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I. INTRODUCTION

- . A description of a standard man (the Computer Man)1 has been built
by the Target Assessment Branch (TAB), Vulnerability/Lethality Division
(VLD), Bal listic Research Laboratory, using the properly-chosen , hori-
zontal, anatomical cross sections (slices) collected by Eycleshymer and
Schoemaker2 (see Figure 1). These slices have been uniformly gridded so
that the physical detail of the Computer Man can be referenced by a
Cartesian lattice . Current descriptions assume that all tissue in a cell
is the principal tissue in that cell. The two currently-used lattices
have a 0.5 cm and 1.0 cm horizontal grid respectively and both descrip-

• tions use 2.6 cm thick lower-body slices and 1.2 cm thick upper-body
sl ices.

A phantom of the man, when used for incapacitation studies , is
assumed to be standing in a box that barely encloses him. The box is
placed in the first octant of a Cartesian coordinate system so that the
sides of the box are parallel to the coordinate-axis planes. A bottom
corner of the box is located at the coordinate-system origin so that the
phantom faces the positive-y direction .

A three-dimensional matrix is constructed whose elements reference
the Computer Man cells. The matrix is currently filled with the mortal-
ity rankings gathered by Cooper 3 but it can be used to store other ,
user-chosen quantitative descriptions. The indices of the cell enclos-
ing a point in the phantom man may be calculated and used to retrieve
the corresponding matrix element .

The FORTRAN Computer Code RAYMAN can generate rays whose origins and
directions are picked from user-selected distribution functions and pro-
ject them into a phantom of the Computer Man. Promenades are conducted
along the rays as they penetrate tissue and a point is picked uniformly
along each step. The mortality ranking , M, corresponding to the cell en-
closing the point , is retrieved and added to those retrieved for the sane
tissue penetration , R, along earlier rays. A histogramic representation
of the mean mortality ranking, M, versus R is calculated at the end of a
statistically meaningful sampling of rays and the results are printed in
tabular form. This output may be used to assess personne l vulnerability
to the ballistic threat as discussed by Kokinakis and Bruchey.~
1’Charles A. Stanley, Michael Brown, “The Computer Man,” to be published
as a BRL Report.

2 Albert C. Eycleshymer, Daniel H. Schoemaker, “A Cross-Section Anatomy, ”
D. App leton-Century Company, Inc., New York, London 1938.

3’Walter R. Cooper , William Kokinakis, “Vulnerability Rankings of Human
Ti8sue,” to be published as a BRII Report.

4
~William Kokinakis, William J. Bruchey, “An Engineering Approach to the
Assessment of Personnel Vulnerability ,” American Defense Preparedness
Association, October 2975.
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SLICE NO. ANATOMICAL SECTION DISC RECORD NO.
• ( 1 — 6 )  FEET

( 7 — 3 3 )  LEGS 2,-6
(34—39) ARMS, LEGS 6,— 7
(40-59 ) ARMS, TORSO 7,-lO
(60-64) TORSO 10,-Il
(65-82) HEAD lI ,-14
(83—84) DUMMY SLICES 14

83 — 84 ,.T ’ \ -

~ 14

65—82 ( 13

________________________ 
12

I 11

10

37-64 9

8

7

- . 
34 —36 6

5

1 ~~

Figure 1. The Computer Man Layout
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I I .  CODE CAPABILITY
- 

- Simulated projectiles (rays) can be started from origins whose
- • locations are picked from a user-selected choice of nine different

distributions. The distributions are:

1. User-supplied coordinates. The present dimensions of the
storage arrays permit the user to submit a maximum of 100 points.

2. Points generated uniformly on the overhead hemisphere. The
user will choose the radius for all hemispherical origins;

3. Points generated uniformly on the underfoot hemisphere .

4. Points generated uniformly on the X > 0 hemisphere.

5. Points generated uniformly on the X < 0 hemisphere.

6. Points generated uniformly on the Y > 0 hemisphere.

7. Points generated uniformly on the Y < 0 hemisphere.

8. Points generated uniformly on a horizontal circle parallel
to the plane on which the man is standing. The user will provide the
height and radius of the circle.

9. Points generated on an overhead, quarter circle arc. The
plane of the circle will include the Z-axis and make a user-supplied
aspect angle with the XZ plane. Points will be picked from a user-
chosen distribution . The two possible distribution functions are, (a)
uniform, and (b) the sine of the polar angle of the radius vector of
the point (see Figure 2). -

The directions taken by the rays are picked from a user-selected
choice of three different angular distributions . These distributions
are:

1. Isotropic about the point of origin . In practice, the
direction of the ray is usually chosen so that it falls within the solid
angle subtended by the sphere enclosing the man box. A normalization
factor, that is the quotient of the solid angle subtended by the sphere
divided by 4I~, is calculated and printed in the output .

2. Bivariate normal about the line from the ray origin to a user-
supplied point within the man . This capability was provided to the code to
simulate the marksmanship of an individual aiming a weapon toward a point
on the man. The horizontal and vertical standard deviations of the
marksman ’s efforts in degrees are provided by the user.

7
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3. User-supplied direction cosines. The code will automatic-
ally restrict the problem to one history per point when this option is

• exercised.

The size of the array required to accommodate a matrix of a com-
plete description exceeds the memory size of many computers . This
limitation is circumvented by dividing the man into horizontally-bounded
sections whose descriptions are of a manageable size and storing the
matrix of each section as a record in a disc file. The matrix of a
section will be chosen and loaded into memory as needed by RAYMAN gener-
ated commands and promenades will then be conducted through that part of
the phantom. RAYMAN stores the necessary tracking parameters when a
promenade along a shotline enters an inactive section (a section whose
matrix is not currently loaded in the array MAN). The parameters of
such a latent promenade will be retrieved at a later time for further
tracking. This technique reduces the number of time-consuming disk
loading operations as compared to the number required when tracking each
shotline to its termination before generating another ray.

The logic flow involved in generating a ray, conductine a oromenade
along a shotline, and retrieving and tallying scores is now discussed.
More detai l can be obtained from the flow charts of the main routine
(Figure 4) and principle subroutines (Figures 5 -9). A complete listing
of the program is given in the Appendix. A description of the subroutines
and the identification of the principle variables is given in Section III.

A ray ’s origin and direction are picked from the chosen density
funct ions.  The ray is projected toward the phantom man and subroutine
BOX is called to determine if the computer man box is intercepted . The
len~,th SLR of the segment intercepted is calculated by the subroutine
for those rays intercepting the box. Subroutine TRACK is then entered
and a promenade is started along the shotline at the entrance point of
the ray if the section of the man being entered is the section whose
matrix is currently stored in the array MAN . The promenade step width
is set to the histogramic bin width when a promenade is started. The
parameters of the promenade are stored in latent storage if the matrix
stored in MAN does not belong to the section being entered.

The promenade is continued inside the box until tissue is encountered.
The distance traversed through the box PBØX is incremented after each step
and compared to SLR to determine if another full-width step in the box is
possible. The distance to a section crossing SLRC is calculated by sub-
routine CRØSS to determine if another full width step in the active
section is possible (see Figurr 3).

The first score is made when the promenade enters tissue . The score
is estimated stochastically when the comp lete length of th5~t step is in
tissue . This is accomplished by picking a point with equal probability
at any site along the step and retrieving the M-value from the array MA.\
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/ Section Cross ing
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Figure 3. A Cross Section of the Computer Man
that Contains a Shotline
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fir the cell enclosing that point. This score is then added to the first
- 

- 
bin of the array VI. The square of the score is added to the first bin
of the V12 array. The array NVI , used to tally the number of promenades

• penetrating that amount of tissue, has its first bin incremented by one.
The amount of tissue penetrated during the current promenade PBDY is set
to the histogramic bin width DELR.

The score is calculated exactly when the promenade initially enters
tissue and the entering step is only partially in tissue. The final

• score deposited in the VI-array will also be made for a tissue penetra-
tion depth of DE LR but more than one promenade step will be needed to
attain that penetration. A partial score SCPT is obtained for the
tissue-entering step by calculating the product of the fraction of a bin
width intercepted by a cell and the M-value of that cell and summing
those products over all cells encountered along the step .

This is accomplished in the code by calling subroutine TRACE to cal—
culate the necessary cell intercepts and to retrieve the necessary M-
values. The intercept lengths are stored in DIST(l,m) and the M-values
in DIST(2,m). A partial score SCPT is then calculated that is given by

NCELL
SCPT = D~LR ~~~ DIST(l ,m) DI ST(2 ,m) (1)

where
NCELL = the number of cells intercepted during

- the Step

m = the running index over cells intercepted.

The variable PBDY will be incremented by
NCELL

PBDY = DIST ( 1,m) . H[DIST(2,m) -c] (2)

where
H[DIST(2,m) - cJ = the Heaviside step function ,

c = a positive inf ini tesmal .

The variable PBOX will , as usual , be incremented by the full step width .

Subroutine EVEN is now called to calculate the partial score(s) of
the additional step(s) needed to obtain a full bin width of tissue pene-
tration. These latter score(s) may be estimated stochastically or cal-
culated analytically as determined by the tissue or non-tissue status of

17



successive cells. The total score for a full bin-width of tissue pene-
tration is added to the VI array and the other variables and arrays are

• 
- properly incremented. The step width is then reset to DELR and a normal-

gaited promenade through tissue is ready to be started.

That pace, conducted in subroutine TRACK , is main tained until the
promenade exits the box or current section , or leaves tissue. A point
is picked uniformly along each step and the M-value associated with the
cell enclosing that point is retrieved from the array MAN and stored in
the proper bin of the VI-array.

Subroutine TRAC E is called again when checks predict that the nex t
step will exit tissue. The variable values retrieved or calculated by
TRAC E are used to calculate a part ial score SCPT , as described in Eq. 2
for the amount of tissue penetrated during the step. Subroutine EVEN
is then entered and the promenade is continued until tissue is re-
entered (or the box is exited or a new section is entered). The partial
score for a segment of a length sufficient to complete the bin is cal-
culated when tissue is reencountered and is added to the previously cal-
culated partial score. The total score is added to the proper VI bin ,
all variables are updated , and control of the promenade is returned to
subroutine TRACK where a normal gai t is resumed.

The partial score will always be calculated for the last step of a
• promenade in the box (regardless of whether that step was encountered

in subroutine TRAC K or EVEN) . The partial score is calcula ted in the
customary manner, normalized to a full bin width , in a statistically
val id way, and added to the proper VI bin.

The partial score will always be calculated for the last step before
a section crossing. SCPT is calculated in the usual manner and placed in
latent storage along with the other necessary parameter values. Sub-
routine LATENT performs this storage as well as the later retrieval.

The parameter values for 100 promenades can be stored as latents.
The flag ILATX is used to direct the storage and retrieval of these para-
meters . I LAT X is set to 1 at the beg inning of each editing unit of
histories. It remains at this value until latent storage is saturated
or all promenades required by the current editing group have been started.
This value of 1 directs the code to store latents when necessary but to
not yet retrieve latents .

ILATX is set to 2 when the parameters for the 100 la tent promenades
have been stored and will remain at that value until all histories re-
ques ted by the curren t editing group have been started. This mode orders
the retrieval of the next la tent promenade that is entering the currently
loaded section of the man when the track ing of the previous promenade
(either latent or virgin) ended in a section cross ing , with a subsequent

18



latent storage . A box exit of the previous promenade will , on the other
hand , return a space for the potential storage of a new latent that is

• derived from a presently unstarted promenade . New rays may therefore be
genera ted and the ir Promenade s conducted unti l one of them has to be

• stored as a latent.

The sweep of the latent storage arrays for retrieving latent prom-
enades entering the currently loaded section of the man is started when
ILATX is set to 2. The VI-matrix of the section having the most latent
promenades making an entrance , is loaded into MAN at the completion of a
sweep and a new sweep w i l l  be init iated .

I LATX is set to 3 when a l l  histories in an editing group have been
started. New rays will not be generated and latent promenades will be
retrieved and tracked u n t i l  latent storage is exhausted. Restorage of a
latent promenade after its retrieval and t racking is possible in  th is  as
well  as the preceding mode of ILATX.

The editing of results may be implemented in the ends of each his-
tory, at the end of each group of histories emanating from a point , or
at the end of a run. The mean of the score and its standard deviation
are calculated for each bin . These values , as wel l  as the number of
promenades penetrating that amount of tissue , are printed in tabular
form along with  iden t i fy ing  captions.

III. SUBROUTINES AND VARIABLES

A. Subroutine Descriptions

1. Driver Routine.  This routine reads in the user-supplied data
and ins t ruct ions .  Once calculated values of variables are derived , be-
fore entering the ray-generating cycle , the ILATX-routing to different
modes of operation and choosing of VI-matrices for loading into the array
MAN are also conducted in this routine.

2. Subroutine AD. This routine directs the logic flow to the
user-chosen ray angular distr ibution .

3. Subroutine ARC. This subrou t ine  picks an origin for the ray on
an overhead , quarter-circle arc. These points may be picked from two
distributions . The distributions are: (a) un i form , and (b) sine of the
polar angle of the point.

4. Subroutine BIVAR. This subroutine p i cks the direction of a
ray from a bivariate normal distribution about the line from the ray
ori gin to a user-supplied point usually (but not necessarily) located in
the man . The vertical and horizontal standard deviations of the marks-
man are supplied by the user.

19 
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5. Subroutine BOX. The man is assumed to be barely enclosed by
a rectangular box . This subroutine will project the current ray toward
the box and calculate the length SLR of the segment intercepted . The

- . • coordinates of the entering point of the ray are also returned to be
used as the start of the prome nade .

6. Subroutine CHECK. The Computer Man description is double-
valued on the cell boundaries . Subroutine CHECK inspects rays to
determine if they will travel on these boundaries . A ray that would have
such a path will have the critical coordinate of its origin randomly
translated by a small amount so that its path will not lie on a cell
boundary .

7. Subroutine CRØSS. This subroutine is used to calcula te  the
distance from the beginning of the current promenade step to the nearest
z boundary . This distance SLRC is returned to the main program .

8. Subroutine EDIT. This subroutine directs the calculat ion of
the mean and standard deviations of accumulated scores . It w i l l  a lso
print the results in tabular  form along with ident i fy ing  captions .

9. Subroutine EVEN. This subroutine is called by subroutine
TRACK after a promenade has entered (or reentered) tissue or has been
revived after storage as a latent . The promenade gait will be brought
into phase w i t h  the his togramic  bin structure of t issue penetrat ion .
Subroutines SCORE and TALLY are called in this subroutine .

10. Subroutine HEMI. This subroutine picks a ray-origin point
uniformly on any of the user-chosen hemispheres.

11. Subroutine INX3. This subroutine calculates the distance
from a point on a shjtline in a cell to the exit of the shotline from
the cell. This d~sLance , as well as the exit point , are returned to
subroutine TRACE for use in ca lcula t ing  part ia l  scores.

