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5HVHDUFK ,QVWLWXWH IRU ,QIRUPDWLFV�

&HQWHU IRU $GYDQFHG 0RGHOLQJ DQG 2SWLPL]DWLRQ�

����� $YHUHVFX $YHQXH� %XFKDUHVW �� 5RPDQLD

(�PDLO� QDQGUHL#LFL�UR

5H]XPDW� /XFUDUHD SUH]LQWm SHUIRUPDQÒD DOJRULWPLORU GH JUDGLHQW FRQMXJDW vQ FHHD FH
SULYH�WH UH]ROYDUHD SUREOHPHORU GH PLQLPL]DUH GLQ FROHFÒLD 0,13$&.��� »Q DFHVW VHQV VH
FRQVLGHUm XQ QXPmU GH �DVH DSOLFDÒLL GH PLQLPL]DUH GLQ 0,13$&.�� FDUH VXQW UH]ROYDUH FX
�� GH DOJRULWPL GH JUDGLHQW FRQMXJDW LPSOHPHQWDÒL vQ SDFKHWXO &*$//� )LHFDUH DSOLFDÒLH
HVWH GHVFULVm SH VFXUW vPSUHXQm FX WUDQVIRUPDUHD HL vQWU�R SUREOHPm GH RSWLPL]DUH�

06&� ��0��� ��0��� ��&��� ��.
&XYLQWH FKHLH� PHWRGH GH JUDGLHQW FRQMXJDW� FRPSDUDÒLL QXPHULFH� DSOLFDÒLL GH SURJUDPDUH PDWHPDWLFm

� 	������
����
,Q DFHDVWm OXFUDUH SUH]HQWmP H[SHULHQÒD QXPHULFm SULYLQG UH]ROYDUHD XQRU DSOLFDÒLL LQGXVWULDOH
FRQFUHWH GLQ GLYHUVH GRPHQLL GH LQWHUHV DWkW SHQWUX �WLLQÒm FkW �L SHQWUX SUDFWLFD LQGXVWULDOm� ,Q DFHVW
VHQV QH YRU UHIHUL OD FROHFÒLD 0,13$&.�� DVDPEODWm GH -RUJH -� 0RUp �L FRODERUDWRULL OXL GH OD
$UJRQQH 1DWLQDO /DERUDWRU\� $UJRQQH� ,OOLQRLV� 86$� »QWU�DGHYmU� $UP\ +LJK 3HUIRUPDQFH
&RPSXWLQJ 5HVHDU &HQWHU DW WKH 8QLYHUVLW\ RI 0LQQHVRWD �L 7KH 0DWKHPDWLFV DQG &RPSXWHU 6FLHQFH
'LYLVLRQ DW $UJRQQH 1DWLRQDO /DERUDWRU\ VXQW vQWU�R SHUPDQHQWm FRODERUDUH DVXSUD GH]YROWmULL XQXL
WRROER[ SHQWUX RSWLPL]DUH ImUm UHVWULFÒLL � 0,13$&.��� 2 FRPSRQHQWm LPSRUWDQWm D DFHVWXL SURLHFW R
FRQVWLWXLH DFWLYLWDWHD GH FRQVWUXFÒLH D XQHL FROHFÒLL GH SUREOHPH GH RSWLPL]DUH GLQ GRPHQLXO �WLLQÒLILF
�L LQGXVWULDO FDUH Vm FRQVWLWXLH SUREOHPH GH WHVW SHQWUX SDFKHWXO 0,13$&.���

$YkQG vQ YHGHUH DFHDVWm FROHFÒLH GH SUREOHPH GH RSWLPL]DUH ImUm UHVWULFÒLL� SUH]HQWDWm IRDUWH
VXFFLQW vQ FkWHYD UDSRDUWH GH FHUFHWDUH� SHFXP �L VXE IRUPD XQRU VXEUXWLQH )RUWUDQ FDUH
LPSOHPHQWHD]m PRGHOHOH PDWHPDWLFH DOH DFHVWRU SUREOHPH� vQ DFHDVWm ID]m D SURLHFWXOXL *5,'026,
QH SXQHP SUREOHPD SUH]HQWmULL UH]XOWDWHORU FRPSXWDÒLRQDOH DOH DOJRULWPLORU QR�WUL� SUHFXP �L
SUH]HQWDUHD XQHL FRPSDUDÒLL vQWUH DOJRULWPLL FRQVLGHUDÒL vQ DFHVW VWXGLX� 3UREOHPHOH FRQVLGHUDWH VXQW
XUPmWRDUHOH�

�� (ODVWLF�3ODVWLF 7RUVLRQ 3UREOHP�

�� 3UHVVXUH 'LVWULEXWLRQ LQ D -RXUQDO %HDULQJ 3UREOHP�

�� 2SWLPDO 'HVLJQ ZLWK &RPSRVLWH 0DWHULDOV 3UREOHP�

�� ,QKRPRJHQHRXV 6XSHUFRQGXFWRUV� ��GLPHQVLRQDO *LQ]EXUJ�/DQGDX 3UREOHP�

�� 6WHDG\ 6WDWH &RPEXVWLRQ� 6ROLG )XHO ,JQLWLRQ�

�� /HQQDUG�-RQHV &OXVWHU 3UREOHP�

3UH]HQWDUHD DFHVWRU SUREOHPH VH JmVH�WH vQ� %UHWW 0� $YHULFN� 5LFKDUG *� &DUWHU DQG -RUJH -� 0RUp�

7KH 0,13$&.�� WHVW SUREOHP FROOHFWLRQ �3UHOLPLQDU\ YHUVLRQ�� 0DWKHPDWLFV DQG &RPSXWHU

6FLHQFH 'LYLVLRQ� $UJRQQH 1DWLRQDO /DERUDWRU\� 7KHFKQLFDO 0HPRUDQGXP 1R� ���� 0D\ �����

,Q FHOH FH XUPHD]m YRP GHWDOLD SH VFXUW PRGHOHOH PDWHPDWLFH DOH DFHVWRU SUREOHPH� &LWLWRUXO
LQWHUHVDW JmVH�WH GHWDOLL vQ DFHVW UDSRUW WHKQLF� SUHFL]DW PDL VXV� SUHFXP �L vQ OXFUmULOH PHQÒLRQDWH OD
ELEOLRJUDILD OXFUmULL�
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$SOLFDÒLD $�� ¦(ODVWLF�3ODVWLF 7RUVLRQ 3UREOHP¦
3UREOHPD FRQVWm vQ GHWHUPLQDUHD FkPSXOXL GH HIRUWXUL vQWU�R EDUm FLOLQGULFm LQILQLW OXQJm� 9HUVLXQHD
LQILQLW GLPHQVLRQDOm D DFHVWHL SUREOHPH HVWH XUPmWRDUHD�

{ } ,:)(min Kvvq ∈
XQGH RKq →: HVWH IXQFÒLD SmWUDWLFm�

∫ ∫−∇=
D D

dxxvcdxxvvq )()(
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SHQWUX R FRQVWDQWm RDUHFDUH c �L D HVWH XQ GRPHQLX PmUJLQLW FX IURQWLHUm QHWHGm� 0XOÒLPHD

FRQYH[m K HVWH GHILQLWm FD�
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XQGH )(., Ddist ∂ HVWH GLVWDQÒD OD IURQWLHUD OXL ,D �L )(1
0 DH VSDÒLXO +LOEHUW DO WXWXURU IXQFÒLLORU FX

VXSRUW FRPSDFW vQ D DVWIHO vQFkW v �L
2

v∇ DSDUÒLQ OXL ).(2 DL $FHDVWm IRUPXODUH� SUHFXP �L

LQWHUSUHWDUHD IL]LFm D DFHVWHL SUREOHPH HVWH SUH]HQWDWm GH *ORZLQVNL >����� SS������@� $SUR[LPDUHD

SULQ HOHPHQWH ILQLWH D SUREOHPHL VH REÒLQH SULQ GLVFUHWL]DUHD OXL D �L vQORFXLUHD SUREOHPHL GH

PLQLPL]DUH D OXL q SH )(1
0 DH SULQ PLQLPL]DUHD OXL q SH PXOÒLPHD IXQFÒLLORU OLQLDUH SH SRUÒLXQL

FDUH VDWLVIDF UHVWULFÒLLOH VSHFLILFDWH GH K � D�D FXP HVWH GHVFULV GH $YHULFN� &DUWHU DQG 0RUp >�����
SS������@� 0DL H[DFW DSUR[LPDUHD SULQ HOHPHQWH ILQLWH HVWH GHILQLWm GH IXQFÒLD SmWUDWLFm q vQ IRUPD

JHQHUDOm�
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XQGH RDwq →: �L RDwl →: VXQW IXQFÒLL GHILQLWH SH GUHSWXQJKLXO .D »Q SUREOHPD WRUVLXQLL

1=qw �L .cwl =
$FHDVWm SUREOHPm VH UH]ROYm SULQ GLVFUHWL]DUHD OXL D SULQ DOHJHUHD XQHL ODWLFH GH

yx nn × SXQFWH GLQ LQWHULRUXO OXL .D )LH � O X O X= ×� � � � � �
� � � �

ξ ξ ξ ξ
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� SHQWUX GLVFUHWL]DUHD GUHSWXQJKLXOXL VH REÒLQ SULQ DOHJHUHD SD�LORU GH GLVFUHWL]DUH �[ �L
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� � �ξ ξ � 'LVFUHWL]DUHD FRQVWm GLQ WULXQJKLXULOH HOHPHQWDUH �/ FX YkUIXULOH

vQ QRGXULOH � L M� � � L M+�� �L � L M� �+� SUHFXP �L GLQ WULXQJKLXULOH HOHPHQWDUH �8 FX [kUIXULOH vQ QRGXULOH

� L M� � � L M−�� �L � L M� �−� &X DFHVWHD� R DSUR[LPDUH D SUREOHPHL WRUVLXQLL VH REÒLQH SULQ PLQLPL]DUHD OXL �

SHVWH VSDÒLXO IXQFÒLLORU OLQLDUH SH SRUÒLXQL � FDUH LDX YDORULOH � L M� vQ SXQFWHOH � L M� � $SUR[LPDUHD

LQWHJUDOHL
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'HFL� DSUR[LPDUHD SULQ HOHPHQWH ILQLWH D SUREOHPHL FRQGXFH OD XUPmWRDUHD SUREOHPm GH SURJUDPDUH
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{ }��� � � �� �� �∈ Ω
XQGH � HVWH IXQFÒLD SmWUDWLFm

