
ÂÆ�ÄÂÊ���ÂÆ�ÇÂÊ

Y]kG�
]ZdkjQ[O


]kghI�$pIgpQIq�<[G��[jg]GkEjQ][

�<[k<gs�ÂÉ�<[G�ÃÁ��ÃÁÃÃ

Pjjd���qqq�Eh�EZk�IGk�¯Zh<Xg�ÂÆÇÂÊ�hÃÃ��

http://www.cs.cmu.edu/~msakr/15619-f21/


$kjYQ[I

� 7P<j�Qh�jPI�E]kghI�<D]kj�

� 7P<j�Qh�<[�][YQ[I�E]kghI�

� �GZQ[QhjgQpQ<



/]�7P<j�Qh�
Y]kG�

]ZdkjQ[O�



�p]YkjQ][�]N�
]ZdkjQ[O

�[[]p<jQ][ +g]GkEj /IgpQEI

Å

�&ORXG�&RPSXWLQJ�LV�WKH�WUDQVIRUPDWLRQ�RI
,7�IURP�D�SURGXFW�WR�D�VHUYLFH�



�p]YkjQ][�]N��YIEjgQEQjs

�[[]p<jQ][

"Iq��QhgkdjQpI�
0IEP[]Y]Os

+g]GkEj

�ks�<[G�!<Q[j<Q[�
jPI�0IEP[]Y]Os

/IgpQEI

�YIEjgQE��gQG��d<s�
N]g�qP<j�s]k�khI

Æ



��
Y]kG�Qh�«�
Ɣ �<j<EI[jIg�P<gGq<gI�<[G�h]Njq<gI�jP<j�jPI�

pI[G]gh�khI�j]�]NNIg�jPI�E]ZdkjQ[O�gIh]kgEIh�<[G�
hIgpQEIh




Y]kG�I[<DYQ[O��<j<�
I[jIgh
Ɣ  <gOI�q<gIP]khI�hE<YI�G<j<�EI[jIgh

Ɣ �g]qQ[O�<j�<�g<dQG�g<jI

Ɣ "Irj�Qh�<[�Ir<ZdYI�Ng]Z�!QEg]h]Nj��vkgI
ż �vkgI�1/��<hjÃ�¥�]sGj][��6�¦

ż �vkgI��rd<[hQ][�Â

ż �vkgI��rd<[hQ][�Ã



1/��<hjÃ�¥�]sGj][��6�¦



!QEg]h]Nj�
][NQGI[jQ<Y Ê

1/��<hjÃ�¥�]sGj][��6�¦



1/��<hjÃ��kD��rd<[hQ][



0PI�
Y]kG

ÂÂ

³7KH�&ORXG´



�[<DYIG�Ds�!<jkgQ[O�0IEP[]Y]OQIh�


Y]kG�

]ZdkjQ[O

�[jIg[Ij

7ID�Ã�Á

�<kYj�
0]YIg<[EI

+<g<YYIY�<[G�
�QhjgQDkjIG�

]ZdkjQ[O

1jQYQjs�

]ZdkjQ[O

+g]Og<ZZQ[O�
!]GIYh

/j]g<OI�
0IEP[]Y]OQIh

6Qgjk<YQv<jQ][

ÂÃ



/]«�P]q�q]kYG�s]k�jg<[hN]gZ�
Q[N]gZ<jQ][�jIEP[]Y]Os�Q[j]�<�

/IgpQEI�



�]q�j]�0g<[hN]gZ��0�j]�<�/IgpQEI�

� 
][[IEjQpQjs
± �]g�Z]pQ[O�G<j<�<g]k[G

� �[jIg<EjQpQjs
± /I<ZYIhh�Q[jIgN<EIh

� .IYQ<DQYQjs
± �<QYkgI�qQYY�<NNIEj�Z<[s

� +IgN]gZ<[EI
± /P]kYG�[]j�DI�hY]qIg

� +<s�<h�s]k��]
± "]�kdNg][j�NII

� �<hI�]N�+g]Og<ZZ<DQYQjs
± �<hI�]N�GIpIY]dZI[j�]N�E]ZdYIr�

hIgpQEIh

� !<[<OI��QO��<j<

� �NNQEQI[Es
± 
]hj

± +]qIg

� /E<Y<DQYQjs�²��Y<hjQEQjs
± �YIrQDYI�<[G�g<dQG�gIhd][hI�j]�

EP<[OQ[O�khIg�[IIGh

ÂÅ



�]q�j]�0g<[hN]gZ��0�j]�<�/IgpQEI�

� 
][[IEjQpQjs
± �]g�Z]pQ[O�G<j<�<g]k[G

� �[jIg<EjQpQjs
± /I<ZYIhh�Q[jIgN<EIh

� .IYQ<DQYQjs
± �<QYkgI�qQYY�<NNIEj�Z<[s

� +IgN]gZ<[EI
± /P]kYG�[]j�DI�hY]qIg

� +<s�<h�s]k��]
± "]�kdNg][j�NII

� �<hI�]N�+g]Og<ZZ<DQYQjs
± �<hI�]N�GIpIY]dZI[j�]N�E]ZdYIr�

hIgpQEIh

� !<[<OI��QO��<j<

� �NNQEQI[Es
± 
]hj

± +]qIg

� /E<Y<DQYQjs�²��Y<hjQEQjs
± �YIrQDYI�<[G�g<dQG�gIhd][hI�j]�

EP<[OQ[O�khIg�[IIGh

ÂÆ

6Qgjk<YQv<jQ][�<[G�
.Ih]kgEI�/P<gQ[O�

0IEP[]Y]OQIh

+g]Og<ZZQ[O�!]GIY

/j]g<OI�0IEP[]Y]OQIh

�[jIg[Ij

7ID�Ã�Á

�<kYj�0]YIg<[EI

+<g<YYIY����QhjgQDkjIG�
/shjIZh

1jQYQjs�
]ZdkjQ[O




Y]kG��kQYGQ[O��Y]EXh


Y]kG�hIgpQEIh�<gI�<p<QY<DYI�Q[�
p<gQ]kh�N]gZh��E]ggIhd][GQ[O�j]�
jPI�Y<sIg�]N�<Dhjg<EjQ][�GIhQgIG�
Ds�jPI�khIg

