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ORTNRM - A Fortran Subroutine Package for the
Solution of Linear Two-Point Boundary Value Problems

S. Sitverston

ORTNRM is used to solve linear two-point boundary value problems

by the method of superposition with orthonoimalization. See Reference.

Let x = the independent variable;

u(x)

the vector of n dependent variables;

f(x) = a given n-vector of functions of X;

A(X) = an n xn Datrix;
k = an integer 1 < k < n;
B = a constant (n-k)>n matrix;
D = a constant k x n matrix;
C1 = a constant (n=-k)=-vector;

C_ = a constant k-vector,

Wo want to solve the problem:

Edz u(x) = A(x)u(x) + £(x)

Bu(a) = C,, Du(b) = C

1’ 2°

The subroutine is entered by the statcment:

CALL ORTNRM (N,M,K,Y,DER,CO,
A,NN,H,NP,NT,
TEST, C,NX,
NPOL,NPO2,ALT,
NERR} .



ZI
In the following discussion, we break the parameters into 5 groups,

I. Systom of equations:
N,M,K,Y,DER,CO
In the method of superposition, we actually obtain k+1 solu-

k as follows:

tiOﬂS yD :er-- )Y
0 0 -
Choose y“(a) 3 By (a) = Cl
Choose yl, ceny yk(a) 3
CaRe) =6, 0Osizk, 1gjzk.

Solve: é& yo(x) & A(x)yo(x) + £(x)

£ 7w = Ay e, 1k
We then solve the systen

: i 0
D[ L B,y (b) +y ()] = €,

1]
for the coefficients 61""'Bk'

The solution to the original problem is then given by

0 K o3
a{x) =y (x) + ] By (x).
i=1

The solution yo(x) is called the particular gglution. Tho

solutions y'(x) are called basc solutions,

If Cl=0 and f=0, the system is homogeneous. In this case,

we let

Byl(a) = 0, 1<i<k

and omit the particular solution. We then will solve the system



k .
D I By'd) =c¢
iz1 2

for the coefficients Byr evenr 8o

If we also have C2 = 0, then one of the B's must be chosen
arbitrarily and the others computed in terms of it. In this case we
only can determine u(x) to within a constant multiplier. See discus-
sion of parameter NPO2 under Qutput Options for the normalization
convention used herc.

The system of cquaetions parameters should bo sei 2s follows:
N: Integer. No. of dependent variables n.

Integer. No. of solution vectors to be used for supcrposition.

1z

For inhomogcneous system, i=k+l. For homogeneous systcms, b=k.

K: Integer. No. of basc solution vectors k to be used.
Y: Real array dimensioned (N,M)}. Values of the vectors

yo(a),yl(a),...,yk(a), chosen as discussed above.

Y@ yia ... ¥
Y=

-~

v} 1 k
ya(a) v (a) ... y (2)
For homogeneous systems,

@ ... v

-
.

b4

0l |t pus

y,ll(a) yﬁ(a)



DER: Name of subroutine for evaluation of the oxpressions
0 v
Ay (x} + £(x) and A(x)y" ()

To be called by a stetement of the form’
CALL DER (X,Y,DY) with:

X = Real, Value of independent variable x.

Y = Real array dimensioned (N,M}. Values of solution

vectors yo(x), yl{x),...,yk(x)

DY = Real array dimensioned (N,M). Values of

d 0 d 1 d &k
dxy (X), EJE Y (x), veey dx}' {x)

The subroutine must (for inhomogencous systems} compute
A Yo (0 + £(X)
and store it in DY(1,1), DY{(2,1),...,DY(N,1}. It must similarly
compute .

AR (), & =1,...,k
and store it in DY(1,I), DY(2,I}, ..., DY(N,I), I = 2,...,M,

CO: Name of subroutine for computation of the values 61,82,...,3k

in the equation

ko3 0
D[-Zlaiy ) +y (b)] = Cz
1:

To be called by a statement of the form
CALL CO (Y0,Y,BETA) for an inlicmogeneous system
or by a statement of the form

CALL CO (Y,BETA) for a homogeneous system,



with:
YO: Recal array dimensioned (N}. Values of yo(b). Omitted
for homogeneous system, |
Y: Real array dimensioned (N,K). Values of yl(b),yz(b],....yk(b}.
BETA: Real array dimensioned (K). Subroutine must compute the

g, and store them in the array BETA.

values of 51,3

2Py

None of the parameters specifying system of equations, N,M,K,Y,

are changed by ORTNRM.

II. Interval and spacing:
A,NN,H,NP,NT

We solve the problem on the interval
S = {min(a,b), max(a,b}]

Wo :iay breek S up inte 3 sub-intervals S1» 52, eevs Sj

{x0='=1,x1},{xl.le.---.[xi.l ), {x .xj=b},

,X
-2775-177 5.

172

a>xl>xz>...>xj_1>b for asb.

such that a«<x <x c...<xj_1<b for a<b,

On each sub-interval S,, 1<i<j, the solution u(x) will be

computed and stored at n; equally spaced points, i.e., letting

X:=X.
d, &3l

i

at the polnts xi_l+di,xi_ 1+2di, cee ,xi-l'l‘nidi ) s X..
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The solution values stored at these solution points only will be avail-

able to the user for print-out as well as for use in further computa-
tion.

The intervals d; between solution points are themselves divided

into increments of integration. Specifically,

where h; is the length of the increment of integration, or step-size,

for sub-interval Si’ and pi is the number of integration steps
between solution points for the sub-interval §;.

Vle thus have the following relationships among Si,ni,pi,hi,di,xi,xi_l

N 'Sil = Ixi-xi-]_l = ni Idil = nj_pilhj_l

The total number of solution points on S is given by

The "+1" is because the initial point a2 is also taken as a solution
point.
The interval and spacing parameters should be sot as follows:
A: Real. 1Initial value {a) of the independent variable.
NN: Integer array dimensioned (J). The set of numbers “1'"2”“’nj

giving the number of solution points in each sub-interval Si’

respectively.

|

Real array dimensioned (J)}. The set of step-sizes hl,hz,....hj
to be used on the sub-intervals S;, respectively. The h's

should be positive (>0) if a<b, and negative (<@} if a>b.



7.
NP: Integer array dimensioned (J). The set of numbers P+Pyr--+sP;

which specify the number of integration increments between solu-

tion points for the sub-intcrvals S;, respectively.

NT: Integer. The total number t of solution points on S.

Note that the number of sub-intervals j does not appear in the
parameter list at all., Of course if j=i, then NN,H, and NP nced
not be dimensioned in the calling program,

None of the interval and spacing parameters A,NN,H,NP,NT, are
changed by ORTNRH.

This method of specifying interval and spacing is admittedly
rather complicated., However, the flexibility it affords the user
in varying step-size over the region as well as in specifying output,
or solutiocn, points, is quite useful for research purposes. The
latter is especially valuable in the extension of this method to

non-lincar problems. .

I11. Orthonormalization
.TEST,C,NX

As discussed in the reference, an orthonormalization of the form

Z(x) = Y(x)P,
1 k
where Y(x} = [y o0y ]
P is a k x k matrix
1 ) 3
2(x) = [z ,....2]

i3 . .
(z'.2%) = §;, 058k, 15k,



is pérformod whenever the solution vectors yo,yl,...,yk neet sone
criterion to be specified. The two types of test considered here |
are

1} the magnitude test

Reorthonormalization is performed whenever |yi(x)|>c for

some 1=0,1,2,...,k FKhore C 1is a specified constant > O.

2) the angle test

Reorthonormalization is performed whenever

(yi .yj )

(ohyh i, ph ¥

57.3 cos™! |

72 |<C, 9<i<k, 0<j<k, i#}

where C 1is an angle spocified in degrees,

In this program, the solution vectors yo,yl,...,yk are tested
at all points vherc they are computed, whether at '"solution points"
or points between the solution points.

The user also has the options of

1) reorthon ormalizing at every point

2) not reorthonormalizing at all

3} always reorthonormalizing at the last point (x=b)

TEST: Integer.Flag for orthanor-alization test as follows:

TEST

0, no test (see below under Iteration)

= +1, magnitude test, always orthonormalize at last point (b)
= -1, magnitude test

= 42, angle test, always orthonormalize at last point (b}

= -2, angle test



o

Real array dimensioned (J). For J, see preceding section,
Interval and Spacing. The orthonormalization criteriom,
either magnitude (for TEST = +1) or angle (for TEST = +2), C
nay also be set so as to either force orthonormalization at
every point, or suppress orthonormalization. See chart below.
The orthonormalization criteria can be varied for each sub-
interval Si' (The type of test made, as specified by

TEST, is fixed for the whole interval S, however.) Thus C

is actually the set of criteria C1'C2""’Cj to be used on
the sub-intervals Si’ respectively. Of course, as for NN,
H, and NP, if j=1 C neced not be dimensioned in the calling
progran,

Mag. test | Angle test
TEST = 1 | TEST = + 2

Test ftor
re-orth. 0. < C 0<C <90

Re-orth. at

every point C=0. 90. < C
Do not
re-orth. at all] C < 0. C <0.

Note that the do-not-re-orthonormalize option allows ORTNRM to

be used as a straight method-of-superposition backagc without refer-

ence to orthonormalization.

NX:

Integer. The maximum number of re-orthonormalizations for
which space has been allocated. (see below under Storage Space.)

It is possible to have as many as
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orthonormalizations.

None of the parameters TEST, C, NX, arc changed by ORTNRM.

IV, Qutput options

NPOI, NPO2, ALT

The user may be interested in the following types of output
from ORTNRM:

1) print-out of intormediate vectors. That is, the particu-

lar vector and base vectors (yO[x), yltx),...,yk(xl), and, if
orthonommalization occurred at x, the particular and base vectors
(zo(x),zl(x),...,zk(x)J resulting after orthonormalization,

2) availability of the solution vector u(x) at the specified
solution points to the calling program.

This may be stored, without print-out, for use in later computa-
tions. (Sec below under Storage Space.)

3) print-out of the solution vector at specified solution
points.

In research work, it is often of interest to compare results
obtained using a method being investigated with known Mexact values',
or with values obtaingd using another method. For this reason, the
option of printing alternate values of the solution u(x), obtained

independently of ORTNRM, along with the values computed by ORTNRM,

is provided.
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NPOl: integer, Flag for the print-out of intermodiate vectors,

NPO1

u

]

0, omit intermediate vector print-out

I, print intermediate vectors at the initial point (a),

last point (b), and at all points where orthonormalization

has occurred.

2, print intermediate vectors at all points where ortho-

normalization has occurrcd and at 2ll sclutionr points.

When intermediate vectors are printed, the y-vectors are always

given, the z-vectors are given whencver orthonormalization has

occurred at the point in question.

NPO2:

Integer. Flag for the output of solution vector u(x).

NPOZ = 0, solution vector u(x] is not generated. This option

is useful mainly in iterative processes, when perhaps
only u(b) 1is of interest for intermcdiate iterations.
When this option is exercised, the subroutine may be
re-entered subsequently to obtain u{x}. See below

under Alternate Entry.

+ 1, solution vector u(x) gencrated and stored (sce below

under Storage Space) but not printcd, Ihen this option
is exercised, the subroutine may be entered subsequently

to obtain printout. See below under Alternate Entry.

+ 2, solutijon vector u(x) gcenerated, stored, and printed.

+ 3, solution vector u{x) generated, stored, and printed

along with an alternate solution vector uA(x] printed

at the same solution points. This alternate solution
vector is generated by a user-coded subroutine. See ALT
below. The differences between the values computed by

ORTNRM and the alternate values are also printed.
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The sign of NPQ2 serves as a solution-iormalization flag for
the case of a homogeneous system. Recall that when

£f=0,C =0,C_=0
2

1
the system is homogeneous and tho solution u is determined only
to within a constant multiplier. If NPO2 is set ncgative, the
solution u is normalized according to the convention that the

first non-zero component of u(a) is made equal to 1. (If u(a)=0,

of course, then u(x)=0 for all x.) If the conditions
£ =0 and C1 =0
do not hold, a minus sign on NPOZ will be ignored. However, ORTNRM
does not check for the third necessary condition for a homogeneous
system, namely
C2 = 0.

ALT: Name of subroutine for computing an alternate selution

UA(X).

To be called by a statement of the form

CALL ALT(X,UA) with:
X: Real. Value of dependent variabl- x.
UA: Real array dimensioned (N). Values of altermate
solution uA(x).
The subroutine must compute uA(x), given x, and storc values
in UA. This subroutine is called only if NPOZ is set to * 3. 1f
NPO2 is not set to *+ 3, a dummy name may be used for ALT in the CALL

ORTNRM statement.
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Neither of the parametors specifying output, NPOl or NPO2, are

changed by ORTNRM,

V. Error flag
NERR

There is only one error condition to be flagged. This is the
case when not enough space has been allocated for storage of
re-crtlhionomsalization parumeters, In other words, the case in which
NX is too small,

NERR: Integer variable. If there has been no error, NERR will
have been set to 0 on return from ORTNRM. If the above error condi-
tion exists, NERR is set to 1 on return from ORTNRM. In case of
error, a note is ailso printed giving details.

The user must include the names for DER, CO, and, if the
alternate solution option is used, ALT in an EXTERNAL statement in

the calling program.

Storage Space
The user must allocate working storage space for use by ORTNRM,
This is done via the labeled COMMON block /SCRATCH/., The ORTNRM

package will use the first L locations of /SCRATCH/, where
L = (NT+6)*N*4 + (3*K+K*(K-1)}/2+1)*NX +« K + NT + 1

and the other variables arc as in the CALL ORTNRM statement. (For
homogoncous systems, L is actually less than the above, by K*NX

locations.)
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Upon return from ORTNRM, the first (N,NT) locations of /SCRATCH/
will contain the solution u(x), provided solution generation has
been requested. Thus, the full solution u{x), as evaluated at the
NT solution points, becomes available to the calling program. For
example, suppose

N=4,MM=3, K22, NT =11, NX = 25,

The user might include the following statement in the calling program:

COMMON /SCRATCH/ U (4,11}, S(374)

Auxilliary COMMON Blocks

ORTNRM uses, in addition to /SCRATCH/, COMMON blocks naned
/KKKK/ and /MMMM/,

ORTNRM does not use blank COMMON.

Alternate Entry

ORTNRM may be re-entered to effect solution generation or
solution print-out where this has been temporarily suppressed via
the flag NPOZ as described above.

1) To resume processing after solution genmeration has been
suppressed (by setting NP02=0), use

CALL SOLN (...)

2) To resume processing after solution print-out has been

suppressed (by setting NPO2=+1}, use

CALL PRM (...)
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The argument lists for SOLN and PRM are exactly the same as
that for ORTNRM, except that the value of NPO2 must be changed.
For CALL SOLN, NPO2 must be *1, +2, or +3.

For CALL PRM, NPO2Z must be +Z or +3,

Iteration

In certain iterative procos§es, it may be necessary to establish
a set of orthonormalizing transformations on a first pass, and then
use the same transformations at the same points on subsequent passes.
(On these subsequent passes, the transformations may not actually
affect strict orthonormalizationy however, this may be desirable
for purposes of keeping all iterations uniform.) This can be
accomplished via the parameter TEST. If TEST is set to 0, trans-
formations as cstablished on a previous pass and stored in COMMON
block /SCRATCH/ will be used. In this case, testing against
orthonormalization criteria, as well as computation of new ortho-

noxmalizing transformation coefficients, will be omitted.

Backward Integration

Gencrated solutions will be stored and pripted in the direc-
tion of increasing x, regardless of whether a<b or be<a. This
is done for the following rcasons:

ORTNRM is primarily useful for problems in which there is some
numerical instability. In problems of this type, the instability

may often exist for onme direction of integration but not for the

\



other. Generating the solution always in the same direction
facilitates comparison when the user wants to try solving a prob-
lem in both directions.

Another application of ORTNRM is in the area of unstable

initial-value problems. Such problems can be worked backwards as

boundary-value problems, 1In this case too it is convenient to have

the solution stored and printed in the "forward" direction.

Deck Set-up

The ORTNRM package consists of the following subroutines:

ORTNRM
ORTSUB
RUNKUT
NUGO

ARRAY

RND

FLIP

BLOCK DATA

16.

The largest of these subroutines, ORTSUB, needs 50600, locations

8
to compile on the CBC 6500,
The package uses COMMON blocks named
/SCRATCH/ (discussed above)
/KKKK/
/vaM/
The ORTNRM package should be placed after the calling program

in the deck to allow proper loading of COMMON blocks.

Reference 1) Conte, The Numerical Solution of Linear Boundary
Value Problems, SIAM Review, Vol. 8, No. 3, July, 1966,



APPENDIX

Fortran listing of ORTNRM package



SUBROUTINE ORTNRM ORTQOO01C

C PARA (-TERS SPICIFY!iG SYSTEM CF EUGUATIUONS ORTCCL2¢C
1 ( Ny 179 Ko Yy LERs CO» ORTCCC3C
C PARZ. ;STERS TiZfFlitlers IMTERVAL A0 SPACING ORT L4l
- 2 As NIM's Hs ND, NMT, ORT""’C
C PARASETFRS SPICIFYIMS URTHDCI ALIZATION ORTHC:

3 TESTs Cs NX» ORT: (! 7(
C SPeCIFICATICN CF USERS ouTeuT ORTIGIS ORTC .. 8¢
4 MPO1s F02s ALTH ORT I ™" 9¢
C ENGOR FLAG ORTSC L
5 ERR ) : CRTOC17¢
CO." o /SCRATCHZ S(1) JKKLL Ly&lseTK ORTGC12¢
CRTERAL ZERSCOsLT CRTAG135C
MESD = L o~ TNr14"
%0 = A ORT2%15¢
VRN ORTC16¢
XA om o oX o H#ELT 4+ K1+ 1 ORTCO17C
NY = NXu 4+ MT ORTC13C
CALL ARKAY (YsZlin¥)oe') oRTaQlnC
NP S OMY B OITCC20
D = K=1)/72 ORTZ2021¢C
O S 0770221
KRAX = WX ORTI"~23C

NG = 0T 4 KENX DRT0Z40
L= N o+ NAICX o+ K oRTIe25C
RXL = NMX + 1 OITD0260
HMA = L o+ XL ORT0O0270
CALL CRTSUS {25 s (2+1)aSINXm) oS ) o500 R BIRAYsSIM ) 5SINL) CXTE0280
1 My 3Ky DT  XLoS( Y)Y s T ReCOsALTaTEST alPUY s WPL 29 F 97’ X 9N oH CXTR029C
2 N2, () oRT " {2rc
KETURN OxT 251¢
CHn ORT~Q220
SULRCUTIVE CATELL (XeZsX el CAssALPr s ETASLX i 9.9 R0 snT CKTDO33cC
1 KXY DFRIVICO T TS5 ZXACT 00D 2.xPCT Y P32 5.0 Eevs X, sl oaHa MNP sA) ORTCO24(
SImESTul, 20" s (2 TYysX 'l Tyl EGAIKS X)ssf&R, XY s ALPHA KR o!I'X ) s CRT{CE6C
1 BFTRALEI9uX) aY U 5..96)aN2{C0)»,  D(2) oYY {2)aXE{2)LX(NX) CRTOC 2R
2 *WN{1YeHA(YL) s P(1LY ALY} ORTI037¢
DT SISION FUTLGE) > 7 (2)sFE (G s 1h L (H) ORT 035
EQUIVALSWCE (HO12)9N2) GRTGCH9C
THTIGER PaluS:Ta oV CRTN2445¢
LOGICAL HC. .o 562y ST aLASTSEMDPTHLLAST K ORTCO4&1¢
1 sOLRCG» 1 GCTET e 0PD ORTOC&L2!
:OU L= PQ{EESIJ? Vel ORYCC 43¢
XTF\VDL SERIV CRTOCH 4
ATA HO(L) N2 IRV sIHY 91720101088 9 Y HS 3 1HEG s TH7 9 1M Dy 1HT 32810, 7H1Yy ORT 745/
R 1 2H12s?'13.2H’ﬁ-3H13,?F1A,2m175rn1*sknl,;ZHL 2221 4,2H2242H23, dHT?C4&
1 ZFi2é 42 A e ZH2 L 207 ,?"'- “u.,,/-'f.;up._ ol szHE 2,{.HJJ’2I 5492H5J, O.?T:‘(lr'{
L ZICa2HE 1928 20120 a7144C 7 s ORTOC&3:
- 2 YY9X5 /INYs1HZs1hmXa 114 / CRTOC4S:
LaTr FrTCLl) el sT 04 ) 546 5SP6 /510155 /s Dnas(12Xs CRTICSCH
i EH;{lHV 2. Ks 9H/LALI2.X /» SRTACD I

ET{6) 72¢)) /7, Yol

1 "“TG FOHTYI25684, »2HF12X 7, 8,}3ch?2§
2 LS /60 ClRea8lR2E3008,%003C12,° 4,5 AFLL . 393D 1%y £HAT18:07, OR¥“(5&(
3 ETO/1CH(1GD TN AL, 1ty 12X €0Als 1oity A2, 15X), ORTNC55¢
c & 1R Z(1HG 2.Xy 1010 Bta 1 A2557) 15X}1Y) 7/ OKTCCH6¢C
: orecs e
- ORTD059¢C

|
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10

13

15
17

19

K = 2

HOM = KRoEQ-M
IF (HCM) K = 1
Kl = K + 1

KM1 K

NORXS =
U =
vV =
IN =

IL =

MORE KReGTo1

LAST ND<GT.0

OLDCO = NDOEOBO

MAGTST = [ABS{ND)+«EG,1 «OR. .NOT-MORE
P =0

-1
O

=B

T

i uZ

NTC =1
XN(1) = X
NNC = O
NPLP = 1
NHMLP = 1
GO TO 17
START INTEGRATION LOOP
NNC = NNC + 1
NPLP = NNINNC)
NHLP = NPINNC)
DX = HI(NNC)*FLOAT (NHLP)
NTC = NTC + NPLP
NF = 0
IF (A(NNC).GE:0.) GO TO 13
NF = -1
GG TO 17
IF (MAGTST) GO TO 15

C = COSTAINNCYI/ST.3)

IF (AINNC).GE.%0.) NF = 1

GO T0O 17

A2 = A(NNC)#*%2

IF [A(NNC)-EQeQ:<) NF = ]

DO 301 NPC = 1,NPLP

LASTBK = NPC.EQ.NPLP ANDo NTC.EQ.NT
XNfU+l) = XN(W) + DX

DO 301 NHC = 1,NHLP

P =P + 1

NOPQO = NHC. LT NHLP

IF {(P.EQ.1) GO TO 200

ENDPT = LASTBK -AND. oNOT.NOPO

CALL RUNKUT {XsYsY{1s192) sNXM9aH{NNC) +DERTIV)

U=uU=+1

BRANCH ON ORTHONORMALIZATION

IF (OLDCO} IF (P=LX(V)}) 55,70,55
IF (NF) 55,19,100
IF (ENDPT .AND. LAST) GO TO 100

TEST FOR ORTHOGONALITY OR MAGNITUDE

ORT0060C
ORTO061C
ORT0062C
ORTO0630
QRTO0& 10
ORT006 G
ORT0066C
ORTO067C
ORTGI680
ORT006?C
ORTQ07¢"
ORTOQ71C
ORT00720
ORT00730
ORTQQ74¢
ORT0Q075¢C
ORTQ07€&C
ORTCO?770
ORT0QQ780C
ORTO0790
ORT00B00
ORT00810
ORT00820
ORT00830
ORT00840
ORT00850
ORT00860
ORT00870
ORT00880
ORT00890
ORT00900
ORT(QQ910
ORTO0920
ORT00930
ORT00940
ORTO0952
ORTO034C
ORTCO97C
ORTQO0980
ORT00990
ORT01009
ORTO1010
ORTO1C20
ORT3O1C30
ORT{1240
ORTQ10Q59
ORTQO1060
ORT01070
CRT01080
ORTO1090
ORTO1100
ORTO1110
ORT01120
ORT01130
ORTQ11490
ORTO1150
ORTQO1160
ORT01170
ORT0118¢0
ORT01190



20

30

40

45

50
52
54

OONO

55
57

60

65

a¥alaNe

70

DO 30 l.= 1M

IF {MAGTST)Y MM = 1

0O 3C J = I,MM

E = Q.

DO 20 L = 1N

E = E + Y{(LsIsl}¥Y(LyJsl)
Y(IeJs5) = E

IF {EoGTG)Y G = E

IF (MAGTST) GO TO 52

DO 40 [ = 1M

DO 40 J = 1I-M

Y{[+J35) = Y(IsJ35)/G

T =2

ML = M - 1

DO 45 1 = 1,M1

L=1+1

DO 45 J = LM ,

IF (Y{12J55)%%2 GT. C##2x%Y(I,I,5)%Y(J,J,5)}) GO TO 50
T =0

IF (T) 100,555,100
DO 54 1 = 1M
IF (Y{I>I»5):GT.A2) GO TO 100

NO RE-ORTHONORMALIZATION

IF (NOPD) GO TO 65
DC 60 I = 1,M
DO 60 U = 15N

20Jds5T5U) = Y(JsIsl}

IS PRINT~OQUT INDICATED
REG = s TRUE ¢
IF {(NPD1.GT.D .AND. ( ENDPT
IF {NPO1l - 2) 300,220,300

OR. P.EQ.1)) GO TO 222

RE-ORTHONORMAL LZATION USING OLD COEFFICIENTS

CHECK FOR SUFFICIENCY OF STORAGE
I[F (VJLTNX) GO TO 74
WRITE (6571)

ORTQ120(
ORTO121C
ORTO122¢
ORT0123:
ORTOQL. €
ORTQLZ5¢C
ORTO" 26(
ORTO127¢
ORTS1, 3¢
ORTO1Z37
ORTO134C
ORTO131¢
ORTOl32¢
ORTQ133(
ORTO134(
ORTO135¢
ORTO136(
ORTO137¢
ORTO138:
ORTOL332,
ORTO14O
ORTOL141¢(
ORTOL42(
ORTO143(
ORTO144(
ORTO145¢
ORTO146¢
ORTQOL47¢
ORTO148:¢
ORTO149¢
ORTOL50¢
ORTO151¢
ORTO152¢
ORTO153:
ORTO154
QRTO155
ORTC153-
ORTQ157
ORTDN133

71 FORMAT (95HOINSUFFICIENT STORAGE FOR ORTHONORMALIZATION PARAMEVERSORT(Q159
1 DISCOVERED DURING #TTEMPTED COMPUTATION / 78H WITH PREVIQUSLY DETORTOL60

2ERMINED PARAMETERS. ERROR RETURN TO CALLING PROGRAM GIVEN. / ORTO161¢

3 32H SOLUTION GENERATION SUPPRESSED. ) ORTO162:
NERR = 1 ORTO163¢
RETURN ORTO164(

. ORTHOGONAL 1 ZATION ORTOL65¢
74 DO 80 Q = 1N ' ORTO166¢
L =0 ORTO167¢

DO 80 I = KoM ORTO168¢
Z(QalslU) = Y{Qsy1ls1l) QRTQ169¢

IF (1.EQ.K) GO TO 80 ORTO170¢

il =1-1 CRT0171¢C

DO 75 J = Kall ORTO172¢
L= Lo+ 1 ORTO173(

75 Z{QslsU) = Z(QsIpU) = OMEGA{L>V)*Y(QsJsl) ORTO174¢
80 CONTINUE GRTO175¢
NORMALIZATION ORTO176¢(

DO 85 I = KaM ORTO177¢

IR =1 - KMl ORTQ178(

DC 85 J = 1N ORTOL 7%

_________________—.'-



65

9

luo

105

1ly

12¢

125

130
140

15J

155
160

165

15—

Z(JsIsU) = RUIRSVI®*Z(J,15U}

BRANCH ON HOMOGENEITY
TF (HOM) GO TO 190
GO TO 183

RE~ORTHONORMAL IZATION WITH NEwW COEFFICIENTS

IF (V.NE.NX) GO TO 105
NORXS = NORXS + 1

v =1
IN = U
LX(v) = P ‘
FIRST VECTOR AND MOD##2
E = 0o

DO 110 I = 1,N
E = E + Y(IsKs1)%#2
20T 4Ks) = Y(I3Ks1)
R{ilsVv) = 14./E
EEGIN MAJOR ORTHONORMALIZATIQN LOOP
IF [oNOT«MORE) GO TO 165

L =0

DO 160 1 = Kl
11 =1 -1

LG = L

BEGIN LOOP TO DETERMINE OMEGAS
DO 140 J = K411
L L+ 1

OBTAIN FIRST TERM OF EXPRESSION FOR OMEGA (IN Do

O = Cu

DO 120 G = 14N

D =0 + Y(Q>1s2)}#Z2(QaJsU}
J —- KM1

D¥R{IR V)

A
1 a

COMPUTE SUBSEQUENT TERMS IN OMEGA IF NECESSARY

S5 =J+ 1

[F {S.GT.11) GO TO 140

DO 130 @ = S,11

D = Oo

DO 125 T = 1N

D =0 4+ Y(TsIs1)#2{T5Q5U)

[R = @ - KM1
IW = (IR=-2)%[IR-1}/2 + J — KM}
DG = DG — D*R(IRsV)*OMEGA( IWsV)
OMEGA(LsV) = DG
END OF OMEGA LCOP
ORTHOGOMALIZATICON
DO 150 G = 1,N
L = LU
Z1Q,1,u) Y{Q,Is1}
NO 150 J = K,11
L =L + 12
Z{QsI>U) = Z(QsIsU) = OMEGA(LV)I*Y(QsJs1)
IR = T - KM1
E = 0.

DO 155 @ = 1N

E = E + 21Qs1 4152

R{IRsV) = 1./E
END MAJOR ORTHONORMALTZATION LOOP
NORMALIZATION

DO 170 [ = K4M

ORT0180¢
ORTQLB1(C
ORTQ182¢C
ORT01873¢(
ORTOL¢ ¢
ORTQ1EN(
ORTO1 56(
ORTOLlE 7¢
ORT(L . "H(
ORTOYAU(
ORT019(C(
ORTO0191¢C
ORT0192¢C
ORTQ193¢
ORTO194¢
ORTOQ195¢
ORTQLl36
CRTQLS™
ORTC158
ORTOLS?
CRTO200
ORT0201
CRT0202
QRTCZO A
ORTQ2Cq
ORTO205
ORTQ206i

P-YORT0OZ207¢

ORTQ208(
ORT02091
ORT0210¢
ORTC211¢
ORT0Z212¢

(IN DORTO213¢

ORTO2 14
ORTO21%5¢
ORTO216(
CRTO217¢
ORT0218(
ORTO021%¢
ORT02:20¢
ORTO221(
ORT0223¢C
ORTOZ 2 2¢
QRTQZI(
ORTOZ25¢
ORT0226¢(
ORT0227(
ORT0228¢C
ORT0229¢
0RT0230C
ORT0231C
ORT0232¢C
ORT0233¢(C
ORT0234C
ORT0235C
ORT0236C
ORT0237C
ORT0238(C
ORT0239¢



170

175
180

183

185

190

lakaXa¥a

200

205

21C

220
222

225

230
240

-

IR =1 -
R{IRsV)

DO 170 J
Z(Jy1sU)

IF (HOM)
DO 1806 I
D = 0.

DO 175 J

KMl

= SART(R({IRSVY)

1-N
R{IRSVI*¥Z(J)»I V)
CALCULATE ALPHAS (IN Do P!}
GO TO 190
= 2oM

= 1N

D =D + Y(Jolnl)*Z(JsI'U)
ALPHA{I-1»v) = D

DO 185 J
2(Js150)
DO 185 1
2{(Jy1>V)

ORTHOGONAL IZE PARTICULAR SOLUTION
1,N
Y{Jsls1)
2 M
Z{JalsU) ~ ALPHAI[I~1,VI¥*Z(JsI,U)
IS PRINT~-QUT INDICATED

u u o n

REG = LFALSE,

V=V 4+ 1

IF (NPOL)Y 222+29Q0,222

IF (NPOl.

NK = 2 -
NBK
NXS
HED(4) =

i«

IF (M.EQ.6) HWED(4) = SP6

(M=
M - 6% (NBK~-1)

PRINT-OUT OF VECTORS

FIRST POINT ~ SET UP LIMITS - PRINT HEADING
€EQ,0) GO TO 57
K
1)/6 + 1

H6

WRITE (6,205)
FORMAT (7H1ORTNRM 42X 20HINTERMEDIATE VECTORS)

DO 210 1

= 182

WRITE (&6 HED) XBU1)2(YYUI)sNZIT)»T=NKoKR)

G0 70O 57

IF (NOPO)

J = =5
FMT (2}
FMT{3)
FMY{5)
DO 240 1|
J
L

Nnonow

n ¢

FMT(3) =
FMT(5) =
L=M

IF {(I.NE.

J+ 6
J+ 5
IF (I.NE.

PRINT Y-VECTORS
GO TO 300

BEG( 1}
EE(6)
EEL6)
= 1sNBK

NBK) GO TO 225
EE(NXS)
EE(NXS)

1) GO TO 230

WRITE (6sFMT) Xo((Y(S,Tol)sT=Jsl)sS5=1,N)

FMT{2) =

GO 10 240

BEG(2)

WRITE(EsFMT) ((Y(SsTsl)sT=Jsl}»5=1,N)

CONTINUE
IF (REG)

J = -6
FMT (3}
FMT(5)
DO 25v

-l

GG TO 3400
PRINT 2-VECTORS

EE(6)
EE(6)
= 1,N8K

ORT0240¢(
ORTO0241(¢
ORT0242¢
ORT02¢ '¢
ORTO2¢& 4(
ORT02 -5
ORTO246(
ORT(C247C
ORT0248(
ORTQ24%;
ORT025C(C
ORTQ251C
ORT0252C
ORT0253C
ORT02Z25%(C
ORTQ255¢C
ORTD256(C
ORT0257C
ORT0258C
ORT0259C
ORT0260C
ORT0Z61C
ORT0262C
ORT0263C
ORT0264L
PDRT0265C
ORTQ266(C
ORTQ267C
ORT0268C
ORT0269¢
ORT0Q27G.
ORTQ271C
ORTQ272%
ORTQ2732
ORT0272¢
ORTQ275¢(
ORTQ276C
ORT0277C
ORTQ278C
ORTO279C
ORTQ28CC
CRTQ281C
ORT226::
QRATSIIZS
OQRTOZ84C
ORY0285¢C
ORT(02860
ORT02870
ORT02880
ORT02890
ORT02900
0RT(Q291¢
ORT02920
ORT02930
ORT02940
ORT02950
ORTO296"
ORTO2970
ORYT02980
ORT0299¢C



J=J 4+ 6 ORTO300¢
L=Ja+5 ORTO301¢(

IF (I.NE«NBK) GO TO 250 ORTQ302¢
FMT(3) = EEI(NXS) ORTO3IN3(
FMT(5) = EE(NXS) ORTO3 ¢ iC

L =M . ORTQO3('5¢C

250 WRITE (6»FMT) ((Z(SsTsUlsT=JdsL) s5=14N} ORTO>06¢(
OR1M307¢

RE~INITIALIZE ORTQz 4¢

ORTQ03G(

290 DO 295 I = 1.M ORT0310(
DO 295 J = 1N ORTQ31:C

295 Y(Jslsl) = Z{Jr1,yU) ORT0312¢
CALL NUGO ORTQ313¢

C ORT0314(
390 IF (NOPO) U = U = 1 ORT0O315¢
3C1 CONTINUE ORT0316¢C
IF (NTC.LT.NT) GO TO 10 ORTO0317¢

LX{V) = P + 1 ORTQ318¢

CALL NUGOD CRT0319¢

C ORT2320¢
C END INTEGRATION LOOP QRTO0321¢
C ORTQ322¢
C CHECK FOR ERROR = INSUFFICIENT COEFFICIENT STORAORTO3273¢
C : ORT(0324(
IF {NORXS.EQR.0) GO TO 205 ORTQ325¢

NERR = 1 ORT0326¢(

X1 = NX - 1 ORT(327¢

NEED = NXI1#NORXS + V - 1 ORT0328¢

WRITE (6+302) NEEDsNX1 ORT0329¢(

302 FORMAT (7H10RTNRM // 75H INSUFFICIENT STORAGE HAS BEEN ALLOGATED FORT0330(
10R ORTHONORMALIZATICN PARAMETERS. / 10X 14, 14H BLOCKS NEEDED / ORT0331¢

2 10X I4s 17H BLOCKS ALLOCATED /7 : ORT0332¢

1 631 THE SOLUTION GENERATED WILL BE INCOMPLETE.) ORT0333¢(

305 IF (MPO2.EQ.0) RETURN ORT0334¢(

< ORTO335¢
z CALCULATE BETAS AT END POINT ORT0336¢
- ORTO337¢(
ENTRY SOLN ORTQ338¢

IF {HOM) CALL COEFFS (Z(1s1sNT)sBETA(ISV)) ORT03:9¢

IF {oNOT: HOM) CALL COEFFS (Z(1s1sNT)+Z2(1s2sNT)sBETA{IsV]) ORTO240C
ORTO341C

: CALTULATE INTERMEDIATE BETAS ORT0342C
: ORTQ3%3C
Q =V ORTO34%]

308 IF (Q.FQ.1) GO TO 340 ORTQ3IL3C

S =0 -1 ORT(C348¢

DO 310 1 = 1,KR ORTO34 7L

E = BETA(],Q) ORTQO348¢

. IF («NOT. HOM) E = E = ALPHA(I.S) ORT0349C
320 Y(Islsl) = R{I,S)*E ORT0350C
KO = 1 ORT0351¢C

DO 335 I = 1,KR ORT0352¢C
BETAI1,S) = Y{Is1l,1) ORT0353C

IF (1.EQ.KR) GO TO 335 ORT0354C

KO = KO + 1 ORT0355¢C

DO 330 K = KO,KR ORTQ3546C

L = (K-l)®¥(K-21/2 + 1 ORT0357C

330 BETA(I,S5) = BETA(IsS) ~ OMEGA(L,S)#Y(Kyl,sl) ORT0358(
335 CONTINUE ORT0359¢

- —



a¥aka

342

346

350

355
360

365

370
280

- 383
384

386

Q=5
GO TO 308

REVERSE ARRAYS IF INTEGRATION WAS BACKWARDS

IF {H{1).GT.0,) GO TO 350
CALL FLIP (XNsNT51)

DO 342 1 = 1,M

DO 342 J = 1N

CALL FLIP (2(JsIls1)sNT4NXM)
IF (V.EQ.1} GO TO 350

DO 346 I = 1,KR

CALL FLIP ({BETA{I,1);:V,KR}

J=v ~1

P =P + 2

DO 348 I = 1,J
LX{I) = P - LX(1)

CALL FLIP (LXsJs1l)
IF [NORXS-EQ.0) GO TO 350

IL = NT - IN + 1
IN = 1

NORMALIZATION FOR HOMOGEREOUS SYSTEM
G = 1.

IF {oNOT. HOM .OR. NPC2,GT.0}) GO TO 37¢C
DO 36U I = 1,.N

G = 0.

DO 355 J = 1M

G = G + BETA(Js1)%2(1,5J51)

IF (GoNE.O.) GO TO 365

G 1.

G 1./G

COMP. ANDC PRINT LQOP

REG = .FALSE.
NPA2 = 1ABS(NPO2)

NPG = O

NBK = 56/ (N+1)
NC = 0O

Q =0

v =1

MORE = Nu«GTeKR
KR1 = KR + 1

P =1

NNC = 1

NPC = 0

IF (IN-EQsl) GC TO 388
U =1

GO TO 334

NNC = NNC + 1

NPLP = NN(NNC)

DC 386 NPC = 1,NPLP
NP INNC)

1
EIN) GO TO 388

CALCULATLE SOLUTIONS

ORT0360¢
ORT0361¢(
ORTO0362¢
ORTO3¢ 3¢
ORTQ36 4C
ORTO3¢5(
ORTQ366(
ORT(367C
ORT0O368¢
ORTQ36¢
ORTO370C
ORTQ371¢C
ORTO372¢(
ORT0373¢C
ORTO0374C
ORTQ375¢C
CRTO376¢
ORTO377cC
ORTQ37&C
ORT0374¢C
ORTQO380¢
ORTO0381c¢
ORT0382(C
ORT03833C
ORT0384(C
ORT0385¢
ORT03856¢C
ORTQ387C
ORT0388¢C
ORT0389¢C
ORTQ390.
ORT0391C
ORT0392C
ORT0393¢
ORT0354C
ORT03G5C
ORT0396C
ORTO3¢ 7.
ORT03%22C¢
ORTO3¢ 3¢
ORTQ4C QS
ORTO4( 1]
ORT0402¢
ORTO4Q3C
ORTC4C<C
ORYCL O3S
ORT(C&4QE
ORT04C7C
ORT040Q3C
ORTQO4QSC
ORT0410C
ORTO411C
ORT0412¢C
ORT0413C
ORTQ414C
ORT0415C
OET0416C



ORTQ420C

388 DO 600 I = [NsIL ORTQ421C
290 IF {(LX{V}-GT.P) GO TO 400 ORTO422C
vV =V 4+ 1 QRTQ4Z~(

GO TO 39U ORTQ42 .C

400 IF {(REG) GO TO 610 ORTQ425C
IF {(HOM} GO TO 420 QRTQ426C

00 410 J = 14N . ORTO427C
Y{Jslrl) = Z(J>1s1) ORTO43C

. DO 410 K = 24M ORT0429"
10 Y(Jylsl) = Y(Jslsl) + BETA(K=1,Vv)*¥Z{JsK,1) ORT0430C
GO TC 440 , ORTO431C

620 DO 430 J = 1M QORTO0432C
: Y{Jslsl) = 0o ORT0433¢Q
DG 425 K = 1M ORTQ434C

425 YtJsl»r»l) = YIJslsl) + BETAIKsVI®Z(JIKs]) ORTOQ4325C
430 Y(Jsl»1) = G*Y{Jsl>rl) ORTO436(
440 IF {(NPC.LT.NN(NNC)) GO TO 445 ORTQ437C
NNC = NNC + 1 ORTQ438¢C

NPC = 0O ORTO43%90

445 NPC = NPC + 1 ORT0440C
P = P + NP{NNC) ORTQO441C

‘ ORTO442C

PAGE HEADING QRTQ&£3C

ORTO%444C

IF (NPA2.EQ.1) GO TC 580 ORT0&450

NC = NC + 1 ORT04460

IF {MODINCsNBK)NEsl) GC TO 480 ORTO04470Q

NPG = NPG + 1 ORT04480
WRITE (6,450} NPG ORTO449C

450 FORMAT (7HIORTNRM 10X 14HSOQLUTION (PAGE I3, 1lHI} ) ORTQ045QC
IF (NPA2:EQ:2) WRITE (6+460) ORT04510

IF {(NPA2-GE-3) WRITE (65470} ORTO45¢<.

460 FORMAT(IHOT7X1IHX11X 4HBETA 16X 1HU} ORT04S3C
475 FORMAT(1HO7X1HX11X 4HBETA 16X 1HU 13X 9HU COMPARE 9X 4HDIFF ) ORTO454C
ORT0455¢C

PRINT SOLUTIONS ORTO&56C

ORT04570

480 IF (NPA2.GE-3) GO TO 520 ORTO458"
WRITE (69490) XN{TI)»(BETA{(JsV)sY(Jsls1l)sJ=1sKR) ORTQ4590

490 FORMAT (1HOFll.4s 2E18.8 / (E30.8s E18.8} ) ORT04600
IF (MORE) WRITE (63»500) (Y(Js1lsl)sJ=KR1sN) ORTO461C

500 FORMAT (30X E18.8) ORTQO&62C
If {REG! GO TO 600 ORTQ&463Q

GO TO 580 ORTQ4640

520 CALL EXACT IXN(I}sY(lyls2)) ORT04650
DO 530 J = 1sN ORTO466¢C

530 Y(Js1s3) = Y(Jslel) = ¥Y{Jaly2} ORTO467VL
WRITE (63540) XN(I}»(BETAIJyV)Ia{Y(Jslsl)sL=193)sJ=1,KR} ORT04680
540 FORMAT (1HOF1l.4, 3E18.8s F13,3 7/ {E30.8, 2E18.8s E13,3) } CRTQ469Q
IF (MORE! WRITE {(6-550) {((Y{JslsL)st=153)sJ=KR1sN) ORTO04700

550 FORMAT (30X 2E18,8; E13.3) ORTO4710
3 IF (REG) GO TO 600 ORT0472C
* ORT04730
STORE SOLUTIONS ORT04740

ORT04750

580 DO 59U J = 1N ORT04760
Q= Q +« 1 ORTO47 7.

590 Z{0s1s1) = Y(Jslsl) ORTO4780
600 CONTINUE ORY0479C
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610

620

10

20

30

40

50

60
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RETURN
PRINT-ONLY SECTION

ENTRY PRM

REG = 4TRUE.

GO TO 380

DO 620 T = 1N

G =0+1

Y{Ts151) = 2{Qs1ls1)
GO TO 440

END

SUBROUTINE RUNKUT (XsYsDsNsH+DERIV)
OIMENSTION Y(N)sDINsS)4E(2}
COMMON /MMMM/ MID

DOUBLE PRECISION xDP3H2,EDP
LOGICAL MID

EQUIVALENCE (EDPsE)

H2 = U.5%DBLE(H)

H6 = H/6.

[F {(MID) GO TQ 20

0O 10 1 = 1N

EDP = Y(1])

D(I,1) = E{(1)

DIIs2) = E(2)

MID ¢ TRUE»

XDoP X

CALL DERIV (XaYsDI{1log))

DO 30 1 = 15N

D{Is3) = Y{I) + SNGL{HZ)#D({I]3+4)
XDP = XDP + H?2

CALL DERIV (SNGLIXDPYsD(1,3)sD(195))
DO 40 1 = 1N

D(Is4) = Dilsk) + 2.4#D(1s5)
DiIs3) = Y(I) + SNGL{HZ2)Y#*D(1:5)
CALL DERIV (SNGL(XDP)sD(1:3)sD{(1s5))
DO 50 1 = 1N

D(Is4) = DUIlsg) + 2.%D{I1425)
YD) = YU(I) + H%DI(I,5}

XDP = XDP + H2

X = RNDU(XDP)

CALL DERIV (XsY>»D(155))

DO 60 I = 1N

won

D{ls&4) = D(Is&d) + D{(145)
E(1) = B(Is1)
E(2) = 0(1,2)

EDP = EDP + H&%D(Iv4)
DiI»1) = E{1)

D(I,2) = E(2)
Y{I) = RND(EDP)
RETURN

END

SUBROUTINE NUGO
COMMON /MMMM/ M1D

LOGICAL MID
MID = FALSE.
RETURN

END

ORTQ480¢
ORTO&H1¢

ORTO4E 210
ORTQ4H13.
ORTO4. it
ORTO4 - 5¢
ORTO/NB6¢
ORTN48 7
ORTO4 16t
ORTO0489
ORTQ&9
ORTO49 1t
ORTQ492"

ORTQ&493¢(
ORTO0494¢(
ORTO495¢
ORTQ496(
ORTO49 7«
ORTO4 A,
QRTO= 2%,
ORTG202.
QRTO501.
QRT0502.
ORTO0503¢
ORT0504¢
ORTO505.
ORTQO506i
ORTO0S507!
ORT0508
ORT0O509
CORTCS1C
ORT(C511
ORTD512
ORT0513
ORTO514
ORTQ515
ORTO051é
ORTQE17
ORTQ513
ORTCS19
ORT0D520
ORTQ521.
ORT0S22:¢
QORT(523
ORTO5 24t
ORT0525¢
ORTO526¢
OBTO52W
ORT0OS528t
ORT0529¢
ORTO530¢
QRT0531¢
ORT0532¢

ORTO533¢
ORTO5 34

ORTQ535¢
ORTQO536¢
ORTO537!
ORT0538



10

10

FUNCTION RND (D}
DIMENSION DUt2)
EQUIVALENCE (AsJ}
RND = D

IF ( (ABS(D(2)).A.400000000QUCQUODNYB)

A = ABS{D}
J=J +1

RND = STGN{A,D}
RETURN
END

SUBROUTINE ARRAY (Ys5,N»M)

DIMENSION Y{NsM)3sS(N,M)

DO 10 1 = 1M
DO 10 J = 1sN
StJsI) = Y(Jsl)
RETURN

END

SURROUTINF FLIP (Y,N5J)
DIMENSION Y(1)

L (N/2 - 1y#4 + 1
i N¥J + 1

OO 10 I = 1sLsJ

M M- J

E Y (M)

Y(My = Y{I)

y(ly = E

RETURN

END

BLOCK DATA

won

nn

COMMON /KKKK/ LK1 3NTKsNK

LOGICAL MID

DATA K1 /Q/

DATA MID /F/
END

A-0:400300000CC000CQL

/MMMM/ MID

«EQ.

0)

RETURN

ORTQ539¢C
ORT0540C
ORTOS& I
ORTO542C
ORTO543¢
ORTDS5¢ L
ORTQ54 ¢
ORTQOS¢ 6C
ORTQO%47C
ORTC548C
ORTO543C
ORTQ55¢C~
ORTQS51C
ORT05520
ORTO0553¢C
ORTO554¢
QRT0555¢C
ORTO556¢C
ORTO557C
QRTO558¢(C
ORTO%59¢
ORTOS064(
ORTQ561¢(
ORTOS62(
ORT0563¢
ORT(564(
ORTO565¢(
ORTOS566(
ORTO567¢
ORT0568¢
ORT0569¢
ORT0570¢
ORTQ571:
ORTQS72¢
ORTO573
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