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&2856(�'(6,*1
%ULHIO\�GHVFULEH�WKH�FRXUVH�GHVLJQ��OHDUQLQJ�DFWLYLWLHV��H[DPLQDWLRQV��DQG�DQ\�FKDQJHV�WKDW�KDYH�EHHQ�LPSOHPHQWHG�VLQFH�WKH�ODVW�
FRXUVH�RIIHULQJ�
7KH�FRXUVH�LV�GHVLJQHG�DURXQG�WZR�SURMHFWV�DQG�OHFWXUHV�H[HUFLVH�VHVVLRQV��7KH�SURMHFWV�DUH�FDUULHG�RXW�LQ�JURXSV��DQG�WKH�VWXGHQWV�XVH�D�
KLJK�OHYHO�RSWLPL]DWLRQ�PRGHOLQJ�ODQJXDJH��*$06��0RGHOLQJ�LV�H[DPLQHG�WKURXJKW�WKH�SURMHFWV��WKHRU\�DQG�PHWKRG�NQRZOHGJH�LV�H[DPLQHG�
WKURXJK�WKH�ILQDO�H[DP��0HWKRG�NQRZOHGJH�LV�RSWLRQDOO\�H[DPLQHG�WKURXJK�WKH�VHFRQG�SURMHFW��7KLV�LV�WKH�VDPH�VHWXS�DV�ODVW�\HDU�

7+(�678'(17
6�:25./2$'
'RHV�WKH�VWXGHQWV
�ZRUNORDG�FRUUHVSRQG�WR�WKH�H[SHFWHG�OHYHO�����KRXUV�����FUHGLWV�"�,I�WKHUH�LV�D�VLJQLILFDQW�GHYLDWLRQ�IURP�WKH�
H[SHFWHG��ZKDW�FDQ�EH�WKH�UHDVRQ"
7KH�H[SHFWHG�ZRUNORDG�ZRXOG�EH����KRXUV�SHU�ZHHN��7KH�TXHVWLRQQDLUH�VKRZV�D�ORZHU�ORDG��,�WKLQN�LW�GLIIHUV�GHSHQGLQJ�RQ�WKH�VWXGHQWV¶�
EDFNJURXQG��$OVR��,�WKLQN�LW�LV�GLIILFXOW�IRU�WKHP�WR�HVWLPDWH�KRZ�PXFK�WLPH�WKH\�VSHQG�RQ�WKH�SURMHFWV�

7+(�678'(176
�5(68/76
+RZ�ZHOO�KDYH�WKH�VWXGHQWV�VXFFHHGHG�RQ�WKH�FRXUVH"�,I�WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV�FRPSDUHG�WR�SUHYLRXV�FRXUVH�RIIHULQJV��
ZKDW�FDQ�EH�WKH�UHDVRQ"
,Q�WKH�SURMHFWV��WKH�VWXGHQWV�GLG�ZHOO��7KH�RYHUDOO�UHVXOW�ZDV�VOLJKWO\�KLJKHU�WKDQ�HDUOLHU�\HDUV��,Q�SDUWLFXODU��D�ODUJH�QXPEHU�RI�VWXGHQWV�GLG�YHU\�
ZHOO�LQ�WKH�SURMHFWV�DQG�LQ�WKH�ILQDO�H[DP��WKHUHE\�JHWWLQJ�D�JUDGH�$�

29(5$//�,035(66,21�2)�7+(�/($51,1*�(19,5210(17
:KDW�LV�\RXU�RYHUDOO�LPSUHVVLRQ�RI�WKH�OHDUQLQJ�HQYLURQPHQW�LQ�WKH�SRODU�GLDJUDPV��IRU�H[DPSOH�LQ�WHUPV�RI�WKH�VWXGHQWV
�H[SHULHQFH
RI�PHDQLQJIXOQHVV��FRPSUHKHQVLELOLW\�DQG�PDQDJHDELOLW\"�,I�WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�GLIIHUHQW�JURXSV�RI�VWXGHQWV��
ZKDW�FDQ�EH�WKH�UHDVRQ"
7KH�RYHUDOO�LPSUHVVLRQ�EDVHG�RQ�WKH�SRODU�GLDJUDPV�LV�WKDW�WKLV�LV�D�ZHOO�IXQFWLRQLQJ�OHDUQLQJ�HQYLURQPHQW��



$1$/<6,6�2)�7+(�/($51,1*�(19,5210(17
&DQ�\RX�LGHQWLI\�VRPH�VWURQJHU�RU�ZHDNHU�DUHDV�RI�WKH�OHDUQLQJ�HQYLURQPHQW�LQ�WKH�SRODU�GLDJUDP���RU�LQ�WKH�UHVSRQVH�WR�HDFK�
VWDWHPHQW���UHVSHFWLYHO\"�'R�WKH\�KDYH�DQ�H[SODQDWLRQ"
6WURQJHU�DVSHFWV�FRQFHUQ�VXSSRUW��VWLPXODWLQJ�WDVNV��FOHDU�JRDOV�DQG�RUJDQL]DWLRQ��FRQVWUXFWLYH�DOLJQPHQW��IHHGEDFN�DQG�VHFXULW\��:HDNHU�
DVSHFWV�FRQFHUQ�FKRLFHV�DQG�H[SORUDWLRQ�DQG�RZQ�H[SHULHQFH��
,�WKLQN�WKH�PDLQ�VWUHQJWKV�RI�WKH�FRXUVH�DUH�EDVHG�RQ�WKH�SURMHFWV��WKH�VWXGHQWV�DUH�ZHOO�PRWLYDWHG�DQG�ZRUN�KDUG��$V�IRU�WKH�ZHDNQHVVHV��,�
DVVLJQ�WKH�JURXSV�DQG�DOVR�DVVLJQ�WKH�WDVNV�WR�HDFK�JURXS��7KLV�LV�D�FKRLFH�RQ�P\�SDUW��$VVLJQLQJ�JURXSV�LV�LPSRUWDQW��/HWWLQJ�WKH�JURXSV�
FKRRVH�SURMHFWV�PLJKW�EH�GLIILFXOW�WR�KDQGOH��7KHUH�LV�D�FKRLFH�EHWZHHQ�PRGHOLQJ�DQG�PHWKRG�DVVLJQPHQW�LQ�SURMHFW�WZR��
7KHUH�LV�D�ORZHU�PDUN�RQ�UHFHLYLQJ�IHHGEDFN�ZLWKRXW�EHLQJ�JUDGHG��:H�WHQG�WR�HQFRXUDJH�VWXGHQWV�WR�GLVFXVV�SURMHFW�ZLWK�XV�SULRU�WR�KDQGLQJ�
LQ��7KLV�LV�QRW�JUDGHG��1RUPDOO\�,�VWDWH�WKLV�FOHDUO\�DQG�H[SOLFLWO\��,�PD\�QRW�KDYH�EHHQ�VXIILFLHQWO\�FOHDU�RQ�WKDW�SRLQW�WKLV�\HDU�

$16:(56�72�23(1�48(67,216
:KDW�HPHUJHV�LQ�WKH�VWXGHQWV
�DQVZHUV�WR�WKH�RSHQ�TXHVWLRQV"�,V�WKHUH�DQ\�JRRG�DGYLFH�WR�IXWXUH�FRXUVH�SDUWLFLSDQWV�WKDW�\RX�ZDQW
WR�SDVV�RQ"
7KH�VWXGHQWV�DUH�LQ�JHQHUDO�TXLWH�KDSS\�ZLWK�WKH�FRXUVH��,Q�SDUWLFXODU��WKH\�DSSUHFLDWH�WKH�ZRUN�ZLWK�WKH�SURMHFWV�

35,25,7<�&2856(�'(9(/230(17
:KDW�DVSHFWV�RI�WKH�FRXUVH�VKRXOG�SULPDULO\�EH�GHYHORSHG"�+RZ�FRXOG�WKHVH�DVSHFWV�EH�GHYHORSHG�LQ�WKH�VKRUW�RU�ORQJ�WHUP"
7KH�FRXUVH�KDV�D�IXQFWLRQLQJ�VHWXS�DQG�,�GR�QRW�SODQ�DQ\�PDMRU�FKDQJHV�ULJKW�QRZ��
0LQRU�FKDQJHV�ZRXOG�EH�WR�DQQRXQFH�LQ�DGYDQFH�ZKLFK�H[HUFLVHV�WR�EH�KDQGOHG�DW�WKH�H[HUFLVH�VHVVLRQ��DQG�DOVR�WR�GHYHORS�QHZ�SURMHFWV��:H�
KDG�RQH�QHZ�SURMHFW�WKLV�\HDU��$QRWKHU�SRLQW�ZRXOG�EH�WR�FKDQJH�WKH�ZD\�WKH�VWXGHQWV�DVVHVV�WKHLU�RZQ�ZRUNORDG�LQ�WKH�SURMHFWV��7KLV�\HDU�ZH�
DVNHG�WR�VHQG�WKH�VHOI�DVVHVVPHQW�IRUPV�LQGLYLGXDOO\�UDWKHU�WKDQ�DGGLQJ�WKHP�WR�WKH�UHSRUW��DV�VRPH�VWXGHQWV�GLG�QRW�OLNH�WKH�SUHYLRXV�ZD\��

27+(5�,1)250$7,21
,V�WKHUH�DQ\WKLQJ�HOVH�\RX�ZRXOG�OLNH�WR�DGG"
7KH�UHVXOWV�IURP�WKH�FRXUVH�HYDOXDWLRQ�DUH�YHU\�PXFK�LQ�OLQH�ZLWK�P\�RZQ�YLHZ�RI�WKH�FRXUVH��$[HO�5LQJK�GLG�D�YHU\�JRRG�MRE�DV�WHDFKLQJ�
DVVLVWDQW�



Course data 2017-06-26
SF2822 - Applied Nonlinear Optimization, VT 2017
Course facts
Course start: 2017 w.12

Course end: 2017 w.23

Credits: 7,5

Examination: PRO1 - Project, 1.5, Grading scale: A, B, C, D, E, FX, F
PRO2 - Project, 1.5, Grading scale: A, B, C, D, E, FX, F
TEN1 - Examination, 4.5, Grading scale: A, B, C, D, E, FX, F

Grading scale: A, B, C, D, E, FX, F

Staff

Examiner: Anders Forsgren <andersf@kth.se>

Course responsible teacher: Anders Forsgren <andersf@kth.se>

Teachers: Anders Forsgren <andersf@kth.se>

Assistants: Axel Ringh <aringh@kth.se>

Number of students on the course offering

First-time registered: 38

Total number of registered: 42

Achievements (only first-time registered students)

Pass rate1 [%] 65.80%

Performance rate2 [%] 76.80%

Grade distribution3 [%, number] A 52% (13)
B 28% (7)
C 16% (4)
D 4% (1)

1 Percentage approved students
2 Percentage achieved credits
3 Distribution of grades among the approved students
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/($51,1*�(;3(5,(1&(

7KH�SRODU�GLDJUDPV�EHORZ�VKRZ�WKH�DYHUDJH�UHVSRQVH�WR�WKH�/(4�
VWDWHPHQWV�IRU�GLIIHUHQW�JURXSV�RI�UHVSRQGHQWV��RQO\�YDOLG�UHVSRQVHV�DUH�
LQFOXGHG���7KH�VFDOH�WKDW�LV�XVHG�LQ�WKH�GLDJUDPV�LV�GHILQHG�E\�

�� �1R��,�VWURQJO\�GLVDJUHH�ZLWK�WKH�VWDWHPHQW
�� �,�DP�QHXWUDO�WR�WKH�VWDWHPHQW
�� �<HV��,�VWURQJO\�DJUHH�ZLWK�WKH�VWDWHPHQW

1RWH��$�JURXS�KDV�WR�LQFOXGH�DW�OHDVW���UHVSRQGHQWV�LQ�RUGHU�WR�DSSHDU�LQ
D�GLDJUDP�





.7+�/HDUQLQJ�([SHULHQFH�4XHVWLRQQDLUH�Y�����

0HDQLQJIXOQHVV���HPRWLRQDO�OHYHO

6WLPXODWLQJ�WDVNV

���,�ZRUNHG�ZLWK�LQWHUHVWLQJ�LVVXHV��D�

([SORUDWLRQ�DQG�RZQ�H[SHULHQFH

���,�H[SORUHG�SDUWV�RI�WKH�VXEMHFW�RQ�P\�RZQ��D�
���,�ZDV�DEOH�WR�OHDUQ�E\�WU\LQJ�RXW�P\�RZQ�LGHDV��E�

&KDOOHQJH

���7KH�FRXUVH�ZDV�FKDOOHQJLQJ�LQ�D�VWLPXODWLQJ�ZD\��F�

%HORQJLQJ

���,�IHOW�WRJHWKHUQHVV�ZLWK�RWKHUV�RQ�WKH�FRXUVH��G�
���7KH�DWPRVSKHUH�RQ�WKH�FRXUVH�ZDV�RSHQ�DQG�LQFOXVLYH��G�

&RPSUHKHQVLELOLW\���FRJQLWLYH�OHYHO

&OHDU�JRDOV�DQG�RUJDQL]DWLRQ

���7KH�LQWHQGHG�OHDUQLQJ�RXWFRPHV�KHOSHG�PH�WR�XQGHUVWDQG�ZKDW�,�ZDV�
H[SHFWHG�WR�DFKLHYH��H�
���,�XQGHUVWRRG�KRZ�WKH�FRXUVH�ZDV�RUJDQL]HG�DQG�ZKDW�,�ZDV�H[SHFWHG�
WR�GR��H��

8QGHUVWDQGLQJ�RI�VXEMHFW�PDWWHU

���,�XQGHUVWRRG�ZKDW�WKH�WHDFKHUV�ZHUH�WDONLQJ�DERXW��I�
����,�ZDV�DEOH�WR�OHDUQ�IURP�FRQFUHWH�H[DPSOHV�WKDW�,�FRXOG�UHODWH�WR��J�
����8QGHUVWDQGLQJ�RI�NH\�FRQFHSWV�KDG�KLJK�SULRULW\��K�



&RQVWUXFWLYH�DOLJQPHQW

����7KH�FRXUVH�DFWLYLWLHV�KHOSHG�PH�WR�DFKLHYH�WKH�LQWHQGHG�OHDUQLQJ�
RXWFRPHV�HIILFLHQWO\��L�
����,�XQGHUVWRRG�ZKDW�,�ZDV�H[SHFWHG�WR�OHDUQ�LQ�RUGHU�WR�REWDLQ�D�FHUWDLQ
JUDGH��L�

)HHGEDFN�DQG�VHFXULW\

����,�UHFHLYHG�UHJXODU�IHHGEDFN�WKDW�KHOSHG�PH�WR�VHH�P\�SURJUHVV��M�
����,�FRXOG�SUDFWLFH�DQG�UHFHLYH�IHHGEDFN�ZLWKRXW�EHLQJ�JUDGHG��M�
����7KH�DVVHVVPHQW�RQ�WKH�FRXUVH�ZDV�IDLU�DQG�KRQHVW��N�

0DQDJHDELOLW\���LQVWUXPHQWDO�OHYHO

6XIILFLHQW�EDFNJURXQG�NQRZOHGJH

����0\�EDFNJURXQG�NQRZOHGJH�ZDV�VXIILFLHQW�WR�IROORZ�WKH�FRXUVH��I�

7LPH�WR�UHIOHFW

����,�UHJXODUO\�VSHQW�WLPH�WR�UHIOHFW�RQ�ZKDW�,�OHDUQHG��O�

9DULDWLRQ�DQG�FKRLFHV

����,�ZDV�DEOH�WR�OHDUQ�LQ�D�ZD\�WKDW�VXLWHG�PH��P�
����,�KDG�RSSRUWXQLWLHV�WR�FKRRVH�ZKDW�WR�GR��P�

&ROODERUDWLRQ

����,�ZDV�DEOH�WR�OHDUQ�E\�FROODERUDWLQJ�DQG�GLVFXVVLQJ�ZLWK�RWKHUV��Q�

6XSSRUW

����,�ZDV�DEOH�WR�JHW�VXSSRUW�LI�,�QHHGHG�LW��F�



/HDUQLQJ�IDFWRUV�IURP�WKH�OLWHUDWXUH�WKDW�/(4�LQWHQGV�WR�H[DPLQH

:H�WHQG�WR�OHDUQ�PRVW�HIIHFWLYHO\��LQ�ZD\V�WKDW�PDNH�D�VXVWDLQHG��
VXEVWDQWLDO��DQG�SRVLWLYH�LQIOXHQFH�RQ�WKH�ZD\�ZH�WKLQN��UHIOHFW��DFW�RU�
IHHO��ZKHQ�

D��:H�DUH�WU\LQJ�WR�DQVZHU�TXHVWLRQV��VROYH�SUREOHPV�RU�DFTXLUH�VNLOOV�
WKDW�ZH�ILQG�LQWHUHVWLQJ��LQWULJXLQJ�RU�LPSRUWDQW

E��:H�FDQ�VSHFXODWH��WU\�RXW�LGHDV��LQWHOOHFWXDOO\�RU�SUDFWLFDOO\��DQG�OHDUQ�
IURP�H[SHULHQFH��HYHQ�EHIRUH�ZH�NQRZ�PXFK�DERXW�WKH�VXEMHFW

F��:H�DUH�DEOH�WR�GR�VR�LQ�D�FKDOOHQJLQJ�\HW�VXSSRUWLYH�HQYLURQPHQW

G��:H�IHHO�WKDW�ZH�DUH�SDUW�RI�D�FRPPXQLW\�DQG�EHOLHYH�WKDW�RWKHU�SHRSOH
KDYH�IDLWK�LQ�RXU�DELOLW\�WR�OHDUQ

H��:H�XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�LQWHQGHG�OHDUQLQJ�RXWFRPHV��KRZ�
WKH�HQYLURQPHQW�LV�RUJDQL]HG�DQG�ZKDW�LV�H[SHFWHG�RI�XV

I��:H�KDYH�VXIILFLHQW�EDFNJURXQG�NQRZOHGJH�WR�PDQDJH�WKH�SUHVHQW�
OHDUQLQJ�VLWXDWLRQ

J��:H�FDQ�OHDUQ�LQGXFWLYHO\�E\�PRYLQJ�IURP�VSHFLILF�H[DPSOHV�DQG�
H[SHULHQFHV�WR�JHQHUDO�SULQFLSOHV��UDWKHU�WKDQ�WKH�RWKHU�ZD\�DURXQG

K��:H�DUH�FKDOOHQJHG�WR�GHYHORS�D�SURSHU�XQGHUVWDQGLQJ�RI�NH\�
FRQFHSWV�DQG�VXFFHVVLYHO\�FUHDWH�D�FRKHUHQW�ZKROH�RI�WKH�FRQWHQW

