Notes for Meeting 12
Producti on Systens



Revi ew of Stinul us- Response Systens
Recal | that "stinulus-response systens" are characterized by:
- encodi ng knowl edge as a set of stinmulus-response patterns;
- operating in cycles, each of which involves:
- accessing a pattern that nmatches the current stinuli;
- executing the associated response in the environnent.

This framework, associated with behaviorist psychol ogy and reactive
control in Al, uses no short-termnental structures.

Rather, it assunes direct connections between perception and action
and its limtations are obvious.



An Ext ended Franmewor k

However, we can extend the stinul us-response approach to let it
operate over | NTERNAL "perceptions" and "actions"

a.

Storing long-termknow edge in a stable associative nmenory that
contai ns abstract synbolic patterns;

Storing short-termcontent in a rapidly changing nenory that
constrains concrete synbolic el enents;

Operating in discrete cycles that match | ong-term patterns agai nst
short-term nmenory and take internal actions;

Accessing long-termnmenory structures is a very rapid or parallel
but altering either menory in a sequential nanner.

will call this as the "standard" nodel of human cognition because
has been widely adopted in the cognitive science community.



Production System Architectures

An inportant version of the standard theory is known as a PRODUCTI ON
SYSTEM architecture; it assunes that:

a. Long-term know edge consists of a set of condition-action rules.

b. Short-termnmenory contains |list structures that denote beliefs,
goal s, and ot her dynanic content.

c. Cognition operates in cycles during which
1. Conditions of rules match agai nst short-term el enents;
2. Aconflict-resolution procedure selects one or nore for execution
3. The actions of selected instantiations alter short-term nenory.

Not e that production systens do NOT have a | ogical semantics; they work
entirely through side effects.

Recent production-system franeworks |i ke ACT-R and Soar are associated
with theories of the human cognitive architecture.



Conflict Resolution in Production Systens

One of the earliest production-system | anguages, OPS, incorporated a
nunber of conflict-resolution strategies:

1

2.

3.

4.

5.

Refraction. Do not select a rule instance that has already applied.
Recency. Prefer rule instances that match nore recent el enents.
Specificity. Prefer rules with nore specialized conditions.

Rul e order. Prefer rules that were added nore recently.

Random Break ties anong rul e instances randony.

OPS applied these strategies in a | exicographic manner, using |later
criteriaonly if ties occurred on earlier ones.



A Production Systemfor Subtraction

((goal (process-all)) (top-of ?c ?digitl)
(not (answer-of ?c ?any)) =>
(*add (goal (process-colum ?c))))

((goal (process-colum ?c)) (top-of ?c ?digitl)
(bottomof ?c ?2digit2) (> ?digitl ?2digit2) =>
(*bind ?2digit3 (- 2digitl ?2digit2))

(*add (answer-of ?c ?2digit3))
(*del ete (goal (process-colum ?c))))

((goal (process-colum ?c)) (top-of ?c ?digitl)
(bottomof ?c ?2digit2) (< ?2digitl ?2digit2) =>
(*add (goal (borrow ?c))))

((goal (borrow ?cl)) (top-of ?cl ?digitl)

(left-of ?c2 ?cl) (top-of ?c2 2digit2) =>

(*bind ?2digit3 (+ ?2digitl 10)) (*bind ?digit4 (- ?digit2 1))
(*delete (top-of ?cl ?digitl)) (*add (top-of ?cl ?digit3))
(*delete (top-of ?c2 ?digit2)) (*add (top-of ?c2 ?digitd)))



Applications of Production Systens

The production-system framework has seen wi de application in a nunber
of distinct arenas:

Model s of high-1evel human cognition (e.g., subtraction, 1981)
Expert systens for conplex cognitive tasks (e.g., Rl, 1981)

Synthetic characters for training and entertai nnent (e.g.
TacAi r Soar, 1993)

Adaptive tutoring systens for math and sci ence (Carnegi e Learning)

Producti on systens have seen nmmjor success stories in each of these
application areas.



H story of Research on Production Systens
Post defines production systens for string rewiting in 1940s

Newel | introduces production systens as a franmework for cognitive
nmodel i ng in 1960s.

Newel | , Waternman, and others develop the first production system
| anguages in early 1970s.

Active use of early languages in late 1970s, nostly at Carnegie
Mel | on, for nodeling human cognition.

Begi nni ng use of framework for expert systens and expl oration of
architectural space in 1980s.

Devel opment of ACT-R and Soar in mid to late 1980s as architectures
for general intelligence and cognitive nodeling.

Wirk on expert systens decreases in the 1990s, but production systens
remai n dom nant framework for nodeling high-Ievel cognition



Advant ages of Production Systens
Production systens are widely used to nodel human cognition because they:
- Balance the need for parallel retrieval and sequential behavior

- Conbine the benefits of stinulus-driven control (interruptible)
and goal -driven behavior (directed and persistent);

- Partition know edge into i ndependent and nodul ar el enments in ways
that support manual construction and | earning; and

- Ofer an appropriate |l evel of analysis for many reasoning and
probl em sol vi ng tasks tasks.

They have proved thensel ves useful for nodeling correct and errorfu
cognition in many domai ns.



Producti on Systens and Lear ni ng

Learning invol ves changes to long-term nenory, which translates into
changes in production rul es thensel ves.

The modul ar character of production rules offers natural support for
| ear ni ng by:

- Conposing existing rules into nore conpl ex ones
- Ceneralizing the condition sides of rules
- By renoving conditions or introducing variabl es
- Specializing the condition sides of rules
- By adding conditions or introducing constants
- Changi ng wei ghts associated with rul es

Adaptive production systens offered sone of the earliest exanples (in
the 1970s) of cognitive systens that | earned.



D sadvant ages of Production Systens

Despite their many benefits, production systens al so have sone | ess
desirabl e features:

- Production rules apply in only one direction, limting flexibility.
- The franmework cannot easily encode |arge structures |ike schenas.

- Long-term nenory does not distinguish between different types of
structures |like concepts and skills.

- Short-term nmenory does distinguish between different types of
structures like beliefs, goals, and intentions.

The framework can provide each of these capabilities, but it does not
support themat the architecture |evel



Alternative Architectural Frameworks

Al t hough they are widely used, production systens are not the only
candi dates for cognitive architectures; alternatives include:

a.

Schank’ s dynanmi ¢ nenory and M nksy’s society of mnd, but these are
not worked out in as nuch detail

Bl ackboard architectures and nulti-agent systens with opaque nodul es.

Architectures |like lIcarus which have nodul ar structures but that
support hierarchy nmore directly.

Connectionist "architectures", but these do not nodel higher-Ileve
aspects of cognition.

The space of cognitive architectures is large, and production systens
occupy only one of its corners.



Hi erarchi cal Task Networks and Production Systens

A production system program can encode the sane content as that in a
hi erarchi cal task, but:

- Each HTN nmethod requires nultiple rules, with task and preconditions
as the condition side and one subtask as the action side.

- An HTN interpreter can call subtasks directly, while a production
system nust deposit elenments in short-term nenory.

- A production system supports persistent behavior only if conflict
resol ution has a recency bi as.

In general, production systens encode procedural know edge at a finer
| evel of granularity than HTNSs.

I n anot her mappi ng, each path through the nmethod hi erarchy corresponds
to a single production rule that matches on one cycle.



Assignnents for Meeting 13
State-Driven Probl em Sol vi ng

Read the articles:

- Epstein, S. L. (1999). Gane playing: the next noves. Proceedi ngs
of the Sixteenth National Conference on Artificial Intelligence
(pp. 987-993). Olando, FL: AAAl Press. [required]

- Tella, J. (1997). Planning in ganes. Course report, Sem nar on
Know edge Engi neering, Conputer Science Departnment, Hel sink
Uni versity of Technol ogy, Hel sinki, Finland. [optional]

- VanLehn, K. (1989). Problem solving and cognitive skill acquisition
In M |. Posner (Ed.), Foundations of cognitive science. Canbridge,
MA: MT Press. [optional]

- Conplete the fourth exercise (due 11:59 PMon 3/2/2011) and submit
sol utions on course Wb site.



