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NOITCUDORTNI.1

1.1. Background

This document details the capabilities of r.infer, an inference engine included among Geographic
gnissecorpegami,niamodcilbupasiSSARG.erawtfos)SSARG(metsyStroppuSsisylanAsecruoseR

and geographic information system (GIS) originally developed by researchers in the Environmental
yrotarobaLhcraeseRgnireenignEnoitcurtsnoCsreenignEfosproCymrA.S.UehtfonoisiviD

(USACERL-EN) in Champaign, Illinois. The system is used to input, manipulate, analyze, and output
nidesabseicnegaetavirpdnacilbupdnayratilim-nondnayratilimhtobnisresuybatadcihpargoeg

North America, Europe, and other parts of the world. r.infer uses an expert-system approach and
.tamrofretsarSSARGniatadpamnosesylanadetcurtsnoc-resumrofrepotxatnysdesab-cigol

Although most GRASS development has been conducted at USACERL, system integration, develop-
-yletavirpdna-ylcilbupsuoremunybdemrofrepsitroppusdna,gniniart,noitubirtsid,gnitset,tnem

operated sites throughout the world. GRASS version 4.0 implemented significant additions and
tnerrucrefsnartotdedeenerasmsinahceM.edocgnimmargorpdnaseirarbilmetsysotsnoitacfiidom

technology and information about GRASS to user and development sites.

.0.4SSARGotedamsnoitacfidomstceflertnemucodsihT

1.2. Objective

The objective of this work is to transfer knowledge of GRASS version 4.0 raster map analysis functions
atadretsarezylanaotrefni.rgnisufossecorpehthguorhtresuehtsediugtnemucodsihT.dlefiehtot

layers in GRASS using expert-system type rules.

hcaorppA.3.1

Current GRASS r.infer functions are examined in this report.

epocS.4.1

This document discusses the 4.0-release version of the GRASS r.infer program, completed in Summer
.sesaelererawtfos0.4-tsoprofetaruccanidnadetadeblliwtnemucodsihtfostnemeleemoS.1991fo

1.5. Mode of Technology Transfer

The information in this report will aid the technical transfer of USACERL’s GRASS image processing
gniwollofehthguorhtdlefiehtotderrefsnartgniebsiSSARG.metsysnoitamrofnicihpargoegdna

mechanisms: training programs, hands-on experience, a user support center, newsletters, extensive
,skrowtennoitacinummoc,slevelycnegaretnidnaymrAehttaserutcurtslanoitutitsni,noitatnemucod

and other forums.

User feedback on GRASS program capabilities, documentation, and other technology transfer mechan-
-deefhcusetacinummocotdegaruocneerasresU.metsysehtfotnempolevedehtottnatropmisismsi

back to GRASS development staff at USACERL, via existing electronic communication networks and
enohp;5009-62816LI,ngiapmahC,5009xoB.O.P,LRECASUtaretneCnoitamrofnISSARGehtaiv

217-373-7220; fax 217-373-7222; or e-mail grassbug@zorro.cecer.army.mil.



-4-

NOITATNEIRO.2

This paper describes the use and syntax of the GRASS program r.infer. r.infer uses an expert system
margorpSSARGehtybedamesohtotralimissesylanamrofrepotxatnysdesab-cigoldnahcaorppa

r.combine. Both programs allow the user to analyze and manipulate information contained in existing
ekilnU.reyalpamretsarwenaetarenegotsesylanaesehtfostluserehtesudna,sreyalpamretsar

r.combine, however, r.infer is an "inference engine" designed to apply expert system type rules to the
.resuehtrofelbatrofmocxatnyslacigolagnisu,sreyalpamdetceless’resu

It is assumed that you are familiar with the nature of raster data and the concepts of a current location,
weiveraroF.SSARGnidesueraesehtsa,sksamdna,sgnittesnoigercihpargoeg,htaphcraestespam

of these concepts refer to An Introduction to GRASS .

noitamrofnicihpargoegsihT.noitamrofnicihpargoegfoecruosasaspamnoylivaehylerstsylanadnaL
may be collected from many maps, of various scales and compiled from sources of differing dates. The

detcartxeatadsenibmochcihwreyalpamwenaetaercotstpmettayltneuqerferoferehttsylanadnal
from numerous maps and contains only data relevant to the land analyst’s current purpose. The

cihpargoeghcusgnitalupinamdnagninibmocroflootahtiwresuehtsedivorprefni.rmargorpSSARG
information, once it is entered into a GRASS database. Using r.infer, the land analyst can rapidly

.scitsiretcarahcrevocdnaldefiicepsfoecneserpehtthgilhgihdnayfitnedi

r.infer is an inference engine which applies expert system type rules to a set of user-specified maps.
".refni"emanehtrednutespamtnerrucs’resuehtnipamwenaetarenegotdesuerastluserehT

