
The precess of enumeration requires that every
permutation is lnvestlgated, This is done by initially setting.
the junction in every junction group to II position that is
understced as unset. This means that the junction has not
been allocated to one of its possible positions. The root
junction of the sub-network is then sat to its cheapest
position. All of the sub-nerwcrks for which its children arc
the root junt.:tions arc then enumerated. The root junct!oll is
then sc: to its Mxt cheapest position.

Inspection of certain SlIb.,;:ombinGliOIlS may reveal the fact
thnt the inwstlgntlon of all pcmnnatlons having such a sub-
comblnation should not be made due to problem specific
implications that such a sub-comblnation has. A sub-
combtnattou refers to the portion of the network, in which tt e
Junction's positions have been S(1/. 'rhus all permutatlons
having this sub- combination are implicitly enumerated. These
lnspectlens are made according to the criteria for implicit
enumeration that have been chosen for the speclflc problem.
Implicit enumeration for this problem Is achieved in tllC
following ways:

• CRITERIA 1 : If the cost of all junction groups having
junction positions which nrc S(" is greater than the cost of an
entire scluticn that has already been found, then no
Improvement on this best 1 olutlon CUll be found. Th~refore all
pcrntutatlons which have the junction position settings of the
JUllctions whose positions arc set (of the sub-combination),
nrc: Implicitly enumerated. 'rho cost of all junctions tlmt arc
not sat must be censldercd in the comparison by adding their
individual costs associated with their cheapest positions to the
Wlnl cost of the junctions whose poslrlons have been S<:I.

• CRIT!:RIA 2 • If a particular junction position settlng
of a sub-eomblnatlon lends to a violation of the maxlntum
\'I'lt drop constraint, then all IJJI'mutatiol1s, having this
junction position setting will also end to a violation and
thereforc ure implicity enumerated, When the OCClIfI'CI1Ce of
a viOlation of the mnxhnum volt drOI) constraint is
i!lvcb!i[lutl1d, all Junction's whose pOSitions are not set should
be placed ut the locations thut Icad to lowest maximum
connuuer volt drop.

When a PCI'llhWltion is explicitly enumerated, then its total
cost and its mnxlmnm consumer volt drop arc calculated. A
solution will eventually be found. otherwise ;,10 prc-ehceklna
titagilwould have detected that a solution is impossible,

v. CAS1~STtJl))'
A case study is presented showing the npplicnt!on of AJPO

to an IlNi&ling network of a neighbourhood in tho
Johnl1ncsbutB area. A reprcscumuon of the area and its
original network nrc shown in 1ie,urG 3. Tho network is a

completely underground system, having two transformers
and there tore two distributor sub-networks, These two
networks arc considered separately. The alternative
locations that have been selected for each junction are
shown in figure 3 by an X. An arrows points from a
junction to one of its alternatlve locat;tlllS Cable segment
routes and lengths corresponding to each junction location
were calculated and provided to AJPO as input
lnfbrmatlon.

Figure 4 shows the network configurations found by
AJPO. The distributor sub-network Oil the left has an
original cost of R24482 and the optimised network's cost
is R22786 thus resulting in a saving of 7 0/0, The time in
which the optimisation W(lS performed Was less than one
second. The distribu!ClI' sub-network on the right has an
original cost ofR25449 and the optimised cost is R24738
thus resulting in a saving of 3%.

The design settings that were used, include nil ADMD
of 5kW, a breaker current 000 Amps, the use of 16 1111112
and 185 111m2 cables, and a nominal voltage of 230 volts
with a maximum allowed deviation of 6% (therefore the
mnximulll consumer volt drop allowed is 13.8 volts), For
the purposes of simpliCity, non-standard loads were not
used and the costs of losses WC1'C not eonsldered, although
the scnwere tool is capable of hundllng both of these
factors,

vt, CONCLUSIONS
A tool that performs an optimisation 01' the design of

radial LV distribution networks has been presented. It
operates on the network's topology, by changing the
positions of junctions In the network, The goal of the
ol~timismion is to mlnlmlsc the associated network cost,
while obe>'lng the maximum volt (lr'op constraint. The
network cost is the sum of tho cost of cables and the cost
of power (05S0S in cables, but it can be eastly modified to
consider other costs, wlthou; changing the algorirhm.

There have been previous Investigations into the
development of teehnlques that optimise LV networks by
scurching for optimrll cable t~'pe conflguratlcns, The tl101
llrcscntctl in this paper uses a differcnt approach. to
address the situation in which the designer's choice of
cable types is not variable or only sllghrly vm lable,

The tool has been UPl)licd to existing network designs
and achieved a 7% saving in tho cost of cables Ior a
specific case qtudy. It' the criteria fur suitability of
opplic(1tlon to a penlculnr type of system is the ease with
which alternativc [unction locations 1:011 be found, then it
is deduced thnt the tool is most suitable fol' applicaticll to
distribution systems in which both service and distributor
cable segments ere underground (completely llllcicl'gl'ound
systems).



such that a cost function Is either maximised or minimised.
ihe variables can either be continuous or integral and the
problem is usually subject to a set of constraints that, in
common with the east (unction, cart be formulated in terms of
these variables,

The Branch and Bound Algorithm entails enumerating the
complete set of permutatlous on all possible values for the
integral variables, while pCrfOnlling a standard linear
pregrammlng optimisation all tllo continuous variables for
each permutetion. To "enumerate a pcrmumtlon'' means to
evaluate the implicatiolls thnt the permutatlon hus on the cost
funetlcn and the set of constrelnts. To "explicitly enumerate a
permutation" entails evaluntiol\ of the cost function and
constraints associated with that pennuratlou, To "Implicitly
enumerate a permutation" entails inspection of certain criteria
that revea! that it Is not necessary to explicitly enumerate the
eonflguretlcn due to the implications of these criteria. If n
large mnjol'ity of the permutations are impJicitl~' enumerated
b)' showing that they cannot >'icld an Improved solution over
the presently known be~t solution, then they would not have
to be explicitly enumerated, thus reducing the total processing
time.

The hierarchy of permutations for the intcgral variables
could be rcpres ....ucd by a tree structure, in which each bl'(1I"'/1
of the tree cOlTesponds to a partleular value for a [,articular
variable. l~ach node hI (1\(1 tree represents a possible
permutation, \V1Ien a group or pcrmuiauons is implicitly
enumerated, the branches of the tree corresponding to thebe
permutations nrc removed from the tree (prullod) itl till
operation that is called a bound, Thcrcfcre all ncdes In that
branch are removed from the search. In the problem of
j\ll\ction pcslrion optim {satton, each junction is represented by
an intcgml variable, whose possible values correspond to
each position. The crit~ria for implicit enumeratton, which
must be chosen according to the problem at hand, arc
discussed later,

The ()r{lCCSS used in AJPO is mode up of three parts,
namely pre.proccsshl~, pre.chccklnll and scarchillt.',.

Pre'procl.)ssing cntarls preparation of data that is required
by the acarch, This is dono by pcrlbrmin!j calculations usil'lU
lhe input data that AJPO receives from the user, Values of
COSl, current and volt drop associated with each cable
segment aTO calculated.

The cost of each junction I.lroup corresponding to each of
its possible junction positions is caleulared, by sUlllll'ing the
assoclnred IDeS, ODes and SCS cable segment COSI~.

The value of CUI'I'lin! ill each cable segment Is caleulated
with consideration fol' all connected consumers and divc,'sity
of their loueh;, A check is made 10 determlno if the value of
current in all>' of lite cubic SCllments exceeds thll cable type's

maximum rated value, In which case this is made :mown
to the user,

Volt drops ate calculated in each cable segment using
the values for current and with compensation for possible'
unbalance between phases in 3 phase cable segments.
Unbalance between phases occurs when the loads on each
of the ph uses arc 110t all equal.

Euch junction group has certain significant volt drops
associated with each position. 'I'hose include: the volt drop
of oach ODeS added to the volt drop in the IDeS, and the
volt drop in the toes added to the largest ses volt drop.
Apart from testing the satisfaction of the maximum volt
drop constraint, these volt drop values arc also used to
enable AJPO to Incrementally change ajunclion's positron
ill an order that results in an Incremental lnerease in
mexlmum consumer volt drop.

The next task of this stage is to ascertain which junction
positions are redundant. A redundant position is one that
has an associated cost that is greater than another
position's associated cost, while slmultaneollsly having an
equal or larger maxlmum consumer volt drop. Olll;,' the
remaining poslilons are considered by AJPO. and
therefore the incremental change in a junction'S position
thut results in an incremental increase in maxlrnum
consumer volt drop. will also result itl an \r.crc;l\ental
decrease in cost.

Pre-checking involves two Simple tests thm could result
ill finding a liolution without the need to perform u search,
The fil",t test cutalls placing all junctions in their cheapest
positions, and checking the maximum volt drop eonsrmhit.
If 110 violntil11l occurs, then this configuration is the
cheapest feasible solution. The other test entails placing all
junctions In their positions that result in lowest maximum
consumer volt drops. If this conf1gurmiol1 causes a
maximum volt drop ccnstralut violation, then there will be
one under all configurations. Therefore, if an attempt to
nnd a solution was mode, it would not be found.

The senreh is based on an ndapration of the lll'anch nnd
bound scorch method. It CIlt"lls scorching for the
c\" tion of junction posit".J (permutatlon), that
r' in minimum t0131 network cost end satisfies the
mexlmum volt drop ecnaralnt, Eoeh combfnntlon must be
investigated to I1nd the solution, cither by impllclt or
explicit cnumeratlou, It W(lS mcntioned curlier that the root
of n dislributor sub-net« 1\1'1, is the cable segment. at tho
liupply side of the mdial network. The ,junction 011 the load
sldo of this cable segment is termed the I'oot JlI/I(;tl'OIl (lU)
of thnt sub-network, Bueh of the junction groups tluu are
directly connected to n RJ "in its ODeSs (the children of
this RJ) arc the RJ's of the II' own sub-network. A junction
group's IDes is connectcd to an ODeS of its pal'ent's
Junction group,
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f'lg. 2.lIlustrntlon of Junction Groups

'rho geographic positions of junctions whhln junction
groups lnfluenee the routes and therefore lengths of cable
segments within a network. The lengths of cable seaments
detcnllinc the Mlwork cost and dictate the l)ossibilit, of a
violation of the maximum volt drop constraint. This is
because the cost and volt drop associated with n eable
segment are both directly proportionol to its length.

If the position or a particular junction I~ changed by
mOvillf:\ it to (mother location. then the routes of nil of ilJ
-onnected cable segments would have to be udjustcd
according to the eh'l·lge. Therefore the netwO)']';'5 cost and
maximum consumer volt drop would clumge. The network's
cost is the value of the cost function ealculated for .he
network in its current configuration. Of the two network
configurations that correspond to each Junction location. the
configuration with the lower network cost would be
preferable. However, if it causes n violation of the maximum
volt drop eonstralnr, thell tho more expensiv(ll!ctwork dosiBn
would have to be ehosen,

Consider the situation in which a sct 0" alternative
locations Is speCified for each junction. If there are II
JUl1ctions and each juuetton has P J possible pOSitions (for
1S J ~ Il). then the network can have: P, different possible
conflgurations, where:

1', Q Il~"IPJ (·1)

Ttresc different possible confiBurntiollll oaeh represcut one
permutettou. FOI' each pcrmutation thoro Is (tit nss(lclatcd
netwot'k cost and maximum consumer volt drop. Of all the
permutntlens, the confitwmtion with the lowest assoclated
cost which docs '1ot cause a vlolntien of the maximum volt
drop ~(mstra!nt should be chosen.

AJPO has been developed to find this permutation.
Therefore its purpose is to find the optimal positions of a
finite number of junctions, each havIng a flnlte number of
possible locations. The problem is subject to the maximum
vl'llt drop constraint and the optlmol solution lies at a
contiguratlnn whore the cost function is a mlnlmum. AJPO
is supplil!d with the necessary input information, which
Includes:
• 111C lengths of nil cubic segments In all junction groups

cl'lrrespl'lnding to all posslble junction positions.
• Cable type infonllation for each cable SZgIll01't.
• Infol11lntioll requlred to calculate the values of current

aud volt drop corrcspcmdil1g to cable segments,
• The value l'lf the largest allowed maximum consumer

volt drop for adherence to the maximum volt drop
eonsiramt,

The mechanism that compiles the sot of nltemative
loearlcns for each junction is Independellt of AJP(). It is
the user's respl'lnsibility to find these positions, They could
be specified interactively or found by the suitnble
application of artificial intelligen, • such as (III expert
system. Th~y could also possibly be extracted Ionn a
Geographic lntommtion System, if AJP() Was integrated
Intl'l such n system. The choice of junction pvsitiollS
should consider pragmatic lssues, and thel'f:fol'o they nrc
OtiCII restricted to cenatn speCific loe~t!ons. The
mechanism thnt calculates tho lengths of cable segments is
also Independent of AlflO. Cable routes could also be
spccif1cd intc)'(lctivcly or found by till automatic rO\lting
tOl'll.

.Tho prob!em is analogous to OIlO addressod by
Nlcolson[S] III which cable type selection BOnWare Wt\s
devcloped. This software finds cubic t>'pcs f(ll' nil enblc
segments itt a distributol' sub-network, such thnt the
solution has II minimum ossocimcd cost and docs not
violwllhl: maximum volt drop constraint. ln the problem
of lindinn optimal junction positions. the difference is that
instead o~s:nrching for cable typl,lS fhr each coblt: segment
out ora tmllo set of uvailnblc cablc types. the search is for
junction posilion~ for eaeh Junction out or n finite set of
(\\'(\ilablo locations. Tho goal of fillding (I cOIlfitlUl'ation
having a minimum network cost and the adherence 10 tlll\
mnxhnum volt drop eonstrahu nrc common to both
problems. An odaptation of tho Graueh and nountl method
was chosen for cable type selccllon[5]. because of its
properly of being able 10 gu(\rant~c 1111 optlmnt solution
within its nllottod search splice.

The BI'i:\I1ch end Beund I\I(lol'ilhl11 is a (cclmlqull used
1'01' solvhl? mi~cd illlll[lCI' I'ro~r{\lllmlnLl (MIP) problems
{l:a]. A mtxed mteger 1,,,oBrant IS a IlHlthell10ticul model in
which the intention is to find values for n set of \'[\l'iablos



The goal of the optimisation is to find (I value for ~ that
results in a minimum or maximum value of C, l.e. to find ~
such thnt (for mlt\imu~t):
, C r:l minf(:~) (2)

In the problem cf elcetrtcal dlsrrlbutlon design, the variable
that Is to be optimised Is the overall cost of the network, for
which a mtnhnum value is to be found. Tho cos; of a network
is made up orverlcus components, including:

• The cost of designing tlte llctworlt Is typically
propOI'tionaJ to the amoullt of timc that a designer Is required
to spend on dcvc!opillB the design. Tho usc of CAD tools
should reduce this time cOllsiderably and theretu:,e illlJ(lI'(:Iltlt
reduce the cost of designing the network. The pr(1ccssing
requirements of 11 I'al'ticular CAD tool should bo minimised
so that tho required time for its lise is minimised.

