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Definition 1 (Environmental Inputs, E).

E = {〈e1, expr1〉, . . . , 〈en, exprn〉}

for 1 ≤ i ≤ n, where ei is an environmental feature, and expri is a mathematical
expression.

Definition 2 (Performance Requirements, Q).

Q = {〈q1, expr1〉 . . . , 〈qm, exprm〉}

for 1 ≤ j ≤ m, where qj is a requirement, and exprj is a mathematical expression.
exprj may be a function of the ei in E.

Definition 3 (Organizational Goal). An organizational goal g contains the following
fields:

Eg ⊆ E (see Definition 1); if g is a root goal, Eg = E.

Qg ⊆ Q (see Definition 2); if g is a root goal, Qg = Q.

TAL: the to-be-assigned list for g (see Definition 5); TAL = ∅ if g is not a leaf
goal.

parents: the list of goals that are parents of g in the goal tree

children: the list of goals that are the children of g.

Definition 4 (Goal Tree, T ). A goal tree T = (G, E) is a directed graph where G is
a set of organizational goals and E is the set of edges between them. An edge exists
between g1, g2 ∈ G iff g2 ∈ g1.children.

Definition 5 (To-Be-Assigned-List, TAL). The to-be-assigned-list, TAL, of an or-
ganizational goal g is a list of responsibilities that must be satisfied in order for g to be
satisfied.

Definition 6 (Leaf Goals, L). Let L = {g ∈ G|g.children = ∅} be the set of leaf
goals in goal tree T = (G, E).

Definition 7 (Goal Satisfaction). A leaf goal g is satisfied if agents bound to it perform
the responsibilities in g.TAL within the performance requirements. In the case of
conjunctive goals, a non-leaf goal is satisfied if all of its children are satisfied. In the
case of disjunctive goals, a non-leaf goal is satisfied if at least one of its children is
satisfied.
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Goal TAL
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SCAN.Eg = {E.(x, y), E.length, E.width, E.maxNewArrivals,

E.maxV elocity, E.vehicleWidth}
SCAN.Qg = {Q.detectDelay}

SCAN.TAL = {scanning}
SCAN.parents = {DETECT }
SCAN.children = ∅
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Definition 8 (Assignable-list, AL). An assignable-listAL of a role is a list of respon-
sibilities that the role when assigned to an agent is able to perform.

Definition 9 (Quality Function, qf ). Let qf : L → be a quality function of a role.
L is the set of leaf goals in the goal tree T . qf indicates how well the role achieves a
leaf goal g ∈ L.

Definition 10 (Role Constraints, K). Let K be a set of constraints for role r. Each
constraint is a pair 〈k, R〉 where k is a tuple of variables andR is a relation. Note that
the elements of k may themselves be functions of the fields of the goal g that the role is
bound to.

Definition 11 (Application-Level Role). An application-level role is an atemporal
activity description defined by the following fields:

• an assignable-list AL

• a quality function qf

• a set of requirement functionsK

Definition 12 (Application-Level Roles). R = {r1, r2, . . . rnr} is the set of
application-level roles supplied by the developer where nr is the number of
application-level roles supplied.

Definition 13 (Communication Graph). Let C = (L, V ) be the communication
graph. L is the set of leaf goals in goal tree T , and V is the set of edges. An edge
(u, v) exists if information must flow from goal u to goal v.

Definition 14 (Agent). An agent a is defined by the following fields:

• a set of pairs φ = {〈f1, v1〉, . . . 〈fn, vn〉} of features and their values. fi, 1 ≤
i ≤ n, is the feature and vi is its value. An example is the x-coordinate of the
agent’s location along with its value.

• a set CAP = {〈c1, v1〉 . . . , 〈cm, vm〉} of capabilities. cj 1 ≤ j ≤ m is a
capability and vj ∈ R is its value.

• a set of triples ρ = {〈r1, d1, m1〉, . . . , 〈rn, dn, mn〉}. ri, 1 ≤ i ≤ n, is a role
that the agent is able to play. di is an abstract view of ri’s demand on the agent’s
resources called the percent drain caused by ri. mi is the number of messages
per time the agent sends during its operational performance of r i (mi may be a
function).
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.&- *9 )(&"-4 E&05#0.1"( -B)- 0#%& $B&" *#,"' -# ) (#)%D d#0 1"4-)">&; ) 0#%& >#"4-0)1"-
5#0 G+3+G8<+VVaG 14

〈〈ScanFrequency(SCAN),
1

SCAN.Qg.DetectDelay
〉,≥〉

$B1>B $& $01-& .#0& 4,>>1">-%9 )4

ScanFrequencyRS(SCAN) ≥ 1
Q.DetectDelay

UeW

+4 4B#$" 1" d1(,0& 11; $B&" G+3+G8<+VVaG 14 *#,"' -# 8<+V; -B& 0#%& >#"7
4-0)1"- 5#0 G+3+G8<+VVaG (1A&" -B& A)%,& #5 Q.DetectDelay '&-&0.1"&4 B#$
#5-&" -B& 0&(1#" .,4- *& 4>)""&' -# (,)0)"-&& A&B1>%& '&-&>-1#"4 $1-B1" -B& )>>&E-)*%&
-0)>: '&%)9D FB14 14 1.E#0-)"- *&>),4& 1- 4E&>1!&4 "#- #"%9 $B)- 1"'1A1',)% )(&"-4 .,4-
'#; *,- )%4# $B)- -B& >#.*1"&' *&B)A1#0 #5 ) (0#,E #5 )(&"-4 .,4- *& 15 "# 41"(%& )(&"-
B)4 -B& >)E)*1%1-1&4 -# E&05#0. -B& 0#%& 1"'1A1',)%%9D O" #-B&0 $#0'4; )"9 >##0'1")-1#"
.&>B)"14. ,4&' -# >##0'1")-& -B& )(&"-4 E&05#0.1"( -B& 0#%& ]#1"-%9 4B#,%' &"4,0& -B)-
-B& (0#,E *&B)A1#0 .&&-4 -B& 0&T,10&.&"-4 4E&>1!&' *9 -B& 0&T,10&.&"- 5,">-1#"4D
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+ 0#%& >#"4-0)1"- 5#0 d/<@8a3G+3+G 14 )4 5#%%#$4R

numRequiredFS(UPDATE) ≥ 3 UMW

FB14 4E&>1!&4 -B)- d/<@8a3G+3+G 5#0 -B& ,E')-& (#)% 0&T,10&4 )- %&)4- -B0&& )(&"-4
$#0:1"( 1" >#"],">-1#" -# E&05#0. -B& 0#%&D FB& 0&)4#" 14 -B)- -B0&& 4&"4#0 0&)'1"(4
)0& "&>&44)09 -# -01)"(,%)-& -B& E#41-1#" #5 ) A&B1>%&D V#-& -B)- -B14 '#&4 "#- 4E&>159
-B& ",.*&0 #5 )(&"-4 -B)- $1%% ,%-1.)-&%9 *& )441("&' -# -B& d/<@8a3G+3+G 0#%&D
FB& )441(".&"- #5 )(&"-4 -# 0#%&4 14 '&E&"'&"- #" -B& >)E)*1%1-1&4 #5 -B& )(&"-4 1" -B&
)(&"- E#E,%)-1#"D aT,)-1#" M 4E&>1!&4 -B)- 5#0 -B& 0&(1#" >#A&0&' *9 )" )(&"- E%)91"(
-B& d/<@8a3G+3+G 0#%&; )- %&)4- -$# #-B&0 )(&"-4 4B#,%' *& )441("&' -# -B)- 0#%&
1" -B& 4).& )0&)D

