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1 Introduction

1.1 Expert Systems

Expert systems are designed to perform the tasks currently performed by human

experts. The specialized knowledge that a human expert has is placed in the

expert system program. If constructed properly, the expert system will request

the same information that an expert would request, and then output the same

decision that the expert would. These programs are useful because there is

usually a shortage of qualified human experts in a given field. The computer

can be fully informed of changing facts at all times and will never get fatigued

or temperamental. Also an expert system can apply the expertise of several

human experts, if so programmed, and can free human experts to do more

creative work. Many expert systems have already been developed to perform

tasks like medical diagnosis, geological analysis, computer configuration dosign

and morel8,91.

Expert systems are divided into a knowledge base and an inference part. The

knowledge base is kept separate because it must be allowed to grow and change,

while the inference program part is not changed. The knowledge base is made up

ofdecision ru and facts, which the program uses when a result is to be output.

Since an expert must make decisions based on data with questionable accuracy,

an uncertainty factor is often associated with knowledge base information. For

instance, a medical diagnosis program may have a rule stating "the patient



has Disease, with a confidence level of 90% if x-rays show condition A with a

confidence level of 85% and symptoms B and C are present". The role of the

inference part would be to ask the user for input, process the proper rules and

output an acceptable result.

The construction of expert systems is called knowledge engineering. Acquiring

the knowledge is the most important step because the expert system will only be

as good as the knowledge base it uses. The programmer, or knowledge engineer,

must have some familiarity with the domain of the expert system. Then the

knowledge engineer must tap the expertise of the domain expert, a person that

has expertise in the given area, who may or may not be able to convey his

knowledge readily. The knowledge engineer must organize the information into

a set of facts and decision rules, which can be used to output answers that the

expert thinks are feasible. Problems arise in rule design because of uncertainty,

since an expert must make decisions based on facts with confidence levels lea

than 100%. When the confidence levels of facts and rules in the knowledge base

have been determined w,,h accuracy, the likelihood of the expert system doing

the intended job is much greater.

Choosing the tool of implementation is the next problem in expert system de-

sip. Early exlpert systems were designed using ad hoc methods. They were

deigned from the ground up, using system and domain dependent strategies.

There are now many useful expert system design tools, among which are KEE

(knowledge engineering environment (61) and ART (automated reasoning tool
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[1,2)). The main problems with these tools are cost and complexity. An univer-

sity researcher has developed a free expert system tool called MPROLOG(41.

This tool provides a designer with the programming power of PROLOG (a

logic programming language[3]), as well as providing the representation power

of fuzzy confidence levels in the knowledge base. A description of this expert

system design tool is presented below.

MPROLOG is used to implement the expert system discussed in this paper. A

description of the expert system, "a F-Ill Wing Commander Consultant", and

its implementation, starting with the knowledge acquisition and design phases,

are discussed in part 2. The problem encountered developing the expert system

and problems due to MPROLOG are also presented. Finally, an evaluation of

MPROLOG as an exp.ert system development tool will make up part 3.

1.2 MPROLOG

MPROLOG is an expert system development tool designed by Dr. John Mi-

nor and implemented by Martin Flatebo in 1988 to complete a masters degree

in computer science at the University of Nevada, Las Vegas(41. MPROLOG

is written in Common LISP on the Symbolics 3600 series machines. The pur-

pine of MPROLOG is to increase the capabilities of the powerful programming

language PROLOG, by supplementing the language with multi-%alued logic ca-

pabilities. Standard PROLOG uses simple two-valued logic leaving no room for

uncertainty. MPROLOG allows programmer to store information with uncer-
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tainties based on minimal-bounded fuzzy logic. The usefulness of PROLOG as

an expert system development tool is therefore greatly enhanced since uncer-

tainties are put directly into the knowledge base and manipulated automaticall)

by the language interpreter. This allows the knowledge engineer a mechanism

for implementing the full knowledge of the expert, even in uncertain cases.

The fundamental piece of knowledge in MPROLOG is the fact. Facts are the

same as single predicates in first-order logic. For instance, likes(john,mary)

could mean "john likes mary". A group of facts with the same predicate name

could be thought of as a database relation. The following example demonstrates

this:

Group of Facts

plane( 111, fighter, damaged).
plane( 121, fighter, available).

plane( 211, bomber, damaged).
plane( 221, bomber, available).

Plane database relation

plane# type statu

ill fighter damaged
121 fighter available
211 bomber damaged
221 bomber available

MPROLOG is not frame-based like ART and KEE. The inheritable properties

from other relations must be extracted with rules. Rules ate Horn clauses which

are processed using backward-chaining.

4



MPROLOG facts look like:

PI}t, ..

where p is a predicate (the fact name),
c is the optional uncertainty factor, or truth value (0 < c < 1),
t, ... , t are terms (attributes of the fact).

MPROLOG rules look like:

p(c0}(tl, t2,.., W, :- q i(Cl }(st t $12 .... i ,s ,1 ),

q2 {c 2)(S2 1 , s 22, ... , 82m2 ),

q& (ch) (sit, .. ,s .)

where p is the head predicate of the rule,
ci's are the optional uncertainty factors (0 < C !5 I),
q,'s are predicates that make up the tail of the rule,
tj's and sij's are the terms for the respective predicates.

If an uncertainty factor is absent, MPROLOG assumes, like PROLOG, that

the fact or rule is 100% true. Otherwise the uncertainty factor is treated as a

minimal bound on the truthfulness of the fact or rule.

MPROLOG works by resolving rules against rules and facts. The first rule is

invoked at the MPROLOG prompt "-. At this point, the question calls the

system interpreter. For example, a system with the above rule could be invoked

with*?- p{.7)(al, a2, ..., a,.)." A rule p is satisfied (the head is true to at least

level co) if each qj is true with a truth value of at least cj. Any qj that matches

a fact is true, and any qj that matches the head of a rule will cause MPROLOG

5



to attempt to satisfy the tail of its rule in this same way. When a rule's tail

cannot be satisfied, backtracking occurs in an attempt to resatisfy the rule in a

different way.

2 The F-111 Wing Commander: a MPROLOG
Expert System

2.1 The Expert System Domain

The domain of this expert system is an F-Ill wing commander circa 1975

(Vietnam War era). The wing commander is expected to auish planes, weapons

and weapon fusings to missions which field personnel want to see implemented.

The conditions of the mission affect the number of planes needed, the types of

weapons used on the mission, and the fusing of those weapons. The commander

issues a mission assignment if the needed planes and weapons are available. The

wing commander does not asign the individual pilots because this is done at a

lower command level.

The calculation of the number of planes and their weapon loads is done by first

considering certain factors like low altitude cover and terrain (affecting target

visibility and hit/miss probability), target materials (affecting load types and

fsing), defensive positions and anti-aircraft weaponry (affecting the number

of planes needed), etc. These factors are looked up in mision implementation

manuals, the suggestions are noted, and the commander estimates the number



of planes needed and the type of loads needed for a mission consisting of the

given factors. An intelligence officer keeps the commander briefed on current

conditions on all missions.

The expert system is assist with the duties of the wing commander. It will in-

teract with the field personnel by querying about the type of mission, problems

which can possibly affect the mission, and the desired completion level for the

mission. If the mission can be implemented, the expert system should make

a suggestion by listing the number of planes, types of weapons, and types of

weapon fusings needed to carry out the request. If the mission cannot be im-

plemented, the system should cite possible factors for this, such as insufficient

supplies or too difficult conditions.

The expert system is expected to maintain databases for missions, planes and

weapons, so field personnel can check the status of these items. The expert

system also allows changes and deletions, to a certain degree, to the mission

database. Changes to the plane and weapon databases are unlimited, but there

is a password system riotecting access to these databases. A standard file is

used when starting up the expert system from scratch. The field personnel

can also edit a saved session of the expert system. Changes can be made to

the system to reflect more current conditions, but no special capability for the

opinions of an intelligence officer are provided.

The domain expert, Colonel E. Kowalcsyk, USAF retired, was a pilot of F-Ill

7



aircraft during the Vietnam War. He has extensive knowledge of nssions imple-

mented during this era, and knows the expected effectiveness for these missions.

His knowledge is largely declarative, and he had no problems relating heuristic

values or describing critical factors. He was very patient in explaining much

of the military jargon and semantic knowledge, and was helpful in eliminating

unimportant factors and establishing restrictions on other factors.

2.2 Design of the Expert System

The expert system consists of databases for planes, weapons, missions, and

mission components. The plane database keeps track of plane status and avail-

ability. The weapon database holds the amount available of each weapon type.

The mission database consists of many attributes: mission number, ype, desired

completion level, start time, location, and number of planes. Mission compo-

nent databases also exist to keep track of data associated with each mission,

including lists of the number of planes carrying a certain load with a certain

weapon fusing.

The expert system is menu driven. The menu breakdown was developed by Dr.

Minor, who also created the idea of the F-Ill wing commander expert system.

The top level menu of the expert system has 5 choices: plan mission, change

mission, check status, change database and quit the system. The plan mission

selection is where the expert knowledge is used. The other selections are simply

used to configure, change and check the databases, and will not be discussed
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further.

The plan mission section is used to develop a mision frame. A mission frame

example follows:

mission number : 1
location: locname
start-time: 1200
mission type: interdiction
number of planes assigned: 33
desired completion percentage: 6075%

Also associated with this frame is a mission-component frame and a list of

assigned planes with corresponding weapon loads and fusings.

The plan mission section starts by querying for location and start-time of the

mission. The mission number is supplied by the system. Then the user is uked

to select from the following mission types: interdiction against a target, area

* preparation, close-air support, and 24 hour alert. The interdiction selection

also brings up a menu on target types: personnel concentration, unarmoured

vehicles, armoured vehicles, building complex, roads/railroads, and bridges. Se-

* lection of any mission type results in a series of menus appearing which are

designed to get a proper description of important factors for the chosen mision

(see figure I for a list of these factors). All of these factors are represented as

* menus except for the 24 hour alert selection, which simply asks for the num-

ber of planes. A final menu records the desired completion percentage for the

mission. This completion level specifies to the expert system the importance

9



Mission Type Affecting Factors

interdiction: personnel force size of targeted personnel,
terrain type, protective cover,
defensive positions, anti-aircraft guns,
surface-to-air missile sites, visibility

interdiction: unarmored vehicles size of vehicle convoy, terrain type,
protective cover, anti-aircraft guns,
surface-to-air missile sites, visibility

interdiction: armored vehicles number of vehicles, terrain type,
protective cover, anti-aircraft guns,
surface-to-air missile sites, visibility

interdiction: building complex area of complex, building materials,
anti-aircraft guns, surface-to-air missile
sites, visibility

interdiction: road/railroad number of cuts, road/railroad-bed type,
anti-aircraft guns, surface-to-air missile
sites, visibility

interdiction: bridge length of bridge, building materials,
anti-aircraft guns, surface-to-air missile
sites, visibility

area preparation size of area to prepare, terrain type,
protective cover, defensive positions,
armored vehicles, anti-aircraft guns,
surface-to-air missile sites, visibility

close-air support force-size to support, terrain type,
protective cover, defensive positions,
armored vehicles, anti-aircraft guns,
surface-to-air missile sites, visibility

24 Hour Alert number of planes to put on alert.

Figure I
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and priority level of the mission. (The desired completion percentage for a 24

hour alert is automatically assumed to be 100%.)

