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Processing of Discrete Nuclear Spectra on Small 
Computers. B. Jmplementation of the KAT0K-F 
Algorithm 

This paper is the second in a series of three dedicated 
to the detailed description of the KAT0K-F algorithm. This 
code has recently been revised and re-written in FORTRAN 
after being run on Minsk-2 for nine years. 

The description of the composite algorithm which solves 
the problem posed and a discussion of programming means of 
its implementation are given. The full text of the two chief 
~odules of the KAT0K-F code is reported. 

The investigation has been performed at the Laboratory 
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INTRODUCTION 

In a previous paper111 we have di~cussed the physical 
and the mathematical aspects of automated processing of 
discrete spectra on small computers. Implementation details 
of the approach described are given below. To avoid dupli
cation and to achieve continuity, through-numbering of 
paragraphs and formulae has been used in both previous and 
present reports. Formulae are referred to by pointing out 
their numbers in parentheses, while paragraph numbers are 
underlined. 

4.5. Outline of the KAT¢K-F Algorithm 

After having discussed all the essential aspects of the 
KAT¢K-F algorithm we are now in a position to expJain the 
basis philosophy of approaching and solving problems of 
type (2.2). Details of this philosophy will be given for 
a single specific system of simultaneous equations (2.2). 
It is understood that the same approach applies to all the 
M systems constituting the stream processed. 

4.5.1. Input a standard data set as given in Table 1. 
4.5.2. Calculate the components of X0 

• 

4.5.3. Scale as in 4.3.2. 
4.5.4. Attempt a solution by the method of Gauss-Newton, 

i.e., with a 0 =at= 0 • If the attempt is success
ful, go to 4.5.8.; else go to next step. 

4.5.5. Attempt a solution by Alexandrov's method of re
gularized iteration process with exponentially 
decreasing regularizer. If the attempt is success
ful, go to 4.5.8.; else go to next step. 

4.5.6. Attempt a solution by means of regularized itera
tion process with an augmented value of at= const. 
If the attempt is successful, go to 4.5.8.; else 
go to next step. 
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4.5.7. Dump the problem; go to 4.5.10. 
4.5.8. Check for presence of superfluous peaks according 

to
121 

(i.e., for peaks with repeating positions 
or with negligible intensities) . If the exit is 
positive, reduce problem dimensions and return 
to 4.5.2; else go to next step. _ 

4.5.9. De-scale; Output solution vector x and variances 
of its components. 

4.5.10.Check whether more standard sets await for pro
cessing. If so, return to ~; else stop. 

Practical use of KAT¢K-F code demonstrates that this al
gorithm ensures a physically meaningful solution in all cases 
of correct input. Hence, option 4.5.7 enters into action 
when some standard set contains gross mistakes, e.g., wrong 
dimensions, search for peaks in a "white" section, etc. 
Otherwise this step is never referred to. 

5. IMPLEMENTATION: THE KAT¢K-F CODE 

5.1. Technicalities 

The KAT¢K-F code has been written in F¢RTRAN-IV and tes
ted on HP 2116 and 21MX computers. It consists of 18 modu
les (one main program and 17 subprograms) some of which are 
subdivided into smaller units for the sake of easier debugg
ing. 

The HP compilers of F¢RTRAN-IV implement actually a sub
set of the standard version of the language, major limita
tions being: 

5.1.1. No BL¢cK DATA subprograms are admitted. 
5.1.2. A single non-named C¢MM¢N block is only allowed. 
5.1.3. Variable names appearing in C¢MM¢N and EXTERNAL 

statements (either explicit or implicit) should 
consists of no more than five characters. 

5.1.4. The main program must have a name. 
5.1.5. Alphanumeric strings in F¢RMAT statements should 

be enclosed in quotes (") rather than in apostro
phes ('). 

As most of these language particularities do represent 
limitations, it appears that the adaptation and the use of 
the code on other computers should not evoke any serious 
difficulty. 

