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I. INTRODUCTION

Most current vulnerability/lethality programs represent a penetrator’s path
through a target by a shotline. This shotline is constructed, at least conceptually, by
passing a ray through a geometric description of the target and recording each target
component that the ray intersects and at what distance from its origin the ray enters
and exits the component. The analyst will typically select azimuth and elevation
angles from which to view the target, and then superpose over the view of the target
(hereafter referred to as V) a rectilinear grid, as shown in figure 1. From a selected
location with each cell in this grid a ray will be sent through the target to generate a
shotline. The aggregate of these shotlines is then used in determining the entire
target’s vulnerability.

One drawback of the shotline approach is that, whereas many man-months
might be spent on a detailed description of the geometry of the target, the projectile
can only be represented by a straight-line trajectory, an abstraction with zero cross-
sectional area. Of course, if the projectile’s geometry and fuze design are accommo-
dating, and in the absence of yaw and other complications, this limitation is not too
serious for planar targets of infinite extent. But for some projectiles — either with
piezoelectric contact fuzes on probes or with inductance- or capacitance-type influ-
ence fuzes — the single-ray approach is insufficient. Even such common target
characteristics as discontinuities and high obliquities cause problems for zero-width
modeling of projectiles.

This report presents a modification of the standard shotline method. A com-
puter routine called SHOTCYL provides a means of modeling the three-dimensional
geometry of projectile/target interaction. The projectile is represented by a main, or
central, ray together with one or more rings of planetary rays disposed parallel to
and at specified distances from the main ray.

This representation has been used in analyzing the behavior of several HEAT
rounds. In such a warhead, the charge is mounted some distance behind the fuze.
This built-in standoff is intended to allow the penetrating jet to form before it
strikes the target. A jet’s penetration into armor is sensitive to standoff, so any
abnormal impact (such as that illustrated in figure 2) might significantly degrade a
round’s performance.

Given a bundle of rays for each grid cell, a program called MISFIR computes
the effective standoff for each cell, using the built-in standoff and the geometrical
details of the projectile’s impact on the target. This provides for more realistic
treatment of several projectile designs and of such target-surface properties as obli-
quity and edges.




‘pasodiadng pur) ypm 264nL v fo marp — | 3uno1]

-

e

1l

T R I

) B

10




apjoafosd abivy) padoys v Jo nj abpg—'T wa0Lg

o

=

Ewg

2b4n ] paiowty up uo

7

OO
# a0 e e e e e e e

.....
.........

4300NYLS NI-11108

11




Also discussed here is the employment of the new method in an analysis of the
effectiveness of a hypothetical two-fuzed missile. The missile has a primary fuze
that is mounted on a long probe and a secondary fuze further back on the shoulder
of the missile, as shown in figure 3. The modified shotline method was used to
answer two questions:

1) For a given projectile, target, view, and aimpoint, what is the probabil-
ity that the secondary fuze will strike the target before the primary fuze?

2) Under the same conditions, what is the probability that the secondary
fuze will strike the target after the primary fuze, but during the primary’s
built-in delay?

II. PROJECTILE MODELING TECHNIQUE

The key input for the enhanced method is a description of the projectile.
Depending on the nature of the projectile, this three-dimensional model will
represent the projectile’s fuze, its nose, its influence envelope, or whatever the
relevant volume. The following paragraphs provide a conceptual explanation of the
model.

Consider an arbitrary solid § traveling along a straight-line trajectory, . The
volume it sweeps out is a cylindroid. We add a frame of reference whose origin, O,
is at the front tip of §S. Now let us make the assumption that the solid is radially
symmetric about 7', and that its maximum circumference, C, occurs at some distance
D along T (see figure 4). A snapshot (ignoring the early part of the trajectory)
reveals that the shape of the volume swept out is that of a right circular cylinder
capped with the patch, P, of §’s surface that is bounded by C and contains O.

Any collision between § and a stationary object will take place at a point on P.
This patch is the crucial part of our model, and can be approximated by a set of cir-
cles that are centered on T, each circle being specified by its radius and its stepback
— the distance from O to the circle’s center. As the solid travels, the circles sweep
out concentric cylinders. These cylinders, as they exist at any specified instant, can
be represented by rings of rays originating on the circles and extending backwards.

In principle this is how a projectile is modeled. The program determines at
what point each ray intersects the target and, considering the contours of the
projectile’s leading surface (as rendered by the model), decides where and how the

12
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projectile first touches the target. This, together with the projectile’s built-in stand.
off, provides enough information to compute the effective standoff for the hit being
considered.

-JII. SYNOPSIS OF ALGORITHM -

The three-dimensional model of projectile/target interaction is centered upon
the program MISFIR, written in CDC Fortran 5. MISFIR is built on the formalisms
of the GIFT (Geometric /nformation for Targets)® program, which processes targets
described in terms of combinatorial geometry, or COMGEOM. The MISFIR pack-
age currently consists of a ray-tracing subroutine added to GIFT (viz. SHOTCYL);
MISFIR itself, together with its subprograms; and an application program, called
FUZES, which uses MISFIR’s results to solve a typical problem in vulnerability
analysis. A generalization of the familiar GIFT shotline provides the means by
which MISFIR represeats projectile geometry: The single ray is augmented by a
bundle of rays, the combination being called a shotcylinder. The planetary rays are
grouped around the central ray in orbits that, depending on their radii, can extend
into adjacent grid cells.

The first step is to create shotcylinders for each cell in V, the current view of
the target. This is done by the GIFT subroutine called SHOTCYL. Next the
shotcylinders are used to compute the projectile’s actual standoff in each cell. MIS-
FIR then creates histograms of the standoff and a silhouette image of the target. In
the application described here, FUZES is then run to analyze the effectiveness of the
hypothetical warhead. Below are brief descriptions of each step in the process.

The user’s input to SHOTCYL includes the angle of attack, expressed in terms
of azimuth and elevation, and such ray-bundle building parameters as the number of
orbits [laycrs] per bundle, the orbits’ radii, and the number of planets [rays] in each
orbit. The frame of reference for GIFT’s calculations is defined by the grid plane,
the plane that contains the origin of the target description’s coordinate system and is
normal to the line of sight, or attack angle. The grid plane is partitioned into rectil-
inear cells, and the target’s projection onto it determines the cells for which bundles
must be created.

* Kueh!, G.G., Bain, L.W., Jr., and Reisinger, M.J. The GIFT Code User Manual.
BRL R1802, July 1975, and ARBRL-TR-02189, September 1979.
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Also input to SHOTCYL is the manner of selecting the central ray’s location -
within the grid cell. SHOTCYL can use an impact-point file to treat a target that
has already been shotlined®. Alternatively, SHOTCYL can pass its central rays
through either the center of, or a point chosen at random in, each grid cell. For
each grid cell, SHOTCYL outputs the following information:

variable names contents
HCEN, VCEN The grid-plane coordinates of the center of the cell
IRV A code for the location of the central ray

within the cell
H YV The grid-plane coordinates of the central ray
RAYLEN The distance along the central ray from

the grid plane back to the first item met.

Thus, this number is negative for cells in

which the central ray does not encounter the
target until it has passed through the grid plane.

ITMHIT The item number of the first item met by the
central ray, or -1 if it never hits the target.

And for ecach planetary ray:

PLNETH, PLNETV  The grid-plane coordinates of the ray

RAYLEN The distance along the ray from the grid plane
back to the first item met. Thus, this number
is negative for planetary rays which do not
encounter the target until they have passed
through the grid plane.

ITMHIT The item number of the first item met by
the ray, or -1 if it never hits the target.

High resolution in shotlining the typical target is not always computationally
feasible. The relatively large grid cells resultant from this constraint render many
applications programs very sensitive to ray location within a cell. In order to
contro) for positional variation, Robert Wilson has developed a technique of
recording cell impact points in a file parallel to the shotline file. When a target
must be shotlined repeatedly, as in a parametric analysis, the ray coordinates for
each cell can be reused, thus maintaining comparability.

16




SHOTCYL requires one subprogram that is not found in the GIFT or system
libraries. It is a routine called SEEKVEW that scans through an impact-point file to
find the data for a specified target aspect.

MISFIR is the centerpiece of the package. It produces its results — information
about projectile impact for each cell on the target — in several forms. The subpro-
grams called by MISFIR are CPA, PHIT, HISTOG, and SILOET.

CPA selects as the aimpoint the target’s center of presented area. This is
equivalent to the centroid of V, and can be calculated as:

(X, ¥) = %21@,%2)@] )

cinV cinV

where N is the number of cells, ¢, in V. This aimpoint is then offset by (X,., ¥ ) to
allow for dispersion corrections provided by the user.

Once the aimpoint has been computed, MISFIR determines which ray in each
cell strikes the target first and calculates the size of the gap between projectile tip
and target at the instant of impact (see figure 5). The basic formula for this gap is:

GAP = max (0, max (DPLNET, — DMAIN — CSTPBK, — CSTPBK,)) (2)
pin

where p is a planetary ray in B, the current cell's bundle, DPLNET, is the distance
along p from the grid plane back to the first planet met, DMAIN is the distance
along the central ray from the grid plane back to the first item met, CSTPBK, is the
stepback of p’s cylinder, and CSTPBK| is the length of a needle probe of negligible
diameter.

For cells in which the primary fuze strikes the target before the secondary fuze,
MISFIR also determines whether the secondary fuze will strike during the primary
fuze’s delay. Then MISFIR determines the warhead’s actual standoff for that cell —
the projectile’s built-in standoff plus GAP — and the probability of the cell’s being
hit (Py). The cell’'s Py is computed by the function PHIT, which assumes that
delivery errors are normally distributed.

HISTOG computes and displays two histograms. To do this, it partitions into
bins the range of standoffs that were encountered in V. The first histogram gives
the number of cells whose standoffs lie within each bin. The second displays similar
data obtained by choosing an aimpoint on the target and using the weapon’s
delivery-accuracy characteristics to weight the standoff obtained in each cell by that
cell’'s Py. Thus, the histograms convey the relative frequencies of various values of

17
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standoff, either assuming a random hit anywhere on the target or assuming a shot
aimed at its centroid. Both histograms also include a bin for edge hits, cells where
at least one planetary ray intersects the target, but the main ray misses completely.
SILOET" displays an image of the non-empty portion of the grid plane, where each
cell is represented by standoff to two decimal places, and in units of tenths of a
charge diameter. MISFIR also prints all its results to a file for use by other pro-
grams. The information produced for each cell is:

variable names contents
HCEN, VCEN The grid-plane coordinates of the cell.

DIST The effective standoff for the cell.

CYLI The number of the cylinder containing the ray that
struck the target first.

FZ2HIT A Boolean flag indicating whether both the primary

fuze struck the target first and the secondary
fuze struck during the primary fuze's delay.

CELLPH The cell’s Py.

FUZES provides information about the performance of the hypothetical missile
by estimating the conditional probabilities of the two events

E,: The secondary fuze strikes the target before the primary fuze does.
and

E,: The secondary fuze strikes the target after the primary fuze does,
but during the primary fuze's built-in delay.

both given a uniform-random hit on the target, and given that a shot was fired at the
specified aimpoint. Computing the probabilities of E, required only one modifica-
tion to MISFIR: the value of an existing variable (viz. CYL1) would have to be
added to the output. E, induced a slightly larger task. Several lines of code had to
be added to MISFIR to handle the computation and the printing of the value of
FZ2HIT.

* Based on H. Ege's SILPK program
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The probability of E, given a hit, P(E; | H), is simply the ratio of the number
of cells in which the secondary fuze struck first (i.e. the number of cells for which
CYL1 exceeded some user-specified threshold) to the the number of cells in V. The
probability of E; given a shot, P(E, | §), is the sum of the Py's of all the cells in
which the secondary fuze struck first.