The expert system takes all these mission factors and resolves them against rules

to figure out the number of planes, load types and fusings needed for the mission

to meet the desired completion level. If there are enough planes and weapons

to meet mission specifications, the system suggests the number of planes and

weapons required. The system user can then assign or scrap this suggested

mission. Assigning the mission causes the system to subtract the number of

planes and amount of each weapon used from the appropriate databases, as

well as adding the mission to the mission database. If the number of planes or

the amount of any weapon type is insufficient for the mission, then the system

tells the user the mission cannot be implemented. Factors are then cited as to

why the mission cannot be implemented:

Mission requires X planes but only Y available.

Not enough of weapon X to implement mission.

Some important factors limiting the mission completion may also be cited:

Heavy foliage makes completion level difficult.
Urban cover makes completion level difficult.
Dense Fog makes completion level difficult.
Mountainous terrain makes completion level difficult.
Lowering the desired completion level may help.

II



2.3 Knowledge Acquisition Phase

The knowledge acquisition stage was interleaved with the design of the program.

Initially Dr. Minor worked on the design of the menu framework with the

domain expert, Col. Kowalczyk. The mission types were established, and the

factors involved in each mission were listed. A method of supplying values for

these factors was needed, and so menus were chosen because they would limit

difficulties in user input. Menus also allowed the programmer a simple way

of defining ranges of values to be input. The information flow for the expert

system program had been established, but more interviewing was needed to get

menu ranges. The expert supplied much semantic information that was used

in developing the menus, such as dividing force sizes into units like squads,

platoons and battalions, and dividing anti-aircraft guns and SAM-site sizes into

sections, batteries and battalions.

The most important menu established was the desired completion percentage.

This menu required many adjustments. The expert recalled that missions with

above 60% completion were considered satisfactory, missions with over 75%

completion were considered excellent, but missions with over 90% completion

were rare. This led to a final percentage range breakdown of : 20-44%, 4559%,

60-74%, 75-89%, 90-100%. The 60-74% range was considered the basis value for

the facts in the rule-base. Since above 90% completion was very difficult, our

expert said the number of planes needed to implement a mission at that level

would be 3 times the number needed at the 80-74% level. The 75-89% level was

12
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considered 1.5 times as difficult, while 45-59% and 20-44% were considered 0.8

and 0.4 times as difficult respectively.

Other factors were decided declaratively. These included things like anti-aircraft

guns and SAM-sites. The expert estimated the number of planes these devices

could eliminate at each of their respective menu levels. The expert also esti-

mated multiplier values for these other menus: terrain, protective cover and

low-altitude visibility. These multipliers were created to increase the number of

planes to a level that would make the desired completion level attainable. The

number of planes required to implement every mission type at the basis level

was recorded and placed in the rule-bae. The load types and fusings associ-

ated with each mission type was also recorded. Certain mission types could be

affected by defensive positions and protective cover factors, which could also

require different weapon loads.

There were few decision rule requirements for the system. Since the number

of planes for each mission type and each menu level were in the database, al-

ternative rules were no problem(7J. Weapon loads were determined in a similar

fuhion and again alternative rules did not occur. This was due to the menu im-

plemtation which narrowed the weapon load assignments by supplying specific

menu values.

13
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2.4 Implementing the Knowledge Base

The implementation of the knowledge base was done as follows by Grant Wright.

Each mission had specific plane and weapon assignments for each menu value.

The basis completion percentage value was 60-74%. Thus if the menu for mission

type type.x had menu values 1, 2, and 3, and these menu values required 5, 10,

and 20 planes to allow completion at the basis level then the facts would look

like this:

assn{.60} (type.x,1,5).
assn(.60) (type.x,2,10).
assn{.60} (type.x,3,20).

To find the val'ies of these at different percentages, the following rules would be
Used:

assn{.20) (type.x,M,NP) : assu{.60) (type.x,M,N), NP is N*0.4.
aun{.45) (type.x,M,NP) :- an{.60) (type.x,M,N), NP is N*0.8.
assn(.75) (type.x,M,NP) :- aom{.60} (type.x,M,N), NP is N*1.5.
asn{.90) (type.x,M,NP) :- assn.60) (type.x,M,N), NP is N*3.0.

This is how all initial plane assignments are handled. The actual number of

planes can be higher because of multipliers from other factors, as well as the

addition of planes because of factors like anti-aircraft guns and SAM-sites.

Load types and fusings are decided by asserting appropriate percentag of

weapons for each mission type. The weapon types and fusings vary on specific

menu criteria that characterise a mission. Load rules look like this:

lcad.miusiontype( MisionNuin, Factors, Percentages)

14
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assert( loadpc( MissionNum, Loadl, Fuse,, Percentx) ),

assert( Loadpc( MissionNum, Load2 , Fuse2, Percent 2)),

assert( loadpc( MissionNum, Load., Fuse., Percent,)).

The Percentages variable is needed for missions that have more than one set

of load constraints. Area preparation missions, for example, are affected by

defensive positions and protective cover.

Implementing the weapon loads as assertions to a new loadpc database was

necessary for many reasons. The most important reason was the absence of list

access in MPROLOG. The easiest way of implementing the loads would have

been to construct a list of load and fuse tuples. This would have avoided costly

assertions and deletions to unnecessary databases.

A similar database called load.amt was created later to find the actuai amounts

of each weapon for the minion. Then a database with tuples for mission number,

number of planes, plane loads, load fusings, and load amount was also created

to store the actual mission data. Even this could have been implemented more

eciently as lists.

Crtain allowances had to be made for underflow. Missions against small forces

with low desired completion levels tended to need less than 2 planes. This

caused zero planes carrying nothing to be asserted into the database because

most missions needed more than 2 weapon types. This was solved using a

15



n iaximum attribute attractiveness rule. The expert supplied weapon types for

each minion that were considered most essential. Only these weapons were

asserted in caes of underflow.

2.5 Examples

All examples have been tested using the Wing Commander expert system. The

mission suggestions and failure factors are those provided by the expert system.

The menu ordering is that found when running the Wing Commander. A listing

of menus used by the expert system is given in Appendix A, and the small letters

used below refer to that list. These examples all start by choosing "plan mission"

from the top-level menu (a).

Example 1

Clowe air support mission: a company is to be provided with close air support.

The company is travelling over rough terrain under a jungle cover. Enemy

positions will be underground (in tunnels). No armored vehicles, anti-aircraft

guns, SAM-sit, are expected to be encountered. Low altitude visibility is clear

and the mission should be carried out to 75% satisfaction level. Set location as

I= 10 and time at 0830 hours.

Menu (appendix letter) Selection

Select Mission Type(b) close-ai support
Select Principle Terrain Type(e) mountainous / rough

16



Select Protective Cover Type(f) heavy forest / jungle
Select Type of Defensive Position(g) tunnels
Est. Number of Armored Vehicles(m) none
Est. Number of Anti-aircraft Guns(h) none
Est. Number of SAM-aites(i) none

Low Altitude Covera) clear
Desired Completion Percentage(k) 75- 89%

The Wing Commander system outputs the following suggestion:

5 planes will carry 60 napalm bombs with impact fusing
5 planes will carry 100 5001b HD bombs with impact fusing
I planes will carry 16 cluster bombs with proximity fusing
4 planes will carry 16 20001b bombs with delay fusing
All 15 planes will carry a total of 30000 rounds of 20mm

Example 2

Bridge mission: A large concrete bridge is to be destroyed. The bridge crosses

a gorge of approximately 250 feet. Expect a battery of anti-aircraft guns and a

section of SAM-sites. Visibility is hazy due to heavy rain in the area. A 50%

completion level will be satisfactory. Set location as "loc 2" and time at 1130

hours.

Menu (appendix letter) Selection

Select Mission Type(b) interdiction
Select Principle Target Type (c) bridge
Estimate Length of Bridge in Feet(r) 200-300
Select Bridge Material(s) concrete
Eat. Number of Anti-aircraft Guns(h) 3 - 6 (battery)
Est. Number of SAM4ites(i) 1 - 2 (section)
Low Altitude Cover(j) hazy / heavy rain
Desired Completion Percentae(k) 45 - 59%

The Wing Commander system outputs the following suggestion:

17



2 planes will carry 32 7501b bombs with delay fusing
2 planes will carry 8 20001b bombs with delay fusing
4 planes will carry 96 air-to-ground missiles with impact fusing
All 8 planes will carry a total of 16000 rounds of 20mm

Example 3

Area preparation: an area of more than one square mile has been requested to

be cleared. The area is in a mountainous area in thick jungle. Enemy positions

include a set of bunkers and a platoon of armored vehicles. No anti-aircraft

devices are expected and visibility will likely be clear. Completion level of 70%

is satisfactory. Set location as "toc 3" and time at 0310 hours.

Menu (appendix letter) Selection

Select Mission Type(b) area preparation
Select Area in Square Miles (t) I - 1 1/2
Select Principle Terrain Type (e) mountainous
Select Protective Cover Type(f) heavy forest / jungle
Select Type of Defensive Position(g) concrete bunkers
Est. Number of Armored Vehicles(m) I - 4 (platoon)
Est. Number of Anti-aircraft Guns(h) none
Est. Number of SAM-sites(i) none
Low Altitude Cover(j) clear
Desired Completion Percentage(k) 60 - 74%

This mision will fail. The Wing Commander states the following:

Not enough planes to implement mission. 57 needed but only 50
available.

Mountainous terrain makes completion level difficult.
Heavy foliage makes completion level difficult.
Lowering the lesired completion level may help.

If the mission is attempted again at 45-59% completion, the result is:

12 planes will carry 192 cluster bombs with proximity fusing

18



2 planes will carry 40 5001b HD bombs with impact fusing
2 planes will carry 32 T501b bombs with impact fusing
2 planes will carry 8 20001b with impact fusing
15 planes will carry 60 20001b bombs with delay fusing
15 planes will carry 240 7501b bombs with delay fusing
All 48 planes will carry a total of 96000 rounds of 20mm

2.6 Limitations of the Expert System

The framework of the program is very restrictive. In the era of the wing com-

mander, planes could carry mixed loads, although only certain loads could be

mixed on any one plane[5]. This could have been implemented if the list notation

of PROLOG existed in MPROLOG.

