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Abstract: Based on the option prioritization in graph model for conflict resolution of two decision makers (DMs) ,
new logical and matrix representations of four stability concepts for DMs' attitude are proposed. The logical repre-
sentation of attitude is defined, and converted to the matrix form in order to develop a decision support system
(DSS) efficiently. Compared with existing definitions of DMs' attitude based on states, the proposed definitions of
attitude based on options are convenient and more effective to generate preferences since that of states can be signif-
icantly larger than that of options in a large conflict. In addition, it is easier to obtain the information of the priori-
tization of option statements than to obtain preference of states for users. The proposed representations are applied
to the process conflict during aircraft manufacturing to demonstrate the efficiency of the new approach.
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0 Introduction

A number of game forms such as normal

tu 1, and the graph model

form', option form"
form™ for the analysis of strategic conflicts have
been introduced. In 1944, the normal form was
put forward by Neumann and Morgenstern''’. In
1971, Howard et al. " proposed the option form
that is more convenient than other game models
for large games. Then Fraser and Hipel™* pro-
posed option form's enhancements in 1979 and
1984, respectively. In 1987, the graph model for
conflict resolution (GMCR) was put forward by
Kilgour et al. ™', which expanded conflict analy-
sis and conflict resolution significantly. In order
to depict a variety of behaviors for decision mak-
ers(DMs) in a conflict, some definitions of stabil-
ities for a state in graph model, including Nash
stability™® ", general metarationality (GMR)™,
symmetric metarationality (SMR)'? and sequen-

tial stability (SEQ)'™, were developed and ap-
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plied to many fields. However, those stabilities
have not considered attitudes of DMs in conflicts.

In 1993, a GMCR with DMs' attitude was
presented by Fang et al”®’. In a conflict, a DM's
attitude often affects the preferences of other
DMs or his own so that the outcome of conflict
might be changed. In 2007, the four stabilities of
Nash, GMR, SMR, and SEQ based on attitude
were proposed by Inoharat using a logical form.
But it is difficult to develop a decision support
system (DSS) based on the logical form. Subse-
quently, the matrix representation of attitude in
conflicts was proposed by Walker et al."* in
2013. The matrix form is amenable for coding
and the development of a DSS. However, the

corresponding definitions!"!

1 of attitude are based
on states, which may lead to dimensionality is-
sue. Fortunately, the dimensionality issue can be
resolved by using an option form. From the defi-

nition of a state, the option form is particularly
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useful for defining states in a wide range of real
world conflicts that can be readily investigated
within the paradigm of the graph model. Let the
numbers of states and options be m and %k, respec-
tively. Then, m and & satisfy the equation ( m =
2* ), which shows that of states is much bigger
than that of options. Therefore, for a large mod-
el, preferences based on DM's attitude generated
from option statements are more convenient than
those generated from states.

We propose a logical representation of atti-
tude based on option prioritization''" for GMCR.
Compared with the existing logical representation
of attitude based on states, the new logical ap-
proach is more convenient for users to obtain
preferences including DMs' attitude. Then, the
logical definitions are converted to a matrix repre-
sentation, which makes the definitions of attitude
easier to be encoded into a DSS. In addition, pre-
vious definitions of attitude for GMCR™ "' are up-
dated in this paper. therefore they will be more
flexible to degenerate to the definitions without
attitude. In fact, the stabilities based on attitude
expand the four basic forms stabilities for the
Nash, GMR, SMR, and SEQ.

With the rapid development of aircraft manu-
facturing, there are many studies on material

[ hoise mech-

properties®, propulsion system
anism"'" and so on, but the research on process
conflict in aircraft manufacturing is scarce, while
the process conflict often occurs. Therefore, we
analyze the process conflict in aircraft manufac-

turing using the proposed theory.

1 Updated Stabilities of Attitude
Based on States
1.1 Graph model for conflict resolution

A graph model for conflict resolution is a
four-tuple (N, S, (ADiens (s ~Dien)s
where N is the set of DMs ( | N [>=2), S the set
of all states in the conflict ( | S |[=2), (S, A;)
the graph of DM i(S: the set of all vertices, A, €
S X S : the set of all arcs such that (s.s) € A, for
alls € Sand alli € N), and ( >,, ~,): DM i's

preferences on S.