L��:H�EHOLHYH�WKDW�WKH�ZRUN�ZH�DUH�H[SHFWHG�WR�GR�ZLOO�KHOS�XV�WR�UHDFK�
WKH�LQWHQGHG�OHDUQLQJ�RXWFRPHV

M��:H�FDQ�WU\��IDLO��DQG�UHFHLYH�IHHGEDFN�LQ�DGYDQFH�RI�DQG�VHSDUDWH�IURP
DQ\�VXPPDWLYH�MXGJPHQW�RI�RXU�HIIRUWV

N��:H�EHOLHYH�WKDW�RXU�ZRUN�ZLOO�EH�FRQVLGHUHG�IDLUO\�DQG�KRQHVWO\

O��:H�KDYH�VXIILFLHQW�WLPH�WR�OHDUQ�DQG�GHYRWH�WKH�WLPH�QHFHVVDU\�WR�GR�
VR



P��:H�EHOLHYH�WKDW�ZH�DUH�LQ�FRQWURO�RI�RXU�RZQ�OHDUQLQJ��QRW�
PDQLSXODWHG

Q��:H�FDQ�ZRUN�FROODERUDWLYHO\�ZLWK�RWKHU�OHDUQHUV�VWUXJJOLQJ�ZLWK�WKH�
VDPH�SUREOHPV

/LWHUDWXUH

%DLQ��.����������:KDW�WKH�%HVW�&ROOHJH�7HDFKHUV�'R��&KDSWHU����SS��
��������&DPEULGJH��+DUYDUG�8QLYHUVLW\�3UHVV�

%LJJV�-��	�7DQJ��&����������7HDFKLQJ�IRU�4XDOLW\�/HDUQLQJ�DW�8QLYHUVLW\��
&KDSWHU����SS����������0DLGHQKHDG��0F*UDZ�+LOO�

(OPJUHQ��0��	�+HQULNVVRQ��$�6����������$FDGHPLF�7HDFKLQJ��&KDSWHU����
SS���������/XQG��6WXGHQWOLWWHUDWXU�

.HPEHU��.��	�0F1DXJKW��&����������(QKDQFLQJ�8QLYHUVLW\�7HDFKLQJ��
/HVVRQV�IURP�5HVHDUFK�LQWR�$ZDUG�:LQQLQJ�7HDFKHUV��&KDSWHU����SS��
�������$ELQJGRQ��5RXWOHGJH�

5DPVGHQ��3����������/HDUQLQJ�WR�7HDFK�LQ�+LJKHU�(GXFDWLRQ��&KDSWHU����
SS����������1HZ�<RUN��5RXWOHGJH)DOPHU�
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*(1(5$/�48(67,216

:KDW�ZDV�WKH�EHVW�DVSHFW�RI�WKH�FRXUVH"

:KDW�ZDV�WKH�EHVW�DVSHFW�RI�WKH�FRXUVH"��,�ZRUNHG������WLPPDU�YHFND�
3URMHFWV�ZHUH�UHDOO\�LQWHUHVWLQJ

:KDW�ZDV�WKH�EHVW�DVSHFW�RI�WKH�FRXUVH"��,�ZRUNHG�������WLPPDU�YHFND�
6WUXNWXUHQ
$QGHUV�DQG�$[HO�ZLOO�DOZD\V�PDNH�WLPH�IRU�\RXU�TXHVWLRQV��([FHOOHQW�VXSHUYLVLRQ�

:KDW�ZDV�WKH�EHVW�DVSHFW�RI�WKH�FRXUVH"��,�ZRUNHG��������WLPPDU�YHFND�
7KH�FRQWHQW��,W�ZDV�D�IXFNLQJ�DPD]LQJ�VXEMHFW�WR�OHDUQ�
7KH�H[HUFLVH�VHVVLRQV��DEVROXWHO\�QHFHVVDU\�WR�EHWWHU�XQGHUVWDQG�ZKDW�WKH�FRXUVH�ZDV�DERXW�

:KDW�ZDV�WKH�EHVW�DVSHFW�RI�WKH�FRXUVH"��,�ZRUNHG��������WLPPDU�YHFND�
�5HDOLVWLF��SURMHFWV
,PSOHPHQWDWLRQ�RI�RZQ�VROYHUV��,QWHUHVWLQJ�,43�PHWKRGV�

:KDW�ZRXOG�\RX�VXJJHVW�WR�LPSURYH"

:KDW�ZRXOG�\RX�VXJJHVW�WR�LPSURYH"��,�ZRUNHG������WLPPDU�YHFND�
)OH[LELOLW\�UHJDUGLQJ�WKH�SURMHFW

:KDW�ZRXOG�\RX�VXJJHVW�WR�LPSURYH"��,�ZRUNHG�������WLPPDU�YHFND�
3LFNLQJ�D�SURMHFW�SDUWQHU�DW�UDQGRP�FDQ�OHDG�WR�PDQ\�SHRSOH�UHO\LQJ�RQ�RWKHUV�WR�GR�WKHLU�ZRUN��(VSHFLDOO\�YHU\�PRWLYDWHG�SHRSOH�WHQG�WR�JHW�
IRUFHG�LQWR�GRLQJ�DOO�WKH�ZRUN�RQ�WKHLU�RZQ��7KLV�LV�LQFUHGLEO\�IUXVWUDWLQJ��GHPRWLYDWLQJ�DQG�FDQ�OHDG�WR�XQZDQWHG�UHVXOWV��,�IHHO�WKDW�WKLV�V\VWHP�
UHZDUGV�SHRSOH�ZLWK�ORZ�ZRUN�DWWLWXGH�DQG�SXQLVKHV�WKRVH�ZKR�DUH�FRPPLWWHG��,�ZRXOG�SUHIHU�IUHH�JURXS�FKRLFH��,I�WKLV�LV�WRR�FRPSOLFDWHG�D�
V\VWHP�ZHUH�JUDGH�WDUJHWV�DUH�VHW�PLJKW�EH�XVHIXO��L�XQGHUVWDQG�WKDW�WKLV�V\VWHP�LV�PHDQW�WR�KHOS�SHRSOH�ZKR�KDYH�WURXEOH�ZLWK�WKH�FRXUVH�
PDWHULDO�EXW�LW�GRHV�QRW�KDYH�WKLV�HIIHFW��

:KDW�ZRXOG�\RX�VXJJHVW�WR�LPSURYH"��,�ZRUNHG��������WLPPDU�YHFND�
3HUKDSV�WKH�IRUP�RI�WKH�OHFWXUHV��PDNLQJ�WKHP�PRUH�LOOXVWUDWLYH��ZLWK�PRUH�FRQFUHWH�H[DPSOHV�ZRXOG�EH�EHWWHU�WKDQ�VHYHUDO�VOLGHV�,�JXHVV�

:KDW�ZRXOG�\RX�VXJJHVW�WR�LPSURYH"��,�ZRUNHG��������WLPPDU�YHFND�
6NLS�IHZHU�VOLGHV�GXULQJ�OHFWXUHV��GHFUHDVH�DPRXQW�RI�VOLGHV�WR�PDWFK�WKH�DFWXDO�FRQWHQW��RU�FOHDUO\�ODEHO�VOLGHV�DV��H[WUDV����

:KDW�DGYLFH�ZRXOG�\RX�OLNH�WR�JLYH�WR�IXWXUH�SDUWLFLSDQWV"

:KDW�DGYLFH�ZRXOG�\RX�OLNH�WR�JLYH�WR�IXWXUH�SDUWLFLSDQWV"��,�ZRUNHG��������WLPPDU�YHFND�
(QMR\�
*R�WR�WKH�H[HUFLVH�VHVVLRQV�ZKLFK�DUH�YHU\�YHU\�LPSRUWDQW��ZRUN�KDUG�RQ�WKH�SURMHFWV��JLYH�JRRG�LQVLJKWV�LQWR�WKH�FRXUVH�WRR��DQG�SUHSDUH�WKH�
WKHRU\�TXHVWLRQV�ZHOO�LQ�DGYDQFH�WR�UHDOO\�XQGHUVWDQG�WKHP�ZKHQ�LW�LV�WLPH�IRU�WKH�H[DP��
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SF2822 Applied Nonlinear Optimization, 7.5hp
The course is given in period 4, spring 2017.

Official course information

Examiner and instructor: Anders Forsgren
Exercise leader and project leader: Axel Ringh

Course information
KTH course web page
Information on how to register for the exam can be found here.
Information on exam placement can be found here.
GAMS at the KTH linux computers.

Type "module add gams" or add it to a suitable login file.
Use an editor, for example emacs, to create/modify model
files (".gms") and reading output files (".lst").
Put the model files in your home catalog. Run GAMS from that
catalog, e.g. "gams trans1".
Please note that there is a whole library of example files at
GAMS subdirectory "modlib".

GAMS on your own computer.
The demo version of GAMS (which we use) can be
downloaded from the GAMS website.

GAMS resources
GAMS documentation
GAMS user's guide

To solve larger problems than what the demo version of GAMS can
handle.

There is an option to solve optimization problems over the
internet by NEOS (http://www.neos-server.org/). Here you
can send for example GAMS files and obtain access to various
solvers without the size limitations of the demo version. This
is a very useful tool. We recommend using the solvers SNOPT
or KNITRO for solving NLP models.
NEOS is usually reliable, but please note that you will not be
allowed to hand in late because of possibly waiting for answer
from NEOS. Please do not wait to the last moment with
submitting jobs.

Exams
Final exam June 1 2017 (pdf)
Solutions to final exam June 1 2017 (pdf)
Final exam August 18 2016 (pdf)
Solutions to final exam August 18 2016 (pdf)
Final exam June 3 2016 (pdf)
Solutions to final exam June 3 2016 (pdf)
Final exam August 20 2015 (pdf)
Solutions to final exam August 20 2015 (pdf)



