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Abstract

TART97 is a coupled neutron-photon, 3 Dimensional, combinatorial geometry,
dependent Monte Carlo transport code. This code can ranyomodern computer. It is

acomplete systento assist you with input preparation, running Monte Cealoulations,
and analysis of output results. TART97 is afswedibly FAST; if you haveused similar
codes, you will be amazed at how fast this code is compared to other similar codes.
the entire system can save you a great deal of time and energy.

TART97 is distributed orCD. This CD contains on-line documentatidior all codes
included in thesystem,the codes configured to run onvariety of computers, andghany
example problems that you can use to familiarize yourself with the system.

TART97 completely supersedesall older versions of TART, and it is strongly
recommended that users only use the mostcent version of TART97 and its data
files.
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the initial release oTART95 and TART96, and iterms of proposing new or improved
options to meethe needs of users, nomcorporated in TART97. | highly encourage all
users to supply their feedback to me.
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The TART97 System

This report is intended merely as a brief introduction to TART9palticular no graphics
resultsare presented ithis report.The on-line documentatiofor the TART97 system
codes, distributed on TART97 CD, hagen coordinated to illustrat®mbined use of the
codes to make your job simpler and your work easier to accomplish, in particular extensive
use ofinteractivegraphics. If youhave notusedinteractivegraphics before yoare only
making your job harder and your taskdl take longer to accomplishl Strongly
Recommendthat you also read the on-line documentation for TARTCHERICSHOW

and PLOTTAB, to get detter overall picture afiow thisentire codesystemfits together

and can helyyou. The TART97 on-line documentation is in Microsdf¥ord 5.1 format

and includes black and white as well as color grapFsalts. Only when yostart using

the codes in combination will you realize that this is a complete system that can really assist
you in your work.

Computer Requirements
TART97 will run of anymodern Computer, with ateast 8 MegabyteBlemory and 20
Megabytes Disk Space. This puppy can run on virtually any computer; see, thetdigéow
of running times on a variety of computers.
TART97 CD
TART97 is distributed orCD. This CD contains on-line documentatidior all codes

included in thesystem,the codes configured to run onvariety of computers, andghany
example problems that you can use to familiarize yourself with the system.

TART Home Page

| am in the process of establishing a TART home page on the web at,
http://reddogl.linl.gov

This site will soon containall of the TART documentation, as well as information and
documentation related to TART and the nuclear and atdate that ituses. Thissite will

be periodically updated, with newsletteetc. If you are a TART user you should
periodically check this site for the latest news.

TART Hot Line
Well, not exactly a hot line, but at least a placéuto to when yowneed help. Ifyou have

any difficulties setting up TART input, running it, or analyzing outgoy can contact me
at,

Telephone: 510-423-7359
E. Mail: cullenli@lInl.gov
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Background

TART97 is a coupled neutron-photon, 3 Dimensional, combinatorial geometry, time
dependent Monte Carlo transport codéne original TARTND has beenused and
distributedfrom Lawrence Livermore National Laboratofgr many yearsTART95,
released in July 1995, was the first version of the code designed to be used on virtually any
computerTART96 was designed to extend the general utility of the code to arees of
application, by concentrating on improving the physics usetidoyode TART97 further
improvesthe physics, plus it adds newput options, andyreatly improved consistency
checking designed tmakethe codemore useiffriendly and to improvehe reliability of

results TART97 completely supersedes all older versions of TART, and it is strongly
recommended that users only use the mostcent version of TART97 and its data

files.
TART95

The objective ofTART95 [1] was todevelop a code that is @@mputer independent as
possible. This objective was met by July 1995, when TART95 and its documentation were
distributed forgeneraluse. Atthattime TART95 wasoperational on largenainframe
computers, such as CRA¥YNd workstations, such aSUN, SGI, HP, DECAIpha,
Meiko, and IBM RISC, asvell asIBM-PC. Since thatime it has becomeperational on
additional types of computers, such as PowerMAC and even Laptop computers.

TARTO5 is written in such simple, computiedependenFORTRAN, that it cannow be
easily implemented and used on virtually any computer.

TARTO96

Oncethe objectives oTART95 were met worlbegan on TART962]. The objective of
TART96 was toextend the general utility of the code rtwore areas of application, by
concentrating on improving the physics used by the code.

The most important improvements include,

NEW NEUTRON 650 GROUP TREATMENT: for cross sections ovehe energy
range 16# eV up to 1 GeV. Older versions tife codeused a 175 groupeatmentrom

1.309 103 eV up to 20 MeV, with most dahe groupsconcentrated at higher energy; this
limited accurateuse ofthe code to higher energy applications. In contrasindwe 650
group treatment is designed tccurately treat the entireeutron energy range, thereby
allowing the code to be used for a wider range of applicationgefreutrondata isonly
generally available up to 2deV, but assoon ashigher energydatabecomesavailable
TARTO6 is ready to use it. If you are a fan of the older 175 gi@apment, not b&vorry:
TART96 can use either 175 or 650 groups - the choice is yours.

ENDF/B-VI CROSS SECTIONS: Older versions othe codeonly usedthe Livermore
ENDL library, which is primarily designed for use in high energy applications. In contrast
the ENDF/B-VI data isdesigned fogeneraluse atall energies [3].Thereforeusing this
data allows the code to be accurately used in a wider range of applicatipms.ate a fan
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of the older ENDL data, not be worry: TART96 can use either ENDL or ENDF/B-VI - the
choice is yours.
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IMPROVED THERMAL SCATTERING TREATMENT:  The major advantages of
the new thermal scattering treatment includgrovedaccuracy ofsampling, andyreatly
improved speed of execution [4].

FURTHER IMPROVEMENTS IN COMPUTER INDEPENDENCE: TART95
was implemented on\aariety of computers, but it requireithe use of a few routinethat
varied from one computer to another. Cthe basis of userfeedback,most of this
remaining computedependencéhas now been eliminated, and TART96 isow so
computer independent that it is almost trivial to implement it on anytyysvof computer

that comes along.
TART97

Oncethe objectives ofTART96 were met workbegan on TART97The objective of
TART97 was to extend the general utility of the code to ewere areas of application, by
concentrating on improving the physics, and extending input options used by the code.

The most important improvements include,

NO UPPER LIMITS: on anything yowcan define by input. Unlike earlierersions of
TART, thathad amaximum allowed number of zones, surfacesic., TART97 has no
limits atall. If you want to use a million zones, withddferent materialcomposition in
each zone, or anything else you can think of, TART97 can handle it.

NO LOWER LIMITS: on anything yowan define by inputWith earlier versions of
TART, that used fixednaximum limits, therewas alot of overheadvhen running small
problems. For example, when TART96 started it used 50 megabytes of memory. TART97
starts with about 1 megabyte and expands to tleedeeds ofeachproblem. Typical
problems only use 3-4 megabytesneémory. lhaven't tried it, bulTART97 is now so
compact it will probably run on the new Palm Top computers.

NEW LONG RUN RANDOM NUMBER GENERATOR: The new generator

includes over 2,50@lfferentrandom number sequencesch sequence a trillion (9

random numbers displaced from the preceding sequence. With a modern computer we can
generate a trilliomandom numbers iabout one day, if thatall a code is doingWith

TART97 each random number sequence should take about 10 to 20 days to use a complete
trillion numbersequence. Therefore the currerdlyailable2,500 sequences shoukéep

you busy for years; and if you need more, just ask for them.

MULTIPROCESSING: If you have a largeeomputer with say 256 processasd a
gigabyte ofmemory, youcan do the arithmetigourself: for atypical 3-4 megabyte
problem, you can run 250 copies of TART&V at thesame timeand usehe new utility
codeTARTSUM to add all of the results together. This approach is completely computer
independent, and in this exampleu cancompress 250 days of woikto a single day

(more than a year of working days into one day). With the new random ngeenator,

using different random number sequences feach run, you can make over 2,500
statistically independent runs and combinerégults. Youcan dothis simply by running

the same problem with different random number sequeeities;using multiprocessing,

or any number of single processor computers that you have access to, or a single processor
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repeatedly, if you just want to run more histories to improve your results.

UCRL-1D-126455, Rev. 1 7 TART9Y




UCRL-1D-126455, Rev. 1 TART9Y

NEW INPUT OPTIONS: have beeradded to extenART97’s capabilities, as well as
to simplify and make input more user friendlhese optiongnclude: cubic and quartic
(e.g., torus) surfaces new rotation and spatial translation, surface cloning new
neutron and photorsources see,Appendix: Summary of New Conventions and
Options.

IMPROVED INPUT CHECKING: to catchmore input errors beforethe calculation
begins. As described below, this checkingn®w incorporated in both TART97 and
TARTCHEK. WARNING it is highly recommendethatyou always us§ ARTCHEK
to check your input, before actually running TART97.

IMPROVED ANALYTICAL VOLUME CALCULATOR: in many cases the results
that we are interested in are not results per zone, but rather results petumé (e.g. per
cc). Theimprovedanalyticalvolume calculator greathextends TART'sability to quickly
calculate zonevolumes. Thiswill meet the needs of mostapplications.For extremely
complicated geometricshapes TART97 includes a very fast Mor@arlo volume
estimator. Used in combinatiothe analyticaland Monte Carlovolume calculators can
quickly define thevolume of all of your zones, regardless of howomplicatedyour
geometry may be.

MODULAR CODING: TART97 is also verynodular, so that portions ahe code can

be used inother codesFor example, TART97%and TARTCHEK useexactly thesame

input and geometrpackage; thimssureghatwhen you use TARTCHEK toheckyour
geometry, when you run TART97 wtill interpret your geometry inexactly thesame
manner. Similarly these packages will soon be incorporated into EPIC: an Electron Photon
Interaction Code.

THE LATEST NEUTRON AND PHOTON DATA: TART97 usesthe latest
ENDF/B-VI, Release 4 neutrondata [5], and Evaluated Photobata Library ‘97
(EPDL97), photondata[6]. As with past versions of TART, if you would prefer to use
older data, the option is yours.

INTERNAL CONSISTENCY CHECKING: No code is perfect, andor any
complicated codesuch as TARTthathas many possible paths throughit is virtually
impossible to manually check all possible paths. With TART97’s inéevnal consistency
checking, it does its own checking every time it is run. For exarepéy single array in
the code is checkefbr misuse, in arattempt to find asnany errors as possibl&his
procedure haslready led to accelerated codevelopment and improvements, ani
continue to do so in the future.

GENERAL IMPROVEMENTS: TART97 is based othe olderTARTND code, but
requiredmassive changes tbhe code tanake itthe modern, computeindependent code
that it is today. Assuchthere werebound to be some growing paiwgth this essentially
new code. Over the last two yealegdbackirom the many codeusers hased to general
improvements in the code, both in termdamfating and correctingroblem areas, asell
as in adding and improving code options to meet the needs of users.

FULL OPTIMIZATION: One generalimprovement worth noting, ishat based on
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communications with a variety of FORTRAN compiler designers, TART97'bé&as re-
designed to allow it to be compiled #te highest level of optimization on most
computers, which can greatly reduce running time, without sacrificing accuracy.
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TEMPERATURE DEPENDENT NEUTRON DATA: In thepast TART has always
used nominally roomemperature (300 Kelvin) neutracross sections. Wean now
prepare additional data files at virtually any temperature to meet programmatic needs [5].

PHOTON 801 POINT TREATMENT: Still to be incorporated in futureersions of
TART is a new photon 801 point treatment for cross sectionstbgegnergy range 10 eV

up to 1 GeV. Older versions of the code used a 176 point treatroentL00 eV up to 30

MeV, with most of the points concentrated at higher energy; this limited accurate use of the
code to higher energy applications. As witle 650 group neutrortreatment, this new
treatment of theghoton cross sections is designedatxurately treat the entirenergy
range, allowing the code to be used for a wider range of applications.
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Running Time

The below table presents resultsbtainedusing the TART 68 fast critical assembly
benchmark problems\ll 68 fast criticality problems were run oeachcomputer. This
table summarizes timing results féine olderTARTND code, thatonly runs onCRAY

computers, as well as TART96 and TART97 on a variety of computers.

Code Computer Running Ratio to

Time TARTNP

(Seconds) CRAY-YMP
TARTNP CRAY-YMP 5396 1.0 YMP
TARTNP CRAY-J90 7727 1.43 J90
TART96 IBM-PC 799[a] 0.15 Pentium 2/266 Mhz
TART96 DEC-Alpha 887 0.16 800 Model 5/300
TART96 IBM-PC 1182[a] 0.22 Pentium Pro/200 Mhz
TART96 HP-735 1932 0.36 735/125 MHz
TART96 IBM-PC LapTop 2791[a] 0.52 LapTop/133 Mhz
TART96 SUN 2861 0.53 E3000/166 Mhz
TART96 CRAY-YMP 4502 0.83 YMP
TART96 IBM-RISC 6404 1.19 RS-6000
TART96 Power-MAC 7660 1.42 7500/100 Mhz
TART96 Meiko 7843 1.45 CS-2/66
TART96 SUN 7956 1.47 Sparc-20
TART96 CRAY-J90 8103 1.50 J90
TART96 SGI 8633 1.60 R4000/100 MHz
TART97 DEC-Alpha 712 0.13 800 Model 5/300
TART97 IBM-PC 855[a] 0.16 Pentium 2/266 Mhz
TART97 IBM-PC 1185[a] 0.22 Pentium Pro/200 Mhz
TART97 HP-735 1834 0.34 735/125 MHz
TART97 SUN 2107 0.39 E3000/166 Mhz
TART97 IBM-PC LapTop 2990[a] 0.58 LapTop/133 Mhz
TART97 CRAY-YMP 4262 0.79 YMP
TART97 IBM-RISC 5739 1.06 RS-6000
TART97 Meiko 6225 1.15 CS-2/66
TART97 SUN 6315 1.17 Sparc-20
TART97 Power-MAC 6446 1.21 7500/100 Mhz
TART97 SGI 6953 1.29 R4000/100 MHz
TART97 CRAY-J90 7673 1.42 J90

[a] DEC Visual FORTRAN is now usedince Microsoft abandonesupport of its
Powerstation FORTRANThis isthe only computer/compiler combination tested where
TART97 does not run faster than TART96.

When we compareghe threecodesall run onthe same CRAY-YMP, wefind that
compared tdhe olderTARTND code, TART96 is about 17 % faster, and TART97 is
about 21 % faster. Sthatnot only has TART9%heen extendefbr more generaluses,
these extensions were accomplished with no lose in runningefimiency, i.e., TART97

is actually faster than TART96, except as noted above.
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You should also note the advantage of TART96 and TART97 tbeeolderTARTND in

terms oftheir ability to beused onvirtually any computer. For examplesven a Laptop
computer runs TART9about twice as fast aBARTND on a CRAY-YMP,and on a
basically $ 3,000 IBM-PC Pentium-Il, 266 MHz, TART97 runs about six times faster than
TARTND does on a multi-milliordollar CRAY-YMP. Considerthat sincethis $ 3,000
computer, has run 68sparate criticalityproblems in dotal of 855 seconds, it mearen
average each criticality problem is completed in less than 13 seconds!!! It boggles the
mind.

Why is TART so FAST?

Some users makihe mistake of assuminthat sinceTART is so muchfaster than other

codes that perform the same types of calculations, the results based on other codes must be
better tharthose based on TART. When you use TART yall find thatits results are

just as accurate as those of other codes. So why is TART so fast?

There isn’t any big secret to TART's speed: it is based on over 30 years of continuous use
and improvement. During this time roughly 80 work years of physicist/programmer time,
and hundreds of work years of usaiperience, where incorporated i@ code that we

have today. To illustrate why TART is so muelster and still asiccurate as otheodes,

I'll mention just a few points.

First isthe use of multi-grougata, including thenulti-band method taccountfor self-
shielding [1, 7], as used by TART, compared to continuous emeogg sections used to

other codes. Results using continuous energy cross sections have to be better, right? This is
only true ifyou run acalculationfor extremely long times sthatyou accuratelysample

ALL of the continuous energy cross sections. This is almost never done, and | know of no
code that explicitlyincludes an estimate of the uncertainty in rigsults based on the
enormous variation in continuous energy cross sections. In comparison, T&ppreach

is designed for theeal world, and incorporates not ontlge best nuclear and atomaata,

but also the best nuclear and atomic engineering.

