


+DQGV�2Q�'RPDLQ�'ULYHQ
'HVLJQ�ZLWK��1(7�&RUH

Tackling complexity in the heart of software by putting DDD
principles into practice

$OH[H\�=LPDUHY

%,50,1*+$0���080%$,



+DQGV�2Q�'RPDLQ�'ULYHQ�'HVLJQ�ZLWK��1(7
&RUH
�+,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`�$�%0�*5�`��%.
�+*0!*0`�!2!(+,)!*0`� %0+.M`�+$%0`�%*#$
�!�$*%��(`� %0+.M`	�1.�2`	�(�
�+,5`� %0+.M`��"%/`� %0%*#
�.+&!�0`�++. %*�0+.M`��% !$%`��3�*0
�.++".!� !.M`��"%/`� %0%*#
�* !4!.M`�!&�(`��.13�(!`�+*%
	.�,$%�/M`�(%/$+*`�!* +*/�
�.+ 1�0%+*`�++. %*�0+.M`�%(!/$`�+$%0!

�%./0`,1�(%/$! M`�,.%(`978@

�.+ 1�0%+*`.!"!.!*�!M`8:77;8@

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

����`@>?_8_>???:_;7@_;

www.packtpub.com



 
 
 
 
 
 
 
 
  
 
 

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

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

�+`)5`".%!* `�* `�+((!�#1!`�é.#%+`�%(2!%.�`��-1!%.+K`�!`(!�.*! `�`(+0`".+)`!��$`+0$!.`�* `�`�)
2!.5`$�,,5`0+`$�2!`�*`+,,+.01*%05`0+`3+.'`3%0$`5+1K`�!�.(5`�((`0$!`�+ !`%*`0$%/`�++'`%/`��/! `+*
0$!`�+ !`3!W2!`,.!,�.! `"+.`0$!`
�* /_+*`�2!*0`�+1.�%*#`3+.'/$+,`0$�0`3!` !(%2!.`0+#!0$!.K



 

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

$ERXW�WKH�DXWKRU
�(!4!5`�%)�.!2`%/`�`/+"03�.!`�.�$%0!�0`3%0$`�`,.!/!*0`"+�1/`+*` +)�%*`)+ !(/L`�+)�%*_
�.%2!*`�!/%#*`Q���RL`!2!*0`/+1.�%*#L`)!//�#!_ .%2!*`/5/0!)/`�* `)%�.+/!.2%�!/L
�+��$%*#L`�* `)!*0+.%*#K`�(!4!5`%/`�(/+`�`�+*0.%�10+.`0+`/!2!.�(`+,!*`/+1.�!`,.+&!�0/L`/1�$
�/`�!/0�$�.,`�* `��//�.�*/%0L`�* `%/`0$!`+.#�*%6!.`+"`0$!`���`�+.3�5`)!!01,K



$ERXW�WKH�UHYLHZHUV
��.�%*`�1 *5`%/`�`/+"03�.!` !2!(+,!.`3%0$`+2!.`�` !�� !`+"`!4,!.%!*�!`%*` !/%#*%*#`�* 
�1%( %*#`/5/0!)/K`
!`/,!�%�(%6!/`%*`#!00%*#`0+`0$!`�+00+)`+"`0$%*#/`�* `"%* %*#`0$!`3+./0_
��/!`/�!*�.%+/K`�+/0(5`"+�1/! `+*`0$!`K���`!�+/5/0!)L`$!`(%'!/`0+`2!*01.!`%*0+`+0$!.
0!..%0+.%!/`0+`/0!�(`#++ `% !�/K

��.�%*`3+.'/`)+/0(5`3%0$`�+(�* _��/! `�+),�*%!/`0$�0`�++,!.�0!`3%0$`,�.0*!./`�.+1* 
0$!`#(+�!K`�$�0`$�/`.!/1(0! `%*`�`�.+� `/,!�0.1)`+"`�$�((!*#!/`0$�0`$!`$�/`$� `0+`"��!L
3$%�$`$!`$�/`*+3`01.*! `%*0+`0+,%�/`0+`/$�.!`3%0$`$%/`(+��(`/+"03�.!` !2!(+,)!*0
�+))1*%05K

�*`0$%/`�++'L`��.�%*` !�10/`�/`�`.!2%!3!.K

�%�'`�1*!`%/`0$!`�+�10$+.`+"`03+`�++'/L`��00!.*/L`�.%*�%,(!/`�* `�.��0%�!/`+"`�+)�%*_�.%2!*
�!/%#*`Q�.+4R`�* `�!/%#*%*#`�10+*+)+1/`�!�)/`�* `�!.2%�!/`Q�W�!%((5RL`�* `".!-1!*0(5
3.%0!/`��+10`0!�$*%��(`(!� !./$%,`�0`��K�+ %*#QRK

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����:K\�'RPDLQ�'ULYHQ�'HVLJQ" �
8QGHUVWDQGLQJ�WKH�SUREOHP �

3UREOHP�VSDFH�DQG�VROXWLRQ�VSDFH �
:KDW�ZHQW�ZURQJ�ZLWK�UHTXLUHPHQWV �

'HDOLQJ�ZLWK�FRPSOH[LW\ ��
7\SHV�RI�FRPSOH[LW\ ��
&DWHJRUL]LQJ�FRPSOH[LW\ ��
'HFLVLRQ�PDNLQJ�DQG�ELDVHV ��

.QRZOHGJH ��
'RPDLQ�NQRZOHGJH ��
$YRLGLQJ�LJQRUDQFH ��

6XPPDU\ ��
)XUWKHU�UHDGLQJ ��

&KDSWHU����/DQJXDJH�DQG�&RQWH[W ��
8ELTXLWRXV�/DQJXDJH ��

'RPDLQ�ODQJXDJH ��
6DPSOH�DSSOLFDWLRQ�GRPDLQ ��

0DNLQJ�LPSOLFLW�H[SOLFLW ��
'RPDLQ�ODQJXDJH�IRU�FODVVLILHG�DGV ��

/DQJXDJH�DQG�FRQWH[W ��
6XPPDU\ ��

&KDSWHU����(YHQW6WRUPLQJ ��
(YHQW6WRUPLQJ ��

0RGHOLQJ�ODQJXDJH ��
9LVXDOL]DWLRQ ��

)DFLOLWDWLQJ�DQ�(YHQW6WRUPLQJ�ZRUNVKRS ��
:KR�WR�LQYLWH ��
3UHSDULQJ�WKH�VSDFH ��

0DWHULDOV ��
7KH�URRP� ��

7KH�ZRUNVKRS ��
7LPLQJ�DQG�VFKHGXOLQJ ��
7KH�EHJLQQLQJ ��
'XULQJ�WKH�ZRUNVKRS ��
$IWHU�WKH�ZRUNVKRS ��

2XU�ILUVW�PRGHO ��
6XPPDU\ ��



���(!`+"`�+*0!*0/

S`%%`T

)XUWKHU�UHDGLQJ ��

&KDSWHU����'HVLJQLQJ�WKH�0RGHO ��
'RPDLQ�PRGHO ��

:KDW�GRHV�WKH�PRGHO�UHSUHVHQW" ��
$QHPLF�GRPDLQ�PRGHO ��

)XQFWLRQDO�ODQJXDJHV�DQG�DQHPLF�PRGHOV ��
:KDW�WR�LQFOXGH�LQ�WKH�GRPDLQ�PRGHO ��

'HVLJQ�FRQVLGHUDWLRQV ��
&456 ��

'HVLJQ�OHYHO�(YHQW6WRUPLQJ ��
*HWWLQJ�GHHSHU�NQRZOHGJH ��
3UHSDUDWLRQ�IRU�WKH�ZRUNVKRS ��
([WHQGHG�QRWDWLRQ ��

&RPPDQGV ��
5HDG�PRGHOV ��
8VHUV ��
3ROLFLHV ��
$OO�WRJHWKHU�QRZ ��

0RGHOLQJ�WKH�UHIHUHQFH�GRPDLQ ��
6XPPDU\ ��
)XUWKHU�UHDGLQJ ��

&KDSWHU����,PSOHPHQWLQJ�WKH�0RGHO ��
7HFKQLFDO�UHTXLUHPHQWV ��
6WDUWLQJ�XS�WKH�LPSOHPHQWDWLRQ ��

&UHDWLQJ�SURMHFWV ��
7KH�IUDPHZRUN ��

7UDQVIHUULQJ�WKH�PRGHO�WR�FRGH ��
(QWLWLHV ��

,GHQWLWLHV ��
&ODVVLILHG�DG�HQWLW\ ��

$GGLQJ�EHKDYLRU ���
(QVXULQJ�FRUUHFWQHVV ���

&RQVWUDLQWV�IRU�LQSXW�YDOXHV ���
9DOXH�REMHFWV ���

)DFWRULHV ���
'RPDLQ�VHUYLFHV ���
(QWLW\�LQYDULDQWV ���

'RPDLQ�HYHQWV�LQ�FRGH ���
'RPDLQ�HYHQWV�DV�REMHFWV ���
5DLVLQJ�HYHQWV ���
(YHQWV�FKDQJH�VWDWH ���

6XPPDU\ ���

&KDSWHU����$FWLQJ�ZLWK�&RPPDQGV ���
7HFKQLFDO�UHTXLUHPHQWV ���



���(!`+"`�+*0!*0/

S`%%%`T

2XWVLGH�WKH�GRPDLQ�PRGHO ���
([SRVLQJ�WKH�ZHE�$3, ���

3XEOLF�$3,�FRQWUDFWV ���
+773�HQGSRLQWV ���

$SSOLFDWLRQ�OD\HU ���
+DQGOLQJ�FRPPDQGV ���

7KH�FRPPDQG�KDQGOHU�SDWWHUQ ���
$SSOLFDWLRQ�VHUYLFH ���
6XPPDU\ ���

&KDSWHU����&RQVLVWHQF\�%RXQGDU\ ���
7HFKQLFDO�UHTXLUHPHQWV ���
'RPDLQ�PRGHO�FRQVLVWHQF\ ���

7UDQVDFWLRQ�ERXQGDULHV ���
$JJUHJDWH�SDWWHUQ ���

3URWHFWLQJ�LQYDULDQWV ���
$QDO\]LQJ�FRQVWUDLQWV�IRU�D�FRPPDQG ���
(QIRUFLQJ�WKH�UXOHV ���
(QWLWLHV�LQVLGH�DQ�DJJUHJDWH ���

6XPPDU\ ���

&KDSWHU����$JJUHJDWH�3HUVLVWHQFH ���
7HFKQLFDO�UHTXLUHPHQWV ���
$JJUHJDWH�SHUVLVWHQFH ���

5HSRVLWRU\�DQG�XQLWV�RI�ZRUN ���
,PSOHPHQWDWLRQ�IRU�5DYHQ'% ���
,PSOHPHQWDWLRQ�RI�(QWLW\�)UDPHZRUN�&RUH ���

6XPPDU\ ���

&KDSWHU����&456���7KH�5HDG�6LGH ���
7HFKQLFDO�UHTXLUHPHQWV ���
$GGLQJ�XVHU�SURILOHV ���

8VHU�SURILOH�GRPDLQ�FRQFHUQV ���
'RPDLQ�SURMHFW�RUJDQL]DWLRQ ���
$GGLQJ�QHZ�YDOXH�REMHFWV ���
8VHU�SURILOH�DJJUHJDWH�URRW ���

$SSOLFDWLRQ�VLGH�IRU�WKH�XVHU�SURILOH ���
7KH�TXHU\�VLGH ���

&456�DQG�UHDG�WR�ZULWH�PLVPDWFK ���
4XHULHV�DQG�UHDG�PRGHOV ���

,PSOHPHQWLQJ�TXHULHV ���
4XHU\�$3, ���
4XHULHV�ZLWK�5DYHQ'% ���
4XHULHV�ZLWK�(QWLW\�)UDPHZRUN ���

6XPPDU\ ���

&KDSWHU�����(YHQW�6RXUFLQJ ���



���(!`+"`�+*0!*0/

S`%2`T

7HFKQLFDO�UHTXLUHPHQWV ���
:K\�(YHQW�6RXUFLQJ ���

,VVXHV�ZLWK�VWDWH�SHUVLVWHQFH ���
:KDW�LV�(YHQW�6RXUFLQJ" ���
(YHQW�6RXUFLQJ�DURXQG�XV ���

(YHQW�6RXUFHG�DJJUHJDWHV ���
(YHQW�VWUHDPV ���
(YHQW�VWRUHV ���
(YHQW�RULHQWHG�SHUVLVWHQFH ���

:ULWLQJ�WR�(YHQW�6WRUH ���
5HDGLQJ�IURP�(YHQW�6WRUH ���
7KH�ZLULQJ�LQIUDVWUXFWXUH ���
7KH�DJJUHJDWH�VWRUH�LQ�DSSOLFDWLRQ�VHUYLFHV ���
5XQQLQJ�WKH�HYHQW�VRXUFHG�DSS ���

6XPPDU\ ���
)XUWKHU�UHDGLQJ ���

&KDSWHU�����3URMHFWLRQV�DQG�4XHULHV ���
(YHQWV�DQG�TXHULHV ���
%XLOGLQJ�UHDG�PRGHOV�IURP�HYHQWV ���

3URMHFWLRQV ���
6XEVFULSWLRQV ���

,PSOHPHQWLQJ�SURMHFWLRQV ���
&DWFK�XS�VXEVFULSWLRQV ���

&URVV�DJJUHJDWH�SURMHFWLRQV ���
3URMHFWLQJ�HYHQWV�IURP�WZR�DJJUHJDWHV ���

0XOWLSOH�SURMHFWLRQV�SHU�VXEVFULSWLRQ ���
(YHQW�OLQNV�DQG�VSHFLDO�VWUHDPV ���

(QULFKLQJ�UHDG�PRGHOV ���
4XHU\LQJ�IURP�D�SURMHFWLRQ ���
8SFDVWLQJ�HYHQWV ���

3HUVLVWHQW�VWRUDJH ���
&KHFNSRLQWV ���
3HUVLVWLQJ�UHDG�PRGHOV ���
:UDSSLQJ�XS ���

6XPPDU\ ���

&KDSWHU�����%RXQGHG�&RQWH[W ���
7KH�VLQJOH�PRGHO�WUDS ���

6WDUWLQJ�VPDOO ���
&RPSOH[LW\��DJDLQ ���
%LJ�EDOO�RI�PXG ���

6WUXFWXULQJ�V\VWHPV ���
/LQJXLVWLF�ERXQGDULHV ���
7HDP�DXWRQRP\ ���

/LPLWLQJ�ZRUN�LQ�SURJUHVV ���



���(!`+"`�+*0!*0/

S`2`T

,PSURYLQJ�WKURXJKSXW ���
&RQZD\
V�ODZ ���

/RRVH�FRXSOLQJ��KLJK�DOLJQPHQW ���
*HRJUDSK\ ���

6XPPDU\ ���

2WKHU�%RRNV�<RX�0D\�(QMR\ ���

,QGH[ ���



3UHIDFH
�$%/`�++'`3%((`$!(,`5+1`/+(2!`�+),(!4`�1/%*!//`,.+�(!)/`�5`1* !./0�* %*#`1/!./`�!00!.L
"%* %*#`0$!`.%#$0`,.+�(!)`0+`/+(2!L`�* `�1%( %*#`(!�*L`!2!*0_ .%2!*`/5/0!)/`0+`#%2!`5+1.
�1/0+)!./`3$�0`0$!5`.!�((5`3�*0K`�+1`3%((`�!`0�'!*`0$.+1#$`0$!`"1* �)!*0�(/`+"`�+)�%*_
�.%2!*`�!/%#*`Q���R`,.%*�%,(!/`�* `$+3`%0`��*`�!`�,,(%! `1/%*#`)+ !.*`0++(/`/1�$`�/
�2!*0�0+.)%*#L`�2!*0`�+1.�%*#L`�* `����K`�$.+1#$`0$%/`�++'L`5+1`3%((`(!�.*`$+3`���
�,,(%!/` %.!�0(5`0+`2�.%+1/`�.�$%0!�01.�(`/05(!/L`/1�$`�/`����L`.!��0%2!`/5/0!)/L`�* 
)%�.+/!.2%�!/K`�+1`3%((`!),+3!.`0!�)/`0+`3+.'`"(!4%�(5`3%0$`%),.+2! `/!.2%�!/`�* 
 !�+1,(! `%*0!.��0%+*/K

:KR�WKLV�ERRN�LV�IRU
�$%/`�++'`%/`"+.`K���` !2!(+,!./`3$+`$�2!`�*`%*0!.)! %�0!`(!2!(`1* !./0�* %*#`+"`�HL`�* 
"+.`0$+/!`3$+`/!!'`0+` !(%2!.`2�(1!L`*+0`&1/0`3.%0!`�+ !K`�*`%*0!.)! %�0!`(!2!(`+"
�+),!0!*�!`%*`��2���.%,0`3%((`�!`$!(,"1(`"+.`0$!`��`�$�,0!./K

:KDW�WKLV�ERRN�FRYHUV
Chapter 1L`�$5`�+)�%*_�.%2!*`�!/%#*OL`�+2!./`0$!`�+*�!,0/`+"`,.+�(!)`�* `/+(10%+*
/,��!/L`.!-1%.!)!*0/`/,!�%"%��0%+*/L`�+),(!4%05L`'*+3(! #!L`�* `%#*+.�*�!K`�$!/!`0+,%�/
$�2!`�`/%#*%"%��*0`%),��0`+*`$+3`�* `3$�0`3!` !(%2!.K

Chapter 2L`��*#1�#!`�* `�+*0!40L` !!,` %2!/`%*0+`0$!`%),+.0�*�!`+"`(�*#1�#!`�* `!4,(�%*/
��%-1%0+1/`��*#1�#!K

Chapter 3L`�2!*0�0+.)%*#L`!4,(+.!/`+*!`+"`0$!`)+/0`,+,1(�.`0!�$*%-1!/`"+.` +)�%*
)+ !(%*#`�* `#+!/`0$.+1#$`/+)!`,.��0%��(`0%,/`+*`$+3`0+`+.#�*%6!`1/!"1(`3+.'/$+,/
�!03!!*` +)�%*`!4,!.0/`�* ` !2!(+,!./K

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

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



�.!"��!

S`9`T

`Chapter 6L`��0%*#`3%0$`�+))�* /L`/$+3/`$+3`0+`%),(!)!*0`�+))�* /L`�* `$+3
�+))�* /`�.!`0$!`#(1!`�!03!!*`+1.` +)�%*`)+ !(`�* `0$!`3+.( `+10/% !`%0K`�!`3%((`(!�.*
$+3`0+`)�'!`+1.`)+ !(`1/!"1(`�5`(!00%*#`,!+,(!`%*0!.��0`3%0$`%0K

Chapter 7L`�+*/%/0!*�5`�+1* �.5L`0�'!/`�`�(+/!.`(++'`�0`!*0%05`,!./%/0!*�!L`�* `%0/`/�+,!`3%((
�!`+1.`"+�1/K`�!`3%((`(!�.*`3$�0`05,!/`+"`�+*/%/0!*�5`3!`*!! `0+` !�(`3%0$`�* `$+3
%),+.0�*0`%0`%/`0+`1* !./0�* `�+*/%/0!*�5`�+1* �.%!/K

Chapter 8L`�##.!#�0!`�!./%/0!*�!L`0�'!/`�` !!,` %2!`%*0+`0$!`0+,%�`+"`�##.!#�0!`,!./%/0!*�!K
�!`3%((`"%* `�`3�5`0+`/0+.!`+1.` +)�%*`+�&!�0/`%*`�` �0���/!`�* `/!!`+1.`�,,(%��0%+*
3+.'%*#`"+.`0$!`"%./0`0%)!K

Chapter 9L`����`_`�$!`�!� `�% !L`�+2!./`0$!`.!� `/% !`+"`����`�* `!4,(�%*/`3$�0`0$!`.!� 
)+ !(/`�.!K`�+1`3%((`(!�.*`$+3`0+`1/!`��%-1%0+1/`��*#1�#!`"+.`-1!.%!/`�* `/!!`$+3`0+
%),(!)!*0`����`3%0$`+*!` �0���/!K

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

Chapter 11L`�.+&!�0%+*/`�* `�1!.%!/L`0�'!/`5+1`0$.+1#$`0$!`�$�((!*#!/`+"`-1!.5%*#`0$!`�2!*0
�+1.�! `/5/0!)`�* `/+(2%*#`0$!/!`�$�((!*#!/`�5`1/%*#`/!,�.�0!`.!� `)+ !(/`�* 
,.+&!�0%+*/K

