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ABSTRACT 

(Distribution Limitation Statement A) 

A one-dimensional Lagranglan 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 

reprogrammlng of these codes provides an Insight Into 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 programs 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 • 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 sketchlly 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 rotte 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 by 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 II 

SAP is a simple, one-dimensional Lagrangian hydrocode used for the calcula- 

tion of nuclear and high-explosive 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 preaert, 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 available. 

SAP is 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 program 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 is included for purely historic 

raasons 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 complex 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 

see that it starts with an input section that reads cards and sets up the 

initial 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 and 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 «vorld. 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 Instancp. which Is a two-dimensional Eulerlan 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, writing out its results 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 wer« 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 

simulator both use a 64-bit word created one of the main probleme. 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-blt 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 (OSK) 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. 
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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 l\f  part of the code. This was 

our first effort, so the procedure at this point was extrerely 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 more 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 ILLIAC 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 is based on ALGOL, therefore it looks a little strange 

to FORTRAN programmers. The logic is 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 II) 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 is, 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 *+l or *-l 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-like). 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 doea 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 kittle 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 

infor^-ition 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 

8 
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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 mast 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-like, 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 Is) 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 modt- may leave several PEs 

out in the cold when, in fact, you wanted valueis 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 macMne 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 initially 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 published, 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 6A (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 0 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 Phs 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 0 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 0 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. 
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This was a very crude way of handling data and a much mote 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 FEs, etc.  In this way one can make the entire 

readjustment process In parallel with all FEs 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.  SAF, 

although a simple code, has many of the features of the more complex codes, and 

because of Its slipllclty, 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 also provided a great deal of experience In actual 

physical manipulation of codes In the machine. 

This version of SAF Is certainly not th<; 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 because 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 III 

SHELL 

1. THE METHOD 

With the learning experience of SAP behind us, we initiated an effort to 

convert the much more extensive SHELL hydrocode to the ILLXAC. 

This effort proceeded 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 tra=eable to the limitations of the various machines and com- 

pilers that SHELL has run on. Once added to SHELL, this code has never been 

removed. 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 is 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 PHI 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 PHI. 

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 A000 cards in its various FORTRAN versions to approximately 500 to 700 cards 

in GLYPNIR.  Thus substantial deletions to PHI 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 faniliar with the physics of the code could make a number of changes, 

deletions, etc., but the programmer trying to make &  strict one-for-one trans- 

lation of the code would be forced into a number of costly inefficiencies if 

he wished to preserve the ;ode. 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 

15 



'          -..i—» ■■■I..    mmmmmmmmmmmmmmmmmmmmmmmmmKm 

AFWL-TR-72-33 

zoning in it from the start. Thus it may be that the poor relative 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 hydrodynamlc equations Integrated by SHELL are 

(1) 

(2) 

/i_ + u.7J p + p V.u = 0 

0 (— +  u.v) u + Vp = 0 

p (— +  u.vj E + V- pu - 0 (3) 

P = p (E.p) (6) 

Taking equations (2) and (3) and ignoring the (u'V) operator, we get 

--► 

P |f + Vp = 0 (5) 

Pf +7. p^O (6) 

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 - Em + 0.5 (u'u) 

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

3E    ■*■      •* 
3E .  m + 3u . u 
3t   9t   3t 

which, using equation (5), can be written 

9E m     Em _ /Z£\- " ^7^ 
3t "  3t   Vp / 
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We now expand the divergence In equation (6) to get 

3E + 1.  (pV.u + u . 7p) = 0 
3t   p 

and then use equation (7) to cbtain 

3E _m- /VM 
at \ P) 

-  /V£\. u +. pV.u + u.Vp , 0 
P    p 

or canceling terms 

9E      ->  „ 
m   pV.u _ 0 

3t    '   P 
(8) 

This can be expanded In two-dimensional cylindrical coordinates to 

3E 
 m , - £ /1    Bur   . ^v\ 
3t p Vr     3r 3z/ 

(8a) 

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, 

uk- uk 
At 

(n) 

v. - v 
k   k 

At 

(n) 

_1 /Pi - pi-l\ 

Pk \ri ' ri-l) 

L. /p.1 - p.1-i\ 
pk \zri-i ) 

(9) 

(10) 

Equation (8a) becomes 

E    - E 
m        m 

At 

(n) 
-fk (j.   uiri"ui-iri-i  t Wi    \ 

pk \rk        Wi        V8j-i     / 
(ii) 
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where 

(n) . ~ u   + u 

(n) . ~ v   + v 

JMAX 

J*1 

i-1 

J-2 

KtlMAX 

K-1 K K*1 

K-IMAX 

i-2     i-1      i 

r 

Figure 1. The SHELL grid 

1*1  • • • IMAX 

The u, v, and E are the new velocities and internal energy ac time (n+1) 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 rk refers to 

the center of the cell, i.e., 

r, -  ri + ri-i 

Similarly, the p., \i±,  and v^^ are defined at cell boundaries while uk, vk, pk, 

p, , and E are defined at cell centers. Thus, for constant zone size p., for 
km ■L 
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example, Is defined by 

P = Pk + Pk-H 
1      2 

In the case of nonconstant zone size this becomes 

Pk Ark+1 + Pk+1 Ark P 

where 

1    Ark+1 
+ Arv 

Ark ■ rl " rl-l 

Now this choice of u and v Is used Ir the energy equation to achieve energy 

conservation; however. In the ctse 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. 

Rewriting equation (1) 

i£. + V«pu = 0 
at 

or In two-dimensional cylindrical coordinates 

e. = - /i 9PU + apv\ 

the finite differencing of this equation gives 

(n+1)     (n) 
PJL_     k   /i   piurpi-i Vi + Pi^-^-i^-i \ (i2) 

&t ' '\\~     ri"ri-l "    8j-«j-l / 
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SHELL UG_S this formulation except that the p. and p. 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 v, as Indicated, but rather a second order choice Is made. This 

Is done to Improve the behavior of the method In areas behind a strong shock. 

The velocity chosen is called the "rear of slug velocity" and is shown In figure 

2. The velocity u! is chosen as a linear interpolation between u. and u. .., 

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

At, move exactly to position r., the boundary. The amount of mass between 

positions r! and r. will therefore move into cell k+1 in the current time step 

(at a density of p.). 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 IV. 

U 

i pK- 

li 
JK-1 

n.i r K fi'n      r 
K*1 1.1 

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 is 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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• 
• 

* 

• t 

« 
• 

PE1 PE2 PE3 .  .  . PE61 PE62 

PE1 PE 2 PE 3 .  .   . PE61 PE62 

PE1 PE 2 PE3 .  .   . PE61 PE62 

61 62 

SHELL GRID 

1 , 3 

1 , 1 

2, 3 

2 ,2 

2,1 

3, 3 

3.2 

3,1 

PEO  PE1  PE2  PE3 

61, 3 

61 , 2 

61 , 1 

62,3 

62,2 

62,1 

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 cf 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 (SHELLN), we discovered only two or three errors 

(all in handling the mode) in the first code (SHELL62). No additional errors 
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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 0 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 itrplementation 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 the 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 commrnts 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 parallel.  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. Farther, 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.  In the 

GLYPNIR version, however, the shoe seems to be on the other foot. Here we can 

expect that of the 6A zones being calculated at once, one will require us to 

calculate an exponential. Since this is the case, it takes no longer 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 because communi- 

cation with 0S4, the ILLIAC operating system, had not been defined or imple- 

mented at the time this code was written. When this Implements:ion 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/O facility. 

None of these lacks is really serious because each can be programmed around. 

The I/O is probably least serious because we will probably want to do unbuffered 

I/O 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 PUTCPR functions to 

pack and unpack our PREAL variable Z. Our only use of the equivalence facility 

ab 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 a 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 8x8 rows) and reduce 

this waste. We do 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 of 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 reprogrammlng part of SHELL using 7x9 

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 8x8 case. Nor 

was there time to Investigate the possibility of transferring the arrays before 

Gnd 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 Is 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 two cells 

per problem row that do not represent hydro cells. 

SHELLN was written to handle a problem of any size 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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SHELLN 

• • • 
. • • 

• • • • 

• • • • • • • 

PE1 PE2 PE3 •       •       • PE62 PE63 PEO PE1 •       •       • 

PE1 PE2 PE3 •       •       ■ PE62 PE63 PEO PE1 I       ft      • 

PE1 PE2 PE3 •       •       • PE62 PE63 PEO PEi ■       •       « 

62 63 64 65 

ROW 
3 

ROW 
2 

ROW 
1 

9 128,3 129,3 130,3 
'///t V///7 ////V//A 

8 64,3 65,3 66,3 67,3 ■    •    • 126,3 127,3 

7 '///// 1,3 2.3 3,3 *    •    « 62,3 63,3 

6 128,2 129,2 130,2 WL y///// //// '////> 
5 64,2 65,2 66,2 67,2 • •  • 126,2 127,2 

4 w///. 1,2 2,2 3,2 • •  • 62,2 63,2 

3 128,1 129,1 130,1 v//l '///// //// y///s 
2 64,1 65,1 66,1 67,1 • #  • 126,1 127,1 

1 M 1,1 2,1 3,1        ... 
1  

62,1 63,1 

PEO PEI PE2 PE3 PE62 PE63 

Figure 4. SlIELLN 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 Oil ... 110; 

that is, 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 now 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 0 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 is returned to its 
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SHELL62: 

MODE=MI 

U[K]=ü[K]+TAU*DY[J]*(RTR(l,,PR)-PR)*DT/(DX*AMX[K]); 

WITH TYPES: 

PREAL VECTOR U, AMX[100]; 

CINT K, J; 

PREAL TAU, PR, DX; 

CREAL VECTOR DY[100]; 

CP5?AL DT; 

SHELLN: 

LOOP I=0,1,IBLK DO BEGIN 

MODE=IMODE[I]; 

U[K]=U[K]+TAU[I]*DY[j]*(RTR(l,,PR[I+IR])-PR[I])*DT/ 

(DX[I]*AMX[K]); 

END; 

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

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 PEO 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 Oil ... 1 for the mesh of figure 4, while IM0DE[1] 

would be all on and IM0DE[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 been 

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, is 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 to 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 IV 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 

similar 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 IV. 

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-llke 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 109 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 I 

COMPUTER LISTING OF THE BASIC STRIPPED VERSION OF SAP IN FORTRAN 

t  b  b 0 o ^    CJ   K   T   J<   A   N tüMKILATlOIM bAUHbA> 

CLMhÜlt   LtSCUli) 

HlAt   STATE^»NTS) 
htAL.   f l»(l;tSiCT(l)»l 

C 
t 
C 
C 
t 

11 

700 

701 

lb 
C 

2J 

30 

X.lb« 

SlAhl    U^    btfcKtM 

»1»1?) 

htAL   »3»   PMJM»CW 
1KUI» U .tO.Ot)   LkIN»   l.üf-10 

,Cl»WW»TS#Cl<H»UfIN»(.MUi>TIMl*Bt)MAS»H0B»ANOLt»l>xMUL 

ir vur ir tp v»v» ^   iHN*    l.üf"10 

1-hlM   eb»NC»MLLlT,jHN.JCYCS»foniKE*nAHE#KNOM,tO»Cl»hWMS 
HhIM   6/.CKP»l'KlM»bt'U»TlKt»hüMAS»HPÖ»ANGLt 

XKlKCS-^t 
Jbl Ahsjl- IN 
ISO 
X(1)B0.0 

Uli }sC.t> 
J»   1 
D'v   16   K = 1>JMK 
ÜX   lb   THE   ULUA   X   KiH   TMf   /(.Nhb(CH) 
E^   lb   THh   eMhOY   hUK   1HF   /(.NtbttHGS/bM) 
Hi/    lb   THl   umiTV   HJf'   'HE   iCINtb(OH/CMJ) 
UA^    lb   IHf    VtLUCITY   HIH   THE   Zl!NfSlO/bU) 
I lb   T>t   l^AX   tUhk   hli^BEK   EUW   THlbt   (.UNOITIUKb 

IKK. I E.I)   l>li   TO   11 
htAL   bVt[)%tH'i»hiifiH1»1 
II (Li^.i^E .0)   JblAf=   1 
IM JbTAh.GT .Jf HO   JbTAW=   JFIN 
XlJ)»X^ IM'S + OX 
I» (t/2)   700WOOW01 
R>.Ü(d)el,?^5t-J 
tH.(J)s/.t9 
(it   Tl<   ^2 
KhUtJ)=h/Z 
tH.lJ) = t/? 
OKONt =0.« 
KIJ) = C,|HLNE •hHIHJ)*Ef)r>(J) 
Cb(o) = St'KT   lK(J)*l.t/RHli(J)) 

01 J}>('> 

ZMj)BhhO(JJ*CX(J)**J-xMlM)b**i) 

XMK'tSsx( J) 
IUKLr(K»!)0).EO.l)   PHINT   200«»   IJEbCT.KNOM 
Phi NT    ?Oüb» 

tLNIlNOt 

OLlV 

Lt It) 

OLi^V 
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003^ 
OL^l 

OLlL 

.EO.l)   PHINT   2004»   UEbCT»KNlpM 
K»tX»X(J)»FPG(j)»PtJJ»hHU(j)»U(J)»T{0)»ZM(J)»K 

C02«0t*0Ü 
U1B2.*U 

FCU<s4.*C02 
B!i4««lil»»XU)/CMRTtHCU*l««/WH0<n)     )/?. 
UlC«OTZJM 
utu«i>u 
üTOBLT^H 
1>WJHB1>E3C 

XJMlxo. 
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UMKOb'O, 
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üCJ)«li( J)*ÜtLT*l(P{J) + ii»(J)-tCJ+1 )-K(J+l))/(f.HU(J)*(X(J)"XJhn + HHU( 

1J*1)*(>(J*1)-X{J)))+b) 
XoMlck(ü) 
U    IAHS   Ui(J))-UMIN)   33»33»31 

31 XtJ)s)l(k)) + UlJ)*üTC 

32     J&TAKBJ   +1 
U   lü   3«! 

33 UIJ}>C. 
34 (ÜMUtE 

341     CtMlM.t 
HkAX-0. 

3b JilUsjMAK*! 
üb   4M   J   Bl'JSm 
RH0N«Z^lJ)/tX{J)**3-XHNU£**3) 
ÜV«l./KhOK-l./hH()(J) 
U    tLV)   36'36*3t) 

36 l)t«U(J)"UMlNUS 
H    (ÜU)   37'3ti'ib 

3/        gij)sf<hüN*(üu*tü?-ci*rs>( J))*üO 

3t) WlJ) = 0. 

du 1b  4u 
3V tKMaTCl*CSlJ)-K02*l>li 

40     G»ClNtsO>4 

El»AHAXl(iPb(J)-DV*PCj)#0,) 
eieGtiC^t*RHUN*tl 
LHG(J>«AMAXl(EH(.(J)-{Pü + P(J)*C{J)*ß{J))«0V/(2,-(Pl-H2)/KJ))»ü,) 
HJ)»(.l|*ÜNF*KHnN*EPO(J) 
FliübtBiOOl'KhnN 

U    (i'V)   •l»42#«S< 
41 fchUtchHÜMFUUGt 

(,U   1b   4i 
42 Rhü^c^HtK-fUUUL 
43 LOMINOE 

P^UUbt *GHONt*RHuF*EP(>( J) 
Ci(ü)aSWKl    t(P(J)-P^UDüf j/thHON-HHUf )) 
ChN1«CPNT+C!>(J) 
CKNlBCflNT+l.t"2 
tiUj»ht**(XCJ)-XMlNUS)/CPM 
If    (L/T/jM-t'lZJ)   45>«i>,<44 

44 OlZj^slWj 
4b KhO(J)=hHtN 

U    (KJ)-PMAX)   47»«6#46 
46 P^AX'PCO) 
47 XMM;S«X(J) 

471      CLiMIM't 
11Mt»TIME*01C 

C tXll   CÜMROL 
JS1AKC^1NO(JSTAK>JMN) 

UL   601   0   «1'JSIAR 
lKhl!0(J   »i>0)-l)60l#b9#6Ül 

bV PK1M   e4*(UtSC1(I)'I«l»l2} 
PRIM   96»PNL'M,N»TlMt#l.1C 

601        PKIM   9V«J   .X(j).ll( J)»U(J)»Pt J)»EPG(J)»CS(J)#f<HO(J)»rcj)»J 
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6/ fh 

H Uf 
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<tX«4l 
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hTFUlT 
Ut'bLh 
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N   HKUh 

/3H0NC»/X 
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f CVCLfS« 
lME#«X»#f 
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Mi^htH»K 
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APPENDIX II 

COMPUTER LISTING OF »FORTRAN SAP 

C0Mh0N/MAlN/Z(6«)»U(6«)>F>(6Offi(6«)»RH0(64)fX(6«)<7M(64)> 
1     EP6(6«);C5(6«),T(64)#PDI»T(64) 
CLMN0N/TEMP/RH0N(64)«nvr64)>CRNT(64)»GM()NE(64)»P?(6O*El(6«)« 

lPl(64),KH0r(64),DTZj(64) 
ItlilVAlENCF   (PRDB#Z(1)}#((N,2(?))*(TIM£,Z(3)),(DFLT»Z(4))» 

l(l>TC.Z(b))»(JSTAR,Z{6))#fJSTP1»Z(7)),(MJST*R»Z(8))#(MJSTP1»Z(«))# 
2{JFlM,Z(J0))»{PM»X»Z(in).(jPMAX»Z{l2)),(XPM*X»Z(13))»(cn2fZ(14))» 
3(Cl»Z(l5))»(TCl.Z(l6)),(FC02»Z(ir))#(0TZJM»Z{ie)) 
FILE   INPUT(0''04)   SERIAI 
FIIE   OUTPuT(0,r04)   SERIAL 
BINARY   MJSTAR(64)»   HJsTPl(64) 

23 0EL1«DTC 
OTC«OT?JM 
MJSTAR.(0«63}BO 
MJSTAR.(1,JSTAK}>1 
DO 341 PODE-MJSTAR 

341 U(*)»U(*)*DELT*((P(*)»0(*)-C(**1)*P(*♦!)))/ (RHOC*)*{X{«J-XC•-!>)♦ 
lRhO{**l)*(X(**n-X(*))) 
OÜ 351 MODE'MJSTAR 
IF(ABS(0(*}}.LT.UMIN) U(*)«0> 

351 X(«)»X(*)*OTC*U(*) 
IF(U(JSTAR).GT«0.) JSTARBJSTAR41 
If(JSTAH.GF.JFIN)  STOP 351 
jSTPi«jSTAR*l 
MJSTPl.(0>63)rO 
MJSTP1.(1,JSTP1}B1 
OC 471 MODE-MJSTP1 
RhON(*)»ZM(*)/(X(*>**3-X(*"l)**3) 
DV(*)«l./RHON(*)-l,/RHOf*) 
DÜ(*)sU(*)-U(*-l) 
0(*)>0« 
IF(DV(*),LE.O.) 0(*)«RHnN(*)*( AMINI {DU{*)#0,)*C02-C1 «CSC *))<»AM1N1( 

lÜli(*)»0.} 
lF(0(*).LF«OMlN}C(*)"Ot 
CHNT(*)»0. 
If (QCO.NEtO.) CRNT(*)»TCl*CS(*)»FCn2*DU(*) 
GHONE(*)>0>0 
P2(*)rGH0NE(*)*RHnN(*)*FPG(*) 
E1(*)«AMAXH<EPG(*)-DV(*)*P{*))»0.) 
Pl(«)«CMONE(*)*HHON(*)*ri{*) 
EPG(*)»AMAXl({EPG(*)-(P?(*)4P(»)*fl(*)«a(«))*0V(*)/(2,»(F2(*)-Pl(*) 
1)/P(*)))»0.> 
P(*)«6MONE(*)*RhON(«)*EPG(*) 
P2(*)B4Ü.0C1 
If(ÜV(*).GEtO.) P?(*).-P2(*) 
RhOF(«)«RHON(»)«(l.♦??(*)) 
PFUDGF(*)"GHONE(*)*RHOF(«)*FPG(*) 
CS(*)>SORT((P(*}-PFUOGE(*))/(RHON(*)*RHOF(*))) 
DTZj(0«NW*tX(*)-X( •-!))/ (CRNT(*)*1,E-2*CS(*)> 
If(DTZJ(J).LT.DTZJM } ÜTZJM.OTZJCJ) 
RHO(*)>RHON(*) 
PHAX>AMAX1(P(J)#PMAX) 

«71 CONTINUE 
TIME»TIME*DTC 

C     EXIT CONTROL 
WRITE (OUTPUT) Z 
GD TO 23 
STOP 7777 
END 
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APPENDIX III 

COMPUTER LISTING GLYPNIR SAP62 

ICPDr   LIST   TIP   pPMGA   SIIHRV 
«NrorWT   PROnllCTTON   SAVF 
nrniM 
PRfAl SOPPPcTINF SORT AS P6»(PPEAl y »S R6A)| 

SU'CTMS 110 «SKRATCM 14 
StTftPF?« GLvPMR/fiSQRT SFRlAll 
FNOI 

SUPROUTTNr PUTCPRtCRFAL X.PPFAL OUT 2#flNT T)| 
RFGTN 
FOR ALI Pr^.T nn Z*XI 

SUPROUmr   PUTfPKCINT   X,PRrAL   OIIT   7»CTNT   MI 
Hirn 
m   RFAL   Al 
A»XI 
FDP   ALL   PFN»I   DP   ZM» 

FKDI 

CPFAL   PPPP.TlMF.PFLT.nTC#PMAy#XPHAy»CP?,Cl*Trl»FCO?»nTZ.|M,o»'IN,(iMT^,WW| 
fTNT W.JSTAR.JSTPl»JFTN»7PRPR»7W»ZTlME,7DFl T»70TC»7JSTAR,7JSTP1I 
f INT        7jrTN.7PMAX.7JPMiiy,ZXPt/«y,7C0?»7CltZTCl»ZFCn?,70T7JM,7oMTNI 

riMT   JPHAy»7l'MT|i'f7«H*ZNSTPP,NSTPP| 
PRrAL   7#U.P»0#RH0»X»7M,FPr.tCS#T,RnRT,XS#RHn>',PV#CRWT*GMnNr.P?#ri»Pll 

PPFAI    PDU#PMPF.PTZj#PU>FllDfiF» 
LAPFL   START»»6Al>l»FI^#ST0Pt 

«   VARIABLFS   MAVF   BFFM   PFCIAprP 
»SFT   UP   UPliT   «WP   OUTPUT   fllFS 
FILF   I40lSK9B"SAP"/"BTni"(ll   ROWS   FtiLDI 
FllF   T«DTSKir"<«P"/"lTnP"M1   POWS   FULL)! 
PPFNf !40lSKi#0»ni 
PPFKf I4DTSK9»0.nl 

STAPTi 
SIMPFA0(I4DTSK9.7)I 
SlMhRlTtCI4PlSKi,7)| 

7PPCIB*0| 
7N*1} 
7TIME*?I 
7PriT«-3l 
7DTC«-4I 
7JSTAP«'5l 

ZJSTP1*AI 
70MN»7| 
7UMIN»P| 
'JFIN^PI 
ZPI'AX^IOI 
7JP>'AX«-Ili 
7XPMAXM?» 
7Cn?«-13l 
7CK-14I 
7Tri*15| 
7Ff02»16l 
7PTZJt'*17i 
ZWW^ISI 
7NST0P*19i 

DTZJ^lOOOOn.OI 
eKilN^ftRAPpNFrZ^ZOMTN)! 
N^GRAPPNFfZfZNN)! 
DTZJM«-GRAPPNF(Z#Z0TZJM)I 
jSTAR«.r.RAPPNr(7«ZJSTAR)l 
PRPP»ttRARp»'F(Z#ZPRPB)» 
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N*GP«pnKirr7«ZN}i 
TIMF*fiP»PpMr(Z»ZT!MF)l 
DTC»GPÄPnnirfZ#ZOTC)l 
llMT^♦^,p»pp^r{^#^||MTN)l 
jf iN*r.P#PpMr(7#zjriN)i 
co?*GP*pn^r{Z»zcn2)i 
cUGR»pnNr(7»zci)i 
TCUGP*Pn(iir(Z#ZTCl)I 
NST0P«.GP«pnNF(7»7NST0P)» 
rcn?*fiP«pp^,F(Z»7rcn?)i 

AfiMNl   PFl7»DTf   I 
DTC«-DT7JM| 
MOnF«-rPFM<JSTAR)*NDrNPT   B0OLE*N(-0) )| 
U»U*nFI T>'frP*fi)-PTLM.TPlir»fP*0))>/(»HP«i(X-PTLf-l»TP|lFiV))*RTI fl 
#TPUEfPHP»K(RTL(1#TPUF.X)-X))) 
IF(*Psn^<ltHIN)   THF^'   |i*O.I 
XH(*OTPi«Hl 
IF(GP»PONrrli»JSTARl>0.>   THrM   JSTAR*JSTAP*1| 
ir(JST*P>.lFTN)   THFN   Gp   TO   STPPI 
JSTPUJST»P*1| 
Mr.Df*!<MlFTP(l»HOnF   PR   RPOLFANr-O) ) I 
XS^XxyKXI 
RHnN»7M/fv3-RTL(-lfTR|iF»X3))l 
DV4>(Rpn-RHnN)/(RHON»RHn)l 
Pl*(l'-PTl f-l»TRllF»li))l 
0*0,1 
pcu^nm 
IF(DU>P.O>   THFN  POll^O.OI 
IF(0V<0,^   THFN   0«-RHPNxrPDUxCP?-ri'r^JMPPUl 
IF(0<OMTW>   THEN   0*0.) 
CSNT*0.0« 
lf(0>n.O>   THFN   CRNTfTf1XCS-FCP?KPDH| 

G»*PK:F»0.«i 
PS^GMP^FMRMPNXEPGI 

FIKFPG^PVP)! 
1F(FUP.) THFN F1*0.I 
Pl«-CHPK'F»PHPN)«n I 
fPG»FPG"(P9*P*0*0)»(DV/f?.*(P?-P1)/P>l 
lF(FPr.«0'. 1 THFN FPe*0*.l 
P^GMPWFXPHPNXFPGI 
RhOF»pMPNMl.OOn 
IF(DV>0.0>   THEN   RHPF»RH0N««,999| 
PFI)n6F*GMpNr>«RH0F«rP6l 
CS*SOPTt fP-PFÜOGF)/(RHPW-RHPF))I 
0T7j»wW>(ry-RTl(-l«TRUF.X))/(CPNT*.0UCM| 
0T7jM»MiNfPTZJ)) 
RhP»RHPNI 
PKiAX^MAXrp)! 
TIME^TTMF+PTCI 

MOPF»TRUFI 
PUTCPPfPRPB»Z»ZPRnBM 
PUTCPRfOT7JH#Z#2nT7jMii 
PUTCPPfPMAX#Z#ZPMAX)l 
PUTCPPrTTMF.Z#ZTIMF)l 
PUTCPR<DTr»7«Z0TC)l 
PUTCP"T(N.7f7N)| 
PUTCPTrj«TAR»Z»ZJSTARll 
PUTCPPfOriT»Z#ZDFLT)I 
Pl)TCPPfXPMAX»ZfZXPMAXll 
PL'TCPTf JPMAX#Z#ZJPMAX1I 
PÜTCPTrj^TPl»Z*ZjSTPl>l 
PUTCPTrN!tTPP#Z»ZNSTOP» I 

SIMHRlTECI^PlSlflfZJI 
N»N*li 
IF(N<W!5TPP)   THFN  60   Tp   AfiAINI 
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APPENDIX IV 

COMPUTER LISTINGS OF PROGRAMS L SAP62 INPUT. AND IL SAP62 OUTPUT 

SC*Rr  LIST   STNfil r 
rur    i«s*p/PTnT»iiNiT»pisK#RAvr»i»i.ncK,srf!iAi ,«Rr»»«# 

IPinCKT^Gil,PFCORD«S«0,BUFFFPB? 
COHH'tlK'/K«!» /7(6fl)»llf6«WP(««)»«(6«)#PHnf6«)»X(6*)»rMf«4>» 

1  rPG<^45.rS{6«),Tf64>,PDPT(6«) 
PEAL   nFSCTM?) 
FCHIVlirurF   (PNUM»7(1)W   {N*Z(?))#(TIMr,Z(S)),(PFLT#7r«)>» 

l(DTC»7(5n.f JST»P.7C6n»(JSTPl#7(7))»tOMN     #7(P)).(UMT^      »7fO))# 
?(jFUt.7MO)i»(PM*y.7(ii ))f (jPMAv>7ri?)i,(XPvAx»7fn>).rrp?»7(i«))» 
3fCt»7rl5n.fTCl#7(1«sn.fFCP?.7(ini»(DT7JH»7(l8n#f   WW#7(19))» 
«(KST0P.7r?P))»(nFSrT(11.7(5?)) 

