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Rezumat, Lucrarea prezintd performanta algoritmilor de gradient conjugat in ceea ce
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20 de algoritmi de gradient conjugat implementati in pachetul CGALL. Fiecare aplicatie
este descrisd pe scurt impreuni cu transformarea ei intr-o problemi de optimizare.
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1. Introducere

In aceastd lucrare prezentim experienta numericd privind rezolvarea unor aplicatii industriale
concrete din diverse domenii de interes atat pentru stiintd cét §i pentru practica industriald. In acest
sens ne vor referi la colectia MINPACK-2 asamblatd de Jorge J. Moré si colaboratorii lui de la
Argonne Natinal Laboratory, Argonne, Illinois, USA. Intr-adevir, Army High Performance
Computing Resear Center at the University of Minnesota §i The Mathematics and Computer Science
Division at Argonne National Laboratory sunt intr-o permanentd colaborare asupra dezvoltérii unui
toolbox pentru optimizare fard restrictii - MINPACK-2. O componentd importantd a acestui proiect o
constituie activitatea de constructie a unei colectii de probleme de optimizare din domeniul stiintific
s1 industrial care sd constituie probleme de test pentru pachetul MINPACK-2.

Avand in vedere aceastd colectie de probleme de optimizare fira restrictii, prezentatd foarte
succint In cateva rapoarte de cercetare, pecum si sub forma unor subrutine Fortran care
implementeazd modelele matematice ale acestor probleme, 1n aceastd faza a proiectului GRIDMOSI
ne punem problema prezentdrii rezultatelor computationale ale algoritmilor nogtri, precum i
prezentarea unei comparatii intre algoritmii considerati in acest studiu. Problemele considerate sunt
urmitoarele:

1) Elastic-Plastic Torsion Problem,

2) Pressure Distribution in a Journal Bearing Problem,

3) Optimal Design with Composite Materials Problem,

4) Inhomogeneous Superconductors. 1-dimensional Ginzburg-Landau Problem,
5) Steady State Combustion. Solid Fuel Ignition.

6) Lennard-Jones Cluster Problem,

Prezentarea acestor probleme se géseste in: Brett M. Averick, Richard G. Carter and Jorge J. Moré,
The MINPACK-2 test problem collection (Preliminary version), Mathematics and Computer
Science Division, Argonne National Laboratory, Thechnical Memorandum No. 150, May 1991.

In cele ce urmeazid vom detalia pe scurt modelele matematice ale acestor probleme. Cititorul
interesat giseste detalii in acest raport tehnic, precizat mai sus, precum si in lucririle mentionate la
bibliografia lucririi.



Aplicatia Al. “Elastic-Plastic Torsion Problem*
Problema constd in determinarea cdmpului de eforturi intr-o bard cilindricd infinit lungi. Versiunea
infinit dimensionald a acestei probleme este urmétoarea.

min{q(v): vOK},

unde : K - R este functia patratici:
q(v) = %!’”Dv(x)”zdx - c!)’v(x)dx

pentru o constanti oarecare C §i D este un domeniu mirginit cu frontierd netedi. Multimea
convexd K este definiti ca:

={v O H)(Dyw(xk dist(x,0D),:0 O} |
unde dist(.,0D) este distanta la frontiera lui D,si H(D)spatiul Hilbert al tuturor functiilor cu

suport compact in D astfel incat vV si ||D\/||2 apartin lui L?(D). Aceastd formulare, precum si
interpretarea fizicd a acestei probleme este prezentatd de Glowinski [1984, pp.41-55]. Aproximarea
prin elemente finite a problemei se obtine prin discretizarea lui D i inlocuirea problemei de
minimizare a lui q pe Hé (D) prin minimizarea lui ( pe multimea functiilor liniare pe portiuni
care satisfac restrictiile specificate de K, asa cum este descris de Averick, Carter and Mor¢ [1991,
pp-21-23]. Mai exact aproximarea prin elemente finite este definitd de functia patratici ( 1n forma

generali:
q(v) = %T!’wq (x)||Dv(x)||2dx —]J;vw (X)v(X)dx,

unde W,:D - R si W:D - R sunt functii definite pe dreptunghiul D. In problema torsiunii
w, =1si w =cC.

Acecastd problemd se rezolvd prin discretizarea lui D prin alegerea unei latice de
n xn puncte din interiorul lui D. Fie D=(¢,,¢,)*(,,,¢,,) dn R* . Nodurile

z,; O R’ pentru discretizarea dreptunghiului se obtin prin alegerea pasilor de discretizare 7 si

h, si definirea punctelor retelei ca:

2, =&, +in &, +jh), 0<isn +1, 0<j<n +1

astfel incat z =( L ,¢, ). Discretizarea consti din triunghiurile elementare 7, cu varfurile

n.+ln, +1

in nodurile z, ;, z,,

1z Cu acestea, 0 aproximare a problemei torsiunii se obtine prin minimizarea lui g

sl z precum si din triunghiurile elementare 7, cu xarfurile in nodurile

i, j+1 >

Zi,j’ i-1,j i,j=1°

peste spatiul functiilor liniare pe portiuni v care iau valorile v, ; in punctele z, ;. Aproximarea

iLj*

integralei
Jw, ol|oveo)|” dx
peste elementul 7', este functia pétraticéDqlf (v), unde
.

ﬁ]\/ - ﬁ@
L llj lj ljl i,j
L =U. . + 3 [l
ql,](v) “l,_l H D%

V

h_h

H; :T{W (Z,j) w (Zl+lj) w (Z /+l)}

In mod similar, aproximarea peste elementul 7, ., este functia pitraticd ql.j ;(v), unde



-y, OH

U (=2 H]Vi—l,j — Vi, g + E"i,_/—l ok
q;, i, % h,\- 0 g h_y a
h.h,
A, = 6 .’ {W‘! (2 )+ w, (2 ;) +w, (2, ;- )} :

Deci, aproximarea prin elemente finite a problemei conduce la urmitoarea problema de programare
patratica:
min{q(v):v [Q },

unde g este functia pitraticd
1
— L U
a0 =5 3 (at, )+, 0) b, Y wi(z, v,

In aceasta formulare qfi este definitd numai pentru 0<i<n_ i 0< j<n, ,in timp ce qi(.ji este
definitd pentru 1<i<n_+1§i 1< j<n, +1. De asemenea pentru aceastd problemd w, =1 si
w, = ¢, iar domeniul de admisibilitate este multimea Q, unde Q= {v OR™" :‘vm‘s dm.} , unde
d; ; este valoarea lui dist(., dD) in nodul z, .

Considerand D =(01)%(0,1), c¢=5 si nx =200, ny =200, atunci performanta
algoritmilor de gradient conjugat implementati in CGALL este prezentati in Tabelul Al.

