




plan systematically,  then  computer usage suggests itself as a 
natural application. If informally, perhaps  the benefits of a sys- 
tematic  approach could be demonstrated. 

Planning-data systems 

Computer usage in processing planning data becomes meaning- 
ful only when an organization is actually engaged in some  for- 
mal, systematic planning. The outward manifestation of this  pre- 
condition can usually be ascertained by discovering whether or 
not planning data  are  actually being processed.  Upon investiga- 
tion,  one usually finds that  this data is processed by manual 
methods:  columnar  paper as  source  documents, pencils and 
typewriters as report  generators,  and  desk  calculators  and slide 
rules as  the processing units, while man functions as  the  system 
architect,  programmer,  and  operator in one  person. 

When converting  such  a  system  to  computer  usage, it is impor- 
tant  to recognize the key role of the individual planner  who un- 
derstands  the  theoretical  concepts,  academic  disciplines,  and  has 
practical experience in planning and decision-making problems. 
In this  work, professional judgments  and clerical operations are 
so intertwined that  separation  and delegation of the  clerical  por- 
tion becomes impractical, if not impossible. Unless  the  planner 
is involved with the design and  operation of the planning-data 
system, he will not be able  to use it. 

Most data processing applications deal with existing data  that 
has previously undergone a thorough audit  for quality and relia- 
bility and, once certified, does  not  change  during processing. All 
this data represents  business  transactions - records of events 
deemed significant for  purposes of accounting  and  control.  Ex- 
cept  for occasional reclassification because of changes in organi- 
zational structure requiring corresponding  adjustments in the 
accounting  structure, or  for occasional  changes in processing 
logic due  to changes in rules of procedure, this data represents  a 
rather  stable view of current conditions. Because  this  data is 
reproducible,  analysis  does not have  to  be performed immedi- 
ately; it can  occur  days,  weeks,  or  months  later. 

Proficiency in the processing of transaction data-that is,  com- 
petence in the design and  development of transaction-data  sys- 
tems that perform the functions  described  above-may  be  a 
handicap in planning-data systems. The reason  for  this is the 
entirely different nature of planning data. 

In principle, planning data  does  not  exist.  The planning-data 
system  has, as its major objective,  the ability to  generate plan- 
ning data.  In  addition,  the  future being uncertain  and  specu- 
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lative,  there is usually not  just  one  set of planning data, but 
many  such  sets in existence at  the  same time. For example, the 
procedural logic in a  transaction-data  system  for payroll prepa- 
ration or bill of materials explosion is  unique  and completely 
defined. The logic for  generating planning data,  however, is var- 
ied,  subjective,  and often definable only through progressive 
experimentation. 

Hence  the methodology of transaction-data  systems  does not 
apply to planning-data. It  is  true  that a system that  stores  the 
various  sets of planning data  for prompt  sorting,  analysis,  re- 
assembly,  and display is not  useless.  However, it does  not 
address  the key issue of solving the planning-data generation 
problem-a problem that  occurs  not  once,  but many times  dur- 
ing a  business  year with new data  and,  sometimes,  new logic. 

Figure 1 Planning-data bank 

Generation of planning data 

planning- 
data bank 

The key problem,  then, is how to  generate planning data, not 
how to  store and display it. There  are  two  steps in this  process. 

The definition of decision variables  relevant in a specific deci- 
sion-making situation  results in a planning-data bank of usually 
at least  three dimensions as shown in Figure 1. The first dimen- 
sion is that of the item descriptions  for the decision  variables, 
including unit of measure. In making the selection the  analyst 
must  keep in  mind whether  or  not  data  for  these  variables  can  be 
found or generated by acceptable,  reasonable  methods. In this, 
the  existence of a transaction-data  system  can be helpful, but it 
is not sufficient. Many decision variables would not  be found in 
conventional  transaction-data  systems,  and many decisions deal 
with problems for which no historic data  are  available. The 
second dimension is time, the horizon for which the planning 
data is needed. These  two dimensions define a matrix, the format 
in which planning-data processing is usually addressed. 

