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ABSTRACT

(Distribution Limitation Statement A)
A one-dimensional Lagrangian hydrodynamics computer code (SAP) and a two-
dimensional Eulerian hydrodynamics computer code (SHELL) have been successfully

written in the GLYPNIR language for the ILLIAC IV. Timing simulations suggest
a speed 50 times that of a CDC 6600 for the GLYPNIR SHELL code.
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SECTION I

| INTRODUCTION

The Air Force Weapons Laboratory has been engaged in a project with the
Advanced Research Projects Agency (ARPA) to provide applications support to the
ILLIAC IV project. The Air Force Weapons Laboratory (AFWL), as a representative
of a wide variety of users, has undertaken a project to look at the ILLIAC IV
from the point of view of the user and assist the project in making the connec-
tion to the real world. Large-scale production codes from AFWL are being
adapted to the logic, languages, and operating system of the ILLIAC IV. The
reprogramming of these codes provides an insight intc the usefulness of languages
and operating system of the ILLIAC IV, and a basis for timing comparisons on
real problems. It will also give an indication of the difficulty in logically
modifying real precgrams to operate on the ILLIAC IV system, and provide an
interaction with user programmers to indicate the acceptability of the total
ILLIAC IV system to the user in a real world rather than an academic atmosphere.
To this purpose AFWL has sent a number of personnel to the University of Illinois

to work with the staff there and adapt these programs.

This task has been nontrivial and has involved considerable system and
program debugging. The purpose of the prese.r document is to illustrate the
method we used to program the SAP and SHELL hydrocodes for execution on the
ILLIAC IV. Some basic knowledge of the ILLIAC IV, and associated languages
based on the enormous amount of documentation already available on the machine,

is assumed. Machine details will appear sketchily where required.

The programming of hydrocodes for the ILLIAC IV has involved several steps.
The first of these was to become acquainted with the ILLIAC IV itself, its
languages, and the "system" at the University of Illinois. This latter item
included such things as learning to use the operating system on the B5500, which
was at the University during our first visit, and the B6500 which replaced it.
With this in hand it was possible to program a simple code (SAP) just to get
practice in the use of the languages and as an exercise in testing the GLYPNIR-
ASK-COLLECTOR~-LOADER-SIMULATOR route that our later, larger codes would have to

traverse. It also meant writing conversion routines to communicate with the
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simulator and its Simulated ILLIAC IV Disk files because no one had tried this

before and no software existed for our use in this communication.

After these steps were accomplished with SAP, the initial programming of
SHELL in GLYPNIR was relatively easy. The initial effort was to write a
stripped-down version of SHELL (SHELL62) that would contain the minimum essen-
tial elements for an airblast calculation. Extensions could then be made to
this basic code to include larger griding and other frills that would not be

essential in this first checkout version.

The GLYPNIR SHELL code was tested hy using the ILLIAC IV simulator SSK/SSKX
on the B5500 and then comparing the results of this run to that of an identical
problem run using the standard FORTRAN SHELL on the CDC 6600.

Extension of SHELL62 from this minimal start to the more complete versions
was quickly accomplished; however, this job was extremely time consuming on the
B5500. The code itself could take half an hour of clock time to compile and
another 1-1/2 to 2 hours to assemble. Simulation of a cycle for a grid 5 x 64
would then take another hour or so on the simulator. This then was not an
atmosphere in which a real code could be debugged. To reduce the number of

debug shots to an absolute minimum, a great deal of extra labor was used.

When the B6500 was installed at the University of Illinois, the expansion
of SHELL was resumed. The memory-contained version (called SHELLN) was written
and tested. A version was then written to use the disk for expanded storage of
the hydro variables. This code, SHELL/OF/THE/FUTURE, can handle up to about
two million cells.
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SECTION II1

SAP

SAP 1s a simple, one-dimensional Lagrangian hydrocode used for the calcula-
tion of nuclear and high-explostve blast waves in air. It is the most elemen-
tary of hydrodynamic calculations, but it does exist as a full-production code
from which useful data are currently being derived. We have used this code to
check out the present state of the ILLIAC IV system and its usefulness for
scientific computation. At presert, of course, the system is simply a compiler,
assembler, and simulator on the University of Illinois B5500 (now B6500).
Nevertheless, this was the beginning of the adaptation of much larger and more

extensive programs in expectation of the ILLIAC being avallable.

SAP 1s particularly useful for this purpose because it has been the standard
first-check code for AFWL for a number of different new machines, operating
systems, and equipment. In fact, the particular deck we started with for this
project was the one used to check out the extended core storage facility for
the CDC 6600. For that exercise a program which simulated the extended core in
normal core was prepared. This was run for logic verification. Then the
simulated reads and writes were replaced by system reads and writes to extended
core and the results were checked to ensure that they were identical. Althouph
all the extended core portions of this prograp were removed, we mention this
here because the general technique was the same as we followed in checking out
for the ILLIAC IV. The program, as it existed in the particular card deck that
we started with, had ample extended core reads and writes, plus such features
as an isothermal sound-speed calculation that 1s included for purely historic
reasons and, in fact, is only used to calculate the time step. SAP involves a
fair amount of coding which has in the past proven useful for checking out new
systems. We emphasize again that SAP is the simplest of all possible hydrocodes,
yet historically it has turned out to be extremely useful for checking out new
machines. This simplicity, of course, is important because it is easy to
discover where any errors might have occurred. For all its simplicity SAP has
a sufficient amount of logic and a wide enough distribution of types of arith-
metic statements to exercise both the compiler and a fair number of the instruc-

tions that are frequently used in any hydrocode.
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The general technique used in this and the following code developments has
been to first reduce the code to the simplest possible configuration that will
run and produce results, and from this build up in steps, to a full-blown code.
SAP has an extensive amount of dump and restart capability in it; it calculates
standard times, that is, certain selected times are forced to the output so that
comparisons may be made between different runs at exactly the same time; and
there is a fairly Eomplex analytic equation of state, various options for output
and plotting, including tapes and a printer plot, and a fairly elaborate auto-
matic rezone capability. All these were removed, leaving simply a card-read
input generation of the problem, raw execution, and printout of the entire out-
put at every cycle, Further, since we were setting up the code to execute on
the ILLIAC IV (hopefully in parallel) in the simplest possible configuration,
we reduced the number of zones to 64 (actually 62). This, of course, makes
absolutely no difference in the FORTRAN version, but conceptually it is satisfy-
ing as a starting point for working with the ILLIAC, therefore we actually did
make that change. Appendix I gives the SAP code at that point--the so-called

stripped, basic version.

It is important to realize that the ILLIAC IV has a number of other features
besides simply parallel processing. Perhaps an even more important point is the
fact that it is really just a number cruncher as far as some code adaptation is
concerned. It does not have the features normally associated with the input/
output and data handling of serial computers. One cannot reasonably expect the
ILLIAC IV to print output or read cards. Its only source of information from
the outside world is through the ILLIAC IV disk (which, we understand, may be
changed in the future). This must be initially loaded from the driving computer,
that is, a core load and binary data prepared, put on the ILLIAC IV disk, read
into the ILLIAC IV core, executed using whatever additional information may be
available on the disk, then written entirely to the disk. This disk information
can then be postprocessed by the driving computer to provide various visible
forms of output. The structure of a code must be made to conform to these

limitations..

As it turns out, SAP and a number of other hydrocodes are particularly well
suited for this adaptation. Looking at the basic SAP code in appendix I, we
gsee that it starts with an input section that reads cards and sets up the
jnitial mesh. It then goes to a main computation loop and ends in an output or

print section. In the more complicated code, of course, the input section
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involves the reading of tapes ard various restart features and the output
section includes writing of tapes, printer plots, etc. Nevertheless, the
general structure is still the same. Therefore, we chose to break the code
into three parts for convenience and labeled these program I (the input section),
program IV (the center computational loop which would be put on the ILLIAC IV),
and program II (the output section). By input and output we mean those portions
which connect with the outside world, rather than simply to the ILLIAC IV disk.
This nomenclature and this way of thinking has been extremely useful in the
early adaptation of codes. Thus we have broken up a code into these three
constituent parts for running it on the complete ILLIAC system. The first
portion, program I (the input section), and the last portion, program II (the
output section), would be run on a serial machine, either the driving computer
or perhaps some other computer in the ARPA net, while the main computation loop,
program IV, would take place on the ILLIAC IV. Communications between these
programs would be through the ILLIAC IV disk. This structure is not an unusual
procedure because a number of standard hydrocodes already use this method.
SHELL, for instance. which is a two-dimensional Fulerian hydrocode, has a very
extensive setup section known as CLAM and runs as a separate program. Further,
the output processing is also very involved because it is contour plotting for
the most part, and is also a separate program, SHPLOT. The normal procedure
with SHELL is to prepare a tape with CLAM; SHELL then reads this tape and
executes with that data, yr%ting out its resulis on tape at appropriate times.

This output is then postprocessed with SHPLOT and other programs.

After running the basic SAP program in its present form, which is structur-
ally the form we wish to use on the ILLIAC IV, we can then adapt the central
section to a language appropriate for the ILLIAC IV and provide the links

between this section and the two ends lying in the driving computer.

These two efforts proceed fairly independently and will be described in no
particular historical order. Therefore, let us consider the problem of getting

the connection between the exterior programs (I and II) and program IV.

There werc a number of nontrivial problems associated with this communica-
tions task, and apparently very few of these had been faced to any extent by
those previously working on the ILLIAC simulator. We were not adapting a
program for the ILLIAC IV, but rather for the B5500 simulator (SSK/SSKX) at the
University of Illinois, and to a certain extent we had to work within this
limitation.
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The fact that the B5500 employs a 48-bit word while the ILLIAC IV and its
simulatuor both use a 64-bit word created one of the main problems. Moreover,
the general format of the words is entirely different between the two machines.
(Note that this will continue to be a problem in the final machine configuration
with the B6500 driving the ILLIAC IV,) The first problem, therefore, was to
provide a program that would take the initial setup data generated in program I,
store it in some common file, then rewrite this data in a form acceptable to the
simulator. Later, the reciprocal operation would have to be performed--the out-
put from the simulated ILLIAC IV disk file would have to be transformed back

into the B5500 word format for processing by the postprocessor, program II.

Appendix VIII gives a short explanation of the formats of both word types.
It is noted that because of the vastly different format of the words, it is
important to differentiate between fixed-point and floating-point words when
making these translations. In particular, the ILLIAC IV makes the distinction
between word formats quite rigorously, while in the B5500 the fixed-point format
is just a special case of the floating-point format; a number carried in the
FORTRAN program as an integer may appear in floating-point format internal to
the machine. For this reason it is recommended that in the future the records
being written for the ILLIAC IV core load be entirely in one format-~-for
instance, floating point. Minimally, the fixed- and the floating-point variables
should be rigorously separated in the records written or even be put in separate

records. Presumably, the same caution holds for alphanumeric or other coded

data.*

Finally, an interesting problem related to the number conversion arose that
was not recognized until after all of the other features of the code were well
checked out and we were able to compare and expect identical (at least to near
the 39-bit precision of the B5500) bit patterns from the FORTRAN and GLYPNIR
results. When we compared the results in that fashion, they were not identical

and after running a number of cycles, actual physical differences were noted.

*Although at the time this was written we could not know what the as-yet-to-be-
written operating system (0SK) and the ILLIAC control language (ICL) would
support in the real ILLIAC system, it is highly desirable that all numbers in a
given file should be of the same form. The ILLIAC control language will support
the number conversion to and from the ILLIAC disk converting from integer, real,
or double presision in the B6500 to integer or real in the ILLIAC; however, all
of the numbers in a given file will receive the same conversion.

6
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Now we come to the main part of this section of the report where we will
describe the actual programming of the ILLIAC IV part of the code. This was
our first effort, so the procedure at this point was extrermely cautious. We
took the block that we called program IV, the central section of the FORTRAN
code with which we started, and reprogrammed it in FORTRAN to adhere to the
logic of the ILLIAC IV system. That is, we restructured DO loops where neces-
sary to range from 1 to 64 and isolated those portions of the program which were
adaptable for parallel processing. This was essentially a trivial job in the
case of this particular code, but the technique is worth pointing out (and it

is nore interesting in the case of a more involved code).

At tuis point we were in the position to make an almost card for card
translation from the FORTRAN into an ILLJAC higher level language. There were
two possible higher lever languages for the ILLIAC available at the time. The
first of these, a language having an operating compiler, is called GLYPNIR. The
syntax of this language 1s based on ALGOL, therefore it looks a littie strange
to FORTRAN programmers. The logic 1s not all that different from FORTRAN and,
after the initial shock wears off, one is able to think in this language very
conveniently. The GLYPNIR compiler produced an assembly language program from
an initial set of input cards. This program was then put together by the ASK
assembler. The other higher language available for the ILLIAC was a specially
extended FORTRAN designed for the ILLIAC IV. We conveniently (but improperly)
called this *FORTRAN.