Final exam June 3 2015 (pdf)
Solutions to final exam June 3 2015 (pdf)
Final exam August 21 2014 (pdf)
Solutions to final exam August 21 2014 (pdf)
Final exam June 3 2014 (pdf)
Solutions to final exam June 3 2014 (pdf)
Final exam August 23 2013 (pdf)
Solutions to final exam August 23 2013 (pdf)
Final exam May 20 2013 (pdf)
Solutions to final exam May 20 2013 (pdf)
Final exam August 17 2012 (pdf)
Solutions to final exam August 17 2012 (pdf)
Final exam June 2 2012 (pdf)
Solutions to final exam June 2 2012 (pdf)
Final exam August 23 2011 (pdf)
Solutions to final exam August 23 2011 (pdf)
Final exam May 28 2011 (pdf)
Solutions to final exam May 28 2011 (pdf)
Final exam June 9 2010 (pdf)
Solutions to final exam June 9 2010 (pdf)
Final exam December 17 2009 (pdf)
Solutions to final exam December 17 2009 (pdf)
Final exam June 10 2009 (pdf)
Solutions to final exam June 10 2009 (pdf)
Final exam December 20 2008 (pdf)
Solutions to final exam December 20 2008 (pdf)
Final exam June 5 2008 (pdf)
Solutions to final exam June 5 2008 (pdf)
Final exam December 15 2007 (pdf)
Solutions to final exam December 15 2007 (pdf)

Course analysis after the course given in the spring of 2016

Published by: Optimization and Systems Theory, KTH
Anders Forsgren, andersf@kth.se

Last updated: 2017-06-01
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Instructor and examiner

Anders Forsgren (andersf@kth.se), room 3533, Lindstedtsv. 25, tel 790 71 27.
Office hours: Monday 11-12. (Or by agreement.)

Exercise leader and project leader

Axel Ringh (aringh@kth.se), room 3734, Lindstedtsv. 25, tel. 790 66 59.
Office hours: By agreement.

Course material

Linear and Nonlinear Optimization, second edition, by I. Griva, S. G. Nash och A. Sofer,
SIAM, 2009.
(The book can be ordered from several places. Please note that you can become a SIAM
member for free and obtain a discount at the SIAM bookstore.)
Exercises in applied nonlinear optimization, 2016/2017. Available via Canvas.
Supplementary course material in applied nonlinear optimization, 2016/2017.
Available via Canvas.
Lecture notes in applied nonlinear optimization, 2016/2017. Can be downloaded
from this web page, see the schedule below. Also available via Canvas.
GAMS, A user's guide. May be downloaded from the GAMS web site.
GAMS. GAMS is installed in the KTH linux computer rooms. It may also be downloaded from
the GAMS web site for use on a personal computer.
Two project assignments that are handed out during the course, March 30 and April 27
respectively.

Additional notes that may be handed out during the course are also included.

Course goals

After completed course, the student should be able to:

explain fundamental concepts of nonlinear programming;
explain how fundamental methods for nonlinear programming work;
illustrate how these methods work by solving small problems by hand calculations;
starting from a suitably modified real problem, formulate a nonlinear program; make a
model in a modeling language and solve the problem;
analyze the solutions of the optimization problem solved, and present the analysis in writing
as well as orally;
interact with other students when modeling and analyzing the optimization problems.

Examination

The examination is in two parts, projects and final exam. To pass the course, the following is
required:



Pass project assignment 1, with presence at compulsory presentation lecture on Thursday
April 27, and presence at the following dicussion session.
Pass project assignment 2, with presence at compulsory presentation lecture on Wednesday
May 17, and presence at the following dicussion session.
Pass final exam.

Course registration

Due to the project based nature of this course, students must register no later than March 28.
Registration is made by the students online following KTH standard procedures. PhD students are
not able to register online but register via e-mail to Anders Forsgren.

Project assignments

The project assignments are performed in groups, where the instructor determines the division of
groups. This division is changed between the two assignments. Assignment 1 is carried out using
the modeling language GAMS. For project 2, there is a choice between a modeling assignment, to
be carried out using GAMS, or a method assignment, to be carried out using Matlab. The project
assignments must be carried out during the duration of the course and completed by the above
mentioned presentation lectures. Presence at the presentation lectures is compulsory. For passing
the projects, the following requirements must be fulfilled:

No later than the night before the presentation lecture, each group must hand in a
well-written report which describes the exercise and the group's suggestion for solving the
exercise. Suitable word processor should be used. The report should be on a level suitable
for another participant in the course who is not familiar with the group's specific problem.
When handing in the report, each student should append an individual sheet with a brief
self-assessment of his/her contribution to the project work, quantitatively as well as
qualitatively.
At the presentation lecture, all assignments will be presented and discussed. Each student is
expected to be able to present the assignment of his/her group. In particular, each student
is expected to take part in the discussion. The presentation and discussion should be on a
level such that students having had the same assignment can discuss, and students not
having had the same assignment can understand the issues that have arisen and how they
have been solved.
Each group should make an appointment for a discussion session with the course leaders.
There is no presentation at this session, but these sessions are in the form of a 20 minutes
question session, one group at a time. There will be times available the days after the
presentation session. One week prior to the presentation lecture, a list of available times for
discussion sessions will be made available at Doodle, reachable from the course home page.
Each group should sign up for a discussion session prior to the presentation lecture.
Each participant in the course must contribute to the work of the group. Each group must
solve their task independently. Discussion between the groups is encouraged, but each
group must individually solve the assignments. It is not allowed to use solutions made by
others in any form. If these rules are violated, disciplinary actions in accordance with the
KTH regulations will be taken.