For example, if we look at the U-238 cross sections we see capture cross sieativary

by roughly four orders of magnitude, and van sedhat it iscomposed of very narrow
resonances withielatively large energy intervals betweegsonances, i.ethe ratio of
resonance spacing to width is ab@0@0 to 1. Thigdata iSVERY DIFFICULT to sample

on a continuous energy basis. Indeed if you try it you will find that in order to obtain even a
fairly accurate estimate of the averagess sectionand distance to collisiogou would

have to sample billions of histories. | don’t know of any cth@d#uses continuousnergy

cross sectionthat actuallydoes this.They simply supply you withthe “best” possible

cross sections and assume that this will solve your problems. TART takes it a step further:
not only does TART us¢he “best” crosssections, but alsamsesthe “best” nuclear
engineering. Again, consider the U-238 cross sections. Anyone whakeasacourse in
reactorphysics knowghat inthis casehe neutrorflux will self-shield and weknow the

form of the self-shielding. Therefore we do not neatlof the nitty-gritty details ofeach

and everynarrow capture resonance order to perform a@accuratedransportcalculation.

Think about it: people have been successfully designing nuclear reactors for over 50 years,
and yetonly fairly recently haveletailedcross sections beconavailable. Sohow did
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people design their reactors? They did what TART now does: combine the “best” currently
available nuclear data with the “best” nuclear reactor theory. In the case of TART the use of
the multi-band method to account for resonance self-shielding [1, 7] allows it to use multi-
group, rather than continuous energyoss sectionstesulting in rapid convergence of
calculations, compared to cotteat use continuous energyoss sectionandtake forever

to convergeMost important for users to understandhatthis is done with virtually no

lose in accuracy in the TART calculations, indeed it is fagapthat sincefor reasonable
running timesthe TART results converge and those of other codes do frmt) the
pragmatic viewpoint of obtainingccurateanswers in aeasonableamount of time the
TART results are better.

A second example of why TART is so fast is its treatment of geometry. Compared to other
codes TART uses a very strict geometry, which placeadditionalburden orthe user in
terms ofinput preparation. But the pajff is that the input is easier to cheakd correct
(using TARTCHEK) to improve reliability, and when the code starts to run it FLYS!!

For example, TART insistthat theusersdefine every space point to be within a spatial
zone. Other codes do not insist on this,vdty doesTART? Thefirst reason isthat
without insisting on this it is not possible to check the input parameters for errors; checking
is now simple and straightforward using TARTCHEK, and greatly imprtheseliability

of the input. Next, when TART runsgreatly accelerates trackingow can befew holes

in thegeometry make such a bitifference?Consider a simple problem involving 1000
spatial zones with each zone bounded by 6 surfaces. When a particle enters a spatial region
that is not defined in the problem, i.e., iSh@le”, the codehas totrack (raytrace) to the
nearest bounding surface to determine what zone it will next enter. In this example it has to
ray trace to the 6 bounding surfaces of eadh@f,000spatialzones, to determine which

of these surfaces is closest to the particle in its direction of travel, has ib raytrace to

6,000 surfaces. In contrast, with TART where a patrticle is always within a defined zone, in
this example, we are inside one of the zones and we have to tratia¢egyto the nearest
boundary of the zone. This only involving tracking to each of the bounding surfaces of this
one zone, i.e., ray trace to 6, rather than 6,000 surfaces. No wonder TART geometry is so
much faster to trackhrough. How much of asffectdoes thisreally make? TART and
TARTCHEK useexactly thesame geometrpackage. In the originainethod used by
TARTCHEK todisplay 3-Dobjects, TARTCHEK used aeneral ray tracing technique
thatdid nottake advantage oFART geometry. Whe@MARTCHEK wasupdated taake
advantage of TART geometry the ray tracing to dis@ldy objects ran up t@00 TIMES
FASTER -not 200 % - 200N IMES!!! Picturesthat took hours orall night to produce

could suddenly be done in minutes or seconds. The difference was dramatic.

| should also mentioithe unresolved resonance region, where by definition we do not
know the cross sections on a continuous energy basis, but it can be accurately treated by the
multi-band method used by TART97. Ask yourseifhat do codethat claim to use
continuous energy cross sections do in the unresolved resonance region?

These are but &ew examples of why TART runs so mutdster than other codes, with
essentially no lose in accuracy. Try it for yourself and see what you think.
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What Code should you be using?

TART97 completely supersedesall older versions of TART, and it is strongly

recommended that users only use the mosecent version of TART97 and its data

files. How do you know if you have the most recent versiothefcode and itdata files?
As soon as the code starts to ruidéntifies theversion youarerunning andthe dates of
its datafiles. Below isthe beginning of the code output repdibte, the code version:
TART 97-5, Nov. '97, and the date of all the data fil€82/19/97 If you areusing anolder

version ofthe code or itglatafiles, it is strongly recommenddtatyou obtain themost

up-to-date code and data; see, the below sectidwvaitebility .

TART97 - Neutron-Photon Monte Carlo Transport (TART 97-5, Nov. '97)

I/0 Files Opened for Entire Run

Definition Filename Unit Date

TART Input Parameters.................... TART.IN 2

TART Output Listing..........cccceeeens TART.OUT 3

TART Input Scratch File.................. TARTOINO.TMP 33

Neutron Interaction Data File............ TARTND 7 09/19/97
Photon Interaction Data File............. GAMDAT 8 09/19/97
Neutron Induced Photon Production File... TARTPPD 9 09/19/97
Multi-Band Parameter File................ NEWCROSS 10 09/19/97

Neutron Interaction Data. 566 Groups 1.0000D-10 to 2.0000D+01 MeV
Photon Interaction Data.. 176 Points 1.0000D-04 to 3.0000D+01 MeV

Utility Codes

In addition to theTART97 codeyou should also baware of the utilitycodes distributed
with TART97; of particular note iSARTCHEK . One of the most difficult taskkat you
will face in using any3-D combinatorial Monte Carlo code is to correctly define input
parameters forthe code, particularly to correctly defingeometry. This is what
TARTCHEK is designed to helgou with. It is aninteractivegraphics codehat will
allow you to view and check your input parameters before yo ART97. Even we so
called "experts" oTART97 find that usingTARTCHEK can greatly reduce tr@mount

of time that we have t@pend oninput preparation, and even whatnsre important,
greatly improve the reliability of our input parameters.

TARTCHEK canalso helpyou analyzeresults by overlaying flux or energy deposition
on your geometry. Instead of spending days or weeks wading your way thrdhigh a
output listing trying to understand the results, uSIMRTCHEK a few minutes after you
finish a TART97 calculation you can “see” the results overlaid on your geometry. Not only
will this saveyou time, it can improve youroverall understanding athe results, by
showing you the “big picture” of how flux, depositiatc., in each zone is relatedttat

in all other zones. This is somethitigat isvery difficult to “see” regardless of holong

you stare at an output listing. If you are not uSIAdgRTCHEK you are only making your
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job more difficult, and you don't know what you are missing.

You should also be away tiie new utility code TARTSUM, which will addtogether
results fromany number of TART problemsand produce a combined outpile in
EXACTLY the same format asany other single TARTproblem outputfile. Our
computers are getting faster and faster, but we are runninghespeed ofight problem,
where we can only get so much work done using a single processor. TARPArosch

to multiprocessing allows us to avoid this limit, in the sense that we can now compress the
work that used to take many days, into a single day. This is tre¢h@nmultiprocessing
computers or a group of singbeocessors computers. Just run your problems on ANY
computer(s), using as many processors as haue access to, anbARTSUM will
combine the results for you. Notesince the combined outputfile produced by
TARTSUM is inEXACTLY the same format as any other single TART probterput

file, if you are one of thenany TART users whdave utility codes to further process
TART output results - not taorry - your utility codes willwork on the combinedfile,
exactly the same way they work on the results of a single TART run.

Documentation

Although TART95, was superseded by TART96, that in turn hashemmsuperseded by
TART97, the most complete documentation for TART97 is still,

TART95: A Coupled Neutron-Photon Monte Carlo Transport Code, Lawrence
Livermore National Laboratory, UCRL-MA-121319, July 4, 1995, by D. E. Cullen,
A.L. Edwards and E.F. Plechaty

At Livermore, for copies of this reportpntactme. Outside of Livermoresontactyour
local computer code center; see the below section on Availability.

Additional Documentation
The TART97 systemalso includes documentation fofARTCHEK, EPICSHOW,
PLOTTAB, EDITOR and theutility codes. To fullyappreciate the features of the overall
system you are encouraged to also read the documentation for these codes to see examples
of how the codes can be used in combination.
TART95 documentation is now available on-line on the Web at,
http://www-phys.linl.gov/N_Div/ITART
All of the TART97 documentation will soon be available at the new TART Website.

Availability

At Livermore, for copies othe system,contactme. Outside of Livermore;ontactyour
local computercode center - within the United States, the Radiation Safiébymation
Computational CentglRSICC), OakRidge National Laboratory (e. mail: jio@ornl.gov),

outside of the United States, t¥&=CD NuclearEnergy Agency/Data BanKNEA/DB),
Paris, France (e. mail: sartori@nea.fr).
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Code Installation

The code is distributed wittietailedinstructions concerning installation and testing of the
code. These instructiorsse periodically updatefibr distribution withthe code, tansure

that the instructions are as up-to-date as possiblegxawdly correspond tdhe version of

the code that you will be implementing and using. As such, installation instructions will not
be included here.
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Appendix: Summary of New Conventions and Options

To help explain and illustrate these ofthe new optionsthe TART97 CD distribution
includes example input decks. | encourgge to use TARTCHEK tdook at these
examples - particularly using 3-D views, so you can see them better.

Biggest Changes for TART97 vs. TART96

There is no limit on inpuparameters. Yowan have anywumber of surfaces, zones,
bounding surfaces, materials, sources, e.g..caouhave a milliorzones, with a different
material in every zone, if you want to do burnup calculations.

This also meanthere is ndower limit. Earlier versions of TART were dimensioned to
handle largeproblems.Because of thishe codewould start at about 50 MB and then
decrease in size. This caused stapupblems on smaller computers. TART97 starts at
about 1 MB and increases to meet the needs of your spa@btem; most problemwill

only use 3-4 MB.

Any input line cannow becontinued onto anpumber ofcontinuation linesWith earlier
versions of TARTsomeinput, particularly complicatedources,could not be continued
from one line to another, which mathgput preparation difficultYou will find that being
able to continuany input line, it ismuch easier to prepare inpusome ofthe following
new options, such as cloningptation and spatial translation, werecommended by
TART users,and arealso designed to simplifpreparation of TART input. Iyou have
ideas to even further simplify input preparation, I'd love to hear them.

The new input Options
Cubic

xcubic nb x0y0z0Odcba
ycubic nb x0y0zOdcba
zcubic nb x0y0z0dcba

a cubic, rotationally symmetric about an axis - the equations are,

xcubic: (y-yOR + (z-z0¥ = R(x}2

= a(x-®¥ b(x-x0¥ + c(x-x0) + d
yecubic: (x-XO® + (z-z0¥ = R(y)$

= a(y-yd) b(y-yop + c(y-y0) +d
zcubic: (x-x0% + (y-y0)¥ = R(z¥

= a(z-2 b(z-z0¥ + ¢(z-z0) + d

nb - Surface Number
x0, y0, z0 - Center coordinates
d,c, b,a - Coordinates of the cubic
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Theradius along one axis is represented as a cubic. By defining asingsacubic and
planes perpendicular to the axis of the cupar) can reproducalmost any surface, using
different cubic parameters to apply along different intervals of the axis; exactly as we think
in terms of performing cubic spline fits.

You can reproducalmost any surface depending on a, b, c and d - spheres, ellipses,
cylinders, cones, parabola, hyperbola, plus more complicated shapes.

WARNING it is R2, NOT R, that is represented by a cubic.
Example problem: NEWCUBIC.IN
Torus

xtorus nbx0y0zOabc
ytorus nbx0y0zO0abc
ztorus nbx0y0z0Oabc

a torus aligned with an axis - the equations are,

xtorus: [(x-x0)/af + [(r-c)/b]2 = 1
r2 = (y-y0)2+(z-zOp
ytorus: [(y-y0)/af + [(r-c)/b]2 = 1
r2 = (x-x0)2+(z-z0¥
ztorus: [(z-z0)/a& + [(r-c)/b2 = 1
r2 = (X-X0Y+(y-y0)2

nb - Surface Number
x0, y0, z0 - Center coordinates
a, b, c - Coordinates of the torus

If a =b, it is a circular torus, otherwise it is an elliptical torus.
Example problem: NEWTORUS.IN
Rotation about the X, Y or Z axis

xrotate ang isl thru is2
xrotate ang isl is2 is3......
yrotate ang isl thru is2
yrotate ang isl is2 is3......
zrotate ang isl thru is2
zrotate ang isl is2 is3......

A rotation of surface(s) about an axis by a clockwiswleang (degrees) looking up the

axis. Rotation is about the ORIGIN - nbe center of theurface. Note, this differsom
surfp andsrotate input, whichcanonly be used tootatesurfr input about the center of
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the surface.

ang - angle of rotation in degrees
isl thruis2 - rotate surface numbers isl thru is2
islis2 is3... - rotate the listed surface numbers

Surfacescan be rotated one anore times,and the rotation is cumulative armtder
dependent.

Any linear or quadratic surface may be rotated. Cubictantg MAY NOT berotated (at
least yet).

WARNING - these optionsire executeimmediately wherthey are readrom a TART
input deck. Thereforall surfaces to beotated MUST be defined before they can be
rotated, and the order of rotations is important.

WARNING - for TARTCHEK usersthe lower, left hand plot, is looking ahe front of

your geometry in the (z,x) plane, looking UPE Y AXIS. The upper,left hand plot, is
looking down atthe top ofyour geometry inthe (z,y) plane, lookihngDOWN THE X
AXIS. The lower, right hand plot, is looking at the right hand sizgooir geometry in the

(y,x) plane, lookingDOWN THE Z AXIS. As aresult, a clockwise rotation about the y
axis will appear clockwise in the lower, left hand plot. However, a clockwise rotation about
the x axis will appearCOUNTERCLOCKWISE inthe upper, left hand plot, and a
clockwise rotation about the axis will appeartCOUNTERCLOCKWISE inthe lower,

right hand plot. This isn't an error - it is merely a result of ymrspectivavhen viewing
TARTCHEK displays.

Example problemsNEWHEX.IN, NEWROT.IN (1rotation) andNEWROT2.IN (2
rotations)

Translation of Spatial Coordinates

addxyz xadd yadd zadd isl thru is2
addxyz xadd yadd zadd islis2 is3...............

Add (x,y,z) to the current center of surfaces.

xadd, yadd, zadd - add to the current (x0, y0, z0) center coordinates of surfaces
isl thru is2 - add to surface numbers isl thru is2
islis2is3... - add to the listed surface numbers

Any surface may be translated, any number of times - and the results are cumulative.
This can be used to translate an entire object or objectadw lcation, by translating all
bounding surfaces by the same amount. It also simplifies input by allgwingpignore

the final position of a collection of surfaces, and input them as if they are at the origin - then
later "add" their final center coordinates.

WARNING - these optionsire executeimmediately wherthey are readrom a TART
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input deck. Thereforall surfaces to bepatially translate@MUST bedefined before they
can be spatially translated.

Try: Adding this to any of the example input
Cloning (Duplicating) Surfaces

clones ns isl thru is2
clones ns islis2is3.....

Clone (copy) a surface ampmber of times. Surface nsdepied to definesurfaces isl
thru is2, or isl is2 is3.....

ns - surface number to clone (MUST be defined)
isl thruis2 - make surface numbers isl thru is2 identical to surface ns
islis2 is3.. - make the list of surface numbers identical to surface ns

Limitations: surface number ns MUST be defined BEFORE it can be cloned (copied). The
surface numbers isl thru is2 or isl is2 is3... MUST NOT be defined.

Any surface may be cloned, any number of times.

This option can beused to minimizeinput preparatiorwhen youhave anumber of
identical surfaces that will finally be located at different locatidfmi can input a surface
once, clone it, and then later translate and/or rotate the clones to their final locations.
WARNING - these optionsire executednmediately wherthey are readrom a TART
input deck. Therefore thsurface to be cloneths) MUST bedefined before it can be
cloned.

Example Problems: NEWHEX.IN, NEWROT.IN and NEWROT2.IN

Reduced, Reflecting Geometry

xabove x0

yabove yO

zabove z0

xbelow x0

ybelow y0

zbelow z0

For users who only want to model 1424 or 1/8 ofsymmetric geometrythese options
can be used to: 1) define additional x, y and/or z planes, 2) add these planes as boundaries
of ALL zones, 3) add additional, reflecting zones on the "other" side of the planes.

x0, y0, z0 - a plane perpendicular to the axis is defined at one of these coordinates.

"above" means transport above this plane - the reflecting zone is below this plane.
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"below" means transport below this plane - the reflecting zone is above this plane.

With earlier versions of TART in order to accomplish this you had to include the surface of
the reflecting zone explicitly as l@ounding surface of every zondlith this newinput
option this is automatically done for you.

For TARTCHEK users, tgee the effect of inserting these planesethe above/below
options on the "Surface" page.