Ɣ /]Njq<gI�<h�<�/IgpQEI�¥/<</¦

Ɣ +Y<jN]gZ�<h�<�/IgpQEI�¥+<</¦

Ɣ �[Ng<hjgkEjkgI�<h�<�/IgpQEI�¥�<</¦

ÂÇ

/<</

+<</

�<</
�[Ng<hjgkEjkgI

.Ih]kgEI�/P<gQ[O

�IpIY]dZI[j�+Y<jN]gZh

�ddYQE<jQ][�/]Njq<gI




Y]kG�
]ZdkjQ[O�/j<EX
Ɣ �ddYQE<jQ][h
Ɣ �IpIY]dZI[j�+Y<jN]gZh
Ɣ �Y<hjQEQjs

ż �+�h�j]�I[<DYI�<kj]Z<jQ][�
�Y<gZh��dg]j]E]Yh��jgQOOIgh��IjE«

Ɣ /P<gQ[O�ZIEP<[QhZh
ż 6Qgjk<YQv<jQ][��
][j<Q[Igh��«

Ɣ �QhjgQDkjIG�hshjIZh
ż +g]Og<ZZQ[O�Z]GIYh
ż /j]g<OI

Ɣ �<j<�EI[jIgh



Ɣ �ddYQIG�<hdIEjh�]N�EY]kG�E]ZdkjQ[O
ż �IjqII[�hshjIZh�<[G�hIgpQEIh

7P<j�Qh�jPQh�E]kghI�<D]kj�


Y]kG�/shjIZh�<[G��[Ng<hjgkEjkgIh 
Y]kG�/IgpQEIh�<[G��ddYQE<jQ][h

]kghI


][jI[j

Æ�Á�+g]Og<ZZQ[O�!]GIYh
!<d.IGkEI��/d<gX���g<dP <D���<NX<�/<Zv<

Å�Á�
Y]kG�/j]g<OI
�QhjgQDkjIG��QYI�/shjIZh�<[G��QhjgQDkjIG��<j<D<hIh

Ä�Á�.Ih]kgEI�/P<gQ[O

+1��ZIZ]gs�<[G���$�6Qgjk<YQv<jQ][��/�"��/�/

Ã�Á�
Y]kG��[Ng<hjgkEjkgI

]Zd][I[jh��GIhQO[�E][hQGIg<jQ][h�<[G�d]qIg

Â�Á��[jg]GkEjQ][�j]�
Y]kG�
]ZdkjQ[O
/IgpQEI�<[G�GIdY]sZI[j�Z]GIYh��IE][]ZQEh�<[G�khI�E<hIh


][EIdjk<Y�E][jI[j��][�$ �


Y]kG�
/IgpQEI

�Y<hjQEQjs


][j<Q[Igh


Y]kG�
/j]g<OI

�g<ZI�
q]gXh�rÄ

+g]WIEjh�][��7/���vkgI��²��
+

ÂÉ




]kghI��]<Yh

5HD
G�WK

H�6
\OOD

EXV

/jkGI[jh�O<Q[�P<[Gh�][�IrdIgQI[EI�h]YpQ[O�gI<Y�q]gYG�dg]DYIZh�Ds�E]ZdYIjQ[O�dg]WIEjh�Q[�
jPI�<gI<h�]N�EY]kG�<[<YsjQEh��E]ZdkjI�<[G�IY<hjQEQjs��hj]g<OI�<[G�Ng<ZIq]gXh��qPQEP�kjQYQvI�
IrQhjQ[O�dkDYQE�EY]kG�j]]Yh�<[G�hIgpQEIh��/jkGI[jh�<gI�Ird]hIG�j]�gI<Y�q]gYG�G<j<��hEI[<gQ]h��
Q[Ng<hjgkEjkgI�<[G�DkGOIjh�Q[�]gGIg�j]�YI<g[�P]q�j]�

Â� �IhQO[��<gEPQjIEj��QZdYIZI[j��jIhj��GIdY]s��Z][Qj]g�<[G�Z<Q[j<Q[�EY]kG�D<hIG�
<ddYQE<jQ][h�

Ã� �GI[jQNs�jPI�<ddg]dgQ<jI�j]]Yh�<[G�<gEPQjIEjkgIh�j]�QZdYIZI[j�<�EY]kG�D<hIG�GIhQO[�
Ä� �[<YsvI�jPI�jg<GI]NNh�DIjqII[�GQNNIgI[j�j]]Yh�<[G�EY]kG�]NNIgQ[Oh�j]�ZIIj�gI<Y�q]gYG�

E][hjg<Q[jh�
Å� �p<Yk<jI�dIgN]gZ<[EI�EP<g<EjIgQhjQEh�]N�EY]kG�D<hIG�hIgpQEIh�j]�QZdYIZI[j�

]djQZQv<jQ][h�
Æ� §ÂÆ�ÇÂÊ�][Ys¨�
]YY<D]g<jI�qQjP�<�jI<Z�][�<[�]dI[�I[GIG�dg]WIEj�j]�Q[EgIZI[j<YYs�

gI<YQvI�<[�]djQZQvIG�I[G�j]�I[G�EY]kG�D<hIG�h]YkjQ][�

ÂÊ

5HD
G�WK

H�6
\OOD

EXV




][EIdjk<Y�
][jI[j�][�$ �
8QLW�� 0QjYI 0RGXOHV�DQG�'HVFULSWLRQ

Â ,QWURGXFWLRQ 'HILQLWLRQ�DQG�HYROXWLRQ�RI�&ORXG�&RPSXWLQJ
(QDEOLQJ�7HFKQRORJLHV
6HUYLFH�DQG�'HSOR\PHQW�0RGHOV
3RSXODU�&ORXG�6WDFNV�DQG�8VH�&DVHV
%HQHILWV��5LVNV��DQG�&KDOOHQJHV�RI�&ORXG�&RPSXWLQJ
(FRQRPLF�0RGHOV�DQG�6/$V
7RSLFV�LQ�&ORXG�6HFXULW\

Ã &ORXG�,QIUDVWUXFWXUHV +LVWRULFDO�3HUVSHFWLYH�RI�'DWD�&HQWHUV
'DWDFHQWHU�&RPSRQHQWV��,7�(TXLSPHQW�DQG�)DFLOLWLHV
'HVLJQ�&RQVLGHUDWLRQV��5HTXLUHPHQWV��3RZHU��(IILFLHQF\��	�5HGXQGDQF\
3RZHU�&DOFXODWLRQV�DQG�38(
&KDOOHQJHV�LQ�&ORXG�'DWD�&HQWHUV

Y]kG�!<[<OIZI[j�<[G�/]Njq<gI��IdY]sZI[j�
][hQGIg<jQ][h

Ä 9LUWXDOL]DWLRQ 9LUWXDOL]DWLRQ��&38��0HPRU\��,�2�
&DVH�6WXG\��$PD]RQ�(&�
6RIWZDUH�'HILQHG�1HWZRUNV��6'1�
6RIWZDUH�'HILQHG�6WRUDJH��6'6�

Å &ORXG�6WRUDJH ,QWURGXFWLRQ�WR�6WRUDJH�6\VWHPV
&ORXG�6WRUDJH�&RQFHSWV
'LVWULEXWHG�)LOH�6\VWHPV��+')6��&HSK�)6�
&ORXG�'DWDEDVHV��+%DVH��0RQJR'%��&DVVDQGUD��'\QDPR'%�
&ORXG�2EMHFW�6WRUDJH��$PD]RQ�6���2SHQ6WDFN�6ZLIW��&HSK�

� 3URJUDPPLQJ�0RGHOV 'LVWULEXWHG�3URJUDPPLQJ�IRU�WKH�&ORXG
'DWD�3DUDOOHO�$QDO\WLFV�ZLWK�+DGRRS�0DS5HGXFH��<$51�
,WHUDWLYH�'DWD�3DUDOOHO�$QDO\WLFV�ZLWK�$SDFKH�6SDUN�	�*UDSK�3DUDOOHO�ZLWK�*UDSK/DE
/jgI<Z�+g]EIhhQ[O�qQjP��d<EPI��<NX<�<[G�/<Zv<

-kQv�Â���gQG<s��<[�ÃÉ��ÃÁÃÃ

ÃÁ

5HD
G�WK

H�6
\OOD

EXV



£�I[EPZ<gXQ[O�6!h��//����kjPI[jQE<jQ][��
�QYYQ[O��/IEkgQjs��g]kdh��6IgjQE<Y�/E<YQ[OÁ���7/��vkgI��
+��EE]k[j�/Ijkd�²��<j<��[<YsjQEh

Ɣ �kj]�/E<YQ[O�� ]<G��<Y<[EQ[O��!][Qj]gQ[OÂ��/E<YQ[O���Y<hjQEQjs�<[G��<QYkgI�qQjP�6!h