Chapter 12L`�+1* ! `�+*0!40L`)�'!/`5+1`"�)%(%�.`3%0$`0$!`�+*�!,0`+"`�+1* ! `�+*0!40/K
�!`3%((`% !*0%"5`�+*0!40/`%*`+1.`,.+&!�0`�* `/!,�.�0!`0$!`/5/0!)`%*0+`,%!�!/K`�!`3%((`�(/+
(!�.*`��+10`0$!`�+*0!40`��,L`3$%�$`/$+3/`0$!`(�* /��,!`+"`�+1* ! `�+*0!40/`"+.`0$!
!*0%.!`/5/0!)`�* `0$!%.`.!(�0%+*/$%,/K

Chapter 13L`�,(%00%*#`0$!`�5/0!)L`#%2!/`,.��0%��(`� 2%�!`��+10`% !*0%"5%*#`�+1* ! `�+*0!40/
�* `%),(!)!*0%*#`)+.!`0$�*`+*!`�+*0!40`%*`0$!`/�),(!`�,,(%��0%+*K`�$%/`�$�,0!.`%/
�2�%(��(!`�/`�*`+*(%*!`�$�,0!.`�0M`https:/ b/bwww.bpacktpub. bcom/ bsites/ bdefault/ bfiles/
downloads/bSplitting_ bthe_ bSystem. bpdfK`

7R�JHW�WKH�PRVW�RXW�RI�WKLV�ERRN
�*`+. !.`0+`"+((+3`0$!`%*/0.1�0%+*/`%*`0$%/`�++'L`5+1`*!! `0+`$�2!`%*0!.)! %�0!_(!2!(
1* !./0�* %*#`+"`�HK`�0$!.`.!-1%.!)!*0/`�.!`)!*0%+*! `�0`0$!`.!(!2�*0`%*/0�*�!/`%*`0$!
.!/,!�0%2!`�$�,0!./K



�.!"��!

S`:`T

�%�#.�)/`"+.`0$%/`�++'`�.!`�.!�0! `1/%*#`�%.+L`�*`+*(%*!`�+((��+.�0%+*`0++(L`�* `draw.ioL
0$!`".!!`+*(%*!`/!.2%�!`"+.`�.!�0%*#` %�#.�)/`�* `3%.!".�)!/K`�$!`(%*!`/05(!`�* `0$!`"+*0`�.!
1/! `%*0!*0%+*�((5L`0+`!)�.��!`0$!`0!),+.�(`*�01.!`�* `1/!"1(*!//`+"`�((`)+ !(/`�* 
 %�#.�)/

'RZQORDG�WKH�H[DPSOH�FRGH�ILOHV
�+1`��*` +3*(+� `0$!`!4�),(!`�+ !`"%(!/`"+.`0$%/`�++'`".+)`5+1.`���+1*0`�0
www.packtpub.comK`�"`5+1`,1.�$�/! `0$%/`�++'`!(/!3$!.!L`5+1`��*`2%/%0
www.packtpub.com/support`�* `.!#%/0!.`0+`$�2!`0$!`"%(!/`!)�%(! ` %.!�0(5`0+`5+1K

�+1`��*` +3*(+� `0$!`�+ !`"%(!/`�5`"+((+3%*#`0$!/!`/0!,/M

�+#`%*`+.`.!#%/0!.`�0`www.packtpub.comK8K
�!(!�0`0$!`�������`0��K9K
�(%�'`+*`�+ !`�+3*(+� /`J`�..�0�K:K
�*0!.`0$!`*�)!`+"`0$!`�++'`%*`0$!`�!�.�$`�+4`�* `"+((+3`0$!`+*/�.!!*;K
%*/0.1�0%+*/K

�*�!`0$!`"%(!`%/` +3*(+� ! L`,(!�/!`)�'!`/1.!`0$�0`5+1`1*6%,`+.`!40.��0`0$!`"+( !.`1/%*#`0$!
(�0!/0`2!./%+*`+"M

�%*���\>_�%,`"+.`�%* +3/
�%,!#\%�%,\�*��.�`"+.`���
>_�%,\�!��%,`"+.`�%*14

�$!`�+ !`�1* (!`"+.`0$!`�++'`%/`�(/+`$+/0! `+*`	%0
1�`�0`https:/ b/ bgithub. bcom/
PacktPublishing/bHands- bOn- bDomain- bDriven- bDesign- bwith- b. bNET-bCoreK`�*`��/!`0$!.!W/`�*
1, �0!`0+`0$!`�+ !L`%0`3%((`�!`1, �0! `+*`0$!`!4%/0%*#`	%0
1�`.!,+/%0+.5K

�!`�(/+`$�2!`+0$!.`�+ !`�1* (!/`".+)`+1.`.%�$`��0�(+#`+"`�++'/`�* `2% !+/`�2�%(��(!
�0`https:/b/bgithub. bcom/ bPacktPublishing/ bK`�$!�'`0$!)`+10P

'RZQORDG�WKH�FRORU�LPDJHV
�!`�(/+`,.+2% !`�`���`"%(!`0$�0`$�/`�+(+.`%)�#!/`+"`0$!`/�.!!*/$+0/\ %�#.�)/`1/! `%*`0$%/
�++'K`�+1`��*` +3*(+� `%0`$!.!M`https:/ b/bwww. bpacktpub. bcom/ bsites/ bdefault/ bfiles/
downloads/b9781788834094_ bColorImages. bpdf



�.!"��!

S`;`T

&RQYHQWLRQV�XVHG
�$!.!`�.!`�`*1)�!.`+"`0!40`�+*2!*0%+*/`1/! `0$.+1#$+10`0$%/`�++'K

CodeInTextM`�* %��0!/`�+ !`3+. /`%*`0!40L` �0���/!`0��(!`*�)!/L`"+( !.`*�)!/L`"%(!*�)!/L
"%(!`!40!*/%+*/L`,�0$*�)!/L` 1))5`���/L`1/!.`%*,10L`�* `�3%00!.`$�* (!/K`
!.!`%/`�*
!4�),(!M`X�+1*0`0$!` +3*(+� ! `WebStorm-10*.dmg` %/'`%)�#!`"%(!`�/`�*+0$!.` %/'`%*
5+1.`/5/0!)KX

�`�(+�'`+"`�+ !`%/`/!0`�/`"+((+3/M

html, body, #map {
 height: 100%;
 margin: 0;
 padding: 0
}

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

[default]
exten => s,1,Dial(Zap/1|30)
exten => s,2,Voicemail(u100)
H[WHQ� !�V�����9RLFHPDLO�E����
exten => i,1,Voicemail(s0)

�*5`�+))�* _(%*!`%*,10`+.`+10,10`%/`3.%00!*`�/`"+((+3/M

��PNGLU�FVV
��FG�FVV

�+( M`�* %��0!/`�`*!3`0!.)L`�*`%),+.0�*0`3+. L`+.`3+. /`0$�0`5+1`/!!`+*/�.!!*K`�+.
!4�),(!L`3+. /`%*`)!*1/`+.` %�(+#`�+4!/`�,,!�.`%*`0$!`0!40`(%'!`0$%/K`
!.!`%/`�*`!4�),(!M
X�!(!�0`�5/0!)`%*"+`".+)`0$!`� )%*%/0.�0%+*`,�*!(KX

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

�%,/`�* `0.%�'/`�,,!�.`(%'!`0$%/K



�.!"��!

S`<`T

*HW�LQ�WRXFK
�!! ���'`".+)`+1.`.!� !./`%/`�(3�5/`3!(�+)!K

	!*!.�(`"!! ���'M`�)�%(`feedback@packtpub.com`�* `)!*0%+*`0$!`�++'`0%0(!`%*`0$!
/1�&!�0`+"`5+1.`)!//�#!K`�"`5+1`$�2!`-1!/0%+*/`��+10`�*5`�/,!�0`+"`0$%/`�++'L`,(!�/!`!)�%(
1/`�0`questions@packtpub.comK

�..�0�M`�(0$+1#$`3!`$�2!`0�'!*`!2!.5`��.!`0+`!*/1.!`0$!`���1.��5`+"`+1.`�+*0!*0L`)%/0�'!/
 +`$�,,!*K`�"`5+1`$�2!`"+1* `�`)%/0�'!`%*`0$%/`�++'L`3!`3+1( `�!`#.�0!"1(`%"`5+1`3+1( 
.!,+.0`0$%/`0+`1/K`�(!�/!`2%/%0`www.packtpub.com/submit-errataL`/!(!�0%*#`5+1.`�++'L
�(%�'%*#`+*`0$!`�..�0�`�1�)%//%+*`�+.)`(%*'L`�* `!*0!.%*#`0$!` !0�%(/K

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

�"`5+1`�.!`%*0!.!/0! `%*`�!�+)%*#`�*`�10$+.M`�"`0$!.!`%/`�`0+,%�`0$�0`5+1`$�2!`!4,!.0%/!`%*
�* `5+1`�.!`%*0!.!/0! `%*`!%0$!.`3.%0%*#`+.`�+*0.%�10%*#`0+`�`�++'L`,(!�/!`2%/%0
authors.packtpub.comK

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

�+.`)+.!`%*"+.)�0%+*`��+10`���'0L`,(!�/!`2%/%0`packtpub.comK



�
:K\�'RPDLQ�'ULYHQ�'HVLJQ"

�$!`/+"03�.!`%* 1/0.5`�,,!�.! `���'`%*`0$!`!�.(5`8@=7/`�* `$�/`�!!*`#.+3%*#`!2!.`/%*�!K
�$!.!`$�2!`�!!*`,.! %�0%+*/`0$�0`+*!` �5`�((`/+"03�.!`3%((`�!`3.%00!*`�* `/+"03�.!
 !2!(+,!./`3%((`*+`(+*#!.`�!`*!! ! L`�10`0$%/`,.+,$!�5`$�/`*!2!.`�!�+)!`.!�(%05L`�* `0$!
#.+3%*#`�.)5`+"`/+"03�.!`!*#%*!!./`%/`3+.'%*#`$�. `0+`/�0%/"5`0$!`�+*0%*1�((5`%*�.!�/%*#
 !)�* K