WARNING: These planes are inserted into the geometry AFTER ALL input has been read
- they CANNOT be rotated or transformed in ANY way. It is suggested that as a reminder
to yourself, you alwaycatethese options dhe end ofyour TART input deck after all

other geometric input parameters have been defined.

Try: Adding this to any of the example input
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New Sources

Thesesourcescan beused to sample sources framegularly shaped zones. Unlike the
othersourcesthesesourceseject asample if it is not inside aonenumber inthe range
nzl through nz2. Theshreenew sourcesrefor a spheregylinder, or rectangulabox.
For samplingselect whichever of theshapes corresponds “best” ttee shape of your
actual zone numbers nzl through nz2.

RESTRICTIONS

1) nz1 MUST be less than or equal to nz2.

2) If none of 10,000 consecutive samples from the defined volume is withimzoneers
nzl through nz2, it imssumed you made a mistaked the code will terminate. This
prevents the code from going into an infinite loop of sampling and rejecting forever.

sourcel9 nzl thrunz2 ri ro [x0 y0 zO]
s19 nzl thru nz2 ri ro [x0 y0 z0]
s19¢ nzl thru nz2 ri ro [x0 y0 z0]

A spherical shell source of inner radius ri, and outer radipsentered ax0, y0, z0. Use
sourcel9 or s19 for neutrons, and s19g for photons.

nzl - lowest zone number to sample from

nz2 - highest zone number to sample from

ri - inner radius of sphere

ro - outer radius of sphere

x0, y0, z0 - center of the sphere (optional, defaults to 0, 0, 0)

source20 nzlthrunz2 z1z2ri r0 [x0 yO]
s20 nzl thrunz2 z1z2ri r0 [x0 y0]
s20g nzl thrunz2 z1z2 ri r0 [x0 y0]

A cylindrical shell source, aligned with the z axis, extending along the z axis from z1 to z2,
of inner radius ri, and outer radius ro, centered at x0, y0. Use source20 or s20 for neutrons,
and s20g for photons.

nzl - lowest zone number to sample from

nz2 - highest zone number to sample from

z1 - lower z limit of cylinder

z2 - upper z limit of cylinder

ri - inner radius of cylinder

ro - outer radius of cylinder

x0, yO - center of the sphere (optional, defaults to 0, 0)

Note, for acylinder aligned with an axis other th#re zaxis, usesentl 30 (neutrons) or
sentl 43 (photons) to rotate the coordinates.
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source2l nzl thrunz2 x1 x2yly2 z1 z2
s21 nzl thru nz2 x1 x2 y1 y2 z1 z2
s21g nzl thru nz2 x1 x2 y1 y2 z1 z2

A rectangulabox in (x,y,z),extending in xfrom x1 to x2, in y from y1 to y2and in z
from z1 to z2. Use source2l or s21 for neutrons, and s21g for photons.

nzl - lowest zone number to sample from
nz2 - highest zone number to sample from
x1 - lower x limit of box

X2 - upper x limit of box

yl - lower y limit of box

y2 - upper y limit of box

z1 - lower z limit of box

z2 - upper z limit of box

There are no examples of these sources included here.
Changes in sentinels

Do not limit the energy range of transport and scoring
sentl 8 and 9

These sentinels define tineinimum neutron (sentl 8) and photon (sentl 9) energy below
which particles cannot transport.

DO NOT use these, unless ymally want to limitthe minimum energy of neutrons and
photons. TARTwill now usethe minimum energy of thedata readrom the data files -
which for neutrons differs for 175 and 650 groups.

sentl 13 and 14

These sentinels define the minimum neutron (sentl 13) and photon (sentl 14) energy below
which particles cannot tally (contribute to output results).

Similar to sentl 8 and 9 above - DXIOT usethese, unless yoteally want to limit the
minimum editing energy of neutrons and photons.

sentl 15 and 16

These sentinels define the maximum neutron (sentl 13) and photon (sentl 14) energy above
which particles cannot tally (contribute to output results).

Similar to sentl 8 and 9 above - DIOT usethese, unless yoteally want to limit the

maximum editing energy of neutrons and photons. Nssten TARTwill be extended to
higher energies, so get used to not using these options now.
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New random number sequence selection

sentl 12

The code now has 2,501 sequences, one trilliohZl&mples apart. Input O (tliefault)
to 2500 will use the selected sequence. Any other input is a fatal ERROR.

Highly Recommended Options

For compatibility with earlier versions of TART, bydefault thefollowing options are
turned off, unlessthe user specifies byinput that they beturned on. It is Highly
Recommended that you turn on ALL of the following options.

sentl 20

For neutron problems turn on resonance self-shielding. This can make problems run 20 to
30 % longer, but without accountifgr self-shieldingthe resultscan be completely
unreliable.

sentl 25

For photon problems turn dfuorescence. If no photorgetdown to low energies, this
will have no effect omunning time. However, ithey do, this option ISREQUIRED to
obtain reliable answers.

sentl 39

For neutron problems turn on thernsaattering. If no neutronget down to thermal

energies, this will have neffect onrunning time. However, ithey do, this option is
REQUIRED to obtain reliable answers.
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TARTCHEK (Version 97-1) Update

The primary documentation foTARTCHEK is still Chapter 7 of theTART95
documentation. This is merely a brief update wew and improved features of
TARTCHEK.

Distributed withthe on-line documentation afeur color Postscript figureghat will be
discussed below. These figures are in standard Postscript format that can be printed on any
color Postscript printer or viewed with any Postscript viewer, such as Ghostview. In order
to fully understandhe following discussion | suggeshat you view the figures using a
Postscript viewer as you read the following text. If you do not have a Postscript viewer you
can download one from the Web for FREE!

Many TARTCHEK usersare already aware dhis code’sability to help you quickly
verify input parameterfor TART97, particularly to verifygeometry.]| STRONGLY
RECOMMEND THAT YOU NEVER RUN TART97 WITHOUT FIRST USING
TARTCHEK TO VERIFY YOUR INPUT.

To verify TART97 inputusershave beerusing the Geometrypage of TARTCHEK.
What most users seem dtbll be unaware of ithat TARTCHEK is designed tanclude
many pages of options - Geometry is metbbyfirst page of optionshatyou see when
the code startsrou can cyclethrough pages of options by using your mouselitk on
the lowest option on each page. Here I'll briefly describe the next two pages of options.

Surfaces - the second page of options allowsu to see your geometry B+D. New
options allowyou to makeall low density zone@visible, shade objects, arsiice them

open so you can see inside of them. Besdllahenew TARTCHEK ray tracingmethod

runs about 200 times fastéran the originamethod -that right -not 200 % faster - 200
times faster. Plots that used to take hours now take seconds. You will find that in just a few
seconds or minutes you can rotate your geometry to look at it from peasgectives; by
generating a series of plots you can walk around your geometagdltional, as with any

page of TARTCHEK options, you cabtain colorPostscript output of anythindpat you

see on your screen. The first two Postscript figures illustrates use of these features.

Thefirst figure (COG.ps) is a 3-D view ofthe geometry forthe first example problem

from the COG manual. We have a spherical photon source to the lower left. Théads a
filter in the middle (here for convenience modeled as a cylinder; in the COG problem it is a
rectangle). Finally there is a cylindrical detector todpeer right.Later we will return to

this problem when | discuss overlaying your results on your geometry.

The next figur(PULSED.ps) showsthe details of the neutron generator and spherical
shellused in a Livermore pulsed sphere measurements. leabes| haveisedthe new
SLICE options toslice thegeometry open, sthat we carsee inside of itThis is a very
powerful option to let you examine your geometry in detail.
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Flux Edit - The next page obptions allows you tooverlay theresults of TART97
calculations directly onto your geometry; you can overlay energy deposition or flux. To use
this option, after you have run a TART97 source problem (neutron or photon source) you
can run the utility codELUXEDIT that will readyour TART97 outpufile TART.OUT
and prepare results for use by TARTCHEK in the Fl&JXEDIT.OUT . When youthen
run TARTCHEK if you usdghe same TART97nput TART.IN and FLUXEDIT output
file FLUXEDIT.OUT (put them both in youTARTCHEK directory) you can then
immediately see what your results lolike. Analysisthatused totake weeks ormonths
can now be done in a few minutes. The third and fourth figures illustrate use of this feature.

With the third figure(DEPOSIT.ps) we return of thefirst COG example problem,
discussed above. For this example | have used a photon slinected at the detector and
having a 20 degree angular spread. Halledtrate energy depositioWith the absolute
scale at the lower right of the figure we can read diraxftifhe plothow the deposition is
varying. Notethe high deposition inthe lead filter(as we wouldexpect in ahigh Z
material), and the lower deposition in the detector. Weatsm sedhe spatial variation of
deposition in the detectowith figures similar to this it igeally very easy to design
experimentalset-ups. For example, yotan quickly check to see this is really the
thickness of lead filter you should use to achieve a given respotise dietectorYou can
also check on other features that might not otherwise be obvious to you. For exmteple,
the relatively high deposition on the side of the lead filter closest to the detector and outside
of the photon source. This indicates a lot of backscatter from the detector, whicheamight
you to re-position théead filter relative to the detectorsemething you mighhever have
noticed when reading a long output listing - here you can see it maftgéegou have run
the TART97 calculation.

The last figur§PHANTOM.ps) shows the energy deposition iwaterphantom due to

10 MeV photonsncident on thgophantom fromthe left with a 1 degree angular spread.
Herethe geometry is modeled ascglinder 30 cm high and 15 cm in radil&ecently a
colleague asked me what | expected the difference to be in the energy deposition in a water
phantom for a 1 MeV versus 10 MeV phot&ather than try to explain | quicklysed
TARTAID to model his geometry using 100 by 100 zones in R by Z geometry; 10,000
zones. | then ran TART97 followed by FLUXEDIT, and minutgsr wewere looking at

the results. By comparing results for 1 and NIeV photonsthe difference in theesults

were immediately obvious (fallustrative purposes onlghe 10MeV result isshown in
PHANTOM.ps). Finally to understandwhy the results are different we used
EPICSHOW to look atthe oxygen photon crossections; see thEPICSHOW on-line
documentationUsing EPICSHOW to display the oxygen photon cross sectionsould
seethat the totacrosssection at IMeV is considerably larger than at MeV, so we
expect more of the photons ¢ollide and deposit their energy atMeV, compared to 10
MeV. That's part of the picture; theest isthat thelower energy photonsvill scatter
through larger angles and spread owre fromthe incidentphoton beamThe whole
process, TARTAID, TART97, TARTCHEKand EPICSHOW took only about 20
minutes = problem solved!

The bottomline is that byusingthe TART97 system codes inombination youcan do
more than just generate numbers; yan quicklyimprove your understanding ekactly
what’s happening in youproblems, and more importantly youcan improve your
understanding oWWHY it is happening. When | saguickly | mean QUICKLY! When
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you use this code system you will be amazed at how quickly you can accomplish results.
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Program EPICSHOW: A Computer Code to Allow
Interactive Viewing of the EPIC
Data Libraries (Version 97-1)

Abstract

EPICSHOW is annteractivegraphics codehat allows users to vievand interactwith
neutron, photonelectron and light chargepharticle dataBesides on screen graphics the
codeprovides hard copy ithe form of tabulatedistings and Postscript output files. The
code has been implemented oUNIX, IBM-PC, Power MAC, and even Laptop
computers. It should be relatively easy to use it on almost any computer.

All of the data included irthis system is based othe LawrenceLivermore National
Laboratory DataBases andhe neutron angbhotondata isused inthe TART97 Monte
Carlo transport code system.

Overview

For many yearshe dataused atLawrence Livermore National Laboratofyas been
documented ithe UCRL-50400 report series. Anyomeého has subscribed to this series
now has an entire bookshelf of reports.

The problem with publishinglata inbook formis: 1) by thetime the books are actually
published the data can be out-of-date, 2) books allow users thesdata, but they do not
have the data on-line for use in their applications, 3) publishing books is expensive.

As an alternative to the traditionBlCRL-50400 seriesEPICSHOW isoffered as an
interactive computer graphics cod€€ompared to books, eode offers the following
advantages: 1) the data files can be maintained up-tcaddteeriodically distributed, 2)
users can not only see the data, they can interact with it and obtain it ccothpirter in a
form that can be easily usedapplications, 3) compared tbe cost of publishingpooks,
maintaining and distributing this code is relatively inexpensive.

Introduction to EPICSHOW

EPICSHOW is a mousdriven interactivegraphics codeslhere is no keyboard or any
other type of input - ONLY the mouse is used and ALL mouse {efts center, or right)
are treated the same. There are no commands to remee\®2y -option is on the screen
and to use any option all you need do is click your mouse in an option box.

You will find that EPICSHOW is so user friendly that you do eaén need this report to
efficiently usethe code. The easiesty tolearnhow to useEPICSHOW s tgust start
using it. Feel free talick away with yourmouse toselect asnany options as you want,
and see what happenou will find that in notime atall you will be anEPICSHOW
expert.

The remainder of this report defines computer requirements, docutinesatsirces of the
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data used in this system, and then briefly describes ALL current options. That's it - that's all
you need to use this system and understand where the data came from.

Bottom line: HAVE FUN!!!
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Computer Requirements

1 Megabyte of Memory

7 Megabytes of Disk Space

a Mouse

a Color screen is highly recommended, but not an absolute necessity

The code is written in standard FORTRAINt canrun on any computer. It distributed
with a very simple graphics interfaces for use on UNIX, IBM-PC, Power Makd,even
Laptops.The code is sstandard andhe graphicsinterface sosimple, that it should be
relatively easy to use it on almost any computer.

Data Contents

EPICSHOW includes data for neutrons, photons, electrons and light charged particles. For
neutrons data is included for all materials included inLikermore ENDL data base; it is
included in the form of 175 group (energ@yeraged TART9 dataoverthe energy range
0.0013 eV to 20 MeV. For all other typesmbjectiles, data is includddr each element,

Z = 1 through 100, ovehe energy range 10 eV toGeV; in the case ophotons high
energy analytical extensions are provided to extend the data to 100 TeV.

Data References

All of the data included irthis system is based othe Lawrencelivermore National

Laboratory DataBases. Below is st of the primary referencedor each type of data. If
you use any of oudata inyour applications these are the referenges shouldquote to

document the sources of the data.

Neutrons

The neutron data is based on the Evaluated Nuclear Data Library (ENDL). In this system it
is presented in the form of TART97 175 group (energy) averaged data,; this is the data used
by the Monte Carlo code TART97. The primary references to ENDL include,

"The LLL Evaluated Nuclear Data LibrafeNDL): Evaluation Techniques Index, and
Descriptions of Individual Evaluations,” dy.J. Howerton, eal, (Sept. 1975), UCRL-
50400, Vol. 15, Part A, Lawrence Livermore National Laboratory.

"The LLL Evaluated Nuclear Data LibraENDL): Graphs of Cros$Sectionsfrom the
Library," by R.J. Howerton, etl, (Oct. 1978), UCRL-50400, Vol. 15, Part B, Rev. 1,
Lawrence Livermore National Laboratory.

"Tabular and Graphical Presentation1d®™ Neutron-Group Constants Derivédm the
LLL Evaluated Nuclear Data LibrafENDL)," by E.F. Plechaty, et al(Oct. 1978),
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UCRL-50400, Vol. 16, Rev. 2, Lawrence Livermore National Laboratory.
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Photons

The photon data is based on the Evaluated Photon Data Library (EPDL). Atomic relaxation
data to define fluorescence feom the EvaluatedAtomic Data Library (EADL). The
primary references to EPDL and EADL include,

"The 1989 Livermore Evaluated Photdata Library(EPDL)," by D.E. Cullen, et al.,
(March 1990), UCRL-ID-103424, Lawrence Livermore National Laboratory

"Tables and Graphs of Photon-Interaction Cross Sections from 10 eV to 100 GeV Derived
from the LLNL Evaluated Photon Data Library (EPDL), Part A: Z=1 toPdt B:Z=51

to 100," by D.E.Cullen, et al., (Octobet989), UCRL-50400, Vol. 6, Rev. 4awrence
Livermore National Laboratory

"Tables andGraphs of Atomic Subshelind Relaxation Data Derivddom the LLNL
Evaluated Atomic Data Library (EADL)," by S.T. Perkinsakt(October 1991), UCRL-
50400, Vol. 30, Lawrence Livermore National Laboratory

Soon to be added is the latest Livermore phatteraction data;EPDL97: the Evaluated
Photon Data Library, '97 Version, by Dermott&ullen, John H. Hubbell , Lynn Kissel,
(September 1997), UCRL--50400, Vol. 6, Rev. lBwrence Livermore National
Laboratory

It should also be noteithat EPDL isthe Internationabtandard adoptefr the ENDF/B-
VI data library as well as the data used by the Monte Carlo code TART97.