( )� � � � � � � � � � �
L M

/

L M

8

[ \ O L M L M
� � � � � � � � �

� � � �

= + − ∑∑�



»Q DFHDVWm IRUPXODUH �
L M

/

�

HVWH GHILQLWm QXPDL SHQWUX � ≤ ≤� �
[
�L � ≤ ≤
 �

\
� vQ WLPS FH �

L M

8

�

HVWH

GHILQLWm SHQWUX � �≤ ≤ +� �
[

�L � �≤ ≤ +
 �
\

� 'H DVHPHQHD SHQWUX DFHDVWm SUREOHPm �
T
=� �L

� �
O
= � LDU GRPHQLXO GH DGPLVLELOLWDWH HVWH PXOÒLPHD Ω � XQGH { }Ω = ∈ ≤� 
 � �

Q Q

L M L M
[ \ � �

� �

XQGH

�
L M�

HVWH YDORDUHD OXL ( )���	 ���∂ vQ QRGXO �
L M�
�

&RQVLGHUkQG )1,0()1,0( ×=D � 5=c �L Q[ = ��� � Q\ = ��� � DWXQFL SHUIRUPDQÒD

DOJRULWPLORU GH JUDGLHQW FRQMXJDW LPSOHPHQWDÒL vQ &*$// HVWH SUH]HQWDWm vQ 7DEHOXO $��

7DEHOXO $�� 3HUIRUPDQÒD OXL &*$//� VWRSWHVW  �� DQJOH UHVWDUW�

Q[  ���� Q\  ����

CG with angle restart.  Oct. 6, 2006

      1    CG-HS Algorithm:Elastic-Plastic Torsion Problem         Function
           Hestenes and Stiefel.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    470     0    606   135      4494 -.4392669723172E+00  .5472010712090E-04
 ------------------------------------------------------------------------------------
 TOTAL    470     0    606   135     44.94 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      2    CG-FR Algorithm:Elastic-Plastic Torsion Problem         Function
           Fletcher and Reeves.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1123     0   1211    87      9390 -.4392678170513E+00  .5542879589180E-04
 ------------------------------------------------------------------------------------
 TOTAL   1123     0   1211    87     93.90 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      3    CG-PRP Algorithm:Elastic-Plastic Torsion Problem         Function
           Polak-Ribiere and Polyak.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    549     0    790   240      5672 -.4392660458110E+00  .5899288073497E-04
 ------------------------------------------------------------------------------------
 TOTAL    549     0    790   240     56.72 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      4    CG-PRP+ Algorithm:Elastic-Plastic Torsion Problem         Function
           Polak-Ribiere and Polyak plus.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    515     0    744   228      5330 -.4392675484265E+00  .4671741916588E-04
 ------------------------------------------------------------------------------------
 TOTAL    515     0    744   228     53.30 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006
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      5    CG-CD Algorithm:Elastic-Plastic Torsion Problem         Function
           Conjugate Descent - Fletcher. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    772     1    851    78      6528 -.4392677730748E+00  .4964667426406E-04
 ------------------------------------------------------------------------------------
 TOTAL    772     1    851    78     65.28 (seconds)    proc=    .13%

    CG with angle restart.  Oct. 6, 2006

      6    CG-LS Algorithm:Elastic-Plastic Torsion Problem         Function
           Liu and Storey.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    419     0    563   143      4098 -.4392676304000E+00  .5505354551139E-04
 ------------------------------------------------------------------------------------
 TOTAL    419     0    563   143     40.98 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      7    CG-DY Algorithm:Elastic-Plastic Torsion Problem         Function
           Dai and Yuan.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    464     0    489    24      3794 -.4392678118671E+00  .4636380569893E-04
 ------------------------------------------------------------------------------------
 TOTAL    464     0    489    24     37.94 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      8    CG-DL Algorithm:Elastic-Plastic Torsion Problem         Function
           Dai and Liao (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    474     0    547    72      4166 -.4392676276893E+00  .5899636211465E-04
 ------------------------------------------------------------------------------------
 TOTAL    474     0    547    72     41.66 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      9    CG-DL+ Algorithm:Elastic-Plastic Torsion Problem         Function
           Dai and Liao plus (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    438     0    498    59      3796 -.4392675732838E+00  .6215678629793E-04
 ------------------------------------------------------------------------------------
 TOTAL    438     0    498    59     37.96 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     10    CG-SDC Algorithm:Elastic-Plastic Torsion Problem         Function
           Andrei - Sufficient Descent Condition.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    553     0    628    74      4804 -.4392677539163E+00  .5386515413574E-04
 ------------------------------------------------------------------------------------
 TOTAL    553     0    628    74     48.04 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     11    CG-hDY Algorithm:Elastic-Plastic Torsion Problem         Function
           Hybrid Dai and Yuan. max(c*DY,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    480     0    626   145      4593 -.4392670489175E+00  .5213096087434E-04
 ------------------------------------------------------------------------------------
 TOTAL    480     0    626   145     45.93 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     12    CG-hDYz Algorithm:Elastic-Plastic Torsion Problem         Function
           Hybrid Dai and Yuan. max(0,min(HS,DY)). stoptest= 1
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     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    525     0    684   158      5026 -.4392673743621E+00  .5806031275899E-04
 ------------------------------------------------------------------------------------
 TOTAL    525     0    684   158     50.26 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     13    CG-GN Algorithm:Elastic-Plastic Torsion Problem         Function
           Gilbert and Nocedal.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    451     0    646   194      4627 -.4392665762755E+00  .6168428335805E-04
 ------------------------------------------------------------------------------------
 TOTAL    451     0    646   194     46.27 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     14    CG-HuS Algorithm:Elastic-Plastic Torsion Problem         Function
           Hu and Storey. max(0,min(PRP,FR)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    592     0    829   236      5989 -.4392665893852E+00  .7078891172025E-04
 ------------------------------------------------------------------------------------
 TOTAL    592     0    829   236     59.89 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     15    CG-TaS Algorithm:Elastic-Plastic Torsion Problem         Function
           Touat-Ahmed and Storey. (PRP <= FR). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    619     0    877   257      6333 -.4392675027509E+00  .5154553939208E-04
 ------------------------------------------------------------------------------------
 TOTAL    619     0    877   257     63.33 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     16    CG-LS&CD Algorithm:Elastic-Plastic Torsion Problem         Function
           Hybrid Liu&Storey-Conjugate Descent. max(0,min(LS,CD)) stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    528     0    734   205      5307 -.4392672120214E+00  .5198145401967E-04
 ------------------------------------------------------------------------------------
 TOTAL    528     0    734   205     53.07 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     17    CG-BM Algorithm:Elastic-Plastic Torsion Problem         Function
           Birgin and Martinez (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    539     0    663   123      4978 -.4392676103086E+00  .6174792411862E-04
 ------------------------------------------------------------------------------------
 TOTAL    539     0    663   123     49.78 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     18    CG-BM+ Algorithm:Elastic-Plastic Torsion Problem         Function
           Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    512     0    633   120      4745 -.4392675527216E+00  .5784243301837E-04
 ------------------------------------------------------------------------------------
 TOTAL    512     0    633   120     47.45 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     19    CG-sPRP Algorithm:Elastic-Plastic Torsion Problem         Function
           Scaled Polak-Ribiere and Polyak. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    507     0    728   220      5244 -.4392661393681E+00  .6507907916066E-04
 ------------------------------------------------------------------------------------
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 TOTAL    507     0    728   220     52.44 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     20    CG-sFR Algorithm:Elastic-Plastic Torsion Problem         Function
           Scaled Fletcher and Revees. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1107     0   1194    86      9328 -.4392678165961E+00  .6063685566256E-04
 ------------------------------------------------------------------------------------
 TOTAL   1107     0   1194    86     93.28 (seconds)    proc=    .00%

5H]XOWDWH QXPHULFH SULYLQG DFHDVWm SUREOHPm VXQW SUH]HQWDWH GH H[HPSOX vQ (OOLRW �L 2FNHQGRQ
>����@� 2©/HDU\ �L <DQJ >����@ �L 0RUp �L 7RUDOGR >����@� 3HQWUX Q[ Q\= =�� ��� VROXÒLD

SUREOHPHL HVWH LOXVWUDWm vQ )LJXUD $��

)LJ� $�� 6ROXÒLD SUREOHPHL ¦(ODVWLF�3ODVWLF 7RUVLRQ¦ Q[ Q\= =�� ��� �

$SOLFDÒLD $�� ¦3UHVVXUH 'LVWULEXWLRQ LQ D -RXUQDO %HDULQJ 3UREOHP¦
3UREOHPD FRQVWm vQ GHWHUPLQDUHD GLVWULEXÒLHL SUHVLXQLL vQWU�XQ ILOP VXEÒLUH GH OXEULILDQW vQWUH GRL
FLOLQGUL FLUFXODUL� 9HUVLXQHD LQILQLW�GLPHQVLRQDOm D SUREOHPHL HVWH�

{ }( ) : ,min q v v K∈
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� �� �� � � $SUR[LPDUHD SULQ HOHPHQWH ILQLWH D
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&RQVLGHUkQG 10=b �L 1.0=ε � �L R GLVFUHWL]DUH yx nn × D GRPHQLXOXL )2,0()2,0( bD ×= π � XQGH

