
'1

COO-4830-3
Distribution Category UC-97b

MASTER
DEVELOPMENT OF ADVANCED METHODS

FOR .PLANNING ELECTRIC ENERGY

DISTRIBUTION SYSTEMS

FINAL' REPORT .

3,

Turan C3nen

Bobbie L. Fooce

John  C.. Zhompson

r 404
f...7 2

School of· Eleccrical .Engineering and .C.:mpucia·g Sciences A.  i.   (0

4. k. 3
in -coperacion with N li; t; 4

9.. 3
C.>     ./ (, 03

Schcol of Induscriat Engineering C F.e 52   «i 2 a
Universizv of Oklahoma

/              Al  7     %1

6.              A-;   6     0
P..          Co   9Norman, Oklahoma 73019
'-      ;2444,'  

AS.' .C .,%
c; ' 0

t.··      '/.    11Cc=ober 1979

573
ri: C d
.....·C  e

coll: 0Prepared for
' k. C

.:-;8
1

thE UNITED STATES,DEPARTMENT OF ENERGY

.8.1.. 1   k S

#•-1    Q

Office of che Assiscarc Secreciry for Energy Zedhnoicgy
mt m   :  9

Division of -leccric Energy STS:an$

Work Performed Under Carcracc No. EY-72-3-02-·1330

DISTRIBOTION OF THIS DOCUMENT IS UNLIMITEI 

r



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



DEVELOPMENT· ·OF ADVANCED METHODS

FOR PLANNING ELECTRIC ENERGY DISTRIBUTION SYSTEMS

ABSTRACT

An extensive search has been made for the idenci-
An element of this subset (al' a, ,.··an) is called a

fication and collection of reports published in the :sole.  A relation may be simple-visuaIized as a table
open literature which describes distribution planning of rows and colwms.  The rows represent tuples while
methods and techniques. In addition, a questionnaire columns represent the values of a particular attribuce
has been prepared and sent to a large number of elec- contained in the 'relation. A database consists of one
cric power utility companies. Also. a large number of or more relations.  Keys are attribute values which
these companies were visiced and/or their distribution uniquely specify tuples.
planners interviewed for the idencification and de- .The·permissible operations on relations  are  che
scription cf distribution system planning mechods·and operations on sets familiar from sec cheory p.lus sever-
techniques used by chese electric power utilit7 comp'an-· al additional ones. Operations on the data base are
ies and ocher commercial entities. Rerformed by.she Data Base Management System (DBMS).

As a firic scep, ic was necessary co. determine the These operacions are directed as the user level by a
present scope of computer applications in distribution language similar co che relational algebra of Codd.
syscem planning wichin =he power utility indust'ry. The operations of importance found in the relacional
Through the Oklahoma Gas and Eleccric Company and con- algebra which are not normally part or set theory are
sulcancs on this projecc, many compucer programs chat selection, orojection, and join commands.
could be used as a. part cf che system planning were The collection of algorithms suitable for imp lemen-
gathered.  The need for large scale analysis as well as cacion on a digital computer, which maintain the net:o ck
informacion =etrieval and display in· choosing che besc model and allow a designer co work interactively with
alcer:ative required an interactive problem'. sclving it, are divided into three classes. An overseer called
environment·, based on a data base management system and che shell, which processes the planner's demands, pro-
a library of application programs. with an analytical viding his access co a number of problem solving pro-
capabilicy :hac is far beyond che convencional algo- grams, a network editor, which allcws the planner co
rithms. This inceraccive environmenc provides a neces- · create and modify networks using concepts  and  commands
sary man-machine interface co initiace any pr6gram chat natural  to  the  subject, and finally,  a  data base manage-
exiscs.in che Library. menc syscem which maincains.the data base. While the

However, the developed interaccive design seeks co   end results of che research is conceptual in nature,
do more chan jusc achieve a superficial compatibility selected features of che Discribucicn Syscem Planning
among the individual programs. Rather. what is soughc. Model have been implemented.  This implementation pro-
is truly a :yscem of harmoniously functioning parts vides a· yalidicy check of che notions and abscraccions
which assist che human nlanner.  The system consists of comprising the DSPM.
zhree major elemencs: (1) a colleccion·of planning. . In addition, che distribucion systems planning mo-
programs with capabilities similar zo chose described dels have been reviewed .and a sec of new mixed-inceger
previousiv, (2) a database :Uooorting the·inout-octouc programming models have been. developed for che opcimal
recuire:Dents of :liese ·Drozrams. and (3) a zenerali:ed expansion of the distribution systems. The models
se,work.                                                  help che planner 80 select: (1) optimum subscation

The information basis icr che system .is the daca- locacions; (2) optimum subscation expansions; (3) opti-
base. The dacabase is logically o.,anized as a rela- mum substation cransformer sizes; (4) optimum load
civnai database in which the atcribuces are identifiers cransters becween subscations; (5) opcitum feeder
=aken  from  a  finite  set  A,,  Al,···,An·    Each  Ai  has as- routes  and · sizes  subject·co  a  sec of specified  con-
sociated wich it a sec of values called domdin, wric:en scraincs. The models permit following existing right-
as dom(Ai) ·  A relation on the sec of attributes, R(Al,    of-ways and avoid areas where feeders and subscations

4 -4, isa subset of the Cartesian product cannoc be constructed.  The results of computer runs
were analyzed for adequacy in serving projecced loads

dom(A,·) ·x dom(A.)  s· . . .x dom(A  ) . within regulation limits for boch normal and emergency+              - n
operacion.
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EXECUTIVE SUMMARY

The overall goal of this research projecc was the software compatible co permit use on this pro-

conceptual design of an interactive distribution plan- ject.
ning model  for an electric power supply system.  In
order co reach chis overall goal, the contractor was 9.  The analysis of the data requirements of all
required  co  per form che following tasks: phases of che distribution planning process.

TASK A 10. The conceptual design of a data base suffi-
cienc to meet the data requirements of che

The contractor should assess the present state-of- distribution planning methodologies developed;
the-art, in theory and practice, of electrical energy

distribution system planning and analysis methods. 11. A detailed design of che daca base character-
Ihis assessment shall include: ized in 310.

1.  The identification and collection of reports 12. The implementation of data base on a modern

published in the literature which describe digital computer in a manner which maximized
distribution planning methods and cechniques. the transportability of the daca and relaced

For those techniques which are judged by che software and is compatible wich other software
contractor to be of an ad.ranced or unique na- used  in the planning mechodologies;
cure and which have been coded for use  of di-
gital computer programs and their operating 13. The evaluation of the distribution planning

and data requirements. methodologies developed by the concractor in-

cluding the effects of major assumptions in
2.  To the extent possible, the identification and the models and techniques and che amount of

lescription of distribution planning methods effort and cost required to expand che imple-
and techniques in use by. electric utilities mented software package into a production
and other commercial entitices. grade program.

3.  The developmenc of a classification system for Analysis of the literature, incerviews with utili-
discribucion planning and analysis techniques cy engineers and discussions by che research team have

and models which recognize wide range of func- decermined thac the following functions musc be per-
cions performed by these techniques and mo- formed by an integrated interactive distribution plan-
deis, data requirements and where digital com- ning system based on deterministic data. The funccion-

puter codes exist their input/output require-    .al components of a complete interactive distribution
ments. Using this system, the contractor

'

planning system, as shown in Figure 1. are:
shall classify those techniques and models
identified in tasks Al and A2. 1.  Adistribucion planning data base with an or-

ganization induced by models and calculations
TASK B which use the data.

2.  A data base management system co organize che
The contractor mus: develop specifications for mo- data,  add  to  it,   take  data  out,  perform  quality

dels which are required in the distribution system checks, and recrieve  dara  for  operating  mo-

planning and analysis process and shall develop speci- dules.

fications for and a procotype cf a data base sufficient 3.  A network aditcr module to create electrical

to support such models. This task shall include: necwork representations ac the zommand of che
planner from che daca base or from che plans

1.  The development of criteria for assessing che generated by che plan generator.

degree co which existing models meet the spe-
cificacions developed;

4.  A paramecer construction module which will cai-

culate the parameters for analysis and opcimi-
2.  The analysis of models identified in tasks Al zation programs from che data cor.cained in che

and A2. data base.

3.  A characterizacion of the conditions under 5.  An analysis module which vill evaluate the

which she models idencified in casks Al and planned network according co standard analyses

&2 are solvable. such as reliability, voltage performance, ecc.
as well as subjective evaluations by the plan-

6.  The identification of distribution design ner.

techniques used in practice.
6.  An efficiency evaluation module which will :ake

5.  The identification and cataloging of planning analytical results from the analysis module

objectives,  concepts  and conscrairts accepted and compute the efficiency of plans according

in practice. zo each objective defined in the design of che
sys:em.

6.  The selection of planning and anaiyais con-
cepcs and methcds which form the cora of effi- 7.  A plan generacor module.  This module will

cienc distribution planning methodologies. either intake plans generated by the planner or
create plans by means of an opcimization model.

7.  The decerminacior. of.the extent to which
existing digital computer programs implement- 8.  An evaluation model which contains a general

ing the concepts and methods identified in 26 objective funccion taking into account ali :f
are software compatible. the objectives which will evaluate plans gen-

erated by che planner and opcimizacion model if
8.  The selection of a sec of existing programs more than one plan is created.

which best meec che need of che discribucion

planning methodologies and are sufficiently 9.  A master program called the shell which will
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Figure 1

coordinace chd above eighc modules  ac  che be- models change and cannbc be up4ated aucomaci:ally wich
hest of che planner and display the results changes in raw·daca such,as cost of conduccors without
ac ·any scage ·oc che operacien.

, additional compucations.   The best design chen for the
cotal sy.stem·'is co have a parameter compucation func-

The preceding is a. lisc·of :he nine funccions tion which uses the. base. data in the daca base.  The
which comprise che'·design of an'inceracci·ie''distribu·- daca base needs co be kept GRdaced and chus when a mo-
tion planning system. The operation of. chis svscem..is del is to run, a paramecer construction module is nec-
che cognicive funccion or- che "human" discribucion essaty.to compute che required parameters which are up-
planner.  A function is defined here as a system ele- dated.

menc which "generaces" a specific sec of outputs, for The following examples can be given co explain
a given specific  sec  o f inpucs, according  co  a givan thiA 2oint.,  For ·example. feeder power loss curves are
sec of rules. 'among che very imporranc paramecers in che general op-

Some of these functions are .explained  in greacer timizacion models.    The  data  base must contain as basic
details in the individual task rep'orts. However, some daca che present coscs of power, carrying charge races,
of them are noc inciuded in the given casks, and, chera- the present line impedances of exiscing network arcs,
fore, musc be included here. caking  inco the. account .conductor sizes and loads,  and

Right ac che beginning of che research it became possible:voltage levels, Anocher example is che cosc
apparent chac che daca base connor contain direct daca of incremencal capacitv addicions.  They are also im-
elements for cne models, since these eiemencs change as porranc parameters and: conscrucced from che presenc

1



basic  data on transformers, labor charges;   cost  of con- proach.
3The

utility curve approach is demonstrated by
ductors, additional equipment, and hardware required; Crawford , et al in 1978 but no advantage co using chis
present transformer sizes of chose transformers in more complex method- was shown. Bammi4,   in 1979, provi-
place and/or available in inventory; other locations in   ded a typical example chac simple approaches are still
che system where a "traded out" transformer can be very successful in boch weighting and. efficiency calcu-
used. A subprogram using chis present raw data can lations. A summary of che details of the multi-
compuce the incremental capacity costs for each substa- objective evaluacion process suggested by the research
tion. Further, the power loss curves can be computed team is given in Appendix E along with the results of a
ac a given voltage level by a subprogram using engi- crial run at OG & E.
neering economy formulas which outputs the results in a The functions six and eight require subprograms coformat which can be directly usable in the opcimization allow the planner to conscrucc the efficiency curve for
models. For example, in the case of convex approxima- a given measure using either exponential, parabolic  or
tion, the results will be a series of slopes based on straight line curves and then subprograms co compute
a preset number  of grid approximacions.     As a further efficiency from given values of che measure which are
example, demand values musc be aggregated based on a either computed by other programs or input by the plan-
given grid approximation of the problem from the raw ner. Other subprograms are required to allow the plan-
data sec of demands at each coordinate. Of course, the aer co determine the weights.fixed costs of conductor installations must be compuced· This leads to function seven. In tasks 3.6-8.13,
from the length of the feeder (network arc), conductor a detailed description of the subprogram function which
size, present cosc of conductor per unic distance, will represent a present or proposed distribution sys-
costs of pole type selected and other hardware, and tem network with appropriately defined nodes and arcs
present labor costs with present estimates of installa- is described. This function will allow a planner to
tion time.

construct a proposed distribution plan of his own de-
Function six and eight evolved from interviews sign which can be analyzed by the analysis module and

with the distribution system planners. In general, the then an overall evaluation computed by functions six
lowest cost plan is not always chosen and therefore the and eight.
cost itself is not a prime determinant. The interviews Function seven would also require a subprogram
with discribution system planners provided the detailed which will construct the mathematical optimization mo-
information in cerms of che planning objectives and del, obtain its parameters from the parameter module
constraints, which are given in task 3.5, chat must be and chen allow the planner co input starcing solutions
taken into account. These objeccives and constraints and advanced trial solutions to speed the proof of the
force a multi-criteria evaluation to be a part of che optimalicy.  The key to che design here is the plan-
functions of :he incegrated planning system. ners concrol of the represencation. The planner musc

A survey of che current literacure indicates that be able to indicate possible. feeder rouces, subscation
che basic concept formulated by Churchman. ec all, is locations, che number of ponductor size possibilicies,scill the basis for solving multi-objective decision limit che number of incremencal capacicies considered,
problems. Goal programming, pareto optimality, utility and set routes where reconductoring might be beneficiaL
cheor·y, and the basic procedure suggested by Churchman The optimization model must be conscrucced off the sub-
is currently in use coday. set of the total number of possibilities indicated by

Both goal programming and pareto optimality ap- the planner. This would impose a strong requirement on
proaches were rejected because ic would require che function nine. The planner must be able co incerject
planner to reformulate linear programming problems if ac any step of che process and control the action step
his objectives changed and wouid violate simplicity re- by  step.
quiremencs on optimization approaches. The user is not Implementation of this syscem would require a
expected co be an expert in mathematical programming. large number of subprograms co be written with several
In addition, these approaches do noc offer any valuable large mascer programs with the capacity co fic in new
gain ir accuracy of decision in che  type of problem ad- subprograms at will. However, each individual programdressed. The basic procedure as suggesced by Churchman called for by the nine functions can be done with pre-
is: sent computer technology and each compucation can be

accomplished with methods known today. The only limit
1.  State clearly independent and mutually exclu- in some cases is r.he size of che planning problem ex-

sive objectives. ceoc in one model. These limits are dealt with in cask
2.  Order the objectives. 3.3.  The appropriate optimizacion moddls are described
3.  Weight che objectives. in Task 8.6 and a model which requires new solucion
S.  State clear measures of attainment of the ob- cechniques is explained.

jective by means of efficiency curves.
Conclusions

The third step can be done by a decision tree ap-
proach suggested by Churc4man or by a more elegant ap- The preliminary results of a research effort to
proach suggested by Saaty- in 1977. The Saacy approach apply che lacest technology co the problem of energy

distribution system planning has been described.  Theaichough ic was actraccive, was not used because sub-
jective preference assessments must still be made which approach is a systems approach, characterized by an ac-

tempt to see the system of a necwork or directed graph,require some additional subprograms to compute eigen
che vertices of which are described by a number ofvalues and again chere is no demonstrated superiority

in decision accuracy. The Churchman method, on the parameters which bind each vertex to a physical compo-
ocher hand, is simple and gives che user a control over nent or collection of physical components constituting
che process. The Saacy process was cested by che re- che discribution system. Jusc as the network model
search staff co check its performance.

The efficiency curves are developed by The Church- 3Crawford, D.M., B.C. Huntzinger, and C.W.
man method also .acher chan following a utility ap- Kirchwood, "Multi-objeccive Decision Analysis for

1 Transmission Conductor Selection", The Inscituce of
Churchman, C.W., R.L. Ackoff, and E.L. Arnoff, Manatement Sciences, Vol. 24, No. 16, Dec. 1978, pp.

Introduction co Operations Research, New York: John 1700-1710.
Wiley 6 Sons, Inc., 1957 48ammi, D. and D. 3ammi, "Development of a

2Saaty, L. L., "A Scaling Mechod for Priorities in Ccmprehensive Land Use Plan by Means of a Multiple
Hierarchical Structures", Journal of Mathematical Objeccive Mathemacical Programming Model", Incerfaces,Psychology, Val. 15, June :977, op. 234-281. Vol. 9, No. 2, Part 2, Feb. 1979, pp. 50-64.
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unifies the conceptual view of the distribution syscem, is conceptual in nature. selected features of the

a relational data base model unifies presentations of Distribution System Planning Model have been implemen-
all pertinenc data, including that data representing ted. This implementation provides a validity check of
the network model. che nocions and abstractions comprising che DSPM.

The collection of algorithms suitable for imple- Fizure 2 and 3 display graohically the tasks

mencacion on a digital computer, which maintain the which the contractor agreed co perform. These tasks
network model and allow a designer co work interac- are shown as a part of an overall set of tasks chac
cively with it, are divided into three classes.  An will result in an operacing inceraccive distribution

planning system. Task blocks encased in solid linesoverseer called the shell, which processes the plan-
ner's demands, providing his access to a number of. represent the casks ·o f this project.. The crosshatch-

ing represents che completion of the task.problem solving programs, a network editor, which  al-
lows the planner to create and modify networks using In addition to the tasks required in the work
concepts and commands natural to the subject, and fi- statement, considerable progress has been made toward
nally, a data base management system which maintains the prototype distribution planning system as is indi-
che data base. While the end result of the research cated by the dashed blocks partially crosshatched in
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Figure 3. This prococype system is described by che implemencation of a prococype aiscribucion planning
nine functional elements presenced in che executive system. The blocks entirely closed by che docted
summary plus cask reports B.6. 3.12, and B.13. lines represent che research efforts which require 5.e

As a resulc of the research performed under tasks results of che present project but which currencly lie
3.12 And B.13, some progress has been made toward cha oucside che scope of this project.
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TASK A. 1: THE SURVEY OF LITERATURE AND EXISTING COMPUTER PROGRAMS

TASK A. 1(a): LITERATURE SURVEY Contacted. In addicion, the 1976 and 1977 editions of
the "Computer Program Availability Reports" of che

An extensive search has been made for the idenci- Edison Electric Institute (EEI) have been screened.
fication of papers and reports published in the open The EEI reports list computer programs possessed by
literature which describe the discribucion planning each of che member companies and which are readily
methods and techniques. The bibliography is included available to any other member company on request.
at the end of this report. References have been sel- Through che Oklahoma Gas and Electric (06&E)
ected which deal predominantly with the distribution Company and consultants of this project, many compucer
system. Emphasis is placed on references which illus- programs that could be used in distribucion system
crate practical as well as theoretical appiicacions of planning were gathered. Some additional information
discribucion system planning cechniques. The listing about che use of each computer program was also obcain-
of the titles is subdivided into three sections, ed. This ranged from simple input/output requirements
namely; (1) analyses, (2) models, (3) techniques, co detailed user's manuals. Of the 28 programs thus
depending upon the general substance of each article. gathered, 16 performed circuit analysis.  Although
However, a ticle may be listed in more than one sec- analysis itself is not planning, these programs are
cion if che paper covers material chat can be included still of inceresc since any proposed system alternacive
in various sections. must be analyzed to· assure chat requirements are sacis-

The entries in each section are listed in alpha- fied. However, some of the analysis programs received
betical order. The last name of the first order offer a limited planning capability in the form of
author determines che alphabetical position. Only the capacitor application or load growth. The analysis
more readily available foreign publications are inclu- programs are compared in Table 1. Also, some addition-
ded.  A list of the periodicals which have been cited al information and the inpuc/outpuc requiremencs of the
and cheir place of publication is given following the selected programs are given in Sections A. 2 and A.3(b).
bibliography. Even though most of the entries are self-explanatory,

the following additional comments are pertinent:
TASK A. 1(b):  THE COLLECTION AND EXAMINATION CF

SELECTED COMPUTER PROGRAMS                       a)  Most programs assumed balanced chree phase
conditions; only three programs created unbalanced

Introduction cases.
b)  Two programs provided the opcion of inserting

A questionnaire has been prepared and sent to a impedances in the fault pach before calculating
large number of electric power ucility companies. fault currents.
Also, a large number of these companies were visited           c)  Six programs provided losses for each line and
and their distribution planners interviewed by the the total syscem while three programs provided
authors for the identificacion and description of only for some form of total system.
distribucion system planning methods and cechniques            d)  Obviously, capacitor planning could be done
used by these electric power utility companies and in a primitive way with any analysis program
other commercial entities. The information gathered simply by altering the input daca to include,
from the interviews will be reported in the future. exclude or move capacitors. The difficulty of the

task would depend on the method of providing input
The Computer Programs Used for Distribution System daca. Those programs noced as providing capacitor
Planning planning "by modifying inpuc data" are che ones

which claimed capacitor planning capability in
Today, many electric distribution system planners their documencation and altered the input data to

in the industry utilize computer programs, usually accomplish it.
based on ad hoc techniques, such as load flow programs,         e)  One program provided a very elegant and
radial or loop load flow programs, short circuit and comprehensive treatment of load growth.  It
fault current calculation programs, voltage drop cal- allowed specification of different growth rates
culacion programs, and cocal system impedance calcu- at four different levels of the system, namely:
iation programs, as well as other tools such as load substation, feeder, any lines, and any nodes.
forecasting, voltage regulation, regulator setting, These rates could chen themselves be changed from
capacitor planning, reliability and optimal siting and year co year.
sizing algorithms, ecc. However, in general, the over- f)  The programs all make some use of direct
all concepc of using the output of each program as in- access scorage, mostly co preserve cable and device
put for the next program is generally noc in use. Of characteristics and system description files.
course, the computers do perform calculations more However, some of che programs build arrays on a
expeditiously than other mechods and free the discri- disk for processing; thus the problem size in this
bution engineer from detailed work. The engineer can case is limited only by the amount of disk space
then spend his time reviewing results of the calcula- provided.
tions, rather than actually making them.  Nevertheless,        g)  Finally, there is only one program which can
there is no substitute for engineering judgment, based handle a loop or network system, the rest of che

on adequate planning at every stage of the development programs are rescricted to only radial systems.

of power systems, regardless of how calculations are
made. In general, the use of these tools and their The other eleven computer programs collected are

bearing on the system design is based purely on che so diverse in application chat comparison would be
discretion of the planner and overall company operacing meaningless. Instead, the following brief descriptions
policy. are provided:

Collection and Examination of Selected Comouter Program   P5

In order co determine che presenc scope of compu- This program uses load density on a grid basis co
cer applications in distribution system planning within optimize location of a new subscacion among existing
the power industry, a large number of electrical power substacions. It assigns load co new and existing sub-
utility companies as well as other sources have been stations. IBM 370/145, 10Ok memory is required. It is
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Table 1.  A Performance Summary of Collected Distribution System Analysis Programs

.VROCUM 21 22 23 P 4 26     27 P12 P 14 P 15 216 Pl 3 219 220 222 223 225
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simple but could be very useful in planning. loads. It then selects transformer sizes for grounded

Y-ungrounded Y transformers. IBM 370/158, 10OK memory
P8                                                             is required.

It can be used as a distribution transformer load P 11

management (TLM) cool. It extracts demand data from
customer account record chrough account number. This It is the same as PlO except it is for open Y-

program provides input data for analysis program P7. open d and open 8 - open d cransformers.
IBM 370/158, 10OK memory is required.

P 13

P9

This program calculates the economic loading of
This program calculates overloadability of large pole-mounted cransformers. IBM 370/158, 192K memory

pad-mount cransformers as a function of ambient temp- is required.
eracure and allowable loss of life. IBM 370/158, 100K
memory is required. Ic could have limited application P 17

in planning.
k is for distribucion reliability analysis.  The

P 10 program quanticatively compares the performance of
distribution circuits for various alcernatives. I3M

It generates loading and unbalance cables for 370/165, 96K memory is required. It ceuld be very
different combinations of single phase and three-phase helpful in evaluating a proposed circuit configuracion.

''



320 P24

This program selects che most economical conductor It calculates the size and number of substacions
for a distribucion feeder, considering initial costs, required for a rural system. Its output includes

maintenance costs, capitalization costs and losses feeder lengths, and loading and total COSCS.

throughout the expected life of the feeder. IBM 370/

145. It appears co be a very useful program. P23

P21 This program uses system analysis techniques to

opcimize expansion of an incerconnected syscem of dis-
It calculates and predicts loads on a subscation tribucion subscations. IBM 1130, 15OK memory is re-

transformer and up co six associaced circuits. IBM quired.  The present daca input technique of the pro-
1800, 24K memory is required. It has limited useful- gram is very much company oriented. It would be a

ness. The same functions could be accomplished within valuable planning cool if modified for more general
other analysis programs. use.

1
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TASK A. 2: THE IDENTIFICATION AND DESCRIPTION OF DISTRIBUTION PLANNING METHODS

AND TECHNIQUES IN USE BY ELECTRIC UTILITIES AND OTHER COMMERCIAL ENTITIES

Introduction consumers.

The objective of distribution system planning is
In 1953,  an Edison Electric Institute subcom- to assure chat the growing demand for electricity, in

mittee made che following definition of systems plan- terms of increasing growth rates and high load densi-
ning:                                                         ties, can be satisfied in an optimum way by additional

"System planning is the preparation of a rational distribution systems, from the secondary conductors
program for the development of an electric power sys- through the bulk power substations, which are both
tem, so chac it can evolve in an orderly and economic technically adequate and reasonably economical. All
manner. It includes forecasting and analyzing loads. these factors and others, e.g., che scarcicy of avail-
rationalizing standards of service, anticipating trends able land in urban areas and ecological consideracions,
in equipment design and coordinating the various ele- can put the problem of optimal distribution syscems
menes of the system into a well-designed whole; ic is planning beyond the resolving power of the unaided
particularly concerned with plans for changes and human mind. Distribution system planners must deter-
additions to generation, transmission, substations mine the load magnitude and its geographic location.
and distribution facilities. It is not concerned with Then the distribucion.subscations must be placed and
the problems of day-to-day operation or design except sized in such a way as to serve the load at maximum
to the extent that those problems affect future system cost effectiveness by minimizing feeder losses and
development. Briefly, electric system planning is construction costs, while considering the constraints
che process of determining when, in order to assure of service reliability.
adequate electric servige at minimum average annual In the past, the planning for the other portions
cost to the community." 1

of the electric power supply system and distribution
This definition has been widely accepted within system frequently has been authorized ac che company

the planning community.  Long-range planning provides division level without review of or coordinacion with
a conceptual framework co support each phase of future long range plans. As a result of che increasing costs
system expansion.  Thus an orderly system developmenc of energy, equipment and labor, better system planning
may be realized with each addition being an integral through use of efficient planning methods and techniques
part of the future system. Effective long-range plan- is inevitable and important. The distribution system
ning cannot be performed independently on separate is particularly important to an electric utility for
parts of che system since changes in one part can in- two reasons: (1) its close proximity to the ultimate
fluence requirements of another part. In short, long- customer, and (2) its high investment cost. Since che
range planning helps co: distribution system of a power supply syscem is the

*Identify the future system requirements. closest one co che customer, ics failures affect cus-
*Define the system constraints. tomer service more directly than, for example, failures
*Define the possible planning alternatives. on the transmission and generating systems, which
*Evaluate each planning alternative. usually  do not cause customer service interruptions.
*Define che opcimum long-range system config- Therefore, distribution system planning starts at
uration. the customer level.  The demand, cype, load factor and

Dillard and Sels 2 concluded that system planning other cuscomer load characteristics dictate the type of
is necessary because systems grow. In any system, distribution system required. Once the customer loads
chere comes a time when existing capacity is noc are determined, they are grouped for service from
sufficient to meec the future demand with an adequate secondary lines connected to distribution transformers
margin for emergency situations.  Therefore, the sys- thac step down from primary voltage.  The distribution
tem planner musi anticipate che future in such a way transformer loads are chen combined co determine che
chac service reliability is maincained with minimum demands on che primary distribution system. The prima-
revenue requirements. Planning in the presenc which ry discribucion system loads are then assigned co sub-
does not lead to a near optimum trade-off between chese stations chat scep down from cransmission voltage. The
competing factors will create highly undesirable situ- distribution system loads, in turn, determine the size
ations in the future. and location, or sicing, of the substations as well as

Thus, system planning is essential co assure that che routing and capacity of the associated transmission
the growing demand for electricity can be satisfied by lines. In other words, each step in the process pro-
distribution system additions which are both techni- vides input for the step that follows.
cally adequace and reasonably economical. Even though Table 2 shows some of che power supply system
considerable work has been done in the past on the components and factors which need to be considered in
application of some type of automation concept to discribution system planning. Discribution system
generation and transmission system planning, its appli- planning must not only take into consideration substa-
cation to discribution system planning has unfortunate- cion siting, sizing, number of feeders to be served,
ly been somewhat neglected. In the future, more so voltage levels, and type and size of the service area,
than in the past, electric utilities will need a fast but also the coordination of overall subtransmission,
and economical planning tool to evaluate the conse- and even transmission planning efforts, in order co
quences of different proposed alternatives and their insure the most reliable and cost effective system
'impact on the rest of che system co provide :he necess- design. The subtransmission system includes the major

ary economical, reliable and safe electric energy co supply of bulk stations, subtransmission lines from
the stations co distribution substacions and che high
voltage portion of the discribucion substacions.  Of1AIEE Committee Report, "System Planning Practi-

' course, the expected reliability of che system design
ces," AIEE Transactions. Pt. III (PAS), Vol. 74, Oct.
1955. pp· 896-900.

that supplies the customer, has an immense effect on
the cost of serving the customer.

.
In current practice, used by most of the utilityJ.K. Dillard and H.K. Sels, "An Introduction tc

systems planning departments, the planning engineerthe Study of System Planning by Operacional Gaming
partitions :he cocal distribution system planning prob-Models," AIEE Transac.tions, Pt. III (PAS), Vol. 78,

December 1959, 00. 1284-1290. lem into a sec of subproblems which can be handled by
using available, usually ad hoc. methods and techniques.
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Table 2. Power Supply System Components and Factors Affecting che ·Distri-

bution System Planning

POWER SYSTEM COMPONENTS FACTORS

Bulk Power *Number of Bulk Stations

Supply System *Location of Bulk Stations
*Size of Bulk Stations

Subtransmission *Subtransmission Voltage

System *Radial or Loop System
*Economical Conductor Size
*Number of Subs Per Group
*Line Layout to Serve Various
. Groups

Substations *Service Area
*Size of Substations
*Number of Substations
*Location of Substations

PRIMARY MAIN FEEDERS

*Conductor Size
*Length
*kVA Racing
*Voltage Level

Discribucion Primary EXPRESS FEEDERS

System System *Conductor Size
*Length
*kVA Rating
*Voltage Level

PRIMARY LATERALS

*Conductor Size
*Length
*kVA Rating
*Voltage Level
*Number of Distribucion
Transformers Per Lateral

CAPACITORS

*kVA Per Feeder

Secondary *Conductor Size

Syscem *Number of Customers
*Transformer Size

The planner, in the absence of accepted planning cech- is followed currently by the utilities. The process can
niques, may restate the problem as an attempt to mini- be repeated for each year of a long-range,e.g., 5-10
mize the cost of subtransmission, substacions, feeders, year, planning period. However, in the developmenc of
lacerals, etc., and the cost of losses. In chis pro- this diagram, no attempt has been made co represenc the
cess, however, he is usually restricted by permissable planning procedure of any one of che companies speci-
voltage values, voltage dips, etc., as well as service fically, but rather to outline, roughly, a typical

continuity and reliability. In pursuing these objec- planning process. Further information is presented in

tives, the planner ultimately has a significant influ- Section  B.4.

ence on additions co and/or modifications of the sub- Today, many electric distribution system planners
cransmission network, locations and sizes of substa- in the industry utilize computer programs, usually
cions, service areas of substations, location of based on ad hoc techniques, such as load flow programs,
breakers and switches, sizes of feeders and lacerals, radial or loop load flow diagrams, short circuit and
voltage levels and voltage drops in the system. the fault current calculation programs, voltage drop calcu-

locacion of capacitors and voltage regulacors, and lation programs, and coral system impedance calculation
the loading of cransformers and feeders.  There are, programs, as well as other cools such as load forecas-
of course, some factors cha: need co be considered .cing, voltage regulation, regulator setting, capacitor
such as trans former impedances, insulation levels, planning, reliability and optimal siting and sizing
availability of spare transformers and mobile sub- algorithms, etc. However, in general, che overall con-
stations, dispatch of generation, and races charged to cept of using the output of each program as input for
customers. Further information is given in Section the next program is generally not in use.  Of course,
8.4. the computers do perform calculacions.more expeditiously

than other methods and free che discribution engineer
The Present Comouter Aoolications from decailed work.  The engineer can then spend his

.
time reviewing results of che calculacions, rather than

Figure 1 shows a basic functional block diagram actually making them.

of a typical distribution system planning process chac In order to give a better idea abouc the usage of
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che computer prcgrams bv che power industry, che fol-
LOAO lowing additional information is given for the selec-

FORECAST ·

ted and examined 23 programs following an index, as
shown in Table ·3,. which associates the program codes,

_given in this report for the purpose of comparison.
i.2., Pi's, with the EEI catalog number and the source

1                                 company.
6000

YES SYSTEM ,0                          Pl          NORTHEAST UTILITIES SERVICE CO. IBM 370/
PERFORMANCE i 158

DATA IN: Conduccor impedances; connected kVA; PF;
DF; exact loads if known; phase connections:

FEEDBACK  1
numbet of customers: line lantchs. crans-
former impedances and ratings; transformer

V connections and racios; faulc impedances;
| BUILO motor start kVA (or amps) and PF; load

EXPAND
1 NO  .1 Ew·PRESENT growth race and period; capacitor changes.

SYSTEM 1 SUBSTATION?
DATA OUT: Fault current at eiery node, using impedance

supplied above. or zero impedance if none
YES supplied. Flicker voltage--cwo mocors

¥                                                     simult
aneous scart, any nodes.

DESIGN         SELECT · | kW loss, kVAR loss, kW load,
Load flow: 5-G voltage each phase, % drop,

NEW SYSTEM SUBSTATION ;
CONFIGURATION  ' SITE  

node.
kVAR load, amps, PF, for every

Load growth: same as above for any 20
future years or growch races.·

¥                                                     Summary. of loads', losses. caps, max. vol-
TOTAL cage, min. voltage.

NO COST YES COMMENTS: Inceraccive version available.
ACCEPTABLE

'                                                     Uses about 90OK.
2000 nodes, 1000 tranf./reg.

92         ATLANTIC CITY ELECTRIC CO. Univac Soectra

1-
70/45

DATA IN: Transformer impedance: system impedance;

section length; wire types; number of
phases: connected kVA: capacitor switch
type: cap or reg. cont:01 limits; PF; DF;

Figure 1. Block diagram of a typical distribution· current limit; kW demand and PF ac load
svstem planning process. centers.

DATA OUT:'  Voltage levels, current, kW loss, kVAR load;
(all  34. only) ; fault currents.

Table 3.  Index of the Selected and Examined Computer Programs

i

OU EEI
Code Catalog

FunctionNo. No. Company

91      061BH06      Northeast Utilities Service C6mpany (NUSCO) Analysis

P2      084CDOl      Atlantic Cicy Electric Company

(ACE) Analysis

23       100HD02 . Consolidated, Edison Company (Con Ed) Analysis

PS 126CH01 Cancril Hudson Gas & 'Electric Corp. (CHGSE) Analysis

25 126CH02 Central Hudson Gas & Electric Corp. (CHG&E) Substacion Location

P 6      132HCO6   1  Niagara Mohawk·Power Corp. (NMP) Analysis

97         139BI03    |  New York Scace Electric & Gas  Corp. (NYSEIG) Analysis

28     139BI04  1 New York State Electric & Gas Corp.' (XYSE&9) Transformer Load Mgmt.

99       139 FD01      New York. State Electric & Gas Corp.. (NYSE&G) Transformer Capacicy

210 139FD03
1

New York State .Electric & Gas. Corp.' (NYSESG) Transformer Loading
'

Pll 139 FD04 1 New York· State Electric 6 Gas· Corp. (NYSE&G) Transformer Loading

912 146HC02   |  Rochester Gas & Electric Corp. (RGNE) Analysis.

P13 196080 3      | G.PU Services   Corp. (GPU) Transformer Loading

P 14 3037005 1 Souchern Company Services, Inc. (SCS) Analysis

P 15 4430806  | Ohio Edison Company (OE) . Analysis

916 482.4318
 

Detroit Edison Company (DE) Analysis

217 549GC03 1 Wisconsin Electric Power Company (WEP) Reliability

918     549GC05   l  Wisconsin Electric Power Codpany (WEP) Analysis
P 19 554BGOl     |    Northern ·States .

Power Company (NSP) Analysis
320 731DBOl I Oklahoma Gas & Electric Company (OGNE) Substation Expansion
P21 None   Oklahoma Gas & Electric Company (OGNE) Analysis

P22 741GE03  , Public Service Company of Oklahoma. (PSO) Analysis
923 None

:

· Public Service Comoany of Oklahoma (PSO) Conductor Size

224 968BK04 Hawaiian Electric· Company·,  Inc. (HE) Substation Load

?25 968BK07 · Hawaiian.Electric Company, inc. CHE). Analysis
026 972DL05

:

Pacific Power & Light Company (PP&L) Analysis

P27 None    :· C.H. Guernsev Company Economic Secondary System i
928 None · Iowa State University
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COMMENTS: Limited co 20 branches, 75 loads, 30 only. record through account number.

P 3         CONSOLIDATED EDISON CO. CDC 6000              Pg         NEW YORK STATE ELECTRIC 6 GAS CO. IBM 5/
DATA IN: Cable impedances; branch lengths; load data;                370/158

cap daca (fixed, switched); reactor data. DATA IN: Temperature cables--include hottest tempera-
DATA OUT: Transformer kW, kVAR, kVA and PF; static ture permitted (hot-spot); transtormer

kVAR; primary and secondary voltage and thermal data (comprehensive description) .
angle; node kW, kVAR, kVA; nec loss; branch DATA OUT:  Overloadability of large pad-mounted crans-
amps and % loading. former.

COMMENTS: .Inceractive TSO.
Balanced 34 assumed. Plo NEW YORK STATE ELECTRIC S GAS CO. IBM S/
200 nodes, 99 cable codes. 370/158

DATA IN: Secondary voltage; service conductor length;
P4 CENTRAL HUDSON GAS & ELECTRIC CO. IBM 370/ 14 and 30 load power factors.

145 DATA OUT: Generates loading and unbalance table for
DATA IN: Conductor daca; span lengths; peak kW; peak different combinations of 10 and 34 load.

kVAR; regulator and transformer daca; sub- Transformer sizes for above.
station R and X. COMMENTS: Grounded Y-ungrounded Y transformers.

DATA OUT: Voltage; short circuit currents; % thermal
loading; losses; regulator settings; peak Pll NEW YORK STATE ELECTRIC & GAS CO. IBM 5/
loads; ofi-peak loads. 370/158

COMMENTS : Assumes balanced 30 for load, volcage and SC DATA IN: Secondary voltage; service conductor length;
calcs, 150 nodes, 3 branches/node. 10 and 36 load power factors.

DATA OUT: Generator loading and unbalance chart for
25          CENTRAL HUDSON GAS & ELECTRIC CO. IBM 370/ different combinations of 14 and 36 load.

145 Transformer sizes for above. Gives real
DATA IN: Load density by grid coordinates; location and reactive load.

and kVA size of existing substations; size COMMENTS:  Open Y-open J or open d - open J trans-
of each new substation; initial guess for fo rme rs.

new location.
DATA OUT: Location of all substations; load assigned 212 ROCHESTER GAS & ELECTRIC CO. PDP 10

each substation; load moment each substacion; DATA IN: (Details unknown. )

convergence report. DATA OUT: 15, 2 $ and 30 voltage drop.
COMMENTS: Includes regulators, capacitors. ratio banks.

P6         NIAGARA MOHAWK POWER CO. I3M 370/158 Table look-up for wire impedances.
DATA IN: Metered current; full load voltage; lighc Data may be edited interactively.

load voltage; demand factor; span lengths; Small program (336 statements).
wire data; distributed kVA; point kVA;
point CkVA; mbtor code or starting kVA or P 13 GPU SERVICES CO. IBM 370/158
current. DATA IN: Peakload duration; lifetime cost of trans-

DATA OUT: Voltage profile; load kVA; DF; PF; total former; transformer rating and loss data;
losses  (MWHR and S) ;  full load regulated oil temperature data: financial daca; load
volts; full load unregulated drop; short peak data (hourly).
circuit currents 36, L-L, L-N faults; DATA OUT: Economic peak loading summaries for trans-
positive and negative sequence R and X; former under study.
motor start dip; motor run dip; max. start
current; voltages with compensation. P 14 SOUTHERN COMPANY SERVICES, INC. IBM 370/

COMMENTS: Assumes balanced 36. 155
Load batch, run TSO. DATA IN: Wire data; span length; wire type; substatian
Can alter system by TSO to find best con- voltages: transformer impeaances; feeder
figuration. voltages; load type; load power factor; load

kW, kVAR; demand factor; estimated loss;
P 7         NEW YORK STATE ELECTRIC & GAS CO. IBM S/ branch fixed or estimated loads; load connec-

370/158 cion by phase;   PF;   DF; line trans for·mer/

DATA IN: Substation metered load; wire data; on/off regulator impedances; capacitor ratings; load
growth data; inserted fault impedance; motorpeak kW, kVAR at nodes (can be extracted
Start kVA or amps and PF.from TLM file) ;  cap kVAR: number of custo-

. mers; connection; regulator data; booster DATA OUT: Fault currents; voltage dip; voltage by

data; transformer data; substacion data. phase; load flow; losses; PF; various summ-
aries and totals.DATA OUT:  On peak voltages; off peak volcages; on

peak load; off peak load; 1$ assignment for COMMENTS:  Very flexible treatment of load growth.
Handles unbalanced systems.best balance; balance conditions; 36, L-L,

and  L-G faulc current; thermal loading
COMMENTS: 3000 nodes, 10 regulators. P 15 OHIO EDISON CO. IBM 370/145

DATA IN: Conductor  size, type, number of phases;Assumes balanced 34 for load.and voltage
connected distribution cransformer kVA;calcs.  Method of data entry seems improper.
connected capacitor kVAR; primary metered

P 8         NEW YORK STATE ELECTRIC & GAS CO. IBM S/ demands.

370/158 Also: substation transrormer impedance;
DATA IN: Line number; pole number; trans:. code; system impedance; regulator impedance;

subscation code.               - feeder demand and PF, all supplied by a
DATA OUT: Individual customer list--demand; Summary separate program, also available.

list (each line is one complete secondary);    DATA OUT: Short circuit current; load; voltage levels;
diversified and non-diversified demands in total impedances.

COMMENTS: For planning and proteccion studies.kW and kVAR; percent loading on peak, off
peak; statistical summary.

COMMENTS: Extracts demand data from cuscomer accounc P 16 DETROIT EDISON CO. IBM 370/158
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DATA IN: Circuit load; circuit P:;·system R and X;
'

COMMENTS: Uses Cal-Comp plotter to 2roduce graph of
bus· load; bus load PF, capacitor kVAR; faulc currencs for' use in fuse coordination.
bus P and Q; line code; line lengch; regu-
lator rating. P24 C.H. GUERNSEY CO.

DATA OUT:  Line kW. kVAR, amps and losses; line vol- DATA IN: Presenc kW; growth rate; existing area size;

cages; load summary; total R and X, fault tocil system load levels; costs; impedances,
MVA,- and volts drop per 1000 kVA for each system. data; power factors .for areas.
bus; Z bus matrix. .bATA.OUT: Substations required ; kVA per subscation;

COMMENTS: Allows for jumper connections to another feeder·lengths and loading; feeder construe-
circuit.                                 ·                    cion and loss costs; new substation cases.
200 lines, 100 buses, 10 regulators.

' COMMENTS: A planning  tool  fo'r a rural discribuicon
system; includes up to five transition

217 WISCONSIN ELECTRIC POWER CO. IBM 370/165 20incs.
:

DATA IN: Oucage race per mile,'percent.oucages sus-
cained and average rebair time for 20 225 OKLAHOMA GAS AND ELECTRIC CO. IBM 1130
different system types (i.e., OH'vs. UG, DATA   ' IN: Substacion transformer voltages, racing
number of phases, voltage'); branch, lengths; and impedance; power factor; conductor
number of customers; kW loads; .protective data; conductor configuration. connected
devices; alternate souTces. capacitors, cransformer, reactor and breaker

DATA OUT:  Frequency and duration outage indices, by data; line lengths; growth rates; system
customer and load. data.

COMMENTS: ' Can be run consecutively with circuit DATA: OUT: Voltage profile: load analysis; capacitor
changes co permit comparison of options. placement; regulator placemenc; thermal
Handles several types· of fuses, breakers overload flag; fault currents.
and reclosers.                                   COMMENTS:  3$ or individual phase output.

500 line sections.
P 18 WISCONSIN ELECTRIC POWER CO. IBM 370/165 Variable growth rates.
DATA IN: System impedance; subscation cransformer

impedance and rating;  line code .and lengths. P26 PUBLIC SERVICE COMPANY OF OKLAHOMA IBM
DATA OUT: Symmetric and asymmetric currents for.' 36 370/145

and L-G faults; X/R ratios. DATA IN: Cable data;. circuit configuration; projected
COMMENTS: 200 line sections. demand; cable installacion and maintenance

costs; company financial daca.
P 19 NORTHERN STATES POWER CO. ·IBM 360/65 DATA OUT: Mosc economical conductor selection.
DATA IN:  'Type of feed to substacion; ·cransformer COMMENTS·: Considers initial costs, maincenance costs,

connections; impedances of feed lines; ]a cipicalization costs and costs of losses for
and L-G fault >[VA available at source buses. ·     entire life of conductor.

DATA OUT: Fault current and MVA at boch high and low
low sides, for 34 and L-G faults. P27 OKLAHOMA GAS AND ELECTRIC CO. .IBM     1130

DATA IN: Transformer Load Management data; load
720 PUBLIC SERVICE COMPANY OF.OKLAHOMA IBM growth multiplier; substation expansion

370/143 options;'subscation daca.
DATA IN: Line configurations; phase·and neutral DATA OUT:  Substation load forecast; optimum system

conductors; device sizes and. types. transformer capacity; load cransfer for
DATA OUT: Short circuit report for fuse coordination. optimum utilization.
COMMENTS: This data base'is a versatile.model of disc- COMMENTS : Uses linear analysis and integer progra=ming

ribution feeder lines. techniques·. Data input is company peculiar.

221 HAWAIIAN ELECTRIC CO. IBM 1800 P28 IOWA STATE UNIVERSITY IBM 370/158

DATA IN: Substation cransformer voltages and ratings; DATA IN: Load data:.secondary line patterns; crans-
subscation power factor; .growth  rate; .peak fdrmer data: installed costs of cransformers
demand kW; circuit and breaker ratings in and· its hardwares; installed costs of secon-

amps; circuit power faccor and growth race; dary 'line conductors, installed coscs of
circuit· currents by ohase; amount of change service drop; secondary line electrical data;

in load; compound growth rate. sarvice drop eleccrical daca: fixed charge
DATA OUT: Substation and circuit loads up co five race;' cost of pole, hardware, or secondary

future years.                                                pedestal; cost of unswicched primary voltage

COMMENTS:  Limited to six circuits per subscation shunt capacitors: distribution cransformer
transformer. exciting current; power system investment

cost; etc.
P22 HAWAIIAN ELECTRIC CO. 'IBM 1800 DATA OUT: Most economical secondary systems.
DATA IN: Substation cransformer impedance add ratings; COMMENTS: The program checks all designs against  user-

system impedances': current ratings of .
·furnished criteria for conductor ampacity,

secondary bus, disconnect, circuit breaker, voltage drop, mocor starting voltage dip,
current transformer, and voltage. regulator; and maximum allowable overloading of distri-
demand  in kVA; current racings o f conductors; bution transformers.  Only chose designs

load power factors; span lengths; wire which are close to the minimum cotal annual

impedances: connected load; mecered load; cost and which also meet all design criteria
circuit configuration. are outputed.

'

DATA OUT: Voltage levels; line loads, short circuit
currents.

P 23 PACIFIC. POWER AND LIGHT CO. IBM 370/185

DATA IN: Source impedance; cransformer impedance;

circuit MVA; circuit configuration; feeder
impedances; line lengths.

DATA OUT: 34, L-L and L-G fault currents.
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TASK  A. 3:    THE  DEVELOPMENT  OF A CLASSIFICATION SYSTEM FOR DISTRIBUTION PLANNING AND ANALYSIS TECHNIQUES  AND  MOD-
ELS WHICH RECOGNIZE WIDE RANGE OF FUNCTIONS PERFORMED BY THESE TECHNIQUES AND MODELS, DATA REQUIREMENTSAND WHERE DIGITAL COMPUTER CODES EXIST THEIR INPUT/OUTPUT REQUIREMENTS. THE CLASSIFICATION  OF  THE
TECHNIQUES  AND MODELS IDENTIFIED IN TASKS  A. 1  AND  A. 2, USING THE AFOREMENTIONED CLASSIFICATION SYSTEM

TASK A.3(a): THE DEVELOPMENT OF A CLASSIFICATION SYS- TASK A. 3(b): THE IDENTIFICATION AND TABULATION OF
TEM FOR DISTRIBUTION PLANNING AND ANALY- INPUT /OUTPUT DATA REQUIREMENTS OF THE
SIS TECHNIQUES AND MODELS WHICH RECOG- EXISTING OR OBTAINABLE COMPUTER PROGRAMS
NIZE WIDE RANGE OF FUNCTIONS PERFORMED BY
THESE TECHNIQUES AND MODELS The identification and tabulation of input/output

data requirements of the 28 computer programs are pre-
For these tasks a classification system was co be sented in Tables 4-19.

developed in order to examine the state-of-che-art of
the current literature addressing electric power dis- TASK A.3(c): THE CLASSIFICATION OF THE TECHNIQUES AND
tribution planning models and techniques. Since the MODELS WHICH ARE IDENTIFIED IN TASKS A. 1
conceptual design being addressed in this report fo- AND A. 3
cused on the total sec of decisions that need to be
integrated, it was clear :hat the models of the current The classification of che techniques and models
literacure should be classified by the subset of plan- which are idencified  in the previous t·asks. in relation
ning decisions addressed. This would provide to cap-. to the list of the fundamental decisions that has been
ture, at a glance. the focus of a particular model or presented in the section of TASK A.3(a) is given in
technique. This does not. of course, give any insight Table 20.
about the approach in cerms of the criteria, modeling
approach, solution method, or success in reaching che
scated goals, as they have been described in the rela-
vant literature. These aspects have been addressed. co
a certain extent, in TASKS 3.1 and B. 2.

In general, the developed classification system
has been presented by a 16 x m matrix. Each row of the
matrix represencs a specific model or technique idenci-
fied by its reference number from che bibliography
which is included ac che end of chis report. An X in a
given cell of the matrix denotes chac the decision of
that row of che matrix is addressed by che paper.

Analysis models such as reliability and profile
compucacions are not required co be addressed in this
task by definition.  The following is a list of the de-
cisions needed co be made in a given distribution sys-
cem, as defined by the group:

1.  The decision of whecher a given system's capa-
city is or is not exceeded.

2.  The decision of whether she present configura-
tion can or cannot serve che demand.

3.  The decision of whether reconductoring is
needed and if needed when it should be done.

4.  The decision of whether or not co change che
primarv distribution voltage and if ic is
needed when it should be done.