+3!2!.L`".+)`0$!`2!.5`!�.(5` �5/`+"`0$!`%* 1/0.5L`0$!`*1)�!.`+"`,.+&!�0/`0$�0`3!.!
 !(%2!.! `2!.5`(�0!`�* `)�//%2!(5`+2!.`�1 #!0L`,(1/`0$!`*1)�!.`+"`"�%(! `,.+&!�0/L`3�/
+2!.3$!()%*#K`�$!`978<`�
���`.!,+.0`�5`0$!`�0�* %/$`	.+1,`Qhttps:/ b/bwww.
projectsmart.bco. buk/ bwhite- bpapers/ bchaos- breport. bpdfR`/1##!/0/`0$�0`".+)`9788`0+`978<L
0$!`,!.�!*0�#!`+"`/1��!//"1(`��`,.+&!�0/`.!)�%*! `1*�$�*#! `�0`�`(!2!(`+"`&1/0`99AK`�2!.
8@A`+"`,.+&!�0/`"�%(! L`�* `0$!`.!/0`!4,!.%!*�! `�$�((!*#!/K`�(0$+1#$`0$!`.!,+.0`)%#$0`/!0
/+)!3$�0`�+*0.+2!./%�(`!4,!�0�0%+*/`"+.`,.+&!�0`/1��!//L`%0`/0%((`,�%*0/`�`,%�01.!`0$�0`%/
"�)%(%�.`0+`)�*5K`�$!/!`*1)�!./`�.!`�/0+*%/$%*#K`�2!.`"+1.` !�� !/L`�`(+0`+"`)!0$+ /`$�2!
�!!*` !2!(+,! `�* `� 2!.0%/! `�/`/%(2!.`�1((!0/`"+.`/+"03�.!`,.+&!�0`)�*�#!)!*0L`�10`0$!.!
$�/`�!!*`(%00(!`+.`*+`�$�*#!`%*`0$!`*1)�!.`+"`/1��!//"1(`,.+&!�0/K

�*!`+"`0$!`�.%0%��(`"��0+./`0$�0` !"%*!`0$!`/1��!//`+"`�*5`��`,.+&!�0`%/`1* !./0�* %*#`0$!
,.+�(!)`0$�0`0$!`/5/0!)`%/`/1,,+/! `0+`/+(2!K`�!`�.!`�((`2!.5`"�)%(%�.`3%0$`/5/0!)/`0$�0` +
*+0`/+(2!`0$!`,.+�(!)/`0$!5`�(�%)`0+`�*/3!.`+.` +`%0`2!.5`%*!""%�%!*0(5K`�+0$`0$!`�����
�* `��`/+"03�.!` !2!(+,)!*0`)!0$+ +(+#%!/`!)�.��!`%*0!.��0%*#`3%0$`1/!./`�* 
1* !./0�* %*#`0$!%.`,.+�(!)/K

�$!`0!.)`�+)�%*_�.%2!*`�!/%#*`Q���R`3�/`�+%*! `�5`�.%�`�2�*/`%*`$%/`*+3_%�+*%�`�++'
�+)�%*_�.%2!*`�!/%#*M`���'(%*#`�+),(!4%05`%*`0$!`
!�.0`+"`�+"03�.!`,1�(%/$! `�5`�  %/+*_
�!/(!5`���'`%*`977;K`�+.!`0$�*`�` !�� !`�"0!.`0$!`�++'`3�/`,1�(%/$! L`%*0!.!/0`%*`0$!
,.��0%�!/`�* `,.%*�%,(!/` !/�.%�! `%*`0$!`�++'`/0�.0! `0+`#.+3`!4,+*!*0%�((5K`��*5`"��0+./
%*"(1!*�! `0$%/`#.+30$`%*`,+,1(�.%05L`�10`0$!`)+/0`%),+.0�*0`+*!`%/`0$�0`���`!4,(�%*/`$+3
,!+,(!`".+)`0$!`/+"03�.!`%* 1/0.5`��*`�1%( `�*`1* !./0�* %*#`+"`0$!%.`1/!./W`*!! /`�* 
�.!�0!`/+"03�.!`/5/0!)/`0$�0`/+(2!`0$!`,.+�(!)`�* `)�'!`�*`%),��0K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`>`T

�*`0$%/`�$�,0!.L`3!`3%((` %/�1//`$+3`1* !./0�* %*#`0$!`�1/%*!//` +)�%*L`�1%( %*#` +)�%*
'*+3(! #!L`�* ` %/0%*#1%/$%*#`!//!*0%�(`�+),(!4%05`".+)`���% !*0�(`�+),(!4%05`��*`$!(,`%*
�.!�0%*#`/+"03�.!`0$�0`)�00!./K

�$!`+�&!�0%2!`+"`0$%/`�$�,0!.`%/`0+`!4,(+.!`0$!`"+((+3%*#`0+,%�/M

�.+�(!)`/,��!`2!./1/`/+(10%+*`/,��!
�$�0`3!*0`3.+*#`3%0$`.!-1%.!)!*0/
�* !./0�* %*#`�+),(!4%05
�$!`.+(!`+"`'*+3(! #!`%*`/+"03�.!` !2!(+,)!*0

8QGHUVWDQGLQJ�WKH�SUREOHP
�!`.�.!(5`3.%0!`/+"03�.!`0+`&1/0`3.%0!`/+)!`�+ !K`�"`�+1./!L`3!`��*`�.!�0!`�`,!0`,.+&!�0`"+.
"1*`�* `0+`(!�.*`*!3`0!�$*+(+#%!/L`�10`,.+"!//%+*�((5`3!`�1%( `/+"03�.!`0+`$!(,`+0$!.
,!+,(!`0+` +`0$!%.`3+.'`�!00!.L`"�/0!.L`�* `)+.!`!""%�%!*0(5K`�0$!.3%/!L`0$!.!`%/`*+`,+%*0`%*
3.%0%*#`�*5`/+"03�.!`%*`0$!`"%./0`,(��!K`�0`)!�*/`0$�0`3!`*!! `0+`$�2!`�`,.+�(!)`0$�0`3!
%*0!* `0+`/+(2!K`�+#*%0%2!`,/5�$+(+#5` !"%*!/`0$!`%//1!`�/`�`.!/0.%�0%+*`�!03!!*`0$!`�1..!*0
/0�0!`�* `0$!` !/%.! `/0�0!K

3UREOHP�VSDFH�DQG�VROXWLRQ�VSDFH
�*`0$!%.`�++'`
1)�*`�.+�(!)`�+(2%*#L`�((!*`�!3!((`�* `
!.�!.0`�%)+*`+10(%*! 
0$!`,.+�(!)`/,��!`0$!+.5K`�$!`0$!+.5`/0�0!/`0$�0`$1)�*/`/+(2!`,.+�(!)/`�5`/!�.�$%*#`"+.`�
/+(10%+*`%*`0$!`,.+�(!)`/,��!K`�$!`,.+�(!)`/,��!` !/�.%�!/`0$!`%*%0%�(`�* ` !/%.! `/0�0!/L`�/
3!((`�/`,+//%�(!`%*0!.)! %�0!`/0�0!/K`�0`��*`�(/+`�+*0�%*`/,!�%"%�`�+*/0.�%*0/`�* `.1(!/`0$�0
 !"%*!`0$!`�+*0!40`+"`0$!`,.+�(!)K`�*`0$!`/+"03�.!`%* 1/0.5L`,!+,(!`+,!.�0%*#`%*`0$!`,.+�(!)
/,��!`�.!`1/1�((5`�1/0+)!./`�* `1/!./K

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



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`?`T

�$!`�(�//%�`/0+.5`+"`,.+�(!)`�* `/+(10%+*`/,��!/L`3$%�$`#!0`�+),(!0!(5` !0��$! `".+)`!��$
+0$!.` 1.%*#`0$!`%),(!)!*0�0%+*L`%/`0$!`/0+.5`+"`3.%0%*#`%*`/,��!K`�$!`/0+.5`#+!/`0$�0`%*`0$!
8@=7/L`/,��!_!4,(+.%*#`*�0%+*/`.!�(%6! `0$�0`0$!`1/1�(`��((,+%*0`,!*/`3+1( *W0`3+.'`%*
/,��!` 1!`0+`0$!`(��'`+"`#.�2%05K`����`0$!*`/,!*0`�`)%((%+*` +((�./`0+` !2!(+,`�`,!*`0$�0
3+1( `3+.'`%*`/,��!L`�* `0$!`�+2%!0/` !�% ! `0+`1/!`0$!`#++ `+( `,!*�%(L`3$%�$`�+/0/
�()+/0`*+0$%*#K`

�$%/`/0+.5`%/`/+`�+),!((%*#`0$�0`%0`%/`/0%((`�%.�1(�0%*#L`�* `3�/`!2!*`1/! `%*`0$!`��`/$+3`�$!
�!/0`�%*#L`3%0$`��.0%*`�$!!*`,(�5%*#`0$!`��`,.!/% !*0K`�0`%/`/+`!�/5`0+`�!(%!2!L`*+0`+*(5
�!��1/!`3!`�.!`1/! `0+`3�/0!"1(`/,!* %*#`�5`#+2!.*)!*0_"1* ! `�+ %!/L`�10`)+/0(5
�!��1/!`3!`$�2!`/!!*`/+`)�*5`!4�),(!/`+"`%*!""%�%!*�5`�* `)%/%*0!.,.!0�0%+*`+"`.!�(_3+.( 
%//1!/L`�  %*#`!*+.)+1/`1**!�!//�.5`�+),(!4%05`0+`0$!%.`,.+,+/! `/+(10%+*/`�* `/+(2%*#
,.+�(!)/`0$�0` +*W0`!4%/0K`

�$%/`/0+.5`%/`�`)50$K`����`�(/+`0.%! `1/%*#`,!*�%(/`�10` !�% ! `0+`#!0`.% `+"`0$!)` 1!`0+
0$!`,.+ 1�0%+*`+"`)%�.+ 1/0L`0%,/`�.!�'%*#L`�* `0$!`,+0!*0%�(`"(�))��%(%05`+"`3++ !*
,!*�%(/K`�`,.%2�0!`�+),�*5`��((! `�%/$!.` !2!(+,! `3$�0`%/`*+3`'*+3*`�/`�`/,��!`,!*K
��0!.L`����`0!/0! `0$!`,!*`�* ` !�% ! `0+`1/!`%0K`�$!`�+),�*5`�(/+`#+0`�*`+. !.`".+)`0$!
�+2%!0`�*%+*L`�* `,!*/`3!.!`/+( `��.+//`0$!`3+.( K`�$!`,.%�!`3�/`0$!`/�)!`"+.
!2!.5+*!L`I9K:@`,!.`,!*K


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

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

+3!2!.L`�/`��.0`��.0$!(!)5`�* `��* ��!`��()�#*!_�+1#!`/1##!/0`%*`0$!%.`�.0%�(!`�$!*
�+1W.!`�**+2�0%*#L`�!/%/0`�++'%*#`"+.`�+(10%+*/`Q978:L`
�.2�. `�1/%*!//`�!2%!3`https:/ b/ bhbr.
org/b2013/b09/bwhen- byoure- binnovating- bresist- blRL`0$%*'%*#`��+10`/+(10%+*/`,.!2!*0/`+1.
�.�%*`".+)`0$%*'%*#`��+10`0$!`,.+�(!)K`�*/0!� L`3!`/0�.0`#+%*#` !!,!.`%*0+`0$!`/+(10%+*`0$�0
"%./0`��)!`0+`+1.`)%* L`�  %*#`)+.!`(!2!(/`+"` !0�%(`�* `)�'%*#`%0`0$!`)+/0`% !�(`/+(10%+*
"+.`�`#%2!*`,.+�(!)K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`@`T

