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I. INTRQDUCTION
This study is designed to provide an cojective

evaluation of the cargo management system of the 'Military
Sealift Command* (MSC) of the U.S. Navy. The study was
based on detailed field evaluations at MSC headquarters

as well as the two area commands, and benefited by the
close cooperation and advice of many officers and staff

of MsC.

The purpose of this study was to determine the
requirements for improvements of the cargo management system.
The staff of MSC was continually kept informed of the findings
as they evolved and approaches developed for the resolution of
existing or potential problems. Suggestions and recommend-
ations presented in this report were discussed with
potentially affected staff members, and the general
conclusion of the study was presented to MSC headquarters'
staff during a briefing before the end of December.

Comments and criticisms obtained in these meetings were
considered and included in this report where appropriate.
We greatly appreciate the productive responses and comments
obtained, which greatly added to the value and implement-
ability of the study results.




IT. EXECUTIVE SUMMARY
Between August 1979 and January 1980 E. G. Frankel Inc.

conducted a study of the Military Sealift Command's cargo
management system. The study was concerned with the problems

of cargo management confronting the area commands as well
as those of the headquarters. The results of the study are j
completely described in the following section and are N

summarized below.

II1.1 Summary of Recommendations
1. A formalized cost accounting system should be introduced

i as an adjunct to the existing stewardship accounting system.

! 2. The forecasting techniques behind the force plan and

price setting exercise should be refined.

3. The routing and scheduling procedures used for the
MSC controlled fleet should be overhauled.

4. The administration of the CALSTAT system should be
rationalized. In the process, clear standards for
currentness and level of detail really required should
be established.

5. The diverse sources of information supplying the
MSC system should be integrated and within two years a
modern data base management system installed.

6. A booking system of limited complexity be implemented
at each major area command. These should be initially
integrated into the command information system of COMSC

and finally into the DBMS recommended in 5 above.
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I1.2 Discussion of Recommendations
IT.2.1 Implement a Formal Cost Accounting System

A major conclusion of the study is that MSC's
management is not adequately supported by the cost
information presented to it. This is particularly crue
in the area of controlled ship management.
It is a known economic principal that to optimize
any process, resources should be expended until their
marginal cost equals the marginal gain resulting from
their use. BAs is a common characteristic of any stewardship
accounting system, that of MSC is only capable of producing
average costs. These averages are presented at a very
high level of aggregation. Wwhile describing, in some
sense accurately what did happen, they are of relatively
little value in suggesting what should happen, i.e. for
planning purposes.
Their use in planning can at best only result in
decisions where average costs equal average returns. It {
is a clear economic principal that in industries with |

favorable economies of scale, this regime leads to excess
capacity and an unnecessarily large overall systems cost.
While no accounting system can truly present
marginal costs and benefits of decisions to decision |
makers, a formal cost accounting system is structured ]
to provide information in a format closely approaching '
the ideal.
The important principle behind: such an accounting
system is to charge costs (and revenues) in such a way
that their connection with actual decisions is clear.
The first step in such a process is the establishment of ;
profit and cost centers. These are organizational groups

which

1. are engaged internally in the same activity
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2. are managed internally by a single individual
or group

3. internally have costs and revenues determined by
decisions made within the group

4. are reasonably small.
Costs and revenues are then booked to these centers

allowing the exact origin of organizational success or
failure to be determined. Usually operational cost
centers are not responsible for the prices of goods and
services they procure but only for the amount. Likewise
procurement cost centers have great control over cost,
but relatively little over actual volumes used. Hence
such a system produces both volume and price variances
of operating results are produced.

The volume variance is used to assist those making
operational decisions, and is based on the actual volume
priced at a standard price (usually that in the budget)
and the price variance is used to assist those in a
procurement function and is calculated using the budgeted
volume reported at the actual cost.

In situations where the system is servicing a
varying unpredictable demand, a "flexible" budget is
used to calculate the variances (rather than the budget
used for financial planning). This flexible budget is
really a set of budgets each applicable to a given
level of system utilization.

While cost accounting systems are relatively
standardized (some available as canned programs), their
implementation is a major undertaking and their operation
usually imposes a large burden in terms of the accurate coding
of invoices. Hence it may be desirable to investigate
modifications to the existing stewardship system which would
allow it to produce cost information more closely approaching

the marginal cost ideal.

- oth
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Most of these ideas have to do with greater
segregation of accounting data and the construction of
more descriptive matrices of the service provided other
than the "ton mile" now used throughout the system. One
approach is to split the MSC system into a few typical
services. For example

1) U.S. Europe container
a. inbound
b. outbound

2)‘ U.S. Europe break bulk

a. inbound
b. outbound
3) U.S. Far East container
a. 1inbound
b. outbound
4) Tricoast
5) Other

Costs and revenues are then tracked within those
areas per ton shipped.

In any case it is necessary that the emphasis placed
on "ton miles"” be removed as few costs and no revenues are
explained by the ton mile concept. For example, as
little cargo is available in Hawaii for shipment to
the Far East, the true burdened cost to ship cargo from
Long Beach to Hawaii on an MSC controlled ship is very
nearly the same as from Long Beach to Pusan. In addition
the commercial charges for carriage between Long Beach
and Hawaii may exceed those between Long Beach and
Pusan. Thus, for the Tricoast Service, any presentation
of cost of revenue data based on ton-mileage will and does
lead to some misallocation of the MSC controlled fleet.
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II.2.2 Improve Forecasting Techniques

The next recommendation of the study is that the
volume forecasting techniques should be refined as used to
prepare the annual force plan, budget, and to assist in the
determination of MSC's price schedule for interservice billing.
Before the recommendations concerning these forecasts are
discussed, it should be pointed out that the quality of those
at MSC exceeds those available to private industry. Thls is
primarily because of the limited number of large shippers
using MSC and the spirit of cooperation and care which
surrounds MSC's planning activities. However, the accuracy
of MSC's forecast is more critical to its operations then
that of a private company.

A private shipping company has considerable latitude
to control its unit costs in response to varying demand.
Vessels can be layed up, chartered, etc. Thus the effects
of fluctuating volumes on operating results are diluted.
Additionally, FMC regulation require rates to exceed the
fully burdened cost of providing the service, and rates
can be adjusted frequently. All these factors give
commercial liner service much flexibility in limiting their
losses when volume forecasts are incorrect.

In MSC's case both unit costs and unit revenues are
firmly set at the beginning of a period and any deviation
of actual volumes can have immediate effects on operating
results. The impact depends on the difference between
unit costs and unit revenues. If this were zero on a route
by route basis, then the forecast’s accuracy would be
moot as the system would break even no matter what volumes
were shipped in it.

However, this is not the case as the ton mile
methodology used to determine user charges produces cross

subsidization. Additionally of routes within the system,




the programmed loses and profits of the system cast
noticeable discrepancies between unit costs and revenues.
As a direct result, forecasts not only of total system use
but also of volumes on all routes where costs are not

in line with billed revenues must be correct for the system
to perform as planned,.

A 5% error in the forecast makes an impact on MSC
operating results that no possible operational action can
correct. This situation first underlines the importance
of a cost accohnting system to support the stewardship.

If the difference between superb management and less
effective performance is a 25 million dollar loss as
opposed to a 30 million dollar loss, no one (including

the managers themselves) can evaluate the guality of their
management decisions. However, the maintenance of such a
pricing system is required by the DOD's decision to absorb
uncertainty in marine freight rates in MSC - the agency
best suited to procure marine freight. TFor this system

to work well, forecasts must be as reliable as possible,
and in an effectively usable form.

The current forecasting method consists of
appraising the services of future volumes and then of
challenging items thought incorrect. This is felt to be
a productive procedure which can be shown to provide a
strong historical base for the forecast. After the
completion of the above, a computer program should sift
through the entire forecast and calculate the sensitivity
of MSC's operating results to poor estimation
of volumes on each route. The program should then print
out all flows whose variances have the largest effect -
focusing attention on ensuring these to be as accurate
as possible.

