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Improvement of OPF Decomposition Methods
Applied to Multi-Area Power Systems
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Abstract— Large power systems are nowadays mostly operated
as interconnected subsystems, each not always based on identical
legislative, historical and geographical regulations. Within this
interconnection, each power system is controlled by its respective
control authority, forming a decentralized structure. In this
paper methods are presented, decomposing a central optimal
power flow (OPF) problem into distributed subproblems. These
subproblems are then solved in an iterative way, independently
but coordinated. Based on an available decomposition method,
an improved decomposition procedure is proposed. With the new
method, the convergence rate is considerably enhanced and no
parameter tuning is required. Simulation results are presented,
applying the procedures to an illustrative 9-bus as well as to the
IEEE 39-bus system.

I. I NTRODUCTION

The UCTE [1] is an aggregation of Transmission System
Operators (TSO), where each TSO is responsible for a dedi-
cated part of the power grid. These various parts are regulated
in an autonomous way and thus organized in a decentralized
structure. Concerning the adjustment between these parts,
the organization suffers from various disadvantages. For the
coordination among the entities, no continuous self-acting
procedure is provided but adjustments between the areas are
obtained by predefined power flows arranged once a day
(UCTE Operation Handbook [1]). In emergency cases, human
(i.e. operators) judgment is employed for the coordination
of control actions among areas, increasing the risk of faults.
To overcome this limited coordination, a control procedure
needs to be implemented which is suitable for distributed and
coordinated control enabling a fast and automatic adaption
between entities.

Today, the coordination between areas is obtained by mea-
suring the in- and outflows between areas. Thereby, the impact
of a neighboring area is incorporated by approximating the
neighbor as an additional load [2]. The insufficiency of this
coordination is demonstrated in [3] where a simulation on the
IEEE 39-bus system is carried out. Due to a deficiency in
today’s coordination, the system wide optimal solution which
is obtained by applying centralized control is not provided.
In a centralized control scheme, one optimization problem
including all areas is solved by a single central controller. Ap-
plying decentralized control, the overall optimization problem
is divided into subproblems which are solved in an iterative
way, separately but coordinated.
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The major reason to implement a decentralized control
procedure arises from the adaption to the current situation.
As already mentioned, the UCTE is established by distributed
control entities which not always have identical operating
goals and thus base their optimization on non-coherent criteria.
Furthermore, less data transfer is needed as well as higher
robustness and faster computation times are provided.

Two basic approaches for OPF decomposition are estab-
lished which enable the coordination within a multi-area
system. A first method is proposed in [4], where a coordination
is achieved by adjustment at an existing or fictitious border
bus. Different methods for decomposability are compared in
[5], [6]. A second method is presented in [7],[8], where the
coordination is carried out by exchanging dedicated variables
between adjacent areas. The methods presented in [7], [8],
[3] are extended for overlapping areas in [9]. In this paper,a
new procedure for decomposing OPF problems with a faster
convergence rate is proposed, where no tuning of parameters
is required. The improved method applies a master-slave
principle to interconnected areas in order to enhance the
coordination among them.

II. D ECOMPOSITIONTECHNIQUES

Multi-area control is illustrated on two interconnected areas,
but the presented approaches can be extended to an arbitrary
number of areas. Considering two areasA andB, the overall
OPF is given by

min
xA, xB

f(xA, xB) = c(xA, xB) (1)

subject to g(xA, xB) = 0 (2)

h(xA, xB) ≤ 0 (3)

where xA and xB represent the OPF variables relevant for
areaA andB, respectively. Generally, the optimization vectors
comprise the voltage magnitudes and angles of all buses and
the control variables, e.g., yieldingxA = [θA, VA, uA] for area
A. The objective function comprehends various application
areas such as active power control, relieving overloaded lines
or improving the voltage profile. The equality constraints
correspond to the power flow equations and the inequality
constraints include constraints on voltages, power flows and
transmission capacity. In general, the problem defined above
represents a nonlinear optimization problem. The solution
space is non convex, thus, finding the global optimum cannot
be guaranteed with numerical methods.

In order to decompose the optimization problem the ob-
jective function (1) as well as the equality and inequality
constraints (2), (3) need to be separable. Depending on the
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decomposition procedure, the objective and the constraints are
divided differently to the areas. Both approaches are sketched
in Fig. 1 and illustrated in the following sections.
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Fig. 1. Coordination between two areasA andB: (a) adjustment at interface
and (b) passing adjacent variables.