O" #-B&0 '#.)1"4; 1- .)9 *& -B& >)4& -B)- #"%9 ) 4E&>1!> ",.*&0 #5 )(&"-4 14 )%%#$&'
-# *& *#,"' -# ) 0#%&D + 0&T,10&.&"- 5,">-1#" >#,%' *& ,4&' -# 4E&>159 -B14 )4 $&%%D +4
"#-&' )*#A&; $& '# "#- 4E&>159 )" #"-#%#(9 -B)- '14-1"(,14B&4 -B& -9E&4 #5 0&T,10&.&"-
5,">-1#"4D G)-B&0; 1" -B& 1.E%&.&"-)-1#" #5 -B& p)A) >%)44 5#0 ) E)0-1>,%)0 0#%&; -B&
'&A&%#E&0 E0#A1'&4 >#'& -B)- '&-&0.1"&4 15 -B& 0#%& >#"4-0)1"-4 )0& 4)-14!&'D

d1")%%9; $& "#-& -B)- !P7/GQ .):&4 ) 4B)0E '14-1">-1#" *&-$&&" 0#%&4 )"' (#)%4
41">& 1- .)9 *& E#441*%& -B)- .,%-1E%& 0#%&4 )0& 4,1-)*%& 5#0 )>B1&A1"( -B& 4).& (#)%D
O" ) '14-01*,-&' 4&"4#0 "&-$#0:; 5#0 1"4-)">&; *#-B %#$ 0&4#%,-1#" )"' B1(B 0&4#%,-1#"
4>)""1"( 0#%&4 .)9 *& )A)1%)*%& -# 4)-1459 -B& (#)% #5 4>)""1"( 5#0 "&$ A&B1>%&4D `#$7
&A&0; '&E&"'1"( #" -B& >)E)*1%1-1&4 #5 -B& )(&"-4 1" -B& &"A10#".&"-; -B& 0&%)-1A& >#4-
#5 E&05#0.1"( &)>B 0#%&; -B& '0)1" #" -B& 0&4#,0>&4 #5 -B& )(&"-4 E&05#0.1"( -B& 0#%&4
U$B1>B )55&>-4 -B& )(&"-4[ )*1%1-1&4 -# E&05#0. #-B&0 0#%&4W; &->D; #"& 0#%& .)9 *& .#0&
)EE0#E01)-& -B)" )"#-B&0 1" ) (1A&" 41-,)-1#"D X&; -B&0&5#0&; .)1"-)1" -B& '14-1">-1#"
*&-$&&" 0#%&4 )"' (#)%4 41">& $B1>B 0#%& 14 *#,"' -# ) (#)% .)9 >B)"(& 50#. #"&
4>&")01# -# -B& "&S-D

Communication Graph O" )''1-1#" -# 4E&>1591"( ) (#)% -0&& )"' 0#%&4 -# 4)-1459 -B&
%&)A&4; 1- 14 "&>&44)09 -# 4E&>159 B#$ 1"5#0.)-1#" 14 -# "#$ ).#"( (#)%4 41">& >&0-)1"
(#)%4 0&T,10& 1"5#0.)-1#" 50#. #-B&04D X& 0&E0&4&"- 4,>B 0&%)-1#"4B1E4 )4 ) '10&>-&'
>#..,"1>)-1#" (0)EB U3&5D 1K; d1(D IWD

FB& '#--&' &'(&4 *&-$&&" (#)%4 1" d1(,0& e 4B#$ -B& &'(&4 1" -B& >#..,"1>)-1#"
(0)EB 5#0 #,0 38VD +" &'(& *&-$&&" -$# %&)5 (#)%4 1"'1>)-&4 -B)- $B&" )(&"-4 )0&
*#,"' -# -B#4& (#)%4 1"5#0.)-1#" .,4- *& &S>B)"(&' *&-$&&" -B& )(&"-4D `#$&A&0; -B&
&'(& '#&4 "#- 1"'1>)-& $B&-B&0 )%% )(&"-4 *#,"' -# #"& 0#%& $1%% &S>B)"(& 1"5#0.)-1#"
$1-B )%% )(&"-4 *#,"' -# -B& #-B&0 #0 15 #"%9 4,*4&-4 #5 -B& )(&"-4 $1%% >#..,"1>)-&
$1-B &)>B #-B&0D FB14 '&-&0.1")-1#" 14 .)'& $B&" -B& '&41(" E0#>&44 *1"'4 )(&"-4 -#
-B& (#)%4 U4&& 8&>-1#" KDN 5#0 '&-)1%4 #" B#$ )(&"-4 )0& *#,"' -# (#)%4WD

d#0 &S).E%&; )" &'(& &S14-4 1" -B& >#..,"1>)-1#" (0)EB 1" d1(,0& e 50#. 8<+V
-# =aGOdoD +44,.& -B)- -B& G+3+G8<+VVaG )"' =aGOdOaG 0#%&4 )0& *#,"' -#
-B&4& (#)%4 0&4E&>-1A&%9D +%4# )44,.& -B)- -B& )(&"-4 1" 4&- A1 )0& &)>B *#,"' -#
-B& G+3+G8<+VVaG 0#%& )"' -B)- -B#4& 1" A2 )0& *#,"' -# =aGOdOaGD 81">& -B&
8<+V (#)% 14 4E)-1)% 1" >B)0)>-&0; "#- &A&09 )(&"- 1" A1 "&>&44)01%9 "&&'4 -# 4&"'
1"5#0.)-1#" -# &A&09 )(&"- 1" A2D F# 0&E0&4&"- -B14; -B& E)0).&-&04 #5 &)>B 4E)-1)%%9
'&!"&' (#)% 4E&>159 -B& )0&) 5#0 $B1>B -B& (#)% 14 0&4E#"41*%&D O"1-1)%%9; 1" -B& >)4& #5