As a parallel independent effort MSC should work

out, using market research and demand forecasting techniques,
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what military agency processes or developments are generating
the demands. How might they change. It should then adopt

a zero base budgeting methodology and construct a budget
using its mission statement and the configuration armed
forces deployment to estimate logistics demands. When

this is done, the forecasts should then be reconciled.




II.2.3 Routing and Scheduling
Much of MSC's system presents no scheduling problem.
Notably in the areas of RoRo ship operation by the Atlantic

Command and commercial container utilization, MSC has
little or no difficulties in the scheduling area. However,
in many other areas of the operation, in particular that of
the Tricoast Service, the current tools and information
available for scheduling represent costly shortcomings

in MSC's system and should be extensively revised. The
scheduling is deficient in the following respects:

1. The schedule's current goal of optimizing
individual voyage results does not necessarily
lead to the fulfillment of MSC's mission at

- minimum cost to the government.

2. The cost and revenue data used in the scheduling
exercise does not present an accurate economic
description of MSC's operating environment.

3. Cargo prospectus for inbound cargo are insufficient
to provide substantial guidance in schedule
construction.

4. Insufficient attention is paid to the attractive-
ness of the schedule to shippers and on its

influence of cargo offered MSC.
The current system consists of taking a general proposed

schedule and then deriving a schedule by the optimization

of the financial results of individual voyages using the PROFORMA
computer program as the evaluational tool. This evaluation
consists of the comparison of different routings and schedules

as variation upon a baseline voyage. The fleet schedule is

never directly addressed, but only that of particular

vessels. The bulk of the work expended on scheduling a

vessel is done when arrangements are being made for its

outbound voyage. As a result of the timing of this work,




it is unlikely that any lengthy consideration of the system-
wide influence of one voyage on another is possible.

The personnel at the Pacific area command are making
substantial efforts to improve this situation and our
recommendations are intended to help and support these
efforts.

The basic thread of our recommendation is that the
voyage by voyage PROFORMA approach is applicable to a
tramping operation only. As the Tricoast and other services
offered by MSC are not by their nature tramp but scheduled
liner operations, schedules should not be evaluated on a
voyage basis at all. They should be considered on a system
wide basis. All liner companies make the schedules with
this philosophy..

There have been numerous attempts to pose shipping
schedules as technical operations research problems.

To our knowledge all of these attempts have been abandoned
except those utilizing linear programming. This is the
only methodology with any proven track record. Its
success is largely confined to oil and bulk minerals
transportation, organizations where savings in transport
costs can be realized by the shipper of the goods - the
oil or minerals company itself. In the liner area

savings from improved scheduling are not easily passed

on to shippers and they thus have little interest in
modifying their plans for the convenience of the ship
operator. As a result, most liner -operations are scheduled
on a relatively high level in the organization by
consideration of service requirements, and schedules of
feeder ships, trains, and trucking times from major
geographical sources of cargo, and fuel costs. Once
sailings are advertised, little leeway is possible because

10




of the difficulties in changing paperwork.

In MSC's case it is recommended that the use of
linear programming be studied as a scheduling tool to
replace proforma. This should be done as an experimental
real time application on the area command level, rather
than via the formalized feasibility study and subsequenﬁ
procurement method.

This hands-on approach will lead to a more rapid
evaluation of the concept and will lead to immediate
improvements in the schedule as the model construction will
call attention to systematic interactions. The linear
programming approach has the desirable feature thatwhile
data requirements can be large they follow straight
forwardly from the model's structure.

One of the first conclusions will be that the current
practice of using MSC's interservice billing rates to evaluate
proposed alternatives leads to non-optimal routing of
vessels. The true gain to the Government by shipping cargo
on these vessels is the cost foregone by not using commercial

tonnage. The use of interservice billing rates causes
MSC's tonnage to be deployed on longer voyages where the
paper gains appears greater, but may in many cases be
smaller.

The last recommendation is that more explicit
consideration be made of the affect of the schedule on
the generation of return cargo and its estimation to
sufficient accuracy coupled with its use to improve
scheduling. Currently this is an area relatively undeveloped.
This is in contrast with commercial practice where it is
the most developed.

11




e e —.—-

I1.2.4 Rationalization of CALSTAT Administration
Very few features of the MSC management system are
as controversial as CALSTAT. The system undeniably works.

It accepts input and writes reports daily. These reports
are neat and reasonably understandable. However, none

of the MSC staff interviewed expressed true satisfaction
with the system. Suggestions offered for improvement
never pinpointed specific flaws and were frequently
contradictory. One person complained that the output was
not current enough and suggested that commercial container
sailings be added to the system - as if tripling the
systems throughput would improve its promptness.

In the contractor's opinion the CALSTAT system could
be made to work well. We feel the fundamental problém
is that it is used in a data processing environment not
well matching the téchnology used to implement it.

The system is basically a batch processing one,
intended to update files from cards and to print reports
from these files. The system is expescted to accept input
from all over the world and to produce accurate timely
reports which are distributed all over the world. The
system, in a few words, represents a batch processing
system used in a time sharing environment. It is felt
that the frequency and timing of the jobs making up the
CALSTAT system is not in keeping with the volume and
timing of input information.

An additional problem is that the system is too
detailed and far more input transactions are required to
describe MSC's operational situation than the minimum.

A further criticism of the system is that the output
routines do not process information sufficiently and do not
provide information in formats dictated by the user's require-
ments. For example, while the system presents off hire

12
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information on a voyage by voyage basis, this information
is not prsented in the same format as the MSC charters
for vessels. Thus it requires much manual manipulation
where none would be required if the format of the CALSTAT
output were more directed towards the user's needs.

The first stop in the improvement of the CALSTAT
system is to put the system into more proper perspective
as an information tool. It should be considered a tool
to support one or two people whose job is to know
personally the positions, status, and schedules of the
fleet and who perform a troubleshooting function when
problems with arrangements arise. In a commercial environment
these personnel are called vessel operators and it is one
of the more active positions in a steamship companies
management. These people should review daily the status
of the fleet and should be responsible for maintaining the
schedule section of the CALSTAT system.

The next step is to review the coding procedures used
with the specific goal of reducing the volume of trans-
actions entering the system. The goal should be to reduce
the daily number of transactions for inport status file
maintenance to between 50 and 100. The input of these
transactions should be revised to eliminate the lag associated
with the punching and verification of input cards. This could
be done with a small microcomputer (e.g. the Datapoint machine
at the Pacific Command) connected to the main computer at
Bailey's Cross Roads with a data 1ihk. A second alternative
would merely be to give extreme priority to CALSTAT trans-
actions when they are input to the computer.

The last goal is to reduce the number of sources
of data available to the Bailey's Cross Roads computer.
Currently input comes directly via command data link
from the major continental United States commands, via

13
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autodin from the major foreign commands and from the Gulf
commands. Thus, in principle, the system must process
six different batches of transactions arriving
continually during the day Washington time. Additionally,
when a vessel calls at ports without an MSC office, it
too sends information.

The system could easily be revised routing the
overseas commands transactions to the Continental area
command level to the vessel operators first mentioned.

At this level the information would first have immediate
uge without the data processing delays resulting from the
batching of transactions described above. When sorted
out at this level, the information would then be sent by
command data link to the main processing in Washington.

14




I1.2.5 Data Base Integration and Data Base Management

System Implementation

The organization of MSC's management system is too
complicated, including more files and computer programs
than are required to service MSC's needs, producing , i
more reports than really required, while not providing under- !
standable information of a general nature, nor providing the
capability of answering specific questions promptly without
unleashing a torrent of unneeded information.

This situation arose as MSC's computer capabilities
grew via the progressive implementation of applications.
This is a typical way by which EDP systems develop until they
reach a point where redundant runs, and quasi duplicate reports,

raise costs and organizational problems sufficiently to
induce management to reorganize and more completely integrate
the system - usually around the data base management system
concept.

It is the consultant's recommendation that a feasibility
study of the reorganization of MSC's EDP system in the form of
a modern data base management system be made. A thorough
study is required as the process of implementing such a
system while maintaining the necessary continuity of ongoing
business records can be complicatel and expensive.
Additionally, if poorly done, the conversion can result
in a period where there are no records at all. 1In MSC's
particular case, some thought has historically been devoted
towards keeping data processing organized and it is not
felt that any insurmountable problems will arise.