A. Adjustment at the Interface

The first approach to decompose an optimization problem
is operating with an adjustment procedure at a common
interface. The procedure, further referred to as procedureII-
A, is illustrated on the overlapping two-area system depicted
in Fig. 1(a). Next to the own variablesxA and xB , both
areas share some variables at the common border, denoted
by y. To decompose the overall optimization problem, the
border variablesy, also referred to as interface variables, are
duplicated inyA andyB and assigned to the areasA andB.
Now, both areas are enabled to solve their subproblems with
the vectors(xA, yA) and (xB , yB), respectively. The original
equalities (2) and inequalities (3) are split according to the
described vectors, i.e. involving only the own variables and
the duplicated border variables, and assigned to the particular
area. Usually, the border vectory is much smaller than the
core vectorsxA andxB . The smaller this ratio the looser the
coupling between the areas is and the more individual acting
is enabled. Furthermore, better convergence of the algorithm
is expected due to the minor coupling between the regional
power flows.

To recover the original optimization problem, acoupling
constraint is imposed to enforce equality between the two
copies (yA − yB

!
= 0). Generally, standard Lagrangian ap-

proaches to relax the coupling constraints are converging
slowly to the solution, thus the augmented Lagrangian proce-
dure is applied to improve convergence. The linear equality
constraint is relaxed and added to the original objective
resulting in

cA(xA, yA) + cB(xB , yB)+λT (yA − yB)+
γ

2
‖yA − yB‖2

︸ ︷︷ ︸
a

(4)

whereλT denotes the transpose of the Lagrangian multiplier
and γ is a positive constant. This objective function is not
decomposable anymore as it contains the inseparable cross
term marked bya, whose variables belong to both areas. To
make this term separable, it is linearized using the Auxiliary
Problem Principle (APP) [10]. Applying this algorithm, the
solution of the optimization problem with the objective (4)is
obtained by solving a sequence of auxiliary problems. These
auxiliary problems are now decomposed into subproblems for

each area and solved iteratively. In the case of areaA, the
minimization yields at each iteration stepk the updated values
of the core variablesxk+1

A and the interface variablesyk+1
A :

(xk+1
A , yk+1

A ) = arg min
(xA, yA)∈A

cA(xA, yA) +
β

2
‖yA − yk

A‖
2 + (5)

γyT
A(yk

A − yk
B) + λkT

yA

subject to gA(xA, yA) = 0 (6)

hA(xA, yA) ≤ 0 (7)

whereβ is an additional positive constant introduced by the
APP - algorithm. Similar, the optimization of areaB provides
updated values ofxk+1

B andyk+1
B :

(xk+1
B , yk+1

B ) = arg min
(xB , yB)∈B

cB(xB , yB) +
β

2
‖yB − yk

B‖2 − (8)

γyT
B(yk

A − yk
B) − λkT

yB

subject to gB(xB , yB) = 0 (9)

hB(xB , yB) ≤ 0. (10)

The objective function of both areas consists of two parts. The
first term describes the main objective originating from the
centralized optimization (1), while the second part composed
of three terms is responsible for the adaption between the
adjacent areas. Solving the optimization problem for each area
is alternated with an update of the Lagrangian multiplierλ

λk+1 = λk + α(yk+1
A − yk+1

B ). (11)

The update is arranged by a sub-gradient method incorporating
the linear coupling constraint, whereas the weighting of the
update is defined by the positive constantα. The value of the
Lagrangian multiplierλk is an estimate of the cost to maintain
the constraintyk

A − yk
B = 0 at iteration stepk. The iteration

procedure terminates as soon as the mismatch between the
coupling variables is smaller than a specified threshold value.
Thereby, the convergence is quite sensitive to the values ofthe
positive constantsα, β and γ which represent the weighting
factors for the adaption procedure. Appropriate tuning of these
parameters is necessary to obtain proper convergence rates.

The procedure can either be executed in a synchronized
or in sequential way. In the first case, the optimizations are
performed in parallel with equal starting values where as inthe
second case the optimization problems are solved after each
other using updated starting values. The only information to be
exchanged between the areas are the updated border variables
yA and yB . Therewith, each area can perform the update of
the Lagrangian multiplier by itself and proceed for the next
iteration step.