12. Subroutine ISOT. This subroutine is used to pick the direction
of a ray uniformly about its origin . In practice , the wasteful practice
of p ick ing  direct ions for rays tha t  would not intercept the man is
improved by picking directions that w i l l  project a ray wi th in  the solid
angle subtended by a sphere barely enclosing the man box. A normalization
factor that is the ratio of this solid angle to 4ir is calculated so that
the user may c a l c u l a t e  absolu te  p r o b a b i l i t i e s. The direct ion parameters
are converted to direction cosines and the latter quantities are returned
to the main program .

13. Subroutine LATENT. This 3ubroutine is called to store or
retrieve latent promenades . The 0 or 1 value of the f i rs t  var iable
IL in the argument directs toward a retrieval or a storage respectively.

20
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14 . Subroutine LATIS. This subroutine locates the cell that en-
closes the point PT . The x-axis index (Ii), y-axis index (Ji), and
z-axis index (Ki) are returned . The 1 , 3, and K ind ices are derived

- - from Ii , Jl , and Ki and are used in their place for retrieving scores
so that program abort ion caused by truncation approximation will be
avoided at the box boundaries . A point on a shotline that lies on a
cell boundary w i l l  be assumed to l i e  w i t h i n  the ce l l  being entered .

15. Subroutine LOAD. The principal function of this subroutine
is to load the VI-matrix of a chosen section into the array MAN from d i sc .
A secondary role is to call subroutine TEST to generate a test MAN array
when requested by the user .

16. Subroutine LOCATE. The role of this subroutine is to determine
the section of the Computer  Man tha t  i nc ludes  the z - ax i s  index KP
(absolute)  . This index is then converted to its value relative to the
bottom of that section and returned as KP ( re la t ive)  .

17 . Subroutine SCORE. This subroutine retrieves the score from
MAN(r ,J,K). The score is returned in both fixed point and floating point
mode . It is anticipated that this subroutine may be rewritten as
required by other fc~rthcoming descr ip t ions  of the Computer Man .

18 . Subroutine SORC. This subroutine provides the rout ing to the
chosen ray-generating routines . It will also calculate the distance
from the ray origin to the center of the box or to the aiming point in
the man .

19. Subroutine TALLY. This subroutine will add the score that
was estimated OT calculated to that already accumulated in the proper
bin in the VI array . The bin of the array that tallies the number of
shotlines reaching that penetration in tissue NVI is also incremented
by 1. The square of the score is added to the V12 array to be used at
the completion of the editing group to calculate standard deviations .

20. Subroutine TEST. This subroutine is used to build a test
pattern of scores in the MAN array . It can be easily rewritten to
satisfy the needs of the user.

21. Subroutine TRACE. This subrout ine  is used to advance a
distance R along a shotline while calculating the distances penetrated
in intercepted cells and retrieving the scores in these cells . The
number of ce l l s  in which the seginei.t R l ies is also ca lcu la ted  and
returned as NCE LL .

2 2 .  Subroutine TRACK. This sub rout ine  i n i t i a t e s  the promenade
along a newly-generated shotline or resumes the promenade along a
retrieved latent shotline . Subroutine EVEN is called when needed to
br ing the promenade in phase with the histogramic bin structure . TRACK
w i l l  conduct an even-gai ted  pace at other t ime s (except for box- , sec t ion- ,
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or tissue-exits) with stochastic estimation of scores. TRACK will also
calculate partial scores for the noted exceptions to the even gait when
the preceding step was in TRACK.

23. Subroutine TRANS. The Computer Man box is assumed to be
placed entirely in the first Cartesian octant with a corner located at
the axis-origin.  The RAYMAN subroutines that pick ray origins h i l l  use
quarter-circles or spheres that are centered at the origin. This sub-
routine will translate the ray-origins , after being picked , so that they
will lie on circles of spheres centered at the center of the man box.

24.  Subroutine VAR . This subroutine calculates the standard
deviation of each scoring b in.

B. Variable Description

1. BULS I(3) .  The coordinates of the aiming point in the Computer
Man. It is used only when the bivariate norma l angular distribution is
used.

2. BKPT. The height at which the thickness of the slices changes.

3. DELR. This is the width of the histogramic bins in which
scores are accumulated. DELR is also the preferred step width of the
promenade through t issue.

4A. DIST(2,IZ). The score retrieved in the IZth cell tracked by
subroutine T RACE .

4B. DI ST(l , IZ) . The length of the segment intercepted by the i t h
ce l l  in the tracking by subrout ine TRACE .

SA. FACT(I) 1=1 ,10. An adjustment factor for qu~ntizing a ranking
in the V I-mat rix. All elements in FACT are currently set to unity.

SB. FACT(ll). This element of FACT is set to 1.0 and is used in
ca lcula t ing  partial  scores.

6. GCH . Th e h e i g h t  of the great circle above the p lan e = 0.

7. 6CR. The radius of the great circle ab out the vert ical  axis
of the Computer Man.

8A. GRID (I) 1=1 ,2. The x- and y-cell width of the Computer Man .

8B. G R I D ( 3 ) .  The z -ce l l  w i d t h  of the lower part of the  Computer
Man.

8C. GRID(4). The z-cell width of the upper part of the Computer
Man. 
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9. 1. The x-axis cell index of the Computer Man . This quantity
is adjusted at the box boundaries to prevent computer truncation approxi-
nations from causing the logic errors that would lead to incorrect
answers or run abortion .

10. I l .  The same as I for internal cells but it is not adjusted
at the box boundaries .

11. IBKPT. The z-axis of the top slice of cells possessing a
thickness of GRID(3) .

12. IDIST(IZ) . The f ixed point score in the IZth cell tracked in
subroutine TRACE .

13. IHIST. The running index for the rays generated from a point .

14. IHIT . The number of interceptions made in the walls of the
Computer Man box by the ray .

15. ILAT. The running index for the retrieval of latent promenades.

16. ILATX. The flag for directing latent promenade storage and
retrieval. The value ILATX = 1 directs toward storage only. The value
ILATX = 2 permits either storage or retrieval . The value ILATX = 3
permits retrieval on1~’ .

17 . IPT. The running index for the ray origin point .

18. ISECT. The current section of the Computer Man stored in the
array MAN .

19. ISECTT. The section of the Computer Man in which a desi gnated
point  is located .

20. ISEED. A fixed point number used as an argument  by the  (0 , 1)
random number generator .

21 . ISL. The maximum number of horizontal slices of the Computer
Man stored in a section . This number is the same for all sections
except possibly the topmost section .

22. ISC. The fixed point value of the score in a cell.

23. J. The y-axis cell index of the Computer Man . This quantit y
is adjusted at the box boundaries to allow for computer t runcation
approximations .

24 . Jl . The same as J for internal cells but it is not adj usted
at the box boundaries .

.23 
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25A. JLAT(l ,IP) . The section number into which the IPth latent
promenade is entering .

25B. JLAT(2 ,IP) . The number of histogramic bins into which scores
have been t a l l i e d  for the lPth  latent promenade .

26 .  JSEED. The f i xed point argument for generat ing a p a i r  of
random numbers picked from a normal distribution .

27. JEXIT. A flag showing that a cell of subroutine EVEN has
led to a box exit by the current promenade .

28. K . The :-axis cell index of the Computer Man . This quantity
is adjusted at the box boundaries to allow for computer truncation
approximations during ca lcu la t ions  along the promenade.

29. KI . The same as K for internal cells but it is not adjusted
at the box boundaries .

30. MAN~~I , J , K) . The array used to store the i n c a p a c i tat i o n  input
data for the current section of the Computer  Man .

31. NARC . A flag for choosing the distribut ion from which an
origin point of a ray on the quarter-circle is picked . The value NARC =

0 leads to picking by a distribution given by the sine of the polar angle
while the value \ARC = 1 leads to picking a point uniformly on the arc .

32 . NCELL. The number  of ce l l s  penetrated b y t h e sho t l i ne seg m en t
when subroutine TRACE is used .

33. NL)FL. The number of histogramic bins into which scores have
been added for the current promenade .

34. NFACT . A f l ag  for d e t e r m i n i n g  if FACT values are to he read
in as part of the inl)ut or if the values are to be defaulted to 1 .0.

35. NFLG1. A flag for determining the distribution from which
ray ori gins w i l l  be picked . The opt ions  are d iscussed  in the user-
suppl ied  input sect ion of th is  report .

36. NFLG2. A flag for d e t e r m i n i n g  the  d i s t r i b u t i o n  from which
ray d i rec t ions  are chosen . The opt ions  are d iscussed in the  user-
supplied input section of this report .

37. NFLG3. The flag for determining the editing group to be
used . The options are discussed in t he  user-supp lied input section of
this report

38. NHIST. The number of rays to be started at a point . 
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39. NHITS. The number of rays intercepting the Computer Man for
an editing group .

40. NLAT (ISECT) . The number of latent promenades that are enterin g
secti on ISEC T .

S 41. NLATT . The number of l a t en t  promenades s t o r e d .

42. NLOAD. The number of times that a different V I- in atri x sas
loaded into MAN.

43. NPTS. The number of points from which rays are to he start ed .

44. NISECT. The number of sections into which the Computer M;~n i s
divided.

45. NTEST. A flag to determine if test values are to he generated
for the array MAN .

4 6 .  NVI(I) 1~ l ,200. The counter for determining the number of
shotlines that have penetrated a distance in tissue greater than (I-I)
.DEtlt.

47. NX . The number of Computer Man cells in the x-direct ion .

48. NY. The number of Computer Man cells in the y-dir ection .

49. N .  The number of Computer Man cells in the Z-direction .

50. P(t) 1=1 ,3. The coordinates of the ray ori gin.

51. PBDY . The distance in tissue penetrated during a pron~enade .

52. PBØX. The distance in the man box penetrated during a promenade .

53. PC(I) 1=1 ,3. The coordinates of the point at which a promenath
will cross the next section boundary .

54A PLAT( l , IP ) . The initial value of PBDY for the IPth latent.

54B. PLAT(2 ,IP). The initial value of PBØX for the IPth latent .

• 54C . PLAT(3,IP). The value of SLPS for the IPth latent.

55. PS(I) 1=1 ,3. The coordinates of the beg inning of the s t ep in
a promenade.

56. P R ( I )  1= 1 , 3. The coordinates  of the uniformly-p icked poin t on
a p romenade step .

25 



_ _  --.- - •

57. PE (I) 1=1 ,3. The coordinates of the end of the step in a
promenade .

58. PT AR ( I , IP ) 1= 1, 3. The coordinates of the beginning of the I P t h
latent promenade or the coordinates of the origin of a user-provided ray.

59. PTAR(1 ,IP) 1=4 ,6. The direction cosines of the shotline or
ray described in item 58.

60. P1(1), P2(1), 1=1 ,3. The coordinates of the intersection of
the ray with the X=0 and X=XL3 plane respectively. This usage occurs
in subroutine BOX.

61. P3(I), P4(I), 1=1 ,3. The coordinates of the intersection of
the ray with Y=0 and Y=XL2 plane respective ly. This usage occurs in
subroutine BOX .

62. P5(I), P6(I) 1=1 ,3. The coordinates of the intersection of
the ray with the Z=0 and Z=XL3 plane respectively. This usage occurs
in subroutine BOX.

63. P1(I), P2 (I). These arrays are also used in subroutines
TRACE and INX3 to store the coordinates of the start or entrance of a
segment into a cell and its termination or exit from the cell .

64. PDEL. The amount of tissue penetrated in a new bin . This
variable is used in subrout i ne TRACK .

65. PL1. This variable is used in subroutine TRACE and INX3.
The plane X=PL1 includes one side of the cell which could be the exit
boundary of the shotline from the cell.

66. PL2 . This variable is used i n  subroutine TRACK and TRACE .
The plane Y=PL2 includes another side of the cell wh i ch could be the
exit boundary of the shotline f ro m the cell.

67. PL3. This variable is used in subroutine TRACK and TRACE .
The plane :=PL3 includes a third side of the cell which could be the
exit boundary of the shotline from the cell.

68. Ri . The radius of the sphere that barely encloses t h e
Computer Man box.

69. R2. The distance from the ray orig in to the center of the man
box. It is also used as the  distance from the ray origin to the point
BULSI.

70. SCPT. A partiil score that is calculated exactly when a
promenade is being brought into phase with the ~iistogramic bin structure .
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71. SD1. The standard deviation (degrees) in the vertical direction
of the shots t r i ggered by a marksman .

72. SD2 . The standard deviation (degrees) in the hor i zon ta l  dir-
ection of the shots triggered by a marksman .

73. SLR .  The l eng th  of the segment of the ray in tercepted by the
Computer Man box .

74.  SPCT. The ratio of the solid angle subtended by the Computer
Man box sphere to 4r .

75. SLRC . The dist~~ ce from the beginning of a step to a section
crossing . This variable is defaulted to 2,000,000 when W(3) = 0.0.

76. SPLT. An array for storing the heights of the section boundaries .
The values are stored in ascending order .

77. SC. The floating-point score .

78. VI(1P). The bin for accumulating VI scores whose penetration
in tissue is between (IP_1)* DELR and IP* DELR.

79. V12(lP). The array for storing the square of the scores
deposited in the VI array .

80. W(IZ), IZ= l ,3. An array for storing the direction cosines of
the current ray .

81. WP(IZ), IZ=1 ,3. An array for storing the direction cosines of
the line from the ray origin to either the riming point (BULSI) or the
center of the Computer Man box .

82. XL1 . The plane X=XL 1 is an outside boundary of the Computer
Man box .

83. XL2 . The plane Y=XL2 is an outside boundary of the Computer
Man box.

84. XL3. The plane Z=XL3 is an outside boundary of the Computer
Man box .

85. Z9. The length of the part of a segment of the shotline that
is in the current cell. This variable name is used in subroutine TRACE
and INX3.
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IV. RAY MAN INPUT

1. TITLE

A maximum of 80 alp hanumeric i den t i fy ing  characters.

• (8A 10) .

2 . ISE ED , J SLED
ISEED = (0.1) random number routing argument .
JSEE[) = normal random number routine argument (2110).

3. NTEST, NFACT , N ARC
NTEST = Flag for generating test numbers for the MAN array.

NTEST = 1 , generates numbers for MAN .
NTEST = 0, loads data from disc to MAN .

N FA CT = Flag for filling the FACT array.

NFACT = 0, reads in user-chosen numbers .
N FA~T = I , all elements in FACT are defaulted to unity.

NARC = Flag to determine distribution of ray origins on the qu~ rt~~
circle .

NARC = 0, points are picked from the sine of the polar angle.
distribution .

NARC = 1 , points are picked uniformly along the  arc .

(1015)

4.  NFLG1 , N F L G 2 , NFLG3 , NPTS , N i-lIST

N1:LG1 = l~ay orig in flag .