5.  The decision of whether or not to add new :ir-
cuits connecting demands and if it is needed
when it should be done.

6.  The decision of if, where, and when co trans-
fer loads,
a)  under normal operating conditions,
b)  under emergency operating condicions.

7.  The decision of if and when co upgrade the ra-
ting of a substation by exchanging che exist-
ing cransformer with a larger cransformer.

8.  The decision of when and where co locate a new
subscation.

9.  The decision of when and where co add power
faccor compensacion and how much.

10.  The decision of when, where and how many vol-
cage regulators co place.

11. The decision of conduccor size in circuit add-
ed.

12.  The decision of when, where and ac what vol-
tage to add a feeder line.

13. The decision of what route to select for a :i-ven new feeder.
14. The decision of che effects of demand increase

on transmission system.
15.  The decision of whether underground service is

or is not needed.
16. The decision of whecher power losses are or

are noc achieved.
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1.u:id 1.ocation                                                                                                                                 J
Facti,:·

I.
0 11:vice Type          /                   1                                                  /                    2

1.oad Type C.de d

1'/a,isfurmer la,ik      i'
Size

Catiae;wr Size KVAR KVAR KVAR KVAR KVAR KVAR KVAR KVAR KVAR

C.,1,acltur Type                                                                                     J

C:11,1:114. Block IVAR
Size

6 B luck i "on"                                                    /

8 81,1cks Avallabl·:                                                      1
Cos[ 'If Fix.J

St
C.ill..:lcors KVAH

Cult lit Si,1 khed                                                                  5/
Capat I lurs

KVAH

C,.pii: 1 i.,I  Mii,i.-
f.icturer Code

44,aci tur  Phase                                                                                                                  /                                                     1
CO•IC

<).'t'.1 1.1.1,1. 11                1
Ke.lit Or Size K'.'A AMP KVAR,

%*e
0Re:ictor lint,edital·

AMP AMP AMI,Hecloser Size



Table  1 0

:wi#:RAM Pl PZ P] 1'4 P5 P6 1'7 PB 1'9 Plo 1,11 1,13 Pi 4 P 15 P 16 P17 1'18 P 19 P 20 P 21 1·22 P23 P24 P25 P26 P27  P28

INPUT

Nuite (cunt. )

6·liser Type                                                                                               /

F..C Size C.Je Alnp AlI;13

Switi:11 S |Le 8'»P
Swilch 1                                                             1
/7.,f/gur:dion

1.i«.1  A.i   t.iii tuit.                                                                                                1

Clial,ge  ide'll j f 1,1.        4                                                                                                                                          ·4
Ikit: ut Chatige 4
1):. 1 i·.J   I..:d   toi               /
1.0.1,1 Fi  iw

Eslituated Power            /
Factor for
1.0.id Flow

Li.c Section         J

F.. I.,i.id Fluw

F hi.,1    Putii L                                                                                                                                                                                                                                                                                                             4
Indicator

Pli:ise Cii,inei:Lim / 44     1
N,in,lier C„stuluer:  1                       4                                    1
v. I cir,e 11.).1.:                                                                                                                                                                                          4
1.ine

" 0

'. C.mt:.:ted Und=I   /        4    4 44     J/4      4
Ii,ttial N„de                                                                                                                  7                      4
Fil.,1 Node 4                                 4
Node Nak                                                       /
Cable Code        /   /    1    4 11     11  41/4
Wire Descrip[toi             /                                   3
1.engll,         Ft k FL Ft FL     Hal, fil. Map m. fc

K Vt/ ¥// 100                            FLFt    Mi    Mt Ft FI        FL

Type Cunstruc- 4 4                             41                        4
tien

Niatiber Pliases       /      / 1 1                              44               1
(;f ID

FL
Neutral lidi-
C./or

6,·uu,..1 Rest.-                                                                                            A          fl
E .„':.

100EXPIS{,re
Vt

Desired Voltage                                                                             V

Voltage Drop Pet                                                                                                  v
EVA-Mile X1Os

VOIC:,ae Limit                                                                                                          Code

File I.ine             4
N„wber



Table 11

1'*,(:RAM Pl P2 P] 94 P5 1•6 P  1•8 1•9 1•to rl, 1,1 3 P/4 Pls 1' 16 I't7 MB 1,19 P20 P 21 P22 '23 P24 '25 P26 P27 '28

INI'lIT  -

1.1"  (CInt.)

rl.M t.lile an,1 Pot. 1 1
# 'S

C„„t lg„ rat iii                                                                                         /
C..ile

N.ti,ber ./            4                                                                                   4              4
15'·.Ilit:lies

Bral,4,1.ing Code,                                                            4                                    /         /
C.....er ID                                       7

New Custumer C.id·                                4

Dls,i·ibilled h,ad KVA

uitage AV<,/ml le                                                                                                        ,                   
7. Sistat Bied

t{.:.

J

R. ,i 'r   li.e

P,·ulective                                                                                                                                   /                    ''
Devt:e   Ci,Je

Bra:,ch Cuittal 1,1 14                                                                4
1.:'I.'ll:0•il
.I t C C

AlI :rii:i te So.irce                                                                                                              /

111'di':11 Coniatilit,1 1.

I. Aut. ISolatIng
t. SwiLch

1.al:ral Spilcilig                                                                                                 Mi

Ad t•,i,  C•id:                                                                                                                        4

4:,pi:l,ur/Regi,-                                                                                                                                                                           4
lacor Treaiment
Code

Acklcional Data                                                                                          /
/:4./.

Series C.pacitor:

N„,ub:r in St:rles                                                                                              /

Number /:i i
Purallel

Volt.,ge KI,libig                                                                                               KV

Size KVAI,

Caa of  Hee                                                                                                                                                                                                           /
N,tniber of 1.oad 4
F.'tors

Nititil,er  ot i
(011,1,11:turs

1.%:Illt,1, Fillter                                                                                                                /

Pe:k Resplii-
slbili[y I



t'ul,le   1 2

3-YRIX:RAM PI %2 P)   r4   PS h 1'7    1·8 1·9 1.10 1'11 Pll r14 P/5 1' 16 Pt 7 1'18 1,19 r 20 /2/ P22 P23 P24  '25 P 26 pil P28
1 Nli"'r -I-

1.iii  (C,)1%.)
Reserve Fuctor

4
"Ir  S..le                                                          /                                                           4

Step. 1,/1'Ow, 
Timmformer ur
Rcal:111[41·

Tratistormer ID                              J

H.11 1„6 KVA KVA KVA KVA KVA KVA
1,·anst.rincr

I
/.p':datice

Pus. S"/· Res.    I R              Q                             I %

ils.   S:q.   Reac.      %                            1/                            12                                                          %                                                                                                                 Z

Zer. S.4. R...   X                                                       X

Zero S,4. H"c.   Z                                                               Z

Colnect lou / 1        4
Fixed Ratio       /

Uses TI·Oils-                          4
furmer File

Tr,instorm:r                                                                         4
C.Je

N 1.0:'Ji.g                        /
I.

Secondary                                                                                                                              Vultage Code

Trans. Pr. Volt KV KV

1'1·ai,S. See.Vo12 KV KV KV
Regulator Railii_ KVA AMY AMP KVAAMP MP
M:ix. Btiost    I  1     1          Z                   Z      Z             I      Z         I
Mai. Buck    I  I     Z         X                  I     Z            1      1         Z
Bouster                          Z                Z

N„uili:/ a,„1 Size KVA
TrazE formers

Nun,ba atid Size KVA
Regulators

7:81).raiure                                                                         J
Tables

Cool 1111; Type 1
Ctid:

6161,1 of Cure I.bs
and Colls

Cure I.osses                                    W          KW
Copper t.osses                                W          KW
Weiglic of ratik

1.b:
Ad Fittings

011 Qumttly (: 1.



Table 13

",\
140(:RAM 91 P2 P] P* P5 1'6 pl P8 1'9 Plo Pll Pl 1 P 14 P/5 p16 1, 1/ P 18 P 19 P20 P21 P22 P2] P24 P25 1'26 '27 P28

1 NI'UT   --

Sle ,up/: uwn
1·railsto//cr or
Reg,illitor(Cont.)

fu 11   1.uad                                                                                                                  "C
W 1 11.1 i lit;   R l s e

Fill   l..,i.1   ·rol•                                                                                                         "C                                 C
0

Oil    Te„41.

110,  4.t                                                                              'C                    'C
Conductor Rise

1'„mt, Lotses                                      W
Ta„k Thicki,es, ill.

Area ..  Top                                       I,)2
Area of 4 Sides                                      1„2
Service VIllage V    V

Servt.e (:on- Ft   Vt
Juctor t.englh

Pe.kl..:itt DIll-                                                 Z
tim(]65 Values)

Cale Title                                                                     /
I.
-4--

Purchase Price                                                                4

Lubur Lo InSL.ill                                             $
Lah,/ Li, Real ,ve                                                S
S./vage $

Book   t. if e Y I· S

Tal I.lf. Yrs

Exciting Current                                                          Z

Full Load KVAIt
Re„ctivd  Los:i

Cost of Core                                                             $/
Loss

It/Ii R

Cosl of Copper                                                4/
LOSS KWill{

Temp   Rise                                                                                                                                                        4
Coefficient

'1'lit:,mal Time 111·s
CoRIKInE

H„,irly Peaks(24)                                             I
Regulawd Node 4

Rei;Illitur Type

Wntts

4                                           4
Ful/ l.t)ad 1.03 S

No   I.,HJ   1.0: s Watts



1':,ble 14

1,W)CRA.1     Pl · P2  P]  1,4 PS . 1'7 PB Py Pill Eli Pll PI; 015 Plb Pll PIM P19 P20 P21 P22 1'23 P24 P25 P26 P27 P28INPUT --
Financial

State Tal                                                                I
Feile.al Tal

%

R.Le of Return
% % DEC

Allicallon of                                                    Z
Ce„:ral Plant

Ail'S   &  >Iii i "c.                                                                                                                                               I

E p. Ise

A.lin 4 1..,1                                                    1
Expel:'e

(:,p Iii Bond,

Cip Iii Stocks                                                                $
B.1,73 11,Lerest                                        %
Race

Pi·*,duct/un Fixed
Costs Z

Tranniss 1011                                                                                                                                                                                                                                                                                                      IFixed C„:Ls

Pr')Jucclon
Variable Cuits

KWIIR
t!.flle

Tratismission
lA Variable Costs $/KW

El'u gy (:Osts
t!11_!i

'.021,1 (;ruwilt KWIIR

Start li,g Year     4                                                     /                               /             4        /
Growili kal,:S Z Factor                     Z % + I         DEC                   Z              I
,:ext Year Load 4                                                                                        100
I.evel

Fliial 1)t:lired                                   J
t.oad

Growth Codes                             J
Ye"  Des 1 red · /.          /    /
( 11;ilige  j n 1./ad

KVA
:lumber Grow[Ii                                                                                                  /Periods

Nimber Yers/
Peri,id                                                                                                                                                                                                                              4

F still /,Wa„Ke
:t...1.  N....6.r                 /                                                                                                                   1

taisert:J                      fl W
Resistance

1,•:,Crl.J                          9
il

R:al/:Ille



Table 15

PH,>01(AM  1'1 1'2 1'] 1'4 1'5 1'6 N 1,8 1,9 1' 1 (' 1'11 p.) 3 1'/4 1" 5 1'16 it 7 MH 1.1 9 P20 P21 P 2 2 P2] P24 P25 /'26 P27 P28

IHI•U'16-

Allil,) r Still'l

N...1.  N...,1..,                1                              
                                                                

         7

KVA
S""ti„g KVA KVA

Start lite turt·LIL A/11'
Atil'

14 4Still il,11; 1,4 iwer    /
t·:i.:Lur

I'li.Is: Cannec L to„ 1

Hi ...11./l-.

New   H I   V o l t s                    V Z

Ne.i  1·1.,I  Vii I I I              V                                              
                                                                         Z

Min S ccillidat·y  Voll          V

Rk-/ D./.,        1             1             1                                1                             
                J

S.ill,t i.,iii De:,1 re.1    /   /                                                                      1           /                                      1            J   /            1

Seas'./Year                     J

Ni:w 11:111:Imt Fal:,or  /
New Pu.:r Fictor   /
tl.·ti (:ap.icittia Valm AVAR
':....,  ':...                           1                                                         

                                       4

N                                                                                                                                                                                                       J
03\ D Cases.

Cl•••••V, (5.• 9                                                            1

1                                       1Cl,:titge Type

Ct·id I):t:sity H.*p KVA

Ar,·ay Slze                       /

Bluek Dim:tistolis                   4

M.ix   Itcral jull                                                           /

F/*cil/mi,vable Code                       ,/

I'rti,L Option Wd                 J                                 /      /                     J           J           /

1* i..1  Tyti«                                                                                                                                                                                                                         JAmh 0 tpur Cud:

1'.ige S  actIls 11*-                                                                                  1

c:i t u r

1,., i.  0/   1.ci,id
1

Re:id ing

AL las  St,eer  Nim- J
6,·rs

Slic.t  /1.....trati,  C.,J.                                                                             
                                                                                                    /

At·ei, 1.oad KVA

1 0,4  Mul, 11'lle,                                                                                                                                                                                                             /

1.ast Year Hf Study                                                                                              4

First Yt·:ir O/ 1

Densi'y I).ila



..JV ..1 1.1.q.S

t01.1.1].111 9.11'..7&

                                                                                                                                                   17"'1 '"'•! //"l/S
r·' 1.1 lilI  y  r•A•'tt•·  .1 t' 1

r                                                                                                                                                                                                                                                                                                                         '.3   p..·'   ,.lit.',n'V

'lol1.,ns, 4 .pc01
/                                                                                                                                                                                            All,••111•,V :,1 lq",1,

1-5   9/ 1   4   Sprol
tW,Ill'131 1 8

../ 1.:'S  4/ 1
/                                                                                                                                               :,1 st'.".1 In."..,r..,#

..11.,PS '7/ I '<,1

/                                                                                                                                                                                                                                                                                                                        SP':0.1   1 '1 "i':1107    0

"('11'.5 9/I
r                                                                                                                 4 91••,mi,•,tv 0

11 0 1 1 D . S
t91 4 s n s " ( '11

 2

t.                                                                                                                ..p.:) ...I:, pei,·t
/                                                                                                                 S,12,114(I Ruiddi:1·1

loilln'(1 911'IMI'rl
tInd Rnsneli .,N#

Fn 'T:.

-1 P„,00  4   5,·r.,·1
M)1                                       .                                                                        Moots; 1.1119•11'111'.

9..N

vfm,1 4 'rH|

MN
,),R 1, P·'r,Sn„n'

/                                                                                                       1.1'le..1.1,1 1
/                                                                                                                                                                                                                                                                                                                                       l e r Milini:,il  Z

I                                                                       ·                             '1.11112'1'1RIM I

M)1                                                                                    ·                                 pro·, ...19:.H 1/10.1

...1.1.1

/                                                                                                                                                                                                                                                                                                                             144

'Un/]F/1-JA
tIn:'PtJan SJI"A

....V

tn"Al:'S t:401,11

r
....1.

./.. 1.1·' ..;.L

..,·.A ..1.1
VAN..J .*11 In:'.:/S

9.1/11. , 1 '.,„,1
&. .T':..A 1.1:.1

(· 1...)
......lin..IH

- J.n.lt:, BEdltd9Zd5/A97.1(ZJ1:ZAtz.10ZA6ldBIJtiA91,19 hI/1,1thI,1.101  '1               6,1               . ,1               1,1               9,1    ·5,19.1     1.1      Z .11·1
Innint,H,-

P..

91 01 (1"1



Table 17

-iR,)1;HAM 1'1 P2 1'3 1'4    1'5    1'6    1·/    1'8    1·9 1,10 Pll /12 rl i 1'14 1,15 1,16 1·17 P 18 P 19 P20 P21 P22 1,23 P24 1'25 1'26 1'2/ P28

mrri·irr-
..bsta.

V.ll .'ge   I' r.itile     My-        34          N        '1,1,                 .1,11          '10                                                      1*                Ity          N        '111,                          B,is  V                             30                            Ily-
1,1,89: I'litIS: Only Phase

i't,we I F'.w J 14  /      1 41     1  /
Cut· rciii Flow By- 3+ N 3.6  30 34       30    30 30        30

Pl:itti

Fa„11  C,irt·e,il         3·5,44 34, .1,1., 3,1'. 3. . Nu 4,   ]+. Fault 10. 10, 30. 30. 3*. 34).

EC 0-C 4.-+ t.. 0-0. 0-0. 04, NVA 0-0 4-C 0-4 0-G 0-0 0-*
'lls. *-N' $-C 0-G 4-G 0-G 4-G *-C .P-C

1 n,P. 4-': i.S

1#.

|10//1 5//1·1 l'WI,                                              4 1':O V/KV.
v,Alt:,ge Dip hids 1.0".ls

.1../:11 Imp:Jittice / 1 4           1                                                                   4                   4                     4                    4                   4

i,i Nod:

Losses 14 41 E,I. N,,1.'rliall                                             J              /                                                                    Ibill
 34111{  6   $ KW

Reg..1,/d,        4               1       4 1 14      1
Sultiligs

Aacitor J    j       4 1         J

ri:,nning
64 04     1 1 It 41      J
SIbS[,Lion                        J./

00 1.Ut:.ttion

lot'*1 1.0.u Each KVA
Stilis'/t itin

t.u:'41··'ti,i ctiL Eact,                                            /

Si,bsta[toit

1.4,tid Al local 10"                         1                                                                                                       4

l.....verg...                                                      1
Kei,ot L

':..:,vi:,  1.11,                                                                1

1'.11:. f'litter I./ad                            i

Sunin:try I.III
I'rai'sh,riner
0·,erload lAst

1./,id ;11·.4 Cus'/1/::                               /

SLJ[iS.Slim::,ary

1:*In.foritti Size                                      /
Error Li:Ling

7 Te·a:,st„rn.:r                                      /
l,ve.1.:id:Iii, I t l y

0,it:i,le Tatik Tati .                                                            /
transt.'·pu:r Tcit.1 AVA KVA
1.u Jlt

Traisfi",Ii lienl KW
1....t



l'al) l e      18

I..
1.141)1:1(A:1      1,1   1'2 1•1 1,4       1'5      1,6      1'/      1'8      1·9      1'1 11 1.11 i/2 Pl'l 1'14 /'15 P16 PI/ PIM 1,19 i,j 1' 2 1 p22 1'23 P24 1'25 P 26 P37 .,1„

or, H'·1

7.·:t: '.s: "i··:,·r KVAR
%'U,Ve |..d

Tral:..r-' Sizes KVA KVA
61•. 1' ted

Vul ase Wn Jiance r.u. P.u,

*1 K·..It'·fit·er                                                         J
1:..,1„':·;1 '·. Still: ..1 .  Y

1.1 0.  1.."s  '10.1                                                                                                                                       4
':... ' .   F....... y

€.,»'.,=.                                                                                                                                                                                                                        7
Ittl,rf.Pli,i.

A.4.i·:.I /11 "WS

Coisrt,[i·.·I

'Ill-".v'/0. 4

Illitallut' Ii'Ji"I

Kil,-, i                                                                                                                                                                   /
. liti,:r.,1.1.11

F:·e,;i:ci,cy Ii,Jl ':es

„1./1,                                                                                                            1
i,ILL:/,"PLIOn
Duration

KVA

ledices

 ure Gst
Subsi:,tin„Lead

'. Opt im:. Sy:,4;In                                                                                                                                                                                            KVA/0
· ' 'r:8:1: turit:er 4-d

41/:tlil 1.oads .

S//Sii'liw' 1./:,116
1

14·ecast Circuit                                                           /
1.4::Ills

F, i ted:as i Fee,ler                                                      /
· 1.4>:Ids

S,i;,slittion Load                                                                      ,'S.i·:ilry
Yeurly Costs for
D i l  fc:re „I· Coil,11, L L o r S

t.lfer.ilne t..v.lized
0/101.

Aim:al Costs for $/mi.
Nfl'erelit Co,iductors

Q.inie r  /f  jib-
staciuns Heq„ired 4

Fe tler I.ellgttls
1111

i 'U:•|Cr |.4.1,|S

KWP:,2. r, 1..·si .il·J
Si,bril/ti„,1 (:48                                                                                                             Sl2

mi
Exiscing In;His by
l'ype KW

1.:,ad Increases by
KWType



Table tg

'Rt)GRAM  1 1 P 2 1'3 1'4 1'5 1>6         1' 7 PB 1,9 p l o P„ 1•12 1,13 P 14 P 15 1'16 1,1 7 P.; 1,19 P)) P21 P22 P23 P24 P25 P26 r27 '2 li

oirrpt;·i·

|'re•Ill:Led 1.('JJS KK

by lyi,e

Su/,St:,lim Servic,                                                                                                                /

P "jor::1,
(/i.ir.'c ' c,·i s till

Prlibl, m Size 21)00    7 5      201) 150 51)(1 /t*JO 2013 nile 11XX) 1440 101)    20     201)  sillk,ta 11„- six 400 150 500

Ids. ,)41:.nils.tid:. „lti. 11,11. .Js. litillt-ilits. n,Is. ii,1.. ·,1.,si .111:e:. bi,s ILL.1 for „ds. ids. :ids.

1000 20 99:. Ii,le ZOO Lyi,es by ders

i ratis  britn- asus li,le: D i t k

2(1   :lies Ii'.(·e
···'1 Nes

1.'11841:8243 lori   Fort Fort I··,ir 1 F'„r[ Fort  For, Pl./I l·'m·[ Fort Fort Basic Fort  C,)801. Fo:c Forl I'l./1  PI./I Fore  Foi·, lori  Fort Fort  Fort  'ort   Fort Fort For
PI./E Fort COUOi

H,:Rery Require- ;OUK 111)K 3]K 64K 11)OK 238K 832K ILIOK 1(M)K IOOK IOOK 11OK 192X 214K  29K+ 21 OK 96K IOOK ](1% 1(mK 24 K 24K 125K 65K 15OK        8K
..'. 16(jK

Disk

Cumptiler Type 1 BM Univac CDC 1 8>1 IBM 1 BM 1BM 1 ts>l 1 1 ,1 IBM IBM PDP , "M 1"11 IMM IBM 1BM IBH IBM 1 Btl IBM IBM TBM 1BM Iloiley·- IBM 1 BM

IN/ Spei:-  600)370/ 3/0/  370/ 370/ ]70/  170/ 170/ 170/   10   370/ ]70/ ]70/ 110/ 310/ 370/ 36()/  37(1/ 1800 1800 ]70/ 1131) well 370/ 374

158 cra 145 145 158 158 ]58 i 58 158 158 158. 155 145 158 165 165 65 145 185 66/ 145 145

70/45                                                                                                                                  22

  Interactive Avi,11- Av.ill-- 1                  4                                               /                                                                                                                     4
:Lle able



rABLE 20

DEC I S I ( NS
MI)1)1·<1.S ANI, TE(:11N It)IjES(Reache.1  by  Implemetit ing ille

(By 'rlicir itil,11(,grilt,liy Ni,mbers)M„de'is anti l'echilicit:es)

No. l):script.i#,ti „t' tile Decist „11 2-51 2-40 2-70 2-71 2-79 2-24 2-61 3-'3 2-8 2-52 2-31 2-16 2-38 2-2 2-41 2-37 2-44 2-60 2-55 2-59

1 Systlilli ('Uj>alcity is or is
X      X     X X X     X     X     X    X    X     X     X X X X X X XXNot Exceeded

2  'rhe I'reseitt Cotifig,ir.itio,7 Cait
X     X     X     X     X     X     X    X    X X XX  XXXXor ('.Inticit Serve Llie Demilml

3       I f  alid  Wlien   to   Recunduet                                                              X                                                             X X XX X X X
4   if *4 WI,el, co Change

X            X1)istribliti,)11 V,> 1 tage

5      1 f  Einit  Wliet,  ti)  Alld
X     X     X     X X X    X

Circitits (:4)111,e#:tilig I)ematids
. 3.- --L x XX -2..-.-  ..L     X

6  li, Wliere * i,1,1 Wlien to
X            X X X X X   X   X'1'ransfer I.Dads under:

X X X X X XX
1,)    Nt,rmit 1    017: ration
b) Elliergent:y Operaticin

7      If and Wlien  Li,  Ili,grade
Substation Rating by            X         X    X X X      X            X                         X
il) '1'ratisfori,ier Cl,ant:e oilt

w                b) 7'rails ft,rmer Acialition'.

8     Wlie,1  a,id  Witere  to  BI,1 Id
X X X X    XNew Si,bstation                                                        X   X   X   X           X

9  1'„wer Factor Correctit,n:
ul When
1,) Will·re

c) 11„w Mitch

10  V„Ittige Regtilatioti
a) Wlieit X X X
b) Wlie re

X     X         X     X     X

c) How Much

1 1    Opti,niz.ill.HI of New
XCondul:Lor Size

X X X     X                       X

12  Voltage 1.evel Selection
Xfor Prilliary Systems X

13 St:let:Lic,n tif Feeder Rcitile              X   X   X   X   X   X  X   X   X   X   X   X       X        X   X   X
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TASK  B·. 1: THE DEVELOPMENT OF CRITERIA FOR ASSESSING THE DEGREE TO WHICH

EXISTING MODELS MEET THE SPECIFICATIONS DEVELOPED        '

The following criteria were developed co assess b.  Implemencation-Related Criteria
the utility of existing models. It is necessary, how-
ever, to clarify chac rwo words have special meanings 1.  Model implementacion should run on at least a class
when Used with respect to a model criterion: "must" of machines roughly equivalent co che IBM System/370
means chat a·model which fails co meet the criterion Model 148; that is, the implementation should not
as specified is totally unaccepcable, .and is rejecced require greater capability of an operating system than
irrespeccive of its performance relative co other thac found on this class of machines.
criteria; "should" means that a measure is developed 2.  Model implementation should be amenable co opera-
to express the degree of acceptability which a model Cion in an·interactive environment within the machine
manifests with respect to che criterion, and that class defined in criterion 1 above.
overall model utility is expressed in terms of indi- 3.  Model implementacion must be restricted in core
vidual criterion measures . storage utilization to a maximum of 128K bytes, in

The criteria fall into two categories: chose order that models be portable across a sufficiently
which relate to the model itself, and those which wide variety of machines (implementations which exceed
relate co the computer program which is the implemen- 128K in size may still satisfy this criterion via over-
cation of the model. lay techniques).

4.  Model implementation. should be efficient in terms
a.  Model-Related Criteria of usage of peripheral devices, in two respects: space

efficiency and access efficiency. Space efficiency
1.  The model must functionally fit within the scope means chac record and block sizes are chosen in a
of the cocai distribution planning model being pro- manner which minimizes wastage of the storage capabili-

 

posed under the DOE Contract. cy of the peripheral device.  Access efficiency means
2.  The model must address relevant planning decisions chac block size is chosen large enough, consiscenc with

 

or support other analysis leading to planning decision other constraints, such thac che number if I/0 requests
! processes included within che distribucion planning is minimized; and that frequently-used information is

cool "shell". retained by the program in core instead of obtained
3.  The criteria wichin the model which form the basis from peripheral storage each time it is needed.

: for decisions made by che model should be accepcable 3.  The implementation language should be commonly
(e.g.,  a cost criterion which  uses only capital .invest- available and transportable .(e.g., FORTRAN) . Assembly
menc may be incomplete). language programs are therefore rated very poorly on
4.  The model should address in full the complexity this criterion.
of che decision. A model which addresses only part 6.     Implementation must provide answers  in  "real  time",
of the complexity of the decision should be readily by which is meant chat the implementation, if operating
expandable in scope co include a larger portion of interactively, should have a reasonable response time

' the decision-making process. at the terminal; and, if operating in a background or
5.  Models should obtain optimal or exacc solutions; batch mode, must provide its answers in time co concri-
however, models which produce near-optimal Cheuris- bute co the information available to the planner ac or
tically-obtained) solutions or approximate solutions prior to che time ac which he makes his decision.
may be acceptable (at a lower value of performance 7.  Information display should be acceptable from a
measure). human factors perspective; it should communicate using
6.  All data required by the model must reside within :he vocabulary of the distribucion planner; it should
a data base administered by the data base management display only that information,which is relevanc; and it
system defined by che contract, and must be readily should operate so chat information is easily locaced by
Available and cost-effective co obtain within the and clearly displayed for the planner.
ucilicv  industry  coday
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TASK B.2: THE. ANALYSIS OF MODELS IDENTIFIED IN. TASKS A. 1 AND A. 2

In TASK 8.1, two different groups of criteria were Ill E unsatisfactory on all Counts.

set up to evaluace models proposed in the literature  of
che distribution systems planning. Using the developed' The following tables present the evaluation of the
criteria, che models are evaluated for this task. The    models and techniques according to the given criteria.
evaluation is represented by a matrix with thirteen In addition to the cables, commenc illuminacing re-
rows and m columns. Each row represents one of the search needs are. included.
criteria derived  in  TASK· B. 1. Each column represents
a specific model or technique identified by its refer-
ence number from the bibliography. .A symbol in each Some .Comments  on the Selected Models:

given cell evaluated the model or tichnique, described
in a specific paper, relative to che criteria. The Enver Masud (2-51)

following lisc describes the symbols used in ·the ma- Masud has developed 'an innovative approach to
trix.                                                      planhing substation capacities.  The model optimises

the subscacion capacities subject co a variety of con-

Evaluacors of the Model-Relaced Criteria straints on cost, load, voltage and reserve require-
· ments. It has been successfully applied to 1600 square

mile urban area served by 70 distribution substations.

FM E satisfies criteria 1
M. Juricek, et al (2-40)NFM E does not satisfy criteria 1 This paper presents a transportaciori model for

RPD 1 satisfies criteria 2 feeder modification co alleviate undervoltage' condi-

NRPD . does not satisfy criteria 2 tions and substation expansion plans. It provides a
quick but not too accurate guideline planning and as

MC E model criteria expresses total system che authors admit, perhaps it could be used co generate
good initial or starting plans for· better and final

measures
MCP E model criceria.is acceptable proposals.·

MCU E model criteria is unacceptable
Crawford and Holc (2-24)

This paper discusses che optimal location and si-OPTSLN E optimal solucions obtained
HEUSLN E good solutions obcained zes of substations and optimises service boundaries,
APPSLY E only approximate solutions are obtained given the·'alternative la'cations for substations and

other concraints such as reliability. It uses che well

DA E data abailable knawn shortest path algorithm and transportation

DCE E data cost effective model. .However ·the model is currently being used on
DACE E data available and cost effective to small. computers in batch  mode  only.

obtain
Shelton and Mahmoud (2-71) (2-70)

A mixed. inceger programming approach to discribu-
Evaluators of Implementation-Related Criteria: Eion planning is given.  The example given in the pa-

per is confined'to a specially concrived case in which
chere are only three subscacions catering to four

IlS E satisfies criteri·a neighboring areas. A more realistic model with few
IlU E does noc satisfy criteria tens o'f substacions should be considered to really

evaluate the ·capability o f such models. in real plan-
I2S E satisfies criteria ning situations.  The present implementation needs more
:23 E dois not satisfy criteria core space and it takes. about 20 minutes to get feasi-

ble solutions.
I35 2 sacisfies criteria
rJU E does not·satisfy criteria Carson and Cornfield (2-16)

A rouce finding procedure whose cheorecical basis
I 4SA E model. is efficient in space and access is derived' f rom calculus of variations is, used for the
I4S E model .is efficient in space ucilizacion design of necworks supplying housing escates.    A prac-

only tical ·design of tapered radial network. for SOO housing
I4A E model is efficient in access utiliza- escates is' given.

cion only
I# E model not efficient Hindi, et al-(2-38)

A branch. and bound. / capacicaced transhipmenc mo-
I5S E satisfies criteria del for determining che optimal layout of a radial dis-
I5U E does not .satisfy criteria tribucion network is given.  The' authors have developed

a special purpose package with emphasis on :he compu-
I6S E satisfies criteria tational efficiency and modest storage requirements so
:6U E does not satisfy criteria Chat· the method can .be used on medium size computing

madhines.
I 7VRC E display uses. correct vocabulary,  uses Girrect, et al (2-27)

only relevanc information and clearly · It discusses only a radial sub-cransmission sys-
displays it tem which is only a part of the rural electrical pover-

I;VR E vocabulary good and information rele- cy system.  Hence, it may·not be of great use for che
vanc overall design objective.

I 7VC E vocabulary good and clear display
I 7CR E relevant information only and clear Hindi, et al (2-37)

display This paper only considers methods for che decer-
I 7V E vocabulary good mination of che opcimum profile for the cables for low-
I 7C E clear display· voltage distribution system.
I 7R E relevant information
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Adams, et al (2-2) Goldfield and Lang (2-61)

:t presencs a' mixed-integer linear programming ap- They apply dynamic programming.co long range plan-

proach and elaboraces fixed-cost-cransportation-cype ning decisions but implamentacion details are noc given.

models.  A variecy of illuscracive examples are given.
Conver:i, et al (2-19)

Okada and Uenosono (2-601 (2-59) They have developed a sequence of compucer pro-

Using a shortest path analysis, this paper pre- grams for optimum design of discribution systems. How-

sencs a procedure for opcimai design of distribucion ever no details of the mathematics involved in the

systems in the context of long range development plan- opcionisacion process are given.

ning.
Munasinehe, ec al (2-55)

Boardman (2-10)
It presents a heuristic approach for long range

:c discusses a heuristic simulation model for long discribution system planning in che context of capital

range planning of sub-cransmission and distribution scarce developing countries. The approach is essen-

syscems. However the details of the implemencacion tially heuristic and the decails of :he implementation

are not available. are not given but good examples are given.

Kuiszczyk (2-42)Lawrence, et ai (2-44)
It describes a heuriscic model buc implementation it is not a full scale model for distribucion

dacails are not given.
planning though che methods have been used for medium

size housing estace discribucion networks.
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Table 21

MOI)1· 1.S AND '1'1 CliN UES
(By 'lheir Bibliograpity Nmibers)

C R L 'I' E It 1 A

2-79 2-51 2-40 2-24 2-3 2-71 2.- 70 2-31 2-16 2-38 2-27

MI* FM FM Fri                       M IM Fh          Ftl FM 81                               FrI                               N FM

M2 Rli) Rl' D RPD RI'l) R i l) RPD RPD RPD RPD RE'I)                          -

Ml MCP MCP MCP MCP M(.P MCP MCP MCP MCP MI'l)                       -

M4 MPC MFC MPC MPC MPC MI'C MPC MPC Ml'C MPC

MS ()P't'SI.N OP'I' S 1.N 01"rSLN 01'1'Sl.N OPTSkN APPSLN APPSI.N OP'i'SLN APPSLN OP'I'St.N                        -

5              16 IM DA 1)(: E DCE DCE DCE DCE DCE DCE DCE           -

**
tRi ils Il S llS T IS tls IlS llS Il S Its l IS

IR2 12S 12S 12S 12S 12S T 2S I 2S I 2U I 2S 124

IR3 lili I jS 1 JS 13S l.ji I 3S I ]S r]U 1 3S is               -

1114 ILSA 14SA I 4SA ASA 14SA           I4           14 [4SA I4SA 14 SA           -

1 1< 5 15S '5S T 5SA 15S 15S 15S 15S [5S I 5S ISS

IR6 16; IGS          - IBS 16S I 6U 161j 16S [6S 16S       ·    -

I R 7           -         1 7VRC         -                                  -                       -         I 7VRC

*MI   dellot:us   the   first   (:riterioll  of   tile   nit),le!- 1-itl.·11:ed  criteria.
**IRi detiotes the il rst: criterioit of 1:11: imple[lictil.i:ioil-relat:ed criteria.
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(By Tlieir Bibliography Numbers)
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TASK 8-3: THE SOLVABILITY OF MATHEMATICAL

MODELS USED TO DESCRIBE DISTRIBUTION PLANNING MODELS

3.3.1. Introduction of a transshipment arc removes eight constraints plus
5 continuous variables and five (0-1) variables.  Thus

One of the basic tasks of this research project the interactive model building approach, allowing the
was to assess the solvability of the planning models, planner to construct a potential network from which the
especially the two basic models proposed by Masud in model selects a realized network. will pay powerful
1974 (2.41-43) .  One of the models proposed was a dividends in solvability.
siting-sizing model which required solucion of a (0-1) AS an example, a three subscation, eight demand
integer program. As part of this research project, point centers problem with transshipmenc and with
Analysis, Research and Computacion (ARC) Company has straight line approximation of the loss function was
developed an algorichm which, if implemented, should solved. The problem had 310 continuous variables, 113
allow a 20-30 subscation problem co be solvable. A (0-1) variables and ill rows. It was solved in 28 CPU
30 substation problem with 10 plans for each substation minutes on an I3M 370/158 using MPSX-MIP and needed an
would result in 300 integer variables (0-1) with 90 additional 14 minutes to prove optimality.  A problem
constraints. As it can be seen later chat some of the with 110 (0-1) variables, 66 continuous variables and
current literature shows that problems with 1/3 this 140 rows was attempted by Shelton and Mahmoud (2.56)
number of (0-1) variables could not be solved. How- on an IBM 370/168. They achieved feasible solutions
ever, the algorithm proposed should solve the problems after five hours of CPU time, but did noc find andescribed by Masud in less than 30 CPU minutes. A optimal solucion, even though they were using a faster
solution time of less chan 10 CPU minutes is not machine. The solution time has been enhanced by sub-
uncommon.  4 10 substation problem with· 10 plans should mitting the planner's solution as a starting solution.
solve in less than 7 minutes. This is based on a run An interactive capability clearlyenhanced solvability
time of a 113 variable MIP of 28 CPU minutes co opcima- here. (Note: The package we used was a slower version
lity.  The ARC report, which is given in Appendix C. chan  used by Mairs .    MPSX-MIP  vs.  MPSX-MIP/ 370. Mairs
envisions approximately a four time decrease in this found a four fold difference in run time. )
cime. The dynamic version will be approximately of a

The cransportacion model proposed by Masud was size Th times the size of the one period model where
expanded co a transshipmenc model by Wall, et al. (2.64). :h is the length of the planning period.  At this stage
They have solved a problem with 981 demand points, 22 a problem of this size would not be solvable.
substations in 0.662 seconds on a CDC 7600. This is The new algorithm proposed by ARC is in Appendix C
clearly within interactive time constraints. as well as their report on its effect on solvability.

Running these problems separately, ·of course, is a The following table gives the maximum problem size for
subopcimal approach.  As part of this research project, the general planning model, one period, and piecewise
some general approaches have been formulated. They linear approximation wich no arcs eliminated.
have a much higher probability of being optimal. The size of che problem is approximately given by

The basic general model wich a one period planning
Rows   '.v  k l ( ;m2 )    +   k2 ( 7nm)    +   k3 (n+0*ki)base would require in a worst case estimace for a 10

substation. 100 demand point problem, and straight line                           9
approximation of loss curves, 3,341 rows and 11,600 0-1 variables 2 cl(4m-)

+
c2(4nm)

+
cl(n+m+c,)

continuous variables and 11,520 (0-1) variables. A                     7
similar type problem solved by Mairs, et al.* with continuous 5 dl(7m-)

+
d2(7nm)

+
d3(n"HIM-44)

2,500 plus rows, 3,700 (0-1) variables and 13,000 plus where n = NS.concinuous variables was solved in 90 CPU minutes wich
Thus it can be seen that increases in n and m arean additional 22 CPU minutes co prove opcimality on an che primary decerminants of size. Increasing che num-I)>1 370/168 using >[PSX-MIP/ 370.

ber of demand points will require less complexity in
However, che problem size used in chis research

project is based on the worst case.  If an inceractive     3ower loss approximacion. Going beyond twenty demand

program is used co build the model, arcs between demand points will require a simpler loss structure, i.e.,
losses will be represented by power loss on route i,j =points which wouid have a very small likelihood of
conscant x power transmitted x 4 of miles of route -being connecced for transshipmenc purposes could be (TVC)ijXil*eliminated as a potential network arc.  Similarly, many

possible reconductoring possibilities could be elimi- The following table demonstrates the sizes of some
naced, as well as arcs between subscations. The model reasonably large distribucion planning' problems and
was written with variables discinguishing these cases compares them in size wich che Mairs' model which has
so chac this possibility could be easily exercised. An been solved.
actual case of the size proposed would be less :han the
problem of Mairs and is clearly solvable. Table 22. A comparison of the problem sizes of the

If the cost curves are not approximated by linear models
functions of power cransmitced, but inscead by a piece- OU Model Mairs' Model                wise linear approximacion wich grid size equal co four,
the number of rows rises to 97,151 and the number of                                 NS=4 |  NS=5   NS=10continuous variables rises  co  95,920  and the number  of

1
ar= 10 m= 20 m=100

(0-1) variables rises to 60,150 for a cen site, 100        1                     G-4 | G-4 G.=4
demand point problem. This problem is noc solvable      I                 R=8 i R=8 R=8
without new work on data handling techniques and

1', of 0-1 variables 950
,3,050 60,150 .   3,700+

approaches related co che scruccure of this particular 3 of continuous                          i
problem.  Again, however, an inceraccive approach which

i variables 9 1 0 :3,000 95,920   13,000+
builds the model arc at a time using che planner's :.: or rows 2.507  5,481 97,151| 2,500+
knowledge would insure a problem or chis size would noc
have co be solved.  In chis case, for example, removal

B.3.2. Convex Approximation

*fairs, T.G., G.W. Wakefield, E.L. Johnson, and
Some further improvements in solvabilicy can beK. Spielberg, "On a Production Allocation and Discri- obcained if convex representation of che cosc curves Nf 2 6  :blem," TIMS. Vol. 24, No. 15, Nov. 1978, pp. can be assumed. The envelop curve is not a convex
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curve. It seems, hcwever, that a convex approximation nature of a parabola.  The curve is then represented
is not out of line since the envelop curve is an envel- for the purpose of linear programming by

op of convex curves, as shown in Figure 5.

1Xll + 3%12 + 5X13 + 7X14 + 9X15

40

1

/                    30\\ /\\  / l
\\ /1 / /                20

--   /1                10
--*r

-''Il
-

0 0 4 6 8

Figure 5.  The convex approximation Figure 6.  The objective function

If all curves are convex. a tremendous reduction
in constraints and (0-1) variables can be obtained.
Of course (0-1) variables present the most difficult

barriers :o solution.  The following small program
illustrates the approach:

4

Min
XO

- i icixli = X11 + 3X12 + 5X23 + 10X34

subject co I Xii 2 5
i-1                                                                                /

45                                                        1
t

.X11 5 2, X12 5 2, X13 5 2, X14 5 2                                                       /
k                                                                                  

           /

1

Xii 2 0 1
35

1
1

Since the simplex seeks che cheapfsc coscs,3rl
will come into solution first. then Xl-, then Xl ·         30
The soiucion will be                                                                            /

1

Yl=                                        /8                                                           1

..1 -                  /
20

2

 1  -2
15                                     //

X13 -1
i

IW                                                           /

and  X  = 1(2) + 3(2) + 5(1) - 13 I
5                         //The objective function is convex as shown in Figure                      *

6.    The slopes of the piecewise linear terms are 1, -------
3, 5, 10. 0 1 2 5         6                              99

Let us consider XI - 4Xl-' Xl 2 7.  Let us use a
grid size of 5. Since there is an exponent. let us use

substhipK,Jor„Ee,gridecnt ,592, Xll.EXH.XXZ,  I,15 Figure 7.

X14 5 2, X15 5 2.  The curve and ics approximacion are Thus, if Xl is power transmitted, then Xl can be
shown   in  Figure  7.

replaced by the above summacion.  The number of vari-
The grid sizes can be non-uniform.  The approxi- ables have been.multiplied by five, but no new cons-

macion would result in a negligible error. In our traints and no (0-1) variables have been added.  To
approximation the slope of the line segments are 1, 3, judge the impact, lec us recount che rows and variables
5, 7, 9. The uniformity is due to, of course, ..he
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for the case NS = 10, m = 100, G = 4, R - 8.  In this techniques makes it possible to generate sharpenedapproximation variables  Xij,  Zij,  Yij,  (RS ) ij would surrogate knapsacks at intermediate solution stages, as
be replaced by well as at the outset of the overall solution effort.

4        4        4        4                          The modification of the surrogate knapsack, however,
I x..  ,   S z T Y-  ,   I (B) with upper can be exploited by using an advanced start for the :2/gil   il g     gil   ij g.   g  1   1] g     gil           ij g GUB knapsack problem based on the preceding solution

co this problem, following the mechodology of the new
algorithm.bounds on each of the variables. Table 23 illustrates

(4)  The solution of che 0-1 substation capacitysome specific examples of using the convex approxima-
expansion problem, incorporating the strategies indi-cion on the model developed in this research.
cated, requires the solution of che LP/GUB knapsack
problem many hundreds or thousands of times.  Thus, it

Table 23. The Effects of the Convex Approximation is especially important to be able co solve this prob-

lem efficiently, as the new algorithm makes it possible
! Non Convex Convex
: to do.  The efficiency of the new method, furthermore,
: Approximation Aoproximation

does not rest simply on intuitive evaluacion, but is
Continuous confirmed by the derivation of computational bounds

i Variables 95,920 47,960 that strictly dominate the best previously known bounds
for this problem.  The new bounds are increasingly0-1 Variables 60,150 11,090 attractive relative to previous bounds as the size of

Rows 97,151 13,221 the problem increases, therefore providing the IP solu-
tion method the increased ability to solve substation

Size of Base Model (NS - 10, m - 100, G = 4, R = 8) capacity exoansion problems that were too large to

handle efficiently in the past.
Now, as it can be remembered that an interactive This new development is expected co result in a

approach which would eliminate arcs from the distri- several-fold improvement in che speed of solving prob-
bution network would result in. a much smaller problem. lems in the range of 10-15 substations, with 5-10 plans
In chis case, removing a transshipment arc would re- each. In addition, it provides the ability to Solve
move four continuous variables, a zero-one variable problems larger chan feasibly possible with previous
and a constraint.  Removing a reconductoring arc would methods. It is anticipated that problems involving
remove four continuous variables, a zero-one variable roughtly twice as many subscations as the 10-15
and two constraints. In an inceractive approach many substation problems should be solvable within entirely
reconductoring arcs would be removed since many of che reasonable solution times, although the effort to solve
feeder routes would have no conductors in place. For these larger problems with previous methods is expon-
100 demand centers many points would have no connec- entially greater chan the effort co solve the 10-15
cions as it would be obvious to the planner thac no subscation problems.
connections should be made. Most demand centers would Reports indicate that the 10-15 subscation prob-
have transshipment possibilities to four or five other lems are the largest feasibly solvable to date.  The
demand points, noc the full one hundred. If each new method should be able Co solve these problems five
demand center could ship only to five others then the to ten times faster chan before, and also be able co
number of variables would be reduced by (4)(9,900) - solve problems with 20-30 substacions in about the
4(500) = 37,600 and 9,400 constraints would be removed. same amount of cime currently required co solve prob-
The new problem would have 10,360 continuous variables, lems with 10-15 substacions.
1.960 zero-one variables, 3,821 rows.  The limit on
rows in MPSX-MIP is 13,000. Problems of this type
with 3 ,700 zero-one variables have been solved. Thus
this problem is solvable in an interactive model build-
ing mode with the planner making decisions throughout
che process.  The planner's solution will also enhance
computation time. '

3.3.3.  A New Solution Method

The new solution method developed by ARC (See
Appendix C) for LP/GUB knapsack problems improves the
ability to solve :he least cost subscation capacity

expansion problem several ways:
(1) The substation capacity expansion problem.

formulated as a 0- 1 integer programming problem is a
"multiple choice" integer program whose choices are
identified by GUB sets. It is possible to incorporate
all of these GUB secs and any selected capacity cons-
craint of the original IP problem into an LP/GUB
relaxation of the IP problem.  This relaxation yields:
(a) new trial solutions. (b) new fathoming tests. (c)
new choice rule information. These are important com-
ponents  of an effective -soiution approach  for  the. sub-
scacion capacity expansion problem.

(2)  The LP/GUB knapsack relaxation becomes still
more powerful by means of surrogate constrainc solution
strategies. These strategies generate a strong linear
combination of the capacity constraints to take the

role of the knapsack constraint.  This increases the
effectiveness of the fathoming tests, as well as pro-
viding better trial solutions and improved choice rule
information.

(3)  The utilization of subgradient optimization
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TASK 3.4:  THE IDENTIFICATION OF DISTRIBUTION DESIGN

TECHNIQUES USED IN PRACTICE

3.4.1. Introduction There are, of course, some other factors that
need co be considered such as cransformer impedance,

In order co idencify the distribution design insulation levels, availability of spare transformers

techniques used in practice by che utility industry and mobile substations, dispatch of generation, and
a questionnaire has been prepared and sent co a large the races chat are charged co the customers. Further-
number of electric power utility companies.  Also, a more, there are factors over which the distribution
large number of these companies were visited and their system planner has no influence, but, nevertheless,
distribution planners interviewed by the authors for have co be considered in good long-range distribution
the idencification and descripticn of distribution systems planning, e.g., the timing and locacion of
system planning methods ahd techniques used by these energy demands, the duration and·frequency of outages,
electric power utility companies and other commercial the cost of equipment, labor and money, increasing

entities. Some of the information gathered from the fuels costs, increasing or decreasing prices of alter-
interviews and the questionnaires are presented in native energy sources, changing socioeconomic condi-
this section.  A sample copy of the quescionnaire is tions and trends such as the growing demand for goods

included in Appendix B.  The companies contacced are: and services, unexpected local population growth or
decline, changing public behavior as a result of

Oklahoma Gas and Electric Co. Oklahoma City, OK technological changes, energy conservation, changing

Public Service of Oklahoma Co. Tulsa, OK environmental concerns of che public, changing economic
Kansas Gas and Electric Co. Wichita, KS conditions such as a decrease or increase in gross
Texas Electric Co. Fort.  Worth, TX national products (GNP) projections, inflation and/or
Texas Power and Light Co. Dallas, TX recession. and regulations of federal, state and local
Dallas Power and Light Co. Dallas, TX governmencs.

C.H. Guernsey Co. Oklahoma City, OK
Arizona Public Service Co. Phoenix, AZ 3.4.2.  Factors Affecting Syscem Planning

San Diego Gas and Electric Co. San Diego, CA
Pacific Gas and Electric Co. San Fransisco. CA The number and complexity of the considerations
Northeast Utilities Service Co. Hartford. CT affecting system planning appears initially, co be
Georgia Power Co. Atlanta, GA staggering. Demands for ever-increasing power capa-
Northern States Power Co. Minneapolis, MN city, higher discribucion voltages, more automation
Public Service Co. of 'tew Mexico Albuquerque, NM and greater control sophistication consticuce only
Consolidated Edison of New York, Inc. New York, NY the beginning of a lisc of such factors.  The cons-

Dayton Power and Light Co. Dayton, OH traints which circumscribe the designer have also

Pacific Power and Light Co. Portland. OR become more onerous.  These include a scarcity of

Duquesne Light Co. Pittsburgh. PA available land in urban areas, ecological considera-
Gulf States Utilities Co. Beaumont. TX cions. limitations on fuel choices, che undesirability
El Paso Electric Co. El Paso, TX of rate increases and che necessity co minimize
Sierra Pacific Power Co. Reno, NV investments, carrying charges and production charges.