Tabelul Al. Performanta lui CGALL. stoptest =1. angle restart.
nx = 200, ny = 200.
CGwth angle restart. Oct. 6, 2006

1 CG HS Algorithm El astic-Plastic Torsion Problem Function
Hestenes and Stiefel. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 470 0 606 135 4494 - 4392669723172E+00 . 5472010712090E-04
TOTAL 470 0 606 135  44.94 (seconds)  proc=  .00%

CGwith angle restart. Cct. 6, 2006

2 CG FR Al gorithmEl astic-Plastic Torsion Problem Functi on
Fl etcher and Reeves. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1123 0 1211 87 9390 -.4392678170513E+00 . 5542879589180E-04
TOTAL 1123 0 1211 87  93.90 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

3 CG PRP Al gorithm El astic-Plastic Torsion Problem Function
Pol ak- Ri bi ere and Pol yak. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 549 0 790 240 5672 -.4392660458110E00 . 5899288073497E-04
TOTAL 549 0 790 240  56.72 (seconds)  proc=  .00%

CGwith angle restart. Cct. 6, 2006

4 CG PRP+ Al gorithmEl astic-Plastic Torsion Problem Functi on
Pol ak- Ri bi ere and Pol yak plus. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 515 0 744 228 5330 -. 4392675484265E+00 . 4671741916588E-04
TOTAL 515 0 744 228  53.30 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006




5 CG CD Al gorithm El astic-Plastic Torsion Problem Function
Conj ugate Descent - Fletcher. stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 772 1 851 78 6528 -.4392677730748E+00 .4964667426406E- 04
TOTAL 772 1 851 78 65. 28 (seconds) proc= . 13%

CGwith angle restart. Cct. 6, 2006

6 CG LS AlgorithmEl astic-Plastic Torsion Problem Functi on
Liu and Storey. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 419 0 563 143 4098 - . 4392676304000E400 . 5505354551139F-04
TOTAL 419 0 563 143  40.98 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

7 CG DY AlgorithmElastic-Plastic Torsion Problem Function
Dai and Yuan. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 464 O 489 24 3794 - 4392678118671E+00 . 4636380569893E-04
TOTAL 464 0 489 24  37.94 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

8 CG DL AlgorithmEl astic-Plastic Torsion Problem Function
Dai and Liao (t=1). stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 474 0 547 72 4166 -.4392676276893E+00 . 5899636211465E-04
TOTAL 474 0 547 72 41.66 (seconds)  proc=  .00%

CGwith angle restart. Cct. 6, 2006

9 CG DL+ AlgorithmEl astic-Plastic Torsion Problem Functi on
Dai and Liao plus (t=1). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 438 0 498 59 3796 -.4392675732838E+00 . 6215678629793E-04
TOTAL 438 0 498 59  37.96 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

10 CG SDC Al gorithm El astic-Plastic Torsion Problem Function
Andrei - Sufficient Descent Condition. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 553 0 628 74 4804 -.4392677539163E+00 . 5386515413574E-04
TOTAL 553 0 628 74 48 04 (seconds)  proc=  .00%

CGwith angle restart. Cct. 6, 2006

11 CG hDY Al gorithmEl astic-Plastic Torsion Problem Functi on
Hybrid Dai and Yuan. nmax(c*DY,m n(HS,DY)). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 480 0 626 145 4593 - . 4392670489175E+00 . 5213096087434E-04
TOTAL 480 0 626 145  45.93 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

12 CG hDYz Al gorithmEl astic-Plastic Torsion Problem Function
Hybrid Dai and Yuan. nmax(0,m n(HS,DY)). stoptest=1




n iter irs fgcnt Iscnt time(c) f xnew gnorm

TOTAL 525 0 684 158 50. 26 (seconds) proc= . 00%
CGwith angle restart. Cct. 6, 2006

13 CG GN AlgorithmEl astic-Plastic Torsion Problem Functi on
G | bert and Nocedal. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 451 0 646 194 4627 - . 4392665762755E400 . 6168428335805E-04
TOTAL 451 0 646 194  46.27 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

14 CG HuS Al gorithm El astic-Plastic Torsion Problem Function
Hu and Storey. max(0, m n(PRP,FR)). stoptest= 1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 592 0 829 236 5989 -.4392665893852E400 . 7078891172025E-04
TOTAL 592 0 829 236  59.89 (seconds)  proc=  .00%

CGwith angle restart. COct. 6, 2006

15 CG TaS AlgorithmEl astic-Plastic Torsion Problem Functi on
Touat - Ahmed and Storey. (PRP <= FR). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 619 0 877 257 6333 -. 4392675027500E+00 . 5154553939208E-04
TOTAL 619 0 877 257  63.33 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

16 CG LS&CD Al gorithm El astic-Plastic Torsi on Problem Function
Hybrid Li u&Storey-Conjugate Descent. nmax(0,m n(LS,CD)) stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 528 0 734 205 5307 -.4392672120214E+00 . 5198145401967E-04
TOTAL 528 0 734 205  53.07 (seconds)  proc=  .00%

CGwith angle restart. COct. 6, 2006

17 CG BM Al gorithm El astic-Plastic Torsion Problem Functi on
Birgin and Martinez (scaled Perry). Theta spectral. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 539 0 663 123 4978 - . 4392676103086E+00 . 6174792411862E-04
TOTAL 539 0 663 123  49.78 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

18 CG BM+ Al gorithm Elastic-Plastic Torsion Problem Function
Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 512 0 633 120 4745 - 4392675527216E+00 .5784243301837E-04
TOTAL 512 0 633 120  47.45 (seconds)  proc=  .00%

CGwith angle restart. COct. 6, 2006

19 CG sPRP Al gorithmEl astic-Plastic Torsion Problem Functi on
Scal ed Pol ak- Ri bi ere and Pol yak. Theta spectral. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm

40000 507 0 728 220 5244 -.4392661393681E+00 .6507907916066E- 04




TOTAL 507 0 728 220 52. 44 (seconds) proc= . 00%
CGwith angle restart. Oct. 6, 2006

20 CG sFR Al gorithm El astic-Plastic Torsion Problem Functi on
Scal ed Fl etcher and Revees. Theta spectral. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1107 0 1194 86 9328 -.4392678165961E+00 . 6063685566256E-04
TOTAL 1107 0 1194 86  93.28 (seconds)  proc=  .00%

Rezultate numerice privind aceastd problemd sunt prezentate de exemplu in Elliot §i Ockendon
[1982], O’Leary si Yang [1989] si Moré si Toraldo [1991]. Pentru nx =10, ny =10 solutia
problemei este ilustratd n Figura Al.

Fig. Al. Solutia problemei “Elastic-Plastic Torsion nx =10, ny =10.

Aplicatia A2. “Pressure Distribution in a Journal Bearing Problem*
Problema constd in determinarea distributiei presiunii Intr-un film subtire de lubrifiant intre doi
cilindri circulari. Versiunea infinit-dimensionald a problemei este:

min{q(v) : vOK},

q(v) = %!wq (x)||Dv(x)||2dx - 1[W| (X)v(x)dx

cu

W,(z,2,) =(L+ecosz)’, w(z,z)=¢esnz,

pentru o anumitd constantd £€(0) si D =(0,2m)%(0,2b) unde b >0 este o constanti.
Multimea convexd K este K ={v UH é (D) D> 0} . Aproximarea prin elemente finite a

acestei probleme se obtine exact ca 1n problema de mai sus, unde de data asta
w,(§,,¢,) = (1+& cosé, ) i w,(&,,&,) =€ siné,. Domeniul de admisibilitate este multimea

Q :{v OR™ v, 2 0}



Considerdnd b=10 §i £ =0.1, si o discretizare N, XN, a domeniului D =(0,271) % (0,2b), unde
nx =200 si ny =200, atunci performanta algoritmilor inclusi in CGALL este ca in Tabelul A2.

