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4XQSXNN\SXQ
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B^J\^NM�aY\USXQ�YX�NWKNMMNM�]YO^aJ\N˰˰˰

˰˰˰WY`NM�^Y�`SMNY�]^\NJWSXQ

YX̐KYJ\M�SXOY\WJ^SYX�OY\�C\NXS^JVSJ

BYO^aJ\N�4XQSXNN\SXQ˳�DXS`N\]S^c�YO�1YVYQXJ

͋�3NVJc̐CYVN\JX^�=N^aY\U]

73�`SMNY�LYMSXQ̾]^\NJWSXQ�Y`N\�FS5S

aY\UNM�YX�^RN�L_\\NX^�]J^̐XJ`�D8

WSMMVNaJ\N�OY\�?B
˳�5S\NCE�]^SLU

YX̐MNWJXM�CE˳�RSQR̐NXM�BC1

˰˰˰Z\Y^Y^cZNM�J�\NLYWWNXMN\�]c]^NW�_]SXQ�=;?˰˰˰

˰˰˰]RSO^NM�^Y�KJLUNXM�MN`NVYZWNX^˰˰˰
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4WZYaN\�MNLS]SYX�WJUSXQ�^R\Y_QR�WNMSJ�WYXS^Y\SXQ

4XJKVN�?A�˖�2YWW]�^Y�JX]aN\�]^\J^NQSL�[_N]^SYX]

08�͌�0_QWNX^NM�8X^NVVSQNXLN
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5Y_XMNM�Kc

3J`SM�1NXSQ]YX�˟24>ˠ
<SQ_NV�<J\^SXNd�˟2RSNO�3J^J�BLSNX^S]^ˠ

	��


B^J\^NM�VSON�aS^R�^R\NN�ZNYZVN�SX�J�QJ\JQN

	�	�

���ͅ�NWZVYcNN]˳�^R\NN�YŎLN]�˟;YXMYX˳�=H2˳�7:ˠ
	��NXQSXNN\]˳���MJ^J�]LSNXLN�\N]NJ\LRN\�˟ͅ�`S]S^SXQ�\N]NJ\LRN\]ˠ
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FN�SXQN]^��ͅ�WSVVSYX�J\^SLVN]�̾�MJc
͋�L_\\NX^Vc��ͅ�KSVVSYX�J\^SLVN]�SXMNbNM˳�	�ͅ�C1�YO�MJ^J

ANJV̐^SWN˫�=;?�^Y�Nb^\JL^�SXOY\WJ^SYX
͋�NX^S^SN]
͋�^YZSL]
͋�]JVSNXLc
͋�[_Y^J^SYX]
͋�]NX^SWNX^
͋�˰˰˰

2_]^YWN\]�LJX�]NJ\LR�OY\�J\^SLVN]�SX�J�aNK�JZZVSLJ^SYX�JXM�\NLNS`N�\NVN`JX^�\NJV̐^SWN�JVN\^]˰

˫�ANJV�^SWN�͌�YX�J`N\JQN˳�ZSZNVSXN�VJQ�S]�͊���WSX_^N���˛�YO�^RN�^SWN˰
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>^RN\�^RSXQ]�aN̄\N�aY\USXQ�YX˰˰˰

J�UXYaVNMQN�Q\JZR�^Y�JX]aN\�
LYWZVNb�[_N]^SYX]

J�\JMJ\�^Y�LYWZJ\N�RYa�
LYWZJXSN]�J\N�ZN\LNS`NM



0LLY_X^SXQ

5SXJXLSJV�BN\`SLN]

4XN\Qc CNLR

=Y^�OY\�?\YŊ^

0�]NVNL^SYX�YO�Y_\����ͅ�
aY\VM�LVJ]]�LVSNX^]˰

5<26 8X`N]^WNX^�7Y_]N]

