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Abstract

ListingAnalyst is a Windows® program for viewingetimain output file from MODFLOW-2005,
MODFLOW-NWT, or MODFLOW-LGR. It organizes and diggk large files quickly without using
excessive memory. The sections and subsectiote dilé are displayed in a tree-view control, which
allows the user to navigate quickly to desired ioce in the files. ListingAnalyst gathers erroida
warning messages scattered throughout the mainitfilgpand displays them all together in an eanod
a warning tab. A grid view displays tables in ad&ble format and allows the user to copy the tale
a spreadsheet. The user can also search therfileris of interest.

Introduction

As computers have become more and more powerfdiplygists have been able to simulate
groundwater flow in greater and greater detail. Bledhat once would have been impractical becatise o
their long run time are now feasible. With thesgéa models come larger output files. The main outp
(listing) file produced by MODFLOW-2005 (Harbaudifj05) contains a wealth of information including
printouts of the input data, calculated heads, doaws, warning messages, and error messages.
Analyzing these large output files can presentalehge to the modeler. Large files are slow tondpe
some text editors. While text editors that effitigmead large files do exist, they do not organigeéng

files by section and subsection. It can be diffitollocate the information of interest because
information, including error and warning messaggescattered throughout the file. Searching foorerr



and warning messages can be especially troublesditheugh the user can search for the terms “error”
and “warning,” not all the error and warning messagontain those terms so some could easily be
overlooked. This article describes a new computegnam designed to alleviate problems handlingearg

listing files from MODFLOW.

Description of ListingAnalyst

ListingAnalyst is a new, public-domain, MODFLOW! iiti program intended to facilitate analysis of
listing files for MODFLOW models. To facilitate naation through the listing file, the program
automatically searches for headings in the listilegand displays them in a tree-view control wizefile

is first opened (Figure 1). The headings for whidearches were determined through examinatidheof
source code of MODFLOW-2005, MODFLOW-NWT (Niswongerd others, 2011), MODFLOW-LGR
(Mehl and Hill, 2005), and GSFLOW (Markstrom anterts, 2008). The program also searches for error
and warning messages and lists them separatelyré~). These error and warning messages were also

identified through examination of the source code.

When ListingAnalyst opens a MODFLOW listing filastead of attempting to load the entire file in
memory, it only displays a user-specified numbdimas. The user can choose which lines to dispiay
specifying a starting line or using a scroll bBecause only a small part of the file is displagedny

time, the amount of memory used is manageablepfdgram has a search function to allow the user to

search the entire file for any text of interest.

: SEGMENT  SEG.  INFLO = PERCENT DISCREPANCY =
| STREAMBED PROPERTIES ,
. SEGMENT BED HYD. COl-—
. EIGHT POINT CROSS-SECT _
. = SOLVING FOR HEAD STRE! ~
QUTPUT CONTROL FOR
STREAM LISTING  PER ‘c
\
\

HEAD WILL BE SAVED ON UNIT

VOLUMETRIC BUDGET F

AT END
SOLVING FOR HEAD STRE

) DA\Colab\GWModelTools\MadelMuse\Sfrimport Ist: ListingAnalyst = 5]
‘— Open file | fzﬁg\::i‘::; R:;Hieevre Number of lines to retrieve | Create 5212 line | =iFind |

X Abort | lines lines | 1,000 (& e 1 fonk |
Index |

DRAWDOWN WILL BE SAVED ON UNIT

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF |

»
»

[on}
=
[a=)
=}
]
1
|

37 AT END QF TIME

38 AT END CF

SOLVING FOR HEAD STRE¢ |
SOLVING FOR HEAD STRE!
SOLVING FOR HEAD STRE!
SOLVING FOR HEAD STRE!
SOLVING FOR HEAD STRE!
SOLVING FOR HEAD STRE! IN:
. B SOLVING FOR HEAD STRE! ~ R

PRI ) 4 i

CUMULATIVE VOLUMES

R ol R

L**3 RATES F

730

"

Figure 1. ListingAnalyst showing extracted section headings of thelisting file.
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Figure 2. ListingAnalyst screen showing extracted warning messages.

Implementation
Using a method described below, ListingAnalyst rognize tables of heads, drawdown, input arrays,
and observations in a listing file. When it recags a table, it places the content of the MODFLQ@Wet

in a table view from which it can be easily copiedhe clipboard in a format recognized by spreadsh
programs (Figures 3 and 4). MODFLOW writes arraysither a “strip” format or a “wrap” format. In

the “strip” format, each block of up to 10 columsagrinted in a separate table. In the “wrap” forma
(Figure 3), all the data are in one table but dflyalues are printed on each line so multipleslimay

be required to print the data for one row. Listimgdyst reformats tables in wrap format so that each
model row is represented by one row in the talsid,each model column is represented by one colamn i
the table (Figure 4).
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Figure 3. MODFLOW datadisplayed in "wrap" format.
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Figure4. Thesamedatain Figure 3 displayed in a ListingAnalyst table from which it can easily be copied tothe

clipboard.

To identify a table, the program first tests whetthe current line is one of the lines writtenta t
beginning of a table of observation results suctH&AD AND DRAWDOWN OBSERVATIONS.” If
it is, it searches for a line starting with “--ahd identifies the following line as the start loé table of
observation results. If a table of observatiomltess not found, the program starts searchinmftioe
current line for a line starting with “........ "if finds such a line before encountering 3 blankd, it
tentatively identifies the following line as thestof a table. It then searches backwards foeeahblank
line or a line containing “ 1 ” to identify the amhn labels for the table. Once a table has beentifidal,
it is read and displayed in a new tab (Figure 43efarate tab shows the normal view of the lidileg

(Figure 3).



The method used to find the titles, error messag@$swarning messages (collectively referred to as
“search terms”) has been optimized for speed. Rindearch terms has been optimized by minimizing
the number of comparison operations required duridgxing. This has been accomplished by storing
the search terms in a trie structure (Parsons,)188fing a trie structure minimizes the number of
comparison operations when indexing multiple sesgoims. In addition, the number of comparison
operations has been minimized by eliminating liaeg blocks of text from the search. There are anly
few cases where a line containing a heading, aingumessage or an error message starts with a mumbe
ListingAnalyst first tests whether a block of line@ntains one of those rare instances using theBoy
Moore string searching algorithm (Boyer and Modi@77; Bucknall, 2007). If the block of lines doex n
contain one of those cases, then any line whaostenfim-blank character is a number or negative cign
be skipped. The trie structure is then used tackahie remaining lines for any of the search teifhgre
are a few cases where a search term is includadirie but it is not appropriate to create an indetty

for the line. For example, when the term “RECHARG&EIncluded in the budget for a time step, it
should not be indexed but if it introduces an aohgecharge values, it should be indexed. Sucascase
handled by using some other characteristic ofitieetb determine whether it should be indexed ar Ino
the case of “RECHARGE,” the presence of “RECHARGHwice within the same line can be used to
identify a line that should not be indexed.

The time required to read the listing file and itifgrthe search terms is approximately linearhatetl to
the file size (Figure 5). If a file contains a langumber of error or warning messages, the prognagn
take longer to read and identify the search tehas tvould be expected based on its file size aléoe.
example, one of the tested files in Figure 5 walsNI8 in size but took 12 seconds to read and iflenti
the search terms whereas a 186 MB file took ordgcébnds. The longer time was required for the small
file because it contained a large number of erressages. The times shown in Figure 5 are repréisenta
values. However, the time to read and identifysbarch terms has been observed to vary by up to 10%
when measured on the same computer with the séendifire consistent speeds can be achieved by
limiting as much as possible all other processethertomputer. All speed tests were performed on a
computer with an Intel® Xeon® CPU with a rated spe&1.87 GHz and 6 GB of RAM. The operating
system was Windows 7. The hard drives containiedites both had speeds of 7200 RPM.
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Figure5. Thetimerequired toread afileincreaseslinearly with file size. Thetime required to index a fileincreaseswith
file size but also displaysvariability.

Typical usage

The user begins a session by opening ListingAnalydtthen clicking the Open File button to select a
MODFLOW listing file. An extra checkbox is includerh the Open File dialog box labeled “Index file.”
If checked, an index of the file will be createdh&wise the file will be opened without being irdd.
Other ways to open a file are to drag and dropearfto ListingAnalyst or to start ListingAnalystoim

the command line and specify the name of the dilegen on the command line. In these cases, the fil
will be indexed automatically.

Once a file is opened, the lines at the beginnirtefile are placed in a text box and the usgiven
several choices.

1. The user can navigate to the section of listingtfilat contains the index entry or error or warning
message by double clicking on an entry in the irmfesne of the error or warning messages.

2. The user can navigate to a specific line by engettie line number and clicking the “Go to Line”
button.

3. lIf there is a particular word that the user waatfirid in the file, the user can click the Find
button and search for it within the file.

4. The user can use the outer scroll bar to moveditferent section of the file. (The inner scroll
bar moves to a different location in the portiorited file that is currently being displayed.)

If too many or not enough lines are included intiéha box, the user can control the number of lines
the text box with the “Number of lines to retrievedit box. This controls the number of lines thét be
placed in the text box the next time the user rateigito a different point of the file. The user aiso
click the “Retrieve earlier lines” or “Retrieve foWing lines” buttons to show lines before or attes
lines that are currently in the text box. The nuntdfeadditional lines that will be placed in thattbox is
controlled by the “Number of lines to retrieve” €dox. If the time required to open or index a fidoo



long, the user can click the “Abort” button to stgading or indexing the file. The user can coritrel
font used to display the file by clicking the “Fbbutton.

The listing file may contain tables of heads, drawd, input arrays, and observations. When the user
selects a section from the tree-view containingafrtese tables, ListingAnalyst displays theséetan

a grid view. For tables containing spatial infotioi, the rows and columns of the grid view are
numbered according to the rows and columns of t®MLOW model. The grid view both allows the
user to view tables in an easy to read format #od/sthe user to copy/paste the table into a sjsieeet.

Limitations

ListingAnalyst is designed to display large filest it is not designed to edit or print files. Usarho
wish to edit or print large files should choosetapo program. ListingAnalyst requires exclusiveessc
to the file that it is displaying so no other praxgrcan open the file while ListingAnalyst has ieopin
particular, if the user wishes to rerun the model generate a new listing file, ListingAnalyst wiked
to be closed first.

Availability
ListingAnalyst is available through http://wateigssggov/software/lists/groundwater/ and/or
http://water.usgs.gov/nrp/gwsoftware/modflow.html.

Conclusion

ListingAnalyst is a useful tool for displaying thsting file from various MODFLOW programs. By
indexing the file, it allows the user to navigataakly to the sections of the file that are of iet&t. It also
creates lists of any error and warning messagethofi such a list, the user might not realize that
error or warning messages were present. ListingAnhaloes not keep the entire file in memory. This
allows it to handle large files that might othersvize too large to open or take an excessively tiomg to
open.
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