Q[ = ��� �L Q\ = ��� � DWXQFL SHUIRUPDQÒD DOJRULWPLORU LQFOX�L vQ &*$// HVWH FD vQ 7DEHOXO $��

7DEHOXO $�� 3HUIRUPDQÒD OXL &*$//� VWRSWHVW  �� DQJOH UHVWDUW�

Q[  ���� Q\  ����

CG with angle restart.  Oct. 6, 2006

      1    CG-HS Algorithm:Pressure Distribution Problem           Function
           Hestenes and Stiefel.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1373     0   1769   395     13475 -.2828928441305E+00  .2242178913041E-04
 ------------------------------------------------------------------------------------
 TOTAL   1373     0   1769   395    134.75 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      2    CG-FR Algorithm:Pressure Distribution Problem           Function
           Fletcher and Reeves.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2114   113     16813 -.2828928829736E+00  .1830398417199E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2114   113    168.13 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      3    CG-PRP Algorithm:Pressure Distribution Problem           Function
           Polak-Ribiere and Polyak.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1242     0   1773   530     13045 -.2828927665800E+00  .3781489191363E-04
 ------------------------------------------------------------------------------------
 TOTAL   1242     0   1773   530    130.45 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      4    CG-PRP+ Algorithm:Pressure Distribution Problem           Function
           Polak-Ribiere and Polyak plus.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1328     0   1891   562     13945 -.2828928567816E+00  .3004022749413E-04
 ------------------------------------------------------------------------------------
 TOTAL   1328     0   1891   562    139.45 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      5    CG-CD Algorithm:Pressure Distribution Problem           Function
           Conjugate Descent - Fletcher. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1884     3   2112   227     16466 -.2828929397215E+00  .2709597886241E-04
 ------------------------------------------------------------------------------------
 TOTAL   1884     3   2112   227    164.66 (seconds)    proc=    .16%

    CG with angle restart.  Oct. 6, 2006

      6    CG-LS Algorithm:Pressure Distribution Problem           Function
           Liu and Storey.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    938     0   1333   394      9756 -.2828927981745E+00  .2494279574639E-04
 ------------------------------------------------------------------------------------
 TOTAL    938     0   1333   394     97.56 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      7    CG-DY Algorithm:Pressure Distribution Problem           Function
           Dai and Yuan.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
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 40000   1054     0   1084    29      8670 -.2828929486612E+00  .2331868205685E-04
 ------------------------------------------------------------------------------------
 TOTAL   1054     0   1084    29     86.70 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      8    CG-DL Algorithm:Pressure Distribution Problem           Function
           Dai and Liao (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1274     0   1570   295     12075 -.2828929227255E+00  .2803963705326E-04
 ------------------------------------------------------------------------------------
 TOTAL   1274     0   1570   295    120.75 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

      9    CG-DL+ Algorithm:Pressure Distribution Problem           Function
           Dai and Liao plus (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1417     0   1756   338     13528 -.2828929205948E+00  .3753177128139E-04
 ------------------------------------------------------------------------------------
 TOTAL   1417     0   1756   338    135.28 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     10    CG-SDC Algorithm:Pressure Distribution Problem           Function
           Andrei - Sufficient Descent Condition.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1271     0   1406   134     11120 -.2828929420157E+00  .2397640342216E-04
 ------------------------------------------------------------------------------------
 TOTAL   1271     0   1406   134    111.20 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     11    CG-hDY Algorithm:Pressure Distribution Problem           Function
           Hybrid Dai and Yuan. max(c*DY,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1358     0   1748   389     13281 -.2828928568691E+00  .4362687608907E-04
 ------------------------------------------------------------------------------------
 TOTAL   1358     0   1748   389    132.81 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     12    CG-hDYz Algorithm:Pressure Distribution Problem           Function
           Hybrid Dai and Yuan. max(0,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1341     0   1736   394     13172 -.2828928419213E+00  .3215959955920E-04
 ------------------------------------------------------------------------------------
 TOTAL   1341     0   1736   394    131.72 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     13    CG-GN Algorithm:Pressure Distribution Problem           Function
           Gilbert and Nocedal.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1149     0   1642   492     12076 -.2828927548479E+00  .3402344281648E-04
 ------------------------------------------------------------------------------------
 TOTAL   1149     0   1642   492    120.76 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     14    CG-HuS Algorithm:Pressure Distribution Problem           Function
           Hu and Storey. max(0,min(PRP,FR)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1547     0   2186   638     16205 -.2828928462808E+00  .3235100091232E-04
 ------------------------------------------------------------------------------------
 TOTAL   1547     0   2186   638    162.05 (seconds)    proc=    .00%
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    CG with angle restart.  Oct. 6, 2006

     15    CG-TaS Algorithm:Pressure Distribution Problem           Function
           Touat-Ahmed and Storey. (PRP <= FR). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1280     0   1803   522     13379 -.2828928189297E+00  .2503822999534E-04
 ------------------------------------------------------------------------------------
 TOTAL   1280     0   1803   522    133.79 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     16    CG-LS&CD Algorithm:Pressure Distribution Problem           Function
           Hybrid Liu&Storey-Conjugate Descent. max(0,min(LS,CD)) stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1421     0   1967   545     14637 -.2828928549869E+00  .2384040564539E-04
 ------------------------------------------------------------------------------------
 TOTAL   1421     0   1967   545    146.37 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     17    CG-BM Algorithm:Pressure Distribution Problem           Function
           Birgin and Martinez (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1252     0   1581   328     12206 -.2828928828225E+00  .2785913192577E-04
 ------------------------------------------------------------------------------------
 TOTAL   1252     0   1581   328    122.06 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     18    CG-BM+ Algorithm:Pressure Distribution Problem           Function
           Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1035     0   1306   270      9964 -.2828929330066E+00  .1954683134793E-04
 ------------------------------------------------------------------------------------
 TOTAL   1035     0   1306   270     99.64 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     19    CG-sPRP Algorithm:Pressure Distribution Problem           Function
           Scaled Polak-Ribiere and Polyak. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    918     0   1298   379      9561 -.2828928275694E+00  .3699997061549E-04
 ------------------------------------------------------------------------------------
 TOTAL    918     0   1298   379     95.61 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 6, 2006

     20    CG-sFR Algorithm:Pressure Distribution Problem           Function
           Scaled Fletcher and Revees. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2090    89     16852 -.2828929080668E+00  .1588099274077E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2090    89    168.52 (seconds)    proc=    .00%

5H]XOWDWH QXPHULFH SULYLQG DFHDVWm SUREOHPm VH JmVHVF vQ /LQ �L &U\HU >����@� &LPDWWL �L 0HQFKL
>����@ �L 0RUp �L 7RUDOGR >����@� )LJXUD $� LOXVWUHD]m VROXÒLD SUREOHPHL SHQWUX Q[ Q\= =�� ��� �
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)LJ� $�� 6ROXÒLD SUREOHPHL ¦'LVWULEXWLRQ LQ D -RXUQDO %HDULQJ¦ � Q[ Q\= =�� ��� �

$SOLFDÒLD $�� ¦2SWLPDO 'HVLJQ ZLWK &RPSRVLWH 0DWHULDOV 3UREOHP¦
3UREOHPD FRQVWm vQ D GHWHUPLQD vQ PRG RSWLP SODVDUHD D GRXm PDWHULDOH HODVWLFH vQ VHFÒLXQHD
WUDQVYHUVDOm D XQHL EDUH FX ULJLGLWDWH WRUVLRQDOm PD[LPm� )RUPXODUHD SUREOHPHL VH JmVH�WH vQ
*RRGPDQ� .RKQ �L 5H\QD >����@ �L $YHULFN� &DUWHU DQG 0RUp >����@�

)LH
2

RD ⊂ XQ GRPHQLX PmUJLQLW �L ,Dw < XQGH D UHSUH]LQWm DULD OXL .D 3UREOHPD VH

IRUPXOHD]m VXE IRUPD�

{ }1
0( , ) : ( ), ,min F v v H D wΩ ∈ Ω =

XQGH

,)()()(
2
1

),(
2

dxxvxvxvF
D
∫ 






 +∇=Ω µ

�L

1)( µµ =x SHQWUX Ω∈x � �L 2)( µµ =x SHQWUX .Ω∉x

,QYHUVHOH FRQVWDQWHORU 1µ �L 2µ VXQW PRGXOHOH GH HODVWLFLDWDWH LQ EDUm� 6H SUHVXSXQH Fm .21 µµ <
*RRGPDQ� .RKQ �L 5H\QD >����@ GDX GHWDOLL DVXSUD DFHVWHL SUREOHPH �L R IRUPXOHD]m vQ WHUPHQLL
SURLHFWmULL RSWLPH D XQHL IDPLOLL GH SUREOHPH GH RSWLPL]DUH GH IRUPD�

{ }1
0( ) : ( ) ,min f v v H Dλ ∈

XQGH RDHf →)(: 1
0λ HVWH IXQFÒLRQDOD

( ){ }dxxvxvvf
D
∫ +∇= )()()( λλ ψ

�L RR →:λψ HVWH R IXQFÒLH SmWUDWLFm SH SRUÒLXQL� »Q DFHDVWm IRUPXODUH λ HVWH PXOWLSOLFDWRUXO

/DJUDQJH DVRFLDW SUREOHPHL� LDU IXQFÒLD SmWUDWLFm SH SRUÒLXQL λψ HVWH GH IRUPD�
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CG with angle restart.  Oct. 7, 2006

      1    CG-HS Algorithm:Optimal Design with Composite Materials Function
           Hestenes and Stiefel.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1716     0   2010   292     19884 -.1138121978094E-01  .1688657672642E-04
 ------------------------------------------------------------------------------------
 TOTAL   1716     0   2010   292    198.84 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      2    CG-FR Algorithm:Optimal Design with Composite Materials Function
           Fletcher and Reeves.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2097    96     21206 -.1050565370325E-01  .2687250149201E-01
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2097    96    212.06 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      3    CG-PRP Algorithm:Optimal Design with Composite Materials Function
           Polak-Ribiere and Polyak.  stoptest= 1
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     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2681   680     25784 -.1136648443447E-01  .2185206771161E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2681   680    257.84 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      4    CG-PRP+ Algorithm:Optimal Design with Composite Materials Function
           Polak-Ribiere and Polyak plus.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2688   687     25832 -.1137386204106E-01  .3429778159997E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2688   687    258.32 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      5    CG-CD Algorithm:Optimal Design with Composite Materials Function
           Conjugate Descent - Fletcher. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1648     3   1794   145     17895 -.1138128175981E-01  .2410200808003E-04
 ------------------------------------------------------------------------------------
 TOTAL   1648     3   1794   145    178.95 (seconds)    proc=    .18%

