQN�URRW�WDVNPDQDJHU���IOLQN�LQVWDQFH���RXW��  
�LV���
�SHUPLWWHG���
�VHH���
�KWWS���
�ZZZ���
�ZDVVHQDDU���
�RUJ���
�IRU���
�PRUH���
�LQIRUPDWLRQ���

  !�IOLQN�URRW�WDVNPDQDJHU���IOLQN�LQVWDQFH���RXW��  
�KHOOR���
�ZRUOGV���
�KL���
�KRZ���
�DUH���
�\RX���
�KRZ���
�LV���
�LW���
�JRLQJ���

公
众

号
：
zh
is
he
ng
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S`9>`T

�,2d �+d�)0,d %" (,21d1%"d�)&+(d�"�d��d1,d0""d%,4d6,2/d',�d&0d-"/#,/*&+$Ld�%"d#,)),4&+$
0 /""+0%,1d0%,40d1%"d!�1�d#),4d-)�+d#,/d1%"d"5" 21&,+N


"/"d#,/d1%"d',�d"5" 21&,+Md�)&+(d%�0d14,d,-"/�1,/0Ld�%"d#&/01d&0d1%"d0,2/ "d,-"/�1,/d4%& %
/"�!0d!�1�d#/,*d1%"d�, ("1d01/"�*Ld�%"d0" ,+!d,-"/�1,/d&0d1%"d1/�+0#,/*�1&,+d,-"/�1,/
4%& %d�$$/"$�1"0d ,2+10d,#d4,/!0L

�"d �+d�)0,d),,(d�1d1%"d1&*")&+"d,#d1%"d',�d"5" 21&,+N

公
众

号
：
zh
is
he
ng
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6XPPDU\
�+d1%&0d %�-1"/Md4"d1�)("!d��,21d%,4d�)&+(d01�/1"!d�0d�d2+&3"/0&16d-/,'" 1d�+!d1%"+d�" �*"d�
#2))c#)"!$"!d"+1"/-/&0"c/"�!6d!�1�d-/, "00&+$d-)�1#,/*Ld�"d),,("!d�1d1%"d!"1�&)0d,#d�)&+(Z0
�/ %&1" 12/"d�+!d%,4d&10d-/, "00d*,!")d4,/(0Ld�"d�)0,d)"�/+1d%,4d1,d/2+d�)&+(d&+d), �)d�+!
 )201"/d*,!"0L

�+d1%"d+"51d %�-1"/Md4"d�/"d$,&+$d1,d)"�/+d��,21d�)&+(Z0d�1/"�*&+$d���d�+!d),,(d�1d&10d!"1�&)0
�+!d%,4d �+d4"d20"d1%�1d���d1,d0,)3"d,2/d!�1�d01/"�*&+$d-/, "00&+$d-/,�)"*0L

公
众

号
：
zh
is
he
ng



�
'DWD�3URFHVVLQJ�8VLQJ�WKH

'DWD6WUHDP�$3,
�"�)c1&*"d�+�)61& 0d&0d 2//"+1)6d�+d&*-,/1�+1d&002"Ld��+6d!&##"/"+1d!,*�&+0d+""!d1,d-/, "00
!�1�d&+d/"�)d1&*"Ld�,d#�/d1%"/"d%�3"d�""+d*2)1&-)"d1" %+,),$&"0d1/6&+$d1,d-/,3&!"d1%&0
 �-��&)&16Ld�" %+,),$&"0d02 %d�0d�1,/*d�+!d�-�/(d%�3"d�""+d,+d1%"d*�/("1d#,/d�d),+$d1&*"
+,4Ld�--)& �1&,+0d!"/&3"!d#/,*d1%"d�*0!.*!0`+"`�$%*#/dS�+�Td+""!d!�1�d1,d�"d01,/"!M
-/, "00"!Md�+!d�+�)67"!d&+d/"�)d,/d+"�/d/"�)d1&*"Ld�+d,/!"/d1,d �1"/d#,/d02 %d+""!0Md�)&+(
-/,3&!"0d�d01/"�*&+$d!�1�d-/, "00&+$d���d �))"!d��1��1/"�*d���L

�+d1%&0d %�-1"/Md4"d�/"d$,&+$d1,d),,(d�1d1%"d!"1�&)0d/")�1&+$d1,d��1��1/"�*d���Md ,3"/&+$d1%"
#,)),4&+$d1,-& 0N

�5" 21&,+d"+3&/,+*"+1
��1�d0,2/ "0
�/�+0#,/*�1&,+0
��1�d0&+(0
�,++" 1,/0
d�0"d �0"d–d0"+0,/d!�1�d�+�)61& 0

d

公
众

号
：
zh
is
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ng
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：
zh
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��0�a�.+�!//%*#a�/%*#a0$!a��0��0.!�)a���

S`:7`T

�+6d�)&+(d-/,$/�*d4,/(0d,+d�d "/1�&+d!"#&+"!d�+�1,*6d�0d#,)),40N

�"d4&))d�"d),,(&+$d�1d"� %d01"-d�+!d%,4d4"d �+d20"d��1��1/"�*d���d4&1%d1%&0d�+�1,*6L

([HFXWLRQ�HQYLURQPHQW
�+d,/!"/d1,d01�/1d4/&1&+$d�d�)&+(d-/,$/�*Md4"d#&/01d+""!d1,d$"1d�+d"5&01&+$d"5" 21&,+
"+3&/,+*"+1d,/d /"�1"d,+"Ld�"-"+!&+$d2-,+d4%�1d6,2d�/"d1/6&+$d1,d!,Md�)&+(d02--,/10N

	"11&+$d�+d�)/"�!6d"5&01&+$d�)&+(d"+3&/,+*"+1
�/"�1&+$d�d), �)d"+3&/,+*"+1
�/"�1&+$d�d/"*,1"d"+3&/,+*"+1

�6-& �))6Md6,2d,+)6d+""!d1,d20"dgetExecutionEnvironment()Ld�%&0d4&))d!,d1%"d/&$%1
1%&+$d��0"!d,+d6,2/d ,+1"51Ld�#d6,2d�/"d"5" 21&+$d,+d�d), �)d"+3&/,+*"+1d&+d�+d���d1%"+d&1
4&))d01�/1d�d), �)d"5" 21&,+d"+3&/,+*"+1Ld�1%"/4&0"Md&#d6,2d�/"d"5" 21&+$d1%"d���d1%"+d1%"
�)&+(d )201"/d*�+�$"/d4&))d"5" 21"d1%"d-/,$/�*d&+d�d!&01/&�21"!d*�++"/L

�#d6,2d4�+1d1,d /"�1"d�d), �)d,/d/"*,1"d"+3&/,+*"+1d,+d6,2/d,4+d1%"+d6,2d �+d�)0,d %,,0"
!,d0,d�6d20&+$d*"1%,!0d02 %d�0dcreateLocalEnvironment()d�+!
createRemoteEnvironmentdSString hostMdint portMdStringMd�+!d.jard#&)"0TL
公

众
号

：
zh
is
he
ng



��0�a�.+�!//%*#a�/%*#a0$!a��0��0.!�)a���

S`:8`T

'DWD�VRXUFHV
�,2/ "0d�/"d-)� "0d4%"/"d1%"d�)&+(d-/,$/�*d"5-" 10d1,d$"1d&10d!�1�d#/,*Ld�%&0d&0d�d0" ,+!
01"-d&+d1%"d�)&+(d-/,$/�*Z0d�+�1,*6Ld�)&+(d02--,/10d�d+2*�"/d,#d-/"c&*-)"*"+1"!d!�1�
0,2/ "d#2+ 1&,+0Ld�1d�)0,d02--,/10d4/&1&+$d 201,*d!�1�d0,2/ "d#2+ 1&,+0d0,d�+61%&+$d1%�1d&0
+,1d02--,/1"!d �+d�"d-/,$/�**"!d"�0&)6Ld�&/01d)"1Z0d1/6d1,d2+!"/01�+!d1%"d�2&)1c&+d0,2/ "
#2+ 1&,+0L

6RFNHW�EDVHG
��1��1/"�*d���d02--,/10d/"�!&+$d!�1�d#/,*d�d0, ("1Ld�,2d'201d+""!d1,d0-" &#6d1%"d%,01d�+!d
-,/1d1,d/"�!d1%"d!�1�d#/,*d�+!d&1d4&))d!,d1%"d4,/(N

socketTextStream(hostName, port);

�,2d �+d�)0,d %,,0"d1,d0-" &#6d1%"d!")&*&1"/N

socketTextStream(hostName,port,delimiter)

�,2d �+d�)0,d0-" &#6d1%"d*�5&*2*d+2*�"/d,#d1&*"0d1%"d���d0%,2)!d1/6d1,d#"1 %d1%"d!�1�N

socketTextStream(hostName,port,delimiter, maxRetry)

)LOH�EDVHG
�,2d �+d�)0,d %,,0"d1,d01/"�*d!�1�d#/,*d�d#&)"d0,2/ "d20&+$d#&)"c��0"!d0,2/ "d#2+ 1&,+0d&+
�)&+(Ld�,2d �+d20"dreadTextFile(String path)d1,d01/"�*d!�1�d#/,*d�d#&)"d0-" &#&"!d&+
1%"d-�1%Ld�6d!"#�2)1d&1d4&))d/"�!dTextInputFormatd�+!d4&))d/"�!d01/&+$0d)&+"d�6d)&+"L

�#d1%"d#&)"d#,/*�1d&0d,1%"/d1%�+d1"51Md6,2d �+d0-" &#6d1%"d0�*"d20&+$d1%"0"d#2+ 1&,+0N

readFile(FileInputFormat<Out> inputFormat, String path)

�)&+(d�)0,d02--,/10d/"�!&+$d#&)"d01/"�*0d�0d1%"6d�/"d-/,!2 "!d20&+$d1%"dreadFileStream()
#2+ 1&,+N

readFileStream(String filePath, long intervalMillis,
FileMonitoringFunction.WatchType watchType)

d 公
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号
：
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S`:9`T

�,2d'201d+""!d1,d0-" &#6d1%"d#&)"d-�1%Md1%"d-,))&+$d&+1"/3�)d&+d4%& %d1%"d#&)"d-�1%d0%,2)!d�"
-,))"!Md�+!d1%"d4�1 %d16-"Ld��1 %d16-"0d ,+0&01d,#d1%/""d16-"0N

FileMonitoringFunction.WatchType.ONLY_NEW_FILESd&0d20"!d4%"+d1%"
0601"*d0%,2)!d-/, "00d,+)6d+"4d#&)"0
FileMonitoringFunction.WatchType.PROCESS_ONLY_APPENDEDd&0d20"!
4%"+d1%"d0601"*d0%,2)!d-/, "00d,+)6d�--"+!"!d ,+1"+10d,#d#&)"0
FileMonitoringFunction.WatchType.REPROCESS_WITH_APPENDEDd&0d20"!
4%"+d1%"d0601"*d0%,2)!d/"c-/, "00d+,1d,+)6d1%"d�--"+!"!d ,+1"+10d,#d#&)"0d�21
�)0,d1%"d-/"3&,20d ,+1"+1d&+d1%"d#&)"

�#d1%"d#&)"d&0d+,1d�d1"51d#&)"Md1%"+d4"d!,d%�3"d�+d,-1&,+d1,d20"d#,)),4&+$d#2+ 1&,+Md4%& %d)"10
20d!"#&+"d1%"d#&)"d&+-21d#,/*�1N

readFile(fileInputFormat, path, watchType, interval, pathFilter, typeInfo)

�+1"/+�))6Md&1d!&3&!"0d1%"d/"�!&+$d#&)"d1�0(d&+1,d14,d02�c1�0(0Ld�+"d02�d1�0(d,+)6d*,+&1,/0d1%"
#&)"d-�1%d��0"!d,+d1%"dWatchTyped$&3"+Ld�%"d0" ,+!d02�c1�0(d!,"0d1%"d� 12�)d#&)"d/"�!&+$d&+
-�/�))")Ld�%"d02�c1�0(d4%& %d*,+&1,/0d1%"d#&)"d-�1%d&0d�d+,+c-�/�))")d02�c1�0(Ld�10d',�d&0d1,
(""-d0 �++&+$d1%"d#&)"d-�1%d��0"!d,+d1%"d-,))&+$d&+1"/3�)d�+!d/"-,/1d#&)"0d1,d�"d-/, "00"!M
0-)&1d1%"d#&)"0Md�+!d�00&$+d1%"d0-)&10d1,d1%"d/"0-" 1&3"d!,4+01/"�*d1%/"�!0N
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7UDQVIRUPDWLRQV
��1�d1/�+0#,/*�1&,+0d1/�+0#,/*d1%"d!�1�d01/"�*d#/,*d,+"d#,/*d&+1,d�+,1%"/Ld�%"d&+-21
 ,2)!d�"d,+"d,/d*,/"d!�1�d01/"�*0d�+!d1%"d,21-21d ,2)!d�)0,d�"d7"/,Md,/d,+"d,/d*,/"d!�1�
01/"�*0Ld�,4d)"1Z0d1/6d1,d2+!"/01�+!d"� %d1/�+0#,/*�1&,+d,+"d�6d,+"L

0DS
�%&0d&0d,+"d,#d1%"d0&*-)"01d1/�+0#,/*�1&,+0Md4%"/"d1%"d&+-21d&0d,+"d!�1�d01/"�*d�+!d1%"
,21-21d&0d�)0,d,+"d!�1�d01/"�*L

�+d��3�N

inputStream.map(new MapFunction<Integer, Integer>() {
  @Override
  public Integer map(Integer value) throws Exception {
        return 5 * value;
      }
    });

�+d� �)�N

inputStream.map { x => x * 5 }

)ODW0DS
�)�1��-d1�("0d,+"d/" ,/!d�+!d,21-210d7"/,Md,+"Md,/d*,/"d1%�+d,+"d/" ,/!L

�+d��3�N

inputStream.flatMap(new FlatMapFunction<String, String>() {
    @Override
    public void flatMap(String value, Collector<String> out)
        throws Exception {
        for(String word: value.split(" ")){
            out.collect(word);
        }
    }
});

�+d� �)�N

inputStream.flatMap { str => str.split(" ") }
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)LOWHU
�&)1"/d#2+ 1&,+0d"3�)2�1"d1%"d ,+!&1&,+0d�+!d1%"+Md&#d1%"6d/"02)1d�0d1/2"Md,+)6d"*&1d1%"d/" ,/!L
�&)1"/d#2+ 1&,+0d �+d,21-21d7"/,d/" ,/!0L

�+d��3�N

inputStream.filter(new FilterFunction<Integer>() {
    @Override
    public boolean filter(Integer value) throws Exception {
        return value != 1;
    }
});

�+d� �)�N

inputStream.filter { _ != 1 }

.H\%\

"6�6d),$& �))6d-�/1&1&,+0d1%"d01/"�*c��0"!d,+d1%"d("6Ld�+1"/+�))6d&1d20"0d%�0%d#2+ 1&,+0d1,
-�/1&1&,+d1%"d01/"�*Ld�1d/"12/+0dKeyedDataStreamL

�+d��3�N

inputStream.keyBy("someKey");

�+d� �)�N

inputStream.keyBy("someKey")

5HGXFH
�"!2 "d/,))0d,21d1%"dKeyedDataStreamd�6d/"!2 &+$d1%"d)�01d/"!2 "!d3�)2"d4&1%d1%"d 2//"+1
3�)2"Ld�%"d#,)),4&+$d ,!"d!,"0d1%"d02*d/"!2 "d,#d�dKeyedDataStreamL

�+d��3�N

keyedInputStream. reduce(new ReduceFunction<Integer>() {
    @Override
    public Integer reduce(Integer value1, Integer value2)
    throws Exception {
        return value1 + value2;
    }
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});

�+d� �)�N

keyedInputStream. reduce { _ + _ }

)ROG
�,)!d/,))0d,21d1%"dKeyedDataStreamd�6d ,*�&+&+$d1%"d)�01d#,)!"/d01/"�*d4&1%d1%"d 2//"+1
/" ,/!Ld�1d"*&10d�d!�1�d01/"�*d�� (L

�+d��3�N

keyedInputStream keyedStream.fold("Start", new FoldFunction<Integer,
String>() {
    @Override
    public String fold(String current, Integer value) {
        return current + "=" + value;
    }
  });

�+d� �)�N

keyedInputStream.fold("Start")((str, i) => { str + "=" + i })

�%"d-/" "!&+$d$&3"+d#2+ 1&,+d4%"+d�--)&"!d,+d�d01/"�*d,#dS9M:M;M<M=Td4,2)!d"*&1d�d01/"�*
)&("d1%&0NdStart=1=2=3=4=5

$JJUHJDWLRQV
��1��1/"�*d���d02--,/10d3�/&,20d�$$/"$�1&,+0d02 %d�0dminMdmaxMdsumMd�+!d0,d,+Ld�%"0"
#2+ 1&,+0d �+d�"d�--)&"!d,+dKeyedDataStreamd&+d,/!"/d1,d$"1d/,))&+$d�$$/"$�1&,+0L

�+d��3�N

keyedInputStream.sum(0)
keyedInputStream.sum("key")
keyedInputStream.min(0)
keyedInputStream.min("key")
keyedInputStream.max(0)
keyedInputStream.max("key")
keyedInputStream.minBy(0)
keyedInputStream.minBy("key")
keyedInputStream.maxBy(0)
keyedInputStream.maxBy("key")

公
众

号
：
zh
is
he
ng



��0�a�.+�!//%*#a�/%*#a0$!a��0��0.!�)a���

S`:=`T

�+d� �)�N

keyedInputStream.sum(0)
keyedInputStream.sum("key")
keyedInputStream.min(0)
keyedInputStream.min("key")
keyedInputStream.max(0)
keyedInputStream.max("key")
keyedInputStream.minBy(0)
keyedInputStream.minBy("key")
keyedInputStream.maxBy(0)
keyedInputStream.maxBy("key")

�%"d!&##"/"+ "d�"14""+dmaxd�+!dmaxByd&0d1%�1d*�5d/"12/+0d1%"d*�5&*2*d3�)2"d&+d�d01/"�*
�21dmaxByd/"12/+0d�d("6d1%�1d%�0d�d*�5&*2*d3�)2"Ld�%"d0�*"d�--)&"0d1,dmind�+!dminByL

:LQGRZ
�%"dwindowd#2+ 1&,+d�)),40d1%"d$/,2-&+$d,#d"5&01&+$dKeyedDataStreamsd�6d1&*"d,/d,1%"/
 ,+!&1&,+0Ld�%"d#,)),4&+$d1/�+0#,/*�1&,+d"*&10d$/,2-0d,#d/" ,/!0d�6d�d1&*"d4&+!,4d,#d98
0" ,+!0L

�+d��3�N

inputStream.keyBy(0).window(TumblingEventTimeWindows.of(Time.seconds(10)));

�+d� �)�N

inputStream.keyBy(0).window(TumblingEventTimeWindows.of(Time.seconds(10)))

�)&+(d!"#&+"0d0)& "0d,#d!�1�d&+d,/!"/d1,d-/, "00dS-,1"+1&�))6Td&+#&+&1"d!�1�d01/"�*0Ld�%"0"
0)& "0d�/"d �))"!d4&+!,40Ld�%&0d0)& &+$d%")-0d-/, "00&+$d!�1�d&+d %2+(0d�6d�--)6&+$
1/�+0#,/*�1&,+0Ld�,d!,d4&+!,4&+$d,+d�d01/"�*Md4"d+""!d1,d�00&$+d�d("6d,+d4%& %d1%"
!&01/&�21&,+d �+d�"d*�!"d�+!d�d#2+ 1&,+d4%& %d!"0 /&�"0d4%�1d1/�+0#,/*�1&,+0d1,d-"/#,/*
,+d�d4&+!,4"!d01/"�*L

�,d0)& "d01/"�*0d&+1,d4&+!,40Md4"d �+d20"d-/"c&*-)"*"+1"!d�)&+(d4&+!,4d�00&$+"/0Ld�"
%�3"d,-1&,+0d02 %d�0Md12*�)&+$d4&+!,40Md0)&!&+$d4&+!,40Md$),��)d�+!d0"00&,+d4&+!,40L
�)&+(d�)0,d�)),40d6,2d1,d4/&1"d 201,*d4&+!,4d�00&$+"/0d�6d"51"+!&+$dWindowAssginer
 )�00Ld�"1Z0d1/6d1,d2+!"/01�+!d%,4d1%"0"d3�/&,20d�00&$+"/0d4,/(L公
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号

：
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*OREDO�ZLQGRZV
	),��)d4&+!,40d�/"d+"3"/c"+!&+$d4&+!,40d2+)"00d0-" &#&"!d�6d�d1/&$$"/Ld	"+"/�))6d&+d1%&0
 �0"Md"� %d")"*"+1d&0d�00&$+"!d1,d,+"d0&+$)"d-"/c("6d$),��)d�&+!,4Ld�#d4"d!,+Z1d0-" &#6d�+6
1/&$$"/Md+,d ,*-21�1&,+d4&))d"3"/d$"1d1/&$$"/"!L

7XPEOLQJ�ZLQGRZV
�2*�)&+$d4&+!,40d�/"d /"�1"!d��0"!d,+d "/1�&+d1&*"0Ld�%"6d�/"d#&5"!c)"+$1%d4&+!,40d�+!
+,+d,3"/d)�--&+$Ld�2*�)&+$d4&+!,40d0%,2)!d�"d20"#2)d4%"+d6,2d+""!d1,d!,d ,*-21�1&,+
,#d")"*"+10d&+d0-" &#& d1&*"Ld�,/d"5�*-)"Md12*�)&+$d4&+!,4d,#d98d*&+21"0d �+d�"d20"!d1,
 ,*-21"d�d$/,2-d,#d"3"+10d,  2//&+$d&+d98d*&+21"0d1&*"L

6OLGLQJ�ZLQGRZV
�)&!&+$d4&+!,40d�/"d)&("d12*�)&+$d4&+!,40d�21d1%"6d�/"d,3"/)�--&+$Ld�%"6d�/"d#&5"!c
)"+$1%d4&+!,40d,3"/)�--&+$d1%"d-/"3&,20d,+"0d�6d�d20"/d$&3"+d4&+!,4d0)&!"d-�/�*"1"/L
�%&0d16-"d,#d4&+!,4&+$d&0d20"#2)d4%"+d6,2d4�+1d1,d ,*-21"d0,*"1%&+$d,21d,#d�d$/,2-d,#
"3"+10d,  2//&+$d&+d�d "/1�&+d1&*"d#/�*"L

6HVVLRQ�ZLQGRZV
�"00&,+d4&+!,40d�/"d20"#2)d4%"+d4&+!,40d�,2+!�/&"0d+""!d1,d�"d!" &!"!d2-,+d1%"d&+-21
!�1�Ld�"00&,+d4&+!,40d�)),40d#)"5&�&)&16d&+d4&+!,4d01�/1d1&*"d�+!d4&+!,4d0&7"Ld�"d �+
�)0,d-/,3&!"d0"00&,+d$�-d ,+#&$2/�1&,+d-�/�*"1"/d4%& %d&+!& �1"0d%,4d),+$d1,d4�&1d�"#,/"
 ,+0&!"/&+$d1%"d0"00&,+d&+d ),0"!L

:LQGRZ$OO
�%"dwindowAlld#2+ 1&,+d�)),40d1%"d$/,2-&+$d,#d/"$2)�/d!�1�d01/"�*0Ld	"+"/�))6d1%&0d&0d�
+,+c-�/�))")d!�1�d1/�+0#,/*�1&,+d�0d&1d/2+0d,+d+,+c-�/1&1&,+"!d01/"�*0d,#d!�1�L

�+d��3�N

inputStream.windowAll(TumblingEventTimeWindows.of(Time.seconds(10)));

�+d� �)�N

inputStream.windowAll(TumblingEventTimeWindows.of(Time.seconds(10)))
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�&*&)�/d1,d/"$2)�/d!�1�d01/"�*d#2+ 1&,+0Md4"d%�3"d4&+!,4d!�1�d01/"�*d#2+ 1&,+0d�0d4"))L
�%"d,+)6d!&##"/"+ "d&0d1%"6d4,/(d,+d4&+!,4"!d!�1�d01/"�*0Ld�,d4&+!,4d/"!2 "d4,/(0d)&("
1%"dReduced#2+ 1&,+Md�&+!,4d#,)!d4,/(0d)&("d1%"dFoldd#2+ 1&,+Md�+!d1%"/"d�/"d�$$/"$�1&,+0
�0d4"))L

8QLRQ
�%"dUniond#2+ 1&,+d-"/#,/*0d1%"d2+&,+d,#d14,d,/d*,/"d!�1�d01/"�*0d1,$"1%"/Ld�%&0d!,"0d1%"
 ,*�&+&+$d,#d!�1�d01/"�*0d&+d-�/�))")Ld�#d4"d ,*�&+"d,+"d01/"�*d4&1%d&10")#d1%"+d&1d,21-210
"� %d/" ,/!d14& "L

�+d��3�N

inputStream. union(inputStream1, inputStream2, ...);

�+d� �)�N

inputStream. union(inputStream1, inputStream2, ...)

:LQGRZ�MRLQ
�"d �+d�)0,d',&+d14,d!�1�d01/"�*0d�6d0,*"d("60d&+d�d ,**,+d4&+!,4Ld�%"d#,)),4&+$
"5�*-)"d0%,40d1%"d',&+&+$d,#d14,d01/"�*0d&+d�d�&+!,4d,#d5d0" ,+!0d4%"/"d1%"d',&+&+$
 ,+!&1&,+d,#d1%"d#&/01d�11/&�21"d,#d1%"d#&/01d01/"�*d&0d".2�)d1,d1%"d0" ,+!d�11/&�21"d,#d1%"d,1%"/
01/"�*L

�+d��3�N

inputStream. join(inputStream1)
   .where(0).equalTo(1)
    .window(TumblingEventTimeWindows.of(Time.seconds(5)))
    .apply (new JoinFunction () {...});

�+d� �)�N

inputStream. join(inputStream1)
    .where(0).equalTo(1)
    .window(TumblingEventTimeWindows.of(Time.seconds(5)))
    .apply { ... }公
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6SOLW
�%&0d#2+ 1&,+d0-)&10d1%"d01/"�*d&+1,d14,d,/d*,/"d01/"�*0d��0"!d,+d1%"d /&1"/&�Ld�%&0d �+d�"
20"!d4%"+d6,2d$"1d�d*&5"!d01/"�*d�+!d6,2d*�6d4�+1d1,d-/, "00d"� %d!�1�d0"-�/�1")6L

�+d��3�N

SplitStream<Integer> split = inputStream.split(new
OutputSelector<Integer>() {
    @Override
    public Iterable<String> select(Integer value) {
        List<String> output = new ArrayList<String>();
        if (value % 2 == 0) {
            output.add("even");
        }
        else {
            output.add("odd");
        }
        return output;
    }
});

�+d� �)�N

val split = inputStream.split(
  (num: Int) =>
    (num % 2) match {
      case 0 => List("even")
      case 1 => List("odd")
    }
)

6HOHFW
�%&0d#2+ 1&,+d�)),40d6,2d1,d0")" 1d�d0-" &#& d01/"�*d#/,*d1%"d0-)&1d01/"�*L

�+d��3�N

SplitStream<Integer> split;
DataStream<Integer> even = split.select("even");
DataStream<Integer> odd = split.select("odd");
DataStream<Integer> all = split.select("even","odd");
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�+d� �)�N

val even = split select "even"
val odd = split select "odd"
val all = split.select("even","odd")

3URMHFW
�%"dProjectd#2+ 1&,+d�)),40d6,2d1,d0")" 1d�d02�c0"1d,#d�11/&�21"0d#/,*d1%"d"3"+1d01/"�*d�+!
,+)6d0"+!0d0")" 1"!d")"*"+10d1,d1%"d+"51d-/, "00&+$d01/"�*L

�+d��3�N

DataStream<Tuple4<Integer, Double, String, String>> in = // [...]
DataStream<Tuple2<String, String>> out = in.project(3,2);

�+d� �)�N

val in : DataStream[(Int,Double,String)] = // [...]
val out = in.project(3,2)

�%"d-/" "!&+$d#2+ 1&,+d0")" 10d1%"d�11/&�21"d+2*�"/0d2d�+!d3d#/,*d1%"d$&3"+d/" ,/!0Ld�%"
#,)),4&+$d&0d1%"d0�*-)"d&+-21d�+!d,21-21d/" ,/!0N

(1,10.0, A, B )=> (B,A)
(2,20.0, C, D )=> (D,C)

3K\VLFDO�SDUWLWLRQLQJ
�)&+(d�)),40d20d1,d-"/#,/*d-%60& �)d-�/1&1&,+&+$d,#d1%"d01/"�*d!�1�Ld�,2d%�3"d�+d,-1&,+d1,
-/,3&!"d 201,*d-�/1&1&,+&+$Ld�"1d20d%�3"d�d),,(d�1d1%"d!&##"/"+1d16-"0d,#d-�/1&1&,+&+$L

&XVWRP�SDUWLWLRQLQJ
�0d*"+1&,+"!d"�/)&"/Md6,2d �+d-/,3&!"d 201,*d&*-)"*"+1�1&,+d,#d�d-�/1&1&,+"/L

�+d��3�N

inputStream.partitionCustom(partitioner, "someKey");
inputStream.partitionCustom(partitioner, 0);

d
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�+d� �)�N

inputStream.partitionCustom(partitioner, "someKey")
inputStream.partitionCustom(partitioner, 0)

�%&)"d4/&1&+$d�d 201,*d-�/1&1&,+"/d6,2d+""!d*�("d02/"d6,2d&*-)"*"+1d�+d"##& &"+1d%�0%
#2+ 1&,+L

5DQGRP�SDUWLWLRQLQJ
��+!,*d-�/1&1&,+&+$d/�+!,*)6d-�/1&1&,+0d!�1�d01/"�*0d&+d�+d"3"+)6d*�++"/L

�+d��3�N

inputStream.shuffle();

�+d� �)�N

inputStream.shuffle()

5HEDODQFLQJ�SDUWLWLRQLQJ
�%&0d16-"d,#d-�/1&1&,+&+$d%")-0d!&01/&�21"d1%"d!�1�d"3"+)6Ld�1d20"0d�d/,2+!d/,�&+d*"1%,!d#,/
!&01/&�21&,+Ld�%&0d16-"d,#d-�/1&1&,+&+$d&0d$,,!d4%"+d!�1�d&0d0("4"!L

�+d��3�N

inputStream.rebalance();

�+d� �)�N

inputStream.rebalance()

5HVFDOLQJ
�"0 �)&+$d&0d20"!d1,d!&01/&�21"d1%"d!�1�d� /,00d,-"/�1&,+0Md-"/#,/*d1/�+0#,/*�1&,+0d,+d02�c
0"10d,#d!�1�d�+!d ,*�&+"d1%"*d1,$"1%"/Ld�%&0d/"��)�+ &+$d%�--"+0d,3"/d�d0&+$)"d+,!"d,+)6M
%"+ "d&1d!,"0d+,1d/".2&/"d�+6d!�1�d1/�+0#"/d� /,00d+"14,/(0L公

众
号

：
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�%"d#,)),4&+$d!&�$/�*d0%,40d1%"d!&01/&�21&,+N

�+d��3�N

inputStream.rescale();

�+d� �)�N

inputStream.rescale()

%URDGFDVWLQJ
�/,�! �01&+$d!&01/&�21"0d�))d/" ,/!0d1,d"� %d-�/1&1&,+Ld�%&0d#�+0d,21d"� %d�+!d"3"/6d")"*"+1
1,d�))d-�/1&1&,+0L

�+d��3�N

inputStream.broadcast();

�+d� �)�N

inputStream.broadcast()

d
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'DWD�VLQNV
�#1"/d1%"d!�1�d1/�+0#,/*�1&,+0d�/"d!,+"Md4"d+""!d1,d0�3"d/"02)10d&+1,d0,*"d-)� "Ld�%"
#,)),4&+$d�/"d0,*"d,-1&,+0d�)&+(d-/,3&!"0d20d1,d0�3"d/"02)10N

writeAsText()Nd�/&1"0d/" ,/!0d,+"d)&+"d�1d�d1&*"d�0d01/&+$0L
writeAsCsV()Nd�/&1"0d12-)"0d�0d ,**�d0"-�/�1"!d3�)2"d#&)"0Ld�,4d�+!d#&")!0
!")&*&1"/d �+d�)0,d�"d ,+#&$2/"!L
print()/printErr()Nd�/&1"0d/" ,/!0d1,d1%"d01�+!�/!d,21-21Ld�,2d �+d�)0,
 %,,0"d1,d4/&1"d1,d1%"d01�+!�/!d"//,/L
writeUsingOutputFormat()Nd�,2d �+d�)0,d %,,0"d1,d-/,3&!"d�d 201,*d,21-21
#,/*�1Ld�%&)"d!"#&+&+$d1%"d 201,*d#,/*�1d6,2d+""!d1,d"51"+!d1%"dOutputFormat
4%& %d1�("0d �/"d,#d0"/&�)&7�1&,+d�+!d!"0"/&�)&7�1&,+L
writeToSocket()Nd�)&+(d02--,/10d4/&1&+$d!�1�d1,d�d0-" &#& d0, ("1d�0d4"))Ld�1d&0
/".2&/"!d1,d!"#&+"dSerializationSchema #,/d-/,-"/d0"/&�)&7�1&,+d�+!
#,/*�11&+$L

(YHQW�WLPH�DQG�ZDWHUPDUNV
�)&+(d�1/"�*&+$d���d1�("0d&+0-&/�1&,+d#/,*d	,,$)"d��1�d�),4d*,!")Ld�1d02--,/10d!&##"/"+1
 ,+ "-10d,#d1&*"d#,/d&10d01/"�*&+$d���Ld�+d$"+"/�)Md1%"/"d1%/""d-)� "0d4%"/"d4"d �+d �-12/"
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final StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
env.setStreamTimeCharacteristic(TimeCharacteristic.ProcessingTime);
//or
env.setStreamTimeCharacteristic(TimeCharacteristic.IngestionTime);
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val env = StreamExecutionEnvironment.getExecutionEnvironment
env.setStreamTimeCharacteristic(TimeCharacteristic.ProcessingTime)
//or
env.setStreamTimeCharacteristic(TimeCharacteristic.IngestionTime)
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final StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
env.setStreamTimeCharacteristic(TimeCharacteristic.EventTime;
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val env = StreamExecutionEnvironment.getExecutionEnvironment
env.setStreamTimeCharacteristic(TimeCharacteristic.EventTime)
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�%"d#,)),4&+$d!&�$/�*d0%,40d%,4d1%"d�)&+(d
�#(�d ,++" 1,/d4,/(0N

�"d+""!d1,d20"d1%"d#,)),4&+$d��3"+d!"-"+!"+ 6d1,d20"d1%"d ,++" 1,/Ld�d%�3"d�""+d20&+$

�#(�d3"/0&,+d8LAd0,d�d4&))d�"d�!!&+$d1%"d#,)),4&+$d!"-"+!"+ 6d&+dpom.xmlN

<dependency>
  <groupId>org.apache.flink</groupId>
  <artifactId>flink-connector-kafka-0.9_2.11/artifactId>
  <version>1.1.4</version>
</dependency>

�,4d)"1Z0d1/6d1,d2+!"/01�+!d%,4d1,d20"d1%"d
�#(�d ,+02*"/d�0d1%"d
�#(�d0,2/ "N

�+d��3�N

Properties properties = new Properties();
  properties.setProperty("bootstrap.servers", "localhost:9092");
  properties.setProperty("group.id", "test");
DataStream<String> input  = env.addSource(new
FlinkKafkaConsumer09<String>("mytopic", new SimpleStringSchema(),
properties));

�+d� �)�N

val properties = new Properties();
properties.setProperty("bootstrap.servers", "localhost:9092");
// only required for Kafka 0.8
properties.setProperty("zookeeper.connect", "localhost:2181");
properties.setProperty("group.id", "test");
stream = env
    .addSource(new FlinkKafkaConsumer09[String]("mytopic", new
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SimpleStringSchema(), properties))
    .print

�+d1%"d-/" "!&+$d ,!"Md4"d#&/01d0"1d1%"d-/,-"/1&"0d,#d1%"d
�#(�d%,01d�+!d1%"d7,,(""-"/d%,01
�+!d-,/1Ld�"51d4"d+""!d1,d0-" &#6d1%"d1,-& d+�*"Md&+d1%&0d �0"dmytopicLd�,d&#d�+6d*"00�$"0
$"1d-2�)&0%"!d1,d1%"dmytopicd1,-& Md1%"6d4&))d�"d-/, "00"!d�6d1%"d�)&+(d01/"�*0L

�#d6,2d$"1d!�1�d&+d�d!&##"/"+1d#,/*�1Md1%"+d6,2d �+d�)0,d0-" &#6d6,2/d 201,*d0 %"*�d#,/
!"0"/&�)&7�1&,+Ld�6d!"#�2)1Md�)&+(d02--,/10d01/&+$d�+!d����d!"0"/&�)&7"/0L

�+d,/!"/d1,d"+��)"d#�2)1d1,)"/�+ "Md4"d+""!d1,d"+��)"d %" (-,&+1&+$d&+d�)&+(Ld�)&+(d&0d(""+d,+
1�(&+$d0+�-0%,10d,#d1%"d01�1"d&+d�d-"/&,!& d*�++"/Ld�+d1%"d �0"d,#d#�&)2/"Md&1d4&))d/"01,/"d1,d1%"
)�01d %" (-,&+1d�+!d1%"+d/"01�/1d1%"d-/, "00&+$L

�"d �+d�)0,d!"#&+"d1%"d
�#(�d-/,!2 "/d�0d�d0&+(Ld�%&0d4&))d4/&1"d1%"d!�1�d1,d�d
�#(�d1,-& L
�%"d#,)),4&+$d&0d�d4�6d1,d4/&1"d!�1�d1,d�d
�#(�d1,-& N

�+d� �)�N

stream.addSink(new FlinkKafkaProducer09<String>("localhost:9092",
"mytopic", new SimpleStringSchema()));

�+d��3�N

stream.addSink(new FlinkKafkaProducer09[String]("localhost:9092",
"mytopic", new SimpleStringSchema()))

7ZLWWHU�FRQQHFWRU
�%"0"d!�60Md&1d&0d3"/6d&*-,/1�+1d1,d%�3"d1%"d��&)&16d1,d#"1 %d!�1�d#/,*d�4&11"/d�+!d-/, "00d&1L
��+6d ,*-�+&"0d20"d�4&11"/d!�1�d#,/d!,&+$d0"+1&*"+1d�+�)61& 0d#,/d3�/&,20d-/,!2 10M
0"/3& "0Md*,3&"0Md/"3&"40Md�+!d0,d,+Ld�)&+(d-/,3&!"0d1%"d�4&11"/d ,++" 1,/d�0d,+"d!�1�
0,2/ "Ld�,d20"d1%"d ,++" 1,/Md6,2d+""!d1,d%�3"d�d�4&11"/d�  ,2+1Ld�+ "d6,2d%�3"d�d�4&11"/
�  ,2+1Md6,2d+""!d1,d /"�1"d�d�4&11"/d�--)& �1&,+d�+!d$"+"/�1"d�21%"+1& �1&,+d("60d1,d�"
20"!d�6d1%"d ,++" 1,/Ld
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�%"d�4&11"/d ,++" 1,/d �+d�"d20"!d1%/,2$%d1%"d��3�d,/d� �)�d���N

�+ "d1,("+0d�/"d$"+"/�1"!Md4"d �+d01�/1d4/&1&+$d1%"d-/,$/�*d1,d#"1 %d!�1�d#/,*d�4&11"/L
�&/01d4"d+""!d1,d�!!d�d��3"+d!"-"+!"+ 6N

<dependency>
  <groupId>org.apache.flink</groupId>
  <artifactId>flink-connector-twitter_2.11/artifactId>
  <version>1.1.4</version>
</dependency>

�"51d4"d�!!d�4&11"/d�0d�d!�1�d0,2/ "Ld�%"d#,)),4&+$d&0d1%"d0�*-)"d ,!"N

�+d��3�N

Properties props = new Properties();
props.setProperty(TwitterSource.CONSUMER_KEY, "");
props.setProperty(TwitterSource.CONSUMER_SECRET, "");
props.setProperty(TwitterSource.TOKEN, "");
props.setProperty(TwitterSource.TOKEN_SECRET, "");
DataStream<String> streamSource = env.addSource(new TwitterSource(props));
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val props = new Properties();
props.setProperty(TwitterSource.CONSUMER_KEY, "");
props.setProperty(TwitterSource.CONSUMER_SECRET, "");
props.setProperty(TwitterSource.TOKEN, "");
props.setProperty(TwitterSource.TOKEN_SECRET, "");
DataStream<String> streamSource = env.addSource(new TwitterSource(props));

�+d1%"d-/" "!&+$d ,!"Md4"d#&/01d0"1d-/,-"/1&"0d#,/d1%"d1,("+d4"d$,1Ld�+!d1%"+d4"d�!!d1%"
TwitterSourceLd�#d1%"d$&3"+d&+#,/*�1&,+d&0d ,//" 1d1%"+d6,2d4&))d01�/1d#"1 %&+$d1%"d!�1�
#/,*d�4&11"/LdTwitterSourced"*&10d1%"d!�1�d&+d�d����d01/&+$d#,/*�1Ld�d0�*-)"d�4&11"/
����d),,(0d)&("d1%"d#,)),4&+$N

{
...
"text": ""Loyalty 3.0: How to Revolutionize Customer &amp; Employee
Engagement with Big Data &amp; #Gamification" can be ordered here:
http://t.co/1XhqyaNjuR",
  "geo": null,
  "retweeted": false,
  "in_reply_to_screen_name": null,
  "possibly_sensitive": false,
  "truncated": false,
  "lang": "en",
    "hashtags": [{
      "text": "Gamification",
      "indices": [90,
      103]
    }],
  },
  "in_reply_to_status_id_str": null,
  "id": 330094515484508160
...
}

TwitterSourced-/,3&!"0d3�/&,20d"+!-,&+10Ld�6d!"#�2)1d&1d20"0
StatusesSampleEndpointMd4%& %d/"12/+0d�d0"1d,#d/�+!,*d14""10Ld�#d6,2d+""!d1,d�!!d0,*"
#&)1"/0d�+!d!,+Z1d4�+1d1,d20"d1%"d!"#�2)1d"+!-,&+1Md6,2d �+d&*-)"*"+1d1%"
TwitterSource.EndpointInitializerd&+1"/#� "L

�,4d1%�1d4"d(+,4d%,4d1,d#"1 %d!�1�d#/,*d�4&11"/Md4"d �+d1%"+d!" &!"d4%�1d1,d!,d4&1%d1%&0
!�1�d!"-"+!&+$d2-,+d,2/d20"d �0"Ld�"d �+d-/, "00Md01,/"Md,/d�+�)67"d1%"d!�1�L公
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����&1��d&0d�d4&!")6d20"!d!&01/&�21"!Md%&$%c-"/#,/*�+ "Md*"00�$"d.2"2&+$d0601"*Ld�1d&0
20"!d�0d�d*"00�$"d!")&3"/6d0601"*d#,/d%&$%d1%/,2$%-21d,-"/�1&,+0Ld�1d�)),40d6,2d1,d /"�1"d�
!&01/&�21"!d*"00�$"d.2"2"d�+!d&+ )2!"d-2�)&0%"/0d�+!d02�0 /&�"/0d&+d1%"d.2"2"Ld�,/"
/"�!&+$d,+d����&1��d �+d�"d!,+"d�1d#,)),4&+$d)&+(dhttps://www.rabbitmq.com/

�)&+(d02--,/10d#"1 %&+$d�+!d-2�)&0%&+$d!�1�d1,d�+!d#/,*d����&1��Ld�1d-/,3&!"0d�d
 ,++" 1,/d1%�1d �+d� 1d�0d�d!�1�d0,2/ "d,#d!�1�d01/"�*0L