NFLG I = 1 , read in points.
= 2 , un i formly distributed on the upper hemispher e .
= 3, uniformly distributed on the lower hemisp here .
= 4, uniformly distributed on the front hemisphere .

• = 5 , un i fo rmly  d i s t r i b u t e d  on the back hemisp here.
= 6, uniformly distributed on the right hemisphere .
= 7 , un i formly distributed on the left hemisphere.
= 8, un i forml y distributed on the great circle.
= 9, distributed on quarter-circle arc.

NFLG2 = Ray direction flag .

~(:LG2 = 1 , isotropic angular distribution .
= 2 , bivariate norma l angular distribut i on .
= 3, read in d i r e c t i o n s .

28
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NFLG3 = Editing group flag .

NFLG 3 = 1, composite editing group .
= 2, each point editing group .
= 3, each history editing group .

NPTS = Number of ray or igin points .

NI HIST = Number of rays per point .

(1015)

5 . NX , NY , NZ , IBKPT , ISECT , NSECT
NX = Number of x-axis cell boundaries in box .

NY = Number of y-axis cell boundaries in box .

NZ = Number of z-axis cell boundaries in box .

IBKPT = Number of z-axis cells up to slice thickness change .

ISECT = Initial section of the man loaded into MAN .

NSECT = Number of sections .

(1015)

6. ISL

ISL = Number of sl ices per sec tion (except for possibly the topmost
section)

(1015)

7. GRID(I), 1=1 ,4 DELR

GRID(l) = x-axis cell width (cm)
GRID(2) = y-axi s cell width (cm)
GRID(3) = z-axis lower cell width (cm)
GRID(4) = z-axis upper cell width (cm)
DELR = 1 romenade step width (cm) .

(6ElO.3)

8A. IF NFLG1 = 1 , provide

P0(I), 1=1 ,3; WC( I) , 1=1 ,3 IF NPTS=1

PTAR(I ,IPT) 1=1 ,6 IF NPTS>l

P0( l)  or PTAR( 1 ,IPT) = x-coordimate of ray origin

P0(2) or PTAR(2 ,IPT) = y-coordinate of ray origin

P0(3) or PTAR(3,IPT) = z-coordinate of ray origin

W ( l )  or PTAR (4 ,IPT) = x-axis direction cosine of ray

W( 2) or PTAR(5 ,IPT) = y-axis direction cosine of ray
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S W(3) or PTAR (6,IPT) = z-axis direction cosine of ray

(6E10 .3)

8B. IF NFLG1 = 2-7, provide
R2
R2 = radius of hemisphere
(6E10 .3)

8C. IF NFLG 1 = 8, provide
CRC , Ga-I
GRC = Radius of circle (cm)
GO-I = Height of circle above z=0

(6E10 .3)

8D . IF NFLG 1 = 9, provide
R2 , ThETA
R2 = Radius of arc (cm)
ThETA = azimuth angle (degrees) with x-axis

(6E10 .3)

9. IF NFLG 2 = 2, provide
SD1 , SD2
SD1 = azimuthal standard deviation (degrees) of the marksman .
SD2 = elevation standard deviation (degrees) of the marksman .

(6E10.3)

- . 10. IF NFLG2 = 2, provide

BULSI(I) 1=1 ,3
BULSI(l) = x-coordinate of aiming point
BULSI(2) = y-coordinate of aiming point
BULS I(3) = z-coordinate of aiming point

(6El O .3)

11 . IF NFACT = 0, provide

FACT(I) 1= 1 , 10
FACT(l) = adjustment for VI = 1

FACT( lO) = adjustment factor for VI = 10
FACT( l l) = 1.0 always

(6E10 .3)
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V. TEST PROBLEM

- The inpu t needed for a test prob lem is given in Table I. This data
is presented in the format in which it is printed in the output by the

• computer. The output average VI-Scores of this test problem is presented
in Table II .

V I .  CONCLUSIONS

The RAYMAN Computer Code has been run successfully on the BRLESC
computer. Readers desiring a copy of the code may send a blank magnetic
tape to the Target Assessment Branch , Vulnerability/Lethality Division ,
ATTN : DRDAR-BVL , Ball istic Research Laboratory , Aberdeen Prov ing Ground ,
Maryland 21005. Users are cautioned that the BRLESC names of certain
library routines may not agree with those used by other computer facilities
and will need to be changed .
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BEST AVAILAB LE COPY
Table II. Sample Output

• 
IN C R E ~1~~NT ItJL I i()EX 3T~1’ r) ~~V ‘iO gj~YS

• ~ * ~ * ~
),7Q”O~ ‘~ 1+— ~),3~~’3CE ~ i* * * 20

• 2* U * ‘~. 7 15 J E  •‘ ) j~ p.. ~~~~~~~ 01*  ~ * 20
3* * U ‘) .7 1 S - ,)E .)l+— ‘~ .2/5~~E )l* ~ * 20
4* * ~ n , 73C’ ) E  ~ J .+— ~i . 2 5 L ~~ E •)1* * * 20
~~* * * C ,72~~1z ~~~~ ~~~~~~~ ) 1* s * 20
f ~* * * , ‘~7E~5~ ~ ]. +— O ,2’~~0E 31* ~ 17

7* * * ‘ 1b ,F~3 E ‘ 01 +— O , 3 4 - i 3~, -~)j* ~ * 17
U * ~“ , ‘i b67E 31+— C.3~~

)
~~E )l’~ ~ *

9* * * ‘~ . 72 C 0E  -3 1+— J . 2 ’~ 3 1E ‘11* * * j~5

10* * * ‘~,&, ‘3 5 7E ‘) 1+— t) . 3 2 ) 7 E  ‘)l* * 14
* * “ ,~~)77E 1+— Q . 22 ~ G~ ‘i~~* * * 13

12* ~ * 1.’23 1E J1. -e— t i .2 2 4~ E ‘) l * * * 1?
13* * * ~~~~~~~~ •L+

~ 2.2644E ‘)1
~ * ~

14* U * 1.~~~l7E 01+— .2~~92E -~l* 
X * 12

15~ * ‘) , 7 3 1~~E ‘fl~+— j . ,~ C’3 2 E •)IU U

1b* * ~ ) , 7 5 7 j E  ~~~~+ —  ‘.5.3452E )l* * * 11
17* ~ * 1.7 3 2 3 E  ) 1 + —  

~.3’-2~~E )1* * * 10
1~ * * ‘

~.~~111. E 
:~~4 +— :).3,,7E 

~~~ * C.

j S* * * ~.5 ,77( ’ 3~ • ‘l+— ‘ ,3-13°e )l* ~ * C’

72 *  * * O~~C Ø ~~ ~~~ 3 . l ~~2~~E 3 1*  * *
f l U  * * 1,~)25~ E - : ‘ .~~~— c . 175 .3 E  ~~~ 

i’ * r

U i’ ~~U ’~~15 1 )~~ • j . + —  ) ,2 : 1~~F~ ~1* U * r

73* * * ‘).1~~22E 41+ .3l4~~E 
) j ~~c U U

24*  U * ‘~~.
-
~ 57 1F  ~ L - 4 ~— .1l34 F~ )l* * * 7

* ~~~~~~~~~~ ‘ 14— -~.l~~)’)E 
)1* ~ 7

~ ~ .‘7 14E 21+— .).4~~71E •)1~ ~ *

27* U U ‘~‘ , ‘3~~7E ‘
~~~ +—  ‘3, 3~~’R’E ) t *  ~ * 7

w * •~.77l4E ~;i+— .153 3 -~2 E 31* ~ 7
79* * * 

~.7371~ ~i+— ..3 9E -31* * 7
3ç) * * * 1,7/’r)E -‘1+— ~.3” i-c E )1* ~* *

U * ~~,~ 3-3 Ni~~ 
•‘~~~ +~~ ~).273’~E 31* * U

~2* * * 1 ,~~ ty ~~~~ - . 5 1 + —  ~ .3~
’’~Zr. -~14 * * 5

33* U U 
~ ,7~3’~ 3 E 114~ ‘ .3/ )O E ~~~~ U U C

* 
-
~~, ‘,7r 9~ ~~~~~+—  L’ .4~~ ’~~l E  )lU * *

~3 5 U  U * - .5~~ l~~~UE )2+— j , Q -~ ~‘~)E )r-~ 
s% * Z

~~* * ~ ~~. 1~~
(11iE ‘~2 +— . . 17 E— -) ~ *

i’ ‘~.13 C) ~ 2 2 + —  -).9~~’OE f l*  * * 1
~ t3* * * ‘~,1u~~

)
~ 

3 ?~~. .9~~ CE 31* * * 1
39* ‘~ * ‘) . tO r ’ O E il +— ‘ .9’~’)0E ) j *  * *
‘~J* U * ) .2’3flE 14— .),~~~~L,E 31* * *

41* U * 2.2U~~-JE 1- ~— ,..,‘) ‘~7tT E J1~ ~ 1
42*  U * ),3JN)~ ~1+~ O .’~~~ ) ( i E  11* ~ * 1

U * ‘~.4 J ” ‘)~ • 2 1 +  ‘~~,~~ 1’~ UF )1.x U *
4 4*  * U ~15-)r ~~~~~~ ~~~~~ -31w ~ * 1

U * ‘ ,r J ( ’ O E  ~L+ 3,~?~~)CE 311 ~ 1
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BEST AVAI LABLE COPY
C •R3~3N A N  *A V N A N

0IME’4IO ~~ T I T L E C S I

COIN U ‘~ / MA N NI MA N ( 1 1 0 , 5 5 , 6)  ,N T EST
C f l M M n N / L A T E 1~/ J L A T ( 2 , 1 0 U ) , N L A T ( 2 0 ) , I L A T , N L A T V , 1 S ( C T , I L A T X , I 5 E C T T ,

* P L A T ( 4 , 1 0 0 )  , P T A R ( b , i O U ) , P K f l Y , PR O X , SCP T ,N O E L , I H I S T , I P T , NA R C ,P1PT$
CONM1IN/ L A T  1~~/0W ID ( 4 )  , ~~ PT , 1I~k PT , S P L T (  I Q )
CC IMML I / P 3 I N T / P S ( 3 ) , P R h ) ) , P E ( 3 ) . P C ( 3 ) , D E L R ,NFLO3

1 ,  ~2 , 3C)~, ~CH , N F L O I , NFI.02, $01, 5)12, Owl, 9w2
C0M $J ~~, T N A C / S L R . X L t , X L 2 , *L3 ,N H I T $ , D I S T ( 2 , 1 0 ) , I 0 1 S T ( 1 O ) , N C E L L
C O M M U N / E W A L / V ) ( 2 0 U ) , N V I ( 2 0 0 ) , V 1 2 ( 2 0 0 ) , F A C T ( l t )
C 0MM u N /$ 3R5 /~ p (3),W(3) ,p(3 ) ,p0I3) ,BU L $I( 3),$,~CT .I$EE0, J$EED ,

* S P) T , C S T
C U ’ ) / L A Y / N Z , NY , $Z ,NSEC T , I$L
C O N M S J N / L 3 1 ) E / N L O A D

500 ? O M M * T ( F L o . 1)
501 P0~ M aT( 88 ~ o)
502 r O R M A T U Q ) 5 )
503 Fo~ M A r ( 6E1o. .3)
504 F0~ M ATUii )
505 ~ 0~~M A T U M 1 )
508 F O i M A T ( 2 1 1 0 )
507 FO MA T (6U10, I5 ,5X))
508 f0RM aV ~ 4 (A1O ,EI1 , 4,5XU
509 F O R NA T ( 2 4 1 0 , A 3 , E l l ,7 )

5 10 FO~~M* T ( A 1 o , A 4 ,( 5 )
5 11  r o ’ ( M A r ( A I 0 , I 1 ( F 9 . 4 , 1 x ) )
512 ~ O A T ( 2 ( A 1 0 ,  I 1 0 , 2 X ) )
513 FO~~5 q A T (  1 OFIO U S )
514  c O R M A T (  1 9 x , 1 2 , 4 X , F 1 0 . 5 )
SIb c0RMA T (6(~~20,j4),I,I20)
518 Ffl~ MA T ( 3 ( F2U.1 4 ))

~~~~ A O ( 5 , 5U t )  T I T L E
RE AII (b,506) ISF ~~D , J S U U
W E A D (  ~~

, 5 0 2 )  N T C S T  , P4FA C T,NARC
I~EAfl(~’,502) NFL~U,NFLi 2,NFL33 ,NPTS, ’4HI$T
j F l N F L 3 2 . E~~.3) N~4 1 S T  • 1
NEa ,!)( 5,50~~) NX , N Y , N j ,  I BKPT, ISECT ,Pd$ECT
w~ A OI~~,502) ISL
qE~An( ~~ , i 0 3 )  GN ID , UE L R
1 F)NP ~L31 .GT. 1 ) 00 10 6
!F (NPTS.3T .1) 00 TO 4
RA~AD(b,503) P0,4
0010 9

8 T~~(N~ L31.LT .9) GO TO 5
N~~A D ( 5 , 5 0 3 )  ~2, T H E T A
T~)ETA • .i.14159 .TIIETA/180 .O

CST • COSP (TH~ TA )
Sli t • S I N F I T M E T A )
GO TO 9
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8EST~ Av~:Lc .z Copy
4 R EA D I S , 5 0 3 )  I ( PTA R I I , J ) , I4 4 $ , 6 ) , SU I ,M P T S )

GOTO 9
S 5 IFIN FL3I .GT .7) GO TO S

R E A D ( S , 5 0 3 )  R2
90 TO 9

5 R E A D I S , 5 0 3 )  GCR ,O CH
a R I  YE ( 6 , 5 0 4 )

9 IF ( NF L 32 . NE .2) GO TO 10
READ(5, 503) 501, S D2 , G ~~1 , 9 W 2
R E A D ( ~~ ,503) RUL SI

10 1 F ( N F A C T U E ~J. O )  G OTO 998
00 997 IU I , l O
FA C T ( I )  • I~~O

997 CON T I’~UE $ GOTO 996
995 C O N T I N U E

REAO(5,503) FACT
996 CO N T I N U E

F A C T I I I )  • 1.0
SXP T GRu~t 3)* FL0 A TFl18KPT )
A L I U O W I D I  1 I * F L O A T F ( NX )
X L 2U (iliI L J( 2 ) * F L OA T F (NY )
X L3 U bI ~i’T +V ~~IU (4) .FL OA TF( NZ .IRKP T )
RI • I0 .S*XL1) ..2 • IO.5~ XL2) ..2 + (0 .5I1L3).*2
RI • 5,~N T F ( R 1 )
J•D
00 777 Iw t ,NSE CT
J . J + I S L
I F I J . G t .1e~~PT GO TO 776
X J . F LO A T F ( J )
SP L T ( I ).X J . G RID ( 3 )