• The cost of nelwol'), clements, is the sum (If the costs
of transformers, cable scgmcl\ts nnd junctions and other
network clements.

s The cost of lnstallatlou of clcml!uts
• 'rhe cost of mulntenllnce to the IIctworl{
• The cost of losses nssoelntcd with using the LV

Iletworl" is made up of the cost of losses ill the LV system
components, such as the cost of power losses within cablc
segments over the system's period of lise. The cost of losses
in a part!culm' cable SCBm~nt is IwoportiOllal to the power
dissipated ill I1\Clt cable S{'1}Ulcllt, which is PHlI;l1l'tio,nal to tho
square of the aVel'(l~Cl current, The prol'OI'llollaht:t factor
dCl~cnds on the load factor, the cost of electricity and the time
over which thc system is It' be used.

• 'fhe costs of intel'l'uptlollS and fnllut'c to provide the
required qunllt)' of supply. nrc not eonsldcred ill tho
caleulntloas because they nrc vcry hard to quantif.y. The
required quality (If SUPI")' is demIt with by upplyinC the
maximum volt drop con~tl(lint (IS (\ design eonstralnt,

The total cost is the sum of (III the o'''\ve mentioned Ihctol's.
However, due to an inubility to nct.:urnloly qunntifY some of
the Iaerors, they have not been included 1'0" fill'lher
consideration. Tho fuctora that (Ire omitted include: the cost of
dcsignill[l the IlctWtll},j Ih~ cost of installaliol\ of elements:
thlJ cost of malntenance to the netwctk: and thl) costs of
imcrru)JtiollS and tllllllt'o to provide tho required quality of
lllll,ply. The cost of network elements is only mudu up of tho
'{lSI of enble scnmcllts. because AJPt) docs not <;hnngc tho
number and t)PC ofJunctioml [lnd transformers..

Therefore. the cost function thm Is 11'1 be minimised is the
sum of the costs ofull thl: cahle segments used in the network
and the sum or the Iif'<.Himc C'ls19. If there nr~ lJ cable
sCl\lilcnts in I) particular network. thell Its ussnclated cost Is:

en L)nl LJ '''1ml) of' KJ * (lJ t (3)

where:
I,) Is the length of cable segment j
cpul) is the cost per unit length of cable segment j
IJ is the avcrage current flowing in cable segment j
KJ is the proportionality factol' for losses in cable

segment j
The optimisation algorithm is subject to the ma.l:flllllltl

voh lIrop constrol'nt. which stipulates that the volta£,c drop
between the trnnsfermer and all COI1SUlt\Crs itt the network
must not exceed a certain amount. This means that the
network's ntaxlnunn consumer volt drop must not exceed
this amount,

IV. DESCIUl'TlON OF ALGOIUTHM THAT FINDS
OPTll\lAL .JUNCTION l'OSITIONS

This section provides a description or AJPO. AJPO
operates 01\ a ginnlc distributor sub-notwork (illustfat('d In
ti!wre 1). The network is decomposcCl into a set of entlries
called jUltet{m, gl'OUpS, each COrrCSl)Ontiine 10 one of the
JUllctions in the network, A junction graUl' includes oil
consumers that lire dir~ctly connected to that junction:
tacir corresponding service cable: segments; it portion of
the distributor cubl" senmellt that supplics the junction;
and portions of tho distributor cable segments thnt arc
supplied by thi!!. junction. TIl is concellt is illtl&trnwd in
flame 2.

E(lch junction is connected to the lund side of' 11 sinel\}
dl5trilmtor cable SC!',IIlCllt. A portion of thiF eeble segment
is referred to as the junction's (nplil dl.l'II'//lIi/ol' "ab/i)
.WgIlWIII (llJ( ·S;. r.~ach junction is 1I~ll'mall>, directly
connected to a number of consumers by the junction's
ser\'/ce caMa .l'c(;mc/1(s (ser;). Buch juneuon Is COlll1l;ctcd
to tile SUI'I)ly side of zero or more distributor eable
sC31llonis Ihot connect to Niter junctions. Portions ot'tlwlll}
cubIc segments are called Ollljlllt t/(scl'lbutol' ~'tlbltJ
S~WIII('II(S (ODC.~~,Juuctlons thnt have more ihnn 01\0
ones are called multipla (lU/PIi/ jUllctiollS. Junctions with
only OJlI,) ODes nrc called SIIIf,/4J (llItPllt 11111('1/0/1.1\and
junctions with none ure called fCl'lIIillafillgj/llI~>(I'(llls 0:1).

The eembtn.nton of an Of)CS find an IrK'S collectively
make "l' ,1 distributor cubic scgmont. They connect llt a
flxcd kcatlon. An Qxnll\ple oruow one junction's ODeS
Is C(lllneCl~d to Illlother jlillctlon 's IDes a( (I fixed location
Is shown in fieul'C ~ by the cablc SC['.lllcntq point()o to by
th~ labels in the top left "orncr of the fiuure. In rculit~ this
connection is only one cable segment, but for the purposes
of this model the)' will be ennsldered [IS separmc cubIc
segments.



posltlons of LV junctions have on the cost of a distribution
network, by searching for n contieuration of junction
positions that results in a minimum assoelated network cost,
Tho tool is called Automated Junction Position Optimisation
(AJPO), The rnnximum volt drop and maximum current
constraints nrc considered, The search nlgorithm that is used
by AJPO is an udaptatlon of the branch and bound technique.

The development of this tool Is part of a larger ongoinG
rcseareh effort that Is being carried out at tho University of
the Witwatel'srnnd[IO]. This research has focused on the
devQlopmcnt of software tools thnt nrc Intended to automate
and facilitate various aspect1J of tho electrical distribution
network design process,

II, BACKGIWUND TO DISTRJDUTION DESIGN
To apprceiate the functionality of a tool that aids in the

distribution design process, it Is necessary to understand the
tYI)icul structure of (\ distribution IIlltwork and the process of
designing a distribution network.

In nn electrical ~istrlbutioll Ill;:(work there are nOl'll1(llly a
largo number of consumers that are connected to a source of
electricity by a pmticul:w hierarchy of fudlltles. The
hierarchy includes a medium \'Ollane (MV) portlon and an
1.V 11011101\, 'fhe connection between these two portions
occurs at an MVtLV U'ansfol'mer. ri(\ure 1 illustrates the LV
portion, which usually has the structure orn radial network.

In n radial IN network there is normally a tram/orlller thut
is directly connected to n number of JllllctiollS b~' dlStl'ibllf{)/'
cubIc s{'gmcnts. Current flows from the trCInsfol'IllCI' to these
junctions, therefol'll the transformer end of tho dir.trilllltOf
cable nenment is at the ,~III'P~l'side and the ether end is the
/(1;1(1 nide, Hoeh junction is connected to the supply side of
zero or more distributor cubic segments, which UN connected
10 Other Junctions on their load sides. SCl'\'IC~1cabt« scgmau«
arc connected between junctions or ttansfomters «(It the
supply side) and CVIISUIIlC/'S (I1t the load side). The network is
purely radial and thcfcf~'rc there are no interconnected links
between Clem'lllt9. The CIIlNht nowill!~ Ihro\l~h n cnble
se!1mcnt in the network caUHCS a volt drop 10 OCClIl' across tho
cubic slJr,mcnt. Thcrof(lfO the vol:ase level is lower at II
consumer than III n transformer. by an nmount Ihut is tho sum
of the volt drops across the individual cable scemcl\ts I110n13
the route between the transformer and the conSIUl1C1'. The
lafg<lst value for this lotal \'01\ drop amongst nil consumers ln
n network is culled the lIIaxilllUIII COIISIIIII('t' \'011 dl'ol'.

The term 'dlsll'iol/(ol' sllb,"etu'ol'k' Is used to rcf<lr :0 a
portion of {1 rudlul network. The mot of a distributor sub-
network is a particular diMrilmtof cubic sen11l(mt. The
C(l!tcspondil1B dl5l1'ibutor sub-nctwork Is made up or thaI

cable segment as well (ISall junctions, cable segments and
consumers that make up the network that rad'ates from the
root (from the supply to the load), For example, the two
distributor cable segments that ere connected to the
transfbnner in figure 1 arc the roots of the two
corresponding distributor sub-networks. Any distributor
eable segment in the network is the route of its distributor
sub-network,

Whrm a network Is required fol' a partlcular area, the
designer's first step is usually to obtain or create a map of
that area. All adequately detailed map will show the
locations of consumers as well as. the locations of
surrounding sources of electricity. The designer's tasl: is to
design an electrical distl'ibutlOl\ network that connects all
the consumers to a source of electricity, It is usually the
designer's goal to find a network configuration thnt has a
minimuh1 a ~!atcd cost while stili satisfying the
applicable constraints end requirements. The process of
creating the Ilctwol'k desl/ll1 Is influenced by n mixlul'C of
no\'crnillC fectors, including: network requirements:
budget; available design tools: and the technique which
the deslgner is accustomed to,

o.
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III. DACI{(;R()UNO TO OPTIMISATION
Accordint, 10 Dixon [II], in nil)' oplimlsmlon pl'ohlem,

there is some function which Is to be optimised, l.e. the
entit~ that. is to obtain its 'least' 01' 'srcat~st' value U\ the
solution of the problem. This ftlIlctlon depends on one or
more independent system vnt'inbles and Is culled tho cost
function C. These independcnt variables, which een be
fonlll!d lmo a vector l~' define the space ill whil)i1 the
problem is posed, [1\ tho 'stntlc' problem the cost r:; is n
function of ~. i,c. :

CCl/(~) (I)



Junction Position Optimisation in Radial Low Voltage Electrical Distribution
Network Design
JApostolcllis

Uillv(!l'slty of the Wltwlltcrsrnnd, Johannesburg, South ArdclI

Ab.~lrac(*1'hf) \lSC of computer-bnml (ools In the desiGn or
c'l'elrlclIl distribution IIchv(trl(s results In the cost crrcctl\'1.\
pr,lductloll and lmplolllclltlltioll of designs, This Is bQC4111~Othey
I \llil nutomnto tllllc.collsumlutl routlne Insl" nnd enable the
III'ftnbntlon of cCl'tAln nspects (If II neuvork design. A tool IlInt
1,I!.rorms (\1\ ollthnlsntioll Oil the LV portion of" dlstl'lbutlolt
1!I1II\'Ork Is dlseussed, It uses the InOucllCC! thnt n networl,'s
~\lpolor:)' hns on Its nssoclntcd cost, by IIllplyillg n senrch thnt
Il1lidlllc$ the topoloCY to mull In II minimum eost. Thu
lllodiOcntloll of (ha "('(worllia (opology Is aehleved throup,1t
~hl\lIglllfJ Junction positions to nltcrnntl\'c 10cut101lS, It opcrnfU
on all entire "ll(lInl LV network, nn(\ therefore consIders the
((Jupllng between JUllctions In tllIl snme netwcek, The scarch
I1lcorltllll1 [s based all nil nd(lillotloll or the brunch Ulld bound
IIlclhocl. 'f(lst rcslIl!s rc\'cnlcd n 7% SIw1tl1l11l thQ cost or cnblc5
for n t:l~tiflc(l\sostudy.

t. It~TRODUCTION
A lUl'ne l,el'ccntune of households in South Africa and miter

dc\'cloplll[l countrles are c\I"rcmly without eilliltrieit~'. Major
efforts (Ire being clIrried out to address the need for improved
electrification. ()ne of the tusks in brlng,ltlfl electricity to a
community is the design of the: distributiol\ network that
connects COnSlII1lerS to n source of cJectricit>" The production
of IJMU network designs is of grent impcnanee in developing
ecuntrles, This is because Jnrge amounts of IlIOIlCy could be
saved if good network designs orc used for the
implilll\cntntioll of elcetrlenl distribution networks. ABood
network design is one whose associated cost of produetlon
and iml'lcmclltatitm is (IS low as possible. while nil imposed
requlrcments and cou&tr(lints are satisfied. Thcl'cfol'e they are
termed 'optlmnIIM\\'(JI'I{ dcsil.1lls\.

Ihere luwc been numerous investigations Into the use of
computers to nld the process llf proullcin13 distribution
llctwOI'k designs. The 1(11019$0's marked the bcninnilltJ or
work ill thi~l f1cld, with the l'l1hlicati()l\ by Grintsdnle et el r 13
in which n COlll!}utol' based s>,stcm is dic-:llsml that
(lutommic"lIy Onds substation locations and feeder routes for
Ihcllcsign (If a distribution nctwork fOI' a housinlJ·cstate.

Much h'ls been publishcd 011 the modelling of the primary
(MV) portions of tllstrib\ltion Illltwor~:s. lur the purpOS()S of
(lptimnl design and pllln Pl'Oduclion. A recent publication llY
(ilamoctlnin et lit [21Im.widcs 1\ brief discussion about such
prcvlOll5 work, Thcl'o have also been various investigations
into the modcllill3 and implementatlou of automated
distribution sySlllms, which perform the task of rcstorine and

restru::turing the I..(work under overloading 01' fault
conditions. These systems usually opcl'ate on non-radial
MV distribution networks.

Lillie hns been published aboue the optimal design of
tho secordnry (1.V) portlons of distribution networks.
There have been various Investlgetions into thel
dC"cloI'm mt of techniques that optlmis(l LV network
desib'\S by sC(lrching for cptimal cable type configurations
[3·S]. None of these techniques optimise the design by
exploring tho effects of changes to the network 's
topography. The appreueh of minimising cost by opthh.'ll
cable type selection Is of limited usc in the situation ill
which there (we (1 small number of avuilnblo cable types
for II design.

The dave!opmelll and lISO ora rule-based eXllcl't s>,stem
fot' the desigll Clt'radial secondary distribution systclllq Is
discussed in (6]. A solution is found via Iho "pplication of
Ihe rule-base, In n luter publication by the same (luthors['l].
thcy state thnt (Ill expe),t system approach has several
advantages over algoritllluooricntcd optimisation
techniques, One of these advantages is thut conventlcnn;
optimlsatlon techniques can be included ns cullnble
routines that are invoked by the eXI,crt svsrem. However
no paniculur optimisation routines have baer\ menucncd.

