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ABSTRACT

The author extended the synthesis'of the so-called
accounting spread sheet into a more ccmpact and mathema-
tically rigorous formuiation. This formulation was épplied
to an example in the form of a computerized accounting

information systemn,
/

' The systematic approach used bridges the communication
gap between the accounting profession and the quantitatively
~oriented computer specialists who design computer based

accounting systens.

-

The use of tensor analysis and coordinate transforma-
tions in accounting theory was also explored, The author be-

" lieves this to be an important area for further research.
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I. INTRODUCTION (JUSTIFICATION OF STUDY)

This thesis develops specialized insights into computer-

ized accounting information systens.

' The author is guided by a conceptual framework (Will,
1968) outlining information systems characteristicé:of\accoun-
ting. Research in accounting‘(Méttessich, 1957, 1964; Ijiri,
1965, 1967; ... ) is viewed in the‘confines of organizational
theory' (March and Simon, 1958; Cyért:and March, 1963; ... )

and some of the accumulated knowledge is applied.

An aﬁtempt is also made to utilize some of the;inte:dis~
,ciplinary_researéh within the fields of systéms theory, orga-
nizational develOpment and informaiion technoiog$  (Ackoff,V
1960; Blumenthal, 1969; Enmery, 1969;:F9rrester, 19561; Von |

Neumann, 1955; ... ).

Accounting has historically used information technology
“of the times to provide the organization with an important
’compoﬁent of what is currently referred to as' Management
Information‘Systems. Accounting ﬁhought and practice is

essentially steeped in management and systems sciences.

"It is hoped that a better understanding of the informa-
tion systems characteristics of accounting will be helpiul in

developing better information systems ". (Will, 1968)



A. Study in perspective:

Accounting information systems are considered to be
essential entities in the overall framework of manageri-

ally useful information systems.

From ﬁhe practical vieWpoiht, the author extended fhe
syntﬁesis of the so-called accounting spread sheet (matte—
ssich, 1957; Kohler, 1963; 1jiri, 1965) 1into a more com-

' pact.éhd mathematically rigorous formulatidn, and applied it
to an example in the form of a computerized aécounting Sys-

tem,

+a

From the theoretical viewgoint, the author believes
that accounting systems may be interrelated through the use
of tensors and transformation of coordinates, However these

thoughts have to be further rescarched . and applied to an

example.,

B. Purvose of thesis:

The contemporary problems of an operational accounting
information system can be attacked through the practical app-

lication of interdisciplirary research.

The thesis will

i. provide a perspective on the relevance of accoun-



ting information to organizations;

ii. develop a systematic analysis of financial
~ accounting information from the computer spe-
cialist's viewpoint; ' ‘
iii, use the extended matrix representation of the
accounting spread sheet in generating the fi-

nancial statements.

A systematio approsch is used to bridge the communica-
tion gap between the accounting profession and the quantita-
tlvely oriented computer spe01a11sts who develop computer
based information systems. The extended accounting spread

sheet pfovides both the accountant and systems analyst with

“common ground from which to work.

A @athematical.eXpression of accounting gives the sys-
teﬁs analyst perspective on the problen, andballows him to
logicaily apply.information technology and computer science to
'the computerization of aocounting systems. The mathematical
expressions and the‘use of algorithmic techniques may reduce
the misonoerstandings that erise in the attempts_to computer-
‘ize account1n5 systems. The accountant., on the other hand,

"may gain insight into modern 1nformat10n generatlné technology

The use. of analysticai tools and information technology
as well as the realization that the systematic procedures of

accountlng have dimensions not necessarlly tled to tradltional



methods of recording activities, will result in the develop--

ment of new approaches to accounting information systems.

C. Nature of the problem:

Both the theoretical and practical facets of the problem

have to be considered,

Theoretical considerations deal with the

i. implications of accounting information systenms

on organizational development;

ii. viewing accounting information systems in the

broader field of management information systems;

The practical considerations depend on the ability to
develop pragmatic and workable information systems for use.by

organizations.

D. Chapter organization:

Chapters two through four point out that information has
-important characteristics, and that it is a resource utilized

by all organizations.

Chapters five and six highlight the specialized insights
attained by applying mathematical techniques to the matrix
representation of the accounting spread sheet. Chapter six, in

particular, applies the findings to a simple accounting sys-



tem using periodic inventory valuation.

Chapter seven explores the use of tensor analysis and
coordinate transformations in accounting theory; the author

believes that this is an important area for further study.

Appendix one lists the explicitly programmed Version of
the accounting system example; it is programmed in the PL/1
computer language, and is easily extendéble to any number of

accounts within a given chart of accounts.

v
1

E, Definition of terms:

Accounting spread sheet: a worksheet proviaing a_twd-way ana-

lysis or classification and storage of costs or other accoun-
ting data. | '

Alggg}}ggﬁ a step-byéstep procedure ﬁhat always yields a so-
lution to a problem in a finite number.of steps.

Coordinéte: é set of numbérs used to specify the location of
,a'point in space.

_ Endogenous: system dependent (variable).

Exogenous: system independent (variable).

Pragmagig: concerned with the practical consequences of actions
or beliefs. | | | |

Princinal: object or phenomenon measured.

Semantic: concerned with the study of meaning in language.



Surrogate: a substitute.

Szntéctic: concerned with the way ih which elements are com-
binedlto form classes,. sets and numbers,

Ténsor: a generalization of a vectdr; may Be the .result of
vector multiplication, | |

Tensor analysis: deals with the study of vector multiplication,

and with the manner in which vector products transform from

one system of coordinates to another.



II. AN OVERVIEW OF THE IFIRM

Thé infofmation systens architect must be aware of the
conplexities of information sys£ems design. The information
éystem‘designed will have to take into account thé limitations
of an organization. These limitétions are usually associated
 with the behaviorai aspects of the firm, with the structural
characteristics of the firm, .and with the problems of coordi-

"nation.

A. Behavioral aspects:

=

The behavioral theory of the.firm has been formulated by
C&ért and March (1963). Their concepfs are Qery useful in dea-
ling with the limitations of information systemé within the.
éohfines of the‘organiéation and subject to its relational

peculiarities.

Their focal points of uncertainty avoidance, problemis-
tic search, quasi-resolution of cohflict, and organizational
.goals and learning are briefly outlined,

: i, Uncertainty avoidance: the dominant coalition

negotiates its envirdnment by attempting to
~ transform uncertainty and risk into certainty

equivalents.

ii. Problemistic search: the solution is biased by

the urgency with which it is needéd; it is moti-~
vated by the problem, and may tend to be simple-
minded. |

iii. Quasi-resolution of conflict: the group or coali-

tion of individuals controlling'thé-organization



are in dynamic balance with each other, and the
decision rules incorporated into the firm do not
provide optimal decisions, but result in what is

acceptable or feasible.

iv. Organizational goals and learning: the reconci-

liation of the organization to its performance
" will be based on the expectations of the coalitionsv

and their choice of decisions.

The response to the dysfunctions and opportunities facing
thé dominant ceoalition to sbme»extent leaves the organization
. dependent oh the environmenf, the coalitions, and their aspi=~-.
. ration.levels. Bounded rationality; resulting from the Quasi-
resolution of conflict and the enyironmental'uncertainties,
tends to emphasize sequential attention to goals. In short, in
~a situation of boﬁndéd fatiqnality, the expectationé of a firm
and its choice of alternative actions will be highly influen-

ced by the availability of information, and will depend on its

format,

B. Structural characteristics:

Considerable amount of literature exisis on the subject
of organizational structure; and only‘one of the many constructs

is presented.

. The beha&ioral aspects of the firm can be complemented by

a rational, albeit idealized, view of its structural components



depicting the organizafion as a pyramidal structure with sides
representihg the various functions (financial, production, nar-
keting, ... ) and layered into a policy-oriented apex, an ad-
ministrative midsection, and a.transactional/operational base
(intimately related to the logistics of the organization). The

figure summarizes the main features of the construct,

' POLICY
TRANSITIOHAL :

BEHAVIOR STRATEGY

f

ADMINISTRATION

REPETITIVE
BEHAVIOR

‘mation sy o
maintenance OPERATIOHAL &
TRANSACTIOHAL
ACTIVITIES

transfer of

goods. and
services '

FINANCIAL PRODUCTION : © MARKETING
.FIGURE., 1. The pyfémidal structure of an organization

In very Broad'terms, one may say that the adaptive and
-behavioral aspects dominate the upper half of the pyrémidél
structure) due fo fequired adaptation to unforeseen circum-
stances which résult in transitional behavior. The lower half
or"tgchnolog;cal core! is more predictable, due to the higher
incidence of repetitive behavior and tne shorter time spans bf
control involved., At tinis level the pdtential importance of

computational information and algorithmic procedures can be
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emphasized,

.. Emery (1969), in considering the hierarchical nature of
organizations, the need for interaction among organizational
sﬁbunits, and the coordination decisions facing the ménagers
and administrators, suggests that fhe degree of coordination
%will depend on the cosis of improved information teéhnology.
Here information technology is seen aeifecting organizational
structure, and ié cbnsidefed to be the interconnecting tissue

. . !
between organizational subunits.
X & * A

- C. Problems of coordination:

'Emery (1%69), using the Simon-fndo model of nearly de-
‘composable systems, applied it to the organizational hierar-

chy.

Briefly, interactiqns between organizationai subunité
are coordinated.through the transmission of information,.and
"is the result of planning and/or goal setting. The orgéniza-
tion is seen factoring its global objectiveS'into a hierarchy
of subobjectives. He also brings'in the notion of the impli-
cit tradeoff between local and global objectives, and intro-
duces the time dimension as the measure of‘the sub-unit's |
independence,.

# ... Because of the limited information-handling ability
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~of both humans and information processing equipment;
the organization must be constituted as a nearly de-
composable system., This is.aChieved by combining close-
ly related activities and decoupling them from hierar-
chically more distant activities. The mécro-character-
istics of the organization are governed by relatively
aggregate plans issued by higher Jlevel managers. ¥Within
the constraints imposed by this information, a lower
level managér then pursues his (changing) goals more

or less independently.

This scheme has the essential advantége of econo-
mizing on coordination. Higher level managers adﬁust
‘lower level constraints without having to know their
detailed implications. deer level managers are rela-
tively isoclated from the rest of the organization, and
.can Carry on their activities without constant atten-
tion to most of the detailed activities of other parts
of the organization."(Emery, 1969; pp.32-33)

The activities of the orgahization provide the managerial
" levels with fhe events to be captured and retained in the form
of information for possible future use. The need for consis-
_tent accunulation of managerially useful informatiOn can be
satisfied by the use of Operationally oriented information
systems. The need for coordination of disparate local activi-
ties is an impoftaﬁt'faétor favdring ranagement information

systems designed to fulfill specific objectives.