1e



8<+V; -B14 14 -B& >#.E%&-& 0&(1#" -# *& .#"1-#0&'D +4 $& $1%% 4&& *&%#$; )5-&0 -B&
0&4E#"41*1%1-1&4 #5 ) 0#%& *#,"' -# ) 4E)-1)% (#)% )0& '14-01*,-&' ).#"( ) 4&- #5 )(&"-4;
&)>B )(&"- *#,"' -# -B& 0#%& *&>#.&4 0&4E#"41*%& 5#0 ) 4,*0&(1#" #5 -B& $B#%&D FB14
14 0&E0&4&"-&' 1" -B& E)0).&-&012)-1#" #5 -B& 0#%& -B& )(&"- 14 *#,"' -# )5-&0 -B)- 0#%& 14
4E%1-D +" )(&"- *#,"' -# 4,>B ) 4E%1- 0#%& $1%% -B&" 4&"' 1"5#0.)-1#" -# )"#-B&0 )(&"-
*#,"' -# ) '155&0&"- 0#%& 15 )" &'(& &S14-4 *&-$&&" -B& (#)%4 1" -B& >#..,"1>)-1#"
(0)EB )"' -B& 4,*0&(1#"4 4E&>1!&' 5#0 &)>B )(&"-[4 0#%& #A&0%)ED

X& 4&& )" &S).E%& #5 0&4E#"41*1%1-9 5#0 4E%1- 0#%&4 1" d1(,0& N $B&0& +(&"- 8NJ 14
0&4E#"41*%& 5#0 4>)""1"( 1" -B& 4,*0&(1#" $1-B -B& -#E7%&5- >#0"&0 )- >##0'1")-&4 UMNDe;
KNDeW )"' ) %&"(-B )"' $1'-B #5 5#0-9 5&&- &)>B $B1%& 1- 14 0&4E#"41*%& 5#0 5,41"( ')-)
E&0-)1"1"( -# -B& )0&) $1-B -#E7%&5- >#0"&0 )- UJe;MHW )"' %&"(-B Je 5&&- )"' $1'-B KH
5&&-D +4 E)0- #5 1-4 G+3+G8<+VVaG 0#%&; 8NJ 4&"'4 1"5#0.)-1#" -# +(&"- 8NN $B1>B
)>-4 )4 -B& =aGOdOaG 0&4E#"41*%& 5#0 -B& )0&) &">#.E)441"( 8NJ[4 4>)""1"( )0&)D

/"& >#,%' )%-&0")-1A&%9 A1&$ 1"5#0.)-1#" )4 "&&'1"( -# "#$ *&-$&&" 0#%&4 0)-B&0
-B)" (#)%4 )4 1" $#0: *9 A)" '&" P0#&: YK\ZD `#$&A&0; 41">& 1" -B& !P7/GQ 50).&7
$#0: .,%-1E%& 0#%&4 .)9 *& ,4&' -# 4)-1459 -B& 4).& (#)% $& !"' 1- .#0& (&"&0)% -#
4E&>159 B#$ 1"5#0.)-1#" 14 -# "#$ *&-$&&" (#)%4 )"' -# %&- -B& 1"5#0.)-1#" "#$ *&7
-$&&" 0#%&4 *& '&01A&' )>>#0'1"(%9D 8-1%%; 1- 14 1.E#0-)"- -# 0&>#("12& -B)- '155&0&"- 0#%&4
*#,"' -# -B& 4).& (#)% .)9 "#- 0&T,10& -B& 4).& ).#,"- #5 >#..,"1>)-1#" $B&" -B&9
)0& &")>-&' *9 )(&"-4D FB& ).#,"- #5 >#..,"1>)-1#" 0&T,10&' *9 ) 0#%& 14 4E&>1!&' 1"
-B& )(&"-[4 >B)0)>-&012)-1#" )4 4&&" *&%#$D

Agents FB& >B)0)>-&012)-1#" #5 )" )(&"- U3&5D 1J; d1(D IW >#"-)1"4 )(&"-74E&>1!>
5&)-,0&4 4,>B )4 ").& )"' %#>)-1#"; >)E)*1%1-1&4 4,>B )4 -B& 0)'1,4 #5 ) 0)')0[4 4>)""1"(
)0&);e -B& 0#%&4 -B& )(&"- 14 )*%& -# E%)9 )%#"( $1-B -B& '0)1" #" -B& )(&"-[4 0&4#,0>&4
>),4&' *9 -B)- 0#%& )"' -B& ",.*&0 #5 .&44)(&4 E&0 -1.& -B& )(&"- 4&"'4 ',01"( 1-4
#E&0)-1#")% E&05#0.)">& #5 -B& 0#%&D M d#0 &S).E%&; -B& '&!"1-1#" #5 )" )(&"- 5#0 -B&
38V 14 4B#$" *&%#$D d#0 >%)01-9; $& '# "#- 1">%,'& )%% 0#%&4 )"' >)E)*1%1-1&4D

eO" -B14 $#0:; $& )44,.& &)>B )(&"- B)4 ) !"1-& 4&- #5 >)E)*1%1-1&4 )"' 14 )*%& -# )>T,10& -B& 0&4#,0>&4
"&&'&' -# E&05#0. ) 0#%& 15 1- B)4 -B& >)E)*1%1-1&4 -# E&05#0. -B)- 0#%&D

MFB14 $#0: )44,.&4 ) 5)10%9 >#)04&7(0)1"&' >#..,"1>)-1#" .#'&%D XB&" ) 0#%& 14 4E%1- ).#"( ) (0#,E #5
)(&"-4; -B& ",.*&0 #5 -)4:4 E&05#0.&' )"' .&44)(&4 4&"- *9 &)>B )(&"- 14 :"#$"D d1"&07(0)1"&' .#'&%4 )0&
)%4# E#441*%&D d#0 &S).E%&; #"& >#,%' '1A1'& -B& .&44)(&4 4&"- *9 )" )(&"- &")>-1"( ) E)0-1>,%)0 4E%1- 0#%&
)>>#0'1"( -# -B& #-B&0 0#%&4 -B& )(&"- 4&"'4 1"5#0.)-1#" -#D d,0-B&0.#0&; 1" -B14 $#0:; $& )44,.& -B)- -B&
>#..,"1>)-1#" 0&T,10&' *9 )" )(&"- &")>-1"( #"& 0#%& 14 1"'&E&"'&"- #5 -B& #-B&0 0#%&4 -B& )(&"- 14 E%)91"(D
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Detect

Scan

Verify

Handle

RADAR-
SCANNER

VERIFIER

HANDLER

d1(,0& nR 8,*-0&& #5 -B& (#)% -0&& 1" d1(,0& e $1-B 0#%&4 *#,"' -# &)>B %&)5 (#)%D

φ = {〈name, S1〉, 〈xloc, 7.5〉, 〈yloc, 7.5〉}
CAP = {〈radarRadius, 20〉, 〈radarScanRate, 0.25〉,