Sum le et al (8/1] have developed an Intc1liuellt Deelslon
Support System tIDSS) for Automated Electrical Plat
Design (AUPD). This sysl~m produces electrical
distributiol\ network dcsir,lls via tho npplk,ati(tll of
Ilrtil1cial intilllir,enco through wlnch heuristic 5tratl)gics
end rules ofthulllb (11'0 aUlomlltically opplicd. It IlHlIlIiill)S
that optimisation routincs can still be used to solve some
segments wlthln the design process, hilt there is no
lndlearlon Ihat uny oplimisnlloll routines have actually
been incorporated into the 5,Sllllll.

The SUnmHll)' (If publish cd liternture presented above
demonstrates tho! there is 1I need fOI' specific CAI'.based
tools thnt nrc to be used In the automatioll of the overall
network deslgn process. Work has bl'CI1 l'ubli.f,hcd abollt
tools that cptlmlse IN network designs Without changing
the IlCIWOl k's ((\PO)03) [3·5]. This paper discusses Ihe
developlllent of a tool that porfm'!ns an "tllilllisotion on
radial LV di5lI'ibutiol\ networks by chnn{3ine, the network's
topology, It HIkes advantago of th(,\ influence that the



The Configuration Management Plan (JA 006) provides a specification of
artefact management and storage, In particular, it explains the artefact
naming system that has been adopted, and points out that all artefacts are
categorised as one of management products, technical products or quality
assurance products,

The Literature Survey Report (JA 115) discusses the findings of the literature
survey that was conducted as an eseentlal part of this project The survey
was focused on previously published work in the field of CAf)·based
automation and optimisation tools applied to the design of t~lectrical
distribution networks.

The Algorithm Description (JA 116) provides a detailed deacrlptlon of the
algorithm that is Implemented In the software tool, which is caHed Automated
Junction Position Optimisation (AJPO). It dlscussee the background to
distribution design and an Initial prototype thelt was developed prior to the
actual apecltlcatlon of the algorithm that Is used in AJPO.

The High Level Software Design (JA 117) prcvldea a high level view of the
AJPO software. It dlacussea the epprcach to sottware development that was
applied. It also serves ::.'IS a repository for Information that. was produced
during the early stages of software development.

The Softv~are 1-est Specification (JA 118) specifies the test procedures that
were to be performed to quantify the accuracy and functionality of the
software, It also provides an evaluation o'f the software by discussing the
suitability of applying AJPO to various types of distribution networks.

The Low Level Software Design (JA 124) provides detailed descriptions of all
classes In the AJPO software. It does so by documenting all member
functions and data members for each class,

The Software 'rest Result Report (JA '125) discusses the results of the tests
that are spr "'ifled ln the Software Test Specification (JA 118), It reveals that
the accuracy and functionality of the software Is as required, It also shows
that S3Vit1gs of 7% in cable costs ware achieved for a particular case study
wlth tho application of the AJPO tool,

Thl~ ~c.tquiroIi1ElI1tsVerification and Validation document (JA 130) provides a
cress I'eferance to all requirements identified In documents such as the
Product Description, Product Functional SpF)cification, Algorithm Dc:script:on,
High Level Software DeSign, Software Test Specification and Software Test
Result Report. It illustrates how the functional requirements were transformed
between stages in tho software development process, from conceptlon to
realisation,

vi



FOREWORD

The format for this Masters Dissertation consists of a short body (in the form
of a technlcal paper) and multiple appendices. It therefore differs from the
standard dissertation format and Is said to be of the 'Paper Model' format.
The technical paper presents a brief view of the core of the project, while the
appendices contain the sucstance of the work that was performed In this
project. All documents that are products of this project are named with 'JA' als
a prefix and a specific number as a suffix.

The project has been conducted in an ISO 9001 accredited software
development environment, called the Software Engineering Applications
Laboratory (SEAL). It is standard SEAL practice to associate each project
with a unique name, and a corraspondlnq acronym. This project is called
Network Optlmisat!on In Distribution Design (NODD). It deals with the design
of electrical distribl.ltion networks, by investigating the application of
optimisation to network designs. This is achieved through the development of
a CAD4based tool called Automated Junetlon Position Optimisation (AJPO).

'The paper is titled "Junction Position Optimisation In Radial Low Voltage
Electrical Distribution Network Design". It discusses how the software tool that
was developed In this project fits il1to the overall field of CAD·based
distribution d~slgn tools. The algorit.hm that is used by this tool Is thoroughly
described and a case study is presented to illustrate how the tool is applied to
a distribution network. it therefore provides a concise view of both the
research and the application of the software tool that was developed In thls
project.

The Conclusions and Recommendations for Future Work (JA 135) provides a
summary of the findings in the project. it also discusses the pOSSIbility of
related work for the future.

The Project Bibliography (JA 140) provldcs a list of all published papers and
reports that were encountered and consequently referenced in the project
documentation.

The appelldices in this dissertation, which are .::ategorised Into one of two
appendix groups, are as follows:

,

Tho Master Document List (JA 001) serves as a register of all documents
created in the project. It Is a ke3Y document in the project, because it facilitates
tracking of all other documents, CiS well as provides a view of the entire
project from III documentation perspoctlve, It serves as a centro of control for
the project, by storing information about tile locations and revisions of all
documents.
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ABSTRACT

The use of computer-based tools in the design of electrical distribution
networks results in the cost effective production and implementation of
designs" Thls is because they help automate time-consuming routine tasks
and enable the optimisation of certain aspects of a network design.

The production of a tool that performs an optimisation on the low voltage (LV)
portion of a distribution network is discussed. It uses the influence that a
network's topology has on its associated cost, by applying a search that
modifies the topology to result in a minimum cost. The modification of the
network's topology is achieved through changing junction positions to
alternative locations. It operates on an entire radinl LV network, and therefore
considers the coupling between junctions in the same network. The user of
the tool must specify the alternative locations for each junction in the network,
as well as information about the network, such as cable lengths and cable
types.

The search algorithm is based on an adaptation of the branch and bound
method, which is a reduced search algorithm. It has been chosen as opposed
to an exhaustive search algorithm to reduce computational requirements.

The tool Is most useful for optimising completely underground distribution
systems. Test results revealed a 7% saving in the cost of cables for a specific
case study.

The software has been developed with the application of object-oriented
analysis and design within an ISO eoc'l accredited software development
environment.

iii
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junction's location in overhead systems is that a junction may be
configured to cause branching in orthogonal directions, thus its original
location has structural integrity that would be oompromlser' if it was
changed in any way,

The software development process en.alled the production of a series of
documents, t: ItH supported the implementation of the software. The
functional requirements that were identified at the beginning of the
process were traced through the various stages to ensure that the final
product meets these requirements. Such a process Is recommended as
part of the ISO 9001 Standard for Software Development.

The Beech [56] method of object-orlented analysis and design for
software development was applied as an iterative process within the
framework of the software development precess mentioned above. This
allowed for the creativity required to effeotlvely produce succeasful
software. It can be stated that this micro development process was
applied within the framework of the macro development process, which is
defined by the production of the series of documents,

The software was stso fully tested for the required accuracy and
functionality via the producdon of a test specification and corresponding
test results report. The tests and their results revealed that such
requirements were satisfied

There are no recommendations for Improving the algorithm that is
discussed in this project, but. various related recommendations for the
development of CAD·based tools that aid in distribution design are made.
The AJPO tool would be greatly enhanced if it worked with an automated
tool 111at finds suitable eltemetlve locations for lunctlons that AJPO would
use. This could be done either by tile application of a suitable search
algorithm that searches In the vicinity' of the junction of Interest, or by tim
application of a knowledge based system that applies the findings of the
asserucn of rules that are aimed at searching for suitable alternative
locations. Another enhancement would be the development of a tool that
would act in tandem with AJPO, by possibly changing a conaumor's
connection to the networl< from one junction to another. This would also
probably best be handled by the application of a knowledge based
system.

,t
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1 CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK
A tool that performs an optimisation on the design of radial LV distribution
networks has been produced in this project. It operates on the network's
topology, by changing the positlcns of junctions in the network. The goal
of the optimisation Is to minir,llse the assooleted notwork cost, while
obeying the voltage drop constraint. The network cost is made up of the
cost of cables and the cost of power losses in cables, but it can be easily
modified to consider other costs, without changing ;he algorithm.

There have been previous investigations [30-33] into the development of
techniques that optimise LV networks by searching for optimal cable type
configurations. The tool presented In this paper user a different approach,
to address the situation in which the designer's choice of cable types is
not variable or only slightly variable.

This tool would be of use In systems that are inte "lded to automate the
process of distribution design. It could be applied after secondary cable
routll'lg has been performed, to modify the design ~o that its associated
cost is reduced.

The tool has been applied to existing network deSigns and achieved a 7%
saving on the cost of cables for a specific case study. If the criteria for
suitability of application to a particular type of system is the ease with
which alternative junction locations can be found, then it is deduced that
the tool is most suitable for application to distributfon systems in which
both distributor and service cable segments are underground (completely
underground systems).

It Is (ess suitable for appllcatlen to completely overhead systems than
application to underground systeme, because of the possiLI,? pragmatic
consequences of selectlnq alternative locations for Junctions. For
example, ccnsldcr the overhead routes of service cable segments
between consumers and junctions (which are placed on poles in overhead
systems). If a junction's location is changed, then the resultant service
cable routs may well be too long, or be obstructed by an obstacle tl'll!lt Is
only significant at this location. This would deem the alternative location
as unsuitable. Another problem is that if a junction's location is changed

. then the separation between poles might exceed the legitimate maximum
allowed distance between poles, which Is often a V91Y Influential factor In
overhead designs. This constraint is further complicated when the cable
segment shares a route with another servitude such as a
telecommunications line.

Systems with overhead distributor cables and underground service cables
are also subject to the constraint that the separation between poles may
not exceed a certain maximum amount. Another problem with changing a

~,~=.-~~~~~tm~~~~I:#11~=*~~~~~~_--=~
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It is less suitable for aPl1liclltioll to completely overhead
systems than application to underground systems, because of
the possible pragmatic consequences of selecting alternntlve
locations ff.)r junctions. For example, consider the overhead
routes of service cable segments between consumers and
junctions (which are placed 011 poles in overhead systems) .. If
a junction's location is changed then the resultant service
cable r,_ute may well be teo long or be obstructe,d by an
obstacle that is only significant at this location. TI\ls would
deem the alternative loeetlon as unsuitable. Another l'robl?tn
Is that if a junction's location Is changed then the separauon
between 1,01esmight exceed the legitimate maximum allowed
distance between poles, which is often a very influential
fuctor in overhead designs. This constraint is further
complicated when the cable segment. sh~res ~ route with
another servitude such as a tclccornmunlcatlons line,

Systcms with overhead distributor cables and ~ndcrgl'ound
service cables are also subject to the constl'umt that the
separation between poles may nOI exceed u certain maximum
amcunt, Another problem with changing ajunctlcn's location
in overhead systems 's that a junction may be configured to
cause branching in orthogonal directions, thus its original
locution has structural int\w1ty thM could be compromised if
it was chol1ged in any way,

This tool would be of use in s~'stell f\.at arc intended to
uutomate the process of distributio!1 ..lgn, It could be
applled after seeondaey (~V) cahle. rotlting. has bee?
performed, to mOdify the design so thnt Its associated cost IS
reduced.
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..
• The Product manager, namely Barry Dwolatzl<y

• All full-time and part-time post-graduate studants associated with the
SEAL

• Members of the SEAL Management Board

• Head of the Department, Electrical Engineering

• Individuals who will perform lnternat and external surveillance audits of
the SEAL Quality Management System

1.1 Applicable Documents

'1.7.1 Standards
a. SEAL OMS Document Layout, Presentation and Typesetting Guide, OS

003, Revision 1.00, 3 October 1994.

1.6 Assumptions

It Is assumed that the reader Is familiar with the ISO 9000 series standard
for quality systems management.

1.9 Roqulromonts Traceability

This document addreases the following requirements:

a. ISO 9001 (1994) 4.5 Document and Data Control

b. ISO 9001 (1994) 4.16 Quality Records

Jo001.100 Vor&iOI1 1.00 <1 Fobrullry 1907 PODO 7
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1 Scope

1.1 Introduction

An essential feature of a quality management system Is that it documents
the procedures used to implement and maintain the system. This
document 10 the Document Master List which provides a directory of ali
documents which have the status of Draft, Provisional or Approved.

1.2 Purpose

This Document Master List provides the cross reference to all documents
comprising the NODD Project.

1.3 Applicability

This document is an essential reference to all documents supported In the
NOOD Proleot,

1.4 Definltlolls

AFRICON: IEEE Conference in Africa

SAUPEC : South African Universities Power Engineering Conference

IEEE: Institute of Electrical & Electronic Engineering

PES: Power Engineering Society (of IEEE)

NODD : Network Optimisation in Distribution Design

1.5 Notus
o

The electronic verslon of a document Is assumed to be the master copy
and all hard copies are uncontrolled documents, with the exception of

. signed minutes.

1.6 Audionco

The audience for this document comprise tho various stakeholders of the
SEAL. Including:

• The product developer, namely Justin Apostolellls

Vorslon 1.00 4 flobruQry 1091 Jo001.100
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---, ..- .
1.00 96/10/31 Updated JA119 In MDL.

",,__,,, -
1.00 96/11/07 Added JA522. Llpdat~tj JA521, JA519, JA518 and JA516.

1.00 96/11/13 Added JA125. Updated various dates.-
1.00 96/12/09 Updated various dates and added JA523.

1.00 96/12/19 Various documents approved. Added JA524 and JA 009,- -
1.00 96/12/24 Various documents approved. Added JA525.

Managament AuthorisatIon
-Version Oate Statw; Managoment Board MInute f< Ifer(mce. _ .

0.01 96/03/04 Approved JA 511

Change Forecast

This document will be updated each time a new documented element is
added into the NODD.

"
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Added JA501 to list of Quality Assurance Products

0.01 95/06/15 Added JA502 to Ust of Quality Assurance Products
---

0.01 95/08/14 Added JA101, JA102 and JA103 to list of Technlcal
Products and JA503 to list of Quality Assurance Products

0.01 95/08/17 Added JA504 and JA605 to the list of QA Products

0.01 95/08/25 Added JA506 to the list of QA products and JA 1Q4 to list ('If
TP products.-

0,01 95/10/10 Updated revlslon date of .JACOS- - -"~ -
0.01 95/10/12 Added JA50'/ to list of QA products.

