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ABSTRACT: The P2P computing mode which may
effectively overcome some shortages of the present sequential
and parallel computing mode is applied to the large-scale
power flow computation in this paper. The advantages of the
P2P mode are analyzed and presented. The mathematic model
and computing method is put forward and analyzed based on
current-influx model. Based on current-influx method, power
network is easily partitioned, and the relation among subtasks
becomes weak. The mutual dispatch management in P2P are
researched for the flow computation. The static and dynamic
dispatch methods are adopted, which may flexibly adjust the
topological structure of computing network. The dispatch
arithmetic of the load-balance is studied, which may transfer
high load to near computing node according to the total
present computing instance. And the computing efficiency is
enhanced totally. The proposed computing model and methods
are implemented in IEEE 118-buses system. The computing
results have approved the validity of this computing model.
KEY WORDS: P2P computing, Network computing, Power
flow, Dispatch arithmetic

I Introduction

The flow computing is considered the fundamental
element of modern power system control centers. It can be
defined as a calculation program, by which the operation state
can be solved. The sequential computing may meet current
requirements of flow computation, by improving and
developing in the past few decades. However, there are some
difficulties to deal with on-line, real-time, optimal flow in
large-scale power system!' ™,

The P2P computing technology is introduced and studied
in power applications. Unlike dedicated multiprocessors or
high performance computing platforms, the proposed method
is based on an existing Local Area Network. Apart from
exceptional circumstances when all the computers are fully
utilized, most of them are either idling or not loaded to their
full capacities. In P2P, peers act as both clients and servers,
form an application-level network, and route messages'..
studied the

dispatching algorithms by means of P2P in power flow

This paper computing method and
computation. The organization of the paper is as follows. The
advantage of the P2P is presented in section 2. The
mathematical model and distributed arithmetic of flow are

given in section 3. The dispatch algorithm is studied in section

4. The simulation results of flow are shown in section 5.
Conclusions are presented in section 6.
I The Advantage of P2P

At present, the underlying impetus for research is to
improve the performance of power system applications to
provide real-time control and support for proactive decision
making in an economical and secure way. Huge computing
capability pooled in P2P platform, will solve the above
problems. The distributed flow may be realized by using P2P
technology, which can integrate existing computing capability.
The computing result can store in local dispatcher centre,
which is transmitted and shown between dispatcher centre
quickly™ 7.,

The advantages of the P2P mode meet the computation
need. The characteristic of electric network is the wide-area
distributed, hiberarchy management, etc. These are very
suitable for P2P computing mode. Compared with several
parallel computation modes, it has some special advantages.
Parallel computation can improve the speed, by assembling all
data of the whole region. However, these data have certain
business secret. In P2P mode, the calculation program and
outside equivalence parameters are submitted to the region
with data, only results are exchanged among the regions. So
the data sharing, better commercial secret and little data
communication are realized easily. The scale of parallel
computation can't be expanded limitlessly, and can not catch
up with the demand of computing question. The P2P mode
may obtain limitless computing capability theoretically and
execute real-time even over real-time simulation computation.
So it will solve the real-time problem of huge-scale power
system effectively®?.

III The Mathematical Model and Distributed
Arithmetic of Flow
In general, the flow computing may be formulated as

follows:

*
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where Y is admittance matrix of network; V is node
voltage vector, V= diag{V;, V, * * *, V,}; I is node current
vector.

The current-influx method is adopted, which is solved by
iterative arithmetic. The last voltage P*P replace the right ¥,
and ™ replace the left V. So the linearization equation group

is formulated as follows:

*
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Figure 2 Decomposition of interconnected system

The tasks need to be partitioned by the thick grain size in
the P2P computing. The partition method based branch was
adopted in this paper. By this method, the size of each subarea
is almost equal. The communication among computing is
reduced with few cutset branches. The network branch is cut
in Fig.1, as shown in Fig.2. It is very complicated to process
the border branch accurately. Here, the border voltage can be
expressed with the neighboring voltage (replaced with last

iterative value). The border current can be shown as follows:

L, =, =-V)Y, (3)

Figure 3 Rectifying chart of sub-region
It is very easy to divide computing task statically based
on the current-influx. P2P may carry on peer dispatch and
manage. The network regions are adjusted, and get more
optimal regions statically, fast convergence and high
computing efficiency. Based on the current-influx, the border
voltage were exchanged among subregions, the convergence

of which effect the global convergence. After several iterative

steps, some voltage variables with worse convergence need to
be processed. In Fig.3, the border node A; with worse
convergence of voltage would be distributed to the subregion
A, and the inner node A, with better convergence would
become border node. The border branch A;B; with worse
convergence of current would be distributed to the inside of
subregion A, and the branch A,A; with better convergence

would become the border branch. The procedure was shown
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Figure 4 Flow chart of flow computation

IV The Dispatch Algorithm in P2P

Because the environment of network computing is very

unstable, the relation between the task and computing
resource need to be coordinated. The good dispatcher
algorithm might utilize computing resources effectively and
improve computational efficiency.

Generally, the initial partition of tasks was not optimal,

and were adjusted dynamically. The calculation amount of
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each sub-task (#;) could be estimated by the network node
number, and the communication could be estimated by the
branches between the subregions. These might be described
with DAG (directed acyclic graph). The static node
information of DAG was described with ST(UD, T,

CompRequiire, D,g, ID,, ID,,..;). ID was the mark of task node.

