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Abstract

s paper presents a mathematical approach to implementing distributed
opuxml power flow (OPF), wherein a regional decomposition lechnique is
paraliclize the OI’F ’l'hree ma(henuucz! mumum

3. Distributed Optimal Power Flow

In our distributed scheme, we use the regional decomposition tec}n'uque
This paper is an a(tensmn of [7] ln ms paper, we inroduce three

which are amenable for
distributed OPF the Auxiliary

are [ the
distributed  scheme’  the Auxxhary Problem  Principle (APP), the
Predictor-Convector  Proxdmal  Multiplier  Method {(PCPM), and  the
Altemnating Direction Method (ADM). Then two alternative schemes for
rmdehng distributed OPF are introduced, the Dummy Generator-Dummy
Generator (DGDG) scheme and Dummy Generator-Dumry Load tDGDL)

cheme.

We present the mathematical analyses of the proposed approach, and
dermonstrate  the on several test S&waﬂs. including {EEE
Reliability Test Systems and parts of the ER (Electric Reliability
Council of Texas) system.

Problem Pnnclple (APP) the

Predict Proximal Mumphe( Method  (PCPM), the
A!tanaung Dmacnon Method (ADM} The theanetxal background ul the
and the f of distributed OPF will be first

given in the following section. Then two i iologies,
ca!ledDGDGmdDGDLschexmmbtns«i in our study will be
described, followed by a case study.as in [7), where the regions buy and
sell electricity from -adjacent regions st ices that are coordinuted by
regions. the variables and constraints

are the same as defined in (7).
3.1 OPF Formulation

With the same definition on variables and constraints as in {7], the OPF
problem can be written as

min ([0 + FL2) ), m
(r.y)=A (v, 6B

whaeweasmmed\atmeoostiumums f. and f, are convex

1. Introduction
C jonally, the OPF husbemoneo{swu j
involving a large-scale system, and as lized

dwacmalmtmmuonsmmhn ion_and that there
is & unique sol '" w (1, We & l) into regions by
duplicating the barder variables and

Recen!!y. lorces such as mcrcamg

competition, advances in gmeratmn
and the advent of new i have on electric
utilities to become more efficient and to mmve the efﬁcmy fmm
mn-gamum technologies such as’ supervisory controt
acquisition (SCADA).  As a consequence, the role of OFF is changma
und the importance for real-time computation, communication, and data
control is greatly increasing.

As power systems ave operated more closely to their ulimate ratings,
it is becoming necessary to incorparate cuntingercy constraints into the
formulation, and more rapid updates of telemetered data and faster

solution times are be nec&ssarywbetw'uackchafwesm!}w
system.  The inclusion secyrity ints yreatly i the
conmwa‘anal (Ikiﬁculzy of the OPF. However, the camputational and

for OPF are at the hmit of current
centrah implementations [1), and the requirement for fustor and more
frequent so!utxons has encournged the recent development of a number of
new OFF and the ¢ of parallel implementaticns
using dmtmlxzed Processors.

2. Review of Parsllel/Distributed OPF
Since Dantzig and Wolfe (2] pr i their d iti ipte for

lmear programming  in 1960, an extensive work o Iame-sca\e

; I has_folloy '(See[SJaMnsm‘m)

d by this i i work, vanious approaches have

bwn taken 1o pw“al!elwe power system pmbhms mcludm ma:ng: girwer

Inital i of parallel computing to power systems problems

‘f:? ming m.*)"f"m effici ’uw'dfx] 3mdam:m ' &1
vector tions  efficien et ol

Mmswwd a distributed deconwstum o(yamst.rmned economic dxs;mtfg\

on a hypercube multiprocessor using  Dantzig-Wolfe decomposition
Whﬂaﬂu‘ehasbemmodmwoﬂ(smdm parallelizi
and

¥ b4 (see the d m[i)) mq)or
effnnshas 4 on el lelzing "‘*'st‘epswchasjacoblan
are e

useofiamenmnﬁaneounmwrs
In 17}, Kim and Baldick an h to optirmal
pawer flow (OPF) that is suitable for distributed imph ion and is
applicable to very targe inter d power sy In the approuct
the OPF is scived in a d i ork, of each

r;uwn.almal?tmwwouldpufm:d;tsown%PFfwﬂﬁmmaM
border. Regions  interact usting ws  betwaen ion:
depmdmemmenrmqmwdfu'{lm—mguma! regions

between the two variables.
First, define the copies of y to be y, and ¥4, assigned to the
regions a and b, respectively. Then the problem {1) is equivalent o8