0.01 95/12/04 Added JA 105 to list of TP products. Data change for .lAOOS.-
0.01 95/12/05 Added JA508 to list of QA products.

0.01 95/12/12 Added JA509 to list of QA products.- -.
0.01 96/02/27 Updated JA004. Added JA106, JA107, JA10a, JA109

0.01 96/02/28 Added JA 110 to list of TP products, Updated JAOOS
"".~

0.01 96/03/01 Added JA510, Updated JA509
r----- -1.00 96/03/04 Management and Technical Products promoted to revlslon

1 00, Added JAS11. Approved JA51 O.------1.00 96/03/05 Added JA5'I2

1.00 96/0~/15 Updated revision number of JA006 In MDL

1.00 96/04/18 Updatod JAOOS. Added JA 111, JA 112, JA 113.,.,.....----- 1-'-- - ~-
1.00 96/04/22 Added JA114 to MDI..

f--'* - -- -~--1.00 96/04126 Added IN\14 to MDL
....- ---- ......._~~ -1.00 96/05/02 Added JA515 to MDL--~--~ -""---~

1.00 96/05/03 Added JA516 to MDL. Updated JA514 In MDL.-,.~~~~~.---.,.
1.00 96/07/26 Added numerous sntrles 10 Technloa' Products In MDL.<_. -
1.00 96/08/26 Added JA517, various dates--,--- """_,"""".-"",,",,-"~~~~~_' ""'~""_""""""'F=_
1.00 96/08/28 Added JA5iS.

.~ . ~""--"~.~~""_' __ ~~~_"'~ir~"""""~
1.00 96/09/16 Added JA1'19 and JA127.

""~ .-.".,_--~ __ .___ = -.,"''''_= __ II>

1.00 96/09/17 Added JA519-~~~----." _:_~~-"""""".'.O>=i"-t~"";.~ ... ,~~~,,,,,_. ~'. ~o:_~=~~~.,..~

1.00 96/09/19 Added JA128 and JA129
~~ ~ '_-="'~'"~'*'~~""_"""'=t~~_ ..,' -·~~~"''''.t'''''''''''''--=¢>;_'1'ltn'''

1.00 96/101'16 Updotod JA5i9's approved date.-~"'~ ~~ -~.-......~,~~=, .."n-,':""'~...,.,~~t~!~ _ _, ___ =~rn_"'"
1.00 96/'10/17 Added JA520

~-:' I : eW!28
""'_~~~""I~--'Mi~"",_ ~ .."""'~"-

Addod JA521--- - -
PO{Jo4 Jo001100VOfl\ion 1,004 robruory 1007
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-----~--------------------
6 Configuration Status Accounting

The PtoJect Manager is responsible for ensuring that status of artifacts
rceorded In the Master Document List corresponds to the:

• Identify of the artifacts in the fill? directories, and

• The revision IYJmbers are correct.
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5 Archiving of Artefacts

5.1 Electronic Artofacts

On project completion an archive copy of all electronic artefacts
supporting this projects will be supplied on or more stiffy diskettes using
the ARJ.EXE utility. These diskettes will be kept In the official SEAL
plastic folders Immediately inside the SEAL Project Binder.

5.2 Backup procedure on computers in tho SEAL Post-graduato
Laboratory Facility

Computers In the SeAIA Laboratory Faoility are subject to the following
back-up procedure:

a. Dally Backup: Project files are archived to the stiffy diskettes kept
inside the SEAL Project 8inders. (Rls/( covered: Failure on the hard
dis/( or inadv(utant loss or corruption of data.)

b. WOQldy Backup: Prolect files are archived to the SEAL ftp alto. This
action ensures that these project artifacts are archived to a site Qutside
the SEAL Lab. (Rlst< covered: Destruotion or loss of tile oomputer.C]in
tile SeAL Lob by fire, theft, or otner disaslet:)

5,3 Backup procedure on computers eutstde of tho Chamber of Minos
Building

Tho archiving of the files 0" computer system, SEAL SOlver, Is sllbj€lct to
weekly tape archival.

The tapes am kept offsito from thn locatlon of the resident computer,

5.4 Hardcopy Records

Arc malntalned in on official SEAL Project Documentation Binder in the
. Project File In Room CM2221 (SEAL Lab) in the Chamber of Mines
Building.

Pogo 12 VOIoion 1.00 II [:oorumy 1001 JaOO(l100
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4 Artefact Management
The controls adopted for this project are as follows:

4.1 Active Maohlno used for supporting the files

SEAL Lab Computer System S..51 is the resident computer.

4.2 Oiractory Structuro

4.2.1 OrlvePartition

The C Drive partition is used.

4.2,2 Project Directory

• C;\1995_09\MP ..for the storage of the management series documents

• C;\199 .09\1'P· used for the storage of technical product

• C:\1995_09\QA. used for the storage of Cjuality assurance products
including minutes of review meetlnas, audits of the system, and
correspondence.

JoOC(J,100 vOlOton 1,00 20 Novombor 1000 Pono 11
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AA is a two letter acronym representing the audit type: PI ::: Project
Initiation; IP := Project In ..process; PC ::: Project Closure.

58 Is a 2 digit serial number in the range 01 to 99, and starting from 01.
55 orlly applies to audits of type '[P'.

SBB is the file extension and will be 'PAR', which stands for Project Audit
Report.

Example~ The third Pr~,jeot In-precess Audit Report for a project Initiated in
1995'1with an ID of 20 would have the following filename: 95201P03.PAR

3.1.5 Minutes
TI113 file name will be structured as follows:

YYMMDO-X.BBB

where YYMMDD represents the date of the meeting at which the
particular minutes were taken. YY represents the year, MM represents the
month and DD the day of the particular meeting.

X Is a 1 digit meeting sequence number.

8138 is the file extension and will be 'MIN', which stands for Minutes.

Example: The minutes of the first meeting held on the 4th of March 1995
w~uld be saved In a file with the f()lIowing filename: 950304-1.MIN.

3.2 Projoct document sequence f1umboring

3.2.1 Where the document sequence number comprises 3 digits

• Tho MI;) ~(;)rios will be frem. 001 to 099

• Tho TP series will tJG fr "I'i 100 - 499

• The QA serlss will be from 500 .. 999
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Where AAAA is the 4, 3 or 2 letter acronym for this project, which is JA for
this project,

XXXX is the 2, :3or 4 digit sequence number of this document

and ZZZ Is the version number of this file, starting from 001 as the initial
revision. When a document Is basellned as the first version, the most
significant digit will represent the version number.

Example: The User Reference Manual (Version 2.00) for the SQM project
will have the following file name: SCLM00:3.200.

3.1.3 Code \ line art \ presentation \ image files
The ":'e name will be struotured as follows:

AAAXXXYY.BB8

where AAAA is a 2, 3 or 4 letter acronym, not necessarily the project one,

XXX is iii 4, 3, or 2.digit serla! number

YY Is a two digit version number, in the range 01 to 99, and starting from
01.

BBB Is the file extensIon and will be whatever the particular compiler/tool
demands.

Exampl~: The third display meJule (VerSion 2.4) for the CART preject
could hove tho following filename: CDSP032.4.PAS, if it was written in
Pascal,

Coda files are archived togother into one file, and will have the same
filC.lnamo structure as above, but tho extension will be tho named
according to tho apI,Ucable archlve typo.

3.1.4 Project Audit R.eports
. Tho fllo name will be structlmad as follows:

YYXXMSS.S8b

whore YY Is a 2 digit sorla I number repmsenting the year of projoct
initiation,

XX Is a 2 digit serial !lumbar roproslimtil1g tho project 10 according to tho
SEAL ProJocts Reglstor (aS 190).

Jooon 100 Voraloll 1.0020 Novomliot 1090 Pogo 0
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3 Artifact Identification
This section defines a consistent referencing system that shall be used for
all artefacts. All artefacts are Identtfi~d by both an artefact filename
followed by a artefact file extension in the following format, as described in
the following paragraphs.

<name>. <extensIon>

3.1 File Naming conventlcn

3,1.1 Project Products ..Multiple word processor types present
The file name will be structured as follows:

AAAXXXYY,ZZZ

Where AM is 2,3 or 4-letter acronym for this project, which Is 'JA' for this
particular proleet,

XXX is the 41 3, or 2 digit sequence number of this document,

YV is a file type identifier as follows:

• We: ..Wordstar

• WP ..Word I!>erfect

• WIN u Word for WindoWS

• AS ..pure ascii text

• He n hard copy file (no source present)

• PS ..postscript file

ZZZ is the version number, starting from 001 as the initial version.

Examplc;;): QSM001AS.001, and interpreted as the document QSM001 of
typo AScii tHnd tho first version In the sequence.

3.1.2 f'rojact Products u Single word prccesscr for· "f used
Tho file name will be etructured as follows:

P(lgoG Vvralon tOO 4 F'obruory 1007 ,10000.100
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2 Documentation Structure
The dcce-nents are categorised to reflect the nature of their content. The
key cateqcrles of documents include:

• management products,

III technical products, and

• quality assurance products.

JoOOO 10:> Voralon 1.0020 Novomeor 1990 Pogo'!
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c. Members of the SEAL Management Board

d. Head of Department of Electrical Engineering

e. Individuals who perform internal and external audits on projects
undertaken within the SEAL Quality Management System.

1.6 Applicable Documents

1.6.1 Standards
a. SEAL QMS Document Layout, Presentation and Typesetting Guide1 QS

0031 Revision 1.001 3 October 1994.

1.7 Requirements Traceability

a. 1509001 (1994) 4.5 Document Control

b. 1809001 (1994) 4.8 Product Identifioation and Traceability

c. 1809001 (1994) 4.13 Control of Non-conforming Product

d. 1809001 (1994) 4.16 Quality Records
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1 Scope

1.1 Introduction

This document describes the configuration management plan applying to
aUartefacts supporting this project.

Such artefacts will Include hardcopy and electronic representations of
documents.

This document reviews the p.ocedure which applies to the management
and storage of these artefacts.

1.2 Purpose

Configuration Items are Individual documents and forms In electronic and
hardcopy format. They comprise:

• management products and procedures

• technical products, and

• quality products

1.3 Appilcabillty

To be referenced by all Individuals who engage in produc! development
for this project.

1.4 Limitations

This configuration management plan is limited to use on one-person
projects, or two person projects where one member is the developer
(Justin Apostolellls) and the other member is tile Product Manager (Barry
Dwolatzky).

1.5 Audlonce

The following comprise the audlence for this document:

a. The developer of this product, namely Justin Apr.,stolellis

b. The managet' of this product development, name.ly 8al'rY Dwolatzky

JaOOO.100 Voralon 1.00 20 Novombor 1900 Pogo 5
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This Is the cable type IcI for the cable Wpe that will be used for the servlee
cobl ~qment connecting this consumer to its Junction.

3.4.2 Operations:
JConsumorData( nowaablotypoid lnt, I'lGwloadmultfactor JL.oadfaetor)

,.his ccnstructor Is used to set the valueb of cablotypefd and
/oodmultfactol' at creation. 1'hey are copied from l1()wceb/otypoid and
f1owloodmultfactor respectively.

3.5 Class nal'l'.~:Jlniel faec
An instance of this class serven as an Interface botwoen a client and the
optimiser (an instance of JOpfim/sor). A ollent should creote and supply
l"formot!on about the network to an instanco of Jlntoriaee, All nodes oro
addod with Jlntorfo(Jo::addNode(Jnodo &, Int). The client scnda the
message JIlltorfaco::optlmlso(JVoltago) to toll tim Instance of Jlntorfaco to
proceed with tho optimisation. ufhe en'~ntviews the resultant configuration
by callir19 Jfntorfaco::vIQwNo(joPOS(ir,t, int&).

3.5.1 Has-A RolGtionohips:
netwerktroe 11 JNodo

This datu member is 0 pointol' to an army of dynnlnically crentcd ,/Nodf'l
object!;;. "hls array Is craated when tho JhltOlioc?(int, JCatculatol' &,
JCHIJIlJl.i,c,>11 &) constructor is used. Its sizo Is l1umnodtJs·!,·I.Tho fimt entry
is redundant. The entries in tho array are mided with tho oddNodo(\'Vo(Jo
&,iflt) member function, Tho Jlntorfaco dostructor frees tho nl0mory
occupied by tho ofltriotj in this array.

treorcet '/I JNodo

Th!.:, to C\ t}ointor to one of tho J'A/ocJo objocts in tho l1otworltfmo array, It i9
t'lO JNouo obJoct that roproSOI'Jts tim Junction ot tho mot of tho radial
11otworl<. It in oot using tho l](idNouo(\/t'(Jdo &,tiJt) ntomber function, to
point to tho ,JNmio obJace that io orJdod wbon the value of tho ismot
parameter ls nenzere,

, calculator 'It JCulculntor

This data member points to an lnotanco of JOa/culaIOf: It in twuolly glvan a
value ot COl1otru!'!tlOJl, uGing tho Jlntofiaco(int, ,lCale .I/ator &, JCo/J!oUst &)
constructor. 1'rlo J1tl(effaGo dcmtructQr doos not attempt to renew tho
mommy oocu!Jlod by tho lnotoneo that n~l/clJ!ator points to.

numnedos lilt
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This member function copies the value of cfvafue to
cfoU/vo[numr::onsutr/ars]. Jr-unoSuocess Is returned if numooneumee: is
not out range, otherwise Jr-uncOutOfRongo Is returned.

gct_ucf( numeensumers Int, ucfvatuo float &) : JFWlORosultType

This m"l "I)or function copies uafcurvo[numconsumers) to the function
parome.lM· uofvo/ue. If numcot1sumors is not out of range, then
JFUflCSUC•. se Is returned, othelwise JFuncOutOfRange ls returned.

sot_uef( numecnsumers int, ucfvsluo float) : JFul1(~RCJsultTypo

This member function coples the value of ucfva/ue to
lIcfcurvo[numccmsumo!'sj. Jr-unc$uccoss is r(l}tlJfMd if numconsumors is
110t out range, otherwise JFul1cOutOfRango Is returned.

calcCFcurvo( ) : JFut1cRosultiypo

This member function calculates all cOincidence factor value~ for the
cfaCltVodata member using a particular function.

ealeUCFeurvo( ) : JFuncRooultTypc

This member function eotculctes all unbalance eorroctiem factor values for
the UO(CUlVO dGta member using a partlcular function.

enlcCulOvorlond( cabtypo JCnbloTypo &, cur JCurront)
JFuncRosultTypo

ihlf:l member function porforma a check to see if tho current rating
aseeetatcd with oabtypo oxcoods tho value of our. If it do(:m then
FUllOSUCCOSBio returned, othorwiso r(JnoCur£!xGoss i3 roturned.