Tabelul A2, Performanta lui CGALL. stoptest =1. angle restart.
nx = 200, ny = 200.
CGwth angle restart. Oct. 6, 2006

1 CG HS Algorithm Pressure Distribution Problem Function
Hestenes and Stiefel. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1373 0 1769 395 13475 -.2828928441305E+00 .2242178913041E-04
TOTAL 1373 0 1769 395  134.75 (seconds)  proc=  .00%

CGwith angle restart. Cct. 6, 2006

2 CG FR Al gorithm Pressure Distribution Problem Functi on
Fl etcher and Reeves. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 2001 0 2114 113 16813 -.2828928829736E+00 .1830398417199E-03
TOTAL 2001 0 2114 113  168.13 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

3 CG PRP Al gorithm Pressure Distribution Problem Function
Pol ak- Ri bi ere and Pol yak. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1242 0 1773 530 13045 -.2828927665800E+00 .3781489191363E-04
TOTAL 1242 0 17738 530 13045 (seconds)  proc=  .00%

CGwith angle restart. COct. 6, 2006

4 CG PRP+ Al gorithm Pressure Distribution Problem Functi on
Pol ak- Ri bi ere and Pol yak plus. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1328 O 1891 562 13945 -.2828928567816E+00 .3004022749413E-04
TOTAL 1328 0 1891 562  139.45 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

5 CG CD Al gorithm Pressure Distribution Problem Function
Conj ugate Descent - Fletcher. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1884 3 2112 227 16466 -.2828929397215E+00 .2709597886241E-04
TOTAL 1884 3 2112 227  164.66 (seconds)  proc=  .16%

CGwith angle restart. COct. 6, 2006

6 CG LS Algorithm Pressure Distribution Problem Function
Liu and Storey. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 938 0 1333 394 9756 -.2828927981745E+00 . 2494279574639E-04
TOTAL 938 0 1333 394  97.56 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

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

n iter irs fgcnt |scnt time(c) f xnew gnorm




40000 1054 0 1084 29 8670 -.2828929486612E+00 .2331868205685E- 04

TOTAL 1054 0 1084 29 86. 70 (seconds) proc= . 00%

CGwith angle restart. Oct. 6, 2006

8 CG DL Algorithm Pressure Distribution Problem Function
Dai and Liao (t=1). stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1274 0 1570 295 12075 -.2828929227255E+00 .2803963705326E-04
TOTAL 1274 0 1570 295  120.75 (seconds)  proc=  .00%

CGwith angle restart. COct. 6, 2006

9 CG DL+ Al gorithm Pressure Distribution Problem Functi on
Dai and Liao plus (t=1). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1417 O 1756 338 13528 -.2828929205048E+00 .3753177128139E-04
TOTAL 1417 0 1756 338  135.28 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

10 CG SDC Al gorithm Pressure Distribution Problem Function
Andrei - Sufficient Descent Condition. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1271 0 1406 134 11120 -.2828929420157E+00 .2397640342216E-04
TOTAL 1271 0 1406 134  111.20 (seconds)  proc=  .00%

CGwith angle restart. COct. 6, 2006

11 CG hDY Al gorithm Pressure Distribution Problem Function
Hybrid Dai and Yuan. max(c*DY,m n(HS,DY)). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1358 O 1748 389 13281 -.2828928568691E+00 .4362687608907E-04
TOTAL 1358 0 1748 389  132.81 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

12 CG hDYz Al gorithm Pressure Distribution Problem Function
Hybrid Dai and Yuan. nmax(0,m n(HS,DY)). stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1341 0 1736 394 13172 -.2828928419213E+00 .3215959955920E-04
TOTAL 1341 0 1736 394  131.72 (seconds)  proc=  .00%

CGwith angle restart. Cct. 6, 2006

13 CG GN Al gorithm Pressure Distribution Problem Function
G |l bert and Nocedal. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1149 0 1642 492 12076 -.2828927548479E+00 .3402344281648E-04
TOTAL 1149 0 1642 492  120.76 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

14 CG HuS Al gorithm Pressure Distribution Problem Function
Hu and Storey. max(0, m n(PRP,FR)). stoptest= 1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1547 0 2186 638 16205 -.2828928462808E+00 .3235100091232E-04

TOTAL 1547 0 2186 638 162. 05 (seconds) proc= . 00%




CGwith angle restart. Oct. 6, 2006

15 CG TaS Al gorithm Pressure Distribution Problem Functi on
Touat - Ahmed and Storey. (PRP <= FR). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1280 O 1803 522 13379 -.2828928189297E+00 .2503822999534E-04
TOTAL 1280 0 1803 522  133.79 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

16 CG LS&CD Al gorithm Pressure Distribution Problem Function
Hybrid Li u&Storey-Conjugate Descent. nmax(0,m n(LS,CD)) stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1421 0 1967 545 14637 -.2828928549869E+00 .2384040564539E-04
TOTAL 1421 0 1967 545  146.37 (seconds)  proc=  .00%

CGwith angle restart. Cct. 6, 2006

17 CG BM Al gorithm Pressure Distribution Problem Functi on
Birgin and Martinez (scaled Perry). Theta spectral. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1252 0 1581 328 12206 -.2828928828225E+00 .2785913192577E-04
TOTAL 1252 0 1581 328  122.06 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

18 CG BM+ Al gorithm Pressure Distribution Problem Function
Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1035 0 1306 270 9964 - . 2828929330066E+00 . 1054683134793E-04
TOTAL 1035 0 1306 270  99.64 (seconds)  proc=  .00%

CGwith angle restart. COct. 6, 2006

19 CG sPRP Al gorithm Pressure Distribution Problem Functi on
Scal ed Pol ak- Ri bi ere and Pol yak. Theta spectral. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 918 0 1298 379 9561 -.2828928275694E+00 . 3699997061549E-04
TOTAL 918 0 1298 379  95.61 (seconds)  proc=  .00%

CGwith angle restart. Oct. 6, 2006

20 CG sFR Al gorithm Pressure Distribution Problem Function
Scal ed Fletcher and Revees. Theta spectral. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 2001 O 2090 89 16852 -.2828929080668E+00 .1588099274077E-03
TOTAL 2001 0 2090 89  168.52 (seconds)  proc=  .00%

Rezultate numerice privind aceastd problemid se gédsesc in Lin g1 Cryer [1985], Cimatti i Menchi
[1978] si Mor¢ si Toraldo [1991]. Figura A2 ilustreazd solutia problemei pentru nx =10, ny =10.



Fig. A2. Solutia problemei “Distribution in a Journal Bearing* . nx =10, ny =10.

Aplicatia A3. “Optimal Design with Composite Materials Problem*

Problema constd in a determina in mod optim plasarea a doud materiale elastice in sectiunea
transversald a unei bare cu rigiditate torsionald maximid. Formularea problemei se giseste in
Goodman, Kohn si Reyna [1986] si Averick, Carter and Moré [1991].

Fie D 0 R un domeniu mirginit i W<|D|, unde |D| reprezintd aria lui D. Problema se

formuleazi sub forma:

min{F(v,Q) :vOH(D), Q V‘} ’

unde
F(v,Q) = !% ;1(x)||Dv(x)||2 +V(X) @jx,

S
H(X) = 1 pentru XU Q, si 4(X) = U, pentru X Q.