This language was designed by the University of Illinois but not thoroughly
implemented. The idea was to have short-order implementation of the language
(locally known as COCKROACH) that was essentially a *FORTRAN to GLYPNIR trans-
lator to gain initial experience with the language. This would eventually be
replaced by full FORTRAN compiler which would produce ILLIAC code directly and
the GLYPNIR compiler and the assembler would not be used. Thus, being FORTRAN
users from time immemorial, we started by transforming the simple FORTRAN code
into what we call the *FORTRAN version. The reader attempting to use this
procedure will, of course, be familiar in some considerable detail with the
syntax of *FORTRAN, so we will not reproduce an explanation of the program at
any length. The casual user may wish to glance through this program (shown in
appendix IT) and quickly peruse the following short explanation. An asterisk
in parentheses (*) in the position of a subscript for a FORTRAN variable implies

that an entire row across the PEs is associated with this particular variable
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and the arithmetic statement there associated should be done simultaneously
across the PEs. This 1s, of course, modified by the mode statement, the mode
being a 64-bit word whose bits are set to 1 for those PEs you wish enabled and
0 for those PEs you wish disabled. The *+1 or *-1 constructs simply refer to
the quantity in the adjacent PE to the right or left, a quantity derived
eventually by routing in the machine. The system is presently limited to 64 in
a single variable-implied dimension. It will be extended to take into account
variables being dimensioned greater than 64; however, we shall hold this
possibility in abeyance for a while because it appears that the overhead in
handling that sort of thing in a very general manner might be excessive (or
TRANQUIL-1ike). While handling it in the program explicitly, it does not
appear too much of a problem. The program in appendix II gives some idea of
the resemblance between this technique and ordinary FORTRAN. Even with all the
asterisks the program does look vaguely familiar. However, as we shall later

see, this small comfort is not entirely necessary.

At the time this program was written, it was impossible to actually compile
the program by machine. In some very vague sense we translated it into GLYPNIR
by hand and the result of this translation is shown in appendix III. Two or
three things should be pointed out here. First, the overall ALGOL syntax of
the program is a iittle strange to the FORTRAN-adapted eye, but most of the
arithmetic statements and the bulk of the logic does transform almost one for
one from the FORTRAN. There are some major differences which have to do with
the declaration of variables at the beginning of the code, i.e., the FORTRAN
COMMON structure. In this language, all of the subroutines that we call must
be placed previous to their first use. Thus the lowest order subroutines

appear first and the main program last.

We have here added to the program those portions which couple it to the
ILLIAC IV disk, the simulated read and write statements. One of the features
that we should bring up at this point, which has since been changed somewhat
but was necessary in the original version of this code, was that all input had
to be done with a single long-read statement from the ILLIAC IV disk. Thus all
informution came in in the form of words written across PE memory. This was
perfectly appropriate for things like pressure, velocities, and other zone
quantities, but it is less useful for those quantities in an ordinary code that
represent single variables rather than dimensioned variables. These variables

will be identified as CU variables in the ILLIAC and must be read in as elements
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of a PE variable and then set into their respective CU variables. For this
purpose we used what is known as the Z block. A variable Z is dimensioned as
necessary for the total number of variables we wish to bring in. All the
appropriate CU variables in program I are equivalenced into the Z block that

is normally used as the first dimensioned variable in the program. One must
then perform an action in the GLYPNIR program equivalent to the equivalence
statement in program I. Thus, at the beginning of program IV the individual
numbers are pulled out of the Z block and put into CU variables with a GRABONE
statement. Of course, before every write on the disk the appropriate CU
variables must be placed back into the PE variable Z. (NOTE: This is another
case where floating- and fixed-point numbers must be handled somewhat differently
and reemphasizes the usefulness of either separating the variables or keeping
them all floating point. Our codes have tended to use the latter technique.)
Strangely enough, the Z-block technique and terminology are not unique to this
code system or machine. It is taken directly from the standard SHELL procedure
to arrive at its present form. Other than these items, the GLYPNIR program is
quite straightforward and very closely resembles the FORTRAN program. It is
this that makes us say that the general structure of the GLYPNIR is in fact very
FORTRAN-1ike, although disguised behind the ALGOL syntax.

A number of individual, very special problems turned up during the checkout
of this code. Some misunderstandings and difficulties in the compiler were
straightened out and these need be of no concern to the reader because they have
been changed. There are, however, a couple of points which might be mentioned
as still being of some use. The first and foremost of these is the use of mode
control with the ILLIAC because this is something that the programmer will have
to get used to. It is somewhat tricky and, in general, we have tended to play
safe in certain instances by just setting the mode TRUE (i.e., all 1s) on all
occasions for which we do not have a very specific reason for setting it to
something else. Routes, for instance, can occur under node control, but a
statement routing a row of numbers under the current mode may leave s?veral PEs
out in the cold when, in fact, you wanted values brought up from them and routed.
Secondly, we note that the ALGOL IF ... THEN ... ELSE statement is perhaps
somewhat superflous in the context of the parallel machine in that its main
advantage in ALGOL is to provide simply two different routes, only one of which
is executed during single flow through the procedure. In a serial machine this

obviously is the desired technique. In a parallel machine, however, we normally
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will have a number of processors operating for one branch and others operating
on the other branch. Moreover, it is found that this particular GLYPNIR
construct generates a great deal more actual code than just setting the ELSE
clause 1initially for all PEs and then following this with an IF ... THEN state-
ment., This is a small point, but it explains why the more obvious uses of the

IF ... THEN ... ELSE statement was not employed in this particular code.

This deck then, combined with programs I and II shown in appendix IV,
represents the complete package that was simulated. The code produced the

results expected on comparison with the original FORTRAN program.

One should say something about the actual physical operation. These remarks
are transitory, of course, and will change as the operation changes. By the
time this report is puinshed, the B6500 at the University of Illinois will have
an entirely different operating system. Nevertheless, the following difficulties
may still be encountered. First, the B5500 expects a BCL character set (the
B6500 accepts EBCDIC or BCL) and this, of course, will make certain transforma-
tions a little more difficult to those of us with only 026 key punches. This
can be programmed ahead of time at one's local installation and transformed
character by character into an acceptable deck. There is one rather unfortunate
feature in the Burroughs system, however--the system will stop the card reader
if an illegal character is encountered during a read. This is particularly
upsetting in situations where the error occurs in columns that the program or
compiler will later ignore. We arrived with several decks that had illegal
multiple punches in columns 73 through 80. Card by card by hand with a key
puncn we had to correct every one. It would be a happier situation if the
system ignored illegal punches altogether and treated them as blanks other than
in column 1 (which signifies a control card), but this is not the case.

The system does not accept serial batch runs, so the three individual
programs had to be loaded separately, one following the completion of the other,
otherwise the system would attempt to execute a program before its predecessor
had been completed and find no data to work on. Further, the printer unloaded
regularly, so the compilation and the execution listing need not be together or
even in order. Certain limited types of machine failures were common during
the operation and it was found advisable to be able to restart the simulator
where the machine dropped off because the simulations themselves often ran for
an hour or so. The program that performed this task is shown in appendix V.

Here, we pick up.the last completed cycle of our calculation from our output

10
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file, have the capability to make changes as desired to the ‘Z block, and write
a new input file to pick up the simulation with. It is noted that the more

straightforward use of the restart feature of SSK/SSKX was not possible at the
time we ran these simulations because it lost track of its disk files during a

restart.

The extension of SAP from a straight 64 (or, in fact, 62 zone) mesh to one
of arbitrary width was straightforward and perhaps fairly simpleminded. Never-
theless, it works well. We view the mesh as a number of 64-word blocks, over-
lapping one zone at each end with the next block, as shown in appendix VI. Due
to the first order differencing scheme used in SAP, we must have information
from the previous cycle about the neighbors, left and right, of any cell before
we can update it in the mesh. Thus, to update zone 62 in this first order code,
one must have information from zones 61 and 63, both of which are available in
the first row. One cannot update zone 63 with the information available in the
first row. We have information about zone 62, but we do not have information
about zone 64. Zone 63 (the last zone of the first row since the present
nomenclature has been fixed with PEs running from O to 63), the zone associated
with PE 63, must therefore be repeated in the second row so that it can be
updated, but as noted we will need one zone to the left of it. Thus the infor-
mation from PE 62 of the first row must be loaded into PE 0 of the second row,
PE 63 into PE 1, and the second row continues until the last two Prs are reached.
These last two PEs must overlap the first two PEs in the third row, and this
continues for as many rows as are needed. One must point out that while this
overlap must occur during the run, the actual movement of the numbers does not
occur until after a cycle has been completed. That is, we must use the old
value of the quantity in the 62nd zone in PE O of the second row to update the
63rd zone in PE 1 of the second row. Of course, one can apply the same sort of
thing or essentially create a zone 0 for the center boundary condition in this
spherically symmetric code. These arrangements and scheduling of zones must be

made in program I and taken out in program II before the final upward processing.

This initial storage scheme with the data in the PEs just described made
the loading of these end PEs run at extremely low efficiency because the data
from PE 62 of each row had to be moved to PE O of the next row. Similarly,
data from PE 1 of each row had to be moved back to PE 63 of the previous row.
Thus, one, or two at the most, PEs could be active during this adjustment phase,
making it much less efficient than the actual calculation where 62 or 64 PEs
were active at a time,

11
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This was a very crude way of handling data and a much more sophisticated
method immediately came to mind. For instance, one can rotate the second row
two PEs to the left with respect to the first, the third with respect to the
second, by an additional two PEs, etc. In this way one can make the entire
readjustment process in parallel with all PEs active, rather than making a
separate adjustment for each row. This is perhaps a trivial additional compli-
cation but one which we did not wish to get into the first time through. SAP,
although a simple code, has many of the features of the more compiex codes, and
because of its siiplicity, it allowed major charges in programming and storage
with only a minimal rewriting of code. The coding of SAP brought out many of
the difficulties of the present operating system and allowed us to exercise
solutions thereto. It alsv provided a great deal of experience in actual

physical man{pulation of codes in the machine.

This version of SAP is certainly not the wost general code even for its
particular limitations to one-dimensional spherical hydro. The main production
codes are normally run with, for instance, complex equations of state. The
equations of state normally used in this code are interchangeable with other
codes (like SHELL) and were written as a part of that effort. Some of the more
elaborate rezone techniques have not been included in this version. Because
we believe these are really details and do not further illustrate our main
purpose in this initial run, we did not include any of the fancier additions
such as radiation, complex boundary conditions, etc. We did not face some of
the restart problems hecause they will be very specifically related to the
driving machine and necessary details were not available for our investigation.
Many of these problems will be taken care of in later versions of the code and
perhaps one of these later versions of SAP will be brought up to full strength
" immediately before the full availability of the ILLIAC IV itself.

Finally, for comparison purposes the ASK code assembly language which was
produced by GLYPNIR was compared with an assembly language program that was
written from the same groundwork, but hand-coded, rather than using the GLYPNIR
compiler. This might conceivably be looked upon as what a better compiler should
be able to produce: It was noted that this hand-compilation gave a fair reduc-
tion in number of instructions generated (a factor of 3), but that the improve-
ment was not especially startling in execution time. One can say that for a

first cut the GLYPNIR compiler generates quite respectable code.
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The pure assembly language program is listed in appendix VII and was
compiled and executed as a part of the three-program operation. It gives

identical results to the other procedures.
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SECTION II1

SHELL

1. THE METHOD

With the learning experience of SAP behind us, we initiated an effort teo
convert the much more extensive SHELL hydrocode to the ILLIAC.

This effort proceedad along two lines. On the one hand, Major Whitaker and
Mr. Needham took a FORTRAN SHELL listing and in the spirit of the SAP effort,
wrote a SHELL version from it. This then could be held until the COCKROACH
translator was available. This also could be used as a stepping stone in the
translation of the serial FORTRAN logic to parallel GLYPNIR logic. This effort
produced a nearly complete *SHELL deck for rows up to 62 zones wide. This code

was later run through the *FORTRAN translator but was not compiled or executed.

2. FORTRAN SHELL

One is appalled by the large amount of code in a working FORTRAN version of
SHELL. This is trazeable to the limitations of the various machines and com-
pilers that SHELL has run on. Once added to SHELL, this code has never been
remcved. Indeed, SHELL works as it stands. In any removal process the most
careful attention to detail would be required to ensure that necessary and

currently useful data are not deleted inadvertently.