�,/d1%"d����&1��d ,++" 1,/d1,d4,/(Md4"d+""!d1,d-/,3&!"d#,)),4&+$d&+#,/*�1&,+N

����&1��d ,+#&$2/�1&,+0d02 %d�0d%,01Md-,/1Md20"/d /"!"+1&�)0Md�+!d0,d,+L
�2"2"Md1%"d����&1��d.2"2"d+�*"d4%& %d6,2d4&0%d1,d02�0 /&�"L
�,//")�1&,+d��0d&0d�d����&1��d#"�12/"d20"!d#,/d ,//")�1&+$d1%"d/".2"01d�+!
/"0-,+0"d�6d�d2+&.2"d��d&+d�d!&01/&�21"!d4,/)!Ld�%"d�)&+(d����&1��d ,++" 1,/
-/,3&!"0d�+d&+1"/#� "d1,d0"1d1%&0d1,d1/2"d,/d#�)0"d!"-"+!&+$d,+d4%"1%"/d6,2d�/"
20&+$d&1d,/d+,1L
�"0"/&�)&7�1&,+d0 %"*�–����&1��d01,/"0d�+!d1/�+0-,/10d1%"d!�1�d&+d�d0"/&�)&7"!
*�++"/d1,d�3,&!d+"14,/(d1/�##& Ld�,d4%"+d1%"d*"00�$"d&0d/" "&3"!Md1%"d02�0 /&�"/
0%,2)!d(+,4d%,4d1,d!"0"/&�)&7"d1%"d*"00�$"Ld�%"d�)&+(d ,++" 1,/d-/,3&!"0d20
4&1%d0,*"d!"#�2)1d!"0"/&�)&7"/0d02 %d�0d1%"d01/&+$d!"0"/&�)&7"/L

����&1��d0,2/ "d-/,3&!"0d20d4&1%d1%"d#,)),4&+$d,-1&,+0d,+d01/"�*d!")&3"/&"0N

�5� 1)6d,+ "Nd�0&+$d����&1��d ,//")�1&,+d��0d�+!d1%"d�)&+(d %" (c-,&+1&+$
*" %�+&0*d4&1%d����&1��d1/�+0� 1&,+0
�1c)"�01d,+ "Nd�%"+d�)&+(d %" (-,&+1&+$d&0d"+��)"!d�21d����&1��d ,//")�1&,+d��0
�/"d+,1d0"1
�,d01/,+$d!")&3"/6d$2�/�+1""0d4&1%d1%"d����&1��d�21,c ,**&1d*,!"
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https://www.rabbitmq.com/
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"/"d&0d�d!&�$/�*d1,d%")-d6,2d2+!"/01�+!d1%"d����&1��d ,++" 1,/d&+d�"11"/d*�++"/N

�,4d)"1Z0d),,(d�1d%,4d1,d4/&1"d ,!"d1,d$"1d1%&0d ,++" 1,/d4,/(&+$Ld�&("d,1%"/d ,++" 1,/0Md4"
+""!d1,d�!!d�d��3"+d!"-"+!"+ 6d1,d1%"d ,!"N

<dependency>
  <groupId>org.apache.flink</groupId>
  <artifactId>flink-connector-rabbitmq_2.11/artifactId>
  <version>1.1.4</version>
</dependency>

�%"d#,)),4&+$d0+&--"1d0%,40d%,4d1,d20"d1%"d����&1��d ,++" 1,/d&+d��3�N

//Configurations
RMQConnectionConfig connectionConfig = new RMQConnectionConfig.Builder()
.setHost(<host>).setPort(<port>).setUserName(..)
.setPassword(..).setVirtualHost("/").build();

//Get Data Stream without correlation ids
DataStream<String> streamWO = env.addSource(new
RMQSource<String>(connectionConfig, "my-queue", new SimpleStringSchema()))
  .print
//Get Data Stream with correlation ids
DataStream<String> streamW = env.addSource(new
RMQSource<String>(connectionConfig, "my-queue", true, new
SimpleStringSchema()))
  .print
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val connectionConfig = new RMQConnectionConfig.Builder()
.setHost(<host>).setPort(<port>).setUserName(..)
.setPassword(..).setVirtualHost("/").build()
streamsWOIds = env
    .addSource(new RMQSource[String](connectionConfig, " my-queue", new
SimpleStringSchema))
    .print

streamsWIds = env
    .addSource(new RMQSource[String](connectionConfig, "my-queue", true,
new SimpleStringSchema))
    .print

�"d �+d�)0,d20"d1%"d����&1��d ,++" 1,/d�0d�d�)&+(d0&+(Ld�#d6,2d4�+1d1,d0"+!d-/, "00"0d�� (
1,d0,*"d!&##"/"+1d����&1��d.2"2"Md1%"d#,)),4&+$d&0d�d4�6d1,d!,d0,Ld�"d+""!d1,d-/,3&!"
1%/""d&*-,/1�+1d ,+#&$2/�1&,+0N

����&1��d ,+#&$2/�1&,+0
�2"2"d+�*"–�%"/"d1,d0"+!d�� (d1%"d-/, "00"!d!�1�
�"/&�)&7�1&,+d0 %"*�–� %"*�d#,/d����&1��d1,d ,+3"/1d1%"d!�1�d&+1,d�61"0
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RMQConnectionConfig connectionConfig = new RMQConnectionConfig.Builder()
.setHost(<host>).setPort(<port>).setUserName(..)
.setPassword(..).setVirtualHost("/").build();
stream.addSink(new RMQSink<String>(connectionConfig, "target-queue", new
StringToByteSerializer()));

�%"d0�*"d �+d�"d!,+"d&+d� �)�N

val connectionConfig = new RMQConnectionConfig.Builder()
.setHost(<host>).setPort(<port>).setUserName(..)
.setPassword(..).setVirtualHost("/").build()
stream.addSink(new RMQSink[String](connectionConfig, "target-queue", new
StringToByteSerializer

(ODVWLF6HDUFK�FRQQHFWRU
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<dependency>
  <groupId>org.apache.flink</groupId>
  <artifactId>flink-connector-elasticsearch_2.11</artifactId>
  <version>1.1.4</version>
</dependency>

�%"d�)&+(d ,++" 1,/d-/,3&!"0d�d0&+(d1,d4/&1"d!�1�d1,d�)�01& �"�/ %Ld�1d20"0d14,d*"1%,!0d1,
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DataStream<String> input = ...;

Map<String, String> config = Maps.newHashMap();
config.put("bulk.flush.max.actions", "1");
config.put("cluster.name", "cluster-name");

input.addSink(new ElasticsearchSink<>(config, new
IndexRequestBuilder<String>() {
    @Override
    public IndexRequest createIndexRequest(String element, RuntimeContext
ctx) {
        Map<String, Object> json = new HashMap<>();
        json.put("data", element);

        return Requests.indexRequest()
                .index("my-index")
                .type("my-type")
                .source(json);
    }
}));

�+d1%"d-/" "!&+$d ,!"d0+&--"1Md4"d /"�1"d�d%�0%d*�-d4&1%d ,+#&$2/�1&,+0d02 %d�0d1%"d )201"/
+�*"d�+!d%,4d*�+6d!, 2*"+10d1,d�2##"/d�"#,/"d0"+!&+$d1%"d/".2"01Ld�%"+d4"d�!!d1%"d0&+(
1,d1%"d01/"�*Md0-" &#6&+$d1%"d&+!"5Md16-"Md�+!d1%"d!, 2*"+1d1,d01,/"Ld�&*&)�/d ,!"d&+d� �)�
#,)),40N

val input: DataStream[String] = ...

val config = new util.HashMap[String, String]
config.put("bulk.flush.max.actions", "1")
config.put("cluster.name", "cluster-name")

text.addSink(new ElasticsearchSink(config, new IndexRequestBuilder[String]
{
  override def createIndexRequest(element: String, ctx: RuntimeContext):
IndexRequest = {
    val json = new util.HashMap[String, AnyRef]
    json.put("data", element)
    Requests.indexRequest.index("my-index").`type`("my-type").source(json)
  }
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DataStream<String> input = ...;

Map<String, String> config = Maps.newHashMap();
config.put("bulk.flush.max.actions", "1");
config.put("cluster.name", "cluster-name");

List<TransportAddress> transports = new ArrayList<String>();
transports.add(new InetSocketTransportAddress("es-node-1", 9300));
transports.add(new InetSocketTransportAddress("es-node-2", 9300));
transports.add(new InetSocketTransportAddress("es-node-3", 9300));

input.addSink(new ElasticsearchSink<>(config, transports, new
IndexRequestBuilder<String>() {
    @Override
    public IndexRequest createIndexRequest(String element, RuntimeContext
ctx) {
        Map<String, Object> json = new HashMap<>();
        json.put("data", element);

        return Requests.indexRequest()
                .index("my-index")
                .type("my-type")
                .source(json);
    }
}));


"/"d�0d4"))d4"d-/,3&!"d1%"d!"1�&)0d��,21d1%"d )201"/d+�*"Md+,!"0Md-,/10Md*�5&*2*
/".2"010d1,d0"+!d&+d�2)(Md�+!d0,d,+Ld�&*&)�/d ,!"d&+d� �)�d �+d�"d4/&11"+d�0d#,)),40N

val input: DataStream[String] = ...

val config = new util.HashMap[String, String]
config.put("bulk.flush.max.actions", "1")
config.put("cluster.name", "cluster-name")

val transports = new ArrayList[String]
transports.add(new InetSocketTransportAddress("es-node-1", 9300))
transports.add(new InetSocketTransportAddress("es-node-2", 9300))
transports.add(new InetSocketTransportAddress("es-node-3", 9300))
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text.addSink(new ElasticsearchSink(config, transports, new
IndexRequestBuilder[String] {
  override def createIndexRequest(element: String, ctx: RuntimeContext):
IndexRequest = {
    val json = new util.HashMap[String, AnyRef]
    json.put("data", element)
    Requests.indexRequest.index("my-index").`type`("my-type").source(json)
  }
}))

&DVVDQGUD�FRQQHFWRU
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<dependency>
  <groupId>org.apache.flink</groupId>
  <artifactId>flink-connector-cassandra_2.11</artifactId>
  <version>1.1.4</version>
</dependency>

�+ "d1%"d!"-"+!"+ 6d&0d�!!"!Md4"d'201d+""!d1,d�!!d1%"d��00�+!/�d0&+(d4&1%d&10
 ,+#&$2/�1&,+0Md�0d#,)),40N

�+d��3�N

CassandraSink.addSink(input)
  .setQuery("INSERT INTO cep.events (id, message) values (�, �);")
  .setClusterBuilder(new ClusterBuilder() {
    @Override
    public Cluster buildCluster(Cluster.Builder builder) {
      return builder.addContactPoint("127.0.0.1").build();
    }
  })
  .build()

�%"d-/" "!&+$d ,!"d4/&1"0d01/"�*d,#d!�1�d&+1,d�d1��)"d �))"!d!2!*0/Ld�%"d1��)"d"5-" 10d�+
"3"+1d��d�+!d�d*"00�$"Ld�&*&)�/)6d&+d� �)�N

CassandraSink.addSink(input)
  .setQuery("INSERT INTO cep.events (id, message) values (�, �);")
  .setClusterBuilder(new ClusterBuilder() {
    @Override
    public Cluster buildCluster(Cluster.Builder builder) {
      return builder.addContactPoint("127.0.0.1").build();
    }
  })
  .build();

8VH�FDVH�b�VHQVRU�GDWD�DQDO\WLFV
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 ,+ "-10d1,d0,)3"d�d/"�)d4,/)!d20"d �0"Ld�,+0&!"/d�d*� %&+"d4%& %d%�0d0"+0,/d&+01�))"!d,+d&1
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"/"d&*-,/1�+1d1%&+$d1,d ,+0&!"/d&0d�0d4"d�)/"�!6d%�3"d1&*"01�*-d3�)2"0d ,*&+$d#/,*
0"+0,/Md4"d �+d20"d�3"+1d�&*"d ,*-21�1&,+0d#,/d1&*"d#� 1,/0Ld�%&0d*"�+0d4"d4,2)!d�"d��)"
1,d1�("d �/"d,#d"3"+10d"3"+d&#d1%"6d/"� %d,21d,#d,/!"/L

�"d01�/1d4&1%d0&*-)"d01/"�*&+$d"5" 21&,+d"+3&/,+*"+1d4%& %d4&))d�"d/"�!&+$d!�1�d#/,*

�#(�Ld�&+ "d4"d%�3"d1&*"01�*-0d&+d"3"+10Md4"d4&))d�"d4/&1&+$d�d 201,*d1&*"01�*-d�+!
4�1"/*�/(d"51/� 1,/d1,d/"�!d1%"d1&*"01�*-d3�)2"0d�+!d!,d4&+!,4d-/, "00&+$d��0"!d,+
1%�1Ld
"/"d&0d ,!"d0+&--"1d#,/d1%"d0�*"L

// set up the streaming execution environment
final StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
// env.enableCheckpointing(5000);
nv.setStreamTimeCharacteristic(TimeCharacteristic.EventTime);
Properties properties = new Properties();
properties.setProperty("bootstrap.servers", "localhost:9092");

properties.setProperty("zookeeper.connect", "localhost:2181");
properties.setProperty("group.id", "test");

FlinkKafkaConsumer09<String> myConsumer = new
FlinkKafkaConsumer09<>("temp", new SimpleStringSchema(),
                      properties);
myConsumer.assignTimestampsAndWatermarks(new CustomWatermarkEmitter());
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Timestamp,Temperature,Sensor-Id

�%"d#,)),4&+$d�+d"5�*-)"d ,!"d1,d"51/� 1d1&*"01�*-d#/,*d/" ,/!N

public class CustomWatermarkEmitter implements
AssignerWithPunctuatedWatermarks<String> {
    private static final long serialVersionUID = 1L;

    @Override
    public long extractTimestamp(String arg0, long arg1) {
        if (null != arg0 && arg0.contains(",")) {
           String parts[] = arg0.split(",");
           return Long.parseLong(parts[0]);
           }
          return 0;
    }
    @Override
    public Watermark checkAndGetNextWatermark(String arg0, long arg1) {
        if (null != arg0 && arg0.contains(",")) {
            String parts[] = arg0.split(",");
            return new Watermark(Long.parseLong(parts[0]));
        }
        return null;
    }
}

�,4d4"d0&*-)6d /"�1"!d("6"!d!�1�d01/"�*d�+!d-"/#,/*d�3"/�$"d �) 2)�1&,+d,+d1"*-"/�12/"
3�)2"0d�0d0%,4+d&+d1%"d#,)),4&+$d ,!"d0+&--"1N

DataStream<Tuple2<String, Double>> keyedStream =
env.addSource(myConsumer).flatMap(new Splitter()).keyBy(0)
.timeWindow(Time.seconds(300))
.apply(new WindowFunction<Tuple2<String, Double>, Tuple2<String, Double>,
Tuple, TimeWindow>() {
    @Override
    public void apply(Tuple key, TimeWindow window,
    Iterable<Tuple2<String, Double>> input,
    Collector<Tuple2<String, Double>> out) throws Exception {
        double sum = 0L;
            int count = 0;
            for (Tuple2<String, Double> record : input) {
                sum += record.f1;
                count++;
            }
     Tuple2<String, Double> result = input.iterator().next();
     result.f1 = (sum/count);
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     out.collect(result);
   }
});
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�0d4"d)"�/+1d&+d1%"d-/"3&,20d %�-1"/Md�+6d�)&+(d-/,$/�*d4,/(0d,+d�d "/1�&+d!"#&+"!
�+�1,*6d�0d#,)),40N

�%"d��1��"1d���d&0d+,1d�+d"5 "-1&,+d1,d1%&0d#),4Ld�"d4&))d),,(d�1d"� %d01"-d&+d!"1�&)Ld�"
�)/"�!6d!&0 200"!d&+d1%"d-/"3&,20d %�-1"/d%,4d1,d,�1�&+d1%"d"5" 21&,+d"+3&/,+*"+1Ld�,d4"
4&))d!&/" 1)6d*,3"d1,d1%"d!"1�&)0d,#d!�1�d0,2/ "0d02--,/1"!d�6d��1��"1d���L

'DWD�VRXUFHV
�,2/ "0d�/"d-)� "0d4%"/"d1%"d��1��"1d���d"5-" 10d1,d$"1d&10d!�1�d#/,*Ld�1d ,2)!d&+d1%"d#,/*d,#
�d#&)"d,/d#/,*d��3�d ,))" 1&,+0Ld�%&0d&0d1%"d0" ,+!d01"-d&+d1%"d�)&+(d-/,$/�*Z0d�+�1,*6L
��1��"1d���d02--,/10d�d+2*�"/d,#d-/"c&*-)"*"+1"!d!�1�d0,2/ "d#2+ 1&,+0Ld�1d�)0,d02--,/10
4/&1&+$d 201,*d!�1�d0,2/ "d#2+ 1&,+0d0,d�+61%&+$d1%�1d&0d+,1d02--,/1"!d �+d�"d-/,$/�**"!
"�0&)6Ld�&/01d)"1Z0d1/6d1,d2+!"/01�+!d1%"d�2&)1c&+d0,2/ "d#2+ 1&,+0L
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)LOH�EDVHG
�)&+(d02--,/10d/"�!&+$d!�1�d#/,*d#&)"0Ld�1d/"�!0d!�1�d)&+"d�6d)&+"d�+!d/"12/+0d&1d�0d01/&+$0L
�%"d#,)),4&+$d�/"d�2&)1c&+d#2+ 1&,+0d6,2d �+d20"d1,d/"�!d!�1�N

readTextFile(Stringpath)Nd�%&0d/"�!0d!�1�d#/,*d�d#&)"d0-" &#&"!d&+d1%"d-�1%L
�6d!"#�2)1d&1d4&))d/"�!dTextInputFormatd�+!d4&))d/"�!d01/&+$0d)&+"d�6d)&+"L
readTextFileWithValue(Stringpath)Nd�%&0d/"�!0d!�1�d#/,*d�d#&)"d0-" &#&"!
&+d1%"d-�1%Ld�1d/"12/+0dStringValuesLdStringValuesd�/"d*21��)"d01/&+$0L
readCsvFile(StringpathTNd�%&0d/"�!0d!�1�d#/,*d ,**�d0"-�/�1"!d#&)"0Ld�1
/"12/+0d1%"d��3�d����0d,/d12-)"0L
readFileofPremitives(path, delimiter, class)Nd�%&0d-�/0"0d1%"d+"4
)&+"d&+1,d-/&*&1&3"d!�1�d16-"0d02 %d�0d01/&+$0d,/d&+1"$"/0L
readHadoopFile(FileInputFormat, Key, Value, path)Nd�%&0d/"�!0d#&)"0
#/,*d�d0-" &#&"!d-�1%d4&1%d1%"d$&3"+dFileInputFormatMdKeyd )�00d�+!dValue
 )�00Ld�1d/"12/+0d1%"d-�/0"!d3�)2"0d�0d12-)"0dTuple2<Key,Value>L
readSequenceFile(Key, Value, path)Nd�%&0d/"�!0d#&)"0d#/,*d�d0-" &#&"!d-�1%
4&1%d1%"d$&3"+dSequenceFileInputFormatMdKeyd )�00d�+!dValued )�00Ld�1
/"12/+0d1%"d-�/0"!d3�)2"0d�0d12-)"0dTuple2<Key,Value>L

�,/d#&)"c��0"!d&+-210Md�)&+(d02--,/10d1%"d/" 2/0&3"d1/�3"/0�)d,#d#,)!"/0
0-" &#&"!d&+d�d$&3"+d-�1%Ld�+d,/!"/d1,d20"d1%&0d#� &)&16Md4"d+""!d1,d0"1d�+
"+3&/,+*"+1d3�/&��)"d�+!d-�00d&1d�0d�d-�/�*"1"/d4%&)"d/"�!&+$d1%"d!�1�L
�%"d3�/&��)"d1,d0"1d&0drecursive.file.enumerationLd�"d+""!d1,d0"1d1%&0
3�/&��)"d1,dtrued&+d,/!"/d1,d"+��)"d/" 2/0&3"d1/�3"/0�)L

&ROOHFWLRQ�EDVHG
�&1%d�)&+(d��1��"1d���Md4"d �+d�)0,d/"�!d!�1�d#/,*d��3�c��0"!d ,))" 1&,+0Ld�%"d#,)),4&+$
�/"d0,*"d#2+ 1&,+0d4"d �+d20"d1,d/"�!d1%"d!�1�N

fromCollection(Collection)Nd�%&0d /"�1"0d�d!�1�0"1d#/,*d��3�c��0"!
 ,))" 1&,+0L
fromCollection(Iterator, Class)Nd�%&0d /"�1"0d�d!�1�0"1d#/,*d�+d&1"/�1,/L
�%"d")"*"+10d,#d1%"d&1"/�1,/d�/"d,#d�d16-"d$&3"+d�6d1%"d )�00d-�/�*"1"/L
fromElements(T)Nd�%&0d /"�1"0d�d!�1�0"1d,#d�d0".2"+ "d,#d,�'" 10Ld�%"d,�'" 1
16-"d&0d0-" &#&"!d&+d1%"d#2+ 1&,+d&10")#L公
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：
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fromParallelCollection(SplittableIterator, Class)Nd�%&0d /"�1"0d�
!�1�0"1d#/,*d1%"d&1"/�1,/d&+d-�/�))")Ld�)�00d/"-/"0"+10d1%"d,�'" 1d16-"0L
generateSequence(from, to)Nd�%&0d$"+"/�1"0d1%"d0".2"+ "d,#d+2*�"/0
�"14""+d$&3"+d)&*&10L

*HQHULF�VRXUFHV
��1��"1d���d02--,/10d�d ,2-)"d,#d$"+"/& d#2+ 1&,+0d1,d/"�!d!�1�N

readFile(inputFormat, path)Nd�%&0d /"�1"0d�d!�1�0"1d,#d1%"d16-"
FileInputFormatd#/,*d�d$&3"+d-�1%
createInput(inputFormat)Nd�%&0d /"�1"0d�d!�1�0"1d,#d1%"d$"+"/& d&+-21d#,/*�1

&RPSUHVVHG�ILOHV
�)&+(d02--,/10d1%"d!" ,*-/"00&,+d,#d#&)"0d4%&)"d/"�!&+$d&#d1%"6d�/"d*�/("!d4&1%d-/,-"/
"51"+0&,+0Ld�"d!,+Z1d+""!d1,d!,d�+6d!&##"/"+1d ,+#&$2/�1&,+0d1,d/"�!d1%"d ,*-/"00"!d#&)"0Ld�#
�d#&)"d4&1%d�d-/,-"/d"51"+0&,+d&0d!"1" 1"!d1%"+d�)&+(d�21,*�1& �))6d!" ,*-/"00"0d&1d�+!
0"+!0d&1d#,/d#2/1%"/d-/, "00&+$L

�+"d1%&+$d1,d+,1"d%"/"d&0d1%�1d!" ,*-/"00&,+d,#d#&)"0d �++,1d�"d!,+"d&+d-�/�))")d0,d1%&0d*&$%1
1�("d�d�&1d,#d1&*"d�"#,/"d1%"d� 12�)d!�1�d-/, "00&+$d01�/10L

�1d1%&0d01�$"Md&1d&0d/" ,**"+!"!d1,d�3,&!d20&+$d ,*-/"00"!d#&)"0d�0d!" ,*-/"00&,+d&0d+,1d�
0 �)��)"d� 1&3&16d&+d�)&+(L

�%"d#,)),4&+$d�/"d02--,/1"!d�)$,/&1%*0N

�+),.!//%+*`�(#+.%0$) �40!*/%+* �/`,�.�((!(O

	7&- .gzMd.gzip �,

�"#)�1" .deflate �,

7UDQVIRUPDWLRQV
��1�d1/�+0#,/*�1&,+0d1/�+0#,/*d1%"d!�1�0"1d#/,*d,+"d#,/*d&+1,d�+,1%"/Ld�%"d&+-21d ,2)!d�"
,+"d,/d*,/"d!�1�0"10d�+!d1%"d,21-21d ,2)!d�)0,d�"d7"/,Md,/d,+"d,/d*,/"d!�1�d01/"�*0Ld�,4
)"1Z0d1/6d1,d2+!"/01�+!d"� %d1/�+0#,/*�1&,+d,+"d�6d,+"L
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0DS
�%&0d&0d,+"d,#d1%"d0&*-)"01d1/�+0#,/*�1&,+0d4%"/"d1%"d&+-21d&0d,+"d!�1�0"1d�+!d,21-21d&0d�)0,
,+"d!�1�0"1L

�+d��3�N

inputSet.map(new MapFunction<Integer, Integer>() {
  @Override
  public Integer map(Integer value) throws Exception {
        return 5 * value;
      }
    });

�+d� �)�N

inputSet.map { x => x * 5 }

�+d�61%,+N

inputSet.map { lambda x : x * 5 }

)ODW�PDS
�%"d#)�1d*�-d1�("0d,+"d/" ,/!d�+!d,21-210d7"/,Md,/d,+"d,/d*,/"d1%�+d,+"d/" ,/!0L

�+d��3�N

inputSet.flatMap(new FlatMapFunction<String, String>() {
    @Override
    public void flatMap(String value, Collector<String> out)
        throws Exception {
        for(String word: value.split(" ")){
            out.collect(word);
        }
    }
});

�+d� �)�N

inputSet.flatMap { str => str.split(" ") }

�+d�61%,+N

inputSet.flat_map {lambda str, c:[str.split() for line in str }
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)LOWHU
�&)1"/d#2+ 1&,+0d"3�)2�1"d1%"d ,+!&1&,+0d�+!d1%"+d&#d/"12/+"!dtrued,+)6d"*&1d1%"d/" ,/!L
�&)1"/d#2+ 1&,+0d �+d,21-21d7"/,d/" ,/!0L

�+d��3�N

inputSet.filter(new FilterFunction<Integer>() {
    @Override
    public boolean filter(Integer value) throws Exception {
        return value != 1;
    }
});
In Scala:
inputSet.filter { _ != 1 }

�+d�61%,+N

inputSet.filter {lambda x: x != 1 }

3URMHFW
�/,'" 1d1/�+0#,/*�1&,+0d/"*,3"d,/d*,3"d1%"d")"*"+10d,#d�d12-)"d&+1,d�+,1%"/Ld�%&0d �+d�"
20"!d1,d!,d0")" 1&3"d-/, "00&+$d,+d0-" &#& d")"*"+10L

�+d��3�N

DataSet<Tuple3<Integer, String, Double>> in = // [...]
DataSet<Tuple2<String, Integer>> out = in.project(1,0);

�+d� �)�Md1%&0d1/�+0#,/*�1&,+d&0d+,1d02--,/1"!L

�+d�61%,+N

inputSet.project(1,0)

5HGXFH�RQ�JURXSHG�GDWDVHWV
�"!2 "d1/�+0#,/*�1&,+0d/"!2 "d"� %d$/,2-d&+1,d�d0&+$)"d")"*"+1d��0"!d,+d1%"d20"/c!"#&+"!
/"!2 "d#2+ 1&,+L公
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：
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�+d��3�N

public class WC {
  public String word;
  public int count;
}

//Reduce function
public class WordCounter implements ReduceFunction<WC> {
  @Override
  public WC reduce(WC in1, WC in2) {
    return new WC(in1.word, in1.count + in2.count);
  }
}

// [...]
DataSet<WC> words = // [...]
DataSet<WC> wordCounts = words
                         // grouping on field "word"
                         .groupBy("word")
                         // apply ReduceFunction on grouped DataSet
                         .reduce(new WordCounter());

�+d� �)�N

class WC(val word: String, val count: Int) {
  def this() {
    this(null, -1)
  }
}

val words: DataSet[WC] = // [...]
val wordCounts = words.groupBy("word").reduce {
  (w1, w2) => new WC(w1.word, w1.count + w2.count)
}

�+d�61%,+Md1%"d ,!"d&0d+,1d02--,/1"!L
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5HGXFH�RQ�JURXSHG�GDWDVHWV�E\�ILHOG�SRVLWLRQ�NH\
�,/d!�1�0"10d4&1%d12-)"0Md4"d �+d�)0,d$/,2-d�6d1%"d#&")!d-,0&1&,+0Ld�%"d#,)),4&+$d&0d�+
"5�*-)"L

�+d��3�N

DataSet<Tuple3<String, Integer, Double>> reducedTuples = tuples
                           // group by on second and third field
                            .groupBy(1, 2)
                            // apply ReduceFunction
                            .reduce(new MyTupleReducer());

�+d� �)�N

val reducedTuples = tuples.groupBy(1, 2).reduce { ... }

�+d�61%,+N

reducedTuples = tuples.group_by(1, 2).reduce( ... )

*URXS�FRPELQH
�+d0,*"d�--)& �1&,+0Md&1d&0d&*-,/1�+1d1,d!,d&+1"/*"!&�1"d,-"/�1&,+0d�"#,/"d!,&+$d0,*"d*,/"
1/�+0#,/*�1&,+0Ld	/,2-d ,*�&+"d,-"/�1&,+0d �+d�"d3"/6d%�+!6d&+d1%&0d �0"Ld�+1"/*"!&�1"
1/�+0#,/*�1&,+0d ,2)!d�"d/"!2 &+$d1%"d0&7"d�+!d0,d,+L

�%&0d&0d-"/#,/*"!d&+d*"*,/6d4&1%d�d$/""!6d01/�1"$6d1%�1d$"10d-"/#,/*"!d&+d*2)1&-)"d01"-0L

�+d��3�N

DataSet<String> input = [..]

  DataSet<Tuple2<String, Integer>> combinedWords = input
  .groupBy(0); // group similar words
  .combineGroup(new GroupCombineFunction<String, Tuple2<String,
   Integer>() {

    public void combine(Iterable<String> words,
    Collector<Tuple2<String, Integer>>) { // combine
        String key = null;
        int count = 0;

        for (String word : words) {
            key = word;
            count++;
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        }
        // emit tuple with word and count
        out.collect(new Tuple2(key, count));
    }
});

�+d� �)�N

val input: DataSet[String] = [..]

val combinedWords: DataSet[(String, Int)] = input
  .groupBy(0)
  .combineGroup {
    (words, out: Collector[(String, Int)]) =>
        var key: String = null
        var count = 0

        for (word <- words) {
            key = word
            count += 1
        }
        out.collect((key, count))
}

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

$JJUHJDWH�RQ�D�JURXSHG�WXSOH�GDWDVHW
�$$/"$�1"d1/�+0#,/*�1&,+0d�/"d3"/6d ,**,+Ld�"d �+d"�0&)6d-"/#,/*d ,**,+d�$$/"$�1&,+0
02 %d�0dsumMdminMd�+!dmaxd,+d12-)"d!�1�0"10Ld�%"d#,)),4&+$d&0d1%"d4�6d4"d!,d&1L

�+d��3�N

DataSet<Tuple3<Integer, String, Double>> input = // [...]
DataSet<Tuple3<Integer, String, Double>> output = input
             .groupBy(1)        // group DataSet on second field
             .aggregate(SUM, 0) // compute sum of the first field
             .and(MIN, 2);      // compute minimum of the third field

�+d� �)�N

val input: DataSet[(Int, String, Double)] = // [...]
val output = input.groupBy(1).aggregate(SUM, 0).and(MIN, 2)
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�+d�61%,+N

input = # [...]
output = input.group_by(1).aggregate(Sum, 0).and_agg(Min, 2)

�)"�0"d+,1"d%"/"d1%�1d&+d��1��"1d���Md&#d4"d+""!d1,d�--)6d*2)1&-)"d�$$/"$�1&,+0Md4"d+""!d1,
20"d1%"dandd("64,/!L

0LQ%\�RQ�D�JURXSHG�WXSOH�GDWDVHW
�%"dminByd#2+ 1&,+d0")" 10d�d0&+$)"d12-)"d#/,*d"� %d$/,2-d,#d12-)"d!�1�0"10d#,/d4%& %d1%"d
3�)2"d&0d1%"d*&+&*2*Ld�%"d#&")!0d20"!d#,/d ,*-�/&0,+d*201d�"d ,*-�/��)"L

�+d��3�N

DataSet<Tuple3<Integer, String, Double>> input = // [...]
DataSet<Tuple3<Integer, String, Double>> output = input
                  .groupBy(1)   // group by on second field
                  .minBy(0, 2); // select tuple with minimum values for
first and third field.

�+d� �)�N

val input: DataSet[(Int, String, Double)] = // [...]
val output: DataSet[(Int, String, Double)] = input
           .groupBy(1)
           .minBy(0, 2)

d

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

0D[%\�RQ�D�JURXSHG�WXSOH�GDWDVHW
�%"dMaxByd#2+ 1&,+d0")" 10d�d0&+$)"d12-)"d#/,*d"� %d$/,2-d,#d12-)"d!�1�0"10d#,/d4%& %d1%"d
3�)2"d&0d1%"d*�5&*2*Ld�%"d#&")!0d20"!d#,/d ,*-�/&0,+d*201d�"d ,*-�/��)"L

�+d��3�N

DataSet<Tuple3<Integer, String, Double>> input = // [...]
DataSet<Tuple3<Integer, String, Double>> output = input
                  .groupBy(1)   // group by on second field
                  .maxBy(0, 2); // select tuple with maximum values for
                                /*first and third field. */
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�+d� �)�N

val input: DataSet[(Int, String, Double)] = // [...]
val output: DataSet[(Int, String, Double)] = input
.groupBy(1)
.maxBy(0, 2)

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

5HGXFH�RQ�IXOO�GDWDVHW
�%"d/"!2 "d1/�+0#,/*�1&,+d�)),40d#,/d1%"d�--)& �1&,+d,#d�d20"/c!"#&+"!d#2+ 1&,+d,+d�d#2))
!�1�0"1Ld
"/"d&0d�+d"5�*-)"L

�+d��3�N

public class IntSumReducer implements ReduceFunction<Integer> {
  @Override
  public Integer reduce(Integer num1, Integer num2) {
    return num1 + num2;
  }
}

DataSet<Integer> intNumbers = // [...]
DataSet<Integer> sum = intNumbers.reduce(new IntSumReducer());

�+d� �)�N

val sum = intNumbers.reduce (_ + _)

�+d�61%,+N

sum = intNumbers.reduce(lambda x,y: x + y)

*URXS�UHGXFH�RQ�D�IXOO�GDWDVHW
�%"d$/,2-d/"!2 "d1/�+0#,/*�1&,+d�)),40d#,/d1%"d�--)& �1&,+d,#d�d20"/c!"#&+"!d#2+ 1&,+d,+d�
#2))d!�1�0"1Ld
"/"d&0d�+d"5�*-)"L

�+d��3�N

DataSet<Integer> input = // [...]
DataSet<Integer> output = input.reduceGroup(new MyGroupReducer());

d
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�+d� �)�N

val input: DataSet[Int] = // [...]
val output = input.reduceGroup(new MyGroupReducer())

�+d�61%,+N

output = data.reduce_group(MyGroupReducer())

$JJUHJDWH�RQ�D�IXOO�WXSOH�GDWDVHW
�"d �+d/2+d ,**,+d�$$/"$�1&,+d#2+ 1&,+0d,+d#2))d!�1�0"10Ld�,d#�/d�)&+(d02--,/10dMAXMdMINM
�+!dSUML

�+d��3�N

DataSet<Tuple2<Integer, Double>> output = input
.aggregate(SUM, 0) // SUM of first field
.and(MIN, 1); // Minimum of second

�+d� �)�N

val input: DataSet[(Int, String, Double)] = // [...]
val output = input.aggregate(SUM, 0).and(MIN, 2)

�+d�61%,+N

output = input.aggregate(Sum, 0).and_agg(Min, 2)

0LQ%\�RQ�D�IXOO�WXSOH�GDWDVHW
�%"dMinByd#2+ 1&,+d0")" 10d�d0&+$)"d12-)"d#/,*d1%"d#2))d!�1�0"1d#,/d4%& %d1%"d3�)2"d&0d1%"
*&+&*2*Ld�%"d#&")!0d20"!d#,/d ,*-�/&0,+d*201d�"d ,*-�/��)"L

�+d��3�N

DataSet<Tuple3<Integer, String, Double>> input = // [...]
DataSet<Tuple3<Integer, String, Double>> output = input
                  .minBy(0, 2); // select tuple with minimum values for
                                first and third field.
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�+d� �)�N

val input: DataSet[(Int, String, Double)] = // [...]
val output: DataSet[(Int, String, Double)] = input
.minBy(0, 2)

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

0D[%\�RQ�D�IXOO�WXSOH�GDWDVHW
MaxByd0")" 10d�d0&+$)"d12-)"d#2))d!�1�0"1d#,/d4%& %d1%"d3�)2"d&0d*�5&*2*Ld�%"d#&")!0d20"!d#,/
 ,*-�/&0,+d*201d�"d ,*-�/��)"L

�+d��3�N

DataSet<Tuple3<Integer, String, Double>> input = // [...]
DataSet<Tuple3<Integer, String, Double>> output = input
                 .maxBy(0, 2); // select tuple with maximum values for
first and third field.

�+d� �)�N

val input: DataSet[(Int, String, Double)] = // [...]
val output: DataSet[(Int, String, Double)] = input
                                  .maxBy(0, 2)

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

'LVWLQFW
�%"d!&01&+ 1d1/�+0#,/*�1&,+d"*&10d!&01&+ 1d3�)2"0d#/,*d1%"d0,2/ "d!�1�0"1Ld�%&0d&0d20"!d#,/
/"*,3&+$d!2-)& �1"d3�)2"0d#/,*d1%"d0,2/ "L

�+d��3�N

DataSet<Tuple2<Integer, Double>> output = input.distinct();

�+d� �)�N

val output = input.distinct()

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L公
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-RLQ
�%"d',&+d1/�+0#,/*�1&,+d',&+0d14,d!�1�0"10d&+1,d,+"d!�1�0"1Ld�%"d',&+&+$d ,+!&1&,+d �+d�"
!"#&+"!d�0d,+"d,#d1%"d("60d#/,*d"� %d!�1�0"1L

�+d��3�N

public static class Student { public String name; public int deptId; }
public static class Dept { public String name; public int id; }
DataSet<Student> input1 = // [...]
DataSet<Dept> input2 = // [...]
DataSet<Tuple2<Student, Dept>>
            result = input1.join(input2)
.where("deptId")
.equalTo("id");

�+d� �)�N

val input1: DataSet[(String, Int)] = // [...]
val input2: DataSet[(String, Int)] = // [...]
val result = input1.join(input2).where(1).equalTo(1)

�+d�61%,+

result = input1.join(input2).where(1).equal_to(1)

�%"/"d�/"d3�/&,20d,1%"/d4�60d&+d4%& %d14,d!�1�0"10d �+d�"d',&+"!Ld
"/"d&0
�d)&+(d4%"/"d6,2d �+d/"�!d*,/"d��,21d�))d02 %d',&+&+$d,-1&,+0N
https://ci.apache.org/projects/flink/flink-docs-master/dev/batch

/dataset_transformations.html#joinL

&URVV
�%"d /,00d1/�+0#,/*�1&,+d!,"0d1%"d /,00d-/,!2 1d,#d14,d!�1�0"10d�6d�--)6&+$d�d20"/c!"#&+"!
#2+ 1&,+L

�+d��3�N

DataSet<Class> input1 = // [...]
DataSet<class> input2 = // [...]
DataSet<Tuple3<Integer, Integer, Double>>
            result =
            input1.cross(input2)
                   // applying CrossFunction
                   .with(new MyCrossFunction());
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https://ci.apache.org/projects/flink/flink-docs-master/dev/batch/dataset_transformations.html#join
https://ci.apache.org/projects/flink/flink-docs-master/dev/batch/dataset_transformations.html#join
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�+d� �)�N

val result = input1.cross(input2) {
//custom function
}

�+d�61%,+N

result = input1.cross(input2).using(MyCrossFunction())

8QLRQ
�%"d2+&,+d1/�+0#,/*�1&,+d ,*�&+"0d14,d0&*&)�/d!�1�0"10Ld�"d �+d�)0,d2+&,+d*2)1&-)"
!�1�0"10d&+d,+"d$,L

�+d��3�N

DataSet<Tuple2<String, Integer>> input1 = // [...]
DataSet<Tuple2<String, Integer>> input2 = // [...]
DataSet<Tuple2<String, Integer>> input3 = // [...]
DataSet<Tuple2<String, Integer>> unioned =
input1.union(input2).union(input3);

�+d� �)�N

val input1: DataSet[(String, Int)] = // [...]
val input2: DataSet[(String, Int)] = // [...]
val input3: DataSet[(String, Int)] = // [...]
val unioned = input1.union(input2).union(input3)

�+d�61%,+N

unioned = input1.union(input2).union(input3)

5HEDODQFH
�%&0d1/�+0#,/*�1&,+d"3"+)6d/"��)�+ "0d-�/�))")d-�/1&1&,+0Ld�%&0d%")-0d&+d� %&"3&+$d�"11"/
-"/#,/*�+ "d�0d&1d%")-0d&+d/"*,3&+$d!�1�d0("40L

�+d��3�N

DataSet<String> in = // [...]
DataSet<Tuple2<String, String>> out = in.rebalance();
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�+d� �)�N

val in: DataSet[String] = // [...]
val out = in.rebalance()

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

+DVK�SDUWLWLRQ
�%&0d1/�+0#,/*�1&,+d-�/1&1&,+0d1%"d!�1�0"1d,+d�d$&3"+d("6L

�+d��3�N

DataSet<Tuple2<String, Integer>> in = // [...]
DataSet<Tuple2<String, String>> out = in.partitionByHash(1);

�+d� �)�N

val in: DataSet[(String, Int)] = // [...]
val out = in.partitionByHash(1)

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

5DQJH�SDUWLWLRQ
�%&0d1/�+0#,/*�1&,+d/�+$"d-�/1&1&,+0d1%"d!�1�0"1d,+d�d$&3"+d("6L

�+d��3�N

DataSet<Tuple2<String, Integer>> in = // [...]
DataSet<Tuple2<String, String>> out = in.partitionByRange(1);

�+d� �)�N

val in: DataSet[(String, Int)] = // [...]
val out = in.partitionByRange(1)

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L
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6RUW�SDUWLWLRQ
�%&0d1/�+0#,/*�1&,+d), �))6d0,/10d1%"d-�/1&1&,+0d!�1�0"1d,+d�d$&3"+d("6d�+!d&+d1%"d$&3"+
,/!"/L

�+d��3�N

DataSet<Tuple2<String, Integer>> in = // [...]
DataSet<Tuple2<String, String>> out = in.sortPartition(1,Order.ASCENDING);

�+d� �)�N

val in: DataSet[(String, Int)] = // [...]
val out = in.sortPartition(1, Order.ASCENDING)

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

)LUVW�Q
�%&0d1/�+0#,/*�1&,+d�/�&1/�/&)6d/"12/+0d1%"d#&/01c+d")"*"+10d,#d1%"d!�1�0"1L

�+d��3�N

DataSet<Tuple2<String, Integer>> in = // [...]
// Returns first 10 elements of the data set.
DataSet<Tuple2<String, String>> out = in.first(10);

�+d� �)�N

val in: DataSet[(String, Int)] = // [...]
val out = in.first(10)

�+d�61%,+Md1%&0d ,!"d&0d+,1d02--,/1"!L

%URDGFDVW�YDULDEOHV
�/,�! �01d3�/&��)"0d�)),4d20"/d1,d�  "00d "/1�&+d!�1�0"1d�0d ,))" 1&,+d1,d�))d,-"/�1,/0L
	"+"/�))6Md�/,�! �01d3�/&��)"0d�/"d20"!d4%"+d4"d6,2d4�+1d1,d/"#"/d�d0*�))d�*,2+1d,#d!�1�
#/".2"+1)6d&+d�d "/1�&+d,-"/�1&,+Ld�%,0"d4%,d�/"d#�*&)&�/d4&1%d�-�/(d�/,�! �01d3�/&��)"0
4&))d�"d��)"d20"d1%"d0�*"d#"�12/"d&+d�)&+(d�0d4"))L公
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�"d'201d+""!d1,d�/,�! �01d�d!�1�0"1d4&1%d�d0-" &#& d+�*"d�+!d&1d4&))d�"d�3�&)��)"d,+d"� %
"5" 21,/0d%�+!6Ld�%"d�/,�! �01d3�/&��)"0d�/"d("-1d&+d*"*,/6d0,d4"d%�3"d1,d�"d �21&,20d&+
20&+$d1%"*Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d�/,�! �01d�d!�1�0"1d�+!d20"d&1d�0
+""!"!L

// Get a data set to be broadcasted
DataSet<Integer> toBroadcast = env.fromElements(1, 2, 3);
DataSet<String> data = env.fromElements("India", "USA", "UK").map(new
RichMapFunction<String, String>() {
    private List<Integer> toBroadcast;
    // We have to use open method to get broadcast set from the context
    @Override
    public void open(Configuration parameters) throws Exception {
    // Get the broadcast set, available as collection
    this.toBroadcast =
    getRuntimeContext().getBroadcastVariable("country");
    }

    @Override
    public String map(String input) throws Exception {
          int sum = 0;
          for (int a : toBroadcast) {
                sum = a + sum;
          }
          return input.toUpperCase() + sum;
    }
}).withBroadcastSet(toBroadcast, "country"); // Broadcast the set with name
data.print();

�/,�! �01d3�/&��)"0d�/"d20"#2)d4%"+d4"d%�3"d),,(d2-d ,+!&1&,+0d1,d�"d20"!d#,/
1/�+0#,/*�1&,+d�+!d1%"d),,(2-d!�1�0"1d&0d ,*-�/�1&3")6d0*�))L

'DWD�VLQNV
�#1"/d1%"d!�1�d1/�+0#,/*�1&,+0d�/"d!,+"Md4"d+""!d1,d0�3"d1%"d/"02)10d0,*"4%"/"Ld�%"
#,)),4&+$d�/"d0,*"d,-1&,+0d1%�1d�)&+(d��1��"1d���d-/,3&!"0d1,d0�3"d1%"d/"02)10N

writeAsText()Nd�%&0d4/&1"0d/" ,/!0d,+"d)&+"d�1d�d1&*"d�0d01/&+$0L
writeAsCsV()Nd�%&0d4/&1"0d12-)"0d�0d ,**�c0"-�/�1"!d3�)2"d#&)"0Ld�,4d�+!d#&")!
!")&*&1"/0d �+d�)0,d�"d ,+#&$2/"!L公
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：
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print()`printErr()Nd�%&0d4/&1"0d/" ,/!0d1,d1%"d01�+!�/!d,21-21Ld�,2d �+d�)0,
 %,,0"d1,d4/&1"d1,d�d01�+!�/!d"//,/L
write()Nd�%&0d02--,/10d4/&1&+$d!�1�d&+d�d 201,*dFileOutputFormatL
output()Nd�%&0d&0d20"!d#,/d!�1�0"10d4%& %d�/"d+,1d#&)"c��0"!Ld�%&0d �+d�"d20"!
4%"/"d4"d4�+1d1,d4/&1"d!�1�d1,d0,*"d!�1���0"L

&RQQHFWRUV
�-� %"d�)&+(Z0d��1��"1d���d02--,/10d3�/&,20d ,++" 1,/0Md�)),4&+$d!�1�d/"�!`4/&1"0d� /,00
3�/&,20d0601"*0Ld�"1Z0d1/6d1,d"5-),/"d*,/"d,+d1%&0L

)LOHV\VWHPV
�)&+(d�)),40d ,++" 1&+$d1,d3�/&,20d!&01/&�21"!d#&)"0601"*0d02 %d�0d
���Md�;Md	,,$)"d�),2!
�1,/�$"Md�))25&,Md�+!d0,d,+Md�6d!"#�2)1Ld�+d1%&0d0" 1&,+Md4"d4&))d0""d%,4d1,d ,++" 1d1,d1%"0"
#&)"0601"*0L

�+d,/!"/d1,d ,++" 1d1,d1%"0"d0601"*0Md4"d+""!d1,d�!!d1%"d#,)),4&+$d!"-"+!"+ 6d&+dpom.xmlN

<dependency>
  <groupId>org.apache.flink</groupId>
  <artifactId>flink-hadoop-compatibility_2.11</artifactId>
  <version>1.1.4</version>
</dependency>

�%&0d�)),40d20d1,d20"d
�!,,-d!�1�d16-"0Md&+-21d#,/*�10Md�+!d,21-21d#,/*�10Ld�)&+(d02--,/10
4/&1��)"d�+!d4/&1��)"d ,*-�/��)"d,21c,#c1%"c�,5Md0,d4"d!,+Z1d+""!d1%"d ,*-�1&�&)&16
!"-"+!"+ 6d#,/d1%�1L

+')6
�,d/"�!d!�1�d#/,*d�+d
���d#&)"Md4"d /"�1"d�d!�1�d0,2/ "d20&+$d1%"dreadHadoopFile()d,/
createHadoopInput()d*"1%,!Ld�+d,/!"/d1,d20"d1%&0d ,++" 1,/Md4"d#&/01d+""!d1,d ,+#&$2/"
flink-conf.yamld�+!d0"1dfs.hdfs.hadoopconfd1,d1%"d-/,-"/d
�!,,-d ,+#&$2/�1&,+
!&/" 1,/6L公
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：
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�%"d/"02)1&+$d!�1�0"1d4,2)!d�"d�d12-)"d,#d1%"d16-"d1%�1d*�1 %"0d4&1%d1%"d
���d!�1�d16-"0L
�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d!,d1%&0L

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();
DataSet<Tuple2<LongWritable, Text>> input =
    env.readHadoopFile(new TextInputFormat(), LongWritable.class,
Text.class, textPath);

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment
val input: DataSet[(LongWritable, Text)] =
  env.readHadoopFile(new TextInputFormat, classOf[LongWritable],
classOf[Text], textPath)

�"d �+d�)0,d20"d1%&0d ,++" 1,/d1,d4/&1"d�� (d1%"d-/, "00"!d!�1�d1,d
���Ld�%"
OutputFormatd4/�--"/d"5-" 10d1%"d!�1�0"1d1,d�"d&+dTuple2d#,/*�1Ld�%"d#,)),4&+$d ,!"
0+&--"1d0%,40d%,4d1,d4/&1"d�� (d-/, "00"!d!�1�d1,d
���L

�+d��3�N

// Get the processed data set
DataSet<Tuple2<Text, IntWritable>> results = [...]