Expert systems are simply sets of logical rules that mirror the analysis process of an expert in some
-seuqsniatnocsetisllfidnalelbatiusetacolotdesuebthgimhcihwmetsystrepxena,elpmaxeroF.dlefi

tions that a waste disposal expert might ask of a landscape: Is the slope steep? Is the clay content of
woH?seilppusretawdnuorgotnislairetamdellfidnalfognihcaelehttibihniothgihyltneicffiuslioseht

far is the site from water supplies? Is the site within reasonable transport distance of the population
nognidneped,sesruoctnereffidekatlliwgninoitseuqfoenilehT.ctE?setsawehtgnitarenegsretnec

the user’s answers to questions along the way. An expert system embodies these lines of reasoning in a
ecnerefninadellacsisrewsnadnasnoitseuqehthguorhtyawstikrowotdesumargorpehT.elfiatad

engine. r.infer is such a program. An expert system asks a user to answer simple yes/no questions.
nrutnillecreyalpamlaudividnihcaE.esabatadpamehtfoyltceridsnoitseuqesehtsksadaetsnirefni.r

becomes the "user" answering questions about its contents. Results of this questioning are stored in a
.reyalpamretsarwen

Rules are provided to r.infer via standard input. The user may type these rules into a data file during a
metsysagnisuSSARGgniretneotroirpelfiatadsihtetaerclliwyltneuqerferomtub,noissesSSARG

editor (e.g., the UNIX text editor vi).

r.infer differs from the GRASS program r.combine in its more pleasing syntax and approach. Like
sicitsiretcarahcdnalnevigatonrorehtehwylnoenimretedotresuehtseriuqerrefni.r,enibmoc.r

good or bad for the user’s purpose; another similar GRASS program called r.weight requires the user
.ssendabdnassendoogfosnoitadarggniyfitnauqyrogetacpamhcaeotsthgiewciremunngissaot

Although r.weight allows the user to perform more detailed analyses of locational suitabilities than do
ylisaeeromstuptuoriehtdnadesuylisaeeromerasmargorprettaleht,enibmoc.rrorefni.rrehtie

understood. Of the three programs, only r.infer attempts to apply an expert system approach to geo-
.atadpamretsaretalupinamotSSARGnielbaliavaerasmargorprehtosuoremuN.sisylanacihparg

Refer to the manual entries for r.mapcalc, r.mfilter, r.neighbors, r.surf.idw, and r.watershed, for
.esehtfoselpmaxe
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XATNYS.3

The user enters a series of logical statements into a data file which is subsequently run by r.infer.
arosisehtopyharehtieybdewollofsnoitidnoceromroenofodesopmocsitnemetatslacigolhcaE

conclusion. In the jargon of the field, conditions are called antecedents while hypotheses and conclu-
hcihwesabatadpamruohtiwsnoitacolenimretedothsiwewesoppuS.secneuqesnocdemreterasnois

meet the following conditions.

If a cell contains category values 6, 7, or 8 in the map layer landuse, and also contains category values
epolsehtni98hguorht01seulavyrogetacniatnoctonseodtub,rotcafT.sliosreyalpamehtni2ro1

map layer, then assign that cell a category value of 3 (with the category label ‘‘Suitable Location") in a
.refnidellacreyalpamwen

The r.infer equivalent of this statement is:

8-6esudnalPAMFI
ANDIFMAP soils.Tfactor 1 2

98-01epolsPAMTONDNA
THENMAPHYP 3 Suitable Location

The first three lines in the above statement state the map conditions that must be met to reach the map
dnadevlovnietiuqfoyrtnekciuqehtrofswolladnahtrohssihT.enilhtruofehtnodetatsnoisulcnoc

complex logic branches using many statements resulting in the possibility of many different conclu-
.snois

Each logical statement in r.infer is composed of one or more conditions followed by a consequence.
niatnoctsumelfitupnisihT.stnemetatslacigolhcusfoseiresaniatnocnacrefni.rottupnis’resuehT

at least one Map Condition and at least one Map Conclusion. It can also contain Statement Conditions
detatsfoecnesbaroecneserpehttuobasnoitseuqerasnoitidnoCpaM.sesehtopyHtnemetatSdna

categories in specified GRASS raster map layers. Map Conclusions designate the category to be
.refni.rybdetaercreyalpamretsarwenehtnisnoitidnocdetatsteemhcihwsllecehtotdengissa

Statement Conditions are similar to Map Conditions, but are used to refer to Statement Hypotheses,
-idnocfotesafohturtehtydobmeotdesuerasesehtopyHtnemetatS.sreyalpamlautcaotnahtrehtar

tions, without actually assigning a value to cells which meet these conditions in the new map layer
sdrowesehtfosnoitpircsed;stnemetatsesehtmrofotsdrownwostisesuegaugnalrefni.rehT.refni

follow:

1. Map Conditions:

PAMFI
checks for the existence of stated contents. In the example above, IFMAP checks to see if each cell in