Inversele constantelor U, si U, sunt modulele de elasticiatate in bard. Se presupune cd L, < U,.
Goodman, Kohn §i Reyna [1986] dau detalii asupra acestei probleme si o formuleazi in termenii
proiectérii optime a unei familii de probleme de optimizare de forma:

min{ f,(v) : vOH}(D}
unde f, :Hy(D) - R este functionala

f,(v) = !{% (Iove9])+ veopdx

si Y, R - R este o functie patraticd pe portiuni. In aceasts formulare A este multiplicatorul

Lagrange asociat problemeli, iar functia patraticd pe portiuni {/, este de forma:
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E%glJth’ ost<t,

1
Y, = Epztl(t _Etl)’ t, <t<t,,
1
S’%l’ll(tz _tzz) + 1ot (1 _Etl

cu punctele de discontinuitate t; §i t, definite de:
12 12

_H, , _%/\uz
t,= — it = —=
' %/\/Jz v n

Problema consideratd in Averick, Carter i Moré [1991] este aceea de minimizare a lui f, pentru o

), t, <t

valoare fixatd a lui A. Intr-o manierd canonicd se poate obtine o aproximare prin elemente finite in

sensul minimizirii lui f, peste spatiul functiilor liniare pe portiuni V cu valorile V; in Z;, unde
2 . .. . . .. . . . .

z; UR® sunt nodurile unei discretizari ale lui D cu pasii de discretizare h, §i h,. Valorile

v, ; sunt obtinute ca solutic a urmétoarei probleme de minimizare:

mm{Z(flL](v)+ flU,(V) +vi7>,-):v DR"},

unde functiile /" si /", sunt definite ca:

hh h
fhm==wla ;) rhm=

*‘f*‘ (a2, ),

in care

In aceastd formulare f" este definitd numai pentru 0<i<n si 0< j<n , intimp ce f este
definiti pentru 1<i<n +lgil< j<n +1

Considerind i, =1 si {4, =2, in Tabelul A3 se prezintd performanta lui CGALL n, =200
si n, =200.

Tabelul A3. Performanta lui CGALL. stoptest =1. angle restart.
nx = 200, ny = 200.
CGwith angle restart. Oct. 7, 2006

1 CG HS Algorithm Optimal Design with Conposite Materials Function

Hestenes and Stiefel. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1716 0 2010 292 19884 -.1138121978094E-01 .1688657672642E-04
TOTAL 1716 0 2010 292  198.84 (seconds)  proc=  .00%

CGwith angle restart. COct. 7, 2006

2 CG FR Algorithm Optimal Design with Conposite Materials Function
Fl etcher and Reeves. stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 2001 0 2097 96 21206 -.1050565370325E-01 .2687250149201E-01
TOTAL 2001 0 2097 96 212. 06 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

3 CG PRP Al gorithm Optimal Design with Conposite Materials Function
Pol ak- Ri bi ere and Pol yak. stoptest= 1

11



n iter irs fgent |scnt time(c) f xnew gnorm

40000 2001 0 2681 680 25784 -.1136648443447E-01 .2185206771161E-03

TOTAL 2001 0 2681 680 257.84 (seconds) proc= . 00%
CGwith angle restart. Oct. 7, 2006

4 CG PRP+ Al gorithm Optimal Design with Conposite Materials Function
Pol ak- Ri bi ere and Pol yak plus. stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 2001 0 2688 687 25832 -.1137386204106E-01 .3429778159997E- 03
TOTAL 2001 0 2688 687 258. 32 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

5 CG CD Algorithm Optimal Design with Conposite Materials Function
Conj ugat e Descent - Fletcher. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 1648 3 1794 145 17895 -.1138128175981E-01 .2410200808003E- 04
TOTAL 1648 3 1794 145 178. 95 (seconds) proc= . 18%

CGwith angle restart. Oct. 7, 2006

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

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 2001 0 2582 581 25100 -.1137497408585E-01 .2073885942729E- 03
TOTAL 2001 0 2582 581 251. 00 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

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

n iter irs fgent |scnt time(c) f xnew gnorm
40000 2001 0 2013 12 20599 -.1124142173931E-01 .1806862697856E- 01
TOTAL 2001 0 2013 12 205. 99 (seconds) proc= . 00%

CGwith angle restart. Oct. 7, 2006

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

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1470 0 1647 176 16436 -.1138111572805E-01 .3323356519196E- 04
TOTAL 1470 0 1647 176 164. 36 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

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

n iter irs fgent |scnt time(c) f xnew gnorm
40000 1648 0 1844 195 18436 -.1138123805283E-01 .2108234399880E-04
TOTAL 1648 0 1844 195 184. 36 (seconds) proc= . 00%

CGwith angle restart. Oct. 7, 2006

10 CG SDC Al gorithm Optimal Design with Conposite Materials Function
Andrei - Sufficient Descent Condition. stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm

40000 1374 0 1420 45 14436 -.1138128588727E-01 .3515202969329E-04

12



TOTAL 1374 0 1420 45 144. 36 (seconds) proc= . 00%
CGwith angle restart. Cct. 7, 2006

11 CG hDY Al gorithm Optimal Design with Conposite Materials Function
Hybrid Dai and Yuan. max(c*DY,m n(HS,DY)). stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 1878 0 2215 336 21849 -.1138126961334E-01 .2016410098584E- 04
TOTAL 1878 0 2215 336 218. 49 (seconds) proc= . 00%

CGwith angle restart. COct. 7, 2006

12 CG hDYz Algorithm Optimal Design with Conposite Materials Function
Hybrid Dai and Yuan. nmax(0,m n(HS,DY)). stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 1878 0 2215 336 21845 -.1138126961334E-01 .2016410098584E- 04
TOTAL 1878 0 2215 336 218. 45 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

13 CG GN Algorithm Optimal Design with Conposite Materials Function
G |l bert and Nocedal. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 2001 0 2630 629 25384 -.1137389673748E-01 .2902218382000E- 03
TOTAL 2001 0 2630 629 253. 84 (seconds) proc= . 00%

CGwith angle restart. Oct. 7, 2006

14 CG HuS Al gorithm Optimal Design with Conposite Materials Function
Hu and Storey. max(0,m n(PRP,FR)). stoptest= 1

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 2001 0 2641 640 25466 -.1137140083627E-01 .1793123082512E-03
TOTAL 2001 0 2641 640 254. 66 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

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

n iter irs fgent |scnt time(c) f xnew gnorm
40000 2001 0 2647 646 25546 -.1137507867734E-01 .3045918553877E- 03
TOTAL 2001 0 2647 646 255. 46 (seconds) proc= . 00%

CGwith angle restart. COct. 7, 2006

16 CG LS&CD Al gorithm Optimal Design with Conposite Materials Function
Hybrid Li u&Storey-Conjugate Descent. nmax(0,m n(LS,CD)) stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm
40000 2001 0 2560 559 24944 -.1137636331454E-01 . 1144770497186E- 03
TOTAL 2001 0 2560 559 249. 44 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

17 CG BM Al gorithm Optimal Design with Conposite Materials Function
Birgin and Martinez (scaled Perry). Theta spectral. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 1756 0 2026 269 20165 -.1138117244604E-01 .2137827370116E- 04
TOTAL 1756 0 2026 269 201. 65 (seconds) proc= . 00%

CGwith angle restart. Oct. 7, 2006




18 CG BM+ Al gorithm Optimal Design with Conposite Materials Function
Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 1577 0 1796 218 17929 -.1138120384015E-01 .3085689040924E- 04
TOTAL 1577 0 1796 218 179. 29 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

19 CG sPRP Al gorithm Optimal Design with Conposite Materials Function
Scal ed Pol ak- Ri bi ere and Pol yak. Theta spectral. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 2001 0 2679 678 25874 -.1134719165313E-01 . 1597065466838E- 02
TOTAL 2001 0 2679 678 258. 74 (seconds) proc= . 00%

CGwith angle restart. COct. 7, 2006

20 CG sFR Al gorithm Optimal Design with Conposite Materials Function
Scal ed Fletcher and Revees. Theta spectral. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 2001 0 2097 96 21336 -.1050565370333E-01 .2687250182713E-01
TOTAL 2001 0 2097 96 213. 36 (seconds) proc= . 00%

Figura A3 prezinti solutia problemei pentru discretizarea nx =10, ny =10.

