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Introduction to Production Systems in Artificial Intelligence

Production systems are a type of knowledge-based system that have been widely used in the field
of artificial intelligence (Al) since their development in the 1960s. They are rule-based systems
designed to simulate human problem-solving and reasoning processes, making them an ideal tool
for solving complex problems and decision-making tasks.
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What is a Production System?

Production system or production rule system is a computer program typically used
to provide some form of artificial intelligence, which consists primarily of a set of
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rules about behavior but it also includes the mechanism
necessary to follow those rules as the system responds to

states of the world.
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A production system is an Al software architecture that stores knowledge as rules
within a knowledge base. These rules consist of condition-action statements that
define how the system should behave or react when presented with certain conditions
or situations. In other words, they represent a set of instructions that guide the
system’s behavior and decision-making process.

J.c\)ﬂ\ TS U}Slt 3.3)&45\ 3.‘\::13&\& Jc\}sS:tS)a.‘J\ u)aﬁ'scmy‘ GLSJH‘\.:\M)J&;%M}A C\i\‘}” (°U="
(s A 8l A (il e gl oy pladga) go dic alada o aaill Co st A€ daai Ala yi ) jle
A AT dulee 5 AUal) &gl 4 58 () el (30 e pame 20 si 038 Jid

How do Production Systems Function?

In artificial intelligence, production systems function as rule-based mechanisms for
solving problems. They consist of three main components: a knowledge base (rules
and facts), aninference engine (logic for applying rules), and aworking
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memory (current data about the problem). The
inference engine applies rules from the knowledge base to
the working memory iteratively, refining solutions until it reaches a goal or solution

state. This approach is especially useful in problem-solving, decision-making, and
automating processes.
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The production system is a model of computation that has proved particularly

important in Al, both for implementing search algorithms and for modeling human

problem solving.
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A production system provides pattern-directed control of a problem-solving process

and consists of a set of production rules, a working memory, and a recognize—act

control cycle.
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Production System in Al: Example

A production system in Al is a type of program typically used in artificial
intelligence applications, characterized by a set of rules (productions), a working
memory, and a control system.

Expert System for Medical Diagnosis:

Rules (Productions):

If the patient has a fever and cough, then the diagnosis is flu.

If the patient has a headache and nausea, then the diagnosis is migraine.

Working Memory:
@
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Patient symptoms: fever, cough.
Control System:
Matches the patient's symptoms against the rules.

Applies the rule: "If the patient has a fever and cough, then the diagnosis is flu."
Concludes the diagnosis: flu.

In this example, the production system uses rules to infer a diagnosis based on the

symptoms present in the working memory, showcasing how production systems

operate in Al applications.
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Production System in Artificial Intelligence: Example
We have two jugs of capacity 51 and 3l (liter), and a tap with an endless supply of
water. The objective is to obtain 4 liters exactly in the 5-liter jug with the minimum

steps possible.
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Production System:

Fill the 5 liter jug from tap
Empty the 5 liter jug
Fill the 3 liter jug from tap
Empty the 3 liter jug
Then, empty the 3 liter jug to 5 liter
Empty the 5 liter jug to 3 liter
Pour water from 3 liters to 5 liter
8. Pour water from 5 liters to 3 liters but do not empty
Solution:

NoOohkowhE

1,8,4,6,1,8 or 3,5,3,7,2,5,3,5;

It is possible to have other solutions as well but these are the shortest and the 1st
sequence should be chosen as it has the minimum number of steps.
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1,8,4,6,1,8
3,5,3,7,2,5,3,5
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Types of Production Systems
There are four primary types of production systems in Al: monotonic, non-
monotonic, deterministic, and non-deterministic.

Monotonic production systems ensure that previously established conclusions
remain unchanged.

Partially Commutative Production System

It’s a type of production system in which the application of a sequence of rules
transforms state X into state Y, then any permutation of those rules that is allowable
also transforms state x into state Y. Theorem proving falls under the monotonic
partially communicative system.

Non-monotonic systems allow for revisions or retractions of conclusions as new

information is added.
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Deterministic systems yield predictable outcomes for specific inputs, making them
straightforward but inflexible.

