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ABSTRACT 

A-Prolog, the language of logic programs with answer set semantics has emerged 

as a useful tool for knowledge representation and reasoning in recent years. Plumbing 

systems are one of the real world applications that are being modeled using A-prolog. 

The goal of my thesis is to develop a graphical tool using which, modeling of 

plumbing systems in A-prolog can be done in an easy and effective manner that usually 

require expertise in A-prolog programming. 
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CHAPTER I 

INTRODUCTION 

Plumbing systems are of great importance in daily human life in household 

purposes. In the same way, they play a crucial role in the functioning of a Space shuttle. 

They are used for supplying water, recycling, supplying liquid oxygen and liquid nitrogen 

for breathing air, supplying necessary fuel to fire the jets in a shuttle. 

1.1 Overview 

A-Prolog, the language of logic programs with answer set semantics has emerged 

as a useful tool for knowledge representation and reasoning in recent years. It is proved to 

be a good language for domain modeling and reasoning. 

Here, I developed a tool that simulates a general plumbing system and generate 

A-prolog code with respect to the drawn system diagram. The plumbing system is 

simulated in such a way that a user, who doesn't have any experience in A-prolog 

programming, should be able to draw plumbing system and get its representation in A-

prolog. 

This tool allows the user to 

• Specify the type of component and draw that over a window, 

• select components by clicking on them, link them using pipes and 

construct a full-fledged plumbing system, 

• specify state of the components, 

• provide faults of components, 



• specify goal if needed, 

• generate respective A-prolog code, 

• check for plans using Iparse, smodels and mkatoms, 

• display the output in a user friendly way. 

1.2 Background work 

A-plumber is mainly inspired from a circuit simulation tool called A-circuit which 

is developed in Knowledge Representation lab at Texas Tech. A-circuit is an application 

of A-prolog to digital circuits that allows the user to draw a combinational digital circuit. 

The APL-Agent Manager is another tool built in Java for A-Prolog based 

intelligent agents. Such agents are based on a procedural loop that cormects various A-

Prolog reasoning modules. My work is related to these tools in terms of User Interface, 

control flow and implementing plarming. 

1.3 Application 

Main aim of A-plumber is to be able to model domains related to plumbing, in A-

prolog. Along with generating consistent code, it can be run using smodels and domain 

specialists such as flight controllers can perform tasks like planning and diagnostics. 

This tool is tested with two systems that have plumbing module within them and 

are developed in Knowledge Representation Lab. Reaction Control System (RCS) and 

Water Recovery System (WRS) (in developing stage) are two systems built using A-

prolog. While developing this tool, the plumbing modules of above two systems are taken 

as base. The RCS is the shuttie's system that has primary responsibility for maneuvering 

the aircraft while it is in space. It consists of fuel and oxidizer tanks, valves and other 



plumbing needed to provide propellant to the maneuvering jets of the shuttle. WRS is a 

plumbing system that is still in developing stage. Its purpose is to recycle waste water so 

that it can be used again while in space. 

1.4 Organization of thesis 

Chapter 2 of this report starts with an overview of The A-Prolog language. Action 

description using Process Description Language is explained in Chapter 3. An 

introduction to a general plumbing system describing its components and their functions 

is stated in chapter 4. Detailed description of the Graphical User Interface, its control 

flow, design description are stated in Chapter 5. In chapter 6, some plumbing modules 

that are tested with A-plumber and obtained results are provided. Report is concluded 

with a brief summary on the system and its future work in Chapter 7. 



CHAPTER II 

THE A-PROLOG LANGUAGE 

This chapter is taken from [1] with the author's permission. 

The A-Prolog language is a declarative logic programming language based on 

stable models/ answer sets semantics of logic programs. A-Prolog allows the 

representation of defaults and multiple interesting aspects of reasoning about actions and 

their effects. We start by defining the syntax and semantics of A-Prolog. 

2.1 Syntax 

The syntax of A-prolog is determined by a signature I = (T, C, F, P) where T, C, 

F and P are sets of symbols. Members of the set T are called types. 

The set C contains object constants for each type in T. Symbols from sets F 

and P are typed functions and predicate constants, respectively. Each function 

symbol and predicate symbol has an associated integer called its arity. It is assumed 

that the signature contains symbols for integers and for the standard functions and 

relations of arithmetic. A term of S is either a typed object constant, or a string of 

the form f (tj... t„), where t],...,tn are terms of the proper types, a n d / i s a typed 

function symbol of arity n. An atom is a string of the form/? (tj,..., t„), where/* is a 

typed predicate symbol of arity n in °, and ti,... ,t„ are terms of the corresponding 

types. A literal is either an atom (also called a positive literal), or an atom preceded by 

-• (a negative literal). The symbol -̂  is called classical or strong negation. Literal --a is 

read as "a is believed to be false," under the (epistemic) interpretation of logic 



programs. For a Hteral /, by ->/ we mean /, and by / we mean -•/. Literals / and -^l are called 

contrary. Literals and terms not containing variables are called ground. The sets of 

all ground terms, atoms and literals over E are denoted by terms (L), atoms (Z), and 

lit (Y), respectively. For a set P of predicate symbols from Z, atoms (P, I.) (lit (P, I,)) 

denote the sets of ground atoms (literals) of I formed with predicate symbols from 

P A set of literals is said to be consistent if it does not contain contrary literals. 

Consistent sets of ground literals over signature 2 containing all arithmetic literals 

which are true under the standard interpretation of their symbols are called states of 

I and denoted by states (2). 