{1 + 12 + Fllyam sl 50 =

(nrleA
{rn,2)=B

The quadratic term added to the objective does not affect the solution
since the constraint y,—y,= 0 will make the quadratic term equal to
zero at any solution; howeves, when we decompose the problem, this
term will significantly aid in convergence.

n=0). @

32 Decomposition
waenoplymethmdemmmuonalgonunnsdambedm
previous  section ibuted OFF
implemnentation.

Algorithm APP (8]

First, with the use of auxiliary problem principle (8], we can solve (2) by
soivmnsmuemeofpm\ﬂumofmefm
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where the superscript & is the iteration index, « and # are positive
constants,  Some sufficient conditions for this iterutive scheme to
conva' e to a soiunon of (2) are presented in [7]. The initial conditions
2 50 30,2°,2° can be any convenient starting point such as a
previous solution or flat start. The value of the Lagrange muitiplier 4,

at iteration k is an estimate of the cost to maintain the constraint
yvu—ya=0. ¥ y represents, for example, power flow from region 4 to
5 along a particular line, then 4; is the “shadow-cost” on the
interchange of power along that line. If some region must import power
to satisfy local demand, then the initial conditions for the border flows
can be set to reflect the generation deficiency, however, this is not
necessary for convergence since y genesators can be arranged
to supoly the imports necessary for a feasible initial solution.

Notice that the terms Z“"" P n Ot )+ (@00 in the
objective of (3) can be xnterpmted as being the sum of cost functions of
generators placed at the border buses in region-a. The cost functions
of these dummy generators include costs for real and reactive power
generation, voltage support, and phase _angle control. A similar
interpretation applies for the terms in (4). The costs are quadratic and
depend on the valves of the Lagrange multipliers as well as on previous
values of the iterates.

Algorithm PCPM (11}

Similerly, employing the algmthm P by Chen
Totlowing regional OPF roposed by Chen [11], we obtain the

R LY L CETR TR SO ®)
o, ’." )-uﬁm{/.(l)i'ylm P Y ] '().)] 1G]
A= gy Jﬂ; (A" — 2"y, (corrector step) 8

- 7}:(&'—:‘). {predictor step) 9)

Algorithm ADM [16}
In the same manner, the Algorithm-ADM ch the foll

Origingl System

DGDG Scheme

DGOL Scheme

Figure 2: Decompostion with DGDG and OGOL Schemes

In the following sections, {wo alternative models for distributed OPF
are introduced. first scheme puts two dummy generators for cach

subproblems i

Gt wgmin () + v TR G0

[CAE A T axxmin{/.(x)“r%llyr' W)L aD
(3. 0e8
P O . . a2

33 Distributed Algorithm

A natural implementation of the Algorithm-APP and Algorithm-PCPM is
given in Figure 1 I is noted that Algorithm-ADM requires the regional
OPFs for region~a and region~ b to be performed sequentially.
Telemeter  and  Dispatch  steps  require mtxa-regtonal
communication of data and control signals.  The loop termination
global cc ion while the Exchange step only
requxms communication between adjacent regions. In the case of multiple
regions, each region will solve an OPF for its core and border variables.

Vot 0 5.0 0, 20 g0 s

k=—1;
rwwwmmmmmnmw:
Incremect k §
in pordhl, soive the cegonal OPF for regien~ g ond for region= b ¢
Exchonge »,* ond 3,} between regiond processons ¢
4 FLa
VU gt ond gt coverge T wihin tdecance
Dupcich generchons occording to OPF achtion.

Figure 1: Distributed implementation of paraliel OPF.

4. Implementation of Distributed OPF

We formulate the probi d hypothetical generating  unis
and loads which we cal! Dummy generators  and ‘bwnnvuioads.
respectively. The dummy generators are designed te produce or consume
electric power in accordance with the terms in the objective function of,
for example. (3) or (4} that do not appear in the objective of {2), The

duramy generators mindc the effects of the external part of the system
:hmugh a cost for supply of real and reactive power, voltage support,

Dummy lcads are used in an alternative way to implement
Alaonﬂ\m—-ADM

tie~line between a pair of regions. One of the dummy
generators is placed in each re%gn We call this scheme Dummy
rator e ( y and

Generator

1.) scheme, one of the dummy genmmrs in DGDG
scheme is replaced with a dummy Joad, (Algorithm-ADM)