Leaving everything that has accumulated over the years in the code 1is quite
acceptable when moving the code from one FORTRAN compiler to another because
extensive time and effort at a keypunch would be needed to remove those parts
of the code which are of questionable use. Only a few minor changes are usually
necessary to get the entire code running on a new compiler. This is hardly the
case in reprogramming the code for a new language (GLYPNIR) and a new machine
architecture (the ILLIAC IV). Since the code had to be rewritten from scratch
and carefully debugged, this was the most reasonable time to delete much of the
overhead from SHELL and make the programming task in GLYPNIR at least smaller.

In rewriting the code, it was decided to remove the capability (such as it
was) to handle vacuum zones because this only gives stopgap answers to the

questions one tries to solve by using this technique. The artificial viscosities
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were also removed from PH1 of the code because these have not been used in the
FORTRAN version of SHELL in many years. The viscosity calculations almost
double the number of lines of code in PH1.

The INPUT and EDIT routines were moved to the driving computer programs I
and II and with the deletions the length of SHELL was reduced from about 2500
to 4000 cards in its various FORTRAN versions to approximately 500 to 700 cards
in GLYPNIR. Thus substantial deletions to PH1 and PH2 (artificial viscosities,
vacuum zones) dictated that we start from scratch. If we had tried to adapt
the code as it stood, the known inconsistencies in the code that handles
variable zoning in the mesh could have caused trouble. In this stripped-down

version, these inconsistencies could be corrected easily.

Our approach was first to write a stripped-down version of the code and
work up from there. We decided to rederive the basic difference equations on
which SHELL is based. This rederivation crystallized our thoughts and helped
to bridge the gap between the serial logic in the FORTRAN version of the code
and the actual equations we were trying to solve. This approach seems highly

desirable for many large codes being transferred to the ILLIAC IV.

At this stage the problems to be encountered by a computer translation of
a serial code into a parallel code (or indeed the translation of a large code
by someone who is not familiar with it) became only too apparent. The programmer
who is familiar with the physics of the code could make a number of changes,
deletions, etc., but the programmer trying to make 2 strict one-for-one trans-
lation of the code would be forced into a number of costly inefficiencies 1if
he wished to preserve the code. What is basic to SHELL is perhaps a half dozen
lines of physics presented in the next section and not the thousands of cards

of superstructure into which they are embedded so as to apply them to a problem.

Now we will briefly sketch the rederivation of the SHELL difference equa-
tions as made by Captain Durrett. Except for the notation, which is now much
clearer, there are no changes in the basic equations from those that were
derived by others at earlier times. There are differences in the boundary
conditions derived and in the update to the total energy in the system (ETH)
that were discovered in this rederivation. Earlier authors had made those
cosmetic changes necessary to convert the constant zoning results to variable
zoning results, but had missed several dimensioniess multipliers which would

have been included if a consistent rederivation had been done with variable
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zoning in it from the start. Thus it may be that the poor relutive error that
SHELL has reported over the years while using a variably zoned mesh is really
&an error in the computation and reporting rather than an actual error in the

calculation.
3. THE SHELL DIFFERENCE EQUATIONS

The basic hydrodynamic equations integrated by SHELL are

(_3._+Ix’.v) o+pVu=0 (1)
ot

P (_a_.."'-l;V) _1:+Vp=0 (2)
ot

B (§_+G.v) FE+ 9 pus=o0 (3)
3t

P=P (E,p) (&)

Taking equations (2) and (3) and ignoring the (K-V) operator, we get

%

= 5
P T + Vp =0 (5)
3E > (6)

e e + Ve pu=0.

Equation (5) gives us one of our difference equations directly. Equation
(6) must be manipulated somewhat before it can be used. The E in equation (6)
is

E=E +0.5 (u-u)

i.e., specific material plus specific kinetic energy. Therefore,

=]
+
Q
cy
ey

which, using equation (5), can be written

25, o () @
at at Y
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We now expand the divergence in equation (6) to get

and then use equation (7) to cbtain

& aEm— _V_E.—l;"" EV.E.’,K-VE:O
at (o) e P
or canceling terms
9
_..E!.'.l-}- LV-_:_I=0 4(8)
at P

This can be expanded in two~dimensional cylindrical coordinates to

m.-p(l v (8a)
o! (r or 9z

This then is the second equation we want to solve.

The finite differencing of equations (5) and (8a) is straightforward.

Equation (5) becomes, in cylindrical coordinates and the nomenclature of

figure 1,
~ (n)
“k =% .- 1 ffi-Pia (9
|
v, - v ™ P, _ P (10)
k k-1 I
|
. Equation (8a) becomes
E - E (n) u,r,-u, .r v,V
; m - m Pk [ HTi%a1Tie1 | Y4V4a . (1)
At pk rk ri- ri_1 zj-zj_1
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where
= . ) .3
2
LR
v 2
JMAX
i
K+IMAX
J
z K-1 K Ket
j-1 p—
K- 1MAX .
j-2
0 .
0 v 1-2 1-1 1 1+ v o0 IMAX

Figure 1. The SHELL grid

The ﬁ,'v, and E; are the new velocities and internal energy at time (n+l) based
on the pressure effects of equations (2) and (3) only before accounting for any

mass motion.

The distance r, refers to the right edge of the cell k while T refers to

the center of the cell, 1i.e.,’

Ty + T4

r =
k 7

Similarly, the Pys» YUy and v, are defined at cell boundaries while Ups Vis Ppos
o and E, are defined at cell centers. Thus, for constent zone size p,, for
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example, is defined by

= Pk * P+l
i — 3

In the case of nonconstant zone size this becomes

' o P OTra1 + Prgy ATk

P
i
Ark+l + Ark

where
bry =1y =Ty,

Now this chodice of u and v is used ir the energy equation to achieve energy
conservation; however, in the case of variable zone size the conservation is
no longer assured. SHELL for the ILLIAC was programmed to allow for variable

zone size.

: Equations (9), (10), and (11) are solved in and constitute what is called
phase 1 of the calculation. Equation (1) is solved in what is called phase 2,

. as follows.

Revriting equation (1)

or in two-dimensional cylindrical coordinates

3P = -1 3pu_ + 3pv
at r dr 3Z

The finite differencing of this equation gives

o — (ﬂ+1)_ (n)
- Px Pk_ _(1. P1917P4-1 Y4-1 |, P3V3Py-1Yyl ) (12)
Z Z

At rk ri-ri-l 37%4-1
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SHELL us¢s this formulation except that the Py and pj are taken not on the
boundary as indicated in equation (12), but rather the density chosen is that

of the center of the cell donating the mass. Also, the velocity chosen is not
precisely u; or vj as indiccted, but rather a second order choice is made. This
is done to improve the behavior of the method in areas behind a styrong shock.,
The velocity chosen is called the "rear of slug velocity" and is shown in rigure
2. The volocity ui is chosen as a linear interpolation between ug and Ui

to the point r such that with velocity ui the rear of the slug will, in time

At, move exactly to position Tys the boundary. The amount of mass between
positions ri and r, will therefore move into cell k+l in the current time step
(at a density of pk). With these modifications equation (12) is solved in

phase 2.

With an appropriate equation of state this form of SHELL was coded for the
ILLIAC 1V,

b - - -
4

Figure 2. Rear of Slug Velocity

4, SHELL62

To program the equations above, it was first necessary to decide on a
method of data storage as the entire algorithm for solution is tied to this
choice. If one choses a computational technique, it 1is necessary that the
correct data be in the appropriate PEM (processing element memory) or nearby
for efficient use of ILLIAC IV, Alternately, given a choice of storage scheme,

some algorithms will be much more efficient than others.

The scheme that first comes to mind for SHELL is a contiguous mapping of
PEs across a row of the SHELL mesh as shown in figure 3. With this scheme one

can then obviously store all the required information for the first column in
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i3 TeE1|Pe2|PES b PE61|PE62
2 TPe1|PE2| PES . PE61| PE6 2
' [Per[PE2]| FES ... |Pee1|PE62
1 2 3 61 62
i
SHELL GRID
.
7/ A1.3]2,3]3.3 61,3 |62,3
o V.l 1.2[2.2]3.2 61,262,2
v VA ] 20300 61,1 ]62,1 |
PEO PE1 PE2 PE3 PE61 PE62 PE63
PEM MAP

Figure 3. SHELL62 Mapping of Cells and PEs

PE 1, for the second column in PE 2, etc. Because of the nature of the SHELL
equations and the explicit time differencing scheme used, the future values of
hydrodynamic variables for any cell are determined from values in the cell

and its four neighbors to the right and left and above and below only. These
data are conveniently available from the right and left by routing instructions
in GLYPNIR and above and below from different sections of the corresponding
cell PEM, For the initial implementation of SHELL we chose to limit the width
of the mesh such that one row of the problem could be contained across the set
of PEs. Our experience with SAP showed that it would then be quite easy to
extend the code to arbitrary width. However, as became apparent in coding SAP,
including this extension in the original code would have added an unnecessary
load of detail (mostly in keeping track of the mode) to the coding effort at a

time when attention should have been paid to more significant problems.

As it was, writing SHELL first to only 62 columns wide (SHELL62), then
extending it to arbitrary width (SHFLLN), we discovered only two or three errors
(all in handling the mode) in the first code (SHELL62). No additional errors

21



AFWL-TR-72-33

were found in the extension to arbitrary width. To handle the boundary condi-
tions conveniently (and simplistically), we required that the row width be
limited to 62 cells or less in this version. PE O and PE 63 (or the last
active cell +1) are then used to store values which will give the appropriate
boundary conditions when the row is calculated. To this end we chose to insert

precalculated values in these PEs.

The implementation of the SHELL code in GLYPNIR for 62 zone width is shown
in appendix IX. A description of the general features of the code follows.
This was intended to be a code complete enough to execute on the ILLIAC IV
simulator on the B5500 computer, and this was in fact accomplished successfully

in January 1971.

We have no intention of expanding tbe code on a line by line bases here
because we feel that little could be gained by this exercise. But we do feel

that a certain number of comments is in order.

The FORTRAN version of SHELL proceeds through the calculational mesh by
columns--bottom to top, then left to right. The GLYPNIR version processes the
mesh by rows--bottom to top (left to right in SHELLN). This is a minor change,
but it makes the code much easier to handle in parellel. Because FORTRAN SHELL
updates its arrays in on top of themselves, some of the unupdated quantities
must be saved for use in updating the next cell. This logic in the code has
been extensively changed by processing a row of cells at a time; in some cases
a whole row must be saved and in others none at all, Further, certain geomet-
rical constructs that involve X and DX as well as the mode are calculated once

in SETDXDYETC rather than continually calculating them throughout the code.

Another interesting point can be noted in ES, the air equation of state used
in this code. In the FORTRAN version of the code the arguments of the exponen-
tials are extensively checked, basically for speed. By checking the argument,
we can often set the result to 0 or 1 and avoid the loss of time spent in calcu-
lating the exponential. Since the equation of state is called at least once
per zone per cycle, even a small saving in time is worthwhile. 1Iu the
CLYPNIR version, however, the shoe seems to be on the other foot. Here we can
expect that of the 64 zones being calculated at once, one will require us to
calculate an exponential. Since this is the case, it takes no longey to calcu-
late 64 exponentials than it does to calculate one, so we have eliminated the

argument checking as excess overhead.
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The subroutine ERROR references the file "LINE." This is a construct of
the simulator, not of the ILLIAC itself and is our only deviation from the use
of constructs that will be available in the real ILLIAC system. (Of course,
with the coming of the real operating system for the ILLIAC, the SIMREADs and
SIMWRITEs will become simply READs and WRITEs.) This is used becauze communi-
cation with 0S4, the ILLIAC cperating system, had not been defined or imple-
mented at the time this code was written. When this implementecion is complete,
the SIMULATE (LINE, - ) will be replaced by an appropriate call to the system to
return our error code. (See SHELL/OF/THE/FUTURE listing in appendix XI.) As
noted before, certain constructs that are familiar to the FORTRAN programmer
either have not been implemented in GLYPNIR or they exist in a rather primitive
form. Various things can be cited that fall into this category, such as the
partial implementation of the FORTRAN EQUIVALENCE facility and the rather primi-

tive I/0 facility.

None of these lacks is really serious because each can be programmed around.
The I/0 is probably least serious because we will probably want to do unbuffered
I/0 with our large data arrays. The ability to equivalence CU variables into
PE variables would greatly simplify our INPUT and OUTPUT routines. As it is,
we merely use replacement statements and the GRABONE and PUICPR functions to
pack and unpack our PREAL variable Z. Our only use of the equivalence facility
as it currently exists is found as the seventh line of the subroutine ES, where

we equivalence RHO and CS.