Historically, information systens created and used by
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organizations revélve around well establiéﬁed accounting prac-
ticés and procedures, which do not require the investment of
large wonetary funds for theif maintenance, However, the rapid
introduction>of computers into all sectors of Horth American
activity, has increased the use of information technology

and organized intelligence to a level where‘one cannot view
thenm as ffeevcommodities. The use of information and organized
intelligence has. to be considered as. . a legitimate féctor
of prdduction»involving costs.of cbllection and dissemination,

'

In sﬁmmary, information is found to be an i&portant‘in-
gredient uvsed by all organizations and it influenceé their
“behavior. Information can be’gegerated andc disseminated through
the use cf information'systems, and theSe to some exfént reQI

flect the structure of the organization.
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III.loRGANIZATIONAL DEVELOPHMENT

The approach to organizational developument usually inu=-
volves enviroanmental research, positioual-audits, identifi-
‘cation of challenges, foreéasté on premises previously estab-
lished, and proposal of goals or objectives. The descriptivé
diagnosis based on the current statgs of the organization is
then used to devélop a pfescriptive analysis of recguired or-
ganizational climates, ways'of vork, interpérsonal relation-

ships, communication and information systens.

Organizational development may require an overall-system,
planned-change effort in order to cope with the alterations

needed. by the organigzation..

A, Short and long run considerations:

Thé long term'aspirations of the organization are assuimned
fovbe'really those of the dominant coalition members. The men-
bers are expected to give the organization its giobal objécw
tives and its stated ratioﬁality. The yerbalized_objectives,
useful in guiding the organizatiqn's specific activities énd

growth may be called intelligence. functions.

The objectives and rationality of a firm change with time,

and a distinction bvetween short and long run behavior should



14

be madé; The short ruﬁ considerations constrains thé infellio
gence functions, and difect then to the fulfillment of local
objectives through purposeful activity. The long run coﬁsider-
atlonu alter the firwm's behavior, by requlrln it to confora
to the modifying forces of the environment and to.thevout—

comes of organizational assessment.

In practice, the global objectives are revised through
periodically issued directives and guidelines. These alter
the pseudo-bureacratic conditions within the organization,

~its activities and the control and allocation of its resources.

B. The worth of infeormation:

In the previous chapter, the worth of information was
emphasized from several vieWpoiﬁts. Thg generation of infor-
mation and its availability were found to be influenced by the
Vbehavioral aspects of the firm, to the firm's structural chas -
-racteristics,‘and to the problems of coofdination vetween or-
ganizational subunits. It waé pointed out that

i, inforwmation is the interconnecting tissue bet-

ween organizational subunits;

ii, information flows are major determinants of orga-
nizational structure; and vice versa;
iii., information beneratlon involves costs of collec-

tion and dissemination;
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iv, information can be generated and disseminated

through the use of information systens;

v. the degree of coordination within a firm is de-
 pendent on the costs of improved information

technology;

vi. availability of information influences the expec-
tations of the firm, and its choice of alterna-

tives.

Under the circumstances, it is felt that the devélopment
of infbrmation systems should = conform to the overall objec-

tives of organizationeal developnent. : o

C. Financial information in perspective:

OrganiZational development, among other cdnsiderabions,
concentrates primarily:on improving the current state of the
organization. In most organizationé, wealth determination is
an essential activity. It provides the organization with in-
formation that 1is useful in assessing the financialvhealth

of the organization,

Financial information, obtained through wealth determi-
nafion, supplies the firm with.indicators measuring both the
'.currehtAstate of.the organization, and its abiliﬁy to survive.
The knowledge of financial profitibility and liquidity is the

operational goal of wealth and income determination.
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This knowledge has for centuries been provided
by the double entry, bookkeeping accounting information sys-
tem. 1In this perspective, financiel information and organi-

zétional deVelopment are intimately related.

D. Conceptual framework for information system design:
. - .

Will (1969) developed premiseu, pragmatic in nature,

which consider information systems,as means of extending

i

managerial capabilities.,

The following figure graphically conveys the concept of
managerial authorities defining and applying intelligence func-

tions (or processes) within the confines of organizational

rationality.
Science & 4£>Local goals are definéd,
* philosophy ' . operational goals are set
of values _ ' . KL
“anticipation
-{>of purnoseful HMANAGERIAL ' DEVELOPMENT OF TH“
activity o INTELLIGENCE FUKECTIO
AUTHORITY OR PROCESSES
resources —
information _ . ZF
knowledge ~ :

Operational goals are

planned and controlled
through nmethodologies

and rationales of pur-
poseful activities

‘'FIGURE 2.Managerial authorities developing intelligence
. functions. ’ :
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In éuch-an appfoach, one assumes that rationality is in-
posed upon the functidnbor process, This.is in line with the
cqncept of rétionality as being imposed upén the 'world!' by
the enQuirer'himself. Such_én approach need ﬁot seek 'o?fima—
'lity' according to some given Iaw, and can instead alldw that
fhe rationality be imposed by the managerial authorities in

accordance with their inclinations,

The managerial authorities are able to bbtéin goal re-
latéd knowledge'énd-information by using information handling
apd systen design iechnology. Figure 3 shoﬁs a conceptual
approach useful in information systems design. Both'fi@ures
2 ‘and 3.reflect_the conceptual franework developed by Will
(1969); however, they are:this authoris intefpretatibns of his

work,

E. Information systems design:

The multiféceted pyramidél structure of ah organization
suggestis that information systeés-design requires an integrated
épproach to interfacing the varioﬁs facets of subunits and the
1evel$ of the pyramid. However, fhe complexity of the orga-v
nization, and the néar decbmp0sability of its.subunits; vitiates

‘the use of communal information through well-defined, interre-
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lating data bank filés.'It is felt that data banks must be
created with the intelligence'function in mind and must be

oriented toward some objective.

' Information systems have'situational ahd relative cha-
racteristics, and the idea of measurement is imbedded in them.
They (informétion_systems) provide.precisebcausél relations,
and serve pufpoSeful needs. The output of information sys=-
tems is reproducible, repetitive aﬁd structured; but its use

is not..

Information systems design attempts tq facilitate thé.b
flow of information to, from and through the organizétional
vhieraréhy. In practice, the&jadapt to the 0perétional activi-
fies of the organizétion and invblve all phases of 1ogiétic
cdﬁtrql. One may emphasize thét the control is not normally

exerciéed by recurring caricatures of managers (as profi£>
'mAXimizers),'but by indiﬁiduals whose goal formulation incor-
ppratesvbesides risk and uncertainty, the typical huwman in-
clinationé and ambifions that cannot be assumed away in ﬁhé

.design and development of information systems.

Current information technology permits one to create
- data and model banks for use throughout the organization. The
data banks can providé the users with information on financial

demographic, simulative, and economic factors, among otners,
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The model bank can transform raw, unaggregated data (as well
as information), into operationally useful,information, while

filtering out the insignificant information.

F. The characteristics‘of information:

What is information?

" ... 1f the notion of management is related to such
intélligenée tasks as goal formulation (consisting
-of goal planning and'goal setting), and goal (achieve-
‘ment) control, ‘such insights ought to be related to
the concept of information. ... If the information
system reflects the real systen perfectly;such that
goal pursuit and goal attainment can be determined
with a high degree of accuracy, reliability, and pre-
dictability, then the information is considered rele-
'vant. Relevance is thus an indicator of the degrée of
identity between the information system and the
‘underlying real system. ...

It is now possible to call classified phenomena
or their surrogates (measurements) data and to relate
this data definition to the pragmatic definition of
information by pdstulating that the data descriptions
(data names) selected for the measurements reflect the

'~ goal systems such that goal variables and parameters
are identifiable within goal-sub-goal rélations._,..

- To realize that information is fundamentally a
three-dimensional (pragmatic, semantic, syntactic) con-

cept is simple but to incorporate this insight into an



21

information systems definition means to apply the

structural and.pfocedural systems notions to the con-

cepts of information. Information is then considered
as the output of data transmutation processes and is
identical to desired.knowledge>which provides insights
iﬁto a problem.or a particular problem solution ..."
(Will, Dec.,1969; Management Science, pp.BL69-71)

The pragmatic, semaﬁtic and syntactic dimensions of infor-

mation are useful in analysing accounting information systeus.
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1V, ACCOUNTiNG INFORMATION CHARACTERISTICS

The oﬁerationd, goals of wealth and income determination
are essentially the knowledée of financial profiﬁébility and
-1iquidity. The objectives héve~for centuries beén partially
satisfied through the use of ddﬁble entry,}bdokkeéping accoun=-

ting systens.
" A, Overview:

Accounting systéms are pragmatic because the generated
information is used in attaining knowledge of financial pro- .
fitability and 1iquidity. The goalvorientation 6f accounting
information is also relevant as an indicétion of the idéntity

between the surrogate.and the mapped principal,

The goal 6rientation of an overail‘accounfing system

o determihes to a-lafge measure the processing flow of double
éntry>accountiﬁg entries., The accounting systems will provide
users'with consistent methods for recording valuétions. Essen-~
tially, the characteristicé of accounting systems require

that |

i, surrogate measures of theAprihgipals.be establ~

- ished;
ii. surrogate structure be defined;

iii, the states of the surrogate measures be main-

tained over time;
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'iv, the states of the surrogate measures be alter-

able by consistent rules.

The problem of identifying the principal, when the
;accounﬁing valuation is the suffogate, is a problem faced by
the managerial authdrifies. They have the optiQn.of adopting
structure of surrogates, dispensing with then altogefher, or
altering them. 1In all cases, the managerial authoritieé make

an attempt'to conform to their own objectives, and measure

- the principal aécdfdingly.

The structure of the surrogates is largely dictated by'
the classifications used in reflecting the principal.

Also, goal orientation affects the measuring, recording and

. processing methodology used in an accounting system. In short,

the accounting system is expected to supply relevant informa-
tion in'accordance‘with the required oréanizational rationa-

1ity. -

B, Accounting activities:

b.From an information sysfems pérspective,.double entry
accounting infdrmation has senmantic, syntactic and pragnmatic
-dimensions. In fact, from such a pefspectivé,"double entry!
vis no longer relevant, as it impiies that an amount is re-

corded twice., Double entry and double classification are im-.
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plicit in the structure of computerized accounting systeus;
peculiar classificational schemes are accepted as distingui-
shing features of accounting systems, which set them apart -

from other computerized, non-accounting systems,

In 1ight.of Operatioﬁal sjétems theory, accounting acti-
vities have to be viewed from an internal and external acti-
vify.viewpoint;AThe charécteristic distinctions between thé
‘two tyﬁes of activipy are significant in infbrmation systenm
desién. External égcduntiﬁg entriesbare based on events occur-
‘ing outside of the boundapieé of the éystem, énd must be con;/
sidered to be the exogenous variablés that alter the states
of the surrogates. The internal accounting entries, on the
other ﬁand, may be generated on an a priori goal oriented
aSsumﬁtion. These assumptions may reflect the'expréssed one;
to-oné correspondences between states of the.surrogates
(accounté) Whosé'levéls are altered to reflect accruals and
édqutments. The use of exbgenoﬁs andvendogenous variables
are extremely useful in the’aﬁtempts to reduce accouﬁting'in-

formation systems *to algorithns.

The problems of human communication faced in describing’
the attributes of given measurements limit the semantic di-
mensions of accounting information, Also, the economic goal

orientation of accounting information will effectively subor-
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dinate the syntactic dimension of accounting informatibn to
the classificational considerations long. embedded and insti-

tutionalized into various chart of accounts.