To impliment the distributed algerithm, we first duplicate the border
buses, and the vector of the border variables, and then put either dummy
generators or dummy loads on the duplicated border buses in cach
region. Each individual region sclves an OFF that includes its own
region and the borders it shares with other interconnected regions. The
price information for the borders are then exchanged between adjacent
regions for updating the multipliers on the constraints,

4.1 DGDG Scheme

In thls scheme, dummy generators are put on the duplicated border buses
in region-a and region- & to represent the power flow between a pair of
interconnected regions. In the iterative alporithm, the generation levels of
the dummy generators are determined by the updated cost functions and
the derrand- suwly relationship. We interpeet a positive output as injected
power 10 the border bus, while negative oulput is intenweted as a
demand at the border bus where the dummy generator is connected,

it is noted that the dummy generators in region- 4 and region- b are
not both expected to produce or consume power at the same time; if a
dummy generator in region-a produces power, then the corresponding
dummy generator in region- & 1S to produce negative power
(equalmtly, consume positive power) in equal amount at the same
procuction cost so that the optimal solution to (2) is not affected by the
dummy generators,

For instance, in Figure 2, assume that the dummy generator which
placed on the border bus in region-a (Bus-2s) might produce negauve
power, while the dummy generator put on the border bus in region- &
(qu;Zb) procces positive power, in order for the negative power and
positive power to be canceled out at the optimum.  In this case, with the
dummy generalor Gp,, region-a may reduce is core power generation
due to the positive power from G, resulting in a power flow from
region- a to region- 4,

42 DGDL Scheme

In this scheme, dummy generator(s) are put on the border buses in one
region, while dummy load(s) set equal to the magnitude of the power
ougput from the wmmndxm dummuy generator{s), are put on the
border buses of the other region so that the power output from the
dmnmygmerawrandlhedunm\yloadm led out at the

As in DGDG scheme, the production cost functions of the dummy
generators are updated in each lwraum, usmg different update rule from
that in DGDG scheme, In panciple, DGDL scheme is best modeled as a
sequential computation algorithm, though, under spec:ﬁc situations, it can
be modeled as a parallel computation scheme.
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In our implementation, first, the regional OPFs for region-a and
region- ¢ are executed with no dummy generator or dummy load. Then
& dummy generator is put in the region experiencing higher Lagrange
multipliers on the borders (eg. region- b in our case study} to produce
power. The iteration begins with the regional OPF for the region with
the dummy generator, followed by the regional OPF for the region with
the dummy load. The production cost function of the dummy generator
is assumed 10 be:

F(Pea)= 8" Peo + 7eo* Pio, 13)

where, Pgs is the power produced by the dummy generator, rg iS on
the order of I/ N tmes the average of 7 over all the generators in the
region- e, given by,

o= a4

where N is the number of generators in region-s and yg, is the
quadratic cost coefficient of generator i. The detailed choice of rgo is
problem dependent.

. In each iteration, the coefficient 8 is updated by the following

» L
R I R s

where A, and 4, are the Lagrange multipliers at the border buses in
region- a and region- b, respectively, 7 is a problem dependent parmeter
goveming the rate of convergence.

To illustrate the implementation of DGDG and DGDL schemes, we
present an example below,

43 Sample Application of the Schemes
The example system is given in Figure 2, which contains three buses,
demand.

two generators meeting ! pu .of system nd. Be;mndal':s assumed

lines are d 10 be lossless. The cost f for each g is
given by’

fomh P2 (for gencrstor Gy 16)

fi= % P} (for generator Go) an

There is local demand in region-g of L,=0.5 at Bus-i and local
demand in region- ¥ of L,=0.5 at Bus-3 Bus-2 is the border bus,
Bus~1 1;. the core bus for region-g and Bus-3 is the core bus for
region- 4.

Problem (Centralized scheme):

We minimize the total production cost. For notational consistence
with that in the preceding sections, we use x for P, and 2 for 7,
Then the peoblem can be wriiten ast

min {4+ 2], a8

z+ta=}

The optimum solution to this problem occurs st x=% and 2=%,
yielding -;Las the objective value. One may see that the generation at
Bus-l excoeeds the local demand while at Bus-3 10 salisfy
demand-supply relationship (Le., the equality constraint).

We will show that the same solution could be obtained with the
mmplementation  of  our parallel  computation  schemes, DGDG
(Algorithm-APP and Algorithm-PCPM) and DGDL (Algorithm-ADM).