Electrons

The electron data ibased onthe EvaluatecElectron Data Library(EEDL). Atomic
relaxation data to define electr@mission is fromthe EvaluatedAtomic Data Library
(EADL); see, above. The primary references to EEDL include,

"Tables andGraphs ofElectron-InteractionCross Sectionsfrom 10 eV to 100 GeV
Derived from the LLNL EvaluatedElectron Data Library(EEDL), Z=1-100," by S.T.

Perkins, etl, (November 1991), UCRL-50400, Vol. 3Lawrence Livermore National
Laboratory.

Charged Patrticle Data

This data is from the TRIM code.
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Screen Layout

The screen is divided into two parts: 1) the lower paused to displaylata, 2) theipper

part isused toidentify the version ofthe codeyou are using and to display options.
Currently forty (40) option boxes are displayed at the top of the screen, although as yet not
all are used.

Code Option Summary

Here's a brief description dhe options inthe order that they appear ogour screen -
details on using these options are included later in this report.

Lin/Log X - Switch between linear or log scaling for the X Axis.
Lin/Log Y - Switch between linear or log scaling for the Y Axis.
Points - Switch between showing and not showing data points.
Freeze!ll - Switch between freezing/not freezing the screen.
Zoom X - Use mouse to define lower/upper X limits for next plot.
Show All - Reverse the effect of zoom and show the entire X range.
Ratio - Display data AND ratio of all curves to the first curve.
+Energy - For photons increase upper energy limit by a decade.
-Energy - For photons decrease upper energy limit by a decade.
Grid +1 - Include more details in the grid.

Grid -1 - Include less details in the grid.

barns-1/cm- switch between units of barns and 1/cm.

Legend - Switch between showing and not showing the legend.
Bigger - Make characters bigger.
Smaller - Make characters smaller

ColorDump - Create color Postscript copy of current screen

Photons - Display Photon Data

Electrons - Display Electron Data

Positrons - Display Positron Data - Not yet implemented
Charged - Display Light Charged Particle Data

Neutrons - Display Neutron Data

Major - Display Major Cross Sections

Minor - Display Minor Cross Sections

Deposit - Display Energy Deposition Data

Range - Display Range Data - Only Electrons and Charged
Straggle - Display Straggling Data - Not yet implemented
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Z+1 - Position 1 Evaluation UP in the Periodic Table

Z + 10- Position 10 Evaluations UP in the Periodic Table

Z-1 - Position 1 Evaluation DOWN in the Periodic Table
Z-10 - Position 10 Evaluations DOWN in the Periodic Table
Same Z - Display the same data again

2X2 - Switch between displaying 1 or 4 plots per screen
Listing - List the data currently being displayed

Pstscript - Switch between creating/not creating Postscript output
Same Plot - Display the same data gain

Stop - Terminate execution
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Getting Started

When the code starts it identifies itsgifess ANY mouséey to continue. The code next
displays Photon, Major cross sections for hydrogen.

Selecting Exactly the Data you Want

From thispoint onyou can select angptionsthatyou want, in any ordethatyou want.
For example you can select,

Projectile by selectingPhotons, Electrons, Charged or Neutrons - Positemasnot yet
implemented.

Target by selectingZ+1, Z+10, Z-1,Z-10, taquickly position to anyplace ithe periodic
table.

Data Type by selectingMajor, Minor, Deposit andRange - Straggling is not yet
implemented.

Once you have the data that you want on the screegarointeractvith it to display it in
exactly the form you want - you can set,

Scalingusing Lin/Log X/Y

Pointsto decide whether or not you want to display points
Energy Rangeusing Zoom X

Ratio to decide whether or not to display ratios

Grid to include more or less details

Units use barn-1/cm to select microscopic or macroscopic units
Character size using Bigger and Smaller

With these options you can customize each plot to exactly meet your needs.

Once you have the data you want you can obtain hard copy output,

Listing will list ALL of the data for the Projectile/Target that you are presently
displaying. You can outpudatafor as manyprojectile/targecombinationghat you wish.
When the code finishes all listing output will be ifila namedEPICSHOW.LST. Note,
the listing includes ALL of the data ovére entire energy range, rjast the energy range
you mayhave selectedoom X; experiencehas showrthat it is easier to edit the output
listing of the data than to restrict output to a Zoomed energy range.

ColorDump will produce a color Postscript file of the entire scridetyou are presently
displaying. See below for details on implementing this option.

Pstscript will produce black and white Postscript filestbé data thayou displayin the

future - not what is on the screen when you select this option - evenytiatygpu display
in the future, until you again select this option to turn it off. See belowdiails onusing
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this option.
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Available Combinations

Not all possible combinations of projectile and type of data are included sy#iam. For
example, ranges are only included for electrons and light charged particles; not for neutrons
and photons. Only deposition anahge data, na@ross sectionsare includedfor light
charged particles.

You will find that othercombinationsare also not included. Ifyou try to select a
combination that is not included the code will not respond. There is no warnisgnply
doesn't respond - and you will quickly get used to this and move on to examine other data.

Atomic and Nuclear Data

This systemincludes atomicdata for everything excepneutrons. Atomicdata is all
elemental and is identified by the atomic number (Z) of the element, e.g., 1-Hnéais
hydrogen (Z=1) with its natural elemental abundance (N&g. Nuclear datéor neutrons
is for either a naturally occurring elementaixture of isotopes, or for specific isotope.
Neutron data is identified by both atonmamber (Z)and atomic weigh(A), e.g.,92-U-

238, means uranium (Z=92), isotope 238.

Microscopic vs. Macroscopic Units

All of the basicdata inthis system is in microscopic unifger atom. Beaware that in
defining macroscopic units the atomic weight #mel densityshown onthe plot areused.
STP elemental conditions are used in ALL caées.gaseshe density of an elemetitat
you are using in yourapplications can b& ERY DIFFERENT from STPelemental
conditions.

Detailed Instructions

As stated above, the easiest way to ldaw to you thiscode is to just staudsingit, i.e.,
click on any options and see what happens. Only a felveafptions needs moreetailed
instructions; these include,

Postscript

Output starts when you select this option AND continues untilagain select it tdurn it
off. If you do not usdéhe option carefullyyou can end upgvith anENORMOUS number
of Postscript output fileshat you don'treally want = a Postscripile for every single
display that appears on your screen.

To avoid this problem | STRONGLRECOMMEND: 1)Get the plot on the scredimat
you want to make a Postscript output of, 2) select Pstscript to turn the option € CR)
Same Plot - immediately below Pstscript - this will makether plot of what is currently
on the screen - including Postscript output, 3) select Pstscript again toewoptionOFF.
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If you follow this recommendation Postscript outmull only be turned on whilg/ou are
producingthe plots you want and yowill end up withONLY the Postscript outputhat

you want.
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When you finish running EPICSHOW you will find a series of Postscript files,

PLOTOO0O01.ps
PLOTO0002.ps

etc., one file for each plot. You can print these files on any Postscript printer and view them
using any Postscript viewer, such as Ghostview. Thesechilesin only plots othe data;
not the options from the top of the screen.

Warning - Every time that you ruEPICSHOW and generat@ostscript outputhe code
uses the same names for the files. So if you want to save anfrditesa previous run be
sure that you rename then before running the code again.

ColorDump

The above applies to black and white outpiuatr color Postscript outputou canuse the
ColorDump option - only if you get on the Web - search for ImageMagik - and download
a copy of the codanport for your computer - and put importtime directorywhere you

run EPICSHOW. Ifyou do nothaveimport EPICSHOWwill run fine, but this option

will be ignored.

Unlike the Pstscript option,ColorDump only applies to the screen currently being
displayed - it only produces one screkmmp and youneed notworry about it staying on
and producing more screen dumps.

When you finish running EPICSHOW you will find a series of Postscript files,

SCRNO0001.ps
SCRN0002.ps

etc., one file for each plot. You can print these files on any color Postscript printer and view
them using any Postscript viewer, such as Ghostvidwse files contain a scrednmp

of the entire screen, including both options at the top of the screen atatdha thdower

part of the screen.

Warning - Every time that you ruBPICSHOW and generat@ostscript outputhe code
uses the same names for the files. So if you want to save anfrditles previous run be
sure that you rename then before running the code again.

Same Z and Same Plot
Both of these options dexactly thesamething = refresithe screen by repeating the last

plot. Be aware that in 2 X Bhode thiswill produce anotheisub-plot - not aplot of
everything on the screen.

2X2

The code can display either one full screen plot, or four half size plots. The 2 X 2 option is
used to switch back and forth between one fad plots per screehe 2 X 2 option is
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convenient when you want to compare data all on the samd-ptoexample, if yowant
to compare similar data for four different targets, or all of the datéhésametarget, e.g.,
electrons major, minor, energy deposition and rambe. possibilities are limitednly by
your imagination.
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If you have asmall screen and you uiee 2 X 2 optionyou mayhave difficulty clearly
seeingall of thedata.However, on anygystem Postscrigiutput usinghe 2 X 2 option
will be clear and easy to read.

Warning - If you want a 2 X 2 Postscript output be sure the Pstscript option is ON before
you displaythe first sub-plot onthe screen.- remembehat thePstscript optiorwill only
produce Postscript output for data that you display in the future, aftemay@uselected the
Pstscript option. So if yoareusingthe 2 X 2 option and select tiRstscript optiorafter
already plotting dew sub-plots orthe screen, th@ostscript outpu?VILL NOT include

the sub-plots that were on the screen before you selected the Pstscript option.

Freezel!ll

Normally as youselect eacloption the screen wililmmediately respond. If yoselect
Freeze!!! youlock the screen and it will not change ugtilu again select Freeze!!! Once
you have unlocked the screen the code will agagpond teeachcommand as yoselect
it. For example, if you are at Z=1 and quickly want to go to the other end of peé&bigic
1) select Freeze!!l, 2) sele£t-10 a number of timesnote,your position in Z is always
defined on the tofine of thescreen next to the code identification, ysm alwaysknow
where youare - but nothing else on the screen will change, 3) select Fre&hedWill
release the screen and you can start displaying data.

Freeze!!l and 2 X Zan beused in combination tgetfour sets ofdatafrom anyplace in
the periodic tablall on thescreen at thsame time. For exampléry to get thephoton
major cross sections on the screen for Z = 3, 26, 82 and 94, all at the same tigoeyland
see what | mean - using Freeze!!! and 2 X 2 it can be done.

WARNING - Freeze!ll cannot be used to queue a number of plots to disptan tnly
be used a change as many options as you wattdarext plot thayou requesafter you
again select Freeze!ll to release the screen.

Points

All of the data included in this system are in tabulated form - no madeised todefine
data. If you want to see where the data points are tabulated use this option.

Ratio
When this option is used the first curve is considered to be a standattigaato of all
other curves to this standard is displayed. This is helpful if you waundtitative estimate
of the ratio of individual cross sections to the total.

Energy

This option only applies to photatata.Above it wasstated thatll data inthis system is
tabulated and models are not used. This is true up@e\l. Above thisenergyanalytical
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expressions are used to define all photon data.
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Grid

If you want to try toread value®ff the plots it helps to adanore details toplots. For
example, even the first plot displayed is over 12 log decades in cross sections and it is hard
a see specific cross section ranges. This is much easier if you add grid detalil.

barn-1/cm

This option can beused to displaydata in either the original datanits of barn
(microscopic) units or 1/cm (macroscopic) units.

Be aware that imlefining macroscopic unithe atomic weight and the densglhiown on

the plot are used. STP elemental conditions are used in ALL cases. For gases the density of
an element that you are using in your applicatcars beVERY DIFFERENT from STP
elemental conditions.

Character Size

Depending orthe size ofyour screen youmay want to makeahe characters larger or
smaller. Also for 2 X 2 output you may want to make the characters larger.
Listing

The output listing for each combination of data is generally in three parts: 1) datgor2)
minor (detailed) data, and 3) macroscopic data. A portion of an example is shown below.

Warning - be aware that this output includes macroscopic derived data. Some users of this
system have not checked their output listings in detail and have ended up wasting their time
deriving macroscopic data that is already available to them in the output listing.

Atomic Weight 207.190 82-Pb-Nat 1.1350+01 grams/cc
Electron Interaction Data

Energy Cross Sections (barns) Energy Loss per Collision (MeV)

(MeV) Total Ilonize Brems. Excite Elastic Transportlonize Brems. Excite

1.0000-05 2.6290+09 1.3106+08 4.8698+03 8.7576+06 2.4892+09 2.4892+09 6.6445-06 2.1615-06 6.2969-06
1.2500-05 2.4483+09 1.7847+08 5.0513+03 2.6756+07 2.2431+09 2.1032+09 7.2252-06 2.5863-06 6.7137-06
1.2589-05 2.4419+09 1.8016+08 5.0578+03 2.7452+07 2.2343+09 2.0895+09 7.2472-06 2.6018-06 6.7300-06

7.9433+02 5.0670+06 1.3190+06 1.6125+03 1.6149+06 2.1315+06 3.2035-02 3.8557-04 2.5925+01 1.0952-05
8.0000+02 5.0669+06 1.3190+06 1.6131+03 1.6148+06 2.1315+06 3.1720-02 3.8569-04 2.6105+01 1.0952-05
1.0000+03 5.0655+06 1.3189+06 1.6265+03 1.6145+06 2.1305+06 2.0621-02 3.8987-04 3.2463+01 1.0953-05

Atomic Weight 207.190 82-Pb-Nat 1.1350+01 grams/cc
Electron Interaction Data

Energy lonization Shell Cross Sections (barns)

(Mev) K L1 L2 L3 M N (e} P Q

1.0000-05 1.3106+08
1.2500-05 1.7847+08
1.2589-05 1.8016+08

7.9433+02 3.2770+01 1.5391+02 2.0094+02 4.3601+02 1.1170+04 1.8337+05 7.6211+05 3.6151+05
8.0000+02 3.2787+01 1.5391+02 2.0094+02 4.3601+02 1.1170+04 1.8337+05 7.6211+05 3.6151+05
1.0000+03 3.3373+01 1.5392+02 2.0098+02 4.3608+02 1.1172+04 1.8337+05 7.6202+05 3.6148+05

Atomic Weight 207.190 82-Pb-Nat 1.1350+01 grams/cc

Electron - Derived Quantities
Energy Total Cross Section-Mean Free Path----- Range-----Energy Loss (Mev/cm)-------------------
MeV  barns 1llcm cm cm*cm/gr cm Total lonize Brems. Excite

1.0000-05 2.6290+09 8.6729+07 1.1530-08 7.6413+06 3.0547+01 2.8728+01 3.4724-04 1.8192+00
1.2500-05 2.4483+09 8.0768+07 1.2381-08 7.1161+06 4.8465+01 4.2539+01 4.3097-04 5.9259+00
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1.2589-05 2.4419+09 8.0556+07 1.2414-08 7.0975+06 4.9167+01 4.3072+01 4.3411-04 6.0948+00

7.9433+02 5.0670+06 1.6715+05 5.9825-06 1.4727+04 2.8605+00 1.3964+03 1.6777+01 1.3791+03 5.8345-01
8.0000+02 5.0669+06 1.6715+05 5.9826-06 1.4727+04 2.8645+00 1.4065+03 1.6782+01 1.3892+03 5.8342-01
1.0000+03 5.0655+06 1.6711+05 5.9843-06 1.4723+04 2.9914+00 1.7594+03 1.6962+01 1.7418+03 5.8336-01
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Using the Data in Your Applications

For neutronand photon applications it ircommendedhat you usethe TART97 Monte
Carlo transport code. This is&D, Combinatorial geometry, timdependent, general
purpose, Monte Carlo code that runs on any computer and is designed totisahskyds
of a wide variety of applications. It uses BRICSHOW neutrons and phototiataand is
now available Worldwide through local computer code centers. It is strongly
recommended that if you have applicatidngt only involve neutrons and/grhotons you
should use TART97 to solve your problermather than trying to re-invent the wheel by
writing your own code.

If you prefer to do it yourself you can,

1) If you only need afew materials us&PICSHOW toretrieve the datyou need to
EPICSHOW.LSTandedit it to meet your needslThe format (shownabove), is simple
tabulated fixed field dataith each field te(10) columns wide iFORMAT E format -
WARNING - eachfield is defined by each 1€lumns -not by tabs, blanks or anything
else.

2) If you have more general needs use the original tabulated data distributed with the UNIX
version ofthe code. There are series of fileshamed ???.TAB, where??defines the
contents of the file, e.g., PHOTON.TAB, ELECTRON.TAd&¢. Eachfile containsall of

the data of a given type for the entire periodic tablewhk the EPICSHOW.LSToutput,

these tables have headings describing each type of data, and the tables are in fictaih field

in exactly the same 10 characters per field format as found in EPICSHOW.LST.

What Computers will EPICSHOW Run on?

This codehasbeen implemented angsed on UNIX, IBM-PC, Power MACand even
Laptop computers. It iswritten in such standardFORTRAN and uses such a simple
graphics interface that it should be relatively easy to use on any computer.

If you interface this code to a different typecoimputer it is recommendedat you send
copies of everything to the author for inclusion in future distributions of this code. This will
save you time in the future.

Customizing the Code

All of the names forthe optionsthat appear at thtop of the screen are inféde named
PAGE.DAT. If you donot like the namesl've defined, feel free tedit PAGE.DAT to
include the names that you prefer. BERY CAREFUL not to change théormat of this
file; if you do, the results obtained running EPICSHOW can be unreliable.

Code Installation
The code is distributed wittetailedinstructions concerning installation and testing of the
code. These instructiorsse periodically updatefibr distribution withthe code, tansure

that the instructions are as up-to-date as possibleexaudly correspond tdhe version of
the code that you will be implementing and using.
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When you receive this code you will findfike namedREADME - be surehatyou read
this file as you proceed with installation.
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Example EPICSHOW Output

When you first run EPICSHOW take a look at the oxygen photon cross sections. This data
is related to theresults shown inthe TARTCHEK wupdate documentation
(TARTCHEK.DOC) where energy deposition in a wagtbantom is discussedhere the
guestion was asked: what's the difference in the energy deposition due to 1 versus 10 MeV
photons. From a plot of the oxygen cross sections we cahatethe totacrosssection at

1 MeV is considerably larger than at 10 MeV, so we expect mattee@hotons tacollide

and deposit their energy at 1 MeV compared to 10 MeV. That's pHreqgdicture; the rest

is that thelower energy photonwiill scatterthrough larger angles and spread mdgre

from the incident photon beam.
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PROGRAM PLOTTAB: A Code Designed to Plot
Continuous and/or Discrete Physical Data
(VERSION 97-1)

Abstract

PLOTTAB is designed as a general purppksting utility code to plottontinuous and/or
discrete physical data for use in almost any application. It is designed to beusedilipy
your applicationcodes to produce your output results ifoem that can bemmediately
used by PLOTTAB to allow you to see your results.

It produces on screen graphicsvesll as Postscript formatted output filethat can be
viewed or printed on any Postscript printer. The code is designed to beusasilyn any
computer - not only today's computers, but also anything that comes along in the future. So
you can be assured that once you start using PLOTTAB your graphics praseover -

not just today, but well into the future.

Introduction

PLOTTAB is designed as a simpfdotting code that can besed onvirtually any
computer and graphiaevice to plotcontinuous and/or discrete physicktafor use in
almost anyapplication. It is designed to be easiged by yourapplicationcodes to
produce your output results in a form that can be immediately used by PLOTTAB to allow
you to see your results.

It produces on screen graphicswall as Postscript formatted output filethat can be
viewed or printed on any Postscript printer. The code is designed to beusasilyn any
computer - not only today's computers, but also anything that comes along in the future.

Only Do the Job Once

Best of all you can be assured that unlike other computer graphicsticatdgsicklycome
and go, PLOTTAB will be here not only today to meet your needs, but alsthenfature

to meet your needs. The code has been conservatively designed to not onlyirtualyn
any of today's computers, but also beeasily implemented on anyew computerghat
comealong in the future. | havaow beenusing PLOTTAB and its predecessors for
almost 20 years, and duritigattime aseachnew computer has conagong PLOTTAB
has been a complete plug-in that has smoothly and effortiesslgd fromone computer
to the next.

With this approach you can be assutieat onceyou startusing PLOTTAB yourplotting

problems are over, not only for today, but also into the future. You only havetie ¢tab

once to modify your codes to produce output in the PLOTTAB input formatthemdyou

can be assured that you will be able to produce graphic output well into the future.
Concentrate on Your Applications

You will find that in order to use PLOTTAB you do rleve to be a graphics expert, nor

do youhave tospend much timdearning how to usethe code.This allows you to
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concentrate on your applications, instead of worrying about how you are going yoysiot
results. Once you have started using PLOTTAB gan takegraphics output fogranted,
somethingthat you never have tavorry about orspend much time oaver again. It will
simply always be there when you need it.
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What Computer Can You USE?

The non-interactive version can be run on ANY computerThe non-interactive code is
written in standard FORTRAN and outputs standard formatted Postscripghéitesan be
printed on any Postscript printer, or viewed with any Postscript viessh as
Ghostview.

The interactive version can be run on UNIX, IBM-PC, Power MAC and even

Laptop computers. The interactive code is identical to the non-interactive code, ettept

a very simple graphics interface for on screen graphics is loaded with th& bed=de is
distributed with graphic interfacdsr UNIX, IBM-PC, and Power MAC. However, it
should be very simple to interface this code for on screen graphics on any computer, e.g., it
took me 3 days to write the IBM-PC interface and 2 days for the Power MAC version.

Reading and Interpreting Data

All data is read byhis code incharacterform and internally translated into integer or
floating pointform asneeded. Thisneans: 1) it'difficult to get the code tarash by
improperly defining input. 2) youinput can be in quite generfdrm and will still be
properly interpreted by the code, e.g., 14, 1.4+1, 14E+00, 1.4D+01, are all 14 as far as this
code is concerned. 3) the code adstinguish betweeBLANK and ZERO input -
WARNING - when this documentation saB ANK , it meansBLANK - in this case
nothing else will be interpreted correctly as input.

Data Formats

The formats of the continuous and discrete physlatd read byhis codearedesigned to
be very simple, sthatany of your computer codesmn besimply modified toproduce
output results in the PLOTTAB input format.

Continuous Data Format

The continuous data includes a one line title, followed by a serigsydfcoordinates, one
per line. Each "curve" of continuous data is terminated blaak line. One curve can be
followed by another, starting witthe oneline title, another followed by a series @f,y)
coordinates and terminated bplank line. The input to this codean include anypwumber
of such "curves", onecurve after the other in thecontinuous data input file
PLOTTAB.CUR . Eachpair of (x,y) coordinatesare in fixed fieldseach 1lcolumns
wide, corresponding tBORTRAN 2E11.4 format. For example,

Example Curve # 1

17 43.0
19 37.0
71 129

(BLANK LINE ENDS CURVE)
Example Curve # 2

WARNING - again, I'll stress that BLANK LINE meansompletely blankin the first
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22 columns NOT zero, which is considered by the code to be perfectly legal inppas
of a “curve”.
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Discrete Data Format

The format of the discretgata isvery similar tothe continuousdata.Each set ofliscrete
points starts with a one line title, followed by a series of points, and ends bléhkaline.
Each point is defined by an (x,y) coordinate plus uncertainties in both x aedch point

is defined by six values: x, -dx, +dx, y, -dy and +dy, one point per lim@utThe input to
this code maynclude anynumber of sets odliscrete points, one satfter the other in the
discrete data input filBLOTTAB.PNT . Each point of six values is in fixed fields each 11
columns wide, corresponding FORTRAN 6E11.4 format. For example,

Example Set # 1
17 1.2 24 430 172 121
19 16 26 370 158 9.3

71 . 82 10.7 129 7.2 23
(BLANK LINE ENDS CURVE)
Example Set # 2

Note, uncertainties -dx, +dx, -dy and +ae alwaysinterpreted as positivésign ignored)
in the same units as the data (not % or fraction or anything else), anar¢hieyerpreted x
+/- dx - not aminimum, average angnaximum, e.g., forthe first x value 171.2 2.4,

means araverage value of 17 witbrrorsextending-1.2 below 17, and +2.dbove 17 -
there are no implied units - everything is absolute - below you will leawnto physically

interpret and identify your data.

Note, this format allows for zero, or blank, error fields, as well as asymmetric errors. If the
errors are symmetric you must define both of them separately.

WARNING - again, I'll stress that BLANK LINE meansompletely blankin the first
66 columns NOT zero, which is considered by the code to be perfectly legal inppais
of a set of discrete points.

Interpretation of the Data

When yougenerate data in thefermats usingone of yourapplicationcodes you do not

have to decide in advance how they will actually be interpreted and appear on a plot. This is
controlled by an input filemamedPLOTTAB.INP . This file defines how many curves
and/or sets of discrete points will appear on each plot, allows for a two line title to appear at
the top ofeach plot, xand y axis labels and scaling (linear or log scaling), and x and y
ranges (in case you do not want to plot all of the data on a singleUsdoty these options

you can customize each plot to exactly meet your needs. the tase of theontinuous

and discrete point fileglmostall input fields iINPLOTTAB.INP are 1lcolumnswide
corresponding tORTRAN E11.4 or 111 format.
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How Do You Produce Output

Let's first seehow simple it is taupdate any ofjour codes to produce outpthiat can be

read as input to PLOTTAB. Assume that you have a tloaleis calculatindots of results

that until now you have had to wade through by hand to see what your results mean. Here's
what you add to your code to output the results in a form that PLOTTAB can read as input,

C-----LOOP OVER CURVES
DO ICURVE = 1,NCURVE
C---—-PRINT FIRST LINE TITLE
WRITE(16,1600) TITLE(ICURVE)
1600 FORMAT(A40)
C-----PRINT DATA POINTS
DO IPOINT = 1,NPOINT(ICURVE)
WRITE(16,1610) X(IPOINT,ICURVE),Y(IPOINT,ICURVE)
1610 FORMAT(2E11.4)
C----END OF POINT LOOP
ENDDO
C-----PRINT BLANK LINE FOR END OF CURVE
WRITE(16,1620)
1620 FORMAT(30X,'(BLANK LINE ENDS CURVE)')
C-----END OF CURVE LOOP
ENDDO

That's all you have to add to your application codes. We just outpurtuamyer of curves
(defined byNCURVE), each with its own title line to identify it (defined BYTLE ), each

with any number of pointglefining each curve (defined b, Y), andeach curve ended

with ablank line. What could be simpler? The above example is for outputting continuous
curves, but outputting discrete sets of points is no more difficult. The only difference in the
above codingvould be where we output twaumbers foreach(x,y) point, for discrete
points we would output six numbersitlude the x and y uncertainty in tbeder x -dx

+dx y -dy +dy.

That's it!!! You arenow anexpert at producing outpthat canimmediately be read by
PLOTTAB to show you your results. That's all you need to kabaut producing output.
Once you start using this very simple approach never again you will have to wade through
piles of results trying to figure out what theyean. Instead yocanimmediately see your
results, and yowill seethem on plotghat are othigh enoughguality to be accepted by
journals for publication without any modifications.

Interpreting and Plotting Your Data

Let'sassumehatyou havenow producedsomeoutput resultghatyou want toplot, i.e.,
you have your results inthe correct format, described above, in file named
PLOTTAB.CUR for continuous curves and IRLOTTAB.PNT for discrete points.
First let me make it clear that you don't need byt can plotcontinuous and/odiscrete
data in any combinatiortor the following examplel'll assumeboth merely sdhat | can
discuss how to control both.
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Now we will edit the control filElPLOTTAB.INP to tell PLOTTAB how tointerpret and
plot your data.Below is an exampl®LOTTAB.INP that | recentlyused to produce a
plot. At first this may look complicated, but let me point out that although | ihawebeen
using PLOTTAB and its predecessors for almost 20 yearstilll have only one
PLOTTAB.INP and every time | want to produceplat all | do is edit aew things and
bingo! Out come the plots | want. Thistiee approachhat | suggest you also use - don't
start from scratch - start with the PLOTTAB.INP file distributed with the codenzudify

it to meet your needs.

0.00000 13.50000 0.00000 10.00000 1 115
3 2 0 0 0 0
Neutron Energy (MeV)
Cross Section (barns)
Lithium-6 Major Cross Sections
From the Livermore ENDL Cross Section Library
0 0 0 0
0 0 0 0

Let me first covetthe inputthingsthat | changdor eachnew plot that lwant. Above are
eight (8) linesfrom PLOTTAB.INPthat areused to produce or@ot and I'lldiscuss the
important parameters from top to bottom. I've highlightezparameters | wildiscuss so
that you can more easily find them.

The first important thing to tell PLOTTAB is how many continuous curves adiorete

sets of points to put otine plot.This is done ornhe secondine, where my inpusays to
display 3 continuous curves arZisets ofdiscrete dataRegardless of how many curves

and sets of points ydwave produced iIPLOTTAB.CUR and PLOTTAB.PNT you can
usethese 2 input fields teell PLOTTAB how many taactually reacand put on the next

plot. For example, | can use the above input to produce a plot with 3 curves on the plot, or |
can easily change the input (as we will see below) to dishéagurves one at a time on a
series of plots.

Next we want to physically describe what data we are plotting. This isusomgthe next
four (4) input lines. These are,

1) A label for the x axis - in this exampleutron Energy (MeV)
2) A label for the y axis - in this exampbeoss Section (barns)
3-4) A two line title to appear at the top of the plot - in this example

Lithium-6 Major Cross Sections
From the Livermore ENDL Cross Section Library

In most caseshat'sall I modify - the code takes care of everything else - so | can
immediately run PLOTTAB andet theplots | want. That'sall you need toknow to
successfully use PLOTTAB to generate plots for you.

Note, with this approaclthe codedoes nothave to have anydea what the physical
significance of the datis, and anydata can b@ut into thePLOTTAB input format and
plotted. Physical interpretation of the datallsn your hands - by changingot titles and
axis labelsyou are free to interpret the daday waythatyou sesfit - and you can easily
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produce plots to specifically meet your needs.
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Let mebriefly cover themeaning ofthe other input fieldsjust in caseyou want to get
fancy.

The first input line, againshown belowdefines the(x,y) dimensions othe plot, how
many sub-plots to put oeach plotandhow large tomakethe characters. Reading left to
right the below linesaysthe plot size ix=0 to 13.5,andy=0 to 10. Thiswill give you a

full page plot on 8-1/2 by1" paper, andxceptfor specialpurpose you won't want to
change this. One case in which you will want to chahgen is if yourplotter doesn't use
inches, but rathemse cm, mmanything - no problem - justhange these onder your
system and you probably will never have to chathgenagain. The next 2 fieldsay that

each page will contain 1 plot in the x direction and 1 y in the y direction = one single, full
page plot. If lwould like 6 plots oneach page | could change these tpl&s inthe x
direction and 2 in the y direction. The last field, 1.5, says to make the characters 1-1/2 times
normal size.

0.00000 13.50000 0.00000 10.00000 1 115

On the next lingyou alreadyknow about thefirst two fields. The remaining fields,from
left to right, allow you to:

1) add a border around each plot

2) add an (x,y) grid - the code has 6 built-in grids

3) plot the ratio of everything to the first curve

4) change the thickness of all lines drawn

3 2 0 0 0 0

You alreadyknow about the nextour lines, saall we needdiscuss ighe lasttwo lines.
These two lines are used to control the x and y features of the plot: the first line is for x and
the second for y. Again from left to right, the six (6) fields on each line control,

1) the lower x limit

2) the upper x limit

3) should discrete point x errors be plotted = no(0), yes (1)
4) x scaling = automatic (0), linear (1), log(2)

5) round x limit to avoid touching edge of plot = yes(0), no(1)
6) show legend box = yes(0), no(1)

1) the lower y limit

2) the upper y limit

3) should discrete point y errors be plotted = no(0), yes (1)
4) y scaling = automatic (0), linear (1), log(2)

5) round y limit to avoid touching edge of plot = yes(0), no(1)
6) show data points on curves = no(0), yes(1)

0 0 0 0
0 0 0 0

WARNING - let meagainstressthatthis codecan tell thedifference betweeBLANK
andZERO - for example, orthe abovdawo input lines theBLANK x and y lower and

upper limits means scale the plot to show all of the data as read. In contrast, if one of these
fields contained.0the specified limitwould be forced to beero, regardless dhe range
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of the data read.
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Again, that's it!!!lIf you want to get fancyou canusethese parameters to customize plots
to obtain almost any output that you want to meet any specific need.

Multiple Plots

Let's now generalize to more than one plot. Don't worry there isn't mggnévalize. For
more than one plot you basically have two options:

1) If the layout of each plot is treame yowneed merely copthe lastfour lines asmany

times as you want, changing any parameters that you want on thes& ¢mnesn do this

as many times as you want for as many plots as you want. For example here's a
generalization of our above input for three plots - in this case all | did was copy the last four

lines twice and change the titider Li6, AI27 and Z38 - this assumesthat in
PLOTTAB.CUR | have 3 curvesfor each plot (at least %urves), andthat in
PLOTTAB.PNT I have 2 sets of discrete points for each (at least 6 sets).

0.00000 13.50000 0.00000 10.00000 1 115
3 2 0 0 0 0
Neutron Energy (MeV)
Cross Section (barns)
Lithium-6 Major Cross Sections
From the Livermore ENDL Cross Section Library
0 0 0 0
0 0 0 0
Aluminum-27 Major Cross Sections
From the Livermore ENDL Cross Section Library
0 0 0 0
0 0 0 0
Uranium-238 Major Cross Sections
From the Livermore ENDL Cross Section Library
0 0 0 0
0 0 0 0

2) If the layout of each plot is different yaanfollow the eight(8) line inputfor oneplot

by aBLANK (not 0, BLANK) line, and then add eight lines the next plotYou can do

this as many times as you want for as many plots as you want. For example here's a
generalization of our above input for three plots using this second method - in this case the
input isEXACTLY equivalent to what | havehownaboveusing the first method - use
eithermethod, or a combination dle two, in any ordertthat you want -the choice is
your’s.
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0.00000 13.50000 0.00000 10.00000 1 115
3 2 0 0 0 0
Neutron Energy (MeV)
Cross Section (barns)
Lithium-6 Major Cross Sections
From the Livermore ENDL Cross Section Library
0 0 0 0
0 0 0 0

0.00000 13.50000 0.00000 10.00000 1 115
3 2 0 0 0 0
Neutron Energy (MeV)
Cross Section (barns)
Aluminum-27 Major Cross Sections
From the Livermore ENDL Cross Section Library
0 0 0 0
0 0 0 0

0.00000 13.50000 0.00000 10.00000 1 115
3 2 0 0 0 0
Neutron Energy (MeV)
Cross Section (barns)
Uranium-238 Major Cross Sections
From the Livermore ENDL Cross Section Library
0 0 0 0
0 0 0 0

You might wonder why | wrote out the names instead of just usiigAl?/ and 238 -
if you prefer this form, no problem - see the documentation within the cotlewrio use
sub and super-scripts, asell as Greek characters and other interesting godtasl|
cannot cover in detail in a brief introduction.

Data is Read in Order

In controlling theflow of curves from PLOTTAB.CURand sets ofliscrete datgoints

from PLOTTAB.PNT remembegachtime you uséanput in PLOTTAB.INP totell it to

read data from these filélse code continues to read further and further @atch file. For
example, inthe above case thrst plot will contain thefirst three curves from
PLOTTAB.CUR and first two sets of points from PLOTTAB.PNhe second plotwill
containcurves four through six from PLOTTAB.CU&nd sets of pointthree andfour

from PLOTTAB.PNT, etc. It's your responsibility to insure that you have properly ordered
the curves and sets of points, and properly arrange their grouping on successive plots.

Terminating Plotting

Execution terminates whehe are nanore requests for plots in PLOTTAB.INP, or no
more data to plofrom PLOTTAB.CURand PLOTTAB.PNT. Note, regardless of how
many curves and set of points ybave inPLOTTAB.CUR and PLOTTAB.PNT only as
many plots will be produced as you definethe control flePLOTTAB.INP. Also if one
input stream of data (curves or sets of points) is exhausted, but the othérastogle will
continue producing any ploteatyou request. For example, ftime above threglots if
there are Turves in PLOTTAB.CUR, but only 2 sets of points in PLOTTAB.PNT, the
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first plot will contain 3 curves and 2 sets of points (which exhahstsets of points), and
the following two plots will each contain 3 curves and O sets of points.
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Editing Files

All of the files PLOTTAB.CUR, PLOTTAB.PNT andPLOTTAB.INP are simple text

files, so you can use any editor to edit them. For exarafits,you have produced output

in PLOTTAB.CUR if youcanwant to change anything just optie file and do it. You

can change titles for the curves, deletes curves, rearrange the order of curves, anything you
want to do to meet your needs.

How Do You Define Input Parameters
Before You Have Seen ANY Plots

It very nice to havall of these options tgelect x and y scaling, x andrgngesetc. But
how can you possibly know what options to select before you have seen plotsdztgou
The answer is: you don't! PLOTTAB is supplied in two versions:raeractiveversion
that only produces on-screen output, andan-interactiveversion that only produces
Postscript hardcopy output.

What | recommend ithatyou start by not selecting any speaigdtions and first run the
interactive version. This version will alloyou tointeractively selecinany ofthe options
described above, e.g., x and y scaling, x range, etc. Then after you hayelgedata and
played with it you can decide what options you want to set to producdiyaluPostscript
output.

As | use PLOTTABwell over 90 % ofthe plots that | look at are generated by the
interactive codeand | never even bother to gener&estscript output. In this way
PLOTTAB can be used very simply to quickly lookeabrmous amounts afata. In this
case | don't care what the x and y axis labels are or what thHenésat the top of the plot
say - | know how to physically interpret the data I'm looking at - so | just usexising
PLOTTAB.INP file and all | have to tell it isow many curvesind sets ofliscrete points
to display on each plot, and I quickly start looking at my results.

Only when | see something of interest that | need a hardcopy of do | bother making any of
the changes | have described above. If you also use this pragmatic approaah gaue
yourself a lot of time and energy and use PLOTTAB much more effectively in your work.

How Do You Remember ALL of the Options

You don't - or afleast, | don'‘tWhenever | want to find out what a givéeld in the
PLOTTAB.INP input parametersmeans | run PLOTTAB, immediatelkill it (use
CONTROL C) and then look inthe outputfile PLOTTAB.LST that contains an
interpretation of all of the input parameters. For example, for the following input,

0.00000 13.50000 0.00000 10.00000 1 115
3 0 0 1 0 0
Neutron Energy (MeV)
Production, Absorption and Leakage
Production, Absorption and Leakage
For Test Problem
0 -2 1 0
0 -2 1 0

UCRL-1D-126455, Rev. 1 14 PLOTTAB




UCRL-1D-126455, Rev. 1 PLOTTAB

Here'sthe interpretation of the above indubm the outputfile PLOTTAB.LST. As you
can see there islme by lineand field by field interpretation of the inpparameters in
exactly theorder they appear ithe input.For example, if Ican'tremember whichnput

field controls plotting ratios, from the below listingdn sedhat it is the fifth field of the
second input line.

PLOT TABULATED DATA (PLOTTAB VERSION 97-1)

DESCRIPTION OF PLOTTER AND FRAME LAYOUT

X DIMENSIONS (X-MIN TO X-MAX)..... .00000+ 0 TO 1.35000+ 1
Y DIMENSIONS (Y-MIN TO Y-MAX)..... .00000+ 0 TO 1.00000+ 1

PLOTS PER FRAME (X BY Y).......... 1BY 1
CHARACTER SIZE MULTIPLIER......... 1.500

READ AND PLOT (FOR EACH PLOT)..... 3 CURVES
SETS OF POINTS PER PLOT........... NONE

SHOULD BORDER BY PLOTTED.......... NO

TYPE OF GRID........cccvvveeenns DASHED GRID (COARSE)
SHOULD RATIOS BE PLOTTED.......... NO

LINE THICKNESS.................... 0

X AXIS LABEL AND UNITS............ Neutron Energy (MeV)
Y AXIS LABEL AND UNITS............ Production, Absorption and Leakage
PLOT TITLE

Production, Absorption and Leakage
For Test Problem

REQUESTED X RANGE................. PLOT ALL POINTS

PLOT X ERROR BARS................. NO

X PLANE ON PLOTS (IF POSSIBLE)....LOG (NO INTERPOLATION)
ROUND X LIMITS.........cccvveee NO

LEGEND BOX ON PLOT................ YES

REQUESTED Y RANGE................. PLOT ALL POINTS

PLOT Y ERROR BARS................. NO

Y PLANE ON PLOTS (IF POSSIBLE)....LOG (NO INTERPOLATION)
ROUND Y LIMITS.........ccccvveee NO

SHOW DATA POINTS.................. NO

X LIMITS (PLANE)........ccuuee... 1.02360-10 TO 1.99760+ 1 (LOG)

Y LIMITS (PLANE).......cccuue.... 2.02610-5TO 1.57230+ 7 (LOG)

CONTINUOUS CURVES

1 566 Production
2 566 Absorption
3 498 Leakage
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Postscript Output Files

When you run the non-interactive version of the code it will produce a serisstscript
output files, one plot per file. The files will be named,

PLOTO001.ps

PLOTO0002.ps

These postscript filegan be printed on anyostscript printer, or viewed with any
Postscript viewer, such as Ghostview; note, Ghostview is available FREE on the web.

WARNING - every time you run the code it uses samefile names. So if you want to
save any file make sure you rename it before you again run the code.

Interpolation Along Curves

When youstartusing PLOTTAB youwwill find thatyour resultscan look quite different
depending upon how you display the data, e.g., linear or log scaling in the x or y direction.

By default PLOTTAB assumes that between tabulated points of curves it should interpolate
assuming linear interpolation in x and y. If your data is not linearly interpolable you can get
somevery strange looking results when PLOTTARerpolates irsaylog/log x/y scaled

plots. PLOTTABALWAYS usesthe defined interpolation tshow the TRUE shape of

each curve between tabulated points in each possible combination of linear and log x and y
scaling. For example, if | have only two tabulated points at x=1 and x=100, using standard
linear interpolation this will be a straigle on a linearly scaled and y plot. But if you

use log x and/or wcalingPLOTTAB will display a curvedline corresponding to the
TRUE (assuming linear interpolation) shape of the curve.

You can controlhow PLOTTAB interpolates in x and y separately by defining the
interpolation to be linear or log ieach dimension. Above Ibriefly describedhow to
control the x and y scaling of each plot = automaticli@ar (1), log(2). In thiscase, any
non-negative values specify scaling witlear interpolation. To control interpolation, any
negative values specify scaling and gametype of interpolation; thenly meaningful
negative value is -2 kg scaling and interpolation.

An important point to note, ishat generally ifyou are using tabulated data iryour
applications it is importanbhow the data is interpretedot only atthe points that you
tabulate dataput AT EVERY SINGLE POINT along the curvege.g., integrals and
interpolate values depend crucially on EXACTLY HOW YOU INTERPOLATE.

This PLOTTAB optioncansupply you withvalueinformationthat you can use in your
applicationsFor example, if youassume youdata is linearly interpolabldut you see
funny bumpsandcusps inthe results when youlot it in various combinations dinear
and log, x and y scaling, yduetter think again aboybur assumptionbecauseyour data
is not smoothly linearly interpolable. In this casmi should considegither addingnore,
closer spaced points along your curves, or try PLOTTAB'sntagpolation and see if this
solves your problem. It ONLY SOLVES YOUR PROBLEM if yaare willing to
interpretyour data inyour applicationsusing morecomplicated log interpolatioriVhat
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should you do? The choice is yours. But whatever you do, be sure that you use PLOTTAB
to checkyour final results to insur¢hatyou are not incorrectly interpretingour data in

your applications.
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You are NOW a PLOTTAB Expert

Sorry, that's abougll I canquickly teachyou aboutPLOTTAB. If you now understand
how to produce output from your codes to be used as input to PLOTTABpantb edit
PLOTTAB.INP todefine the layout of each plogou are now anexpert, andyou can
immediately start generating plots. ybu want toget even fancier, see thellowing
documentation for moreetails - there's a lahore that this codecan do tomeet your
specific needs than | have been able to cover in this brief introduction.

Code Installation

The code is distributed wittietailedinstructions concerning installation and testing of the
code. These instructiorsse periodically updatefibr distribution withthe code, tansure
that the instructions are as up-to-date as possiblegxawdly correspond tdahe version of
the code that you will be implementing and using.

When you receive this code system you will find it arranged in a file directory structure. At
each level of the directory you will find a file namRBADME - be surethatyou read all
such files as you proceed with installation and testing.

Additional Documentation

This report is designed to be used on-line and as sudbekasrestricted teimpletext in
Microsoft Word 5.1 format. Inparticular aminimum of graphic output is included; only
one simple example igcluded below.For additional documentation, includingiany
example plots see the earlier documentation,

PROGRAM PLOTTAB: A Code Designed to Plot Continuous and/or Discrete Physical
Data, by Dermott E. Cullen, UCRL-ID-110240, (March 1992)Lawrence Livermore
National Laboratory

Latest Documentation

This code is designed to be self-documenting, in the sense tlatiegtedocumentation for

the code is included as comment lines at the beginning of the code. Printed documentation,
such as this report, is periodically published and consists mostly of a ctipyocaimment

lines from the beginning dhe code. Thaiser should baware that theommentlines in

the code areontinuously updated teeflect themostrecentstatus ofthe code and these
commentlines should always be considered tothe mostrecent documentatiofor the

code and may supersede published documentation, such as this report. Thee®ere
advised to always read the documentation within the actual code.
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Example PLOTTAB Problem

When you runthe PLOTTAB testproblem youwill see thetwo figures discussetiere.

After running TART97 the utility codBALANCE was used taead theTART97 results

and output them irthe PLOTTAB format. The first figure you see when you run
PLOTTAB illustrates the results for the neutron balance of the system: neutron production,
absorption and leakage. The results, from higher to lower energy, show a fission spectrum,
slowing down spectrum and finally a thermal Maxwellian. Based solely on this figure it is
difficult to understand some features of the spectrum, sudeasinimum in production

at a few eV. Why ighere isminimum and why isn’'t there also aminimum in the
absorption at this point? This is explained below.

By addingthe totalcrosssection to thesecond figure, when you run PLOTTAB you can
seethat theminimum inthe productiorcorresponds to a maximum the crosssection

due to a capture resonance, i.e., classical self-shieiiege an increase grosssection
results in a corresponding decrease in fluthsd theproduct is about constartiow do |

know this is acapture resonancelote, the production, but nothe absorption has a
minimum. Self-shielding theory tells me that since absorption is smooth the product of the
flux and absorptiorerosssectionmust be almosthe entire reaction rate. In contrast the
minimum in production tells me the fission cross section is smoottihasdheproduct of

the reduced self-shieldeflux and smooth crosssection results in aminimum in
production.

Hopefully these resultsllustrate how the TART97 system codegan be used in
combination to produce not justumbers, but rather physical understand. Bjsing
TARTCHEK to check input, TART97 to run your calculations, titisty codes to process
the results, and PLOTTAB andARTCHEK to immediatelyshow you your results, you
cansave a greateal oftime and learn #t morethanyou ever will by wading through
piles of output. For example, in this simglase theTART97 outputfile was over 32,000
lines long. But | learned everything | wantedkioow about thissystemwithout ever
having to look at this output. In additigrou have EPICSHOW toindependently check
results compared to the cross sections TART97 is using.
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Utility Codes:
Version 97-1 Summary

TART97 is distributed with amumber ofutility codesthat aredesigned toedit TART
output for criticality or source problemsThe primary reference to these utilitgodes
remains Chapter 8: Utility Codes, of the TART95 documentation (includix iRARTO7
on-line documentation). Below is a brief introduction and update for each code.

Criticality Problems

CRITEDIT - Summarize static reactivity results in tabular form.
BALANCE - Edit criticality production, absorption and leakage spectra for an entire
system to PLOTTAB input format. Use PLOTTAB to see your results.
PATH - Edit pathlength (flux) spectra for individual spatial zones. Use PLOTTAB
to see your results.

Source Problems

FLUXEDIT - Edit flux and energy deposition for each spatial zone to PLOTTAB input
format. Use TARTCHEK to overlay the results on your geometry.

TARTSUM - Combine results of a number of TART runs. This can be used to improve
the statistical accuracy of your results by adding additional results. When
using multiprocessing this can quickly improve results.

EDIT1112 - Edit binary output to tabular form.

PLOT1112 - Edit binary output to PLOTTABnput format. Use PLOTTAB to see

your results.

Input Parameters

If there are input parameters, they will be ifla with the same name athe utility codes,
plus an extension of .INP, e.g., for the BALANCE code, BALANCE.INP. Eagtt file

contains a complete, up-to-date descriptionallfinput parameters. Assuch, input
parameters will not be described here.

Input TART Results

TART.OUT isread byCRITEDIT, BALANCE, PATH, and FLUXEDIT. This is the
TART default file name for TART output.

TART.OUT is written by TARTSUM. It reads a number of TART output files, and creates
TART.OUT, containing the combined results.

EDIT1112 and PLOT1112 read binary output files created using TART tally type 11 or 12.

These are TART options to score particles entering a zone and output their coordinates to a
binary file for later use.
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Criticality Problems
CRITEDIT

CRITEDIT reads anentire TART97 outputfile, TART.OUT, for any number of
criticality problems, and produces a table summarizing the results of the calculations.

Input parametersNONE

To use CRITEDIT, be surihat the fileyou want it toread isnamed TART.OUT, and
type,

CRITEDIT

You will obtain results both on your screenths coderuns,and in an outputile named
CRITEDIT.LST (CRITEDIT list).

There aretwo primary use for CRITEDIT, bothare illustrated in theTART95
documentation,

1) Summarize the results of a variety of different criticality calculations.