    CG with angle restart.  Oct. 7, 2006

      6    CG-LS Algorithm:Optimal Design with Composite Materials Function
           Liu and Storey.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2582   581     25100 -.1137497408585E-01  .2073885942729E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2582   581    251.00 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      7    CG-DY Algorithm:Optimal Design with Composite Materials Function
           Dai and Yuan.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2013    12     20599 -.1124142173931E-01  .1806862697856E-01
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2013    12    205.99 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      8    CG-DL Algorithm:Optimal Design with Composite Materials Function
           Dai and Liao (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1470     0   1647   176     16436 -.1138111572805E-01  .3323356519196E-04
 ------------------------------------------------------------------------------------
 TOTAL   1470     0   1647   176    164.36 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      9    CG-DL+ Algorithm:Optimal Design with Composite Materials Function
           Dai and Liao plus (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1648     0   1844   195     18436 -.1138123805283E-01  .2108234399880E-04
 ------------------------------------------------------------------------------------
 TOTAL   1648     0   1844   195    184.36 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     10    CG-SDC Algorithm:Optimal Design with Composite Materials Function
           Andrei - Sufficient Descent Condition.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1374     0   1420    45     14436 -.1138128588727E-01  .3515202969329E-04
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 ------------------------------------------------------------------------------------
 TOTAL   1374     0   1420    45    144.36 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     11    CG-hDY Algorithm:Optimal Design with Composite Materials Function
           Hybrid Dai and Yuan. max(c*DY,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1878     0   2215   336     21849 -.1138126961334E-01  .2016410098584E-04
 ------------------------------------------------------------------------------------
 TOTAL   1878     0   2215   336    218.49 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     12    CG-hDYz Algorithm:Optimal Design with Composite Materials Function
           Hybrid Dai and Yuan. max(0,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1878     0   2215   336     21845 -.1138126961334E-01  .2016410098584E-04
 ------------------------------------------------------------------------------------
 TOTAL   1878     0   2215   336    218.45 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     13    CG-GN Algorithm:Optimal Design with Composite Materials Function
           Gilbert and Nocedal.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2630   629     25384 -.1137389673748E-01  .2902218382000E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2630   629    253.84 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     14    CG-HuS Algorithm:Optimal Design with Composite Materials Function
           Hu and Storey. max(0,min(PRP,FR)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2641   640     25466 -.1137140083627E-01  .1793123082512E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2641   640    254.66 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     15    CG-TaS Algorithm:Optimal Design with Composite Materials Function
           Touat-Ahmed and Storey. (PRP <= FR). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2647   646     25546 -.1137507867734E-01  .3045918553877E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2647   646    255.46 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     16    CG-LS&CD Algorithm:Optimal Design with Composite Materials Function
           Hybrid Liu&Storey-Conjugate Descent. max(0,min(LS,CD)) stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2560   559     24944 -.1137636331454E-01  .1144770497186E-03
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2560   559    249.44 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     17    CG-BM Algorithm:Optimal Design with Composite Materials Function
           Birgin and Martinez (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1756     0   2026   269     20165 -.1138117244604E-01  .2137827370116E-04
 ------------------------------------------------------------------------------------
 TOTAL   1756     0   2026   269    201.65 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006



14

     18    CG-BM+ Algorithm:Optimal Design with Composite Materials Function
           Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1577     0   1796   218     17929 -.1138120384015E-01  .3085689040924E-04
 ------------------------------------------------------------------------------------
 TOTAL   1577     0   1796   218    179.29 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     19    CG-sPRP Algorithm:Optimal Design with Composite Materials Function
           Scaled Polak-Ribiere and Polyak. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2679   678     25874 -.1134719165313E-01  .1597065466838E-02
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2679   678    258.74 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     20    CG-sFR Algorithm:Optimal Design with Composite Materials Function
           Scaled Fletcher and Revees. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2097    96     21336 -.1050565370333E-01  .2687250182713E-01
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2097    96    213.36 (seconds)    proc=    .00%

)LJXUD $� SUH]LQWm VROXÒLD SUREOHPHL SHQWUX GLVFUHWL]DUHD Q[ Q\= =�� ��� �

)LJ� $�� 6ROXÒLD SUREOHPHL ¦2SWLPDO 'HVLJQ ZLWK &RPSRVLWH 0DWHULDOV¦� Q[ Q\= =�� ��� �

$SOLFDÒLD $�� ¦,QKRPRJHQHRXV 6XSHUFRQGXFWRUV� ��GLPHQVLRQDO *LQ]EXUJ�/DQGDX 3UREOHP¦
$FHDVWm SUREOHPm DSDUH vQ UH]ROYDUHD HFXDÒLLORU *LQ]EXUJ�/DQGDX SHQWUX VXSHUFRQGXFWRDUH
QHRPRJHQH vQ DEVHQÒD XQXL FkPS PDJQHWLF� )RUPXODUHD SUREOHPHL VH JmVH�WH vQ *DUQHU �L %HQHGHN
>����@ �L $YHULFN� &DUWHU �L 0RUp >����@�

3UREOHPD FRQVWm vQ D PLQLPL]D HQHUJLD OLEHUm *LEEV FD R IXQFÒLH GH WHPSHUDWXUm� 9HUVLXQHD
LQILQLW�GLPHQVLRQDOm DUH IRUPD

{ }1( ) : ( ) ( ), [ , ] ,min f v v d v d v C d d− = ∈ −
XQGH d2 HVWH OmÒLPHD PDWHULDOXOXL �L f HVWH IXQFÒLD GH HQHUJLH *LEEV�
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∫
− 






 ′++=

d

d

dv
m

vv
d

vf ,)(
4

)()(
2
1

)()(
2
1

)(
242 ξξξξβξξα �

vQ FDUH IXQFÒLLOH α �L β VXQW FRQVWDQWH SH SRUÒLXQL� SHQWUX R YDORDUH IL[DWm D WHPSHUDWXULL 7 � � HVWH

FRQVWDQWD OXL 3ODQFN ��������H��� HUJ�VHF�� �L m HVWH PDVD HOHFWUXQXOXL �����H��� JUDPH�� )XQFÒLLOH

α �L β VXQW FRQVWDQWH SH DQXPLWH LQWHUYDOH FRUHVSXQ]mWRDUH PDWHULDOHORU GLQ FDUH HVWH ImFXW

VXSHUFRQGXFWRUXO �SOXPE �L VWDQLX�� $SUR[LPDUHD SULQ HOHPHQWH ILQLWH D DFHVWHL SUREOHPH VH REÒLQH

LPHGLDW SULQ PLQLPL]DUH OXL f SHVWH VSDÒLXO IXQFÒLLORU OLQLDUH SH SRUÒLXQL v FX YDORULOH iv vQ

SXQFWHOH it � XQGH

.21 dtttd n =<<<=− �

'HFL� YDORULOH iv VXQW REÒLQXWH FD VROXÒLH D XUPmWRDUHL SUREOHPH GH PLQLPL]DUH�

1

1
( ) : ,

2

n
n

i
i

min f v v R
d =

 ∈ 
 
∑

XQGH
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1
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
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






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hvf

�βα

FX iii tth −= +1 OXQJLPHD VXELQWHUYDOXOXL DO −i OHD� �L FRQVWDQWHOH iα �L iβ VXQW YDORULOH IXQFÒLLORU α
�L β vQ VXELQWHUYDOXO ].,[ 1+ii tt

&RQVLGHUkQG � = � 
� DQJVWURPV �L WHPSHUDWXUD 7 = � � SHQWUX ���� GH SXQFWH GH GLVFUHWL]DUH

DOJRULWPLL GH JUDGLHQW FRQMXJDW LPSOHPHQWDÒL vQ &*$// IXUQL]HD]m UH]XOWDWHOH GLQ 7DEHOXO $��

7DEHOXO $�� 3HUIRUPDQÒD OXL &*$//� VWRSWHVW  �� DQJOH UHVWDUW�

Q =���� �
CG with angle restart.  Oct. 7, 2006

      1    CG-HS Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Hestenes and Stiefel.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  18155  4154      8814 -.2377192546376E-03  .3088007550039E-01
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  18155  4154     88.14 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      2    CG-FR Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Fletcher and Reeves.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     3  15145  1144      7792 -.5289434311113E-03  .8048443653448E-01
 ------------------------------------------------------------------------------------
 TOTAL  14001     3  15145  1144     77.92 (seconds)    proc=    .02%

    CG with angle restart.  Oct. 7, 2006

      3    CG-PRP Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Polak-Ribiere and Polyak.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     1  20115  6114      9585 -.2241934486058E-03  .5657273403756E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     1  20115  6114     95.85 (seconds)    proc=    .01%

    CG with angle restart.  Oct. 7, 2006

      4    CG-PRP+ Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Polak-Ribiere and Polyak plus.  stoptest= 1
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     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     3  20082  6081      9775 -.2092403785916E-03  .4507718715303E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     3  20082  6081     97.75 (seconds)    proc=    .02%

    CG with angle restart.  Oct. 7, 2006

      5    CG-CD Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Conjugate Descent - Fletcher. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     7  15022  1021      7696 -.2973343454095E-03  .2635576105963E-01
 ------------------------------------------------------------------------------------
 TOTAL  14001     7  15022  1021     76.96 (seconds)    proc=    .05%

    CG with angle restart.  Oct. 7, 2006

      6    CG-LS Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Liu and Storey.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  19714  5713      9329 -.1868976052166E-03  .5214152188659E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  19714  5713     93.29 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      7    CG-DY Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Dai and Yuan.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     7  14230   229      7270 -.2375450145690E+01  .1495732862068E+02
 ------------------------------------------------------------------------------------
 TOTAL  14001     7  14230   229     72.70 (seconds)    proc=    .05%

    CG with angle restart.  Oct. 7, 2006

      8    CG-DL Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Dai and Liao (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  18291  4290      8896 -.1775548822355E-03  .1030458187818E-01
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  18291  4290     88.96 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      9    CG-DL+ Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Dai and Liao plus (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  18121  4120      8783 -.1794280430988E-03  .5591013192664E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  18121  4120     87.83 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     10    CG-SDC Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Andrei - Sufficient Descent Condition.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     2  14333   332      7383 -.1122223584022E-02  .1049927595854E+01
 ------------------------------------------------------------------------------------
 TOTAL  14001     2  14333   332     73.83 (seconds)    proc=    .01%