The control links between the various modules are shown 
on Fig.2; data links are chiefly established through a 
number of C¢MM¢N arrays as listed in Table 2. The C¢MM¢N 
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Table 2 

Important C0MM0N Variables 

NMlf: TYPL DI:-1EN 
SION 

A. Status Data 

PSV Logical 5 X 1 

f/Jf/JV Logical 3 X 1 

B. Size Data 

YJ-1 Integer Scalar 
!·1 Integer Scalar 
K Integer Scalar 
L Integer Scalar 
N Integer Scalar 

--
c. Input Data 

IDENTF Integer 36 X 1 

NFC Integer Scalar 
Q Real m x 1 
YQ Real m x 1 

COtlT!:NT 

Regime control par. a-
meters 

Output control para-
meters 

~I 

m 
k 

n 

Stream Identifier 

qin 

Channel numbers lq I 
Channel contents IY 4 I 

D. Working Storage 

NLC Integer Scalar qf"tld 

XO Real n x 1 ,o 
w Real m x 1 diag W 
FXT Real m x 1 fx 1 -Fx

1 -Y 

F1XT Real m x n f · (x 1 ) 

YQT Real m x 1 yt "'F X t 

XT Real n x 1 x' 

ET(ilT Real n x 1 etot 

v Real n x n V(x 1 } _
1 
__ 

DEL TXT Real n x 1 [ V (x 1 ) +a 1 I I f'(x 1}Wfx 1 •~\x 1 

c Real n x 1 diag C 
BGPC Real 6 X 1 c•i ; i .0,1, ... ,5 

WEIGHT Real 5 X 1 vi ; i =1 ,2, ...• s 

STACK Real 5 X 1 ot-i+l; i-1,2, .... s 

NOTES 

See section 2.:1. 

Sec section 2..:.1_ 

Not processed by 
program described 

Used for output at 
solution point _ .. _ 

_u_ 

Increments at tth 
iteration 

Background scaling 
factors 
Long-defect weights 
Long-defe'ct stack 
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block includes also certain auxilliary (number of section 
processed, current, iteration number, etc.) and limiting 
(maximum values of m , k , e , n , t , superresolution 

coefficient, etc.) variables which are not listed in the 
table. For core economy parts of the largest array FlXT are 
also used as temporary working storage by means of 
EQUIVALENCE statements. 

With these precautations the program's total core requi
rements amount to approximately 25K system-free HP words 
(i.e.,- 50K bytes). 

5.2. Program Status 

KAT¢K-F is a software package with an intricate flow 
chart. The execution follows different paths which are se
lected in accordance with the numerical particularities of 
problems solved and with the current status of the program. 
The latter is described by two logical vectors PSV (Program 
Status Vector) and ¢¢v (Operator Option Vector) whose com
ponents have the following meaning (See Table 3). 

All the components of PSV are automatically set.TRUE. at 
the beginning of processing each section; then, as computa
tions progress, they may be gradually reset to.FALSE. accord
ing to process requirements and specific numerical conditi
ons. Their current status is tested by means of program 
switches which select the suitable logical path at the stage 
reached. The operator has no means of controlling PSV. 

On the contrary, the components of ¢¢v which define the 
output options in effect are set in direct dialogue via the 
operator's console. This is accomplished before processing 
the first spectrum section of the stream and remains in 
force untill completing the computations. If detailed out
put is not needed and it is undersirable to waste time for 
the dialogue itself, the output regime may be set automati
cally to its most economic version (all ¢¢v-components.FAL
SE.). This is achieved by means of a specific CALL (see next 
Section). 

The structure and the action of regime switches should be 
clear enough from their F¢RTRAN text. 

5.3. Flow Charts 

The general flow chart of the package is presented on Fig.3. 
Computations begin with setting the constant values in 
c¢MM¢N by the main program KUB¢K (instead of the inadmissible 
BL¢cK DATA); after printing out a title page (module TITLE}, 
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Component 

PSV (1) 

PSV(2) 

PSV(3) 

PSV(4) 

PSV(5) 

¢¢V(1) 

¢¢V(2) 

¢¢V(3) 

Table 3 

Significance of PSV and ¢¢v 

Regime at Value 

.TRUE. 