Implementation of Algonthm~APP (DGDG Scheme)
Step 1 Duplication

Duplicate the border bus (Bus-2) to get Bus~2a and Bus-2b, then put
the dummy generator  Gge on the Bus-Za, and Gns %:\' Bus-%
lm:pduce & border variable y, and duplicate it to yiedd y, and y, for
region-a and region- b, respectively, where y can be interpreted as a
power flow passing through the border bus (Bus~2), Consequently, the
duplicated border variavies v, and y, pertain to the generation levels of
the dummy generators,

Step 2 : Regional OPF

Divide the central optimization problem, (18), into two ionul OPF
problems as in Figure 2. The regional OPFs are ;i‘ven by: e

OPF, win {1x 4 $lra- s + 1102 aD + G900 a9
Aty,ml,

OPF, win {2+ fin-sUP + ry 0= - (") 0
x+y,=L,
Frlw 2t el +54h @n

Step 3 : Paratlel computation

i) Solve OPF,. The solutions x**! and ».*! are given by,
I RS AR SOl Sk o
8

i e | )*
FAME I P

it) Solve OFF,. The solutions #**' and y}*! are given by,
i B LoD+ ré(.v: o el st ]
+ 8

et

W -L‘—'z‘”

i) Update 4.
e P - Y

iv) Repeat i) to i) untl convergence criteria are met.

The results of the first few iterations are in Table 1, where o = 375, 2
= 750, v = 375 were used.

Implementation of Algorithm-PCPM (DGDG Scheme)
Step 1 : Duplication

Duplicate the border bus (Bus-2) to get Bus-2a and Bus~2b, then put
_tl'e dummy generator Ga, on the Bus-2a, and G,y on Bus-2b as done
in Algorithm-APP.
Step 2 © Regional OPF

Divide the central opimization problem, (18), into two regional OPF
problems as in Figure 2. The regional OPFs are given by:

OFF, min {$2+ iy 5l + 00} @
sty,=L,

OPFy min { £+ Folin—sAl - 4H 60 @
styml,

=AY @

Step 3 : Parallel computation

1) Compue 2. (Predictor Step.)
P s g - Y

it} Solve OPF,. The solutions x**' and yi*! are given by,
A l_f_; {_}: L - ) - )nu}
Yot Ly -2

i} Solve GPF,. The solutions z**' and »}'' are given by,
#7 h {% ALy~ +2}

y:ﬂ - L, el
iv) Update 2. (Corrector Step)
P R R A
v} Repeat i) to iv} until convergence criteria are met.

The results with first few iterations are in Table 2, where stuge-fixed »
= 525 was used.

Implementation of Algorithm-ADM (DGDL Scheme)
Step 1 : Duplication

Duplication the border bus (Bus-2) into Bus-2a and Bus-2b, and put
a durnmy generator on the Bus-2b, (It has becn already known that the
dual value at Bus-?b is higher than that at Bus-2a) Notice that no
border variable is introduced in this case.
Step 2 © Regional OPF

Divide the master problem, {i8), into two subproblems as done in
scheme. The regional OPFs are then given by:

OPF,  min {12«;}] (25)
frml 45

OPF, min {2+ 8 nm+ re* B} (26)
{z+y,=LJ

-~ 184~



Step 3 ¢ Parallel computation
i) Slove OPF,. The solutions z**' and »}*' are given by,

i B T Ly
2+ 2re0

W= Ly -

it) Solve OPF,. The solution #**' is given by,

EaaC A

iii) Update 8.

P

'] 1
a.;x, Caph

) Repeat i) to iii) until convergence critera are met.

The results for the first few iterations and the final solutions are
given in Table 3. For this simple problem the DGDL scheme has better
convergence property than the DGDG scheme.  However, the convergence
rate depends s?-grgt‘);ogn the ldﬁ‘éetolo\f) parameters, a8, 7. and the
characteristics o lems. In section we show results
for DGDG and DGDL applied to OPF ;:mb(e:\.rln\:‘g i e

5. Case Sudies

In this section, severnl case studies are performed to demonstrate the
proposed distributed OPF algonthm The objectives of the case studies
are, first, to discover the viability of the algorithms in practical
lmpiementanm and, second, to test and compare the overall performance
of the algorithms. Performance comparisens are based on the cputimes
and number of iterations required for desired accuracy,

case studies, a state-of-the art Interior-Point OPF code
(IN'IOPF) (18] wene employed. Non-contingerncy constrained AC OPFs
were performed for all cases with real and reactive generator [imits and
line and voltage constraints All computations were performed on
a Sun Sparc-20 workstation, _while parsliel (distributed) computations
with INTOPF code were implemented on  seversl Spanc-20 and
Ultra-Sparc workstations,

k x 2 Ya v A28 A8 dyasyb
0 5000 BODC 0000 0000 7500 5000 LUGOG 0000
I S8 00 -2 009 TIN5 6428 BISE 619
2 G8I8 TO) -IBI8 A28 700 S MR 0619
3 0 B -0ET3 M5 86 BT M8 &8
4 BN B 188 561 6867 68 66% .
5 610 38 -I70 U606 6788 670 678 013
12 6641 3 1667 66T 0667 6667 6667 000