FUZES computes the probability of E, given a hit by using the formula

P(E; |H) = ), FZ2HIT, _ (3)

cinV

Similarly, P(E; | §) is the sum of the Py’s of all the cells for which FZ2HIT = 1.

The source code for SHOTCYL, MISFIR, FUZES, and their subprograms can
be found in appendix A. Appendix B provides a sample run of the package. The
histograms on pages 60 and 61 indicate that, whether the hits were distributed uni-
formly or normally, the preponderance of hits occurred at built-in standoff. They
also show that, although there was about a 13% probability of achieving an edge hit
given a random hit, when delivery accuracy was considered, the probability was
reduced by an order of magnitude. The silhouette on page 62 illustrates these points
for each cell. For the numbers in the sample run, the very common silhouette cell
value of 25 represents 2.5 charge diameters, or 250 mm, which is the projectile’s
built-in standoff. FUZES’ output, page 63, indicates that P(E, | H) = 22%, and
P(E, | S) = 12%, while P(E, | H) is about 8%, and P(E, | §) is about 5%.

IV. CONCLUSIONS

Initial runs of the SHOTCYL-MISFIR-FUZES package pitting the hypothetical
missile against one important target suggest that the likelihood, and therefore the
importance, of secondary-fuze detonation can be quite significant. More thorough
testing — considering several projectiles and targets — could perhaps settle the issue
more conclusively. In any event, the MISFIR-FUZES model should answer the
question easily and cheaply. It ought therefore to be useful for designers of war-
heads and armored systems, and for those of us who assess the vulnerability of
existing systems. BRL will be using MISFIR routinely in Py analyses.

20




Additions and modifications to the program will no doubt be required in time.
Some changes that are already under consideration are:

1) To allow the number of planetary rays per orbit to vary within the
bundle.

2) To allow the option that planctary rays be positioned at random
around the orbits. MISFIR currently spaces planetary rays evenly around

the orbit.

3) To change the format of the histogram output for clarity and more
precision.

21
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SUSROUTINE BRANDX

COMPUTES FIRST INTERSECT FIOR CYLINJERCS) AROUND A MAIN GRID RAY

DERIVED FRIOM GART KUEHYL"S "GRID® SUSROUTINE,
SIGNIFICANTLY EMBELLISHED 8Y PAUL TANENSAUM

CONTRIL CARD (3IS)

1=-5 NMASPS - NUMBER OF VIEWS FOR CYLINDER

CLURRENTLY MUST BE 1)
5=10 NIPRNT - «NE, 0 ==> SUPPRESS PRINT OF UNIT 1 DATA
11-15% RAYLGO - LOZATION DF RAY WITHIN GRID CELL

C.EQ. O ==> RANDDY POINT IN CELL)D
(+EQ. 1 =3> READ FRO™ RAYFILE)D
(.GE. 2 ==> LENTER OF CELL)

PRIJSCTILE CARD (A2, 215, 2F7.24 2F8.3, I5)
1-20 RJUNHAY = CHaq STRING TD IDENTIFY RUN

21=25 NH4IYLS - NJYBER DF CYLINDERS
(1 ¢= NMCYLS <= 10, DEFAULT = 2)
25=30 NPLATS - NJM3ER DF RAYS PER CYLINDER
(1 €= NPLNTS C¢= 50, DEFAULT = B)
3L-2r ¢ - CYARGE DIAMETER L[MM)
3i=6« STIIFF = BJILT-IN STANDODFF [HMM]
45-52 YvEL = VELDCITY [M/5]
53-50 QAELAY — BUILT-IN DELAT OF PRIMARY FUZE L[SEC]
61=55 FIImMxl - NJUYSER DF LARGEST CYLINDER IN PRIMARY FUIE
PROJETTILE-SKIN CLROS (3F10.20 LCNE CARD PER CYLINDER]
1-1G6 C3al({v) - RADIUS JF NTH CYLINDJER ([MM]

STEPBACK DF NTH CYLINDER ([mMM]
LENGTH OF ZERD-CROSS~-SECTIONAL~AREA
PRIBE THMM]

CLAST PRODJECTILE-SXIN CARD CNLY)

11-20 CSTFREC(Y)
21-320 C3TPZLCI)

SISPESSION (330 (4F9.3)
1-3  5I%x = X-JISPERSION (CMM]
7-16 SISY = Y-DISPERSION [MM]
17-24 X2§ - X DISPERSION CORRECTIDN [MM]
25-32 ¥2¢C = ¥ DISPERSIIN CORRECTIIN [MM]
ASPECT CARDS (3F13.0, 3I%) [ONE CARD PER VIEW]
1-10 AIIM - AIIMUTH ANGLE CGEGREES]
11-20 ELEVY - ELEVATIDN ANGLE CODEGREES]
21-30 CELSIZ ~ SIZE DF CELLS IN GRID PLANE [muM]
(DEFAJLT = & IN)
M-35 10LKP - DELETE SELECTED REGIONS
35-%0 ILIMIT = LIMIT GRID PLANE
&1=65 1I5P3T - NUMBER OF SELECTED SHOTLINES
LIMIT GRID PLANE CARD (&4F10.0) CIF ILIMIT.NE.OD]
1-10 HMIN - - HDRIIDONTAL MINIMUM OF GRID PLANE
11-20 Hwax = HORIZONTAL MAXIMUM OF GRID PLANE
21=-30 VMIN - VERTICAL MINIMUM OF GRID PLANE

31-40 VHMaAX VERTICAL MAXIMUM OF GRID PLANE

25



[aNalaEaNakKal

[aNaRaNaNalal

GRID PLANE COCRLINATES CARIS (8710.0) CIFF ISPCT .GT. 01
1-10 Cn{l) - HJIRIZOINTAL COORDINATE QF POINT 1
11-20 Cv(l) = VERTICAL CODRDINATE GF POINT 1

ase

T1-80 Cv(4) - VERTICAL CODRDINATE QOF POINT 4

CHARACTER =10 DAY
CHARALTCR %60 ITITLE
CHARACTSR %20 RUNNAM
INTEGER ASPECT, CYL, FIZ1¥XC, 1, IOLKPy IDUM, TIH1V, IHORZ, ILIKIT,
INFCEL, IRANHy, IRANY, IREGON, I3EEJ, ISSEDls ISOLID.
1SPCT, 1SURF, ITHMMIT, IVIRT, Jy Le LEKRPP, LIRFCs NCELL,
NHIR2Zy KMASP3, KMLYLS, NHMMITS, NIPRNT, NPLNTS, NVEQT,
PLANET, RAYLOZ
LCSJICAL “KI4AYS,y, PRTALL
RTAL «3SChA, AB5CE, A25Sa, AB5SE, ANGINC, ASTER, AlIM, AZIMR,
BACK, CaZIMy €Dy CELEV, CELSIZ, CHy, CRAD, CSTPBK, LV,
CE52R40, LDELAY, ODZPTH,; DFIRST, ELEV, ELEVR, ENGTH, EQV»
ETIME, GoUMy My MLy HECENy HMMAX, HMIN, HDRZ, MMCVT, PLNETH,
PLNZTV, RAYLEN, RFA, RFC5, RFE, SANGLE, SAZIM, ScLEV, SICX,
SIGY, SJISLE, STUIOFF, STIME, T, TCENs TOTCVT, TLEN, THAX,
THMIN: Vy V(s VOEINy VELy VERT, VMAX, VMIN, VTIME, w3, wP, XBE,
X0C, v0OC
LEVEL 2477
CIMMON JZNRPP / LENRPD
COMMON /OZS5M 7 GCUM(4), LIRFD
CoMMIN /INEINT/Z LEIRST, IS2LID, ISURF, 1IREGIN
COMMCN ZRAYPARZ X2(3), w3(3)
COMMCN /3220 / I3EED
CCMMIN ZTSTOVT/Z TLTOVTY
COMMIN #TITLE # ITITLE
CIMENSICN CH{&)y CRAZCCX0), TSTPBK(DI10), CV(&),
1 ITMMITCO0210, 0:50) RAYLENCDI10, 02500y PLNEZTH(10, 590),
F4 FULNETVC1dy 5039 TWINCI), THMAX(3)s TCENC3)e TLENC3),
k) AP(3)
COMMON ASTZIR(S000)
DATA DEGIPAD /.017452232519943/
DATA 5JIvLE /.0001/

EARTR NN

- E W R

-———- AEGIN EXECUTION T remmm———— ro——— e —————— ———

MHIVT = 25.4 7/ TOLTCVTY -
———— TGTCYT = 1 IF TARGET DESCRIPTION IS5 IN INCHES,
x 25.4 IF TARGEYT OESCRIPTIDN IS IN WM.
THEREFORS, DIVIDING A LENGTH IN MM 3Y MMCVT WILL CONVERT
THE LENGTH TO THE UNITS OF THE TARGET DESCRIPTIDN.
CONVERSELY, MULTIPLYING A LENGTH IN THE DESCRIPTION®S
e URITS &Y MMCVT WILL CONVERT THE LENGTH TD MM,
CALL ZLOCKXS(STIME) .

——— READ CONTRIL CARD
READ (%, 5010, ERR=160,4 END=1T0) NMASPS, NDPRNT, RAYLOC
——— NMASPS MUST BE .EJs leas IF NDT, ABORT
IF {NMASPS LNE. 1) THEN
WRITE (& 6010)
$TOF
ENDIF
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€ ---- DEFINE PRTALL, ANL IF IT”S FALSZ, WARN AS MUCH
PRTALL = NZPANT .EQJ.
1FC.NET. PRTALL) THEN
WRITE (&, 6020)
ENDIF
¢ ~--= READ PRIJECTILE DATA
READ (%, 5020, ZRR=160, END=170) RUNNAM, NMCYLS, NPLNTS, €D,
1 STOUSFF, VELs OELAY, FLIMXC
¢ ~~-= ENSURE THAT FZIMXC IS NJ LARGER THAN NMCYLS
IF (FI1MXC .5T. NMCYLS) THEN
WRITE (%, $030) FI1MXC, NMCYLS
STCP
ENDIF
[ ENSURE THAT 1 <= NMCYLS <= 10
IF (NMCYLS .LE. 0) THEN
NMCYLS = 2
ELSE
NMCYLS = MINCNMIYLS, 10D
ENDIF
[ ENSURE THAT 1 €= NPLNTS <= 50
IF (NPLATS LLE., C) THEIN
NPLNT3 = 8
ELSE
NPLNTS = MINCNPLATS, 50)
SNSIF
C ==m- READ CTYLINDER RASII aND STEP3ACKS.
C ~==~ IF RA2II ARE NJT POSITIVE, IN NCM-CECRTASING DRDERy ARJRT.
o0 10 CYL = 1,4 NMCYLS
IF (CYL LEC. NMCYLS) THEW
REAZ (o, 5030, ZRR=140, IND=170) CRAJCCYL), CSTPBK(CYL),
1 CSTP3KCO)
ELSE
READ (%, 5030, SR2=152, ENJI=170) CRAJCCYL)y CSTPAKCLYL)
ENCIF

CRACCCYL) = CRAZCCYL) 7/ ™MMCYVT

CSTP3IKCLYL) =

10 CIONTINJE
CSTPRK(D) = CSTPRK(D)
D2 20 CYL = 14 NMCYLS

IF ((CRALCLYL) +E3.
i CCRADCLYL) GT.
WRITE (®, &040)
STSP
ENDIF
20 CONTINUE
N DEFINE MKRAYS

MERAYS = (RAYLCC NE.

[ p—

READ (&, 5040,

CSTPAKCLTLY) 7 MMCVYT

/ MMCVYT

-1

0) +DR.

