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CHAPTER 12.7

Office Automation

ANDREW D. BAILEY, JR.

University of Minnesota

JAMES GERLACH, R. PRESTON MCcAFEE,
ANDREW B. WHINSTON

Purdue University

12.7.1 INTRODUCTION

Office automation is an evolving trend centered around the automation of office procedures and
document manipulation by means of computer technology. The purpose of Section 12.7.2 is to
acquaint the reader with the generally accepted concepts and capabilities of office information
systems (OISs), the issues surrounding their development, a real-life prototype (Citibank’s Manage-
ment Work Stations). and some of the implications that office automation will have for business
and society.

Section 12.7.3 presents two research OIS prototypes: Ofﬁcetalk—Zero® and System for Com-
puterization of Office Processes (SCOOP). Officetalk-Zero is an electronic aid to performing
routine office tasks, similar in manner to the traditional way of performing the equivalent clerical
tasks; SCOOP stresses the automation not only of office devices, but also of office procedures. The
need for nontechnical office personnel to implement automated office procedures leads to a dis-
cussion of the office worker-machine interface in Section 12.7.4. Two potential languages for
describing automated office procedures are presented: the Office Procedures by Example language
and the Business Definition Language. Fach language is examined according to design philosophy,
objectives, prospective uses, and limitations.

Automated office procedures and devices are effective means by which the office worker can
manipulate, store, and send electronic documents. Such capabilities should be adequate for sup-
porting formal communications. However, informal communications, serving important organiza-
tional needs, may not be adequately accounted for by the document-oriented OIS. Thus Section
12.7.4 concludes with a discussion of formal and informal communications in an automated office
. sctting.

Section 12.7.5 deals with the modeling of OISs in terms of formal office activities and formal
lines of communication. A model for describing and analyzing information flows within offices is
presented. The model lends itself to automatic analysis and transformations intended to automate,
streamline, and reorganize the OIS model. The outlook for OIS simulation as an analytic tool and
a personnel training tool follows. In addition to office efficiency and productivity, the office de-
signer and manager must incorporate internal control mechanisms in the automated office. A com-
puter-assisted internal control verification system, TICOM II, is introduced as an effective means of
analyzing OIS models for violations of sound internal control. Finally, Section 12.7.6 treats the
problem of preparing for the implementation of OISs. The chapter ends with some thoughts on the
implications of OISs for future office activities.

This project was funded in part by a grant trom the Peat, Marwick, Mitchell Foundation through
its research opportunities in auditing program. The views expressed herein are those of the authors
and do not necessarily reflect the views of the Peat, Marwick, Mitchell Foundation. The research
was supported in part by Army Contract No. DA79C0154. We gratefully acknowledge the fellow-
ship support made possible by a grant from IBM.
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12.7.2 COMPUTERS AND INFORMATION PROCESSING-SYSTEMS

12.7.2 OFFICE INFORMATION SYSTEMS IN PERSPECTIVE

With the introduction of the computer in the business environment, business functions such as in-

- ventory control, accounts receivable, accounts payable, and payroll accounting have been success-
fully automated. The benefits have included faster and more accurate reporting, more effective
storage and management of large amounts of data, and greater reliability and consistency of system
performance. However, despite the merits of automation, traditional office work has remained
relatively unchanged. The goal of the automated OIS is to facilitate office workers’ performance of
their routine duties by providing them a totally office-oriented system that exploits the processing
speed, precision, and generally infallible memory of computing machines.

The OIS is differentiated from an information processing system (IPS), a word processor (WP), or
a decision support system (DSS) by its emphasis on the integration of all of the components neces-
sary to support office personncl. The IPS, WP, and DSS are either not oriented toward office func-
tions or address only a limited set of office activities. The basic functions of office work include
text editing, document preparation and filing, copying, simple numerical processing, communica-
tion, and information analysis and verification. With respect to office procedures, a WP and over-
lapping areas of an IPS and DSS are only isolated elements or subcomponents of an OIS. The
primary advantage of an OIS over a system in which each of the basic office functions is automated
independently is the reduction in the complexity of the interface between the office personnel and
the machine. Unless this interface is kept simple and is easy to learn and use, an OIS may be of
little value except to the office specialist.

A second benefit obtained from an OIS as compared to a WP, IPS, or DSS is the result of the
office structure the OIS is expected to automate. An office organization is designed to accommo-
date office workers performing highly interactive, autonomous, and concurrent business tasks.
Fixed programs are inflexible, and simplistic interactive systems are deficient in meeting the needs
of the office worker as required by the dynamic office environment.

General OIS Capabilities

As mentioned previously, an OIS is an integrated computer system comprising facilities for per-
forming office work. In particular, office automation aids office personnel in the preparation of
documents, information management, and decision making.” The types of documents to be pre-
pared, processed, and managed by an OIS are memos, letters, reports, and typical business forms
such as requisition and purcliase order forms. The documents, still visually depicted in their regular
format, are stored electronically in an OIS. The methods of capturing the information provided
to the office workers produce documents with the standard headings and lettering appropriate to
each particular form.

The office worker interacts with the OIS through work stations. A work station is a program-
mable microcomputer equipped with office-oriented devices and software. The work station will
enable the office worker to see and manipulate the electronic documents, communicate electron-
ically with other work stations, access data base information, and stepwise direct the work station
to perform designated tasks on a one-time basis or automatically. Such a one-time task might be
preparing a memo incorporating only sections of a previous memo and a previously prepared
summary report.

An example of a task performed automatically by the work station might be searching an inven-
tory data base to determine whether items listed on any purchase requisition are in stock or on
order or whether they need to be special ordered. The work station operator could then fill out a
blank purchase order, using the information found on the requisition form and in the inventory
data base. Additional accesses to other system information could be made as the situation war-
ranted. The completed purchase order form could then be transferred to another work station
determined by the nature of further processing, such as managerial approval of the purchase.

In addition to electronic documents and the traditional data types, OISs will support video data
such as pictures and graphs. Graphic packages are currently available and can be integrated into the
OIS. Speech recognition would be a very desirable feature of an OIS, since some managers are
opposed to keyboard interaction with the work station and prefer dictation and recordings in
communicating with office personnel. Currently, speech recognition systems are in a very primitive
stage of development. An experimental speech understanding system, Hearsay-il, recognizes
utterances in a 1000-word vocabulary, with a correct interpretation rate of approximately 90%.2
Other alternatives to the keyhoard are touch screens and light pens.

Communications between work stations can be instantaneously carried out by means of elec-
tronic mail or other electronic-type messages sent over telephone lines or by way of a satellite
communication network. The electronic mail system will contain known addresses and other
pertinent information such as telephone numbers. The sending and receiving of mail is handled
automatically with little interaction by the work station operator. A “mailbox” is maintained for
each work station, the contents of which may be surveyed upon request. Immediate notification of
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newly arrived mail is possible if desired, and an indicater light that shines when the mailbox is not
empty is feasible.

The physical configuration of an OIS could be as simple as a single processing unit supporting
several work stations or as complicated as a distributed network of large, interconnected comput-
ers, each of which supports a cluster of work stations. The degree to which each work station can
operate independently of other work stations and network processing devices determines the
degree to which the OIS is immune to hardware malfunctions and downtime. Each work station
will have local data bases and data objects and indirect access to information local to another work
station. The design of a particular OIS will determine which data bases are available to each work
station at any given moment and how that information may be accessed and used.