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

Refinement versus exploration
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Complexity growth over time
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Cynefin framework, image by Dave Snowden

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

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

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

�2!./%),(%"%��0%+*M`�$%/`�+..!(�0!/`3%0$`/+)!`+"`0$!`�+#*%0%2!`�%�/!/` !/�.%�! 
%*`0$!`"+((+3%*#`/!�0%+*K
�*0.�%*! `0$%*'%*#M`�$!*`,!+,(!`�(%* (5`1/!`0$!`/'%((/`�* `!4,!.%!*�!/`0$!5
$�2!`+�0�%*! `%*`0$!`,�/0`�* `0$!.!"+.!`�!�+)!`�(%* ! `0+`*!3`3�5/`+"`0$%*'%*#K
�+),(��!*�5M`�$!*`0$%*#/`#+`3!((L`,!+,(!`0!* `0+`.!(�4`�* `+2!.!/0%)�0!`0$!%.
��%(%05`0+`.!��0`0+`0$!`�$�*#%*#`3+.( K`�$!` �*#!.`+"`0$%/`��/!`%/`0$�0`3$!*`�
,.+�(!)`%/`�(�//%"%! `�/`/%),(!L`%0`��*`-1%�'(5`!/��(�0!`0+`0$!`�$�+0%�` +)�%*` 1!
0+`�`"�%(1.!`0+`� !-1�0!(5`�//!//`0$!`.%/'/K`�+0%�!`0$!`/$+.0�10`".+)`�%),(!`0+
�$�+0%�` +)�%*`�0`0$!`�+00+)`+"`0$!` %�#.�)L`3$%�$`%/`+"0!*`�!%*#`)%//! `�5
0$+/!`3$+`/01 5`0$!`".�)!3+.'K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`8=`T

�+.`0$%/`�++'L`%0`%/`%),+.0�*0`0+`.!)!)�!.`03+`)�%*`0$%*#/M

�"`5+1`% !*0%"5`0$!`,.+�(!)`�/`+�2%+1/L`5+1`,.+���(5` +*W0`3�*0`0+`/!0`1,`�
�+),(!4`/+(10%+*`�* `,!.$�,/`3+1( `!2!*`�+*/% !.`�15%*#`/+)!`+""_0$!_/$!("
/+"03�.!`0+`/+(2!`0$!`,.+�(!)L`%"`�*5`/+"03�.!`%/`.!-1%.! `�0`�((K
�!3�.!L`$+3!2!.L`+"`3.+*#(5`�(�//%"5%*#`)+.!`�+),(!4`,.+�(!)/`%*`0$%/` +)�%*
0+`�2+% `�,,(5%*#`0$!`3.+*#`�!/0`,.��0%�!/`%*/0!� `+"` +%*#`)+.!`0$+.+1#$
!4,(+.�0%+*`�* `.!/!�.�$K

�$!`/!�+* ` +)�%*`%/`�+),(%��0! K`
!.!L`5+1`"%* `,.+�(!)/`0$�0`.!-1%.!`!4,!.0%/!`�* 
/'%((`0+`"%* `0$!`.!(�0%+*`�!03!!*`��1/!`�* `!""!�0L`/%*�!`0$!.!`%/`*+`/%*#(!`�*/3!.`0+`0$!/!
,.+�(!)/K`�$!/!`�.!`'*+3*`1*'*+3*/K`�$!`/!-1!*�!`+"`��0%+*/`%*`0$%/`.!�()`%/`/!*/!_�*�(56!_
.!/,+* K`�/`3!`��*`/!!L`�*�(56!`.!,(��!/`��0!#+.%6!`�!��1/!`0$!.!`%/`*+`�(!�.`��0!#+.%6�0%+*`+"
"��0/`%*`0$%/` +)�%*K`�.+,!.`�*�(5/%/`*!! /`0+`�!` +*!`0+`% !*0%"5`3$%�$`#++ `,.��0%�!`0+
�,,(5K`��0!#+.%6�0%+*`��*`�!` +*!`$!.!`0++L`�10`5+1`*!! `0+`#+`0$.+1#$`)+.!`�$+%�!/`�* 
�*�(56!`0$!`�+*/!-1!*�!/`�/`3!((K`�$�0`%/`3$!.!`,.!2%+1/`!4,!.%!*�!`%/`*!�!//�.5K
�*#%*!!.%*#`,.+�(!)/`�.!`05,%��((5`%*`0$%/`��0!#+.5L`3$!.!`�`�(!�.(5`1* !./0++ `,.+�(!)
.!-1%.!/`�`/+,$%/0%��0! `0!�$*%��(`/+(10%+*K

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

�+),(!4`%/`0$!`0$%. `�+),(!4%05` +)�%*`%*`�5*!"%*K`
!.!L`3!`!*�+1*0!.`/+)!0$%*#`0$�0
*+`+*!`$�/` +*!`�!"+.!K`��'%*#`!2!*`�`.+1#$`!/0%)�0!`%/`%),+//%�(!K`�0`%/`$�. `+.
%),+//%�(!`0+`,.! %�0`0$!`.!��0%+*`0+`+1.`��0%+*L`�* `3!`��*`+*(5`"%* `+10`��+10`0$!`%),��0
0$�0`3!`$�2!`)� !`%*`.!0.+/,!�0K`�$!`/!-1!*�!`+"`��0%+*/`%*`0$%/` +)�%*`%/`,.+�!_/!*/!_
.!/,+* K`�$!.!`�.!`*+`.%#$0`�*/3!./`$!.!`�* `*+`,.��0%�!/`0+`.!(5`1,+*K`�.!2%+1/`!4,!.%!*�!
3+*W0`$!(,`!%0$!.K`�$!/!`�.!`1*'*+3*`1*'*+3*/L`�* `0$%/`%/`0$!`,(��!`3$!.!`�((`%**+2�0%+*
$�,,!*/K`
!.!L`3!`"%* `+1.`�+.!` +)�%*L`0$!`�+*�!,0L`3$%�$`3!`3%((`#!0`0+`(�0!.`%*`0$!
�++'K

�$!`�+1./!`+"`��0%+*`"+.`0$!`�+),(!4`.!�()`%/`(! `�5`!4,!.%)!*0/`�* `,.+0+05,!/K`�$!.!`%/
2!.5`(%00(!`/!*/!`%*`�.!�0%*#`�`�%#` !/%#*`1,`".+*0`/%*�!`3!`$�2!`*+`% !�`$+3`%0`3%((`3+.'
�* `$+3`0$!`3+.( `3%((`.!��0`0+`3$�0`3!`�.!` +%*#K`�+.'`$!.!`*!! /`0+`�!` +*!`%*`/)�((
%0!.�0%+*/`3%0$`�+*0%*1+1/`�* `%*0!*/%2!`"!! ���'K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`8>`T

� 2�*�! `)+ !(%*#`�* `%),(!)!*0�0%+*`0!�$*%-1!/`0$�0`�.!`(!�*`!*+1#$`0+`.!/,+* `0+
�$�*#!/`-1%�'(5`�.!`0$!`,!."!�0`"%0`%*`0$%/`�+*0!40K`�*`,�.0%�1(�.L`)+ !(%*#`1/%*#
�2!*0�0+.)%*#`�* `%),(!)!*0�0%+*`1/%*#`!2!*0_/+1.�%*#`�.!`2!.5`)1�$`�0`$+)!`%*`0$!
�+),(!4` +)�%*K`�`0$+.+1#$`/0.�0!#%�` !/%#*`%/`*!�!//�.5L`�10`/+)!`0��0%��(`,�00!.*/`+"
���`��*`�!`/�"!(5`%#*+.! `3$!*` +%*#`/,%'!/`�* `,.+0+05,!/L`0+`/�2!`0%)!K`
+3!2!.L
�#�%*L`!2!*0_/+1.�%*#`�+1( `�!`5+1.`�!/0`".%!* K`�+0$`�2!*0�0+.)%*#`�* `!2!*0_/+1.�%*#
�.!` !/�.%�! `(�0!.`%*`0$!`�++'K

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

�%/+. !.`%/`0$!`"%"0$`�* `"%*�(`.!�()L`.%#$0`%*`0$!`)%  (!K`�$!`.!�/+*`"+.`%0`%/`0$�0`3$!*
�!%*#`�0`0$%/`/0�#!L`%0`%/`1*�(!�.`3$%�$`�+),(!4%05`�+*0!40`�,,(%!/`0+`0$!`/%01�0%+*K`�$!`+*(5
3�5`+10`".+)` %/+. !.`%/`0+`0.5`�.!�'%*#`0$!`,.+�(!)`%*0+`/)�((!.`,%!�!/`0$�0`��*`�!`0$!*
��0!#+.%6! `%*0+`0$+/!`"+1.`�+),(!4%05`�+*0!40/`�* `0$!*` !�(`3%0$`0$!)`���+. %*#(5K

�$%/`%/`+*(5`�`�.%!"`+2!.2%!3`+"`0$!`��0!#+.%6�0%+*`+"`�+),(!4%05K`�$!.!`%/`)+.!`0+`%0L`�* `�
$+,!`5+1.`)%* `#!0/`�1.%+1/`0+`/!!`!4�),(!/L`2% !+/L`�* `�.0%�(!/`��+10`0$!`0+,%�K`�$�0`3�/
0$!`!4��0`.!�/+*`"+.`)!`0+`�.%*#`%0`%*L`/+`,(!�/!`"!!(`".!!`0+`/0+,`.!� %*#`*+3`�* `!4,(+.!`0$!
�+),(!4%05`0+,%�`/+)!`)+.!K`�+.`0$%/`�++'`0$!`)+/0`%),+.0�*0`+10�+)!`%/`0$�0`���`��*`�!
�,,(%! `�()+/0`!2!.53$!.!L`�10`%0`%/`+"`2%.01�((5`*+`1/!`%*`+�2%+1/`�* `�$�+0%�` +)�%*/K
�/%*#`�2!*0�0+.)%*#`�/`�` !/%#*`0!�$*%-1!`%*`�+),(!4`/5/0!)/`3+1( `�!`1/!"1(`"+.`�+0$
�+),(%��0! `�* `�+),(!4` +)�%*/L`�(+*#`3%0$`!2!*0_/+1.�%*#L`3$%�$`/1%0/`�+),(!4
 +)�%*/`�!/0K`