Fig. A3. Solutia problemei “Optimal Design with Composite Materials®. nx =10, ny =10.

Aplicatia A4. “Inhomogeneous Superconductors. 1-dimensional Ginzburg-Landau Problem*
Aceastd problemd apare in rezolvarea ecuatiilor Ginzburg-Landau pentru superconductoare
neomogene in absenta unui cdmp magnetic. Formularea problemei se géseste in Garner si Benedek
[1990] si1 Averick, Carter si Moré [1991].

Problema constd Tn a minimiza energia liberd Gibbs ca o functie de temperaturd. Versiunca
infinit-dimensionald are forma

min{ f (v) : v(-d) =v(d), vOC d,d},

unde 2d este litimea materialului §i f este functia de energie Gibbs:
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1 d 2 1 4 h 2
f()= g _J;EU(E)IV(E)I + > BEME) +, - (@) Edf,

in care functiile 0 si B sunt constante pe portiuni, pentru o valoare fixatd a temperaturii 7, /i este
constanta lui Planck (1.05459e-27 erg-sec), si M este masa electrunului (9.11e-28 grame). Functiile
a si [ sunt constante pe anumite intervale corespunzitoare materialelor din care este ficut
superconductorul (plumb si staniu). Aproximarea prin elemente finite a acestei probleme se obtine
imediat prin minimizare Iui f peste spatiul functiilor liniare pe portiuni V cu valorile V. in

punctele t;, unde
-d=t <t,<---<t =d.

Deci, valorile V, sunt obtinute ca solutie a urmétoarei probleme de minimizare:
I AL [
mmB—Z f.(v) : vORT],
[ed £ O

unde

)= B e W, BV, 0 B —v
B B,y 4mE R B

cu h =t,, —t; lungimea subintervalului al i —lea, §i constantele @; si B sunt valorile functiilor
si B in subintervalul [t,t,].

Considerand d = 3.2 angstroms si temperatura 7' = 5, pentru 1000 de puncte de discretizare
algoritmii de gradient conjugat implementati in CGALL furnizeaza rezultatele din Tabelul A4.

Tabelul A4, Performanta lui CGALL. stoptest =1. angle restart.

n =1000.
CGwth angle restart. Oct. 7, 2006
1 CG HS Al gorithm G nzbur g-Landau (1-di nmensional) Function
Hestenes and Stiefel. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 0 18155 4154 8814 -.2377192546376E-03 .3088007550039E-01
TOTAL 14001 0 18155 4154 88. 14 (seconds) proc= . 00%

CGwith angle restart. Oct. 7, 2006

2 CG FR Al gorithm G nzbur g-Landau (1-di nensi onal) Functi on
Fl etcher and Reeves. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 3 15145 1144 7792 -.5289434311113E-03 . 8048443653448E-01
TOTAL 14001 3 15145 1144  77.92 (seconds)  proc=  .02%

CGwith angle restart. COct. 7, 2006

3 CG PRP Al gorithm G nzbur g-Landau (1-di nmensional) Function
Pol ak- Ri bi ere and Pol yak. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 1 20115 6114 9585 - . 2241934486058E- 03 . 5657273403756E-02
TOTAL 14001 1 20115 6114  95.85 (seconds)  proc=  .01%

CGwith angle restart. Cct. 7, 2006

4 CG PRP+ Al gorithm G nzburg-Landau (1-di nensional) Functi on
Pol ak- Ri bi ere and Pol yak plus. stoptest=1
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n iter irs fgcnt Iscnt time(c) f xnew gnorm

1000 14001 3 20082 6081 9775 -.2092403785916E-03 .4507718715303E- 02

TOTAL 14001 3 20082 6081 97. 75 (seconds) proc= . 02%

CGwith angle restart. Cct. 7, 2006

5 CG CD Al gorithm G nzburg-Landau (1-di nmensional) Functi on
Conj ugat e Descent - Fletcher. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 7 15022 1021 7606 -. 2073343454095E-03 . 2635576105963E- 01
TOTAL 14001 7 15022 1021  76.96 (seconds)  proc=  .05%

CGwith angle restart. COct. 7, 2006

6 CG LS Al gorithm G nzburg-Landau (1-di nmensional) Function
Liu and Storey. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 O 19714 5713 9329 -.1868976052166E-03 .5214152188659E-02
TOTAL 14001 0 19714 5713  93.29 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

7 CG DY Al gorithm G nzburg-Landau (1-di nmensional) Functi on
Dai and Yuan. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 7 14230 229 7270 - 2375450145690E+01 . 1495732862068E+02
TOTAL 14001 7 14230 229  72.70 (seconds)  proc=  .08%

CGwith angle restart. Cct. 7, 2006

8 CG DL Al gorithm G nzburg-Landau (1-di nensional) Functi on
Dai and Liao (t=1). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 O 18201 4200 8896 -. 1775548822355E-03 . 1030458187818E-01
TOTAL 14001 O 18291 4290  88.96 (seconds)  proc=  .00%

CGwith angle restart. COct. 7, 2006

9 CG DL+ Al gorithm G nzburg-Landau (1-di nmensional) Function
Dai and Liao plus (t=1). stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 0 18121 4120 8783 -.1794280430988E- 03 . 5591013192664E-02
TOTAL 14001 0 18121 4120  87.83 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

10 CG SDC Al gorithm G nzbur g- Landau (1-di nensi onal) Functi on
Andrei - Sufficient Descent Condition. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 2 14333 332 7383 -. 1122223584022E-02 . 1049927595854E+01
TOTAL 14001 2 14333 332  73.83 (seconds)  proc=  .01%

CGwith angle restart. Oct. 7, 2006

11 CG hDY Al gorithm G nzbur g-Landau (1-di mensional) Function
Hybrid Dai and Yuan. nmax(c*DY,m n(HS,DY)). stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm

1000 14001 0 18151 4150 8792 -.1794760029678E-03 .5420154809958E- 02




TOTAL 14001 0 18151 4150 87.92 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

12 CG hDYz Al gorithm G nzburg-Landau (1-di nensional) Functi on
Hybrid Dai and Yuan. nmax(0,m n(HS,DY)). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 O 18168 4167 8804 - 1789501521284E-03 .4441177761903E-02
TOTAL 14001 O 18168 4167  88.04 (seconds)  proc=  .00%

CGwith angle restart. COct. 7, 2006

13 CG GN Al gorithm G nzburg-Landau (1-di nmensional) Function
G lbert and Nocedal. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 1 20006 6005 9433 -.3364423505679E- 03 . 4236531982274E-02
TOTAL 14001 1 20006 6005  94.33 (seconds)  proc=  .01%

CGwith angle restart. Cct. 7, 2006

14 CG HuS Al gorithm G nzbur g-Landau (1-di nensional) Functi on
Hu and Storey. max(0, m n(PRP, FR)). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
11000 14001 1 20002 6001 10099 -.2403447668737E-03 .1924754614831E-01
TOTAL 14001 1 20002 6001  100.99 (seconds)  proc=  .01%

CGwith angle restart. Oct. 7, 2006

15 CG TaS Al gorithm G nzbur g- Landau (1-di nmensional) Function
Touat - Ahmed and Storey. (PRP <= FR). stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 O 19904 5903 9307 -.1860351521947E-03 .4093246180112E-02
TOTAL 14001 0 19904 5903  93.07 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