The third  dimension, subsets, addresses  the  fact  that a planning 
or decision-making problem rarely  occurs in isolation. For exam- 
ple, a marketing problem may have geographic subsets or prod- 
uct line subsets; a manufacturing problem may have  plant lo- 
cation  subsets  and  warehouse  subsets;  and  an  overall  resource 
allocation problem may have  profit-center  subsets. The same 
applies  to  studies of acquisitions  and  divestments. These  subsets 
of planning data must  be  consolidated  into  a  comprehensive 
total.  Such  consolidation  is  often the first application to be  de- 
veloped within a planning-data system. 
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One of the key problems in planning-data systems design is to 
contain the number of decision  variables, time periods,  and  sub- 
sets within manageable bounds. The limiting factor  for  the  size of 
the planning-data bank is not computing power  and  processing 
capabilities. It is,  instead, manageability of the planning-data 
bank by the people who  design, maintain, and  operate  the plan- 
ning-data system.  This is based on  the  fact  that planning data 
created by the  system  require  auditing,  approval,  and  authentica- 
tion by the  users. 

A fourth  consideration is coordination of planning data  developed 
independently by different functional  organizations within dif- 
ferent  subset  structures  and  degree of detail. Cross-referencing 
of this data is virtually impossible, because it would force  every 
planning unit to  carry  data  at  the lowest common level of detail. 

Each planning unit  determines  its own structure of planning data 
and  assumes  the  job of maintaining an  appropriate  data  bank. For 
example,  the marketing and manufacturing data in a planning- 
data bank for  use by corporate management is not  the  same  as 
those used by the management of the marketing or manufacturing 
organizations. The reconciliation of the summary data  between 
organizations at  the same level and organizations at different 
levels of the management hierarchy,  and  the decision-making that 
follows, comprise  the planning process itself. 

In practice,  the data in each of these planning-data systems will 
suit the  needs of the planning units’ management.  Senior manage- 
ment reviews  these  and may also  have  their own planning-data 
systems.  Figure 2 illustrates a four-sided space in which man- 
agement may assess  the summary displays from each of four 
subsidiary planning-data systems,  each of which is backed up by 
its own subset  structure. The illustration makes  the simplifying 
assumption  that the time dimension is the  same;  hence  the walls 
are of equal width. 

In  reality,  the time dimension usually is not  the  same  since man- 
ufacturing may plan by month for  two  years, marketing may 
plan  by quarter  for  one  year, engineering and  development may 
plan  by year for ten  years,  and  corporate management may wish 
to look fifteen years  into  the  future.  Furthermore, different plan- 
ning problems may require different time dimensions.  Frequently 
there is the  temptation  to  seek a common denominator in terms 
of the longest time horizon and the  shortest time cadence  and  to 
force  everybody  into  that mold. The resulting data-base defini- 
tions,  however,  become unmanageable. This  can be proven by 
multiplying out  the  number of data  elements  that  each of these 
systems would contain. Also, the illustration shows  the walls 
having different heights, thus  incorporating different degrees of 
detail in each of the  subsystems. 
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planning- Furnishing the  data bank with planning data is the  second  step, 
data entry and it  is here  that the difference between  transaction  data  and 

planning data becomes  most  pronounced.  Some data is entered; 
others  are  generated by some logical procedures  from  the  en- 
tered  data.  In many cases,  there  are  various  data  entry  options 
that, in keeping with procedural logic, generate  one of several 
time  series of resulting planning data. As examples, a statement 
of future  revenues for a given product in a given geographic area 
may be produced as a trend-line projection from past  history; it 
may be  produced as  the  product of future physical sales  units 
and  variable  price  assumptions, in which case a  price elasticity 
assumption could also  be  taken  into  consideration; or  the con- 
sumption volume data could be derived  from population esti- 
mates,  income  levels,  and  other  macro-economic data;  or it  may 
be produced  as  an application of subjective  assumptions of 
growth  rates by future time periods at the  discretion of man- 
agement;  or it may be computed from estimated  employment of 
sales  personnel  and  respective  productivity  assumptions: or it 
may be produced as a quota allocation from an aggregate fore- 
cast of a higher-level planning unit. A substantial  portion of the 
procedural logic is to  sort  out which input  data  have effectively 
been furnished for  a given planning-data processing job and then 
apply the optional logic accordingly. 

Of course,  except  for  historic  data,  any  assumptions  that affect 
the generation of future  data  are  subject  to  frequent change. One 
of the functions of planning-data systems is to facilitate the pro- 
cessing of speculative  assumptions  about  future  events on the 
part of planners  without increasing the clerical  workload.  Many 
of these planning iterations may be made on a  trial-and-error 
basis  before  they  represent  proposable  objectives  and  resource- 
allocations  requests. 