C. Use of accounting information:

Global objectives are necessarily vague, and they have
to be reduced to surrogates capable of measure, Measured surro-
gates are then used to assess the fulfillment of local objec-

tives relating to the overall goals, ‘ j

1
.
[

The adaptibility of organizational behavior to.chahges-
'in responée to lopal goals, is an.indicator of the éffective
préssures applied., It is the>ability to generate behaviofal
changes originally predicted, which résult in.the éucéess Qf
stated objectives, that has to be meésured. Iﬁ both‘céses,
accounting information is used to genéfate'the relevant mea-
- sures, Here,:the indicators of affective pressures and of the

‘predicted behavior are usually financial in nature.

Accounting.informatiod provides the base fof'much-of the
systematic planning attempted. It‘enSures'fhat members of an
organization are suppiiéd with periodic, factual and search-
ing analyses on the behavior of the organization. It offers:
administrators withvaltérnative allocations of resources, and

focuses on key behavioral and/or performance problems affect-
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ing the well~being of the organization and of its dominant

coalition.

Accounting measurement has dominated the rationality of
most economically oriented organizations, by providing the
managerial authorities with reliable financial information

with which to assess their performance.

The use of accounting information is a major influencing
factor on organizational behavior, and any attempt to clarify
accounting system methodology (in information systems perspec-

tive) will add to the study of organizational developnment.
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V. THE ACCOUNTING SPREAD SHEET

According to Mattéssich (1964); the idea of presenting
accouﬁting in matrix form can be traced to Gombergts ‘Ygeo~
metrical™ presehtation of bookkeéping methods baék in 1927.
“The matrix fofm i is also known' to American business account-~

ing,under the name of ‘'spread sheet" (Xohler, 1963).

‘Kohler's spread sheet is " a worksheet providing a two-

way analysis or recapitulation of costs or other accounting

data" and it achieves dual classification with a single entry

(Mattessich, 1964; D.90).

A. Matrix representation:

Mattessich (1957; 1964, pp. 75-77) interpreted every
transaction as a separate matrix, in order to " reveal the
structural relations of accountancy_in terns of a general and

universally acbepted.language (of mathematics)".

As a.resuit, accounting matrices h#ve begbme nore fre-
quently referenced; ané.Ijiri (l960; 1963, pp. 82-137) has
éxtended the usefulness bf this réprésentétion_by developing
- mathematical expressions for it, and by.tying_it in with li-‘

‘near and goal programming (Charnes, Cooper and Ijiri, 1963).

‘'The matrix formulation of the accounting"sprgad sheet is
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used to relate the " ... fundamental relation (of asset and
equity partitioning) ..." (Ijiri, 1963, p.90)  to a square
‘matrix W identified with the so-called spread sheet of double-

entry accounting.

Tﬂe square matrix W, 8 X é, with elements wij represent-
ing the totai anmount of simple transactions whose debit entries
are all made to the ith account and whose credit entries are
all made to the jth account, is related to the changes in the
asset and equity accounts au, by the following mathematical

expression (Ijiri, 1963),
(W - W* )xe= au ’ (D

where, W* is the transpose matrix of W;

e 1is a column vector, s x 1, whose ele~

‘ments are all equal to 1;

&au is the resultant vector, s x 1, con-
taining all numerical changes to the
beginning balance vector u.

Somé of the shortcomings of such an exposition lies in
the convenient but unnecessary restriction of the chart of
accounts to the Asset and Equity portion of an accounting

system's chart of accounts.

The beginning balances are stored separately from the
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matrix W; and the current balances are calculated by adding
two different vectors % and Au to obtain 4, the final balance

vector,
W - au = 0 | ( 2)

Other methods employed by - Kemeny, et al.(1962) use
additional rows and columns of the matrix for the beginning

and ending balénces.

In either CaSé;'the computerization of the accounting
matrix presents a minor irritant, due to the separation of the

beginning balances from the transaction entries.

Thé author has formulated a set of mathemaﬁical express-
ions that allow the beginning balances to be incorporated
- into fhe accounting matrix through the use of its diagonal
elemenfs. This approacﬁ does not detract from the mathematical

exposition of Ijiri (1963), and in fact enhances it.

- B. Matrix accounting:

4 The author -shows that there is coﬁsiderable potential in
the matrix repreéentation for‘thé‘development of computerized
vaccounting information systeas,

i, the matrix representation contains the chart of

accounts used;
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«

ii, the methodology of matrix representation lets
one create or define transformation mechanisas
for the formulation of one matrix accounting

system in terms of another.

In non-technical words, more than one spread sheet matrix
can be used, their interdepencies can be mathematically for-

mulated, and subsequently computerized,
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VI. EXTENDING THE ACCOUNTING SPREAD SHEET

Tﬁé role of the extended accounting maﬁrix in the deve-
lopment_qf accounting information systems will be.briefly
discussed in the first sectioﬁ. In the second section the
speciaiized insizhts of the author, obtained by applying
'mathematical techniqueé té the matrix representation of the
accounting spread éheet,‘will be descriptively explained; The

~theoretical formulation is then given in the third section.

A. Role of the extended accounting matrix in

the development of accounting information systems:

The extended accounting matrix iends itself to computer
programming and to the definition of computer based files.

In thisirespéct, it has widespread applicability in the deve-

lopment of accounting information systems.

Also, the matrix representation of an accounting system
has data and model bank characteristics,

i, as a data pank, the elements of a matrix can be
.viewed as storage devices, retaining information

on the accounts of the system;
. ii. as a model bank, the application of mathematical
techniques can be viewed as dependent on the ex-

plicit structural characteristics of the matrix.
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B. Descriptive analysis of matrix accounting

applied to the spread sheet:

Accounting accounts may be diagrammatically represented
by a number of arrays and extended into matrices. The matrices
contain the aggregate information about the‘status;of the

accounts of the system.

i, Beginning balances: the chart of accounts can be

shown to be an array with as many rows or golumns
as there are accounts., The rows define the debit
sides and the columns define the credit sides of
the respective accounts (in accordance,with'the

‘> Ijiri notation). Since debiting and crediting.of

~an account by the same transaction is not prac-
tised, the diagonal of the resulting matrix can
be reserved for the beginning balances of the
accounts (this is a breakthrough in the matrix

representation of the spread sheet),
The beginning matrix To is as follows,

Cr e dits

N o+ BT 0
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.ii. Postings: the exogenous transactions, or post-

iii,

- transactions wij

~ ings, are the components wij developed by Ijiri

'(1963); and consist of linear aggregation of one

or more similar simple transactions to given non-

diagonél elements,

w

Yij 0 !

\ ’ /

Accruals and portfolio changes: the ekogenous
mnirror events odurring in the
Ureal" world. They have been supplemented by
endogendus variables to refiect the events im-v

posed upon the systen by the rationality and

‘methodology of the specific scheme, These are .

.represented by the aij's first developed in this

thesis; these are similar to the wij's, except

that they are generated through internal compu-

‘tation, and according to preset rules,

4 -

1]
<=3

( 5)
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iv. The time dimension: time is implicit in all three

matrices,

a, at time po; the opening balance is TO

b, at sdme‘supsequent time pl, all wijvhave

been posted for the time period Py = Py

c. at tinme pl,'the accruals and portfolio

changes are made.

v, The comPOSité T-matrix: by superimposing (through

matrix addition) the contents of the three matrices
TO,IW'and A the author arrives at a single matrix
called the T-matrix., This matrix consists of the
accounts of the system and reflects changes to
them (both endogenous and exogenous). In other
words, the set of all mapped principals for a gi-
ven accounting System can be contained in the T-

matrix, where,
T o= T« o+ A (6

vi, Matrix extraction: subsets of the mapped principals

can be extracted- from the T-matrix. They are then
used to arrive at the traditional financial state-
ments., It is important to view the T-matrix as
‘consisting of all relevant accounts of an account
| struéture, and not'limited'to the balance sheet or
the income statement accdunts. The matrix extrac-~ .
ted ié'defined in accordance to the financial state-
:ment requirements, and consists only of those

accounts that are of interest.
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v>Thevderived T-ﬁatrik is é composite, and is the eﬁd‘re-
sult of a number‘ofﬂpfevious operations, It is quite poésible
to set up non-financial T-matriceé éreceding the financial T=-
matrix, As a'suggestion, the notion of composite T-matrix
>(resultiné from the amalgamatidn of sevéral,disparate natrices)
can be extended to inventories (opening inventories, issues/
receipts, commitménts/on—orders). It can aiso be extended to
price and quantity purchased, and to price and quantity sold
matricesj as well as to the logistics preéediﬁg'the accountf

ing measurements.

Iin this;respect, accounting and management science inter-
‘face, and the multidimensionality of a given simplevfinancial
transaction can be utilized to better advantage by both dis-

ciplines,

C. Theoretical analysis-of the extended matrix

- accounting approach:

The need for an extended-matrix accéunting fheofy is
qicfated‘by the lack of a consistent approach to accounting
from an Operationalbcomputer information system perspective.
'The eéuations formulated by the author help remedy the situa-
‘tion. | |

- Theoreticél develovment of the T-matrix: the T-

matrix is an ordered array of amounts consisting
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of aggregated accounting entries on the off—diago-
nal elements, and of opening balances on the main
.idiagonal elements, The T-nmatrix is a structure en-~
compassing all of the accounts of the chart of
aécounts, and is an n X n element matrix., The n
stands for the total number of accounts within a

given chart of accounts,

T- = T 4+ ftij], | | | g 7)

where |
T = [tii X [é-ii] - o 'I( 2
[tijl =W« oA | : | (9
el o

Key to symbols used:

T =~ ‘the T-matrix »
To - »the_0pening balance matrix
[tij]- the transactions entry matrix, con-
_ sisting of off diagonal (i ¥ j) ele-
v ments ' - _ o
[tii]- the unsigned opening balance matrix,
consisting only of the diagonal (i = j)
) .elenments | |
'[e'i"i]- unit matrix, with positive diagonal .
elements for assets and expenses, ne-
gative for equity, re#enue and summary

‘accounts
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[Wij] - the exogenous transactions matrix
(i # 3)
[aij} - the endogenous transactions matrix

(i # 3)

- (where the transactions refer to the usuzl account-

ing entries used in financial accounting).

ii.:

iii.

iv,

The algorithm: the outstanding balances are cal=-

culated by means of the following expression
Txe = ( TO + ( Tij - iji)) X e = tf 5(10)

vhere

tf is the ending balance vector, n x 1,
whose elements become the components
Of-[tiil of the following accounting

period.