16 CG LS&CD Al gorithm G nzbur g- Landau (1-di nensi onal ) Functi on
Hybrid Li u&Storey-Conjugate Descent. nmax(0,m n(LS,CD)) stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 O 19514 5513 9354 - 1878380674015E- 03 . 4469163942246E-02
TOTAL 14001 O 19514 5513  93.54 (seconds)  proc=  .00%

CGwith angle restart. Oct. 7, 2006

17 CG BM Al gorithm G nzbur g- Landau (1-di nmensional) Function
Birgin and Martinez (scaled Perry). Theta spectral. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 O 17869 3868 8910 -.1761021393922E-03 . 1080218678800E-01
TOTAL 14001 0 17869 3868  89.10 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

18 CG BM+ Al gorithm G nzbur g-Landau (1-di nensional) Functi on
Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 O 17922 3921 8643 -. 1824142630544E-03 . 1403520027503E-01
TOTAL 14001 0 17922 3921  86.43 (seconds)  proc=  .00%

CGwith angle restart. Oct. 7, 2006




19 CG sPRP Al gorithm G nzbur g-Landau (1-di nensional) Function
Scal ed Pol ak- Ri bi ere and Pol yak. Theta spectral. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
1000 14001 9 20093 6091 9544 -.2172388470274E-03 .8220352956666E- 02
TOTAL 14001 9 20093 6091 95. 44 (seconds) proc= . 06%

CGwith angle restart. COct. 7, 2006

20 CG sFR Al gorithm G nzbur g- Landau (1-di nmensional) Function
Scal ed Fletcher and Revees. Theta spectral. stoptest=1
n iter irs fgcnt |scnt time(c) f xnew gnorm
1000 14001 2 14945 944 7563 -.3542330486115E-03 . 3091610874304E+00
TOTAL 14001 2 14945 944  75.63 (seconds)  proc=  .01%

In Figura A4 se arati solutia problemei pentru 7 = 500 puncte de discretizare.

w10
-1.118 T T T T T T T T T
EREEA" Ginzburg-Landau (1-dimensional) problem. i
n=500 subintervals

B i
-1.11B65 i
ST i
11175 i
RIRRIEED J
11186 J

_1 1 1 9 1 1 1 1 1 1 1 1 1
1] a0 100 150 200 250 300 350 400 450 500

Fig. A4. Solutia problemei “Ginzburg-Landau (1-dimensional)*. n = 500.

Aplicatia A5, “Steady State Combustion. Solid Fuel Ignition“
Studiul regimului stationar al combustici solidelor se poate exprima ca urmitoarea problemi de
optimizare infinit dimensionald.

min{ f,(v):vO HOD(D)},

unde f, :H, (D) - R este functionala

_ 2
f,(v) = 1! %2—” Ov(x)|= A exp[v(x)@ dx,

si A=0 un parametru cunoscut. Aceatd problemd este formularea variationald a urmitoarei
probleme cu valori la limita:

-Av(X) = A exp[v(X)], xOD, v(x)=0 for x[d D
unde A este operatorul Laplacian. Aris [1975], si Bebernes si Eberly [1989] discutd aceastd
problema in contextul combustiei solidelor.
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Problema este rezolvata utilizdnd aproximarea prin elemente finite, prin minimizarea lui

f

peste spatiul functiilor liniare pe portiuni V cu valorile V; in Z;, unde Z OR? sunt nodurile unei

discretiziri ale lui D cu pasii h, si respectiv hy. Valorile V; sunt obtinute ca solutii ale urmétoare

probleme de minimizare:

min{ 3 (W) + £ 1)):vOR}

hxhy E:MHL]' _VI] Ijz |:}\/I
(3 O
4@ hoO

unde

fijL (v) =

pobin _VHDZ—A[J-ITD
SR =l

H

2
l'li;_ = g{eXp(Vij) +eXp(Vi+1,j) +eXp(Vi,j+1} )

fU = A @I]:M—Li ~Vi EZ A uj
4@ oh g h

0 A
) - iEJ’
W= R

2
by =2 {emv) +exp(v.y ) +exp(v, .}

In aceastd formulare fijL este definit numai cand O<i<n, si 0<j<n, in timp cee fijU este

definitcand 1<i<n, +1sil<j<n +1,

Tabelul A5 aratd performanta lui CGALL pentru A =5, n,=200 si n, =200.

Tabelul AS5. Performanta lui CGALL. stoptest =1. angle restart.

nx = 200, ny = 200, lambda = 5.

CGwith angle restart. OCct. 7, 2006

1 CG HS Al gorithm Steady State Conbustion
Hestenes and Stiefel. stoptest=1

n iter irs fgent |scnt time(c) f xnew
40000 990 0 1282 291 15124 -.5611448088702E+01
TOTAL 990 0 1282 291 151. 24 (seconds) proc=

CGwith angle restart. Cct. 7, 2006

2 CG FR Al gorithm Steady State Combustion
Fl etcher and Reeves. stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew
40000 2001 0 2125 124 25786 -.5611448508352E+01
TOTAL 2001 0 2125 124 257.86 (seconds) proc=

CGwith angle restart. OCct. 7, 2006

3 CG PRP Al gorithm Steady State Conbustion
Pol ak- Ri bi ere and Pol yak. stoptest=1

n iter irs fgent |scnt time(c) f xnew
40000 841 0 1211 369 14009 -.5611447238752E+01
TOTAL 841 0 1211 369 140. 09 (seconds) proc=

CGwith angle restart. Cct. 7, 2006

4 CG PRP+ Al gorithm Steady State Combustion
Pol ak- Ri bi ere and Pol yak plus. stoptest=1

Function

Functi on
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n iter irs fgcnt Iscnt time(c) f xnew gnorm

40000 1280 0 1820 539 21115 -.5611446654176E+01 .5275409844863E- 04

TOTAL 1280 0 1820 539 211. 15 (seconds) proc= . 00%
CGwth angle restart. Cct. 7, 2006

5 CG CD Al gorithm Steady State Conbustion Function
Conj ugate Descent - Fletcher. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1807 3 2022 214 24322 -.5611448511519E+01 .3739770994935E-04
TOTAL 1807 3 2022 214  243.22 (seconds)  proc=  .17%

CGwith angle restart. Cct. 7, 2006

6 CG LS Algorithm Steady State Conbustion Function
Liu and Storey. stoptest=1
n iter irs fgcnt |Iscnt time(c) f xnew gnorm
40000 937 0 1300 362 15119 -.5611447357498E+01 .4356711022336E-04
TOTAL 937 0 1300 362  151.19 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

7 CG DY Al gorithm Steady State Conbustion Function
Dai and Yuan. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 886 O 909 22 11137 -.5611448502855E+01 .4503303912575E-04
TOTAL 886 0 909 22  111.37 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

8 CG DL Algorithm Steady State Conbustion Function
Dai and Liao (t=1). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 958 0 1089 130 13126 -.5611448275202E+01 .3638411180565E-04
TOTAL 958 0 1089 130  131.26 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

9 CG DL+ Al gorithm Steady State Conbustion Function
Dai and Liao plus (t=1). stoptest=1
n iter irs fgcnt |Iscnt time(c) f xnew gnorm
40000 1001 O 1144 142 13789 -.5611448350552E+01 .4697740420196E-04
TOTAL 1001 O 1144 142  137.89 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

10 CG SDC Al gorithm Steady State Conbustion Function
Andrei - Sufficient Descent Condition. stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 968 O 1028 59 12567 -.5611448460777E+01 .4236004138153E-04
TOTAL 968 0 1028 59  125.67 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

11 CG hDY Al gorithm Steady State Combustion Function
Hybrid Dai and Yuan. nex(c*DY,m n(HS,DY)). stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew gnorm