Also, many comprehensive  views of the future are usually de- 
veloped in a  systematic planning process  before  one of them 
becomes  the  accepted  and  approved plan. The documentation 
of each of the considered  views  consisting of the  input  assump- 
tions  and  procedural logic  may be  retained  for  future  reference 
together with the documentation of the approved plan itself. 
Again output volume becomes a problem in that efficient storage 
media must be used to  provide  the  appropriate  access  to  selected 
former as well as current planning data generated by the system. 

A planning systems generator 

Because of the subjective  nature of planning data and  consider- 
ing the fact  that the major objective of a planning-data system is 
to produce planning data,  there can be no general purpose plan- 
ning-data system. While there  are great differences in the  data 
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bank definitions and logic procedures of each specific system, 
there  appears  to  be  one common requirement in all of them-  the 
planner must have access to the  computer and he needs the ca- 
pability of designing, programming, and maintaining his own  sys- 
tem. Thus, assuming computer  access is available, what  the 
planner needs  most is a planning-oriented programming lan- 
guage. 

Such  a planning-oriented language is not really a language nor  an 
application. It is, in effect, a  planning  systems generator-a dis- 
ciplined approach to the programming of planning-data process- 
ing applications. 

The function of a planning systems  generator is to  create  a com- 
puter usage environment for  the planner so that he may develop 
applications for his own needs  but, in doing so, will remain COM- 
patible with similar applications developed by others within the 
same environment. It is this environment which makes possible 
the gradual, evolutionary development of a planning-data system 
as a  result of the efforts of many planners at different locations 
in an organization. This  approach provides immediate benefits, 
gives the planner complete  freedom regarding the  structure of 
his own applications without isolating him and preventing him 
from integrating his efforts with those of others  later  on.  It  also 
avoids the necessity of having to work out  a  cumbersome  and 
all-embracing master plan and  the usual standard  procedures  for 
systems analysis, flow charting, feasibility studies and the like. 

The primary objective of a planning-data system is to help the 
planner better perform his job  as a result of better  data  process- 
ing methodology beyond the  use of columnar work papers, pen- 
cils, and  desk calculators. The function of a planning systems 
generator is to  create this environment by simplifying the pro- 
gramming job to  a level which a planner might be willing to 
learn. 

By itself, a planning systems  generator is a  procedure-a disci- 
pline within which a  user may: 

Specify a  data bank and  enter  data values. 
Specify logical rules for  the generation of additional data val- 

Specify statistical or graphic reports  for  the display of data 
ues by projection and/or correlation. 

from the  data bank. 

Of course,  a planning systems  generator  must handle the  above 
functional requirements so that  the user’s programming becomes 
neither  cumbersome nor restrictive. What is perceived as cum- 
bersome or restrictive  depends upon the  user  and,  therefore,  the 
degree of standardization of procedures imbedded in a planning 
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systems  generator will inevitably seem to  be  too cumbersome or 
too  restrictive  to  some  users. The architectural  design problem 
is then  to find a reasonable  balance  between programming load 
and programming restrictions to appeal to a broad  spectrum of 
planners. 

Another  performance  characteristic is flexibility. As in most 
languages, a planning systems  generator  contains problem-ori- 
ented  procedures  (grammatical  rules)  and  vocabulary  (com- 
mands or  macroinstructions).  Otherwise  general-purpose high- 
level languages would perform equally well in the planning-data 
processing  environment.  However,  any specific set of pro- 
cedures  and  vocabulary will inevitably become a limiting factor 
as the user’s  requirements  become  more  sophisticated  and com- 
plex. Hence, a planning systems  generator  must  also allow for 
the expansion of procedural rules and  vocabulary within a given 
user  environment. 

PSG II To more clearly identify the characteristics of a planning sys- 
tems  generator in its  various  performance  areas, a discussion of 
the program product, Planning Systems Generator I1 (PSG 111, 
follows.*-~O 

The most  straightforward  approach to  the design of a planning 
systems  generator would be  the establishment of one multidi- 
mensional data  bank (matrix) and a single instruction  set  for 
report  generation, logic specification and  data  entry. The ap- 
proach  used in PSG 11 deliberately  separates  these  three  func- 
tions  to  provide flexibility. 