Verification of posting: the accuracy of the conm-

putational process is checked by making use of

‘the following relationship,

. - T _ o .
e, X TQ = e X T = 0 o | (ll)
where

T . ‘ '
e, is the transpose of a column vector con-

sisting of all elements equal to 1,

Changes to the T-matrix: a summary aggregation of

all changes to the accounting system by entries

affecting it are obtained through vector subtrac-
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t, - t. Tat - (12) -

_The'equations ( 7); (lb), (11) ana (125 form the core of
the auﬁhor's theoretical develdpment of the extended matrix.
approach to accounfing systems., It is interesting to note
that the above approach allows one to think in terms of im-
~posed boundary conditions (the beginning balance'TO), and in .
ﬁerms_of so-called natural boundary conditions (the chart of
account sffucture). The concepté of "boundary'" are quite iﬁ—
portant from alsystems viewpoint, and help to isolate in one's
mind the essenfial characteristics of an accounting informa~-

tion systen.

D.,Example of an accounting information

system for computers:

The findings and anélysis presented.in this thésis will
be illgstrated by an exaﬁple. The éxample represents a simplé
accounting system that uses Periodic inventory valuation. It
.was ektrécted fronm a poéular~textbqok by Gordon and Shilling—.
law (1969), and then used to brihg out the practicality of

the exfehded theory of matrix accounting.

In the exanmple, the statement of Financial Position as

of December 31, 19x7 was given as



BALANCE SHEET

5

- ASSETS - EQUITIES
Cash on hand 4,000 Accounts payable 20,000
Accounts receivable 24,000 ' ‘ -
Inventory 16,000 " Capital stock 35,000
Furniture 15,000 o | |
less ‘
Depreciation4,000 11,000
| 55,000 55,000
and the chart of accounts was defined as follows,
Account - ' : Initialvbalances
number Account name ‘ Debit - Credit
1 cash on hand - o 4,000
2 accounts receivable _ :  24,000
3 inventory . 16,000
L furniture : 15,000
5 depreciation-furniture 4,000
6 accounts payable ' 20,000
7 capital stock 35,000
8 retained earnings
9 sales revenue |
10 miscellaneous revenue
11 cost of goods sold
12 administrative expenses
13 . miscellaneous expenses
14 summary accounts



1.

9.

Merchandise purchased

inventory
accounts payable

EXpénses payable

niscel. expenses
accounts payable

Cash sales

cash on hand
sales revenue

Credit sales

accounts receivable
sales revenue

Salaries

"administrative expenses
cash on hand

Accumulated depreciation

administrative expenses

‘depreciation~furniture
Furniture soid.

cash on hand
furniture -

Gain on sale

cash on hand
miscel., revenue

Write-off

depreciation-~furniture
furniture

40

The accounting entries to be posted were the following,

98,000
' 98,000
19,000
: 19,000
45,000
45,000
127,000
~ 127,000
150,900
. - 50, 900
1,000 _
1,000
50 ,
: 50
30 ,
. .30
350

350



10. Collection

cash on hand 118,000

accounts receivable , 118,000
ll.vPayments

accounts payable 114,100

cash on hand : 114,100

12, Ending inventory was determined at $18,000.

" The above information is enough to generate the finan-
cial:Statements from. In order the calculations are reason-
ably clear to follow, all the relevant vectors and matrices

 will be explicitly listed.

and e'.., are defined

Referring to quatiop ( 8, tii ii
in the‘followihg manner, ( in 000's )
4 -
N ZL'-
15
. 3 4
[t.;} = ' : 20
i ‘ ‘
o
| _ , 0
. 0
’ 0
O .
0

and,




( in units ),

[+

The matrix multiplication

matrix with the following

Iy
2l
16
s

0,0

L
‘The matrix W is formed by

‘the respective positions

42

1 0.0
-1
=1
iy
-1
-1
-1
1
0.0 1
1
1
for tii X _e'ii gives the To
values in 000's,
\
0.0
20
- =35
0
0
0
0
0 _
o
' 0

direct entries of the wijfs into

of the matrix,




1 2 3 4 5 6 7 8 9 10 11 12 13 1k

1o 128 .05 45 .03

o
O

127

114.1 : 0

ij

W o N oy Uu W

10 - = o 0
12| 50.9 | 1 _- 0

13 ) | o

‘14‘ | o | 0

At the beginning of the period p,» the matrix‘To was ge-
_ nerated in accofdance with the structural peculiérities Qf the
chart of accounts., During fhg interval between Py and Pys tran-
saction entries were entered intq the W matrix, This will go on

until such time Py when the finanéial statements are requested.

At p; the closing inventory valuation will be required, in

.order that the closing'entries can be made; the endogenous mat-
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rix A is then generated.

The ending invgntory valuation of $18,000 allowsbone to

form the endogenous transaction entry number 13 as follows,

‘COST OF GOODS SOLD = BEGINNING‘INVEETORY ~ ENDING INVENTORY
- PURCHASES: S (13)
or,
cGs = 16 - 13 =98 = 96
' and ‘
13, Cost of goods‘soid valuation

cost of goods sold 96,000
inventory o o

96,000
Up td here, the matrix T was discussed in terms of the
component matrices Tys W and A. It is now assumed that the
principles have been sdfficiently well 6utlined, and the
attention will be foéused on the T-natrix as defined in equa-

tion ('65.

The T-matrix, at tine Py will have the folowing elements,
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1 2 3 4 5 6 7 8§ 9 10 11 12 13 14

(4 118 .05 | 45 .05 | W
o2y 127 |
16 98 '
5
.35 =l
114.1 ‘ . =20
=35

—
o
O

| 96 | | 0
50,9 Bt = _ 0
’ 19 ' 0

o
W o

-
=
o

At this point the mathematical expression, equation ( 1),

can be expressed in terms of & t, ., an intermediate vector‘

consisting of net transaction balances of all active accounts,

xe =4t . C(1y)

and can be applied to the revenue and expense account numbers

9, 10, 11, 12 and 13, The outstanding balances in these

" accounts w111 then be transzered by means of endogenous tran-

saction entries into the summary account number 14,

The closing entry transactions are as follows,
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sales revenue

14, Closing entry

sales revenue 172,000
summary account ) 172,000

15. Closing entry misc. revenue

misc. revenue oo 30 _
summary account ‘ 30

16. Closing entry cost of goods sold

sumpary account 96,000
C.g.S. _ 96,000

17. Closing entry

administrative expenses

summary account 51,900
admin. expenses ‘ 51,900

18. Closing entry miscel, expenses

‘Summary account 12,000 :
misc._eXPenses , _ 19,000
‘, After the'closing entfies are made, thebequation (14) is
appiied to the summary account number 14, in ofder to deter-
mine the.retained eérnings balance. The balance is thén used
‘ foléréate the last éntry;
.19, Transfer to retained earnings

summary account o 5,130

. retained earnings 5,130

Though the above outline does no more than skim through
Vthe mechanics of an accounting system using periodic inventory
valuation, it is clear -that the T-matrix has at this moment all

the.ehtries required to generate the new balahce sheet, and |
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that the income statement was available.as soon.aé the»cosf.
of goods sold was known, In fact, -the computerized version of
'the-éxample, stores the balances of the revenue and expense
accounts as they become known,- This is an important.boint,
since endogenous transactions are created through an iteratiye

process.

~ Assuming, for the moiment, that the endogenous transactions
14 through 19 have not yet been recorded in the T-matrix, the

. caléulation of

Tyxe = At | (1)

T - 7 int

'wiil provide oné with .an ihtermediate»vector whose components
are the net transaction balances of all exégenouély_activated
aécounts. The coﬁponents of the matrix.( T - TT ).are ﬁot exX=

. plicitly shown in this discussion. They are similar to the

quponents of a matrix devéloped‘furfhér in the section, and

shown on page 50,

The net transaction balances of all activated accounts

are given,by'Atint, and are as follows,
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o
- \O

the vector components -172, -,03 are net balances of the reve-
nue aécounts;iéimilarly,.96, 51.9 and 19 are'the.net bélances
6f the expense accounts (in 000's), and the difference between
the linéar aggregation'bf the accounts wi}l result in aﬁ amount

equal to the refaiﬁed'earnings.

The income statement, can therefore be generated,

INCOME STATEMENT

SALES REVENUE - _ 172,000
Less COST OF GOODS SOLD 96,000
' ADMINISTRATIVE EXP 51,900
MISCELLANEQUS EXP 19,000
166,900

INCOME prior to extraordinary item 5,100

Gain on MISCELLANEOUS REVENUE ’ : 30

2,130
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It will be noted that the accounts involved in the Income
Statement have zero beginning balances. This is because they
are aggregétion of entries to accounts that are set to zero
~at the end of an accouhting period, Thé traditional trial ba-
1aﬁce and adjusted trial balance can also be made available
from tﬁe T-matrix. But becauée they aré esééntially.worksheets,
and COnvenientlonly to manual processing of éccounting infor-
mation, they have been bypassedvin the computerized infornma-

tion systems context.

'2'_ Now we return to the T-matrix where all the endogenous
_transactions have been posted. The entries at the time of the

‘determination of the balance sheet are arranged in the T-matrix

in the following mahner,

-

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 4 118 .05 45 .03 3
2 -2k - 127
3 16 98
L 15
5] .35 -4
6 [114.1 | -20
7 ~35
8 |
9 172
10 .03
11 96
12| 50.9 - 1
13 19 o
| 5.13 9% 51.919
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wheré thé entries ihto account_number 14 are all endogenously
derived entries aij{‘Athe application of equation (10) to the
_T-matrix gene:ates the ending balance vector tf, whose ele-
ments areitheﬁ used in pfinting out the balaﬁce sheet (and in
supplying the T-matrix with a new set of beginning balances
for the following period). |

The elements of ( To + ( Tij - Tji‘)) are showg below,

1 2 3 4 S5 6 7 8 9 10 11 12 i; 14

™

1 4 118 .05 -114.1 L5 .03 ° =50.9
2(-118 24 ‘ 127

3 16 98 . -96

4|-.05 15 -.35

51 - el 35 =l - -1

6l114.1  -98 -20 . o =19

7 -35

8l - : o -5.13

9l-45 -x27 . 172
' lO -.03 . | _ -05
11 96 | B 96
12| -50.9 1 | =519
13 19 =19
14 © 5.13472-03 96 51.9 19

Multiplying the above T-matrix by a row vector e, gives the

following vector tf
?



- 2.08.

18
14.6

-22.9
35
~5.13

o O O O ©

o-4.65

The statement of Financial Position as of December 31,

'19%8 will be given as

ASSETS

Cash ‘on hand

Accounts receivable
Inventory -
‘Furniture 14,600
" less |

Depreciation L4, 650

BALANCE SHEET

2,080
33,000
18,000

- 9,950

63,030

EQUITIES

“Accounts payable

Capital stock

Retained earnings

22,900

35,000

2,130

63,030
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VII. STATE OF THE ART

Accounting theory has evélvéd primarily out of the prac-
tical application of accountingvsystéms to help maﬁagements
to cope with real world problems; Thus for an acdounting va-
'1uation’§chemé to he chcessful; the particular method of
.aggregation must be choseg in accordance with the way the
aggregéte will be used. Though the determination of ration-
ality is not a problem of éccounﬁiné per gg, the reflected
rationality requiréé‘explicit structural relationships. to
emérgej and hence the value of méthematical analysis in deve-

loping computerized accounting information systenms.