Each project assignment is awarded a grade which is either fail or pass with grading E, D, C, B and
A. Here, the mathematical treatment of the problem as well as the report and the oral presentation
or discussion is taken into account. Normally, the same grade is given to all members of a group.

Final exam

The final exam consists of five exercises and gives a maximum of 50 points. At the exam, the
grades F, Fx, E, D, C, B and A are awarded. For a passing grade, normally at least 22 points are
required. At the exam, in addidion to writing material, no other material is allowed at the exam.
Normally, the grade limits are given by E (22-24), D (25-30), C (31-36), B (37-42) and A (43-50).

The grade Fx is normally given for 20 or 21 points on the final exam. An Fx grade may be



converted to an E grade by a successful completion of two supplementary exercises, that the
student must complete independently. One exercise among the theory exercises handed out
during the course, and one exercise which is similar to one exercise of the exam. These exercises
are selected by the instructor, individually for each student. Solutions have to be handed in to the
instructor and also explained orally within three weeks of the date of notification of grades.

The final exam is given Thursday June 1, 8.00-13.00.

Final grade

By identitying A=7, B=6, C=5, D=4, E=3, the final grade is given as

round( (grade on proj 1) + (grade on proj 2) + 2 * (grade on final exam) ) / 4),

where the rounding is made to nearest larger integer in case of a tie.

Preliminary schedule

(Lecture notes are not yet available.)

"L" means lecture, "E" means exercise session, "P" means project sesstion.

Type Day Date Time Room Subject
L1. Wed Mar 22 8-10 E51 Introduction. Nonlinear programming models. (pdf)

L2. Thu Mar 23 10-12 Q21 Optimality conditions for linearly constrained problems.
(pdf)

L3. Fri Mar 24 13-15 L52 Optimality conditions for nonlinearly constrained
problems. (pdf)

P1. Wed Mar 29 8-10 E31 Introduction to GAMS.

P2. Thu Mar 30 10-12 GAMS excercise session.

E1. Fri Mar 31 13-15 D34 Optimality conditions.

L4. Wed Apr 5 8-10 D34 Unconstrained optimization. (pdf)

L5. Thu Apr 6 10-12 Q21 Unconstrained optimization, cont. (pdf)

L6. Fri Apr 7 13-15 E51 Equality-constrained quadratic programming. (pdf)

E2. Wed Apr 19 8-10 D34 Unconstrained optimization.

E3. Thu Apr 20 10-12 E31 Equality-constrained quadratic programming.

L7. Fri Apr 21 13-15 E51 Inequality-constrained quadratic programming. (pdf)

L8. Wed Apr 26 8-10 E31 Inequality-constrained quadratic programming, cont.
(pdf)

P3. Thu Apr 27 10-12 D34 Presentation of project assignment 1.

E4. Fri Apr 28 13-15 D34 Inequality-constrained quadratic programming.

L9. Wed May 3 8-10 E51 Sequential quadratic programming. (pdf)

E5. Thu May 4 10-12 D34 Sequential quadratic programming.

L10. Fri May 5 13-15 E31 Interior methods for nonlinear programming. (pdf)

E6. Wed May
10 8-10 D34 Interior methods for nonlinear programming.

L11. Thu May
11 10-12 E31 Interior methods for nonlinear programming, cont.

Semidefinite programming. (pdf)

L12. Fri May
12 13-15 E31 Semidefinite programming, cont.



P4. Wed May
17 8-10 E31 Presentation of project assignment 2.

E7. Thu May
18 10-12 E51 Semidefinite programming.

E8. Fri May
19 13-15 D34 Selected topics.

Overview of course contents

Unconstrained optimization
Fundamental theory, in particular optimality conditions.
Linesearch algorithms, steepest descent, Newton's method.
Conjugate directions and the conjugate gradient method.
Quasi-Newton methods.
(Chapters 11, 12.1-12.3 and 13.1-13.2 in Griva, Nash and Sofer.)
Constrained nonlinear optimization
Fundamental theory, optimality conditions, Lagrange multipliers and sensitivity analysis.
Quadratic programming.
Primal methods, in particular active-set methods.
Penalty and barrier methods, in particular primal-dual interior methods.
Dulal methods, local duality, separable problems.
Lagrange methods, in particular sequential quadratic programming.
(Chapters 3, 14.1-14.7, 14.8.1, 15.1-15.5, 16.1-16.3 and 16.7 in Griva, Nash and Sofer.)
Semidefinite programming
Fundamental theory.
(Chapter 16.8 in Griva, Nash and Sofer. Separate article in the supplementary course
material. Fundamental concepts only.)

Welcome to the course!

Course web page: http://www.math.kth.se/optsyst/grundutbildning/kurser/SF2822/.
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