Succintly, the planning problem is an attempt to
As a result of the information gathered from minimize che cost of subcransmission. substacions.

these sources as well as ochers, a flow diagram of the feeders. laterals. etc., as well as the cost of. losses.

distribucion system planning was developed as can be Indeed, this collection of requirements and constraints
;een in Figured or 17. However, in developing this has put che problem of optimal distribution systems
flow diagram, no acrempt has been made co represent planning beyond che resolving power of the unaided
any one of these companies specifically, but rather co human mind.
outline the thinking process involved in the discri-
bution system planning in general.'  Several companies     B.4.2.1.  Load Forecasting
used some sort of computerized historical file as a
base for load projection. Each company had a system The load growth of the geographical area served

analysis program. one of which sized and placed by a utility company is the most important factor

capacitors and regulators, provided for conductor influencing the expansion of the distribution system.

changing and che load growth. It was evident thac Therefore, forecasting of load increases and system
there is room for improvement in distribution plan- reaction to these increases is essential to the plan-
ning. ning process. There are two common time scales of

The distribution systems planner partitions the importance co load forecasting; long-range, with time

total distribution syscem planning problem into a horizons on the order of fifteen or twenty years away
sec of subproblems which can be handled by using and short-range, with time horizons of up co five years
available. usually ad hoc, methods and techniques. distant. Ideally, these forecasts would predict future
The planner, in the absence of accepted planning loads in detail, extending even to the individual

techniques. may restate the problem as an attempt to customer level, but in practice, much less resolution
minimize the cost of subtransmission, substations. is sought or required.
feeders, laterals. etc., and che cost of losses.  In          Figure 8 indicates some of the factors which in-

this process, however, he is usually restricted by fluence the load forecast. As one would expect, load
permissabie voltage values. voltage dips, flicker, growth is very much dependent on the community and its

etc., as well as service continuity and reliability. development. Economic indicators, demographic data
' In pursuing these objectives, the planner ulcimately and official land use plans all serve as raw input to

has a significant influence on additions to and/or the forecast procedure. Output from the forecast is

modifications of the subtransmission network. loca- in the form of load densities (kVA/unit area) for
tions and sizes of subscations. service areas of sub- long-range forecasts. Short-range forecasts may
stations, location of breakers and switches, sizes of require greater detail. Densities are associated with

feeders and laterals, voltage levels and voltage drops a coordinace grid for the area of interest.  The grid
in the system. the location of capacitors and voltage data is then available to aid configuration desitn.

regulators, and the loading of cransformers and The outputs from a load forecasting program can
feeders. be detailed as much as desired and feasible. Further,
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a master grid is developed on a suitable scaled map of in the data base. For instance, for :he primary syscem
the complete service area under study.  The master the stored parameters are:
grid presents the load forecasting data and it provides 1) Conductor: The description, ampacity,
a useful planning tool for checking all geographical positive/zero sequence resistances and
locations and taking the necessary actions to accommo- reactance.
date che system expansion patterns.  Thus, the master         2) Node: The points on che system for
grid facilitates coordination of more detailed infor- differenc branches and wire sizes.
mation on local area maps.  This method provides fast           3)  Section:  The parameters for line length,
and accurate information and a display of overall ampacity, positive/zero sequence resis-
future system requirements. cances and reactances, load data (kW,

An excellent source of present load data is a kVAR), growth rates, and special equip-
Transformer Load Management (TLM) program.  Output of ment data (capacitors, auto transformers,
a TLY contains a list of all the distribution trans- regulators, etc.)
formers  in the system by their numbers.    Once  each 4) Sequence: The sequence of the inter-
transformer has been assigned grid coordinates, the connections between nodes and sections,
TLY file can be an excellent geographical display of the locations of the branches and the
the present load and can be used as a starting point terminal points of branches.
for the data base.

By using che energy consumption data, which are      B.4.2.2  Substacion Exoansion
readily available from the customer account files,
typical demand curves are scaled and the resultant Figure  9  presents some of the factors affecting
information is used to estimate the peak loading on the expansion of the present system decision to handle
specific equipment of the system, e. g., distribution the forecasted load. Here, of course, the planner can
transformers, feeders, and ultimately substations. make the decision himself, without using any of the

After establishing the grid system, the next step planning tools, based on information either intangible
in  a  load proj ection  is  co  f ill  in  the  load data or difficult to qualify in terms o f some suitable  form
using che TLX data and the projected load growth of of computerized analysis.. Examples are a recent top
each square.  The grid squares can be classified into management decision to delay all new construction pro-
three basic types: jects indefinitely, or an announcement of a substantial

1)  The ones which are heavily filled with number of residential development projects.  The fore-
customers. Here the sources of infor- casted load, load density, load growth, and the dist-
mation are che historical TLM data, ance to the nearest substacion may indicate that event-
markecing projections. and demographic ually a substation has to be built co serve the expand-
daca. ing load.  Also, under some circumstances it might be

2)  The ones which are lightly loaded with advantageous to build the substation right away to
room for known, or forecasted. expansion. prevent some future adversary situations, e.g.,

3)  The ones with relatively large vacant areas complaints by the property holders in the immediace
for which there is no certain load poten- vicinity claiming that the construction of the sub-

cial or for which forecasting of the station would reduce che value of their property sub-
timing of fucure load connections is stantially.  There might also be some other intangible
difficult. factors that need to be considered by the planner as

Official land use plans can be used as an addi- he directs the planning process. For instance, the
tional source of information in forecasting the procection limitations are not precisely known until
future load densities in any given area. Also, aerial a new system configuration is.designed and only at
phocography has been used by some utilities co set up that time can the necessary protection scheme be de-
the grid system. Furthermore, actempts have been signed to eliminate any coordination problem.
made co develop pattern recognition procedures to aid
in reading maps and automatically interpret and process
the information.

Three additional code designators covering the

remaining factors are assigned co each grid.  They are
the planning code, saturation code. and class code.

GEOGAAPHICALThe planning code is a district number which is FACTORS
established by metropolitan planning commissions and
designates twenty-six different types of districts, ISTORICAL

TTLMI                                             LAND USEeach with different growch patterns and races. The DATA

saturation code is assigned by the planning engineer
and  indicates  how  "full"  the  grid  is. The class  code                                                                 r
is also assigned by che planning engineer and reflects POPULATION CITY PLANSthe demand expected for each customer in the grid. GROWTH LOAD

(DEA'SANDIThe initial assignment of these three factors is
FORECASTtedious and unfortunately somewhat subjective.  How-

ever, once it has been done. the saturation code is                                                                               ILOAD NOUSTRIAL
updated by the program itself, and the planning code OENS:TY PLANS

and the class code need to be changed only as a

result of some substantial change in che original
conditions, e.g., when some new induscrial or resi- ALTERNATIVE COMMUNITY

ENERGY OEVELOPMENT
dential development plans are revealed.  The oucput SOURCES PLANS

of the load forecasting program is a forecasted
power demand for a given grid area for a specified tioie
period. It becomes a part of the data base management
system, where it is available CO the other programs.

If, for example, :he planner desires to analyze Figure 8. Factors affecting load forecast
the system performance, che required data is given in
the form of grid coordinates, connections, element
code  numbers, and related parameters. All the physical
and electrical characteristics of the system are stored
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(3) absolute versus relative scaling of effects.  A
complete site assessment.should use a mix of all alter-
natives and attempts to treat the evaluation from a

v              variety of prospectives.
/  -m.,  3

C CAPAcl™ 4      1
CCON......0.1.-.

WAO                                    -0,:cm-
.-.ST WITAIONS

· EXISTING
SUBTAANSAISSION

.E
LINE LOCATIONSPW¥.CAL D.

CA,Aa™ ....0
AVAILASI.r¥ LOAO LAND

NREUST   AVAILABILITY
51"ATION
EXPAM.0.

TNAMSMISSION 'WYElCAL
VOLTAGE =op-\19All,EIS

LOAD
DENSITY LANO

TRANSUI... UL.MATE SUBSTA rION
ST'PIN/SS

SITE/8.
u.rn/1

CLOSENESS
TO    ·

LAND LISE
",0..

I-,An.. LOAD CENTERS REGULATIONS
ECONOWl.

C,TA...  ACTOMS

'
EXISTING

FEEDER SUBSTATION
LIMITATIONS LOCATIONS

Figure 9.  Faccors affecting substacion expansion

In the system expansion plan, of course, the
present system configuration, capacity, and the fore-

Figure 10;  .Factors affectin  substation sicing.
casted. loads.play major roles.  For instance, physical

' limitations miy preclude the installation of 'any
additional feeders. In that case some of the load
can b.e shifted co adjacent substations if the tie

line and subscation capacities are adequate.  Also,
the physical size and the availabilitx of adjacent

S,rvic*
land help. co determine whether a particular substation Region

can be expanded.  The ukimare substation size limi-
tations, as dictated 69 coapany.policy and/or other

factors, may contribute co this decision.  Transmis-
sion stiffness, i.e.. the conductor capacity of the
transmission line, the source capacity, and adequate··
voltage support for normal and emergency conditions, Candidam

Ann
indicate whether the transmission or·subtransmission.
system can ·support the additional load in the area. CONSIDERATIONS

B.4.2.3.  Substacion, Site Selection

S;mi.,4                     .ENGINEERING

SAFETY

Unsuluble SYSTEMPL/NNING
for /.K,f INSTITUTIONALSI:es -*-tion ECONOMICSFigure 10  shows the factors that affect sub- AESTHETICS

station site selection. The distance from the load
centers 'and from the existing subtransmissiod lines,
as well as other limitations, such as availability of

Candidliland, its cost. and land use regulations, are impo·r- S-
cant.

The substation siting process ·can be described
as· a .screening procedure .through which all possible
locations for a site are passed as indicaced .in ·
Figure  11.  The service region is che area under
evaluation. It may be defined as the service terri- Prcoo//d

Silltory of the utility.  An initial screening is applied

using a set of considerations, e.g., safety, engin-
eering, syscem planning, institutional, economics,
aesthetics.  This stage·of the site selection mainly
indicates the areas  that are unsuitable .for' site
development.    Thus. the service region 'is. screened
down to a set of candidace sites. for substation
construction. Further, the candidate sites are Figure 11. Substation  site .se lection procedure   .
categorized into  three basic groups:  (1) sites'that
are unsuitable for development in the foreseeable 8.4.2.4.  .Other Factorsfuture; (2) sites  that have ·some promise buc are :not
selected for detailed evaluation during the planning Once the- load assignments to the substations are
cycle; and.' (3) candidate sites·chat are co be· studied determined, chen the.remaining factors, as shown in
in more detail.                                        -      Figures 12-16 need to be considered. In general.

The emphasis put on. each consideration changes che subtransmissiod and·distribution system volcage
ftom level to level and from utility to utility.

levels are determined by company policies and they are
Three basic alternative uses of the considerations unlikely to be subject co change at the whim of· che
are:   (1) quantitative versus' qualitative evaluation..

.' planning· engineer.unless he can support his argument
(2) adverse versus beneficial affects evaluation,
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by running test cases co show substantial benefits
chat can be achieved by selecting different voltage
levels.

Further, because of the standardization and econ-
omy that are involved, the planner may not have that LOAD

much freedom in choosing the necessary sizes and types
OENS. Y-'..,...

VOLTAGE PEEDER

of capacity equipment. For example, he may have co LEVELS LENGTH

choose a distribution transformer out of a fixed list
of cransformers chat are presently scocked by his
company for the voltage levels chat are already estab- C '5=. /)

C      'EE.E.     1
....EA

C .18 TATIONS J
lished by che company.  Any decision regarding addi- 0.

mDEAS

tion of a feeder or adding on co an existing feeder
Will, within limits, depend on the adequacy of che
exiscing system and the size, location- and timing of .ZE liE

CONOUCTOR CONDUCTOR

the additional loads that need co be served.
VOLTAGE

OIlps

PRESENT DISTRIBUTION SYSTEM PLANNING TECHNIQUES

In order to gather information on present distri-

bution system planning and design techniques, a ques-
tionnaire was distributed to a large number of elec- Figure 14. Factors affecting number of feeders             I
cric power utility companies. Furthermore, a number
of these companies were visited and their distribution
planning engineers were interviewed by the authors to                                                                             i

identify and obcain descriptions of distribution sys-
tem planning methods in use.
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Today, many electric distribution system planners 4)  The maximum allowable peak load.
in the industry utilize computer programs, usually 5) Service reliability.
based on ad hoc techniques, such as load flow programs, 6)· Power losses.

radial or loop lead flow programs, short circuit and As illustrated in Figure 17, if the results of

fault current calculation programs, voltage drop calcu- the performance analysis indicate that the present sys-
lation programs, and total system im#edance calculation cem is noc adequate to meet future demand, then either

programs, as well as other tools such as load fore- the present system needs to be expanded by new, rela-

casting, voltage regulation, regulator setting, capac- cively minor, system additions or a new substation may
itor planning, reliability and optimal siting and. need to be built to meet the fucure demand. If the
sizing algorithms, etc.  However, in general, the over- decision is to expand the present systems with minor
all concept of using the output of each program as additions, then a new additional network configuration
input for the next program is not in use.  Of course, is designed and analyzed for adequacy.  If the new
the computers do perform calculations more expediti- configuration· is found to be inadequate, anocher is

ously than other methods and free che distribuEion tried, and so on until a satisfactory one is found.

engineer from detailed work. The engineer can then The cost of each configuration is calculated. If the

spend his time reviewing results of the calculations, cost is found to be too high, or adequate performance

rather than actually making them.  Nevertheless, there cannot be achieved, then the original expand/build

is no substitute for engineering judgement, based on decision is reevaluaced.  If che resulting decision is
adequate planning ac every stage of the development of to build a new substation, a new placement site must
power systems, regardless of how calculations are made. be selected.  Further, if the purchase price of the

In general, the use of these tools and their bearing selected site is too high, the expand/build decision

on the system design is based purely on the discretion may need further reevaluation.  This process terminates
of the planner and overall company operating policy. when a satisfactory configuration is attained which

Figure 17 shows a functional block diagram of      provides a solution to existing or future problems at

che distribution system planning process currently a reasonable cost.  Many of the steps in the above
followed by the most of the utilities.  .This process procedures can feasibly be done only with the aid of
is repeated for each year of a long-range (15-20 year) computer programs. A brief catalogue  of  some  of  the

planning period. In the development of this diagram, available tools is presented in Table I.
; no attempt was made to represent the planning proced- The program names, in Table I, are accompanied by

ure of any specific company but rather to provide an a general description of the actions performed. No one

outline  of a typical planning process.    As the· diagram utility is in possession of all of these programs and
shows, the planning procedure consists of two major  '    generally there has been no attempt co coordinate the
activities: ioad forecasting, discribution system input of ·one program with che output of another.  The

configuration design, substation expansion, and capabilities summarized in Table I are surely noc
substation site selection. indicative of che present state of technology with

respect to distribution planning tools.  There are no

Configuration Design doubt other tools available from research institutes,
universities and consultants. It does accurately

Configuration design starts at the customer level. reflect the tools which are presently available co and

The demand, type, load factor·and other customer load in use by the nation's utilities and the power industry.

characteristics dictate the type of distribution sys-
tem required. Once customer loads are determined,
secondary lines are defined which connect to distribu-

LOAOtion trans formers. The latter provide the· reduction SORECAST

from primary voltage co customer-level voltage.  The
distribution transformer loads are then combined to
determine the demands on the primary distribution sys-
:em.  The primary distribution system loads are then

6000

assigned co substacions chac step down from subcrans- . yEs SYSTEM               
RPORMANCE

mission voltage. The distribution·system.loads, in
turn,  determine the size· and location (siting). of the
subscations as well as the routing:and capacity of IEDBACX

the associated subtransmission lines. It is clear
that each step in this planning process provides input --          -

for the steps that follow.                                        E  --= - Perhaps what is noc clear is that 'in practice,
such a straight- foraard procedure may be .impossible co
follow.  A much more common procedure is the following.
Upon receiving the relevant load projection data, a
system performance analysis is done co determine                              /   OES,6.  

. 1  ..:=.. 1whether the presenc system is capable of handling the <      ./W SYST/.

  CONPIOURATION  
1

IT" 1
new load increase with respect ·co the company's crite- 1

ria. This analysis, constituting.the second stage of.
che process. requires the use of tools such as a disc-
ribution loaa flow program, a voltage profile and reg- TOTAL

ulation program. etc. The accepcability criteria, ACCEPTABLE
NO COST VES

representing the company's policies,'obligations co the                         '
consumers,. and additional constraints  can  include:

1) Servite continuity.

2)  ite,"Ct:  1:3:1:,p':S:Z:,3:':t:·                                     /secondary.
SOLUTlON

3)  The maximum allowable voltage''dip
occasioned by the starting o.f a motor
of specified starting current character-
istics at the most remote point on the Figure 17. A block diagram of a typical distribution

' secondary. system planning process



TASK B.5: THE IDENTIFICATION AND CATALOGING OF PLANNING OBJECTIVES,
CONCEPTS, AND CONSTRAINTS ACCEPTED IN PRACTICE

Introduction but also alter the loading of distribution equipment.

The load management may be used to reduce or balance
The objective of distribution system planning is to loads on marginal substations and circuits, thus even

assure  that the growing demand for electricity, in terms extending their lives. Therefore, in the future, the
of increasing growth rates and high load densities. can implementation of load management policies may drasti-
be satisfied in an opcimum way by additional distribu- cally affect the discribution of load, in time and in
tion systems, from the secondary conduccors through the location, on the distribution system, subtransmission
bulk power substations, which are both technically ade- system, and on the bulk power system. Since distribu-
quate and reasonably economical.  Table 24 presencs cion systems have been designed to interface with un-
some additional planning objectives. Distribution sys- controlled load patterns, the systems  of the future will
tem planners must determine che load magnitude and its necessarily be designed somewhac different to benefit
geographic location. Then the distribution substations from che altered conditions. However, che benefits of
must be placed and sized in such a way as co serve che load management cannot be fully realized unless the
load at maximum cost effectiveness by minimizing feeder systems planners have the tools required co adequately
losses and construction costs, while considering che plan incorporation into the evolving electric energy
conscraints of service reliability. system. The evolution of the system in response to

As  is well known, distribution system planners have changing requirements and underchanging constraints isused computers for many years to perform the tedious
a process involving considerable uncertainty.

calculations necessary for system analysis. However, Table 25 presents some of the distribution systemit has only been in the past few years chat technology planning constraints :hat are encountered in the prac-has provided the means for planners to truly take a tice. Further, it would be appropriate to examine what
"systems approach" to the total design and analysis. today's trends are likely to portend for the future of
It is reasonable to assume chat the development of such the planning process. The central purpose of doing this
an approach will occupy planners in the 1980's and will is to stimulate ideas about how to best meet the in-
significantly contribute to their meeting the chal- creasingly difficult challenges of the near future.
lenges previously discussed. In the future, more so
than in the past, electric utilities will need a fast Table 25. Distribution System Planning Constraints
and economical planning cool to evaluate the consequen-
ces of different proposed alternatives and their impact Economic and financial
on che rest of che system to provide the necessary Environmental
economical, reliable and safe electric energy to consu- Institutional (company policies)me rs. The planner, in the absence of accepted planning

Codes, standards, and ordinancestechniques, may restace the problem as an attempc to
Geographical and physical boundaries

minimize the cosc of subtransmission, substations,
Planning deadlinesfeeders, laterals. etc.. and the cost of losses.  In
Equipment and componenc scandardsthis process, however, he is usually restricted by per-
Service continuity

missable volcage values, voltage dips, ecc., as well as Service reliability
service concinuity and reliability. In pursuing these Present facilities
objectives, the planner ultimately has a significant Data availability
influence on additions to and/or modifications of che

Computacional (as a result of the lack of compre-subcransmission network. locations and sizes of substa-
hensive planning models)

tions, service areas of subscations, locations of
Maximum permisable peak-load voltage dropbreakers and switches, sizes of feeders and laterals, Maximum permisable voltage dipvoltage levels and voltage drops in the system, the Maximum permisable peak load

location of capacitors and voltage regulators, and Power losses
che loading of transformers and feeders. There are, of Feeder getaway. routing, and right-of-wayscourse, some factors that need :o be considered such as Voltage levels
cransformer impedances, insulation levels, availability
of spare transformers and mobile substacions, dispatch
of generation, and races'charged co customers. Economic Factors

Table 24. Distribution System Planning Objectives There are several economic factors which will have
Significant effeccs on distribution planning in the

Service continuity 1980's. The first of these is inflacion. Fueled by
energy shortages, energy source conversion cost, an-Service reliability
vironmental concerns and government deficits, inflationQuality of service

Meeting demand will continue to be a major factor.
The second important economic factor will be theCosc minimization

Aesthetics increasing expense of aquiring capital. As long as in-
flation continues to decrease the real value of the
dollar, attempts will be made by government to reduce

Impacts of Load Manaaement the money supply. This in turn will increase the com-
petition for attracting che capital necessary for ex-In the past, the power utility companies of this pansions in distribution syscems.nacion supplied electrical energy to meet all customer The third factor which must be considered, is in-

demands ac the time the demands are occurred. Recently, creasing difficulty in raising customer races.  This
however, because of the financial constraints (i.e., rate increase "inertia" also stems in part from infla-
high cost of labor, materials, and interest races), en- tion as well as from che results of customers beingvironmencal concerns, and the recent shortage (or high

made more sensitive co rate increases by consumerscost) of fudls, this basic philosophy has been re- activist groups.
examined and customer load managemenc investigaced as an
alternative co capacity expansion. Demographic Factors

Load managemenc's benefits are syscem-wide.  Alter-acion of the electrical energy use paccerns will affect Important demographic developmencs will affect
not only che demands on system generating equipment. distribution system planning in the near future.  The
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first of these is a trend which has been dominant over cime horizon. In addition to the accurate load growth

the last fifty years: che movement of che populacion estimates, components  must be phased  in  and  out  of  the

from the rural areas to the metropolitan areas. The system so as co minimize capital expenditure, meet
forces which initially drove chis migracion, economic performance goals and minimize losses.
in nature are still at work. The number of single These requirements need co be mec ac a time when

family farms has continuously declined during this demographic trends are veering away from what have been
century and chere are no visible trends which would their norms for many years in the past and when discri-
reverse this populacion flow into the larger urban bution systems are becoming more complex in design due
areas. As populacion leaves the councrysides, popula- to che appearance of more active componencs (e. g., fuel.
tion must also leave the smaller towns which depend on cells) instead of the conventional passive ones.

the countrysides for economic life.  This trend has
been a consideration of distribution planners for years Cost/Benefit Ratio for Innovation

and represents no new effect for which account must be
taken. In the ucility industry, the most powerful force

However, the migraciov from the suburbs to the shaping the future is that of economics.  Therefore,

urban and near urban areas is a new trend actribucable any new innovacions are likely to be adopced for

to the energy crisis. This trend is jusc beginning to their own sake. These innovations will be adopted

be visible and it will resulc in an increase in multi- only if they reduce the cost of some activity or prov-

family dwellings in areas which already have high pop- ide something of economic value which previously had
alation densities. been  unavailable for comparable costs. In predicting

thac certain practices or tools will replace currenc

Technological Factors ones, it is necessary that one judge cheir acceptance
on chis basis.

The final class of factors, which will be impor- The expected innovations which satisfy these
tant to the discribucion syscem planner, has arisen criteria are planning tools implemented on a digital

from technological advances. These advances have been computer which deal with discribucion systems in net-
: encouraged by che energy crisis. The first of these work terms. In TASKS A. 1 and A. 2, a list of currently

is che improvement in fuel cell technology. The output available such planning tools was given, and one might

lower of such devices has risen to the poinc where in be rempred to conclude that these tools would be ade-

the areas with high population density, large banks of quace for industry use chroughouc the 1980's. That

fuel cells could supply significant amount of the total this is noc likely co be che case may be seen by

power requirements. Other nonconventional energy considering the trends judged co be dominant during
' this period with those which held sway over the periodsources which might be a part of the cocal energy grid
'

could appear at the customer level. Among the possible in which che cools were developed.

candidates would be solar and wind-driven generacors.
New Planning ToolsThere is some pressure from consumer groups co force

utilities co accept any surplus energy from these
sources for use in the total distribution network. If Tools to be considered fall into two categories:

this trend becomes important, ic would change drasti- network design cools and network analysis tools. The

cally che entire nature of the distribution system as analysis cools may become more efficient but are noc
is it known today. expected co undergo any major changes although che

environmenc in which they are used will change signi-
FUTURE NATURE OF DISTRIBUTION PLANNING ficancly. This environment will be discussed in the

next section.
Predictions about che future methods for distri- The design tools, however. are expected co show

bucion planning must necessarily be extrapolacions of the greatest development since better planning could

present methods. Basic algorithms for network analysis have a significant impact on the utility industry.

have been known for years and are not likely co be The results of chis development will show the follow-

improved upon in the near future. However, che super- ing characteriscics:
structure which supports these algorithms and the
problem-solving environment used by·the system designer (1)  Network design will be opcimized with
is expected co change significantly to cake advantage respect to many criteria using programming
of new methods which technology has made possible. methods of operations research.
Before giving a decailed discussion of chese expected
changes, che changing role of distribution planning (2) Network design will be only one facet of
needs to be examined. distribution system management directed by

human engineers using a computer system
Increasing Importance of Good Planning designed for such management functions.

For che economic reasons listed above, distribu- (3) So-called network editors will be available
cion system will become more expensive to build. for designing trial networks; these designs

expand and modify. Thus ic is particularly important in digital form will be passed co extensive
chat each distribution system design be as cosc simulation programs which will determine if
effective as possible. This means that the system must the proposed network satisfies performance
be opcimal from many points of view over che time and load growth criteria.
period from first day of operation co the planning
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TASK B.6: THE SELECTION OF PLANNING AND ANALYSIS CONCEPTS AND METHODS WHICH FORM
THE CORE OF EFFICIENT DISTRIBUTION PLANNING METHODOLOGIES

Incroduction the·decisions, coupled with the cumbersom amount of
data, presents a formidable task even co the most

The assessment established in TASKS A.3, B.1. and B.3 skilled and experienced planner. Juricek, ec al. [4],
make it clear that a comprehensive mathematical planning developed a model which employs a load flcw analysis co
model was not available in the literacure. The assess- determine fucure syscem conditions based on load growth
menc indicated chac the major gaps in che literature had projections and present conditions. A sec of possible
co  do  with the decisions on voltage levels, accomodation syscem modificacions composed of combinations of sub-
of non-linear terms in che objective function, reconduc- scation expansion or construction and feeder constuc-
caring decisions, fixed charges on transhipmenc, loca- tion is proposed.- This set of modifications is genera-
cion of subscations  from a given sec of prospective sites. ced by a transportation analysis technique which models
and conductor size selection. The literacure contained the distribution necwork as a cransportation system.

explicit models which address cranshipment, incremental Masud [3] developed a model which included a zero-
substacion capacity, variants on site location, fixed one integer programming approach to optimize substacion
charges for substations,  and one which purports to track transformer. capacity, and a linear programming approach
individual transformers.  The major gap in the litera- to optimize load transfers.  The procedure involves

cure was the lack of full exploitation of mixed integer first minimizing substation transformer capacities for
formulacions of the distribution networks co analyze each year and then optimizing subscacion transformer
these decisions simultaneously. capacities for each year and then optimizing load

As a result of this analysis a full scale mixed- transfers. However, it does not minimize the present

integer model for both a single period and dynamic value of expansion coscs.  Recently, Shelton and

planning horizon has been formulated. Some small Mahmoud [61 treated the same task by an interesting

scale tests have been run on IBM 370/158 computer co approach, combining financial modeling with distribu-

assess the solvability. In TASK B.3 a complete assess- cion system expansion decisions, e.g., expanding sub-
ment of the solvability problem is presented. stations, opening new sites, expanding circuits, and

The decision on voltage levels are implicit in decisions on transformer interchanges.

these models. By use of the interactive approach. Each of these models makes approximations, in va-
chese models can be reformulated by computing the rying de rees of detail, in the primary

feeder network.

values of parameters at new voltage levels.  The vol- However, che greatest ievel of detail is reached by the

tage level which gives the minimum cost can be select- Adams and Laughton approach [2] which represents each

ed.  Most parameters are unchanged, but of course all feeder line segment in terms of capacity and linearized

power loss curves are affected. cost, and also considers multiple time periods. They
used the model co solve small problems (involving a

Historical Background single substatitn, 34
small feeder segments and 24 de-

"
mand locations) (91·Later, others, e.g., Masud  [31  and

Distribution systems planning requires a complex Juricek, et al. [4], developed models chac achieved

procedure because: (1) large numbers of variables are results which involved more realistically sized prob-

involved, (2) che mathematical representation of many lems having 10-15 substations. However, in each of

requirements and rescricting conditions specified by these later models, che feeder network was approximated
systems configuration is a very difficult task. Some in terms of load transfer capabilities between substa-
of the approaches used in performing this task in the tion service areas or primary feeder service areas.

past include: These approximations, therefore, reduced che capability

of such models co include feeder ne:woFk ,'ariable costs
1)  The alternative policy method, which compares directly into the optimization process[91·

a few alternative policies and selects the Juricek, et al. [4], and Crawford and Holt [5]
best of them. recognized the importance of including che load points

to represent non-uniform load distribution and feeder

2)  The decomposition approach in which a large cost directly in the optimization process. Crawford

problem is divided into several smaller sub- and Holt [51 have developed a linear programming ap-

problems, and each is solved separacely. proach which utilizes also a transportation algorithm

to optimize substation service areas by minimizing the
3)  The linear programming and the integer pro- product of demands and distances from substations.  The

gramming methods which linearize constraint model determines the required loading for each subsca-

conditions. tion one year at a time. Thus, the required subscation

transformer capacity is determined indirectly.  While

4)  The dynamic programming approach. this technique minimizes distribucion feeder losses, it

does not necessarily arrive at che optimal expansion

Each method has its own advantages and disadvan- plan, since it does not minimize the present value of

cages. In long term planning, in particular, a large costs associaced with expansion.
number of variables is involved and there can exisc a A dynamic programming approach to distribucion
number of feasible alternative plans which make the systems planning has been developed by Oldfield and
selection of the optimum alternative a very difficult Lang [7] and also by Adams and Laughton [8].  As a
task. The approach used by Lawrence, ec al.  [1], in compromise between the difficulties due to the large
their model of "Automated Distribution System Plan- number of variables, plus the complexity of the design
ning",   is  a good example  of   che  ad hoc models. They process, and the economics to be gained by a search for

included all facilities from the bulkpower transmis- optimality, Oldfield and Lang have suggested a two-
sion lines to The customer's meter. In recent years, stage planning mechod; the intention is co provide a

there have been a number of advances in the applica- method in which to processes of design and optimiza-

cion of mathematical programming co the distribucion cion are applied consecutively rather than simultane-

systems planning models [2-5].  Only recently the ously.  The model, used by Adams and Laughcon, deter-
scate-of-the-art in computer technology has reached mines load transfer schemes and substation installation
the point where the speed and storage capabilities are daces by minimizing the cost of substacion cransformer
sufficient to solve a problem of such magnitude as dis- losses. Their dynamic programming technique examines
tribution planning, where the interactive nature of all possible combinations of'expansion alternatives ex-
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plicitly for each stage of the study.  This approach ·rate.  · The total present load  for each circuit is found
does not necessarily derive the optimal expansion plan, by adding the loads connected to chat circuit- and divi-
since minimizing che costs for each year does not nec4 ding the total amount  of  the  load  by 'the rated voltage'.

essarily minimize the present value of all costs·
throughout the study period.   Wall,  et  al. [9], devised TABLE 26. A SAMPLE LISTING
a model chat contains all the details of.the Adams and                      '
Laughton model [8] for a single time period, except. for   Circuit 1 Grid 4 Total KVA Rating
the fixed charges on feeder segments.  Ahighly effi-
cient cransshipmenc code is used to solve,'the model· 172 041067               50
which incorporates several recent signigicant.'advances., '172 041069 175
thereby decreasing che time of solution of such prob- 173 042046 410
lems. They claimed chat their model utilizes linear 173 .042048 222

approximations of.non-linear cost funccions but the ex- 173 043036                65
plicic equations to achieve chat claim were not given.

Feeder Network Data
Distribution Design Techniques Used in Practice

. The. feeder network·  can · be represented by means  of
In a given distribution system the existing dis- grid coordinaces and che .auxiliary data base which. pro-

tribution of demand centers,   i. e., demand locations, vides descripcions of the possible and common line
defines fixed routes.along which feeders are located. types that can exis'c in.the network. The auxiliary
In order to represent the non-uniform load distribu- , data base also provides information of the demand
tion, a grid system has been devised for a.given dig- centers  thac ·are -connected by the same feeder,  the
tribution' area,  thereforei the centers ·of each' grid' length of each feeder segments connecting the demand
represent a demand center.  The existing subscations, centers, and the existing or possible line types thac
feeders, and feeder routes must be included in che de- can be used as part of the feeder segment in the oper-
sign. Further, any existing or possible .interconnect- ation or design process.
ing  routes,  i. e., tie lines, between existing  or  po-
cential substation sites must be specified. Thus, che Substation Data
planning engineer, based on the given information, his
past   experience,   and his engineering judgement, selecs Each existing or potential substation of the sys-
a radial network configuration by using the available tem is described by ics location, using.the grid coor-
subscation sites and feeder routes. Here, the substa- dinates, and by its total cransformer capacity.  In
tion may be expanded in some increments where each order to simulate and ·study the system behavior under
increment represents either an expansion of an existing concingencies, the rated capacity, i.e.,'its total
substacion capacity or the installation of a new sub- transformer capacity, of the substation can be reduced
station with an adequate capacity to meet the total to  represenc  the  emergency,  e. g.,  loss of feeder  seg-
system demand.  The necessary feeder and transformer ment, loss of number of feeders, the loss of substacion
sizes are chosen from standardized sets according to cransformers, :or inadequate substransmission supply,
thermal rating and voltage regulation restrictions. etc.

Data Preparation New Feasible Subscacion Sites

The foundation of the data base of che syscem for The substations with their associated feeders make
che computer application is the system description in up different substacion service areas. The optimal 10-
which each significant element of the .system is loca- cations of a single substation can be determined using
ted  via grid coordinates, using auxilary files and .che squared Euclidean distance measure for a given sec
code numbers as appropriate. Connections between ele- of service demands·by:

' ments are identified and che loads are also assigned

by grid coordinates.  Therefore, che system model is
derived by the standard approach of dividing the geo- NF

graphical distribution area into a system of grids.
i i i     j    '    DFj

The dimension of che grid can'be flexible and
Xsi -NF for  j €Siadj usted according  co  the need. For rural areas a

large grid dimension with a small scale can be used I DE,

since che loads will be sparsely distributed. For j-1 J

areas where che load density is high, on the other
hand, a small grid represents che loads more accurate-               NF
ly. A common used grid is a quarter section or 40- ).YF. · DF.

fil  1    1acre parcel.
YSi = NF for j €Si

In the system model, each distribution circuit
serves a certain number of grids or each grid may be                  I DF 
fed by several circuits, depending  upon the charac- j=1

ceristics of each service area. The present maximum
where:capacity for each circuit is recorded by tabulacing

the grids served by the circuit, and the total KVA

ratings of all cransformers in those grids which are ,
i = 1,2,...,NS

fed by chat circuit. Table 26 illustrates a sample j = 1,2,...,NF

listing, in which each grid number identifies the grid
XS, =X- coordinate of substation icoordinates of the grid.  Thus, the load ratings for                 1

each circuit are found by multiplying che total KVA
racing by a utilization factor thac can be derived YS,-Y- coordinate of substation i
from actual measurements of the present loading condi-.
tions, i.e., the actual load ·(in KVA) connected to the                   jXF,=X- coordinate of feed point, i. e.,

circuit divided by the rated KVA capacicy of each cir- first customer bus served by che feeder,
of feeder service area j.cuic divided by the rated KVA capacity of each cir-

cuit.  The future load is then obtained by increasing
each of the present loads at the forecasted growth YF  -Y- coordinate of feed point of feeder
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in route ij,
service area j.

NF = number o f feeders emanating  from the ing
DF. - cocal demands of feeder service area j
1                                                              tial size of a substacion,

S. - substacion i
NFB - number

of feeders per bay added to a sut,-
1

station,
NF = number of substations

NB = maximum number of bays chat can be add-
NS - number of feeders max ed to a given substacion,

NES = number of existing substations,
For  a rectilinear discance measure  XS.  is a point

such thac fifty percent or few load valueslare located NPS - number of potential substation sites,
on X coordinates which are greacer than or equal to

Xsi and fifty percent ar fewer load values are located NS - number of existing substations and po-
on X coordinates which are less chan or equal co

XSi.
tential substation sites thus,

A similar rule applies for the YS..
/

NS , NES + NPS

MATHEMATICAL MODEL m - total number of existing demand centers,

DF. = total demand of demand center j,
The distribution system expansion costs can be                  j

  categorized into cwo groups: (1) the substation ex-
:

SIC. = initial capacity of substacion i,pansion costs, and (2) che feeder ex·pansion Costs.                 1

Let the number of existing substacions be NEW and NPS
be che number of possible sites on which co build sub- ak = incremental capacity size k chat can be

stations. Therefore, an electric discribution system
added to a given substation,

can effectively be modeled as a mixed integer program-

ming problem wich che subscations as sources and the U  = rated capacity of a feeder connecting
' loads on che feeders as demands. Here, the objective origin i to destinacion j,

function is the minimization of the present worth of
che capital, i.e., fixed cost of the distribution sys-

G = cocal number of points required to

cem expansion and che present worth of the variable approximate a given nonlinear· curve.

costs associaced with the power losses, subject co
restrictions which relate subscation cransformer capa-

For Power Flow Variables

cities and feeder ratings co system load projections.
In order to sec up the model the following nota-                4X.. - quantity transported from substation i

tion is introduced: co demand center j,

Yij - quantity transported from substacion i
For Parameters co subscation j,

SFCi = present wor:h of fixed cost of con- Z,. = quantity transported from demand cencer

structing subscation i, 11   i to demand center j,

FFC.. = present worth of conscructing a feeder (RX).. = quantity transported from subscation i
4                                                                    4from subscation i to demand center j, to demand center j over a  reconduccored

feeder.

IFCij - present worth of conscructing a tie-
feeder from subscation i co substacion For Decision Variables
j,

5 1  - binary integer variable which denotes

DFC.. - presenc worth of fixed cost or- con- the decision to select or not co select
1]   structing a feeder from demand center site i.

i co. demand center j,

3 1  =  0, ifa substacion  does  not  exist  at  the

FRCij = present worth of reconductoring
feeder site i or will not be built,

from substacion i co demand center j,

51 =  1,  if a substation is  to be built  ac  the

FBCi = present worth of fixed cost of adding a site or already exists,

bay at substation i (if facility al-
ready exists, the fixed charge is zero), 5 ij  =  0, ifa feeder does  not exist between

substation i and demand center j,

Cik - present worth of fixed cost of adding
incremental capacity k to subscation i, Si  - 1, if a feeder does exist or·is to bebuilt between substacion i and demand

Ca , bs) = coordinates of points on the
envelope center j,

curve of the feeder variable cost

curves, Yij - 0, if a tie-feeder does noc exist be-
tween substacion i and substation j,

(a , , b.. ) - coordinates of a point s on the enve-
ils i]s lope curve of the substacion variable y.. = 1, if a tie-feeder does exist or is to

cosc for route ij,
1] be built between subscation i and sub-

----                              station j,

4 s' bijs) = coordinates of a point s on power loss
9.. = 0, if a feeder does noc exist betweencurve for .a specific conduccor placed                ij
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demand center i and demand center j, potential substation sites three and seven, then

9ij - 1, if a feeder does exist or is co be 63=67=1
built between demand center i and demand   and
center j, 61=62-64-65=66=68-0

(R 6 ij = 0, if reconductoring of tie-feeder be- and
tween substation i and substation j will

Cost = SFC1(0) + SFC2(0) + SFC 3(1) + ...
not be done,

+ SFC (1) +SFC (0)78
(R6 ij = 1, if reconductoring of tie-feeder be-

tween  substacion  j   will  be done, - SFC3 + SFC7

Wi - number of bays to be added to the sub- Thus, the cost of any combination of decisions can
station at site i, be represented by the general summacion. However, this

cost function is subject co some logical constraints
aik = 1, if incremental capacity k is to be dictated by the technology of the problem. Fo r   exam-

added to substation i, ple, no feeder emanating can be built from a subscation
if the substation does not exist. This can be assured

aik = 0,
otherwise. by a constraint of the form

For Linearization Variables                                         m

I 6    5 NF · 6 i for every substation i.
The following variables are used to approximate j=1 ij

a nonlinear curve with straight line segments.
This works in the following way. If substation i

c..  - representation variables for f(Xij)' does not
exist,  then ,S i-

0· Since j i    can be only1JS zero or one for each j. The equation

(ty)ijs - representation variables for f(Yij) '
m

(tz) = representation variables for f(Z..), T 6     .0ijs                          17            j 1 ij
(tR) ijs = representation variables for f [(RX) ij 1 ·

implies that each 6. . =0. Since zero represents the
ex) = decision variable to force selection of decision not co act; no feeder is co be built.  If

ij S ac mosc two e to be nonzero, 5. - 1, chen a substation exists or will be built and
ijS                           1

(BY) = decision variable to force selection of             m
ij S

I,5.. S NFat most two (ty) co be nonzero,
ijs

i= 1     11

(BZ) = decision variable to force selection of
ij S ac most two (tz) to be nonzero, Then   up   t o   the   number   o f   NF   o f   the   5..    can   b e   one,    and

ij S up  to  the  number of  NF  demands  can  bP served  from sub-
G R) = decision variable co force selection of station i.

ij S at most :wo (c R) to be nonzero. The cost of power losses in feeders varies with
ij S the conductor size and che power transported. For a

The opcimization problem includes choosing the given load there is a conduccor size which gives the
sites to locate substations; determining che optimum minimum total  'cost of power losses,   lost feeder capaci-
amount of incremental capacity co add co existing and/ cy due co power losses and investment. Figure 18 il-
or newly built subscation; determining the opcimum lustraces :he concept.
number of feeders emanacing from subscations; finding
the.optimum number of bays required to support che             A
number of feeders chosen; connecting the subscacions

through tie feeders;  selecting the connections be- C
tween demand cencers; selecting che connections be- ]

tween subscations and demands; che optimum conductor
size of each connecting feeder: and the feeder, be-                                           C2
tween substacions and demand cencers, which should be

r                                                                                                          Clreconduccored in such a way as to minimize the present
value of costs and meec che forecasted demands. Two
concepts are necessary co introduce which are not fully
defined in a mathematical programming format in the m
previous power system planning literature; (1). deci-

sion variables and (2) power loss envelope curves.
A decision variable is a variable whose values are

restricted to either zero or one. The one represents a
yes decision and the zero represents a no decision or
status quo. For example, suppose that the cost of con-
struccing a number of substations at certain sites. out
of eight potential subscation sites, needs to be repre-                                                          c

4              4              :9                 Xsenced, chen the proposed cost would be equal :o
POWER FLOW

Q

7 SFC · 6 Figure 18 . Envelope curve representing minimum
Gl i i cost of transporting power X

In the figure, each of the three curves representIf che decision is to build cwo subscations ac che
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section. Ki j    -   aijl    '    t i j l   +   aij 2    '    t i j 2

the summation of the cost of investment  n an installed   The approximation rests on the idea chat iffeeder, the cost of lost energy due to I R losses in

the ·feeder,  and the cost of dernd lost  (i.e.,  the cost a jl S XU S aij2
of lost capacity) due to the I R losses for a given
conductor size [10].  If the power transported is

Xl' then  tijl,   ti# 21;  the
surrogate variables  used to repre-

chen the least expensive conductor size is the conduc- sent f(·), cad e chosen such that the value of

tor one, given by C curve. Similarly, the cost of the

conductors two and hlree, given by curves (2 and C3' Xij    =   aij 1    '     tij 1   +   aij 2   '    t i j 2

are minimum if the transported power are X2 and X3'
respectively. It is· assumed that the conductor giving

where   t ij 1   and   t
have to satisfv t +t -1 and

ij 2 ij 1 ij 2
optimum cost will be selected in installing a new feed-
er. Therefore, the variable cost of conductor can be tij l' tij 2 2 0. Note the fact that if tij l + tij 2 > 1,

represented by the function. one cannot find the surrogate variables tijl' tij 2
such

that the value of

f(X) s min fi(X)i                                               Xij = aijl ' til l + aij 2 ' tij 2
where

fi(X) = installed feeder investment cost plus lost lies between a ijl  and  aij 2 '     Now  consider the points
energy cost due to power losses in feeder     (
plus lost capacity cost of feeder due to aij l' bij l) and (aij 2' bij 2) . If

the power losses in the feeder for a given
conductor size i. aijl S Xij 5 aij 2 and tijl + tij 2 -1

where
The function f(X) gives the envelope curve which is
represented by the heavy line in Figure 19. It is a t  >0
nonlinear and nonconvex curve. This envelope curve can eijl'  ij2 -

be approximated by straight line segments and represen- then
ted by a continuous and zero-one variables.  The method
by which this can be done is given in the following                                               is

For a feeder chat already exists, the cost of
: such that the point (Xij' bijl ' tijl + bij 2 ' cij2 

power losses is given by the single curve defined by
the given conductor  size. This curve  is a convex curve        lies  on  the line segment connecting  (aijl'  bijl)   and
and can be represented by scraighc line segments as

(a     b   )
shown in Figure 7. ij 2 '     ij 2   '

If a curve is approximaced by several points, X
ij

would lie between a specific pair of coordinates
aiis 1 and a  -.  Therefore, the tijs, corresponding to

' this-pair, mUE be greater chan or equal co zero and all
/                 other tijs must be forced co be zero.  For example,

91 „// consider the following equations where the 3 ijs  carry
out the aforementioned function.

bii...  ' ,5 ----------------------------Ir
; Kij = s laijs ' tijs9 i i,  /

§  Di,.............1/A-=,0-
5

,„, f I

1

;                                                  i                                                                                                                                                                IS

-1 (2)
.

ijss=1/1,........3/       1/5/. :    :
·' f2    1 : 6

; ;

T c.   - 1 (3)
i  1

9'       v                                                                                        
 ·,                                                                                sil   1] s

•.1.   4 41    p. • 9                     6
POWER FLOW

Cost - ) b ·
t (4)

s 1
ijs ijs

Figure 19.  Linear approximation of cost curve f(Xi·)
which represents the present worth of cJst (5)
of investment, lost energy in the feeder t i l l   S  B i j l

and cost of lost feeder capacity as a
function of power flow over route (i,j) Cij 2  5  3ij 1+ B i j 2

(6)

<9    +8                                    (7)Piecewise Linearization of Nonlinear Cost Functions ij 3  -   ij 2 ij 3

In Figure 19, a nonconvex and nonlinear curve has tij 4 5 ij 3 + S ij 4     '               (8)

been approximated by line segments between six chosen
(9)

points on the curve. The curve represents che present t i j 5   5  Bij 4 +  S ij 5
worth of installed feeder invescmenc :osc, lost energy
cost due to power losses in feeder, and lost capacity Cij 6 S ij 5

(10)

cost of feeder due to the power losses in the feeder where
for the optimim conductor size for a given load crans- tijs 2 0 and Sijs = either zero or one.
ported.

The following equations are given to demonstrate Here, ic is desired to find
the concept of how a piecewise linear approximation of
a nonlinear function is done, as shown in Figure 19. Cost 2 f(x ) (11)

ij
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In order to find the cost, using equation (4), set
m m; NS  m

8 i j 2  = 1 +I      I      T  (tz)..    ·  bijs  +I     I   (FRC) ij  '   (85) il
i=1 j-1 9;1 1]S

i=1 j=1
chen equation (2) would force that i,j € REC

(I) (J)
3 i j l  -  3 i j 3   -  6 i j 4   =  S i j 5   -   0

Thus, equacions (5-10) would allow only ti  7 and tij 3
+   I         I          1    (t R) i j s    '    b i j s
NS  m   S

to be non zero. Hence, equations (1) and t 3) can be
i-1 j=1 s=1reduced co

i,j E REC

xij   -   aij 2   '    t i j 2  +  aij 3   ' C i j 3 (K)

and             1   -   t i j 2   +   t i j 3 NS  m g NS

these last two equations can be solved for tij 2 and           +I  I  I Cijs ' bils + 1-ki . FBCi (17)

i=1 j=1 s-1 i=1
tij 3  and the approximate cost value  can be found  fram
equation·(4). i.j E E

Therefore, in summary
- (L) (M)

where
(12)aijg-1 5 Xij S aijg

E - {i,j|route i,j has a feeder in place}
chen

REC -  {i,j I route  i,j  has a potential cost saving by
X.. = t '

aijg-1  +'tijg  '   aij g
(13) reconductoring}

1 J             ijg-1

and NE = (i,j|route i.j has no feeder in place}

f(X..) 2 t (14) E U NE = {i,jiset of all routes i,j}1]     ijg-1 ' bijg-1 + tijg ' bijg

Thus, the double summation of f(X,,), which would be Any fixed cost term in the above objective function is
che present worth of cost of inveklment, lost energy zero if facility is already in place. The objective
in the feeder and cost of lost feeder capacity as a function is subject :o the following constraints:
function of power flow over route (i,j), can be repre-
senced by the following cerm, that is                           NS       m       m       NS

NS  m G I x   +I Z   -5-Z   +I (RX)   =D F   Y.     (18)
i   I   Tb..  · c.. (15) i-1 ij. i.1 ij  .i=l ji i.1

i j-    j    J

i-l j:1 s:1 1]S 1JS
itj jti i,j € REC

where
and the coral of che variable costs of substations can j=1,...,m
be represented by

NS m G                 6.- =1 - (RE).        Y  (19)
7 / Td ·c (16)            11              11                             ij

i-1 jZ1 5-1 ijs ij S
where

a:-1 must equal zero in order chat X.. equai zero can
beJEepresenced. 11                            i, j E REC

PASEMODEL
(RX) 5  (RS)..  - U Y, . € REC (20)

ij          11     11                 1,3The following is the compiece mathematical model
which, when solved, gives che optimum decision in each         m                  NS
of the aforementioned categories. the definition of                                                      Y       (21)
each term in the objective function and the definition   Xij SSICi ..si +jilyji                i

of each conscrainc are given following che model. itj

N_S    NS m g            NS  R
Cost  =  2  SFC.   ·  S i  +  I      I      It         · d -Ty +Ta 'a

i=1 i-1 1-1 9=1
1                   ij S ij S j=1 ij  k41 k    ik

itj
(A)                     (3)

where
NS m NS  m   g

+  I     I  FFC..  ·  5. .  +  I      f      T  t. ,    ·  b.
i-1 j-1   11    11  i=1 j-1 s=1 1]S 1J S i,1,...,NS

i,j E NE i,j E NE 'rij S Uij    6 ij                                     Vij       (22)

(C) (D) where

Nj NS      NS NS g
i-1,...,NS+2  1 TFCij ' yij +I  I  I (cy)ijs ' bils j-1,...,m

i-1 j-1 i=1 j=1 S=1

(E) (F)                          m

NS R m m j  dij  S N F   S i + NFB  '  Wi                       Vi        
(23)

+I   I Cik ' jik +I   I eij DFCij
i-1 k=1 i=1 j-1

(G)             itj (H) where
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i=1,...,NS
G

NS                                                       I (CR)    - 1
Ii. S NS (24) ijs

1=1
1 S=i

G-1

I  (B R) . .    -  1Yij s Uij ' 'Cij                    lij                                                      11(25) S=1 1]S 9.. (31)

where (cR) <  (B R)
ij 1  -          ij 1

i=1,...,NS
j-1,...,NS itj (cR) S   (fi R) +  (B R)

ij G ij -1 ij G

Yij   s  4(6 1  + d j)                                              dij (26) (tR) <  GR)
ij G

-
i j G-1

where
where

i=1,...,NS
1-1, ...,NS idj ij € REC

R G

T a   5 6                              9 (27) Xij    -   I   t i j s    '    aij s
kti ik -  i                          i                              s-1

where                                                             G
I  ijs = 1

i=1,...,NS S=1

Z.  <U   ·3                       4 (28) G-1
ij   -     ij           ij                                                  ij                                          I   (B x)i j s  -  1

where s=1

Y         (32)
i=1,...,m 'ijl -

ij 1
I   W X)                                                   ij

j=1,...,m
101                                                                                                                          tij 2 -

ijl ij 2
<  (8 X) +   (3 x)

Wl 5 6 1  '  NBoax                               Vi            (29) s (BX ijG-1 + ex)ijG
where

i-1,...,NS tijG  s  (B X)
ijG

9                                         where
.