Accounting fransactions'can be viewed as reflecting ac-
tivities involvingrméasurement in general. They are seen as
beiﬁg ;ndependent of'thg particular coordinaté'system used in
deséribing, classifying . andvaggregating them. Mathematical
analysis allows one to de#elOp alternative coordinate systens, .
.or if they already exist, prqyide an explicit formulation of
a coordinaﬁe system in terms of anothér, sub ject to coordinate
transformation equations, and consistent withvinformation sys-

teﬁs technology.

The rest of the chapter explores some of the qualities of -
tensors, and of transformation coordinates, Their use in accoun-

ting is commented upon.



A. simple fransactions:

Eyents are recorded in accountingnéysteﬁs'by assigning
debit and credit dimensions to the amount reflecting the event.
The debif and‘credit dimensions assiéned'are restrictéd by the
account names used within an account structure; it is quite
clear that the account structure encompasses the sum total of
the one-to-one'reciﬁrocal correspondences between all dimen-
sions of all accounts, for that given accounting systen.

The interrelatedness existihg between the amcunt A, the

.

J

‘debit and credit dimensions xY and xk, and the account struc-

tdre; is not unique. It is Quite possible that the amount A
. _ K _

J and x* in different accounting

have different dimensions x
.syétems. For example, debit cash and credit inventéry as ver-
sus debit cash and credit sales revenue. In othér words, the
simple accounting tfansactions involving amount A are indepen-
denf of the accounting system imposed upon the amount A. The
accounting_systém used in classifying and éggregafing the
transactions can then be looked upon és a specific coordinate

system reflecting certain structural characteristics.

It also follows that in amount A reflects a valuation of
a principal, it carnot be changed by the accounting systen

used in recording the transaction.
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If the valuation of ‘the assets is recorded through amounts
A eiogenous to the aécounting systen, tﬁenrthe linear aggregate
of accounting quantities is governed by the inputs to fhe given
accounting system, and the valuation is reflected through the
spécific account structures used, howéVer, the valuation will
remain unchanged or invariant. The linear aggregate of £100.
will always equal .. 100 in Spite of any chart of accounts

used,

, Let.the set of arrayed numbers, representing the linear
aggregate of accounting quantities, within a given account
structqre, be such that its sum total will equal_thé linear

 aggregaté‘of an ancther accounting system. When this conditicn
holds, then the sets of arrayed numbefs from the different_.
accounting systems, using the same.iﬁput transaction amounts

A, can be subjected to coordinate transformation, and inter-
relating their account structures.‘The explicit formulation

~of one coofdinate system in terms oi another can be made avai;

lable through the specification of coordinate transformation

equations. -

‘Sections B and C of this chapter will introduce the conc-
epts of arithmetic n-space, transformation of coordinates, co-
variant and contravariant tensors, all of which may be rele-

vant to accounting theory.
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B. Arithmetic n-space and transformation of coordinatés:

The intention here is not to emphasize a semi~-Euclidean
method of ideally représenting measureable magnitudes; but to
pbint out tﬁat the idea of mégnitudé and of perceived dimen=
sions of the geometric tradition can be superéeded by the ab-
strg t, spatial development of the variable:relatioh-values
between points in space. This geometry is partly'based on tﬁé
position of points in spaée that is notlnecessarily three-
almenblonal ( a manifold of points ), and partly on the[ana—
ly81s of numbers defined throuvh point p081t10nu in space.

By replacing lengths and magnitudes by positigns carries with
it a purely'spatial ané no longer naterial conception of ex-

tension,

In three dimensional space, a p01nt is a set of three
values determined by Sﬁeleyln” a partlcular frame of refe-
rence or coordinate system. The Cartesian, the cylindrical
and the spherical coordinate systems are the most commonly used
frame.of references, With,theﬁ, the same point can be eXpressed-
in terms of (%, ¥y, z), or (X, r,>9), or (r, 8, #). Also the
three frames of reference are mathematically related to each

other by derived sets of equatiomns.

Coordinate systems of more than three dlgen31ons follow
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by analogy, and may be used in locating an n-dimensional

point within a space of n-dimensions.

Any set of objects which <c¢an be plaéed in a one-
to-oﬁe‘reCiprOCal éorreéppndencé with an_arithmetic n-space,
will result in a coordinate system. The one-to-one correspon-
dence between the elements or points of‘thevn-space and the
arithmétic n-space used, can be chosen iq many ways, and ref-

lects the nature of the'prdblem,

As an example, consider a point P corresponding to the n-

tuple (x*,x°, ... x),

Ciryt eyt GALRR, L XD i=1,2, ... n (1)
and assuming that x* can be solved for, so that

- 2 . . . ’
xi = xl_(yl,y s eeo yn) , i=1,2, ... n (16)

where yTand x~ are single valued.

. Then.the poinf P can be put into correspondence with the
n;tupie (yl,ya; e yn). The point P has not changed, but a
new method for attaching numbers to the point has been made
évailable. The equationv(15§ ié cglléd;a transformation of
coordinates system of équations, and results in a new coordi-

" nate system being defined.
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C. Contravariant and covariant tensors:

The: abstract, spatial'devélopment of the variable rela-
tion-values between points relies in part on the theory of
tehsor analysis. In this section, the definitions of contra-
variant and covariagt tensprs are éiven, and relate@ to the

previous section on coordinate transformations.
: o 1.2 . n._ _.
In general, any set of n quantities A7,47, ... A" 1in a

coordinate systea (xl,xz, e Xn) can be related to n other

quantities Kl,ﬁz, ...E" in another coordinate systenm (il,ia,.

) T en. X ﬂ . s
+es X ') by the transformation equations

iP ax 29 = oo 9% A4
aq ;Ei;
ax a=1 o.ax
P = 1,2, vee n (1)

which are defined as the components of a contravariant vec-
tor or contravariant tensor of the first rank, or of the

first order.

Similarly, n quantities Al’AZ’ o An in a coordinate

system (x%,%%, ... xP) relate to n other quantities 11’12’

"'-An in another coordinate systen (x‘,xz, ...xn) by the
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transformation equations

p=1,2, ... n (18)

which are defined as the components of a covariant vector or

covariant tensor of the first rank or first order.

The tensor is not just the set of coﬁponents in one co-
ordinate system, but an abstract guantity which is represented
in each coordinate system (xl,xa, ... X*) by the set of compc~
'nents 44 or'Aq. If, for example, the components of a contra-
varianf tensor are known io one coordinate system, then the
components are known in all other allowable systems by the
equation (41), The coordinate system does not give a new vec-:
tor{ it changes‘the oomponents of the same vector; in other
ﬁords,'the contraﬁariant tensor is an invariant under a co-
ordinate transformation (an object of any kind which is not
'changed by transformations of coo;dinates is called an in=-

variant),



29

D. Use of coordinate transformations in accounting:

If accéunting measurements are not perceived only in terms
of magnitude and dimensions_of the geometric tradition, and if
it is subpleﬁented by the definition of numbers through point-
positions in space, a pufely spatial conéeption of accounting
systens may be attempted,'Such a formulation would be of major

importance to accounting theory.

Accounting entries of the simple type are independent of
the:particular coordinate system used in describing and aggre-
gating them mathematically. Their invariance permits tensor

anzlysis to be applied to the thecry of accounting.

Ls an example, let (xl,x , ... x) and (il,ia, e 7

be coordinates of a point in two different frames of reference,
and accepting the existence of n-dimensional SPace, n indepen-
dent relationships between the coordinates of the two systems

can be set up,

3 T 1i21,2, ... n (1)
or, ii‘B xt (Xl,xa, N x#)_ i=1,2, .;. n (20)

Once the relations are defined, an explicit and mathematically
valid methodology vecomes available to accounting encompassing

the aécounting sPreadvsheet, the incidence matrix and the net-
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“work formulation,

The accounting equation (Assets = Equity) mirrors a given
accounting entry in more than one coordinate system, and thus
it may be expressed in the components of the contravariant or

covariant tensors of the first rank..

1

The amount of the entry is independent of the particular
chart of accounts used, or imposed upon it. The structural and
functional considerations of the chari of accounts can be dis=-
tinguished from the purely éigorithmic.frocessing of the tran-
*~sactionseﬂtrieé. The application of structural and procedural
,systems notions to the concepts of'inférmation (accounting or
other) will be needed.in order to create_accounting informa-

tion systens.
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VIII, CONCLUSIONS

The thesis dréw.upon existing knowledge, and added to it
by ektending the application of computeriéed accounting sys-

teus.

~The tangible contributions nade to accoﬁnting from an
'information‘systems perspéctive are summarized in the first
section., A discussion of the systematic development of accoun-
ting Systems for computers and directions for further researéh

and development conclude the thesis.

A. Summary:
The thesis providead perspéctive on
i. the relévance of accounting information to orga-

‘nizations, by directing the reader's atteation tc
-the behavioral aspects and structural characteri-
stics of the firm, and to the problems of coordi-
nation facing an organization;

ii, information systems generated in conformance with
the objectives of organizational development;

iii. the characteristics of information and information
systems. ' '

The theéis then
i. traced the dévelopment of the accounting spread

sheet in matrix fora;

ii. enhanced the mathematical exposition of matrix
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accounting by formulating a new series of wmathe-
natical exPressions that synthesized the previous
work in the area, and extended its (matrix) appli-
_cability to computerizéd accounting information
systeus; ' | |

iii. applied the findings and analysis to a simple com=-
puterized accounting system using periodic inven-
tory valuation;

div, explored the use of tensors and coordinate trans-

formation equations in the field of accounting.

B. Direction for further research:

The systematic development of accounting systéewms for cou-
puters will help

i. bridge the communiéation gap between the account-
ing profession and the gquantitatively oriented
computer specialists;

-1d, improve the quality of the documentation available
V on existing computerized accounting systens;
iii, focus attention of the practitioners to the advan-

tages of using mathematically developed algorithins.

The maﬁrik representatibn can be extended to a numbér»of
areas closely related to the éccounting process. Non financial
T-matrices can be defined and ipcofporatéd with the financial
P-matrix. This interface between accounting énd management
science should be exploited, since it will help clarify their

comuon ob jectives, and improve the understanding of accounting
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as an important ingredient of management science,

The use of the matrix representation for accounting sys=-
tems operating on common input-data, can allow the intéfdepen~
dencies between the accounting systems to be mathematically
formulated, and computerized; This practical area Qf research
can be applied to existing accounting systems. Finally, expii-
cit and implicit formulation of structural relationships bet-.
‘ween accounting systems should bé attémpted. Examples of guch-
rglationships will do much to advance thé use of tensbrs and

.coordinate transformations.