The first step in such a conversion is to consolidate
files and above all to rationalize sources of input documents
to facilitate the substitution of online entry for the
current punched card data entry used. MSC's LEDP system
now had too many files containing nearly the same information
for online data entry to work out well. The principal

15




problem here is to ensure that all files in the system
contain consisteqt information.

The next step is to completely study the management
information needs of the organization and insure that all
information requires is, in fact, collected in its primal
form. With a data base management system, detailed
consideration of who gets what information is not so
important as such systems can produce a large variety of
reports easily on request, provided the information is

there in its primal form to begin with.
A third step is to improve the dependability of
data transmission within the system. All MSC personnel
concerned with the existing system complained that missing
and duplicate blocks of data were common place, and that
cleaning up problems of this nature consumed significant
amounts of clerical effort. This, of course, would improve
the situation even if no DBMs implementation were attempted.
The last step is to install the system and to phase
out most of the existing reports whose function would then
be better served by the data base management system.

16




~!II.2.6 Cargo Booking System Implementation

The area in which great improvement is possible
in MSC's cargo management system with relatively small
expenditure of resources is in cargo booking. This is
an area where MSC routinely handles a very large volume

of paperwork and, in fact, adequately administers the

expenditure of many millions of dollars. Most of the
personnel involved are well experienced.

The principal difficulties with the system are:

1. By todays standards it is wasteful of manpower
because of the large volume of records kept
on paper.

2. The system's capacity is set by the number
of people available and could not gquickly
be expanded to adequately meet a large volume
of emergency shipments.

3. The system, while interfaced with the MILSTAMP
and Unit Level Billing systems, is not truly
well integrated with them. As a result, the
records of the area commands on paper are
frequently superior to the above computer centered
information systems.

4. This causes much clerical effort to be expended
making up for deficiencies in these systems.

It is the eonsultant's recommendation that this area
of MSC's operations be automated to free the competent
people in it from many burdensome clerical functions -
allowing much more attention to be placed on more pressing
issues. Additionally, effective automation of this
function would put MSC in a position to cope well with
any increase in transaction volume resulting from the
changing world situation, within a minimum of time.

Work done on this line should center on a distributed
data processing system with local records being maintained




on minicomputers interfaced with the main MSC computer
which would tontinue to do unit level billing and other
tasks as now. From a technical point of view such system

development is straightforward and few problems, if any,
should be expected.




III. SYSTEM OVERVIEW
ITI.1 Introduction
Responsibility for the Department of Defense

Logistics System is divided between three commands -

1) the Military Sealift Command managing sealift activities,
2) the Military Airlift Command managing airlift
capabilities, and 3) the Military Terminal Management
Command with land transportation. MTMC is further
responsible for consignment, documentation, and the
provision of freight forwarding and customs brokerage
services for the system. Because MTMC is responsible

for the custom’s brokerage function, a substantial portion
of MSCs interaction with its clients is not direct but
through MTMC.

The operation of MSC's activities is most clearly
divided between two areas - break bulk (primarily vehicle)
shipping and container shipping. 1In the break bulk area
MSC's operations closely resemble those of a conventional
steam ship company operating break bulk tonnage.

In the container area this is not so clear. The
combined operation of MTMC and MSC very closely resemble
those of any firm offering international combined freight
forwarding, customs brokerage, and transportation services.
However, the division of responsibility for the operations
between the two groups creates a situation having no
good analog at all in commercial practice.

MSC's role in container operation in a physical
sense is confined to carrier selection, release of cargo
to the carrier, occasionally arrangements for pickup,
financial areas such as invoice verification and payment,
and a procurement system designed to obtain the best
possible commercial terms for the government's shipping
acquisition.
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II1.2 Responsibilities for Cargo Management

MSC's mission is concisely described in its official
mission statement which is shown in Table III.l. 1In a
general way the mission statement makes MSC in charge of
procuring and routing ocean transportation, but excludes
it from documentation preparation, cargo tracking,
stevedoring, and terminal operation ~ these being the
responsibilities of MTMC.

Using Table IXI.l1l as a base, it is possible to
establish a more detailed description of MSC's functions
in cargo management and planning within the confines of
the military transportation system. The table additionally
shows the division of this responsibility between area
commands and headquarters. Additionally it shows the
responsibilities of headquarters personnel for different
areas of the operation.

The organization shows a clear allocation of nearly
all operational functions to the area command level with
the headquarters serving all major planning, procurement,
system organization, and liaison functions.

One aspect of this is that the area commands have
considerable flexibility to set up policies and procedures
to suit their particular operating requirements. It does,
however, mean that there will be relatively less standard-
ization of policies complicating the acquisition of
reliable data by headquarters.
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TABLE III.1l

MSC FUNCTIONS IN CARGO MANAGEMENT

Procurement

Rate Setting

Booking

Billing
Disbursements

-

Operations and Control-

l. Charters commercial ships

2. Contracts for movement on
scheduled ocean carriers

3. Contracts for systems movement
such as supply of Guantanamo

Established rates for ocean
lift via competitive procurement
and negotiations

Books ocean cargo on commercial
and government owned ships

Bills service for ocean lists
Pays ocean carriers¥*
Operates MSC vessels**

Controls chartered ships

* Other MSC Disbursement Functions such as charter hire
payment and payvment of invoices for operations of
owned vessels beyond scope of study.

**Felt only scheduling and allocation of tonnage

within scope.

There are a number of other or implied functions performed

by MSC such as clearance of inbound cargo, accountability

and financial integration of cargo accounts, and similar

functions.
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TABLE ITI.2
DIVISION OF RESPONSIBILITY BETWEEN AREA COMMANDS AND HEAD-
QUARTERS

Area Command Headquarters
Function Function

BOOKING

Tender Cargo for Booking (Inbound
only) X

Book Cargo _ X
Arrange Drayage X
Establishment of Procedures X

BILLING

Bill Shippers for-Services

Collect Receivables X
Establish Billing Rate X

Publish and Distribute Rate
Guide and Procedures X

DISBURSEMENTS
Very Invoices X

Pay ocean carriers X
Supervision of X

SHCEDULE CONTROL SHIPPING
Construct Schedule X
Review Schedule ‘ X

Review Employment of Ships by
Area Command X

CALSTAT

EQUIPMENT CONTROL

ACCOUNTING
Account for Cash X
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TABLE 1II.2

(continued)

Area Command Headquarters
Function Function

Supervise Disbursements ' X
Administer Accounting System X
MANAGEMENT INFORMATION
System Design X
System Operation X X
Advise of Inefficiency X
INTERAGENCY LIAISON
MTMC and Shipper Services X
MILSTAMP X
SYSTEM MANAGEMENT
Determine Staffing X
Travel Budget X
CONTRACTOR EVALUATION AND LIAISON
Break Bulk X X
Container X
BUDGET
Area Command X
Overall System X

Container
Break Bulk
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III.3 Methods of Management
The management methods to which the MSC system is

amenable are very different from those of commercial
systems. This is because commercial systems are decentralized
with clean boundaries between organizational units. .
Additionally, while both military and commercial transportation
activities are concerned with the movement of goods, commercial
activities are centered around commerce and military around
supply.

The commercial characteristic of commercial
shipping emphasizes the contractual obligations between
the shipper, the consignee, the shipping company itself,
insurance companies, bank, and other organizations which
all may have. an interest in a single shipping transaction.
The obligations created by these contracts have been
explored and expanded in many thousands of manyears of
commercial, technical, and legal activities carried on
in all countries of the world. There is little freedom
available to make differing arrangements as the potential
legal exposure is too large.

In the commercial field, the fundamental contract
for all transactions is a bill of lading. This together
with its attachments such as an insurance policy completely
describes each shipping transaction.

As a bill of lading determines who can have
possession of goods and is frequently used as collateral for
loans or for moving funds in international commerce, it is
seldom incorrect. As it is a contract wherein damages can be

imposed for non performance, it can be relied upon to coordinate

all of the parties involved in the transaction.