The system automatically quits resolving against rules when there is an insuf-

ficient amount of any weapon load. Suggesting the mission anyway and simply

telling the user that it cannot be implemented would have been better.

The numbers for most of the mission suggestions seem to "round". This prob-

lem occurs with floating point numbers, which must be represented as strings in

MPROLOG. Multiplication of these numbers, which lose accuracy being repre-

sented as strings, compounds the numerical error. MPROLOG also had no way

of providing an upper-bound limit on the completion percentage.

Verifying the expert systems operation could not be carried out fully. The only

source to verify the system was the domain expert since access to the military

information needed was impossible. The verification consisted, more or less,

19



of showing the domain expert a series of missions suggested by the system for

given inputs. These simulations were carried out on a variety of different mission

types, and in each case the domain expert evaluated the results of the program

and suggested corrections. Adjustments to the rule base were made until the

expert verified that subsequent simulations produced satisfactory results.

3 Evaluation of MPROLOG

3.1 Advantages of MPROLOG

MPROLOG has a distinct advantage over other expert system design tools

since it is based on PROLOG. PROLOG is familiar to everyone in the artificial

intelligence community, and thus most knowledge engineers would be familiar

with it. In MPROLOG one can perform non-monotonic reasoning, a feature

present in both KEE and ART. Database facts are basically the same in all

three systems. The rule types in KEE and ART can be modeled in MPROLOG,

but both KEE and ART have messier LISP-like implementations. A person

designing an expert system in KEE or ART must have a good understanding of

LISP, must learn the syntax of the specific tool, and must learn to work with

a new system-dependent environment. MPROLOG only requires the designer

to understand PROLOG. MPROLOG does not require specialized training of

system personnel to keep it running. It can simply be loaded onto a system and

run like any PROLOG implementation.
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MPROLOG features a way of updating information in the database with the

built-in predices support and detract, as well as the standard PROLOG predi-

cates assert and retract. These operators work by "adding" some confidence per-

centage to a given rule when support is used, and "subtracting" some confidence

percentage when detract is used. In diagnostic expert systems applications, this

would be incredibly useful.

3.2 Problems with MPROLOG

Some of MPROLOG's advantages become its problems. The fact that MPRO-

LOG is based on PROLOG gives it the power of that programming language,

but also the problems associated with PROLOG are inherited: basic count-

ing is a task in PROLOG; asserting and deleting database items is not order

preserving; infinite looping and recursion can occur easily in PROLOG; some

predicates allow the programmer to write rules that are unsafe.

List notation was left out of MPROLOG, and implementing list operations using

the lisp predicate is incredibly difficult. Using the LISP quote function seems

impossible, and the lack of the "I" operator from PROLOG is a major drawback.

Floating point handling must also be improved and expressions should be eva-

uad a arguments to functions and predicates before being passed. Another

helpful fix would involve the uncertainty values. If the system provided ways

to allow variables in the uncertainty value field, MPROLOG would be more

powerful.
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Procedural attachments available in ART and KEE are not available in MPRO-

LOG. Through these procedural attachments, both ART and KEE support

object oriented programming. The inheritance properties in ART and KEE

provide easy classification methods not prtsent in MPROLOG. Of course a

programmer has the power in MPROLOG to create these properties and at-

tachments, although they are not built-in.

Overall, the problems of MPROLOG may hinder the knowledge engineer, but

all of these problems are correctable. If mended, MPROLOG will be very useful.
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A Appendix: Menus from Wing Commander

a) Fighter Mission Dispatching System:

plan mission
change mission

check status
change database

quit

b) Select Mission Type:

interdiction
area preparation
clese-air support
on 24-hour alert

c) Select Interdiction Target Type:

personnel camp
unarmored vehicles (convoy)

armored vehicles
building complex
roads/railroads

bridge

d) Select Approximate Force Size:

squad (1 -10)
platoon (11 - 30)

company ( 31 - 100)
battalion (101 - 350)
regiment ( 351 - 1000)

larger (over 1000)

e) Select Principle Terrain Type:

flat
rolling hills

mountainous / rough

f) Select Protective Cover Type:

open
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light trees / scattered buildings
heavy forest / jungle

city / urban area

g) Select Principle Type of Defensive Position:

none
trenches/earth works

tunnels
reinforced concrete bunkers/caves

h) Estimate Number of Anti-aircraft Guns:

none
I - 2 (section)
3 - 6 (battery)

7 - 18 (battalion)
over 18

i) Estimate Number of SAM Sites:

none
I - 2 (section)
3 - 6 (battery)

7 - 18(battalion)
over 18

j) Low Altitude Cover:

clear
light rain / drizzle

haze / heavy rain / fog patches
dense fog / smoke

k) Estimate Desired Mission Completion Level:

20-44%
45 - 59%
60.74%
75.89%

90- 100%

1) Estimate Number of Unarmoured Vehicles:

less than 5
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5 to 10
11 to 15
16 to 20

more than 20

m) Estimate Number of Armored Vehicles:

none
I - 4 (platoon)

5 - 12 (company)
13-36 (battalion)

more than 36

n) Estimate Size of Buildings in Square Feet:

under 1000
1000 to 2500
2500 to 5000

5000 to 10,000
10,000 to 20,000

over 20,000

o) Select Building Material Type:

wood, straw, or tents
sandbag reinforced hut

brick
reinforced concrete

p) Select Road/Railroad Target Type:

simple cut
double cut

intersection/fork
major junction

q) Road Type / Railroad Underlining:

dirt
macadam / rock

concrete

r) Estimate Length of Bridge in Feet:

under 50
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50 - 100
100 -200

200 -300

over 300

s9) Select Bridge Material:

wood
concrete

steel

t) Select Area in Square Miles:

0- 1/4
1/4- 1/2
1/2- 15 1-1 1/2

1 1/2 -2
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B Appendix: Source Code for Wing Comman-
der

2$

I
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(/users/ masl/gwright/Ionnie/gex. mprolog)

/ * Structure of Wing Commander ezpert system

level description predicates

1 Plan Mission proceus(I...
1.1 Interdictions proceuall
1. J.1 personnel concentration process.1l(pc,..)
1.1.2 u*armored vehicles processil(sw,..)
1.1.3 armored vehicles processil(aw,..)
1.1.4 building complex pvocesall(6c,..) :0
1.1.5 roads / railroads processliftv,..)
1.1.6 bridges processil(6fid go,..)
1.2 Area Preparation processl(areePrep,..)
1.3 Close- air Support processl(closeAirSup port,..)
1.4 On 24 Hour Alert prvicessl(ovnt4HrAlerf,..)
I Change Mission pro cessf (2.. )
2.1 Delet processf(Mnxm, del)
2.2 Location processi(Masm,loc)
2.3 Time processi(Malmatime)
2.4 Completion %processf(Mnum, emp) 2
3 Check Status pro cess(S...)
3.1 Status of Planes process3(1)
3.2 States of Weapon Loads pro cons (2)
3.3 Status of Missions procos&3(S)
4 Change Database procese(4,..)
4.0 Clange Password for Access proces4(0)
4.1 Change Plant A mounts process4(1)
4.1.1 number of unassigned pwwce4l(ua)
4.1.2 number on maintenance proces41(sm)
4.1.3 number with battle damage process4l(bd) 30
4.1.4 number malfunctioning Process4l (mf)
4.2 Change wea pon amounts PeCUss4 (2)
4.2.1 amount of 20mm pwocese4t(mm 20)
4.2.2 amount of Cluater Bombs Ptocess42(cb)
4.2.3 amount of 500ib high drug pvocess4f*hdJO)
4.2.4 amount of 5001b low drag piocesa4*(ld00)
4.2.5 amount of MAG~ proceeu4f9 75)
4.2.6 anmut of 10001b Process4tIm2000)
4.L.7 M"Ut of napalm Pfeces$4 t(sapeshn)
4.2.8 amount of air- to-ground prcess4444t) 40
3 QIt procou(5,..)

round(X,Y) :
W isX+O.5,
Iimp(Y,truscate1 W).

trunc(X,Y) :- Iiap(Y,truucat.,X).

bk...&M(mm20,O). / * Keeps trwA~ of load usage during weapon assignment '
bk.aM(cb,O). /10 In casame weapon used with different fusngl I so
bk_&a4 bd500,0). /*Mut be reset every time a mission is planned
bk.aM(idIO,).
bk..amt(m750,0).
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(/usu's/ masl/gwright/IOnnie/gex.mprolog)

bk~pamt(n2000O).

bk _ant(at,O)-

num.ogi(mm2O,020 "m)
naine.of~cb,%cluster bomb,@)
nameof((hd5,"SO0lb high drag bombs)-
naum.o((1d500,"SOQlb low drag bombs.") so

name..of~m750,"7S01b bombs"@):-!
aeuw.Pofm2000,"2000lb bombs,,)
ftsmpqf( apaim,'uMamm) :- !.
nazneof~mg,"air to growd missiles,,)

expert :-/* Start the database by typing expert at the '- prompt

Iisp(Ans,newdb),
open..proper( Arts)',
do(O).

cleardb :
nuion(M, _, SIl.

retract( niimaon(M,,.Sei,.,j
killjoadamts(M), killj.ugg(M), kfll-Ioadpc(.M),
removeTyp-eAttr( M,Sel),
cleardb.

*cIlardb :-cpae, ccounta, cplanes, cweaps. so

Cps"
paiwordUj,

Ps.replace paimwomdL) passaord(secret) )

* counts :
Count(j. IniSCOUut(j,
rtract( count(-) ),
rtrmct( miscountt) )

ccowits. 90
cplaiia

roa'mc( zapfrmmuaJ retract( aspianes4j ) retract( bdplsaes(j )
rgsrme( mfplaa(j retract( smnpiaoes(j)

cpLafteu.
Cweaps

reract( weapon( =MO-), retract( weapon( cb, - ,retract( weaponi( Wd500, .)
retact( wepon(d500,j ) retract( weapona( m750. ) retract( weapon( m2000, .)
retvmct( wepon( aalm, )),retract( weapon( atg. )) too

cwespe.

open..proper( a)-
* me~ak('SqpWy tile se of you dtabase (IA quotee with .mprolog): 'Name),

writ*(I File ',Nm.I is in the work spac e.. ',nL
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(/users/ masl/gwright/lonnie/gex.mprolog)

openjproper( y)
flostaadazdsaprolog"]j.

110

do(Activity)
Activity = quit,
lisp(Ans, exitMenu),
saveDB(Ans).

saveDB(Ans) / Save session in a file
Ana I '7,
wrie(" Supply prefix file name (without .mprolog) to save database in:,,),
read(Savehle), Wi.
tewiSaveMe), 12
countfisting,

.uionListing,
planeListing,
weaponListing,
listi, ist2, list3,
IWO4, lists, Iist6, list7. list8.
listg, listlO, listl. uist2.
listl3, list14, listl5,
told.

130

saveDB(Ans) told.

count-listing Usting( count ), listing( miscount )

countfisting.

planeListing
liuting(uaplana),isting(smplanes),listing(bdplanes),
Uustizag~fplau),lstlng(upianes).

pianeListing.
140

weaponListing Iiating(wewpn).
weaponListing.

mimioaListing lktiug~muigon).
mimionLixtiag.

list 1 liudugwwjPLamt).
listi.
list2 Bodo*mg bkait )

Hastt ISO
list3 listing( pansword )

Iist3.
tWs4 Utu(mus)
Wis4.

liuts Uffitig(uVehicift).
lists.
li$tS . -lislig(aVehiclm).

listS.
list? liuting(buildinu).
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(Iusers/masi/gwright /Ionnie/gexmprolog)

list?. 0
lists Hlig(cuats).
lists.

lint9.
listlO listing(areaPrep).
list LO.
listil Usting(closeAirSupport).
listil.
list12 liuting(on24lirAlert).
list12. 170
list13 listing(loadpc).
list 13.
H4t14 listiag(losAd.amt).

listi 15 uting(3UgLMisa).
list 15.

do(Activity) !,process(Activity, Next), doext).
!80

process(o, Next) /* Process selections from men*
Iisp(Selection. menuO),
procus(Selectioa, Next).

procein(1, 0) :-al. /* Plan Mission level I

mnuuonNum(Minurn),
resetbk,
ask(3tat. msiiaton lacati~ou: , Wioe), 190
sAk('Xt4eC sissiou stanua g :' Menart),

lup(Selection, selectMission),
process(Selectiou, Hawzn, later),
Sst.AP( . COinP ),
asiPPl&M(Mnum. Selection, later, Comnp, SPS), !
round( NPs, Planes)

inh~mntjaiiou( Mnum Mloc, Msat, Planes, Selection, Inter, Comp )

get.cp( oa24ffrAktt, 0). 200

lisP(Cotap-Cowppere).

resetbk :-
replaicebka'nt(mrn3Oj,bk.mt( mm2O,0)),
rep1&ce(bk&rntcbj,bk.wmtcb,0)),
repWaabk_&wd5OObk.&nhdO)),
rmplac.bk.aitd5OO9J,bk.untd50,0)),
replac.bk..auism750,j,bk..aas(m75O,0)),
replac.bk~azs~200,..,bk_&wq(m200,0)), 210
repkcebk.amswW"a ,bk_&ant(ap"On,)),
vwqk~cebk.%uns(g.4 bk..amt~sg,0)).
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(/users/ masl/gwright/ lonnie /gex. mprolog)

Now, asig planes, loads & fvsings M!

assitnPlaxes gets total # of planes needed and cornpuites load factors
&I asserting a new database. Then loadmgype is called to assign
those loads to each plane for missions of type mtype...

assignflanes(M, on24HrAlett, none, Comp, Nplanes)
on24rAlert( M, Nplanes )
losd4hr( M ).

asiplanes(M, closeAirSupport. none, Comp, TotPlazies)
clomAirSupport( M, FS, Tenf, PC, DP, AV, AA, SS, LC),
aunpc( Comp, closeAiSuppott, FS, Nplanes )
aauigu.#s.actors( AA, SS, AddPlanes )
amsign..av( AV, AddMorePlanes ),
computetjenfactors( Tenr, PC, LC, TFactor )!

X is Nplauies * TFactor. Y is AddPlants + AddMorePlanes,
TotPlanes is X + Y,

condjoed( M, closeAir, DP).
/* los4dclostAir( M, 0.5 ), Cover only for area prep

covwmnd~def( M, PC, DP)

condjoad( M, closeAir, none)
IoadjcloseAir( M, 1.0 )

240

condjoad( M, closeAi, DP)
load.cloeAir( M, 0.75 )
defposjoads( M, 0.25, DP )

assignPianes(M, areaPrep, none, Comp, TotPlanes)
areaPrep( M, ARt, Tenf, PC, DP, "V, AA, SS, LC)
aasnpc( Comp, areaprep, AX, Nplaneu),
aaign~tdjactoru( AA. SS, AddPana),
amiguavs( "V, AddMrePlane ),
comnptterrjactors Tar, PC, LC, TFactr)! 250

X is N* Wni 0 TFactor, Y is AddPlanes + AddMorePlanes,
TotPlasis X +Y,

Ioedjsp M, 0.75 ),
cov..and..dsI M, PC, DP)

auzgnflanes(M, interdction, pc, Comp, TotP~an.)
peruoane( M, FS, Tori, Pcov, DP, AA, 55, LC )
ampc( Coup, pc, FS, Nplanas ), 260

asmipuMd-facto*u AA, 5S, AddP~aM),
computn..err..actoru( Tori, Pcov, LC, TFactor)!

X is Nplaws 0 Mawto,
Tot~ana is X + AddPlame,
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(/users/ masl/gwright / lonnie/gex. mprolog)

coud-joad( M, pc, DP )
teed .pers( Al, 0.5 ), Cover only for area Prep

ce~rddef( M, PC, DP)

condjoad( M, pc, none)
Ioad~pers( M, 1.0 )

condjoad( M, pc, DP ) :
Ioad~pers( M, 0.75 )
defojoas* M, 0.25, DP )

covanddef( M, PC, none ) :-
coverjoads( M, 0.25, PC )

280

cov And.def( M, PC, DP)
coverjoads( M, 0.125, PC )
defoajoads( M. 0.125, DP )

assignPlanes(M, interdiction, uv, Comp, TotPlanes)
uVehicles( M, UV, Tenr, PC, AA, SS, LC )
arnpc( Comp, uv, UV, Nplanes ),
aarngnptdjactors( AA, SS. AddPlanes )
computoetractors( Terr, PC, LC, TFactor),,

290

X is Nplanes ' TFctor,
TotPlanes is X + AddPlanes,

load-uv( M, 1.0 ).
Ieoduv( M, 0.5 ), cover shouldn't affect

conerl .odds( M, 0.5, PC ). *1

amignPlaces(M, interdiction, av, Comp, Totflsnes)
aWehicles( M, AV, Terr, PC, AA, SS, LC )
aunpc( Comp, av, AV, Npland ) 300

auuignavu( AV, AddPlanes),
computej.ertactors( Tarr, PC, LC, TFactor )!

X is Nplanes * Tfactor,
TotPlam is X + AddPlanes,
Ioad-av( M, 1.0 ).
le~d-e,( Al, 0.5 ), cover shouldn't affect

com'rjW&( M, 0.5, PC ). el

amignPlanes(M, inteedction, bc, Comp, TotPlanes) 310

buildiup M, Are, Maus, AA, SS, LC)
aunpc( Comp, be, Area Nplaaa),
auip-td-factous AA, SS, AddPanes,!

TotPlanes is Nplaa +i AddPlanes,

load,.buildmatu( M, 1.0, Maws)
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(/users/ masl/gwright/ lonnie/gex.mprolog)

assignPlanes(M, interdiction, rr, Comp, TotPlanes)
cUtW M, NC, RT, AA, SS, LC ) 320

amnPc( Comp, rr, NC, Nplanes)
amignsptdfactors( AA, SS, AddPlanes .,

TotPlanes is Nplanes + AddPlanes,

load..cuts( M, 1.0. RT).

asignPlanes(M, interdiction, bridge, Comp, TotPlanes)
bridge( M, Len, Mat, AA, SS, LC ),
ainupc( Comp, bridge, Len, Nplanes ),330
aui.ptdjactors( AA, SS, AddPlanes )

TotPlanes is Nplanes + AddPlanes,

loadbridgemats( M. 1.0, Mfat ).

ask(Question, Response) :-write{Question).
read( Response) ,nI,write( lespons e <"1.Response."'>"), Ii.

process 1( interdiction, Mourn, Selection) :- lispi Selection, targetType), 340

process 11(Selection, Mourn).

proceall(pc,Mnun) :
W upESforceSize),

1isp(Terramn,teurain),
lusp(Pcov,pcover),
lisp(DeiPs,defpce),
airdef(AA,SS),
lisp( LC,locover),
replce(peoneMnu n., _J, 350

personnel(Mnum, ES, Terrain.Pcov. DefPos, AA, SS, LC)).

replace(C1,C2) CI, retract(CI), assert(C2).
replace(C1,C2) assert(C2).

proceUll(UvMnUrn)
uavehiclm(U),
limp(Tarain,teffain),
lp( PcoV'peOver),
aUrdd(AA,SS), 360

limp(LC,1ocover),
replac.(uVehiclu.Mnum ,.,J, u Vehicles( Mnumn,UV,Terrain,Pcov,AA,SS,LC)).

proceulil(avMOum) :-
wi"paVehicle.),

lhp(Ternaa,terra),
lhmp(Peav'PCOwr),
airdef(AASS),
lisp( LC,jocower),
repIace(&VehicIes(Mnum,.. 1 .,),, aVehicles( Mnurn,AV,Terrain,Pcov,AA,SS,LC)). 7
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(/users/ imsi/gwright/lonnie/gex.mprolog)

procesulIl(bc,Mnum)
liap(SF,buildingarea),
Iimp(Materiai, buildingMats),
airdef(AA,SS),
lisp( LC,locover),
replace(buildings(Mnum.., -, J, , buildings(Mnum. SF, Material, AA, SS,LC)).

380

proceail(rr,Mnum)
Iiap( FC,ncuts),
liup( RT' road type),
airdef(AA,SS),
Iisp( LClocover),
replace(cut(Mnum.,,.._J, cuts( Mnuni,FC,RTAA,SS,LC)).

process 11(bridge, Mnum) :
Iisp( Len,bridgelen),
Iisp(Material, bridgeiMats), 0
airdef(AA.SS),
Iiap( LC,locover),
repiace(bridge(Mnm,-,j bridge( Mnum, Len, Material. AA, SS, LC)).

process1(areaPrep, Mnumn. none)
lipArea, area),
Iisp(Terrain, terrain),
husp(Peov, peover),
Iiup(Deffloa, def~os),
armoredVehicles(AV),40
airdef(AA,SS),
lisp(LCjocover),
replace(arePrep(Mnuni_,,_.J,

areaPrep(Mnum, Area, Terrain, Pcov, De(Pos, AAA, SS, LC)).

armoredVehicles(A) :-Iisp(AV,av2).
uavebicles(UV) :-lisp(UVuvehicles).

airdef(X,Y) :-a&Guns(X), samSitee(Y).
alwGun(AAgum) -- lispAAguna,sadef). 410

sarnSamites):-u liup(SA~uiteassarnsites)-

processl(clomaAirStpport, Mnum, none)
li*pFCCOSm, (orceSize),
Iiup(Trnin, terrain),
lifP( Pcov, Pcoveu),
liup(DefPos, deftou),
armored Vehicluu(A),
airdef(AA,SS),
Iiup( LC,locover), 420

repIac(cioAirSuppor(Mnm,,J,
clmseAirSupport(Mnum,ForceSize,Terrain,Pcov,DefPo,AV ,AA,SS ,LC))-

proceol(on24HfrAlert, Mnum, none)
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(/users/ i mas/gwright/lonnie/gex.mprolog)

write('24 hour alert'), al. uaplanes(Count),
hi, writ( 'lumber of unassigned planes )Write(Count), Id,
write('low may planes are to be put on 24 hour alert?
read(NumPlanes), il,
replace(on24Hr.Aert(Mnum.j,on24HrAlert(Mnum.NumPlanes)). 43

suggest( M ) /' Output a "suggestion" for the given mssson 1 .
sugLmira( M, Load. Fuse, Amt. Planes),

46 name of(Load.Lname),
printjline( Load, Planes, Amt, Laame, Fuse ),
fail.

suggest( M ).