〈focusedscanrate, 0.75〉, 〈comRange, 600〉, . . .}
ρ = {〈RADARSCANNER, 0.2,

π × CAP.radarRadius2

E.length× E.width
E.maxNewArrivals〉,

〈FOCUSEDRADAR, 0.3,

π × CAP.radarRadius2

E.length× E.width

E.maxTracks

Q.trackUpdateInterval
〉,

. . . }

FB14 '&!"1-1#" 4B#$4 -B)- -B& )(&"-[4 ").& 14 S1 )"' B)4 )" US;9W %#>)-1#" #5 UIDe;
IDeW 1" -B& 0&>-)"(,%)0 0&(1#" -# *& .#"1-#0&' *9 -B& 38VD O- 4B#$4 ) 4,*4&- #5 1-4 >)E)7
*1%1-1&4 )"' -B& -01E%&4 5#0 -$# #5 1-4 0#%&4; G+3+G8<+VVaG )"' d/<@8a3G+3+G
$B1>B 0&T,10& NHq )"' KHq #5 -B& )(&"-[4 0&4#,0>&4 0&4E&>-1A&%9D FB& ",.*&0 #5 .&47
4)(&4 E&0 -1.& -B)- -B& )(&"- 4&"'4 1" 1-4 0#%& )4 ) G+3+G8<+VVaG 14 >#.E,-&' *9
.,%-1E%91"( -B& 50)>-1#" #5 -B& -#-)% )0&) -B)- -B& )(&"- 14 )*%& -# ^4&&_ *9 -B& .)S1.,.
",.*&0 #5 "&$ A&B1>%& )001A)%4 E&0 -1.&D FB& ",.*&0 #5 .&44)(&4 4&"- E&0 -1.& *9 -B&
)(&"- 1" 1-4 d/<@8a3G+3+G 0#%& 14 >#.E,-&' *9 .,%-1E%91"( -B& 4).& 50)>-1#" *9
-B& .)S1.,. ",.*&0 #5 -0)>:4 1" -B& &"A10#".&"- )"' '1A1'1"( 1- *9 -B& 0&T,10&' -1.&
1"-&0A)% *&-$&&" -0)>: ,E')-&4D

3.2 Application-Role Binding
8&>-1#" KD1 '&4>01*&' -B& 1"E,- -B)- -B& '&A&%#E&0 E0#A1'&4 1" -B& >#"!(,0)-1#" !%&4 #5
-B& ),-#.)-&' '&41("&0D X& "&S- '&4>01*& B#$ -B& !P7/GQ '&41(" E0#>&44 !04- ,4&4
-B)- 1"5#0.)-1#" -# E&05#0. )EE%1>)-1#"7%&A&% *1"'1"(4 #5 0#%&4 -# (#)%4 )"' -B&" )(&"-4
-# -B& 0#%&4 -B)- B)A& *&&" *#,"' -# (#)%4D
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Definition 15 (Role-Goal Binding). A role-goal binding, rgb, is defined by the fol-
lowing fields:

• a role r ∈ R

• a leaf goal g ∈ L such that g.TAL ⊆ r.AL

• a set K ′ of constraints that must be satisfied. K ′ consists of all constraints in
r.K with specific values provided for all variables.

Definition 16 (Role-Goal-Binding Set). RGB = {rgb1, rgb2, . . . , rgbnrgb} is the
set of application-level role-goal-bindings determined by the KB-ORG design process
where nrgb = |RGB].

Definition 17 (Role-Goal-Agent Binding). A role-goal-agent binding is defined by
the following fields:

• the role-goal binding, rgb, the agent is bound to where the fields of rgb.g.E g are
modified to reflect that agent’s area of responsibility.

• a set toRoles = {tr1, . . . , trn} of role types that the agent sends information
to in the fulfillment of its role-goal binding. tri ∈ R for 1 ≤ i ≤ n where
n = |toRoles|.

• a set toAgents = {〈tr1, {a1, . . . antr1
}〉, . . . , 〈trn, {a1, . . . antrn

}〉}. tri ∈
toRoles, 1 ≤ i ≤ n, where n = |toRoles| and ntri is the number of agents
playing tri to which the agent sends information.

• a set fromRoles = {fr1, . . . , frn} of role types that the agent sends informa-
tion to in the fulfillment of its role-goal binding. fr i ∈ R for 1 ≤ i ≤ n where
n = |fromRoles|.

• a set fromAgents = {〈fr1, {a1, . . . anfr1
}〉, . . . , 〈frn, {a1, . . . anfrn

}〉}.
fri ∈ fromRoles, 1 ≤ i ≤ n, where n = |fromRoles| and nfri is the
number of agents playing fri from which the agent receives information

• a Boolean flag T . If true, T indicates that the binding is a teaming assignment.
Otherwise, the binding is not. Teams are described in Section 3.4.

d1(,0& 1HR 3&!"1-1#"4 E&0-)1"1"( -# )EE%1>)-1#"7%&A&% 0#%& *1"'1"(4
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Scan

RADAR-
SCANNER

Requirement
Function Scan Freq.

1 per 3s

d1(,0& 11R G+3+G8<+VVaG[4 0&T,10&.&"- 5,">-1#" (&"&0)-&4 -B& 4>)" 50&T,&">9
0&T,10&.&"- 5#0 -B& G+3+G8<+VVaG→8<+V *1"'1"(D

Binding Application Roles to Goals X1-B -B& 1"E,- '&4>01*&' 1" 8&>-1#" KD1; -B&
!P7/GQ '&41(" E0#>&44 )--&.E-4 -# )441(" )EE%1>)-1#"7%&A&% 0#%&4 -# #0()"12)-1#")%
%&)5 (#)%4 -# 5#0. 0#%&7(#)% *1"'1"(4 U3&5D 1e; d1(D 1HWD +4 '14>,44&' 1" 8&>-1#" KD1;
)"9 0#%& $B#4& AL >#"-)1"4 ) (#)%[4 TAL .)9 *& *#,"' -# -B)- (#)% $B1%& -B& T,)%1-9
5,">-1#"4 #5 0#%&4 B&%E #0'&0 )"' %1.1- -B& 4&)0>B 5#0 $B1>B 0#%&4 -# 4&%&>- 5#0 (#)%4D
d1(,0& n 4B#$4 ) 4,*-0&& #5 -B& #0()"12)-1#")% (#)% -0&& 1" #,0 38V &S).E%& $1-B
#"& 0#%& *#,"' -# &)>B %&)5 (#)%D O" -B14 >)4& G+3+G8<+VVaG $)4 >B#4&" #A&0
d/<@8a3G+3+G -# *& *#,"' -# -B& (#)% 8<+V *&>),4&; )4 aT,)-1#"4 1 )"' K
1"'1>)-&; G+3+G8<+VVaG[4 T,)%1-9 5,">-1#" 14 B1(B&0 5#0 8<+VD