The principal function of a bill of lading is to
control the possession of goods as they pass between a
buyer and a seller or shipper and consignee. Additionally, it
provides a format to administer the customs process and to
regulate commerce. None of these activities have any
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significance to the military. As a result, the military

has no reason to retain the commercial bill of lading

approach. Additionally because the contractual terms of

a bill of lading generally favor the carrier, the c¢overrment has
obtained terms and prices more desirable than those available

to it otherwise by substituting the system shipping and

rate agreements. In this system the clearance order (rather
than the bill of lading) is the fundamental unit.

Because the government is really the only party
to movements in the military system, it must solve for
itself all of the problems that numerous parties working
in their own self interest and in the format of a well
developed institutional and legal framework have solved
before. This places a higher level of performance and
required standard of performance at all levels. Additionally
it removes the divergence of interests that serve to remove
errors from the commercial system. A bank must know accurately
when goods are loaded on a particular ship as this is when
it pays obligations made through it.

On the other hand it leaves a much larger area
available to approach from a technical systems approach
without "interference" of binding commercial precedents.
Systems analysis and computer programs can and are used as
a direct substitute for the legal litigation and statutory
regulation that formed the commercial system.

As such, the DOD's cargo management system has already
reached a greater scope and volume than any commercial
system. The ability of such a system to function is clearly
dependent on the technology available to support it.

It is only recently that computer and communications
technology has reached a point where a hardware and software
system adequately supporting such a complete logistical
system could even be attempted. Prior to these technological
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developments, the decentralization accomplished with a
bill of lading was necessary to accomplish anything in an
organized way.

With the adoption of the MILSTAMP system, the die
was cast to approach military transportation as a complete
system with the concurrent commitment to keep everything
organized under one roof. MSC's administrative situation
can only be understood in the context of the organizations "4

-

adaptation to this system. '
The principal component of this system is the MILSTAMP

documentation system. This system together with the support

it receives from the auto din message routing system is

the Department of Defense's substitute for the bill of lading

centered system used commercially. These systems are the

principal means of routine business interaction of MSC
L with its clients the shipper services, and its vendors,
the shipping companies.

Table III.3 shows the general activities of the MSC
management in both the area commands and headquarters.
Additionally it shows the type of FORMAL support offered
for the activity by MSC;s administrative system.

There are six basic areas which have been extensively
developed. They are

1. Unit Level Billing -~ Billing and Traffic Records

2., CALSTAT - Vessel operational performance and

schedule publication

3. PROFORMA - Voyage profitability evaluation

4, FORCEPLAN construction

| 5. Rate publication

| 6. Accounting record processing and budget preparation
Of these systems, PROFORMA is really only a management tool
and cannot be thought of as an integrated system,

Figure III.l1 shows a format to describe most

administrative systems. It represents a feedback oriented
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system with most constructive action coming from the

comparison of measured results with planned results.

In commercial practice the planned results are most
frequently the operations financial results but sometimes
are other measures of performance such as market share,
or technical utilization of assets.

Figure III.2 places these administrative systems
on this general diagram to illustrate what functions
MSC is actually performing in a routine systematic way.

It is clear that the strong points of MSC are
in the formalized planning area and on the other end of
the spectrum in the detailed measurement of results. For
example the results of the force plan exercise give to MSC
a forecast of what it is expected to do which is superior
to that available-to any shipping company with the vossible
exception of integrated oil and mining companies.

Likewise, the detailed measurement of shipping
activities possible through the processing of unit level
billing and MTMC manifest is a process well beyond the
capabilities of most shipping companies.

Finally, the CALSTAT system, while not being prompt
enough, is a system approaching that which many steamship
companies would like to implement and have been unable to.

The weak point of the system is that communication
of plans to the operating theaters, and the communication
operating results backup for comparison with planned
results.

Figure III.2 attempts to evaluate MSC's success in
each category as being Good (G), Poor (P), and Missing (M).

This type of ranking could not, of course, be more subjective

but nevertheless is a good starting point for change and

improvement.
It also must be noted that these are rankings of the

systems performance, not of individuals or even sections.
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Some areas where MSC is notably deficient are husbanded
by competent interested personnel who are trying hard to
overcome their problems.

In any case from this point of view, an area

which should yield large improvement is in attacking
these middle level planning and communications problems
which we see as creating operational problems at the
area command level and a problem of applicability of the .
planning done at the headquarters level with the true
needs of the area commands for guidance and support.

We see our initial recommendation of a thorough
cost accounting system as a means of directly attacking
these problems without interfering with the existing
direct lines of command and control. '
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IV. SYSTEM DETAILS
After our overall discussion of the MSC cargo

management system, the manner in which it addresses the
various components of MSC's mission will now be discussed.
We will consider first the more general activities
of MSC management ~ such as 'system management' and
proceed progressively towards more programmed activities
such as container booking. The goal of each discussion is
to briefly discuss the nature of the function, then to
address how well it is supported by MSC's existing cargo
management system and finally to provide some constructive

ideas for improvement.
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IV.1l sSystem Management

The process of overall system management is, of
course, in reality an unlimited one. 1In general, it is
a questioning of existing practices to determine areas
where improvement is possible and cost effective. 1In a

descriptive sense the questions to be asked are:

1. Where can costs be reduced?

2. If the cost reductions involve changes in

services, will clients agree?

3. In what areas can the marketing base of the

organization be expanded or solidified?

4. Where did the system not meet the expectations

of its clients and why?

5. -Can additional services be offered. Can they

be billed to defray their cost?

6. 1Is there a balance within the organization

between short and long range planning? !

7. 1Is experimentation and innovation supported?

Table IV.1l-1 shows our understanding of how MSC
has limited thésé open-ended questions to ones susceptable
to more concrete action.

In considering the information required to go about
this type of management, it is useful to consider the
psychological origins of this type of activity. It seems
to stem from

1. Deviation from planned performance

2. Curiosity (perhaps deviation from idealized

performance)

3. Query from outside (deviation from advertised

or expected performance)

4. Query from below (deviation of performance from

common sense)
5. Observation
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Functions

TABLE IV.1-1
PROCESS: SYSTEM MANAGEMENT

Involved

1.
2.
3.
4.
5.

Locate inefficiencies

Review and improve procedures
Liaison with MTMC and shipper services

Determine staffing and travel budget

Budgeting and accounting

Goals of Functions

1.

Locate inefficiencies

a.

C.

Understand global functioning of system to
provide baseline

Track operational activities

Pinpoint symptoms of trouble and locate
precise problem

Review and improve procedures

a.

b.
c.
d.

Treat problem found above as problem to
eliminated through improved methods

Devise and implement new methods
Ensure problem solved

Utilize modern technology and techniques
to best advantage with MSC

Liaison with MTMC and shipper services

a.

b.

C.

When inefficiency in system caused by other
agency, inform responsible people to how
to improve

Provide feedback of actual financial and
operating results of others operating policies

Receive same from other agencies

Determine staffing and travel budget

a.

b.

Ce.

Evaluate number and skill of people
required to operate MSC

Ensure personnel and tasks properly matched

Ensure travel at optimum level for
organizational efficiency
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5.

TABLE IV.1-1
(continued)

Budgeting and Accounting

a.

Support function l.a (locating inefficiency)
by ensuring information in budgets and
accounts is plausible when compared to

real situation

Separate volume and other exogenous effects

~ from those of operational management
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6. Experience from outside fields

7. Environmental pressures

8. Rewards for innovation

The first three of these areas are somewhat
amenable to objective treatment by information systems.
The fifth, observation, is measured by the knowledge
that system managers have of actual practice. While
difficult to describe in detail, the signs of the
observation function being proﬁérly performed are
message traffic being read by high level managers, travel
to operational areas by all levels of management, etc.
From below, it is easy to observe when the observation
function is done poorly - as when this insures instructions
by the management do not seem to make sense or achieve a
real purpose as seen by those whose job it is to carry out
the instructions.

Most good operating management is a synthesis of
imagination and planning combined with a clear definition
of an operation's goals. From the point of view of
providing an environment conducive to good management,
the first principle is not to stifle ideas until they
are understood and evaluated. The second is to place
the emphasis on achievement or on the usefulness of ideas,
the third is to indicate to managers areas where their
attention is most likely to be rewarded with results.