Fors.,t € S, s >;t means that DM i prefers
state s to ¢, while s ~; ¢ indicates that DM : is in-
different between s and . Relative preferences are
assumed to satisfy the following properties:

(1) >, s is asymmetric; hence, for all s, €
S, s>t and ¢t >>;s cannot be true simultaneously.

(2) ~is reflective; therefore, for anys € S,
s~ 5.

(3) ~;is symmetric; hence, for anys,t € S,
ifs~it,1~s.

(4) ( ~;, >, is complete; therefore, for all
s+t € S, oneof s >,t, t >, and s ~, t are true.

Definition 1 (Reachable list) Fori &€ N,s &
S, reachable list of DM i from state s is the set
{(t € S| (s,t) € A} , denoted by R;(s) C S.
The reachable list is a record of all the states that
a given DM can reach from a specified starting
state in one step.

Matrix representation of reachable list is

I = 1 Gs,0 6 A,
0 otherwise

In addition, in order to calculate the solution
concepts in matrix representation, a series of
preference matrices (Table 1) had been presented
by Xu et al*®'7,

Table 1 Preference matrices
Preference P! (s, P; (s,t) P; (s,0)
t >.s 1 0 0
t<;s 0 1 0
t~;s 0 0 1

1.2 Logical representation and matrix representa-

tion of attitude based on states

Definition 2 (Attitudes) For DMsi,; € N,

if 7 has a positive attitude towards DM j, the
attitude is denoted by ¢; =+ ;

if 7 has a negative attitude towards DM j, the
attitude is denoted by ¢; = —;

if 7 has an indifferent attitude towards DM j,
the attitude is denoted by e¢; =0.

Definition 3 (Devoting preference (DP))
DP of DM i € N with respect to DM j € Nis >,
denoted by DP; , such that fors,z € S, ¢t DP; s if
and only if £ > s.

Definition 4 (Aggressive preference (AP))
AP of DM i € N with respect to DM j € Nis <J;,
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denoted by AP, ., where <7, is defined as follows:
s.t € S, t AP; s if and only if r < 5.

Definition 5 (Indifferent preference (IP)) IP
of DM i € N with respect to DM j € N is denoted
by IP; . which denotes that DM i is indifferent
with respect to preference of j.

Definition 6 (Relational preference (RP))

DP]./ e’] :+
RP(e); =<AP; e; =—
IP; e; =0

where the types of preferences are matched with
the three different attitudes. What this means is
that if DM 7 has a positive attitude towards DM j,
DM :{ will have a devoting preference with respect
to DM j. If DM { has a negative attitude towards
DM j, DM i will have an aggressive preference
with respect to DM j. Thus, a DM behaves ac-
cording to his or her attitudes.

Matrix representation of relational preference

is
Py ey =+
P{j - P_/ € =
E e; =0

where E denotes an |S|X |S| matrix with each
element 1.

Definition 7
(TRP)) TRP of DM i at e for state s is defined
as the set {t|t & TRP(e);(s)} if and only if
t RP(e); s for Vj € N.

According to attitudes of DM i for all DMs in
conflict, we can obtain n (the quantity of DMs)

( Total relational preference

RP sets. DM i prefers the states in their intersec-
tion to initial state. For instance, in Fig. 1, we
know that there are three DMs (i, j, k). Accord-
ing to attitudes of every DM, we can obtain three
RP sets. Then, the states in their intersection are

preference of DM .

TRP(e){s)

Fig.1 Venn diagram for TRP

Matrix representation of total relational pref-

erence 1s

P =pt . pR . P
where "o” denotes the Hadamard product.
Definition 8 (Total relational reply (TRR))
TRP list of DM i at e for state s is defined as
the set {z | t € TRR(e);(s)} if and only if 1 €

R;(s) and t TRP(e); s (See Fig. 2).
TRR(e){s)

}

Fig. 2 Venn diagram for TRR

Matrix representation of total relational reply

M =], o PXT
Definition 9 (Relational less preferred or e-
qually preferred states) For s,r € S, if t &€
TRP(e);(s), t € Rp~ (e);(s) . Here, DM ¢ pre-
fer state s to the states in Rp™ (e),(s) .
Matrix representation of relational less pre-
ferred or equally preferred states is
P =E— P
1.3 Logical representation of solution concepts
Definition 10 ( Relational Nash
(RNash)) If TRR(e);(s) =, s € SkNuhto

When the set of total relational reply is emp-

stability

ty for DM, the initial state is stable according to
RNash.