Other decomposition methods based on the coordination
using shared variables are presented in [5] which differ by
the way of handling the non-separable term in (4). In [6],
the coupling constraint is incorporated into the objectiveby
building the Lagrangian instead of the Augmented Lagrangian,
while decomposability is achieved applying the alternating
Direction Method (ADM).

Implementing this procedure within electric power systems,
the border region including its variables needs to be defined.
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In principle, for each tie-line between two adjacent areas a
bus within the overlap region needs to be identified. If no
interface bus exists, a fictitiousdummy bus is created. With
each dummy bus voltage and angle at the bus as well as
active are reactive power flow through the bus are associated.
Hence, the shared border vectory contains four entries for
each tie-line. Considering the overlapping areasA and B
to be interconnected by one tie-line (Fig.1(a)), the border
variables are defined asyA = [θA VA PA QA] for areaA
andyB = [θB VB PB QB ] for area B.

B. Passing Adjacent Variables

The second decomposition approach is carried out on
strictly separated areas rather than on areas sharing a common
border (Fig. 1(b)). This approach, referred to as approach II-B,
achieves coordination between adjacent areas by passing ded-
icated peripheral variables to the neighbor. As no duplicated
shared variables are incorporated in this approach, constraints
including variables of areaA as well as of areaB appear.
These so-calledcomplicating constraints are related to both
areas and thus prevent each subsystem from operating indepen-
dently. Concurrently, these constraints enable the coordination
between the areas. Regarding the subproblems, the equality
constraints (2) are divided into constraints related to only one
areagA(xA), gB(xB) and into complicating constraints in-
dicated byg̃(xA, xB). The complicating constraints are again
split and assigned to the area which contains the majority of
complicating variables. Complicating variables, incorporated
in the complicating constraints, appear at the periphery of
the different subsystems. The same classification holds forthe
inequality constraints (3). Fig. 2 delineates the assignment of
the constraints to the corresponding areas.

k m

x , ,A A Al m

g (B x )Bg (A x )A

h (A x )A
h (B x )B

g (A x , x )A B g (B x ,x )A B

h (A x , x )A B
h (B x ,x )A B

x , ,B l mB B

Area A Area B

f (x ,x )A A B f (x ,x )B A B

Fig. 2. Coordination procedure II-B between two areasA and B, with
peripheral busesk, m, including the assignment of constraints.

One method to obtain the subproblems consists of relaxing
the own complicating constraints and incorporating them into
the objective, applying the standard Lagrangian relaxation
procedure. These subproblems can now be solved indepen-
dently by keeping in each case the variables of the foreign
area constant. Thereby, the Lagrangian multipliers need tobe
updated by a sub-gradient method incorporating the nonlinear
complicating constraint, similar to the approach presented in
Section II-A. To avoid this, a new method is proposed in
[7],[8]. This method establishes the subproblems by relaxing
the complicating constraints assigned to the foreign area and

adding them to the objective function while maintaining the
own complicating constraints. For areaA, the optimization
problem is specified as

min
xA

cA(xA, xB) + λB
T
· g̃B(xA, xB) (12)

+µB
T · h̃B(xA, xB)

subject to gA(xA) = 0 g̃A(xA, xB) = 0 (13)

hA(xA) ≤ 0 h̃A(xA, xB) ≤ 0 (14)

and for areaB as

min
xB

cB(xA, xB) + λ
T

A · g̃A(xA, xB) (15)

+µT
A · h̃A(xA, xB)

subject to gB(xB) = 0 g̃B(xA, xB) = 0 (16)

hB(xB) ≤ 0 h̃B(xA, xB) ≤ 0 (17)

wherexA, xB denominate the state variables of the previous
iteration step of areaA and B, respectively. The variables
λA, λB and µA, µB represent the Lagrangian multipliers of
the corresponding equality and inequality constraints. Ateach
iteration step, these values are sent to the other area (Fig.2).
Similar to approach II-A, the objective is composed of two
terms. The second term is used for the coordination between
the areas while minimizing the main objective, described by
the first term. The optimization problems are solved in an
iterative way and convergence is achieved if the variables
do not change significantly in two consecutive iterations.
Again, the optimization problems can either be solved in a
synchronized or sequential way. In contrary to the standard
Lagrangian relaxation procedure, the Lagrangian multipliers
representing the weighting factors of the foreign complicating
constraints result directly from the neighboring optimization
problem. For example, the Lagrangian multipliersλB , µB

included in the objective of areaA are obtained from area
B’s optimization by keeping its own complicating constraints
((16), (17) on the right) .