~0 TO 777
776 XJ UF L O &TF CJ .IB K P T I

S P L T I I ) . S K P T + I X J ) * O R I D I 4 )
777 CONT I N U E

I L A Y X U

ø P I T E (  6, 505)
)1O 77~ IU I , NSE CT
a R ITE (6 ,5 1 4)( I ,$P%,T( I ) )

7 7 8  C O N T I N U E
I~~ I T E ( 6 , 5 0 1 )  T I T L E
•R I TE (6,504)
CA P I  • lO ’41$EED • &~ A P2 • IOMJ SEE D .
~RIT1i  S f 5 1 2 )  C A P I ,  I S E C U ,CAP2 ,JSEED
.R IT E  ( 6 , 5 0 4 )
CA P I  • IOWN TES T • $ C A P 2  • I O M N F A C T

(6 , 507 ) C A P ) ,  NT ES1’ CAP2 , NF* CT
.RIT1 ( 6, 501)
C A P 1  • l 0N ~ A R C U
w R I T E  ( 6 , 5 0 7 )  CA P I ,  N A R C
w R ITE ) 6, 504)
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8~S1 ~VA1t.AB1E COPY
C A P )  • I O N  NO P T S  • 1 C A P 2  • IO M N O  M I S T  •N R ) T E ( 5 , 5 O 7 ) C A P j , P 4 P T $ ,~. A P 2 , N M I 5 T
UP I T E ( b , 5 0 4 )
CA ’ I  U I O s 4 I L A T X  U
a~R I T ~~(6,5O7) C A p l , I L 4 T X

IT  t~( 6, 504)
C A P I  • 1 O N N F L G I  • S~~*p 2 • IO I INF LG2 SCAP’ 3 • I O H N F L G 3

. R I T E (  5, 5 0 4 )
C A P I  1OH’1 0 X ’ S  • S CA P 2  • lO r5 N0 V ’ S  • $ C 4 P 3  • IO N N O  2 ’ S  U
9R 11~ . I 5 ,  5 0 7 )  C A P t ,  M A ,, C A ’ 2 , N  T , C A P 3 ,  Ni

5 0 4 )
C A P )  • 10s- I I3 ~~pT • $ CA P 2  • I O N S E C T  NO • $ C A P 3  • IONN O SECT •
C A P 4  U I O N N O  S L I C E  •
W R I T E )  6, 507 ) CAP ) , R3KPT , C A P 2 ,  I S IC T ,  C A P 3 ,  NS E C T ,  CA P I , ISL
w R I T E )  ~, 504)
C A P )  • L O H A — C E L L  ~ $CA P 2 • t O N Y — C E L L  • $CAP3 • IO N Z I CE LL •
C A P 4  U 1 0 1 2 2 — C E L L
W P I T E ( 6 ,5 0 8 ) C A P I ,G R (D ( j ) ,CA P 2 , G R I D ( 2 ) ,C A P J ,G W I O ( 3 ) , C A p 4 ,G R I D (4 )
.RITE (6 ,504 )
C A P )  • l O N ~~— I N C R E I l •
.RI I E l  5 ,508) CAP 1, DEL))

‘.5 l IE I 5, 5 0 4 )
C A P I  • I O N S O U R C E .X  •$C*P2 • 1 O N S O U R C E . Y  • $ C A P 3  • IOI4SOURCE .!
w R I T E )  5, 508) CAP ) , PO( 1) , CA P 2 , P0 (2 ) , C A P 3 ,  P0) 3)
w R I T E  ( 5 , 5 0 1)
C A U I  U 1ON ~~— D I~ CS U S C A P 2  U j f l r l Y~~~ )~ CS • $ C A P 3  • I O N Z — U ) R  CS
W R I T E )  5 ,  505  ) C A P I ,  NI  1 )  , LAP2 , N I  2) , CA P3, w( 3)
IR I T E )  5 ,  504)
C A P t  • I O N B O X . R A D  • S C A P 2  U I Q M D T . R A Q  U

w R I T E )  5, 5 0 5 )  C A P 1 , R I ,  C A 14 2 ,  R2
wR I T E ( 6 ,  5 0 4 )
C A P t  U I O N X — S I D E  • S C A P 2  • I O N Y — SI D E  U $ C A P 3  • I O HZ . S I D E  •
,8R 1 T E (  5 ,  5 0 8 )  C * P I ,  X L I  , CA P2 , X L2, CAP 3 , X L3
w R I T E  (5,504)
w R I T ’  I 6, 5 0 4 )
C A P I  U I O N F A C T  N A T

6, 5)  1 )  C A P I , F A C T
P I 1’ E C 5 ,  504

C A P )  • IDM E LT R A D  • $ C A P 2  • IO PIBE L T  N OT a
P I T E (  5 , 5 O B ) C A P I , O C R , C * P 2 , GC H

I T C 5 ,  50
C A - f l  U j -J H~~1JLS I ( 1 )  U $ C A P 2  U I O M R J L S I ( 2 )  • $ C A P 3  • t O P I B U I . S ! ( 3 )  U
w R I T E )  6, 509 ) C A P t ,  PU L S I (  1 )  s C A P 2 , B  J LS ! (2 ) , C A P ~3, 9 u I . .S I ( 3 )
W R  I It I 5 , 5 0 4 )
C A P 1 U I O H 3 R E A T  C~~PC CA P’ 2~~10 p. iLE S N . A N 3 L S  CAP.3• 3 Pi E .

1$ C A P 4 U I O N L E  C S — A N , L
W R i T E )  5,  50fl C A D ) ,  CA P2, C A P 3 ,  SPI T
wR i T E )  5 ,  504)
•R I T E  ( 5 ,509) CA P )  ,CA p’ 4, CA P3 ,c5T

-3~)
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8~S1 AVA I~LE COPY
W R I T E ) 6, 504 )

S C A P )  • I O N I O R  SD • $CA P2 U )OHV ERT SD a
w R I T E )  6, 508) CAP , CAP2,
N R I T E (  6, 504 )
C A P t  • tO N I — O w  FC T •$CAP2 a jOMV .Gw FC T
NR (TE(8,508) C A P )  ,Gw t ,LA P2,9w2
4R I 1 1( 6, 504)
,dR I TE (6,504 )
R I T E  (6,504)

W R I T E  18,5 04 )
w R I  YE (6,504)
w R I T E  (6,504)

7 CA Ll .  L 0 A D ( I 3 E C T )  S #I~O AD a~
1 P 4 L A T T  • 0

11 CD T • 0
12 P41ST • 0
13 IPT IPT • 1
II 1)41S T S IH IS T • I
3 CA L L  SOR C

20 CALL ~ O X t  l i l T )
I F ( I N I T . I . T . 2 )  GO TO 995
C A L L  C $ E C K
IF( N FL 33 .Ll .3) GO TO 21
C A L L  L A T I S I P ,  I , J ,X )
C A L L  L O CA T E (~~,ISECTT )
CA L L  L A T E N T ( 1 , IPT,P )
NL ATI .N LAT T .1
N L A T ( I S E C T T ) • N L A I ( I $ E C T T ) . 1

994 I S E C T  U J L A T (1 , I p T )
I F ( I S E C T . E ~~.O) GO TO 995
C A L L  L O A O ( I S E C T )  $ N L O A Q  • M LO A O •
C A L L  T R A C X ( 0 )
GO TU 994

21 C A L L  T R A C c I)
995 IF P ~FL G3.OT . 1) 00 TO 1 03

I F (IM I S T . L T . N) 1I ST ) 00 10 108
1 F ) l P T . (~~.NPT S )  GO TO 1 02
I’4 I S T  • 0 $ IPT  • IPT • 1
0’) T O 105

102  I L * T X  U 3 $ 00 TO 113
(03 I F I N F L G 3 .O T .21 G~.5 1 0 1 16

I F I I H I 5 T ,LT . N I I S T )  00 (0 108
GO TO 102

10 8 IF (~~L AT T .LT. 1O O) GO TO 14
I F I I L A T X . E G . 2) 00 TO 109
I L A T X  2

l i - S  H AT • 0
1 1 4  I L A T  • I LA T  • I

IF (J L A T (1 , IL A T ) ,NE.I SE)T ) 00 10 120
CA L L  TR A C ~~10 )

4 (•)
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B~S1 AVAtU~ E COPY
I r U L A T x , E o . 3 )  GO TO 120

109 I F (J L A T (1 , I L A T ). EIi .Q) 00 TO 14
5 (20 IF )  I L A T .LT .iLA T T  00 TO 1)4

115 N L A T ( I 5 ~~CT ) 0
1 .1$ I S E C T U I

2 1 .1 .1
I F I N L A T ( l ) . tlT .N LA T (I S E C T ) ) I S E C T .I
IF’ ) I . L T . I S E C T ) O O T )  2
IF’ ) N L A T ( 1 S E C T ) . E O . 0 )  GO 10 116
C A L L  L O A U I I S E C T )  $ N L U A D  • PI LOAD • I
90 TO 113

116 C A P t  • 10H40 MA N H I T S  01P2 • 4)45 •
~R I T E (  6, 510 ) C A P I ,  CA P 2 , M V I I
s R I  T E I 6 , 5 0 4 )
C A R l  • l O ) I N O M M A L I Z A T $  LA P ?  — I O N I O P I  FA C T O R S CA P 3  • 3)4 a
w R I T E )  6, 5 0 9 )  C A P I ,  C A P ? ,  L A P 3 ,  SP O T
W R I  TEI6, 504)
C A P t  • IO N I S E E D  U $CA P2 • I O M J S E E D  a
N R I T E ( i 5 ,5 1 f l  C A P 1 ,I S E E U ,CAP 2 ,JSEED
w R I T E I S ,  504)
C A P I • 1 U N N O  DISC LOS CAP’ 2 U 4NA D U

• W R I T E )  6 , 5 l O ) C A P 1 , C A P 2 , N LU AD
C A L L  E D I T
I L A I X  • 1
N L A T T  a 0 $ l IMI TS • 0

220 IF (NFL 33 .t9 . l) 00 1 0 117
l F I N FL03 .~3T. 2) GO 10 999
I F I 1 P T .E~~.4PTS) 80 TO 11 7
GO TO 12

999 I F ( I H I S T , L T . I J I I S I )  00 10 14
I F ( IP T .L 1 .AP T $ )  03 TO 12

117 S T O P
98765 C O N T I N U E
98766 C O N T I N U E

• R 1 I E( 6 , 5 1 7 )  S C I4 1  ,SCA TT ,N L O A D , N T E S T ,I L A T , I I L A T T ,I S E C T , I LA T X , I S E C T T
• 5 1 7  F O e~4 T  1 2 ( E1 2 .4 ,2X ) ,7)) 4, 2 X ) )

w R I T E )  6 , 5 1 8 )  Pll D Y , P ~3 O X , S C P I , 4 0 E L , 1 M 1 S T , 1 P T , NA R C, NPT5
518 F’ )~~1 A T ( 3 I E 1 2 . 4 , 2 x ) , ~~ ( 10 , 2 ( 1 )

~d P I T t ~( b , 5 1 7 )  GM ID , 5 ( P 1 ,  I M K P T , S P L T
5 19 F O N P A I ) 5 ( E 1 O . 2 , 2 X )  , 14 , L20 . 1 2 , 2 X , / , f 1 E 2 0 . 1 2 , I X ) , / , 6 1 E 2 0 , 1 2 , 1 X ) , / ,

• 5 ( E 2 0 . 12 ,  I X ) )
w P )  TE( 6 ,52 0) PS, P)),DE ,P’C ,DE LR , MF L (1 3

52 0 f O IM A 1 ) G ( E 1 2 . 4 , I X ) ,/,4 1E1 2 . .1,l X ) ,1 4 )
w I I I T E I 6 ,521 ) R j , R 2 , GC P , O C ) 4 , N F L G I ,N F L 3 2 ,3 D ),SU2 , QW 1, 5w2

52 1  FQ T ( 4 ) E 1 2 . 4 , L X ) , 2 (1 4 ,2~~),~~(E 12. d , t X ) )
N P I T L  6 ,5 .2) SLR , XL 1 , X l.2 ,XL3 , 4 I I T S , D I S T ,1 D 1 5 1 ,NCE L L

522 F O~~’~AT (4 (E1 2 .4 ,l X ) ,  I 5 ,/ ,l O ( E 1 2 .4 , I X I ,/ ,10(E1 2 . 4,IX),/ ,1I ( I5 , 1X ) )
w R I T E ( 8 ,523 ) F A C T

523 F O R M A T )  I 1 1 E 1 2 .4)
W R I T E ( 5 ,524 ) W P ,W ,P ,P0 ,SULSI ,SPC T ,ISEED ,JSECU

41
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r -

RESI AW1L~2~E COPY
524 F O R N A T 6)E12.4, IX) ,/ ,61C12.4, iX) ,/, 4 )E12 .4 ,tX ),2( I9,*X ))

S w R I T E C 8 ,504 )
W R I T E ( 6 , 5 2 5 )  l i LA ?

