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Abstrakt:

V praci jsou analyzovany rovnice popisujici chemickou rovnovahu a vyvinuty efektivni me-
tody pro jejich reseni. Kromé metod pro vypocet vhodné pocatecni aproximace reseni jsou
studovany a implementovany metody pro reseni systémi nelinearnich rovnic. Jsou téz po-
psany prislusné programy napsané v jazyce Fortran a uvedeny jejich vypisy. Prilozeny jsou
ukazky vypoctu a vysledky vzorového problému.
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1 Rovnice popisujici chemickou rovnovahu

Chemicka rovnovaha je popsana rovnici
R — Csum = 07

kde
R=B'xC, C=10° |logC = H xlogCyuin + log K.

Zde B € R™*" B € R™*" jsou konstantni matice s m radky a n sloupci, K je kon-
stantni vektor dimenze m Cl,,, je konstantni vektor dimenze n (data tulohy) a log
znaci dekadicky logaritmus. Logaritmem vektoru budeme chapat vektor, jehoz vSechny
slozky jsou logaritmy slozek ptivodniho vektoru. Podobné budeme chapat exponen-
cidlni funkci vektoru. Pro zjednoduseni zapisu budeme pouzivat oznaceni uvedené v
nasledujici tabulce.

Chemie | Matematika
log Cmain
Cmain
log C'
C
log K
B
H
C'sum

NTmW™Q o <=8

Tedy mala pismena budou oznacovat logaritmické veli¢iny a velka originalni hodnoty
a matice. Pak lze chemickou rovnovahu vyjadrit ve tvaru

f(z) =S — BT10"** = 0. (1)

Tento systém nelinedrnich rovnic je mozné prevést na optimalizac¢ni tlohu zavedenim
ucelové funkce

Fw) = 3 @)@ = 3 3 1) )

Vzhledem k tomu, Ze se v definici této funkce vyskytuji exponencialy, nastavaji pro-
blémy s velkymi ¢isly (pfetékani). Jiz pomérné malé odchylky od optimalniho feSeni
zptisobuji, Ze funkce F(x) nabyvéa obrovskych hodnot (vétsich nez 101%). Dalsi pro-
blémy jsou zptsobeny tim, ze logaritmy jsou definovany pouze pro kladné hodnoty.
Hodnoty X = i, musi byt tudiz vétsi nez nula, coz vyzaduje pouziti omezeni ve
tvaru nerovnosti. Je vSak problém stanovit vhodné dolni meze, nebot hodnoty jednot-
livych proménnych se lisi o mnoho 1adf. Proto je vyhodné volit za proménné nikoliv
veliciny X = Clain, ale £ = log Cuin- Tyto veli¢iny mohou nabyvat libovolnych hod-
not, takze neni tfeba uvazovat zadna omezeni.



Vzhledem k témto skutecnostem je velmi dtlezité zvolit dobry pocatecni odhad
feseni. V podstaté jde o to nalézt vektor z; tak, aby slozky vektoru 107#1+* nabyvaly
rozumnych hodnot. Jednou z moznosti je zvolit z; tak, aby norma |[Hz; + k| byla
minimalni. Tato formulace je ekvivalentni linearni tloze nejmensich ¢tvercl, minima-
lizovat

1 1
§||Hx +k|)? = §(ITHTHZE +2kTHr + kTk),

coz vede na soustavu linearnich rovnic H” Hx + HTk = 0, kterd m4 jednozna¢né feSeni
v = —(HTH) 'H"k. Jednodussi a také vyhodnéjsi je pievést rovnici Hxy + k = 0
(kterd nemé feSeni, nebof matice H je obdélnikovd) na rovnici BT Hz; + BTk = 0.
Tim dostaneme pocéatecni odhad z; = —(BT H)~!BTk. Dalsi moznosti je aproximovat
exponencialni funkci rozvojem exp(x) &~ 1 + x, coz vede na rovnici

B'(e+ (Hr + k)In10) = S,

kde e je vektor, jehoz vsechny prvky jsou jednotky. Tato rovnice mé feSeni

v = lnllo(BTH)_l(S — B"(e + kIn10)) = .
Velmi vyhodnou moznosti je zvolit poc¢atecni odhad x; tak, aby byl feSenim soustavy
linedrnich nerovnosti Hz + k < 0 (nebo jeho aproximaci pokud toto feSeni neexistuje),
nebot v tomto piipadé plati 107#1+*% < 1. Soustavu nerovnosti Hx + k < 0 lze fesit
metodami linearniho programovani, napiiklad simplexovou metodou, jak je ukazano v
oddilu 2.

Jak uz bylo naznaceno, nastavaji pfi feseni tlohy (1) pomoci minimalizace funkce
(2) problémy s rozsahem hodnot jednotlivych veli¢in. Napiiklad hodnota F(x) =
(1/2)f%(z) f(z) a norma gradientu g(x) = VF(z) = J¥(x)f(z) jsou tmérné tverci
normy vektoru f(z) a skalarni soucin g% (x)g(x), ktery pouziva vétsina optimalizad-
nich metod je amérny ¢tvrté mocniné || f(z)||. Z tohoto divodu prakticky nelze pouzit
gradientni optimaliza¢ni metody. Jistou moznosti jsou komparativni metody, které po-
uzivajl pouze hodnoty ucelové funkce. Tyto metody vSak konverguji pomalu a lze je
pouzit pouze pro tlohy mensich rozmért. V nasich prvnich pokusech jsme pouzili kom-
binaci komparativni metody ”patern search” a metody s proménnou metrikou BFGS
(Broyden, Fletcher, Goldfarb, Shanno), ktera je podrobné popsana napiiklad v [20]).
Vysledky jsou uvedeny oddilu 8.

Abychom se vyhnuli problémtim s extrémné velkymi hodnotami, zamérili jsme se
na metody pro feseni systému nelinearnich rovnic. Tyto metody pouzivaji pouze vektor
f(z) a Jacobiovu matici

J(z) = In10 BY107* T+ [, (3)

takze nedochazi k problémtm se ¢tverci nebo ¢tvrtymi mocninami. Metody pro feseni
systému nelinearnich rovnic jsou vsak citlivéjsi na pfesnost vypoctu Jacobiovy matice
nebo na volbu jeji aproximace. Jelikoz pozadujeme aby metoda byla globalné konver-

gentni, je tieba peclivé upravit iteracni proces tak aby nedochazelo k divergenci nebo



k selhani metody. Témto Gpravam a teoretickému vysSetieni metod pro feseni systémi
nelinedrnich rovnic je vénovan oddil 3 této prace. Dalsi oddily obsahuji popis pod-
programt PNEQU a PBEQU, vyvinutych v rdamci tohoto grantového projektu, a vypisy
vSech modulti podprogramu PNEQU, ktery byl nakonec pouzit k feSeni tloh chemické
rovnovahy.

2 Reseni soustav linearnich nerovnosti

Jak jiz bylo zminéno, je vyhodné volit pocatecni odhad z; tak, aby byly splnény ne-
rovnosti Hxy + k£ < 0. Tuto tlohu lze fesit pomoci posloupnosti iloh linedrniho pro-
gramovani: Minimalizovat

i€l3(x)

na mnoziné zadané omezenimi
hlLU—sz SO, ZE[l(QI)U[2($),
kde

I(x) {1<i<m:hz+k =0}

jsou mnoziny neaktivnich, aktivnich a porusenych omezeni (h; je i-ty fadek matice H
a k; je i-ty prvek vektoru k). Uloha linearniho programovani se zméni, kdyz se zméni
mnozina I3(z).

Uvedena posloupnost tuloh linearniho programovani se fesi iteracné metodou pro-
mitanych gradientti, coz je jista uprava simplexové metody. V kazdém itera¢nim kroku
méame k disposici bod x, mnoziny I;(x), Ir(x), I5(x), matice Hy, Hy, Hs (¢asti matice
H, odpovidajici mnozindm I (z), Ir(x), I3(z)) a matici Wy = (HoHI)™!, kterd repre-
zentuje linearni varietu uréenou aktivnimi omezenimi. Nejprve ur¢ime smérovy vektor
s = —P,g3 (zaporné vzaty promitnuty gradient), kde

Py=1—HWyHy, gz3= > hi

iEI3((L’)

Je-li smérovy vektor s nulovy, ur¢ime vektor Lagrangeovych multiplikatori uy, =
WyHygs. Pokud us > 0 a I3(z) = 0, je bod x feSenim soustavy Hx 4+ k < 0. Pokud
ug > 0 a I3(x) # 0, nemé soustava Hz + k < 0 feSeni. Pokud uy < 0, najdeme nejmensi
Lagrangetv multiplikator, ubereme odpovidajici index z mnoziny I(z), pfiddme ho do
mnoziny [ (), upravime matici W5 a vratime se zpét na zacétek itera¢niho kroku.

Neni-li smérovy vektor nulovy, najdeme maximéalni délky kroku

a; = min _
1€l1,his>0 h;s

3



g = min _
i€l3,h;s<0 h;s

a polozime a = min(ay, ag). Jestlize @ = 0o, nemé soustava Hx +k < 0 feSeni. Jestlize
a = a1, ubereme odpovidajici index z mnoziny I;(z), pfiddme ho do mnoziny I5(x)
a upravime matici Ws. Jestlize a = a3, ubereme odpovidajici index z mnoziny I3(z),
ptiddme ho do mnoziny I(x) a upravime matici W,. Nakonec polozime xt = x + as
(novy odhad feSeni) a zahajime dalsi itera¢ni krok.

Zbyva ukazat, jak se upravuje matice W5 pti ubrani nebo pridani aktivniho omezeni.
P1i ubrani aktivniho omezeni s indexem ¢, budeme pro jednoduchost predpokladat, ze
toto omezeni odpovida poslednimu fadku a poslednimu sloupci matice W,. Pak

W, w _ ww”
Wg—[wT7 w] = W,y =W-— —
Pti ptridani aktivniho omezeni s indexem ¢ plati
W2+ - [ WIJ“F’ o 1 )
w+7 W4
kde
WoHohI h HIW,
Wy = W .
+ 2 kT — I HI Wy HohT
WoHsh!
wy = —
- hihT — h; HF Wy HyhT
1
Wy =

hihT — hi HTWyHyh T

Algoritmus, ktery jsme strucné popsali je realizovan podprogramem MXDRFP, jehoz
vypis je uveden v oddilu 6.3.

3 Teoretické vlastnosti metod pro reseni systému nelinearnich
rovnic

Necht f : R™ — R™ je spojité diferencovatelné zobrazeni. Uvazujme systém nelineér-
nich rovnic

f(x) =0, (4)
kde z € R" je vektor nezndmych. Ozna¢me J(x) Jacobiovu matici zobrazeni f, takze
=D 1 <icni<j<n
3xj



Necht z; € R", F > || f(z1)|| a A > 0. Oznaéme

LF)={z eR":|f(x)]| < F}

D(F,A)={x e R": ||z —y| < A pron&jaké y € L(F)}

Abychom mohli vySetfovat konvergenci iteracnich metod pro feseni soustavy rovnic
(4), budeme pouzivat tyto predpoklady.

A1: Jacobiova matice J(z) je definovand a omezend na D(F,A), cili

|J(2)l < J, Vxe€D(F,A)

A2: Jacobiova matice J(x) je lipschitzovsky spojitd na D(F,A), éili

1J(y) = J(z)|| < Llly —z| Va,y € D(F,A)

Zamérime se na metody spadovych sméru s Armijovym vybérem délky kroku, které
generuji posloupnost bodi z; € R™, i € N, takovou, Ze

Tiv1 = X5 + ;S5 1€ N, (5)

kde s; € R" je smérovy vektor urceny nepresnym feSenim soustavy linearnich rovnic
A;s + f; = 0 a kde délka kroku «; se vybira tak, aby byl zarucen dostate¢ny pokles
funkce ||f(z)||. Zde A; je aproximace matice J; = J(z;) a f; = f(x;).

Pro vysetfovani metod spadovych sméri s Armijovym vybérem délky kroku budeme
pouzivat tcelovou funkci

F(r) = Sl f @), (0

kterd ma stejna lokalni i globalni minima jako norma || f(z)||, a oznac¢ime F; = F'(x;),
gi=g(z;), i € N, kde g(x) = JT(z) f(z) je gradient funkce F'(z).

Vliv nepfesnosti FeSeni soustavy A;s+ f; = 0 na globalni konvergenci metody (5) je
studovan a ispésné popséan v [3]-[4], [13]-[14], [17]. Popsat vliv nepfesnosti aproximace
A; Jacobiovy matice J; je mnohem slozitéjsi. V [2] je studovan pfipad aproximace Ja-
cobiovy matice pomoci diferenci. Je vSak vySetfovana pouze lokalni konvergence. Prvni
vysledky tykajici se obecného piipadu jsou uvedeny v [22]. Zde se budeme podrobné
zabyvat obéma typy nepresnosti.

Za¢neme definici t¥idy metod spadovych sméri s Armijovym vybérem délky kroku.

vz

Detailngjsi informace o téchto metodach lze vy¢ist z Algoritmu 1.



Definice 1 Rekneme, Ze zdkladni metoda v, 1 = x; + oys;, i € N, pro fesend systému
nelinedrnich rovnic f(x) = 0 je metodou spadovych sméri s Armijovym vybérem délky
kroku, jestliZe:

D1: Smérové vektory s; € R", i € N, se uréuji tak, Ze
[Assi + fill <@|lfil, (7)

kde 0 <w < 1.

D2: Délka kroku o; > 0,1 € N, se vybird tak, Ze o; je pruni clen posloupnosti a
JEN, kde a} =1 aﬁoﬂ<oﬂ+1<ﬁa s0< B < B <1, pro ktery plati

Fipn = F; < =2p(1 — W)y 1, (8)
kde 0 < p < 1.
Podminka (8) je velmi podobnéa podmince
[fiall = Ifill < —p(1 = @)al[ fi]

pouzité v [14]. Pro dalsi tivahy budeme ¢asto pouzivat tyto predpoklady:

A3: Matice J;' = Jj(xi), i € N, jsou definované a stejnomérné omezené v bodech
posloupnosti x; € L(F), i € N, generované metodou spadovijch smérd s Armijovgm
vybérem délky kroku (D), cili

|J7Y <1/J, VieN.

A4: Plati A8 a existuje konstanta 0 < 9 < (1/2)(1 — w).J takovd, Ze

|Ai— J| <7, VieN

A5: Matice A7, i € N, jsou definované a stejnomeérné omezené, Cili

|A7Y <1/A, VieN.

Lemma 1 Necht je splnén predpoklad A4 a necht plati (7). Pak ezistuje konstanta
0 <7 <1 takovd, Ze
[ Jisi+ I <TEN W€ N, o

Drkaz Jelikoz plati A4, muZzeme psat
[Aisill = | Jisill = [I(Ai = Ji)sill = (L = 9)sill- (10)

Podobné, (7) implikuje
[Aisill < (1 +@)[|fill- (11)

6



Spojenim obou nerovnosti dostaneme
1+w

| < = Tl (12)

[E

takze miizeme psat

1 isi + fill < N Aisi + fill +11(Ji = Ai)sill <@[Ifill + Illsa]

1+w
< +/l9 (2 (2
< (e + 7222 0 2 ais
Pouzijeme-li nerovnost 0 < 9 < (1/2)(1 — w).J, dostaneme 0 <7 < 1. O

Lemma 1 ukazuje, Ze nepfesnost Jacobiovy matice miize byt zahrnuta do nepfesnosti
feSeni soustavy linearnich rovnic, takze prakticky vsechny vysledky tykajici se nepresné
Newtonovy metody (to jest vysledky uvedené v [4] nebo [14]) mohou byt pouzity po-
kud je splnén predpoklad A4. Bohuzel predpoklad A4 nemiiZzeme ovérit, nezname-li
Jacobiovu matici. Z tohoto diivodu musime pouzit jiny postup pro konstrukci globalné
konvergentniho algoritmu. Jednou moznosti je pouziti vhodné strategie pferusovani.
Ta je zaloZena na jednoduchém rozhodovacim pravidle:

D3: Jestlize A; # J; a podminka (8) nebyla splnéna v j; po sobé jdoucich Armijovych
krocich, polozime A; = J; a opakujeme iteraci.

Potom bud A; = J;, takze mtize byt pouzita teorie vyvinutd pro nepiesnou Newtonovu
metodu, nebo A; # J; a a; > gj 1 coz eliminuje predpoklad A4 z dikazu globalni kon-
vergence (viz vétu 1). Dosavadni tivahy lze realizovat pomoci jednoduchého algoritmu:

Algoritmus 1

Data: 0<pB<B<10<p<l,0<w<1,e>0,7>00<j <7 </,
0 < k < oo (00 je povoleno).

Krok 1: Inicializace. Zvolime pocatecni bod z; € R" a vypocteme vektor f; :=
f(z1). PoloZime k :=1ai:= 1.

Krok 2: Test na ukonceni. Jestlize || f;|| < g, ukon¢ime vypocet je nalezeno feseni).
Jestlize i > 7, ukonéime vypocet (pfili§ mnoho iteraci).

Krok 3: Urceni smérového vektoru. Jestlize k = 1, vypoc¢teme matici J; := J(x;)
a polozime A; = J;. Uréime 0 < ; < @W a vypocteme vektor s; € R"
spliiujici podminku [|A;s; + fi|| < @i fi]| (naptiklad pomoci algoritmu 2
popsanym v déle).

Krok 4: Vybér délky kroku. (a) Polozime o} :=1a j := 1.
(b) Polozime x;,1 := z; + a{si a vypocteme fii 1 := f(z;41). Jestlize plati
(8), prejdeme na Krok 5.
(c) Jestlize k =1 a j > j,, ukon¢ime vypodet (selhdni algoritmu). Jestlize
k>1laj>j, polozime k := 1 a ptejdeme na Krok 3. V opa¢ném pripadé

ur¢ime hodnotu ﬁo/ < O/H < Bal, polozime j := j + 1 a prejdeme ne
Krok 4b.



Krok 5: Aktualizace. Jestlize j < jak < k, vypoc¢teme matici A;,; pomoci zvolené
metody, polozime k := k +1, ¢ := i + 1 a pfejdeme na Krok 2. Jestlize
J > jnebo k > k, polozime k :=1, ¢ := 1 + 1 a piejdeme na Krok 2.

Nyni ukéZeme, Ze posloupnost bodt z; € R", i € N, generovana Algoritmem 1, je
globalné konvergentni za predpokladu, ze nedojde k selhéani v Kroku 4. Navic zformulu-
jeme podminky, které vylouci toto selhani. Protoze pozadované vysledky nelze snadno
nalézt v literature, uvedeme pomeérné stru¢ny uplny dikaz.

Vé&ta 1 Necht Jacobiova matice funkce f : R™ — R" je definovand na D(F,A) a necht
r; € R", i € N, je posloupnost generovand Algoritmem 1, ktery neselze v Kroku .
Pak f; — 0. Je-li navic splnén predpoklad A5, plati v; — x* a f(z*) = 0.

Dikaz Pouzitim (8) dostaneme

1
LN el = 1ED < Gl + LD Ufall = 1) = Fipa = F
< —2p(1 — @) F; < —p(1 — @) 3| f3]|.
Tudiz
I fisall < (1= p(1 = D)) £ill £ X fill,

kde 0 < X\ < 1, takze
Sl = — Al <
il = —= 00,
i=1 -

coz implikuje f; — 0. Jestlize plati A5, pak ||A;s;|| > Alls;||, coz dohromady s (11)
dava

Doz — @il =D aillsill < 1 d_lfill < o0
=1 i=1 = 1

=1
takZe posloupnost z;, i € N, je cauchyovska. Proto z; — z*, coz dohromady s f; — 0

davé f(a*) = 0. -

Vé&ta 2 Necht jsou splnény predpoklady A1 - A3, necht x; € L(F), A; = J(x;) a necht
je splnéna podminka DI1. Pak existuje prirozené ¢islo j,, nezdvislé na i € N takové,
Ze Armigiv vijbér D2 nalezne, po nejvijse j, krocich, délku kroku o; > ﬁjz splriugict (8)
pro dané 0 < p < 1.

Dikaz (a) Predpoklddejme, Ze neplati (8) s x;11 = x; + a8y, Cili

F(z; + a;s;) — F(z) > —2p(1 = @)y F; = _B(l - w)ainiH2~



Pouzitim predpokladid Al, A2 a nerovnosti
gisi=f (Jisi+ fi) = fi fi < (1= @)1 fil %, (13)
ktera plati kdyz A; = J;, mizeme psat

F(ZEZ —+ OéiSi) — F(ZEz) = OéZSZTg(l’Z + ,U/OCZ'SZ‘)
< i (g7si + Isilllglrs + passs) — g(ai))

< a (=0 =@) P+ a7+ TF)|si]?)
kde 0 < p <1, nebot
lg(xi + paisi) — gl = 17 (@i + povisi) f (i + pusi) — T () f(23)|
< NI (2 4 pass) (f (w5 + pogss) — )]

ir||(JT(sz' + pas;) — JT(%)){(%)H
JN(f (s + paisi) — f(@a) || + Lpses]|silll] fill

— 1 —
= JH/O S (@i + Tpeusi) paisidr || + Lpe|| s || fi]

IN

< (J +IF)ay]si].

