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Software is everywhere!



Summary
• Software is everywhere

• Software is based on a metaphor

• The choice of metaphor matters

• Traditional “sequence of instructions” metaphor has limitations

• Other metaphors? Draw inspiration from humans & human 
society!

• Key questions: what metaphors? how realise in software? how 
guide design?

• (unrelated) On technology, universities and disruption



if (func.charAt(0) != '_') { 
// ie the goal is not a system predicate
// if there is an alternative clause push 

choicepoint:
if (goal.numclauses > clausenum)
stack.push(new ChoicePoint(clausenum +1, goal));

if (clausenum > goal.numclauses) {
clause = failgoal;
IO.diagnostic(func + "/" + arity + " undefined!");
clause = new TermList(new Term("fail",0), goal);
clause.resolve(db);

} else 
clause = goal.definer[clausenum];

clausenum = 1; // reset ...
// check unification ...
vars = new Term[300]; // arbitrary limit
if 

(clause.term.refresh(vars).unify(goal.term,stack)) {
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Metaphors for software

• Software development is based on a 
metaphor (“paradigm”)

• Dominant metaphor: software is a 
sequence of instructions(*)

(*) OO is still sequences of instructions, just packaged into bundles 
containing data and the associated procedures



What’s the problem?
Natural usage requires 
anticipating possible 
sequences and paths ... 

... which works really poorly if 
• things can and do go wrong 
• there are multiple ways of 

achieving desired outcomes 
• you’re dealing with humans 

and need flexibility (e.g. 
business processes)
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Figure: Net Bill protocol (Winikoff et al, DALT’04, Figure 14)
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Six step process



Solution: draw inspiration from humans(*)

(*) individuals, organisations, societies.
Some metaphors: organisations of interacting entities 

(cooperation, negotiation); society of self-interested entities
Image: http://commons.wikimedia.org/wiki/File:The_Thinker,_Auguste_Rodin.jpg

http://commons.wikimedia.org/wiki/File:The_Thinker,_Auguste_Rodin.jpg


One Possible Metaphor: 
Goals and Plans

• Software entity (“Agent”) has a collection of active 
goals and a library of plans

• Goals are persistent - if one plan fails, try another! 

• Each plan includes: what goal it can be used to 
achieve (“why”), when the plan can be used, and 
what the plan does.



Example

go(Home)

catchBus(Hom
e)

Plan2 = applicable when raining:  
goal catchBus(Home)

Plan1 = applicable when not raining:  
action walk(Home)

Plan3 = applicable when have bicycle:  
action cycle(Home)

Plan4: always applicable  
walk(station) ; checkBusSoon ; wait ; boardBus
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2. Select Plan2 (bus) - sub-goal catchBus(Home)

3. Select Plan4

4. walk to bus station, realise bus is not imminent

5. … Fail Plan4, and sub-goal catchBus(Home)

6. Reconsider how to achieve go(Home) - since weather 
has cleared, can now use Plan1 (walking)
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Goals and plans provide a compact way of  
expressing many possible behaviours



“Based on this analysis, agent-oriented methodology, architecture, and 
development delivered a 368% improvement on overall project productivity. (2.11 
FP Actual/0.45 FP Expected)” 

“In a wide range of complex business applications, we show 
that the use of BDI [belief-desire-intention] technology 
incorporated within an enterprise-level architecture can 
improve overall developer productivity by an average [of] 
350%. For java coding alone, the increase in productivity 
was over 500%” (emphasis added) 
  
Steve S. Benfield, Jim Hendrickson, and Daniel Galanti. Making a strong business case for 
multiagent technology. In Peter Stone and Gerhard Weiss, editors, Autonomous Agents and 
Multi-Agent Systems (AAMAS 2006), pages 10-15.  

Industries include finance, insurance, logistics, energy, IT infrastructure. 



Some Applications of  
Human-Inspired  

Software (“Agents”) 

• Distribution

• Adaptability

• Flexibility

• Robustness

• Autonomy

• Complexity
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society!

• Key questions: what metaphors? how realise in software? how 
guide design?

• (unrelated) On technology and universities …
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• Concepts - what is the 
metaphor?

• Goals - properties, life-
cycle, behaviour, 
interaction …

• Methodology: how guide 
programmers to design 
software?

• Comparison of 
methodologies

• Designing flexible 
interactions

• Quantifying behaviour 
space size

• … debugging, 
maintenance, assurance …

• Industry applications

My contribution: “How?”
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My contribution: “How?”
Key concepts: 

actions, percepts, 
events, goals, plans, 

beliefs, messages, 
protocols





Goals should be:

• Persistent

• Unachieved

• Possible

• Consistent

• Known
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The Prometheus Methodology

• Methodology = Concepts + 
Process + Models/Notations 
+ Techniques + Tool Support



Lin Padgham and Michael Winikoff. Developing Intelligent Agent Systems: A Practical Guide. 
June 2004, ISBN 0-470-86120-7, John Wiley and Sons.
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The Prometheus Methodology

• Methodology = Concepts + 
Process + Models/Notations 
+ Techniques + Tool Support 

• Detailed process and products 
• Evolved out of practical 

industrial and pedagogic 
experience and refined 

• Hierarchical structuring: 
scales to large designs



Prometheus Design Tool

31
John Thangarajah, Lin Padgham, and Michael Winikoff. Prometheus Design Tool (system 
demonstration). In proceedings of the 4th International Conference on Autonomous Agents and 
MultiAgent Systems (AAMAS05).



My contribution: “How?”
• Concepts - what is the 

metaphor?

• Goals - properties, life-
cycle, behaviour, 
interaction …

• Methodology: how guide 
programmers to design 
software?

• Comparison of 
methodologies

• Designing flexible 
interactions

• Quantifying behaviour 
space size

• … debugging, 
maintenance, assurance …

• Industry applications



Comparing  
Methodologies

• Lots of methodologies - compare 
them!

• Method: develop set of criteria, 
and assess each methodology

• But very subjective! … and not 
well informed?

• Solution: student projects + survey 
each methodology’s creators

Khanh Hoa Dam, Michael Winikoff, Comparing Agent-Oriented Methodologies, 
in the proceedings of the Fifth International Bi-Conference Workshop on Agent-
Oriented Information Systems held in Melbourne in July (at AAMAS03).



Designing Flexible Interactions

• “Interaction Goals” (Cheong & Winikoff)

• Hermes methodology

• Evaluation (human participants) showed 
signififi

• i.e. methodology matters! 

Christopher Cheong and Michael Winikoff. A Comparison of Two Agent Interaction Design 
Approaches. Multiagent and Grid Systems (an international journal), volume 9, pages 1-44, 
2013.
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How many possible behaviours? 

Michael Winikoff and Stephen Cranefifi




How many possible behaviours? 
• Derived mathematical equations for number of 

behaviours in a set of plans (“goal-plan tree”)

• Considered failure handling, probability of failure, rate of 
failure, infi

• Conclusion: many = LOTS!

Michael Winikoff and Stephen Cranefifi




How many possible behaviours? 
• Derived mathematical equations for number of 

behaviours in a set of plans (“goal-plan tree”)

• Considered failure handling, probability of failure, rate of 
failure, infi

• Conclusion: many = LOTS!

Michael Winikoff and Stephen Cranefifi


On the Testability of BDI Agent Systems

Parameters Number of
j k d goals plans actions n4(g) n8(g)
2 2 3 21 42 62 (13) 128 614
3 3 3 91 273 363 (25) 1,594,323 6,337,425
2 3 4 259 518 776 (79) 1,099,511,627,776 6,523,509,472,174

3 4 3 157 471 627 (41) 10,460,353,203 41,754,963,603

Table 1: Illustrative values for n4(g) and n8(g) without failure handling. The first num-
ber under “actions” (e.g. 62) is the number of actions in the tree, the second
(e.g. 13) is the number of actions in a single execution where no failures occur.

Parameters Number of
j k d goals plans actions n4(g) n8(g)

2 2 3 21 42 62 (13) ⇡ 6.33⇥ 1012 ⇡ 1.82⇥ 1013

3 3 3 91 273 363 (25) ⇡ 1.02⇥ 10107 ⇡ 2.56⇥ 10107

2 3 4 259 518 776 (79) ⇡ 1.82⇥ 10157 ⇡ 7.23⇥ 10157

3 4 3 157 471 627 (41) ⇡ 3.13⇥ 10184 ⇡ 7.82⇥ 10184

Table 2: Illustrative values for n4(g) and n8(g) with failure handling

Pl(n) leaf plans, i.e. P (n) = Pn(n) + Pl(n). Then the number of actions in a depth n tree
is (`⇥ (k + 1))⇥ Pn(n) + `⇥ Pl(n). For example, for j = k = 2 and ` = 1, we have that
P (3) = 2⇥G(3) = 42, which is comprised of 32 leaf plans and 10 non-leaf plans. There are
therefore (1⇥ 3⇥ 10) + (1⇥ 32) = 62 actions.

4.4 Recurrence Relations

The equations in the previous sections define the functions n4 and n8 as a mutual recurrence
on the depth d of a goal-plan tree with a uniform branching structure. The e↵ect of
increasing the parameters k and ` is evident at each level of the recursion, but it is not
so clear what the e↵ect is of increasing the number of applicable plan instances j for any
given goal. The aim of this section is to explore the e↵ects of changing j. We do this by
relaxing our uniformity assumption. Specifically, we allow the number of plans available to
vary for goal nodes at di↵erent depths in the tree, while still assuming that all nodes at a
given depth have the same structure. We refer to these as semi-uniform goal-plan trees.
We then derive a set of recurrence relations for n4 and n8 in the presence of failure handling
that explicitly show the e↵ect of adding a new plan for a goal at the root of any particular
sub-tree.

We begin by defining the generalised notation n8(gj) and n4(gj) where j is a list13

(jd, jd�1, . . . , j0) in which each element ji represents the number of plans available for goals
at depth i of the goal-plan tree. We denote the empty list by hi and write j · j to represent
the list with head j and tail j.

13. The order corresponds to our definition of depth, which decreases down the tree.

89



Industry Applications

• Agent-Oriented Software: purveyors of JACKTM 
agent-oriented platform - work on Prometheus

• Bureau of Meteorology: scalable weather alert 
system

• Jade software: container terminal optimisation 
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Technology, Universities and 
Disruption: some questions …

“There’s a tsunami coming.”

“Just as technology disrupted 
and transformed the newspaper 
and music industries, it is now 
poised to wreak havoc upon 
another established industry: 
higher education.” 
http://bit.ly/MDLiJv  
(cf in http://nyti.ms/II056d)

http://bit.ly/MDLiJv
http://nyti.ms/II056d


• Is is relevant to NZ, or just 
US?

• Is it about today’s 
universities?

• Does it overly focus on 
lecturing?

• Does the proposal 
generalise to all students?

• ... all disciplines?

• Is the proposal financially 
sustainable?

• Is it just a library?

• Does it confuse “online 
learning (with teacher 
interaction)” with “online 
materials (without 
teacher interaction)”?
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Advertisement: Upcoming IPL by  
Professor Stephen Cranefield