C PtAP   STATFMFNTS 061* 
PFAD   >»1#rnr5CT(I)»T»1.1?) 00?0 

r ool6 
JFUBAO 
PFAD   AS.   PMiM»C0.ClfWW.TS#CKP*ll»«IN»0MlN,TIMr»B0MAS.Mr)P»AN6lF»PyMUL 00?2 
If (|IM'TM,FP,P,>   UMTf'e   1.PF-10 
PRTM   P4»(PFSCT(T)»I«1.12) 00?9 
PRTWT   Pf.Nr»NTFDTT,jFTN»JCYCS»M.ITTHF»I TApr,PNUM.C0»C1»HW#TS 0031 
PPINT   Pr.fKP»UMIN#Oli'Ui.TTMF#RPMAS»H0B»AMGir 0P32 
XMM(S«0. 00«! 
UdJep.O 
Xd )*fi.O 
JSTAPBJFT^I 

1«   0 
J«   ? 
Dt' 16 Kel ,JFTN 

C     DX IS THF PFLTA X FPf TMF 7PNFS(CM1 
C     FZ7 1*.   THp FNEPGY FPR THf 7PNFS(F»'r,S/GM> 
C     PZ7 1^ THr PFNSITY FDP THt 7PWFS(GM/CM^; 
C     UZ7 In THF VFLPCITV FPP THF ZPNFSffM/SFP) 
C     I TS TMF MAX ZONF NUMPFP FOR THFSF CONPTTTPF'S 

IF(K.IF.Ti 60 TP 11 
PFAD »«0,Px»rZZ»PZZ,llZ7.T 
IF(UZ7.NF'.0) JSTAPB I 
IF(JSTAP.GT.JFIM) .IRTAP« JFIN 

11    X(J)«XMTN|iS*PX 
IF(FZ7.GT-.0) 60 TO 701 
PHD(J)«rfP?5F-3 
FPfi{J^"2.r9 
GO TP 70? 

701 RHP{JneP'7 
FPG(JlrF77 

70? GPPNF   »0.« 
P(j)«r,Hpwr      *PHPf j)*rP6( J5 
CS(J)iSOPT   (P(J)«r.«/PHP(J)) 
0(J}BP. 
ll(J)Bli77 
ZH(J)iPHPfJ)*(X(J>*»3-XMTMIS**31 
XMTMIRBVf j) 
TFCVOnfK^O.FO.n   PPTNT 2004»   PFSfT»PNiiM 
PRIMT   ?OPS»      K#nX#X{J>.FPG(J)»P(J),PHOM)#M(J),TfJl,ZM(J>»K 
J»   J*1 

C 
16 CONTTMUF 

C02«CP*CO 
TC1«2.*C1 
FC0?«4.*rp? 
DTZjMiww*X(?)/(S0RT(P(?)*1.«/RH0(2))      )   /2. 
PTC-DTZJM 
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Z(6)>vlST«R 
Z(10)BJFTIM 
Z(14)*rD9 
Z(i5)>ri 
Z(16)>TC1 
Z{i7)«rcn? 
Z(ie)«nT7.iM 

NSTOPBIO 
CAU   wPTT«n(7#70«) 
STnP   • «,T* 

SI FORMT   M?*M "f;* 
83 FORMAT   (PF1<»«0) 0';? 
84 FORMAT   flHl»1?*6) _      , __„ "ill 86 FORMAT   f/7HOSYMBnL.3X.lOHPFFlMlTl0N#«6».5MVALUF/3H<UiC»7V»3AHNI'MBFR 0?BO 

t   OF   OTFFFRFNT   JPLTS   Awn   NDUMPS»«OV,I6/7M   NTFOIT,3X,SOH^UMpFR   TF   01 0?Bl 
PFFTRFlgT   FpIT   tlMFS^Aoy. I6/,5H   JFTN#,iy»2«MN|lMBER   PF   7nNFS   TN   PROBLEM 0?8? 
3#50)rMf/«M  JCVCS»«»»39n»'AXIM|i^   MUMPER  OF   PRPBl FM   CYCLFS'««V, T^/ZH 0?e3 
4N#8)(.9fMPyCLr   MIMPFR   PF   IMPl'T   0ATA,50X# I6/6M   TTTME .4y ,78HPPwrP   OF 0?84 
5TFN   FOP   rTRST   AU1 nT»48X» I«/6H   I TAPr»4y,4lHllSrD   TP   PFSTfi^'ATF   TNPUT 0?«5 
äT^PFS   FPO   prStART.35X,TÄ/5H   PNUM,5v, 1 4HPRPRI EM   MI"MBFR^0¥#F8 . 3/3H 0786 
7C0»7X.?*M0UADRATTC   VlStPSITY   TEPM»46x# 1 PEI ?.3/3M   C»ry,?!HI TNFAR   V 0?»7 
SISCOSTTV   TrRM,49y#Fl?.V3H  WW.7V, 3^HMUI TlPl TES   TME   rAlfllLATFO   TTMF 0?M 
9   STFP.35y.Fl?'.3/3H   TS.7v»20HTTMF   PF   PRPpLFM   STPP»50V»Fl?. 31 0?P9 

87 FORMAT f«H CKP»6y»41HPTSTANCE OF MAX. PRESSJiRF «T PRPBlEM ST0P.29X 0?90 
\,\1>f\9.iW UMIM,5y,?7HM!NIMUN VELOCITY IN PROPI FM,43y.Fl?. 3/5H OM 0?91 
?IK.,5X.?0H»1IIN!MIIN 0 TN pRUPLEM»5Py»Fl?. 3/ 0?9? 
3                                                     ^M   TlMFf^X.JAMTIMF   OF   START   PF   PRPBlEM#46y»El 0?93 

•t«»/ *H   nit 
6   P0M,it.4».l?HMASS   OF   f PPF^y .El ?. 3/        . , 0?'5 

T4h   MPP,6V,?7HHETßHT   OF   7FRn   PPI^T   TN  CM.*43y#Fl?,3/^H   AKfiLF,4y,3eH 0?96 
80IRCCTTPM  PF   RUN   (PFGPrES.PPS.   UPWARD)»32y»Fl2.31 0?97 

89 FORMAT   (4Fl?.4M5) .      .   «        , „III 
?00«     F0RMATnH1»l?A6/1H   /5y.7MPN|iM   B   #E10.?/1H   /3y» 1MJ»1 ?y.?MOX« 1 3y. 0?70 

1 lHy.11v.3MFP6»l3y.lijP»llX»3MRH0»l3y.1ViU»13y#lMT»1?y»2M7M,3y»1HJ» 0?71 

2 /lh > 0?72 

2005  ECRMATMM .I3»8E14.5M4) ^73 
FKP 
SURROliTTNF   HRTI4n(7»Nl 
REAI    tr540)'7(N) 
PPTKT   99 

99 FORMATMHO 
LI«   0 
NK«   * 

5       K« m 
TF(K.r.T.?«i6)   K«?56 
DP   11   T»1,K 
••• u*» 
lF(L.r.F.^?.AND.L.lF.63>   fiP   TO  50 
CAI L   P^14Ff7(l).At?*I-n.Af2*T)) 
GO   TP   10 

50 CALL     P14T(7{L)»At2*I«n»A(2*n) 
10 TF(ZO l.FO.O.)   OP   TO   11 

PRINT   100,   I »Z(L1»7(Ll.A(2M-n#A(2M) 
11 CONTINUE 
100 FORMATfI10»F30.6.E20.*»2p20) 

WRTTErl)   («n)»I"li5401 
NN«   N(U-K 
IFfNN'.Fo'.O)   RETURN 
LL«   LI+2^^ 
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mm 

60  TO  «! 
FfcO 
SUPROliTINF   P5I«F(».R#C) 
FCHIVilFNCF   CXXfTTi 

)rE»CPnr4TrO#A»«l»?#7) 
IFOF'.re'.fti   60   TO   10 
CALL   pTAFr»fB»C) 
RFTUP»' 

f 
10 XX«   A 

x« n 
x» x+n.i 
x» x-n.i 
CALL   PT«Ffy»fl#C) 
RETl'fiM 
FKH 
SlPPOnTINF   P|«F(A#P»C> 
FCHlVilFNCF   (XF»TFfl) 
PATA   TPTAs/n^OOOO/ 
IF(A,*'F.01   60   TO   10 
B«   0 
C«   0 

c 
10 

RE TUP»' 

XSsCO»irATrO*A*47*?*l) 
XEBC0urATr0*A»42>S.6) 
IFfXS'.K'F.O)        IFfl»-!FP 
IEfl»-TF8 
B9*CnMrATr0*A*47*9f1) 
B10BCPNCAT(0»A»47#10*1 ) 
TEflF«? 
IFtPlP.MF.O)        IF«F«1 
lFfP9'.WF.0>        TFflF.O 
IE»3*TF8*TFPF 
IF»   IPIK-TF + 3« 
PP«C0wrATf0»A»16.1»1 ) 
BB«C0MCATrPP»IF#17.33.lS) 
B«CPIur«TfPP#A#32»9*TF»r»16} 
C«C0NrATfO»A»16#25*IE8r»23-IFeF) 
RETURw 
FKP 
SUPROliTIMF   Piai(4»R.Cl 
BBaCONCATf 0»A»16«l»n 
P«C0KTATrPP»A»«l»9.7) 
C"CnNrATrO»A»16#l6»32> 
RFTuPw 

SAP STRIPPFD ANP READY FOR ACTION 
|, 1,8      0.5      0,2      30,     1.F30       0«      0.0 

,0000       0,       0,        0«       0, 
l'       2,F13   t l.F-3      6.F05   30 

1.        fl'. O'. 0» 63 
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seien LIST |tU'6tr 
FRF     ?«S«P/IT0p.liNIT«0ISK#srRm#PL0CKlNG»l.PECnf»0«5*0 

C0MM0K</M«TM/Z(64)«lir64WP(64)»0(6«)#llHnr64)»X(6«)*7Mr6A)> 
1     FPGr««)»CS(64)»Tr64)*P0PT(6a) 

REAL   pFSC   TM2) 
FCtllVUFNcF   (PNI)M»7(lp»   (N.Z(2) )» <TTMF,Z( 5) )# (OFl T,7r « ) )# 

l(DTC#7r5)>»(JST»R#7(6>)»(JSTP1»7fr)),(0MlM     #7(P)),(UMTM     »7fO))# 
?(jr!N,7cip))#(PM»Ä,7(ti))#(jPMAx,Z(i?)),(xPM*x#7fiin.frp?,7ri«)), 
3(ClfZM5)1»(TCl»7(l<')).fFCn?»7f17))#(0T7JM»7Cl«))»r   HW»7M9)>, 

C 
4frESCTfn#7(5?)) 

100  CAll PFPT4n(?>704} 
PPU» 99« 

999   FORVATflMO 
00 199 T»1»70« 
lFt7(n.P0.0.)   60   TO   199 

19P       Pf»IM   ?0P.   T#7(T)#7(I1.7(n 
199       COMTlNl'F 
?00       FORMATri10*r?0.6*F30*f*n40) 

N»Z(?l 
JSTAR>7(M 
DO 601 JJclvjSTAR 
J* JJ+1 
IF(M0n(JJ 50),NE.l) 60 TP 601 
PRTMT P4»fnFSCT(T),T»1.l2) 
PRIM 98»PMIM,N,TIMF*PTC 0)79 

601   PMNT 99.JJ#X(J).UfJ).0(J).P(J?#rPr,(J),rS(Ji#RHO<J>,   Trj>,JJ 
60 TO 10P 

f 0?59 
C        FORMATS FOR SAP 0?60 
64    FORMAT (lHl»l?A6) 
96    FORM/IT (IpHOPROB, NO.F«. 3» 3X»?HN«I4# 3K.«iHTTMF«F1 4.5» 3X»4MDTrBrl4 .5    0316 

1/4H0  J»Ty,lHX»l?X#lHI'»l?X»lH0#l?X»lHP»l2x»lHF»10x.4H CS #10X»^HRH    0317 
?P#9X»6HP/P0-1,6X#1HJ/) 0316 

99    FORMAT rlH I4»lP8ri3»5.T4) 03^ 

PWP 03?0 
SUPROliTINF RFDI4n(7»N> 
RFAL 77Zn6?0)»7fN) 
LOfilCAl FTPST 
DATA rTRST /.TRUF./ 

f 
IFfFlRSn PFWIND 9 
FlRSTi .TALSF, 
REAP f?»FwP"?00) (77ZM)#I»1#54C) 
REAP(9) f77Z(I*540),I«1#540) 
RFAD(9) (777n*1060)M«l#540) 
DO 10 T»1,?56 
IF(I.f,F.S9.AND.I.LF.6!n f,0 TO 5P 
CALL T4Brf77Z(?*T-l)#777(2«n,7(T)l 
60 TO 10 

50    CALL T4BTf77?C2*T-n»777(2*I)»7(I)) 
10 COVTTNIIF 

DO 11 Ta1l?56 
11 CALL T4Prf77Z(2#T*s39).Z7Z(2«T*540)#7(T*256)) 

00 12 T»1»192 
12 CALL T4BFf77Z(2*M1079W7Z7(?M*10P0)»7rT*512)) 

RETURN 
C 
200 PRTMT 201 
201 F0RMAT(74HirN0 OF FILF ON 14 PISK.) 
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c 
10 
c 

20 

C 

C 

: 

r 

STOP 

SURROiiTINF   MBF(A*III*C) 
IMTCGFR moo 
DAT«   TP!«S»ni00/n40000.Pl00/ 
rontvtiFNrr(xc*iF) 

XC«   CPNC»T 
IE«   iDTtS« 

ir* is 
TEB»   Tf/S 

IFf>F fl 
IE8E« TF-S 
If(IEPF.RF 
lEBF» TE«F 
IE«» TFe-1 
IE»» -IF«. 
IF(IF«.IT. 

PlrK UP 
OUT» rnwr* 

PICK   lip 
OUT«   rflNC» 

PITK UP 
OUT«   rPNC» 

PICK   IIP 
C    « rnnf» 
PETjiPw 
FNP 
SUBROliTINF 
cc>cOMr«Tr 
CC«CCwC*Tf 
c«cnNr«Tfc 
RETliRw 
FKP 

(0»A«33*17*15) 
39-1E 
POWFR   PF   « 

RT SHIFT OF MANTISSA AT IF8 
• TFS 
.0) 00 TP 20 
«3 

o> it»« pioo-ire 
SIGN 
T(0*A«lM6*n 
FXPONFNT 

TC0llT»Iffl»2t«l»^ 
TOP OF MANTISSA 

T(0UT#A#9*IF«F»3?»16) 
BOTTOM OF MANTISSA 
T{0UT#B»?5*TF»F»16»?3-IF8E) 

I«BI(A*P*C) 
0»A»1»16#1) 
CC#A»9#«1»7> 
C»8#16»l«»3?> 
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APPENDIX V 

COMPUTER LISTING OF THE SAP62 CHAN6EZ CODE 

»C«Rn  LIST 
rlir     l*S«P>TTnp,IINIT>DISK»*riMAL*l<IL0CKlNG>l*RECnPD>5«0 
rur     ?«S*P/PTOT#llNIT»0ISK*srl»l*L#BL0CKlw6«l,PECnR0«5«0 

CDHMOIV 7rro«) 
COMMOM   /n *6S/   1IT.I0T.CY»0MY(1«?0) 

MT« 1 
IPT« 9 
CY.   S 

C*I.L   RrOT«n(7#70«) 
70 PE«D   100M*r 
loo     ropuATfi5,ri5,o> 

IFd.l r.o>  «0  TO «0 
2(1)«  F 
60   TO   ?0 

r 
40 CML   wPTT«Pr7*704) 

STOP 
IHB 
SUBPOliTINr   RrDUD(7#N> 
RFAL   7fK5 
COMMOw   /n «65/   llT»I0T.CY*77Zm?0) 

f 
REWINn   ITT 

101        READ   fTIT.rNO»?00)   (7770)#I«1#S40) 
RE»D(ITT»   (7ZZ(T*5«0)»T"1»5«0> 
REÄDÖm   (7ZZ(T*l0e0>.I»l»5*0) 
DO   10   T>1*?56 
IFCI.ftr.5?.*N0.T,Lr.«3l   60   TO  50 
CALL   T«PrcZ7Z(2M-n»777f2«I)#Zfm 
60   TO. 10 

50 C*LL   T«BTf77ZC2M-l)#777{2*n»7(in 
10 CONTTNlir 

IF(Z(9J -fY) 101*102«10S 
10?   DO 11 r«l,256 
11 CALL T«Brf7ZZ(2«T*539>.7ZZ(2*T*5A0)»Z(T*25«)) 

DO 12 T«1,192 
12 CALL T«Rr(Z77(2*|*10T9W77Z(2*T*l0P0)#7(I*^12)) 

RETURN 
c 
103   PRINT. 10«.7(2)»CY 
10«   FORMATCIPHIHAVE FOUND CYCLE F5,0»19H LOPKlNO FOR CYCLr F5t0) 

STOP 
200 PRINT 201 
201 rORMATf2«HlFNO OF FILF ON I« DISK«) 

STOP 
ENn 
SURROliTINP   T«Br(A*P*Ci 
INTE6FR   niOO 
DATA   tRTAs#0100/n«0000.P100/ 
EOUIVAIFNCF(XE*IF> 

C 
C 

XF>   CPNCAT(0»A»33#17#15) 
IE»   IPTAR+39-IE 

C 1EP   19  PONER  OF  8 
10 IE»»   Tr/3 



C       IFAF IS RT SHIFT OF M»N7IS5» »T lf8 
!f8E» IF-3*IF8 
iFdEKF.OF.O) 60 TO 20 
itec« lffr*i 
IE8* TFS-I 

20   1F8» -TF8. 
iFdEH.LT.O) IF»» n!0O-It« 

C       PICK UP  SIGN 
OUT» fnNriT(0»«»i»i«*n 

C       PlfK "P FXPONFNT 
OUT» rPK,f«T(0UT#iril#2.«l»7J 

C        PlfK UP TOP OF MANTT5S» 
OUT« rnNr»T(0UT#»»»*IF8F#3?»t«) 

C        PICK IIP ROTTOM PF MANTISSA 
C     »  pPNr»T(0llT»B»?5*TFer»l«.2S-If«t) 
RETURN 
IMP 
SUPROnTlNr   I«RI(«»R#C) 
CC»COlk<CtTrO*Af 1*16*1) 
CC«C0wf*TfCC#*#9»«l»7l 
C»C0Nr»TfCC»B»16»16»3?l 
RETliR»1 

END 
SUBROliTINF   V(RTI«n(7»N) 

ciSioT/ri »GS/   IlT.10T.CY#A(540>,OMY(1080l 
REWINr IPT 
PRINT 99 

99 FORMATflHI) 
LL» 0 
N^» N 

S     K» KN 

DO 10 T»1.K 

lF(l.fiF.^?.*NO,L.LF.»S) 60 TO 50 
CALL pST«rf7(L)#A(?*l-n»A(?*n) 
60 TO 10 

50   CALL  PIMr7(L)#A(9*I-n»A(2*n) 
10   PRINT 100. L»Z(LW(L>.»(2M-n.*C5»M) 
100 FORMATM1ft»F30.6.E20.^.?020) 

WRlTErlPT) (A(n»I»l»5«0) 
NK* NV»K 
IF(NN'.FO'.O)  GO  TO  1000 
LL»   LI♦25A 
60   TO   5 

C 
1000     REWINO   IPT 

RETURN 
FNO 
SUPROliTINP  R51«F(AtR»n 
FGUIVilFNCF   (XX»in 

XE»C0NrATf0#A»Al»?#7) 
iFfXE.FO'.O)   GO   TO   10 
CALL   BT«FfA#B#C) 
RETURN 

C 
10 XX»  A 

X»   II 
X»  X*0.1 

15 



x« x-n.i 
C»äL PT«rfy»B#C) 
RETURM 

SURROliTIMr   PI«F(A»R*C1 
FCIIlViirNCF   (XE»TE«) 
0«TA   TPI»S/P«0000/ 
IF(A.wr.O)   60  TO   10 
B«   0 
C»  0 
RETURN 

c 
10    j(S»C0wf»Tf0»»#«7.?»l) 

XF«C0MrtTr0'A*«2*3*6) 
ir(XS'.NF.O)   IE8»-TEe 
IF»«-TF« 
B9>ccMrATro#«*«r*4*i) 
B10rCnNC*T(0»A#«7»10»n 
ItBF"? 
IF(BIO.MF.O)   IF«F«1 
IF(B9>F'.0)   lEBFaO 
IFOMFBMFBF 
IF«   IRIAS-Tr«39 
BB«C0wrATf0»»#16tl»l) 
BB«C0wf*T(PB#fF#ir,33,l9> 
B>C0NrftT(RR'A*32*9*lEBr'16) 
C*CONrATfO»A»l6»29*lEBr»2S"IFBF) 
RETdR») 
END 
SU«(«t)iiTTNr   ei4I(A*8*C) 
BBaCClNCATf   0«A*16*l»lt 
B*CÖNr«T(RR*A*41»9*7) 
C»CPNr*Tro»*»16»16»32) 
iff UP»! 

2ft 30'. 
>1 
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APPENDIX VI 

COMPUTER LISTING OF THE SAPN/SKEWED CODE 

SCOOr   LIST   7TP   0BU6»   SIJMRV 
S PROrllCTtnW   SAVE 
Htttti 

CBf»L   PR0B.TlMr*nrLT#OTC»PH»X,XPH*y*C02»Cl»TCl#rC0?»PTZJM»OKTN»UMTN.WH» 
CPF4L   DTZJMP,PM»XRI 

CINT »i»jSTAP#JSTPl»jrTN»ZP«0B»ZN#2TlME,70El T»7DYC»7JSTA«»ZJSTP1I 
TINT       7JrlN»7PM*X»ZJPM»)r»ZXPM*y#7C0?*ZCl.ZTCl#ZrC02.7OT7JM#7OMTN> 

CTNT   JPMix,ZllMIN,ZW»(#ZNSTnP,NSTOP»JSX»J#JJ,JM«X| 
PRf*L   x3.PHnN»r)V»CRNT,p2.rl»Pl#6M0NE*P0U»RH0r»nTZJ»nU.Pr>l06C»Zl 
Pr   REAL   «iPCTHR   Ut«l.Pf«).0t«l»RHn[«l»»t4)»7Mf«J#rPfir«1» 

csr«i»Tt«i#RORTr«ii 
LARPL   START*«RATN« STOPI 
I FOLL^WINR e«l*0 POR SURROliTTNF ADJUSTSl FWm. 
PINT FROMRONfTPROMIBOOLEAN TABLESPVl 

I 
f VARIABLFS HAVF BEEN OECLARFO 
% 
«SET UP TNPltT »NO OUTPUT FlIPS 
I 
FILF I«0!SK1»"5AP"/"ITnB"( 51 ROWS FULLH 
FIIE lAOlSKP-^SAP'/'BTOl-f 51 »OWS FULDI 
C 
PRFAI SUBROiiTINF SORT AS RGAfPREAL V AS RGA)I 
IfftlN 
SINCINS HO ASKRATCH 1« 
SSTAPE2> GlvPNTR/OSQRT SFRlAII 
FNRI 

SURROUTTNF PUTCPR(CRFAL X»P«»E»L OMT Z»flNT 1)1 
BPGTN 
FOR ALL PrN»T BO Z*xi 
FNDJ 
SURROUTINF PUTCPKCINT X*PRFAL OUT 7#CTNT T>| 

BFGTN 
CD REAL Al 
A»XI 
FOR ALL PFw«I nO Z*A| 

ENDI 
SUBROUTINE SLEwfPCPOINT X« CINT JMAX)f 
BFGTN 
CTNT Jl 
LOOP J*1*1.JMAX 00 XtJURTl r?«J»MODF»X[J])l 
ENDI 
SUBROUTINE UNSlFH(PCPO!NT X. CINT JMAx)» 
BFGTN 
CINT Jl 
LOOP JH*1.JMAX DO X(JURTRf2xJ*H0nE*XtJl)l 
ENOl 
SUBROUTINE AOJIiSTSLEwFOfPCPOTNT X* CTNT JMAX1I 
BFGTN 
* 
«       DUF TO THE LACK OF OWN VARIABLES AND DATA STATEMENTS IN GLvpNlR 
«       THF röllOHiNG TNO CARDS MUST APPEAR TN THE OtlTERMOST BLOCK 
t       IN WHICH ADJUSTSlEHrn IS USED, 
t 

I PINT FROMRO**TORONIBOOLEAN TABLESETI 
ITARIESFT»FAL«FI 

I MODE MUST BE TRUE ON ENTRY TO ADJUSTSLEMED TO PASS ALI ARGS« 
I IT IS TRfiF ON FX1T. 
I 
CINT JILABFI MHVEI 



IFfTABLESETJ   THEN  GO  TO  MOVEI 
TABIESrT»TRUFI 
T0R0N«-r61-PFN)  DIV  21 
EROMROM^RTI(1*MOOF>TORPM)l 
TORnN*RTRf1*MOOE*TORON)l 
H0DE*BPnLr«M(5555555555555555(16))lrROMRni**TOR0WIM0Or«.TR«iri 
TOROW*»»TLfwMOOF.TO»nN)l 

MOVFl   LOOP  J*0,39#(JM»X-n  OTV  32  00 
BEGIN 
LABEL   MPVfMI 
IF(JM*y>J*S?)   THEN  00  TO HOVFMI 
H0DF*SHTFTpr?x(J«3?-jM«X)*M0DE)l 
MOVEHl      XfTOROW+jUXtFROMPOW+jJl 
ENOI 

unnr^TRUFi 
ENDtlADJUST^I FWFn 

* START OF MAIN PROGRAM. 
« 
« 
STAPTl 
t FOLLOWING CAPO FOR SUBROUTINE ADJUSTSlEWEO. 
TABIESET* FAL«F» 

0PEN(I4DISK1*0*1)I 
OPFNrIA0ISK9*0«1)J 

jMAy«-AI 
SIMRrAD(lADTSK?fZ)l 
SlMNRlTE(I«nT8tri»7)l 

7PRnp*oi 

7TIMF»?» 
7nFLT*3| 
70TC4.4I 
7JSTAR*5I 
ZJSTP1*6) 
70MIN<7I 
?iii»TN«-ei 
7.lFI»i«-9l 
{PMAX^IOJ 
7jpMAXMri 
7XPMAX4'12'l 
7Cn2«-lSl 
7C1*1«I 
7Trl*15l 
7Ff02*16l 
7DT2jM*17i 
7NW*18I 
7NST0P*19l 

0MIN«-RRAPnNE(2*Z0MIN)l 
NM«>GRiP0NFr7*ZMN)l 
DTZJM4.GR APPNE(Z«Z0T7JM)I 
JSTAR»r.RApPNE(Z«ZJSTApVl 
PRPP*f,RAPnwF(Z»7PRPP)l 
N»GPAPrNFr7*ZN)l 
TIMF»RPAPPNF(Z«ZTIMF)I 
DTC»f,RABPNE(Z#70TC)| 
UMlN*ftRAP0NF(7»2UMlN)l 
jFIN«>r.RAPpNE(t*ZJFIN)l 
C0?«-GRABONE(Z«ZC02)I 
CUGRAPONFfZ«ZCl)l 
TCU6RABONF(7#7TCni 
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NST0P*CR»pnNC(Z#2NST0P>l 
rcn2»fiPAftnMr(Z»zrcn?)i 

AG«IM   DFLT*DTC   I 
0TO0T7JMI 
DT7JM4-100000.0I 

SUw(U#JM*yil«|rw(P*JM*X)lRlFW(e»JMAy);SLC«fBHO»jMAX)ISirwfV#jMAv)i 
SLrW(ZM,JMAvilS| FW(EP6,JMAXllSLr»»(CS#JMAV)|SI rN(T,JMAXJISI rWfPORT,JMAXJI 

JJ*JSTAR   PTV   621 
inop J«-O.I,JJ no 

Hnor^TRun 
pi«-pt.ii*orjli 

MnOF*RfVl r?i«j,C(PEN*f J>c6?))<JSTAP)ANDrNOT   POOirANCDJII 
UtJUUtJl + nrLTBePl-RnnjTRiir^DJ/tRHOtJ^OUJ-RTLr-liTRiiE.XtJl)) 

4RTL(1»TP|lE#RHOtJl)«(RTL(l,TPUr»XUn-XrJmi 
IF(ABS(ur.ll)<UMTN)  THrN utji*e,oi 
x[jj*xrjuPTCxu[jji 

EMOI 
MfiOEHPUrl 

ADjl)STSlrWrn(ll.JM*X)lAOJUSTSLF**FOfX,JMAX)l 
J«-JSTAR-64»cJJI ir(J<0) THEM J*J*6«» 

IF(6RiB0Nr(U(JJJ»J»0.) THEN JSTAR^JSTAp»! I 
IFf JSTAPJ-.'lFTN) THEN 6n TO STOPI 
JSTPUJSTAP-HI 

LOOP J*0.1.JSTP1 D!V 6? 00 
BF6IN 
MPOE^TRUri 

puxt.'n; 
X3«-Plt«Pl>«Pll 

MODE^REVl f2««>((PEN*(:iK69))5jSTPl)«N0rN0T   POOI FAN(-n))l 
RH0N*7MIJJ/^3-RTLf-l»TRllE#X3))l 
DV*{RMOtJ1-RHON)/(RH0N)«PH0rjJ)I 
OU«-(Ur Jl"PTL(-!»TRllF»litJl))l 
OtJUn.Ol 
POU«-Di"il 
IF(OU>0.ftl THEN P0y*0.0l 
IF(OV<0,J   THEN  OtJ1*RHONK(POU»«CP?-eli«CSrJnxPOU» 
!F(0[.I1S0MIN)   THEN   OtJUO.Ol 
CRNT*n.Ol 
IFfOt.'l^O'.O)   THFN  CRNT*TCl»iCSrjl-FCO?«PnUI 
GMONE^O.«! 
pHiMPNCMimiNMEPOtJll 
Fl*{EPfitJl-OVilPIJl)l 
IF(F1<0.)   THEN  E1*0.> 
PUGHnMEXRHONKFll .    . 
EPGtjmpfif ji-(P?*ptJuotji*orji)»PV/(?.*(p?-pn/PMi^ 
lF(rPftrjl<0,0)   THEw EPßtJUO.OI 
PIJ3«-r.MPNF>«RHBNKFP6tvn» 
RH0F«-pH0Nxl*001) 

*      IF(OV>0.«,>   THFN  RHnF*PH0N>«.999l 
PFUDGF4>cHnNEKRHorKrP6r.i] i 
CStJ^USORTfCPtJl-^FUORFJ/dfHON-BHOr))! 
RHOtji^PHONI 
DTZj»WW»c(xrJJ»RTL(-l»ThUF#XtJl))/(rRNT4.01*CSfJ1>l 
0TZJHP*M!N(PTZJ)I * 
PMAXR4-MAXrPIjni 

1F(0TZJMR<0T7JM)   THFN  PT7JH*0TZJMRI 
IF(PHAXR»PHAX)   THEN   PMAX»PHAXP| 

MODC*TRUEI "-   ^_ 

-m    ~  

' 



*0Jli8T8LfWrr(P>»OI»0JUST«lFNr0(0jJ»jM)m;MST8Lr*irD(f».jMM)l 

TiMr*TTMr*nTci 
pi)TcppfP<»nP»z»zP''0*)' 
PUTCPPf0T7J»»#?»Z0T2jM)l 
PUTCPBCPM*V»Z#ZPM»X)I 
PUTCPPfTTnr»Z»ZTIHr)l 
Pi)TCPP»DTr»7»Z0Tm 
PUTCPlfNf7»ZN)| 
PUTCPTfJST»P»Z#ZJ5T«R»I 
PUTCPlKDn T»Z»ZOrLT)l 
PUTCPl»fXPM»X»Z»ZXPM»)OI 
PUTCPTf JP»«»X»Z»ZJP»«»X>| 
PUTCPT<J*TP1#Z»7JSTP1)I 

UWSlE!("jiM)|IlNHFWrP.jM»nlUNSLrH(e^ JM«X)fUNSir»(fPHO.JM»X)» 
ul!slrI!(!!!jM»oIUs!:rwr?M.JM.X)lUN5lEw(EP6.JM*X)»l.NSLrW(fR..IV*X)I 
UNSirN(T,jM«X>|llN$LFW(RO»»T.jM«XJI 
SlMUBlTfCUnlSKI.Z)! 