P1"'1"( ) 0#%& -# ) (#)% E0#',>&4 >#"4-0)1"-4 #" -B& E&05#0.)">& #5 -B& 0#%& )4
4E&>1!&' *9 -B& 0#%&[4 4&- #5 >#"4-0)1"-4; K U0&>)%% 3&!"1-1#"4 1H )"' 11WD +4 aT,)7
-1#" e )"' d1(,0& 11 4B#$; 15 -B& G+3+G8<+VVaG→8<+V *1"'1"( 14 1"4-)"-1)-&';
G+3+G8<+VVaG[4 )EE%1>)-1#"7%&A&% 0#%& >#"4-0)1"- &T,)-1#" (&"&0)-&4 -B& 4>)" 50&7
T,&">9 "&>&44)09 -# .&&- -B& E&05#0.)">& 0&T,10&.&"- #" "&$ A&B1>%& '&-&>-1#"4D d#0
&S).E%&; $B&" G+3+G8<+VVaG 14 *#,"' -# 8<+V ,"'&0 -B& E&05#0.)">& 0&T,10&7
.&"-4 4B#$" 1" d1(,0& K; -B& 0&4,%-1"( 0#%&7(#)% *1"'1"(; rg 14 '&!"&' *9

rg.r = RADARSCANNER UIW
rg.g = SCAN U\W

rg.K ′ = {〈ScanFrequencyrs(SCAN) ≤ 1
3
sec〉} UnW
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Definition 18 (Coordination Goal). A coordination goal cg is a goal not in the origi-
nal goal tree that is generated when an application-level role is split among a set A of
agents such that |A| > 1. cg is defined by the fields:

• RGAs which is the set of all role-goal-agent bindings associated with the role
that has been split.

• TAL which is as defined in Definition 3.

Definition 19 (Coordination Role). A coordination role is defined identically to an
application-level role (see Definition 11).
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3.4 Designing Organizations to Facilitate Teaming
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4 Knowledge-Based Search and Design Suitability
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Definition 20 (Organization). An organization O within the KB-ORG framework is
defined by the following fields:

• a goal tree, gt, with leaf goals L,

• environmental inputs, E,

• a set, Q, of performance requirements,

• a set, R, of application-level roles available to the organization,

• a communication graph, COM ,

• a set, A, of agent descriptions,

• a set, RGB, of both application-level and coordination-level role-goal bindings,

• a set, RGAB, of both application-level and coordination-level role-goal-agent
bindings,

• a set, CR, of coordination roles available to the organization
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Algorithm 1 #0()"12)-1#"8&)0>B
1R INPUT: +" #0'&0&' %14- C #5 >)"'1')-& E)0-1)% #0()"12)-1#"4
NR RETURNS: +" #0()"12)-1#" -B)- .&&-4 -B& 0&T,10&.&"-4 #0 "1% 15 #"& >)""#- *&

5#,"'D
KR if C = ∅ then
JR c ← )" &.E-9 >)"'1')-& #0()"12)-1#"D
eR E,4B c #"-# C
MR 0&-,0" organizationSearch(C)
IR else
\R for i = 0 -# C.length− 1 do
nR E ← expandCandidate(C[i])

1HR if E ,= ∅ then
11R 4#0- E )>>#0'1"( -# ,-1%1-9 5,">-1#" 1" +%(#01-B. J
1NR if E [0] 14 ) >#.E%&-& #0()"12)-1#" then
1KR 0&-,0" E [0]
1JR else
1eR 0&-,0" organizationSearch(E)
1MR end if
1IR end if
1\R end for
1nR 0&-,0" "1%
NHR end if
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)()1" >)%%&' 0&>,041A&%9 #" E D

O" 4B#0-; +%(#01-B. 1 !04- &SE)"'4 -B& 1"1-1)% &.E-9 >)"'1')-& -# (&"&0)-& )" #07
'&0&' %14- #5 >)"'1')-&4 $1-B )EE%1>)-1#"7%&A&% 0#%&7(#)% *1"'1"(4D O- -B&" &SE)"'4
-B& .#4- B1(B%9 0)-&' #5 -B&4& -# (&"&0)-& )"#-B&0 #0'&0&' %14- #5 >)"'1')-&4 $1-B
)EE%1>)-1#"7%&A&% 0#%&7(#)%7)(&"- *1"'1"(4 5#0 &A&09 )EE%1>)-1#"7%&A&% 0#%&7(#)% *1"'7
1"(D V&S-; 1- &SE)"'4 -B& .#4- B1(B%9 0)-&' #5 -B&4& -# (&"&0)-& )" #0'&0&' %14- -B)- B)4
>##0'1")-1#" 0#%&7(#)% *1"'1"(4 5#0 &A&09 4&- #5 0#%&7(#)%7)(&"- *1"'1"(4 -B)- >#"414-4
#5 .#0& -B)" #"& )(&"-D FB& E0#>&44 >#"-1",&4 -# (&"&0)-& ) %14- #5 >)"'1')-&4 $1-B
>##0'1")-1#"70#%&7(#)%7)(&"- *1"'1"(4 ,"-1% 1- !"'4 ) >)"'1')-& $1-B )%% 0&T,141-& *1"'7
1"(4D O5 )- )"9 E#1"- )%#"( -B& $)9; -B& 4&)0>B >)""#- &SE)"' ) >)"'1')-&; &1-B&0 -B&
"&S- B1(B&4- 0)-&' 41*%1"( >)"'1')-& 14 &SE)"'&' #0 -B& "&S- >)"'1')-& 1" -B& E0&A1#,4
%&A&% #5 0&>,041#" 14 &SE)"'&'D FB14 >#"-1",&4 &1-B&0 ,"-1% #"& #0 .#0& >#.E%&-& #0()7
"12)-1#" >)"'1')-&4 )0& 5#,"' #0 ,"-1% -B& )%(#01-B. '&-&0.1"&4 -B)- "# >)"'1')-&4 -B)-
.&&- -B& 0&T,10&.&"-4 >)" *& 5#,"'D FB14 E0#A1'&4 ) %&A&% #5 *)>:-0)>:1"( -# )>>#,"-
5#0 -B& 5)>- -B)- 1"1-1)% *1"'1"( >B#1>&4 .)9 %&)' -# ) >)"'1')-& #0()"12)-1#" 1" $B1>B "#
)(&"- (1A&" 1-4 >,00&"- 4&- #5 0#%&4 )"' >)E)*1%1-1&4 >)" 4)-1459 -B& 0&.)1"1"( 0&4E#"417
*1%1-1&4D d#0 1"4-)">&; )%-B#,(B -B& T,)%1-9 5,">-1#"4 1"'1>)-& -B)- G+3+G8<+VVaG
14 -B& *&--&0 0#%& -# *1"' -# -B& (#)% 8<+V; 1" 4#.& 1"4-)">&4 -B14 .)9 "#- *& -B& 01(B-
>B#1>&D +%-B#,(B #"& 0#%& .)9 1"1-1)%%9 )EE&)0 *&4- $B&" *1"'1"( 0#%&4 -# (#)%4; #-B&0