    CG with angle restart.  Oct. 7, 2006

     11    CG-hDY Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Hybrid Dai and Yuan. max(c*DY,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  18151  4150      8792 -.1794760029678E-03  .5420154809958E-02
 ------------------------------------------------------------------------------------
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 TOTAL  14001     0  18151  4150     87.92 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     12    CG-hDYz Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Hybrid Dai and Yuan. max(0,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  18168  4167      8804 -.1789501521284E-03  .4441177761903E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  18168  4167     88.04 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     13    CG-GN Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Gilbert and Nocedal.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     1  20006  6005      9433 -.3364423595679E-03  .4236531982274E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     1  20006  6005     94.33 (seconds)    proc=    .01%

    CG with angle restart.  Oct. 7, 2006

     14    CG-HuS Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Hu and Storey. max(0,min(PRP,FR)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     1  20002  6001     10099 -.2403447668737E-03  .1924754614831E-01
 ------------------------------------------------------------------------------------
 TOTAL  14001     1  20002  6001    100.99 (seconds)    proc=    .01%

    CG with angle restart.  Oct. 7, 2006

     15    CG-TaS Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Touat-Ahmed and Storey. (PRP <= FR). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  19904  5903      9307 -.1860351521947E-03  .4093246180112E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  19904  5903     93.07 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     16    CG-LS&CD Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Hybrid Liu&Storey-Conjugate Descent. max(0,min(LS,CD)) stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  19514  5513      9354 -.1878380674015E-03  .4469163942246E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  19514  5513     93.54 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     17    CG-BM Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Birgin and Martinez (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  17869  3868      8910 -.1761021393922E-03  .1080218678800E-01
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  17869  3868     89.10 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     18    CG-BM+ Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     0  17922  3921      8643 -.1824142630544E-03  .1403520027503E-01
 ------------------------------------------------------------------------------------
 TOTAL  14001     0  17922  3921     86.43 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006
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     19    CG-sPRP Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Scaled Polak-Ribiere and Polyak. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     9  20093  6091      9544 -.2172388470274E-03  .8220352956666E-02
 ------------------------------------------------------------------------------------
 TOTAL  14001     9  20093  6091     95.44 (seconds)    proc=    .06%

    CG with angle restart.  Oct. 7, 2006

     20    CG-sFR Algorithm:Ginzburg-Landau (1-dimensional)         Function
           Scaled Fletcher and Revees. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
  1000  14001     2  14945   944      7563 -.3542339486115E-03  .3091610874304E+00
 ------------------------------------------------------------------------------------
 TOTAL  14001     2  14945   944     75.63 (seconds)    proc=    .01%

»Q )LJXUD $� VH DUDWm VROXÒLD SUREOHPHL SHQWUX Q = ��� SXQFWH GH GLVFUHWL]DUH�

)LJ� $�� 6ROXÒLD SUREOHPHL ¦*LQ]EXUJ�/DQGDX ���GLPHQVLRQDO�¦ � Q = ��� �

$SOLFDÒLD $�� ¦6WHDG\ 6WDWH &RPEXVWLRQ� 6ROLG )XHO ,JQLWLRQ¦
6WXGLXO UHJLPXOXL VWDÒLRQDU DO FRPEXVWLHL VROLGHORU VH SRDWH H[SULPD FD XUPmWRDUHD SUREOHPm GH
RSWLPL]DUH LQILQLW GLPHQVLRQDOm�

{ }0( ) : ( ) ,min f v v H Dλ
⊥∈

XQGH 0: ( )f H D Rλ
⊥ → HVWH IXQFWLRQDOD

21
( ) ( ) exp[ ( )] ,

2D

f v v x v x dxλ λ = ∇ − 
 ∫

�L 0λ ≥ XQ SDUDPHWUX FXQRVFXW� $FHDWm SUREOHPm HVWH IRUPXODUHD YDULDÒLRQDOm D XUPmWRDUHL
SUREOHPH FX YDORUL OD OLPLWm�

( ) exp[ ( )],v x v xλ−∆ = ,x D∈ ( ) 0v x = IRU x D∈ ∂
XQGH ∆ HVWH RSHUDWRUXO /DSODFLDQ� $ULV >����@� �L %HEHUQHV �L (EHUO\ >����@ GLVFXWm DFHDVWm
SUREOHPm vQ FRQWH[WXO FRPEXVWLHL VROLGHORU�
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3UREOHPD HVWH UH]ROYDWm XWLOL]kQG DSUR[LPDUHD SULQ HOHPHQWH ILQLWH� SULQ PLQLPL]DUHD OXL f

SHVWH VSDÒLXO IXQFÒLLORU OLQLDUH SH SRUÒLXQL v FX YDORULOH ijv vQ ijz � XQGH
2

ijz R∈ VXQW QRGXULOH XQHL

GLVFUHWL]mUL DOH OXL D FX SD�LL xh �L UHVSHFWLY .yh 9DORULOH ijv VXQW REÒLQXWH FD VROXÒLL DOH XUPmWRDUH

SUREOHPH GH PLQLPL]DUH�

( ){ }( ) ( ) : ,L U n
ij ijmin f v f v v R+ ∈∑

XQGH
22

1, , 1( ) ,
4
x y i j ij i j ijL L

ij ij
x y

h h v v v v
f v

h h
λµ+ +

  − −  = + −         

{ }1, , 1

2
exp( ) exp( ) exp( ) ,

3
L
ij ij i j i jv v vµ + += + +

22

1, , 1 ,
4
x y i j ij i j ijU U

ij ij
x y

h h v v v v
f

h h
λµ− −

  − −  = + −         

{ }1, , 1

2
exp( ) exp( ) exp( ) .

3
U
ij ij i j i jv v vµ − −= + +

»Q DFHDVWm IRUPXODUH
L

ijf HVWH GHILQLW QXPDL FkQG 0 xi n≤ ≤ �L 0 ,yj n≤ ≤ vQ WLPS FHH
U

ijf HVWH

GHILQLW FkQG 1 1xi n≤ ≤ + �L 1 1.yj n≤ ≤ +
7DEHOXO $� DUDWm SHUIRUPDQÒD OXL &*$// SHQWUX λ = � � xn  ��� �L �

\
 ����

7DEHOXO $�� 3HUIRUPDQÒD OXL &*$//� VWRSWHVW  �� DQJOH UHVWDUW�

Q[  ���� Q\  ���� ODPEGD  ��

CG with angle restart.  Oct. 7, 2006

      1    CG-HS Algorithm:Steady State Combustion                 Function
           Hestenes and Stiefel.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    990     0   1282   291     15124 -.5611448088702E+01  .4241874165000E-04
 ------------------------------------------------------------------------------------
 TOTAL    990     0   1282   291    151.24 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      2    CG-FR Algorithm:Steady State Combustion                 Function
           Fletcher and Reeves.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   2001     0   2125   124     25786 -.5611448508352E+01  .5026258157411E-04
 ------------------------------------------------------------------------------------
 TOTAL   2001     0   2125   124    257.86 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      3    CG-PRP Algorithm:Steady State Combustion                 Function
           Polak-Ribiere and Polyak.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    841     0   1211   369     14009 -.5611447238752E+01  .6051631561179E-04
 ------------------------------------------------------------------------------------
 TOTAL    841     0   1211   369    140.09 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      4    CG-PRP+ Algorithm:Steady State Combustion                 Function
           Polak-Ribiere and Polyak plus.  stoptest= 1
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     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1280     0   1820   539     21115 -.5611446654176E+01  .5275409844863E-04
 ------------------------------------------------------------------------------------
 TOTAL   1280     0   1820   539    211.15 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      5    CG-CD Algorithm:Steady State Combustion                 Function
           Conjugate Descent - Fletcher. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1807     3   2022   214     24322 -.5611448511519E+01  .3739770994935E-04
 ------------------------------------------------------------------------------------
 TOTAL   1807     3   2022   214    243.22 (seconds)    proc=    .17%

    CG with angle restart.  Oct. 7, 2006

      6    CG-LS Algorithm:Steady State Combustion                 Function
           Liu and Storey.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    937     0   1300   362     15119 -.5611447357498E+01  .4356711022336E-04
 ------------------------------------------------------------------------------------
 TOTAL    937     0   1300   362    151.19 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      7    CG-DY Algorithm:Steady State Combustion                 Function
           Dai and Yuan.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    886     0    909    22     11137 -.5611448502855E+01  .4503303912575E-04
 ------------------------------------------------------------------------------------
 TOTAL    886     0    909    22    111.37 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      8    CG-DL Algorithm:Steady State Combustion                 Function
           Dai and Liao (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    958     0   1089   130     13126 -.5611448275202E+01  .3638411180565E-04
 ------------------------------------------------------------------------------------
 TOTAL    958     0   1089   130    131.26 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