Zij = 2 (tz)aijs
s,1 i=1,...,NS

1-1....,mG

I (tz)..  -1                                                          G
S=1 Y·· - I (cy) ·a

1]S

11 8.1 ij S ijs

Gilez)ijs -1                                    G
s.1                                                     I. (ty)ijs'aijs- 1

3=1

(tz)
S    (B z)                                                                V i h                      (3 0)ij 1 ij 1 G-1

(tz) .  63 z) +  (B z) I (By) ija -1                   v      (33)ij 2
-

ij 1 ij 2                                                                                                                                          ijS-1

(tz) .  (S z) +   (S z) (ty) S    (By)

ij g
-

ijg-1 ij g ij 1 ij 1

(ty) 5 (By) +   (B y)ij 2 ij 1 ij 2
(tz) S   (3 z)

ij G ijG-1

: where (ty)ijG 5 (SY ijG-1 + (BY)ijG
(ty) s  (8 y)

i-1,...,m ij G ij G-1

1-1,...m where

i-1,...,NS

G                                              j=1,...,NS

(RX)   I I (TR)..  · a..
itj

ij 1JS 1/SS=1 Xij 2 0;  tijs 2 0;  (ty)ijs 2 0;  (tz)ijs 2 0;
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(cR) >0;  Z   >0· V. >0; (RX)ij 2 9;ijs -     ij -  '  'ij approximation of power transported over route
(i,j).

8 X) = 0,1; (BY) O 0,1;  Gz)   - 0.1,;
ijs ijs ijs Term C:  gives the fixed charges of an installed feeder

(BR) i j s   =   O,1;      6 1   -   0,1;      6 ij    = O,1; on the route from substacion i co demand cen-
ter j.

3ij = 44;  aik = 04;  'cij - O,1;
Term D:  gives the cost of power losses when power

Ui - 1,2,3....NBmax quantity X.. is transported, represented by a
piecewise ilnear approximacion of che nonline-

The complete procedure is outlined in flow-chart
ar cost curve.

form in Figure 20.  The inequalities can be converted
to equalities by addition of slack variables, however,

Term E: gives the fixed charges of an installed tie-

the program used does this automatically.
feeder between substation.

Term F: gives the cost of power losses in tie-feeders

between subscations as a result of transship-

Inc,uc ment, represented by a piecewise linear ap-
proximation of the nonlinear cost curve.

'|'                          Term G: gives the cost of adding incremental capacity
at the various substations.

Formulate
Mixed-Intiger
Program                  -       Term H: gives the fixed charges for installed feeders

/l

between demand centers.

* -      'Term I: gives che cost of power losses in transship-
Solution bv ment between demand centers with piecewise
Mlieo-Integer

linear represencacion of the nonlinear cosc;'rogramming
Mernnd curve.

Term J:  gives the fixed charges of reconductoring a
feeder over.route (i,j).

Ootimal StooNO
Solution No Feasible

Modify ootained Solucion Term K: gives the cosc of power losses in feeders over
Formularion ' reconductored route   (i, j ), represenced  by  a

of Unear
Program YES piecewise linear approximacion of the non-

linear cost curves.
A              +

Check Line Term L: gives the cost of power losses over a route
Flows for

I n/I Network (i,j) with a feeder in place, represented by a
piecewise linear approximation of the nonlin-

L                                      ear cost curves.

Term MS  gives the ·fixed charges for adding bays to a
All

NO Constrains
substation.

Satisfied

The following are the explanations of the con-
straincs used in the model.

YES

Constraint (18): assures chat each demand is met.
Check Une
Flows for all

Outage Constraint (19): is a logic restriction assuring chac
Conditions decision variable for power flow is

zero if reconductoring occurs and
vice versa.

..·,  srNo                                            Constraint (20): assures chat chere is no power flow
Consrrains

Satisfied over reconductored route if reconduc-
., cor decision variable is zero.

-YES
Constraint (21): assures chat the total quantity

cransported from substations to des-
Il...

OU:Put tinations is less chan the substation

capacity plus power transfered from
other substations.

Figure 20. Flow diagram of mixed-integer program-
ming Constraint (22): stops the power flow if feeder deci-

sion variable is zero.
The following are the explanations of the terms in

che objective function. Constraint (23): limits the number of feeders built'to

the amounts specified by the number
Term A.: gives the fixed charges for constructing a of bays available.

substation on site i.
Constraint (24): limits the number of sites available.

Term B: gives the cost of power losses in substation

equipment, represented  by a piecewise linear Constraint  (25) : assures that the power flow between
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substations is zero if no feeder substation does noc exist chan the subscation decision
: exists between substacions. variable is

Constraint (26) :  scops a feeder from being built be- 6 i - 0.
tween substations unless both sub-

, stations exist (i.e., 5, = 1 and 6 Then
1             j

' R
= 1).

Constraint (27): assures that incremental capacity ; 3 .0
cannoc be added unless the subscacicn k=1 ik

exist  (i.a.,di= 1). that is

Constraint (28): assures chat there is no power flow
I between demand centers unless the aik = 0         Vk
  connecting feeder exists (i.e., 3

= 1). ij     and no incremental capacity is added. If, for example,

: Constraint (29): assures that no bay can be added un-
<i3 - 1

i

less the substation exists (i.e.,
6. - 1)- chen term (G) in the objective function becomes equal

 rCi ,b caus. all «ther „™s in the summation have ai Constraint (30): computes piecewise linearization var-
iables for f(Z..).

11 . ADolications of the Model
1 Conscrainc (31): computes. piecewise linearization var-

iables for f[(RX)..]. To test the solvabilicy of the model a problem was
11                       devised and solved. The problem had three different

Constraint (32): computes piecewise linearization cases chat each. included power transshipment, feeder
variables for f(Y..). routing and subscation sice selection using linear ap-

4                     proximation of nonlinear cost curves, and substation
In order Co demonstrate how che constraints are incremental capacicy. The data used in determining

formed consider the restriction (18). This constraint parameters of che model were provided by the Oklahoma
simply states the fact chat the sum of che power flows Gas and Electric Company. Each case had three subsca-

from all subscations, chae is tion sites and eight demand centers. Table 27 gives
che description of each individual case. The variable

NS feeder costs were based on the. rectilinear discances
1

>X between points. Using the "sunk cost
"

concept of en-
i=1 ij

gineering economy, fixed coscs of existing facilities
: were assumed to be zero. In estimating future fixed
; plus the power flow received from all other demand cert- and variable costs a carrying charge race of 21.88 per-

ters, chat is cent was used and also an inflation race of cen percent
was considered.

m

7 Z                                        Table 27. Case Descri,tionsi-1   ij No. of      No. oi
No of

itj
Case Initial· Conditions Integer Co cinuous  Constraints

Vari-ble; Variables

minus the power flow sent to other demand centers. no rxisci.25 :eeiars
113 .7 111

chac is or subscacions

One exiscin; subsca-
m 2  tion z:id zwo exiscing 113 107 ill

I z, feeders

i-1 31

jtl one exis ing subsca-
1

3   tion and chree exisc-. 113 1)7 111
ing feeders

plus the power flow cransmitted chrough all reconduc-
tored feeders, thac is

The cases were run on an IBM 370/158 computer us-
NS                                         inf the MPSX mathematical programming system. The so-
  (Rx) lution results are shown in Figures 21,23, and 24. The

i=1    ij summary of the compucer output data of case number one
i,j f REC is shown in Figure 22. The  cosc   of the computer  runs,

the CPU time, and che value of the optimum solucion for
must be greater than or equal co the demand of the de- each case are given in Table 28.
mand center j, i.e., DF..

Also, consider theJrestriction (19) which is a Table 28. Computational Resuks
"CUC off" conscrainc. That is, if

Cosc of OptimumCPU Time
(RX)   = 1 chen Sij  - O Case Computer Soiution

ij                                                                         (in Minuces)Run (in S) Value (in S)i

and by constraint (22) X. . becomes zero.  If                    1 284 41.3
i 1.675.000  1

17                                           2 121 17.67
1
1.471,-00  1

3 115 17.05
1 1.-18,750  1dij = 1

chen the same result  is obcained using 'restriction In case number one. the computer run time exceeded

(20). the allocated CPU time without achieving an optimum so-
Further, consider che restriction (27). If the lution. Therefore, case number one was restarted with
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a planner's solution and an optimal solution was tal capacity step sizes to two thirds of their original

achieved.  The optimal solution saved ninety-eight values. Figure 26 shows the results of changing the
thousand dollars in comparison to the planner's solu- number of feeders emanating from subscation two from
tion.  The optimal solution was found in twenty-nine four to two. Figure 27 shows che results of changing
minutes, however, twelve additional minutes  were re- the demand of demand center two from 2.4 MVA to 6 MVA.
quired co prove optimality.  Previous problems of this Note the difference in feeder connections of Figures 25
size reported in the literature were noc solved even and 26 in comparison with Figure 21. However, the
after a five hour CPU time despite the fact that a change in demand did noc force a change in feeder con-
faster computer was utilized.                              nections, as shown in Figure 27.  This study indicates                

Sensitivity analysis of case number one were per- the fact chat incorporating all the major distribution
formed. The results of three differenc sensitivity planning decisions into a comprehensive planning model                 
analyses for case number one are shown in Figures 25- is now computationly feasible and some major cost sav-
27. Figure 25 shows che results of changing incremen- ings can be achieved.
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Figure 27. Results of sensitivity anal,919  ill  for case· ul
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GENERAL DYNAMIC MODEL

The parameters of the dynamic model are different
than the ones used in the previous basel model since

' the envelope cost curves cannoc be used:    In the dynam-
ic model, as can be seen in Figure 28, power trans-
mitced over the same feeder route can be different.          6                  f-(T)

f    (T+I)Therefore, utilizacion of the same conductor may not                                         C
give che optimum cost. Thus, all the material costs
are included in a fixed cost. As a result of this, all fc+lfT)the cost curves fbr transmitting power are to be based      ,
on power losses only.                               8                                f ll'T· 1)U

Z
Z
-

r
0                              X ( >fl:;)

Figure 29

In order to set up the general dynamic, i.e.,
time-phased, model the following notacion is incro-

,        duced:

Nij (T)   Xii (Til) X(>W.)
For Parameters:

Figure 28
NB - number of existing substations and potential            I

substacions,The cost curves required to be calculated as a
function of conductor size and time. The cost curves                                                                .M - tocal number of existing demand centers,
look different with respect to time because the presenc
worth of costs varies with time. The last year of the T. = length of the planning horizon over which
planning horizon Th has a curve which includes the                n substations and feeders can be built,
present worth of   all costs from Th to L, che last
vear of the useful life. The cosc  of power losses T-a particular time period, 1 1 T S Th'
must be brought back to Th and chen to time zero.  The
assumption made here is that for a given power trans- SFC - present worth of fixed cosc of constructingmission of  X. . (T)

T = T ' Th+1 '..., L is constant        iT1]                                                          subscation i in year T,
Figure 29 presents the various power loss curves

as a function of conductor size and time. Here, of FFC - present worth of conscructing a feeder.from
ij TC

course, fc(Th) is an exception since ic includes subscation i to demand center j in year T
L - T +1 years in ics cost accumulation. Whereas, of conductor size C,
f (T)hfor the value of T.
C

1  i T i T h. - 1 TFCijcT = present worth of fixed cost constructing
only accumulates costs ror one year. In this model a tie-feeder from subscation i co substation
costs can be completely accounted for in the feeder j in year T of conductor size C,
fixed charge.

DFC - present worth of fixed cost of constructing
ijcT a feeder from demand center i to demand

center J in year T of conductor size C,

FBCiT = present worth of fixed cost of adding a bay
at substation i (if facility already·exiscs,
the fixed charge is zero) in year T,

FRCijcT = present worth of reconduccing feeder from
substation i to demand center j in year
T of conductor size c,

1                                                      „Bobbie L. Foote and Turan Gonen, Application of
Mixed-Integer Programming to Reduce Sub-Optimization in

. Distribution Systems Planning", che 1979 Modeling and
Simulation Conference, University of Pittsburgh,
Pittsburgh, PA, April 25-27, 19 79.
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CaUscT' bijscT)-coordinates of a point s on the power 9     - 1. if a tie-feeder with conductor size c
loss curve for a specific conductor ijcT   does exist or is co be built between sub-
placed in route ij of conductor size station i and substation j in year T,,
c in year T,

DFj  - total demand of demand center j in year T, 3ijcT = 0, if a feeder with conductor size c does
not exist between demand center i and

C = index number of maximum conductor size, demand center j in year T,

G = total number of points required to approxi- BijcT = 1,.if a feeder with conduccor size c does
mate a given nonlinear curve, exist or is to be built between demand

cencer i and demand center j in year T,

U jc - rated capacity of a feeder of conductor
size c and connecting origin i to desti- (Rd)  c  - 0, if reconducting, with'conductor size
nation j, c, or a tie-feeder between substation i

and substation j will not be done in

NF - number of feeders emanating from the initial year T,
size of a subscation,

(Rd)ijcT - 1, if reconductoring, with conductor size
NFB - number of feeders pdr bay added to a sub- c, of a tie-feeder between substation i

station, and substation j will be done in year T,

NBmax - maximum number of bays thac can be added aikT - 1, if incremental capacity to be added co
to a given substation, substation i in year T,

SIC. = initial capacity of subscation i, aikT - 0, otherwise.1

CikT - present worth of fixed cost of adding WiT = number of bays to be added to che sub-
incremencal capacity k to substation i station at site i in year T.
in year T.

For Linearizacion Variables
For Power Flow Variables

The following variables are used to approximate

r cr - quancity transported from substation i co a nonlinear curve with straight line segments.
demand center j with conductor size c in
year T, t ,  = representation variables for f(X..),

ilS                                         11

Yijcr = quantity transported from substation i co Cry)ijs = representacion variables for f(Yij '
subscation j with conductor size c in year
T,                                                 (tz)ijs - representation variables for f(Zij)'

Z     = quantity transported from demand center i ( cR) - representation variables for f[(RX). ],
ijcT . ijS                                         1]

to demand center j with conductor size c
in year T, (Bx) - decision variable co fdrce selection of

ijs at most two c co be nonzero,
ijs

(RX ijc- = quantity :ransported from substation i co
demand center j over a reconductored (SY).. = decision variable to force selection of

feeder .with new conductor size c in year at most two (cY).. to be nonzero,1JS
1] S

(SZ) = decision variable co force selection of
ij SFor Decision variables at most two (tZ). to be nonzero,

1 J S

SiT = binary integer variable which denoces che (BR). = decision variable to force selection of
decision to select or not co select size i ac most cwo (cR).. to be nonzero.1]s

1] S
in year T,

In che above definitions t>0 and

diT = 0, if a subscation does not exist at the sitei or will not be built in year :, (Bx) - t

diT - 1, if a subscation is to be built at the site
(By) o (cy)

or already exists in year T, (Bz) .I (tz)

(BR) „ (tR)
dijcT = 0' if a feeder with conductor size c does

not exist between subscacion i and demand (ty) -  Y
center j in year T, (CZ) =  Z

6ijeT = 1, if a feeder with conductor size c does (GR) - (RX)
not exist or is co be built between sub-
scacion i and demand center j in year T,

Tile optimization problem includes the timing of
3     = 0. if a tie-feeder wich conductor size c
ijcT  does not exisc between subscacion i and choosing che sites to locate subscations; determining

the optimum amounc of incremental capacity co add cc
subscation 3 in year T, existing and/or newly built substations;  de

termining

the optimum number of feeders emanacing 
from substa-

tions; finding che optimum number of bays required co

support the number of feeders chosen; connecting the

substations through tie-feeders;  selecting the connec-
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tions between demand centers;  selecting the connec- 8 NS m Th
tions between subscations and ·demands; the optimum +I I I I i,j € E
conductor  size  o f each connecting feeders;     and. the 8=1 i=1 jpl T-1
feeders ·between substations and demand centers which                                   (M)
should be reconductored in such a way as to minimize
the present value of costs and meet the forecasted

demands.                                                        tijscr· ' bijscT

where
DYNAMIC PLANNING MODEL

E = {i,j|route i,j has a conductor in place}
The following model is che complete mathematical

model which, when solved, gives the opcimum. decision REC  -  {i,j Iroute  i,j  'has  a  potential 'cost savingin each of the aforementioned categories. The by reconductoring}
definition of each. term in the objective function and  .
the definition of each constraint are.given following

NE   - (i,j| route   i,j    has no conduc tor    in   p lace }
the model.

T                                                   T.        - --Ei  . m
'NE = {i,j|set of all routes i,T}

Cost-  NT      T SFC       · 5      +  I     I       I       I·t            ·   d
i-1 T 1   iT   iT  T.1 8-1 i=1 1-1 ijsT  ' ijs.t Any fixed cost term in the above objective functionis zero ·if facility is already in place. The objec-

(A) .(B) tive  function  is  subject  to the following constraints:

T
NS  m   h                                               NS. C :m .C C   NS

  i l j<l Ti,   f PrOUTS '-J UTS i,j    € NE· i 1 .c:1 XijcT t i t·  Et Zi.jcT + cE  i t (RX)ijcTZOFjT
(C)

itj            itj           i,J : REC  Hj,T (34)             I

GNSm Th C where

+  III   I   I t        b                             j :- 1...., m
ijsTC    ijscTs=1 i-1 j=1 T=1 c-1

T = 1,2,... 'Th
(D)

T
h  NS  NS  C                                     :;     r        T

+I I I ITFC  · y
T-1 i.1 j.1 c.1  ijcT   'ilct        

        t       'ilcT 1 ·Jl SiT 'i.j,c,T (35)

(E) where

G  NS  NS  C  Th                                         c-1,. ...,C
i=1,. . ..NS

+  I   I   I   I   I (ty i:sTc 'b
sil i-1 j-1 c=1 T=1 ij S CT j=li. . .,m

T-1,.     .     .,·Th
(F)

N           R         T h                                                                                                                                                                                                               Th

+  L       I CikT a U (C)  . 6 (36)ikT KijcT i .E
ijcT ii,j,c,Ti=l k=1 T: 1 i=1

(G)
. where

T.
m m C n col.. . .,C+I I I I e · DFC T=1

'. . .,Thij CT ij CTj=i i=1 c-1 T=l 1-1,. . .,m
i=l,. . .,NS

Gmm Th  c                                                 Th

+III  I  I. (tz)ijsr #b                    Z    <E  U (c)·e vi,j'c.T (37)
ij SCT ijcT -

T-1 . ij CTs=1 i-1 j=1 T-1 c=t

(I)
where

NS Th c-1 '. . 'C

+ I  I wir · FBC i: i,".::;>i=l T-1 iT

(31 .j-1,. . .,m
itj

T
NS m C    h

+I F I T (Fac) CE i j cr i, j € REC
Y     <  S  U(c).7           1               (38)

T

i.1  j.1  c=1  T-1           ijcT                                                                                     ijcI  - T.
1 ij cT i,j,c,T

(K)

where
C  NS  m  Th. C

+ si, ii, il, r., j, ii,cr ijscT
i,j € REC i=i,. . .,NS

3-1,. . .,NS
C= L    .,C

(L) T=1,. . .,Th
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where
C   m               T         C   NS
E I i=1, . . ., NS

c.1 1-1 XijcT 1 SICi  1 6iT + cEL jIl YjicT
-

j-1, . . ., m

C NS R T C Th
I   E  YijcT +  E   EciktaikT       V          (39)c-1 j-1 k=1 T=1 i,T E  E 9 <1

ii'j
:47)

c-1 T=l ij CT  -

where where
i-1,2 . . .N S

i=1, . . ., m
T=1,2 . . .T h 1=1, . , ., m

itj
T

S aikT S  E  6         9                                     C   ThiT i,T (40)1 T-1

Yi,j
E E y <1 (48)

ij CT  -c=1 T=1
where

i=1,2 . . .N S where

T=1,2 . . .T h i=1, . . ., NS
j=1, . . ., NS

T                                                                 itj

E  6iT S t          V                      (41)i,TT-1                                                         C             T         T
E Y <4(E  6   +  2  6._) 9 (49)
c.1  ijcT -  T-1  iT  i=1 31 i,j,T

where

i=1,2 . . .N S where
T=1,2 . . .Th

i=1, . . ., NS

m   C   T               .T              T j=l, . . ., NS

I I 2  3     <N F· [  6_+NF·(ru  )                 itj
j-1 c=l :=1  ijcT -   T-1  ii     B T=l iT T-1 ., T

h

i                   (42)                         T                    T
i,T

I     W iT  i  (   I     6 iT)    ' Umax vi,T
:50)

T-1 T=l
: where

i-1,2 . . .N S where

T=1,2 . . .Th                                            i=1,2 . . .N S
T-1 1       T

'.... h
T

6     -1-  E  (R6)           y             (43)
ijcT i,j,c,T                                  GT=1     ijcr

Z     .  I  (tz),
ijcT ijcrsaijcst

S=1
where

i,j E REC G
Z (CZ). 5 1

T=l,
.- s=1 1]CTS

I.  +
n

where
C T 
S   E  (RO)       1              0           (44)

i-1,2...m
ijcT i

i,j 1-1,2 . . .mc=1 T-1
c-1,2 . . .C
T=1,2 . . .Twhere                                                                          h
itj

i,j € REC
T                                        G-1

(RX) < U(c) I (RS ijct      y                          S  (B z )sijcT 6 1
Yi,j,c,T

(51)
ij CT -

C=1 i,j,C,T (45) 5-1

where
(tz) <  (B z)

lijcT - lijcT
i,j s REC

T-1. . . ., Th (tz)gijcT - (g-1)ijcr gijcr
< (Bz) + (3 z)

T
C h (tz)GijcT i (B z) (G-1)ijcT
E   I  6     <1.            w           (46)

c= 1    T. 1       ij CT -

'i,j
where
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where

i=1,2 . . .N S i,j E E
j-1,2 . . .N S

I-1,2 . . .T h
c-1,2 . . .C X .a

ijcT - stl tsijcT ijscr

G

(RX) ijcT  =    S  (cR)sijcT '  asijscT
S=i C =1

s=1 SijcT

G

S      (eR) sijcT  - 1 g-1
S=1 I t - 1

s=L SijcT

G-1

E  (BR sijcT -'1         V (52) c (SX)          Vi        (56)
s=1 i,j,c,T tlijcT - lijcT ,j,c,T

(tR) <  (BR)                                                                     e (BX) + (Bx)
lijcT - lijcT gij cr - (g-1)ijcT

·

gijcT

(tR) < (8 R) + (B z)                                         t           (BX)
gijcT - (g-1)ijcT gij cT gijcT i (g-1)ijcT

where
(tR)GijcT f (BR)(G-1)ijcT

i,j E E,c i s known

and
where                                                                                                                           i

T - 1, . . ., Th

Also
i,j € REC
c-1,2 . . .C >0                               :NijcT  -  0;   Y i j c T  1  0;   Z i j c T  -
:=1,2 . . .T h

(RX)ijc: 1 0  (ty)sijcr 1 0;   (tz)sijcT 2 0
G

Y    ·=  E (tv)
i:c T

.

aijact
s=l  - s

ijcT >0tsijcT Z O; (tR)sijcT -

G                                                          (BX)sijcT = 0,1; (SY)sijcT - 0,1; (SZ)sijcT-0,1
f ( ty) sijcT  =   1

S-L
(BR)sijcT = 0,1; 6iT = 0,1; 6ijcT - 0,1

G-1

E, (SY sijcT= 1         4 (54) (RS)ijcT - 0,1; BijcT - 0,1; aikT = 0,1'i,j,C,TS=1

C Y lijcT S (  Y lijcT vijcT = 0,1; uiT - 1, . . .- Namax

The following are che explanations of the terms
(ty) (3 y)

. + (Q. y)gijcT i (g-1)ijcT    - gijcT in the objective function:

(ty) (S Y)
Term A:  gives the fixed charges for constructing a

GijcT - (G-1)ijcT substation on site i over the time horizon

Th.

Term B: gives the cost of power losses in substation
equipment, represented by a piecewise linear
approximation of power transported over route

i-1, . . ., NS (i,j) over the time horizon Th.
j=1, . . ., NS
C=1, . . ., C                              · Term C.: gives the fixed charges of an installed feeder
T=1, . . ., Th of size.C on che route from substacion i to
itj

demand center j over the time horizon Th.

r.         U (c)  . 6              ·,                  (55)ij CT L ijcT 'i,j,T Term D:  gives the cost of power losses when power

quantitv X ·is transgorted over conductor

C represen Jd by a piecewise linear approx-
imacion of the nonlinear cost curve over che

time horizon Th.
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Term E.  gives the fixed charges of an installed tie- exists between subscations.

feeder of size C between substations over

the time horizon Th Constraint (39): assures that the cocal quantity

transported from substacions co
Term F:  gives the cost of power losses in tie-feeders destinations is less than che sub-

between subscations as a result of transship- station capacity plus power trans-
menc over conductor C, represented by a ferred from other subscations for
piecewise linear approximation of che non- any given time during the cime
linear cost curve over the time horizon

Th. horizon Th'

Term G.  gives the cost of adding incremental capacity Constraint (40): assures chac incremental capacity
at che various subscations over the time cannot be added unless the substation
horizon

Th' exist (i.e., 6iT
=1) by time T.

Term H: gives the fixed charges for installed feeders Constrainc (40): assures that che number of feeders
of size C between demand centers over che be built, if at all, by time T.

time horizon Th*
Constraint (41): assures that the number of feeders

Term I:  gives the cost of power losses in transship- allowed at time T is less than or

ment between demand centers over conductor equal co the number of initial

C with piecewise linear representation of the
feeders plus the number of feeders

nonlinear cost curve over the time horizon per bay times the number of bays
added by the cime T.

Th.
Cobstraint (42): assures chat there is no power flow

Term J:  gives the fixed charges for adding bays to a over old feeder if a new recon-
substation over the time horizon

Th. ductored feeder has been placed in
time period T.

Term K:  gives the fixed charges of reconductoring a
feeder over route (i,j) over the time horizon Constraint (43): assures that only one conductor size

is used co reconduccor the feeder
Th.                                                                     and that the reconductoring occurs

only once.
Term L: gives the cost of power losses in feeders

over reconductored route (i,j), represented Constraint (44): assures chat power flow over recon-
by a piecewise linear approximation of the ductored feeder route occurs only
nonlinear cost curves during the time period if a reconductoring decision has been
T                                                                   made.
h.

Constraint (43): assures that only one conductor
Term M: gives the cost Of power losses of conductor

size can be chosen for a given feeder
C over a route (i,j) with a feeder in place, berween substation i and demand
represented by a piecewise linear approxi- center j during the time horizon Th
mation of the nonlinear cost curves during

the time horizon Th Constraint (46): assures that only one conductor size
The   following  are  the exp lanations   of   the  con- can be chosen for a given feeder

scraints used in the model: becween demand center i and demand
center j during the time horizon Th.

Constraint (34): assures that each demand is met Constraint (47): assures chat only one conductor
during the time horizon

Th.
size can be chosen for a given cie-
feeder be tween substation i and
substation j during the cime horizon

Constraint (35):  stops a feeder, connecting substacion i.

i to demand center j, from being                           n
built unless the substation has been
built by time T. Constraint (48): assures chat no feeder can be built

between subscations at time T unless
Constraint (36):  assures that no power flow over a both substations exist (i.e.,

feeder route connecting i to demand SiT"1 and 6j T=l) by time T.
center j can occur unless the feeder
has been built by time T. Constraint (49): assures thac the number of bays are

limited and that bays cannot be
Constraint (37): assures thac there is no power flow added at time T unless a substation

between demand centers unless the exists by che time T.
connecting feeder exist (i.e.,
3     - 1).ij CT Constraint (50): computes the piecewise linearization

variables of the power flow between
Constraint (38): assures that the power flow between demand centers for i(Zi·) i.e., the

subscations is zero if no feeder term (I) in the objecti*e function.
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Constraiht (51): assures chat the number of bays are Assuming that the utility company': policy dic-
limited and thac bays cannot be taces to achieve a power faccor of 0.9, as is the
added ac time T unless a subscation usual case, the following restriction can be written
exists by the time T. as

P.. > 0.9S
Constrainc (52): computes the piecewise linearization lJ -     ij Vi,j (58)

variables of the power flow between Since the total real power transmitted from all
demand centers for f(Z .) i.e., the
term (I) in the object Je function.

of the subscations must satisfy che real power demand
of the demand centers

Constraint (53) computes che piecewise linear approx- n
imation of che power loss cost func-

E P   > DP.               y             (59)tion of the power cransmicted over
i. 1 ij _  J

reconductored feeder routes in con-
junction with the term (L) in the where
objective function.

n = NES + NPS,

Constraint (54): computes the piecewise linear approx- DP. - total real power demand of demand center
imation of the power loss cost func-                   j.J

tion of the power transmitted over Since the reactive power demand of the load cen-,
feeder routes between substation i ters is met by transmitting reactive power from the

and demand center j at cime T over substations and by installing capacitor banks, the fol-
conductor size C in conjunction with lowing restriction can be written as
the term (D) in the objective func-
tion.                                                     n

Qj + .I,Qij 1 DQj            Y j            (60)
Constraint (55): computes the piecewise linear approx- Fi

imation of the· power loss cost func-
where

cion of the power transmitted over
Q  = magnitude of the reactive power suppliedtie-feeder routes becween subscation by the capacitor bank located ac demand

i and substaticn j at time T over
center j,

conductor size C in conjunction with
the term (F) in the objective func- DQj - total reactive power demand of the de-
tion. mand centar j.

The power transmitted from a substation must be
Constraint (56): Stops the power flow if feeder deci- less or equal to the capacicy of the substation plus

Sion variable is zero. any additions co the capacity. Therefore

Constraint (57): computes the piecewise linear approx-               m
imation of the power loss cost func- I S   < CAPi .3 i+E A    a
tion of che power loss curves for 1-1 ij

_ -k '  ik    ri    (61)

conductors in place with a given where
conductor size in conjunction with
term (M) in the objective function. CAP. - initial capacity of che subscation,

1

OPTIMIZATION MODEL FOR DISTRIBUTION PLANNING USING 6i = 0, if a substation does not exist ac
REAL AND REACTIVE POWER FLOWS the site i or will not be built,

5i = 1, if a substation is co be built acLet the number of existing substations be NES
the site or already exists,and the number of possible sites on which co build

substations be NPS, as were previously. Assume that ak = k'th incremental capacity size available
the planner has co make a number of decisions. For to increase the capacity of a given
example, building a new substation, or substations, subscation,
capacity additions to existing substations, addition
of feeders from subscations to demand centers, install- Gik - a zero-one decision variable.

ation of new capacitor banks, and determining optimum Since only one capacity addition is allowed co be
conductor sizes. made at any given time

Assume chac real and reactive power requirements
of each demand cencer are known. Then the model can                 k
be developed in such a manner to include the afore- I aik 1 1                 li             62)
mentioned propercies at the minimum cost. Therefore, k=l

let Sii, Pil and Q4. be the cotal appearant power, Assuming chac the permissable voltage drop is
real  4oweri and rdictive power transmitted from sub- limited to 5 percent of base voltage (or to 0.05 pu V)
station i co demand center j, respectively. Thus, the
following equacion relates the three variables as

. / S  tz  i
V  ij' ij'   1 0.05 pu V (63)

s2  - p2  + 02                                                 73
Y               (57)ij     ij    ij i.j

or

   Sij 1 Zij '     1 1  0.05 V (64)
3
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or                                                     where
-4  2

S  IZ  | < 25 x 10 VB .(65) NF - number of feeders that can emanace from a
ij  U  - bay, at a subscation,

where 6. - 0, if a subscation does not exist at the1
S.. - apparent power, in kVA, site i or will not be built,
1J

6. - 1, if a subscation is co be built at the
1

|Z..| - magnitude of the Thevenin equivalent site or already exists,
1J

impedance, in ohms, 0  - the number of bays allowed per bay,
i

VB - base voltage, in kV.

ei - 1,2,3 - emax
where

IZ  1 -   82  + X2
The following restriction keeps a bay from being

'

ij ij ij added unless a substacion exists or is co be built,

Rij - resistance of the Thevenin equivalent
Gi f di (emax)             *1              (69)impedance, in ohms,                                                                 i

Ni  - reactance of the Thevenin equivalent Since additional capacity cannot be added unless
impedance, in ohms, bays are added, thus

In a system of overhead lines the reactive com-

ponent of the Thevenin equivalent is much larger
chan lik S ei                 V.            (70)

its resistive component, contrary co a system of under- In general, che costs involved are
ground cables.  However, by installing fixed and
variable capacicor banks at the subscation and/or load

SFCi - present worth of fixed costs of substation
centers co comply with che restriction (58), the (including land, right-o f-ways, and some
mangnitude of the reactive component of the Thevenin construction costs),
equivalent impedance may be negligible, with a small
error involvement. Therefore, SVCi - present worth of variable costs of substation

i,

  Z ij |   -  Ri j BACi =
presenc worth of fixed costs of adding a bay
at subscation i,

Hence
FFC.. - present worth of fixed costs of a feeder

Sij   Rij 1 25 x 10-4 Vi 1j
connecting origin i to destination j,

Or                                                             Cik = present worth of cost of the k'th capacity
S   <  1  25 x 10-4 V2 increment co the i'th subscation (wichouc
ij - R..                 3

11                                                    including the cost of bay),

I

where CAP. = cost of adding capacitor bank at j.
JR.. - resistive component of the Thevenin equiv-

4                                                          Assuming the cost of power losses has a nonlinearalent, in ohms per mile, function, the total cost or objective function which
S,. = apparent power transported from origin i co needs to be minimized is

1 4 demand cencer j in kVA,
n zmax n m

VB = base voltage, in kV. Z =  I SFC. . 6. + E  BAC. . 9. + S S  FFC,,
1    1

i=1
11

Of course, as a result oi che inscallment of che i=1 i=l   j=1           13

capacitor banks, the copper losses or 121 losses of
che system decreases considerably. n k

Also,
.

6ij  i= 1 k-lcik ' aik

5,/ i 5,4  . M (66) (71)
4              4                                                                                                                                              n                                           n         m                                              n

+ I SvC. . S.. + E S  FVC..   .  S, .  +· E  CAP .   .  Qwhere
i=1   1    11  i.1 j.1   11    1]  j.1   J    j

Si  - apparent power .transported from origin i
to destination j, in kVA. where

6.  = 0, if a feeder does not exist between Qj   t o;    S i:j   Z  O:    P ij   2-0;    Qij   .1  0
1]

origin i and destination j,
and

5.. = 1. if a feeder does exist or is 00 be
1]   built between origin i and destination j, Oi= 0,1;  Sij = O,1

M = A very large number.
'ik = 0,1

Since feeders cannot be built unless a substation
exits, 21 = 1,2""Smax

m

Z i.. < NF(6. + 0.)           li         (68)
1.1 11

- 1      1
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The model developed is a non-linear mixed-integer
Thus, the following term needs to be added to the

programming model.  There may be several refinemencs. objective function,
For example, a fixed charge can be used for the in-

stallment of capacitor banks by defining (FQ)  -
0,1 E(FQ)j . CFC (73)

and requiring
where

Q.

(FQ)3 2 1max
(72) CFC - fixed charge for capacitor bank installation.

THE CONCEPTUAL DISTRIBUTION SYSTEM PLANNING MODEL

Introduction bution systems are becoming more complex in design due
to the appearance of more active components (e.g., fuel

In general, the ultimace criteria for a good dis- cells) instead of the conventional passive ones.
cribution syscem planning decision are: (1) the one
which provides the best result from a set of alterna- Cost/Benefit Ratio for Innovation
tives, and (2) the one which is reached most quickly
and economically.  Therefore, the planning engineer In the utility industry, the most powerful force
has to use some computerized analytical techniques to shaping the future is that of economics.  Therefore,
evaluate the technical and economic merits of alterna- any new innovations are not likely to be adopted for
tive plans. There is a need for large scale analysis their own sake. These innovations will be adopted
as well as information retrieval and display. in choos- - only if they reduce the cost of some activity or pro-
ing the besc alcernative required an interactive prob- vide something of economic value which previously had
lem solving environment based on a data base manage- been unavailable for comparable costs. In prediccing
ment system and a library of application programs, that certain practices or tools will replace current
wich an analytical capability that is far beyond the ones,   it is necessary  that one judge their acceptance
conventional algorithms. The syscems approach would on this basis.
enable the planning engineer to simulate the distribu- The expected innovations which satisfy these cri-
cion system in order co develop and evaluate, using ceria are planning tools implemented on a digital com-
cosc sensitive evaluation models, plans for a given puter which deal with distribution systems in network
year or to treat the planning activity as a continuous terms. In  TASK  A. 1  and ·TASK  A. 2,  a  list of currently
process. Currently, only a few electric utility com- available such planning tools are given, and one might
panies organize their planning activities in a way si- be tempted to conclude chat these tools would be ade-
milar co this conceptual system. Most of them still quate for industry use chroughout the 1980's. That
treat the planning process not on a integrated system this is not likely to be the case may be seen by consi-
basis, buc racher, on the basis of a partitioning of dering che trends judged to be dominant during chis
the total system into subproblems which, in curn, re-

period with chose which held sway 3ver the period in
sults a nonoptimal system planning. which the tools in were developed.

Future Nature of Distribution Planning New Planning Tools

"Predictions about the future methods for discri- Tools to be considered fall into two categories:
bution planning must necessarily be extrapolations of network design tools and network analysis tools. The
present mechods. Basic algorithms for network analysis analysis tools may become more efficient but are not
have been known for years and are noc likely to be expected to undergo any major changes although the
improved upon in che near future. However, the super- environment in which they are used will change signi-
structure which supports these algorithms and the ficantly. This environment is discussed in the next
problem-solving environment used by the system designer section.
is expected to change significantly co cake advantage The design cools, however, are expected to showof new methods which technology has ·made possible. the greatest development since better planning could
Before giving a detailed discussion of these expected have a significant impact on the utility industry.
changes, the changing role of distribution planning The results of this development will show the follow-needs co be examined".2 ing characteristics:

Increasing Imoortance of Good Planning (1) Network design will be optimized with respect
to many criteria using programming methods of

Because of the economic reasons, distribution sys- operations research.
tem will become more expensive co build, expand and

modify. Thus it is particularly important chat each (2) Network design will be only one facet of dis-
distribution system design be as cost effective as pos- tribution system management directed by human
sible.  This means that the system must be optimal from engineers using a computer system designed for
many points of view over the time period from first day such management functions.
of operation co the planning time horizon. In addition
co the accurate load growth estimates, components must (3)  So-called network editors4 will be available
be phased in and out of che system so as co minimize for designing crial networks ; these designs
capital expenditure, meet performance Coals and mini- in digital form will be passed to extensive
mize losses.

These requirements need co be met at a time when 3Turan Gonen  and  John  C. Thompson, "Discribucion
demographic trends are veering away from what have been

System Planning: Pasc, Present. and The Future-Part I:
their norms for many years in the past and when distri- Pasc and Present",  IEEE *EXICON-79 Conference, Mexico

City,4*exico, Sept. 10-12, 1979.
2/ohn C. Thompson and Turan Gonen, "Distribution John C. Thompson and Turin Gonen, "An Interactive

System Planning:  Past, Present, and che Future-Part Distribution System Planning Model",  the' :979· Modeling
II: The  Future" , IEEE >EXICON- 79 Conference, Mexico and Simulation Conference. University of Pittsburgh, PA,

City, Mexico, Sepc. 10-12, 1979. April 25-27, 1979.
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simulation programs which will determine if even does such a collection when che output of one
the proposed network satisfies performance can be used as the input of another. The systems
and load growth criteria. approach to the design of a useful tool for the

designer begins by examining the cypes of information
The Central Role of the Computer in Distribution required and its sources. The view taken is thac this
Planning information generates decisions and additional infor-

mation which pass from one stage of the design process

As is well known, distribution system planners to another.  At certain points, it is noted than the
have used computers for many years co perform the human engineer must evaluate the information generated
tedious calculations necessary for system analysis. and add his inputs. Finally, the results must be
However, it has only been in the past few years that displayed for use and stored for later reference.
technology has provided the means for planners to Wich chis conception of the planning process. che
truly take a "systems approach" Co the total design systems approach seeks to automate as much of the pro-
and analysis. It is the central theses of this section cess as possible, insuring in the process that the
that che development of such an approach will occupy various transformations or information are made as
planners in the 1980's and will significantly contri- efficiently as possible.  One representation of this

bute to their meecing the challenges  previously dis- information flow is shown in Figure 30. Here, che
cussed.                                ·                    outer circle represents the interface between the

engineer and the system. Analysis programs forming
THE SYSTEMS APPROACH part of the system are supported by a database

management system which stores, recrieves, and modi-
A collection of computer programs to solve the fies various data on distribucion systems.

analysis problems of a designer does not necessarily
constitute an efficient problem solving system nor The Database Concept
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relations, including the network representation itself.As suggested in Figure 30, the database plays a
central role in the operacion of such a system. It is
in this area that technology has made some significant Planning Programs
strides in the past five years so that not only is it

possible co store vast quancities of data economically, The third important ingredient of the model con-

but it is also possible co retrieve desired daca with sists of the planning programs in TASK A. 1 and TASK A.2.

access times on the order of seconds. The database The system has been designed to incorporate the func-

management system provides the interface between the Cions of all che programs presented in Table 1 plus

process which requires access to the data and the data additional programs which extend the system's capabili-

itself. The particular organization which is likely to ties beyond those in use by the nation's utilities.

emerge as the dominant one in the near future is based Some of the required programs are:

on the idea of a relation. A more detailed discussion
of such a scheme is presented in TASK B.10 and Appendix 1.  Load forecasting program,
F.                                                               2.  Primary network expansion program,

3. Substation expansion program.
Networks 4.  New substation siting program,

5.  Economic secondary distribution program,

The second key element of the conceptual model is 6.  Transformer load management program,

the generalized notion of a network. For purposes of 7.  Distribution load flow program,

logical economy, it is required chat all important 8.  Primary voltage selection program,

quantities be associated with components of the distri- 9.  Voltage profile and regulation program,
bution network. At first thought, it may appear that 10. Voltage flicker program.
this is not desirable since conventionally, much of the 11. Capacicor allocation program,

system description has been associated with a coordi- 12. Power loss program.

nate grid system. In the model, however, a component 13. Protective device coordination program

of the distribution syscem is represented as a vertex 14. System reliability program
in a directed graph. Connections between system compo- 15. Total economic cost program,

nents are represenced as arcs in the graph. 16. Network editor.

Consider, for example, the total  load  in  some  area
of the service grid. It may .consist of resistive, in- The load forecasting program is a set of programs
ductive and capacitive elements, which are distributed to predict demands by various customer classes from

over the area. 'This load may be modeled as a vertex available data. The primary network expansion program,

which has parameters such as coordinate position, area, the substation expansion program, and the new substa-
and load coefficients associated with it.   This idea is, tion sicing program are the subset programs of che
illustrated in Figure 31. Figure 31(a) represents the aforementioned distribution system planning models uti-
load for a given area modelled by a graph vertex and lizing mixed-integer programming. The economic second-
Figure 31(b) shows that vertex and other similar ver- ary distribution program of the di:tribution transfor-
cices combined to form a subnetwork. Other network mer and secondary combination subsystem checks all de-
components,  such as substations, transformers, distri- signs against user-furnished criteria which may include:
bucion lines, etc. are modelled in a similar way. (1)allowable voltage drops and voltage flicker, (2)al-

The relational data base scheme is flexible enough lovable maximum transformer overloading, (3)power los-
that a network can be scored conveniently as a collec- ses in the distribution transformer and secondary sys-
cion of relations.  Thus, the entire model of a distri-   tem, (4)phase-load balance for the primary system. (5)

bution syscem is represented as a network and all daca investment cost of the secondary system, and (6)other

pertaining to the model is stored in a collection of engineering and economic considerations.
The transformer load managemenc (TLM) program pro-

vides a computerized daca base for distribution trans-
3 former loading patterns from which area load growth pro-

jections can be developed.  The distribution load flow

1-32 1

program calculates the real and reactive power flows

1,                                               and flows and bus voltage levels in a given distribu-

M
-4 --

1

tion network. The program can be improved to perform
fault and phase-balance studies as well as the computa-
tion of current flows, voltage profiles,and power fac-
tors. Further. the program can be designed to provide

The primary voltage selection program performs an
ratings for sectionalizer or recloser and regulators.

X,       X                  .economic study by generating rapidly the various cost

(a) elements of alternative system designs suggested by che
planner and based on load densities, voltage control
requirements, power losses in conductors and transfor-

' '                                     mers, the effects ·in overall system reliability, pro-1 1:
P,Qt,St , j        I       tection schemes, and possibly a number of external and

internal factors to choose the most economic distribu-

l_5,&  L.59.,s, 1 tion voltage levels.
The voltage profile and regulation program calcu-

1

-g»
1

lates the voltage profiles along primary feeders to de-

 

termine voltage drop deviations and the requirements
for voltage regulation. The voltage flicker program

: computes the voltage fluctuations and temporary voltage
dips below the minimum allowable voltage level due toP-0-S.'

6 customer utilization apparatus, e.g., motor starting,
P.Q.S. welding, electric furnaces, etc.

The capacitor allocation program calculates the op-
(b) cimum size of. capacicor banks and their locations along

Figure 31.  Network representation: (a) "Lumped" nec- a primary feeder circuit. The power loss programs  com-
putes che power losses of alternative system designs.work components, (b) a sample network
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The protective device coordination program computes the The Network Editor
optimum racings of fuses, the ratings and settings of
reclosers and sectionalizers, and the pickup current Among the processes subordinate to the shell is
and time delay settings of overcurrent relays. the network editor. In planning power distribution

The system reliabilty program computes the system systems, it is necessary to have a model of the discri-
reliability indices of alternative system designs based bution network.  For the purposes of chis discussion,
on geographical location, weather conditions, customer such a model consists of a graph, whose vertices are
mix, primary voltage level, overall system configura- network components such as transformers, loads, ecc.,
cion, and a number of ocher factors. The total econo- and edges which represent connections among che compo-
mic cost program calculates the cost of alternative nents.

system designs. An engineer involved in planning will need co have
the capability of constructing network models and will

System Organization also need to modify such models. Additionally, the
investigator may wish to construct several related mo-

A schematic diagram of che system is shown in Fig- dels to explore alternatives in power syscem design.
ure 30. The major functional componencs are the shell The network editor serves to facilitate and support the

program, i.e. and executor or overload program; the construction and modification of pcwer system necwork
planning programs which run under its control; a net- models.
work editor which allows the distribution system plan- The features of the network editor is discussed in
ner to construct and modify networks; and finally, the terms of network objects, control mechanisms and com-
data base management system which both supports the mand functions.  A primitive network object is com-
network editor functions affecting the data base as prised  of  a  name, an object class description  and  a  con-

well as supplying additional capabilities for data or- nection list. The name, uniquely identifies the object
ganizacion, retrieval and input-output. class description contains a list of parameters which

specify the object class and a list of input and ouc-
The Shell put ports. The connection list defines the components

to which the object of interest is connected.
One of the design goals of the implemented system Several control mechanism features provide the

was to make its operation as independent as possible of planner with natural tools for correct construction and
the host hardware/software. In order to achieve this modification. The firsc of these is that of state var-
portability, given the present technology, it was nec- tables.  These are used to identify a particular set-
essar·y to simulate many of the functions of a compu- ting of a control. State variables are included in the
ter's operating system with the distribution system object class description of an object and may have
planning model (DSPM) itself. These functions are 10- either numerical or boolean values. In the case of a
cated in the shell program which provides an interac- variable capacitor, the capacitance would be considered
tive interface between :1•e distribution system planner a numerical scate variable. In the case of a switch,
and the functions and programs of the DSPM. Some of the setting (off, on) is a boolean state variable.  The
che important functions of the shell are summarized in valVes of state variables may be changed under the en-
Table 29. gineer's control without modifying the network by re-

placing one component by another.  This is not the case
Table 29. Shell Commands for object class parameters which are noc state varia-

bles.  A numerical state variable may be assigned any

arithmetic expression whose operands are numerical stateCOMMAND FUNCTION variables or boolean constants.
A second important control mechanism feature is

INVOKE Connect the shell to a particular that of the design switch. A design switch may be in-
data base which supplies all data serted into any necwork object.  The resulting object
required by programs running un- is then controlled, made co "appear"- and "disappear"
der control of shell. by a boolean state variable corresponding to the design

Switch. If a design switch is included in an object
EXECUTE Begin the execution of a program class description, then all objects which are inscan-

under control of the shell.
tiacions of che object class change state whenever the
corresponding boolean stace variable is changed. Sev-

PIPELINE Execute a series of programs; eral design switches may be controlled by a singlethe output of a previous program state variable; accordingly, several alternative net-
becomes the input of a succeeding work configurations may be obtainable by altering one
program. or two state variables.

In order to correctly and automatically connect
EXECUTE CONTROL FILE  A file containing shell commands several input ports of one device co several "corres-

is execuced. ponding" output ports of a second device connection

CREATE Create a file for use by programs
descriptors are used.  These may be thought of as
polarized connectors which permit connections to be

under the shell's control.
made only one way. During object definition, each port

OPEN Prepare a file for reading or
gets a "pin number", and this number determines the
corresponding port on all other devices.

writing. In order to manipulate connections, the network

CLOSE Terminate processing for a file. network objects. A cursor is a poincer which specifies

editor provides a facility for assigning cursors to

a particular network object. Some cursors point to ob-UNLINK Remove a file from the system. jects within the network of interest while others point

SAVE Permanently retain a file.
to "parts" i.e., objects which are not currently con-
nected to the network.  These parts may be primitive or

LIST FILES List all files assigned to a par-
composite objects.

Composite objeccs are objects formed from network
ticular user name. objects by including them.in a subnetwork. Such com-

posice objects have object class·descriptions which con-
gists of the union of object class descriptions of
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their components and conneccion lists representing the major system components have been introduced. Their
unspecified portions of the connection lists of their use in actual planning procedures is illuscraced in che
componencs. A composite  obj ecc  is  co a network as a next section.
FORTRAN subroutine is to a program. The major network
editor commands which the user has at his disposal are Discribution Svstem Planning with the Model
shown in Table 30. Also see Appendix F for a complete
functional description of the network editor. One of the most important design goals of the sys-

The final major subsystem running under the aegis tem is co create a constructive problem solving envi-
of the shell iS the data base management system (DBMS). ronment.  This consideration dictaced that che system
All transactions against the data base are processed must interface with che user inceractively; that the
by the DBMS. This insures that the integrity of che abstractions underlying the interactions must be :ami-
data base is maintained, regardless of which process liar co the planner, i.e., the objects with which he
initiates a transaction, be it the designer himself deals in the system must be common electrical compo-
via che shell, the planning programs or the necwork nents; and that the dialects in which the planner com-
editor. The capabilities of the DBMS ara primarily municates with che system must be simple and natural.
those found in any current relational data base. The To demonstrate the extent co which these goals
most important are summarized in Table 31. have been met, an example will be given  of a network

Transactions are specified in terms of a dialog modification as it mighc be done using the DSPM6.
based  on the relational algebra introduced by Codd5. Assume chat it is required to determine if a
This form was PFeferred over others such as the rela- given network can meet the projected short-range load
tional calculuso because of its procedural nature growth.  The load growth program is invoked by the
and the relative ease of implementation. All of the execution of a shell command. One of the parameters

of the command is the name of the network co be ex-
Table 30. Network Editor Commands panded.  Anocher parameter is the version designator

of the data base which contains the data required by

the load growth program. Stored as part of the shell

COMMAND FUNCTION command is the query which, in addition co invoking
the DBMS to retrieve the load growth program's input
data, causes this data to be reformatted as a sequen-

INVOKE NETWORK EDITOR Begin edit session. tial file suitable for input to the load growth pro-
gram. None of this underlying mechanism is normally

CREATE NETWROK OBJECT A netwrok object is crea- visible to the user. When the shell command terminacesi
ced. a new network has been created with the additional ioad

that was forecast by the load growth program.
DISCARD NETWORK OBJECT Eliminate  an  object  from

system. Table 31. DBMS Functions

ADD OBJECT An object not initially
contained in the netwrok is COMMAND FUNCTION                                        I

connected co the network.