Tokle 2 ¢ Algorthm=PCPM ©GOG Scheme?

b z Yoy AMAF A hyewt
S0 B0 000 OW0 TG X6 1000 600
508 AN 46 09 6915 6B AIBL 0619
1508 44 6741 &5 TS 256
5645 00 -1645 1599 6688 6645 .6HOT 208
560 363 060 A6 ST G SN 0013
8664 A3 1664 1660 GBR G454 GATR fii)

N L

k X 7 va oy A8 A ok
0 500 500 0000 0000 5000 10000 7500 00
TSI 4 M4 M4 SNd &1 6 2867
2 OS2 BT R nR aR My A 16
3 M6 B XS I 6T 0 A6 o932
4 S B9 M9 60 MR 452 0533
& A5 MM IS 55 6565 6968 49 fic: )
it £655 333 1666 606 6666 6666 L4166 0000

Toble 4 ¢ Cose study systers.

No | Bues | Regons Core Buses Tios | Lrws | Lood
1 50 F] 2424 2 [5) 50
2 18 3 242424] 6 126 4
3 108 4 M242424| 12 ] 186 we
4 38 2 n8ne| 2 38 %
S 1 360 3 18,58,18] § 570 126
[ 376 2 27105 3 5% 157
7 753 4 27,005128237| 12 | oo | 209
LS 3 LI05128,292,3653350 28 { 2145 | 398
9 {un L S 2M,105,028,237 365,325, 74,13} 59 | 2981 | 462

51 Case Study Systems

Data from two IEEE Reliability Test Systemt and eight Texas utilities
were used to demonstrate the performance of the algorithm. Table 4

izes the test The first column denotes the system
identification number, which will be used throughout the paper instead of
nwlnants.mesecmdoolumn shows the total number of buses in each
system, while the third and fourth columns show the number of regions
and the number of core buses in each region, The fifth column shows
the number of tie-lines that interconnect the regions, while the sixth
column shows the total number of transmission lines in each complete
system. The last column shows the total per unit loads in the systems,
The five smaller systems consist of two, three, or four copies of two
IEEE Test Systems, while the four Texas systems use data from (wo to
eight Texas utilities.

The objective_to be minimized is the production cost for (xt'lve and
resctive power, The cost of reactive power is assumed to be 107 of the
active power cost for each generator, while power costs  were
ado, from (201 and {21}, The constants , 8, and y were tuned for
each sysu:m to improve convergence.

52 Stopping criterion

We chose the maximum mismatch between the border vanables as the
stopping criterion. To select the olerance on the maximum mismatch,
we experimented with the performance of the algorithm. We found that
the choice 0.03 per unit maximum mismatch yxelded a solution with total
costs that were within 0.1% of the optimal production costs from the
serial algarithm. Typically, the mismaiches on most buses were much
smaller than 003 per unit.

53 Test Results

Selected case study results are presented in this section. To compare
the overall performance of the algorithms, the total cputimes and iteration
c:ounAl‘i ts m:x;e Atgpbulatedd] SeveraldﬂiﬁguEa ubased og'xpeg;e 1'e;ul“t(=:l fr?m the

- are alsc provi inally, the s ~ups and efficiency
of the Algarithm~APP are discussed.

The cputine results from the umkacomposed and the parallel
implementation of INTOPF code are summarized in Tables 5 and 6,
respectively, where all :.he cpuums mc!ud-: the ovi necessary for
reading data and o As seen in Table 5
the cputimes and the number of buses have almosz a linear relationship.
Table 6 shows that the first iteration of the INTOPF algorithm takes
much more cputime than each subsequent iteration.

Table 7 compares the estimated efficiencies of the algorithms.

