


+DQGV�2Q�0LFURVHUYLFHV�ZLWK
5XVW

Build, test, and deploy scalable and reactive microservices
with Rust 2018

'HQLV�.RORGLQ

%,50,1*+$0���080%$,



+DQGV�2Q�0LFURVHUYLFHV�ZLWK�5XVW
�+,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`�%�$�`�.%,�0$%
��-1%/%0%+*`� %0+.M`�$.%.%�)`�$!'$�.
�+*0!*0`�!2!(+,)!*0`� %0+.M`��*&1/$�`��*0.%
�!�$*%��(`� %0+.M`��5�*'`�1�!5
�+,5`� %0+.M`��"%/`� %0%*#
��*#1�#!`�1,,+.0`� %0+./M`��.5`��	+3�*`�* `��"%/`� %0%*#
�.+&!�0`�++. %*�0+.M`�.�&�'0�`��%'
�.++".!� !.M`��"%/`� %0%*#
�* !4!.M`�.%5�*'�`�$� '!
	.�,$%�/M`�%/$�`�$%.�5%(
�.+ 1�0%+*`�++. %*�0+.M`�+)`���.%�

�%./0`,1�(%/$! M`��*1�.5`978@`

�.+ 1�0%+*`.!"!.!*�!M`8:8788@

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

����`@>?_8_>?@:;_9><_?

www.packtpub.com



 

mapt.io

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

��,0`%/`"1((5`/!�.�$��(!

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

3DFNW�FRP
�% `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

$ERXW�WKH�DXWKRU
�!*%/`
+(+ %*`$�/`�!!*` !2!(+,%*#`$%#$_(+� ! `*!03+.'`�,,(%��0%+*/`"+.`)+.!`0$�*`89
5!�./K`
!`$�/`)�/0!.! `�* `1/! ` %""!.!*0`'%* /`+"`,.+#.�))%*#`(�*#1�#!/L`%*�(1 %*#`�L
��2�L`�* `�50$+*L`"+.` !2!(+,%*#`�`2�.%!05`+"`�,,/L`".+)`$%#$_".!-1!*�5`0.� %*#`.+�+0/`0+
2% !+`�.+� ��/0%*#`/!.2!./K`�+3� �5/L`$!`!*&+5/`�.!�0%*#`,!!._0+_,!!.`*!03+.'%*#
�,,(%��0%+*/`�* `%/`%*/,%.! `�5` %/0.%�10! `/5/0!)/`/1�$`�/`�.5,0+�1..!*�%!/K


!`$�/`�!!*`1/%*#`�1/0`/%*�!`2!./%+*`8K7`�* `%/` !(%#$0! `3%0$`0$!`"!�01.!/`%0`,.+2% !/L
/,!�%"%��((5`�!��//!)�(5`/1,,+.0K`
!W/`0$!`�10$+.`+"`�!3`�.�)!3+.'L`3$%�$`�+((!�0! `)+.!
0$�*`=L777`/0�./`+*`	%0
1�K`
!`3.%0!/`3%0$`�1/0`�+*0%*1+1/(5`�/`,�.0`+"`$%/`&+�`�* `�!(%!2!/
0$�0`�1/0`3%((`�!`1/! `"+.`!2!.50$%*#`%*`0$!`"101.!L`%*�(1 %*#`���'!* L`".+*0!* L`+,!.�0%*#
/5/0!)/L`!)�!  ! `/+"03�.!L`#�)!/L`�* `/)�.0`�+*0.��0/K



$ERXW�WKH�UHYLHZHU
��*%!(`�1.�*0!`%/`�*`�2% `�+""!!` .%*'!.\.+�/0!.L`)+0+.�5�(%/0L`�.�$!.L`3!( !.L`�* 
��.,!*0!.`3$!*!2!.`$!`%/*W0`,.+#.�))%*#K`�.+)`0$!`�#!`+"`89L`$!`$�/`�!!*`%*2+(2! `3%0$
3!�`�* `!)�!  ! `,.+#.�))%*#`3%0$`�
�L`�+ !K&/L`	+(�*#L`�1/0L`�* `�K


!`$�/`3+.'! `+*`0!40_��/! `�.+3/!.`#�)!/`0$�0`$�2!`.!��$! `+2!.`8L777L777`��0%2!
,(�5!./L`�.!�0! `�%*_,��'%*#`/+"03�.!`"+.`���`)��$%*!/L`!)�!  ! `,.+#.�))%*#`3%0$
�+.0!4_)`�* `���`�%.�1%0/L`$%#$_".!-1!*�5`0.� %*#`�,,(%��0%+*/L`�* `$!(,! `�+*0.%�10!`0+
+*!`+"`0$!`+( !/0`���/`+"`�+ !K&/`Q�!-1!(%6!��RK


!`$�/`�(/+`.!2%!3! `+0$!.`�++'/`–`�+/0#.!/���`�!2!(+,!.W/`	1% !L`�+/0#.!���`@K=`
%#$
�!."+.)�*�!L`�1/0`�.+#.�))%*#`�5`�4�),(!L`�* `�1/0`
%#$`�!."+.)�*�!`–`"+.`���'0K

�`3+1( `(%'!`0+`0$�*'`)5`,�.!*0/L`)5`�.+0$!.L`)5`)!*0+./L`�* `)5`".%!* /`3$+W2!`�((`,10
1,`3%0$`)5`%*/�*%05`+"`/%00%*#`%*`".+*0`+"`�`�+),10!.` �5`%*`�* ` �5`+10K`�`3+1( `*+0`�!
$!.!`0+ �5`%"`%0`3�/*W0`"+.`0$!%.`,�0%!*�!L`#1% �*�!L`�* `(+2!K

	�1.�2`�.+.��`$�/`�+),(!0! `$%/`�K�$%(`%*`�+),10!.`/�%!*�!K`
!`%/`�*`���L`�`(%"!0%)!
)!)�!.`+"`0$!`�+),10!.`�+�%!05`+"`�* %�`Q���RL`�*`� 2%/+.5`)!)�!.`+"`�* %��!*0+.L`�* 
%/`�!.0%"%! `�/`�`/�.1)`0.�%*!.\�+��$L`���`"+.`����_�L`�* `���	`"+.`������_�`�* 
������_�K`	�1.�2`%/`�*`+,!*`/+1.�!` !2!(+,!.L`�* `0$!`"+1* !.`+"`�2�0%�`�5/0!)/`�.%2�0!
�%)%0! K`�!�!*0(5L`$!`3�/`�3�. ! `0$!`0%0(!`X��+*`+"`0$!`5!�.`–`!4�!((!*�!`%*`)!*0+.%*#
0!�$*+(+#5`/0�.01,/X`"+.`0$!`5!�.`978?_8@`�5`�� %+`�%05L`�`��#.�*`�*%0%�0%2!L`"+.`$%/
!40.�+. %*�.5`3+.'` 1.%*#`$%/`97_5!�.`��.!!.`%*`0$!`%* 1/0.5`%*`0$!`"%!( `+"`0!�$*+(+#5
)!*0+.%*#K`�+1`��*`03!!0`	�1.�2`+*`$%/`03%00!.`$�* (!M`Z#Y�.+.�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 �

&KDSWHU����,QWURGXFWLRQ�WR�0LFURVHUYLFHV �
7HFKQLFDO�UHTXLUHPHQWV �
:KDW�DUH�PLFURVHUYLFHV" �

:K\�ZH�QHHG�PLFURVHUYLFHV �
+RZ�WR�GHSOR\�D�PLFURVHUYLFH �

'RFNHU ��
&RQWLQXRXV�,QWHJUDWLRQ ��

+RZ�WR�VSOLW�D�WUDGLWLRQDO�VHUYHU�LQWR�PXOWLSOH�PLFURVHUYLFHV ��
5HDVRQV�WR�DYRLG�PRQROLWKV ��

,PSRVVLEOH�WR�VFDOH�YHUWLFDOO\ ��
,PSRVVLEOH�WR�XSGDWH�DQG�GHSOR\�RQO\�RQH�IHDWXUH ��
7KH�IDLOXUH�RI�RQH�VHUYHU�DIIHFWV�DOO�IHDWXUHV ��

%UHDNLQJ�D�PRQROLWKLF�VHUYLFH�LQWR�SLHFHV ��
'HILQLWLRQ�RI�D�5(67�$3, ��

8VHU�UHJLVWUDWLRQ�PLFURVHUYLFH ��
(�PDLO�QRWLILFDWLRQV�PLFURVHUYLFH ��
3URGXFW�FDWDORJ��PLFURVHUYLFH ��
6KRSSLQJ�FDUW�PLFURVHUYLFH ��
3D\PHQW�,QWHJUDWLRQ�PLFURVHUYLFH ��
6WDWLVWLFV�FROOHFWLQJ�PLFURVHUYLFH ��

7UDQVIRUPDWLRQ�WR�PLFURVHUYLFHV ��
5HXVLQJ�H[LVWLQJ�PLFURVHUYLFHV ��

:K\�5XVW�LV�D�JUHDW�WRRO�IRU�FUHDWLQJ�PLFURVHUYLFHV ��
([SOLFLW�YHUVXV�LPSOLFLW ��
0LQLPDO�DPRXQW�RI�UXQWLPH�HUURUV ��
*UHDW�SHUIRUPDQFH ��
0LQLPDO�GHSHQGHQFLHV�EXUGHQ ��

6XPPDU\ ��
)XUWKHU�UHDGLQJ ��

&KDSWHU����'HYHORSLQJ�D�0LFURVHUYLFH�ZLWK�WKH�+\SHU�&UDWH ��
7HFKQLFDO�UHTXLUHPHQWV ��
%LQGLQJ�D�7LQ\�6HUYHU ��

$GGLQJ�QHFHVVDU\�GHSHQGHQFLHV ��
7KH�PDLQ�IXQFWLRQ�RI�WKH�VHUYHU ��

$GGUHVV�RI�WKH�VHUYHU ��
6HUYHU�LQVWDQFHV ��
6HWWLQJ�WKH�UHTXHVWV�KDQGOHU ��
$GGLQJ�WKH�VHUYHU�LQVWDQFH�WR�D�UXQWLPH ��

%XLOGLQJ�DQG�UXQQLQJ ��



���(!`+"`�+*0!*0/

S`%%`T

5HEXLOGLQJ�RQ�FKDQJHV ��
+DQGOLQJ�LQFRPLQJ�UHTXHVWV ��

$GGLQJ�D�VHUYLFH�IXQFWLRQ ��
,PSOHPHQWLQJ�D�VHUYLFH�IXQFWLRQ ��
,QGH[�SDJHV ��

,PSOHPHQWLQJ�WKH�5(67�SULQFLSOHV ��
$GGLQJ�D�VKDUHG�VWDWH ��
$FFHVVLQJ�D�VKDUHG�VWDWH�IURP�D�VHUYLFH�IXQFWLRQ ��
3DUVLQJ�SDWKV�LQ�D�PLFURVHUYLFH ��
,PSOHPHQWLQJ�5(67�PHWKRGV ��

([WUDFWLQJ�WKH�XVHU
V�LGHQWLILHU ��
*HWWLQJ�DFFHVV�WR�WKH�VKDUHG�GDWD ��
5(67�PHWKRGV ��

3267�b�&UHDWLQJ�GDWD ��
*(7�b�5HDGLQJ�GDWD ��
387�b�8SGDWLQJ�GDWD ��
'(/(7(�b�'HOHWLQJ�GDWD ��

5RXWLQJ�DGYDQFHG�UHTXHVWV ��
'HILQLQJ�SDWKV�ZLWK�UHJXODU�H[SUHVVLRQV ��

$GGLQJ�WKH�QHFHVVDU\�GHSHQGHQFLHV ��
:ULWLQJ�UHJXODU�H[SUHVVLRQV ��

3DWK�IRU�LQGH[�SDJH ��
3DWK�IRU�XVHU�PDQDJHPHQW ��
�3DWK�IRU�WKH�XVHUV�OLVW ��

0DWFKLQJ�H[SUHVVLRQV ��
6XPPDU\ ��

&KDSWHU����/RJJLQJ�DQG�&RQILJXULQJ�0LFURVHUYLFH ��
7HFKQLFDO�UHTXLUHPHQWV ��
$GGLQJ�ORJJLQJ�WR�D�PLFURVHUYLFH ��

5DQGRP�YDOXH�JHQHUDWLQJ�PLFURVHUYLFHV ��
7KH�ORJ�FUDWH ��

/RJJHUV ��
/RJ�OHYHOV ��
/RJJLQJ�PHVVDJHV ��
&XVWRP�OHYHO�RI�PHVVDJHV ��
&KHFNLQJ�ORJJLQJ�LV�HQDEOHG ��
2ZQ�WDUJHW ��

8VLQJ�ORJJLQJ ��
&RQILJXULQJ�D�ORJJHU�ZLWK�YDULDEOHV ��

5867B/2* ��
5867B/2*B67</( ��
&KDQJLQJ�WKH�5867B/2*�YDULDEOH�WR�\RXU�RZQ ��

5HDGLQJ�HQYLURQPHQW�YDULDEOHV ��
6WDQGDUG�OLEUDU\ ��
8VLQJ�WKH��HQY�ILOH ��

8VLQJ�WKH�GRWHQY�FUDWH ��
$GGLQJ�YDULDEOHV�WR�WKH��HQY�ILOH ��



���(!`+"`�+*0!*0/

S`%%%`T

3DUVLQJ�FRPPDQG�OLQH�DUJXPHQWV ��
8VLQJ�WKH�FODS�FUDWH ��

$GGLQJ�GHSHQGHQFLHV ��
%XLOGLQJ�D�SDUVHU ��
5HDGLQJ�DUJXPHQWV ��
8VDJH ��
+RZ�WR�DGG�VXEFRPPDQGV ��

5HDGLQJ�WKH�FRQILJXUDWLRQ�IURP�ILOH ��
$GGLQJ�WKH�720/�FRQILJ ��

$GGLQJ�GHSHQGHQFLHV ��
'HFODULQJ�D�VWUXFW�IRU�FRQILJXUDWLRQ ��
5HDGLQJ�WKH�FRQILJXUDWLRQ�ILOH ��
-RLQLQJ�DOO�YDOXHV�E\�D�SULRULW\ ��
&UHDWLQJ�DQG�XVLQJ�WKH�FRQILJXUDWLRQ�ILOH ��

6XPPDU\ ��

&KDSWHU����'DWD�6HULDOL]DWLRQ�DQG�'HVHULDOL]DWLRQ�ZLWK�WKH�6HUGH�&UDWH ��
7HFKQLFDO�UHTXLUHPHQWV ��
'DWD�IRUPDWV�IRU�LQWHUDFWLRQ�ZLWK�PLFURVHUYLFHV ��

7KH�VHUGH�FUDWH ��
6HULDOL]LQJ�UHVSRQVHV ��
'HVHULDOL]LQJ�UHTXHVWV ��
7ZHDNLQJ�VHULDOL]DWLRQ ��

&KDQJLQJ�WKH�FDVH�RI�QDPHV ��
5HPRYLQJ�D�QHVWLQJ ��
8VLQJ�VSHFLILF�QDPHV�IRU�D�WDJ�DQG�FRQWHQW ��

$Q\�9DOXH ��
8VLQJ�K\SHU ��

5HDGLQJ�D�ERG\�IURP�D�VWUHDP ��
&XVWRP�W\SHV ��

&XVWRP�VHULDOL]DWLRQ ��
&XVWRP�GHVHULDOL]DWLRQ ��
&XVWRP�HUURU�W\SHV�ZLWK�WKH�IDLOXUH�FUDWH ��
%LQDU\�GDWD ��

&RPSLOLQJ��UXQQLQJ��DQG�WHVWLQJ ��
0LFURVHUYLFHV�ZLWK�PXOWLSOH�IRUPDWV ��

'LIIHUHQW�IRUPDWV ��
3DUVLQJ�D�TXHU\ ��
&KHFNLQJ�GLIIHUHQW�IRUPDWV ��

7UDQVFRGLQJ ��
;0/�VXSSRUW ��

6XPPDU\ ��

&KDSWHU����8QGHUVWDQGLQJ�$V\QFKURQRXV�2SHUDWLRQV�ZLWK�)XWXUHV�&UDWH ��
7HFKQLFDO�UHTXLUHPHQWV ��
%DVLF�DV\QFKURQRXV�W\SHV ��

%DVLF�W\SHV�RI�IXWXUH�FUDWH ��
8VLQJ�WKH�)XWXUH�WUDLW ��



���(!`+"`�+*0!*0/

S`%2`T

8VLQJ�WKH�6WUHDP�WUDLW ��
8VLQJ�6LQN�WR�VHQG�GDWD�EDFN ��

7KH�FKDQQHO�PRGXOH ��
&KDQQHOV�IRU�VHQGLQJ�PXOWLSOH�PHVVDJHV ��

6LQJOH�3URGXFHU�6LQJOH�&RQVXPHU� ��
0XOWL�3URGXFHU�6LQJOH�&RQVXPHU ��
0XOWL�3URGXFHU�0XOWL�&RQVXPHU� ��
([DPSOH�RI�XVDJH ��

2QH�VKRW ���
8VLQJ�FKDQQHOV�WR�XVH�6LQN�LQ�PXOWLSOH�SODFHV ���

([HFXWRUV ���
5XQQLQJ�IXWXUHV�DQG�VWUHDPV�ZLWK�EORFNLQJ ���
8VLQJ�DQ�H[HFXWRU ���

7KH�DV\QF�DZDLW�V\QWD[ ���
&UHDWLQJ�DQ�LPDJH�VHUYLFH ���

8SORDGLQJ�LPDJHV ���
7KH�WRNLR�FUDWH ���
$V\QFKURQRXV�LQSXW�RXWSXW�RI�ILOHV ���
0XOWLSDUW�IRUP�UHTXHVWV ���

'RZQORDGLQJ�LPDJHV ���
VHQGILOH�IRU�VHQGLQJ�ILOHV ���

7HVWLQJ�WKH�VHUYLFH ���
6XPPDU\ ���

&KDSWHU����5HDFWLYH�0LFURVHUYLFHV���,QFUHDVLQJ�&DSDFLW\�DQG
3HUIRUPDQFH ���

7HFKQLFDO�UHTXLUHPHQWV ���
:KDW�LV�D�UHDFWLYH�PLFURVHUYLFH" ���

/RRVH�FRXSOLQJ ���
0HVVDJH�GULYHQ�DSSOLFDWLRQV ���
$V\QFKURQRXV ���

6KRXOG�D�UHDFWLYH�PLFURVHUYLFH�EH�DV\QFKURQRXV" ���
5HDFWLYH�PLFURVHUYLFHV�ZLWK�IXWXUHV�DQG�VWUHDPV ���
0HVVDJH�EURNHUV ���
5HPRWH�SURFHGXUH�FDOOV ���

-621�53& ���
J53& ���
7KULIW ���
2WKHU�53&�IUDPHZRUNV ���

53&�DQG�5(67 ���
5HDFWLYH�PDQLIHVWR ���

8QGHUVWDQGLQJ�-621�53& ���
+RZ�-621�53&�ZRUNV ���
&UHDWLQJ�D�PLFURVHUYLFH ���

'HSHQGHQFLHV ���
&OLHQW ���
:RUNHU ���
6HUYHU ���

&RPSLOLQJ�DQG�UXQQLQJ ���
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/HDUQLQJ�DERXW�J53& ���
+RZ�J53&�ZRUNV ���
&UHDWLQJ�D�PLFURVHUYLFH ���

'HSHQGHQFLHV ���
3URWRFRO ���
*HQHUDWLQJ�LQWHUIDFHV ���
6KDUHG�FOLHQW ���
&OLHQW ���
6HUYHU�LPSOHPHQWDWLRQ ���

6HUYLFH�LPSOHPHQWDWLRQ ���
+DQGOHUV ���
7KH�PDLQ�IXQFWLRQ ���

:RUNHU ���
&RPSLOLQJ�DQG�UXQQLQJ ���

6XPPDU\ ���

&KDSWHU����5HOLDEOH�,QWHJUDWLRQ�ZLWK�'DWDEDVHV ���
7HFKQLFDO�UHTXLUHPHQWV ���
3RVWJUH64/ ���

6HWWLQJ�XS�D�WHVW�GDWDEDVH ���
6LPSOH�LQWHUDFWLRQ�ZLWK�D�GDWDEDVH ���

$GGLQJ�GHSHQGHQFLHV ���
&UHDWLQJ�D�FRQQHFWLRQ ���
:UDSSLQJ�ZLWK�D�WRRO ���
&RPSLOLQJ�DQG�UXQQLQJ ���

&RQQHFWLRQ�SRROV ���
&UHDWLQJ�D�SRRO ���
3DUDOOHO�LPSRUWV�ZLWK�WKH�UD\RQ�FUDWH ���
5D\RQ ���

0\64/ ���
'DWDEDVH�IRU�WHVWV ���
&RQQHFWLQJ�ZLWK�WKH�U�G��DGDSWHU ���

$GGLQJ�GHSHQGHQFLHV ���
'DWDEDVH�LQWHUDFWLRQ�IXQFWLRQV ���
&UHDWLQJ�D�FRQQHFWLRQ�SRRO ���

5HGLV ���
%RRWVWUDS�GDWDEDVH�IRU�WHVWV ���
&UHDWLQJ�D�FRQQHFWLRQ�SRRO ���

'HSHQGHQFLHV ���
$GGLQJ�FRPPDQGV�DQG�LQWHUDFWLRQ�IXQFWLRQV ���
'DWD�PDQLSXODWLRQ�IXQFWLRQV ���
3DUVLQJ�DUJXPHQWV ���
&RQQHFWLQJ�WR�5HGLV ���
([HFXWLQJ�VXEFRPPDQGV ���
7HVWLQJ�RXU�5HGLV�H[DPSOH ���

0RQJR'% ���
%RRWVWUDSSLQJ�D�GDWDEDVH�IRU�WHVWLQJ ���
&RQQHFWLQJ�WR�D�GDWDEDVH�XVLQJ�WKH�U�G��SRRO ���
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,QWHUDFWLRQ�IXQFWLRQV ���
3DUVLQJ�DUJXPHQWV ���
&UHDWLQJ�D�FRQQHFWLRQV�SRRO ���
,PSOHPHQWLQJ�VXEFRPPDQGV ���

7HVWLQJ ���
'\QDPR'% ���

%RRWVWUDSSLQJ�D�GDWDEDVH�IRU�WHVWLQJ ���
&RQQHFWLQJ�WR�'\QDPR'% ���

$GGLQJ�GHSHQGHQFLHV ���
,QWHUDFWLRQ�IXQFWLRQV ���
3DUVLQJ�FRPPDQG�OLQH�DUJXPHQWV ���

7HVWLQJ ���
6XPPDU\ ���

&KDSWHU����,QWHUDFWLRQ�WR�'DWDEDVH�ZLWK�2EMHFW�5HODWLRQDO�0DSSLQJ ���
7HFKQLFDO�UHTXLUHPHQWV ���
7KH�GLHVHO�FUDWH ���

$GGLQJ�WKH�QHFHVVDU\�GHSHQGHQFLHV ���
GLHVHOBFOL ���
&UHDWLQJ�PLJUDWLRQV ���

'HFODULQJ�WKH�GDWD�VWUXFWXUH ���
0RGHOV ���

&RQQHFWLQJ�WR�D�GDWDEDVH ���
3DUVLQJ�DUJXPHQWV ���

&UHDWLQJ�D�FRQQHFWLRQ ���
,PSOHPHQWLQJ�VXEFRPPDQGV�XVLQJ�D�'6/ ���

$GGLQJ�D�XVHU�VXEFRPPDQG�LPSOHPHQWDWLRQ ���
/LVWLQJ�XVHUV�VXEFRPPDQG�LPSOHPHQWDWLRQ ���
7HVWLQJ ���

&RPSOH[�GDWDEDVH�VWUXFWXUH ���
%XVLQHVV�ORJLF�RI�WKH�H[DPSOH�DSSOLFDWLRQ ���

$3,�PHWKRGV ���
'DWDEDVH�VWUXFWXUH�DQG�PLJUDWLRQV ���

'LHVHO�LQLWLDO�VHWXS ���
XS�VTO ���
GRZQ�VTO ���

8VHUV�WDEOH ���
XS�VTO ���
GRZQ�VTO ���

&KDQQHOV�WDEOH ���
XS�VTO ���
GRZQ�VTO ���

0HPEHUVKLSV�WDEOH ���
XS�VTO ���
GRZQ�VTO ���

0HVVDJHV�WDEOH ���
XS�VTO ���
GRZQ�VTO ���

6FKHPD ���
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0RGHOV ���
8VHU ���
&KDQQHO ���
0HPEHUVKLS ���
0HVVDJH ���

'DWDEDVH�LQWHUDFWLRQ�$3,�FUDWH ���
$SL ���
5HJLVWHU�XVHU ���
&UHDWH�FKDQQHO ���
3XEOLVK�FKDQQHO ���
$GG�PHPEHU ���
$GG�PHVVDJH ���
'HOHWH�PHVVDJH ���

7HVWLQJ�WKH�FUDWH ���
6XPPDU\ ���

&KDSWHU����6LPSOH�5(67�'HILQLWLRQ�DQG�5HTXHVW�5RXWLQJ�ZLWK
)UDPHZRUNV ���

7HFKQLFDO�UHTXLUHPHQWV ���
5RXLOOH ���

&UHDWLQJ�D�PLFURVHUYLFH ���
%RRWVWUDSSLQJ�D�VHUYHU ���
+DQGOLQJ�UHTXHVWV ���

5RRW�KDQGOHU ���
6LJQ�XS�KDQGOHU ���
6LJQ�LQ�KDQGOHU ���
'HIDXOW�KDQGOHU ���

&RPSLOLQJ�DQG�UXQQLQJ ���
1LFNHO ���

&UHDWLQJ�D�PLFURVHUYLFH ���
%RRWVWUDSSLQJ�D�VHUYHU ���
+DQGOLQJ�UHTXHVWV ���
:RUNHU�IRU�VHQGLQJ�HPDLOV ���

&RPSLOLQJ�DQG�UXQQLQJ ���
5RFNHW ���

&UHDWLQJ�D�PLFURVHUYLFH ���
%RRWVWUDSSLQJ�D�VHUYHU ���
+DQGOLQJ�UHTXHVWV ���
'DWDEDVH�VFKHPD�DQG�PRGHOV ���

&RPSLOLQJ�DQG�UXQQLQJ ���
*RWKDP ���

&UHDWLQJ�D�PLFURVHUYLFH ���
7\SHV�RI�IUDPHZRUN ���
7KH�PDLQ�IXQFWLRQ ���
+DQGOHU�LPSOHPHQWDWLRQ ���

5XQQLQJ�DQG�WHVWLQJ ���
6XPPDU\ ���

&KDSWHU�����%DFNJURXQG�7DVNV�DQG�7KUHDG�3RROV�LQ�0LFURVHUYLFHV ���
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7HFKQLFDO�UHTXLUHPHQWV ���
,QWHUDFWLQJ�ZLWK�WKUHDGV ���

6\QFKURQRXV�RU�DV\QFKURQRXV" ���
,2�ERXQG�YHUVXV�&38�ERXQG�WDVNV ���
6\QFKURQRXV�WDVNV�LQVLGH�DV\QFKURQRXV�FRQWH[WV ���
7KH�OLPLWDWLRQV�RI�XVLQJ�,2�RSHUDWLRQV�RQ�ILOHV ���

6SDZQLQJ�D�WKUHDG�IRU�LPDJH�SURFHVVLQJ ���
,QWHUDFWLQJ�ZLWK�D�WKUHDG�LQ�DQ�DV\QFKURQRXV�ZD\ ���

8VLQJ�WKUHDG�SRROV ���
&SX3RRO ���
7KH�EORFNLQJ�VHFWLRQ ���

$FWRUV ���
%DVLFV�RI�WKH�DFWL[�IUDPHZRUN ���
,PSOHPHQWLQJ�DFWRUV ���

7KH�FRXQW�DFWRU ���
7\SHV ���
$FWRU ���
0HVVDJH ���
+DQGOHU ���

7KH�ORJ�DFWRU ���
7\SHV ���
$FWRU ���
0HVVDJH ���
+DQGOHU ���

7KH�UHVL]H�DFWRU ���
7\SHV ���
$FWRU ���
0HVVDJH ���
+DQGOHU ���

8VLQJ�WKH�VHUYHU�ZLWK�DFWRUV ���
5HTXHVWV�KDQGOHU ���

%XLOGLQJ�DQG�UXQQLQJ ���
6XPPDU\ ���

&KDSWHU�����,QYROYLQJ�&RQFXUUHQF\�ZLWK�$FWRUV�DQG�WKH�$FWL[�&UDWH ���
7HFKQLFDO�UHTXLUHPHQWV ���
$FWRU�FRQFXUUHQF\�LQ�PLFURVHUYLFHV ���

�8QGHUVWDQGLQJ�DFWRUV ���
$FWRUV�LQ�PLFURVHUYLFHV ���

7KH�$FWL[�IUDPHZRUN ���
&UHDWLQJ�D�PLFURVHUYLFH�ZLWK�DFWL[�ZHE ���

%RRWVWUDSSLQJ�DQ�DFWL[�ZHE�VHUYHU ���
6WDUWLQJ�D�VHUYHU ���
$SS�FUHDWLRQ ���
6FRSH�DQG�URXWHV ���
6WDWLF�ILOHV�KDQGOHU ���

+773�FOLHQW ���
*(7�UHTXHVWV ���
3267�UHTXHVWV ���
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+DQGOHUV ���
6LJQXS ���
6LJQLQ ���
1HZ�FRPPHQW ���
&RPPHQWV ���
&RXQWHU ���

0LGGOHZDUH ���
%XLOGLQJ�DQG�UXQQLQJ ���

8VLQJ�GDWDEDVHV ���
7KH�GDWDEDVH�LQWHUDFWLRQ�DFWRU ���

$FWRUV ���
0HVVDJHV ���

6HWWLQJ�D�YDOXH�PHVVDJH ���
*HW�YDOXH�PHVVDJH ���

/LQN�WR�DFWRU ���
8VLQJ�GDWDEDVH�DFWRUV ���

:HE6RFNHW ���
5HSHDWHU�DFWRU ���

$FWRUV ���
0HVVDJHV ���

8SGDWLQJ�WKH�PHVVDJH ���
&RQWURO�PHVVDJH ���

7KH�QRWLILFDWLRQ�DFWRU ���
$FWRU ���
+DQGOHUV ���

$GGLQJ�:HE6RFNHW�VXSSRUW�WR�D�VHUYHU ���
6XPPDU\ ���

&KDSWHU�����6FDODEOH�0LFURVHUYLFHV�$UFKLWHFWXUH ���
7HFKQLFDO�UHTXLUHPHQWV ���
6FDODEOH�DUFKLWHFWXUH ���

%DVLF�LGHDV ���
0HVVDJH�EURNHUV�DQG�TXHXHV ���

5DEELW04 ���
.DIND ���

$SSOLFDWLRQ�ERWWOHQHFNV ���
6FDODEOH�DSSOLFDWLRQ�ZLWK�5XVW�DQG�5DEELW04 ���

%RRWVWUDS�PHVVDJH�EURNHU�IRU�WHVWLQJ ���
'HSHQGHQFLHV ���
$EVWUDFW�TXHXH�LQWHUDFWLRQ�DFWRU ���

'HSHQGHQFLHV ���
$EVWUDFW�PHVVDJHV�KDQGOHU ���
$FWRU ���
+DQGOLQJ�DQ�LQFRPLQJ�VWUHDP ���
6HQGLQJ�D�QHZ�PHVVDJH ���
8WLOLW\�PHWKRGV ���
&UDWH ���
5HTXHVW�DQG�UHVSRQVH ���
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:RUNHU ���
'HSHQGHQFLHV ���
+DQGOHU ���
PDLQ�IXQFWLRQ ���

6HUYHU ���
'HSHQGHQFLHV ���
6KDUHG�VWDWH ���
6HUYHU�KDQGOHU ���
5HTXHVWV�KDQGOHUV ���

,QGH[�KDQGOHU ���
7DVNV�KDQGOHU ���
8SORDG�KDQGOHU ���

PDLQ�IXQFWLRQ ���
7HVWLQJ ���
+RZ�WR�VFDOH�WKLV�DSSOLFDWLRQ ���

6XPPDU\ ���

&KDSWHU�����7HVWLQJ�DQG�'HEXJJLQJ�5XVW�0LFURVHUYLFHV ���
7HFKQLFDO�UHTXLUHPHQWV ���
7HVWLQJ�PLFURVHUYLFHV ���

8QLW�WHVWLQJ ���
0RFNLQJ ���
6WDUWLQJ�D�VHUYHU�IRU�WHVWLQJ ���
0DNLQJ�UHTXHVWV ���
,PSOHPHQWLQJ�WHVWV ���
5XQQLQJ�RXU�WHVWV ���

,QWHJUDWLRQ�WHVWLQJ ���
6WDUWLQJ�DQ�DSSOLFDWLRQ�LQVWDQFH ���
'HSHQGHQFLHV ���
8WLOV ���
7KH�LQWHJUDWLRQ�WHVWLQJ�FOLHQW ���
7\SHV ���
8VHUV ���
&RQWHQW ���
0DLOHU ���
5RXWHU ���

'HEXJJLQJ�PLFURVHUYLFHV ���
FXUO ���
3RVWPDQ ���
PLWPSUR[\ ���
//'% ���
9LVXDO�6WXGLR�&RGH ���

6WUXFWXUDO�ORJJLQJ ���
([DPSOH ���
%XLOGLQJ�DQG�WHVWLQJ ���

'LVWULEXWHG�WUDFLQJ ���
6WDUWLQJ�-DHJHU ���
*HQHUDWLQJ�VSDQV ���
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&RPSLOH�DQG�UXQ ���
6XPPDU\ ���

&KDSWHU�����2SWLPL]DWLRQ�RI�0LFURVHUYLFHV ���
7HFKQLFDO�UHTXLUHPHQWV ���
3HUIRUPDQFH�PHDVXULQJ�WRROV ���

:HOOH ���
'ULOO ���

0HDVXULQJ�DQG�RSWLPL]LQJ�SHUIRUPDQFH ���
%DVLF�H[DPSOH ���
3HUIRUPDQFH ���
2SWLPL]DWLRQV ���

6WDWH�VKDULQJ�ZLWKRXW�EORFNLQJ ���
5HXVLQJ�YDOXHV�E\�UHIHUHQFHV ���
&DFKLQJ ���

&RPSLODWLRQ�ZLWK�RSWLPL]DWLRQV ���
2SWLPL]DWLRQ�WHFKQLTXHV� ���

/LQN�WLPH�RSWLPL]DWLRQV ���
$ERUW�LQVWHDG�RI�SDQLFNLQJ ���
5HGXFLQJ�WKH�VL]H�RI�ELQDULHV ���
,VRODWHG�EHQFKPDUNV ���
3URILOLQJ ���

6XPPDU\ ���

&KDSWHU�����3DFNLQJ�6HUYHUV�WR�&RQWDLQHUV ���
7HFKQLFDO�UHTXLUHPHQWV ���
%XLOGLQJ�D�'RFNHU�LPDJH�ZLWK�D�PLFURVHUYLFH ���
&UHDWLQJ�DQ�LPDJH�ZLWK�WKH�5XVW�FRPSLOHU ���

8VHUV�PLFURVHUYLFH�LPDJH ���
�GRFNHULJQRUH ���
'RFNHUILOH ���

%XLOGLQJ�DQ�LPDJH ���
6WDUWLQJ�D�FRQWDLQHU ���
&RQWHQW�PLFURVHUYLFH�LPDJH ���
(PDLO�PLFURVHUYLFH�LPDJH ���
5RXWHU�PLFURVHUYLFH�LPDJH ���
'%6\QF�ZRUNHU�LPDJH ���

'HSHQGHQFLHV ���
7KH�PDLQ�IXQFWLRQ ���

+LGLQJ�PLFURVHUYLFH�VRXUFH�FRGH� ���
&RPSRVLQJ�D�PLFURVHUYLFH�VHW ���

$SSOLFDWLRQ�GHILQLWLRQ ���
'DWDEDVH�FRQWDLQHU ���
$�FRQWDLQHU�ZLWK�DQ�HPDLO�VHUYHU ���
'%6\QF�ZRUNHU�FRQWDLQHU ���
0DLOV�PLFURVHUYLFH�FRQWDLQHU ���
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8VHUV�PLFURVHUYLFH�FRQWDLQHU ���
&RQWHQW�PLFURVHUYLFH�FRQWDLQHU ���
5RXWHU�PLFURVHUYLFH�FRQWDLQHU ���
5XQQLQJ�WKH�DSSOLFDWLRQ ���

$GGLQJ�SHUVLVWHQW�VWDWH�WR�WKH�DSSOLFDWLRQ ���
5XQQLQJ�WKH�DSSOLFDWLRQ�LQ�WKH�EDFNJURXQG ���

6XPPDU\ ���

&KDSWHU�����'HY2SV�RI�5XVW�0LFURVHUYLFHV���&RQWLQXRXV�,QWHJUDWLRQ
DQG�'HOLYHU\ ���

7HFKQLFDO�UHTXLUHPHQWV ���
&RQWLQXRXV�LQWHJUDWLRQ�DQG�FRQWLQXRXV�GHOLYHU\ ���

&RQWLQXRXV�LQWHJUDWLRQ� ���
&RQWLQXRXV�GHOLYHU\� ���
&RQWDLQHU�RUFKHVWUDWLRQ ���

5XVW�WRROV ���
5XVWIPW ���

,QVWDOODWLRQ ���
8VDJH ���
&RQILJXUDWLRQ ���

&OLSS\ ���
,QVWDOODWLRQ ���
8VDJH ���
&RQILJXUDWLRQ ���
5HFRPPHQGHG�FRGH�DWWULEXWHV ���

5XVWIL[ ���
,QVWDOODWLRQ ���
8VDJH ���

&DUJR�WHVW ���
&,�DQG�&'�WRROV ���

7UDYLV&, ���
$SS9H\RU ���
-HQNLQV ���

'HPRQVWUDWLRQ�RI�FRQWLQXRXV�LQWHJUDWLRQ ���
'RFNHU�&RPSRVH ���

7KH�6&0�VHUYHU ���
7KH�&,�VHUYHU ���
7KH�&,�DJHQW ���
7KH�LPDJH ���

&RQILJXULQJ�*RJV ���
&RQILJXULQJ�7HDP&LW\ ���
$XWKRUL]LQJ�DJHQWV ���
&UHDWLQJ�D�SURMHFW ���
%XLOGLQJ�VWHSV�IRU�5XVW ���
%XLOGLQJ�ZLWK�&, ���

6XPPDU\ ���
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&KDSWHU�����%RXQGHG�0LFURVHUYLFHV�ZLWK�$:6�/DPEGD ���
7HFKQLFDO�UHTXLUHPHQWV ���
6HUYHUOHVV�DUFKLWHFWXUH ���

$:6�/DPEGD ���
$]XUH�)XQFWLRQV ���
&ORXGIODUH�:RUNHUV ���
,%0�&ORXG�)XQFWLRQV ���
*RRJOH�&ORXG�)XQFWLRQV ���

0LQLPDO�5XVW�PLFURVHUYLFHV�IRU�$:6�/DPEGD ���
'HSHQGHQFLHV ���
'HYHORSLQJ�D�PLFURVHUYLFH ���
%XLOGLQJ ���
'HSOR\PHQW ���

6HUYHUOHVV�)UDPHZRUN ���
3UHSDUDWLRQ ���
,PSOHPHQWDWLRQ ���

'HSHQGHQFLHV ���
+DQGOHU ���
5HTXHVW�DQG�UHVSRQVH�W\SHV ���
)XQFWLRQV ���

&RQILJXUDWLRQ ���
5HVRXUFHV ���

'HSOR\PHQW ���
3HUPLVVLRQV ���
6FULSW ���
5XQQLQJ ���

7HVWLQJ ���
8SGDWLQJ�DQG�UHPRYLQJ ���

6XPPDU\ ���

2WKHU�%RRNV�<RX�0D\�(QMR\ ���

,QGH[ ���
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let conn = Connection::connect("postgres://postgres@localhost:5432",
TlsMode::None).unwrap();
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#[derive(Deserialize, Debug)]
struct User {
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}
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�+*0�%*!.L`/+`0$!`+*(5`0$%*#`0$�0`5+1`$�2!`0+` +`%/` !(%2!.`0$!`�+*0�%*!.`0+`�`,.+ 1�0%+*
�(+1 K`�$!` !,(+5)!*0`+"`�+*0�%*!./`%/`�(/+`/%),(!`0+`�10+)�0!K`
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+RZ�WR�VSOLW�D�WUDGLWLRQDO�VHUYHU�LQWR�PXOWLSOH
PLFURVHUYLFHV
�.+1* `87`5!�./`�#+L` !2!(+,!./`1/! `0+`1/!`0$!`�,��$!`3!�`/!.2!.`3%0$`�`/�.%,0%*#
,.+#.�))%*#`(�*#1�#!`0+`�.!�0!`3!�`�,,(%��0%+*/L`.!* !.%*#`0$!`2%!3/`+*`0$!`/!.2!._/% !K
�$%/`)!�*0`0$�0`0$!.!`3�/`*+`*!! `0+`/,(%0`�,,(%��0%+*/`%*0+`,%!�!/`�* `%0`3�/`/%),(!.`0+
'!!,`0$!`�+ !`0+#!0$!.K`�%0$`0$!`!)!.#!*�!`+"`�%*#(!_��#!`�,,(%��0%+*/`Q���/RL`3!`+*(5
*!! ! `/!.2!._/% !`.!* !.%*#`"+.`/,!�%�(`��/!/`�* `�,,(%��0%+*/`3!.!` %2% ! `%*0+`03+
,�.0/M`".+*0!* `�* `���'!* K`�*+0$!.`0!* !*�5`3�/`0$�0`/!.2!./`�$�*#! `,.+�!//%*#
)!0$+ `".+)`/5*�$.+*+1/`Q3$!.!`!2!.5`�(%!*0`%*0!.��0%+*`(%2!/`%*`�`/!,�.�0!`0$.!� R`0+
�/5*�$.+*+1/`Q3$!.!`+*!`0$.!� `,.+�!//!/`)�*5`�(%!*0/`/%)1(0�*!+1/(5`1/%*#`*+*_
�(+�'%*#L`%*,10_+10,10`+,!.�0%+*/RK`�$%/`0.!* `,.+)+0!/`0$!`�!00!.`,!."+.)�*�!`+"`/%*#(!
/!.2!.`1*%0/L`)!�*%*#`0$!5`��*`/!.2!`0$+1/�* /`+"`�(%!*0/K`�$%/`)!�*/`0$�0`3!` +*W0`*!! 
/,!�%�(`$�. 3�.!L`,.+,.%!0�.5`/+"03�.!L`+.`�`/,!�%�(`0++(�$�%*`+.`�+),%(!.`0+`3.%0!`�`0%*5
/!.2!.`3%0$`#.!�0`,!."+.)�*�!K

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

�"`3.%0%*#`5+1.`+3*`/!.2!.`3�/*W0`$�. `!*+1#$L`5+1`�+1( `�.!�0!`�`/!,�.�0!`/!.2!.`"+.
/,!�%�(`��/!/`�* `1/!`0$!)` %.!�0(5`".+)`0$!`".+*0!* `�,,(%��0%+*K`�$%/`3+1( `*+0`.!-1%.!
.!* !.%*#`,.+�! 1.!/`+*`0$!`/!.2!.K`�$%/`/!�0%+*`$�/`,.+2% ! `�`/$+.0` !/�.%,0%+*`+"`0$!
!2+(10%+*`".+)`)+*+(%0$%�`/!.2!./`0+`)%�.+/!.2%�!/K`�!`�.!`*+3`#+%*#`0+`!4�)%*!`$+3`0+
�.!�'`�`)+*+(%0$%�`/!.2!.`%*0+`/)�((`,%!�!/K