TF(N<N«TnP) THrN 60 TO »GATNI 
STOP! 
FKP. 
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APPENDIX VII 

COMPUTER LISTING OF SAP IN ASK 

BFGTN 
CHNS 

»•• ASK PROftRAM SAP ••••*•••••••••* 

Aai     (SCirex 64 PIT wpRn Moor 
t 
»PRE« 
(BFGT 
I 
f 
t 
OEPIW 
ASKRA 

RASBK 
SflRTi 

l   SUBRPl'TTNF SORT   AS   RftACPRFAL   X   AS   R6A) 
N 

SORT   PptlTINF   FROM   fiLYPNIR 

F COHHP»>BASKRATCH«*I 
TCHtEMTRVÜll 

BLK 14| 
(FNTRY1II NDS                  641 

Fill i 
FXCHLfn SD53I 
TXFFMd» »9t 
ftLTTtll »51 
MAI T I 
STnRrfi) IC3I 
FXfMLfn »0531 

«RFGT 

GSOTl 

GSOT? 

GSOTS 

H 

G50RTI 

JUMP 
FIl t 
DATA 
DATA 
DATA 
DAT» 
FIl t 
STl(?) 
Riwm 
I iTd) 
LDl (?) 
LOS 
RTS 
XI 
TXlTAMfl) 
LDl (?) 
EXrMLf?) 
FIl I 
cir(?) 
SlTT(?) 
CLrd) 
SLTT(1> 

GSORTl 
161 

(?.??15?)1»(1.16?14IIJ 

("7.03146)1«(«5,6611A )ll 
(0".fll?5)l#(4,r5)n 
(40001000000000000000016)11 

161 
• D5SI 
SD40I 

«l»4r,40l 
0(1)1 

iC.?t 

■ 11 
»GSOTSl 
SDSBt 
SICRI 

I 
I 

■6S0T?I 
l 

■GSOTlI 
LOV BASKRATCH«6t 
FXCHK?) SICRI 
IDFri »CO» 
IP 0| 
SFTT    T.AND.n 
SETf(?) 
ZFRTAr?) 
SITTfM 
HAI T 
JH7 
SFTf(1) 
ONFST(I) 
LP* 
SETF 
IB 
SFTCd) 
SFTFi 

Tl 
*»| 

• 1?| 
I 
I 

Jl 
»6S0T4I 

■0| 
J.AMD.FI 

151 
El 

F.OR.FI 

«TRiro T« FINO S(}RTf-N>, 

STA  ÄSKPATCH*5l 
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«ENDI 

SfTF I.AND.FI 
SETFl COR.El 
LO¥ »1» 
»Orx   «KKRATCH4l?l 
SHIkMR 1» 
ST*      A)tK»»ATCH*5« 
Lorn $cii 
IB II 
SH*R II 
SFTF     I.AND.FI 
SETFl    EiOP.FI 
SAR 11 
RAP 'I 
LDFF1 »rll 
SFTF -T.AND.El 
SETFl E.OR.El 
SAB ?> 
LDFF1 $C1I 
STA ASKRATCH*2| 
LOA ARKRATCH+51 
LEV A^KRATCH+lOt 
NORM I 
LIT(1) «3.01 
SAN I 
STA  ASKRATCMOl 
HLPN *AiKRATCH«inl 
SBRN  *ASKRATCH+ei 
MlRN ASKRATCH43I 
ADRN *ASKRATCH4At 
STA  AftKRATCH**! 
MLRN «Al 
MLRN A<(KRATCH«SI 
ADRN SC1I 
NLRN ASKRATCH*«I 
SHAMR II 
NORN I 
ST» ASKRATCH*«! 
MLRN SAI 
MLRN ASKRATCH+Sl 
ADRN »rll 
MLRN ASKRATCH+41 
SHAMR 1| 
NORM I 
ST» ASKRATCH*«I 
MlRN SA| 
MLRN »*KRATCH+3l 
ADPN sen 
MLRN AS»fRATCH*«l 
SH»MR 1l 
NORM I 
SAN l 
MLRN ASKRATCHOi 
ADFX *RKRATCH*2l 
NORM I 

6S0TAI   L0FF1       SCO» 

EXfMLftJ   S05SI 
LO»n(n        sesi 
ALTT(n «fffffffftu 
EXfHLfO        S053I 
STi(3l SICRI 52 



rn t 
t 
t     RFGTN %kP  rXECUTION 
I 
SPrxi LlHOt     w%r77T77TT7T7rT7T7T77r7tbt 

STL(0>  »n33l     «STrRE MODE TO EWABLE ALL PEIS Tn $033 
LOFEl   «rOI      fFNiBLF ALL PFlS 
L1T(0^  «0.01 
STL(O)  «0351     «STORE 0.0 TO «035 
LlT(Oi  »II 
STL(Oi  »036;     »STORE 1 TO «036 

STl(OJ     «03B|    «STORE WRITE RECORD COUNT 
LlTm  1»RASBS+6«»R*SBSI 
STl(0)    «0531 

I SlMREAn(I4DISK?f7)t 
« 

CLcf3) »    «CLEAR AfAR3 
SLTTM)     ■««!    «WORO COUNT TO AfAR3 
CRPTRfS)     1«!    «ROTATE ACAR3 RTßHT 1« PTTS 
CLCf?»        »    »CLEAR ACAR? 
SLTT(?i      7t *7  ADDRESS TO ACAR? 
CSMRO»       «»    «SHIFT ADDRESS RT6HT 4 BITS fOIVlSABlE BY 16) 
C0P(3)      «CJl    «ADDRESS YO ACAR3 
CRPTRfS)     33|    «ROTATE ACAR3 RTfiHT 33 BITS 

«15 FOR ADDRESS 
«? FOR CONETGIIRATION CONTROl 
«16 FOR RECORD NUMBER 

LlVm       '9* »FILE NUMBER TO ACAR? 
COPm      «C?l    «FILE NUMBER TO ACAB3 
CROTRfS)     171    «ROTATE ACAP3 RIfiHT 17 BITS 
CSpr3)        1»    «READ-1 
DISKIO I 

« 
«       SIMWRTTE(IA0ISK1,Z)I 

CLr(3) »    «CLEAR ACAR3 
SL"TT(3>     «AAJ    «WORD COUNT TO ArAR3 
CRpTRfS)     1«»    «ROTATE ACAp3 RIfiHT 1« PITS 
CLrm «    «CLEAR ACAR? 
SLJT(?j      ■?!    «7 ADDRESS TO ACAR? 
CSMR(?>       «I    »SHIFT ADDRESS RTGHT 4 BITS fOfVlSABlE BY 1«) 
C0Pf3>      «r?l    «ADDRESS TO ACAR^ 
CRPTRfS)     331    »ROTATE ACAR3 RIfiHT 33 BITS 

«15 FOP ADOPESS 
«? FOR CONFIGURATION CONTROl 
«16 FOR RECORD NUMBER 

LlTm       ■!•    »FILE NUMBER TO ACAR? 
C0pr3)      «C?l    «EHE NUMPEP TO ACAR3 
CROTRfS)     171    «ROTATr ACAP3 RIfiHT 17 BITS 
CRBi'3>        Ij    »MRITE-0 
DlRKin        i 

« 
» STORE PE 7 CONSTANTS TO ADR (»00-«D3ni 
» 

LOA     7|        »LOAD 7   TO RfiA 
rLr fi^  t 
C5R(n  0» «PE FNABLE MOOr FOR INDEX LOOP 
LIT(0^  i.31tOj «LOOP INDEX 

CLrf3) I    »CLEAR ACAR3 FOR INDEX 
L0EF1   «Oil «ENABLE INDEX PE 
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LDC(2>  Ml       tl   TN FNABirD PC TO »TAR? 
STL{?1  «nO(3)l   ISTPRE Z 

CApPO)    SDI^I    fINCRFMFNT »DORFSS TNDFX 
CSHRdJ II        IFNJBLF NEXT PF 

TKlTKfO)    #-6l    »LOOP ON INPFX 
LOKOI  >P33I 
LOFFl   SCOI      XFNARLF »tl PFlS 

I 
«       0T7J*100000,0I 
t 

LlTd) ■tOOOOO.Ol   « 
LPi        SC1I   « 
ST«       DT7JI   TSTORE OTZJ 

I 
LIT(l)    BA3I      f63 TO ACARl 
CSUBdl   «051      «63-JSTART TO *r*Rl 
STKl)    »0371     »S«VF 63*J5T»R TN »niT 

IA6AINI  OFlTtPTCI 
I 
AGAINlLDUO) SOAI      «OTf TO ACARO 

STL(Oi  «031      «STORF DFLT 
I 
t       DTr»DT7JM| 
« 

LDUOl  «0171     ltOT7JN TO ACARO 
STL(0>  «PA»      «STORF PTC 

« 
II        MOPF*fpFN<JSTA*) Al«0 (NOT ROPLFANC-(M ) I 
I 

LOL(l)    «P33I     ISrT ALL BITS IN ACAPl 
10L(?)    »P5|      XLOAP JSTAR 
CADO(?>   «0361     »JSTAR ♦ 1 TO ACAR? 
CSHR(1> 0(?)i    «SHIFT ACARI RIGHT* rJSTAR^i) BITS 
COMPCCn  t »COMPLFMENT ACARl 
CRB(l)    01        »ClFAR SI6N PIT 
STL(l)    »P34I     »SAVE MOOE IN «034 

LPrFl       tell    «SET PF VOOF 
« 
X       U*|i*DFl T>«((P*0)-RTi f l»TRUE»(P*0n)/rRH0»CX-RTL(-1»TR|iE»X>) 
X       CRTl(1.TRUE*RH0)x(RTUl»TR|)f*X)«X))l 
» 

» 
SFNABLF ALL PElS 
XLOAD X TO R6A 
XSAVF X IN R6S 
»RTl(«l#TRUF#X) TO RGR 
»X-RTLf-l*TRUF»X!i TO R6A 
»RH0>«fX-RTLf*1#TRUF»X)) TO RfiA 
«SAVE ABOVE IN RC.B 
»X FROM RGS TO RßA 
»RGB TO RGS 
«RTL(l#TRUr*X) TP RfiR 
»-X TO RCA 
«RTL(1#TRUE.X)"X TO RGA 
»SAVE ABOVE IN ROB 
»LOAO RHP T« RQA 
»RTL(l*TRllE«RHO) TO R6R 
XRTL(1*TRUE«RM0) TO RGA 
XRTL(l#TRllE»RHO)>c(RTL<l»TRUF#X)-X) TO RGA 
«DENOMINATOR TO RGA 
XSAVF OFNOMTNATOR TO RGS 
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LOI (0) S033I 
LOFFl «COt 
LDA 
LD5 »At 
RTl «A,l| 
SBRN •Ri 
HlRN RHOl 
LOP • Al 
LOA «SI 
LD« SR| 
RTl »A»68l 
CHtA 
AOPN «R| 
LOP «Al 
LDA RHO| 
RTl »A,63» 
LOÄ «Rl 
MLRN «PI 
AORM «SI 
LD« «Al 



LD* PI    »LOAD P TO R6» 
«DPN 01    »P*0 TP PGA 
RTl       $*#6i|    tRTL(l*TRUf'(PIOn TP R6< 
8BPN SRJ    X(P««)-RGA TO RG* 
LDI (0) «D34>    f 
LOrrj IC«I    fprSTPPE FXrCUTTPN MPOF 
LDP «0» 
DVPN SSI    *( ) TO RG* 
LDK SA|    «SAVE < ) 
LD' fl) SD3|    t 
LDl »Cll    »DFLT TO «C«R1 
MLP^ SSI    SPCLTxf ) 
ADPM Uf    fUPOATr II 
ST« Ut    «STORE II 

« 
«        IFflPSMlXUMlN) THFN U*O.I 
« 
«U TN RGA FPPM PREVIOUS STATEMENT 
« 

RAB                  >0I «APSdO   TO   RGA 
LDl f?) SDUl          «UMIN   TO   ACAR2 

1AL                  8C?I «SET   PF   MODE   REGlSTrP   I   !E   ARS(II)<|IMIM 
SETC(2i        Tj «PE   I   MODE   BTT   PATTERN   TP   ACAR? 
CRB(?)          01 «CIEAR   ACAP?   SIGN   BTT 

LDif3) S037| 
CSHPf) 0(3)1 
CSMU?) 0(3)1 
LDrEl SC?i          «ENABLE   PEIS   EOP   WHTCH   APS(li)<IIMTN 
LPI(3> SD3'il           «10AD   ACAR3   WITH   0.0 
LOÄ SC3I          « 
STÄ HI          «STORE  li»0.0 
LDl(3) S03AI          « 
L0EF1 Sc3l          »STORE   CUPRENT   FVFCHTION   MOPE 

« 
« X»X*OTPKll 
« 

LDL(l)          «PAI «DTC   TO   ACAR1 
LDA                 III «U   TP  PGA 
MLPN               SC!I »OTCtcU   TO   PGA 
ADRN              )fl »X+nTCMI  TP  PGA 
STA                 XI »STPPE   RGA   TP   X 

« 
S           IE(fiRAl>RNErU*J5TAP)>0.>   THEN   JSTAR«jSTAB«l | 
« 

CLC(O)    i «CIEAR ACAPO 
SLlT(Oi   iUI «PE ADDRESS PE II TO ACAPO 
CADO(OJ   $051 «APPPESS OF li IW JSTAR PE 
LOAOm   SCII «LOAD Ü(JSTAP) TO ACARl 
STL(l)    «C?I «SAVE U(JSTAR) TN ACAR2 
LIT(3)    «631 «SHIFT COUNT TO ACAR3 

CSHR(l) 0(3)1 
ZERTm   .11 «SKIP IE DfJSTAR) i  0 
SKIP      .61 «SKTP IE U(JStAP) < o 
ZFPTr2s   ,51 «SKIP IE UrJSTAP) ■ P 
LDL(0»    «P36I «Uf.lSTAP) > 0,0 
CADD(0>   SP5| 
STL(O)   »n5l «STORE JSTAI» 

CSliP(3l      S05I   « 
STl O)    S03ri   « UPDATA «3-JSTAR 

* 
t IE (JSTAR>.|EIN) THfN GP TO STOPI 
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—————— 

LDL(l). CP«I UFTN TO ACAR1 
csuBm «051 «jriN-JSTAR TO ACAR1 
ztRyid) »it fSKTR TO HALT 
STL(l) »C?l fSAVr ACAR1 TN ACAR? 
CSHR(1^ 931 XSHTFT ?« PIT WORD ST6N PIT 
lEffxten fr*1 fSKTP IF JSTAR < JFTN 
HALT I »STOP 

JSTPl i JST*"*1 

LDLtn SP3«I tSFT ACAR1 TO 1 
CADD(n »[»51 «JSTAR*! TP ACAPl 
lUftJ ftPftl ISTOPF JSTAR*! TO JSTPl 

MOOF «• SHTrTRd .MOOr OR POOLEAN {-0))| 

LDL(O) SDS4I ÜLPAO CURRENT EXECUTION MOO 
CSB(O) 01 »SET *CARO SI6N BIT 
C5HRC01 11 «SHIFT ACARO 1 PIT RIGHT 
torn »coi ISTORE MOOF TO PE S 
STL(O) snSAi «STORE MODE 

XS ♦ XirXxX 

LDl (0) 10331    * 
LOrri SCOl    «ENAPLF ALL PElS 

LOA XI «X TP R6A 
LDS SAI «SAVE X IN RfiS 

*lt)*> SSI    «X»X TP PE RGAIS 
MLRN SSI %%%•   X>iX»X TP RftA 

« 
« RHÜN  ♦   7M/fX3-RTLf-l#TRIiE#X3)) 
« 

RTL SA»1| XRPIlTE X3 LEFT"1 
SBRN SRI «XS-RTLflfTRUF»X3n TP R6A 
IDS SAI «X3-RTL(-1»TRUE,X3)) TO R6S 

LDif0)    »03AI    * 
LDrFl SCOl    «RESTORE EKFCUTIPN wpOE 

LOA 7MI «ZM TO R6A 
LDP "01    «CLEAR PE RfiBlS 

OVRN SSI «ZM/(X3-RTL(-1»TRUE»X3)1 TO RftA 
STA PHON) S(RAA) TO RHÖN 

« 
«    DV ♦ (RHO-RHON)/(RHnNxRHO) 
« 

LDS     sAi     «RHöN TO RGS 
LOA RHOI      «RHP TO RftA 
LOR SAI      «SAWE RHO TO R6R 
MLRN SSI       «RHn*RHON TO RGA 

LDp SAI    «SAVE RHOxRHON TP R6P 
LDA SRl    *RHO TO RftA 
LOP SRi    «SAVE RHOxRHON TM RAP 

SBRN SSI       «RHO-RHON TO RGA 
LDP «01    tCLEAR PF RfiBlS 

DVRN SRI       «(l»HO-RH0N)/(RHPNxRHO) TO RGA 
STA Pi VI       xSTORE(RHO-RHON)/RHOxRHO) TO OLV 

» 
«    OU ♦ (li*RTl (■t#TRUE»U)»l 
« 

LDl(0)     «0331    « 
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« 

LOrri «COI          «FN«BLr   *LL   PFlS 
LO*                 III tLPAD  RG«   WITH  II 
RTL                   Mtll          »RTI t-l»TRIlE»U)   TO  PAR 
SBRN               SRI f 

LDl (01 »D3«l    t 
lOFFl »Cftl    tRCSTORE FXFCUTlON MOOF 

ST»      nil» *Dli»<U*RTL(-l#TRUC»im TO OU 
LO« S*l    »S*VF PH IN PF RPSlS 

| 
I   o ♦ o.m 
f 

LIT(l) aO.OI »0.0   TO   «C<R1 
LOA fCII «Ar»Rl   TO  R6« 
STA 01 t(RAA>0.0)   Tn   0 

IFrnii>0'.0  TMFN   POU*0.0  FLSF   POU»Dl> 
t 

LO» OUI «PU  TO  RRA 
LDl fJ) »DS5I «0.0  TO  »C»Rl 
lAr. tCll »SET   PF   I   MPOF   RTT   IF  OÜ>0.ft 
sFTC(»i    ii  «pr i Mpnr PIT P»TTFPN TP ACAR? 
CRPtai       0|    «CLFAR PF 0 MODF BIT 
LPI(3>   »nsri 
CSHP(^> 0(3)1 
CSt<l(?i 0(3)1 
LOFFl 1C?I    »FNABLF PFIS FOR WHICH Dll»0.0 
LDl (3) »0351    «LOAD ACAR3 WITH 0.0 
LO» «C3I   «0.0 TP FNAPLFO PElS 
LPi(3> $n3«i « 
LOFFl SCSI «5T0RF   CllRPFNT  FvECIlTION   MOPF 
ST» POIII «STORE   PPIl 

« 
« IFfPV«.)   THFN   0*RHPNX(PDU»Cn?-rl««CS))«PPli| 
« 

LOi(l) SD35I «0.0  TO   »CAR! 
LO» OLVI «LO»D  RG»   WITH  PI V 
I»r, »Cli «SET  R60   I   BIT   TF  OLV>O.P 
SFTfd) II «PE   RGP   «   TP   AC»R1 
CRRfli Ol «CLF»R   ACARt   SIGN  RTT 
L0i(3) »P3Tl 
CSHP(l) 0(3)1 
CSML(I) 0(3)1 
COMPCd) I «COMPLEHFNT ACAR1 
CRRd) bl «CLEAR ACAR1 SlW  PIT 
CSHR(I) 0(3)1 
CSHtd) 0(3)1 
LOrFl SCll «ENABLE PEIS FOR WHICH DV<0. 
LO» CSI «L0»0 RG» WITH CS 
LOifl) SD14I XLO»D Cl TO ACAR1 
MLRN SCll «ClKCS TO RftA 
LO«; SAI «SAVE ClxCS IN RftS 
LD» POUl «LO»D R6A WITH PPU 
I PR SAI «SAVE POU IN RGR 
LOld) «0131 «LOAD CO? TO ACAR1 
MLRN SCll «PDUMCOZ TO R6A 
SBRN SSI «(PDUXC09-C1KCS) TP R6A 
MLR» SRI «(P0UKC0?-C1xCS)>»PDIi TO R6A 
MLRN RHONI SRHPNx(POUMrO?*C1»CSlxPOd TP Rft» 
ST» 01 «STORE 0 
LOI(0) «03Ai « 
LOFFl »COI «RESTORE CURRFNT EXECUTION MPOF 
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I 
1 irrocoMTN) THFN 0*fl .1 

LD« 01 XLOAD RG« WITH o 
LOI rn snri »LOAD OMIN TO ACAR1 
i*f. sen XSCT R6D I PIT IF 0>«NIN 
SETC(1> n SPF PGP S TO ACARl 
CRUfl) 01 «eLFAR ACARl Slflfi BTT 
LOl (3) soaTt 
csMRtn 0(3)1 
CSHKI) 9(3)1 
coMPcm t »COHPLFHrNT «CARt 
CRdd) 0| «CLFAR ACARl SIGN BTT 
csitR(i) 0(3)1 
csHi (n 0(3)1 
torn seii «FNABLF PFIS FOR WHICH 0«0MTN 
LOI rn sn3Si «LOAD 0.0 Tn ACARl 
LD« sen 
ST« Ol «STOPF 0 
LOI m SD34I X 
LDrri seoi XRFSTORF CURRENT ExFCUTION MOOr 

CRNT^O'OI 

«0 

irroA.o) THFN eRNT ♦TCIXCS-FCOZKPDUI 

IN RG« FROH PPFVIOUS STATrMFNT 

Loirn SD35I t 
L0# sett X 

eRNTl XSTOPE CRNT 
m Ot XLOAP 0 
I Aft sen XSFT RGO I PIT TF 0>0.0 
sFtrcn II XPF RfiO S TO ACARl 
CRBM) et XCLFAR ACARl Slfll^' BTT 
LOI r3) SD37I 
CSHRClY 0(3)1 
CSMlCH 0(3)1 
LDFF1 sen XFNARLF PFIS FOR NHTCH 0>0.0 
LD« poui XLOAD RG« WITH POU 
LOi fl) SD16I «FCO? TO ACARl 
HLpN sen XFeP2*P0ll TO PGA 
LD» SAI XSAVF FCOZXPDU IN RftS 
LD« CSl »LOAD RG« WITH CS 
LD? (1) S015I XLOAD TCI TO ACAP1 
MLRN sen XTClxCS TO PGA 
SttN SSI XTClxCS-FCOPxPOll TO PGA 
ST« eRNTl XSTOPF CRNT 
LDKO) Sn34| 

< 

Cirri seoi XRFSTOPF CURRFNT CXFCUTTON MPOF 

GMONF « o',«l 

LIT(l)    .0.« 1     XSFT ACAR1 TO 0.« 
LD«      SC1I XL0«D PF R6« S WITH Ot« 
STA      eMRNFl    SSTORF 0.4 TO GMONC 

V 
I 
X 

P2   *  GMONFKRHONXCPOI 

MLRN     PHONJ XGMnNxRHON TO PF RG« S 
LOS      FPe> XLr«n PF R6S S WITH FPf, 
MLRN     SSI XOMONFKRHONäFP« TO PF RO« S 
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ST*    P?I    «srnPF 6Mn>»r»n»HPN««tPf, rn P2 
x 
I   Fl ♦ (rPG-nv«P)i 
t 

LO«        DLVI    tDLV TP PF P6AIS 
CHS* i        f-nv TO PF R6* ^ 
MLRN PI       11-nv>«P TO PF B6* S 
ADRN tSI      KFPC-PVKP) TO PF Pfi« S 

« 
»      iFrFKo.) THFN run.I 
t 

LDfd^ «D35I «LOAD 0,0 Tn ACAPl 
IAI »Cll «SFT ROD 1 PIT TF Fl<0. 
SFTr(1> II «PE «GO S TP »CAPl 
CRPfl) 01 «CLEAR ACAR1 SIGN RTT 
iDi n> «nsri 
CSMRd) 0(3)1 
CSMKM 0(3)1 
LOrrl SCti «FNAPLF PFIS FOR WHICH FKO.O 
L0ir3) tn3$t «LOAD ACAR3 NITM 0.0 
LOA «C3I «0.0 TP FNAPLFD PElS 
LOl(3) tD34l * 
LDrrl «C3| «RESTORE CURRENT ExFfUTlPN MPOF 
ST» Fll «STPRF l\ 

« 
«    PI * GMPNFKRHONXEI 
« 

HLRN PHONI «RMONKFI TO PF PGA S 
HLRN fiMPNEl «GMPWFXRHONKFI TO PF RGA S 
STA pll «STORE GHONExRHPNxEl TP Pi 

« 
«   FPG ♦ rPG-r(P2*P*0*(5)>«nv/(?.*(P?-Pl)/P)l 
« 

CHSA i «-P1 TO PE RfiA S 
ADRN P?l «P?-P1 TO PF RGA S 
LOB aOI «C|FAR PF RGP S 

LDP Pi 
DVRN SRI »(P9-P1)/P TP PF RGA S 
LOS »Al «(P?-Pn/P TP PF R6S S 
IIT(1> i?.OI «SFT ACARl TP 2.0 
LDA «Cll «LPAP PF RGA S WITH ?.0 
ADRN SSI «(?.>»(P?»P1)/P) TO PF RGA S 
STA TMP1I «STOPF PIVTSPR"(2.*(P2-P1)/P) TP TMP1 
LDA 01 »0 TP PF RGA S 
LDS SAI «SAVE 0 IN PF Pf.S S 
AORM SRI «P*0 TO PP RGA S 
ADRN SSI «P+0*0 TO PE RGA S 
ADRN P?» »PJ»*P*0*0TP PE »6A « 
HLRi^ «I VI «(P?*P*0*0)xnLV TO PF RGAIS 
LOB >0I »CIFAP PE PGP S 
DVRN TMP1I «STnPE(P2«P«0*0)xDV/r2.0«(P2-P11/P) TP PE Rß* S 
CHSA      I «CHANGE PE RGA SltNS 
ADRN FR6» «FP«"fR2*P*0*0>»DV/(9.0*(P2-Pl)/P) TO Pr RGA S 

