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£Ival 0 EQEUVITIKOG X0POG TOU MEORANPATOS TIOU MPOCTIABOUNE va OPICOULE UE
aQutn v £peuva Yd TO QVTIKELUEVO TG QWTOYEWUCEOCAOYICS.



TAX: PROTOTYPE EXPERT SYSTEM
FOR TERRAIN ANALYSIS

By Demetre P, Argialas,! Associate Member, ASCE, and Ravi Narasimhan?

AsstracT: Terrain analysis 1s a time-consuming, costly, and labor-

Formal Reasoning

At the outset, the problem of formulating rules for landform identifi-

cation seems deceptively simple. A formalism such as the one shown
seems adequate.

Rule A:
If topography is steep slopes;
and drainage-pattern is dendritic;
and soil-tone 1s light;
and land use is forested;

then the landform of the site is sandstone.



Rule DI:
If topography is [steep slopes], CF = 80;
and drainage pattern is [angular], CF = 85;
and soil tone is [light], CF = 20;
and land use is [forested], CF = 100;

then the landform of the site is sandstone, CF = 90.

Rule D2:
If topography is [steep slopes], CF = 100;
and drainage pattern is [dendritic], CF = 100;
and soil tone is [light], CF = 100;
and land use is [forested]|, CF = 100;

then | the lar;dfc-)rm of th.e site 'is sanastone, CF = 100.



It E then H (to degree) LS, LN

This means that evidence E suggests the hypothesis H to a degree
specified by the certainty factor LS and LN, The number LS indicated how
encouraging it was for our belief in the hypothesis to find the evidence
present, while LN indicated how discouraging it was to find the evidence
absent. The two numbers, LS and LN, specified the sufficiency and the
necessity measures, respectively, and were computed from the conditional
probabilities [P(E(H) and P(E/™ H)] provided by the expert.

In a more general form, if another number C indicating the confidence in
the assertion of the pattern element is employed, the preceding rule takes
the form:

Rule E:
If the topography of the site is steep slopes, with certainty C
(steep slopes),
and the current hypothesis for the landform of the site is sand-

stone, with certainty C (sandstone);

then modify the certainty C {sandstone) by calling a certainty
computing procedure that will take into account C (steep
slopes), C (sandstone}, LS, and LN for steep slopes in
sandstone.



TASK 1

TASK 2

TASK 3

TASK 4

TASK 6

TASK 6

OBTAIN PHYSIOGRAPHIC SECTION OF THE SITE FROM ANALYST AND
CONSTRUCT LIST OF HYPOTHESIZED LANDFORNS OF THE SITE
AND THEIR PRIOR PROBABILITIES OF OCCURRENCE

RULE 1: HYPOTHESIZE A LANDFORN TYPE
BASED CN PHYSTOGIAPHY

[

FOR EACH 0N OF HYPOTHESIZED LANDFORMS DO
FOR EACK ONE OF THE PATTEAN ELEMENTS DO TASKS 2 TO 5

I

CETAIN THE PATTERN ELEMENT YALUE AND CERTAINTY FROM ANALYST

WLE 2: QUERY SITE PATTERN ELEMENT FROM ANALYST
RULE 3: INFER SITE PATTERN ELEMENT 1F ALREADY THERE

CHOOSE THE PREVAILING PATTERN ELEMENT VALLES AND CERTAINTIES

RULE 4: ESTABLISH SITE PATTERN ELEMENT TYPE

CWPUTE P(E/7N)
RULE 6: COMPUTE SITE PATTERN ELEMENT P(E/ H)

COMPUTE LS, LN, WPORTE P(R/E}

RULE 6: UPDATE LANDFORM WYPOTHESIS RASED OM
SITE PATTERN ELEMENT

DISPLAY INFERRED LANDFORM
RULE 7: DISPLAY COMCLUSIONS

FIG. 1. Flow Diaaram lllustrating TAX's Loaical Oraanization
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TAX'S KMOMLEDGE BASE
(0PSS PAOGAAN)
TAL FACTS, TAX RULES,
CERTAINTIES CERTAINTY PROPORAT 1N
r— ~>| WOIKING PEMRY RULE MEMORY (& = — =
| I
| |
| : |
| OFSS INFEREMCE/CONTROL ENGINE |
I
. WATCN-RULLS |
I ' I
| + EATEINAC CONTROL |
I « EXERTED B TAX I
| : susr’.wu |
: s pEoteAus :
b o & oo | ORMES)— L —(OAMES)- | D> = = -

USER INTERFACE
4 e o FLOW OF DATA
MALYST
v oo FAON OF CONTROL

AGURE 1. Architecture of 1ax's peoduction system model,



literalize command contains the description of a land-
form, in the form of the object PATTERN-ELEMENTS-
OF-LANDFORM