A rule of A-Prolog is a statement of the form: 

lo '^— //. ••••,/«, not Im+i, ....,not l„ (2.1) 

where n > I, and //s are literals over X- Literal lo is called the head of the rule, and 

I],..., Im, not Im+i,..., not /„ constitutes the body of the rule. The symbol not is a logical 

connective called negation as failure or default negation. An expression not I is read 

as "there is no reason to believe in /." The head lo can be either a literal or the 

symbol _L. If lo =±, rule (2.1) is called a constraint. We frequently omit the head, ±, 

of a constraint rule. 

We assume that literals //; in rules (2.1) are ground. We use rules with variables 

as shorthand for the sets of their ground instantiations. Variables are denoted by 

capital letters. 



A logic program is a pair {X, Yl) where X is a signature and ]1 is a collection of rules 

over X-A literal / e lit (X) is true in a state S of Y. if I e S; I is false in 5 if / e S. 

Otherwise, / is unknown. The symbol ± is false for any S. 

2.2 Semantics 

A program O in A-Prolog can be viewed as a specification given to a rational 

agent for constructing beliefs about possible states of the world. Technically, these 

beliefs are captured by the notion of an answer set of program Yl-

First, we give the precise definition of answer sets for programs whose rules do 

not contain negation as failure. Let Yl be such a program and let 5 be a state of {X, 

Yl}. Set S is said to be closed under J] if, for every rule head <— body of Yl, head is 

true in .S whenever body is true in S. A constraint rule is closed under Yl if its body is 

not contained in S. 

Definition 2.1. (Answer set of programs without default negation) 

An answer set of a program Yl, consisting of rules not containing default negation, 

is the smallest set S of ground literals of X which satisfies the following two 

conditions: 

S is closed under the rules of ground (YD, i-e., for every rule (2.1) in Yl, either 

there is a literal I in its body such that li S or its non-empty head lo e S. 

If S contains an atom p and its negation -./?, then S contains all ground literals 

of the language. 

It is not difficult to show that there is at most one set (Cn (YD) satisfying these 



conditions. 

Now, let n be an arbitrary ground program in A-Prolog. For any set S of 

ground literals of its signature X, let the reduct of Yl relative to S, denoted 11̂ , be the 

program obtained from Yl by deleting: 

(i) each rule that has an occurrence of not I in its body with I e S, 

(ii) all occurrences of not I in the bodies of the remaining rules. 

Definition 2.2 (Answer set of arbitrary programs) 

Set S is an answer set of j ^ if 

S = Cn (U'). (2.2) 

We are interested only in consistent programs, i.e., programs with at least one consis

tent answer set. Let S be an answer set of Yl- A ground literal / is true in 5 if / e S; 

false in S if —il e S. This is expanded to conjunctions and disjunctions of literals in 

a standard way. 

Definition 2.3 (Entailment) 

A program Yl entails a literal I (Yl \= I) if I is true in all answer sets of Yl-

Program Yl answers yes to a query I if Yl ^ ^> no // ]1 [= /, and unknown 

otherwise. 

Here are some examples. Assume that the signature X contains two object constants 

a and b. The program „ (q (a). 
Hi 

np(X)-notq(X). 

has the unique answer set S— {q(a), -^p(b)}. 
{ 



The program 

{' 
. P(a) ^ not p(b). 

02 < p(b) -^ not p(a). 

has two answer sets, {p(a}} and (p(b)}. 

The programs 

and 

Yh { p(a) <—not p(a). 

n ^ - p(a). 

have no answer sets. 

It is easy to see that programs of A-Prolog are nonmonotonic. For example consider 

program Yli- We saw that Yli h ~'P(b)> however, if some new information, q(b), is 

added to the program, it forces the withdrawal of the previous conclusion -^p(b). The 

new program j^i U {q(b)} has the unique answer set {q(a)q(b)}. Nonmonotonic 

reasoning is important for the representation of commonsense knowledge, and gives 

the means for reasoning about time and change. A-Prolog is closely connected with 

more general nonmonotonic theories. 



CHAPTER III 

PROCESS DESCRIPTION LANGUAGE 

The theories behind the generated A-prolog program, how action description is 

done in A-prolog, are explained in this chapter. This chapter can be described as an 

overview of Process Description Language, that's under development in Knowledge 

Representation Lab. In order to give a brief explanation of this language, I have used 

some excerpts from the paper "Modeling Hybrid Domains Using Process Description 

Language" [2] wTitten by Dr.Michael Gelfond, Dr.Richard Watson & Sandeep 

Chintabathina in this chapter. 

3.1 Introduction 

Designing an intelligent agent capable of reasoning, planning and acting in a 

challenging environment is one of the important research areas in the field of AI. Such an 

agent should have knowledge about the domain in which it is intended to act, and about 

its capabilities and goals. 

This chapter deals with a dynamical system that can be represented as a transition 

diagram whose nodes correspond to possible physical states of the world and whose arcs 

are labeled by actions. A link, (5*0, a. Si) of a diagram indicates that action a is executable 

in So and that after the execution of ^o the system may move to state Si. 

Figure 3.1 Transition Diagram 



Dynamic systems can be classified as discrete dynamical systems and continuous 

dynamical systems. States of discrete dynamical systems consist of a set of fluents -

properties of the domain whose values can only be changed by an action. Once changed, 

it remains in that position until changed yet again. Continuous dynamical systems consist 

of continuous processes - properties of objects whose values change continuously with 

time. 