Definition 11 (Relational general metaration-
ality (RGMR)) 1If for all x € TRR(e);(s), and
R;(x) N Ry~ () () = I, s € SIV . Here, if
all possible total relational replies of DM are sanc-
tioned by opposing DM's moves, the initial state
is stable according to RGMR.

Definition 12 (Relational symmetric metara-
tionality (RSMR)) If for all x € TRR(e),;(s) ,
there existy € R;(x) (N Rp~ (e);(s) and 2 € Rp~
(e);(s) for all = € R, (y), s € SFMR,
SMR is based on GMR. If all possible total rela-

tional replies for DM are sanctioned by opposing

Here,

DM'’s moves and DM cannot escape from it, the

initial state is stable according to RSMR.
Definition 13

ty (RSEQ))

(Relational sequential stabili-

If for all + € TRRC(e),;(s) and
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TRR(e);(x) | Rp~ (e);(s) #= T,s € S,
Here, if all possible total relational replies for
DM are sanctioned by opposing DM's total rela-
tional reply, the initial state is stable according to

RSEQ.
1.4 Matrix representation of solution concepts

Detail proofs of below four theorems for four
basic stabilities are in Ref. [10].

Theorem 1 (Matrix form of relational Nash
Stability) : State s is stable for DM i if and only if
el « M¥" =0". Here T denotes matrix transpose
and e is the transpose of the sth standard basis
vector of the m-dimensional Euclidean space.

Theorem 2 (Matrix form of relational general
metarationality) Let MYMR =ME (E — sign(J; «
(PEHTY) , if ME™R(5,5) =0, s € SFOMR,

Theorem 3 (Matrix form of relational sym-
metric metarationality)  Let MMM = MY (E —
sign(J; « G)) , where G=(PF )T o (E—sign(J, «
(PEHT), and if MPMR(5,5) =0, s € SFEVR,

Theorem 4 (Matrix form of relational Se-
quential stability ) Let MPFQ = MM (E —
sign(MY™ « (PF)YT)) , if M¥(s,5) =0, s €
SReFQ

Corollary 1 The  correlation  definitions
without attitudes among DMs are a special case of
the definitions of attitudes among DMs. If DM
has a positive attitude for himself and an indiffer-
ent attitude for other DMs, the correlation stabil-
ity definitions of attitude degenerate to the gener-
al stability definitions.

In general, the UI list is a subset of the
reachable list and includes all states which are
more preferred than the starting state for DM i

(See Fig. 3).
Ri(5)

)

Fig.3 Venn diagram for Ul

Proof In Definition 14, because DM has a
positive attitude for himself and an indifferent at-

titude for others, TRP(e);(s) =DP; (s) N I; (s)

N 1 (s)=-=DP; (s) , then Rp~ (e);(s) =¢; (),
TRR(e);(s) =R; (s). Therefore, all the stability
definitions above degenerate to the definitions
without attitude.

Definition 14 (Unilateral improvement (UI)
list for a DM) The UI list of DM : is defined as
the set {¢t | t € Ri (s)} if and only if t € R.(s),
t DP; s.

2 Stabilities of Attitude Based on
Options

2.1 Logical representation and matrix representa-

tion of attitude based on options

According to option prioritization''", if there
are n DMs, every DM has some options. And op-
tion statement of DM i is denoted by L;(: =1,2,

«-,n) . According to L, , we can obtain the pref-
erence of DM ¢, denoted by P, (i =1,2,+,n).

Definition 15 (Positive attitude option state-
If DM i has a positive attitude for DM
j» DM likes option statements of DM j, denoted
by L,(e; =) =L;. Here, DM ¢ has a positive at-
titude for DM j, and option statements of DM j

ments)

are good for DM j. So option statements of DM 1
in positive attitude for DM j are same to option
statements of DM j.

Definition 16 (Negative attitude option state-
If DM ¢ has a negative attitude for DM
j» DM i likes the opposite of option statements of
DM j, denoted by L,(e; =—)=—L;. Here, DM ¢
has a negative attitude for DM j, and the opposite

ments)

of option statements of DM j are bad for DM j,
so option statements of DM 7 in negative attitude
for DM j are same to the opposite of option state-
ments of DM j.