One ray now look at the code as a whole and question the interaction between
the storage scheme and the code of the routine. Surely the storage that we are
using, storing the grid by rows, is the simplest conceptually that we can hope
to achieve (figure 3), so it is of interest to discuss the reasons that we, or

others, would go to some other method of storage.

In other types of calculations one is given an array of some predetermined
size to operate on, and it is desirable to be able to come close to this size
in one storage scheme. For instance, in the code just described with storage
by rows, a grid 62 zones wide (or n x 64 - 2, in general) would be most effi-
cient in terms of storage and PE usage. If we were given & mesh instead of
being able to choose one, we could run into serious efficiency problems. We
would want to choose a more compact storage scheme (say 8 x 8 rows) and reduce
this waste. We dc not have this problem with hydrocodes because we will be

working on meshes considerably larger than 64 in a given direction and we can
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always use the extra rows in a given direction to secure more resolution. The
reasons for considering- such storage would be with two ends in view. First,

the least efficient part oi the SHELL62 code comes in presetting the boundary
conditions at the axis and the right of the grid in preparation for the actual
hydro calculation. This is done with essentially only one PE turned on. A
more complicated storage scheme (say 8 x 8 or C-skew) would allow us to process
more than one boundary condition at a time because the boundary cells would not
all be in the same PE, This would increase the efficiency of that part of the
code. For instance, using 8 x 8s, we could process eight cells at a time. With
a 7 x 9 C-skew we could effect 100 percent PE efficiency by updating 64 boundary

conditions at a time.

This more compact, blocked storage would also help in calculations of ES
and opacities of materials because one could expect a compact region would have
essentially the same conditions throughout. Hence, the number of iterations
for each cell would be approximately the same or the part of a table searched

would be small.

For these reasons we investigated reprogramming part of SHELL using 7 x 9
C-skew storage. Although the boundary conditions would be performed at higher
efficiency, the overhead in doing just the normal hydro calculations would more

than outweigh the advantages.

Time was not available to investigate the less than optimal 8 x 8 case. Nor
was there time to investigate the possibility of transferring the arrays before
and after certain operations. These are not currently thought to hold any

probability of a big payoff, but certainly should be considered in the future.
5. SHELLN

SHELLN 1s an expansion of SHELL62 to handle rows of any width. The principle
difference in the codes is in the handling of the row storage. Figure 4 shows
the mapping of the SHELL grid onto the processing element memories. As in '
SHELL62, one dummy cell is required at each end of the row to handle the pre-
stored boundary conditions. Because we are free to choose the number of cells
in a row in a typical hydro calculation, we will arrange to have only twc cells

per problem row that do not represent hydro cells.

SHELLN was written to handle a problem of any eize provided it could be
memory contained. A listing of the code is given in appendix X. The code
shown compiled on the B6500 at the University of Illinois in approximately 12
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ROW

ROW

ROW

SHELLN
PE1 PE2 PE3 PE62 PE63 PEO PE1
PE1 PE2 PE3 PE62 PE63 PEO PE1] .
PE1l PE2 PE3 . I PE62 PE63 PEO PE1
1 2 3 63 64 65
i
7
128,3 | 129,3 | 130,3 /i;/;/j///(//>€;/' //;/:///<’<//;/:/C
64,3 | 65,3 | 66,3 67,3 - .. 126,3 127,3
Cj?;{;f} 1,3 2,3 3,3 ... 62,3 63,3
Y U e
128,2 | 129,2 | 130,2 7, /// / //2///C/;</§
64,2 | 65,2 | 66,2 67,2 - - - 126,2 127,2
7
////;{;f 1,2 2,2} 3,2 ... 62,2 63,2
wa [/// X/ /]
128,1 |129,1 | 130,1 //; // //// /// j/C(j/jcﬁ
64,1 | 65,1 | 66,10 | 67,01 . . 126,1 127,1
//€2§;ZZ 1,1 2,10 3,1} . 62,1 63,1
PEO PE1l PE2 PE3 PE62 PE63
Figure 4. SHELLN Mapping of Cells and PEs
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minutes of processor time (30 minutes real time but with other users in the
mix). One cycle was then executed on the ILLIAC IV simulator for a problem
mesh 5 rows tall and 70 columns wide in 30 minutes of processor time (60 minutes
real time with no one else in the mix). The answers agree precisely with those
obtained from the FORTRAN version of SHELL. One may notice chat PH3 and REZONE
are included in the code; these sections compiled but were not executed because

of time limitations.

Figure 5 shows a sample line of code from SHELL62 and SHELLN demonstrating
the principle difference between them and the solution of a problem unique to
parallel processing. The line shown in figure 5 is quite relevant to the code
and constitutes the computation of the acceleration of the fluid in the radial
direction for an entire row of the problem. This is the finite difference form
of the radial component of one of the three partial differential equations that
SHELL seeks to solve. A detailed explanation of the code line follows.

MODE is a boolean variable (single word) that specifies bit by bit which
PEs are on and which are off for most computational purposes. For a SHELL62
mesh as shown in figure 3, the appropriate MODE pattern would be 011 ... 110;
that 1s, the first (zeroth) and last (63rd) PEs are off and all the rest are on.

This boolean value is stored in MI and used throughout the code.

The variable U is a PREAD vector dimensioned to 100; that is, 101 storage
locations are reserved for U in each PEM (processing element memory), and it is
type REAL (as opposed to INTEGER or BOOLEAN). The variable K is type CINT,
which means it has a single integer value. The construct U[K] then refers to
the (K+l)th value (because we start counting from zero, naturally) of U, which
in general will be different in each PEM. TAU is an area term and has a differ-
ent value in each PEM. DY is single valued (for each J which is also single

valued) and represents cell height.

We row come to an interesting construct of GLYPNIR, that of a route. As
shown in figure 5, it is a route to the right, an amount 1, of variable PR, the
pickup being under a mode pattern shifted 1 to the left from MI. To see what
happens, first shift the mode one bit to the left (end around). The pattern
will then be 11 ... 100. Under this mode pick up variable PR. This pickup
will be accomplished in PE O through PE 61 and nothing will be done in PE 62
and PE 63. Next, route (routing registers are always on regardless of the mode)

the value picked up one element to the right. The mode ir returned to its
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SHELL62:
* MODE=MI

U[K]=U[K]+TAUADY[J]*(RTR(1, ,PR)=PR)*DT/ (DX*AMX[K]);

WITH TYPES:
PREAL VECTOR U, AMX[100];
CINT K, J;

PREAL TAU, PR, DX;
CREAL VECTOR DY[100];

CRFAL DT;

SHELLN:
LOOP 1=0,1,IBLK DO BEGIN
MODE=IMODE([I];

U[K]=U[K]+TAU[1]*DY [J]*(RTR(1, ,PR[I+IR])-PR[1])*DT/
(DX[I]*AMX[K]):

END;

Where IR is type PINT and = 0,0,0,...,-1

Figure 5. Sample Line of GLYPNIR Code
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original value (MI) and the routed values are available for computation in the
PEs to which they have been moved. Now since PR is type PREAL, there can be a
different value in each PEM. As can be seen in appendix X, a pressure term is
actually stored in PR so that when PR is subtracted from RTR (1,,PR) we actually
take the difference in pressure between each cell and its neighbor to the left.
Of particular concern is the value of PR in PE 0. Although this PEM does not
represent an actual hydro cell, a value of PR must be available for the route.
An appropriate boundary value is stored in PEQ before this line of code is
reached. The remaining variables in the line represent the time step, cell

width, and cell mass.

Figure 5 also shows the same computation for SHELLN and the changes required
to accomplish it for any row width, The single statement is replaced with a
loop over the number of PEM rows required to store one row of the actual hydro
-mesh. We now have an appropriate mode, stored in IMODE, for each PEM row. The
value for IMODE[0] would be 011 ... 1 for the mesh of figure 4, while IMODE[1]
would be all on and IMODE[2] would be 11100 ... 0, For I = 0, the line of
SHELLN code executes similar to that for SHELL62 above. Now since the area and
cell width are different, in general, for each cell, TAU and DX have baen

expanded to vectors.

These usages are simple and straightforward. The significant development
comes in the handling of PR. First of all, it is expanded to a vector like TAU
and DX and then, to do the end around route correctly (that is, to connect cell
64,1 with 63,1 (and not 127,1)), it is necessary to subtract 1 from the subscript
on PR in PE 63 only. This is accomplished by adding IR, which is equal to
0,0 ..., 0, -1, to I after the mode is shifted end around one to the left,
similar to that described for SHELL62 above. This construct simply and effec-
tively connects the three PE rows to form one problem row for all routes to the
right. For routes to the left, a similar construct, employing IL = 1,0,0,...,0
in place of IR, 1s used.

6. SHELL/OF/THE/FUTURE

Although SHELLN completed the development of a code similar to the regular
production SHELL code used at AFWL, the fact that it is memory contained
restricts the prob! .m size te about 20,000 cells, the same number that can be
run on our CDC 6600. We therefore expanded the code once more to use the
ILLIAC 1V disk for problem storage. The result was SHELL/OF/THE/FUTURE, which
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solves the problem by blocks,reading and writing them to disk in a fashion
siﬁilar to the use of extended core at AFWL. A listing of this code is given
in appendix XI. Programs to write and read the ILLIAC IV disk files are given
in appendixes XII and XIII. These correspond to the programs I and II for SAP

discussed earlier.

SHELL/OF/THE/FUTURE will be able to use the full capabilities of the ILLIAC
IV in solving a two-dimensional hydrodynamics problem with a single material.
However, since this code was developed, we have written a new hydrodynamics
code at AFWL that we will probably want to code in GLYPNIR and use on the
ILLIAC IV in place of SHELL/OF/THE/FUTURE., This new code will include the

ability to handle any number of materials as well as containing other features,

and it will employ new differencing techniques.
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SECTION IV

CONCLUSIONS
The basic purpose of this exercise was to translate working one- and two-
dimensional hydrodynamic computer programs from serial logic applicable to a
machine such as the CDC 6600 to parallel logic appropriate for the ILLIAC 1IV.
To accomplish this we found it most convenient to reduce the problem to its
basic elements and start from the beginning. Even with the more adventuresome
effort, the SHELL code, we were able to make rapid progress after rederiving

the basic difference equations.

We expected to encounter difficulties in using the ALGOL-like GLYPNIR
language but actually found after working with it for several weeks that we
were able to think in the language with relative ease. The real difficulties
that we found in the code translation effort were all related to the parallel
structure of the ILLIAC IV.

The SHELL code as it exists at AFWL consists of a few simple routines which
solve the hydrodynamic equations coupled with a fairly large number of support
routines which make a working and useful code. Included in this group are the
massless (for some applications massive) particle transport routine generally
used to follow Lagrangian interfaces and an automatic rezone routine. For

problems with several materials a diffusion limiter is available.

The coding in GLYPNIR of the basic hydrodynamic equations was relatively
straightforward. It was not as simple as coding for a serial machine, but we

were never completely baffled in our search for efficient parallel algorithms.

The support routines were more challenging for certain of the authors. We
found that it was not a trivial exercise to generate an efficient particle
transport routine. Likewise, the automatic rezone routine presented certain
difficulties in handling the rezone in the radial direction. All of these

problems were eventually overcome and satisfactory algorithms were developed.

We observed a B6500 in action at the University of Illinois as it compiled
GLYPNIR programs into ILLIAC machine language. For our SHELL code the overall
time turned out to be a little better than 100 cards per minute of processor

time. This is for the complete cycle from GLYPNIR source code through ASK and
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the collector and loader. The SHELL code consisted of about 1200 GLYPNIR cards
and took approximately 12 minutes of B6500 processor time. The speed of a
B6500, we understand, can be greatly increased by enlarging its memory size.

We hope that the B6500 or similar computer that drives the ILLIAC IV will be
equipped with a large memory.