      9    CG-DL+ Algorithm:Steady State Combustion                 Function
           Dai and Liao plus (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1001     0   1144   142     13789 -.5611448350552E+01  .4697740420196E-04
 ------------------------------------------------------------------------------------
 TOTAL   1001     0   1144   142    137.89 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     10    CG-SDC Algorithm:Steady State Combustion                 Function
           Andrei - Sufficient Descent Condition.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    968     0   1028    59     12567 -.5611448460777E+01  .4236004138153E-04
 ------------------------------------------------------------------------------------
 TOTAL    968     0   1028    59    125.67 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     11    CG-hDY Algorithm:Steady State Combustion                 Function
           Hybrid Dai and Yuan. max(c*DY,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    865     0   1119   253     13174 -.5611448346802E+01  .4720759708192E-04
 ------------------------------------------------------------------------------------
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 TOTAL    865     0   1119   253    131.74 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     12    CG-hDYz Algorithm:Steady State Combustion                 Function
           Hybrid Dai and Yuan. max(0,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    982     0   1268   285     14933 -.5611448142923E+01  .3654265209350E-04
 ------------------------------------------------------------------------------------
 TOTAL    982     0   1268   285    149.33 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     13    CG-GN Algorithm:Steady State Combustion                 Function
           Gilbert and Nocedal.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    734     0   1034   299     11989 -.5611448184781E+01  .4206983899731E-04
 ------------------------------------------------------------------------------------
 TOTAL    734     0   1034   299    119.89 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     14    CG-HuS Algorithm:Steady State Combustion                 Function
           Hu and Storey. max(0,min(PRP,FR)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    844     0   1200   355     13900 -.5611446855706E+01  .4701481684608E-04
 ------------------------------------------------------------------------------------
 TOTAL    844     0   1200   355    139.00 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     15    CG-TaS Algorithm:Steady State Combustion                 Function
           Touat-Ahmed and Storey. (PRP <= FR). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    774     0   1104   329     12796 -.5611447449967E+01  .4090301490055E-04
 ------------------------------------------------------------------------------------
 TOTAL    774     0   1104   329    127.96 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     16    CG-LS&CD Algorithm:Steady State Combustion                 Function
           Hybrid Liu&Storey-Conjugate Descent. max(0,min(LS,CD)) stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1080     0   1502   421     17477 -.5611448507849E+01  .4911707417145E-04
 ------------------------------------------------------------------------------------
 TOTAL   1080     0   1502   421    174.77 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     17    CG-BM Algorithm:Steady State Combustion                 Function
           Birgin and Martinez (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000    892     0   1106   213     13156 -.5611447674984E+01  .4504763181220E-04
 ------------------------------------------------------------------------------------
 TOTAL    892     0   1106   213    131.56 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     18    CG-BM+ Algorithm:Steady State Combustion                 Function
           Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1206     0   1520   313     18055 -.5611448262696E+01  .4202960220530E-04
 ------------------------------------------------------------------------------------
 TOTAL   1206     0   1520   313    180.55 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006
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     19    CG-sPRP Algorithm:Steady State Combustion                 Function
           Scaled Polak-Ribiere and Polyak. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1119     0   1596   476     18666 -.5611447735287E+01  .4039052157073E-04
 ------------------------------------------------------------------------------------
 TOTAL   1119     0   1596   476    186.66 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 7, 2006

     20    CG-sFR Algorithm:Steady State Combustion                 Function
           Scaled Fletcher and Revees. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
 40000   1996     0   2106   109     25718 -.5611448507720E+01  .4766583196742E-04
 ------------------------------------------------------------------------------------
 TOTAL   1996     0   2106   109    257.18 (seconds)    proc=    .00%

)LJXUD $� DUDWm VROXÒLD SUREOHPHL FRPEXVWLHL VROLGHORU �SUREOHPD YDULDÒLRQDOm %UDWX� SHQWUX

�
[
=�� �L �

\
=���

)LJ� $�� 6ROXÒLD SUREOHPHL ¦6WHDG\ 6WDWH &RPEXVWLRQ� 6ROLG )XHO ,JQLWLRQ¦� �
[
=�� �L �

\
=���

$SOLFDÒLD $�� ¦/HQQDUG�-RQHV &OXVWHU 3UREOHP¦
$FHDVWm SUREOHPm� IRDUWH GLILFLOm� FRQVWm vQ D PLQLPL]D HQHUJLD XQHL FRQILJXUDÒLL GH DWRPL VDX

PROHFXOH >+RDUH� ����@� 'DWH SR]LÒLLOH 1 2, , , np p p� DOH n DWRPL �SXQFWH� vQ
dR � HQHUJLD

SRWHQÒLDOm HVWH GHILQLWm FD�

( )
1

2
2 1

( ) ,
jn

d j i
j i

V p v p p
−

= =

= −∑∑
XQGH :v R R→ HVWH IXQFÒLD SRWHQÒLDO vQWUH SHUHFKL GH DWRPL� )XQFÒLD GH SRWHQÒLDO /HQQDUG�-RQHV

HVWH GHILQLWm FD�
12 6( ) 2 .v r r r− −= −

3UREOHPD HVWH GH D GHWHUPLQD R FRQILJXUDÒLH �SR]LÒLD FHORU n SXQFWH� DVWIHO vQFkW IXQFÒLD dV Vm ILH

PLQLPL]DWm� 7DEHOXO $� DUDWm SHUIRUPDQÒD DOJRULWPLORU GH JUDGLHQW FRQMXJDW GLQ &*$// SHQWUX

UH]ROYDUHD DFHVWHL SUREOHPH�
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7DEHOXO $�� 3HUIRUPDQÒD OXL &*$//� VWRSWHVW  �� DQJOH UHVWDUW�

QGLP  �� QDWRPV  ����

CG with angle restart.  Oct. 9, 2006

      1    CG-HS Algorithm:Jones Clusters (Molecular Conformation) Function
           Hestenes and Stiefel.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001    19 118031  3630    137771 -.1828648172932E+04  .6300921292425E-05
 ------------------------------------------------------------------------------------
 TOTAL   4001    19 118031  3630   1377.71 (seconds)    proc=    .47%

    CG with angle restart.  Oct. 9, 2006

      2    CG-FR Algorithm:Jones Clusters (Molecular Conformation) Function
           Fletcher and Reeves.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     0   5343  1342      6431 -.1484475462042E+04  .2709037049905E+03
 ------------------------------------------------------------------------------------
 TOTAL   4001     0   5343  1342     64.31 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 9, 2006

      3    CG-PRP Algorithm:Jones Clusters (Molecular Conformation) Function
           Polak-Ribiere and Polyak.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     5 121123  3773    141290 -.1821259280218E+04  .7796929698301E-05
 ------------------------------------------------------------------------------------
 TOTAL   4001     5 121123  3773   1412.90 (seconds)    proc=    .12%

    CG with angle restart.  Oct. 9, 2006

      4    CG-PRP+ Algorithm:Jones Clusters (Molecular Conformation) Function
           Polak-Ribiere and Polyak plus.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   3758     2 114074  3532    132975 -.1827507111099E+04  .7198391467760E-05
 ------------------------------------------------------------------------------------
 TOTAL   3758     2 114074  3532   1329.75 (seconds)    proc=    .05%

    CG with angle restart.  Oct. 9, 2006

      5    CG-CD Algorithm:Jones Clusters (Molecular Conformation) Function
           Conjugate Descent - Fletcher. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     8  63726  2156     74484 -.1813486711772E+04  .2440479754219E-04
 ------------------------------------------------------------------------------------
 TOTAL   4001     8  63726  2156    744.84 (seconds)    proc=    .20%

    CG with angle restart.  Oct. 9, 2006

      6    CG-LS Algorithm:Jones Clusters (Molecular Conformation) Function
           Liu and Storey.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     1 121818  3764    142103 -.1822291051498E+04  .1130084178714E-04
 ------------------------------------------------------------------------------------
 TOTAL   4001     1 121818  3764   1421.03 (seconds)    proc=    .02%

    CG with angle restart.  Oct. 9, 2006

      7    CG-DY Algorithm:Jones Clusters (Molecular Conformation) Function
           Dai and Yuan.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     0   4014    13      4888 -.1487738758683E+04  .2170650073259E+03
 ------------------------------------------------------------------------------------
 TOTAL   4001     0   4014    13     48.88 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 9, 2006
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      8    CG-DL Algorithm:Jones Clusters (Molecular Conformation) Function
           Dai and Liao (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   3948    19 118827  3662    138515 -.1823645142572E+04  .7829616839376E-05
 ------------------------------------------------------------------------------------
 TOTAL   3948    19 118827  3662   1385.15 (seconds)    proc=    .48%

    CG with angle restart.  Oct. 9, 2006

      9    CG-DL+ Algorithm:Jones Clusters (Molecular Conformation) Function
           Dai and Liao plus (t=1).  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   3556     0 107984  3294    125976 -.1819686885699E+04  .8190002586284E-05
 ------------------------------------------------------------------------------------
 TOTAL   3556     0 107984  3294   1259.76 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 9, 2006

     10    CG-SDC Algorithm:Jones Clusters (Molecular Conformation) Function
           Andrei - Sufficient Descent Condition.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     5  27887   818     32621 -.1823961733981E+04  .9634668832112E-04
 ------------------------------------------------------------------------------------
 TOTAL   4001     5  27887   818    326.21 (seconds)    proc=    .12%

    CG with angle restart.  Oct. 9, 2006

     11    CG-hDY Algorithm:Jones Clusters (Molecular Conformation) Function
           Hybrid Dai and Yuan. max(c*DY,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001   136 121226  3727    141310 -.1824671666606E+04  .3486765870985E-05
 ------------------------------------------------------------------------------------
 TOTAL   4001   136 121226  3727   1413.10 (seconds)    proc=   3.40%

    CG with angle restart.  Oct. 9, 2006

     12    CG-hDYz Algorithm:Jones Clusters (Molecular Conformation) Function
           Hybrid Dai and Yuan. max(0,min(HS,DY)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   3364     0 100965  3097    117796 -.1824671666606E+04  .6432170993111E-05
 ------------------------------------------------------------------------------------
 TOTAL   3364     0 100965  3097   1177.96 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 9, 2006

     13    CG-GN Algorithm:Jones Clusters (Molecular Conformation) Function
           Gilbert and Nocedal.  stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   2892     1  87431  2709    102018 -.1823373765520E+04  .5433142393346E-05
 ------------------------------------------------------------------------------------
 TOTAL   2892     1  87431  2709   1020.18 (seconds)    proc=    .03%

    CG with angle restart.  Oct. 9, 2006

     14    CG-HuS Algorithm:Jones Clusters (Molecular Conformation) Function
           Hu and Storey. max(0,min(PRP,FR)). stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   3389     1 102336  3180    119292 -.1823373765520E+04  .9414553472752E-05
 ------------------------------------------------------------------------------------
 TOTAL   3389     1 102336  3180   1192.92 (seconds)    proc=    .03%

    CG with angle restart.  Oct. 9, 2006

     15    CG-TaS Algorithm:Jones Clusters (Molecular Conformation) Function
           Touat-Ahmed and Storey. (PRP <= FR). stoptest= 1
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     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   3553     1 107634  3344    125567 -.1823373765520E+04  .9281932376066E-05
 ------------------------------------------------------------------------------------
 TOTAL   3553     1 107634  3344   1255.67 (seconds)    proc=    .03%

    CG with angle restart.  Oct. 9, 2006

     16    CG-LS&CD Algorithm:Jones Clusters (Molecular Conformation) Function
           Hybrid Liu&Storey-Conjugate Descent. max(0,min(LS,CD)) stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900    844     0  13351   525     15585 -.1824034524392E+04  .6343016811470E-05
 ------------------------------------------------------------------------------------
 TOTAL    844     0  13351   525    155.85 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 9, 2006