// Set up the Hadoop Output Format.
HadoopOutputFormat<Text, IntWritable> hadoopOF =
  // create the Flink wrapper.
  new HadoopOutputFormat<Text, IntWritable>(
    // set the Hadoop OutputFormat and specify the job.
    new TextOutputFormat<Text, IntWritable>(), job
  );
hadoopOF.getConfiguration().set("mapreduce.output.textoutputformat.separato
r", " ");
TextOutputFormat.setOutputPath(job, new Path(outputPath));

// Emit data
result.output(hadoopOF);

�+d� �)�N

// Get the processed data set
val result: DataSet[(Text, IntWritable)] = [...]

val hadoopOF = new HadoopOutputFormat[Text,IntWritable](
  new TextOutputFormat[Text, IntWritable],
  new JobConf)
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hadoopOF.getJobConf.set("mapred.textoutputformat.separator", " ")
FileOutputFormat.setOutputPath(hadoopOF.getJobConf, new Path(resultPath))

result.output(hadoopOF)

$PD]RQ�6�
�0d01�1"!d"�/)&"/Md�)&+(d02--,/10d/"�!&+$d!�1�d#/,*d�*�7,+d�;d�6d!"#�2)1Ld�21d4"d+""!d1,
!,d0,*"d ,+#&$2/�1&,+0d&+d
�!,,-Z0dcore-site.xmlLd�"d+""!d1,d0"1d1%"d#,)),4&+$
-/,-"/1&"0N

<!-- configure the file system implementation -->
<property>
  <name>fs.s3.impl</name>
  <value>org.apache.hadoop.fs.s3native.NativeS3FileSystem</value>
</property>
<!-- set your AWS ID -->
<property>
  <name>fs.s3.awsAccessKeyId</name>
  <value>putKeyHere</value>
</property>
<!-- set your AWS access key -->
<property>
  <name>fs.s3.awsSecretAccessKey</name>
  <value>putSecretHere</value>
</property>

�+ "d!,+"Md4"d �+d�  "00d1%"d�;d#&)"0601"*d�0d0%,4+d%"/"N

// Read from S3 bucket
env.readTextFile("s3://<bucket>/<endpoint>");
// Write to S3 bucket
stream.writeAsText("s3://<bucket>/<endpoint>");

$OOX[LR
�))25&,d&0d�+d,-"+d0,2/ "Md*"*,/6d0-""!d3&/12�)d!&01/&�21"!d01,/�$"Ld��+6d ,*-�+&"0d%�3"
�""+d20&+$d�))25&,d#,/d%&$%c0-""!d!�1�d01,/�$"d�+!d-/, "00&+$Ld�,2d �+d/"�!d*,/"d��,21d
�))25&,d�1Ndhttp://www.alluxio.org/L公
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�)&+(d02--,/10d/"�!&+$d!�1�d#/,*d�))25&,d�6d!"#�2)1Ld�21d4"d+""!d1,d!,d0,*"
 ,+#&$2/�1&,+0d&+d
�!,,-dcore-site.xmlLd�"d+""!d1,d0"1d1%"d#,)),4&+$d-/,-"/1&"0N

<property>
  <name>fs.alluxio.impl</name>
  <value>alluxio.hadoop.FileSystem</value>
</property>

�+ "d!,+"Md4"d �+d�  "00d1%"d�))25&,d#&)"0601"*d�0d0%,4+d%"/"N

// Read from Alluxio path
env.readTextFile("alluxio://<path>");

// Write to Alluxio path
stream.writeAsText("alluxio://<path>");

$YUR
�)&+(d%�0d�2&)1c&+d02--,/1d#,/d�3/,d#&)"0Ld�1d�)),40d"�06d/"�!0d�+!d4/&1"0d1,d�3/,d#&)"0Ld�+
,/!"/d1,d/"�!d�3/,d#&)"0Md4"d+""!d1,d20"dAvroInputFormatLd�%"d#,)),4&+$d ,!"d0+&--"1
0%,40d%,4d1,d/"�!d�3/,d#&)"0N

AvroInputFormat<User> users = new AvroInputFormat<User>(in, User.class);
DataSet<User> userSet = env.createInput(users);

�+ "d1%"d!�1�0"1d&0d/"�!6d4"d �+d"�0&)6d-"/#,/*d3�/&,20d1/�+0#,/*�1&,+0Md02 %d�0N

userSet.groupBy("city")

0LFURVRIW�$]XUH�VWRUDJH
�& /,0,#1d�72/"d�1,/�$"d&0d�d ),2!c��0"!d01,/�$"d1%�1d�)),40d01,/&+$d!�1�d&+d�d!2/��)"d�+!
0 �)��)"d*�++"/Ld�)&+(d02--,/10d*�+�$&+$d!�1�d01,/"!d,+d�& /,0,#1d�72/"d1��)"d01,/�$"L
�%"d#,)),4&+$d"5-)�&+0d%,4d4"d!,d1%&0L
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�&/01d,#d�))Md4"d+""!d1,d!,4+),�!d1%"dazure-tables-hadoopd-/,'" 1d#/,*dgitd�+!d1%"+
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git clone https://github.com/mooso/azure-tables-hadoop.git
cd azure-tables-hadoop
mvn clean install

�"51d4"d�!!d1%"d#,)),4&+$d!"-"+!"+ &"0d&+dpom.xmlN

<dependency>
    <groupId>org.apache.flink</groupId>
    <artifactId>flink-hadoop-compatibility_2.11</artifactId>
    <version>1.1.4</version>
</dependency>
<dependency>
  <groupId>com.microsoft.hadoop</groupId>
  <artifactId>microsoft-hadoop-azure</artifactId>
  <version>0.0.4</version>
</dependency>

�"51d4"d4/&1"d1%"d#,)),4&+$d ,!"d1,d�  "00d�72/"d01,/�$"N

final ExecutionEnvironment env =
ExecutionEnvironment.getExecutionEnvironment();

    // create a  AzureTableInputFormat, using a Hadoop input format wrapper
    HadoopInputFormat<Text, WritableEntity> hdIf = new
HadoopInputFormat<Text, WritableEntity>(new AzureTableInputFormat(),
Text.class, WritableEntity.class, new Job());

// set account URI
hdIf.getConfiguration().set(AzureTableConfiguration.Keys.ACCOUNT_URI.getKey
(), "XXXX");
    // set the secret storage key
hdIf.getConfiguration().set(AzureTableConfiguration.Keys.STORAGE_KEY.getKey
(), "XXXX");
    // set the table name
hdIf.getConfiguration().set(AzureTableConfiguration.Keys.TABLE_NAME.getKey(
), "XXXX");

 DataSet<Tuple2<Text, WritableEntity>> input = env.createInput(hdIf);
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git clone https://github.com/okkam-it/flink-mongodb-test.git
cd flink-mongodb-test
mvn clean install

�"51d4"d20"d1%"d-/" "!&+$d ,++" 1,/d&+d1%"d��3�d-/,$/�*d1,d ,++" 1d1,d�,+$,��N

// set up the execution environment
    final ExecutionEnvironment env =
ExecutionEnvironment.getExecutionEnvironment();

// create a MongodbInputFormat, using a Hadoop input format wrapper
HadoopInputFormat<BSONWritable, BSONWritable> hdIf =
        new HadoopInputFormat<BSONWritable, BSONWritable>(new
MongoInputFormat(),
       BSONWritable.class, BSONWritable.class, new JobConf());

// specify connection parameters
hdIf.getJobConf().set("mongo.input.uri",
                "mongodb://localhost:27017/dbname.collectioname");

DataSet<Tuple2<BSONWritable, BSONWritable>> input = env.createInput(hdIf);

�+ "d1%"d!�1�d&0d�3�&)��)"d�0d�d!�1�0"1Md4"d �+d"�0&)6d!,d1%"d!"0&/"!d1/�+0#,/*�1&,+Ld�"d �+
�)0,d4/&1"d�� (d1%"d!�1�d1,d1%"d�,+$,��d ,))" 1&,+d�0d0%,4+d%"/"N

MongoConfigUtil.setOutputURI( hdIf.getJobConf(),
                "mongodb://localhost:27017/dbname.collectionname ");
 // emit result (this works only locally)
 result.output(new HadoopOutputFormat<Text,BSONWritable>(
                new MongoOutputFormat<Text,BSONWritable>(),
hdIf.getJobConf()));
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final ExecutionEnvironment env =
ExecutionEnvironment.getExecutionEnvironment();
DataSet<Record> csvInput = env.readCsvFile("olympic-athletes.csv")
                     .pojoType(Record.class, "playerName", "country",
"year", "game", "gold", "silver", "bronze", "total");

�+ "d1%"d!�1�d&0d-�/0"d-/,-"/)6Md&1d&0d"�06d1,d*,3"d�%"�!d�+!d20"d&1d�0d/".2&/"!Ld�%"
#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d$"1d&+#,/*�1&,+d,#d+,Ld,#d-)�6"/0d-"/d ,2+1/6N

DataSet<Tuple2<String, Integer>> groupedByCountry = csvInput
.flatMap(new FlatMapFunction<Record, Tuple2<String, Integer>>() {
private static final long serialVersionUID = 1L;
@Override
public void flatMap(Record record, Collector<Tuple2<String, Integer>> out)
throws Exception {
out.collect(new Tuple2<String, Integer>(record.getCountry(), 1));
}
}).groupBy(0).sum(1);
groupedByCountry.print();

�+d1%"d-/" "!&+$d ,!"d0+&--"1Md4"d�/"d#&/01d /"�1&+$d!�1�0"10d4&1%d1%"d("6d�0d1%"d-)�6"/Z0
 ,2+1/6d�+!d3�)2"d�0d1d�+!d1%"+d4"d$/,2-d&1d�+!d02*d2-d1%"d3�)2"0d1,d$"1d1%"d1,1�)d ,2+1L
�+ "d4"d"5" 21"d1%"d ,!"Md%"/"d&0d%,4d1%"d,21-21d),,(0N

(Australia,11)
(Belarus,7)
(China,25)
(France,3)
(Germany,2)
(Italy,4)
(Turkey,1)
(United States,22)
(Cameroon,2)
(Hungary,1)
(Kenya,1)
(Lithuania,1)
(Russia,23)
(Spain,2)
(Ukraine,1)
(Chinese Taipei,2)
(Great Britain,1)
(Romania,14)
(Switzerland,1)
(Bulgaria,3)
(Finland,1)
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(Greece,7)
(Japan,1)
(Mexico,1)
(Netherlands,2)
(Poland,1)
(South Korea,6)
(Sweden,6)
(Thailand,1)

�&*&)�/)6d4"d �+d�--)6d1%"d0�*"d),$& d1,d#&+!d1%"d+2*�"/d,#d-)�6"/0d-"/d$�*"d�0d0%,4+d&+
1%"d#,)),4&+$d ,!"d0+&--"1N

DataSet<Tuple2<String, Integer>> groupedByGame = csvInput
.flatMap(new FlatMapFunction<Record, Tuple2<String, Integer>>() { private
static final long serialVersionUID = 1L;
@Override
public void flatMap(Record record, Collector<Tuple2<String, Integer>> out)
throws Exception {
out.collect(new Tuple2<String, Integer>(record.getGame(), 1));
}
}).groupBy(0).sum(1);
groupedByGame.print();

�%"d,21-21d,#d1%"d-/" "!&+$d ,!"d0+&--"1d4,2)!d),,(d�0d#,)),40N

(Basketball,1)
(Gymnastics,42)
(Ice Hockey,7)
(Judo,1)
(Swimming,33)
(Athletics,2)
(Fencing,2)
(Nordic Combined,1)
(Rhythmic Gymnastics,27)
(Short-Track Speed Skating,5)
(Table Tennis,1)
(Weightlifting,4)
(Boxing,3)
(Taekwondo,3)
(Archery,3)
(Diving,14)
(Figure Skating,1)
(Football,2)
(Shooting,1)公
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�+d,/!"/d1,d20"d���)"d���Md1%"d3"/6d#&/01d1%&+$d4"d+""!d1,d!,d&0d1,d /"�1"d�d��3�d��3"+
-/,'" 1d�+!d�!!d1%"d#,)),4&+$d!"-"+!"+ 6d&+d&1N

  <dependency>
      <groupId>org.apache.flink</groupId>
      <artifactId>flink-table_2.11</artifactId>
      <version>1.1.4</version>
    </dependency>

�%&0d!"-"+!"+ 6d4&))d!,4+),�!d�))d1%"d/".2&/"!d���0d&+d6,2/d )�00d-�1%Ld�+ "d1%"
!,4+),�!d&0d ,*-)"1"Md4"d�/"d�))d$,,!d1,d20"d���)"d���L

5HJLVWHULQJ�WDEOHV
�+d,/!"/d1,d,-"/�1"d,+d!�1�0"10`!�1�01/"�*0Md#&/01d4"d+""!d1,d/"$&01"/d�d1��)"d&+
TableEnvironmentLd�+ "d1%"d1��)"d&0d/"$&01"/"!d4&1%d�d2+&.2"d+�*"Md&1d �+d�"d"�0&)6
�  "00"!d#/,*dTableEnvironmentL

TableEnvironmentd*�&+1�&+0d�+d&+1"/+�)d1��)"d �1�),$2"d#,/d1��)"d/"$&01/�1&,+Ld�%"
#,)),4&+$d!&�$/�*d0%,40d1%"d!"1�&)0N

�1d&0d3"/6d&*-,/1�+1d1,d%�3"d2+&.2"d1��)"d+�*"0Md,1%"/4&0"d6,2d4&))d$"1d�+d"5 "-1&,+L

d 公
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：
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5HJLVWHULQJ�D�GDWDVHW
�+d,/!"/d1,d-"/#,/*d���d,-"/�1&,+0d,+d�d!�1�0"1Md4"d+""!d1,d/"$&01"/d&1d�0d�d1��)"d&+
BatchTableEnvironmentLd�"d+""!d1,d!"#&+"d�d��3�d����d )�00d4%&)"d/"$&01"/&+$d1%"d1��)"L

�,/d&+01�+ "Md)"1Z0d0�6d4"d+""!d1,d/"$&01"/d�d!�1�0"1d �))"!d�,/!d�,2+1Ld�� %d/" ,/!d&+d1%&0
1��)"d4&))d%�3"d4,/!d�+!d#/".2"+ 6d�11/&�21"0Ld�%"d��3�d����d#,/d1%"d0�*"d4,2)!d),,(d)&("
1%"d#,)),4&+$N

public static class WC {
    public String word;
    public long frequency;
    public WC(){
    }

    public WC(String word, long frequency) {
      this.word = word;
      this.frequency = frequency;
    }

    @Override
    public String toString() {
      return "WC " + word + " " + frequency;
    }
  }

�%"d0�*"d )�00d&+d� �)�d �+d�"d!"#&+"!d�0d#,)),40N

case class WordCount(word: String, frequency: Long)

�,4d4"d �+d/"$&01"/d1%&0d1��)"L

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();

BatchTableEnvironment tEnv = TableEnvironment.getTableEnvironment(env);

DataSet<WC> input = env.fromElements(new WC("Hello", 1), new WC("World",
1), new WC("Hello", 1));

// register the DataSet as table "WordCount"
tEnv.registerDataSet("WordCount", input, "word, frequency");
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�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment

val tEnv = TableEnvironment.getTableEnvironment(env)

val input = env.fromElements(WordCount("hello", 1), WordCount("hello", 1),
WordCount("world", 1), WordCount("hello", 1))

//register the dataset
tEnv.registerDataSet("WordCount", input, 'word, 'frequency)

�)"�0"d*�("d�d+,1"d1%�1d1%"d+�*"d,#d1%"d!�1�0"1d1��)"d*201d+,1d*�1 %d1%"
^_DataSetTable_[0-9]+d-�11"/+d�0d&1d&0d/"0"/3"!d#,/d&+1"/+�)d*"*,/6
20"L

5HJLVWHULQJ�D�GDWDVWUHDP
�&*&)�/d1,d�d!�1�0"1Md4"d �+d�)0,d/"$&01"/d�d!�1�01/"�*d&+dStreamTableEnvironmentLd�"
+""!d1,d!"#&+"d�d��3�d����d )�00d4%&)"d/"$&01"/&+$d1%"d1��)"L

�,/d&+01�+ "Md)"1Z0d0�6d4"d+""!d1,d/"$&01"/d�d!�1�01/"�*d �))"!d�,/!d�,2+1Ld�� %d/" ,/!d&+
1%&0d1��)"d4&))d%�3"d�d4,/!d�+!d#/".2"+ 6d�11/&�21"0Ld�%"d��3�d����d#,/d1%"d0�*"d4,2)!
),,(d�0d#,)),40N

public static class WC {
    public String word;
    public long frequency;

    public WC() {
    }s
    public WC(String word, long frequency) {
      this.word = word;
      this.frequency = frequency;
    }

    @Override
    public String toString() {
      return "WC " + word + " " + frequency;
    }
  }
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�%"d0�*"d )�00d&+d� �)�d �+d�"d!"#&+"!d�0d0%,4+d%"/"N

case class WordCount(word: String, frequency: Long)

�,4d4"d �+d/"$&01"/d1%&0d1��)"L

�+d��3�N

StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
    StreamTableEnvironment tEnv =
TableEnvironment.getTableEnvironment(env);

    DataStream<WC> input = env.fromElements(new WC("Hello", 1), new
WC("World", 1), new WC("Hello", 1));

    // register the DataStream as table "WordCount"
    tEnv.registerDataStream("WordCount", input, "word, frequency");

�+d� �)�N

val env = StreamExecutionEnvironment.getExecutionEnvironment

val tEnv = TableEnvironment.getTableEnvironment(env)

val input = env.fromElements(WordCount("hello", 1), WordCount("hello", 1),
WordCount("world", 1), WordCount("hello", 1))

//register the dataset
tEnv.registerDataStream("WordCount", input, 'word, 'frequency)

�)"�0"d*�("d�d+,1"d1%�1d1%"d+�*"d,#d1%"d!�1�01/"�*d1��)"d*201d+,1d*�1 %
1%"d^_DataStreamTable_[0-9]+d-�11"/+d�0d&1d&0d/"0"/3"!d#,/d&+1"/+�)
*"*,/6d20"L

5HJLVWHULQJ�D�WDEOH
�&*&)�/d1,d�d!�1�0"1d�+!d�d!�1�01/"�*Md4"d �+d�)0,d/"$&01"/d�d1��)"d,/&$&+�1&+$d#/,*d���)"
���L

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();
BatchTableEnvironment tEnv = TableEnvironment.getTableEnvironment(env);
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DataSet<WC> input = env.fromElements(new WC("Hello", 1), new WC("World",
1), new WC("Hello", 1));

tEnv.registerDataSet("WordCount", input, "word, frequency");

Table selectedTable = tEnv
        .sql("SELECT word, SUM(frequency) as frequency FROM WordCount GROUP
BY word having word = 'Hello'");

tEnv.registerTable("selected", selectedTable);

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment

val tEnv = TableEnvironment.getTableEnvironment(env)

val input = env.fromElements(WordCount("hello", 1), WordCount("hello", 1),
WordCount("world", 1), WordCount("hello", 1))

tEnv.registerDataSet("WordCount", input, 'word, 'frequency)

val table = tEnv.sql("SELECT word, SUM(frequency) FROM WordCount GROUP BY
word")

val selected = tEnv.sql("SELECT word, SUM(frequency) FROM WordCount GROUP
BY word where word = 'hello'")
    tEnv.registerTable("selected", selected)

5HJLVWHULQJ�H[WHUQDO�WDEOH�VRXUFHV
�)&+(d�)),40d20d1,d/"$&01"/d�+d"51"/+�)d1��)"d#/,*d0,2/ "0d20&+$d�dTableSourceLd�d1��)"
0,2/ "d �+d�)),4d20d1,d�  "00d!�1�d01,/"!d&+d!�1���0"0d02 %d�0d�6���d�+!d
��0"Md&+L
#&)"0601"*0d02 %d�0d���0Md��/.2"1Md�+!d���Md,/d6,2d �+d�)0,d/"�!d*"00�$&+$d0601"*0d02 %
�0d����&1��d�+!d
�#(�L

�2//"+1)6Md�)&+(d�)),40d/"�!&+$d!�1�d#/,*d���d#&)"0d20&+$d���d0,2/ "0d�+!d����d!�1�d#/,*

�#(�d1,-& 0d20&+$d
�#(�d0,2/ "0L

&69�WDEOH�VRXUFH
�,4d)"1Z0d),,(d�1d%,4d1,d!&/" 1)6d/"�!d!�1�d20&+$d�d���d0,2/ "d�+!d1%"+d/"$&01"/d1%"d0,2/ "
&+d�d1��)"d"+3&/,+*"+1L
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�d���d0,2/ "d&0d�6d!"#�2)1d�3�&)��)"d&+d1%"dflink-tabled���d���d0,d1%"/"d&0d+,d+""!d1,
�!!d�+6d,1%"/d"51/�d��3"+d!"-"+!"+ 6Ld�%"d#,)),4&+$d!"-"+!"+ 6d&0d$,,!d"+,2$%N

    <dependency>
      <groupId>org.apache.flink</groupId>
      <artifactId>flink-table_2.11</artifactId>
      <version>1.1.4</version>
    </dependency>

�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d/"�!d���d#&)"0d�+!d/"$&01"/d1%"d1��)"d0,2/ "L

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();
BatchTableEnvironment tableEnv = TableEnvironment.getTableEnvironment(env);

TableSource orders = new CsvTableSource("/path/to/file", ...)

// register a TableSource as external table "orders"
tableEnv.registerTableSource("orders", orders)

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment
val tableEnv = TableEnvironment.getTableEnvironment(env)

val orders: TableSource = new CsvTableSource("/path/to/file", ...)

// register a TableSource as external table "orders"
tableEnv.registerTableSource("orders", orders)

.DIND�-621�WDEOH�VRXUFH
�"d �+d�)0,d/"$&01"/d1%"d
�#(�d����d1��)"d0,2/ "d&+d1%"d1��)"d"+3&/,+*"+1Ld�+d,/!"/d1,d20"
1%&0d���d4"d+""!d1,d�!!d1%"d#,)),4&+$d14,d!"-"+!"+ &"0N

�%"d#&/01d,+"d&0d#,/d���)"d���N

<dependency>
      <groupId>org.apache.flink</groupId>
      <artifactId>flink-table_2.11</artifactId>
      <version>1.1.4</version>
    </dependency>
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�%"d0" ,+!d!"-"+!"+ 6d4,2)!d�"d#,/d1%"d
�#(�d�)&+(d ,++" 1,/N

�#d6,2d�/"d20&+$d
�#(�d8L@Md�--)6N

        <dependency>
            <groupId>org.apache.flink</groupId>
            <artifactId>flink-connector-kafka-0.8_2.11</artifactId>
            <version>1.1.4</version>
        </dependency>

�#d6,2d�/"d20&+$d
�#(�d8LAMd�--)6N

        <dependency>
            <groupId>org.apache.flink</groupId>
            <artifactId>flink-connector-kafka-0.9_2.11</artifactId>
            <version>1.1.4</version>
        </dependency>

�,4d4"d+""!d1,d4/&1"d1%"d ,!"d�0d0%,4+d&+d1%"d#,)),4&+$d ,!"d0+&--"1N

String[] fields =  new String[] { "id", "name", "price"};
Class<�>[] types = new Class<�>[] { Integer.class, String.class,
Double.class };

KafkaJsonTableSource kafkaTableSource = new Kafka08JsonTableSource(
    kafkaTopic,
    kafkaProperties,
    fields,
    types);

tableEnvironment.registerTableSource("kafka-source", kafkaTableSource);
Table result = tableEnvironment.ingest("kafka-source");

�+d1%"d-/" "!&+$d ,!"Md4"d!"#&+"d1%"d
�#(�d0,2/ "d#,/d
�#(�d8L@d�+!d1%"+d/"$&01"/d1%"d0,2/ "
&+d1%"d1��)"d"+3&/,+*"+1L

$FFHVVLQJ�WKH�UHJLVWHUHG�WDEOH
�+ "d1%"d1��)"d&0d/"$&01"/"!Md4"d �+d�  "00d&1d3"/6d"�0&)6d#/,*dTableEnvironmentd�0d0%,4+
%"/"N

tableEnvironment.scan("tableName")
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�%"d-/" "!&+$d01�1"*"+1d0 �+0d1%"d1��)"d/"$&01"/"!d4&1%d1%"d+�*"d"tableName"d&+
BatchTableEnvironmentN

tableEnvironment.ingest("tableName")

�%"d-/" "!&+$d01�1"*"+1d&+$"010d1%"d1��)"d/"$&01"/"!d4&1%d1%"d+�*"d"tableName"d&+
StreamTableEnvironmentN

2SHUDWRUV
�)&+(Z0d���)"d���d-/,3&!"0d3�/&,20d,-"/�1,/0d�0d-�/1d,#d&10d!,*�&+c0-" &#& d)�+$2�$"Ld�,01
,#d1%"d,-"/�1,/0d�/"d�3�&)��)"d&+d��3�d�+!d� �)�d���0Ld�"1Z0d),,(d�1d1%,0"d,-"/�1,/0d,+"d�6
,+"L

7KH�VHOHFW�RSHUDWRU
�%"dselectd,-"/�1,/d&0d)&("d�d���d0")" 1d,-"/�1,/d4%& %d�)),40d6,2d1,d0")" 1d3�/&,20
�11/&�21"0` ,)2*+0d&+d�d1��)"L

�+d��3�N

Table result = in.select("id, name");
Table result = in.select("*");

�+d� �)�N

val result = in.select('id, 'name);
val result = in.select('*);

7KH�ZKHUH�RSHUDWRU
�%"dwhered,-"/�1,/d&0d20"!d#,/d#&)1"/&+$d,21d/"02)10L

�+d��3�N

Table result = in.where("id = '101'");

�+d� �)�N

val result = in.where('id == "101");
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7KH�ILOWHU�RSHUDWRU
�%"dfilterd,-"/�1,/d �+d�"d20"!d�0d�d/"-)� "*"+1d#,/d1%"dwhered,-"/�1,/L

�+d��3�N

Table result = in.filter("id = '101'");

�+d� �)�N

val result = in.filter('id == "101");

7KH�DV�RSHUDWRU
�%"dasd,-"/�1,/d&0d20"!d#,/d/"+�*&+$d#&")!0N

�+d��3�N

Table in = tableEnv.fromDataSet(ds, "id, name");
Table result = in.as("order_id, order_name");

�+d� �)�N

val in = ds.toTable(tableEnv).as('order_id, 'order_name )

7KH�JURXS%\�RSHUDWRU
�%&0d&0d0&*&)�/d1,d���dgroupByd,-"/�1&,+0d4%& %d�$$/"$�1"d1%"d/"02)10d�  ,/!&+$d1,d�d$&3"+
�11/&�21"L

�+d��3�N

Table result = in.groupBy("company");

�+d� �)�N

val in = in.groupBy('company)
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7KH�MRLQ�RSHUDWRU
�%"djoind,-"/�1,/d&0d20"!d1,d',&+d1��)"0Ld�1d&0d ,*-2)0,/6d1%�1d4"d0-" &#6d�1d)"�01d,+"
".2�)&16d',&+&+$d ,+!&1&,+L

�+d��3�N

Table employee = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table dept = tableEnv.fromDataSet(dept, "d_id, d_name");

Table result = employee.join(dept).where("deptId = d_id").select("e_id,
e_name, d_name");

�+d� �)�N

val employee = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId);

val dept = deptDS.toTable(tableEnv, 'd_id, 'd_name);

Table result = employee.join(dept).where('deptId == 'd_id).select('e_id,
'e_name, 'd_name);

7KH�OHIW2XWHU-RLQ�RSHUDWRU
�%"dleftOuterJoind,-"/�1,/d',&+0d14,d1��)"0d�6d$"11&+$d�))d1%"d3�)2"0d#/,*d1%"d1��)"
0-" &#&"!d,+d1%"d)"#1d0&!"d�+!d0")" 10d,+)6d1%"d*�1 %&+$d3�)2"0d#/,*d1%"d/&$%1d0&!"d1��)"Ld�1d&0
 ,*-2)0,/6d1%�1d4"d0-" &#6d�1d)"�01d,+"d".2�)&16d',&+&+$d ,+!&1&,+L

�+d��3�N

Table employee = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table dept = tableEnv.fromDataSet(dept, "d_id, d_name");

Table result = employee.leftOuterJoin(dept).where("deptId =
d_id").select("e_id, e_name, d_name");

�+d� �)�N

val employee = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId);

val dept = deptDS.toTable(tableEnv, 'd_id, 'd_name);

Table result = employee.leftOuterJoin(dept).where('deptId ==
'd_id).select('e_id, 'e_name, 'd_name);
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7KH�ULJKW2XWHU-RLQ�RSHUDWRU
�%"drightOuterJoind,-"/�1,/d',&+0d14,d1��)"0d�6d$"11&+$d�))d3�)2"0d#/,*d1%"d1��)"
0-" &#&"!d,+d1%"d/&$%1d0&!"d�+!d0")" 10d,+)6d*�1 %&+$d3�)2"0d#/,*d1%"d)"#1d0&!"d1��)"Ld�1d&0
 ,*-2)0,/6d1%�1d4"d0-" &#6d�1d)"�01d,+"d".2�)&16d',&+&+$d ,+!&1&,+L

�+d��3�N

Table employee = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table dept = tableEnv.fromDataSet(dept, "d_id, d_name");

Table result = employee.rightOuterJoin(dept).where("deptId =
d_id").select("e_id, e_name, d_name");

�+d� �)�N

val employee = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId);

val dept = deptDS.toTable(tableEnv, 'd_id, 'd_name);

Table result = employee.rightOuterJoin(dept).where('deptId ==
'd_id).select('e_id, 'e_name, 'd_name);

7KH�IXOO2XWHU-RLQ�RSHUDWRU
�%"dfullOuterJoind,-"/�1,/d',&+0d14,d1��)"0d�6d$"11&+$d�))d1%"d3�)2"0d#/,*d�,1%d1��)"0Ld�1
&0d ,*-2)0,/6d1%�1d4"d0-" &#6d�1d)"�01d,+"d".2�)&16d',&+&+$d ,+!&1&,+L

�+d��3�N

Table employee = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table dept = tableEnv.fromDataSet(dept, "d_id, d_name");

Table result = employee.fullOuterJoin(dept).where("deptId =
d_id").select("e_id, e_name, d_name");

�+d� �)�N

val employee = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId);

val dept = deptDS.toTable(tableEnv, 'd_id, 'd_name);

Table result = employee.fullOuterJoin(dept).where('deptId ==
'd_id).select('e_id, 'e_name, 'd_name);
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7KH�XQLRQ�RSHUDWRU
�%"duniond,-"/�1,/d*"/$"0d14,d0&*&)�/d1��)"0Ld�1d/"*,3"0d!2-)& �1"d3�)2"0d&+d1%"d/"02)1&+$
1��)"L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table employee2 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.union(employee2);

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

val employee2 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.union(employee2)

7KH�XQLRQ$OO�RSHUDWRU
�%"dunionAlld,-"/�1,/d*"/$"0d14,d0&*&)�/d1��)"0L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table employee2 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.unionAll(employee2);

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

val employee2 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.unionAll(employee2)
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7KH�LQWHUVHFW�RSHUDWRU
�%"dintersectd,-"/�1,/d/"12/+0d*�1 %&+$d3�)2"0d#/,*d�,1%d1��)"0Ld�1d*�("0d02/"d1%�1d1%"
/"02)1�+1d1��)"d!,"0d%�3"d�+6d!2-)& �1"0L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table employee2 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.intersect(employee2);

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

val employee2 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.intersect(employee2)

7KH�LQWHUVHFW$OO�RSHUDWRU
�%"dintersectAlld,-"/�1,/d/"12/+0d*�1 %&+$d3�)2"0d#/,*d�,1%d1��)"0Ld�%"d/"02)1�+1d1��)"
*&$%1d%�3"d!2-)& �1"d/" ,/!0L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table employee2 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.intersectAll(employee2);

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

val employee2 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.intersectAll(employee2)

d 公
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7KH�PLQXV�RSHUDWRU
�%"dminusd,-"/�1,/d/"12/+0d/" ,/!0d#/,*d1%"d)"#1d1��)"d4%& %d!,d+,1d"5&01d&+d1%"d/&$%1d1��)"L
�1d*�("0d02/"d1%�1d1%"d/"02)1�+1d1��)"d!,"0d+,1d%�3"d�+6d!2-)& �1"0L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table employee2 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.minus(employee2);

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

val employee2 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.minus(employee2)

7KH�PLQXV$OO�RSHUDWRU
�%"dminusAlld,-"/�1,/d/"12/+0d/" ,/!0d#/,*d1%"d)"#1d1��)"d4%& %d!,d+,1d"5&01d&+d1%"d/&$%1
1��)"Ld�%"d/"02)1�+1d1��)"d*&$%1d%�3"d!2-)& �1"d/" ,/!0L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table employee2 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.minusAll(employee2);

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

val employee2 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.minusAll(employee2)
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7KH�GLVWLQFW�RSHUDWRU
�%"ddistinctd,-"/�1,/d/"12/+0d,+)6d2+&.2"d3�)2"d/" ,/!0d#/,*d1%"d1��)"L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.distinct();

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.distinct()

7KH�RUGHU%\�RSHUDWRU
�%"dorderByd,-"/�1,/d/"12/+0d/" ,/!0d0,/1"!d� /,00d$),��))6d-�/�))")d-�/1&1&,+0Ld�,2d �+
 %,,0"d1%"d,/!"/d�0d�0 "+!&+$d,/d!"0 "+!&+$L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

Table result = employee1.orderBy("e_id.asc");

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)

Table result = employee1.orderBy('e_id.asc)

7KH�OLPLW�RSHUDWRU
�%"dlimitd,-"/�1,/d)&*&10d/" ,/!0d0,/1"!d� /,00d$),��))6d-�/�))")d-�/1&1&,+0d#/,*d�d$&3"+
,##0"1L

�+d��3�N

Table employee1 = tableEnv.fromDataSet(emp, "e_id, e_name, deptId");

//returns records from 6th record
Table result = employee1.orderBy("e_id.asc").limit(5);
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//returns 5 records from 4th record
Table result1 = employee1.orderBy("e_id.asc").limit(3,5);

�+d� �)�N

val employee1 = empDS.toTable(tableEnv, 'e_id, 'e_name, 'deptId)
//returns records from 6th record
Table result = employee1.orderBy('e_id.asc).limit(5)
//returns 5 records from 4th record
Table result = employee1.orderBy('e_id.asc).limit(3,5)

'DWD�W\SHV
���)"d���d02--,/10d ,**,+d���d!�1�d16-"0d4%& %d �+d�"d20"!d"�0&)6Ld�+1"/+�))6Md&1d20"0
TypeInformationd1,d&!"+1&#6d3�/&,20d!�1�d16-"0Ld�1d 2//"+1)6d!,"0d+,1d02--,/1d�))d�)&+(
!�1�d16-"0N

���(!`��� ��� ��2�`05,!