« 
«        TF(FPG<0.) THFN FPfi*O.I 
« 

l'Jl(l) 10351 «LOAD 0.0 TP ACARl 
IAI «Cll «SET RGD I PIT Tf F»G<0. 
SFTtM) II «PF RGD S TP ACArrl 
CRR(l) 0| «CLEAR ACARl SIGN BIT 
LPIC3)     «OSTI 
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csHBcn      0(3)i 
CSHl(1> 0(3)1 
LDrri sett      lENmr PEIS FOR NHTCH rP6<o.o 
LDl(3)     S03SI    «LOAD »C»R3 WITH 0.0 
LD» SCSI   tO.O TP FNABtrO PEl$ 
LOlfS)     SD34I    * 
torn    »eSi  «PESTOwr CURRENT EXFCUTION MODE 
ST»        EP6I    «STORE ERG 

r 
t P «■ CHnNEuRMONMEPei 
I 

LDA RHONI »RHÖN TO PE R6A S 
LOS »»» «SAVE RHÖN IS PE PCS S 
MLRN fiMONEI fCMONEKRHON TO PE Wft» S 
MLRN EPOI XCMONEKRHONKEPG TO PE Rfi* S 
STA PI «STORE GNONExRHnNuCPG TO P 

« 
I    RHOE » PMnNHl.OOll 
i 

LIT(I) «1.0011 «SET   *C»R1   TO   1.001 
LOA «ClI «LPAO   PE   RGA   S   WITH   1.001 
MLRN SSI «RHONMl.OOl   TO   PE   R(U   S 
STA RHOEI «STORE  RH0NM.001   TO  RHOE 

t 
« 
t 

IEfnv>0.ft)   THEN  RHnr«-RH0f'x.999l 

LDÄ DLVl          «LOAO   R6A   NTTH  01 V 
LOIM) Sn39l          «LOAD  0.0  TO   ACARl 
IAI SCll          «SET   RGD   I   PIT   TE   OIV<0.0 
SETC(I) I|           »PE   RGP   S   TO   ACAPl 
CRPfl) 01    «CLEAR ACARl SlßN RTT 
L0ir3) «037» 
CSHRd) 0(3)1 
CSHKl) 0(3)1 
COMPCd) I    «COMPLEMENT ACARl 
CPRM) 0|    «CLEAR ACARl SlfiM PIT 
CSHRd) 0(3)1 
CSHld) 0(3)1 
LOrrl SCll    «ENABLE PF«S EOR MHTCH 0V>0'.0 
LlTd) >.«99|    « 
LOJi SCll    «0.999 Tn Rr,A 
MLRN RHONI    «RHONx.999 TO RflA 
LDl(0) »0341    « 
LDfEl SCO|    «RESTORE CURRENT EXECUTION MOOF 
STA RHOEI    «STORE RHOE 

« 
«    PEUOGF * BMONEKRHOEKEPBI 
« 

LOA       RHOEI «RHOE TO PE RQA S 
LOS       ftAI «SAVE RHOE IN PE R6S S 

MLRN GMONEt    «GMONExRHOE TO PE RflAlS 
MLRN     EP6I «GMONEMPHOEMEPG TO PE ÄßA S 
STA       PEUOGEl   «STORE AMONExRHPExEPf, TO PEUOGE 

« 
«  cs ♦ sisRT<rP-PEuofiE)/(RHnN-RHor)); 
« 

CHSA |        S-PEUOGE TO PE PGA S 
ADRN pi        «P-PFltOGF TO PE RQA S 
LOB SAI       «SAVE P-PEU06E IN PE RGP S 
LDA SSI      «RHOE TO PE ROA S 

LOS SBl    «P-PEU06E TO PE RGSlS 
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CHS« I «-RHOr  TO  PI   »0*   s 
AORN PHONI fRHflN-RHOr   TO   Pf   RGA   S 
LOB ««I «S*VF   RHON-RHOF   IN  Pr   Rf.P   S 
IDA SS) «P-pruOGF  TO  PF  PQA  s 

LD< $B> *SAVF   PHPN-PHOr   TN  PF   RGSlS 
LOB «0) «ClFAR  PF   PGP   S 
DVPN »SI KP-PFUOGFJ/fPHnN-RHOF)   TO  PF  RRA   R 

101 fO) $034» »CURRFNT   PF   FXFCIiTiniK  HOOF  TP  ACARO 
CLCO) I 
SLITOl SOPTJ 
FXCHl(^) »!CR| fJliMP   TO   SORT 
STA rS» fSTORF   S0RTC(P*PFUD6r)/(PH0N-RHnm   TO   CS 

t 
t OTZJ  ♦   WK»fV-RTL(-l#TRlir»X))/(rRNT*0,l*fs)l 
| 

ITTd) .0.011 »SFT   ACARl   TO  O'.Ol 
AORN Jfll »0',1+CS   TO   PF   RGA   S 
AORN CRNTf «CPNTfO.l+CS   TO   Pf  RRA   $ 
LOS »Al (SAVF(CRNT«0.1«rS)   TM  PF   R6S   S 

Lri fO> «0331 t 
LDrFl iCOl «FNABLF   ALL   PFIS 

LOA yi fX  TO  PF  R6A   S 
RTL »A,U «RfillTE   X   LFFT   -1 

f(X-PTL(*l»TRUF»X))   TO   PF   RGA   S 
»LOAD   WW   TO   ACARl 

SBRN              »PI 
LOi m »0181 

MLRN             «C1I 
LOi (O S034I 
LOfFl »coi 
LDP ■ 01 
OVRK' »SI 

STA                  PTZJI 
1 
f 0T7JM«.MTN(0T?J)I 
t 

LDA OTZJ? 
IDI fO) S034I 
COMPCfO) 1 
CLrrn 1 
coMPCfn 1 
ccpcn 0| 
LOFFl •coi 
LOA »Cll 
coMPcm i 
LiT(n 1*6*1} 
cir(2» 1 
SlTT(?i 11 
SFTF          F OR  -Fl 
SETF!        Fl OR  Ft 
RTi             »A »omi 
I AR «PI 
SFTF           I ANO   Fl 
SFTF1      I   ANO   Fll 
LOA «Rl 
CSHl (?•> t! 
TXlTAtTl) »-91 
LDrrl »CO» 
LOPfl) »At 
STI m «mri 

* 
* RHn«-RMpM 
t 

t 
«RFSTOPF FXFCUTTON MOOF 
»CLFAR PF RGBlS 
»:HW>»(X-RTL(-l»TRirE»X)>0(CRNT«O.UCS) TO RGA 

«LOAO 0T7J 
«LOAO CURRENT EvFCUTTON MOOF TO ACARO 
«COMPLFMFNT HOOF 
I 
f 
«LARGEST POSITIVE NUMBER TO ACARl 
Jt 
»DAD THIS NUMBER TO DISARLFO PF S 
»RESTORE FXFCUTIPN MODE 
»LOOP PARAMETERS TO ACARl 
«CLEAR ACARP 
SACAR? SET TO 1 
( 
« 
« 
« 
C 
« 
« 
t 
»LOOP TIL MTRIMUM 
«RESTORE EXrCUTlPN MOOF 
«MINIMUM IN RGA TO ACARl 
«STORE DTZJM 
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LD» RHONI «LOAD PHPN 
STt RHOt »STORF RHO 

t 
t PN»y<,M4¥(P)| * 

t 
LDt PI «LOAD P 
LDI (0) SD3«I «LOAD CURRENT EVFCUTION MOOF TO ACARO 

COMPC(0> > »COMPLFMFNT MODE 
CLC rn 1 « 
ctiMPCcn 1 «LARGEST NEf.ATlVF NUMBER TO »C«R1 

LDrn SCOl « 
LD« sru «LOAD THIS NUMBER Tn DISABLFO PF S 

COMPCfOl i «RfiSTORF EXFCIITIDN MOOF 

Liren l#6*ll »IÜPP PÄ"AMFTERS TO ACAR1 

Clf (?> 1 «CLEAR ACAR? 
SLTT(?1 i; «ACAR2 SET TO 1 
sFtr   r OR -El « 
SETF1   ri OR El « 
RTl     8».0(?)l « 
1A| SRI « 
Sf TF    I AND Fl « 
SFTF1  T kND Fll « 
LOl SRI « 
CSMI (?) 11 « 
TXI TAMf n ,-9l «LOOP TTL MiXTMllV 
L0FF1 SCO» «RESTORE FXFCUTTON MfOF 

LDrO"» SAI «MAXIMUM IN RGA TO ACARl 

sri n> IDlOl «STORE PMAX 

t 
y TIMF«.TTME*DTCI 

* 
LDI ff ) SO?l »LOAD TIME TO ACäRI 
ID; SCI» «TIME TO RG« 

LDi f n $n«i «LOAD DTC TO ACAPl 

lOtV sen «TlME+PTC TO RGA 
i rmi SAI «TIME*PTC TO ACJPl 

STI f n SD2l «STOPF TIME 

* 
5TnPE ADB CONSTANTS (SDO-SrSD TO PF Z IRBAV 

» 
rlrf 1) I «tLEAR AfARl 
f:5n(n 01 «PF ENABLE MODE FOR INDFy LnPP 

1IT(O) 1.31,0i «LOOP TNOEX 

f;Lrf3> 1 «CLEAR ACAR3 FOP INPFX 

1 P5»l l Dl f ? ■» SD0(3)I «LOAD ADB TO ACAR? 
LDrFl sen «ENABLE INDEX PF 

LDi SC?I «ADB TO PE RGA 

CApr>(9*| $0361 «INCREMENT ADDRESS INDEX 
CSMRd ) 11 «ENABLE NFXT PF 

7X1THro> »LP?I «LOOP ON INOEX 

LOl f 0> SD34| « 
lOFFl scbi «ENABLE ALI PElS 

ST« 2l «STORE Z 

f 
MOnF*TRLiFI 

« 
LDI M ) SD33I «LOAD TRUE TO ACARl 

L0FF1 sen «SET MODE 
STI m SOS«! «STORE TO CURRENT EXFCUTTON MOnF 

1 
1 SlMWRtTF(I«OISKli 1)1 

1 
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t 
t 

cirf9> 
SlTT{S> 
CROTRfS) 

SLTT(?> 
CSMR(>) 
cnno) 
CRfiTRf 3) 
CRPTROJ 
101 (?) 
C0pf3) 
CRfiTRf) 
LlTf2> 
CtlRf3i 
CRfiTRf i) 
CRRfa) 
DISKin 
LPl f?) 
CApn(?l 
STl(2) 

N + N+l 

Loun 
CAnrtM 
STi ri) 

» 
■ 441 
14» 

I 
«7» 
41 

$r!>» 
151 
«I 

SDSSl 
ir?i 
12) 
Bit 

SC2i 
iri 
it 

i 

SDll 
S036I 
snit 

«CLFAR ACAR3 
«WORD COUNT TO ACAR3 
KROTATF ACAR3 RTfiHT 14 B!TS 
»CLfAR ACAR2 
X? ADDRESS TO ACAR2 
«SHirT AnoRrss RIGHT 4 BITS (oivisABir BY i6) 
fADORCSS TO ACAR3 
«ADORfSS 
»CONrldlPATlON 

«RFCPRO NIlMRFR 
frllf MUMRFP TO «CAR? 
«FILE NUWREB TO ACAP3 
«ROTATE ACAP3 RIpHT 17 BITS 
«WRITE«0 

«UROATF PECnRB COUNT 

«LOAD N TO »CAR1 
«N*l TO »CAR1 
«STORE N 

IFrN<NsTPP) TH?N 60 TO ACAIN» 

LOi rn 
csiiP(i> 
ZFpT(l) 
cSHRm 
ZFPT(1> 
HAI T 
JUMP 

21   BLK ii 
U»   BLK 1; 
Pi   BLK 1j 
01   BLK 1| 
RMOl 81K It 
Xi   BLK It 
ZM|  BLK It 
EPfil BLK It 
CSl  BLK ii 
Tt   BLK f| 
RDRTlBLK It 
X3l  BLK It 
RHÖN IBLK It 
DLVl BLK It 
CRNTlBLK If 

SMONFtBLK It 
P?»   BLK 1| 
Ell  BLK It 
PI»  BLK Ti 
PDlll BLK It 
RHOFIBLK 1» 
DTZJIBLK I» 
DUI  BLK 1; 
PFimGE»BLK 1» 
TMPi»BLK li 
END SPEX. 

«019» «NSTOP TP ACAR1 
SOU «NSTOP-N TO ACARJ 
.2» «SKIP IF WSTOP»N»0 
23» « SHIFT «CAP1 23 BlTS RIGHT 
.1) «SKIP IF NSTOP*N<0 

» «NilTOP-N<0 
AGAIN» «NSTOP-N<0 
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AFWL-TR-72-33 

APPENDIX VIII 

B5500/6500, ILLIAC IV, AND CDC 6600 WORD FORMATS 

The B5500 and B6500 have the same 48-blt word formats because the machines 

were intended to be compatible. The difference in the description of these two 

word formats is that the high order bit in the B5500 is labeled bit zero and 

the low order bit is thus bit 47; in the B6500 the low order bit is numbered 

zero and the high order bit is numbered 47. Bits that can be manipulated by 

the system have been added outside the left-hand end of the word, so these 

added bits become 48 through 50. This distinction is relevant only when the 

user employs such functions as cocatinate (similar to INBY on the CDC 6600) 

where one references bits within the word. 

1.  B6500 WORD FORMAT 

4 4 <* 
7 6 5 4 4 39 38 

a Exponent MANTISSA 

Floating point 

mm INTEGER 
Integer 

The B6500 floating-point number, or integer, contains a 39-bit mantissa in 

bits 0 to 39; a sign bit for this mantissa is contained in bit 46, word format 

use bit 47.  For the floating-point word format an octal (SIC) exponent is 

contained in bits 39 to 44 and an exponent sign bit is contained in bit 45. 

Note that this is not the normal biased exponent that is used In many other 

machines. 

In the integer format the fields used by the exponent and its sign in the 

floating-point format are zero. In the integer format the largest integer that 

can be held in this format is 239-l. Beyond this the hardware will convert the 

result of an arithmetic operation to floating-point format. Because the binary 

point is assumed to be to the right of bit zero, this conversion from integer 

to real formats is a continuous one—an integer appears to be Just an "unnormal- 

ized" floating-point number with zero exponent. The value of a floating point 

A is calculated from the mantissa M and exponent E as 
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A - +M x 8-E 

2.     ILLIAC  IV WORD FORMAT 

0 1 15 16                             63 

1 Exponent            MANTISSA 

Floating Point 

0 1            15    16                             63 

V/A 
Integer 

The ILLIAC IV has a 64-bit word that can contain either 48-bit integers or 

a floating-point word with a 48-bit mantissa. The binary point for the floating- 

point numbers is assumed to be at the high order end of the mantissa, that is, 

between bits 15 and 16 in the above figure. A sign bit for either the mantissa 

or for integers is contained in tha high order bit, bit 0. For Integers, bits 

1 to 15 are zero. For floating-point numbers, this field contains a 15-bit 

exponent. This exponent is biased at 400008 and this alleviates the need for 

an exponent sign bit. The value of a floating-point number A is calculated 

from the mantissa M, the exponent E, and the sign bit S as 

(-I)0 x 2 
(E-400008) 

It is noted that a 32-bit half-precision mode also exists in the ILLIAC. 

Because GLYPNIR does not support this mode at this time, the word format for 

the 32-bit half-precision mode will not be described. 

3.  THE CDC 6600 WORD FORMAT 

The format of the CDC 6600 integer and floating-point words are included 

here because we feel that any calculations done on the ILLIAC will be compared 

at some time with results arrived at on a CDC 6000 or 7000 series machine. 

Fortunately, the mantissa in both of these word formats is the same—48 bits. 

The difference In word length is all abborbed in the exponent field.  (The 

extra bits are needed on the ILLIAC so it can have one bit per PE for logical 

instructions.) 
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63 48 47 

Exponent 
__J  

MANTISSA ] 
Floating Point 

63 48 47 

Integer 

The CDC 6000 series machines are ones-compliment machines, thus there is no 

sign bit and the negative of a number is its ones-compliment. Integers must be 

less than 2't8 in size so that they can be processed with the same hardware that 

processes the 48-bit mantissa of a floating-point number. Although the bits 48 

to 63 are not used (i.e., are zero) for positive integers, there is sign exten- 

sion through this region for negative numbers, and thus they ire all on in this 

case. In the floating-point format the binary point is assumed to be a the far 

right of the mantissa, and the exponent in bits 48 to 62 is biased at 20008. 

Because the mantissa of the CDC 6600 word and that of the ILLIAC are of 

the same length, the movement of algorithms from one machine to the other 

should be simplified, as should the movement of data and calculations. The 

movement of data for later calculation between machines of different word 

(mantissa) length presents a number of problems with the stability of the 

calculations in question. 
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APPENDIX IX 

SHELL62 

ICODr LIST nPUR» SüMRY SAVE 7IP 
REOTt- 
»       THTR TJ *? ZONf (OB LFSS) WIPE <HFLL IN 6LYPWTR. 
CU'T   lMAX»JM»y..|PLK,J,Jl,j?t 
CRF«!    PRnB»rYCl.r»T»OT#DT|.»ST.WCA»HCP»WCC,HCO,wCF»Pl.rTH#ST»BlFCTifJ| 
CU   RFAL   RFLrPPPFFORE^CYCl ASTPRINT.MAXPriFRR#r,0»Tn70Nn 
PRFAl    OX,TAii,fS,wPA,WPP»WPC,RC,OTHI 
PRFAI    VECTOR   OYfOJl 
RnniFAN   ROTTnMRrFI.ECTlVF#   RTftHTRFFLFCTlVr,   TnPRFFl ECTTVEf 
POOL FAN   RFZnNETnP»RFZ0NFRIGHT»RE7rNFBnTTnM»lMrDFl 
l APEl    SHELL.A6MM»ST0P»FTNl 
PRFAl    STDTIt   THTR   CARD   IN   OllTER   PLK   FOR   RTD   TTMr   COT. 
t   THE   FOLLOwTNfi   CARD   DEFINES   THE   COMMON   RLOCtf. 
PRFAI    ZI   PRFAL   VECTOR   U#V»AMX»AIX#Pr71)   PRFAl    XI   PREAJ    VFCTOR   YfOll 
I 
EHE   I«DlSKn»"SMFLL"/"nT6?"   t   43   ROWS  FUlDI 
FIIF   t«DlSKi»"SHFLL"/"OTfi3"   f   A3   POWS  FUIDI 
FILF   LINE   (1   ROwll 
« 

« FOl I OWTNß   ARE   A| L   RIlRROUTINES, 

* 
SUPROUTINE   PUTCPPfCREAl    v»PPFAL   OUT   Z.ClNT   lit      PFGIN 

IE   PEN«!   THEN   74.XI 
FNOI 
t 

% 
SUPROUTINE   RIITCPHCINT   X.PRFAI   OllT   7#CINT   1)1      pFplN 

CREAL   Al   A«.XI   IF   PFN«I   THFN   7«-AI 
FNOI 
t 
f 
t 
% 
PPEAl    SURROllTINF   LN   AS   PfiA   rPPFAL   X   AS   RCA)!      BECTN 
$   INCINS-IOO»   ASifPATCH-lP 
S»TAPF2»f.LYPMR/r,LN   SERTäLI 

FNOI 
* 
i 
t 
t 
PREAI    SURROllTINF   ExP   AS   RGA   rPREAL   X   AS   P6A)I      BFGlN 
S   TNPINS-IOO»   ASfPATCH«^ 
»»TAPE2«GLYPNIP/6EXP   SERTALl 
FNOI 
t 
I 
I 
« 
PREAI SUBROMTINF SORT AS RGA fPREAL X AS R6AM  PFGIN 
S INClNS»lln» ASKPATCH«!« 
«»TAPE2"GLYPNlR/fi50RT SFRIAl | 
FNPI 
% 
% 
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« 
PRfAl    SUflROiiTINr   AL06lO(PRC«t    K)l     REGIN 

AL0610*0.«J4?9««8190S2S1«»LN(X); 
rNDJ 
X 
t 
% 
% 
PRr*l SUBROnTlNr POHEROFIO fPREAL N)l  BrcfN 

x  POwrRnrtOaio.t^N^ 
POKFR0M0»rXP(?.3O2,585O9?99«0«6»«N)l 

PNPI 
X 

SURROUTlNr Pf^rpfPRE*'. X.PRFAL OUT XX.PlNT OUT Nil  PffilN 
XX4-AL0r.10(«R^(X))l 
N*rxx-n.5i«ST6N(xx))i xnnwT LFT GLVPNIR Rnuwn. 
ir(M<Oi THrN N*N-II 
xx»x>«PnwEonrioc-N)i 

FMni 
I 
t 
g 
T 
SUPRnUTlNE MF6«TTVFM*SS(CTNT J)l  BFOTN 

CTNT J.'il 

LOOP J.l*-0.1»JM«X DO BEr.TN 
lF(«M»rJJlSO.)THEW PFGTM 

S!MWRITF(LINFrPAGE]#"NF6 MA5S"."j «"»J)! 
S!MWRITF(LINr.',AMXt*J".AMXf*l)» 
FRROR(0)l 

Ewn> 
FNDI 

runt   t  NFGATTVFMASS. 
I 
I 
X i 

» 
SUBROUTINE   wFGATTVEENERftYfCTNT   J)J      BFGlN 

CINT   J.'il 
MODE^TMOPFI 

LOOP  J^OfWJMAX   00  BEfiU' 
IrfATytJJJSO.)THEN   BEGIN 

SlMWRlTFd. tNFrPA6Fl»"NFr,   FNER"."J   «".J)! 
SlMWRITFd INF."AlX[»1",Alyt*J)» 
FRRORfO)! 

FNP) 
ENOI 
MODE^TRUEI 
SlHWRlTF(l«nlSKl#7)I 
SlHHRlTffLTNF»«»MASS ANn ENERGY OK AT J ■ ",J1) 

FNOl X NEGATIVFFNERGY. 
X 
X 
X 
X 
CRFAI SUBROUTINE SUMRONCPREAI X)t  BEGIN 

ClNT J.TwnTOTHEJIBOniEAN OLOMOPEI 
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OLDMODr«-MOnri 
MO0r»NnT Mppn 

MODr»TpilFI 
TWOTOTMrJO.I 
LOOP   J«.n,1,5   DO     Btr.IN 

X»X*RTPfTWOTnTHFJ.MnnE#X)l 
TuPTnTHFJ^SHlFTl(1.TWOTOTHEJ)) 

FNDI 
SuMR0N*yi 
M00F»0i PMOnFl 

FNftl   t   SDMRPW 
> 

« 
SUBROUTINE   FPPnp(CINT   J)l      PFÖIN 

SIHWRlTF(LTNFtP*GFl»"ERROR   «".J)! 
WC««-0.I 
NCAM.rtM'.O'HCAj «»PORT. 

FMOI «ERROR. 
« 
« 
t 
t 
SUPROUTINE rDTI  «EGIN 

PRFAL MTKinTMFNSIONI 
CRFAL PFS,TNFXT»H0A,W0P,WDV« CTNT LP*J| pOOLFAN M1»M?| 
N0A»1.0P-?ni 
LOOP   J*0»1,JMAX   OH     BFC.TN 

MnOF+TRUEl 
J1*J   niV   64) 
JPt'J-AAxJl) 
wnv«.r.R»PONE(ovrjii.j?)» 
MnnFMMPDF) 
CS*»Mxrj]/(WOY)«TAlt>l 
EsfJ)I«ES RETURNS IIPPATFO P ANO CS FOR THE ROH .V, 

HTNCIMENSI0N4.nX) 
lrrHnY<RX) THEN MTNPTMFNSION^KnYl 
WPP* MAXtCS/MTNnlMFNSlON)! » TTNF FPR SOUND TO CROSS ¥1H   CELL 
IF (wn*<WDB) THEN wDA^WDRI 
WPP» MAX(ABS(Urjl^/DX)l« TIMF FOR MäTFRTAI TO fROSS CELL TN X 

« DIRECTION 
IF (WOA<WDB) THEN WOA«-WDBI 
MOP» MAX(ABS(Vrj]i/WDV)l f   TIMr FOR MATFRIAI TO CROSS CFLI IN 7 

« PIRFCTION 
IF (WOA<NDB) THEN MOA»WDBI 

FNDI 
MODE*TRUEI 
DT»0,5irSTAPlFCTR/W0AI 
DT»1.0p«et 
T*T*DTi ASTl 
POWEF(T»BrR»lP)i 
TNEXT*fT*nY)»«PONERflFlOf-LP)l 
Ml» (TNFKT>STOT) AND BnniFAN{ir7r7r777r7r60PCOooooocP)W 
M2»SHlFTLf1»M1)| 
M1«-(M1 PR H?) AND NOT fM? AND ¥i)t 
IF(M1 AND fPFR<STOT)) THEM PT*(STOT-BFR)»POWFROFlO(IP)I 
DTLASTfPT» 
CYCLF*rYCLF*ll 

FNDJ «CDT. 
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I 
It 
I 
t 
I 
I 
I 
s 
SUBBnUTlNE prznwF (CINT J)l  BF6IK 

rRunp(ioo)i 

« 
X 
» 

REG Ik 
t rs usrs RPP rTi" cs *RR*rj. *ND AIVCKI, 
« IT RETURNS UPDATED PfKI AU'D CS. 
» MOnlFlCATTflN OF »1R TO FXTFND TO ?.F13 FRGS/6M.  11 MAY AO 

PRf »I r.LNFRnVR07»F0»FnN#FN»KS»BFTA,FE#f.M0NFl 
PREAL »HO AS CSI 

LNER0VpPZ«'|Mt773.395?0Ay5>«RH0)> 
«S«-1.0/fl.0*rxP{(-*.5-0.1550A3MKLNFP0VRnZ*F))eEXPf-n.0S»cl NERPVROZ 

♦ n.P95317eo798n>l 
FO   »WS   «fXPf-0.224>152«66«)«F)l 
FOM»(1^0-WR   )xEXP(-0.150P?«6?99«fF)f 
BETA*0-» 
IF(E>1.)THFN  BETA«.   (0.0069A«7i«W5*0.ni 38974)«.LN(E>I 
WS*1.0/n.O*rXp((-E*EXprO. 0157«LNFRnvR0?»3."p666?489>)>cFXP(-0.085 

>c|NFR0VR07-1.3n6?9«3«)))l 
FN*WS>«FXP'-0.039215686?75>«EJI 
BETA*BrTA»c(1.0-WS)*0.0a5«*(SI 
WPA*30,.0*3'.«7«356>iLNFRpvR0Zl 
IF   WPA   <6'.0   THEN   WPA*6.0l 
*iPA*MA0.0-F)/HPAI 
FE*1.0/(r.0*rXP(wPA))) 
C.M0NE«-rP,1«1*0,?55i«F0*0.?80KFON*O,137xrN*0.O5)«FE)«EyP(BrTA 

xiNEROVROZ)) 
PlKUOMPNFxRHOKAIXtKi; 
CS*SORT((r.O»6M0NF)xP[Kl/RHO)l 

FNDI fES. 
« 
S 
« 
t 
SUBROUTINE   TNPUTI     BEGIN 

M0DE4-TRUEI 
sif«»rAori«oiSKO»z)> 
Pe-JB ♦f,R»BONFCZ»0)l 
CvCLE«-fiRABONF(Z#l)l 
CVCLASTPRINT*CYCLFI 
T «.r,R»B0NF(Z,2)| 
DT        «■GRABONF(7#31I 
DTLAST«.6RAB0NF(Z.4)I 
T*T-DTi ASTl 
CYCLE*rVCLr-ll 
IMAX   ♦r,RAB0NF{Z»5)l 
JHAX   «■RPAPPNF(7»6JI 
ETH*6R*P0NF(Z»7)> 
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ST*BLFrTR*GP«BONF(Z»»)l 
iFCSTMirCTPSO,)   THFN   ST*Bl FCTP*! , I 
G0«-6RAPPNFr7»9)l 
60*0.01 
To^p^F♦fiR»p^NFcz#lO)l 
JBLK*JH<X pTV ««I 
TOPWEFlFCTTVF ♦ FALSFI 
PIGHTRrFLFrTTVE ♦ rilSn 
BOTTOMPFFLrCTIVC ♦ FAUII 
IF<6P*pnNFfZ»U)#0,) THFN TOPRFFLFCTIVEI-TRUFI 
IF(6P*PPigFf7»l?)#0.) TMFN RI6HTRFFLFCTIVF*TP|tEl 
IF(fiRApnNEf7f13)^0.) THFN BOTTOMRFFlECTIvE^TPUFI 
RELFRPPFFnRE*6R*BnNF(Z.M)* 
HAXPFLrPP»0P*BnNF(Z.15il 
DX^-X-RTPd^nOE»»!! 
RC»0,5y(X*PTR(l»Mn0r,X>1l 
MODE*PnPLF*Nf-0)l 
M00F4.SHTFTP(lMAX*l»MnDnl 
DX*RTPr?*#pX)l 
PC*RTRrl#.y)*0,5)«pXl 
M00F«-BPPLF4ig(-0)l 
DX* RTj n.»nx)i 
RC»-RTlfl#.pr)) 
MODF«-TPIiFi 
IMCDF^MPT   PPOLEAN   (-0)   AND   PEN<IMAXl 
WPA*X>cifl 
TAU»   Plx(WPA-RTRCl»MpnF#WPAJ)l 
LÜOP ji.0.1,jRLK DP PEGTN 