525 F O (i H A T ( I O (2 X ,  15 ))
w R I T E )  8, 504 )
W R I T E ( 6 ,525 ) JLAT
w R I T E )  6, 504 )
STOP
[ND

C
C

S U B R O U T I N E  All
COMMON / M I S C I R I  , R2, OCR , GC)1,NF LO I , MF LO2, 501 , 502 ,0w ), Ow?
IF (NFL82 .GT. )) GOTO 2
CA LL 1501
00 TO 3

2 C O N T I N U E
I F ( N F L 9 2 , G T . 2)  G OTO 3
CA L L  B I V A R

3 R E T U R N
END

C
C

S U B R O U T I N E  A R C ) N A R C )
CON M A R C  • 1 IS U N I F O R M , NAR C  • 0 IS I S O T R O P I C  lE COS IN C WE IGHT E D

C O M M U N I S O R S / WP (3) ,w (3) ,P (3 ) ,PO (3 ) ,BUL$I) 3 ) ,SPC T ,I$EED , J $EED ,
• SNT , CST
C O M M O N / M I S C / R % , R 2,GCR ,BCH ,NFI_Q1 ,NFL G2 ,SDI,5D 2 ,GWI,0W 2
IF ( NA R C .E0 .0 ) GO TO 2

1 X I U U M A N 3 1 ( I SE E D )
X 2U U N 4 N 3 1 ) I S E E D )
X I S  • X I a * 2  $ X25 • X2’*2
Tax 15+X2 $
IF )T . GT .l.0 ) 0010 1
5’4P)4 1~~2 .O,X1’X2/T
CS P I 4 1 493F’ ( )X IS—X 2 8 )/T)
GO TO ‘S

2 C O N T I N U E
CSP M I a U R A N 3 1 ( I S E E O )
S N P N I  • SGR T F(i . 0 • CSVNI * .2)

3 CO N T I N U E
P) 3 ) • ~ 2 ’ CSPI4J
P 1 1 )  aPi2. SM P il l. CST
P )2)•N2 .SN PNI.SNT
R E T U R N
END

C
C

• S U B R O U T I N E  B I V A R
C O M N O N / S O Q S / . I P ( 3 )  ~ N (3) ,P( 3) , P0 (3 ), SIJLSI( 3) , SPCT , ISE (D,JS [ED,

42
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~~ B~5~ 
COPY

. SN T ,C ST
CO P 4 M O N / M I S C / N i  , R2, GCR, GCN ,M FL G I  , P4 FI, 02,  SQ* ,SD2,GW 1,5j42
1F ’ W P 1 3 ) .E9.a) .O GO T 0 5
IFP4P (3 ).E0 .1 .0 ) 0010 5

• IF( ) P N I 1 .t’~.1 ) GOTO *
PS 1 • ~~l’) 3 )
P S 1 a A N C C O S (P S ()
t)4E TU P)2) /SQRTF (1.0 .WP)3)*.2)
TIIET• AP CCO S ( THEY)
I P R I M ~~l
SPCT~~1.0
501 — SO I .3.14 I59/18O .U
SD? • 502 .3.14159/180 .0

• 1 C A L L  N 9 A N 3 1 ( R ) 4N I ,RNPI2 ,JSEED )
DEL •S02 .RNN 2
))NN3 U U 4 *N 3 11 ISEED )
I F  I RP, 4 3 , 3 T . O . 5 )  DEL*sDEL
PSIM ~~~S14OEL
w (3)U C35F(P8 1p l )
DE L• S I) I*RN ‘I*
R W P I 3 • U R A P I 3 I (I S E E D)
I F ( N N ~)3,3T .0.5)DELU ..DEI,
T iIE TNU TI ET +OEL
5 I N T U ~~1N T F ( 1 . O~~WP (3)..2)
.1) 2)•~~INT .C OSF ) TIIETH )
W ( 1 )U S I N V .S T N F ( T N E T I 4 )
w R I T E )  5 ,10) WP ,w ,P,RNN1 ,R P4P42 ,TME TI4

1 0 FORP IAT( 6)[ jO .3 ,2X) )
S RET U R N

END
C
C

S U B R O U T I N E  B O x ( I ) 4 1 T )
D I M E N S I O N  P I N ( 3 ),POUT (3),NPL (2)
D I M E ~J S)0PI P1( 3 ) ,P2 (3) ,P3(3), P 1(3 P ,P5 (3 ) ,P6 (~3)
C OM N ON /S 3P3 /W P (3), W( 3 ,P(3) ,P0 (3) ,SULS I(3) , SPCT ,IS[ED ,JSEED ,
SN T,CS T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• . I N I T a O

CON Pt A N D  P2 IRE X a O A N D  *aXL I INTERCEP TS
• Pt (j)~~Q .O $ P2 ())•X LI

IF(w (1).[Q .0.0) 0010 1
Z Q a — P ) I ) / W ( 1 )
P1 )2)Uw(2).19,P (2)
P1 ) 3) U w I  3 .29+P) 3)
29U Z 9 + X L I / A )  1)
P2(2)•~~(2).i9.P (2)
P2 (3)U4(3) .l9 •P (3)

CO N *• O A N D  X U X L I  P L A N E S
CON C )4ECX FO R SOW INTERCEPT

.1 3 
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IPIP1 )2 ) .GE. XL? .OR .P1 (2).LE .0.O I G O T O  S
I F (P i )3) .OE .XL3 .OR .PI (3).LE ,o.0 )GOTO S

• I M I T U I  S N P L ( t )a I
DO 100 1.1,3
P IN )! )•P1 I I )

10 0 CONT I N U E• 5 lF (P 2 )2 ) .GE .XL2 .OR .P2)2) .LE .0.0)GO TO 201
IF )P2(3 ) .G(.5L3 .OR .P2 1$) .LE .0.O )GO TO 20 1
II II T ’I)IT•i

• 00 7 IU I , 3
I F) IIII T ,[G ,2)GOTO 6
P IN (I ). P 2(I) $ N PL) 1)ai I GO T O 7

8 POUT (I).P2(I) S N PL(2 )a2
7 CONTINUE

20 1 IF III IT.EO .2)GOT O 20
CON P3 A N D  PA A R E  V.0 AN D  Y • XL2 IN TERC E PT S

1 P3 )2)•0.0 S P4)2)•XL2
• IF (w(2 ) .E Q .0.O ) GOTO 3

iGa— P )2)/W(2)
P3U )a w (1 .19,P (1)
p 3 ( 3 )U w )  3).i9+P)3)
19U Z 9’WL 2/W (2 )
P4 )1 a W l  1 ).19.P ) 1)
P 4 (3 )U W ) , )).29•P (3)

CON Y•0 A ”40 Y •XL2 PLAN ES
l F ) P 3 ) I ) . l3E .X LI .OR .P3 )I U LE .0,0 ) GOTO 10
I F ( P 3 ( 3 )  ,tl[.X L 3 ,OK .P.3)3).LE ,O, 0) G O TO 10
I , I IT U I l I t , i
00 101 I • t , 3
IF ) I M I T . E 0.2 )GOT O 9
P l ’ d ) I ) • P ) I )  $ N P L ( j ) • )  $ Q OTO 101

9 P O J T ) I ) U P 3 ) I )  $ NPL)2) .3
10) CD ’4 T I N J E
10 I F I P 4 )1) .GE. X L I . O R .P4 (i),LE .O.O ) GOTO 202

I r ( P 4 ( _ 3 )  .GE. XL3 ,O)).P4(3).L€.0.O) G O T O  202
I I I T U I  ill .)
DO 12 Iu 1, 3
I F (IM I T .E 1 2 . 2 )O O T O  It

- • P I N ) I I a P I ) I )  $ N PL (t ).4 S I3OTO 12
11 P O U T ) I ) — ~ 4 ) I )  S N I ’ ( ( 2 ) U4
12 CO N T I N U E

20 2 l I ) 1 i I T .E Q . 2) G O T O  20
CON P5 A N t )  PS A R E  7.0 AN D  Z •XL3 INT E R C E P T S

3 15)3)•0.O S 56 (3) .XL3
IF ) N ) - S ) .EG .0.O) GO TO 203
i 9 . — P ( 3 ) I W ) 3 )
P5(1 a W l  1 )  .Z 9 + P )  I
P5(2)•4( 2).i9+P)2)
ZGU ZO.X L 3 /W ( 3 )
P 81 1  )U4 (  ~ ) .79. P) 1)

4-4 
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P6)2)~~w ) Z).29+P(2 )
CO N 2.0 A N U  i .WL3 PLANES

IF ) P5 (i) .GE .X L I , OR .P5( 1) .LE.O, 0) GO TO 16• lF (P5(2) .Gt.~~L2.OR .P 5 t 2 .LE .o.o) GOT O 16• I N I T U I I I T + )
DO 1 5 1.1,3
I F )1NIT .t0.2 )GO TO 14
PI N ( I ) S P 5 (I )  $ N P L I I ) a S  S 0010 15

14 POU T )I) .P5 )I) $ PIPL (2 )U 5
• 15 C 0 ’ IT I .~UE

I F ) I i lIt .LO .2) GOTO 20
lb IF )Pb) 1 ). QE .X LI. OR .P6 )l) .LE .o.0) G0TO 203

IF )P b (2).0E,XL2 ,OR .P6 )?) .LE ,0,0 ) GOTO 203
I M I T • I I I T + i
DO 1 8 IU I ,3

• POUT(I)•P6 (() S N PL )2 )aö
16 C O N T I N U E

203 IF (1’1IT .E 0.2) 00 TO 20
l r ) I MI T .[Q.O ) GO TO 52

CO N Q U E S T I O N A B L E  R A Y
19 P R I N T  5O ,W, P
50 FORM AT )6C1 4 .7 )

GO TO 52
20 18a0 ,0 S 19.0.0

DO 21 la l , 3
28a25 ’ (PIN ) 1 ) — P C I )  )* ‘ Z
19.i9~~(PDUT ( I ).P) 1) a.?

21 C O N T I N U E
IF )Z8 .LE .19) 0010 23
00 22 1.1,3
Z7 .PI N ) I)
P I N I I ) • PO U T ( I I
POUT) 1 .27

22 C O N T IN U E
17.NPL )1 ) S 26.28
NPL ) 1 )U N P L ( 2 )  $ 16129
N P L ) 2 ) . 1 7  5 19•L6

23 SLR • S C R T F (19) • SQR TF (Z8 )
25 00 51 1.1,3

P I l l  • P 1 ) 4 ( I )
51 C O N T I N U E
52 RE T U P I N

END
C
C

$ U G R U U T I ’ I E  CHECK
C O M M O M , SO R S / WP( 3 ), W(3 )  ,P( 3) , P0 13) , BU I.S1 ) 3) , SPCT , ISEED, JSEED,

• S M T , C S T
COM MO PI/ LA T IX / G R ID (4) ,B II PT,I B K P T ,SP L. T (19)
00 1 I • 1,2

45
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BEST AVAILA2~ECOPY
- IF ( W )l) .WE. 0.O) GO TO I

* a P ) I ) / G R I D ( I )
IX • XF IsP1 *)
l F )X.N I .FLOATF ) I X ) )  011 TO I
* • U R & P I 3 i ) I S E E D )
P C I )  • P i t )  • 0.00001
IF (X.GT .0,S) P 1 1 )  • P ) I ) — 0.00002

1 CONTINUE
IF) W (3) .ME .O.0) 00 10 ?
IF IP (3) .GT, BKP T ) (30 TO 3
* • P ) 3 ) / G R I D C 3 I
IX • XII * F) X )
IF ) X .’IE .F L D A T F (IX ) )  GO 10 2
G O TO 4

3 I • C P (.3 ) • W K P T ) /GR ID ) 4 )
IX • *F IXF (X)
I F I X .NE. FL OA T F ) I X ) )  GO T O ?

4 K a U R A M 3 I ( I S E E O I
P (3) • P13 ) • 0 .00001
IF )X .GT .Q .5) P 1 3 ) • P 13 ) • 0.00002

2 CONT INUE
RE TU P IN
END

C

C

S U B R O U T I NE CM O S S C S L R C )
• C OMMO N / LATEN / JLAT )2 ,IOU) ,NLAT )20 ), ILAT,N LA TT ,ISE C T , !LA TX, ISE CTT .

• PLA I (4 , 100 ), PT A RI 6 , IOU ) ,PSD Y ,P BOX,SCP T , M D FL,I )4I ST, IPT ,NARC , N PTS
C OM MI)M/ POIN T / P S )3 ) , PR).l ),PE)3 ),PC (3) ,DEL R ,NFLG3

• C ON N OM #S OR S /W P (.3) ,W) 3),P)3) ,PO )3 ) ,BUL S I )3 ) , SPCT ,ISEED , JSCED ,
• SNT, C ST
COM N O N / LA T IX / GRID (4), BAPT ,1B l( P T ,SPLT(1 9)
C 0Mli U~~/ L A T  I N K  , NY ,  Ni, PIS ECT ,  151.

C IP) OETER ’t I P4E$ IF SE CT iON ( HOSSIPI G
ISE C T TU I S E CT + l
SLNC • 2000000 ,0
IF ( W (3) ,G [.0.0.A ND . ISECT.E 11.N SE CT )GO TO 3
IF )W( 3) .LE .0.O.ANLI .I SELT. [U .i) 30 10 3
IF (I(3) .EO U O.O ) 00 TO 3
IF )w(3) .LY .0.0) GO TO 1
F C C ’S ) • SPLT(ISEC T )
GO T O 2

1 PC (3) • SPL T )ISECT — 1)
I S E C T T  • IS ECT — 1

2 C O N T I N U E
SLRC U )PC (3) U PS I3) )/W (3 )
P C ) 2 )  • PS I? ) • w ) 2 ) a S L R C
PC )1) • P5( I) + w )j)’SLRC

3 R ETU RN
E ND

46
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8~S1 AvAl~~~ WPN
SUB R O U T I N E  EDIT

• C OM M U N / M A i ) N / MA N ) I t O ,5 5 ,6 )  ,NT [ST
C O M M O 4 / E V A L / V I ) 2 0 0 ) , N V 1 ( 2 0 0 ) , V 1 2 C 2 0 0 ) , F A C T ) L I )

• s C O ’ i 1 0 4 / T N A C / S L R , X L I , X L 2 , X L 3 , N N I T S , D I S T ) 2 , t f l ) ,I D I S T ) 1 O ) , N C E L L
C 0MM J~I/SJR$/WPl3), W(3) ,P I3l ,P0)3),BULSH3 ) ,SPCT ,1SE[D ,JS EE D ,

* S N T , C S T
100 F 0RI AT (1 ,l I
101 FOR M A T I  &10,SX ,A 1 0 , A 1 ,2 X ,A 10 ,A j,58 ,A7 )
102 F O P I M A T ( I I O , A5 ,E It. 4,A2 ,CII .4,A 5 ,I71
103 FO i M A T (5A 10 )
110 F O R M A T )i I 4 1 )

CA PI • tO N IN CR EM E N T S  CAP2 • 511. • .5 C*p 3 • 2N+a
C ARd 5 7 414 0 R A Y S  S CAP5 • ION S T A N D  OEV S CAP A •
CA P 7 5 1014 VUL INDES CA P 8 I l I l * S CA P 9 a I O H ~ • — — a
CALL V AR
12.0

10 I P I T E ) 6 , I I O )
W R I T E )  6, 101 ) CAP 1 , CAP? , C AP e , CAP5 , CAP 6. CA P4
w R I T E (6,103) CAP 9 ,CAPO ,CAP 9 ,CA P 9 ,CA PO

• 11 Il • IL + I
It ? w R IT E (6 ,102 ) I Z ,CA P 2 ,V 1  I Il) ,CA P 3,V 1 2 ) Il ) ,CA P 2 , N V I )l7 )

1F ( NV l( I2 ,1 ) .E Q .O) 00 10 20
I F (M U U II Z,5 0) .EQ .0) 90 TO 10
GO TO 11

20 R ETURN
E N D

C
C

SU S R O U T I N E  EV E N (JEX IT)
CON B R I N O S  PBD Y To E V E N  N U M B E R  OF OE LR OR EXITS B OX OR CROSSES SECT ION

C O M M U N / M I I N N / M A 1 1 ) 1 1 0 ,55,6),N T E S T
CON r I U N /L A T [ 1 4 / J L A T (2 , IO U ) ,N L A T ) 2 0 ) , I L A T , S L A T T , I S E C T , ( L A IX ,1$ECTT,

• • P L A T ( 4 , l00 ) ,PTAR (6, IO U )  ,pBOY , PBO X , SC P T , NO F L ,I N I S T , I P T ,N A R C ,NPTS
C O M i O N / E V A L / V I )  200 ) , N V I )  2 0 0 )  , V 1 2 ) 2 0 0 )  , F £ C T (  I I)
C O I M U N / S O R S / W P ( S ) , w ) 3 ) , P ( 3 ) , P U ) 3 ) , RU L S I ) ’ S ) , SPCT , I S E E D , JS [E D ,
• SN T ,C ST
C D M ” O N / T R A C / B L R , XLI, X L 2 ,XL3 ,NH I T S , D I S T (2,10 ) ,1DIS T (IO ) ,NCE LL