'HFLVLRQ�PDNLQJ�DQG�ELDVHV
�$!`$1)�*`�.�%*`,.+�!//!/`�`0.!)!* +1/`�)+1*0`+"`%*"+.)�0%+*`!2!.5`/%*#(!`/!�+* K`�!
 +`)�*5`0$%*#/`+*`�10+,%(+0L` .%2!*`�5`%*/0%*�0`�* `$��%0K`�+/0`+"`+1.` �%(5`.+10%*!/`�.!
(%'!`0$%/K`�0$!.`�.!�/`+"`�.�%*`��0%2%05`�.!`0$%*'%*#L`(!�.*%*#L`�* ` !�%/%+*_)�'%*#K`�1�$
��0%+*/`�.!`,!."+.)! `/%#*%"%��*0(5`)+.!`/(+3(5`�* `.!-1%.!`)1�$`)+.!`,+3!.`0$�*`0$!
�10+)�0%�`+,!.�0%+*/K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`8?`T

�1�(`,.+�!//`0$!+.5`%*`,/5�$+(+#5`/1##!/0/`0$�0`0$!/!`05,!/`+"`�.�%*`��0%2%05`�.!`%* !! 
!*0%.!(5` %""!.!*0`�* `0$!.!`�.!`03+` %""!.!*0`,.+�!//!/`"+.`03+`'%* /`+"`0$%*'%*#K`�*!`%/`0$!
%),(%�%0L`�10+)�0%�L`1*�+*/�%+1/`,.+�!//L`�* `0$!`+0$!.`+*!`%/`�*`!4,(%�%0`�+*/�%+1/`,.+�!//K
�*�+*/�%+1/`,.+�!//!/`�.!`"+.)! `+2!.`�`(+*#`0%)!`�* `�.!`�(/+`2!.5`$�. `0+`�$�*#!
�!��1/!`�$�*#%*#`/1�$`�`,.+�!//`3+1( `.!-1%.!` !2!(+,%*#`�`*!3`$��%0L`�* `0$%/`%/`*+0`�*
!�/5`0�/'K`�+*/�%+1/`,.+�!//!/L`$+3!2!.L`��*`�!`�(0!.! `0$.+1#$`(+#%��(`.!�/+*%*#`�* 
! 1��0%+*K

�$!/!`,.+�!//!/L`+.`/5/0!)/L`$�,,%(5`�+_!4%/0`%*`+*!`�.�%*`�10`�.!`.�0$!.` %""!.!*0`%*`0$!`3�5
0$!5`+,!.�0!K`!%0$`�0�*+2%�$`�* `�%�$�. `�!/0`�+%*! `0$!`*�)!/`%),(%�%0`/5/0!)L`+.
�5/0!)`8`�* `!4,(%�%0`/5/0!)L`+.`�5/0!)`9`Q�* %2% 1�(` %""!.!*�!`%*`.!�/+*%*#M`%),(%��0%+*/`"+.
0$!`.�0%+*�(%05` !��0!O`�!$�2%+.�(`�* `�.�%*`��%!*�!/`9777RK`��*%!(`�$*!)�*L`%*`$%/`�3�. _
3%**%*#`�++'`�$%*'%*#`��/0`�* `�(+3`Q�!3`�+.'M`��..�.L`�0.�1/`�* `	%.+14L`9788RL`�//%#*! 
/!2!.�(`�00.%�10!/`0+`!��$`/5/0!)M

System 1 and System 2



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`8@`T

�$�0` +!/`�((`0$%/`$�2!`0+` +`3%0$`���O`�!((L`0$!`,+%*0`$!.!`%/`)+.!`��+10`$+3`3!`)�'!
 !�%/%+*/K`�0`%/`/�%!*0%"%��((5`,.+2!*`0$�0`�((`$1)�*/`�.!`�%�/! L`+*!`3�5`+.`�*+0$!.K`�/
 !2!(+,!./L`3!`$�2!`+1.`+3*`3�5/`+"`/+(2%*#`0!�$*%��(`,.+�(!)/`�* `+"`�+1./!`3!W.!`.!� 5
0+`,%�'`1,`0$!`"%#$0`3$!*`�!%*#`�$�((!*#! `�5`0$!`�1/%*!//`��+10`0$!`3�5`3!`3.%0!
/+"03�.!`0+`/+(2!`0$!%.`,.+�(!)/K`�0`0$!`+0$!.`$�* L`+1.`�1/0+)!./`�.!`�(/+`�%�/! `0+3�. /
0$!%.`3�5/L`0$!5`,.+���(5`�(.!� 5`3!.!`!�.*%*#`)+*!5`3%0$+10`+1.`/+"03�.!`+.L`0$!5`)%#$0
$�2!`/+)!`+0$!.`/5/0!)`�.!�0! `03!*05`5!�./`�#+`�5`�*�%!*0`�+�+(`,.+#.�))!./`�* `%0
/+)!$+3`3+.'/L`/+`0$!5`&1/0`3�*0`�`)+ !.*`+.`!2!*`�(+1 _��/! `2!./%+*`+"`0$!`/�)!`0$%*#K
�$!`,+%*0`�`�)`0.5%*#`0+`)�'!`$!.!`%/`0$�0`3!`/$+1( `/0.%2!`0+`)%0%#�0!`+1.`�%�/!/`�* `�!
)+.!`+,!*`0+`3$�0`+0$!.`,!+,(!`/�5`�* `/0%((`*+0`"�((`%*0+`�`0.�,`+"`0$!%.`+3*`�%�/!/K`�0`3�/
*+0`3%0$+10`�`.!�/+*`"+.`	++#(!`�!+,(!`�,!.�0%+*/`0!�)`0+`�.!�0!`0$!`�*�+*/�%+1/`�%�/`Z
�+.'`3+.'/$+,`0+`$!(,`0$!%.`�+((!�#1!/`0+`�!�+)!`�3�.!`+"`0$!%.`�%�/!/`�* `/$+3`/+)!
)!0$+ /`0+` !�(`3%0$`0$!)K`

�$!`�5*!"%*`�+),(!4%05`)+ !(`.!-1%.!/`1/`0+`�0`(!�/0`��0!#+.%6!`0$!`�+),(!4%05`3!`�.!
 !�(%*#`3%0$`%*`+1.`,.+�(!)`/,��!`Q�* `�(/+`/+)!0%)!/`%*`0$!`/+(10%+*`/,��!RK`�10`0+`�//%#*
0$!`.%#$0`��0!#+.5L`3!`*!! `0+`)�'!`�`(+0`+"` !�%/%+*/L`�* `$!.!`3!`+"0!*`#!0`+1.`�5/0!)
8`.!/,+* %*#`�* `)�'%*#`�//1),0%+*/`��/! `+*`+1.`�%�/!/`�* `!4,!.%!*�!/`".+)`0$!`,�/0L
.�0$!.`0$�*`!*#�#%*#`�5/0!)`9`0+`/0�.0`.!�/+*%*#`�* `0$%*'%*#K`�"`�+1./!L`!2!.5`+*!`+"`1/`%/
"�)%(%�.`3%0$`�`�+((!�#1!`!4�(�%)%*#`5!�$L`0$�0W/`!�/5P`�!"+.!`5+1`��*`!2!*`"%*%/$` !/�.%�%*#
0$!`,.+�(!)K`�!`�(/+`+"0!*`/!!`,!+,(!`+.#�*%6%*#`!* (!//`)!!0%*#/`�* `�+*"!.!*�!`��((/`0+
 %/�1//`/+)!0$%*#`0$�0`3!`�//1)!`0+`�!`�`/0.�%#$0"+.3�. ` !�%/%+*`0+`)�'!K

�+#*%0%2!`�%�/!/`�.!`,(�5%*#`�`�.1�%�(`.+(!`$!.!K`�+)!`�%�/!/`��*`,.+"+1* (5`%*"(1!*�!
 !�%/%+*_)�'%*#L`�* `0$%/`%/` !"%*%0!(5`�5/0!)`8`/,!�'%*#K`
!.!`�.!`/+)!`+"`0$!`�%�/!/`�* 
$!1.%/0%�/`0$�0`��*`�""!�0`5+1.`0$%*'%*#`��+10`/5/0!)` !/%#*M

�$+%�!_/1,,+.0%2!`�%�/M`�"`5+1`$�2!`�$+/!*`/+)!0$%*#L`5+1`3%((`�!`,+/%0%2!
��+10`0$%/`�$+%�!`!2!*`0$+1#$`%0`)%#$0`$�2!`�!!*`,.+2!*`0+`�+*0�%*`/%#*%"%��*0
"(�3/K`�5,%��((5L`0$%/`$�,,!*/`3$!*`3!`�+)!`1,`3%0$`0$!`"%./0`)+ !(`�* `0.5`0+
/0%�'`0+`%0`�0`�((`�+/0/L`!2!*`%"`%0`�!�+)!/`!2% !*0`0$�0`0$!`)+ !(`%/`*+0`+,0%)�(`�* 
*!! /`0+`�!`�$�*#! K`�(/+L`0$%/`�%�/`��*`�!`+�/!.2! `3$!*`5+1`�$++/!`�
0!�$*+(+#5`0+`1/!L`/1�$`�/`�` �0���/!`+.`�`".�)!3+.'K
�+*"%.)�0%+*`�%�/M`�!.5`/%)%(�.`0+`0$!`,.!2%+1/`+*!L`�+*"%.)�0%+*`�%�/`)�'!/
5+1`+*(5`$!�.`�.#1)!*0/`0$�0`/1,,+.0`5+1.`�$+%�!`+.`,+/%0%+*`�* `%#*+.!
�.#1)!*0/`0$�0`�+*0.� %�0`0$!`�.#1)!*0/`0$�0`/1,,+.0`5+1.`�$+%�!L`�(0$+1#$
0$!/!`�.#1)!*0/`)�5`/$+3`0$�0`5+1.`+,%*%+*`%/`3.+*#K
��* _3�#+*`!""!�0M`�$!*`0$!`)�&+.%05`+"`,!+,(!`%*`0$!`.++)`�#.!!`+*
/+)!0$%*#L`0$%/`/+)!0$%*#`�!#%*/`0+`)�'!`)+.!`/!*/!`0+`0$!`)%*+.%05`0$�0
,.!2%+1/(5` %/�#.!! K`�%0$+10`!*#�#%*#`�5/0!)`9L`0$!`+,%*%+*`+"`0$!`)�&+.%05
#!0/`)+.!`�.! %0`3%0$+10`�*5`+�&!�0%2!`.!�/+*K`�!)!)�!.`0$�0`3$�0`0$!`)�&+.%05
 !�% !/`%/`*+0`0$!`�!/0`�$+%�!`�5` !"�1(0P