SELECT Create a new relation from a sub-
REMOVE OBJECT An object contained in the

relation of an existing one.
network is disconnected
from the network. PROJECT Attributes of one relation used to

a new relation as a subrelation of
CONNECT NETWORK OBJECTS Two objects contained another.

within the netwrok are
connected together. JOIN A new relation is formed from two

old ones with common attributes.
DISCONNECT NETWORK OBJECTS The connection between

two  network  objects is MINUS Logical minus of two relations
broken; command illegal considered as sets.
if this is teh only con-
nection. UNION Logical union of two relations                   

considered as sets.
SET STATE VARIABLE State variables are

assigned values. INTERSECT Logical intersection of cwo rela-
cions considered as sets.

FIND OBJECT A cursor is positioned
to  point   at   the  obj ect. CREATE RELATION Create a template with which co
A simple FIND can be define a relation.
done, knowing the object's
unique name.  More compli- DESTROY RELATION Remove a relation from data base.
cated FINDS can be done

by specifying the surround- INPUT RELATION Read data from an input file into
ing context for the object. a pre-defined relation.

DEFINE NETWORK CLASS Create a new object class. DELEGATE Specify security status for a rela-
tion.

UPDATE Modify che informacion in a rela-
SE.F. Codd, "A Relational Model of Data for Large tion.

Shared Data Banks",  Comm.  ACM  13,  6  June  1970,  pp.
377-397. LIST Output the contents of a relation.

6E.F. Codd, "Relational Algebra", Courant Compu-
ter Science Svmoosia 6,  "Data Base Systems",  New York, 6see APPendix G for more complete examples.
May 1971, Prentice-Hall, New York, 1971.
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At this point, the planner may, using the network to· modify the· network in order to correct che problem.
editor, inspect various network components co 'obtain Suppose for simplicity, chat low voltage is indicated
a feeling for the probable effects of the increased

 

on one particular bus. The planner would first  exam-
load. Alternatively, he may simply elect to execute. a ine che neighborhood within the NETWORK, containing
shell command co obtain a voltage profile for the net- the problem bus.  This is done hy invoking che net-
work. This command terminates with a list of network work editor, supplying the bus designator and speci-
components which exhibit overvoltage 6r undervoltage.     ' fying. that a display is wanted of the network sur-
conditions.  If no such conditions are detected, the rounding  that  bus. The display  not only outputs  the

planner may chen proceed to perform a reliability as- network topology but, in addition, the voltage and
sessment. In the simplest case, this consists of ex- load levels of the components. From these data, che

ecucing a fuse coordination program. planner: may determine the best way to correct the

If an abnormal voltage condition was detected by problem.
the  voltage profile program, che planner may proceed
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TASK B. 7. THE  DETERMINATION  OF THE EXTENT  TO WHICH EXISTING DIGITAL COMPUTER PROGRAMS, IMPLEMENTING

THE   CONCEPTS AND METHODS IDENTIFIED   IN  TASK  B.6 ARE SOFTWARE COMPATIBLE

The system view which resulted in the planning the individual program and similarly, all outpuc data
distribution model described in the section on Task from a given program is transformed into a canonical

B.6 has eliminated the concern with which the present form before being stored  by  the  DBMS.    Thus,  all  chat  is

task was charged. This is because the Data Base Man- required co satisfy compatibility conditions for any

agement System  (DBMS) acts as an intermediary between program is a description of its input and output for-
all analysis programs.  All input data is formatted by mats. By  construction  chen, all analysis software   is

the DBMS so that ic conforms to the requiremencs of compatible.

TASK B.8: THE SELECTION OF A SET OF EXISTING PROGRAMS WHICH BEST MEET THE NEED OF THE DISTRIBUTION PLANNING
METHODOLOGIES AND ARE SUFFICIENTLY SOFTWARE COMPATIBLE TO PERMIT USE ON THE PROJECT

In TASK B.1 criteria were defined co aid in selec- None of che above considerations which eliminated

ting  models,  both  conceptual  and implemented computer implemented programs that were assessed imply that che
programs, to carry out the task of generating a produc- rejected programs were either incorrect or poorly con-
tion version of an interactive distribution planning ceived. They simply did not meet the design require-
tool. Programs  that  pass chis criteria· are eligible ments posed by this research in TASK B.6.
for the assessment. The computer. programs described in TASK A. 1 and

Once a program or a model has passed the criteria TASK A. 2  did  not  meet  all the implementation-related

defined in TASK B.1, selections among eligible programs criteria and all the design and transferability-related

must be made on criteria which are design oriented and/ criteria.  However, some programs meet most of the cri-

or ease of implementation considerations. The design ceria and therefore should be pointed out.
considerations are the size of network that can be ana- The computer program Pl exceeded the core storage
lyzed and nonrestrictive assumptions which allow more requirements, as described in TASK B.1, even after
general use of che program. The implementation consi- extensive reduccions in core storage have been made by
derations exclude company-peculiar daca entry and good overlay techniques.  However, this program is in an in-
documentation chac facilitates cransferability. ceractive mode and performs a number. of important ana-

The functional system defined in the executive sum- lysis functions. It can be used to study distribution

mary plus the models defined in TASK B.6 sec up re- load flow, voltage profile and regulation, voltage

quirements which effectively eliminate currenc imple- flicker, capacitor allocation and power loss based on
mented systems planning models as subopcimal. This the system growth.  Table 30 presents the results of

system forms a total economic cost package. the analysis and selection process.                                    '

Table 30. Computer Program Selection and Analysis

COMPUTER PROGRAM
PROGRAM COMMENTS

FUNCTION

Load forecasting ***

Primar7 network expansion **

Substation expansion **

Substacion siting **

Economic secondary distribution ***

Transformer load management                PB                           *

Discribution load flow Pl, P14 Pl=R, P14-*

Primary voltage selection **

Voltage profile and regulacion Pl, 26, P25 Pl-R, P6=*, P25-*

Voltage flicker Pl, P6, P 25 Pl-R, P6=*, 925=*

Capacitor allocation Pl, P25 Pl=R, P25=*

Power Loss Pl, P 14 Pl=R, P14=R-*

Protective device coordination 720, P23 ***

System reliability P 17 ***

Total economic cost **

Network editor **

* - Needs inceractive development.
** = Designed in this research.

*** - Needs to be developed.
R = Recommended for the function.
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TASK 3.9:  THE ANALYSIS OF THE DATA REQUIREMENTS OF ALL PHASES
OF THE'DISTRIBUTION PLANNING PROCESS

INTRODUCTION B.10, the explicit form which network data takes for
each component.will be presented. Suffice it to sayThe purpose of this task was to identify all of here that all che information necessar·y to place thethe relavent data necessary for distribution system substation in the network wouid be included in this

planning.  In this section of che repdrt, an overview descriptor.
of che required data will.be provided so that when the
detailed data base is presented in the section descri- Electrical Description. A complete electricalbing  TASK  B: 11, the major outlines will still be .visi- description  of the component is provided  by  this  des-
ble. criptor.

Sources of Data Automation Code.  Many network components are sub-
ject to having cheir parameters modified by automatic

The three primary sources of data considered by . planning programs.  This descriptor indicates what limi-
the present analysis were the following:. tations in this regard are in force for the given equip-

ment.
(1) Information obtained by .direct contact. with'

utility companies.* Operating Status.  This descriptor indicates whe-
(2)  Data requirements of computer programs avail- ther the component is presently in service or is under-

able to this project. going repair, modification etc.
(3) Data requirements of the conceptual models

considered by tKis project.
Service Code.  This descriptor destinguishes be-

tween network components which are actually in the net-
Types of Data work, planned for the network or being experimenced

with, using simulation tools, by the designer.
The data considered can be grouped under two major

classifications. Data on che distribution system it- Inscallation Data.  Used for both engineering andself, and planning data about forces  and  e f fects which . accounting purposes, this descriptor cells the job num-
may change the distribution system in the future. Dis- ber, the number of man-hours required, and last change
cributicn system data consist of inventories of hard- required for installation.
ware with accompanying status and topological.or net-
work data which defines the energy distribution system Coordinates. Geographic coordinates;  either map
itself.  Planning data consist of descripcions of fu- numbers or street address  are in common  use.
ture demographic trends and anticipated political ac-
tion (e.g., zoning changes, bond issues, etc.) which . Manufacturing Data. Typical information provided
will change distribution requirements from their pre- by this descriptor would include manufacturer, model
sent values. type, serial number and a brief functional descripcion.

Data Oreanization Physical. Descripcion.  Physical characteristics,
such as dimensions, weight, ecc. are described.

Although there are many possible ways to analyze
and organize distribution system data, the approach Reliability Data. Data useful for estimating meantaken here was to concentrate on a hardware/network time between failures.
descripcion.  This decision was suggested by the fact
that most distribution engineers tend to view the sys- Cost Data. Installation costs, replacement costs,
cem in this way. The natural hierarchy within this depreciation, interest, maintenance expense, taxes, in-
organization consists of substacion descriptions, pri- surance, and in some cases, operacion costs are provi-
mary distribution system descriptions, secondary dis- ded by this descriptor.
cribution system descPiptions, and network terminal
descriptions. The description of hardware components Record Status. This descriptor relates to the data
does not vary coo much from one component to another base rather chan the component. It reflects the curran-
regardless of which element of the hierarchy, contains    cy of the information, data of last update and who
che components. Thus while the total amount of data is among the user community has access to the information.
large,  it  can be organized in a logically parsimonius
way by regarding it in this manner. In Ehe· following. Time History Data. Energy use as a function of
sections, each elemenc of the hierarchy will be exam- time is required for some equipmenc;  e.g., customerined. meter records. This descriptor captures that data.

GENERIC COMPONENT DESCRIPTIONS Table 31. Generic Component Descriptors

Ali of the electrical components of the networks                   Organizational Description
can be described using the descriptors listed in Table Network Daca
31. In this section, the significance of each entry in Electrical Descriptionche table will be examined. Automation Code

Operating Status
Organizational Descriotion. Each utility' has. cer- Service Code

tain designations which it assigns  co its' equipment. Installation Data
This information would be contained here. e. g., substa- Coordinates
cion number, division code,.etc. Manufacturing Data

Physical Description
Network Data. In the section which discusses TASK Reliability Data

Cost Data
*Oklahoma Gas and Electric Company was particularly Record Statushelpful in releasing detailed information on their Time History Data
data base.
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With the generic description defined, attention gives a consumption for any major seccicn of che distri-

will be focused next on the differenc elements in the bucion system. Since these sums directly correlate

distribution system hierarchy. with geographic areas, a measure of consumption as a
function of area may be calculated. This consumpcion

SUBSTATION DATA function is important for use by che various planning
programs which attempt to predict load growth in given

Physically and electrically speaking, the typiCal areas of the network
substation consists of the components shown in Table
32. PLANNING DATA

Table 32. Substation Components The.planning data, as it is presently collected

and used in practice, is the only signigicanc portion
Transformers of the data that is not explicitly network-orienced.

Breakers/Relayed Reclosers Some preliminary research concerned with relacing even
Bus Configuration load growth forecasts directly to a network model has
Vacuum Switches been attempted by this research group but these efforts
Manual Switches are at such an early stage thac any consideration of
Capacitors them in this report would be inappropriate.

Reactors Planning, as it is currently practiced, requires
energy consumption daca, which, as discussed above, is

In our view, there is a description of the substation carried on individual equipment in the network. In

based on the generfc descriptors of Table 31, just as addition, it requires data on the geographical area in

chere is such a description for each component shown in which the distribution system is located.  This data,

Table 32. The detailed description is presented under compiled for every element of a grid system covering

TASK B.10. the system is shown in Table  34.
As a brief illustration of how the generic des-

cription applies to the substation, consider the des- Table 34. Planning Data

cripcor Electrical Description. For che subscation, ic
is Table 32 suitably expanded to include the detailed Land Use Plans

properties of each such component, as well as total Planning Code

capacity, existing load, etc.  The descriptor, Network Saturation Code

Data, describes che bus configuration within che sub- Class Code

station. The descriptor, Physical Description, sup-
plies service area size,  getaways and so on. These data are explained below.

The applicabilicy of the generic description is
just as comprehensive for the ocher elements in the Land Use Data. This category includes community

hierarchy as is discussed below. environment faccors such as developer's plans, zoning
ordinances, and the attractiveness of the area for fur-

LINE DATA. ther development.

Line data can be separated into primary and secon- Planning Code. This dacum is a measure which is

dary distribution cacagories. In this overview, how- established by mecropolitan planning commissions and

ever, thac will not be done. Instead, the listing of designates twenty-six different growth patterns and

device types shown in Table  33 will be presented. rates.

Each element shown in chis table can be described
using the generic description. Since detailed expan- Saturation Code. Assigned by che planning engi-

sions for each of these devices in given in the sequel, neer, this number indicates how much "room" exists in

no further discussion will be provided here. a grid element for further growth.

Table 33. Line Section Elements Class Code.  Also assigned by che planning engi-

neer, the class code is compuced based  on a projection
Line Section of future demand by each present customer in che grid.
Distribution Transformer.

Step-up/Step-down Transformer SU ARY
Boost and Buck Transformer
Shunt Capacitor The object of this cask was to examine the data

Series Capacitor classes pertinent to the distribution system planning

Step Regulator process. This examination yielded a generic descrip-

Induction Regulator tion which applies to all of the data related to a dis-

Line Sectionalizing Device cribucion network.  The only data which is not subsumed
Line Recloser under this classification scheme is the planning data

Static Recloser which must be treated separately. The generic descrip-

Line Reactor tion will be expanded in the section describing TASK
Tie Sectionalizing Device B.11 co fully describe the complece data base required

by the distribution planner.

METER DATA

Meters represent the cermini of the distribution
network. The meter is the componenc closest to the
customer and provides a measure of consumption on a per
customer basis. As are the other major classes of net-
work elements, a meter associated with an active custo-
mer is described  by the generic descriptors of Table 31.

The cime history daca contained in the meter

76



TASK 3.10:  THE CONCEPTUAL DESIGN OF A DATA BASE SUFFICIENT TO MEET THE DATA
REQUIREMENTS OF A DISTRIBUTION PLANNING METHODOLOGIES DEVELOPED

INTRODUCTION The oldest form of database organization or data
model is the hierarchical model. The concept is illus-

The purpose of this section is co explain the con- crated in Figure 32 where an employee database ordered

ceptual basis for the detailed database chat will be by organization level is shown. The major levels in

presented in the section of TASK B.11. Actually, this the hierarchy are university, colleges, departments,

section will discuss considerably more chan just the employee classification and employee.  The key or
ideas underlying the database, since  it is important to pathname uniquely identifying Professor Jones in the

explain the concepts underlying che other major compo- Math Department is:

nents of the methodology identified by this research.
For this reason, che present section is divided university.arts&science.mach.faculty. jones.

into subsections, che firsc three of which discuss is-
sues directly related co the database. The last one stored under this key might be che professor's salary,
discusses a program called che Network Editor. This number of dependants, social security number and so on.
discussion has some thoughts in common with that found The shape or topology of the storage structure is

under TASK B.6; however the point of view rests firmly that of a tree. Each  of   the interior nodes   (e. g.,

on che foregoing discussion of the database and thus is those On the levels university, colleges, departments,

able to clarify a number of points which could not be and employee classification) can have any number of
adequately covered in the treatment of TASK 3.6. descendants. Noce however, chat in the hierarchical

The introduction to databases begins with the in- scheme, if a professor holds an appointment in more
spection of the state-of-the-art. than one department,  the data model has serious  prob-

lems since the structure to represent chac is no longer

Present State of Database Technology a tree.
The network model was introduced to generalize the

Today's Database technology can be described in hierarchical model and eliminate che above difficulty*.
terms of three distinct daca organizations: the rela- Figure 33 illustrates a network data model for a collec-

tiona  Todel, the network model and the
hierarchical cion of authors, (Fezziwig, Wilkins, Crachet, and

model ' . Dickens), scholarly papers, (denoted as PFl, PF2, PWl,

The relacional model, which is the scheme chosen etc.) and Journals in which these papers appeared
as the basis of the conceptual model for this scudy (CACM, BIT, EBL). Consider the succession of arrows
was introduced by Coddl.  It may be developed by con- shown in Figure 33 which begin and end with Fezziwig.
sidering attributes to be identifiers taken from a fi- They serve to associate the papers PFl and PF2 with

nice set Al, A2, · · ·, An.  Each Ai has associated Fezziwig. If the circuit which includes the bottom

with it a set of values called a domain, wricten as portion of PFL is examined, it will be seen that it

dom(Ai).  A relation on the sec of attributes, R(Al, also contains PWl and the journal designator CACM.

A2' . . 4 An)' is a subset of the Cartesian product Thus it relates che papers PFl and PWl with the jour-
nal CACM. In like manner. each of the other papers is

dom(Al) x dom(A2) x. . .x dom(An)·
related to both an author and a journal. At the same

time, a single author is related co many papers and a
An  element  of this subset  (al,  a2,   ·   ·   · ,  an) is single journal is related to many papers. It is the

called a tuole.  A relation may be simply visualized ability to represent the many-co-many relationship
as a cable of rows and columns. The rows represent which makes che network data model more flexible chan

tuples, while columns  represent che values  of a parti- hierarchical model.

cular attribute contained in the relation. An example Before justifying the choice of one of these mo-

is shown in Table I, where partial data on cransfor- dels over the others. one of the key concepts of the

mers of a particular class have been used to construct proposed methodology must be examined. Only after this

a relation. A database consists of one or more rela- discussion. will it be possible to evaluate all of the

tions.  Keys are attribute values which uniquely speci- factors co be considered.

fy tuples. For example, in Table 34 the serial number
is a key because no two transformers have che same The Network as the Fundamental Basis for the Methodo-

serial number. In some relations,  more  than one attri- 125x
buce must be specified to obtain a unique tuple.

One of the conventional ways of describing distri-

Table 34. The Relation Transformer bution systems is via a system of geographical grids.

Traisfer,rer· The methodology and technology to be discussed here is
501IAL / I·Y COCRO VOLTAGE  RAT it:G PNEER LOSS PORTS based on a different representational approach.  The

(Lit:E/LOAD 1 (NO LOAO/FULL LOAD) <linE SECTIOn/SOURCE) most prominant feature of a distribution system is that
17]24816 296-015 12.5/2.4 140/210· 448/12715 its components can be represented as elements of a
59371140 112·41 12.5/2.4 140/210 321/55:1 graph. Specifically, each element may be considered to

742G6312 030-030 2.4/3.6 250/400 25/4374 be a node in a graph.  This includes line sections and
46164229 075-340 12.5/0.22 20/30 3147/2745

other components which might otherwise be thought of as
constituting edges in the network graph. If all the

24219511 215-009 12.5/214 140/210 418/#1493
physical components of the network are considered to be

17764697 311.445 12.5/0.22 20/30 3 47/12772
nodes, then the edges serve merely to associate network

1347)748 075-110 2.4/3.6 250/400 112/5541 elements with each other as the topology of the physi-
00217410 075-200 2.4/3.6 250/400 312/5595 cal network requires.

Mathemacically speaking, a graph consists of a 4-

1Date,  C.J., An1 Introduction 12 Database Svstems, lad tuple G(N.E,s,t), where N is a finite set of nodes, E
Edition, Addison-Wesley, Reading Mass., 1977.

-Fry, J.P., and Sibley, E.H., "Evolution of Data Base *The use of the term "necwork model" for a data model
is unfortunate since in lacer discussion, the termManagement Systems", ACM Computing Surveys 8, No 1, "network model" will refer to a concepcual scheme cen-

(1976), pp.
3Codd, E.F.,

' tral te our preferred methodology.  The nomenclature is'A Relational Model of Data for Large
Shared Data Banks", Comm. ACM 13, No. 6 (1970), pp.

quite well-established in the database literature how-

377 - 397. ever, and is the only one appropriate.
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is a finite sec of edges, s is the source map with realiscic complexity, it is felt that the system

imposes 'an unnecessary burden on the engineer or other

s: E-N user who· considers the database and its ·database manage-
rent system to be just a tool to support his work.

which  maps  each  edge  e   €  E  onco an element  n   €N.

Saying it in an alcernacive way, s(el. is the node in N

from which che direcced edge e originates.

t is the target map                                                              _

t: E+N Collcz*
A..It- .%
T'ATI'l

which defines on which node a given edge terminates.
Consonent with the machematical description, each phy-
sical component of the network musc have source ports

COLLICE OF IN.I..RING

 /                 Ins 6
SCTING COLLICZ

and target ports.  In general, target ports will be ac
a higher electric potencial than source ports. * - cl, NICA Not:.R rA

Figure 34(a) shows the conventional description for
.== 4/8 CZNIEXR.

part of a discribucion system and Figure 34(b) shows thc MA.'Duna .=ISH Foutn

equivalent graph representation.                                              """

For every node in the network, chere is a set of
generic component descriptors* which can only be spe- , FACIll ... ..ATT „- ....... SrI.
cialized to describe that particular component type. ''
Thus, this network model and the accompanying component JO*ES

descriptors serve to describe che entire distribucion

system.
Figure 32

CHOICE OF THE RELATIONAL MODEL

As discussed above, there are three well-known
data models in use.  Upon what basis should one make a
decision favoring the adoption of one over the others?
The answer lies in the form of che data to be processed.

Other considerations being equal, the model which "na-
turally fits" the data is che one which should be cho- .„--. 1///11/0

.... '„.."-- ".„,

sen. In the present case, each model will be super-
posed on the data co decermine which should be the most           '(,o
satisfactory. .1 In ™1                          -2

Non-hierarchical Nature of the Data                                                                                              ;
SET -

If the totality of data required to describe the                                                                                :
distribution system is considered. it is difficult to                                                                                iFigure 33
discern a hierarchy., particularly if one adheres co the .
directed graph conception. This itself -is a many-to-
many relation and as such is noc amendable to being
casc in a hierarchical mold.

Even if one elect·s to represent the distribution
system with cwo different data models--one for the

graph description and the other for the component de-
scriptors--it is not clear that the hierarchical model

0

has much to offer. Network components  are not usually
chought of as being subordinate co each other and since
ic  is the subordinate relationship which must be present
for a hierarchical view to succeed, this model does noc
appear feasible.

Difficulties with the Network Data Model (a)

One might be inclined to think that·because the
conceptual model of the distribution system is that of
a graph (network),  the correct data model would be the
network model. In some database schemes for distribu- -4+4
cion system planning, this is indeed the case4 but the
choice is difficult to justify

based on the most cur-             )rent technology.
C-0 (>--0

The basic problem is the complexity of the speci-
fication description.  To retrieve a given record of· th
information, one must essentially traverse the network,
until arriving at the data required. In the simple
scheme portrayed in Figure 13 this would present no                                      (b)

real problem buc for retrieval and update in a system
Figure 34

*See the previous section describing TASK B.9 for the
definitiorr of component descriptors.
4Fagan, J.Z. and O'Dell, M.D., private communication on
the Oklahoma Gas and Electric Company Database Manage-
ment System, Spring, 1979.
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THE RELATIONAL ALGEBRA

Tablc 36Accompanying the relational model are cwo language
P , PROJECT(TRAI:SFORU,ER,SERIAL#.VOLTAGE RATING.POWER LOss):vehicles for encoding queries and other operations
SERIAL 0 VOLTAGE RATING POWER LOSSagainst the database.  Both were introduced by Coddi

and have since been widely accepted.  One language is (Lit:E/LOAD) (NO LOAO/FULL LOAD)

called the relational algebra and the other,  the rela- 17324816 12.3/214 140/210

cional calculus. Because there is considerable differ-
59371148 12.5/214 140/210

ence in che level of difficulty encountered in imple-
menting one of these relative to the other and since 74266312 2.4/3.6 250/400

this affects the implementation efforts discussed in 46164229 12.5/0.22 20/30the  section  on  TASK  3.12, the distinccion between  che
two will be drawn below. 24279531 12.5/214 140/210

17761697 12.4/0.22 20/39Relational Algebra vs. Relational Calculus
33473748 2.4/3.6 250/400

In the most fundamental sense, relacions are secs. 00277410 2.4/3.6 250/400
To specify subrelations (subsets) of relations (secs)
there are, therefore. two approaches: either specify
a set of operations which can selectively be used to
extract che subset of interest or define the desired

6 R(Al, A2, · · ·, An) and (al, b2, · · ·, bm) C
subset by stating all of the constraints which distin-
quish the subset from the sec in which it is contained. S (Al, 32, · · ·, Bm))
The first approach is the basis for the relational al-

gebra; che second approach is che basis for che rela- For example, JOIN(P,COST) FOR P.SERIAL# = COST. SERIAL#
cional calculus. for che relations in Tables 36  and 37 respeccively,

A complete sec of operations for the relational yields the relation of Table 38.
algebra is to be.found in Appendix F. The discussion In contrast co che relacional algebra, the rela-
presented here will consider only three of che most Tional calculus does not consist of a set of operations
important. but  instead is comprised o f statements which define the

qualifications which the required relation must satisfy.
Selection. Seleccion specifies a subset of tuples The general form for the query is

within a relation for which a particular predecace is
true. For example. performing a selection over the GET <new relacion name) C  *uple specification> ):
relation TRANSFORMER of Table 34 for the predicate <attribute predicate>

VOLTAGE RATING = '12.5/2.4' where*

yields che relation shown in Table 35. 4uple specification) ::= Rl·Al, R2'A2'111
0ttribuce predicate>  : :- expression involving the

logical operators >,>=,Table 35
-.    0.     <-,     <,and,     or,SELECTITI/VORMI./0/LE =ATIG· ·12.3/2.4·1
221   and ope rands,    R  · AiSERIAL , w 020;.3 ;OLT,-ERAT:XC DOSER COSS HURTS

ill  C/Le·'01 4 LOAD/reli. LOAO)    :.::IE SZCTIC:t.'SOURCE)
17]21015 296-015 12.5/2.4 '40/210 4.2/1.715 Ic is understood thac Ai is an attribute name of rela-
59311148 112.-]1 12.5/2.1 40/210 /21/5521

tien Ri·
As specific examples of relational calculus state-24279531 215-009 '2.5/2.4 140/210 448/4493

mencs, che statements equivalent co che operacions il-
luscrated for the relational algebra wili be given.

Projection.  The orojection of a relation R(Al,

A2,  . . . , An) over the sec of attributes (Af,A:,...,Aki.
is che relation

Table 37
Rp(Ai,Aj,.. .,Ak) 2 R (Al,A2, · · ·,Anh COST

TRANSFORMER(SERIALJ,X-Y COORD, VOLTAGE RATING, WATTS
LOSS, PARTS) SERIAL # $-COST

shown in Table 34 over the set of actributes 74266312 5000

24279531 3500
(SERIAL#, VOLTAGE RATING, WATTS LOSS}

3347-3748 5000
gives the relation shown in Table 36.

17764697 1500

Join.  The operation join is used co make a con-
nection between accribuces thac appear in different
relations.  Let R(Al, A2, · · ·, An) and S(Al, 32, · ·
..Bm) be two relations. Then Consider first

JOIN(R.S) FOR R.A = S.A. =
GRI S (TRANSFORMER. SERIAL#, TRANSFORMER. X-Y COORD,

TRANSFORMER. VOLTAGE RATING, TRANSFORMER. POWER
Cal,al, · · ·• an,b2, · · ·, bn) | (al, 32, · · ·- an)

LOSS, TRANSFORMER. PORTS):TRANSFORMER.VOLTAGE
RATING '12.5/2.4'

5Codd,  E.F., "Relacional Algebra", Couranc Compucer
Science symposia 6, "Data Base Systems", New York,
May 1971, Prentice Hall, New York, 1971. *The symbol " : :=" may be read "is defined to be".
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This statement generates the relation shown in Table' To obtain the same relation NEW, using the rela-

35. Notice that the attribute names i.e., SERIAL#,X-Y tional algebra would require che following sequence of
COORD, etc., specified in the parentheses are che at- operations.
tributes which appear in the new relation s (the <tuple
-specification> is a paradigm for cuples of the new re- JTS = JOIN (TRANSFORYER,SERVICE) FOR TRANSFORMER.

lation) .   The <attribute predicate> SERIAL#'= SERVICE.SERIAL#

TRANSFORMER. VOLTAGE RATING = '12.5/2. 4', SLT - SELECT JTS WHERE SERVICE.STATUS = 'In' and.
SERVICE.STATUS DATE - CURRENT DATE < 180

acts just as the predicate in the selection operation

does. NEW - PROJECT SLT OVER SERIAL#,X-Y COORD
A calculus statement which produces the relation

shown in Table 35 is the following: This series of operations can be combined into one
statement as

GET  P (TRANSFORMER.SERIAL#, TRANSFORMER. VOLTAGE

RATING, TRANSFORMER. POWER LOSS)
PROJECT(

SELECT(

This  statement  has no <attribute predicate> . This JOIN(TRANSFORMER, SERVICE)

means there is no qualification which the attributes in FOR TRANSFORMER. SERIAL#=SERVICE.SERIAL#)

the paradigm must meet. Thus P contains all such tu- WHERE SERVICE.STATUS-'In' and

ples.
SERVICE.STATUS DATE-CURRENT DATE<180

The join example which produced Table 38 can be ef- OOVVEERR SERIAL 9, X-Y COORD.

fected by means of the statement Table 39

GET Table 38 (P.SERIAL#, P.VOLTAGE RATING, P.POWER SERVICE

LOSS, COST.S-COST): P.SERIAL#
COST.SERIAL# SERIAL# STATUS STATUS DATE

(In or Out) (Julian)

.able 38
17324816      In           75001

JOIN(P, COST): 59371148      In           79250
74266312 Out 79297

SERIAL # VOLTAGE RATING POWER LOSS S-COST 46164229      In           71155
CLINE/LOAD) (NO LOAD/FULL LOAD) 24279531      In          69042

17764697      In           76091
74266312 2.4/3.6 250/400 5000 7929733473748 OUC

00277410 In 65300
24279531 12.5/214 140/210 3500

17764697 12.5/0.22 20/30 1500

33473748 2.4/3.6 250/400 SCOO Table 40

NEW

As a final example of the power of the relational
calculus, suppose  it is required  to determine which  o f SERIAL# X-Y COORD.
the cransformers listed in Table 34 have been in service
less chan six months. Also, the· coordinates of such 59371148 I12-431
transformers are required. Assume that in addition.co
Table 34, Table  39 is available, showing cransformer It'is clear, however, thac the Relational Algebra
serial number, status (in or ouc of service) and date statements even when combined as above, are procedural
when transformer first acquired· this status. Using an in nature rather than specification statements.
existential quancifier and a RANGE statement, the query
may be formulated as Idmlementation Difficulties

RANGE SERVICE X Though the features of the relational calculus
GETNE:w (TRANSFORMER. SERIAL#,TRANSFORMER.X-Y COORD) : are highly desirable because of their power and con-

1(X. SERIAL# - TRANSFORMER. SERIAL# and X.STA-                                                                          1- ceptual simplicity, the quescion of their implemenca-
TUS   DATE - CURRENT  DATE   <   180  and X. STATUS tion is quite anocher matter. In fact, as far as is
- 'In') known, no database management systems have fully imple-

mented the reiational calculus (such, work is preceding
This query may be understood as follows.  The RANGE but the technical problems are severe6,7).
statement specifies that che variable 'X is to range For this reason, all of the implementation effort
over all cuples  in the relation SERVICE (Table 39 ) . A associated with this project centered around a  rela-
new relation named NEW (Table L O)  is  co be creaced
with attribute names SERIAL# and X-Y COORD. The condi-

tional model based on che relational algebra. The

zions which the cuples in TRANSFORMER, from which these
details of chis effort will be found in che section on .
IASK B.12. Mord involved examples using che relationalvalues are to be drawn are:
algebra for discribucion planning will be found in

(1) There must be a tuple in SERVICE which has Appendix G.

the same SERIAL#.
The last topic which rightfully belongs with the

(2) The arithmetic difference of STATUS DATE
conceptual underpinnings of the research effort is the

less CURRENT DATE must be less than six 6Stonebraker, M., Wong, E., Kreps, P., "The Design and

monchs (180 days). Implementation of INGRES", ACM Transactions on1
(3) The cransformer must be in service. Database Svstems 1, No. 3 (1976).

7Palermo,   F.P., "A database Search Problem",
.Assuming chac CURRENT DATE is 79300, che resulting rele- Information Systems:  Coins 11 (ed., J.T. Tou), New
tion is shown in Table LO. York, Plenum Press (1974).
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work to develop a program model for manipulating net- j phase feeders, each of which serves say, twenty-five

work objects. This model is considered next. families.  Thus an edge is defined not only by the

source and target functions described above, but also
F.IE NETWORK EDITOR by the type of port found at each end of the edge.  In

this way some integrity constraints may be built into
The Network Editor is one of the important con- che system, preventing the user of the Network Editor

ceptual tools in the methodology espoused by this from joining network objects with incorrectly speci-
report. In fact, the system as it is seen here fied ports.
consists of these major components:  The applications/
analysis programs, the Data Base Managemenc System, In a graph theory sense, each edge has a color as
the Network Editor and the Shell program. The system do most nodes.  Some colors represent single phases.
view which places each of these in the proper perspec- Let us say chat red, green, and blue each represent a
tive has already been presented in the section on TASK distinct phase while white arbitrarily represents a
8.6.  In this part of the Report, a fuller description three-phase component. In addition, define the "sum"
of the Network Editor will be given with an emphasis of the colors red, green and blue to be the color

not so much on its operational capabilities but rather white and the sum of any two of the colors to be a

on its conceptual bases. color which is not one of any of the four.  Junction
rules for che way in which ports can connect may be

The Need For Such A System expressed very simply (for most components): an edge
with a given color must connect two network objects

As was explained above in this section, one of with that same color. In cases where there is a sepa-
the chief concepts of the methodology is that of a ration of phase (as in some residential areas) then
network.  The intention is that since the engineer/ the "color sum" must be constant on either side of the
planner is used to thinking in terms of network con- junction.  Thus a white feeder can meet three sub-
cepts, the dialogues with the planning system should feeders so long as one is red, one is green and one is
be in network terms. For this reason, two ideas were blue. In this way the Network Editor prevents any
amalgamated:  a vehicle for manipulating network phase confusion.
objects combined with concepts from the single most
successful interactive computer tool available, the Some network components have their non-topological
text editor. Therefore, the intent behind the Network parameters completely defined by constants. For exam-
Editor is to create a cool which figuratively speaking, ple, a capacitor may have its rating fixed at 20 kVA.
feels natural in the planners hand, which allows him Typically however, many network components have one or
to create or alcer networks as easily as text editors more variable parameters; the cap settings on a trans-
allow their users to manipulate text. former may be variable; the level for a voltage regu-

lator may be adjustable.  This means that specifying
· Another important reason for wanting to include the class co which such a network object belongs does

the Network Editor  in the methodology  is  j us c the noc specify the values for its variable parameters.

sheer diversity of network objects and the complexity One way these parameters may acquire their values is to
of their interconnections.  The designer' s represen- have them defined when the object, an instanciation of

tational abilities must span the range from simple an element from an object class, is created.  The other

components such as individual cransformers or customer way these values may be set is for them to be associ-
meters to entire subscations which consist of subnets. aced with state variables. Such state variables may
For this task, one would like to have a conceptuallyY assume inceger, floating point or Boolean values.  More
elegant and simple  co use tool. than one object may have its parameters specified by

the same variable.  Thus the designer may alter che
To understand the Network Editor as ic is pro- setting of several devices by· changing the value of a

posed here, it is first necessary to examine the single state variable.
concepts upon which it rests.

State variables are clearly useful for defining
Guiding Conceotions the settings of switches. A generalization of this

notion however. leads co an even more powerful idea,
There is an important distinction between primi-primi- that of design switches.  Suppose it is required to

tive network objects and comoound network objects. consider the effects on performance of making some
Descriptions of the former require no subnet informa- relatively minor modifications co a network.  For
tion.  Thus the individual transformer or capacitor example, suppose there are several alternative loca-
or even line element is not comprised of a network cions in the network for a combination of voltage
but is to be found in a network i.e., is atomic from regulators and capacitor banks.  The question to be
the viewpoint of che network being described.  On the answered is which combination at which locations, gives
other hand, a substation, consisting as it does, of the best performance.  The straighcforward way to

a collection of transformers, busses, meters, etc., determine the answer is to make a list of all che

can only be described by the inclusion of network possibilities to be tested and chen implement the
informacion. For this reason, it must be considered network corresponding to each in turn.  A more elegant

a compound object. solution makes use of the nocion of a design switch.
At the time an object is created (becomes the instant-

As has already been described briefly, a network iation of an element from an object class), a state
is modeled by means of a directed graph whose nodes variable can be assigned as a design switch. When the

or vertices are physical components and whose edges switch is "on," che object appears in the network just

are descriptors which define how the physical compo- as any other normal object.  When the design switch is
nents are interconnected. Edges connect one node co "off." the object is virtual and for all application
another via ports. Ports mav or may not have an purposes, disappears.  Thus by turning design switches

incernal structure of their own. If a feeder carries off and on, the configuration of the network can be
three phases. the source and load ports will be des- greatly varied. In the above example of capacitors
cribed by triples, each element of che triple being and voltage regulators, these objects may be placed in
referred to as a "pin."  In some cases, a single multi- the network all at one time to be controlled by design

port may join two or more ports with a smaller number switches.  By successively turning switches off and

of pins.  For example, in a urban residential neighbor- on che various alternatives may be created and ana-

hood,.a three-phase feeder may divide into three single lyzed by the applications programs.
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Another important concept incorporaced into the                    
Network Editor is that of che cursor. A cursor or                     I
pointer is used as a variable in a program to allcw                    1
the planner to refer to various elements in the                        |
network.  When, for example, an object is created, a
cursor variable is associated with che object.  The                      |operations to be described below all use cursors to
refer to che objects upon which they operate.

Underlying the notion of an editor for a network
is the fact chat networks can be described in terms of
text strings. These strings, which are known as K-
formulas, permit one to visualize some network opera-
tions as operations on a text string.8  In particular,
one may specify some parcicular collection of network
components and invoke che Network Editor to find allplaces in the network whete this configuration is (a)

present.  Figure 35 illustrates the general situation.
The subnet shown in the insert is sought in the larger
network. When it is found, it may be replaced by
another network configuration, just as one text string .--.may be substituted for another by a text editor.  For               /
example, suppose  one has identi fied a particular  sub-                                              /
network as something to be represented by a compound                       /
object. Using context searching, the Necwork Editor                       1         /   - s

\can locate all locations where che subnet appears then                                 / \
Ireplace the collection of network objects codprising                                  f

ic with compound objects.  This might be done co study
(b)the variation of several parameters in :he compound

object and could be done more easily this way than by Figure 35
direct variation of all occurrances of the subnet in
the original network. create files, execute programs in fixed sequences,

monitoring exceptional conditions and supporting
The last. important concept associated with the several interactive users simultaneously. These

Network Editor is che relation of network objects to latter functions conventionally have been assumed by
entires in the database.  This problem is solved by operating systems, which logically speaking exist at a
treating a network as a relation. The relation has lower level than so-called user or applications
attributes corresponding to name, object class, and a programs.
list of connections to other objeccs in the network.
A primitive object is just a tuple in such a relation, When one considers raising what have generally
while a compound object is represented by an entire been operating system functions to the applications
relation. program level, as the methodology suggested here pro-

poses, the firsc question to be examined is whether
The commands which the Network Editor accepts are that is even possible. The answer which one· can make

listed in detail in Appendix F, Section 3.3.3. An to this question is weakly dependent on time--our
abridged description of chem also appears in the views concerning operating systems ten years ago were
section discussing TASK B.6, Table  30). No further much different than chey are today--but to be objec-

10discussion of the operations will be given here. tive, any answer given must be in the present tense.
Instead, consideration will be given to che last major In consequence, the answer today is chac it depends on            1
component of the system representing the planning the native operating system on cop of which, the
methodology, the Shell. Planning System is to run. All of the prototype

system implemented to date has been implemented on a
THE SHELL PROGRAM Unix-based system (TASK 3.12 of this report describes

the implementation effort in detajl). As a result,
Every system has its execucor or monitor. For few actual difficulties have been encountered. Imple-

the Distribution Planning System, that overseer is menting the system on an operating system native co
called the Shell.  Its general purpose is to serve as IBM 360 or 370 machines would be considerably more
a command line interpreter to which the user directs difficult might not even be possible unless perfor-
his commands and inquiries.  In effect, however, it is mance goals were greacly compromised.  Thus while
a miniature operating system, implementing some of the portability remains a laudable ideal, it appears at
more basic functions traditionally associated with present co be an unreachagle one.  Conversely, it is
operating systems. Some of its features have been expected that in the next five years, as general
borrowed from the Unix operating system developed at understanding of what constitutes a hospitable user
Bell Laboratories.9  In what follows, the basic environment becomes more widespread, chat implemen-
notions incorporated into the Shell will be discussed. tation difficulties which today might exist for an

arbitrarily chosen operating system will be greatly
Purpose of the Shell

overcome and this time scale is sufficiently short

In concept, the Planning System is co be highly
portable. However, standing in an almost dichotomous     10

The greatest change in thinking about operating sys-position to this requirement are the necessities for
tems has been due co the impact chat Unix and Multics

8                                                            have had on the computer science community. SeeThompson,  J.C. and Atkins,  G.,  "The Use of Generalized
Feiertag, R. J., and Organick, E.I., "The MulticsK-Formulas for the Syntac:ic Descripcion of Data
input-output System", Proc. Third Symposium onStructures," submitted to a technical journal.

9 Operating Systems Principles, Oct. 18-20, 1971. ACM.
Ritchie,  D.M., and Thompson,  K. ,  "The UNIX Time- New York, pp. 35-41.
Sharing System," Comm. 9,  17,  (1974) , po 365-375.
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that considerations expressed here might have a

timely effect on emerging cechnology.  Seen from chis
view, the Shell represents a collection of functions
which the distribution planner needs to have available
and which form an umbrella covering the other system
components discussed in this report.

Shell Functions

Each user is known co the Shell and as a result  I,j//'co the Data 3ase Management System via a userid.
This is an alphanumeric string which serves to asso-
ciate all files, relations, networks, and database
with che user. The Shell authenticates a userid by   t       r F:Lnf
receiving a password from the user. Presenting the .ROCRAY.

proper password allows a user to receive all of the                                   -
privileges associated with his userid.  If his userid
is that of the Database Administrator for a Database                                  -r
then all of the commands reserved for the DBA are

1 ZRN' 1
available for his use.

1

Fru 3
DBMS / 3   DATA

3ASEC--
The Shell allows the user to create files and

remove files which are associated with his userid.
This file processing is done in such a way that the
user is isolated from the normal file handling Figure 36
features of the native operating system. Thus, the
user is noc burdened with learning the syntax which

accompanies file processing on the native system.  He
has only to learn the simple syntax accepted by the
Shell.

One of the most significant problems solved required.  The situation is reflected in Figure 36.

through use of the Shell mechanism is that of soft- The concept is an adaptation of che notion of pipes,

ware compatibility with respect to the applications/ found in Unix. 11

analysis programs. Since these programs were
written by different individuals at different com- The other important feature borrowed from Unix is

lanies and institutions, there is no uniformity of that of asynchronous command processing. Processes

:
format for input and output data. In some cases, the which consume considerable processor :ime may be

;

same data is required by different programs but in allowed   to   run   "in the background,
" while the planner

different units: Two approaches suggested themselves. submits other commands to the Shell.

In  one,   the plan would  be to modify che internals  o f
each program so chat data requests were programmed as The functional descriptions of all che Shell

calls to  the DBMS. This clearly would be a difficult commands   are   to be found in Appendix  F. The interested

task. requiring the intimate understanding of the reader will find there a number of commands which have

internals of each program.  The other approach re- not been discussed here.

quired the use of a filter which would be placed
between the program and che DBMS.  The filter would SUMMARY

function as a very sophisticated FORMAT statement
specifying queries co the database and conversion of This section has discussed each of the major

daca from the form stored in the database to a form systems upon which the planning methodology rests.  It

compatible with the requi.rements of the program. The differs from the information in the section on TASKB.6,
process is represented in Figure 36. A request to the since there an effort was made to outline a systems

Shell by the user for the execution of a program view of the entire methodology. In this section, che
results in the identification by the Shell of the emphasis has been placed on explaining the concepts

proper filters co be used. The filter program queries underlying each of the systems.
the dacabase and creates a file which matches the
demands for the input data to the applications pro- The Data Base Management System has as its daca

gram. The Shell then causes this program to execute model, a relational scheme. Its query language is

using the input file created by the user.  The output based on a variant of Codd's relational algebra.  The
from the applications program is collected on a file relational algebra was preferred over the relational

which is run through a second filter program which calculus because of implementation difficulties.

reformats the data into a form acceptable to the data-
base.  The only data necessary for this filtering to The Network Editor, perhaps the most innovative of

cake place are the specifications on the fotmats for the systems envisioned by this project, is an inter-

input Coutput) to (.from) the applications program. active program which allows the planner to deal with

These specifications are of course part of the networks in a manner similar to the way in which one

database.  They are stored in a relation owned by the
deals with word processing using a text editor. One

Shell itself. may define, modify or delete networks using simple
commands.  Of particular power are the feacures which
permit context searching in the network, modification

In general, the situation will be more complicated,
since the actual sequence which the planner will often

of object status using state variables and the forming

want to execute will involve using the output of one
of compound objects from simpler network components.

program as the input or partial input co succeeding
programs. It is clear, however, chat the same prin- 11
ciple is involved, only the details are more compli- Ritchie, D.M., and Thompson, K., ibid., p. 370
cated. For such a case, a number of filters are
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The last major system is the Shell which makes
available to the planner many of the features of a
real-cime operating system. In principie, these
features would be independent of the machine on which

the Planning System were running and would provide a
fully portable basis for executing planning programs.
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TASK  3.1 1:A DETAILED DESIGN  OF  TH..  DAIALASE  CHARACTERIZED     IN   TASK  3.9

INTRODUCTION NETWORK DATA

The database presented in this section is divided
into  two major parts: one consisting of necwork data Table :1.  Oaw Discripclon of a Line S/ccion
and the other consisting of planning data.

The  network  data is comprised of fourteen tables.
Device Identifier

The first thirteen describe a particular componenc of
the distribution system network and che last describes Lino Section :denctflar

the substation. Each such cable is to be considered as Organizaclonal Dis ripcion

a relation.  All of the tables together form the nec-
Divlsicn Code

work database. The planning data is presented in Table
55. All of the data is correlated with planning acti- Olscrici Code

vities in Figure :1. Nacwork Daca

Source Ideocifier

Basic Assumotions
Load Idencificr

In agreement wich the discussion given in the sec- Circuit Su=ber

tion on TASK 3.10, it is assumed chac each network com- Subilaclon Identifier

ponent (Tables 41-54)  forms a vertex in the system net-
Elictrical Discripcion

work graph. To realize this, each componenc has asso-
ciated wich ic Network Daca which establishes ics Phase Cude

place in che network. As a result, chere is no sepa- KVA Load ABC (Wincer)

rate table (relation) which serves as a network topo- KVA Load ABC (Suiscri

logy description. The topology description has been
KVA Niand ABC (Wincer)"distribuced" among che network components. If the

planner requires a consolidated topological descrip- KV.4 Demand ABC (Summer

cion, chen it may, of course, easily be obtained buc it Voltage Lick Codi
is not retained in che database as a separace entity. Aucomation Code

In che same way, other data such as some cost data
Operallng Statushave been distributed throughouc the network and asso-

ciated with individual pieces of equipment. This re- Service Code

sults in a smaller but no less complete database con- Inscailacton D.tcp
figuracion.

Wire Installaclon Oac.
: Two other assumptions deserve mention, both con-

zerned wich the boundaries of che network. The first kb No.

is chac the Distribution System begins with the break-
Orig. Inscall.

ers, reclosers, capacitors and reactors on che low vol-
LaK Ch:mge

cage side of the substation and does noc include the
low voltage bus bar network of the substation. This *00 Significanc Job

view which is not universally held within che industry Coordinaces

was adopted in part because the bus network did not X-Y Coards (S/urce)conform to che generic descriptions proposed in TASK
3.9. X-Y Coords (I.oad)

The second assumption made regarding che extenc :nufaccurin  Daca
cf the distribucion system was that che network de- 2hysic,l Description

scription should include the meter ac the customer
Lengch (fc)

site. This convention, which is also not standard
within the industry, was made so chat consumption daca Express,Tie Code

would also fit inco the necwork description of the arant·h or End C/c

system. NO. u  BrinchesThe complete database is presented in the next c·wo
9/t. Wire Codesections. To preserve the outline sketched in the ma-

aerial on TASK 8.9. generic descripcors are included Neuc. wire Code

in all the cables as subcitles. Explanations of terms Pri. CMD

noc thought to be part of the induscry's standard vo-
rabulary are explained in footnotes placed at the bot- D.Plicat. End Pt.

.om of che tables in which che terms are found. No. Branches

Reliabilicy Dare

Cost Daca

No. Culco-Is

Record Scacus

Time History Daca
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Table 42. Discriburion Transtormer
Table 4]. Boaat and Buck Transformar

Device Idenclfier
Avice Idcnclfier

base and Buck Transformer
Discribucion Transformer Idencifier

S..1.1 No.
Organizacional Dekription

Organizational Descripcian
Division Code

Division Code
Disirict Code

Discrict Cod•
Network Data

Secvork Daca
Source Idencifier

Source Idencifier
Load Idencifier

Load Idanclficr
Clrculc No.

Circul, No.
Subscation Id,nclfter

Subscacion Identifier
Electrical Descripilon

Staclon Identifier
Phase Code

Electrical Descripcion
Voltage Raciag (Llne kV)

Phase Code
Voltage R.Beins (Losd kv)

vol ace Ractos (Name Place)
Voltage Racing (Line kv)

11                                                                 Voltage Racing Cline kV)

KVA Rating
R

X
%Boosc/:Buck

6'acts Loss Full Load ]0 + 14
Z

Waccs Loss No Load :$ + 14
R

Aucoztion Code                                        
                                        I

Operating Siatus
Automation  C.de

Service Code
Operacing Scacus

Inscallacion Dacj
service Code

Installactort Oaca
:ascallacion Daca

kicallacion Munlours
job Nwiber

Job Number
Original Inscallacion Purchase Ord*r

.-                              Or41nal Inscallacion
d" Chaoze Maincenance Record

Dc Change
Mose Stplficatic

Moac Significanc
gm Inscallacid Daca

Purchase Order
Coordinuces

gincenance Record
X-Y Coordinaces

Wire Inacallaclort Data
Licacion Address

Caordinaces

xan.faccuring O.ca
I-T Coordinalis

Manutaccurce S Year
Locat ion  Address

Model/Tyre
Manufaccuring Oaa

Serial No.
Xanufacturer 6 Year

having Ref.
Model or .ypc

Physical Descripcion
Sorla. No.

Conniccion Code
Drawing Rif.

Mouncing Type
Physical Descripcion

Widtlt
Conneciton Codo

Depih
Mouncing Typc

Height O.A.
Width

weighc
Depch

Insulacion
Height

Amount c d Oil
Weight

Reliabilicy Daca
Insulacion

Cost O,ca
Baliabillry Daca

Cost
Cost D.aca

Record Scacus
COSC

Tice History
Record Scacus

Tics Hiscory
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Tabli 44.  Shunt Capaclcor Table 45. Series Capacitor

Device Idencifier Device Idencifier

Shunc Capacliof Idencifier Serle, Capkitor Idencifier

Organizactonal Dascrip,cion O/lantzocional Description

Division Code Division Code

Discric. Code Discrict CodI

Necwork Daca Narwork Daw

Load :dencifier Load Identifier

Circuit No. Circuit No.