6 4

BIBLIOGRAPEY

Ansoff, H.I. (Ed.), 1969, "Business Strategy", London: Penguin
~ Books , | _ V g
Anton,H.R. & P.A,Firmin (Eds.), 1966, "Contemporary Issues in
Cost Accounting: a discipline in transition", Boston:
Houghton Mifflin Co. - i |
Blumenthal, S;H., 1969, "Management Information Systems", Engle-
wood Cliffs: Prentice-Hall, Inc. '
Charnes,A.,W.Cooper and Y, Ijiri,i963,”BreakevenABﬁdgeting‘and
Programaning to Goals'", Journal of Accountancy;l,l,
Pp.16-4L. N _
. Churchman, C.W., 1961,"Prediction and Optimal Decision: philo-
SOphical issues of a science Of values', Englewood
Ciiffs: prentice-Rall Inc.
Cyert,R.M.,and J.G;‘March, 1965,>"A Behavioral Theory of the
Firm", Englewood Cliffs, N,J.: Prentice-Hall Inc.
Dearden,J., 1962, "Cost and Budget Analysis", Englewood Cliffs,
N.J.: Prentice-Hall Inc. _ _
- Driebeek,N.d., 1969, Applied Linear Programmingﬁ,.Reading, Mass;
| Addison-Wesley Publishing Co. A
-Emery, J.C., 1969, Organizationél Planning and Control Systems',
London: Collier-Macmillén Ltd. _ v, ,
,(Ed.), 1969, “Systems Thinking", London: Penguin
Books ’ ' '
Forrester, J.%.,1961,"Industrial Dynamics", New York: John Wiley
& Sons |
Galbraith, J.K., 1967, "The New Industrial State", New York:
The New American Library (Signet Books), Inc.
Germain, C.B., 1967, "Programming the IBM 360", Englewood Cliffs,

N.J.,Prentice-Hall Inc.



65

Ijiri, Y.,1967, "The Foundations of Accounting leasurement: a
mathematical, economic and behavioral enquiry",
Englewood Cliffs, N.J.: Prentice-Hall Inc.

, 1965, "“Management Goals and Accounting for Control™,

* Amsterdam, Holland: North-Holland Publishing Co.
Kohler, E.L., 1963, "A Dictionary for Accountants", (3rd ed.),
Englewood Cllffs, K. Jo: Prentice-Hall, Inc.
Lass, H., 1950, "Wector and Tensor Analysis", New York:; McGraw-
~ Hill Book Co.,Inc. , '
Likert, R.,1961, "New Patterns of Management", New York: Mc-
" Graw-Hill Book Co.,Inc. ‘
March, J.G. &'H.A. Simon, 1958,Aﬂ0rganizations”, New Yori; John
| Wiley and Sons ‘
" Marin, J., 1967, "Design of Real~time Computer Systems", Engle~
wood Cliffs, K.J.: Prentice-Hall Inc,
Mattes51ch R., 1964, f'Accounting and Analytlcal ﬂethods” {ore
wood, Ill.,Richard D. Irw1n, Inc.

, 1957, "Towards a General and Axiomatic Founda-

tion of Accountancy - with an introduction to the
matrix formulation of accounting systems", Account-
ing Research, Vol.8, No. 4 (London; Oct,1957) pp.328-
55 '

"Ralston,A. & H.S.Wilf, 1960,>"Mathematical Methods for Digital
Computing", New Yorkﬁ Jonn Wiley & Sons '

Gordon, M.J. & Shillinglaw, 1969, " Accounting: a managerial
approach", (4th ed.), Homewood,Ill: Richard D. Irwin

_ ~Inc. - ' _ '

" Simon, H.A., 1945, "Aduinistrative Behavior",(2nd ed.), N.Y.:
Thne Free Press (1965)

Th0m§son, J.D., 1967, "Organlzatlons in Ac»lon", New York: Mc~
Graw-HEill Book Co.

Webster, B.,, 1964, "ng to win the business gamne', Harmonds-

worth: Penguin Books



66

Will, H.J.,1969, "4 Critical Analysis of the Assumptions Under-
lying Selected Managerial Accounting Models: An in-
formation systems approach", Ph.D. dissertation,
University of Illinois,Ill. '

, 1969, '"Management Information Systems", Faculty of

Commerce and Business Administration, The University

of British Columbia, Canada



67

Avpendix one:

- A computer program for the accounting system example

(Please refer to chapter VI, section D)
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" STMT LEVEL NEST

1

/% PROGRAM ACCT L- V.MATVEIEF MARCH 1970 =*/

AQQACCT:

/% PRUGRAM ACCT - V.MATVEIEF MARCH 1970 */
PRGC  OPTICNS (MAIN) 3

PAGE

2

/% DECLARE "INPUT AND CQUTPUT FILES */

2 1 DCL TRANMST FILE OUTPUT ;3 /% TRANSACTION TAPE,STREAM /0 %/
3 1 DCL  SYSIN FILE INPUT 3 /% CARD INPUT,STREAM I/3 %/
4 1 DCL  SYSPRINT FILE OUTPUT i /% PRINT OUTPUT,STREAM 1/0 #*/
, /% DECLARE STORAGE AREAS %/ e . . B R
g 1 DECLARE FMLB LABEL 3
& 1 DECLARE FMLB2 LABEL 3
7 1 DCL ROW_NO {18) PIC'99" -
3 1 CCL SIGN_CIAG (181 CHART 11 3 -
S 1 DCL NAMES {18) CHAR(25) ;
10 1 DCL  DIAG_ELEMENTS(18) PICYSZZ22722Z12V.99" ;
11 1 UCL DVL (18) PIC*SZ222212222IV.99"
12 1 DCL DV2 (18) PIC'SZ2ZI11121ZV.89"' ;
13 1 DCL  DV3 (18} PIC*'SZ271712Z2IV.99"
14 1 DCL DATEL PIC*999999¢ ; o o o
15 1 OCL DEBIT_ACCOUNT o PIC'99r ; o - - B
16 1 DCL  CREDIT_ACCOUNT PICTCoT
17 1 DCL  AMOUNT PIC*SZ22272221ZV.99" 3
138 1 DEL REF CHAR(3] ;
19 1 CCL  EXPLANAT ION CHAR(20) 3
2C 1 DCL DATEAREA PIC*'9999991 ; o o
21 1 DCL INCUME_STMT (18) TPICYSL22Z217227I2V.99 3T - - I T T
22 1 CCL  (MATRIX_SIZE, M} PIC 99 ;
23 1 DCL (NO_CARDS_DIAG, L ) : PICT99¢ ;
24 T DCL INITTAL_RUN CHAR(I) 3
25 1 CCL  DATE_CF_STMT PIC'99/95/99¢ ;
26 1 DCL MATRIX(18,18) PIC*SZZZZI1111INV.99% ;
27 1 CCL  SUM PIC*SZ22222222IV.99" ;
23 1 DCL  F1 CHARTTT)
29 1 pcL F2 CHAR({52) ; o
30 1 pcL  F3 CHAR(8) 3 O
31 1 OCL F4 CHAR{35) 3 o
32 1 DECLARE ASSET_TOTAL PIC'SZ222222222V.99% INIT(O) ;
33 1 CECLARE EQUIT_TOTAL PIC'SZZZZIZ2Z2IV.99' INIT(Q) ;
35 T DECLARE  WET_INCOME PICTSIZi1Z1277IV.99¢ INITID)
35 1 CCL  ASSET_EQUIT (18) PICYSZZZ2IZ222IV.99" ;
36 1 DCL  CONST CHAR(30) INITL® *} ;

31

DO 1 =1 70 18 3




STMT LEVEL NEST

/% PROGRAM ACCT L,—- V.MATVEIEF MARCH 1970 =/

3

L

38 1 1 _ RCW_NO (1).= 0 3
35 1 1 SIGN_DIAG(I) = 1+ v
40 1 1 NAMES(I) = ¢ * ;
41 1 1 CIAG_ELEMENTS(I) = 0 ; ] o o o B N - e —
42 1 1 DVI(I) = O ;
43 11 ov2(1) = 0 :
44 1 1 oV3t1) = o
43 i 1 TNCOME_STMT(I) = 0 ;
46 1 1 ASSET_EQUIT(I) = 0 ;
47 1 1 END o 3 N B
T «8 1 DO 1 =1 Y018 ;77 - o o o
49 1 1 D3 J =1 T0 18 3
5C 1 2 MATRIX(I,4) = 0 ;
51 1 7 END :
52 1 1 END 3
53 1 CN ENDFILE (SYSIN) GOTC A20 3 . e T
/7% START MAIN PROCEDURE * /
/% READ CONTRUL CARD s/
55 1 PUT EDIT { ¢ kst dek ke ok ook b ok ok e ok A ok Rk ook e ek ek Y ’
. *x INPUT DATA TO ACCOUNT PROGRAM w0 T - T
'# ASSETS AND EQUITIES FOR BALANCE SHEET  #@
¥ kol ek g ok el ok b Rk e ROk Ok Rk ek Ak Rk Rk kR K Y )
TXTU300,8, SKIP(2)7XI30)1 A, SKIP( 2V +X(30) 4A,5KLP(27,
X(30),8 )
5¢ 1 PUT SKIP{4) )
57 1 GET EDIT (MATRIX_SIZE, NU_CARDS_DIAG,INITIAL_RUN, T
DATE_CF_STMTSFL) (FU2),F(2)4AL1},F(6),A169));
58 1 PUT DATA (MATRIX_SIZE, NO_CARDS_DIAG,INITIAL_RUN,
CATE_UF_STAT ) s
/% INITIAL_RUN = 1 FOR CREATING MASTER
‘ BLANK OTHERWI SE «/ S o o
56 1 IF  INITIAL_RUN = v * THEN GOTO AO5 T
/% READ IN NAMES %/
61 1 PUT  SKIiP{4) :
62 1 M = MATRIX_SIZE ; - L
63 v L = NO_CARDS_DIAG ; ) P A
&4 1 PO I =1 TC M
65 1 1 GET EDIT  ROW_NG (1), SIGN_DIAG(I}, NAMES{1) , F2)
} (F(2) , A{1}, A{257 4 A{527 1 3
66 1 1 PUT CATA { FOW_NC (1), SICGN_DIAG(I}s NAMES(I)) :
57 1 1 PUT  SKIP(1) 3
68 1 1 END 3 o T o - )