Multiple tasks may be performed in parallel at individual work stations. This will occur most
often when the office worker describes entire tasks or parts of tasks so that the procedures may be
handled automatically by the work station. When the work station encounters an unanticipated
discrepancy or situation, it will notify the office worker, describe the problem, and await further
instructions.

In addition to the concurrent processing at individual work stations, parallel processing may
occur when multiple workstations perform operations on a single transaction. For example,
consider the purchase order that requires the independent approval of two managers. Once the
purchase order is ready for the approvals, it would arrive simultaneously at the two managerial
work stations. Fach manager could then approve the purchase, put it into a ““wait state” for future
action, or block the purchase by denying approval. The main point is that the two approval pro-
cesses do not necessarily have to be staged serially; instead they can be performed concurrently. If
one manager should disapprove the purchase, the other could be notified, and the purchase order
handled accordingly.

Summary

An OIS can be viewed as a distributed network of programmable (intelligent), office-oriented work
stations capable of communication with other work stations. The bulk of the work supported by
an OIS focuses upon preparing and managing electronic documents. These documents are sent to
the work stations where work is performed. The route of each document is denoted by the chain
of actions required to process the document. The tasks associated with document processing may
be autonomous and interactively performed. In addition, other facilities may be integrated into an
OIS to automate office procedures. The OIS supports the concurrent processing of tasks assigned
to an individual work station and of independent tasks associated with the processing of docu-
ments for a particular transaction. The Citibank system discussed next is an early attempt at
creating an automated OIS.

Citibank’s Management Work Stations

In 1976, the 12 management work stations (MWSs) installed at Citibank were intended to alleviate
office workers’ burdensome problem of managing and processing the paperwork needed to handle
customer transactions.® The MWS system serves as ap interesting introduction to OIS prototypes
for a numnber of reasons: first, it is in a real-life business environment; second, it was designed to
solve a business problem and not simply treat its symptoms; and third, it integrated several business
functions into a single system with the end user, that is. the office worker, in mind.

The MWS system eliminated many of the inefficiencies of the traditional paperwork system by
providing (1) automated internal correspondence, (2) an electronic mail system, (3) memo pro-
cessing, and (4) financial and other report processing. The MWS system has built-in capabilities for
word processing, document creation, editing and filing, business planning, distributed calendar
maintenance, torms development, cost-benetit analysis. financial reporting, hatd copy production,
and the transmission of documents and messages from one work station to another. Each manage-
ment work station consists of a PDP-8A processor. two keyboard-display units, an impact printer,
and floppy disk drives. The MWSs are connected by telephone lines and shared by a manager and
a secretary. :

The MWS functions were designed to be consistent with the manual paper-based counterparts, so
as to minimize the adverse effects of the transition and thus increase the acceptability of the
system. Citibank observed sccretaries and managers trained to use the new MWS system in order to
gauge the effect of its introduction. Citibank concluded that the secretaries have showed ‘“‘more
flexibility and adventurousness in using the system than managers have.”

Citibank officials consider the primary advantages of the automated office over traditional office
methods to be its impact on control, security, expense. and productivity issues. Electronic files
were found to be rclatively secure, and electronic forms were shareable and safe from accidental
loss. Speedy filing and retrieval of office information and the, other capabilities of the MWS system
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improved worker productivity and customer service. Together these advantages seem to justify the
costs.

However, the limitations of the MWS system are many. Reliance on basic security and control
mechanisms may be overly simplistic. The electronic mail system, to be more effective, needs to be
able to handle external documents and correspondence as well as those generated internally. The
MWS capabilities need to be extended to encompass the: full spectrum of business operations and
to permit the user to “program’ the MWS to perform some tasks automatically. Clearly shown,
however, is that an automated office, even this rather basic model, is practical and beneficial and
will help set the trend for the OIS of tomorrow.

OIS: An Evolving Trend

As demonstrated by the Citibank example, a progressive and experimental project for its time,
OISs are still in the developmental stage. Much of the technology required to make an OIS a reality
is available. The degree to which the unsolved technological and psychological issues are resolved
will greatly determine the usefulness and acceptability of OISs.

The technological issues remaining to be answered span several disciplines and are interrelated.
The computer scientists’ developments in natural office languages, communications, and hardware
suitable for the office will strongly influence the roles and responsibilities of office workers and the
physical organization ot the office. Accountants and auditors, concerned with the possibilities of
electronic fraud, need to ensure that internal controls are implemented. This will require adequate
hardware and software support as weil as managerial control of sensitive information.

Research into the psychological impact of the OIS on office workers is required so that the office
workers' capabilities and views support its successful implementation. Sociologists may be able to
provide recommendations based on their research into man-machine relationships and their effects
on the social structure. The prospect of large, interconnected OISs will undoubtedly send reverber-
ations through Washington, initiating, for example, the further propagation of privacy legislation
regulating their use. Managing and integrating these essential advancements, findings, and tech-
nologies into a total OIS are themselves complex problems without immediate solutions.

The current limitations of OIS implementations are vast, but certainly not insurmountable. As
work continues, answers to current questions will be found, and OISs will evolve, incorporating
each new finding and experience. Since most of the formative work is done in laboratories, exam-
ining state of the art prototypes is appropriate.

12.7.3 OIS PROTOTYPES

Two OIS prototypes are discussed in this section. One, Officetalk-Zero, comes from an industrial
setting, whereas the other, SCOOP, was developed in an academic setting.

Officetalk-Zero

Officetalk-Zero is a prototype OIS that was designed and implemented by William Newman, Tim
Mott, and employees of the Office Research Group at Xerox Palo Alto Research Center (PARC)S
The Officetalk-Zero project began in 1976, and the prototype was in operation by June 1977. Its
goals are consistent with those designed into Citibank’s MWS system. Officetalk-Zero is an elec-
tronic aid to performing routine office tasks, similar in manner to the traditional way of per-
forming the equivalent clerical tasks. The fundamental object in Officetalk-Zero is the electronic
document. The Officetalk-Zero commands are for the management and preparation of documents
and for their transfer between work stations. :

A major portion of the Officetalk-Zero development effort was invested in constructing a man-
machine interface that would enable the office worker to use all of the system’s facilities simply
and uniformly. These goals were achieved by developing a work station supporting desktop activ-

ities and through access to an integrated system providing the user with a large set of office func-
tions.

Configuration of Officetalk-Zero

Officetalk-Zero is configured as a network of interconnected minicomputers, each supporting a
single work station. The minicomputer employed is the Xerox Alto with 128K 16-bit words of
main memory and a 2.5 megabyte disk for external storage. The system supports both personal
and system data bases for the storage of electronic forms, electronic mail, and information
concerning each authorized user of Officetalk-Zero. Communications between work stations are
conducted by means of the electronic mail system and the transfer of electronic documents. The
work station is an advanced CRT device that electronically simulates the office worker’s desktop.
The user manipulates forms on the CRT device by employing a pointing device and a keyboard.
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OFFICE AUTOMATION 12.7.5
Work Station Description of Officetalk-Zero

The contents of the electronic desktop are represented by the display of forms on which work is
currently being performed and four file indexes of forms available at the work station, for exam-
ple, incoming mail, outgoing mail, retained forms, and blank forms, as shown in Exhibit 12.7.1.
The system automatically updates indexes whenever the work station operator issues a2 command
causing a form to be moved from one file to another. Each entry in the index consists of an action
field specifying which Officetalk-Zero command may be used to process the form and pertinent
descriptive information about the form.