40000 865 0 1119 253 13174 -.5611448346802E+01 .4720759708192E- 04




TOTAL 865 0 1119 253 131. 74 (seconds) proc= . 00%
CGwth angle restart. Cct. 7, 2006

12 CG hDYz Al gorithm Steady State Conbustion Function
Hybrid Dai and Yuan. nax(0,m n(HS,DY)). stoptest= 1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 982 0 1268 285 14933 -.5611448142023E+01 .3654265209350E-04
TOTAL 982 0 1268 285  149.33 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

13 CG GN Al gorithm Steady State Conbustion Functi on
G lbert and Nocedal. stoptest=1
n iter irs fgcnt |Iscnt time(c) f xnew gnorm
40000 734 0 1034 299 11989 -.5611448184781E+01 .4206983899731E-04
TOTAL 734 0 1034 299  119.89 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

14 CG HuS Al gorithm Steady State Conbustion Function
Hu and Storey. nax(0,m n(PRP,FR)). stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 844 0 1200 355 13900 -.5611446855706E+01 .4701481684608E-04
TOTAL 844 0 1200 355  139.00 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

15 CG TaS Al gorithm Steady State Conbustion Function
Touat - Ahmed and Storey. (PRP <= FR). stoptest=1
n iter irs fgcnt |Iscnt time(c) f xnew gnorm
40000 774 0 1104 329 12796 -.5611447449967E+01 .4090301490055E-04
TOTAL 774 0 1104 329  127.96 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

16 CG LS&CD Al gorithm Steady State Conbustion Function
Hybri d Li u&Storey-Conjugate Descent. max(0, m n(LS,CD)) stoptest=1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1080 O 1502 421 17477 -.5611448507849E+01 .4911707417145E-04
TOTAL 1080 O 1502 421  174.77 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

17 CG BM Al gorithm Steady State Combustion Function
Birgin and Martinez (scaled Perry). Theta spectral. stoptest=1
n iter irs fgcnt |Iscnt time(c) f xnew gnorm
40000 892 0 1106 213 13156 -.5611447674984E+01 .4504763181220E-04
TOTAL 892 0 1106 213  131.56 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006

18 CG BM+ Al gorithm Steady State Conbustion Function
Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest= 1
n iter irs fgent |scnt time(c) f xnew gnorm
40000 1206 O 1520 313 18055 -.5611448262696E+01 .4202960220530E-04
TOTAL 1206 0 1520 313  180.55 (seconds)  proc=  .00%

CGwith angle restart. Cct. 7, 2006




19 CG sPRP Al gorithm Steady State Conbustion Function
Scal ed Pol ak- Ri bi ere and Pol yak. Theta spectral. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
40000 1119 0 1596 476 18666 -.5611447735287E+01 .4039052157073E-04
TOTAL 1119 0 1596 476 186. 66 (seconds) proc= . 00%

CGwith angle restart. Cct. 7, 2006

20 CG sFR Al gorithm Steady State Conbustion Functi on
Scal ed Fl etcher and Revees. Theta spectral. stoptest=1
n iter irs fgcnt |Iscnt time(c) f xnew gnorm
40000 1996 0 2106 109 25718 -.5611448507720E+01 .4766583196742E-04
TOTAL 1996 0 2106 109  257.18 (seconds)  proc=  .00%

Figura A5 aratd solutia problemei combustiei solidelor (problema variationald Bratu) pentru
n,=10si n, =10.

Fig. AS. Solutia problemei “Steady State Combustion. Solid Fuel Ignition“. n, =10 i n, =10.

Aplicatia A6. “Lennard-Jones Cluster Problem*
Aceastd problemd, foarte dificild, constd in a minimiza energia unei configuratii de atomi sau

molecule [Hoare, 1979]. Date pozitiile P, P,,..., P, ale N atomi (puncte) in R?, energia
potentiald este definitd ca:

V(=3 5 v(lo,-pl,),

unde V:R - R este functia potential intre perechi de atomi. Functia de potential Lennard-Jones
este definitd ca:

v(r)=r"-2r7
Problema este de a determina o configuratie (pozitia celor N puncte) astfel incat functia V, si fie

minimizatd. Tabelul A6 arati performanta algoritmilor de gradient conjugat din CGALL pentru
rezolvarea acestei probleme.
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Tabelul A6. Performanta lui CGALL. stoptest =1. angle restart.
ndim = 3, natoms =300.

CGwth angle restart. Cct. 9, 2006

1 CG HS Al gorithm Jones dusters (Ml ecular Confornation) Function
Hestenes and Stiefel. stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew gnorm

900 4001 19 118031 3630 137771 -.1828648172932E+04 .6300921292425E- 05

TOTAL 4001 19 118031 3630 1377.71 (seconds) proc= . A47%
CGwth angle restart. Cct. 9, 2006

2 CG FR Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Fl etcher and Reeves. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
900 4001 0 5343 1342 6431 -.1484475462042E+04 .2709037049905E+03
TOTAL 4001 0 5343 1342 64. 31 (seconds) proc= . 00%

CGwith angle restart. Cct. 9, 2006

3 CG PRP Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Pol ak- Ri bi ere and Pol yak. stoptest=1

n iter irs fgcnt |scnt time(c) f xnew gnorm
900 4001 5 121123 3773 141290 -.1821259280218E+04 .7796929698301E- 05
TOTAL 4001 5 121123 3773 1412. 90 (seconds) proc= . 12%

CGwith angle restart. Cct. 9, 2006

4 CG PRP+ Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Pol ak- Ri bi ere and Pol yak plus. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
900 3758 2 114074 3532 132975 -.1827507111099E+04 . 7198391467760E- 05
TOTAL 3758 2 114074 3532 1329. 75 (seconds) proc= . 05%

CGwith angle restart. Cct. 9, 2006

5 CG CD Al gorithm Jones dusters (Ml ecular Confornation) Function
Conj ugate Descent - Fletcher. stoptest=1

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

CGwith angle restart. Cct. 9, 2006

6 CG LS Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Liu and Storey. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
900 4001 1 121818 3764 142103 -.1822291051498E+04 .1130084178714E-04
TOTAL 4001 1 121818 3764  1421.03 (seconds) proc= . 02%

CGwith angle restart. Cct. 9, 2006

7 CG DY Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Dai and Yuan. stoptest=1

n iter irs fgcnt Iscnt time(c) f xnew gnorm
900 4001 0 4014 13 4888 -.1487738758683E+04 .2170650073259E+03
TOTAL 4001 0 4014 13 48. 88 (seconds) proc= . 00%

CGwith angle restart. Cct. 9, 2006

23



8 CG DL Al gorithmJones Clusters (Ml ecul ar Conformation) Function
Dai and Liao (t=1). stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew gnorm

900 3948 19 118827 3662 138515 -.1823645142572E+04 . 7829616839376E- 05

TOTAL 3948 19 118827 3662 1385. 15 (seconds) proc= . 48%
CGwith angle restart. Cct. 9, 2006

9 CG DL+ Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Dai and Liao plus (t=1). stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
900 3556 0 107984 3294 125976 -.1819686885699E+04 .8190002586284E- 05
TOTAL 3556 0 107984 3294  1259.76 (seconds) proc= . 00%

CGwith angle restart. Cct. 9, 2006

10 CG SDC Al gorithm Jones Clusters (Ml ecul ar Conformati on) Function
Andrei - Sufficient Descent Condition. stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew gnorm
900 4001 5 27887 818 32621 -.1823961733981E+04 .9634668832112E- 04
TOTAL 4001 5 27887 818 326. 21 (seconds) proc= . 12%