States of continuous systems are represented by functions defined on the 

corresponding intervals of time. Intuitively, the time interval of a state s denotes the time 

lapse between occurrences of actions. The lower bound of the interval denotes start time 

of 5 which is the time at which an action initiates s. The upper bound denotes the end 

time of 5 which is the time at which an action terminates s. we assume that actions are 

instantaneous i.e. the actual duration of the units of time in our domain. The start time of 

every state s is 0 and the end time of 5 is the time since the start of s till the occurrence of 

an action terminating s. 

3.2 Action Description 

3.2.1 Declarations in H 

A process description language, H (X, g, A), will be parameterized by A, g and a 

typed signature X- Where, A can be the set of non-negative real numbers, integers or 

rational numbers, $" is a collection of symbols defined on A. H also contains two special 

classes, Ji and <? = F U R of symbols called actions and processes, and a special symbol 

end of type A. Elements of ^ are elementary actions. A set {ai, ..., a^} of elementary 

actions performed simultaneously is called a compound action. Both elementary and 

10 



compound actions are denoted by o's. 

Processes from F are called fluents while those from R are referred to as 

continuous processes. Its assumed that for each continuous process r e R, F contains two 

special fluents, r(0) and r{end). Each process/? e P will be associated with a set range (p) 

of objects of X referred to as the range of p. 

Definition 1 

An action description of H is a collection of statements of the form: 

I if li,...,l„ (3 1) 

^e causes 1 if//,...,/„ (32) 

impossible o if//, ...,/„ (3.3) 

Where a^ and a are elementary and arbitrary actions respectively and /'s are literals of H 

(1, g, A). 

A statement of the form (3.1) is called a state constraint. It guarantees that any state 

satisfying /y,..., l„ also satisfies /. A dynamic causal law (3.2) says if an action a were 

executed in a state SQ satisfying literals //,.., /„ then any successor state si would satisfy /. 

An executability condition (3.3) states that action a carmot be executed in a state 

satisfying //,../„. If n =0 then if is dropped from (3.1), (3.2), (3.3). 

3.3 Specifying history 

In addition to the action description, the agent's knowledge base also contains the 

domain's recorded history - observations made by the agent together with a record of its 

own actions. 

Recorded history defines a collection of paths in the diagram which, from the 

11 



standpoint of the agent, can be interpreted as the system's possible pasts. Recorded 

history Fn of system D upto a current moment is a collection of observations, that is 

statements of the form, 

obs (y, p, t.s). 

hpd (a,t.s). 

Where, s denoting a state is an integer from the interval [0,n) and time point, / e A. 

obs(y,p,t,s) means that process p was observed to have value y at time / of state s. 

hpd(a,t,s) means that action a was observed to have happened at time t of state s. 

Observations of the form obs(y,p,0,0) will define the initial state of the system. 

A pair (AD, T) where AD is an action description of H and T is set of observations, is 

called a domain description. 

3.4 Declarations 

A general way of declaring actions is 

action (actionname, action Jype). 

Where, actionname and actionjype are constants denoting the name of an action and its 

type respectively. Actions can be of two types. Actions performed by an agent and 

exogenous actions that are performed by nature. 

Similarly, a process can be declared as 

process (processjiame, process Jype). 

Processes can be of two types. Continuous processes and fluent processes. 

range of a process can be declared as, 

range (processjiame, range jalue). 

12 



Fluent processes may have range such as {true, false), {on, off] etc. 

Continuous processes may have range within the set of non-negative integers. 

S & T are the variables used to mention state and time parameters respectively. S takes 

integer values from some interval [0, n]. T takes integer values from some interval [0, m]. 

So declarations for state and time are 

step (0...n). 

time (0...m). 

3.4.1 Other declarations 

o (a, T,S) denotes action a occurs at time T of state S. 

Val(Y, p, T, S) denotes Tis the value of process p at time T of state S. 

-val (Y, p, 0, S+1) denotes it is false that Fis the value of process p at time T of state S. 

val (Y, p, 0, S+1) denotes 7 is the value of process p at time 0 of the successor state ofS. 

3.5 Domain independent axioms 

Domain independent axioms are general axioms that are applicable to any domain. This 

is because they define properties that are common to every domain. A collection of such 

axioms is denoted by Yl- Given an action description, AD of H, a (AD) = f| U a (AD). 

A brief description of these axioms is given below. These axioms are explained in detail 

along with examples, in the referred paper. 

3.5.1 End of state axioms 

These axioms define end of every state s{0,end\.Th.Q end of a state s[0,end\ is the local 

time at which an action terminates s. 

3.5.2 Inertia axiom 

13 
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This axiom states the law of inertia which says that any body will continue to be in its 

state of rest or motion unless acted upon by an external force. 

3.5.3 Reality check 

This axiom guarantees that the agent's expectations agree with his observations. 

3.5.4 Other axioms 

A fluent remains constant throughout a state. 

No process can have more that one value at the same time. 

14 



CHAPTER IV 

PLUMBING SYSTEM 

This chapter provides an overview of a general plumbing system used both in household 

purpose and during a space shuttle endeavor. 

4.1 Introduction 

Plumbing is the hub of modern sanitation and is considered to be the most 

scientific of all the building and industrial trades. Its prime purpose is to safeguard the 

health of people by disposing of wastes and providing a satisfactory supply of pure and 

wholesome water. 

The main purpose of plumbing is to supply water or fluid or gas from a source to 

destination. So, plumbing plays a vital role in household purposes on earth as well as 

inside a space shuttle that's far from earth. 

4.1.1 Household use 

A plumbing system conveys water or other fluids from a source of local supply to 

and through the building to points of use. They also convey the used fluids to the nearest 

common sewer or to other place of local disposal. The fluids most commonly conveyed 

in household plumbing are cold water, warm water and gas. 

4.1.2 In a Space shuttle 

A space shuttle's plumbing system circulates vital liquids and gases that keep the 

crew and the shuttle in good health. A space shuttle's plumbing system also recycles the 

urine of both the crew and the laboratory animals and returns it to the drinking water 
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supply. It can be described as compact, lightweight, corrosion-resistant, leak-resistant, 

microbe-resistant, and highly dependable plumbing system. 

4.2 Components of a plumbing system 

Wherever it is installed, a plumbing system reduced to its simplest terms, consists 

of a supply pipe leading to a fixture and a drain pipe taking the used water away from the 

fixture. 

A general plumbing system, for its successful functioning, makes use of many 

components. Tanks, Pumps, Valves, Stoppers, Traps, Pipes, Faucets, and Meters etc. are 

usually used for plumbing. In this chapter, we'll be concentrating on the four main 

components of a plumbing system that are tanks, pumps, valves and pipes. 

4.2.1 Pipes 

Pipes can be described as primary component of a plumbing system. Their main 

purpose is to supply water\fluid through the plumbing system. 

Supply pipes bring water or gas, and drainage pipes carry off the used water. 

Uses of piping in a building plumbing system can be stated in various ways. 

Water supply piping brings water to the house and distributes it to fixtures and 

appliances. Drain and waste piping disposes used water and waste. Gas piping delivers 

fuel to gas-fired appliances. 

In a space shuttle, pipes carry pressurized oxygen and nitrogen to storage tanks. 

They deliver fuel and oxidizer from tanks to the jets to perform a maneuver. As the 

shuttle runs on a fixed amount of air and water, efficient, leak-free recycling of 

ever54hing that flows through the pipes is essential. 

16 



If a pipe uses gravity as the force of supply, it requires that the source is at an 

elevation higher than at which the water is to be used. 

Pipes are of two types. Pipes that are controlled by pumps and pipes that are not 

controlled by pumps. 

4.2.2 Tanks 

The types of tanks commonly used in the plumbing industry may be divided into 

two general categories. Open tank and closed or pressure tank. 

Open tanks are constructed so that the contents are exposed to the atmospheric pressure. 

Closed tanks are constructed so that their contents may be under various pressures as may 

be required. 

A suction tank is an open tank that supplies a sufficient quantity of water from 

one or more sources to a destination. Open tanks used in this tool are feed, packed bed, 

gls and product tanks. 

Closed tank is usually used on sprinkler systems and small domestic supplies. 

Fuel and oxidizer tanks are closed tanks used in a space shuttie's plumbing system to 

provide propellant to the maneuvering jets of the shuttle. 

4.2.3 Pumps 

A pump can be described as a simple mechanism that produces a vacuum within 

itself and permits the lifting of water from the source of supply by atmospheric pressure. 

There are various kinds of pumps available, depending on their functionality. 

Peristaltic pump is the one that is used in our tool for our purpose. This kind of pumps 

use rotating rollers pressed against special flexible tubing to create a pressurized flow. 

17 



The tube is compressed at a number of points in contact with the rollers or shoes. 

Peristaltic pumps are also reversible and can be flushed to clean out the tubing or hose. 

These are mainly used in pharmaceutical, chemical, food and beverage applications. In 

peristaltic pumps, flow rate is proportional to rotation of rollers. 

In a space shuttle's plumbing system, dozens of pumps and fans are used to create 

the pressure needed to coax the liquids and gases into moving. 

A pump can be turned on or off depending on the situation. The flow rate of the 

water\ fluid flowing through the pump is set by specifying the capacity of the pump. 

4.2.4 Valves 

A valve is a mechanical device used for controlling fluid flow quantity and \or 

pressure in a plumbing system. The control flow quantity covers the full range from zero 

flow, with the valve closed, to the maximum flow when the valve is open. 

4.2.4.1 Some valves used in our tool and their purposes: 

Pressure regulating valves are used to regulate the pressure of gas flowing through the 

pipe. 

Solenoid and motor valves are the ones that are used in a space shuttle. 

A valve can be closed are opened depending on the situation. 

4.2.5 Other components 

A-plumber also uses some components that are related to plumbing system which are 

described below. 



4.2.5.1 Jets 

In a space shuttle, fuel\ oxidizer\ helium tanks are connected to jets. A jet can be fired 

when the tanks it is connected to, are pressurized. 

Jets should be end components in a plumbing system i.e. jets can only have inflow. 

4.2.5.2 SourceVDestination 

A plumbing system can get supply from an outside source and drain water to an outside 

destination. Reservoirs, storage tanks etc. are examples of source and pond is an example 

of destination. 

Source should have outflow only. A destination can only have inflow. 

Tanks, jets, source and destination are represented as nodes of a plumbing system. Pipes 

linking them are represented as arcs connecting nodes. Valves and pumps are represented 

as controllers that control the pipes. 

4.3 Faults in a plumbing system 

For successful functioning of a plumbing system all components that are used 

should be fauh free. A description of some faults that may occur in a plumbing 

component is given below. 