* print-line( mram20, Planes, Amt, Laame, Fuse ) 440

write("All ,.Planes." will also carry ",Ant." rounds of 20=n "),nl,nlni.

printJine( Load. Planes. Amt. Lname. Fuse
Load 1= rm2O,
write(Planes," planes wili carry ",Amt," units of ",Lname," with a ",Fuse," fusing.").
nl.

/ implemeng.muswn( Mnum, Nplanes, MissionType, Interdiction Type )
450

At tkis point, an attempt to implement the mission is put forth.
Feidure in implement mission occurs if the number of planes available
is isufflient. Failure in calculations results if an augmented
plane amount is still insufficient. Failure in more calculations
results when there are insufficient weapon loads of any kind. 5/

* implement -mision( Mnum, Mloc, Mstart, NP, Sel, Inter, Comp )
uaplane( X),
X >= NP,
I 460

calculatio*s Mnum, Mloc, Mstart, NP, Sel. Inter, Comp ).

* implement mimion( Mnum, Mloc, Matart, NP, 5.1, Inter, Comp )
uaplan*X),
wrwi(*"lt eaough planes in database for ission ",Mnum),nl,
writ.(" Nssion requires ".NP," planes, only ",X," available."),nl,nl,
excum( Maum, Sl, Inter, Comp, NP ),
finaly.implmmt( 2, Moum, Sel, Inter, NP).

calculation*( Maum, Moe, Mstart, NP, on24HrAlert, none, Comp ):- 470

uaPlanu X),
X >= NP,
speial.24( Maum, NP),
morecalculatiom( Mnum, Mloc, Mstart, NP, on24HrAlert, none, Comp ).

calculations( Mnum, Moe, Mstart, NP, Se, Inter, Comp ):-
Sol 1= on241rAlert,
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(/users/ masi/wright/ Ionnie/gex.mprolog)

calcload.amnts( Mnum, SP )
new..pLamt( Mnumn. SNP )
uaplanes( X ),480
X X>=NNP,
retract( new..pLarnt( Mnumn. NNP ))

norecaliculatious( Mnumn. Mioc, Mstart. NINP, Sel, Inter, Comp )

calculations( Maumn, Mioc, Mstart, NP, Sel, Inter, Comp)
not( new..pLamtL,.. ),
toojfew( Mnumn, Sel. Inter, NP),
mnore .calculations( Mnumn. Mioc, Mestart, NP, Sel, later, Conop

490

calculations( Mnumn, Mioc, Ststart, NP, Sel, Inter, Camp )/* Vot enough of weapon *
uaplanes(X),
new..pLarnt( Mnurn, NNP )
retract( newpLart( Mnurn. NNP ))
write(wNot enough planes in database for mission ',Mnur),n1,
write(-- Mission requires ".NNP.1" planes, only " ,X," available. .).n.
excuse( Mnurn, Sel, Inter. Camp, NP ),
finally-implemnent( 2, Minurn. Sel, Inter, NP )

special24( Mourn, NP )/* Kludge to avoid approximations on 24Hr Alert mission 1 oo
LI is .45NP,
U2 is .IO*NP,
trunc(Ll,RI),
trunc(LI ,R.2),

* round(L3,R.3),
flgure(NP,R1,R2,RZ,X,Y),
Ioadpc( Mourn, LDI, FI, PCI )
retract( Ioadpc( Mourn, LDI, F1, PCI ) )
Ioadpc( Mourn, LD2, F2, PC2 ),
retract( Ioedpc( Mourn, LD2, F2, PC2 ) ),510
Ioadpc( Mourn, LD3, F3, PC3 ),
retract( toodpc( Mnun, LD3, F3, PC3 ) )
std~load-arts( LDI, Arntl
std~oadarnts( LD2, Arad)
Std~load.amts( LD3, Amt3)
ANI is ArtX,

9 AN2 is ArntY,
AN3 is Amt3R3,
!oad_&.nd.sugest( Mnurn, ANI, LD1, Fl, X )
,oad..adjqust( Maurn, AN2, LD2, F2, Y ),520
Ioe&.aaadj.uggt( Moun, AN3, LD3, F3, R3 )

figure( NP, X, Y, Z, NX, NY)
T isX +Y +Z,
NP =T,
NXis X,
NY is Y.

figure( NP, X, Y, Z, NX, NY )3
X =Y, XXX is X + 1,5
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figure( NP, XXX, Y, Z, NX, NY ).

pflgl1( NP X, Y,Z, NX,NY ):- YYY isY+ , figure( NP, X, YYY.Z'NX, NY)

set -npa( A, B, C ) B > C, A is B.
set,.npa( A, B, C ) A is C.

too-few( Mnum, 5.1, Inter, NP) / Too few is evoked when underfiow occurs/
killjoadamta( Mnum ), kill -sugg( Mnum )
princjoa4( Mnum, Sel, Inter. Lode, Fuse ),540
stdjoad-amta( Lode, Amnt)
weapon( Lode, AmtAvail)
AmtNeeded is NP *Amt,
AmtAvail > AmtNeeded,
assert( load amt( Mnum, Lode, Fuse, AmtNeeded ))
assert( suggmiss( Mnum, Lode, Fuse. AmtNeeded, NP ))

too-few( Mnurn, Sel, Inter, NP) :
princjoad( Mnurn. Sel. Inter. Lode, Fuse ) s
assett( load amt( Mnum. Lode, Fuse, 0 ))

too-few( A, B, C, D ).

more..Calculations( Mnum, Mioc. Mstart, NP, Sel, later, Comp)
calc..20( Mnum, NP ),

write(" Ewe is a suggestion for implesenting mission 1',Mnum),nI,

suggest( Mnum) 560
liup( Ans, asaumission )
fluallyjimplement( Ann, Mnum, Sel, Inter, LNP-),
amert.if~necessary( Ana, Mnum, Mloc, Sel, Matart, NP, Comp )

more..calcuiations( Mnum, Mloc, Mstart, NP, Sel, Inter, Camp )/* Voi enough of weapon/
reportjailuae( Man),
excuse( Mourn, Sel, later, Camp, NP),

finaIgy~mplement(2, Mnum, 5.1, later, NP ).510

load..20( Maum, NP ) :
std~joad.amts( mzn2O, Amt )
weapon( znm2O, Old )

* SP is Amt*NP,
NewAmt is Old - SP,
replace( weapon(mm2O,Old), weapon(mm2O,NewAmt) )

assertifuqecsary( 1, Mnum, Mc, Sel, Mstart, NP, Comp )
amrwt(muuion( Mnum, Mloc, 5.1, Mstart, NP, Comp))58

* uaplafhs( X ), asplauus( Z ), miscount( R ),
Y is X- NP, W 6 Z +NP, S R+l1,
replace( uaplanes(X), uaplanei(Y) ),
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replace( asplanes(Z), asplanes(W) )
replace( miscount(R), miscount(S) )

0 assert zfjnecomary( 2, Maum, ., _, , _,-_ ) :-kill ugg( Mnum )

/ excuse cover possible reasons for a mtssions failure/
590

excuse( Mnum, cioseAirSupport, none, Comp, S
* ~cloieAirSupport( Mnum, ., Terrain, Pcover, -),-,LC),

terExcuse( Terrain )
pcovExcuse( Pcover )
compExcuse( Comp )

excuse( Mnum~are&Prep , none. Comp, N)
* ~aze&Prep( Mnum. -, Terrain, Pcover. - ,,- LC),

terrExcuse( Terrain )
pcovExcuse( Peover ),600
compExcuse( Comp )

excuse( Mnum. interdiction. pc, Camp. N
* ~personnel( Mnum, _, Terrain. Pcover. -,-,LC),

terrExcuse( Terrain )
pcovExcuse( Peover )
compExcuse( Comp )

excuse( Mnum, interdiction, uv, Comp, N)
*uVehicles( Mnum, ,J Terrain. Pcover. -~,LC), .

tenrExcume( Terrain)
pcovExcuse( Pcover )
compExcuse( Comp )

excuse( Mnurn, interdiction, av, Comp, N)
* Vehicles( Mourn, ,J Terrain, Pcover, Q

terrExcuue( Terrain )
pcovExcuse( Peover )
compExccuse( Comp )

620

excuse( Mnurn, interdiction, bc, Comp, N)
* budin(Mnum,.,. LC)

locovExcuue( LC)
compEwase( Comp)

excuse( Nfn=4 interdiction, rr, Comp, N)-
cu*u Mourn, -, -1 -0 -9 [C )b

* IocovExcus( [C ),
compEXCUse( Comp )

630

excuse( Mnurn, interdiction, bridge, Comp, N)-
bridge( Mourn, _, _, ,J _, [C
locavExcuse( LC ),

* ~compEXCUue( Camp )

excuse( Mourn, X, Y, Z, W)
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cornpExcuse( 0 )
compExcuse( I)
compExcuse( 2 ). 40

compExcu*e 3 ) al, write(IAtempting to drop completion percentage may aid you.,,).
compExcu*e 4 ) al. write('kttmpting to drop completion percentage can aid you.").
compExcuse( 5 ) al, write("'Attempting to drop completion percentage will aid you.").

tetExcuse(mountains) :- a, write(IWovatainous terrain makes completion level difficult."
terrExcuse(open).
terrExcuse(hilly).

pcovExcuse(open).
pcov~xcuse(sb). i5

pcovExcuse(jungle) al. write('Ieavy foliage makes completion level difficult.").
peovExcuse(urban) al, write("Urban cover mtakes coupler-ion level difficult-.

IocovExcuae( ).
locovExcuse( 2).
locov~xcuse(3) al. write(,,Haze/leavy &&a"r/Fog Patches make completion level difficult."'
IocovExcuse(4) al, write(Doense Fog/Smoke make completion level very difficult.,,).

cc20( Mnum, NP ) :-/I Find amount of *0mm needed to implement musion*I
stdjoad.a4mts( =m2O, Amt ),0
AnAtNeeded is NP * Amat.
weapon( mm2O, AmtAvail)
AimNeeded =< AimAvail,
assert( sugg..iuw(Mnum, mm2O, impact, AmtNeeded, NP))

calc.20( Mourn, NP) :
assert( load,.amt(Mnum, mm2O, impact. 0))

calcjoad..amts( Mauni. NP ) /* Find amount of any weapon needed to implement mission '
loadpc( Mnum, Load, Fuse, P ), 57
retract( loadpc( Mnum, Load, Fuse. P ))

X is PONP,
round(X,Y),
add~new..tot( Mnum, Y,
gtd-joad.amts( Load, AmtStd)
AmaNeeded is Y*AmtStd, /'Y is of Planes/
Ioed..aad~xuggu:( Maum, AmtNeeded, Load. Fuse, Y )!
ca~ccadams( Mnum, NP)

calc.joad..mts( Mnum, NP)

sddnew.tO&( M, 0 )

add.newtot( M, X)
new..pLamt( M, Y )
z is x+Y,
replace( newpla&mt(M,Y), new..p1&mt(M,Z) )
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add ,new tot( M, X ) assert( newj~an M, X ) 90

load -and suggest( Mnumi, AmtNeeded. Load, Fuse, 0 ). / do not assert 0 planes !'~
Load and suggest( Maum, AintNeeded, Load, Fuse, Y)

weapon( Load, AnnAvail),
bk,.arnt( [casd. Used ), / ILoad Total used on same weapon/
Total is Used + AmtNeeded, / * (if weapon uses with, different fusings) I/
Total =< ArntAvail.
replace bkarnt(LoadUsed), bkann(LoadTotal))
asset joad.ad..sugg( Mnum, AmtNeeded, Load, Fuse, Y)

700

assertjload~and~sugg( Mnum, AmtNeeded, Load, Fuse, Y)
loe4,,,at( Mnum, Load, Fuse, OtherAmt ),
sugLrmiu( Mnum, Load, Fuse, OldAmt, QY)
NY is OY + Y, /* Changing #'s i case weapon already asserted .
Total,., is Other.Amt + AmtNeeded,
replace( Ioadamt( Mnum. Load, Fuse, Other Ant )

load.amt( Mnum, Load, Fuse, Total -Amt )
replace( sugLrnis( Mnum. Load. Fuse. Other Amt, OY )

sug~miu.( Mnum, Load, Fuse. Total Amt, NY ))

assertjoad.ad.sugg( Mnum, AmtNeeded, Load. Fuse, Y)
assert( load.,amnt( Maum, Load. Fuse, AmtNeeded ))
asbewt( sugg~miss( Minum, Load, Fuse, AnnNeeded, Y ))

load..and,,uggest( Mnurn, AmtNeeded, Load, Fuse. Y)
assert( Ioad.amt( Mourn, Load, Fuse, 0 ))

report-failume( Mnurn ) :
load..arnt( Mnurn, Load, -, A
Amnt > 0, 7120

retract( load.Amt( Mourn, Load, -, Aimt))
reportfailures( Mourn)

report,,failume( Mourn
load,,arnt( Mnurn, Load, -, Arnt)
Arnt = 0,
oamn.,of Toad, WeaponName)
writin(1oe aeo ",Weapoonlame,' to implement aission ",.Maum),
react( load~amt( Mnurn, Load, _, Am&))
repontfaluru( Maun) -.30

report-failures( Mourn).

finailyimplemsut( 1, M, S, 1, NP)
load..20( Maurn, NP)
actuaflyjoad( M)

actuallyjoad( Mourn) -
load,,am( Maurn, Load, Fuse, Amt, 4

Amt >0,74
weapon( Load, X)
Yis X - At,
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replace( weapon(Load.X), weapon(Load.Y) ),
retract( load amt( Mnum. Load. Fuse, Amt ))
actuailyjoad( MniMm.

actuallyjoad( Mnum ).

finaily.implement( 2, M, S, 1, SP)
deletemtype( M., S. 1) 750

count( X)

replace count( X ),count( Z ))
kiiljoadpc( M ),/* Remove all scratch work for missin I/
killspugg( M ),
kill Ioadamts( MV

killjoadpc( Mi loadpc( M,,J, retract( loadpc( M. *,- ,kfll-oadpc( NI)
killjoadpc( M )

killJoadaints( Mi)
load-amt( M.,
retract( Ioad.Amt( N..,,-))
killjoadamWa M)

killjoadamu( M )

kfllspugg( Mi ) :-
SUgmIUIm( M, - ,~
retract( sug.mu.( M, 1-10.,,))

kmilsugg( M)

kill..sugg( M )

deletenitype( M, interdiction, pc ) retract( personnel( ~ ))
deletemtype( Ni, interdiction, uy ) retract( uVehicles( M, ). )
deietemtype( M, interdiction, av ) retmact( &Vehicles( M.. 2 )
deletemtype( Ni, interdiction, bc ) retract( buildinp( M.,..,.))

deleterrype( M. interdiction, bridge ) retract( bridge( %.I._, 780

p deletemtype( M, cimsAirSuppart, none :- retract( clooeAirSupport( ~ ))
deletemtype( M, areafrp, none) :-rtract( areaPrep( M,.,.~))
deletemntype( M, oa24rAlert, none :- retract( on24HrAiert( M,))

stdIoad.amWs cb, 16 ). / in four. I/
stdjlodam*u m20, 2000 )

stdjlod-amWu bdW0, 20 )
stdjoad.aauts( IdWG, 24 )
stdjlod.aanW m75G, 16 )
stdjloed amt*( m200, 4 ). 90

stdjoad.amis( napahm. 12)
ftdjoad.amts( a.4, 24 ). / inses..

/* pnmcj..d( Set lager, loe, Fuse) '

pincjload( M, interdction, pe, hd500, impact ).
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princjlo.4( X. interdiction, uv, atg, impact )

princJoad( M, interdiction, av, atg, impact )
princ-load( M, interdiction, be. Lode, Fuse)

buildings( M, _, matm, _, _, _ -

pla~appwopo( bc, Mats, Lode. Fuse ).00o

princjload( M, interdiction, rr, Lode, Fuse)
cuts( W, -, Mats, -, -, - )

pla,,appropo( rr, Mats, Lode, Fuse )

princ.oad( M, interdiction. bridge ,Lode, Fuse)
bridge( M, , Mats, -. , ),
plaappropo( bridge, Mats, Lode, Fuse )

princ~load( M, cioseAirSupport, none, HO, impact ).o

princjload( M, areaPrep, none, m750. delayed ).
princ-load( M, on24HrAlert, none, hd500, impact )

pla-appropo( be, wood, napalm. impact )
plaappropo% be, rhut, m750. proximity )
pla-appropo( bc, brick. mn2000, proximity )

p plaappropo( bc, rc, rn2000, delayed )

plaappropo( rr, 1, m2000, delayed )
pla..appropo( fr, 2, m750, impact ).820
piaappropo( rr, 3, mT50, impact )

plakappropo( bridge, wood, m750, impact)
pkaappropo( bridge, concrete, m2000, delay )
pla-appropo( bridge, steel, m2000, impact )

missionNum(Mnum)
count(X),

S Mnuiis X+ 1,
not(missio(Mnum, J) 830

replace(cowit(X),count(Mnum)).
rnisionNun( 1).

process(5, quit) :-writ.QIfut').
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levei(compiete, 5,"90 - 100%").
levelcomplete. 4,"75 - 89%").
levei(complete. 3,"60 - 70%").
level(compiete, 2,"46 - 59%,1).
Ievel(complete, 1,"20 - 44%").
Ievel(complete. 0,11100%,l).

location(Loc) :
nil write('Vhere are the planes to be based? )
read(Loc),ul. .

process(2, 0) :-/* Make changes to missions
write( Change mission'), nI,nI.
micount(Nmiss),

* Nas> 0,
write 'Thor* are Y.nmiss), write( I mission(s) in the database. '),nIxnI.
listniuuions,
ask('Vhich mission would you like to change (enter number): I-NN),
show Mission(S MN),

9 process2(MN.Which).

process(2, 0) mzescount(Nmiss), Nrnzsa = 0, nI. write("There are no planned missions!! 11),n1.

process(2, 0) nI, writ('uission not changed... '), Wi.

* contmnue(M)

write('Iew Mission Status: Mission ',M),al.nI,
showMission(M). 30

Continue(M).

process2(M,none).

process2(MNdel) :- /0 Delete tis mosswn
retuhu~weapons( M),
remvbook.keepig(M),

* sunut(X),Y iX- 1,
repIlwe mcoun&(X), muicount(Y) ),40

retuzrn~yeapo*e M) :-
puil-aadrepiacejosd@(MN),!,

* ~retun.wespons M)

retuzn~weapoms(M):-

uaplAme( X ),
Y is X+NP, so
rePIOc UaPIaneu(X),uaPiaes( Y)
eeplaaus( R ),
S is R - NP.
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replace( aspianes( R ), aspianes( S).

pulL.And...eplacejoada(M)-
sugLmimU( M, Lode, Fusing, Amt.
weapon( Lode, Old ),
New is Old + Amt,
replace( weapon( Lode. Old ), weapon( Lode, New )So 5

retract( sugLmime( M. Lode, Fusing, Amt, -))

pulLand..replacejoads( M):- fail.

reniove-book-.keeping( M)

removeTypeAttr( M,Type).

process2(M,loc) : /* Change location name of this msssion '
usk( "Ra.r now mission loecat ion .N'foc),nl,

replace(miuuion(M...,W,X.Y.Z) ,mmssionf M .Nloc,W,X,Y,Z)),
continue(M).

process2(M,timne) /*Chsange time of this mission '
ask("Knser now miss ion start t in.,Tmne),n],
missuon(M,W,X,.,Y,Z),
replace(muuwion(M ,W,X,.,Y ,Z),misstion( M,W,X,Timme,Y,Z)),
continue(M).

so

process2(M,cmp) /* Change desired completion % for this mission '
miion(M,W,X,Y,Z,
not( on24HrAlett( M,-
lisp(CP,compperc),
return. Weaponx(M),,
miucount(J), K is J - 1,
replace( mniscoun(J), mcount(K) )
retract(miuio(M,W,X,Y,Z,_J),
resetbkr,
typejnteT(MX,Inter), 90

auignPlan*.M,XInter,CP,NP),!,
round( NP, M~anus ),!,
implmmwtjmi@on( M. W, Y, NManes, X, Inter, CP)
continsme(M).

ptoces2(M,cmp) :
oa24BrAlett(M),
wuite(' 'Comlotioa percentage for 24 lour Ale"t ca only be 100%~.

process2(M~cmp) :- w e("trror in changing sisuion",M),nl. 100

typ..izater(M, uueaPrep, none).
typejnter(M, os24IzAlert, none).
typejnta(M, clossAirSuppot, nose).
typ....nst(M. intediction, pe) pemnnnel(M,- .J.
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type inter( M, interdiction, av) aVehicIes(M.,,.J
type inter(M, interdiction, be) buiding(M._,J.
type.jnter( M, interdiction, rr) ct(,_J
type~inter(M, interdiction, bridge) :-bridge(M.,,,_j 110
type-inter(M, X, Y) -- write('error finding missionl type 'XI

rernwveTypeAttr( Minterdiction) -persoanei( NI _,J,interKil( M .pc).
removeTypeAttr(M Minterdiction) -uVehicIes(M,_ NI _JinterKill( M,uv).
renoveTypeAttr( Mantsrdiction) -aVebicles( M,,J ,interKill(M ,av).
remnoveTypeAttr( Minterdiction) -buildings( M... 3 ,interKill(M ,bc).
remroveTypeAttr( M,interdiction) -cuts( M ~ inter Kil( M,rr).
removeTypeAttr( M,interdictioa) -bridge( M _,,,,,interKiil(M, bridge).

interKUI( M ,pc) -retract( personnel( M,_ _-.) 1:
interKill( Mxv) -retract(uVehice3( M ,,,_j).
inter Kill(M ,av) retract( aVehicles( M ,,,_.j_).

inter KiI( M ,bridge) :- retract (bridget M
removeTypeAttr( M.areaPrep) :- retract( areaPrep( M, ,._,-
rernioveTypeAttr( M,cloeeAirSupport) :- retract (closeAirSupport( M
rernwveTypeAttr( M,on24ilrAlert) :- retract(on24lrAlert( M ).

130

process(3,O) - isp(Selection,selectStatus), procesa3(Selection).

process3(I) / *Check status of plaes 7/
usplanes(XI),smplaaes(X2),bdplanes( X3) ,nfpianes(X4) ,aaplanes(X5),
nl,nI,nl,
write('planes unassigned XI,,
write( 'planes on scheduled maintenance: IMX),nl,
write( 'planes with battle damage : ',X3),nI,
write( 'plus.a completly malfunctioning: ,.X4),nI,
write( 'planes assigned to miss ions : .X5),nl, '40

Wite( ----- ni
Tot is X1+X2+X3+X4+X5,
wr'ite( 'Total numbo: at plants 1,Tot),nI,process(3,O).

Process3(2) :- InIW, /* check weapon states "
wriVA Vespon Status Iepot 1),nl,

wpoW,wap,weap2,weap3,weap4,weap5,wea6,wep,process(3,O).

weapO :-150
weapounmm2O, Amt2),

writ*(, ronds in supply'), ni.
weap I:

weapou(cb, AmtCB),
Wit(CIRs-C" booe: '),wrt.(AmtCD),
writ*,' rounds tvn sujppy), Wi.

W"9p2
wespon(hdSOO, AMMtE0D),
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write('0 SO DI: I), write(Amt500HD), A
write('I rounds in supply ), al1.

weap3:
weapon(Md50, AmO50OLD),
write('500 LD: ),write(Amt500LD),

write(' rounds in supply'), al.
weap4:

weapon(m750, A=7l5O),
writ( ITSO: - write(Ant75O),
write(' rounds in supply'), al.

Weas5-'.7
weapon(m2000, Amt2000),
write( ' 2000: ),write(Amt2000),
write(' rounds in supply'), al.

WeaP6
weapon(napalm, AmntNapalm),
write('Iffpals (200 gal): 1), write(AmtNapalm),
write(, rounds in supply'), iii.

WeaP7 :
weapon(atg,Amt),
write('Air to ground: ),write(Amt), 0

write(' rounds in supply'), ..

process3(3) :
Muscount(Mcount),
Mcouuat > 0,
wirite('There are 1), write(Mcount),
write(' planned missions: "),n1,isitnissions,
write( 'hich mission number? )
read(M),
showMission(M),19
procen(3,0).

process3(3) :
rnucount(Mcount),
Mcount = 0,
writo( 'No plauned missions at this time... '),n1.

pzocess3(3) :- wuzte( 'Supply an existant mission next time').

showMissom(M) :-200
mission(M, Loc, Type, ST, NP, Comp),
wFU'i('nission type: ',write(Type), Uv.,
wwlt.('EISsioa location: ),writeLoc), v.1,
write('nission stan time: '), write(ST), v.1,
write(INuber of Planes Assigned :)'write(NP), v.1, n1,
suggest( M ),
Ievel(complete,Comp,X),
write(I Completion level ',X), v.1, .

showMim(M) :-wrlte('Io recoft of aission',M), fail. 210
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fail.

Iistmissicns :-ni.

print~put( X, Y ) -!
writ.(X' ',Y),nl. :20

process3(4). / qtast status check/

proceua(4, 0) /* make changes to databases/
write( 'Change database'), W.,
write('Su:.r password: 1
read(Passwotd),
password(Password),
Iisp(Selection.menu4),
procesa4(Selection). :30

Process(4 0) :-write(Inavalid password').

password(secret).

changePaseword
ask(lanter old pausword I,OP),nI,
pasword(OP),
ask('Eater ME password 1,NP),n1,
replace(password(OP),pamword(NP)). 240

changePasaword :
write( 'Password not change... error on entry').

process4(0)
changePassword.

process4( 1) :-/* change plane amounts
Iisp(Pick,menu4l),
procein41(Pick). 250

procem*41(ua) :
uaPhSAe.X),
wri*'There were ',X),writ.(' planes mnasigned.'),ni,
.ik(Inpu the number of planes that will now be unassigned: ,)
repImce(uaplanesUj,uapian.(N)).

procem4l(sm) :
smpianusX),
write( There were I,X),write(' pl.anes an scheduled maintenance. '),al 260

agk(Zaps thes number of planes that will now be on scheduled maintenOac:',N),
replace(smpmna(~smpianee(N).

procen4l(bd) :
bdptaae.X),
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write('here were ',X),write(, Planes With battle 4amage. '),ni,
ask('IAPut 'the number of planes that will now have battle damago:'.),
rePlacebdplanest,bdpaaes(N)).

proces~l~m) :-270

rnfplanes(X),
writeImers were .,X),write(' plants malfunctioning. '),ni,
ask(linput the number of planes that will now be malfuncioning: ')
repiacemfp1&nesL) ,mfp1anes( N)).

process4l(none) :
liup(Selectioumwnnu4),
process4(Selection).

process4(2) :- 280
lisp(SelJoadtype),
proceu.42(Se 1).

addchange(Type,add) :
weapon(Type,X),
ask('Input number of units to add: ',Am0=),n
Yis X +Amt,
repiace(weapon(Type,X) ,weapon(Type,Y)).

addchange(Type,change) : - 290

ask('Inaput number of units: ',Aznt) ,UI,
repiace(weapon(Typej,weapon(Type,Amt)),

addchange(Type,neither) :-wuite(' 1. change made. '),ni.

process42(rnm20) :- I * change wea pon amos~ s/
wewpn(mrn2O,), -

write( 'There are ',X),write( 'rounds of 20. 1),
lisp(Choice,addorchange),
addchange(mm2O,Choice). 300

proteus4(cb) :
wewpn(cb,X),
wuite( 'There are ',X),write(' Cluster-Bombs. ,
WipCOmAceAddocaige),

addchanpecb,Choice).

procesQ(WM500)
wsspom(WdOO,X),
wri*s'Thkre are ',X),wvite(' 500 ED,), 310

IispChaice,addorckaup),
&ddchang(hd5OO,Choice).

procei*42(dSO) :
wespoa(dSOO,X),
wri*.'Thwte ane '.X),Wit.' 500 LD). ),
fisp(Cbaim~addotchaap),
&ddchamgen1d500,Choic*).
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/* Format of file:

Plane Assignment Rules

aseul .60) ( Mission type, Men uChoice, PlanesNeeded).
uss{ noi .601( Miusson type, Menu Choice. Plan ea~eeded)

asn.60) ( Mission type, .IfenvChotceNeeded),
PlanesNeeded is Needed Factor.

where Factor is 3.0 for 90#% 1Factor is 1.5 for 75+X
Factor is 0.8 for 45#%
Factor is 0.4 for 10+X

asun{ .2O)(on24HrA~ert,-,J.
auu{ .45)(on24HfrAer,J.
aamn{ .60)(on24HrAert,-,j.

a~f 75}(oa24HrAert,,j).
awn { .90}(on24Hr~lert,,J.2

an.20)(azeaprep,M.NP) awsnf.601}(areaprep, MIN), NP is N *0.4.ahbn .45)(aepepMNP) &au.60) (aeaprep,M,N), NP is N *0.8.

mn{f.601( areaprep, 1, 4.0 L
aun{.60)( ateaprep, 2,10.0)
aumn{.601( areaprep, 3,18.0)
ainn{.801( areaptep, 4,30.0 Lan{.60)( areaprep, 5,50.0 ) .30

ahmn.75)(azeaprep,M NP) aasnf.6O(&reaprepMN)-NP is N *1.5.* aahiz.90(areaprep,MNP) ason{.601(azeaprep,M,N), NP is N * 3.0.

asn{.20)(pc,M,NP) an{f.60)(pc,M,N), NP is N* 0.4.aun{j.45j(pc,M,NP) aanu{.60)(pc,M,N), NP is N 0 .8.

aamu(.60)(pc,squad,1.0):.. 1.
* aasa(.8O)(pc'pIaUMIoo,.): !

at u{60)(PCcA.Ma~y,3O):-.! 
40&afn .80)(pC~btaU~O.,8O):.. L.

ainn(.60)(pc,r sW at,2.0):-. L.
awn .0)(pcohu,70-0):. -!L

* mu{.75)(pc,M,NP) ahn.60j(pc,M,N), NP is N *1.5.aun(.90)(pc,M,NP) amn{.60)(pc,M,N), NP is N * 3.0.

son{f 2O)(coeeAirSupport,M,NP) anu{.6O)(cbouASupr,HMN), NP is N *0.4.wn-4)ck~i~pprtMNP mu{.60)(CoseAirSupqort,MN), NP is N 0.8. so
afl{.6O)(ckoeAirSupport.quad,1.0):-..!
sn({.601 (com~irSuppont'pkwo~njO1): -
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an{.60)(ckcuArSupport,coulpany,3o0):
awsn{.60)(cou.AizSuppot,ba..ajjoDl

8 .):. !.
aasn{ .6O)(clkuAiSupport.,egjen,25.0): -
aemn{ f.60) (clobeAiSupport,othe,70.o):-!

awn .75(closeAirSupportMNP) awan f.60) (clo~eAirSupport.MN), NP is N 01.5.amsn{. 90)(dwoeAizSupport,MNP) ason{.60)(closeAirSuppor,N), NP is N *3.0. 6
an{.201(u,M,NP) wsan.60)(uv,M,N), NP is N *0.4.*aun{.451(uv,M,NP) assa{.60)(uv,M,N), NP is N * 0.8.

amn.60)(uv,5,24.0):.. !
awn{.60)(uv,4,80):-.!
an{.60)(uv,3,5.0):.. !

* a&sma(.60)(uv, 1,2.0):-.

aamnf.75)(uv,MNP) assnf.60)(uv,,M,N), NP is N 1 .5.
aasn{.90}(uv,MNP) asanj.60}(uv,M,N). NP is N *3.0.

*an{.20)(av,M,NP) assu{.60}(av,IM,N). NP is N * 0.4.an{.451(av,M,NP) asau.60)(av,NI,N), NP is N *0.8.

aaun(.60)(av,0,0.0):-. I.
amn.6O)(av,,3.O):.. !
amen{(.60) (av,2,8.0):.. ! 

soassn{.60)(av,3,12.0):-.I
asn.601(av,4,20.o):-.!

amn{.75)(av,MNP) asm{.60)(av,M,N), NP is IN * 1.5.an.90}(av,M,NP) ason{.60)(av,M,N), NP is N 4-3.0.

aafn.20)(bc,M,NP) -ainl.60J(bc.M,N), NP is N * 0.4.an{.45)(bc,M,NP) aasnf.60)(bc,M,N), NP is N * 0.8.

90amn4.60)(bc,1,2.O):.. !
* aa~mn{.60)(bc,2,4O)...-

aasn{.60)(bc,3,8.O):.. !

ason{.60)(bcA,24.0):.. !
amn.80(bc,,30O):.. !

mn{.75)(bc,M,NP) aun{.6O)(bc,M,N), NP is N * 1.5.ausn(.901(bc,M,NP) an{(.6O)(bc,M,N), NP is N * 3.0.

100

mn{.20)(ff,M,NP) ann(.801(rr,M,N), NP is N * 0.4.an.45)(rr,M,NP) ann(.60)(rr,M,N), NP is N * 0.8.

awnf.8O)(rr,2,2.):-.!
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auu(.601(rn,3,4.0):- !
&an{j.80)(rr,4,6.0):- !

&uu(.75)(n,M,NP) amsn{.60)(rr.M,N), NP is N * 1.5. 110&mu{.90}(rr,M,NP) asn{.60)(rr,,M,N), NP is N *3.0.

amin.20)(bridge,M,NP) ~an{.60)(bridge,M,N), NP is N * 0.4.
&nn{.45)(bidge,M,NP) amn .60) (bridge,M,N), NP is N * 0.8.

an.6O) (bridge, 1,2.0):~ !
an(.0(bridge,2,2.):-.!
an{.0}(bridg,3,4.0):- !
ahmu.60)(bridge,4,6.0):- 

20aminn.6O(bridge,5,8.0):-

mim{f.75) (bridge, MYNP) aun{.6O)(bridge,M.N), NP is N ' L.5.
smn.90J(bridge,M,NP) aun .60) (bridge, M,N), NP is N *3.0.

amnpc( 5, XYZ ) aun{.90}(X,Y,Z).
ainnpc( 4, X,Y,Z ) an{.75}(X,YZ).
mnupc( 3, X,Y,Z ) ainal.601(X,Y,Z).
amupc( 2, X,Y,Z ) mn{.45j(X,Y,Z).13
ampc( 1, XIY,Z ) aiu{.20)(XY,Z).

aaasgrnng additional aircraft for variona factors:

e~tra.~ama~mniag,,0)./* Anti-aircraft tuns

extrau(antjair,3,2). 
140extramu(ant .air,4,4).

ezua.aa(muits,1,). /*Stirfisce to Air missle sites/
etrka..auamu,21 5).
eztzamr ait.3,3).
eztrs.am(uamS,4,5).
extra-wammu~iks,,1O).

eztn..am~bovw,1,). /'Low altitude cover '7ISO
ezue-smr(ocovr,32).
ext.umu&wxcover,3,2.0).

atn~an~temia~pem,). / Terruin type '
estn..ahmm(thftai.,hiliyM13).
.a .ahb(trninountains,2).

.zti..au~covr~op,1)./* Protecive cover type '
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extraWAin(coVurfsbI 2 ). Lao
emtaaa(coveriungWASL).
extra an(covr,irban,18).

eztra au(avehics,U ). n ,umber of armoured vehicles
extra aa(avehi cs, 1,).
extra aa(avehics,U,).
extwn(aveaics,3,14).
extran(aveic,4,20).

ainavs(AV,Nplanes) :- !,extra .aan(avehics,AV,Nplanes). o

ai.tdfctos(AA,SS,Np1&aes) :-/* asgn values for thee tpical mission factors '

extraumwn(varaites,SS,S),
Nplans is A + S.

compute terr~jactors(Terr,Cov,LC,Factor) -/* Multiplyiuq factors to umber of plants,~
ISO

extrzawan(terramn,Terr,T),
extraauon(cover,Cov,C),
extra..ann(ocover,LC,L),
XC is T*C,
Factor isX *L.

/ Load ausignments

I"de will be made into a database, since lists are so difficult
to implevoent. The taplu added to the databae will follow this 190

geeal rak:

lood.maisatpgpe( Maim, 8possible facters)
assert( loadpc( Manm, load, Famuag, St )

assert( ieedpc( Maim, Load, Fuiag, %))

ukere Maim is 6 mini*% number, possible faders include materals 0

ro"Vppu, dalessi.. pee tils., cover etc...

/0* coewrla( Masom, Pemc, CoerLevel)"

coverJowda M., P, open)
X is P/2,

aswe( Icsdpc( Mnapalm, impact, XC
susut( oedpc(U, cb, impact, X) 210

cover.josi M, P, .6 :
Y in P/3,

14:17 Apri ItDD0 Pag 4 of/u. nao/wg*/eaaaw ks1a vilf



(/users/masl/gwright/Ionnie/newrues. mprolog)

auugwt( loadpc( M, napalm impact, Y ))
auam'( Ioadpc( M, cb, impact, Y ) ),
auuuet( loadpc( Ni, WdOO, impact, Y ))

covet loads M, P, jun&l)
Y is Pf3,
assert( loadpc( M, W5SOO, impact, Y ))
auaert( loadpc( M, m750. impact, Y ) ,220
auswt( loadpc( M, rn2000, impact, Y ))

cover loads( M, P, urban)
X is P/2,
assert( loadpc( M, m2000, impact, X ))
asswrt( Ioadpc( M, atg, impact, X ))

/ defpoaioads( Maum, Perc, DPLctsel)*
230

def~ouloads( M, P, none )

defpwsJoads( M, P, trenches)
X is P/2,
asert( loadpc( M, hd5OO, delayed, X ))
assst( loadpc( M, m750, delayed, X ))

defpcusloads( M, P, tunnek ) ausert( !oadpc( M, m2000, delayed, P ))

* de1~muoads( M, P, rb) 240

X i. P/2,
asawt( loadpc( M, m2000, delayed, X ))
assert( loadpc( M, m750, delayed, X ))

load_34hz( Mi
assmt( loadpc( Ni, napal" imr "t. 0.40 ))
assert( loedpc( M, WdOO. in* ,, 0.40 ) )
aawt( Ioadpc( M, aS, proximity, 0.20 ) )

load .cloueAir( M, F) :-250
A ia .455P, B ia .100F, ipcA)
amw( Icadpc( M, napalmipct
mnw*( Iosdpc( M., WdOO, impact, A))
auu@*t losdpc( M, cb, proximity, B ) )

loadap( M, F ) :
Y is P/3,
.minte( lomdpc( M, cb, proximity, Y ) )
amwt( losdpc( M, W5UO, delayed, Y))
amwt( loadpc( M, m200, delayed, Y)) 260

/* interdidi" a eds (std) '

loadp~ws( N, PF) :-

Z is P/4,
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auw( Ioedpc( M, hdSOO, impact, Z ) ),
au.t( losdpc( M, mu50, impact, Z ) ),
au~u( loadpc( M, m200, impact, Z ) ),
au~m( losdpc( M, cb, proximity, Z ) ).

270

load_uv( M, P )
X is P/2,
asert( loadpc( M, atg, impact, X ) ),
assrt( loadpc( M, napalm, impact, X ) ).

lod.av( M, P ) :-
X is P/2,
asst( loadpc( M, atg, impact, X ) ),
aserzt( loadpc( M, ldSO0, impact, X ) ).

280
loadcuts( M, P. 1):-

X is P/2,
ahsert( loadpc( M, m750, delayed, X ,
asse t( loadpc( M, m2000, delayed. X ) ).

losd cut( M, P, 2 )
X is P/2,
as.t( ioadpc( M, m 50, impact, X ) ),
amat( loadpc( M, atg, impact, X ) ).

250

lod..cuts( M, P, 3 )
X is P/2,
amt( loadpc( M, m75O, impact, X ) ),
uset( loadpc( M, atg, impact, X ) ).

load.buildmts( M, P, wood ) ausert( loadpc( M, napalm impact, P ) ).
load buildnmai( M, P, rhut ) :-

Xis P/2,
asmt( Ioadpc( M, hd0, proximity, X ) ),

aseart( lodpc( M, m750, proximity, X )).
load buildma M, P, brick)

X is P/2,
asrt( ladpc( M, m ., proximity, X ) ).
wam t( Imdpc( M, 2o00, proximity, X)).

loadbuilda*( M, P, rc ) :-
Xb P/2,
a (q Womdp( U, 750, delayed, X)),
mit( lKmd M, m200, delayed, X)).

Ioad.bridgumAa( M, P, wood) :- 310
Y is P/s,
awwt( loedpc( M, dSOO, impuact, Y)),
an=*( WMdPc( M, mlniO, impact, Y)),
m ( lWadpc( M, atg, impact, Y)).

losd.bridpmagu M, P, coamcte) :-
X Is P/2, Z is P/4,

sww( lmodpc( M, m750, deay,Z) ),
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amt( todpc( M, uz2000, dlay, Z ) ):
auua'( loadpc( M, &4. impact, X)).0

load bridgema*( M, P, stooli)
X is P/2, Z in P/4,
auawt( loadpe( M, m750, delay, Z ))
ahbert( loadpc( M, m2000, delay, Z ))
amuwt( loadpc( M, atg, impact, X ))

14:57 Apr It 1000 Psi" fu~smaIgvgiIa~esuuam.e