(literalize pattern-elements-of-landform
landform-name

topography

drainage-texture

drainage-pattern-type

gully-type

gully-amount

soil-tone

land-use-hilltops

land-use-valleys)



and the following “‘make” command creates the class
element for humid sandstone (the symbol ~ indicates that
what follows is an attribute name)

(make pattern-elements-of-landform

“landform-name
“topography
dramage-texture
dramage-pattern-type
“gully-type

gully amount
“soil-tone
“land-use-hilltops
“land-use-valleys

humid-sandstone
steep-slopes
coarse

dendritic
v-shaped

few

light-gray
forested
agriculture)
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TABLE 1 SAMPLE OF 1ax's OBJECTS REPRESENTED ON oms$

LANDRORY_TOPOCRAPEY_PATR

“landforn type

*topography
"landforn_topography peh
“landfora_topography penoth
“status

SECTION_LAKDFORM_PAIR
“ection_name
“landforn_type
“section landfors prob

LANDFORM_OF THE_SITE

“landforn_type
‘probability
“status

TOPOGRAPHY OF THE SITE

“landforn_type

“topography
“certainty value of topography
"status

ULandforn~value?
“topography=value?
Deh-value?
Denoth-value>

nil

Gection-value’
landform-value®
‘probabi1{ty-valye>

TQandfora-value?
‘topography-value?
nil

<landforn-value®
‘topography-value?
‘ertainty-value®
nil
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TABLE 2 PLAUSIBLE VALUES OF THE OBJECTIVE ATTRIBUTES OF TABLE 1 FOR

HUMID LIMESTONES

LANDFORM_TOPOGRAPHY_PAIR

"landforn_type sandstone_husid

‘topogupﬁy steep slopes

*landforn_topography-peh 0.60

*landform_topography_penoth 0

‘status nil
SECTION_LANDFORM PAIR

“section_name cumberland_plateau

“landforn_type limestone-huzid

“section_landform prob 0.1
LANDFORM_OF_THE_SITE

“landform_type sandstone_huaid

"probability 0,43

"status nil

T0POCRAPHY_OF THE_SITE

“landforn_type

“topography
“certainty_value_of topography
"status

sandstone_huaid
steep slopes

4l

nil
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TABLE 4 RULE QUERY.SITE.TOPOGRAPHY_FROM_ANALYST IN o5
LANGUAGE

(p Query_site_topography frem analyst
(1andform-of-the-site
“landforw-type <landform-value®
“status nil

)
“site-landfore’ !
{(1andforn-toposraphy-plir
“landform-type <landform-value®
"topography <topography-value>
“status nil

)
<landforn-topography” !
- (topography-of-the-site
“topography <topography-value>

= (topography-of=the-site
“landforn-type <landform-value®
“certainty-value-of-topography = 2)

(write (crlf) Is the topography of the site (crlf)
<topography-value® ?
, Give a certainty value between -3 to 43

(crlf))

(make togogtaphy-of—the-lttc
landform-type <landform-value®
“topography “topography-value?
"certainty-value-of-topography (accept))

(modify “site<landforn’

“status nil)

(modify <landform-topography”
“status done
)
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Imua 1. H 6gon ™mc mepoync perkemc oe (o) yGptn CKWGUEVOL OvayADQOU
(Thompson and Turk 1993), (B) c& Sopveopia) ewova (Short and Blair 1986) xat

(v) oe yapm tov HITA (Helms 1986)



Basin-and_Range_partial_rule_1
IF

frequency_of_mountain_ranges 1s "high"

Presence_of desert_basins 1s "high"
shape_of_a_mountain_range 1s "assymetric"
relative_spatial_position_of_mountain_ranges 1s "rather straight”
overall_direction_of_mountain_ranges 1s "roughly parallel”
overall_description 1s "basin ranges Intervening

desert planes”
Then Basin_and_Range is true with certainty=medium

Basin-and_Range_partial_rule_2
IF
frequency_of_mountain_ranges and "high"
Presence_of desert_basins and "high"
overall_description "basin ranges Intervening
desert planes”
Then HYPOTHESIS Basin_and_Range is true with certainty=low



Rule for the Basin and Range-Maturity_Erosion_Stage

IF
relative_relief_of_region
Relaltive_size_of mountains
slope_change_at_piedmont_angle
shape_of_basins
overall_hypsometric_distribution_within_the_s
ection
proportion_of Mountain_Ranges_versus_Pied
mont_Plains_versus_Basins
amount_of observed_tectonic_evidences in_m
ountain_ranges
degree_of_basin_integration
stage_of_erosion_cycle
frequency_of_bolsons
frequency_of_semi_bolsons
Degree_of_integration_of_drainage_pattern
outlet_of_the_drainage_network

Then Basin_and_Range_Maturity_Stage 1s true and certainty= medium

"low"

"small"

"not abrupt"

"rather plain than concave"
"more than 1/2 of the surface
1s below 2000 ft"

"20% : 40% : 40%"

"low (the minority has a fault
origin)"

"highll

"maturity (advanced.late)"
"low (less prelevant)"

"high (more prelevant)”

"highll

"usually to another drainage
basin"



nivaxkag 3

Please provide the following information about the sie.

Turkog StAA0Y0S Kata v JuUBOUAEUTIKN SIadKACia Tou SUMEICoU
cuguatag TAX-1. Ot £vtovol Xat UNOYPAWCUEVOL AoBU0i MASIGTEVOUY TV
BeRaoTnTa Tou XPNOTN, weTagy -3 xat 3, yid WV SUOAVICT] TS CUYKEXOEYNC
nggscbevm PWTOYEWUOPPOAQYIKOU XCpaKTNPIOTIKOU (Argialas xat Narasimhan,
19 ).

To which Physiographic-section does the site belong?
Cumberfand-plateay (aravmon Tou Xprnam)

Is the "gquily-amount” of the site "none” ? -3

Is the “guily-amaount” of the site "few” 7 1

Is the “quily-type” of the site “v-shaped™ 7 3

Is the "landuse-valleys” of the site “cuitivated™ 7 - 1
Is the "landuse-valleys” of the site Torested™ ? 3
Is the “anduse-siopes” of the site “cuitivatead™ ? -3
ls the “landuse-siopes” of the site “orested” 7 3

Is the “soil-tone” of the site "medium® ? 1

Is the “soil-one” of the site "light® 7 0.

Is the "soil-tone” of the site “dark™ 7 0.

Is the “drainage-texture” of the site “"coarse” 7 3

ls the “drainage-type” of the site “intemal™ 7 - 2

Is the "drainage-type” of the site "anguiar* ? 2.

Is the “tcpography” of the site "steeg-siopes™ 7 3.
Is the “guily-amount” of the site "many™ 7 - 2

The site appears o be “sandstone-humad”™

The certaintvy associated with this result is “0.89"



Mivaxkag 2 Evag xavovag napaywyns ypaupévos omv cupBoAuwn) YA@ooa OPS3 nou
XENCILONOmENKE JTO £UMEIR0 cUoa TAX-1 3 Qnciog EVEQYOTIOWEL TV
avanaeacTeadn Hag YEWRooQNS ampidUevog G PuUAOYPAPLd] TANPOQOpIa.
(Argialas xai Narasimnan, 1288b).

Kaveveg (p hypothesize_a_ianaform_{ype_based_on_pnysicgrpny

neoaywynegy (section_landform_pair
PAULUEVOG ‘secicn_name <section_value>
ot yAooa Mandform_| <andform_value>
OPSs “secion_landform_prob  <probabiity_values
-
(make landform_of_the_site
Mandfom lype dandform_value>
Aorobabiiity <probabiity_values})
EneAyno | p ZNpavel Xavovas Napaywyns
n Twv A ZNUAaivel 0T XApAKTMPWOTIKG
oupBdAwv | <> EumepEyel TV Ty EVaG XAPAKTNPICTIKOU
me -> Znuaivel “tote”
yAwoaag
QPSS
Epunveia | Av 0 (pNOTNS £XEl SNAWCEL TV YUOIDYPAQUT] EVOTIITG
TOu ™G MEPIOXNS HEAEMG XAl uTtapx el g Baon yvwong
Kxavova £va QVTIKEIPEVO MOU SUMEPLEXEL TNV a prion mSavo

EUOAVIOTIS NaS OTICIATGNTIOTE YEWHOLPAS g
SnAweeicu PUAYPADUT] MEQIOXT),

TOTe QpPXWOnoinoe v meavomTa su@avicng mg
: YEWPOPDNS TG MEPIOXNG HEAEMS” Pe v T ™Q 3
prior MEeAVATITAS EPQAVIOTIS NG B1as YEWUOPONS ot
QUYKEXOILEVT] QUOIOYRAMIKT| MEPQIOXT MOU BPEBNKE g
gacn yvaone.




Mivaxag 3

Tumikog SidAoyes kata mv gupBoulsutikn SlAdKAgia Tou EUnEicou
cucmmuarog TAX-1. Qu £vtovol xat UNOYPAUOUEVOL AOWBU0il NAGIGTEGVOUV TNV
BeRaOoTnTa TOU XPNOTT, BETaEY -3 xat 3, Yia TV SPOAvICT] TS CUYKEXOIEYNS

TNG EVOS DWTOYEWUOPPOAQYIKOU XAPAKITPIOTIKOU (Argialas xat Narasimhan,
1288b).

Please provide the following information about the site.
To which Physicgraphic-section does the site belong?
Cumberfang-glateay (aravman Tou Xpnom)

Is the “guily-amaount” of the site "none™ ? -3

Is the "guily-amount” of the site "few” ? 1.

Is the “guily-type” of the site “v-shaped” 7 3

Is the "landuse-valleys” of the site “cultivated” 7 -1
Is the “landuse-valleys” of the site Torested™? 3
Is the “anduse-siopes” of the site “cuitivated™ ? -3
Is the “landuse-siopes” of the site “orested” 7 3

Is the "soil-one” of the site "medium® ? 1

Is the “soil-one” of the site "light® 7 0.

is the "soil-tone” of the site “dark® 70

Is the “drainage-texture” of the site “coarse” 7 3

s the "drainage-type” of the site “intemal® 7 - 2

Is the “drainage-type” of the site “angular* ? 2

Is the “topography” of the site “steeg-siopes™ 7?3

Is the “guily-amount” of the site "many” 7 - 2

The site appears o be “sandstone-humad”

The certainty associated with this resultis “0.89"

— —- —. s -



If

RULE : alluvial_fan_iavorzole_surface_morpnology

tcpographic_jorm is “plain®

And drainage_pattemn is “dichotomic”

And drainage_texture is "coarse”

And sqii_tone is "ight”

And land_cover is “Darren”,"shrubs”

And vegetation is “shrubs”,darren”

And shape_in_plan_view is "fan shaped”

And shape_in_space is "semiconical”

And special_feature is "ian shapeq”

And lccation_of_apex_of_fan is "on consiricted valley _of highiand mountains®
And topographic_areal_2xient is "from less than 1 sq mi to more than 40 sq mi”
And topographic_thiciness is “up to hundreds of feet”

And dissected_by s "onfan_drainage_ways”

Then H_alluvial_fan_favoracle_surface_marphaiogy is true

Zynua a.

Ta oTotxEia eveg Kavova, |IE MOTERA TWV SITd PWTOYEWUOPOOACYIKA
YApAKMEIOTIKG, yia Ty uncBean H_alluvial_favarable_surface_marohology. G
XQvovag UMoPEL va SVEQYONOUNEEL £ITE KaTd v el £ITE XgTa v avagTpoon
CUAAOYICTIKN dladikacia.
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PUTVIVY. AW WAMUVIMAK PURIS WAVELL TE WTWETVAVVE T WIVEY RPVAVILY W VEVURW T VR W
GOVEVITOT g Qx0T Kothabog e i GYETIKE EXtRed emaveln. YEmKa e T wiovfiaxd
pumiGio 01 xapaxare upE; GuvBTKeC jropel va BempnBouy RPOKEWEVOD VI REPYPAgEL ] YELTVIRGT
HE @) Yempopor):

1. ina direction upslope to the alluvial fan
2. ina direction downslope to the alluvial fan
3. adjacent to the alluvial fan in a direction transverse to the slope vector.

O RQPExEv JOPIXES GYEGEL; EXGPATTIKAY JE T00S (K0)0DB0DS KIVOVES

RULE 1. IF the given landform is an ALLUVIAL FAN, and the given landform belongs to a
topographic form of PIEDMONT SLOPE, and the unknown landform is adjacent to the
ALLUVIAL FAN in the DOWNSLOPE DIRECTION, then the unknown landform could be
that of a PLAYA, a VALLEY FILL or a PEDIMENT.

RULE 2. IF the given landform is an ALLUVIAL FAN, and the given landform belongs to a
topographic form of PIEDMONT SLOPE, and the unknown landform is adjacent to given
landform in a DIRECTION TRANSVERSE TO THE SLOPE VECTOR then the unknown
landform could be that of another ALLUVIAL FAN, a BAHADA or a PEDIMENT.

RULE 3. IF the given landform is an ALLUVIAL FAN, and the given landform belomgs to a
topographic form of PIEDMONT SLOPE, and the unknown landform is adjacent to given
landform in an UPSLOPE DIRECTION then the wnknown landform could be that of a
PEDIMENT (It is currently assumed that only landforms of the piedmont plain are
examined).

RULE 4. IF the given landform is an alluvial fan, and the given landform belongs to a topographic
Jorm of piedmont slope, and no spatial direction of adjacency can be defined by the user, then
the unknown landform could be that of another ALLUVIAL FAN, a PEDIMENT, a BAHADA,
a PLAYA, or a VALLEY FILL.