A tank can be leaking. 

A valve can be stuck and\or leaking. 

Some more faults not mentioned here can also occur in real plumbing systems and that 

need to be added in the future work of this tool. 

4.4 Some formulae used in the plumbing system 

• \ =^J2*g*h . 
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Where, 

V IS the velocity of the water\ fluid flowing through a pipe usually measured in meters per 

second. 

g is the acceleration of a body falling freely in vacuum, which is 9.8 meters per sec. 

h is the height of the tank. 

• V = l*b*h 

Where, 

V is the volume of the tank. 

1 is the length of the tank 

b is the breadth of the tank 

h is the height of the tank. 

• V = vl + v2 - v3 

Where, 

V is the current volume of the tank, 

vl is the volume of the tank. 

v2 is the actual inflow of the tank. 

v3 is the actual outflow of the tank. 

20 



CHAPTER V 

THE USER INTERFACE 

A graphical user interface (GUI) is a pictorial interface to a program. It makes 

programs easier to use by providing them a consistent appearance and intuitive controls. 

It behaves in an understandable and predictable manner, so that a user knows what to 

expect when he or she performs an action. 

A-plumber is a graphical tool that simulates a general plumbing system in a user 

friendly way. ft enables the user to create a general plumbing system code in A-Prolog, 

run h and generate code in an effective way that usually require experience in A-prolog 

programming. 

As stated in the first chapter, A-plumber allows the user to 

Create his\her own plumbing system with features like 

• Selecting components from the displayed user friendly menu, 

• Place the selected component wherever he\she wants to put it, 

• Link components in whatever way he wants, 

• Save the whole system diagram as well as the generated A-prolog facts in a .sm 

file. 

Load 

• Already saved plumbing system, 

• Modify (if any) the loaded system and save it. 

21 



Specify 

• A component's respective initial situation by clicking on the component. 

Select 

• One of the tasks shown below, 

1. Planning 

2. Prediction (to be implemented) 

3. Diagnostics (to be implemented). 

Generate 

• A-prolog program that includes facts, initial situation along with other general 

axioms according to the selected task. 

Run 

• The generated A-prolog program using Iparse, smodels and mkatoms. 

A-plumber saves the generated output in a text file and displays it in a user friendly way. 

The User interface of A-plumber can be classified into three main modules. 

• Diagram module 

• Properties module 

• Output module 

Control flow in A-plumber can easily be understood from the flow chart shown in the 

next page. 
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Control flow in A-Plumber 

Create 

Display 
Menu 

Create\modify diagram 
by selecting components 
from the menu, and by 
following instructions 
on the screen. 

Save created\modified 
system. 

Load 

-H A 

Diagram 
module 

Figure 5.1 Flow chart 
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B 

Specify 
initial situation 

Properties 
module 

Generate 
A-Prolog code 

T 
A file including system facts, initial 
situation & goal is created and other rules 
are appended to that .sm file. 

1 ' 

Run 
the generated program using 

Iparse, smodels and mkatoms. 

1 ' 

Output 
module 

Generate 
output 

Stop 

Figure 5.2 Continuation of flow chart 
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A detailed description of the three main modules is given below. 

5.1 Diagram Module 

Diagram module is the one where the user can construct his\her own plumbing 

system diagram. Using this tool, the user can construct a plumbing system that consist the 

four main components that are needed for successful functioning of a plumbing system. 

As stated in the previous chapter, the components used in this tool are tanks, pumps & 

valves which are all connected through pipes. 

5.1.1 Tanks 

This tool allows the user to specify six kinds of tanks out of which four are open tanks 

and two pressure tanks. 

5.1.1.1 Open tanks 

• Feed tank 

• Packed bed tank 

• GLS tank 

• Product tank 

5.1.1.2 Pressure tanks 

• Oxidizer tank 

• Helium tank 

A general representation of a tank is used to represent tank in this tool. So, whatever may 

be the selected tank, it's showed as. 

Figure 5.3 Tank 
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The type of tank and its number in the system diagram is showed below the picture of the 

tank. For example, if the fourth tank in a diagram is feed tank then it's represented as 

"feed4" in the program. The number is used to keep track of number of tanks used in the 

diagram. 

Whenever a tank is selected, a fact of the form 

node (tank_name, tank), 

is generated in the background. 

5.1.2 Pumps 

Though there are various kinds of pumps used in today's plumbing modules, here we 

used a general pump representation. A pump can generally be represented as shown 

below. 

(P 
Figure 5.4 Pump 

As done in tank's case, even here whenever a pump is selected, its name sufficed with its 

number in the diagram is shown below its picture. For example, a third pump is denoted 

as "pump3" in the program. 

5.1.3 Valves 

A general description of valves is used to describe valves in A-plumber. Along with a 

general (check and pressure regulating) valve, two other types of valves are also used. 

They are solenoid & motor valves. There isn't any key difference between these two 

valves other than number of pins. 

Generally, a valve is represented as. 
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Figure 5.5 Valve 

The name of the valve sufficed with its respective number is shown below the picture of 

the valve. 

Pumps and valves are called controllers of the plumbing system. So, whenever a 

controller is selected, a fact in A- Prolog of the form 

controller (pumpname, pump). 

Or 

controller (valve_name, valve), 

is generated in the background. 

5.1.4 Pipes 

Pipe is the most important component of a plumbing system. Two types of pipes are used 

in this tool. Pipes that are controlled by pumps and pipes that are not controlled by 

pumps. 

Pipes are generally represented using a line with an arrow in the end showing the 

direction of flow as shown below. 

Figure 5.6 Pipe 

5.1.5 Jets 

Some plumbing modules in a space shuttle are cormected to jets so that they can be fired 

when tanks are pressurized. 

Generally, a jet can be represented as. 
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Figure 5.7 Jet 

Jets can only have inflow and they should be end components of the plumbing system. 

5.1.6 Source\Destination 

Source and destination are used to represent outside source and outside destination of a 

pliunbing module. They are represented as. 

Figure 5.8 Source\ Destination 

Source cannot have inflow and destination cannot have outflow. 

5.1.7 Linking 

All the selected components should be linked using pipes for creating a full-fledged 

plumbing diagram. A-plumber allows the user to link components in an easy manner i.e. 

by selecting components that are to be linked by clicking on them. As soon as the mouse 

cursor is placed above a component it's changed to hand cursor to notify the user that that 

component is ready for selection. A component can be selected by clicking on it. The 

component is highlighted to denote that its selected. 

The user can select any two components over the screen and link them by pressing the 

"Connect" button. 

A - Plumber also allows the user to undo selection of components before linking them. 

The status bar at the bottom of the screen shows the status of the selection. 
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When two tanks are linked directly or indirectly via controllers, a fact in A-prolog of the 

form 

link (tank_namel, tank_name2, tubename). 

is generated in the background. This means, tanknamel is linked to tank_name2 through 

pipe tube_name and the direction of flow is from tank_namel to tank_name2. 

If two tanks are linked via a controller, then a fact of the form, 

controlled_by (tube_name, controller_name). 

is generated meaning, tube tube_name is controlled by the controller controller_name. 

5.1.8 Saving 

As soon as the user is done with creating the plumbing system diagram, he\she has to 

save it first before going to the next module. This can be done by selecting "Save to File" 

from the menu. 

When the user selects save option, a file dialogue window is displayed so that the user 

can save it wherever he wants. A file with the specifications of the system translated into 

A-prolog facts is created with the specified name in the selected directory. Along with 

this file, another supporting file named "given file name + 'img'" is also created in the 

same directory and the diagram information is stored in that. 

5.1.9 Loading 

The plumbing system should be loaded first before specifying its respective initial 

situation and other properties. When the user selects "Load" option, a file dialogue 

window is displayed from where the user can load already created plumbing system. The 

system diagram of the respective file is loaded onto the screen. 

29 



5.1.10 Modifying 

The user can modify a loaded system by pressing on "Modify". A menu containing 

components is displayed and the user can extend the loaded diagram in the same way that 

is used to create diagram. As soon as the modification is done, the modified system can 

be saved in the same file or in a separate file. 

5.2 Properties Module 

The properties module is the module where properties of selected components can be 

specified. This module is enabled when a saved system is loaded onto the screen. 

Properties module can be divided into two small modules. The first is where initial 

sittiation of the components is specified. Second module allows the user to select one of 

the three tasks i.e. planning, prediction and diagnostics. 

5.2.1 Specifying initial situation 

The initial situation of components can be specified by clicking on the component. When 

the user clicks on a component, a small window appears where respective initial situation 

can be specified. 

For example, if a tank named "feed5" is selected, then a window of the form as shown 

below appears where its volume can be specified. 

,#. feeds ";; ' | 

Volume 1 1 r Leaking at time 0 ste DO 

IM m 
OK 

Figure 5.9 Initial situation window 
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The specified property is displayed on the screen below the respective component. 

For tanks, initial situation consists of initial volume of the respective tank. When a tank's 

initial volume is provided, a fact in A-prolog of the form, 

obs (volume_value, volume(tank_name), 0, 0). 

is generated in the background meaning, tank tank_name has an initial volume of value 

volumevalue. 

For pumps, initial situation consists of pump position as well as the capacity of the pump. 

A pump can be turned on or off initially. The user can specify the initial state from the 

pop down menu. 

When a pump's initial situation is provided, facts of the form 

obs (pump_state, state(pump_name), 0,0). 

and 

obs (pump_capacity, capacity (pump_name), 0,0). 

are generated in the background. 

For valves, initial situation consists of position of the valve. A valve can be closed or 

opened. 

When a valve's initial situation is provided, a fact in A-Prolog of the form 

obs (valve_position, state(valve_name), 0, 0). 

is generated. 

5.2.2 Select task 

Plarming, prediction and diagnostics are examples of tasks that can be performed using 

A-prolog code of a plumbing system. Current version of this tool is implemented only for 
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Planning. Prediction and diagnostics are yet to be implemented. 

5.2.2.1 Planning 

For performing planning, goal should be specified. 

User can specify goal using the pop down menu that displays the components of the 

respective plumbing system. 

A goal can be a tank's volume or a controller's position. 

If a tank's volume is given as goal, then A-prolog code of the form 

goal(T,S) :- vol(<given volume value>, <selected tank> ,T,S), time(T),step(S). 

is generated. 

If a controller's position is given as goal, a rule in A-prolog of the form 

goal(T,S):- val(<controller_position>,<controller_name>,T,S), time(T),step(S). 

is generated. 

During planning, a choice rule of below shown form is added automatically to the 

program. 

1 {o(AN,T,S): action(AN,AT): time(T)} 1 :- step(S), S < n . 

n is a constant value that is updated from the program. 

5.3 Output module 

Output module is the final module of A-Plumber. It is enabled when the user is done with 

specifying properties for the loaded plumbing system. This is where a complete A-

Prolog program is generated and is run. Finally, output is displayed. 

5.3.1 Generate program 

A .sm file with the system name as its file name is created and all facts generated in 
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previous modules are put together when user presses "Generate Code" button. Along 

with these facts other rules consisting of general axioms, rules to calculate flow from one 

tank to other etc. are appended to that file to make it a complete A-prolog program of the 

loaded plumbing system. 

5.3.2 Run 

As soon as the A-Prolog code is generated, it can be mn using Iparse, smodels and 

mkatoms by pressing "Run Smodels" button. If there are any models, the output is saved 

to an output text file named system filename sufficed with "out". 

5.3.3 Display output 

This is the final stage of the tool where output of the system is displayed in a user 

friendly way. 

5.4 Instructions for using the tool 

The graphical interface of A-Plumber is developed using Java SE 1.4.2. This tool 

makes use of Iparse 1.0.13, smodels 2.28 and MKAtoms 2.4. 

To successfully run A-plumber, above software with the stated or updated versions 

should be installed in the computer. 

When this tool is invoked, a window as shown below appears on the screen. 
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* User Interface 

BBP, 

Figure 5.10 Startup window 

Instructions on how to proceed are shown in the bottom of the window. The users 

are allowed to load already created system or create a new system. 

If create button is pressed, a menu as shown below appears from where, user can 

select component. 

^ User Jnterface 

Menu 

Tank * 

Pump > 

Valve • 

Jet 

Source 

Destination 

Save File 

Figure 5.11 Menu 
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Note: Once a component is selected, its respective A-prolog code is generated in the 

background. So, selection of components cannot be undone once they are selected from 

the menu. 

After a component is selected from the menu, it can be placed anywhere on the 

window by clicking at that position. 

Note: Once a component is placed at a position on the screen, it cannot be moved. 

After components are selected and placed on the screen, any two components can 

be selected and linked. When two components are selected, "Connect" button should be 

pressed for connecting those two components. User can undo selection before pressing 

"Connecf' button. 

As soon as "Connect" button is pressed, a link connecting the selected 

components appears on the screen. When the mouse is moved, the link moves along the 

mouse pointer. This is to allow the user to connect selected components directly or 

through two or more links. If the mouse is pressed anywhere on the screen other than the 

second component, a pipe is drawn till that point and is extended until the second 

component is clicked. 

Note: Once a pipe is drawn on the screen, it cannot be erased. 

If the user is done with drawing, he has to save it before proceeding further. 

When the diagram is saved, a support file with the given filename sufficed with "img" is 

created in the same directory. This is where the information regarding this diagram is 

saved and is used while loading it again. That file should not be edited or moved or 

deleted for successful loading of the system. 
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For specifying initial situation, saved file (not the img file) should be loaded first. 

As soon as the system is loaded, its respective diagram is displayed on the screen. 

Note: ft may take some time to load the images of components depending on the 

platform. If the images are not seen, maximize the window to view them. This is to 

refresh the window after loading. 

Initial situation can be specified by clicking on a component. 

Note: Once a component is clicked, the diagram cannot be modified. Once the initial 

situation for a component is specified, it cannot be modified. 

To select a task, "Done" button should be pressed. 
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CHAPTER VI 

EXAMPLES 

As A-Plumber is used to simulate a general plumbing system, it can be tested with a 

number of examples. The cunent version of A-Plumber allows the user to simulate 

plumbing system that consist three main components i.e. tanks, valves & pumps. So 

examples provided in this chapter are simple plumbing systems that contain these three 

components, jets, source and destination. 

6.1 Example 1 

A feed tank and a packed bed tank are connected through one piston pump and one valve. 

Initially, 

Feed tank has volume of 12 units and is leaking. 

Pump is tumed on and has capacity of 4 units. 

Valve is closed and stuck. 

Packed bed's volume is 0 and it doesn't have any fault. 

They all are cormected through one tube. 
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Above system description is depicted using A-plumber and is shown 

below. 

t̂  User Interrace 
r,.t...?..;-.-,< V,--:, <«tm*»iiMiii/iii,timSBiSSSSl3S!Stdl^/r . 

Done 
'v^^/^ij, Jn)x] 

^ 
tulipl • X - _iull£i-

feed1 
Volume 12, leaking 

pump_plslon1 
on, capacity 4 

valvel 
closecJ, stuck packeci_bed2 

Volume 0 

Figure 6.1 Example 1 

The A-Prolog code generated for above depicted system is shown below. 

n o d e ( f e e d l , t a n k ) . 
controller{pump_pistonl,pump). 
controller(valvel,valve). 
node (pack;ed_bed2, tank) . 
tube{tubel,0). 
controlled_by(tubel,pump_pistonl) . 
controlled_by(tubal,valvel). 
link(feedl,packed_bed2,tubel). 
obs(12,volume(feedl),0,0). 
h(leaking(feedl),0,0). 
obs(closed,state(valvel),0,0). 
stuck(valvel). 
obs(on,state(pump_pistonl),0,0). 
obs(4,capacity(pump_pistonl),0,0). 
obs(0,volume{packed_bed2),0,0). 



6.2 Example 2 

A feed tank is connected to another feed tank through one pump and the second tank is 

connected to a product tank through a valve. 

Initially, 

First feed tank has volume of 3 units. 

Pump is on and has capacity of 3 units. 

Second feed tank has volume of 0 units. 

Valve is open and is leaking. 

Product has volume of 0 units. 

Tanks are connected through two separate tubes. 

Above system drawn using A-plumber is shown below. 

fgj^ pumpjistoni 
Volumes off, capacity 3 

valvel \ 
Volume 0 ^ ' %tube2 

products 
Volume 0 

^Jnljif 

Figure 6.2 Example 2 

A-prolog code generated for above plumbing system is given below. 

node(feedl,tank). 
controller(pump_pistonl,pump). 
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node(feed2,tank). 
tube(tubel,0) . 
controlled_by(tubel,pump_pistonl). 
link(feedl,feed2,tubel). 
controller(valvel,valve). 
tube(tube2,1). 
controlled_by(tube2, valvel) . 
node(products, tank) . 
Iink(feed2,products,tube2) . 
obs(S,volume(feedl),0,0). 
obs(off,state(pump_pistonl) ,0,0). 
obs(S,capacity(pump_pistonl) ,0,0) . 
obs(0,volume(feed2) ,0,0) . 
obs(0,volume(products) ,0,0) . 
o b s ( o p e n , s t a t e ( v a l v e l ) ,0 ,0 ) . 
h a s_ l eak (va lve l ) . 

6.3 Example 3 

Example 3 is an extension to example 2. 

Product tank and the first feed tank of the previous example are linked here and 

everything else is same. 

Initial situation is not provided here. 

The diagram is shown below. 
i User Interfare -JOjxl 

Figure 6.3 Example 3 

A-proIog code for above system is shown below. 

node(feedl,tank). 
controller(pump_pistonl,pump). 
node(feed2,tank). 
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t u b e ( t u b e l , 0 ) . 
c o n t r o l l e d _ b y ( t u b e l , p u m p _ p i s t o n l ) . 
l i n k ( f e e d l , f e e d 2 , t u b e l ) . 
c o n t r o l l e r ( v a l v e l , v a l v e ) . 
t u b e ( t u b e 2 , 1 ) . 
con t ro l l ed_by ( tube2 , va lve l ) . 
node(produc ts , tank) . 
I i n k ( f e e d 2 , p r o d u c t s , t u b e 2 ) . 
t u b e ( t u b e s , 1 ) . 

l i n k ( p r o d u c t s , f e e d l , t u b e S ) . 

6.4 Example 4 

Pressurized tanks are used in this example and they all are connected through valves. As 

shown in the figure, tanks are connected to a jet through valves. 

Initial situation of all components is specified and this description can be depicted in the 

tool as shown as below. 

ex-

hen ^ 4 u t i e 2 

Volume 3, pressurfead atO.O 

CX]-
valves 
closed atO.O 

CX' 
valve 4 
closed at 0.0 

rue 14 
Volume 0 alO.O 

valve 6 
open at 0,0 

lK'\ 

Figure 6.4 Example 4 
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A-prolog code that is generated for above system is given below. 

node(hell,tank). 
node(hel2,tank). 
controller(valvel,valve). 
controller(valve2,valve). 
controller(valveS,valve). 
controller(valve4,valve). 
node(oxdS,tank). 
node(fuel4,tank). 
controller(valves,valve). 
controller(valve6,valve). 
node(jetl,jet). 

controlled_by(tubel,valvel). 
controlled_by(tube2,valve2). 
controlled_by(tubeS,valveS). 
controlled_by(tube4,valve4). 
link(hell,oxdS,tubel). 
link(hell,oxd3,tube2). 
Iink(hel2,fuel4,tubeS). 
Iink(hel2,fuel4,tube4). 
controlled_by(tubes,valveS). 
controlled_by(tube6,valve6). 
tube(tubel,1) . 
tube(tube2,1) . 
tube(tubes,1) . 
tube(tube4,1) . 
tube(tubes,1) . 
tube(tube6,1) . 
obs(S,volume(hell),0,0). 
h(pressurized^by(hell,hell),0,0). 
obs(open,state(valvel) ,0,0) . 
obs(S,volume(oxdS),0,0). 
obs(closed,state(valve2) ,0,0) . 
obs(closed,state(valveS) ,0,0) . 
obs(2,volume(hel2),0,0) . 
h(pressurized_by(hel2,hel2),0,0). 
obs(closed,state(valveS) ,0,0) . 
obs(0,volume(fuel4),0,0). 
obs(closed,state(valve4),0,0) . 
obs(open,state(valve6),0,0). 

42 



CHAPTER VII 

CONCLUSION 

7.1 Brief summary 

A-Plumber is a graphical tool that simulates a general plumbing system and 

generates its representation in A-prolog. User can also perform planning using this 

tool.A-Plumber enables any person to create a general plumbing system code in A-

Prolog, run it and generate output in an effective way that usually require experience in 

A-prolog programming. 

Modeling a plumbing system can be done in an easier way using the Graphical 

interface, ft lessens the burden of writing A-prolog code for every plumbing system 

manually. Designing and coding large systems can be done more easily using Load, Save 

& Modify options. 

The work on modeling domains in A-prolog is being done since many years. The 

code generated in the background of A-plumber is compared with available domain 

models and is believed to be correct. 

7.2 Future work 

Current version of A-Plumber allows the user to simulate a plumbing system 

using tanks, valves and pumps. Other components like junctions can also be integrated. 

This tool can be improved so that, along with planning, tasks like prediction, diagnostics 

can also be performed. It does not support floating point values for representing flow rate 

as current version of smodels doesn't support them. 
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