Definition 17 (Indifferent
If DM i has an indifferent attitude

attitude  option
statements)
for DM j, DM ¢ does not care his option state-

ments in this attitude, denoted by L;(e; =0) =1.

Definition 18 (Attitude option statements)

L] (] :+
I‘ij - 7L/ € =
1[ e; =0

where L; denotes the option statements of DM ¢
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at corresponding attitude.

Accord-
ing to L;, we can obtain the preference of DM i,
denoted by T;; . Fors,s € Sandi & N, t &€ T; (s)
if and only if 1 >, 5 satisfies T.

Definition 19 (Attitude preference)

Matrix representation of attitude preference:
Fori € N, T;isa|S|X |S| 0-1 matrix defined
by

TyGao= T
' 0 otherwise
where | S| is the quantity of states.

Definition 20 ( Total attitude preference):
Fors,t € S, andi € N, t € T! (s) if and only if
t € T,;(s)forallj € N, then we call total attitude
preference.

Matrix representation of total attitude prefer-
ence is

TH=T; «T; o Ty
If we want to obtain the set of preferred states,
we need to consider all preference for DM in dif-
ferent attitudes. The states in intersection of
them are what DM prefers.

If there are three DMs (i, j, k), the inter-
section of all attitude preferences of DM i is the
total attitude preference for DM i. Of course, if
there are n DMs, the total attitude preference for
DM i can be obtained in the same way.

Definition 21 (Set of less or equally preferred
states at total attitude) Fors,t € Sand: € N,
t € T; (s)ifand only if t & T/ (s).

Matrix representation of set of less or equally
preferred states at total attitude is

T, =E—T/

According to the definition, we can know
that T, ~ (s) is the supplementary set of T; (s).

Definition 22 ( Unilateral improvement list
for a DM at attitude) Fors,t € Sand: € N, ¢
€ T; (s)if and only if t € R;(s) andt € T; (s).

Matrix representation of unilateral improve-
ment list for a DM at attitude is

T =J, - T/
where J; is reachable matrix. And the intersection
of reachable list and total attitude preference is
the reachable and improvement list at attitude,

then matrix representation

T =J; - Tjr
2.2 Logical representation and matrix representa-

tion of solution concepts

Definition 23 ( Relational Nash stability
(RNash)) U T/ (s) =7, s € S0 Here, if
the unilateral improvement list for DM at attitude
is empty, the initial state is RNash stable for
DM.

Theorem 5 (Matrix form of relational Nash

stability) Fori & N,s &€ S, ifel « T/ =07, s €
SRNash
Proof It is obvious that T) (s) =, for i if

and only if el « T/ =07 .

Definition 24 (Relational general metaration-
ality (RGMR)) If forallh € T (s) ,and R, (h)
N T, = ()~ T, s € SKM Here, if all possible
unilateral improvement moves for DM at attitude
are sanctioned by opposing DM's moves, the ini-
tial state is RGMR stable for DM.

Let VEMR(p) denote RGMR stability func-
tion of DM i, then the following theorem pro-
vides an efficient tool for calculating RGMR sta-
bility.

Theorem 6 (Matrix form of relational general
metarationality) Fori.; € N, ands,h € S, let
VEMR(p) =1 — sign[(efJ ;) « (el T;7)7"]

(el « T/ ) o VMR =T 5 SKMR (1)

Proof & denotes the A-st element of VFCMR
with the m-dimensional Euclidean space (m de-
notes the quantity of states).

From Definition 24, we can know that
Eq. (1) is equivalent to

VEMR(h)y =0 Yh e T (s) (2)

It's obvious that (2) is equivalent to Cerd;)
(eIT; )T £ 0 for Yh € T/ (s), which implies
that for all h € T; (s), and R;(h) () T; (s) #
.

Definition 25 (Relational symmetric metara-
tionality (RSMR)) If for all h € T/ (s) ,there
existy € R;(h) N T, (s) andz € T,~ (s) for all
2 € R, (y), s € SBMR_ Here, If all possible uni-
lateral improvement moves for DM at attitude are
sanctioned by opposing DM's moves and DM can-

not escape from it, the initial state is RSMR sta-
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ble for DM.