N\



5)>-#04 .)9 ,%-1.)-&%9 >),4& )"#-B&0 0#%& -# *& >B#4&"D FB& )(&"-4 -B)- )0& )*%& -#
E&05#0. -B& B1(B&4- T,)%1-9 0#%& .)9 B)A& -B&10 0&4#,0>&4 '&A#-&' -# E&05#0.1"( #-B&0;
.#0& 1.E#0-)"- 0#%&4D 8-1%%; &A&" $1-B -B14 E#441*1%1-9; #,0 1"-,1-1#" 14 -B)- -B& ,4& #5
T,)%1-9 5,">-1#"4 0&4,%-4 1" 4&)0>B&4 -B)- )0& T,1>:&0 -B)" &SB),4-1A& 4&)0>B1"( 41">& )4
`#0%1"( 4B#$&' 4&)0>B1"( 5#0 )" #0()"12)-1#" 14 Vabc7>#.E%&-& Y1IZD

Algorithm 2 &SE)"'<)"'1')-&
1R INPUT: c ) E)0-1)% #0()"12)-1#" >)"'1')-&
NR RETURNS: ) %14-; L; #5 E)0-1)% #0 >#.E%&-& 4,>>&44#0 #0()"12)-1#" >)"'1')-&4
KR L ← ∅
JR if c '#&4 "#- B)A& 0#%&7(#)%7*1"'1"(4 5#0 )%% %&)5 (#)%4 1" 1-4 (#)% -0&& then
eR {Q&"&0)-& ) 4,>>&44#0 >)"'1')-& 5#0 &A&09 E#441*%& >#.*1")-1#" #5 0#%&7(#)%7

*1"'1"(4 5#0 -B& %&)5 (#)%4 $1-B#,- 0#%&7(#)% *1"'1"(4}
MR L ← generateAllRoleGoalBindings(c)
IR else if c '#&4 "#- B)A& 0#%&7(#)%7)(&"-7*1"'1"(4 5#0 )%% 0#%&7(#)%7*1"'1"(4 then
\R {Q&"&0)-& ) %1.1-&' ",.*&0 #5 >)"'1')-&4 $1-B 0#%&7(#)%7)(&"- *1"'1"(4D}
nR L ← generateRoleGoalAgentBindings(c)

1HR {generateRoleGoalAgentBindings(c) (&"&0)-&4 >##0'1")-1#" (#)%4 5#0 &)>B
0#%&7(#)%7*1"'1"( 4E%1- ).#"( .#0& -B)" #"& )(&"-D}

11R end if
1NR 0&-,0" L

Algorithm 3 (&"&0)-&G#%&Q#)%+(&"-P1"'1"(4
1R INPUT: c ) E)0-1)% #0()"12)-1#" >)"'1')-& $1-B 0#%&7(#)% *1"'1"(4 5#0 &A&09 %&)5

(#)% 1" -B& (#)% -0&&
NR RETURNS: ) %14- L; #5 4,>>&44#0 >)"'1')-&4 $1-B 0#%&7(#)%7)(&"- *1"'1"(4 5#0

&)>B 0#%&7(#)% *1"'1"(D
KR for all rg ∈ c.rg do
JR @-1%12& :"#$%&'(& U4&& F)*%& 1W -# E#E,%)-& L $1-B 4,>>&44#04 -B)- >#"-)1" 0#%&7

(#)%7)(&"- *1"'1"(4D
eR d#0 &)>B 0#%&7(#)%7)(&"- *1"'1"( (&"&0)-&'; 15 1- >#"414-4 #5 .#0& -B)" #"& )(&"-;

)'' ) >##0'1")-1#" (#)% )44#>1)-&' $1-B 1- -# -B& (#)% -0&&D
MR end for

X& "#$ 0&-,0" -# -B& '&-)1%4 #5 expandcandidate 1" +%(#01-B. ND FB14 5,">-1#"
*&B)A&4 %1:& ) !"1-& 4-)-& .)>B1"&D O5 -B& >)"'1')-& E0#A1'&' )4 1"E,- '#&4 "#- B)A&
0#%&7(#)% *1"'1"(4 5#0 )%% %&)5 (#)%4 1" 1-4 (#)% -0&& U%1"& JW; expandCandidate (&"&07
)-&4 ) 4,>>&44#0 >)"'1')-& 5#0 &A&09 E#441*%& >#.*1")-1#" #5 0#%&7(#)% *1"'1"(4 5#0 -B&
,"*#,"' %&)5 (#)%4 )"' )''4 -B&4& 4,>>&44#0 >)"'1')-&4 -# -B& %14- LD FB& E4&,'#>#'&
5#0 -B& 5,">-1#" -B)- '#&4 -B14; generateAllRoleGoalBindings; 14 "#- 4B#$" *&>),4&
-B& E0#>&44 14 #*A1#,4D

O5 -B& >)"'1')-& #0()"12)-1#" E0#A1'&' -# expandCandidate '#&4 B)A& 0#%&7(#)%
*1"'1"(4 5#0 &A&09 %&)5 (#)%; *,- '#&4 "#- B)A& 0#%&7(#)%7)(&"- *1"'1"(4 5#0 &A&09 0#%&7
(#)% *1"'1"( U%1"& IW; expandCandidate >)%%4 +%(#01-B. K -# 4&- L -# ) %14- #5 >)"'17
')-& #0()"12)-1#"4 -B)- B)A& 0#%&7(#)%7)(&"- *1"'1"(4 5#0 &A&09 0#%&7(#)%7*1"'1"(D V#-&

Nn



Algorithm 4 ,-1%1-9
1R INPUT: ) >)"'1')-& #0()"12)-1#" c 4,>B -B)- c.rg ,= ∅
NR if -B&0& )0& 0#%&7(#)% *1"'1"(4 *,- "# 0#%&7(#)%7)(&"- *1"'1"(4 then
KR 0&-,0" ∑

rg∈c.RBG rg.qf

|c.RGB|
JR else if -B&0& 14 ) 0#%&7(#)%7)(&"- *1"'1"( 5#0 &A&09 0#%&7(#)% *1"'1"( then
eR 0&-,0" c.util $B&0& c.util 14 (1A&" *9 aT,)-1#" 1H
MR else
IR 0&-,0" ∑

rg∈c.rg rg.qf

|c.rg| + c.util

$B&0& c.util 14 (1A&" *9 aT,)-1#" 1H
\R end if

-B)- -# (&"&0)-& ) 4,>>&44#0 5#0 &A&09 E#441*%& >#.*1")-1#" #5 0#%&7(#)%7)(&"- *1"'1"(4
$#,%' *& >#.E,-)-1#")%%9 1"5&)41*%&D F# >#.*)- -B14 +%(#01-B. K ,-1%12&4 :"#$%&'(&
1" -B& #0()"12)-1#" '&41(" 5,">-1#"4 -# %1.1- -B& ",.*&0 #5 4,>>&44#0 >)"'1')-&4 $B&"
1- E#E,%)-&4 -B& %14- L 1" %1"& J #5 +%(#01-B. KD +4 '14>,44&' 1" 8&>-1#" KDN; 5#0 &S).E%&;
$B&" generateRoleGoalAgentBindings &">#,"-&04 -B& G+3+G8<+VVaG→8<+V
0#%&7(#)% *1"'1"(; 1- ,-1%12&4 -B& >#A&0)(& 5,">-1#" -# !"' ) 41"(%& 4&- #5 )(&"-4 4,>B
-B)- -B& 5#%%#$1"( >#"'1-1#"4 B#%'R