Suburacion Idincifier Subscacion [danclfler

Scatioa Identifier Staclon Idencifier

Electrical Description Electrical Descripcion

Phase Cod/ Phase Code

Volt/ge Racing Vokage Racing of Equipmenc

No. of au l's (A) Na. of Unics in Series

KVAR Racing of Unit 1 (A) No. of Units in Parallel

No. of Onic 2's (8) Voltage Racing - Parallel

KVAR Racing of Unit 2 (B) KVAR RatinT - Series

F. of Unit 39 (C) KVAR Racing - Parallel

KIAR Racing of 0„it 3 (C) Aucomtion Code

Aucomacion Code Operating Sucus

Oparacing Scacus Service Codi

Servic,  Coda Irlitillacion Doca

Inscallacion Data Inscall cion Mannours

Inscollacian ttinhours Job Numo"

Job Number Orig. Installd,10,1

Original Inscallacion Lasc Charise

Last Change Mose Significanc Change

Mosc Significant Purch/M Order

Purchase Order Maincenance Record

Maincenance Record Coordinates

Coordinates X-Y Coordinaces

X-Y Coordinates Discance from Load Pt.

Locarion Address 6ocaIion Addu/s

Distance from Load Point 3€anufacewing Daca

Manufacctiring Data Manufacturer 6 Year

Equipment Manuinccurer 6 rear (Cnit I) Modcl or Type

Equip=ne Onitaccurer 6 reir (unic 21 Serial No.

Zquirt, :ic Matiuraccurer 6 Year (Unit .1) Drawing Referance

Cnncrct Mitnucle:urer 6 re,/ Physical Deseriecion

InsulacionPhysical Descript ten

Mounting Typ•
Cal Ont rol C.:te

Ducy Coda
Cap Ovirride Code

lReliability Daca
Con crols 00

Cosc Data
Concroli Off

Cost
Blocked l

*cord Status
Blocked 2

Ti=/ History
Concrols - MaI

Controls - Min

Control Style Coda
..

Insulacion

Raltability Daea

Cosc Data

Racord Scacus

Time Hiscory

87



:able 46. (coac'd)Table 46. Line Regulacor

Insulation (A,8.C)
Oevke Idenclflar

Control Type
Lina Regulacor Iderlcifter

Reliability Daca
OrganizMcional De,criocion

COSC Daca'
Division Code

Coac (A)
District Coce

COSC (B)
Necvork Daca

Cost (C)
Load Idencifier

Total Scacion Coic
Scailon :dincifier

Record Starts
Subscacion [dencifier

Time Blicory
Circuit No.

Electrical Disc-iprion

Phase Codc

Valt.5. Racing Table 47. Siccionall:ing Device

KVA Racing - From 3//plate
Device Idenclfier

CT Facto
Seccionalizing Device Idencifter

PT Raclo
Orianizaclonal Discripcion

I Regularlon - From Nameplacc
Dlvlsion Code

R
Oticrict Code

X
Network D=Ca

I Regulation - From Nameplace
Load Idencifier

R
Scacioa Idencifler

X
Sub,cacion Idenclfier

i Regulation - From Namaplate
Circuit No.

R
Electrical Descripcton

X
Phasi Code

i Regulacton - As Sec volcage R.aclog
Regulacce Secting - KVA - As Sec

Ampere R.acing (tf fuse)
Compinsacion Seccinds Per D

Fault C,irrenc Racing

R (A.B.C)
Automacion Coda

X (A.B.C)
Operacing Scacus

3and Widch (A.8.C)
Service Code

-ine Delay (A. B.C)
Inscallacion Daci

No Load Vol age (A.B.C)
Inacillacion Minhourg

Aucornation Code
lob No.

Operacing Scacus
Original Inicall*ion

Service Code
Lasc Change

;nicallacion Daca
Most Significanc

Ircallglon Mnrtholirs
Purchase Order

Job Number
Maintenance Record

Original :.scallaclon
Cootdinaces

Las, ChanGe
X-Y Coordinaces

Mo,/ Significanc
4/acion Address

Purchase Order
Manutacturing Data

Maincenance Record
Manufacturer 5 Year

Coordinates
Model/Type

X-Y Coordinaca,
Serial No.

Locaclon Address
Physical Description

Manufaccuring Dica
Conne:elin  Code

Minufacturcr L Year (A.3.C)
Fuse/Blade Type Code

Modal or Type (A.8,0
TCC Curve Reference Code

Serial No· (A.B,Cl
Mount ti'g Type

Draviag Ret.
Reliability Daca

Physical Descrip,lon
COSC Daci

M.uncing Type
Record St/cus

Width (A. B.C)
Time Hiscory

Dapch (A.8.C)

Hoight O. A. (A.B.C)

Woilhe (A,3,C)
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Table :8. Line Reclo-r Table 49. Scactc Recloir

Devlce Idinalfter Device Idenclfiar

LAM Rulosor Idencifiar Staric Recloser Idencifier

Organizational Descripclon Orgar,15/cional Description

Division Code Division Coda

Discricc Coda Discricc Code

New"k Daca Network Daca

Load tdenzifter Load Idencifier

Circuit No. Clicuic No.

S.*scallon Ide'lifier Subicacion Identifte-

Scacion Idencifter Scation Idincifier

Eleccriczl Data Electrical Description

Phase Code Phase Code

voltage Racing (from Na. Place) Voltage Ricing (Nari Plite)

Ampm Racing (from Name Plate) Ampece Racing ("am Place)

F.C. tagarrupeing &atlas F.C. I.....upet.g &acing (Name plic.)

Series Fuse Racing :to. of Cycles

Serles Fuse :ype Code Bypass .... Racing

3ypas. RocinE Bypass Fuse Type Code

3ypass Fuse Type Code Ampere Rating as S,c

No. of Cycles Current Tcans/. Ratio

Raclosir Code. Amperaae Tap

Quick Trip Curranc Amperage Plug

b. of Quick Trips Ground Relay Plug

Recardcd Trip Current Croed R*lay Curve Ref.

Quick. Recarded, Exc Recarded Curve Ref. Code Cround Relay Amps H SI:

No. of Rac, Exc Recorded Trips Sc=cic Recloser Code

Aucomacion Code Reclosing Tlies

Operating Scacus Rcieeclns Time

Data 6 Readiog of Counters Operacions co Lockouc

Inscallocion Daca Quick Trip Currenc

Inicallacion Manhours Recarded Trip Curre.C

Job No. Inacancan#. Curve Ref.

OriFinal Inscallacion headed Curve Ref.

Lise Change Sime Delay Type

Mose Signiftcanc No. of Qu ck -/190

Purchas  Ord.r No. of Recarded Trigs

Maincenance Record Aut. aCion Ccde

Coordinate. Operating kicus

X-Y Coordinaccs Service Code

Location Addriss Inscallacion Oaca

X.nutaccuring DIe. Inscallacion Kinhours

Manufaccurer S Year (A.3,C) Job No.

Model/Type (A.3.C) Original I....11/lion

Serial No. (A. 8.C) Last Change

Physical Description Most Significanc

No. of Ucics in Scaclon Purchase Order

Mouncing Type Maintenance Record

Width (A.8.C) Coordinaces

Depch (A.3.C) X-Y Coordiniccs

Hoishi (A.3.C) Locacion Address

Weight (A.B.C) Man./accuring DIe.   '

Cal. of Insulacion (A.3.C) Manufacturer 6 Year

Raliabilicy Oaca Model/rype

Cosc DIca Serial Nu.

Cost (A.B.C) Physical Description

Total Stacton Cost Voltage Source Code

Record Scacue Width

Time Hiscory Dopch
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Tabla 4g. (conc'd) :able 50.  (cont'd)

Halet
Rellabilky Data

Weiglic
Cosc Dats

ksulacion
Cost (A), (B). (C)

Gal. of Inoulation
Total Stacion Cosc

Raliability Data
Record Stacus

Zost Dice
flme Hiscer>

COSC

Total Scacion Cosc

hcord Scacus

Tice Riscory Table 51. Tie Sectionalizing Davice

Device Ideacifier

Sectionalizing Device Idecifier

Tabl. 30. Reaccor
Orsanizacional Discription

Division Code
Device Idenclfier

Discrlcc Code
Reactor Idncifter

Nen:ork Daca
Organi:acional Discription

Load Idencifise
Division Code

Circuic No.
Discric: Codi

Subitacion Idinclfiur
Network D/ca

Station Idencifier
Load Wencifier

TIE Subicacion Idencitier
Circuit No.

TIE Circuit No.
Subscacion Id•nciftii

Tie Load Idenclfier
Scaclon Identlfier

Conn Ction Codi

Elecirical Dedripcion Eliccrical Discripcion

Phaso Code Ph//e Cod/

Voltase RAcing Voltage Ractnq (Na. Place)

A=.re Lating A.p... R...1./ (Fule)

R                                                                                       Faute Currenc Racir·15
X                                                                                               Svirch Croup Cod,

30. Units in Station Fus•/Blade Type Codi

KVAR Racing Per Phali (A.B.C) TCC Curvo Refermce Code

Aucomacion Cod. Automation Code

Operacing Scatus
Operating Stacus

5.rvice Code Service Code

Inscallacton 048 Imiallacion Dica

inacallacion w. thouri DIe of IMullatiOn
lob No. Zosiallacion Xanho.irs

Originit tnscallacion Job No.

Las, Cham Origlail lucallation
wose Stsz,lficaric ..c Ching.

Purchase Order
Moic Significanc

Mainconance Record
Purchase Order

Coordlneces Mainconanci Record

X-Y Coordinares                                                          Coordinices
Loca:lcn Addresl I-T Coordlnic"

Manufaccuring Data Location Address

Minufacturer  5  Y,ar  (A).   (3). (C) M.nuf.....ing D...

Model/Type (A), (8). (C)
Manufacturer 6 Year

Sorial No. (A). (B). (C)
Modal/Type

Drawing Reference
Phy,ical Desertpcion

Physical Descripcion
Mounting Type - - . -I

Mounting Typ.
Reliabtlity Data

Width (A), (B). (C)
Cost Data

Depth (A). (B). (C) &,cord Stacus

Heighc CAD. (B). (C)
Time History

Wit*: (A), (B). (C)

Iniulacion
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Tabl• 33.  Subscacion Sreaker/Ralayed RecloserTablo 32. Cu/coe:er Mec/r

Devic, Identifier Device Idenclfier

Custom/:•r Xecer Idenclfic/ Ricloser Idencifier

Orgastiscional Doscr:,cion Organizational Descriplion

Division Crde Division Code.

Discrice Code Discrict Code

Necwork Da NC.....er No.

Necvork 0 ca Load Idancifier

Source Iden,ifier Circuic No·

Circuit No. Subsiation Id/ncifier

Subscacion Idioilfier Scacion Idencificr

Eloccrical Discrl,cionEleccricAl ki rlption

Phos. Code
Phie Codi

Voltage RatinZ
volcas• Racing (Name Pt*Ie)

Ampere Racin S

Ampere Racing (Nami Place)Damand/KWh
F.C. Incerrupcing P.ace (Nare Place)Auconacion Code

No.·of Cycli
Operact.< St:icus

Bypass F... Rat in·,;
Callb:acion Dace

3ypiss. Fuse Type CodeService Code
TCC Curv,

Tnicallacion Daca

Ampor• Racing·(As Sic)Inicallacion Dace
A/para Racing (Laximai Possible)Inicallacion Mannours
Currenc Transf: Ratio

Job No.
Low Inscanc icous Tap

Ofiginal Inscallacion
High Instancaneous  ap

Lasc Change

Time Delay Type
Coordlnaces

Timo Delay Zap
X-Y Cnordinoccs

Tic* Level Curve
Locacion Addre•a

R•closing Reljy Type                                                       IManulaccurinB Oak.
. Ground Relay Type

Xanufaccurer 6 Year
Ground Relay Tap

Model/Ty" CrA  d  Re lay  Tise Lever Curve
Serial No.

Ground Relay Ampers (As. Sic)
7hysical Descrieclon

Roclosing Times (3)

Mounts:18 .ty'.
Resecting Tima

widch
Operactons to Lockouc

Depch
Low :nstan,aneous Currenc

Meigh,
High·Insiancaneous Current

Weight
rloe Delay Currenc

Rail;ability Dica
No· of .Insrantaneous Trips

Cose Daca
No. of Time Delay Trips

COSC
Aucomacton :'de

Racord Status
Opera"4 Scacus

Tic, Hiscory
Service Code

Customer Ricards for Laec Tvn Years by Moach
Inicallacion 0"a

Inseallation *re

Installacion Mjnhours

Job NO.

,.                                                                 Original Tiscallacion
'

: LIlI Change

Most Significanc

Purchas' Ord*.

-

Malncenance Record

Coordinaces

Locaclon Address

X-Y Coordinices

Manufaccurlog Daca

Manufaccurer 6 Year
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Table 53. (cont'i)
Table 34. Subscactoo

Model/Type Device Idencifter

Serial No. Subscacion Identifier

Physical Description Organizaclonal Doicripcion

Voltage Source Cod• Division Code

width Discricc Code

Depth Necwork Daca

Height Breakir/Relayed Recloser Idencifter Lisc

W.ishc Capacleot Idencifter Liac

Insulacion Roactor idencifter Lise

Gal. of Insulacion Electr cal Discripcion

Riliabilicy Daca 'Capacity (In KVA or Im)

Cost Daca Primary & Secondary Volcage Levels

COSC Load in KW, KVAR

local Scation Cosc Automation Code

Record Scacus Operating Stacus

Title Hiscory Service Code

Coordinaces Inscallacion Daca

X-Y Coordinacci Year of Inscallacion

Locacion Address Inscallation *Linhours

x...faccuring D.ta Maintenance Record

Conc/sccor Identificaclon List Tins Hiscory

Physical Descrlption Co•t of Purchasea Pow" (By Mcnch)

Service Arei Size in Square Miles Case of Generaud Power (By wonch)

Yard Dimensions Demand Cosc im $/kW

Cetaway Type Code

No. of Getaways

DrawinG Ref. PLANNING DATA

Reliability Data
There is some data associated with the distribution

COSC
system which are not directly relaced ·to the network.

Original Conscruccion Cosc These data arc generally classified as planning data.

Replace-n. Coll For che purposes of this report, they have. been scpora-
ted into two tables, one listing general  planning data

Depreciacion Race
(Table 55) and the second shows parameter construction

Annual C..Cl moduleb and their parameters (Table 56). Table 57 shows

Inceresc the applications appropriate for each general daca. clas-
sification.

DIPraciacion

Table 55. Planning Daca
Insurance

Tams Land Use Plans       '

Planning Code
Operacion S Maintenance Saturation Code

vocal Cost of Subnecwork Class Code
Company Policies

Record Stacus Trans formecer Load >Lanagemenc Daca
Righc of Way Acquisition Coscs
Demographic Influences
Innovation Trends
Economic Condicions

=ible 56.  Data Requirements of the Subprograms

SUB 'ROCRAM INPUT DATA
d      Name
1

SFCi a) cost of land
b) subscaclon conscruction cost

2     . FFCij a) grid values of endpoincs
b) cosc of macerial and labor per feeder mile

3      .FCij      a) grid values of SSi and SS·
b) cosc of macerial and labor oer cia-feeder mild

4 DFC., a) Kid values of demand cencers i and j
1J b) :030 of macerial and labor oer feeder mile

3      FRCi       a) grid values of demand cencar j and SS,b) cosc of ·macerial and labor ier feeder-mile
6 FBC. Value of FBCi

7        C k      a> Transformer sizesb) Transformer cases
:) :ransformer invencorv

8   Power Loss a) energy COSC
Curves b) demand cost dua co faac capacity as a result

of energy losses in feeders
c) Trid values of endooints.
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Table 57. Applicati.on and Suitunary of Dala Requil·emelits
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TASK 3.12: THE IMPLEMENTATION OF THE DATABASE ON A MODERN DIGITAL COMPUTER IN A MANNER
WHICH MAXIMIZES THE TRANSPORTABILITY OF DATA AND RELATED SOFTWARE AND IS

COMPATIBLE WITH OTHER SOFTWARE USED IN THE PLANNING METHODOLOGY.

Da habt ihr's nun: mit Narren sich beladen
Das kommt zuleczt dem Teufel selbst zu Schaden.

Faust, Part II, Acc 1.
INTRODUCTION

-     Portability is a requirement having two major
aspects. The first is the portability of the data
itself; this is the easiest condition to satisfy.  Data

in character form may be ported easily from one com-
puting environment to another. The second is the
portability of the software which processes the data

and this is complicated by the nature of the applica-
cion to which the software is to be devoced.  A
database management system generally requires the use
of the full repertoire of machine instructions for a

FILTER
given computer. Current software cechnology suggests / INPUT

, 3.--- 
PROCRAY

chat only high-level languages be used to develop a
database management system buc the most widespread
high-level languages were not seen as satisfactory for f-Such an effort. As a solution to the implementation

1 Ez 1language problem, the language C was chosen.1  Once
|

FILE DBMS -1 ;   DA$
the software was fully impl3mented, it was then trans- 4-- 3ASE

lated (by hand) inco Ratfor, which in curn, is
translated into Fortran IV by che Ratfor translator.

Finally, the resulting Fortran source3is optimized,
using an approach suggested by Knuth.

This effort has resulted in che implementation of
Figure 37.th ree software products: a canonifier program which

allows the database co be software-compatible with all Detailed Descriocion
of the application programs; a database management
system supporting the suggesced database; an optimizer

Input specification records can be classified into
program which transforms che Fortran outpuc of che five different types. These are listed and explainedRacfor cranslator into efficient code; and lastly, a in Table 58.. The general form of  the format specifica-
breadboard version of·the Shell program (described
under Tasks 3.6 and B.10).

tion is shown in Table 59. Conversion characters  and
their meanings are shown in Table 60..

THE CANONIFIER PROGRAM Table 5.8. Input Specification Record Types

A systems view of the Canonifier is shown in
Figure 17. The program runs under interactive control Scacemenc Firsc Character Stace.enc Meaning
via the terminal but the usual source of control data Type In Statement Sody
is from the input soecification file.  This file con-

<message > Character Stringtains statements which may be thought of as very general
..assage          m

message termi-
format statements. The program functions  in two modes. naccd by newline

In one mode, it :eformacs daca which has been extracted character dis-

from the database using queries. After being refor- played on
terminal

macted, the data may serve as input co an analysis
program.  Thus this mode is called input mode. The Daca d <string> scring termi-

Record caced   by newlineother mode is the converse of input mode. Ic accepts characcer
output from an analysis program and reformats it so written inal-

that it may be incorporated into the dacabase. tired co oucout
file

The error file (Figure 37) is used to note any Query q <query One or more

specification errors encountered either in the terminal Request list> queries passed
co DBMS

input or in the data found in the input specification
file. If any errors are detected, no output file is

Query b <format spe- character scring
generaced. Instead, the user uses the text editor Co Format cificacion> terminaced by

correct the input specification file or re-enters data newline chirac-

from the terminal (or boch) until no further errors are cer considered

found. as <formac spec-
ificazion> for

1                                                                                                                               database buffer
Kernighan, B.W., and Ritchie, D.M., The C Programming file

Language, Prencice-Hall, Englewood Cliffs, N.J., 1978. Terminal a <format characcer string

2                                                                                       Format specifi- tcrminaced by
Kernighan,  B.W., and Plauger, Software Tools, Prentice- cution>     newline charac-

Hall,·Englewood Cliffs, N.Y. 1977. cer considered
as <format sre-

3                                                                                                                               cification> Eor
Knuth, D.E., Structured Programming with goto State- terminal input

ments," Computer Surveys, Vol. 6 (1974) pp 261-301. data
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Table 59. General Form of <format specification> a c.d, %5.4 i,

7                                                                       THE DATABASE MANAGEMENT SYSTEM
i

c
1

.d 1   f <char>   1

4      ,„       1.1      1 ...
The database management system, implemented in

i <rfac 1> J   i <rfac :>        <:_spec>
J Ratfor, uses the fATRICIA data scruccure as the basisof its directory. The simolest description of PATRICIA

can be given as followi.
5

<rfac 1> - integer specifying the number of lines to
be expected by the Canonifier ·Program; if
"C" is used, value read from terminal via Let the generalized K-formula aab indicate chat

<f_spec> of type C. nodes a,b are joined together by an a-link in that
order, i.e. from a to b. An S-System is a symbol

<rfac 2> - integer specifying number of times the system or defining scheme which resembles a grammar. In
format specification following che comma distinction to the usual phrase structured grammar,
is to be repeated; however, the productions in an S-System frequentlyif "d" is used, value read from terminal employ unique terminal symbols in each application of a
via <f_spec> of type d. given production. Symbols so treated are written for

<char> - Any ASCII character except "S" or newline
example, as

aIil
where the brackets indicate an entire

<f_spec> - if "%%," copied co output buffer as "%" ;
set from which a symbol is to be drawn (the drawing

process has a memory; once a symbol has been remoVedif % [-1 [<f_width>1[. <precision ] <con-char>
then a data item from the terminal is from che set it may not appear in the production when

expected;
applied later in the derivation) .  Accompanying chis

convention is one which says chac if such symbols are
[-]        - optional minus sign specifies left·adjust- enclosed in French quotes, ("<<", ">>") and have the

ment of daca in output field same index then they are co be replaced by same symbol.

<f width> - field width specifies cotal number of-                                                               These conventions permit the following description
characters data item is to occupy on of PATRICIA:output file.

<precision> - if the number is to be interpreted as a ar          -1
floating point number, <precision> speci-     p-  a ar <<LR>>   ar
fies number of digits to right of decimal a ar <<RL>>
point.  Otherwise, it specifies the -         -

number of non blank characters comprising
the data object. See succeeding table.                      -       -            -

Esati 1 8 aIj 1<con_char>  - see succeeding table.

L-  a aIj
1

<<LR>> R - Ba <<LR>>
[j]

Table 60. Conversion Characcers 1.3 a [ j
l

<<RL>> -8 a [j
J

<<RL>>
-                 -

<can_char> may be any of cke following:
with 3, 3 scanding for the left and right links res-

pectively. Hueristically, these productions have theCharacter Type Meaning
graph grammar forms shown in Figure 2.

i integer Maximum number of digits
which may be accepted; if The structure is recognizable by a Push Down Auto-
input exceeds this number, an maton. Its description is as follows.
error will result.

c       <rfact 1> Same as above.  ($):   d(q , a, $) - (41,$)

d       <rfact 2> Same as above. d(ql' aj,$) - (42'aj&)

f       floating point  Number of digits to right of d(42'aj,aj) + (43'e)
decimal point; if input ex-

d(43'e,$)   - ( f' )ceeds chis number, least sig-
nificant digits truncated. d(qo,a,$)   - ( 4' )

e       floating point  Same as above d(44'aj,$) = q2: R (aj$) 1 (z)

with scaling                                                                 d(q4'aj,$) - q2: 1 (ajs)  R (z)factor

s string Maximum string length; if                                                  H
input coo long, truncate on L(z):  d(ql, ,z)  - (ql,z)
right; if too short, pad
with blanks on right. d(ql'aj,z) - (q:'ajz)

d(q , .z)  - (q2•z)
As an example, suppose it is required to output

an n by m matrix of real numbers. Elements on the d(q2'a ,z) - af * R(ajz) L(z')
same row should be separated by commas. Each integer d(42'aj,z) - qf: 6(ajz) R(z')
should be no longer than four digits, and should
occupy five spaces on the output line. 411 integers                                                 S
are to be read from the user tarminal. A possible        4

Knuth, D.E., The Art of Computer Programming, vol. 3,input specificacion record is:
Addison-Wesley, Reading, Mass., 1973 pp. 490f.

m enter 2 numbers to be used as D of rows & columns.
a 1.1,n=Zc, m=Zd                                            5Thompson, J.C., and Atkins, G.E., A Syntactical Speci-
m enter the entire matrix 1 row for 1 input line fication of the Data Structure PATRICIA, co appear in
m each element is 4 or less digits long, separated by a technical journal.

commas.
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i (z) :  d(qo, 1, z) (cil,z)
(i)   K  . K K,K ES

P-q p q

d(ql'aj,aj)   ( f'e) (ii)    For K  ,  K   E S,E m  such  that  K   4  Kc  0   5  2< m.p   q
2 P- I

d(ql,a,z)
(q.,Z)

implies K  8  K   m S t'
3(qo,a ,a )  q=:  (e) i(z') P       q

d(q2'aj,aj)  gf: /(e) 2(z') (iii) Lec m be the least such value appearing in
(ii) for given K,K  (and greater than

P    q

zero); then eitherThe notation qf 2 (...)' appearing on che right
m

side of a cransition rule means chae the present auto- K<mK or K >  K   exclusively
naton returns co stace qf_after invoking machineR and               P   q      P    q

m+1
R has terminaced.  R and 2 are obtained from 1. 1 by

(iv)  If K    K   &  Kp  E  Kq
replacing every occurrence of a by 3 and vice versa. P- q

and m C,+1
K=K   &  K   E  KThe fact chat the structure is recognized by a p-r  p  r

PDA is very important because this means that basic then

integrity checking of the structure can be automated. K itl K  and if KpmtlK  then K  m*l Kq=  r                    p     r
2.                        .6

Node Relations
(v)   Iff for K  =  K  & K  :r K r i s x p E K r 215 12P- q  q

The descripcion of PATRICIA is not complete with-

ouc a careful statement of ·che defining relations among Select an arbitrary element K  £ S.  For any other
r

the data stored in che nodes. To make the definitions element K  E S, we have
as general as possible, consider the following.  Let                 
che sec S = '.K..·of elements K. be keys. In the sequel, K   K 0<i<m (1)1       1                    r-q
a mapping will be defined between nodes in the struc-

In general, m depends on K Fix m; label che subset
cure and elements of S; chis mapping will be written                                  q

Ka  = Ki·  For the presenc, this mapping will be of S for which (1) holds E m(k ).  Then S can ber
written

ignored.  Lec  E, be an indexed sec of equivalence                           m         m,

relations over S and let t ,J} be an indexed sec of S  =   E 1(Kr)  1  E »(Kr) U  ....

precedence relations. Then consider the axioms: -,
It is clear chat che c s are disjoint
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m

E i(Kr) 3 Emj(Kr) - 0  ml 0 mj procedure P_SEARCH   (HEAD, KEY, LLINK, RLINK,   LTAG,

m, RTAG, SKIP, K);
pointer array LLINK, RLINK;Each E 1(K ) which concains more than one element, inr integer array KEY;

turn may be partitioned into sub-equivalence classes string        K;
begin

procedure P_PROBE (HEAD, KEY, LLINK, RLINK, LTAG,
by first choosing a root K

; s Emi(Kr)
0 We may then RTAG, SKIP, K, n);write

mi mi'mi mi'm  integer array LTAG, RTAG, SKIP;
pointer array LLINK, RLINK;

E  (Kr) = E  (K' )U E  (K') U
... string arrav  KEY;r         ·r

string        K;
integer       n;Continuing this process, each key K E S may be con-

0                               begin  comment: p, q. ssum are global variables;
m.,m.... integer dot;
1 J p := HEAD; ssum := 0;  dot := 1;sidered the root of some equivalence class E (K ) .

p   :m  LLINK [  q  ]P                      q := P;
It may be seen that this partitioning process does not lf. LTAG  [q] 0 dot then
generate a unique partition since the choice of roots begin
is arbitrary within a given subclass. Eisum :- ssum + SKIP [pl;

while  ssum < n do
Algorithms    begin    -

if BIT (ssum, K) 0 0 then
The PATRICIA structure not only has the advantage beRin

of a precise mathematical description (and thus is q := p; p :- RLINK [q];
subject co careful analysis) as well as being recog- if RTAG [q] = dot then
nizable, but in addition, may be manipulaced and imple- return
mented by simple algorithms.  Algorithms for key end
search and key insertion are shown in Figures 39 and 40 else
respectively.  This simplicity makes the cask of imple- begin  comment: BIT = 0;menting a practical system much easier than it might

q := pi p := LLINK I V;otherwise be. .if LTAG [ q]  = dot then
return

As an example, a PATRICIA tree will be constructed end;
for the texc

ssum := ssum + SKIP [p]
end

HUMPTY DUMPTY SAT ON A WALL, end

end P_PROBE;
treating each of che phrases pointer p, q;

integer n, ssum;
HUMPTY DUMPTY SAT ON A WALL. n := LENGTH (K);

P_PROBE (HEAD, KEY, LLINK, RLINK, LTAG, RTAG,DUXPTY SAT ON A WALL. SKIP, K, n);if SEQUELS (n, KEY [pl, K)  then return (p)SAT ON A WALL.
else return (A)

end P SEARCH--
ON A WALL.

Figure 39
A 'JALL.

SKIP, a number which tells how many bits co skip
WALL. when searching, as explained in the algorithm

(SKIP corresponds to the value of m in the

as a key in the directory.  To keep the example simple, equivalence relations exhibited above.)

; sr eof 't; e  e« a hae'I':i::«wr::di:he heep:::s:: tte   The PATRICIA tree for this example is shown in Figure
43. The reader will note chat in the case where tworelation thus has the form shown in Figure 41. The

node structure of the PATRICIA tree has the form shown or more attribute values are required to determine a
in Figure 42 where the fields have the following sig- key into the relation, che PATRICIA structure is par-

6 ticularly useful, since the character strings formingnificance:
the desired key may be concatenaced and the search per-
formed on the resulting string.  Thus the same algo-

KEY, a pointer to the text of the phrase. (Repre- rithms serve co locate the desired tuple, regardless of
sented by K in che K-formulas.) the key structure.

LLINK and RLINK, pointers within che tree. (Rep- Relational Algebra Languaqe
resenced by a, 3·, respectively in the K-
formulas.) As  discussed  in the section  on  Task 3.10, the

query                      language is based on che relational algebra of Codd.LTAG and RTAG, one-bit fields which tell whether The form adopted for this implemencacion is shown in
or not LLINK and RLINK, respectively, are Table 61. A prefix format was chosen to that command
pointers to sons or ancesters of che_node. composition chat would be straightforward. The quer·y
(LTAG = 1, RTAG = 1, represented by 1, 3 exhibited in the section on Task 3.10 can be written as
respectively, in the K-formulas.)

6
Knuch, D.E., op. cit., p. 491.
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On Preposicion

begin
procedure P INSERT (HEAD, KEY, LLINK, RLINK, LTAG, RTAG,-                                                      RLINK [ql := r;  t :- RTAG [ql;

SKIP, K);
RTAG [q] := solid

: pointer array LLINK, RLINK; end
i

integer array LTAG, RTAG, SKIP; if b=0 then
: pointer HEAD;                                                        -

string array KEY;
kesin

LTAG [r 1 := 1;  LLINK [r } :- r;
: string K; RTAG [r] :- t; RLINK [r ] :- p

begin end

procedure P PROBE (11EAD, KEY, LLINK, RLINK,   LTAG, else

RTAG, SKIP, K, n); bein-
ooincer array LLINK, RLINK; RTAG [r 1 := 1; RLINK [r 1 := r;

intecer array LTAG, RTAG, SKIP; LTAG [r ] := t;  LLINK [r l := p
scrinK   arrizy KEY; end;
string        K;                                               if t=1 then SKIP [r] := 2- ssum

elseinteger       n;
begin  comment: p, q, ssum are global variables; begin

: integer doc; SKIP [r ] := 2 - ssum + SKIP [ p] ;

p := HEAD;  ssum := 0;  dot :- 1; SKIP  [p ]  :=  ssum - 2

q: ,p;   p: = LLINK[q] end

I if LTAG  [q] 0 dot then --
end P INSERT

-

begin
ssum :- ssum + SKIP [p]; Figure 40
while  ssum f n do

begin
  if BIT (ssum, K) id 0 chen- KEY PART OF SPEECH

begin
q := p; p := RLINK [q] ;
if   RTAG [q l = dot then Humpcy Subject

return
'

end SubjectDumpcy
elsei·

'

begin  comment: BIT = 0; Sat Ve rb

q := p;  p := LLINK [ql;
if   LTAG  [ q] = doc then-

return
end;

ssum := ssum + SKIP [pl                      A                      Article

end
1

-

i end Wall Direct Object
  end P PROBE;

I pointer p, q, r;
integer 2, n, c, ssum, solid: Figure 41

string Kp;

kil b;
  if HEAD = A chen

begin
HEAD := AVAIL;
KEY [HEAD} := K;

KEY SKIP

LLINK [HEAD 1 := HEAD;
LTAG  [ HEAD 3     : -1,
RLINK [HEAD] := A

end RLINK
-                                                                    LLINK

else

begin
solid := 0;
n := LENGTH (K); Figure 42
P_PROBE (HEAD, KEY, LLINK, RLINK, LTAG, RTAG,

SKIP, K, n);
comment: search musc be unsucessful... PROJECT(

no key is prefix of anocher; SELECT(

Kp   : = 'KEY  [ p] ;
JOIN(TRANSFORMER, SERVICE)

for Z := 1 to n do FOR TRANSFORMER.SERIAL#=SERVICE.SERIAL#)

-if BIT (IT K) 0 BIT (6, Kp) then exit;                 -WHERE SERVICE.STATUS='IN' and

b := BIT (Z,K);
SERVICE. STATUS DATE-CURRENT   DATE  <  180

P_PROBE  (HEAD, KEY, LLINK,  RLINK,  LTAG,   RTAG,          OVER    SERIAL#, X-Y COORD.

SKIP, K,2 - 1); TRANSFORMER SERVICE J TRANSFORMER.SERIAL#
r := AVAIL;                                                              --SERVICE.SERIAL# i STATUS = 'In" and
KEY    [r l: -  K; STATUS DATE-CURRENT DATE < 180if LLINK [q 1=7 then

begin P SERIAL#, X-Y COORD
LLINK [q 1 := r;  c := LTAG [q] ;
LTAG  [q  ] : = solid

end
else

99



<input relation name> p <actribute name list>
Humpty Dumpty Sat On A Wall

<output relation name>

<actribuce name lisc> ::= <attribute name>

<attribute name list>

<attribute name>

(Humpty) <divide> function.
1

syntax specification.

<input divident relation name> <input unary

divisor relation name> d <output unary quotient

relacion name>

( Sat·,) <minus> function.

1        -/1
/\\

syntax specification.

// \\
<input subtrahend relacion name><input minuend

 /           1                  relation name>
m <output result relation name>

/ \/                                      <union> function/ \
(Wall)         \                 syntax specification

(Dumpty)                     1            \               <input relation namel><input relation name2> u
1                                                 \

\ \1\ <output relation name>

1    0-' 1 <intersect> function

\                                       syntax specification
1                                        

                  i

|          (On)           /        <input relation namel><input relation name2> i
1           /        <output relation name>

1        <multiply> function
I

1 1

j   f    /                        syntax specification1/\
i / \  / C-' \ /: <input relation namel><input relacion name2> mu&/ \I. <oucput relation name>

Figure 43 <invoke database management system> function.

syntax specification

Table 61. Relational Algebra Scatements <database name> rodni <password>

comment
<select> function

The name of the database managemenc system is
syntax specification.

relation oriented .database fetwork Information.<input relation name> s <qualification>                 -      -
<destroy database> function<output relation name>
syntax specification.

<qualification> ::= <tuple rilacion><qualification>
<database name> ds db

i <tuple relation>
<create relation> function.

<tuple relation>::= <attribute value><boolean
operator> <tuple function> syntax specification.

Comments. <Output relation name> is either a relacion <schema specification><access method>
name or the symbol Z. In the latter case, % C <relation name>
stands for a temporary relation name. If Z has

been previously defined, ic may be used as an <schema specification> ::= (<attribute list> :
<input relation name>. <key list>)

Example. <attribute list> :: - <attribute name><domain
cransformer s serial# - 1775453 %

specification><attribute
<join> function. list>

syntax specification.
1
<attribuce name><domain

<inpuc relation namel>·<input relation name2>  j specification>
<bi-tuple boolean relation> <output relation name> <key lisc>:: = <actribuce name><key list>

<bi-tuple boolean relation>::= <actribuce valuel, <attribute name>

<boolean operator> <domain specification> ::= <accribuce type> (<field

<attribute value2> length>)
<project>function. <attribute  type>  : :=  <int> 1  <float> i <char>
syntax specification.
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<access method> ::= pat Syntax Specification

<destroy relacion> funccion. <input relation name><assignmenc list> asg

syntax specification. <output· relation name>

<relation name> dsr <assignment list> ::= <attribuce name> = <tuple

<copy> function expression>

syntax specification ; <assignment list>

<external database name><external relation name> -      <attribute name>
= <tuple

<local access method> cp· <local relation name> expression>

<modify> function FORTRAN SOURCE OPTIMIZER

syntax specificacion
The portability requirements place a heavy burden

Not Implemented. on the system designer.  The only suitable language

<output relation> function which is truly portable at the present time is FORTRAN

IV. However, FORTRAN's somewhat primitive control
syntax specification structures make the programming of an application such

<relation name> wrr as a database management system extremely difficult.

Such' programming tends to be difficult even in a
comment. Output is directed to DBMS buffer

language such as Algol, which has much more powerful

Canonifier formats output for delivery to proper control structures.  A glance at Figure 40 will illus-
trate why this is so.  To obtain more powerful control

outpuc medium/device. structures within a FORTRAN context, the implemencers

<output schema> function on this project turned to Ratfor, a dialect of FORTRAN

which has powerful control structures. Portability
Syntax Specification for Ratfor is obtained by translating chose Racfor

<relation name> wrs statements which are not in themselves FORTRAN state-

ments into FORTRAN statements. T he major drawback co

<input relation> function this translation process is chat the resulting FORTRAN

syntax specification program is noc nearly as efficient as an equivalent

program coded by hand would be. Since the database
rdr <relation name> software is extensive (it is comprised of more chan

Comment forty subprograms), it is not feasible to do the tran-

slacion by hand.Data is placed in DBMS buffer in a format com-

patible with schema definition by the canonifier. Thus, it is clear chat what is needed is a tool
to assist the programmer and that tool is the FORTRAN

<delegate> function. Source Optimizer.

syntax specification
Major Features

<relation name list> dl <access list>

<relation name list> ::= <relation name> The information flow is illustrated in Figure 44.

The optimizer accepts FORTRAN statements generated by
<relation name list> the Racfor processor and performs the following accions.
<relation name>

(1) Detects any syntax errors. The Racfor pro-
<access list> ::= <schema specification><permission> cessor does little or no syntax checking. Any

<user id list><access list> statement which it does noc recognize is assumed
to.be a FORTRAN statement (not a Racfor scace-

<schema specification><permission> ment) and is passed as it was encountered to the

<user id list> output file, which in turn is passed Co the

Optimizer.<permission>::-     rd  i  wr ;  ex
<user id list>::= <user id><user id list> (2) Finds common subexpressions. Many express-

 
<user  ib

ions can be "factored" so chat certain arithme-
tic expressions need to be evaluaced only once.

<save> function
(3)  Detects "dead" code.  Some portions of a

syntax specificati6n program may not be reachable during normal exe-

<retention status> SV <relation name> cution because the programmer has made errors in
his algorithm design or because the algorithm

<recention status> .:, <julian date> % was not faithfully translated into a correct

Commenc Ratfor program.

The retention status designated by % is temporary, (4) Eliminates redundant control transfers. The

che relation being destroyed' when the current session Ratfor control statements which are all single

entrance-single exit constructs are implemented
with the DBMS terminates. using FORTRAN goto statements.  The implementa-

<purge> function tion is done in a simple-minded way wich the

result chat no tescing is done for situations
syntax specification such as a transfer co statement number 10 which

PU is itself a goto statement jumping to number 50.
This kind of redundancy is eliminaced.

<assign> function
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irrf

FORTRAN                               /

1            ...  -                                                      RATTOR

OPTIMIZER              '                      
     EXECUTABLE

COMPILER PROGRAM

ERROR      

FILE       

N--
Figure 44

(5)  Allows interactive program restructuring. greater resources of time and effort chan were avail-
The programmer executes che Optimizer interac- able.  This was recognized early in the life of the
tively. After initial processing of the FORTRAN project and chat recognition prevented any large ex-

source, the optimizer is prepared to accept penditures of manpower which ultimately would have
commands from the programmer and rearrangement of been wasted. Instead of cilting with such a windmill,
the source can be done. This rearrangement may the staff decided to implement the shell using the
result in more sophisticated code than the opti- inherent features of Unix on an available PDP-11/70.
mizer could produce unassisted. At the same time, It is possible for a programmer co write his own
the routine processing referred to above has al- command processor (shell) co drive the underlying
ready been done and is thus not a concern of the functions of Unix and this was what was done. It was

programmer. felt chac it was important to experiment with che

features proposed in the original functional descrip-
Underlying Principles tion and these were the ones implemented. Ihe syntax

for the Shell is shown in Table 62. They may be com-
Many of the optimizing steps depend on the pared with their functional descriptions in Appendix F.

generation of the flow graph which is a digraph whose
edges represent transfers of control within the source Table 62 Shell Commands

program and whose vertices represent groups of source
statements in which there are no transfers. The crea- <execution> function
tion of such graphs is 7well-understood and standard

syntax specificationmethods are available. These graphs permit the decec-
cion of loops, and unreachable (dead) code. Another <program name> <from> <to>
graph construct which is important which the optimizer
conscructs is the DAG or Directed Acyclic Graph.' This
·graph is used to analyze the vertices of the flow <from> ::=+<input file name
graph. Such analysis shows how the values computed in
one such basic block are used in subsequent blocks.

<empty>

This leads co che detection of common subexpressions <to>  : :=  - <output  file name>
and loop optimizacion.

J
<empty>

The syntax analysis is done using. simple prece- <pipeline> function
dence methods for expression validation and recursive

syntax specificationdescent parsing of scacements.  After the progranmmer
has modified the source program, he may again run both <program name><pipe descriptor>
the syntax checker and the analyzer.  This allows him
to check for errors which might have inadvertancly <pipe descriptor> ::= :-: <program name>

crept in when the modifications were made. <pipe descriptor>

SHELL IMPLEMENTATION 1 <empty>

<execute control file>
The Shell program implemenced by the work reported            '

syntax specificationhere did not meet the portability goals originally set
for it.  The diversity and pecuiiarities of several sh * <control file name>
operating systems under which the total system  migh t <create> function
be expected to function demanded of the staff far

7 syntax specification
Aho,  A. V., and Ullman, J.D., ·Principles of Compiler
Design, Addison-Wesley, Reading, Mass., 1977. <file pointer>  -  cr <file name>
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<open> function

i syntax specification

<file pointer> =  op <file name>

<close> function

syntax specification

cl  <file pointer>

<unlink> function

: syntax specificacion
' rm <file name>

<list files> function

Table 63 Major System Component Status

System Implementation Portability
1 Status Status

Shell                   /                x
· Analysis Programs      4              v

Network Editor          x                  x

Canonifier                                  i

i Optimizer                        v'                          x

4 - implemented/portable x = unimplemenced/
nonportable

SUMMARY

Table 63 summarizes the major components of the

system which have been implemented.  The Shell program
itself is the only one which has noc been implemented

: in a portable manner.

The canonifier program has proven to be the key
co making all of the applications/analysis programs
compatible without requiring any substantial modifi-
cacion of chem.

The canonifier program works well as a front end.

co che database management system (DBMS) which was
implemented using che PATRICIA data scructure.  Not
only is PATRICIA a practical directory scheme but its
behavior is susceptable co cheorecical scudy which
shows how :0 check the structure's internal consis-
cency using techniques from Formal Language theory.

As  part  of  the  DBMS,  a user language was imple-
menced based on che relational algebra.  This language
allows one co write queries in prefix form so that
nesting is straightforward.

Lastly, as part of the approach taken co achieve
portability, a FORTRAN source opcimizer was implemented
which allows the system programmer co optimize the
portable but inefficient code produced by the Ratfor
translator. Using Ratfor allows one co program in a
more comfortable language than standard FORTRAN.
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TASK B.13: THE EVALUATION OF THE DISTRIBUTION PLANNING METHODOLOGIES DEVELOPED
BY THE CONTRACTOR INCLUDING THE EFFECTS OF MAJOR ASSUMPTIONS IN THE
MODELS AND TECHNIQUES AND THE AMOUNT OF EFFORT AND COST REQUIRED TO
EXPAND THE IMPLEMENTED SOFTWARE PACKAGE INTO A PRODUCTION GRADE PROGRAM

A.  THE EVALUATION OF THE DISTRIBUTION PLANNING METHO- A further accoorplishment has been to recognize,  for

DOLOGIES DEVELOPED BY THE CONTRACTOR INCLUDING THE the first time in the literature, a more realistic mo-
EFFECTS OF MAJOR ASSUMPTIONS IN THE MODELS AND THE del of the electrical nature of the electrical discri-

TECHNIQUES bution problem by explicitly including real and reac-
tive power flows as variables.  This allows capacitor

A major accomplishment of this research design has and regulator allocation decisions to be modeled as

been che use of che integrated data base, data base mathematical programming decisions. In this approach,

management system, representational approach, and func- however, further research is needed into the solvabi-
cional definitions to achieve an optimal planning ap- lity of che model and the determination of che degree
proach, in theory, which  was not possible in previous of extension of the basic model.
approaches and co use this syscem to increase the di- In order to accomplish the integrated design, some
mension of the problems that can be solved.  The key unique features were developed for the database manage-
design elements which accomplish this system are: ment, control and analysis system. Ihe features are:

The design switches which permit che planner to
select possible feeder routes, substacion sites, incre- 1.  The graphical representation of the distribu-

mental capacities, conductor sizes, etc. The advantage tion network which uses line sections as nodes
gained here is chac the planner can eliminate obviously rather than edges.

non-optimal alternatives efficiently and thus signifi- 2.  The integrity constraints involving color
cantly reduce the search tree in the MIP solution pro- coding to prevent designer errors.
cedure. 3.  The network editor whose design permit the

The usage of the data base to reduce the number of distribution network to be searched for sub-

variables required in the optimization model.  This is network configurations efficiencly by treat-
accomplished by :he design of parameter computation mo- ing subnetwork configurations as a text string
dules which make use of the structure and relevance of 4.  The data base induced by the parameters of the

the data base. For example. the cost of the subscation optimization and analysis models.
incremental capacity additions can be computed with 5.  A data model and form unique Co the electric
knowledge of the current installed cost of cransfor- utility industry data systems.  So far, no.
mers, and relevant hardware and the exchange possibi- counter examples have been found as a result
lities present in che system. These exchange possibi- of the search in che literacure or in the
lities are decision variables in other appraches. This industry surveys.

approach assumes the optimal solution achieved will not
involve more axchanges than were assumed by the parame- Other than the assumptions previously discussed,

ter optimization program. Ic is possible that incre- no  maj or assumptions  are made'. The assumptions im-

mental capacity allocations will exceed the number of plied in the analysis programs chosen which are the

transformers in inventory and thus some errors will be standard assumptions made to perform load flow, fault
made in the cost calculations as the program will noc current, voltage profiles, etc., calculations.  The
be able  co  account  for all the interaction possibili- thrust of che research has been to model more realisti-
cies for a given inventory state and cradeout set. cally and attempt to determine solution limitations.

However, most of the small to medium size planning The major difference in this research work has been

problems will be unaffected. This problem will be ad- the use of the full modelling power of che MIP tech-
dressed in the implementation by using the overall de- niques as opposed co network flow models and dynamic
mand increase as an estimate of che incremental capa- programming approaches.
city required and escimacing the number of substations
chat will be involved. This will allocate co each sub- B.     THE  AMOUNT OF REQUIRED EFFORT TO EXPAND THE IMPLE-
scacion or zinice sec of tradeouc and invencory possi- MENTED SOFTWARE PACKAGE INTO A PRODUCTION GRADE
bilities. PROGRAM

The cosc assumptions made in che models by others
in che literature on power loss values are eliminated As was discussed in TASK B. 12, only part of the
in the models developed in chis research by use of the concepcual model has been implemented. The major sys-
actual power loss curves.  The cost of power losses has cem components and their status is shown in Table 63.

a significant effect, and has much more importance than The effort :o be spent upgrading the prototype system
variations in the incremental cost figures. The com- should be concentrated in four areas:
pleteness of the data base and its organization allow
chese curves co be computed and expressed as MIP para- 1.  Making the shell program truly portable.
mecers very efficiently. For large problems, the con- 2.  Implementing the network editor.

vex approximation  used is still much more accurate 3.   Restructuring some of the applications/analysis
chan che linear approximations used in the literature. programs to cake advantage of the network con-
This is a particular example of what is meant by the cepts built into the system.

daca elements induced by the planning model. The cost 4.  Improving the performance of the database

of power losses calculation requires the cost of con- management system (DBMS).
ductor per foot, grid points for the ends of che feed-
er, cosc of labor, cost of line components, cost of The shell program functions as a minioperating
energy, impedances, cost of caxes and maintenance, in- syscem, providing file handling capabilities to the
cerest rate, and salvage values. All of these elemencs planner.  Most operating system environments do not
are contained in che data base. support such features. A notable exception is Unix,

Another major accomplishment of this research has deveioped by Bell Laboratories.  The availability of
bean to incegrate che siting and seizing, distribution, Unix to the research group permited the realization of
conductor size selection, routing and timing decisions the shell functions for the prototype syscero. However,
all within one model. Current (1979) approaches still cransporting the shell to another environment such as
addrehs these individually and then cycle through the the IBM 370 vs environment would be a difficult task
calculations iteratively. It is an approach which pre- buc one which should be undertaken to meet che original
cludes any optimality guarantee. goals of the mechodology.
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The network editor· is perhaps the most innovative I.  Salaries and Wages
concept to emerge from the syscems research done by
this project.  Lack of resources prevented its imple- A.  Principal Investigator
mencation but given the DBMS, the implementation would.              9          months @ 0.25 FTE*..55,156
be straightforward. 3 summer months'@ LOO FTE . . $6,375

Some of the algorithms used by the analysis pro-
grams should be changed to take advantage of the net- B.  Co-Princioal Investigator
work. orientation of the planning system.  In particu- 9 academic months 1 0.25 FTE ..$5,150
lar, an investigation should be begun to determine if 3 summer months 9 1.00 FTE . . 56,866
the network methods currently being studied are appli-
cable  to the planning problems· discussed  in  TASK  B. 6. C.  Co-Princinal Investieacor
It appears that if they are applicable, speed improve- 9 academic months @.0.25 FTE...$6,338
ments of as much as an order of magnitude could be 3 summer months @ 1.00 FTE . . $8,450
anticipated.

