


/HDUQ�0LFURVRIW�3RZHU$SSV

Build customized business applications without
writing any code

0DWWKHZ�:HVWRQ

%,50,1*+$0���080%$,



/HDUQ�0LFURVRIW�3RZHU$SSV
�+,5.%#$0`©`978@`���'0`�1�(%/$%*#

�((`.%#$0/`.!/!.2! K`�+`,�.0`+"`0$%/`�++'`)�5`�!`.!,.+ 1�! L`/0+.! `%*`�`.!0.%!2�(`/5/0!)L`+.`0.�*/)%00! `%*`�*5`"+.)
+.`�5`�*5`)!�*/L`3%0$+10`0$!`,.%+.`3.%00!*`,!.)%//%+*`+"`0$!`,1�(%/$!.L`!4�!,0`%*`0$!`��/!`+"`�.%!"`-1+0�0%+*/
!)�!  ! `%*`�.%0%��(`�.0%�(!/`+.`.!2%!3/K

�2!.5`!""+.0`$�/`�!!*`)� !`%*`0$!`,.!,�.�0%+*`+"`0$%/`�++'`0+`!*/1.!`0$!`���1.��5`+"`0$!`%*"+.)�0%+*`,.!/!*0! K

+3!2!.L`0$!`%*"+.)�0%+*`�+*0�%*! `%*`0$%/`�++'`%/`/+( `3%0$+10`3�..�*05L`!%0$!.`!4,.!//`+.`%),(%! K`�!%0$!.`0$!
�10$+.L`*+.`���'0`�1�(%/$%*#`+.`%0/` !�(!./`�* ` %/0.%�10+./L`3%((`�!`$!( `(%��(!`"+.`�*5` �)�#!/`��1/! `+.`�((!#! `0+
$�2!`�!!*`��1/! ` %.!�0(5`+.`%* %.!�0(5`�5`0$%/`�++'K

���'0`�1�(%/$%*#`$�/`!* !�2+.! `0+`,.+2% !`0.� !)�.'`%*"+.)�0%+*`��+10`�((`+"`0$!`�+),�*%!/`�* `,.+ 1�0/
)!*0%+*! `%*`0$%/`�++'`�5`0$!`�,,.+,.%�0!`1/!`+"`��,%0�(/K`
+3!2!.L`���'0`�1�(%/$%*#`��**+0`#1�.�*0!!`0$!`���1.��5
+"`0$%/`%*"+.)�0%+*K

�+))%//%+*%*#`� %0+.M`
1*�(`�$�1 $�.%
��-1%/%0%+*`� %0+.M`�$.%.�)`�$!'$�.
�+*0!*0`�!2!(+,)!*0`� %0+.M`�12%'�`��+
�!*%+.`� %0+.M`�+$%0`�%*#$
�!�$*%��(`� %0+.M`�.� !!,`��$1
�+,5`� %0+.M`��"%/`� %0%*#
�.+&!�0`�++. %*�0+.M`�.�*�5`�10$%.5
�.++".!� !.M`��"%/`� %0%*#
�* !4!.M`�.�0%'`�$%.+ '�.
�.+ 1�0%+*`�!/%#*!.M`�,�.*�`�$�#�0

�%./0`,1�(%/$! M`�+2!)�!.`978@

�.+ 1�0%+*`.!"!.!*�!M`89@888@

�1�(%/$! `�5`���'0`�1�(%/$%*#`�0 K
�%2!.5`�(��!
:<`�%2!.5`�0.!!0
�%.)%*#$�)
�:`9��L`�
K

����`@>?_8_>?@?7_<?9_=

www.packt.com



�+.`)5`3%"!L`��1.�L`�* `)5`/+*/L`�  %!`�* `�!##%!L`3$+`�.!`0$!`%*/,%.�0%+*
"+.`!2!.50$%*#`0$�0`�` +K

�+.`�+)`�* `�� L`3%0$+10`3$+/!`/1,,+.0`#.+3%*#`1,L`�`)�5`*!2!.`$�2!`$� 
0$!/!`+,,+.01*%0%!/K

_``��00$!3`�!/0+*



 

Packt.com

�1�/�.%�!`0+`+1.`+*(%*!` %#%0�(`(%�.�.5`"+.`"1((`���!//`0+`+2!.`>L777`�++'/`�* `2% !+/L`�/`3!((
�/`%* 1/0.5`(!� %*#`0++(/`0+`$!(,`5+1`,(�*`5+1.`,!./+*�(` !2!(+,)!*0`�* `� 2�*�!`5+1.
��.!!.K`�+.`)+.!`%*"+.)�0%+*L`,(!�/!`2%/%0`+1.`3!�/%0!K

:K\�VXEVFULEH"
�,!* `(!//`0%)!`(!�.*%*#`�* `)+.!`0%)!`�+ %*#`3%0$`,.��0%��(`!�++'/`�* `�% !+/
".+)`+2!.`;L777`%* 1/0.5`,.+"!//%+*�(/