Types.STRING VARCHAR java.lang.String

Types.BOOLEAN BOOLEAN java.lang.Boolean

Types.BYTE TINYINT java.lang.Byte

Types.SHORT SMALLINT java.lang.Short

Types.INT INTEGERMdINT java.lang.Integer

Types.LONG BIGINT java.lang.Long

Types.FLOAT REALMdFLOAT java.lang.Float

Types.DOUBLE DOUBLE java.lang.Double

Types.DECIMAL DECIMAL java.math.BigDecimal

Types.DATE DATE java.sql.Date

Types.TIME TIME java.sql.Time

Types.TIMESTAMP TIMESTAMP(3) java.sql.Timestamp

Types.INTERVAL_MONTHS ��������d����d��d����
 java.lang.Integer

Types.INTERVAL_MILLIS ��������d���d��d������S;T java.lang.Long

�&1%d ,+1&+2,20d!"3"),-*"+1d�+!d02--,/1d#/,*d1%"d ,**2+&16Md*,/"d!�1�d16-"0d4&))d�"
02--,/1"!d0,,+L
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64/
���)"d���d�)0,d�)),40d20d1,d4/&1"d#/""d#,/*d���d.2"/&"0d20&+$d1%"dsql()d*"1%,!Ld�%"
*"1%,!d&+1"/+�))6d�)0,d20"0d�-� %"d��) &1"d#,/d���d06+1�5d3"/&#& �1&,+d�+!d,-1&*&7�1&,+Ld�1
"5" 21"0d1%"d.2"/6d�+!d/"12/+0d/"02)10d&+d1%"d1��)"d#,/*�1Ld��1"/d1%"d1��)"d �+d�"d�$�&+
1/�+0#,/*"!d&+1,d"&1%"/d�d!�1�0"1d,/d!�1�01/"�*d,/dTableSinkd#,/d#2/1%"/d-/, "00&+$L

�+"d1%&+$d1,d+,1"d%"/"d&0d1%�1Md#,/d1%"d���d*"1%,!d1,d�  "00d1%"d1��)"0Md1%"6d*201d�"
/"$&01"/"!d4&1%dTableEnvironmentL

�,/"d02--,/1d&0d�"&+$d�!!"!d1,d1%"d���d*"1%,!d ,+1&+2,20)6d0,d&#d�+6d06+1�5d&0d+,1
02--,/1"!Md&1d4&))d"//,/d,21d4&1%dTableExceptionL

�,4d)"1Z0d),,(d�1d%,4d1,d20"d1%"d���d*"1%,!d,+d�d!�1�0"1d�+!d!�1�01/"�*L

64/�RQ�GDWDVWUHDP
���d.2"/&"0d �+d�"d"5" 21"!d,+d!�1�01/"�*0d/"$&01"/"!d4&1%dTableEnvironmentd20&+$d1%"
SELECT STREAMd("64,/!Ld�,01d,#d1%"d���d06+1�5d&0d ,**,+d�"14""+d!�1�0"10d�+!
!�1�01/"�*0Ld�,d(+,4d*,/"d��,21d01/"�*d06+1�5Md1%"d�-� %"d��) &1"Z0d�1/"�*0
!, 2*"+1�1&,+d4,2)!d�"d%")-#2)Ld�1d �+d�"d#,2+!d�1N
https://calcite.apache.org/docs/stream.htmlL

�"1Z0d0�6d4"d4�+1d1,d�+�)67"d1%"d-/,!2 1d0 %"*�d!"#&+"!d�0dSidMdnameMdstockTLd�%"
#,)),4&+$d ,!"d+""!0d1,d�"d4/&11"+d20&+$d1%"dsql()d*"1%,!L

�+d��3�N

StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
StreamTableEnvironment tableEnv =
TableEnvironment.getTableEnvironment(env);

DataStream<Tuple3<Long, String, Integer>> ds = env.addSource(...);
// register the DataStream as table "Products"
tableEnv.registerDataStream("Products", ds, "id, name, stock");
// run a SQL query on the Table and retrieve the result as a new Table
Table result = tableEnv.sql(
  "SELECT STREAM * FROM Products WHERE name LIKE '%Apple%'");
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�+d� �)�N

val env = StreamExecutionEnvironment.getExecutionEnvironment
val tEnv = TableEnvironment.getTableEnvironment(env)

val ds: DataStream[(Long, String, Integer)] = env.addSource(...)
// register the DataStream under the name "Products"
tableEnv.registerDataStream("Products", ds, 'id, 'name, 'stock)
// run a SQL query on the Table and retrieve the result as a new Table
val result = tableEnv.sql(
  "SELECT STREAM * FROM Products WHERE name LIKE '%Apple%'")

���)"d���d20"0d�d)"5& �)d-,)& 6d0&*&)�/d1,d��3�d&+d,/!"/d1,d!"#&+"d.2"/&"0d-/,-"/)6Ld�%&0
*"�+0d1%"d �0"d,#d1%"d&!"+1&#&"/0d&0d-/"0"/3"!d�+!d1%"6d�/"d*�1 %"!d �0"d0"+0&1&3")6Ld�#d�+6
,#d6,2/d&!"+1&#&"/0d ,+1�&+d+,+c�)-%�d+2*"/& d %�/� 1"/0d1%"+d6,2d �+d.2,1"d1%,0"d20&+$
�� (d1& (0L

�,/d&+01�+ "Md&#d6,2d4�+1d1,d!"#&+"d�d ,)2*+d4&1%d1%"d+�*"d'my col'd1%"+d6,2d+""!d1,d20"
�� (d1& (0d�0d0%,4+d%"/"N

"SELECT col as `my col` FROM table "

6XSSRUWHG�64/�V\QWD[
�0d01�1"!d"�/)&"/Md�)&+(d20"0d�-� %"d��) &1"d#,/d3�)&!�1&+$d�+!d,-1&*&7&+$d���d.2"/&"0L
�&1%d1%"d 2//"+1d3"/0&,+Md1%"d#,)),4&+$d���'1/`��1.`�+.)`S���Td&0d02--,/1"!N

query:
  values
  | {
      select
      | selectWithoutFrom
      | query UNION [ ALL ] query
      | query EXCEPT query
      | query INTERSECT query
    }
    [ ORDER BY orderItem [, orderItem ]* ]
    [ LIMIT { count | ALL } ]
    [ OFFSET start { ROW | ROWS } ]
    [ FETCH { FIRST | NEXT } [ count ] { ROW | ROWS } ONLY]

orderItem:
  expression [ ASC | DESC ]

select:
  SELECT [ STREAM ] [ ALL | DISTINCT ]
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  { * | projectItem [, projectItem ]* }
  FROM tableExpression
  [ WHERE booleanExpression ]
  [ GROUP BY { groupItem [, groupItem ]* } ]
  [ HAVING booleanExpression ]

selectWithoutFrom:
  SELECT [ ALL | DISTINCT ]
  { * | projectItem [, projectItem ]* }

projectItem:
  expression [ [ AS ] columnAlias ]
  | tableAlias . *

tableExpression:
  tableReference [, tableReference ]*
  | tableExpression [ NATURAL ] [ LEFT | RIGHT | FULL ] JOIN
tableExpression [ joinCondition ]

joinCondition:
  ON booleanExpression
  | USING '(' column [, column ]* ')'

tableReference:
  tablePrimary
  [ [ AS ] alias [ '(' columnAlias [, columnAlias ]* ')' ] ]

tablePrimary:
  [ TABLE ] [ [ catalogName . ] schemaName . ] tableName

values:
  VALUES expression [, expression ]*

groupItem:
  expression
  | '(' ')'
  | '(' expression [, expression ]* ')'

6FDODU�IXQFWLRQV
���)"d���d�+!d���d02--,/1d3�/&,20d�2&)1c&+d0 �)�/d#2+ 1&,+0Ld�"1Z0d1/6d1,d2+!"/01�+!d1%,0"
,+"d�6d,+"L
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6FDODU�IXQFWLRQV�LQ�WKH�WDEOH�$3,
�%"d#,)),4&+$d&0d1%"d)&01d,#d02--,/1"!d0 �)�/d#2+ 1&,+0d&+d1%"d1��)"d���N

��2�`"1*�0%+* ���(�`"1*�0%+* �!/�.%,0%+*

ANY.isNull ANY.isNull �"12/+0dtrued&#d1%"d$&3"+d"5-/"00&,+d&0
+2))L

ANY.isNotNull ANY.isNotNull �"12/+0dtrued&#d1%"d$&3"+d"5-/"00&,+d&0
+,1d+2))L

BOOLEAN.isTrue BOOLEAN.isTrue �"12/+0dtrued&#d1%"d$&3"+d�,,)"�+
"5-/"00&,+d&0dtrueLdFalsed,1%"/4&0"L

BOOLEAN.isFalse BOOLEAN.isFalse �"12/+0dtrued&#d$&3"+d�,,)"�+d"5-/"00&,+
&0d#�)0"LdFalsed,1%"/4&0"L

NUMERIC.log10() NUMERIC.log10() ��) 2)�1"0d1%"d��0"d98d),$�/&1%*d,#d$&3"+
3�)2"L

NUMERIC.ln() NUMERIC.ln() ��) 2)�1"0d1%"d+�12/�)d),$�/&1%*d,#d$&3"+
3�)2"L

NUMERIC.power(NUMERIC) NUMERIC.power(NUMERIC) ��) 2)�1"0d1%"d$&3"+d+2*�"/d/�&0"!d1,d1%"
-,4"/d,#d1%"d,1%"/d3�)2"L

NUMERIC.abs() NUMERIC.abs() ��) 2)�1"0d1%"d��0,)21"d3�)2"d,#d$&3"+
3�)2"L

NUMERIC.floor() NUMERIC.floor() ��) 2)�1"0d1%"d)�/$"01d&+1"$"/d)"00d1%�+d,/
".2�)d1,d�d$&3"+d+2*�"/L

NUMERIC.ceil() NUMERIC.ceil() ��) 2)�1"0d1%"d0*�))"01d&+1"$"/d$/"�1"/
1%�+d,/d".2�)d1,d�d$&3"+d+2*�"/L

STRING.substring(INT, INT) STRING.substring(INT, INT) �/"�1"0d�d02�01/&+$d,#d1%"d$&3"+d01/&+$d�1
1%"d$&3"+d&+!"5d#,/d1%"d$&3"+d)"+$1%

STRING.substring(INT) STRING.substring(INT) �/"�1"0d�d02�01/&+$d,#d1%"d$&3"+d01/&+$
�"$&++&+$d�1d1%"d$&3"+d&+!"5d1,d1%"d"+!L
�%"d01�/1d&+!"5d01�/10d�1d9d�+!d&0d&+ )20&3"L

STRING.trim(LEADING,
STRING)STRING.trim(TRAILING,
STRING)STRING.trim(BOTH,
STRING)STRING.trim(BOTH)STRING.trim()

STRING.trim(leading = true,
trailing = true, character = " ")

�"*,3"0d)"�!&+$d�+!`,/d1/�&)&+$
 %�/� 1"/0d#/,*d1%"d$&3"+d01/&+$Ld�6
!"#�2)1Md4%&1"0-� "0d�1d�,1%d0&!"0d�/"
/"*,3"!L

STRING.charLength() STRING.charLength() �"12/+0d1%"d)"+$1%d,#d�d01/&+$L

STRING.upperCase() STRING.upperCase() �"12/+0d�))d,#d1%"d %�/� 1"/0d&+d�d01/&+$d&+
2--"/d �0"d20&+$d1%"d/2)"0d,#d1%"d!"#�2)1
), �)"L

STRING.lowerCase() STRING.lowerCase() �"12/+0d�))d,#d1%"d %�/� 1"/0d&+d�d01/&+$d&+
),4"/d �0"d20&+$d1%"d/2)"0d,#d1%"d!"#�2)1
), �)"L

STRING.initCap() STRING.initCap() �,+3"/10d1%"d&+&1&�)d)"11"/d,#d"� %d4,/!d&+
�d01/&+$d1,d2--"/ �0"Ld�002*"0d�d01/&+$
 ,+1�&+&+$d,+)6d[A-Za-z0-9]M
"3"/61%&+$d")0"d&0d1/"�1"!d�0d4%&1"0-� "L

STRING.like(STRING) STRING.like(STRING) �"12/+0d1/2"Md&#d�d01/&+$d*�1 %"0d1%"
0-" &#&"!d��
�d-�11"/+Ld�,/d"5�*-)"M
"Jo_n%"d*�1 %"0d�))d01/&+$0d1%�1d01�/1
4&1%d"Jo(arbitrary letter)n"L
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STRING.similar(STRING) STRING.similar(STRING) �"12/+0dtrueMd&#d�d01/&+$d*�1 %"0d1%"
0-" &#&"!d���d/"$"5d-�11"/+Ld�,/d"5�*-)"M
"A+"d*�1 %"0d�))d01/&+$0d1%�1d ,+0&01d,#d�1
)"�01d,+"d"A"L

STRING.toDate() STRING.toDate ��/0"0d�d!�1"d01/&+$d&+d1%"d#,/*d"yy-mm-
dd"d1,d�d���d!�1"L

STRING.toTime() STRING.toTime ��/0"0d�d1&*"d01/&+$d&+d1%"d#,/*
"hh:mm:ss"d1,d�d���d1&*"L

STRING.toTimestamp() STRING.toTimestamp ��/0"0d�d1&*"01�*-d01/&+$d&+d1%"d#,/*
"yy-mm-dd hh:mm:ss.fff"d1,d�d���
1&*"01�*-L

TEMPORAL.extract(TIMEINTERVALUNIT) �� �51/� 10d-�/10d,#d�d1&*"d-,&+1d,/d1&*"
&+1"/3�)Ld�"12/+0d1%"d-�/1d�0d�d),+$d3�)2"L
�,/d"5�*-)"Md2006-06-05
.toDate.extract(DAY)d)"�!0d1,d5L

TIMEPOINT.floor(TIMEINTERVALUNIT) TIMEPOINT.floor(TimeIntervalUnit) �,2+!0d�d1&*"d-,&+1d!,4+d1,d1%"d$&3"+
2+&1Ld�,/d"5�*-)"M
"12:44:31".toDate.floor(MINUTE)

)"�!0d1,d12:44:00L

TIMEPOINT.ceil(TIMEINTERVALUNIT) TIMEPOINT.ceil(TimeIntervalUnit) �,2+!0d�d1&*"d-,&+1d2-d1,d1%"d$&3"+d2+&1L
�,/d"5�*-)"M
"12:44:31".toTime.floor(MINUTE)

)"�!0d1,d12:45:00L

currentDate() currentDate() �"12/+0d1%"d 2//"+1d���d!�1"d&+d���
1&*"d7,+"L

currentTime() currentTime() �"12/+0d1%"d 2//"+1d���d1&*"d&+d���
1&*"d7,+"L

currentTimestamp() currentTimestamp() �"12/+0d1%"d 2//"+1d���d1&*"01�*-d&+
���d1&*"d7,+"L

localTime() localTime() �"12/+0d1%"d 2//"+1d���d1&*"d&+d), �)
1&*"d7,+"L

localTimestamp() localTimestamp() �"12/+0d1%"d 2//"+1d���d1&*"01�*-d&+
), �)d1&*"d7,+"L

6FDOD�IXQFWLRQV�LQ�64/
�%"d#,)),4&+$d&0d1%"d)&01d,#d02--,/1"!d0 �)�/d#2+ 1&,+0d&+d1%"dsql()d*"1%,!N

�1*�0%+* �!/�.%,0%+*

EXP(NUMERIC) ��) 2)�1"0d1%"d�2)"/Z0d+2*�"/d/�&0"!d1,d1%"d$&3"+
-,4"/L

LOG10(NUMERIC) ��) 2)�1"0d1%"d��0"d98d),$�/&1%*d,#d1%"d$&3"+
3�)2"L

LN(NUMERIC) ��) 2)�1"0d1%"d+�12/�)d),$�/&1%*d,#d1%"d$&3"+
3�)2"L
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POWER(NUMERIC, NUMERIC) ��) 2)�1"0d1%"d$&3"+d+2*�"/d/�&0"!d1,d1%"d-,4"/
,#d1%"d,1%"/d3�)2"L

ABS(NUMERIC) ��) 2)�1"0d1%"d��0,)21"d3�)2"d,#d1%"d$&3"+d3�)2"L

FLOOR(NUMERIC) ��) 2)�1"0d1%"d)�/$"01d&+1"$"/d)"00d1%�+d,/d".2�)
1,d�d$&3"+d+2*�"/L

CEIL(NUMERIC) ��) 2)�1"0d1%"d0*�))"01d&+1"$"/d$/"�1"/d1%�+d,/
".2�)d1,d�d$&3"+d+2*�"/L

SUBSTRING(VARCHAR, INT, INT)
SUBSTRING(VARCHAR FROM INT FOR
INT)

�/"�1"0d�d02�01/&+$d,#d1%"d$&3"+d01/&+$d�1d1%"
$&3"+d&+!"5d#,/d1%"d$&3"+d)"+$1%Ld�%"d&+!"5d01�/10
�1d9d�+!d&0d&+ )20&3"Md1%�1d&0Md1%"d %�/� 1"/d�1d1%"
&+!"5d&0d&+ )2!"!d&+d1%"d02�01/&+$Ld�%"d02�01/&+$
%�0d1%"d0-" &#&"!d)"+$1%d,/d)"00L

SUBSTRING(VARCHAR, INT)
SUBSTRING(VARCHAR FROM INT)

�/"�1"0d�d02�01/&+$d,#d1%"d$&3"+d01/&+$d�"$&++&+$
�1d1%"d$&3"+d&+!"5d1,d1%"d"+!Ld�%"d01�/1d&+!"5
01�/10d�1d9d�+!d&0d&+ )20&3"L

TRIM(LEADING VARCHAR FROM
VARCHAR) TRIM(TRAILING VARCHAR
FROM VARCHAR) TRIM(BOTH VARCHAR
FROM VARCHAR) TRIM(VARCHAR)

�"*,3"0d)"�!&+$d�+!`,/d1/�&)&+$d %�/� 1"/0d#/,*
1%"d$&3"+d01/&+$Ld�6d!"#�2)1Md4%&1"0-� "0d�1d�,1%
0&!"0d�/"d/"*,3"!L

CHAR_LENGTH(VARCHAR) �"12/+0d1%"d)"+$1%d,#d�d01/&+$L

UPPER(VARCHAR) �"12/+0d�))d,#d1%"d %�/� 1"/0d&+d�d01/&+$d&+d2--"/
 �0"d20&+$d1%"d/2)"0d,#d1%"d!"#�2)1d), �)"L

LOWER(VARCHAR) �"12/+0d�))d,#d1%"d %�/� 1"/0d&+d�d01/&+$d&+d),4"/
 �0"d20&+$d1%"d/2)"0d,#d1%"d!"#�2)1d), �)"L

INITCAP(VARCHAR) �,+3"/10d1%"d&+&1&�)d)"11"/d,#d"� %d4,/!d&+d�d01/&+$
1,d2--"/ �0"Ld�002*"0d�d01/&+$d ,+1�&+&+$d,+)6
[A-Za-z0-9]Md"3"/61%&+$d")0"d&0d1/"�1"!d�0
4%&1"0-� "L

VARCHAR LIKE VARCHAR �"12/+0d1/2"d&#d�d01/&+$d*�1 %"0d1%"d0-" &#&"!
��
�d-�11"/+Ld�,/d"5�*-)"Md"Jo_n%"d*�1 %"0d�))
01/&+$0d1%�1d01�/1d4&1%d"Jo(arbitrary
letter)n"L

VARCHAR SIMILAR TO VARCHAR �"12/+0d1/2"d&#d�d01/&+$d*�1 %"0d1%"d0-" &#&"!
���d/"$"5d-�11"/+Ld�,/d"5�*-)"Md"A+"d*�1 %"0
�))d01/&+$0d1%�1d ,+0&01d,#d�1d)"�01d,+"d"A"L
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DATE VARCHAR ��/0"0d�d!�1"d01/&+$d&+d1%"d#,/*d"yy-mm-dd"d1,
�d���d!�1"L

TIME VARCHAR ��/0"0d�d1&*"d01/&+$d&+d1%"d#,/*d"hh:mm:ss"d1,
�d���d1&*"L

TIMESTAMP VARCHAR ��/0"0d�d1&*"01�*-d01/&+$d&+d1%"d#,/*d"yy-mm-
dd hh:mm:ss.fff"d1,d�d���d1&*"01�*-L

EXTRACT(TIMEINTERVALUNIT FROM
TEMPORAL)

�51/� 10d-�/10d,#d�d1&*"d-,&+1d,/d1&*"d&+1"/3�)L
�"12/+0d1%"d-�/1d�0d�d),+$d3�)2"Ld�,/d"5�*-)"M
EXTRACT(DAY FROM DATE '2006-06-05')

)"�!0d1,d5L

FLOOR(TIMEPOINT TO
TIMEINTERVALUNIT)

�,2+!0d�d1&*"d-,&+1d!,4+d1,d1%"d$&3"+d2+&1Ld�,/
"5�*-)"MdFLOOR(TIME '12:44:31' TO
MINUTE)d)"�!0d1,d12:44:00L

CEIL(TIMEPOINT TO
TIMEINTERVALUNIT)

�,2+!0d�d1&*"d-,&+1d2-d1,d1%"d$&3"+d2+&1Ld�,/
"5�*-)"MdCEIL(TIME '12:44:31' TO
MINUTE)d)"�!0d1,d12:45:00L

CURRENT_DATE �"12/+0d1%"d 2//"+1d���d!�1"d&+d���d1&*"7,+"L

CURRENT_TIME �"12/+0d1%"d 2//"+1d���d1&*"d&+d���d1&*"7,+"L

CURRENT_TIMESTAMP �"12/+0d1%"d 2//"+1d���d1&*"01�*-d&+d���
1&*"7,+"L

LOCALTIME �"12/+0d1%"d 2//"+1d���d1&*"d&+d), �)d1&*"7,+"L

LOCALTIMESTAMP �"12/+0d1%"d 2//"+1d���d1&*"01�*-d&+d), �)
1&*"7,+"L

8VH�FDVH�b�$WKOHWHV�GDWD�LQVLJKWV�XVLQJ�)OLQN
7DEOH�$3,
�,4d1%�1d4"d%�3"d)"�/+1d!"1�&)0d,#d���)"d���Md)"1Z0d1/6d1,d�--)6d1%&0d(+,4)"!$"d1,d�d/"�)d)&#"
20"d �0"Ld�,+0&!"/d4"d%�3"d�d!�1�0"1d4&1%d20Md4%& %d%�0d&+#,/*�1&,+d��,21d1%"d�)6*-& 
�1%)"1"0d�+!d1%"&/d-"/#,/*�+ "d&+d3�/&,20d$�*"0L
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�%"d0�*-)"d!�1�d),,(0d)&("d1%�1d0%,4+d&+d1%"d#,)),4&+$d1��)"N

�(�5!. �+1*0.5 �!�. 	�)! 	+( �%(2!. �.+*6! �+0�(

��+$d�&)&+ �%&+� :88@ 	6*+�01& 0 9 8 : ;

�"&0")d�,+"0 �201/�)&� :888 �4&**&+$ 8 : 8 :

	,d	&c
6",+ �,21%d
,/"� :88: �%,/1c�/� (
�-""!d�(�1&+$

9 9 8 :

�%"+d�2,)&+ �%&+� :88@ �&3&+$ : 8 8 :


�1&"d�"!" (6 �+&1"!d�1�1"0 :89: �4&**&+$ 9 8 8 9

�21�d�"&)2161" �&1%2�+&� :89: �4&**&+$ 9 8 8 9

��R+&")d	62/1� 
2+$�/6 :88< �4&**&+$ 8 9 8 9

�/&�++�d�,+1�+� �1�)6 :88> �%,/1c�/� (
�-""!d�(�1&+$

8 8 9 9

�)$�d	)�10(&(% �200&� :88< �%61%*& 
	6*+�01& 0

9 8 8 9


%�/&()"&�d��+1�7& 	/"" " :888 �%61%*& 
	6*+�01& 0

8 8 9 9


&*d��/1&+ �4"!"+ :88: � "d
, ("6 8 8 9 9


6)�d�,00 �+&1"!d�1�1"0 :89: 	6*+�01& 0 9 8 8 9

	��/&")�d�/�$,& �,*�+&� :88@ 	6*+�01& 0 8 8 9 9

��0%�d� %4&("/1c
��//"+

�+&1"!d�1�1"0 :888 	6*+�01& 0 8 8 9 9

d

�,4d4"d4�+1d1,d$"1d�+04"/0d1,d1%"d.2"01&,+0d)&("Md%,4d*�+6d*"!�)0d4"/"d4,+d�6d ,2+1/6
,/d�6d$�*"Ld�0d1%"d!�1�d4"d%�3"d&+d01/2 12/"!d!�1�Md4"d �+d20"d���)"d���d1,d.2"/6d!�1�d&+d�
���d4�6Ld�,d)"1Z0d$"1d01�/1"!L

�%"d!�1�d�3�&)��)"d&0d&+d1%"d���d#,/*�1Ld�,d4"d4&))d�"d20&+$d�d���d/"�!"/d-/,3&!"!d�6d�)&+(
���d�0d0%,4+d&+d1%"d#,)),4&+$d ,!"d0+&--"1N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();
BatchTableEnvironment tableEnv = TableEnvironment.getTableEnvironment(env);
DataSet<Record> csvInput = env
          .readCsvFile("olympic-athletes.csv")
          .pojoType(Record.class, "playerName", "country", "year",

公
众

号
：
zh
is
he
ng



��0�a�.+�!//%*#a�/%*#a0$!a���(!a���

S`88=`T

                    "game", "gold", "silver", "bronze", "total");

�"51d4"d+""!d1,d /"�1"d�d���)"d4&1%d1%&0d!�1�0"1d�+!d/"$&01"/d&1d&+d���)"d�+3&/,+*"+1d#,/
#2/1%"/d-/, "00&+$N

Table atheltes = tableEnv.fromDataSet(csvInput);
tableEnv.registerTable("athletes", atheltes);

�"51d4"d �+d4/&1"d�d/"$2)�/d���d.2"/6d1,d$"1d*,/"d&+0&$%10d#/,*d1%"d!�1�Ld�/d")0"d4"d �+
20"d���)"d���d,-"/�1,/0d1,d*�+&-2)�1"d1%"d!�1�Md�0d0%,4+d&+d1%"d#,)),4&+$d ,!"d0+&--"1N

Table groupedByCountry = tableEnv.sql("SELECT country, SUM(total) as
frequency FROM athletes group by country");
DataSet<Result> result = tableEnv.toDataSet(groupedByCountry,
Result.class);
result.print();
Table groupedByGame = atheltes.groupBy("game").select("game, total.sum as
frequency");
DataSet<GameResult> gameResult = tableEnv.toDataSet(groupedByGame,
GameResult.class);
gameResult.print();

�%&0d4�6d4"d �+d�+�)60"d02 %d!�1�d&+d�d*2 %d*,/"d0&*-)"/d4�6d20&+$d���)"d���Ld�%"
 ,*-)"1"d ,!"d#,/d1%&0d20"d �0"d&0d�3�&)��)"d,+d	&1
2�d�1dh t t p s ://g i t h u b . c o m /d e s h p a n d e t

a n m a y /m a s t e r i n g - f l i n k /t r e e /m a s t e r /c h a p t e r 04/f l i n k - t a b l e L

6XPPDU\
�+d1%&0d %�-1"/Md4"d)"�/+"!d��,21d�d���c��0"!d���d02--,/1"!d�6d�)&+(d �))"!d���)"d���Ld�"
�)0,d)"�/+"!d%,4d1,d1/�+0#,/*d�d!�1�0"1`01/"�*d&+1,d�d1��)"Md/"$&01"/&+$d�d1��)"Md!�1�0"10Md�+!
!�1�01/"�*0d4&1%dTableEnvironmentd�+!d1%"+d20&+$d1%"d/"$&01"/"!d1��)"0d1,d-"/#,/*
3�/&,20d,-"/�1&,+0Ld�,/d-",-)"d ,*&+$d#/,*d�d���d!�1���0"0d�� ($/,2+!Md1%&0d���d&0d�)&00L

�+d1%"d+"51d %�-1"/Md4"d�/"d$,&+$d1,d1�)(d��,21d�d3"/6d&+1"/"01&+$d)&�/�/6d �))"!d�+),(!4
�2!*0`�.+�!//%*#d�+!d%,4d1,d20"d&1d#,/d0,)3&+$d3�/&,20d�20&+"00d20"d �0"0L
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<!--
https://mvnrepository.com/artifact/org.apache.flink/flink-cep-scala_2.10 -
->
<dependency>
    <groupId>org.apache.flink</groupId>
    <artifactId>flink-cep-scala_2.11</artifactId>
    <version>1.1.4</version>
</dependency>
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�%&)"d!"#&+&+$d1%"d"3"+1d����0d4"d+""!d1,d*�("d02/"d1%�1d4"d&*-)"*"+1
1%"dhashCode()d�+!dequals()d*"1%,!0Md�" �20"d4%&)"d ,*-�/&+$d1%"
"3"+10Md ,*-&)"d4&))d*�("d20"d,#d1%"*L

�%"d#,)),4&+$d ,!"d0+&--"10d!"*,+01/�1"d1%&0L

�&/01Md4"d4/&1"d�+d��01/� 1d )�00d�0d0%,4+d%"/"N

package com.demo.chapter05;

public abstract class MonitoringEvent {

  private String machineName;

  public String getMachineName() {
    return machineName;
  }

  public void setMachineName(String machineName) {
    this.machineName = machineName;
  }

  @Override
  public int hashCode() {
    final int prime = 31;
    int result = 1;
    result = prime * result + ((machineName == null) � 0 :
machineName.hashCode());
    return result;
  }

  @Override
  public boolean equals(Object obj) {
    if (this == obj)
      return true;
    if (obj == null)
      return false;
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    if (getClass() != obj.getClass())
      return false;
    MonitoringEvent other = (MonitoringEvent) obj;
    if (machineName == null) {
      if (other.machineName != null)
        return false;
    } else if (!machineName.equals(other.machineName))
      return false;
    return true;
  }

  public MonitoringEvent(String machineName) {
    super();
    this.machineName = machineName;
  }

}

�%"+d4"d /"�1"d�d����d#,/d1%"d� 12�)d1"*-"/�12/"d"3"+1N

package com.demo.chapter05;

public class TemperatureEvent extends MonitoringEvent {

  public TemperatureEvent(String machineName) {
    super(machineName);
  }

  private double temperature;

  public double getTemperature() {
    return temperature;
  }

  public void setTemperature(double temperature) {
    this.temperature = temperature;
  }

  @Override
  public int hashCode() {
    final int prime = 31;
    int result = super.hashCode();
    long temp;
    temp = Double.doubleToLongBits(temperature);
    result = prime * result + (int) (temp ^ (temp >>> 32));
    return result;
  }
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  @Override
  public boolean equals(Object obj) {
    if (this == obj)
      return true;
    if (!super.equals(obj))
      return false;
    if (getClass() != obj.getClass())
      return false;
    TemperatureEvent other = (TemperatureEvent) obj;
    if (Double.doubleToLongBits(temperature) !=
Double.doubleToLongBits(other.temperature))
      return false;
    return true;
  }

  public TemperatureEvent(String machineName, double temperature) {
    super(machineName);
    this.temperature = temperature;
  }

  @Override
  public String toString() {
    return "TemperatureEvent [getTemperature()=" + getTemperature() + ",
getMachineName()=" + getMachineName()
        + "]";
  }

}

�,4d4"d �+d!"#&+"d1%"d"3"+1d0,2/ "d�0d#,)),40N

�+d��3�N

StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
    DataStream<TemperatureEvent> inputEventStream = env.fromElements(new
TemperatureEvent("xyz", 22.0),
        new TemperatureEvent("xyz", 20.1), new TemperatureEvent("xyz",
21.1), new TemperatureEvent("xyz", 22.2),
        new TemperatureEvent("xyz", 22.1), new TemperatureEvent("xyz",
22.3), new TemperatureEvent("xyz", 22.1),
        new TemperatureEvent("xyz", 22.4), new TemperatureEvent("xyz",
22.7),
        new TemperatureEvent("xyz", 27.0));
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val env: StreamExecutionEnvironment =
StreamExecutionEnvironment.getExecutionEnvironment
    val input: DataStream[TemperatureEvent] = env.fromElements(new
TemperatureEvent("xyz", 22.0),
      new TemperatureEvent("xyz", 20.1), new TemperatureEvent("xyz", 21.1),
new TemperatureEvent("xyz", 22.2),
      new TemperatureEvent("xyz", 22.1), new TemperatureEvent("xyz", 22.3),
new TemperatureEvent("xyz", 22.1),
      new TemperatureEvent("xyz", 22.4), new TemperatureEvent("xyz", 22.7),
      new TemperatureEvent("xyz", 27.0))
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Pattern<Event, �> start = Pattern.<Event>begin("start");

�+d� �)�N

val start : Pattern[Event, _] = Pattern.begin("start")

)LOWHU
�"d �+d�)0,d0-" &#6d1%"d#&)1"/d ,+!&1&,+d#,/d1%"d&+&1&�)d01�1"N

�+d��3�N

start.where(new FilterFunction<Event>() {
    @Override
    public boolean filter(Event value) {
        return ... // condition
    }
});

�+d� �)�N

start.where(event => ... /* condition */)

6XEW\SH
�"d �+d�)0,d#&)1"/d,21d"3"+10d��0"!d,+d1%"&/d02�c16-"0Md20&+$d1%"dsubtype()d*"1%,!N

�+d��3�N

start.subtype(SubEvent.class).where(new FilterFunction<SubEvent>() {
    @Override
    public boolean filter(SubEvent value) {
        return ... // condition
    }
});

�+d� �)�N

start.subtype(classOf[SubEvent]).where(subEvent => ... /* condition */)
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,-"/�1,/0L

�+d��3�N

pattern.where(new FilterFunction<Event>() {
    @Override
    public boolean filter(Event value) {
        return ... // condition
    }
}).or(new FilterFunction<Event>() {
    @Override
    public boolean filter(Event value) {
        return ... // or condition
    }
});

�+d� �)�N

pattern.where(event => ... /* condition */).or(event => ... /* or condition
*/)

&RQWLQXLW\
�0d01�1"!d"�/)&"/Md4"d!,d+,1d�)4�60d+""!d1,d#&)1"/d,21d"3"+10Ld�%"/"d �+d�)4�60d�"d0,*"
-�11"/+d4%"/"d4"d+""!d ,+1&+2&16d&+01"�!d,#d#&)1"/0L

�,+1&+2&16d �+d�"d,#d14,d16-"0d–d01/& 1d ,+1&+2&16d�+!d+,+c01/& 1d ,+1&+2&16L

6WULFW�FRQWLQXLW\
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"3"+1d&+d�"14""+Ld�%&0d-�11"/+d �+d�"d!"#&+"!d�6dnext()L

�+d��3�N

Pattern<Event, �> strictNext = start.next("middle");

�+d� �)�N

val strictNext: Pattern[Event, _] = start.next("middle")
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14,d"3"+10Ld�%&0d-�11"/+d �+d�"d!"#&+"!d�6dfollowedBy()L

�+d��3�N

Pattern<Event, �> nonStrictNext = start.followedBy("middle");

�+d� �)�N

val nonStrictNext : Pattern[Event, _] = start.followedBy("middle")

:LWKLQ
��11"/+d���d�)0,d�)),40d20d1,d!,d-�11"/+d*�1 %&+$d��0"!d,+d1&*"d&+1"/3�)0Ld�"d �+d!"#&+"d�
1&*"c��0"!d1"*-,/�)d ,+01/�&+1d�0d#,)),40L

�+d��3�N

next.within(Time.seconds(30));

�+d� �)�N

next.within(Time.seconds(10))

'HWHFWLQJ�SDWWHUQV
�,d!"1" 1d-�11"/+0d�$�&+01d�d01/"�*d,#d"3"+10Md4"d+""!d1,d/2+d1%"d01/"�*d1%,2$%d1%"d-�11"/+L
�%"dCEP.pattern()d/"12/+0dPatternStreamL

�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d4"d �+d!"1" 1d�d-�11"/+Ld�&/01d1%"d-�11"/+d&0d!"#&+"!
1,d %" (d&#d1%"d1"*-"/�12/"d3�)2"d&0d$/"�1"/d1%�+d26.0d!"$/""0d&+d10d0" ,+!0L

�+d��3�N

Pattern<TemperatureEvent, �> warningPattern = Pattern.<TemperatureEvent>
begin("first")
        .subtype(TemperatureEvent.class).where(new
FilterFunction<TemperatureEvent>() {
          public boolean filter(TemperatureEvent value) {
            if (value.getTemperature() >= 26.0) {
              return true;
            }
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            return false;
          }
        }).within(Time.seconds(10));

    PatternStream<TemperatureEvent> patternStream =
CEP.pattern(inputEventStream, warningPattern);

�+d� �)�N

val env: StreamExecutionEnvironment =
StreamExecutionEnvironment.getExecutionEnvironment

val input = // data

val pattern: Pattern[TempEvent, _] = Pattern.begin("start").where(event =>
event.temp >= 26.0)
val patternStream: PatternStream[TempEvent] = CEP.pattern(input, pattern)

6HOHFWLQJ�IURP�SDWWHUQV
�+ "d1%"d-�11"/+d01/"�*d&0d�3�&)��)"Md4"d+""!d1,d0")" 1d1%"d-�11"/+d#/,*d&1d�+!d1%"+d1�("
�--/,-/&�1"d� 1&,+0d��0"!d,+d&1Ld�"d �+d20"d1%"dselectd,/dflatSelectd*"1%,!d1,d0")" 1
!�1�d#/,*d1%"d-�11"/+L

6HOHFW
�%"d0")" 1d*"1%,!d+""!0dPatternSelectionFunctiond&*-)"*"+1�1&,+Ld�1d%�0d�d0")" 1
*"1%,!d4%& %d4,2)!d�"d �))"!d#,/d"� %d"3"+1d0".2"+ "Ld�%"dselectd*"1%,!d/" "&3"0d�d
*�-d,#d01/&+$`"3"+1d-�&/0d,#d*�1 %"!d"3"+10Ld�%"d01/&+$d&0d!"#&+"!d�6d1%"d+�*"d,#d1%"d01�1"L
�%"dselectd*"1%,!d/"12/+0d"5� 1)6d,+"d/"02)1L

�,d ,))" 1d1%"d/"02)10Md4"d+""!d1,d!"#&+"d1%"d,21-21d����Ld�+d,2/d �0"Md)"1Z0d0�6d4"d+""!d1,
$"+"/�1"d�)"/10d�0d,21-21Ld�%"+d4"d+""!d1,d!"#&+"d����d�0d#,)),40N

package com.demo.chapter05;

public class Alert {

  private String message;

  public String getMessage() {
    return message;
  }
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  public void setMessage(String message) {
    this.message = message;
  }

  public Alert(String message) {
    super();
    this.message = message;
  }

  @Override
  public String toString() {
    return "Alert [message=" + message + "]";
  }

  @Override
  public int hashCode() {
    final int prime = 31;
    int result = 1;
    result = prime * result + ((message == null) � 0 :
    message.hashCode());
    return result;
  }

  @Override
  public boolean equals(Object obj) {
    if (this == obj)
      return true;
    if (obj == null)
      return false;
    if (getClass() != obj.getClass())
      return false;
    Alert other = (Alert) obj;
    if (message == null) {
      if (other.message != null)
        return false;
    } else if (!message.equals(other.message))
      return false;
    return true;
  }

}
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�"51d4"d!"#&+"d1%"d0")" 1d#2+ 1&,+0L

�+d��3�N

class MyPatternSelectFunction<IN, OUT> implements PatternSelectFunction<IN,
OUT> {
    @Override
    public OUT select(Map<String, IN> pattern) {
        IN startEvent = pattern.get("start");
        IN endEvent = pattern.get("end");
        return new OUT(startEvent, endEvent);
    }
}

�+d� �)�N

def selectFn(pattern : mutable.Map[String, IN]): OUT = {
    val startEvent = pattern.get("start").get
    val endEvent = pattern.get("end").get
    OUT(startEvent, endEvent)
}

IODW6HOHFW
�%"dflatSelectd*"1%,!d&0d0&*&)�/d1,d1%"dselectd*"1%,!Ld�%"d,+)6d!&##"/"+ "d�"14""+d1%"
14,d&0d1%�1dflatSelectd �+d/"12/+d�+d�/�&1/�/6d+2*�"/d,#d/"02)10Ld�%"dflatSelect
*"1%,!d%�0d�+d�!!&1&,+�)dCollectord-�/�*"1"/d4%& %d&0d20"!d#,/d,21-21d")"*"+1L

�%"d#,)),4&+$d"5�*-)"d0%,40d%,4d4"d �+d20"d1%"dflatSelectd*"1%,!L

�+d��3�N

class MyPatternFlatSelectFunction<IN, OUT> implements
PatternFlatSelectFunction<IN, OUT> {
    @Override
    public void select(Map<String, IN> pattern, Collector<OUT> collector) {
        IN startEvent = pattern.get("start");
        IN endEvent = pattern.get("end");

        for (int i = 0; i < startEvent.getValue(); i++ ) {
            collector.collect(new OUT(startEvent, endEvent));
        }
    }
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�+d� �)�N

def flatSelectFn(pattern : mutable.Map[String, IN], collector :
Collector[OUT]) = {
    val startEvent = pattern.get("start").get
    val endEvent = pattern.get("end").get
    for (i <- 0 to startEvent.getValue) {
        collector.collect(OUT(startEvent, endEvent))
    }
}

+DQGOLQJ�WLPHG�RXW�SDUWLDO�SDWWHUQV
�,*"1&*"0d4"d*�6d*&00d,21d "/1�&+d"3"+10d&#d4"d%�3"d ,+01/�&+"!d1%"d-�11"/+0d4&1%d�d1&*"
�,2+!�/6Ld�1d&0d-,00&�)"d1%�1d"3"+10d*�6d�"d!&0 �/!"!d�" �20"d1%"6d"5 ""!d1%"d)"+$1%Ld�+
,/!"/d1,d1�("d� 1&,+0d,+d1%"d1&*"!d,21d"3"+10Md1%"dselectd�+!dflatSelectd*"1%,!0d�)),4d�
1&*",21d%�+!)"/Ld�%&0d%�+!)"/d&0d �))"!d#,/d"� %d1&*",21d"3"+1d-�11"/+L

�+d1%&0d �0"Md1%"d0")" 1d*"1%,!d ,+1�&+0d14,d-�/�*"1"/0NdPatternSelectFunctiond�+!
PatternTimeoutFunctionLd�%"d/"12/+d16-"d#,/d�d1&*"!d,21d#2+ 1&,+d �+d�"d!&##"/"+1d#/,*
1%"d0")" 1d-�11"/+d#2+ 1&,+Ld�%"d1&*"!d,21d"3"+1d�+!d0")" 1d"3"+1d�/"d4/�--"!d&+d1%"d )�00
Either.Rightd�+!dEither.LeftL

�%"d#,)),4&+$d ,!"d0+&--"10d0%,40d%,4d4"d!,d1%&+$0d&+d-/� 1& "L

�+d��3�N

PatternStream<Event> patternStream = CEP.pattern(input, pattern);

DataStream<Either<TimeoutEvent, ComplexEvent>> result =
patternStream.select(
    new PatternTimeoutFunction<Event, TimeoutEvent>() {...},
    new PatternSelectFunction<Event, ComplexEvent>() {...}
);

DataStream<Either<TimeoutEvent, ComplexEvent>> flatResult =
patternStream.flatSelect(
    new PatternFlatTimeoutFunction<Event, TimeoutEvent>() {...},
    new PatternFlatSelectFunction<Event, ComplexEvent>() {...}
);
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�+d� �)�Md1%"d0")" 1d���N

val patternStream: PatternStream[Event] = CEP.pattern(input, pattern)

DataStream[Either[TimeoutEvent, ComplexEvent]] result =
patternStream.select{
    (pattern: mutable.Map[String, Event], timestamp: Long) =>
TimeoutEvent()
} {
    pattern: mutable.Map[String, Event] => ComplexEvent()
}

�%"dflatSelectd���d&0d �))"!d4&1%d1%"dCollectord�0d&1d �+d"*&1d�+d�/�&1/�/6d+2*�"/d,#
"3"+10N

val patternStream: PatternStream[Event] = CEP.pattern(input, pattern)

DataStream[Either[TimeoutEvent, ComplexEvent]] result =
patternStream.flatSelect{
    (pattern: mutable.Map[String, Event], timestamp: Long, out:
Collector[TimeoutEvent]) =>
        out.collect(TimeoutEvent())
} {
    (pattern: mutable.Map[String, Event], out: Collector[ComplexEvent]) =>
        out.collect(ComplexEvent())
}

8VH�FDVH�b�FRPSOH[�HYHQW�SURFHVVLQJ�RQ�D
WHPSHUDWXUH�VHQVRU
�+d"�/)&"/d0" 1&,+0Md4"d)"�/+1d��,21d3�/&,20d#"�12/"0d-/,3&!"!d�6d1%"d�)&+(d���d"+$&+"Ld�,4
&1Z0d1&*"d1,d2+!"/01�+!d%,4d4"d �+d20"d&1d&+d/"�)c4,/)!d0,)21&,+0Ld�,/d1%�1Md)"1Z0d�002*"d4"
4,/(d#,/d�d*" %�+& �)d ,*-�+6d4%& %d-/,!2 "0d0,*"d-/,!2 10Ld�+d1%"d-/,!2 1d#� 1,/6M
1%"/"d&0d�d+""!d1,d ,+01�+1)6d*,+&1,/d "/1�&+d*� %&+"0Ld�%"d#� 1,/6d%�0d�)/"�!6d0"1d2-d1%"
0"+0,/0d4%& %d(""-d,+d0"+!&+$d1%"d1"*-"/�12/"d,#d1%"d*� %&+"0d�1d�d$&3"+d1&*"L

�,4d4"d4&))d�"d0"11&+$d2-d�d0601"*d1%�1d ,+01�+1)6d*,+&1,/0d1%"d1"*-"/�12/"d3�)2"d�+!
$"+"/�1"0d�+d�)"/1d&#d1%"d1"*-"/�12/"d"5 ""!0d�d "/1�&+d3�)2"L公
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"/"d4"d4&))d�"d20&+$d
�#(�d1,d ,))" 1d"3"+10d#/,*d0"+0,/0Ld�+d,/!"/d1,d4/&1"d�d��3�
�--)& �1&,+Md4"d#&/01d+""!d1,d /"�1"d�d��3"+d-/,'" 1d�+!d�!!d1%"d#,)),4&+$d!"-"+!"+ 6N

  <!--
https://mvnrepository.com/artifact/org.apache.flink/flink-cep-scala_2.11 -
->
    <dependency>
      <groupId>org.apache.flink</groupId>
      <artifactId>flink-cep-scala_2.11</artifactId>
      <version>1.1.4</version>
    </dependency>
    <!-- https://mvnrepository.com/artifact/org.apache.flink/flink-
streaming-java_2.11 -->
    <dependency>
      <groupId>org.apache.flink</groupId>
      <artifactId>flink-streaming-java_2.11</artifactId>
      <version>1.1.4</version>
    </dependency>
    <!-- https://mvnrepository.com/artifact/org.apache.flink/flink-
streaming-scala_2.11 -->
    <dependency>
      <groupId>org.apache.flink</groupId>
      <artifactId>flink-streaming-scala_2.11</artifactId>
      <version>1.1.4</version>
    </dependency>
    <dependency>
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      <groupId>org.apache.flink</groupId>
      <artifactId>flink-connector-kafka-0.9_2.11</artifactId>
      <version>1.1.4</version>
    </dependency>

�"51d4"d+""!d1,d!,d#,)),4&+$d1%&+$0d#,/d20&+$d
�#(�L

�&/01d4"d+""!d1,d!"#&+"d�d 201,*d
�#(�d!"0"/&�)&7"/Ld�%&0d4&))d/"�!d�61"0d#/,*d�d
�#(�d1,-& 
�+!d ,+3"/1d&1d&+1,dTemperatureEventLd�%"d#,)),4&+$d&0d1%"d ,!"d1,d!,d1%&0L

EventDeserializationSchema.javaN

package com.demo.chapter05;

import java.io.IOException;
import java.nio.charset.StandardCharsets;

import org.apache.flink.api.common.typeinfo.TypeInformation;
import org.apache.flink.api.java.typeutils.TypeExtractor;
import org.apache.flink.streaming.util.serialization.DeserializationSchema;

public class EventDeserializationSchema implements
DeserializationSchema<TemperatureEvent> {

  public TypeInformation<TemperatureEvent> getProducedType() {
    return TypeExtractor.getForClass(TemperatureEvent.class);
  }

  public TemperatureEvent deserialize(byte[] arg0) throws IOException {
    String str = new String(arg0, StandardCharsets.UTF_8);

    String[] parts = str.split("=");
    return new TemperatureEvent(parts[0], Double.parseDouble(parts[1]));
  }

  public boolean isEndOfStream(TemperatureEvent arg0) {
    return false;
  }

}

�"51d4"d /"�1"d1,-& 0d&+d
�#(�d �))"!dtemperatureN

bin/kafka-topics.sh --create --zookeeper localhost:2181 --replication-
factor 1 --partitions 1 --topic temperature
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�,4d4"d*,3"d1,d��3�d ,!"d4%& %d4,2)!d)&01"+d1,d1%"0"d"3"+10d&+d�)&+(d01/"�*0N

StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();

    Properties properties = new Properties();
    properties.setProperty("bootstrap.servers", "localhost:9092");
    properties.setProperty("group.id", "test");

DataStream<TemperatureEvent> inputEventStream = env.addSource(
        new FlinkKafkaConsumer09<TemperatureEvent>("temperature", new
EventDeserializationSchema(), properties));