Spojenim obou téchto nerovnosti a pouzitim vztahu (12), kde pokladame ¥ = 0, do-
staneme

_ _ B —o  — /14+w\?
(1 -2 = p(1 ~@DIAIP < a7+ TP sl < (T + TF) (<52 ) 1712,
takze o; > a, kde
(1-p)(1 D)L

0<a=——F—"="— <1 (14)
(J"+ LF)(14+w)?

(b) Necht j, je nejmensi pfirozené ¢&islo takové, ze Bh < a. Jelikoz plati ﬁj 2 <y < Bh
po j, Armijovych krocich, musi podle ¢asti (a) ditkazu po nejvyse j, téchto krocich

platit (8). O
Vétu 2 mizeme bezprostfedné pouzit na Algoritmus 1. Jelikoz selhani v Kroku 4
miZe nastat pouze tehdy, kdyz A; = J;, miZeme tento piipad vyloucit volbou do-

statecné velkého ¢isla 7,, konkrétné 7’2 < a, kde hodnota « je uréena vztahem (14).
Odhad (14) je obvykle zbyte¢né silny a Algoritmus 1 pracuje dobfe s relativné malou
hodnotou j, = 10.

Nyni se zamérime na nékteré detaily, které jsou nezbytné pro implementaci metod
spadovych sméri. Nejprve uvedeme nékolik poznamek tykajicich se Algoritmu 1:

1) Matice J;, i € N, vystupujici v Kroku 3, mohou byt vypoéteny analyticky nebo
pomoci numerického derivovani. Obvykle se pouziva druhd moznost, nebot numerické
derivovani je pro velké fidké systémy velmi efektivni. Poznamenejme, ze matice J;,
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i € N, nemusi byt urcovany explicitné, pokud k uréeni smérového vektoru pouzivame
itera¢ni metody nevyzadujici transponovanou matici. V tomto pripadé dostaneme me-
tody pouzivajici numerické derivovani misto nasobeni vektoru Jacobiovou matici.

2) Nerovnost 0 < W; < @ < 1, pouzitou v Kroku 3, mizeme snadno splnit dosazenim
w; = w. Nicméné peclivy vybér hodnoty w; miize zvysit i¢innost metody. Doporucu-
jeme pouzit hodnotu @; = min(max(||fi[|”, v(I|fill/ [l fi-[D)*), 1/E, @), s v = 1/2, v = 1,
a = (1++/5)/2, ktera se osvédéila v numerickych experimentech. Tato hodnota, ktera je
kombinaci hodnot uvedenych v [12] a [15], zarucuje superlinearni konvergenci metody,
nebot w; — 0 pro i — oo (viz [11]).

3) V Kroku 4c doporu¢ujeme pouzit experimentdlné zjisténé hodnoty j = 1, j, = 5,
Jo = 10. Hodnota J neni dilezitd pro ditkaz konvergence, iidi vSak frekvenci restart
v pripadech, kdy metoda pomalu konverguje. Ze zkusenosti lze konstatovat, ze vétsi
hodnota j zvySuje celkovy ¢as vypoctu.

4) Hodnota gaf < o™ < Bal, poditana v Kroku 4c, miZze byt urcena pomoci kon-
interpolace. Numerické experimenty ukazuji, Ze konstantni redukce s 3 = B=1/2je
vhodnou robustni strategii.

5) Pokud k = oo, pak pferusovani itera¢niho procesu je podminéno pouze nemoznosti
vybrat vhodnou délku kroku. Konecné hodnota k je podstatna pro kvazinewtonovské

metody s omezenou paméti, které nemohou ukladat vice nez O(k) vektori. Polozime-li
k = 0, dostaneme diskrétni Newtonovu metodu.

Nyni se zaméiime na urc¢eni smérového vektoru. Vektor s; € R", i € N, splitujici ne-
rovnost ||A;s;+ fil| < @||f;|| se nejcastéji urcuje jako ptiblizné feseni soustavy linedrnich
rovnic A;s + f; = 0 pomoci vhodné itera¢ni metody. Abychom zjednodusili symboliku
pri popisu itera¢nich metod, budeme vynechavat index i, takze budeme psat A, f, x
misto A;, f;, x;. Misto toho budeme pouzivat vnitini index j pfi popisu itera¢nich me-
tod pro FeSeni soustav linearnich rovnic. Abychom splnili podminku [|As + f|| < @l f]|,
pro libovolnou hodnotu 0 < @ < 1, potfebujeme mit itera¢ni metodu, kterad nalezne
feSeni po konecném poctu krokti. Numerické experimenty navic ukazuji, ze je vyhodné,
kdyz tyto metody generuji posloupnost bodu s;, j € N, a odpovidajicich reziduél-
nich vektort r; = As; + f, j € N, tak, ze normy ||r;||, j € N, nevzristaji. Tento
pozadavek lze splnit pomoci metod minimalizujicich rezidua nebo pomoci zhlazenych
Krylovovskych metod. Navic, protoze matice A nebyva vzdy znama, ale nasobeni touto
matici mize byt nahrazeno numerickym derivovanim, budeme uvazovat pouze iteracni
metody nevyzadujici nasobeni transponovanou matici.

Jednou z nejznamé;jsich metod tohoto typu je metoda GMRES popsané v[26]. Tato
metoda vSak pouzivd dlouhé rekurence (O(n?) operaci a O(n?) pamétovych mist bez
pouZiti restartii nebo O(m?n) operaci a O(mn) pamétovich mist pii m-krokovém re-
startovéani), takze mitize byt neefektivni pro feseni velkych ¥idkych tiloh. Dobré vysledky
lze ziskat pomoci pfedpodminéné zhlazené popsané v [29] a realizované nasledujicim
algoritmem.
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Algoritmus 2. Pfedpodminénd zhlazen4d metoda CGS.

Vypocteme s = —C ' f ar = As + f. Jestlize ||r|| < @||f||, ukoncime vypocet.
V opacném pripadé polozime s1 =0, 57 =0, ri=f, Fi=f, p1=f, uy = f.
For j =1,2,3,... do

Pokud ||r;|| <@|| f||, polozime s = s;, r =r; a ukoncime vypocet. V opacném
pripadé poloZime

v =ACp;, a; = 175/ f v,

q; = uj — oy,

511 =35; + a;C (u; + q5),

Tie1 =75+ 0 ACT (u; + q5), B = fT51/ 17,

Uj1 =Tt + G545,

pi+1 = i1 + B(q; + Bip)),

o ] = arg W 741+ Ay = Tja) + pg ]

Sjr1 = Sj41 + Aj(85 — 1) + 1,07y,

il = Tje + Aj(rj — Tjan) + w05

end do

Matice C' slouzi pro predpodminéni. Je vyhodné pouzit netplny LU rozklad matice
A+ ediag(A) jako predpodminovac. Zde diag(A) je diagonalni matice, kterd méa stejné
diagonalni prvky jako matice A a € > 0 je malé ¢islo. Jelikoz pouzivame dvojnasobné
zhlazeni originélni CGS metody [28], posloupnost norm rezidui je nerostouci. Zhlazena
metoda CGS pouziva kratké rekurence (O(n) operaci a pamétovych mist v kazdé ite-
raci), ale mtze selhat z dfivodu déleni nulou (break down), jestlize bud f77; = 0 nebo
fTv; = 0. Reseni soustavy linearnich rovnic je nalezeno po nejvyse n iteracich (pokud
nedojde k selhdni a zaokrouhlovaci chyby nezpomali konvergenci). Poznamenejme, Ze
k selhéani dochézi pouze vyjimecné.

4 Prehled metod pro reseni nelinearnich rovnic

V této casti popiseme tiidu metod pro feSeni systémi nelinearnich rovnic, které lze
realizovat Algoritmem 1. Tyto metody se navzajem lisi pouze zptsobem aproximace
Jacobiovy matice J(z). Protoze potfebujeme znat Jacobiovu matici po kazdém pferu-
seni, zacneme popisem jejiho vypoc¢tu. Pro mensi tlohy s hustou Jacobiovou matici je
nejvyhodnéjsi pocitat prvky této matice analyticky, nebot numerické derivovani vyza-
duje v tomto pripadé velky pocet operaci. Pro velké tlohy s fidkou Jacobiovou matici se
numerické derivovani vypléci, nebot vhodnou organizaci vypoc¢ti mizeme usetfit velky
pocet operaci. Pii popisu numerického derivovani pouzijeme oznaceni S pro strukturu
fidkosti matice J(x), takze (i, j) € S pravé tehdy, pokud J;;(x) # 0 (strukturalné).
Ridka Jacobiova matice miize byt ziskdna dvéma riznymi zptisoby. Prvni zpiisob,
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derivovani po prvcich, je zaloZzen na aproximaci

J() = filz + 5]‘;;‘) - fi(ﬂf)’

(15)

pouzité pro vSechny prvky s indexy (i, j) € S. Pak potfebujeme m skalarnich funkénich
vypocti (¢ili m/n ekvivalentnich vektorovych funkénich vypoctd), kde m je pocet
nenulovych prvka matice J(x).

Druhy zptsob, derivovani po skupinéch, je zaloZzen na rozdéleni sloupctt matice J(x)
do skupin Cg, 1 < k < p, tak aby kazdy prvek patfil pouze do jedné skupiny a aby
navic z (i,51) € S, (i,J2) € S, j1 # Jj2 plynulo, Ze j; € Cx,, J2 € Ci,, k1 # ko. Pak pro
kazdou skupinu Cy, 1 < k < p, spocitame diferenci f(z + > ,cc, 6;¢;) — f(z) a polozime

el (f(x + Sjec, 0je5) — f(2))

Jl(fb) = 5]‘ ) (16)

pro vSechny dvojice (i,j) € S N Cy (pouzivame oznadeni S NCj, = {(i,7) € S : j € Cx}
aS\Cr = {(i,7) € S : j € Cx}). Potfebujeme tudiz p vektorovych funkénich vypocti.
Jelikoz pocet skupin nemiize byt mensi nez pocet nenulovych prvki v libovolném radku,
je pocet vektorovych funkénich vypoctt obvykle ponékud vyssi nez v pripadé derivovani
po prvcich. Nicméné vypocty mohou byt nyni lépe organizovany (vyrazy, které jsou
spolecné véem skaldrnim funkcim mohou byt vy¢isleny pouze p krét), takze derivovani
po skupinach je obvykle rychlejsi. Derivovani po skupinach je detailné popsano v praci
[10]. Optiméalni rozdéleni sloupcti do skupin a odpovidajici problém barveni grafu jsou
studovany v [8]. U¢inna implementace vysledného algoritmu je predloZena v [9].

Nyni popiseme jednotlivé metody pro feseni systému nelinearnich rovnic. Oznaco-
vani se vztahuje k Algoritmu 1.

M1: Modifikovanéd Newtonova metoda s presnou (analyticky vypoctenou) Hessovou
matici (MNA). Tato metoda pouziva hodnotu k& = 0.

M2: Diskrétni Newtonova metoda s numericky vypoc¢tenou Hessovou matici (MND).
Tato metoda pouziva hodnotu k& = 0.

M3: Broydenova dobra metoda (BG). Tato metoda je popsana v [5]. Pokud k < k,
pouzijeme aktualizaci

(y — Ad)d”
dTd

Zde d =zt —z ay = f(z¥) — f(z). Pouzivaime hodnotu k = oc.

AT =A+

M4: Diskrétni Newtonova metoda s derivovinim po prveich (DNE). Tato metoda
pouziva hodnotu k£ = 0. Prvky J(z) jsou pocitany podle vzorce (15).

M35: Diskrétni Newtonova metoda s derivovanim po skupinach (DNG). Tato metoda
pouziva hodnotu & = 0. Prvky J(z) jsou pocitany podle vzorce (16).
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MS6: Broydenova-Schubertova metoda (BS). Tato metoda je popsana v [6] and [27].
Pokud k < k, pouzijeme aktualizaci

| el(y— Ad)d;
Y Sines di

V(i,j) € S. Zde d =zt —x ay = f(at) — f(x). Zfejmé Af; = 0, pokud (i,5) & S.

PouzZivame hodnotu k = oo.

A=A

MT7: Bogleova-Perkinsova metoda (BP). Tato metoda je popsana v [1], Pokud %k < k,
pouzijeme aktualizaci

Iy — Ad)ALd,
Yiwes ARd;,

V(i,j) € S. Zde d = xt —x ay = f(a¥) — f(z). Zfejmé Af; = 0, pokud (i,5) & S.

PouZivame hodnotu k = oo.

Al = Ay +

MBS8: Liova metoda (LI). Tato metoda, popsana v [18], je zaloZena na derivovani po
skupinéch. Jestlize k < k, pouze jedna skupina sloupcii je aktualizovana pomoci nume-
rického derivovani. Ostatni sloupce se neméni. Jinymi slovy, polozime [ := [+ 1, pokud
[ <pal:=1,pokud [l =p (I =0 je pocatecni hodnota) a pak dosadime

At — el (f(x + Sjec, 0j¢5) — f(2))
1) 5] s
v(fla]) € SﬂCl a
A;; - Aij7

7

V(i,j) € S\Ci. Ziejmé Af; = 0 if (i,j) ¢ S. Pouzivame hodnotu k = co.

M9: Kombinace Liovy metody s Broydenovou-Schubertovou metodou (LIBS). Tato
metoda je opét zaloZena na derivovani po skupindch. Jestlize k < k, pouze jedna
skupina sloupct je aktualizovana pomoci numerického derivovani. Ostatni sloupce jsou
aktualizovany pomoci Broydenova-Schubertova algoritmu. Jinymi slovy, polozime [ :=
[+ 1, pokud Il < pal:=1,pokud [ =p (I =0 je po¢ateéni hodnota) a pak dosadime

e] (f(x + Tjec, 95¢5) — f(2))

Al =
(] 6] ?

V(i,j) €SNC a

el (y — Ad)d;

AL = Ay + :
! T Yumes di
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V(i,j) € S\C. Zde d =z" —z ay= f(z*) — f(z). Zfejmé A;; =0, pokud (i,7) € S.

PouzZivame hodnotu k = oo.

M10: Modifikovanéd Newtonova metoda (MN) Polozime A™ := A, pokud k < k. Tato
metoda vyzaduje konecnou hodnotu k. Hodnota k = 5 byla ziskana experimentalné.

M11: Metoda skélovani fadkt (RS). Polozime AT := DA, pokud k < k, kde diagonalni
matice D je urcena z kvazinewtonovské podminky DAd = y, ¢ili

T
€Y

el Ad

T
e; De; =

prol <i<n (zded=2" —zay= f(z") - f(z)). Metoda skilovani fadkt uvedena
v [16] pouziva kompletni LU rozklad. Tato metoda vyZaduje kone¢nou hodnotu k.
Hodnota k£ = 5 byla ziskdna experimentalné.

M12: Broydenova metoda s omezenou paméti (LMB). Tato metoda je modifikaci Broy-
denovy metody popsané v [5] a je zalozena na kompaktni reprezentaci kvazinewtonov-
ské matice uvedené v [7]. Ozna¢me D = [d,d_1,...,d_;| aY =[y,y_1,...,y_x] matice
zkonstruované z poslednich £ differencid = 2™ —2,d_1 =v—2_1, ..., d_ = v1_p—x_}
ay = f(a") = f(z), y-1 = f(x) — f(z-1), .., Y= = f(x14) — f(2-1), a definujme

horni trojuhelnikovou matici

ard, d'd_,, ..., dTd_
po| 0 dhda o dhdy
O, O, ey dzk;d—k'

Pak jestlize k < k, polozime
At =A 4+ (Y - A D)R'DT.

Broydenova metoda s omezenou paméti vyzaduje koneénou hodnotu k. Hodnota k = 5
byla ziskdna experimentélné.

M13: Metoda aktualizace sloupci s omezenou paméti (LMC). Tato metoda je mo-
difikaci metody aktualizace sloupcii popsané v [24] a je zalozena na kompaktni re-
prezentaci kvazinewtonovské matice uvedené v [7]. Nechf D a Y jsou matice pou-

7ité v predchozim ptipadé. Oznaéme e = argmax,. |eld|, e_; = argmax,, el d_4|,
.., e}, = argmax,, e/ d_;| (argmax pocitdme ze vSech e;, 1 < i < n) polosime
E =le,e_q,...,e_i| a definujeme horni trojihelnikovou matici
eld, eTd_y, ..., eld_;
R _ 0, Gzld_l ey e:fld_k
ey ey
0, 0, PN efk.d,k
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Pak jestlize k < k, polozime
AT =A  + (Y - A D)R'E"T

Poznamenejme, ze vektory e, e_j, ..., e_; neni tfeba ukladat. Pouzivime pouze je-
jich jediné nenulové prvky. Metoda aktualizace sloupcii s omezenou paméti vyzaduje
konecnou hodnotu k. Hodnota k = 5 byla ziskdna experimentalné.

M14: Inverzni metoda aktualizace sloupct s omezenou paméti (LMI). Tato metoda,
popsand v [25], pouZiva aproximaci S = A~! inverzni Jacobiovy matice J~!(z). Pokud
k < k, polozime jednoduge s := —Sf misto toho, abychom pouzili Algoritmus 2.
Ozna¢me e_; = argmax,, el y_1|, ..., e_p = argmax,, e}y ;| (argmax pocitame ze
viech e;, 1 <i < n). Pak vektor Sf muze byt spocitan podle vzorce

el el
Sf = S—k’f + T_lf V-1 4+ ... + T_kf
€ 1Y € Y-k

V_,

kdev i =d 1 —S_1y_1, ..., v =d_ — S_ry_r. Tyto vektory lze pocitat rekurentné
podle vzorce

T T
e’ €

Sy:S—ky+ le U_1+...+ Tky

€ 1Y € Y-k

V_k.

Oba tyto vzorce pouzivaji matici S_y = (L_,U_;) ™", kde L_,U_y je netiplny LU rozklad
Jacobiovy matice J(z_j). Poznamenejme, Ze vektory e_1, ..., e_; neni tfeba ukladat.
Pouzivame pouze jejich jediné nenulové prvky. Inverzni metoda aktualizace sloupci s
omezenou paméti vyzaduje kone¢nou hodnotu k. Hodnota k = 6 byla ziskdna experi-
mentalné.

M15: Diskrétni Newtonova methoda s postupnym vypoctem smérovych derivaci (DNS).
Tato methoda, uvedend v in [19], nepouziva Jacobiovu matici. Souciny Av = Jv, uzité
v Algoritmu 2, jsou nahrazeny numerickym derivovanim

f(x+vd/|vl) = f(=)
o/l ’

kde § je mala diference (obvykle § = 1078 ve dvojndsobné strojové aritmetice). Jelikoz
Jacobiova matice se explicitné nepocita, nemtizeme pouzit netplny LU rozklad jako
predpodminovac¢. Misto toho numericky pocitame tridiagonalni ¢ast Jacobiovy matice
pomoci diferenci a potom aplikujeme tuto tridiagonalni matici jako predpodminovac.

Protoze tlohy chemické rovnovahy neobsahuji pfilis velky pocet rovnic a nezna-
mych, pouzili jsme metody M1 a M2 implementované podprogramem PNEQU s IDER=0
a IDER=1 a metodu M3 implementovanou podprogramem PBEQU. Tyto podprogramy
jsou popsany v dalsim oddilu.

Av =
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5 Implementace vybranych metod a popis podprogrami

V tomto oddilu popiseme podprogramy PNEQU a PBEQU, které lze snadno volat z hlav-
niho programu sestaveného uzivatelem. Pti popisu forméalnich parametri bude uveden
typ parametru sloZzeny ze dvou pismen. Prvni pismeno je bud I pro celoéiselny argu-
ment nebo R pro redlny parametr (ve dvojnasobné strojové ptesnosti). Druhé pismeno
specifikuje, jde-li o vstupni hodnotu I, vystupni hodnotu 0, aktualizovanou (vstupni a
vystupni) hodnotu U, nebo pomocnou hodnotu A. Kromé formélnich parametrti pouzi-
vame blok COMMON /STAT/, obsahujici statistické idaje. Tento blok, pouzity v kazdém
podprogramu, méa jednotnou formu:

COMMON /STAT/ NRES,NDEC,NIIT,NIT,NFV,NFG,NFH

Jeho prvky maji nésledujici vyznam:

Prvek Typ Vyznam

NRES I0 Pocet restarti.

NDEC I0 Pocet maticovych rozkladi.