CRADCCYL ¢ 1))) THEN

1)

READ DISPEZRSION DATA
ERRal150,

ENDelT0) SIGN, SIGY, XDC, YDC
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CALL CATE(DAY)
REwIND 1
IF (PRTALL) THEN
WRITE (%, 6050) NMASPS, JaY, ITITLE
WRITE (%&y 6069) PRTALL, RUNNEM, CDy STDIFF, VEL. DELAY, FI1MXC
WRITE (&9 &0T0) SIGXK, S5I3Y, XDC, YJC
ENDIF
WRITE (1, 6050) NMASPS, DAY, ITITLE
WRITE (1, 6060) PRTALLe RUNNAM, CD, STODFF, VEL, DELAY, FILlMX(
WRITE (ls 60702 SIGX, SIGYs XICy YIQ

£ ==~ SZET FOR RANDTM NUWMAER GENZRATCR
ISEsl = @
L -=-- CYLINDER RAY TRal:Z

WRITE (=xy 6080)
22 30 CYL = 14 NMLYLS
WwAITS (#, 6033) CYL, CRAJCIYL) = MMCVYT,y CYLy CSTPBKCCYL) % MMCVT
39 CONTINUE
IF (CSTP3KC(OY «5T. Q) TmEN
WRITE (=, £100) CSTPSK(OD
ENLIF
WRITE (= 6110) NPLNTS
IF CPATALLY ThnEN
WRAITE (=, 6120) NWMIYLS, “PLNTS
D2 40 CYL = 14 NHCYLS
WRITE (% 5130) CST2SR(LYL)
L] COMTINUE
wRITE (%, 6130) C3T23K(0Q)
ENJIF
WRITE (1 5120) NMOIYLS, KPLNTS
D2 50 CYL = 14 WMCOYLS
WIITZ (1ly 513C) CLSTPIXRCLYL)
53 CIONTINUE
WRITE (1, 6130) CSTPEK((D

C =w== PRJOCESS EACH REQUESTED VIEW
UGS 150 ASPECT = 1, NMASPS
CaLL CLCOCKRS(VTIME)
INFCEL = 0
182221 = ISCED
REAL (=, 5050, ERP=140, END=1T0) &11IM, ELZV, CELSIl, IDLKP,

1 ILIMIT, ISPOT
C ===- IF C2LSIL IS NZT GIVEN, DR IS IERCy SET IT TO & INCHES
c CCIONVERTED TO TmE UNITS DF TmE TARGET DESCRIPTION)Y.
C UTHERWISE, SIFPLY CONVERT IT T2 THE UNITS OF THE TARGET

L === DESCRIPTION.
IF (CELSIZ +LE. 0.) THEN
CELSIL & &. % TGTCVY
ELSE
CELSIZ = CSLSI1 /7 MMCOVT
ENDIF



C =v== IF &AYS MYUST EX MADE, THEN THEIR LOCATION WILL BE HMARDWIRED ¥0
C ===~ RANDZM POINT IN 3RID CELL.
IF (MKRAYS) THEN
RAYLGC = 0
ELSE
CALL SEERVEW(S1, "RAYEILE®, A2IM)
REAL (51, 5060, ERR=180D, ENJ=192) RFa, RFE, RFCS
IF ((ELZY oNEas RFE) 4JR. (CELSIIZ .NE., RFCS)) THEN
WRITE (%, %140) AX2IM, ELEYe CELSIZs RFA, RFE, RF(S
STOP
ENQIF
ENCIF
I CIDLKP oNf. D) THEN
CALL JELETE
EMNDIF
1F (I3P0T .57« ©) THEN
RAYLIL = ~1
ENSIF
C ==~=- RETRIEVE TARGET MIN AND MAX
L = LENRAP
DB&DI-I.B
TMINCI) = BSTER(L)
TMAXCL) = ASTER(L ¢ 1)
TLENCI) = TMAX(CI) - TMINCI)
TCENCID o5 x (THAX(I) + TMINCI))
L =1L +
60 CONTINYE

LY |

. —=-- DIRZCTICN LISINES
AlImMR = LIIM™ & JZG2RA2
ELEYR = ELEV % IZEGZ2RAD
S5471Im = SINCAZIMR)
Callm = (C3CAIINMR)
SZLEV = SINCELEVR)
CELEY = COSCELEIVR)

wi(l) = =CELEV = [AZIm
Wi(2) = ~CELEV %= 3AlIw
w3(3) = =JELZV
C ==-w CCMPUTE JIMINSITNS TF GRID PLANE
ABSSA = LESCSLIIM)
A35Ca = AE3S(CAlIM)
ABSSE = ASS(SELEV)
LBSCE = ABS(CELEV)
ENGTH = TLENCL1) % ABSCA & TLEN(2) w» ABSSA

MORZ = ASSCTLENCL) % ABSSA ¢ TLEN(CZ2) % ABSCA)

VERT = ABSCENGTH & ABSSE + TLENCI) % ASSCE)

DEPTH = ABSCENGTH ® ASSCE « TLEN(C3) » AB3SE)

BACK = ALINTCDEPTH & .55 =~ DDT(WS, TCEN) + .5)
o FIND COCRIINATES JF CENTER OF GQID PLANE

T & TCENCL) v CAZIM ¢ TCEN(Z) %= SALIM

HL = ~TCENCL) & SALTIM ¢ TOEN(Z) = CALIM

¥e = =T & SELEV ¢ YCEN(3) o CILEV
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[
L ====
1
2
3
.
H
&
1
8
L =—=u=-
70

IF CILIMIT LEJ. 0) THEN

FINKD RANSE DF GRID PLANE AND ROUND TO WHOLE CELSIZ
HMAX = MC ¢+ .5 % HOR]
KRMIN = HC = .5 & HIRZ
YMAX = ¥ ¢ .S ® VERT
VHIN = VO - .5 & VERT .
HMAX = SIGNCAINTCASSCMMAX) / CELSIZ + .5001) % CELSII, HMaX)
HRIN = SIGNCAINTCABS(HMINY /7 CELSIZ + .5001) ® CELSL1Zy WMIK)
VMAX = SIGNCAINTCA3S(VMAX) /7 CELSII + ,50C1) & CELS1II, VMAX)
VMIN = SIGNCAINTCASSCVMINY / CELSIZ + 5001) & CELSIZ, VMIN)
ELSE
WRITE C&y 6150)
READ (%, 5070, ERAR=180, ENDI=170) HMIN, HMAX, VMIN, VMAX
ENCIF
NrdRI = (HMAX = HMIN) 7 CELSII ¢ 1.0001
NVERT = (VMAX - VMIN) / CELSII + 1.0001
NCELL = KH3RZ & NyERT
PRINT PRIMARY 3L2CK DOF HARDCCZPY DUTPUT

WRITE C#y £169) AlIM, ELEV,
TPINCL) & wMOVT, THIN(2) & %MCVT, TRINCI)
THMAXCL1) & MMCVT, THMAX(Z) & MMOVT, TMAX(I)
TCENCL) = MMCwT, TCENC2) & MMOVT, TCEN(D)
TLENCLI) ® MuCVWT,y TLEN(Z) % MMOIVT, TLENCI)
SACK & MMIVT, CELSIZ & HMMCVT, HIRI # MMCVT,

L -

MMOVT,y
MMO YT,
MMEVT,
MMOVT,

VERYT = MMCVT, MC = MMZVYT, V( = WMMCVYT, HMIN 2 MMLVT,
HYAX & MMIVT, VMIN @ MYMIVY, VMAX &« MMCVT, NHDRI,

NVERT, NIELL
WRITE (%, 2170) 2132E201
IF (RAYLIC LEl. B) THIN
WRITE (a, 6120)
SLSE IF (RAYLSC +E2. 1) THEN
WRITE (%, €130) "RAYFILE"
ELSE IF {(RAYLIL 53T« 1) THEN
WREITE (%, 6200)
ENDIF
IF (PRTALL) THEN
WRITS (=g %521C) &21Iv, ELEV, CELSIZ = MMCVT
ENDIF
WRITE (1, 6213) &2IM, ELEV,y CELSIZ ® MMCVT
EITHER READ IN RAY PARBMETERS CR CALCULATE THEM
IF CuNST. MKRAYS) THEN
READ (51, 5030, ERRA=180, ENI=190) HCENs VCENs HMe V4
GCTZ 100
ENDIF
IF CISPOT .GT. 0) THEN
J = MOICINPCELy &) ¢ 1
IF (J +EG. 1) THEN
REAL (&g 5090, ERR=140y ENI=LITI) (CHCI), CV(I)y I
ENDIF
H = CHCJ)
Y = CVCJ)
HCEN = SIGNCAINTCARSCN / CELSI) + .5) ® CELSII, HW)
VEEN © SIGNCAINTCABSCY 7 CELSIZ) + .5) & CELSIZ, V)
WRITE (&, 6220) H & MMCVT, V & MMCVT
IsIv = D
ENOLF
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[aEnNaRalal

[aEnlal

VCEN = VMAX

——— PSEUZJ-LCOP FOR VERTICAL SCAN - SCANS TCP TOD SOTTCHM
IVERT = 1
80 HCEN = HMAX
- PLEJIT-LSIP FI? AZEIICZKRTAL ICAN = 3SCANS RIGHT TO LEFY
InZal =1
$0 1F (RAYLZC -E2. 0) THEN
———- CHZSZ5E RANICM POINT IN CELL

IRany = 10. & RaM(-1)
IRANH = 10. % RAN(=1)
INIV = 10 & IR&N- + IRANY
V = VLEN + CELSIZ # (.1 3 FLOAT(IRANY) ~ &%)
M o= 0EN ¢+ CELSIZ & (.1 % FLOATCIRANH) = .45)
ELSE
——— CHSZSE CENTER SF CELL
H = HCSN
VCEN
vy = 40

RAY
PIC{WP)
253CAP, WP, W2)
I MY TO CCIARDINAETE SYSTEM CF TARSGET
-v ¥ CAIIM = SSLEV - A & SALIM ¢ SJIGLE & 47(1) -~
1 SACK ®w W3(1)
X53C2) = =¥ % SallMm = SELEV « H = CAJIM + SJISLE % WP(2) =-
1 gaCX %= w3(2)
X3(2) = v & CTLEV + SJIGLE £ &P(3) ~ BATX % W3(3)
———— TRaCk CZNTER RAY
——— SISTENCS ALING SHZTLINS TC FIRST CONTACT
CRAYLEN +5Te 0) ==> FIRSY JINTACT 15 3IETWEEN START POINT
AND GRID PLANE
——— (RAYLEN oLT, 0) ==> FIRSY CONTACT IS BEYOND GRID PLANE
CALL FIaST
RAY.ENCD, 0D = Do
ITM=ITLC, 0) = -1,
IF (IRZGIN GT. 0) THIN
RAYLENCD, Q) = 32ALK = DFIRST
CALL UN2CLIRFS + JREGON =~ 1y ITMAITC(O, 0), I0UW)
ENDIF
———— TRACK PLANETARY RAYS
NMHITS IS THE NUM3ER OF PLANETARY RAYS THAT HAVE INTERSECTEOD
_—— THE TARSLET
NMMITS = O
ANGING = &,283135 7 FLCAT{NPLNTS)
D2 123 PLANET = 1,4 NPLNKTS
SANSLE = (PLANET = 1) = ANGINC
DG 3110 CY. = 1, NMCYLS
PUNETHCCYLy PLANET) = H + CRADCCYL) & SINCSANGLE)
PLNETV(CYL, PLANET) s ¥ + CRACCCYL) = COSCSANGLE)
X5(1) = =PLNETV(CYL, PLANET) & CAZIM & SELEV ~-