.8ro,7,6seirogetacsniatnocesudnalreyalpamretsareht

IFNOTMAP
is similar to IFMAP, but checks for the existence of the inverse of the stated contents (i.e., it checks the

.)seulavyrogetacreyalpamdetatsehtfoecnesbaehtrofllec

2. Map Conclusions:

PYHPAMNEHT
When this conclusion statement is reached, application of the rules to the data ceases, the current cell is

ehtrofdevassitxetgniliartehtdna,reyalpamgniworgwenehtnieulavyrogetacdetatsehtdengissa
creation of the category labels for the new map layer. In the above example, if the current cell met all
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:enileht,snoitidnocdetats

THENMAPHYP 3 Suitable Location

would determine that the current cell would be assigned a category value of 3 and analysis would stop
ehtni3yrogetacedisebderetneebdluow"noitacoLelbatiuS‘‘txetlebalgniliartehT.llectahtrof

category support file. The inference engine then moves on to the next cell in the map layer and starts
.tnemetatslacigolehtfopotehtmorfniagasisylanaeht

3. Statement Hypotheses:

NEHT
Instead of making a Map Conclusion after successfully meeting the stated conditions (antecedents), a

diasevahthgimew,elpmaxeevobaehtnI.noitidnoChturTadengissaebdaetsniyamtnemetats

THEN Suitable Location

(rather than THENMAPHYP 3 Suitable Location), and added additional conditions beneath this THEN
.tnemetats

Use of a THEN statement does not result in the assignment of a specified category value to the current
noitidnochturtehtotteseblliw"noitacoLelbatiuS‘‘sisehtopyheht,daetsnI.pamwenehtnillec

"true," and analysis of the current cell will continue; succeeding rules will continue to be applied to
NEHTehtgnisuedamsisehtopyhehT.dehcaersitnemetatsPYHPAMNEHTalitnullectnerrucsiht

statement can be used in conditional statements using the keywords below. This means that the phrase
lacigolehtninwodrehtrufdesuebnac)"noitacoLelbatiuS",ereh(tnemetatsNEHTehtybdeman

statement to refer to the fulfillment of the set of conditions specified by the THEN statement (here, that
seoddna,2ro1seulavyrogetacrotcafT.sliosdna,8ro7,6seulavyrogetacesudnalsniatnoclleceht

not contain slope category values 10 through 89).

:snoitidnoCtnemetatS.4

IF
Hypothesis strings, the truth of which can be determined in other statements which use the THEN con-

,elpmaxeevobaruO.sdrowyeknoitidnocesehthtiwdesuebnac,drowyeknoisulc

IFMAP landuse 6-8
21rotcafT.sliosPAMFIDNA

ANDNOTMAP slope 10-89
noitacoLelbatiuS3PYHPAMNEHT

could be rewritten to make use of the IF keyword:

8-6esudnalPAMFI
THEN suitable landuse
!
IFMAP soils.Tfactor 1 2

98-01epolsPAMTONDNA
THEN erosion limited
!
IF suitable landuse

detimilnoisoreFIDNA
THENMAPHYP 3 Suitable Location
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TONFI
states the inverse of that which is stated.

It should be noted that the spacing of words on a line in the data file input to r.infer shown above was
rehtiemorfecapsenonahteromybdetarapesebsdrowyektahtyrassecentonsiti;ytiralcrofenod

map layer names, category designations, or truth conditions. It is necessary that map layer names (or
.enilneviganoecapsenoyltcaxeybseulavyrogetacreyalpammorfdetarapeseb)seulavyrogetac

Exclamation points identify comments which will be ignored by r.infer, but which may greatly contri-
.tnemetatslacigolruoyfoytilibadaerehtotetub

4. ALIASES

Several of the above keywords (used to express antecedents and consequences) have aliases with which
drowyekesohtstsilelbatgniwollofehT.dezilatipacebtsumsdrowyekllA.elbaegnahcretnierayeht

aliases that are currently available:

_______________________________________________

:htiwdecalperebnaC:DROWYEK

_______________________________________________

:snoitidnoCpaM
IFMAP ANDIFMAP ANDMAP

PAMTONDNAPAMTONFI

Map Conclusions:
THENMAPHYP

Statement Hypotheses:
THEN ANDTHEN

:snoitidnoCtnemetatS
IF AND ANDIF

TONDNATONFI

_______________________________________________



-8-

NOISSESELPMAS.5

This sample session can be replicated by users who run GRASS and choose spearfish as their current
.noitacolSSARG

Normally, before entering the GRASS session in which the user actually executes the relevant com-
lliwdna,melborpcfiicepsaottnavelersreyalpamehtfotsilaedamevahydaerlalliwresueht,sdnam

have created a set of logical statements to be input to r.infer designed to answer each map layer’s abil-
elgnisanihtiwsisylanaehtnurdnatcurtsnochtoblliwewereh,revewoH.melborpsihtevlosotyti