It is this third area where routine management
information systems are of the greatest potential benefit.
This focusing is most easily accomplished when there
exist proper metrics to adequately describe normal
system operation. Information provided is presented
in terms of those metrics to force management's decision
to indicated problem areas.
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MSC has three principal systems which provide
it with hard information concerning its performance
in the field. These are:

1. CALSTAT

2. Unit Level Billing (and MILSTAMP)
offshout reports

3. Sealift Voyage Analysis and Accounting
System

CALSTAT provides hard factual information concerning
operations of MSC controlled vessels. Its principal task
is an accounting for the time of MSC controlled vessels
and for the bunkers they burn.

The Unit Level Billing System (by which is meant
all 20 series computer programs, their input, and output)
provides a variety of reports concerning traffic volumes.

The Sealift Voyage Analysis (program 050) provides
management with statements of profit and loss for historically
completed voyages.

Additionally the Pacific command is installing the
FINIS system which will provide it with some inhouse
information system capability.

Nearly all responsibility for input into the systems
and for clarification of omissions and error lies at the
area command level, while the operation of the system,
printing and distribution of reports and system maintenance
(i.e. changes to programs) lies in Washington.

The three systems are detail-centered systems and
do a good job of capturing the details of operational,
cargo, and financial behavior of the system. The sum of
the individual records are above average in quality of
business records and much effort is expended in an
effort to maintain well organized correct records.

Where the system begins to have troubles is in
the communication of the physical results to management,
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These troubles become more severe when an attempt is made
to comparée these results to the planned operating results.

The first problem in the communication of results
is that insufficient attention has been paid to
communicating the results in ways which are meaningfu.l
to decision makers. In essence nearly all reports generated
by these systems are just file dumps consisting of printing
all records with a heading at the top and with a few
textual subs;itutions if the codes cannot be understood
well. Additionally there are a few simple averages
and sums by category made.

The first of these systems, CALSTAT, does not
provide any information easily used for system management.
It produces a detailed accounting for the vessel's time
and bunkers, but produces no usable summary of what
actually happened and no indication of exceptional or
noteworthy occurrences. As a result, the information it
provides is usable only if the user basically knows what
he is looking for and has the time and patience to look
through the report.

In order for the information available from this
program to be improved, standards to evaluate data it
presents must be established. At present, the only
operational standards available are those coming from
vessel charter parties. However, it is desirable to
establish standards for the promptness of vessel arrival,
time between vessel arrival and the beginning of cargo
operations, number of gangs provided, delays caused by
poor arrangements for the delivery of cargo to the
terminal, etc.

With these incorporated into the system to locate
exceptional conditions, the CALSTAT system could be used
to focus managerial attention on specific areas of
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difficulty within MSC.

The second source of information available for
system management is the Unit Level Billing System and
the MILSTAMP Documentation System. From a market research
point of view this system presents a wealth of information
that is potentially of great use in system management.
However, again, its use is hampered by the volume of
material and its presentation in reports.

The problem here is similar to that of the CALSTAT
reports. Information is insufficiently processed with
the intention of determining what, if anything, could be
done to improve the situation. For example reports
made from the Unit Level Billing information gives the
utilization (based on volume) of all containers shipped
and average utilization by specific shippers. However,
due to a lack of operational standards to interpret the
raw data collected in this report, its usefulness is
severely compromised. For example, the program labels
nearly all containers loaded to their weight limit (as
opposed to cube limit) as being underutilized - which is
of course untrue. Second, the report does not present
data in a format suitable for the generation of ideas
on how to improve utilization. It could, for example,
print out histograms of the utilization of individual
containers by stuffing activity. This would perhaps
lead to ideas on how to issue better guidelines for
equipment. ‘

The accounting system is the third area where
information is provided for general system management.

In general, most of the accounting work done at MSC is
quite good and satisfies the general goal of stewardship
accounting of accurately portraying the financial
condition of the organization. However, for a variety of
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reasons it does not give adequate information to
adequately aid in the system management function.

The first is that detailed level reports are
based, to too large an extent, on average accruals,
charges, and revenues. This leads to an inexact
matching of costs against revenue on an operational
level.

Second, these reports place too much emphasis

on rather arbitrary measures of performance such as

“"vessel utilization® and "cost per ton mile" es indications

of the level of performance.

It is an economic fact that the use of ratio tests
(most bang for the buck, cost per ton mile, unit profit)
can lead to misallocation of resource as they imply that
the optimal lies where the slope of the ton mile cost

function is the least rather than where the value of total

cost for a given needed capacity is the least. This is

illustrated by Figure 1IV.1l-1] in a general mathematical sense.

In this graph if capacity @ is required, the optimal

solution is to run the system at the configuration reflected

by total cost € rather than total cost @ even though

the cost per ton mile for @ (i.e. ® ) is greater than for

the thought optimum @ (i.e. @ ).

This difficulty could be eliminated if management
attention was directed towards either the total cost
for a given capacity level or at mérginal costs. As MSC
does not operate in a competitive environment where its
prices are competitively set, the marginal approach will
not be as useful as the total cost.

In a practical sense the recommendation is that
the accounting system be changed to provide only total
costs broken down by mechanism generating them (bunkers,
charter hire, stevedoring expenses, etc.). In other
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words the cost per day for a vessel is more meaningful

in determining tis economic usefulness than the cost

per ton mile it can produce when fully utilized.

Another area where MSC accounting places incorrect

emphasis is on the utilization of vessels. First

utilization in this system is incorrectly calculated

because:
1.

Vessels in ROS (having a utilization of 0%)

do not show up in reports as being poorly
utilized.

The measure of utilization used is the bale
cubic of vessels. For properly selected vessels
it is the percentage of deadweight used. That
is their true utilization. When a break bulk
vessel is used to carry vehicles (being perhaps
economically well selected but not technically

suited), the proper measure would be utilization

of deck area.

Second, the utilization of vessels has no necessary

connection with the maximization of MSC's system wide

results.

This means that the least productive assets

(for example the Mirfak or maybe the Bromstrom) should

be underutilized in order to raise the utilization of the

more productive ones - for example, the Comet or Meteor.

While the above is very general, a specific

recommendation is that the utilization of vessels not

even be calculated, as in an operational sense, it only

has meaning if more cargo could be booked for a voyage

via management intervention.

In terms of improvement, specific recommendations

are difficult to make because the implementation of

truely adequate systems in this area is difficult and

sometimes costly. The general goal is to inform

management when the system performance is at variance with

plans, to provide area commands with plans not dependent
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on a particular cargo throughput {(as this is outside

MSC control), and to better allocate costs to particular
decisions. The accounting discipline that is intended

to do this is that of 'cost accounting' and it is our
recommendation that the implementation of such a system

be studied with the very serious intention of its
implementation. The specific details of this are discussed
later in this report.
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Iv.2 Container Shipping Capacity Adjustment

Container capacity adjustment is again somewhat
a misnomer, as MSC makes no specific commitments to
tender cargo and hence really has no capacity to adjust.
What is meant here is a more careful consideration of the
allocation of container cargo between types of contracts
and is directly analogous to the market ‘channel' analysis
used to determine how consumer goods should be sold.

Currently MSC uses two main ‘channels' to acquire
capacity--the rate agreement and the shipping contract
with two other forms used less frequently. There are
numerous other arrangements possible, some of which are
shown in Table 71vy.2-1.

This type of market research function is now’
partially performed by the '3' section in headquarters.
The process for conducting this type of activity is shown in
Table IV.2-2. This kind of activity is an expansion of
the current headquarters function involving the
preparation of the force plan. It does not involve an
increase in information volume than currently used in
the force plan preparation.

This type of evaluation of how to organize
procurement activities could be expected to bring about
some economies.