3.4 CIUOD name: Jccnsurnernatn
lnstanees of thin class oro used to store position il1dopondont il)j'(}rmotion
about ccnsumors. Tr,is includes tho load multiplication factor (Jf tho
consumer and tho coblg typo id of tho. cable typo assoctatod with tho
scrvleo cable Gogmont connocting tho censumor to a Junction.

3.4.1 .• ian~A r,tJlotionuhipo!
londmultfllctor JL.ondfuctor

This data member is the load multiplication factor of tho COI1:Rlmor that is
:I;"Iprmmntod by thi~ object.

cabtotypold tnt
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3.3.2 Operations:
cnfcVoltdrop( cur JCummt, Ion JLongth, eabtypo JCabloTypo &,
thovoltdrop JVoltago Be, numoensumcre Itlt) : JFuncR.oGultTypo

This member function calculates tho volt drop in a cable segment and
copies the value to tlwvoltdrop. Parameter Ion Is the length of tho cable
segment. Parameter ca.btypo is tl10 cable type. FuncSuccoss is returned if
auccessful,

ea(cCurront( numceneumers Int, tlumlmfs JLoadfnctar, thoCurront
JCurront Be) : JFut1cRl'JsultTypo

This member function calculates tho total currant in a cable $egmont and
copies this value in the tlwCurront parameter. The number of consumers
fed by this segment Is numconSUnlers. Parameter nurnlmfs is the number
of load multiplication factors. Fut1f:Succoss is returned if successful.

calcCabCost( len JL.ongtil, cabtypo JCnbloTypo &, cur JCum:mt,
voltdrop JVoltago, thocost JCost &) : JFu"cRosuf.:Typo

This member function calculates the cost of 0 cablo sogment and ecplcs it
to th~ t1WGost paromotof, Parnmctor Ion is tho cable seqrnent length.
ParamotOl' cnbty,/)D Is tho cable 009mont'o cable type. Pnrametor our is
currant in tho cable segmont. Its dofault value Is zero, In whleh CQ!5Q it Is
Ignored. Parnmotcr voltdroJ) Is tho volt drop across tho cable seqmont, Its
default value is zero, in which coso it ls ignorod.

JCalculator( nowbroakorcurront JCurront, nowdoslgnAOMD
JKwpowor, nownemvctts JVoltilOO}

Thin constructor Is usod to sot tho values of varleue cata membora at
croation. f:'.lnrametor l101vbroalwrtJurront is copied to brO:;Jkorourront
r~aromotor nowf/oslgnADMD is coplod to f/lJsignADMlJ. Parameter
nowlIomvo!ts 10 coplod to 110mvo/ts. Tho member functions colcCFeu/vfJ()
and caloUCFcwvof) am collod and if successfully exocuted then
objoctstato is sot to Statoinitialisod, othorwl~1) it is sot to
StatoUnfnitialiso(J.

get""cf( numeencumore Int, cfvntue flot\t &) : JFul,cRooult'ry~}o

Thf9 rnombor function cop los CfouNo[numcoflstJllwrs] .e tho function
parameter ofvaluo. If l1umconsumors Is 110t out of TOngo. then
JPuncSuGc()SS Is rottJrnoa. othorwioo JFlIm;OLltOtf~an{}O Is returnee.

sot"pf( numeensumora lnt, efvalue float) : JFuncRooultTyp,,;
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Includes data members that hold values for clroult breaker current, ACMD,
nominal voltage level, coincidence factors and unbalance corrsC'tlon
factors.

3.3.1 Has-A Relationships:
obJoctstato JObjeetStato

This data member provides a moans of record!!1g tho state of an Instance
of thl'a class. When an Instance Is created using tho JCa/culotor(JCtlrrent,
JKwpow()r, Jl.lolto.go) constructor, calculations fo! unbalance correction
factors and colncidenc~ factors are made. If there Is an error during
calculation then objoctstate is set to SfateUninitialised, otherwise it is an
to State Initialised.

dosf\1nAOMD JKwpowor

This is the dosign ACMD to be used for calculation of Diversity factors. It
is manipulated with the (Jot_dosignADMD() and
sef_dosignADMV(JJ(wpower &) member functlona,

broukorcurront JCurront

ThIs Is tho bret'.ker current in sorvic\) coble sogmonts, It is manipula\ed
with the (Jot_brealwtcwl'f)nt() and sot.j)}'()akotcwn;mt(JCul'tent &) member
functions.

etcurvo float[101]

This data member stcres an array of values of colncidence factor
c('Irrospondl1'l9 to number of ncneumers between 1 Md 10Q, E!ntry 0 i~
redundant, Those vnluos oro colculatod at construction by default
oquatlons, Thoy can be chan£1od using tho soU:f(int,ffoat) member
function. Values can be coplod using the got_cf(int, float Be) momber
function.

uefcurvo float[101]

This data member Is an army of values of unbalance correction factors
corresponding to number of consumers betwoon 1 and 100. Entry 0 is

, redundant. 1'I1mm values oro cCllculotod at construction by dofC4ult
equmlens. They elan be changed using the sot_tlcf(int,f/oot) n1emb(;.p
funetlon, Values can be copied using the go t_tlcr(/nt, float &) member
function.

nemvclts JVolt3go

Tho nominal voltaoo lovel. It Is mal1ipulated using tho got,llomvolts() and
sot.flomvo/ts(JVflltago &) member functions.

c;::~-¢¢~~...;:;:-.;~..:;;:::;t.::;::;:::=:;::r:::--;:;~=~:;::- """"'=:i;;~. __ • ··=:;'~(l;:I~.:;::r='"~~~~="f"'_~==::i..<:P~--'-~~~~=-~~.:t~==--~~-e....~::::~o;:;;I
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The 11umber of phases associated with this cable type. Its value Is set
using sot_nIJmpheses(aonst Int value). Its value Is copied using
get_numpl1ases().

cablenamc char[41]

This Is tho name of the cable tYI~e,stored as a string. It can be up to 40
characters long. It is set using the sot_cablenome(oonst ohar *) member
function. To nl~!,'jIvea pointer to the character array, the goLo3blename()
member fUf)cti!Jn is used.

ourrontl'atlng JCurront

Tho maxlmum current per phase that this cable type Is rated to handle. It
is specifiod In Amps. Its value is set using soLcurrentrating(aonst
JCurrent valL/o). Its value is copied using goLcurtrmtl'sting().

cablotypold tnt

This Is a unique identit}' number, which is o$~oQlatodto this cable type. It
Is sot using sot_coblotypold(const int valuo). Its value ean bo copied using
got_cab!otypold(),

3.2,2 Oporations:
,)CabloTypo( nownamo canst char ftl ncwcost JContporlon,
newnumpbasca 'nt, ncwrcs JRosporlon, nowld Int, newcur JCurront)

Constructor that requires sl'eciflctltion of tho cab/onamo, costporlon,
numplwsos, lospor/on, calJlotypokl and c;u{fontmtlng attributes associated
with thin cabte typo. All of thcao parameters are copied to thelr roepoctivo
dato rnembers, with tho exeeptlen of nownamo, in which COGg tho char
array to which this parameter points is eoplod to oablol1amo.

got.onbtannmo( ) : oonst char 1\

RQtllrns G constant char pelntor to tho eablonanw dolo member in an
lnstanee of this altum,

soCoablonall1Q( newnamo cenat char *) : JFuncROf~ultTypo

Tho char army pointed to by nowncuno is ct'piGd inte the cob/oflamo ddta
member.

3.3 Class name: JCal<:ulator
This class is uaed to calculate various quantltloa such an vnluQs for volt
drops, currents and costs portalning to cable sogmonts. It oncepsulaten
Information that Is requirod to make thcac calculations, and therotoro
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-------------------------------------------------
to receive such dynamically created memory. otherwlse it is set to
StaieUnitialised.

got_cablotypo( ther"'~' '''po JCabloType &, theld tnt)
JFuncRosultTypo

This member function copies types{thaidJ to theoabletypa. If that'd Is out of
range, it returns FunoOutOfRangs. otherwise It rE1~urnsFuno$uooess.

sot_cablotypo( newcabletype censt JCnbloTypo &)
JFuncRosultTypo

This member function copies newcablotype to newcablefypo::oabletypefd.
If newoabletype::cabletypeld Is out of range, it returns PuncOutOfRange. If
typesset{newoabletype;:oablatypeidJ is equal to O. then tota/set is
incremented and fypesset{newcabletype::cablatypeldjls set to 1. It sets
obiec/state to Statelnitlalised If tota/set is equal to numfypos.

got_typossot{ tholnt int &, thold Int) : JFuncRosultTypn

This member' function copies typesset[tl1eid) to tl7efnt. If theid Is out of
range, it returns FUl100utOfRongo, otherwise it returns FlJncSuccoss.

3.2 Class narno:JCabloTypo
Eaoh cable segment has an associated cable type. Each cable type has
an associated speclflcatlort, In th3 form of a sot of V~!IIe..S for the cable
type's attributes. This class encapsulates the attributes of a cable type
and therefore the speolftcetlcne of each cable type can be stored in n
corm:;ponding Instanco of this class. Its data members make tho storage
rlossible for entitles such as name, cost per unit length. resistance per unit
length, maximum current rating and number of phnses. The data member
JCabloTypo::oeb/otypoid represents tho Idontity of the cable type.

3.2,1 lialil~ARolatlonshlps:
rcapcrtcn J~osp(}rJon

Tho rcststanee per unit length of this coble. type sf:'@cifiod in ohms par
I(ilomf~tor. Its vnluo Is set using sot...fosporlen(const JResporlon vtuue). Its

. value Is copiod lIsing got_fOspor/Ot1().

costperlen Jcostportcn

Tho cost per unit longth of this cable type spacltlod in ceet units par motor.
Its value is sot Llslng sot_costporlon(const JCostpot10f) vahJo). Its value is
be eeplcd using got_c:ostporlon().

Int
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1 Scope

1.1 Introduction
The project entails the application of computer-based automation and
optimisation tools to the design of electrical distribution networks.
Therefore previously published work on these and related subjects were
reviewed through an extensive investigation. The findings of such a
literature survey are discussed in this document.

1.2 Purpose
This document presents the findings of the literature survey and serves as
a reference to all related documents that were encountered.

1.3 Definitions
AJPO : Automated Junction Position Optimisation

AM/F-M : Automatic Mapping I Faoilities Management

GIS: Geographic Information System

HV : High Voltage

IV : Intermediate Voltage

LV: Low Voltage

MV : Medium Voltage

SCADA : Supel'Vlsory Control And Distribution Automation

1.4 Applicable Documents

1.4.1 Standards
a, SEAL QMS Document Creation Template, QS 002, Revision 0.02, ~1

october 1994

b. SEAL G1MSDocument Layout, Presentation and Typesetting Guide, as
003, Revision 1.00, 3 October 1994

1.4.2 References
ti] Grimsdale R L, Sinclare P H 'The design of houslnq-eetate distribution

systems using a digital computer', Proceedings of the lEE, 1960,
107A, pp 295~305.
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After an optimisation has been Initiated by calling
Jlntsnace::optimise(JVoltags, int, JOost &, JVoftage &), this number is set
to the number of the element In the positions array that corresponds to the
position that the optimiser has found for this JNodo.

objoctstato JObJectStato

This data member provides a means of recordlnq the state of an instance
of this class. Whon an Instance is created using the JNode\int, Int, int, int,
Int) constructor, various requests for dynamic memory allocation are
made. If ths[.9 Is falluro to receive dynamic memory, then the value of
objsctstGts is set to StGteMemE:rror. Otherwise it is set to
StoteUninitia/ised. The JPositionDatl:l, JConsumerData and sub-tree Ids
that this object stores are usually subsequently inserted into this instance
using respective member functions. Once they have all been successfully
Inserted, then {1blf.)M,~tl'At.l!1".Isset to Stato/nitiafised.

totalsot Int

This data member stores the sum of the numbers of all positions,
consumers and sub-trees that have been sot by respective member
functions.

olotncnt~sot 'If I"t

ThlQ is a polnter to an army of dynamically created inls. Its size is (1 +
nllmpositions + numconsumors .;c numstlbtroos). Element 0 is redundant.
Elements (1) to (numpos'itlonsj represent positions. Elomonts
(1+numpositions) to (twmconsumors+numposition.s) represent
consurnere. Elomonts (1+nLJmp':u~itions+mmlGonstimors) to
(mJmposWol1s+numconsumors+numsubtroos) represent sub-trees. All
clements UfO sot to 0 at construction. Each element is sot to 1 if its
corresponding ontry is sot. Whon 011 entrios oro 1, tota/sot should aqual
(nuf1}consLlmors+twmpositions+numsubtmos) ond obioctstato is sot to
Stutofnitlo/iso,f.

curlDCS JCurront

Thio is tho value of tho current in tho IDeS thot foods tho junction
. represented by this neee, It Is eoleulutcd by
Jlilterfaco::OQ/cClIrrontsMNo(te &, liU &, JL.ordfacfor &), which rocursively
Gulcul()toGcurrants for oIlIDCSs.

numeenolpcs tnt

This Is the total number of consumers in tho notwork for which thls node Is
tho root. Its value is calculatod when J/ntorfmio::co{oCu(lnnts() Is called.
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--------------------------------------.----------------
3.8.1 Has-A Relationships:

consumers * JConsumorData

This Is a pointer to an array of dynamically created JConsumerData
objects. The number of entries in this array will be the value of
numConsumers +1. The dynamically created array of objects pointed to
by consumers Is tho responsibility of tha JNode object when destruction
occurs.

positions * JPosltlonData
This is a pointer to an array of dynamically created JPositionDota objects.
The number of entries In this array will be the value is numPositions '.'. 1.
The sot_posillondata(int, JPositionData &) and geLPositiondata(ltlt,
JPositlonData &) member functions are used to manipulate this delta
member.

icllnt

This is the identity number of the JNode object.

numeeneumcra Int

This is tho number of consumers that om directly connected to this
junction. It can be zero or more. It is usually set vla tho constructor.

numpcsltlons Int

This is the total number of possible positions that the jU!1ction represented
by this node can have. Its value i$ set at construction.

nurusubtrecs Int

This is tho number of sue-trees directly connected to this neee, It can eo
zero 01' more. Its value is sot at construction.

slIbtrooids Int[JmaxnllmOOCS + 1]

This Is an array of ints that store tho Idls of tho sub-trees that arc
connected to this Junction. Tho stae of tl1i~jarray is JmoxnumODCS+1,

cablotypold tnt

This data member holds the value of tho cable type ld of tho cable typo
corresponding to tho IDeS that connects this junction to its parent.

setposltlcn Int
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This data member stores the highest volt drop in all SOS cable segments
In this junction group when it is In the position that Is represented by this
instance of JJunctionPosition.

outputOCSvoltdrop Jvoltago[JmaxnumOOCS + 1]

This data member is an array of JVoltage elements. Each element
represents the voltage drops in one of the ODOSa of the jl.1liCt!ot, group
when it Is In the positlon that Is represented by this lnstance of
J,)unctlonPosition. Thli size of the array is (JmaxnumODCS·"1). The first
entry Is redundant. The total number of elements that are actually used is
equal to JJuncilonGroup::nun1subtrof)s of the JJuf1otionGroup that own
this instance of JJuf1ctionPosition.