Documents and the repository lists are displayed in rectangular windows on the CRT device. To
start work on a form, the user indicates the form and the action to be performed by pointing the
cursor to the action field of the appropriate entry of any index. If the specified action is to make a
form available for processing, then the system will display the form in a new window. Each
window includes a “menu” of Officetalk-Zero commands applicable to the form. Pointing the
cursor to the desired function displayed on the menu causes the work station to enter the appro-
priate mode for interactive processing or prompts the work station to execute the sclected function
automatically. The user can enter data on a form by first pointing the cursor to the field that is
to contain the data and then typing in the data on the keyboard. Data type checking is automati-
cally performed by the system so that the entered information is in accordance with the forms
specification; for example, a quantity field may contain only numerical data. A provided forms
editor describes the standard letterings and format of the form and the style of each field on the
form. -

Opened windows on the CRT displaying forms or indexes may be adjusted by the office worker

Exhibit 12.7.1 Officetalk-Zero’s Work Station Display

File Index F1
Personal Letter Tom Smith
Memo Richard Doe
Requisition Pete Peels
Out-basket
Recipient Subject Sent
Trace Dick Tims Purchase Request 7/15/80
- Trace Sally Hawkins Transfer Request 7/16/80
[n-basket 7/16/80
Sender Subject Received
Pull Dick Tims | Purchase Order 7/16/80
Trace {Tom Smith{ Employee Referral 7/16/80
Date
Date
Date
Blank Stock index
[ Purchase Request

Receive Print Copy Fite Send

American Acme Company
1616 Hudson Avenue
Cameilot, IN 47903
July 16, 1980
International Shipping Company
1303 42nd Street
New York, NY 10079

Dear Sirs:’

| have reviewed your latest contract proposal and found it to be
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so that the form can be seen in its entirety or in part. A form may be moved around under the
window for viewing various parts, or the window may be relocated on the screen. Overlapping
windows will produce the same effect as overlapping pages on a desktop; the last window moved is
wholly visible and hides those portions of the windows beneath it. The work station user controls
the movement of a window and the form within a window by pointing a cursor to the appropriate
arca(s) of the screen. When finished with a document, the user may file or mail it, freeing the
window and causing the document to disappear from the screen.

The work station possesses another interesting capability: It allows the user to afix signatures or

freehand illustrations to a form. The frechand markings can later be removed without altering the
form’s original condition.

Capabilities and Limitations of Officetalk-Zero

Officetalk-Zero provides the officc worker with the basic functions required to process documents
cffectively. These capabilitics include a text editor, clectronic mail with a trace function that
enables the sender to monitor the location of a mailed document, data entry capabilities, and
functions for copying and filing documents. The limitations of Officetalk-Zero appear not to be
the result of shortcomings in the implementation of its existing capabilities, but rather the omis-
sion of other desirable capabilities. The nonprogramming environment of Officetalk-Zero does
not allow the user the flexibility of defining personalized office procedures and functions to en-
hance the effectiveness of the work station.

System for Computerization of Office Processes

Zisman developed SCOOP at the University of Pennsylvania as part of his doctoral research. The
system stresses the automation of office procedures as well as of office devices.>'® The heart of
SCOOP is a model-driven monitor that traces the progress of office procedures and automatically
executes portions of them at the appropriate times. By so doing, the computer and the work
station operator interact in a joint undertaking. The system description for driving SCOOP’s
monitor comprises document definitions and office activities expressed in a nonprocedural lan-
guage. The underlying formalism of the system description is the Petri net augmented with simple
and compound predicates whose truth initiates the exccution of corresponding actions. The
predicates can be used to detect certain events such as the existence of a record, a value set by a
transaction, or the passing of a set amount of time. Like Officctalk-Zero, SCOOP has a single,
uniform interface for integrating the special-purpose systems into a unified system. The overall
system supports eclectronic message passing, document manipulation, file services. and other
functions. The creative idea of automatically monitoring office procedures to assist the office
worker is extendable to monitoring office work for compliance with security and internal control
specifications. This issue is explored in Section 12.7.5.

12.7.4 THE OIS USER INTERFACES

Farlier this chapter stated the essential properties of an OIS: It must be flexible and powerful
enough to meet the user’s needs, and yet simple enough that the office worker, a nonprogrammer,
can use it effectively. Historically, interactive application systems were developed under a systems
analyst’s supervision and management. The systems analyst’s task was to survey the user’s applica-
tions to establish the necessary svstem capabilities and to design a system meeting those needs.
The system design was a blueprint from which the computer technicians programmed the system.
Thus the systems analyst served as an intermediary, bridging the communication gap between the
user and the programmer. If failures in communication were kept to a “reasonable™ level, the
system design would indeed meet most, if not all, of the user’s needs and would be implemented as
specified.

However, often the net result of these weeks or months of implementation effort would be an
inflexible system of parameterized programs that were invoked through a kind of menu selection
that only temporarily satisfied the user’s requirements. Changes in such systems were often diffi-
cult and costly. Yet changes in the way business is conducted are inevitable and will require such
alterations in the existing systems.

A high-level office language that office workers can easily learn and use would substantially
improve the potential for efficient and effective OIS development and maintenance. However,
because of the complexities inlierent in office work itself and in natural language development, the
attainment of such a language will not be easy. Nevertheless, the current state of the art makes it
reasonable to expect the development of high-level office languages enabling the user to sct up and
maintain a wide variety of office application systems, and yet requiring only minimal training.

The languages will combine WP and data base management facilities, enabling the user to define,
maintain, and query data bases and to incorporate the selected and processed data base informa-
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OFFICE AUTOMATION 12.7.7

tion into reports, documents, memos, and so on. Micro Data Base Systems is a good example of a
sophisticated data base management system for the control of complex data structures. It is
commercially available and operational on microcompul‘ers.7 Word processor and data base man-
agement capabilities will make it possible for office workers to develop software for common
office applications such as those in a doctor’s office.

Two proposed high-level languages for use in OISs are presented next, followed by a brief discus-
sion of the controversial issues surrounding the problem of the user interface with automated OIS,

The Office Procedures by Example Language

The Office Procedures by Example (OBL) language is a nonprocedural language intended for use in
automating office and business applications.® The result of a research project of IBM, OBE is an
extended version of the [BM-marketed Query-by-Lxample data base management language. The
OBE language makes it possible for office personnel to maintain data bases and program work
stations to create tables, forms, and other documents with information already available in a data
base. Various mathematical calculations are also possible. Office Procedures by Example.also mam-
tains facilities to save programs for reuse or automatic invocation whenever certain critical events
occur within the operation. Cominunication in OBE is bv means of an electronic mailing system.

The fundamental object in OBE is the two-dimensional form. The user specifies how the dita
base information is to be mapped onto the form by filling in the form with sample data. The
sample form specifications constitute an automated procedure, which, when executed, produces
a document. This document can be edited further or can be sent to another work station in the
network.

Exhibit 12.7.2 exemplifies an automated procedure written in the OBE style. The purpose of the

‘procedure is to prepare a list of new employees arranged by manager. The procedure is set up to

run automatically once a month without user interaction. The reports are sent automatically to the
corresponding managers through the electronic mailing system. The procedure specification
consists of (1) references to two data bases, (2) query criteria, (3) a template for creating the
desired form, (4) a trigger command, and (5) a send command.