GRASS session, proceeding one step at a time. This will entail the

melborPehtfotnemetatS.1
2. Invocation of the Command-Driven Version of GRASS

seirogetaCreyaLpaMdnasreyaLpaMelbaliavAfonoitanimaxE.3
4. Construction of Logical Statements

refni.rfonoitucexE.5
6. Examination of the Resultant Map Layer Created

.SSARGfognitixE.7

Remember that r.infer will run your analysis, but it will not construct that analysis. Before running
otwohwonkdna,ezylanaothsiwuoymelborpehtfognidnatsrednuraelcaevahtsumuoyrefni.r

translate this problem into the syntax accepted by r.infer. You, not r.infer, construct the line of rea-
detcelesezylanaotdesudnaelfiatadaotnideretnesitaht)tnemetatslacigolafomrofehtni(gninos

map layers. You determine which map layers and map layer categories are relevant to your analysis.

:wolebnwohsrennamehtnidlobnideyalpsideraretneotdetseuqererauoytahtsdnammoC

PROMPT:> my_command

Results that you should see after typing a command are displayed like this:

_______________________
Some result displayed here_______________________

Let us begin. This sample session with r.infer can be reproduced on any normal text terminal. r.infer,
cihpargoegsessecorptisaneercsehtottuosreyalpamtnirptonseod,thgiew.rdnaenibmoc.rekilnu

data. However, if you wish to see the map layer created as a result of your r.infer run, you can simply
-inomscihpargrolocnO.neercsehtotspamciremunstnirphcihw,enibmoc.rmargorpSSARGehtesu

tors, these numeric maps are turned into color maps. If the color graphics monitor is used, you can
sallewsa(tsar.ddnayalpsid.dsasmargorpSSARGhcusgnisurolocnipamrefni.rruoyyalpsid

r.combine).

5.1. Statement of the Problem

Let us assume we wish to examine the suitability of various portions of the spearfish database for the
ehtnitrepxenahcihwselurfotesaeriuqerwoneW.tnalpgnitareneg-maetscirtcelenafonoitcurtsnoc

field of power plant siting might use to analyze landscape features for their suitability for this purpose.
othtpedpeedylevitalerhtiwetisagniylpmi(etisnoitcurtsnocelbatiusaeriuqerewtahtetatsnaceW

bedrock, little slope, good soils, the absence of existing fixed structures, and the absence of flooding on
otretawylppusnachcihwecruosretawgniwoflaotesolcsitahtetisaeriuqeroslaeW.)flestietiseht

the plant, and would like the site to be near a reliable transportation network.

retfastnemeriuqeretisesehtgniniatnocelfiatadaetaercyltneuqesbusdna,SSARGretnewonlliweW
having translated them into a logical statement interpretable by r.infer.
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SSARGgniretnE.2.5

Users should now enter GRASS. The below sample session assumes that users are running GRASS
desseccaebtsumrefni.rtahteton,0.4otsuoiverpSSARGfonoisrevagninnurerauoyfI.0.4noisrev

through the quick access (not the menu driven) GRASS.

,0.4ssargdnammocehtgnikovniybSSARGderetneevahuoyecnO

PROMPT:> grass4.0

you must declare to GRASS the LOCATION_NAME, MAPSET, and DATABASE on which you wish
emantespamehT.hsfiraepsEMAN_NOITACOLtseuqertsumuoy,noissessihtetacilpudoT.krowot

you choose is arbitrary, but must be a one-word name less than 14 characters long. A default database
.uoyotdetneserpeblliwyrotcerid

5.3. Examination of Map Layers and Map Layer Categories

hsiwwonlliwuoY.SSARG)nevirddnammoc(dekovnidnatnemetatsmelborpadetalumrofevahuoY
to examine available map layers and map layer categories within the location spearfish that appear

retnE.thgiew.rmargorpSSARGehtfoesufeirbekamlliwew,sihtodoT.melborpruoyottnaveler
the command r.weight to begin your r.weight session.

thgiew.r>0.4SSARG

You will be asked:
___________________________________________________

>]n[)n/y(?rotinomrolocehtotogotscihpargtnawuoyoD___________________________________________________

1erugiF

Press RETURN or enter the command n here, because we have no r.infer-created map as yet to
htiwneercsaderetnesiesnopserruoyretfA.spamrehtoyalpsidotdnetniwontonoddna,yalpsid

general information concerning r.weight will appear. r.weight is a language-driven program, whose
railimafydaerlasiresuehtemussalliwew,ereH.thgiew.r:lairotuTSSARGehtnidenialpxesiesu

with basic r.weight commands. We are in any case only currently interested in using r.weight to
elbaliavafognitsilA.reyalpamhcaenihtiwseirogetacehtdnasreyalpamelbaliavafognitsilaniatbo

map layers can be obtained without entering r.weight, simply by entering the command

tsartsil.g>0.4SSARG

From within r.weight, the command list maps will produce the same results. Try this:

spamtsil>:thgiew.r
___________________________________________________________________

:TNENAMREPtespamnielbaliavaselfiRETSAR
aspect mss.image rushmore soils.ph trn.sites

revocgevegnar.sliosepolsrenwosetisgub
density quads slope.7 soils.texture

smaertssliossdaorliarnoitavele
geology roads soils.Tfactor strm.dist

csim.tropsnarthtped.rb.sliossaera.tcrtsresudnal___________________________________________________________________
>--eunitnoCotNRUTERtiH___________________________________________________________________

2erugiF

.tpmorpthgiew.rehtotnruterotNRUTERtiH

Given the problem you wish to analyze, it appears that the spearfish map layers soils.br.depth,
uoY.sisylanaruoyotlufesueblliwsdaorliardna,sdaor,csim.tropsnart,smaerts,epols,erutxet.slios

will now wish to obtain a listing of the categories within each of the map layers you want included in
hguorhtsisreyalpamralucitraprofsgnitsilyrogetachcusniatbootyawtneinevnocenO.sisylanaruoy

use of the r.weight command,
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eman_pamseirogetactsil>:thgiew.r

where map_name is the name of an available map layer in the database. Here, we will obtain listings
foseiresgniwollofehtgnikovniyb,evobadetonsreyalpamhsfiraepsehtnitneserpseirogetacehtfo

commands:

r.weight:> list categories soils.br.depth
erutxet.sliosseirogetactsil>:thgiew.r

r.weight:> list categories slope
smaertsseirogetactsil>:thgiew.r

r.weight:> list categories transport.misc
sdaorseirogetactsil>:thgiew.r

r.weight:> list categories railroads

The map layer category listings output by these commands are summarized in Figure 3.
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

smaertSerutxeTslioSepolS|pam

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
ataDoN0ataDoN0ataDoN0|c

a | 1 0 de g r e e s 1 Loam 1 Pe r e nn i a l S t r e am
maertStnettimretnI2maolynotS2eerged12|t

e | 3 2 de g r e e s 3 S i l t y l oam 3 Aque duc t
enilerohS4maol,maoltliS4seerged34|g

o | 5 4 de g r e e s 5 F i ne s a ndy l oam
maolydnasenfi,maoL6seerged56|r

y | 7 6 de g r e e s 7 Loam, ve r y fine s a ndy l oam
maolyllevarG8seerged78|

| 9 8 de g r e e s 9 Gr a ve l l y s i l t l oam
maol,maoltlisyrennahC01seerged901|

| 11 10 de g r e e s 11 Cobb l y l oam
,maoltlisyllevargyreV21seerged1121|

| g r a ve l l y s i l t l oam, s i l t l oam
yalC31seerged2131|

| 14 13 de g r e e s 14 Cl a y l oam
maolyalctliS51seerged4151|

| 16 15 de g r e e s 16 S i l t y c l a y l oam, c l a y
yalcytlis,maolyalcytliS71seerged6171|

| 18 17 de g r e e s
| 19 18 de g r e e s ( . . .Mo r e S l ope : )

seerged8393seerged9102|
| 21 20 de g r e e s 40 39 de g r e e s

seerged0414seerged1212|
| 22 22 de g r e e s 42 41 de g r e e s

seerged2434seerged3232|
| 24 24 de g r e e s 44 43 de g r e e s

seerged4454seerged5252|
| 26 26 de g r e e s 46 45 de g r e e s

seerged6474seerged7272|
| 28 28 de g r e e s 48 47 de g r e e s

seerged9405seerged9203|
| 31 30 de g r e e s 53 52 de g r e e s

seerged3545seerged1323|
| 33 32 de g r e e s 82 81 de g r e e s

seerged2838seerged3343|
| 35 34 de g r e e s 84 83 de g r e e s

seerged4858seerged5363|
| 37 36 de g r e e s 87 86 de g r e e s

seerged7888seerged7383|
| 89 88 de g r e e s

------------------------------------------------------------------
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------------------------------------------------------------------
ma p : | Mi s c e l l a ne ou s Roa d s Ra i l r oa d s

noitatropsnarT|
| Fe a t u r e s

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
atadoN0atadoN0atadoN0|c

a | 1 Powe r t r a n smi s s i on 1 P r ima r y r ou t e , und i v i de d 1 r a i l r oa d
enil

t | 2 La nd i ng s t r i p 2 Roa d o r S t r e e t , c l a s s 3 2
4ssalc,teertSrodaoR3|e

g | 4 Tr a i l , c l a s s 4 , non -
elcihevevirdleehw-4

egnahcxErofaelrevolC5|o
r |

|y

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

------------------------------------------------------------------
ma p : | De p t h t o Be d r oc k
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

atadoN0|c
a | 1 < 14 i nc he s

sehcni02<dna41=>2|t
e | 3 > = 20 a nd < 40 i nc he s

sehcni06<dna04=>4|g
o | 5 > = 60 i nc he s

|r
y |

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3erugiF

It should be noted that you need not use map layers present within the PERMANENT mapset to run
tespamruoynistespamdnasnoitacolSSARGrehtomorfsreyalpamretsarrehtoesuthgimuoy;refni.r

search path, including map layers you have generated using programs like r.combine and r.weight
.)dnammocstespam.gSSARGotrefer(

Having obtained a listing of relevant raster map layer categories, you are ready to leave r.weight. To
.tixednammocehtesu,thgiew.rtixe

r.weight:> exit

____________________________________________
denrutereradnamargorpthgiew.rehttixewonuoY

to your GRASS shell prompt. ____________________________________________
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stnemetatSlacigoLfonoitcurtsnoC.4.5

Using the syntax rules described earlier, we can translate our problem statement into the following logi-
ehtnillechcaeottnemetatslacigolsihtnideidobmeselurehtylpparetallliwrefni.r.tnemetatslac

map layers specified. You can use your system editor to create a new data file containing this logical
:wolebnwohstxetehtgnitresni,wonsihtoD.tnemetats

!
IFMAP streams 1 3 4

tneserPretaW1PYHPAMNEHT
!
IFMAP roads 1 2 5
THENMAPHYP 2 Transport Lines Available
!
IFMAP transport.misc 2

elbaliavAseniLtropsnarT2PYHPAMNEHT
!
IFMAP railroads 1
THENMAPHYP 2 Transport Lines Available
!
IFMAP soils.br.depth 3-5

7-1erutxet.sliosPAMFIDNA
ANDNOTMAP slope 0 9-89

noitcurtsnoCrofelbatiuS3PYHPAMNEHT

5.5. Execution of r.infer

Having constructed a data file containing the set of rules by which you will analyze the suitability of
wonuoy,tnalpgnitareneg-maetscirtcelenafonoitcurtsnocehttroppusotserutaefepacsdnaldefiiceps

wish the inference engine r.infer to evaluate the ability of each spearfish cell to satisfy these require-
niatnoctiseoD.tnemetatslacigoldetcurtsnocylwenruoytuobaysaeuqtibaleefuoy,revewoH.stnem

the questions you think it contains? Will the line of reasoning embodied in the data file follow the
-recnusihtetaivellanacuoY?secnatsmucricfosteselbissopllarednuekatottitcepxeuoysesruoc

tainty by testing your logical statement, using the command:

emanelfit-refni.r>0.4SSARG

where filename is the name of your data file containing the logical statement described above, and - t
-acolemanhtapllufehtyficepsoslatsumuoytahtetoN(.refni.rhtiwelbaliavanoitpotsetehtsetoned

tion of this filename if it is not in your current working directory.)

___________________________________________________________________
Compiling input rules from file /fullpath/filename

)8-6(stac_kram
mark_cats (1-1)
mark_cats (2-2)
mark_cats (9-89)

Maps used:
Map [slope] in mapset [PERMANENT]
Map [soils.texture] in mapset [PERMANENT]

]TNENAMREP[tespamni]htped.rb.slios[paM
Map [railroads] in mapset [PERMANENT]

]TNENAMREP[tespamni]csim.tropsnart[paM
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]TNENAMREP[tespamni]sdaor[paM
Map [streams] in mapset [PERMANENT]

?eurttnemetatsgniwollofehtsI
streams 1 3 4 :
Is the following statement true?
roads 1 2 5 :
Is the following statement true?
transport.misc 2 :
Is the following statement true?
railroads 1 :
Is the following statement true?
soils.br.depth 3 4 5 :
Is the following statement true?
soils.texture 1 2 3 4 5 6 7 :
Is the following statement true?
slope 0 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

584828284535058474645444342414049383736353433323
87 88 89:

___________________________________________________________________
=eulavllecweN

Mapset <mapset-name> in Location <spearfish>
>0.4SSARG

___________________________________________________________________

4erugiF

Enter either yes or no (or true or false) as to the truth of each statement. The new cell value shown
llecA.snoitseuqesehtfohcaeotsrewsnaruoynognidneped,eerhtdnaorezneewtebyravdluohs

category value of zero implies the user (i.e., the map layer cell) has failed to satisfy at least one of the
-etatslacigolruoyfopotehtmorfskrowrefni.r.elfiatadehtnihtiwrofdetsetsnoitidnocpamfostes

ment to its bottom; as soon as you satisfy all map conditions necessary to making a map conclusion, a
tneserpsnoitseuqehtfolladeksaebylirassecennehttonlliwuoY.raeppalliweulavyrogetacllecwen

in the data file; you will only continue to be asked questions until a conclusion about the cell’s value
-erehtsiti,tnemetatsmelborpruonihtiwdetatsreilraeewstnemeriuqeretisehtneviG.nwardebnac

fore important that we ordered questions within the data file as we did. For example, we sought a site
-nediotyrasseceneroferehtsawtI.dooflnetfoflestitondidtub,secruosretawotesolchtobsawtaht

tify cells containing or adjacent to water, prior to identifying sites ‘‘suitable for construction." It is
ehtyfsitastonod)noitcurtsnoCrofelbatiuS(3yrogetacotdengissasetisesohttahtdeilpmiylirassecen

conditions necessary to be assigned to category 1 (Water Present). Had they fallen into category 1, the
gnissergorptuohtiw1yrogetacotdengissaneebllecehtdna,desaecevahdluowllecehtfosisylana

further down through the data file to see if the cell also satisfied the conditions necessary to be classed
.3yrogetacni

Again invoke the command:

emanelfit-refni.r>0.4SSARG

This time entering different responses (yes or no) along the way. Again, check to make sure that the
rednuruccootdednetniuoytahwhtiwpusehctamsesnopserruoyfotluserasatuptuoeulaVlleCweN

such circumstances. Do this repeatedly, entering different answers as to the truth of the questions posed
emanelfielfiatadruoynideniatnoctnemetatslacigolehttahtelbatrofmocerauoylitnu,emithcaeuoy

will indeed output the results you expect.
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.reyalpamretsarwenynagnicudorptuohtiw,stnetnocelfiatadruoydetsetylnoevahuoy,rafsuhT
After you are satisfied with your data file, you are ready to actually run r.infer. Do this now, by sim-

:dnammocehtgniretneylp

GRASS 4.0 > r.infer filename

_______________________________________________
emanelfi/emanhtap/elfimorfselurtupnignilipmoC

mark_cats (6-8)
mark_cats (1-1)
mark_cats (2-2)
mark_cats (9-89)

Map [slope] in mapset [PERMANENT] opened
denepo]TNENAMREP[tespamni]erutxet.slios[paM

Map [soils.br.depth] in mapset [PERMANENT] opened
denepo]TNENAMREP[tespamni]sdaorliar[paM

Map [transport.misc] in mapset [PERMANENT] opened
denepo]TNENAMREP[tespamni]sdaor[paM

Map [streams] in mapset [PERMANENT] opened
082worotgnikroW

At row: 280
Creating support files
Mapset <mapset-name> in Location <spearfish>

>0.4SSARG

_______________________________________________

5erugiF

,epytwonuoyfI

GRASS 4.0 > g.list rast

your new map should appear as a raster map layer called infer stored within your current GRASS
:TESPAM

____________________________________________________________________
:>eman-tespam<tespamnielbaliavaselfiRETSAR

infer

RASTER files available in mapset PERMANENT:
setis.nrthp.slioseromhsuregami.ssmtcepsa

bugsites owner slope soils.range vegcover
erutxet.slios7.epolssdauqytisned

elevation railroads soils streams
tsid.mrtsrotcafT.sliossdaorygoloeg

landuse rstrct.areas soils.br.depth transport.misc ____________________________________________________________________
Hit RETURN to Continue-->____________________________________________________________________

6erugiF

Hit the RETURN key to return to the GRASS 4.0 prompt. You can display your raster map layer on a
rolocatpecxeselfitroppusllA.troppus.rmargorpSSARGehtgninnurretfarotinomscihpargroloc

file will already have been created for you by r.infer. You can also modify the cell header, category,
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miscellaneous, and history files associated with your new raster data file by running r.support if
.derised

5.6. Examination of the Resultant Raster Map Layer

ruoyfostluserehtgniniatnocrefnireyalpamretsarehtdetaercyllufsseccusevahuoytahtwoN
analysis, and have created a color table for this map by running r.support, you can display or print out

-orpSSARGgnisupamruoyyalpsidnacuoy,rotinomscihpargrolocaevahuoyfI.reyalpamsiht
grams like d.rast or d.display. If you do not have a color graphics monitor, you can display a numeric

.enibmoc.rekilmargorpSSARGagnisuyb,lanimretbmudruoynoreyalpamruoyfonoitatneserper
This is demonstrated below. If your system is hooked up to a printer, you can print out your map using

.pam.p

Let us take a brief look at a numeric representation of your new raster map layer within r.combine.
.noissesruoynigebotdnammocgniwollofehtretnE

GRASS 4.0 > r.combine

___________________________________________________
>]n[)n/y(?rotinomrolocehtotogotscihpargtnawuoyoD___________________________________________________

gnikrowerauoyfitahtetoN(.tpmorpsihtta"on"retne,rotinomrolocahtiwgnikrowtonerauoyfI
with a color graphics monitor, you can more easily display your new raster map layer infer using such

).tsar.ddnayalpsid.dsasmargorpSSARG

_________________________________________________
.noitucexegnirudslobmyshtiwdeyalpsideblliwsesylanA

Help is available for r.combine: enter (help) _________________________________________________

Let us look at our new map layer named infer. A correct and complete r.combine request is called a
.RPXEna,flestiyb,siemanreyalatadelbaivA.)RPXE(noisserpxepam

[1]:> (infer)
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----------------------------------------------------------------
0000000000000000000000000000000000000000000000000002200000000000

0000000000002000000000000000000000000000000000000000000000200000
0100000200000002000300000000000000000220000002000000000020111010

0000022220000000000000000000000000000000200000000200220000201000
0001020000020000000000000000000000003300000000000000000000000200

0002000000000000000000000020300000030200000000000000020000000000
0010000000020000000000000003000000000002000000000000000200000020

0000000000000000000000000000000000000000000000000000000000000010
0000000000000020000000000000000000000000000000000000000000022010

0010000000000000000000000000000000000000000000000220000000000000
0000000000000000000000000000000000000000000000000000000000000000

0000000110000000010000000000000000000000000000000002000000000000
0000000000002000000000000000000000000000000000000000000000000000

0000000000000000000000020000000000000000000000000020000000000000
0000000000000000020000000000000002000020200000000000000000000000

0000000020000000000020000000000002000000000000000000000000000000
0000000000000020000020000000002200000001200000000000000000000000

0000000000000020000000200020200000000200000000000000000000000000
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

eblliwderotserastluserruoyhcihwnirefnireyalpamretsarehttahtdezisahpmeebdluohstI
overwritten each time you run r.infer. If you wish to save a particular map layer created using r.infer,

refni.rtnereffidagninnurerofebreyalpamretsarsihtemanerotrebmemereroferehtdluohsuoy
analysis. The GRASS command g.rename can be used when you are either outside or inside of

margorpenibmoc.rehtfoedistuonehW.refnireyalpamretsarehtfoemanehtegnahcotenibmoc.r
(at the GRASS 4.0 prompt), enter the command g.rename:

emaner.g>0.4SSARG

This command can conveniently be run from within r.combine by preceding the command with the
:)tniopnoitamalcxena(!retcarahcepacsellehs

[2]:> !g.rename

After invoking either command, the user is prompted for the type of file to be renamed (here, a raster
ehthcihwotemanpamwenehtdna,)refni(egnahcotsehsiwresuehtemanpamgnitsixeeht,)elfiatad

user desires to change it.

At this point, we might conveniently edit and run additional data files through r.infer while remaining
nureboslanacSSARGnihtiwmorfnurebnactahtsdnammoc,evobanwohssA.enibmoc.rnihtiw

from within r.combine, by preceding command names with the shell escape character ! (refer to the
.)enibmoc.rfoesuehtnosnoitcurtsnirehtrufrofenibmoc.r:lairotuTSSARG

When editing logical statements, the user should be careful to specify the full path name of the direc-
nihtiwmorfrefni.rgninnurnehw,ylralimiS.elfiatadehtecalpotstnawresuehthcihwniyrot

r.combine, the user should specify the full path name of the directory in which the user’s r.infer data
dellacelfitupninatidetsrfiotresuawolladluowsdnammocgniwollofeht,elpmaxeroF.sraeppaelfi

test.1 located in the directory specified by the path name /usr/cerl/login-name using the visual editor vi,
:refni.rhguorhtelfiatadsihtnuryltneuqesbusdna

[3]:> !vi /usr/cerl/login-name/test.1
1.tset/eman-nigol/lrec/rsu/refni.r!>:]4[
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evaelotdnammocgniwollofehtevigdluohsuoY.ssenlufesustidetartsnomedwonsahenibmoc.r
r.combine.

EYB>:]5[

5.7. Exiting GRASS

At this point, you might also edit and execute additional logical statements through r.infer. Now, how-
eblliwuoydnammoctixeehthtiwSSARGtixenehtuoynehW.yleritneSSARGtixelliwew,reve

given the opportunity to save or remove the new maps you have made using r.infer:

tixe>0.4SSARG

Unless your new maps must be saved, it is always best to remove them at this point.

SNOITADNEMMOCERDNASNOISULCNOC.6

This manual is part of an ongoing process to document Geographic Resources Analysis Support System
otdetnemelpmigniebsmsinahcemrefsnartygolonhcetynamfoenositI.snoitcnufmargorp)SSARG(

explain current, and future, GRASS program capabilities to resource managers and system users.

-utitsni,srettelswen,retnectroppus-resua,esuno-sdnah,smargorpgniniarthtiwgnola,noitatnemucoD
tional structures at the Army and interagency levels, communication networks, and other forums, can be

.trofferefsnartygolonhcetgniognosihtdiaotdesu

User feedback on GRASS program capabilities, documentation, and other technology transfer mechan-
ffatstnempolevedSSARGotkcabdeefhcusetacinummocotdegaruocneerasresU.dedeenoslasismsi

at USACERL, via existing electronic communication networks and via the GRASS Information Center
ro;2227-373-712xaf;0227-373-712enohp;5009-62816LI,ngiapmahC,5009xoB.O.P,LRECASUta

e-mail: grassbug@zorro.cecer.army.mil.
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