We anticipate that a running SHELL code will produce too much data to be
stored on magnetic tape, but the laser store as advertised should handle the
problem quite nicely. We estimate that approximately 8 x 10% bits of data will
be sufficient to describe the complete time history of a 500,000-zone problem.
To process and analyze this volume of data, analysis routines will be written
in GLYPNIR for execution on ILLIAC.
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APPENDIX [

COMPUTER LISTING OF THE BASIC STRIPPED VERSION OF SAP IN FORTRAN

S >0U F LR T HAN toMEILILATL1ION

STANI
CUMMUN LS(b“)DlFG(o“)pP(bﬁ)DU(ba)DRFU(bﬁ)!lM(bﬁ)'b(bﬂ)px(bﬂ)

CLMMUN LESCICIE)
CLMMUNTLEL)

Rt AL STATEMENTS

REAL &1o(UESCTCL)P1=D,12)

JEIN=6U

KLAL B3» PNUMDCUnCllhhnTSDCkPDU"lN!CMan1lMtDBUMASoHUBnANbLE!UxMUL

THCUMIN oEGoUe) LKINS 1,0E=10
PRINT bas(LESCICI)»121512)

FRINY benNCDNILblTanlN!JCVLSDNol]1PE!L1APEDPNUMDCO!CI!hN!]5

PRINY bIDCKV!UFlN:uPlhnTlVE:hUMASDHUBDANGLI
xeINLS=L,
JSTAhzsUk IN

I=v

XC1)=0eb
ull)=g0.v

JE 1

L 16 ks1,Jt I
UX 1S THE UELTA X FUK THE ZUNED(CM)
E¢Z 1S THE ENERGY PUR THE ZUNESCERGS/GM)
Kes 18 ThE LENSITY FUR THE ZONES(GM/CMI)
Ve 1S THE VELUGLITY FDR THE ZONESCLCM/BEC)

1 1S Tt mAX ZUNE NUMEER FUR THESE CUNLHITIONS
IF(hoEe)) GU TU 11
Kt AU 69oUXstLishlLsVLZn ]
IHCULZZomk oU) JSIARS
TECUSTARLGToJb V) JSTARE JUFIN
X(J)sxr INUSHLX

1F(EL2) 7002700708
REUCU)BYe220L3
EEG(U)=r ok 9
6L TL TV2
RhUL(J)Y=sheZ
EtG(U)=EZY
GMONE 0.4
PLJU)SMUNE YhAROCJI*EPG(J)
CSCu)=SURT (P{JI*14/RA0CY))
gltuls(,

ululsude
V(Y)Y ERhO(JI*(R(J) *eIexbINUSHHS)
xbINLSEACY)

THAMED(RPS0)eEGe]l) PRINT 2004, DESCT2PNUM
PrINT 2005 KoLXsX(U)2FPG(UYsP(J)shHUCUIsUCUI 2 T(U) 2 ZIMCU) PR
JE U+
CUNTINUL

clL2=Lgvl0
TL1zg ,*i
FlUg=sa,.*C02
UIZoNerieX (1) /(SGRT(P(II*144/RHOCL)) /2,
DICesLTZUM
btLi=p1l
DTC=LYZuM
D1ZuM=l.E30
XUMEizQ,
xkINUSEL,
Uk INUSEY,
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SEOMEMY

uuty
L
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vu4l
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h
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DU 341 v =31208TAK
UCVIEL( V) +DELTR((PCUI*d(JI=CJ+1I=F (U1 )/ LRHUCII*IXCYI=XIMT ) +RHU(
Tutl)dIn(Xx(Jel)=XCU)))+0)
XuMiEXx(wv)
I CAHS (UCJII=UMIN) 33,3331

1 XCJIEX(w)+ULUI*LTC
IhCu =JSTARD 3L 32,34

32 JSTakey ¢}

6L 1L 341
33 UtJIE(C.
34 CONTIMNUE
341 CUNTIALE
PhAXE(C,

35 JOTH1eUbTAR®]
DU 471 U =120S8TPF1
RHUNEZM(JI/ZCXCUIww 3= XM INYS*ed)
bvel /kHON=1e/KHDLV)
1t (Lv) 36036530

Jo pusuCy)=uUmInUS
1t (bu) 37»,38,30

k¥} lU)ERHUNR(DU*LL2=C1*C5(CJ))sDU
I (Geud=OMIN) 3Bs38039

b WlJ)=go

ChNTEQ,
U 10 4V
3y CRNT=2TCleCcSCU)=t CN2*LL
40 GMONE=0S
PeeOMUNL*RHUN®EPG(J) U10g
E12AMAXLICEPGCYI=DV*P(Y)»0,) 0109
PleLGMONE*RHUNYE ] vild
EFGLUIBAMAXTICEPGCUI=(P24P(JI4QLUI*Q(JII*DV/(2,=(P1=P2)/E(J))r0,) L10o
FCU)EGMUNE*NHONYEPG(V) vile
FLUGEE o VO ¥ RHON ViLYy
It (Dv) 41242542 vilu
41 KhOF =spFUNSFUDGE v11y
b TU 49 tile
(Y] RhOt sRHULN=F LUGE u113
43 CONTINUE
PHUDGE sUMONL *RhUF *EPGCJ) U115
CSCUI=SOURT ((PLUI=PHUDGF )/ (RHON=RKDF ))
CRNTECRNT+CD () V117
CANTECRAT+1 ek =2
DILUsWh®(XCJI=XMINUSI/CRNT (RN
It (LTZuM=D1LY) 45,4D,44 tily
44 DI1Zukelilly vizu
45 kbhO(J)ERHDN U12e
uUrINUSELCY) V123
I (F(JI=PMAX) UT7»462406 V124
4o PrAXEP (V) viéy
47 xhINUSEXC(Y) viers
471 CUNTINUE
TiMp=TIME4DIC viae
¢ EXIT CONTROL vlay
JSTARsMINOCJUSTAKSJEIN) U155
UL 601 u =12JSTAR
IHCMUDCLY »50)=1)601+59,601
17 PRINT B4 (DESCTC(I)»1=®1,12) uilo
PRINT Qb)PNUMsNSTIMEPIC vi7y
LY} FRINT 9%sy 2 XCudoUCI)aWlU)sPLUISEPG(UI»CSCUIPRHD(U)»T(U) 2V
NEN+]
IF(NoLE+10)GD TUL 23

34
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é

S

bl
03
LY
be

by

b9
9o

vy
cu04

2005

sSTur 277

FURMATS FUR SAP
FLRAAT (1ZA0)
FLRVMAT (BEL1LL0O)
FURMAT W1h101240)

veby
Leby
Velb
velo
Vel

FLRMAT L/T7HUSYMBOL 2% TOHDEF IMITLIUN BOXs SHVALUE/3HONCS /22 JORNUMBER vebu
1 LE LIPPERENT JFLTS Apu NDUMPS» 40X 16/7F NTFUITS3Xe30HAUMBER LF U] Legbl
CPHERENT BDTIY TIMESsUGXs16/5F JPINSOR2Z6NUMBER DF ZUNES IN FRUpLEM vebe
Is50Uxs16/76F VLYCS»Uxs3ZHMAXLIMUN MUMEER UF PRUBLENV LYCLESs443xs1b/¢n Lebd
UNsbXs26nCYCLE NUMBEEKR (# IMPLTY DATASSUXs10/76H TTIME 44X cbHPUNWER Uf Uebd
STEN Pk BIRST AUTUOT»4ExsI6/7eH LTAFF UXs 41KUSEL TU CESTGRATE INpUT LeBd
OVAFES FUR KESTART 235X, 16750 PNUMeOXs14nERDKBLEM NUMRERSE(X2F B3/ 3R vebo
TCLa 7 X2 24HEULADRATIC VISCOSITY TLRMrLUEXSLEEL12,3/73F CloTxocdhLINEAR Gebr
BISCLSITY TERMOUYXIELZ,3/736 Who X2 35HMULTIFLIRS THE CALLLLATEU JIME Lvebb
Y STLr»39XsF1243/73H TS,7ys20FTIME o+ PRURLEM STUPsS0XsE17,3) veby

FURKMAT (UH CKFsoXxsLIBLISTANCE OF Max, PHRESSURE AT PROKLEM ST{IF,29X Le 94
151FPE1203/5F UMINSSxo27HMINIMUNM VELUCLTY IN PRUBLEMIA3IX2E12,3/5h wb LVe¥l
2INSOX, 2UHMINIMUN Q@ IN PHDOBLEMIDOXSF 1243/ UeYe
3 S5H TIME»OXs28HTINE LFE STARY UF PRLELEMSABXIET LUeYs
4243/ ok veYe
6 LUMASSAXs 1 ZHMADS UF CURF2DtX2b1Ze3/ LeYo
Tah hUR2OXP27THEELGHT UF ZERU PUINY Tk (Moo 83Xs2212,3/76H 40GLESUX s SON ueY0
BULKECTIUN GF KLN (DEGFEESOIFLSs LPWALD) 5 32X2F1¢43) veYi

SEUMENT

FLEKMAY (U 12.080]15) veYY

FLRMAY (1CPUPKUD. NUsFB eI 3xsZbN=lUs3XsSHTIMEZE14:503X04HDIL=E14ed vale
1780 Jp 7o lbXs 12X hL s 12X21HQ 212X 1HP 2 12X 2 1HES 10X 4H €S 210X 2 3RKH vilrs
2UsInsekF/F0™150As1Hy7) . L3lb

FLEMAY (QH caslbbF13+45014) Laly

PLKMATCIH112A671bh /9%sTHENLM = sb1002/1h /3X01HU212X0¢bUXs 1325 velu
1 1h X 1 IXs IHEPUSLIIXSLEP o1 I X 3RRHUIIXS 1 US1INSIHT 21200 hiMpdNsiHUs Veli
2 /l" ] tele

PURMATCLH »13s8E14,5014) Leld

ENL (PR YY)

SEUMENT
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APPENDIX 11
COMPUTER LISTING OF *FORTRAN SAP

CONNON/NAIN/Z(60)pU(ba)pP(6n)50(64)pRHD(bd)pX(bﬂ)p?M(bd)p
1 EPGC6U4),CSC68),T(64),FNRT(64)

CUMMDN/TEMP/RHDNC68)»DVE64)CRNTC64) s GMONEC64)»P2(64),E1(68),
1P1C68 ), KHDF(68)»DTZUCHG)

EVUIVALENCF (PRUB,ZC1))sCCN,ZC2) )0 (TYIMELZ(C3))s(DFLTSZ(G))»
1COTCrZE5))s(USTARSZ(6))»CUSTPISZLTIIs(MUSTARIZCB))»(MISTPISZ(9))»
2CUFINSZC10)) s CPMAXSZC11))pCUPMAXSZC12)),CXPMAXS»Z(13))5CC02,2¢C18))>
3CC1,Z2¢15))2CTC15ZC16))5CFCD222C17)),(DTZUM»Z(18))

FILE INFUT(O»704y SERJIAL

FILE OUTPUT(O,704) SERIAL

BINARY MUSTAR(64)» MUSTP1(64)

DELT=pTC

DIC=DYZ UM

MJSTAR.(0,63)20

MJUSTAR.(1,JSTAR) =1

DU 341 MDDE=MYSTAR

UCHIBpCa)¢DELT*CCPC#)4QCu)=QC*¢] )=P(*e1)))/ CRHOC#*)®CX(w)=X(w=1))¢
1RHD(%¢1)weX(*e1)=X(*)))

00 351 MDDE=MJSTAR

TIFCABSCUC#) ) oLTLUMIN) U(#)=mQ,

XCo)m)(#)4DTChU(w)

TFCUCUSTAR) «GTe04) JUSTARSJSTARS!

IF CUSTARCGESJFIN) STDP 351

JSTP1sJSTARS!

MJSTP1,(0,63)=0

MUSTP1.(1,JSTP1)=1

DL 471 MDDE=MYSTP1

RHONC#)BZM(*) /(X R)*h3ox(am])aul)

OV(e)m) o /RHONCw ) =], /RHD(»)

DUCe)aUCw)=liCa=1)

Q(+)=0,

TFCDVC*)\LE«O,) QC#)mRHNNC*)#CAMINT(DUC @) 0,)0CO2=CIwCSC*))RAMINT(
10L(*),04)

TFCQCw)eLFsOMINIQCH)=Q,

CHNT(*)=0,

TFCQCw)eNEoOs) CRNT(*)BRTCI*CSC*)I=FCN24DY(+)

GMDNE(*)=0,4

P2C*)aGMONEC* ) RHONC*)*FPGCw)

E1C*)upMAXLICCEPGC*)=DYy(*)aP(*))s»00)

P1(e)sGMONEC(*)*RNONC*)eFE (%)

EPGCw)mAMAXTCCEPGCw)=(P2(*)4P(W)4Q(#)+Q(*))wDV(#)/(2,4CF2C*)=PI(*)
1)/P(*))),50,.)