Gauss-Newton method 
Usual solution-de
fect 
Exponentially de
creasing regulari
zer 

.FALSE 

Regularized iteration process 
Long solution-defect 

Steady value of regularizer 

Iterations in course Interrupt criterion satis
fied 

No dump, normal com
putations 
Output after each 
iteration 
Output of program 
regime 
Section graph drawn 
after processing 

Dump, problem unsolvable 

Output at solution point 
only 
No regime output 

Pure processing, no graphs 

the KAT¢K subroutine is called. Here, according to the CALL
parameters, the dialogue possibility may be used. Output op
tions are considered incorrect if detailed output is reques
ted for streams consisting of 25 or more sections, and in 
such cases processing ends with an error message. When out
put options are correct, a section is read and chacked for 
internal consistency. Actually, the scheme 4.5.1.- 4.5.10 is 
executed by the part of Fig.3 which is enclosed in a dashed 
frame. More details of this part are given in the flow-chart 
on Fig.4 which shows the most essential blocks of the KAT¢K 
subroutine. The five program switches on Fig.4 represent each 
a series of IF-statements which sense the status of PSV-com
ponents and other numerical values ( 8 t , 8~ , det V , etc.) 
and direct accordingly the process of computations. A complete 
record of regime switching may be obtained by seting ¢¢V(2)= 
.TRUE. at the stage of the initial dialogue. 
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Fig.3. Flow chart of KAT¢K package (organization of calcula
tions). Numbers in upper corner correspond to F¢RTRAN state
ment labels in KAT¢K-subroutine. Auxiliary modules are not 
shown. For iteration-scheme details (framed part) see Fig.4. 
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EXIT 

Fig.4. Flow chart of regime switching in KAT(ZIK-subroutine 
(framed part of Fig.3). Numbers in upper left corner corres

pond to F(ZIRTRAN statement labels. A switch is programmed as 
a series of IF-statement. 
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The remaining modules (see Fig.2) have auxiliary functions 
which are briefly described in the next section. 

5.4. Functions of Individual Modules 

5.4.1. 
5.4.2. 
5.4.3. 

5.4.4. 

5.4.5. 

5.4.6. 

KUB(ZIK (main) - sets values of constants in C(ZIMM(ZIN. 
TITLE (subroutine) - prints out a title page. 
KAT(ZIK (subroutine) - implements the iteration scheme; 
a chief module. 

ALFO (function) - calculates the initial value of re
gularizer a 0 • 

ALPHA (function) - calculates the value of regularizer 
at iteration no. t • 

FLSTK (subroutine) - fils in the stack of solution
defect values. 

5.4.7. THETL (subroutine) -computes the value of long solu
tion-defect. 

5.4.8. GRAPH (subroutine) -draws a graph of section process
ed; a dummy module in this version. 

5.4.9. INVKA (subroutine) - carries out the V-matrix inver
sion; an adapted to HP subroutine from the IBM SSP
package. 

5.4.10. YDER (subroutine) -according to CALL-paratemeters: 
(i) calculates actual number of unknowns n at given 
k and P ; 

5.4.11. 
5.4.12. 

(ii) computes spectrum value at given channel number 
q; 

(iii) calculates n values of derivatives at given 
channel number q ; 

(iv) calculates pure spectrum contribution at given 
channel number q ; 

(v) computes pure background at given channel number 
q • 

SERIN (function) - calculates the error integral J(y). 
IN(ZIUT - handles input-output and auxiliary operations 
in accordance with CALL-parameters. In particular: 
(i) sets output options in dialogue via the system 
console. 

(ii) inputs spectrum identifier and stream size M; 
prints out header; 

(iii) inputs a data section for processing (with cont
rol print); 
(iv) calculates and scales x 0 

sistency of data; 
checkes internal con-

(v) prints out point data (if detailed output is re
quested); 
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(vi) prints out spectrum parameters and errors; 
(vii) prints out program status during execurion; 
(viii) prints out error messages; 
(ix) checks and - if needed - reduces peak number k. 

5.4.13. IN¢Ul- carries out 5.4.12.i. 
5.4.14. IN¢U2- carries out 5.4.12.ii. 
5.4.15. IN¢U3- carries out 5.4.12.iii. 
5.4.16. IN¢U5- carries out 5.4.12.v. 
5.4.17. IN¢U6- carries out 5.4.12.vi. 
5.4.18. IN¢U7- carries out 5.4.12.vii. 