Applying this mathematical procedure to electric power
systems, the constraints are arranged in the following way.
The equality constraintsgA(xA), gB(xB) comprise the power
flow equations of all inner buses of the particular area. The
complicating equality constraints comprehend the power flow
equations at the peripheral busesk,m (Fig. 2). A coupling
between the areas is only enabled when these power flow
equations include variables of both areas. This means, the
constraints for active and reactive power balance serve as
complicating constraints but not the constraints regarding
voltage and angle reference settings. Hence, having PQ buses
at the common tie-lines results in two complicating constraints
per peripheral bus. A less tight coupling is achieved with PV
buses, yielding only one complicating constraint. If the slack
bus is situated at one of the peripheral buses between two
areas, the procedure is not implementable. The inequality con-
straints comprise the limits on voltages, power generations and
transmission capacities of each area. Complicating inequality
constraints occur by transmission limits on tie-lines belonging
to both areas. To classify the inequality constraints into own
and foreign complicating constraints the tie-lines needs to be
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allocated to one area, arbitrarily. For more detailed information
refer to [7], [8].

C. Comparison of Decomposition Methods

Basically, both approaches achieve a coordination between
interconnected areas by adding additional terms into the
objective function. The additional terms in procedure II-A
enforce the matching between the interface variables whereas
procedure II-B includes foreign constraints into the objectives.
Table I provides a more detailed comparison of both methods.
Objectives and constraints are delineated only for areaA in
each case. Further, the convergence of both decomposition
techniques is presented in [8], where the procedures II-A, II-
B as well as the standard Lagrangian relaxation procedure are
applied to a mathematical example.

TABLE I

COMPARISON OF DECOMPOSITION METHODS

Adjustment at the
Interface

Passing Adjacent
Variables

Objective fA(xA, yA, yB) =

cA(xA, yA)

+ β

2
‖yA − yk

A‖2

+ γyT
A(yk

A − yk
B)

+ λkT

yA

fA(xA, xB) =

cA(xA, xB)

+ λB
T
· g̃B(xA, xB)

+ µB
T · h̃B(xA, xB)

Constraints gA(xA, yA) = 0

hA(xA, yA) ≤ 0
gA(xA) = 0, hA(xA) ≤ 0

g̃A(xA, xB) = 0

h̃A(xA, xB) ≤ 0

Coordination Defined by an auxiliary
linear coupling constraint,
artificial introduced at the
shared interface.

Defined by nonlinear com-
plicating constraints, speci-
fied by original constraints
at the periphery of each area.

yA − yB = 0 g̃(xA, xB) = 0

h̃(xA, xB) ≤ 0

Exchanged
variables

Interface variables, to en-
able the matching.

Peripheral variables and La-
grangian multipliers, to eval-
uate the complicating con-
straints.

yA, yB xA, xB , λA, λB , µA, µB

Lagrangian
Multiplier

Associated with coupling
constraint.

Associated with complicat-
ing constraints.

Common Lagrangian mul-
tiplier, obtained by a sub-
gradient method.

Different Lagrangian multi-
pliers, obtained by foreign
optimization problems.

λ λA, λB , µA, µB

Weighting
parameters
of coor-
dination
terms

Coordination terms
and Lagrangian update
are weighted by tuned
parameters.

All weighting parameters
are represented by
Lagrangian multipliers,
obtained by foreign
optimization.

α, β, γ λA, λB , µA, µB

Both decomposition procedures yield similar convergence
rates for the objective values and the control variables. How-
ever, the adjustment procedure presented in [4],[5] shows
rather poor convergence properties of the the border variables
between the adjacent areas. Especially small systems show
a low damped oscillating behavior at the interface (Section
III). Further, the convergence rate is highly sensitive to the
values of the weighting factorsα, β, γ and thus, appropriate
tuning is required. Regarding the approach II-B, coordination
problems occur if there is a lack of complicating constraints at
the peripheral buses. Actually, this algorithm is depending on
the borders of the particular areas. For the application area of
power systems this can be handled by inserting an additional
PQ bus in between the regions to obtain enough complicating
constraints. Simulations with additional PQ buses are pre-
sented in [3] and yield the optimal values with slightly faster
convergence rates.

D. Development of Improved Coordination Procedure

To enhance the convergence of the border variables, method
II-A is extended by introducing a master-slave principle.
Thereby, one area is designated as master and determines
the values at the shared interconnection to the neighboring
area. This adjacent area, referred to as slave, adapts its values
at the interconnection to those defined by the master. The
master-slave principle, referred to as procedure II-D, is imple-
mented by involving specific constraints regarding the border
enforcing the equality between certain interface variables.
These additional constraints are in each case incorporatedby
the area taking the position of the slave. Basically, for each
interconnection a master is designated which defines the values
at the corresponding interface.

The question is, if this predetermination of the interface
variables by one area still leads to the system wide optimal
solution. The search direction of the slave is influenced by the
master’s prior decisions. The mathematical proof is out of the
scope of this paper. However, the simulations have shown that
the system wide optimal values are obtained. As the master-
slave principle is only related to the fictitious dummy bus,
the main objective of both areas is not affected. Furthermore,
only one out of the four interface variables is transferred to the
neighbor to allow enough freedom to its optimization. Thereby,
it is crucial to leave one variable of the coupling pairsθ/P
and V/Q undetermined to avoid infeasibility of the optimal
power flow problem.

Improvements of the convergence rate mainly arise in small
systems where the number of tie-lines, i.e. dummy buses,
is large in comparison with the number of core buses. In
these systems, the interface variables show a long ongoing
counteracting behavior and hence the master-slave principle is
highly effective. The improvement of the convergence rate is
shown in Section III-A. Moreover, a much lower sensitivity
of the convergence rate to the weighting factors is obtained
when implementing the additional constraints.
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III. S IMULATION RESULTS

Simulations on two different systems are presented. A first
example illustrates the coordination between three intercon-
nected areas on a small 9-bus network. Within a second
example, the procedures are carried out on the IEEE 39-bus
system. As the optimization problems are non convex, the
global optimum can not be guaranteed applying numerical
methods. However, the system wide optimal values are as-
sumed to be provided by the centralized control procedure in
each case. These values serve as a reference of optimality and
the subsequent simulation results obtained by the decentralized
procedures are in each case compared with these values. The
optimization problems are solved using the solverfmincon
provided by the standard optimization toolbox of MATLAB.

A. Illustrative Example

The first simulation is carried out on the system setup given
in Fig. 3(a), where a coordination between three intercon-
nected areasA, B and C is investigated. Each area contains
two generators where bus 2 is modelled as slack bus. Loads
are attached at buses 1, 4 and 8. Buses 10, 11, 12 represent
the border buses between the areas.
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Fig. 3. System of three interconnected areasA, B and C (a) single line
diagram and (b) progression of control variables.

Active power control is applied to minimize the overall costby
an economic dispatch yielding the following objective function

f(x, u) =
∑

i∈ΩG

CPi
P 2

Gi
, (18)

whereas the active power generations within the set of all
generation busesΩG are defined as control variables

u =
[

PGi

]
. (19)

The production costs for the generated active power are 1 p.u.
for the generators at buses 2 and 3 (areaA) and 2 p.u. for the
remaining generators (areaB andC).

The progression of the control variables is illustrated in
Fig. 3(b) where procedure II-A is applied. Within the first
20 iteration steps, steady state values for the objective aswell
as for the control variables are acquired which correspond to
those of the centralized procedure. The simulation is started
from an equilibrium, which is defined by equal active power
generation of all generators. As soon as control is applied,the
generators adjust their production according to their assigned
costs. The two generators of areaA increase their production
although not to an equal amount asPG3

reaches its operation

limit. Considering the convergence between the areas, the pro-
cedures II-A and II-D are compared. In Fig. 4, the adaption of
the interface voltages between areaA andC at border bus 11 is
demonstrated. Applying the basic adjustment procedure II-A,
these voltages counteract and finally adapt to each other after
723 iteration steps (Fig. 4(a)). The control variables as well
as the objective values are not affected by these oscillations
because the border variables only appear in the second part
of the objective (5), responsible for the adaption. Applying
the master-slave principle II-D by implementing additional
constraints concerning the voltages, a convergence of the
algorithm within 22 iteration steps is achieved (Fig. 4(b)).
The constraints are arranged clockwise, e.g., areaA decides
about interconnectionAB at bus 10. Thus, for each area an
additional constraint is implemented such asVAC A

!
= VAC C

for areaA. The areas perform their optimization clockwise.
Therefore, the voltage of areaA follows that of areaC with
a delay of one iteration step because interconnectionAC
connects the areas first and last optimizing. As the master-
slave procedure only affects the border adaption but not the
main objective, the final values of the objective and the
control variables correspond to those of procedure II-A but
the progression is slightly different. The weighting factors are
chosen asα = 1, β = 2 andγ = 1 for both procedures II-A
and II-D to illustrate the improved convergence.
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Fig. 4. Convergence of border voltages at interface betweenareaA andC
(bus 11): (a) procedure II-A, basic adjustment at interface and (b) procedure
II-D, improved coordination procedure.