6. Conclusion
6.1 Distributed OPF issues

We have presented an effective parsllel algorithm that can achieve
s:gruﬁcant speed-up over serial implementations. In a distributed
environment there are overheads that may reduce the possible speed-up.
However, even if speed-ups of the OPF computation itself were less than
ideal, there would still be three powerfil incentives lo explore a
distributed implementation.  First, as we have remarked, insttutional
arrangemaents may prevent the pooling of data,

Second even if pooling of data were possible, communication
bottlenecks at a central control center may prove a major obstacle for
centralized multi-utility OPF. For real-time applications, particularly, a
distributed implementation using our approach will thevefore be much

maore altractive than a central implementation,

We note that most traditional approaches to parallelizing OFF involve
2 master process assigning tasks to slave processes. Tel data
is pnssed from the master process to the assigned slave process, making
communication overhead heavy for distributed implementation. For this
reason, the traditionsl approaches are unlikely to be practical for on-line

applications.

A distributed implimentation has a third important advantage over a
centralized implimentation {whether serial or parallel.) A communication
failure between regions can be handled more gracefully by a group of
decentralized processors than in a centralizod irplemenation  bocause
each regional processor can attend to the local neds of its region,
perhaps  with increased generation costs, even while inter-regional
communication is interny

Tabie 57 Coutime for undecomoosed OFF with INTOPF Gec)
[ Srom Nerbar [Nt [No-2[ Mo 3T No e 5o € 0 1 Mo 8 NeS]
[ Bowcow | 9] 28] 42| 72| hr|ime]an3[6ez]as]

Table 6 Cumuative cputime for poraliel OPF with INTOFF Gec)
Sysdem Number § No.1| Na2{No.3[Na 4| No 5[ No 6| o 7{No.8E No 9
evalion®1 w7 es|esfrz}r
laotones 22| 23 22| a3 sz nafnafsies
loroton=10 § 31| 30 32 52| s.4|wrfisafiasfws

Herotion*20 51150 31]687]87]301]303] 316§326

Toble 7% Comparivon of Efficiency (%)
System Number § Nat] No2[to.3| No#| No.5| No.6| No. 7| No 8 Na. 8
‘Algoritm-APP 120.7] 242 35.0| 69.2] 16.5] 53,3 61.7] 65.3[ 51.9

Algorthen-PCPM § 18.9 1 22,51 37,2 66.3) 114 | 517 $35] 59.2| 545
Ngorithn~ ADM § 20,21 251} 362} 18 Teise sl eis]ezs] 854
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62 Algosithms for Implimenting Distfibuted OPF

In this paper, three decemposmon algomhm based on the  augmented
Legrangiun roethod were d OPF,
namely ndmﬂm*APP Ngmthm*PCPM and  Algorithm-ADM,
sespentiv
formulate the regional OPF problemn, two altemative
nmddm s?;ulmmm d T;‘wh{ubt scheme, cauaiﬂe ll)(il)gzt geenman;gr mg}
durmy generators for each ransmission tie-line W
dummy generators in DGDG scheme is replaced
m!msdw?: nk‘)ad. . M was f d with this schome,

of dummy Joads, f 2
many tie-hines exist, adopting yl;ndsmkesmmmum easier
ws better conve propenty i
MBaShs:d on the awsf&iy results, Ngmumx-AW has a geeat
advantage in number of iterations, while orithm-ADM {ooks very
competiive in cputime.  However, in an efficient implimentation, we
would expect the time per iertion to be almost independent of the
algonithms., Therefore Nuomm-APP, which requires fewer Rerations w
converge, can  be expected perform  bester  overall  than
ithm-PCPM and Algosith ADM

63 Direcrion of Future Shdy

Our futwe study is first 1o explore ways tmprove convergence of the
Agorithms. critical issue is then how many Nlerations are nocessary
before the Lagrange multipliers and border variables converge. The
quadratic term introduced in (2) and approximated in (3), (4) iy designed
to te the copies of the border vanables mmsm!y than just
using a linear copstraint in (). The «rfzson {3 that the quadratic term
strongly convexifies the poblern The effect is to epharce the rate of
convergence. An important challenge is to theoretically aralyze the
inprovemert 0 convergence speed due W the quadratic teem,  Clearly,
camfulcwceofm\mswu!ahoeﬂwmelhecmmmoiw
algorithm.  Since the inter-regional communication rmwermnts will be
relatively sowll under essentially any choice of regional decomposition,
she main goal in choosing the regitnal decomgposition Wil be to enhance

Fma\ly, corn don of contingency i wu!e!aobea‘t:

studisg, curity
o satve ch-z SCOPFS ctﬁcaendy «nd fdiauy in dtsmbuwd manner,
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