100 CaL

——— RaT

1 PLNETHCCYLy PLANET) % SAZIM + SJIGLE x WP(1) -
2 ALK » wa(1)

X3(2) = =PLWETV(CYL, PLANET) & SAIIM % SELEV +
1 PLNETHCCYL, PLANET) % CAZIM ¢ SJIGLE % WP(2) -
2 BACK & W3(2)

X3(3) = PLNETV(CYL, PLANET) & CELEV ¢ SJIGLE & wWP(3) -~
1 BACK % w3(3)
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CaLL FIRST
RAYLEN(CYL, PLANET) = O,
ITHHIT(CYLy PLANET) = -1,
IF (IRZGON .GT. 0 THEN
KMAITS = KYAITS + 1
RAYLENCIYL, PLANET) » SACK - DFIRST .
CALL UN2(LIRFQ & IREGIN ~ 1y ITHMHITCCYL. PLANETD, IDuUM)
ENDIF
110 CCNTINJE
120 CONTINUE
IF (NMAITS .NE. 0 «CR. ITMHIT(Os 0) .GE. 0) THEN
IF (PRTALL) TriIN
WRITE (%, ©230) ACEN & MwiVT, VLCEN & MMCVT, IHIY, H & MMIVT,

1 V & MMCVT, RAYLENCO, 0) = MMCVT,
2 I1TANITCO, 0)
ENDLF
WAITZ (1ly 6230) MCEN % MMOVT, VCEN = MMCVT, IMNIV, H & MMOVT,
1 V % MMIVYT, RAYLZN(O, 0) & MWIVT, ITHMWIT(D, 0)
€ ---- QUT2UT Maln-R2AY DATA

02 140 TYL = 1, N®IYLS
25 130 PLANET = 1,y NPLNTS
IF (PRYALL) THEN
WRITE =y 62600 PULNITHOCYL, PLANETY ® MMCYT,
1 PLNETV(CYLy PLANET) = MMCYT,

2 QAYLEN{CYL, PLANET) % MMLVYT,
3 ITHHITCIYL,y PLANETY
ENCIF
WRITE (14 524692) PLNETH{CYLy PLANET) & MMCYT,
1 FULNETV(LYLs PLANZTY x MMCVT,
2 RAYLENCCYL) PLANET) % MMCYT,
3 ITHRITICYLs PLANET) -
130 CCNTINUE
1490 CIONTINJE
ENDIF
——— END OJF CELL
INPCEL = INPLEL ¢ 1
IF (IS8P2T LGT. INPLIEL) TMEN
G3TQ 70
ENDIF

IF (MERLYS) THENW
IF (IS00T7 LLE. 0) THEN
——— NEXT HIRIZONTAL
HEEN = HOEN = CELSIY
INIRI = IMCRI + 1
IF (IHCRY .Lf, NHIRZ) THEN
GCTC 90
: ENDIF
——— NEXT YERTICAL AT EN2 CF HORIZINTAL S5CaN
VCEN = VCEN = CELSIL
IVERT = JVERT ¢ 1
IF (IVERY +LE. NVERT) THEN
GRTZ 80
ENDIF
ENDIF
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c

N

ELSE
READ (51,
IF (:CV .NE.
GCTa 100
ENDIF
ENDIF
EN2 OF VIEW
IF CPRTALL .AND. NMASPS
WRITE (¥, 6250)
ENDIF
HRITE (%,
WRITE (=,
ENZFILE 1
IS CISLKP LNE,
CALL RECLM
ENJIF
TIME FSR THIS VIEW
Call CLOCKSCETIMED
WYITE (%4 52303) ASPEZLT, ETIME
150 CONTINUE
ENS SF ALL VI:iu$
FILE 1
IND 1
TCTAL TI4S FEOJR CYLINDZIR
Call CLOCKRSCETIME)
WEITE {#, 5290) STIMZ =~
RETURN

5080,
999.3) THEN

-

6T,
42402 ASPECT
52TC) ISZEI1,

0) THEN

————

STIME

READ
§320)

ERRORS
TINPUT®

MHanNZLE
WRITE (s
$TSP
WRITE
STSP
W2ITE
$TaP
WRITE
SToP

160

£315) TINPUTT

(%

C*y 53C3) TRAYFILE®

(o 5210) "RAYEILE®

FORMAT
FCRMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

5010
5020
5030
5040
5050
5060
5070
5080
5090
8010

1%
(4204 2I5,
C3Fi0.2)
(4F5.3)
(351G.0,
(3F3.0)
(4F10.0)
(7 10X,
FORMAT (3F10.0)
FORMAT (* NMASPS WUST €
1 * SUSRCUTINE
6020 FGQMAT
6030 FORMAT
1
604C FORMAT

2FT.24 2F9.3,

31s)

4F10.4y &, 89X,

«UVAL lew
FIZIMXL (*,

SUBRCUTINE
TNE OR MGRE CYLINDER(

(" 13,
¢
‘ -

z -
405C FDAMAT

6050 FORMAT
6070 FORMAT

SUSROUTINE
€ "y 15y A10, AEOQ)
(° "9 L2y 420,
7 %y FB.DD

ERRz150y END=190) WCLENs YCEN,

ISEED

2FTe2s 2F3.3,

Hy ¥,

1) THEN

15)

Fé&.1)

o7

STSHOTCYL®® ASORTED.®)
C*OCPTIIN SET TO SUPPRESS PRINTER OUTPUT*)
“2 > TOTAL NO. OF CYLS C°,
**SHOTCYL®" ABORTED.")

$) MUST BE SPECIFIED"/

"TSHOTCYL"" ABORTED.®)

I53
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6060 FCRMAT
6050 FIRMAT
1
6130 FORMAT
6110 FORMAT
6120 FORMAT
6130 FORMAT
6140 FORMAT

o W

6150 FOURMAT
£160 FTRMAT

DO WA RN =0 R WA

("0=-==~ GECMETRY CF PROJECTILE SKIN
(° RADIUS TF CYLINDER "y 124 "
* STEPAACK OF CYLINDER *y 12, *

(" LENGTH LF NEZCLE=NOSE PRISE

(°QPLANETARY RAYS PER CYLINDEZR

€ "y 21102

(" "» F10.2)

C"0OTARGET ZESCRIPTION SAYS A=", F10.
: En", FlQ.
- CELSIZ=", Fl0.
" 3UY RAYFILE SAYS A=", F1l0.
’ Ee?, Fl0.
‘ CELSIZ=’, F10.
T SU3RSUTINE *““SHOTCYL”"" ABZ3TED.")

{705PTION SET TS LIIT GRILD PLANET)

(*DAZIMUTH ®e F10.3y " DEGR
* ELEVATICN *s F10,3, * DELR
Qecma TARIEY =cwceccwea X"¢ 9
Y OTARGET MININUN (NM) "y 3IFLID.3/
" TARSET MAXIYUM (MM) *y 3F10.37
T TARSET CENTER (mMu) “s 3F10.37
T YARSGET JDIMENSICNS (uM) *, 3F10.3/
"Qe=== GRII PLANE ===="y
“ SACK COFF DISTANCE *y F10.3,
“ CELL 5I% “y F10.3,
* HORIZINTAL LENGTH “y F10.3,
* VERTICAL LENGTH “y F10.3,
“ CEXTZIR (MA) e 2F10.37/
* HMIRIZONTAL 24NGE (M) ", 2F10.3/
* VERTICAL RANGE (MM) “y 2F12,37
“CNUMSER HMI2 CELLS ‘s 1107
* MJUM3IEIR VERT CELLS “y 1l2C7/

* NUMSER 9F CELLS ‘s 1102

6170 FOFRMAT (*QFIRST SEZ] SCR AANDCM NUMIER GENE
6150 FORWAT({®QCPTICN SEY T2 CI4PUTE RANIIM POINT
6150 FSRMAT("OCQPTION SET TT READ PIINTS FRCM FIL
6200 FIR4ATC"CTFTICN ST TO ZHOISSE CENTER OF CEL

6210 FIRMAT
6220 FIQMaT
6230 FORPAT
6240 FOIMAT
6250 FORMAT
6260 FCORMAT

(v
(-
[
(0
t-
t'

0%y 3F1D.2)
OS2ECIFIZD HIRL="y Fl0.2y " VERT»
0%y 2782y I3y 3FB.2y 1I8)

*y AFEL2y 18D

999.9 7, T1X, “END")
1END OF CASE", 15)

(HM) =5-u*)
“s F10.2/
*y F10.2)
“y F10.2)
*y 110)

s
3/
3
3/
k¥4
i/

EES*/
EES”°/
Xy Y%y 99X, "1°/

L LA
MM "/
L L
L1 s

RATDOR®y 1122

IN CELL®)

E OIO' .' .voc)
L*)

.l Fl0.22

6270 FORMAT ("QFIRST 3JIEED FOR RANDOM NUMBER GENERATOR®y I12/

1
4280 FORMAT
6290 FORMAT
6300 FIRMAT
1

(‘
(0
(-

-

NEXT STED FOR RANDOWM NUMBER GENE
OTIMZ FD2 CASZ”, IS5, F9.3, * SECODN
OTJITAL TIME FOR CYLINDER®, F9.3,
OREAT ERRZR ON FILE “y A/

SUSRCUTINE “°SHITCYL"" ABDITEC.")

6310 FCRYMAT (*02CF ENCOUNTERED ON FILE "y A/

1
END

SUSROUTINE ""SHDTCYL”" ABJRTED.®)

34
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SUBROUTINE SEZKVEW (w+EnCE,

FNAME, AZIIMUTH)

INTEGER WHENCE

CHARACTER 87 FNAWE

REAL AZIMUTH, EOV, VAllIM
LOGICAL EXISTF

INQUIRE (FILE=FNAME,

EXIST=ZXISTF}

IF (un3T. EXISTF) THEN
WRITE (%, 610) FNAMZ
STCP

ENOIF

Vallm = =1

10 CLCS3E (WMENCE)

CPEN (WHZINCEy
AEAD (wHINDZ,

FILE=FNAME)
510+ END=20) vAIIM

* DEGREE VIEW ON FILE

“ DEGREES®)

* DEGREE VIEw ON UNIT~",

IF (VAIIM LEJ. ALIMUTH) THzZN
3ACKSPACE wHENCE
RZTJURN
ENZIF
20 REAL (wMnmENIZ, 520, ENI=40) EOV
IF {20V +Eus 33%9.%) THEN
RZAJ (wmEINCE, %=, ENI=10)
WRITE (%, $20) AIIMUTH, FNAME
315p
EN2IF
S373 20
A0 IF (VAIIM .53E. 0) THEN
wRITE (%y 522) V&lIM
ELSE
WRITE (%, 549)
ENJIF
WRITE (®y 650) AZIMUTHy WHENCE
STZP
42 IF (VAIIM L3E. 0) TH:EN
WRITE (%y 533) VEIIM
ELSE
WRITE (%, 643)
ENOIF
WRITE (e, 660) A2IMUTH, WHENCE
STIP
510 FORMAT (F5.D)
520 FORMATY (/7 62Xy F&8.1)
610 FCRMAT (“DFILE """y As “°° NCY FOUNDeeo*/
1 ° SUSRJUTINE ““SEEKVEW"* ASIRTED")
820 FORMAT ("ONECESSARY BEQF WAS NCT FOUND...*7
1 * DID NIV FINS “y FS5.1,
F 4 * SUBRSUTINE *°SEEKVEWR"" ABORTED")
8§35 FORMATY (°OLAST VIEw READ wAS "y F35.1,
&40 FORMAT (TOREAD AE VIEWST)
650 FORMAY (" DID NIT FIND "y FS.1,
b * SUSRIUTINE ““"SEENVEW"® ABOQRTED")
660 FURMAT (" NECESSARY 397,95 WaS NDT FOUNDeso "/
1 * DIS KDT FIND "y F5.1,
2 “ SUBRCUTINE ““SEEKVEW’" ABJRTED”)
END

35
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g NaNaNaNaNaNalNalal

(e R a N al

PRIGRAM 4ISEIR

COMPUTES EFFECTIVE STANDDFF CELL-BY-CELL FOR A PARTICULAR
THREAT/TARGET COMSINATION. USES OUTPUT FROM SHOTCYL TO
DETERMINE INTERSELTS FOR CYLINDERCS) REPRESENTING THREAT.