Applying procedure II-B to the original 9-bus system with-
out dummy buses, a convergence to the optimal values within
27 iteration steps is received, although only a loose coupling
by one complicating constraint per peripheral bus is provided.
For the case of active power control the slack bus is modelled
as PV bus with additional angle reference in order to obtain
enough complicating constraints. Using the system setup in
Fig. 3(a), a convergence within 17 iteration steps results as
the additional PQ buses enable 2 complicating constraints per
peripheral bus. Simulations are presented in [3].

B. Application to IEEE 39-bus system

In a further example, the decomposition approaches are
carried out on the IEEE 39-bus grid which is partitioned
into two areas (refer to [3] for the partition). The lack
of coordination, as illuminated in Section I, is eliminated
implementing the presented decomposition approaches. In Fig.
5, the active power generations of all generation buses ob-
tained by three different methods are illustrated. Applying the
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limited coordination procedure operated today, a suboptimal
solution with a overall active power production cost ofCtot

= 518.89 p.u. is resulting (dark green bars). Implementing the
decomposition approaches, the system wide optimal values are
obtained, yielding an exact match between the centralized and
decentralized procedures (Ctot = 481.36 p.u.).
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Fig. 5. Active power generation for different procedures:
(1) limited coordinated (dark green bars),Ctot = 518.89
(2) centralized coordinated (light green bars)Ctot = 481.36
(3) decentralized coordinated (yellow bars),Ctot = 481.36.

Fig. 6 presents the evolution of the control variables, i.e.the
active power generations at all generation buses, and the values
of the overall and the local objectives applying procedure II-B.
A convergence within 48 iteration steps is reached, but only
the relevant part is depicted above. For the progression of the
complicating constraints during the simulation refer to [3].
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Fig. 6. Procedure II-B applied to IEEE 39-bus system: (a) active power
generation at generator buses and (b) objective values of AreaA, B and total
objective value.

Applying procedure II-A yields slower convergence rates.
A low damped oscillating behavior at the tie-lines occurs, but
neither impacting the control variables nor the objectives. The
convergence improves when the number of tie-lines compared
to the number of core buses decreases. Running simulations
on a two area system composed of two 39-bus systems, inter-
connected by two tie-lines, results in less oscillating interface
variables. For both systems, the convergence is enhanced
by implementing the master-slave principle II-D. With the
coordination procedure II-B favorable convergence rates for
both systems are achieved. Table II illustrates the convergence
for the three different decomposition techniques applied on
both systems. For procedures II-A and II-D the number
of iteration steps regarding the convergence of the control
variables (denoted by u) as well as of the interface variables
(denoted by y) is stated. The simulation parameters are the
same as in example III-A. The authors like to emphasize that
the focus is not put on the performance when considering
the rather slow convergence rates of the interface variables.

The purpose is rather to demonstrate the achievement of the
system wide optimal values. Nevertheless, the control variables
converge within applicable iteration steps.

TABLE II

REQUIRED NUMBER OF ITERATIONS

Approach

System

II-A
Interface
Adjustment

II-D
Master
Slave

II-B
Passing
Variables

39-bus 2 area u: 32
y: 347

u: 32
y: 108

u: 48

39-bus - 39-bus u: 24
y: 258

u: 24
y: 85

u: 42

IV. CONCLUSION AND OUTLOOK

Different approaches of a decentralized control procedure
are presented which do not only enable the coordination
within multi-area power systems but provide the system wide
optimal solution. A cooperative behavior is shown, where
the neighbors help to support the system wide objective. No
central coordinator is needed which follows the philosophy
of large interconnected power systems, e.g., UCTE. A new
decomposition procedure is developed by implementing a
master-slave principle which enhances the convergence proper-
ties. Future work is dedicated to outages of control authorities
and break downs of communication links as well as to the
incorporation of discrepancies within computation times of
adjacent areas.
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