3.7.2 Operations:
set_t)utputDCSvoltdrot>( thoid Int! voltdrop JVoltago &)
JFuncRosultTypo

This member function ~opjes the value of voltdrop to
outputDCSvoltdrop[t/1OIdj. If t/1oid is out of range, then FuncOutOfRange
Is returned; otherwise it returns Fu"o$uc:cess.

got_outputOCSvoltdrop{ thold Int! voltdrop JVoltago &)
JFul1c~osultrypo

This mambol' function copies the value of olltputDCSvoltdl'op[tllmd] to
voltdrop. If timid is out of range, ti1Gn FuncOutOfRonge is returned,
otherwise it returns FunoSucc()Ss.

3.18 Class nama: JNodo
Objects of this class represent junctlon Groups In an electrical network,
They diffor from lnstances of JJunctlonGl'oup in that thoy store primitive
information about lunetlon groups, whereas lnstnnees of JJunotlonGrotJp
store information that is directly required by thl2 search algorithm. The
data member JNodo::lrl denotes the idNltity of that particular junction.
Information about each consumer that is diroctly eonnccted to the
Junction Is stol'od by the JNoc/e::comwn1ers datu member, which is u

• polntor to JConsumorData. Information about eaeh pcsltlon In which the
junction can be placed is stored by tho JNodo::positions data member.
which Is a pelnter to JPosit/onData. Tho values of the JNoda::/{J date
membore of tho junction groups that ore dlroctly connected to this junction
via Its ODOSa are stored by tho suIJtroolds data member, which is an
I:' ray of type Int. This Is how information about the rndla! structure of tho
network is stored.
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placoHlghostCost( ) : JFuncRosultTypo

This member function sets warless/pas such that it corresponds to
minimum volt drop position.

countGroups( numborqrcups Int &) : JFuncRosultTypo

This member function finds out from all its sub ..trees how many groups
they have, by oolllng this same function. It sums these numbers together
and adds itself to this total number. This total number Is copied to
numgroups and numoorgroups.

sotSolutlon( ) : JFuncRosultTypo

This member function sets solpI,siiion such that it correspondG to
wor/<solpos. It calls setSo/utianO for all sub-trees.

placoConflg( cOl'lfi;'lct\£& i~~tVI} .. J~uncRosultTypo

This member function uses tho information it receives through configdata
to set wor/(selpos. It also culls this same member fu"ctlon in all its sub..
troos using tho Information in conf/gdata.

3.7 Class nama: J.JunetionPosltton
An lnstance of this class stores Information about (1 jtmctlon gl'CllIp when
its junction is in one of its posslblo positions. It thorefore lias data
members that store values for tho cost of the junction group. IDOS volt
drop. OOOS volt drops and largost SOS volt dr(.'lp. This Information
portalns to the implicit enurneratlen erlterla that nave boon formulated for
tho search algorithm that is used to find me optimal configumul ;j of
junction locations.

3.7.1 HU{3·ARQlntronshlps:
cost Jccst

This data mornbor stores tho total cost of this junction group when it is in
tho position that is represented by this lnstance of JJtmctionPosltiol1.

, InputOCSvoltdrop JVoltago

Thin data member stNOS tho volt drop acrosu tho IDCS oobla sogm(mt of
this Junction group when it is In tho poaltlon that Is represontod ~)y tl1io
instance of JJuflCit/onPosition.

maxscsvoltdrep JVoltuno
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I1ig/l0stCOSt. From this information it can calculate the maximum volt drops
corresponding to each of its positi~:r..:zand therefom ascertain which
positions are redundant. It thereforf.l Initialises the numworkpos and
workposilions data members l()r tho junction. The values of
work/oaslvoltdrop f workl1lgllOslvoltdrop, worl<llighestcost and
workleostcost are calculated. If the JJunct!onGroup has no sub-trees ( l.e
It Is a Terminating Junction ), then It does tl0t have to consider its sub..
tr~(ls. Tho value of objootstate Is sot to Statelnitialisad when complete. If
thoro Is memory allocation failure thon it sets it to StaioMommrror and
roturns runcMtJmE:rror.

placoAIILonstCost( rcsultceat JOost &, rosultvoltdrop JVoltogo &) :
JFuncRosultTYPQ

This member fut'lotion sots this junction and flUsub-tree junctions in their
ehcapost positions and calculates the maximum volt drop botween tho
root ond ony consumer. It also sots rosultcost to the network cost, and
rosultdrop accordingly, when under this configuration. The value of
wor/(solpr"ills sot appropriately.

plaeoLol.lstCost( ) : JFuncRosultTypo

This membor function sots wO/ksolpo$ such Umt It corresponds to
choapest position.

plllooLossCost( ) : JFuncf{csultTypo

This member function sots worksolpos into tho posltlen thot corresponds
to tho next lower junction grollp cost. It reiurns rlll1cAtl.oost If it is moved
into tho position of toast east. It returns Fum::NoC/wf1go if it CQuid not
ollongo it. Othorwlso rune.Succoss is roturMd.

plncoHlghol'Cost( ) : JFuncr~ooultiypo

This member function sots w()f1(solf)OS Into tho position thut corresponds
to thO next highost junction group cost. It returns FUl1cAtNlg/1OSt jf It Is
movod into tho pcsltlcn of highest cost It returns FWICNoC/lOngo if it
could nat ollOngo It. OthelWioo FunoS(JocossIs returned.

plucoAIIHlghoatCQGt( rosultcost JOost &, rODultvolttlr<. 1'> JVoltago &) :
. JFuncf{oGultTypo

This member function sots this Junction and 011tim junctions In ito sub..
trees In tholr minimum volt d..op positions and colculatos tho maximum volt
drop botwoon tho root (md any consumer. It elao sots (Qsultcost to tho
notwork cost, und rosllltdrop accordingly, whon under this configuration.
Tho vnluo of worlcso/pos is sot appropriatoly.
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sot.,.posltlon( thold Int, thcpositlon eenst JJunctionPosltlon &) :
JFLlMRosultTypo

This member function copies the value of positions to positions[tllf3Id]. If
UlOid Is out of range then it returns PuncOutOfRcmgo, otherwise
FuncSuccoss Is returned.

sot_subtroo( thold Int, thosubtroo eenst JJunetlortGroup *) :
JFuncRcsultrypo

This member funetlon copies tlwsubtroo to sllbtroos{t/)oidj.
FuncOlltOfRongo is returned if Uwid is out of mnge, othorwlrc
rllncSlloooSS Is returned.

sot_workpos( thold int, thoint const int &) : JFul1cRosultTypo

1'his member '(unction coplee worl<positlonsltlwld] to tlmint. If tImid is out
of rrmge then FuncOutOfRan{Jo is returned, otherwlso FuncSuccoS$ is
returned.

gat,workpos( thold lnt, tholnt Int &) l JFuncRosultTypo

This member funetlen copios workposWcms[thold} to tllo/nt. If tflOld Is out
of rango then p.·ullaOutOfRatlgo is roturned, athorwlso Fut1GSuGCOSS is
retumod.

optimlso( max\,oltdrop JVoltllgO, rosultcost JOost &, rosultvoltdrop
JVoltago &, conflgdata Int *) : JOpPosuftTypo

This member function performs optimisation in entire tree for which this
JJwwtionGroup Is thel root. Tim value of maxvoltdrop Is tho maximum
allowed volt drop betweon tho root of tlie notwork and any of tho
consumers. Tho optimisation result Is returned. Tho values af rosultcost
and rosultvaltdrop are olse sot according to tho result of tho optimisation.
The value of w(Jrkso/pos In each JJunclionGroup Is sot according to tho
position that tho optimisation has found.

proeossWorkPa9( Icesteeet JOost &, hlghostvoltdrop JVoltago &,
hfghostcost JCost &, loastvoltdrop JVoltugo &) : JFuncRosultTypo

• This mernbor function first calls tho same function for 011 its aub-trees. It
rccelvcs the value of I1ig/loslvoltd(op from each of its sub-trees, whleh Is
th0 hlghf.'st volt drop between tho root of I) sub-tree Dnd any of its
eensurners when at tim position of highest volt drop, at which point tho
corresponding cost is lowostcost. It also rccelves the value of
/O(]stvoltdrop from each of Its sub-trees, which Is the highest volt drop
beiwcon tho root of Q sub-tree and Of\y of its consumers when at tho
position of loast volt drop, at which point tho corrospondlng cost is
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numgroups int

This data member stores the total number of junction groups that hrm the
networl{ for which the junction represented by this JJunotlonGroup Is the
root. The number Includes this junction. It Is Initialised for aU junction
groups before optimisation by oalilng the countGroups() member function.

workhlghostcost JOost

This data member stores the cost of the entire network, for which thls
Junction Is the root, when It is configurod to have an assoelated cost til at Is
higher than all other configurations. It is caloulated by proO(f)$sWorkPos().

workhtghostvoltdrop JVoltago

This data member stores the largest voltaga drop between the root of this
Junction and all consumers when all junctions within the entire network, for
which this junction Is the root, are sot in the positions that result In overall
hlgh3St maximum volt drop. It is calculated by procossWorl<Pos().

3.6.2 Operations:

JJunctlon~roup( newnumeensumsre Int, uewnumpestuene hit,
nownumsubtrco» Int)

This constructor is used to set the values of various data members at
creation, Parameter nawnumconsumors is copied to numconsumere.
Param(1tor nownumpositions Is copied to numpositions. Pammeter
nowl?wnsubtroos is copied to numsubtroos. An army of numpositkms+1
JJuncUot1Positio17 objects is dynamical',' created and posit/om, Is sot to
point to it. Tho value of objoc(staio is sot to StatoMom~((tJr if there was
failure to reeelve such dynamically erentoe memory, othorwlse it is sot to
StotoUnitio/!sod.

got=positlon( Uloid int, thepeeltlon JJul1ctlonPosltioll &)
JFuncRo5ult1'ypo

This member funotlon copies positions{tllOld] to t/wpositiOI1. If UlOid i3 out
')f range then it returns FunoOulOfRango, othcrwlso P:unoSuGGOSS is
returnee,

got_subtroo( thold lnt, thcsubtroe JJunctionGroup W"')
JFuncRoIJultTypfJ

This merncer function copies sCJotf(Jf.)s[tllOicl] to "tIIOS(J/)tro o,
FUl100uiOfRongo is reterned if timid is out of range, othorwise
FunoSuGooSS Is returned.
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aelpcsltlon Int

This data member stores the position In the posmon» Cli'f(l\f of the best
selected position. It is set after pro-ohecklng and optimisation so that it
corresponds to the value of wor1<selpos by calling the sst$olution()
function.

numwcrkpes Int

This data member stores the total number of working positions that exist
for this junction. A working position is one of the possible positions that
have not been found to be redundant. They are therefore used in the
search. Its value is calculated when prooessWorkPos() Is called.

workposltlons * Int
This data member is a pointer to a dynamically created array of Ints,
having '?umworkpos+1 elements. Each int value Is an Index Into the
positions array. The first entry, worl<positions[1). corresponds to cheapest
position. The last entry. wor/<positiol1s{numworl<pos), is the most
expensive position. The elements are arranqed in ascencling order of cost.
This dattl member Is prepared by procf)ssWorI<PoJ().

worksolpof;. Int

This data member stores the position In the workpositlons array of the
currently seleoted position. It Is used for setting of positions during
optimisation. Its is used by satSo/utianO to set the value of so/position.

parent .. JJunctlonGroup

This data member stores a pointer to the JJunotionGroup oblect that
reproaents the parent of this Junction according to the radial Mructuro of
tho network that is under reprssentatlon, It is manipulatod by the
goLparont() and set...parent(JJunotionGroup*) member functions.

workloastcost JOost

Thls data member stores tim cost of tho enUre network. for which this
junction Is tro root, when it is configured to have an associated 006t that Is

. tower than all ether configurations. It Is calculatod by procossWorkPos().

worklo3stvoltdrop JVoltago

This data member stores tl10 largest volt'lge drop between the foot of til is
junction and all consumers when ali junctions within tho entire network, for
which this Junction is the root, are sot In the positions that result In overall
lowest maximum volt drop. It is calculatedby pro~iossWcrkPosO.

J1l124.100 Vorolon 1 0019 Januory 1907 Pogo 10
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This data member Is a pointer to an array of dynamically created
JJunotlonPositlol1 objects. Tile memory that is occupied Is freed In the
JJunolionGroup destructor. The number of elements in this array is
numpositions '" 1. The elements are manipulated by the se[_p osition (in t,
JJunctionPosition &) and get_pos!tlon (in i,JJunotionPosition &) member
functions.

subtrees (JJullctlonGroup *)[JmaxnumODCS+1]

This data member is an array of pointers to the JJunctionGroup objects
tht1t are the roots of the sub-trees connected to this Instance of
JJunationGroup. The size of the array Is JmaxnumODCS+1. The total
number of these pointers that are used by a particular object is equal to
numsubtreee. The first element is never used. The elements in this array
are manipulated with the se t_sub tree (in i, JJunctionGroup*) and
~7et_subtree(lnt, JJut1o(;onGroup**) member functions.

mrmconaurnera lnt

This data member stores the number of consumers that are directly
connected to the junction in the junction group represented by this
instance of JJunollonGroup. Its value is normally set when the
J\/unoHonGroup(int, int int) constructor Is used.

numsuetrces Int

Thls data member stores the number of sub-trees that are directly
connected to the junction II, the junctlon group represented by this
lnstance of JJunctionGroup. Its value is normally set when the
JJuncUonGroup(int, In! tnt) constructor is used.

nurnpesttlons Int

This data member stores tho number of possible positions for the junction
in the Junction group represented by tl'lls instance of JJunotk:mGf'Oup. Its
value is normally set when the JJul7otion Group (int, int int) constructor is
used.

objoctstato JOblectStato

. This data member provides a means of recordlnq the state of on instance
of ti116 class. When an Instance is created using the J.JunctlonGroup(inf,
int, lnt) constructor, varlcus requests for dynamic memory allocation are
made. If there is failure to recGlve dynamic memory. then the value of
objeotstate is set to StatoMomError. Otherwise it is set to
St~tliJUnil1iti(1lised.It is set to Statelnitialised after it has been operated on
by prooessWorkPos().