For example, the Naval Bases at Rota, Spain and in
Guantanamo, Cuba would seem to have similar requirements
for shipping. Would not significant organization and
rate economies be obtained if Rota was serviced with a
shipping contract. To our knowledge two companies
regularly call at Cadiz (the port for Rota) - Prudential
Lines and Farrel Lines (formerly American Export). Prudential
Lines operates LASH vessels on the route which cannot enter
the port and all cargo must be handled in barges. LASH
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TABLE 1IV.2-2
PROCESS: CONTAINER SHIPPING CAPACITY ADJUSTMENT

Headquarters Functions Involved }

1. Estimation of cargo flows for inhouse evaluation

2. Development of alternative contractual arrangements
for inhouse evaluation A

3. Inhouse evaluation ./}

4., Allocation of forecast demands between rate agreement,
shipping contract, common carrier, and other
arrangements

5. Procurement of capacity elsewhere covered

Goals of Functions

1. Estimation of cargo flows for inhouse evaluation

a. Establish volume and its stability sufficient
to get and obtain innovative ideas for its
improvement

b. Provide volume information to operators sufficient
to allow informed bids when requested

2. Development of alternative contractual agreements

a. Systematically evaluate technical and financial
aspects of existing arrangements

b. Evaluation influence of operating environment on
results from contracts

c. Development of other candidate contractual forms
3. Inhouse Evaluation

a. Preliminary optimization and evaluation of each
contract

3. Allocation of forecast demand between modes

a. System optimization dividing transportation
pie between types of contracts. This is be
direct preparation for RFP.

5. Procurement
a. Release of RFP and evaluation of results




vessels thus would be only used for very large shipments

in the break bulk mode. Hence Farrel Lines would receive

all of the cargo.
First in the current environment why use the
current booking procedure when one carrier in principal

can get the cargo anyway? Second, if a shipping contract

there would be more competition in the rate

were used,
seeing the increased volume

setting as Prudential Lines,
and ability to deliver cargo in the barges directly
to the naval base, clearly could submit a competitive bid.
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IV.2.1 Break Bulk Shipping Capacity Adjustment
The current method used for break bulk shipping

capacity adjustment is to analyze requirements as

received unilaterally from the respective services in

terms of measurement tons (40 cubic feet), by area

of origin and destination, class of cargo, and program.
Trend analysis (and shipper services) are first used to
validate the requirement. The major information used
in this analysis are:

1. Shipper Services Annual FY Reports of MSC

Ocean Transport Req. Cargo
2. Measurement Ton Mile (MT) Development of
Shipper Service Annual Req.

3. Cargo Operations, Budget Vs Actual Analysis

4. Monthly Ship Activity Report

5. Summary of Chartered Ships

6. Container and Off Hire Files

7. Weekly Schedule of Cargo Ships

8. Ship Characteristics Record

9. Various other Mgt. Reports.

MSC reviews requirements as submitted and apparent
discrepancies such as omissions or significant variations
from recent experience are resolved by formal or informal
action devised with concurrence of the appropriate
service.

MSC receives requirement and provides (or
procures) transportation space in accordance with
policies and proceeds. Each military service is
responsible for determination of CONUS outbound, inbound,
intercoastal, and coastal outbound requirements. The
availability and planned utilization of nucleus and
berth shipping is evaluated and changes in contractual

arrangements, if any, are studied to assure satisfaction




of requirements by route, cargo class, and mode. All
remaining break bulk cargo after allocations to nucleus
and berth shipping is assigned to time charter ship with
the reservation, the GAA shipping may be planned in the
event that there are requirements clearly in excess of
nucleus, berth, and charter capabilities. Techniques
used include examination of MTs, MTMs, as well as their
ratios and miles/MT, by route, cargo class, and mode.
This then leads to the Cargo Operating Force Plan which
is designed to provide decision information showing
probably magnitude and character of onward MSC dry cargo
workload and proposed manner of accomplishment.

The method used to develop the cargo force plan
consists of’planning the amount of cargo by class to
be lifted by the various shipping modes, nucleus,
charter, GAA, mill van, shipping contract, shipping
agreement, berth term. etc. by correlating requirements
with recent experience and adjusting for known and
predicted variations caused by cargo trends, policy,
and availability of shipping. The results are presented
in the MSC Force Memorandum, which is primarily a forecast
of the character and composition of ships necessary
for performance of MSC mission as determined from review
and analysis of shipper service cargo requirements as
discussed above plus the needs of contingency plans and
sealift capability.

The current method of develoﬁing Break Bulk
Shipping Capacity Adjustments serves primarily to determine
budget and contracting requirements. The main purpose
of the capacity adjustment approach appears to be to
provide financial information and hence budget (and
deficit) forecasts. Little attempt is made in this
approach to assist in the operational planning or in the
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determination of how alternative operational plans would
affect the budget requirements. The planning horizon

is too short for effective, for any but short term,
chartering decisions, and the information provided

is too detailed for effective operational planning. 1It.
consists largely of using large files of detailed
information with sometimes questionable accuracy. The plans
developed for both Atlantic and Pacific services use the
same approach, though Atlantic services, with significantly
fewer port cails, constitute a different planning problem
from Pacific services which are subject to many more and
more varied :equirements. In fact it appears that the

Area Commands are not really involved in capacity planning
in a meaningful sense.

General cargo capacity adjustment is made in a
number of different ways. Currently MSC uses several
‘channels' to acquire capacity: time charter, rate agree-
ment, shipping contract, and General Agency agreement with
other forms used less frequently. There are many other
arrangements which could be used to attain cargo capacity
adjustments, some of which are shown in Table 1IV.2-1.

The evaluation of alternative contractual arrange-
ments is now generally performed by Section 3 in head-
quarters. The process is described in Table 1IV.2-2 which
depicts an expansion of the current headquarters function
involving the preparation of the force plan. The information
required for this approach is the same as currently used in
force plan preparation. The proposed approach can be
expected to provide economies in capacity adjustments and
improvements in demand responsiveness.
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IV.2.2 Improvements Possible in Capacity Adjustment
The key to imaginative and productive use of the

capacity adjustment process is to improve the quality of
the forecasts available to MSC's management. The basic
forecasts available were described in Section I1II.2.1 and
111.2.2.

The three main possible purposes behind forecast
generation are:

1. Scheduling existing resources

2. Acquiring additional resources

3. Determining what type of resources are

required

4, Budgetary estimation of operating results.

Of these the principal use of the forecast is number four -
Budgeting. A second major use of the forecast is number
two ensuring the adeguacy of break bulk shipping resources.

The methodology of the creation of the cargo forecast
and resulting force plan is premised on the idea that MSC
is to meet a demand for transportation placed on it by the
shipping services. From this point of view it is each
service's responsibility to plan their future shipments
and make these requirements known to MSC. It is MSC's
job to organize and sum up all these requests and to plan
a systematic strategy to meet these total requirements.

The procedure used is heavily dependent on the past
years shipments as the next years plan basically consists of
modifications of past history. There is little alternative
to the past history approach, when the expectation of
planners is to produce detailed route by route forecast,
as only past history of operations will provide a
sufficiently large data base to accomplish this task.

However, one result of this approach is that
sufficient attention cannot be given to areas where
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MSC's operating environment has changed significantly
causing extrapolations to be inadequate for planning.
It is on these areas where more attention should be

placed.

To the extent the forecast is used for budgetary .
purposes (i.e. the container operation), it is only
routes where costs differ from revenues where the A
accuracy of MSC's forecasts matters. That is to say
when freights charged shippers approximate charges from '
shipping compahies, errors in volume estimation have no

impact on financial results. On routes where there is
a large variance between cost and revenue, a volume
variance will have a big impact on financial results.
To single these out, a computer program should specificly
label these routes and additional attention should be given
to ensure that the volume estimates on these routes only.
On the break bulk operation, it is our feeling that
the procedure of zero base budgeting should be adopted in
addition to the present procedure, the allocation of
vessels starts from scratch and more detailed scrutiny is
given to how and which vessels should be deployed to meet
the posited demand. This exercise should try to estimate
demand for logistics from major troop deployments, world
events, etc. The goal here is to keep the problem
computationally simple to allow more thought to be devoted
to which vessels best suit demand. This effort should be
made in parallel with the current force plan exercise and when
both forecasts are prepared, they should be reconciled.
Another characteristic of the current forecasting
technique is that no use is made of operations research
technology available for forecasting. Modern forecasting
technology works and has helped many enterprises improve
their planning. Unless the fundamental premise of MSC's




A

forecasting (that the shippers provide transportation
requirements) is changed, the principal use of such
techniques would be more accurate filtering of these
supplied forecasts for errors and the ability to prepare
more and better documented "challenges" to supplied
numbers.