Theorem 7 (Matrix form of relational sym-
metric metarationality) Fori,j € N, ands,h €
S, let

VIEMR(h) =1 —sign([(ejJ ;) « (elT; ") ]+ &)
G=[elE —sign((e]T7) « jI) 1"
(el «T7) o VMR =T ¢ SHMR 3)

Proof h denotes the h-st element of VMR
with the m-dimensional Euclidean space.

According to Definition 25, we can know
that Eq. (3) is equivalent to

VEMR(h) =0 Yhe T/ () €]

It is obvious that Eq. (3) is equivalent to
[Ceid ;) < (elT:7) ]« [elE —sign((e[T;) « jIO T
“# 0for Vh € T/ (s).

Obviously, for all h € T/ (s) , there exists
yER;(W) NT, " (s) and = € T,”(s) for all
2 € R, (y).

Definition 26 (Relational sequential stability
(RSEQ)) U forallh € T; (s) , and T, ()
T,=(s) %= &, s € S®Q Here, if all possible uni-
lateral improvement moves for DM at attitude are
sanctioned by opposing DM's unilateral improve-
ment moves at attitude, the initial state is RSEQ
stable for DM.

Theorem 8 (Matrix form of relational sequen-
Fori,j € N, ands,h € S, let
VR (h) =1 —sign[(e,T; ) « (] T, )" ]

(el «T/) - VFFR=9T7 5 S (5)

Proof 4 denotes the h-st element of VEEQ

tial stability)

with the m-dimensional Euclidean space.
From Definition 26, we can know that
Eq. (5) is equivalent to
VR =0 Yhe T () (6)
It's obvious that (6) is equivalent to (e/T; ) -
(elT:=)" £ 0 for Vh € T, (s) , which implies

that for allh € T7 (&) sand T; (B) N T, () £ <.

3 Process Conflict for Aircraft Manu-

facturing

Commercial Aircraft Corporation of China
Ltd. (COMAC) is the main company responsible
for large-scale passenger aircraft projects within
the major national large-scale aircraft projects.
The C919 aircraft developed by COMAC is the
second large domestic passenger aircraft. Due to
the complexity of C919's parts supply, the con-
flict among technology, resources and process
will inevitably occur in the development process.
For instance, the process conflict for the delivery
of parts on time between supplier and manufac-
turer often happens.

Chengdu Aircraft Corporation(CAC), one of
the main suppliers of COMAC, is mainly respon-
sible for the production of large aircraft flying
nose and the whole machine signs. Due to the im-
pact of the earthquake, the supply chain of CAC
was broken and the CAC could not follow the o-
riginal plan for commercial flight delivery. Con-
sequently, the overall production schedule was
delayed because of the delay in the delivery of fly-
ing nose. While COMAC still expected CAC to
deliver the flight nose on time, CAC decided to
postpone the delivery. Finally, the two sides
deadlocked.

3.1 Decision makers, options and feasible states

As shown in Table 2, there are two decision
makers: CAC (DM1) and COMAC (DM2).
There are four options: Delayed delivery (Labeled
1), Overtime production (Labeled 2), Require-
ments on time delivery (Labeled 3) and Allowed
to delay delivery (Labeled 4). Lastly, we obtain
9 feasible states after eliminating the unreasona-

ble states.

Table 2 Feasible states in the process conflict of aircraft manufacturing

DM Option Feasible state
) (1) Delayed delivery N N N N N N Y Y Y
(2) Overtime production N N N Y Y Y N N N
5 (3) Requirements on time delivery N N Y N N Y N N Y
(4) Allowed to delay delivery N Y N N Y N N Y N

Label

S1 S2 S3 S4 S5 S6 S7 S8 89
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3.2 Graph model of conflict
In Fig. 4, the CAC's moves and COMAC's

moves are presented in Fig. 4, which depicts the
movements that DM unilaterally controls between

two states. According to the graph model, we
obtain the reachable list for every DM(Table 3).