NIIT 10  Pocet vnitinich iteraci (pro FeSeni soustav linedrnich rovnic).
NIT I0 Pocet vnéjsich iteraci.

NFV I0 Pocet vycisleni hodnot tcelové funkce.

NFG I0 Pocet vycisleni gradientt.

NFH I0 Pocet vycisleni Hessovych matic.

Podprogramy PNEQU a PBEQU se vyvolavaji pomoci prikazi:

CALL PNEQU(N,X,AF,RA,NRA,IPAR,RPAR,F,GMAX, ITERM)
CALL PBEQU(N,X,AF,RA,NRA,IPAR,RPAR,F,GMAX, ITERM)

Vyznam formalnich parametri:

Parametr Typ Vyznam

N II  Pocet nezndmych a soucasné pocet nelinedrnich rovnic.
XN RU Na vstupu pocatecni odhad feSeni. Na vystupu ziskand aproximace reseni.
AF () RO  Vektor obsahujici rezidua (pfesnosti) jednotlivych nelinedrnich rovnic.

RA(NRA) RA  Redlné pracovni pole dimenze NRA.
IPAR(4) IA  Pole celociselnych parametrd v poradi IPRNT, MIT, MFV, IDER.

RPAR(6) RA  Pole readlnych parametru v poradi XMAX, TOLX, TOLF, TOLB, TOLG,
XDEL

F RO  Hodnota tcelové funkce (pfesnost Feeni). X.
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GMAX RO  Maximalni absolutni hodnota parcidlni derivace tcelové funkce.

ITERM IU  Proménna udéavajici zpisob ukonceni vypoctu:

ITERM = 1: Hodnota |X — Xo14| nebyla vétsi nez TOLX ve dvou po sobé

nasledujicich iteracich,
ITERM = 2: Hodnota |F — Fo14| nebyla vétsi nez TOLF ve dvou po sobé

nasledujicich iteracich,
ITERM = 3: Hodnota F nebyla vétsi nez TOLB,

ITERM = 4: Hodnota GMAX nebyla vétsi nez TOLG,
ITERM = 11: Hodnota NIT prevysila MIT,

ITERM = 12: Hodnota NFV pfevysila MFV,

ITERM = 13: Hodnota NFG prevysila MFG,

ITERM < 0:  Metoda selhala.

Dimeze NRA pracovniho pole RA musi spliiovat nerovnost NRA > (N+6)*N+N*(N+1)/2.
Pokud hodnota NRA neni dostatecné velka, vytiskne se zprava udavajici pozadovanou
hodnotu a ukonci se vypocet. Tato standardni akce muize byt potlacena vstupni volbou
ITERM < 0.

Podprogramy PNEQU a PBEQU vyvolavaji externi podprogramy FUN a DFUN (sestavené
uzivatelem), které definuji funkci f(z) a Jacobiovu matici J(x) a které maji tvar

SUBROUTINE FUN(N,KA,X,FA)
SUBROUTINE DFUN(N,KA,X,GA)

Externi podprogram DFUN se vyvolava pouze v podprogramu PNEQU a to pouze tehdy,
pokud IDER = 1.

Vyznam parametri externich podprogramii:

Argument Type Significance

N II  Pocet nezndmych a soucasné pocet nelinedrnich rovnic.
KA II  Poradové ¢islo nelinearni rovnice.

X(NF) RI  Vektor nezndmych (odhad feSeni).

FA RO  Reziduum (chyba) KA-té rovnice v bodé X.

GA(NF) RO  Gradient of the KA-té particular function at the point X.

Podprogramy PNEQU a PBEQU jsou velmi jednoduché, vyvolavaji vsak obecné pod-
programy PNEQ a PBEQ pro feSeni nelinearnich systémii, které jsou odpovidajicimi im-
plementacemi Algoritmu 1. Podprogramy PNEQ a PBEQ se vyvolavaji pomoci prikazii:

CALL PNEQ(N,X,GA,AG,G,S,X0,G0,H,AF,AF0,XMAX,TOLX, TOLF,TOLB, TOLG,
& XDEL,GMAX,F,IPRNT,MIT,MFV,IDER,ITERM)

CALL PBEQ(N,X,GA,AG,G,S,X0,G0,H,AF,AF0,XMAX,TOLX, TOLF,TOLB, TOLG,
& XDEL,GMAX,F,IPRNT,MIT,MFV,ITERM)
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Parametry N, X, AF, GMAX, F, ITERM maji stejny vyznam jako v podprogramech
PNEQU a PBEQU. Vyznam ostatnich parametrii:

Parametr Typ Vyznam

GA(N) A Gradient funkce definujici nelinearni rovnici (fadek Jacobiovy matice).

AG(N*N) A Jacobiova matice uloZzené po fadcich.

G A Gradient ucelové funkce.

s A Smérovy vektor.

Xo () A Diference dvou po sobé jdoucich aproximaci Feseni.

GO(N) A Diference dvou po sobé jdoucich gradientd.

HQD A Pracovni symetrickd matice ulozena tispornym zptisobem.

AFO (D) A Vektor obsahujici stard rezidua jednotlivych nelinedrnich rovnic.

IPRNT II  Specifikace tisku:
IPRNT = 0: tisk je potlacen,
IPRNT = 1:  zakladni troven tisku kone¢njch vysledki,
IPRNT = —1: rozsifend droven tisku konecnych vysledki,
IPRNT = 2:  zakladni droven tisku mezivysledki a konec¢nych vysledki,
IPRNT = —2: rozsifend troven tisku mezivysledkt a konecnych vysledki.

MIT II Maximalni pocet iteraci; volba MIT = 0 zpiisobi, Ze se pouzije doporucena
hodnota MIT = 9000.

MFV II Maximalni pocet vycisleni hodnoty tcelové funkce; volba MFV = ( zptsobi,
Ze se pouzije doporucena hodnota MIT = 9000.

IDER II  Zpisob vypoctu Jacobiovy matice:
IDER = 0: Jacobiova matice se pocita numericky,
IDER = 1: Jacobiova matice se pocita analyticky,

XMAX RI  Maximalni délka kroku; volba XMAX = 0 zpusobi, Ze se pouzije doporucena
hodnota XMAX = 103.

TOLX RI  Tolerance pro zménu prvku vektoru X; volba TOLX = 0 zptisobi, Ze se pouZije
doporuéena hodnota TOLX = 10716,

TOLF RI  Tolerance pro zménu hodnoty tcelové funkce; volba TOLF = 0 zpusobi, ze
se pouzije doporu¢ena hodnota TOLF = 10716,

TOLB RI  Minimalni hodnota Gcelové funkce; volba TOLB = 0 zpisobi, Ze se pouzije
doporuéena hodnota TOLX = 10716,

TOLG RI  Tolerance pro normu gradientu; volba TOLG = 0 zptisobi, Ze se pouzije
doporucend hodnota TOLG = 107°.

XDEL RI  Pocatecni polomér oblasti pfijatelnosti; volba XDEL = 0 zptisobi, ze XDEL =

0 vypocte z pocateéni funkéni hodnoty a gradientu acéelové funkce.
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6 Vypisy podprogramii

6.1 Podrogramy pro reseni systémi nelinearnich rovnic

SUBROUTINE PNEQU ALL SYSTEMS 05/01/22
PURPOSE :

EASY TO USE SUBROUTINE FOR SOLUTION OF DENSE SYSTEMS OF NONLINEAR
EQUATIONS USING THE NEWTON METHOD.

*
*

*

*

*

* PARAMETERS :

* II N NUMBER OF VARIABLES.

* RI X(N) VECTOR OF VARIABLES.

* RO AF(N) VECTOR CONTAINING VALUES OF THE APPROXIMATED

* FUNCTIONS.

* RA RA((N+6)*N+N*(N+1)/2) AUXILIARY ARRAY.

* II NRA DIMENSION OF THE ARRAY RA.

* II IPAR(4) INTEGER PAREMETERS:

* IPAR(1) PRINT SPECIFICATION. IPAR(1)=0-NO PRINT.

* ABS(IPAR(1))=1-PRINT OF FINAL RESULTS.

* ABS(IPAR(1))=2-PRINT OF FINAL RESULTS AND ITERATIONS.

* IPAR(1)>0-BASIC FINAL RESULTS. IPAR(1)<O-EXTENDED FINAL
* RESULTS.

* IPAR(2) MAXIMUM NUMBER OF ITERATIONS.

* IPAR(3) MAXIMUM NUMBER OF FUNCTION EVALUATIONS.

* IPAR(4) DEGREE OF ANALYTICALLY COMPUTED DERIVATIVES (0 OR 1).
* RI RPAR(6) REAL PARAMETERS:

* RPAR(1) MAXIMUM STEPSIZE.

* RPAR(2) TOLERANCE FOR CHANGE OF VARIABLES.

* RPAR(3) TOLERANCE FOR CHANGE OF FUNCTION VALUES.

* RPAR(4) TOLERANCE FOR THE FUNCTION FALUE.

* RPAR(5) TOLERANCE FOR THE GRADIENT NORM.

* RPAR(6) TRUST REGION STEPSIZE.

* RO F VALUE OF THE OBJECTIVE FUNCTION.

* RO GMAX MAXIMUM PARTIAL DERIVATIVE.

* I0 ITERM CAUSE OF TERMINATION.

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

VARIABLES IN COMMON /STAT/ (STATISTICS)
I0 NRES NUMBER OF RESTARTS.
I0 NDEC NUMBER OF MATRIX DECOMPOSITION.
I0 NIIT NUMBER OF INNER ITERATIONS.
I0 NIT NUMBER OF ITERATIONS.
I0 NFV NUMBER OF FUNCTION EVALUATIONS.
I0 NFG NUMBER OF GRADIENT EVALUATIONS.
I0 NFH NUMBER OF HESSIAN EVALUATIONS.

SUBPROGRAMS USED :
S PNEQ SOLUTION OF DENSE NONLINEAR SYSTEMS OF EQUATIONS BY THE
NEWTON METHOD.

EXTERNAL SUBROUTINES :

SE FUN COMPUTATION OF THE VALUE OF THE APPROXIMATED FUNCTION.
CALLING SEQUENCE: CALL FUN(N,KA,X,FA) WHERE N IS THE NUMBER
OF VARIABLES, KA IS THE INDEX OF THE APPROXIMATED FUNCTION,
X(N) IS A VECTOR OF VARIABLES AND FA IS THE VALUE OF THE
APPROXIMATED FUNCTION.

SE DFUN COMPUTATION OF THE GRADIENT OF THE APPROXIMATED FUNCTION.
CALLING SEQUENCE: CALL DFUN(N,KA,X,GA) WHERE N IS THE NUMBER
OF VARIABLES, KA IS THE INDEX OF THE APPROXIMATED FUNCTION,
X(N) IS A VECTOR OF VARIABLES AND GA IS THE GRADIENT OF THE
APPROXIMATED FUNCTION.

SUBROUTINE PNEQU(N,X,AF,RA,NRA,IPAR,RPAR,F,GMAX,ITERM)

DOUBLE PRECISION F,GMAX
INTEGER ITERM,N
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DOUBLE PRECISION AF(*),RA(*),RPAR(6),X(*)

INTEGER NRA,IPAR(4)

INTEGER NRES,NDEC,NIIT,NIT,NFV,NFG,NFH
INTEGER LAF0,LAG,LG,LGA,LGO,LH,LX0,LS,M, MMAXR
EXTERNAL PNEQ

COMMON /STAT/NRES ,NDEC,NIIT,NIT,NFV,NFG,NFH

POINTERS FOR AUXILIARY ARRAYS

LGA = 1

LAG = LGA + N

LG = LAG + N * N
LS = LG + N

LX0 = LS + N

LGO = LXO + N

LAFO = LGO + N

LH = LAFO + N

MMAXR=NRA- (N+6) *N-N* (N+1) /2

IF (MMAXR.LT.0) THEN

WRITE(6,*)
& ’LACK OF SPACE IN THE ARRAY RA - MINIMUM REQUIRED SPACE:’,
& (N+6)*N+N*(N+1)/2

ENDIF

IF (MMAXR.LT.0) STOP

CALL PNEQ(N,X,RA(LGA) ,RA(LAG),RA(LG),RA(LS),RA(LX0),RA(LGOD),

& RA(LH) ,AF,RA(LAFO) ,RPAR(1) ,RPAR(2) ,RPAR(3) ,RPAR(4),

& RPAR(5) ,RPAR(6) ,GMAX,F,IPAR(1) ,IPAR(2),IPAR(3),

& IPAR(4),ITERM)

RETURN

END
SUBROUTINE PNEQ ALL SYSTEMS 95/12/01
PURPOSE :

SOLUTION OF SPARSE NONLINEAR SYSTEMS OF EQUATIONS BY THE NEWTON
METHOD USING THE PRECONDITIONED SMOOTHED CGS SUBALGORITHM FOR
ITERATIVE SOLUTION OF LINEARIZED SYSTEMS.

PARAMETERS :

II N NUMBER OF VARIABLES.

RI X(N) VECTOR OF VARIABLES.

RA GA(N) GRADIENT OF THE APPROXIMATED FUNCTION.

RA AG(NxN) RECTANGULAR MATRIX WHICH IS USED FOR THE DIRECTION

VECTOR DETERMINATION.

RA G(N) GRADIENT OF THE OBJECTIVE FUNCTION.

RA S(N) DIRECTION VECTOR.

RA XO(N) AUXILIARY VECTOR.

RA GO(N) AUXILIARY VECTOR.

RA H(N*(N+1)/2) AUXILIARY MATRIX.

RO AF(N) VECTOR WHOSE ELEMENTS ARE VALUES OF THE APPROXIMATED

FUNCTIONS.

RA AFO(N) AUXILIARY VECTOR.

RI XMAX MAXIMUM STEPSIZE.

RI TOLX TOLERANCE FOR CHANGE OF VARIABLES.

RI TOLF TOLERANCE FOR CHANGE OF FUNCTION VALUES.

RI TOLB TOLERANCE FOR THE FUNCTION FALUE.

RI TOLG TOLERANCE FOR THE GRADIENT OF THE LAGRANGIAN FUNCTION.
RI XDEL TRUST REGION STEPSIZE.

RO GMAX MAXIMUM PARTIAL DERIVATIVE.

RO F VALUE OF THE OBJECTIVE FUNCTION.

ITI IPRNT PRINT SPECIFICATION. IPRNT=0-NO PRINT.

ABS(IPRNT)=1-PRINT OF FINAL RESULTS.
ABS (IPRNT)=2-PRINT OF FINAL RESULTS AND ITERATIONS.
IPRNT>0-BASIC FINAL RESULTS. IPRNT<O-EXTENDED FINAL
RESULTS.
II MIT MAXIMUN NUMBER OF ITERATIONS.
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II
II
I0

MFV MAXIMUN NUMBER OF FUNCTION EVALUATIONS.
IDER DEGREE OF ANALYTICALLY COMPUTED DERIVATIVES (O OR 1).
ITERM CAUSE OF TERMINATION.

VARIABLES IN COMMON /STAT/ (STATISTICS)

I0
I0
I0
I0
I0
I0
I0

NRES NUMBER OF RESTARTS.

NDEC NUMBER OF MATRIX DECOMPOSITION.
NIIT NUMBER OF INNER ITERATIONS.
NIT NUMBER OF ITERATIONS.

NFV NUMBER OF FUNCTION EVALUATIONS.
NFG NUMBER OF GRADIENT EVALUATIONS.
NFH NUMBER OF HESSIAN EVALUATIONS.

SUBPROGRAMS USED :

S

0 wnwnwn

PA1SQ1 COMPUTATION OF THE VALUE AND THE GRADIENT OF THE
OBJECTIVE FUNCTION WHICH IS DEFINED AS A SUM OF SQUARES
OF THE APPROXIMATED FUNCTIONS.

PNSTEP VECTOR ON THE BOUNDARY OF THE TRUST REGION.

PS0GO1 TRUST REGION STEPSIZE USING ONLY FUNCTION VALUES.

PYFUT1 TEST ON TERMINATION.

PYTRUD COMPUTATION OF THE VARIABLE VECTOR AND THE GRADIENT
DIFFERENCES.

MXDCMM MATRIX-VECTOR PRODUCT. RECTANGULAR MATRIX IS STORED
COLUMNWISE.

MXDPRB BACK SUBSTITUTION USING THE CHOLESKI DECOMPOSITION
OBTAINED BY MXDPRF.

MXDPRC CORRECTION OF THE CHOLESKI DECOMPOSITION OBTAINED BY
MXDPRF .

MXDPRM MATRIX-VECTOR PRODUCT USING THE CHOLESKI DECOMPOSITION
OBTAINED BY MXDPRF.

MXDRMM MATRIX-VECTOR PRODUCT. RECTANGULAR MATRIX IS STORED
ROWWISE.

MXDRQF QR DECOMPOSITION OF ROWWISE STORED RECTANGULAR MATRIX
USING HOUSEHOLDER TRANSFORMATIONS WITHOUT PIVOTING.

MXVCOP COPYING OF A VECTOR.

MXVDIF DIFFERENCE OF TWO VECTORS.

MXVDIR VECTOR AUGMENTED BY THE SCALED VECTOR.

MXVDOT DOT PRODUCT OF TWO VECTORS.

MXVNEG COPYING OF A VECTOR WITH CHANGE OF THE SIGN.

EXTERNAL SUBROUTINES :

SE

SE

FUN COMPUTATION OF THE VALUE OF THE APPROXIMATED FUNCTION.
CALLING SEQUENCE: CALL FUN(N,KA,X,FA) WHERE N IS A NUMBER
OF VARIABLES, KA IS THE INDEX OF THE APPROXIMATED FUNCTION,
X(N) IS A VECTOR OF VARIABLES AND FA IS THE VALUE OF THE
APPROXIMATED FUNCTION.

DFUN COMPUTATION OF THE GRADIENT OF THE APPROXIMATED FUNCTION.
CALLING SEQUENCE: CALL DFUN(N,KA,X,GA) WHERE N IS THE NUMBER
OF VARIABLES, KA IS THE INDEX OF THE APPROXIMATED FUNCTION,
X(N) IS A VECTOR OF VARIABLES AND GA IS THE GRADIENT OF THE
APPROXIMATED FUNCTION.

METHOD :
MODIFIED ORIGINAL OR DISCRETE NEWTON METHOD.