2) Summarizeheresults of runninghe samecriticality calculation anumber of times.
This can be used to further check on and improve the statistical accuracy of results

BALANCE

For any criticality calculation the multiplication of theystem (K-eff), isdefined as a
BALANCE between the production afieutrons andioss from the system due to
absorption and leakageALANCE will allow you to sedheresults for anysystem as a
function of neutron energy. Resultglude aspectrum ofthe incident energy athich

neutron interactions producegkutrons (nothe fission spectrum produced), agell as

spectra of the energy athich neutrons were absorbed leakedfrom the system. By
comparing these three curves it is very simple to see what energy ranges are important. For
example, those energy ranges where production exceeds the sum of absorpéakaged

will tend to make a system super-critical, and those energy ranges where production is less
than the sum of absorption alehkage will tend tanake itsub-critical. The integral over
energy of these results defines the multiplication of the system (K-eff).

The BALANCE code reads an entire TART97 output file, TART.OUT,dioe criticality
problem, and produces output in the PLOTTAB input format, so that you can immediately
see your results.

Input Parameter8ALANCE.INP

To use BALANCE, ediBALANCE.INP to define the outpugou want, be suréat the
file you want it to read is named TART.OUT, and type,

BALANCE
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You will obtain results in dile named PLOTTAB.CUR, whicltan bemoved to your
PLOTTAB directory and immediately plotted; sethe PLOTTAB documentation for

details.
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PATH
BALANCE is designed to allowyou to seeoverall features of an entirgystem. In
contrast,PATH allows you tosee the features of individual spatmines. It will edit

pathlength (flux) spectra as a function of energy for individual spatial zones, and allow you
to optionally renormalize the results per unit energy and/or unit volume.

Input Parameters®?ATH.INP

To use PATH.edit PATH.INP to define the outpugou want, be sur¢hat the file you
want it to read is named TART.OUT, and type,

PATH
You will obtain results in dile named PLOTTAB.CUR, whicltan bemoved to your

PLOTTAB directory and immediately plotted; sethe PLOTTAB documentation for
details.
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Source Problems

FLUXEDIT

FLUXEDIT is designed toedit flux and energy deposition foeach spatial zone to
PLOTTAB input format, whichcan beused by TARTCHEK twmverlay theresults on
your geometry.

The FLUXEDIT code reads aantire TART97 outputfile, TART.OUT, for one source
problem, and produces output in the PLOTTAB input format, so that you can immediately
see your results.

Input Parameters&d ONE

To use FLUXEDIT, be suréhat the fileyou want it toread isnamed TART.OUT, and
type,

FLUXEDIT

You will obtain results in dile named FLUXEDIT.OUT which can bemoved to your
TARTCHEK directory and immediatelglotted. See the chapter 9®RTCHEK in the
TART95 documentation to learn how to overlay your results on your geometry.

TARTSUM

TARTSUM will combine results of a number of TART runs. This can be used to improve
the statistical accuracy ofour results by addingadditional results. When using
multiprocessing this can quickly improve results.

The TARTSUM code reads a series efitire TART97 output files, forany number of
source problems and creates a combinég named TART.OUT. All ofthe output files
MUST correspond to EXACTLY the same TART input problem(s) - the ONLY thing that
you are allowed to change is ttendom numbesequence (sentl 12), to mate results
statistically independent.

Input ParameterstARTSUM.INP

To use TARTSUM, ediTARTSUM.INP to define the outpugou want, be suréhat all

of the filesyou want it toread are in thesamedirectory, andthat NONE are named
TART.OUT (the combined output file name), and type,

TARTSUM

You will obtain results in a file named TART.OUT, that is in EXACTLIM same format
as any other TART97 outptite. Therefore, ifyou have any codethat process TART

output - not to worry - they will work on the combined file, just as tiweyk onany other
TART output file.

UCRL-1D-126455, Rev. 1 ) Utility Codes




UCRL-1D-126455, Rev. 1 Utility Codes

EDIT1112

TART tally types 11 and 12 for neutrons or photons allassrsthe option oftallying

particleswhen they enter individual spatial zones; they are then termin&ted.each
particle the output includes all spatial, energy, time, direction, andutider ofcollisions
from sourceThis option is used bgnany TART users fospecial applicationssuch as
detector response problems.

EDIT1112 wasinitially designed to read a binafijfe created byTART and produce
tabulated results that users can then use in their applicationgver,currently it ismore
often used by userswithin their special purpose application codes. EDIT1112 is
incorporated into theicodes and is used tead the coordinatder oneparticle at aime
from a binary file, and the users then do whatever they want with them.

The EDIT1112 code reads single binary TART97 outputfile, for a single source
problem, and creates a file of tabulated resulise user defines bynput the filename of
the output tabulated result.

Input Parameter€£DIT1112.INP

To use EDIT1112, edEDIT1112.INP to define the outpugou want, be suréhe binary
file you want it to read is in the same directory, and type,

EDIT1112
You will obtain tabulated results in the file you specified by input.

WARNING - EDIT1112will only read a single binary file, eventhough TART may
create an entiréamily of binary files. This is done becausetial tests ofthe code
illustrated that readingnd tabulating theesults for arentirefamily of files can result in
enormous output files. To use an entire family of file, see PLOT1112 below.

PLOT1112

PLOT1112 is merely one example ofecialpurposecode built on top oEDIT1112.
PLOT1112 reada family of binary files created by TART, summarize the results in a file
name defined byuser input, and also produce resuwsrsus time, in dile named
TIME.CUR , and versus energy, in a file nani@dERGY.CUR. Each of these twbles

is in the PLOTTAB format, sthatyou canuse PLOTTAB to see your results. Edité
contains PLOTTAB"curves” for total results, aswell as resultsfor eachnumber of
collisions that particles had between source and entering the tally zone, e.g., uncollided, first
collided, second collided, etc., results.

Input Parameter$?LOT1112.INP

To use PLOT1112, edRLOT1112.INP to define the output you want, be stine entire
family of binary files you want it to read is in the same directory, and type,
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PLOT1112

You will obtain a summary ofresults inthe file you specified by input, as well as
TIME.CUR andENERGY.CUR, thatcan beused with PLOTTAB to see your results.
Note, TIME.CUR andENERGY.CUR correspond to the standard PLOTTA#®ut file
PLOTTAB.CUR. By moving either to your PLOTTAB directory and renaming it
PLOTTAB.CUR you can immediately see your results. Sethe PLOTTAB
documentation for details.
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Red's NATURAL Editor
A Program designed to edit FORTRAN Programs
(Version 97-1)

Abstract

This program allowshe user toedit filesusing acompletely naturamethod. Youdon't
need a lot otime to learrhow to use this progranits as simple as using tgpewriter.
Even while you are reading this report you can start editing files.

Although it is as simple as using a typewriter, this fallascreen editor, sthatyou can
overwrite (replace) anything, delete or insert characters or lines, copy or move lines, find or
change anything. All of thisan bedone without using angomplicated combinations of

key strokes (as you are forced to memorize with other editors).

This program iswritten in standardcFORTRAN. Although it wasdesigned andhitially
implemented on an IBM-PC, it can be easily adapted for use on any graphics terminal, and
now been implemented odNIX workstations, IBM-PC, PowerMACand even Laptop
computers; it is distributed with complete graphicterfacesfor all of these types of
computers.

Full Screen Editor

If you want to edit a file simply positiotine cursor to where you want &iart editing and
start typing - there are no control characters or anything etsgniember - whatould be
more natural. If you want to replace any text in filresimply type overit. If you want to
insert text in the middle of a filpressthe INSERT key and then start typing. Yiou want
to delete a character simply press the DELETE key. It's that simple and natural.

Specific to FORTRAN

There are now many much more powerful editors available. What makes this editor useful
is that ituses FORTRAN syntax rules. Fexample, if you want te@hange a variable
named X to Y, youwan do it withoutworrying about anything except BORTRAN
variable named X being changed to Y. It won't change a variable X1, nor will it change 5X
in FORMAT statements. Alsthe layout of the screeforces you to be constrained to
simple FORTRAN rules that work on any computer.

Requirements

The program is written in standard FORTRAN that can easily to adapted to run on virtually
any computer. To use this code you need,

1) At least 8 megabytes of memory

2) A keyboard
3) A color screen is highly desirable, but not required.
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Limitations

This program is primarily designed txit FORTRAN programs. As suchis major
limitation is that each linenay not be longer than 72 characters; if any lines exceeds this
length, only the first 72 characters will be read and output when you close the file.

Although this program is primarily designed for use WVHBRTRAN programs, it is a
general editor that can hesed totype letters orreports orcreate tables of dat@ee, the
below section on tabs, which can be used to simplify creating tables).

WARNING - theonly real limitation is 72 charactgrer line; this is sufficientfor many
applications. However, you should be WARNED that if you open an exi#gripat has
morethan 72 character on any lired| characters pashe 72-th will NOT beread and if
you then SAVE the file these characters will bast. Before editing dile it is always a
good idea to first make a backup copy. If you do this you can always reamwesriginal
file should you truncate longer lines, or inadvertently make incorrect changes to a file.

As distributed the program is limited to handle files of up to 100,000 lines in length. If you
need to editonger files and/ou havemore memoryavailable thgorogramcan be easily
modified to edit larger files. If you do not have 8 megabytes of mema@iableand only

edit smaller filesyou can easilymodify the program to use less memory tmly edit
smaller files.

Minimum File Size

This programwill minimize the disk storage requirements for your fil&&hen files are
written to disk each line will be output only up to the last non-blank character on the line. If
a line is completely blan&nly one blankcharacter will be outputJsing thisconvention
you may be surprised at how much your disk storage requirements can be reduced.

Screen Layout

The screen layout is 30 lines by 80 columns. The definition of the lines are,

1 = Program |dent|f|cat|on to LEFT and messages to RIGHT
2 = HOME to LEFT, number of lines in file being edited to RIGHT
3-30 = Up to 28 lines of text from the file being edited

You shouldwatch themessages tthe RIGHT online 1. If you are notdoing anything
special this message will continuously remind you how to get orHigleP - H inHome

for HELP. If you are INSERTING, COPYING, MOVING or DELETIN@is message
will remind you what you are doing, e.g., COPY Mode on ON. Hadicularly important
to watch this message if you make a mistake - SYBRROR - CommandGNORED.

In this case yowan either try theommandagain orusethe on-lineHELP toreview the
available commands and then retry.

The definition of columns are,

- = Seqtuence number of lines from the file being edited
7 78 = Up to 72 columns of text from the file being edited
78-80 = Not used
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Identifying Modified Text

On a color screen for an original line from a file the sequence number VREDeand the
text will be WHITE on ablack background. If you modifyany line thesequenceaumber
will be YELLOW in all cases. Any text that you modify will be shown iditferent color
than WHITE as long as it stays time screen. I{you move to aifferent page of text all
lines than have been modified will still be indicated byELLOW sequence&umber, but
the text will be WHITE.

Case Sensitivity

Text to actually be included in a file is casensitive, i.e., thggrogram distinguishes
between upper and lower case letters. The same is tthe oharactestrings used in find
or change commands.

Commands tdhe programare NOT case sensitive-or a find command yogan type
either f or F,for a changecommandeither ¢ or C;similarly for all of the control
commands.

Summary of What you have to know

The following sections describe in detail what you have to know in order to ussditais
What you have to know is,

1) How to open, save and close files that you want to edit

2) How to position yourself anywhere in a file

3) How to edit a file by replacing, inserting or delete characters

4) How to edit a file by copying, moving or deleting lines

5) How to edit a file by finding or changing character strings

That's basically everything thgbu need toknow. It is so easy to use theslitor that it is
recommended you now start the editor running and aseaxlithefollowing sections try
each option as it is described. If you follow this recommendationmibdind that by the
time youhave finished reading this repgrvu will be familiar enough withithe editor to
feel comfortable editing files. If you need a quick reminder of @mgramoption simply
use the on-line HELP facility while you are running the program.

REMINDER - If you follow this recommendation to nostart the editoiyou can open

and edit any text file. To learn the options in this editor feel free to make any changes to the
file that you want. When you are finished if you do not warBAd/E these changes (i.e.,

you do not want to really modify the file on disk) use the ESCAPE option described in the
next section.
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Opening, Saving and Closing Files
When you start the program it will display a list of options,

Existing File..........
Create File............
Set Tabs..............
Display Help File....
Terminate (STOP)...

Existing File..... = open an existing file to be edited

Create File....... = create a file to be edited

Set Tabs.......... = set tabs and then return to this menu (see, details below)
Display HELP File. = display on-line HELP file and then return to this menu
Terminate (STOP).. = execution is terminated

Use UP and DOWN ARROWS to position to the option you wish to seledhangress
ENTER (or RETURN).

If you select eitheExisting File or Create File thprogramwill then prompt you for the
filename,

Enter Filename....

Type the filename exactly. Ifou make any mistakewhile typing you can use the
DELETE key to delete characters. When you are finished press ENTER (or RETURN).

The file will be opened or created and you camw start editing. Whileyou are editing the
file, all editing is done within the memaory of the computer and changes &atiled file on

disk are only made when you tell the code to updateligiefile. If you are making many
changes to a file it is recommended that you periodically SAVE these charnbesattual

file on disk. This is done by pressirtige HOME key to move the cursor to HOME and
then pressing the S key (S = SAVE). When woefinished editingyou can return to the
initial list of options by pressing either,

END = SAVE the current file with all editing changes and then restart the program.

ESCAPE = Immediately restathe program WITHOUT SAVINGthe file. This option

can be used to advantage if you have somehow made erroneous changes to the file that you
want tocancel. Sinceaising this optiorwill causeyou to loseall changeshat you have

made, you are asked to

CONFIRM ESCAPE by Pressing C
If you press C or the programwill then immediately restart. fjou pressany other key

the programwill assume you pressdelSCAPE bymistake, ignore thisommand and
allow you to continue editing.
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WARNING - Using the ESCAPE option will NOT undo any changesthat you
have made to the file on disk if ydnaveusedthe SAVE option, described abov&/hen
you use the SAVE option the current file is copien memory to diskand replaces the
original file; similarly if you use th&ND option. When you usthe ESCAPE option the
file is NOT copiedirom memory to diskTherefore the file on thdisk will either be the
original file (if you have not used the SAVE option)tbe lastversion ofthe file that you
SAVED.

Positioning within a File
Your current position in a file is defined by a cursor, which @olar screen ishown in

GREEN. The following section describelsow to positionthe cursor anywhere within a
file.

A file being edited can be thought of as a number of pages of text, with each page being up
to 28 lines in length (the number that will fit on the screen). To position within a file or on a
screen,

1) UseARROW keys to position LEFT, RIGHT, UP or DOWN within a page.

2) UsePAGE UP or PAGE DOWN to position tothe precedingtowardthe start of the
file) or following (toward the end of the file) page of the file.

3) Position the cursor tdOME by pressinghe HOME key and thaisePAGE UP or
PAGE DOWN to position to the beginning or end of the file.

4) Anywhere in columns 1-6 pressifigwill cause the linavherethe cursor iscurrently
located to be moved to tH®P of the screen.

5) On any line positiotthe cursor tothe first column andype any number followed by
ENTER (or RETURN) tgoositionthat linenumber tothe top of the screem.g., typing
1234 ENTER,will cause thel234-thline of the file to bepositioned to the top of the
screen.

6) Positioningthe cursor toHOME andtyping any number followed by ENTER (or
RETURN) has the exactly the same effect as 5), above.

These are the only controls that you need to position yourself anywhere tviHile that
you are editing.

Replacing, Inserting and Deleting Characters
This is a full screen editor, gbat onceyou have positioned theursor over aharacter in

the file you can,

REPLACE - the charactesimply by typing overit. If you type over acharacter it is
replaced and theursor advances one positiontke right, soyou can continue replacing
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characters.

INSERT - characters by first pressitige INSERT key and then continuing to type. As
you type each character will beserting into thdine and thecursor andall following
characters will be shifted to the right.

You can continuing inserting characterslasg as you wantncluding continuing to the
next and following lines; iffou press RETURN (or ENTERhe line will be divided at
that point and a new line started.

You terminate inserting by using any cursor re-positiomioigimand, e.gARROW UP,
DOWN, LEFT or RIGHT, PAGE UP or DOWN, etc.

You cannot use INSERT to extend the length of lame/beyond 72charactersyour input
will be ignored once a line is full.

DELETE - the character by pressing the DELETE KBye character will be deleted and
all following characters orhe line will beshifted to the leftYou can delete asnany
characters agou wish byrepeatedlypressingthe DELETE key. If you delete all of the
characters on a line the line itself will be deleted.

REMINDER - For a full screen editor ENTER (or RETURN) isauteptable character,
which will cause a new line to be started. Do not use ENTER (or RETURN) to try and re-
positionthe cursor -experiencehas shownthat for peoplewho are used to usingther
editors, but not full screen editors, this is probathly most difficult thing to remember
when using this editor.

Copying, Moving and Deleting Lines
This program can be used to copy, move or delete one or a series of lines.

The syntax for all three of these options is very similar. Poditiecursor to column 1 of
the line where you want to start and présdor Copy), M (for Move) or D (for Delets.
Next position the cursor to column 1 of the line where you want to end andpagastC,
M or D (it must be the same character you used on the sthnngif it isn't youwill get
the error message Syntax ERROR - Command IGNORED).

Once youstart one of theseommandgshe sequencaumber ofthe startingline will be
replaced by the word COPY, MOVE or DELETE and the messaffee ®RIGHT online
1 will indicate what you are doing, e.g., COPY Mode is ON.

If you are DELETING lines, assoon as you press D dine endine the entire range of
lines between start and end will be deleted.

If you areCOPYING or MOVING lines you must next positiaie cursor to column 1
of the line thatyou wantthe lines to a copied anoved BEFORE; remember at the
beginning of dine thecursor is in front othe lineand theCOPY or MOVE will be to
BEFORE the linewherethe cursor iscurrently positioned. To completee COPY or
MOVE pressINSERT.
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If you only want to COPY, MOVE or DELETE one line tearting and ending lines can
be the same line; press C, M or D twice on the same line.

To positionthe cursor fromthe first to lastline of the rangend toindicate theINSERT
point for COPY and MOVE you can only use,

1) UP and DOWN ARROWS to position within a page
2) PAGE UP or PAGE DOWN to position to different pages
3) type a line number starting in column 1 of any line to position to that line

If you try to positionthe cursor using angthercommands a messagél appear to the
RIGHT on line 1,

Syntax ERROR - Command IGNORED
and your command, including the starting line, will be ignored.

If you only want to COPY, MOVE or DELETE kelatively small number ofines which
will be COPIED or MOVED to a relatively nearlpface in the fileyou can easilyuse the
above cursor positioning commands without any planning.

However if a large number of lines are involved and timexst be moved eelatively long
distance in the filgyou shouldplan whatyou intent to do byfirst positioning through the

file and noting the sequence number of the start, end and insert lines. Once ydhdssow
sequence numbers you can easily position to the points involved and quickly complete any
of these operations.
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Inserting or Deleting a Line

In addition to thecommandsdescribed abovgou can INSERT or DELETE individual
lines by positioning the cursor in column 1 of any line and pressing,

INSERT - to create ablank line with the cursor positioned irthe first text column
BEFORE the line where the cursor is located.

DELETE - to delete the line where the cursor is positioned. If you want to delete just a few
lines thismay be moreconvenientfor you to usethen the more general DELETE
command described above.

Finding and/or Changing Text
This program will allow you to find or change text within a file.

To define d&ind command use thOME key to positionthe cursor to HOMEand then
type f or F followed by the character string that you wish to find followedEDTER (or
RETURN). Afind command iderminated by &NTER or ablank. If youwish tofind

anything that includes blanks encldee command in quotes. For example, yaan type
either,

f this
or
f 'this is a test find'

To define achangecommand us¢he HOME key to positionthe cursor to HOME and

then typec or C followed bythe charactestring that you wish to find followed by the
characterstring that you wish tochange it to. A changeommand istreated as a find
followed by a change. The find and change parts of the comaraneach terminated by a
blank or ENTER. If either character string includes blanks it should be enclosed in quotes.
For example you can change XOLD to XNEW using the following change command,

¢ XOLD XNEW

If you define a change command as described above the program will only temgst
occurrence of the charactgring found by searching forward ihe file from the current
cursor position. If you wish tehange every occurrence of a charasteing you can
include the word ALL at the end of the change command, e.g.,

¢ XOLD XNEW all
Since theprogram is primarily designed &dit FORTRAN programs iwill distinguish
between FORTRAN variables and general text strings. When a find or change command is

defined if it isSNOT enclosed in quotes this codesumes yowant to find or change a
FORTRAN variable. If it is enclosed in quotes it is assumed you are defining a gereral
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string. For example, the find command,
f editor

will only find the word editor, whereas,
f ‘editor’

will find editor, editors, editorial, etc. - anything in which the character string editor occurs.

You cannotuse CHANGE to extend the length of arline beyond 72characters; if a
change commands would cause the new line lengtikdeed 72 characters thersorwill

be positioned to the poinwhere the change is required, but the change will not be
performed. In this case the message on line 1sajyllLine TOO Long forCHANGE. If

all changes arperformed successfullyhe message otine 1 will tell you the number of
changes made, e.g., 17 Changes.

Repeating Find or Change Commands

This program rememberthe last find and change commandshat you define (as
described above). To repeat the fasti command presBUNCTION KEY 1. Torepeat
the last changeommand press FUNCTION KEY 2. For Example, if you wishstEp
through dfile finding all occurrences oXOLD you canfirst define this findcommand
(see, preceding section) and then merepeatedlypress FUNCTION KEY 1 tdind the
next occurrence; therogramwill notify you when itreaches the end of thige without
finding another occurrence.

What this program remembers is the last find comnthatiyou defined OR the last two
parts of a changeommand = find followed bghange.For example, ifthe lastfind or
change command was a find, this will define wifigtprogramwill find next if you press
FUNCTION KEY 1. However, itill also definethe first half of the changecommand
(the find part) ifyou press FUNCTION KEY 2Conversely ifthe lastfind or change
command was ahange, this will define whahe programwill change next ifyou press
FUNCTION KEY 2. However, iwill also define whathe programwill find next if you
press FUNCTION KEY 1.

This convention can be used to good advantageufare notsure if you want tahange

every occurrence of a character string in a file, you can define a change command to change
only the next occurrence of tiséring in afile. You can theruse FUNCTION KEY 1 to
position to the next occurrence of the string in the file. If you want to then chasigepty

press FUNCTION KEY 2. If you doot want to chang#, press FUNCTION KEY 1

again to proceed to the next occurrence ofstineg. Following this procedure you can
quickly step through aentire fileonly usingFUNCTION KEYS land 2, to selectively

decide whether or not you want to change each individual occurrence of a character string.

Display Column Numbers

This programcan displaycolumn numbers for columns 1 through 72tleé text. This
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option can be helpful if you want to determine exactly vdodtimnsany text is located in,
or how long a given string of text is.

Press HOME toposition the cursor to HOME and thenpress # to display column
numbers 1 through 72 on line 2 of the screen.
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Using Tabs

It is convenient taise tabs to minimizéhe number ofkey strokegshatyou must use for
input and to positiortext in specificcolumns. Therefore thisprogram can read files
containing tabs and you can input tabs from your keyboard.

However,the outputfile from this programwill not containtabs. Any tabgeadfrom an
input file or thekeyboard will be replaced by blank characters to positiennext input
character at the next tab position on a line.

This program has built-in tabs every 7 columns, e.g., inputing a tab in any column between
1 and 6 will position the next character to beatumn 7. Similarly, inputing &b in any
column between 7 and 13 will positiothe next character to be golumn 14. This
continues out to the last tab in column 70.

When you start the program you have the option to change the positios lmiilt-in tabs.

If you wish to do this, orthe first screen positiorthe cursor (using UP anddOWN
ARROWS) to"Set Tabs" angress ENTER (or RETURN)The programwill display
column numbers 1 through 72 dhe secondline of the screen and the current tab
positions, indicated by T on the third line. The cursor is initially positioned at the beginning
of thesecondine. Usethe SPACE BAR topositionthe cursor to youmext tab position

and press the T key; this will set the next tab position in this column. Continue to insert as
many tabs as you wislPress ENTER (or RETURN) when ydwave defined ALL of

your tab positions. This procedure is very similar to what you would do to set tabs on a
typewriter. Your definedab positionswill remain until you restart theprogram; at which

time the tabs will be reset to their built-in default positions of every 7 columns.

Once youhave started editing a figou cannot change tapositions whilestill editing.
However, it is easy enough to sim@ND your editing, which will saveyour edited file
and restart the program with the first screen. ¥an then'Set Tabs" andesumeediting
your file.

Adding Lines to the End of a File

To add lines to the end offile positionthe cursor anywherafter the last line of théle
andpress INSERTThe programwill create a line at thend of thefile and position the
cursor to the first column of this file, so that you can immediately start typing and continue
as long as you like.

Characters Echoed by this Program

Any time you press a keyboard key and the program understands what you are trying to do
it will always echg/our action either byshowingthe characteyou typed or takingsome
action. If you press a key that the program does not understand it will ignore your action.

For example, aHOME and incolumns 1 through @here areonly a few keysthat the
program understands (seeymmary of commands bgosition, below). Similarly, in
columns 7 through 78 (1 through 72 of the data), you can only usehayorrespond to
normal key codes (1 through 255); if you press any other key it will be ignored.
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Simply by watching the screeyou will immediately know whether omot the program
understands what you are trying to dothié program doesot respond to younput and
you do not understanavhy, usethe on-line HELP facility to review the available
commands.

On Line Help

This program comes with a file named HELP. This is a singefile thatyou can read,
typed to the screen or print. In addition at any time this file may be viewedthsimeglitor
by positioning the cursor to HOME and keying H (for HELP).

Thefirst page of thidile is asummary ofall the commandsthat you can use with this
editor - that's how simple this editor is - all oféd@mmandscan be displayed oonly one

page!

When using the on-line HELP the messadigplayed to thdRIGHT of the first line says:
Q to Quit, otherwise MORE. This means that if you have seen enough filethmsess Q
to return to editing. If you want to seeore ofthe file pressany other key to see the next

page.
See, the appendix for a copy of the on-line help file HELP.
Summary of Commands by Position

The following table summarizes ALL of the commands that you can use depending on the
current location of theursor. Thistable is identical to thérst screenthatyou will see if
you use the on-line HELP facility.

* - Anywhere
*-HOME = Position cursor to HOME
*-END = SAVE the file and terminate
* - ESCAPE = Terminate WITHOUT saving the file
*- Page Up = Move a Page toward the BEGINNING of the file
* - Page Down = Move a Page toward the END of the file
*- ARROWS = Move cursor in the indicated direction

*-F1 = Repeat last FIND
*-F2 = Repeat last CHANGE
* - At HOME

*- Page Up = Move to the BEGINNING of the file
- Page Down = Move to the END of the file

= FIND

= CHANGE

= SAVE the current file and continue

= Display Column Numbers
umbers = Position to this line NUMBER
olumns 1 through 6
elete = DELETE a Line
sert =INSERT a Line

= DELETE RANGE

= CHANGE RANGE

= MOVE RANGE

= Move current line to the TOP of the screen
Numbers = Position to this line NUMBER
n Columns 7 through 78 (1 through 72 of the data)
- Delete = DELETE a Character
- Insert = Start to INSERT Characters

goZzZ¥Enom

005

*
*
*
*
*
*
x|
*
*
*
*
*
*
*
o
*
*
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That's It

Unlike other editors where yauweed a300 or 400page manual describirfgpw to use it,

this editor is sesimplethatthis documentation iall you need touseit. Everything has

been kept as simple and natural as possible, so that you can start editing even while you are
reading this document.

That's it! There is nothingnore that you need touse thiseditor. Havefun and please
contact the author fou have anycomments or suggestiorstherpro or con. Based on
experience, it is feedbadkom usersthat leads to thenost significantimprovement in
programs such as this one. So that any comments you have would be most appreciated.
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Appendix B: A copy of the on-line Help file HELP

The following is a copy of the on-line Help filkELP as ofthe date othis report;for the
most up-to-date version see the copy of this file that you received with the program.

This is a simpldext file thatyou can read, type ogour screen or printWhen you are
running this program you can also accessftleidy pressingthe HOME key to position
the cursor to HOME and then pressing H (H = HELP).

You can use this standard on-line HELP file or if you wish you can modify it to meet your
own needs - yowre free to include anythintpat you wish in thisfile that will be of
assistance to you while you are running this editor.

If you do decide tomodify thisfile you should understarttie structure of the file. It is
divided into pages of text, with up to 28 lines on each page. The end of each page is defined
by a line of the form,

This is a signal to the program that only the lines abovditieishould beincluded on the
current screen. The next screen will start at the line immediately following this line; this line
is not displayed on the screen.

The first page ofthe standardfile distributed with thisprogram is a summary of all
commands that you can use - this usually serves as a quick reference in case you forget one
or more ofthecommands. It is recommendé#uhatyou leavethis page inplacefor your

use.

The following pages givenore details on thaise of this program. You may wantddit

these pages to meet your needs, e.g., different people think different ways, so that you may
prefer to explain the use of the commands in the form thatgomore easily understand

and follow when you use this file for on-line HELP.

You donot have to follow this "page” conventionyibu decide tomodify this file. This
program will display up téhe next 28 lineg¢rom the file. If it encounters an end of page

line (as described above) before displaying 28 lines, it is merely a signal to stop displaying
lines on the current screen, and then contimitie the next line on the nexcreen. If it
doesn't find an end of page line it will merely keep displaying lines, up to 28 at a time. This
end of pagdine is merely aconvenience that can hesed to grougogether and display
similar information on the same screen, but it is not necessary for you to use it.
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- Anywhere (Summary of Commands by Position)
-HOME = Position cursor to HOME

*- END = SAVE the file and terminate

*- ESCAPE = Terminate WITHOUT saving the file

*- Page Up = Move a Page toward the BEGINNING of the file

* - Page Down = Move a Page toward the END of the file

*- ARROWS = Move cursor in the indicated direction
*
*

-F1 = Repeat last FIND
-F2 = Repeat last CHANGE
* - At HOME
*- Page Up = Move to the BEGINNING of the file
* - Page Down = Move to the END of the file
*-F = FIND
*-C = CHANGE
*-S = SAVE the current file and continue
- = Display Column Numbers
* - Numbers = Position to this line NUMBER
- In Columns 1 through 6
* - Delete =DELETE a Line
*-|nsert =INSERT a Line
*-D = DELETE RANGE
*-C = CHANGE RANGE
*-M = MOVE RANGE
*-T = Move current line to the TOP of the screen
* - Numbers = Position to this line NUMBER
- In Columns 7 through 78 (1 through 72 of the data)
* - Delete = DELETE a Character
* - Insert = Start to INSERT Characters
(PAGE)
- Closing and Saving Files
- END = SAVE the file and terminate

- ESCAPE = Terminate WITHOUT saving the file
- At HOME S = SAVE the file and then return to editing
- Positioning with a file
* - UP, DOWN, LEFT or RIGHT ARROWS within page
* - PAGE UP or PAGE DOWN for next or preceding page
* - At HOME, PAGE UP or PAGE DOWN for beginning or end of file
* - In Column 1 T to position cursor line to TOP of screen
* - In Column 1 any number to position to this line number
* - At HOME any number to position to this line number
- Full Screen Editor
- In Columns 7 through 78 (1 through 72 of the data)
- Replace - type over character
- Insert - Press INSERT and continue typing
- End Insert using cursor motion, e.g., any ARROW
- Delete - Press DELETE
- Copying, Moving and Deleting Lines
- Starting Line Column 1 C (Copy), M (Move) or D (Delete)
- Ending Line Column 1 C (Copy), M (Move) or D (Delete)
- for Delete starting to end immediately deleted
- for Copy or Move
- At INSERTION Line Column 1 press INSERT
- Inserting or Deleting a Line
- In Column 1 press INSERT or DELETE
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(PAGE)
* - Finding Text
* - At HOME press F immediately followed by the string to find
* - Enclose in quotes if string includes any blanks
*-e.g., f'thisis a test'
* - Changing Text
* - At HOME press C immediately followed by the string to find
and what to replace it with
* - Enclose in quotes if string includes any blanks
* - e.g., ¢ 'this is a test' 'this is not a test'
* - Follow with ALL to change ALL occurrences
* - e.g., Cc 'start with this' '‘change to this' all
* - Repeating Last Find or Change
* - Find - Press FUNCTION KEY 1
* - Change - Press FUNCTION KEY 2
* - Display Column Numbers
* - At HOME press #
* - Defining TABS
* - ONLY possible at program start or restart (end editing)
* - Select 'Set Tabs'
* - Use space bar to space to column
* - Use T to define TAB positions
* - Repeat for each TAB
* - ENTER (or RETURN) at end
(PAGE)
* - Requirements (on IBM-PC)
* - 8 megabyte of memory
* - keyboard
* - Color screen desirable
* - Limitations
* - 100,000 lines per file
* - 72 characters per line
* - Screen layout
*-line 1 - Program identification and messages
* - for messages watch the upper
right hand corner of the screen
*-line 2 -Home and number of lines in the current file
* - lines 3-30 - Lines from the file you opened (28 lines)
* - cols. 1- 6 - Line number from the file
* - cols. 7-78 - Line from the file (up to 72 characters)
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