1'0001U Varnlon 1 00 19 Januory 1!)07 Jo124,100
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--------------------------------------.----------------
This function dynamically creates an instance of .JOptlm!ser with
numnades JJunotionGroups. It then supplies information to all these
JJuncfionGroups In the image of networktree. If during the process, there
Is a memory allocation error, then It deletes all that it has created and
returns FUl7oMemError. If networktreo is not sufficiently initialised, It also
deletes all that it has created and returns FunoNotlnitial/sed. Otherwise it
returns FunoSuccess, and sets (*theoptimiser) equal to the address of the
JOptlmiser object that it has created. If overloadstop Is equal to 1 then the
process will stop if a cable segment's current exceeds Its cable type's
current ratil1g. If it Is equal to zero, It will carry on regardless.

g9t_nodesset( theld int, thelnt int &) : JFuncResultType

This member function copies the value of 110desset[theid] to theint. If thetd
Is out of ranqe, it returns FUl1cOutOfRange, otherwise FunoSuccess is
returned.

calccurrents] thenode JNode &, totalnumccns Int &, totallmf
Jt.oadfactor &) : JFu'1cResultType

This member function Is used to calculate the IDeS currents for all the
nodes 111 networktree. and stores their valwas In the corresponding
JNode::curIDCS data members. It operates on treeroct; which causes it to
operate on all nodes because of it is a recursive member functlen.

3.6 Class name: JJunctionGroup

Instances of JJul1ctionGroup represent junction groups in a radial
electrical distribution network. They hold Information about the costs and
volt drops pertalnlr , to loCS. ODCS and 8CS cable segments associated
with a particular Juncticn group. at each of ths possible locations at which
Its junction can be placed. They else contain lnformation that is used by
~.hesearch algorithm that finds the optimal ccnflaurafion of locetlons for
Junctions in the entire network. Each instance has an array of pointers to
the Instances of IJunotionGroup that are the roots its sub-trees. The data
member that identifies this array is JJunctionGroup.:subtrees. In this
manner the structure of the radial network is modo led in a way that
parallels the same entity in the algorithm description. Tile major purpose
of tile JJunctlonGroup class Is to provide a software entity that models its

. equivalent algorithm entity. In this manner, the description of the search
algorithm Is accurately translated into its software equlvale: ~.The member
function that performs the ,'ptimlsation is JJunotianGroup::optlmise(
mexvolldrop JVoltege, resu/teast JOost &, resultvoltdrop JVoltage &,
configdata int *) : JOptResultType.

3.a.1 Has·A Relatkmshlps:
positions VI JJunctionPosltion-~-,-~----------,----._......,------

Jo124.100 Vorsion 1.00 19 Jonunry '1997 Pogo 11
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Th!s constructor is used to set values for the cS/Gu/atort cable/1st and
numncaee data members at creation of an instance of J/nterfaee.
Parameter newnumnodes is copied to numnodes. Data member ca/culator
Is set to point to the address of newee/cu/ator. Data member cab/allst is
set to point to the address of newcable/;"t. An array of JNode objects is
created and Is pointed to by networl<tree. Its size Is numncdes +1. An
array of Ints Is created and pointed to by nodesset. Its size Is also
numnodes +1. All these entries In ~hisarray are set to zero at construction.
The value of tota/set Is set to zero. The objeotstate data member is set to
StateMem5rror if failure to receive dynamically allocated memory occurs
during construction. Otherwise objeofstate Is sat to StateUninitialfsed if
newnumnodes Is greater than O.

addNode( newnode JNode &, Isroot 'nt) : JFuncResultType

This member functlon copies newnode into networl<tree[newnode::ld}. If
the value of isroot Is 1 then It makes treerooi point to the
networktree[r;ewnode::id}. FuncMemError Is returned if there was a failure
to receive memory during execution. FunoOutOfRange is returned If the
newnode::id Is less than 1 or greater than numnodes. If
newnode::obJectstate() is equal to Statelnltialised and
nodessot[nswnode::idJ Is 0 then it Increments tota/set and sets
nodossef[newr,ode::idJ to 1. If tota/set is equal to numnodes and cab/Mist
and calculator are fully initialised then objectstaie is set to State/nitialised.

optimlse( maxvcltdrop JVoltags, cverloadstcp Int , resultccst JCost
&, resultvoltdrop JVoltago &) : JOptResultType

This member function performs the optimisation only if objeotstatl1 is equal
to State Initialised and returns an appropriate result cadet otherwise It
returns OptNot/niti'alised. If over/oadstop is equal to 1 then the
optimisation will not occur if a cable segment's current exceeds its cable
type's current rating. If it is equal to zero, It will optimise regardless. The
default value Is zero. The parameter maxvoltdrop holds the value of the
maximum volt drop between the root of the network and any of the
consumers. The resultant cost is returned through resulioost. The
resultant maxImum volt drop is returned through rosu/tvoltdrop.

vlewNodoPos( nodeid Int, position lnt &) : JFuncRosultTypo

Thls member function allows the position of an individual node to be
viewed after an optimisation. The node's id ., "'sn as an lnput via node/d.
If nodeid is within range, then the position nLiitluer In which that node has
been Is copied to position and FunoSuooess Is returned, otherwise
FunoOutOfRange Is returned.

makeOptlmlsor( theoptlmlser JOptimlser "", overloadstop Int) :
JFUI1CRosuitType~-,---------------------

pogo 16 verston 1 00 1:1January 1991 Ja124,100
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This data member stores the number of JMode objects in the network. It is
set when the Jlnterfaoe(int, JCafculator &, JCableList &) constructor is
used.

cablellst " JCableList

Thls data member polnts to an instance of JCableList. It is usually given a
value at construction, using the J/nterface(int, JCa/cu/ator &, JCab/eList &)
constructor. The ,/Interface destructor does not attempt to renew the
memory occupied by the instance that cablelist polnts to.

objectstate JObjectState

This data member provides a means of recording the state of an instance
of !hi:s class. When an instance is created using the Jlnterfe.ce(int,
JCe/cu/alor &, JCab/eList &) constructor, various requests for dynarnlo
memory allocation are made. If there Is failure to receive dynamic
memory, then the value of objeotstate is set to StateMemError. Otherwise
it is S~)t to SiaieUninltialised. The JNode objects that the instance of
JlnierfacG stores are usually subsequently inserted using the
aCidNode(JNode &,int) member funotlon. Once all JNode objects have
been successfully inserted and the value of oablelist::objeofstate and
oalolJlator::objectstate are equal to StatelnitfaJised, then obje(,fstate Is set
to State/nitiallsed.

totalset int

This data member stores the number of initialised nodes that have been
added to this lnstance of Jlnterfaco with the e,ddNode(JNode &,int)
member function.

nodossot*lnt

This is a polnter to an array of dyn!:lmically created ints. When an instance
of J/nterfaoe is created using the J/nterface(lnt, JCa/oulator &, JCableList
&) constructor, then this data member is set to point to an array of
dynamically created II1(S. The size of the array is tiumnodes+t, 'j his
dynamically created array of ints is used to keep track of which JNodes in
the array points!' to by networktree have been set using the
addNode(.JNode &,in~\member functlon. If a JNode object is set then its

. corresponding entry In the nodesset array Is set to 1, otherwise it remains
zero.

3.6.2 Operations'
Jlntorface( newnumnodes lnt, newcalculator ,JCalculator &,
newcablellst JCablel...lst &)

--.-...-..-. ........___.".,...__,------ -_._--_._-- --_ ..._.",_
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4 Software Usefulness Testing R.esults
This se(~tloncovers tests 5.1 and 5.2

4.1 TeST6..1Undorground 1
The cost of cables for the original network Is 24462 Cost Units. The
original network has an asacclated maximum consumer volt drop of 17.48
volts and tharefcre the network was optimised with a Slightly larger value
for largest allowed maximum consumer volt drop(17.5}. The cost of cables
for tho optimised network is 22786.6 Cost Units. Thercfcre tho
optirnlsation yielded a 6.93 % saving. The optimisation in this test yielded
the networl< shown on the left of the map In figure 4.1.

ii,,; \1'

• t~j~it:~i:::H't":'~tQ.
.. ,~)'.(l'lJ'-,"'f'R;Jp.i7i';.'tJ'

fIf It'\!.''IIl t',f; t'.l. u;
1ft Q~.;iH"l";,lU.t,t!:ill,uUj
~, '''lillI, 4,"t-O l

ltIldHuUJV
~""~'It l'hut 1".) )'!l"i nt''''

for toot 4·1 and 13.0 volta for toal 0.1

Tho snme netwerk was optimlood with tho dofault Imgont allewod
maximum consumer volt drop which Is 13.8 velts, Tho cable cents ft;lr tho

, optJrnhmd network is 23348 GClst Units. Thoroforo tho optlmif.lGliol1 ylolded
a 4.63 % saving. Tho optlmlsod notworl( also has on associatod maximum
ecnsumor volt drop of 'IGJt1 volts which is 1.21 volts loss than the origilKll
notwork, but It sthl caUSQSa violation of tho maximum volt dloj) constraint.

Voraion 1.00:3 Fobruary lOG,. J0121l100
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----------------------------,------.--------------------
3 R.ellability Testing Results

This section covers tests 4.1 to 4.3. The expected and actual results are
"'. "!'lted In tabls 3.1

ros_t !oGult t~I?.9~
4.1'-\

===-= _{l_(l.tI1UL=__"'=""~!_:!:k=,=__===,,=1

",~J1!H==..,"t!91!l,I!I~=,c,,=
_='"" ,,-O)(!lQE$,I;liL~_jd'.~~=,==.=~

='h;u.~~- _a~!~L==-~"=!~'="""="'''"='''~
==,== ,O)(ll<l£tocl __ ""'_I~..,go=."'~,""'=,~=~

,~!-;!i~U=,.,,-n~tllnl~"'-,=~c,••+_.~~:""==.,-=,.,.~

~==,,~ .~Q>[I11~iQ£L=-,_d.t!~~,~",••,~".=
iAel.~ 3.1 Rollablllty iootlng RC(lulto

Tho IdOllticnl veluen for expected and actual ontitios lIIustrntos thot tho
roliability tosting reveals that tho coda is rolioblo.
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2 Correctness Testing Results
This section covers lQ.sts 3.1 to 3.7. The expected and actual results are
presented In table 2.1

result rosult ~;OUI;'4 junetlen Junct;:~l~(lU~ l~~~~~o:=~Junc;~=
value volt coot 1 2 I 3 4 6

drop pot:iltlQn posItion position position pooltlon
F=-~ =-e.= ,,= bti,=- =-",~"",,*,=,===j~=--== ".,... - "=-~~""" ~ ,,==

1{n) oxpoetod 2 N/A

ioot rosult
typo

NlA NIA N/ANIA N/A NIA

1{b) oxpocto(j:;) NIA NIA NIA NIA NIA N/A NI"
==. -'==C=="~- "-=-.~=f="=='=- -~-,..=.%~== --=--",==,= ====<1=, L~--'''''''''=,="'"--==".

NIA N!A

2 expocted 10 14.0119 13102.40 ~ 1 1 :I 2
~F~-C~~~~'t_.;:;:;::~~ :):=-~~.;:.~.'.l'·'l~"'X":""=:'~~~""" """';;-<:'~~~~r--:":"--=:'-=~~ ~~~~~~-~:~~

nctuol 10 14 ses 137024lJ:il 1 1 2 2
t==-= ==""'=I="~·~"'"-""=,=" ..==-~~r'" =" C=--=-=,,=== 1'='=" . '"=""="'==~I""""""'4"'="""'l
3 oxpoctod ao 13.:104 13S30,4 2 1 11:3
,=",= "'="''''--~=t=="'''''''''.=-"=-,,,,,,",,-,,,,,,..-=""ot==,,=*==~==.=-F==""~= ,~===~=,~'''''"'="='=,=:~~*~,="="=,'

aotual 20 133M 130304

4 expocted 30 13.1426(1 111022 1 1 2 1 3
1"="""" '~="-,,~~=,~~"'"==""'=== ,,== =---e'--'''-- .. '-"'=-=, =~"~,,~""*'="'--'='=,,===,"

netunl 1314<105 140612 <1
--~=.~~~==_-:;;;:;::::::;;:',:.::::== ",-,..,.~~-,~-,==_",.~=,=. ==="",="='''_=''=''''- =-""':;1 - '.__ '. ~-;::::::=,~~b;:-:r"~:;:;!;'c"~_=::.:;;;=::::-:: ~~J;::;:;;_~-;;_;_;_;:- .•_;=:-::7

G oxpoctod 40 14,llon 13'102,41) 2 1 1 :1
'=='= =="'==- ,="'.= co-=~~-"=,=1=,,== ==-== =''''''= =",,,,~.-~,."'=-="""'="",,' ,=., """,- =,_~"I

aetual 41} 14 (l03 13101l.,H) <1 1 1 <1 ...
"""="',"'=,"''' -.~-,.. "-,,,=,,,"====== ''''''CC''=='''i'''''''" "·,1,,,-,.·,·,,,=,,,,

f! ~:~:~ ~-~-;~~~'~;~::-c;~~~ : : : "'
l~=~~=~~o~EE==E=~~'~~~~,~~~:~..~.~o"o

iAtn,~2.1 Corr(lctnooQ Tooting Ronulto

Tho Idontleol values for oxpected and octual ontities illuotrato9 that the
eerrcetnoea tostlng reveals that tho code is correct.
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~ ..... -,., ....--- ----------------------,------------
1 Scope

1.1 Introduetlen
The accuracy and functloMHty of the software has been tested to validate
th~t it addresses the rt:Jquirements that were established prior to
development,

1.2 Purposo
This document specifies the expeetod and actual ros'Jlts of the test
procedures that were conducted to tEastthe software. It also discusses the
performance of tho software.