5.5. Limitations 

In the version reported the KAT¢K-F package can be used 
if the following limitations are observed. 

1::; M ::; 999 

-1:::: e <;;.. 5 
(5. 5. 1) 
(5.5.2) 

Although £ is generally the background-polynomial degree, 
when set to -1 it causes that the background be considered 
null throughout the section processed. 

3 :;; n s 40 (5. 5. 3) 

1::; k s 10 (5.5.4) 

n + 1 S m ::; 100 (5. 5. 5) 

The violation of inequalities 5.5.2. - 5.5.5 leads to 
adequate error messages; 5.5.1 is simply ensured by format 
conventions (see Table 1 in 11/ ) • 

5.6. Development 

The KAT¢K-F sof~ware package has been especially developed 
for streamline processing of discrete nuclear spectra which -
mathematically - is equivalent to solving of overdetermined 
simultaneous non-linear equations. The type of nonlinearity 
dealt with is Gaussian. However, the composite iteration 
scheme (see Fig.4) is applicable to other types of nonlinea
rity as well (e.g. resonance curves, exponential regulariti
es, etc.). To achieve this, one should only replace the pre
sent SYMGA ( ~ YDER) subroutine and the respective I/¢ blocks 
(IN¢UT with subprograms) with suitable substitutes. The ite-
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ration scheme itself as implemented in KAT¢K subroutine 
needs no modifications. 

5.7. The KAT¢K-F Text 

The full F¢RTRAN-IV text of the two chief modules is rep
roduced below. These are KUB¢K (main program) and KAT¢K it
self. The remaining auxiliary modules will appear shortly 
as a separate report in the same JINR-series. 

PROGRAM KU130K 
C CARRIES OUT THE PROCESSING or DISCRETE SP~CTRA WITH SYM~ETRIC 
C GAUSS!Atl SHAPE Of THL SINGLE ISOLAH:L LINE BY MEANS Of 'KATOK' 
C SUBHOUTINEJ THIS• IN TURI~• SHOULD BE. SUPPOHTED BYI 
C A· 'SniGAU' SUBROUTIN~ <OR EQUIVALENT SUBSTITUTE> 
C B· 'INOUT' SUBROUTINE <Oil EQUIVALENT SUBSTITUTE> 
C THE USE Or GENUI~L CODES RATHER THAN SUBSTITUTES IS RECOMMENDED• 
c 
c 

c 
c 
c 

c 

LOGICAL PSV.OOV 
COmlON PSV<S> 
COMMO~ OOV<Jl 
COMMON MM~t:~h~L~~ 
CO~~O~ Q(l00l,Yw<l00l.X0(4~l.IDENTf<J6l.NYC,NLC 
COMMON W<tee>~FXTCI00>~FtXT<Je0,40>,Y~T(J00).,XT<40)., 

I ETOT(40l•C<40l,8GPC(6l.WEIGHT<S>,STACK(S),DUM(280l, 
2 V<4e,40>,DELTXT<40>, 
3 XS~ICH.~NSECT,ITER.THETAT•THETIG,THETLT,REG, 

4 THECPS.THECPL•INTERfl,DET 
CO~MON LENGTH 
COtw:Y.ON THE.TLN, TLIN,Lt>IIN, Lt1AXo~Nt-'!IN,Nt"';AX,. KMIN, KMAX.~tr:MAX.., 

I MMDMAX.DEGER,ITRMAX,DEVMIN,SRCOEF 

EXTE.kNt.L llWL'T I SYMGA 

C SlhULATION OF 'DLOCK DATA' 
BGPC< I >=2·0**6 
8GPC<2>=2.e .. 3 
BG PC ( 3 l • I • 0 
BGPC<4>=2•0*•<-4> 
BGPC<5>=2·0••<-7l 
BGPC<6>:c2·0••<-ll> 
THETL~z=t.eE+20 

