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MATHEMATICAL METHOD 

The functions which t h e  program computes are of the form 
f = f b z ,  ISas P3 * * = * 0  82, az * * e .  %) 

where the p's  are  the atomic parameters and the a's are %he uni t  c e U  parmeters,  
Each kind of f is computed by a special  subroutine for t h i s  purpose, and %he 
mathematied expressions are  best obtainedl from %he Fortran language lf%t%ngs 
of these subroutines designated FUN1, 

The standard error  of fi is  given 
e = (et2 

where 

and 

m2, etc. 

by 
+ eet2) 1/2 

1, 

Here Vi3 i s  a.n eleanen%.of the variance-covaianee matrix which describes the 
errors of the atomic parameters, and U i J  is an element of a similar matrix 
for the uni t  c e l l  parameters. 

When errors are t o  be computed the user has %he option of obtaining 
from the binary output tape of OR XLS. In  %his ease %he program s%,cres 

V i r [  ~ v ( O S S  - CAIC)2/(m-m> 3 biJ  

where bid is  an element of the inverse matrix of the normal equationsd and 
the constant i n  brackets is the sum of the weighted residuals squared dived& 
by the number of degrees of eeedom. The other option available to t h e  ueer 
i s  t o  readVij direct ly  fran cards. 

The uni t  c e l l  errors may be put i n  in  two ways. If no covariances are 
known then the user may supply only the s ix  standard errors u ( a i ) .  
gram then se t s  

The prc- 

u i i  = a2(a i )  
u i j  = 0, i # j 

Alternatively the 21 independent values of U i j  ( d  5 j )  can be read from cards. 
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The necessary derivatives are  computed numerically by adding an increment 
Api  t o  p i  and re-entering the subroutine far f ,  The derivatilpe is then 

The increment used is &pi = (0.0b)Vi i1/2. The derivatives with reapect %t;3 the  

c e l l  parameters are obtained similarly. 
I 

The program is arranged so t h a t  it computes derivatives only wi th  respect 
t o  t h e  parameters actually involved i n  f .  

are is  provided by the subroutines PREEL, PRE2, etc., which are supplied f o r  
each type of function. 
t o  fixed parameters which are not represented i n  %he variance-covariance m a t r i x  
(e  .ga , the coordinates of atoms i n  special  positions ) . 

The information as t o  which these 

Derivative computations are a lso omitted wi th  respect 

Note tha t  fo r  the derivative computation t o  be correct a l l  symmetry trans- 
formations must be made a f t e r  Api has been added t o  pie 
s t r a in t s  on the parameters must be s e t  a f t e r  incrementing. (See t h e  section 
en t i t l ed  "Constraints on t h e  Parametera".) In other words, t h e  f b c t i o n  f is  
always computed d i rec t ly  f r o m  the  fwndmentab parameters, the errors of whj~h 
are  described by the matrices 

Similarly a l l  eon- 

and U,. 
The output of the program includes a &escri;?tion of the function9 %he 

value, f,  of the fbct ion,  the standard error, e, of the Punct%on, and e * >  the 

standard error  not including t h e  effect  of ~n%% c e U  errors.  

CONSTRAINTS ON TSE BARAME!L'ZRS 

In  order t o  insure %hat  t h i s  program correctly computes t h e  errors of 
various f'unctions it is necessary fo r  the user t o  consider whether t h e  symn?cili=y 

of t h e  c rys ta l  introauces constraints e i ther  on the c e l l  parameters, A, or OP 

the atomic parameters, P. 
parameter t o  have a fixed value, and t h i s  s i tuat ion is  correctly handled 'by 

specifying t h a t  the error  of t h i s  parameter is  zero. 
cedure i s  required when t h e  symmetry 34mposes a relationship between two o r  
more parameters. 
as independent and a Fortran I1 subroutine Is written t o  set the values of 
t h e  dependent parameters i n  terms of it. The main program will enter t h i s  

A simple case occurs when the symmetry forces a 

A more complicated pro- 

In t h i s  case one of the interrelated parameters is chosen 
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subroutine immediately before each entry t o  the h e t i o n .  computing subroutine 
so tha t  the derivatives needed fo r  the error  ca lcuht ion  are correctly c m -  

puted. 
should be s e t  t o  zero. 
refinement t h i s  is probably abutmatic since the dependent parameters would 
not have been varied. 

In  the input dlata the errors assoeia%ed with the dependent parmeters 
In the case of atamie pamunetem from a l ea s t  squares 

Specifications fo r  Fortran P I  Subroutines 
1. Name the subroutine SE’GA or  SEW. 
2. 

3. 
The subroutine has no arguments. 
Use the standard COMMON and DIMENSION s ta tments  such as are used in 
sEG2 of OR XFE. 
Write theprograms t o  s e t  A or  P fo r  the dependent variables; in terns 
of the independent variables. 
Campile with Fortran I1 and inser t  jus t  before the t ransfer  card of 
Segment 2 (see Operating Procedure, page 13 1. This  subroutine w % 1 1  

automatically supercede a dummy subroutine of the same name which is 
part of the program deck. 

4, 

5 .  

Example 1 

For a hexagonal c rys ta l  we have cos 7 = -O,5 and a = b. Choosing a. as 
the independent variable we write the subroutine: 
c EXAMe-1 

SUEROUTINE SETA 

COMMON ( F i l l  i n )  
DIMENSION ( F i l l  i n )  
DIMENSION ( F i l l  in )  
A ( 2 )  = A ( 1 )  

RETURN 

END (0 ,  1, 0, 0, 0 )  
The c e l l  parameter errors associated with b and wlth cos a, cos 8, and 

cos 7 are  put i n  as zero. 
irrelevant. 
Example 2 

The parameter b ( i . e .  A ( 2 )  1 which is  read in  is  

Let us assume tha t  there are no restr ic t ions on the atomic parameters of 
atom 1 but atoms 2 and 3 have y = x, f322 = Bibs and 823 = - 8 ~ 3 ~  Let us t&e 
x, Bluand 813 as independent. The subroutine may then be written as folZows: 



c MAMBm2 
SUBRQmIm SEW 
COrnOM (Fill in) 

D m S H O N  (Fill i n )  
DIMENSION (Fill. i n )  
J40 1,1=22,3 

J 
K = E(9) * (1-1) I- XC(10) 
P (s+1) = P(J) 

J . E ( ~ )  * (1-1) -I- Ic(8) 

I? (K+l.) = P(K) 
1 P (K+5) = -P(K&) 

R E m  

EmJl (0 ,  1, 0, 0, 0 )  
This example makes use of the parameter asangemect integers JcC(7), I C ( 8 ) ,  

(See "Atomic Parameters", IC(g),  ar-d IC (LO) t o  cmpute the permeter  Loca-bims e 

page 15. ) The user may prefer t o  compute these iocations in advance. 

TO pT0gl-W a l'E% ",e of ~ ~ ~ C % ~ O f i  tk i l B C "  ;ects a ftm.c.,tfon designatirsn 
integer, 
assigned in t h e  program as written, .b~.% .these may be redefined i f  desired.) 
The user %Den writpes f a r  Fo;%"e;rm IX au&;pou%ines named B 3 D i ,  PREi, FUNi, and 

OlTTi. 
of Segment 2 ,  

names * i i c h  aye aL*aedy ir- t he  program, 

*&em 1, 5 k c 22, (Ru~e"von &esfg.na2;20r~~ 1-15 h m e  already been 

These are empiied m d  added t o  t"7e b 1 n . a ~ ~  deck before t h e  trasdsfar card 
Tkey will au';mez.tieally supercsde &mmy subrcutines -with t h e  sxn2 

* 
The ~X~~EUTEIET should refer t o  t h e  s p b o l i e  l i s t i n g  of fhnetions 1-15 fa- 

examples o f  these routines, 
EEDi 

The user m&y mit  this subrou5ine i f  desire& 

an overall heading which defines t h e  % n e  of fluxtion. 
time the function designatio2 IM(1) is changed, 

Its purpose is t o  pdt out 
It is  entered each 

"WhEin an 8192 mr& maechine i s  used t h e  user should cheek the section '$bary 
Cards Supplied** t o  be sure t h a t  the memory capacity is not exceeded. 
routines for  fwnct;ions 1-15 may be omitted ent i re ly  i f  necessary. 

Sub- 



1. 
2, No COMMON or  DIMEDISIQN statements are needed. 

3 ,  
4. 
5. 

The subroutine has no arguments, 

But out the  heading on tape 3 .  
The first Hollerith character should be zero t o  cause double spacing. 
More than one l ine  may be put out i f  desired. 

PREi - 
This subroutine need be included only i f  standard errors are t o  be sm- 

puted. 
volved i n  the function to be computed. 
necessary derivatives. 

Its purpose is t o  instruct t h e  program as t o  which parameters are in- 
The program thus avoids cmputing m- 

1. 

2. 

The subroutine has no arguments. 
Include the standard CObll4OIV and DIMBNSIOB statements used t h r o u g b ~ d  
Segment 2. 
Enter t h e  subroutines SEWand/or  SETKB once for  each atom insrolved 
i n  the  function. See page9 for more details. 

3 .  

FUNi - 
The purpose of t h i s  subroutine is  t o  compute t h e  desired fune.t;ion given 

t h e  various input b t a  found i n  common storage, 
1. 

2.  

The subroutine has no arguments. 
Include t h e  standard COMMON and DLMENSION statements used throughout 
Segment 2. 

The significance of the instruction integers I N ( K )  except for DXi(L) 
i s  a t  the  discretion of the programmer. 
The necessary atomic coordinates or temperature factor eoef%ieie~fx 
are called: fo r  by meas of subroutines ArOM or BETA. 

and/or STOBB must be entered. 
See t h e  section on arithmetic subroutines for  t he i r  usage. 

3 .  

4 , 

5 *  If the metric tensors AA or  BB are t o  be used the subroutines SWAA 

6. 
7. Store t h e  function at  mt i n  cammon and return, 

owi 
The purpose of t h i s  subroutine is t o  put out t h e  detailed description of 

the individual. f'unction computed, Its inclusion is optional but certainly de- 
s irable . 

1. 

2 ,  

The subroutine has no arguments. 
Include t h e  standard COMMON and DIMENSION statements used throughout 
Segment 2. 
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. 

The description which probably includes the  relevant instruction 
integers, IN, is put out on tape 3 .  
The first character o+” %he first l i n e  ~t t h i s  2es::ription should be 

a lAolleri5h + t o  suppress spacing. 
The description should not extend past column 49 or it will pr in t  
over the  compu%ed value of‘ t h e  flxaact;ion. 
More t h a n  one l i ne  may be put out i f  desired. 

ARITRMETIC SUBPROQaAEJIS AVAELABZE FOR 
PROGRAMlvlINCa mw FUTJCTSONS 

1, CALL SETKX ( U ( K ) )  
Instmcts t h e  program t o  calculate derivatives wi th  respect t o  %he co- 

ordinates of the atom designated i l y l  IIV(K), 
FBEliminary subroutines. 
2. CALL SElXB (IM(K) 

This subroutine i s  used by t h e  

Instructs t h e  program t o  caLculate derivatives wlth respect t o  t h e  aniso- 
tropic “tmpera-ture faetsr coefficients of’ t h e  atm designated in IN(K). 
subroutine is  used by t h e  E1REBimisaq subroutdms. 
30 CALLSrnAA 

T h i s  

stores the 5 x 3 metric tensor g ( ~ h e s e  gi;ij EL~*~J) a t  AA i n  e m o n  
storage 
4. c u  STOBB 

Stores t h e  3 x 3 reciprocal metric tensor g S 2  (where (g-L)ij = bb0b ) a t  
r.J. -3 

BB i n  common stomge. 
5. CALL ATOM (IW(K),Z) 

DIMENSION Z( 3 )  
Stores at Z the coordinates of t h e  %tom specified by t h e  instruction 

integers PN(K) and LM(Kcl) ,, 
They have been transformed according %o %he symnaet~y specified. 
6 ,  C A U  BETA (IN(K) ,Z)  

These coordinates refer  Lo the t r i c l i n i c  acese 

DIMENSION z( 3> 3 )  
Stores at; Z t h e  3 x 3 matrix of t h e  temperature factor coefficients of 

the atom specified by instruction integers IN&) and IN(K+1).  
been transformed according -to the s.yrmetry specified, 

The matrix has 
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7 .  cm m (x, Y, 2) 

D m S I O N  X(S ,3> ,  u(3,3), z (393)  
Performs the  m a t r i x  mul%iplica%ion = ge The location of 5 must be 

different frnm X =-ad and Y. .v 

8. c a u  MV (x, Y, 2) 
DIMENSION 5(3,3)3 Y(3)j z(3) 
Performs the matrix-vector multiplicatien E = The ~oe&..%Qn of w Z mvsh 

be different from Y," 
9 .  CALL VM (x, Y, 2) 

DIMENSION X ( 3 ) 9  Y ( 3 9 3 ) t  Z ( 3 )  
Perfoms t h e  vector-matrix multiplication 5% = zT. %e kOc%%iOns S'f 

2 must be different  from 2. 
10. Function W(X, Y )  
' DllCFJ'JSXON X(3), Y(3) 

N 

Performs the vector-vector multiplication zTY, = Z ( a  scalar) e 

11. mct;iDa VMV (w, x, Y) 
DIMENSION w(3),X(3,3),  Y ( 3 )  
Performs the vector-matrix-vector multiplication W?XY W C I N  = 2 (a, scalar)  E 

G A L L  DLFV (X, Y, 2) a2. 

D%MENSION x(9, Y(31, z ( 3 )  
Performs t h e  -rector subtraction X, - = 5. zmay have the same 10catia.i 

as x, or u,. 
13. CALL m (x, Y, z) 

DIMENSION X(3), Y ( 3 ) ,  Z(3) 
Performs t h e  vector summation X, f Y, = &. gmay have the  same lsea%ion 

as X, or x. 
1.4. Function COW (x,Y) 

DIMENSION X(3), Y(3) 
Computes t h e  cosine of t h e  angle defined by vectors X, and%. These 

vectors are assumed t o  refer t o  the  t r i c l i n i c  coordinate system, and it. I s  

also assumed t h a t  the metric tensor has been stored a t  AA i n  common s%carE%e. 
15. Function ARCCOS (x) 

Computes Q, t h e  arc  cos of X i n  degrees. 0 5 8 < 180. 
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16. CALL NORM (X, Y, Z )  

DDfEWUBN X ( 3 ) ,  Y ( 3 ) ,  Z ( 3 )  
Stores a t  Z a vector perpendicular t o  both X, and Y,. The sense of g is  N 

t h a t  of the vector product, ; = k X, x Y,, but i ts  length is  arbitrary. A l l  
vectors are referred t o  t h e  t r i c l i n i c  coordinate system, and it is assumed 
t h a t  t h e  reciprocal metric tensor has been stored a t  BB i n  common storage. 
17. CALL AXES (U, V, X) 

DIMENSION m), v(3), x(3,3) 
Stores three mutually perpendicular vectors of arbi t rary length at  

X ( I , l ) ,  X(I,2), and X ( I , 3 ) .  X ( I , 1 )  = U ( 1 ) .  X(I,2) is normal t o  U, a d  
i.e., i n  t h e  direction of U, x V,. 
as t o  yield a right-handed coordinate system, 
ferred t o  the  t r i c l i n i c  coordinate system, and it is assumed t h a t  the recip- 
rocalmetr ic  tensor has been stored a t  BB i n  common storage. 
18. CAW, EIGVAL (W,Y) 

X ( I , 3 )  is normal t o  X ( 1 , l )  and X ( 1 , 2 )  so 

A l l  these vectors are re- 

IXDENSION W ( 3 , 3 ) ,  Y ( 3 )  
Stores t h e  three eigenvalues Y of the  matrix W. 

N 

19. CALL, EIGVEC (W,Y,Z) 

D=SION w(3,3), z(3) 
Given an eigenvalue Y of the matrix E, t h i s  subroutine stores the eigen- 

vector 2. 
20. Function TRACE (X)  

DIMENSION X ( 3 , 3 )  
Computes t h e  trace of the  matrix g. 

ATOM DESIGNATION AND SXMMEZRY TRlLNSFORMATIONS 

I n  the course of preparing an instruction card t o  specify a f’unction t o  
be computed it w i l l  be necessary t o  define the  one or  more atoms involved i n  
t h i s  function. Th i s  is done by means of an atom designation consisting of 
t he  two  integers 5 and 100 2 + E. Here = 1, 2, 3, .... is t h e  number of 
the atom i n  the parameter l ist ,  s = 0, 1, 2, .... is t h e  number of t h e  symme- 
t r y  transformation t o  be applied, and c = 0, 1, ..... 7 defines t h e  unit ce l l  
translations as described below. 

- 
- 
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The program obtains the coordinates of an atom in  the following way., 

1. The integer a- is used t o  cmpute t h e  loca%ion of the coordinates in 
$he parameter l i s t  a d  x, y8 z are picked up. If 2 "- 0 She pr~gram sets 

x = y = z = o .  

2. These coordinates are then transformed t o  XI, y', z1 according to 
%he sym1~1et3-y f n f ~ ~ ~ ~ a t i ~ n  p ~ c h e d  OII symmetry Card 2. If 0 $IXLYIS~QXTI~- 

t ion f a  made. 

3 .  The c e l l  translations are then made according t o  the following table' 

0 Z l  Y' X' 

1 2' Y' xq - 1 
2 Z *  y' - l X'  

21 y' - 1 x'  * 1 3 
4 Z' - 1 Y' X' 

5 Zt - 1 Y' x' - 1 
6 21 - 1 y' - I X' 

7 Z *  - 1 y' - 1 x' - 1 
( A s  a memory aid, note tha t  t he  Its i n  t h f s  table correspond t o  the binary 
representation 0% 2.  ) 

For example, atom (3,208) is a%om 3 in  t h e  parameter l i s t  %ransfasmedl t2 
symmetry position 8 of c e ~  2? while atm 
i n  the  l i s t  of parame-bers. 
"mokcule" i n  a non-rigorous way, referring to atm 3 i n  molecuh 208 or a%mi 
5 i n  t h e  basic molecule (molecule O), 

is  atm 5 just  as it appears 
I n  t h e  subsequent section we will use %ha tam 

Note tha t  transfornations such as x*  = -x and xt  "- 1-x are not equfarala-!t~ 
f o r  purposes of t h i s  program, 

eff ic ients  of an atom i n  a similar way except t h a t  the elements of t h i s  ma%six 
are transformed as t h e  corresponding produets of t h e  coordinates. This  pro- 
cedure is valid fo r  an atom i n  either a special  o r  general posil ioa proviclec?, 
t h a t  the symmetry card (See H. A. Le-q, 
Acta Cryst, (1956). - 9,679). 
formation is irrelevant i n  t h i s  case as i s  t h e  c e l l  LmsZation 2. 
- a a t  zero causes a nu l l  matrix t o  be generated, 

The program obtains the matrix of t h e  anisotropic temperature factor  c.3- 

i s  written for  a general position, 
The translational par t  of the symmetry trans- 

Setting 



-13- 

matrix is  t o  be used. 

1. --- 

OPERATING PROCEDURE 

matrix has been ' matrix has been read 
taken from binary from cards. 
output tape of 
OR XLS. 

1. Segment IA (red) 1. Segment 133 (orange) 
2.  --- 2. a-- 2, Data consisting of: 

a )  Variance-covariance 
matrix. 

JC 
With 8192 core memory only one of these decks may be used at  
one time. 

4. 
5. Segment 2 transfer card, (red stripe) 
6. Data consisting of: 

Any Fortran I1 subprograms added by user. 

T i t l e  card. 
Control card. 
Atomic parameters i f  called f o r  by control card. Otherwise they are 
read from binary output tape from OR XLS. 
Parameter selection cards i f  matrix is  read from cards and i f  calle5 
fo r  by control card, 
Cell parameters . 
Cell parameter errors i f  called fo r  by control card. 
Symmetry cards i f  called fo r  by control card., 
Instruction cards. 

7. Three blank cards. 
Operating instructions 
1. Mount a blank tape on unit 3 fo r  BCD output. 

t h e  program before using. 
It w i l l  not be rewound by 

2. 

3 .  
4. Clear and load cards. 
5. L i s t  tape 3, program,control, automatic overflow. 
6. Eold tape 5 i f  desired. 

If t h e  binary output tape from OR XLS i s  t o  be used mount it on unit 5. 
F i le  protect on i f  desired. 
If errors are t o  be computed mount a blank on unit 6. 

Stops with 777778 in storage register.  



DETAILS OF DATA INPUT 

A U  data cards wi th  the exception of the parameter selection cards are 
read by the Fortran REALl subroutines. 
FORMAT statement will be given as an a id  t o  data preparation. 
Variance-covariance matrix, PM, for  structure parameters 

In the fo32oWbIg description the 

The user has the  option of m i t t f n g  t h i s  matrix if, errors based on i% 

are no% to be computed, 
output tape of OR XLS or  from cards prepared as follows: 
F i r s t  card. FORMAT (19, E9.4) 

When it i s  t o  be used it may be read from t h e  binary 

1-9 
10-18 

M, athe order of the matrix. 
A scale factor by which the matrix WfU. be multiplied. 
be un i ty  or  Cw(Po-Fc)2/(m-n), for  example. 

The N(N+1)/2 unique elements of t h e  matrix FW punched eight per 
card in  the order W( l , l ) ,  PM(1,2) . o e e . ~ ~ ( l , M ) ,  PM(2,2), PM(2,3) . . . .PM(2,N), PM( 3,3) . . . . .PM(N,N) . The parameters wi th  which t h i s  
matrix is associated are defined by the parameter selection cards 
(see below) , 

This could 

Subsequent cards , IX)RMAT (839.4) 

T i t l e  
FORMAT (72H 1 

1 Blank. 
2-72 Any desired Hollerith information. This  w;tU be printed unchanged 

on the output. 
Control card integers, I C  

Ten integers which control the program are  read from t h i s  card. FORMAT (3-313). 
C o l m s  

1-3 

4-6 

7-9 

IC (l), variance-covariance matrix and parameter selection infoma- 
t ion w i l l  
(0) not be used. 
(1) 
(2) be read from cards, 
IC(2) ,number of structure parmeters t o  be read from cards (see be- 
low). 
tape of OR XLS. 
IC( 3 ) ,  c e u  parameter errors are 
(0)  not t o  be used. 
(1) 
(2)  

be read from binary output tape of OR XLS. 

If I C ( 2 )  = 0 these parameters will be read from binary output 

t o  be read i n  the form of s t a n b r d  errors. 
to be read i n  the form of a variance-covariance matrix, 



These ~-59% be s e d  from t h e  binary mtpvit tape of OR X U  if I C ( 2 )  = C, 

Otherw%se IC(2) parmeters must be pweiaed aS&t per card, KB,NAbT (8E3.bj. 
Th@ earrangmen& of these parmeters is su5Jee-t Lo %he fo1loWng "reat'r 0 * 

a) 

b 1 

c )  

d)  

For each atom %he position parmeters x, ys z must be in 3eqcx 

Position parameters f o r  successive atoms must appear p e r i o d i z a ~ y  i~r, 
t h e  order of the atom clesignation. 
7;f: anisotropic temperature factor coefficients zra f n e P u ~ ~  t5ey ma% 
be i n  the sequence f3kkr 822, 833., PE, B L ~ . ,  1323~ f ~ r  each atom. 
Temperature factor coefficients of succaselve atoms must appear g w i 3 i i -  
cally in the order of the atcam d&iSignatbIl. 

Thus the posi t ion parameters of atom 1 start wfth P(3) where J = IC(7)*(1=2) .; 
I C ( 8 )  and the temperature factor coefficients of %%om 1 start with I$&) VLI 

K I@(g)* ( I - l )  -I- EC(10). 
Parameter selection cards 

The purpose of these cards is  do identify those parameters whfah are aaslc,z:,- 

ated with elements of the variance-covariance matrix. 
same as the parameter selection cards used with OR XU. 

They are exactLE;)P t h e  



These ear& are  not t o  be supplied unless the control card irrteger I C ( 1 )  

specified tha t  the variance-covariance matrix and. parameter selection informa- 
tion is  t o  be read from cards, F’wthermore, i f  the variance-covariance matrix 
of order N corresponds t o  the first M pasmeters read, then it is permisslble 
t o  s e t  I C ( 6 )  = 0 and t o  a m i t  the parameter selection cards. 

Each colmn of a parameter selection card corresponds t o  m e  parameter. 
The first  card is associated wi th  parameters 1 t o  72, the second wi th  parme- 
t e r s  73 t o  144, etc. 
punched in  the corresponding column, otherwise a zero or  a blank i s  punched. 
(Actually, a l l  rows but the 1 row are ignored by the program.) 
number of one punches must be equal t o  N, the order of the matrix. The firs% 
parameter i n  the l i s t  fo r  which a one punch is  found is  assumed t o  correspsr31- 
t o  the first row and column of the matrix, the second with the second, e%c. 
Cel l  parameters, A 

If a parameter is  represented in  the matrix a one is  

The t o t a l  

These six direct  un i t  c e l l  parameters must alsays be supplied. 
FORMAT (639.4) 
Columns 

1-9 A ( l )  = a 
10-18 A(2) = b 

19-27 A(3) = 
28-36 A(4) = COS a 
37-45 A ( 5 )  = COS B 
46-54 A ( 6 )  = COS 7 

Cell  parameter errors, AM 

The the effect  of c e l l  parameter errors is  t o  be considered they must be 
supplied in  one of two forms as specified by the control card integer E C ( 3 ) .  

a )  Standard error  form, (IC(3) = 1). If t h i s  input is  used the esvari- 
anees between the c e l l  parameters are  assumed t o  be %era  
FYIRMAT (639.4) 
Columns 

1-9 a(a)  
10-18 o(b) 
19-27 ~ ( c )  
28-36 O(COS a )  
37-45 d c o s  B )  
47-54 a(c0s 7) 



. 
b)  Variance-covariance matrix form, ( I C ( 3 )  = 2 ) .  If information on the  

covariances between c e l l  parameters is available, then the 21 unique elements 
of t h i s  6 x 6 matrix may be read from three cards. 
FORMAT (839.4) 

Card 1: AM(a,a), AM(a,b) N(a, cosy), AM(b,b), AM(b,c). 

Card 2: AM(%, cos a )  .... AM(b, cos 7), AM(c,c) ..... &(cos a, COS a ) .  
Card 3:  AM(cos 01, cos B) . e.. . . AM(cos 7, cos 7) e 

If symmetry gives r i s e  t o  constraints on the c e l l  parameters the CAUTION: 
errors will not be correctly computed unless t h e  instructions in  t h e  section 
"Constraints on the parameters" are  followed. 
Symmetry cards 

The number of symmetry cards t o  be read is given by IC(4) on t he control 
card, There must be a card for  each symmetry transformation which will be 
callec?. f o r  by an instruction card (see the section on %pecifieaLion of an 
atomsn). 

then no symmetry cards need be supplied. 
~f t h e  functions t o  be computed require no symmetry transfornations 

The form of a symmetry card i s  essentially t h e  same as those for OR XLS2. 
FORMAT (~11.8, 4H ~11.8, 4H ~11.8, 4H ) 
Columns 

1-15 

1-11 

2 2  

13 
14 

15 

16 -30 

16 -26 

27-30 

31-45 
31-41 
42-45 

CAUTION: 

The expression fo r  the transformed coordinate x '  as follows: 
Floating point translational part of x t  o r  blank. 

Hollerith -, +, or  blank. The sign associated with t h e  symbol i n  
column 13. B l a n k  and + are equivalent. 
Hollerith X, Y, 2, or blank. 

Hollerith -, +, or blank. The sign associated wi th  the symbol 13 
column 15. 

Hollerith X, Y, 2, or  blank. Note tha t  columns 12 and 13 are ex- 
ac t ly  equivalent t o  14 and 15. 
may be punched 

Blank and + are equivalent. 

Thus the transformation xt = 1/2-x 

Note t h a t  t h e  expression x' = 2x must be treated as x' = x 9 x. 
The expression for the transformed coordinate yt as folLows: 
The floating point translational par t  of y f  or  blank. 
Hollerith sign, symbol, sign, symbol as described above. 
The expression for  the transformed coordinate z '  as follows: 
Floating point translational par t  of z '  or  blank. 
Hollerith sign, symbol, sign, symbol as described above. 
Note t h a t  transformations such as x f  = 1-x and x' = -x are not 
equivalent i n  t h i s  application. 



DEllAUS OF INSTRUCTION INPUT 

Each flmctisn t o  be computed by the program is specified by a sequence of 
integers, IN, which are read from one or more instruction cards. 
integer i n  t h i s  sequence, IN(l), defines the  type of function t o  be computed, 
and %he interpretation of t h e  remaining instruction integers W i l l  i n  general 
be different f o r  different; types of functions. 
integers for each type of f’unction are given below. 

The first 

Details of the instruction 

Each instruction card is read with IRBMAT (2423). O f  t h e  24 integers on 
%his card only the  first 23 are  considered t o  be par t  of the instruction, r%a. 

Usually one card w i l l  suffice t o  specify a M c t i o n ,  but i f  a f’unction requires 
more than 23 integers t o  define it then up t o  ten cards may be used with 23 in- 
tegers on each card. 
an instruction card indicates t h a t  t h e  instruction is continued on the next 
card, 

kmction 1 

Punching a one (or any non-zero integer) i n  f i e l d  24 of 

One interatomic distance. 
COLumnS 

1-3 1 

4 -6 a L  

7 -9 100C~ f s 1  atom designation 1. 

atom designation 2. 
10-l2 a2 
13-15 1OOc2 + Sg 

Function 101 

A l l  distances (less than d(max)) between atoms i n  t w o  molecules. 
Columns 

A 

1-3 101 
4 -6 
7-9 

a(max), the number of atoms i n  the  parameter Ifst .  
l O O c l  -I- sl, molecule designation 1. 

PO-I2 --- 
l3-lT 
16-18 

100c2 + s2, molecule designation 2. 
The integer lOd(max). 

(This  may be the  same as 1.) 
If t h i s  is l e f t  blank then d(max> = 4.OA. 

Function 201 
A l l  distances (less than d(max)) between atoms in  the basic molecule and 

a l l  molecules (i,e,, a l l  combinations of c and s ) .  
necessarily campute a l l  distances i n  the c rys ta l  which are less than d(max). 

Note t h a t  t h i s  does not 
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C o l m s  

1-3 201 

4 -6 a(max), the number( of atoms in the parameter list. 

The integer lOd(max). 
7-15 --- 
16-18 If this is left blank then d(max) = 4.0A. 
Function 2 

Angle defined by three atoms. 

Colwnns 
1-3 2 

4 -9 Atom designation 1. 

10-15 Atom designation 2 (vertex), 

16-21 Atom designation 3. 
Function 3 

of t h e  normals is that of (1,2)x(lY3) and (4,5)x(4,6) where 1,2 is the vector 
defined by atom designations 1 and 2, etc. 

Columns 

Angle between normals toglanes each defLned b;r; three atamJs. The direction 

1-3 3 
4 -9 Atom designation 1 I- 

1 
10-15 Atam designation 2 Plane 1 

16-21 Atom designation 3 

28-33 Atom designation 5 Plane 2 

22-27 Atom designation 4 

34-39 Atom designation 6 
Function 4 

Difference between two interatomic distances. 

Columns 
1-3 4 
4 -9 Atam designation 1 Distance l- 10-15 Atom designation 2 

16-21 Atom designation 3 
22-27 A t a n  designation 4 Distance 2 

. 
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Function 5 
Difference between two angles each defined by three atoms. 

Columns 

1-3 5 

1 
1 

4-9 Atom designation 1 

10-1.5 Atom designation 2 (vertex) Angle 1 

16-21 Atom designation 3 

28-33 Atom designation 5 (vertex) Angle 2 

22-27 Atom designation 4 

34-39 Atom designation 6 
Function 6 

The sum of several angles each defined by three atoms. 

Columns 

1-3 
4 -6 
7-12 
13 -18 
19 -24 
25-30 
31-36 
37-42 

6 

n, the number of angles to be summed. 

Atom designation 2 (vertex) 

Atom designation 1 

Atom designation 3 
Atom designation 4 

Angle 1 1 
Atom designation 5 (vertex) 
Atom designation 6 
etc e 

Function 7 
The RMS component of thermal displacement of one atom along principal 

F a  9 

Columns 

4-54 Atom designation 

r (= 1, 2, or 3 )  10-12 

Function 107 
Same as Function 7 camputed for each of the three values of r. 

4-9 Atom designation 
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Function 207 

with the three values of r. 

Colwnns 

Same as Function 7 computed for each atom of a given molecule, each 

4-6 a(max), the number of atoms in the parameter list. 

7-9 Molecule designation 

Function 8 

2 and 3. 
Angle between principal axis r of atom 1 and a vector defined by atams 

Columns 
1-3 8 
4-9 Atom designation 1 
10-12 r (= 1, 2, or  3) 

Vector I- 1-3-18 Atom designation 2 
19-24 Atom designation 3 
Function 1.08 

Same as Function 8 cixnputed for each of the three values of r. 
Columns 

1-3 108 

4-9 Atom designation 1 
10-12 --- 

Vector I- 13-18 Atom designation 2 

19-24 Atom designation 3 
Function 208 

Same as Function 8 computed for each atom in a given molecule, each M t h  
the three values of r. 

Columns 
1-3 208 

4-6 a(max), the number of atoms in the parameter list. 

7-9 Molecule designation 
10-12 --- 

Vector 
13-18 Atom designation 2 

19-24 Atom designation 3 
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Function 9 

r, projected on a vector defined by atoms 2 and 3. 
The RMS component of thermal displacement of atom 1 along principal axis 

Columns 

1-3 9 
4 -9 Atom designation 1 

10-12 

13-18 Atom designation 2 

19-24 Atom designation 3 

r (= 1, 2, or 3 )  

Vector 

Function 109 
Same as Function 9 computed for the three values of r. 

Columns 

1-3 109 
4 -9 Atom designation 1 
10-52 _-- 
13-18 Atom designation 2 

19-24 Atom designation 3 Vector 

Function 209 

the three values of r. 
Columns 

Same as Function 9 cmputed for each atom in a given molecule, each with  

1-3 209 
4 -6 
7 -9 Molecule designation 

a(ma.x) ,  the number of atoms in the parameter list. 

l o  -E --- 
13-18 Atom designation 2 
19-24 Atom designation 3 Vector 

Function 10 

ordinate system. 
Axis 1 is vector (2,3). 

Columns 

Angle between principal axis r of atom 1 and axis i of a Cartesian co- 
'&+e latter is defined by at%s 2, 3, 4, and 5 as follows: 

Axis 2 is (Axis l)x(4,5). Axis 3 is (Axis l)x(Axis 2). 

1-3 10 

4 -9 Atom designation 1 
10-12 

13-15 
r (= 1, 2, or  3) 
i (= 1, 2, or  3) 



-23- 

Function 10, cont'd 

Columns 
16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

Axis defining vectors 

Vector Vector 1 1 
Function 110 

Same as Function 10 computed for the nine combinations of r and i. 
Columns 

1-3 110 
4-9 Atom designation 1 
10-15 --- 
16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

Axis defining vectors 

Vector 

Function 210 

with the nine combinations of r and i. 

Columns 

Same as Function 10 computed for all atoms in a given molecule, each 

1-3 210 

4-6 
7-9 Molecule des ignat ion 

.(mu), the number of atoms in the parameter list. 

10-15 --- 
16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

Axis defining vectors 

Vector 

Function 11 

r, projected on axis i of a Cartesian coordinate system defined by atoms 2, 
3, 4, and 5 as described under Function LO. 

The RMS component o f  thermal displacement of atom 1 along principal axis 

Columns 
1-3 11 
4-9 Atom designation 1 



-24- 

Function 11, cont'd 

Columns 
10-12 

13-15 

r (= 1, 2, o!r 3 )  
i (= 1, 2, or 3) 

16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

' Vector } Axis defining vectors 
Vector 

Function 111 

Same as Function 11 computed for the nine Combinations of r and i. 
COLumnS 

1-3 111 

4 -9 Atom designation 1 

10-15 --- 
16-21 Atom designation 2 1 22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

1 &is defining vectors 

Vector 

Function 211 

with the nine combinations of r and i. 
eo1umns 

Same as Function 11 computed for all atoms in a given molecule, each 

1-3 211 

4 -6 
7 -9 Molecule designation 

a(max), the number of atoms in the parameter list. 

10-15 --- 
12-21 Atom designation 2 7 - 

Axis defining vectors 

Vector 22-27 Atom designation 3 ) 
28-33 Atom designation 4 

Vector 34-39 Atom designation 9; 
Function 12 

a vector defined by atoms 2 and 3. 
Columns 

The RMS component of thermal displacement of atom 1 in the direction of 

1-3 12 

4 -9 Atom designation 1 

10-15 Atan designation 2 

16-21 Atom designation 3 Vector 

c 
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- Function 13 
The RMS radial thermal displacement of an atom. 

Collarnns 

1-3 13 
4-9 Atom designation 

Function 14 
Interatomic distance averaged over-thermal motion. Second atam i s  assumed 

t o  ride on the  first. 
is  t h e  uncorrected interatomic distance, 
displacement of atom i, and 
atom i in  the  direction defined by t h e  interatomic vector 
Columas 

The fhnction is R = Ro + (3 - E - + z)/2R~ where RQ 
is  t h e  mean square rauial thexmal  

is t h e  mean square component of displacement of 

1-3 14 
4-9 Atom designation 1 

10-15 Atom designation 2 
Function 15 

Interatomic distance averag2d over thermal motion. Atoms aesumed t o  move 
independently. The Aurction is R = Ro + (3 - 
bols are  defined as i n  Function 14 above. 
Columns 

+ 3 - q ) / 2 R o  where t h e  s p -  

1-3 15 
4 -9 Atom designation 1 

10-15 Atom designation 2 

ERROR INDICATORS 

During the course of calculation t h e  program makes many t e s t s  for errors 
If t h e  error is which may indicate t h a t  the problem is not s e t  up correctly. 

one which would probably cause all answers t o  be incorrect t h e  program stops 
w i t h  an oc ta l  number i n  t h e  storqge register,  t h e  meaning of which can be 

found i n  t h e  table below. If, on t h e  other hand, t h e  e r ror  is  l ike ly  t o  
cause trouble i n  only one answer then t h e  program does not h a l t .  

the incorrect answer t h e  program puts art "**NG'' where NG is  an integer, t h e  

meaning of which i s  tabulated below. The program then proceeds with t h e  next 
f'unction t o  be computed. 

Instead of 
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Stops 

Storage 
Register 

2 

3 

4 

5 

17 

30 

77777 

NG 
1 
- 

2 

3 

4 

5 

6 
7 
8 
9 
10 
11 

Subprogram 
SUB2 

SUB4 

SUB17 

SEG2 

Subrogram 
ATOM, BETA 

PRE 

FUN 

BETA 

ATOM, BETA 

STOBB 
EIGVAL 
EIGVEC 
cosw 
FUNXI 
SUB 12,14,18 

Meaning 
Record 1 on unit 5 (fram OR XLS) is  not long enough, 
o r  RTT f a i l s  3 times. To t r y  again, push START. 
Record 3 on uni t  5 (from OR XLS) is not long enough, 
or  RTT f a i l s  3 times. 
Number of parameter selection cards specified is  too 
large for  storage area9 or card reader indicates end- 
of-f i le .  ReplerzLSh cards and start. 
Number of symmetry cards specified i s  too large, i .e.  
IC(4) > 48. 
Number of one-punches i n  parameter selection cards 
(i .e. ,  Kl) is  Less than the order of the matrix. 
Number of parameter selection words fram OR XLS 
binary tape is larger than the storage area f o r  
these words. 
End of problem as indicatecl by IN(1) = 0. 
more instruction cards push START. 

To t r y  again, push START. 

Storage capacity is  40 words. 
To read 

Error Returns 
Meaning 

The symmetry position specified is negative or  greater 
than the number of symmetry cards. 
N o  PRE routine has been 
fiedd 
No FUI? routine has been 
f ied. 
Temperature factors are  
IC@> 6. 

supplied for  the f\unction speci- 

supplied for  the function speei- 

not i n  anisotropic form, i 0 e e j  

The program is looking for  a parameter before %be start 
or  beyond the end of the l ist .  
The c e l l  parameter A ( l ) ,  A(2), or  A ( 3 )  s 0. 
The eigenvalues are  imaginary. 
Only n u l l  eigenvectors are  found. 
One of the vectors is  nul l .  
Z'he vector is  null .  
A non-existent Function has been specified, i .e.  
XMODF(IN(~),~OO) 20. 



-27- 

c 

Symbol and Dimension 
NG 
IC (10) 

m(251) 

COMMON STORAGE 
Des c r  i p  t ion 

Error return indicator. 
Control card integers. 
One row of t h e  variance-covariance matrix associated w i t h  
the atomic parameters. pM(1) = V i i j  PM(2) = V i i + l j  e tc .  
The increments Api = (0.OD.i 112 . 

The increments Aai  = (O.Ol)Uii 112 . 

The derivatives d f / h i  
The variance-covariance matrix associated wi th  t h e  six 
c e l l  parameters. N(1) = U11, AM(2) = UE, ... m(6) = 
u16, ~ ~ ( 7 1  = ~ 2 2 ,  . . . ., etc. 

The derivatives af/aai. 
Instruction integers. 
The t ranslat ional  par t  of t h e  symmetry information. 
See below. 
Integers representing the non-translational par t  of t h e  
symmetry information. 
transformation is y-x, -x, 113 f z, t h i s  information 
would be stored as follows: 

I S ( l , l , J )  = 2 (for y)  
IS(2,1,J) = -1 (for -x) 
TS(2,J) = 0.0 
IS(1,2,J) = -1 ( fo r  -x) 
IS(2,2,J) = 0 
TS(3,J) = 0.333333 
IS(1,3,J) = 3 (for  z >  
IS(2,3,J) = 0 

The direct  l a t t i c e  parameters a, b, c, cos a, cos @, 
and cos y .  

The metric tensor 6 where g i j  = a - * a  
The reciprocal metric tensor g-l where (g")ij = ki.2~. 
The computed value of flrnction f t o  be put out. 
The computed value of f'unction f as stored by the sub- 
routines FlTNi. 

The atomic or least squares parameters. The dimension 
300 is  only a dummy dimension. The t rue  capacity will 
be greater than t h i s  and is determined by the memory 
size and the length of any subroutines added bu t h e  

For example if  the J t h  symmetry 

T S ( ~ , J )  = 0.0 

-1 .vj' 

I 

user. 
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BINARY DECKS SUPPLIED 

Identification 
Segment UI. (red*) 

NyRBLl 
SEGlA 
SEGlA 

Segment 1~ (orange) 

SEGlB 
SEGlB 
SEGlB 
WRITE 
SEGlB 

Sement 2 

Loader (yellow) 
SEG2 

Basic program, SAP (yellow) 
SUB2 
 SUB^ 
SUBG 
SUBK 
READ 
SET 
IIED 
PRE 
m 
OUT 

Basic program, Fortran (yellow) 
SEG2 
SUB5 
 SUB^ 
SUB10 
SUB11 
sm13 
SUB 19 
SUB21 
SUBF 

Number of 
Lo ca t  ions Remarks 

123 
5 1  

125  
280 
37 
1 
1 
4 
4 + 

Loader 
Program 
Transfer card 

Fortran I1 BSS loader 
Calling program 
Fortran l ib rary  subroutine 
SAP subroutine 
Fortran I1 t ransfer  card 

Fortran I1 BSS loader 

36 5 Calling program 

101 
83 

30 
39 

403 
33 
149 

c 

Fortran l ib rary  subroutines 

* 
It is  suggested t h a t  the user reproduce t h e  binary decks i n  t h e  indicated 
colors. 



Number of 
Identification Lo c a t  ions - 

Ari"ce-i;rS:: subprograms, Fortran (yellow) 
60 
60 
49 
149 
231 
296 
2 
48 
46 
36 
36 
33 
33 
58 
38 
71 
76 

239 

-2i- 
75 

;i2 
20 
3-9 
46 
38 
29 
19 
48 
40 
29 
I22 

57 
38 
29 
25 
53 
36 

25 

35 
38 
41 
67 

lo18 
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Identification 

Functions 7-11, Fortran (blue) 

m 
Fmc 
FuNx 
RED7 
m 7  
nrrJ7 
OW7 
RED8 
gRE8 
m8 
ova8 
HEDg 

FUN9 

HEDPO 
PRELO 
mI!J10 
OUT10 
RED11 

FUN11 

--_ 
_-- 

--- 
-_-  

Functions 12-15, Fortran (brown) 
rn 
F"UNCR 
FUNXI 
ml2 
ml2 
F U N 1 2  
OUT12 
RED13 
PRE7 
m13 
0 ~ ~ 1 3  
HEDl4 
PRE14 
FUN14 
OUT1 
m~15 

Number of 
Locat ions 

71 
80 

152 
47 
18 
30 
44 
48 
32 
25 
50 
57 

24 

53 
32 
25 
60 
62 

24 

58 
93 

113 
51 
32 
25 
50 
39 
18 (duplicate ) 
24 
43 
45 
38 
36 
46 (duplicate) 
45 
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Identification 
Transfer card (red s t r ipe )  

SEG2 

Storage requirements, Segment 2 
Functions : 1-6 
Basic program, SAP 627 
Basic program, Fortran 2483 
Arithmetic 1780 
F’unct ions 1018 
Loader 24 
Common (program) 17% 
Common (Fortran) 205 

Total 7923 

Number of 
Locat ions Remarks 

Fortran transfer card 

7-11 
627 

2483 
1780 
934 

1786 
205 

7839 

24 

12-15 
627 

1780 
792 
24 

1786 
205 

7697 

2483 

1-15 
627 

2483 
1780 
2744 

24 
1786 
205 

9649 



S E G i A  R E M  SEGMEht TO READ Tkl/ERSE M A T R I X  FROM T A P E  
START EQU 3 0 1  REFERS 70 OR XLS2 
T 6 8  
K 2  

A 1  

A14 

A 1 5  
A 2  

A 3  

A 4  

A 5  

A6 

EQU 4391  REFERS T O  OR XLS2 
EQU 32753 REFERS TO OR XLS2 
ORG 85 
REW 5 
REW 6 
TSX R T B 9 4  
P Z E  5 
PZE -PM 
HTR 0 
LDQ P M - S t A R f + T 6 8  
FMP P M - S t A R f + T 6 8  
STO SCALE 
Rl 'B  5 
TSX R T B 9 4  
P Z E  5 
P Z E  -PM 
HTR 0 
€ L A  PM-325 12+K2 
S T O  N 
TNZ A15 
HTR 0 
RTB 5 
RTB 5 
CPY D I S C  
TRA A2 
L X D  A 4 9 4  
RTB 5 
CPY D I S C  
T X I  A 5 9 0 9 4  
HTR 0 
T I X  A 3 9 4 9 1  
TSX R T B 9 4  
P Z E  5 
P Z E  -PM 
HTR 0 

END OF F I L E  

EHD OF F I L E  

ORDER OF M A T R I X  IS ZERO 

END OF F l L E  

END OF F I L E  

s E Z p  
SEG A 

. 



A 7  

A 8  

A 9  

A 1 0  

All 

REW 5 
CLA N 
ADD I1 
LRS 3 5  
MPY N 
LRS 1 
STQ M 
L X A  M s 4  
LXA A 6 9 2  
LDQ SCALE 
FMP 0 9 2  
STO 0 9 2  
T X I  A892,-1 
T I X  A 7 9 4 9 1  
CAL N 
SUB 1 1  
ALS 18 
ADD N 
SLW DELTA 
CAL A 6  
SUB N 
ALS 18 
ADD A 6  
SLW A 1 0  
L X A  N 9 1  

SXD X 1 9 1  

TSX WTB94 
P Z E  6 
PZE ** 
LXD X 1 9 1  

TNX A l l 9 1 9 1  
CAL A 1 0  
SUB DELTA 
SLW A 1 0  
CAL DELTA 
SUB I D 1  
SLW DELTA 
TRA A 9  
WEF 6 

1; 
\ 

'\ \ i  \ 

SEGbA 
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
SEGlA  
S E G l A  
S E G l A  
SEGLA 
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
SEGIA  
SEGLA 
SEGLA 
S E G l A  
S E G l A  
SEGLA 
SEGfiA 
SEG1A 
S E G l A  
S E G I A  
S E G l A  
6EG1A 
S E G l A  
S E G l A  
5 E G l A  

I w w 
I 



REW 6 

CPY 0 
TRA A 1 3  
HTR A 1 2  END OF F I L E  

A 1 3  CPY 1 
I R A  0 
REM SUBROUTINE TO STO'IE BLOCK ON TAPE 

ADD WTB12 
STA WTB3 
STA WTB7 
CLA 1 9 4  
ADD WTB13 
STA WTB6 
STA W T B l l  

A 1 2  RCD 

W i B  CLA 194 

W T B l  LXD WTB991  
WTB2 CLA 2 9 4  

PAX 0 9 2  
STD WTBS 

WTB3 WTB 0 
WTB4 CPY 092 

WTB.5 TXH W f B 4 9 2 9 0  
WTB6 BST 0 
WTB7 RTB 0 

T X I  WTB592,-1 

RTT 
NOP 

WTB8 CPY WTBlO 
WTB9 T X I  WTB89093  
WTBlO PZE 

I OD 
RTT 
TRA W T B f l  
TRA 3 9 4  

T I X  WTB2 9 1 9  1 
HTR W T B l  

W T B l l  BST 0 

WTB12 WTB 0 

ADDRESS TO BESET 

DECREMENT TO B E  SET 
ADDRESS TO BE SET 
ADDRESS TO BE SET 

READ-BACK COP I ED HERE 

SEGLA 
S E G l A  
S E G l A  
SEGZA 
S E G l A  
SEG1A 
S E G l A  
XLS 037 
XLS 038 
XLS 0 3 9  
XLS 040 
XLS 041  
XLS 042 
XLS 043 
XLS 044  
XLS 045 
XLS 046 
XLS 047 
XLS 0 4 8  
XLS 049 
XLS 050 
XLS 0 5 1  
XLS 052 
XLS 053 
XLS 054 
XLS 055 
XLS 056 
XCS 057  

XLS 059  
XLS 060 
XLS 0 6 1  
XLS 062 
XLS 063 
XLS 064  

ADDRESS TO BE SET XLS 065 
XLS 066 

RTT F A I L S  3 TIMES. START TO TRY A G A I N  XLS 067 
CONST ANT XLS 068 

XLS 0 5 8  



WTB L 3 

RTB 

RTBP 
R T B 2  

R T B 3  

R T B 4  

R T B 5  

R T B 6  

R T B 7  
R T B 8  
1 1  
I DP 
SCALE 
N 
M 
DELTA 
x 1  
D I S C  
PM 

BST 
REM 
CLA 
ADD 
STO 
CLA 
ADD 
STO 
LXD 
CLA 
PAX 
RTB 
RTT 
NOP 
CPY 
TXZ 
I R A  
I OD 
RTT 
T X I  
TRA 
BST 
T I X  
HTR 
RTB 
BST 
P Z E  
P Z E  

END 

. I 1 I 

TO BE SET 

0 CON ST ANT 
SUBROUTINE TO READ RECORD FROM TAPE 
194 
R T B 7  
RTB3 
1 9 4  

RTB8 
R T B 6  
RTB5 9 1  

2 9 4  
0 9 2  
0 

0 9 2  
R T B 4 9 2 9 - 1  
3 9 4  

R T B 6 ~ 0 9 3  
4 9 4  
0 TO BE SET 
R T 6 2 9  1 t l  

RTBL R T T  F A I L S  3 TIMES. START TO TRY AGAIN. 
0 CONSTANT 
0 CONSTANT 
1 
1,091 

SCALE FACTOR FOR M A T R I X  
ORDER OF MATRIX 
NUMBER OF MATRIX ELEMENTS 
INCREMENT FOR A 1 0  
INDEX SAVED HERE 
DISCARDS COPIED HERE 
START O F  M A I N  STORAGE 

A 1  

C S E G l B  1 4 7 1  WRB SEGMENT 1p C A L L I N G  PROGRAM 
COMMONPM 

X L S  069 
XLS 070 
X L S  073, 
X L S  072 
XLS 073 
X L S  074 
X L S  075 
XLS 076 
X L S  077 
X L S  078 
X L S  079 
XLS 080 
XLS 0 8 1  
X L S  0 8 2  
X L S  083  
X L S  084 
X L S  0 8 5  
X L S  086  
XLS 087 
X L S  088  
XLS 089 
xes 0 9 0  
XLS 091  
X L S  092 
X L S  093 
XLS 0 9 4  
S E G l A  
SEGEA 
SEG3A 
S E G l A  
S E G i A  
SEG1A 
S E G l A  
S E G I A  
SEGjlA 
S E G I A  

6 E G l  B 10 1 
S E G l B  103 



DIMENSIOMPM(1000) 

READl099N9SCALE 
109 FORMAT(I99E9.4) 

C ABOVE DIMENSION IS DU/VIMY. MATRIX LIMITED ONLY BY MEMORY 

M=(N+(N+1)1/2 
READllS,tPM(I),I=l,M) 

D0119I=ltM 

REWI ND6 
K = l  
L=N 
D0207J=l¶N 
CALLWR I TE I6  PM ( K  1 9L 1 
K = K + L  

207 L=L-1 
REWIND6 
ENDtO9l,O,O,l) 

115 FORMAT(8E9.4) 

119 PM(II=SCALE*PM(I) 

S E G l  B 105 
CAPACITY, S E G l B 1 0 6  

S E G l B  107 
S E G l B  109 
S E G l B  11 1 
S E G l B 1 1 3  
SEGl B I15 
SEG1 B 117 
S E G l B 1 1 9  
S E G l B l 2 1  
S EG1B 123 
S E G l B l 2 5  
S E G l B 2 0 1  
S E G l B 2 0 3  
S E G l B 2 0 5  
S E G 1 8 2 0 7  
S E G l B 2 0 9  
SEGlB.211 

REM WR6 1471 SUBROUTINE WRITEffAPEttOC+NO*WORDS) 
ORG 0 
FUL 
MZE 0,094 
PZE 
PZE WTB13-i-1 
P Z E  
BCD lWRITE 
PZE A 
ORG 0 
REL 
PZE 
PZE 
PZE 

A SXD A-391 
SXD A-292 
SXD A-194 
C L A  1 9 4  
STA WTB 
C L A  294 

SAVE INDEX 1 
SAVE INDEX 2 
S A V E  INDEX 4 

I 



STA WTB4 
CLA 3 9 4  
STA WTB2 

ARS 1 8  
STO WTBlO 
ADD W T B l 2  
STA WTB3 
S T A  WTB7 
CLA WTBLO 
ADD WfB13 
STA WTB6 
STA W T B l l  

WTB C L A  0 

WTBf LXD Wf8991 
WTB2 LXD 094 

PXD 090 
PDX 0 9 2  

WTB3 WTB 0 
WTB4 CPY 0 9 2  

T X I  WTB.59291 
WTB5 T I X  WTB49491 
WTB6 BST 0 
WTB7 RTB 0 

RTT 
NOP 

WTB8 C P Y  WTBSO 

WTBlO P Z E  
I OD 
RTT 
TRA W T B l l  
LXD A-391  
LXD A-292 
LXD A - 1 9 4  
TRA 494 

T I X  WTB29191 
HTR WTB1 

WTB9 T X I  WTB89093 

W T B l l  BST 0 

WTB12 WTB 0 

ADDRESS TO BE SET 

ADDRESS TO BE SET 

ADDRESS TO BESET 
I w 

-4 
E 

ADDRESS TO BE SET 
ADDRESS TO BE SET 

READ-BACK COPIED HERE 

ADDRESS TO BE SET 

RTT F A I L S  3 TIMES. START TO TRY AGAIN 
CONSTANT 



r 

WTB13 BST 0 
END 0 

CONSTANT 

SUB2 

SUB2 

S2A 
5 2 8  

s 2 c  

REM 1471 WRB READ PARAMETERS FROM XLS B INARY TAPE 
REM PROGRAM CARD 
FUL 
MZE 0 7 0 9 4  9 L  
PZE 
PZE T l + 1  
PZE 
BCD l S U B 2  
PZE SUB2 7R 
REM SUBROUTINE S U B 2 ( p 9 I C )  
ORG 0 
REL 
SXD X l t l  
SXD X 2 9 2  
SXD X 4 9 4  
CLA 1 9 4  
STA S2U 
STA S2AA 
C L A  2 9 4  
SUB 1 1  
STA S2AC 
SUB I 5  
STA S2AF 
SUB I 1  
STA SZAD 
SUB I 1  
STA SZAG 
SUB I1 
STA S2AE 
L X A  1391 
REW 5 
RTB 5 
R T T  
NOP 
L X A  C 1 ~ 2  
CPY s3 

SUB2 001  
SUB2 002 
SUB2 003 
SUB2 004 
SUB2 005 
SUB2 006 
SUB2 007 
SUB2 008 
SUB2 009  
SUB2 010 
SUB2 011 
SUB2 012 
SUB2 013 
SUB2 014 
SUB2 015 
SUB2 016 
SUB2 017 
SUB2 018 
SUB2 019 

20 
2 2  
22 

SUB2 023 
SUB2 0 2 4  
S U B 2  025  
SUB2 0 2 6  
SUB2 027 
SUB2 028 
SUB2 029  
SUB2 030 
SUB2 0 3 1  
SUB2 032 
SUB2 0 3 3  
SUB2 0 3 4  
SUB2 035 
SUB2 036 



S2D 

S2E 

S2F  

S 2G 

SZH 

5 2  I 

S 2 J  

S2K 

S 2 L  

S2M 

S2N 

s20 

S2P 

S2Q 

S2R 

52s 

S2T  

TRA S2E 
HPR 2 
TRA S2D 
T I X  S 2 C 9 2 t l  
L X A  C 2 9 2  
CPY S l l  
TRA S2H 
HPR 2 
TRA S2G 
T I X  S2F9291 
LXA C 3 9 2  
CPY T 6 1  
TRA S2K 
HPR 2 
TRA S 2 J  
T I X  521 ,291  
LXA C 4 t 2  
CPY T 6  
TRA S2N 
HPR 2 
TRA S2M 
T f X  S 2 L 9 2 9 1  
L X A  C592  
CPY T 5  
TRA S 2 0  
HPR 2 
TRA S2P 
T I X  S 2 0 9 2 9 1  
CLA T 5  
SUB C 6  
PAX 0 9 2  
CPY T 1  
TRA S2T  
HPR 2 
TRA S2S 
T I X  S 2 R 9 2 9 1  
PXD 090 
PDX 0 9 4  
LXA 51x92 

END OF F I E L  OR RECORD 
SUB2 0 3 7  

SUBZ 0 3 9  
SUB2 040 
SUB2 041 
SUB2 042 
SUB2 043 
SUB2 044 
SUB2 045  
SUB2 046 
SUB2 047 
SUB2 048 
SUBZ 049 
SUB2 050 
SUB2 051 
SUB2 0 5 2  
SUB2 053 
SUB2 0 5 4  
SUB2 055 
SUB2 056 
SUB2 057 
SUB2 058  
SUB2 059 
SUB2 060 
SUB2 061 
SUB2 062 
SUBZ 063 
SUB2 064  
SUB2 065 
SUB2 066 
SUB2 067 
SUB2 068 
SUB2 069 
SUB2 070 
SUB2 071 
SUB2 0 7 2  
SUB2 073 
SUB2 074 
SUB2 075 

SUBZ 038  

I w 
'p 



s 2 u  

s2v 

s 2 w  

s 2 x  

S2Y 

s 2 z  
S 2 A A  

S2AB 

S2AC 

S 2 A I  
S2AD 

S 2 A J  
S 2 A E  

S2AF 
5 2 A G  

T X I  S 2 U 9 2 9 1  
C P Y  * * 9 4  

T X I  S2W9491  
HPR 2 
T R A  S2V 
T I X  S 2 U 9 2 9 1  
C L A  T 6 1  
SUB T 6  
T Z E  S2AA 
PAX O b 2  
CPY T l  
TRA 5 2 2  
HPR 2 
TRA S2Y 
T I X  S 2 X 9 2 9 1  
CPY * * 9 4  
T X I  S 2 A A 9 4 9 1  
HTR 0 
IOD 
RTT 
TRA SZAH 
PXD O b 4  
STO ** 
L X A  Slls4 
T X I  S 2 A I 9 4 9 3  
PXD 0 9 4  
STO ** 
T X I  S Z A J 9 4 9 3  
PXD 094 
STO ** 
LDQ 53 
MPY I 5  
L L S  1 8  
STQ ** 
STQ ** 
L X D  X l ~ l  
L X D  X 2 9 2  
L X D  X 4 9 4  
T R A  3 9 4  

P ( 1 1  

I C ( 2 )  

SUB2 07'6 
SUB2 077  
SUB2 078 
SUB2 079  
SUB2 080 
SUB2 0 8 1  
S U B 2  0 8 2  
SUB2 083 
SUB2 0 8 4  
SUB2 0 8 5  
SUB2 0 8 6  
SUB2 087 
SUB2 088 
SUB2 089  
SUB2 090 
SUB2 0 9 1  
SUB2 0 9 2  
SUB2 093 
SUB2 095  
SUB2 0 9 6  
SUB2 097 
SUB2 098 
SUB2 981 
SUB2 0 9 9  
SUB2 100 
SUB2 101 
SUB2 10 11 
SUB2 102 
SUB2 1 0 3  
SUB21031 
SUB2 104  
SUB2 1 0 5  
SUB2 106 
SUB2 107 
SUB2 108  
SUB2 1 0 9  
SUB2 110 
SUB2 111 
SUB2 112 

k -  I .  

.. . 
, ,, 



S2AH 

L 1  
L 2  
L3 
L 4  
L 5  
L6  
1 1  
I 3  
I 5  
c 1  
c 2  
c3  
c4  
c 5  
C 6  
X I  
x 2  
x 4  
s3 
s11 
T 6 1  
7 6  
T 5  
T 1  

T I X  S Z B 9 l t l  
HPR 2 
TRA S2A 
E Q U  3 0 1  
EQU 4 2 9 5  
EQU 4 3 0 4  
EQU 4 3 0 8  
EQU 4 3 0 9  
EQU 4 4 3 7  
PZE 1 
P Z E  3 
PZE 5 
PZE L2-Lf- t .1 
PZE L 3 - L Z  
P Z E  L 4 - L 3  
PZE L 5 - L 4  
PZE L 6 - L 5  
PZE L6 

RTT F A I L S  3 TIMES. START 
TO T R Y  A G A I N  
4 5 5 ( 8 1  L O C  START I N  X L S 2  
1 0 3 0 7 ( 8 )  LOC 53 I N  XLSZ 
1 0 3 2 0 ( 8 1  LOC 511 I N  XLS2 
1 0 3 2 4 ( 8 )  L O C  T 6 1  I N  X L S 2  
1 0 3 2 5 ( 8 )  L O C  T6 I N  X L S 2  
1 0 5 2 5 ( 8 )  L O C  T5 I N  XLS2 

INDEX SAVED HERE 
INDEX SAVED HERE 
INDEX SAVED HERE 
X L S 2  SYMM OR A N I S  INDICATOR 
XLS2 NO. OF SCALE FACTORS 
XLS2 COMP LOC SYMM CODE 
X L S 2  COMP LOC ATOM PARATETERS 
XLS2 LAST LOC USED 8 Y  CODE 
DISCARDS COPIED HERE 

END 0 

S U B 6  REM 1471 WRB DECODE SYMMETRY INFORMATION 
REM PROGRAM CARD 
FUL 
MZE 0 ,094  9L 
PZE 
PZE TEMP+l  
P I E  
BCD l S U B 6  
PZE SUB6 7R 
REM SUBROUTINE S U B 6 ( l , l r K )  TO DECODE SYMM CARD K 

SUB2 113 
SUB2 114 
SUB2 115 
SUB2 116 
SUB2 117 
SUBZ 118 
SUB2 119 
SUB2 120 
SU82 1 2 1  
SUB2 122 
SUB2 123 
SUB2 124 
SUBZ 125 
SUB2 126 
SUB2 127 
SUB2 128 
SUB2 1 2 9  
SUB2 1 3 0  
SUB2 131 
SUB2 1 3 2  
SUB2 133 
SUB2 134 
SUB2 1 3 5  
SUB2 136 
SUB2 137 
SU82 138 
SUB2 139 
SUB2 140 

SUB6 001 
SUB6 002 
SUB6 003 
SUB6 004  
SUI36 005 
SUB6 006 
S U B 6  007 
SUB6 008 
SUB6 009 
SUB6 010 

, 



SUB6 

S6A 

5 6 8  

S6C 
S6D 

S6E 

S6F  

S 6 G  

REL 
ORG 0 
SXD X 1 9 1  
SXD X 4 9 4  
C L A  194 
STA S6D 
STA S6H 
PXD 0 9 0  
PDX O t l  
C A L  F 2 9 4  
ALS 2 2  
ANA MASK 
T Z E  S6B 
SUB D 6  
SLW TEMP 
C A L  F 2 9 4  
ANA MASK1 
TNZ S6C 
C t S  TEMP 
TRA 5 6 0  
PXD OtO 
TRA S6D 
C L A  TEMP 
STO * * v l  
T X I  S 6 E 9 l ~ l  
C A L  F2+1 ,4  
ARS 1 2  
ANA MASK 
TZE S6F 
SUB D 6  
SLW TEMP 
C A L  F 2 9 4  
ANA MASK2 
TNZ S6G 
CLS TEMP 
T R A  S6H 
PXD 0 9 0  
I R A  S6H 
C L A  TEMP 

FROM FORMAT I N  SUB5 

FROM FORMAT I N  SUB5 

L O C  IS(l$l$Kl 

FROM FORMAT I N  SUB5 

FROM FORMAT I N  SUB5 

SUB6 011 
SUB6 0 1 2  
SUB6 0 1 3  
SUB6 014 
SUB6 0 1 5  
SUB6 016 
SUB6 017 
SUB6 018 
SUB6 029 
SUB6 020 
SUB6 0 2 1  
SUB6 022 
SUB6 023 
SUB6 024  
SUB6 0 2 5  
SUB6 0 2 6  
SUB6 027 
SUB6 028  
SUB6 029 
SUB6 030 
SUB6 031 
SUB6 032 
SUB6 033 
SUB6 034 
SUB6 0 3 5  
SUB6 035 
SUB6 037 
SUB6 038  
SUB6 0 3 9  
SUB6 040 
SUB6 041 
SUB6 0 4 2  
SUB6 043  
SUB6 044 
SUB6 0 4 5  
SUB6 046 
SUB6 047 
SUB6 048  
SUB6 049 

I -r 
fu ;* 
I 



-, 
* 

S6H S T O  **91 
T X I  S61,lrl 

S61 TXH S6J9195 
T X I  S 6 A 9 4 t - 2  

S 6 J  LXD X 1 9 1  
LXD X 4 9 4  
TRA 2 9 4  

MASK OCT 000017000000 
MASK1 OCT 000000400000 
MASK2 OCT 000000000040 
D 4  PZE 0,094 
x 1  INDEX SAVED HERE 
x4  INDEX SAVED HERE 
TEMP 
F2 EQU 22 

END 0 
SECOND FORMAT WORD LESS TSX SUB6 

SUBG REM 1471 WRB COMPUTED SUBROUTINE E N T R I E S  
REM PROGRAM CARD 
FUL 
MZE 090,10 9L 
PZE 
P Z E  X4+1,0,82 
PZE 
BCD 1SUB7 
PZE SUB7 
BCD 1SUB12 
PZE SUB12 
BCD 1SUB14 
PZE SUB14 
BCD 1SUB18 
PZE SUB18 
ORG 0 
REL 

SETA BCD l S E T A  
SETP BCD l S E T P  

BCD 1HED20 
BCD 1HED19 
BCD 1HED18 

4 R  

SUB6 050 
SUB6 0 5 1  
SUB6 052 
SUB6 053  
SUB6 0 5 4  
SUB6 0 5 5  
SUB6 0 5 6  
SUB6 0 5 7  
SUB6 058 
SUB6 059 
SUB6 060 
SUB6 061  
SUB6 0 6 2  
SUB6 063 
SUB6 064 
SUB6 065 

SUBG 001 
SUBG 002 
SUBG 003 
SUBG 004 
SUBG 005 
SUBG 006 
SUBG 007 
SUBG 008 
SUB6 009 
SUBG 010 
SUBG 011 
SUBG 022 
SUBG 013 
SUBC 014 
SUBG 015 
SUBG 016 
SUBG 0317 
SWBG 018 
SUBG Oh9 
SUBG 020 
SUBC 021 
SUB8 0 2 2  

I -\, 

,. ,: 

,' -, 
1 

'3 



BCD l H E D l 7  
BCD 1HED16 
BCD 1 H E D l S  
BCD 1HED14 
RCD 1HED13 
BCD 1HED12 
BCD l H E D l l  
BCD l H E D l O  
RCD 1HED9 
BCD l H E D 8  
BCD 1HED7 
BCD 1HED6 
BCD 1HED5 
BCD 1HED4 
BCD 1HED3 
BCD l H E D Z  
BCD l H E D l  

BCD 1PRE20 
BCD 1PRE19 
BCD l P R E 1 8  
BCD lPRE1- I  
BCD l P R E 1 6  
B f D  l P R E 1 4  
BCD l P R E l 4  
BCD 1PRE7 
B f D  1 P R E f 2  
BCD l P R E l O  
BCD L P R E l O  
BCD 1PRE8 
BCD 1PRE8 
BCD 1PRE7 
BCD l P R E 6  
BCD 1PRE3 
BCD 1PRE4 
BCD 1PRE3 
BCD 1PRE2 
BCD l P R E l  

HED BSS 0 

PRE BSS 0 

SAME AS PREh5 

SAME AS PRE 1 3  

SAME AS P R E l l  

SAME AS PRE9 

SAME A S  PRES 

SUBG 023  
SUBG 0 2 4  
SUBG 0 2 5  
SUBG 026  
SWBG 027 
SUBG 028 
SUBG 029  
SUBG 030 
SUBG 0 3 1  
SUBG 032 
SUBG 033 
SUBG 0 3 4  
SUBG 0 3 5  
SUBG 036 
SUBG 037 
SUBG 038 
SUBG 0 3 9  
SUBG 040 
SUBG 045, 
SUBG 042 
SUBG 043 
SUBG 0 4 4  
SUBG 045  
SUBG 046 
SUBG 047  
SUBG 048 
SUB6 049 
SUBG 050 
SUBG 0 5 1  
SUBG 052 
SUBG 053  
SUBG 0 5 4  
SUBG 055  
SUBG 056  
SUBG 0 5 7  
SUBG 058  
SUBG 059  
SUBG 060 
SUBG 061  

i .r= c 
I 

Y 



BCD 1FUNZO 
BCD 1FUN19 
BCD 1FUN18 
BCD 1FUN17 
BCD 1FUN16 
BCD 1FUN15 
BCD 1FUN14 
BCD l F U N 1 3  
BCD 1FUN12 
BCD l F U N l 1  
BCD l F U N l O  
BCD 1FUN9 
BCD l F U N 8  
BCD 1FUN7 
BCD 1FUN6 
BCD 1FUN5 
B t D  l F U N 4  
BCD 1FUN3 
BCD 1FUN2 
BCD l F U N l  

BCD l O U T 2 0  
BCD 1 0 U T 1 9  
BCD 1QUT18 
BCD 1 0 U T 1 7  
BCD 1QUT16 
BCD l O U T l  
BCD 1 O U T l  
BCD 1 0 U T 1 3  
BCD l O U T 1 2  
BCD l O U T l O  
BCD l O U J l O  
BCD 10UT8  
BCD 10UT8 
BCD 1 0 U J 7  
BCD 10UT6  
BCD 10UT3  
BCD 1 0 U T 4  
BCD 10UT3  

FUN BSS 0 

SAME AS OUT15 
SAME AS OUT14 

SAME AS OUT11 

SAME AS OUT9 

SAME AS OUT6 

S U B G  062 
SUBG 063 
SUBG 054 
SUBG 065 
SU6G 066 
SUBG 067  
SUBG 068  
SUBG 069 
SUBG 070 
SUBG 071 
SUBG 072 
SUBG 073 
SUBC 074  
SUBG 0 7 5  
SUBG 076 
SUBG 077 
SUBG 0 7 8  
SUBG 079 
SUBG 080 
SUBG 0 8 1  
SUBG 0 8 2  
SUBG 083  
SUBG 084  
SUBG 0 8 5  
SUBG 0 8 6  
SUBG 087 
SUBG 088  
SUBG 0 8 9  
SUBG 090 
SUBG 091 
SUBG 092  
SUBG 0 9 3  
SUBG 094 
SUBG 095 
SUBG 096 
SUBG 097 
SUBG 0 9 8  
SUB6 099 
SUBG 100 

I c w 
B 



BCD 10UT2 
BCD l O U T l  

OUT BSS 0 
SUB7 SXD X 2 9 2  

SXD X 4 9 4  
CLM 
LDQ I N  
L i s  0 
DVP DlOO 
PDX 0 9 2  
TXH EXIT92,ZO 
TSX H E D I 9 4  
TRA E X I T  

H E D I  TRA HED92 
SUB12 SXD X 2 9 2  

SXD X 4 9 4  
TSX S E T A 9 4  
TSX S E T P 9 4  
LXD I N 9 2  
TXH EXNG92920  
TSX Full194 
TRA E X I T  

FUN1 TRA FUN92 
SUB14 SXD X 2 9 2  

SXD X 4 9 4  
LXD I N 9 2  
TXH EXNG92920  
TSX P R E I 9 4  
TRA E X I T  

P R E I  TRA PRE92 
SUB18 SXD X 2 9 2  

SXD X 4 9 4  
LXD I N 9 2  
TXH EXNG92920  
TSX O U T 1 9 4  
TRA E X I T  

OUT1 T R A  OUT92 
EXNG CLA D 1 1  

STO NG 

SUBG 1 0 1  
SUBG 102 
SUBG 1 0 3  
SUBG 104 
SUBG 1 0 5  
SUBG 106 
SUBC 107 
SUBG 108  
SUBG 509 
SUBG 110 
SUBG 111 
SUBG 1 1 2  
SUBG 113 
SUBG 114 
SUBC 1x5 
SWBG 1 1 6  
SUBG 117 
SWBG 118 
SUBG 119 
SUBG 1 2 0  
SUBG 1 2 1  
SUBG 1 2 2  
SUBG 123 
SUBG 124 
SUBG 1 2 5  
SUBG 1 2 6  
SWBG 127 
SUBG 128 
SUBG 1 2 9  
SUBG 130 
SUBC 131 
SUBG 132 
SWBG 133  
SUBG 134 
SUBG 135 
SUBG 136 
SUBG 137 
SUBG 1 3 8  
SUBG 139 

c 

' 



E X I T  

D 1 1  
D l O O  
I N  
NG 
x 2  
x4  

SUBK 

LXD X292  
L X D  X 4 r 4  
T R A  194 
PZE 0 ~ 0 , 1 1  
PZE 090,100 
SYN 3 1 7 6 5  REFERS TO COMMON STORAGE 
SYN 32562 REFERS T O  COMMON STORAGE 

INDEX STORED HERE 
INDEX STORED HERE 

END 0 

REM 1471 WRB KEY WORD SUBROUTINES 
REM PROGRAM 
FUL 
MZE 0 ~ 0 9 1 6  
PZE 
PZE X 4 4 - 1  
PZE 
BCD l S U B l  
PZE S U B l  
BCD 1SUB3 
PZE SUB3 
BCD l S U B 4  
PZE SUB4 
BCD 1SUB15 
PZE SUB15 
BCD 1SUB16 
P Z E  SUB16 
BCD 1 S U B l - I  
PZE SUB17 
BCD 1SUB20 
PZE SUB20 
REM SUBROUT 
ORG 0 
R E L  

LXA I D I M K 9 1  
SUBl SXD X l b l  

CARD 

9L 

1 R  
E SUB1 TO CLE 

S 1 A  STZ K;Z+DIMK,l 
T I X  S l A 9 1 9 1  

R K 2  

SUBG 140 
SUBG 141 
SUBG 142 
SUBG 143 
SUBG 144 
SUBG 145 
SUBG 146 
SUBG 147 
SUB6 148 
SUBG 149 

SUBK 001 
SUBK 002 
SWBK 003 
SUBK 004 
SUBK 005 
SUBK 006 
SUBK 007 
SUBK 008 
SUBK 009 
SUBK 010 
SUBK 011 
SUBK 012 
SUBK 013 
SUBK 014 
SUBK 015 
SUBK 016 
SUBK 017 
SUBK 0 1 8  
SUBK 019 
SUBK 0 2 0  
SUBK 0 2 1  
SUBK 0 2 2  
SUBK 023 
SUBK 0 2 4  
SUBK 025 
SUBK 026 
SUBK, 027 
SUBK 028  



LXD X 1 r 1  
TRA 194 
REM SUBROUTINE 

SUB3 SXD X 1 9 1  
SXD X292 
CLA 1 9 4  

STA S3K 
RTB 5 

S3A LXA 1 3 9 1  
5 3 8  RTB 5 

RTT 
NOP 
L X A  IDIS~Z 

S3C CPY K1 
TRA S3E 

S3D HPR 3 
TRA S3D 

S3E T I X  S 3 C 9 2 9 1  
L X A  I D I M K 9 2  

S3F  CPY Kl+DIMK,Z 
TRA S3H 

536 HPR 3 
TRA S 3 G  

S3H T I X  S3F9291 
CPY NK 
CPY N 
TRA S3J 

S 3 1  HPR 3 
TRA S 3 1  

S 3 J  CPY K 2  
TRA S 3 J  
HPR 3 
I OD 
RTT 
TRA S 3 0  
L X A  N r l  
PXD 091 

S3K STO ** 
C L A  N K  

S U B ~ ( I C ( ~ ) )  TO READ K 1  AND I C ( 5 )  FROM TAPE 

END OF FILE OR RECORD 

END OF RECORD 

END OF RECORD 

L O C  I C ( 5 )  

SUBK 0 2 9  
SUBK 030 
SUBK 031  
SUBK 0 3 2  
SUBK 033 
SUBK 034 
SUBK 035 
SUBK, 035 
SUBK 037 
SUBK 038 
SUBK 0 3 9  
SUBK 040 
SUBK 041 
SWBK 0 4 2  
SUB& 043 
SUBK 044 
SUBK 045 
SUBK 046 
SUBK 047 
SUBK 048 
SUBK 049 
SUBK 050 
SUBK 0 5 1  
SUBK 052 
SUBK 053 
SUBK 054  
SUBK 0 5 5  
SUBK 056 
SUBK 057 
SUBK 058 
SUBK 059  
SUBK 060 
SUBK 061 
SUBK 0 6 2  
SUBK 063 
SUBK 064 
SUBK 065 
SUBK 6 5 1  
SUBK 066 



S3L 

S3M 
S3N 

S 3 0  

SUB4 

S4A 

S4B 

s4c 

ADD L O C K 1  
STA S3N 
L X A  NKt1 
SXD N K 9 1  
TXL 53M919DIMK 
HPR 2 4  NK GREATER THAN DIMK 
T R A  5 3 L  
CAL K l + D I M K , l  
SLW * * 9 1  NK+LOCKl  
T I X  S3F9,191 
LXQ x 1 9 1  

LXD X 2 t 2  
REW 5 
T R A  2 9 4  
8ST 5 
T I X  S 3 8 9 1 , l  
HPR 3 RTT F A I L S  3 TIMES. 
TRA 538 START TO TRY AGAIN 
REM SUBROUTINE S U B 4 ( I C ( 6 ) )  TO READ K 1  FROM CARDS 
SXD X 1 9 1  
SXD X 2 9 2  
C A L  194 
STA S4A 
CLA ** LOC I C ( 6 )  
TZE S 4 F  
ALS 1 
STQ NK 
PDX 0 9 1  
ARS 1 8  
ADD LOCK1 
STA S4D 
ADD I 1  
STA S4E 
TXL S4C919DIMK 
HPR 4 
TRA S4B 
LXA I932 
R CD 

S4D CPY *+*I NK+LOCKl 

S U E K  067 
SUBK 068 
SUBK 069 
SUBK 070 
SUBK 071 
SUBK 072 
SUBK 073 
SUBK 074  
SUBK 075 
SUBK 076 
SUBK 077 
SUBK 078 
SUBK 079 
SUBK 080 
SUBK 0 8 1  
SUBK 082 
SUBK 083 
SUBK 084 
SUBK 085 
SUBK 086 
SUBK 087 
SUBK 088 
SUBK 089 
SUBK 090 
SUBK 093 
SUBlC 092 
SUBK 0 9 3  
SUBK 094  
SUBK 095 
SUBK 096 
SUBIC 097 
SUBK 098 
SUBK 099  
SUBK 100 
SUBK 101  
SUBK 102 
SUBK 103 
SUBK 1 0 4  
SUBK 105 

B ‘  

I -  

... 



S4E 

S 4 F  

S4G 

S4H 

TRA S4E 
HPR 4 
TRA S4C 
CPY * * 9 1  

T I X  S 4 D 9 2 9 1  

TRA S4H 
LXA I D I M I ( 9 1  
SXD N K 9 1  
PXD 090 
COM 
SLW K l + D  I MK 9 1 
T I X  5 4 G i l 9 l  
LXD X 1 9 1  

LXD X 2 9 2  

T I X  S 4 C Q f 9 2  

E N D  OF F I E L  

NK+ LOCK 1 + 1 

TRA 2 ~ 4  
REM SUBROUTINE S U B 1 5 ( K 3 t  TO STORE SECONDARY KEY WORDS 
REM STORES K 3 ( 1 )  ONE B I T S  STARTING WITH K 3 ( 2 )  B I T  
REM OF K 3 ( 3 )  WORD 

SUB15 C A L  1 9 4  

STA S15A 
SUB I1 
STA SLSB 
SUB 11  
STA S15C 

S 1 5 A  C L A  ** 
ARS 1 8  
STA S15D 

S 1 5 B  C L A  ** 
ARS 1 8  
STA S15E 

S15C C t A  ** 
ARS 1 8  
ADD LOCK2 
STA 515G 
SUB I 1  
STA S l 5 F  
PXD 090 
LRS 3 5  

LOC K 3 ( 1 )  

LOC K 3 ( 2 )  

LOC K 3 ( 3 )  

SUBK 106 
SUBK 107 
SUBK 1 0 8  
SUBK 109 
SUBK 110 
SUBK 111 
SUBK 122 
SUBK 113 
SUBK 114 
SUBK 1 1 5  
SWBK 116 
SUBK 117 
SUBK 1 1 8  
SUBK 119 
SUBK 1 2 0  
SUBK 1 2 1  
SUBK 122 
SUBK 1 2 3  
SUBK 124  
SUBK 1 2 5  
SUBK 126 
SUBK 127 
SUBK 1 2 8  
SUBK 129 
SUBK 130 
SWBK 131  
SUBK 132  
SUBK 133 
SUBK 134 
SUBK 135 
SUBK 136 
SUBK 137 
SUBK 1 3 8  
SUBK 139 
SUBK 140 
SUBK 141  
SUBK 142 
SUBK 143 
SUBK 144 

. 



COM 

COM 
S 1 5 D  ARS ** K 3 ( 1 )  

S15E LRS ** K 3 ( 2 )  
S15F ORS ** K 3  ( 3  1 +LOCK2-1 

S 1 5 G  ORS ** K 3  t 3 f +LOCK2 
L L S  3 6  

T R A  2 9 4  
REM SUBROUTINE SUB16 T O  I N I T I A L I Z E  SUB17 

SUB16 C L A  NK 
STD XWORD 
ARS 1 8  
ADD LOCK1 
STA S17B 
CLA NK 
ARS 18 
AD5 LOCK2 
STA S17G 
CLA 036 
STD X B I T  
C A L  K 1  
SLW T K 1  
C A L  K 2  
SLW TK2 
TRA 194 
REM FUNCTION SUB17 T O  TEST KEY WORDS 

LXD X B I T 9 1  
T I X  S17C,l,L 
LXD XWORD91 
T I X  5178,191 

TRA S17A 

SLW T K 1  

SLW TK2 
SXD XWORDsL 
LXD 03691  

SUB17 SXD X 1 9 1  

S 1 7 A  HPR 7 1  N AND KEY WORDS DISAGREE 

S 1 7 B  CAL **sl NK+LOCKl SET BY SUB16 

S17G C A L  **91 NK4LOCK2 SET BY SUB16 

SUBK 1 4 5  
SUBK 146 
SUBK 147 
SUBK 148 
SUBK 149 
SUBK 150 
SUBK 1 5 1  
SWBK 1 5 2  
SUBK 153  
SUBK 154 
SUBK 1 5 5  
SUBK 156 
SUBK 157 
SUBK 1 5 8  
SUBK 159 
SUBK 160 
SUBK 161, 
SUBK 152 
SUBK 163 
SUBK 164 
SUBK 165 
SUBK 166 
SUBK 167 
SUBK 168 
SUBK 169 
SUBK 170 
SUBK 1 7 1  
SUBK 172 
SUBK 173 
SUBK 174 
SUBK 1 7 5  
SUBK 176 
SUBK 177 
SUBK 178 
SLIBK 1 7 9  
SUBK 1 8 0  
SUBK 2 8 2  
SUBK 18.2 
SUBK 1 8 3  



S17C SXD X B I T 9 1  
CAL T K l  
PBT 
TRA S17E 
ALS 1 
SLW T K 1  
C A L  TK2 
PBT 
TRA S17D 
ALS 1 
SLW TK2 
C L A  ONE 
TRA S l 7 F  

SLW TK2 
C L A  ONE 
CHS 
TRA S17F  

SLW T K 1  
C A L  TK2 
ALS 1 
SLW TKZ 
PXD 090  

TRA 2 1 4  
REM SUBROUT I NE SUB20 

SUB20 REW 5 
RTB 5 

5170 ALS 1 

S 1 7 E  ALS 1 

S 1 7 F  LXD X l b l  

TRA 
REM 
EQU 
EQU 
EQU 
PZE 

194 
CONSTANTS AND TEMPORARIES 
40 DIMENSION K l  AND K 2  
256 
16 
L l - L 2 - D I M K  

WORDS I N  XLS TAPE RECORD 3 
WORDS I N  XLS INTERSEGMENT STORAGE 
WORDS TO BE DISCARDED FROM TAPE 

DIMK 
L 1  
L2 
I D f S  
IDEMK PZE DIMK 
I 1  PZE 1 
I 3  PZE 3 
I 9  P I E  9 

SUBK 1 8 4  
SUBK 1 8 5  
SUBK 1 8 6  
SUBK 1 8 7  
SUBK 1 8 8  
SWBK 1 8 9  
SUBK 190 
SUBK 191  
SUBK 1 9 2  
SUBK 193  
SUBK 194 
SUBK 1 9 5  
SUBK 196 
SUBK, 197 
SUBK 1 9 8  
SUBK 199 
SUBK 200 
SUBK 2 0 1  
SUBK 202 
SUBK 2 0 3  
SUBK 204  
SUBK 205 
SUBK 206 
SUBK 2 0 7  
SUBK 2 0 8  
SUBK 209 
SUBK 210 
SUBK 211, 
SUBK 212 
SUBK 213 
SWBK 2 1 4  
SUBK 215 
SUBK 216 
SUBK 2 1 7  
SUBK 2 1 8  
SUBK 2 1 9  
SUBK 2 2 0  
SUBK 2 2 1  
SUBK 2 2 2  

1 



D 3 6  PZE 070,36  
ONE DEC I r O  
LOCK1 P Z E  K 1  
LOCK2 P Z E  K 2  
K 1  BSS D I M K  
K 2  BSS D I M K  
T K 1  
TK2 
XWORD 
X B I T  
N K  
N 
X l  
x 2  
x 4  

END 0 

PRIMARY KEY WORDS 
DECONDARY KEY WORDS 
CURRENT K 1  
CURRENT K2 
K E Y  WORD COUNTER SAVED 
B I T  COUNTER SAVED 
NUMBER OF KEY WORDS USED 
ORDER O F  FIATRIX 
I D E X  SAVED HERE 
I D E X  SAVED HERE 
I D E X  SAVED HERE 

REM WRB 1471 SUBROUTINE READ(TAPE9LOC1 
ORG 0 
F U L  
MZE 0 ,094  
P Z E  
P Z E  RTB9+1  
P Z E  
BCD l R E A D  
P Z E  A 
ORG 0 
REL 
P Z E  
P Z E  
P Z E  

A SXD A - 3 9 1  
SXD A-292 
SXD A-194 
CLA 194 
STA RTB 
CLA 2 9 4  
S T A  R T B 4  

RTB CLA 0 

SAVE INDEX 1 
SAVE INDEX 2 
SAVE INDEX 4 

ADDRESS TO BE SET 

SUBK 223 
SUBK 2 2 4  
SUBK 2 2 5  
SUBK 2 2 6  
SUBK 227 
SUBK 2 2 8  
SUBK 2 2 9  
SUBK 230 
SUBK 2 3 1  
SUBK 2 3 2  
SUBK 233 
SUBK 2 3 4  
SUBK 235 
SUBK 2 3 6  
SUBK 237 
SUBK 2 3 8  



R T B l  
RTBZ 

RTB3 

RTB4 

RTBS 

RTB6 

RTB7 
RTB8 
RTB9 

SET 

TO BE SET 

END OF F I L E  

ARS 1 8  
STO RTB9 
ADD RTB7 
STO RTB3 
C L A  RTB9 
ADD RTB8 
STO RTB6 
LXD R T B 5 9 1  
PXD 090 
PDX 0 9 2  
RTB 0 
RTT 
NOP 
CPY 0 9 2  
T X I  R T 6 4 9 2 9 1  
HTR R I B 3  
I OD 
RTT 
T X I  RTB690,3 
LXD A - 3 9 1  
LXD A-292 
LXD A - 1 9 4  
TRA 3 9 4  
BST 0 TO BE SET 
T I X  R T B 2 9 1 9 1  

RTB 0 CONST ANT 
BST 0 CONSTANT 
PZE TAPE NUMBER 
END 0 

HTR R T 8 1  RTT F A I L S  3 TIMES. START TO T R Y  AGAIN. 

REM 1471 WRB DUMMY RQUTINES. M A Y  BE SUPERCEDED BY USER, 
REM PROGRAM CARD 
FUL 
MZE 0,096 9 L  
PZE 
PZE SET+1  
P Z E  
BCD l S E T A  

SET 001 
SET 002 
SET 003 
SET 005 
SET 006 
SET 007 
SET 008 
SET 009 

, ' 



PZE SET 
BCD l S E T P  
PZE SET 6R 
REM SUBROUTINES SETA AND SETP 
REL 
ORG 0 

END 0 
SET T R A  194  

HED REM 1471 WRB DUMMY Ro'JTINES TO BE SUPERCEDED 
REM PROGRAM CARD 1 
FUL 
MZE 0 3 0 9 2 2  9 L  
PZE 
PZE HED-f-1 
PZE 
BCD l H E D l  
PZE HED 
BCD 2HED2 
PZE HED 
BCD 1HED3 
PZE HED 
BCD l H E D 4  
PZE HED 
BCD l H E D 5  
PZE HED 
BCD 1HED6 
PZE HED 
BCD l H E D 7  
PZE HED 
BCD fHED8 
PZE HED 
BCD 1HED9 
PZE HED 
BCD l H E D l O  
PZE HED 12R 
REM PROGRAM CARD 2 
MZE 0 9 0 9 2 0  9e 
PZE 

S E T  010 
SET 011 
SET 012 
SET 0 1 3  
SET 014  
SET 015  
SET 016 
SET 017 

HED 0 0 1  
HED 002 
HED 003 
HE0 004 
HED 005 
HED 006 
HED 007 
H E 0  008 
HE0 009  
HED 010 
HED 011 
HED 012 
HED 013 
HED 014 
HED 015 
HED 016 
HED 017 
HED 018 
HED 019 
HED 020 
HED 0 2 1  
HED 0 2 2  
HED 0 2 3  
HED 0 2 4  
HED 025 
HED 026 
HED 027 
HE0 028  
HED 029 
HED 030 



BCD 1 H E D 1 1  
PZE HED 
BCD 1HED12 
PZE HED 
BCD l H E D 1 3  
PZE HED 
BCD 1HED14 
PZE HED 
BCD 1HED15 
PZE HED 
BCD 1HED16 
P / E  HED 
6CD 1HED17 
P I E  HE0 
BCD 1HED18 
PZE HED 
BCD 1HED19 
PZE HED 
BCD 1HED2O 
PZE HED 
REM DUMMY SUBROUTINE HED 
REL 
ORG 0 

END 0 

1 f R  

HED TRA l r 4  

PRE REM 1471 WRB DUMMY ROUTINES TO BE SUPERCEDED 
REM PROGRAM CARD 1 
FUL 
MZE 
PZE 
PZE 
PZE 
BCD 
PZE 
BCD 
PZE 
BCD 
PZE 

090922 

024-1 

I P R E l  
PRE 
I P R E 2  
PRE 
1PRE3 
PRE 

9L 

H E 0  0 3 1  
HED 0 3 2  
HED 0 3 3  
HED 0 3 4  
HED 035  
HED 036 
HED 037 
HED 038 
HED 0 3 9  
HED 040 
HED 0 4 1  
HED 0 4 2  
H E 0  043  
HED 044 
HED 045 
HED 046 
HED 047 
HED 0 4 8  
H E 0  049  
HED 050  
HED 051  
HED 052  
HED 053 
HED 0 5 4  
HED 055 

PRE 001 
PRE 002 
PRE 003 
PRE 004  
PRE 005 
PRE 006 
PRE 007 
PRE 008 
PRE 009 
PRE 010 
PRE 011 
PRE 012 
PRE 013 



6CD l P R E 4  
P Z E  PRE 
BCD l P R E 5  
P Z E  PRE 
BCD I P R E 6  
PZE PRE 
BCD 1PRE7 
PZE PRE 
BCD 1PRE8 
PZE PRE 
BCD 1PRE9 
PZE PRE 
SCD l P R E l O  
P Z E  PRE 1 2 R  
REM PROGRAM CARD 2 
MZE 0 1 0 9 2 0  9 e  
PZE PRE 
BCD l P R E l l  
PZE PRE 
BCD 1PRE12 
PZE PRE 
BCD 1PRE13 
PZE PRE 
BCD l P R E l 4  
P I E  PRE 
BCD 1PRE15 
PZE PRE 
BCD 1PRE16 
PZE PRE 
BCD l P R E 1 7  
PZE PRE 
BCD 1PRE18 
PZE PRE 
BCD 1PRE19 
PZE PRE 
BCD l P R E 2 0  
PZE PRE 1 1 R  

REL 
REM DUMMY SUBROUTINE5 PRE 

PRE €314 
PRE 015 
PRE 016 
PRE 017 
PRE 018 
PRE 019 
PRE 020 
PRE 0 2 1  
PRE 022 
PRE 023 
PRE 0 2 4  
PRE 025 
PRE 026  
PRE 027  
PRE 028 
PRE 0 2 9  
PRE 030 
PRE 031 
PRE 032  
PRE 033  
PRE 034 
PRE 0 3 5  
PRE 036 
PRE 037 
PRE 038 
PRE 039  
PRE 040 
PRE 042 
PRE 042 
PRE 0 4 3  
PRE 0 4 4  
PRE 045  
PRE 046 
PRE 047 
PRE 048 
PRE 0 4 9  
PRE 0 5 0  
PRE 0 5 1  
PRE 0 5 2  



ORG 0 
PRE CLA 0 2  

STO NG 
TRA 1 9 4  

D 2  PZE 0 9 0 9 2  
NG SYN 32562 

END 0 
7 7 4 6 2 ( 8 )  START OF COMMON 

FUN REM 1471 WRB DUMMY ROUTINES TO BE SUPERCEDED 
REM PROGRAM CARD 1 
FUL 
MZE 0,0,22 9 L  
PZE 
PZE 03+1 
PZE 
6CD l F U N l  
PZE FUN 
BCD 1FUN2 
PZE FUN 
BCD l F U N 3  
P Z E  FUN 
BCD I F U N 4  
PZE FUN 
BCD I F U N 5  
PZE FUN 
BCD kFUN6 
PZE FUN 
BCD 1FUN7 
P I E  FUN 
BCD l F U N 8  
PZE FUN 
ECD fFUN9 
P Z E  FUN 
BCD l F U N l O  
PZE FUN 12R 
REM PROGRAM CARD 2 
MZE 0 1 0 9 2 0  9L 
P I E  
BCD l F U N l l  

PRE 053 
PRE 0 5 4  
PRE 055  
PRE 056 
PRE 057 
PRE 0 5 8  
PRE 0 5 9  

FUN 001 
FUN 002 
FUN 003 
FUN 004 
FUN 005 
FUN 006 
FUN 007 
FUN 008 
FUN 009  
FUN 010 
FUN 011 
FUN 012 
FUN O f 3  
FUN 014 
FUN 0 1 5  
FUN 016 
FUN 017 
FUN 018  
FUN 019 
FUN 020 
FUN 021. 
FUN 022 
FUN 0 2 3  
FUN 0 2 4  
FUN 025 
FUN 026 
FUN 027 
FUN 028 
FUN 029 
FUN 030 
FUN 0 3 1  

I . I 



PZE FUN 
BCD l F U N l 2  
PZE FUN 
BCD 1FUN13 
PZE FUN 
BCD 1FUN14 
PZE FUN 
BCD l F U N 1 5  
PZE FUN 
BCD 1FUN16 
PZE FUN 
BCD l F U N 1 7  
PZE FUN 
BCD 1FUN18 
PZE FUN 
BCD 1FUN19 
PZE FUN 
BCD 1FUN20 
P Z E  FUN 1 1 R  
REM DUMMY SUBROUTINE FUN 
R E L  
ORG 0 

FUN CLA D3 
STO NG 
TRA 194 

D3 PZE 0,093 
NG SYN 3 2 5 6 2  7 7 4 6 2 / 8 )  START OF COMMON 

END 0 

OUT REM 1471 WRB DUMMY ROLITINES TO 6E SUPERCEDED 
REM PROGRAM C A R D  1 
FUL 
MZE 0,0,22 9 L  
PZE 
PZE OUT+1 
PZE 
BCD l O U T l  
PZE OUT 
BCD 10UT2 

FUN 0 3 2  
FUN 033  
FUN 034  
FUN 0 3 5  
FUN 036  
FUN 037 
FUN 038  
FUN 0 3 9  
FUN 040 
FUN 041  
FUN 042  
FUN 0 4 3  
FUN 044 
FUN 045 
FUN 046  
FUN 047 
FUN 048 
FUN 049 
FUN 050 
FUN 0 5 1  
FUN 052  
FUN 0 5 3  
FUN 0 5 4  
FUN 0 5 5  
FUN 056 
FUN 057 
FUN 058  
FUN 0 5 9  

OUT 001 
OUT 002 
OUT 003 
OUT 004 
OUT 005 
QUT 006 
OUT 0 0 7  
OUT 008 
O U T  0 0 9  
OUT 010 



PZE OUT 
BCD 10UT3  
PZE OUT 
BCD 1 0 U T 4  
P Z F  0% T 
BCD 1 0 U T 5  
PZE OUT 
BCD 1 0 U T 6  
PZE OUT 
BCD 1 0 U T 7  
PZE OUT 
BCD 10UT8  
PZE OUT 
BCD LOUT9 
PZE OUT 
BCD l O U T l O  
PZE OUT 12R 
REM PROGRAM CARD 2 

PZE 
BCD l O U T l l  
PZE r3UT 
ECD l O U T 1 2  
PZE OUT 
BCD 1 0 U T 1 3  
PZE OUT 
BCD l O U T l 4  
PZE OUT 
BCD 10UT15 
PZE OUT 
BCD 1 0 U T 1 6  
PZE OUT 
BCD 1 0 U T 1 7  
PZE OUT 
BCD l O U T 1 8  
PZE OUT 
BCD 1 0 U T 1 9  
PZE OUT 
BCD 1 0 U T 2 0  

MZE 0 9 0 9 2 0  9L 

OUT 011 
OUT 012 
OUT 013 
OUT 0 1 4  
OUT 015 
OUT 016 
OUT 017 
OUT 0 1 8  
OUT 019 
OUT 020 
OUT 0 2 1  
OUT 0 2 2  
OUT 023  
OUT 0 2 4  
OUT 025  
OUT 026 
OUT 0 2 7  
OUT 028 
OUT 029  
OUT 0 3 0  
OUT 0 3 1  
OUT 032 
OUT 033 
OUT 0 3 4  
OUT 035 
OUT 036 
OUT 037 
OUT 0 3 8  
OUT 0 3 9  
OUT 040 
OUT 0 4 1  
OUT 042 
OUT 0 4 3  
OUT 044 
OUT 0 4 5  
OUT 0 4 6  
OUT 047 
OUT 0 4 8  
OUT 049 

1 



" . 

PZE OUT 11R 
REM DUMMY SUBROUTINE OUT 
REL 
ORG 0 

END 0 
OUT TRA 1 9 4  

CSEG2 1471 WRB SEGMENT 2 CALLING PROGRAM 
READ107 

107 FORMAT(72H 
1 1 
READ505,(IC(f)~I=1,10~ 
IF(IC(2))113,113,203 

113 CA&LSUB2(P9ICl 
IFIIC(1)-1~117~121~12~ 

117 REWIND5 
GOT0217 

121 CALLSUB3(IC(Sf) 
GOT0217 

125 REWIND5 
GOT0215 

203 J=IC(29 
READ2079(P(I),I=19J9 

IF(IC(l)-lf217,211,215 

GOT0121 

207 FORMAT18E9.4) 

211 CALLSUB20 

215 CALLSUB4(ICt6)) 
217 READ2079(AII),I=1,6) 

223 D02251=1921 
225 AM(I)=O*O 

IFIIC(3)-11323,223930? 

R E A D 2 0 7 ~ A M 1 1 ~ ~ A M ~ 7 ~ ~ A M o , A M f 1 6 9 , A M ~ l 6 ~ ~ A M ~ l 9 ~ ~ A ~ ~ 2 l ~  
D03051=1,21 

GOT0311 
305 AM[I)=AMII)*AM(I) 

3 0 9  READ207,~AM(I?,f=ls21~ 
311 K = l  

L=6 

OUT 050 
OUT 051 
OUT 052 
OUT 053 
OUT 0 5 4  
OUT 0 5 5  

SEG2 101 
SEG2 105 
SEG2 107 
SEG2 108 
SEG2 109 
SEG2 111 
SEG2 113 
SEGZ 115 
SEGZ 117 
SEG2 119 
SEG2 121 
SEGZ 123 
SEG2 125 
SEGZ 201 
SEG2 203 
SEGZ 2 0 5  
SEG2 207 

SEG2 211 
5EG2 213 
SEG2 215 
SEG2 217  
SEG2 2 2 1  
SEG2 223 
SEG2 2 2 5  
SEG2 301  
SEG2 303 
SEG2 305 
SEGZ 307 
SEG2 309 
SEG2 331 
SEG2 313 



DO32 1 I = 1 9 6 

K=K+L 
3 2 1  LZL-1 
3 2 3  CALLSUB5 

401 N = I C ( 5 I  

D A ( f ) = ( O . O l ) ~ S Q R T F ( A M ( K ) )  

I F ( I C ( 1 f ) 4 f 1 9 4 1 1 9 4 0 1  

DO40 7 I = 1 9  N 
C A L t R E A D ( 6 r P M )  

407 DP(I)=10~01)*SQRTFfPM(Z)) 
REW I ND6 

411 WRITEOUTPUTTAPE39413 
413 FORMAT( lH1) 

WRITEOUTPUTTAPE3t lO7  
WRITEOUTPUTTAPE3t419  

419 FORMAT(1H 1 
421 I N S A V E = I N ( I )  
423 K = l  

D 0 5 0 9 I = l t 1 0  
L=K+23  
R E A D 5 0 5 , t I N ( J ) , J = K , L !  

5 0 5  F O R M A T ( 2 4 1 3 )  
I F  t I N (  L )  ) 5 0 9  9 5 1 1 9 5 0 9  

5 0 9  K = L  
5 1 1  I F ( I N ( l t ) 5 1 5 9 5 1 3 9 5 1 5  
5 1 3  P A U S E 7 7 7 7 7  

G O T 0 4 2 3  
5 1 5  f F f I N ( 1 ) - I N S A V E ) 5 f 7 r 5 1 9 , 5 1 7  
5 1 7  CALLSUB7 
519 I F t I N ( 1 ) - 1 0 0 ) 5 2 1 , 5 2 1 ~ ~ 2 5  
5 2 1  CALLSUB19  

5 2 5  C A L L S U B 2 1  
G O T 0 4 2 1  

G O T 0 4 2 1  
END( 0 9 1 t O , O + O  1 

CSUBlO 1471  WRB MULTIVALUED FUNCTIONS 7 9  89 AND 9 
SUBROUTINESUB10 
C O M M O N N G , I C , P M , D P ~ D F D p , A M , D A , D F D A , T N , f S , I S 9 A 9 A A ~ ~ B ~ F ~ ~ X ~ ~  

SEG2 3 1 5  
SEG2 3 1 7  
SEG2 319 
SEG2 3 2 1  
SEG2 3 2 3  
SEG2 3 2 5  
SEG2 401 
SEG2 403 
SEG2 4 0 5  
SEGZ 407 
SEGZ 409 
SEG2 411 
SEG2 413 
SEGZ 415 
SEG2 417 
SEG2 419 
SEG2 4 2 1  
S E G 2  423 
SEG2 425  
SEG2 5 0 1  
SEG2 503 
SEG2 505  
SEG2 5 0 7  
SEG2 509 
SEG2 511 
SEG2 513 
SEG2 514 
SEG2 515 
SEG2 517 
SEGZ 519 
SEG2 5 2 1  
SEG2 5 2 3  
SEGZ 5 2 5  
SEG2 6 0 1  
SEGZ 603  

SUB10 01 
SUB10 03 
COM 0 1  

I I 



CSUB5 1471 WRB READ SYMMETRY CARDS 
SUBROUT INESUB5 
C O M M O N N G , I C , P M , D P e D F D P , A M 1 D B J D F D A ~ D F O A ~ I N ~ T S ~ I S 9 A ~ A A ~ B % ~ F ~ ~ ~ ~ P  
DIMENSIONIC~1O~~PM~251),DPo,DFDP~25l~~DFD~425l~~AM~2l~~DA~6~~DFDA~6~ 
D f M E N S I O N I N ( 2 3 1 ) , T S 1 3 , 4 ~ ) ~ I S ~ 2 ~ 3 ~ 4 8 ) ~ A ( 6 ~ ~ A A ( 3 ~ 3 ~ ~ B B ( 3 ~ 3 9 ~ P ~ 3 0 0 )  
N S = I  C 4 1 
T F f N S - 4 8 ) 1 0 7 ~ 1 0 7 ~ 2 0 3  

203 STOP5 
107 E F ( N S ~ 1 1 7 ~ 1 1 7 ~ 1 0 9  
109 D0115KZ1 ,PIS 

R E A D 1  13  9 ( TS f J ,K 1 9 J=Z 9 3 1 
113 F O R M A f ( E l l o 8 , 4 H  E L I  .8 9 4 H  E l  1 8 9 4 H  1 
1 1 5  C A C L S U % 6 ( I S ( l , l , K f 9  
117 RETURN 

END ( 0  9 1 ~ 0 9 0 9 0 )  

CSUB8 1471 WRB COMPUTE ALL D I S T A N C E S  BETWEEN TWO MOLECULES 
SUBROUTINESUB8 
COMMONNG,IC,PM,DP,DFDP,AMJDAsDFDA,IN,TS,IS~A,AA,BB,F~FX~P 
DIMENSIONIC(lO)~PM4251),DP(2519aDFDP(Z5l~~DF~P~25l~~AM~2l~~DA~6~~DF~A~6~ 
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 )  ,IS(2,3,48),A(6),AA(3,3) , B B ( 3 9 3 )  ,P(300) 
I F ( I N ~ 6 ) 1 1 0 7 ~ 1 0 7 ~ 1 1 3  

G O T 0 1 1 3  
111 D M A X = I N ( 6 ) / 1 0  
113 N = I N I 2 )  

117 D 0 2 1 5 1 = 1 , N  
I N ( 2 ) = I  
D 0 2 1 3 J = l , N  
I F ( I N ( 3 ) - I N ( 5 )  1 2 0 1 9 1 2 5 9 2 0 1  

107 DMAXt4 .0  

IF(N1217+217rlll 

D I M  0 1  
D I M  03  
S U B 1 0  05 
SUB10 07 
SUB10 09 
SUB10 11 
SUB10 13 

SUB5 1 0 1  
SUB5 1 0 3  
COM 01 
D I M  0 1  
DIM 03 
SUB5 105 
SU85  201 
SUB5 203 
S U B 5  107 
SUB5 109 
SUB5 111 
SUB5 113 
SUB5 1 1 5  
SUB5 111 
SUE35 119 

SUB8 101 
SUB8 1 0 3  
CQM 0 1  
D I M  01 
D I M  03  
SUB8 105  
SUB8 107 
SUB8 109 
SUB8 111 
SUB8 113 
SUB8 1 1 5  
SUB8 117 
SUB8 119 
SUB8 121 
SUB8 1 2 3  

I 
o\ 
M 

8 ‘. 



\ 
1 2 5  I F ( J - I ) 2 0 1 , 2 1 5 , 2 1 5  
2 0 1  I N ( 4 ) = J  

NG=O 
CALLSUB12 
I F t F X - D M A X ) 2 0 9 , 2 0 9 * 2 1 3  

CALLSUB13 
209  F=FX 

2 1 3  CONTINUE 
2 1 5  CONTINUE 
2 1 7  RETURN 

E N D f 0 * 1 , 0 * 0 9 0 )  

4A BE3 F,FX 

C S U B l l  1471 WRB MULTIVALUED FUNCTIONS 10 AND 11 
SUBROUTINESUB11 
COMMONNG,IC,PM,DP,DFDp~AM,DA,DFDA,INJTS,IS~A 

SUB8 1 2 5  
SUB8 2 0 1  
SUB8 203 
SUB8 2 0 5  
SUB8 207 
SUB8 209  
SUB8 2 1 1  
S U B 8  213 
SUB8 2 1 5  
SUB8 2 1 7  
SWB8 219 

S U B 1 1  0 1  
S U B l l  03 
cot4 0’1, 
D I M  0 1  
D I M  03 
S U B 1 1  05  
SUB11 07 
S U B l l  09 
S U B l l  11 
S U B 1 1  1 3  
S U B 1 1  1 5  
SUB11 17  

C S U B l 3  1471  WRB ERROR CALCULATION AND OUTPUT S U B 1 3 1 0 1  
SUBROUTINESUB13 

D I M E N S I O N I C ( l O ) , P M ( 2 5 1 1 , D P ( 2 5 l ) , D F D P ( 2 5 l ) ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  D I M  0 1  

I F ( N G l 1 0 5 ~ 1 1 3 ~ 1 0 5  S U B 1 3 1 0 3  
S U B 1 3 1 0 5  1 0 5  WRITEOUTPUTTAPE3,107jh’G 

107 FORMAT(55HO *** S U B 1 3 1 0 7  
113)  S U B 1 3 1 0 9  

G O T 0 7 1 5  S U B 1 3 1 1 1  
S U B 1 3 f l 3  

VARP=O*O S U B 1 3 1  1 5  
I F ( I C ( 3 ) ) 1 1 9 , 3 1 3 , 1 1 9  SUB1 3 117 

119 D 0 2 1 1 1 = 1 , 6  S U B 1 3 1 2 0  

COMNONMG,IC,PM‘ ,DP,DFDp,AM,DA,DA~DFDA, I~ ,TS, IS ,A~AA~BB~F~~X~P COM 01 

D I M E N S I O N I N ( 2 3 1 ) , T S ( 3 , 4 8 f J I S ( 2 ~ 3 ~ 4 8 ) , A ( 6 ) ~ A A ( 3 ~ 3 ~ ~ ~ B ( 3 ~ 3 ) ~ P ( 3 0 0 )  D I M  03 

1 1 3  VARA=O.O 

i 

* . I 



IFfDAIIl~201~123,201 
123 DFDA( Il=OaO 

GOT0211 

A(If=A(If+DA(Il 
CALLSUB12 
A(I)=SAVEA 
DFDA(I)=(FX-FI/DA(II 

K = l  
L=6 
D03111=1,6 
IF(DFDA(I))225,2219225 

GOT0311 

D0309JzI 9 6  

IFtDFDA(J))305,307,305 

201 SAVEA=A(I) 

211 CONTINUE 

221 K=K+L 

225 C=la0 

305 VARA=VARA+C*DFDA(I)*D!=DA(Jl*AM(K) 
307 K=K+1 
309 Cz2.0 
331 L=L-1 
313 IF(IC(lt)315,525+315 
315 CALLSUB14 

CALLSUB 16 
J = O  
N=IC(51 
DO42 31 = 1 ,N 

S=SUB17( J )  

FREQUENCY403(10,2,1) 

GOT0423 

325 J=J+1 

403 IF(S)407,325~411 

407 DFDP(II=OaO 

411 IF(DP(I))413,407,413 
413 SAVEP=P(J) 

P(J)=P(J)+DP(I) 
CALLSUB 12 
P(J)=SAVEP 

SWBl312 1 
SUB13123 
SUB13 1 2 5  
SUB13201 
SUB 13 2 0  3 
SUB13205 
SUB13207 
SUB 13 2 09 
SUB13211 
SUB132 13 
SUB13215 
SUB13217 
SUB13239 
SUB13221 
SU613223 
SUB13225 
SUBl 3 30 1 
SUB13303 
SUB13305 
SUB13307 
SUB13309 
SUB 1331 1 
SUB13313 
SUB13315 
SUB13317 
SUB13319 
SUB1 332 1 
SUBl 3 323 
SUB13325 
SUBl 3401 
SUB 13403 
SUBl 3405 
SUB13407 
SUE313409 
SUB 1341 1 
SUB13413 
SU8134L5 
SUB13417 
SUBl 3419 



D F D P ( I ) = ( F X - F ) / D P [ I )  
L= I 

D 0 5 1 9 1 = 1 , L  
CALLREAD(6,PM) 

4 2 3  CONTINUE 

5 0 3  I F ( D F D P ( I ) 1 5 0 5 , 5 1 9 9 5 0 5  
5 0 5  Cz1.0 

K = l  
D 0 5 1 7 J = I , t  

5 1 1  I F ( O F D P ( J ) ) 5 1 3 + 5 1 5 ~ 5 1 3  
5 1 3  VARP=VARP+C*DFDP(I)*DFDP(J)*PM(KI 
5 1 5  K=K-i-1 

5 1 9  CONTINUE 
5 1 7  Cz2.0 

F R E Q U E N C Y 5 0 3 1 1 ~ 1 0 ~ 1 ~ , 5 1 1 0  
REWI ND6 

5 2 5  I F ( N G ) 6 0 1 , 6 0 9 , 6 0 1  
6 0 1  WRfTEOUTPUTTAPE3,603,F,NG 
6 0 3  FORMAT(49HO 

GOT0715  

E=SQRTF(VARP+VARAI 
I F ( I C ( L ) ) 6 1 5 , 6 1 7 , 6 1 5  

6 1 5  I F ( I C ( 3 f 1 6 1 9 ~ 7 0 1 ~ 6 1 9  
6 1 7  I F ( I C ( 3 1 ) 7 0 1 + 7 0 9 , 7 0 1  
6 1 9  WRITEOUTPUTTAPE3,621,FJE,E1 
6 2 1  F O R M A f ( 4 9 H O  

GOT0715 
701 WRITEOUTPUTTAPE3,703,F,E 
7 0 3  FORMAT( 4 9 H 0  

COT0715  

71  1 FORMAT ( 4 9 H O  
7 1 5  CALLSUB18 

RETURN 
END(O*1,0,0,0)  

1 9 H  * * * I 3 1  

609 E l = S Q R T F t V A R P )  

l F 9 r 4 9 5 H  +OR-F7*4,2H ( F 7 0 4 9 1 H 1 )  

1F9.455H +OR-F7.4) 

709 WRITE OUTPUT T A P E  39 711, F 

S U B l  3421 
SUB13422  
SUB13423  
SUB13425  
S U B 1 3 5 0 1  
S U B 1 3 5 0 3  
SUB 1 3 5 0 5  
S U B 1 3 5 0 7  
SUB13509  
S U B l  3 5 1 1  
S U B 1 3 5 1 3  
SUB 1 3 5  1 5  
SUB13517  
S U B l  3 5 1 9  
SUB1 3 5 2 1  
SUB13523  
SWB13525 
S U B 1 3 6 0 1  

SUB13605  
SUB13607  
SUB13609  
S U B 1 3 6 1  1 
SUB13613  
S U B l  3 6 1 5  
S U B 1 3 6 1 7  
SUB1 3619 
SUB1362  1 
S U B 1 3 6 2 3  
S U B 2 3 6 2 5  
S U B 1 3 7 0 1  
S U B 1 3 7 0 3  
SUB13705  
SUB13707  
SUB13709  

SUB13715  
S U B 1 3 7 1 7  
S U B 1 3 7 1 9  

F9.49 SUB13603  

F9.4) S U B 1 3 7 1 1  

, 



CSUB19 1 4 7 1  WRB FUNCTION PQD ERROR CALCULATION 
SUBROUTINESUB19 

IF(IN(1))117~117~109 
109 I F f ~ N ( l f - 2 0 ) 1 1 1 ~ 1 1 1 ~ ~ ~ 7  
111 CALLSUB12 

F=FX 
CALLSUB 13 

END t 0 9 1 9 0  $ 0  90 ) 
117 RETURN 

CSUB2 

111 
113 
115 
117 
119 

123 

211 

2 1 5  

1 1 4 7 1  WRB COMPUTE MULTIVALUED FUNCTIONS 
SUBROUTINESUB21 

I N t 1 ? = I N (1 1 - 1 0 0 3C I H 
IF { I N  f 1)-11~11 I, 111 9319 
IFfIN(ll-9)113,113,305 
I F t I N ( 11 -6 1 115 9 11 5 ,215 
IFfINfl)-1)117~117~31~ 
IF(IH-1)119,119,123 
CALtSUB8 
GOT0319 
N=IN(Z) 
M=IC ( 4  )+1 
IN(31=0 
D02111=1,8 
DO2 11 J = l *  M 
IN(21=N 
INt51=100*(I-I)+J-l 
CALLSUB8 
GOT0319 
IF( Ifl-1)21792179221 

SUBl 91 0 1  
SUB1 9103 
COM 01 
DIM 01 
DIM 0 3  
SUBl 9105 
SUB19107 
SUB 19 109 
SUB19111 
SUB 191 13 
SUB 1911 5 
SUB19117 
SUB1 9119 

SUB2 110 1 
SUB21 103 
COM 01 
DIM 01 
DIM 03 
SUB2 11 05 
SUB21 107 
SUB21 109 
SUB2111 1 
SUB2 11 13 
SUB2 11 15 
SUB2 11 17 
SUB21119 
SUB21121 
SUB21 123 
SUB21125 
SUB21201 
SUB21203 
SUB21205 
SUB21207 
SUB21209 
SUB21211 
SUB2 12 13 
SUB2 1 2  15 



2 1 7  CALLSUB10 
G O T 0 3 1 9  

2 2 1  N = I N ( 2 )  
DO30 1 I =1* N 
I N ( Z I = I  

G O T 0 3 1 9  
3 0 1  CALLSUB10 

3 0 5  I F ( 1 H - 1 1 3 0 7 ~ 3 0 7 , 3 1 1  
3 0 7  C A L L S U B l l  

GOT0339 
3 1 1  N = I N / Z l  

D 0 3 1 7 1 = 1 , N  
I N ( 2 I = I  

317 C A L L S U B l l  
319 RETURN 

E N D ( O * l J O + O ~ O )  

CSETKX 1 4 7 1  WRB SET KEY WCRDS FOR ATOM COORDINATES 
S U B R O U T I N E S E T K X ( I 1  

C I = I N ( K I r  THE INSTRUCTION INTEGER S P E C I F Y I N G  THE ATOM NUMBER 
COMMONNG,IC,PM,DP,DFD~,AM,DA,DFDA,IN,TS, IS,A,AAJB~,F*FX~P 
D f M E N S I O N I C ~ 1 ~ ) ~ P M f 2 5 r l , D P ~ Z 5 l ~ ~ ~ F ~ P ( 2 ~ l ~ ~ A M ~ 2 l l ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
DIMENSIONIN(231),TSt3,48) s IS /2 ,3 ,48 ) ,A /6 } ,AA(3 ,3 ) ,BB(3 ,3 ) ,P (3001  
D I M E N S I O N K 3 ( 3 1  
I F ( I ~ 1 2 3 9 1 2 3 ~ 1 1 1  

J = I C ( 8 1 + I C ( 7 ) * ( 1 - 1 ~  
K = J / 3 6  
K 3 / 2 ) = J - 3 6 * K  
K 3  ( 3  1 =K+1 
C A L t S U B 1 5 ( K 3 )  

E N D ( 0 ,  1,0,0,0) 

111 K 3 ( 1 ) = 3  

1 2 3  RETURN 

SUB2 I2 17 
SUB2 1 2 1 9  
SUB2 1 2 2  1 
SUB2 1 2 2 3  
S U B 2 1 2 2 5  
SUB2 130 1 
SUE321303 
S U B 2 1 3 0 5  
S U B 2 1 3 0 7  
S U B 2 1 3 0 9  
S U B 2 1 3 1 1  
SUB2 1 3 1  3 
S U B 2 1 3 1 5  
SUE321317 
SUB2 1 3 1 9  
SUB2 1 3 2 1  

S E T K X l  
S E T K X l  
S E T K X l  
COM 01  
D I M  0 1  
D I M  03 
SETKXL 
S E T K X l  
SETKX1 
S E T K X l  
S E T K X I  
S E T K X l  
SEtlCX1 
SETKX1 
S E f K X l  
S E T K X I  

CSETKB 1475, WRB SET KEY WORDS FOR ATOM BETAS S E T K B l  
S U B R O U T I N E S E T K B ( I 1  SETICE31 

C I = I N ( K ) ,  THE INSTRUCTION INTEGER S P E C I F Y I N G  THE ATOM NUMBER S E T K B l  
C O M M O N N G , I C , P M ~ D P , D F D p t A M , D A ~ D F D A , I N , T S , I ~ ~ A ~ A A ~ B B ~ F ~ F X ~ P  COM 0 1  

. I 
1 b 



D I M E N S I O N I C f l O l ~ P M ( 2 5 1 )  , D P ( 2 5 1 ) , D F D P ( 2 5 1 ) , A M / 2 1 E s D A ( b ) , D F D A ( 6 )  D I M  01 D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 )  , I S ( 2 , 3 , 4 8 ) , A i 6 ) , A A ( 3 , 3 ~  , B B ( 3 9 3 ) 9 P ( 3 0 0 )  D I M  03 

D I M E N S I O N K 3 ( 3 )  S E T K B l  
I F ( I ) 1 2 3 9 1 2 3 , 1 1 1  S E T K B l  

111 K 3 ( 1 ) = 6  S E T K B l  S E T K B I  
S E T K B l  
S E T K B l  
S E T K B l  
S E T K B l  
S E T K B l  
S E T K B l  

CSTOAA 1 4 7 1  WRB STORE M E T p I C  TENSOR 
SUBROUTINESTOAA 

CSTOBB 1 4 7 1  WRB STORE RECIPROCAL M E T R I C  TENSOR 
SUBROUTINESTOBB 

S T O A A l  
S T O A A l  
CQM 01 
D I M  01 
D I M  03 
S T O A A l  
S T O A A l  
S T O A A l  
S T Q A A l  
S T O A A l  
S T O A A l  
S T Q A A l  
S T O A A l  
S T O A A l  
S T O A A l  
STOAAI. 

S T O B B l O l  
S T O B B 1 0 3  
COM 01 
D I M  01 
DIM 0 3  
STOBBIOS 
S T O B B 1 0 7  
STQBf31Q9 
S T O B B l l k  



C A T O M  

1 0 9  

117 

5 0 3  

119 

1471  WRB ATOM COORDINATE SUBROUTINE 
SUBROUTINEATOM(1,Zl  
COMMONNG,IC,PM,DP,DFDp,AM,DA,DFDA,IN,TS,I~,A,AA,EB,F,F~~P 
D I M E N S I O N i C I 1 O I ~ P M ~ 2 5 1 1 J D P / 2 5 f f , D F D P I 2 5 1 ~ ~ A ~ ~ Z l ~ ~ D A ~ 6 ~ ~ D F ~ ~ ~ 6 ~  
DIMENSIONIN(23l),TS(3,48) , I S t 2 , 3 , 4 8 ) , A ( 6 ) , A A ( 3 J 3 f  ,BB(393),PP300) 
D I M E N S I O N 1  ( 2  f ,X f 3 j J Y  ( 3 )  92 (3) 
I F ( I ~ 1 ) ) 1 0 9 ~ 1 0 9 ~ 1 1 7  
X (  1 1  =0.0 
X I  2 =0.0 
X I  3 )  =o.o 
G O T 0 1 2 5  
K = I C [ 7 ) * c ( I  f l ) - l f + I C ( 8 )  
I F ( K + 2 - I C ( 2 ) ) 1 1 9 ~ 1 1 9 , 5 0 3  
NG=5 
G O T 0 3 2 5  
DO12 3 J = l j  3 
X I  J l  =P (Kl 

STQi38113 
STOB5115 
STOBB117 
STOBB119 
STOBB121 
STOBB123 
S T O B B l 2 5  
STOBB201 
STOBB203 
STOBB205 
STOBB207 
STOBB209 
STOBB211 
STOBB213 
STOBB2 1 5  
S T Q B 6 2 1 7  
STOBB219 
S TOB B 2 2  1 
S TOBB 2 2 3  
STOB8225 
5 7 0 8 8 2 2 7  

ATOM 
ATOM 
COM 
D I M  
D I M  
ATOM 
ATOM 
ATOM 
ATOM 
A f Q M  
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 

1 0 1  
103 
01, 
0 1  
03 

105  
107 
109 
111 
113 
115 
117 
501 
503 
505 
119 
1 2 1  

. . . b 



123  K = K + 1  
‘125 KC=I(21/100 

K S = I  f 2 ) - 1 0 0 * K C  
I F ( K S - I C f 4 1 ) 2 0 3 ~ 2 0 3 , 4 0 3  

G O T 0 3 2 5  
403 NG=1 

203 I f ( K S ) 4 0 3 , 2 0 5 , 2 1 3  
2 0 5  Y I l ) = X ( l )  

Y f 2  ) = X (  2 )  
Y ( 3  1 = X (  31 
G O T 0 3 1 1  

2 1 3  D 0 2 1 5 J = l 9 3  
2 1 5  Y ( J j t T S ( J 9 K . S )  

D 0 3 0 9 K = 1 , 3  
D 0 3 0 7 J = f  92 
L= I S  ( J 9 K,KS ) 
I F f L ) 2 2 5 9 3 0 7 9 3 0 5  

Y ( K ) = Y ( K ) - X [ L )  
G O T 0 3 0 7  

3 0 5  Y ( K ) = Y ( K ) + X ( L )  
307 CONTIMUE 
309 C O N T I N U E  
3 x 1  K C 4 = K C / 4  

2 2 5  L=-L 

K C 3 =  KC-4*KC4 
K C Z = K C 3 / 2  
K C  1= KC3-2*KC2 
Z ( l ) = Y f l ) - F L O A T F I K C l )  
Z ( Z ) = Y ( Z ) - F L O A T F ( K C 2 )  
Z ( 3 ) = Y ( 3 f - F L O A T F ( K C 4 )  

ENDfO,J.*O9O,O) 
3 2 5  RETURN 

CBETA 1471  WRB STORE TRANSFORMED A N I S O T R O P I C  TEMP FACTOR M A T R I X  
S U B R O U T I N E B E T A ( I N S 9 2 S  
C O M M O N N G ~ I C , P M , D P J D F ~ ~ ~ A M ~ D A ~ D F D ~ ~ I N ~ ~ S J I S , A ~ A A ~ B ~ ~ F $ F X , P  
D I M E N S I O N f C ( 1 O ~ ~ P M f 2 5 1 ) , D P [ 2 5 1 ) , D F D P ( Z 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A ~ ~ 2 l ~ ~ D A ~ 6 ~ ~ ~ F D A ( 6 ~  
D I M E N S I O N I N ( 2 3 1 )  9 T W 3 9 4 8 )  , I S ( 2 9 3 9 4 8 ) , A f 6 )  9 A A ( 3 9 3 f  , B B ( 3 * 3 )  ,P(SOO) 
D I M E N S I O N f N S I Z ) , Z ( 3 , 3 9 1 8 1 ( 6 ) r 8 2 ( 9 1  

ATOM 123  
ATOM 125  
ATOM 2 0 1  
ATOM 401 
ATOM 403 
ATOM 405 
ATOM 203 
ATOM 205 
ATOM 207 
ATOM 2 0 9  
ATOM 2 1 1  
ATOM 213 
ATOM 215  
ATOM 2 1 f  
ATOM 219  
ATOM 2 2 1  
ATOM 223 
ATOM 225  
ATOM 301 
ATOM 303 
ATOM 305 
ATOM 307 
ATOM 309 
ATOM 3 3 1  
ATOM 313 
ATOM 315 
ATOM 317 
ATOM 319 
ATOM 322 
ATOM 323 
ATOM 325 
ATOM 327 

B E T A  1 
BETA I, 
COM 01 
D I M  01 
D I M  03 
BETA 1 



C I N S  I S  ATOM DESCRIPTIO49  2 I S  TRANSFORMED MATRIX 
I F ( I C ( 9 ) - 6 ) 1 1 1 ~ 1 1 5 ~ 1 1 ~  

GOT0423  

I F I K S ) 1 2 1 ~ 1 1 9 ~ 1 1 9  

2 1 1  NG=4 

1 1 5  K S = X M O D F I I N S ( 2 ) , 1 0 0 )  

119 I F ( K S - I C I 4 ~ ~ 1 2 5 , 1 2 5 , 1 2 ~  
1 2 1  NC=1 

G O T 0 4 2 3  
125 I F (  I N S (  1 )  ) 2 1 1 9 2 0 1 9 2 0 7  
2 0 1  D 0 2 0 3 1 = 1 , 6  
203 B l ( I ) = O o O  

G O T 0 2 2 1  
207  J=IC(lOf+IC19)~(INS~l)-l) 

IF(J+5-IC(25)215,215,211 
2 1 1  NG=5 

G O T 0 4 2 3  
2 1 5  D 0 2 1 9 1 = 3 , 6  

B l ( T ) = P ( J I  
219 J=J+1 
221 B Z f l ) = B l t l )  

8 2  ( 2  1 = B 1 ( 4 )  
8 2  ( 3  f = B 1 { 5  1 
B 2 ( 4 1 = B 1 ( 2 )  
B 2 ( 6 ) = 8 1 ( 6 )  
8 2  ( 9  j = B 1 ( 3 1  
D 0 4 2 1 1 = 1 + 3  
D 0 4 1 9 J z I  93 
l F ( K S ) 1 2 1 , 3 1 3 , 3 1 9  

B 3 = B 2 1 M )  
G O T 0 4 1 5  

D 0 4 1 3 K = 1 9 2  
D 0 4 1 1 L = 1 9 2  
M = I S ( K , I ~ K S ) ~ I S ~ L J J ~ K S )  
I F  ( M ) 4 0 7 9 4 1 1 , 4 0 3  

4 0 3  B 3 = B 3 + B 2 ( M )  
G O T 0 4 1 1  

313 M = I * J  

319 8 3 ~ 0 . 0  

BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 4 
BETA 4 
BETA 4 

I 

'. 

r 

i 

'. 

. i' 



407 

411 
413 
415 

419 
4 2  1 
4 2 3  

CMM 
C 

117 

CMV 
C 

1 1 3  

CVM 
C 

M=-M 
8 3 = B 3 - B 2 ( M )  
CONTINUE 
CONT IMUE 
2 ( I  9 J ) = B 3  
2 (J, I I z B 3  
CONTINUE 
CONTINUE 
RETURN 
E N D ( 0 , 1 * 0 * 0 , 0 9  

1471 WRB M A T R I X  * VECTOR 
2 ( 3 ) = X ( 3 , 3 ) * Y / 3 )  

SUBROUT INEMVf X ,Y 92 B 
D I M E N S I O N X ( 3 9 3 ) , Y ( 3 3 9 7 ( 3 )  
D O 1  1 3  I=1 B 3 
Z ~ I ~ = O * O  
D O 1  1 3  J = l 9 3  
Z ( I J = Z f I ) + X f I , J ) ~ Y f J )  
RETURN 
END? 0 9 1 9 0  9 0  9 0  1 

1471 WRB TRANSPOSED VECTOR TIMES M A T R I X  
Z 1 3 1 = X ( 3 ) * Y ( 3 , 3 )  

SUBROUTINEVM(X,Y*Z)  
DIMENSIONXf3)~Y(3,3)%7(3) 
DO 11 5 J = l 9 3  

BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 

MM 101 
MM 103 
MM 105 
MM 109 
MM 209 
MM 111 
MM 1 1 3  
MM 115 
MM 117 
MM 119 
MM 1 2 1  

MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV I 

VM 101 
VM 103 
VM 105 
Vtdt 107 
VM 109 



cvv 1 4 7 1  WRB TRANSPOSED VECTOR * VECTOR 
C V V = X f 3 1 * Y [ 3 )  

F U N C T I O N V V ( X 9 Y )  
D I M E N S I O N X ( ~ ) J Y / ~ )  
VV=O.O 
D O l l l 1 = 1 , 3  

111 V V = v V + X t I 9 * Y ( I ~  
RETURN 
END f 0 s 1 9 0  9 0  90 1 

CVMV 14.71 WRB TRANSPOSED VECTOR * MATRIX * VECTOR 
C V M V = W f 3 ) * X ( 3 , 3 l * Y ( 3 )  

FUNCTIONVMVIW,X,Y) 
DIMENSIONW13),X13,3),y(3f,Z(3),2(3) 
C A L i M V ( X , Y s Z )  
VMV=VV(W,Z) 
RETURN 
END(O,I~O,O+OS 

C D I F V  1 4 7 1  WRB VECTOR - VECTOR 
C z ( 3 9 = x  ( 3 1 -Y 3 1 

SUBROUTINEDIFVt  X ,Y 12 1 
D I M E N S I O N X ( 3 )  9 Y t 3 )  + z ( 3 1  
D O l l l 1 = 1 ~ 3  

111 Z ~ I l = X t I l - Y ~ I ~  
RETURN 
E N D ( O + ~ , O , O ~ O ~  

CSUMV 1471  WRB COMPUTE T I E  SUM OF TWO VECTORS 
C 2 ( 3 ) = X  ( 3 9 +Y ( 3 1 

SUBROUTINESUMV(XsY,Z9 
D I M E N S I O N X ( 3 ) 9 Y ( 3 ~ 9 2 1 3 3  
D O l l l I = 1 9 3  

VM 111 
Vp4 213 
VM 1 1 5  
VM 117 
VM 119 

vv 1 
vv 1 
vv 1 
VV 1 
vv 1 
vv f 
vv 1 
vv 1 
vv 1 

VMV 1 
VMV 1 
VMV 1 
VMV 1 
VMV t 
VMV 1 
VMV 1 
VMV 1 

DIFV 1 
DIFV 1 
OlFV I. 
D I F V  h 
D I F V  1 
DIFV 1 

D f F V  1 
D w v  1 

SUMV 101 
SUMV 103 
SUMV 1 0 5  
SUMV 107 
SUMV 109 

n 
4 
f 

. 
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NORM 125 

CAXES 1 4 7 1  WRB STORE THREE MUTUALLY PERPENDICULAR 
C VECTORS X ( I , l ) $  X f I , 2 ) 9  AND X ( I i 3 9  G I V E N  
C VECTORS U AND V. 

SUBROUTINEAXES(U,V,X) 
D I M E N S I O N U ( 3 ) , V ( 3 ) + X ~ 3 ~ 3 )  
D 0 1 1 3 1 = 1 , 3  

C A L L N O R M f U , V , X f l , 2 ) 9  
C A L t N O R M ( X ( l t l ) , X ( 1 , 2 9 9 X ( L , 3 f )  
RETURN 
END(O,190,0 ,0)  

1 1 3  X ( I , l ) = U [ I I  

C E I G V A L  1471 WRB F I N D  EIGEhWALUES Y OF M A T R I X  W 
S U B R O U T I N E E I G V A L ( W ~ Y I  
COMMONNG 
D I M E N S I O N W ( 3 , 3 ) , Y ( 3 ) , X I 3 ) , 2 ( 6 9 6 )  
D 0 1 1 9 J = 1 , 3  
0 0 1 1 9 1 = 1 ~ 3  
Z l = W (  I 9 J 9  

Z (  I ,  J)  =Zl 
Z ( I + 3 , J t = 2 1  
Z 1 I , J + 3 t = Z 1  

P = Q i O  
Q = O * O  
R = O i O  
D 0 2 0 7 1 = 1 , 3  
P=P-Z(  1 9 1 )  
Q = Q + Z ( I , I ) ~ Z ( I ~ l , I + 1 9 - Z ( I , I + ~ ) * Z ~ I + ~ i I )  

P 3 = P J 3 . 0  
A =Q-P*P 3 
5 = 2 . O * P 3 " P 3 ~ P 3 - Q ~ P 3 + R  
B 2 = B  / 2  00 
A 3=A / 3 0 

119 2 ( 1 + 3 , J + 3 f = Z l  

2 0 7  R ~ R + Z f 3 ~ 1 9 ~ Z ~ 2 ~ 1 ~ 1 ~ * Z I 1 , 1 + 2 ) ~ 2 ~ 1 ~ 1 ? * Z ~ 2 ~ 1 + 1 ~ * Z ~ 3 ~ I ~ 2 ~  

B 4 = B 2 * 8 2  
A 2 7 = A 3 * A 3 * A 3  

AXES 1 0 1  
AXES 103 
AXES 105  
AXES 107 
AXES 109  
AXES 111 
AXES 113 
AXES 1 1 5  
A X E S  117 
AXES 119 
AXES 1 2 1  

E IGVAL03 .  
E I G V A L 0 3  
E I G V A L 0 4  
E I G V A L 0 5  
E I G V A L 0 7  
E I GVALOO 
E I G V A t l 1  
E f GVA L 13 
E f G V A L 1 5  
E I G V A L 1 7  
E f G V A L 1 9  
E I G V A L 2  1 
E f G V A L 2 3  
E I G V A L 2 5  
E I G V A L O  1 
EEGVAL03  
E f G V A L 0 5  
E I G V A L 0 7  
E I G V A L 0 9  
E I G V A L l 1  
E f G V A L l 3  
E I G V A L Z S  
E I G V A L L 7  
E I G V A L  19 
E I G V A L 2 1  

I I 



IF(84+A27)303,303,225 

GOT0317 

C=-SIGNF((Z*O~SQRTF(-A3)),8) 
X[ll=C*COSF(PHI3) 
X(2)=C*COSF(PHI3*4.188790205) 
X(3)=C~COSF(PHI3~20094395103) 
D03151=1,3 

2 2 5  NG=7 

303 P H I ~ = ( A S I N F ( S Q R T F ( ~ O O + ( B ~ / A Z ~ ) ) ~ ) / ~ O ~  

315 Y(I)=X(I)-P3 
3 1 7  RETURN 

END(O*l,O,O,O) 

CEIGVEC 1471 WRB COMPUTE EIGENVECTOR Z OF MATRIX 
C W GIVEN EIGENVALUE Y 

S U R R O U T I N E E I G V E C ( W ~ Y ~ ~ )  
COMMONNG 
DIMENSIONW(3,3)tX16,6)sZ(3)~P(3~ 
DO12 3 J = 1 +  3 
D01231=1*3 
Xl=W(I,J) 
X f I 3  J 1 =X1 
X ( I+3 9 J 1 =X1 
X(I,J+3)=X1 

Yl=Y 
D02091=1,3 
X4I,If=X~I9I)-Y1 
X(I+3rIl=X~I+3,I)-Y1 
XII,I+3)=XII,I+31-Y1 

2 0 9  X I I + 3 $ 1 + 3 ) = X ( 1 + 3 ~ 1 + 3 ) - y 1  
s1=000 
D0307I=1+3 
s = o I o  
D0223J=1,3 
P J = X f I t J + l f ~ X f I + l ~ J + 2 ~ - X ( I ~ J + 2 ) x X ( I + 1 , J + l ~  
P ( J )  =PJ 

123 X(f+3sJ+3)=Xl 

223 S=S+PJ*PJ 
IF ( S-S1)3079307 9 301 

E IGVA L2 3 
E I GVA L25 
E I GVA LO Z 
EIGVALO3 
E IGVALOS 
EIGVALO7 
E I GVA LO9 
E IGVAtll 
E IGVAL 13 
E I GVAL 15 
E1 GVALlS 
E I GVA Lh9 

E1 GVECOl 
EIGVEC03 
EIGVECOS 
EIGVECO7 
EIGVECOS 
E IGVECll 
EIGVEC13 
EIGVEC15 
E1 GVEC17 
E I GVEC 3 9 
EIGVEC21 
EIGVEC23 
EIGVEC25 
EIGVECOl 
E IGVEC03 
EIGVECO5 
EIGVEC07 
EIGVECOB 
EIGVEC11 
EIGVEC13 
E I GVECl5 
E I GVEC17 
E I GVECO 1 
EEGVEG21 
EIGVEC23 
EIGVECZS 

1 
4 -  
4 -  
1 



3 0 1  S l = S  

3 0 5  Z(J9=P(J) 
307 CONTINUE 

3 1 1  NG=8 
3 1 3  RETURN 

D0305J=1,3  

I F ( S 1 1 3 1 1 ~ 3 1 1 ~ 3 1 3  

END[O, l ,O9090)  

CTRACE 1471 WRB COMPUTE TRACE OF MATRIX  X 
FUNCTIONTRACE(X1 
D I M E N S I O N X t 3 , 3 )  
TRACEzO. 0 
D 0 1 1 1 1 = 1 ~ 3  

111 TRACE=TRACE+X( I , I I  
RETURR 
END ( 0  9 190 $ 0  90 9 

CFUNA 1471  WRB ANGLE SUBqOUTINE USED BY FUN29 FUN59 FUN6 
FUNCTIONFUMA(1)  
C O M M O N N G s I C t P M ~ D P , D F D p J A M t D A , D F D A s I N , f S , I S ~ A ~ A A ~ B B ~ F ~ F X ~ P  
D I M E N S I O N I C ( 1 0 )  , P M ( 2 5 1 ) , D P ( 2 5 l ) , D F D P ( 2 5 1 ) , A M ( 2 1 ) , D A t 6 ) , D ~ D A ( 6 )  
DIMENSIONIN(231)9TS(3,48) ,fS12,3,48),A(6),AA(3,3),BB(3$3~~P~300) 
D I M E N S I O N I ( 6 ) , X l f 3 1 , X 2 f 3 ) , X 3 ( 3 ) 9 V l ( 3 ) , V 2 ( 3 )  
C A L L S  TOAA 
C A L L A T O M ( I ( l ) , X l )  
C A L t A T O M ( I ( 3 )  9 x 2 )  
C A L L A T O M ( I ( 5 ) , X 3 )  
I F ( M G ) 1 2 3 + 1 1 7 , 1 2 3  

117 C A L L D I F V I X l , X 2 9 V l )  
CALLDIFV(X3 ,X2 ,V2)  
FUNA=ARCCOS(COSVVfV1~V21~ 

E N D ( 0  9 1 ,09090 1 
123  RETURN 

CFUND 1471 WRB DISTANCE SUBROUTINE USED BY FUNi  AND FUN4 
F U N C T I O N F U N D ( I 1  
C O M M O N N G , I C , P M , D P , D F D p , A M , D A , D F D A , I N , T S , I S ~ A ~ A A ~ B ~ ~ F ~ F X 9 P  
D I M E N S I O N I C ( 1 0 9 t P M ~ 2 5 1 ) , D P ~ 2 5 1 ) , D F D P ( Z 5 l ) ~ A M ~ 2 l ? ~ D A ~ 6 ~ ~ D F Q A ~ 6 ?  

E IGVECO1 
EIGVECO3 
E I G V E C 0 5  
EIGVECO7 
EIGVECOS 
E1 GVECl1 
E IGVECL 3 
E IGVEC15  

TRACE101  
TRACE103 
TRACE105 
TRACE107 
TRACE109 
TRACE111 
TRACE113 
TRACE115 

FUNA 0 1  
FUNA 03 
COM 01 
D I M  01 
D I M  03 
FUNA 05 
FUNA 07 
FWNA 09 
FUNA 11 
FWNA 1 3  
FUNA 1 5  
FUNA 17 
FUNA 1 9  
FWNA 2 1  
FUNA 23 
FUNA 25 

FUND 01 
FUND 03 
COM 01 
D I M  01 

.. 

.. 

IC 

. 4 



CHEDl 1471 WRB HEADING 1 
SUBROUTINEHEDL 
WRITEOUTPUTTAPE3,107 

RETURN 
END( 0 9 1 , 0 ~ 0 , 0 )  

107 FORMATf34HOINTERATOMIC DISTANCE IN ANGSTROMS) 

CPREl 1471 WRB SET KEY WORDS FOR INTERATOMIC DISTANCE 
SUBROUTINEPREl 
C O M M O N N G ~ I C ~ P M ~ D P ~ D F D P ~ A M ~ D A ~ D F D A ~ I N ~ T S ~ I S ~ A ~ A A ~ B B ~ ~ ~ F X ~ P  
D f M E N S I O N I C ~ l O ~ ~ P M ~ 2 5 1 ) J O P ( 2 5 L t , D F D P ~ Z 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ ~ F D A ~ 6 ~  

CALLSEfKX(IN(2)) 
CALLSETKXIIN(4) 
RETURN 
END(0 9 1~0*0+0 1 

DfMENSIONIN(231),TS(3,48) , IS (2 ,3 ,48 ) ,A f6 ) ,AA t3 ,3 ) ,8813 ,31 ,P f300)  

CFUNl 1471 WR6 COMPUTE INTERATOMIC DISTANCE 
SUBROUTINEfUNl 
C O M M O N N G , I C , P M ~ D P I O F D P , A M , D A ~ D F D A ~ D F D A ~ I N ~ ~ ~ ~ ~ S ~ A ~ A A ~ B ~ ~ F ~ F X ~ P  
D I M E N S I O N I C ( I O ) ~ P M ( 2 5 1 ) , D P ( 2 5 1 f , D F D P ( 2 5 f ~ ~ A ~ ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D ~ ( 6 ~  
D I M € N S I O N I N ( 2 3 1 ~ ~ T S ( 3 3 4 8 ) , I S 1 2 , 3 , 4 8 ) ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
FX=FUND1 I N f 2 1 1  
RETURN 
E N D ( O ~ l ~ O ~ O ~ 0 ~  

DIM 03 
FUND 05 
FUND 07 
FUND 09 
FUND 11 
FUND 13 
FUND 15 
FUND 17 
FUND 19 

H E D l  01 
HE01 03 
H E D l  05 
H E 0 1  107 
HEDl 09 
HEDL 11 

PREl 1 
P R E l  1 
COM 01 
DIM 01 
DIM 03 
PREI, 1 
P R E l  1 
P R E l  I 
P R E l  1 

FUNl 01 
FUN1 03 
COM 02 
D I M  01 
DIM 03 
FUN1 05 
FUN1 07 
FUNl 09 

COUT 1 1471 WRB PUT OUT DFSCRIPTION OF INTERATOMIC DISTANCE OUT1 I 
SUBROUTINEOUT1 O W T I  1 

CQM O b  C O M M O N N G J I C , P M ~ D P , D F D ~ ~ A M ~ D A , I N , T S , I S ~ A ~ A ~ ~ B B ~ F ~ ~ ~ ~ P  

,. -. 

1 
-3 u) 
14 

-. 
i.. 

' .  



CHED2 1 4 7 1  WRB HEADING 2 
SURROUT INEHED2 
WRITEOUTPUTTAPE39107 

RETURN 
END( 0 9 1,090~0 9 

107 FORMAT(46HOBOND ANGLE I N  DEGREES. CENTRAL ATOM I S  VERTEX) 

CPRE2 1 4 7 1  WRB P R E L I M l N A p Y  SUBROUTINE 2 
SUBROUTINEPRE2 
COMMONNG,IC,PM,DP,DFDp,AM,DAtDFDA,IN,TS, IS,A9AA955,F,FX9P 
D I M E N S I O N I C ~ l 0 ~ ~ P M ~ 2 5 1 ) , D P ( 2 5 1 ) , D F D P ~ 2 5 1 ? ~ A M ~ 2 1 ~  , D A t 6 I , D F D A ( 6 1  
D I M E N S I O N I N ( 2 3 1 )  t T S ( 3 9 4 8 )  , I S 1 2 , 3 , 4 8 ) ~ A ( 6 ) , A A ( 3 , 3 a  ,881’3939 , P ( 3 0 0 1  
DO107  I = 2  96 7 2  

107  C A L L S E T K X 1 I N ( I t )  
RETURN 
END(O,190,0,09 

CFUN2 1 4 7 1  WRB BOND ANGLF SUBROUTINE 
SUBROUTINEFUN2 
COMMONNG, IC,PM~DP,DFDP,AM,DA,DFDA, IN,TS, IS ,A,AA~BB,F~FX,P 
D I M E N S I O N I C i l O ) ~ P M ~ 2 5 1 ) , D P ~ 2 5 f ) , D F D P ~ 2 5 1 ~ ~ A M ~ 2 l ~ ~ C A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N [ 2 3 1 )  , T 5 ( 3 9 4 8 )  b I S ( Z s 3 , 4 8 9 , A ( 6 1 , A A ( 3 , 3 9  , B 6 ( 3 9 3 ” r P 1 3 0 0 )  
f X = F U N A ( I N ( 2 ) )  
RETURN 
END( 0 9 190,090 1 

COUT2 1 4 7 1  WRB OUTPUT DESCRIPTION 2 
SUBROUTINEOUT2 
C O M M O N N G ~ I C , P M , D P , D F D p , A M , D A , D F D A , I N ~ T S ~ I S ~ A 9 A A ~ B B ~ F ~ F X ~ P  
D I M E N S I O N I C ( 1 O ~ ~ P M ~ 2 5 1 ) , D P ~ 2 5 1 ) , D F D P ( 2 5 1 ) ~ A M ~ 2 l ) ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ~ 2 3 1 ) , T S ~ 3 , 4 8 ) ~ I S ( 2 , 3 , 4 8 9 , A ( 6 ~ , A A ~ 3 ~ 3 9 ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
WRITEOUTPUTTAPE391079(IN( 1 ) 9 1 = 2 9 7 )  

D I M  01 
D I M  03 
O U T l  1 
OUT1 1 
OUT1 1 
O U T l  1 

HEDZ 01 
HED2 03 
HEDZ 05 
HED2 107 
HED2 09 
HED2 11 

PRE2 01  
PRE2 03 
COM 0 1  
D I M  0 1  
D I M  03 
PRE2 05 
PRE2 07 
PRE2 09 
PRE2 11 

FUN2 0 1  
FUN2 0 3  
COM 01 
D I M  0 1  
D I M  0 3  
FUN2 05  
FUN2 07 
FUN2 09 

OUT2 01 
OUT2 03 
COM 01, 
D I M  01 
D I M  0 3  
OUT2 05 

C b 



107 FORMAT( 12H+ ( 1 2 s l H , I 3 , 3 H )  f 1 2 , 1 H , I 3 9 3 H )  ( 1 2 , l H 9 1 3 9 1 H f l  OUT2 107 
RETURN OUT2 09 
ENDfO,l,O,O,Ol OUT2 11 

HED3 0 1  
SUBROUT INEHED3 HED3 0 3  
WRITEOUTPUTTAPE3,107 HED3 05 

1MS f WED3 108 
HED3 09  RETURN 

E N D ( 0  9 1,0~0,0) HE03 11 

CHED3 1 4 7 1  WRB HEADING 3 

1 0 7  FORMAT158HODIHEDRAL ANGLE BETWEEN PLANES EACH DEFINED BY THREE ATOHED3 107 

CPRE3 1 4 7 1  WRB PRELIMINARY SUBROUTINE 3 
SUBROUT I NEPRE 3 
COMMONNG,IC,PM,DP,DFDP,AM1DAJDFDA,IN,TS,IS,A,AA,BB,F,~X~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 1 , D P / 2 5 1 ) , D F O P ~ 2 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 )  
D I M E N S I O N I N ~ ~ ~ ~ ~ ~ T S ~ ~ ~ ~ ~ ~ Y I ~ ~ Z ~ ~ ~ ~ ~ ~ ~ A ~ ~ ~ ~ A A ~ ~ ~ ~ ~ ~ B B ~ ~ ~ ~ ~ ~ P ~ ~ O O ~  
D01071=2 ,12 ,2  

RETURN 
END(O91,0 ,0 ,0 )  

1 0 7  CALLSETKX(  I N (  I) 1 

CFUN3 1 4 7 1  WRB DIHEDRAL ANGLE SUBROUTINE 
SUBROUT INEFUN3 
COMMONNG, IC ,PM,DP,DFDP,AM,DA, IN ,TS, IS ,A ,AA,BB~F,FX~P 
D I M E N S I O N I C ( 1 O ~ ~ P M ~ 2 5 ~ ~ ~ D P ~ 2 5 l ~ ~ D F D P ~ Z ~ l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ ~ F D A ~ 6 ~  

D I M E N S I O N X ( 3 , 6 ) , V l f 3 )  , V 2 1 3 ) , V 3 ( 3 ) , V 4 ( 3 ) , V 5 ( 3 f , V 6 t 3 )  
CALLSTOAA 
CALLSTOBB 
I F ( N G ) 2 0 7 , 1 1 3 , 2 0 7  

DIMENSIONIN(2311,TS13,48) , I S ( 2 , 3 , 4 8 ) , A ( 6 ) , A A ( 3 , 3 ~ , B B ( 3 , 3 )  , P ( 3 0 0 )  

1 1 3  D 0 1 1 5 I = 1 , 6  
1 1 5  C A L L A T O M ( I N ( 2 * I I , X ( l , I ) )  

f F ( N G ) 2 0 7 , 1 1 9 ~ 2 0 7  
119 CALLDIFV(X(1,2),X(l,l~,Vl~ 

CALLDIFV(X(1,3f,Xfl,l)+VZ) 
C A L L D I F V ( X ( 1 , 5 ) , X ( 1 , 4 ) , V 3 f  
C A L L D I F V I X ( 1 , 6 1 , X ~ l t 4 ) , V 4 )  
CALLNORMfVl ,V2,V5)  

PRE3 
PRE3 
COM 
D I M  
D I M  
PRE3 
PRE3 
PRE3 
PRE3 

FUN3 
FUN3 
COM 
D I M  
D I M  
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 

0 1  
0 3  
01 
01  
0 3  
0 5  
0 7  
09 
11 

01 
0 3  
01 
01 
0 3  
05 
07 
09 
11 
13 
3.5 
17 
19 
21 
23 
25 
01 

I co 
Y '  



C A L L N O R M ( V 3 9 V 4 9 V 6 )  
F X = A R C C O S ( C O S V V t V 5 9 V b f )  

END(  0 9 1 , 0 9 0 9 0  1 
2 0 7  RETURN 

FUN3 03  
FUN3 05 
FUN3 07 
FUN3 09  

COtFT3 1471 WRB OUTPUT DESCRIPTION 3 OUT3 
SUBROUTINEOUT3 OUT3 
C O M M O N N G , I C , P M , D P , D F D P , A M , D A , D F D B , I N , T S ~ I S , A ~ A A ~ B B , F , F X ~ P  COM 
D I M E N S I O N I C ( 1 O ) ~ P M ( 2 5 ~ ~ ~ D P ~ 2 ~ l ) ~ D F D P ~ 2 5 l ) ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ ~ ~  D I M  

W R I T E O U T P U T T A P E ~ ~ ~ ~ ~ , ( I N ( I N ~ I ~ ~ I ~ ~ ~ ~ ~ ~  OUT3 
107 FORMAT( 12H+ ( 1 2 , 1 H , I 3 , 3 H )  ( 1 2 9 l H 1 1 3 9 3 H )  f I 2 ~ 1 H ~ I 3 ~ 1 H ) / 1 2 H O U T 3  

1 ( 1 2 9 1 H 9 1 3 9 3 H )  1 1 2 9 1 H 9 1 3 , 3 H )  ( 1 2 9 1 H 9 1 3 9 1 H I )  OUT3 
RETURN OUT3 
E N D ( O 9  1 ,0,090 1 OUT3 

D I M E N S I O N I N ( 2 3 l ) ~ T S f 3 ~ 4 8 ) ~ I S ~ 2 ~ 3 ~ 4 8 ) ~ A ( 6 ) ~ A A ~ 3 ~ 3 ) ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  D I M  

01 
08 
01 
01 
03 
05 
107 

09  
11 

l o a  

CHED4 1471  WRB HEADING 4 HED4 01 
SUBROUTINEHED4 HED4 03 
WRITEOUTPUTTAPE39107 WED4 0 5  

107 FORMATf45HODIFFERENCE BETWEEN TWO INTERATOMIC DISTANCES! HED4 107 
RETURN HED4 12. 
END f 0 9 1 90 90 90 HED4 13 

CPRE4 1 4 7 1  WRB P R E L I M I N A R Y  SUBROUTINE 4 
SUBROUTINEPRE4 
COMMONNG,IC,PM,DP,DFDp,AM,DA,DfDA,fN,TS,IS~A,AA,BB,F,FX~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M t 2 5 1 f , D P ~ 2 5 l ) ~ D F D P ~ 2 5 l ) ~ A ~ ~ 2 l ~ ~ ~ A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ( 2 3 1 ) ~ T S ~ 3 ~ 4 ~ ~ ~ I S ~ 2 ~ 3 ~ 4 ~ ~ ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 ~ O ~  
D 0 1 0 7 1 = 2 9 8 9 2  

107 C A L L S E T K X ( I N ( 1 ) )  
RETURN 
END ( 0 9 1,090 9 0  1 

PRE4 
PRE4 
COM 
D I M  
D I M  
PRE4 
PRE4 
PRE4 
PRE4 

01 
03 
0 1  
0 1  
03 
05 
07 
09 
11 

CFUN4 1471  WRB DIFFERENCE BETWEEN BOND DISTANCES FUN4 01  
FUN4 0 3  SUBROUTINEFUN4 

COMMONNG, IC ,PM,DP,DFDp,AM,DA,DFDA, IN ,TS, IS ,~9AA~BB, f~FX~P COM 01 
D I M E N S I O N I C ( 1 0 )  , P M ( 2 5 1 ) , D P f 2 5 1 ) , D F D P [ 2 5 1 ) , A M ( 2 l ) , D A ( 6 ~ , D F D A ( 6 )  D I M  0 1  
D I M E N S I O N f N f 2 3 1 ~ ~ T S ~ 3 , 4 8 ~ , I 5 ( 2 , 3 , 4 8 ~ ~ A ~ 6 ) ~ A A ~ 3 ~ 3 ) ~ ~ 6 ~ 3 ~ 3 ~ ~ P ~ 3 ~ ~ ~  D I M  03 
FX=FUND(IN(Z))-FUND(IR(6)) FUN4 05  

I 
cr, 
Iu 
I 

. 



FUN4 07 
FUN4 09 

OUT4 01 
OUT4 03 SUBROUTINEOUT4 

COMMONNG,IC,PM,DP,DFDP,AM,DA,DFDA,TNslSJIS,A,A~~BB~F,~X~P COM 01 

COUT4 1471 WRB OUTPUT DEFCRIPTION 4 

D I M E N S I O N I C ~ l O ~ ~ P M ~ 2 5 ~ ~ ~ D P ( Z 5 l ~ ~ D F D P ~ Z 5 l ) ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F ~ A ( 6 ~  DIM 01 
D I M E N S I O N I N ( 2 3 1 ) ~ T S ( 3 , 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 ~ ~ ~ A ( 6 ~ ~ A A ~ 3 ~ 3 ~ ~ 6 B ~ 3 ~ 3 ~ ~ P ~ 3 O O ~  DIM 0 3  

OUT4 05 
107 FORMAT(lZH+ (1291H,I3,3H) (IZtlH,13,1H1/12H (I2QUT4 197 

191H91393H) (1291H91391HIj OUT4 108 
RETURN OUT4 09 
END( 0 9 1  9 0 ~ 0 , O  1 OUT4 11 

WRITEOUTPUTTAPE3,107, (IN( 1 ) 9 1 = 2 9 9 )  

CHED5 1471 WRB HEADING 5 
SUBROUT I NEHED5 
WRITEOUTPUTTAPE3s107 

RETURN 
END(O~1*0,0,0) 

107 FORMAT135HODIFFERENCE BfTWEEN TWO BOND ANGLES) 

CFUNS 1471 WRB DIFFERENCE BETWEEN BOND ANGLES 

HED5 01 
HED5 03 
HEDS 05  
HEDS 107 
HEDS 11. 
HED5 13 
FUN5 01 

CHED6 1471 WRB HEADING 6 
SUBROUT INEHED6 
WRITEOUfPUTfAPE3,107 

RETURN 
END(0 9 1 *0 ,090  1 

107 FORMATl27HOSUM OF SEVERAL BOND ANGLES) 
I 

CPRE6 1471 WR6 PRELIMINARY SUBROUTINE 6 
SUBROUTINEPRE6 

HED6 Oh 
HEDb 0 3  
HED6 05  
HEDb 107 
HED6 11 
HE06 13 

PRE6 01 
PRE6 03 

.-. 

. .. 
. .  



C F U N 6  1 4 f l  WRB SUM OF BOND ANGLES 
SUBROUTINEFUN6 
C O M M O N N G , I C , P M , D P , D F D p b A M , D A , D F D A ~ I ~ ~ ~ S ~ I ~ ~ A ~ ~ A ~ B 6 ~ F ~ F X ~ P  
D I M E N S I O N I C ( l ~ ) , P M ~ 2 5 1 1 , O P o 5 l ) ~ ~ ~ D P ~ 2 5 1 ) ~ A M ~ 2 l ~ ~ D ~ ~ 6 ~ ~ Q F D A ~ 6 ~  
DIMENSIONIN(23lf , T S f 3 , 4 8 ) , f S ( 2 , 3 , 4 8 ) , A ~ 6 ) 2 A A f 3 , 3 )  ,BB(3,3) ,P(300) 
N=IN(2) 
FX=O.O 
DOlllJ=l,N 

RETURN 
E N D ( O ~ l ~ O ~ O * O f  

111 FX=FX+FUNA(IN(6*J-3)) 

c OM 
D I M  
DIM 
PRE6 
PRE6 
PRE6 
PRE6 
PRE6 

FUN6 
FUN6 
COM 
DIM 
DIM 
FUN6 
F UN6 
FUN6 
FUN6 
FUN6 
FUN6 

01 
01 
0 3  
05 
07 
09 
11 
13 

01 
03 
01 
01 
03 
05 
07 
09 
11 
13 
15 

COUT6 1471 WRB OUTPUT DESCRIPTION 6 OUT6 01 
SUBROUTINEOUT6 OUT6 03 

D I M E M S I O N I C ~ l O ) , P M ~ 2 5 ~ ) ~ D P ( 2 5 1 ) , D F D P ~ Z 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D ~ ~ A ~ 6 ~  DIM 01 

J=IN(2)*6+2 OUT6 05 
W R I T E O U T P U T T A P E 3 ~ 1 0 9 ~ ( I N ~ I l ~ I ~ 3 ~ J I  OUT6 07 

109 FORMAT(12H+ (IZtlH,I3,3H) (I2,1H,I3,3H) 112,1H,I3,1Hf/(lZOUT6 109 
OUT6 110 

RETURN OUT6 11 
OUT6 13 END(O,1,0,0,0) 

C O M M O N N G , I C , P M ~ D P Y D F D ~ , A M , D B , D F D A ~ I ~ ~ ~ S ~ I S ~ A ~ A A ~ B ~ ~ F ~ F X ~ P  COM 01 

DIMENSIONIN(231),TS(3,48),IS(2,3,48),A(6),AA(3,3~,BBf3,3~ ,P(300) D I M  03 

1H (12~1fl91393H) (I2,1H,I3,3H) (12,1H,I3,lHf)l 

F U N B  01 
SUBROUTINEFUNB ( W  $ 2  9Zl) FUN6 0 3  

COM 01 C O M M O N N G , I C , P M , D P ~ D F D p , A M , D A ~ D F D A , I M , T S s I S 9 A ~ A A ~ ~ ~ ~ F ~ F X ~ P  
D I M E N S I O N f C I 1 0 1 ~ P ~ ( 2 5 1 1 , D P t 2 5 1 ) , D F D P f 2 5 1 ~ t A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  DIM 01 
D I M E N S I O N I N t 2 3 1 ) , T S ( 3 , 4 8 ~  , J S f 2 , 3 , 4 8 ) ~ A ( 6 ) , A A ( 3 , 3 ) , 8 8 o , P ( 3 0 0 )  DIM 03 
DIMENSIONBf3,3),Wr3,39tY(3) FUN6 05  

CFUNB 1471 WRB SET UP MATRIX AND GET EIGENVALUE 



CALLSTOAA 
C A L L B E T A ( I N ( 2 ) , 6 )  
I F ( N G ) 1 2 3 , 1 1 3 9 1 2 3  

11 3 CALLMM ( B ~ A A J  W 1 
C A L L E I G V A L ( W 9 Y )  
I = I N ( 4 )  
Z = Y ( I )  
Zl=SQRTFIZ*O.Q50660591.8) 

123 RETURN 
END ( 0 9 1 90 9 0  90 1 

CFUNC 1471  WRB COS ANGLE OF P R I N C I P A L  A X I S  AND VECTOR 
S U B R O U T I N E F U N C t C i Z )  
C O M M O N N G , I C , P M 9 D P , D F D p 9 A M 9 D ~ 9 D F D A 9 I N 9 T S 9 I S ¶ A 9 A A 9 B 5 9 F 9 F ~ i P  
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 1 , D P o 1 D F D P ~ 2 5 l ) ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ) i D A ~ 6 ~ ~ D F D A ~ 6 )  

D I M E N S I O N W (  3 93 ) 9 x 1  ( 3  1 9 x 2  
C A C L F U N B ( W 9 Y t Z )  
I F ( N G ) 1 2 5 , 1 1 1 ~ 1 2 5  

1 1 1  C A L L E I G V E C ( W 9 Y , V l )  
I F  NG 1 1 2 5  9 I15 9 1 2 5  

115  C A L L A T O M f I N ( 5 1 , X l )  
C A L L A T O M I I N ~ ~ S P X ~ )  
I F t N G t  12!59 l219125  

1 2 1  C A L L D I F V f X Z , X l , V 2 )  
c=cosvvlv1 ,v2 1 

125 RETURN 
END ( 0 9 J, ,090,O 1 

D I M E N S I O N I N ( 2 3 1 1  , T S ( 3 9 4 8 )  , I S f 2 t 3 , 4 8 ) , A f 6 ) , A A ( 3 , 3 )  9 B B f 3 9 3 )  9 P f 3 0 O l  
3 1 , V I  ( 3  1 9 V 2  ( 3 ) 

CFUNX 1 4 7 1  WRB COS ANGLE OF P R I N C I P A L  AND C A R T E S I A N  AXES 
S U B R O U T I N E F U N X ( C i Z 1  
C O M M O N N G ~ I C , P M I D P ~ D F D ~ , A M , D A , D F D A , I N , T S , I S ~ A ~ A A ~ B B ~ F ~ F X ~ P  
D I M E N S I O N I C ( 1 O ~ ~ P M I 2 5 1 l , D P o , D F D P I 2 5 l ) ~ D F D P ~ Z 5 l ~ ~ A M ~ Z l ~ i D A t 6 ~ ~ 5 F D A ~ 6 ~  
D I M E N S I O N I N ~ 2 3 l ~ t T S f 3 ~ 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 8 ) , A ( 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B t 3 ~ 3 ~ ~ P ~ 3 0 0 )  
D f M E N S I O N W ( 3 , 3 1 t V ( 3 ) 9 ~ ( 3 9 4 ) ~ V l ( 3 )  9 \ / 2 ( 3 1 9 A X [ 3 9 3 )  
C A t L F UN B ( W t Y 9 Z f 
CALLSTOBB 
I F ( N G l 2 0 7 ~ 1 1 3 ~ 2 0 7  

1 1 3  C A L L E I G V E C  ( 1 4 9  Y 9V 1 

FUNB 07 
FUNB 09 
FUNB 11 
FUNB 1 3  
FUN5 1 5  
FWNB 17 
FUNB 19 
FUN6 2 1  
FUNB 2 3  
FUNB 2 5  

FUNC 01 
FUNC 03 
COM 0 1  
D I M  0 1  
D I M  03 
FUNC 05 
FUNC 07 
FUNC 09 
FUNC 11 
FUNC 1 3  
FWNC 1 5  
FWNC 17 
FUNC 19 
FUNC 2 1  
FWNC 23 
FWNC 25 
FWNC 27 

FUNX 1 0 1  
FUNX 103 
COM 03 
D I M  01 
D I M  03 
FUNX 105 
FUNX IO7 
FUNX 109 
FUNX 111 
FUNX 113 

, 



I F ( N G ) 2 0 7 , 1 1 7 , 2 0 7  
117 D 0 1 1 9 1 = 1 $ 4  
119 CALLATOM f I N  ( 2 *  1+4 1 ,X ( 1, I 1 1 

I F ( N G t 2 0 7 , 1 2 3 , 2 0 7  
1 2 3  C A L L D I F V f X ( l ~ 2 t , X ( l , l ) * V l )  

C A L L D I F V f X f l , 4 ) ~ X f l s 3 ) ~ v 2 ~  
C A L L A X E S ( V I , V ~ J A X )  
I = I N ( 5 1  
C = C O S V V f V , A X l l , I f )  

E N D ( 0 , 1 ~ 0 , 0 , 0 1  
2 0 7  RETURN 

CHED7 1471 WRB HEADING 7 
SUBROUTINEHED? 
WRITEOUTPUTTAPE3,107 

1 0 7  FORMATt72HORM.5 COMPONENT OF THERMAL DISPLACEMENT ALONG P R I N C I P A L  
1x1s R a  ANGSTROMS/25HO ATOM R )  

RETURN 
END( O , l ~ O ~ O , O  1 

CPRE7 1 4 7 1  WRB P R E L I M I N P p Y  SUBROUTINE 7 
SUBROUT INEPRE7 
C O M M O N N G ~ I C , P M ~ D P ~ D F D ~ , A M ~ D ~ ~ D F D A ~ I N ~ T S ~ I S ~ A ~ A A J ~ ~ ~ F ~ ~ X J P  
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 l , D P ~ 2 5 1 ) , D f D P ~ 2 5 l ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ O ~ D A ~ 6 ~  
D I M E N S I O N I N ( Z ~ ~ ) , T S I ~ ~ ~ ~ ) J ~ S ( Z ~ ~ ~ ~ ~ ) ~ A ( ~ ) ~ A A ~ ~ ~ ~ )  ~BB(393) gP(3OO) 
C A t L S E f K B ( I N / 2 ) 1  
RETURN 
END ( 0  J 1,,0,0,0) 

CFUN7 1471 WR6 RMS P R I N C I P A L  DISPLACEMENT 
SUBROUTINEFUN7 
C O M M O N N G , ~ C ~ P M , D P , D F D ~ J A M , D A , D F D A , I N ~ T S , I S , A ~ A A ~ B ~ J F ~ F X , P  
D I M E N S I O N I C ~ ~ O ~ ~ P M ~ ~ ~ ~ ) , D P ~ ~ ~ ~ ~ , D F D P ~ ~ ~ ~ ) J A M ~ ~ ~ ~ ~ O A ~ ~ ~ ~ D F ~ A ~ ~ ~  
DIMENSIONIN(231)9TS(3948) ,IS(2,3,48),A(6),AA(3,3) 96B(393) 9P(3OO) 
D I M E N S I O N W f 3 e 3 )  
CALLFUNB(W92,FX)  
RETURN 
END(O,1,OJO,O) 

FUNX 1 1 5  
FUNX 1 1 7  
FUNX 119 
FUNX 121 
FUMX 123 
FUNX 125 
FUNX 2 0 1  
FUNX 203 
FUNX 205 
FUNX 207 
FUNX 209 

HED7 0 1  
HED7 03 
HED7 05 

AWED7 107 
HE07  1 0 8  
HED7 11 
WED7 13 

PRE7 0 1  
PRE7 03 
COM 01 
D I M  0 1  
D I M  03 
PRE? 05 
PRE7 0 7  
PRE7 09 

FUN7 02 
FUN7 03 
COM 02 
D I M  0 1  
D I M  03 
FUN7 05  
FUN7 07 
FUN7 09  
FUN7 11 



COUT7 1 4 7 1  WRB OUTPUT DESCRIPTION 7 
SUBROUT INEOUT7 
COMMONNG,IC,PM,DPJDFDP,AM~DA,DFDA,IN,TS, I~,A,AA,BB,F,FX,P 
D I M E N S I O N I C ( 1 O ) ~ P M ( 2 5 ~ ~ ~ D P ( 2 ~ l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ ~ F ~ A ~ 6 )  
D I M E N S I O N I N ( 2 3 1 ) , T S ( 3 , 4 8 )  9 1 5 ( 2 , 3 , 4 8 ) s A ( 6 ) , A A [ 3 1 3 ) , B B ( 3 , 3 ) , P ~ 3 0 0 )  
W R I T E O U T P U T T A P E 3 ~ 1 0 7 ~ ( I N ( I 1 , I t 2 , 4 )  

RETURN 
END( 0 s 1,0,0,0 1 

107 FORMAT( 12H+ ( 1 2 r l H , 1 3 , 6 H )  11 )  

OUT7 02 
OUT7 0 3  
COM 0 1  
D I M  01  
D I M  03 
OUT7 0 5  
OUT7 107 
OUT7 0 9  
OUT7 11 

CHED8 1 4 7 1  WRB HEADING 8 HED8 0 1  
SUBROUT I NEHED8 HED8 03 
WRITEOUTPUTTAPE3,107 HED8 05 

107 FORMAT(63HOANGLE BETWFEN P R I N C I P A L  A X I S  R AND VECTOR D E F I N E D  BY TWHED8 107 
10 ATOMS/4OHO ATOM R VECTORS HED8 1 0 8  

RETURN HED8 11 
END( 0 9 l s O 9 0 , O  1 HED8 13 

CPRE8 1471 WRB P R E L I M I N A R Y  SUBROUTINE 8 
SUBROUT INEPRE8 
C O M M O N N G , I C , P M , D P , D F D P s A M ~ D A 6 1 N , T S , I S ~ A , A A ~ B B , F , F X , P  
D I M E N S I O N I C ( 1 O ) ~ P M ( 2 5 ~ ~ ~ D P ~ 2 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F O A ~ 6 ~  
D I M E N S I O N I N ~ 2 3 l f ~ T S ~ 3 ~ 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 8 ~ ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ 6 ~ ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
C A L L S E T K B ( I N ( 2 ) )  
D01091=5,7,2 

109 C A L L S E T K X ( I N ( 1 ) )  
RETURN 
END(O,l,O,O,O) 

CFUN8 1471 WRB ANGLE BETWEEN P R I N C I P A L  A X I S  AND VECTOR 
SUBROUT I NEFUN8 
C O M M O N N G ~ I C ~ P M ~ D P s D F D p ~ A M ~ D A ~ D F D A ~ I N ~ T S ~ I 5 ~ A ~ A A ~ 6 6 ~ ~ ~ F ~ ~ P  
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 1 , D P o J D F D P ~ 2 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A ~ ~ 2 l ~ ~ D A ~ 6 ~ ~ D ~ D ~ ( 6 ~  
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 + 4 8 )  , I S ( 2 , 3 , 4 8 l , A ( 6 ) , A A ( 3 s 3 ) , B B ( 3 , 3 5  9 P ( 3 0 0 )  
CALLFUNC(C,Z) 
FX=ARCCOS ( C )  
RETURN 
E N D f 0 , 1 ~ 0 , 0 , 0 )  

PRE8 
PRE8 
COM 
D I M  
D I M  
PRE8 
PRE8 
PRE8 
PRE8 
PRE8 

FUN8 
FUN8 
COM 
D I M  
D I M  
FUN8 
FUN8 
FUN8 
FUN8 

01, 
03 
0 1  
0 1  
03 
05 
07 
09  
11 
13  

01 
03 
O b  
0 1  
03 
05 
07 
09 
11 

I -. 
03 
4 
1 



COUT8 

107 

1471 WRB OUTPUT DESCRIPTION 8 OUT8 0 1  
SUBROUTINEOUT8 OUT8 03 
C O M M O N N G , I C , P M , D P 9 D F D P , A M , D A , D F D A , T N , T S b I S 9 A ~ A A , B B s F , F X , P  COM 01 
D I M E N S I O N I C ( l O ) * P M ( 2 5 ~ )  , D P ( 2 5 1 ) , D F D P ( 2 5 1 ) , A M ( 2 l ~ , D A ( 6 ) , D F D A ~ 6 ~  D I M  0 1  

WRITEOUTPUTTAPE3,107,1 IN(  I l t I = 2 9 8 )  OUT8 05 
FORMAT(12H-i-  ( 1 2 , 1 H , I 3 , 6 H )  I 1 9 5 H  ( 1 2 * 1 H , I 3 , 3 H )  ( 1 2 3 O U T 8  107 

DIMENSIONIN(231),TS(3,48) , I S ( 2 , 3 , 4 8 ) , A ( 6 l , A A ( 3 , 3 ) s B B ( 3 , 3 1 , P ( 3 0 0 1  DIM 0 3  

OUT8 108  
OUT8 09 
OUT8 11 

CHED9 1471 WRB HEADING 9 HEDB 0 1  
SUBROUT I NEHED9 HEDB 03 
WRITEOUTPUTTAPE3,107 HED9 05 

l A X I S  R PR03ECTED ON VECTOR DEFINED BY TWO ATOMS. ANGSTROMS/40HO HED9 108 
2 ATOM R VECTOR 1 HED9 109 

RETURN HED9 11 
END(O, l ,Os090)  HED9 1 3  

107 FORMAT(113HORMS COMPOrqENT OF THERMAL DISPLACEMENT ALONG P R I N C I P A L  HED9 107 

CFUN9 1471 WRB P R I N C I P A L  A X I S  PROJECTED ON VECTOR 
SUBROUT INEFUN9 
COMMONNGtIC,PM,DP,DFDp,AM,DA,DFDA,IN1TS,~S,A,AA,BB,F,FX,P 
D I M E N S I O N I C ( 1 ~ ~ ~ P M f 2 5 1 ) , D P o 5 l ) ~ D F D P ( 2 5 1 ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 ) , I S 1 2 , 3 , 4 8 ) , A O , A A ( 3 , 3 )  r B B / 3 , 3 ) , P ( 3 0 0 )  
CALLFUNC(C,Z) 
FX=C*Z 
RETURN 
END[O*1,0,0,0) 

CHEDlO 1471 WRB HEADING 10 
SUBROUT T NEHED 10 
WRITEOUTPUTTAPE3s l07  

107 FORMAT(85HOANGLE BETWFEN P R I N C I P A L  A X I S  R 
l S Y S T E M  D E F I N E D  BY TWO VECTORS/45HO 
2 N I N G  VECTORS) 

RETURN 
E N D ( 0  3 1  ,O ,O*O 1 

FUN9 
FUN9 
COM 
D I M  
D I M  
FUN9 
FUN9 
FUN9 
FUN9 

01 
Q3 
03 
01 
03 
05 
07 
09 
11 

HED10 01  
H E D l O  0 3  
H E D l O  05 

AND A X I S  I OF CARTESIAN H E D 1 0 1 0 7  
ATOM R I D E F I H E D 1 0 1 0 8  

HED 10 109 
H E D l O  11 
H E D l O  13 

* 



CPRELO 1471 WRB PRELIMINARY SUBROUTINE 10 
SUBROUT I NEPRE 10  
COMMONNG, IC,PM,DP,DFDp,AM,DA,DfDA, IN, fSs IS~A,AA9BB,F,F~,P 
D I M E N S I U N I C I L O ) ~ P M ( 2 5 1 ) 9 D P ( 2 5 1 ) s O F D P ( 2 5 1 ) ~ A M ~ 2 l ) ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ( 2 3 1 ) ~ T S ( 3 , 4 8 ) ~ I S ( Z ~ 3 ~ 4 8 ) ~ A ~ 6 ) ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
C A t L S E T K B ( I N ( 2 1 )  
D01091=6,12,2  

109 C A L L S E T K X ( I N ( I I 1  
RETURN 
END ( 0  9 1  ,O,ObO 1 

CFUNlO 1471  WRB ANGLE BETWEEN P R I N C I P A L  AND CARTESIAN AXES 
SUBROUTINEFUN10 
COMMONNG,IC,PM,DP,DFDP,AM,DA,DFDA,IN,TS,IS~~,AA,BB,F,FX,P 
D I M E N S I U N I C ( 1 0 )  , P M ( 2 5 1 ) , D P ( 2 5 1 ) , D F D P O  v A M ( 2 1 )  , D A ( 6 ) , D F D A ( 6 )  
D I M E N S I O N I N ( 2 3 1 )  9 T S ( 3 + 4 8 )  ,IS(2,3,48),A(6),AAI3,3) , B 3 ( 3 , 3 h P ( 3 0 0 )  
C A L L F U N X I C 9 Z )  
FX=ARCCOSfC)  
RETURN 
ENDf O r  1,030,O 1 

P R E l O  0 1  
P R E l O  0 3  
COM 01 
DIM 0 1  
D I M  0 3  
PRElO 05 
PRElO 07 
P R E l O  09 
P R E l O  11 
PRElO 13 

FUNlO 0 1  
FUNlO 0 3  
COM 0 1  
D I M  0 1  
D I M  03 
FUNlO 05  
FUNlO 0 7  
FUNlO 09 
FUNlQ 11 

COUTlO 1471 WRB OUTPUT DESCRIPTION 1 0  OUT lO 0 1  
SUBROUTINEOUTlO OUTlO 0 3  
COMMOMNG,IC~PM,DP,DFD~,AM,DB,DFDA,IN~TSJIS,A,AA,BB,F,FX,P COM 0 1  
D I M E N S I O N I C ( 1 O ) ~ P M f 2 5 1 ) , D P ( 2 5 l ) ~ D F D P ( 2 5 1 ) ~ A M ( 2 l ~ ~ D A ( 6 ~ ~ D F ~ A ~ 6 ~  D I M  01 

W R I T E O U T P U T T A P E 3 ~ 1 0 7 ~ ( I N ~ I ~ ~ I ~ Z ~ l 3 ~  O U T l O  05  
107 FORMAT( IZH+ (12 ,1H, I3 ,4H)  1 1 , 1 3 9 4 H  (12,1H,I3,3HS (12 ,QUT10106  

1 1 H , I  39lH) / 30H (12 ,1H, I3 ,3Hf  ( 1 2 , 1 H , I 3 t O U T 1 0 1 0 7  
21H)) OUT1 0 1  08 

RETURN OUT10 09 
OUT10 11 END( 0 9 1 ,O,O,O 1 

DIMENSIONIN(231),TS(3,48) , I S ( 2 , 3 9 4 8 f , A ( 6 ) , A A ( 3 , 3 ) , B B ( 3 J 3 f , P ( 3 0 0 )  DIM 0 3  

H E D l l  0 1  
SUBROUTINEHEDl l  HEDll 03 
WRITEOUTPUTTAPE3,107 H E D l l  05 

107 FORMATf lO lHORMS COMPONENT OF THERMAL DISPLACEMENT ALONG P R I N C I P A L  H E D l l l O f  
l A X I S  R PROJECTED ON A X I S  I OF CARTESIAN SYSTEM/34H DEFINED BY TWO HED11108  
2VECTORS. ANGSTROMS/45HO ATOM R I D E F I N I N G  VECTORHEDl1109 

C H E D l l  1471 WRB HEADING 11 



H E D l 1 1 1 0  
H E D l l  11 
H E D l l  1 3  

C F U N l l  1471 WRB P R I N C I P A L  A X I S  PROJECTED ON C A R T E S I A N  A X I S  
S U B R O U T I N E F U N 1 1  
COMMONNG,IC,PM,DP,DFDp,AM,DA,DFDA,IN,TS,IS,A,AA*BB,F,FX~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M ( 2 5 1 ) r D P o  t D F D P ( 2 5 1 ) , A M ( 2 1 )  , D A ( 6 ) , D F D A ( 6 )  
D I M E N S I U N I N ~ 2 3 1 ~ ~ T S ~ 3 , 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 8 ~ ~ A ~ 6 ) ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 O O )  
C A L L F U N X ( C , Z )  
FX=C*Z 
RETURN 
E N D ( O 9 1  ,O,O*O 1 

CFUNR 1471 WRB MEAN SQUApE R A D I A L  DISPLACEMENT 
SUBROUTINEFUNR(1,RSQ)  
COMMONNG,ICIPMJDP,DFDP,AM,DA,DFDA,IN,TS,IS,A,AA,BB,F,FX~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 ) , D P 1 2 5 1 ) , D F D P ~ 2 5 l ~ ~ D F D P ~ Z 5 l ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
DIMENSIONIN(2311,TS(3,48) ,IS(2,3,48),A(6),AAf3,3),5B(3,3) ~ P ( 3 0 0 )  
D I M E N S I O N B ( 3 , 3 ) , B A A ( 3 , 3 1  
CALLSTOAA 
C A L L B E T A ( I I B I  
CALLMN(B,AA,BAA) 
RSQ=TRACE(EAAI*O~0506~05918 
RETURN 
E N D ( 0 ,  1 ,O,O,O) 

CFUNCR 1471 WRB COMPUTE Q U A N T I T I E S  FOR MEAN BOND D I S T A N C E  
SUBROUTINEFUNCR(C,R) 
COMMONNG,IC,PM,DP,DFDP,AM,DA,DFDA,DF~A,IN,TS,IS,A,AA,BB,F,FX,P 
D I M E N S I O N I C ( 1 O ~ ~ P M ~ 2 5 1 ) , D P 1 2 5 1 ) , D F D P ~ 2 ~ l ~ ~ D F D P ~ Z 5 l ) ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 )  
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 )  , IS12 ,3 ,48 ) ,A (6 ) ,AA(3 ,3 ) ,88 (3 ,3 )  , P ( 3 0 0 )  
D I M E N S I O N C ( 2 )  , X ( 3 9 2 b V ( 3 )  

C A L L F U N R ( I N ( 2 * I ) , R S Q )  
CALLFUNXI(IN(2*1),IN(2)~XISQ) 
C (  11 =RSQ-XISQ 

CALLDIFV(X(l,Z),X(l,l)~V~ 

~ o i i 5 r = i , z  

1 1 5  C A L L A T O M ( I N ( 2 * I ) , X ( I , T f l  

F U N l l  0 1  
F U N l l  0 3  
COM 0 1  
D I M  01 
D I M  0 3  
F U N l l  0 5  
F U N l l  07 
F U N l l  09  
F U N l l  11 

FUNR 101 
FUNR 1 0 3  
COM 0 1  
D I M  0 1  
D I M  03  
FUNR 1 0 5  
FUNR 107 
FUNR 109 
FUNR 111 
FUNR 1 1 3  
FUNR 3 2 5  
FUNR 117 

FUNCR 01 
FUNCR 03 
COM 01 
D I M  0 1  
D I M  0 3  
FUNCR 05 
FUNCR 07 
FUNCR 09 
FWNCR 11 
FUNCR 1 3  
FUNCR 15  
FUNCR 17 

/ 

-, , 

i ' )  

'\ 

1 



R t S Q R T F I V M V ( V r A A s V 1 )  
RETURN 
ENDf 0 9 1 r 0 , O s O  1 

CFUNXI  1471 WRB MS DISPLACEMENT I N  G I V E N  D I R E C T I O N  
SUBROUTINEFUNXIfI9J,X~5Ql 
C O ~ ~ O N N G , T C , P M , D P r D F D p r A ~ ~ , D A , I N , T S , I S , A ~ A A s B B , F s F X r P  
D I M E N S I O N I C ( 1 O ) r P M ( 2 5 ~ ) ~ D P ~ 2 5 l ) ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ ~ A ~ 6 ~ ~ D F ~ A ~ 6 ~  

D I M E N S I O M I ( 2 ) , J ( 4 ) r 6 ( 3 , 3 )  + X 1 ( 3 ) , X 2 ( 3 ) r V ( 3 )  , B A A ( 3 , 3 ) s A A B A A ( 3 r 3 )  
C A L L S  TOAA 
C A L L B E T A (  I r B )  
CALLATOMI J , X l )  
CALLATOM( J ( 3 )  9 x 2 )  
I F ( N G 1 2 0 7 r 1 1 7 r 2 0 7  

117 C A L L D I F V t X 2 b X 1 9 V )  
D=VMV t V r A A  T V )  
I F ( D ) 1 2 3 9 1 2 3 r 2 0 1  

G O T 0 2 0 7  
C A L L M M  ( B rAA9BAA ) 
CALLMM(AA+BAA,AABAA) 
X ISQ=VMV('J,AABAA,V ) + 6 0 . 0 5 0 6 6 0 5 9 1 8 / D  

D I M E N S I O N I N f 2 3 1 )  r T S ( 3 9 4 8 )  , I S ( 2 , 3 , 4 8 1 , A ( 6 ) , A A ( 3 , 3 ) , 8 8 ( 3 , 3 )  ,P(3OO) 

123 N G = l O  

201 

2 0 7  RETURN 
E N D ( O ~ l r O , O , O l  

FUNCR 19 
FWNCR 2 1  
FUNCR 2 3  

F U N X I l O l  
FUNXT103 
COM 0 1  
DIM 0 1  
DIM 03 
FUNX I 1 0 5  
FUNX I107 
F U N X I 1 0 9  
FUNX I 11 1 
F U N X I 1 1 3  
F U N X I 1 1 5  
FUNX I1 17 
FUNX I 119 
FUNX I121 
FWNX I123 
FUNX I125 
F U N X I 2 0 1  
F U N X I 2 0 3  
FUNX 1205 
FUNX 1207 
FUNX I209 

CHED12 1 4 7 1  WRB HEADING 1 2  
SUBROUTINEHED12 
WRITEOUTPUTTAPE3,107 

107 FORMAT(83HORMS COMPONENT O F  THERMAL DISPLACEMENT 
l N E D  BY TWO ATOMS. ANG$TROMS/40HO ATOM 
ZECTORS 

RETURN 
END[Osl,O,O,OI 

HED12 0 1  
HED12 03 
HED12 05 

I N  D I R E C T I O N  D E F f H E D l Z 1 0 7  
VHED12l.08 

H E D 1 2 1 0 9  
HED12 11 
HED12 13  

CPRE12 1 4 7 1  WRB P R E L I M I N A R Y  SUBROUTINE 12 PRE12 0 1  
SUBROUTINEPRE12 PRE12 03 
C O M M O N N G r I C r P M , D P , D F D p r A M r D A , I N , f S s I S r A ~ A A ~ B B , F ~ F X $ P  COM Q;1 
DIMENSIONICflO~~PM~2511,DPo,DFDP1251~rAM~2l~~DA~6~~DfDA(6~ DIM 01 



. _  
. I  . ,. 

'. .i 

C 

1 0 9  

UN1 

D I M E N S I O N I N ( 2 3 1 ) ~ T S ( 3 , 4 8 ) ~ I S ~ Z ~ 3 ~ 4 8 ) ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 ~ ~ ~  D I M  0 3  
C A L L S E T K B ( I N ( 2 ) )  PRE12 05 

PRE12 07 
C A L L S E T K X ( I N ( 1 ) )  PRE12 09 
RETURN P R E l 2  11 
END ( 0 9 1  ,090,O 1 PRE12 13 

o o i 0 9 1 = 4 , 6 ~ z  

1471 WR6 RMS DISPLACEMENT L N  GIVEN D I R E C T I O N  FUN12 0 1  
SUBROUTINEFUN12 FUN12 03 
C O M M O N N G ~ I C , P M , D P , D F D p l A M , D A ~ D F D A , I N , T S , I S ~ A ~ A A ~ B B ~ F ~ F X ~ P  COM 01 
D I M E N S I O N I C ~ l O ~ ~ P M ~ 2 5 1 ) , D P ~ 2 5 1 ) r D F D P ( Z 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  D I M  0 1  

CALlFUNXI(IN(21,IN(4),XISQ) FUN12 0 5  
FX=SQRTF I X I  SQ f FUN12 07 
RETURN FUN12 09 
END( 0 9 1 ,O,O,O 1 FUN12 11 

COUT12 1471 WRB OUTPUT DESCRIPTION 1 2  OUT12 0 1  
SUBROUTINEOUT12 OUT12 03 
COMMONNG,IC,PM,DP,DFDp,AM,DA,DFDA,IN,TS,IS,A,AA,BB,F,FX,P COM 0 1  
D I M E N S I O N I C f l O l , P M ( 2 5 1 f , D P ( 2 5 l ) , D F D P ( 2 5 l ~ ~ A M ~ Z ~ ~ ~ D A ~ 6 ~ + D F Q A ~ 6 ~  D I M  01  

W R I T E O U T P U T T A P E 3 , 1 0 7 + ( I N ~ I ) ~ I = 2 , 7 )  OUT12 05 
107 F O R M A f ( l Z H +  ( 1 2 9 1 H 9 1 3 9 1 2 H )  (12,1H, I3,3H) (12~1H,OUT22107 

OUT 1 2 1 08 
RETURN OUT12 09 
END(O,1,0,0,0) OUT12 11 

D I M E N S I O N I N ~ 2 3 l ) ~ f S ~ 3 , 4 8 ) ~ I S ~ 2 ~ 3 ~ 4 8 ) ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 O O ~  D I M  03 

DIMENSIONIN(231),TS(3,48) ,IS(2,3,48),A(6),AA(3,3) , B B ( 3 , 3 ) 9 P 1 3 0 0 )  D I M  03 

1 1 3 9 1 H )  1 

CHED13 1471 WRB HEADING 1 3  H E D l 3  01 
HED13 03 SUBROUTINEHEDL3 

WRITEQUTPUTTAPE3,107 HED13 05 
H E D l 3  1 07 

RETURN HED13 11 
END(O,l,OtO,O) HED13 13 

107 FORMAT(51HORMS RADIAL  THERMAL DISPLACEMENT OF ATOM. ANGSTROMS) 

C F U N l 3  I 4 7 1  WRB RMS R A D I A L  DISPLACEMENT FUN13 01 
SUBROUTINEFUN13 FUN13 03 
COMMONNGjIC,PM,DP,DFDP,AM,DA,DFDA,IN,TS, IS,A,AA,BB~F,FX,P COM 01 
D I N E N S I O N I C ( ~ O ) J P M ( ~ ~ ~ )  ,DP(25l l ,DFDP1251) ,AM(21) ,DA(61,DFDA(6)  DIM 01 

I 1  ..- 

r 

. -/ 

' .. .' 

--' 
I '  w 

"(" .. 

, -.. 



COUT13 1471  WRB OUTPUT D E S C R I P T I O N  1 3  OUT13 01 
SUBROUTINEOUTl.3 OUT13 03 
COMMONNG 9 I C ~ P M J D P  9DFDp 9AM t DA 9DFDA t I N  9 TS9 I S * A  9 A A 9  BB 9F 9FX 9 P COM 01  
D I M E N S I O N I C ~ I O ) ~ P M ~ ~ ~ ~ ~ ~ D P ( Z ~ ~ ~ J O F D P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ D ~ ( ~ ) ~ ~ F ~ A ~ ~ )  DIM 01 

WRITEOUTPUTTA?E3t107 , ( IN1  f t 9 I t Z t 3 )  OUT13 05 
107  FORMAT( 12H+ ( 1 2 9 l H t I 3 9 1 H ) )  OUT1 3107 

RETURN OUT13 09  
END (0 9 190,090 1 OUT13 11 

C H E D Z ~  1 4 7 1  WRB HEADING 14  H E 0 1 4  0 1  
SUBROUTINEHEGI4 HE014 03 
W R I T E O U T P U T T A P E 3 ~ 1 0 7  HED34 0 5  

107 F O R M A T ( 8 8 H Q I N T E R A T O M I ~  DISTANCE AVERAGED OVER THERMAL MOTIONo SECOHED14107 
1 N D  ATOM ASSUMED T O  R I D E  ON F I R S T )  HED14108 

H E D l 4  3 1  RETURN 
END[ 0 9 1  9 O + O , O )  HED14 1 3  

D ~ M E N S I O N I N ( ~ ~ ~ ~ ~ T S ~ ~ ~ ~ ~ ) ~ I S ~ Z ~ ~ J ~ ~ ~ ~ A ( ~ ) J A A ( ~ ~ ~ ) ~ E ~ ( ~ ~ ~ ~ Q P ( ~ ~ O ~  D I M  03 

CPRE14 1471 WRB P R E t I M I N A p Y  SUBROUTINE 14 
SUBROUTINEPREl.4 
C O M M O N N G ~ ~ C ~ P M J D P ~ D F G ~ ~ A M J O A ~ G F D A ~ I N ~ T S ~ ~ S J A ~ A A ~ B E ~ F ~ F X ~ P  
DIMENSIONfC(lO)sPM(25~~9DP(25l~~DFDP(2~l~gAM(2l.)9DA~6~9DFDA~6) 
D Z M E N S I O N I N ~ ~ ~ ~ ~ J T S ~ ~ ~ ~ ~ ) ~ ~ S ( ~ , ~ J ~ ~ ~ ~ A ~ ~ ~ ~ A A ~ ~ ~ ~ ~ J B B ~ ~ ~ ~ ~ ~ P ~ ~ O O )  
D O 1 0 9  I=2 J 4 J 2 
C A C i S E f K X f I N ( f j )  

509 C A L L S E T K B ( I N (  I 1  j 
RETURN 
END{ 0 $ 1 9 0 9 0 9 0 )  

PRE14 01 
PRE14 0 3  
CQM 01 
D I M  01 
DIM 03 
PRE14 05 
PREL4 07 
P R E L 4  09 
PRE14 11 
PRE14 13 

C F U N l 4  f4?1 WRB MEAN BOND DISTANCE ASSUMING R I D I N G  PUN14 01 
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