Our recommendation is that an exponentially weighted
average forecasting technique be tried on larger routes.
This method is quite simple and could be integrated
nicely into the method Mr. Dickell now used to prepare
the force plan. To use this method, the data must be
aggregated more closely by the mechanism generating the
demand (e.g. New Cumberland shipments and their historical
destinations sorted out separately) and the technique

applied to the individual but still large flow. See Appendix 2.

The general goal of all these recommendations is
to first mechanically sift through the data to locate
errors and second, to make the forecasting exercise more

oriented to make facts from figures.
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IV.3 Container Shipping Procurement

The term ‘procurement' is a bit misleading when
describing the MSC container operation. 1In fact the
principal areas of bargaining are the terms and rates at
which a service will be provided without any mention or’
commitment to particular volumes. Hence, actual procure-
ment is accomplished by the issuance of a shipping order
which is a contract to a carrier - under terms negotiated
in the procurement bargaining process.

Container capacity procurement is now confined
to two contractual arrangements: 1) The Rate Agreement,
and 2) The Shipping Contract.

The Rate Agreement leaves the carrier realistically
(but not tethnically or legally) in the status of a common
carrier. While the government is obligated to book cargo
on the low rated carrier, in practice, scheduling
considerations and maximum allowable market share on
major routes allow the government considerable freedom
in the routing of most shipments. The carrier is
free to reject cargo subject only to the low rated
carrier obligation. The rate agreement alsc summarizes
a table of charges by each carrier. It thus differs
significantly from commercial practice where each carrier
would quote rates from the conference tariff and, at
least on paper, all rates would be identical.

The shipping contract is analogous to the commercial
contract of affreightment.* It commits the government
to ship all cargo over a specific route and likewise
commits the carrier to accept all cargo tendered by the
government. As the rate at which cargo is carried is
agreed when the contract is signed, the government is

»
In some ways, it also resembles the project cargo
negotiated rates offered by all conferences.

57




in the position of knowing the cost of a service only by
estimating the volumes flowing over the route. This is
not the case with rate agreements, as the allocation of
cargo between low, medium, and high rated carriers is
not known, during the planning cycle at MSC.

Another difference between the contracts is
thought to be their treatment by the Federal Maritime
Commission. General Order 29 issued by the Commission
late in 1972 states that military cargo bids must at
least cover a carriers' "fully distributed costs" or
they would be disapproved. While both types of contracts
are explicitly subject to the scrutiny of the FMC, the
type of scrutiny may not be the same in each case.
Additionally the method of calculation of "fully
distributed costs” may not be the same in each case.

More firms can bid on shipping contracts as
there is no commitment to become common carrier. The
notable features of each type of contract are shown in

Tables 1IV.3-1 and 1IV.3-2.

In clearly understanding the function of head-
quarters, it is useful to distinguish the process of
bargaining from that of actual exchange and transportation.
From this point of view the bargaining function is made
up of the three functions shown below.

[REQUIREMENT (MARKET) ]

[ NEGOTIATION | Reaching Agreement

CONTRACT

Establish
Obligations

Ensure Performance
of Obligations

This is clearly contrasted with the process of
exchange which is the coordination and accomplishment of
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the mechanical labor of physical delivery.

We now plan to explore the requirements of the
headquarters for information from the point of view of
adequately accomplishing the bargaining process.
Additionally we plan to emphasize the guidance required
to supervise transactions between members of the exchange
function. These transactions can be outside the traditional
concerns and contractual boundaries of any single enterprise.
When the contents of the container agreements signed by
MSC are reviewed, it is worthy to note that most of the
text addresses the mechanics of the interface between
government and contractor.

The basic process involved in bargaining for the
procurement. of container capacity is described in Table
IV.3-3. The process is split into six basic functions,
all of which are components of the three element bargaining
process. The table also shows what the basic goals of
the process are from the government's point of view.

The negotiation of the rate agreement serves two
general functions. The first is, of course, to establish
a contract to bind the parties and the second is to
establish a clear definition of what the parties are
bidding to provide when rates are submitted for evaluation.

In the process of rate solicitation, the two
contractual channels differ as shown in Table IV.3-4.

The two agreements further differ in that the rate
agreement is a statement of rates charged, whereas the
shipping contract represents a real competitive bid with
an actual "victor".

The remainder of the functions performed are
clear enough from the table. The one point that
should be developed is the enforcibility of the agreement.
The items required to verify contractor compliance and
to calculate fees are shown in Table IV.3-5 for the
container rate agreement.
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TABLE 1IV.3-3
PROCESS: CONTAINER SHIPPING PROCUREMENT CONTRACT -
RATE AGREEMENT

Headquarters Functions lnvolved
1. Negotiation of Rate Agreement
2. Solicitation of Rates Tendered

3. Evaluation o1 Contractor Cont: act
Performance

4. Evaluation of MSC (and other servicc) contract
Performance and Utilization of Services
Provided

5; .upervision of Disbursements
6 Preparation of Budgets

Goals of Functions
1. Negotiation of Rate Agreement

a. Establish contractual relation wit) carri~r
more favorable than if he was used as
common carrier

h. Establish procedure Zor transfer of cargo !
and cargo documentation between carrier
and government reflecting the above

c. Standardize servicrs covered to place bids
on common basis

d. Inform contracting carriers what they are
bidding on

e. Establish contractual definition of
services clear enough to verify carrier
performance

2. Solicitatior of Rates
a. Obtain rates offered
b. Verify ability of contractor to perform
c. Ensure compliance with FMC {
A. Publish rate guides and ensure distribution
3. Evaluation of Contractor Performance

a. Ensure contractor in compliance with
rate agree At :

b. r[valuation of "enforcibility" of provisions
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TABLE IV.3-3 (continued)

‘.

Evaluation of MSC Contr.uct Performance

a. Indicate areas where improved MSC performance
reslts in savings to government

~. Evaluation of "enforcibility" of agreement
Supervision of nisbu:rsements

a. Ensure payment and invoicing terms of
contract complied with

b. . Ensure system to ensuce services billed
for ar=2 in fact provided functions

Preparation of the Budget

a. Provide basis for Department of Defense
budgetary and NIF planning

b. Provide basis for evaluating MsC perform;nce.




TABLE IV.3-4
TIME BETWEEN NEGOTIATIONS OF FINANCIAL AND
} TECHNICAL ELEMENTS OF CONTRACTS

A
Rate L
Item Agreement Shipping Contract ’
- - et " Term of contract 4
contract "boiler plate Annually typically 2 years ,
Rates ‘ Tvery 6 months Term of contract

Bunker adjustment Monthly _ Monthly -
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Additional information required for the shipping
contract is shown in Table 1V.3-6. This information is
largely specific to the trade route of the sample agree-
ment (Norfolk to Guantanamo) and is not due to the
intrinsic nature of this type of agreement.

Items labeled with a "P" on these tables are
procedurally required to handle freight and those
labeled "1" are used to calculate the invoice for
each container moved. Those labeled "MSC" are known

initially to MSC and those labeled "Carrier" are known
initially to the carrier.

Especially for the shipping contract, this seems
to be a very complicated structure with much information
required to-document invoices for relatively small
but numerous charges.

Figure 1V.3~1 shows an idea plan for the flow of
information required to support both the implementation of
the container agreements at the area command level and the
procurement function at the headquarters level.

Across the bottom of the figure are the seven
functional areas describing the physical movement of the
cargo and manual labor required to do so. Above this
are the parties involved with the actual performance of
the tasks. Above this is the information required in the
provisions of rate agreement and shipping contract. Above
this is the types of questions which should be operationally
asked at the area command level. It should be noted that
they can all be answered to the information below them
required by the rate agreement. Thus the lower section
of the diagram describes an information system which should
now be functioning at the operational level. Without this
system, verification of invoices for payment is not possible.