1.3 Appltcnblllty
Tho software tool that thema tests portoin to is tho AJ~")Otool, which Is a
product of the NODD projoct,

1.4.2 Standards
a, SeAL. OMS t)ocumont Croation templato. ~S 002. Revis;'')n 0.02, 3

October 1994

b. SeAl. OMS Doeumont Layout. Prosontatlen and iyponottlng Guido, as
003, F~ovision1,QO, :3 Octobor 1tl94

1.4 Applicable Documonts

1.4.1 Spo~ifit;GtlonB
a. Softwaro Tost Specification, JA11a, Rovislon 1.00, 24 Dacembar 1996

Vorolon 1 00 3 Pabruo., ~!,IQ? POllO 1
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set_ODCSlength( OuCSnumber lnt, newlength JLength)
JFuncResultType

This member function copies the value thalengtl1 to
ODCS/ongth{OOCSnumber]. FuncOutOfRange 18 returned If
ODCSnwnber Is out of range, otherwise FunoSuccess Is returned.

got_SCSlongtl1( SC$number Int, ~helength JL.ength &)
JFuncRosultType

This member function copies the value of SCS/ength[SCSnumberJ lI,to
the/engt", FUl1cOutOfRange Is returned if SCSnumber Is out or range,
otherwise FuncSuocess is returned.

oot_ODCSlength( ODCSnumbor Int, tholangth JLongth &} :
JFuncResultType

This member function copies the value of ODCSfsngth[ODCSnumber] Into
tllelengtl1. FunoOutOfRange Is returned if ODCSnumber Is out of range,
otherwise FunoSuccess Is returned.

Ja124,100 Pono 3\Voroloo 100 19 Jnnuory 1907
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FunoMemfError Is returned if copying failed due to memory allocation
failure. PuncSucoess Is otherwise returned.

optimlse( maxvoltdrcp JVoltago, resultccst JCost &, resultvoltdrop
JVoltage &) : JOptRosultTypo

This member function Is called to perform the optimisation such that
maxvo/trlrop Is the maximum allowed volt drop between root and any of
tho M'1JUmars. The optimisation result is returned. The resultant cost is
returned through resultcost. The resultant maximum volt drop is returned
through resultvoltdrop.

3.10 Class name: JPosltlonData
This class encapsulates information shout cable segment lengths for a
junction group. Each instance holds information about a single position for
a Junction In a single junction group. It contains the values of all the lOGS,
ODCS and ses lengths in the junction group.

3.10.1 Has-ARelationships:
IDCSlongth Jl..oI,gth

This stores the length of the IDOS connected to this junction when the
junction Is in the position represented by this tnstance of JPosition/)ata.

OOCSlongth Jt.ongth[,JmaxnumODCS + 1]

This Is an array of JLength entities. Its size Is JmaxnumODCS+1. Each
entry stores the value of an ODCS length. Only the entries between 1 and
nutn.subtroes In tho JNodo obJoot that owns the instance of JPositionDoto
are used.

SCSlongth JLonsth[JrnaxtlumSCS ...1]

This [s an array of JLengtl) entitles. Its size is JmaxI1CJmSCS+1. Each
entry stores the value of an 8CS length. Only the entries between 1 and
numconsumors In the JNodo object that owns the lnatancc of
JPositionData are used.

3.10.2 Operations:
sot_SCSlol1gth( scsncmber int, nowlongth JLongth)
JFuncRosultTypo

'rhis member function copies the value t/W/Of7flill to
SCS/ongth[SCSnumboIJ. FunoOutOfRango Is returned If ODCSnumbor is
out of range, otherwlso runoSuccoss Is returned,

P(lOO 30 Vorolon tOO 10 JOI1\JOry 1007 Jn124l00
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This Is a pointer to an array of dynamically created J,JunctionGroup
objects that make up the networx of junctlons. The number of elements in
this array Is nutiJGroups+1. The JOptimlser destructor frees tile memory
occupied by these dYl1amlcally created objects.

numgroups Int

This is the number of JJul1otionGroup objects In the network that are
contained by the JOptlmlser. This valuo is usually set with the
JJunotlonGroup(fnt) constructor.

rootJunctlon * JJunctlor.Group

Thls is a pointer to the JJunotlonGlttup object which Is the root of the tree
of junction groups. Its value is manipulated with the
sat_ro 0 ljl.molion (JJunction Group *) and get_rooljunction() member
funoilone.

objectstate JObjectState

This data member provides a means of re ~ordlng the state of an instance
of this class, When an instance Is Crt ated using the JOptlm/ser(lnt)
ccnstructor, varlous requests for dynamic r'1emory allocation are made. If
thaw Is failure to receive dynamic memory, Men the value of objectstate Is
set to StateMomF-rror. Otherwise It Is set to Statelnitlallsed.

3.9.2 Operations:
JOptlmisor( nownumgroups Int}

This constructor dynamically creates an array of JJunctionGroup objects
that JUllctiOf1!groups Is set to point to. The value of objectstate Is set to
StateMemlError If memory error occurs, otherwise it is set to
StateUnlnltle.lised. It becomes Statelniliallsed after processWorkPosO has
been called. Therefore it is the client's responsibility to make sure that all
JJunctfonGmup objects are properly initialised before prooessWorkPosO
Is called.

got ...9roUp{ thold Int, thogroup JJunctionGroup *"') : JFul1cResultTypo

, This member function sets *tluagroup equal to &(jul1ctlongroups{theid}).
FUf100uIOfJ~ang(!) Is returned if tl1e1d Is out of range, cthcrwlse
FunoSuccess is returned.

sot_groupl( theld lnt, thogroup const JJunctlonGroup &) !
JFuncResultTypo

This member function copies the value of 1l1egroup to
junatlongroups{theldj. FunoOutOfRange is returned if tl7eid Is out of range.

_'"_~~ -..wow "",,~ _ "'--_
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less than or equal to ,JNode::numconsumers and greater than zero.
Otherwise FunoOutOfRange Is returned.

set consumerdata( consumernum int, theconsumer JConsumerOal:a
&) :JFuncResultType

This member function copies the value of theoonsumer to
oonsumers[cof1sumemumj. It returns FunoSuocess if the value of
consumemum is less than or equal to JNode::numcof1sumers and greater
than zero. Otherwise FUf1cOutOfRange is returned. The values of
JNode::elementsset, JNode::tota/set and JNode::objaotstate are
appropriately updated.

get_posltiondata( pcsltlonnum lnt, the position JPosittonOata &) :
JFuncResultType

This member function copies the value of posltlons[positionnllmj to
thoposifion and returns Funo$uocess if the value of posiffonnum is less
than or equal to JiVode::numpos/tlons and greater than zero. Otherwise
FunoOutOfRFlnge Is returned.

get...subt~oeld( subtreenum lnt, thesubtreeld tnt &) : JFuncResultTypa

This member function copies the value of suJ,treelds[subtreenumj to
tf1esuttreefd and returns FunoSuccess If the value of subtreenum Is less
tha or equal to JNode::numsubtrees and greater than zero. Otherwise
Fum, JtOfRange Is returned,

get_elementsset( tholnt int &, theid Int) : JFuncResultType

This member function copies the value of efementsset{tl1eidJ to theint and
returns FuncSuccess if the value of theid Is within range, Otherwise
FuncOutOfRange is returned,

3.9 Class name: Jopttrnlser
An instance of .ltntettec« creates an instance of JOptimiser to perform the
junction position optimisation. The ,llnterface object SUppll~S it with
Information via the JOptimiser::seLgroup(int) JJunctionGroup ..., member
function, which copies lnstances of JJunctionGroup to the array Identified

. by JOptlmlser.'.junctiongroups. Optimisation proceeds when the
JOptlm/ser t:·optimise(JVo/tage) JCost&, JVoftage&) member function is
called.

3.9.1 Has-ARelationships:
Junctlol1groups 11 JJunctionGroup

1'''1)026 Vorolon 100 19 Jilnunry 1097 Jo124.100
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ImflDCS JLoadfactor

This is the tt:..611 load multiplicatlr.)n factor In the netwrk for which this node
is the root. Its value is calculated when Jlnterface::oalcCurrents() Is called.

3.8.2 Operations:
JNode( newid lnt, newnumcensumers int, newnumpositions int,
newnumsubtrees Int, newcabletypeld lnt)

This constructor is used to set the values of various data members at
creation. Parameter newid is copied to ki. Parameter newnumconsumers
is copied to numconsumers. Pararrster newnllmpositlons is copied to
numpositions. Parameter newnumsubtrees is copied to numsubirees.
Parameter newcablelypeld Is copied to oa,"/Qfypeid. It dynamically creates
an array of (numpositlons+1) JPositionDa,'a objects and sets positions to
point to it. It dynamically creates an array of (numoonsumers+i) ints and
sets iotelsei to points to it. It dynarnloally creates an array of
(numpositions+numconsumers+nllmsubtrees+1) ints and sets
elementsset to points to it. Data member objecfstate Is set to
StateMemE:rror If there was failure to receive such dynamically Of dated
memory, otherwise it Is set to StateUnitialised.

set....subtreeid( eubtreenun " ", esubtreold int) : JFuncRasultType

This member function copies the value of thesubtreeid to
sublreelds[subfreen umj. It returns Punosucoess if the value of
subtreenum is less than or equal to JNode::numsubtrees and greater than
zero. Otherwiso FunoOuiOfRange is returned. The values of
Jt"vde::'Jlementsset, JNodE~::tota(set and JNode::objectstatr are
apcroprtately updated.

set_positlondata( posltlcnnutn Int, theposition JPositiol1Data &) :
JFuncResultType

This member function copies the value of tl1epositiol7 to
poslt/ons[positionnumj. It returns Funcsuocess if the value of posltionnum
Is less than or equal to JNode::numposltlol1s and greFlter than zero.
Otherwise FuncOIJ!OfRange is returned. The values of

. JNode::elementsset, JNodt;;::tota/sot and JNode::objeclstate are
appropriately updated.

got_col1sumerdata( ccnsumernum lnt, theccnsurner JCol1sumerData
&) : JFuncRosultType

This member function copies the value of consumers[col1sumemumJ to
thecot1sumers and returns FunoSuccess if the value of oonsumemum Is

Jn124.100 Vorsion tOO 19 January 1997 POQO 2'1
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2 Procedure
When the functional requirements have boon Identified in tho Product Description, map those into the column to. (,hese
requirements provide tho baseline for vorlficatlon and validation activity across tho columns.

~---------~----------~----------r-----------~---------·----~----------~-----------------fRoqulrOlnont Product DescrIption Product Algorithm ~lIgh l.ovol Software T1Jst Software Test Rosult Roport
Rofuronco (JA004) FunctIonal Description (JM1G) Soflware 00GI9n S~o()lflGutlon (JA 125)

Spoclflcatlon (JA117) (JA 111))
(JA 110)

Section rcrcrenee tm

, "".,,~~ '"'1::m" .. ~~==-~=~~~l>!="I.;:~=~:t.;;~~~_trm_'-==:)::-,~~ -"::-''''':'''~~~......z ...............' - *..."........
Automatically find l~oqulrorMnt Hoqulrcmont Roqulromon;
optimal nolworl( addrossed In addressed in addressod In
configurations by seeuens :1and SOCtiOI'lS 5.2 and 6.6 SocU:mnIi ·1nd8.2.
scorChing for 6.
optimal junction
locations.

Hoquiromant
addrossod in
secuen 3.

Rcquiremont uderonsod In
socnen 2.3.1.

3.2.
I~----===-~.~~~F---"'---. """""'-= ~~T~=~~~t:I~,~=c::=~~~=::e:..~~;::;:;w==~:;:::ti:1==--==1

Sullablo Interface to Requirement Requiromonl Requlromont ROC1ulromont Rcquiremont oddroGGod In
provldo uio roquired oddrOGGod111 oddrosGod In sceuon oddroGood In OddroGGodIn $01:1l1on2.
Input Information. Soellon 4. G.4. soeuone4 and 8.1. Section 3.

3.3.
~---=-_"H"~~~~~~_=_~="";=":I::;":~"'=17.e:="-."Hi"""'''''''''''''''~=:O'=====,*-~ tiW';i.#ri--lII"'. ~":::<:<-~~ =to:;~====W_==_¢~.=1:"'~~

Suitablo interfaco to
roeclvo tho output
Information.

r~oqlliromont
"ddroGGcd In
Section 3.

Rcquiremont
addrooood in
secucn O.

Roqulron10nt Rcqulrement
nddrfJsGod In Section ncidroGGod In
0.0 Sections 4 and 8,3.

Rcquiremont nddroGGodIn
seeuon 2.
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1.6 Assumptions

It is assumed that the re£?der Is famnlar with the ISO 9000 series standard
for quality systems management.

1.7 Roqulremonts Tl'acQablllty

This document addresses thO following requirements:

a. ISO 9001 (1994) 4.4 Design Control

Jn130100 Vomlon 1 00 4 FObruary 1(107
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1 Scope

1.1 Purpose

This document provides the cross reference to all requirements Identified
in such documents as: Product Description, Product Functional
Specification. Algorithm Desorlptlon, High Level Soflw~re Design.
Software Test Spooifleatlon, Software Test Result Report.

1.2 Applicability

This document is used to support verification and validation activity on
software development.

1.3 Definitions

AJ~'O : Automatic Junction Position Optimisation

1.4 Audtonco

The audlence for this document cemprlse tho various stakeholders of the
SEAl.. Including:

• Tl10 product developer, Justin ApC'stolollis

• Tho f}roduct manaqer, Barry Dwolatzky

• All full·timo and part-timo post-graduate student$ associated with tho
S~AL

• Members of tho SEAL Managomont Board

• Head of tho Deparlmcnt, Electrical ~ngirl(lorin9

• Individuals who will perform intornal and external survclllancc audits of
tho SEAL Quality Managomont system

1.5 Applicablo Dccumcnts

1J)'1 Stat1dords

a. SIEAl OMS Deournent Layout. Presentation and Typosettlng Guido, OS
003, Revision 1.00, 3 October 1994.
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4.2 TEST 5·2 Underground 2
The cost of cables for the original network Is 25449 Cost Units. The
network was optimised with a largest allowed maximum consumer volt
drop of 13.8 volts. The cost of cables for the optimised network is 24738.5
Cost Units. Therefore the optimisation yielded a 2.79 % saving. The
optimised network Is also the cheapest possible network and therefore the
optimiser did not have to perform a search to find the solution. The
optimisation In this test yielded the network shown on the right of the map
in figure 4.1.

Jn125.100 Voroion 1.003 Fobruary 1907 Poso 5



Author: Apostolellis Justin.
Name of thesis: The production of software that aids in the design of low voltage distribution networks by
optimising the locations of junctions.

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the Un ive rs ity of th e Witwa te rs ra nd, J0 han nesb u rg Li b ra ry website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.