5HDVRQV�WR�DYRLG�PRQROLWKV
�"`5+1`�(.!� 5`$�2!`�`/%*#(!`/!.2!.`0$�0`%*�(1 !/`�((`���'!* `"!�01.!/L`5+1`$�2!`�`)+*+(%0$%�
/!.2%�!L`!2!*`%"`5+1`/0�.0`03+`+.`)+.!`%*/0�*�!/`+"`0$%/`/!.2%�!K`�`)+*+(%0$%�`/!.2%�!`$�/`�
"!3` %/� 2�*0�#!/—%0`%/`%),+//%�(!`0+`/��(!`2!.0%��((5L`%0`%/`%),+//%�(!`0+`1, �0!`�* 
 !,(+5`+*!`"!�01.!`3%0$+10`%*0!..1,0%*#`�((`0$!`.1**%*#`%*/0�*�!/L`�* `%"`0$!`/!.2!.`"�%(/L`%0
�""!�0/`�((`"!�01.!/K`�!0W/` %/�1//`0$!/!` %/� 2�*0�#!/`�`(%00(!`"1.0$!.K`�$%/`)%#$0`$!(,`5+1`0+
�+*2%*�!`5+1.`)�*�#!.`0+`�.!�'`5+1.`/!.2%�!` +3*`%*0+`)%�.+/!.2%�!/K
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�$!.!`�.!`03+`�+))+*`�,,.+��$!/`0+`/��(%*#`�*`�,,(%��0%+*M


+.%6+*0�((5M`�$!.!`5+1`/0�.0`�`*!3`%*/0�*�!`+"`�,,(%��0%+*
�!.0%��((5M`�$!.!`5+1`%),.+2!`�*`%* !,!* !*0`�,,(%��0%+*`(�5!.`0$�0`$�/`�
�+00(!*!�'

�$!`/%),(!/0`3�5`0+`/��(!`�`���'!* `%/`0+`/0�.0`�*+0$!.`%*/0�*�!`+"`0$!`/!.2!.K`�$%/`3%((`/+(2!
0$!`%//1!L`�10`%*`)�*5`��/!/`%0`%/`�`3�/0!`+"`$�. 3�.!`.!/+1.�!/K`�+.`!4�),(!L`%)�#%*!`5+1
$�2!`�`�+00(!*!�'`%*`�*`�,,(%��0%+*`0$�0`�+((!�0/`+.`(+#/`/0�0%/0%�/K`�$%/`)%#$0`+*(5`1/!`8<A
+"`5+1.`���L`�!��1/!`(+##%*#`)%#$0`%*�(1 !`)1(0%,(!`��`+,!.�0%+*/`�10`*+`%*0!*/%2!`���
+,!.�0%+*/K`
+3!2!.L`0+`/��(!`0$%/`�14%(%�.5`"1*�0%+*L`5+1`3%((`$�2!`0+`,�5`"+.`0$!`3$+(!
%*/0�*�!K

,PSRVVLEOH�WR�XSGDWH�DQG�GHSOR\�RQO\�RQH�IHDWXUH
�"`5+1.`���'!* `3+.'/`�/`�`)+*+(%0$L`5+1`��*W0`1, �0!`+*(5`�`/)�((`,�.0`+"`%0K`�2!.5`0%)!
5+1`�  `+.`�$�*#!`�`"!�01.!L`5+1`$�2!`0+`/0+,L`1, �0!L`�* `/0�.0`0$!`/!.2%�!`�#�%*L`3$%�$
��1/!/`%*0!..1,0%+*/K

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

7KH�IDLOXUH�RI�RQH�VHUYHU�DIIHFWV�DOO�IHDWXUHV
�*+0$!.`.!�/+*`0+`�2+% `)+*+(%0$/`%/`0$�0`!2!.5`/!.2!.`�.�/$`�(/+`�.�/$!/`�((`+"`0$!`"!�01.!/L
3$%�$`��1/!/`0$!`�,,(%��0%+*`0+`/0+,`3+.'%*#`�+),(!0!(5L`!2!*`0$+1#$`*+0`!2!.5`"!�01.!`%/
*!! ! `"+.`%0`0+`3+.'K`�"`5+1.`�,,(%��0%+*`��*W0`(+� `*!3`1/!.`%*0!."��!`0$!)!/L`0$!`!..+.`%/
*+0`�.%0%��(L`�/`(+*#`�/`5+1` +*W0`3+.'`%*`0$!`"�/$%+*`+.` !/%#*`%* 1/0.5L`�* `5+1.
�,,(%��0%+*`/$+1( `/0%((`�!`��(!`0+`,.+2% !`0$!`2%0�(`"1*�0%+*/`0+`1/!./K`�"`5+1`/,(%0`5+1.
)+*+(%0$`%*0+`%* !,!* !*0`)%�.+/!.2%�!/L`5+1`3%((`.! 1�!`0$!`%),��0`+"`�.�/$!/K
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%UHDNLQJ�D�PRQROLWKLF�VHUYLFH�LQWR�SLHFHV
�!0W/`(++'`�*`!4�),(!`+"`�*`!_�+))!.�!`)+*+(%0$`/!.2!.`0$�0`,.+2% !/`0$!`"+((+3%*#
"!�01.!/M

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

�( _"�/$%+*! `/!.2!./` !2!(+,! `5!�./`�#+`3+1( `%*�(1 !`�((`+"`0$!/!`"!�01.!/`0+#!0$!.K
�2!*`%"`5+1`/,(%0`%0`%*0+`/!,�.�0!`�,,(%��0%+*`)+ 1(!/L`0$!5`3+1( `/0%((`3+.'`+*`0$!`/�)!
/!.2!.K`�+1`��*`/!!`�*`!4�),(!`/0.1�01.!`+"`�`)+*+(%0$%�`/!.2%�!`$!.!M
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�*`.!�(%05L`0$!`.!�(`/!.2!.`�+*0�%*/`)+.!`)+ 1(!/`0$�*`0$%/L`�10`3!`$�2!`/!,�.�0! `0$!)`%*0+
(+#%��(`#.+1,/`��/! `+*`0$!`0�/'/`0$!5`,!."+.)K`�$%/`%/`�`#++ `/0�.0%*#`,+%*0`0+`�.!�'%*#
5+1.`)+*+(%0$`%*0+`)1(0%,(!L`(++/!(5`�+1,(! `)%�.+/!.2%�!/K`�*`0$%/`!4�),(!L`3!`��*`�.!�'
%0`"1.0$!.`%*0+`0$!`,%!�!/`.!,.!/!*0! `%*`0$!`"+((+3%*#` %�#.�)M

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

�$+3*`%*`0$!`,.!�! %*#` %�#.�)`%/`0$!`,+0!*0%�(`�+))1*%��0%+*`0$�0`+��1./`�!03!!*
/!.2%�!/K`�+.`/%),(!`��/!/L`5+1`��*`1/!` %.!�0`�+**!�0%+*/K`�"`0$!`%*0!.��0%+*`%/`)+.!
�+),(!4L`5+1`��*`1/!`)!//�#!`-1!1!/K`
+3!2!.L`5+1`/$+1( `�2+% `1/%*#`�`/$�.! `/0�0!
/1�$`�/`�`�!*0.�(` �0���/!`�* `%*0!.��0%*#`0$.+1#$`.!�+. /L`�!��1/!`0$%/`��*`��1/!`�
�+00(!*!�'`"+.`0$!`3$+(!`�,,(%��0%+*K`�!`3%((` %/�1//`$+3`0+`/��(!`)%�.+/!.2%�!/`%*`Chapter
12L`���(��(!`�%�.+/!.2%�!/`�.�$%0!�01.!K`�+.`*+3L`3!`3%((`!4,(+.!`����`���L`3$%�$`3%((`�!
,�.0%�((5`%),(!)!*0! `%*`�`"!3`!4�),(!/`0$.+1#$+10`0$%/`�++'K`�!`3%((`�(/+` %/�1//`3$5
�1/0`%/`�`#.!�0`�$+%�!`"+.`%),(!)!*0%*#`)%�.+/!.2%�!/K