S1 S2 S3
S4 S7 S5 S8 S6 S9

(a) CAC moves
S1 S4 S7
S2 S3 S5 S6 S8 S9
(b) COMAC moves

Fig. 4 Graph model in process conflict of aircraft

manufacturing

Table 3 Reachable list of DMs in process conflict of aircraft

manufacturing
State R, () R, ()
S1 S4, S7 S2, S3
S2 S5, S8 S1, S3
S3 S6, S9 S1, S2
S4 S1, S7 S5, S6
S5 S2, S8 S4, S6
S6 S3, S9 S4, S5
S7 S1, S4 S8, 89
S8 S2, S5 S7, 89
S9 S3, S6 S7, S8

3.3 Option statements for DMs
For CAC,he hopes COCMC can allow to de-

lay delivery, because he needs to spend a huge
price for overtime production. Therefore, the op-
tion statements from most preferred to least pre-
ferred for CACis 4, 1, —2, —3 (See the left of
Table 4). Here, 4 means that CAC likes option
4, and —2 means that CAC likes the opposite of
option 2.

COMAC hopes CAC can deliver on time, be-
cause if the flight cannot finish in the appointed
time, COMAC needs to pay a huge amount of lig-
uidated damages for client. Therefore, the option

statements from the most preferred to the least
preferred for COMAC is 2, 3, —4, —1(See the

right of Table 4).
Table 4 Option statements of DMs in the process conflict of

aircraft manufacturing

DM L, DM L,
4CY) 2CY)
1Y) 3CY)

COMAC CAC
—2(N) —4(N)
—3(N) —1(N)

3.4 Attitude and preference

Attitude (Table 5):In order to maintain the
friendly corporation with COMAC, CAC may
spend a great price to deliver on time. So CAC
has a positive attitude for himself and a positive
attitude for COMAC. For COMAC, out of the
consideration of the huge compensation for client,
COMAC hopes CAC can deliver on time. So CO-
MAC has an indifferent attitude for CAC and a
positive attitude for himself.

Table 5 Attitude among DMs in process conflict of aircraft

manufacturing
DM CAC COMAC
CAC + +
COMAC 0 +

Attitude option statements and attitude pref-
erence:

From Table 5, CAC has a positive attitude
for himself and a positive attitude for COMAC.
So CAC’s option statements at positive attitude
for himself are the same as his own option state-
ments that is beneficial for him. And CAC's op-
tion statements at positive attitude for COMAC
are the same as COMAC's option statements that
are good for COMAC.

COMAC has an indifferent attitude for CAC
and a positive attitude for himself. So COMAC
does not care his option statements at an indiffer-
ent attitude for CAC. And COMAC’ s option
statements at positive attitude for himself are the
same as his own option statements that are bene-
ficial for himself.

According to the attitudes among DMs, we
obtain the attitude option statements for DMs
shown in Table 6. Then we also obtain the atti-

tude preferences for DMs by attitude option state-
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ments displayed in Table 7.
Table 6 Attitude option statements for DMs in process con-

flict of aircraft manufacturing

DM Ly, =1, L, =1L,
4CY) 2CY)
1CY) 3CY)

CAC
—2(ND) —4(N)
—3(ND —1(N)

DM Ly, =1 Ly, =L,

2CY)

3(Y)
COMAC Null

—4(ND)

—1(N)

Table 7 Attitude preference for DMs in process conflict of

aircraft manufacturing

DM Attitude Attitude preference ( T; )
S8>S2>S5>8S7>S9>S1>S3
ey =+ Ty
>S54>56
CAC
S6>54>S5>83>89>S1>S7
e =+ Ty,
=>S2>S8
ey =0 Tz] Null
COMAC T S6>S4>S5>8S3>S9>S1>S87
€2 — 22
>S2>S8

Total attitude preference: if we want to ob-
tain the total attitude preference for DMs, we
need to consider all attitude preferences. The in-
tersection of all attitude preferences is total atti-

tude preference shown in Table 8.
3.5 Stability analysis

According to the above reachable list, total
attitude preference and the definitions of RNash,
RGMR, RSMR, RSEQ, we can obtain the equi-

Table 8 Total attitude preference for DMs in process con-

flict of aircraft manufacturing

State Tf = Ty, « T, T, = Ty o Ty

S1 S5, 89 S3, S4, S5, 56, S9

S2 NULL S1, S3, S4, S5, S6, S7, S9

S3 S5 S4, S5, S6

S4 NULL S6

S5 NULL S4, S6

S6 NULL NULL

S7 S5 S1, S3, S4, S5, S6, S9

S8 NULL S1, S2, S3, S4, S5, S6, S7, S9
S9 S5 S3, S4, S5, S6

librium of this conflict shown in Table 9, in
which "</ "denotes that the state is stable for DM
under the corresponding stability, and Eq the e-
quilibrium for this conflict.