/% PRUGRAM ACCT L,- V.MATVEIEF MARCH 1970 x/ PAGE 4

STMT LEVEL NEST

~

q

N\ /* READ IN CIAGONAL ELEMENTS — 6 ELEMENTS ON EACH CARD */
4 9 1 KL =1 3
7¢C 1 K2 = 6 3
71 1 DU I=1 TO L , : _ e
72 1 1 "GET EDIT((DIAG_ELEMENTS (K) DO K= K1 TO K2 ) ,Ff3 )
((6) F(12,2) v AL8) )
72 1 1 Kl = K2 + 1 3
T4 1 1 K2 = K2 + 6 3
75 1 1 END 3
76 1 PUT  SKIPL4) R . el
77 1 PUT CATA ((DIAG_ELEMENTS(K) DO K =1 TQ M ));
- /% PUT DIAGONAL_ELEMENTS INTO MATRIX WITH CORRECT SIGNS %/
78 1 0O I=1 TU M 3
75 1 1 IF SIGN_DIAG (I) = 'N? - o ~ ) L o e
80 1 1 THEN MATRIX(I,I)= DIAG_ELEMENTS(I) * (-1) 3
81 1 1 ELSE MATRIX{I,I)= DIAG_ELEMENTS{I) 3
82 1 1 CDIAG_ELEMENTS{I) = MATRIX(I,1) ;
33 1 1 END
84 i PUT PAGE ;
85 1 AOQ5 : /% READ IN TRANSACTIAN CARDS %/
GET EDIT (DATE1L.,OEBIT_ACCOUNT,CREDIT_ACCOUNT,AMOUNT sREF,
EXPLANATIGN L F4 )
{ FL6)y F(2)s FL2), F(12,2) » AU3), A(20)
v v AL35) ) e
‘86 STy T T T pUT DATA (DATELLDEBIT_ACCOUNT,CREDIT_ACCOUNT,AMOUNT, ) o <
» EX PLANAT ION ) ;
87 1 PUT SKIP(2)
53 I IF DEBIT_ACCOUNT = CREDI T_ACCOUNT THEN GOTO ALO
S0 1 CALL BOOWTR_TRAN
91 1 MATRIX(DEB1T_ACCOUNT, CREDIT_ACCOUNT} = AMODUNT ;
92 1 GUTU ADS 3 ) S T o T - o ) o
$3 1 Al10 :
OVl (CREDIT_ACCCUNT) = AMOUNT ;
5% T TAYEAREA = CATET
95 1 GOTO A0S ~3
96 1 A 20 : [
PUT ED[T ( O foop xS e A otz e R A e o e ke o we A o Az deoje Xe dk ok e o A e e g e gt e e K ek Ao # ’
vk CUTPUT DATA FROM ACCOUNT PROGRAY o,
tx% ASSETS AND EQUITIES FCR BALANCE SHEET =*x¢,
¥ [NCOME STATEMENT L

OOk R R R R R ok Rk R kR Rk Rk kR kR kR )
{PAGE.SKIPL2) 4y X{30) +A,SKIP(2),X{30) +A+SKIP(2),
X(30)+ApSKIP{2)4X(30),A,SKIPI2)sX{30)yA ) 3

57 1 PUT SKIPl4) 3
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STMT LEVEL NEST

/% PRUGRAM ACCT L.— V.MATVEIEF MARCH 1970 =%/

PAGE

‘W/‘~'

1DECL31.1970)*, CONST, 'BALANCE =~ SHEET® ,
*tA S SETS ($) 4 'E QU IT I ES (82 )

98 1 PUT CATA ((DV1(1) 00 I = 1 TO M ));
99 1 CALL COOSUBVARL ;
100 1 CALL DOOACCT_ALGOR 3 '
101 1 PUT ECIT ({ t#%%%% MATRIX AFTER IST ACCOUNTING ALGORI THM x&kk%t) B . o B
’ - (PAGE, X(30),4A Y
102 1 PUT  SKIP{4) ;
163 1 PUT DATA (({( MATRIX{I,J) CO J4=1 TO M) DO 1= 1 TO M )} ;
TT% 1 Dy I = 1 10 M 3
105 1 INCOME_STHMT (1) = Ov2 (1) ;
106 1 END 3 . B
107 1 PUT  SKIP({4) 3 o T )
108 1 PUT DATA {( ©OV2 {I) DO I = 1TOM )3
105 1 CALL EOOSUBVARZ :
110 I CALL DCOACCV_ALGGR 3 '
1L 1 PUT EDIT ( *a#xx&% MATRIX AFTER 2ND ACCOUNTING ALGORITHM %k}
(PAGE, X(30),A ) s } ) _ o R
112 1 PUT SKIP{4) ; o CooTTrm e mmm e e e
113 1 PUT DATA {(( MATRIX{I,J) CC J=1 TO M) DO I= 1 TO M ) ;
114 1 PUT  SKIP{4) ;
15 I PUTTCATA {({IVZ2(TT OO0 [ = L 70 ™ 173
115 1 CALL FOOSUBVAR3 ;
117 1 CALL DOOACCT_ALGOR 3 L
18 1 PUT EDLIT ( *2sxxsx MATRIX AFTER 3RD ACCOUNTING ALGORITHM smagepy ) — 7777777 7007w s e e -
{PAGE, X{30).A Y 3
119 1 PUT DATA ((( MATRIX{I,d) DC J=1 TGO M) DO I=1 TO M )) ;
20 I PUT  SKIPI&Y 3
121 1 PUY DATA ((DV2(1) DO I =1 T4 ™M )
122 i CALL GOOFIN_DIAG 3 -
122 1 PUT EDIT { P#%%k%%  END PRUCUCT OF ACCOUNT PROGRAM dkwxs 7, 7777 T T T e
vexxxz ASSETS AND EQUITIES FOR BALANCE SHEET!H,
xR )
{ PAGE, X({3071,Ay SKIPI2Y,X{301, A, A ) 3
124 1 PUT  SKIP(4)
125 1 PUT CATA ((CV3(I) DO I = 1 TOM J1)3
126 1 CALL HOOF IN_MATRIX ; ’
127 1 11 = 0
128 1 CO 1 =1 70 M 3
129 1 ASSET_EQUIT(I) = DIAG_ELEMENTS(I] 3
130 1 END
131 1 A30 : -~
) ASSET_TOTAL = 0 ; N
132 1 EQUIT_TOTAL = 0 :
133 1 FMLB = FM1
134 1 It = 11 + 1 ;
135 1 IF Il = 2 THEN CONST= *B3ASED ON T{F)' ;
137 1 PUT EDIT (*STATEMENT OF FINANCIAL POSETIUN ( AS QF',



/% PROGRAM ACCT \u,— V.MATVEIEF MARCH 1970 */ PAGE 6

STMT LEVEL NEST

N (PAGEy X(30}s8sAs Xi4)s Ay SKIP{ &),
;- X(50)s Ay SKIPt&) 4
: X{27)s As X(48Yy A} 3
138 v PUT SKIP(2) - B _ B
136 1 PUT EOIT (NAMES(L ) ASSET_EQUIT(1 1}, NAMES(61,
ASSET_EOQUIT (6) ) (R{ FMLB) ) 3
140 1 PUT EDIT ( NAMES(2) , ASSET_EQUIT(2) ) { R {FMLB)} )}
141 T . PUT EOIT [ NAMES(3), ASSET_EQUIT(3), NAMES(T} ,
' ASSET_EQUIT(T) ) {R (FMLB)} ) ;
142 1 PUT ERIT ( NAMES (4), ASSET_EQUIT(4) ) ( R [FMLB) ) ; o o
te3 71T T T T PUT EDIT (NAMES{S), ASSET_EQUIT(5}, NAMES(B), T h

ASSET_EQUITIBY ) { RIFMLB)) 3

L T

144 1 EMLB= EM2 3
I35 T PUT E0IT [ ° T ) (R(FMLBI) 3
lao 1 DO 1 =1 T05 3
147 1 i ASSET_TOTAL = ASSET_TOTAL + ASSET_EQUIT(I) 3 -
148 1 1 END 3 : TS TS mmemmomiImn s s
149 1 DO I = 6 TQ 8 ;
15¢ 1 1 EQUI T_TOTAL = ECUIT_TOTAL + ASSET_EQUIT (1) ;
I5T T T 503
152 1 PUT EDIT { ASSET_TUTAL, EQUIT_TOTAL)

{ SKIP(2), X(40), PYSI222Z2222IV.99', _ o

X460y PUSIZZZIZILIINGOO N ) 5 | 7 77T T s s s s mne s s
153 1 DOI =1 TC M 3
154 1 1 ASSET_EQUIT({1) = DV3(1) ;
55 T T END T
156 1 IF I1= 2 THEN GOTO A35 ;
158 1 G3TU A30 ; ) ,
158 ! a5 L e
PUT EDIT { 'STATEMENT OF FINANCIAL POSITION ( AS OF4,
"DEC.21.197C)*, CONST, TINCOME  STATEMENT!)
TPAGE, X{3071+As Ay X(&)s A, SKIPTGT
X{50) A, SKIP(4)) 3
160 1 FMLB = FM3 3
161 1 FMLBE2 = FM4 ;
162 1 PUT EDIT ( NAMES(9), INCOME_STHMT{9)) (RIFMLB2)) ;
163 1 PUT CDLIT ( NAMES(11)s INCOME_STMT(1I1)) (R(FMLB)}) 3
64 T PUT EDIT T NAMES(IZY, INCOME ST (T2) T (RIFHLBT) 3
165 } PUT EDIT ( NAMES({13),INCOME_STMT{13)) (R(FMLB)) ;
lo6 1 ASSET_TOTAL = INCOME_STMT(11) + INCOME_STMT(12) +
INCOME_STMT(13) 3 3

167 1 EQUIT_TOTAL = INCOME_STMT(9) + ASSET_TGTAL ;
168 1 NET_INCOME = EQUIT_TOTAL + INCOME_STMT(10) ;
159 ) PUT EOIT (' Ty (SKIP{27,X(407,AT 3
170 1 PUT EDIT (ASSET_TGTAL) (SKIP(2),X(40),P'S222222Z2222V.99% } ;
171 1 PUT EDIT (' INCCME PRICR TO EXTRAORDINARY LTEM', EQUIT_TQOTAL)

(SKIP{2)+ X{10)sA, X{56), PYSZZZZZ222Z2V.99* )} 5. - =~ oo e o e e
172 1 ) PUT EODIT( NAMES (103, INCOME_STMT(10} ) (R{FMLB2) )} 3
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STMT LEVFL NEST

/% PROGRAM ACCT L - V.MATVEIEF MARCH 1970 =/

PAGE 7

AL 173 1 PUT EDIT( * ') SKIP(2), X(100),A) ;
174 1 PUT EDIT('NET INCUME', NET_INCOME)
(SKIP{3),X(10)  ,A,X(80)y PYSZLZLZZZZZZIV.99% ) ;
175 1 FM1 : FORMAT ( SKIPU{2)y X{10), Ay X{5), PYSIZZZZZIZIZINI93%, B ) ~ o
XUL16)s Ay X{5)s POSZZZZZIZZIIV.9S' ) ;
17¢ 1 F M2 : FORMAT | SKIP(2), X{40)s Ay X{46)y A} ;
177 1 F M3 : FURMAT ( SKIP(2)}, X{10) ,A, X{(5), PYSZZZZ2Z1Z1IY.99* )} ;
178 I A T FORMAT ( SKIP{21s X(103 s Ay, X(G51 s P'SIZIZZLZ7Z2V93" T ;3
179 1 BOOWTR_TRAN : PROC 3 /% WRITE A TRANSACTION RECORD */
150 2 PUT FILE (TRANMST) EDIT {DATEL,DEBIT_ACCOUNT, CREDIT_ACCOUNT,
: AMOUNT, REF, EXPLANATION)
T F(63, F{21, F(21, F(12,27 , A(3),s AL20) 71 3
181 2 END BOOWTR_TRAN 3 ) ) ) ) N ) S o
182 ] COOSUBVARL : PROC 3
; 7% VARIAGLE SUBROUTINE 1 = MATRIX (11,37 %/
183 2 MATRIXU11,3) = MATRIX(11+3) + MATRIX(3,3) + MATRIX(3,5)
- OV1(3) i
184 2 AHMCUNT = MATRIX{11,3) 3 TS T ST T s e s e e s e T T
165 2 DATEL = DATEAREA ;
186 2 REF =
157 p; EXPLANATICR = vCGST CF GGODS SOLD' 3
188 2 CALL BOOWTR_TRAN ;
189 2 END COOSUBVARL 3 R T T e - )
14C 1 DGOACCT_ALGUR : PROC 3
/% ACCOUNTING ALGORITHM %/
151 2 DOI =1 TC M ;
197 P) 1 DV2i1) = 0 3
193 2 1 END 3
194 2 DO 1=l TC M ;
185 2 1 SUid="0
196 2 1 B0 J=1 TO M
157 2 2 IF I= J THEN GGTQ 005 3
169 2 2 SUM= SUM + MATRIX{I,J) — MATRIX(J,I) ; =
260 2 2 Nos SEND
201 P 1 . DV2 (1) = SUM ;
257 7 I END 3
203 2 END DOOACCT_ALGOR
204 1 EQOSUBVAR2 : PROC 3 /% VARIABLE SUBRQUTINE 2 %/