DvrjJtRTL(l#MOPF »VfjDl 
irfJ^jBLK) THFW BrRTN 

TF BOOLFANd^ THEN nvtjj* RTLf 1 »#YfJ4l 1 >| 
FWPI 
Dvrjuovtj]-v[j)j 

ENDI 
FNPI «INPUT*. 
I 
« 
« 
« 
SUPRPUTINF nATAi  BEGIN 

coor 
USE      STPT.PIl  RFGTN 

HrPElAMI SET I 
OPG  PI I 
DiTA ».1«159?«535B97O3J 
OPr.  RTOTI 
DATA l.l»l.2»1.3*1.«#1.5»1.«»1.7»l.^»1.9»2,o#2,1*?.3»2.5»?.6» 

?.8»3.0#3.?#S.«»3.6»3.fl#«.0»A.?»A.5»4.*»5*. P»5.3»5.6»6*. 0# 
6.5»7. 0»7.5»8.0»8.5»9.0»9.5»!ft.Ot 

OPG  MFRFIAMI 
END COPFI 

FNPI IDATA. 
« 

« 
I 
SUBRPUTINE PHI»  BEGIN 

CINT P»SS» CREAL 61 
PREAL vA»VP.PA»PR,PB,UPR» 
MODE«>Te(iEI 
DTH4-0.I 
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ir RiGMTRrrircTivr THE^ 
FRROR(n 
fisr 
BFGTN 

I SfT P *T AX!S AMR RIGHT 
MnnE*ROPLEAN(-0)l 
Lnnp .■(♦O#I#JMAX On ptJi*RTL(i»#P[.n)i 
Mnnr«-SMIFTR(TMA»*1 tMODF)! 
LnnP   j*0»l#JMAX  DO  PtJURTR(?»»PtJni 

FNDI 
LOOP   PASS*1.1#2   DO     PffiT^ 

Mnnr*TRiiEi 
Ir   pnTTOMRFFLECTlvr   THfN     BFGlN 

VP^Otl 
rP*PtO)i 

Fwr 
tlRF   PF6IN 

VB*VtO]l 
wC**  GRARnNFfnVtO)»0)l 
WCB*   GRABONFrnVtO]»!)! 
wcc*i./m4**cR)i 
PP*(Ptl]«J'CA*PrOJxHCB)»«wCCI 
nTH*OTH*6,5«TAit»«wrA>'V[oi)'nTxcproupti))>«wrri 

Fwm 
Ir PTßHTREFLFCTIVF THEN FRRPR(?) 
Fl SF PFGTN 

» SET II AT AVTS AND RIRHT. 
MonE*ponLF*NcO)i 
i nop j*ft»i»jH4y DO utJj*wPTL(i.»iirjn) 
MPPE*SHTFTR(TMAX*l»MnOF); 
wrA*RTR{l».Rn/RC» 
i nop J*O*I»JMAX on urjuwcAxRTPd.fUtJni 

FfiPI 
MnnfMMOOF   OR   POOirAN(-0)l 
WPA*r.O/(DX*RTl(l..PX)5l 
WPP4.Pr>iRTL(l»»PX)»<wPAI 
WPC*PTL(1»»RC)KDX*WPAI 
MnrF*TPUEi 
t«fA»fipABONF{DYtO].0)l 
MPPF»TMPOF» 
Lnnp ,)«•(>»I»JMAX-1 nn    BECTN 

TF(AHXIJ5<0,)   THEN   FPRPRO)) 
i!RP*Ur j5xHPB*RTL(l*#lirjl)»iWPC» 
MOPF*TRl)Fl 
.tl*U*l)   PIVA«! 
j?*(J+l)-6«»«."l1l 
wCP*GRABnNF(nYrjn»j?)» 
MPOE»iMnon 
WCC*1.0/(WCA*WCB>I 
WCD«-WCAxWCCI 
WCF4-NCBXNCC) 
vA«-vrjjxHrF*vrj*nxNCOi 
AlXtjUAlxtJUPt JlxnTx(Ot«ixfVP-VA)xTAI)*(RTR(1f »liRR)-nRR) 

xPTxMCA)/»MXtJll 
irfPASS«!)   THEN     BFGTN 

PA*PtJ)xWCF*PtJ*lixwro» 
MOPE'-TRliFl 
6«>6*3S«r«BI 
G*G/(G*CRAB0NF(YIJll»J?>-P.5xWCA)l 
G»G6xG»RI 
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Monr*!Mnnr OR PPOLC*N<-0)I 
PR*(PtJ3xRTL(l#»DX)*RTL(1,.Prjl)i«PX)i«WP«l 
MODE*!Mnori 
UtJ]4.U[,|m»U>cWC»«(RTR(l,,PR)-PR)i«pT/rOX>cAMXrjJ)l 
VCjUVt.n*T»U>«WCAK(Pp-PA)KOT/(NC**«Myrj1)-G>«OTI 
PB*P«I 

rwni 
VB^VAI 
WC««NCBl 

FkiHl f J LOOP 
J*JMyl 
IffAMxfJJSO.)   THEN  rRR0R(4)l 
UPR*UrJ)>«WPB*RTL(1»»UtJl)>'WPCI 
IF   TOPREFIECTIVF   THFN  FPR0Rf5) 
FtRF   PFGIN 

VA»VtJl» 
»   PA*PBI   I   AlRFAOV   nPNF   ABOVE 
PTH*0TH-0'.5>«TAll>cHCBKV[JlxPTx(PrJl*PtJ-n)xWCCI 

Fjini 
ATXtJl*AIXtJ)*PtJlxOTx(0.5xrvB-VA)xTAU*(BTRfl#,|iRR)-URR) 

xPTxwCA)/IMXr.|]; 
IF   PASS«!   THFN   PEfiTN 

MnnF*MonE nR BOOIFAN(-0)I 
PR»(PtJJxRTLn»#OX)*RTL(l##PCJ])xnx)xWPAI 
MPPE^IMOOFI 
HfJl*UtJJ*TAllxWCAxCRTRCl#,PR)-pR)xPT/(PXXAMXrj])l 

Ek'PI 
t   npwr   WITH  «HOLE   «RID 

FNOI   X   PASS  LOOP. 
ETH*ETM*StiMRPW(DTH)i 

FNPI   »   PHI 
SUBROUTINE   PM?|     BEGIN 

PF   RFA|    SPFCTFlCFNERGYfOP»«ORTOPU»OONORTPp\/fPPNORTOPSPFClFTCFwFRr.V* 
VATTOPTNTrwr*CC:,ßONPRNasSOlvInFOByDY»MAssTHRliTOP,MASSTHRUBOTTOM, 
DONORRifiHT|r»OONORRIf,HTv.OPNORHTGHTSPEClFTCENFRGYf 
DONORMASSPTVlOtOBYDX.UATRlGHTINTFRFACEjMASSTHRuRtQHT.AMVNFw, 
DNEOV»'P»MXNFW#UMOMFwTU><THRÜTßP»VMOMFNTUMTHR|iTOP,|iMOMFNTtlMTHRURlfiHT, 
VMOMFNTIINTHPURlGHT.FNERRYTHRUWIOHT^FNFRGYTHRliTOPtFNFRGVTHRUBPTTnM» 
UMOMFNTUMTHRUBPTTnH.VMnMFNTUMTHRIipOTTOMj 
RF20NETPP*FALSF;RFZONFRTCHT*F*LSF|RF20NrPOTTPM4.FALSri 
Dmo.i 

NOOF«-TRUFi 
WCA*GRAPP'-rfPaO]»0)l 
« SFT AXIS BPUNDARY CONPlTlPNS 
MnDF*flnPLFAN(-0)J 
MASSTHPIiPtf,HT*0.) 
I SFT PPTTPM BOUNOApv CONplTl «s 
MOOF*TpilFI 
IF BOTTPM(»rFLECTIVE THrN  BEGIN 

MASSTHPUBOTTOM^O.i 
EWFRRVTHRUB0TT0M»0.1 
UMPMFNTUMTHROBOTTPM4.0t I 
VMPMF>iTllMtHRUBOTTPM*0. I 

END 
ELSE BEGIN 

M*SSTHRUBOTTPM«.Vt01»AMXtOJxOT/NCAI 
lrfMASSTHRUBOfTOM»0.)   THEN   MASSTHR(,BOTYPM«.0. | 
lFr-»lASSTHRLlBOTTOM>TOZONExAM)rtOJ)   THEN  RE20NFBPTTnM*TRUE| 
EMFRGVTHMJB0TT0H»MASSTHRUB0TT0Mx(AIx:0i*0,5x(ürOlxl)m*VtOlx 

vroj)),i 
0TH*FNFR6YTHRUPPTTOM| 



ltMPHrimiMTHRUlinTTnM»HASSTMBtlpPTTnM>c|l[(ni 
VMPHrimiMTHRUBOTTnM*MASSTH«llpOTTOM*vt01l 

PN&f 
IF BlGHTPFFlFCTlVf THEM FPRPRC«) 
FLSF BFfilN 

X SFT PT6HT BOUNO*RV CnMDlTION« 
HnnF*SHlFTP(IM«X*1.VO0F)l 
IrPP   .|4.0fl#JMAy   OP PFfiTN 

iirji«PTP()*«iirji)i 
TFtUtJKO.) TMFN HfJ1*-U(J1» 

FwPl 
FNDI 
MODEMMOPF» 

LOOP J*0»1,JMAX OP  PEfiTM 
«   CPMpnTF   OUANTTTIf^   AT   TOP   INTERFACE 
SPFCTFlCENER6Y*AlxrJl*0,';«(H[JlKlltJl*VrjjKVr.n>» 
OPWORTOPU»ur.lll 
OPNPRTPPV»VtJll 
OPWPPTPPSPFCIFICrNFRGV*SPFCTFlfFNFRRYt 
OPNPP>'A5SOIVTDFPBvnY*AMXrj]/WC«l 
IT   J<JMAX   THFN     BFBIN 

vnPE«-TRIlFl 
.IUCJ+I ) ntv AAI 

wrP«-GPABPNFfPYrjn#j?)» 
MPnF«-iMnnri 
vATTOPiNTrPFArF*o.5K(vrj)*vr j*iJ)» 
VATT0PINTFRFACF»VATTPPTNTFRFACF/C1 .o + mj+i 1-VtJl VWCA 

"PTJI 
TF (VATTPPlNTFPFACf<0,) THEN  PEGTH 

DONPRMASsOTVTDFPBYPY^AMXr.l+n/WCBl 
DONOBTOPII^UtJ+llI 
onNORTOp«*vtj*ni 
DONPRTOPSPECIFICFNERRY»ATV[J*n*O.S>«riit.l»l jKnf J*1 i* 

vt.i*nxvtj*im 
FNP) 
MASSTHRIlTOP*VATTOPINTFRFArExOT»OONORMASSOTVinFDPYnYI 

EHP 
El SF RF6IN    t DP TOP ROW PT"itRENTLY. 

TF TOPRFFLECTTVF THEN FRRORCn 
FISE PFGTN 

VATTPPlNTERFACFmjll 
MASSTHRIITnP»VATTOPINTERFACEi«PT>«OONnRH>SRPlVinFOPYOYl 
lFfMASSTHRUTOP<0.) THEN MäSSTHRUTPP^O-

. I 
lFtH4SSTHPllTPP>T070NF)«AHXrJn THEN Rr7nNETPP«-TR|iFI 
OTH*OTH#MASSTHRIlTnP)«PONORTOPSPEClFTCFNFRGYJ 

FNP) 
FH'PI 
X COMPIITE OUANTTTTFS AT RIGHT TNTERrACF 
OPNPRRTRHTU«-UtJ]l 
0PN0PRT6HTV4-VtJll 
DPV0RRTfiHTSPFCIFlCFMFR6Y*SPFClFlCENFR6YI 
OnNPRMASSOIVTOFDBYDX*AMXtJJ/(OXKRC>l 
UATRTfiHTINTERFACE»0t5>«(UtJl*RTl {l»»|itjn)) 
UATRTf,HTlNTFRFACE*llATRtGHTlNTERFACF/(1.0*CHTl(1»»lltjn-»([J1) 

/PXnOT)! 
lr   (liATRIGHTINTFREACE<0.)   THEN     BEGIN 

nPNORM«XSßlVTnFOBY0X4-RTL(l*#DnNORM«SSDlViPFOBYOX); 
pPN0RRIf,HTl)»RTUl»»0PNPRRT6HTll>| 
nPNORRlRHTV^RTlfl^OPNORRIGHTVH 
PPNORRIGHTSPFCIFICENERGY«- 
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PTm»#rnN0PP!ßHTSPFCIFICFNF»6V)l 
Fwm 
M«SSTMPllRl6HT«-llATPT6HTTNTFRF«CFxDT»cn0NPPMÄS?nlVt0FPPY0XKXI 
MnnF*TPiiFi 
lr(G»*PPNF(M«8STHPIlPIGHT,TM»X)>TnZnMEKRPAB0^r(«WXfJl»lMÄX)) 
TWFM   pF7PNER!ßHT*TRUri 
MPPF^TMPOFI 
AMyMr^*»HX[Jl-H«SSTHRUVOP*M«SSTHPURPTTPM-M*SSTMPUPTfiHT* 

Dtt(l*tMAfl8THiUPlAKT)l 
O^FPVrPAMXNFW*!.0/4HXMCWJ 
t   COMrNTUM   FIUXFS   »T   TOP   *NP   RTGHT 
UMPHFNTUMTHRUTOP«-MASSTHRUTOP>«OPNnRTPPl)l 
UMPMFNTUMTHPllRlGHT^MASSTHPUPIGMTKOPwOPPIßHTlIl 
VMPMFNTIIMTHRUTOP«-H*SSTHRIlTOPxDPNPRTPPVI 
VM0MFNTUMTHRURTfiHT«-M*SSTHRURI6HTKD0M0RPICHTVI 
FNrRßYTMPUTOP^MASSTHPUTPPxOPNnPTPPRPECTFlCFMFPRYI 
Fk'rRGvTHRURIßHT*MASSTHRURlßHT«PONORPlGHTSpFCTFTrFNFRGVI 
Ir   PFM«IMAX   TMFN   PTH«.PTH-FNFRGYTMRllPl6MTI 
1  HPn»TF   u 
UrJUrAMXtJlKUtJl-llfOMFKiTllMTHPltTOP+liMOMFNTUMTHPUBPTTPM- 
UMPMrNTUMTHRURTGHT*PTP(l»»UM0MFNTUMTHRllPl6HT))KPNFRVFRAMXNFW| 
t   IIPPATF   V 
Vf.l]«-(AMXtJl>«V[j]-VHnHFMTllMTHR(lTOP*vMOMFNTUfTHPIlRPTTPM- 
VMPPFNTUMTHRURTRHT+PTR(l#»VMOMFMTl(MTHPItPlGHT))»«PNFPVFRAHXVEWI 
I   l'PPATF   A!X 
ATXtJl*CAMXtJJ>«SPFClFlCFNFPGY-FNFRGvTMPIlTOP*FNFPGYTMRUBPTTpM- 
F^rPr,YTHPURlRHT4RTP(l##FNFRP,YTMRllRIrHT>-O.S»«AMVKiFWx(lir.nxiirJ]* 

VtJ]xVtJ]n»<PNFOVFRAMXNFWl 
t   IIPPATF   AHX 
AMXrjIt-AMXNrW) 
%   STPpF   BflTTPM   OUANTITIFS   FPR   NFxT   RON 
UMPMrNTlIHTHRtlBPTTPM^UMOfFNTUMTMRUTPPl 
VMPMrNTUMTMRIlBOTTPM«-VMPMFMTllMTHRI)TOP» 
FNFRf.YTHRUBnTT0M4.FlcFP6YTHPUT0Pl 
MASSTHPUBOTTOMfMASSTHPlITPPI 

fNDl   *   j  IPPP 
FTh*FTM*5nMRPW(DTH)l 

FNDI   >   PH? 
I 
X 
t 
t 
SUPRPUTINE   PUTPUT»      BFCIM 

CU   RFAl    TnTAlFNFRGYNOW,RFLFRRNPW»rNRYCHrrK#N|iMBrPPFfYCirSl 
MODF»lMPDFi 
WPA*0.ni 
LOOP   J«.0,1,JMAX  DP   wPA«-wPA»AHXtJlx(«lXtvM*0.5x(lirJl»«i"t.lUVtJli«VrJ]) 

ü 
TOTALCNFPRYNONtSUMROMCHPA)J 
RFLFRRNPW*rTPT*LENFR6Yli'PW-ETH)/ETHI 
NuMBfRnFCVCLFS^CYCLF-CYCl ASTPPTNTl 
IF   (MJMBFllpFCYCLFS-o'.O)   THfN  NllMBfRPFCYCI CS*1.01 
FN6YCHFCK*fRFLFRRN0w-BF|FRRPFFORF)/NUMBFPOFCYCLFSI 
RFLCRRpFFni»F*RELERRNO*li 
CVCLASTPRU-mYCLFI 
HODF^TRUFI 
PUTCPRfCYCl F#Z#ni 
PUTCPRrT »Z#?)l 
PUTCPRfPT        »Z#3)l 
PUTCPPrPTLAST#Z»«)l 
PUTCPRfFTM,7#7)| 
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PUTCPRf<T«PirCTP,7.(n> 
PllTfPRffiO.?»")» 
PliTCPPrTP7pwr,7,lO)| 
POTfPPrO,7,11);p|iTCPRfO.?.17)IPIiTrPP(0#7,13ll 
IF   TPPPFf I FCTTVC   THfM   PliTf PP( 1 , Z» 1 1 ) ) 
IF   PIGpTKFriFrTlVF   THE>   PuTTPPf1.7#1?)» 
IF   PTTTP^PFFIFCTIVF   THrM   PUTfPPf lf7,n)| 
PUTCPRfPFIFPPBFFPPr,7#1«J» 
^If-hPIrFCTflPTSKl,?)! 
IlftPFlFPPMPW>MAXRF|FRPi THFH FRPPRf?OOll 

FKPJ »Pl.TFUT. 
t 
« 
r 
» 
» MTM   PpPfiRAM   STARTS   MFPF, 

» 
SMFLI »   TPFNf T«PlSKO*0»ni 

PPFKf T«rTSKl,0.nj 
UPUT: 
Ar/iIMt     CPTI 
PnTPIIT» 
ppl I 

^rGATTVFMASSf 3WMFr,ATlwEFf'FPr,Vf 31» 
PM9J 
Mrr,ATTVFMASS(«1 JKrr.ATlVFFMFSGYf «1» 
>   «T   TMTS   PPTMT   SHPULP   C.n 
»   TF fpr70NFTPPi   THFK'   PF7PMFfn» 
»   Tf fpF7PMFRTr.MT)   TMfM   PF7nMFC9)i 
»   TF rpF7nNFPnTTPM>   THFM   RF7nf*fFr3lJ 
6P   TP   ARAJNJ 
» 
STPPJFTNtFMD. 
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HM 

APPENDIX X 

SHELLN 

KODE   LiSI   DBOGA   i>UHF(>   SAVt 

t   THIS   IS   I^AXxjMAX   iuNf   SHELL. 
BOOLEAN   MtOEU 
CINT   lMAX,j^A>.jbLK,j,Jl,j2,lRLI»IÖLKHl»J»j; 
ChtAL   PHOb#CYtLE*T#DT#DTLAST»WCA#wCb.'WCl#HiCÜ#hCC#PI»tTH#STABLFCTf<j 
Ct   HEAL   KELEK»<BEf ORE«CYCLASTPRINT»MAXWELf»tR»G0#T0Z0hEJ 
PhEAL CSxMPAfWHB'MPC»        DTH) 
PKEAL VECTCJfi LYC0J#DX#RC»TAU[?JJ 
büOLEAN BünOHREf LECTIVf* HIÜHTREF LECT I VF» 1 OPREFLtCT 1 VE j 
bUOLEAN HE ZONETOP'RE ZONE RIbhT*RE20NEbi;TTnfi; 
LABEL SHELL#AtiAIN»STOP»FINI 
PHEAl. SlOTu THIS CARü IN UuTER BlK FOR 5TD TIME CUT. 
% TM FGLlUKINi, CANÜS DEFINE THE COMMON, 
PHEAL If 
PHFAL VECTDR UOMYlO]#U[i'0]# VÜ^YCO» VC 20 J» AMXOMYt 0 ]# AMX(20]# 

*IXDHY[0J*AIXt?0J*FDHY[0)#f'[20Jl 
PHEAL VICTOR X[?]>Y[0}; 
I 
FILE 1«L1SK0»"SHELL"/,'8T0I" (106 ROWS F0U5) 
FILE HLISM«,,SHFLL"/"lTOb" (106 ROKS FULDI 
FILE LINE (1 HOW)» 
t 
% 
% K)LLliWIN(i AHE ALL SUPROUTINES. 
t 
I 
SIBND0T1NE HiTCPR(CREAL X^PREAL OUT Z»C1NT 1>J 
BEGIN IF PEN-1 THEN Z«-XJ ENOI 
% 
% 
t 
% 
SUBHOITINE fUKPKCIM X#PHEAL OUT Z.CINT I)i 
BEGIN ChEAL A> A«-x; U    PEN^I THEN Z*AI END* 
t 
I 
I 
I 
PhEAL SObHOtTINF LN AS RGA (HR-AL X AS HGA)> 
BEGIN 
S INCINS«100' AShKATCH'lB 
S»TAPE2>GLYPNIR/GLN StRlALi 
ENDI 
S 
I 
I 
I 
PHEAl StBHGuTlNE EXP AS RGA 'rHEAL X AS RGA}j 
BEGIN 
S INCINSBIOO' ASKHATCHsW 
SKTAPE2>GLYPNIR/GEXP SERIALI 
END; 
»' 
% 

I 
PhEAL SOBROLTINE SORT AS RGA (PREAL X AS RGA).' 
BEGIN 
S   iNCINi-no»   ASHHATCHsH 
StTAFE2«GLYPNIR/GSeRT SERIAL) 
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LND; 
% 
% 
% 
% 
PhLAL 
bLGlK 
AL001 
LM ; 
» 
■i 

* 
KhUL 
b t G1 N 
a 

LND) 
t 
» 
» 
I 
SUBhü 
HtGlN 
XX*AL 
MCXX 
1KN< 
XX«-Xx 
LND) 
» 
* 
* 
% 

HLGU 

WIA 
wt» 

LND) 
I 
I 
I 
I 
SUBK 
taGlN 
CIM 
LUOH 
LUOH 

If (AM 
SIMbh 

LhfJÜH 
LND)L 
LND) 
I 

St&hülTlNE   ALOGIOCHKLAL   X)) 

C>tt<t3<t?V4«B19üJiilÖxLN(X)) 

SlbhDlUNE   HJhLhDFlO   (PKfAL   N)) 

>'Dk'Ef>DFlU=10.**Nt 
üf u^LxHJt^o^^hsüvgvy/ioaexN)) 

DTlNt    PL^f RtPKf AL   X/PhFAl    tiUt   XX»P1N7   UUT   N)l 

LG10(AE>S(X})) 
-0.3XS1CNCXX)))   »DONT   LLT   C.IYPMH   KOUNU. 
in THLN N*N-I) 
PühEHLf10C-N)) 

ITINL   tP(kCR(CIM   j)) 

KHiTECl INEEPAGL J^EHhUP   e"»J)) 

M .0 + 1,C/hC4)   »AbORT. 
«EHRUH. 

UTINt NFl»AT!VEKASS(CINT J>> 

II'JJ) 
jj*0»J, 

IbLKPU 
XlKlsO. 
ITLCLIN 
1TL(LIK 
(0)) 
NU)FMv) 
« NEbAT 

JhAX DO bLGIN 
IbLK UU bLGIN 
III 
) THEN BLoIN 
L[PAGt]#"NEG MASS"#,'J «"#J)) 
E»"A>'Xl*l"»AMXl*J)) 

IVEHASS, 

SUBKütTlNL NEbATlVEENLRGYdlNT J)i 
bLGU 
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uu bLGlN 
BtGI^ 

■»j); 

CiM  ii»Jo; 
LüüF   dJ*ü»l,JKAx 
Lüüh   II*0,l,IbLK 
KtJjKlbLK»-uni 
U (AlX(K]iO.)   Thf N   HUIN 
SiMbf-lTKLUE IfAOt J.^NEG   LN{H".,,J 

IKRÜK(Ü)> 
tNÜlf ND>tNL»l 
SlM«f-ITt(L INE*HMASS   AND   ENtMiY   CJK   AT   J   » 
IKD;   *   MüATlVLtKtKGt. 

% 

ChfAL   SUt-hOi TINE   bUMHLwt eht AL   >)J 
btGlK 

CINT   w^TwOTfiTHEoiBnuLtAN   DLDt-UUll 
ÜLL-MLE + fÜDEi 
SüIE*NCT MOUE; 

XtC.i 
Milt ♦TRtlJ 
THL TLUf J*l,t 
LUliH   J«-lM,b   UO 
biblN 

XtV*RTh(Thü1üTHEJ»M(>Dt >>)) 
Tnl1ÜTHEJ*ShlFTL(l.TKCTC'THE JW 

I.NH 

fULF*C'LL>iüt)FJ 

"»J)) 

Reproduced from 
best available  copjr. 

