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Abstract: The self-adaptation to the environmental changes is one of the key issues of organization-based
multi-agent systems. Dynamic reorganization of organizational structures provides an effective approach for
multi-agent systems to realize organizational objectives flexibly. Based on the structural characteristics of agent
organizations, this paper presents a single-rooted hierarchical graph model describing social structure, role
enactment and agent coordination of the organizational structures. This model decreases effectively the complexity
of reorganization for large-scale agent organizations by maintaining their structural elements based on the single-
rooted and hierarchical graph approach. It formalizes the reorganization process of agent organizational structures
by extending the algebraic graph transformation with the DPO (double-pushout) approach. In this formal
specification, the single-rooted hierarchical graphs characterize different states of organizational structures and the
derivation sequences of transformation rules formulate the transition process of organizational structures. Finally,
the experimental results on reorganization simulation and matching algorithm of organization transformation rules
indicate that this hierarchical graph transformation approach defines formally the reorganization process of agent
organizations, and supports the graph-based design of organizational elements during the reorganization process and
the reorganization computation of large-scale agent organizations.

Key words: dynamic reorganization mechanism; organizational structure; multi-agent system; hierarchical graph

transformation; single-rooted hierarchical graph
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Agent , :
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Agent , Agent
, Agent
3 , :
2.2.5( ). Agent ,
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1 (arithmetic for organization graph rule application).

JAgent

Agent

Input: Initial organization graph G, = (G,ye: Gagent s Cassign) € L org s Araph rule r=(a, 8,7) e R,

Output: Set of organization graph Set,, < 7',

01. initialize morphism set of organization graph M ={}, Set,,, ={}
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02. construct the sets of morphisms: M, from at0 Grole; My, from gto G, by Algorithm 2
03. construct the set of morphisms: M, from yto G, by Algorithm 3
04. construct the set M of morphisms from r to G, : M <M o x M o000 X M i

05. for each meM do
06. ifm 2.3.1then M =M \{m} endif
07. end for

08. foreach m=(m,,,,m )eM do

agent ! massign

B Magent ' 7+ Massign ’
Gagent = Gagent ’ and Gassign = Gassign

10. construct G, = (G;ole'G;gem’G;\ssign) ' Setorg = SEtorg U{G‘t;rg}

org
11. end for
12. return Setyrg

09. apply C'\"role =Ml G

role !

,  Agent
,Agent . 3.1
Agent .
3.1. p=(LiK,jR), LK R , L
L :
1) 2.2.6 , L . Rset(L), 0,
L | Rset(L) | ] ;
2) | Rset(L) <k, k Kk ;
3) L veV, \Rset(L), uev,, (u,v)e E,  Lev(u) < Lev(v).
p .| Rset(L) |=1.
2 (arithmetic for graph rule match of directed acyclic graph).

Input: Initial directed acyclic graph G; graph rule p = (L,i,K, j,R)

Output: Set M of morphisms from L to G

01. initialize the layers of L with Definition 2.2.6, its root set Rset(L) and M = {}

02. construct partial morphisms only matching the nodes of Rset(L): M, ={M01].} with Mg ; as a morphism from
all root nodes in Rset(L) to G

03. foreach M, eM, do

04. for each root node & e Rset(L) do

05. set E, ={e;}with e, outgoing edge from 4

06. while any ee E, not matched do

07. if target node t(e) not matched then

08. extend My by the edge e and the node t(e) based on injective matching
09. E, < (E, \{e}) u{outgoing edges from t(e)}

10. else

11. extend My by the edge e based on injective matching, E, « E, \{e}
12. end if

13. end while

14. end for

15. M=MUM,;

16. end for

17. check each morphism in M with dangling and identification conditions of double-pushout rule
18. return M
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224 , ) ,
Agent . 3.2.

3.2. p=(LiK,]j,R), LK R , L L

1) 2.2.6 , L . Agent Rset(L),
0;

2) L 2, veV,_ \Rset(L), Lev(v)=1;
?3) eckE , ueRset(L),veV, \Rset(L), e=(u,v).

3 (arithmetic for graph rule match of bipartite graph).

Input: Initial bipartite graph G; graph rule p=(L,i,K, j,R)

Output: Set M of morphisms from L to G

01. initialize the layers of L with Definition 2.2.6, its root set Rset(L) and M = {}

02. construct partial morphisms only matching the nodes of Rset(L): M, ={M, ;} with M ; as a morphism from
all root nodes in Rset(L) to G

03. foreach M, ; eM, do

04. for each root node & e Rset(L) do

05. for each the node veV, \Rset(L) do

06. if v not matched then

07. if e=(4,v)eE_ and e not matched then

08. extend M, ; by the edge e and the node v based on injective matching
09. else

10. extend M, ; by the node v based on injective matching
11. end if

12. end if

13. end for

14. end for

15. M=MuUM,;

16. end for

17. check each morphism in M with dangling and identification conditions of double-pushout rule
18. return M
, :(1)
:(2)

: , G N, E, 2
A(N? + NE(N +E)), AN +E) . ,

O(N*(N +E)), O(N+E). 1 2 3

4
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