STMT LEVEL NEST

/% PROGRAM ACCY

L.~ V.MATVEIEF

MARCH 1970 %/

PAGE

Lk, 205 2 MATRIX{9,14) = — DV2(9) ;

(206 2 DATEL = DATEAREA 3
207 2 REF = ¢ '

208 P EXPLANATIGN = *CLCSING ENTRY — REV' ; o B i .
209 2 DEBIT_ACCUUNT = 9 3
210 2 CREDIT_ACCOUNT= 14 3
211 2 AMCUNT = -DV219) 3
712 p) CALL COOWTR_TRAN
213 2 MATRIX{10 14)= — DV2(10) ;
214 2 DEBIT_ACCGUNT = 10 ;
215 2 AMUUNT = —- DV2{10) ;
JTE 7 CALL BOOWTR_TRAN 3
217 ? MATRIX (l4,11) =  0OV2{11)
218 2 EXPLANATIUN = *CLOSING ENTRY —~ EXP' ;
219 2 DEBI T_ACCGUNT = 14 3
770 Z CREDIT_ACCOUNT = 11
221 2 AMOUNT = DV21{l1l)
222 2 CALL BOOWTR_TRAN '
223 2 MATRIX{14.12) =  DV2(12) 3
) 2 CREDIT_ACCGUNT = 12 ;
225 2 AMOUNT = 0V2 (120 ;
226 2 CALL BOOWTR_TRAN 3
227 2 MATRIX{l4,13) = DV2(l3) 3
778 p CREDIT_ACCOUNT= 13 ;
229 2 AMOUNT = DV2(13)
230 2 CALL BCOWTR_TRAN
231 2 END  EOOSUBVAR?2 3
~J
. W

232 1 FOOSUBVAR3 : PRUC ;3 /% SUBROUTINE VARIABLE 3 %/ ) S o
233 2 MATRIX(14.8) = = DV2 (14} 3
234 2 EXPLANATION = 'EARNINGS? 3
235 2 AMOUNT = -DV2 {14) ;
PEY) 2 CALL DBOOWTR_TRAN
237 ? END FOOSUBVAR3 ;



/% PROGRAM ACCT L.— V.MATVEIEF MARCH 1970 %/ PAGE 9
STMT LEVEL NEST C e T T ) T o T
L 233 1 GOOFIN_DIAG : /% FINAL VALUES OF DIAGONALS %/ PROC
(239 2 DO I=1 TO M ;
240 2 DV3 {I) = MATRIX (I,I} + DvV2(l) ;
241 2 END : . S ] e o _
242 2 END  GOOFIN_DIAG 3
243 1 HOOFIN_MATRIX : PROC i /% FINAL MATRIX */
244 2 MATRIX =0 3 e e o
245 2 00 i=1 TO M ; T T
246 2 MATRIX (I1.,1) = DV3 (I) ;
2471 2 END ;3
248 2 END HOOFIN_MATRIX 3
249 1 END  ADOACCT ) o - o B
ﬂ
ot
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* INPUT DATA TO ACCOUNT PROGRAM *

¥ ASSETS AND ECUITIES FOR ZALANCE SHEET  *

MATRIX_STZE=14

R AR A EARKL R R RRRFX AR BRARKRRRRFL R F X HRK

NO_CARDS_DIAG=03

INITIAL_RUN=?'1"

DATE_OF_STMT=31/12/70;

ROW_NC{1)=01 SIGN_CIAG(lY=? NAMES{1)='CASH ON HAND I - i e
RUW_NO(2)=02 SIGN_DIAG {2} = NAMES {2 )= ACCOUNTS RECEIVABLE ‘5

RCW_NEC(33=03 SIGN_DIAG{3)=1 ¥ NAME S{2)='INVENTURY : ' .

RGW_NUL4) =04 SIGN_CIAG(4)=1 ¢ NAMES (4)= 'FURNI TURE '

ROA_NG{5)1=05 SIGN_UIAG(5) =" NI NAMES(5) =7 DEPRECIAT [ON — FURN I

RCW_NO{6 ) =06 SIGN_DIAGI&)="N? NAMES(6)="ACCOUNTS PAYABLE 5

ROW_NU(T)=C7 SIGN_DIAG (7) ='N? NAMES (7)=YCAPITAL STOCK - R o ﬁ e
ROIW_NUI(8I=CS SIGN_DIAG(8)=*N" NAMES (8)=*RETAINED EARNINGS '

ROW_NC(9)=09 SIGN_CIAG(9)=2N? NAMES(9)="*SALES REVENUE '

ROW_NOL 10 =10 SIGN_DIAG (10)="N* NAMES (10)='MISC REVENUE '

ROW_RNO(IT)1=11 STGN_DTAG(IL)=7 7 NAMES(LLY='COST OF GOODS SGLD o

ROW_NG(121=12 SIGMN_DIAG(LZ)=" ¢ NAMES{12)='ADMINISTRATIVE EXP '

ROW_NO{13)=13 SIGN_DIAG(13)=" ¢ NAMES (13)=+MIS CELLANEOUS EXP v o S
ROW_NG(14)=14 SIGN_DIAG{14)=" ¢ NAMES(14)=*SUMMARY — REV & EXP ‘G

DIAC_ELEMENTS(L)=+ 4000.00 DIAG_ELEMENTS{2)=+ 24000.00 N DIAG_ELEMENTS(3)=+ __ 16000.00
DIAG_FLEMENTSi4 )=+ 15000 .00 DIAG_ELEMENTS{ 5)=+ 4000, 00 - DIAG_ELEMENTS [6) =+ 23000.00
DIAG_ELEMENTS(T)=+ 3500C. C3J DIAG_ELEMENTS {8)=+ .00 . DIAG_ELEMENTS(9)=+ .00

DI AG_FLEMENTS(10)=+ .00 DIAG_ELEMENTS{11)=+ .00 DIAG_ELEMENTS {12)=+ .09
DIAG_ELEMENTS(L3) =+ .00 DIAG_ELEMENTS(141=+ <003




¢

DATEL=010169

DATELI=0301069

DATEL1=020169

DESIT_ACCUUNT=03

DEBIT_ACCOUNT=13

CEBIT_ACCUUNT=01

CREDIT_ACCLOUNT=06
CREDIT_ACCOUNT =006

CREDIT_ACCOUNT=09

98000.00

EXPLANAT[UN=* MERCHANDISE PJRCHASD';

_ EXPLANATION=*MISC EXP PAYABLE

EXPLANAT ION=*CASH SALES

\
DATE1=04016Y

DATEL=00016%

DATE1=050169

DEBIT_ACCCUNT=02
DEBIT_ACCOUNT=12

DERIT_ACCOUNT=12

CREDIT_ACCOUNT=09
CREDI T_ACCOUNT=0L

CREDIT_ACCOUNT=05

EXPLANATION=' CREDIT SALES
EXPLANATION="SALARIES EXPENSE

EXPLANATION=! ACCUM DEPRECIAT ION

DATEL1=070109
DATEL=070169

DATEI=CTCL69

DEBIT_ACCOUNT=01

CEBIT_ACCUUNT=01L

CEBIT_ACCCUNT=05

CRECIT_ACCOUNT =04

CREDIT_ACCOUNT=10

CRECIT_ACCOUNT=04

EXPLANATION="FURNITURE SOLD

__EXPLANATION=*GAIN ON FURY SOLD

,'.

EXPLANATION=' ACCUM DEP ONFURN DEL';

‘UATEI=080109
DATEL1=09C1069

DATE1=31C169

DESBITT_ACCOUNT=01
DEBIT_ACCOUNT=06

DEBIT_ACCOUNT=03

CREDI T_ACCOUNT =02
CREDIT_ACCOUNT=01

CRECIT_ACCOUNT=03

AMOUNT=+
... AMOUNT=+ = 19000.00
AMOUNT=+ 45000.00
AMOUNT=+ 127000. 00
______________ AMOUNT=+ __ 50900.00 .
AMOUNT=+ 1000. 00
AMOUNT= + 50.00
___AMOUNT=+ 30.00
AMOUNT=+ 350. 00
AMOUNT =+ 118000.00
o AMOUNT=+ _ 114100.00
$Y2HI0
AMOUNT= + 18000.00

EXPLANATION=*COLLECTION 3F CASH

3

EXPLANATION=® PAYMENTS TO SJPPLIER';

EXPLANATION=*ENDING INVEN*ORY

84




. R : STATEMENT OUF

FINANCIAL

POSITICN

{ AS OFDEC.31.1969)

.L¥¥ BALANCE SHEET
e
} AS S ETS (¢) o o } - CEQU LTI E S (8) o e
CASH ON HAND + 4C00.00 ACCOUNTS PAYABLE - 20000.00
ACCUOUNTS RECEIVABLE ) o+ . 24000.00 e e
INVENTORY + 16000.00 CAPITAL STOCK - 35000. 00
FURNITURE + 15C00.00
DEPRECIATICN — FURN o -~ 4000.00 o ____RETAINED EARNINGS 00 _
+ 55000.00 - 55000.00
~J
O



~¥

\‘(r

STATEMENT OF

FINANCIAL

- POSITION ( AS

OFDEC.31.1970)

BASED ON T{(F)

INCOME  STATEMENT
SALES REVENUE - 172000.00
COST OF GOODS SCLD _ + __ $6000.00 e
ADMINISTRAT IVE EXP + 519CC. CO
MTSCELLANECUS EXP 7 19600.00
+ 166960, 00
TRCCME PRICR 7O EXTRAORDINARY ITEM - 5100.00
MISC REVENUE o - 3 - - 30,00
NET INCGME - 5130.00
o
o



FINANCIAL { AS OFDEC.31.1970) BASED ON T{F)
BALANCE
-
4
ASSETS R - o __EBEQU I T1ES (%) e e e
CASH ON HAND 2€80.00 ACCOUNTS PAYABLE - 22900.00 -
ACCOUNTS RECEIVAEBLE 33000.00 . o L _ SR .
_ INVENTORY 18CC0.00 CAPITAL STOCK - 35000.00
FURNITURE 1460C.00
DEPRECIATYIGON — FURN 4650.,00 _RETAINED EARNINGS _ - ... 5120.00 .. .
63030.00 - 63030.00
o
ol