PCo)EGMONEC*)*RHDNC# )aEPG(*)

P2(*)=¢l,001

IFCOV(*) o GEsOy) P2(*)u=P2(¥)

RHEDF C# )SRHONC# ) w (1, ¢P2( %))

PFUDGF C*)sGMONEC#) #RHOF () *EPG(w)

CSCa)uSORT((P(*)=PFUDGE(*))/CRHDNC» )oRHDF(*)))

DTZYCa)SHW* X R )X #=1))/ C(CRNT(#)¢] ,E=2¢CSC*))

IFCDYZJUCUI LT, DTZUM ) DTZUMeDTZJUCJ)

RHOCw)=RHONC*)

PMAXBAMAXIC(PCUI»PMAX)

CUNTINUE

TIMEETIMECDTC

EXIT cONTROL

WRITE COUTPUT) Z

G0 70 23
STOF 7777
END

36



APPENDIX 111
COMPUTER LISTING GLYPNIR SAP62

SCODF LIST 1P DRIGA SUMRY
SNCOCNT PRONUCTTION SAVE

REGTN
PREAL SURROp'TINF SORTY AS RGACPREAL Y AS RGA)}
PFGIN
SINCINS 110 ASKRATCH 14
$STAPE2® GLYPMNIR/GSORY SFRIALS
ENDS
SURROUTINF PUTCPRCZRFAL XoPRFAL DUI'T ZsfINTY 1)
BFGIN
FOR ALL Prigl DN ZeX
ENDS
SURROUTINE PUTCPICCINTY XsPRFAL NUT 2,CINT Ty3
REGTIN
el REAL A3
AeX)
FOR ALL PENEY DD ZeAy
EnD3
CRFAL PRﬂFoT!”FlFFLTDﬂTCoPMIY’XPVIY’Cﬂ?;C1DYC!DFCU?!DTZJ”DQVT”D“M'N'HN}
CINT NlJST‘P!JSTP!'JF!NlTPFnHD7NpZT!ME.?DF'TDZDTCD7JST‘P!ZJSTP'I
CINT TIF TN, 7IPMAX , ZUPMAY s ZXPMAX,2C02,7C1,2TC1,ZFCN2,7NTZIM,2aMTN}
CINT JPMAY, ZUtMTNsZWH» ZNSTNP,NSTDPS
PRFAL ZoUsPs0,RHDsXsZMspPRsCSoToRORT )X VG RHNM DV, CRNT s GMANF ,FP25F15P ¢}

PRFAI PDUSRHNFINTZUsDUPFUDGFS
LARFL STARTSAGAIMIFINSSTOPY
% VARTABLFES MAVF BFEN NFCIAPFD
$SET UP TNPUT AND OUTPUT FIIFS
FILE 140DISk2="SaP"/"BTNI" (11 ROWS FULL)YS
FILF YaDISK1e"RAP™/"ITNR%¢19 RONS FULL)S
NPFNeIADTISK1,051)3
NPENCTIADISKD2,5001)3
START .
SIMRFADCTIADTISK?,2))
SIMWRITECIANTISKY,2)}
7PRORB0;
Ihe1}
IVIME®2}
I0FL T3}
707Cet}
7J8TAFe¢5;
1JSTP1¢6}
20MINeT}
ZUMINER]
TUFINEO}
7PFAX¢10} _
2JpMaXe11s
IXPMAXe12)
7CN2¢133
7C1¢14}
77014153
7Fr02¢16)
72072JNel T
7WWe183
INSTOPe¢19
DT7J¢100000.0
QMINCRRARANF(ZsZOMIN)}
WWeGRARNNFC(Z»ZWW)Y}
DYZJUMeGRARNNF(Z,ZDTZUMY}
JSTARCGRAPNNE(Z,ZJUSTARYS
PROR¢GRARNNF(Z»ZPRNR)}
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NeGRARNNE (75 ZN)}
TIMF¢RRARANF(Z,»ZTINME) S
DTCeGRARNNF(2,20TC) 3
UMINEARARNNF (25 ZUMIN) 3
JFINCRRARNNECZ,2JFIN)S
CO2¢GRARNNFCZ,2CN2)3
C1¢GRAPONF(2,2C1))
TCieGRABRNNF(Z,2T7C1) 3
NSTOP«GRAPNNEC7,ZNSTOPY S
FCN2¢aRARNNF(Z»2Z2FCN2) 3
AGAIN: DELTeDTC
DTCeDTYZ7UM
MODE + (PENCISTARYANDCNNT BONLEANC=0)))
UtUSDF) T (P*OI=RTLIY, TRUESCP40)))/CRHNXCY=RTLC=1 , TRIIF»¥)I¢RTI (]
sTRUE ,PHNIXCRTLC1, TRUF,X)"X)))
lrtna<¢u$<uM!N) THFN (140,43
xo!oDTPle
IF(GRARONF(UnJSTAP)>O Y THEN JSTAReJSTAR®1
IFCJSTAR> JFINY THEN Gn TH STOPS
JSTP1eJSTARSL
MCDEeRHIFTRE1,MONF DR ROOLFANC=0)))
X3eXnyxx)
RHONEZM/ZEXY3I=RTLE=1,TRUIF»X3)))
DVe(RHNaRHONY/C(RHONXREN) )
PUECU=RTL =12 TRUES11))D
Qe
PCUeD113
1FCDUS0 .0y THEN PDIEOLOS
1FCOV<h,Y THEN QeRHMNNx(PDUXCNP=Ct: SINPRUS
IFCOSOMTINY THEN 0¢0,}
CRNTtn-OI
1600>0.0% THEN CRNT¢TCIXCS=FCN2xPDII}
GMDNFe0, 21
P2eGMNNEXRHONXERG)
FleCFPGeNyxP)}
1FCF1e¢0.Y THEN E1¢0,}
P1eGMANFXRHONXF Y §
EPGttPG-(P9*P0000)!DV/¢? +(P2=P1y/P))
IFCEPRCOLY THEN FPGoo.
PeGMONFXPHONXEPG)
RHOF ¢eRHONX1,0013
IFEDV>0.09 THEN RHNF¢RHONX,999)
PFUDNGFeGMANFXRHDEXFPGS
CSeSORTCEP=PFUDGF )/ (RHNN=RHOF) )Y}
DTZJ&uNxfr-PTl('1nTRUFpX))/tCRNT+.olocssl
DTZ2UMeMINENTZUYS
RHOERKNNS
PrAXeMAXEP))
TIMEe¢TTMENTC)
MONFeTRUF)
PUTCPRCPRNR»Z»ZPROAYS
PUTCPR(DTZUM»Z5,2DT2UMY}
PUTCPRIPMAXsZ,Z2PMAX)Y)
PUTCPRITIMF2,2TTMF)Y)
PUTCPRIDTC2252DTC) )
PUTCPI(N»757N)}
PUTCPTIC(JUSTARSZ»2USTARYS
PUTCPRCOFI T»2Z»2DELTY)
PUTCPRCXPMAX» 2o ZXPMAXY}
PUTCPY(JPMA!:Z:ZJPNAX!I
PUTCPVCJ%TP!.Z:ZJSTP!)I
PUTCPYCNSTNP,Z,ZNSTOPY)
SIMWRITECIANTSK1,7))
NeNel s
IFCNSNSTAP)Y THEN GN TN AGAIN)
FINISTOPIEND, 38



APPENDIX IV

COMPUTER LISTINGS OF PROGRAMS I, SAP62 INPUT, AND II, SAP62 QUTPUT

SCARD LIST STNGIF

FI

MDD

11

LF

To1

T0?

1ESAP/RTNT, IINITeDIGK) SAVFELLNCK,SFRTAL , ARFARS,
1RLOCKTNGRY ; RECORD=540 ,RUFFFR=?2
CUMNUN/VIIN/T(ba)oH(bq)'P(ﬁb)'O(ba)pRHn(ba)n!(ba)t7v(60)n
1 FPGC&AY,CSC68),TC(68Y,RDRT(6A)

REAL PFSETCL2Y

ECQUIVAI FNCE CPNUMSZC1YY> (NsZC2))oCTTIMF,,2¢3)),(DFLT»7C8))»
1CDTC,7¢5)ysCUSTARS7C6YYs CJSTPISZCT))SCONIN  ,ZCR)Y, CUMIN  ,7(0)),
2CJFINGZCIN)Ys CPMAXSZC19))s CUPMAYSZ012)74(XPMAX»7012)),CC02,7¢14))s
3CCT2Ze15YYsCTCIs7C16) Y CFCO2sZCI7IYoDTZINSIZ7C1BI)0 WWsZ(19)))
AENSTOPZC20Y ), (NFSETC11,2(52))

READ RTATEMFNTS 0019
READ R1,eNFSCTCTIY»121,12) 0020

0016
JFINeRD

RFAD A3, PAMUMSCOsCIoNWsTSsCHPIIMINSAMIN, TIMFL,ROMAS, HNRS ANGLE»PYMUL 0022
TFCHIMIN,FP, 0, UMTNS 1.0F=10

PRINT RO, (DFSCTCT),Tm1,12) 0029
PRINT RE&sNCONTFDTIT, JFINs JCYCSsNos ITTIMF | TAPFsPNUMCO»CIsWWs TS 0031
PRINT F?grkP-UMINpOMINoTIanBnMASnHURnANG[F 0032
XMIAISEO, 0041
uti1)=n,o

X(1)=s0,0

JSTARsJF TN

I= 0

Je 2

pl 16 Ket,JFIN

Dx IS THF DFLTA x FNR THE ZONFSC(CMY

€27 e THE FNERGY FNR THf IUNFS(rPGS/Gvs

RZZ ]l THr NENSTTY fOP THE 7nwrc(cn/cuas

UZ7 1& THF VELDCITY FPR THE ZONESCEM/SFE)

1 1S THE mAY Z0NE NIIMAFR FOR THFSE COANPRTYTINNS

IFCet FuTy GO TH 11

READ l°nﬂ¥nF770917-”77.7

IFCUZ7.NF, 0) JSTAR: 1

IF(JSTAP.GT.JFIN) JSTAR= JFIN

X(J)IVNINHS¢DX

IF(F27.67,0) GO Th 701

RHNCJY=1,225E=3

EPGCJIR2.F9 .

G0 TO 70°

RHMCJIY=R7?

FPGC(JysF77

GMANE 20,8

PLUIsEMONF *RHNC Y *FPGC )

€SCJUI=SORT (RCJIe1,8/RHNCU))

O(J,'no

eI =72

IM(J)-nHﬂ(J)t(X(J).aa-vM!NUSttas

XMYNUQ:Y(I)

TFCMONCKSS0)EQe1) RRINT 20085 DESETs PNIIM

PRINT 2005, KnDan(J)ofPG(J)nP(J)-RHO(|)n"(J)nT(J)nZM(J)nK

JE Jé

CONTINIF

c02eCpwcO

TCi1=s2,.+C1

FCO2=a.0Cn?
DTZJM-Hu*!(?)/(SORT(P(v)il.CIRHO(?)) y /2.
DTCeDT?Z UM
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81
83
8a
(1]

ar

K9
2004

2005

99

50
10

11
100

201 ))=ph M

2(6)= ISTAR

2¢010)=JF 1IN

2(18)=00?

Z¢15)eC1

2¢16)e7C1

Z€17)sFCN?