From Table 9, we can find that S3, S6 and
S9 are equilibrium for the four stabilities. At S3,
COMAC requests CAC to deliver on time and
CAC does not take any action. Obviously, S3 is a
temporary equilibrium, because CAC will take
some actions with the conflict evolution. At S9,
COMAC requires CAC to deliver on time, but
CAC chooses to delay delivery, because COMAC
or CAC will change the strategy in order to main-
tain their friendly relations, S9 also is a tempora-
ry equilibrium. So S6 is a finally equilibrium for
this conflict. At S6, CAC chooses overtime pro-
duction in order to keep the friendly relationship
of corporation.

We also calculate the stability without atti-
tude called general stability shown in Table 10 in
which the equilibrium is S9.

Table 9 Attitude stability analysis in process conflict of aircraft manufacturing

] RNash RGMR RSMR RSEQ
State T DMz Eq DMl DM2z Eq DMI DMz Eq DMl DMz Eq
S1 N N N N

2 J J J

S3 N N N N/ N N/ N/ N N/ N N/ N
S4 N N N N N N N N

s NN AV N A VAN

S A AN N N N N A N N VAN
SN J J

SN J J J

I A N N N N N .
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Table 10 General stability analysis in process conflict of aircraft manufacturing

State Nash GMR SMR SEQ
DMI DM2 Eq DMI DM2 Eq DMI DM2 Eq DMI DM2 Eq
S1
S2 N N N,
S3 NG NG NG N/
S4 N NG N
S5 NG N NG N N NG N NG N
S6 N NG NG N/
S7 N N N v
S8 J N N v
S9 J J N N N J J N N N N J
The fact of this conflict is that CAC chooses [2] HOWARD N. Paradoxes of rationality: Theory of
overtime production in order to deliver on time. metagames and political behavior [M]. Cambridge:
From this fact, it is clear to see that the equilibri- MIT Press. 1971,

[3] KILGOUR D M. HIPEL K W, FANG L P. The

um of attitude stability is much closer to the real- ) .

graph model for conflicts [J]. Automatica, 1987, 23
ity comparing with the equilibrium of general sta- (1), 41-55.
bility. It demonstrates that the proposed model [4] FRASER N M, HIPEL K W. Solving complex con-
including attitude is very effective and accurate flicts [J]. TEEE Transactions on Systems, Man, and
for solving conflict. Cybernetics, 1979, 9(12) .805-816.

[5] FRASER N M, HIPEL K W. Conflict analysis:

4 Conclusions Models and resolution [ M]. New York: Wiley,
1984.
We propose the definitions of attitude based [6] NASH J F. Equilibrium points in n-person games
on options in the graph model for two DMs con- [J]. Nat Acad Sci, 1950, 36(1):48-49.
flicts which provide a new view of generating (7] NASH J F. Noncooperative games [J]. Annals of
DM'spreference including attitude and are more Mathematics, 1951, 54(2); 286-295.

[8] FANG L P, HIPEL K W, KILGOUR D M. Interac-
convenient for users. In order to implement the tive decision making: The graph model for confict
stabilities efficiently, we also convert the logical resolution [M]. New York: Wiley, 1993.
definitions of attitude to a matrix representation [9] INOHARA T, HIPEL K W, WALKER S B. Con-
similar to that in Xu et al®®'. Finally, the theo- flict analysis approaches for investigating attitudes
ry developed in this paper is used to analyze the and misperceptions in the war of 1812 [J]. J Syst Sci
process conflict for aircraft manufacturing, which Syst Eng, 2007, 16(2),181-201.

[10] WALKER S B, HIPEL K W, XU H Y. A matrix
helps manufacturers and suppliers resolve the representation of attitudes in conflicts [J]. IEEE
process conflict for aircraft manufacturing, and Trans Syst, Man, Cybern Syst, 2013, 43(6) ;1328
ensures that aircrafts can be produced on time. 1342.
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