CGwith angle restart. Cct. 9, 2006

11 CG hDY Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Hybrid Dai and Yuan. nax(c*DY,m n(HS,DY)). stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm

900 4001 136 121226 3727 141310 -.1824671666606E+04 .3486765870985E- 05

TOTAL 4001 136 121226 3727  1413.10 (seconds) proc=  3.40%
CGwith angle restart. Cct. 9, 2006

12 CG hDYz Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Hybrid Dai and Yuan. nex(0,m n(HS,DY)). stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew gnorm
900 3364 0 100965 3097 117796 -.1824671666606E+04 .6432170993111E- 05
TOTAL 3364 0 100965 3097 1177. 96 (seconds) proc= . 00%

CGwith angle restart. Cct. 9, 2006

13 CG GN Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
G |l bert and Nocedal. stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
900 2892 1 87431 2709 102018 -.1823373765520E+04 .5433142393346E- 05
TOTAL 2892 1 87431 2709 1020. 18 (seconds) proc= . 03%

CGwith angle restart. Cct. 9, 2006

14 CG HuS Al gorithm Jones Clusters (Ml ecul ar Conformati on) Function
Hu and Storey. nmax(0,m n(PRP,FR)). stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew gnorm
900 3389 1 102336 3180 119292 -.1823373765520E+04 .9414553472752E- 05
TOTAL 3389 1 102336 3180 1192. 92 (seconds) proc= . 03%

CGwith angle restart. Cct. 9, 2006

15 CG TaS Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Touat - Ahmed and Storey. (PRP <= FR). stoptest=1




n iter irs fgcnt Iscnt time(c) f xnew gnorm

900 3553 1 107634 3344 125567 -.1823373765520E+04 .9281932376066E- 05

TOTAL 3553 1 107634 3344  1255.67 (seconds) proc= . 03%
CGwith angle restart. Cct. 9, 2006

16 CG LS&CD Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Hybri d Li u&Storey-Conjugate Descent. max(0, m n(LS,CD)) stoptest=1

n iter irs fgent |scnt time(c) f xnew gnorm
900 844 0 13351 525 15585 -.1824034524392E+04 .6343016811470E-05
TOTAL 844 0 13351 525 155. 85 (seconds) proc= . 00%

CGwith angle restart. Cct. 9, 2006

17 CG BM Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Birgin and Martinez (scaled Perry). Theta spectral. stoptest= 1

n iter irs fgent |scnt time(c) f xnew gnorm
900 1464 4 38626 1228 45036 -.1821045228841E+04 .5986429730137E- 05
TOTAL 1464 4 38626 1228 450. 36 (seconds) proc= . 27%

CGwith angle restart. Cct. 9, 2006

18 CG BM+ Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Birgin and Martinez plus (scaled Perry). Theta spectral. stoptest=1

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

CGwith angle restart. Cct. 9, 2006

19 CG sPRP Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Scal ed Pol ak- Ri bi ere and Pol yak. Theta spectral. stoptest= 1

n iter irs fgent |scnt time(c) f xnew gnorm
900 3128 0 90373 2856 105457 -.1821259280218E+04 . 7536453502620E- 05
TOTAL 3128 0 90373 2856  1054.57 (seconds) proc= . 00%

CGwith angle restart. Cct. 9, 2006

20 CG sFR Al gorithm Jones Clusters (Ml ecul ar Conformation) Function
Scal ed Fl etcher and Revees. Theta spectral. stoptest=1

n iter irs fgcnt |Iscnt time(c) f xnew gnorm
900 4001 0 5343 1342 6434 -.1484475376484E+04 .2709038450499E+03
TOTAL 4001 0 5343 1342 64. 34 (seconds) proc= . 00%
Concluzii

Cateva concluzii sunt necesare.
1) Metoda de gradient conjugat implementatd in cei 20 de algoritmi prezentati in acest proiect se
dovedeste a fi capabild si rezolve a multitudine de probleme de optimizare fird restrictii.

2) Experimentele numerice intensive efectuate cu o colectie de 750 de probleme de optimizare fard
restrictii aratd cd algoritmul de gradient conjugat cu descendentd suficientd, propus in [Andrei,

2006c] este “top performer in aceastd clasi.

3) Aplicatiile prezentati in aceastd fazd a proiectului, care sunt foarte complexe, aratd cd pentru
anumite probleme algoritmii de gradient conjugat sunt competitivi in ceea ce priveste rezolvarea
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problemelor cu numér mare de variabile. Totusi, pentru alte probleme (vezi aplicatia Lennard-Jones
Cluster Problem) comportarea acestor algoritmi este mizerabild. O analizd a rezultatelor prezentate
in aceastd sectiune aratd cd versiunea Dai-Yuan [1999] este cagtigdtoare. In imediata vecinitate se
afld versiunea noastrd de gradient conjugat cu descendentd suficientd. De exemplu, in Figura A6 se
aratd evolutia timpului cpu (secunde) in functie de algoritmii de gradient conjugat considerati in
acest studiu, corespunzitoare primelor trei aplicatii.

300
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Fig. A6. Evolutia timpului de calcul in functie de algoritmi pentru primele 3 aplicatii.

In Figura A7 se arati evolutia timpului CPU in functic de algoritmii considerati pentru urmatoarele
doua aplicatii.
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Fig. A7. Evolutia timpului de calcul in functie de algoritmi pentru urmétoarele 2 aplicatii.
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Ultima aplicatie nu a mai fost ilustratd deoarece timpii de calcul sunt extrem de mari chiar pentru
situatia in care am considerat doar 300 de atomi. Aplicatia a fost inclusd in acest studiu pentru a
ardta impredictibilitatea comportérii algoritmilor de gradient conjugat. Vedem ca cei mai mici timpi
de calcul au fost obtinuti cu varianta de gradient conjugat Dai-Yuan [1999].

4) Diferenta esentiald Intre versiunea noastrd [Andrei, 2006c] si cea a lui Dai §i Yuan [1999] este ci
in cazul algoritmului nostru directia de deplasare este calculatdi sub forma
d =—0,.,8.4 tB,s, ,iar pentru versiunea Dai - Yuan aceasta se calculeazi simplu sub forma
d,.,, =-g,, tB,d, . Prezenta parametrului 8,,, , chiar daci este calculat ca o aproximatie scalar
a inversei matricei Hessian, perturbad directia de a fi una eficientd, mai ales In situatia in care
cdutarea liniard se bazeazi pe conditiile Wolfe care, dupd cum gtim, realizeazé o acuratete de ordinul
lui radical din epsilon masind. De aceea efortul de cercetare trebuie dirijat citre elaborarea de
algoritmi care si utilizeze directia d,,, = —g,,, + B,d, in care parametrul [3, este ales in aga mod
incat cele doud conditii eszentiale: descendenta suficientd §i conjugarea si fie indeplinite. in fond,
algoritmii bazati pe directia d,, =-—g,, +[B,d, sunt perturbiri ale algoritmului pasului
descendent.

5) In esenta lor acesti algoritmi nu_sunt bine cunoscuti. Comportarea lor numericd este
imprevizibild. Sldbiciunea lor constd in faptul cd acestia nu includ nici un fel de informatie de
ordinul doi asupra functiei de minimizat. In comparatie cu algoritmii qusi-Newton (cu memorie
limitatd) sau Newton trunchiat deseori acesti algoritmi sunt inferiori. Totusi, trebuie sd remarcdm
aici simplitatea acestor algoritmi §i mai ales usurinta in ceea ce priveste implementarea lor in
programe de calcul.
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