SLHhülTlNf    CMINtCRtAL   x.   ChtAL   Y)* 

CMK*Y; 

EMJ 
» 
t 
% 
% 
ChEAL 
btGIK 
tMN*Xi 
If   Y<X   THtN 
ENOi 
t 

» 
I 
SlBhU'TlNt    ^t-UTJ 
bLGU 
SlfhEADdOüISKOW); 
PHOb «-GMbLM (^»0); 
tYCL£*GhAbt'.t IZ,1); 
CYCLASTfNlNT*tYCLtJ 
T *bMbUE(Z,£)i 
01        »uKAbtNt(Z,3)> 
UTLASUOKAbD^ECZ'«)) 
IHAX   ♦GKActiKf litiit 
JMAX   »GhApOKECZ^Ö)-!) 
ETHtOhAbONEcZW)) 
S1AbLKTR»b^AU0NE(Z«b)) 
IKSTABLFCTFSO.)   THEN   STABLFCTR»! , < 
G0*GRAbLNt(2.V;) 
tf ((.CsO.)   THEN   GÜ*9Ö0,; 
TüZLNf *GKAbrNt(2H0)) 
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MLSU 
*   FALSU 
♦   MLSEJ 

THFN   IrHf^f KECTIVf ♦ThUt J 
1h^  Kli,HTPtUFCl IVF*TKUE; 

IhFN   bt'TTUKPf f LEfTlvf ♦ IHHt; 

Uli (1.#YIJ*1))> 

IbLMCIMXM)   DIV   tUI 
IbLKHl*lbui<4U 
JblK<-o^AX   DIV   6«; 

TOhtf LUTlVt   ♦ 
HOhlhFfUtCIlVf 
F-UlTLhUf LECllVl 

IMbKAbLNL(?»ll)«>U.} 
IE(GR«bLNL(7«12)#U.} 
IE ((>MbLNt.(/'13}*0.) 
KELEhhbkFbhF »ORAtUNE(^>U } j 
HAXRCLEhK*(,KAbOKE(/»lb)J 
T*T-OTLAST; 
CUUHKif »11 
LUDE    Ul/.lMHLK   DU 
btCilN 
lNEA»hTRll»hl,rL»xn ])/ 
IE(1#0)   ThEE'   IE    MJlHEfcNCO)   nF A*-KTKC1 * . ) f I-1 J) i 
K(,II ]«-0.!)»(X[l] + WPA); 
ÜX(l]*XllJ-hFAJ 
T*L>Ul*HMHU«»nj  -WPAXWEA); 
END; 
hoDEt-tOLLtAECO); 
oxtc]«--HTi ci»»Dxion; 
hC[0J*-HTL()>*hCtOJ)> 
LtDP   J*l.#l»jHLK   IM) 
bE GlN 

lYlo]«-HTl O/MUUF    »YFjJ)) 
lE(j/jElt«}   THFN 
tEGIN 

IF    fCÜLEANd )   THEN   ÜV[ Jl« 
EM-» 
(.Y[o]«-LVr^]-nj]i 

EKD) 

END)   »IKKT, 
t 
% 
% 
t 

SLHhtl'TlNt.   ESCCIM    1»LIM   J); 
%   MtillEICAIIfN   OF    Alh   TO   EXTEMS   Td   ?.FIJ   EKOS/GE.      11   MAY   69 
BEGIN 
HhEAL   t'PHÜ,f.ÜVF<tJZ»LNtROVMlJ^#Krwtt.»FU»FL^.«FN.>S»E 1 # E?»HE TA . F E »GMtiNE t 
büDLEAN   OLD^dUEi 
K*Jx{Ibl.K*l) + n 
t«-l,(>-lO>iAl>lK]) 
Jl«-J   DIV   tM; 
Jl'»-J-6«»Jli 
ÜLDE-ÜüE^HObE^ 
MtDE^TKlF} 
WtA^IAUxGhApriNLCPYt Jl J>J?)> 
MüDt»ÜLüMLLE) 
KHUMfcXlJl/KA; 
RljVRüZ«-/rj.3«b?xf-Hüj 
LKEhl:VNt/*LK(H0VP('2)J 
PtKtP*Ü.4j«29'*4eiyü3?b2KLNEK0VPüZ;»     POWFP* ALdGl Ü( KCiVROZ ) I 
EI ♦i.üi;56«ixie.b-t.); 

KS   *lt0/(l,0*EXP(-(e.b-C.3b7xP0WtH-t)/(Ü.9 75xEXP(0tü5xLNtPUVPL2))))< 
Ed   »hS   xEXPcüt22«t21bZXE )> 
E0NK1.0-WS   )xEXP(-0.l!>Cb?95xE )) 

bLTA<0.; 
lE(E>l.)ThE^   bETA*   (Ü.04ÖXKS   ♦O.Ü32x(1,-ws))xALOGlü(L)) 

Reproduced from 
best available copy. 
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Ik   *C.333ji33j333J33Jh(E-«0.); 
».S^l.t/d.O+EXHCO.PbxCf-lS.OxEXKO.ÜlS/xi NtRDVRÜZ))« 

IXK-O.OeSxLNEROVhtZ)))^ 
f ^♦l»S^>tX^ l-OtU392156*1); 

If    h^A   >6.C   THEN   WPA*b,0; 
WKA^CE-UO.O/WPA» 
bETA*bETAk(1.0-t«S}+0.045xhS; 

If    *FA*-;),C   ThEK   f E*1.0/(1.C*FXK-WHA)); 
ttl"rM*(0.161*0,25!J>«FrJ   ♦0.l,bO><Fr)MOt13?>cf M*O.ObO>»rE)«EXP{PETA><LNEhüVKüZ)i 
PlK]*bHlNLKR^lXAlX[K]; 
CS*Stf«TCtl.O*oMONl )KF[Kl/Khp)> 
END)   Ub. 
I 

* 
i 
SliHiiCUTIKE   DAIAJ 
hLGlN 

CLDt 
USE STDT»Pi; 

bLGIN 
HEREIAKI   S>ET   > 

URG     FD 
LATA   3.1«15V2653bb9<'«3l 
IKG  STÜTJ 

DATA l.l»1.2»lt3»l.«»1.5»1.6M./»1.6#JtV»2,0»2.1»ü.3»?.b»ü.6»?.e* 
i.C»J.2'J.«O.6>J.e>«.0»«.2»«.t>'<t.'"S).0»5.3'5.6»fr,0»6«b'/.Ci» 

Ü*G  HE RE IA^; 
INF CODl* 

END; »bAU. 

s 
Sü&RülTINE   CDU 
bEGU 
fKEAL   MlNUUtFNSIÜN) 
ChEAL   BEH#TKf XT#hL)A#hi;B#nDY)   ClNT   LP»JI   BOOLEAN   Ml#M2j 
MUA»1.0»2C; 
LllOF   J^OM^j^AX   DO 

(EGIN 
Jt*J   ÜIV   64; 
J2*J-6«>«Ji; 
h(A»(>hAbÜNr(UY( JU'J^); 

LOOP   I*0»1MPLK   DO 
bLGIN 

K^jMbLMU 
H0DEl«-PtNt64xlSIHAX; 
IKIPLK«0)   THEN   MUÜEUMODE1   AND   NOT   bUOLEAN(-O); 

ES(1#J);»LS   REUiKNS   UPOAUD   P   ANÜ   CS   FOH   THE   RUH.   K. 
l>INllKEKSlüN«-ÜXtI]; 
IF(*bY<MNDIHLNSIÜN)   THEN   MINDIMLNS10N«-WÜY J 
IVB*   ("iNt^lNPIKENSinN/CS);   *   TIME   FUP   SOUND   TO   CROSS   HIN   CELL   PlMN. 
V,OA*   IMlNCHDAfMDB); 
h£B*   MK(DX(ll/UtKn;«   TIME   FDR   MATERIAL   TO   CROSS   CELL   IN   X   DIRECT. 
► DA*   CMlKHDA»*»OB); 
^DB»   MNtXOY/VtKJ);   %   TIME   FOR   MATERIAL   TO   CROSS  CELL   IN   I   DIRECTION 
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► LA*   !.MMXDA»Wi;b)» 
LMJ 

ÜT*0 

KOt 
TM> 
M \* 
Hi»S 
Ml*( 
IM*" 
ÜTLA 
OCL 

I 
» 

,5«S1A 
CUAST 
KT*bt 
1K1+0 
(TMAT 
MMU 
M   LK 
1   ANÜ 
iT*L1» 
l*CtCL 

bLftlPxWÜAi 
I 

Dxf'OwEHÜF 1Ü(-LH)| 
>STLT)   AND   t0nLEAK(17?'^^'77ir?t,ÜOÜC0O0()O(»))l 

1 - K- i ) J 
M?)   AMD   Nül    (Ml   AMJ   M2); 
eBfh€8T0l>J   THfN   (JKSTCT-hffOxf-ClWf ROHOCt P)l 

PH) 
bLCIN 
CUT   MSS)   tREAL   G) 
PhfAL   VA»Vb*PA»HR»Pb»UHH*lKli 

U   hl&HlHLfLKTlVt   THtN 
EhKüRd) 
tLSE 

>   SET   P   Af   A>IS   ANU   RIGHT 
MOük^tüLLEAM-Ü)) 
LDdP   J^OM'JHAX   Oll 
P[j]*KTL(l»#PtJl)) 
M0lE*Shlf ThdHAX + Whfirt)) 
LÜLP   J*Ü»1»JMAX   U(l   K J]«-H1K(2#»HJ])> 

LÜüe   PASS*J#t»?   Uü 
f f G1N 

KOrEMRUtJ 
lf HüTTOMRffLECTIVf ThfN 
bEblN 

vb«-o.; 
Pb*PC0]J m 

LLSE   HEGIN 

htA* bNAbnNE(DYlÜ]*U)l 
HCH» GHAbDNt(OYlü]#l)l 
lNCtMi/(hCA*WCB); 
Pb*(Pll 1KWCA*P(U]>(M18)KWCC; 
DTH^OlH+C.SxTAUÄWCAxytOJ^OTxCPlCl+PClJ^H-C; 

EM; 
U RIGHTf'tUFtTIVt THtN ERKCRCO 
ELSE bEGlN 
%   SET U AT AXIS AND RIGHT» 

Mf L.«*bO(jLEAM-0)> 
LllbF   J*0M»JMAX   DO   Ut J]«-RTL( 1» »UU J )> 
'(Dr;E»SHmRllMAX*l»HOOE)l 
WCA*R1R(1>'HC}/RC; 
UOuP   »;«-0#l#JMAX   DO   U[ J]*»«CA>«PTR(»»»liIJ])< 

thtit 
MODE^NUT   bÜULEAN(-l)   AND   (IMAXiFEN)» 
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HPC^PtxKTl (l»»DX)><hHAI 
taPC^r.TL.Uf/HOxUXxWKAI 
»»CA«-bKAbüKnOYlU]«0); 

LLDF   J«-l-»l>0MAX-l   üO 
bLblN 
IKArfKtjUO.)   THtN   FHhUF(3)l 
ORh*t'IJ]»<*»PE*HTL(l##U[J])>«WFCj 
PH^Cf lJ]*KTL(»»»OX)*RTL(l##Hj]: «nXJxkiPAJ 
jl*(J*l)   DlV   64) 

Jg^tJ + D-öftKjli 
kCb<-bhAHlNr(UY[Jl]«J?); 

kilC»lfO/(»«CA-»WCB)i 
«LCD^bAkSCC; 

vA«v[j]khte4V(J4ijMwcüi 
AlXlJ)*AIXlJ]*PCJl«DTx(0.b'«(VH-VA)>iTA|i + tRTRCl»#USP)-uRR)>»PIxl«iCA)/AMXlJ]l 

1KFASS«!)   THfcN 
ÜtblN 
PA«-Plj]>i«Ct*P[J+n«WCn) 

G^G/tG + URABUNFdf'jn^JZJ-O.SwWCA)) 

Ulol*L'l^]*TAUxt»CA>«(HTK(1»»Ph)-PR)>«OT/(ÜXxAHXlJ])l 
VlJ]*VtJJ*TAU><t»CA><(PB"PA)xDT/{WCA>«AHXlJ])-G><UT; 
Pb*(-A) 
END) 

Vbi-VA) 
bC*«-hC!<) 

tNü)   i   J  LOOP 
J*JMX) 
If(AK>tj)<0.)   ThEK   tRPOH(fl)) 
URf«*UlJ]x(»Pb«RTL(l#»U[J]}xMPC) 

Ph*{PlJ]xhTL(»'>OX)*RTL(l»#PIjnxDX)«kiPA) 
IF   IDrREFLECTIVE   THEN   tRR0R(5) 

ELbE   BEGIN 
VA^Vtvll 

%   PA^PB)   »   ALREADY   DONE   ABOVE 
DmOlH-Ü.SxTAltxWCbxVtJlKCTxCPCjl + PtJ-inxWCCl 

AlXUl«-AIXlJ)*P[J]xDTx(0,5x(VH-VA)xTAU*(RfRll/*URR)"URR)xPIxl»tA)/AMXlJJ) 
If   FAbS»l   THEN     U[J)*U[JJ*TAll>«*«CAx{HTR(l*#Pf')-PR)xDT/(DXxAHX(J))) 

»   DONE   KlTh   hHULF    JRIü 

END)   %   fAbS   LUCP. 
ETh*ElH»SlthhOw(»TH)) 

.    ENL')»FHl 
I 
i 
% 
i 
SueROUllNt  PHSI 
BtGINpE   REAl   SPECIfICtNER6Y#D0N0RT0PU#DlJN0RlüPVf00N0HT0PSPEClFlCENEH6Y# 

VAnLHMERFAtE#DONDRMASSOlVIüEüBVÜV»MASSTHRUTüP#MASSTHRUBOTTOM# 
lUNÜNhIGhTU*DONDhRlGHTv»DONORRlGHTSPECIfICENFRGY» 
üüNORI«ASSDIVIüFübYDX*UATRIGHTlNTFHf ACf.#MASSTHHUHIGhT»AMXNEW» 
C'MÜVERAhXNEW*UMÜMFNTUMTHRUTPP#VMOMFNTUMThRUTOP»UMOMENTUf'THRURltiHT» 
VinMENTlMHRURI6hT»EMERtiYTHR0R16hT#FNEhGYTHRuTüP.FfiERGYTHRUBüTTCM» 
UMüMENTI.!HTHRUBOTTOH»VMt'MENTUHThRUBlJTTOH) 
ReiüNETDP»fALSE)REZÜNERIGHT»fALSE»RfZONEBOTTOM*FALSF) 
OTH*0.) 
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I 

WC**OhAbüM(UY[0]»0)l 
i iiT frxis büUMMhY cu^üITr|^s 
KOLUblOLEAKCO)) 
► Ai>SlHf.UKlGHT«-C,> 
I   MI   tDlTO^   bCUNDARY   CONDlTIUhS 

H    btULMKlF LLCTIVL   ThLM 
bLGIN 

^ASSIhUbOTTUMtu,; 
f MhGVTHhUHl'lTOHtO,) 
LHLUtMlMThKUbOTTÜMtü. J 

LLSi    bUIN 
l"ASSTHHUBüniiH*VlO]>'A>)'tül>«nT/V.CA) 
If (^ASS1HRUbünüM>Ü.)   THEN   MA.SSTHHUBOTTO»*0.1 
iM-MASSTHfUiBniTUI^TOZOKxAMXlü])   Thth   RtZUNf UtlTTPH* TRUt) 
tMf-r.YTHRübClTTUM»MSSTHf<UHUT1Uh»«{AIX[01*0.b«<(U[0]KllO]*VCCl>« 

Vtü]))» 
ÜTHKMEKGYThRUfaümjMI 
UMl^ENTUMTHHUBOTTPM«-^ASSTHKUBl)TTÜHxlJlü]) 
V>ühENTUMTHhlP(lTTnMtMASSTHHUBOTTOM>«Vlü]J 

ENI-; 
If    HOMHUlftTIVt   THEN   EBKtH(6) 

KSl   bEClN 
%   SEI   KlbHT   BüliNlAfY   tfjNÜlTUNS 
füLE«-.SHlHR(lhAX + l.f«C;UF)J 
LOIP   J«-0#1»JHAH   lü 
BEUIN 

UJ]*RTK(l##UtJ}); 
n(l[J]<0,)   THfN   li[JJ*-l'l»l]l 

Uli 
ENLJ 
fOlE*NOT   BOüLF.AN(-l)   AfD   (IMAXiPfN)! 
LULP   j«-0/l#JMAX   LO 
bEülN 

%   CÜMptTE   OIAMITIES   AT   TOP   INTEHfACE 
SFFtIFItENEhüY*AIxlJ)*0.!>x(UCJ]>«UtJ]*V(JJ>«V[jl)l 

ÜUMJKTnPU*UlJ]i 
bnKJPTüPV*VlJ]) 
ül,NLRT0PSPEtIFICENEP6Y*SPEtIFKENtR(iY| 
DONüRMASS01VinEüBVUY«-AMXlJJ/l"CAJ 

IF   J<JHAX   THEN 

J2«(J+l)"6KXJl) 
hCB*GKAt<ONE(PY[v'l j,J2)i 

VAnOPlNTEHFACF«-0.5x(VlJ]*V[J*n)l 
IF   (VA7TnPINTEPFACr<C.)   THEN 
GEUIN 

ÜUNnRMASSDIVIDEüBYOY«-AMXCJ]/KCB; 
UUNORTÜPU«-UtJ*l]) 
DÜNORTUPV«-V[J+n> . ,      . .   ,,. 
ÜUNtlHTOPSPECIf lCENEH6V*AIXlJ*ll*0,5K(U(J*n«UtJ*lJ* 
VIJ*IJXVIJ*11)J 

MAs'sTHRUT'JP*VATT0PlNTERrACExüTxD0N0RMASS0IVIDEC9YDVI 

END 
HSt   BEttlN »   DO   TOP   ROW   DlfFEHENUY. 

If   TOPREFLECTIVE   THEN   LPRLR(7) 
ELSE   BEGIN 
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VATTOHNTthf ACf»VU]J 
HASSTHhuTüP«-VATTÜPlNUHFACt*ÜTxDONOHMASSÜIVIOtCBVOY; 
IF (M4SSTHf<UlClP<0.)   THFN   HAS51 HRUTOP*Ü. I 
IMMASSTHKUTOPMOZONIMMXIJ])   THEN   HEZONt TOP*TpUt; 
nTh«-DTH*MASSTHBUTOPxDUNOKTOPSPEClFICtNFRGYI 

END« 
EKC; 
t   COMPUTE   öüAMTnitS   AT   RIGHT   UTEHFACE 
( liNüRRlCHTU»U[JJi 
DONORRIGHTV»V[J)' 
ü(jNURRlGHT SI-EC IF ICE*IE PGY«-SPEC IF I CENf RGV; 
iirNUR^ASSOlVIPEDbYUXtAMXCJl/CKXKROI 
0AThlGHnNTtRFACE»Ü.5*(li[JJ*RU(l##U(J)))> 
If (UAThlGHTlNTEHpACf<ü,) THEN 
BEGIN 

DONURHASSUIVIDEDBYDX^RTLClf>UÜNORHASSÜIVIOFOBYDX)J 
OONÜRRlr,HTU*RTI { 1 # .DONORhlGHTU)! 
0ONORR|GHTV«-RTL(l^l)tlNORHIGHlV)» 
DtlNUPKIGHTSPECIFICtNEHGY* 
RTLO^fUPNOHRlGHTSPECIF ItFNEROY)» 

END* 
MASSTHRUKIGHUUAIRIGHTINTEHFACFKDTxDUNORMASSOlVlOEÜbYÜXxXt 
l'f (bRABUNF(KiASSTHRURIGHT'IMAX}>TUZQNExGRAbüNE(AMX[J]«lMAX)} 
THtN   RE/ONthIGHl*THl)Fi 
AMNEW*AMx[j]-HASSTHRUTüH + MASSTHRUHOTTOM-MSSTHROR10HT* 
RTP(l#»WASSTHRURlGHT)) 
u^EüVEBAMx^Ew«■l.o/A^,x^F^; 
»   MÜMFNTUM  FLUXES   AT   TUP   AND   RIGHT 
UMflMENTUMThRUTUP^MASSTHRUTUPxlJOKOHTuPUl 
OpClMENTUMTHhURlGHT*'MSSTHRURU.HTxUONORRIGHTU) 
VMCIMFMTUMTHRUTUP«-MASSTHRUTüPXUONOKTOPV} 
VMüMENTUMTHRURIGHT«-MASSTHRURIGHTXüONORRIGHTV; 
ENFhGYTHRUTüP«-MASSTHRl)TOPxUONURTÜPSPECItlCENERGY* 
ENEHGYTHRuRlGHT«-MASSThRüPlGHTxPüNÜRRlGHTSPECIFICENFPGY| 
IF    PE^BlMAX   THEN   DTH«-DTH-ENERGYTHRUR IGHTI 
%   LKDATt   I) 
U[J]*(AMX[JJ»<lJiJj-u»'OMENTUMTHKUTüP*l.iMOMEMTUMTHRUBOnOM- 
UMPHENTUMThhURlGHT*PTR(l»*UMOMFNTUMTHRUPlGHT))xONE(lVERAMXNrHil 
%   UPDATE   V 
VT Jl*(AMxrj]xVt JJ-VMOMF^TllM'HHUTOP♦vMOMENTUMTHRUBO^OM- 
VMP^E^^UMThKUHIGhT♦RTR(l#»V^OMF^TUMTHRURlGHT))xONEOVERAHXNEH; 
%   UPDATE   AI* 
AlXlJ]*(AMUJ]xSPFCIFlCENEHGY-ENER6YTHRUT0P*ENERGVTHHUb0TTüM- 
E>FhGYTHKUHIGHT+KTR(l##ENEHGY1HRURIGHT)"ü.bxAMXNENx(iJtJ)xUlJJ* 
V[J)xVtJ}))xONEUVEHAMXNEMI 
* UPDATE AMX 
APX[J]«-AMXNEWJ 
IT SIORE BOTTOM GUANTITIES FOR NEXT ROW 
UMOHENTUHTHKURUNOH^UHDMENTUMIHRUIOPJ 
VHUMENTUMTHHUBOTTOM*VMOMENIUMTHRUTüP; 
tNFNGYTHRUBüTTOh*FNFRGYTHRUTOP) 
MASSTHRUHOnOFHMASSTHPUTOPI 

FNuJ   %   J   LOOP 
ETh*ETH*SUMRÜW{DlH); 

ENOl   %   FH2 
> 

« 
t 
SUBROUTINE RF/ONE (ClNT J)J 
BEGIN 
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LPhtR(100)| 
END; 
I 
I 
I 
% 
SUb^OUUM   CIl'TPllT» 
bLGU 
CO   htAL   ItTAlf-Nf füYNOrtjPFLERH^ÜWjfNGYCHtCKiNüliBIROFCYCLESJ 
MUDL»MJ)   bÜCLtAN(-ü)   AND   Pt^SlMAX; 

LüüJ-   J«-0#l#jHAX   DU   WHA«-WPA*AMX( JJ»i(AlX[Jl + 0,bK(UtJ]»U[J]*Vtj]wVtj]))i 
TüTALENtMiVNCKi^SlJMHOwCwPA); 
RtLtKhNüW*(Ttj1ALtNtR0YNnn-ETH1/ETH; 
KUMblhUKYCLtS*CYCLE-CYCLASTPRIKT> 
IF    (KUMbthüFCYCLEb«0.0)   THtK   NU^BERUFTYtlES*l,ül 
tNGYCHtCK«-(f.lLERRNUW-KtLERKfiEFIlKE)/NUMBtRr.FtvCLLS) 
BLLtRRBlFLHf♦hELEW^NÜw; 
CYCLASURIMUYCLU 
MüDL»IHüL; 

F-UTtHhCtYtLF»^»!); 
PUTthhd »i*2)> 
POTC(-H(L(T        »03)1 
PUTtPR(tTLAsT*Z,«)i 
PbTCFR(LTh»7W)| 
PüTCKh(SThblH.TR*/»B); 
PUTC(-h(üO»i,9); 
P0TCFR(1Ü/ÜNF*Z#1U)J 
PCTCPR(t>*,ll);pUTCPKCüW»l?))PLiTCPP(0,i#13)j 
IF    UPhkFLtCTIVE   THEN   PUTCPRd # Z» 1 Di 
If   KltHlRLKftTüVF   ThLN  PUUPP( 1 #Z» 1 ÜH 
IF   bOTTUhhf HECTIVE   IhEN   PÜTCPR( 1 #/» 13); 
POTCFHthELf.RRfEFORE^M«); 
SIHhRlTEC H1SK1«?); 
illF(KtLERhNü^>MAyHELEKR)   THFN   FRRtiHf ÜOO ) > 
ENDi »ÜtTPUTt 
s 
I 
x 
I 
X        MAIN PROtiRAM STARTS HFRE. 
i 
I 
SbELLl   üPtMH01SKü#0#n; 

ljPEN(I<«DlSKl»U«n; 
iKPui; 
NEGATlVEMASS(n;NEGATIVEENERGY(l}; 
AbAlM      CDTj 

DOTFUT; 
NEGATIVLMASS(^>;NEGAT1VFENERGY(2); 

Phl; 
NEr.ATlVLMASS(J};NEGATlVEENERGY(3); 

Ph2; 
NEGATlVLHASS(0);MEGATlVEENERr>Y(4}; 

» AT THIS POINT SHPULU an 
%   IF(KFZÜNETUP)   1KFN  HEZPNE(l); 
%   lF(H[ZbNERlGHT)   THEN  RFZONtmi 
I   IFChfZÜNEBUTTOI«)   THEN   REZ0NE(3); 

ÜLi TU AGAIN; 
ft 
STOPif INlENti« 
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0m 

APPENDIX XI 

SHELL/OF/THE/FUTURE 

SSUMfcY   ÜBUGA   LIST   ZIP 
BEGIN 
•/. 
■/. SHÜLL/OF/THE/FUTURE. 
■/.        THIS IS IMAX»oMflX SHELL WRITTEN FOR OUT OF CORE JOBS. 
•/.        R.W. CLEMENS 1<» »lAY 71, RE\/ISE3 2*   AUG 71. 

•/.        CURRENTLY JIMENSIONE3 FOR A MAX OF 638M280 IN A MAXIMUM OF 
7. 50   ROW   BLOCKS. 
X NB  A   6I\/EN   I   fAY   (WILL)   BE   »lORE   THAN  ONE   OF   THESE   ROWS. 

•/. I   ANJ  J   «?EFhR   TO  THE   UPPER   RIGHT   CORNER   OF   A   CELL. 
•/. THERE   IS   NO   DUMMY   ROW   AT   THE   TOP   OR   dOTTOH  OF   THE  GRID. 
'}. THERE   IS   A   DUMMY   COLUHN  AT   THE   LEFT   AND   RIGHT   OF   THE   GRID. 

CINI   lhAX,JMAX,I,J,K,Jl,J2,I3LKtIBLKPl,IR0WS,IRCWSMl,JSTRIPS,JB0T, 
JMAXPERSTRIP,JPL,JPN,JB,JC,JJ,IROWS2,IR0WS3,IR0WS«»,JSTRIPSPi; 

CREAL  PROB,CYCLE»TtJT,WCA,WC8,WCC,WCJ,WCE,WCF,PI,ETH,STABLFCTR, 
fiELERRBEFORE,CYCLASTPRINTtMAXRELERR,60,TOZONE,TDUMP,CYCLESTOP, 
WüA,TOTAtENERGYNOW; 

PINT   IR,IR2.IL; 
'REAL   2,CSfWPA,WPB,WPC,3TH,ST3T,PA,VA,ZSALUTE; 
BOOLEAN  BOTTOMREFLECTIVE.RIGHTREFLECTIVE.TOPRtFLECTIVE.MOOEl, 

PE20METOP,REZONE.<IGHT,REZONEBOTTOM,STOPTHISCYCLE;  
BOOLEAN  0L0M0 JE ;        '/.'/.'/.'/.'/.'/.V.%X'/.'/.'/.Z7.%'/.%'/."/.7.'/.'/.7.7.7.7.7.Z7.7.7.7.7.7.7.7.X7.XXH7. 
BOOLEAN   VECTOR  SW(6j; 
LABEL   SHELL,AGAIN,STOP,FIN? 

\ u,   V,   AMX,   AIX,   AN3  P   MUST   BE   .DIMENSIONED   TO   AT   LEAST 
% 2MBL0CK   SIZE)-1. 
7. 
PREAL   VECTOR   U,V,AMX,A IX,Pt991J 
« 
•/.        THc FOLLOWING ITEMS MUST BE OIMENSIONEO TO AT LEAST 
% 5*(BLOCK SIZE)-1. 
7. 
PREAL   VECTOR  LAST, NEXT [2«»9 1; 

^ THE   FOLLOWING   ITEMS  MUST   BE   DIMENSIONED   AT   LEAST   (IMAX*1)/E«». 
% 
PREAL VECTOR X,3X,RC.TAU,VB,PR,PB,URR,WP1,WP2,WP3, 

MASSTHRUaOTTOM,ENERGYTHRUBOTTOM,UMOHENTUMTHRUB0TT0M,ENER6YTHRUTOP, 
LHOMENTUMTHRUTOP,VMOMENTUMTHRUTOP,UMOMENTgMTHRURIGHT, 
VMOMENTUMTHRURIGHT,ENERGYTHRURIGHT,30N0RRIGHTU,30N0RRIGHTV, 
3CNORRIGHTSPECIFICENERGY,MASSTHRURIGHT,MASSTHRUTOP, 
CCN0RMASSDIVIDE0eY0X,VMOMENTUMTHRUBOTTOM,SPECIFICENERGVt9i; 

BOOLEAN VECTOR IMODt,IM03ELI91; 

•/.        THE FOLLOWING ITEMS MUST BE OIMENSIONEO AT LEAST JMAX (SIC). 
7. 
CREAL   VECTOR  Y,OYt12801; 
y. 
7. 
7. 
7.1 
jjl TITLE=*SHELL/I«»INOUT.*); 

FILE   I^INOUT      (BUFFERS=0,ACÜESS=RANOOM,PHYSICALRECORDSIZE=250   ROhS, Ulli 
Ulli 

5l   FILt   KtSCR          (BUFFERS=0,ACCESS=RANDOM,PHYSICALRECOROSIZE=250   ROMS, 11111 
TITLEs+SHELL/IUS«.*) 5 Vl\\\ 
TE   (BUFFERS=0,ACCESS=RANOOM,PHYSICALRECOROSIZE = 1  ROW, IUU 
TITLEs+SHELL/I^SALUTE.*); IUU 
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FILE   mJISKa=*SHELL/I<«CLAf1/OUT60BY15*   C250   RONS   FULL); 
FlLd   UDISK/^SHELimSCR* (250   ROMS   FULL)? 
FIL£   LINE   (1   ROW); 
/. 
*/. 
•/.        FOLLOWING ARE ALL SUBROUTINES. 
/. 
% 
PKEAL SLBROUTINE ALOG AS 9GA (PREAL X AS RGA)} 
BEGIN 
I    INÜINS=lQa,   ASKRATCH=ia 
$iTAP£2=GLyPNIR/GLN  SERIAL; 
END;   '/LN. 
Z 
•/. 
X 
/. 
PREAL SUBROUTINE EXP AS RGA (PREAL X AS RGA); 
BEGIN 
$ INCINS=10Q, ASKRATCH=17 
JJTAPE2=GLYPNIR/GEXP SERIAL; 
END; ZtXP. 
'A 
•/. 
% 
V. 
PREAL SUBROUTINE SORT AS RGA (PREAL X AS RGA)? 
BEGIN 
t   INCII^llil,   ASKRATCH=14 
SiTAPE2=GL\roNIR/GSQRT   SERIAL; 
ENC;   ZSQRT. 
% 
% 
X 
V. 
PREAL SUBROUTINE ALOÜ10(PREAL X); 
ALOGlg = 0.«t3'»29'»'»öl9 032518»ALOG(X); 
V. 
•/. 
% 
V. 
PREAL   SUBROUTINt   POWERCF10   (PREAL   N); 
PÜhtROF10=EXP(2.30258509299«»0«f6»N) ;   '/.  POHEROF10 = 10.»»N. 
7. 
'/. ..-        _. 
*/. 
v. 
SUBROCTINE   POWEK(PREAL   X,PREAL   OUT   XX,PINT   OUT   N) ; 
BEGIN 

N=TRUNCATE(ALOG13(ABS(X))); 
IF(N<0)   THEN  N=N-i; 
XX=X»POMEROF10(-N); 

ENJ;   XPOHER. 
v. 
x 
x 
•/. .. ....__ 
SUBROUTINE   eRROR(CINT   J) ; 
BEGIN 
StI        £XIT(J); 
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SIMWHi-TEiLINEtPAGE],'•ERROR  =*,J); 11111 
WCA=O.; 11111 
MCAsi.OfI.O/HCA; '/ABORT. 11111 

END; /.ERROR. 
•/. 
% 
•/. 
y. 
SUBROUTINE DATA; 
BEGIN 

CODE 
USE ST0T,PI,I«,IR2,It; 

BEGIN 
HEREIAP        SET   ; 

ORG    PI; 
DATA 3.141592653589793; 
ORG STDT; 

JATA 1.1,1.?,1.3,1.«♦,1.5,1.6,1.7,1.8,1.«3,2. 0,2.1,2.3,2.5,2.6, 
2.8,3.0,3.2,3.«.,3.6,3.fl,<».0,*».2,'«.5t«».rt,5.0,5.3,5[o,6.0, 
6.5,7.3,7.5,8.0,8.6,9.0,9.5,10.0; 

ORG IR; 

DATA (0)63,-i; 
ORG  IR2; 
JATA (0)62,(-1)25 
ORG IL; 
JATA 1,(0)63; 
ORG HEREIAM; 
ENJ COJE: 

END; XOATA. 