�),.+2!`5+1.`(!�.*%*#`3%0$`�'%((`�(�*/`�1%(0`!/,!�%�((5`"+.`5+1

	!0`�`".!!`!�++'`+.`2% !+`!2!.5`)+*0$

�1((5`/!�.�$��(!`"+.`!�/5`���!//`0+`2%0�(`%*"+.)�0%+*

�+,5`�* `,�/0!L`,.%*0L`�* `�++')�.'`�+*0!*0

�% `5+1`'*+3`0$�0`���'0`+""!./`!�++'`2!./%+*/`+"`!2!.5`�++'`,1�(%/$! L`3%0$`���`�* 
!�1�`"%(!/`�2�%(��(!O`�+1`��*`1,#.� !`0+`0$!`!�++'`2!./%+*`�0`www.packt.com`�* `�/`�`,.%*0
�++'`�1/0+)!.L`5+1`�.!`!*0%0(! `0+`�` %/�+1*0`+*`0$!`!�++'`�+,5K`	!0`%*`0+1�$`3%0$`1/`�0
customercare@packtpub.com`"+.`)+.!` !0�%(/K

�0`www.packt.comL`5+1`��*`�(/+`.!� `�`�+((!�0%+*`+"`".!!`0!�$*%��(`�.0%�(!/L`/%#*`1,`"+.`�
.�*#!`+"`".!!`*!3/(!00!./L`�* `.!�!%2!`!4�(1/%2!` %/�+1*0/`�* `+""!./`+*`���'0`�++'/`�* 
!�++'/K`



&RQWULEXWRUV

$ERXW�WKH�DXWKRU
��00$!3`�!/0+*`%/`�*`�""%�!`:=<`�* `�$�.!�+%*0`�+*/1(0�*0`��/! `%*`0$!`�% (�* /`%*`0$!
�*%0! `
%*# +)K`��00$!3`%/`�`,�//%+*�0!`!2�*#!(%/0`+"`�%�.+/+"0`0!�$*+(+#5L`�(+##%*#`�* 
,.!/!*0%*#`��+10`�""%�!`:=<`�* `�$�.!�+%*0`�0`!2!.5`+,,+.01*%05K`
!`$�/`�!!*`�.!�0%*#`�* 
 !2!(+,%*#`3%0$`�+3!.�,,/`/%*�!`%0`�!��)!`#!*!.�((5`�2�%(��(!`�0`0$!`!* `+"`978=K`�/1�((5L
��00$!3`��*`�!`/!!*`,.!/!*0%*#`3%0$%*`0$!`�+))1*%05`��+10`�+3!.�,,/`�* `�(+3`�0
�$�.!�+%*0`��01. �5/L`�+3!.�,,/`�* `�(+3`�/!.`	.+1,/L`�* `�""%�!`:=<`�* `�$�.!�+%*0
�/!.`	.+1,/K`��00$!3`%/`�`�%�.+/+"0`�!.0%"%! `�.�%*!.`Q���R`�* `�`�%�.+/+"0`�!.0%"%! 
�+(10%+*/`�4,!.0`Q����R`%*`�.+ 1�0%2%05K

�`3+1( `(%'!`0+`0$�*'`��1.�L`)5`3%"!L`"+.`/1,,+.0%*#`)!`0$.+1#$+10`0$!`3.%0%*#`+"`0$%/
�++'K`�$!`$�/`'!,0`)!`"+�1/! `�* `".!!`+"` %/0.��0%+*K`�$!`3�/`�/`%),+.0�*0`0+`0$!`�.!�0%+*
+"`0$%/`�++'`�/`�`3�/K

�`3+1( `�(/+`(%'!`0+`)!*0%+*`0$!`���L`�12%'�`��+L`3$+`$�/`�!!*`�`#.!�0`/+1.�!`+"
%*"+.)�0%+*`"+.`�`"%./0_0%)!`�10$+.L`,.+2% %*#`#1% �*�!`�* `(+0/`+"`�+*/0.1�0%2!`"!! ���'K`�
3+1( `(%'!`0+`0$�*'`�$.%.�)`�$!'$�.`"+.`#%2%*#`)!`0$%/`+,,+.01*%05K



$ERXW�WKH�UHYLHZHUV
��*%(+`��,1�*+`%/`�`�%�.+/+"0`�5*�)%�/`:=<`��`�!�$*%��(`��*�#!.`�* `�%�.+/+"0
�!.0%"%! `�.�%*!.`3%0$`+2!.`8:`5!�./W`!4,!.%!*�!`%*`��L`$�2%*#`�!!*`%*2+(2! `%*`�((`,$�/!/`+"
���K`�1..!*0(5L`��*%(+`3+.'/`"+.`�	��`�!�$*+(+#5L`�`�%�.+/+"0`	+( `,�.0*!.L`%*`0$!`.+(!
+"`�%�.+/+"0`�5*�)%�/`:=<`��`�!�$*%��(`�!(%2!.5`��*�#!.`�* `��,(!/`�!(%2!.5`�!*0!.