�"51d4"d4&))d!"#&+"d1%"d-�11"/+d1,d %" (d&#d1%"d1"*-"/�12/"d&0d$/"�1"/d1%�+d26.0d!"$/""0
�")0&20d4&1%&+d10d0" ,+!0N

Pattern<TemperatureEvent, �> warningPattern = Pattern.<TemperatureEvent>
begin("first").subtype(TemperatureEvent.class).where(new
FilterFunction<TemperatureEvent>() {
          private static final long serialVersionUID = 1L;

          public boolean filter(TemperatureEvent value) {
            if (value.getTemperature() >= 26.0) {
              return true;
            }
            return false;
          }
        }).within(Time.seconds(10));

�"51d*�1 %d1%&0d-�11"/+d4&1%d1%"d01/"�*d,#d"3"+10d�+!d0")" 1d1%"d"3"+1Ld�"d4&))d�)0,d�!!d2-
1%"d�)"/1d*"00�$"0d&+1,d/"02)10d01/"�*d�0d0%,4+d%"/"N

DataStream<Alert> patternStream = CEP.pattern(inputEventStream,
warningPattern)
        .select(new PatternSelectFunction<TemperatureEvent, Alert>() {
          private static final long serialVersionUID = 1L;

          public Alert select(Map<String, TemperatureEvent> event) throws
Exception {

            return new Alert("Temperature Rise Detected:" +
event.get("first").getTemperature()
                + " on machine name:" +
event.get("first").getMachineName());
          }

});
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�+d,/!"/d1,d(+,4d4%�1d1%"d�)"/10d4"/"d$"+"/�1"!Md4"d4&))d-/&+1d1%"d/"02)10N

patternStream.print();

�+!d4"d"5" 21"d1%"d01/"�*N

env.execute("CEP on Temperature Sensor");

�,4d4"d�/"d�))d0"1d1,d"5" 21"d1%"d�--)& �1&,+Ld�0d�+!d4%"+d4"d$"1d*"00�$"0d&+d
�#(�
1,-& 0Md1%"d���d4&))d(""-d,+d"5" 21&+$L

�%"d� 12�)d"5" 21&,+d4&))d),,(0d)&("d1%"d#,)),4&+$Ld
"/"d&0d%,4d4"d �+d-/,3&!"d0�*-)"
&+-21N

xyz=21.0
xyz=30.0
LogShaft=29.3
Boiler=23.1
Boiler=24.2
Boiler=27.0
Boiler=29.0


"/"d&0d%,4d1%"d0�*-)"d,21-21d4&))d),,(d)&("N

Connected to JobManager at Actor[akka://flink/user/jobmanager_1#1010488393]
10/09/2016 18:15:55  Job execution switched to status RUNNING.
10/09/2016 18:15:55  Source: Custom Source(1/4) switched to SCHEDULED
10/09/2016 18:15:55  Source: Custom Source(1/4) switched to DEPLOYING
10/09/2016 18:15:55  Source: Custom Source(2/4) switched to SCHEDULED
10/09/2016 18:15:55  Source: Custom Source(2/4) switched to DEPLOYING
10/09/2016 18:15:55  Source: Custom Source(3/4) switched to SCHEDULED
10/09/2016 18:15:55  Source: Custom Source(3/4) switched to DEPLOYING
10/09/2016 18:15:55  Source: Custom Source(4/4) switched to SCHEDULED
10/09/2016 18:15:55  Source: Custom Source(4/4) switched to DEPLOYING
10/09/2016 18:15:55  CEPPatternOperator(1/1) switched to SCHEDULED
10/09/2016 18:15:55  CEPPatternOperator(1/1) switched to DEPLOYING
10/09/2016 18:15:55  Map -> Sink: Unnamed(1/4) switched to SCHEDULED
10/09/2016 18:15:55  Map -> Sink: Unnamed(1/4) switched to DEPLOYING
10/09/2016 18:15:55  Map -> Sink: Unnamed(2/4) switched to SCHEDULED
10/09/2016 18:15:55  Map -> Sink: Unnamed(2/4) switched to DEPLOYING
10/09/2016 18:15:55  Map -> Sink: Unnamed(3/4) switched to SCHEDULED
10/09/2016 18:15:55  Map -> Sink: Unnamed(3/4) switched to DEPLOYING
10/09/2016 18:15:55  Map -> Sink: Unnamed(4/4) switched to SCHEDULED
10/09/2016 18:15:55  Map -> Sink: Unnamed(4/4) switched to DEPLOYING
10/09/2016 18:15:55  Source: Custom Source(2/4) switched to RUNNING
10/09/2016 18:15:55  Source: Custom Source(3/4) switched to RUNNING
10/09/2016 18:15:55  Map -> Sink: Unnamed(1/4) switched to RUNNING
10/09/2016 18:15:55  Map -> Sink: Unnamed(2/4) switched to RUNNING
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10/09/2016 18:15:55  Map -> Sink: Unnamed(3/4) switched to RUNNING
10/09/2016 18:15:55  Source: Custom Source(4/4) switched to RUNNING
10/09/2016 18:15:55  Source: Custom Source(1/4) switched to RUNNING
10/09/2016 18:15:55  CEPPatternOperator(1/1) switched to RUNNING
10/09/2016 18:15:55  Map -> Sink: Unnamed(4/4) switched to RUNNING
1> Alert [message=Temperature Rise Detected:30.0 on machine name:xyz]
2> Alert [message=Temperature Rise Detected:29.3 on machine name:LogShaft]
3> Alert [message=Temperature Rise Detected:27.0 on machine name:Boiler]
4> Alert [message=Temperature Rise Detected:29.0 on machine name:Boiler]

�"d �+d�)0,d ,+#&$2/"d�d*�&)d )&"+1d�+!d20"d0,*"d"51"/+�)d4"�d%,,(d1,d0"+!d"c*�&)d,/
*"00"+$"/d+,1&#& �1&,+0L

�%"d ,!"d#,/d1%"d�--)& �1&,+d �+d�"d#,2+!d,+d	&1
2�N
https://github.com/deshpandetanmay/mastering-flinkL

6XPPDU\
�+d1%&0d %�-1"/Md4"d)"�/+1d��,21d���Ld�"d!&0 200"!d1%"d %�))"+$"0d&+3,)3"!d�+!d%,4d4"d �+
20"d1%"d�)&+(d���d)&�/�/6d1,d0,)3"d���d-/,�)"*0Ld�"d�)0,d)"�/+1d��,21d��11"/+d���d�+!d1%"
3�/&,20d,-"/�1,/0d4"d �+d20"d1,d!"#&+"d1%"d-�11"/+Ld�+d1%"d#&+�)d0" 1&,+Md4"d1/&"!d1,d ,++" 1
1%"d!,10d�+!d0""d,+"d ,*-)"1"d20"d �0"Ld�&1%d0,*"d %�+$"0Md1%&0d0"12-d �+d�"d20"!d�0d&1d&0
-/"0"+1d&+d3�/&,20d,1%"/d!,*�&+0d�0d4"))L

�+d1%"d+"51d %�-1"/Md4"d4&))d0""d%,4d1,d20"d�)&+(Z0d�2&)1c&+d�� %&+"d�"�/+&+$d)&�/�/6d1,d0,)3"
 ,*-)"5d-/,�)"*0L
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02--,/1"!d�)$,/&1%*0Md4%& %d �+d�"d20"!d1,d0,)3"d/"�)c)&#"d20"d �0"0Ld�%/,2$%,21d1%&0
 %�-1"/Md4"d4&))d),,(d�1d4%�1d�)$,/&1%*0d�/"d�3�&)��)"d&+d�)&+(��d�+!d%,4d1,d�--)6d1%"*L

�"#,/"d!&3&+$d!""-d&+1,d�)&+(��Md)"1d20d#&/01d1/6d1,d2+!"/01�+!d��0& d*� %&+"d)"�/+&+$
-/&+ &-)"0L

:KDW�LV�PDFKLQH�OHDUQLQJ"
�� %&+"d)"�/+&+$d&0d�d01/"�*d,#d"+$&+""/&+$d4%& %d20"0d*�1%"*�1& 0d1,d�)),4d*� %&+"0d1,
*�("d )�00&#& �1&,+0Md-/"!& 1&,+0Md/" ,**"+!�1&,+0Md�+!d0,d,+Md��0"!d,+d1%"d!�1�d-/,3&!"!
1,d1%"*Ld�%&0d�/"�d&0d3�01Md�+!d4"d ,2)!d0-"+!d6"�/0d!&0 200&+$d&1Ld�21d&+d,/!"/d1,d(""-d,2/
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�2-"/3&0"!d)"�/+&+$
�+02-"/3&0"!d)"�/+&+$
�"*&d02-"/3&0"!d)"�/+&+$

�%"d-/" "!&+$d!&�$/�*d0%,40d�d�/,�!d )�00&#& �1&,+d,#d*� %&+"d)"�/+&+$d�)$,/&1%*0Ld�,4
)"1Z0d!&0 200d1%"0"d&+d!"1�&)L

6XSHUYLVHG�OHDUQLQJ
�+d02-"/3&0"!d)"�/+&+$Md4"d�/"d$"+"/�))6d$&3"+d�+d&+-21d!�1�0"1Md4%& %d&0d�d%&01,/& �)d/" ,/!
,#d� 12�)d"3"+10Ld�"d�/"d�)0,d$&3"+d4%�1d1%"d"5-" 1"!d,21-21d0%,2)!d),,(d)&("Ld�0&+$d1%"
%&01,/& �)d!�1�Md4"d %,,0"d4%& %d#� 1,/0d ,+1/&�21"!d1,d1%"d/"02)10Ld�2 %d�11/&�21"0d�/"d �))"!
#"�12/"0Ld�0&+$d1%"d%&01,/& �)d!�1�Md4"d2+!"/01�+!d%,4d1%"d-/"3&,20d/"02)10d4"/"d �) 2)�1"!
�+!d�--)6d1%�1d0�*"d2+!"/01�+!&+$d1,d1%"d!�1�d,+d4%& %d4"d4�+1d1,d*�("d-/"!& 1&,+0L
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�+d/"$/"00&,+d-/,�)"*0Md4"d1/6d1,d-/"!& 1d/"02)10d20&+$d&+-210d#/,*d�d ,+1&+2,20d#2+ 1&,+L
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<!-- https://mvnrepository.com/artifact/org.apache.flink/flink-ml_2.11 -->
<dependency>
    <groupId>org.apache.flink</groupId>
    <artifactId>flink-ml_2.11</artifactId>
    <version>1.1.4</version>
</dependency>
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    csv2libsvm.py <input file> <output file> [<label index = 0>] [<skip
    headers = 0>]

�,4d)"1Z0d$"1d01�/1"!d4&1%d4/&1&+$d1%"d-/,$/�*N

package com.demo.chapter06

import org.apache.flink.api.scala._
import org.apache.flink.ml.math.Vector
import org.apache.flink.ml.common.LabeledVector
import org.apache.flink.ml.classification.SVM
import org.apache.flink.ml.RichExecutionEnvironment

object MySVMApp {
  def main(args: Array[String]) {
    // set up the execution environment
    val pathToTrainingFile: String = "iris-train.txt"
    val pathToTestingFile: String = "iris-train.txt"
    val env = ExecutionEnvironment.getExecutionEnvironment

    // Read the training dataset, from a LibSVM formatted file
    val trainingDS: DataSet[LabeledVector] =
    env.readLibSVM(pathToTrainingFile)

    // Create the SVM learner
    val svm = SVM()
      .setBlocks(10)

    // Learn the SVM model
    svm.fit(trainingDS)

    // Read the testing dataset
    val testingDS: DataSet[Vector] =
    env.readLibSVM(pathToTestingFile).map(_.vector)

    // Calculate the predictions for the testing dataset
    val predictionDS: DataSet[(Vector, Double)] =
    svm.predict(testingDS)
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    predictionDS.writeAsText("out")

    env.execute("Flink SVM App")
  }
}

�,Md+,4d4"d�/"d�))d0"1d1,d/2+d1%"d-/,$/�*Md�+!d6,2d4&))d1%"d0""d1%"d-/"!& 1"!d,21-21d&+d1%"
,21-21d#,)!"/L

�%"d#,)),4&+$d&0d1%"d ,!"N

(SparseVector((0,5.1), (1,3.5), (2,1.4), (3,0.2)),1.0)
(SparseVector((0,4.9), (1,3.0), (2,1.4), (3,0.2)),1.0)
(SparseVector((0,4.7), (1,3.2), (2,1.3), (3,0.2)),1.0)
(SparseVector((0,4.6), (1,3.1), (2,1.5), (3,0.2)),1.0)
(SparseVector((0,5.0), (1,3.6), (2,1.4), (3,0.2)),1.0)
(SparseVector((0,5.4), (1,3.9), (2,1.7), (3,0.4)),1.0)
(SparseVector((0,4.6), (1,3.4), (2,1.4), (3,0.3)),1.0)
(SparseVector((0,5.0), (1,3.4), (2,1.5), (3,0.2)),1.0)
(SparseVector((0,4.4), (1,2.9), (2,1.4), (3,0.2)),1.0)
(SparseVector((0,4.9), (1,3.1), (2,1.5), (3,0.1)),1.0)
(SparseVector((0,5.4), (1,3.7), (2,1.5), (3,0.2)),1.0)
(SparseVector((0,4.8), (1,3.4), (2,1.6), (3,0.2)),1.0)
(SparseVector((0,4.8), (1,3.0), (2,1.4), (3,0.1)),1.0)

�"d �+d�)0,d#&+"c12+"d1%"d/"02)10d�6d0"11&+$d3�/&,20d-�/�*"1"/0N
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Blocks �"10d1%"d+2*�"/d,#d�), (0d&+1,d4%& %d1%"d&+-21d!�1�d4&))d�"
0-)&1Ld�1d&0d&!"�)d1,d0"1d1%&0d+2*�"/d".2�)d1,d1%"d-�/�))")&0*d6,2
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Regularization �"10d1%"d/"$2)�/&7�1&,+d ,+01�+1d,#d1%"d�)$,/&1%*Ld�%"d%&$%"/
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StepSize �"#&+"0d1%"d&+&1&�)d01"-d0&7"d#,/d1%"d2-!�1"0d,#d4"&$%1d3" 1,/L
�%&0d3�)2"d+""!0d1,d�"d0"1d2-d&+d �0"d1%"d�)$,/&1%*d�" ,*"0
2+01��)"Ld�%"d!"#�2)1d3�)2"d&0d1.0L

ThresholdValue �"#&+"0d1%"d)&*&1&+$d3�)2"d#,/d1%"d!" &0&,+d#2+ 1&,+Ld�%"d!"#�2)1
3�)2"d&0d0.0L

OutputDecisionFunction �"11&+$d1%&0d1,d1/2"d4&))d/"12/+d1%"d%6-"/-)�+"d!&01�+ "d#,/d"� %
"5�*-)"Ld�"11&+$d&1d1,d#�)0"d4&))d/"12/+d1%"d�&+�/6d)��")L

Seed �"10d1%"d/�+!,*d),+$d&+1"$"/Ld�%&0d4&))d�"d20"!d1,d&+&1&�)&7"d1%"
/�+!,*d+2*�"/d$"+"/�1,/L
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%�3"diris-train.txtd�+!diris-test.txtd4%& %d�/"d ,+3"/1"!d&+1,d�&����d#,/*�1L

�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d���d �+d�"d20"!N

package com.demo.flink.ml

import org.apache.flink.api.scala._
import org.apache.flink.ml._
import org.apache.flink.ml.common.LabeledVector
import org.apache.flink.ml.math.DenseVector
import org.apache.flink.ml.math.Vector
import org.apache.flink.ml.preprocessing.Splitter
import org.apache.flink.ml.regression.MultipleLinearRegression
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object MLRJob {
  def main(args: Array[String]) {
    // set up the execution environment
    val env = ExecutionEnvironment.getExecutionEnvironment
    val trainingDataset = MLUtils.readLibSVM(env, "iris-train.txt")
    val testingDataset = MLUtils.readLibSVM(env, "iris-test.txt").map {
    lv => lv.vector }
    val mlr = MultipleLinearRegression()
      .setStepsize(1.0)
      .setIterations(5)
      .setConvergenceThreshold(0.001)

    mlr.fit(trainingDataset)

    // The fitted model can now be used to make predictions
    val predictions = mlr.predict(testingDataset)

    predictions.print()

  }
}

�%"d ,*-)"1"d ,!"d�+!d1%"d!�1�d#&)"0d�/"d�3�&)��)"d#,/d!,4+),�!d,+d
h t t p s ://g i t h u b . c o m /d e s h p a n d e t a n m a y /m a s t e r i n g - f l i n k /t r e e /m a s t e r /c h a p t e r 06Ld�"
 �+d�)0,d#&+"c12+"d1%"d/"02)10d�6d0"11&+$d3�/&,20d-�/�*"1"/0N

��.�)!0!. �!/�.%,0%+*

Iterations �"10d1%"d*�5&*2*d+2*�"/d,#d&1"/�1&,+0Ld�%"d!"#�2)1d3�)2"d&0d10L

Stepsize �%"d01"-d0&7"d,#d1%"d$/�!&"+1d!"0 "+1d*"1%,!Ld�%&0d3�)2"d ,+1/,)0
%,4d#�/d1%"d$/�!&"+1d!"0 "+1d*"1%,!d �+d*,3"d&+d1%"d,--,0&1"
!&/" 1&,+Ld�2+&+$d1%&0d-�/�*"1"/d&0d3"/6d&*-,/1�+1d1,d$"1d�"11"/
/"02)10Ld�%"d!"#�2)1d3�)2"d&0d0.1L

Convergencethreshold �%"d1%/"0%,)!d#,/d1%"d/")�1&3"d %�+$"d,#d1%"d02*d,#d0.2�/"!
/"0&!2�)0d2+1&)d1%"d&1"/�1&,+d&0d01,--"!Ld�%"d!"#�2)1d3�)2"d&0dNoneL

Learningratemethod dLearningratemethodd&0d20"!d1,d �) 2)�1"d1%"d)"�/+&+$d/�1"d,#
"� %d&1"/�1&,+L
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2SWLPL]DWLRQ�IUDPHZRUN
�-1&*&7�1&,+d#/�*"4,/(d&+d�)&+(d&0d�d!"3"),-"/c#/&"+!)6d-� (�$"d4%& %d �+d�"d20"!d1,
0,)3"d,-1&*&7�1&,+d-/,�)"*0Ld�%&0d&0d+,1d�d0-" &#& d�)$,/&1%*d1,d0,)3"d"5� 1d-/,�)"*0Md�21d&1
&0d1%"d��0&0d,#d"3"/6d*� %&+"d)"�/+&+$d-/,�)"*L

	"+"/�))6Md&1d&0d��,21d#&+!&+$d1%"d*,!")Md4&1%d�d0"1d,#d-�/�*"1"/0Md4&1%d�d*&+&*&7�1&,+
#2+ 1&,+Ld�)&+(��d02--,/10d�0+�$�/0%�`	.� %!*0`�!/�!*0dS�	�TMd4&1%d1%"d#,)),4&+$d16-"0
,#d/"$2)�/&7�1&,+0N

�!#1(�.%6�0%+*`"1*�0%+* �(�//`*�)!

�9d/"$2)�/&7�1&,+ GradientDescentL1

�:d/"$2)�/&7�1&,+ GradientDescentL2

�,d/"$2)�/&7�1&,+ SimpleGradient

d

�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d�	�d20&+$d�)&+(��N

// Create SGD solver
val sgd = GradientDescentL1()
  .setLossFunction(SquaredLoss())
  .setRegularizationConstant(0.2)
  .setIterations(100)
  .setLearningRate(0.01)
  .setLearningRateMethod(LearningRateMethod.Xu(-0.75))

// Obtain data
val trainingDS: DataSet[LabeledVector] = ...

// Optimize the weights, according to the provided data
val weightDS = sgd.optimize(trainingDS)

�"d �+d�)0,d20"d-�/�*"1"/0d1,d#&+"c12+"d1%"d�)$,/&1%*N

��.�)!0!. �!/�.%,0%+*

LossFunction �)&+(d02--,/10d1%"d#,)),4&+$d),00d#2+ 1&,+0N
• Squared Loss
• Hinged Loss
• Logistic Loss
• The default is None
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RegularizationConstant �%"d4"&$%1d,#d/"$2)�/&7�1&,+d1,d�"d�--)&"!Ld�%"d!"#�2)1d3�)2"d&0
0.1L

Iterations �%"d*�5&*2*d+2*�"/d,#d&1"/�1&,+0d1,d�"d-"/#,/*"!Ld�%"
!"#�2)1d&0d10L

ConvergenceThreshold �%"d1%/"0%,)!d#,/d/")�1&3"d %�+$"d,#d1%"d02*d,#d0.2�/"!
/"0&!2�)0d2+1&)d1%"d&1"/�1&,+d&0d01,--"!Ld�%"d!"#�2)1d3�)2"d&0
NoneL

LearningRateMethod �%&0d*"1%,!d&0d20"!d1,d �) 2)�1"d1%"d)"�/+&+$d/�1"d,#d"� %
&1"/�1&,+L

LearningRate �%&0d&0d1%"d&+&1&�)d)"�/+&+$d/�1"d#,/d1%"d$/�!&"+1d!"0 "+1d*"1%,!L

Decay �%"d!"#�2)1d3�)2"d&0d0.0L

5HFRPPHQGDWLRQV
�" ,**"+!�1&,+d"+$&+"0d�/"d,+"d,#d1%"d*,01d&+1"/"01&+$d�+!d%"�3&)6d20"!d*� %&+"
)"�/+&+$d1" %+&.2"0d1,d-/,3&!"d20"/c��0"!d�+!d&1"*c��0"!d/" ,**"+!�1&,+0Ld�c ,**"/ "
 ,*-�+&"0d02 %d�0d�*�7,+d20"d/" ,**"+!�1&,+d"+$&+"0d1,d-"/0,+�)&7"d/" ,**"+!�1&,+0
��0"!d,+d1%"d-2/ %�0&+$d-�11"/+0d�+!d/"3&"4d/�1&+$0d,#d&10d 201,*"/0L

�)&+(d�)0,d02--,/10d���c��0"!d/" ,**"+!�1&,+0Ld�"1Z0d),,(d�1d���d&+d*,/"d!"1�&)L

$OWHUQDWLQJ�/HDVW�6TXDUHV
�%"`�(0!.*�0%*#`�!�/0`�-1�.!/dS���Td�)$,/&1%*d#� 1,/&7"0d�d$&3"+d*�1/&5Md�Md&+1,d14,

#� 1,/0Md�d�+!d�Md02 %d1%�1dd

�+d,/!"/d1,d�"11"/d2+!"/01�+!d1%"d�--)& �1&,+d,#d1%&0d�)$,/&1%*Md)"1Z0d�002*"d1%�1d4"d%�3"d�
!�1�0"1d4%& %d ,+1�&+0d1%"d/�1&+$Md.Md-/,3&!"!d�6d20"/d1d#,/d�,,(d�L


"/"d&0d�d0�*-)"d!�1�d#,/*�1dSuser_idMdbook_idMdrating)N

1  10 1
1  11 2
1  12 5
1  13 5
1  14 5
1  15 4
1  16 5
1  17 1
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1  18 5
2  10 1
2  11 2
2  15 5
2  16 4.5
2  17 1
2  18 5
3  11 2.5
3  12 4.5
3  13 4
3  14 3
3  15 3.5
3  16 4.5
3  17 4
3  18 5
4  10 5
4  11 5
4  12 5
4  13 0
4  14 2
4  15 3
4  16 1
4  17 4
4  18 1

�,4d4"d �+d#""!d1%&0d&+#,/*�1&,+d1,d1%"d���d�)$,/&1%*d�+!d01�/1d$"11&+$d/" ,**"+!�1&,+0
#/,*d&1Ld�%"d#,)),4&+$d&0d�d ,!"d0+&--"1d#,/d20&+$d���N

package com.demo.chapter06

import org.apache.flink.api.scala._
import org.apache.flink.ml.recommendation._
import org.apache.flink.ml.common.ParameterMap

object MyALSApp {
  def main(args: Array[String]): Unit = {

    val env = ExecutionEnvironment.getExecutionEnvironment
    val inputDS: DataSet[(Int, Int, Double)] = env.readCsvFile[(Int,
    Int, Double)]("input.csv")

    // Setup the ALS learner
    val als = ALS()
      .setIterations(10)
      .setNumFactors(10)
      .setBlocks(100)
      .setTemporaryPath("tmp")
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    // Set the other parameters via a parameter map
    val parameters = ParameterMap()
      .add(ALS.Lambda, 0.9)
      .add(ALS.Seed, 42L)

    // Calculate the factorization
    als.fit(inputDS, parameters)

    // Read the testing dataset from a csv file
    val testingDS: DataSet[(Int, Int)] = env.readCsvFile[(Int, Int)]
    ("test-data.csv")

    // Calculate the ratings according to the matrix factorization
    val predictedRatings = als.predict(testingDS)

    predictedRatings.writeAsCsv("output")

    env.execute("Flink Recommendation App")
  }
}

�+ "d6,2d"5" 21"d1%"d�--)& �1&,+Md6,2Z))d$"1d1%"d/"02)10d�0d/" ,**"+!�1&,+0Ld�&("d4&1%
,1%"/d�)$,/&1%*0Md6,2d �+d#&+"c12+"d1%"d-�/�*"1"/0d1,d$"1d�"11"/d/"02)10N

��.�)!0!. �!/�.%,0%+*

NumFactors �%"d+2*�"/d,#d)�1"+1d#� 1,/0d1,d20"d#,/d1%"d2+!"/)6&+$d*,!")Ld�%"d!"#�2)1
3�)2"d&0d10L

Lambda �%&0d&0d�d/"$2)�/&7�1&,+d#� 1,/Od4"d �+d12+"d1%&0d-�/�*"1"/d#,/d�"11"/d/"02)10L
�%"d!"#�2)1d&0d1L

Iterations �%"d*�5&*2*d+2*�"/d,#d&1"/�1&,+0d1,d�"d-"/#,/*"!Ld�%"d!"#�2)1d&0d10L

Blocks �%"d+2*�"/d,#d�), (0d&+d4%& %d20"/d�+!d&1"*d*�1/&5d�/"d$/,2-"!Ld�%"
#"4"/d1%"d�), (0Md1%"d)"00d!�1�d&0d0"+1d/"!2+!�+1)6Ld�%"d!"#�2)1d3�)2"d&0
NoneL

Seed �%"d0""!d3�)2"d1,d&+&1&�1"d1%"d&1"*d*�1/&5d$"+"/�1,/Ld�%"d!"#�2)1d&0d0L

TemporaryPath �%&0d&0d�d-�1%d1,d�"d20"!d#,/d01,/&+$d&+1"/*"!&�1"d/"02)10L

8QVXSHUYLVHG�OHDUQLQJ
�,4d)"1Z0d1/6d1,d2+!"/01�+!d4%�1d�&+(��d,##"/0d#,/d2+02-"/3&0"!d)"�/+&+$Ld�,/d+,4Md&1
02--,/10d,+)6d,+"d�)$,/&1%*Md �))"!d1%"d(d�"�/"01d�"&$%�,/d',&+d�)$,/&1%*L
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N�1HDUHVW�1HLJKERXU�MRLQ
�%"d'`�!�.!/0`�!%#$�+.dS'��Td�)$,/&1%*d&0d!"0&$+"!d1,d#&+!d1%"d(d�"�/"01d�"&$%�,2/
#/,*d�d!�1�0"1d#,/d"3"/6d,�'" 1d&+d�+,1%"/d!�1�0"1Ld�1d&0d,+"d,#d1%"d*,01d4&!")6d20"!d0,)21&,+0
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import
org.apache.flink.api.common.operators.base.CrossOperatorBase.CrossHint
import org.apache.flink.api.scala._
import org.apache.flink.ml.nn.KNN
import org.apache.flink.ml.math.Vector
import org.apache.flink.ml.metrics.distances.SquaredEuclideanDistanceMetric

val env = ExecutionEnvironment.getExecutionEnvironment

// prepare data
val trainingSet: DataSet[Vector] = ...
val testingSet: DataSet[Vector] = ...

val knn = KNN()
  .setK(3)
  .setBlocks(10)
  .setDistanceMetric(SquaredEuclideanDistanceMetric())
  .setUseQuadTree(false)
  .setSizeHint(CrossHint.SECOND_IS_SMALL)

// run knn join
knn.fit(trainingSet)
val result = knn.predict(testingSet).collect()
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class MyDistance extends DistanceMetric {
  override def distance(a: Vector, b: Vector) = ... // your implementation
}

object MyDistance {
  def apply() = new MyDistance()
}

val myMetric = MyDistance()
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// A Simple Train-Test-Split
val dataTrainTest: TrainTestDataSet = Splitter.trainTestSplit(data, 0.6,
true)

�+d1%"d-/" "!&+$d"5�*-)"Md4"d�/"d0-)&11&+$d1%"d1/�&+&+$d!�1�0"1d&+1,d-,/1&,+0d,#d>8Bd�+!d<8B
,#d1%"d� 12�)d!�1�L

�%"/"d&0d�+,1%"/d*"1%,!d1,d#"1 %d�"11"/d/"02)10Md �))"!dTrainTestHoldoutd0-)&1Ld
"/"Md4"
20"d0,*"d-,/1&,+d,#d1%"d!�1�d#,/d1/�&+&+$Md0,*"d#,/d1"01&+$Md�+!d�+,1%"/d0"1d#,/d#&+�)d/"02)1
3�)&!�1&,+0Ld�%"d#,)),4&+$d0+&--"1d0%,40d%,4d1,d!,d&1N

// Create a train test holdout DataSet
val dataTrainTestHO: trainTestHoldoutDataSet =
Splitter.trainTestHoldoutSplit(data, Array(6.0, 3.0, 1.0))
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// Create an Array of K TrainTestDataSets
val dataKFolded: Array[TrainTestDataSet] =  Splitter.kFoldSplit(data, 10)

�"d �+d�)0,d20"d�1(0%`��* +)`�,(%0/Od%"/"d4"d �+d0-" &#6d%,4d*�+6d!�1�0"10d1,d /"�1"
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// create an array of 5 datasets of 1 of 50%, and 5 of 10% each
val dataMultiRandom: Array[DataSet[T]] = Splitter.multiRandomSplit(data,
Array(0.5, 0.1, 0.1, 0.1, 0.1))
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val polyFeatures = PolynomialFeatures()
      .setDegree(3)
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  val scaler = StandardScaler()
      .setMean(10.0)
      .setStd(2.0)
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scaler.fit(trainingDataset)
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val scaledDS = scaler.transform(trainingDataset)
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val minMaxscaler = MinMaxScaler()
.setMin(1.0)
.setMax(3.0)
minMaxscaler.fit(trainingDataset)
val scaledDS = minMaxscaler.transform(trainingDataset)
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// Create pipeline PolynomialFeatures -> MultipleLinearRegression
val pipeline = polyFeatures.chainPredictor(mlr)
// train the model
pipeline.fit(scaledDS)
// The fitted model can now be used to make predictions
val predictions = pipeline.predict(testingDataset)
predictions.print()
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<dependency>
    <groupId>org.apache.flink</groupId>
    <artifactId>flink-gelly_2.11</artifactId>
    <version>1.1.4</version>
</dependency>
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<dependency>
    <groupId>org.apache.flink</groupId>
    <artifactId>flink-gelly-scala_2.11</artifactId>
    <version>1.1.4</version>
</dependency>

�,4d)"1Z0d),,(d�1d3�/&,20d,-1&,+0d4"d%�3"d&+d,/!"/d1,d20"d	"))6d"##" 1&3")6L
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�+d	"))6Md�d$/�-%d&0d/"-/"0"+1"!d�0d!�1�0"1d,#d+,!"0d�+!d!�1�0"10d,#d"!$"0L

*UDSK�QRGHV
�d$/�-%d+,!"d&0d/"-/"0"+1"!d�6d�dVertexd!�1�d16-"Ld�dVertexd!�1�d16-"d ,+0&010d,#d�
2+&.2"d��d�+!d�+d,-1&,+�)d3�)2"Ld�d2+&.2"d��d0%,2)!d&*-)"*"+1d�d ,*-�/��)"d&+1"/#� "
�" �20"Md4%&)"d!,&+$d$/�-%d-/, "00&+$Md4"d ,*-�/"d1%"d+,!"0d�6d1%"&/d��0Ld�dVertexd �+
%�3"d�d3�)2"d,/d&1d �+d%�3"d�d+2))d3�)2"d�0d4"))Ld�d+2))c3�)2"!d3"/1"5d&0d!"#&+"!d�6d1%"d16-"M
NullValueL

�%"d#,)),4&+$d ,!"d0+&--"10d0%,4d%,4d1,d /"�1"d+,!"0N

�+d��3�N

// A vertex with a Long ID and a String value
Vertex<Long, String> v = new Vertex<Long, String>(1L, "foo");

// A vertex with a Long ID and no value
Vertex<Long, NullValue> v = new Vertex<Long, NullValue>(1L,
NullValue.getInstance());

�+d� �)�N

// A vertex with a Long ID and a String value
val v = new Vertex(1L, "foo")

// A vertex with a Long ID and no value
val v = new Vertex(1L, NullValue.getInstance())
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// Edge connecting Vertices with Ids 1 and 2 having weight 0.5

Edge<Long, Double> e = new Edge<Long, Double>(1L, 2L, 0.5);

Double weight = e.getValue(); // weight = 0.5

�+d� �)�N

// Edge connecting Vertices with Ids 1 and 2 having weight 0.5

val e = new Edge(1L, 2L, 0.5)

val weight = e.getValue // weight = 0.5

�+d	"))6Md�d$/�-%d&0d�)4�60d!&/" 1"!d#/,*d�d0,2/ "d1,d�d!"01&+�1&,+d3"/1"5Ld�+d,/!"/d1,d0%,4
�+d2+!&/" 1"!d$/�-%Md4"d0%,2)!d�!!d�+,1%"/d"!$"d/"-/"0"+1&+$d�d ,++" 1&,+d#/,*d1%"
!"01&+�1&,+d1,d1%"d0,2/ "d�+!d�� (L

�%"d#,)),4&+$d ,!"d0+&--"1d/"-/"0"+10d�d!&/" 1"!d$/�-%d&+d	"))6N

�+d��3�N

// A vertex with a Long ID and a String value
Vertex<Long, String> v1 = new Vertex<Long, String>(1L, "foo");

// A vertex with a Long ID and a String value
Vertex<Long, String> v2 = new Vertex<Long, String>(2L, "bar");

// Edge connecting Vertices with Ids 1 and 2 having weight 0.5

Edge<Long, Double> e = new Edge<Long, Double>(1L, 2L, 0.5);
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// A vertex with a Long ID and a String value
val v1 = new Vertex(1L, "foo")

// A vertex with a Long ID and a String value
val v2 = new Vertex(1L, "bar")

// Edge connecting Vertices with Ids 1 and 2 having weight 0.5

val e = new Edge(1L, 2L, 0.5)

�%"d#,)),4&+$d&0d&10d3&02�)d/"-/"0"+1�1&,+d#,/d1%"d0�*"N

�%"d#,)),4&+$d ,!"d0+&--"1d/"-/"0"+10d1%"d3"/1"5d�+!d"!$"d!"#&+&1&,+0d#,/d�+d2+!&/" 1"!
$/�-%d&+d	"))6N

�+d��3�N

// A vertex with a Long ID and a String value
Vertex<Long, String> v1 = new Vertex<Long, String>(1L, "foo");

// A vertex with a Long ID and a String value
Vertex<Long, String> v2 = new Vertex<Long, String>(2L, "bar");

// Edges connecting Vertices with Ids 1 and 2 having weight 0.5

Edge<Long, Double> e1 = new Edge<Long, Double>(1L, 2L, 0.5);

Edge<Long, Double> e2 = new Edge<Long, Double>(2L, 1L, 0.5);

�+d� �)�N

// A vertex with a Long ID and a String value
val v1 = new Vertex(1L, "foo")

// A vertex with a Long ID and a String value
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val v2 = new Vertex(1L, "bar")

// Edges connecting Vertices with Ids 1 and 2 having weight 0.5

val e1 = new Edge(1L, 2L, 0.5)

val e2 = new Edge(2L, 1L, 0.5)

�%"d#,)),4&+$d&0d&10d3&02�)d/"-/"0"+1�1&,+d#,/d1%"d0�*"N

*UDSK�FUHDWLRQ
�+d�)&+(d	"))6Md$/�-%0d �+d�"d /"�1"!d&+d*2)1&-)"d4�60Ld�%"d#,)),4&+$d�/"d0,*"d"5�*-)"0L

)URP�GDWDVHW�RI�HGJHV�DQG�YHUWLFHV
�%"d#,)),4&+$d ,!"d0+&--"10d/"-/"0"+1d%,4d4"d /"�1"d$/�-%0d20&+$d1%"d!�1�0"1d,#d"!$"0d�+!
,-1&,+�)d3"/1& "0N

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();

DataSet<Vertex<String, Long>> vertices = ...

DataSet<Edge<String, Double>> edges = ...

Graph<String, Long, Double> graph = Graph.fromDataSet(vertices, edges,
env);
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val env = ExecutionEnvironment.getExecutionEnvironment

val vertices: DataSet[Vertex[String, Long]] = ...

val edges: DataSet[Edge[String, Double]] = ...

val graph = Graph.fromDataSet(vertices, edges, env)

)URP�GDWDVHW�RI�WXSOHV�UHSUHVHQWLQJ�HGJHV
�%"d#,)),4&+$d ,!"d0+&--"10d/"-/"0"+1d%,4d4"d /"�1"d$/�-%0d20&+$d1%"d!�1�0"1d,#d�2-)":
/"-/"0"+1&+$d"!$"0Ld
"/"d	"))6d�21,*�1& �))6d ,+3"/10d�2-)":d&+1,d"!$"0d%�3&+$d0,2/ "d�+!
!"01&+�1&,+d3"/1& "0d��0d�+!d+2))d3�)2"L

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();

DataSet<Tuple2<String, String>> edges = ...

Graph<String, NullValue, NullValue> graph = Graph.fromTuple2DataSet(edges,
env);

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment

val edges: DataSet[(String, String)] = ...

val graph = Graph.fromTuple2DataSet(edges, env)

�%"d#,)),4&+$d ,!"d0+&--"10d/"-/"0"+1d%,4d4"d /"�1"d$/�-%0d20&+$d1%"d!�1�0"1d,#d�2-)";
/"-/"0"+1&+$d"!$"0Ld
"/"d3"/1& "0d�/"d/"-/"0"+1"!d20&+$d�2-)":d4%&)"d"!$"d20&+$d�2-)";d�/"
/"-/"0"+1"!d4&1%d&+#,/*�1&,+d��,21d0,2/ "Md!"01&+�1&,+d3"/1"5Md�+!d4"&$%1Ld�"d �+d�)0,
/"�!d1%"d0"1d,#d3�)2"0d#/,*d���d#&)"0N

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();

DataSet<Tuple2<String, Long>> vertexTuples =
env.readCsvFile("path/to/vertex/input.csv").types(String.class,
Long.class);
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DataSet<Tuple3<String, String, Double>> edgeTuples =
env.readCsvFile("path/to/edge/input.csv").types(String.class, String.class,
Double.class);

Graph<String, Long, Double> graph = Graph.fromTupleDataSet(vertexTuples,
edgeTuples, env);

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment

val vertexTuples = env.readCsvFile[String,
Long]("path/to/vertex/input.csv")

val edgeTuples = env.readCsvFile[String, String,
Double]("path/to/edge/input.csv")

val graph = Graph.fromTupleDataSet(vertexTuples, edgeTuples, env)

)URP�&69�ILOHV
�%"d#,)),4&+$d ,!"d0+&--"10d/"-/"0"+1d%,4d4"d /"�1"d$/�-%0d20&+$d1%"d���d#&)"d/"�!"/Ld���
#&)"0d0%,2)!d%�3"d!�1�d/"-/"0"+1"!d&+d1%"d#,/*d3"/1& "0d�+!d"!$"0L

�%"d#,)),4&+$d ,!"d0+&--"1d /"�1"0d�d$/�-%d#/,*d���d#&)"0d,#d1%"d#,/*�1Md0,2/ "Md1�/$"1M
4"&$%1Md#,/d"!$"0d�+!d��Md+�*"d#,/d3"/1& "0N

val env = ExecutionEnvironment.getExecutionEnvironment

// create a Graph with String Vertex IDs, Long Vertex values and Double
Edge values
val graph = Graph.fromCsvReader[String, Long, Double](
    pathVertices = "path/to/vertex/input.csv",
    pathEdges = "path/to/edge/input.csv",
    env = env)

�"d �+d20"d�d3"/1"5d3�)2"d&+&1&�)&7"/d�0d4"))d�6d!"#&+&+$d�dmapd#2+ 1&,+d4%&)"d /"�1&+$d1%"
$/�-%N

val simpleGraph = Graph.fromCsvReader[Long, Double, NullValue](
        pathEdges = "path/to/edge/input.csv",
        vertexValueInitializer = new MapFunction[Long, Double]() {
            def map(id: Long): Double = {
                id.toDouble
            }
        },
        env = env)
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)URP�FROOHFWLRQ�OLVWV
�"d �+d�)0,d /"�1"d$/�-%0d#/,*d�d ,))" 1&,+d,#d)&01Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,4d%,4
4"d /"�1"d$/�-%0d#/,*d�d)&01d,#d"!$"0d�+!d3"/1& "0N

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();

List<Vertex<Long, Long>> vertexList = new ArrayList...

List<Edge<Long, String>> edgeList = new ArrayList...