£�]EXIg�
][j<Q[Igh���kDIg[IjIhÃ��
Y]kG��Y<hjQEQjs�qQjP�
][j<Q[Igh�²��Éh

£/j<[G<Y][I�!s/- ����<hI��"I]Å���
!][O]�����vkgI�!<[<OIG�/- ���Ä��
Y]kG�/j]g<OI

£/d<gX���<j<�gQEXh��
Y]kG�! ��g<ZIq]gXh��
�<NX<�/<Zv<Å��Æ��²�Ç���[<YsjQEh��[OQ[Ih�N]g�jPI�
Y]kG

£"]�gIhjgQEjQ][h�][�j]]Yh�]g��7/�hIgpQEIh
£�p<Yk<jIG�D<hIG�][�E]hj�<[G�dIgN]gZ<[EI0I<Z�+g]WIEj����
Y]kG�"<jQpI�7ID�/IgpQEI

+g]WIEjh�][��7/��vkgI��
+�
Y]kGh

ÃÂ



+g]WIEj� I<g[Q[O�$DWIEjQpIh

5HD
G�WK

H�6
\OOD

EXV

ÃÃ



3���%LJ�'DWD�$QDO\WLFV��XQJUDGHG�

+RXUO\

6HTXHQWLDO�&RPSXWLQJ

'DWD�SUH�SURFHVVLQJ�XVLQJ�
7HVW�'ULYHQ�'HYHORSPHQW��7''�

5HDO�ZRUOG�GDWDVHW�
:LNLPHGLD�:LNLSHGLD�

3DJHYLHZ

3DUDOOHO�&RPSXWLQJ

'DWD�DQDO\VLV�	�YLVXDOL]DWLRQ

��



3���90�6FDOLQJ��(ODVWLFLW\�	�)DLOXUH
Ɣ &ORVHG�90V

ż /RDG�*HQHUDWRUV
Ŷ '\QDPLF�ORDG

ż 'DWD�&HQWHU�,QVWDQFHV
Ŷ 3HUIRUPDQFH�	�IDLOXUH

Ɣ 6FDOH�RXW�	�VFDOH�LQ�'&,V
WR�DFKLHYH�GHVLUHG�536
ZLWKLQ�EXGJHW
ż $XWR�VFDOH�JURXSV��HODVWLF�ORDG�EDODQFHUV��PRQLWRULQJ��HWF�

�
Â

 �

őőő�
Ã �
[
"



3���&RQWDLQHUV�DQG�.XEHUQHWHV

$]XUH

Ɣ &RQWDLQHUL]DWLRQ

Ɣ &OXVWHU�0DQDJHPHQW

Ɣ 0XOWL�&ORXG�
'HSOR\PHQW

+'4
'PSYH�0SEH
&EPERGMRK

'PMIRXW

;I'LEX�*VSRXIRH
'SRXEMRIV�)RKMRI

;I'LEX�&EGOIRH
'SRXEMRIV�)RKMRI

%^YVI

;I'LEX�&EGOIRH
%/7

%^YVI�0SEH
&EPERGIV

*&3



3���8EHU�OLNH�$SSOLFDWLRQ�IRU�1<&

Ɣ 6WUHDP�3URFHVVLQJ�ZLWK�.DIND�6DP]D
ż 6WUHDP����&DU�*36�FRRUGLQDWHV
ż 6WUHDP����&XVWRPHUV

Ɣ 7DVN�
ż 0DWFK�FXVWRPHUV
ZLWK�FDUV�WR�PLQLPL]H�
WUDYHO�WLPH�	�RWKHU�
FRQVWUDLQWV



7HDP�3URMHFW��:HE�6HUYLFH

Ɣ 7HDP�EDVHG
Ɣ ����7%�RI�UDZ�GDWD
Ɣ 6SHFLILHG�TXHULHV
Ɣ &RQVWUDLQWV

ż &RUUHFWQHVV
ż 7KURXJKSXW
ż %XGJHW
ż 7LPH

/RDG�
*HQHUDWRU

3KDVHV 0LFURVHUYLFHV

3KDVH�� 0��	�0�

3KDVH�� 0���0���	�0�

3KDVH���/LYH�7HVW 0���0���	�0�

3KDVH�� 0���0���	�0���0DQDJHG�VHUYLFHV�

3KDVH���/LYH�7HVW 0���0���	�0���0DQDJHG�VHUYLFHV�



$kjYQ[I

� 7P<j�Qh�jPI�E]kghI�<D]kj�

� 7P<j�Qh�<[�][YQ[I�E]kghI�

� �GZQ[QhjgQpQ<




<g[IOQI�!IYY][��Y]D<Y�
]kghI

/RFDWLRQ /IEjQ][h /jkGI[jh 7$V

&08�3LWWVEXUJK $�	�% ��� ��

&08�5ZDQGD & �� �

&08�$GHODLGH ' � �

&08�6LOLFRQ�9DOOH\ ( �� �


!1�/6 
!1�+


!1�.

+YI<hI�Z]pI�j]�
jPI�hIEjQ][�N]g�
s]kg�E<Zdkh�

�/�+


!1��

ÂÆ�ÄÂÊ���ÂÃ�k[Qjh
ÂÆ�ÇÂÊ���ÂÆ�k[Qjh 
!1�-



$[YQ[I�
]kghI��[O<OIZI[j�!]GIY

+Q<vv<

$dI[� I<g[Q[O�
�[QjQ<jQpI

6QGI]�
][N�


Y]kG�dY<jN]gZ�j]�
QZdYIZI[j�<YY�dg]WIEjh

�EEIhh�YI<g[Q[O�E][jI[j�
fkQvvIh�<[G�EPIEXd]Q[jh

�IIGD<EX
²�fkIhjQ][h

7IIXYs�]pIgpQIqh��gIE]gGIG
0kIhG<sh��<p<QY<DYI

$�-

YQpI�]NNQEI�P]kgh




<[p<h



$[YQ[I�
]kghI�
][jI[j���$ �

][EIdjk<Y�E][jI[j�Qh�][�jPI�$dI[� I<g[Q[O��[QjQ<jQpI�
� /jkGI[jh�<gI�<kj]Z<jQE<YYs�gIOQhjIgIG

� �EEIhh�j]�$ ��Qh�jPg]kOP�
<[p<h
± E<[p<h�<[GgIq�EZk�IGk

� +g]pQGI�NIIGD<EX�][�$ �
± �]jj]Z�]N�I<EP�d<OI

± �[G�]N�I<EP�Z]GkYI

� �]�[]j�E]ds�]g�hP<gI�E][jI[j



0PI�/<QY¥¦�+Y<jN]gZ

]kghI�dg]WIEjh�<gI�][�Pjjdh���dg]WIEjh�h<QYdY<jN]gZ�]gO�
�  I<g[�jPg]kOP�gIdIjQjQpI�<jjIZdjh�<[G�NIIGD<EX