0QNXLc

;NQJV
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^

^

K\SRWKHVLV FOHDQ�GDWD WUDLQ���WHVW���YDOLGDWH PRGHO

WHVW�	
EHQFKPDUN

3R&

XQGHUVWDQG�
ZKDW�WKH
FRGH�GRHV

UHIDFWRU�	
GHEXJ

VLPSOLI\�WKH�
PRGHO GHSOR\

SDSHU



A4B40A27�`]�4=68=44A8=6

AN]NJ\LR�aY\U�NX^JSV]�_XLN\^JSX^c�JXM�VYXQ�^SWN]
͋�7SQR�LY]^�SO�J�VSXN�YO�\N]NJ\LR�S]�XY^�]_LLN]]O_V
͋�3J^J�BLSNX^S]^]�M\SXU�^RNS\�KNN\]�aRSVN�4XQSXNN\]�aY\U

͋�4XQSXNN\]�J\N�XY^�RJZZc

4XQSXNN\]�SXRN\S^�LYMN�^RJ^˱
͋�RJ]�^Y�KN�_XMN\]^YYM˳�YZ^SWS]NM�JXM�^N]^NM
͋�YXLN�MNZVYcNM˳�WJc�QS`N�MSňN\NX^�\N]_V^]�^RJX�aRJ^�3J^J�BLSNX^S]^]�JLRSN`NM

͋�3J^J�BLSNX^S]^]�J\N�XY^�RJZZc

;YXQ�^SWN�^Y�WJ\UN^
^RN�LYWZJXc�JXM�S^]�L_]^YWN\]�J\N�XY^�RJZZc
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7(&+12/2*< :$<�2)
:25.,1*

8X�Y\MN\�^Y�]^Jc�LYWZN^S^S`N˳�J^�BSQXJV�aN�OY_XM�J�LYWKSXJ^SYX
KN^aNNX�^NLRXYVYQSLJV�LRYSLN]�JXM�Y_\�aJc�YO�aY\USXQ˰

͋�\N]YV`N�^RN�^NX]SYX�KN^aNNX�3J^J�BLSNXLN�JXM�4XQSXNN\SXQ
͋�MNVS`N\�`JV_N�[_SLUVc

͋�SXO\J]^\_L^_\N

͋�VJXQ_JQN]

͋�Yň̐^RN̐]RNVO�̾�SX̐RY_]N

^N]^SXQ�]^\J^NQc�͊

MNZVYcWNX^�]^\J^NQc�͊

b̐^NJW�LYY\MSXJ^SYX�͊
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AN]NJ\LR�SWZVSN]�_XLN\^JSX^c�JXM�VYXQ�^SWN]

4XQSXNN\]�SXRN\S^�LYMN�XY^�\NJMc�OY\�Z\YM_L^SYX

FRJ^�SO�3J^J�BLSNX^S]^]�JXM�4XQSXNN\]�LY_VM�ZJS\�O\YW�3Jc�>XN˺

3YN]�S^�RJ`N�^Y�KN�VSUN�^RS]˺
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K\SRWKHVLV FOHDQ�GDWD WUDLQ���WHVW���YDOLGDWH PRGHO

XQGHUVWDQG�
ZKDW�ZH�ZDQW

GHSOR\��
PHDVXUH��
RSWLPLVH

SDSHU

FRQWULEXWH�WR�D�
SURGXFWLRQ�JUDGH�
WUDLQLQJ�SODWIRUP

?>2�ή�<E?�˟`JV_Nˠ

^
FRQWH[W
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7Ya�^Y�N`YV`N�J�<E?