WRITTEN BY PAUL TANZNZAUM, IN WHOM ALL BLAME LIES
ATTHT SLCBR-YL=5 -
AP3s HD Z1005-50486

INTEGZ®R C2LL, CYLy CYL1, FNCHAR, F11MXC,y FI2hIT, IMAIN, IPLNET,
1 HNMASPS, NMIELLS, NMCYLS, NMHITS, WPLNTS, PLANET, READND
REAL AZIM, CD, CELLPH, CELSIZ, CSTPBX, DELAY, DIST, DLYDIS, OMRIN,
1 2PLNETy ELEVy GAPy MLCENy PDIST, PGAP, SIGXs SIGY, STOOFF,
2 VOENy VSELy Xy XDT4 Yo YOC

LOSICAL DZAUSy EXISTFe PRETALYL

CHARAZTIR T FTNAME

CHARAZTEZR %10 DAY

CHARAITER &20 RuUNHAM

CHARAZTZ? =450 ITITLE

CHax&TER %54 SHJTLN

CINMDNY ZDZ2US7 D2I3J5

CIMMIN FA3PECTZ AllM, ELEV

CavialN sC2ELSII/ CELSTIZ

CokMIN 72152027 X220, YOC

Ca¥Moun /Z215PER7 SIGX, S16Y

COMMIN WS/ NYIZLLS, NYIYLS. NPLNTS

CIvYMIN ZRZUNL, L2y STIIFF

SGIVENILION TS5T23X(J:210)

——— Q231N EXEZSUTION  wemmm=== D
-—— TP FILES

—_——— 1# THE DATA FILE DTES NOT EXIST YHEN ABORT
CANY TRAILINS ELANXS IN REPRESENTATION OF FILE NAME
———— UST 2E IGNSREDD
FNaME=“"TAPEL”"
T3 10 FNCHAR = 1, &
IF CFNAME(FNCHAR + 12FNCHAR + 1) +E2. ° “) THEN
GITQ 20
ENDIF
10 CONTINUE .
20 INGUIRE (FILE=FNAMECIFNIHAR), EXIST=EXISTF)
IF (.NGT. EXISTF) THEN
WRITE (%, 691J) FNAME .

sTaP
ELSE

OPEN (51, FILE=FNAME(SENLHAR))

REWIND 51 .
ENCIF
CPEN (81y FILEZ“XXXSTRT®) o
DPEN (624 FILE="XXXWTD") =

DPEN (63, FILE="RESULT")
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C ==m=- READ HEADER LINE FOR THIS RUN
REACNS = 1
RZAD (51, S5C10, ERR=110, END=129) NMASPS, DaY, ITITLE
WRITE (63, 5020) NMASPS, DAY, ITITLE
IF (PRTALL) THEN
WRITE (=%, 6020) NMASPS, DAY, ITITLE

ENDIF
£ wowm- READ PROJECTILE Q4aTa
READNS = 2
REBD (51, 5020, ERI=30, END=100) PRTALL., RUNKAM, CD, STDCFF, VEL,
1 DELAYs FZ1MXC

CEbuUG = LFALSE.,
IF CCviL = DILAY & FZ14XC 20, 0.0 +AND.

1 CVEL + LELAY + F2IMXC uNZa 0.0)) THEN
WRITE (%, 6030)
STOP
ENJIF

REASNT = 3
R2AD) (51, 5230, ERA=90, END=1C0) $IGX, SIGY, XAJCT, YDC
IF (SE303) TeEN
wITE (s 504600 RUNNAM
ENCIF

n
| 5]

Ll 2 BN B BN ]
wr
P

C ====

PRZJECTILE GETMETRY INFORMATION
)

4

$040, ERG=11D, ENJ=212D) NMCYLS, NPLNTS
s

B
Ly m
e

-

™o Ly w

E
;o
[ #]

Qo 3
Cy i moam
oF

(4]

= 1y NMIYLS
s 5059, ERI=110, ENS=1202) CSYPERCIYL)
30 CINTINUE

REAZCNG = ¢

READ {531, 5050, ERA=110, ENZ=120) CSTPEX(O)

£ =w== RELD MEIAUER LINE FOR THIS VIEW
REAINZ = 7
REAT (51, 5060, ERAIx®110, ENI=)20) AlIM, ELCSY, CELSII

WRITE (43, &4050) AllMy ELEV, CELSITs FILMXC
IF {(PRTALL) THZIN
WRITE (%, 60503 AZIM, ELEV. CELSII, FZIMXC

ENDILF
¢ -—-- FIND THE BIMPGINT (ASSJMED TO ST CENTER IJF PRESENTED AREA)
CALL CP4 (FNAMECIFNIMAR))
£ —--- PRINT SUT RUN INFIRMATION
WRITE (&, ©J69) ITITLE, DAY, AIIM, ELEV, CELSIZ, RUNNAM, (D,
1 STDOFF, VilL, DELAY, SIGXy SIGY, XDC, YDC. NMLYLS,
2 FI1MxCy NPLNTS

DG &0 CYL = 1, NMCYLS
WRITE (%y 8070) YLy CSTPBKRCLYL)
&0 CoNTINUE
IF (CSTPAK(O) .GT. DJ THEN
WRITE (%, 60B0) CSTP3K(0)
ENCIF
WRITE (=%, 5090)
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L ~=—m-
[ A——
L ====

DETERMINE MOm FA PRLOJECTILE WILL MSVE DURING FUZE DELAY
(DISTANCE = RATE & TIME)

DLYSIS = VEL = DELAY

READ IN MAIN SHOTLINE SCR NEXT CELL

CELL = 0

S0 REAODND = 8

c -

c

€ =ne-

L ====

c

c

c

c

L ----
60
T0

[

READ (51, 5070, ERR=110, ENO=50) SHITLN
REAONS = 9
READ CSH:TLN' 5030, EQR=130' ENZ=140) HCEN. VCEN. Ay Yy D"AIN'
IMAIN .
IF CIMAIN 4ECe =1) THEN
N¥HITS = 9§
ELSE
NMAITS 2 ]
ENCIF
GAP = 0.3
CYyLl = 0
FI2HIT = Q

READ IN SHOTLINES FDQ RAYS CONSTITUTING CYLINDER(S) AND
QETEAMINE wHICH PLANET RAYs IF ANY, REPRESENTS THME
REGICN QF THE PRCJECTILE wHICAH FIRST IMPACTS TME TARGET
DC 70 CYL = 1, NMCYLS
CJ 80 PLANZT = 1, KPLNTS
REACND = 10
READ (51y ELT0y ERR=110, ENS=120) SHOTLN
READHD = 11
REAL (SHITLK, 5090 ERP=13D, END=1&2) DPLNET, TPLNET
IF CIPLNZT WEqe =1) THEN
ACT2 60
ENDJIF
NMALITS = NMHITS ¢ ]
PGAF = CPLNET = QWAIN = CSTPIX(CYL) - CSTPSK(0)D
(POAP o3T. D) =23 THIS PLANET ®1TS THE TARGET *BEFCRE” THE
CENTER CF THiE PRIJECTILE DOES.
(F212417 4EQa 1) ==)> THE PRIMARY FYIZE HITS THZ TARSET FIRSY
CI.E. O €= CYL1 <= FZ1MXC), BUT THE
SECONDARY FULE HITS, TCJ, BEFCRE THE FULE
DELAY IS uP.
IF ((PGA? LGT. GAP) .IR. (NMAITS EQ. 1)) THEN
GAP = POAP
CYLl = CYL
ELSE IF (CCYL .GT. FZIMXC) <AND. (CYL1 JLE. FI1IMXC)) THEN
PJIST = DMAIN 4 GAP ¢ CSTPAKCO) + CSTPBK(LYL) - DPLNET
IF (PDIST LLT. DLYDIS) THEN
Fi12nlT = 1
ENDIF
ENOIF
CONTINGE
CONTINUE
TURN OFfF FI2N1T FLAS IF SECONDARY FUZE WITS TARSET FIRST
IF CCYL]l .GT. FLlIMXC) THMEN
FIZHIT = 0
ENDIF



[aEpnNal

-—— DEFINE 4CTUAL STANJCFF IN UNITS OF CHARGE OIAMETERS
CELL = CELL + 1
IF (JMAIN .Ea. 0) THEN
-— MAAX TRIS CELL, MEANING THE MAIN SHOTLINE MISSED TME TARGET
DIST = 0
ELSE
DIST = (GaP + STSIFF) 7 CO
ENDIF

———— DETZRMINE THE PRJ3ABILITY THAT THIS CELL WILL BE MIT
CELLPH = PHIT(X, Y)

———- STARE THIS CELL"S LZ2CATION ANL CCNTENTS IN FILE “XXXSTRT®,
ITS LSCATICK AND wIISHTED CONTENTS IN FILE "XXXWTO%y AND
-—— ITS CELL-LIJCATIIN aND CINTENTS IN FILE “RESULT”
WRITE (51y &6100) MCEN, VYZEN, DIST, 1.
WIITEZ (624 619C) HWIEN, VCEN, DIST, CELLPH
WAITE (53, $110) HLINy VCENs DIST, CYL1, FI2MIT, CELLPH
IF (PRTALL) THEN
wRITE (%y 6113) HIEN, VCEN, DIST, CYL1,y FI2WIT, CELLPH
WRITE (*y &210) Xy ¥y DIST, CYLLly FI2HMIT, CELLPH
ENCIF
GATC 52

———— CLCSE FILES
80 CLSSE (51)
CLCSSE (61)
CLOSE (62)
WRITZ (53 £123) 333.9
CLC3E (53)

—— PRINT HISTOGRAMS OF FIRINGS VE. ACTUAL STANQCEF
CALL HISTIG ("XXXSTRT s oFALSE.y RUNNAM)
CalL mMISTOS ("XXXWTD"y JTRUE.s RUNNAM)

———— PRINT SILHMIUSTTE
CalL SILZET (T "XXXSTRT , TRUE.+ RUNNAM)
IF (CEBUG) THEN
WRITE (xy 5130)

ENDIF

sTopP
———— HANZLE READ ERRORS

90 WRITE (%, 6140) REAUNDI, “ERROR IN FILE *, “INPUT"

100 3;?25 (%, 6160) READNG, "EQF IN FILE *, "INPUT’
110 ::?:E %y 514C) REASND,y “ERRAGR IN FILE *y FNAME
120 ::?:E (%y 6140) READNT, "EOF IN FILE °, FNAME
130 ::2:! (£, 5140) REAIND, “ERIOR IN "y “SHOTLN®
140 EEEEE (%, 6140) READNOD, “EDS IN "y "SHDTLN"
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5010
$020
5030
5040
5050
5060
5070
5080
5090
5010
6020
6030
6040
6CED
6060

6070
6020
6050
6100
6110
612C
6130
6140

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FoRMAT
FORMAT
FORMAT
FGIMAT
FORMAT
FIRMAT

L LU P VU VR JRT OB T N PO T

FoRMAT
FIIMAT
FIRMAT
FORIMATY
FORVAT
FORMAT
FIRWLT
FoamaT
1
END

(1X,
(1%,
(1Xy
{1X,
(1X,
(1X,
(4)
{1Xx,
(17X,

I5, A10, A60)
L2y A20,y 2FT.2,
4F3,3)

2110)

F10.2)

3Fl0.22

2FB.3, 1I5)

ZFS.Z. 3‘. 3F9.2’ IE)
FE.2, 16)
CP1FILE "y Ay
(1x, 15, 410, AGDD

C713A5 PRIMARY FUZIE DATAT/® PROGRAM

NOT FCUND*/* PROGRAM

“*MISFIR®" AACRTED")

“*MISFIR"® ABORTED")

("1ENTER “"MISFIR®"., THEZ TARGET IS *, &)
ClXy 2F3,.1, 24X, F8.1, 122
("lewm== = PROIRAM MISFIR ~=-==="y /
TOTARGET IS "y L&Dy * RUN CN "y ALD, 7/
* ALIMUTH *y Fha2y " DEGREES"y 7/
" ELEVATION “y F4.2y " LEGREES®, /
* CELL §I2% *s Fl.2¢ * MN*", 7
“OPRIJICTILE IS "y B20, 7
* CHARGE DIBMETER sy Féa2y ° MN", /
" BUILT-IN STANCCEF Ty Fh.2y * MMT, /
* IMPALT WEILODCITY "y E65.2y * MIS"y 7
* FUIE DELAY TIu:s Ty Fbo2y " M53°, 7/
* X TIBPECSION “s FEuld,
* Y SISPIRSIZN “s F5.3, 7
* X CORREZTION *y F9.3,
“y Y COIRECTICN *e FB.3, 7
* WUMSER °F CYLINDERS ‘e 124 /
* LAST CYL IN PRIMARY FUIE “e 124 /
 NUM3ZIR SF RAYS PER CYL "y 124 1)
(" STEPBACK CF CYLINDESR “y 12y 2Xs F6.2)
(" LENGTH 2F O=WITTH PRIOZE *y F6.22
(. _____ —-——————— - - ---_-l)
(3FE.2y FE.5)
(1%y Fb6a0y FTale Flaky 215, FR.E)
(Fbal)
(" WORMAL EXIT JF ""MISFIR""")
(*1READ ®*, 12, "ENCIUNTERZD *, 24/
“ PROGAY "*MISFIR"" ABZRTED®)
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C =—==

12

C e===

20

L ----

30

£ ==--

f ===

¢ wmna

“«0

SUSRJUTINE CPA (FNAME)D

INTEGER NMIELLS, NMCYLS, NPLNTS, PLAN:ZT, REAODND
REAL DJUMMY, X, XAIM, X92R, XDCas Yy YAIM, YBAR, YDC
LOSICAL DEEULG

CHARACTER &7 FNaNE

COMMCN ZAIM/ XATIM, YAIM

CCMMON /DESUGY DESUS

COMMIN sDISPLG/ XxD2C, YOL

CCMMIN /KM5/ NMCELLSy NMCYLS, NPLNTS

BESIN SXECUTION -===-- R L L e L L LB L L L L LD DLl D ettt
IF (D23uU%) THEN
WRITE (%, 610)
ENDIF
X3aAR = 0
YEAR = {
NMZZLLS = O

FOR EVERY BUNCLE, RSAD COORAJINATES 2% CENTER
REALND =1
REAZ (51, 510, END=30) X, Y

ENJURE THAT REST 2F DATA FIOR CUIRENT BUNDLE I35 CK
02 20 PLANETY = 1, NPLNTS % NMCYLS
REALND = 2
REALS (51, 5204 ERR=32, ENDI=6J) 2UMMY
CONTINUE

CCHPUTE XEAR ANC YSAR
X34R 3 X3AR + X
Y3AR = V3AR » ¥
NMCZLL) = NMOTZLLS + 1
GOTC 10
IF (NMCELLS of9« &) ThEN
WRITE (%, 62Z3) ®ZRRCA: NO BUNDLE DATA LOADED.,”
WRITE (%, £20) "SUIRCUTINE ““CPA°“" ARTRTED.”
$TQOP
ENDIF
X343 = XBAR / NMCELLS
Y3AR = Y3AR / NMCELLS

CALCULATE THE COCRIINATES DF THE AIMPDINT,.ew
AIMPOINT IS CENTER OF PRESENTES AREL CORRECTELD FOR OISPERSAEL
XAIM = X34AR + X2€
YAIM = Y3AR ¢+ YDC
IF (DEBUGS) THEN
WRITE (%4 530) X32R, Y34R, XAIM, YAIM
ERDIF

REPJSITION FILE TO DRIGINAL PCSITION
REWIND 51
DD 40 1 = 1, NMCYLS + &
READ (51, ®»y ERR=50, END=50)
CONTINUE

RETURN
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¢ -——-- HANOLE FILE ERRLRS
50 WRITE (%, 520) °"IRTAD »", READND,

1 " ENCUJNTEREC av ERROR IN FILE "y FNANME,

2 “ WHILE ATTEMPTING TO READ CELL NUMBER", NMCELLS

G2TJ T0
60 WRITEZ (%, 620) "1RZAD #°y REALN]D,

1 . “ ENCQUNTERED EDF IN FILE “¢ ENAME,

2 * WHAILE ATTEMPTING TO READ CELL NUM3IER", NMCELLS
TO WRITE (¢, 62C) * SUsRCUTINE “°CPA°” ABLRTED.”

sTae

510 FCRMATY (11X, 19X, 2%3.2)
520 FORMAT (1Xy 15Ks F3.2)

€10 FORMAT (" ENTER SUIRZUTINE “"CPA"*.*)
6ed FLAMAT Ca, 212, 238, 34, 1I5)

630 FJRYAT (" X52R = *y Fl0.4,y * YIAR = "y FlD.4%,
1 " XAIM 2 "y Fl0.4,y * YAIM = %y FlO.4)
END
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FUNCTIZ

REAL CE
i Xy
LOSICAL
COMMON
CoOMMON
CSMMIN
CCOMMON

IF (SIS
WRITE
WRITE
STCP
ENDIF
£ ==== CaLL
XGRID
YGRID
SoFll
GLFl2
wiFl3
wOFl4
PCFXY
PHIT =
IF (D5
WITE
aRITE
WILTE
WRITEZ
WRITE
ENDIF
RETuURN

o moaonononon

61C FOR4AT
1

€3 FORMAT
1

639

440

650

FCRMAT
FoRMAT
FLRMAT
END

N PHIT (X, Y)

P2FXY, CCFI1, QUFI2, QCF13y QTFl4,

Yo YAIM, YSRID

PHIT,
XGR12,

LSII,
XAIM,
JdiclUs

salv/ XAIM, YAIM

SSESUG/ DE3UG

ZI)ISPER/ SIGX,

JCELSIZ/ CELSIZ

SIGY

X = SIGY JEJ. 0) THEN

Cxy %) “1ERC DISPERSIDN NOT ALLCWED,"

Cky ®) “FUNCTIIN “*PHIT™" ASIJRTED,”
ULATE THZ PRC3AZLITY CF HITTINS THEZ LOCATION (X,
CEuSIl 7 2

CILSIZ 7 2

DFNCCX - XAIM ¢ X3RID) 7 SIGX)

JENC(X ~ XAlIM - Xx3RI0) 7 SIGX)

CER{LY = Yval¥ « Y53RI0) 7 SIST)

ODFNCCY = YAIM = YGRIJ) 7 SIGY)

(C2FI1 = S3FI2) % (QIAFII - GOFle)
PCFXY
La) THEN

(%y 510) X, XAIM, X3RIOD, SISX

Cxy 020X Yy YAI¥, YGRID, SIGY

(%y 630) C2F1l1, QIFl2

(3, 6£42) QTFI2y Q2FL4

(®y 650) PIFXY

(° X="y Fllaby ° XBIM=", F1l0.&y, “ XORID="y F10.4,
* 316X=", FlOa4)

C® ¥Y=*y FlOuky “ YAIWME®, Flleh,y " YORAID="y Fllus,
F 8I53Y=2"¢ Fll.4)

(7 J3FL1l="y Fll.4, CIF2122"y F1l044)

(° GIFl3a“y FlD.&, COFla=", F10.4)

(" PIFXYa"y Flla4)

43

SIGX,

SIGY,



[aNalal

610

REAL FUNCTION OFN (X)

FAZM MASTINSS APPRLXIMATIONS FDR DIGITAL COMPUTERS
(9SRROWED FRCM WILSON'S FILE "CETANKT
DATAINED: 9 Jun 83)

REAL AB3SJFXy Fy X
LIOGICAL DJESUS
CCHMMIN /JE3US/ JEBUS

e e e e e e o o A D D P P T L S S S e S R T W TG A S S A N SN S N S R S S A A

F =20
ABSCZFX = L35{X)
IF (ABSCFX 4LT. 5) THEN
F 2 {{(({,5333E-5 & ASSZFX + .693906%5~4) % AQ5JFX + .380C36E-4)
1 & ASSOFX + LQ0032776243) & ABSJIFX ¢ .0211«10051) & ABSCFX
F4 + L00586T346%3) ¥ ABSIFX + 1
F = .5 7 (Fxzxls)
ENDIF
IF (X .
F =]
ENDIF
DFN = F
IF (DESUS) THEN
WRITE (%, 650) Xy F
ENJIF
RETURN

32« 0) THEN

P

FIRMAT (" GFN("s FIC.4y ") 3 %y FlD.4)
ENG
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SUBRIUTINE HMISTIG (FNAMZ, WTD, TARGNA)

INTEGER 9IN, CELL, CCLO, COLUMNy ILABEL, LINE, NPLNTS, NMBINS,

1 NMIELLSy NMZYLS
REAL BINSIZ, COy OFLTES, FREQ, HMAX, HSCALFs MAXVAL) RLASEL,
1 STOJFF, YALUS, YMaX, VSCALF, MT

LDSICAL CE3UG, WTD
CHARACTER &7 FNAME
CHARAZTER #20 TARGNA
CHARACTER &1:0 IMEE
CCMMON s2JEBUG/ DEBUS
COMMON /NM537 NHMCELLSy NYCYLSs NPLNTS
TYHMON FRCUNDZ L3Iy STIIFF
DIMENSION FRESC=1:110), IMASE(S52), VALUZC100D00), WTC10000)
PARAMETER (TCLO=11, CFLTAS=0.1)

€ ————— o e o o e S
IF (DE3ULS) THEN
WRITE (*y &010)
EMCIF
L -=--- INITILLIZE CFL
U 10 28Ik = =14 313
FRzS(cIN) = O
10 CINTINUE
20 20 LINE = 1,
IMAGE (LINE) = ’
20 CINTINU
MAXVAL
NMIINS
YMiX =

38, FREJ()y IMAGE()y MAXVAL, NMBINS, BND VMAX

O H Won
[+ N v

L ==== REAS VLLUZIC) ANS mT(deus DETERMINE THE LARGEST ELEMENT
C ===-=  IN VAaLUE()

CPEN (5, FILE=ENAWME)

RZmINS S

READ (59 SC1J0y E5P=152y ENT=15D)

1 (vALUECCSLL)y wTLEZLL)y CELL=Iy N™MCELLS)

CLC3E (5)

S0 30 CELL = 1y NMIZLLS

MAXValL = MAX(MAXVAL, VALUECCELL))
30 CANTINJE

[— FOR ZACH CEZLL, ADD WTCCELL) TC THE BIN ASSDCIATED WITH
€ ==== VALUZCCELL)
IF (MAXVAL .LE, 100 & DFLTSS) THEN
C ==== THERE 4REZ NG MGRS THAN 100 BINS: EACH IS OF SIZE DFLTSS
BINSIZ = DFLTES
ELSE
¢ ---- THMERE ARS 100 3INS; EACH IS OQF SIZE MAXVAL 7 100
AINSIZ = MAXVAL 7 1G0
ENDIF