� /jkGI[jh�<gI�<kj]Z<jQE<YYs�gIOQhjIgIG

� �EEIhh�jPg]kOP�Dg]qhIg
± "]j�Z]DQYI�NgQI[GYs�sIj

� 7]gX�Q[�dg]OgIhh
± 7I�qQYY�I[E]k[jIg�DkOh

± +g]pQGI�NIIGD<EX�
][�+Q<vv<

± +YI<hI�DI�d<jQI[j

https://theproject.zone/


$NNQEI��]kgh

� !<WG�h�]NNQEI�P]kgh�][�;]]Z�¥0kI�ÄdZ��0¦
� 0��$NNQEI�P]kgh�][�$�-Û;]]Z
± /II�+Q<vv<
± 1hI�$�-�ÂÆ�ÇÂÊ

https://cmu.ohqueue.com/


/sYY<Dkh

� 1dG<jIG�][�qIDd<OI

� +g]pQGIh�GIj<QYh�][�
± 
]kghI�$DWIEjQpIh

±  I<g[Q[O�$kjE]ZIh

± +]YQEQIh

± �g<GQ[O

± 0I[j<jQpI�/EPIGkYI

https://www.cs.cmu.edu/~msakr/15619-s22/index.html


0I[j<jQpI�/EPIGkYI

� /EPIGkYIh�
± -kQvvIh�][�$ �

± +g]WIEjh�][
0PI�/<QY¥¦�+Y<jN]gZ

± "]�IrjI[hQ][h



�g<GQ[O

�&RXUVH�(OHPHQWV��������� ¾ �<EP :HLJKW
,QGLYLGXDO�3URMHFWV� ��� ��� ���
7HDP�3URMHFW���3KDVH�� ��� �� ��
7HDP�3URMHFW���3KDVH�� ��� �� ��
7HDP�3URMHFW���3KDVH�� ��� ��� ���
2/,�8QLW�&KHFNSRLQW�4XL]]HV ����� �� ���

�&RXUVH�(OHPHQWV��������� ¾ �<EP :HLJKW
,QGLYLGXDO�3URMHFWV� ��� ��� ���
2/,�8QLW�&KHFNSRLQW�4XL]]HV ����� �� ���

�kGQj�²�+<hh��<QY�
]djQ][�Qh�

[]j�<p<QY<DYI�N]g�
jPQh�E]kghI



$kjYQ[I

� 7P<j�Qh�jPI�E]kghI�<D]kj�

� 7P<j�Qh�<[�][YQ[I�E]kghI�

� �GZQ[QhjgQpQ<



0<gOIj��kGQI[EI

� 0IEP[QE<Y�!<W]gh

� 1[GIgOg<Gk<jI��k[Q]gh���/I[Q]gh
± +gI�gIfkQhQjIh�

� ÂÆÃÂÄ� ��[jg]GkEjQ][�j]�
]ZdkjIg�/shjIZh

� �g<Gk<jI�/jkGI[jh
± �rdIgQI[EI�

�1[Qr��hEgQdjQ[O��dsjP][��²�W<p<




]kghI��GZQ[Qhjg<jQ][

� /jkGI[jh�<gI�<kj]Z<jQE<YYs�gIOQhjIgIG�][�$ ��
jPg]kOP�E<[p<h�EZk�IGk

� ��«hQ[OYI«�+Q<vv<�E]kghI�d<OI�Qh�EgI<jIG
± 7I�Z<[k<YYs�gIOQhjIg�hjkGI[jh�j]�+Q<vv<

� /EPIGkYI�]N�k[Qjh�<[G�fkQvvIh�Qh�][�$ �
± 
][jI[j�qIIXYs�fkQvvIh�<gI�GkI�][��gQG<sh

� /EPIGkYI�]N�qIIXYs�dg]WIEjh�Qh�][�0PI�/<QY¥¦�+Y<jN]gZ

± 7IIXYs�dg]WIEj�Z]GkYIh�<gI�GkI�][�/k[G<sh



+kDYQE�
Y]kG��[Ng<hjgkEjkgI
� +<QG�
Y]kG�/IgpQEI

± DQYYIG�Ds�jPI�P]kg�ZQ[kjI

� /j<gj�<�gIh]kgEI�][Ys�qPI[�s]k�[IIG�Qj

� 0]�IrdY]gI��khI�Q[IrdI[hQpI�Q[hj<[EIh

� 0IgZQ[<jI�<YY�]jPIg�gIh]kgEIh�<h�h]][�<h�s]k�<gI�G][I�qQjP�jPIZ

� /jkGI[jh�qQYY�DI�dI[<YQvIG�N]g�]pIg�kh<OI
± 7I�P<pI�<�NQrIG�DkGOIj��G]�[]j�<DkhI�jPI�gIh]kgEIh�

± �[jI[jQ][<Y�]g�k[Q[jI[jQ][<Y�<DkhI�䚉�Og<GI�dI[<YjQIh

± .Ih]kgEIh�[IIG�j]�DI�j<OOIG��]jPIgqQhI�䚉�dI[<YjQIh



0PQh�7IIX
Ɣ 
PIEX�jP<j�s]k�P<pI�DII[�I[g]YYIG�][�
<[p<h�<[G�+Q<vv<
Ɣ �E<GIZQE��[jIOgQjs�!]GkYI�][�$ �

ż !][G<s���<[k<gs�ÃÅ��ÃÁÃÃ

Ɣ �IE]ZI�N<ZQYQ<g�qQjP�E][EIdjk<Y�E][jI[j�][�$ �
ż /j<gj�gI<GQ[O�1[Qj�Â��!]GkYI�Â�²�!]GkYI�Ã
ż -kQv�Â��1[Qj�Â��!]GkYI�Â�²�Ã���gQG<s���<[k<gs�ÃÉ��ÃÁÃÃ

Ɣ 
gI<jI�<[�<EE]k[j�][��7/���vkgI�<[G��
+�¥�/�+¦
ż /kDZQj�s]kg��7/�<EE]k[j�Q[N]�khQ[O�jPI�YQ[X�dg]pQGIG�Q[�jPI�dgQZIgh�

][�0PI�/<QY¥¦�+Y<jN]gZ

Ɣ +g]WIEjh�][�0PI�/<QY¥¦�+Y<jN]gZ
ż +gQZIg�<[G�+Á��GkI�/k[G<s���<[k<gs�ÃÄ��ÃÁÃÃ



�QpIghI�0IEP[QE<Y�+gId<g<jQ][

Ɣ /jkGI[jh�E]ZI�Ng]Z�GQpIghI�D<EXOg]k[Gh�<[G�jIEP[QE<Y�
dgId<g<jQ][
ż 7I�]NNIg�dgQZIgh�j]�OIj�s]k�hj<gjIG�
ż �N�s]kg�dg]Og<ZZQ[O�hXQYYh�<gI�gkhjs��j<XI�jPI�NQghj�jq]�qIIXh�j]�

QZdg]pI�
ż �N�s]k�G][�j�jPQ[X�s]k�P<pI�jPI�hXQYYh�gIfkQgIG��

<YY]E<jI�Z]gI�jQZI�I<EP�qIIX�N]g�jPI�dg]WIEjh�
ż 0PI�NQghj�E]kdYI�]N�qIIXh�<gI�YIhh�GIZ<[GQ[O��j<XI�<Gp<[j<OI�]N�jPIZ�



+IgNIEj�
][GQjQ][h��]�"]j��rQhj

� �][�j�<hX�j]�DI�jg<Q[IG�k[GIg�dIgNIEj�E][GQjQ][h
± 7I�qQYY�[]j�dg]pQGI�<�h<[QjQvIG�h<[GD]r�N]g�s]k�j]�YI<g[