Exhibit 12.7.2 OBE Procedure for Personnel Reporting to Management

APPLICANT NAME H/R/W POSITION DATE DEPT
TR1 (MONTHLY) N H P DT D
DEPARTMENT DEPT MANAGER CONDITIONS

D M 1/01/80 < DT < 12/31/80

Dear M

This is the current listing of new employees who are
scheduled to work for you this year, 1980.

Juney Bird

NAME | POSITION | DATE

SEND (TR1) A TO M




12.7.8

COMPUTERS AND INFORMATION PROCESSING SYSTEMS

The first data base of the procedure description, APPLICANT, contains the name, status (H =
hired, R = rejected, W = hired and working), job position, hiring date (implies status is an H or w),
and hiring department for each applicant referral. The DEPARTMENT data base contains the title
and manager’s name for each department. The underlined character strings, N, P, DT, D, and M,
are example elements. The presence of each example element in the data base description and in
the body of the sample form indicates a mapping of the data base information onto the form.
The APPLICANT and DEPARTMENT data bases are linked in this procedure by the department
title field, DEPT. The department title field is common to both data bases. The result of this
cross-referencing is that M is a place holder for the manager’s name for each department. The
character H in the status field of the APPLICANT data base is a constant and states that only
applicants with a status of H are to be accessed by the procedure. The condition box places a
further constraint as to which applicants are to be reported. Specifically, those applicants who have
a hiring date in 1980 will be a part of the report.

The automatic scheduling facilities of OBE maintain a list of procedures that are to be run rou-
tinely. It automatically schedules them for execution at the appropriate times. The trigger com-
mand, TR1 (MONTHLY), and the SEND (TR1) A to M command specify that each monthly
report is to be sent automatically to the manager that the letter A addresses. Whenever this proce-
dure is executed, reports similar to the ones shown in Exhibit 12.7.3 are created. The exhibit also
presents the contents of the data bases used to create the forms.

The OBE language provides means for defining, updating, querying, and delegating user access
rights to data bases. Data base integrity can be preserved through the use of integrity constraints.
Potential integrity constraints include the editing of the update data for reasonableness of validity

Exhibit 12.7.3 Sample Input and Output for OBE Procedure for Personnel Reporting

APPLICANT NAME H/R/W POSITION DATE DEPT
Sandy Wilson H Secretary 03/20/80 ACCT
Burt Williams R Accountant
Suc Fields H Accountant 01/01/81 ACCT
Tom Smith w Mgr-Asst 01/15/80 ACCT
Joe Peels H Mar-Asst 09/01/80 PAYR
Gerald Farrel H Accountant 07/15/80 ACCT
DEPARTMENT DEPT "MANAGLR
ACCT Kathleen Roberts
ENGR Joe Doe
PAYR Peter Davis

Deuar Kathlecn Roberts

This is the current listing of new employees who are
scheduled to work tor vou this year, 1980.

Juney Bird
Name Position Date
Sandy Wilson Secretary 03/20/80

Gerald Farrel Accountant 07/15/80

Dear Peter Davis

This is the current listing of new employees who are
scheduled to work for you this year, 1980.

Juney Bird
Name Position Date
Joe Peels Magr-Asst 09/01/80
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of values and for interdata and data base consistency. The integrity constraints may be established
such that they are unconditionally enforced or enforced for only particular data base operations.
As noted in the preceding discussion, in addition to executing procedures automatically based on
specified timing criteria, procedures and other OBE actions may also be executed automatically
whenever specified events occur, for example, an overdrawn account. The conditions controiling
the automatic execution of OBE actions and commands may be simple or compound.

The Business Definition Language

The Business Definition Language (BDL) developed by IBM at its Thomas J. Watson Research
Center is a high-level language designed specifically for business data processing.” The view of
business data processing manifested in BDL centers on the fundamental observation that document
processing is the primary operation in business data processing. Documents are prepared and trans-
mitted singly and in groups between departments and divisions as a means of communication.
These same documents are later used to support recording and cross-referencing transactions. The
numerical operations involved in the preparation of these documents are usually very low level.

An objective in designing BDL was to create a language office workers could use to write
programs that would be structured, modularized. self-documenting, and easily maintainable. In
pursuing these goals. one means employed by the designers was providing the BDL programmer
with a language in which whole algorithms are written in meaningful problem solving terms.
Even though BDL was designed for general business data processing, the design philosophy
employed in its development is a blueprint suitable for the design of future OIS languages.

The basic objects in the BDL are documents, steps, paths, and files. Documents serve as input
and output mediums for steps and programs. A step is a sequence of actions for the manipulation
of documents, and a program is a sequence of steps. Each step action is either irreducible, that is,
a primitive step, or a composite of more primitive steps. An irreducible step represents a standard,
predetermined document transformation or a user-written routine describing the input and output
behavior of the step. Composite steps are reducible to primitive steps. Each step corresponds to
an organizational unit such as a department or work station. The nesting of the composite steps
is intended to reflect the hierarchical structure of the organization. A path is the representation of
the flow of documents between steps. Files are used for long-term storage of documents.

Major Components

The threec major components of a BDL system description are the form definition component
(FDC), the document flow component (DFC), and the document transformation component
(DTC). The FDC cnables the user to define templates for creation of blank documents. Each
document’s design is developed by drawing it on a graphic device. Fields within a document are
described by the type of data the field is to contain and by its format. Groups of fields can be
defined as single entities, and a sort facility can be used to order the entities. Provisions also exist
for describing floating fields and for handling form overflow (the extraneous information spills
onto a user-designed overflow form).

The DFC application system is graphically defined in terms of the organizational units involved in
the processing and flow of documents. The basic diugram constructs are rectangles, circles, and
arrows, used to represent steps, files, and paths, respectively. Forked data flows indicate that a
copy of the document is to be sent along each path identified. Exhibit 12.7.4 presents a DFC
representation of a sales processing system.

The sales processing system description has three major composite steps: customer service, ship-
ping, and accounts reccivable. The internal structure of the major composite steps is further

defined in terms of more clementary steps and data flows. These constituent steps may themselves

be composite steps which could be further refined in other DFC diagrams. Previously unspecified
file accesses may be introduced in the more refined DI'C diagrams. The system is fully described
by the DIFC when each stop is irreducible, or a primitive step.

The sales processing example is especially interesting in that it combines aspects of both OIS and
data processing applications. The customer service step prepares the invoice and approves credit
terms. The invoice preparation step is performed by a secretary at the work station. The secretary
obtains a blank invoice and fills in the customer’s nane, address, product numbers, and quantities.
A procedure written by the secretary then accesses the price file and enters the product unit price,
the total price by product number, and the sales invoice total price. Finally. the secretary reviews
the invoice. makes any necessary changes, and sends it to the appropriate work station for credit
approval action.