DC &40 CELL = 1, NMCELLS
IF (VALUECCELL) «EJ. Q) THEN
BIN = -]
ELSE
BIN = vaLUSCCELL) 7 BINSI
ENDIF .
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FREQ(BIN) » FRES(IIND + WT(CELL)
NMEINS = MAX (NM3IINS, BIN)
IF (DEaul) THENW
WRITZ (%, 6020) CELLy VALUECCELL)y WTC(CELL)s BINs NMBINS
ENJIF
40 CONTINYE
HMAX = NMBIKS # 8INSIZ

L —-=—== SCALE TME DISTRI3yTICN CURVE TD FIT ON THE PAGE
BA 50 3IN = =1, NW3IINS
VMAX = MAX(VMAX, FRZJCEINI)
50 CINTINYE
IF C(HMAX = VMIX .23, D) THENK
WRITE (¥, 60320
$TIP
ENDIF
HMSCALF = 100 / HMAX
VSCALF = 50 /7 V¥4ax

(o PLOT HISTOGRAM IKNTS IMASECQ)
OZ TC BIN = 0, NM3INS
CSLUMN = COLO + 1C1 - (C2IN + .5) % SINSII) = MHSCALF
20 6% LINE = 50, 51.5 = VSZALF % FREGCBINY, - 1
IMAGZCLINEICOTLUNMNICILUMKDY = "&°
60 CSNTINUE .
70 CONTINJE
COLUMN = CCLO ¢ 1G5
DO 80 LINE = S50y %)1.5 = V3CALF & FREZ(-1), -1
IMASECLINED(OCLUNMNICILUUNY & *&"
B0 CONTINUE

L ===-= ADD AXEZS Te IMASEQ)
20 90 LINE = g 51
IF (MZOCLINE, 10) EQs 1) THEN
IMASECLINEDICLCLO - 13C0L0 = 1) = ®a”
ELSE
IMAGECLINTI(CTLS - 13C0L0 - 1) = *3°
ENJIF
50 CONTINUE
22 100 CCLUMN = CCLD - & CCLD + 100
IF (MSZCLCLYMN, 10) «EQJ. 1) THEN
IMAGE (51)CCILUMNICOLUMNY = “1°
ELSE
IMAGE (S1)CLCLUMNICOLUMN) = °,°
ENCIF
100 CONTINUE
COLUMK = COLO + 105
IMAGECSL1)(LCLUMNICCLUMNY = “E°

L ~en= LABEL AXES IN IMAGEC)
IF (MAXVAL .GE. 5C) THEN
L2 110 LINE = 1, &1, 10
ILABEL = (51 ~ LINE) / Y¥YSCALF
WRITE CIMAZECLINEZEXCCCLO -~ 72:CLCLO - 1), 6040) ILABEL
110 CONTINUE

a¢



Jo 120 LINE = 1y 41, 10
RLASEL = (51 =~ LINEZ) 7 VSCALF
WaRITEZ (IMASECLINEXCCOLQ - 10:C0L0 - 3)y 6050) RLABEL
120 CONTINUE
ENDIF.
IMAGE(S13(CCLO~23L2LD~1) = "02°
IF (BINSIZ EQ. JFLTES5) ThEN
WRITE (IMAGE(S2)CCLLO~22), 40603

ELSE
WRITE (IMAGEC52)(CCLO-42)y 6070 (HMAX % CCLUMN / 1004
1 COLUMN = 100, 20, =202, O
ENDIF
L ===~ WHEN DISUGGINGe PRINT CONTENTS COF EALH BIN

IF (DE¥US) TnEN
WRITZ (%y 5330)
2 130 3IN = =1, NMIINS
w2ITI (=y 60503 EINy FREJCIIND
130 CONTINYE
ENJIF

L e PRINT IMAGE()
WRITE (%, &100)
IF CeNJT. WTJ) THEN
WIITE (%, 61102
ELSE
WRITE (%, 651202
EN2IF
W2IT:Z (=, 5132
WKRITE (=, 5140) T2RGNA
w2ITE (%, 51305 HMAX / 100., HMaX &« (D 7/ 100,
WAITE (&, 61635 VMAX / S0,
U3 140 LINE = 1y 52
aRITE =y ¢170) IMAGECLINED
160 CUNTINUE
WAITZ (=x, £092)

RETURN
L =-»= mANCLE READ ERRCIS
150 WRITE (%, 5190) “REAS SCREw UP.  SUBRIUTINE “"MISTOG®® ABCATED."
STSP .

5010 FORMAT (16X, F3.2, F§.6)
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6010 FORMAT
6020 FDRMAT
1
6030 FORMAT
4042 FIRMAT
6350 FCamaT
65060 FORMaAT
1
&0T0 FIRMAT
6080 FDRMAT
5090 FORMAT
6100 FoORMAT
6110 F2RMAT
6110 FZRMAT
6130 FLRMAT
&140 FORMAT
615) FaRMaT
i
6140 FORMAT
6179 FIRMAT
£15) FIAMLT

-
F
en
14

wia

(" ENTER SUSRJUTINE *"HISIIG"".")
C° VALUE("), Tay, *) = 7 FlQ.3, " WT = "y F10.3,
“ BIN IS "y I3 " QUT 3F *p I3
C"122RC CENSMINATOR */°*PRUCEJURE "*wISTOG®" ABORTED)
(1)
(1PES.2)
('IO'I X '9‘. 9!. '8.. Iy .7.' 9!. ‘6% 9x, .5.l L}

“4%y 9%y "3°, Ixy "2%y IX, “17s IX, D7)
C(SCLIPESL2s 12X)3 4Xy Ily &My “"H7)

*1")

"y “FREQ("y I3y "2 = “y FT.2)

[ Gl

(71%y 54X, "HISTIGRAN®)

” "y 51X, "NUM3IER OF CELLS™)

(7 "y 42Xy “NUMEER OF CELLS (WEIGHTED FOR PH) ")

{® "y &TXy "¥S ACTUAL STANCIFF (CD)*)

("0 &2X) “TARGET IS """y B, °°°7)

C° “» 30X, “"HIRIZOINTAL UNIT LENGTH IS %, 1PZ9,.2,
LD (= "y 1PE3.2y " HM)")

(7 "y w2Xy “VIRTICAL UNIT LENSTH IS “y 1PE9.2)

(11X, &)

€ "9 &)



SUSRIUTINE SILIET (FNAME,

DERIVED FRCM WILSON®S
CATAINEZL: B JUNZ 1933
ORASTICALLY REWIRKED B

[aXaKal

METRICs TARGNA)
“SILPK” SUBRJIUTINE,

Y PAUL TANENBAUM

INTEGER COLs IW, IV, IVZ, LABEL, RId, STARTC, STARTL, STOPC,

l STLPL,
REZAL A2IM, CD, CELST2, EL
1 KMIN, XMINl, Y, YHAX
LCZICAL JE3UGy LASPAG, M™ME
CHARACTER =T FNaM:
CHARACTER %2 SLNK, WLABSEL
CRARACTER %20 TARCGNA
DIMENSICN IMAGE(CZ25D,
LEVYEL 24 /SLUFFER/S
COCMMIN 7BZRECT/ AZIM,
CoMMZN LFIUFFER/ IMASE
COMMIN /LELSI2/7 CELEIZ
CLUMNIN ZFJE3Q0/7 SERUS
CouMIN ZRZJUND/ LDy STIOFF
DATA VIERT 7°=--"/

DATA HIEZRZ 7°°°°°*/

DATL ELhK/” s

VALUS

139)

ELE

IF (5Z5u%) THEN
WR1ITE 8132
SNIIF

%y

SLANK-FILL HLABZLC),
310 TS = 1,y 250

C ====

MLAAZLOLSL) = BLNK
10 CONTINUE
22 20 Alw 7 1y 139
VLASEZL(RZW) 3 BLNK
20 CONTINUE
Q3 L CoL = 1, 250
D2 30 RCa = 1, 130
IMAGZCIOLy ROIm) = 3LN
e CORTINJE

40 CONTINUE

CEFINE OIMINSIONG OF
XMAX = =125 » CELS1Z
XMIN = 125 =» CELSIZ
YMAX = =54 ® CELSIZ
YMIN = 54 & CELSIZ
XMAX] = KXMIN

AMINI = X¥aX

YHAXI = YMIN

YMINI = YMAX

LASPAG = JFALSE,

C ====

YaL,y
YNIN]

Eve PRy 3TDOFF, WY, X,

v YMAX1, YMIN,
TRIC

» VLABEL, HIERG, IMAGE,
» HLABEL(250), VLABEL(130),

v

VLABIL(), ANC IMASGE()

L3

JUTPUT
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———— READ DATA FQOR EACH CELL
QPEN (54 FILEEFNAME)
REWIND 5
50 READ (54 51C, ERR=9D, EIND=50) X4 Y, PK, WT
PK = PK % WT
—— REJEFINE DIMENSIONS OF DUTPUT, IF NECESSARY
XMAX = MAXCXMAX, X)
XMIN = MIN{XMIN, X)
YMAX ® MAXCYMAX, Y)
YMIK = MINCYMIN, Y)

——— WRITE INTC HLASEL() AND VYLABEL()
CoL = (C{x — XKMINI) 7/ CELSI2) ¢ 1
LABEL = aBS(X) / CELSIZ
CALL NUMRIT(HLASELCCOL)s LABELy METRIC)
AJW = CCYMAXKI - ¥Y) 7/ CELSI?) + 1
LABEL = 485(Y) » C:ILSI2
CALL NJMPIT(VLARELC(RCOW), LABEL, METRIC)

- WRITE INTO IMASE()
VALUZ = (PK & 10) + .5
CALL NUMIITCIMAGE(CCL, RIW)y VALUE,) «TRUEWD
o270 50
———— PRINT MEADERS

60 CLCSE (5)
WRITE (2, 520) TARGNA
WRITE (=%, 630> ELEV, &IIM, CELSIZ

SR DF TAZSET

MINI) 7/ CELSII) + 1}
RCd = (CYMaxI = 0) 7 CERLSIZ) + 1
HLABELCCCL) = HIERD

YLASEL(RZA) = VIERD

-—--  FING I
=

AT
Ciu X

- SET HMDR) ANT VERT SPACING ON PAGE
In = (XMAX = XMIN) / CELSIZ + 1
IV & (YMAX = YMIN) / CELSIZ + 1
Ivg = 1v
IF (In .LE. 63) TrIN

IH 2 (63 = In) /7 2 ¢+ ]
LASPAG = .TRUE.
ELSZ
In =1
ENDIF
IfF (IV¥YL «LE. 35) THEN
1Y = (586 - 1I¥) /7 2
ELSE
Iv = 1
ENDIF

C === DETERMINE THE WINDOW OF IMAGE() TZ PRINT
STARTC = (XMIN = xXMINI) / CELSIZ + 1 -~ IH
STOPC = STARTC + 63
STARTL = (YMAXNI ~ YMaX) 7/ CELSII + 1 - 1V
IF (IVD «LT. 56> THEN

STSPL a STARTL + 55

FeaY



ELSE
STOPL = (YMAXI - YMIN) / CELSIZ + 1 = IV
STARTL = MAX(STARTL, 1)
STARTC = MAX(STARTC, 1)
ENDIF

L -=== PRINT SILHCUETTE
DO TO ROW = STaRTL,e STOPL
WRITE (=, 640) VLABELCROMW), (IMASE(CCL, R3ON),
1 COL = STARTC, STIPC)
70 CONTINUE
WRITE (%, 5&3) VLABEL(CLl), CrLAOZLCCSL)y C3L = STARTC, STOPLC)
WRITE (%, 630)

C ==-- 03 THE SILACUETTE FIT CON ONE PAGE?
IF (LASPRG) THEN
stae
ENCI
€ ===- PRINT REMAINDIR OF SILHJUETTE

WRITE (%, &4&0)

WRITE (%4 670)