� 9]k�qQYY�I[E]k[jIg
± �<GYs�N]gZIG�G<j<��Q[<EEkg<jI�G]EkZI[j<jQ][��

Q[jIgZQjjI[j�hIgpQEIh��Q[hkNNQEQI[j�Q[N]gZ<jQ][��IjE�

±  I<g[�P]q�j]�GI<Y�qQjP�<YY�jPIhI�QhhkIh

± 6Igs�p<Yk<DYI�IrdIgQI[EI�N]g�s]kg�E<gIIg



0QZI�!<[<OIZI[j�Qh��Is

� 7I�<gI�<h�O]]G�<h�qP<j�hXQYYh��<[G�P<gG�q]gX�qI�
DgQ[O�j]�jPI�j<DYI�

� �][�j�<hX�N]g�hdIEQ<Y�EQgEkZhj<[EI�GkI�j]�
Gg<Z<�
± �Q[G�]kj�jPI�h]kgEI�]N�jPI�Gg<Z<�<[G�Z<XI�

<GWkhjZI[jh�

� «



�E<GIZQE��[jIOgQjs
�j�Qh�jPI�gIhd][hQDQYQjs�]N�I<EP�hjkGI[j�j]�dg]GkEI�PIg�PQh�
]q[�]gQOQ[<Y�<E<GIZQE�q]gX�

� �[GQpQGk<Y�q]gX�
± 7IIXYs�+g]WIEj�!]GkYIh
± 1[Qj�
PIEXd]Q[j�-kQvvIh

� 0I<Z�q]gX�
± ÂÆ�ÇÂÊ�+g]WIEj

.I<G�jPI�k[QpIghQjs�d]YQEs�][��E<GIZQE��[jIOgQjs�

http://www.cmu.edu/academic-integrity/


�QhEQdYQ[<gs�+]YQEQIh

� �Qghj�]NNI[hI�
± !Q[QZkZ��q]ghI�jP<[�[]j�G]Q[O�jPI�q]gX�

± !<rQZkZ��QZZIGQ<jI�IrdkYhQ][�

� /IE][G�]NNI[hI�gIhkYjh�Q[�IrdkYhQ][����Yq<sh�
± +gIpQ]khYs�k[GQhE]pIgIG�]NNI[hIh�E<[�E]k[j�<h�

�NQghj�]NNI[hI��



0PI�+I[<YjQIh�<gI�/IpIgI

� 
PI<jQ[O�YI<Gh�j]�hIpIg<Y�hjkGI[jh�DIQ[O�
GQhZQhhIG�Ng]Z�jPI�k[QpIghQjs�IpIgs�hIZIhjIg

 �0��0�"$0����9$1�



�E<GIZQE��[jIOgQjs�!]GkYI�][�$ �
� .IfkQgIG�N]g�<YY�hjkGI[jh

� +g]EIhh
± +gIjIhj�-kQv

� +YI<hI�j<XI�jPQh�qQjP]kj�Y]]XQ[O�<j�jPI�Z]GkYIh

± +<OI�Â��$pIgpQIq

± +<OI�Ã��+]YQEQIh

± +<OI�Ä��!IjP]Gh�]N�+gIpI[jQ][

± -kQv
� 
]ZdYIjI�jPQh�fkQv�jPQh�qIIX

± �s��<[k<gs�ÃÅ��ÃÁÃÃ



7]gXQ[O�qQjPQ[��kGOIjh

Ɣ �IhQO[�Qh�<�EgQjQE<Y�IYIZI[j�j]�hkEEIhh

Ɣ �IpIY]d�<�DkGOIj�N]g
ż �IpIY]dZI[j

ż 0IhjQ[O

ż �g<Z<

Ɣ �N�Nk[Gh�<gI�YINj�]pIg�Q[�jPI�DkGOIj��NIIY�NgII�j]�
IrdY]gI�<[G�YI<g[�



0<OOQ[O�Qh�d<Q[NkY��qPs�jPI�dI[<Yjs�

Ɣ 9]kg�D]hh�P<h�<�DkGOIj�<[G�<�D]hh

Ɣ 0PI�DkGOIj�Qh�<YY]E<jIG�<Z][O�jPI�jI<Z

Ɣ 9]kg�D]hh�P<h�j]�XIId�jg<EX�]N�P]q�jPI�gIh]kgEIh�<gI�
DIQ[O�hdI[j�Q[�]gGIg�j]
ż .I�<YY]E<jI�DkGOIj�]g�<hX�N]g�Z]gI�gIh]kgEIh

Ɣ $[�jPI�EY]kG��jPI�][Ys�q<s�j]�XIId�jg<EX�Qh�jPg]kOP�
j<OOQ[O
ż  I<g[�P]q�j]�j<O�E]ggIEjYs��G][�j�E]ZdY<Q[�<D]kj�dI[<YjQIh�



�IjjQ[O��IYd
ż 0�h�
Ɣ +Q<vv<

ż �Z<QY�G]Ih�[]j�hE<YI
ż �QhEkhhQ][�N]gkZ�j]�hkdd]gj�I<EP�]jPIg

Ɣ 
]kghI�$pIgpQIq
ż 0kIhG<sh�¥gIE]gGIG¦

Ŷ 7QYY�DI�d]hjIG�DIN]gI�0kIhG<s�<j�"]][

Ɣ $NNQEI��]kgh
ż 
PIEX�+Q<vv<�N]g�$NNQEI��]kg�hEPIGkYI�
ż 7QYY�khI�$�-�<[G�;]]Z�§YQ[Xh�][�dQ<vv<¨