• C O M M U ’ 4/P OIN T IPS )3), PR) ) ) ,PE (3 ),PC (3) ,DE LR ,MFL03
J E X I I  5 0

7 C A L L  C R O S S ( S L R C )
PP~~L • P& DY — OE L R .FL OA TF IN DEL )
29 • O[I.R • POE) .
CF (SLRC .LE.19) GO TO 20
IF (S L R  • PSOX .LT.19 + l .O E—10 ) 00 TO 21
CALL L AT IS(P S , I,J ,K )
CALL L QCA TC (~~,l SE CTT )
I F (MAMII ,J, K ).E0 .U) 00 10 31
Rh • U R A N 3 I ( I S E E D )

- -- 
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BEST AVAI LABLE CC~?
-

- 00 2 12 • 1,3
PC)11) • P9 (12) + 1 9 • R ) I Z )
F R I l L )  • P5 (1!) + Z9eW) l! )~~R N1

2 C O N T I N U E
CALL L A T I $ (PE,I ,J,KI
C A L L  L DC A T E I K ,ISECT ?)
IF (M A N ( I , J ,R I .Eo .o) 00 TO 3
C ALL L A T I S (P K ,I ,J ,Kt
CALL L O C A T E ) K ,ISCCTT )
IF )M A r ’ I l ,J ,K ) .EU ,O) 00 10 3
C A L L  SCOR[ SC,ISC ,I,J, A )
SCPT • S C P T  • 2 9 • S C a F A C T I I $ C ) / D C L R
I N K • 11
wRI TE( 6 ,l00 0) PS ,PE, W ,I N X

1000 FO RM ATI 9 ([12 .4,IX ) ,/,lS)
DO 130 II • 1,3
PS)!!) • PE)IZ )

130 CONTI NUE
PBOY • D E LR aF LO A TF(M0[i. 1) S P80* • PlOW • 29
O 0 T O  51

3 CALL TRA CE) Z9)
Ii • 0

• S U • IL • 1
IF ( DI 3 T)2,I Z ). E O, 0,O) GO 10 14
PDEL • P UE L • P 1 5 1( 1 , 1 1 )
ISO • I D I ST U ! )
IF ( PUEL.L T .DEL R) GO TO 17
0I ST )1 .1i ) a D 1 S T C I ,I Z )  • FOCI.  • OELR
M CCL ). • 12

17 SCP T • S O P T  • OIS T) I ,Ii).DI ST (2,Il) .FA CTII SC )/D[LR
• P GDY • P O O l  + D I S T (I ,1 i )

) 4  P80*  • P~~O X + D I S T I L ,g S )
00 6 IX • 1,3
P S (IX) • P S (IX ) • DISTII ,IZ ).W(11 )

6 CO N TI NU E
IF(1i .L T. NC E L L ) 30 TO S
IN K • 12
W R I T E  (6, 1000) PS ,PE,W ,INX
I P~~P DCL. LT.D [LR) GO TO 7
GOTO 51

6 CALL C ROSS )SLRC )
31 IFISLwC .I.E .z9) GO TO 20

IFI St. w — P30X .LT .19 + t .O[—1D ) GO TO 25
D O 9 Il 1,3
F E ) ! ! )  • PS)!!) • 1 9 •WIIlP

0 CONTI N U E
CALL L A T I S I P E ,  I ,J ,K)

• CALL L O C A T E (A ,ISECT T )
I F (P ) A N ) 1 ,J ,K ).GT .O) GO TO 3
DO 62 12 • 1,3

48
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BEST AVAIL/~2~{ COPY
PSI !!) • FEl l !)

62 CONTI NUE
P 6 0 1  a P5Ø ~ 4 29
29 • UELR
I’ll • 13
W R I T E  (8, 1000) PS,PE ,W , INX
GOTO B

20 IF(S LPI — POO X .LT .8LRC • 1.O E —l0 ) GO TO 26
IFLAII • 1 1 Z~ • SL RC
30 10 29

28 I F L A G  • 0 $ 29 • SLR — P80W
29 CALL TR A C E ZO )

2 ) 4 *  • 14
W R I T E(b , 1000 ) PS ,PE, W , 1)4*
I! • U S IFL AO 2 • 0

21 U — I! 41
IF C D I $ T 1 2 , 1 1 ) .EG .U.0) GO T0 24
I S O  • I D I S T ( l F • )
POE ) .  • PO E ) .  • D I ST I I , 1 i )
I F )PUE L. LT . DEL R ) GO TO 27
D I S T ( 1 , I 1 )  • D I S T I l , !!) — POEL 4 OE LR
N C C LL • I! S I F L A G ?  a

27 SC~~T • SOR T • D I S T ( l . I L ) e D I S T ) 2 , I Z )a FA C T ) I S C ) /D E L R
P801 a P B D Y  4 D I S T ( I , I 1 )

24 P50K • P60K 4 D I ST )1.I L )
DO 25 IX a 1,3
P S (I* ) •PS)IX ) • D I S T I I , I Z ) • W ) I X )

25 C O N T I N U E
I F ( I L . L T .’-ICELL ) 90 TO 21
I F ) I F L A ( l? .C Q .1) GO TO 61
JE X I T  U 1
I F ( I PL A G .E 0 . 0) 03 10 52
IF (lIFL~ J .€~~.3) N LA T T  • 0
I F ( IL A T X . G T . t) 03 TO 40
N LaT T • N L *TT 4 1 S Ii a NL A T T
GO TO 4 1

40 IL • II. AT
• 41 C O N T I N U E

N L A T ( I S E C T T )  • N L A T ) I S L C T T )  • I
C A L L  L A T E N T )  1 ,IZ,I ~C)
I F I N F L33.LT .3) @0 10 1 00
C A L L  L 3 A D ( I S C C T T )
I SECT • ISE C TT $ ILA T • I
30 10 100

52 i9 • u E L N • F L O A T F ) N D E L )
I F (P t 4 U Y .EU .Z~~) GO T O 50
RPI1 aU N A N 3 I ( IS E E O )
Ir(R NI. G T .PN U Y — Z 9 ) G O  TO 50
SC • S C P T . D E L R / ) P 8 D T  a Z 9 )

GO T O 51

49
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BEST AVARABIE COPY
so sc • 0.0 5 00 TO 100
51 NOEL • MDC I. 4 1

C A L L  T 1t.).Y)NIJE L,$C ,ll )
100 SCPT • 0.0

~IE T U R N
EN D

C
C

SUSR QU T I4E MCMI
C O N P I O M / $ O R S I W P )  3 ) ,  W I  3)  , P ) 3 ) ,  P0 I ’ S )  , S U L S I (  3)  , SPCT , ISEED , JSECD ,
• SN T ,CST
CO MMO N /l i ) SC/RI, R2, 9CR , 0CM , NF(_ Gl, NF) .G2 , $01, 3D?, G RI,  SW?
IF ) N FL G1 .EJ . B )LIOTU 6
CS TMT • U R A N 3 I I I S E E D )
1.112
3010 1

a WaSQIITF(GCR ..2.OCPI ..2)
CSTI4 T~ 3CN/R

1 *1 U U R A N 3 I ( 1 S E E D )
12 • JR AM ’ S I I 1 S E E O I
* I SU* l a .2
K 2 S•K2. . 2
I aX 134 *25
IF IT. 0E ,1.0)GOTO I
CSPHI•)XIS .X 2S) /T
SNPN1 a 2 .U .X t .X2 /T
XI • UR W M J I (I S E E D )
I F ( XL.G T ,0.5) GOTO 2
SN PM I . S  ‘1PM I

2 SN TM T •SQRTFU, 0.CST HT .*2)
wP) I ) U SN I P4 1. 5 M PH I
wP( 2)•S1I T plT.CS PHI

IFINF I.31.E 3.2) GOTO S
I F ( N F LG I ,GT ,5) OO TO 3
WP (3) •— W P ( 3 )  S GO TO 8

‘S I F I N F L G 1 . RT . 5 )  0010 5
X 1 .A dSF),d ~’(2) I

• W P ( 3 ) U K l . W ~~ ) 3 )/WP )2 )
IF)NFL3 I.GT. 4) GOTO 4
w ? ( 2 ) U 1 1  S 6010 8

4 • P ( 2 ) • . X~ S @0 10 6
5 )F(N FLGI.9T . 7) 0010 6

Il.A W S F I W P ( I )  I
W P(3) S * 1 .WPI3) /WPII)
)F ( M F L G I . r ,T .b) 0010 7
WP)l) •*1 9 9010 5

7 w P ) 1 ) • . * 1
6 DO 10 !•1,3

P0 ( I ) • P 4 . I P I I )  S IP(I)a•WP)~~)
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BFST AVAILLE COPY
P ) l )  • P0(I)

10 C O N T I N U E
R ETU R N
END

C

C
SUBR O U T I N E  IN X3

CON C A L C U L A T E S  E X I T  P O i N T  FROM CELL
C0MP )QN/T ~~A X / p t (3 ) ,P2 I3) ,uOU ND(b ) ,p L1 ,pL2 ,pL 3, Z9
CO NMON/ 5 3R5/Wp( J ),W) ’S) ,p (’S),pO (3 ) ,10LSI )J),SPCT,JSEED, JSEED ,
• SNT,C ST
I F I M I I ) . E Q . fl .0) 30 10 2
P2)1 ) • FL )
29 • (PL 1 • P I ) 1 ) ) / W (l I
P2)2 ) • P1( 2) • Z9•~~(?)P2)3) • P2 (3) • l9*~~I J )
IF )P2 )2I .GT .8OUNU (4).OK ,P2 I2 ) .L T .BOUND )3 )) (30 10 2
IF)P2 (3) .GT.8O UNU(6) .UM ,P2)3 ) .LT ,oOuND(5 ~~ 60 10 2
90 111 3

2 IF (W (2) .EQ. 0.0) GO TO 3
P2 (2) • FL ?
29 • (P1.2 - P I (2)) /W )2)
P2 (I) • ‘1(1) • 1 9*W (l)
P2 (3) • P 1 ( 3 )  • 19 •W)3 )
IF (P2)1) .@T.BOUNU)2 ) .O W .P 2 1 1 ) , LT . B O UN D C I ) )  GO TO 3
l F l P ~~)JI .OT . d O U M D l b ).OPI.P2 )J} .L T ,3DUND( 5 ) ) 00 10 3
GO TO S

3 IF(W (-3) .C0.0 .O) GO TO 4
P2 ( 3 )  • P1.3
19 • )PL3 • P 1 ) 3 ) 1 / N I ’ S )
1’Z(t) a P I l l )  4 Z9~ W( 1 )
02(2 ) • P 1( 2 ) 4 29*5)2)

P2(l).@r.8OuMLH2).O~’.P2d 1~~,L.T.a0UVO11); oo TO 4
I F( P212 ) .@T .800NDI 4 ), UM .P 2 (2).LT .BOUND(3 )) W O 1 0 4
00 TO 5

4 C O N T I N U E
• COP ) T R A C E  E R R O R

S C O N T I N U E
R ETU RN
(ND

C
C

SU B R O U T I NE ISOT
COM PI O N/ SO~~9/W P (3),.(3),P) ’S),P0 (3 ) ,BtJ LS1 (3 ), SP CT,ISEEfl ,J3EED ,

• SN T , C S T
COMMON / ’1 I~~C / W 1 , R�,G CR, V CH ,N F L G I ,N F L G 2 ,S01,SD2 ,0WI, GW2
XI • U~ A ’43 1 (1S€ED )
IFI R2 .3E.R1 ) 3010 1
CST M T 2.U a X t l.0 S SPC Ta I. 0
3OTO 2
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BEST AVAIL’AC~ COP Y
1 12 • S G R T F C R 2 . . 3  •S SPCT • 1.0 — 12

C S T M T  • 1,0 • XI* (1 .0 • 12)
2 11 • U R A N 3 I (1 S C E O )

*2 • URAN ’ S l (I $ € E D )
z15•Xla.2
*255*2.*?
I • K I 3412$
IF (T.13E,l. O ) GO TO 2
C S P 1 I I • ( X I S — X 2 s ) / T
SNPM I U2 . u . X 1a 1 2 / T
Xl • J R A N 3 I ) I S E E D )
I P 1 X 1 . S T .O.5) 0010 3
S N P M I U — S 1 d P M I

3 Tl— .P)1) ..2 .Mp )2) .a2
T 3.t.OaCS T MTI.2
T 4 a T J / T l
I FI T1 .3T. I .DC — l O )OO TO 4
5)4TII TU SG )RTF ) 13)
al 1)u4 ’1T ’4TaC SPPII
W )  ? )aSM T PI Ta S P4PHI
.1 3) .0 ST IT• SF1 3)
3010 5

4 T 2 a S ) J R T P 1 T 4 )
w(l)• T 2.(W P (I).WP (3)aSNPPI I+5p (2) .CS P ’iI).WP(l )aC STHT
S t  2) aT Iw ~~I 2) PIP ) 3) *8NPp11. s O)  1) ‘050111 ) •WP I? ) aCSTII T
S ( 3 ) U W P ) 3 ) * C S T H T . T 1 . T 2 . $ N p 1 4 1

S RETURN
END

C
C

S U B R O U T I N E  1 . A T € M T I I L , I P,PI)
CON STORES A N D  R E T R I E V E S  LATENT RAYS

UI~~EN8IO’. 0 1 1 3 )
CO~i MO )4/M &NM/M A N(1l 0, 55 ,6) ,N T!ST
CO !iMUNIL &1E 4 /JLAT )2 ,tOU) ,N LA T (20) ,1t. AT ,NL A TT , I $E CT, 2I _ ATX ,J SECT T,

• P L A T ( 4 , 1 0 0 ) , P T A R ) b , 1 O U ) , P t . O Y , P B O X , S C P T ,NDEL, IIII ST ,I PT ,P 4A R C, NP TS
C O M M U M / S 3RS /w P)3),N(3) ,P( 3 ) ,00t3 ) ,BU L SI(3 ), SP C T , I S E E D ,JSE (D,
• SN T,C ST

C Q M N O N / T R * C / S 1 . R , X L 1 , X L 2 ,X L3 ,N $ 1 T S , D I 5 T ( 2 , j 0 ) , I D 1 S T t 1 D ) , I 4 C~~L).
IF (IL .3T,O ) 60 TO 2
P801 • P L A T ( 1 ,I P )
P80W • P).ATU ,IP)
SLR • P L A T ( S ,IP )
SCPT • P L A T ( 4 ,I P)
03 1 U • 1.3