SUBROUTINE PNEQ(N,X,GA,AG,G,S,X0,G0,H,AF,AF0,XMAX, TOLX, TOLF,
TOLB, TOLG, XDEL, GMAX,F, IPRNT,MIT,MFV, IDER, ITERM)

DOUBLE PRECISION F,GMAX,TOLB,TOLF,TOLG,TOLX,XMAX,XDEL

INTEGER IDER, IPRNT, ITERM,MFV,MIT,N

DOUBLE PRECISION AF(x),AF0(x),AG(*),G(*),GA(x),G0(x) ,H(*),
S(*),X(*),X0(*)

INTEGER NRES,NDEC,NIIT,NIT,NFV,NFG,NFH

DOUBLE PRECISION BET1,BET2,GAM1,GAM2,DMAX,EPS4,EPS5,
ETAO,ETA2,ETA9,FMIN,F0,FP,GNORM,P,P0,PP,R,
RMAX,RO,SNORM, TEMP,B1,B2,B3,D3,51,52,
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&
&
INTEGER
&
&
&
COMMON

INITIATION

NRES=0
NDEC=0
NIIT=0
NIT=0
NFV=0
NFG=0
NFH=0
ISYS = 0
IEST
ITES = 1
MTESX =
MTESF =
INITS =
ITERM =
ITERD =
ITERS =
KTERS =
IREST =
IRES1=999
IRES2 = 0

MRED = 5

IDEC = 0
EPS4=0.10D 0O
EPS5=0.90D 0
ETAO 1.0D-15
ETA2 1.0D-18
ETA9 1.0D 60
BET1=0.05D 0
BET2=0.75D 0
GAM1=2.0D O
GAM2=1.0D 6
FMIN = 0.0D
IF (TOLX.LE.
IF (TOLF.LE.
IF (TOLB.LE.
IF (TOLG.LE.
IF (XMAX.LE.O.
IF (MIT.LE.O)
IF (MFV.LE.O)

P ONOORFR NN

oo

N =NOO I

O O O oo

ENDIF
MFG = 2xMIT

KDA = IDER
KD = 0

LD = -1

KIT = 0

FO = FMIN
GMAX = ETA9
DMAX = ETA9

XDELO,UMAX, T,

MXVDOT

I,INF,IREST,ITERD,ITERS,NRED,
KD,KIT,LD,MA,MD,MRED,MTESF ,MTESX, NTESF, NTESX,LDS,
IDEC, INITS,KTERS, IEST, ITES,MAXST, IRES1, IRES2, MM,
ISYS,MFG,INITD,MES1,MES2,MES3,MOT3,M0S1,KDA, IDIR

/STAT/NRES,NDEC,NIIT,NIT,NFV,NFG,NFH
IF (ABS(IPRNT).GT.1) WRITE (6,FMT=’(1X,’’ENTRY TO PNEQ

.0DO)
.0DO)
.0DO0)
.0DO0)

0D0)
MIT

TOLX
TOLF
TOLB
TOLG
XMAX
= 1000

THEN
IF (IDER.EQ.0) MFV = 5000
IF (IDER.EQ.1) MFV = 2000

N S S S =

.0D-16
.0D-16
.0D-16
.0D-16
.0D 3
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T=0.0D O
FO=FMIN

LR I N
=
o
S
]
[
=]
]
[72]
Q
=<
[l
g
=
=
o
=

CALL PA1SQ1(N,X,F,AF,GA,AG,G,ETAO,KDA,KD,LD,NFV,NFG)

END OF MODEL DESCRIPTION

[l L R R

1020 CONTINUE
IF (ABS(IPRNT).GT.1)
& WRITE (6,’(1X,’’NIT=’’,I5,2X,’ NFV=>",15,2X,’ NFG=>",15,2X,
& ’°F =’’, D15.8)’) NIT,NFV,NFG,F
CALL PYFUT1(N,F,F0,UMAX,GMAX,DMAX,TOLX,TOLF,TOLB, TOLG,KD,
& NIT,KIT,MIT,NFV,MFV,NFG,MFG,NTESX,MTESX,NTESF,MTESF, ITES, IRES1,
& IRES2,IREST,ITERS,ITERM)
IF(ITERM.NE.O) GOTO 11090
11030 CONTINUE
IF (IREST.LE.0) GO TO 12320
KD=1
CALL PA1SQ1(N,X,F,AF,GA,AG,G,ETAO,KDA,KD,LD,NFV,NFG)
IDEC=0
IF (IDIR.EQ.0) THEN
IF (KIT.LT.NIT) THEN
NRES=NRES+1
KIT = NIT
ELSE
ITERM=-10
IF (ITERS.LT.0) ITERM=ITERS-5
ENDIF
ENDIF
12320 CONTINUE
IF(ITERM.NE.O) GOTO 11090

*
*
* DIRECTION DETERMINATION
* TEMPLATE : UDGGA1
*
*
IF (IDEC.LT.O0) THEN
IDEC=1
INF=0
ENDIF

IF (IDEC.EQ.0) THEN
ELSEIF(IDEC.EQ.1) THEN
ELSE

ITERD=-1

GO TO 12430

ENDIF

IF (LD.LE.O) THEN

CALL MXDCMM(N,N,AG,AF,G)
IF (IDEC.EQ.1) THEN

CALL MXVCOP(N,G,G0)

CALL MXDPRM(N,H,G,-1)
ENDIF

ELSE IF (IDEC.EQ.1) THEN
CALL MXDCMM(N,N,AG,AF,G0)
ENDIF

B2=MXVDOT(N,G,G)
GNORM=SQRT (B2)

IF (KD.LE.O) THEN
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IF (GNORM.LE.TOLG) THEN
ITERM=4

GO TO 12430

ENDIF

ENDIF

INITD=MAX (ABS(INITD),1)
IF (IDEC.EQ.O) THEN

CALL MXDRMM(N,N,AG,G,AF0)
B1=MXVDOT (N, AFO, AF0)
ELSE

CALL MXVCOP(N,G,S)

CALL MXDPRM(N,H,S,1)
B1=MXVDOT(N,S,S)

ENDIF

IF (XDEL.LE.0.0D 0) THEN

INITIAL TRUST REGION BOUND

IF (B1.LE.0.0D 0) THEN

XDEL=GNORM

ELSE

XDEL=(B2/B1) *GNORM

ENDIF

IF(IEST.EQ.1) XDEL=MIN(XDEL,4.0DO* (F-FMIN)/GNORM)
XDEL=MIN (XDEL , XMAX)

ENDIF

IF (B1.LE.0.0DO.OR.B2*GNORM.GE.B1*XDEL) THEN

SCALED STEEPEST DESCENT DIRECTION IS ACCEPTED

CALL MXVSCL(N,-XDEL/GNORM,G,S)
SNORM=XDEL

ITERD=3

GO TO 12420

ENDIF

IF (IDEC.EQ.0) THEN

QR DECOMPOSITION

S1=ETA2

CALL MXDRQF (N,N,AG,H)
CALL MXDPRC(N,H,INF,S1)
CALL MXDCMM(N,N,AG,AF,G0)
NDEC=NDEC+1

IDEC=1

ENDIF

COMPUTATION OF THE NEWTON DIRECTION

CALL MXDPRB(N,H,GO,-1)
D3=SQRT (MXVDOT(N,GO0,G0))

COMPUTATION OF THE STEEPEST DESCENT DIRECTION

B2=B2/B1

SNORM=B2*GNORM

CALL MXVSCL(N,-B2,G,S)

CALL MXVNEG(N,GO,G0)

CALL MXVDIF(N,GO,S,X0)
B1=MXVDOT(N,S,X0)

B2=MXVDOT (N,X0,X0)

IF (B2.LE.1.0D-8*XDEL*XDEL) THEN

NEWTON AND THE STEEPEST DESCENT DIRECTION ARE
APPROXIMATELY EQUAL
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CALL MXVCOP(N,GO,S)
SNORM=D3

ITERD=1

ELSE IF (B1.LE.0.0OD 0) THEN

BOUNDARY STEP WITH NEGATIVE INCREMENT

CALL PNSTEP (XDEL,SNORM,-B1,B2,B3)
CALL MXVDIR(N,-B3,X0,S,S)
SNORM=XDEL

ITERD=3

ELSE IF (D3.LE.XDEL) THEN

NEWTON DIRECTION IS ACCEPTED

CALL MXVCOP(N,GO,S)
SNORM=D3

ITERD=1

ELSE

DOUBLE DOGLEG STRATEGY

D3=XDEL/D3
B3=MXVDOT(N,S,GO0)

D3=MAX (D3, SNORM*SNORM/B3)
CALL MXVDIR(N,-D3,GO0,S,X0)
B1=SNORM*SNORM-D3%B3
B2=MXVDOT (N,X0,X0)

CALL PNSTEP (XDEL, SNORM,-B1,B2,B3)
CALL MXVDIR(N,-B3,X0,S,S)
SNORM=XDEL

ITERD=3

ENDIF

CONTINUE

IF (IDEC.EQ.0) THEN

CALL MXDRMM(N,N,AG,S,AF0)
PP=MXVDOT (N, AFO, AF0) *0.5D0
ELSE

CALL MXVCOP(N,S,G0)

CALL MXDPRM(N,H,GO0,1)
PP=MXVDOT (N, G0, G0) *0.5D0
ENDIF

CONTINUE

END OF DIRECTION DETERMINATION

P=MXVDOT (N, S,G)
IF (KD.GT.0) P=MXVDOT(N,G,S)
IF(ITERD.LT.0) THEN
ITERM=ITERD
ENDIF
IF (INITD.LT.O.AND.P.GT.0.0D 0) THEN

CHANGE OF THE SIGN
CALL MXVNEG(N,S,S)
P=-P

ENDIF

TEST ON LOCALLY CONSTRAINED STEP

IF(SNORM.LE.0.0D 0) THEN
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IREST=MAX (IREST, 1)
ELSE

IREST=0
ENDIF
IF (IREST.EQ.0) THEN

PREPARATION OF SIMPLE SEARCH

RMAX=XMAX/SNORM
ENDIF
IF(ITERM.NE.O) GOTO 11090
IF(IREST.NE.O) GOTO 11030

LDS=LD
11050 CONTINUE

FP = FO

RO = 0.0D O

FO = F

PO = P

11060

11062

11064

11090
11100

CALL MXVCOP(N,X,X0)

CALL MXVCOP(N,G,GO0)

CALL MXVCOP(N,AF,AF0)

CONTINUE

CALL PS0GO1(R,F,F0,P0,PP,XDEL,XDELO,XMAX,RMAX,SNORM,BET1,BET2,
& GAM1,GAM2,EPS4,EPS5,KD,LD, IDIR,ITERS, ITERD,MAXST,NRED,MRED,
& KTERS,MES1,MES2,MES3,ISYS)

GOTO (11064,11062) ISYS+1

CONTINUE

CALL MXVDIR(N,R,S,X0,X)

CALL PA1SQ1(N,X,F,AF,GA,AG,G,ETAO,KDA,KD,LD,NFV,NFG)
GOTO 11060

CONTINUE

IF (ITERS.LE.O) THEN

IF (IDIR.EQ.O.OR.MOT3.LE.O) THEN

R=0.0D O

F=FO0

P=P0

CALL MXVCOP(N,X0,X)

ENDIF

IF (MOT3.LE.0) CALL MXVCOP(N,AFO,AF)

IF (IDIR.EQ.0) THEN

IREST=MAX (IREST,1)

LD=LDS

GO TO 11030

ELSE IF (MOT3.EQ.0) THEN

LD=LDS

GO TO 11030

ELSE

ITERD=0

ENDIF

ENDIF

IREST=1

CALL PYTRUD(N,X,X0,G,GO,R,F,F0,P,P0,DMAX,KD,LD, ITERS)
IF (IDIR.EQ.0) THEN

GOTO 11020

ELSE

GOTO 11030

ENDIF

CONTINUE

CONTINUE

IF (IPRNT.GT.1.0R.IPRNT.LT.0)
& WRITE(6,’ (1X,’ EXIT FROM PNEQ :’’)?)

IF (IPRNT.NE.O)
& WRITE (6,’(1X,’’NIT=’’,15,2X,’ NFV="",15,2X,’ NFG="",15,2X,
& ’°F =’’, D15.8,2X,’°ITERM="",13)’) NIT,NFV,NFG,
& F,ITERM
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IF (IPRNT.LT.O)
& WRITE (6,’(1X,’’X =’’,56D15.7:/(4X,56D15.7)) ) (X(I),I=1,N)
13299 CONTINUE

* X X X %
[x2]
=
o
o
51
=
=1
=
=
o
(=]
~
-
<

10399 CONTINUE
END

6.2 Podprogramy realizujici itera¢ni algoritmus

SUBROUTINE PAOGS1 ALL SYSTEMS 97/12/01
PURPOSE:
NUMERICAL COMPUTATION OF THE GRADIENT OF THE MODEL FUNCTION.

*
*
*
*
* PARAMETERS :

* II N NUMBER OF VARIABLES.

* II KA INDEF OF THE APPROXIMATED FUNCTION.

* RI X(N) VECTOR OF VARIABLES.

* RO GA(N) GRADIENT OF THE APPROXIMATED FUNCTION.

* RI FA VALUE OF THE APPROXIMATED FUNCTION.

* RI ETA1 PRECISION OF THE COMPUTED VALUES.

* IU NAV NUMBER OF APPROXIMATED FUNCTION EVALUATIONS.
*

SUBROUTINE PAOGS1(N,KA,X,GA,FA,ETA1,NAV)
INTEGER N,KA,NAV

REAL*8 X(*),GA(*),FA,ETA1

REAL*8 XSTEP,XTEMP,FTEMP,ETA

INTEGER IVAR

ETA=SQRT (ETA1)

FTEMP=FA

DO 4 IVAR=1,N

STEP SELECTION

XSTEP=1.0D 0
XSTEP=ETA*MAX (ABS (X (IVAR)) ,XSTEP)*SIGN(1.0D 0,X(IVAR))
XTEMP=X (IVAR)

X(IVAR)=X(IVAR)+XSTEP

XSTEP=X (IVAR) -XTEMP

NAV=NAV+1

CALL FUN(N,KA,X,FA)

NUMERICAL DIFFERENTIATION

GA(IVAR)=(FA-FTEMP) /XSTEP
X (IVAR)=XTEMP
4 CONTINUE
FA=FTEMP
RETURN
END

SUBROUTINE PA1SQ1 ALL SYSTEMS 97/12/01
PURPOSE :

COMPUTATION OF THE VALUE AND THE GRADIENT OF THE OBJECTIVE FUNCTION
WHICH IS DEFINED AS A SUM OF SQUARES.

II N NUMBER OF VARIABLES.
RI X(N) VECTOR OF VARIABLES.
RO F VALUE OF THE OBJECTIVE FUNCTION.

*
*
*
*
*
* PARAMETERS:
*
*
*
* RO AF(N) VALUES OF THE APPROXIMATED FUNCTIONS.
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RI GA(NF)
RI AG(NxN)
VECTO

RO G(NF) GRADIENT OF THE OBJECTIVE FUNCTION.
RI ETA1 PRECISION OF THE COMPUTES FUNCTION VALUES.

GRADIENT OF THE APPROXIMATED FUNCTION.
RECTANGULAR MATRIX WHICH IS USED FOR THE DIRECTION

R DETERMINATION.

II KDA DEGREE OF COMPUTED DERIVATIVES.
ITI KD DEGREE OF REQUIRED DERVATIVES.
I0 LD DEGREE OF PREVIQUSLY COMPUTED DERIVATIVES.

IU NFV NUMBER OF OBJECTIVE FUNCTION VALUES COMPUTED.
IU NFG NUMBER OF OBJECTIVE FUNCTION GRADIENTS COMPUTED.

SUBPROGRAMS USED :

S  MXVCOP
S  MXVDIR
S  MXVSET

COPYING OF A VECTOR.

VECTOR AUGMENTED BY THE SCALED VECTOR.
INITIATION OF A VECTOR.

SUBROUTINE PA1SQ1(N,X,F,AF,GA,AG,G,ETA1,KDA,KD,LD,NFV,NFG)

INTEGER N

REAL*8 X(*),F,AF(*),GA(*),AG(*),G(*) ,ETA1

INTEGER K
REAL*8 FA
IF (KD.LE

,KDA,KD,LD,NFV,NFG

A,NAV

.LD) RETURN

IF (KD.GE.O0.AND.LD.LT.O0) THEN

F=0.0D0O
NFV=NFV+1
ENDIF

IF (KD.GE.1.AND.LD.LT.1) THEN

CALL MXVS
IF (KDA.G
ENDIF
NAV=0
DO 30 KA=
IF (KD.LT
IF (LD.GE
FA = AF(K
GO TO 10
ELSE
CALL FUN(
AF(KA) =
ENDIF
IF (LD.GE
F=F+FA*FA
10 IF (KD.LT
IF (KDA.G
CALL DFUN
ELSE

ET(N,0.0D0,G)
T.0) NFG=NFG+1

1,N
.0) GO TO 30
.0) THEN

A)

N,KA,X,FA)
FA

.0) GO TO 10
.1) GO TO 30

T.0) THEN
(N,KA,X,GA)

CALL PAOGS1(N,KA,X,GA,FA,ETA1,NAV)

ENDIF
CALL MXVD

IR(N,FA,GA,G,G)

CALL MXVCOP(N,GA,AG((KA-1)*N+1))

30 CONTINUE
NFV=NFV+N.

AV/N

IF (KD.GE.O0.AND.LD.LT.0) F=0.5DO%*F

LD=KD
RETURN
END

SUBROUTINE PN
PURPOSE :

DETERMINATION OF A SCALING FACTOR FOR THE BOUNDARY STEP.

PARAMETERS :
RI DEL MAX

STEP

IMUM STEPSIZE.

RI A INPUT PARAMETER.
RI B INPUT PARAMETER.

ALL SYSTEMS
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RI
RO

C INPUT PARAMETER.
ALF SCALING FACTOR FOR THE BOUNDARY STEP SUCH THAT
Ax*x2+2%B*ALF+C*ALF**2=DEL**2.

SUBROUTINE PNSTEP(DEL,A,B,C,ALF)
REAL*8 DEL, A, B, C, ALF
REAL*8 DEN, DIS

REAL*8 ZERO

PARAMETER (ZERO = 0.0D 0)
ALF = ZERO

DEN = (DEL+A) * (DEL-A)

IF (DEN .LE. ZERO) RETURN
DIS = B*B + C*DEN

IF (B .GE. ZERD) THEN

ALF = DEN / (SQRT(DIS) + B)
ELSE

ALF = (SQRT(DIS) - B) / C
ENDIF

RETURN

END

SUBROUTINE PS0GO1 ALL SYSTEMS 97/12/01
PURPOSE :
SIMPLE SEARCH WITH TRUST REGION UPDATE.

PARAMETERS :

RO
RO
RI
RI
RI
RU
RO
RI
RI
RI
RI
RI
RI
RI
RI

RI

II

I0
IU

I0

II

I0
I0
II
II

II

R VALUE OF THE STEPSIZE PARAMETER.

F VALUE OF THE OBJECTIVE FUNCTION.

FO INITIAL VALUE OF THE OBJECTIVE FUNCTION.

PO INITIAL VALUE OF THE DIRECTIONAL DERIVATIVE.

PP QUADRATIC PART OF THE PREDICTED FUNCTION VALUE.

XDEL TRUST REGION BOUND.

XDELO PREVIOUS TRUST REGION BOUND.

XMAX MAXIMUM STEPSIZE.

RMAX MAXIMUM VALUE OF THE STEPSIZE PARAMETER.

SNORM EUCLIDEAN NORM OF THE DIRECTION VECTOR.

BET1 LOWER BOUND FOR STEPSIZE REDUCTION.

BET2 UPPER BOUND FOR STEPSIZE REDUCTION.

GAM1 LOWER BOUND FOR STEPSIZE EXPANSION.

GAM2 UPPER BOUND FOR STEPSIZE EXPANSION.

EPS4 FIRST TOLERANCE FOR RATIO DF/DFPRED. STEP BOUND IS
DECREASED IF DF/DFPRED<EPS4.

EPS5 SECOND TOLERANCE FOR RATIO DF/DFPRED. STEP BOUND IS
INCREASED IF IT IS ACTIVE AND DF/DFPRED>EPSS.

KD DEGREE OF REQUIRED DERVATIVES.

LD DEGREE OF PREVIOUSLY COMPUTED DERIVATIVES.

IDIR INDICATOR FOR DIRECTION DETERMINATION.

IDIR=0-BASIC DETERMINATION. IDIR=1-DETERMINATION
AFTER STEPSIZE REDUCTION. IDIR=2-DETERMINATION AFTER
STEPSIZE EXPANSION.

ITERS TERMINATION INDICATOR. ITERS=0-ZERO STEP. ITERS=1-STEP
BOUND WAS DECREASED. ITERS=2-STEP BOUND WAS UNCHANGED.
ITERS=3-STEP BOUND WAS INCREASED. ITERS=6-FIRST STEPSIZE.

ITERD TERMINATION INDICATOR. ITERD<O-BAD DECOMPOSITION.
ITERD=0-DESCENT DIRECTION. ITERD=1-NEWTON LIKE STEP.
ITERD=2-INEXACT NEWTON LIKE STEP. ITERD=3-BOUNDARY STEP.
ITERD=4-DIRECTION WITH THE NEGATIVE CURVATURE.
ITERD=5-MARQUARDT STEP.

MAXST MAXIMUM STEPSIZE INDICATOR. MAXST=0 OR MAXST=1 IF MAXIMUM
STEPSIZE WAS NOT OR WAS REACHED.

NRED ACTUAL NUMBER OF EXTRAPOLATIONS OR INTERPOLATIONS.

MRED MAXIMUM NUMBER OF EXTRAPOLATIONS OR INTERPOLATIONS.

KTERS TERMINATION SELECTION. KTERS=1-NORMAL TERMINATION.
KTERS=6-FIRST STEPSIZE.

MES1 SWITCH FOR EXTRAPOLATION. MES1=1-CONSTANT INCREASING OF
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* METHOD :

THE INTERVAL. MES1=2-EXTRAPOLATION SPECIFIED BY THE PARAMETER
MES. MES1=3 SUPPRESSED EXTRAPOLATION.

ITI MES2 SWITCH FOR TERMINATION. MES2=1-NORMAL TERMINATION.

MES2=2-TERMINATION AFTER AT LEAST TWO STEPS (ASYMPTOTICALLY
PERFECT LINE SEARCH).

II MES3 SAFEGUARD AGAINST ROUNDING ERRORS. MES3=0-SAFEGUARD

SUPPRESSED. MES3=1-FIRST LEVEL OF SAFEGUARD. MES3=2-SECOND
LEVEL OF SAFEGUARD.

IU ISYS CONTROL PARAMETER.

COMMON DATA :

* G.A.SCHULTZ, R.B.SCHNABEL, R.H.BYRD: A FAMILY OF TRUST-REGION-BASED
* ALGORITHMS FOR UNCONSTRAINED MINIMIZATION WITH STRONG GLOBAL
* CONVERGENCE PROPERTIES, SIAM J. NUMER.ANAL. 22 (1985) PP. 47-67.