0I<EPQ[O�/j<NN

Ɣ !<WG�/<Xg
ż Zh<Xg³Eh�EZk�IGk

ż $NNQEI��]kgh
Ŷ 0kIhG<s�ÄdZ��0

Ŷ ;]]Z�YQ[X�][�dQ<vv<

mailto:msakr@cs.cmu.edu


!<ghP<YY��[

4VSNIGX�7GMIRXMWX�$�7'7



/QGGP<gjP�¥/QG¦��<[GQZ<YY<�

Ɣ 7IRMSV�4VSNIGX�7GMIRXMWX�$�7'7

�



�G<Z�;P<[O

�<j<�/EQI[jQhj�³�/
/



�<YWQj�/Q[OP

�kYY�/j<EX��[OQ[IIg�³�/
/



�P<XjQ�
P<kGP<gQ

!�/���[N]gZ<jQ][�
"Ijq]gXQ[O�¥�"�¦��
�IEIZDIg�ÃÁÃÃ



7I[rQ[O��I[O
!<hjIg�]N�
]Zdkj<jQ][<Y�

�<j<�/EQI[EI¥!
�/¦

!<s�ÃÁÃÄ



�IZQ[��P<g<ZhPQ
!<hjIg�]N��[N]gZ<jQ][�
/shjIZh�!<[<OIZI[j�
¥!�/!¦���IEIZDIg�ÃÁÃÃ



9<[NIQ� Qk
!�/��Q[�/��¥/QYQE][�6<YYIs�E<Zdkh¦

!<s�ÃÁÃÃ



�<gQ<�!<hP<[]p<

/I[Q]g�Q[�Z<jP�<[G�
/

!<s�ÃÁÃÃ



�Q[<P�$[sQ[]
!�/�Q[��[N]gZ<jQ][�
0IEP[]Y]Os��!<s�ÃÁÃÃ



!<hjIg�Q[��[jIgj<Q[ZI[j�
0IEP[]Y]Os�³�0


!<s�ÃÁÃÃ

�<E]D� Q�+I[O
PI[O



;QjI[O¥+<kY¦�/Pk
!�/��Q[��
��

�IE�ÃÁÃÃ



9QN<[�/][O

!�/�Q[�
]Zdkj<jQ][<Y��<j<�
/EQI[EI��!<s�ÃÁÃÃ



�G<ghP�/gIIGP<g

!�/���[N]gZ<jQ][�
"Ijq]gXQ[O�¥�"�¦��
�IEIZDIg�ÃÁÃÃ



/PkDP<Z�6QgZ<[Q
!<hjIg�]N�
]Zdkj<jQ][<Y�
�<j<�/EQI[EI���IE�ÃÁÃÃ



9k<[rQ[�¥!QEP<IY¦�7<[O

!�/�Q[�
]Zdkj<jQ][<Y��<j<�
/EQI[EI��!<s�ÃÁÃÃ



9kEI[�8k
!�/��Q[��[N]gZ<jQ][�/shjIZ�
!<[<OIZI[j����IE�ÃÁÃÃ



-Q[O�¥
][[QI¦�;P<]
!<hjIg�]N�!]DQYI�<[G��]0�

�[OQ[IIgQ[O�¥!/!�0�¦

!<s�ÃÁÃÃ



�g<�]N��Y]D<YQv<jQ][

� �E][]ZQEh

� 
]ZZk[QE<jQ][

� �[jIgj<Q[ZI[j

� /d]gjh

� �GkE<jQ][

� 
]ZdkjI�/IgpQEIh�O
± 9]k�gI�dg]Og<ZZQ[O�

jPI�OY]D<Y�E]ZdkjIg�



-kIhjQ][h�



�<j<�<[G��IEQhQ][�!<XQ[O
� �[<YsvQ[O�G<j<�gINYIEjh�gI<YQjs

� 7<YZ<gj��PkggQE<[I�q<g[Q[O
± /j]EX�DIIg�<[G�hjg<qDIggs�d]d�j<gjh

± Èr�Q[EgI<hI�Q[�h<YIh�GkgQ[O�Y<gOI�hj]gZh

� �]pIg[ZI[j��gIh]kgEI�<YY]E<jQ][�GIEQhQ][h�
± �<j<�ZQ[Q[O�Q[�!<gsY<[G�䚉�EgQZI�P]jhd]jh�

± /PkNNYI�gIh]kgEI�<YY]E<jQ][��Z]gI�j]�P]jhd]jh

� pQ]YI[j�EgQZI�G]q[�Ds�ÃÆÚ

� ¹ÃÁ�ZQYYQ][�h<pIG�Q[�jPI�EQjs�]N��<YjQZ]gI
ÈÅ



�<j<�/EQI[EI
� �<j<�/EQI[EI�Qh�jPI�hEQI[EI�]N�YI<g[Q[O�Ng]Z�G<j<
� �ZdY]sh�hj<jQhjQE<Y��Z<EPQ[I�YI<g[Q[O�<[G�G<j<�ZQ[Q[O�
jIEP[QfkIh
±  ]]X�N]g�jgI[Gh��d<jjIg[h�]g�<[]Z<YQIh�Q[�jPI�G<j<

� �NNIEjh�gIhI<gEP�Q[�Z<[s�G]Z<Q[h
± �khQ[Ihh���E][]ZQEh�<[G��Q[<[EI
± �Q]Y]OQE<Y�/EQI[EIh�<[G��Q]Q[N]gZ<jQEh
± /]EQ<Y�/EQI[EIh�<[G��kZ<[QjQIh
± «

ÈÆ



�[��[EgI<hI�Q[��<j<�
<djkgI
� +PshQE<Y�/I[h]gh�<[G�/I[h]g�"Ijq]gXh

± �[pQg][ZI[j<Y��h<NIjs��jg<[hd]gj<jQ][

� /]EQ<Y�!IGQ<��[jIg<EjQ][h
± �<EID]]X��0qQjjIg���[hj<Og<Z

� +kDYQE�6QGI]�<[G��Z<OI�
<djkgI
± /kgpIQYY<[EI��Z]DQYI�dP][Ih��«�

� 
khj]ZIg�/dI[GQ[O��<DQjh
±  ]s<Yjs�dg]Og<Zh�<[G�dkgEP<hI�G<j<

ÈÇ



7P<j�Qh��QO��<j<�

� �QO��<j<
± 6]YkZI��6IY]EQjs��6<gQIjs��6Ig<EQjs

± �<j<�]N�[Irj�sI<g�àà�G<j<�]N�jPQh�sI<g

�!<[s�
P<YYI[OIh
± /j]gI��hP<gI��<[<YsvI��hI<gEP��

jg<[hNIg��pQhk<YQvI��<[G�hIEkgI

 <gOI
/E<YI

/shjIZh

qI�[IIG«

ÈÉ



 <gOI�/E<YI�/shjIZ�
P<YYI[OIh

�  I[OjPs�dg]EkgIZI[j�EsEYIh

�  I[OjPs�GIdY]sZI[j�INN]gj

� 
]hjYs�d]qIg�<[G�E]]YQ[O

� 
]hjYs�hshjIZh�<GZQ[Qhjg<jQ][

�  ]q�kjQYQv<jQ][

� 
]hjYs�GQh<hjIg�gIE]pIgs
ÈÊ



/]Njq<gI�<h�<�/IgpQEI�¥/<</¦

� /]Njq<gI�Qh�GIYQpIgIG�jPg]kOP�jPI�
Q[jIg[Ij�]pIg�<�Dg]qhIg�]g�
Z]DQYI�<ddYQE<jQ][

� .IdY<EI�GIhXj]d�h]Njq<gI�qQjP�
EY]kG�D<hIG�pIghQ][h

� 7IDZ<QY��+g]GkEjQpQjs�/]Njq<gI��
�.+��
.!�IjE�

� 
I[jg<YYs�Z<[<OIG��OY]D<YYs�
<p<QY<DYI��<kj]Z<jQE<YYs�kdG<jIG

ÉÁ



+Y<jN]gZ�<h�<�/IgpQEI�¥+<</¦

� 0]]Yh�<[G��+�h�j]�
GIpIY]d�<[G�GIdY]s�
EY]kG�D<hIG�<ddYQE<jQ][h

� 
gI<jI�Ekhj]ZQvIG�/<</�
Q[�jPI�N]gZ�]N�7ID�]g�
Z]DQYI�<ddYQE<jQ][h

ÉÂ



�[Ng<hjgkEjkgI�<h�<�/IgpQEI�¥�<</¦

� 
]ZdkjI��hj]g<OI�<[G�
[Ijq]gX�gIh]kgEIh�
Dk[GYIG�Q[�jPI�N]gZ�]N�
pQgjk<Y�Z<EPQ[Ih

� �kYYs�NYIrQDYI�Q[�jIgZh�]N�
h]Njq<gI�<[G�
I[pQg][ZI[j

ÉÃ



�[Ng<hjgkEjkgI�<h�<�/IgpQEI

�Z<v][��
Ã


YQI[j�Â
�<gGq<gI

�sdIgpQh]g
�[hj<[EI�Â �[hj<[EI�Ã


YQI[j�Ã

$/
�ddYQE<jQ][

$/
�ddYQE<jQ][

+g]pQhQ][Q[O�.IfkIhj



�I[INQjh�]N�
Y]kG�
]ZdkjQ[O

+<s�<h�9]k��]��
IE][]ZQE�Z]GIY

/QZdYQNQIG��0�
Z<[<OIZI[j

�Y<hjQEQjs
/E<YI�fkQEXYs��²�

INN]gjYIhhYs


khj]ZQv<jQ][
�YIrQDYI�]djQ][h


<gD][�
�]]jdgQ[j�
GIEgI<hIG

ÉÅ



.QhXh�<[G�
P<YYI[OIh

!QOg<jQ][
/IEkgQjs�²�
+gQp<Es

6I[G]g�
 ]EX��[

 IO<Y
�[jIg[Ij�

�IdI[GI[EI

ÉÆ



/IgpQEI� IpIY��OgIIZI[jh�<[G�
$DWIEjQpIh�¥/ ��/ $¦

� / ���
][jg<Ej�DIjqII[�EY]kG�dg]pQGIgh�<[G�khIgh�j]�
GINQ[I�IrdIEjIG�hIgpQEI
± /IgpQEI�<p<QY<DQYQjs�<[G�GIYQpIgs