TLIM=·75 
LY.IN=-1 
LMAX=5 
NY.IN=3 
NNAX=40 
Kmll=l 
KMAX•l9 
NI'!AX=I02 
~.MDMAX=25 

DEGER•I·0E-36 
I TRt<:AX=25 
SRCOEF=25·0 
LENGTH= 3 
WEIGHT< I >=0.375 
>EIGHT(2l=0·4375 
WEIGHT<3>•0·1875 
"'EIGHT<4l=llo0 
\.'EIGHTCS>=0·1l 

CALL TITLE 
CALL KhTOK<I.INO~T.SYMGAl 
STOP 
END 
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c 
c 
C TillS SUBROUTlt:E IS DESIGI>ED fOR AUTOtiATIC STREAtl PROCESSING 
C Of DISCRETE SPECTRA• ITS DETAILED DESCRI~TION IS GIVEN IN A 
C SEPARATE .Jlt:R-REPORT· PRESENT VERSION: IZOT3!0-fVAUGUST''78 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DESCRIPTION Of ARGUI':EI>T S: 
IC OUTPUT CONTROL PARAMETER 

WHEN IC=I OUTPUT REGIME IS SET AUTOMATICALLY 
WHEN IC~2 OUTPUT REGltlE IS SET IIJ DIALOGUE 

VIA THE OPERATOR"S CONSOLE 
INOUT - EXTERNAL SUBROUTINE fOR 110 HANDLING 
YDER - EXTERNAL SUBROUTINE WHICH CALCULATES THE VALt:ES 

Of APPROXIMATING fUNCTION AND ITS DERIVATIVES 

DESCRIPTION Of COMMON BLOCKS: 
IAPI - PROGRAI':-STATUS VECTOR PSV I"AUTOilATIC" PARAMETERS> 
/OPt - OPERATOR-OPTION VECTOR OOV IOPERATOR"S PARAHf.TERS> 
/SIZEDT/ - SIZE DATA Of STREAM AND SPECTRA PROCESSED 
IINDATA/ - INPUT DATA 
/WSTORE/ - WORKING STORAGE 
/THELNG/ - WEIGHTS• STACK AND LENGTH Of LONG SOLUTION-DEFECT 
/RENORH/ - RENORHALIZING FACTORS Of BACKGROUIJC POLYNOMIAL 
/LII':DT/ - LII':ITING CONSTANTS Of VARIOUS SORTS 
/OUTDAT/ - OUTPUT DATA 

C IMPORTANT DIMENSIONS AND VARIABLES: 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

&•&&&~&~EE&&&&c&&&&&&&&&a=&&Z&&&a& 

MH 
NSECT 
M 
K 
L 

- NUMBER Of SECTIONS IN STREAM PROCESSED 
- ORDINARY NUMBER Of SECTION PROCESSED 
- LENGTH Of SECTION PROCESSED 
- NUI':BER Of PEAKS IN SECTION 
- DEGREE Of BACKGROUND POLYNOMIAL; MAY HAVE INTEGER VALUES 

IN THE RANGE [0.51; IIJ ADDITION. liHEK SET TO -1. THE 
BACKGROUND IS CONSIDERED NULL THROUGHOUT THE SECTION 

ITER - NUMBER Of CURRENT ITERATION 
THETAT - SOLUTION DEFECT AT ITERATION NO· "ITER" 
THETLT - LONG SOLUTION-DEfECT AT I TE.RATION NO· "ITER" 

<SET TO Z~RO ~HEN ITER< LENGTH-I> 
LENGTH - WORKING LENGTH OF LOI>G SOLUTION-DEFECT !SET BY 

.. BLOCK DATA"> 

SUBROUTINE KATOKIIC•INOUT.YDER> 

LOGICAL PSV.OOV 
COti!ION PSVIS> 
COMMON OOVIJl 
COY.HON t'.M.t-!,K.L,N 
COHHON Q<I88>·Y~<Iee>.XBI48>.IDENTf<36>•NFC.NLC 
COMMON V(J80l.FXT<llll.,flXT<II0•41>·Y~T<101l.XT<40>• 