SX^Y�J�O_VVc̐ōNMQNM�Z\YM_L^˺
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4XQSXNN\]�RJ`N�^Y�JLLNZ^�OJSV_\N

3J^J�BLSNX^S]^]�RJ`N�^Y�JLLNZ^�^RJ^�[_JVS^c�aS^RY_^�ZN\OY\WJXLN�S]�J�XY̐QY

BRJ\NM�_XMN\]^JXMSXQ˲
͋�4XQSXNN\]�UXYa�aRJ^�3J^J�BLSNX^S]^]�aJX^�^Y�JLRSN`N˳�JXM�RYa
͋�3J^J�BLSNX^S]^�UXYa�aRJ^�^RN�=5A]�4XQSXNN\]�LJ\N�JKY_^˳�JXM�JMT_]^�JLLY\MSXQVc

<;�LYMN�S]�^N]^NM�OY\�[_JVS^c�JXM�ZN\OY\WJXLN�J]�S^̄]�KNSXQ�MN`NVYZNM

CNJWaY\U˶�BNX]N�YO�YaXN\]RSZ˳�Z\SMN˳�JXM�]J^S]OJL^SYX

4XQSXNN\]�JXM�3J^J�BLSNX^S]^]�LJX�RJ`N�KNN\]�^YQN^RN\˶

�	����[
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FN�MYX̄^�MY

0=H

YO�^RY]N

͋�:_KN\XN^N]

͋�:JŌJ

͋�8WZN\J^S`N�VJXQ_JQN]

^N
LR
XY
VY
Qc

͋�0_^YWJ^NM�^N]^]

͋�BL\_W

͋�2YMN�\N`SNa]

F
YF

BYWN�LYWWYX�Z\JL^SLN]�SX�^RN�SXM_]^\c˲
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8X^\YM_LN]�LYWZVNbS^c

3YLUN\

8˰�C_\XN\̐C\J_\SXQ˳�̀;N^̄]�_]N�:_KN\XN^N]˶́�=Ya�cY_�RJ`N���Z\YKVNW]́�˟	�	�ˠ
R^^Z]˲̾̾Zc^RYX]ZNNM˰LYW̾J\^SLVN]̾MYX^̐XNNM̐U_KN\XN^N]̾

1DC�:D14A=4C4B�8B�0F4B><4˶

https://pythonspeed.com/articles/dont-need-kubernetes/


8X^\YM_LN]�LYWZVNbS^c

B@B�ͅ�B=B

FN�]YWN^SWN]�XNNM�ZN\]S]^NXLN

͋�1NSXQ�JV\NJMc�VYLUNM̐SX�^Y�0FB˳�aN�_]N�:SXN]S]˰

1DC�:05:0�8B�0F4B><4˶



;Y`NM�Kc�4XQSXNN\]

2VYT_\N
]WJVV˳�Z\JQWJ^SL

6˰�:SW˳�̀;Y`N�;N^^N\�CY�2VYT_\N�˟?J\^��ˠ́�˟	���ˠ
R^^Z]˲̾̾S^\N`YV_^SYX˰LYW̾VY`N̐VN^^N\̐^Y̐LVYT_\N̐ZJ\^̐�̾

5D=2C8>=0;�?A>6A0<<8=6

https://itrevolution.com/love-letter-to-clojure-part-1/
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;Y`NM�Kc�3J^J�BLSNX^S]^]

6>>3˲�WJXc�VSK\J\SN]�OY\�<JLRSXN�;NJ\XSXQ

103˲�]YWN�VSK\J\SN]�RJ`N�]SMN�NňNL^]

D6;H˲�]_ZZY\^]�O_XL^SYXJV˳�cN^�S^̄]�SWZN\J^S`N



̀1N�VNJX˳�Wc�O\SNXḾ

B2AD<˲�WJbSWSdN�^RN�^NJW˿]�JKSVS^c�^Y�JMJZ^
͋�\YVN]�˟]L\_W�WJ]^N\˳ �˱ˠ
͋�^YYV]�˟KJLUVYQˠ
͋�\S^_JV]�˟]Z\SX^]˳�]L\_W�YO�]L\_W]˳�˱ˠ