*

SUBROUTINE PS0GO1(R,F,F0,P0,PP,XDEL,XDELO,XMAX,RMAX , SNORM,
& BET1,BET2,GAM1,GAM2,EPS4,EPS5,KD,LD, IDIR, ITERS, ITERD,
& MAXST,NRED,MRED,KTERS,MES1,MES2,MES3, ISYS)

INTEGER KD,LD,LDA,LDC,IDIR,ITERS,ITERD,MAXST,NRED,MRED,KTERS,
& MES1,MES2,MES3,ISYS

REAL*8 R,F,F0,P0,PP,XDEL,XDELO,XMAX,RMAX,SNORM,BET1,BET2,GAM1,
& GAM2,EPS4,EPS5

REAL*8 DF,DFPRED

INTEGER NRED1,NRED2

SAVE NRED1,NRED2

GO TO (1,2) ISYS+1
1 CONTINUE

IF (IDIR.EQ.O0) THEN

NRED1=0

NRED2=0

ENDIF

IDIR=0

XDELO=XDEL

COMPUTATION OF THE NEW FUNCTION VALUE

R=MIN(1.0D O,RMAX)

KD=

0

LD=-1
ISYs=1
RETURN
2 CONTINUE
IF(KTERS.LT.0.0R.KTERS.GT.5) THEN
ITERS=6
ELSE
DF=F0-F
DFPRED=-R* (PO+R*PP)
IF (DF.LT.EPS4*DFPRED) THEN

* STEP IS TOO LARGE, IT HAS TO BE REDUCED

IF (MES1.EQ.1) THEN
XDEL=BET2*SNORM

ELSE IF (MES1.EQ.2) THEN
XDEL=BET2*MIN(0.5D O*XDEL,SNORM)
ELSE

XDEL=0.5D 0*P0*SNORM/ (PO+DF)
XDEL=MAX (XDEL , BET1*SNORM)
XDEL=MIN (XDEL , BET2*SNORM)
ENDIF

ITERS=1

IF (MES3.LE.1) THEN
NRED2=NRED2+1
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ELSE

IF (ITERD.GT.2) NRED2=NRED2+1
ENDIF

ELSE IF (DF.LE.EPS5*DFPRED) THEN

STEP IS SUITABLE

ITERS=2
ELSE

STEP IS TOO SMALL, IT HAS TO BE ENLARGED

IF (MES2.EQ.2) THEN
XDEL=MAX (XDEL , GAM1*SNORM)
ELSE IF (ITERD.GT.2) THEN
XDEL=GAM1%XDEL

ENDIF

ITERS=3

ENDIF
XDEL=MIN (XDEL , XMAX , GAM2*SNORM)
IF (FO.LE.F) THEN

IF (NRED1.GE.MRED) THEN
ITERS=-1

ELSE

IDIR=1

ITERS=0

NRED1=NRED1+1

ENDIF

ENDIF

ENDIF

MAXST=0

IF (XDEL.GE.XMAX) MAXST=1
IF (MES3.EQ.0) THEN
NRED=NRED1

ELSE

NRED=NRED2

ENDIF

ISYS=0

RETURN

END

SUBROUTINE PYFUT1 ALL SYSTEMS 98/12/01
PURPOSE :
TERMINATION CRITERIA AND TEST ON RESTART.

PARAMETERS :

II
RI
RI
RI
RO
RI
RI
RI
RI
RI
II
IU
II
II
IU
II
IU
II
Iv

N ACTUAL NUMBER OF VARIABLES.

F NEW VALUE OF THE OBJECTIVE FUNCTION.

FO OLD VALUE OF THE OBJECTIVE FUNCTION.

UMAX MAXIMUN ABSOLUTE VALUE OF THE NEGATIVE LAGRANGE MULTIPLIER.
GMAX NORM OF THE TRANSFORMED GRADIENT.

DMAX MAXIMUM RELATIVE DIFFERENCE OF VARIABLES.
TOLX LOWER BOUND FOR STEPLENGTH.

TOLF LOWER BOUND FOR FUNCTION DECREASE.

TOLB LOWER BOUND FOR FUNCTION VALUE.

TOLG LOWER BOUND FOR GRADIENT.

KD DEGREE OF REQUIRED DERIVATIVES.

NIT ACTUAL NUMBER OF ITERATIONS.

KIT NUMBER OF THE ITERATION AFTER RESTART.

MIT MAXIMUM NUMBER OF ITERATIONS.

NFV ACTUAL NUMBER OF COMPUTED FUNCTION VALUES.
MFV MAXIMUM NUMBER OF COMPUTED FUNCTION VALUES.
NFG ACTUAL NUMBER OF COMPUTED GRADIENT VALUES.
MFG MAXIMUM NUMBER OF COMPUTED GRADIENT VALUES.
NTESX ACTUAL NUMBER OF TESTS ON STEPLENGTH.
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II
IU
II
II
II
II

IU
II

I0

MTESX MAXIMUM NUMBER OF TESTS ON STEPLENGTH.

NTESF ACTUAL NUMBER OF TESTS ON FUNCTION DECREASE.

MTESF MAXIMUM NUMBER OF TESTS ON FUNCTION DECREASE.

ITES SYSTEM VARIBLE WHICH SPECIFIES TERMINATION. IF ITES=0
THEN TERMINATION IS SUPPRESSED.

IRES1 RESTART SPECIFICATION. RESTART IS PERFORMED AFTER
IRES1*N+IRES2 ITERATIONS.

IRES2 RESTART SPECIFICATION. RESTART IS PERFORMED AFTER
IRES1*N+IRES2 ITERATIONS.

IREST RESTART INDICATOR. RESTART IS PERFORMED IF IREST>O.

ITERS TERMINATION INDICATOR FOR STEPLENGTH DETERMINATION.
ITERS=0 FOR ZERO STEP.

ITERM TERMINATION INDICATOR. ITERM=1-TERMINATION AFTER MTESX
UNSUFFICIENT STEPLENGTHS. ITERM=2-TERMINATION AFTER MTESF
UNSUFFICIENT FUNCTION DECREASES. ITERM=3-TERMINATION ON LOWER
BOUND FOR FUNCTION VALUE. ITERM=4-TERMINATION ON LOWER BOUND
FOR GRADIENT. ITERM=11-TERMINATION AFTER MAXIMUM NUMBER OF
ITERATIONS. ITERM=12-TERMINATION AFTER MAXIMUM NUMBER OF
COMPUTED FUNCTION VALUES.

SUBROUTINE PYFUT1(N,F,F0,UMAX,GMAX,DMAX,TOLX,TOLF,TOLB,TOLG,KD,
& NIT,KIT,MIT,NFV,MFV,NFG,MFG,NTESX,MTESX,NTESF,MTESF, ITES, IRES1,
& IRES2,IREST,ITERS,ITERM)

INTEGER N,KD,NIT,KIT,MIT,NFV,MFV,NFG,MFG,NTESX,MTESX,NTESF,MTESF,
& ITES,IRES1,IRES2,IREST,ITERS,ITERM

REAL*8 F,F0,UMAX,GMAX,DMAX,TOLX,TOLF,TOLG,TOLB

REAL*8 TEMP

IF (ITERM.LT.0) RETURN

IF (ITES .LE.0) GOTO 2

IF (ITERS.EQ.O0) GOTO 1

IF (NIT.LE.O) FO=F+MIN(SQRT(ABS(F)),ABS(F)/1.0D 1)

IF (F.LE.TOLB) THEN

ITERM = 3

RETURN

ENDIF

IF (KD.GT.0) THEN

IF (GMAX.LE.TOLG.AND.UMAX.LE.TOLG) THEN

ITERM = 4

RETURN

ENDIF

ENDIF

IF (NIT.LE.O) THEN
NTESX = 0O

NTESF = 0

ENDIF

IF (DMAX.LE.TOLX) THEN
ITERM = 1

NTESX = NTESX + 1

IF (NTESX .GE. MTESX) RETURN
ELSE

NTESX = 0

ENDIF
TEMP=ABS (FO-F) /MAX (ABS(F) ,1.0D 0)
IF (TEMP.LE.TOLF) THEN

ITERM = 2

NTESF = NTESF+1

IF (NTESF.GE.MTESF) RETURN
ELSE

NTESF = 0

ENDIF

IF (NIT.GE.MIT) THEN

ITERM = 11

RETURN

ENDIF

IF (NFV.GE.MFV) THEN
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ITERM = 12
RETURN
ENDIF
IF (NFG.GE.MFG) THEN
ITERM = 13
RETURN
ENDIF
2 ITERM = 0
IF (N.GT.0.AND.NIT-KIT.GE.IRES1*N+IRES2) THEN
IREST=MAX (IREST, 1)
ENDIF
NIT = NIT + 1
RETURN
END

SUBROUTINE PYTRUD ALL SYSTEMS 98/12/01
PURPOSE :

VECTORS OF VARIABLES DIFFERENCE AND GRADIENTS DIFFERENCE ARE COMPUTED
AND SCALED. TEST VALUE DMAX IS DETERMINED.

PARAMETERS :

II NF DECLARED NUMBER OF VARIABLES.

RI X(NF) VECTOR OF VARIABLES.

RU XO(NF) VECTORS OF VARIABLES DIFFERENCE.

RI G(NF) GRADIENT OF THE OBJECTIVE FUNCTION.

RU GO(NF) GRADIENTS DIFFERENCE.

RO R VALUE OF THE STEPSIZE PARAMETER.

RO F NEW VALUE OF THE OBJECTIVE FUNCTION.

RI FO OLD VALUE OF THE OBJECTIVE FUNCTION.

RO P NEW VALUE OF THE DIRECTIONAL DERIVATIVE.

RI PO OLD VALUE OF THE DIRECTIONAL DERIVATIVE.

RO DMAX MAXIMUM RELATIVE DIFFERENCE OF VARIABLES.
ITI KD DEGREE OF REQUIRED DERVATIVES.

I0 LD DEGREE OF PREVIOUSLY COMPUTED DERIVATIVES.
ITI ITERS TERMINATION INDICATOR FOR STEPLENGTH DETERMINATION.

ITERS=0 FOR ZERO STEP.

SUBPROGRAMS USED :

S  PYSET1 DEGREE DEFINITION OF THE COMPUTED DERIVATIVES.

S  MXVDIF DIFFERENCE OF TWO VECTORS.

S  MXVSAV DIFFERENCE OF TWO VECTORS WITH COPYING AND SAVING THE
SUBSTRACTED ONE.

SUBROUTINE PYTRUD(NF,X,X0,G,GO,R,F,F0,P,P0,DMAX,KD,LD,ITERS)

INTEGER NF,KD,LD,ITERS

REAL*8 X(*),X0(*),G(*),G0(*),R,F,F0,P,P0,DMAX

INTEGER I

IF (ITERS.GT.0) THEN

CALL MXVDIF(NF,X,X0,X0)

CALL MXVDIF(NF,G,GO,GO0)

PO=R*P0

P=R*P

ELSE

F = FO

P = PO

CALL MXVSAV(NF,X,X0)

CALL MXVSAV(NF,G,G0)

LD=KD

ENDIF

DMAX = 0.0D O

DO 1 I=1,NF

DMAX=MAX (DMAX, ABS (X0(I))/MAX(ABS(X(I)),1.0D 0))
1 CONTINUE

RETURN

END
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6.3 Maticové podprogramy

* SUBROUTINE MXDCMM ALL SYSTEMS 91/12/01
* PURPOSE :
* MULTIPLICATION OF A COLUMNWISE STORED DENSE RECTANGULAR MATRIX A
* BY A VECTOR X.
*
* PARAMETERS :
* II N NUMBER OF ROWS OF THE MATRIX A.
* II M NUMBER OF COLUMNS OF THE MATRIX A.
* RI A(N*M) RECTANGULAR MATRIX STORED COLUMNWISE IN THE
* ONE-DIMENSIONAL ARRAY.
* RI X(M) INPUT VECTOR.
* RO Y(N) OUTPUT VECTOR EQUAL TO A*X.
*
* SUBPROGRAMS USED :
* S MXVDIR VECTOR AUGMENTED BY THE SCALED VECTOR.
*x S MXVSET INITIATION OF A VECTOR.
*
SUBROUTINE MXDCMM(N,M,A,X,Y)
INTEGER N,M
DOUBLE PRECISION A(*),X(*),Y(*)
INTEGER J,K
CALL MXVSET(N,0.0D 0,Y)
K=0
DO 1 J=1,M
CALL MXVDIR(N,X(J),A(K+1),Y,Y)
K=K+N
1 CONTINUE
RETURN
END
* SUBROUTINE MXDCMU ALL SYSTEMS 91/12/01
* PURPOSE :
* UPDATE OF A COLUMNWISE STORED DENSE RECTANGULAR MATRIX A. THIS MATRIX
* IS UPDATED BY THE RULE A:=A+ALF*X*TRANS(Y).
*
* PARAMETERS :
* II N NUMBER OF ROWS OF THE MATRIX A.
*x II M NUMBER OF COLUMNS OF THE MATRIX A.
* RU A(N*M) RECTANGULAR MATRIX STORED COLUMNWISE IN THE
* ONE-DIMENSIONAL ARRAY.
* RI ALF SCALAR PARAMETER.
* RI X(N) INPUT VECTOR.
* RI Y(M) INPUT VECTOR.
*

SUBROUTINE MXDCMU(N,M,A,ALF,X,Y)
INTEGER N,M
REAL*8 A(N*M),ALF,X(N),Y(M)
REAL*8 TEMP
INTEGER I,J,K
K=0
DO 2 J=1,M
TEMP=ALF*Y (J)
DO 1 I=1,N
A(K+I)=A(K+I)+TEMP*X(I)
1 CONTINUE
K=K+N
2 CONTINUE
RETURN
END

* SUBROUTINE MXDGGB ALL SYSTEMS 94/12/01

* PURPOSE :
* SOLUTION OF A SYSTEM OF LINEAR EQUATIONS WITH A DENSE UNSYMMETRIC
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MATRIX A USING THE FACTORIZATION A=P*L*U OBTAINED BY THE SUBROUTINE

UXDGGB.
PARAMETERS :

II N ORDER OF THE MATRIX A.

RU A(N*N) ON INPUT A GIVEN DENSE GENERAL SQUARE MATRIX A STORED IN
THE PACKED FORM. ON OUTPUT THE COMPUTED FACTORIZATION A=PxLxU.

I0 TIA(N) A PERMUTATION FIELD WHICH CONTAINS AN INFORMATION ABOUT
PERMUTATION MATRIX P.

RU X(N) ON INPUT THE RIGHT HAND SIDE OF A SYSTEM OF LINEAR
EQUATIONS. ON OUTPUT THE SOLUTION OF A SYSTEM OF LINEAR
EQUATIONS.

RA Y(N) AUXILIARY VECTOR.

JOB OPTION. JOB=0 - SOLUTION WITH THE ORIGINAL MATRIX.

JOB=1 - SOLUTION WITH THE MATRIX TRSANSPOSE.

METHOD :
BACK SUBSTITUTION.

SUBROUTINE MXDGGB(N,A,IA,X,Y,JOB)
INTEGER N,IA(N),JOB
REAL*8 A(N*N),X(N),Y(N)
INTEGER J,JP,K,L

IF (JOB.LE.O) THEN
L=0

DO 2 K=1,N

DO 1 J=1,K-1

JP=IA(J)
X(K)=X(K)-A(L+JP)*X(J)
CONTINUE

L=L+N

CONTINUE

L=N*N

DO 4 K=N,1,-1

L=L-N

DO 3 J=K+1,N

JP=IA(J)
X(K)=X(K)-A(L+JP)*X(J)
CONTINUE

X(XK)=X(K) /A(L+IA(K))
CONTINUE

CALL MXVSBP(N,IA,X,Y)
ELSE

CALL MXVSFP(N,IA,X,Y)
L=0

DO 6 K=1,N
X(K)=X(K)/A(L+IA(K))
DO 5 J=K+1,N

JP=IA(J)
X(J)=X(J)-A(L+JP) *X (K)
CONTINUE

L=L+N

CONTINUE

L=N*N

DO 8 K=N,1,-1

L=L-N

DO 7 J=1,K-1

JP=IA(J)
X(J)=X(J)-A(L+JP) *X (K)
CONTINUE

CONTINUE

ENDIF

RETURN

END
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SUBROUTINE MXDGGF ALL SYSTEMS 94/12/01

PURPOSE :

FACTORIZATION A=P*L*U OF A DENSE GENERAL SQUARE MATRIX A WHERE P IS

A PERMUTATION MATRIX, L IS A LOWER TRIANGULAR MATRIX AND U IS AN UPPER
TRIANGULAR MATRIX,

PARAMETERS :
ITI N ORDER OF THE MATRIX A.
RU A(N*N) ON INPUT A GIVEN DENSE GENERAL SQUARE MATRIX A STORED IN
THE PACKED FORM. ON OUTPUT THE COMPUTED FACTORIZATION A=P*LxU.
I0 IA(N) A PERMUTATION FIELD WHICH CONTAINS AN INFORMATION ABOUT
PERMUTATION MATRIX P.
I0 INF AN INFORMATION OBTAINED IN THE FACTORIZATION PROCESS. IF
INF=0 THEN A IS SUFFICIENTLY NONSINGULAR. IF INF>0 THEN INF
IS A NUMBER OF THE ELIMINATION STEP IN WHICH A SINGULARITY
WAS DETECTED.
RI TOL ON INPUT A DESIRED TOLERANCE FOR POSITIVE DEFINITENESS. ON
OUTPUT THE MOST NEGATIVE DIAGONAL ELEMENT USED IN THE
FACTORIZATION PROCESS (IF INF>0).

METHOD :
GAUSSIAN ELIMINATION WITH PARTIAL PIVOTING.

SUBROUTINE MXDGGF(N,A,IA,INF,TOL)
INTEGER N,IA(N),INF
REAL*8 A(NxN),TOL
REAL*8 APIV,APOM
REAL*8 ZERO,ONE
PARAMETER (ZER0O=0.0D 0,0ONE=1.0D 0)
INTEGER I,IP,J,K,KP,L,M
INF=0
L=0
CALL MXVINP(N,IA)
DO 10 K=1,N
KP=IA(K)
J=0
APIV=ZERO
DO 3 I=K,N
IP=IA(I)
APOM=ABS (A (L+IP))
IF (APIV.LT.APOM) THEN
APIV=APOM
J=I
ENDIF
3 CONTINUE
IF (J.EQ.0) THEN
INF=K
A(L+KP)=TOL
ELSE
IA(K)=IA(D)
IA(J)=KP
KP=TA(K)
IF (APIV.LE.TOL) THEN
INF=K
A(L+KP)=SIGN(TOL,A(L+KP))
ENDIF
ENDIF
APIV=0NE/A (L+KP)
M=L
DO 9 J=K+1,N
M=M+N
APOM=APIV*A (M+KP)
DO 8 I=K+1,N
IP=IA(I)
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A(M+IP)=A(M+IP)-A(L+IP)*APOM
8 CONTINUE

A (M+KP)=APOM
9 CONTINUE

L=L+N
10 CONTINUE

RETURN

END

* SUBROUTINE MXDPRB ALL SYSTEMS 89/12/01
* PURPOSE :

* SOLUTION OF A SYSTEM OF LINEAR EQUATIONS WITH A DENSE SYMMETRIC

* POSITIVE DEFINITE MATRIX A USING THE FACTORIZATION A=TRANS(R)*R.

*

* PARAMETERS :

* II N ORDER OF THE MATRIX A.
* RI A(N*(N+1)/2) FACTORIZATION A=TRANS(R)*R.

x RU X(N) ON INPUT THE RIGHT HAND SIDE OF A SYSTEM OF LINEAR

* EQUATIONS. ON OUTPUT THE SOLUTION OF A SYSTEM OF LINEAR
* EQUATIONS.

* II JOB OPTION. IF JOB=0 THEN X:=A**(-1)*X. IF JOB>0 THEN

* X:=TRANS(R)**(-1)*X. IF JOB<O THEN X:=Rx**(-1)*X.

*

* METHOD :

* BACK SUBSTITUTION

*
SUBROUTINE MXDPRB(N,A,X,JOB)
INTEGER JOB,N
DOUBLE PRECISION A(*),X(%)
INTEGER I,II,1J,J
IF (JOB.GE.O) THEN

PHASE 1 : X:=TRANS(R)**(-1)*X

IJ=0
DO 20 I
DO 10 J
IJ=1J +
X(I) = X(I) - AID=*X(D)
10 CONTINUE
IJ=1J+1
X(I) = X(D/A1D
20 CONTINUE
END IF
IF (JOB.LE.O) THEN

[}
B

,N
I-1

>

PHASE 2 : X:=Rx*(-1)*X

II = Nx (N+1)/2
DO 40 I = N,1,-1
1J = II
DO 30 J=1I+1,N
IJ=1J+J-1
X(I) = X(I) - A(IJ)*X(J)
30 CONTINUE
X(I) = X(I)/A(II)
II = II - I
40 CONTINUE
END IF
RETURN
END

* SUBROUTINE MXDPRC ALL SYSTEMS 92/12/01

* PURPOSE :
* CORRECTION OF A SINGULAR DENSE SYMMETRIC POSITIVE SEMIDEFINITE MATRIX
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A DECOMPOSED AS A=TRANS(R)*R.