Lastly, while the DBMS works efficiently with the D.  Research Associate - I

prot·ocype database, as the size of che database grows·, 12 months @.0.25 FTE . . . . . $7,300
the 'size  requiredents  for real memory . (as opposed·'co
virtual memory) will also grow, resulting in slower E.  Research Associate - II

access.times.  To counter this degradation, alternate 12 monchs @ 0.25 FTE . . . . . 57,633
access methods should ·be incorporated  into  the  DBMS.
This will improve performance. and provide. a more flexi- F.  Research Assistant - I
ble system.·Another feature which to date has not been 12 monchs @ 0.50 FTE . . . . . $6,000
included in.the DBMS is an automatic restructuring
capability to improve the way the data is organized G.  Research Assistant - II
internally.  This feature should also be developed. 12 months @ 0.50 FTE . . . . . $6,000

C.  THE COST ESTIMATE TO EXPAND.THE IMPLEMENTED SOFT- H. Research Assistant

WARE PACKAGE INTO A PRODUCTION GRADE PROGRAM 12 months @ 0.50 FTE . . . . . $6,000

I.  Secrecarv ($4.12/hr)In order co design, develop and implement·a pro-
ciuccion grade program,  it . is estimated  that a cwo-year 12  months 9.0.50 FFTrEE . . . . . 54,252

ziee schedule and a tocal astimaced budget of $327,537
Total................$76,020are required.  The details of the estimated budget are

·given in che following.tables.
II. Frinze Benefits

:Ocai
Direcs laoor

E,2=rd   d,d .our     Ese( , ad .lau.="d
18% of the salaries and wages . . $13,684

COSC
3-.ncipal Znvesciper 1,220 :13.36 $25,265 III. Indirect Costs
2 Co-Principal Invesciga:or 3.*C 13.4 36.289
Z Zes/arvh Associa:as 2,230 15.08 31,3592 Research Assiscancs 6,210 5.77 36,000 61% of che salaries and wages . . $46,372
1 Secretary 2,080 4.29 8,929

-ocal Direct Labor Cos: · · · · · · · · ' · · · · · · · · · · · · $157,342 IV.' Computer Usage

.scai .r a v e l. . . . . . . . . . . . . . . . . . . . . . . . . $8,000 60 hours of CPU time @ 5250/hr . .515,000

6:har Z'.rect Coscs
V. Miscellaneous

Fringe 3//,afics $28,412
'

Compucer Costs (120 h.s. 6 $250/hr) 30,000 Supplies . . . . . . . · . . . . . . S 3,000
ts:lies 6,000
Cor.zi.cacions 1.000

Communication...   .   .   .   .   .   .   .   .   .   . 5500

T r a v e l. . . . . . . . . . . . . . 54,000
kil Ocher Diract Co,=s    · · · · ' · ·   · · · · · · · · · · . 565.".2 57,500

TOTAL (For Year I) . . . . . . . . . . . Sl58,5.76
3,81. ,.rec= Cos:s . . . . . . . . . . . . .   . . . * . . .3231,254

Overhead
The decails of che required budget for the second

61; of 3:57,342 . , , , . . . , . , , , . , , , , , . . , , ,566,233
fiscal year are:

TOTAL ESTIZ TED C O S. . . . . . . . . . . . . . . . . . . *.$327.537. I.  Salaries and Wages

A.  Princioal Investi2ator
The following table presents the cost by individual· 9.academic months 3 0.25 FTE.. 55,672
fiscal years. 3 summer months @ 1.00 FTE . . 57,562

Cosc Detail by Fiscal Year B.  Co-Princival Investigator
9 academic months @ 0.25 FTS .. $5,665

Year I Year II Total 3 summer months @ 1.00 FTE . . $7,553
Direct Labor $76,020 581,822 S157,842
Travel $4,000 S4,000 58,000 C.  Co-Princioal Investigator

Other Direct Costs S 112,204 Sl 19, 050 $231,204 9 academic months @ 0.25 FTE ..$6',972

Overhead 546,372 5168,961  , 596,283 3 summer months 9 1.0 FTE . . .$9,265

TOTAL ESTIMATED COSTS 5158,576 5168,961 S327,537 D.  Research Associate - I

12 monchs 3 0.25 FTE . . . . . 38,030

The details of the required budget for che firs: .

fiscal year are: ''FTE  is .used as an abbreviacion for full-cime equiia-
lent

„
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Research Associate - I:
III. Indirect Coscs

12 monchs G 0.25 FTE . . . . . 58,396

F.  Research Assistant - I
61% of che salaries and wages . . . . . . $49,911

12 months 3 0.50 FTE . . . . . 56,000 IV. Computer Usage
G.  Research Assistant - II

60 hours CPU time 8 $250/hr . . . . . . . 415,00012 months 9 0.50 FTE . . . . . 56,000

H.  Research Assistant - III
V.   Miscellaneous

12 months 9 0.50 FTE . . . . . 56,000
581,822

Supplies . . 53,000
Communication . . . . . . . . . . . .5500

IL  Fringe Benefits
S 7.500

Travel . . . .
. 84,000

18% of the salaries and wages . . . . . . 514,728 TOTAL (For Year II) . . $168,96-1
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APPENDIX A. BIBLIOGRAPHY OF DISTRIBUTION. SYSTEMS PLANNING

INTRODUCTION 8.  Chang, N.E., "Determination of Primary Feeder
Losses," IEEE Trans. on PAS, Vol. PAS-87, No. 12,

This section presents a bibliography of selected Dec., 1968, pp. i991-1994.
references pertaining to electrical distribution
system planning.  The objective is to encourage and .9.  Chang, N.E., "Determination and Evaluation of
facilitate broader use of aucomation concept in the Distribution Transformer Losses of the Electric

distribution systems planning.  References·have been Syste'a Through Transformer Load Monitoring,"
selected which deal predominantly with the distribu- IEEE Trans. on PAS, Vol. PAS-89, No. 6, JulylAug.,
tion system. Emphasis is placed on references which ·1970, pp. 1282-1284.
illustrate practical as well as theoretical applica-
tions of distribution system plannihg techniques. 10.    Chang, N.E.. "Evaluation Distribution System De-

An extensive, but not necessarily complete, sign by Cost Reliability Indices," Presented at
search has been made for the identification of papers the IEEE PES Winter Meeting, Feb., 1977.
and reports published in the open literature which
describe the distribution.planning methods and tech- 11. Connor, R.A.W.,.et al., "Operational Statistics in
niques.  The listing of the titles is subdivided into the Management of Large Distribution Systems,"

three sections, depending -upon the general substance Proc. IEE, Vol. 113, No. 11, Nov., 1966, pp. 1823-
of each article. However, a title may be lisced in 1834.
more than one seccion if the paper covers material..in
various sections. 12.  Converti, V., et al., "Optimized Distribution and

The  entries  in each- section are listed in alpha- Subtransmission System Planning by Digital Com-
betical order.  The last name of the first order au- pucer,". I-System Philosophy, IEEE Trans. on PAS,
:hor determines the alphabetical 'position.   Many of .

Vol. PAS-83, April, 1964, pp. 341-347.
the articles are available in abstract·· form in Science
Abstracts, Section 3, of the Engineering Index. and 13.   Cooper, J.M., "Optical Density Displays  for Dis-

digesting or indexing periodicals, as well as in· the .tribution in Planning," Rochester Gas and Electric
original magazines listed.  Only Ehe more readily Corporation Report, April, 1974.
available foreign publications are included.   A.list
of the periodicals which ha*e been cited and .their· 14.    Copland,  F.G., "The Economics of Low-Voltage  Elec-
place of publication is given 'followink the biblio- tricity Supplies co New Housing Escates," Proc.

graphy. IEE. Vol. 99,·Paper No. 12365, Jan., 1952, pp.
95-101.

CLASSIFICATION· OF LISTINGS
15.   Eddy. F.N., "Communications Alternatives  for Auto-

1. Analyses mated Distribution Systems," Concrol of Power Sys-
2.  Models                 ' tems Conference, March 10-12, 1976, Oklahoma City,
3. Techniques OK, pp. 128-133.

i 1. ANALYSES. 16'.   Eichenberger, Paul H. and F.M. Fine, "What Role
Can Simulation Play in the Subtransmission and

1.    Baughman,  M. L.,  and D.J. Bottaro., "Electric .Power Distribution Planning Process?" Paper No. A754853

Transmission and Distribution Systams: Costs and. presented at the IEEE PES Summer Meeting, San

Their Allocation," IEEE Trans. on PAS, Vol. PAS- Fransisco, Calif., .July 20-25, 1975.

95, No. 5, May/June, 1970, po. 782-790.
17.· Ender, R.C., ec al., "Optimized Distribucion and

2.   Benson. R.U. and J.Z.D. Northcote-Green, "Devel- . Subc:ansmission Planning by Digital Computer," ac
opment of a Data Base for Distribucion Systems che IEEE Summer Meeting, Toronto, Ontario. Canada,

Planning." Conference Paper (73, pp.. 374-376. June· 16-21. 1963.
IEEE PES Su=er Meeting, July 15-20·, 1973.

18.   Ender, R.C., G.G. Aver and R.A. Wylie. "Digital
3.  Billinton, R. and M. S. Grover, "Reliab ility Calculation of Sequence Impedance and Fault Cur-

Assessment of Transmission and Distribution rents fbr Radial· Primary Distribution Circuits,"
Schemes," IEEE Trans. on PAS. Vol. PAS-94, No.: 5, AIEE Transactions Pt. III (Power Apparatus and
May/June, 1975, pp. 726, 732. Systems), Vol. 79,· Feb., 1961, pp. 1264-1277.

4.  Billincon, R. and M. S. Grover, "Quantitative . 19.   Gangel,  M.W.,  et al.,. "Optimized Distribution and
Evaluation of Permanent Outages in Distribution Subtransmission Planning by' Digital Computer,

Systems."  IEEE Trans. on PAS, Vol. PAS-94. No. Patt IV-Primary Main Design," IEEE Trans. on PAS,
3, May/June, 19 75, pp. 733-741. Vol. PAS-84, December, 1975, pp. 1150-1164.

5.  Burstall, R.M., "Design of Electricity Distri- 20.   Gaussens.  P.. "Digital Computers in Distribution

bution Networks--A Heuristic Approach," Interim Network Studies.,". A Paper, Presented at Conference
Revort of Univ. of Birminzham, Dept. of Engineer- on Digital Computation for Electric Power Systems,
ing Production, March, 1964. Queen Mary-College, London, September, 1963.

6.  Campbell, H.E. and H.Z. Sinnott, "Economic Anal- 21.  Gonen,- T., et al., "A Research Progress Report
ysis of Residential Secondary Distribution Sys- for Electrical Energy Distribution Systems,"
cems," AIEE Transactions Pt. IV (Power Apparatus University of Oklahoma, Norman. OK. Sept., 1978.
and Systems), Vol. 76, Aug., 1957, pp. 574-585.

22.  Gonen,-T., F.E. Fagan, J.C. Thompson and C.M.
7.  Campbell, H. E., "Economic Analysis of Distribu- Council. "Toward Automated Distribution. Systems

tion Systems," AIEE Transactions Pt. III (Power Planning." IEEE Control of Power Systems Confer-
Apparatus  and  Systems),  Vol.  79,  Aug., .1962, po. ence. Texas A&M University, College·Station,
423-440.                                                    Texas, March 19-21, 1979.
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23. Griscom,  S.3.,  and R.Z. Lawrence, "Residential 39.   Northcote-Green, J.E.D., "Spatial Effects on Feed-
Distribution--An Analysis of Systems to Serve er Optimizacion in Distribution Planning," Model-

Expanding Loads,"  AISE  Transactions  Part IV ing and Simulation Conference, University of
(Power Apparatus and Systems), Aug., 1956, Pittsburgh, PA, April 25-27, 1979.
po. 535-542.

40.   Ossman, W.R., "Substacion Expansion, Reliability
24.  Grover, M. S. and R. Billinton, "Quantitative and Transformer Loading Policy Analysis," IEEE

Evaluation of Overload Condition in Substation Trans. on PAS, Vol. PAS-88, No. 8, August, 1969,
and Subtransmission Systems," Presented at the pp. 1195-1205.
IEEE PES Winter Meeting, January, 1976.

41. Rural Electrification Administration, "Voltage
25.  Grover, M. S. and R. Billincon, "Quantitative Drop Calculations," Bulletin 45-1, March, 1957.

Evaluation of Maintenance Policies in Distri-
bucion Systems," C75112-8, Presented at the IEEE 42. Sarikas, R.H. and H. 3. Thacker, "Distribucion
PES Winter Meeting, New York, N.Y., Jan. 26-31, System Load Characteristics and Their Use in
1975. Planning and Design," AIEE Transactions Pt. III

(Power Apparatus and Systems),  Vol.  76,  Aug.  1957,
26.    Hassounch,  Awad  S. ,  "Load How Analysis of Power Pp. 564-574.

System Distribution Planning and System Modifica-
tion," M.S. Thesis, The University of Texas at 43.   Senupta,  J.K., "A Generalization of Some Discri-

Arlington, May, 1974. bution Aspects of Chance-Constrained Linear Pro-
gramming, International Econ. Review, June, 1970.

27..  Hill, O.L. and W.A. Wittenberg, "Distribution
Feeder Planning Technique," Transmission and Dis- 44. Smith, J.A., "Determination of Economical Discri-

tribution, Vol. 26, October, 1974, pp. 66-69. bucion Substation Size." AIEE Transactions Part
III (Power Apparatus and Systems), Vol. 80, Occ.,

28.   Hoescenbach, R.D., "Load Flow Analysis of Elec- 1961. pp. 663-669.
trical Distribution Systems Using the Digical
Computer," IEEE Trans. on Industry Apolications, 45.   Smith, J.A., "Economics of Primary Distribution

IA-12, No. 2, March/April, 1976, pp. 152-160. Voltages of 4.15 Through 34.5kV," AIEE Trans-
actions Part III (Power Apparatus and Syscems),

29.  Jomier, R., et al.,
"
Concrete Experiment on the Vol. 80, Oct., 1961, pp. 670-682.

Administration of a Rural Network Using a Compu-
ter," Proc. Fifth Power System Computation Confe- 46·   Sommerfield. G., "Forecasting Load Growth," Trans-
rence, Vol. 2, Paper 4.1/3, Cambridge. 1975. mission and Distribution, Vol. 26, Occ., 1974,

pp. 44-46.
30. Juricek, Michael J., Atsuhi Fukutome, and M.S.

Chen, "Transportation Analysis of an Electric 47.  Stuart, T.A., "A Study of the Rochester District
Power Distribucion System," Paper No. A 76052, Based on Estimated Loads and Voltage Drops for
presented at the IEEE PES Winter Meeting, New 1977 and 1982," Rochester Gas and Electric Corp-
York, N.Y., January 25-30, 1976. oration Report, August, 1975.
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33.   Larson, P.E., "Economics of Distribution Systems," 50. Wilde.  R.J., J.T. Boardman,  and D. Farguhar,  "CAD
Electrical Engineering, Vol. 75, 1956. System for Distribution Network Planning," IEE

Conference Publication, No. 111, University of
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Secours Dans les Reseaux de Distribution Amoyonne pp. 85-91.
Tension, " Third Power Systems, Computation Confe-
rence, Rome, 1969. 51.   Woodley, N.H..  et al., "Subcransmission and Dis-

tribution Systems Expression by Simulation," A
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36.  Mitchel, C.F., et al., "An Economic Analysis of ison of Secondary Voltages 1-·b and 3-$ Distribu-
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APPENDIX 3. A SAMPLE COPY OF THE OUESTIONNAIRE 8.  If a substation exists, what ara the major factors

DEVELOPMENT OF ADVANCED METHODS FOR PLANNING
considered to determine ultimate expansion capa-

ELECTRIC ENERGY DISTRIBUTION SYSTEMS
bility?

A.

1.  Do you plan for long range? Yes No                 B.

Is long range planning defined in terms of load             C.

levels? Yes          No D.

If yes, what % above present levels2                        E

What other factors determine if the plan is long           F

range?
G.

9.  What transmission voltages are the substation

planned for?

2.  Do you plan for short range2 Yes No

What time span would be considered short range? 10.  What distribution voltages are considered in

economic expansion studies?

What other factors besides years, determine if a

plan is short range?
11. When comparative plans are made for serving

developing areas, what are the major alternatives

considered?

3.  What factors do you consider in determining A.

boundaries for distribution service areas?
B.

C.

D
4.  What factors are considered in load level projects?

E.

F.

How are che various factors considered in load             G.

projections quant·itatively? 12. How are results of Question 11 presented for:

A. Engineering Review

3. Operating Review

5.  4-nat size of areas is used for load projections:
In urban areas?

C. Implementing Plan
In rural areas?

6.  How are future substacion sites picked?

13. How do the developing load patterns in an area

feed back co the planner to cause changes in

plans considered in Question 11?
7.  How many years before a subscacion is constructed

is the site purchased?

Average time

Shortest time
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17.  If the answer to Question 16 is yes, what limita-

tions by:

14.  Do you have available, computer time for distri-
A. S

bution planning?  Yes            No                        B. Customers

15.  Would an interactive distribucion planning C. Load Levels

computer model improve your planning? D. Others
Yes             No             If yes, why?

are placed on reliability in distribution plannin 

18.  Do you value che worth of service (revenue loss)

for customers?  Yes                 No

If yes, do you value the worth of service differ-

ently by class of customer? Yes        No

If no, why? If valued differently, what are typical values

assigned per:

Customer

16. Is reliability considered in distribution
KVA

planning?  Yes               No                            KWH

If yes, how is it factored into plans? Other

19.  What models do you use in distribution planning?
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APPENDIX C

RES EARCH ADVANCES IN SOLUTION METHODOLOGY FOR DETERMINING
MINIMUM COST EXPANSION OF SUBSTATION CAPACITY FOR POWER

DISTRIBUTION SYSTEMS

The problem of least cost expansion of substation in the initial proposal, becomes manifest in this new
capacity for power distribution systems requires the development. In fact, for the case in which each GUB
determination of three critical factors: set is the same, the order of complexity bound for our

procedure has the same form as that for the ordinary
(1)  The identification of the particular sub- knapsack problem.  This surprising result means chat

stations chat should be given additional the LP/GUB knapsack problem is susceptible to solution
capacity. with unprecedented efficiency.

(2) The determination of how much additional The main body of the report decails the back-
capacity each substation should receive. ground and significance of the LP/GUB knapsack problem.

The mathematical characterizations of this problem and
(3) The specification of when the additional our results for solving the problem by a new speciali-

capacity should become available. zation of the dual simplex algorithm are then elabor-
ated.  We develop the order of complexity bounds for

These determinations must be based on constraints of two variants of our method and hhow that both of these
cost, load, voltage, and reserve requirements. They variants dominate previous approaches over practical
also depend importantly on the decision concerning ranges of the parameters.
the distribution of loads among substations.

The compelling application of these new results
The complexity and interacting effects of these co the substation capacity expansion problem, as

considerations have been captured in a machematical previously noted, arises by making chem che driving
model by Masud (13) , which characterizes the problem mechanism behind the implementacion of surrogate con-
as 0-1 "Multiple Choice" mathematical optimization strainc relaxation strategies.  More specifically,
problem with generalized upper bounding (GUB) con- since the generation and solution of surrogate con-
straints. In order to realize the potential benefits strainc relaxations is identified in our proposal as a
from this model,  it is necessary to idencify a way to major component of a specialized solution algorithm

solve it effectively, thereby determining the implica- for the substation capacity expansion problem, the
tions of its irrelated underlying factors for real- ability to solve LP/GUB knapsacks efficiently will
world decisions. Specifically, as noted in our materially improve the ability to solve the substacion
proposal*, an efficient tailored, computer solution chpacicy expansion problem effectively. In addition.
routine is required that operates on the model struc- these innovations will lead co improved applicacions
ture in a manner co determine the optimal (least cost) of branch and bound exclusion tests.

plan for expanding substation capacity to meet elec-
trical power and energy needs. Certainly, the complete effectiveness of these

results must depend on the process of generating che
This report presents the innovations that have surrogate constraints themselves, and on che manner in

been made in solution technology under this proposal which the LP/GUB knapsack solutions are integrated with
as a foundation for che full scale effort of develop- the other main components of the total solucion pro-

ing a completely integrated, operational, computer cedure. This involves the developmenc of specialized
solution routine. These innovations succeed in branch and bound fathoming cechniques and associated
advancing the state-of-the-art in mathematical pro- list processing and labeling algorithms. In general,
gramming soiution techniques. In particular, we the algorichmic and programming procedures described
reporc a new computer solution methodology for che in our proposal emerge as the essencial efforts co

linear programming (LP)/generalized upper bound (GUB) cake maximum advantage of the new LP/GUB knapsack
knapsack problem. solution methodology developed here. By means of

these specialized algorithmic and software development
The LP/GUB knapsack problem is a major subproblem efforts, the envisioned possibility of a solution

of :he least cost subscation capacity expansion model, method 3 to 7 times more efficient than che best
upon which the solution of the total problem crucially available commercial integer programming software
depends.  More precisely, the LP/GUB knapsack problem stands to be realized or even surpassed, thereby
is the mathematical relaxation of che substation capa- yielding important cost savings in the computer solu-
city expansion problem generated by means of a surro- tion of the subscation capacity expansion problem.
gate constraint solution scrategy. The requirement of These savings will be further magnified by che ability
repeated solution of this subproblem (many hundreds or co obtain comparable gains in efficiency in post-
even thousands of times) in the surrogate strategy optimality analyses designed to ask "what if" questions
dictates chat it be solved in the most efficient about changes in options and cost structures relating
possible manner. to substation capacity expansion. In chis fashion, the

present results provide a foundation for an incegraced
Our research provides a solution procedure for the solution routine of particular importance co the

LP/GUB knapsack problem that is notably superior co any broader goals of planning co meet fucure energy needs
previously known.  This claim is established by the in the generation and distribution of electrical power.
derivation of compucational bounds (Theorem 3 and
Corollaries 4 and 5, following), chac dominate the best 1.  HISTORICAL BACKGROUND
bounds in the literature. Ihe possibilicy of obtaining
an improved method, foreshadowed by a result reported A good deal of attention has been given co scan-

dard LP knapsacks for their role as relaxations in

branch and bound methods for solving integer knapsack
*Proposal for Electrical Energy Distribution Systems problems [2, 5, 9].  Such problems have been studied as
in response co ERDA RFP No. EC-77-R-02-0034 submitted an end in themselves, and also as surrogace constraint
by University of Oklahoma, Office of Research Adminis- relaxations for more general 0-1 integer programming
tration, 1000 Asp Avenue, Room 314, Norman, OK 73019.
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to accelerate che solution of ordinary LP/GUB problems To begin, we make a simple and well known observe-

(IP) problems. where I  R J   =0 for ptqand J-  U  Jk -N.ksM
Many 0-1 IP problems, however, are of che "mul-

tiple choice" variety, attended by the requirement There are no restrictions on any of che problem
Chat the variables of particioned subsets sum co one. coefficients (a , ai' c,), except chat we exclude the
Specialized IP methods for problems involving such trivial situaci8n id which a, =0 for j E N-J.

J
generalized upper bound (GUB) conscraincs have been
proposed in settings of varied generality (e.g., [3, 4, Two subcases of interest included by our results
6]), and recencly some attention has been given co are for N=J  (as in Witzgall  [16])  and for N-J= {n}.

integer knapsacks with GUB constraints [14, 15]. To where x  is a slack or surplus variable (as in Sinha
solve chese and more general problems using LP and and ZolEner [15]).  We will comment on the speciali-
surrogate relaxations, it is important to be able :o zations of our results to these subcases ac appropriate

solve LP/GUB knapsacks efficiently.  It is also points.
valuable co be able co solve LP/GUB knapsack problems

by the dual simplex method, as pointed out cy Witzgall tion concerning the structure of basic solutions for
[16].  Consequently, the goal of this paper is co this problem.
develop an algorichm :04 the LP/GUB knapsack problem

that is both easily implemented and highly efficient. Remark 1. In every basic solution to che equations (2)
and (3) ,m-l o f the sets J, ,k£M will have exactly

Two earlier papers dealing with this problem (in one basic variable.  The remSining Jk set will have
slightly less general form than created here) are one basic variable if there is a basic variable in N-3,
worthy of special note. The paper by Sinha and and  otherwise will  have two basic variables. (By con-
Zolcners [15] is the first co identify the characteris- vencion we refer to a variable as "in" a set if its
tics of che undominaced solution space for the case in subscript is in the set.)

which zhe knapsack is an inequality constraint. These
authors chen develop a method that is reported to speed To facilitate che subsequent development. we will

che branch and bound solution of che integar GUB knap- introduce notational conventions chat will be useful
sack problem.  The second paper, due to Witzgall [16], for depicting che form of a cypical basic solution
examines che case where the knapsack is an equality within the framework of che dual simplex method.
constraint spanned by the GUB sets.  Wiczgall's work is Throughout this paper we will lec 'Jrrdenote the excep-
especially nocable for its geometric characterizations tional set chat has two basic variables, when this
and the specification of "worst case" computational situation applies, and in general. lec x<* denoce the
bounds for his algorithm. In particular, che algorithm basic variable (or one of the basic varibbles) in set
of [16] is shown to be of complexity 0(n log n) +          T-, I k   M.  We will suppose chac k* is unique for each
0(0(n-m) ), where n is the number of variables and - is s t Jk, and call x * the starred basic variable for Jk.
the number of GUB :ecs. This is che first result thac In the case of J , we will denoce che basic variable
bounds the complexity of the LP/GUB knapsack problem in other than x b  x. .   As will be seen, this conven-
chis manner. a*  -  q.

tion will allow us to associate different formulas with

In this paper we use an alternative framework that    x * and x ,, though of course these formulas yield

focuses directly on properties of the dual simplex equivalent expressions when q* and q' are interchanged.
method applied to the LP/GUB knapsack problem. After Additionally when chere exists a basic variable in N-J
specifying necessary and sufficient conditions for dual ic is denoted bv x . Finally, we introduce the objec-
feasible bases, we identify relationships that hold 0

tive function varihble x0 - -I c x  whose maximi-
automatically in the application of the dual simplex

j€N
method.  These relationships are then utilized co zation achieves the minimization of (1), and let NB
develop a specialized version of this method which is denote the index set of current nonbasic variables.(4)
shown co be of complexity at most 0(n(log n + log m)).
or in che case where each GUB set contains che same Basic solution forms
number of elemencs, 0(n log n).  These bounds are
interesting not only because they reduce the previous Case 1. x  is basic in N - J.
estimate of the order complexity of the LP/GUB knapsack P
problem, but also because they reduce to the same form
as one of the standard algorithmic bounds for the ordi- X+I U.X. = U (5)

0
nary :2 knapsack problem without GUB conscraincs,

0   j€NB  J J

chereby establishing a connection between these more
and less general problems.                                                      P           J ]     0X  +  I   V.X. = V (6)

j ENB

2.  PROBLEM NOTATION
)k* + I x. = 1 k E M (7)

The LP/GUB knapsack problem may be written j ENBAJk  1

Minimize     I c.x. (1) (Noce, NBAJk = 4 - {k*}.)
j EN    J   j                                                                                          

                                              K

Case 2.  No variables are basic in N - J; r , and x *
are basic in J .

subject to  I  a.x. = a (2)                   q
jEN J J    o

(8)
xo + j NB ujxj = uo

7       x.  =1;   k  E  M= f l, . . . ,m} (3)

j€Jk                                               xq, + I   vjx  - vo                        (9)
J

j ENB

x. 2 0;j   N=  1,...,n
J
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xa* + 7 (1-v.)X for x  in (5) and (8). For this result we keep Case 1
0

j€NBAJ
J    j

and Case 2 separate.
q

-                                            Theorem 1. A basic solution is dual feasible for (1)-
j NE-J  (-vj) xj -1-v o (10) (4) if and only if:

q

T.+ T x. = 1 k E M- {q} (11)

k* is selected so thac dk* = Minimum {dj}
j EJk

K„   jiNBRJk J
k  E M  -  {w},

For our subsequent development, we need co iden- (where 4 is as defined in Remark 2 and in Case
:ify the precise connections between the coefficients 2, (w} = {q} and {w} =  0, otherwise).
of the basis representations in Case 1 and Case 2 and
the coefficients of che original problem representation

Case 1.  ch/ah f ci/ai h E H,i E I
(1)-(4).

where H= {h E N-J' .a h< 0}, I={i E N-J:a. >0}
1To reduce all formulas to the same notation for and p i s selected to be an h E H that yields the maxi-

both Case 1 and Case 2 when N 0 J, we define Jm+1
=

mum c /ah or to be an i E I that yields the minimum
(N-J)U{n+l>, where r is a "fictitious" variable, Ci/ai·n+1
unrestricted in sign, with an+1 = c = 0. We furthern+1
specify  chat xn+1 is always the starred basic variable        Case 4.   q'  is selected so  that  C ,  S C   for all j E J 
for the set Jm+1' i.e., n+1 - (m+1)*.  Although we are such that a. =a, and
completely unconcerned about the value ofrxn+1' we may

Jq
view x as difinicionally equal co 1- ) x. and

(Ca,-C_)/(a ,-a ), r E R      '(Cq,-Cs)/(aa,-as), S E Sn+1                                        JjEN-J q    r
indeed xn+1 will receive this value by cne prescrip- t s·
tions we will specify.  Upon defining M  = MU(m+1} when

N 0 J and M - M otherwise, the GUB equations of (3) 5/ab ; E H  .ci/ai,
i€I

0
therefore hold with M replaced by M . (That is, the
existence of xn+1 would make case l'equivalent to Case w h e r e R= {r E J:a  <a. } ,S= {s€J:a  >a,}.q   r q' q s q
2 except for the fact chac rn+1 is unrestricted.)  In
particular, then, the preceding equations for the Case Then q* is selected  co bean r E R that yields
2 basic solution may be regarded as also applicable to the maximum value of all terms on the right of the
Case 1, for q=m+1,q' -p and q* -n+1, enabling inequality, provided this is possible in consideration
subsequent formulas to be simplified.  However, we will of che terms c /s and c /a . (Otherwise, the choice
on occasion find it useful to discuss Case 1 and Case 2    of q' does nothal ow dua  f asibility.  Also, whenever
on separate terms (when the unrestricted value of

xn+1 H or I is empty, the inequalities involving che corres-has special implications) . ponding h E H o r i E I are not applicable.)

By these conventions, the connections between Proof. The stipulations about k* and Case 1 are imme-
current basis coefficients and the original problem diate from Remark 2, noting chat c* =a* =0 forcoefficients are expressed in the following remark. Case 1.  The stipulations about Ca8e 2 a e derived as

follows.  When x , and xG* are both basic,
then there

Remark 2.  Lec ct - a0 - k f ak*, 6 = aq, - aq* are dual multipliers e Edr equation··(2) and z for the
J  equation of (3) such that u. = c. - (Oa, + 4 for0
q                                                  1

j E J .  These multipliers mus  be Jelected co yield
and d   = C   - v  (C ,  - C *)

U , - U * =0.  From U , =O w e obtain ; =c, -9 a, ,
then t.he coefficients of (8) - (11) (with M replaced by add hence u. =c, -c, + 0(a , - a.).  The lual felsi-l J q q      j
M0) may be expressed in terms of those of (1) - (4) by: bility requirement u  2 0 yields

vo = 1/6 0(a , - a ) 2 ca, - cj

v  = (a1 - 5*) /6 for j s Jk, k E Xo Thus,  if a   = a ,,  then c ,  5 c , as first stipulated
under Case 2. The alternatives a. <a, and a. >a, ,

ul. -dj -ck* for j E Jk' k EMO identified by j E R and j E S, relpectively, yield  

The derivation of the remark is immediate by the Rq-cr) /(aq,-ar) 5 05 (cq,-cs) /(aq, -as) r E R,s E S
application of Gaussian elimination. It may be noted,
incidentally, that the arbitrary designation of x , and Dual feasibility requirements u  - c  - 3aj 2 0 for
xq* implies that the coefficients of equation (10  can j E N-J further yield
alternately be obtained from the expression for the v

j                   Ch/an f  e   S ci/ai h E H,i E Icoefficiencs in Remark 2 by interchanging q' and q*
in this expression.

leading to the full set of inequalities stipulated for
3.  PROPERTIES OF BASIC DUAL FEASIBLE SOLUTIONS Case 2., Finally, the condition u * - 0 requires that

uq* = 0 requires that q* be selected so that
The goal of this section is co identify special 3 - (eqi- c *)/(a , - aq*).  This Completes the proof.properties of basic dual feasible solutions co (1)-(4),

as a foundation for initialing a dual method.  The Theorem 1 discloses what may also be argued byfollowing theorem (which slightly generalizes results simple dominance considerations--first, that we mayof [15,16]) accomplishes this by providing necessary
and sufficient conditions for a basis to be dual feas- throw out all elements of a sec Jk with tied a  values
ible--i.e., to yield uj 2- 0, j E NB, in the expression except  for one with the smallest

c 
value, and second,
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chat all elements of H and I may be discarded except
those yielding the maximum ch/ah and the minimum c./a.. ui/vi = Maximum {u  /v  3.

1 1 j£NB
Thus N-J can be restricted to at most two elements.

If both these elements exist, and ch/ah > ci/ai'
chen where the u. coefficients are those of the current x

che problem has an unbounded optimum. Otherwise, Case equation (81.                                         0

1 of Theorem 1 provides an immediate starting duel
feasible basic solution whenever N-J i s nonempty, by    Step 3.  Execute a basis exchange (pivoc) step that

selecting either x  or xi as a basic variable (accord- replaces x , by xi in the basis. The updated form of
q

ing to which of these variables exist).  This obser- the pivot equation (9), which becomes the new x.
1

vation also applies when N = J, because it is possible equation, is
to add an artificial variable x  (for n increased by

.

I   (v./v )x  = volvi
1), yielding N-J= in/, with 9  -1 and c large. x. +
(This variable is not to be conflised with tRe "ficti- 1      j ENB*      J    i    J
tious"

xnil'  where NB* is the new set of nonbasic variables (re-

However, Theorem 1 also makes ic possible co ob- placing i b y q') and v, =1 (as implicit in (9)).

cain starting dual feasible solutions without resorting
The updated form of al  remaining equacions is obtained

to che elementary Case 1 situation. The following by Gaussian elimination (or equivalently, direct sub-

corollary indicates an easy way co do chis when N=J                                                   1stitution) using the xi equation to remove x, from the
and N-J= {n}.  We assume for this setting that a-1 other equations. Then return to Step 1.

for N-j= {n}.  In addition, we will suppose c  =no
The foregoing description of the dual method is

for N-J= {n}, using Gaussian elimination on the entirely general and not specific to the LP/GUB knap-
objective function to achieve this if necessary. sack problem excepc for the notation linking the

current pivot equation to (9) and the x  equation to
Corollary 1.  When N=J o r N-J= {n}, a Case 2                                                  0

(8). By means of chis nocational link, however, we
starting basic dual feasible solution can be obtained may now make addicional observations concerning the
by designating any Jk to be J , selecting q' so that solution path of the dual simplex method for this

problem.
a , = Minimum {ai}, c , = Minimum  {c.}

j EJ                  jEJ : a.=a  J
q                         q Jq Note first of all that the convention of repre-

senting the pivot equation in the form of (9) is
and selecting q* € S so that entirely permissible in the restricted setting of che

LP/GUB knapsack problem since we may always interchange
(c .-c ,)/(a .-a ,) = Minimum (c -c ,)/(a -a ,) the  roles of x  ,  and x *· as necessary to allow  this
q. q  q. q

sES
S q S q representation:  Clear y, too, at mosc one of the cwo

equations (9) and (10) can have a negative conscant
If S=0, chen x, =1 (and the problem shrinks). term and thereby qualify as the pivoc equation.  Thus,

If S t 0, but N-J = {n} (With a  =1 and c  = 0), representing the pivot equation in the form of (9)n
then c * < c , or else, again x , = 1.  (Fornthis case serves to uniquely identify the indexes q' and q*.  In

c. E c, for j E J   allows x..=
0.) fact, using the connections of Remark 2, we may imme-

1    q                      J                               diately express the conditions for identifying vi < 0

When N-J i n Corollary 1, replacing (2) by its and che maximum ratio of Step 2 of the dual mechod in
negative leads to an alternative application of the terms of the original problem coefficients.

corollary, equivalent co picking a , to be a maximum
and selecting q* £ R to yield a maximum ratio.

Remark 3.  If a , > a *, then

We now turn co the main results of this paper, v  < 0 if and only if a  < a * (12)
characterizing the relationships of the dual simplex
method applied co (1) - (4), and developing an effic- h£3
ient specialization for chis problem. As a by-produce

and if in addition v. 40, vh 55 0 for j E Jr' U
(possibly r = u), thJnwe will also identify ways to generate other starting

' basic solutions chat accord with the conditions of                                                    -
U  /vj   s  uh/vh  if  and  only  if  2jr*  S z'hu* (13)Theorem 1.

4.    SPECIALIZATION  OF  THE DUAL SIMPLEX bEETHOD where efg = (cf-c&)/(af-a%),  If a , < ac*, then the
direction of the second inequality in (12) and in (131

For convenience in che following development, we is reversed.
outline the steps of the dual simplex method as follows.

Although this remark follows directly by substi-
Sceo 0. Begin with a dual feasible basis. tuting the coefficient identities of Remark 2 into .

Remark 3, its implications are quite useful.  This is
Steo 1.  Select any equation, other than the x equa- due to the somewhat surprising fact chat the applica-

tion, with a negative constant term.  (If none'exists, tion of che dual simplex method assures that if aa'>aq*
the current basic solution is optimal.) Represent chis holds at one iteration,  then a ,  > a * (for other 'in-equation in the form of (9) (thereby identifying the dexes q' and q*) at all iterations.  This relationship
outgoing variable as x ,):

q                                     and others associated with it are expressed in the

X' +  I v x. . V
(VO < 0)

following main result of this section.

4    j ENB 1 1    0
Theorem 2.  Let Je denote the set containing the in-
coming variable xi determined in Step 2 of the dualSteo 2.  Let NB- = {j E NB: v. < 0}.  If NB- is empty,
simplex method.

· If c=m+1 (i.e., if i€ N-J),
the problem has no feasible s6lution.  Otherwise, select then the pivot must yield an optimal solution. If c Sm,
the imcoming variable xi i E NB- co yield and if the pivoc does not yield an optimal solution,

chen upon re$resencing the next pivot equation also ·as
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(9), all of the following hold: arid the. pivot step leaves  all 4. excepc
Rt

unchanged
I

for the determination of the new Rt 59 (15) at the
(a) J  becomes che new J

. next pivot. (If a, <a the maximum in (14) is re-C                  R                                                   q*,
placed  by a minimJ  over  a.   >  a74*  )(b)  xc* becomes the new outgoing variable x , .·Jq

The significance' of Corollary 2 is twofold. First
(C) x. becomes the new x1      qi ' of all, it allows the dual simplex method co be imple-

menced for the LP/GUB knapsack problem without ever(d)   the ratio values Gjk*, j E.Jk' remain explic'itly calculating che u. and v. coefficients.
'J    Junchanged for all k E M  - jt}

Secondly,.it allows the R  values to be efficiently0                                                        '.

stored in a heap, with the maximum R · at the top.
(e)  a, >a. before the'pivot if add only if.                                             C

q q.. ,Then as R  is removed, and replaced wich a new value,
t

a , > a * (for the new q' and q*) after the the unchanged values of the remaining R  enable the

pivot. heap to be reconstituted with minimal computation (on
the order of 0(log m)).

(f)  Over a series of pivots,'as the index k is
The.issue remaining before giving a detailedperiodidally selected as t,  the elements a *

will only Ehange in'descending sequence k     specification of.che steps of a specialized dual

if a, >a. and will only change in ascend- algorithm, is the·efficient determination of & by<
4" '                 ·                (14) .  Since each time a new & is found, the variableing sequence if a, <aq q.

xi(k)
will

become the new x * 6(the next time k is
Proof. Each of the assertions is a direct oucdome of solected. as c by -(15)), all of the j E Jk such that
applying the dual simplex method.  First, the

xi
aj 2 a<(k  mky immediately be dropped, since they will

equation of Scep 3 of che dual method must have a be of no further interest. This approach by itself, as
positive constanc term (since both v  and v  are nega- will be shown, leads  to a specialized method whose

·0
tive), and cannot qualifv as the new pivoc equation. worst case compucational bound is superior co that of
,However, this equacion currently has che form of (9·) [16] .when the number of. GUB sets exceeds che number of
(since xc* and not R., is.she current starred basic· .elements  in  each 'set. (This generally occurs  in prac-1
variable for che set 1-).  Thus, equation (10) is the tical applications of an "assignment" nature, where

only possibility for the new pivot equation; in which      the number. of items co be assigned generally far

case it may be puc in the .form of (9) by interchanging exceeds the nunber of possible assignments per i C em.)

ohe roles of i and c*.  The interchange of i and t* is However, an even better approach from the standpoint
unnecessary if i E 7-1 because xt* is =he unrescricced   of worst case:bounds resulcs by a simple preliminary
variable x

n+1·' and
an opcimal solution is' already· 00- pass chrough each set  k' eliminating in advance che

elements chac do noc.qualify co'be selected as k*.cained.  Otherwise, if the current solucion is nor
Since the elements chac are left will be visited in

feasible (che solution value of xi exceeds 1), che
interchange immediacely establishes  (a),· (b)  and (c) descending order of the a  values (for a , > a *), it

follows· that each success:vely smaller a. will be the
of che theorem.  Next, since J- is the only''sec J, inL                 K       N , and the cask of idencifying a maximJm by (14) is
which che identicy of :&* changes by the piver, it ·

eliminated.also follows :hac che  values :346* change on17 for k=c,
establishing (d).  The conditi88 a ,.> a .'before the Sp.ecifically, then, we seek co identify a subset0  - q„pivoc is equivalenc co scipulating 'ai - at*.la consi-.      Jf of J. whose elemencs are linked by a predecessor/

K       r»
deracion of the facz :hac v. < 0 (Remark 3): Buc successor ordering, where the immediate successor s(j)
since z* becomes the new q' and i becomes the new q*, of an index j E J' identifies the nex: elemenc thac
fis :-tells (e) Finally, (f) follows directly from qualifies co serve as k* after j, and che immediate

0
Le) and Remark 3, compiecing che proof. predecessor' p(j) .of j identifies che

element of Jk chat
qualifies to 'serve as k* immediately before j.

We will henEeforth suppose for simpliciEy chac Initially, of course,· s(j) and p(j) just arrange che

11, > a * on all icerations, understanding that
the elements of Jk ih descending (ascending) order anc we

will suppose chac in the process :f creating such afirections of inequalities specified in the foilowing
discussion may have to be reversed if :hi3 is.noc the linking chae duplicace a, values are removed by retain-
case. (Alternatively, ic is always' possibie co assure ing only che one associaced with·-he smallest c. value.

a , > aq* by the device of replacing equation (2) by The process o f dropping an
element from Jk in de con-0

ics negative in case aa' < a *.) With this under- :cruction of Jk can be accomplished simply by linki'ng
scanding, Theorem 2 difeccly implies its immediAte predecessor· co its immediate successor.

Corollarv 2.  (For a
q, > a *):  If. the maximum

ratio Under this predecessor/successor linking, (14) can
1<, given by be. written

fo   11  - Maximum
·(14.)·   Rk = eik* 2 Glk* for

all successors j of i = i(k)
K            -jk*'

j€lk
Then i will become the new k* (except for the first i

a  < 46* selected as k*). Thus, in particular, since we may
eliminate the situacion of tied maximum ratios by

is known for each.set Jk'-EM, cogecher with the
o                           seleccing the one with the smallest a. coefficiencindex i(k)  such that A, = ·31:.* for j = i(k),  then the (which has no cied successcrs), and since drcppingincoming variable x. is identified by

i                                        superfluous elements will yield k* = 2(i), the idenci-

fying characieristic of J' becomes
i = i(c) where Rt = Maximum .A : (15)

kEM  K
0                                      3. (i) > 0. (i) (16)10       ]p
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for all successors j of i and for all i : 3 , where 3 
It should also be noted, in contrast to the less

general situation examined in [16], that the elements
is j' stripped of ics first and last elements, which of Jo may noc all qualify to be basic in a dual
respectively have no predecessors or successors. The         K
task of weeding out elements of 4  to assure this re- feasible solucion. If N 0 J, it is additionally

lationship is made easy by the foflowing. necessary that the ratios eip(i  be bounded by the
limiting ratios from N - J, as shown in Theorem 1.

Remark 4.  The inequality (16) holds for all i E
3 

This means that some of the initial and final elements
and for all successors j of i if and only if it hblds   of Jk (under the predecessor/successor linking) may
for all i : 3  and for j  = s(.i) . also drop ouc df consideration.  Rather than bochering

to check for this situation in advance, however, the
Proof.  We need only show that for any h, i, j, r first and last relevant elements of Jo can be deter-
(.taking the roles h = p(i), j = s(i) and r = s(j))                                        k

mined automatically by starting from some initial

such that a. > ai > a  > ar' the two "successive" in- basic dual feasible solution and simply executing the

4 equalities  8ih  >  ejh  and  0ji  > Orj imply  eih  > erh' specialized dual algorithm.

First, for the coefficients as ordered, we note that In general, these observations lead to the follow-
8ih > ejh is equivalent to 0jh > 8ji' since both of

ing Corollary as an extension of the options available
these inequalities reduce to (1ai + cia  + c ah >

frcm Corollary 1 for obtaining an initial dual feasible

Ciah + cjai + chaj.  Similarly, eji , Gr  is
equiva- basis.

lent to e >0 Hence we ootain eih   ejh > eji >
Corollary 3.  The set of Case 2 dual feasible bases,rj    ri'

3rj , 0ri and in particular 0jh , 0rj' which is
equi-

any one of which provides an acceptable starting basis
valene to 3 >e Consequently, 8ih , Grh' com- for the specialized dual simplex method, can be gener-

ri   .rh
pleting the proor. ated by selecting an arbitrary J  to be Jo, and se-

a

lecting any element i from this sec (othet than the
To make convenient use of this observation we first element) such that lip(i) satisfies che limiting

incroduce a dummy index 0 co "start" and "terminate" bounds from N-J (identified in Theorem 1). Then i
che predecessor/successor linking, where 0 is treated and p(i) may respectively serve as q' and q*.  If no
as immediace predecessor  of the largest  a.  and  the

J                 such element i exists, then some other set must serve
immediate successor  of  the  smallest  a. . The procedure        as  J', and whatever element  of the "unacceptable"  J 
for modifying the initial linking on  k so thac it theriby enters the basis in the starring solution is

a

becomes a linking on J  is then as
follows. compelled to be basic in all dual feasible bases

(hence, che associated variable may be fixed ac the

0.  To start, let h, i and j be che "first three" value 1).

elements of Jk' chac is, h = s(0), i = s(h), j = s(i).
The elements q' and q* found in Corollary 3 may

(If Jk has less chan three elements, then Jk - Jk and
noching is to be done.)

need to be interchanged, so thac the first pivot

equation can be represented by (9). (In chis case,

1.  Compare eih to Gjh'
the a, >a * assumption must be replaced by the aa* >

a ,
a sumpc lon, reversing che roles ·of the predecessor/

(a) If 3.6 , Jjh' set h-i and go to Step 2. successor links.) If a Case 1 basis is used as the
... :tart. then a  >0 (for x che basic variable in (5))

D

(b) If eij - ejh or if gih <  jh and p(h) = 0, implies a , > a   on all iterations (since p takes the
initial rdle of q' with a. =a    = 0), whereas an

drop i and go to Step 2. qi    n+1artificial start (with p=n.a  =1 and c  large) will
n

(c) If 0.- < 9., and p(h) 0 0,·drop i, set i =h,   select the first ("largest a.") element ofneach Jk as
1n    ]n                                                                   J

and h = p(i).  Then return 00 the start of the initial ag*.

Step 1. The specialized dual simplex method based on the

2.  Sec i=j and j= s(i).  If j=0, the pro- foregoing results  may  now be described as follows.

cedure stops and che linking cforreccly
identifies the ordered elements of Jk.

The Specialized Dual Simplex Method

Otherwise, return to Step 1. 1.  Initialization.

The validity of the foregoing procedure is an (a)  Create che predecessor/successor linkings and
immediate consequence of Remark 4.  Note that the
index j never "backs up" co a predecessor value, but the J: sets, k E Ma.. (For N 0 J, define J +1
remains unchanged in Step 1 and set to its successor co be the set containing the elements (at most
ar Step 2. Consequently Step 2 will always be exe- two in number) with limiting ratios identified

cured   - 2 times, where m is che number of elemencs by Theorem 1.) (This scep can be deferred or
in

Jk' Whenever che mecho& does noc go to Step 2, applied in conjunction with Step 1(b), using
the index i is dropped at 1(c), which can occur at the starting basis :here co reduce the range

most n - 2 times (since i is never the first or lasc of elements considered for inclusion in the

K                                                               J  sets.)element), for a cocal number of iceracions of che pro-
cedure equalling at mos: 2(aK - 2) .   This procedure is
pacterned after one due co Wiczgall [16] (who obtains

(b) Create a starting dual feasible basis (as by

a different iteration count) except chat Wiczgall's
Theorem 1 and Corollary 1 cr Corollar; 3).

approach is based upon a geometric determinaticn of                                       o
Compute the initial v  value by computing

che locations of points on or below line segments,
racher chan on a direc: comparison of ratios as                          o

c. =a- I    a,<*  and  va  =  S/ (aq,   -  aci*)

afforded by Remark 4. k£M

If v  2 0 andeither q'E N-J o r v  E l,
0                                       0
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then the current basic solution  (x  , =v, generating and selecting the minimum d. values)

xq* -1-v a and XK* .1.k E M  -4{q})
' while computing the initial v  value iA 0(m).

Finally, computing  the  It,  rat9os requires  0 (m)
is optimal.  Otherwise, interchange q'
and q* if necessary so that v  < 0. For computation, while putting them in a heap is an

0                effort of order 0(m log m).  Thus, the total ini-
what follows we suppose a  ,  > a  ..   (If
not, the word "maximum" sAould §e re- tialization effort of Step 1 can be expressed as

0(n log n) + 0(m log m).placed by "minimum, "  and the successor·
symbol s() should be replaced by the For Steps 2 and 3, at most n-m-1 elements
predecessor symbol p().) (the successors of the k* elements, excluding the

(S) ::::tif: ;he r:;:':(5)--0 (k:11'rfek, k E M  and so these steps will require at most
initial q') remain to be examined in the J  sets,

Rtc does noE exist, and.is bypassed.  For
n - m'- 1 iterations.  Exclusive of reforming the

heap, these two steps require a handful of "if
the case k=m+1 where by convention k*

checks,
"
assignments, a couple of additions  and  1

= n + 1, we define s(k*) to be the first division. Reforming the heap requires an efforc
element  of j +1 excluding .the current q' of 0(log m), hence in total the amount of effort

(if q'  E Jm+1).   Hence Rm+1 - c1./aj for required·at Steps 2 and 3 is 0((n - m)log m).

j = s(k*), if this element j exists.) Put'ting these together with the effort required at

Put these ratios in a heap, with the initialization we can state

maximum at the top.
Theorem 3. The computational complexity of che

2.   Identify the incoming basic variable and ·the LP/GUB knapsack problem is of order at most

new basis composition. 0(n log n) + 0(n log m)

Pick the maximum racio from the cop of che or
heap and denote ic R . (If the heap is empcy,
there is no feasiblecsolution.) The. current 0(n(log ,n + log m))
variable x , leaves the basis and ·r

q                                            -sct*)
enters che basis. If s(t*)'E N- J, the We have stated these order bounds separately
current basic solution is optimal  fof q'= instead of simply giving the 0(n(log n + log m))
s(t*) and v  = a/(-a ,) ·(where'a is unchanged bound, because.of the overestimate involved in the
from its previous va ue). Otherwise, che 0(n log n) term. In particular, as previously

current xc* becomes
the new xa'' while xs(t*)    ·noted, this term can inscead be expressed as

is che new x *; i.e., set q'·2 t* and q* =·t* 0(b(log n - log m)) for the situation in which

= sCD*).    q                                     ·each GUB set has n/m elemencs.  .Thus, in this case
we have

3.  Update the cutent basic solution.
Corollarv 4.  When each GUB sec contains the same
number of elements, the computational complexity

Update 1 and v  hy setting .6 = a ,  - a4*'  a = of the LP/GUB knapsack problem is at mostCI +  5  and  v   =  3/0.    I:  v    >  0,  the current
0(n log n).0             0.

basic solution is optimal. .Otherwise, iden-
tify. the new value of Rc = Gs(c6)(* (for the The 'bound of Witzgall is .given in [16] as
new c*).  If the'ratio aoes noc exist (s(:*) 0(n log n) + 0((n - m)m), where che 0(n log n)
= 0),  reform the heap for the ratios still in term is assentially che same as thac'of Theorem 3,

it.  Otherwise, add Rr back co the heap. and also can be replaced by 0(n(log n - log m))
Then return co Step 2: for GUB sets with n/m elemencs. The primary

difference between the bound of [16] and that of
An analysis of the maximum amount hf compu- Theorem 3 is therefore the contrast between

cation required by this method is as follows. The 0((n -·m)m) and 0(n log m).  For easier comparison,
creation of che predecessor/successor linkings let g - n/m (so.chac g is the number of elements
(that initially arrange the a. coefficients in in each GUB set if each set has the same cardin-

descending/ascending order fo  each Jk) requires ality) .   Then chesq cerms can be respeccively
on the order of .0 (n  log 46) computation for each written 0((g - 1)m-) and 0(g(m log m)).  Since

g 2 2 in any meaningful problem (or else :here are
set, or an effort of at most.

k M    0 (.rk  log  gk)
S GUB sets with only 1 element), the latcer term

o                      clearly represents a smaller order of effort than

0(n log n).  (For the case where each GUB set has the former, particularly as m or g (hence n)

the same number of elements, n/m, we may refine becomes larger.  This difference appears to stem
this co 0(n(log n - log m)).) from the fact thar our procedure specializes the

dual simplex method directly, whereas Witzgail's

The work to modify the linking to identify ' instead carries out preliminary "topological re-

che J  set involves ac mose.24< - 4 iterations
of ductiods" (corresponding co these obtained via

the procedure based on Remark 4, or 2n - :m iter- Remark 4) but otherwise leaves the dual method

ations over all sets, requiring computation or primarily to its own devices (for the case J = N).

order 0(n -.m) 5 0(n) .(including the effort of (Sinha and·Zolcner's procedure and Witzgall's
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procedure appear closely related in this respect.) 0(n) + 0(n) log g) + 0((n - m)m).