;40=˲�WJbSWS]N�^RN�ōYa�^RJ^�QNXN\J^N]�`JV_N
͋�4VSWSXJ^N�aJ]^N
͋�0WZVSOc�VNJ\XSXQ
͋�3NLSMN�J]�VJ^N�J]�ZY]]SKVN
͋�3NVS`N\�J]�OJ]^�J]�ZY]]SKVN
͋�4WZYaN\�^RN�^NJW
͋�1_SVM�SX^NQ\S^c�SX
͋�>Z^SWSdN�^RN�aRYVN

;40=�?A8=28?;4B
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2YMN�\N`SNa]�J\N�NbZNX]S`N˰

͋�3Y�^RN�\N`SNaN\]�RJ`N�NXY_QR�LYX^Nb^˺

͋�FRJ^�SO�^RNc�MS]JQ\NN�aS^R�^RN�MN]SQX˺

>_\�\NLSZN˲�?JS\˳ �ZJS\˳ �ZJS\

͋�BRJ\N�LYX^Nb^�JXM�JQ\NN�YX�MN]SQX�O\YW�^RN�KNQSXXSXQ˰

͋�;NJ\X�O\YW�NJLR�Y^RN\˰

CRN�LYMN�S]�\N`SNaNM�J]�S^�S]�KNSXQ�a\S^^NX



CRN�\NJV�aY\VM�LJX�YXVc�KN�OY_XM�SX�Z\YM_L^SYX˰

>_\�\NLSZN˲�5\N[_NX^˳�SXL\NWNX^JV�MNZVYcWNX^]

͋�4J]c�^Y�WYXS^Y\
͋�4J]c�^Y�\YVVKJLU
͋�4J]c�^Y�\NLY`N\

B^\J^NQSL�[_N]^SYX]˲
͋�FRJ^̄]�^RN�aY\]^�^RSXQ�^RJ^�LJX�RJZZNX˺
͋�8]�S^�^RJ^�KJM˺
͋�FRJ^�LJX�aN�MY�^Y�WS^SQJ^N�S^˺

2˰�B\SMRJ\JX˳�̀CN]^SXQ�SX�?\YM_L^SYX˲�^RN�RJ\M�ZJ\^]́�˟	���ˠ
R^^Z]˲̾̾WNMS_W˰LYW̾˚LYZcLYX]^\_L^̾^N]^SXQ̐SX̐Z\YM_L^SYX̐^RN̐RJ\M̐ZJ\^]̐
O�LNOJO��	

C4BC8=6�8=�?A>3D2C8>=

https://medium.com/@copyconstruct/testing-in-production-the-hard-parts-3f06cefaf592
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3S]J]^N\]˲�^RNc�RJZZNX

8O�S^�R_\^]˳�MY�S^�WY\N˶

38B0BC4A�A42>E4AH�60<4�30H

]SW_VJ^N�^RJ^�JVV�^RN�Z\YM_L^SYX�NX`S\YXWNX^�S]�LYWZ\YWS]NM
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0X]SKVN

8XO\J]^\_L^_\N

5_VV�\N]^Y\J^SYX�YO�Z\SWJ\c�Z\YM_L^�O_XL^SYXJVS^c�˟aS^R�LYX^NX^ˠ
͋�aS^RSX�
�RY_\]

>^RN\�VN]]̐L\S^SLJV�LYWZYXNX^]
͋�aS^RSX��˰��RY_\]

0_^YWJ^SYX�J`YSM]�aJ]^SXQ�^SWN�YX�WNLRJXSLJV�JL^SYX]

͋�aN�_]N�0X]SKVN�^Y�LYX^\YV�CN\\JOY\W�OY\�SXO\J]^\_L^_\N�MNZVYcWNX^

1JLU_Z]
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?\YKVNW]�
͋�2YWZVNb�WYMNV�˟J^^NX^SYX�WNLRJXS]W�ͅ�1JcN]SJX�VJcN\ˠ
͋�?c^RYX̄]�W_V^SZ\YLN]]SXQ�XY^�NŎLSNX^�NXY_QR