5 
i 
•/. 
SUBROITINE   ES(CINT   K) ; 
BEGIN 

THIS IS 11 MAY 69 VERSION OF AIR. 
IT MILL GIVE SLIGHTLY DIFFERENT ANSWERS THAN THAT CODE 
AS HERE WE COMPUTE THE EXPONENTIAL SWITCHS IN ALL CASES. 

ES USES RHO [IN CS ARRAY], AND AIXIKI. 
IT RETURNS UPDATED PfK] AND CS. 

-REAL   E,LNEROVROZ,FO,FON,FN,HS,BETA,FE,GriONE; 
PREAL   RHO  AS  CS| 
c=1.0t-10»AIX[Ki; 
LNEROWROZ»ALOG(773. 39520«»gS'RHO); 
WS=l.0/(1.0*EXP((-8.5-0.1550«»31'i»LNEROVROZ*E)»EXP(-0.05»LNEROVPOZ 

♦0.02531780796)»); 
FC   =HS  •cXP(-0.22«»2152i»66'«»E); 
i-CNs(1.0-HS   )»EXP(-0.15082956259»E>; 
E£TA=0.S 
IF(E>1.)THEN   BETA=    (0 . 0069<»87»HS^0.013897<>)*ALOG (E) { 
MS=1.0/;i.0*EXP((-tfEXP(0.0157*LNEROVROZ*3.806662 489))»EXP(-0.C85 

♦LN£ROVROZ-l. 38629«»36)») ; 
FN=WS»EXP(-0,039215686275»E) J 
e£TA=BETAM1.0-WS>+0.0'i5*HS; 
hPA=30.0*3.«»7«i356»LNEROVROZ; 
IF   NPA   <6.0   THEN   WPA=6.0; 
HPAs(l&3.0-E)/WPA; 
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FE=i.o/a.o+EXP(WPAn; 
C-MONE=(0„161+0.255'>FO+0,280»FON*I).137»FN+0.0 5'»FE)»EXP(BETA 

♦LNLROVROZ); 
P(KJ=Gi1ONE»RH0»AIX[Ki; 
CS^SQRn(1.0*GMONE)»PCK1/RHO); 

END?   '/.ES. 
'/. 
'/. 
•/. 
'/. 
SU6ROLTINE  COT; 
BEGIN 

pfiEAL HINOIMENSION; CREAL MOB; 
LCCP   ?=0,1,IBLK   30   BEGIN 

<=i; 
LOOP  JJ=1,1,JHAXPERSTRIP   00   BEGIN 

J=JJ*J30T; 
M03E=IMOJEm; 
CS=AMXtK)/(ÜYCJJ»TAUtIl); 
ES(KM 
MINDIMENSION=OX(Ii; 
IF   3y[J]<MIN3IMENSI0N   THEN 
NOB=rtAX(CS/MINOIMENSION); 
IF   W3B>H3A   THEN   H3A   =   *OB{ 
M0B = HAX(A8S(Uf K])/DX(I]) *, 
IF   H.B>W3A   THEN   U3A   ■   M3B; 
WOB=MAX(ABS(V(K]>/Oy[Jl); 
IF   M3B>H3A  THEN   H3A   •  W3B; 
K=K+IBLKPi; 
•/.JLOOP. 

HIN3lHENSI0N=3YiJj; 
V,   INV   TIHE FOR  SOUND   TO  CPOSS 
y.   HINIMUH  CELL   3IMENSI0N. 
•/.   TIME   FOR  MATERIAL   TO   CROSS 
'/.   CELL   IN  X   DIRECTION. 
V.   TIHE   FOR  MATERIAL   TO  CROSS 
7.   CELL   IN   Y   DIRECTION. 

END; 
IKGI /.ILOOP. 

M03£=TRUE; 
SIMWRITfc(LINt,*COT-HDA*tMOA); 
ENJ;   V. CDT. 
'/. 
% 
r 
SUBROL 
BEGIN 

C 
V. 

TINE CHOOSEOT; 

htAL REG.TNEXT; CINT LP; BOOLEAN Ml,M2,El(ERYSrDTIME; 

THE BOOLEAN EWERYSTOTIME CHOOSES ONE OF THO OPTIONS FOR 
G01PUTING STANDARD TIMES.  THE TWO OPTIONS WILL OIFFER ONLY 
DURING THE FIRST FEH CYCLES OF A CALCULATION WHEN IT IS 
POSSIBLE FOR TOT TO VAULT ACROSS SEVERAL STANDARD TIMES. 

:V£RYST3TIME=TRUE; 
)T=O.5»STABLFCTR/HOA; 

NjA=i.Qt-2a; 
T = UOT? 
HOW£R(TfR£«»,LPj; 
TNEXT = (T*OT»»POMEROF10t-LPH 
IF   tVERYSTaTIMt   THEN  BEGIN 

X   THEN   CLAUSE   FINOS   EVERY   STANDARD   TIME. 
Ml=(REG<STDn   0.»  B00LEANU/77777777<8)» ; 
M2=SriIFTR<l,Ml); 
HI-(Ml   OR  M2)   AND NOT   (HI   AND  M2); 
IF Ml AN3 (tNEXT>ST3t) THEK BEGIN 

DT=(STDT-REG)»POMEROF10(LP»; 
MODESTRUE; 
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SIMHKITE(LINE,*DT*,DT) ; 
TOTALENERGYMOM=0; 
TDUMP=CVCLE+2; 

XXX HERE PULSE OS« TO LET IT KNOM THAT A DUMP IS COMING AT THE END 
•/.•/.•/. OF THIS CYCLE.  THIS SH0UL3 GIVE IT TIME TO LOAD THE CORRECT 
XXX STRIP TO LAS-IR STORE. 
7./.Y. 
•/./.'f. FORMAT OF OS< STATEMENT IS OF VET UNDEFINED. 
XXX 
x •/.■/. 

END; 
END 
-ILSE BEGIN ....   ._ . .. 

•/. ELSE CLAUSE FIN3S THE LARGEST STANDARD TIME LESS THAN TOT. 
Ml= (TNEXTJSTJT) AND BOOLEAN(17777777777760P1500000<8)); 
M2=SHIFTL(lfHI); 
M1=(M1 OR M2) AND NOT «Ml AND M2); 
IF Ml AND !REG<STDT) THEN BEGIN 

DT=(STJT-REG)*POHEROF10(LP); 
TOTALENERGYNOH=0; 
TJUMP=CYCLE*2; 

XXX 

XXX HERE PULSE OSK TO LET IT KNOW THAT A DUMP IS COMING AT THE END 
•/!/!•/. OF THIS CYCLE.  THIS SHOULD GIVE IT TIME TO LOAD THE CORRECT 
•/.'/.•/. STRIP TO LASER STORE. 
'/'/,'/, 
'/L/LY. FORMAT OF OSK STATEMENT IS OF YET UNDEFINED. 

XXX 
END; 

END; 
CYCLE=CYCLE-H; 
STOPTHISGYCLE=FALSE; 
IF CYCLE>CYCLESTOP OR SMCU1 THEN STOPTHISCYCLE=TRUE; 

END; '/CHOOSEDT. 
X   
7. 
X 
•/. 
SUBROUTINE   SETDXDYtTC; 
BEGIN 

MODE=NOT   BOOLEANI-0); 
LOOP  I=0,1,IBLK   DO   BEGIN 

IMODEtIl=MOOE; 
MODE=TRUE; 
IMOJELCII-MODE; 

END; 
Ili03EIIBLKl»IM00EIIBLK)   AND   IMAXje^IBLKtPEN? 
IMODELlIBLKl=IMODELlIBLKi   AND   IMÄX>6«»»IBLK*PEN; 
LOOP  I=0,1-I8LK   DO   BEGIN 

M0DE=xMO3EIIi; 
MPA = RTR(iffX(I-fIR]); 
RCm=0.5»(X[Il*MPA); 
DX[I)=X[I1-HFA; 
TAU [ i i=pr*<x m»xll i -HPX»H«) ; 

CNO; 
HODE-BOOLEAN(-Q)| 
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CX[0) = RTL(l,,DXm); 
«CtO) = -i'.TL(l,,RC(01); 
l-OCEsREVSdMAX + l-e^'lSUK.MOüE);     _          
JXlIBLKJ=RTR(2,,3XtIBLK*IR2n ; 
RülIBLKl=RTR(l,,X[IBLK*IR])*0.5»DX[inLKj; 
LOOP   I=OfltIBLK   )C   BEGIN 

M03E=IM03EL[Ii; 
WPA = RTL(l.iOX(I*IL]» ? 
WPltIl=1.0/(3XtI)*WPA); 
wpzt iiswPA'Rcm'HPtt ii; 
MP3[l]=RTL<l,,RCtI»ILl)»3Xm»WPllI); 

EHCf 

L?CP=TJ=^i,JMAX DO DYtJ] = YtJl-YtJ-li; % OVtOl IS NOT USED IN CODE. 
EN3; V.SET3X3VETC. 
•/. 
'/. 
■/. 

*/. 
SUBROUTINE   INPUT; 
BEGIN 
'/. 

I THE CURRENTLY ASSIGNED LOCATIONS IN THE 2-BLOCK ARE 
X 
•/. 0. PROBLEM NO. 
•/. 1. CYCLE. 
•/. 2. TIME. 
'/. 3. JT. 
X <♦. 

1 V.      JrtAX*.  JMAX MUST BE A MULTIPLE OF JMAXPERSTRIP. 
•/. 7. ETh. 
•i d. STABLFCTH, SHOULD BE 0.5. 
y 9. GO,  GRAVITY AT THE EARTHS SURFACE.              ,„T^rco 
5 to! TOZONE,  PERCENT MASS LEAVING A BOUNDARY CELL TO TRIGGER 
•/C A REZONE. .-...., 
•/ ii. TOP REFLECTIVE, NONZERO FOR REFLECTIVE. 
•; 12. RIGHT RErLECTIVE, NONZERO FOR REFLECTIVE. 
X 13. BOTTOM RPFLPCTIVE, NONZERO FOR REFLECTIV-.. 
•/. i«,. RELATIVE ERROR AT LAST PRINT. 
55 15. MAXIMUM RELATIVE ERROR ALLOWED. 
i 16.  CYCLE STOP. 
5j       17,  jMAx PER HORIZONTAL STRIP PROCESSED. 
/.   
v. 

*03E=TRUE; 
SIMHRITE(LINE,»ENTER   INPUT*); 11111 

•Ai     REAja«»iNOUTm,NExT); 11111 

"        siJjEAJdWISKOtOl.NEXTj; JC  REA3S_ _Zt   X,   AN3   Y^. CLOSE  PACKED. UUl 
Z=NEXT[0i; 
PROB =&RAeONE(Z,0); 
CVCLE=GRABONE<Z,l); 
CtCLASTPRINT=CYCLE; 
IsGRABON£(Z,2); 
JT=6RA30NE(Z,3>; 
IMAX =GRABONE(Z,5); 
JMAX =6RAB0NE(Z,6»; 
ETh=GRAaONE(Z,7>; 
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STA3LFCTR=GRAaüNE(Z,8» ? 
rF(STAaLFCTR<0.)   THEN   STABLFCrR=l.; 
G0=GRAqONE(Zf9>; 
TOZONE=GRABONE(ZtlO)$ 
TOPREFLEÜTIVE   =   FALSE; 
«IGHTREFLECTIVt   =   FALSE; 
30TTOMREFLECTIVE   =   FALSE; 
IF(GRA30NE(Z,11MQ.)   THEN   TOPREFLECT IVE=TRUE; 
IF(GRAyONE(Z,liJ)*0.)   TMEN   RIGHTREFLECTIVt»TRUE; 
IF(GRAüONE<Z,13)*Ü.)    THEN   BOTTOH«EFLECTI\/E = TRUE; 
fiELERR3EFORE=GRA90NE(Z,l«'? ; 
MAXRELE^R-bRABONE(Z,15>; 
CYCLEST0P=GRAa0NE(Z|16); 
JMAXPEKSTKIP^   GRA60NE(Z«17); 
JSTRIPS=JMAX   JIV   JMAXPERSTRIP; 
JSTRIPSPl=JSTRIPS+i; 
XQLK=(IMAX*1)    OIV   6U; 
IbLKPl=IBLK*i; 
IROWS=IBLKPl»JMAXPERSTRIP; 
it<OWSMi = IROWS-i; 
IRCHS2=IR0MS«IR0WS; 
IR0NS3 = IR0WS24-IR0MS; 
IROHS<»=IKOMS34-IROHS; 
LCOP   1 = 0,1,IBLK   DO   Xf11=NEXT11*1J; 
LOOP  J=0,1,JMAX   50   BEGIN 

J1=J   JIV   64.; 

y[J]=GRABONE(NEXTtJl+IBLK+2],J2); 
tiNO; 
T=T-DT; 
CYCLESCYCLE-I; 

SIMWKTTE(LINE,«TO S£T+); 
SETJXOYCTC; 

SIHWRITt(LlNE,*aACK   FBCM   SET*); 
Y.l        ^EAJd^INOUTlll.LAST) ; 
XI        REA0(I(,IN0UT[2],NEXT) ; 
Y.l        WAIT(I(,IN0UT(1]>; 

SIMREAU(1(,OISKO(1),LAST) ; 
SIMREA3(Ii,3ISK0(21,NEXT) ; 
LOOP  JC=J,1,IR0WSM1   00  BEGIN 

U     IJC]=LASTIJCj; 
V      [JCJ=LAST[JC+IROWSi; 
AMX(JC]=LASTIJC4-IR0WS2]; 
AIX[JC]=LAST[JOIR0NS3i; 
P     t JG]=LASTtJC+IROWS«»i; 

CKJ; 
JPL=O; 
jPh=2; 

JEOT=O; 
LOOP JB=1,1,JSTRIPS 00 BEGIN 

SIMHRITE(LINE,*JB  ETC*,JB,JBOT,JPL,JPN,AIXl0 ) ,AlXlll,ftIX(2),AIXl3)); 
COT; 

•Al MAIT(I<,SCR[JPL1); Hill 
SSI HAIT(I<»iN0UTtJPN1); Hill 

JPL=JPL*I; 
JPN=JPN+I; 
IF JPLsJSTRlPSPl THtN JPL=i; 
IF JPN=JSTRIPSP1 THEN JPN=i; 
LOOP JC=0,1,II?OMSM1 00 BEGIN 
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LASTCJC ]=U     (JCI; 
LASTrJG*IROHS i«w uc i; 
LASTCJC«I90WS2]=ANX(JCn 
LASTtJC*IR0WS3)=AIX(JC); 
LASKJC + lROHS^JsP IJC 1; 
•/. 
U [JCl=NEXTtJC3; 
V t JC1=NEXTUC + IR0WS i| 
AMXlJCI=NtXTIJC+IROMS2i; 
AIX[jC]3NEXT(JC«IROHS3i; 
P (JCl=NEXTIJC*IR0HS4i; 

ENJ; XJC LOOP. 
•/.I WRITEmSCRt JPU.LAST); 11111 
'/.I REAJd'tlNOUTUPNltNEXT); 11111 

SIMWRITEmDlSK7(JPLJ ,LAST); 11 111 
SIMREA3(I(«3ISK0(JPN],NEXT); 11111 
JbOT=JBOT*JMAXPERSTRIP; 

tNj;   '/.JB   LOOP. 
END;   X1NOUT. 
■/. 

'A 
V. 
% 
SUBROUTINE   PHI? 
BEGIN 

ciNT PASSIJH; CREAL G; 
r«0CE=TRUE; 

SIMWRITE(LINE,*INTO  PHI*)? 
DTh=0; 
URR(0]=0.; 
/.   SET   P   AT   AXIS. 
KOCE=BOOLc:AN(-0>; 
LOOP   K = 0,IBLKPl,IROHSt11   30  Pt K1 = RTL (1, ,Pt K 1) ; 
IF   RIGHTREFLECTItfE   THEN   ERRORd» 
ELSE   BEGIN 

•/.   SET   P   AT   RIGHT. 
M0DE = REVR(IrtAX + l-6«»»ieLKiM0üE); 
LOOP KsIUKjIBLKPlfXROHSMl JO P( K]=RTR (2 , ,P[ K+IR2 J» ; 

cNO; 
LOOP PASS=1,1,2 GO BEGIN 

M00t=TRUE5 
IF   JB=0   THEN   IF   BOTTOMREFLECTIVE   THEN  LOOP   I=0,lfIBLK   DO   EEGIN 

PBtij=P[ii; 
tNO 
cLSE   BEGIN 

WCA=JV[11? 
WCB=JY(2i; 
wcc=i.i/(MCA+Mce>; 
LOOP   I=0,1,IBLK   30   BEGIN 

MocE=im)OEm; 
vBcn^vtu; 
PBm=(PtI*iaLKPll»HCA*PtIl»HCB)»WCC; 
DTH=DTH+0.5»HCA»WCC»0T»TAUm»VlIl»(PIIl 

♦Pti+iBLKPin; 
END; 

ENJ; 
'/, SET U AT AXIS. 
MOO£-BOOLEAN(-O); 
LOOP K=0,IBLKP1,IROWSM1 30 UTK1=-RTL(1,,UCK*IL1); 
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M00t = REVR(IMAX*l-6*f»IBLK,M0UE); 
'/.  SET   U   AT   RIGHT. 
IF   P.IGHTREFLECTIVE   THEN   ERR0R(2) 
ELSE   BEGIN 

WCA=RTR<l,,RCIIBLK*IRl)/RCIIßLK]; 
LOOP  K=IBLK,I3LKP1,IR0MSM1   DO   UIK]=hCA»RTR(lf,UIK+IRl); 

END} 
X 
7.  HAVE   SET   ALL   BOUNDARY   CONDITIONS   BOTTOM fLFFT,RIGHT. 
%  NOW   DO   SOME   PHYSICS. 
'/. 
WCA=OV(JBOT+lj; 
K=O; 

IF JB=JSTRIPS THEN JM=JHAXP£RSTRIP-1 ELSE J.1=JMAXPERSTRIP ? 
LOOP JJ»1,4,JM 30 BEGIN 

J=JJ*JBCT; 
Nca=oy[j>i]; 
MCC«i*0/(MCA«>MCBM 
WCO=WCA»MCC; 
MCE=WC5»WCC; 
wcF=ytj)5 
LOOP   I=0,1,IBLK   30   BEGIN 

M00E=IMOOE(I]; 
IF(AMXtKJ<0.>   THEN   ERR0R(3>; 
URRCIJaUIKJ'WPZtlltRTHl^UtK + ILD'WPaili; 
MOCE^IMOOELIIj; 
PR[H=(P{Kl»RTL(l,,3XII + lLJ)*RTL(l,,P(K+IL])»3Xri]) 

♦WPlIIi; 
K=K+I; 

ENO; ZILOOPl. 
K=K-IBLKPI; 
LOOP 1=0,1,IBLK DO BEGIN 

M00E=IMO0EtI]; 
VA = \/tK]*WCE*VtK*I8LKPll*WC3; 
AIXtKJ=AIXIK]+P[K]»OT»(0.5»(VBril-VA)*TAUlIJ 

+(RTR(l,,URRtI*IR])-URRtI])»PI»WCA)/AMX(K]; 
IF(PASS=1)    THEN   BEGIN 

PAsPIKl^HCE+PtK+IfiLKPll^HCD? 
G=6.3567t8; 
G=G/(G»WCF-0.5*WCA); 
G=GO»G»G; 
UrKl=UtK)+TAU(Il»MCA*'RTR(l,,PR[I+IRJ)-PRJI)) 

•3T/(3XII]»AMXtKl)i } 
V[KJ=WI<1+TAU£I1»(P8III-PA)»0T/AMX[KJ-G»0T; 
PBIIISPA; 

ENC; 
VB[I)=VA; 
K=K*I; 

ENO; 7.IL00P2. 
MCA=HC8; 

ENJ; -/. J LOOP 
IF JB=JSTRIPS THEN BEGIN /.TOP ROW CODE. 

LOOP 1=0,1,IBLK 30 BEGIN 
M0DE=IHOOECI]; 
IF(AMX(K)<0.) THEN ERRORC»; 
URRtI] = UtKl»WP2nj+RTL(l,,UtK»ILl)»MP3tI); 
M0CE=IHO0EL(I); 
PR(IJ=<PlKl»RTL(l,>3xil*ILJ)*RTLU,fPtK*IL))*3XIII) 

»WPlIIi; 
K-K-fl? 
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fcND;   7.1L00PZ. 
K=K-lBLKPi; 
IF   TOPREFLECTIVE  THEN   ERROR(5) 
ELSE   BEGIN 

LOOP   1=0,1,IBLK   JO   BEGIN 
MODE=IMODEtIi; 
OTH=OTH-0.5^TAUIIJ»WCB»V(K]»UT»(PU] 

-PtK-IBLKPH)»HCC; 
K=K+I; 

ENO; 
K=K-iaLKPi; 

END; 
LOOP I=0,1,IBLK DO BEGIN 

MOOE = IMO!)ttI]; 
VA=V(K); 
AIXIKl=AIXIKl*PIKJ»DT»(0.5»(VeiIl-VÄ)»TAU(I] 

+(RTR(l,,URRtI+IRJ)-URRtIl)»PI»WCA)/AMXtK]; 
IF    (PASS=1)   THEN   UmsUria + TAtllJ^CA 

•(RTR(l,,Pfi(I»IR))-PR(Il)»3T/(3X[I)»AMXtKl); 
K=K*I; 

END; 
END; -/.Top ROh nooF. 

LNj;   y.   PASS   LOOP 
MCDE=TRUE; 
!:TH=ETH*R0MSUH(3rH) ; 

END;   ZFH1. 
•/. 
y. 
V. 
V. 
SUB^ULTINE   PH2; 
BEGIN 

ciM    <i; 
CRLAL VATTOPINTE^FACE.DONORNASSOIVIDEOBYOY, 

OONORTOPU,OONO^TOPV,OONORTOPSPECIFICENERGY, 
ONEOVERAMXNEH,UATRIGHTINTERFACE,AMXNEH; 

^E20NET0P=FALSE;REZ0NERIGHT=FALSE;REZ0NEA0TT0M=FALSE; 
MQ3E=TRUE; 

SiMrtKITEaiME^IN^O   PH2*); 
3TH=o.; 
WCA=DYtJBOT*l]; 
/.   SET   AXIS   BOUNDARY   CONDITIONS. 
*ASSTHRURIGHTm=0,; 
'f.   SET   BOUNDARY   CONDITIONS   AT   RIGHT. 
IF   RIGHTREFLECTIVE   THEN  ERR0R(6» 
ELSE   BEGIN 

MOOE=REVR(IMAXn-6i»»IBLK,BOOLEAN<-0)) ; 
LOOP K=I3LK,IBLKPl,IR0WSHi JO BEGIN 

U(K)=RTR(l,,UtK+IR)); 
IF (UtKKO.) THEN U[KJ = -UtKi; 

END; 
CNO; 
•A  SET BOTTOM BOUNDARY CONDITION, 
IF JB=0 THEN IF BOTTOMREFLECTIVE THEN LOOP 1=0,1,ISLK 00 BEGIN 

MODE=TRUE; 
HASSTHRUBOTTOMfllsO.; 
ENERGYTHRUBOTTONtI]=0.; 
UIIOMENTUMTHRUBOTTONt 11 = 0. ; 
VMOMENTUMTHRUBOTTOMm=0. ; 

END 
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ELSE  LOOP   I=0,l,ieLK  DO  BEGIN 
HOOE=IHOOt(I]; 
MASSTHRU90TTCMIIl=VtIl»AMX[II»3T/WCAJ 
IF(MASSTHRUaCTTOH(I]>0.)    THEN  HASSTHRUBOTTOrtt13=0.; 
lF(-MASSTrtRUBOTTOMtI)>TOZONE»AMXlIl)    THEN  REZ0NE80TT0M=TRLE; 
ENERGYTHRUB0TTO1[IJ=MASSTHRUBOTTOM[I)»(AIX(Il+0.5»(üCIl»UfI) 

*\llll*\lllit); 
DTH=OTH+ENERGYTHRUaOTTOHCIi; 
UHOHENTUMTHRUBOTTOMtI)=MASSTHRUBOTTOMtI1»U[I]5 
Wl10l1ENTUMTHRtBOTTOMII) = MASSTHRUBOTTOMCI]»Vm; 

EKJ; 
K = C? 
LOOP  JJ=1,1,JKAXPERSTRIP   JO   BEGIN 

J=   JJ+JBOT} 
7.   COMPUTE   QUANTITIES   AT   TOP   INTERFACE   OF  CELL. 
IF   J<JMAX   THEN   WCB=OYtJ*li; 
LOOP   I=nfl,IBLK   30  BEGIN 

MOOE=IHCOEm! 
SPECIFICENERGYt I J= AlXt K] ♦O . 5» (U[ K J »UIKl+\/tK J»VIK1) J 
JONORRIGHTSPECIFICENER&V[I)j:SPECIFICENERGYtIj; 
UONORMASSOIVIOEOeYDX(Il=AMX(K]/(DX[Il»RC[I)); 
DONORRIGHTUfI]=U[K); 
OONORRIGHTVtIl=VIKi; 
K=K+I; 

END; XILOOPI. 
K=K-IBLKPi; 
LOOP I=0,l,ieLK DO BEGIN 

MOÜE = IMODEm; 
30N0RT0PU=U(K]; 
OONOSTOFV=VIK); 
30NORTOFSPtCIFICtNERGY=SPECIFICEN£RGY(I]; 
DONORMASSDIWIOECBYOY=AHX[K]/HCA; 
IF J<JMAX THEN BEGIN 

Kl=K*IBLKPi; 
VATTOPINTtRFACE = 0.5MV(K)*V[Kll); 
VATTOPINTERFAC£=VATTOPINTERFACE/(1.0t(VlKlJ-VtKl) 

•DT/WCA»; y.   THIS GIVES ENC OF SLUG VELOCITY. 
IF (VATTOPINTERFACE<0.) THEN BEGIN 

DONORMASSOI\/IOEODYDYsANX(Kl]/WCB; 
obNORropu=uiKi); 
0ON0RTOPV = \/tKli; 
JONORTOPSPECIFICENERGY=AIXIKl) 

♦ 0.5»(UIKll»Ut<l]+VCKl]»VIKll) ; 
ENC; 
MASSTHRUTOPTII=VATTOPIWTERFACE»DT 

•OONORMASSOIVIOEDBYOY; 
END 
ELSE BEGIN  7.  DO TOP ROW DIFFERENTLY, 

IF TOPREFLECTIVE THEN ERROR(7» 
ELSE BEGIN 

VATT0PINTERFACE=V(K1; 
MASSTHRUT0PTIL = VATT0PINTE"RFACE»3T 

«OONORMASSOIVIOEDBYOY; 
IF(MASSTHRUTOP(I]<0.) THEN MASSTHRUTOPI11=0.; 
IF HASSTHRUTOPIIJ>TOZONE"'AMXTKL THEN REZONETOP 

=TRUE; 
3TH=3TH4.MASSVHRUT0PII1»30N0RT0PSPECIFICENERGY; 

ENC; 
END; 
7.  COMPUTE QUANTITIES AT RIGHT INTERFACE OF CELLS. 
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UATRIGHTINTE(?PAGE=0.5»(U(K)+RTLC1,,U(K+IL])); 
UATRIGHTINTERFACE=UATRI6HTINTERFACE/(l.n+<HTL(ltiU[K + IU) 

-UtK])»JT/JX(U)!   X  THIS   GIVES   REAR  OF   SLUG   VELOCITY 
IF   (UATRIGHTINTF.RFACE<0.>   THEN   BEGIN 

D0NORMASS3IWI0EJByjXlIJ=RTL{l,,J0NORMASSJlVI3E0eY3X 
tt*IL))| 

DONORRIGHTUUl=RTL(l,,OONOR(?IGHTUtI + IL)); 
30NORRI&HTVCI)=RTL(L,,3ONORRIGHTV[I*IL))5 
OONORRIGHTSPECIFICENERGY£IJ= 

RTLD^DONORRIGHT SPECIF ICENERGYII + ILL) ; 
END; 
MASSTHRURIGHTTI]=UAT RIGHT INTERFACE»31 

♦UONORMASSOIVIDEDBYUXTI1»X(II; 
'/. MORTENTUM FLUXES AT TOP AND RIGHT 
UMOMENTUMTHRUTOP{IL=MASSTHRUTOPTI)»30NORTOPU; 
UMOMENTUMTHRURIGHTtIl=rtASSTHRURIGHTm»DONORRIGHTU[I); 
y/MOMtNTUMTHRUTOP(IJ = MftSSTHRUTOP[Il»30NORTOPv; 
VMOi1tNTUMTHRURI6HT(Il=i1ASSTHPURIGHTCIJ»DONORRIGHTVm; 
ENERGYTKRUTOP[IL=MASSTHRUTOP[IL»30NCRTOFSPECIFICENERGY; 
ENERGYTHRURIGHT(I1=MASSTHRURIGHTCIJ 

•JCNORRIGHTSPECIFICENERGYIII; 
K=K*I; 

tNJJ   -/.ILOOPZ. 
K=K-IBLKPi; 
H03E-TRUE; 
JI=IKAX Div et»; 
J2=IMAX-6<»»Ji; 
IF   (GRABONE(MASSTHRURIGHT[Jl](J2)> 

T0Z0NE»GRft30NE(AMX[K*Jll,J2))    THEN   REZONERIGHT=TRUE; 
IF   (PEN=J2)    THEN   PT rt=DTH-ENERGYTHRURIGHT[ Jl 1 J 
LOOP   1-0,1,IBLK   30  BEGIN 

M03E=IMC3E(IJ; 
AMXNEH=AMXtKI-MASSTHRUTOP[Il>HASSTHRUBOTTON[I] 

-HASSTHRURIGHftn*RTR(l,,HASSTHRURlGHTCI*lR))J 
0NE0VERAMXNEN=1.0/AMXNEH; 
7. UPJATE U 
UCKJ-(AKXtKl'UtKl-UMONENTUMTHRUTOPtlJ 

♦ UMOMENTUMTHRUBOTTOmil-UiiOMENTUMTHRURIGHTII) 
♦RTR(l,,UMOMENTUMTHRURIGHTtI*IR!))»ONEOVERAMXNEW; 

X   UPDATE   V 
VtKl = (AMXm»Vm-VMOMENTUMTHRUTOPm 

♦VHOMENTUMTHRUBOTTOM[Il-VMOMENTUHTHRURIGHTtI] 
+ RTR<l,,VMOMENTUMTHf URIGHT[H-lR))>»ONEOVERAMXNEh? 