'HILQLWLRQ�RI�D�5(67�$3,
�!0W/` !"%*!`0$!`���/`0$�0`3!`3%((`1/!`%*`+1.`)%�.+/!.2%�!`%*".�/0.1�01.!`1/%*#`0$!`����
)!0$+ +(+#5K`�*`0$%/`!4�),(!L`+1.`)%�.+/!.2%�!/`3%((`$�2!`)%*%)�(`���/`"+.` !)+*/0.�0%+*
,1.,+/!/N`.!�(`)%�.+/!.2%�!/`)%#$0`*+0`�!`-1%0!`/+`X)%�.+XK`�!0W/`!4,(+.!`0$!`����
/,!�%"%��0%+*/`+"`0$!`)%�.+/!.2%�!/`+"`+1.`�,,(%��0%+*K`�!`3%((`/0�.0`�5`(++'%*#`�0`�
)%�.+/!.2%�!`"+.`1/!.`.!#%/0.�0%+*`�* `#+`0$.+1#$`!2!.5`,�.0`+"`0$!`�,,(%��0%+*K



�*0.+ 1�0%+*`0+`�%�.+/!.2%�!/ �$�,0!.`8

S`8<`T

User registration microservice
�$!`"%./0`/!.2%�!`%/`.!/,+*/%�(!`"+.`0$!`.!#%/0.�0%+*`+"`1/!./K`�0`$�/`0+`�+*0�%*`)!0$+ /`0+`�  L
1, �0!L`+.` !(!0!`1/!./K`�!`��*`�+2!.`�((`*!! /`3%0$`0$!`/0�* �. `����`�,,.+��$K`�!`3%((
1/!`�`�+)�%*�0%+*`+"`)!0$+ /`�* `,�0$/`0+`,.+2% !`0$%/`1/!.`.!#%/0.�0%+*`"1*�0%+*�(%05M

POST`.!-1!/0`0+`/user/`�.!�0!/`�`*!3`1/!.`�* `.!01.*/`%0/`id
GET`.!-1!/0`0+`/user/id``.!01.*/`%*"+.)�0%+*`.!(�0! `0+`�`1/!.`3%0$`id
PUT`.!-1!/0`0+`/user/id``�,,(%!/`�$�*#!/`0+`�`1/!.`3%0$`id
DELETE`.!-1!/0`0+`/user/id``.!)+2!/`�`1/!.`3%0$`id

�$%/`/!.2%�!`��*`1/!`0$!`�_)�%(`*+0%"%��0%+*/`)%�.+/!.2%�!`�* `��((`%0/`)!0$+ /`0+`*+0%"5`0$!
1/!.`��+10`.!#%/0.�0%+*K

E-mail notifications microservice
�$!`�_)�%(`*+0%"%��0%+*/`)%�.+/!.2%�!`��*`�!`!40.!)!(5`/%),(!`�* `�+*0�%*/`+*(5`�`/%*#(!
)!0$+ M

�$!`POST`.!-1!/0`0+`/send_email/``/!* /`�*`!)�%(`0+`�*5`�  .!//

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

Product catalog  microservice
�$!`�.+ 1�0`��0�(+#`)%�.+/!.2%�!`0.��'/`0$!`�2�%(��(!`,.+ 1�0/`�* `*!! /`+*(5`3!�'
.!(�0%+*/`3%0$`+0$!.`)%�.+/!.2%�!/L`!4�!,0`"+.`0$!`�$+,,%*#`��.0K`�$%/`)%�.+/!.2%�!`��*
�+*0�%*`0$!`"+((+3%*#`)!0$+ /M

POST`.!-1!/0`0+`/product/`�.!�0!/`�`*!3`,.+ 1�0`�* `.!01.*/`%0/`id
GET`.!-1!/0`0+`/product/id``.!01.*/`%*"+.)�0%+*`��+10`0$!`,.+ 1�0`3%0$`id
PUT`.!-1!/0`0+`/product/id``1, �0!/`%*"+.)�0%+*`��+10`0$!`,.+ 1�0`3%0$`id
DELETE`.!-1!/0`0+`/product/id``)�.'/`0$!`,.+ 1�0`3%0$`id`�/` !(!0! 
GET`.!-1!/0`0+`/products/`.!01.*/`�`(%/0`+"`�((`,.+ 1�0/`Q��*`�!`,�#%*�0! `�5
!40.�`,�.�)!0!./R
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Shopping cart microservice
�$!`�$+,,%*#`��.0`)%�.+/!.2%�!`%/`�(+/!(5`%*0!#.�0! `3%0$`0$!`�/!.`.!#%/0.�0%+*`�* 
�.+ 1�0`��0�(+#`)%�.+/!.2%�!/K`�0`$+( /`,!* %*#`,1.�$�/!/`�* `,.!,�.!/`%*2+%�!/K`�0
�+*0�%*/`0$!`"+((+3%*#`)!0$+ /M

POST`.!-1!/0`0+`/user/uid/cart/L`3$%�$`,10/`�`,.+ 1�0`%*`0$!`��.0`�* `.!01.*/
0$!`id`+"`%0!)`%*`0$!`1/!.W/`��.0`3%0$`0$!`uid
GET`.!-1!/0`0+`/user/uid/cart/idL`3$%�$`.!01.*/`%*"+.)�0%+*`��+10`0$!`%0!)
3%0$`id
PUT`.!-1!/0`0+`/user/uid/cart/idL`3$%�$`1, �0!/`%*"+.)�0%+*`��+10`0$!`%0!)
3%0$`id`Q�(0!./`0$!`-1�*0%05`+"`%0!)/R
GET`.!-1!/0`0+`/user/uid/cart/L`3$%�$`.!01.*/`�`(%/0`+"`�((`0$!`%0!)/`%*`0$!`��.0

�/`5+1`��*`/!!L`3!` +*W0`�  `�*`!40.�`X/X`0+`0$!`/cart/`���`�* `3!`1/!`0$!`/�)!`,�0$`"+.
�.!�0%*#`%0!)/`�* `0+`#!0`�`(%/0L`�!��1/!`0$!`"%./0`$�* (!.`.!��0/`0+`0$!`POST`)!0$+ L`0$!
/!�+* `,.+�!//!/`.!-1!/0/`3%0$`0$!`GET`)!0$+ L`�* `/+`+*K`�!`�(/+`1/!`0$!`1/!.W/`��`%*`0$!
,�0$K`�!`��*`%),(!)!*0`0$!`*!/0! `����`"1*�0%+*/`%*`03+`3�5/M

�/!`/!//%+*`%*"+.)�0%+*`0+`#!0`0$!`1/!.W/`idK`�*`0$%/`��/!L`0$!`,�0$/`�+*0�%*`�
/%*#(!`+�&!�0L`/1�$`�/`/cart/id`K`�!`��*`'!!,`0$!`1/!.W/`id`%*`/!//%+*`�++'%!/L
�10`0$%/`%/`*+0`.!(%��(!K
�!`��*`�  `0$!`id`+"`�`1/!.`0+`�`,�0$`!4,(%�%0(5K

Payment Integration microservice
�*`+1.`!4�),(!L`0$%/`)%�.+/!.2%�!`3%((`�!`�`0$%. _,�.05`/!.2%�!L`3$%�$`�+*0�%*/`0$!`"+((+3%*#
)!0$+ /M

POST`.!-1!/0`0+`/invoices``�.!�0!/`�`*!3`%*2+%�!`�* `.!01.*/`%0/`id
POST`.!-1!/0`0+`/invoices/id/pay``,�5/`"+.`0$!`%*2+%�!
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