• aA&09 E#1"- 1" -B& 0&(1#" -# *& .#"1-#0&' >)" *& 4&&" *9 )- %&)4- K )(&"-4 )*%& -#
E%)9 -B& G+3+G8<+VVaG 0#%&D

• a)>B )(&"- 1" -B& 4&- )*#A& 14 )*%& -# 4>)" -B& )0&) 1- >)" A1&$ $1-B1" -B& 4>)"
50&T,&">9 '&-&0.1"&' *9 aT,)-1#" eD

+%(#01-B. K ,4&4 41.1%)0 :"#$%&'(& 5#0 -B& #-B&0 )EE%1>)-1#"7%&A&% 0#%&4D O" )''1-1#"; 1-
,4&4 :"#$%&'(& *)4&' #" >#..,"1>)-1#" %#)' )"' 4E)-1)% E0#S1.1-9 )4 $&%% )4 :"#$%7
&'(& #5 B#$ -# .,%-1E%&S 0#%&4D X& '14>,44 -B&4& *&%#$ )5-&0 '14>,441"( B#$ +%(#7
01-B. K (&"&0)-&4 >##0'1")-1#" (#)%4D

XB&" generateRoleGoalAgentBindings (&"&0)-&4 ) 4,>>&44#0 $1-B 0#%&7(#)%7
)(&"- *1"'1"(4 5#0 &)>B 0#%&7(#)% *1"'1"(; 1- )%4# (&"&0)-&4 ) >##0'1")-1#" (#)% 5#0
&)>B 0#%& -B)- 14 4E%1- ).#"( .#0& -B)" #"& )(&"-D O" #-B&0 $#0'4; 15 -B& 4&- #5 0#%&7
(#)%7)(&"- *1"'1"(4 5#0 ) E)0-1>,%)0 0#%&7(#)% *1"'1"( >#"-)1"4 .#0& -B)" #"& )(&"-;
generateRoleGoalAgentBindings )''4 ) "&$ >##0'1")-1#" (#)% 5#0 -B)- 4&- #5 *1"'7
1"(4 -# -B& (#)% -0&&D FB&0&5#0&; $B&" expandCandidate 14 >)%%&' #" ) >)"'1')-&
#0()"12)-1#" $1-B 0#%&7(#)%7)(&"- *1"'1"(4; *,- "# >##0'1")-1#" *1"'1"(4; -B& >#"'17
-1#" #" %1"& J #5 +%(#01-B. N 14 -0,& $B1>B >),4&4 >##0'1")-1#" 0#%&7(#)% *1"'1"(4 -#
*& (&"&0)-&'D 81.1%)0%9; #" -B& "&S- >)%% -# expandCandidate -B& >#"'1-1#" 1" %1"&
I $1%% B#%' )"' 0#%&7(#)%7)(&"- *1"'1"(4 5#0 >##0'1")-1#" 0#%&4 $1%% *& (&"&0)-&' *9
generateRoleGoalAgentBindingsD FB14 E0#>&44 >#"-1",&4 ,"-1% "# .#0& >##0'1")7
-1#" (#)%4 )0& (&"&0)-&'D

KH



!"#$%&'(& 8#,0>& c,0E#4&
r,)%1-9 d,">-1#"4 G&',>1"( ",.*&0 #5 0#%&7(#)% *1"'1"(4 &SE%#0&'
@-1%1-9 d,">-1#" F0)'&#55 '&>141#"4 )"' #0(D >)"'1')-& &A)%,)-1#"
G#%&78E&>1!> /3d4 ?1.1- -B& ",.*&0 #5 0#%&7(#)%7)(&"- *1"'1"(4D
6&44)(& 6,%-1E%&S1"( /3d G&',>1"( E&0>&1A&' >#..,"1>)-1#" %#)' #5 )" )(&"-
8E)-1)% E0#S1.1-9 /3d P0&):1"( -1&4 *&-$&&" 0#%&7(#)%7)(&"- *1"'1"(4
F1.& -# c&05#0. /3d 6):1"( '&>141#"4 )*#,- %&A&%4 #5 B1&0)0>B9

F)*%& 1R 8,..)09 #5 -B& :"#$%&'(& ,4&' 1" -B14 $#0:D /3d 4-)"'4 5#0 #0()"12)-1#"
'&41(" 5,">-1#"D

X1-B -B& &S>&E-1#" #5 -B& T,)%1-9 5,">-1#"4 $B1>B )0& ,4&' *9 -B& 4#0- 5,">-1#";
generateRoleGoalAgentBindings ,4&4 -B& :"#$%&'(& 4,..)012&' 1" F)*%& 1 .#4-
#5 $B1>B )0& #0()"12)-1#" '&41(" 5,">-1#"4 U/3d4WD I FB& ,-1%1-9 5,">-1#"; (1A&" *9
aT,)-1#" 1H 14 ) $&1(B-&' 4,. #5 #"& .1",4 -B& 0)-1# #5 -B& 0&T,10&' *)"'$1'-B -# -B&
)A)1%)*%& *)"'$1'-B )"' #"& .1",4 -B& )A&0)(& 50)>-1#" #5 -B& 0&4#,0>& ,4)(& #5 &)>B
)(&"-D F# &A)%,)-& -B& !04- -&0. #5 aT,)-1#" 1H; -B& 4&)0>B E0#>&44 '&-&0.1"&4 -B& 0)-1#
#5 -B& )A&0)(& *)"'$1'-B 0&T,10&' *9 -B& )(&"-4 -# E&05#0. -B&10 0#%&4 )4 4E&>1!&' 1"
-B&10 >)E)*1%1-1&4 -# -B& )A)1%)*%& *)"'$1'-B 4E&>1!&' 1" -B& &"A10#".&"-)% 1"E,-4D F#
&A)%,)-& -B& 4&>#"' -&0. -B& )%(#01-B. >#.E,-&4 -B& )A&0)(& %#)' #" -B& )(&"-4 *)4&'
#" -B& 0&4#,0>& '0)1" #5 &)>B 0#%& #" &)>B )(&"- )4 4E&>1!&' 1" -B&10 >)E)*1%1-1&4D