I ETOT<48>.C<48l.BGPC<6>.WEIGHT<S>.STACK<S>.DUM<28e>. 
2 V<48•48l.DELTXT<•e>, 
3 tlSW lCJI,t.;SECT ,( TER.t THETAT • THETl G, THETLT • REG, 
II THECPS.THECPL.INTERR.DET 
COM~ON LENGTH 

c 
c 

c 
c 

c 

c 
c 

COU·C! 
I 

Tl-:1. TLt-.... TLI i" . ., Lt- u:, U 1-.X.l~l·.ll'~ .. t..::L/},, Yt. n: .. 1-;t-.s-,j:,r:L/,),, 
Mtr~FX,LEGLJ,,ITN.h~.,L~V~IN.,Sf.C~Ef 

tn:u .... st or. .. vn ... · c t6ee > .. c;.·t40,.qe> .. LOCLOO < 40 > .. r-mor-:oo < .tae > 

£(ClVALl~Cl CC~Cl.,t> .. FIXT<t .. J>> .. CVVV<l6~e>.Fl~TCI0f.,4e>> 
CCUIVALE~CE <LOOLOO<I>.FJ~T<I.,19>>.,<~00~00<l>•fiXTCI"2e>> 

EXTEF<!JAL YDH< 

GO T0<1 .. 10>,JC 

C AUTO~.I.TIC SET Of CONTROLS <ECOt:omc 'lf.F<SIOI:J 

c 
c 

I OOV< I>~ ·fALSE• 
OOV<2>*•fALSE• 
OOVIJ>•·fALSE• 
GO TO 211 

C CONTROLS SET BY OPEkATOR <DIALOGUE VIA INOVT> 
18 CALL INOVTti.YDERl 

c 
c 
C INPUT SPECTRUM IDENTIFIER HlAX· 72 Sn;bOLS> & STREII.M SIZE MM 

c 
c 

28 CALL INOUT<2.YDER> 
NSECT•I 
MSWICH~e 

IFIIOOVII>·OR·OOVI2l.OR·OOVI3ll•AND·IMI':·GT·~I':DMAX>>MSWICH=5 
lfii':SWICH·EO·S>CALL INOUTI8.YDER> 
lfiMSWICH.EO·S>GO TO 99999 

C INPUT A SPECTRUM SECTION TO BE PROCESSED 

c 
c 

38 CALL INOUTIJ.YDERl 
CALL YDERII.QIIl.YQl 
HSVICH~e 

CALL INOUTI4.YDER> 
IfiHSWICH•NE•B>GO TO 9999 

C IMPLEMENT THE KATOK ITERATION SCHEMEl BEGIN 
c ••••••••••••••••••••••••••••••••••••••••••• 
c 
C INITIAL SET Of PSV, DEFECT & REG !ALWAYS AUTOMATIC ll 

35 DO 118 1•1.5 

c 

c 

PSV(J >•·TRUE• 
1111 CONTINUE 

ITER•B 
THETAT•II·B 
THETLT•B·B 
REG•B•II 
DET•B·II 
l~IOOVI2>>CALL INOUTI7.YDERl 

DHN•FLOAT IM-N l 
THECPS•THETLM 

15 
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LMINI=LENGTH-1 
c 
C SET VECTOR OF INITIAL GUESSES 
C SETTING SKIPPED AFTER RECUCTION 

c 

50 IF<MSVICH·EQoll >GO TO 65 
DO 60 I=I,N 

60 XT< I l=X0< I l 
GO TO 70 

65 MSWICH=I! 

C CO~.PUTE APPROXH:ATION VECTOR HT, FXT 6 DEFECT THE TAT 
C CETOT< I l USED AS lo:ORKING STORAGE.l 

c 

70 THETAT=0•0 
DO 80 I=l•M 
AUXIL•~<Il 

CALL YDERC2,AUXIL.ET0Tl 
YQT< I l•ETOT< I l 
fXT<ll=ETOTCil-YQCll 

80 THETAT•THETAT+W(ll*fXTCil••2 
THETAT=SQRT<THETAT/DMNl 
IFCITER·EQ·I!lTHETIG•THETAT 
IF<ITER.EQ.0lTIIIII=THETIG 
lf((ITER·EQ.0loAND·C·NOT·PSVCllllALPH0=ALf0(TIIIIIl 
IFCOOVC!llCALL INOUTC5,YDERl 