Graph<Long, Long, String> graph = Graph.fromCollection(vertexList,
edgeList, env);

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment

val vertexList = List(...)

val edgeList = List(...)

val graph = Graph.fromCollection(vertexList, edgeList, env)

�#d+,d3"/1"5d&+-21d&0d-/,3&!"!Md1%"+d4"d �+d1%&+(d,#d-/,3&!&+$d�dmapd&+&1&�)&7�1&,+d#2+ 1&,+
�0d0%,4+d%"/"N

val env = ExecutionEnvironment.getExecutionEnvironment

// initialize the vertex value to be equal to the vertex ID
val graph = Graph.fromCollection(edgeList,
    new MapFunction[Long, Long] {
       def map(id: Long): Long = id
    }, env)

d
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*UDSK�SURSHUWLHV
�%"d#,)),4&+$d1��)"d0%,40d1%"d0"1d,#d*"1%,!0d�3�&)��)"d1,d/"1/&"3"d$/�-%d-/,-"/1&"0N

�.+,!.05 �*`��2� �*`���(�

getVerticesd!�1�0"1 DataSet<Vertex<K, VV>>
getVertices()

getVertices:
DataSet[Vertex[K, VV]]

getEdgesd!�1�0"1 DataSet<Edge<K, EV>>
getEdges()

getEdges:
DataSet[Edge[K, EV]]

getVertexIds DataSet<K>
getVertexIds()

getVertexIds:
DataSet[K]

getEdgeIds DataSet<Tuple2<K, K>>
getEdgeIds()

getEdgeIds:
DataSet[(K, K)]

	"1d!�1�0"1d,#d3"/1"5d��0d�+!
inDegreesd#,/d�))d3"/1& "0

DataSet<Tuple2<K,
LongValue>> inDegrees()

inDegrees: DataSet[(K,
LongValue)]

	"1d!�1�0"1d,#d3"/1"5d��0d�+!
outDegreesd#,/d�))d3"/1& "0

DataSet<Tuple2<K,
LongValue>>
outDegrees()

outDegrees:
DataSet[(K,
LongValue)]

	"1d!�1�0"1d,#d3"/1"5d��0d�+!
&+MdgetDegreed#,/d�))d3"/1& "0

DataSet<Tuple2<K,
LongValue>>
getDegrees()

getDegrees:
DataSet[(K,
LongValue)]

	"1dnumberOfVertices long numberOfVertices() numberOfVertices: Long

	"1dnumberOfEdges long numberOfEdges() numberOfEdges: Long

getTripletsd-/,3&!"0
1/&-)"10d ,+0&01&+$d,#d0,2/ "
3"/1"5Md1�/$"1d3"/1"5d�+!d1%"
"!$"

DataSet<Triplet<K, VV,
EV>> getTriplets()

getTriplets:
DataSet[Triplet[K, VV,
EV]]

*UDSK�WUDQVIRUPDWLRQV
	"))6d-/,3&!"0d3�/&,20d1/�+0#,/*�1&,+d,-"/�1&,+0d4%& %d%")-0d1/�+0#,/*&+$d$/�-%0d#/,*
,+"d#,/*d1,d�+,1%"/Ld�%"d#,)),4&+$d�/"d0,*"d1/�+0#,/*�1&,+0d4"d �+d!,d�6d20&+$d	"))6L
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0DS
	"))6d-/,3&!"0d*�-d1/�+0#,/*�1&,+0d4%& %d(""-0d1%"d3"/1& "0d�+!d"!$"d��0d&+1� 1d�+!
1/�+0#,/*0d1%"d3�)2"0d�0d-"/d$&3"+d&+d1%"d#2+ 1&,+Ld�%&0d,-"/�1&,+d�)4�60d/"12/+0d�d+"4
$/�-%Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d&1L

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();
Graph<Long, Long, Long> graph = Graph.fromDataSet(vertices, edges, env);

// increment each vertex value by 5
Graph<Long, Long, Long> updatedGraph = graph.mapVertices(
        new MapFunction<Vertex<Long, Long>, Long>() {
          public Long map(Vertex<Long, Long> value) {
            return value.getValue() + 5;
          }
        });

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment
val graph = Graph.fromDataSet(vertices, edges, env)

// increment each vertex value by 5
val updatedGraph = graph.mapVertices(v => v.getValue + 5)

7UDQVODWH
�/�+0)�1"d&0d�d0-" &�)d#2+ 1&,+d1%�1d�)),40d1/�+0)�1&+$d3"/1"5d��0Md3"/1"5d3�)2"0Md"!$"d��0M
�+!d0,d,+Ld�/�+0)�1&,+d&0d-"/#,/*"!d20&+$d�d 201,*d*�-d#2+ 1&,+d-/,3&!"!d�6d1%"d20"/Ld�%"
#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d4"d20"d1%"d1/�+0)�1"d#2+ 1&,+L

�+d��3�N

// translate each vertex and edge ID to a String
Graph<String, Long, Long> updatedGraph = graph.translateGraphIds(
        new MapFunction<Long, String>() {
          public String map(Long id) {
            return id.toString();
          }
        });

// translate vertex IDs, edge IDs, vertex values, and edge values to
LongValue
Graph<LongValue, LongValue, LongValue> updatedGraph = graph
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                .translateGraphIds(new LongToLongValue())
                .translateVertexValues(new LongToLongValue())
                .translateEdgeValues(new LongToLongValue())

�+d� �)�N

// translate each vertex and edge ID to a String
val updatedGraph = graph.translateGraphIds(id => id.toString)

)LOWHU
FilterFunctiond �+d�"d20"!d1,d#&)1"/d,21d3"/1& "0d�+!d"!$"0d��0"!d,+d "/1�&+d ,+!&1&,+0L
filterOnEdgesd4&))d /"�1"d�d02�c$/�-%d,#d1%"d,/&$&+�)d,+"Ld�+d1%&0d,-"/�1&,+Md1%"d3"/1& "0
!�1�0"1d/"*�&+0d2+ %�+$"!Ld�&*&)�/)6MdfilterOnVerticesd�--)&"0d1%"d#&)1"/d,+d3"/1& "0
3�)2"0Ld�+d1%&0d �0"Md"!$"0d1%�1d!,d+,1d#&+!d1�/$"1d+,!"0d�/"d/"*,3"!Ld�%"d#,)),4&+$d ,!"
0+&--"1d0%,40d%,4d4"d20"dFilterFunctiond&+d	"))6L

�+d��3�N

Graph<Long, Long, Long> graph = ...

graph.subgraph(
    new FilterFunction<Vertex<Long, Long>>() {
           public boolean filter(Vertex<Long, Long> vertex) {
          // keep only vertices with positive values
          return (vertex.getValue() > 2);
         }
       },
    new FilterFunction<Edge<Long, Long>>() {
        public boolean filter(Edge<Long, Long> edge) {
          // keep only edges with negative values
          return (edge.getTarget() == 3);
        }
    })

�+d� �)�N

val graph: Graph[Long, Long, Long] = ...
graph.subgraph((vertex => vertex.getValue > 2), (edge => edge.getTarget ==
3))
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�%"d#,)),4&+$d&0d�d$/�-%& �)d/"-/"0"+1�1&,+d,#d1%"d-/" "!&+$d ,!"N

�&*&)�/)6Md1%"d#,)),4&+$d!&�$/�*d0%,40dfilterOnEdgesN

-RLQ
�%"djoind,-"/�1&,+d%")-0d&+d',&+&+$d3"/1& "0d�+!d"!$"d!�1�0"10d4&1%d,1%"/d!�1�0"10Ld�%"
joinWithVerticesd*"1%,!d',&+0d4&1%d3"/1"5d��0d�+!d1%"d#&/01d#&")!d,#d�2-)":Ld�%"djoin
*"1%,!d/"12/+0d�d+"4d$/�-%Ld�&*&)�/)6Md&+-21d!�1�0"10d �+d�"d',&+"!d4&1%d"!$"0Ld�%"/"d�/"
1%/""d4�60d4"d �+d',&+d"!$"0N

joinWithEdgesNd�,&+0d$/�-%0d4&1%d1%"d�2-)";d!�1�0"1d,+d ,*-,0&1"d("60d,#d�,1%
0,2/ "d�+!d1�/$"1d3"/1"5d��0
joinWithEdgeOnSourceNd�,&+0d4&1%d1%"d�2-)":d!�1�0"1d,+d1%"d0,2/ "d("6d�+!
#&/01d�11/&�21"d,#d1%"d�2-)":d!�1�0"1
joinWithEdgeOnTargetNd�,&+0d4&1%d1%"d�2-)":d!�1�0"1d,+d1%"d1�/$"1d("6d�+!
#&/01d�11/&�21"d,#d1%"d�2-)":d!�1�0"1
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�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d',&+0d&+d	"))6N

�+d��3�N

Graph<Long, Double, Double> network = ...

DataSet<Tuple2<Long, LongValue>> vertexOutDegrees = network.outDegrees();

// assign the transition probabilities as the edge weights
Graph<Long, Double, Double> networkWithWeights =
network.joinWithEdgesOnSource(vertexOutDegrees,
        new VertexJoinFunction<Double, LongValue>() {
          public Double vertexJoin(Double vertexValue, LongValue
inputValue) {
            return vertexValue / inputValue.getValue();
          }
        });

�+d� �)�N

val network: Graph[Long, Double, Double] = ...

val vertexOutDegrees: DataSet[(Long, LongValue)] = network.outDegrees
// assign the transition probabilities as the edge weights

val networkWithWeights = network.joinWithEdgesOnSource(vertexOutDegrees,
(v1: Double, v2: LongValue) => v1 / v2.getValue)

5HYHUVH
�%"dreversed*"1%,!d/"12/+0d�d$/�-%d4&1%d"!$"d!&/" 1&,+d/"3"/1"!L

�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d1%"d0�*"N

�+d��3�N

Graph<Long, Double, Double> network = ...;
Graph<Long, Double, Double> networkReverse  = network.reverse();

�+d� �)�N

val network: Graph[Long, Double, Double] = ...
val networkReversed: Graph[Long, Double, Double] = network.reverse
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�%"dundirectedd*"1%,!d/"12/+0d�d+"4d$/�-%d4&1%d�!!&1&,+�)d"!$"0d,--,0&1"d1,d1%"
,/&$&+�)d,+"0L

�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d1%"d0�*"N

�+d��3�N

Graph<Long, Double, Double> network = ...;
Graph<Long, Double, Double> networkUD  = network.undirected();

�+d� �)�N

val network: Graph[Long, Double, Double] = ...
val networkUD: Graph[Long, Double, Double] = network.undirected

8QLRQ
�%"duniond,-"/�1&,+d/"12/+0d�d$/�-%d ,*�&+&+$d3"/1& "0d�+!d"!$"0d,#d14,d$/�-%0Ld�1d',&+0
1%"d3"/1& "0d,+d3"/1"5d��0Ld�2-)& �1"d3"/1& "0d�/"d/"*,3"!d4%&)"d"!$"0d�/"d-/"0"/3"!L

�%"d#,)),4&+$d&0d�d$/�-%& �)d/"-/"0"+1�1&,+d,#d1%"duniond,-"/�1&,+N
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�%"dintersectd*"1%,!d-"/#,/*0d1%"d&+1"/0" 1&,+d,#d"!$"0d#/,*d$&3"+d$/�-%d!�1�0"10Ld�4,
"!$"0d�/"d ,+0&!"/"!d".2�)d&#d1%"6d%�3"d1%"d0�*"d0,2/ "d�+!d1�/$"1d3"/1& "0Ld�%"d*"1%,!
�)0,d ,+1�&+0d!&01&+ 1d-�/�*"1"/Od&#d0"1d1,dtrueMd&1d,+)6d/"12/+0d!&01&+ 1d$/�-%0Ld�%"d#,)),4&+$
�/"d0,*"d ,!"d0+&--"10d0%,4d �0&+$d1%"dintersectd*"1%,!d20�$"L

�+d��3�N

ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironment();

// create first graph from edges {(1, 2, 10) (1, 2, 11), (1, 2, 10)}
List<Edge<Long, Long>> edges1 = ...
Graph<Long, NullValue, Long> graph1 = Graph.fromCollection(edges1, env);

// create second graph from edges {(1, 2, 10)}
List<Edge<Long, Long>> edges2 = ...
Graph<Long, NullValue, Long> graph2 = Graph.fromCollection(edges2, env);

// Using distinct = true results in {(1,2,10)}
Graph<Long, NullValue, Long> intersect1 = graph1.intersect(graph2, true);

// Using distinct = false results in {(1,2,10),(1,2,10)} as there is one
edge pair
Graph<Long, NullValue, Long> intersect2 = graph1.intersect(graph2, false);

�+d� �)�N

val env = ExecutionEnvironment.getExecutionEnvironment

// create first graph from edges {(1, 2, 10) (1, 2, 11), (1, 2, 10)}
val edges1: List[Edge[Long, Long]] = ...
val graph1 = Graph.fromCollection(edges1, env)

// create second graph from edges {(1, 2, 10)}
val edges2: List[Edge[Long, Long]] = ...
val graph2 = Graph.fromCollection(edges2, env)

// Using distinct = true results in {(1,2,10)}
val intersect1 = graph1.intersect(graph2, true)

// Using distinct = false results in {(1,2,10),(1,2,10)} as there is one
edge pair
val intersect2 = graph1.intersect(graph2, false)
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*UDSK�PXWDWLRQV
	"))6d-/,3&!"0d*"1%,!0d1,d�!!`/"*,3"d"!$"0d�+!d3"/1& "0d1,d"5&01&+$d$/�-%0Ld�"1Z0d1/6d1,
2+!"/01�+!d1%"0"d*21�1&,+0d,+"d�6d,+"L

�10�0%+* �*`��2� �*`���(�

�!!
3"/1"5L

Graph<K, VV, EV>
addVertex(final Vertex<K, VV>
vertex)

addVertex(vertex: Vertex[K, VV])

�!!d)&01d,#
3"/1& "0L

Graph<K, VV, EV>
addVertices(List<Vertex<K,
VV>> verticesToAdd)

addVertices(verticesToAdd:
List[Vertex[K, VV]])

�!!d"!$"0
1,d1%"
$/�-%L
�%&0d�!!0
+"4d"!$"0
�+!
3"/1& "0d&#
1%"6d!,+Z1
"5&01
�)/"�!6L

Graph<K, VV, EV>
addEdge(Vertex<K, VV> source,
Vertex<K, VV> target, EV
edgeValue)

addEdge(source: Vertex[K, VV],
target: Vertex[K, VV], edgeValue:
EV)

�!!
"!$"0Md&#
3"/1& "0d!,
+,1d"5&01
1%"+d1%"
"!$"d&0
 ,+0&!"/"!
&+3�)&!L

Graph<K, VV, EV>
addEdges(List<Edge<K, EV>>
newEdges)

addEdges(edges: List[Edge[K, EV]])

�"*,3"
3"/1"5M
/"*,3"0
"!$"0d�+!
3"/1& "0
#/,*d1%"
$&3"+
$/�-%L

Graph<K, VV, EV>
removeVertex(Vertex<K, VV>
vertex)

removeVertex(vertex: Vertex[K, VV])
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�"*,3"
*2)1&-)"
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Graph<K, VV, EV>
removeVertices(List<Vertex<K,
VV>> verticesToBeRemoved)

removeVertices(verticesToBeRemoved:
List[Vertex[K, VV]])

�"*,3"0
�))d"!$"0
1%�1d*�1 %
1%"d$&3"+
"!$"L

Graph<K, VV, EV>
removeEdge(Edge<K, EV> edge)

removeEdge(edge: Edge[K, EV])

�"*,3"0
"!$"0d1%�1
*�1 %d1%"
$&3"+d)&01
,#d"!$"0L

Graph<K, VV, EV>
removeEdges(List<Edge<K, EV>>
edgesToBeRemoved)

removeEdges(edgesToBeRemoved:
List[Edge[K, EV]])
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Graph<Long, Long, Double> graph = ...

DataSet<Tuple2<Long, Double>> maxWeights = graph.reduceOnEdges(new
SelectMaxWeight(), EdgeDirection.OUT);

// user-defined function to select the max weight
static final class SelectMaxWeight implements ReduceEdgesFunction<Double> {

    @Override
    public Double reduceEdges(Double firstEdgeValue, Double
secondEdgeValue) {
      return Math.max(firstEdgeValue, secondEdgeValue);
    }
}

�+d� �)�N

val graph: Graph[Long, Long, Double] = ...

val minWeights = graph.reduceOnEdges(new SelectMaxWeight,
EdgeDirection.OUT)

// user-defined function to select the max weight
final class SelectMaxWeight extends ReduceEdgesFunction[Double] {
  override def reduceEdges(firstEdgeValue: Double, secondEdgeValue:
Double): Double = {
    Math.max(firstEdgeValue, secondEdgeValue)
  }
 }
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Graph<Long, Long, Double> graph = ...

DataSet<Tuple2<Long, Long>> verticesWithSum = graph.reduceOnNeighbors(new
SumValues(), EdgeDirection.IN);

static final class SumValues implements ReduceNeighborsFunction<Long> {

        @Override
        public Long reduceNeighbors(Long firstNeighbor, Long
secondNeighbor) {
          return firstNeighbor + secondNeighbor;
      }
}

�+d� �)�N

val graph: Graph[Long, Long, Double] = ...

val verticesWithSum = graph.reduceOnNeighbors(new SumValues,
EdgeDirection.IN)

final class SumValues extends ReduceNeighborsFunction[Long] {
     override def reduceNeighbors(firstNeighbor: Long, secondNeighbor:
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Long): Long = {
      firstNeighbor + secondNeighbor
    }
}
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Graph<Long, Long, Long> graph = Graph.fromCollection(vertices, edges, env);

// Returns false for invalid vertex id.
graph.validate(new InvalidVertexIdsValidator<Long, Long, Long>());

�+d� �)�N

val graph = Graph.fromCollection(vertices, edges, env)

// Returns false for invalid vertex id.
graph.validate(new InvalidVertexIdsValidator[Long, Long, Long])
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// maximum number of iterations
int maxIterations = 5;

// Run vertex-centric iteration
Graph<Long, Double, Double> result = graph.runVertexCentricIteration(
            new SSSPComputeFunction(), new SSSPCombiner(), maxIterations);

// Extract the vertices as the result
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DataSet<Vertex<Long, Double>> singleSourceShortestPaths =
result.getVertices();

//User defined compute function to minimize the distance between //the
vertices

public static final class SSSPComputeFunction extends ComputeFunction<Long,
Double, Double, Double> {

public void compute(Vertex<Long, Double> vertex, MessageIterator<Double>
messages) {

    double minDistance = (vertex.getId().equals(srcId)) � 0d :
Double.POSITIVE_INFINITY;

    for (Double msg : messages) {
        minDistance = Math.min(minDistance, msg);
    }

    if (minDistance < vertex.getValue()) {
        setNewVertexValue(minDistance);
        for (Edge<Long, Double> e: getEdges()) {
            sendMessageTo(e.getTarget(), minDistance + e.getValue());
        }
    }
}

// message combiner helps in optimizing the communications
public static final class SSSPCombiner extends MessageCombiner<Long,
Double> {

    public void combineMessages(MessageIterator<Double> messages) {

        double minMessage = Double.POSITIVE_INFINITY;
        for (Double msg: messages) {
           minMessage = Math.min(minMessage, msg);
        }
        sendCombinedMessage(minMessage);
    }
}

�+d� �)�N

// maximum number of iterations
val maxIterations = 5

// Run the vertex-centric iteration
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val result = graph.runVertexCentricIteration(new SSSPComputeFunction, new
SSSPCombiner, maxIterations)

// Extract the vertices as the result
val singleSourceShortestPaths = result.getVertices

//User defined compute function to minimize the distance between //the
vertices

final class SSSPComputeFunction extends ComputeFunction[Long, Double,
Double, Double] {

    override def compute(vertex: Vertex[Long, Double], messages:
    MessageIterator[Double]) = {

    var minDistance = if (vertex.getId.equals(srcId)) 0 else
    Double.MaxValue

    while (messages.hasNext) {
        val msg = messages.next
        if (msg < minDistance) {
            minDistance = msg
        }
    }

    if (vertex.getValue > minDistance) {
        setNewVertexValue(minDistance)
        for (edge: Edge[Long, Double] <- getEdges) {
            sendMessageTo(edge.getTarget, vertex.getValue +
            edge.getValue)
        }
    }
}

// message combiner helps in optimizing the communications
final class SSSPCombiner extends MessageCombiner[Long, Double] {

    override def combineMessages(messages: MessageIterator[Double]) {

        var minDistance = Double.MaxValue

        while (messages.hasNext) {
          val msg = inMessages.next
          if (msg < minDistance) {
            minDistance = msg
          }
        }
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        sendCombinedMessage(minMessage)
    }
}
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	�0$!.Nd	�1%"/d2-!�1"0d1%"d3"/1"5d3�)2"d#/,*d1%"d*"00�$"0d&1d/" "&3"!
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#2+ 1&,+0d1,d*�("d20"d,#d1%"0"d&1"/�1&,+0LdScatterFunctiond-/,!2 "0d*"00�$"0d#,/d1%"d/"01
,#d1%"d3"/1& "0d4%&)"dGatherFunctiond ,*-21"0d1%"d2-!�1"!d3�)2"d#,/d1%"d3"/1"5d��0"!d,+
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// maximum number of iterations
int maxIterations = 5;

// Run the scatter-gather iteration
Graph<Long, Double, Double> result = graph.runScatterGatherIteration(
      new MinDistanceMessenger(), new VertexDistanceUpdater(),
maxIterations);

// Extract the vertices as the result
DataSet<Vertex<Long, Double>> singleSourceShortestPaths =
result.getVertices();

// Scatter Gather function definition

// Through scatter function, we send distances from each vertex
public static final class MinDistanceMessenger extends
ScatterFunction<Long, Double, Double, Double> {

  public void sendMessages(Vertex<Long, Double> vertex) {
    for (Edge<Long, Double> edge : getEdges()) {
      sendMessageTo(edge.getTarget(), vertex.getValue() + edge.getValue());
    }
  }
}

// In gather function, we gather messages sent in previous //superstep to
find out the minimum distance.
public static final class VertexDistanceUpdater extends
GatherFunction<Long, Double, Double> {

  public void updateVertex(Vertex<Long, Double> vertex,
MessageIterator<Double> inMessages) {
    Double minDistance = Double.MAX_VALUE;

    for (double msg : inMessages) {
      if (msg < minDistance) {
        minDistance = msg;
      }
    }

    if (vertex.getValue() > minDistance) {
      setNewVertexValue(minDistance);
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    }
  }
}

�+d� �)�N

// maximum number of iterations
val maxIterations = 5

// Run the scatter-gather iteration
val result = graph.runScatterGatherIteration(new MinDistanceMessenger, new
VertexDistanceUpdater, maxIterations)

// Extract the vertices as the result
val singleSourceShortestPaths = result.getVertices

// Scatter Gather definitions

// Through scatter function, we send distances from each vertex
final class MinDistanceMessenger extends ScatterFunction[Long, Double,
Double, Double] {

  override def sendMessages(vertex: Vertex[Long, Double]) = {
    for (edge: Edge[Long, Double] <- getEdges) {
      sendMessageTo(edge.getTarget, vertex.getValue + edge.getValue)
    }
  }
}

// In gather function, we gather messages sent in previous //superstep to
find out the minimum distance.
final class VertexDistanceUpdater extends GatherFunction[Long, Double,
Double] {

  override def updateVertex(vertex: Vertex[Long, Double], inMessages:
MessageIterator[Double]) = {
    var minDistance = Double.MaxValue

    while (inMessages.hasNext) {
      val msg = inMessages.next
      if (msg < minDistance) {
      minDistance = msg
      }
    }

    if (vertex.getValue > minDistance) {
      setNewVertexValue(minDistance)
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    }
  }
}

�"d �+d ,+#&$2/"d� �11"/c	�1%"/d&1"/�1&,+0d20&+$d1%"d#,)),4&+$d-�/�*"1"/0N

��.�)!0!. �!/�.%,0%+*

��*"NdsetName() �"10d1%"d+�*"d,#d0 �11"/c$�1%"/
&1"/�1&,+Ld��+d�"d0""+d&+d),$0L

��/�))")&0*NdsetParallelism() �"10d1%"d-�/�))")&0*d#,/d-�/�))")
"5" 21&,+L

�/,�! �01d3�/&��)"0NdaddBroadcastSet() �!!0d�/,�! �01d3�/&��)"0d1,d1%"
 ,*-21�1&,+d#2+ 1&,+L

�$$/"$�1,/NdregisterAggregator() �"$&01"/0d1%"d 201,*d!"#&+"!
�$$/"$�1,/d#2+ 1&,+d1,d�"d20"!d�6
1%"d ,*-21�1&,+d#2+ 1&,+L
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setSolutionSetUnmanagedMemory()

�"#&+"0d4%"1%"/d1%"d0,)21&,+d0"1d&0
("-1d&+d*�+�$"!d*"*,/6L
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�+d&1"/�1&,+L

�"$/""0NdsetOptDegrees() �"10d1%"d+2*�"/d,#d&+`,21d!"$/""0d1,
�"d/"� %"!d4&1%&+d�+d&1"/�1&,+L

�"00�$&+$d!&/" 1&,+0NdsetDirection() �6d!"#�2)1d4"d,+)6d ,+0&!"/d,21
!"$/""0d#,/d-/, "00&+$d�21d4"d �+
 %�+$"d1%�1d�6d0"11&+$d1%&0d-/,-"/16L
�-1&,+0d�/"dinM outMd�+!dallL
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&+d&1"/�1&3"d01"-0Ld�� %d02-"/0"1d ,+0&010d,#d1%"d#,)),4&+$d01"-0N

	�0$!.Nd�d20"/d!"#&+"!d#2+ 1&,+d"5" 21"!d,+d"!$"0d�+!d"� %d+"&$%�,/Md-/,!2 &+$9L
�d-�/1&�)d3�)2"L
�1)Nd��/1&�)d3�)2"0d �) 2)�1"!d&+d"�/)&"/d01"-d4,2)!d�"d�$$/"$�1"!d&+d1%&0d01"-L:L
�,,(5Nd�� %d3"/1"5d3�)2"d&0d2-!�1"!d�6d�--)6&+$d1%"d#2+ 1&,+d,+d1%"d�$$/"$�1"!;L
3�)2"d#/,*d1%"d-/"3&,20d01"-d�+!d1%"d 2//"+1d3�)2"L
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// maximum number of iterations
int maxIterations = 5;

// Run the GSA iteration
Graph<Long, Double, Double> result = graph.runGatherSumApplyIteration(
        new CalculateDistances(), new ChooseMinDistance(), new
UpdateDistance(), maxIterations);

// Extract the vertices as the result
DataSet<Vertex<Long, Double>> singleSourceShortestPaths =
result.getVertices();

// Functions for GSA

// Gather
private static final class CalculateDistances extends
GatherFunction<Double, Double, Double> {

  public Double gather(Neighbor<Double, Double> neighbor) {
    return neighbor.getNeighborValue() + neighbor.getEdgeValue();
  }
}

// Sum
private static final class ChooseMinDistance extends SumFunction<Double,
Double, Double> {

  public Double sum(Double newValue, Double currentValue) {
    return Math.min(newValue, currentValue);
  }
}

// Apply
private static final class UpdateDistance extends ApplyFunction<Long,
Double, Double> {

  public void apply(Double newDistance, Double oldDistance) {
    if (newDistance < oldDistance) {
      setResult(newDistance);
    }
  }
}
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// maximum number of iterations
val maxIterations = 10

// Run the GSA iteration
val result = graph.runGatherSumApplyIteration(new CalculateDistances, new
ChooseMinDistance, new UpdateDistance, maxIterations)

// Extract the vertices as the result
val singleSourceShortestPaths = result.getVertices

// Custom function for GSA

// Gather
final class CalculateDistances extends GatherFunction[Double, Double,
Double] {

  override def gather(neighbor: Neighbor[Double, Double]): Double = {
    neighbor.getNeighborValue + neighbor.getEdgeValue
  }
}

// Sum
final class ChooseMinDistance extends SumFunction[Double, Double, Double] {

  override def sum(newValue: Double, currentValue: Double): Double = {
    Math.min(newValue, currentValue)
  }
}

// Apply
final class UpdateDistance extends ApplyFunction[Long, Double, Double] {

  override def apply(newDistance: Double, oldDistance: Double) = {
    if (newDistance < oldDistance) {
      setResult(newDistance)
    }
  }
}
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�"d �+d ,+#&$2/"d	��d&1"/�1&,+0d20&+$d1%"d#,)),4&+$d-�/�*"1"/0N

��.�)!0!. �!/�.%,0%+*

��*"NdsetName() �"10d1%"d+�*"d,#d1%"d	��d&1"/�1&,+L
��+d�"d0""+d&+d),$0L

��/�))")&0*NdsetParallelism() �"10d1%"d-�/�))")&0*d#,/d-�/�))")
"5" 21&,+L

�/,�! �01d3�/&��)"0NdaddBroadcastSet() �!!0d�/,�! �01d3�/&��)"0d1,d1%"
 ,*-21�1&,+d#2+ 1&,+L

�$$/"$�1,/NdregisterAggregator() �"$&01"/0d1%"d 201,*d!"#&+"!
�$$/"$�1,/d#2+ 1&,+d1,d�"d20"!d�6
1%"d ,*-21�1&,+d#2+ 1&,+L

�,)21&,+d0"1d&+d2+*�+�$"!d*"*,/6N
setSolutionSetUnmanagedMemory()

�"#&+"0d4%"1%"/d1%"d0,)21&,+d0"1d&0
("-1d&+d*�+�$"!d*"*,/6L

�2*�"/d,#d3"/1& "0NdsetOptNumVertices() �  "00"0d1%"d1,1�)d+2*�"/d,#
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�-1&,+0d�/"dINMdOUTMd�+!dALLL
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1%"*Ld�+d,/!"/d1,d1/�3")d1,d "/1�&+d!"01&+�1&,+d#/,*d�d-�/1& 2)�/d�&/-,/1Md4"d%�3"d1,d#&+!d1%"
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"/"d4"d%�3"d,-1&,+0d1,d %,,0"d�*,+$d1%"d1%/""d�)$,/&1%*0d4"d)"�/+1d&+d-/"3&,20d0" 1&,+L
�+d1%&0d"5�*-)"Md4"d4&))d20"d�"/1"5c�"+1/& d&1"/�1&,+0d*"1%,!L

�+d,/!"/d1,d0,)3"d1%"d�&+$)"d�,2/ "d�%,/1"01d��1%Md4"d%�3"d1,d#&/01d),�!d1%"d!�1�d#/,*d���
#&)"0d�0d0%,4+d&+d1%"d#,)),4&+$d ,!"N

// set up the batch execution environment
final ExecutionEnvironment env =
ExecutionEnvironment.getExecutionEnvironment();

// Create graph by reading from CSV files
DataSet<Tuple2<String, Double>> airportVertices = env
            .readCsvFile("nodes.csv").types(String.class, Double.class);

DataSet<Tuple3<String, String, Double>> airportEdges = env
            .readCsvFile("edges.csv")
            .types(String.class, String.class, Double.class);

Graph<String, Double, Double> graph =
Graph.fromTupleDataSet(airportVertices, airportEdges, env);
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�"51d4"d/2+d�"/1"5c�"+1/& d&1"/�1&,+d�0d!&0 200"!d&+d1%"d-/"3&,20d0" 1&,+d,+d1%"d$/�-%d4"
 /"�1"!N

// define the maximum number of iterations
int maxIterations = 10;

// Execute the vertex-centric iteration
Graph<String, Double, Double> result = graph.runVertexCentricIteration(new
SSSPComputeFunction(), new SSSPCombiner(), maxIterations);

// Extract the vertices as the result
DataSet<Vertex<String, Double>> singleSourceShortestPaths =
result.getVertices();
singleSourceShortestPaths.print();

�%"d&*-)"*"+1�1&,+d,#d�,*-21"d#2+ 1&,+d�+!d�,*�&+"/d&0d0&*&)�/d1,d4%�1d4"d),,("!d&+d1%"
"�/)&"/d0" 1&,+Ld�%"+d4"d/2+d1%&0d ,!"Md4"d4&))d$"1d1%"d�+04"/d#,/d����d#/,*d$&3"+d0,2/ "
3"/1"5L

�%"d ,*-)"1"d ,!"d�+!d0�*-)"d!�1�d#,/d1%&0d20"d �0"d&0d�3�&)��)"
�1dhttps://github.com/deshpandetanmay/mastering-flink/tree/master/chapter07/flin
k-gelly

�+d$"+"/�)Md�))d1%/""d&1"/�1&,+0d4�60d),,(d0&*&)�/d�21d1%"6d%�3"d*&+21"d!&##"/"+ "0Ld�+"
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�)&+(d	"))6d)&�/�/6Ld�"d)"�/+1d%,4d1,d!"#&+"d$/�-%0Md),�!d!�1�Md�+!d-/, "00d&1Ld�"d�)0,
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������6WDUW�DSSOLFDWLRQ�FOLHQW�
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�$SSOLFDWLRQ&OLHQW
������1RWLILFDWLRQ�DERXW�QHZ�OHDGHU�DGGUHVV
����DNND�WFS���IOLQN#�����������������XVHU�MREPDQDJHU�ZLWK�VHVVLRQ�,'
����QXOO�
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�$SSOLFDWLRQ&OLHQW
������5HFHLYHG�DGGUHVV�RI�QHZ�OHDGHU
����DNND�WFS���IOLQN#�����������������XVHU�MREPDQDJHU
����ZLWK�VHVVLRQ�,'�QXOO�
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�$SSOLFDWLRQ&OLHQW
������'LVFRQQHFW�IURP�-RE0DQDJHU�QXOO�
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�$SSOLFDWLRQ&OLHQW
������7U\LQJ�WR�UHJLVWHU�DW�-RE0DQDJHU
����DNND�WFS���IOLQN#�����������������XVHU�MREPDQDJHU�
    ������������������������,1)2
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����RUJ�DSDFKH�IOLQN�\DUQ�$SSOLFDWLRQ&OLHQW
������6XFFHVVIXOO\�UHJLVWHUHG�DW�WKH�5HVRXUFH0DQDJHU�XVLQJ�-RE0DQDJHU
����$FWRU>DNND�WFS���IOLQN#�����������������XVHU�MREPDQDJHU�����������@

�#d1%"d ,+#&$2/�1&,+d!&/" 1,/&"0d�/"d+,1d0"1d-/,-"/)6Md6,2d4&))d$"1d�+d"//,/d*"+1&,+&+$d1%"
0�*"Ld�+d1%�1d �0"Md#&/01d6,2d �+d0"1d1%"d ,+#&$2/�1&,+d!&/" 1,/&"0d�+!d1%"+d01�/1d1%"d�)&+(
����d0"00&,+L

�%"d#,)),4&+$d ,**�+!d0"10d1%"d ,+#&$2/�1&,+d!&/" 1,/&"0N

    H[SRUW�+$'223B&21)B',5 �HWF�KDGRRS�FRQI
    H[SRUW�<$51B&21)B',5 �HWF�KDGRRS�FRQI

�"d �+d�)0,d %" (d1%"d�)&+(d�"�d��d�0d�6d%&11&+$d1%"d#,)),4&+$d���N
h t t p ://h o s t :8088/p r o x y /a p p l i c a t i o n _ <i d >/#/o v e r v i e w L


"/"d&0d1%"d0 /""+0%,1d,#d1%"d0�*"N

d 公
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号
：
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�&*&)�/)6Md4"d �+d�)0,d %" (d1%"d����d�--)& �1&,+d��d�1
dh t t p ://m y h o s t :8088/c l u s t e r /a p p /a p p l i c a t i o n _ 1478079131011_ 0107L

6XEPLWWLQJ�D�MRE�WR�)OLQN
�,4d1%�1d4"d%�3"d�d�)&+(d0"00&,+d ,++" 1"!d1,d����Md4"d�/"d�))d0"1d1,d02�*&1d�d�)&+(d',�d1,
����L

�"d �+d20"d1%"d#,)),4&+$d ,**�+!d4&1%d,-1&,+0d1,d02�*&1d1%"d�)&+(d',�N

    ���ELQ�IOLQN
    ��IOLQN��$&7,21!�>237,216@�>$5*80(176@

�"d �+d"5" 21"d1%"d�)&+(d',�d20&+$d1%"d/2+d� 1&,+Ld�"d%�3"d1%"d#,)),4&+$d,-1&,+0d&+d/2+N

�,0%+* �!/�.%,0%+*

-cMd--class
<classname>

�)�00d4&1%d1%"d-/,$/�*d"+1/6d-,&+1dSmain()d*"1%,!d,/dgetPlan()d*"1%,!TLd�+)6d+""!"!d&#d1%"d���d#&)"
!,"0d+,1d0-" &#6d1%"d )�00d&+d&10d*�+&#"01L

-CMd--classpath <url> �!!0d�d���d1,d"� %d20"/d ,!"d )�00),�!"/d,+d�))d+,!"0d&+d1%"d )201"/Ld�%"d-�1%0d*201d0-" &#6d�d-/,1, ,)
S#,/d"5�*-)"M file://Td�+!d�"d�  "00&�)"d,+d�))d+,!"0dS#,/d"5�*-)"Md�6d*"�+0d,#d�+d���d0%�/"TLd�,2d �+
20"d1%&0d,-1&,+d*2)1&-)"d1&*"0d#,/d0-" &#6&+$d*,/"d1%�+d,+"d���Ld�%"d-/,1, ,)d*201d�"d02--,/1"!d�6
{@link java.net.URLClassLoader}Ld�%&0d �+d�"d20"!d&+d �0"d6,2d4&0%d1,d20"d "/1�&+d1%&/!c-�/16
)&�/�/&"0d4&1%d�)&+(d����d0"00&,+L

-dMd--detached �#d-/"0"+1Md/2+0d1%"d',�d&+d!"1� %"!d*,!"Ld�"1� %"!d*,!"d �+d�"d20"#2)d4%"+d6,2d!,+Z1d4�+1d1,d(""-
/2++&+$d1%"d�)&+(d����d0"00&,+d�))d1%"d1&*"Ld�+d1%&0d �0"Md�)&+(d )&"+1d4&))d,+)6d02�*&1d1%"d',�d�+!d4&))
!"1� %d&10")#Ld�"d �++,1d01,-d!"1� %"!d�)&+(d����d0"00&,+d20&+$d�)&+(d ,**�+!0Ld�,d!,d0,Md4"d%�3"d1,
(&))d1%"d�--)& �1&,+d20&+$d����d ,**�+!0dyarn application -kill <appId>
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-mMd--jobmanager
<host:port>

�!!/"00d,#d1%"d�,�d��+�$"/dS*�01"/Td&+d4%& %d1,d ,++" 1Ld�0"d1%&0d#)�$d1,d ,++" 1d1,d�d!&##"/"+1d�,�
��+�$"/d1%�+d1%"d,+"d0-" &#&"!d&+d1%"d ,+#&$2/�1&,+L

-pMd--parallelism
<parallelism>

�%"d-�/�))")&0*d4&1%d4%& %d1,d/2+d1%"d-/,$/�*Ld�-1&,+�)d#)�$d1,d,3"//&!"d1%"d!"#�2)1d3�)2"d0-" &#&"!d&+
1%"d ,+#&$2/�1&,+L

-qMd--sysoutLogging �#d-/"0"+1Md02--/"00"0d),$$&+$d,21-21d1,d01�+!�/!dOUTL

-sMd--fromSavepoint
<savepointPath>

��1%d1,d�d0�3"d-,&+1d1,d/"0"1d1%"d',�d�� (d1,Md#,/d"5�*-)"d
file:///flink/savepoint-1537Ld��3"-,&+10d�/"d"51"/+�))6d01,/"!d01�1"0d,#d�d�)&+(d-/,$/�*Ld�%"6
�/"d0+�-0%,10d4%& %d�/"d01,/"!d1,d�d "/1�&+d), �1&,+Ld�#d�)&+(d-/,$/�*d#�&)0Md4"d �+d/"02*"d&1d#/,*d&10
)�01d01,/"!d0�3"d-,&+1Ld�,/"d!"1�&)0d,+d0�3"
-,&+10dhttps://ci.apache.org/projects/flink/flink-docs-release-1.2/setup/savepoints.html

-zMd--
zookeeperNamespace
<zookeeperNamespace>

��*"0-� "d1,d /"�1"d1%"d�,,(""-"/d02�c-�1%0d#,/d%&$%d�3�&)��&)&16d*,!"

�%"d#,)),4&+$d,-1&,+0d�/"d�3�&)��)"d#,/d1%"dyarn-clusterd*,!"N

�,0%+* �!/�.%,0%+*

-yD <arg> �6+�*& d-/,-"/1&"0

ydMd--yarndetached �1�/1d!"1� %"!

-yidMd--yarnapplicationId <arg> �11� %d1,d/2++&+$d����d0"00&,+

-yjMd--yarnjar <arg> ��1%d1,d�)&+(d'�/d#&)"

-yjmMd--yarnjobManagerMemory <arg> �"*,/6d#,/d�,�d��+�$"/d ,+1�&+"/dS&+d��T

-ynMd--yarncontainer <arg> �2*�"/d,#d����d ,+1�&+"/0d1,d�)), �1"dSD
+2*�"/d,#d1�0(d*�+�$"/0T

-ynmMd--yarnname <arg> �"10d�d 201,*d+�*"d#,/d1%"d�--)& �1&,+d,+
����

-yqMd--yarnquery �&0-)�60d�3�&)��)"d����d/"0,2/ "0dS*"*,/6M
 ,/"0T

-yquMd--yarnqueue <arg> �-" &#&"0d����d.2"2"

-ysMd--yarnslots <arg> �2*�"/d,#d0),10d-"/d��0(d��+�$"/

-ystMd--yarnstreaming �1�/10d�)&+(d&+d01/"�*&+$d*,!"