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`97`T

�2!.�+*"% !*�!M`�++`+"0!*L`,!+,(!`0!* `0+`�!`0++`+,0%)%/0%�`��+10`0$!%.`��%(%0%!/K
�$%/`�%�/`)%#$0`��1/!`0$!)`0+`0�'!`)+.!`/%#*%"%��*0`.%/'/`�* `)�'!`0$!`3.+*#
 !�%/%+*/`0$�0`$�2!`*+`+�&!�0%2!`#.+1* /`�10`�.!`��/! `!4�(1/%2!(5`+*`0$!%.
+,%*%+*K`�$!`)+/0`+�2%+1/`!4�),(!`+"`0$%/`%/`0$!`!/0%)�0%+*`,.+�!//K`�!+,(!
%*2�.%��(5`1* !.!/0%)�0!`.�0$!.`0$�*`+2!.!/0%)�0!`0$!`0%)!`�* `!""+.0`0$!5`�.!
#+%*#`0+`/,!* `+*`�`,.+�(!)K
�2�%(��%(%05`$!1.%/0%�M`�$!`%*"+.)�0%+*`3!`$�2!`%/`*+0`�(3�5/`�((`0$!`%*"+.)�0%+*
0$�0`3!`��*`#!0`��+10`�`,�.0%�1(�.`,.+�(!)K`�!+,(!`0!* `0+`��/!`0$!%.` !�%/%+*/
+*(5`+*`0$!`%*"+.)�0%+*`%*`$�* L`3%0$+10`!2!*`0.5%*#`0+`#!0`)+.!` !0�%(/K`�$%/
+"0!*`(!� /`0+`�*`+2!._/%),(%"%��0%+*`+"`0$!` +)�%*`,.+�(!)`�* `�*
1* !.!/0%)�0%+*`+"`0$!`!//!*0%�(`�+),(!4%05K`�$%/`$!1.%/0%�`��*`�(/+`0.%�'`1/`3$!*
3!`)�'!`0!�$*+(+#%��(` !�%/%+*/`�* `�$++/!`/+)!0$%*#`0$�0`$�/`�(3�5/`3+.'! 
3%0$+10`�*�(56%*#`0$!`+,!.�0%+*�(`.!-1%.!)!*0/L`3$%�$`)%#$0`�!`)1�$`$%#$!.
0$�*`+1.`0!�$*+(+#5`��*`$�* (!K

�$!`%),+.0�*�!`+"`'*+3%*#`$+3`+1.` !�%/%+*_)�'%*#`,.+�!//`3+.'/`%/`$�. `0+
+2!.!/0%)�0!K`�$!`�++'/`.!"!.!*�! `%*`0$%/`/!�0%+*`�+*0�%*`)1�$`)+.!`%*"+.)�0%+*`��+10
$1)�*`�!$�2%+.`�* ` %""!.!*0`"��0+./`0$�0`��*`$�2!`�`*!#�0%2!`%),��0`+*`+1.`�+#*%0%2!
��%(%0%!/K`�!`*!! `0+`.!)!)�!.`0+`01.*`+*`�5/0!)`9`%*`+. !.`0+`)�'!`�!00!.` !�%/%+*/`0$�0
�.!`*+0`��/! `+*`!)+0%+*/`�* `�%�/!/K

.QRZOHGJH
��*5`&1*%+.` !2!(+,!./`0!* `0+`0$%*'`0$�0`/+"03�.!` !2!(+,)!*0`%/`&1/0`05,%*#`�+ !L`�* 
3$!*`0$!5`�!�+)!`)+.!`!4,!.%!*�! `%*`05,%*#L`#!0`0+`'*+3`)+.!`���`/$+.0�10/L`�* `'*+3
".�)!3+.'/`�* `(%�.�.%!/`�5`$!�.0L`0$!5`3%((`�!`*%*&�` !2!(+,!./L`��(!`0+`3.%0!`/+)!0$%*#
(%'!`�*/0�#.�)`%*`�`�+1,(!`+"` �5/K

�!((L`0$!`.!�(%05`%/`$�./$(5` %""!.!*0K`�*`"��0L`�"0!.`#!00%*#`/+)!`!4,!.%!*�!`�* `�"0!.
 !(%�!.�0!(5`/,!* %*#`)+*0$/`�* `)�5�!`5!�./`%*` !�0$_)�.�$!/`0+3�. /`%),+//%�(!
 !� (%*!/`�* `1*.!�(%/0%�`#+�(/L`,!+,(!`1/1�((5`/(+3` +3*K`�$!5`�!#%*`0+`1* !./0�* `0$�0
3.%0%*#`�+ !`%))! %�0!(5`�"0!.`.!�!%2%*#`�`/,!�%"%��0%+*`)%#$0`*+0`�!`0$!`�!/0`% !�K`�$!
.!�/+*`"+.`0$%/`)%#$0`�(.!� 5`�!`�,,�.!*0`0+`5+1`%"`5+1`$�2!`.!� `�((`0$!`,.!2%+1/`/!�0%+*/K
�!%*#`+�/!//! `3%0$`/+(10%+*/`%*/0!� `+"`1* !./0�* %*#`0$!`,.+�(!)L`%#*+.%*#`!//!*0%�(
�+),(!4%05`�* `�+*"+.)%*#`0+`�%�/!/—�((`0$!/!`"��0+./`%*"(1!*�!`1/`3$!*`3!`�.!
 !2!(+,%*#`/+"03�.!K`�/`/++*`�/`3!`#!0`)+.!`!4,!.%!*�!`�* `(!�.*`".+)`+1.`+3*`)%/0�'!/
�* L`,.!"!.��(5L`".+)`0$!`!..+./`+"`+0$!./L`3!`3%((`.!�(%6!`0$�0`0$!`)+/0`�.1�%�(`,�.0`+"
3.%0%*#`1/!"1(L`2�(1��(!`/+"03�.!`%/`0$!`'*+3(! #!`��+10`0$!`,.+�(!)`/,��!L`"+.`3$%�$`3!
�.!`�1%( %*#`�`/+(10%+*K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`98`T

'RPDLQ�NQRZOHGJH
�+0`�((`'*+3(! #!`%/`!-1�((5`1/!"1(`3$!*`�1%( %*#`�`/+"03�.!`/5/0!)K`*+3%*#`��+10
3.%0%*#`��2�`�+ !`%*`0$!`"%*�*�%�(` +)�%*`)%#$0`*+0`�!`2!.5`�!*!"%�%�(`3$!*`5+1`/0�.0
�.!�0%*#`�*`%��`�,,`"+.`.!�(_!/0�0!`)�*�#!)!*0K`�"`�+1./!L`,.%*�%,(!/`/1�$`�/`�(!�*`�+ !L
���L`�* `/+`+*`�.!`$!(,"1(`*+`)�00!.`3$�0`,.+#.�))%*#`(�*#1�#!`5+1`1/!K`�10`
'*+3(! #!`+"`+*!` +)�%*`)%#$0`�!`2�/0(5` %""!.!*0`".+)`3$�0`5+1`*!! `"+.`�*+0$!.
 +)�%*K

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

�$%/`�((`�+)!/`0+`#!00%*#`%*0+`0$!`,.+�(!)`/,��!K`�"`5+1`�.!`*+0`��(!`0+`�0`(!�/0`1* !./0�* 
0$!`0!.)%*+(+#5`+"`0$!`,.+�(!)`/,��!L`%0`3+1( `�!`$�. `Q%"`*+0`%),+//%�(!R`0+`!2!*`/,!�'`0+
5+1.`"101.!`1/!./K`�"`5+1`(��'` +)�%*`'*+3(! #!L`0$!`+*(5`/+1.�!`+"`%*"+.)�0%+*`"+.`5+1
3+1( `�!`0$!`/,!�%"%��0%+*K`�$!*`5+1` +`$�2!`�0`(!�/0`/+)!` +)�%*`'*+3(! #!L
�+*2!./�0%+*/`3%0$`5+1.`1/!./`�!�+)!`)+.!`".1%0"1(`/%*�!`5+1`��*`1* !./0�* `3$�0`0$!5
�.!`0�('%*#`��+10K`�*!`+"`0$!`�+*/!-1!*�!/`+"`0$%/`%/`�1%( %*#`0.1/0`�!03!!*`0$!`�1/0+)!.
�* `0$!` !2!(+,!.K`�1�$`0.1/0`%/`$�. `0+`+2!.!/0%)�0!K`�`0.1/0! `,!./+*`#!0/`)+.!`%*/%#$0
�* `)%/0�'!/`�.!`"+.#%2!*`)+.!`!�/%(5K`�5`/,!�'%*#`0$!` +)�%*`(�*#1�#!`0+` +)�%*`!4,!.0/
Q5+1.`1/!./`�* `�1/0+)!./RL`5+1`�(/+`#�%*`�.! %�%(%05L`�* `0$!5`/!!`5+1`�* `5+1.`�+((!�#1!/
�/`)+.!`�+),!0!*0`,!+,(!K

��0�%*%*#` +)�%*`'*+3(! #!`%/`*+0`�*`!�/5`0�/'K`�!+,(!`/,!�%�(%6!`%*`0$!%.` +)�%*/`"+.
5!�./L`0$!5`�!�+)!`!4,!.0/`%*`0$!%.` +)�%*/L`�* `0$!5` +`0$%/`'%* `+"`3+.'`"+.`�`(%2%*#K
�+"03�.!` !2!(+,!./`�* `�1/%*!//`�*�(5/0/` +`/+)!0$%*#`!(/!L`�* `0$�0`,�.0%�1(�.`,.+�(!)
 +)�%*`)%#$0`�!`(%00(!`'*+3*`+.`�+),(!0!(5`1*'*+3*`3$!*`0$!5`*!! `0+`+�0�%*` +)�%*
'*+3(! #!K