!� K`
!`%/`%*2+(2! `%*`0$!`���`/!.2%�!`(%*!`�* `)�*�#!/`�* `(!� /`�+0$`0!�$*%��(
.!/+1.�!/`�* `,.+&!�0/W`0!�$*%��(`,$�/!/L` !�(%*#`3%0$`!2!.50$%*#`".+)`�%�.+/+"0`�!2�,/
)!0$+ +(+#5`0+` !(%2!.%*#`%**+2�0%2!`/+(10%+*/`0$�0`$!(,`0$!`�1/0+)!.W/` %#%0�(
0.�*/"+.)�0%+*K

��* !!,`
1)�.`%/`�*`!*0!.,.%/!`/+(10%+*/`�.�$%0!�0`3%0$`+2!.`97`5!�./`+"`��`!4,!.%!*�!
3+.'%*#`%*`(�.#!`�+.,+.�0%+*/K`
!`$�/`3+.'! `�/`�`/+"03�.!`!*#%*!!.L`/5/0!)/`�*�(5/0L
 �0���/!`� )%*%/0.�0+.L`/+(10%+*/`�.�$%0!�0L`)�*�#!.L`�* `��`�+*/1(0�*0K`
!`$�/` !/%#*! 
�* ` !2!(+,! `)�*5`!*0!.,.%/!`/+(10%+*/`%*`��*'%*#L`$%_0!�$L`�* `#+2!.*)!*0` +)�%*/K

%/`/'%((/`�* `!4,!.0%/!`%*�(1 !`���`Q�5*�)%�/`:=<RL`��\��`Q�+#*+/`�* `�%�.+/+"0`��RL
�$�.!�+%*0L`�.��(!L`��2�L`�*#1(�.L`�+3!.�,,/L`�61.!L`���`�!.2!.L`)%�.+/!.2%�!/L`��	��L
�!2�,/L`��\��L`�%*14L`�*%4L`�,,(%��0%+*L`�* `3!�`/!.2!./K`
!`$�/`2�.%+1/`�!.0%"%��0%+*/
%*�(1 %*#`�%�.+/+"0`�* `��.1)`��/0!.K


!`�(/+`!*&+5/` .%2%*#`$%/`�1/0�*#`	�`�+*2!.0%�(!L` +%*#`5+#�L`.!� %*#`�++'/L`�* 
(%/0!*%*#`0+`)1/%�K

�`3+1( `(%'!`0+`0$�*'`)5`3%"!L`�$!"�(%L`�* `)5`'% /L`�%/$�`�* `�/$�*L`"+.`0$!%.`�+*/0�*0
/1,,+.0L`3%0$+10`3$+)`0$%/`3+1( *W0`$�2!`�!!*`���+),(%/$! K

�,!�%�(`0$�*'/`0+`)5`,�.!*0/`�* `)5`�.+0$!.L`�.� !!,L`"+.`0$!%.`/1,!.`/1,,+.0`�* 
#1% �*�!K

3DFNW�LV�VHDUFKLQJ�IRU�DXWKRUV�OLNH�\RX
�"`5+1W.!`%*0!.!/0! `%*`�!�+)%*#`�*`�10$+.`"+.`���'0L`,(!�/!`2%/%0`authors.packtpub.com
�* `�,,(5`0+ �5K`�!`$�2!`3+.'! `3%0$`0$+1/�* /`+"` !2!(+,!./`�* `0!�$`,.+"!//%+*�(/L
&1/0`(%'!`5+1L`0+`$!(,`0$!)`/$�.!`0$!%.`%*/%#$0`3%0$`0$!`#(+��(`0!�$`�+))1*%05K`�+1`��*
)�'!`�`#!*!.�(`�,,(%��0%+*L`�,,(5`"+.`�`/,!�%"%�`$+0`0+,%�`0$�0`3!`�.!`.!�.1%0%*#`�*`�10$+.
"+.L`+.`/1�)%0`5+1.`+3*`% !�K



7DEOH�RI�&RQWHQWV
3UHIDFH �

6HFWLRQ����*HWWLQJ�6WDUWHG�ZLWK�3RZHU$SSV
&KDSWHU����,QWURGXFLQJ�3RZHU$SSV �

7HFKQLFDO�UHTXLUHPHQWV ��
8QGHUVWDQGLQJ�3RZHU$SSV ��
8QGHUVWDQGLQJ�3RZHU$SSV�OLFHQVLQJ ��

6HHGHG�DSSV ��
3HU�XVHU�SODQV ��
3HU�DSS�SODQ ��
&RPPXQLW\�3ODQ ��

8QGHUVWDQGLQJ�WKH�W\SHV�RI�DSSV ��
&DQYDV�DSSV ��
0RGHO�GULYHQ�DSSV ��

7KH�VWDUW�VFUHHQ ��
7KH�+RPH�VFUHHQ ��
7KH�/HDUQLQJ�5HVRXUFHV�VFUHHQ ��
7KH�$SSV�VFUHHQ ��
7KH�&UHDWH�VFUHHQ ��
7KH�'DWD�PHQX ��

(QWLWLHV ��
2SWLRQ�VHWV ��
&RQQHFWLRQV ��
&XVWRP�FRQQHFWRUV ��
*DWHZD\V ��

%XVLQHVV�ORJLF ��
:KDW�DUH�WHPSODWHV" ��

/HDYH�UHTXHVW�DSS ��
+HOS�GHVN�DSS ��

8VLQJ�3RZHU$SSV�6WXGLR ��
3RZHU$SSV�6WXGLR�PHQXV ��

+RPH ��
,QVHUW ��
9LHZ ��
$FWLRQ ��

3RZHU$SSV�IRUPXOD�EDU ��
6FUHHQV�EURZVHU ��

$SS ��
6FUHHQ�OLVW ��

7KH�3RZHU$SSV�FDQYDV ��



���(!`+"`�+*0!*0/

S`%%`T

%UHDGFUXPE ��
=RRP ��

/RRNLQJ�DW�WKH�SURSHUWLHV�DUHD ��
3URSHUWLHV ��
$GYDQFHG� ��

6XPPDU\ ��
4XHVWLRQV ��
)XUWKHU�UHDGLQJ ��

&KDSWHU����&UHDWLQJ�<RXU�)LUVW�&DQYDV�3RZHU$SS ��
7HFKQLFDO�UHTXLUHPHQWV ��
&UHDWLQJ�D�PRELOH�DSS ��
&UHDWLQJ�D�WDEOHW�DSS ��
&KDQJLQJ�WKH�DSS�VHWWLQJV ��

$FFHVVLQJ�WKH�$SS�QDPH���LFRQ�VHWWLQJ ��
&KDQJLQJ�WKH�QDPH ��
6HWWLQJ�WKH�LFRQ ��

$FFHVVLQJ�WKH�6FUHHQ�VL]H���RULHQWDWLRQ�VHWWLQJ ��
8VLQJ�WKH�SKRQH�DSS ��
8VLQJ�WKH�WDEOHW�DSS ��

$FFHVVLQJ�WKH�$GYDQFHG�VHWWLQJV ��
'DWD�URZ�OLPLW�IRU�QRQ�GHOHJDEOH�TXHULHV ��
3UHYLHZ�IHDWXUHV ��
([SHULPHQWDO�IHDWXUHV ��

/DE�� ��
$FWLYLW\����&UHDWLQJ�D�EODQN�WDEOHW�DSS ��

&UHDWLQJ�WKH�LGHQWLW\�RI�WKH�DSS ��
6DYLQJ�WKH�DSS ��

$FWLYLW\����&UHDWLQJ�D�EODQN�SKRQH�DSS ��
&UHDWLQJ�WKH�LGHQWLW\�RI�WKH�DSS ��
6DYLQJ�WKH�DSS ��

6XPPDU\ ��
4XHVWLRQV ��

&KDSWHU����&UHDWLQJ�$SSV�IURP�6KDUH3RLQW ��
7HFKQLFDO�UHTXLUHPHQWV ��
3UHSDULQJ�\RXU�OLVW�ZLWKLQ�6KDUH3RLQW ��
&UHDWLQJ�\RXU�DSS ��
([SORULQJ�WKH�DXWR�JHQHUDWHG�3RZHU$SS ��

%URZVH�VFUHHQ ��
'HWDLO�VFUHHQ ��
(GLW�VFUHHQ ��

&XVWRPL]LQJ�IRUPV ��
0RGLI\LQJ�IRUPV ��
$GYDQFHG�RSWLRQV ��
3XEOLVKLQJ�WKH�DSS ��



���(!`+"`�+*0!*0/

S`%%%`T

/DE�� ��
6XPPDU\ ��
4XHVWLRQV ��

&KDSWHU����3XEOLVKLQJ�DQG�/HYHUDJLQJ�3RZHU$SSV ���
7HFKQLFDO�UHTXLUHPHQWV ���
3XEOLVKLQJ�D�3RZHU$SS ���

9HUVLRQ�KLVWRU\ ���
$FFHVVLQJ�\RXU�DSS�WKURXJK�6KDUH3RLQW�2QOLQH ���

*HWWLQJ�WKH�3RZHU$SS�,' ���
$GGLQJ�WKH�3RZHU$SS�WR�6KDUH3RLQW ���

0LFURVRIW�7HDPV ���
$GGLQJ�D�3RZHU$SSV�WDE ���

8VLQJ�WKH�PRELOH�DSS ���
8VLQJ�WKH�DSS ���
3LQQLQJ�WR�KRPH ���

/DE�� ���
$FWLYLW\����,QVWDOOLQJ�WKH�PRELOH�DSS ���
$FWLYLW\����3LQQLQJ�WKH�DSS ���

6XPPDU\ ���
4XHVWLRQV ���

6HFWLRQ����'HYHORSLQJ�<RXU�3RZHU$SS
&KDSWHU����([SORULQJ�&RQWUROV ���

7HFKQLFDO�UHTXLUHPHQWV ���
&RQWURO�SURSHUWLHV ���
7H[W�FRQWUROV ���

/$%(/ ���
7(;7�,1387 ���
+70/�WH[W ���
5,&+�7(;7�(',725 ���
3(1�,1387 ���

&RQWUROV ���
%87721 ���
'$7(�3,&.(5 ���
3UHVHQWLQJ�PXOWLSOH�FKRLFHV ���

'523�'2:1 ���
&20%2�%2; ���
/,67�%2; ���
5$',2 ���

%RROHDQ�FRQWUROV ���
&+(&.�%2; ���
72**/( ���

1XPHULFDO�LQSXWV ���
6/,'(5 ���



���(!`+"`�+*0!*0/

S`%2`T

5$7,1* ���
7,0(5 ���
,03257�DQG�(;3257 ���

*DOOHU\�FRQWUROV� ���
,FRQ�FRQWUROV ���
/DE�� ���

$FWLYLW\����%XLOGLQJ�EDVLF�EUDQGLQJ ���
$FWLYLW\����$GGLQJ�WKH�QDPH�RI�WKH�DSS ���
$FWLYLW\����,QVHUWLQJ�DQ�HQWHU�EXWWRQ ���

6XPPDU\ ���
4XHVWLRQV ���

&KDSWHU����([SORULQJ�)RUPXODV ���
7HFKQLFDO�UHTXLUHPHQWV ���
7KH�IXQFWLRQ�EURZVHU ���
8VLQJ�WKH�IRUPXOD�EDU ���
,QWHUDFWLQJ�ZLWK�WH[W ���

5HSODFH�DQG�VXEVWLWXWH ���
6HDUFKLQJ�DQG�PDWFKLQJ ���
5HJXODU�H[SUHVVLRQV ���

8VLQJ�QXPEHUV ���
5RXQGLQJ ���

5RXQG ���
5RXQG8S�DQG�5RXQG'RZQ ���

2WKHU�QXPHULFDO�IXQFWLRQV ���
:RUNLQJ�ZLWK�GDWHV ���

)RUPDWWLQJ�GDWHV ���
&DOFXODWLQJ�GDWHV ���

8VLQJ�FRQGLWLRQV ���
,I ���
6ZLWFK ���

9DULDEOHV ���
*OREDO�YDULDEOHV ���
&RQWH[W�YDULDEOHV ���
5HYLHZLQJ�YDULDEOHV ���

/DE�� ���
$FWLYLW\����1DYLJDWLQJ�WR�RXU�QHZ�VFUHHQ ���
$FWLYLW\����8VLQJ�PDWK�WR�SRVLWLRQ�D�FRQWURO ���
$FWLYLW\����8VLQJ�FRQGLWLRQV�WR�FKDQJH�FRQWURO�EHKDYLRU ���

6XPPDU\ ���
4XHVWLRQV ���
)XUWKHU�UHDGLQJ ���

&KDSWHU����:RUNLQJ�ZLWK�'DWD ���
7HFKQLFDO�UHTXLUHPHQWV ���



���(!`+"`�+*0!*0/

S`2`T

&UHDWLQJ�DQG�LQWHUDFWLQJ�ZLWK�FROOHFWLRQV ���
)LOOLQJ�FROOHFWLRQV ���
8SGDWLQJ�FROOHFWLRQV ���

'LVSOD\LQJ�GDWD�DV�WDEOHV ���
'LVSOD\LQJ�GDWD�LQ�D�JDOOHU\ ���
'LVSOD\LQJ�GDWD�LQ�D�GDWD�WDEOH ���

8VLQJ�IRUPV ���
/DE�� ���

$FWLYLW\����&UHDWLQJ�WKH�FROOHFWLRQV ���
$FWLYLW\����$SSO\LQJ�EUDQGLQJ ���
$FWLYLW\����$GGLQJ�QDYLJDWLRQ ���

6XPPDU\ ���
4XHVWLRQV ���

&KDSWHU����,QWURGXFLQJ�&RQQHFWRUV ���
7HFKQLFDO�UHTXLUHPHQWV ���
8QGHUVWDQGLQJ�VWDQGDUG�FRQQHFWRUV ���

,QWHUDFWLQJ�ZLWK�WDEOHV�RI�GDWD ���
,QWHUDFWLQJ�ZLWK�DFWLRQV ���

8QGHUVWDQGLQJ�SUHPLXP�FRQQHFWRUV ���
,QWURGXFLQJ�FXVWRP�FRQQHFWRUV ���

&UHDWLQJ�D�FXVWRP�FRQQHFWRU�IURP�VFUDWFK ���
7KH�*HQHUDO�WDE ���
7KH�6HFXULW\�WDE ���
7KH�'HILQLWLRQ�WDE ���
7KH�7HVW�WDE ���

,PSRUWLQJ�DQ�2SHQ$3,�ILOH ���
&UHDWLQJ�D�FRQQHFWRU�IURP�ZLWKLQ�3RVWPDQ ���

/DE�� ���
$FWLYLW\����3UHSDULQJ�WKH�GDWD�VRXUFH ���
$FWLYLW\����$GGLQJ�WKH�GDWD�VRXUFH�WR�WKH�DSS ���
$FWLYLW\����$GGLQJ�D�OLVW�RI�DVVHWV ���

6XPPDU\ ���
4XHVWLRQV ���
)XUWKHU�UHDGLQJ ���

6HFWLRQ����([WHQGLQJ�WKH�&DSDELOLWLHV�RI�<RXU
3RZHU$SS
&KDSWHU����8VLQJ�*36�LQ�3RZHU$SSV ���

7HFKQLFDO�UHTXLUHPHQWV ���
3ODFLQJ�PDSV�LQWR�\RXU�DSSV ���

/HYHUDJLQJ�%LQJ�PDSV ���
/HYHUDJLQJ�*RRJOH�0DSV ���

&DSWXULQJ�JHRJUDSKLF�SRVLWLRQ ���
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)LQGLQJ�WKH�ORFDWLRQ ���
)LQGLQJ�GLUHFWLRQ ���

/DE�� ���
$FWLYLW\����8SGDWLQJ�WKH�GDWD�VRXUFH ���
$FWLYLW\����&UHDWLQJ�D�QHZ�DVVHW ���
$FWLYLW\����'LVSOD\LQJ�D�PDS ���
$FWLYLW\����$GGLQJ�QDYLJDWLRQ ���

6XPPDU\ ���
4XHVWLRQV ���
)XUWKHU�UHDGLQJ ���

&KDSWHU�����:RUNLQJ�ZLWK�,PDJHV�DQG�%DUFRGHV ���
7HFKQLFDO�UHTXLUHPHQWV ���
8QGHUVWDQGLQJ�KRZ�WR�VWRUH�LPDJHV�ZLWKLQ�3RZHU$SSV ���
8VLQJ�LPDJHV�ZLWK�WKH�FDPHUD�FRQWURO ���

&DSWXULQJ�WKH�FDPHUD�LPDJH ���
&DSWXULQJ�IURP�DQ�LFRQ ���

8VLQJ�WKH�$GG�SLFWXUH�FRQWURO ���
8QGHUVWDQGLQJ�WKH�EDUFRGH�VFDQQHU ���
/DE�� ���

$FWLYLW\����8SGDWLQJ�WKH�GDWD�VRXUFH ���
$FWLYLW\����8SGDWLQJ�WKH�3RZHU$SS�WR�FDSWXUH�D�SKRWR ���
$FWLYLW\����8SGDWLQJ�WKH�DSS�WR�VFDQ�DQG�VWRUH�EDUFRGH�GDWD ���

6XPPDU\ ���
4XHVWLRQV ���

&KDSWHU�����6HFXULQJ�<RXU�3RZHU$SSV ���
7HFKQLFDO�UHTXLUHPHQWV ���
6HFXULQJ�\RXU�3RZHU$SS ���
6HFXULQJ�\RXU�GDWD ���
$SSO\LQJ�LQ�DSS�VHFXULW\ ���

6WRULQJ�DFFHVV�OLVWV�ZLWKLQ�WKH�DSS ���
,PSOHPHQWLQJ�VHFXULW\�ZLWK�$$'�VHFXULW\�JURXSV ���

/DE��� ���
$FWLYLW\����&UHDWLQJ�WKH�FROOHFWLRQ ���
$FWLYLW\����&UHDWLQJ�WKH�$GPLQLVWUDWRUV�YLHZ�VFUHHQ ���
$FWLYLW\����&UHDWLQJ�WKH�OLQN ���

6XPPDU\ ���
4XHVWLRQV ���

&KDSWHU�����:RUNLQJ�2IIOLQH ���
7HFKQLFDO�UHTXLUHPHQWV ���
'HWHFWLQJ�D�FRQQHFWLRQ�VWDWH ���
:RUNLQJ�ZLWK�ORFDO�GDWD ���

6DYLQJ�GDWD�ORFDOO\ ���
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/RDGLQJ�GDWD�IURP�WKH�ORFDO�FDFKH ���
,PSOHPHQWLQJ�RIIOLQH�FDSDELOLW\ ���

,PSOHPHQWLQJ�WKH�RQ�VWDUW�SURFHVV ���
:RUNLQJ�RIIOLQH ���
6\QFKURQL]LQJ�RQOLQH�DQG�RIIOLQH�GDWD ���

/DE��� ���
$FWLYLW\����$GGLQJ�D�FRQQHFWLRQ�LQGLFDWRU ���
$FWLYLW\����$GGLQJ�GDWD�WR�DQ�RIIOLQH�FDFKH ���
$FWLYLW\����7UDFNLQJ�QHZ�DGGLWLRQV�ZKLOH�RIIOLQH ���
$FWLYLW\����6\QFKURQL]LQJ�FKDQJHV ���

6XPPDU\ ���
4XHVWLRQV ���

&KDSWHU�����8VLQJ�3RZHU�$XWRPDWH�ZLWK�3RZHU$SSV ���
7HFKQLFDO�UHTXLUHPHQWV ���
8QGHUVWDQGLQJ�)ORZV ���
&UHDWLQJ�)ORZV�WKURXJK�WKH�$]XUH�SRUWDO ���

&UHDWLQJ�D�)ORZ�IURP�WHPSODWHV ���
&UHDWLQJ�)ORZV�IURP�VFUDWFK ���

5HTXHVWLQJ�GDWD�IURP�3RZHU$SSV ���
7HVWLQJ�\RXU�)ORZ ���
&DOOLQJ�D�)ORZ�ZLWKLQ�3RZHU$SSV ���

&UHDWLQJ�D�)ORZ�IURP�ZLWKLQ�3RZHU$SSV ���
5HWXUQLQJ�GDWD�IURP�)ORZ ���
8VLQJ�3RZHU�$XWRPDWH�WR�SURFHVV�GDWD ���
/DE��� ���

$FWLYLW\����8SGDWLQJ�WKH�GDWD�VRXUFH ���
$FWLYLW\����&UHDWLQJ�D�)ORZ ���
$FWLYLW\����:LULQJ�XS�3RZHU$SSV ���

6XPPDU\ ���
4XHVWLRQV ���
)XUWKHU�UHDGLQJ ���

&KDSWHU�����8VLQJ�$]XUH�ZLWK�3RZHU$SSV ���
7HFKQLFDO�UHTXLUHPHQWV ���
8WLOL]LQJ�$]XUH�UHVRXUFHV ���

,QWHJUDWLQJ�ZLWK�$]XUH�$FWLYH�'LUHFWRU\ ���
,PSOHPHQWLQJ�$]XUH�$XWRPDWLRQ ���

&UHDWLQJ�DQ�$]XUH�$XWRPDWLRQ�DFFRXQW ���
3UHSDULQJ�\RXU�DXWRPDWLRQ�DFFRXQW�IRU�XVH ���

,QVWDOOLQJ�PRGXOHV ���
6WRULQJ�FUHGHQWLDOV ���
6WRULQJ�YDULDEOHV ���

8VLQJ�UXQERRNV ���
8VLQJ�$]XUH�$XWRPDWLRQ�LQ�3RZHU$SSV ���

&DOOLQJ�&UHDWH-RE ���
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*HWWLQJ�WKH�MRE
V�RXWSXW ���
8VLQJ�$]XUH�)XQFWLRQV ���

8VLQJ�D�TXHXH ���
&UHDWLQJ�DQ�$]XUH�)XQFWLRQ ���

/DE��� ���
$FWLYLW\����&UHDWLQJ�WKH�VHFXULW\�JURXS ���
$FWLYLW\����'LVSOD\LQJ�WKH�JURXS�XVHUV ���
$FWLYLW\����$GGLQJ�DGG�DQG�UHPRYH�IXQFWLRQDOLW\ ���

6XPPDU\ ���
4XHVWLRQV ���
)XUWKHU�UHDGLQJ ���

6HFWLRQ����:RUNLQJ�ZLWK�0RGHO�'ULYHQ�$SSV
&KDSWHU�����,QWURGXFLQJ�0RGHO�'ULYHQ�$SSV ���

7HFKQLFDO�UHTXLUHPHQWV ���
8QGHUVWDQGLQJ�WKH�&'6 ���

&UHDWLQJ�WKH�&'6�GDWDEDVH ���
8QGHUVWDQGLQJ�WKH�&'0 ���

,QWURGXFLQJ�HQWLWLHV� ���
([SORULQJ�DQ�HQWLW\ ���

0RGHOLQJ�GDWD ���
&UHDWLQJ�DQ�HQWLW\ ���
&UHDWLQJ�)LHOGV ���
&UHDWLQJ�HQWLW\�UHODWLRQVKLSV ���

%XLOGLQJ�D�PRGHO�GULYHQ�DSS ���
/DE��� ���

$FWLYLW\����&UHDWLQJ�WKH�GDWDEDVH ���
$FWLYLW\����0RGHOLQJ�GDWD ���

6XPPDU\ ���
4XHVWLRQV ���
)XUWKHU�UHDGLQJ ���

&KDSWHU�����&UHDWLQJ�0RGHO�'ULYHQ�$SSV ���
7HFKQLFDO�UHTXLUHPHQWV ���
,QWURGXFLQJ�9LHZV��)RUPV��DQG�'DVKERDUGV ���

&UHDWLQJ�9LHZV ���
&UHDWLQJ�)RUPV ���
&UHDWLQJ�'DVKERDUGV�DQG�&KDUWV ���

&UHDWLQJ�FKDUWV ���
&UHDWLQJ�'DVKERDUGV ���

&UHDWLQJ�D�PRGHO�GULYHQ�DSS�IURP�VFUDWFK ���
8VLQJ�\RXU�PRGHO�GULYHQ�DSS ���
/DE��� ���

$FWLYLW\����&UHDWLQJ�9LHZV ���
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$FWLYLW\����%XLOGLQJ�WKH�PRGHO�GULYHQ�DSS ���
6XPPDU\ ���
4XHVWLRQV ���

6HFWLRQ����*RYHUQLQJ�3RZHU$SSV
&KDSWHU�����([SORULQJ�(QYLURQPHQWV�ZLWKLQ�2XU�7HQDQF\ ���

7HFKQLFDO�UHTXLUHPHQWV ���
,QWURGXFLQJ�HQYLURQPHQWV ���

9LHZLQJ�\RXU�HQYLURQPHQWV ���
&UHDWLQJ�HQYLURQPHQWV ���
6HWWLQJ�VHFXULW\�RQ�WKH�HQYLURQPHQW ���

:RUNLQJ�ZLWK�VHFXULW\�ZLWK�QR�GDWDEDVH ���
:RUNLQJ�ZLWK�VHFXULW\�ZLWKLQ�D�GDWDEDVH ���

,QWURGXFLQJ�GDWD�ORVV�SUHYHQWLRQ ���
&UHDWLQJ�GDWD�ORVV�SUHYHQWLRQ�SROLFLHV ���

/DE��� ���
$FWLYLW\����&UHDWLQJ�DQ�HQYLURQPHQW ���
$FWLYLW\����6HWWLQJ�D�'/3�SROLF\ ���

6XPPDU\ ���
4XHVWLRQV ���

$VVHVVPHQWV ���

2WKHU�%RRNV�<RX�0D\�(QMR\ ���

,QGH[ ���
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Figure 1.1: InfoPath as an editing application
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Figure 1.2: Formulas in Microsoft Excel
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Figure 1.3: Formulas in Microsoft PowerApps
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Figure 1.4: PowerApps Community Plan home screen
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Figure 1.5: PowerApps Community Plan sign up screen
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Figure 1.6: Logical hierarchy for the types of app
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Figure 1.7: An example of a canvas app that has been generated from the Site inspection template
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Figure 1.8: An example model-driven app
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Figure 1.9: The Office 365 home page
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Figure 1.10: The PowerApps home screen
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Figure 1.11: PowerApps support resources
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Figure 1.13: Business rule creation screen
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Figure 1.14: The Option sets creation screen
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Figure 1.15: The connections list
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Figure 1.16: Leave request app in tablet format
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Figure 1.17: Leave request app in phone format
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Figure 1.18: The Help desk app, a phone app focused on managing support tickets

�+3`0$�0`3!`$�2!`(++'! `�0`�.!�0%*#`/+)!`��/%�`�,,/L`3!`/$+1( `"�)%(%�.%6!`+1./!(2!/`3%0$
0$!`��01�(` !2!(+,)!*0`!*2%.+*)!*0`/+`0$�0`3!W.!`.!� 5`0+`/0�.0`�.!�0%*#`,+3!."1(`�,,/`+"
+1.`+3*K



�*0.+ 1�%*#`�+3!.�,,/ �$�,0!.`8

S`:7`T

8VLQJ�3RZHU$SSV�6WXGLR
�+3!.�,,/`�01 %+`%/`5+1.`,.%)�.5` !2!(+,!.`0++(`"+.`�.!�0%*#L`1, �0%*#L`0!/0%*#L`�* 
 !,(+5%*#`��*2�/`�,,/K`�*`0$%/`/!�0%+*L`3!`3%((`!4,(+.!`�+3!.�,,/`�01 %+L`3$%�$`%/`3$!.!
5+1`3%((`0�'!`5+1.`�,,`% !�/`".+)`0$!%.`�+*�!,0%+*`�* ` !(%2!.`0$!)K`�0`%/`%),+.0�*0`0$�0
5+1`'*+3`5+1.`3�5`�.+1* `0$!`/01 %+`/+`0$�0`5+1.` !2!(+,)!*0`0%)!`%/`/,!*0`�.!�0%*#`0$!
�,,`.�0$!.`0$�*`(++'%*#`"+.`+,0%+*/`�* `�+*0.+(/K`�* !./0�* %*#`5+1.` !2!(+,)!*0
!*2%.+*)!*0`3%((`2�/0(5`%),.+2!`5+1.` !2!(+,)!*0`!4,!.%!*�!`�* `3%((`�(/+`�((+3`5+1`0+
#.!�0(5`!4,�* `0$!`"1*�0%+*�(%05`0$�0W/`�2�%(��(!`3%0$%*`5+1.`�,,K

�5`0$!`!* `+"`0$%/`/!�0%+*L`5+1`3%((`'*+3`��+10`0$!`'!5`�.!�/`+"`0$!`�+3!.�,,/`�01 %+L
%*�(1 %*#`0$!`,.%)�.5`)!*1`�.!�`�* `0$!`"+.)1(�`��.K`�+1`3%((`�(/+`(!�.*`$+3`0+`2%!3
5+1.`/�.!!*/L`1/!`0$!`��*2�/L`�* `"%* `�* `.!2%!3`0$!`,.+,!.0%!/`+"`5+1.`�+3!.�,,K

�+3!.�,,/`�01 %+`%/`�+),(!0!(5`�.+3/!._ .%2!*`�* `%/`/1,,+.0! `�5`�((`)+ !.*`�.+3/!./L
1*(%'!`+0$!.` !2!(+,!.`0++(/K`�2!.50$%*#`5+1` +`%/L`�5` !"�1(0L`/�2! `0+`5+1.`�""%�!`:=<
/1�/�.%,0%+*L`/+`5+1` +*W0`*!! `0+`�+*�!.*`5+1./!("`3%0$`)�%*0�%*%*#`�+ !`%*`�`�+ !
.!,+/%0+.5K

�+3!.�,,/`�01 %+`3%((`(�1*�$`3$!*`5+1`/0�.0`�.!�0%*#`5+1.`�,,`+.`%"`5+1`+,!*`�*`!4%/0%*#
�,,`%*`! %0`)+ !K`�$%/`/�.!!*`�+*/%/0/`+"`0$!`"+((+3%*#`,.+,!.0%!/M

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