*
*
* PARAMETERS :

* II N ORDER OF THE MATRIX A.

* RU A(N*(N+1)/2) DENSE SYMMETRIC MATRIX STORED IN THE PACKED FORM.
* I0 INF AN INFORMATION OBTAINED IN THE CORRECTION PROCESS. IF

* INF=0 THEN A IS SUFFICIENTLY POSITIVE DEFINITE. IF

* INF<O THEN A IS NOT SUFFICIENTLY POSITIVE DEFINITE.

* PROCESS.

* RI TOL DESIRED TOLERANCE FOR POSITIVE DEFINITENESS.

*

SUBROUTINE MXDPRC(N,A,INF,TOL)
INTEGER N, INF
REAL*8 A(N*(N+1)/2),TOL
REAL*8 TOL1,TEMP
INTEGER L,I
REAL*8 ZERO
PARAMETER (ZER0=0.0D 0)
INF=0
TOL1=SQRT(TOL)
TEMP=TOL1
DO 3 I=1,N*(N+1)/2
TEMP=MAX (TEMP, ABS(A(I)))
3 CONTINUE
TEMP=TEMP*TOL1
L=0
DO 1 I=1,N
L=L+I
IF (ABS(A(L)).LE.TEMP) THEN
A(L)=SIGN(TEMP,A(L))
INF=-1
ENDIF
1 CONTINUE
RETURN
END

SUBROUTINE MXDPRM ALL SYSTEMS 91/12/01
PURPOSE :

MULTIPLICATION OF A GIVEN VECTOR X BY A DENSE SYMMETRIC POSITIVE
DEFINITE MATRIX A USING THE FACTORIZATION A=TRANS(R)*R.

*
*

*

*

*

* PARAMETERS :

* II N ORDER OF THE MATRIX A.
* RI A(N*(N+1)/2) FACTORIZATION A=TRANS(R)*R.

* RU X(N) ON INPUT THE GIVEN VECTOR. ON OUTPUT THE RESULT OF
* MULTIPLICATION.

* II JOB OPTION. IF JOB=0 THEN X:=A*X. IF JOB>0 THEN X:=R*X.
* IF JOB<O THEN X:=TRANS(R)=*X.

*

SUBROUTINE MXDPRM( N, A, X, JOB)
INTEGER N, JOB

REAL*8 A(N*(N+1)/2), X(N)
INTEGER I, J, II, 1J

IF (JOB .GE. 0) THEN

c

C PHASE 1 : X:=Rx*X

c
IT=0
DO 3I=1, N
II=1II+1I
X(I) = A(II) * X(I)
IJ =11

DO 2 J = I+1, N
IJ=IJ+J-1
X(I) = X(I) + A(IJ) * X(J)
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CONTINUE
CONTINUE

ENDIF

IF (JOB .LE. 0) THEN

PHASE 2 : X:=TRANS(R)*X

IJ = Nx(N+1)/2

D06 I=N,1, -1
X(I) = A(IT) * X(I)
D05 J=1I-1, 1, -1
1J=1J -1

X(I) = X(I) + A(ID) * X()
CONTINUE

IJ=1J -1

CONTINUE

ENDIF

RETURN

END

SUBROUTINE UXDRFA ALL SYSTEMS 05/12/01
PURPOSE :

TRIANGULAR DECOMPOSITION OF KERNEL OF THE ORTHOGONAL PROJECTION

IS UPDATED AFTER CONSTRAINT ADDITION.

PARAMETERS :
II NF DECLARED NUMBER OF VARIABLES.
IU N ACTUAL NUMBER OF VARIABLES.
II NC NUMBER OF LINEARIZED CONSTRAINTS.
IU ICA(NF) VECTOR CONTAINING INDICES OF ACTIVE CONSTRAINTS.
RI CG(NF#NC) MATRIX WHOSE COLUMNS ARE NORMALS OF THE LINEAR
CONSTRAINTS.
RI CR(NF*(NF+1)/2) TRIANGULAR DECOMPOSITION OF KERNEL OF THE
ORTHOGONAL PROJECTION.
RA S(NF) AUXILIARY VECTOR.
RI EPS7 TOLERANCE FOR LINEAR INDEPENDENCE OF CONSTRAINTS.
RO GMAX MAXIMUM ABSOLUTE VALUE OF A PARTIAL DERIVATIVE.
RO UMAX MAXIMUM ABSOLUTE VALUE OF A NEGATIVE LAGRANGE MULTIPLIER.
ITI INEW INDEX OF THE NEW ACTIVE CONSTRAINT.
I0 IER ERROR INDICATOR.

SUBPROGRAMS USED :

S
S
RF

[ure

MXSPRB SPARSE BACK SUBSTITUTION.
MXVCOP COPYING OF A VECTOR.
MXVDOT DOT PRODUCT OF TWO VECTORS.

SUBROUTINE MXDRFA(NF,N,NC,ICA,CG,CR,S,EPS7,GMAX,UMAX,INEW,IER)
INTEGER NF,N,NC,ICA(NF),INEW,NADD,IER

REAL*8 CG(NF*NC) ,CR(NF*(NF+1)/2),S(NF) ,EPS7,GMAX,UMAX
REAL*8 MXVDOT

INTEGER NCA,NCR,I,J,K,L

IER=0

IF (N.LE.O) IER=2

IF (INEW.EQ.O0) IER=3

IF (IER.NE.O) RETURN

NCA=NF-N

NCR=NCA* (NCA+1) /2

CALL MXVCOP(NF,CG((INEW-1)*NF+1),S)
GMAX=MXVDOT (NF,CG( (INEW-1) #*NF+1) ,S)

DO 1 J=1,NCA

L=ICA(J)

CR (NCR+J)=MXVDOT (NF, CG((L-1) *NF+1) ,S)

CONTINUE

IF (NCA.EQ.O) THEN

UMAX=GMAX
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ELSE

CALL MXDPRB(NCA,CR,CR(NCR+1),1)
UMAX=GMAX-MXVDOT (NCA, CR(NCR+1) ,CR(NCR+1))
ENDIF

IF (UMAX.LE.EPS7*GMAX) THEN
IER=1

RETURN

ELSE

N=N-1

NCA=NCA+1

NCR=NCR+NCA

ICA(NCA)=INEW

CR(NCR)=SQRT (UMAX)

ENDIF

RETURN

END

SUBROUTINE MXDRFD ALL SYSTEMS 05/12/01
PURPOSE :
DETERMINATION OF THE NEW VALUES OF THE CONSTRAINT FUNCTIONS.

PARAMETERS :

II
RI
RO

II
RO

NC NUMBER OF CONSTRAINTS.

CF(NF) VECTOR CONTAINING VALUES OF THE CONSTRAINT FUNCTIONS.

CFD(NF) VECTOR CONTAINING INCREMENTS OF THE CONSTRAINT
FUNCTIONS.

IC(NC) VECTOR CONTAINING TYPES OF CONSTRAINTS.

STEP CURRENT STEPSIZE.

SUBROUTINE MXDRFD(NC,CF,CFD,IC,STEP)
INTEGER NC,IC(NC)

REAL*8 CF(NC),CFD(NC) ,STEP

INTEGER KC

DO 1 KC=1,NC

IF (IC(XC).GE.O0.AND.IC(KC).LE.10) THEN
CF (KC)=CF (KC) +STEP*CFD (KC)

ELSE IF (IC(KC).LT.-10) THEN

CF (KC) =CF (KC) +STEP*CFD (KC)

ENDIF

CONTINUE

RETURN

END

SUBROUTINE MXDRFG ALL SYSTEMS 05/12/01
PURPOSE :
GRADIENT DETERMINATION IN THE FIRST PHASE OF LP SUBROUTINE.

PARAMETERS :

II
II
II
RI

RI
IU

NF DECLARED NUMBER OF VARIABLES.

NC NUMBER OF CONSTRAINTS.

IC(NC) VECTOR CONTAINING TYPES OF CONSTRAINTS.

CG(NF*#NC) MATRIX WHOSE COLUMNS ARE NORMALS OF THE LINEAR
CONSTRAINTS.

G(NF) GRADIENT OF THE OBJECTIVE FUNCTION.

INEW INDEX OF THE NEW ACTIVE CONSTRAINT.

SUBPROGRAMS USED :

S
S

MXVDIR VECTOR AUGMENTED BY THE SCALED VECTOR.
MXVSET INITIATION OF A VECTOR.

SUBROUTINE MXDRFG(NF,NC,IC,CG,G,INEW)
INTEGER NF,NC,IC(NC),INEW

REAL*8 CG(NF*NC),G(NF)

INTEGER KC

CALL MXVSET(NF,0.0D 0,G)
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INEW=0

DO 4 KC=1,NC

IF (IC(XC).EQ.-11) THEN

CALL MXVDIR(NF,-1.0D 0,CG((KC-1)*NF+1),G,G)
INEW=1

ELSE IF (IC(XC).EQ.-12) THEN

CALL MXVDIR(NF, 1.0D 0,CG((KC-1)*NF+1),G,G)

INEW=1
ENDIF
4 CONTINUE
RETURN
END
SUBROUTINE MXDRFL ALL SYSTEMS 97/12/01
PURPOSE :
TEST ON ACTIVITY OF A GIVEN LINEAR CONSTRAINT.
PARAMETERS :
II NC NUMBER OF CONSTRAINTS.
II XKC INDEX OF A GIVEN CONSTRAINT.
RI CF(NC) VECTOR CONTAINING VALUES OF THE CONSTRAINT FUNCTIONS.
II IC(NC) VECTOR CONTAINING TYPES OF CONSTRAINTS.
RI CB(NC) VECTOR CONTAINING LOWER BOUNDS FOR CONSTRAINT FUNCTIONS.
RI EPS9 TOLERANCE FOR ACTIVE CONSTRAINTS.
I0 INEW INDEX OF THE NEW ACTIVE CONSTRAINT.
SUBROUTINE MXDRFL(NC,KC,CF,IC,CB,EPS9,INEW)
INTEGER NC,KC,IC(NC),INEW
REAL*8 CF(NC),CB(NC) ,EPS9
REAL*8 TEMP
IF (IC(KC).LT.-10) IC(KC)=-IC(KC)-10
IF (IC(XC).EQ.1) THEN
TEMP=EPS9*MAX (ABS(CB(KC)),1.0D 0)
IF (CF(XC).GT.CB(KC)+TEMP) THEN
ELSE IF (CF(KC).GE.CB(KC)-TEMP) THEN
IC(KC)=11
INEW=KC
ELSE
IC(KC)=-11
ENDIF
ELSE IF (IC(XC).EQ.2) THEN
TEMP=EPS9*MAX (ABS(CB(KC)),1.0D 0)
IF (CF(XC).LT.CB(KC)-TEMP) THEN
ELSE IF (CF(KC).LE.CB(KC)+TEMP) THEN
IC(KC)=12
INEW=KC
ELSE
IC(KC)=-12
ENDIF
ENDIF
RETURN
END
SUBROUTINE MXDRFM ALL SYSTEMS 05/12/01
PURPOSE :
DETERMINATION OF THE MAXIMUM STEPSIZE USING LINEAR CONSTRAINTS.
PARAMETERS :
II NF DECLARED NUMBER OF VARIABLES.
II NC NUMBER OF CURRENT LINEAR CONSTRAINTS.
RI CF(NF) VECTOR CONTAINING VALUES OF THE CONSTRAINT FUNCYIONS.
RO CFD(NF) VECTOR CONTAINING INCREMENTS OF THE CONSTRAINT
FUNCTIONS.
II IC(NC) VECTOR CONTAINING TYPES OF CONSTRAINTS.
RI CB(NC) VECTOR CONTAINING BOUNDS FOR CONSTRAINT FUNCTIONS.
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RI CG(NF#NC) MATRIX WHOSE COLUMNS ARE NORMALS OF THE LINEAR
CONSTRAINTS.

RI S(NF) DIRECTION VECTOR.

RO STEP MAXIMUM STEPSIZE.

II KBC SPECIFICATION OF LINEAR CONSTRAINTS. KBC=0-NO LINEAR
CONSTRAINTS. KBC=1-ONE SIDED LINEAR CONSTRAINTS. KBC=2=TW0O
SIDED LINEAR CONSTRAINTS.

II KREM INDICATION OF LINEARLY DEPENDENT GRADIENTS.

I0 INEW INDEX OF THE NEW ACTIVE FUNCTION.

SUBPROGRAMS USED :
RF MXVDOT DOT PRODUCT OF TWO VECTORS.

SUBROUTINE MXDRFM(NF,NC,CF,CFD,IC,CB,CG,S,STEP,KREM, INEW)
INTEGER NF,NC,IC(NC),KBC,KREM,INEW
REAL*8 CF(NC),CFD(NC),CB(NC),CG(NF*NC),S(NF),STEP
REAL*8 TEMP,MXVDOT
INTEGER JCG,KC
JCG=1
DO 1 KC=1,NC
IF (KREM.GT.0.AND.IC(KC).GT.10) IC(KC)=IC(KC)-10
IF (IC(XC).GT.0.AND.IC(KC).LE.10) THEN
TEMP=MXVDOT (NF,CG(JCG) ,S)
CFD (KC) =TEMP
IF (TEMP.LT.0.0D 0) THEN
IF (IC(KC).EQ.1) THEN
TEMP=(CB (KC) -CF (KC) ) /TEMP
IF (TEMP.LE.STEP) THEN
INEW=KC
STEP=TEMP
ENDIF
ENDIF
ELSE IF (TEMP.GT.0.0D 0) THEN
IF (IC(XKC).EQ.2) THEN
TEMP=(CB (KC) -CF (KC) ) /TEMP
IF (TEMP.LE.STEP) THEN
INEW=KC
STEP=TEMP
ENDIF
ENDIF
ENDIF
ELSE IF (IC(KC).LT.-10) THEN
TEMP=MXVDOT (NF,CG (JCG) ,S)
CFD (KC)=TEMP
IF (TEMP.GT.0.0D 0) THEN
IF (IC(XC).EQ.-11) THEN
TEMP=(CB(KC) -CF (XC) ) /TEMP
IF (TEMP.LE.STEP) THEN
INEW=KC
STEP=TEMP
ENDIF
ENDIF
ELSE IF (TEMP.LT.0.0D 0) THEN
IF (IC(XC).EQ.-12) THEN
TEMP=(CB (KC) -CF (KC) ) /TEMP
IF (TEMP.LE.STEP) THEN
INEW=KC
STEP=TEMP
ENDIF
ENDIF
ENDIF
ENDIF
JCG=JCG+NF

1 CONTINUE
RETURN
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END

* SUBROUTINE MXDRFP ALL SYSTEMS 05/12/01
* PURPOSE :
* DETERMINATION OF THE FEASIBLE POINT.

*

* PARAMETERS :

II
II
RI

RI
RO
RA
RA

IA
IA
RA

RA
RA
RA

nNMnnnonwnnn nonwnnwnnwn

nnwnwnwnwn
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w0

Q

NF NUMBER OF VARIABLES.

NC NUMBER OF LINEAR CONSTRAINTS.

CG(NF*NC) MATRIX WHOSE COLUMNS ARE NORMALS OF THE LINEAR
CONSTRAINTS.

CB(NC) VECTOR CONTAINING LOWER BOUNDS FOR CONSTRAINT FUNCTIONS.

X(NF) VECTOR OF VARIABLES.

CF(NF) VECTOR CONTAINING VALUES OF THE CONSTRAINT FUNCTIONS.

CFD(NF) VECTOR CONTAINING INCREMENTS OF THE CONSTRAINT
FUNCTIONS.

IC(NC) VECTOR CONTAINING TYPES OF CONSTRAINTS.

ICA(NF) VECTOR CONTAINING INDICES OF ACTIVE CONSTRAINTS.

CR(NF*(NF+1)/2) TRIANGULAR DECOMPOSITION OF KERNEL OF THE
ORTHOGONAL PROJECTION.

CZ(NF) VECTOR OF LAGRANGE MULTIPLIERS.

G(NF) GRADIENT OF THE OBJECTIVE FUNCTION.

S(NF) DIRECTION VECTOR.

SUBPROGRAMS USED :

MXDRFM MAXIMUM STEPSIZE USING LINEAR CONSTRAINTS.

MXDRFN IDENTIFICATION OF ACTIVE LINEAR CONSTRAINTS.

MXDRFD NEW VALUES OF CONSTRAINT FUNCTIONS.

MXDRFG DETERMINATION OF THE FIRST PHASE GRADIENT VECTOR.

MXDRFL GRADIENT OF THE LAGRANGIAN FUNCTION IS DETERMINED.

MXDRFS NEGATIVE PROJECTED GRADIENT IS DETERMINED.

MXDRFT THE OPTIMUM LAGRANGE MULTIPLIER IS DETERMINED.

MXDRFV AN AUXILIARY VECTOR IS DETERMINED.

MXDRFA CONSTRAINT ADDITION.

MXDRFR CONSTRAINT DELETION.

MXDPRB BACK SUBSTITUTION AFTER CHOLESKI DECOMPOSITION.

MXDSMI DETERMINATION OF THE INITIAL UNIT DENSE SYMMETRIC
MATRIX.

MXVCOP COPYING OF A VECTOR.

MXVDIF DIFFERENCE OF TWO VECTORS.

MXVINA ABSOLUTE VALUES OF ELEMENTS OF AN INTEGER VECTOR.

MXVINC UPDATE OF AN INTEGER VECTOR.

MXVIND CHANGE OF THE INTEGER VECTOR FOR CONSTRAINT ADDITION.

MXVINT CHANGE OF THE INTEGER VECTOR FOR TRUST REGION BOUND
ADDITION.

MXVMUL DIAGONAL PREMULTIPLICATION OF A VECTOR.

MXVNEG COPYING OF A VECTOR WITH CHANGE OF THE SIGN.

MXVSET INITIATION OF A VECTOR.

SUBROUTINE MXDRFP(NF,NC,CG,CB,X,CF,CFD,IC,ICA,CR,CZ,G,S,JO0B,INF)
INTEGER NF,NC,IC(NC),ICA(NF),JOB,INF
REAL*8 X(NF),CF(NC),CFD(NC),CB(NC),CG(NF*NC) ,CR(NF*(NF+1)/2),

& CZ(NF),G(NF),S(NF)

REAL*8 POM,UMAX,GMAX,DMAX

INTEGER N,IPOM,I,IOLD,JOLD,INEW,JNEW,MODE,IER,KREM,KC
REAL*8 CON,CON7,CON9

PARAMETER (CON=1.0D 60,CON7=1.0D-10,CON9=1.0D-10)
INF=0

INITIATION
IPOM=0
JOLD=0

JNEW=0
KREM=0
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DMAX=0.0D 0

CALL MXVSET(NF,0.0D 0,X)

CALL MXVSET(NC,0.0D 0,CF)

N=NF

CALL MXVINS(NC,JOB,IC)

DO 2 KC=1,NC

INEW=0

CALL MXDRFL(NC,KC,CF,IC,CB,CON9,INEW)

CALL MXDRFA(NF,N,NC,ICA,CG,CR,S,CON7,GMAX,UMAX, INEW,IER)

IF (IER.LE.1) CALL MXVIND(NC,IC,KC,0)
IF (IC(KC).LT.-10) IPOM=1

CONTINUE

IF (IPOM.EQ.1) THEN

CHECK OF FEASIBILITY AND UPDATE OF THE FIRST PHASE OBJECTIVE

FUNCTION

CALL MXDRFG(NF,NC,IC,CG,G,INEW)
IF (INEW.EQ.0) IPOM=0

ENDIF

IF (IPOM.EQ.0) THEN

FEASIBILITY ACHIEVED

INF=1
GO TO 6
ENDIF

LAGRANGE MULTIPLIERS DETERMINATION

IF (NF.GT.N) THEN

CALL MXDRFV(NF,N,NC,ICA,CG,G,CZ)

CALL MXDPRB(NF-N,CR,CZ,0)

CALL MXDRFT(NF,N,NC,IC,ICA,CZ,CON7,UMAX,IOLD)
ELSE

IOLD=0

UMAX=0.0D O

ENDIF

PROJECTED GRADIENT DETERMINATION

IF (N.GT.0) THEN

CALL MXVNEG(NF,G,S)

CALL MXDRFS(NF,N,NC,ICA,CG,CZ,S,CON7,GMAX)
ELSE

GMAX=0.0D 0

ENDIF

INEW=0

IF (GMAX.EQ.0.0D 0) THEN

OPTIMUM ON A LINEAR MANIFOLD OBTAINED

IF (IOLD.EQ.0) THEN

IPOM=0

DO 22 KC=1,NC

IF (IC(KC).LT.-10) THEN

INEW=0

CALL MXDRFL(NC,KC,CF,IC,CB,CON9,INEW)
IF (IC(KC).LT.-10) IPOM=1

ENDIF

CONTINUE

IF (IPOM.EQ.O0) THEN

OPTIMAL SOLUTION ACHIEVED
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INF= 2
GO TO 6
ELSE

FEASIBLE SOLUTION DOES NOT EXIST
INF=-1

GO TO 6

ENDIF

ELSE

CONSTRAINT DELETION

CALL MXDRFR(NF,N,NC,IC,ICA,CR,S,IOLD,KREM,IER)

DMAX=0.0D O
JOLD=IOLD
JNEW=0

GO TO 5
ENDIF

ELSE

STEPSIZE SELECTION

POM=CON

CALL MXDRFM(NF,NC,CF,CFD,IC,CB,CG,S,POM,KREM, INEW)

IF (INEW.EQ.O0) THEN

FEASIBLE SOLUTION DOES NOT EXIST
INF=-3

GO TO 6

ELSE

STEP REALIZATION

CALL MXVDIR(NF,POM,S,X,X)
CALL MXDRFD(NC,CF,CFD,IC,POM)

CONSTRAINT ADDITION

IF (INEW.GT.O0) THEN

KC=INEW

INEW=0

CALL MXDRFL(NC,KC,CF,IC,CB,CON9,INEW)

CALL MXDRFA(NF,N,NC,ICA,CG,CR,S,CON7,GMAX,UMAX, INEW, IER)

IF (IER.LE.1) CALL MXVIND(NC,IC,KC,0)
ENDIF
DMAX=POM
JNEW=INEW
JOLD=0
GO TO 3
ENDIF
ENDIF

6 CONTINUE
RETURN
END

SUBROUTINE MXDRFR ALL SYSTEMS
PURPOSE :
OPERATIONS AFTER CONSTRAINT DELETION.