C REGULARIZER SWITCH AND ADJOINT BLOCKS ("90" £ "100"l 
IFCPSVClllGO TO liB 

c 

IFCPSVC3l lCO TO 90 
IF<PSV<4llGO TO 95 
SAVREG=REG 
REG•0·0 
GO TO 110 

90 REG•ALPHACALPH0.ITERl 
95 IF<OOV<2llCALL INOUTC?.YDERl 

100 CALL FLSTK<THETATl 
IFCITER·LT·LMINI>GO TO 110 
CALL THETLCTHETLTl 
IFCITER·NE•LMINilGO TO 110 
PSVC2l•·FALSE• 
IF<OOVC2l>CALL INOUTC7,YDERl 

C CONVERGENCE SWITCH AND ADJOINT BLOCKS 

c 

c 

110 IF<PSV<IllGO TO 130 
IFCPSV(2l>GO TO 140 
lf<PSVC3l>GO TO 151! 
IF<PSVC4llGO TO 161! 
IF<PSVC5llGO TO 240 

120 CALL INOUTC7.YDER> 
CALL INOUTC5.YDERl 
GO TO 9999 

131! lfCTHETAT-THECPSll78.180,180 
148 lfCTHETAT-THECPSll78,145,145 
145 lf<THETAT·GT•4•1llGO TO 198 

GO TO 170 
158 IFCTHETLT-THECPLl200.2!0,210 
168 lf<THETLT-THECPLl200.238,230 

170 THECPS•THETAT 
GO TO 240 

180 !TEE=~ 

THECPS=THETLV. 
THECPL= HILT! C 
f'Sii<ll=.Ff,LSEo 
lF<OOV<2>lCALL lfJOUT<?,Y0ER> 
GO TO 50 

19 0 DO 19 5 I= I, 5 
195 PS'J<I >=·FALSE. 

GO TO 120 

2e0 HOLD=THECPL 
THECPL=THETLT 
GO TO 240 

210 PSV<J>=•FALSE. 
THECPL=HOLD 
REG=ALPHA<ALPH0,JTER-ll 
DO 212 I-=1,4 

212 STACK<Il•STACK<I+Il 
220 IF<OOVC2llCALL INOUT<7,YDERl 

I TER•I TER-1 
DO 225 I=l,IJ 

225 XT<I>=XTCll-DELTXTCll 
GO TO 70 

230 PSVC4>••FALSE. 
INTERR•5 
GO TO 220 

C COMPUTE JACOBI ~ATRIX CETOT-ARRAY USED AS TEMPORARY WORKING STORAGE> 
240 DO 245 I=J,M 

c 

CALL YDER(J,Q(Il,£TOTl 
DO 245 KK= J,N 

245 FlXTCI,KK>=ETOT<KK> 

C BUILD ITERATION-STEP MATRIX <SQUARE, SYMMETRIC, POSITIVELY-DEfiNED> 
DO 250 I•I•N 

c 

DO 250 KK= l•N 
AUXIL•0·0 
DO 248 J=l.,~~ 

248 AUXI L.=AUXI L+f IXT< J .. 1 l *\l(J l •F I XT< J .,J{J\> 
lf<I•E'·KK>AUXIL•AUXIL+REG/FLOATCN> 
VCI .. KK>-=AUXIL 

250 V<KK,Il•AUXIL 

C BUILD ITERATION-STEP VECTOR; STORE TEMPORARILY IN ETOT-ARRAY 
DO 260 I=I.N 
ETOT<I>•0•0 
DO 260 KK•I .tM 

260 ETOTCI>•ETOTCil+FlXT<KK,Il•W<KK>•FXT<KKl 
C INVERT STEP MATRIX 

DO 261 1•1 ,N 
DO 26 I KK• I , N 
.JJc(I-ll•N•KK 

261 VVV<J.Jl-=VCI,KK> 

CALL !NVKA<VVV,N,DET.LOOLOO.MOOMOO> 

DO 267 I=J,N 

17 
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DO 267 KK= 1 ,.N 
JJ= < 1-1 > +N+KK 