The credit officer, having specified general approval policies in granting credit terms on routine
orders, only affixes a specific approval to requests outside the gencral approval policy bounds. [For
these special cases, the work station is programmed to display the sales invoice in question along
with the customer’s credit history. In either case, the approved invoices are forwarded to shipping.
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Exhibit 12.7.4 Sales Processing System

Customer Order

CUSTOMER SERVICE|
- Price Rec's
| PRODUCE INVOICE e ———
Invoice
Credit Rec's
L [ ESTABLISH CREDIT TERMS }4———
Invoice
SHIPPING [ - T T T T A
Signal |
AccumSe I
Invoice’s : Invoice
Inv Rec's
| DECREMENT INVENTORY |e — — — |
Shipping Qrder’s l
1 l Customer
| PROCESS ORDERS } o
nvoice
Shipment Notice's |
ACCTS RECEIVABLE| |
e
JUPDATE ACCT RECEIVABLES jem — — — B
Acct /
Rec's

Shipping and accounts receivable are data processing systems with routines differing from the OIS
procedures in that they need no autonomous procedures, but can be fixed algorithms requiring
very little human interaction. The Accum function queues the invoices until midnight, at which
time the function releases the day’s entire group of invoices to the shipping data processing system.
The shipping data processing system fills the orders according to a fixed priority scheme, updates
inventory. and schedules shipping. In an automated warchouse, workers then supervise the packing
of the orders and notify the systcmn as each order 1s filled. The system then generates a shipment
notice document destined for accounts receivable. Similarly, the accounts receivable data process-
ing system accepts the shipment notices as input and updates the accounts receivable and invoice
files. :

The DTC of the system description is used to define the actual computation of each irreducible
step in the DFC. Theoretically, any programming language or marriage of programming languages
could be used in place of the DTC language. Thus, as in the previous example, an OIS language and
a business data processing language could both be used to implement mixed systems, taking advan-
tage of the office worker’s programming skills and those of the application specialists. The very
high level DTC language developed assumes a general structure for all steps and thus gives the pro-
grammer the advantage of a built-in control structure oriented toward business data processing.

In exchange for the resulting programming simplicity, we accept a loss in language flexibility.
The programmer utilizes the resulting control structure in defining transformations of the input
documents to create output documents. The computations appropriate to each field included on
the output document are described using normal arithmetic operators, aggregate arithmetic
operators, and logical and relational operators applied to available fields on the input and output
documents. The DIFC’s run-time mechanism automatically readies the step for exccution when-
ever documents are available on all its input paths, when prior system activity is complete to that
step.
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OFFICE AUTOMATION 12.7.11
Office Workers and Machine Interface Issues

In any organization, including the business office, formal and informal communication lines exist
between individuals and organizational units. Formal communications are designed to meet certain
anticipated. critical information needs, with written documents usually serving as the medium.
Preparation of the necessary forms is generally detailed as a part of the system description.

This type of communication closely corresponds to the document-oriented view of an OIS. The
well-defined procedures lend themselves to being algorithmically specified. The documents can be
structured and formatted and electronically or wmechanically manipulated. Moreover, a muailing
system is a natural and officient means of transterring documents between the organizational units.
Office information systems, properly complete with user-matched capabilities, are capable of effi-
ciently supporting formal office communications.

The critical issue concerning formal communication in an OIS environment is the office worker-
machine interface. As formal communications are machine representable, the question becomes
whether clerical users can get the necessary support to perform office tasks with standard office
capabilities such as WP and user-written routines.

Informal communications—conversations, gestures, jokes, and unwritten guidelines—serve an
important organizational need often not adequately accounted for by the system. Dialogue is used
by senior employees to provide on-the-job training for junior employees. Stimulating conversations
about business problems, sharing ideas and knowledge, can give problem solvers new insights. Con-
versation can encourage personal involvement, concern, and a feeling of group membership. These
forms of social contact are essential to maintaining an cffective office organization and exemplify
information communications that cannot be adequately supported by a purely document-oriented
OIS. The integration of information communications into an OIS is a major concern in interfacing
people and machines.

Office Worker-Machine Interface

The implications of aparticular design philosophy and the nature of the resulting OIS interface are
important to office personnel staffing and training. Clerical workers and managers cannot be
expected to possess expert programming skills, and yet they need to control their own office pro-
cedures. An OIS will generally incorporate only specific probiem-oriented functions and capabilities
commonly needed in an office setting. or example. Qdyssey is a knowledge-based system for aid-
ing an individual user with business trip preparations.'® Knowledge of trip preparation is built into
Odyssey so that it can intelligently assist the user.

Specialized office assistance packages such as WP, DDS, and Odyssey can provide interactive
procedures to aid the office worker in performing office tasks. These procedures enable the worker
to perform effectively the particular task for which the system was designed. Users will require
little training since most of the systems will have simple interfaces using basic problem-oriented
commands or prompting techniques. However, they cannot cover the wide range of autonomous
office applications currently required by business. Depending upon the nature of the task, office
workers will be expected to specify and correct programs and to maintain their own automated
office procedures.

This section addresses a few of the many issucs concerning the design and implementation of OIS
languages that will ease the office workers’ burden in this respect. A number of these issues have
been addressed by the computing community and correspond to questions regarding conventional
programming languages: structured programming, concurrent languages, program and system docu-
mentation, data base languages, and the elimination of technicalities such as memory dumps from
the programming environment.

Programming languages are defined by their syntactic and semantic rules. For a programming
language to be properly interpreted by the computer. it must adhere to a set of rules that can be
encoded as an algorithm. This need to structure and interpret the languages rigorously puts even
limited natural language processing outside current programming technology. Clearly, the styles
of conventional programming languages such as COBOL, FORTRAN, or Pascal are inappropriate
for unsophisticated OIS users. For this reason, languages more appropriate for OIS have been
described and are reviewed here.

An example of a special-purpose OIS language is OBE. Its simple, mimicking style makes OBE
very easy for even unsophisticated clerical personnel to master. It is well suited to programming
work stations called upon to prepare simple forms formatted according to the OBL standards.
The automatic task initiation feature is also easy to use and very practical. The problem with
special-purpose languages like OBE is that their application span is very narrow. Tasks coinciding
with the abstract model on which the language was designed can be easily encoded: however, any
deviation from the language’s original problem formulation assumption will greatly increase the
programming problem, if not make it impossible to express in the language.

At the other end of the language continuum are general-purpose languages. For a language to be
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general-purpose, it must consist of fundamental operators, data types, control structures, and data
structures with which problem-oriented routines can be constructed. Translating a conceptualized
algorithm into such a language is difficult; however, the more general-purpose the language, the
wider the range of problems it can be used to solve. This benefit is obtained at the cost of increas-
ing the conceptual difficulty in the programming task. Matching the right OIS language to the
clerical user’s or application specialist’s needs and abilities is essential to effectively increasing
productivity. A mismatch will reduce an OIS’s effective use and could cause the system to fail.

Problem-oriented BDL is about midway between a general-purpose and a special-purpose lan-
guage. Variations on BDL may provide an almost general system framework permitting the auto-
matic interface of two or more languages. As the sales processing example showed, the DFC served
as the system framework in depicting the irreducible steps and their relationships. Office-oriented
steps could be programmed in the OIS language, and data processing steps could be programmed
in a more appropriatc language. If each step complied with the same document input and output
concept, then the interface between the languages could be the document. On the surface this
style of integrating languages is appealing because it permits the selection of the proper language
for the task and the automatic intertacing of OIS with data processing systems.

The introduction of the intelligent form could help to lessen individual tasks by embedding
controls within the form. The intelligent form would automatically perform complex edit and data
consistency checks on itself and restrict the individual user’s rights to view, update, or add informa-
tion, depending upon the user and/or the form content. The intelligent form would schedule itself
for work station processing according to specified priorities and current work station loads and
could become persistent if neglected too long. Once the form is so described, office personnel
would need be concerned only with primary document transformations. This would guarantee a
measure of consistency in processing the document and would improve data security.