Report  generation is independent  and may be used by itself to 
create  forms  for manual data processing. Reports or  charts with 
headings, line-item descriptions,  and specifications for numbers 
of decimal places to be printed, line spacing, and so forth are 
handled by SO-character input  records. 

Logic specifications are packaged  as FORTRAN subroutines  and, 
therefore,  open-ended  into  the  entire FORTRAN arithmetic  and 
logical instruction set, supported by a library of macroinstruc- 
tions  addressing typical planning calculations. The standard 
FORTRAN instruction set applies. These FORTRAN subroutines, 
however, do not  address  any  input/output  or  other  housekeeping 
requirements.  Only  arithmetic  and logical FORTRAN instructions 
are involved. In addition to designing his own application  sub- 
routines, the  user may also  add his own macroinstructions to  the 
system. 

The entry of data values into  respective  work  spaces is accom- 
plished by a  third  set of SO-character input records.  Values are 
specified in fixed-field or  free f ~ r r n a t . ~ ” ~  
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The coordination of these  three  sets of instructions is accom- 
plished by a seven-character  code consisting of a two-digit pro- 
gram number, a two-digit subset  number  and  a three-digit line 
number. Work spaces  or  data banks are assigned by subset 
number within program number;  hence, 10,000 such  workspaces 
can  be specified within one planning-data system.  Each work- 
space  consists of 3600  data  elements, which can be organized 
from 900 lines with 4 columns to  200 lines with 18 columns. 
The maximum capacity is 36 million data  elements. 

Any  data line can  be  transferred from one  subset within a pro- 
gram to  another subset within the  same or  another program. The 
corresponding  transfer  instruction  results in the  automatic  entry 
of the transferred  data values into  the  workspace of the receiv- 
ing subset. 

In addition to the  workspace of 3600  data  elements  for  purposes 
of storing input data values, two additional work areas of equal 
size are assigned during execution  for storing the  results of 
computations  and  for storing the consolidations  across  subsets. 
Whereas  the  input data bank can  be permanently stored,  the 
auxiliary workspaces of results of computation and consolida- 
tion are erased  after  report  generation. 

The system  provides  for  the careful separation of input assump- 
tions  from  the derived data values since  a  change in one input 
data  value  may,  through the complexity of planning logic speci- 
fied, affect many of the  computed  results  and  consolidations. 

In  report  generation  because data locations are separately iden- 
tified by a  four-character  code  (workspace name and line 
number),  the system allows for extensive labeling of data within 
major subheadings and minor line-item descriptions to produce 
the  most legible output  reports. The significance of this can be 
illustrated by the  fact  that  a  certain time series of data  such as 
“gross income of product line x” may in one report appear’un- 
der  the heading “gross income” with the line description  “prod- 
uctx” and in another  report  under  the heading “product line x” 
with the line description  “gross  income.” If data locations and 
descriptive labels are combined into  one  expression or mnemon- 
ic  code, it soon develops  that the mnemonics become  too long 
and unintelligible. 

Development of planning-data systems 

In a larger, multidivisional corporation, planning-data systems 
can  be developed at  the  corporate level or in any of the divisions 
or within a division in any of the conventional business  func- 
tions such as manufacturing and marketing. The  closer an orga- 
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Figure 4 logic specifications 

SUBROUTINE  PSGLOG(NPR0G) 
IF  (NPROG.NE.60)  RETURN 

C 
CALL  MOVE  (2,11,-1,21,25) 

CALL PCT (1,31,1,21,32) 
CALL  EXTEND ( 0 , 2 , 3 2 , 3 2 )  

TAX  RATE  CONTINUED  PER  LAST  GIVEN  RATIO 

C TAXES AND NET  EARNINGS 

CALL  EXTEND  (0,1,53,53) 

CALL  EXTEND  (2,1,110,110) 

B(120,1)=A(120,1) 

C SHARES SOLD  PER  HISTORIC COMPO1 

C SHARES OUTSTANDING  YEAREND 

L 
B(101,8)=1 
DO 6002 N= 
K=8-N 

6002 B(lOl,K)=B 
DO 6003 K= 

6003 B(12Z,K)=B 
c 

DO 6004 K=1,8 .~ 

C 
CALL  EXTEND  (0,1,141,141) 