�$!`�.0`+"`+�0�%*%*#` +)�%*`'*+3(! #!`%/`0$.+1#$`!""!�0%2!`�+((��+.�0%+*K`�+)�%*`!4,!.0/
�.!`0$!`/+1.�!`+"`1(0%)�0!`0.10$`Q�0`(!�/0L`3!`3�*0`0+`0.!�0`0$!)`(%'!`0$%/RK`
+3!2!.L`0$!5
)%#$0`*+0`�!K`�+)!`+.#�*%6�0%+*/`$�2!`".�#)!*0! `'*+3(! #!N`/+)!`)%#$0`&1/0`�!`3.+*#K
*+3(! #!`�.1*�$%*#`%*`/1�$`!*2%.+*)!*0/`%/`!2!*`$�. !.L`�10`0$!.!`)%#$0`�!`�%0/`�* 
,%!�!/`+"`%*"+.)�0%+*`3�%0%*#`0+`�!`"+1* `�0`0$!` !/'/`+"`/+)!`(+3_(!2!(`�(!.'/L`�* `5+1.
0�/'`%/`0+`/!!`%0K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`99`T

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

�+*2!./�0%+*/`�.!`0$!`)+/0`,+,1(�.`)!0$+ L`"+.)�(%6! `�/`)!!0%*#/K`
+3!2!.L
�+*2!./�0%+*/`+"0!*`01.*`%*0+`�`)!//`3%0$+10`�*5`2%/%�(!`+10�+)!K`�0%((L`/+)!
2�(1!`%/`0$!.!L`�10`5+1`*!! `0+`(%/0!*`��.!"1((5`�* `�/'`)�*5`-1!/0%+*/`0+`#!0
2�(1��(!`%*"+.)�0%+*K
��/!.2�0%+*`%/`�`2!.5`,+3!."1(`0!�$*%-1!K`�+"03�.!`,!+,(!`*!! `0+`"%#$0`0$!%.
%*0.+2!./%+*L`(!�2!`0$!`%2+.5`0+3!.`�* `#+`0+`�`0.� %*#`"(++.L`0+`�`3�.!$+1/!L`0+`�
$+0!(L`0+`�`,(��!`3$!.!`�1/%*!//`.1*/L`�* `0$!*`0�('`0+`,!+,(!`�* `/!!`$+3`0$!5
3+.'K`�!""`��00+*`#�2!`)�*5`#++ `!4�),(!/`%*`$%/`0�('`�0`0$!`���`�4�$�*#!
978>`Qhttps://skillsmatter.com/skillscasts/10127-empathy-driven-
designRK
�+)�%*`�0+.50!((%*#L`�`0!�$*%-1!`,.+,+/! `�5`�0!"�*`
+"!.`�* `$%/`�+((!�#1!/
".+)`
�)�1.#`�*%2!./%05`Qhttp:/ b/bdomainstorytelling. borg/ bRL`� 2+��0!/`1/%*#
,%�0+#.�)/L`�..+3/L`�* `�`(%00(!`�%0`+"`0!40L`,(1/`*1)�!.%*#`��0%+*/`/!-1!*0%�((5L
0+` !/�.%�!` %""!.!*0`%*0!.��0%+*/`%*/% !`0$!` +)�%*K`�$%/`0!�$*%-1!`%/`!�/5`0+`1/!L
�* `05,%��((5`0$!.!`%/`*+0`)1�$`0+`!4,(�%*`0+`,!+,(!`,�.0%�%,�0%*#`%*`/1�$`�
3+.'/$+,`�!"+.!`0$!5`/0�.0`1/%*#`%0`0+` !(%2!.`0$!`'*+3(! #!K
�2!*0�0+.)%*#`3�/`%*2!*0! `�5`�(�!.0+`�.�* +(%*%K`
!`!4,(�%*/`0$!`)!0$+ `%*
$%/`�++'`�*0.+ 1�%*#`�2!*0�0+.)%*#`Q978>L`�!�*,1�RL`�* `3!`3%((`�(/+`#+`%*0+
)+.!` !0�%(`(�0!.`%*`0$%/`�++'`3$!*`3!`/0�.0`�*�(56%*#`+1.`/�),(!` +)�%*K
�2!*0�0+.)%*#`1/!/`,+/0_%0`*+0!/`�* `�`,�,!.`.+((`0+`)+ !(`�((`'%* /`+"`��0%2%0%!/
%*`�`/0.�%#$0"+.3�. `"�/$%+*K`�+.'/$+,`,�.0%�%,�*0/`3.%0!`"��0/`".+)`0$!`,�/0
Q!2!*0/R`+*`,+/0_%0/`�* `,10`0$!)`+*`0$!`3�((L`0.5%*#`0+`)�'!`�`0%)!(%*!K`�0`�((+3/
0$!` %/�+2!.5`+"`��0%2%0%!/L`3+.'"(+3/L`�1/%*!//`,.+�!//!/L`�* `)+.!K`�!.5`+"0!*L
%0`�(/+`1*�+2!./`�)�%#1%0%!/L`�//1),0%+*/L`%),(%�%0`0!.)%*+(+#5L`�+*"1/%+*L`�* 
/+)!0%)!/`�+*"(%�0/`�* `�*#!.K`�*`/$+.0—!2!.50$%*#`0$�0`0$!` +)�%*`'*+3(! #!
�+*/%/0/`+"K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`9:`T

$YRLGLQJ�LJQRUDQFH
���'`%*`9777L`�$%(%,`�.)+1.`,1�(%/$! `�*`�.0%�(!`��((! `�%2!`�. !./`+"
�#*+.�*�!`Q�+))1*%��0%+*/`+"`0$!`���L`�+(1)!`;:`�//1!`87L`��0K`9777RL`3%0$`0$!`/1�0%0(!
�%!3%*#`/+"03�.!` !2!(+,)!*0`�/`'*+3(! #!`��-1%/%0%+*`�* `%#*+.�*�!`.! 1�0%+*K`�$%/`)!//�#!
2!.5`)1�$`�+..!(�0!/`3%0$`�(�!.0+W/`-1+0!`".+)`0$!`,.!2%+1/`/!�0%+*L`�(0$+1#$`%0`%/
/+)!3$�0`(!//`��0�$5`�10`�5`*+`)!�*/`(!//`,+3!."1(K`�$!`�.0%�(!`�.#1!/`0$�0`%*�.!�/%*#
 +)�%*`'*+3(! #!`�* ` !�.!�/%*#`%#*+.�*�!`�.!`03+`'!5/`0+`�.!�0%*#`/+"03�.!`0$�0
 !(%2!./`2�(1!K

�$!`�.0%�(!`�+*�!*0.�0!/`+*`%#*+.�*�!`�* `% !*0%"%!/`"%2!`(!2!(/`+"`%0M

�$!`6!.+`%#*+.�*�!`(!2!(L`3$%�$`�10$+./`��((`0$!`(��'`+"`%#*+.�*�!L`%/`0$!`(+3!/0K`�*
0$%/`(!2!(L`5+1`$�2!`*+`%#*+.�*�!`�!��1/!`5+1`$�2!`)+/0`+"`0$!`'*+3(! #!`�* 
'*+3`3$�0`0+` +`�* `$+3`0+` +`%0K
�$!`"%./0`(!2!(`%/`0$!`(��'`+"`'*+3(! #!K`�0`%/`3$!*`5+1` +*W0`'*+3`/+)!0$%*#L`�10
5+1`.!�(%6!`�* `���!,0`0$%/`"��0K`�+1`3�*0`0+`#!0`)+.!`'*+3(! #!`�* ` !�.!�/!
5+1.`%#*+.�*�!`0+`(!2!(`6!.+L`/+`5+1`$�2!`�$�**!(/`0+`+�0�%*`0$!`'*+3(! #!K
�$!`/!�+* `(!2!(`�(/+`��((! `0$!`(��'`+"`�3�.!*!//L`%/`3$!*`5+1` +*W0`'*+3`0$�0
5+1` +*W0`'*+3K`�+/0`�+))+*(5L`0$%/`+��1./`3$!*`5+1`#!0`�`/,!�%"%��0%+*`0$�0
 !/�.%�!/`�`/+(10%+*`3%0$+10`/,!�%"5%*#`3$%�$`,.+�(!)`0$%/`/+(10%+*`%/`0.5%*#`0+
/+(2!K`�$%/`(!2!(`��*`�(/+`�!`+�/!.2! `3$!*`,!+,(!`,.!0!* `0+`$�2!`�+),!0!*�!
0$!5` +`*+0`,+//!//L`�* `�0`0$!`/�)!`0%)!`�.!`%#*+.�*0`+"`%0K`�1�$`,!+,(!`)%#$0`�!
(��'%*#`�+0$`�1/%*!//`�* `0!�$*%��(`'*+3(! #!K`�`(+0`+"`3.+*#` !�%/%+*/`�.!
)� !`�0`0$%/`(!2!(`+"`%#*+.�*�!K
�$!`0$%. `(!2!(`%/`0$!`(��'`+"`,.+�!//K`�*`0$%/`(!2!(L`5+1` +*W0`!2!*`'*+3`$+3`0+
"%* `+10`��+10`5+1.`(��'`+"`�3�.!*!//K`�%0!.�((5L`5+1` +*W0`$�2!`�`3�5`0+`"%#1.!
+10`5+1` +*W0`'*+3`0$�0`5+1` +*W0`'*+3L`3$%�$`/+1* /`(%'!`%*�!,0%+*L`�10`0$�0W/
!4��0(5`3$�0`%0`%/K`�0`%/`0+1#$`0+` +`�*50$%*#`+*`0$%/`(!2!(`/%*�!`�,,�.!*0(5`0$!.!`%/
*+`3�5`0+`���!//`!* `1/!./L`!2!*`0+`�/'`%"`5+1`1* !./0�* `0$!%.`,.+�(!)`+.`*+0L
%*`+. !.`0+`#!0` +3*`0+`(!2!(`03+K`�//!*0%�((5L`3%0$`0$!`(��'`+"`,.+�!//L`%0`%/`*!�.(5
%),+//%�(!`0+`"%* `+10`%"`0$!`,.+�(!)`5+1W.!`0.5%*#`0+`/+(2!`!2!*`!4%/0/K`�1%( %*#`�
/5/0!)`)%#$0`�!`0$!`+*(5`�$+%�!`%*`0$%/`��/!L`/%*�!`%0`3%((`�!`0$!`+*(5`3�5`0+`#!0
�*5`"!! ���'K
�$!`"+1.0$`�* `(�/0`(!2!(`+"`%#*+.�*�!`%/`)!0�_%#*+.�*�!K`�0`%/`3$!*`5+1` +*W0
'*+3`��+10`0$!`"%2!` !#.!!/`+"`%#*+.�*�!K



�$5`�+)�%*_�.%2!*`�!/%#*O �$�,0!.`8

S`9;`T

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

Ignorance is highest at the earliest stages
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