~ I ( I Z )  a PTAR(I Z, I P )
S ( 1 Z )  • P T A R ( I Z 4 3 , 1 P )

I C O N T I N U E
ISECT • JL A T )l ,IP)
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BEST AV!JLh3L~ COPY
NO EL • J L A T ( 2 ,I P )
G O TO 10

S 2 P L A T ( t , I P ) a
P L A T ( 2 , I P )  • PHOX
P L A T ) - i . I P )  • SLR
P L A T ( 4 , IP )  U SCPT
DO 5 IL • 1 ,3
PT A R I I L , I P )  a P I ) !!)
*‘ TAR(I Z +3 ,I P) •

3 C O N T I N U E
JL A T ( 1 , I R )  • ISE CTT
J L A T ) 2 ,I P )  • NOEL

10 R ETU RN
(NO

C

C

S U B R O U T I N E  L A T I S I P I ,  I, J ,K)
D I M E N S I o N  PI )3) , P M )3 )
C 3 M M U N / S~ R S/W P I3) ,W( ’S) ,P) 3 ),pOI 3 ) ,9UL 51)3 ) ,3p CT ,l$E(D, JSE (D,
. SN T, C$T

C 0 M M U N / L 1 1 1 x / G R I U ) 4 ) , B * P T , I B x P T ,S P L T ( 1 9 )
C O M M U ~~/ L A T / ’ ~(,NY, NZ .NSE C T, IsL
COM M U r 4 / I N O E * / j 1 , J 1 , K 1

CO N L O C A l E S  C EL L I,J,* FOR PO INT P
00 13 1Z . 1 , 3
P H I l L ) U P I  II! )

13 C O N T I N U E
19 IZ•0
12 IZ .IL+l

IP )Ii.L 1 .3 90 10 202
IF (P ) l f l .@T .i *PT) GO 10 103

102 X a~~! I I1? /G /~IU1I2 )
GO TO 104

203 XB P( P T F L I A T F I I B K P T )
*a *Bi U’t+(~~I (3)..8*PT )/ 9NID(4)

104  I X F 1 X F ) K )
• l F ) X . L T . O ,O )  K a K • l

I F ( W (IZ) .@T .O .O )  l K a X . 1
Xi ( •F L UA T F )  1*)
XX *U K . XX
I F ( W (  IL) .31.0,0) X X X • — X X K
I F (X X X .UT .l.OE — 1 2 )  00 10 107
I F ( I Z . L T . 1 )  GO TO 105
IFIXI .LT .131(PT ) 60 10 105
P I ( 3)~~8~~~T 4 ( X X — X 8 X P T ) . 0 R I D ( 4 )
PH ) 3)~~~ 1 l 3 )  SG0 TO 3

205 P 1 ) IL ) aX~~.3 R I  0)  IZ )
PH) I1 ) P1 )I7 )  S GO TO 3

107 3010 )l,2 ,I 0),!Z
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R u  irs ’ r f’
~3~SI ~~~~

• a K 1130 TO I?
2 J.’( 103 TO 12

‘S C O M t I N ~iE
• DO 4 I l  • 1,3

PI()L ) • ~I ) I Z )  • O .00000I .WI1 Z )
4 C O N T I N U E

GO TO 19
10 00 11 Ii — 1 , 3

F f 1  I~~3•P 4( ZlI
U CON TI N U E

I • I . I SJ • J . I S K • X , j
I L  • I I J I • J S X~ • II
I F ( I . U T . M K )  I — 1 • I
I F I I .L T .I) I • I • I
IF )J .9T .’1Y ) 3 • 3 — 1
)F( J . L T.I) 3 • 3 4 I

K • K • I
~~ t c .LT .l) K • K 4 )
END

C
C

SU TIROU T I ’ 1€ L O A D I I S E C T )
C L 3 A U S  L E T P 4 A L I T Y  D E S C R I P T I O N  I N T O  C O RE
C I S E C I  E~~J A L 5  S E C T I O N  N U M 1 I E R  TO BE L O A D E D )R L C O R D )  1.3
C NS~L C T  Eo jJA o. S ‘~ UN j E -~ OF S E C )  ( 0 ) 4 5  13)
C U11~~ M E J U A L S  NOIMOER OF V O l t )  S L I C E S  IN L A S T  S E C T I O N  )~~)

CO MM U )4/MA NM /MA~~l 1 1 O ,55,b),NTE$1
C O ” 1 U N / L A T / M . , N Y , N!, N5~~C T , I 3 L
DI- ~~~d 3 I O N  .~A M C ) 4 )

C DEFI NE UIS ~ TILE S TO BE UTILIZED
• D A T A 0 I802 /)0H55io 24 K M A N /

DA TA F ( L~~2 / I 0 p4 0 O D Y  P A R I S .’
C O PEN T I E  D I S C

C A L L  UI SC!)).) ‘S ,NA M E, 0130 2 1
I F ( ’ ~T E S 1 . E ~~.l l  00 10 999

• C A L L  D I S C R U ( F I L C 2 , I S E C T , l , M A N )
GO 10 1000

909 C ALL TE S T( I SE CT )
1000 R ETURN

(MU
C
C

S U B R O U T I N E  L O C A T E ) X P , I 5 )
C M 1 J~i /L *TTX /( 3RTI J (4),6KPT,I8XPT,SPLT(I9IC O M M  )

~~/ L A T / N X ,N Y , N Z , N S E C T , ( S L
COW C A L C U L A T E S  M A N  K F R O M ‘O INT K

I Sa D
21 13 .1341

IF (XP .3 1 . !S .ISL)GOTO 21

34
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BEST AVAIUJ ~:E COPY
10 . 10 • 15L . (I3 — 1)
R E T U R N
EN D

C
C

SU8ROUTI’1E SC~~RE)SC , IS., l, J ,K)
C O M N O N / M A P ’ 1 / ’ i A N c I L a .• 5 5 , 6 , , M r (ST
I S C  • M A N ) ) ,J , K )
sc — FL OA T ’ (I S C )

• R E T U R N
E N D

• S U B R O U T I N E  SOR C
COMNIJ M FL A I E P 4 / J L A T  I 2, l O U )  , N LAT( 2 0 ) ,  IL A T ,  NL A lT , ISECT , ILA IX, ISECTT,
• PL A T ( 4 ,lO O ) , PTA R ( 6 .  1 0 0 ) . PN O Y , F I3OX ,SCPI ,N D E L , IN I S T ,IP T .NARC ,N PTS
CO ’iMON/ S 3R S / .ePIJ ), a(3 ,P(3I ,PO ) 3 ) ,B U L S I ( 3 ) , S CT ,l $E(0 ,J5EED ,
• SN T, C ST

C ON~iO I/ IRA C/ S L R , X L I ,  X L 2 ,  X L ’ S ,  NNI T S ,  DI S T( 2, 10), 10151) 10) , MCCL).
C O M P M ( I N F M I S C / N I ,  1?, OC R , SC M , N~ LG ) , ‘IFLG2 , Sot , SL)2 ,13 W I , (iw?
I F ( I r I I ST . G T . 1 )  GO TO 1~I F ( N F L 3 I . G T . I )  GO TO S
I F ) N P ’T S , r 3 T . 1 )  GO TO 2
00 1 1 a 2 , 3
P C I >  • Po ll )

1 C O N T I N U E
130 TO 4

• 2 DO 3 I — 1,3
P C I )  P T A R ) ! , IP T I
M C I )  • P T A R ( I + 3 , I P T )

3 C O N T I N U E
• 4 C O N T I N U E
• IF( NP~L32.3T.2) 00 TO 13

I F ( N F L 3 2 . G T . l )  60 10 5
• P 2  • ( J ( j )  — O .5.XLtl*’Z

112 • N ?  • (P12 ) — O .5a& L 2 >* a 2
P2 • P2 • )P(3 ) — 0.5*11.3)..?
P2 a S J R Tp l R 2 )
G O TO 11

S CONTI N UE

F P2 • 0,0
00 6 I • 1,3
112 • 12 • ( P t  I) — B U L S L ( I ) ) * a 2

S CON TI NJ E
112 .SURTF C R 2 )
00 7 1 • 1 ,3
UP (I) a IBU L SI )I ) — P ) 1) ) /R2

7 CONTINUE
GO TO 12

8 I F I N F L G 1 , G T .6) 00 TO 9
CALL M IM I
GO 10 10
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BEST AVA~I~-~E C3~Y
9 C A L L  A R C ) M A R C )

10 CALL T R A N S
11 s P ( I )  • (0 ,5.XL1 — PU )I/R2

• P ( 2 )  • ( O . 5* K L 2  • P12)) /R2
50(3) — )O.S’XL3 —

12 CO NT IN U E
C A L L  AD

L ’S RETURN
EN D

C
C

SUB R O U T I N E  T A L L Y ( I P ,SC ,1SC )
CO M M U N / N A M N / , , A M )  11 0 ,55, 6),N TE ST
CO MMUM/ E V * L / V I ( 2 0 U ) , N V I ) 2 0 0 ) , V I 2 ( 2 0 0 ) , F A C T ) I I )
SC • S C . F A C T ) I 8 C )
V 1 ( I P )  • V I ( I P )  4 SC
V I 2 I I P )  • V I 2 C I P )  4 SC~ SC