F# 4&& B#$ -B& 4&)0>B ,4&4 :"#$%&'(& #5 B#$ -# .,%-1E%&S .&44)(&4; >#"41'&0
-B& 38V &S).E%& #">& )()1"D +4 $& 4)$ 1" 8&>-1#" KDK; 1- 14 E#441*%& -# )441(" -B&
6)")(&0 0#%& -# )" )(&"- )>-1"( )4 *#-B =aGOdOaG )"' G+3+G8<+VVaG #0 -# )"
)(&"- )>-1"( 4#%&%9 )4 ) G+3+G8<+VVaGD O5 -B& 6)")(&0 0#%& 14 .,%-1E%&S&' $1-B1"
-B& 4).& )(&"- )4 -B& =aGOdOaG 0#%& )"' -B& 6)")(&0 )"' =aGOdOaG )0& 0&4E#"41*%&
5#0 -B& 4).& )(&"-4; -B& :"#$%&'(& )44,.&4 -B)- -B& )(&"- 14 )*%& -# >#.*1"& A&01591"(
)"' .)")(1"( .&44)(&4 -# 0&',>& -B& -#-)% *)"'$1'-B 1- 0&T,10&4D O5 -B& 6)")(&0 0#%&
$&0& )441("&' -# )" )(&"- )>-1"( 4#%&%9 )4 ) G+3+G8<+VVaG; -B& 4&)0>B E0#>&44
)44,.&4 -B)- -B& )(&"- $#,%' B)A& -# 4&"' .)")(&.&"- .&44)(&4 1" )''1-1#" -# 1-4
4>)""1"( .&44)(&4 )"' -B& A&01591"( .&44)(&4 #5 -B& =aGOdOaGD FB,4; -B& 5#0.&0
$#,%' B)A& ) 4.)%%&0 >#.*1"&' >#..,"1>)-1#" %#)' -B)" -B& %)--&0D \

+%4# 0&%)-&' -# .&44)(1"( 14 -B& :"#$%&'(& 1" !P7/GQ -B)- 1- 14 *&--&0 5#0 )(&"-4
$B# .,4- >#..,"1>)-& -# *& 4E)-1)%%9 "&)0 #"& )"#-B&0D FB14 14 B&%E5,% 1" '&>1'1"(
).#"( )%-&0")-1A& 0#%&7(#)%7)(&"- *1"'1"( 4&-4 5#0 ) E)0-1>,%)0 0#%&7(#)% *1"'1"(D

+"#-B&0 -9E& #5 :"#$%&'(& ,4&' 1" .):1"( >##0'1")-1#" '&>141#"4 B)4 -# '# $1-B
-B& ).#,"- #5 -1.& )A)1%)*%& -# E&05#0. ) -)4: )4 4E&>1!&' 1" -B& E&05#0.)">& 0&T,10&7
.&"-4D O5 -B& -1.& 14 4.)%%; -B& 494-&. 14 .#0& %1:&%9 -# )'' ) %&A&% #5 B1&0)0>B9 -# )"

I+%-B#,(B .#0& E01">1E%&' )"' .#0& '#.)1"71"'&E&"'&"- :"#$%&'(& -B)" -B)- 1" F)*%& 1 $#,%' *& 1'&)%;
$& "#-& -B)- .&>B)"14.4 41.1%)0 -# -B#4& 1" F)*%& 1 5#0 4-0,>-,01"( #0()"12)-1#"4 )0& >#..#" 1" -B& #0()"17
2)-1#" '&41(" %1-&0)-,0& Y1MZD

\3&>1'1"( $B1>B .&44)(& -9E&4 >)" )"' >)""#- *& E1((9*)>:&' 14 >#.E%1>)-&'D O- 1"A#%A&4 )" )")%9414 #5
$B&" &)>B .&44)(& -9E& $1%% *& 4&"- )"' -# $B#.D FB& >#)04&7(0)1"&' >#..,"1>)-1#" .#'&% 1" #,0 >,00&"-
$#0: '#&4 "#- 4,EE#0- 4,>B ) '&-)1%&' )")%9414D O"4-&)'; $& ,4& ) 41.E%& .#'&% -B)- 15 -$# 0#%&4 $1-B1" )"
)(&"- "&&' -# 4&"' .&44)(&4 -# -B& 4).& 4&- #5 )(&"-4 -B& .&44)(&4 50#. -B#4& -$# 0#%&4 >)" *& >#.*1"&'
-# 0&',>& -B& -#-)% >#..,"1>)-1#" 0&T,10&.&"-4D
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Env Model

FOCUSEDRADAR

agent

FUSER

HANDLER

HL-MANAGER

MANAGER

RADARSCANNER VERIFIER

TEAMINITIATOR

root

num_H

num_Hnum_RS num_V

Org GoalsPerf Reqs

organization

1 num_roots11

num_TIsteam

num_teams

num_FSnum_F

d1(,0& 1MR +" /36? -&.E%)-& Y1IZ 5#0 -B& &"A10#".&"-)% 1"E,-4; 0&T,10&.&"-4; (#)%4;
)"' 0#%&4 E0&4&"-&' 1" -B14 $#0:D

&S14-1"( B1&0)0>B9D FB& )44,.E-1#" 14 -B)- *&>),4& B1(B7%&A&% .)")(&04 B)A& (0&)-&0
>#"-&S-; -B&9 >)" "#-1>& )"' >#00&>- 5#0 1"&5!>1&">1&4 "#- "#-1>&' *9 %#$&07%&A&% .)"7
)(&04 )"' .)9 *& $#0-B -B& #A&0B&)' #5 ) .#0& >#.E%1>)-&' 4-0,>-,0&D FB14 $1%% *&
4&&" 1" 8&>-1#" e 5#0 -B& 38V $B&" -B& )>>&E-)*%& '&%)9 #" "&$ A&B1>%& '&-&>-1#"4 14
4.)%%D

+%-B#,(B ,-1%121"( :"#$%&'(& )*#A& 4B#,%' %&)' -# )" #0()"12)-1#" -B)- .&&-4 -B&
E&05#0.)">& 0&T,10&.&"-4; 1- '#&4 "#- (1A& &"#,(B 1"5#0.)-1#" -# 0)": &A&09 >)"'17
')-& #0()"12)-1#" -B)- 4)-14!&4 )%% -B& 0&T,10&.&"-4D X& .,4- >#"41'&0 #-B&0 5)>-#04
-# &A)%,)-& -B&.D d#0 -B)- 1- 14 1.E#0-)"- -# B)A& )" #0()"12)-1#")% &A)%,)-1#" 5,">7
-1#" -B)- 14 *)4&' #" ,4&074E&>1!&' >01-&01) -# '&-&0.1"& ) E)0-1>,%)0 >)"'1')-&[4 ,-1%1-9D
O" #"7(#1"( $#0:; $& )0& '&A&%#E1"( ) '&-)1%&' &A)%,)-1#" >)E)*1%1-9 -# &A)%,)-& 5,%%9
4E&>1!&' #0()"12)-1#"4 )"' -# E0,"& -B& 4&)0>B -B0#,(B E)0-1)%%9 >#.E%&-& #"&4D d#0
"#$; $& 0&%9 #" 41.E%& -B& ,-1%1-9 >01-&01) #5 aT,)-1#" 1HD X& )%4# "#-& -B)- -B& 4&)0>B
E0#>&44 '&4>01*&' 1" -B14 4&>-1#" 14 "#- #E-1.)% 41">& 1- -):&4 ) (0&&'9 )EE0#)>B -#
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