STARTC = STSPL + 1

STSPL = STARTC + 42

23 80 RCwW = STARTL, ST2PL

WAITE (%, 6e2) C(IMASICCILy Ww)y COL = STARTLC, STCPL),
1 V0LABEZL(NOwW)
8C CONTINUE
WRITE (=%, 5623) (RMLAIZLCZZL)y C2L = STARTC, STOPC), VLABELC(1l)

RETURN
L -=== HANZLE 2Z40 EZRRZAS
90 WRITE (=, 530> *1REA) SLREwUP.,. SUSRAJUTINE " SILIET"" ABCRTED.”
sToP

510 FORMAT (3Fi.2, FE.5)
610 FORMAT (" ENTER SUSRIJTINE “7SILGET " .7)
620 FLRMAT( 1%y 48Xy "CELL-BY-CELL STANDOFF IN TENTHS JDF & (D%, /7,

1 53Xs “TARGET IS "y 420)
630 FIRWAT(® “*y 29Xy F53,0, * DEIGREES ELEVATION "y F5.0,
1 “ DESREES AlIMUTH CELL SILE = “y FT.0, " MM")

660 FORMAT(1X,5542)
650 FORMAT(120X4%.7)
660 FORMATC(®1")
6T0 FDRMAT{1X,/)
680 FORMAT (&)

END
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SUSRIYTINE NUMRIT (WMITHER, WHAT, HOW)

INTEGER WHAT
LOGICAL HOwW
CHARACTER 22 WrAITHER

R R L R A TR e e e S A S S A N o e -

IF (MZd) THEN
IF (wWHAT L,Gfa 1C1) THEN
WRITE (WAITWER, 4102
ELSE
WRITZ (WMITHER, 620) WMAT
ENDLF
ELSE
IF (wHAT JGZa. 100> THEN
WITE (WHITWER, 620) 99
ELSE
WRAITE (wWnITHIR, 620) MJIJ(WHAT, 25 * 4
ENDIF

&10 FORMAT ("%%"
520 FIRYMAT (I2.2)

END
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PRLIRAM FULES

CDMPLUTES PRPISZAILITY THAT & 2-FUZED PRDJECTILE®S SECONDART FULE
mILL STRIXK: TAQuET:
A) BZFons PRIMARY FULE
B) DJRIN5 PRIMARY'S DELAY
WRITYTEN AY PAJL TANSNZAUM, IN WHOM ALL BLAME LIES
ATTN: SiC33-¥VL-05
AP5, MDD 21005-50&6
INTZ5ZR ASPECT, CYLY, OLYs OLYBAD, FUTE2s FILIMXC, NMASPS,
1 N¥ZELLSy READNAO
RIAL S:IIv¥, CILLPMH, CZLS572y CIST, DLYP, ELEV, FUJIE2P, HCEN, VCEN
CHLAZTeck w172 DAY
CHARAZTLR #46J) ITITLE
- BEGTN OEXNTZUTION - ———— - e e e - = e
CPZv {51, FILEa"FUXINP")
RZAING = 1
RZAD (51y 510y ERR=30y ENI=4D) NMASFS, DAY, ITITLE
———— PILCE3S NEXT VIER
L3 &9 a3?zCT = 1, NMASPS
-———- IRITIALTIZ THINGE FOR THIS VIEK
NMCZILLS = O
FJLz2 =0
FUlzlp =
LT = C
JLY? = D
RZAGNS = 2
KZad (51 520y ERR=30, END=40) AIIM, ELSV, CELSII, FIl1MXC
—maa FIB EACH LFLL.ss READ DATA AND COMPUTE PROBABILITY THAT
SZC2%JaARY BUZE WILL STIIKE FIRST AND PROISABILITT THAT IT
- wILL HIT DUSING PRIMARY-FUIE DELAY.

REESND = 3
112 RZAD (%1, 530G, E]R=30, ENU=40) HCEN, VCEN, DIST, CYL1, OLYRAD,
1 CELLPH
IF (HMIEN .NE. 933.3) THEN
I (CYLY .GT, F214XC) THEN
Fulid = FUIEZ2 » 1
FUulzZ2f = FU2z2P « CELLPH
ENJIF

IF (DLY320 LEJ. 1) THEN
DLY = LY + 3
OLYP = DLYP + CELLPH
ENDIF
NYZELLS = NMLELLS + 1
G312 10
ENDIF
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C === OQUTPUT RESULTS
MRITE (%y &10) ITITLE, DAY, AZIM, ELEV, CELSII, NMCELLS,
1 FUIE2s PEALCFULE2) /7 REALCNMCELLS), FULE2P,
2 ODLY, REALCOLY) 7/ REALCNMCELLS), DLYP
20 CONTINUZ
STGP
L =r—= HANDLE INPUT ERRDRS
30 1F (REAOND .EQ. 1) THEN
WRAATE (%, 520) READND
ELSE IF (READNT +EQ. 2) THENWN
WRITE (%, &30) READND, ASPECT
ELSE
WRITE (%4 540) READNIs ASPECT, NMCELLS + 1
ENDIF
STOP
&) IF (READNT LEQ. 1) THEN
wPlTE (&, 650) RIADND
ELSE IF (REACND +Eqe 2) THENW
WIITZ €%, 565) FLADNIy ASPELT
ELSE
WRITE (=g 4TG) RSACNIy ASPECT, NMCELLS ¢ 1
ENDIF
STCOP
510 FORMAT (lX, I5y Al1D, 440)
53 FoRMAT (lxy 2F3.1, 26Xy Fa.1, 12)
5303 FOAWATY (lx, Fa.Dy FTualy F9aby 215: FE.S&)D
51 FLCAIMAT ("l-=~w-mvmmccem——— PRASEAM FUIES memeccceccccncas “y /
1 "CTARGET IS “°%y AbDy *°° RUN DN *, A10, /
2 T RIIMITHM » Fba2y " DEGREES”,
3 ° ELEVATICON “s Fb6a2y “ QEGREES®,
4 * CELL SIIE Ty FTa2y ° HMM", /
- * NUNZMPTY CELLS THIS VIEW s 15y 7
& “OCELLS HWIT BY SELONCARY FULE o I5e 7
T e PRIJAZILITY GIVEN A HIT “s Fa,3y 7
3 * PROJASILITY GIVEN A SHEOT “y Féa,3, /
9 *OCELLS HIT DURING FUZIE DELAY Ty 15. /
* - PRISABILITY GIVEN & MIT ‘s F&.3, /7
1 * PRS3AZILITY GIVEN A SHIT s Féa, 3y /
2 B T T U W YRGB R W W T ———— .)
620 FGRMAT (“1INPUT ERRIR IN READ NUMBER *, I1, 7/
1 “PROGRAM “°"FUIES®" ABORTED")
630 FORMAT (°LINPUT ERRCR ON READ NUMBER *, Il, * ASPECT=*, I3, /
1 *PROGAAM *“FUZES®® ABIRTED®)
640 FORMAT C("1INPUT ERRIR JIN READ NUM3IER *, Il, * ASPECT=", 13,
1 * CELL®"y l&, 7/ “PROGRAM “°"FULES”" ABIRTEDR")
650 FORMAT ("1PREMATURE EZF ON READ NUM9Ea ", J1, /
1 “PRIGRAM ““FULES®" ABORTED®)
660 FORMAT (“"IPRZMATURE EDF CN READ NUMBER “, I1, “ ASPECT=", 13, /
1 “PROGRAM ““FULES®" ABORTED®)
670 FORMAT ("1PREMATURE EOF ON READ NUMBER °, Ti, “ ASPECT=", I3,
1 * CELLs®y I&y 7/ "PROGRAM °""FUZES”" ABIRTED®)
END
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APPENDIX B

Sample Output
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INTZR USZR RIUTINE 3SRANCX
CPTION SZT TO SUPPRZESS PRINTER JUTPUT
—=w== GQICMITRY JF PRIJEICTILE SKIN (MM) ~=m--
nADIUS LF CYLINDER 1 14.14
3T=P3aTK COF CYLINDOER 1 5.86
RAJIVS CF CYLINDER 2 20.00
STEPSACK OF CYLINDER 2 20.00
RADIUS OF CYLINDER 3 21.00
5TEP8ATK OF CYLINZER 13 153.00
RADIuS JF CYLINGER 4 5T 65
3Teo5ACKR JF CYLINDER 4 176.73

ciUS OF CYLINDER 5 75.02
STEPSACK OF CYLINCER S 225.00
PLANETARY RAYS PER LYLINDER 8
ALINMUTH «J03 DESREES
TLEVATIGON «000 DEGREES
==== TARSGET —==weo-w- X Y
TARSEIT MINIMUM (MM) -3573.000 -1542.000
TARGET MAXIMUM (MM) 5200.000 1642.000
TARGET CENTER (MM) 1263.500 «J00
TARGET ODIMEINSICNS (MM) 3373.000 3234.000
~=== GRIJ FLANZ ===~
34CK CFF DISTANCE 5534.000 MM
CzLL SIZE 123,000 MM
HIRIZONTAL LENGTH 2234.000 MM
VERTICAL LENSTH 2331.050 MM
CENTER (MM) «009 1415.500
HORIZISNTAL RANGE (MM) ~1600.000 15630.000
VEITICAL RANGE (4M) «030 2890.000
NJM3EZR MJIIZ CELLS a3
NUMEZR VIRT CELLS 23
NumiZR 2F CELLS 957
FIRST SEZC FIR RANDIM NUM3ER GENZRATOR
CPTIDN SST TJ CCMPUTE RANDCM POINT IN CELL
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2331.000
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END JF CA&S3E 1

FIRST SZS2 FOR RANDCM NUMBER GENERATOR
NEXT 3E22 FQR RANJOM NUMBER SHENERATCR

TIME FOR CASZT b 73.594 SECOINDS

TITEL TIME FOR CYLINDER T2.5C5 SECINDS

LEAVE JUSER ROUTINE 3RANCDX

0
21837555
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------ PRIGRAM MISFIR

TARSEIT IS T-52A TANK DESCRIPTIIN (GIFT53) RUN ON

ALIMUTH

SLEVATICN
CELL 511t

PROJECTILE
CHARSE DIAMETER
5UILT=IN STANDIFF
IMPACT VELCCITY
FUIZ 2ELAY TIM:

X CISPERSION
x CCRRECTION

NUMIZR CF LYLINDERS

LAST LYL IN PRIMARY FUIE.
NJYZIR CF RAYS PZR CVYL

STEP3ACK
3TEPSACK
S5TZP3ACTK
STEP3SACK
S5TZP3ACK

SF
aF
JF
aJF

cF

CYLINDER
CYLINDER
CYLINDER
CYLINOER
CYLINDIER

-00
30
130.00

IS QEMCONSTRATION RUN

102.00
250.00
175.00

«50

00.000,
-0009

5
2
3

5.36
22.00
153.C0
175.79
223.00

OEGREES
JEGREES
MM

MM
MM
M/S
M5

Y ODISPERSIIN
Y CORRECTICN
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---------------- PRIGRAM FUZSS ~wmmmme-mee—e——-

TARGET IS “T-4524 TANK QOESCRIPTION (GIFT5) RUN ON 09723785

AZIMUTH «00 DEGREES

ELEVATICN «00 CEGREES

CELL §I¢ 100.C0 MM

NCANEMPTY CELLS THIS VIEW 6717

CELLS HIT 3y SECINDARY FUZE 146
PRZIAZILITY GIVIN & MHIT w215
PRISASILITY GIVEN A SHIY «121

CELLS HIT ODLARING FUZEZ DELAY 55
PROSASILITY SIVEN & HIT «031
PRI3ABILITY GIVEN A SHIT «953

- S WD W W AR e W G e SR ek W R e e e e W e o W W e
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