-ytMd--yarnship <arg> �%&-0d#&)"0d&+d1%"d0-" &#&"!d!&/" 1,/dS1d#,/
1/�+0#"/T

-ytmMd--yarntaskManagerMemory <arg> �"*,/6d-"/d��0(��+�$"/d,+1�&+"/dS&+d��T

-yzMd--yarnzookeeperNamespace <arg> ��*"0-� "d1,d /"�1"d1%"d�,,(""-"/d02�c-�1%0
#,/d%&$%d�3�&)��&)&16d*,!"

d
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�,4d)"1Z0d1/6d1,d/2+d�d0�*-)"d4,/!d ,2+1d"5�*-)"d,+d����Ld�%"d#,)),4&+$d�/"d1%"d01"-0d1,
!,d0,L

�&/01d)"1Z0d%�3"d&+-21d#&)"d01,/"!d,+d
���d�0d&+-21d1,d1%"d4,/!d ,2+1d-/,$/�*Ld
"/"d4"d�/"
$,&+$d1,d/2+d1%"d4,/!d ,2+1d,+d�-� %"d�& "+0"d1"51Ld�%"d#,)),4&+$d&0d1%"d4�6d4"d!,4+),�!
�+!d01,/"d&1d,+d
���N

    ZJHW��2�/,&(16(�����W[W�KWWS���ZZZ�DSDFKH�RUJ�OLFHQVHV�/,&(16(�
��������W[W
    KDGRRS�IV��PNGLU�LQ
    KDGRRS�IV��SXW�/,&(16(�����W[W�LQ

�,4d4"d4&))d02�*&1d1%"d"5�*-)"d4,/!d ,2+1d',�N

    ��ELQ�IOLQN�UXQ���H[DPSOHV�EDWFK�:RUG&RXQW�MDU
����KGIV���P\KRVW�XVHU�URRW�LQ��KGIV���P\KRVW�XVHU�URRW�RXW

�%&0d4&))d&+3,("d1%"d�)&+(d',�d4%& %d4,2)!d$"1d"5" 21"!d,+d1%"d����d )201"/Ld�,2d0%,2)!
0""d1%"d ,+0,)"d�0N

����������ELQ�IOLQN�UXQ���H[DPSOHV�EDWFK�:RUG&RXQW�MDU
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������<$51�SURSHUWLHV�VHW�GHIDXOW�SDUDOOHOLVP�WR���
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������<$51�SURSHUWLHV�VHW�GHIDXOW�SDUDOOHOLVP�WR���
    <$51�SURSHUWLHV�VHW�GHIDXOW�SDUDOOHOLVP�WR���
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������)RXQG�<$51�SURSHUWLHV�ILOH��WPS��\DUQ�SURSHUWLHV�URRW
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������)RXQG�<$51�SURSHUWLHV�ILOH��WPS��\DUQ�SURSHUWLHV�URRW
    )RXQG�<$51�SURSHUWLHV�ILOH��WPS��\DUQ�SURSHUWLHV�URRW
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������8VLQJ�<DUQ�DSSOLFDWLRQ�LG�IURP�<$51�SURSHUWLHV
����DSSOLFDWLRQB�������������B����
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������8VLQJ�<DUQ�DSSOLFDWLRQ�LG�IURP�<$51�SURSHUWLHV
����DSSOLFDWLRQB�������������B����
    8VLQJ�<DUQ�DSSOLFDWLRQ�LG�IURP�<$51�SURSHUWLHV
����DSSOLFDWLRQB�������������B����
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������<$51�SURSHUWLHV�VHW�GHIDXOW�SDUDOOHOLVP�WR���
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    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�FOL�)OLQN<DUQ6HVVLRQ&OL
������<$51�SURSHUWLHV�VHW�GHIDXOW�SDUDOOHOLVP�WR���
    <$51�SURSHUWLHV�VHW�GHIDXOW�SDUDOOHOLVP�WR���
    ������������������������,1)2
����RUJ�DSDFKH�KDGRRS�\DUQ�FOLHQW�DSL�LPSO�7LPHOLQH&OLHQW,PSO
������7LPHOLQH�VHUYLFH�DGGUHVV��KWWS���KGSGHY����SXQH�
����LQ�����VOE�FRP������ZV�Y��WLPHOLQH�
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU'HVFULSWRU
������)RXQG�DSSOLFDWLRQ�-RE0DQDJHU�KRVW�QDPH�P\KRVW�FRP
�DQG�SRUW
����
�����
�IURP�VXSSOLHG�DSSOLFDWLRQ�LG
����
DSSOLFDWLRQB�������������B����

    &OXVWHU�FRQILJXUDWLRQ��<DUQ�FOXVWHU�ZLWK�DSSOLFDWLRQ�LG
����DSSOLFDWLRQB�������������B����
    8VLQJ�DGGUHVV�����������������������WR�FRQQHFW�WR�-RE0DQDJHU�
    6WDUWLQJ�H[HFXWLRQ�RI�SURJUDP
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU&OLHQW
������7DVN0DQDJHU�VWDWXV������
    7DVN0DQDJHU�VWDWXV������
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU&OLHQW
������$OO�7DVN0DQDJHUV�DUH�FRQQHFWHG
    $OO�7DVN0DQDJHUV�DUH�FRQQHFWHG
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU&OLHQW
������6XEPLWWLQJ�MRE�ZLWK�-RE,'��E��G���GG��I���HD���E�G��GD��F���
����:DLWLQJ�IRU�MRE�FRPSOHWLRQ�
    6XEPLWWLQJ�MRE�ZLWK�-RE,'��E��G���GG��I���HD���E�G��GD��F���
����:DLWLQJ�IRU�MRE�FRPSOHWLRQ�
    &RQQHFWHG�WR�-RE0DQDJHU�DW
����$FWRU>DNND�WFS���IOLQN#����������������������XVHU�
����MREPDQDJHU�����������@
    ������������������������-RE�H[HFXWLRQ�VZLWFKHG�WR�VWDWXV�5811,1*�
    ������������������������&+$,1�'DWD6RXUFH��DW
����JHW'HIDXOW7H[W/LQH'DWD6HW�:RUG&RXQW'DWD�MDYD����
�����RUJ�DSDFKH�IOLQN�DSL�MDYD�LR�&ROOHFWLRQ,QSXW)RUPDW����!�)ODW0DS
�����)ODW0DS�DW�PDLQ�:RUG&RXQW�MDYD�������!�&RPELQH�680�����DW
����PDLQ�:RUG&RXQW�MDYD����������VZLWFKHG�WR�5811,1*
    ������������������������'DWD6LQN��FROOHFW�����������VZLWFKHG�WR
����),1,6+('
    ���
    ������������������������-RE�H[HFXWLRQ�VZLWFKHG�WR�VWDWXV�),1,6+('�
    �DIWHU���
    �FRLO���
    �FRXQWU\���
    �JUHDW���
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    �ORQJ���
    �PHULW���
    �RSSUHVVRU���
    �SDQJV���
    �VFRUQV���
    �ZKDW���
    �D���
    �GHDWK���
    �GLH���
    �UDWKHU���
    �EH���
    �ERXUQ���
    �G���
    �VD\���
    �WDNHV���
    �WK\���
    �KLPVHOI���
    �VLQV���
    �WKHUH���
    �ZKLSV���
    �ZRXOG���
    �ZURQJ���
    ���
������3URJUDP�H[HFXWLRQ�ILQLVKHG
      -RE�ZLWK�-RE,'�E��G���GG��I���HD���E�G��GD��F���KDV�ILQLVKHG�
    ��-RE�5XQWLPH������PV
      $FFXPXODWRU�5HVXOWV�
      ������H��F���EH���H�DG�D�HG�����GH��MDYD�XWLO�$UUD\/LVW��>���
������HOHPHQWV@
      ������������������������,1)2
������RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU&OLHQW
��������'LVFRQQHFWLQJ�<DUQ&OXVWHU&OLHQW�IURP�$SSOLFDWLRQ0DVWHU
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�%"d#,)),4&+$d�/"d1%"d0 /""+0%,10d,#d1%"d',�d"5" 21&,+d#/,*d1%"d�)&+(d�--)& �1&,+d*�01"/d��L

"/"d&0d1%"d0 /""+0%,1d,#d1%"d�)&+(d"5" 21&,+d-)�+N

�"51d4"d �+d0""d1%"d0 /""+0%,1d,#d1%"d01"-0d$"11&+$d"5" 21"!d#,/d1%&0d',�N

d
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�+!d�1d)�01d4"d%�3"d1%"d0 /""+0%,1d,#d1%"d1&*")&+"d,#d1%"d�)&+(d',�d"5" 21&,+Ld�%"d1&*")&+"
0%,40d�))d1%"d01"-0d1%�1d �+d�"d"5" 21"!d&+d-�/�))")d�+!d4%�1d+""!0d1,d�"d"5" 21"!
0".2"+1&�))6N

6WRSSLQJ�)OLQN�<$51�VHVVLRQ
�+ "d1%"d-/, "00&+$d&0d!,+"Md6,2d �+d01,-d1%"d�)&+(d����d0"00&,+d&+d14,d4�60Ld�&/01d6,2
 �+d0&*-)"d!,d�d�(0.C�d,+d1%"d ,+0,)"d4%"/"d6,2d01�/1"!d1%"d����d0"00&,+Ld�%&0d4&))d0"+!
1%"d1"/*&+�1&,+d0&$+�)d�+!d01,-d1%"d����d0"00&,+L

�%"d0" ,+!d4�6d&0d1,d"5" 21"d1%"d#,)),4&+$d ,**�+!d1,d01,-d1%"d0"00&,+N

    ��ELQ�\DUQ�VHVVLRQ�VK��LG�DSSOLFDWLRQB�������������B�����VWRS

�"d �+d0""d&**"!&�1")6d1%"d�)&+(d����d�--)& �1&,+d$"1d(&))"!N

    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU&OLHQW
����6HQGLQJ�VKXWGRZQ�UHTXHVW�WR�WKH�$SSOLFDWLRQ�0DVWHU
    ������������������������,1)2
����RUJ�DSDFKH�IOLQN�\DUQ�$SSOLFDWLRQ&OLHQW
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yarn.reallocate-failed �"10d4%"1%"/d�)&+(d0%,2)!d/"�)), �1"d#�&)"!d1�0(
*�+�$"/d ,+1�&+"/0Ld�%"d!"#�2)1d&0dtrueL
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�--)& �1&,+d*�01"/d�  "-10d�"#,/"d#�&)&+$d1%"d����
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/".2"01"!d!2/&+$d&+&1&�1&,+L

yarn.application-attempts �"10d1%"d+2*�"/d,#d�--)& �1&,+d*�01"/d�11"*-10Ld�%"
!"#�2)1d&0d1Md4%& %d*"�+0d&#d ,*-)"1"Md1%"d����
0"00&,+d4&))d#�&)d&#d1%"d�--)& �1&,+d*�01"/d#�&)0L
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0"00&,+d&+&1&�1&,+d20&+$d1%"d-Dd-�/�*"1"/L
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�"d%�3"d+�*"!d1%&0d�2 ("1d�1d� 10%(_"(%*'_�1�'!0Ld�"51d4"d+""!d1,d"!&1d1%"
bdutil_env.shd#&)"d1,d ,+#&$2/"d&+#,/*�1&,+d��,21d1%"d-/,'" 1d+�*"Md�2 ("1d+�*"d�+!
	,,$)"d�),2!d7,+"d1,d�"d20"!Ld�"d �+d�)0,d0"1d,1%"/d1%&+$0d02 %d�0d1%"d*� %&+"d16-"d�+!
�-"/�1&+$d�601"*Ldbdutil_env.shd),,(0d�0d0%,4+d&+d1%"d#,)),4&+$Nd

 # A GCS bucket used for sharing generated SSH keys and GHFS configuration.
&21),*%8&.(7 �EGXWLO�IOLQN�EXFNHW�

# The Google Cloud Platform text-based project-id which owns the GCE
resources.
352-(&7 �EGXWLO�IOLQN�SURMHFW�

###################### Cluster/Hardware Configuration #########
# These settings describe the name, location, shape and size of your
cluster,
# though these settings may also be used in deployment-configuration--for
# example, to whitelist intra-cluster SSH using the cluster prefix.

# GCE settings.
GCE_IMAGE='https://www.googleapis.com/compute/v1/projects/debian-cloud/glob
al/images/backports-debian-7-wheezy-v20160531'
*&(B0$&+,1(B7<3( 
Q��VWDQGDUG��

GCE_ZONE="europe-west1-d"
# When setting a network it's important for all nodes be able to
communicate
# with eachother and for SSH connections to be allowed inbound to complete
# cluster setup and configuration.

�6d!"#�2)1Md1%"d ,+#&$2/�1&,+d)�2+ %"0d1%/""d+,!"Md
�!,,-`�)&+(d )201"/d4&1%d,+"d*�01"/
�+!d14,d4,/("/d+,!"0L

�#d6,2d�/"d20&+$d1%"d1/&�)d3"/0&,+d,#d	��Md1%"+d&1d&0d/" ,**"+!"!d1,d20"
*� %&+"d16-"d�0d*8_/0�* �. _9Ld�%&0d4&))d/"01/& 1d1%"d���d�+!d01,/�$"d,#
1%"d+,!"d16-"L

�,4d4"d�/"d�))d0"1d1,d)�2+ %d1%"d )201"/Md4&1%d1%"d#,)),4&+$d ,**�+!N
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gcloud --project=bdutil ssh --zone=europe-west1-c hadoop-m
Sat Nov 19 06:12:27 UTC 2016: Staging files successfully deleted.
Sat Nov 19 06:12:27 UTC 2016: Invoking on master: ./deploy-ssh-master-
setup.sh
.Sat Nov 19 06:12:27 UTC 2016: Waiting on async 'ssh' jobs to finish. Might
take a while...
.
Sat Nov 19 06:12:29 UTC 2016: Step 'deploy-ssh-master-setup,*' done...
Sat Nov 19 06:12:29 UTC 2016: Invoking on workers: ./deploy-core-setup.sh
..Sat Nov 19 06:12:29 UTC 2016: Invoking on master: ./deploy-core-setup.sh
.Sat Nov 19 06:12:30 UTC 2016: Waiting on async 'ssh' jobs to finish. Might
take a while...
...
Sat Nov 19 06:13:14 UTC 2016: Step 'deploy-core-setup,deploy-core-setup'
done...
Sat Nov 19 06:13:14 UTC 2016: Invoking on workers: ./deploy-ssh-worker-
setup.sh
..Sat Nov 19 06:13:15 UTC 2016: Waiting on async 'ssh' jobs to finish.
Might take a while...
..
Sat Nov 19 06:13:17 UTC 2016: Step '*,deploy-ssh-worker-setup' done...
Sat Nov 19 06:13:17 UTC 2016: Invoking on master: ./deploy-master-nfs-
setup.sh
.Sat Nov 19 06:13:17 UTC 2016: Waiting on async 'ssh' jobs to finish. Might
take a while...
.
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Sat Nov 19 06:13:23 UTC 2016: Step 'deploy-master-nfs-setup,*' done...
Sat Nov 19 06:13:23 UTC 2016: Invoking on workers: ./deploy-client-nfs-
setup.sh
..Sat Nov 19 06:13:23 UTC 2016: Invoking on master: ./deploy-client-nfs-
setup.sh
.Sat Nov 19 06:13:24 UTC 2016: Waiting on async 'ssh' jobs to finish. Might
take a while...
...
Sat Nov 19 06:13:33 UTC 2016: Step 'deploy-client-nfs-setup,deploy-client-
nfs-setup' done...
Sat Nov 19 06:13:33 UTC 2016: Invoking on master: ./deploy-start.sh
.Sat Nov 19 06:13:34 UTC 2016: Waiting on async 'ssh' jobs to finish. Might
take a while...
.
Sat Nov 19 06:13:49 UTC 2016: Step 'deploy-start,*' done...
Sat Nov 19 06:13:49 UTC 2016: Invoking on workers: ./install_flink.sh
..Sat Nov 19 06:13:49 UTC 2016: Invoking on master: ./install_flink.sh
.Sat Nov 19 06:13:49 UTC 2016: Waiting on async 'ssh' jobs to finish. Might
take a while...
...
Sat Nov 19 06:13:53 UTC 2016: Step 'install_flink,install_flink' done...
Sat Nov 19 06:13:53 UTC 2016: Invoking on master: ./start_flink.sh
.Sat Nov 19 06:13:54 UTC 2016: Waiting on async 'ssh' jobs to finish. Might
take a while...
.
Sat Nov 19 06:13:55 UTC 2016: Step 'start_flink,*' done...
Sat Nov 19 06:13:55 UTC 2016: Command steps complete.
Sat Nov 19 06:13:55 UTC 2016: Execution complete. Cleaning up temporary
files...
Sat Nov 19 06:13:55 UTC 2016: Cleanup complete.
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�������H[DPSOHV�:RUG&RXQW�MDU
11/19/2016 06:56:05     Job execution switched to status RUNNING.
11/19/2016 06:56:05     CHAIN DataSource (at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:69)) -> Combine(SUM(1), at
main(WordCount.java:72)(1/1) switched to SCHEDULED
11/19/2016 06:56:05     CHAIN DataSource (at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:69)) -> Combine(SUM(1), at
main(WordCount.java:72)(1/1) switched to DEPLOYING
11/19/2016 06:56:05     CHAIN DataSource (at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:69)) -> Combine(SUM(1), at
main(WordCount.java:72)(1/1) switched to RUNNING
11/19/2016 06:56:05     CHAIN Reduce (SUM(1), at main(WordCount.java:72) ->
FlatMap (collect())(1/4) switched to SCHEDULED
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11/19/2016 06:56:05     CHAIN DataSource (at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:69)) -> Combine(SUM(1), at
main(WordCount.java:72)(1/1) switched to FINISHED
...
RUNNING
11/19/2016 06:56:06     DataSink (collect() sink)(3/4) switched to
SCHEDULED
11/19/2016 06:56:06     DataSink (collect() sink)(3/4) switched to
DEPLOYING
11/19/2016 06:56:06     DataSink (collect() sink)(1/4) switched to
SCHEDULED
11/19/2016 06:56:06     DataSink (collect() sink)(1/4) switched to
DEPLOYING
11/19/2016 06:56:06     CHAIN Reduce (SUM(1), at main(WordCount.java:72) ->
FlatMap (collect())(1/4) switched to FINISHED
11/19/2016 06:56:06     CHAIN Reduce (SUM(1), at main(WordCount.java:72) ->
FlatMap (collect())(3/4) switched to FINISHED
11/19/2016 06:56:06     DataSink (collect() sink)(3/4) switched to
11/19/2016 06:56:06     CHAIN Reduce (SUM(1), at
11/19/2016 06:56:06     DataSink (collect() sink)(2/4) switched to FINISHED
11/19/2016 06:56:06     Job execution switched to status FINISHED.
(after,1)
(arms,1)
(arrows,1)
(awry,1)
(bare,1)
(be,4)
(coil,1)
(consummation,1)
(contumely,1)
(d,4)
(delay,1)
(despis,1)
...
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2016-11-20 06:41:45,760 INFO  org.apache.flink.yarn.YarnClusterClient
- Submitting job with JobID: 0004040e04879e432365825f50acc80c. Waiting for
job completion.
Submitting job with JobID: 0004040e04879e432365825f50acc80c. Waiting for
job completion.
Connected to JobManager at
Actor[akka.tcp://flink@172.31.0.221:46603/user/jobmanager#478604577]
11/20/2016 06:41:45     Job execution switched to status RUNNING.
11/20/2016 06:41:46     CHAIN DataSource (at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:80)) -> Combine(SUM(1), at
main(WordCount.java:83)(1/1) switched to RUNNING
11/20/2016 06:41:46     Reduce (SUM(1), at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:80)) -> Combine(SUM(1), at
main(WordCount.java:83)(1/1) switched to FINISHED
11/20/2016 06:41:46     Reduce (SUM(1), at main(WordCount.java:83)(1/2)
switched to DEPLOYING
11/20/2016 06:41:46     Reduce (SUM(1), at main(WordCount.java:83)(1/2)
switched to RUNNING
11/20/2016 06:41:46     Reduce (SUM(1), at main(WordCount.java:83)(2/2)
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switched to RUNNING
1/20/2016 06:41:46     Reduce (SUM(1), at main(WordCount.java:83)(1/2)
switched to FINISHED
11/20/2016 06:41:46     DataSink (collect())(2/2) switched to DEPLOYING
11/20/2016 06:41:46     Reduce (SUM(1), at main(WordCount.java:83)(2/2)
switched to FINISHED
11/20/2016 06:41:46     DataSink (collect())(2/2) switched to RUNNING
11/20/2016 06:41:46     DataSink (collect())(2/2) switched to FINISHED
11/20/2016 06:41:46     Job execution switched to status FINISHED.
(action,1)
(after,1)
(against,1)
(and,12)
(arms,1)
(arrows,1)
(awry,1)
(ay,1)
(bare,1)
(be,4)
(bodkin,1)
(bourn,1)
(calamity,1)
(cast,1)
(coil,1)
(come,1)

�"d �+d�)0,d),,(d�1d����d )201"/d��d�0d0%,4+d&+d1%"d#,)),4&+$d0 /""+0%,1N
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6WDUWLQJ�D�)OLQN�<$51�VHVVLRQ
�)1"/+�1&3")6d4"d �+d�)0,d01�/1d�d����d0"00&,+d�6d�), (&+$d1%"d/"0,2/ "0d4%& %d4"d%�3"
�)/"�!6d0""+d&+d1%"d-/"3&,20d %�-1"/Ld�d�)&+(d����d0"00&,+d4&))d /"�1"d�d ,+1&+2,20)6
/2++&+$d����d0"00&,+d4%& %d �+d�"d20"!d1,d"5" 21"d*2)1&-)"d�)&+(d',�0Ld�%&0d0"00&,+d(""-0
,+d/2++&+$d2+1&)d4"d01,-d&1L

�,d01�/1d1%"d�)&+(d����d0"00&,+Md4"d+""!d1,d"5" 21"d1%"d#,)),4&+$d ,**�+!N

��ELQ�\DUQ�VHVVLRQ�VK��Q����WP������V��


"/"d4"d01�/1d14,d��0(d��+�$"/0d4&1%d?>@d��d*"*,/6d"� %d�+!d<d0),10Ld�,2d4&))d0""d1%"
����d0"00&,+d/"�!6d�0d0%,4+d&+d1%"d ,+0,)"d),$0N

2016-11-20 06:49:09,021 INFO  org.apache.flink.yarn.YarnClusterDescriptor
- Using values:
������������������������,1)2��RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU'HVFULSWRU
����7DVN0DQDJHU�FRXQW� ��������������������������,1)2
RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU'HVFULSWRU
����-RE0DQDJHU�PHPRU\� �����������������������������,1)2
RUJ�DSDFKH�IOLQN�\DUQ�<DUQ&OXVWHU'HVFULSWRU
����7DVN0DQDJHU�PHPRU\� ����
2016-11-20 06:49:09,488 INFO
org.apache.hadoop.yarn.client.api.impl.TimelineClientImpl
- Timeline service address:
http://ip-172-31-2-68.ap-south-1.compute.internal:8188/ws/v1/timeline/
2016-11-20 06:49:09,613 INFO  org.apache.hadoop.yarn.client.RMProxy
- Connecting to ResourceManager at ip-172-31-2-68.ap-
south-1.compute.internal/172.31.2.68:8032
2016-11-20 06:49:10,309 WARN  org.apache.flink.yarn.YarnClusterDescriptor
- The configuration directory ('/home/hadoop/flink-1.1.3/conf') contains
both LOG4J and Logback configuration files. Please delete or rename one of
them.
2016-11-20 06:49:10,325 INFO  org.apache.flink.yarn.Utils
- Copying from file:/home/hadoop/flink-1.1.3/conf/log4j.properties to
hdfs://ip-172-31-2-68.ap-
south-1.compute.internal:8020/user/hadoop/.flink/application_1479621657204_
0004/log4j.properties
2016-11-20 06:49:10,558 INFO  org.apache.flink.yarn.Utils
- Copying from file:/home/hadoop/flink-1.1.3/lib to
hdfs://ip-172-31-2-68.ap-
south-1.compute.internal:8020/user/hadoop/.flink/application_1479621657204_
0004/lib
2016-11-20 06:49:12,392 INFO  org.apache.flink.yarn.Utils
- Copying from /home/hadoop/flink-1.1.3/conf/flink-conf.yaml to
hdfs://ip-172-31-2-68.ap-
south-1.compute.internal:8020/user/hadoop/.flink/application_1479621657204_
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0004/flink-conf.yaml
2016-11-20 06:49:12,825 INFO  org.apache.flink.yarn.YarnClusterDescriptor
- Submitting application master application_1479621657204_0004
2016-11-20 06:49:12,893 INFO
org.apache.hadoop.yarn.client.api.impl.YarnClientImpl
- Submitted application application_1479621657204_0004
2016-11-20 06:49:12,893 INFO  org.apache.flink.yarn.YarnClusterDescriptor
- Waiting for the cluster to be allocated
2016-11-20 06:49:17,929 INFO  org.apache.flink.yarn.YarnClusterDescriptor
- YARN application has been deployed successfully.
Flink JobManager is now running on 172.31.0.220:45056
JobManager Web Interface:
http://ip-172-31-2-68.ap-south-1.compute.internal:20888/proxy/application_1
479621657204_0004/
2016-11-20 06:49:18,117 INFO  org.apache.flink.yarn.YarnClusterClient
- Starting client actor system.
2016-11-20 06:49:18,591 INFO  akka.event.slf4j.Slf4jLogger
- Slf4jLogger started
2016-11-20 06:49:18,671 INFO  Remoting
akka.tcp://flink@172.31.0.220:45056/user/jobmanager.
2016-11-20 06:49:19,343 INFO  org.apache.flink.yarn.ApplicationClient
- Successfully registered at the ResourceManager using JobManager
Actor[akka.tcp://flink@172.31.0.220:45056/user/jobmanager#1383364724]
Number of connected TaskManagers changed to 2. Slots available: 8


"/"d&0d�d0 /""+0%,1d,#d1%"d�)&+(d�,�d��+�$"/d��Md4%"/"d4"d �+d0""d14,d��0(d��+�$"/0d�+!
"&$%1d1�0(d0),10N
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([HFXWLQJ�)OLQN�MRE�RQ�<$51�VHVVLRQ
�,4d4"d �+d20"d1%&0d����d0"00&,+d1,d02�*&1d�)&+(d�,�0d�6d"5" 21&+$d1%"d#,)),4&+$
 ,**�+!N

    ���ELQ�IOLQN�UXQ���H[DPSOHV�EDWFK�:RUG&RXQW�MDU

�,2d4&))d0""d4,/!d ,2+1d',�d$"11&+$d"5" 21"!d�0d0%,4+d&+d1%"d#,)),4&+$d ,!"N

2016-11-20 06:53:06,439 INFO  org.apache.flink.yarn.cli.FlinkYarnSessionCli
- Found YARN properties file /tmp/.yarn-properties-hadoop
2016-11-20 06:53:06,439 INFO  org.apache.flink.yarn.cli.FlinkYarnSessionCli
- Found YARN properties file /tmp/.yarn-properties-hadoop
Found YARN properties file /tmp/.yarn-properties-hadoop
2016-11-20 06:53:06,508 INFO  org.apache.flink.yarn.cli.FlinkYarnSessionCli
-
org.apache.flink.yarn.cli.FlinkYarnSessionCli
- YARN properties set default parallelism to 8
YARN properties set default parallelism to 8
2016-11-20 06:53:06,510 INFO  org.apache.flink.yarn.cli.FlinkYarnSessionCli
- Found YARN properties file /tmp/.yarn-properties-hadoop
2016-11-20 06:53:07,069 INFO
org.apache.hadoop.yarn.client.api.impl.TimelineClientImpl
- Timeline service address:
http://ip-172-31-2-68.ap-south-1.compute.internal:8188/ws/v1/timeline/
Executing WordCount example with default input data set.
Use --input to specify file input.
Printing result to stdout. Use --output to specify output path.
2016-11-20 06:53:07,728 INFO  org.apache.flink.yarn.YarnClusterClient
- Waiting until all TaskManagers have connected
Waiting until all TaskManagers have connected
2016-11-20 06:53:07,729 INFO  org.apache.flink.yarn.YarnClusterClient
Submitting job with JobID: a0557f5751fa599b3eec30eb50d0a9ed. Waiting for
job completion.
Connected to JobManager at
Actor[akka.tcp://flink@172.31.0.220:45056/user/jobmanager#1383364724]
11/20/2016 06:53:09     Job execution switched to status RUNNING.
11/20/2016 06:53:09     CHAIN DataSource (at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:80)) -> Combine(SUM(1), at
main(WordCount.java:83)(1/1) switched to SCHEDULED
11/20/2016 06:53:09     CHAIN DataSource (at
getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:80)) -> Combine(SUM(1), at
main(WordCount.java:83)(1/1) switched to DEPLOYING
11/20/2016 06:53:09     CHAIN DataSource (at
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getDefaultTextLineDataSet(WordCountData.java:70)
(org.apache.flink.api.java.io.CollectionInputFormat)) -> FlatMap (FlatMap
at main(WordCount.java:80)) -> Combine(SUM(1), at
11/20/2016 06:53:10     DataSink (collect())(7/8) switched to FINISHED
11/20/2016 06:53:10     DataSink (collect())(8/8) switched to FINISHED
11/20/2016 06:53:10     Job execution switched to status FINISHED.
(bourn,1)
(coil,1)
(come,1)
(d,4)
(dread,1)
(is,3)
(long,1)
(make,2)
(more,1)
(must,1)
(no,2)
(oppressor,1)
(pangs,1)
(perchance,1)
(sicklied,1)
(something,1)
(takes,1)
(these,1)
(us,3)
(what,1)
Program execution finished
Job with JobID a0557f5751fa599b3eec30eb50d0a9ed has finished.
Job Runtime: 903 ms
Accumulator Results:
- f895985ab9d76c97aba23bc6689c7936 (java.util.ArrayList) [170 elements]
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"/"d&0d�d0 /""+0%,1d,#d1%"d',�d"5" 21&,+d!"1�&)0d�+!d1�0(d�/"�(2-N

�"d �+d�)0,d0""d1%"d1&*")&+"d!"1�&)0d,+d4%& %d�))d1�0(d4"/"d"5" 21"!d&+d-�/�))")d�+!d4%& %
�/"d&+d0".2"+1&�)d*�++"/Ld
"/"d&0d0 /""+0%,1d,#d1%"d0�*"N
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6KXWWLQJ�GRZQ�WKH�FOXVWHU
�+ "d�))d,2/d4,/(d&0d!,+"Md&1d&0d&*-,/1�+1d1,d0%21d!,4+d1%"d )201"/Ld�,d!,d1%&0Md4"d�$�&+
+""!d1,d$,d1,d���d ,+0,)"d�+!d )& (d,+d1%"d�!.)%*�0!d�211,+L

)OLQN�RQ�(05�����
���d%�0d+,4d01�/1"!d02--,/1&+$d�)&+(d�6d!"#�2)1d&+d&10d���d )201"/Ld�+d,/!"/d1,d$"1d1%�1d4"
%�3"d1,d#,)),4d1%"0"d&+01/2 1&,+0L

�&/01d,#d�))Md4"d%�3"d1,d$,d1,d���d���d /"�1"d )201"/d0 /""+d�+!d1%"+d )& (d,+d	+`0+
� 2�*�! `+,0%+*/`(%*'d�0d%"&$%1"!d&+d1%"d#,)),4&+$d0 /""+0%,1N
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�"51d6,2d4&))d%�3"d�d0 /""+d4%& %d4&))d�))d6,2d1,d %,,0"d�!!&1&,+�)d0"/3& "0d6,2d4&0%d1,
%�3"Ld�%"/"d6,2d+""!d1,d %" (d�)&+(d9L9L<N

�+!d1%"+d )& (d,+d1%"d�!40d�211,+d1,d ,+1&+2"d1%"d/"01d,#d1%"d0"12-Ld�%"d/"*�&+&+$d01"-0
4,2)!d�"d0�*"d�0d4"d0�4d&+d1%"d-/"3&,20d0" 1&,+0Ld�+ "d1%"d )201"/d&0d2-d�+!d/2++&+$Md6,2
�/"d�))d0"1d1,d20"d�)&+(d!&/" 1)6L

8VLQJ�6��LQ�)OLQN�DSSOLFDWLRQV
�)�6+*`�%),(!`�0+.�#!`�!.2%�!dS�:Td&0d�d�,#14�/"c�0c�c�"/3& "d-/,3&!"!d�6d���d1,d01,/"
&+d1%"d���d�),2!Ld��+6d ,*-�+&"0d20"d�;d#,/d %"�-d!�1�d01,/�$"Ld�1d&0d�d%,01"!d#&)"0601"*
�0d�d0"/3& "Ld�;d �+d�"d20"!d�0d�)1"/+�1&3"d1,d1%"d
���Ld�+"d �+d1%&+(d,#d20&+$d�;d,3"/

���d&#d%"`0%"d!,"0d+,1d4�+1d1,d&+3"01d&+d ,*-)"1"d
�!,,-d )201"/Ld�)&+(d-/,3&!"0d6,2d���
1,d�)),4d/"�!&+$d!�1�d01,/"!d,+d�;L
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�"d �+d20"d�;d,�'" 10d)&("d0&*-)"d#&)"0Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d�;
,�'" 1d&+d�)&+(N

// Read data from S3 bucket
env.readTextFile("s3://<bucket>/<endpoint>");

// Write data to S3 bucket
stream.writeAsText("s3://<bucket>/<endpoint>");

// Use S3 as FsStatebackend
env.setStateBackend(new FsStateBackend("s3://<your-bucket>/<endpoint>"));

�;d&0d1/"�1"!d)&("d�+6d,1%"/d#&)"0601"*d�6d�)&+(Ld�1d20"0d�;d )&"+1d#,/d
�!,,-L

�,d�  "00d�;d,�'" 10Md�)&+(d+""!0d�21%"+1& �1&,+Ld�%&0d �+d�"d-/,3&!"!d�6d20&+$d���d���
0"/3& "Ld�%&0d*"1%,!d%")-0d*�&+1�&+&+$d1%"d0" 2/&16d�0d4"d!,+Z1d+""!d1,d!&01/&�21"d1%"d�  "00
�+!d0" /"1d("60L

6XPPDU\
�+d1%&0d %�-1"/Md4"d)"�/+1d%,4d4"d �+d!"-),6d�)&+(d,+d���d�+!d	��Ld�%&0d&0d3"/6d%�+!6
#,/d#�01"/d!"-),6*"+10d�+!d&+01�))�1&,+0Ld�"d �+d0-�4+d�+!d!")"1"d�)&+(d )201"/d4&1%
*&+&*2*d"##,/10L

�+d1%"d+"51d %�-1"/Md4"d�/"d$,&+$d1,d)"�/+d��,21d1%"d�"01d-/� 1& "d,+"d0%,2)!d#,)),4d&+d,/!"/
1,d"##& &"+1)6d20"d�)&+(L
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�,d#�/d&+d1%&0d�,,(Md4"d%�3"d)"�/+"!d3�/&,20d1%&+$0d��,21d�)&+(Ld�"d01�/1"!d4&1%d�)&+(Z0
�/ %&1" 12/"d�+!d1%"d3�/&,20d���0d&1d02--,/10Ld�"d�)0,d)"�/+"!d%,4d4"d20"d$/�-%d�+!
*� %&+"d)"�/+&+$d���0d-/,3&!"!d�6d�)&+(Ld�,4d&+d1%&0d ,+ )2!&+$d %�-1"/Md4"d�/"d$,&+$d1,
1�)(d��,21d0,*"d�"01d-/� 1& "0d6,2d0%,2)!d#,)),4d&+d,/!"/d1,d /"�1"d-/,!2 1&,+d.2�)&16
*�&+1�&+��)"d�)&+(d�--)& �1&,+0L

�"d4&))d�"d!&0 200&+$d��,21d1%"d#,)),4&+$d1,-& 0N

�,$$&+$d�"01d-/� 1& "0
�0&+$d 201,*d0"/&�)&7"/0
�0&+$d�+!d*,+&1,/&+$d1%"d����d���
�� (d-/"002/"d*,+&1,/&+$

�,d)"1Z0d$"1d01�/1"!L

/RJJLQJ�EHVW�SUDFWLFHV
�1d&0d3"/6d&*-,/1�+1d1,d%�3"d),$0d ,+#&$2/"!d&+d�+6d0,#14�/"d�--)& �1&,+Ld�,$0d%")-d&+
!"�2$$&+$d1%"d&002"0Ldd�"d!,+’1d#,)),4d1%"0"d),$$&+$d-/� 1& "0Md&1d4,2)!d�"d3"/6d!&##2 )1d1,
2+!"/01�+!d1%"d-/,$/"00d,#d1%"d',�d,/d&#d�+6d&002"0d4&1%d&1Ld�%"/"d�/"d ,2-)"d,#d)&�/�/&"0d4"
 �+d20"d#,/d�"11"/d),$$&+$d"5-"/&"+ "Ldd
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&RQILJXULQJ�/RJ�M
�,$<'Md�0d4"d(+,4Md&0d,+"d1%"d*,01d4&!")6d20"!d),$$&+$d)&�/�/&"0Ld�"d �+d ,+#&$2/"d&1d&+d�+6
�)&+(d�--)& �1&,+d4&1%d3"/6d)&11)"d"##,/1Ld�"d%�3"d,+)6d1,d&+ )2!"d�dlog4j.propertiesd#&)"L
�"d �+d-�00d1%"dlog4j.propertiesd#&)"d�6d-�00&+$d&1d�0
�+dDlog4j.configuration=/path/to/log4j.propertiesd�/$2*"+1L

�)&+(d02--,/10d1%"d#,)),4&+$d!"#�2)1d-/,-"/16d#&)"0N

log4j-cli.propertiesNd�%&0d#&)"d&0d20"!d�6d1%"d�)&+(d ,**�+!d)&+"d1,,)Ld
"/"
&0d1%"d"5� 1d#&)"d�1dh t t p s ://g i t h u b . c o m /a p a c h e /f l i n k /b l o b /m a s t e r /f l i n k - d i s

t /s r c /m a i n /f l i n k - b i n /c o n f /l o g 4j - c l i . p r o p e r t i e s L
log4j-yarn-session.propertiesNd�%&0d#&)"d&0d20"!d�6d1%"d�)&+(d����
0"00&,+Ld
"/"d&0d1%"d"5� 1d#&)"d�1dh t t p s ://g i t h u b . c o m /a p a c h e /f l i n k /b l o b /m a s t e

r /f l i n k - d i s t /s r c /m a i n /f l i n k - b i n /c o n f /l o g 4j - y a r n - s e s s i o n . p r o p e r t i e s L
log4j.propertiesNd�%&0d#&)"d&0d20"!d�6d1%"d�)&+(d�,�d��+�$"/d�+!d��0(
��+�$"/Ld
"/"d&0d1%"d"5� 1d#&)"d�1dh t t p s ://g i t h u b . c o m /a p a c h e /f l i n k /b l o b /m a s

t e r /f l i n k - d i s t /s r c /m a i n /f l i n k - b i n /c o n f /l o g 4j . p r o p e r t i e s L

&RQILJXULQJ�/RJEDFN
�%"0"d!�60d�d),1d,#d-",-)"d-/"#"/d20&+$d�,$�� (d,3"/d�,$<'d�" �20"d,#d&1d#"�12/"0Ld�,$�� (
-/,3&!"0d#�01"/d�`�Md1%,/,2$%)6d1"01"!d)&�/�/&"0Md"51"+0&3"d!, 2*"+1�1&,+d"1 Ldd�)&+(d�)0,
02--,/10d ,+#&$2/&+$d�,$�� (d#,/d�+d�--)& �1&,+L

�"d+""!d1,d20"d1%"d0�*"d-/,-"/16d1,d ,+#&$2/"dlogback.xmlL
Dlogback.configurationFile=<file>Md,/d4"d �+d�)0,d-21d1%"dlogback.xmld#&)"d&+d1%"
 )�00d-�1%Ld�d0�*-)"dlogback.xmld4,2)!d),,(d)&("d1%&0N

<configuration>
    <appender name="file" class="ch.qos.logback.core.FileAppender">
        <file>${log.file}</file>
        <append>false</append>
        <encoder>
            <pattern>%d{yyyy-MM-dd HH:mm:ss.SSS} [%thread] %-5level
            %logger{60} %X{sourceThread} - %msg%n</pattern>
        </encoder>
    </appender>

    <!-- This affects logging for both user code and Flink -->
    <root level="INFO">
        <appender-ref ref="file"/>
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    </root>

    <!-- Uncomment this if you want to only change Flink's logging -->
    <!--<logger name="org.apache.flink" level="INFO">-->
        <!--<appender-ref ref="file"/>-->
    <!--</logger>-->

    <!-- The following lines keep the log level of common
    libraries/connectors on
         log level INFO. The root logger does not override this. You
         have to manually
         change the log levels here. -->
    <logger name="akka" level="INFO">
        <appender-ref ref="file"/>
    </logger>
    <logger name="org.apache.kafka" level="INFO">
        <appender-ref ref="file"/>
    </logger>
    <logger name="org.apache.hadoop" level="INFO">
        <appender-ref ref="file"/>
    </logger>
    <logger name="org.apache.zookeeper" level="INFO">
        <appender-ref ref="file"/>
    </logger>

    <!-- Suppress the irrelevant (wrong) warnings from the Netty
     channel handler -->
    <logger name="org.jboss.netty.channel.DefaultChannelPipeline"
    level="ERROR">
        <appender-ref ref="file"/>
    </logger>
</configuration>

�"d �+d�)4�60d %�+$"d1%"dlogback.xmld#&)"d�+!d0"1d1%"d),$$&+$d)"3")d�  ,/!&+$d1,d,2/
-/"#"/"+ "0L

/RJJLQJ�LQ�DSSOLFDWLRQV
�%&)"d20&+$d���<�d&+d�+6d�)&+(d�--)& �1&,+Md4"d+""!d1,d&*-,/1d1%"d#,)),4&+$d-� (�$"d�+!
 )�00"0Md�+!d&+&1&�1"d1%"d),$$"/d4&1%d1%"d )�00d+�*"N

import org.slf4j.LoggerFactory
import org.slf4j.Logger

Logger LOG = LoggerFactory.getLogger(MyClass.class)

公
众

号
：
zh
is
he
ng



�!/0a�.��0%�!/

S`9:?`T

�1d&0d�)0,d�d�"01d-/� 1& "d1,d20"d�d-)� "%,)!"/d*" %�+&0*d#,/d),$$&+$d&+01"�!d,#d20&+$d�d01/&+$
#,/*�11"/Ld�%"d-)� "%,)!"/d*" %�+&0*d%")-0d1,d�3,&!d2++" "00�/6d01/&+$d#,/*�1&,+0d&+01"�!
&1d,+)6d!,"0d01/&+$d ,+ �1"+�1&,+Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d�
-)� "%,)!"/N

LOG.info("Value of a = {}, value of b= {}", myobject.a, myobject.b);

�"d �+d�)0,d20"d-)� "%,)!"/d),$$&+$d&+d"5 "-1&,+d%�+!)&+$N

catch(Exception e){
  LOG.error("Error occurred {}",  e);
}

8VLQJ�3DUDPHWHU7RRO
�&+ "d�)&+(d8LAMd4"d%�3"d�d�2&)1c&+dParameterToold&+d�)&+(Md4%& %d%")-0d1,d$"1d-�/�*"1"/0
#/,*d"51"/+�)d0,2/ "0d02 %d�0d�/$2*"+10Md0601"*d-/,-"/1&"0Md,/d#/,*d-/,-"/16d#&)"0L
�+1"/+�))6Md&1d&0d�d*�-d,#d01/&+$0d4%& %d(""-0d1%"d("6d�0d1%"d-�/�*"1"/d+�*"d�+!d1%"d3�)2"
�0d1%"d-�/�*"1"/d3�)2"L

�,/d"5�*-)"Md4"d �+d1%&+(d,#d20&+$d��/�*"1"/�,,)d&+d,2/d��1��1/"�*d���d"5�*-)"Md4%"/"
4"d+""!d1,d0"1d
�#(�d-/,-"/1&"0N

String kafkaproperties = "/path/to/kafka.properties";
ParameterTool parameter = ParameterTool.fromPropertiesFile(propertiesFile);

)URP�V\VWHP�SURSHUWLHV
�"d �+d/"�!d-/,-"/1&"0d!"#&+"!d&+d0601"*d3�/&��)"0Ld�"d+""!d1,d-�00d1%"d0601"*d-/,-"/1&"0
#&)"d�"#,/"d&+&1&�)&7&+$d1%"*d�6d0"11&+$dDinput=hdfs://myfileL

�,4d4"d �+d/"�!d�))d1%,0"d-/,-"/1&"0d&+dParameterToold�0d#,)),40N

ParameterTool parameters = ParameterTool.fromSystemProperties();
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�"d �+d�)0,d/"�!d1%"d-�/�*"1"/0d#/,*d ,**�+!d)&+"d�/$2*"+10Ld�"d%�3"d1,d0"1d--
elementsd�"#,/"d&+3,(&+$d1%"d�--)& �1&,+L

�%"d#,)),4&+$d ,!"d0%,40d%,4d1,d/"�!d-�/�*"1"/0d#/,*d ,**�+!d)&+"d�/$2*"+10N

ParameterTool parameters = ParameterTool.fromArgs(args);

)URP��SURSHUWLHV�ILOH
�"d �+d�)0,d/"�!d1%"d-�/�*"1"/0d#/,*d1%"d.propertiesd#&)"Ld�%"d#,)),4&+$d&0d1%"d ,!"d#,/
1%&0N

String propertiesFile = /my.properties";
ParameterTool parameters =
ParameterTool.fromPropertiesFile(propertiesFile);

�"d �+d/"�!d1%"d-�/�*"1"/0d&+d1%"d�)&+(d-/,$/�*Ld�%"d#,)),4&+$d0%,40d%,4d4"d$"1d1%"
-�/�*"1"/0N

parameter.getRequired("key");
parameter.get("paramterName", "myDefaultValue");
parameter.getLong("expectedCount", -1L);
parameter.getNumberOfParameters()

1DPLQJ�ODUJH�7XSOH;�W\SHV
�0d4"d(+,4Md�d12-)"d&0d�d ,*-)"5d!�1�d16-"d20"!d1,d/"-/"0"+1d ,*-)"5d!�1�d01/2 12/"0Ld�1d&0
�d ,*�&+�1&,+d,#d3�/&,20d-/&*&1&3"d!�1�d16-"0Ld	"+"/�))6Md&1d&0d/" ,**"+!"!d+,1d1,d20"
)�/$"d12-)"0Od&+01"�!d&1d&0d/" ,**"+!"!d1,d20"d��3�d����0Ld�#d6,2d4�+1d1,d20"d�d12-)"Md&1d&0
/" ,**"+!"!d1,d+�*"d&1d4&1%d0,*"d 201,*d����d16-"L

�1d&0d3"/6d"�06d1,d /"�1"d�d 201,*d16-"d#,/d�d)�/$"d12-)"Ld�,/d"5�*-)"Md&#d4"d4�+1d1,d20"
Tuple8d1%"+d4"d �+d!"#&+"d&1d�0d#,)),40N

//Initiate Record Tuple
RecordTuple rc = new RecordTuple(value0, value1, value2, value3, value4,
value5, value6, value7);

// Define RecordTuple instead of using Tuple8
public static class RecordTuple extends Tuple8<String, String, Integer,
String, Integer, Integer, Integer, Integer> {
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         public RecordTuple() {
               super();
         }

         public RecordTuple(String value0, String value1, Integer value2,
String value3, Integer value4, Integer value5,
                     Integer value6, Integer value7) {
               super(value0, value1, value2, value3, value4, value5,
value6, value7);
         }
      } 

5HJLVWHULQJ�D�FXVWRP�VHULDOL]HU
�+d1%"d!&01/&�21"!d ,*-21&+$d4,/)!Md&1d&0d3"/6d&*-,/1�+1d1,d1�("d �/"d,#d"� %d�+!d"3"/6d0*�))
1%&+$Ld�"/&�)&7�1&,+d&0d,+"d,#d1%"*Ld�6d!"#�2)1Md�)&+(d20"0d1%"d
/6,d0"/&�)&7"/Ld�)&+(d�)0,
�)),40d20d1,d4/&1"d 201,*d0"/&�)&7"/0d&+d �0"d6,2d1%&+(d1%"d!"#�2)1d,+"d&0d+,1d$,,!d"+,2$%L
�"d+""!d1,d/"$&01"/d1%"d 201,*d0"/&�)&7"/d&+d,/!"/d#,/d�)&+(d1,d2+!"/01�+!d&1Ld�"$&01"/&+$d1%"
 201,*d0"/&�)&7"/d&0d3"/6d0&*-)"Od4"d'201d+""!d1,d/"$&01"/d&10d )�00d16-"d&+d1%"d�)&+(d"5" 21&,+
"+3&/,+*"+1Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d4"d!,d1%�1N

final ExecutionEnvironment env =
ExecutionEnvironment.getExecutionEnvironment();

// register the class of the serializer as serializer for a type
env.getConfig().registerTypeWithKryoSerializer(MyCustomType.class,
MyCustomSerializer.class);

// register an instance as serializer for a type
MySerializer mySerializer = new MySerializer();
env.getConfig().registerTypeWithKryoSerializer(MyCustomType.class,
mySerializer);


"/"d&0d�d ,*-)"1"d0�*-)"d )�00d#,/d�201,*d�"/&�)&7"/d�1dh t t p s ://g i t h u b . c o m /d e s h p a n d e t
a n m a y /m a s t e r i n g - f l i n k /b l o b /m a s t e r /c h a p t e r 10/f l i n k - b a t c h - a d v /s r c /m a i n /j a v a /c o m
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�&1%d	,,$)"d�/,1,�2#d�+!d�-� %"d�%/&#1Md1%&0d%�0d�""+d!,+"d�)/"�!6L

�,2d �+d/"�!d*,/"d��,21d	,,$)"d�/,1,�2#d�1
https://github.com/google/protobufL
�"1�&)0d,+d�-� %"d�%/&#1d �+d�"d/"�!d�1dh t t p s ://t h r i f t . a p a c h e . o r g /L