CALL  MOVE  (2,131,151,0,161) 
CALL  MOVE  (2,161,-1,141,171) 

CALL  EXTEND  (2,1,125,125) 

TOTAL INVESTMENT  AND  EQUITY 

C 
r 

STOCKHOLDERS  CONTINUED  PER  PAST  COMPOUND  GROWTH 

CALL PCT 12.21.2.11.22) 
C 

CALL PCT (2,41,2,11,42) 
c nTvmENn PAYOUT 

. .  
AFTER +AX. NET TO GROSS 

- ~ - " ~ ~ .  .. 
CALL PCT (2,51,2,41,54) 

CALL  RATIO  (2,41,2,122,43,1000.) 

CALL  RATIO  12.25.2.161.162.1.) 

C NET  EARNINGS PER SHARE  (ADJUSTED) 

C COST+EXPENSES/INVESTMENT TURNOVER 

C 
CALL  PCT  (2.131.2.161.132) 

. FIXED'TO TOTA~ INVESTMENT 
C 

. .  
DEBT'TO +OTA~ INVESTMENT 

CALL PCT (2,141,2,161,142) 

CALL  RATIO ~2.171.2.122.173,1000.~ 
C EQUITY  PER  SHARE  (ADJUSTED) 

C 
CALL PCT (2,43,2,173,174) 
RETURN 
END 

' RETURN'ON EQUITY 

and MOVE. All explanations are included as comments in the 
FORTRAN routine. The  data values  for  the  past  years  and  certain 
future goals are specified in appropriate data  statements  as  de- 
picted in Figure 5 .  

I 
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Figure 5 Data statements 

8VIEW  OOOlIBM  PLANNING  DATA  SYSTEM1965PAST FOUR YEARS  TREND  EXTENDED I 

6000151 698.653:723.096:916~383:1770.076.1814.120 I 

PSGEXIT I 

The following figures show the resulting output of this module 
for two hypothetical projections, View 1 (Figure 6)  and View 2 
(Figure 7 ) .  In Figure 6, the  years 1970- 1972 are based on  gross 
income to grow at the compound growth  rate  for  the  last  four 
years ( 19.1 percent) and  pretax  net  to  continue at the  respective 
average  rate to gross (26.2 percent). All other  data  are  trended 
against these  two major variables. 

In Figure 7, arbitrary goals are introduced for 1972, that is 
gross income at $10 billion and  pretax  net at $2.5 billion. Be- 
tween 1969 and 1972, gross income and  pretax  net are inter- 
polated with an implicit growth rate of 11.6 percent.  Also, 
dividends per  share  are raised to $4, $5, and $6 beginning in 
1970. In addition to these  particular  examples, many other dif- 
ferent  assumptions  can  be tried within the projection logic of 
this module, or  data  can  be  entered  for all years. 

To save  the  reader time, the following is the  comparison of these 
two views of 1970-  1972 from the 1969 vantage point with what 
has since happened: 

1970 197 1 1972 - - ___ 
Gross income (million $) 

View 1 8574 10215 12170 
View 2 803 1 8962 10000 
Actual 7504 8274 9533 

Earnings per  share ($)  
View 1 9.27 10.92 12.80 
View 2 8.84  9.45 10.05 
Actual 8.92  9.38 11.03 
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Such a consolidated  statement of operations,  representing a 
summary of summaries, ordinarily is not used directly for  the 
pu@ose of developing plans. In  an  actual planning-data system, 
each of the input lines in this statement usually would be trans- 
ferred from other modules which prepared the respective  analy- 
sis arid projection in much more  detail,  perhaps  by division and 
within division by product line. 

Concluding remarks 

Planning and planning data can  be  categorized,  according to 
managerial objectives, as operational,  tactical,  and  strategic. The 
use of a computer  to  process planning data  can  be aided by the 
use of a planning systems  generator  such as PSG 11, a pro- 
grammed discipline that allows the business and/or financial 
planner to specify a data bank and  enter  data  values,  to  set  up 
rules for  additional data generation,  and to format  statistical or 
graphical reports  containing planning data. The resulting system 
is a planning-data system  that is ready to  assist  the subjective, 
decision-oriented  environment of a company’s planning unit. 
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