± +<sZI[j�jIgZh��D][khIh�<[G�dI[<YjQIh�N]g�hIgpQEI

� / $���[GQpQGk<Y�dIgN]gZ<[EI�hIgpQEI�ZIjgQEh�gIO<gGQ[O�
hIgpQEI�GIYQpIgs�GINQ[IG�Q[�jPI�/ �

� �kGQjQ[O��Z][Qj]g�gIh]kgEIh�j]�I[N]gEI�/ $h�<[G�/ �h

ÉÇ




Y]kG�1hI�
<hIh��/j<gj�kdh

� �[Ng<hjgkEjkgI�][�GIZ<[G

� /<pI�Z][Is�][�G<j<�EI[jIg�gI<Y�Ihj<jI��hIgpIgh��d]qIg�<[G�
E]]YQ[O

� /<pQ[O�Q[�E<dQj<Y�IrdI[GQjkgI�qPQEP�E]kYG�DI�khIG�j]�GgQpI�
]jPIg�<gI<h�]N�DkhQ[Ihh�Og]qjP

� /E<YI�Q[Ng<hjgkEjkgI�<h�jPI�DkhQ[Ihh�Og]qh

�  IpIYh�jPI�Q[Ng<hjgkEjkgI�dY<sQ[O�NQIYG�qQjP�Ihj<DYQhPIG�
E]Zd<[QIh

ÉÈ



�rdIEj<jQ][h

� .I<Y�q]gYG�dg<EjQE<Y�IrdIgQI[EI
±  I<g[�][�s]kg�]q[

�  <[Ok<OIh���+���GIDkOOQ[O

± $pIgE]ZI�EP<YYI[OIh

± �I<Y�qQjP�k[EIgj<Q[js

� /IYN�d<EIG�YI<g[Q[O

� 1hQ[O�IrdIgQZI[j<Y�j]]Yh
± �YIIGQ[O�IGOI�E]ZIh�qQjP�gQhXh



�Z<v][�7ID�/IgpQEIh
� +<QG�
Y]kG�/IgpQEI� �DQYYIG�Ds�jPI�P]kg
� /j<gj�<�gIh]kgEI�][Ys�qPI[�s]k�[IIG�Qj
� 0]�IrdY]gI��khI�<�ZQEg]�Q[hj<[EI

± 9]k�E<[�XIId�][I�ZQEg]�Q[hj<[EI�gk[[Q[O�ÃÅrÈ

� 0IgZQ[<jI�<YY�]jPIg�gIh]kgEIh�<h�h]][�<h�s]k�<gI�G][I�qQjP�jPIZ
� /jkGI[jh�qQYY�DI�dI[<YQvIG�N]g�]pIg�kh<OI

± 7I�P<pI�<�NQrIG�DkGOIj��G]�[]j�<DkhI�jPI�gIh]kgEIh�
± �[jI[jQ][<Y�]g�k[Q[jI[jQ][<Y�<DkhI�䚉�Og<GI�dI[<YjQIh
± .Ih]kgEIh�[IIG�j]�DI�j<OOIG��]jPIgqQhI�䚉�dI[<YjQIh



�vkgI�/kDhEgQdjQ][

� !QEg]h]Nj��vkgI�dg]pQGIh�jPI�EY]kG�E]ZdkjQ[O�E]kghI�
qQjP�][I�E]kd][�dIg�hjkGI[j
± /jkGI[jh�qQYY�dg]pQGI�<[�!/��][�0PI�/<QY¥¦�+Y<jN]gZ

± 7I�qQYY�EgI<jI�<�hkDhEgQdjQ][�][��vkgI

� �N�s]k�<gI�E<gIYIhh�Q[�hdI[GQ[O
± /dI[GQ[O�dI[<Yjs

± 9]k�qQYY�gk[�]kj�]N�Z][Is�N]g�<�OQpI[�dg]WIEj
� !<XI�<�dgQp<jI�+Q<vv<�d]hj



�
+�
]kd][

� �]]OYI�
Y]kG�+Y<jN]gZ�dg]pQGIh�jPI�EY]kG�
E]ZdkjQ[O�E]kghI�qQjP�][I�E]kd][�dIg�hjkGI[j
± /jkGI[jh�qQYY�<EEIhh�j]�<��
+�E]kd][�jPg]kOP�0PI�/<QY¥¦�

+Y<jN]gZ

� �N�s]k�<gI�E<gIYIhh�Q[�hdI[GQ[O
± /dI[GQ[O�dI[<Yjs

± 9]k�qQYY�gk[�]kj�]N�Z][Is�N]g�<�OQpI[�dg]WIEj
� 9]k�qQYY�P<pI�j]�d<s�<h�s]k�O]



0sdQE<Y�.I<h][h
� ��GQG[�j�X[]q�jP<j�jPQh�q]kYG�DI�E][hQGIgIG�<[�
��6�<j�
<g[IOQI�!IYY][�

� ��hj<gjIG�Y<jI��g<[�]kj�]N�jQZI��Y]]XIG�][YQ[I�j]�
hII�QN�jPIgI�<gI�<[s�h]YkjQ][h�jP<j�qQYY�PIYd�ZI�
gIO<Q[�h]ZI�jQZI�

� ��j]]X�j]]�Z<[s�GIZ<[GQ[O�E]kghIh�<j�jPI�h<ZI�
jQZI����P<G�[]�EP]QEI�



$kjE]ZIh�]N�
]ZZQjjQ[O�<[���6
� +]hQjQpIh

± �j�h�<�jIggQDYI�q<s�j]�YI<g[�<[�QZd]gj<[j�YIhh][

� "IO<jQpIh
± �g<GI�+I[<Yjs

� .<[OIh�Ng]Z�hQO[QNQE<[j�dI[<Yjs�j]�N<QYkgI�

�  ]hI�jQZI�<[G�EP<[OI�dY<[h�hQ[EI�s]k�P<pI�j]�gIj<XI�E]kghI

± �QhZQhh<Y�Ng]Z�dg]Og<Z�k[QpIghQjs
� 0QZI��Z][Is�<[G�IZ]jQ][

� �]D�]NNIgh�Q[GQE<jI
± �1d][�hkEEIhhNkY�E]ZdYIjQ][�]N�s]kg�dg]Og<Z�

� �<pQ[O�j]�O]�P]ZI�<[G�jIYY�IpIgs][I



7P<j�Qh�
PI<jQ[O
� /P<gQ[O�E]GI�]g�]jPIg�IYIEjg][QE�NQYIh�IQjPIg�Ds�E]dsQ[O��gIjsdQ[O��Y]]XQ[O�<j��

]g�hkddYsQ[O�<�E]ds�]N�<[s�NQYI�
± $jPIg�hjkGI[jh��OQjPkD��hj<EX]pIgNY]q��<[sqPIgI�][�jPI�Q[jIg[Ij�«�

� 
]dsQ[O�<[hqIgh�j]�<[s�EPIEXd]Q[j�fkQv�Ng]Z�<[]jPIg�Q[GQpQGk<Y��dkDYQhPIG�
]g�k[dkDYQhPIG�qgQjjI[�h]kgEIh��<[G�IYIEjg][QE�h]kgEIh�

� 
]YY<D]g<jQ[O�qQjP�<[]jPIg�hjkGI[j�]g�<[]jPIg�Q[GQpQGk<Y�][�1[Qj�
PIEXd]Q[j�
-kQvvIh�]g�+g]WIEj�!]GkYIh�

� /P<gQ[O�qgQjjI[�q]gX��Y]]XQ[O�<j��E]dsQ[O��]g�hkddYsQ[O�q]gX�Ng]Z�<[]jPIg�
Q[GQpQGk<Y��dkDYQhPIG�]g�k[dkDYQhPIG�qgQjjI[�h]kgEIh��<[G�IYIEjg][QE�h]kgEIh�

� 
]YY<D]g<jQ][�Q[�jI<Z�dg]WIEjh�Qh�hjgQEjYs�YQZQjIG�j]�jPI�ZIZDIgh�]N�jPI�jI<Z�
� «¥gI<G�jPI�hsYY<Dkh�<[G�jPI�k[QpIghQjs�d]YQEs¦



!Q[QZkZ�
PI<jQ[O�+I[<Yjs
� !khj�DI�q]ghI�jP<[�[]j�hkDZQjjQ[O�<[sjPQ[O

± �r<ZdYI�QZd<Ej�]N�<��ÂÁÁÚ�dI[<Yjs�][�<�dg]WIEj

± 0sdQE<Y�dI[<Yjs���.��Q[�jPI�E]kghI

+IgNIEj�/E]gI "]j�hkDZQjjQ[O &KHDWLQJ

$VVHVVPHQW��� ��� ��� ���

$VVHVVPHQW��� ��� ��� ���

$VVHVVPHQW��� ��� ��� ���

$VVHVVPHQW��� ��� ��� ���

$VVHVVPHQW��� ��� �� ����

7RWDO ���� ��� ���



«�N]g�<�Z]gI�E]ZdYIjI�GINQ[QjQ][�

Y]kG�
]ZdkjQ[O�Qh�jPI�

GIYQpIgs�]N�E]ZdkjQ[O�<h�<�
hIgpQEI�g<jPIg�jP<[�<�dg]GkEj��

qPIgIDs�hP<gIG�gIh]kgEIh��
h]Njq<gI��<[G�Q[N]gZ<jQ][�<gI�
dg]pQGIG�j]�E]ZdkjIgh�<[G�

]jPIg�GIpQEIh��

<h�<�ZIjIgIG�hIgpQEI�]pIg�<�
[Ijq]gX�



�<[Gh�][�/XQYY��kQYGQ[O�
]kghI

� �rdIgQI[EI�qQjP
± �Y<hjQEQjs��hE<Y<DQYQjs��Z][Qj]gQ[O��Y]<G�D<Y<[EQ[O

± 
Y]kG�hj]g<OI�¥���/��/- ��"]/- ��IjE�¦

± �g<ZIq]gXh�¥!<d.IGkEI��/d<gX���<NX<�/<Zv<¦

±  <jIhj�EY]kG�hIgpQEIh�¥�7/���vkgI�<[G��
+¦

� .I<Y�q]gYG
± G<j<��dg]WIEjh��Q[Ng<hjgkEjkgI�qQjPQ[�<�DkGOIj



7P<j�jPQh�E]kghI�Qh�[]j�<D]kj
� �kQYGQ[O�
Y]kG�/j<EX�!]GkYIh

± $dI[/j<EX

� 
Y]kG�/]Njq<gI��IpIY]dZI[j
± /<</�h]Njq<gI�I[OQ[IIgQ[O

� �QhjgQDkjIG�/shjIZh
± /s[EPg][Qv<jQ][��
][hQhjI[Es��«

� $dIg<jQ[O�/shjIZh
± �IpIY]dQ[O�<�PsdIgpQh]g

� "Ijq]gXh
± .]kjQ[O�<[G�hqQjEPQ[O�dg]j]E]Yh



/XQYY�jg<Q[Q[O�j]�PIYd�qQjP�s]kg�O]<Yh

� /jkGI[j�P<h�O]<Yh
± �[jIg[hPQd��W]D��Og<Gk<jI�hEP]]Y��gIhI<gEP�dg]WIEj

� /jkGI[j�PQgIh�
<g[IOQI�!IYY][�j]�PIYd�<EPQIpI�O]<Yh

� /jkGI[j�<[G�
<g[IOQI�!IYY][�<gI�d<gj[Igh�Q[�
 I<g[Q[O�INNIEjQpIYs

� �kj��P]q�G]�qI�YI<g[�



�IIdIg�+g]EIhhQ[O� I<Gh�j]��IIdIg� I<g[Q[O
� /jkGsQ[O�<�Y]j

± 9]k�qQYY�N]gOIj�Qj�h]][

� �[NgIfkI[j�jIhjQ[O
± 9]k�qQYY�hjQYY�N]gOIj�Z]hj�]N�Qj�h]][

� �gIfkI[j�jIhjQ[O
± �IYdh�QZdg]pI�gIjI[jQ][�<�OgI<j�GI<Y

� +g]WIEj�q]gX�khQ[O�IrdY]gQ[O�<jjIZdjQ[O�j]�h]YpI�<�dg]DYIZ
± �IYdh�IpI[�Z]gI

0PI�GIIdIg�s]k�jPQ[X��jPI�Z]gI�s]k�dg<EjQEI��jPI�Z]gI�s]k�qQYY�YI<g[�<[G�gIj<Q[�



7]gXQ[O�][�+g]WIEjh
� 1[GIghj<[G�jPI�E][jIrj�<[G�j<hXh�dg]DYIZ

� 
P]]hI�<�d<jP�j]q<gGh�<�h]YkjQ][

� �jjIZdj�jPI�d<jP

� �<EI�]Dhj<EYIh
± �hX�N]g�PIYd�

±  ]]X�N]g�<[]jPIg�d<jP�][�/j<EX]pIgNY]q�<[G�jgs�

± 
P]]hI�<[]jPIg�d<jP�

± �Q[G�jPI�gI<h][�DIPQ[G�jPI�]Dhj<EYI�

� 7PQEP�Qh�jPI�P<gGIhj�



+IgN]gZ<[EI�pIghkh�!<hjIgs
� �N�s]k�P<pI�PQOP�dIgN]gZ<[EI�Dkj�Y]q�Z<hjIgs

䚉!I<[h�PQOP�Og<GIh�Dkj�Y]q�hXQYYh�²�E][NQGI[EI
䚉�Ij�<[�Q[jIgpQIq�Dkj�qQYY�[]j�d<hh

� 0PI�Og<GIh�qQYY�[]j�OIj�s]k�jPI�W]D
± 
]Zd<[QIh�E<gI�<D]kj�qP<j�s]k�X[]q�<[G�qP<j�s]k�E<[�G]

� 7PI[�s]k�P<pI�PQOP�Z<hjIgs��s]k�qQYY�DI�Q[�pIgs�PQOP�
GIZ<[G
± /IIX�Z<hjIgs�



2EZMKEXSV

(IGMWMSR�1EOIV

3DUWLFLSDWH�LQ�2QOLQH�3URJUDPPLQJ�([HUFLVH�6HVVLRQV

(VMZIV

-QTPIQIRXIV

6IWIEVGLIV�
8IEGLIV

&VEMRWXSVQW�MHIEW�[MXL�
XLI�2EZMKEXSV

3RPMRI�
4VSKVEQQMRK�
6SPI�6SXEXMSR

&ORXG�,'(��$:6�&ORXG�


