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Motivation ApproaCh Organizational Structure: Roles and Relationships

A Organizations are characterized by an organizational structure, which

What dp we want to do? — & Start off with an initial organization 4 consist of roles and relationships between the roles

To organize agents and address the following issues: [ consisting of a single agent, solely responsible for all activities ™ is C(_)ntlng_ent on the TAEMS task structure |

A The nu_mber of agents needed to solve the problem 1 Each agent in the organization checks to see if: A Arole is qle_fl_ned as a TAEMS sub_tree rooted at a particular node

%1 AIIocafuon_of suptasks and resources to the agents I It is overloaded: [ By definition, a role may consist of one or more sub-roles

A Coordination of inter-agent activities ¢ It spawns off a new agent to handle part of its load [4 Arole may be enacted by one or more agents and one or more roles may be enacted by

4

It is free (underloaded): every agent
So what's the problem? ot ( ) M Relationships constrain the communication between the agents

. - - ¢ It combines with another agent to save resources
A There is no best way of organizing and all ways of organizing are not
equally effective:
[4 The optimal organizational structure depends on the underlying prob-
_ . tions. See Organizati
lem being solved and the environmental conditions S ralblE) 21 TERTEREEe P E—————— DeCi:iin Fr)g:gglezsas Iggmw

A Environmental conditions or problem structure may change. using TEMS, an extended level goal that the agent is Agent Spawning Similar to the SUBSET-SUM

[4 Precludes the use of a static (compile-time) organization. hierarchical task network — trying to achiever Either (1) the agent with the

Problem Representation Organization Formation/Adaptation Process

Divide the tasks amongst the

. . " . - Choose a local task (role), To to
All problem instances and environmental conditions are not unique. 1 ‘ S least load or (2) the original Is the agent agents such that:
g P 9 Goals are divided Inter-agent relationships agent that was decomposed overloaded? breakup. Let Tot, .., Tom be the 1. All agents have roughly

[ Precludes the use of a new, bespoke organizational structure for into subtasks and/ (enables, disables, etc): - direct descendent roles of Tb _[Jf., SRR et aps ghsmm g gr o
every problem instance.

or methods (1) provide ordering constraints ‘ l 2. There are few coordination

8 — (2) describe quantitative effects Agent Corriposition relationships between the
of one task on another I3 Select the no of agents, n, to be

Our Answer: — v . spawned
s the agent

: : : : Find an agent to compose with. YE l
We propose a dynamic run-time approach to organization based on { Characteristic Let Ac be that agent. underloaded?

- . = . Accumulation Functions Allocate Tb1,...,Tom amongst the
Organlzatlonal Self DeS'Qn (OSD) Method 1 (CAFs) specify how ¢ n newly spawnec;nagents? (and Organizational Invariants
Outcome: 1 Method 2 P y (hold before and after any organizational

Probabilty: 1.0 Outcome: 1 Outcome: 1 characteristics of a task Send a message to Ac | itself). —

Our Contributions: uaty:6 \ ’ gﬁ’;ﬁ}?f'%”-o gf:lft‘;’:”%: 1011 are computed from the requesting composition. l 1. All the descendent nodes of

Extend existing OSD work (2) to use TAEMS as its underlying problem Duration: 32 | 13 iiae Cost: 5 Cost: 7 characteristics of its . a local role will be local
g g ( ) y g p Faciltates Dgfation: 17 Dﬁfation: 12 ¢ No Spawmng or Mark Tb, and all its ascendent 2 All the ascendent nodes of a

- - i subtasks o
representatlon, which allows us to: Ac merges the local roles of the Composition is roles as "managed" managed role will be

g Perform quantitative reasoning over the task structure Method 4 Method 5 Method 6 composing agent with its own needed l [.  managed

. Outcome: 1 Outcome: 1 Outcome: 1 \\
g Represent cost/quality tradeoffs Probability: 0.5 Probability: 0.7 Probability: 1.0 | g __ 1 Leaf nodels represent executable I . 3. If two local roles that are
methods: primitive actions that

Quality: 3 Quality: 10 Quality: 12 Add all siblings of Tb to the list ‘j enacted by two different agents

[ Soft relationships like facilitates and hinders oste oS oSt the agents can perform Ac converts managed roles to of local roles. -~ share a common ancestor, that
. . . . : ' : | | roles, if It of th | i
[ Incorporate coordination mechanisms into OSD Outcomo: o it o [ oca rr;’eer;’e', jlstﬁ;edsi;]ecf € e S i ___fral;lg.estor will be a managed

Probability: 0.5 Probability: 0.3 i )
Quality: 12 Quality: 3 miethocsimeayinave mulliipleloticomes descendants of a managed Send a message to the 4. If all the direct descendants

BaS|C Prem|Se Cost. 10 Cost: 7 i With, d.ifferent probabilities and _ roles are now local environment to create the n of a role are local that role will
Duration: 3 Duration: 30 characteristics (quality, cost and duration) | agents be a local role.

A Problem solving requests arrive continuously at varying rates and with
varying deadlines

—————————————————————

Organization Decision Process Example lllustrating OSD
A Probability of organizational change should be inversely

proportional to time since last organizational change
: . . 1T : i. Agent 1 detects that it is ii. Agent 1 selects iii. Agent 1 spawns iv. Task C is v. Task A now becomes i. Agent 3 detects ii. Agent 3 selects Agent iii. Agent 3 merges with iv. Agent 2 assumes
g We use SImU|ated annea“ng to vary thIS prObablllty' UL SRRl TS Gl Tl & overloaded Task A for breakup off Agent 2 allocated to Agent 2 managed as its descendant that it is underloaded 2 to compose with Agent 2 and ceases to exist responsibility for the

_AFE : .
g Pp=¢ rT, where single agent responsible roles are the responsibility - local and managed

- _ o for all the roles W0 diff : : | S ——

¢ p = probability of keeping an existing of lwo ditierent agen's roles of Agen
organizational structure ,
¢ T =time since the last organizational change Managed Roles (Yellow): Must | AGENT 1 - AGENT 1

i

be coordinated between two or

¢ AFE =amount of overload/underload more agents -- contain
[ p is capped at prreshoid to prevent the agents from descendant roles that are the

responsibility of separate agents

being unresponsive to environmental change - ' r :
4 Computation of AE': '
AGENT

M Agent Spawning SPAWNING
Sort the outstanding tasks by their deadlines

lterate over the sorted tasks and compute:
* min = absolute minimum time needed to have a non- A role is equivalent to a
zero probability of task completion i T/EMS node
- expt=  expected time needed to complete the task . o
: e . N Local roles (Gray) are
* g_min = minimum time needed to guarantee task

completion in the absence of failures single agent
* if sum(min) > Deadline Organization 1 Organization 2 Organization i Organization i+1
p = 0, breakup the agent immediately
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AGENT 3 AGENT 4

else

_ 1
AL = a(Deadline—Current_Time—Z e:z:pt)—i—(l—oz)(z g_min—z min)]

4 Agent Composition
¢ If the agent, is idle, compute p using the simu-
lated annealing equation with
AFE = 3% Idle_Time

Evaluation Hypothesis Tested Performance Graphs
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The OSD agents send less messages than the Con- | p < 0.0003
tract Net Agents

EXperimental Se’[up Hypotheses _Static D_ynamic Average performance over all Performance results for a single experiment
[ Compared to the Contract Net Protocol (CNP) UESHE U il Lo UERR Gl LA B PRI S e AR TS Environments | Environments experiments Average quality Number of completed tasks Total messages sent Average response time
A Ran 40 Experiments The OSD organizations require fewer agents to p < 0.0003 p <0.03 e B o B oo B ov2 O e ) |
[ each experiment was repeated 5 times complete an equal or larger number of tasks when ‘7 . | &= JE= | | = | | | 1
o : : compared to the Contract Net organizations T ———— | w
¢ our OSD approach was used the first time —1 11l e = e JK
the CNP approach, with 8, 10, 12 and 14 o e By O egen st flsert 1§ il el i o e 1 - .
agents, was used in the 4 subsequent runs The OSD organizations achieve an equal or greater | i ﬂ i A -. 1= =
E’ 20 experiments had a static environment average quality than the Contract Net organizations - Complre Messages Qualty fesponse esrces K = o o =
¢ Fixed task arrival rate every 15 CyC|eS Null Hypothesis:-Fhe-GN-agents-achieve-greater-quality —
¢ Fixed deadline of 20 cycles The OSD agents have a lower average response  |p < 0.0002 p < 0.0004
[ 20 experiments had a dynamic environment time as compared to the Contract Net agents
¢ Arrival rate changed from 15 to 30 cycles Null Hypothesis: The- OSD-agents have the-same or greater response
and back to 15 cycles after every 20 tasks ~ [[Teomparediothe Clagents
¢ Deadline of 20 cycles
[ Random task structure was generated for _
each experiment mzl,l,li}/:(g?.e:gse;;eo -~ : izati ! 10 Agent CN Organization ! 12 Agent CN Organization | 14 Agent CN Organization
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