7.   UPJATE   AIX 
AIXm=(AMXm*SPECIFICENERGYJ II ^ENERGY THRUTOPCI) 

♦ENERGVTHRUBOTTOrttlJ-ENERGYfHRURIGHTtll 
♦ RTRd^ENERGYTHRURIGHTtl + IRD-O.S'AMXNEH 
«a(K]*U[Kl*V[K]*V(K]) >*ONEOVERAHXKEH; 

X   UP JITE   AMX 
AMXm = ÄMXNEH; ' 
7. STORE BOTTOM QUANTITIES FOR NEXT ROM 
UMrMtNTUMTHRU80TT0M(n=UMOMENTUMTHRLTOPtI); 
VMOMENTUHTHRUBOTTOm I] = VMOHENTUNTHRUTOPm; 
ENERGYTHRUBOTTOMtllsENERGYTHRUTOPd]; 
MASSTHRLBOTTOMtIl=MASSTHRUTOP[Ii; 
K=K+1J 

ENj; XIL00P3. 
UNO; XJLOOP. 
MOJE=TRUE; 
cTh=ETH*RONSUM(OTH); 
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EN3;   XPh2. 
■/. 

•/. 
z 
V. 
SUBrtüLTlNE   SUdTOTALcNERGY? 
BEGIN 

fODEsTRUE; 
MPA=Q.; 
LOOP 1=0,1,IBLK 30 BEGIN 

MOOE=IMOOEm; 
K = I? 
LOOP   J=1,1,JMAX   10   BEGIN 

MPA=WPA+AHXlK]MAIX[K]+0.5*(U(K]*um+\/(K]*V(K])) ! 
K=K+IBLKPi; 

END;  7.  J LOOP 
END; X I LOOP 
MOJE=TRUE; 
TOTALENERGYNOW=TOTALENERGRNOH*ROHSUM(WPA); 

ENJ; XSUMTOTALENERGY. 
% 
/. 
f. 
SUBHOLTINE OUTPUT; 
BEGIN 

CSEAL   KELERRNOM^NGYCHECK.NUMBEROFCYCLES; 
HObE=T«UE; 

SIMHRITE(LIN£,*INTO   OUTPUT*); 
%l JEAOd'+SALUTEtOJ.ZSALUTE) ; 11111 
'/.i     wAirmsALUTLm); 11111 

LOOP 1=1,1,6 DO IF GRABONt(2SALUTE,I-l)=0 THEN 
SMCI]=FALSE ELSE SMII5=TRUE; 

IF PEN=6 THEN ZSALUTE=CYCLE; 
IF PEN=7 THEN ZSALUTE=T; 
IF PEN=8 THEN ZSALUTE=3T; 

/.I   WRITEmSALUTEl:1 ),ZSALUTE); 11111 
va. 

V./.'/. HE^E PULSE OSK TO LET IT EXECUTE SALVUT IN DURING CLAUSE OF 
•/.•/.•/. ICL.  TRANSFER SALUTE INFORMATION FROM AN ILLIAC IV FILE TC THE 
•/./.'A OUTSIDE MORLO FOR EXAMINATION. 
%%% 

% 
'/. 
V. 
IF CYCL£=TOUMP OR STOPTHISCYCLE THEN BEGIN 

R£LERRNOW=(TOTALENERGYNOH-ETH)/ETM; 
NUILJEROFCYCLES = CYCLE-CYCLASTPRINT; 
IF (NUNBEROFCRCLES=0.0) THEN NUHBEROFCYCLES=1.0; 
BNGYCHECK=(RELERRNOH-RELERRBEFORE)/NUMBEROFCYCLES; 
RELERRBEFORE=RELERRNOH; 
CYCLASTPRINT=CYCLE; 
IF PtN=l THEN 7=CYCLE; 
IF PEN=2 THEN Z=T; 
IF PEN=3 THEN Z=OT; 
IF PEN=7 THEN Z=ETH; 
IF PEN=8 THEN Z=STABLFCTR; 
IF P£N=1<» THEN Z=RELERRBEFORE; 

•/.I        WAIT(H»INOUTtJPL)); lllll 
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xi MftiT(i*»scRiJPU); mil 
LASTm«Z| 
LOOP I=0,l,ieLK 30 LAST(I+ll=X(Ii; 
LOOP J=0,lfJnAX 00 BEGIN 

J1=J OIV 6«»? 
J2=J-6i»»Jl? 
IF J2=PEN THEN LASTtJl*IBLK+2]=0VtJl; 

ZHii 
'/.I        HRIT£(I<*INOUT[0]tZ); 11111 

SINMRITE(I<»3ISK0[0],Z) ; 11111 

•/.•}.•/. INTERUPT HERE FOR OSK... WE HAVE DATA IN FILE IUNOUT TO BE 
•/.•/.X C0PIE3 EITHER TO THE LASER STORE OR TO TAPE.  A PROGRAM IN THE 
•/.%/. ÜURING CLAUSE OF ICL WILL DO THIS COPY.  •••MUST»»» LOCK OLT 
•/.•/.% FURTHER WRITES BY GLYPNIR TO I^INOUT TILL THIS COPY IS COMPLETE 
'/.•/.'/. HENCE MUST HAVE A RESULT DESCRIPTOR FROM OSK. 
'A'A'A 
•/./.•/. THIS IS NOT YET DEFINED. ***HOJE***   PROEAELY BETTER TO FIRST 
•/.AY. PULSE THE COPY OF THE FILE OUT, RETURN THIS DESCRIPTOR, ANC 
•/.'/.V. THEN PULSE AN EDIT OF THE COPIED FILE FOR PRINTER OUTPUT. 
'/.•AY. THIS USE OF TWO TASKS IN THE JURING CLAUSE OF ICL WOULD ALLOW 
/.'/.'/. M04E OVERLAP, AND WE NEED ALL WE CAN GET  

IF RtLERRNOH>MAXRELERR THEN ERRORJ2005; 
iNJ? 

ENJ; •/.OUTPUT. 
•/. 
•/. 
•/. 
V. 
SUBROLTINE REZONE; 
■/.        NB.  RtZONt WILL REAO ALL OF I<»SCR AN3 REWRITE IT AFTER 
/. THE REZONE.  IF CYCLE=TDUMP OR STOPTHISCYCLE IS TRUE THEN 
V. THE FILE IUNOUT MUST BE REWRITTEN ALSO. 
ERROR(lüO) ; 
V. 
•/. 
'/. 
•/. 
•/. MAIN  PROGRAM   STARTS   HERE. 
V. 
x 
SHELL 
7.1 OPEN(I<»INOUT); 11111 
7.1 OPEN(I«»SCR»; .  .                                                        11111 
7.1 OPtNd^SALUTE) ; 11111 

INPUT;   X   REAJ   Z-BL0CK,X,AN3   Y.     COPY   HYDRO   TO   I<»SCR. 
•Al READdUSCRIU.LAST); 11111 
7.1 REA3(I<»SCR(21,NEXT) ; 11111 
•Ai WAIT; mil 

SIMREA3a<OISK7m,LAST»; __ 11111 
SIi1READfi«.0ISK7t2J,NEXT); 11111 
LOOP   ^>=0,i,IROWSMl   30   BEGIN 

U      [JCl=LASTtJCi; 
V      tJC)=LAST[JC*IROWS   ]} 
AMXIJC1-LAST(JC«IR0WS2]; 
AIX(JC]=LASTIJC+IR0WS3i; 
P      IJCl=LASTtJC*IROWS<»); 
7. 
U      tJC*lROMSl=NEXTtJC); 
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V (jC*IROWSl=NEXTtJC+IROHS i; 
AMX[JC*IR0WS)=NEXT(JC+IR0MS2); 
AIXIJC*IROHS) = NEXT£ JC-HROWS3J; 
P      t JC*IROWSl = NEXTtJC*IROMS«»); 

END; 7.JC LOOP. 
V.l REAJ(IUSCRt31,NEXT); 11111 

SIt1READ(I<»DISK7I31,NEXT) 5 XlXll 
AoAIN CHOOStJTJ 

JPLSO; 
JPN=3; 
JBOT-O; 
LOOP JB=1,1»JSTRIPS OC BEGIN 

PH15 
PH2; 
car; 
MODE=TRUE? 
IF  CYCLE=TJUMP   THEN SUMTOTALENERGY; 

■/.I HAITd'.SCRIJPL));   7. LAST   WRITE. Hill 
■/.I WAITd^SCRtJPNl) ;   •/. NEXT   REAJ. 11111 

JPL=JPL*I; 
JPN=JPN+i; 
IF JPL=JSTRIPSPi THEN JPL=i; 
IF JPN=JSTRIPSP1 THEN JPN=i; 
LOOP JC=0fl,IROWSMl 00 BEGIN 

LASTtJC      )=U [jo; 
LASTIJC+IROWS 1=V  tJC); 
LAST(JC+IROMS2) = AHX[JC3 ; 
LASTtJC+IR0WS11=AIX(JC1; 
LAST(JC+IR0HS^1=P  (JO; 
7. 
U  IJC1=U  {JC+IROMSi; 
V [JC1=V IJC+IROMSi; 
ArtX(jCl=AMXtJC+IROHSl; 
AIX(JC]=AIXIJC«IR0MS]; 
p {JCI=P tJC+iRowsi; 
x 
U     tJC+IR0HS)=NEXT(JC1; 
V (JC+IROMS)=NEXT(JC*IROHS 1{ 
AMXlJC*IROHSl=NEXTtJC+IR0MS21; 
AIX(JC+IRÖMS]sNEXT(JC«IR0WS3]; 
P     lJC*IROHSl=NEXTtJ0 + IROWS<«] J 

END;   7.JC LOOP. 
IF   CYCLE=TDUMP   OR   STOPTHISCYCUE   THEN 

XI MRITEdMNOUTUPLJ.LAST) ; 11111 
SIMWRITECI'.DISKOCJPLJ.LAST);  _ 11111 

JJI HRITE<I««SCRtJPLJ,LASf); 111" 
J|l REA3(I<.SCRtJPNJ,NEXT); lllll 

SIMWRITEdifOISK/lJPLl.LAST); UUl 
SIMREA3(I«f3IS<7t JPNl.NEXT) ; llltt 
JBOT=JB0T*JMAXPERSTRIP; 

EN3; 7.JB LOOP. .. _. 
OUTPUT; 
IF REZONETOP OR REZONERIGHT OR REZONEBOTTOM THEN REZONE; 
IF NOT STOPTH^CYCLE THEN 60 TO AGAIN; 

7. 
STOP FIN END. 
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c 
c 

APPENDIX XII 

CODE REQUIRED TO TRANSFER A B6500 CLAM OUTPUT FILE TO AN ILLIAC IV INPUT FILE 

ILIST SIKGkE 
FILE     «t=CL AM/OUT, UNIT = DISK,RECORDS 100 0 
FILE l = CLAM/CUTG,UNIT = 3ISKrSAVE=l,AREA = 60,RECORJ=5<»C 
C 
C P«OGRAM   H.CLAM  FOR  SHELL/OF/THE/FUTURE. 
C THIS   DECK   MILL  CONVERT   ANY   SIZE  CLAM   WRITTEN   1000  WDS/REC0R3. 
C 

REAL   Z(i50),U(20 0),W(200),AMX(2001,AIX(200),P(200),X(1J03 ), 
C   Y(15C0),ZZ(16000) 
EQUIVALENCE (1MAX,2(33))f <JMAX,Z(35)), (KMAXA.Z(3«)) 
INTEGER STRIPS 
LOGICAL FIRST 
DATA FIRST/.TRUE./ 

STRIPS=5 
IROHSH=5C 

C 
READd«) WS,WS4 
READ((») Z 

C 
JROWS=JMAX-l 
JPS=JROWS/STRIPS 
IF(JPS»SfRIPS.EQ.JROHS) GO TO 6 
HRITE(6,5) 

5 FORMATdSH   BAD   CLAM   DATA.) 
STOP • 

C 
6 Kl=l 
10 KL=KMAXA 

IF(KL.GT.K1+199)   KL=K1*199 
READ   ((♦)   DMY 
K1=KL+1 
IF(KL.LT.KMAXA>    GO   TO  10 

C 
READ(^)   Xn,<X«l)tOMY,I=l,IMAX» 
REAO(<4)   YO, (Y(J) tJ=l,JMAX) 

C 
DO   20   K=1,KLH 

20 ZZ(K)=0 
ZZ(1»=Z(1) 
ZZ(2)=Z<2) 
zz(3) = z(a<») 
ZZU)=Z(3) 
ZZ(5>=Z(26) 
ZZ(6)=ICAX 
ZZ(7)=JROMS 
zz(a)-z(i3) 
ZZ(9)=Z(139) , 
ZZ<10)-Z(i08) 
ZZ(11)=Z(75) 
ZZ(12)30 
ZZ(13)=0 
ZZ(l<i) = l 
ZZ(15)sO 
ZZ(16)«1 
ZZ(17)=1. 
ZZ(18)=JPS 
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00   kO   I=1,IHAX 
(»0 22(I*65)=X(:> 
C 

IBLKPl=aHAX*65>/6'» 
iyiDSl=bk*lBLKPi. 
IR0HS=IELKP1»JPS 
IH0S = 6i«»IR0WS 
IHnSY=IN0Sl4-6<f 

C 
KU=0 
KV=KU*IhOS 
KM=KV+IH0S 
KI=KM+IH0S 
KP=KI+IHJS 

C 
DO 60 J=1,JMAX 

60    ZZ»J*IWCSV)=Y<J) 
C 

CALL WRTI<0(?ZfKLH) 

REMIND i« 
REAO(<») OMY 
REA3(<«> JMY 
DO 50 K=1,KLH 

50    ZZ(K)=0 
C 

KN=i 
K=200 
DO 100 J=2,JMAX 
KL=KN 
JO 95 I=1,IMAX 

70    IFtK.LT.2no) GO TO 80 
READ (I») <U(KK),V(KK),AMXIKIO,AIX(KK),P(KK),KK=lt203) 
K=K-200 
IF (FIRST) K=IHAX+1 
FIRST=.FALSE. 
GO TO 70 

C 
ao  K«k*i 

KN=KN+1 
ZZ(KN-t-KU)=U(K» 
ZZ(KN«KV)=V(K) 
ZZ(KN+KK>=ANX(K) 
ZZ(KN+KI)=AIX(K) 
ZZ(KN4-KP)=P(K) 

95 CONTINUE 
KN=KL+IH3S1 
IF(((J-1)/JPS)»JPS.NE.J-1» GO TO 100 
CALL WRmOCZZ.KLH) 
DO 96 1=1,KLH 

96 ZZ(I)=0 
kN=l 

100   CONTINUE 
LOCK1 
STOP 
ENJ 
SUBROUTINE MRTI<«D(ZfN) 
DIMENSION 1<5«»0),ZTN) 
NRITE(6,99) 

99    FORMAT(1H1) 
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LL=0 
NN=N 

5 K=NN 
IF(K.GT.256>   <=256 
00   11   I=lfK 

IFCZtU.EQ.O)   GO   TO   10 
MRITt(6,98)    L,Z(L),Z(U 

98 FORMAT(I1D,F20.8,E20.8» 
CALL   BSUFfZCL) ,A(2»I-l>,A(2»i)) 
GO  TO   11 

10 A(2»I-i)=0. 
A(2M)=0. 

11 CONTINUE 
MRITbdl    (Ad) ,I=1,5<.0) 
NN=NN-K 
IF(NN.EC.3)   RETURN 
LL=LL*2E6 
GO   TO   5 
EN3 
SUBROUTINE   B5I<*F(A«B,C> 
EQUIVALENCE   (XX,II) 

XE=CONCAT(0,Af6,<«5t7) 
IF(Xt.EQ.O) GO TO 10 
CALL BIi)F(A,B,C) 
RETURN 

c 
10 XX=A 

X = II 
X=X*0.1 
X=X-0.1 
CALL BI'.F(X,B,C) 
RETURN 
ENO 
SUBROUTINE BII»F(A,B,C) 
EQUIVALENCE (XE,IE8) 
DATA IBIAS/Oi»0000/ 
IF(A.NE.O) GO TO 10 
8=0 
C=0 
RETURN 

c 
10 XS:CONCAT(0,A,0,<45tl) 

XE = CONCAT(0,Al5,i»^v6) 
IF(XS.NE.O)   IE«=-IEa 
IE8=-IE8 
09=CONCAT(0,AfO,38,l» 
B10=CONCAT(0,A,0,37,1) 
IE6E-Z 
IF(BIO.NE.O)   IE8E=l 
1F(B9.NE.0)   IE8E=0 
IE=3»IE8+IE8E 
IE=I8IAS-IE*39 
BB=CONCAT(0,A,31,«»b,i) 
BB=CONCAT(BB,IE,30,1«»,15) 
B=C0NCAT(BB,A,15,38-IE8E,16) 
CsCONCAT(0,A,31t22-IE8Et23-iE8r.) 
RETURN 
END 
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f 

SUBROUTINE BIUI(A,B,C) 
BB=CONCAT(0»A,31ttf6,l) 
B=C0NCaT(B8,A 6,39,7) 
C=CONCAT<P,A,3iV31,32» 
RETURN 
ENO 
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APPENDIX XIII 

CODE REQUIRED TO EDIT AN OUTPUT DUMP FROM SHELL/OF/THE/FUTURE 

FILE1   4=SH£LLmCLAM/OUT60BVl5tUNIT=OlSK,RECORO=5i.O 

C EOIT   FOR  SHELL/OF/THE/FUTURt. 

C 

C 
c 

c 

COMMON   2(16000> 

OlUUSlON  SmOO),V(1000>,AMXaOOO),AIX(lQOO),P(1000), 
S       X (1000»,3X(1000),TAU(1000) ,V(1500),JVC1500) 

IMDST = 5»6«»,'50 

C 
205       CALL   REJIO^HOST) 

CALL  PRINTZ 
C 

PROB=Z(l) 
CYGLE=Z?2) 
T=Z(3) 
DTsZC») 
IMAX=Z(6) 
JMAX=Z(7) 
ETH=Z(8) 
RELERR=Z(15) 
JPS=Z(18) 
STRIPS=JMAX   /JPS 
IBLKPl=(IMAX*65)/6'» 
IM0S1 = 6«»»IBLKP1 
IR0WS=IBLKP1»JPS 
1W3S=6<«»IR0WS 
IW0SY=IWDSH-6«» 
KU=0 
KW=KU*IHOS 
KM=Ky/*iwas 
KI=KM+IMDS    • 
KP=KI+IHOS 

C 
JO   10   I=1,IMAX 

10 X(I)=Z(I*65) 

C 
HSMQ 
30   13   I=1,IHAX 
OX(I)=X(I)-MSA 

IS HSA=X(I) 

JO   20   J=1,JHÄX 
20 Y(JI=Z(J*IW3SY) 

HSAsQ 
JO   25   J=1,JMAX 
OY(J) = Y(J)-WSA   ..   „_    _ 

25 MSA=Y(J) 
C 

MSA-0 
JO   30   I=1,IMAX 
HSB=X(I)»»2 
TAU(I) = 3.1«»159265358qrq»(HSB-MSA) 

30 HSA=HSB 

KK=0 
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«; 

30 600 JB-l,STRIPS 
CALL RE3I<O(Z»IH0ST) 
KL = 0            
00 610 J=1,JPS 
30 620 I-lfIMAX 
KKsKK^l 
K=KL*I*1 
U(KK)=Z(K*KU) 
V(KK)=2(K*KV) 
AMX(KK>=Z(K*K1) 
AIX(KtO»Z(K«Kt) 
P(KK»=Z(K*KP> 

620   CONTINUE 
KL*KI-»IN0S1 

613   CONTINUE 
600   CONTINUE 
C 
C        SHORT PRINT 
C 

MR':T£(e.it70) CYCLE 
00 200 1=1,U 

200   PR(U = 0 
K=0 
DO 221 J=ltJMAX 
DO 220 I-l^IMAX 
K=K*1 
IF(AMX(K)»300,220,210 

210   HSB=ö.5MU<IO0»2*V(K)**2) 
PRI1>=PR(U + AMX<K>*AIX<K> 
PR(2)=PR(2)«HSB*AHX(K) 
PR(<*)=PRm>ANX(IO 

220 CONTINUE 
221 CONTINUE 

PR(3)= PR(1)*PR(2J 
WRITE(6,360) PROB,CYCLE,T,OT 
HRITt(6,370) «PR<I),I=1,'») 
MRITE(6,380> ETH.RELERK 

C 
C        LONG PRINT C03E. 
G 

MRIT£(6,360) PROB,CYCLE .S OT 
DO 2d0 I=1,IMAX 
HRITE(6,<i20) I,X(I>,3X(:> 
K=IMAX»JHAX+I 
JsJMAX+1 
00 270 L = 1,JI1AX 
J=J-1 
KSK'I1A X 
IF(ANX(K) .EQ.O.) GO TO 270 
RHO=AMX(K»/(TAU(I»»OY(jn 
MRITE(6,i»30) J,U(K> , V (Kl ,P (K» , 3HY, AMXCK) ,AIX<K) ,RHO, Y (J) 

270   CONIINUE 
283   MRITE(6,500> 

GO TO 205 
C 
C       NEGATIVE MASS. 

300   WRITE (6,if 90) 
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20 
10 

C FORHATS. 

360        FORHAT(8HlPROBLEM6X5HCYCLE9Xi»HTIME13X2H3T/F9.>,F11.0,lP2X2£l6.7) 

370   FORMAt /V/^^ 
380   FORMATi///l6X3HTHE12X9HREL "ROR/lP7X2t19.7////) 
«0   FOPdATCH I =I3,6X6HX(I) =Fi2.3,6X7hOX (I > =F12.3//3H  J8X1HU 

X13 1HV13X1HP1«IX«.X11X3HHMX11X3HAIX12X3HRH011X1HY/) 

(♦30   FORhaT(lPlXI3,lX8Eli«.6)      Ä„Ä. *.,. -...., 
«♦70   FORMAT (///21H TAPE k   DUMP ON CfCLEFfe .0////) 
(♦90   FORMAT (27HlNEGÄTItfE MASS ENCOUNTERED. ) 
500   FORMAT(/////> 

END 
SUBROUTINE PRINTZ 
COMMON Z(6U» 

MRITE(6,99) 
99    FORMAT(IHl) 

DO 23 1=1,32 

uRTTe(6.10) I.Z(I).Z(I)fII»Z<II)»Z<II> 
?S^A}(llllc:IpE20.6.0plxF20.6,l5X_tIlO,lPE20.6,OPlXF20.6) 

RETURN 
EN3 
SUBROUTINE REDI^atZ.N) 
REAL Z(N>,ZZZ(5U0) 
LOGICAL FIRST 
DATA FIRST/.TRUE./ ._ __.. _   

C 
IF(FIRST) REMIND <♦ 
FIRST=.FALSE. 
N1=0 

100   REA3(^,EN3=200) (ZZZ (I» .1=1 fS'IO) 

DO 11 K=l,256 

CALL I<tBF<ZZZ(2»K-l),ZZZ(2»K),Z(in 
10 IF(I.GE.N) RETURN 
11 CONTINUE 

N1=N1*256 
GO TO 100 _ .  

C 
200 WRITE(6|201) 
201 FORMAT (2'»H1EN0 Of FILE ON I* DISK.) 

STOP 
END 
SUBROUTINE JAIfCAfBig)                 - 
INTEGERO1Ö0 
DATA   IBIASiOlOO/O^OOQOfOlQO/ 
EQUIVALENCE(XE,IE) 

C 
C 

IF(A.NE.0.0.pR.B,NE.A.0J _GP_T^  5    
G=C 
RETURN 

Q 
5 XE=I"ONCATIO,A,1«».30,15» 

IE=IBIAS*39-IE 
C It«  IS POHERJOF  8 __        

C0 "ESE   IS  RT  SHIFT  OF  MANTISSA   AT   IE8 
IE8E = IE-3ME8 

108 



IMnHMBMnHf^WKnMnBMHMMHMWHHM^ ^''»^^^■■■■■■■■■■■iMHHBnBMHHBMHHMh4 '^WHMMMn 

IF(IE8E.GE.O) 60 TO 20 
IE6E=IE8E>3 
IEeaIE8-l_ _   _  _ 

20    IE8=-IEe 
IF(IE8.LT.O) IE8=O100-IE8 

C      PICK UP SIGN 
OUTsCONCAT 101A »<»6f 3*, 1) 

C      PICK UP EXPONENT 
OUTsCONCAT (OUT , IE8,«.5 ,6 ,7) 

C     PICK UP TOP OF MANTISSA 
Or -C0NCAT(0UT,A,38-IE8E,15,16) 

C      PICK. UP BOTTOM OF MANTISSA 
C=C0NCAT(0UT,B,22-IEflE,31,23-IEdE) 
RETURN 
END 
SUBROUTINE i(»BI(A«BiC) 
IF(A.NE.O.O.ORiB.NE.O.O) GO TO 5 
C-0 
RETURN 

C 
5     CC=CONCAT(0,A,«.6,31,1) 

CC=CÜNCAT(CC,A,38,6,7) 
C=CONCAT(CC,B,3l,31,32) 
RETURN 
END 
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