2¢18)=nT7,M

2019wy

NSTOP=10

CALL WPTTANCZ,T0M)

STYOP

FORMAY (12A4)

FORMAT (RF10.0)

FORMAT (1HI212A6)

FOPMAY (/7FOSYMBnL-3!.tOHDFFIN!T!ON-ébv.SHUALUFISHﬂNco7Xo36uNUMBFP
1 OF DYFFFRFNT JPLTS AND NDUMPS,80%,14/7H NTEDTYIT,3X,30uNUMBFR OF DI
2FFFRENT FPIT FIMFS»a6ye16/5K JFIN2»Sx» 26UNUMBER OF 7NNFE TN pRORBLEM
3,50 16760 JCYCS, 8y, 32uMAXTMUIN NUMRER NF PROBLEM CYFLFS-A8X,T6/2H
ANs BY»26HCYCLE NUMBFR OF INPUT DATA,S0X,» 16/6H ITIME.aX.28HPOWEP OF
STEN FnR FIRST AUTOT»ABX» T16/6H LTAPF AX A3 HISED TO NFSTANATF TNPUTY
&TAPES FNR RFSTART 35X, T4/5H PNUM,5y,18HPRORI EM NUMRFR, 0¥sFA,3/3H
TCO»TXe2UHAUADRATIC VISADNSITY TERMPBGYS1PE12:3/731 CtoTyr»?1HI INFAR V
a1scpsrYYy vrPanox.ra?.slau WWs 7Y 3SHMY| YIPLTFS THF CAI CULATFD TIMF
9 STEPe35¥eF12,3/3H TSeTY»20HTINF OF PRNPLFM STOP»SNysF12,3)

FORMAT (8H CKPr6X»a1HNYSTANCF OF MAX, PRESSURF AT PRARLEW STOP+29X
1,1PF12,3/50H UMIN,Sy,27HMININMUN VELOCTITY IN PRORIFM,83x,F12,3/5H QM
2TN»SX s 20HMINIMUN © TN PRURLFMsSOYsF12,3/

3 Sy TIME,SY,28uTIMF OF STARY OF PROR| EMsafXsEY
42.3/ OH
6 ROMACIAX,17HMASS NF CNRFsS5AXsF12.3/ .

78K HOR»6Y,?THHEIGHT OF 7FRN PNINT IN €M, ,83y,F12,3/4H ANGLE,8Y,38H
BDIRECTION OF RUN (NFGRFFS2PDSe HPWARD)»32¥»F12.3)

FORMAT (AF12,4515)

FORMATCIHI »12A6/1H /S eTHPNUM = sF1042/71H /3X»1HJs12Xs2HDX»13Ys
| 1Hloi1'.3HFPGn13Y11DP'11Y13HRu0103Xo1qul3!.1HTaQ’Xn?H7No3X:OHJn
? /1K)

FORMAT(IH »T13:8E14,5510)

FAD

SURROUITINF WRTIANC7,NY

REAL at580)97(N)

PRIAT 00

FORMATIIHY)

LL= 0

Nhm N

KE MM

1FC(K AT, ?786) Ke256

DC 11 Tst,¥

LE LLeY

1FCLoRF 8P AND L .LF.63Y 60O TR 50

CALL RSTAF(7CLIsA(2¢Te1),A(22T))

60 10 10

CALL F!Q!f7(L)nA(?t!91)nl(?tl))

TFCZC1Y.P0.0.) GO TO ¢4

PRINT 100, LaZCLY»7CLYsAC?eTI=1Y,5A(22])

CONTINUE

FDR"‘T(!100?30.605?0.60?0?0)

WRITECY) Cal1)s1=1,540)

NNks Ny'K.

IFCNN.FO,0) RETURN

LLe LI +2%¢

40

027a
norTé
077
0280
02a1
0282
0283
0284
0285
028¢
0287
0288
0289
0290
0291
no292
0293
0294
0295
0296
0297
0299
0270
0271
0272
0273



60 TO &«

END

SURROUTINF RSTAF(A,RsC)
ECUTVAIENCE (XXsT1)

!E-CUArAT(OoA.hln?.7)
IFCXELFOLN) GO TP 10
CALL RY4FcA»BsC)
RETURN

10 XXs A
Xe 11
Y® Yen.1
Ye x*n,{
CALL PYaGFeYsR,CH
RETURN
EMD
SURRONTINF RIAGF(AsR,CH
EONIVaI FNEE (XELTER)
PATA YPTAR/NA0000/
1FCANF,0Y GO TO 10
R= 0
c= 0
RETUPN

10 XSECONCATCOsA2875251)
XE-CUNPAT(Ovoa2o3o6)
IFCXS.NFn) 1F8s=1EA
!EOl'!fB
B9lCﬂNPAY(OnAph7.9o1)
BIDSCANCATCO»As87510219)
TERE=?

!F(Plh.NF 0) !FBF-I
1IFEROTNF,L0) 1E8F=0
1E=3*TFBTFAE

1Fs IRpTAR=IF+39
RE=sCONCAT(OsA»16,5151)
RESCONCAT(RRIIE,17533,15)
RECONFATIRRI A2 32,9¢1EAF»16)
CECONFATCO»A216,5,25+41E8F523=1F8F)
RETURN

END

SURRDNTINE RIAICASR,C)
BBsCONCAT¢ OsAri16s1,1)
RECONCATCRRIA»818,9,7)
CCANPATCOsA»16516,5,32)

RETURN
ENR
SAP STRIPPFD AND READY FOR ACTION )
1, 1,8 ) n,2 30.
« 0000 . O Ne [+ [ 2
. 1. 2,F1) . Y ] 6,r0% 30
1. n, 0. 0o 63
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SCARD LIST SINGLE

FILF

100
999

198
19¢
200

601

84
o8

99

50
10

11

200
201

2= SAP/TITORUNITEDISKs SFRTIAL,ALOCKINGE1, RECNRD=540

COMMON/MATN/Z(64),11068)sP(64),0(68)sRHNC68),X(68),7M(68),

1 FPGr6a),CS(64),T(64),RDRT(60)

REAL NFSC T(12)

FOUIVAL FNCE (PNUM»7¢1)3s (N»Z€2330(TIMF,2¢3))s(NFLT,2Z¢0))s
16DTCs7053) s (USTARI7C63)s CUSTRPIL7CT))oCOMIN »ZCRII,CUMIN »7€0))s
20JFIN,7€10))5 (PMAX,ZC113)5(JPMAY,Z€12)),(XPMAX,2¢17)),(6N2,7¢18)),
3CC152015)15CTC1ZC1£))eCFCO257C17)92C0T7UMs2C183)5C WN»7C(10))5

ACDESCT(1),2(52y)

CALL RFDYANCZ,704)

PRINT 090

FORMATCIHT)

DO 199 1=1,704

T1FC2C1Y.70,0,) GO TD 199
PRINTY 200, T152C13,7C1),2(1)
CONTINIIF
FORMATCT10,F20,6,E30,45N40)
NE2¢2)Y

JSTAR=s7(6)

D0 601 JJs1»JSTAR

JE JJe .

IFeMOnCy) .503,NEL, 19 GN TO 601
PRINT B4, (NFSCT(T1)»1%1,12)
PRYNT 98,PNIIMpyN,TIMESNTC
PRKINT 995 JdsXCJYsUCJI»QCIISPCIISFPRCIISCSCIIPRENCIYS T€JysdJ
GO TD 100

FORMATS FOR SAP

FORMAT (1H1»12A6) .

FORMaT (10HOPROB, NNFR3I» AN 2HNETA» AN SHT YMERF 18,5, 3X»0HDTCap18.5
178H0  Jo Ty THYS12Xo 1HI' 12X 1HO» 12Xs AHP» 12Xs 1HF»10X,0H ¢S 2102 3HRH
209X ARHP/PO®1,6Xs1HJ/ Y

FORMAY (1M T4,1PBF13,5,148)

FNRP

SURRONWTINF REDIADCY,NY

REAL 77Z¢1620),7(N)

LOGICAlI FIYRST

DATA FTRST /.TRUF./

TIFCFIRSTY REWIND 2

FIRST= .TALSF,

READN €2,FnN=200) (722¢1)»1=1,540)

READ(2Y €772(1¢580%,115540)

READC2)Y (777(1+410R0%»1=1,540)

00 10 1=1,256

1FCT«aF5S2.ANDsT4LF,63%) GO TN 50

CALL YABF¢772(2%1=1)3,772(221),72(1))

GO Y0_10

CALL TYARY(Z277(2%1=13,727(2*1)57(1))

CONTINUE

00 11 Is1,256 ]

CALL YABF(72Z(247+4539),222(2#14%80),2(14256))
00 12 121,192

CALL YARAFC72Z(22141070%5722(¢2+1410R0)»7(¢ 145129

RETURN

PRINT 201
FORMAT(24HIEND OF FILF ON 14 DISKs)

42

0179

0259
0260
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3 STOP

END

SURRONTINF TABF(A»R,C)
INTEGFR N100

DATA YRIAS,0100/040000.0100/
EONTVaAI ENCFCXESIE)

[
¢
XEx CNANCAT(Or»A53351751%)
1Es IRTAS+3O=IE
c 1EA 1S POWER OF &
10 TE8= 1F/)
c IFRE 18 RY SKIFY OF MANTISSA AT IF8

1E8Es TE=3+1F8
IFCIERF.G6F.0) GO TN 20
TECF= TEAF4)
t1E8s tFA=y

20 1682 =JFA,
IFCIFA.LY.0) IE8= n10N=1E8

c PIck UP SIGN .
OUT= cNNCATCOsA»151601)
c PIcx Up EXPONFNT

DUTs cNNCATCOUT,IEAS2,81,7)
PIcK UP TOP DOF MANTYISSA
DUT= FNNCATCDUT»As9+IFAF»32,16)
¢ PIlek 1P ROTTOM NF MAMTISSA
C = CONCATCOUT»Rs25+1F8F»16,23=1FRE)
RETURN
END .
SURRODHTINF TABICA»R,CH
CCuCONCATCO»A»1,16,51)
CCoCONCATCCCrA»D 81,7
CuCONCATCCC»B216516532)
RETIHRN
FAD

ey
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APPENDIX V
COMPUTER LISTING OF THE SAP62 CHANGEZ CODE

SCARD LIST |
FILF  1SAP/TTNR, UNITEDISK, SFRIAL,BLOCKING=1,RECNRO=520
FILF 2sSAP/RTOT,UNIT=018K,SFRIAL,BLOCKING=1,RECNRD=540
COMMON 7€704)
COMMON /FI AGS/ T11T,107,CY>DMY(1620)

(N

( -
117=
107= 2
CYs 3

(o

r

CALL REDTAN(Z,708)
20 READ jﬂO-!:F
100 FORMAT(IS,F15,0)
1FC1.1F,0y GO TO 40
It= F
60 70 20

40 CALL wRTIAD(Z,708)
sTOP
END
SUBRONTINF REDIAD(Z,N)
REAL 7¢N)
COMMON /FILAGS/ T1T,707.CY»722¢16209

REWINA ITT
101 READ cYIT.FND®200) €277C1),1=1,540)
RElO(]TT) (722C14540),1=1,540)
READCTYTTY (7772(¢1+41080%,1=1,540)
00 10 1=1,256
1FC1.6F 52, AND.T.LF.63y GO TN 50
CALL YARF(Z27Z(241=1),777(2#1),2(1))
60 T0 10
50 CALL YABT(222(2¢71°1),777C2+1)»2¢1))
10 CONTINUE
1FC2¢2) =€Y) 101,102,909
102 00 11_1=1,2%6 ]
11 CALL VvABF(277C2414839),277(2%14580%,7(14256))
00 12_1=1,192
12 SALL YORF(CZZZ(2%1¢10T79)»277¢241410R0Y»7¢T14%12))
RETURN

103 PRINT. 108,7C2)sCY

104 FORMATCIBHIHAVE FOUND CYCLE FS,0,190H LNNKING FOR CYELF FS.09
sTop

200 PRINT 201 .

201 FORMATC2AHIEND NF FILF ON 18 DISKe)

stToe

END .

SURRONTINE TARF(CA»N,CH

INTEGFR N100

DATA TATAS,0100/7n80000,.0100/7

EQUIVAI ENCFC(XE»IE)Y

XE= CANCATCO»A»33217,19%)
1E= TRTAS+39°1E

¢ 1ER 18 POWER OF 8

10 1€8= YF/)

i



S O O O

99

S0
10
100

¢
1000

IEAF I& RY SHIFT OF MANTISSA AT IE8
1€8E= 1F=3+I1E8
1FCIERF,GF.0) GO TN 20
1EBE= TEAFe)
1E8s 1F8~1
1E8s =TE8,
1FCIEA.LY.O0) 1EBE n10n=1E8
PIFK UP SIGN
QUTE cNNCAT(O2A»151601)
PIcK UP EXPONENT
OUTE CONCATC(OUT,IE8,2,41,7)
PICcK UP TOP OF MANTTISSA
OUTs ~ONCATC(OUTIA»94IFBESI2,16)
Plek /P ROTTOM NF MANTISSA
C = fﬂNCAT(DUTDBD?SOYFGFDlGl?!’lF'[)
RETURN
END
SURRONTINF TARICASR,CH
CCCONCATCO2A2151851)
CCRCONCATCCE2A»9»81,7)
CRCONCATCRC2B 16216532)
RETURW
END
SURRONTINF WRTIAN(?7,N)
REAL 7(N)

COMMON /F) AGS/ 117,107,CY2ACS80,0MY(1080)

REWINR INT

PRINT 99

FORMATC1HY)

LL= 0

Nhz N

K= NN

IF (K ET.2%6) K256

DO 10 Tmi.K

L= LLeY

IFCLoGF B2, AND,L.LF,63) GO TN 50
CALL RSTIAFCZCLIsAC2¢TI=1),AC2¢1))
G0 T0 10

CALL RIATC7CLI»AC2¢121)sA(241))
PRINT 100, LsZCLI»ZCLYoA(2¢1=1)sA02#T)
FORMAT(I1op730.6p520.6.?020)
WRITECIOT) CACI)»1=15580)

NAks= Nn-k.