Another noteworthy issue includes the possibility of standardizing OIS languages to eliminate
manufacturer dependency and problems involving constant, necessary training and retraining

of personnel and to increase the portability of office procedures as well as data and procedure
security.

Informal Communications

As previously mentioned, informal communications are necessary to performing group tasks in the
business office. In a pure document-oriented environment, casual memos delivered by means of
an electronic mail system cannot replace social contact and information exchange. An OIS that
could support video and audio transmissions would hcighten social interaction. Whether this
would be adequate is an unanswered question. Office organization designs aimed at increasing social
contact are a potential solution to the problem, but perhaps at the cost of some lost machine-
based effectiveness. As hardware technology advances, work station portability will increase the
prospect of the office worker’s home becoming the office ~a situation with tar-reaching social and
business implications.

As first-gencration OISs are introduced into the business environment, there is likely to be little
loss to the informal communication system. Implementation will probably not be complete, and
initially clerical personnel will rely on each other while they learn how to use the system effec-

tively. However, as OIS users become more proficient and OISs more powerful and complete, the
task requirements for social contact will decrease.

12.7.5 OFFICE INFORMATION SYSTEM MODELING

Office information systems developed around the formal lines of communication and formal work
station activities are subject to precise modeling. The advantages in modeling OISs are several.
First, an OIS described in a formal manner can be checked for descriptive consistency and com-
pleteness. Second, a validated OIS model constitutes a standard and uniform documentation of the
system. Third, the model can be used to further various types of analysis. For example, office
efficiency specialists might use the OIS model to predict system performance, or auditors con-
cerned with internal control issues wouid be able to analyze the control and processing structure.
Fourth, managers, once convinced that the OIS model is secure, adequately controlled, and effi-
cient as modeled, will require assurances that the implemented OIS complies with the model. Given
the complexity of a full-scale office, it is infeasible to perform such analyses manually. What is
needed is an OIS modeling process capturing these advantages as well as providing managers with
the capability to restructure the organizational units and tasks under their authority as circum-
stances dictate. .

Information Control Nets

Information Control Nets (ICN) is a model developed at Xerox PARC to describe and analyze
office information flows.!! The ICN model defines an office as a set of uninterpreted agctivities
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that access and update information stored in repositories. Possible execution sequences of activities
are defined by “precedence constraints.” A preccedence constraint is a simple rule stipulating an
immediate successor activity for the parent activity. Upon completion of an activity, onc of its
immediate successor activities can proceed. As with most office data flow models, the execution of
a subsequent activity need not immediately follow the termination of its predecessor. If the work
station operator is busy or away from the work station, then the activity is temporarily suspended.

The office models presented here share a fundamental perspective on the processing environ-
ment: that offices are transaction oriented and that, even though many transactions are performed
concurrently, the activities required to process each type of transaction can be adequately de-
scribed without explicitly considering the concurrent processing of like transactions. The models
are designed to depict all preconceived processing for a particular type of transaction. Specific
knowledge of how each type of transaction is individually processed can be used to infer knowl-
edge of the highly parallel office environment.

An ICN can be represented graphically or as mappings defined over a set of activities and a set of
repositories. In ICN diagrams, rectangles represent repositories; triangles represent temporary
repositories; labeled circles denote activities; small, hollow circles denote conditional branches
(choice nodes); solid lincs connecting activities denote precedence constraints; broken lines denote
repository access and updates; and a small, solid circle denotes the start (end) of parallel activity
sequences.

Exhibit 12.7.5 is an example ICN graph. In the cxhibit, activity a; begins upon the arrival of a
departmental request. Activity @, simply logs the request in a logbook. Upon completion of a,a;
is initiated, resulting in a typed requisition, which is then stored in the requisition form repository.
Activity @3 prepares a purchase order form. Choice node a4 follows a3 and establishes whether
activity a¢ or activity as is to follow. The choice depends upon whether the requested items are
in stock. The branch associated with the in-stock choice is assigned a probability of occurrence of
.75. If the out-of-stock branch is taken, activities a¢, a4, and ag designate that the purchase order
is to be sent to another worker for verification and approval; otherwise, activity a5 completes a
work order form for inventory. Note that the activities are only vaguely defined. The designers

Exhibit 12.7.5 Purchasing System
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communications overhead.

Exhibit 12.7.6 is a result that could be obtained by automated optimization transformations to
the purchasing system of Exhibit 12.7.5. Activities a¢ and a4 on Exhibit 12.7.5 are automated on
Exhibit 12.7.6 within activities a3 and ag. The OIS communications system is utilized to accomplish
this end. Shifting the prepared requisition activity (a3) with respect to the log request activity (ay)
permits parallel processing of activities a4 and a\, the in-stock check and log request, tespectively,
This latter transformation belongs to the reorganization category. The primary advantage of paral-
lel processing is to reduce the clapsed time requirement to complete a transaction. Activity a3 has
been rolled forward through decision node a4 since the catalog needs to be accessed only if the
requested items are out of stock. Since activities a3 and ag access the catalog, and activity agisan
immediate successor to activity a3, the catalog information obtajned by activity a3 can be stored
with the purchase order form in the temporary repository p for use at ag. This transformation will
reduce competition for access to the catalog and will make the catalog information readily avail-
able to activity ag. These preceding transformations were designed to reduce file access overhead
and are examples of streamlining transformations.

By augmenting the ICN diagram with branching probabilities and average service times, it is possi-
ble to calculate the expected service time to process a single transaction. Consider Exhibit 12.7.7,
which is an example of such an augmented ICN diagram. (Files are omitted for simplicity.) The
precedence arrows are labeled with the branching probabilities and the e i , 8,

mple, the service time for activity a5 is 1.5 min, and the probabil-
ities of activity a, initiating activity a4 or as are .3 and .7, respectively. Thus the expected service
time required to complete activities a3 and a4 or activities a3 and a5 is 1.5 + 35 +.7(10)=10
min. Similarly, we could calculate the expected service time of the entire graph ! Using matrix
notation, the computation is performed as follows:

expected service time of the graph = W[E(Vni)]

- Exhibit 12.7.6 Purchasin

g System of Exhibit 12.7.5, With Automated Optimization
Transformations
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Exhibit 12.7.7. Augmented ICN Diagram and
Expected Service Time Calculations

W=[2 8 15 5 10]
V=11 0 0 o g
==[0 6 4 0 0

6 0 0 0 o

0 0 0 3 7

0 0 0 o0 o

0 0 0 0 o

Ve =[1 0o 0 o 0]
Fey=10 6 4 0]
Vr2y=10 0 0 12 .28}
VeH=0 0 o o 0]
(zVah)=[1 6 4 12 28]

WEWnh=(2 48 6 6 28]=108

where W, = 5;
Vi = probability of entering the graph at activity /
M= probability ofal- directly following a;

This type of analysis may be useful in analyzing office models’ characteristics. It is possible to
ascertain the effects of introducing parallelism into g model, to answer questions concerning indi-
vidual and group work loads and processing times, and to study system throughput characteristics.
Such elementary analysis is useful, but very limited. For example, consider an office where order
transactions are processed on a priority basis. The transaction’s priority may be bascd upon simple
criteria, such as a customer’s credit rating, or on more complex, multiple criteria, such as the pur-
chase amount, the customer’s purchasing history, and/or current inventory levels. Now, complicate

OIS Simulation

System simulation is an interdisciplinary technique widely used to assist in measuring system per-
formance. The ability to simulate presumes the ability to model the system. Industrial engineers
and operations researcliers use simulation as a tool for analyzing such systems as machine networks.
Accounting researchers use simulation techniques to study transaction processing systems and to
measure the eftectivencss of the error detection and correction facilities incorporated in the system
design. System designers also rely heavily upon simulation in fine-tuning system configurations.
Common to most simulation applications of this type is the need to measure a system'’s perfor-
mance and its components using measurements such as utilization, work load, throughput, and
response time,

Simulation models employ descriptions of system procedures, queuing strategies, and probability
distributions for such attributes as arrival rates, service times, system resource needs, and routing
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probabilities. Since the automated office is
office designers can also employ simul
and underutilized work station capabil
nizing office and work station tasks.
under the same work load provide comy

a system similar to those currently being simulated,
ation techniques as a design tool. Detection of bottlenecks
itics can give the office designer crucial insights into reorga-
The statistical results of two simulation models operating
parative measurements for evaluating one against the other.