‘S N V I I 1 P )  a N V I )IP) • I
R ETU RN
END

C
C

SUB ROUTI NE TESTU$ECT)
COMMON/H AR ’1/MAN )IIO,55,3 ),NTE ST
00 12 1 a 1 , 2 1 0
03 12 J • 1,55

• 00 12 K a 1,6
M A N ) I , J ,K )  • 0

12 C O N T I N U E
00 1 I •5O, 60
DO 1 3 •1,55
DO 1 K •I,8
M A N ( I , J , K )  • I — 50

I C O N T I N U E
00 2 3 •24 ,3 2
00 2 I •l,110
00 2 K •i ,8

• M A M ( I , J , ()  • J • 23
2 C O N T I N U E

I F ( I S E C T . G T . B)  GO TO 5
I F ) I S E C T . L I . 7 ) 00 10 5
00 3 1 • 1, 110
DO 3 J • 1,55

00 3 1 • 1, 6
• M A N ) I , J , ( )  • 10

3 C O N T I N U E
S RETURN

(NI)
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~~~~~~~~
•

flrCT A S I A  ft r~;!- Cflfl\/
• • blil MY / -~~~~~

u -
~~~~~~~~~~~~ i Lur l

S U B R O U T I N E  T R A C E I R I
• CO P) T W A C P , S T M R ~~UGH C ELL S A N D  S T O R E S  S C O R E s  A N D V I S T A N C E S

C OMM U N/ ~~3 R S / a P ) i ) , . l 3 ) , P ( 3 ) , P O ( 3 ) , B 0 L S I ( 3 ) , S P C T , I 5 ( ( 0 , J 3((D,
SN T , CST

C O M M O N / T R A X / P I (3 ) , P 2 ( 3 ) ,R UU N D (6) ,p L1 ,p L2 ,p L 3 ,19• C OMM u~4,T11AC/S L R.X L t ,XL~~,A(_ 3,NH IT5 ,DI ST(2,lOI ,(Uf$T(1OI ,WCCLI ,.
• C O I M O N / L A I I X / G R I D ) 4),BIP T ,h(KPT ,SPL T )I9 )

CO11MU M/03 I~~T /pS (3 ) , PR )  ,
~ l ,  P E I 3 )  . p C I 3) ‘ DEL R, N F L G 3

COM M ,J N / I N O E X / I l ,  J 1,11
COP ) I N I T I A L I I E  A R R A Y S

00 11 3 — 1, 5
IDIS T (J) • 0
00 11 1 • 1,2
DI S T (I,J) • 0.0

11 C O N T I N U E
DO 12 3 • 1,3
P1 (J ) a PS(J)

12 CONTI NU E
NCELL  • 0 5 PC(LL a 0.0

10 N C~ LL • N CELL 4 1
C A L L  L A T I S I P I ,  I,J ,K)

• PL 1 • G P I O ) I ) .F L O A T F ) I t )
P1.2 • G R I Q ) 2 ) * F L O A T F ) J t )
I F ) K .G T . I I ( ( P T )  GO TO I
P1.3 • . N I O ( 3 ) . F L OA T F ) K l l
ZNL • 3 N I D ) 3 )  $ GO 10 2

I FL ’S • b K P T  4 G R I D ( 4 ) * F L O A T F C K 1  — IBKP T )
ZN ! • 01(10(4 )

2 CON T I N U E
aOUNIH2)  • PL~
600110 )4) • PL 2
600110 (6) • PLS
600110(1 ) • PL I • G R I D U )
B O U N U I 3 )  • PL2 — G R I O U )

8OU N U)~~
) • P U — ZN!

• IF).)1).L1. 0.’)) FLI • P L 1 .G W I D ) l )
IF)a (~~).L 1.O .O ) P1.2 • P1.2 — G R I D ) ? )
I F ( a ( 3 ) . t . T . O . 0 )  P1.3 • P1.3 a ZN!
CA LL ) N X 5
C A L L  L O C A T E ( K , I S E C T T )
C A L L  S C O R E I S C , ISC ,I ,J ,K )
O I S T ( 2 , NC E L L )  a SC

• I D I S T ( NC E L L )  • ISC
IFI P CE L L  • 19.GE .N) G O TO 14
UI ST (l, NCE LL) — 79
PCE LL • PC E L 1 .  4 29
DO 13 Il • 1,3
01 )11) • P2(1!)

13 C ONT I N U E
IF ) R  • PCEL 1..UT.10E—12 ) 00 TO 7
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• BEST AVAI LABLE COPY
- - GD TO 20

* 4  D I S T ( 1 , N C E L L )  a R — PC (LL

7 C O N T I N U E
R E T U R N
END

C
• C

S U B R O U T I N E  T R A C K C I L )
C O M M O N / M I N N / M A N )  I t O , 55, 6) , N T E S T
C O M M U t ~/L AT(N/ JLATI 2 ,1OU),N LATC?0),1 LA T ,N LA TT ,1S (CT ,1LAIX,I3(C T T,

• P1. A I  14.1 00) ,P TAW) 6,1 00 ) ,P~~D Y,PBOX ,SC P T ,NDEL ,I MI $T ,IPT , NA R C , N pTS
C O M M O N / E V I L / V  I (200), N V I (2 0 0 ) ,V 1 2 1 2 0 0 ) , F A C T I I I )
CO U N/ E J R S / * p ( 3 )  , .1)3) ,P ( 3) , P 0 1  3 )  , BUL $I( 5) SFCT , ISECO , JSEED ,

a SN T ,CST
C OMI (UN/TR A C/ SL R ,K L I , 1L 2 ,XL3 ,NHI T S, PIS T( 2 ,1O),T QI$ T (IO ) ,MCELL
CO ’iMi)N /0 31 l lT /PS) 3) , 0(1(3) , P E 3  , PC)  3 )  , DE LR , HF LG 3
COM ~ J~~,L .T1x /i 3R1b)4) ,8*p 1 ,I8xpT ,S p LT )l9)
C O I M U - ’ 1 / I N D E X / I l , J 1 ,K 1
CON MU ~ / L 1 0£ / NL 0A D

CO P ) T R A C K S  I N I T I A L  RAY 3 ,UAT (NT8 ,OR RA Y S  RE TUR (~ED FRO M EVEN
80 J E X I I  • 0

I F ( I L .E Q .1 )  GO TO 120
CALL L A T E N T C O ,ILA T, P3 )
•R ITE ) 6, 525) I L A T , N L A T T , ISECT, ISE CTT,J EXIT, NDEI.

525 F O R M A T ( l Q ) 2 X , I 5 ) )
F J U A f l  l ,IL A n  • 0

N L A T (I S E C T )  • N L A T ) I S C C T )  a I
I F ) P D O Y , E 0. D , f l )  GO TO 2
C A L L  E Y E N ) J E X I T )  $ GO TO 4

120 1>0 1 IL — 1, 3
P 3)17 ) • PC I !)

* C O N T I N U E
I N K  • 5
s R ITE )b ,1 0 3 0 )  PS, PE, W ,I N X

1000 FO R M A T (9(E12 ,4, 1X ) ,/,Ib)
0801 • 0 .0  $ P (iOX a 0.0 S NOE L • 0

2 C O N T I N U E
• 4 I F ) J E X I T . E G . 1) GO TO 70

132 CALL LATI S ) P S ,l,J , K)
CALL LO C IIE)K ,ISE C T T)
L F t I S E C T .E G . ISE CT T ) 00 10 43

COP ) STORE L A T E N T
00 25 Il • 1.3
P C ( I Z )  • P5)1 !)

25 CON T I N U E
133 1F )NF U 33 .E ~~.3) NLATT • 0

• I P ) I1. A TX .GT. l ) 00 10 40
NL *TT • ‘ILATT 4 1 S I! — N L A T T
GO TO 41

40 12 — ILA T
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BEST AVAILABLE COPY
• 

• 
4 1 C O N T I N U E

N L A T ) I S E C T T )  • NL A T (ISICTT ) 4 1
CALL L A T E N I ( 1 ,I2, PC)
IF )N FL ~)$.L T .3 GD TO 7 U
CALL L O A U (IS (CT T )
ISE C T • ISECTT S ILA I
GO TO SO

C ON EN D UF LATENT STORAGE
4 3 C O N T I N U E

• CALL CIOSS)SLRC)
IF )SL (1C .LE .OE LR ) 130 10 20
IF (SLM — p S O X .LT .D€LR • 1.OE .IO ) GO TO 30
I F ) M A N ( I , J ,K) .E~~.O) GU 10 7
(CM I • J R * N 3 1 (I SE E O )
00 52 17 • 1 ,3

• 
P E ( I 1 )  • 0 5 1 1 1 )  + OELR~ W )IZ)
PR ) I~~I • P S ( I Z ) + U E L R a s (I Z ) a R N j

62 CONT IN UE
C A L L  L A T I S ) P E , I , J , K >

• C A L L  LO C AIEI ’ ,I S(CTT)
IF ) M A I(I ,J ,K) .E0 .0) 00 10 3
C ALL LIT js(PR ,1,J, K )
C A L L  L O C A T E ) K ,ISE CT T )
I F C M A I ( I , J , K) .10.O) 00 1 0 3
C A L L  SC ORE SC ,ISC, I ,J,~.)

F NOEL U NO EL • I
P5 1>1 — O E L R . F L O A T F ) N O E U )

• PB OX • 0 5 0K 4 DEL~
C A L L T A L L n N U E L , S C , I S C ,

• I N K • 1
w RITE ) 6 , 10 00 ) PS .PE, w , I N X

• DO 13 13 Il • 1 ,3
P S) I L ) • P ((lZ)

13 0 CON T I-10E
30 10 43

3 CALL T RA ~ E (DE 1.R)
• 00 17 • I , P.CEL1.

I F ) D I j T (2 . I Z ) .EQ ,O ,0) G O TO 14
I S C  • I O I ~~V I I Z )
SCOT — S P r  4 D I S T I I . 1 L .DI S T I2 ,Iz) .FA CT) IR C ,DELR
P B U Y  — P~~OY • D I S T I L , I L )

14 PA U l  • 0101 4 O I S T (l , I 1 )
S CONTINUE

• I R A  • 2
sR ITE (6, ~flO0) PS ,PI,s , INX

• 00 6 IL • 1,3
05) 11 ) • P 1) ) ! )

6 CO N T I N U E
CALL E v E N C J E X I T )
GO TO I

59

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •



BEST AVA1L4~ E COPY
• B C A LL CR O S S)SL R C )

7 lr) SL ~ C ,LE. D (LR) GO TO 20
IFt S L M  • P B O X .L1 .DELR • I. O E — 1 0 )  GO TO 30
00 9 I! • 2 , 4
P E ( I f l U p S ( I f l . D E L R~~w ( I Z )

9 CONTINUE
CA LL L A T I S ( PE ,  I ,J ,K )
CALL LO CA T E (’- ,IS C CTT )
I F I P ) A N ) I , J ,K ).OT.0) 00 10 3

61 130 62 I! a 1,3
P 3) 11 ) • 0 1) 1 !)

62 C O N T I N U E
P80K  • 080 1 • 0(1.8
GO 10 5

20 IFI SL (1 • P6OX .LT.SLRC • 1, OE .l0) GO TO 30
CA LL T RA ~ E ($LRC)
DO 21 Il • 1,11CC) .).
IF ) D I ST)2 ,IZ) .EQ ,0.O ) GO TO 24
(SC • 101 91 (1!)
SCO T — SCO T t DI ST )I ,I1 ) .DI ST( 2 ,IZ ).FAC T (15 C)/DELR
080 ’! • P d f lY  • U 1 S T I L , I S )

24 0801 • 0101 • U I ST (1 ,IL)
INK • ‘S
sR I TEIS , 1000) P3 ,PE ,W , I NK

21 CO N TI N U E
GO TO 1-3 3

3D CALL T ICA C E (SL R — P80K)
DO 31 12 • L I NC ELL
I~~I D I S T ( 2 , I Z .EQ.O ,0 ) GO TO 34
:SC • I D I S T C I ! )
SCO T • S C O T  • DI STtI,Ij,.D1 STI2 ,1Z) .FACT)I SC ) ,DE(. R
0801 • P l O T  • D J S T ( 1 , I j )

34 0801 a P60K • D I ST ) l , I S )
31 CONTI NU E

IN X • 4
w R I T E )b ,100 0) PS, PE ,w ,I NX
76 • UELIC.F LUATFIMI )EL)

• I F ) P B 0 V .E O.ZB) GO TO 70
( C N I a U P A N 3 I  ((SEED)
1 F t R N t .~3T .P(iUY—ZB)G O 10 70
SC • S C P T . O E L R / ) P 8 D Y  — 16)

SI N O E L • NOE L • 1
GA LL TAL LY (HDEL ,SC, lI)

70 SCO T • 0.0
100 CONTINUE

R ETU RN
END

C
C

SU B R O U T I N E  TRAN S
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BEST AVAilABLE COPY
C OP) T R A N S L A T E S  POINT

C OM M U .~/T R A C/SLR ,XL 1,X L2 ,XL3 ,MMI T $ ,D I5T (2 ,I 0),tDI$ T)t0) ,wCE).L
CO M MU11/ SD R S/ (~p ) 3),5(3) ,p( 3 ) ,P OI3 ),B U LSI )3),SPCT , ISEED , JSECD,
SN T ,CS T

C OM M O N/M ISC /R 1 ,R2, G CR ,SC)4 ,N FLG 1.NF LGZ ,SD I ,SD2, I$W I,SW2
0( 1 ) FCI).O .5 .XL I
0 (2  )a P (2 )  .0.5.11.3
IF )N PL31,E ,3 .b ) 00 TO 100
PC-3 ) •~~(3),0, 5.X ).3

100 RETURN
END

C

C

SUBR O U T I N E  V A R
COM MU~~/ M A N N / M A N  ) 110 , 55, 6) , N TE S T
COM ~l U $ /E v A L / V I ( 2 O U ) , NV L ) 2 O D ) , V I 2 ( 2D O ) , 0 A C T ( t 1 )
IZ U O

11 IZ•I!•I
IF ) R V I ( i i ) . E U ,0) )30T0 ?O
IFI N V I I I L ) . GT .1) G O T O  12
V I 2 (I 1 ) • G ,99 S 13010 11

12 I a N V I ) I 1 )
Z S a F L Q A T F (  I)
Z 9 a V I  I I ! ) / Z 6
V I I  IL )a19
l9•Z9~~i )aZB
I G a V I 4 (  IL )— 1 9
IF ( 2 J . LI .0. 0, AND.Z9 .GT, .1.OE—O 6) 79a0 ,0
IF ) Z~~) 21 , 16, 16

21 W R ITL (b,100 )7 9
100 PO R F I A I C 3 U X , ’TNE V A LU E OF 29 IS’ , 2 X , C l 2 ,5)

130 TI) 11
lb 19a1I/)1B.1.0)

19•S’JNTFC !9)
V 12 ( Ii)•19
GO TO 11

• 20 RETU R N
END

C
C

• CO M P I L E  U I S C ,N R A N 3 I ,A L L
• C OMPILE U I S C , U R A N 3 t , A L ~• LIST
• DAT A

B ULSI CHEC K B I V A R  D IST N IB
1 1 1 1 1 1 * 1 1 1 1 1 3 1 1 1

1 I 1
1 2 1 1 100

110 56 64 64 2 14
B
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No. of No. of
Copies Organization Copies Organization

12 Commander 1 Commander
Defense Documentation Center US Army Missile Research
ATTN : DDC-TCA and Development Command
Cameron Station ATTN : DRDMI-R
Alexandria , VA 22314 Redstone Arsenal , AL 35809

1 Director of Defense Research 1 Commander
and Engineering (OSD) US Army Tank Automotive

Washi n gton , DC 20305 Research ~ Development Cn>d
ATTN: DRDTA-RW L

1 Director  Warren , M I 4 8090
Weapons Systems Evaluation Gp
Washington , DC 20305 1 Commander

115 Army Mobility Equipment
1 Cha ir ma n Resea rch ~ Deve l opment Cmd

Defe n se Scien ce Board ATTN :  Tech Docu Cen , Bld g. 315
Washi n gton , DC 20301 DRSME-RZT

Fort Belvoir , VA 22060
1 Commander

US Army Materiel Development 1 Commander
and Readiness  Command US Army Armament M a t e r i e l

ATTN : DRCDMA-ST Readiness Command
5001 Eisenhower Avenue Rock Island , IL 61201
Alexandria , VA 22335

5 Comma nder
1 Commander US Army Armament Research

US Army Aviation Research and Development Command
and Development  Command ATTN : DRDAR-LCS , Mr. C. Gay dos

ATTN : DRSAV- E DRDAR-S ~’S , Mr.  M a n c i n i
12th and Spruce Streets DRDAR-SCN , Mr. Malinoski
St .  Louis , MO 65 166 DRI)AR-SCH , Mr.  11. Kahn

DRDAR — SCA , Mr. Bornhe in i
1 Commander Dover , NJ 07801

US Army Air Mobility Research
and Development Laboratory 1 Commander

Allies Research Center US Army Harry Diamond Labs
Mof f ett F i e l d , CA 94035 ATTN : DRXDO-Tl

2800 Powder Mill Road
1 Commander Adel phi , MD 20783

US Army Electronics Command
ATTN : DRSEL-RD
Fort Monniouth , N•J 07703
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2 Commander 1 Commander
US Army Materials ~ Mechanics US A rmy Aviation School

Research Center ATTN : Aviation Agency
ATTN : Dr. R. Frost Fort Rucker , AL 36362

Mr. E. DeLuca
Wa tertown , MA 02172 1 Infan try Research ~ Dev Ln Ofc

ATI’N: COL John 0. Ensor
2 Commander Fort Benning, GA 21905

US Army Natick Research and
Development Center 1 The Surgeon General

ATTN : Mr. T. Keville Department of the Army
Mr. M. Donomee Washing ton, DC 20310

Na tick , MA 01760
1 HQDA (DAI’iO-CSS , MAJ Rogers)

Commander Washin gton , DC 20310
Whi te Sands Missile Ran ge
ATTN: STEW-TE-PS, Mr. Findley 1 Chief of Naval Operations
White Sands , NM 88002 ATTN: OP-O3EG

Depar tment of the Navy
Director Washing ton , DC 20350
US Army TRADOC Systems

Analys is Activity 1 Commander
ATTN: ATAA-SL (Tech Lih i US Naval Air Systems Command
White Sands Missile Range ATTN : AIR-604
NM 88002 Washington , DC 20360

Commande r 2 Commander
US Army Training and Doctrine US Naval Weapons Center

Command Kl’TN : Code 753
ATTN : MAJ R. Young Code 12
Fort Monroe , VA 23651 China Lake, CA 93555

Commander 1 Commander
US Army Infantry School US Naval Medical Field
ATTN : MAJ B. Davis Research Laboratories
For t Benn ing , GA 31905 Camp LeJuene , NC 28542

Commander 1 Commander
US Army Armor School US Naval Research Laboratories
ATTN : Armor Agency ~‘~TTN : Code 8434, Mr. Ferguson
For t Knox , KY 40121 Washingtcn , DC 20375

Commander 1 Commandant
US Army Field Arti llery Schoo l US Marine Corps
ATTN : F iel d Arti l l ery Agency Wa sh ing ton , DC 20380
Fort S i l l , OK 73405
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No. of
Copies O~ganization Aberdeen Proving Crc’und

1 Director Cdr , USAEA , ATFN :
MCDEC DRDAR-CLB-B , Mr.  L. Sturdivan
ATTN : C , Gnd Cbt Div D ir , USAMSAA
Quantico , VA 22154 ATTN : Dr. Sperrazza

DRXSY-GI , Mr. E. Heiss
1 Director DRXSY-M , Mr. R. Pollard

MCDEC Dir , USAHE L
ATTN : MAJ D. Crowe ATTN : Mr. B. Corona
Quantico , VA 22134 Marine Corps Ln Ofc

1 AFAT L (DLRW )
Egl in AFB , FL 32542

1 US Departmen t of Treas ury
Training Center

ATTN: Mr. W . McCl arin
Powdermjll Road
heltsville , MD 20705

1 Federal Bureau of Investi gation
ATTN : Mr. C. Cunningham , Rm 7410
L •i shington , DC 30405

1 International Association of
Chiefs of Police

Gaithcrsburg, MD 20760

• 1 Rock~ell International
Los Ange es .ircraft Civision
ATTN: Mr. IV . Dotseth
In ternational Airpor t
Los Angeles , CA 90009
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