IF(NN.FG,05 GO Tn 1000

LLE L1 +2%4

G0 T0 S

REWIND 1IRY

RETVURwN

END

SURRONTINF RSTAF (AR C)H
ECUIVAI FNGF (XX 11)

XE'CDyCA!(ODIDIIp?pY)
1FCXE.FO.0) GO TN 10
CALL RTAFcAsBsC)
RETURN

XXs A
X= 11
X® X401
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2n
L |

Xs X=n,1

CALL RTAFeX»B»C)
RETURN

END .
SUBRONTINF RIAFCA,R,CH
EOQUIVAI FNCE (XELIES)
DATA TRIAS/040000/
1FCA.NEL,0) GO TN 10
f= 0

t= 0

RETHRw

XSECONCATCO2A»487,2,1)
XFRCONCATCO0sA28253,6)
IFCYSINEL0)  1E8==1E8
1ERAe=1F8
BORCONCATCOsA24759,1)
B10eCNNCATY(O0,A»A87,1051)
1E8Fe2> |

lF(BIQ-Nf.O’ 1Férel
1FCB9.NEL0)  1EBF=0
1Es3e1F841FAF

1= IRTAS=IF¢39
BBsCONCAY¢0sA»16,51,1)
BB=CONCAT(RA,IF,17,33,1%)
BECONCATCRRIAS3I2,9¢1EAF216)
CoCONFATCO»A»16,2%+1EAF»23=1F08F)
RETURM

END . .
SURKRONTINF BI&ICA,B,C)
BB=CONCATe 02A0160151)
B=CANCATCRR2 A»81,9,T)
CECONCATC0»A216516,32)
RETURN

EMN

30,
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APPENDIX VI
COMPUTER LISTING OF THE SAPN/SKEWED CODE

SCODF LISY 7TP DBUGA SUMRY
PRONNCTTION SAVE
REG!N

CREAL PROB.TIMF,PFLT,DTCoPHAXS XPMAX5C025C15TC1,FCO2oNTZIM,aMTNSUMIN, WHS
CREAL OTZJMR,PMAXR}
CINT  NsJSTARsJSTP1, FTN»ZPRORsZN» ZTIME, 20E1 T520VC» 2 STAR ZJSTP1 )
CINT  ZJFINS 7PMAX,ZJPMAXs ZXPMAX»2C025ZC1,2TC152FCN2,70DT7IMs ZOM NS
CINT JPMAX,ZUMIN,ZWWs ZNSTNP,NSTOP » JSXsdsJJ, JMAY S
PREAL X3.RHNN»DVaCRNT,P2,F1,P1,GMONESPOUSRHOF»DTZJs DUsPFIDGESZ3
PF REAL UFCTAR UCAI,PCAY,0L8)sRHNLAYsYLA),7NIAYSFPGLAY,
CSra3,TLa),RORTIA)}
LARFL STARTSAGATNs  STOP}
$ FALLOWING CARD FOR SURRDITINF ADJUSTSLFWFD,
PINT FROMPOW, TORDWJRODLEAN TABLESFYS
%
X VARIABLFS HMAVF BEEN DECLARFD

g
SSET UP INPUIT AND OUTPUT rILFS
]

FILF 1ADISK1s"SAP"/"1TNB"¢ 51 ROWS FULL)S
F!lE 14D1SKo="SAP"/"BTOI" ¢ 51 ROWS FULLS

PRFAI SURRDIITINF SORT AS RGA(PREAL Y AS RGA)}
BEGIWV

SINCINS 110 ASKRATCH 14

SSTAPE2= GLYPNTR/GSQRY SERIALS

ENDS
SURROUTINF PUTCPR(CRFAL X,PREAL DUT 2»CINT 1)
BFGTN . .
FOR ALL PeNeY DO ZeXs
FNDS
SURROUTINF PUTCPICCINT X»PREAL OUT 7Z,CINT 13}
BEGTN
cH REAL A3
AeX?
FOR ALL PEnEY NN ZeAs
ENDJ
SUBROUTINE SLEWCPCPOINT ¥» CINT JMAX)Y}
BFGTN
CINT U3
LPOP Je1s1,JMAX DO XLJYeRTI €2%JsMODFLXLI)) )
ENDl
SUBROUTINE UNS)IFWCPCPAINT X» CINT JMAY)S
BFGIN
CINTY U}
LOOP Je1s1,JMAX DD XLJIeRTRE2xJsMONE,X(J)))
END?
SUBROUTINE AOJISTSLEWFOCPCPNINT x5 CINT JMAYY}
BFGTN
[ our 70 THE LACK OF NWN VARIABLES AND_ DATA STATEMENTS IN GLYPNIR
5 THF PO LOWING TwD CARDS MIUST APPEAR TN THE ONTERMOST BLOCK
5 IN WHICH ADJUSTSIEWFN IS USED,

g PINT FROMROK,TOROWSBOOLEAN TABLESETS
STARLESFTerALRF)

| . :
$ MNOE MySY BF TRUE oN ENTRY TO AOJUSTSLEWED TO PASS ALI ARGS,»
5 IT 1S TRUE AN FXIT,

3
CINT JSLABFL MNVE)
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" W N W

IFCTABLESEY) THEN GO TO MOVF)
TABIESFTe TRUF)

TOROWe ¢ 6A=PFN) DIV 23

FROMROWERTL (12 MODF» TORNW) )

TOROWERTR( 1o MOOE» TORONWY S

MODE«RNOLFANCS5555585555555555(16)) ) FROMRNWe TNROWSMONF ¢ TRUF )

TOROWERTLC 52 MODF » TORAN) )

MOVFE LOOP J¢0,3%»CJNAX=1) DIV 32 DO

BEGIN
LABEL MNVFM)

IFCJIMAY2J432) THEN GO TN MOVENS
MOOFeSHIFTRC2XCJ¢32=JMAYX ), MOOE))
MOVEM: X TOROW¢ JIeXIFRAMROWE YD)

END)
MODFeTRUE)
ENDISADJUSTSI FWFD

START nF MAIN PROGRAM,

STARTS

3 FNLLOWING CARD FOR SUBROUTINE ADJUSTSLEWED.

TABIESETe FALSF)
OPENCIADISKY20s1))
OPFNCIADISK2,0,1))
JHAYeaS
SIMRFAD(CTIAOYSK?,2))
SIMWNRITECIANTSKES2))

IPRNRE0)

INeY)

7TIMF¢2y

INFLTeY}

207Ced)

2JSTAReS)

2JSTP1¢6)

7oMINGT}

ZUMTINeEB)

ZFite9)

IPMAXE10)

7JPMAXe11}

IXPMAXe121

7CN2¢1Yy

2C1e1 M)

27016153

IFr02¢16) _

IDTZJMel T

7hnet8)

INSTOP¢193
OMINCARARNNE(ZHZONINY)
WHEGRARDNFCZ22WNW) )
OTZJUMeGRARNNECZ, 20T2JUM)Y)
JSTARGRARONECZ52JSTAR))
PROReCRARNNF (2,2PRNRY}
NeGRARDONFZ22N))
TINFerRARNNF(Z»2TINE))
OTC¢GRABNNE(Z,»2DTC)Y)
UMINGCRRARONE (T ZUMINY)
JFINGRRARNNE(ZS» ZUFINY)
CD2¢GRABONE(Z22C02))
Cl1¢GRARONF(Z»2C1)}
TCI¢GRARONF(Z227C1))
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NSTOP«GRARNNECZ, ZNSTDP)Y)
FCN2¢nRARANF(2,2FCN2) 3

AGAINT DFLYeDTC J
DTCeDTZUMS
DTZJMe)00000,098
PMAX¢0.0 .

Sle(U-JMAg)ISpFH(P-JMAX))SIFH(o-JMlx))SLEH(RHG-JMAX)ISIFH(Y»J”A!)I
SLFH(ZM»JMA!)ISI[H(tPG.JMA!)ISL[H(CS-JMA!)ISIFH(ToJMA!)lslFH(PDRT.JMAX)I
JUCJSTAR NIV 623
LNDP JeDs1,J0 DD
RFGIN
MODE ¢ TRUES
P1ePC,114070))
MNDECREV) ¢2x.)s CCPENSC x62)ICJSTARIAND(NDT RDDLEANC=1))Y)
UtJ1OUlJ100!LTx(P1'PTL(1oTRquPl))/(PHO[JIICYtJ)-RTL('l.TRME'XtJ!))
oRTLt!.TRquRHDtJJ)x(ﬂ!L(l-TPUE.X!J!)-erJ))l
TFCABSCUL,J1)SUMINY THFN utJled, 03
XCJYey(J1eDTCXULUDD
ENDS
MNDE+TRUFS
ADJUSTSLEWENCU,JMAXYSADJUSTSLEWNFD (X2 JMAY )]
JeJSTAR®68xIJS TF(J<OY THEN JeJ+6a)g
IFCGRARONF (ULJJ1,J)>0.) THEN JSTAR+JSTAR+1}
!F(JSIAR!JFIN) THEN Gn TD STOPS3
JSTP1eJSTARSGL)
LOOP Je0.1,J8TP1 DIV 62 NN
BFGIN
MNDE ¢ TRUE §
Plex( a1}
X3¢P1xP1xP1} ,
MﬂDE*REV[(2!Jn((PtN¢(J16?))SJSTPl)AND(NOT RODI EANC=1))))
RHDNeZMEY )/ (XN3=RTL(=1,TRUE,X3))}
DVeCRMNEJY=RHON) /CRHONXRHOL J1) 3
DUCCUTJIeRTLL=1,TRIIF11LJII S
PDUeDI} .
1FCDUS0.0y THEN PD{¢0.0)
IF(DVeOD,) THEN Q[J10RHDNI(PDUICH?'C11CS[J,’IPDU'
1FCQLJISOMINY THEN 60 J1¢0,0)
CRNT¢0.03
1FCOL,115>0,0) THFN CRNTeTCIXCSLJI=FCO2xPNUS
GMONEeO,0)
P2¢GMNNEXRHONXEPGLJY)
EleCEPGLUY=NVRP[ IS
1FCE1<0+) THEN E1¢0,)
P1eGMNNEXRHONNXF 1) . o
EPGLUYCEPRLJI=(P24PLJ140LJI+OLUIIXNV/ (2, 4(P2=P1y/Pl.114)
IFCEPATJYIC0.0) THEN EPGIJI¢0,0)
PLJYeaMNNF xRHONKFPGLJYS
RHDFeRHDNx1,001}

o IFCDV>0.0Y THEN RHNFE¢RHONX,9993
PFUDGFe¢GMANE xRHDF xFPGT )Y}
CstJJgSORT((PtJJ-PFUDGF)I(QHDN-RHDF))l
RHOL JY€RHANS .
DTZJGHNI(X(Jl‘RTL('loYﬁUF»X[J!))I(CRNT#.O!*CS(JJ))
DTZUMReMINCDTZUYS ¢
PMAYReMAX(PLJY)S

IFCOTZJMRCDTZ7UM) THEN NTZUMeDTZJUMR}
1FCPMAXR>PMAYY THEN PMAYe¢PMAYR)
R0

MDDEETRUE) .

w I




AOJNSTSL(VFF(P.J"l!)llDJUSTSlFNCD(OoJHA!)lAD;USVSLFNFD(fS.JMAX)l
ADJUSTSIrwrn(OunoJMA!)llansTsttwtntrPGpo‘Lﬂ:i

NeN#1s

TIMFeTIMFNTC)

PUTCPR(PPNR,2,2PROR))

PUTCPREDT7JM»2,2D0T2UM)}

PUTCPRCPMAX»2»ZPMAYX))

PUTCPRITIMF2Z»2TINF))

PUTCPRIDTC,»7,207C)8

PUTCPY(N»72ZN))

PUTCPY(JUSTARSZ,ZJSTAR)S

PUTCPRCDE) T»2520ELY)}

PUTCPRCXPMAX»Z,2XPMAXYS

PUTCPYCJPMAX»Z,2JPMAXYE

PUTCPYCUSTP1»2,7USTP1)!

PUTCPTINSTNP, 2, INSTOP)YS
UNS'EH(UDJMI!’]UNSLFH(P.J"!!,,UNSLFH(§?JHDX)!UNSLCH(PHD.J"IX’!
UNS[CH(!»JVI!)!UNSLFH(IanNIX)’UNSLCN(EPGnJMAX)!UNSLFH(ﬂSnJNA!)I
UNSIFWCT,UMAXYSUNSLEWCRDORT , JMAX))

SIMNRITECIANISK1,2))

IFCNSNSTNP) THFN 6N TN AGATN)
ST0OPI
FND.

50




APPENDIX VII
COMPUTER LISTING OF SAP IN ASK

Fesnnsnnsssnnnne ASK PROGRAM SAP weveasateddtapee

* BEG<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>