PARAMETERS :
ITI NF DECLARED NUMBER OF VARIABLES.
IT N ACTUAL NUMBER OF VARIABLES.
II NC NUMBER OF CONSTRAINTS.
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II IC(NC) VECTOR CONTAINING TYPES OF CONSTRAINTS.

II ICA(NF+1) VECTOR CONTAINING INDICES OF ACTIVE FUNCTIONS.

RI CR((NF+1)=*(NF+2)/2) TRIANGULAR DECOMPOSITION OF KERNEL OF THE
ORTHOGONAL PROJECTION.

RA G(NF+1) AUXILIARY VECTOR.

II IOLD INDEX OF THE OLD ACTIVE CONSTRAINT.

I0 KREM AUXILIARY VARIABLE.

I0 IER ERROR INDICATOR.

SUBROUTINE MXDRFR(NF,N,NC,IC,ICA,CR,G,IOLD,KREM,IER)
INTEGER NF,N,NC,IC(NC),ICA(NF+1),I0LD,KREM,IER
REAL*8 CR((NF+1)*(NF+2)/2),G(NF+1)
INTEGER NCA,I,J,K,L,KC
REAL*8 CK,CL
NCA=NF-N
IF (IOLD.LT.NCA) THEN
K=IOLD#*(IOLD-1)/2
KC=ICA(IOLD)
CALL MXVCOP(IOLD,CR(K+1),G)
CALL MXVSET(NCA-IOLD,0.0D 0,G(IOLD+1))
K=K+IOLD
DO 2 I=IOLD+1,NCA
K=K+I
CALL MXVORT(CR(K-1),CR(X),CK,CL,IER)
CALL MXVROT(G(I-1),G(I),CK,CL,IER)
L=K
DO 1 J=I,NCA-1
L=L+J
CALL MXVROT(CR(L-1),CR(L),CK,CL,IER)
1 CONTINUE
2 CONTINUE
K=IOLD#*(IOLD-1)/2
DO 3 I=IOLD,NCA-1
L=K+I
ICA(I)=ICA(I+1)
CALL MXVCOP(I,CR(L+1),CR(K+1))
K=L
3 CONTINUE
ICA(NCA)=KC
CALL MXVCOP(NCA,G,CR(K+1))
ENDIF
KREM=1
N=N+1
L=ICA(NF-N+1)
IC(L)=-IC(L)
RETURN
END

SUBROUTINE MXDRFS ALL SYSTEMS 97/12/01
PURPOSE :
NEGATIVE PROJECTED GRADIENT IS DETERMINED USING LAGRANGE MULTIPLIERS.

PARAMETERS :

II NF DECLARED NUMBER OF VARIABLES.

IT N ACTUAL NUMBER OF VARIABLES.

II NC NUMBER OF LINEARIZED CONSTRAINTS.

II ICA(NF+1) VECTOR CONTAINING INDICES OF ACTIVE FUNCTIONS.
RI CG(NF#NC) MATRIX WHOSE COLUMNS ARE NORMALS OF THE LINEAR

CONSTRAINTS.

RO CZ(NF+1) VECTOR OF LAGRANGE MULTIPLIERS.

RO S(NF) NEGATIVE PROJECTED GRADIENT OF THE QUADRATIC FUNCTION.
RI EPS7 TOLERANCE FOR LINEAR AND QUADRATIC PROGRAMMING.

RO GMAX NORM OF THE TRANSFORMED GRADIENT.

SUBPROGRAMS USED :
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S
RF

MXVDIR VECTOR AUGMENTED BY THE SCALED VECTOR.
MXVMAX L-INFINITY NORM OF A VECTOR.

SUBROUTINE MXDRFS(NF,N,NC,ICA,CG,CZ,S,EPS7,GMAX)
INTEGER NF,N,NC,ICA(NF+1)

REAL*8 CG(NF*NC),CZ(NF+1),S(NF),EPS7,GMAX
REAL*8 MXVMAX

INTEGER NCA,J,L

NCA=NF-N

DO 3 J=1,NCA

L=ICA(J)

CALL MXVDIR(NF,CZ(J),CG((L-1)*NF+1),S,S)
CONTINUE

GMAX=MXVMAX (NF,S)

IF (GMAX.LE.EPS7) GMAX=0.0D 0

RETURN

END

SUBROUTINE MXDRFT ALL SYSTEMS 05/12/01
PURPOSE :

MAXIMUM ABSOLUTE VALUE OF THE NEGATIVE LAGRANGE MULTIPLIER IS
COMPUTED.

PARAMETERS :

II
II
II
II
II
RO
RI
RO
I0

N

NF DECLARED NUMBER OF VARIABLES.

N ACTUAL NUMBER OF VARIABLES.

NC NUMBER OF LINEARIZED CONSTRAINTS.

IC(NC) VECTOR CONTAINING TYPES OF CONSTRAINTS.

ICA(NF+1) VECTOR CONTAINING INDICES OF ACTIVE FUNCTIONS.
CZ(NF+1) VECTOR OF LAGRANGE MULTIPLIERS.

EPS7 TOLERANCE FOR LINEAR AND QUADRATIC PROGRAMMING.

UMAX MAXIMUM ABSOLUTE VALUE OF THE NEGATIVE LAGRANGE MULTIPLIER.
IOLD INDEX OF THE REMOVED CONSTRAINT.

SUBROUTINE MXDRFT(NF,N,NC,IC,ICA,CZ,EPS7,UMAX,IOLD)
INTEGER NF,N,NC,IC(NC),ICA(NF+1),I0LD
REAL*8 CZ(NF+1),EPS7,UMAX

REAL*8 TEMP

INTEGER NCA,J,K,L

10LD=0

UMAX=0.0D 0

NCA=NF-N

DO 2 J=1,NCA

TEMP=CZ (J)

L=ICA(J)

K=IC(L)

IF (K.EQ.-1.AND.UMAX+TEMP.GE.0.0D 0) THEN
ELSE IF (K.EQ.-2.AND.UMAX-TEMP.GE.0.0D 0) THEN
ELSE

I0LD=J

UMAX=ABS (TEMP)

ENDIF

CONTINUE

IF (UMAX.LE.EPS7) IOLD=0

RETURN

END

SUBROUTINE MXDRFV ALL SYSTEMS 05/12/01
PURPOSE :

GRADIENT OF THE OBJECTIVE FUNCTION IS PREMULTIPLIED BY TRANSPOSE

OF THE MATRIX WHOSE COLUMNS ARE NORMALS OF CURRENT ACTIVE CONSTRAINTS

AND

GRADIENTS OF CURRENT ACTIVE FUNCTIONS.

PARAMETERS :

II

NF DECLARED NUMBER OF VARIABLES.
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II
II
II
RI

RI
RO

N ACTUAL NUMBER OF VARIABLES.

NC NUMBER OF LINEARIZED CONSTRAINTS.

ICA(NF+1) VECTOR CONTAINING INDICES OF ACTIVE FUNCTIONS.

CG(NF*#NC) MATRIX WHOSE COLUMNS ARE NORMALS OF THE LINEAR
CONSTRAINTS.

G(NF) GRADIENT OF THE OBJECTIVE FUNCTION.

GN(NF+1) OUTPUT VECTOR.

SUBPROGRAMS USED :

RF

MXVDOT DOT PRODUCT OF TWO VECTORS.

SUBROUTINE MXDRFV(NF,N,NC,ICA,CG,G,GN)
INTEGER NF,N,NC,ICA(NF+1)

REAL*8 CG(NF*NC) ,G(NF) ,GN(NF+1)
REAL*8 MXVDOT

INTEGER NCA,J,L

NCA=NF-N

DO 1 J=1,NCA

L=ICA(J)

GN (J)=MXVDOT (NF, CG ((L-1) *NF+1) ,G)
CONTINUE

RETURN

END

SUBROUTINE MXDRMD ALL SYSTEMS 91/12/01
PURPOSE :

MULTIPLICATION OF A ROWWISE STORED DENSE RECTANGULAR MATRIX A BY

A VECTOR X AND ADDITION OF A SCALED VECTOR ALF*Y.

PARAMETERS :

II
II
RI

RI
RI
RI
RO

N NUMBER OF COLUMNS OF THE MATRIX A.

M NUMBER OF ROWS OF THE MATRIX A.

A(M#N) RECTANGULAR MATRIX STORED ROWWISE IN THE
ONE-DIMENSIONAL ARRAY.

X(N) INPUT VECTOR.

ALF SCALING FACTOR.

Y(M) INPUT VECTOR.

Z(M) OUTPUT VECTOR EQUAL TO A*X+ALFxY.

SUBROUTINE MXDRMD(N,M,A,X,ALF,Y,Z)
INTEGER N,M

REAL*8 A(M*N),X(N),ALF,Y(M),Z(M)
REAL*8 TEMP

INTEGER I,J,K

K=0

DO 2 J=1,M

TEMP=ALF*Y (J)

DO 1 I=1,N

TEMP=TEMP+A (K+I)*X (I)

CONTINUE

Z(J)=TEMP

K=K+N

CONTINUE

RETURN

END

SUBROUTINE MXDRMM ALL SYSTEMS 91/12/01
PURPOSE :

MULTIPLICATION OF A ROWWISE STORED DENSE RECTANGULAR MATRIX A BY

A VECTOR X.

PARAMETERS :

II
II
RI

N NUMBER OF COLUMNS OF THE MATRIX A.
M NUMBER OF ROWS OF THE MATRIX A.
A(M*N) RECTANGULAR MATRIX STORED ROWWISE IN THE
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ONE-DIMENSIONAL ARRAY.
RI X(N) INPUT VECTOR.
RO Y(M) OUTPUT VECTOR EQUAL TO A*X.

SUBROUTINE MXDRMM(N,M,A,X,Y)
INTEGER N,M
DOUBLE PRECISION A(*),X(*),Y(*)
DOUBLE PRECISION TEMP
INTEGER I,J,K
K=0
DO 2 J=1,M
TEMP=0.0D 0
DO 1 I=1,N
TEMP=TEMP+A (K+I) *X (I)
1 CONTINUE
Y (J)=TEMP
K=K+N
2 CONTINUE
RETURN
END

FUNCTION MXDRMN ALL SYSTEMS
PURPOSE :

EUCLIDEAN NORM OF A PART OF THE I-TH COLUMN OF A ROWWISE STORED DENSE

RECTANGULAR MATRIX A IS COMPUTED.

PARAMETERS :
II N NUMBER OF COLUMNS OF THE MATRIX A.
II M NUMBER OF ROWS OF THE MATRIX A.

RI A(M*N) RECTANGULAR MATRIX STORED ROWWISE IN THE

ONE-DIMENSIONAL ARRAY.

IT I INDEX OF THE COLUMN WHOSE NORM IS COMPUTED.
IT J INDEX OF THE FIRST ELEMENT FROM WHICH THE NORM IS COMPUTED.

FUNCTION MXDRMN(N,M,A,I,J)
INTEGER N,M,I,J
REAL*8 A(M*N) ,MXDRMN
REAL*8 POM,DEN
INTEGER K,L
REAL*8 ZERO
PARAMETER (ZER0=0.0D 0)
DEN=ZERO
L=(J-1)*N
DO 1 K=J,M
DEN=MAX (DEN, ABS (A(L+I)))
L=L+N

1 CONTINUE
POM=ZERO
IF (DEN.GT.ZERO) THEN
L=(J-1)*N
DO 2 K=J,M
POM=POM+ (A (L+I) /DEN) %*2
L=L+N

2 CONTINUE
ENDIF
MXDRMN=DEN*SQRT (POM)
RETURN
END

SUBROUTINE MXDRQF ALL SYSTEMS
PURPOSE :

91/12/01

92/12/01

QR DECOMPOSITION OF ROWWISE STORED DENSE RECTANGULAR MATRIX Q USING

HOUSEHOLDER TRANSFORMATIONS WITHOUT PIVOTING.

PARAMETERS :
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II N NUMBER OF COLUMNS OF THE MATRIX Q.

IT M NUMBER OF ROWS OF THE MATRIX Q.

RU Q(M*N) RECTANGULAR MATRIX STORED ROWWISE IN THE
ONE-DIMENSIONAL ARRAY.

RO R(N*(N+1)/2) UPPER TRIANGULAR MATRIX STORED IN THE PACKED FORM.

SUBPROGRAMS USED :
S  MXDRMN EUCLIDEAN NORM OF A PART OF THE ROWWISE STORED
RECTANGULAR MATRIX COLUMN.

* O X X X K X X X ¥

* METHOD :
* P.A.BUSSINGER, G.H.GOLUB : LINEAR LEAST SQUARES SOLUTION BY
* HOUSEHOLDER TRANSFORMATION. NUMER. MATH. 7 (1965) 269-276.
*

SUBROUTINE MXDRQF(N,M,Q,R)

INTEGER N,M

REAL*8 Q(M*N) ,R(N*(N+1)/2)

REAL*8 ALF,POM,MXDRMN

INTEGER I,J,K,L,JP,KP,NM

REAL*8 ZERO,ONE

PARAMETER (ZER0=0.0D 0,0NE=1.0D 0)

NM=MIN(N,M)

Q

QR DECOMPOSITION

L=0
KP=0
DO 6 K=1,NM
POM=MXDRMN (N,M,Q,K,K)
IF (Q(KP+K) .NE.ZERO) POM=SIGN(POM,Q(KP+K))
R(L+K)=-POM
JP=0
DO 1 J=1,K-1
R(L+J)=Q(JP+K)
Q(JP+K)=ZERO
JP=JP+N
1 CONTINUE
IF (POM.NE.ZERO) THEN

Q

HOUSEHOLDER TRANSFORMATION

DO 2 J=K,M

Q(JP+K)=Q(JP+K) /POM

JP=JP+N

CONTINUE

Q (KP+K) =Q (KP+K) +0NE

DO 5 I=K+1,N

ALF=ZERO

JP=KP

DO 3 J=K,M

ALF=ALF+Q(JP+K) *Q(JP+I)

JP=JP+N

3 CONTINUE
ALF=ALF/Q(KP+K)
JP=KP
DO 4 J=K,M
Q(JP+I)=Q(JP+I)-ALF*Q(JP+K)
JP=JP+N

4 CONTINUE

CONTINUE

ENDIF

L=L+K

KP=KP+N

6 CONTINUE

N

(9]
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10

11

EXPLICIT FORMULATION OF THE ORTHOGONAL MATRIX

KP=N*N

DO 11 K=N,1,-1

KP=KP-N

IF (Q(XP+K).NE.ZERQ) THEN
DO 9 I=K+1,N

ALF=ZERO

JP=KP

DO 7 J=K,M
ALF=ALF+Q(JP+K)*Q(JP+I)
JP=JP+N

CONTINUE
ALF=ALF/Q(KP+K)

JP=KP

DO 8 J=K,M
Q(JP+I)=Q(JP+I)-ALF*Q(JP+K)
JP=JP+N

CONTINUE

CONTINUE

JP=KP

DO 10 J=K,M
Q(JP+K)=-Q(JP+K)
JP=JP+N

CONTINUE

ENDIF

Q (KP+K) =Q (KP+K) +0ONE
CONTINUE

RETURN

END

SUBROUTINE MXVCOP ALL SYSTEMS
PURPOSE :
COPYING OF A VECTOR.

PARAMETERS :

II
RI
RO

10

N VECTOR DIMENSION.
X(N) INPUT VECTOR.
Y(N) OUTPUT VECTOR WHERE Y:= X.

SUBROUTINE MXVCOP(N,X,Y)
INTEGER N

DOUBLE PRECISION X(*),Y(%)
INTEGER I

DO 10 I = 1,N

Y(I) = X(I)

CONTINUE

RETURN

END

SUBROUTINE MXVDIF ALL SYSTEMS
PURPOSE :
VECTOR DIFFERENCE.

PARAMETERS :

RI X(N) INPUT VECTOR.

RI Y(N) INPUT VECTOR.

RO Z(N) OUTPUT VECTOR WHERE Z:= X - Y.

SUBROUTINE MXVDIF(N,X,Y,Z)
INTEGER N

DOUBLE PRECISION X(*),Y(*),Z(*)
INTEGER I

DO 10 I = 1,N

Z(I) = X(I) - Y(D

o1
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II
RI
RI
RI
RO
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10

CONTINUE
RETURN
END

SUBROUTINE MXVDIR ALL SYSTEMS 91/12/01
PURPOSE :
VECTOR AUGMENTED BY THE SCALED VECTOR.

PARAMETERS :

N VECTOR DIMENSION.

A SCALING FACTOR.

X(N) INPUT VECTOR.

Y(N) INPUT VECTOR.

Z(N) OUTPUT VECTOR WHERE Z:= Y + Ax*X.

SUBROUTINE MXVDIR(N,A,X,Y,Z)
DOUBLE PRECISION A

INTEGER N

DOUBLE PRECISION X(%),Y(*),Z(%)
INTEGER I

DO 10 I = 1,N

Z(I) = Y(I) + A*X(I)

CONTINUE

RETURN

END

FUNCTION MXVDOT ALL SYSTEMS 91/12/01
PURPOSE :

DOT

PRODUCT OF TWO VECTORS.

PARAMETERS :

RI
RI

*
*

*

*

*

* II
*

*

* RR
*

10

N VECTOR DIMENSION.
X(N) INPUT VECTOR.
Y(N) INPUT VECTOR.
MXVDOT VALUE OF DOT PRODUCT MXVDOT=TRANS (X)=*Y.

DOUBLE PRECISION FUNCTION MXVDOT(N,X,Y)
INTEGER N

DOUBLE PRECISION X(*),Y(*)
DOUBLE PRECISION TEMP
INTEGER I

TEMP = 0.0DO

DO 10 I = 1,N

TEMP = TEMP + X(I)*Y(I)
CONTINUE

MXVDOT = TEMP

RETURN

END

* SUBROUTINE MXVIND ALL SYSTEMS 91/12/01
* PURPOSE :
* CHANGE OF THE INTEGER VECTOR ELEMENT FOR THE CONSTRAINT ADDITION.

*

* PARAMETERS :

II
IU
II
II

LR I

N VECTOR DIMENSION.

IX(N) INTEGER VECTOR.

I INDEX OF THE CHANGED ELEMENT.

JOB CHANGE SPECIFICATION. IF JOB.EQ.O THEN IX(I)=10-IX(I).

SUBROUTINE MXVIND(N,IX,I,JOB)
INTEGER N,IX(N),I,JOB

IF (JOB.EQ.0) IX(I)=10-IX(I)
RETURN

END
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SUBROUTINE MXVINP ALL SYSTEMS 91/12/01
PURPOSE :
INITIATION OF A INTEGER PERMUTATION VECTOR.

PARAMETERS :
II N DIMENSION OF THE INTEGER VECTOR.
I0 IP(N) INTEGER VECTOR SUCH THAT IP(I)=I FOR ALL I.