Work Station Simulators

Nutt and Ellis propose the use of an office environm

1ent simulator not only for observing the real-
time pertormance of an OIS, but also

as a personnel training tool.!® The personnel training tool is
a work station simulator that can give the office trainee hands-on, real-time experience. Flight and
driving simulators have already proved the effectiveness of simulators for learning purposes. The
advantages of training on a work station simulator are as follows:

1. Events and situations can be manufactured to specifications. Using a real OIS, the trainee
would repeatedly perform the same ordinary tasks, spending very little time handling important
exceptional situations. At a work station simulator, all preconceived events and situations would
occur according to specificd frequency rates.

2. Measurement of office worker performance. Measurement of office worker performance is
an extension of advantage 1. By presenting office workers with identical work loads and collecting
statistical information as the office worker manipulates the work station, mecasurements are ob-
tained that are comparative between office workers, between individual sessions, and against pre-
specified standards.

3. A practicing environment for developing automated office procedures. The work station
simulator would permit the definition and execution of office procedures by the operator of the
work station. This would enablc the trainee to gain valuable programming and debugging experi-
ence without incurring the costs associated with mismanaged informations.

4. A controlled environment laboratory) for studying human performance in relation to
changes in the work station design or capabilities.

5. A systems development tool.  As work station operators develop and refine automated proce-
dures, these procedures can be used to simulate unmanned work stations. In this way the pro-
cedures’ correctness and completeness can be tested in a real OIS environment.

A facility for real-time interactive simulation of a distributed office system has been developed

at Xerox PARC. The facility, Backtalk, comprises a network of nodes, each of which is a work
station or a dedicated device such as a printer or a data base server. One or more of the work
stations are operated by automatic procedures that model the would-be opcrator in a realistic
fashion. The remaining unautomated work stations serve as simulators that interact with the entire
system.

The realism of the simulation depends upon the automated work st
simulator work stations’ specific demands. Since the construct
the nature of the demand, it is impossible for automa
mation communication events such as memos. Howeve
by identifying some basic characteristics of the dem
replies taken from a data base of historical interaction

The Backtalk facility possesses many of the abilitie
tages above. In a single work station simulator mod
gram procedures; access data bases; manipulate fo
stations, which in turn can generate new forms; tr.
the work station simulator; and destroy forms.

ations’ ability to reply to the
ion of the reply is contingent upon
ted procedures to reply realistically to infor-
1, a certain degree of realism can be achieved
and and answering with prestored replies or
s between real work station operators.

s and propertics presented in the list of advan-
e, it enables the work station operator to pro-
rms; transfer them to other automated work
ansfer forms to other work stations, including

Theoretic Internal Control Model-TICOM II

An important aspect of any OIS is the auditability, accountability, and internal control protections
of the system. The Foreign Corrupt Practices Act of 197714 requires firms’ procedures to satisty
certain internal control criteria that lessen the possibility of misallocation of corporate assets. As
a result, every OIS operation is subject to external legal criteria. Consequently, significant design
criteria are imposed on any OIS in addition to the usual engineering and convenience constraints.

The legal restrictions on office procedures, whether automated or not, are not the only criteria
an OIS must satisfy. Firm managers also will wish to verify that only authorized individuals access
company assets for valid purposes. When document processing is executed by machine rather than
manually, the difficulty in verifying internal control procedures becomes more complex, as is
corroborated by increasing “computer theft.” As corporations grow more complex, successfully
auditing firms in the traditional fashion—with involved, laborious flowcharting and narrative
descriptions of document and asset flows—becomes more difficult.

OFF

Th
com;
spee:
part¢
resul
OIS
catio

Tl
sen-
con
be :
doe:

In:
will
imp’
purc
depu
the .
depa:
acces
TIC!

Mec/

The
narra
inpi
chan
simil
a co:
the 1
of tb
exam
A f
12.7.
tane:
indiv:
firm °
expre
comy}
FER
the it
On
ness.
mand
exam.
really
pondi
it is
thus -
initia!
Th.
about
guage
is in
the s
docui
set o:
langu.
curre:
comp
Altl
have
proce
auditc



OFFICE AUTOMATION 12.7.17

Therefore satisfying legal constraints and management desires will soon require more extensive
computer-assisted auditing. There are two important advantages to automated auditing. First, the
speed, precision, and cost of computer processing compare favorably with their human counter-
parts. Second, interfacing an automated auditing and internal control system with an OIS will
result in a nearly continuous audit, considered to be ideal in auditing literature.! In this way the
OIS may be modified to satisfy legal constraints and permnit economical internal control verifi-
cation. .

TICOM 11'6:17 is an example of a computer-assisted internal control verification system. In a
sense it proceeds in much the same way a human auditor does in establishing that certain internal
control conditions are satisfied. However, the analytic capabilities are automated and therefore can
be interfaced effectively with an OIS, The result of this conjunction is continual proof that the OIS
does not violate sound management principles of internal control.

Intuitively, when firm employees use the OIS to process documents, the result of this processing
will be examined by TICOM II. The latter will then consider whether the specified processing
implies a violation of sound internal control. For example, it is considered good practice for the
purchase order sent to the recciving department to contain only quantity data. The receiving
department must enter the actual quantity received from the vendor and not merely copy from
the quantity listed on the purchase order when completing a receiving report. Thus, if the receiving
department attempts to access quantity data, TICOM II will immediately flag and prohibit the
access as a violation of internal control. This prohibition exemplifies the interaction between
TICOM II and an OIS in thwarting internal control violations.

Mechanics of TICOM II Modeling

The TICOM II modeling procedure is a generalization and semiautomation of the flowchart and
narrative procedures auditors use to describe and evaluate internal control systems. The modeling
input is a description of the duties and tasks of individuals within the firm. Instead of the flow-
chart, however, this modeling is expressed in the TICOM II modeling language.!® The procedure is
similar to flowcharting these duties just as writing a flowchart {or an algorithm is similar to writing
a computer program. An example of the TICOM Il modeling is given in Exhibit 12.7.8. It shows

. the relationship of the flowcharted boxes representing document processing and the commands

of the TICOM II modeling language. A complete description of the language and an extended
example can be found in Bailey ct al.}é

A unique aspect of the language is embedded in the WAIT expression illustrated in Exhibit
12.7.8. The modeling procedure currently used for internal control descriptions involves the simul-
taneous construction of a flowchart for the entire firm. In the TICOM II modeling procedure,
individual tasks are described separately, and these are integrated into a complete model of the
firm by an automated algorithm. The links between individual tasks are determined by the WAIT
expressions. In Exhibit 12.7.8 we see clerk 1 waiting for requisition approval. This informs the
computer that the TRANSFER of approval fits into clerk 1's duties. Thus, by matching TRANS-
FER to WAIT expressions, a model of the firm’s internal control system can be recovered from
the individual descriptions.

Once the firm model is pieced together, TICOM II then analyzes it for consistency and complete-
ness. This processing phase involves checking various items. First, it establishes whether each com-
mend performs a valid task, whether the document processing involves possible actions. For
exwnple, if an item on a purchase order, such as “vendor,” is altered, it is established that this item
really exists on a purchase order. Second, it is determined that every WAIT expression has a corres-
ponding TRANSFER that satisfies it. Finally, each document in the system is examined to sec that
it is well defined. Consistency and completeness checking is a large part of the auditor’s task, and
thus the machine algorithm easily assists the auditor with automatic model construction and the
initial testing.

The major value of the TICOM 1l system, however, is its ability to solve automatically queries
about the internal control model. This is executed by means of a query language. The query lan-
guage is expressed in a predicate calculus format, with all predicates (e.g., purchasing (p) means p
is in the purchasing department) and terms defined in the model context. The types of queries
the system can answer include the following: (1) Can an individual or department access a set of
documents and assets? (2) Can a member of a given set of commands follow (precede) another
set of commands? and (3) Can a set of conditions characterized by the predicate calculus query
language ever be true in the firm model? These queries respond to most internal control issues
currently examined in the literature. The mechanics of query answering and the computational
complexity are examined in Bailey et al.!8

Although the modeling procedure, consistency and completeness checking, and query processing
have been extensively examined, the interface to an OIS is still under investigation. Intuitively, the
procedure is to preprogram the TICOM 1I system to answer internal control queries that concern
auditors. Then, every time the OIS is faced with document processing, it will be established that
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Exhibit 12.7.8 Example of TICOM 1t Modeling
Clerk 1

Getreq 1 from clerk 1 — desk—dfawer;

Prepare
req 1

Assign source-dept, date, items/item-num
atys of req 1

Transfer req 1 to manager

Wait for req 1
ifreq 1. approval in dept-super-appr then

Copy req giving req 2, req 3;
Putreq 1 into requisition—filg;

Purchasing Transfer req 2 to purchasing. Agent

Accounting Transfer req 3 to accounting. Accountant

Else review;
End if;
End task;

End clerk 1.

this processing is consistent with the preprogrammed security issue. Thus every document process-
ing request may be actively shown to satisty accepted accounting practices.

Another important use of TICOM I involves the design of the OIS. Once an OIS is proposed, it
may be modeled in the TICOM [} modeling language. Relevant internal control issues may then be

evaluatéd for the proposed OIS. If violations of accepted accounting principles are discovered,
additional sccurity precautions can be implemented unti

Accounting principles form an important part of an
the links between electronic and manual document processing compound the difficulty of estab-
lishing satisfactory internal controls. Verifying that such controls exist is the purpose of TICOM I
In addition, TICOM II may be used as a design tool, by detecting failures in the internal control

system. Finally, it may be interfaced with an operating OIS to provide continuous updating of
internal control criteria satisfaction and a desirable, continuous audit.

Y operating management system. In an OIS,

12.7.6 INTRODUCING AN OIS INTO THE OFFICE SETTING

Implementation of an OIS is a much-discussed subject among business and office managers. [ts
particularly interesting problems are (1) the magnitude of the automation task; (2) the shortness
of the implementation lead time; (3) the magnitude of the clerical training; (4) the acquisition of
unavailable technicians for technical support; i

; these will be derived only through actual
expcerience. However, careful planning should eliminate many possible pitfalls and lessen the con-
sequences of inevitable, unforeseen obstacles.

One of the most positive steps an office manager could tak
tion specifications. A fundamental objective of an OIS is to
business as before, but with t

e would be to formalize job descrip-
permit the office worker to conduct
he aid of electronic processing capabilities. Automating office work
is not primarily intended to alter individual task assignments or responsibilities significantly,

although this may result. It may be true that increased productivity brought on by automation will
free office workers to perform more important tasks, but this will only add to their current roles,
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Therefore accurate, precise, and complete job descriptions are an essential input to the automation
cycle. It is strongly suggested that the job descriptions be represented in a uniform and formal
manner so that the office worker and application specialist can automate directly from the proce-
dural specifications.

A second desirable property of the job description specification would be its machine acceptabil-
ity, using a language similar in style to a computer prograimming language. The TICOM II language
may be particularly useful in this respect. Such a representation would provide not only an opera-
tional statement of the procedures, but also a systemwide control of data flow relationships among
the tasks. Compilerlike programs could check the descriptions for inconsistencies, and models of
the office coutd be mechanically constructed from the procedural descriptions. Using the computer,
office analysts could then apply similar techniques to rigorously evaluate and measure the system’s
performance on efficiency and internal control scalcs. The validated office model and the system
and job descriptions are the blueprints from which an OIS can be implemented.

The cost of such a project will be expensive, but cost beneficial, over the implementation cycle.
It would seriously address and partially solve some of the aforementioned problems of OIS imple-
mentation, particularly. problems 1, 2, 3, 5, and 6. In addition, rigorous analysis of current office
procedures could reap immediate gains from the discovery of incfficient and inadequate intcrnal
controls.

A managerial task force of representatives from all relevant disciplines should be formed to pre-
pare specific long-term plans for OIS implementation. Suggested task force members include
computer and LDP technicians, personnel and behavioral experts, accountants and auditors,
departmental representatives, and office designers. Open communications between task forces to
share ideas and identify problems and solutions would be beneficial. Throughout the planning
and development stages, it must be remembered that an OIS is not in itself a labor saving device.
It is by no means guaranteed to solve today’s office problems automatically. The philosophy and
design of the OIS must take into account the needs, abilities, and limitations of the organization
and its individual members. However, if the organization is ready, the automated office will be
implemented successfully and beneficially.

12.7.7 IMPLICATIONS OF OIS

As the world becomes increasingly interdependent, refiance on office-type communications, infor-
mation processing. and knowledge storage and retrieval will grow. The advent of conglomerate
firms has required business offices to handle information supplies and requests from all markets
and all parts of the globe. This has strained traditionally labor-intensive office processing to the
breaking point in some industries. for example, the stock cxchanges. In banking and the stock
market, clectronic processing and office automation have proved necessary, simply to deal with
the growing volume of transactions. Other industries have not yet been quite so strained.

The effects of office automation will be startling and pervasive. As computers direct more office
procedurcs. office workers will increasingly find their job focusing on machine interactions. As for
effects on the office job itself, office workers will be offercd more direction from machines provid-
ing documents to be processed and comments on the processing. Consequently, the office worker
will face a corresponding decrease in the need for self-reliance in job performance. The machine
also will actually perform many of the simpler tasks now done by the office worker. However, as
OIS concepts permit job requirements to be designed to fit the worker, job enrichment is a poten-
tial variable available in developing systems for maximum production.

Throughout this work, we have described and discussed OIS issues we feel will greatly affect the
lives of office employees and the manner in which office business will be conducted. Conceptual
knowledge of these QIS design issues should give the reader, the office manager, and the office
rescarcher insights into the problems as well as the benefits of office automation. Although we
could not report on all the aspects of OISs in this shart space, we have surveyed the breadth of a
new and exciting field.
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