T;.;; was the initial estimation time of the task. CompRequire
was the computing requiring. D,, was the node degree. ID,,,
and ID,,,, were father node and son node respectively. The
dynamic dispatch information might be described as DDI(RID,
Iter, Finished, Rload, CanReceive). where RID was resource
ID; Iter was the number of iterative times; Finished was the
finished sign of present task; Rload was the load of computing
resource; CanReceive expresses whether other tasks could be
received.
1.Static Dispatch

After the task is submitted, P2P platform analyzed task.
The tasks were assigned initialize according to the resource
information table. Assume the number of sub task is N, and
the number of computing node is N,. There are the following
several situations:
(1) When N, > N, some sub-tasks need to incorporated.
Assume N,_,.=[N,/ NJ+1. Some adjoining nodes combined
into a local connected graph according to ID,,, and ID,,,, of
sub-task in DAG, and a new task node came into being. The
size of new node and ST were obtained according to V..
(2) When N, = N, the number of sub-task is equal to that of
computing node. Some sub-tasks with small T;,;, were
incorporated into tasks with big size, according to max(7;,;).
Some computing resources were left, to carry on flexible
dispatch dynamically.
(3) When N, < N,, there is sufficient computing capability.
Every sub-task could obtain more one computing resource.
Some important sub-tasks could realize redundant calculation,
and the better dependability and fault-tolerant were achieved.
2.Dynamic Dispatch

The inside and outer exchanges were carried on between
tasks after one iterative computing mutually. The last actual

time was expressed with T, The next execution time was

expected:
(k+1) _ (k) (k)
Texp n =0 Tﬁmh + (1 - O-)Texp ert “

where ¢ is a change coefficient, and change with the

node load rate.
In each iterative, the accomplishment ratio of task is:
T(k)

" fimish
ﬂ’exp - T(k) (5)

exp ert

The average of the last k times is:
_ k
ﬂ‘exp (tz ) = Z ;l’exp (tz) (6)
i=1

The variable with worse convergence was adjusted, new
T;nic of every sub-task was obtained.

In iterative procedure of flow computation, one node
with finished task sent finished signal to adjoint computing
node at once. At the same time, its own CanReceive was
locked. CanReceive in the adjoint node is reduced 1 after
receiving finished, and wrote down the other ID and Rload.
After arranging in an order from small to large according to
CanReceive value, the load with minimum CanReceive was
the heaviest. Its partial task was distributed to the computing
node, and the load is more balanced among sub-tasks.

The average finished time of one iterative computing is:

Tﬁnish = Z Tﬁnish (tz) (7)
i=1

The average finished time of the next iterative computing

is estimated:

_ 1< — _
Texpert = ; kz_; ﬂ’exp (tz )Texp ert (tz ) (8)

The computing amount in the node with finished task

might be estimated:

Texp ert Tﬁnish (tz)
T finish (tz )

The computing amount (#,,(j))in the node with heave

Lu(t)= L, () ©)

load might be transmitted:

]}inish(tlow(j )) -

expert

Téxpert .
Linit (tluw (J)) ( 1 0)

Lsub G law(j)) =

The node, the computing time of which was less than

T Jinish » Was executed according to (9), otherwise (10). So the

task was redistributed, the balance of load was better in next

Authorized licensed use limited to: University of Sydney. Downloaded on April 28,2024 at 13:49:42 UTC from IEEE Xplore. Restrictions apply.



iterative.
V  The Simulation Computation Results

IEEE118 bus test system run on the P2P platform.
IEEE118 bus system is divided into four sub-regions 4,+ A+
Az~ Ayo

A;={1-17,25-32, 113-115, 117}

A,={18-23, 33-44}

A;=1{24,45-79, 116, 118}

A,~{80-112}

The branches between 4; and A,= {(15, 33), (15, 19), (17,
18), (32, 23), (25, 23)}

The branches between A, and A;={(23, 24), (38, 65), (44,
45), (42, 49) }

The branches between A; and A,={(77, 82), (97, 80),
(81,79)}

At first, the sequential computation was executed in one
machine. The result was that 7 =3.2s, the iterative number was
35.

At the second experiment, in simulation P2P network
environment, the balance strategy of computing load was used
by adjusting the subregions. So more optimal dispatch was
obtained. The computing result was that 7=2.5s, and the
iterative number was 32.

Because of the complexity and unstability of the network
environment, the result of the total computing time is not very
obvious. In addition, the number of computing tasks was little.
The P2P mode will have more obvious effet while the number
of the tasks is very big. In the iterative computing, the
subregion was adjusted according to the convergence of the
border variable, and better convergence was obtained. So the

computing performance was improved.

VI Conclusion

The P2P This computing mode may obtain computing
resources of low cost easily, and has better cross-platform,
community, and scalability. It can increase computing power
through integrating limitless resources in network. These meet
the computing demands of huge-scale power system. In this
computing mode, peer dispatcher, static and dynamic
dispatcher are carried on, which make it more easy to balance
of load. In the iterative procedure of flow computing,
computing resources are dispatched dynamically. So the
topological structure of resource may be changed flexibly, in

order to meet the needs of the task. The P2P computing mode

improved the computing speed and efficiency of the flow in
this paper. So it will become one of the most effective
methods to solve the simulation computation in huge-scale

power system.
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