Non-deterministic systems allow for multiple potential outcomes, enabling
flexibility in handling complex or uncertain scenarios. Each type suits different
applications depending on the need for flexibility, predictability, and information
processing.

Monotonic (Characteristics) Non-monotonic
Partially commutative Theorem proving Robot navigation

Non-partial commutative Chemical synthesis Bridge game

Commutative Systems

These are usually useful for problems in which changes occur but can be reversed
and in which the order of operation is not critical. Production systems that are not
usually not partially commutative are useful for many problems in which irreversible
changes occur, such as chemical analysis. When dealing with such systems, the order
in which operations are performed is very important and hence correct decisions
must be made at the first attempt itself.
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Practical Applications of Production Systems in Al

Real-World Applications
of Production Systems in
Artificial Intelligence
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1. Expert Systems utilize Production Systems to encapsulate human expertise
in a specific domain into a set of rules. This helps in solving complex
problems by mimicking the decision-making ability of human experts.

2. Diagnostic Healthcare Systems: For instance, a medical diagnostic system
could have rules to interpret symptoms and suggest possible diseases.

3. Automated Troubleshooting
a. Employing Production Systems for automating diagnostic processes in
technical support systems can significantly enhance efficiency and
accuracy.

4. Financial Analysis: In finance, rules could help in analyzing market
conditions to suggest investment strategies.
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Components of a Production System in Al:
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Production systems are an integral part of Artificial
Intelligence (Al) and are widely used in real-world
applications. These systems are designed to mimic the decision-making processes of
human experts by utilizing rules, knowledge, and data to achieve a specific goal. In
this section, we will delve deeper into the components that make up a production
system and how they work together to drive intelligent decision-making.
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Rule Base

The knowledge base is the foundation of a production system and contains all the
information or rules necessary for making decisions. It can be represented in various
forms such as if-then rules, frames, semantic networks, or ontologies. This
knowledge is acquired from human experts or extracted from data using techniques
like machine learning or natural language processing. The accuracy and
completeness of the knowledge base greatly impact the performance of the
production system.
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Rules: a special type of if — then rule
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Antecedent:
A conjunction of conditions

Basic operation:
* Check if the antecedent of a rule is satistied
* Decide which rule to execute (if more than one rule is satisfied)

* Execute actions in the consequent of the rule

Consider, a typical rule (about the value of horses) that matches a set of facts:
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Rule Facts
Comet 15-a horse
Prancer 15-a horse
IF: x 1s a horse Comet 1s-parent-of | Dasher
x is the parent of y Comet is-parent-of | Prancer
y is fast Prancer 1S fast
THEN: x 1s valuable Dasher is-parent-of | Thunder
Thunder is fast
Thunder 15-a horse
Dasher 15-a horse

In general, there will be variables (e.g. x and y) in the rules which stand for arbitrary
objects. We need to find bindings for them so that the rule is applicable.
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Working Memory

Working memory acts as a temporary storage unit for information during problem-
solving in a production system. It holds relevant facts about the current state of the
problem being solved and provides input to rule-based reasoning mechanisms.
Working memory is constantly updated based on new inputs from sensors, user
interactions, or other external sources.
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Inference Engine

The inference engine is responsible for applying logical reasoning on the knowledge
base stored in working memory to generate new conclusions or actions based on
predefined rules. It uses pattern-matching algorithms to match conditions specified
in if-then rules against facts stored in working memory and triggers corresponding
actions when a match is found.
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Control System
The Control System decides the order in which rules are applied or which rule to
apply next if there are multiple rules that could be applied. It's like the traffic

conductor guiding the flow of logic.
2
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Inference engine

* It applies logical rules to the knowledge base to infer new information
from known facts.

* Inference engine commonly proceeds in two modes:

l.Forward chaining  2.Backward chaining

E:pn;ftn g Knowledge Infer?nce User ‘ g User
) Base Engine Interface
- L\Q
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Forward Chaining-Example

* Example

It is raining.
If it 1s raining, the street is wet.
The street is wet.

* Conclude from "A" and "A implies B" to "B*
A
A->B
B
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Forward Chaining

* Forward chaining starts with the available data and uses inference
rules to extract more data until a goal is reached.

* “What will happen next?”
* It 1s a bottom up approach.

* Forward chaining is data driven because the reasoning starts from a set
of data.

Facts Rules Conclusion

Backward Chaining

* Backward chaining starts from goal and proceeds backward to
determine the set of rules that match the goal.

* “Why did this happen?”
* [t 1s top down approach.
* Forward chaining is goal driven

» Example: diagnose bacterial infections.

Conclusion
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FACTS FACTS F.—'&.CT FACTS
execuft;.

execute execute
match match match
F&B—Z F&B— Z F&B—*2
C&D—F C&D*=F C&D—F
A—-=D | A—D A—D
RULES RULES RULES

In this example there are no more rules, so we can draw the inference chain:
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Disadvantages of Forward Chaining

1. Many rules may be applicable at each stage — so how should we choose which
one to apply next at each stage?

2. The whole process is not directed towards a goal, so how do we know when to
stop applying the rules?

Goal-driven inference (Backward chaining) works towards a final state by looking
at the working memory to see if the sub-goal states already exist there. If not, the
actions (the THEN parts) of the rules that will establish the sub-goals are identified,
and new sub-goals are set up for achieving the premises of those rules (the IF parts).
The previous example now becomes:

(Forward Chaining) <L) Juludll ¢ e
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FACTS

FACTS FACTS FACTS FACTS FACTS
i
-
Want Z Want F Want D Execute  EXecute Execute

GetF, Get B Get C, Get D Get A
F&B—+=Z = F&B—1Z F&B—1Z F&B—1 FA&AB*Z= F&B—1
C&D—TF C&D—*F = C&D—F C&D—=F= C&D—F C&D—F

A—D A —D A—=D ™ A—D A—D A—D

RULES RULES RULES RULES RULES RULES

The first part of the chain works back from the goal until only the initial facts are
required, at which point we know how to traverse the chain to achieve the goal state.

—» B

—s D — 3 A

L » F

L_»C
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Advantage of Backward Chaining
The search is goal-directed, so we only apply the rules that are necessary to achieve
the goal.

Disadvantage of Backward Chaining

A goal has to be known. Fortunately, most Al systems we are interested in can be
formulated in a goal-based fashion.
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* The law says that it is a crime for an American to sell weapons to hostile
nations. Country Q, an enemy of America, has some missiles, and all of its
missiles were sold to it by Jack, who is American.

* Prove that “Jack is criminal”.

* it is a crime for an American to sell weapons to hostile nations
American(x) A Weapon(y) A Sells(x,y,z) A Hostile(z) = Criminal(x)
* Q has some missiles
3x Owns(Q,x) A Missile(x)
Owns(Q,M1)
Missile(M1)

« all of its missiles were sold to it by Jack
Vx Missile(x) A Owns(Q,x) = Sells(Jack,x,Q)
Missile(x) A Owns(Q,x) = Sells(Jack,x,Q)
* Missiles are weapons
Missile(x) = Weapon(x)
* Enemies of America are hostile
Enemy(x, America) = Hostile(Q)
* Jack, who is American
American(Jack)
* The country Q, an enemy of America
Enemy(Q,America)
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Forward Chaining->Facts,Rules,Conclusion

American(x) A Weapon(y) A Sells(x,y,z) A Hostile(z) = Criminal(x)
Owns(Q,M1)

Missile(M1)

Missile(x) A Owns(Q,x) = Sells(Jack,x,Q)

Missile(x) = Weapon(x)

Enemy(x, America) = Hostile(Q)

American(Jack)

B N B WD =

Enemy(Q,America)

Step 3-Forward Chaining

* American(x) A Weapon(y) A Sells(x,y,z) A Hostile(z) = Criminal(x) Proof

Criminal(Jack)
Weapons(M1) Sells(Jack,M1,Q) m
\ 1

e
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Backward Chaining
Conclusion,Rules,Facts

American(x) A Weapon(y) A Sells(x,y,z) A Hostile(z) = Criminal(x)
Owns(Q,M1)

Missile(M1)

Missile(x) A Owns(Q,x) = Sells(Jack,x,Q)

Missile(x) = Weapon(x)

Enemy(x, America) = Hostile(Q)

American(Jack)

Enemy(Q,America)

L.
2.
. 8
4.
3
6.
L.
8.

Backward Chaining-Conclusion,Rules,Facts

Criminal(Jack)

American(Jack) Weapons(y) Sells(Jack,M1,z) Hostile(Q)

2
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Features of Production System in Artificial Intelligence
The main features of the production system include:

Enowledge

O
”,'p\./

Simplicity: The structure of each sentence in a production system is unique and
uniform as they use the “IF-THEN” structure. This structure provides simplicity
in knowledge representation. This feature of the production system improves the
readability of production rules.
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Modularity: This means the production rule code the knowledge available in
discrete pieces. Information can be treated as a collection of independent facts which
may be added or deleted from the system with essentially no deleterious side effects.
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Modifiability: This means the facility for modifying rules. It allows the
development of production rules in a skeletal form first and then it is accurate to suit
a specific application.
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Knowledge-intensive: The knowledge base of the production system stores pure
knowledge. This part does not contain any type of control or programming
information. Each production rule is normally written as an English sentence; the
problem of semantics is solved by the very structure of the representation.
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Advantages & Disadvantages

Some of the advantages of Production system in artificial
intelligence are

e Provides excellent tools for structuring Al
programs

e The system is highly modular because individual
rules can be added, removed or modified
independently

e Separation of knowledge and Control-
Recognizes Act Cycle

¢ A natural mapping onto state-space research data or goal-driven

e The system uses pattern directed control which is more flexible than
algorithmic control

e Provides opportunities for heuristic control of the search

2
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e A good way to model the state-driven nature of intelligent machines
e Quite helpful in a real-time environment and applications.
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Disadvantages

« Itis very difficult to analyze the flow of control
within a production system

« It describes the operations that can be performed
in a search for a solution to the problem.

« There is an absence of learning due to a rule-
based production system that does not store the
result of the problem for future use.

« The rules in the production system should not
have any type of conflict resolution as when a
new rule is added to the database it should ensure
that it does not have any conflict with any
existing rule.

2
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Recognize-Act Cycle
Typically, our production systems will have a rule interpreter that takes the
form of a Recognize-Act Cycle. This cycle has four stages:
1. Match the condition/premise patterns in the rules against the elements in the
working memory to identify the set of applicable rules.
2. If there is more than one rule that can be ‘fired’ (i.e. that can be applied), then
use a Conflict Resolution strategy to choose which one to apply. If no rules are
applicable, then stop.
3. Apply the chosen rule, which may result in adding new items to the working
memory, or in deleting old ones.
4. Check if the terminating condition is fulfilled. If it is, then stop. Otherwise,
return to stage 1.
The condition/premise patterns in the rules need to be matched with the known
facts.
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Forward chaining vs Backward Chaining

Forward chaining Backward Chaining

Data-driven approach Goal-driven technique

Breadth-first strategy Depth-first strategy
Time-consuming process Quicker process

Used in planning, monitoring, controlling, and used in automated inference engines,
interpreting applications. theorem proofs, proof assistants, etc.

The differences between forward chaining and backward chaining
in artificial intelligence are:

1. While forward chaining is a data-driven approach, backward chaining is a
goal-driven technique. It involves starting from the goal and reaching the
initial state to derive the facts.

2. Forward reasoning uses the Breadth-first strategy but backward chaining uses
the Depth-first strategy for proof.

3. Forward training is a more time-consuming process because it has to use all
the rules. Backward chaining is a quicker process due to the fact that it only
has to use a few rules.

4. While forward reasoning is used in planning, monitoring, controlling, and
interpreting applications, backward chaining is employed in automated

2
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5. inference engines, theorem proofs, proof assistants, as well as other artificial
intelligence applications
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