267 VCl,.KK>=VVV<J4> 
C DEGENERATION SWITCH <TOO Sl<ALL A VALUE OF DETERMUJANT> 

IF<DET·GT·DEGER>GO TO 270 

c 

IF<·~OT.PSV(4llGO TO 280 
IF<PSV< I »GO TO 180 
GO TO 190 

COMPUTE VECTOR OF UNKNOWNS'' INCREMENTS 
270 DO 272 I•I•N 

DEL TXT( I> =0• 0 
DO 272 KK•I,N 

272 DELTXT<I>•DELTXT<I>-V<I•KK>+ETOT<KK> 

C CO~lPUTE VARIANCE VECTOR 
C NOTEI ILL-CONDITION & ERROR SWITCHES INCORPORATED IN CYCLE 

c 

DO 278 I=I•N 
ETOT<I>=V<I,.I> 
IF<ETOT<I>>274,276,276 

274 IF<.~OT·PSV<4>>GO TO 28~ 

IF<PSV< I l>GO TO 180 
GO TO 190 

276 ETOT<I>=SQRT<ETOT<I>> 
IF<·NOT·PSV<4llETOT<I>•THETAT+ETOT<I> 

278 CONTINUE 
GO TO 281 

C RESTORE REGULARIZER VALUE 

c 

280 REG•SAVREG 
HSWICH•IB 
CALL INOUT<8.YDERl 
HSIIICH=0 
GO TO 240 

281 IF<OOV<I>>CALL INOUT<6.YDER> 

C INTERRUPT SWITCH <FOUR CRITERIA FOR NEWTON AND JUST ITRHAX FOR SKATE> 
IF<·NOT·PSV<4llGO TO 900 

c 

IF<<ITER·GE·S>·OR·<THETAT·LT·I•0>>GO TO 332 
1281 IF<ITER·GT·ITRHAX>GO TO 290 

IF<•NOT·PSV<I>>GO TO 350 
IF<THETAT•LT·TLIM>GO TO J0e 
DO 282 l=I,N 
IF<<8.LT·<XT<I>-ETOT<I>>>•OR·<<XT<Il+ETOT<I>>·LE·0>lGO TO 284 

282 CONTINUE 
GO TO 32111 

284 DO 286 l•I•M 
IF<FXT<I>·GT•DEVMINlGO TO 358 

286 CONTINUE 
GO TO 331 

298 INTERR•I 
GO TO 34111 

3111111 INTERR•2 
GO TO 34111 

320 I NT ERR• 3 
GO TO 340 

33111 INTERR•4 
GO TO 3411 

332 CALL INOUTt9,YDER> 

IF <r~Sid CH-11 > 1281.334. 1281 
334 CALL 1GOUT<8.YDER> 

GO TO 35 
34~ PSV<4>=·FALSL· 

IF<OOV<2>>CALL I~OUT<7,YDE~> 
GO TO 70 

c 
C ACTCAL ITERATI~C 

350 DO 355 I=J.!J 
355 XT<I>=XT<I>+DELTXT<I> 

ITEF.=ITEH+I 
GO TO 70 

c 
9ee CALL 1NOUT<6.YDER> 

c 
C KATOK ITERATIO~ SCHE~E I~PLEME~TED: END 
c ****************************•********** 
c 
c 
C i\NALYSIS OF PEJH: POSITIO~;s Af.:D U~TUJSITILS 

CALL 1NOUT<9.YCEE> 
IF<MSWICH-11>999e.9980.9990 

9980 CALL INOUT<B.YCEh> 
GO TO 35 

c 
C DRA\o.' SECTION GRf•Pil 

9990 IFCoNOT·OOV<3>>GO TO 9999 
DO 9 9 9 5 I = I • ~: 
CALL YDER<5.~<I>.ETOT> 

9995 FXT<I>=ETOT<J> 
CALL GhAPHO;,Q,YQ.Y~T.FXT> 

9999 NSECT=NSECT+I 
IF<NSECT·LE·~M>GO TO 30 

99999 NSWIC!-i=l2 
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