�+d,/!"/d1,d20"d	,,$)"d�/,1,�2#Md6,2d �+d�!!d1%"d#,)),4&+$d��3"+d!"-"+!"+ 6N

<dependency>
  <groupId>com.twitter</groupId>
  <artifactId>chill-protobuf</artifactId>
  <version>0.5.2</version>
</dependency>
<dependency>
  <groupId>com.google.protobuf</groupId>
  <artifactId>protobuf-java</artifactId>
  <version>2.5.0</version>
</dependency>
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�)&+(d02--,/10d�d*"1/& 0d0601"*d4%& %d�)),40d20"/0d1,d(+,4d*,/"d��,21d1%"d�)&+(d0"12-d�+!
1%"d�--)& �1&,+0d/2++&+$d,+d&1Ld�%&0d4,2)!d�"d3"/6d20"#2)d&#d6,2d�/"d20&+$d�)&+(d&+d�d3"/6d�&$
-/,!2 1&,+d0601"*d4%"/"d�d%2$"d+2*�"/d,#d',�0d�/"d/2++&+$d�+!d4"d+""!d1,d$"1d!"1�&)0d,#
"� %Ld�"d �+d�)0,d20"d1%"0"d1,d#""!d"51"/+�)d*,+&1,/&+$d0601"*0Ld�,d)"1Z0d1/6d1,d2+!"/01�+!
4%�1d&0d�3�&)��)"d�+!d%,4d1,d20"d1%"*L
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�"1/& d#2+ 1&,+0d�/"d�3�&)��)"d#,/d20"d#/,*d�+6d20"/d#2+ 1&,+d4%& %d"51"+!0dRichFunction
�6d �))&+$dgetRuntimeContext().getMetricGroup()Ld�%"0"d*"1%,!0d/"12/+d�
MetricGroupd,�'" 1Md4%& %d �+d�"d20"!d1,d /"�1"d�+!d/"$&01"/d�d+"4d*"1/& L
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�d ,2+1"/d �+d�"d20"!d1,d ,2+1d "/1�&+d1%&+$0d4%&)"d-/, "00&+$Ld�d0&*-)"d20"d,#d�d ,2+1"/
 �+d�"d1,d ,2+1d&+3�)&!d/" ,/!0d&+d1%"d!�1�Ld�,2d �+d %,,0"d1,d"&1%"/d&+ /"*"+1d,/d!" /"*"+1
1%"d ,2+1"/Md��0"!d,+d1%"d ,+!&1&,+0Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d1%&0N

public class TestMapper extends RichMapFunction<String, Integer> {
  private Counter errorCounter;

  @Override
  public void open(Configuration config) {
    this.errorCounter = getRuntimeContext()
      .getMetricGroup()
      .counter("errorCounter");
  }

  @public Integer map(String value) throws Exception {
    this.errorCounter.inc();
  }
}

*DXJHV
�d$�2$"d �+d-/,3&!"d�+6d3�)2"d4%"+"3"/d/".2&/"!Ld�+d,/!"/d1,d20"d�d$�2$"Md#&/01d4"d+""!d1,
 /"�1"d�d )�00d1%�1d&*-)"*"+10dorg.apache.flink.metrics.GaugeLd��1"/Md6,2d �+
/"$&01"/d1%�1d4&1%dMetricGroupL

�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d1%"d20"d,#d�d$�2$"d&+d1%"d�)&+(d�--)& �1&,+N

public class TestMapper extends RichMapFunction<String, Integer> {
  private int valueToExpose;

  @Override
  public void open(Configuration config) {
    getRuntimeContext()
      .getMetricGroup()
      .gauge("MyGauge", new Gauge<Integer>() {
        @Override
        public Integer getValue() {
          return valueToReturn;
        }
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      });
  }
}

+LVWRJUDPV
�d%&01,$/�*d-/,3&!"0d#,/d1%"d!&01/&�21&,+d,#d),+$d3�)2"0d,3"/d�d*"1/& Ld�%&0d �+d�"d20"!d1,
*,+&1,/d "/1�&+d*"1/& 0d,3"/d1&*"Ld�%"d#,)),4&+$d ,!"d0+&--"1d0%,40d%,4d1,d20"d1%&0N

public class TestMapper extends RichMapFunction<Long, Integer> {
  private Histogram histogram;

  @Override
  public void open(Configuration config) {
    this.histogram = getRuntimeContext()
      .getMetricGroup()
      .histogram("myHistogram", new MyHistogram());
  }

  @public Integer map(Long value) throws Exception {
    this.histogram.update(value);
  }
}

0HWHUV
�d*"1"/d&0d20"!d#,/d*,+&1,/&+$d�d0-" &#& d-�/�*"1"/Z0d�3"/�$"d1%/,2$%-21Ld�%"d,  2//"+ "
,#d�+d"3"+1d&0d/"$&01"/"!d20&+$d1%"dmarkEvent()d*"1%,!Ld�"d �+d/"$&01"/d�d*"1"/d20&+$d1%"
meter(String name, Meter meter)d*"1%,!d,+dMeterGroupN

public class MyMapper extends RichMapFunction<Long, Integer> {
  private Meter meter;

  @Override
  public void open(Configuration config) {
    this.meter = getRuntimeContext()
      .getMetricGroup()
      .meter("myMeter", new MyMeter());
  }

  @public Integer map(Long value) throws Exception {
    this.meter.markEvent();
  }
}
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5HSRUWHUV
�"1/& 0d �+d�"d!&0-)�6"!d1,d1%"d"51"/+�)d0601"*d�6d ,+#&$2/&+$d,+"d,/d*,/"d/"-,/1"/0d&+d1%"
conf/flink-conf.yamld#&)"Ld�,01d,#d6,2d*&$%1d�"d�4�/"d,#d0601"*0d02 %d�0d���Md4%& %
%")-d&+d*,+&1,/&+$d*�+6d0601"*0Ld�"d �+d ,+0&!"/d ,+#&$2/&+$d���d/"-,/1&+$d&+d�)&+(Ld�
/"-,/1"/d0%,2)!d%�3"d "/1�&+d-/,-"/1&"0Md�0d)&01"!d&+d1%"d#,)),4&+$d1��)"N

�+*"%#1.�0%+* �!/�.%,0%+*

metrics.reporters �%"d)&01d,#d+�*"!d/"-,/1"/0

metrics.reporter.<name>.<config> �,+#&$2/�1&,+d#,/d/"-,/1"/d4&1%d<name>

metrics.reporter.<name>.class �"-,/1"/d )�00d20"!d#,/d/"-,/1"/d+�*"!
<name>

metrics.reporter.<name>.interval �+1"/3�)d1&*"d#,/d/"-,/1"/d4&1%d+�*"
<name>

metrics.reporter.<name>.scope.delimiter � ,-"d,#d/"-,/1"/d4&1%d+�*"d<name>

d

�%"d#,)),4&+$d&0d�+d"5�*-)"d,#d�d/"-,/1"!d ,+#&$2/�1&,+d#,/d1%"d���d/"-,/1"/N

metrics.reporters: my_jmx_reporter

metrics.reporter.my_jmx_reporter.class:
org.apache.flink.metrics.jmx.JMXReporter
metrics.reporter.my_jmx_reporter.port: 9020-9040

�+ "d4"d�!!d1%"d-/" "!&+$d$&3"+d ,+#&$2/�1&,+d&+dconfig/flink-conf.yamlMd4"d+""!d1,
01�/1d�)&+(d�,�d��+�$"/d-/, "00Ld�,4d�)&+(d4&))d01�/1d"5-,0&+$d1%"0"d3�/&��)"0d1,d���d-,/1
8789.d�"d �+d20"d��,+0,)"d1,d*,+&1,/d1%"d/"-,/10d-2�)&0%"!d�6d�)&+(Ld��,+0,)"d ,*"0d�6
!"#�2)1d4&1%d��
d&+01�))�1&,+Ld�"d'201d+""!d1,d$,d1,d��
d&+01�))�1&,+d!&/" 1,/6d�+!d01�/1
JConsole.exeLd�+ "d1%"d��,+0,)"d&0d/2++&+$Md4"d+""!d1,d0")" 1d1%"d�)&+(d�,�d��+�$"/
-/, "00d1,d*,+&1,/d�+!d4"d �+d0""d3�/&,20d3�)2"0d1%�1d �+d�"d*,+&1,/"!Ld�,)),4&+$d&0d�
0�*-)"d0 /""+0%,1d,#d�d��,+0,)"d0 /""+d*,+&1,/&+$d�)&+(L

公
众

号
：
zh
is
he
ng



�!/0a�.��0%�!/

S`9;<`T

�-�/1d#/,*d���Md�)&+(d02--,/10d/"-,/1"/0d02 %d�0d	�+$)&�Md	/�-%&1"d�+!
�1�0�Ld�,/"d&+#,/*�1&,+d,+d1%,0"d �+d�"d#,2+!d�1dh t t p s ://c i . a p a c h e . o r
g /p r o j e c t s /f l i n k /f l i n k - d o c s - r e l e a s e - 1. 2/m o n i t o r i n g /m e t r i c s . h t m

l #r e p o r t e r L

0RQLWRULQJ�5(67�$3,
�)&+(d02--,/10d1%"d*,+&1,/&+$d,#d1%"d01�120d,#d/2++&+$d�+!d ,*-)"1"!d�--0Ld�%"0"d���0d�/"
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01�/1"!d4&1%&+d1%"d�)&+(d�,�d��+�$"/d!�0%�,�/!Ld�%&0d&+#,/*�1&,+d �+d�)0,d�"d�  "00"!d4&1%
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�%"/"d�/"d*�+6d���0d�3�&)��)"d&+d�)&+(Ld�"1Z0d01�/1d2+!"/01�+!&+$d0,*"d,#d1%"*L

&RQILJ�$3,
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dhttp://localhost:8081/config
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{
    "refresh-interval": 3000,
    "timezone-offset": 19800000,
    "timezone-name": "India Standard Time",
    "flink-version": "1.0.3",
    "flink-revision": "f3a6b5f @ 06.05.2016 @ 12:58:02 UTC"
}

2YHUYLHZ�$3,
�%&0d$&3"0d�+d,3"/3&"4d,#d1%"d�)&+(d )201"/N
http://localhost:8081/overview

�%"d#,)),4&+$d&0d1%"d/"0-,+0"N

{
    "taskmanagers": 1,
    "slots-total": 1,
    "slots-available": 1,
    "jobs-running": 0,
    "jobs-finished": 1,
    "jobs-cancelled": 0,
    "jobs-failed": 0,
    "flink-version": "1.0.3",
    "flink-commit": "f3a6b5f"
}

2YHUYLHZ�RI�WKH�MREV
�%&0d$&3"0d�+d,3"/3&"4d,#d1%"d',�0d4%& %d%�3"d/2+d/" "+1)6d�+!d�/"d 2//"+1)6d/2++&+$N
 http://localhost:8081/jobs

�%"d#,)),4&+$d&0d1%"d/"0-,+0"N

{
    "jobs-running": [],
    "jobs-finished": [
        "cd978489f5e76e5988fa0e5a7c76c09b"
    ],
    "jobs-cancelled": [],
    "jobs-failed": []
}
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http://localhost:8081/joboverviewd���d$&3"0d1%"d ,*-)"1"d,3"/3&"4d,#d�d�)&+(d',�L
�1d ,+1�&+0d',�d��Md01�/1d�+!d"+!d1&*"0Md!2/�1&,+d,#d/2+Md+,Ld,#d1�0(0d�+!d1%"&/d01�1"0Ld�d01�1"
 ,2)!d�"d01�/1"!Md/2++&+$Md(&))"!d,/d#&+&0%"!L

�%"d#,)),4&+$d&0d1%"d/"0-,+0"N

{
    "running": [],
    "finished": [
        {
            "jid": "cd978489f5e76e5988fa0e5a7c76c09b",
            "name": "Flink Java Job at Sun Dec 04 16:13:16 IST 2016",
            "state": "FINISHED",
            "start-time": 1480848197679,
            "end-time": 1480848198310,
            "duration": 631,
            "last-modification": 1480848198310,
            "tasks": {
                "total": 3,
                "pending": 0,
                "running": 0,
                "finished": 3,
                "canceling": 0,
                "canceled": 0,
                "failed": 0
            }
        }
    ]
}

'HWDLOV�RI�D�VSHFLILF�MRE
�%&0d$&3"0d!"1�&)0d,#d1%"d0-" &#& d',�Ld�"d+""!d1,d-/,3&!"d1%"d',�d��d/"12/+"!d�6d1%"d-/"3&,20
���Ld�%"+d�d',�d&0d02�*&11"!Md�)&+(d /"�1"0d�d�&/" 1"!d� 6 )& d�,�dS��	Td#,/d1%�1d',�Ld�%&0
$/�-%d ,+1�&+0d3"/1& "0d�0d1%"d1�0(0d,#d1%"d',�d�+!d1%"d"5" 21&,+d-)�+Ld�,)),4&+$d,21-21
0%,40d1%"d0�*"d!"1�&)0Ld
dhttp://localhost:8081/jobs/<jobid>

�%"d#,)),4&+$d&0d1%"d/"0-,+0"N

{
    "jid": "cd978489f5e76e5988fa0e5a7c76c09b",
    "name": "Flink Java Job at Sun Dec 04 16:13:16 IST 2016",
    "isStoppable": false,
    "state": "FINISHED",
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    "start-time": 1480848197679,
    "end-time": 1480848198310,
    "duration": 631,
    "now": 1480849319207,
    "timestamps": {
        "CREATED": 1480848197679,
        "RUNNING": 1480848197733,
        "FAILING": 0,
        "FAILED": 0,
        "CANCELLING": 0,
        "CANCELED": 0,
        "FINISHED": 1480848198310,
        "RESTARTING": 0
    },
    "vertices": [
        {
            "id": "f590afd023018e19e30ce3cd7a16f4b1",
            "name": "CHAIN DataSource (at
             getDefaultTextLineDataSet(WordCountData.java:70)
             (org.apache.flink.api.java.io.CollectionInputFormat)) ->
             FlatMap (FlatMap at main(WordCount.java:81)) ->
             Combine(SUM(1), at main(WordCount.java:84)",
            "parallelism": 1,
            "status": "FINISHED",
            "start-time": 1480848197744,
            "end-time": 1480848198061,
            "duration": 317,
            "tasks": {
                "CREATED": 0,
                "SCHEDULED": 0,
                "DEPLOYING": 0,
                "RUNNING": 0,
                "FINISHED": 1,
                "CANCELING": 0,
                "CANCELED": 0,
                "FAILED": 0
            },
            "metrics": {
                "read-bytes": 0,
                "write-bytes": 1696,
                "read-records": 0,
                "write-records": 170
            }
        },
        {
            "id": "c48c21be9c7bf6b5701cfa4534346f2f",
            "name": "Reduce (SUM(1), at main(WordCount.java:84)",
            "parallelism": 1,
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            "status": "FINISHED",
            "start-time": 1480848198034,
            "end-time": 1480848198190,
            "duration": 156,
            "tasks": {
                "CREATED": 0,
                "SCHEDULED": 0,
                "DEPLOYING": 0,
                "RUNNING": 0,
                "FINISHED": 1,
                "CANCELING": 0,
                "CANCELED": 0,
                "FAILED": 0
            },
            "metrics": {
                "read-bytes": 1696,
                "write-bytes": 1696,
                "read-records": 170,
                "write-records": 170
            }
        },
        {
            "id": "ff4625cfad1f2540bd08b99fb447e6c2",
            "name": "DataSink (collect())",
            "parallelism": 1,
            "status": "FINISHED",
            "start-time": 1480848198184,
            "end-time": 1480848198269,
            "duration": 85,
            "tasks": {
                "CREATED": 0,
                "SCHEDULED": 0,
                "DEPLOYING": 0,
                "RUNNING": 0,
                "FINISHED": 1,
                "CANCELING": 0,
                "CANCELED": 0,
                "FAILED": 0
            },
            "metrics": {
                "read-bytes": 1696,
                "write-bytes": 0,
                "read-records": 170,
                "write-records": 0
            }
        }
    ],
    "status-counts": {
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        "CREATED": 0,
        "SCHEDULED": 0,
        "DEPLOYING": 0,
        "RUNNING": 0,
        "FINISHED": 3,
        "CANCELING": 0,
        "CANCELED": 0,
        "FAILED": 0
    },
    "plan": {
//plan details
    }
}

8VHU�GHILQHG�MRE�FRQILJXUDWLRQ
�%&0d$&3"0d1%"d20"/d!"#&+"!d',�d ,+#&$2/�1&,+d20"!d�6d�d0-" &#& d',�N

http://localhost:8081/jobs/<jobid>/config

�%"d#,)),4&+$d&0d1%"d/"0-,+0"N

{
    "jid": "cd978489f5e76e5988fa0e5a7c76c09b",
    "name": "Flink Java Job at Sun Dec 04 16:13:16 IST 2016",
    "execution-config": {
        "execution-mode": "PIPELINED",
        "restart-strategy": "default",
        "job-parallelism": -1,
        "object-reuse-mode": false,
        "user-config": {}
    }
}

�&*&)�/)6Md6,2d �+d"5-),/"d�))d1%"d#,)),4&+$d)&01"!d���0d,+d6,2/d,4+d0"12-N

/config
/overview
/jobs
/joboverview/running
/joboverview/completed
/jobs/<jobid>
/jobs/<jobid>/vertices
/jobs/<jobid>/config
/jobs/<jobid>/exceptions
/jobs/<jobid>/accumulators
/jobs/<jobid>/vertices/<vertexid>
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/jobs/<jobid>/vertices/<vertexid>/subtasktimes
/jobs/<jobid>/vertices/<vertexid>/taskmanagers
/jobs/<jobid>/vertices/<vertexid>/accumulators
/jobs/<jobid>/vertices/<vertexid>/subtasks/accumulators
/jobs/<jobid>/vertices/<vertexid>/subtasks/<subtasknum>
/jobs/<jobid>/vertices/<vertexid>/subtasks/<subtasknum>/attempts/<attempt>
/jobs/<jobid>/vertices/<vertexid>/subtasks/<subtasknum>/attempts/<attempt>/
accumulators
/jobs/<jobid>/plan

%DFN�SUHVVXUH�PRQLWRULQJ
�� (d-/"002/"d&0d�d0-" &�)d0&12�1&,+d&+d�)&+(d�--)& �1&,+0d4%"/"d1%"d!,4+01/"�*d,-"/�1,/0
�/"d+,1d��)"d1,d ,+02*"d!�1�d4&1%d1%"d0�*"d0-""!d,#d1%"d2-01/"�*d,-"/�1,/d1%�1d&0d-20%&+$
1%"d!�1�Ld�%&0d01�/10d�2&)!&+$d-/"002/"d,+d1%"d-&-")&+"d�+!d1%"d!�1�d#),4d01�/10d&+d1%"
,--,0&1"d!&/" 1&,+Ld	"+"/�))6Md&#d1%&0d%�--"+0Md�)&+(d$&3"0d20d4�/+&+$0d&+d1%"d),$0L

�+d�d0,2/ "d0&+(d0 "+�/&,Md&#d4"d0""d�d4�/+&+$d1,d1%"d0,2/ "Md1%"+d&1d*"�+0d0&+(d&0d ,+02*&+$
!�1�d0),4"/d1%�+d1%"d0,2/ "d&0d-/,!2 &+$d&1L

�1d&0d3"/6d&*-,/1�+1d1,d*,+&1,/d�� (d-/"002/"d&+d�))d01/"�*&+$d',�0Md�0d�d%&$%d�� (d-/"002/&+$
',�d*�6d#�&)d,/d$&3"d1%"d4/,+$d/"02)10Ld�%"d�� (-/"002/"d �+d�"d*,+&1,/"!d#/,*d1%"d�)&+(
!�0%�,�/!L

�)&+(d%�+!)"0d�� (d-/"002/"d*,+&1,/&+$d ,+1&+2,20)6Md1�(&+$d0�*-)"d01� (d1/� "0d,#d1%"
/2++&+$d1�0(0Ld�#d1%"d0�*-)"d0%,40d1%�1d1%"d1�0(d&0d012 (d&+d�+d&+1"/+�)d*"1%,!Md1%&0d&+!& �1"0
1%�1d1%"/"d&0d�d�� (d-/"002/"L

�+d�+d�3"/�$"Md1%"d�,�d��+�$"/d1/&$$"/0d988d01� (d1/� "0d"3"/6d=8d*&))&0" ,+!0Ld��0"!d,+
1%"d+2*�"/d,#d1�0(0d012 (d&+d1%"d&+1"/+�)d-/, "00Md1%"d�� (d-/"002/"d4�/+&+$d)"3")d&0
!" &!"!Md�0d0%,4+d&+d1%"d#,)),4&+$d1��)"N

��0%+ ���'`,.!//1.!`(!2!(

8d1,d8L98 ,(

8L98d1,d8L= ),4

8L=d1,d9 %&$%

d 公
众

号
：
zh
is
he
ng



�!/0a�.��0%�!/

S`9<9`T
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jobmanager.web.backpressure.refresh-interval �"#/"0%d&+1"/3�)d1,d/"0"1
�3�&)��)"d01�10Ld�"#�2)1d&0
60,000Md9d*&+L

jobmanager.web.backpressure.delay-between-samples �+1"/3�)d#,/d!")�6d�"14""+
1%"d0�*-)"0Ld�"#�2)1d&0d50
*0L

jobmanager.web.backpressure.num-samples �2*�"/d,#d0�*-)"0d1,
!"1"/*&+"d1%"d�� (
-/"002/"Ld�"#�2)1d&0d100L
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$
DLUSRUW�WUDYHO�RSWLPL]DWLRQ
���DERXW��191
���UHIHUHQFHV��193
$NND��10
DOJRULWKPV
���DERXW��144
���GDWD�SUH�SURFHVVLQJ��157
���SLSHOLQHV��157
���UHFRPPHQGDWLRQ�HQJLQHV��151
���VXSHUYLVHG�OHDUQLQJ��144
���XQVXSHUYLVHG�OHDUQLQJ��153
���XWLOLWLHV��156
$OOX[LR
���UHIHUHQFH�OLQN��81
$OWHUQDWLQJ�/HDVW�6TXDUHV��$/6���151
$PD]RQ�6LPSOH�6WRUDJH�6HUYLFH��6��
���DERXW��233
���XVLQJ��LQ�)OLQN�DSSOLFDWLRQV��233��234
$PD]RQ�:HE�6HUYLFHV��$:6���211��221
$PD]RQ
���UHIHUHQFH�OLQN��141
$SDFKH�&DOFLWH
���UHIHUHQFH�OLQN��91��108
$SDFKH�7KULIW
���UHIHUHQFH�OLQN��241
$3,��)OLQN
���FRQILJ�$3,��245
DV�RSHUDWRU��100

%
EDFN�SUHVVXUH
���DERXW��251
���PRQLWRULQJ��251��252
%DFNXV�1DXU�)RUP��%1)���109
EDWFK�SURFHVVLQJ

���UHIHUHQFH�OLQN��61
%'8WLO
���DERXW��211
���LQVWDOOLQJ��213
���UHIHUHQFH�OLQN��211
EHJLQ�VWDWH
���DERXW��124
���FRQWLQXLW\��125
���ILOWHU�FRQGLWLRQ��124
���25�RSHUDWRUV��125
���VXEW\SH���PHWKRG��XVLQJ��124
ELQDULHV
���UHIHUHQFH�OLQN��197
%LSDUWLWH
���DERXW��181
���UHIHUHQFH�OLQN��181
EURDGFDVW�YDULDEOHV��78
EXLOW�LQ�IXQFWLRQ
���IRU�GDWD�UHDGLQJ��63

&
&DVVDQGUD�FRQQHFWRU
���DERXW��56��57
���UHIHUHQFH�OLQN��56
&KDQG\�/DPSRUW�DOJRULWKP
���UHIHUHQFH�OLQN��11
FODVVLILFDWLRQ
���UHIHUHQFH�OLQN��139
FOXVWHU
���VKXWWLQJ�GRZQ��221��232
FOXVWHULQJ��140
&R/RFDWLRQ*URXS��11
FRPSOH[�HYHQW�SURFHVVLQJ��&(3�
���DERXW��117��118
���VWUHDPLQJ�HYHQWV��117
���XVLQJ��RQ�WHPSHUDWXUH�VHQVRU��131��132��134
FRQQHFWRUV��$SDFKH�)OLQN
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���DERXW��45
���&DVVDQGUD�FRQQHFWRU��56
���(ODVWLF6HDUFK�FRQQHFWRU��52
���.DIND�FRQQHFWRU��45
���5DEELW04�FRQQHFWRU��50
���7ZLWWHU�FRQQHFWRU��47
FRQQHFWRUV��'DWD6HW�$3,
���DERXW��79
���ILOHV\VWHPV��79
���0RQJR'%��84
FRQWLQXLW\
���DERXW��125
���QRQ�VWULFW�FRQWLQXLW\��126
���QRQ�VWULFW�FRQWLQXLW\��ZLWKLQ��126
���VWULFW�FRQWLQXLW\��125
FXVWRP�VHULDOL]HU
���UHJLVWHULQJ��240

'
GDWD�SUH�SURFHVVLQJ
���0LQ0D[�VFDOHU��159
���SRO\QRPLDO�IHDWXUH��158
���VWDQGDUG�VFDOHU��158
GDWD�VRXUFHV
���DERXW��31��62
���FROOHFWLRQ�EDVHG��63
���FRPSUHVVHG�ILOHV��64
���ILOH�EDVHG��31��32��63
���JHQHULF�VRXUFHV��64
���VRFNHW�EDVHG��31
GDWD�WUDQVIRUPDWLRQ
���DJJUHJDWH�RQ�IXOO�WXSOH�GDWDVHW��72
���FURVV�WUDQVIRUPDWLRQ��74
���GLVWLQFW��73
���ILUVW�Q�WUDQVIRUPDWLRQ��77
���JURXS�FRPELQH�RSHUDWLRQV��68
���JURXS�UHGXFH�WUDQVIRUPDWLRQ��71
���KDVK�SDUWLWLRQ�WUDQVIRUPDWLRQ��76
���MRLQ�WUDQVIRUPDWLRQ��74
���0D[%\��RQ�IXOO�WXSOH�GDWDVHW��73
���0LQ%\�RQ�IXOO�WXSOH�GDWDVHW��72
���UDQJH�SDUWLWLRQ�WUDQVIRUPDWLRQ��76
���UHEDODQFH�WUDQVIRUPDWLRQ��75
���VRUW�SDUWLWLRQ�WUDQVIRUPDWLRQ��77
���XQLRQ�WUDQVIRUPDWLRQ��75

GDWD�WUDQVIRUPDWLRQV
���DERXW��33��64
���DJJUHJDWH�WUDQVIRUPDWLRQ��69��70
���DJJUHJDWLRQV��35
���ILOWHU�IXQFWLRQ��34
���)ODW0DS��33��65
���IROG��35
���JURXS��E\�ILHOG�SRVLWLRQ�NH\��68
���.H\%\��34
���PDS��33��65
���0D[%\�RQ�JURXSHG�WXSOH�GDWDVHW��70
���0LQ%\�RQ�JURXSHG�WXSOH�GDWDVHW��70
���3URMHFW�IXQFWLRQ��40
���SURMHFW�WUDQVIRUPDWLRQ��66
���UHGXFH��34
���UHGXFH�WUDQVIRUPDWLRQ��66
���VHOHFW�IXQFWLRQ��39
���VSOLW�IXQFWLRQ��39
���XQLRQ�IXQFWLRQ��38
���ZLQGRZ�IXQFWLRQ��36
���ZLQGRZ�MRLQ��38
���ZLQGRZ$OO�IXQFWLRQ��37
GDWD�W\SHV��107
GDWD
���RSWLRQV��IRU�VDYLQJ�UHVXOWV��43��78
GDWDVHWV
���UHIHUHQFH�OLQN��74
���UHJLVWHULQJ��93
GDWDVWUHDP
���UHJLVWHULQJ��94��95
���64/��108��109
GLVWDQFH�PHWULFV
���UHIHUHQFH�OLQN��156
GLVWLQFW�RSHUDWRU��106
GLVWULEXWLRQ�H[HFXWLRQ��9

(
HGJHV��161
(ODVWLF�0DS�5HGXFH��(05�
���DERXW��221
���)OLQN��LQVWDOOLQJ��224��225
���UHIHUHQFH�OLQN��221
(ODVWLF6HDUFK�FRQQHFWRU
���HPEHGGHG�QRGH�PRGH��53��54
���UHIHUHQFH�OLQN��52
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���WUDQVSRUW�FOLHQW�PRGH��55
(05�FOXVWHU
���ODXQFKLQJ��222��224
(05�<$51
���)OLQN��H[HFXWLQJ��225
HYHQW�WLPH��43
HYHQWV��57
H[HFXWLRQ�HQYLURQPHQW��30
H[WHUQDO�WDEOH�VRXUFHV
���&69�WDEOH�VRXUFH��96
���.DIND�-621�WDEOH�VRXUFH��97��98
���UHJLVWHULQJ��96

)
ILOHV\VWHPV
���DERXW��79
���$OOX[LR��81
���$YUR��82
���GDWD��UHDGLQJ�IURP�$PD]RQ�6���81
���GDWD��UHDGLQJ�IURP�+')6�ILOH��79��80
���0LFURVRIW�$]XUH�VWRUDJH��82��83
ILOWHU�RSHUDWRU��100
)OLQN������7
)OLQN���;
���DUFKLWHFWXUH��8
)OLQN�DSSOLFDWLRQV
���6���XVLQJ��233��234
)OLQN�%DWFK�$3,
���XVHG��IRU�$WKOHWHV�'DWD�,QVLJKWV��87��88
)OLQN�&(3
���DERXW��119
���EHJLQ�VWDWH��124
���HYHQW�VWUHDP��120
���SDWWHUQ�$3,��123
���SDWWHUQV��GHWHFWLQJ��126
���VHOHFWLQJ��IURP�SDWWHUQV��127
���WLPHG�RXW�SDUWLDO�SDWWHUQV��KDQGOLQJ��130��131
)OLQN�FOXVWHU�VHWXS
���DGGLWLRQDO�-RE�7DVN�0DQDJHUV��DGGLQJ��24
���FOXVWHU��VWRSSLQJ��24
���FRQILJXUDWLRQV��21
���GDHPRQV��VWDUWLQJ��22��23
���GDHPRQV��VWRSSLQJ��24
���LQVWDOODWLRQ�GLUHFWRU\��20
���-DYD�LQVWDOODWLRQ��20

���66+�FRQILJXUDWLRQV��19
)OLQN�FOXVWHU
���ODXQFKLQJ��214��215��216��218
���RYHUYLHZ��246
���VHWWLQJ�XS��18
)OLQN�JUDSK�$3,
���*HOO\��162��163
)OLQN�LWHUDWLRQV��IRU�3DJH�5DQN�DOJRULWKP
���UHIHUHQFH�OLQN��86
)OLQN�MRE
���H[HFXWLQJ��RQ�<$51��208
���H[HFXWLQJ��RQ�<$51�VHVVLRQ��229��231
���H[HFXWLQJ��UXQ�DFWLRQ�XVHG��201
���VXEPLWWLQJ��WR�<$51��201
)OLQN�RQ�$:6
���DERXW��221
���FOXVWHU��VKXWWLQJ�GRZQ��232
���(05�FOXVWHU��ODXQFKLQJ��222��224
���)OLQN�MRE��H[HFXWLQJ�RQ�<$51�VHVVLRQ��229��231
���)OLQN�RQ�(05�������232��233
���)OLQN�<$51�VHVVLRQ��VWDUWLQJ��227
���)OLQN��H[HFXWLQJ�RQ�(05�<$51��225
���)OLQN��LQVWDOOLQJ�RQ�(05��224��225
���6���XVLQJ�LQ�)OLQN�DSSOLFDWLRQV��233��234
)OLQN�RQ�(05�������232��233
)OLQN�RQ�*RRJOH�&ORXG
���DERXW��211
���%'8WLO��LQVWDOOLQJ��213
���FOXVWHU��VKXWWLQJ�GRZQ��221
���)OLQN�FOXVWHU��ODXQFKLQJ��214��215��216��218
���*RRJOH�&ORXG�6'.��LQVWDOOLQJ��211
���VDPSOH�ZRUG�FRXQW�SURJUDP��H[HFXWLQJ��218��220
)OLQN�RQ�<$51
���DERXW��196
���FRQILJXUDWLRQV��197
���)OLQN�MRE��H[HFXWLQJ�RQ�<$51��208
���)OLQN�MRE��VXEPLWWLQJ�WR�<$51��201��206��207
���)OLQN�<$51�VHVVLRQ��VWDUWLQJ��197��201
���)OLQN�<$51�VHVVLRQ��VWRSSLQJ��207
���UHFRYHU\�EHKDYLRU��209
���ZRUNLQJ�GHWDLOV��209
)OLQN�6WUHDPLQJ�$3,��43
)OLQN�7DEOH�$3,
���UHDO�OLIH�XVH�FDVH��114��115
)OLQN�:HE�8,
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���UHIHUHQFH�OLQN��200
)OLQN�<$51�VHVVLRQ
���VWDUWLQJ��197��227
���VWRSSLQJ��207
)OLQN
���GRZQORDG�OLQN��16
���H[HFXWLQJ��RQ�(05�<$51��225
���KLVWRU\��7
���LQVWDOOLQJ�RQ�(05��224��225
���LQVWDOOLQJ��RQ�/LQX[��18
���LQVWDOOLQJ��RQ�:LQGRZV��17
���SUH�UHTXLVLWH��17
���UHIHUHQFH�OLQN��149��159
���VWDUW�VHWXS��16
)OLQN0/��142
���DERXW��143
���DOJRULWKPV��144
IXOO2XWHU-RLQ�RSHUDWRU��102
IXQFWLRQV
���ILOWHU�IXQFWLRQ��66

*
JDWKHU��185
*DWKHU�6XP�$SSO\��*6$��LWHUDWLRQV��188��191
*HOO\
���DERXW��162��163
���JUDSK�PXWDWLRQV��177
���JUDSK�SURSHUWLHV��170
���JUDSK�UHSUHVHQWDWLRQ��163
���JUDSK�WUDQVIRUPDWLRQV��170
���JUDSK�YDOLGDWLRQ��181
���JUDSK��FUHDWLQJ��166
���QHLJKERUKRRG�PHWKRGV��178��179��180
���XVH�FDVH��DLUSRUW�WUDYHO�RSWLPL]DWLRQ��191
*RRJOH�&ORXG�3ODWIRUP��*&3���211
*RRJOH�&ORXG�6'.
���DERXW��211
���LQVWDOOLQJ��211
���UHIHUHQFH�OLQN��211
*RRJOH�&ORXG
���UHIHUHQFH�OLQN��211
*RRJOH�3URWREXI
���UHIHUHQFH�OLQN��241
JUDSK�PXWDWLRQV��177
JUDSK�SURSHUWLHV��170

JUDSK�UHSUHVHQWDWLRQ
���DERXW��163
���JUDSK�HGJHV��164��165
���JUDSK�QRGHV��163
JUDSK�WUDQVIRUPDWLRQV
���DERXW��170
���ILOWHU��172��173
���LQWHUVHFW��176
���MRLQ��173
���PDS��171
���UHYHUVH��174
���WUDQVODWH��171
���XQGLUHFWHG��175
���XQLRQ��175
JUDSK�YDOLGDWLRQ��181
JUDSK
���DERXW��161��162
���FUHDWLQJ��IURP�FROOHFWLRQ�OLVWV��169
���FUHDWLQJ��IURP�&69�ILOHV��168
���FUHDWLQJ��IURP�GDWDVHW�RI�WXSOHV�UHSUHVHQWLQJ

HGJHV��167
���FUHDWLQJ��IURP�GDWDVHWV�RI�HGJHV��166
���FUHDWLQJ��IURP�GDWDVHWV�RI�YHUWLFHV��166
JURXS%\�RSHUDWRU��100

+
+DGRRS��������16
+DGRRS�'LVWULEXWHG�)LOH�6\VWHP��+')6�
���DERXW��195
���UHIHUHQFH�OLQN��195
+DGRRS
���+DGRRS�'LVWULEXWHG�)LOH�6\VWHP��+')6���195
���RYHUYLHZ��195
���<HW�$QRWKHU�5HVRXUFH�1HJRWLDWRU��<$51���196

,
LQJHVWLRQ�WLPH��44��45
,QWHUQHW�RI�7KLQJV��,R7���29
LQWHUVHFW�RSHUDWRU��104
LQWHUVHFW$OO�RSHUDWRU��104
,ULV�GDWDVHW
���UHIHUHQFH�OLQN��145
LWHUDWLRQV
���DERXW��85
���GHOWD�LWHUDWRU��86
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���LWHUDWRU�RSHUDWRU��85
LWHUDWLYH�JUDSK�SURFHVVLQJ
���DERXW��182
���*DWKHU�6XP�$SSO\��*6$��LWHUDWLRQV��188��191
���6FDWWHU�*DWKHU�LWHUDWLRQV��185��186
���9HUWH[�&HQWULF�LWHUDWLRQV��182

-
-RE�0DQDJHU
���DERXW��10
���DFWRU�V\VWHP��10
���FKHFN�SRLQWLQJ��11
���VFKHGXOHU��11
-RE*UDSK��8
MRLQ�RSHUDWRU��101

.
N�1HDUHVW�1HLJKERU��N11���154
N�1HDUHVW�1HLJKERU�MRLQ��N11�MRLQ�
���UHIHUHQFH�OLQN��154
.DIND�FRQQHFWRU��45��47

/
OHIW2XWHU-RLQ�RSHUDWRU��101
/LE690�GDWD
���UHIHUHQFHV��146
OLPLW�RSHUDWRU��106
/LQX[
���)OLQN��LQVWDOOLQJ�RQ��18
/RJ�M
���DERXW��236
���FRQILJXULQJ��236
���UHIHUHQFHV��236
ORJJLQJ
���LQ�DSSOLFDWLRQV��237��238
���/RJ�M��FRQILJXULQJ��236

0
PDFKLQH�OHDUQLQJ
���DERXW��137��138
���VHPL�VXSHUYLVHG�OHDUQLQJ��142
���VXSHUYLVHG�OHDUQLQJ��138
���XQVXSHUYLVHG�OHDUQLQJ��140
PDVWHU�SURFHVVHV��9

0D[%\�RQ�JURXSHG�WXSOH�GDWDVHW
���UHGXFH�WUDQVIRUPDWLRQ��71
PHWULFV
���DERXW��241
���FRXQWHUV��242
���JDXJHV��242
���KLVWRJUDPV��243
���PHWHUV��243
���UHJLVWHULQJ��241
���UHSRUWHUV��244
0LQ0D[�VFDOHU��159
PLQXV�RSHUDWRU��105
PLQXV$OO�RSHUDWRU��105
0XOWL�5DQGRP�6SOLWV��157
0XOWLSOH�/LQHDU�5HJUHVVLRQ��0/5�
���DERXW��148
���UHIHUHQFH�OLQN��148

1
Q��VWDQGDUG����215
QHLJKERUKRRG�PHWKRGV��178��179��180
QRQ�URRW�DFFRXQW��213

2
RSHUDWRUV
���DERXW��99
���DV�RSHUDWRU��100
���GDWD�W\SHV��107
���GLVWLQFW�RSHUDWRU��106
���ILOWHU�RSHUDWRU��100
���IXOO2XWHU-RLQ�RSHUDWRU��102
���JURXS%\�RSHUDWRU��100
���LQWHUVHFW�RSHUDWRU��104
���LQWHUVHFW$OO�RSHUDWRU��104
���MRLQ�RSHUDWRU��101
���OHIW2XWHU-RLQ�RSHUDWRU��101
���OLPLW�RSHUDWRU��106
���PLQXV�RSHUDWRU��105
���PLQXV$OO�RSHUDWRU��105
���RUGHU%\�RSHUDWRU��106
���ULJKW2XWHU-RLQ�RSHUDWRU��102
���VHOHFW�RSHUDWRU��99
���XQLRQ�RSHUDWRU��103
���XQLRQ$OO�RSHUDWRU��103
���ZKHUH�RSHUDWRU��99
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RUGHU%\�RSHUDWRU��106

3
3DUDPHWHU7RRO
���IURP�V\VWHP�SURSHUWLHV��238
���XVLQJ��238
SDWWHUQ�VHOHFWLRQ
���DERXW��127
���IODW6HOHFW�PHWKRG��XVLQJ��129
���VHOHFW�PHWKRG��XVLQJ��127��129
SK\VLFDO�SDUWLWLRQLQJ
���DERXW��40
���EURDGFDVWLQJ��42
���FXVWRP�SDUWLWLRQLQJ��40��41
���UDQGRP�SDUWLWLRQLQJ��41
���UHEDODQFLQJ�SDUWLWLRQLQJ��41
���UHVFDOLQJ��41��42
SLSHOLQHV
���DERXW��157
���HVWLPDWRU��157
���SUHGLFWRU��157
���WUDQVIRUPHU��157
SRO\QRPLDO�IHDWXUH��158
SURFHVVHV��)OLQN
V�SURJUDP�H[HFXWLRQ
���EDWFK�DQG�VWUHDP�GDWD�SURFHVVLQJ��15
���HYHQW�WLPH�VHPDQWLFV��16
���H[DFWO\�RQFH�VWDWHIXO�FRPSXWDWLRQ��14
���IDXOW�WROHUDQFH��15
���IHDWXUHV��14
���IOH[LEOH�VWUHDPLQJ�:LQGRZV��15
���KLJK�SHUIRUPDQFH��14
���MRE�FOLHQW��9��13
���-RE�0DQDJHU��9��10
���OLEUDULHV��15
���PHPRU\�PDQDJHPHQW��15
���RSWLPL]HU��15
���7DVN�0DQDJHU��9��12
SURFHVVLQJ�WLPH��44

4
TXDG�WUHHV
���UHIHUHQFH�OLQN��154

5
5DEELW04�FRQQHFWRU
���DERXW��50��51��52
���RSWLRQV��RQ�VWUHDP�GHOLYHULHV��50
���UHIHUHQFH�OLQN��50
UHFRPPHQGDWLRQ�HQJLQHV
���DERXW��151
���$OWHUQDWLQJ�/HDVW�6TXDUHV��$/6���151
UHFRYHU\�EHKDYLRU
���IRU�)OLQN�RQ�<$51��209
UHJLVWHUHG�WDEOH
���DFFHVVLQJ��98��99
UHJUHVVLRQ
���SUREOHP�VROYLQJ�DOJRULWKPV��139
���UHIHUHQFH�OLQN��139
UHSRUWHUV��244
5(67�$3,
���MREV��RYHUYLHZ��246
���PRQLWRULQJ��245
���VSHFLILF�MRE��GHWDLOV��247
���XVHU�GHILQHG�MRE�FRQILJXUDWLRQ��250
ULJKW2XWHU-RLQ�RSHUDWRU��102

6
VDPSOH�DSSOLFDWLRQ
���H[HFXWLQJ��24��27
VDPSOH�ZRUG�FRXQW�SURJUDP
���H[HFXWLQJ��218��220
VDYHSRLQWV
���UHIHUHQFH�OLQN��202
VFDODU�IXQFWLRQV
���DERXW��110
���LQ�64/��112
���LQ�WDEOH�$3,��111
VFDWWHU��185
6FDWWHU�*DWKHU�LWHUDWLRQV��185��186
VHOHFW�RSHUDWRU��99
VHPL�VXSHUYLVHG�OHDUQLQJ
���DERXW��142
���UHIHUHQFH�OLQN��142
6HQVRU�'DWD�$QDO\WLFV��57��59
6LQJOH�6RXUFH�6KRUWHVW�3DWK��6663�
���DERXW��182
���UHIHUHQFH�OLQN��182
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6ORW6KDULQJ*URXS��11
64/
���DERXW��108
���RQ�GDWDVWUHDP��108��109
���VFDODU�IXQFWLRQV��110��112
���VXSSRUWHG�V\QWD[��109
VWDQGDUG�VFDOHU��158
6WRFKDVWLF�'XDO�&RRUGLQDWH�$VFHQW��6'&$�
���DERXW��145
���UHIHUHQFH�OLQN��145
6WRFKDVWLF�*UDGLHQW�'HVFHQW��6*'���150
6WUDWRVSKHUH
���UHIHUHQFH�OLQN��7
VWUHDPLQJ�ILUVW�SULQFLSOH��6
VXSHUVHW��182
VXSHUYLVHG�OHDUQLQJ
���DERXW��138
���FODVVLILFDWLRQ��139
���0XOWLSOH�/LQHDU�5HJUHVVLRQ��0/5���148
���RSWLPL]DWLRQ�IUDPHZRUN��150
���UHJUHVVLRQ��139
���6XSSRUW�9HFWRU�0DFKLQHV��690V���144��145��146
6XSSRUW�9HFWRU�0DFKLQHV��690V�
���DERXW��144
���UHIHUHQFH�OLQN��145

7
WDEOHV
���GDWDVHW��UHJLVWHULQJ��93
���GDWDVWUHDP��UHJLVWHULQJ��94��95
���H[WHUQDO�WDEOH�VRXUFHV��UHJLVWHULQJ��96
���UHJLVWHULQJ��92��95
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