SUBROUTINE MXVINP(N,IP)
INTEGER N,IP(N)
INTEGER I
DO 1 I=1,N
IP(I)=I
1 CONTINUE
RETURN
END

SUBROUTINE MXVINS ALL SYSTEMS 90/12/01
PURPOSE :
INITIATION OF THE INTEGER VECTOR.

PARAMETERS :
ITI N DIMENSION OF THE INTEGER VECTOR.
II IP INTEGER PARAMETER.
I0 IX(N) INTEGER VECTOR SUCH THAT IX(I)=IP FOR ALL I.

SUBROUTINE MXVINS(N,IP,IX)
INTEGER N, IP,IX(N)
INTEGER I
DO 1 I=1,N
IX(I)=IP
1 CONTINUE
RETURN
END

SUBROUTINE MXVNEG ALL SYSTEMS 88/12/01
PURPOSE :
CHANGE THE SIGNS OF VECTOR ELEMENTS.

PARAMETERS :

ITI N VECTOR DIMENSION.

RI X(N) INPUT VECTOR.

RO Y(N) OUTPUT VECTOR WHERE Y:= - X.

SUBROUTINE MXVNEG(N,X,Y)
INTEGER N
DOUBLE PRECISION X(*),Y(x)
INTEGER I
DO 10 I = 1,N
Y(I) = -X(I)
10 CONTINUE
RETURN
END

SUBROUTINE MXVSAV ALL SYSTEMS 91/12/01
PURPOSE :
DIFFERENCE OF TWO VECTORS RETURNED IN THE SUBSTRACTED ONE.

PARAMETERS :

II N VECTOR DIMENSION.

RI X(N) INPUT VECTOR.

RU Y(N) UPDATE VECTOR WHERE Y:= X - Y.

SUBROUTINE MXVSAV(N,X,Y)
INTEGER N
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DOUBLE PRECISION X(*),Y(x)
DOUBLE PRECISION TEMP
INTEGER I
DO 10 I = 1,N
TEMP = Y(I)
Y(I) = X(I) - Y(I)
X(I) = TEMP
10 CONTINUE
RETURN
END

SUBROUTINE MXVSCL ALL SYSTEMS 88/12/01
PURPOSE :
SCALING OF A VECTOR.

PARAMETERS :

II N VECTOR DIMENSION.

RI X(N) INPUT VECTOR.

RI A SCALING FACTOR.

RO Y(N) OUTPUT VECTOR WHERE Y:= A*X.

SUBROUTINE MXVSCL(N,A,X,Y)

DOUBLE PRECISION A

INTEGER N

DOUBLE PRECISION X(*),Y(%)

INTEGER I

DO 10 I =1,

Y(I) = A*X(I
10 CONTINUE

RETURN

END

N
)

SUBROUTINE MXVSET ALL SYSTEMS 88/12/01
PURPOSE :
A SCALAR IS SET TO ALL THE ELEMENTS OF A VECTOR.

PARAMETERS :

II N VECTOR DIMENSION.

RI A INITIAL VALUE.

RO X(N) OUTPUT VECTOR SUCH THAT X(I)=A FOR ALL I.

SUBROUTINE MXVSET(N,A,X)
DOUBLE PRECISION A
INTEGER N
DOUBLE PRECISION X(x)
INTEGER I
DO 10 I = 1,N
X(I) = A

10 CONTINUE
RETURN
END

Pouziti programu PNEQ na reseni tloh chemické rovnovahy

7.1 Hlavni program

PROGRAM STROFEC
INTEGER N,NK

PARAMETER (N=16 ,NK=108)
INTEGER IW1(NK),IW2(N)
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REAL*8 WX(N),WK(NK) ,WB(N*NK) ,WH(N*NK) ,WC(N) ,WS(N)

REAL*8 WY(N),WZ(NK) ,WD(NK) ,WTMP

REAL*8 WX1(N),WX2(N),WX3(N),WK1(NK),WK2(NK) ,WW(N*(N+1)/2)
COMMON /STROF/ WX,WK,WB,WH,WC,WS,WY,WZ,WD,WTMP

INTEGER NDECF,NRES,NRED,NREM,NADD,NIT,NFV,NFG,NFH

COMMON /STAT/ NDECF,NRES,NRED,NREM,NADD,NIT,NFV,NFG,NFH
INTEGER NRA,IPAR(4),ITERM,I,INF,IWA(N)

REAL*8 X(N),AF(N),RA((N+6)*N+N*(N+1)/2) ,RPAR(6),F,GMAX
REAL*8 WR(N) ,WA(N) ,WALF,WBET

NRA=(N+6) *N+N* (N+1) /2

CHOICE OF INTEGER AND REAL PARAMETERS

DO 10 I = 1,4

IPAR(I) = 0

10 CONTINUE
IPAR(1) = 2
IPAR(4) =1
DO 20I =1,6
RPAR(I) = 0.0DO

20 CONTINUE
RPAR(2) = 1.0D-16
RPAR(3) = 1.0D-16
RPAR(4) = 1.0D-16
RPAR(5) = 1.0D-16

INPUT DATA

OPEN (11,FILE=’Z.DAT’,STATUS=’UNKNOWN’)
OPEN (12,FILE=’K.DAT’,STATUS=’UNKNOWN’)
OPEN (13,FILE=’B.DAT’,STATUS=’UNKNOWN’)
OPEN (14,FILE=’H.DAT’,STATUS=’UNKNOWN’)
OPEN (15,FILE=’S.DAT’,STATUS=’UNKNOWN’)
READ (11,*) (WX(I),I=1,N)

READ (12,%) (WK(I),I=1,NK)

READ (13,*) (WB(I),I=1,N*NK)

READ (14,%) (WH(I),I=1,N*NK)

READ (15,%) (WS(I),I=1,N)

INITIAL ESTIMATION OF VARIABLES

CALL MXVNEG (NK, WK ,WK)

CALL MXDRFP(N,NK,WH,WK,X,WK1,WK2,IW1,IW2,WW,WX1,WX2,WX3,2, INF)
CALL MXVNEG (NK,WK,WK)

WTMP=L0G (1.0D1)

SOLUTION

CALL PNEQU(N,X,AF,RA,NRA,IPAR,RPAR,F,GMAX, ITERM)
DO 100 I=1,N
X(I)=1.0D1%*X(I)

100 CONTINUE

200 FORMAT ( ’ ’, ’X =’,4D18.10:/(4X,4D18.10))
WRITE(6,200) (X(I),I=1,N)
STOP
END

USER SUPPLIED SUBROUTINES (CALCULATION OF FA AND GA)

SUBROUTINE FUN(NF,KA,X,FA)

INTEGER N,NK

PARAMETER (N=16 ,NK=108)

REAL*8 WX(N) ,WK(NK) ,WB (N+NK) , WH(N*NK) ,WC (N) , WS (N)
REAL*8 WY (N),WZ(NK) ,WD(NK) ,WTMP

COMMON /STROF/ WX,WK,WB,WH,WC,WS,WY,WZ,WD,WTMP
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INTEGER NF,KA,I

REAL*8 X(N),FA,AF(N)

IF (KA.EQ.1) THEN

CALL MXDRMD(N,NK,WH,X,1.0D0,WK,WZ)

DO 11 I=1,NK

WD (I)=1.0D1**WZ(I)
11 CONTINUE

CALL MXDCMM(N,NK,WB,WD,AF)

ENDIF

FA=AF (KA)-WS (KA)

RETURN

END

SUBROUTINE DFUN(NF,KA,X,GA)

INTEGER N,NK

PARAMETER (N=16 ,NK=108)

REAL*8 WX (N),WK(NK) ,WB(N*NK) ,WH(N*NK) ,WC(N) ,WS(N)

REAL*8 WY(N),WZ(NK) ,WD(NK) ,WTMP

COMMON /STROF/ WX,WK,WB,WH,WC,WS,WY,WZ,WD,WTMP

INTEGER NF,KA,I

REAL*8 X(N),GA(N),AG(N*N)

IF (KA.EQ.1) THEN

CALL MXVSET(N#*N,0.0DO,AG)

DO 12 I=1,NK

CALL MXDCMU(N,N,AG,WTMP*WD(I),WB((I-1)*N+1) ,WH((I-1)*N+1))
12 CONTINUE

ENDIF

CALL MXVCOP(N,AG((KA-1)*N+1),GA)

RETURN

END

7.2 Vysledky

ENTRY TO PNEQ :

NIT= 0 NFV= 1 NFG= 0 F = 0.20074686D+04
NIT= 1 NFV= 2 NFG= 1 F = 0.39733490D+03
NIT= 2 NFV= 3 NFG= 2 F = 0.15047002D+03
NIT= 3 NFV= 4 NFG= 3 F = 0.90950506D+02
NIT= 4 NFV= 5 NFG= 4 F = 0.69358750D+02
NIT= 5 NFV= 6 NFG= 5 F = 0.57889997D+02
NIT= 6 NFV= 7 NFG= 6 F = 0.49871445D+02
NIT= 7 NFV= 8 NFG= 7 F = 0.38258544D+02
NIT= 8 NFV= 9 NFG= 8 F = 0.29869472D+02
NIT= 9 NFV= 10 NFG= 9 F = 0.18722318D+02
NIT= 10 NFV= 11 NFG= 10 F = 0.12057233D+02
NIT= 11 NFV= 12 NFG= 11 F = 0.79653125D+01
NIT= 12 NFV= 13 NFG= 12 F = 0.54070501D+01
NIT= 13 NFV= 14 NFG= 13 F = 0.27265052D+01
NIT= 14 NFV= 15 NFG= 14 F = 0.15275883D+01
NIT= 15 NFV= 16 NFG= 15 F = 0.90398200D+00
NIT= 16 NFV= 17 NFG= 16 F = 0.54501919D+00
NIT= 17 NFV= 18 NFG= 17 F = 0.33151072D+00
NIT= 18 NFV= 19 NFG= 18 F = 0.20320801D+00
NIT= 19 NFV= 20 NFG= 19 F = 0.12561674D+00
NIT= 20 NFV= 21 NFG= 20 F = 0.78377149D-01
NIT= 21 NFV= 22 NFG= 21 F = 0.49382169D-01
NIT= 22 NFV= 23 NFG= 22 F = 0.20194974D-01
NIT= 23 NFV= 24 NFG= 23 F = 0.85176141D-02
NIT= 24 NFV= 25 NFG= 24 F = 0.36633444D-02
NIT= 25 NFV= 26 NFG= 25 F = 0.15961364D-02
NIT= 26 NFV= 27 NFG= 26 F = 0.70269894D-03
NIT= 27 NFV= 28 NFG= 27 F = 0.31232385D-03
NIT= 28 NFV= 29 NFG= 28 F = 0.14015606D-03
NIT= 29 NFV= 30 NFG= 29 F = 0.63562975D-04
NIT= 30 NFV= 31 NFG= 30 F = 0.29183579D-04
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NIT= 31 NFV= 32 NFG= 31
NIT= 32 NFV= 33 NFG= 32
NIT= 33 NFV= 34 NFG= 33
NIT= 34 NFV= 35 NFG= 34
NIT= 35 NFV= 36 NFG= 35
NIT= 36 NFV= 37 NFG= 36
NIT= 37 NFV= 38 NFG= 37
NIT= 38 NFV= 39 NFG= 38
NIT= 39 NFV= 40 NFG= 39
NIT= 40 NFV= 41 NFG= 40
NIT= 41 NFV= 42 NFG= 41
NIT= 42 NFV= 44 NFG= 42
NIT= 43 NFV= 45 NFG= 43
NIT= 44 NFV= 46 NFG= 44
NIT= 45 NFV= 47 NFG= 45
NIT= 46 NFV= 48 NFG= 46
NIT= 47 NFV= 50 NFG= 47
NIT= 48 NFV= 51 NFG= 48
NIT= 49 NFV= 52 NFG= 49
NIT= 60 NFV= 53 NFG= 50
NIT= 51 NFV= 55 NFG= 51
NIT= 52 NFV= 56 NFG= 52
NIT= 53 NFV= 57 NFG= 53
NIT= 54 NFV= 58 NFG= 54
NIT= 65 NFV= 59 NFG= 55
NIT= 56 NFV= 60 NFG= 56
NIT= 57 NFV= 61 NFG= 57
NIT= 58 NFV= 62 NFG= 58
NIT= 69 NFV= 63 NFG= 59
NIT= 60 NFV= 64 NFG= 60
NIT= 61 NFV= 65 NFG= 61
NIT= 62 NFV= 66 NFG= 62
NIT= 63 NFV= 67 NFG= 63
NIT= 64 NFV= 68 NFG= 64
NIT= 65 NFV= 69 NFG= 65
NIT= 66 NFV= 70 NFG= 66
NIT= 67 NFV= 71 NFG= 67
NIT= 68 NFV= 72 NFG= 68
NIT= 69 NFV= 73 NFG= 69
NIT= 70 NFV= 74 NFG= 70
NIT= 71 NFV= 75 NFG= 71
NIT= 72 NFV= 76 NFG= 72
EXIT FROM PNEQ :
NIT= 72 NFV= 76 NFG= 72 F = 0.87582390D-18 ITERM= 3
X = 0.7316375637D-09 0.1435448623D-18 0.2333503067D-17 0.1000010129D-04
0.9746949033D-05 0.1176228029D-05 0.9991458937D-05 0.1234573213D-23
0.9998929280D-05 0.9632625874D-05 0.9998784199D-05 0.6365895629D-81
0.5514607218D-08 0.8318432586D-05 0.1341640066D-04 0.1059007027D+07

.13593198D-04
.64358336D-05
.31030011D-05
.15234825D-05
.76347931D-06
.39725136D-06
32377811D-06
24453054D-06
.17214480D-06
.13494857D-06
.12841750D-06
.12244119D-06
.11787536D-06
11343056D-06
10839086D-06
.10210860D-06
.98614875D-07
.95116547D-07
.92244320D-07
.87940719D-07
79599761D-07
63107675D-07
.37161009D-07
.20051633D-07
.10402284D-07
.52842419D-08
.27402863D-08
16560038D-08
.12402948D-08
.91399954D-09
.79873436D-09
.65141266D-09
.56887978D-09
.46997132D-09
39534102D-09
.31491800D-09
.24322420D-09
.17000035D-09
.10167577D-09
.28643723D-10
.18509182D-12
.87582390D-18
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8 Pouziti systému UFO na reseni Gloh chemické rovnovahy

8.1 Vstupni Sablona

$NF=16
$NK=108
INTEGER IW1($NK),IW2($NF)
$FLOAT WX($NF),WK($NK) ,WB ($NF*$NK) , WH ($NF*$NK) ,WC ($NF) ,WS ($NF)
$FLOAT WY ($NF) ,WZ($NK) ,WD ($NK) ,WR ($NF) ,WM($NF) ,WTMP
$FLOAT WX1($NF) ,WX2($NF),WX3($NF) ,WK1($NK) ,WK2($NK) ,WW ($NF* ($NF+1) /2)
$SET (INPUT)
NK=$NK
OPEN (11,FILE=’STROF\X.DAT’,STATUS=’UNKNOWN’)
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OPEN (12,FILE=’STROF\K.DAT’,STATUS=’UNKNOWN’)
OPEN (13,FILE=’STROF\B.DAT’,STATUS=’UNKNOWN’)
OPEN (14,FILE=’STROF\H.DAT’,STATUS=’UNKNOWN’)
OPEN (15,FILE=’STROF\S.DAT’,STATUS=’UNKNOWN’)
READ (11,%) (WX(I),I=1,NF)

READ (12,*) (WK(I),I=1,NK)

READ (13,*) (WB(I),I=1,NF*NK)

READ (14,%) (WH(I),I=1,NF*NK)

READ (15,*) (WS(I),I=1,NF)

CALL UXVNEG(NK,WK,WK)

CALL UXDRFP (NF,NK,WH,WK,X,WK1,WK2,IW1,IW2,WW,WX1,WX2,WX3,2,IER)

CALL UXVNEG (NK,WK,WK)
WTMP=L0G (1.0D1)

$ENDSET

$SET (FMODELF)
CALL UXDRMD(NF,NK,WH,X,ONE,WK,WZ)
DO 11 I=1,NK
WD (I)=TEN**WZ(I)

11 CONTINUE
CALL UXDCMD(NF,NK,WB,WD,ONE,WS,WR)
FF=HALF*UXVDOT (NF,WR,WR)

$ENDSET

$SET (OUTPUT)
CALL UXDRMD(NF,NK,WH,X,0NE,WK,WZ)
DO 100 I=1,NF
WM(I)=TEN**X(I)

100 CONTINUE

200 FORMAT ( ’ ’, °WM =’,4$P 18.10:/(5X,4$P 18.10))
WRITE(6,200) (WM(I),I=1,NF)
WRITE(2,200) (WM(I),I=1,NF)

$ENDSET

$MOUT=-2

$NOUT=1

$BATCH

$GLOBAL

$REM THE FIRST METHOD -----——=======

$TOLB="1.0$P 1’
$MIT=800
$MFV=8000
$CLASS="HM’
$TYPE="P’
$XDEL="1.0$P-2’
$INITIATION
$INPUT

$METHOD

$METERASE

$REM THE SECOND METHOD ------—-—-——--

$TOLB="1.0$P-16"
$MIT=800
$MFV=8000
$CLASS="VM’
$TYPE="L>
$DECOMP="1"
$NUMBER=1
$METHOD

$END

8.2 Vysledky

CLASS = HM - PN1 UPDATE = N MODEL = FF  HESF = N
NIT= 0 NFV= 1 F= 2007.537532
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NIT= 1 NFV= 34 F= 276.3278179
NIT= 2 NFV= 51 F= 60.59700450
NIT= 3 NFV= 68 F= 18.56202751
NIT= 4 NFV= 85 F= 4.250878433
0 NIT= 4 NFV= 85 NDC= 0 NCG= 0 F=0.425D+01
FF = 0.4250878433D+01
X = -0.4329518674D+01 -0.5243407562D+01 -0.1096818534D+02 -0.2434075625D+00
-0.2543407563D+01 -0.8752185340D+01 -0.4176740896D+01 -0.1594340756D+02
-0.1093407563D+01 -0.2613407562D+01 -0.9434075625D+00 -0.7956929645D+02
-0.1162418534D+02 -0.2434075625D+00 -0.2434075625D+00 -0.2434075625D+00
CLASS = CD - LV1  UPDATE = N MODEL = FF HESF = N NF = 16
NIT= 0 NFV= 17 NFG= 0 F= 4.250878433 G=0.161D+02
NIT= 1 NFV= 35 NFG= 0 F= 2.002570412 G=0.355D+02
NIT= 2 NFV= 52 NFG= 0 F= 0.4396123050E-01 G=0.101D+00
NIT= 3 NFV= 69 NFG= 0 F= 0.4246610583E-01 G=0.973D-01
NIT= 4 NFV= 86 NFG= 0 F= 0.1603195398E-01 G=0.364D-01
NIT= 5 NFV= 103 NFG= 0 F= 0.8995324748E-02 G=0.202D-01
NIT= 6 NFV= 120 NFG= 0 F= 0.4407778301E-02 G=0.968D-02
NIT= 7 NFV= 137 NFG= 0 F= 0.2312375981E-02 G=0.491D-02
NIT= 8 NFV= 154 NFG= 0 F= 0.1204409194E-02 G=0.242D-02
NIT= 9 NFV= 171 NFG= 0 F= 0.6378589564E-03 G=0.120D-02
NIT= 10 NFV= 188 NFG= 0 F= 0.3367521476E-03 G=0.584D-03
NIT= 11 NFV= 205 NFG= 0 F= 0.1778379866E-03 G=0.320D-03
NIT= 12 NFV= 222 NFG= 0 F= 0.9419502354E-04 G=0.175D-03
NIT= 13 NFV= 239 NFG= 0 F= 0.4957868582E-04 G=0.767D-04
NIT= 14 NFV= 256 NFG= 0 F= 0.2591113498E-04 G=0.444D-04
NIT= 15 NFV= 273 NFG= 0 F= 0.1328669208E-04 G=0.167D-04
NIT= 16 NFV= 290 NFG= 0 F= 0.6785032686E-05 G=0.106D-04
NIT= 17 NFV= 307 NFG= 0 F= 0.3492774560E-05 G=0.403D-05
0 NIT= 17 NFV= 307 NFG= 0 NDC= 0 NCG= 0 F=0.349D-05 G=0.403D-05
FF = 0.3492774560D-05
X = -0.5093169492D+01 -0.8822659918D+01 -0.1122605531D+02 -0.2880304109D+01

-0.3885879562D+01
-0.3004848924D+01
-0.1318350097D+02

-0.1025704932D+02
-0.3959570094D+01
-0.2880669249D+01

-0.5860480440D+01
-0.3002729794D+01
-0.1049627526D+02
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