     17    CG-BM Algorithm:Jones Clusters (Molecular Conformation) Function
           Birgin and Martinez (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   1464     4  38626  1228     45036 -.1821045228841E+04  .5986429730137E-05
 ------------------------------------------------------------------------------------
 TOTAL   1464     4  38626  1228    450.36 (seconds)    proc=    .27%

    CG with angle restart.  Oct. 9, 2006

     18    CG-BM+ Algorithm:Jones Clusters (Molecular Conformation) Function
           Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     1  61438  1837     71797 -.1821045228841E+04  .7935001534371E-05
 ------------------------------------------------------------------------------------
 TOTAL   4001     1  61438  1837    717.97 (seconds)    proc=    .02%

    CG with angle restart.  Oct. 9, 2006

     19    CG-sPRP Algorithm:Jones Clusters (Molecular Conformation) Function
           Scaled Polak-Ribiere and Polyak. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   3128     0  90373  2856    105457 -.1821259280218E+04  .7536453502620E-05
 ------------------------------------------------------------------------------------
 TOTAL   3128     0  90373  2856   1054.57 (seconds)    proc=    .00%

    CG with angle restart.  Oct. 9, 2006

     20    CG-sFR Algorithm:Jones Clusters (Molecular Conformation) Function
           Scaled Fletcher and Revees. Theta spectral. stoptest= 1

     n   iter   irs  fgcnt lscnt   time(c)        fxnew              gnorm
 ------------------------------------------------------------------------------------
   900   4001     0   5343  1342      6434 -.1484475376484E+04  .2709038450499E+03
 ------------------------------------------------------------------------------------
 TOTAL   4001     0   5343  1342     64.34 (seconds)    proc=    .00%

�����
�


&kWHYD FRQFOX]LL VXQW QHFHVDUH�
�� 0HWRGD GH JUDGLHQW FRQMXJDW LPSOHPHQWDWm vQ FHL �� GH DOJRULWPL SUH]HQWDÒL vQ DFHVW SURLHFW VH
GRYHGH�WH D IL FDSDELOm Vm UH]ROYH D PXOWLWXGLQH GH SUREOHPH GH RSWLPL]DUH ImUm UHVWULFÒLL�

�� ([SHULPHQWHOH QXPHULFH LQWHQVLYH HIHFWXDWH FX R FROHFÒLH GH ��� GH SUREOHPH GH RSWLPL]DUH ImUm
UHVWULFÒLL DUDWm Fm DOJRULWPXO GH JUDGLHQW FRQMXJDW FX GHVFHQGHQÒm VXILFLHQWm� SURSXV vQ >$QGUHL�
����F@ HVWH ¦WRS SHUIRUPHU¦ vQ DFHDVWm FODVm�

�� $SOLFDÒLLOH SUH]HQWDWm vQ DFHDVWm ID]m D SURLHFWXOXL� FDUH VXQW IRDUWH FRPSOH[H� DUDWm Fm SHQWUX
DQXPLWH SUREOHPH DOJRULWPLL GH JUDGLHQW FRQMXJDW VXQW FRPSHWLWLYL vQ FHHD FH SULYH�WH UH]ROYDUHD
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SUREOHPHORU FX QXPmU PDUH GH YDULDELOH� 7RWX�L� SHQWUX DOWH SUREOHPH �YH]L DSOLFDÒLD /HQQDUG�-RQHV

&OXVWHU 3UREOHP� FRPSRUWDUHD DFHVWRU DOJRULWPL HVWH PL]HUDELOm� 2 DQDOL]m D UH]XOWDWHORU SUH]HQWDWH

vQ DFHDVWm VHFÒLXQH DUDWm Fm YHUVLXQHD 'DL�<XDQ >����@ HVWH Fk�WLJmWRDUH� »Q LPHGLDWD YHFLQmWDWH VH

DIOm YHUVLXQHD QRDVWUm GH JUDGLHQW FRQMXJDW FX GHVFHQGHQÒm VXILFLHQWm� 'H H[HPSOX� vQ )LJXUD $� VH

DUDWm HYROXÒLD WLPSXOXL FSX �VHFXQGH� vQ IXQFÒLH GH DOJRULWPLL GH JUDGLHQW FRQMXJDW FRQVLGHUDÒL vQ

DFHVW VWXGLX� FRUHVSXQ]mWRDUH SULPHORU WUHL DSOLFDÒLL�

)LJ� $�� (YROXÒLD WLPSXOXL GH FDOFXO vQ IXQFÒLH GH DOJRULWPL SHQWUX SULPHOH � DSOLFDÒLL�

»Q )LJXUD $� VH DUDWm HYROXÒLD WLPSXOXL &38 vQ IXQFÒLH GH DOJRULWPLL FRQVLGHUDÒL SHQWUX XUPmWRDUHOH
GRXm DSOLFDÒLL�

)LJ� $�� (YROXÒLD WLPSXOXL GH FDOFXO vQ IXQFÒLH GH DOJRULWPL SHQWUX XUPmWRDUHOH � DSOLFDÒLL�
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8OWLPD DSOLFDÒLH QX D PDL IRVW LOXVWUDWm GHRDUHFH WLPSLL GH FDOFXO VXQW H[WUHP GH PDUL FKLDU SHQWUX
VLWXDÒLD vQ FDUH DP FRQVLGHUDW GRDU ��� GH DWRPL� $SOLFDÒLD D IRVW LQFOXVm vQ DFHVW VWXGLX SHQWUX D
DUmWD LPSUHGLFWLELOLWDWHD FRPSRUWmULL DOJRULWPLORU GH JUDGLHQW FRQMXJDW� 9HGHP Fm FHL PDL PLFL WLPSL
GH FDOFXO DX IRVW REÒLQXÒL FX YDULDQWD GH JUDGLHQW FRQMXJDW 'DL�<XDQ >����@�

�� 'LIHUHQÒD HVHQÒLDOm vQWUH YHUVLXQHD QRDVWUm >$QGUHL� ����F@ �L FHD D OXL 'DL �L <XDQ >����@ HVWH Fm
vQ FD]XO DOJRULWPXOXL QRVWUX GLUHFÒLD GH GHSODVDUH HVWH FDOFXODWm VXE IRUPD

� � �
N N N N N+ + += − +

� � �
θ β � LDU SHQWUX YHUVLXQHD 'DL � <XDQ DFHDVWD VH FDOFXOHD]m VLPSOX VXE IRUPD

� � �
N N N N+ += − +

� �
β � 3UH]HQÒD SDUDPHWUXOXL θ

N+� � FKLDU GDFm HVWH FDOFXODW FD R DSUR[LPDÒLH VFDODUm

D LQYHUVHL PDWULFHL +HVVLDQ� SHUWXUEm GLUHFÒLD GH D IL XQD HILFLHQWm� PDL DOHV vQ VLWXDÒLD vQ FDUH
FmXWDUHD OLQLDUm VH ED]HD]m SH FRQGLÒLLOH :ROIH FDUH� GXSm FXP �WLP� UHDOL]HD]m R DFXUDWHÒH GH RUGLQXO
OXL UDGLFDO GLQ HSVLORQ PD�LQm� 'H DFHHD HIRUWXO GH FHUFHWDUH WUHEXLH GLULMDW FmWUH HODERUDUHD GH

DOJRULWPL FDUH Vm XWLOL]H]H GLUHFÒLD � � �
N N N N+ += − +

� �
β vQ FDUH SDUDPHWUXO β

N
HVWH DOHV vQ D�D PRG

vQFkW FHOH GRXm FRQGLÒLL HV]HQÒLDOH� GHVFHQGHQÒD VXILFLHQWm �L FRQMXJDUHD Vm ILH vQGHSOLQLWH� »Q IRQG�

DOJRULWPLL ED]DÒL SH GLUHFÒLD � � �
N N N N+ += − +

� �
β VXQW SHUWXUEmUL DOH DOJRULWPXOXL SDVXOXL

GHVFHQGHQW�

�� »Q HVHQÒD ORU DFH�WL DOJRULWPL QX VXQW ELQH FXQRVFXÒL� &RPSRUWDUHD ORU QXPHULFm HVWH
LPSUHYL]LELOm� 6OmELFLXQHD ORU FRQVWm vQ IDSWXO Fm DFH�WLD QX LQFOXG QLFL XQ IHO GH LQIRUPDÒLH GH
RUGLQXO GRL DVXSUD IXQFÒLHL GH PLQLPL]DW� »Q FRPSDUDÒLH FX DOJRULWPLL TXVL�1HZWRQ �FX PHPRULH
OLPLWDWm� VDX 1HZWRQ WUXQFKLDW GHVHRUL DFH�WL DOJRULWPL VXQW LQIHULRUL� 7RWX�L� WUHEXLH Vm UHPDUFmP
DLFL VLPSOLWDWHD DFHVWRU DOJRULWPL �L PDL DOHV X�XULQÒD vQ FHHD FH SULYH�WH LPSOHPHQWDUHD ORU vQ
SURJUDPH GH FDOFXO�

!
"�
����#
�
$QGUHL� 1�� ������ 3UHOLPLQDU\ FRPSXWDWLRQDO H[SHULHQFH ZLWK $6/2 DQ DGYDQFHG V\VWHP IRU OLQHDU

RSWLPL]DWLRQ� 7HFKQLFDO 5HSRUW 1R� $02/������ 5HVHDUFK ,QVWLWXWH IRU ,QIRUPDWLFV� %XFKDUHVW� $XJXVW

��� �����

$QGUHL� 1�� �����D� 3URJUDPDUHD 0DWHPDWLFm $YDQVDWm� 7HRULH� 0HWRGH &RPSXWDÒLRQDOH� $SOLFDÒLL� (GLWXUD
7HKQLFm � %XFXUH�WL� �����

$QGUHL� 1�� �����E� 3URJUDPDUHD PDWHPDWLFm� 0HWRGH GH SXQFW LQWHULRU� (GLWXUD 7HKQLFm � %XFXUH�WL� �����
$QGUHL� 1�� �����D� 2SWLPL]DUH ImUm UHVWULFÒLL� 0HWRGH GH GLUHFÒLL FRQMXJDWH� (GLWXUD 0$75,;520� %XFXUH�WL�

�����
$QGUHL� 1�� �����E� 0HWRGH GH SXQFW LQWHULRU vQ RSWLPL]DUHD FRQYH[m� (GLWXUD 0$75,;520� %XFXUH�WL� �����
$QGUHL� 1�� �����I� 3DFKHWH GH SURJUDPH� PRGHOH �L SUREOHPH GH WHVW SHQWUX SURJUDPDUHD PDWHPDWLFm� (GLWXUD

0$75,;520� %XFXUH�WL� �����
$QGUHL� 1�� ������ 6LVWHPH �L SDFKHWH GH SURJUDPH SHQWUX SURJUDPDUHD PDWHPDWLFm� (GLWXUD 7HKQLFm�

%XFXUH�WL� �����
$QGUHL� 1�� ������ 0RGHOH� 3UREOHPH GH 7HVW �L $SOLFDÒLL GH 3URJUDPDUH 0DWHPDWLFm� (GLWXUD 7HKQLFm�

%XFXUH�WL� �����
$QGUHL� 1�� �����D� $ QHZ JUDGLHQW GHVFHQW PHWKRG IRU XQFRQVWUDLQHG RSWLPL]DWLRQ� ,&, 7HFKQLFDO 5HSRUW�

0DUFK �����
$QGUHL� 1�� �����E� 6FDOHG PHPRU\OHVV %)*6 SUHFRQGLWLRQHG FRQMXJDWH JUDGLHQW DOJRULWKP IRU XQFRQVWUDLQHG

RSWLPL]DWLRQ� ,&, 7HFKQLFDO 5HSRUW� 6HSWHPEHU �����
$QGUHL� 1�� ������ 3URJUDPXO 18&/(8 31 �� �� �� ��� &ULWLFD FHQYHUJHQÒHL �L FRPSOH[LWmÒLL DOJRULWPLORU GH

RSWLPL]DUH FRQYH[m ImUm UHUVWULFÒLL� )D]D �� )RUPXODUHD �L YHULILFDUHD XQHL WHRULL D FRQYHUJHQÒHL �L

FRPSOH[LWmÒLL RSWLPL]mULL FRQYH[H ImUm UHVWULFÒLL � PHWRGH GH JUDGLHQW GHVFHQGHQW� 0DUWLH ����� )D]D ��
)RUPXODUHD �L YHULILFDUHD XQHL WHRULL D FRQYHUJHQÒHL �L FRPSOH[LWmÒLL RSWLPL]mULL FRQYH[H ImUm UHVWULFÒLL �
PHWRGH GH JUDGLHQW FRQMXJDW� 'HFHPEULH �����

$QGUHL� 1�� ������ $Q DFFHOHUDWLRQ RI JUDGLHQW GHVFHQW DOJRULWKP ZLWK EDFNWUDFNLQJ IRU XQFRQVWUDLQHG

RSWLPL]DWLRQ� 1XPHULFDO $OJRULWKPV� 9ROXPH ��� 1XPEHU �� SS� ������ 0D\ �����

$QGUHL� 1�� �����D� 6FDOHG PHPRU\OHVV %)*6 SUHFRQGLWLRQHG FRQMXJDWH JUDGLHQW DOJRULWKP IRU XQFRQVWUDLQHG

RSWLPL]DWLRQ� 2SWLPL]DWLRQ 0HWKRGV DQG 6RIWZDUH� DFFHSWDWm 206 ������� �����
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$QGUHL� 1�� �����E� 6FDOHG %)*6 SUHFRQGLWLRQHG FRQMXJDWH JUDGLHQW DOJRULWKP IRU XQFRQVWUDLQHG RSWLPL]DWLRQ�

$SSOLHG 0DWKHPDWLFV /HWWHUV� DFFHSWDWm $0/ ����� �����

$QGUHL� 1�� �����F� $ &RQMXJDWH *UDGLHQW $OJRULWKP ZLWK 6XIILFLHQW 'HVFHQW &RQGLWLRQ IRU 8QFRQVWUDLQHG

2SWLPL]DWLRQ� ,&, 7HFKQLFDO 5HSRUW� 0DUFK ��� �����

$QGUHL� 1�� �����G� 3HUIRUPDQFH RI FRQMXJDWH JUDGLHQW DOJRULWKPV RQ VRPH 0,13$&.�� XQFRQVWUDLQHG

RSWLPL]DWLRQ DSSOLFDWLRQV� 6WXGLHV LQ ,QIRUPDWLFV DQG &RQWURO� YRO���� 1R��� -XQH ����� SS���������

$QGUHL� 1�� �����H� $Q DFFHOHUDWLRQ RI JUDGLHQW GHVFHQW DOJRULWKP ZLWK EDFNWUDFNLQJ IRU XQFRQVWUDLQHG

RSWLPL]DWLRQ� 6WXGLHV LQ ,QIRUPDWLFV DQG &RQWURO� YRO���� -XQH ����� SS���������

$ULV� 5�� ������ 7KH PDWKHPDWLFDO WKHRU\ RI GLIIXVLRQ DQG UHDFWLRQ LQ SHUPHDEOH FDWDO\VWV� 2[IRUG� �����

$YHULFN� %�0�� &DUWHU� 5�*� DQG 0RUp� -�-�� ������ 7KH 0,13$&.�� WHVW SUREOHP FROOHFWLRQ �SUHOLPLQDU\

YHUVLRQ�� $UJRQQH 1DWLRQDO /DERUDWRU\� ���� 6RXWK &DVV $YHQXH� $UJRQQH� ,OOLQRLV ������ 7HFKQLFDO

0HPRUDQGXP 1R����� 0D\ �����

$YHULFN� %�0�� 5�*� &DUWHU� -�-� 0RUp DQG *�/� ;XH� ������ ¦7KH 0,13$&.�� WHVW SUREOHP FROOHFWLRQ§�
$UJRQQH 1DWLRQDO /DERUDWRU\� 3UHSULQW 0&6�3��������� -XQH �����

%HEHUQHV� -�� DQG (EHUO\� '�� ������ 0DWKHPDWLFDO SUREOHPV IURP FRPEXVWLRQ WKHRU\� $SSOLRHG 0DWKHPDWLFDO
6FLHQFHV ��� 6SULQJHUH�9HUODJ� �����

%RQJDUW]� ,�� $�5� &RQQ� 1�,�0� *RXOG DQG 3�/� 7RLQW� ������ ¦&87(� FRQVWUDLQHG DQG XQFRQVWUDLQHG WHVWLQJ

HQYLURQPHQWV§� $&0 7UDQV� 0DWK� 6RIWZDUH� ��� SS��������� �����
&LPDWWL� *� DQG 0HQFKL� 2�� ������ 2Q WKH QXPHULFDO VROXWLRQ RI D YDULDWLRQDO LQHTXDOLW\ FRQQHFWHG ZLWK WKH

K\GURG\QDPLF OXEULFDWLRQ RI D FRPSOHWH MRXUQDO EHDULQJ� &DOFROR� ��� ����� SS���������
'DL� <�+� DQG <XDQ� <�� ������ $ QRQOLQHDU FRQMXJDWH JUDGLHQW PHWKRG ZLWK D VWURQJ JOREDO FRQYHUJHQFH

SURSHUW\� 6,$0 -� 2SWLP�� ��� SS��������� �����

(OOLRW� &�0� DQG 2FNHQGRQ� -�5�� ������ :HDN DQG YDULDWLRQDO PHWKRGV IRU PRYLQJ ERXQGDU\ SUREOHPV�

5HVHDUFK 1RWHV LQ 0DWKHPDWLFV� YRO���� 3LWWPDQ� �����

*DUQHU� -� DQG %HQHGHN� 5� ������ 6ROXWLRQ RI *LQ]EXUJ�/DQGDX HTXDWLRQV IRU LQKRPRJHQHRXV VXSHUFRQGXFWRUV

E\ QRQOLQHDU RSWLPL]DWLRQ� 3K\V� 5HY�� %� ��� ����� SS���������

*ORZLQVNL� 5�� ������ 1XPHULFDO 0HWKRGV IRU 1RQOLQHDU 9DULDWLRQDO 3UREOHPV� 6SULQJHU�9HUODJ� �����

*RRGPDQ� -�� .RKQ� 5� DQG 5H\QD� /�� ������ 1XPHULFDO VWXG\ RI D UHOD[HG YDULDWLRQDO SUREOHP IURP RSWLPDO

GHVLJQ� &RPSXW� 0HWKRGV $SSO� 0HFK� (QJUJ�� ��� ����� SS���������

+RDUH� 0�5�� ������ 6WUXFWXUH DQG G\QDPLFV RI VLPSOH PLFURFOXVWHUV� $GYDQFHV LQ &KHPLFDO 3K\VLFV� ��� �����

SS��������

/LQ� <� DQG &U\HU� &�:�� ������ $Q DOWHUQDWLQJ GLUHFWLRQ LPSOLFLW DOJRULWKP IRU WKH VROXWLRQ RI OLQHDU

FRPSOHPHQWDULW\ SUREOHPV DULVLQJ IURP IUHH ERXQGDU\ SUREOHPV� $SSO� 0DWK� 2SWLP�� ��� ����� SS���

���

0RUp� -�-� DQG 7RUDOGR� *�� ������ 2Q WKH VROXWLRQ RI ODUJH TXDGUDWLF SURJUDPPLQJ SUREOHPV ZLWK ERXQG

FRQVWUDLQWV� 6,$0 -� 2SWLPL]DWLRQ� �� ����� SS��������

1RUWKE\� -�$�� ������ 6WUXFWXUH DQG ELQGLQJ RI /HQQDUG�-RQHV FOXVWHUV� ���Q����� -RXUQDO RI &KHPLFDO

3K\VLFV� ��� ����� SS�����������

2©/HDU\� '�3� DQG <DQJ� :�+�� ������ (ODVWRSODVWLF WRUVLRQ E\ TXDGUDWLF SURJUDPPLQJ� &RPSXW� 0HWKRGV

$SSO� 0HFK� (QJUJ�� ��� ����� SS���������

2FWRPEULH ��� ����


