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ABSTRACT

A description is given of the computer code SENTINEL, which provides
a simple means for finding the effects on calculated reactor and shielding
performance parameters due to proposed changes in the cross section data
base. This code uses predetermined detailed sensitivity coefficients in
SENPRO format, which is described in Appendix A. Knowledge of details of
the particular reactor and/or shielding assemblies is not required of the
user. Also described is the computer code SENDIN, which converts unfor-
matted (binary) sensitivity files to card image form and vice versa.
This is useful for transferring sensitivity files from one installation to

another.






INTRODUCTION

Sensitivity coefficients for performance parameters of reactor and
shielding systems,! especially benchmarks, have been collected in an
interface file? using the SENPRO format. This format was developed
according to the standards established by the Committee on Computer Codes
Coordination (CCCC).3 The description of the SENPRO format is given in
Appendix A.

In order to use the sensitivity data on a file, it is necessary to
have codes which can read such files as well as to perform the required
computational manipulations. Such files are ordinarily unformatted
(binary) for computational efficiency, but are not easily read on a
different type of computer. To facilitate the transfer of data from one
installation to another, the data are converted to card image form. This
requires a code which can translate a binary file to card image form and
vice versa.

This report documents two codes. The first, SENDIN, is useful for
converting a sensitivity file from binary to card image, for converting
from card image to binary, and for obtaining a printed listing of a sensi-
tivity file. The second, SENTINEL, calculates the percent change in a
specified response due to given percent changes in specified reaction
cross sections over specified energy regions. An edited list of the most

significant individual contributions to the response change is also given.



SENDIN

The program SENDIN copies a sensitivity file in SENPRO format, and
in the copying process changes the file representation from binary to
card image form or vice versa. In addition, a complete listing or a
partial listing of the file is printed to give the user accurate infor-
mation about the contents of a particular file.

There are two (2) input files:

(1) The SENPRO sensitivity file to be converted and which is

specified by the FORTRAN data-set reference number NIN (default
value 20).

(2) The control file which consists of a single card (card image)
and which is specified by FORTRAN data-set reference number 5.
This card consists of four integers in (4I5) format: NBE, NIN,
N@QUT, N@6.

NBE

0 conversion is binary to card image.

# 0 conversion is card image to binary.

NIN = FORTRAN data-set reference number of the input sensi-

tivity file to be converted (a zero or negative value

is replaced by the default value of 20).

NQUT = FORTRAN data-set reference number of the converted
output file of sensitivities (a zero or negative value
is replaced by a default value of 21).

NP6 specifies the printer output FORTRAN data-set reference
number and the type of edit — complete or reduced

(a zero value of NP6 is replaced by the default value

of -6).



N@6 > 0 an edit of the entire file is formed on the unit
with FORTRAN data-set reference number N@6.
NP6 < 0 a reduced edit of the file is formed on the unit
with FORTRAN data-set reference number -N@6.
There are two output files (both referred to above):
(1) The converted sensitivity file with data-set reference number
NQUT (default value 21).
(2) The file of printer output with data-set reference number

specified by NP6 (default value 6).

Sample Problem for SENDIN:

The input on unit 5 consists of a single blank card. Unit 20
contains the binary SENPRO file. On unit 21 is a dummy file.

//G@.FT20F001 DD DSN= etc., UNIT= etc.
//GP.FT21F001 DD DUMMY
//G@.FTO5F001 DD *

(1 blank card)

/*
The blank card could be replaced by the following:
0 20 21 -6
with the same result.

The printer output on unit 6 produces a reduced edit of the SENPRO

file on unit 20.



SENTINEL

The program SENTINEL computes the percentage (or fractional) change
in the performance parameter of a given assembly due to specified per-
centage (or fractional) changes in designated reaction cross sections
over a number of energy regions.

The input data consists of:

(1) Parameters defining the performance parameter, the reactor

or assembly, the number N of such sensitivities to be
included, and the identification for these so that they may
be selected from the sensitivity file which is in SENPRO format.

(2) The number of energy regions KMAX and the energy bounds for

each such region.
(3) The percentage (or fractional) change in nuclear data for each
of the N reactions for which a sensitivity is specified by (1)
above, and over each of the KMAX energy regions specified in (2).

(4) Certain information specifying the printer output data-set
reference number (default value 6), and the SENPRO sensitivity
file data-set reference number (default value 10).

(5) Information limiting the printout of the most important indi-
vidual contributions to the resulting change in the performance
parameter.

(6) The binary sensitivity file in SENPRO format.

The output consists of:
(1) The input information.

(2) Information selected from the sensitivity file.



(3) The resulting value of the percentage (or fractional) change in
the performance parameter.
(4) An ordered 1list of the most important individual contributions

to the change.

Specifically, the input to SENTINEL for one case consists of one card
of six numbers and three arrays entered in FIDO system format. The FIDO
system is described in Appendix B. Several stacked cases can be calculated

in one run. The following input is required for each case:

one card (format 2I5, F10, 3I5): N, KMAX,PERCNT ,NUMB,LUNIT,IQUT
arrayvof energy regions: 1** ((EHI(K),EL@(K)),K=1,KMAX)
percent changes: 3** ((PRCENT(K,NT),K=1,KMAX),N1=1,N)
sensitivity identifiers: 5$$ ((INFP(I,N1),I=1,9),N1=1,N)

FID@ terminator: T

N = the number of sensitivity profiles to be included.

KMAX = the number of energy regions to be included.

PERCNT = the minimum magnitude (in percent of the total contribution)
of a single (one energy region and one reaction) contribution to
be included in a printout of the most important individual
contributions,

NUMB = the maximum number of most important contributions to be
printed out individually.

LUNIT = the data set reference number of the sensitivity file in
SENPRO format (default value = 10).

IQUT = printer output data-set reference number (default value = 6).



EHI(K) = an energy bound in eV for energy region K (the regions
should appear in order of decreasing energy).

ELA(K) = the other bound for region K,

PRCENT(K,N1) = the percent change in nuclear data associated with
sensitivity N1 in energy region K,

INF@ (I,N1) I=1,9 consists of nine identifiers for the sensitivity

profile N1. The nine identifiers in order are:

IASB = the assembly identifier as it appears in the file, or,
if the first IASB (=INF@(1,1)) is negative, cases are
made to include every assembly in the file.

IRESP = 1,2,3,4,5 according és the response is multiplication
factor k, breeding ratio, worth, reaction rate ratio, or
some other type of response, respectively; or, if the
first IRESP (=INF@(2,1)) is negative, cases are made to
include all responses.

MATID = nuclide identification using ENDF assignments.

MT = reaction identification using ENDF assignments.

NTRN = 1,2,3,... an arbitrary identification number chosen by
the file creator to distinguish different reaction rate
or worth responses (0 for IRESP=1).

ITYPE, TZON1, IZ@N2, ISCAT refer to partial sensitivities and
are set to zero since no partial sensitivities are

presently used.



Sample Problem for SENTINEL:

This problem determines the effect of proposed changes in the fission
cross section (MT number 18) of 235y, 238y, and 23%Pu (MAT numbers 1261,
1262, and 1264 respectively) on the multiplication factor (IRESP=1 and
NTRN=0) of each assembly in the file (five), and on the central reaction
rate ratio 28¢c/%3f (IRESP=4 and NTRN=1), and on the central reaction rate
ratio 28f/49f (IRESP=4 and NTRN=2) of the ZPR-6/7 assembly. (IASB=5 is
the number assigned this assembly in the SENPRO file reported in Ref. 2.)
The proposed changes represent approximate changes in going from ENDF/B-IV

to ENDF/B-V. These changes are given in five groups as follows:

Energy Range Change in 0%5 Change in 0%8 Change in o¥9
(MeV) (percent) (percent) (percent
3.679-10.000 1.44 -2.50 -1.07
1.353-3.679 -0.24 -3.50 0.83
.498-1.353 -2.57 12.00 1.02
.183- .498 -3.32 0.00 -0.30
.067- .183 -2.13 0.00 -2.13

This sample problem uses the fast benchmarks for which sensitivities
are reported in reference 2. We assume these sensitivities are available
in binary SENPRO format on a unit with data-set reference number 10.

The input can be stacked as three cases. The first searches through
all the assemblies in the file (since INFO(1,1) is negative) and manufac-
tures a case for each assembly found. For these we 1imit to ten (NUMB = 10)
the number of individual largest contributions to be printed out, regardless

of magnitude.



The second of the three input cases finds the change in the central
reaction-rate ratio 28¢/%%f in ZPR-6/7 and prints out the largest indi-
vidual contributions, each of which is not less than one percent
(PERCNT = 1.0) of the total calculated change. Not more than five such
contributions will be printed out.

The third input case calculates the resulting change in the 28¢c/%“°f
ratio in ZPR-6/7 and prints out (not more than six) individual contribu-
tions greater than four percent of the total.

The input data files are as follows:

//GP.FT10F001 DD DSN=etc.,UNIT=VQL= etc.
//G@.FTO5F001 DD *
3 5 0.0 10
1** 3.679E6 10.0E6 1.353E6 3.679E6 0.498E6 1.353E6
0.498E6 2R0.183E6 0.067E6
3¥* 1.44 -.24 -2.57 -3.32 -2.13
-2.50 -3.50 12.00 2Z
-1.07 0.83 1.02 -0.0 -2.13
5$$ -12 1 1261 18 5R0 12 1 1262 18 5R0 12 1 1264
18 5R0 T
3 5 1.0 5
5$$ 12 4 1261 18 1 4R0 12 4 1262 18 1 4R0
12 41264 18 1 4RO T
3 5 4.0 6
5$$ 12 4 1261 18 2 4T0 12 4 1262 18 2 4%
12 4 1264 18 2 4RO T

The output prints a warning message to note whenever a sensitivity
is missing in the file and, hence, is not included in the calculation.
Note that since the dimensions N and KMAX are constant the order of the
reactions (MAT-MT pairs) remains fixed and that the energy regions
(1** array) and the assigned percentages (3** array) remain fixed in
storage location as well as in value. Therefore, the FIDO 1** and 3**
arrays need not be read in again after the first case.
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APPENDIX A

The Format for Standard Interface File SENPRO for
Group-Dependent Sensitivity Coefficients
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CEREEREEE RE KRR AREREE LR R R KRR KA AR KRR AR I RN R KRR A A KRN R AR ER S KA AR AT Rk

c REVISED 05/12/76 -
Cc -
CP SENPRO -
CE THIS FILE CONTAINS SENSITIVITY -
CB COEFFICIENTS BY GROUP AS A FUNCTION OF -
CE MATERIAL - REACTION TYPE, ASSEMBLY, AND RESPOKSE -
C -
N DIVISION BY ROUP LETHARGY WIDTHS MAY BE -
cN NECESS ARY FOR MEANINGFUL GRAPHIC DISPLAY. -
oN INCLUDED ARE, TOTAL SENSITIVITY COEFPICIENTS -
CN BY GROUP SUMMED OVER EBFFECT TYPES, ZONES, AND

CN SCATTERING ORDERS. ON OPTION, PARTIAL -
CN COEFPICIENTS MAY ALSO BE REPRESENTED AS VARIOUS -
CN COMBINATIONS OF DIRECT AND INDIRECT EFFPECT, -
CN ZONE, AND SCATTERING ORDER -
C -
CE A PILE SUCH AS THIS IS NEEDED BY ORNL - PORSS -
C -
c J. L. LUCIUS -
C -
C -
C*ttt*t##iﬁtttt‘t‘*i‘ttttt#"*‘t“t*tt*t*###t*‘#“#*t‘#"“‘t‘#"*t“‘t‘

C ———————————————————————————————————————————————————————————————————————
cs FILE STRUCTURE -
S -
cs RECORD TYPE PRESENT IF -
CS 2 43 F X+ 3 S F 4 5 S S S - SSs=STSSEZsSZSsSm==x=== -
cs FILE IDENTIFICATION ALWAYS -
cs PILE CONTROL ALVAYS -
cs NEUTRON GROODP BOUNDARIES NNGRUP .GT. 0 -
cs GAMMA GROUP BOUNDARIES NGGRUP. GT. 0 -
CS  #%assxkks #x+%% (REPEAT POR ALL MATERIAL - -
s * REACTION PAIRS, MAT - MT) -
cs = MAT - MT CONT ROL ALWAYS -
cs  * RESPONSE DESC RIPTION NERD.GT.O -
cs o+ ZONE DENSITIES NZDEN. GT.0 -
s = HOLLERITH DESCRIPT ION OF TOTAL ALWAYS -
s * SENSITIVITY COBFFICIENTS -
cs * TOTAL SENSIVITITY CORFFICIENTS ALWAYS -
s * BY GROUP SUMMED OVER, TYPE, ZONE, -
cs = AND SCATTERING ORDER -
cs  * PARTIAL CONTROL NPART. GT.0 -
CS % wkexkx %% (REPEAT POR ALL PARTIAL -
cs o+ * CORPPICIENT SETS) -
cs ¥ * HOLLERITH DESCRIPTION OF NPART.GT.0 -
cs * * PARTIAL SET -
s * * PARTIAL COEFFICIENTS BY GROUP RPART. GT.0 -
cs ko kkkk kK -
C -
C ——————————————————————————————————————————————————————————————————————
Corm e e e e o e e e L e i e e e = - S . e
CR FILE IDENTIFICATION -
C -
cL HN AME, (HUSE(I),I=1,2),IVERS -
cw 1+3%NOLT -
(o} -
CcB PORMAT (11H OV SENPRO , A6, 1H*, 246, 1H*, I6) -
cp HN AME HOLLERITH PILE NAME-SENPRO- (A6) -
cb HUSE HOLLERITH USER IDENTIPICATION (A6) -
cp IV ERS PILE VERSION NUNBER -
cD NOLT 1 - A6 IS SINSLE PRECISION WORD -
cp 2 - A6 IS DOUBLE PRECISION WORD -



CR PILE CONTROL

CL NG ROUP,NNGRUP,NGGRU P, NNAT, MAXORD,MZONE

Ccw 6

CB FORMAT (44 1D ,616)

cb NGROUP

cD NNGRP NUMBER OF NEUTRON GROUPS
cp NGGRUP NUNBER OF GAMMA 3ROUPS
cp NMAT NUNBER OF MAT- MT PAIRS
cD MAXORD MAXTMUM SCATTERING ORDER
cD M7 ONE MAXIMOM NUMBER OF ZONES
CR NEUTRON GROUP BOUNDARIES

c

cL (3PBN (J) ,J=1, NNGRP) , ENMIN

C

cc PRESENT IF NNGRP.GT.O

o'} NN GRP +1

c

CB FORMAT(4H 2D ,5E12.4/(6E12.4})

NUMBER OF ENERGY GROUPS

MAXINIM ENERGY BOUND OF NEODTRON GROUP (J) (EV) -
MINIMUN ENERSY OF NEUTRON ENERGY RANGE -

cD 3PBN{J)
cD ENMIN

CR GAMMA GROUP BOUNDARIES
c

ca (GPBG(J) ,J=1,NGGRP) ,EGNIN

c

cc PRESENT IF NGGRP.GT.0

o NGGRP +1 :

c

cB FORMAT (44 3D ,SE12.4/ (6E12.4))
NAXINUM ENERGY BOUND OF GAMMA GROUP(J) (EV) -

cp GPBG(J)

cp EGNIN MININTM ENERGY OP GAMMA ENERGY RANGE -
C —————————————————————————————————————————————————————— - ——— e i S
C ———————————————————————————————————————————————————————————————————————
CR MAT - MT CONTROL -
c -
cL IASB,IRESP,MATID, NT, NZ ONE, ISTC, NPART, NWRD, NZDEH, MATRIX,NTRN ,NTRD -
o] 12 ~ -
C -
cB FORMAT (48 4D , 1116/16) -
[od -
cp IASB ASSEMBLY IDENTIFICATION -
cD REPERENCE BNL 19302 (ENDF-202) P-1 -
cp IR ESP RESPONSE IDENTIFICATION

€D 1 -k -
co 2 - BREEDING BRATIO -
cp 3 - WORTH -
cD 4 - REACTION RATE RATIO -
cDp 5 - OTHER -
cp MATID MATERIAL IDENTIFICATION -
cp nT REACTION TYPE IDENTIPICATION -
cp NZONE NUNBER OF ZONES -
cD ISTC SCATTERING ORDER POR TOTAL COEBFPICIENTS -
cp NP ART NUMBER OP PARTIAL SETS -
co NWRD NUMBER OF HOLLERITH{A6) WORDS GSED TO DESCRIBE -
cp THE RESPONSE -
co NZDEN ZONE DENS ITY OPTION -
cD 0 - Z0NE DENSITIES ARE OMITTED -
€D 1 - ZONE DENSITIES ARE PRESENT -
cp MATRIX RESER VED -
cD NTRN RES ERV ED -
cp NTRD RESERVED -




C ———————————————————————————————————————————————————————————————————————
CR RESPONSE DESCRIP TION -
C -
a (RDES{T) ,I=1, NURD) -
C -
cc PRESENT IF NWRD.GT.O -
C -
] NWRD*MOULT -
c -
cB PORMAT(U4H 5D , 1H%, 1146/ (1146)) -
¢ . -
cD RDES(T) ARRAY CONTAINING HOLLERITH DESCRIPTION OF -
cp RESPONSE -
C -----------------------------------------------------------------------
C ———————————————————————————————————————————————————————————————————————
CR ZONE DENSITIES -
c ' -
cL (ZDEN (J) ,3=1, NZONE) -
C -
ce PRESENT IF NZDEN.EQ.1 -
C -
cw N7 ONE -
C -
cB FORMAT (4H 6D ,5E12.4/ (6E12.4)) -
C -
cD IDEN ZONE DENS ITIES -
c ———————————————————————————————————————————————————————————————————————
C ———————————————————————————————————————————————————————————————————————
CcR HOLLERITH DESCRIPTION OF TOTAL SENSITIVITY COEFFPICIENTS -
C -
cL (HOL (T),I=1,11) -
C -
cw 11*NULT -
c -
cB FORMAT (48 7D ,1H*,1126, 1H¥) -
c ———————————————————————————————————————————————————————————————————————
c ———————————————————————————————————————————————————————————————————————
CR TOTAL SENSITIVITY COEPFICIENTS BY GROUP -
c -
cL (TOTS (J) ,J=1,NGROUP) -
C -
cw NG ROUP -
C -
cB FORMAT (4H 9D ,SE12.4/(6E12.4)) -
C -
cD TOTS SENSITIVITY COEPPICIENTS -
c ———————————————————————————————————————————————————————————————————————



c ———————————————————————————————————————————————————————————————————————
CR PARTIAL CONTROL -
C -
cL (I TYPE (I) ,IZON1 (), IZON2 (I), IS CAT (1), I=1,NPART) -
C -
cc PRESENT IF NPART.GT.0 -
C -
cW 4% NPART -
c -
CB FORMAT (48 9D ,4I6/(81I6)) -
(o -
cD ITYPE (T) TYPE TDENTIFPICATION -
cp 1 - H1 DIRECT EPFECT(H1DE) -
cp 2 - H2 DIRECT EPPECT (H2DE) -
cD 3 - PORWARD FLUX PERTURBATION (FFP) -
co 4 - ADJOINT FLOX PERTURBATION (AFP) -
cp S - H1DE+H2DE+PFP -
cb 6 - HIDE+H2DE+PPP+AFP -
cD IZON1 (T) LOWER DO LIMITER FOR ZONE SUMMATION -
cp 1ZON2( 1) UPPER DO LIMITER FOR ZONE SUMMATION -
cD ISCAT (T) SCATTERING ORDER SPECIFICATION -
cD LE.ISTC - SCATTERING ORDER -
cp GT. ISTC - SUM OVER ALL SCATTERING OBDERS -
c ———————————————————————————————————————————————————————————————————————
Crmm s m e aca s s s e e e e — e r e - e e e E E = S o ——————
CR HOLLERITH DESCRIPTION OF PART IAL SET -
c -
cL (ROLP (1) ,I=1,11) -
C -
cc PRESENT IF NPART.GT.0 -
C -
cw 11*MOLT -
C -
CB FORMAT (4H10D ,1H®,11A6, 1H*) -
e e mr e e m e s e e e e e e = e e
C ———————————————————————————————————————————————————————

CR PARTIAL SENSITIVITY COEFFICIENTS BY GROUP -
C -
cL (PARTS (J) ,J=1,NGROU P) -
C -
cc PRESENT IF NPART.GT.D -
C -
cw N3 ROUP -
C -
cB FPORMAT (4H11D ,SE12.4/ (6E12.4)) -
C -
co PARTS SENSITIVITY COEFFICIENTS -
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APPENDIX B

The FIDO Input System

The FIDO input method is especially devised to allow the entering
or modifying of large data arrays with minimum effort. Special advantage
is taken of patterns of repetition or symmetry wherever possible. The
FIDO system was patterned by Ward Engle and Wayne Rhoades after the input
method used with the FLOCO coding system at Los Alamos, and was first
applied to the DTF-II code. Since that time, numerous features requested
by users have been added, a free-field option has been developed, and the
application of FIDO has spread to innumerable codes.

The data are entered in units called "arrays." An array comprises
a group of contiguous storage locations which are to be filled with data
at one time. These arrays usually correspond on a one-to-one basis with
FORTRAN arrays used in the program. A group of one or more arrays read
with a single call to the FIDO package forms a "block," and a special
delimiter is required to signify the end of each block. Arrays within a
block may be read in any order with respect to each other, but an array
belonging to one block must not be shifted to another. The same array
can be entered repeatedly within the same block. For example, an array
could be filled with "0" using a special option, and then a few scattered
locations could be changed by reading in a new set of data for that array.
If no entries to the arrays in a block are required but the condition
requiring the block is met, the delimiter alone satisfies the input
requirement.

Three major types of input are available: fixed-field input, free-
field input, and user-field input.

Fixed Field Input - Each card is divided into six 12-column data
fields, each of which is divided into three subfields. The following
sketch illustrates a typical data field. The three subfields always

comprise 2, 1, and 9 columns, respectively.

Subfield Subfield Subfield

\]I’Z‘IIIIIJII

1 2 3 4 5 6 7 8 9 10 11 12
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To begin the first array of a block, an array originator field is

placed in any field on a card:

Subfield 1: An integer array identifier < 100 specifying the data
array to read

Subfield 2: An array-type indicator -
"$" if the array is integer data
"*" if the array is real data

Subfield 3: Blank

Data are then place in successive fields until the required number
of entries has been accounted for. A sample data sheet shown on page 19

illustrates this input.

In entering data, it is convenient to think of an "index" or
"pointer" which is under control of the user, and which specifies the
position in the array into which the next data entry is to go. The
pointer is always positioned at array location #1 by entering the array
originator field. The pointer subsequently moves according to the data
operator chosen. Blank fields are a special case, in that they do not
cause any data modification and do not move the pointer.

A data field has the following form:

Subfield 1: The data numerator, an integer < 100. We refer to this
entry as N] in the following discussion.

Subfield 2: One of the special data operators listed below.

Subfield 3: A nine-character data entry, to be read in F9.0 format.
It will be converted to an integer if the array is a "$§"
array or if a special array operator such as "Q" is
being used. Note that an exponent is permissible but
not required. Likewise, a decimal is permissible but
not required. If no decimal is supplied, it is assumed
to be immediately to the left of the exponent, if any;
and otherwise to the right of the last column. This
entry is referred to as N3 in the following discussion.
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A list of data operators and their effect on the array being input

follows:

"Blank" indicates a single entry of data. The data entry in the
third subfield is entered in the location indicated by the pointer,
and the pointer is advanced by one. However, an entirely blank
field is ignored.

"+" or "-" indicates exponentiation. The data entry in the third
field is entered and multiplied by 1OiN1, where N, is the data
numerator in the first subfield, given the sign indicated by the
data operator itself. The pointer is advanced by one. In cases
where an exponent is needed, this option allows the entering of
more significant figures than the blank option.

"&" has the same effect as "+".

"R" dindicates that the data entry is to be repeated N; times. The
pointer is advanced by N,.

“I" indicates linear interpolation. The data numerator, N,
indicates the number of interpolated points to be supplied. The

data entry in the third subfield is entered, followed by N; inter-
polated entries equally spaced between that value and the data entry
found in the third subfield of the next non-blank field. The pointer
is advanced by N; + 1. The field following an "I" field is then
processed normally, according to its own data operator. The "I"
entry is especially valuable for specifying a spatial mesh. In "$"
arrays, interpolated values will be rounded to the nearest integer.

"L" indicates Togarithmic interpolation. The effect is the same
as that of "I" except that the resulting data are evenly separated
in log-space. This is especially convenient for specifying an
energy mesh.

"Q" is used to repeat sequences of numbers. The length of the
sequence is given by the third subfield, N3. The sequence of Nj
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entries is to be repeated N; times. The pointer is advanced by
N;*N3. If either N; or N3 is 0, then a sequence of N; + Nj

is repeated one time only, and the pointer is advanced by N; + Nj.
This feature is especially valuable for geometry specification.

The "N" option has the same effect as "Q", except that the order
of the sequence is reversed each time it is entered. This is
valuable for the type of symmetry possessed by quadrature
coefficients.

"M" has the same effect as "N" except that the sign of each
entry in the sequence is reversed each time the sequence is
entered. For example, the entries:

123 2M2
would be equivalent to:

123-3-223
This option is also useful in entering quadrature coefficients.

"Z" causes N; + N3 locations to be set to 0. The pointer is
advanced by N; + Nj.

"C" causes the position of the last array item entered to be
printed. This is the position of the pointer, less 1. The
pointer is not moved.

"0" causes the print trigger to be changed. The trigger is
originally off. Successive "0" fields turn it on and off
alternately. When the trigger is on, each card image is listed
as it is read.

"S" indicates that the pointer is to skip N; positions leaving
those array positions unchanged. If the third subfield is non-
blank, that data entry is entered following the skip, and the
pointer is advanced by N; + 1.

"A" moves the pointer to the position N3, specified in the third
subfield.
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"F" fills the remainder of the array with the datum entered in
the third subfield.

"E" skips over the remainder of the array. The array length
criterion is always satisfied by an "E", no matter how many
entries have been specified. No more entries to an array may

be given following an "E", except that data entry may be restarted
with an "A".

The reading of data to an array is terminated when a new array
origin field is supplied, or when the block is terminated. If an incor-
rect number of positions has been filled, an error edit is given, and a
flag is set which will later abort execution of the problem. FIDO then
continues with the next array if an array origin was read. Otherwise,
it returns control to the calling program.

A block termination consists of a field having "T" in the second
sub-field. A1l entries following "T" on a card are ignored, and control
is returned from FIDO to the calling program.

Comment cards can be entered within a block by placing an apostrophe
(*) in column 1. Then columns 2-80 will be Tlisted, with column 2 being
used for printer carriage control. Such cards have no effect on the data

array or pointer.

Free-Field Input - With free-field input, data are written without
fixed restrictions as to field and subfield size and positioning on the
card. The options used with fixed-field input are available, although
some are slightly restricted in form. In general, fewer data cards are
required for a problem, the interpreting print is easier to read, a card
listing is more intelligible, the cards are easier to keypunch, and cer-
tain common keypunch errors are tolerated without affecting the problem.
Data arrays using fixed- and free-field input can be intermingled at will

within a given block.

The concept of three subfields per field is still applicable to free-
field input, but if no entry for a field is required, no space for it need
be Teft. Only columns 1-72 may be used, as with fixed-field input.
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The array originator field can begin in any position. The array
identifiers and type indicators are used as in fixed-field input. The
type indicator is entered twice, to designate free-field input (i.e.,
"“$$" or "**"). The blank third subfield required in fixed-field input
is not required. For example: 31** indicates that array 31, a real-
data array, will follow in free-field format.

Data fields may follow the array origin field immediately. The
data field entries are identical to the fixed-field entries with the
following restrictions:

(1) Any'number of blanks may separate fields, but at least one
blank must follow a third subfield entry if one is used.

(2) If both first and second subfield entries are used, no blanks
may separate them, i.e., 24S, but not 24 S.

(3) Numbers written with exponents must not have imbedded blanks,

~i.e., 1.0E+4, 1.0E4, 1.0+4, or even 1+4, but not 1.0 E4.

(4) In third-subfield data entries, only 9 digits, including the
decimal but not including the exponent field, can be used, i.e.,
123456.89E07, but not 123456.789E07.

(5) The Z entry must be of the form: 738Z, not Z738 or 738 Z.

(6) The + or - data operators are not needed and are not available.

(7) The Q, N, and M entries are restrictedf 304, 1N4, or M4, but
not 4Q, 4N, or 4M.

User-Field Input - If the user follows the array identifier in the
array originator field with the character "U" or "V", the input format is
to be specified by the user. If "U" is specified, the FORTRAN FORMAT to
be used must be supplied in columns 1-72 of the next card. The format
must be enclosed by the usual parentheses. Then the data for the entire
array must follow on successive cards. The rules of ordinary FORTRAN
input as to exponents, blanks, etc., apply. If the array data do not
fi1ll the Tast card, the remainder must be left blank.

"V" has the same effect as "U" except that the format read in the
last preceding "U" array is used.
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