It is interesting to note the type of order While the worst case bound of Corollary 4 appears

bound chac results for our method when che initial- generally superior to the other two, note that the
izatien effort of setting up the predecessor/ bound for che Alternative Method appears more

successor links and adapting them 00 the J  secs attractive chan that of [16] for g = 1, and be-

is not employed. comes increasingly attractive as m becomes larger
relative to g, due to the fact that increases in

The modifications for this approach are as log m are dwarfed by increases in n. (The value

follows.
tical applications. For example, in the applica-

of m is often several fold greater than g in prac-

Alternative method. (Omitting the initial ordering tions of [8, 11, 12, 13], m ranges from 4 g to
of the a. coefficients: by the predecessor/ 50g.)  Coupling this with the fact that the Alter-

successoJ links, and che creation of the J 
sets.) native Method requires less "set up" effort chan

the other methods makes it an appealing alterna-

1. Initialization.
tive for problems in which worst case bounds are

expected to be overly pessimistic. In this con-

(a) Deleted text, any attempt to consider "likely" cases
instead of worst cases must also account for the

(b) As in the previous method, except that advantages that may derive from initiating a

Coroilary 3 is noc used as a strategy for specialized dual algorithm from an advanced

creating an initial basis. In addition, starting basis, rather from an "extreme end" of

drop che index k* from each Jk.
che dual feasible region (as in [15] and [16]).

Finally, it is interesting :o consider the

(C)  enstead oic e tin kRk( aSsfk*  * urrently   specialization of these bounds co the ordinary
Knapsack problem. In this problem, the number of

constituted).  If hj 2 ak*  hen drop j variables before adding slacks to give GUB con-
from Jk' and if not compute the ratio scraincs is m = n/2 (i.e., the addition of slacks
0lk*' #aving the minimum of these com- yields g = 2).  Bounds of both previously indi-
puced ratios as R .  (Then s(k*) denotes cated vehions of che Specialized Dual Simplex
the j chat gives chis minimum ratio.) Method (from Corollary 4 and Corollary 5) reduce

to 0(m log m) in this case, which is a standard
2.  Identifv the incoming basis variable and the bound for algorithms for the knapsack problem.

new basis ccmoosition. Recently, however, Balas and Zemel [1] have deve-
loped an improved bound of 0(m) for m variable
knapsacks. This raises the interesting question

As in the previous method. of whether ic is possible co find a method for che
general LP/GUB knapsack problem whose worst case3.  Uodate che current basic solution. computational effort specializes to 0(m). yet chat
maintains advantages for the general case. We

As in the previous method, except for secting conjecture chac chis is noc possible.
Rt = 9-(,4,*·

Instead, first drop t* from

Jt' and fot-each remaining.j E J- (as curr-
ently constituted) carry ouc che operation
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APPENDIX. D
ANALYSIS OF DISTRIBUTION FEEDER COSTS·

D.1. Introduction cion system through preceeding power system elemencs
In general, the distribution feeder costs can be they incur additional losses.  Therefore, not only the

classified as:  (1) the cost of invescment, (2) che .primary feeder losses must be bupplied buc also the
cost of lost energy due co I2R losses in the feeder,· additional losses incurred in the transmission and
and (3) the cost of demand. lost (i.e., the cost of lost trans former systems must be supplied due to the flowt
capacity)  due  to  the I4R losses.    The  cosc of invest-,   ' through.of primar, feeder losses. The faccor taking
ment is the largest cost component and it includes ma- these losses into the consideration is called the loss
terial costs involving feeders.  The total cost of a allowance factor.

2
given discribution feeder can be summarized by che fol- The annual energy cost due co I R losses in che
lowing equacion, feeders have been calculated for both copper and ACSR

conductors ac 4.16kV, 12.5kV, 24.9kV, and 34.5kV vol-
TAFC = AIC + ADC + AEC (D. 1) tage levels. The developed npmographs are shown in

where Figures D. 1· - D.20.
TAFC = total annual feeder cosc in dollars· per

mile, D.4.  Annual Demand Cost
AIC = annual investment cost in dollars per The following formula has been used co calculate

mile,                                                               · the annual demand  cost,
ADC = annual demand cost due to lost capacity as

a result of energy (or copper) losses in ADC - SI2 x R x FLL x FpR x FLSA X.
che feeder in dollars per mile, 50 x Tp + St x Tt + SDS x TDS1 (D.4)AEC = annual energy cost due to I2R losses in

where
the feeder in dollars per mile.

.ADC - annual demand cost due to loss capacity as
a result of energy losses in feeders in dol-D.2.  Annual Investment Cost
lars per mile,The annual investment cost of a given feeder is I  =  current in ampers,.the installed cost of the feeder times the fixed cosc

R = resistance of a given conductor in ohms perrate of the feeder. This fixed cost rate or so-called
conductor per mile,

che carrying charge rate, of the feeder includes che
FLL = load location factor,cost of capital, taxes, insurance, operation and main-
FPR = peak responsibility ractor,

cenance, and depreciaticn, etc. The annual investment
FR - reserve factor,costs need co be considered for rural and urban areas,

FLSA = loss allowance factor,separately. Tables  D. 1  and D.2 present  some· of  the
Sv - production cost,typical ACSR conduccors used, at 12.5kV and 24.9kV vol-
T  - production fixed cost .rate,cage levels, in the rural areas, respectively.. Tables
St - transmission cost,D. 3 and D.4 give some of che typical ACSR conductors
Tt = transmission fixed cost rate,used in the urban areas ac 12.5kV and 34.5kV voltage

SDS  = .distribucion substacion  cost,
levels, respectively.

TDS = distribution substacion fixed cost rate.

D. 3. Annual Energy Cost
The reserve factor is the ratio of total genera-The following formula has been used to calculace

tion capability co the cocal.load and losses supplied.the annual energy cosc due to IZR losses in feeders, The peak responsibility factor is a per unit value o f
peak feeder losses which are coincidenc with the sys-AEC = 3I2 *R x S E x FLL x FLS 'x FLAA x ·tem demand. But not all distribution feeders havewhere 8.76  x  10-3                                           (D. 2) their ·peaks at .the same time as che system peak.AEC = annual energy cost due to IZR losses in
Since at cimes other chan at che syscem peak, excess

feeders in dollars per mile,
capacity is available, it is only valid co charge forI - current in Amperes, che actual capacity necessary co serve the feeder los-

R = resistance of a given conduccor in ohms
ses which occur·ac the time of the system peak. The

,per conduccor per mile,
abnual demand cost analysis included boch copper andSE = energy tost in mills per kWh,
ACSR conductors at 4.16kV, 12.5kV, 24.9kV and 34.5kVFLL = load location factor. voltage levels.. The developed nomographs are shown in

FLS = loss factor,
Figures D.21-D.40.

FLSA = loss allowance factor.

D.5. Tocal Annual Eauivalent CostThe load location factor is a per unit value ·and
The total annual equivalent feeder cost in dol-is considered to be chat poinc on a feeder having dis- lars per mile per MVA is calculated as,tributed loading  whe re che total feeder  load  cag  be

assumed co be concentraced for the purpose of I R loss TAEFC = AEIC + ADC + AEC (D.5)calculations. where
The loss factor is the ratio of che average power TAEFC = total annual equivalenc feeder cost inof the average power loss over a year's period co che dollars per mile,peak loss occurring in chat period. It can also be AEIC = annual equivalent investment cost in

defined as the ratio,of the actual total kWh losses co
dollars per mile.what the kWh losses would have been if :he peak losses

had continued throughout the 8760 hours in the year. The AEIC can be calculated fromThe loss factor can be approximated by che following
equation: AEIC - (B-V) (a/p)3 - Vi (D.6)

where
FLS = 0.3FLD + 0.7 FCD (D. 3)

where
dollars per mile,

B = installed first cost of the feeder in

FLD = load factor V = nec salvage value of the feeder ac the
end of the nth year in dollars per mile,As losses are supplied to the primary distribu-

or
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Table D.1.  Tyvical ACSR Conductors Used ac 12.5kV in Rural Areas
Inscallac-or .i  Tocai   i

Conduc
,=,1 Gr:'3: Wi,a l Canduc =,1 G.=322'i=„ 1

5/13
 

Hardware Ins called :
size C/St |Feeder C.st

:4           :4      1 356 356 %O.5 1 6945.5 -200

1/0          *2        769 566  0.6 | 7175.2 3900

1/0 1/0 | 1223       769     | 0.6  |   7737.2   10400

4/0 1/0 | 1542    769 |0.5  ; 3563 | 11800

266.3MCM   1/0   1902     769 10.6 1 9985 |
13690

It

477 >tcy. i 1/0 1 1 62 1 769 |0.5    10967 |
17660

Table D.2. Typical ACSR Conductors Used at 24.9kV in Rural Areas

Conductor' Ground  wize  Cont·=ctic| Ground wire 5/21 Inscard·jaren  6 1   Mr.stal ed     
size I size , wei=hz ! welch: 1 i' Cost J Feeder Ccsz

04    |    04     |    356       356       0.6 | 7605.5 | 3460    |

1/0     82 769 | 566 10.6 | 7356.2 9530

1 1

3/0 1 1/0 | 1233 769     10.6 1 3217.2 10830

4/0 1/0      1542 | 759 10.6 1 8293 11530.

256.3MCM ! 1/0 1 1002 769   |0.5 | 9515 13320

477 wci.   1/0   3462 769   '|0.6 1 11547 19240

Table D. 3. Typical ACSR Conduccors Used ac 12.5kV in Urban Areas
1

-            1          1            :    i ins:allacian :i   :c:a.
tonductori Ground  Wizel Cznductori G:our.d Wire| 5/16. i Hardware 1

Installed  ,
I size I size      Weicht  I  Wei=fc   ! 1 COS: ! Feeder Cost

14 ; 4 356 356 :0.6 : 21,145.6 Z2000

1 1/0   !      4     | 769 356     0.5 | 22,102.2 34000

3/0 1 4        1223 356  0.5 i 24.535 27000

477:··CM i 1/0   1462 769 |0.5 1 29,307 35000

Table D.1. Typical ACSR Conductors Used at 34.5kV in Urban Areas

Installation & Total
Conductor Ground wire Conductor Ground Wire $/lb Hardware Installed

size size Weight Weight Cost Feeder Cost

4          4 356 356 0.6 21,375.6 22230

1/0         4 769 356 0.6 22,632.2 24230

3/0         4 1223 356 0.6 24,815 27230

477.-·:CM 1/0 3462 769 0.6 28,537 35230

12 12



i i(1+i)n
V = gross salvase value of she feeder at end

(a/P)n.- (1+i)n-1.
(D. 7)

of the nth year less cost of removal and

restoration in dollars per mile, Therefore,
i.(1+i)nn  =  useful  life  of the feeder in years, AEIC = (3-V)(1+i)n-1 (D.8)

i = carrying charge rate in percent,(a/p)h - capital recovery factor for i percent car- also

r·ying charge rate. and feeder useful life. TAEFC .  (8-V) (li.i  11 + Vi + ADC + AEC (D.9)

of n year,
or

(a/P)  = uniform series worth of a pe.rcent sum .for Using a carrying charge  rate  of 12 percent  and  a'

i percent carrying charge rate and feeder us*ful feeder life of 30 years, the total annual equi-

useful life of n year. valene .feeder costs have been ·calculated for urban and

w. :.i.:ica- recoveri faccor is calculated from rural areas. Th: ··ieveloped nomographs are shown in

Figures D.41- D.13.
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APPENDIX E

MULTI-OBJECTIVE EVALUATION

A multi-criteria evaluation.approach.that has Effi.. Effic.

the advantage of simplicity*in-application is the             A                           A
Churchman - Akoff Approach. .he' approach is simply

1.0 \the following:
1)  Determine a set of independent, mutually ex-

      ae-b  (cost)           1.0   E= a(C-M)3

clusive objectives. For example, minimize
costs and increasing reliability are two ob- \»- 5 90"jectives which meet the criteria. Increasing 7  C-s c

reliability and increasing redundancy do not.'       n·                            0         M
I.   . . .meet the criteria of independent and mucually Figure E.1. 'Concave : igure. D.L. ionvex

exclusive because increasing redundancy will· In· this  case  the 'convex curve was preferred. Parame-increase reliability. It may.be possible,
however, to reduce cost without affecting re- cdrs can be obcained ·by specifying a point (c,E) in ad-

dition. to (0,1), and (M,0).liability by choice of 4emana cencers serv,ed
The   curves · shown in Figures E.3 and E.4 were pro-by substacions, etc.

2)  Determine weights for the objectives.  In the posed for reliability 'and esthetics, respectively.  The
voltage .requirements efficiency .curve was given  by  Fig-Churchman - Akoff mechod this is done by a

decision tree approach. 'The·basic inputs are ure E.5.
subjective quantifications by decision makers'.         r

3)     Determining the alternatives. A
4)  Find an appropriate measure of attainment of 1.0

an objective.
5)  Finding the efficiency of·each alternative

E . (_L_) 2 (LH - 25000) 2
relative co each objective by using the mea- 25000
sures defined in step 4.

6) Computing > load hours
n                                                                25000

Ej =    Oi xeij KIrl-hrs.

j=1 Figurd E.3.  Efficiency curve for reliabilitywhere

Ej - efficiency of the jth alternative,              E
Oi  - weight  of  the  Lch ·objective,                               1

eij = efficiency of che jth alternative rela- 1.0 0 - regular poles
tive to the ith objective.

1 - change route

As an example, consider a session with Mr. Lester 2 - change poles
Burris of OG & E, to demonstrate the approach.  Mr.
Burris named four objectives: ;      3- underground

01 Minimize cost.                       .1     0.    1    2    3
02 Meet voltage requiremencs for several years

in the future,
Figure. E.A. Efficienc:.· curve for eschecics

03  Reliability,
.

04  Meec che esthetic demands·of the environment.
AThe objectives were ranked in importance as.follows:

1.0
voltage requirements,
Cost,

1

esthetics,
(v- 1)    =   a f t-5) *             a    --   33reliability.

These objectives were then renumbered co correspond . lilli                                        3

with the ranking.  The measures for each'objective 1.  2  3  4  5       e (years)were determined as follows:
Figure E.3. Voltage requirements efficiency curveCost:  Annual equivalent cost of plan at interest

rate i, labor, materials, maintenance, cax- Next weights Wi  for each· objective Ci were deter-
es, interest, energy losses, etc. ·mined by posing che 'following· type questions:   Do you

Reliability:  Projected load-hours lost per year. prefer (yes .or no) 91 to 02· 03, 04 which means if 01Eschetics: An ordinal scale ranking with under- is obtained at its maximum possible efficiency and 02,ground = 3, aluminum poles = 3,.rouce     0.3, 04 were ac .their lowest acceptable levels of effi-
, change = 1 and regular poles = 0. ciency? The answer  is  yes     then  Wl  >  W2  +  W3  +  '4

Voltage re4uirements:  Number of years voltage Otherwise Wl.< W2 + W3 +
WL.  If Wi > 71 + Wl'+ Ws-

,·             requirement is met. chen certainly Wl> 92 -+ W3·   If Wl < W2 + W3 + W& Chen
To measure efficiency, since none of chese objeccives Wl could·be such- chat Wr > 92 + 93 so 01 vs. 32, 03have a well-defined efficiency as determined by the must be as::3(.  The resultant decision tree is given
measure, efficiency curves were used. ·by  Figure   E.6.For cost 100% efficiency would be zero, by defini-               01 vs.·)2 03 04tion. Zero efficiency would be an inf inity cost.   Two                              h.            =w l  <W,2 + W] +W S
possible curves are concave and convex, as are in

01 vs.02 03Figures E.1 and E.2, respectively.
Ny    = '41 < W2 + w3

*Churchman, C.W., Akoff, R.L., and Arnoff, E.L., 02 vs.03.04
Introduction to Ooerations Research, John Wiley & Sons. N:    =Wo < 53 + w'.
Inc., New York, N.Y., 1957.

Figure E.6.  The resultant decision cree
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A first assignment of weight was: Figure E.8.

voltage 100                                                                                       4

COSC           35
Eschetics     70 100 -
Reliability  69                                                      -      E = FOM)

These weights satisfied the constraints on the weights
given by the decision tree questions. If the weights
would not have satisfied the inequalities, chen new
weighcs would have been chosen by che decision

maker in                                         
orier to satisfy the inequalities violated. The
weights were normalized to obtain more consistency and
therefore:                                                                 0                      108   M

Wl = 0.31 Figure E.8.  E = F(M) concave function
32 = 0.26

W3 = 0.22 This arised from the fac:  chat subjectively values of

14 - 0.21 M close to zero are really 100% effective also.  Values

1.0 of M close co.108 are very close to zero in effective-

The objective funccion is then ness. Thus, we wanc a flat curve near M equal to zero
and a vertical slope near M = 108.  A parabolic curveE.   =   .3lelj  +  .26e2 j  +  .22e3j  + .21e41 fits these needs.  This leads to a third posculate.J

The are decermined oy evaluating the plan with.eij :hac ische respective measures and then using the curves de-
velooed to find che efficiencies. 3)  The relative effectiveness of plans is compu-

A further elaboracion of the efficiency curve is ted bY           1      9

E  -  1  =  - -Ti-Z (M)now appropriate. As an example, consider a source with (108
three :oad centers as shown in Figure E.7. If the decision maker can define a third point, for ex-

ample, the point (50,M50) chen E = aM2 + SM + c can be
fitted to the data.

D2                        From chis analysis che compucacion of effective-
A                        ness is based on axiomatic considerations. Ic is arbi-

trar7, but so is the typical definition of efficiency
Oucout

                                                      efficiency - --Input- x 100
In these terms, the effectiveness or efficiency diagram

looks like the one shown in Figure E.9.

T         T       Ed
03                  toO- ..\ ./

I(
t
'

Figure E.7. A source with three load cancers                    E              /  1 

Es is desired chat che voltage ac each load cencer, IE=/W
ii.e., d , be 121 volcs plus or minus 6 volts. A mea-

1
sure of success in meeting this requiremenc might be                              /

*
M = - V: : (115,127) for any i                                         /

-

.]
9 - I  (Vi - 121)2

i=1 M =output 100

where
Vi - actual voltage at che load cencer Di· Our Figure E.9. Effectiveness or efficiency diagram.

voltage requirement goal is V, - 121 Volt for aach i. The measure M is che output measured in cerms of per-Thus if a circuic design is 160 percent effective,1                                       cent of input.  Of course, even in this case, ic is
9 - (121 - 121)  + (121 - 121)2 + (121 - 121)2 - 0 possible  to  use a convex or concave curve. In fact, an

S-shaped curve might be more appropriace for rotatingIf a voltage Vi is at the endpoinc of (115,127) for
machinary.each i, chen further deviation will render M = =, thus A second illustration is the result of an inter-

diving che largest acceptable value of M chac can be
tolerated. That is view with another experienced distribution engineer,

M . 62 + 62 + 62 - 108
Mr. Tom Littlecon, of Oklahoma Gas & Elec: ric Company.
The pur·pose of the session was co cest .the general eva-
luation procedure on a cest distribucion planning case.Hence,   for  9  -  108, the design  is  ac ics minimum accep-

cable efficiency level. Thus, :wo poincs, (100,0) and This was a large scale distribution planning case in

(0,108), are established. the Arkansas Riker Basin area.

On chis problem after lengchy discussion, procec-What if a circuit design gives an M value of 34?
cion and voltage requirements became the mose importantWhat is the relacive value of this plan, compared co a constraints. Further, it was concluded that any planplan with M - 68?  Ic is here che concept of an effi- which clears a faulc in three seconds is accepcable and

ciency (effectiveness) curve comes in.  The following
can be postulaced. also a plan which clears in one second is no better

1)  Effectiveness is measured 57 values from zero than a plan which clears in chree second.  Furthermore.

to one hundred. all customer voltage must be within che given limits.

2)    E    =  F(M) isa concave function,  as  shown in A lian which has all zuscomers at che center of the
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limic values has no real preference over a plan which Plan      A       B

has substantial variacion buc no limit is violaced.                       01     68     64
The following :hree objectives were finally developed:

01:  Minimize present worth of 30 years cost.                             02      29      26

02:  Minimize initial capital invescment.                                 03 99.98 99.95
03:  Maximize the reliability of the plan.
No formal reliability calculation or projection The resul·ts of the evaluation of the alternatives are

was made although it was formally recognized chat one
EA = .39 fl(68) + .312(29) + .2953(99.98)plan decreased reliability by reducing the number of

subscacions and lengthening the line.  Reliability is " .39(.9999) + .31(.95) + .29(.9996)
measured by # .9745total load hours demanded - load hours of Outrage ·

tocal load hours demanded
EB - .39fl(64) + .3lf2(26) + .29f3(99.95)Since the study was not focused towards chis me-

thod, some of the daca was estimated. However, a large = .39(1.0) + .31(1.0) + .29(9978)
amount of summary data was available which put the es-
:imated on a solid ground.  The weights of che objec- 2 .989
Gives were: The results show  that the plan B is better and was the

01: .0.39 chosen pian. ·However, the results of the evaluation
02: 0.31 are so close that a computation of reliability that was
03: 0.29 exact might reverse che results. It was, however, felt

The efficiency :urves were developed. as shown in Fig- that the estimate of reliability was conservative in
'--- r in r '.1 - .7 favor of Plan A. The approach then did predict the de--_-0 6-, -W, -. -- ana C.. 4..

cision in an actual case.

Eff.
I.

1.0                                                                 f i (C) ....i
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1.0
-  - ·* (C - :6)2

)

26 nll. 39 311. Short ce- investeenc

Figure E.11  The' developed. efficiency curve: e fficien-
cy vs. shorr carm invescmenc costs.

Twenty-six million was the smallest initial investment
of the plans and 39 millior. was based on the .importance

of che project being enough co use up :0 70 percent of
the 53 million in capital which OG & E projected they
ruia raise for expansion.

/1
f 3(R)

1.0 E = +1(R - 99)»

/«11 ,
99          100 Reliability

Figure E. 12.  The deveiopea arric:ency curve:

efficiency vs. short term investment ·
Costs.

Ninety-nine percent was a subjective escimate of the
lowest ratio acceptable for reliability.  Therefore,given the following baca for the aicernaci·ves.
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APPENDIX F: ELECTRIC ENERGY DISTRIBUTION PLANNING DATA BASE
MANAGEMENT SYSTEM - PROBLEM SPECIFICATION

SECTION 1: SCOPE data that conceivably might be required at a later
point in time by more sophisticated versions of the

This document is a functional specification of the system.

prototype system being developed as part of che Elec- The real issue however, is not so much what data

tric· Energy Distribucion Planning Project. The speci- constitute the database but whether the data model

fications are not phrased in terms of specific pro- (data organization) is capable of supporting the sys-

grams. This will be done in the design phase of the tem.  Ic has been recognized for some time (cf. R21)

Project (see the Project Plan, 201 for an overview of that there are three distinct and well understood data-

the project organization).  The specifications are in base organizations or data models.  There are the hier-
terms of system capabilities and as such, define the archical model, the network model and the relational

system to which the design must lead. model.

This is a baseline document and its most recent For reasons not dealt with here (see TOl), the

edition is to be strictly adhered co by all Project relational model has been selected as the type system

personnel. co  be  implemented  for this project. This choice  rele-

gates the problem of actual database implementation (as
SECTION 2: APPLICABLE DOCUMENTS opposed to database management system implementation)

to the status of a simple exercise. In fact, we may
(Reference codes specify documents as they are say that building the database only involves selecting

found in  the Data Base Group library) . the schema, i.e., dividing the relevant data into re-
lations and inputing the actual data values.

Ref. In order to do this latter task, the required data

Code Author Short Title must be known. Determining which data should be in-
cluded is the responsibility of task members other chan

R20 Date, C.J. Intro. Database Svscems those in the Data Base Group (see A03).  Once that is

P01       --            Project Plan done and the data relations defined, the task of defin-

TOl Thompson, J.C. Advantages of Relacional Model ing the conceptual database is completed.

A03 Gonen, T. Task Summary
R19 Kernighan & Software Tools 3.1.1  Relational Database Model

Plouger
T03 Cubert, R. M. "Network Editor" A complete discussion of relational database mo-
R21            Fry    &    S ib ley Evolution of Database dels will be found in the literature cited in Section

Management Systems 2.  Here a few terms will be defined for future refer-

ence.  Let Dl, D2, ···, Dn be a collection of (not ne-
SECTION 3: REQUIREMENTS cessarily distinct) sess. A relation R, on these sets

is an ordered n-tuple (dl, d2, ···, dn) where di E Di,

The system to be designed and implemented consists for 1,2, ..., n.  The sets Di are che domains of R.

of the following components:
The value of n is the degree of R.  In a relation R,

the ith attribute is associaced with Di and the attri-
· Database Model bute values for a given attribute are those values

·Procotype Database forming a subset of Di in R. The domains, the actri-

·Database Managemenc System butes and their relacive ordering in che tuples of a

·Network Editor given relation are defined by the schema for the rela-

·Shell Program tion.

·Discribution Planning Programs
·Text Editor 3.2  Database Management Svstem

The programs (the last five of the above) are to per- Since the early work of Codd, (see 920 for an ex-

form in an interactive environment in which che human tensive bibliography) chere have been two well known

engineer has direct control over the major subtasks in descriptions or languages for manipulating elemencs of

the planning process. The only program componencs of a relacional dacabase. One is known as che relational

che system which are not constrained co have response calculus and the other as the relational algebra.  A

times on the order of seconds are the Discribution full discussion of either of these is beyond the scope

Planning Programs. Their performance characteristics of the present discussion (see T01). Suffice it co

are not subject to further modification by the imple- say chac che relational algebra is expressed primarily
mencacion effort associated with this project. in terms familiar from sec theory and is the more pro-

Because of their interactive behavior, the por- cedural of the cwo. It also appears the simpler of

cions of che Problem Specification dealing with the the two to implement. For these reasons, the relation-
programs will be expressed in terms of what are called al algebra approach was adopted for the present system.

protocols. These are expressions written in Backus- In the following sections performance parameters,

Naur form which specify the functions which each pro- functional specificacions and human performance re-

gram is to possess. No specification below the pro- quirements are discussed.
cocol level will be presented. All further design will
be found in. the Design Specification. It should be 3.2.1  Performance Parameters

noted chat che protocols are not descriptions of the
syntax of the interactive commands.  They are the The database management system will be designed co

functional specificacions for the commands. Syntax operace on databases of up co 100 million characters in
will be specified as part of che design in the design size. Average maximum response time will be limited

document. to five seconds. This number represents the time it

 

takes to do a single operation on the database when

3.1 Database running as a stand-alone system. Because response
characteristics of different operating systems vary so

i
The database is the coral collection of data that much from situation to situation, chis response time

all of the operational programs require in order to may noc be realizable in all interactive environments.
execute. In principle, che database(s) also includes However. this is che value for which the syscem will
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be engineered. be union- comoacible, i.e., must be of the same degree
n and the jth attribute of one must be drawn from the

3.2.2  Ooerational Reauirements same domain as the other 1 2 j i n.  The relation spe-
cified by <output result relation name>  consists of

The operational requirements for the database man- those cuples of che <subtrahend relation> which are

agemenc system are listed below in the form of proto- noc in che <minuend relation>.
cols. An index of terms appearing in che protocols
will be found in Section 4. 3.2.2.6 <unio€> funct ion

3.2.2.1 <select> function Functional specifications.
<union> dnput relation· namel> <input relation name2>

Functional specification. <output relation name>
(select> Linput relation name> <qualification) Semantics:

<putput relation nam© The input relations must be union-compatible.  The
<qualification>   : := <cuole relation> <qualificatior:> <output relation) is che relation containing tuples

<tuple relation  which appear in either <input relationl'>or<input rela-
<uple relation> : := <attribute volume><boolean opera- tion2) (or both).

cor> <Tuple funtion>*
Semantics:          •                   3.2.2.7 <intersec* function

The subrelation of the input relation specified by
qualification is assigned co the output relation. Functional specifications.

<intersec <inp ut relation namel'> <input relation name;>
3.2.2.2 <join  function <putput   relation   nam©

Semantics:
Functional specifications. The input relations must be union-compatible. The
 oin'> «nput  relation namel)<input relation name2> relation  output relation  consists only of those tu-

*i-cuple boolean relacion)<output relation nam* ples contained in both che relations <inpuc relationsl>
<bi-cuple boolean relation> ::= <attribute valuel> and <input relations .

<boolean operator2
<attribute value2> 3.2.2.8 <multiply>function

Semantics:

The <attribute valuei>' s are taken from tuples of Funcitional specifications.
che relation specified by <input relation namel> while <multiply> *nput relation

name. >
<input relation name2)

the <attribute vaiue2)'s are caken from tuples of the <output relation name>
relation specified by <input relation name2>. All Semantics:
such tuples which satis fy the <bi-cyp le boolean rela- The relation <output relation> consists of ail tu-
tion  are conccatenaced together pairwise to form the ples which can be formed by concatenating tuples of
relation referenced by <output relation name> <input relationl> to those of <input relation2> in

that order.

3.2.2.3 <project function
3.2.2.9 <invoke database management system> function

Funcci6nal specifications.

<project) <input relation name> <attribute name list> Functional specifications.

<9utput relation name> <invoke database management system> <database name>
*ccribute name list> : :- <attribute name> (Stser_id>

<attribute name list> Semantics:

<attribute nam* The database management system is invoked to per-
Semantics: form transactions against che database specified by

<database name . The <user_id> must be supplied.  IfAttributes of <input relation> included in
no database by chis name exists, one will be created<azzribuce name list> are used :o form a new relacion
with its database administrator (DBA) corresponding toreferenced by <putpuc relation name>.  Only one in-

stance of identical tuples is retained. the <user_id>.

3.2.2.4 <divide> function 3.2.2.10  <destroy database  function

Functional specifications. Functional specifications.
<divide> <input dividend relation name> <destroy database  4iatabase name> 4.lser_id>

<input unary divisor relation name> Semantics:

<putput unary quocienc relation nam* The dacabase specified by  dacabase name is re-
Semantics: moved from che system, provided the <user_id> is iden-

Indicate the <divide> operacion with the follow- tical to chat of the database administrator. Other-
ing expression  Q-X L Y.  Then q E·Q implies (q,Yi) wise, an error results.
f X for all y.  Y..

3.2.2.11  <create relation>  function
3..2.2.5 <minus> function

Functional specifications.
Functional specifications. <create relation> < elation name>  chmea specificatio«>
<minus> <input subcrahend relation name> <access metho* <Fetension status>

<tnpuc minuend relation name> *ermission>
<putput result relation name> <schema specification>   : := <attribute lise> <Key list>

Semantics: <attribute  list>  : :=  <attribute name> <;omain specifi-
The relations specified by <input subtrahend cation) *ttribute list>

relation name> and <input minuend relation name> must
I <attribute name) <domain specifi-

cation>
*Ic is underscood chac the cuple function depends on ikey list>  : := <attribute name><key list>
ic:ribuce iaiues drawn from the same cuple as che

1 <attribute name>
accribuce value being compared. (domain  specification>  : 3    <int> 1 <gloat>   4har>
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<field length> <retension status'>   : :=  <temporary> i 3.2.2.18  <delegate function
Cretension dace) <permission) ::= /write>1 *xecuce>'

Semancics: Functional specifications.
A relation with the name <relation name'>is crea- <delegate> <relation name list> <,access list> Qlser>

ted.  The schema is specified by means of the <schema .<relation name list) : :=    <relation  name>   <relation
specification> .  This command is illegal unless che name list>
user has <write> or <execute>permission (or is the

1 <relation   name>
DBA).

,(access  list)    : := <schema specification> <permissiod>
3.2.2.12 (destroy relation>function <:ser_id list> *ccess list>

lischema specification) ipermission>
Functional specifications <user id list>
<iestroy relacion> <relation name> <permission) ·*ermission'>  : :=  <Fead> 1 <arite> f *xecuteb
<permission>  : := <execuce> <user_id  list> : := <user id> iuser  id  list>
Semancics:

| 4.,ser-group   id>- 4.,ser_id  list>

The relation specified by <relation name> is removed
J
<user_id>   <user_group_id>

from the database.  For relations whose <retension sta- <user>   : :=<DBA>
tus> is not equal to <temporary> , this command is il- Semantics:
legal unless the user's (permission> equals <execute>. <delegate> is used by the DBA to delegate certain

priveledges to other users of the database.  The per-
3.2.2.13 ¢op€> function mission <read  permits the user to form queries only.

(write> permission allows a user to form queries and to
Functional specifications. <define>   and<save> new relations. <execute> permis-
<copy> <external database name> <external relation name> sion, in addition to priveledges associated with the

4ocal relation name> (access method> above, permits  the  user  to  <update> relations.    Note

<retension status> <external permission> however, that even a user with <execute> permission is
*xternal permission>   : := <execute,> not the DBA since the DBA alone has the power to
Semantics: <purge> relations and <destroy> databases.

A relation specified by <external relation nam© A <user_group_id) is a designation chat applies to
residing in a database specified by <external database a group of users. <user_group_id>'s are defined by the
name> is copied into the database currently under che DBA in the system database.
control o f the user. <execuce) is  the only legal value
for the user's <permissior# relative to the <external 3.2.2.19 <save>  function
database>.

Functional specifications.
'

3.2.2.14 <modify> .function As ave> <relation name <retension status) ,permission)
Cretension statue ' . :=<temporary>  <recension date'>

Functional specifications. (permission>    : :=   write> 1 :,execute>
<modify> 4nput relation name> (new access mechod> Semantics:

<output relacion name> (permission  The relation specified by <relation name> is to be
(permission>    : := <execute> retained in the database for the period of time speci-
Semantics: fied by <retension status> of<temporary) at their time

The relation specified by <input relation name> is of creation unless this default value is overridden.

copied into a new relation organized according co the Relations with <temporary> status are descroyed when
Vccess method> specified.  The new relation is refe- the user's interactive session terminates.

renced by <output relation name>.
3.2.2.20 (p urge> function

3.2.2.15 <output relation> function
Functional specifications.

Funccional specifications <purge> (user_id>
<Output relation> <relacion name> <format specification> Auser_id> : := CDBA>
Semantics: Semantics:

This command coerces the relation referenced by Execution of Apurge> removes all relations  from  the

<relation name) into a form suitable for output on the database whose Cretension status> has matured.

system output file.  The <format specification> opcion-
ally controls conversion from one set of units co ano- 3.2.2.21 <assign> function
cher.

Functional specifications.
3.2.2.16 <output schema> function <assign'> 4nput relation name) <issignment list>

<output relation name'> <permission>
Functional specifications.  assignment  list>  : :=  ,attribute name>  Juple  functiorQ
<Output schema> (relation name> <user_ld> ,assignment list'>
Semantics:   <attribute name> ituple function.>

(output schema>converts the schema associated with <permission>  ::= Awrite) J <execute')
the pair ( <relation name>,  Cuser_i* into a form suit- Semantics:
able for output on the system output file. The relation specified by <output relation name)

is  formed by assigning co attribute values, che results
3.2.2.17 <input relation  function computed according to the <tuple function)' s.  The

assignment is made for every tuple in the relation re-
Functional specifications. ferenced by tinput  relation  name).

<input relation> <relation name> <format specification> For example, suppose a relation salary is defined
Semantics: by the schema

Data for a predefined relation is read from the salarv {employee#, pay} KEY (employee#)
standard input file under format control.  The formac and that each employee is to receive a 10% raise.
specification optionally  controls conversion from one Then <assign) could be used as follows:
set or units to another. <assign) salary "pay := (1.1*pay)" new salary.

Attribute values not mentioned in the <assign; state-
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ment are copied unchanged co the output reiation. which will allow the planning engineer co creace and
modify network models for processing by other planning

3.2.2.22 <update> function programs. From a human engineering poinc of view, it
is much more satisfactory to allow the engineer co work

Functional specifications. directly wich network concepts than co effect che same

<update) <input old relation name> <input modifying rela- process by using the database management system.  A

tion name> Coutput new relation name> <permission> supplemencary discussion of the network editor will be

<permission>  : := <execute> found in T03.

Semantics:
The relations referenced by <input old relation          3.3.1 Performance Parameters

name>  (the old relation), and <input modifying rela-
cion name> (the modifier), must be union-compatible. Networks are scored in the system as relations in
Tuples are compared on a 1-1 basis and those in the a network database. Generally, therefore, the network

old relation with ruples whose keys match those of the editor must meet the same performance goals chat che
modifier are replaced by the corresponding tuples in database management system must meet.
the modifier to form the new relation. The new rela-
cion has the same degree and cardinality as the old 3.3.2  Network Objects

relation.
Network objects are described here co the same le-

3.2.2.23 <restore) function vel of detail that was supplied for the database man-
agement system.

Functional specificacions.
<restore> <database name> <edition identifier> 3.3.2.1 *etwork>

<transaction file identifier> <user_id>
<user_id>   :: -<DBA> &etwork> : := <object  list>
Semantics: <object list) ::= <object) <pbject list>  &bject>

This function is used co restore the database to (object) : := <primitive object) 1 <composite object>
current status after a system failure.  The transaction A network is a collection of objects or components
file contains a list of all permanent changes co a spe- which may be either primitive (atomic or simple) or
cific edition of the database over some period of time. comoosite, i.e., composed of a collection of simple or

composite elements.
3.2.2.24 <dump> function

3.3.2.2 <primitive object>
Functional specifications.

<dump> <database name> <edition identifier> <output <primitive  object'>  : := <name> <object class'>  <connec-' I

file name> <user_id> tion lisO
4ser_id>   : :=<DBA7 <object class>  : := <descripcion   <input port  list>
Semancics: · <oucput port list>

Execution of this command creates a backup copy of <description)  : := <paramecer list>  qualicative des-
the database referenced by <database name). cription)

 parameter list)  : :=   <parameter; <parameter lisci
3.2.2.25 <help  function Vparameter>    <NULL'>

<parameter> : :=<constanc>Orariable>  <numerical  state  var-
Functional specifications. iable>   <boolean state variable>
<help> <command name> <description qualifier) Gnput  port  list)  : :=  <port>  <input  port  list> 1 <port)
Semantics: <putput   port   list>    : :=   <port>   <output   port   list)  :   <por©

<help) supplies information about system capabili- <,connection  list>  : :=  <list  for each port) <, conneccion
ties upon user .request. The description will be more lis·t> 1 <lisc  for each port>

or less detailed according to the <description quali- 4ist  for each port>  : := <list71 <OPEN'>

fier>. Clisth  : := <connection) <list>' iconnection>
Primitive objects consist of a name, an object

3.2.3  Human Performance class and a list of connections to other objects. An

object class consists of a parametric description e.g.,
The human support for the database management sys- values of capacitance for a capacicor, qualitative in-

tem is minimal. Ic consists primarily of human- formation such as the device class name, and a lisc of
directed management of the system files on which the input ports and output ports.
dbms  depends  for  such  things  as  <user_id>' s  and <per- The parametric description is general enough co
mission> assignments made to users. permit the parameters to be variables as well as con-

Requirements on che user are not onerous either. scants. The variables are of two types. One type,
If che basic ideas behind a relational database are called scace variables, are global co che entire nec-
well understood and if the user has a minimum familiar- work and may assume different values resulting in dif-

ity with relational algebra, che system should be ferent network configurations. This is especially crue
straightforward co use. for network componencs such as switches which may be

opened or closed according to the value for the boo-
3.2.4  Language Soecifications lean state variable which defines their scate.*

The second type of variable, found in both primi-
The syntax for che relational algebra-base querieses tive and composite object, co be discussed below, is

will not be specified in this document. The spirit analogous in some respects to a subroutine in that the

which is to be infused inco this language can be iden- composite  obj ect  may have formal variables, whose  va-
cified as the same spirit manifest in the command lan- lues are determined ac instantiacion cime. Parameters

guages exhibited in the Software Tools (R19). It re- of primitive objects denoted as variables assume the

mains co be seen however, precisely what form this will values assigned to che formal variables of the compo-
impart to the query language. site object in which they are embedded.

3.3  Network Editor 3.3.2.3 <composite object>

The network editor is an interactive subsystem *cf. the discussion cf switches in T03.
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*imposice ·object>::=(name>  omposice object class> An objecs not initially attached co the network is

<connection lis:> connected to the network via a connection from the ob-

¢omposice object class>: :-<composite description> anouc jecc co an object already included in the network.  Ob-

port list> <>utpuc pors lisc'> jects already included  in che network cannot  be   <add)ed.

¢cmposice descripcion>::= Garameter list> <qualizacive
description> <necwork> 3.3.3.6 <remove o'Dject>

Composite objects are described in che same way
chac  primicive  objects are except  thac a description of Functional specifications.
che (sub-) network connecting their constituient parts <remove objecc> 4nput network cursor> <Output object

must be included. Parts defined in object class 's of cursor) <pucpuc necwork cursor>
subnecwork components but for which connection lists Semancics:
are unspecified are identified in the composite object An object contained within the network is removed

class  and are connected via the <connection lisc> of from the necwork. The  object still exists (there is a

the <composite object>. poincer co it) buc it is no longer included in the net-
work. The operation returns an error if the object is

3.3.3 Ooerational Reauirements not initially in the network.

In this section, the funcitonal specifications for 3.3.3.7   (connect network objects>

zhe network edicor will be described.
Functional specifications.

3.3.3.1 <invoke network editor> <connect network  obj ects> <input network cursorl>
<input network cursor2>  inpuc portl-Port2 descriptor>

Functional specifications. <putput network cursor>

<invoke network editor> (network name> <permission> (portl-Por:2  descriptor)  ::= 41etwork objectl Port  name'>
0ermission>  : :=<write> <execute> <necwork objectl port nameh
Semantics: Semancics:

This command accivates che network editor. The Two network objects are conrecced together. Boch

user must have either <write)or <execuce> permission must already be included in the network and musc have

zo invoke the editor on a given necwork. <write> per- compatible port characteristics.
mission  allows  che  user co creace  and save networks,
<execute> permission is required to modify a necwork 3.3.3.3  <disconnect network objects>
already created.

Functional specifications.

3.3.3.2  tcreace object class> <disconnect network objects> ..input network cursorl>
<nput network cursorl> <input portl-Port2 descriptor>

Func=ional specificacions. <oucput necwrok cursor>
Semantics:

'create object class> <input object class descripcion> A connection between two network obj ects is bro-

<pucput objecc class> ken.  This command is illigal if it breaks the only
Semancics:. connection becween an object and che network.

This command establishes the paradigm for the nec-
wo rk component. No specific object is created by this 3.3.3.9 <sec state variables 
command (since no cursor is recurned co point co a
specific objecc). This func:i:n is used to create new Functional specifications.

primitive <object class'>' s noc included in the syscem (Set :cate variables> <input parameter assignmenc list>

vocabulary and for building composite <object class>'s. parameter assignment  list> : :=<parameter assignment  list>
i 4aramecer assignment>

<parameter assignment> : :=<paramecer name) <paramecer ex-
3.3.3.3  ,create object> pression>

Functional specifications. Semantics:

,creace object)  inpuc object class) <input name>
State variables are assigned values with this com-

 nout parameter specification> mana. A :cate variable is assigned the value associa-

<outpuc object cursor>
cad with the expression comprising  parameter expres-

Semancics: sion . All variables appearing in a  paramecer expres-

A network object is created.  A cursor (poincer) sion must have previousiy been defined.

is returned which can be used co connect che object co
cne necwork, 3.3.3.10  <find objecc 

3.3.3.4 <discard object> Functional specifications.
<find object> <input nerwork cursor> <input context

Funccional specificacions. description  <output network cursor>
discard -bjec:> <inpuc object cursor> Segancics:

Semancics:
This function is analogous to the context search

command found in high performance text editors. The

 iscard> eliminates an object from the system. <context description) will probably be defined using
An objecT which is concained in a nerwork cannoc be regular expressions ever the object class alphabet.
<discard>ed. Zc must first be removed from :he necwork The search will be done in a specified traversal order.

(using  <ramove>) .

3.3.3.5 <add object> 3.3.3.11 <save ..)

Functional specificacions. Functional specifications.

<add object> <inpuc objecc cursor> c.input network cur- <save necwork> <hetwork name  <permission>
sor> <inpuc port-port aescripcor> <ouc-

thermission> :: = <write> <execuce>

puc network cursor <save object.s  (object cursor list> <permission>

*bject cursor lisc> ::=<pbject cursor) fbject cursor
(pors-port descriptor>::=<objecc port name>

Anecwork  obj ect  port name> list> <6bjecc cursor>

Semancics: <save object class> <object class lisc> Apermission>
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<object class list>: :-<object class> (object class list> 3.4.2.6 Internal files

*bj ect class>
Semantics: The shell program maintains its own file system.

Each of the entities mentioned is permanencly re- This system is logically independent of the file sys-
tained within che system. tem supported by the host operating system.  These

files are known via a catalogue internal co the shell.
3.3.3.12  <list ...> The permissible operations are discussed below, begin-

ning with Section 3.4.3.6.
Function specifications.
<list  network> <input network cursor> <input  list  quan- 3.4.3 Ooerational Requirements
tifier> <input format specification> <output network
text> The shell commands are listed below.

(list network objects> <output object list>
<list network object classes> <output object classes> 3.4.3.1 <invoke shell>
Semantics:

The <list network> command may be used to list the Functional specificacions.
topology of a network or a subnetwork or even to list (invoke shell) tuser_id> <database name) (EXTinfile>
the properties of a single component in the network. <EXToutfile> <audit file name;
These different options are controlled by the <lisc Semantics:
quancifier>.  The form of the output is determined by The shell user must supply his Cuser_idl a data-
che <format specification>. base name to which the shell is co be connected and
<list network objects> and < list network object class- bulk I/0 file names. The <database name> idencifies
es> permit the user to recall what parts and what ob- the database against which all transactions are to be
ject classes are currently available. conducted for the duration of the shell session. All

actions affecting the database are recorded on the file
3.3.4 Human Performance specified by <audit  file  nam©.    This  file  can  be post-

processed to produce Ltransaction file> for use by the
The same remarks made in Section 3.2.3 and 3.2.4 <restore>function (see Section 3.2.2.23).

are appropriate for che network editor as well and will
not be repeated here. 3.4.3.2 <execution>

3.4  The Shell Program Functional specifications.
<execute> fprogram name>  from\ 40,

The shell program is the overster or executor pro- (from> : :=  <INfilel I  dile name>
gram. It is, in essence, a miniature operating system <to>: :=  <OUTfile> j <file name>
and is co be designed so as Co insulate the other ma- Semantics:
jor components of the system from a possible inhospiti- The program identified by  program name is in-
ble environmenc which the host operacing system would voked. The input file is identified by <from'.and the              |
otherwise provide. output file is identified to .303.

The general capabilities of the shell provide a
file system, the ability to support and invoke the dbms   3.4.3.3. (pipeline)
and che network editor as well as the distribution
planning programs, a sophisticated prompting facility Functional specifications.
and <help> features. <pipeline> ·Lprogram name list> <from> <to>

<program name list>  : := <program name;  .'program name
3.4.2 Shell Files liscl ,program name>

·'f rom; : : =*.INf ile>  |  .,file  nam©
There  are five standard shell files:     <IN file>, .'to) : :=·DUTfile; ' ffile name):OUTfile>, (ERRfile> <EXrinfile> and <EXToutfile>. Semantics:

Each is discussed below.
<pipeline> execution allows  the  user co execute

several programs whose output is the input: for the next
3.1.2.1 <INfile> program in che series.. The programs identified in

<program name  list >   will  be executed  in the order  in
This is the standard input file will be associated which chey appear in che list. Input co the first pro-

with che terminal input device. gram is the file identified by <from) and the output of
the list program is placed in the file identified by

3.4,2.2 <OUTfile> <to>.

This  is the standard  output  file  and will  be  asso-       3.4.3.4 <execute control  file>
ciated with the terminal outpuc device.

Function specifications.3.4.2.3 <ERRfile> <execute control file> <control file name>
Semantics:

This is the standard error output file. It is The file identified   by  icontrol  file name'> is  co
associated with che cerminal. be a control file, i.e.. a file of shell commands and

processor invocations. These are executed as they are
3.4.2.4 <EXTinfile> encountered. When the file is exhausced, control re-

turns to the file in which the <execute control file>
This is che standard input file for reading bulk was embedded (if the exhausted file is the terminal

:aca. Normally, it will be associated with a disk or file<INfile>, the shell waits for further inpuc) .
cape file maintained by the host operating system.

3.4.3.5 Subsystem invocations.
3.4.2.5 <EXToutfile)

The invocations for the subsystems already dis-
This is the standard oucput·file for writing bulk cussed are listed here for completeness. One further

data. Normally, it will be associated with a disk or system remains to .be discussed, namely, the cext edi-
cape file maincained by che host operating system. tor. Its invocation is also included.
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<invoke database management system  (3.2.2.9) Because of the necessity of performing cexc edi-
<invoke network editor> (3.3.3.1) cion while using the system, a text editor will be in-

<invoke text editor> (3.6) cluded as part of the system. The particular editor

will be the one defined in R19.

3.4.3.6 .create>

Functional specifications.
freate3 <Lnput file name>  input user_idi <input ac-
cess list> <input retension status> <output file
pointer>
<access  list>  : :-ipermission>  Yser_id list>  <access

list>   ,permsission>  <user_id list>
,permission) : := *ead> 1  <write> J  <Fead-write>
 ser_id   list>::= <user  id>   <user_id  list>     <user_group

_id> <user_id list> <user_id> <user
_group_id>

<recension status>: : =itemporary>
1 <Fetension  date>

Semantics:

icreate) produces a mapping from a Afile name> to
a <file pointer> which is a descriptor used by the sys-
tem to permit other system processes to access the file
of  interest.     A  file  may be designated as  read>-only,
<write>-only,  or  both  <read>  and  <write>. The result
of <Freate> is always to produce a pointer to an empty
file.

3.4.3.7        <open 

Functional specifications.
<open>    <inpuc   file   name> kinput user_id> <input  mode >

<output file pointer>
 mode '4 :=  <read;·    <write>  1 <read-write'>
Semantics:

<open) returns  the <file pointer> to  the  user
pointing at the first block of the file.  The mode

specifies the use to which the file will be put and
must be compacible with the (permission> definition
macie at che time the file was created. Attempcing to

, pen'> a file which is already open is an error.

3.4.3.8 ·<close>

Functional specification.

·Iclose> <input file pointer>
Semantics:

fclose> releases  the file designated by <file
pointer> from the user's control.

3.5.3.9  <unlink>

Functional specifications.
funlink> <input file name>
Semantics:

cunlink>removes   the file specified  by   <file   name >
f rom the system. Files whose <retension period>' s
have exceeded, are automatically unlinked by the sys-
cem.

3.4.3.10 <save file>

Functional specifications.
,save file>  input file name> *nput retension period>
Semancics.

The file designaced by Afile nam€) is co be re-
cained by the system for che period specified by the

retension period.

3.4.3.11  (list files>

Functional specifications.
<list  files">    gnput user_id: <output  file  lis:/
Semantics:

The list of files associated with <.user_id>is
routed :o the output file.

3.5  Distribution Planning Programs
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