BYV_^SYX˲�AJc˫�ͅ�SWZ\Y`NWNX^]�^Y�^RN�<;�WYMNV

AN]_V^˲�2YWZ_^J^SYX�^SWN�JXM�LY]^]�aNX^�MYaX�ή�aN�LY_VM�\NVNJ]N�^RN�Z\YM_L^

˫�AJc�S]�J�?c^RYX�O\JWNaY\U�OY\�K_SVMSXQ�JXM�\_XXSXQ�MS]^\SK_^NM�JZZVSLJ^SYX]
͋�NŎLSNX^�_]N�YO�2?D�LY\N]
͋�ŊXN̐Q\JSXNM�^_XSXQ�YO�\N]Y_\LN]�˟^YYU�]YWN�^SWN�^Y�QN^�\SQR^ˠ

R^^Z]˲̾̾QS^R_K˰LYW̾\Jc̐Z\YTNL^̾\Jc

�	����[

https://github.com/ray-project/ray
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UHJLVWU\

PRQLWRUURXWLQJ

YLUDOLW\
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8^N\J^N�OJ]^�Kc�\NM_LSXQ�aJ]^N

͋�JMYZ^�]SWZVN�^NLRXYVYQSN]�aRNX�ZY]]SKVN

͋�a\S^N�LYMN�^YQN^RN\˳�\J^RN\�^RJX�J]cXLR\YXY_]�\N`SNa]

͋�XY�KJ\\SN\]�^Y�LYX^SX_Y_]�MNZVYcWNX^
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AYK_]^XN]]�NWN\QN]�O\YW�NWK\JLSXQ�_XLN\^JSX^c

͋�\NM_LN�]_\Z\S]N]�aS^R�O_XL^SYXJV�Z\YQ\JWWSXQ

͋�\NVc�YX�\NJV̐^SWN�WN^\SL]�JXM�JVN\^]

͋�VNJ\X�O\YW�OJSV_\N
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8X�Y\MN\�^Y�]^Jc�LYWZN^S^S`N˳�J^�BSQXJV�aN�OY_XM�J�LYWKSXJ^SYX
KN^aNNX�^NLRXYVYQSLJV�LRYSLN]�JXM�Y_\�aJc�YO�aY\USXQ˰

͋�?JS\SXQ�KN^aNNX�3J^J�BLSNX^S]^]�JXM�4XQSXNN\]
͋�2RJVVNXQN�LYWWYX�Z\JL^SLN]
͋�;NJX�Z\SXLSZVN]�JVV�^RN�aJc�MYaX
͋�4WK\JLN�_XLN\^JSX^c�JXM�OJSV_\N�^Y�KN�\YK_]^

?B˲�CRN�\NL\_S^WNX^�Z\YLN]]�S]�Nb^\NWNVc�SWZY\^JX^
͋�3YX̄^�OYL_]�YX�^NLRXYVYQSN]˳�JVQY\S^RW]˳�MJ^J�]^\_L^_\N]
͋�5YL_]�YX�]YV`SXQ�K_]SXN]]�Z\YKVNW]�JXM�RJXM]̐YX�ZJS\SXQ

4?8;>6D4
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͋�>Z^SWS]SXQ�^RN�ōYa

6˰�:SW˳�:˰�1NR\˳ �6˰�BZJňY\M˳�̀CRN�?RYNXSb�?\YTNL^́˳ �8C�AN`YV_^SYX�?\N]]�˟	��
ˠ

͋�8X^NQ\J^SXQ�MJ^J�]LSNXLN

6˰�:SW˳�̀CRN�DXSLY\X�?\YTNL^́˳ �8C�AN`YV_^SYX�?\N]]�˟	���ˠ

͋�4WZYaN\SXQ�^NJW]
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