The exact format of the system is not described. It
could be decentralized with the transportation officer in
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r FIGURE II.J FLOW OF INFOIMATION REQUIRED TONNAGE-PROCUREMENT FUNCTION
.- - {;{ﬁ;l::-deo~ - - ¢ NEGOTIATIC: 1' Reaching Agreemen .
! Fisis of - Headqcarters
1 Agrcement R 3ic
X l . .

CON'I“’AC'I‘—| Establish Obligations F .ncti~n in

! ( h to
i Changes t 5
H Content Container Sy
m CONTRACT . Management
'| ENFORCEMENT ADMINISTRI TION Performance of Obli~ations !
L J L 3 ¥ ¥ ¥ E L J
:::::}::. tere: Were: was: Was There: was: Was: Was:
verifying 1. Routing 1. Cube Use 1. *suffic- 1. *Shutont 1. *Removal 1. *Delivery 1. Cheapast
efficient 2. Carcier 2. .Correct Equ.p. ient ~a1go? Prompte? Prompt? to Go*t
3. Rate 3. *pickup Prompt Notice 2. *Frustrated 2. *Payment vsed
. | corcect? 4. Reefer Collect Given? cargo? in 48 ),;,;J 2. *Pickup
Time 3, *Notice 3. Emptying Prompt?
gfficient or of Arrival and tender|
orrect? 4. *Payment for re-
Corre L __in 48 hrs delivery —
- emation [[1. mooking | 1. Pickup Date ! |1. Arrival 1. toading | [1. arcival 1|1. acrival | [1. Re'ease
. -red to Date 2. Volume (act.) Data Date Date Date Date
en.vrce 1. Carrier 2. Recoipt 2. Manifest 2. Linehaul 2. Tender 2. pickup
cantract 3. Volume Data Start Date Date
and/or (est)
«and l 4. Commodity]
anvo'ce 5. Rate
Class
6. Rate
7. ¥ Cont.
¢ Type ‘Shipper —
Party doing {IArea Area Command MT™C Steamship Co. MTMC MTMC
Task Command Steamship Co. Steamship Co. Area Command l Steamship Cn.] | Steamship Co. Area C
Transport i Booking Drayage Warehcusing Transport Warehousing prayage Equipment
Function ‘ & Container ¢ Containe. Cont.
Storage Storage
MsC cont . —Ce
Responsibility | 8B — Be

* Item affects calculations of invoice

MSC RESPONSIBILITY

for frelght

72

‘




say Cadiz, Spain, signing invoices stating they are
correct and submitting them for payment. It could be
centralized with MILSTAMP and CALSTAT providing required
information.

Following this the information should be systematically
summarized in a form necessary to administer the agreement
at a headquarters level. This includes insuring that the
location of funds in various bank accounts administered by
MSC is current, providing assurance that contractors are
meeting theirAagreements.

The "payment" function shown on the diagram is an

area command function and requires, as has been stated,
information on all seven physical functions.

Both the payment and administration functions then
provide information to the contract enforcement function.
This is not intended to be an argumentative function,
but a thoughtful, critical, and introspective one that
should yield ideas for improving the entire process
through contract modification,

The approach outlined above is not necessary to
going through the motions of administering the system,
but it is an absolute requirement to the informated achieve-
ment of MSC's goals through systematic management.

MSC does, to some extent, receive information in
a form usable to manage the system. However, there are
some clear gaps. MSC headquarters does not have, for
example, a good knowledge of dangerous cargo shipped in
its system. Likewise it has a poor understanding of the
quality of reefer service provided. Are old labels always
removed from containers? Has this caused the thawing of
frozen meat and the freezing of vegetables? Are reefer
containers provided for MSC cargo well maintained? Is
the mix of manual and auto defrost types provided

representative of operator's fleet mix or is MSC being




provided old equipment just because it has difficulty
intentionally not booking cargo without good documentation
of poor performance? Are these troubles confined to
specific carriers?

There are other areas where the system could
possibly be improved by informed questioning. One is the
seemingly arbitrarily enforced division between break bulk
and containerized cargo. The structure of the overall
MSC system treats LASH capacity as break bulk. Hence a
different rate is paid if cargo is loaded into containers
and subsequently into barges than if directly loaded
into barges. Direct barge use will always be more than
container because the freight is based on the total internal
cube of the barge, whereas when the cargo is shipped in
ccntainers loaded in a barge, freight is computed on the
sum of the internal cubes of the containers which will
be less than the internal cube of the barge. This puts
the LASH system at a bad disadvantage. On some routes,
such as between Norfolk and Rota, Spain, very little
cargo is carried on the LASH services available when it
seems ideally suited to the supply of a naval base.

The solicitation of rates and their publication
has not been, to date, thoroughly explored. It seuis,
however, that there are some pathologies in the current
methodology.

First, the low rated carrier on inbound legs is
not now required to reserve capacity as on the outbound.
This could conceivably cause a situation where MSC was
unable to exploit a low inbound rate because of a lack
of equipment.

For example, between U.S. West Coast and Korea
outbound Sealand is the low rated carrier with a rate of
$26.00, but inbound has a rate of $60.00. While PFEL
had a rate of $28.60 in both directions, this would cause

‘msal.and to have more containers in Korea than PFEL and
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possibly limit MSC's ability to book cargo at the lower

rate because of a lack of equipment.
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IV.4 Routing and Scheduling

Routing is the determination of a vessel's ports
of call and their order. Scheduling is the determination
of specific dates for ports of call and their publication
for all concerned. The routing and scheduling of vessels
is one of the most critical areas to success in steam ship
operation. For tramp operators routing determines which
charters can be accepted, and hence the vessel's income.
For liner operators routing is of minor importance, but
scheduling determines what cargo is offered, the length
of port calls, number of cargo restows, etc.

Considering the criticality of this area to a
company‘s success, there have been numerous, some very
sophisticated attempts to attack this problem using systems
analysis techniques. Most of these efforts have not been
successful and have been abandoned.

In the liner area, a major reason for this is the
degree of integration of the vessel's schedule with those
of trains and trucks and the difficulties created for
shippers and their banks if bills of lading must be
reissued. As a result companies providing an undependable
service are not blessed with any 'brand loyalty' by their
customers. This is particularly true when the erratic
schedule is for the economic convenience of the steam ship
company and, because of conference and RMC rules, cost
reductions are not easily passed on to the shippers. It is
important to understand that once a -schedule is published
(for commercial operators) or bookings made (for MsC),
revisions made in the promised schedule on the
basis of a technical optimization technique will be
perceived as unreliable service by shippers. Additionally
many important factors in liner shipping cannot be built
easily into mathematical models and accurate ones are
either difficult or impossible to solve. This is not to
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say that there have been or will be no successes, but
only that there have been many failures.

Tanker and other tramp operators tend not to perform
scheduling functions as these are largely performed by

vessel charterers. .
In the field of integrated bulk transport, efforts
have met with very good success, especially when the
technique of liner programming is used. These models
are used by nearly all oil companies quite effectively. ,
The characteristics of all linear programs used in ’
this fashion is they treat the entire upstream (production
as opposed to downstream-~sales and marketing) operation.
Production of refineries is changed in response to
transportation schedules, as well as the reverse. Also
these operations have sufficient inventory holding
capacities to allow optimal solutions to be used. They
are large and allow linear programming's non-integer
solutions to be interpreted plausibly - an oil company's !
planner's decision when the model says to send 18.3
tankers to Rastenura is to send 18 or 19. For smaller
operations, the model might have said send .3 vessels
to Bremerhaven - a harder decision. Finally overall
responsibility for the operations logistic and storage
costs rests with the department using the model.
In MSC, the functions of routing and schedule
construction are confined to the break bulk operation
and are performed by the area commands. The Atlantic
and Pacific area commands basically establish the routes
and schedules for ships under their control. These are
then modified by the Far East and European commands to
maximize the backhaul utilization of the vessels. The
resulting schedules are then published by the headquarters
unit using the CALSTAT system.
The Pacific command is more deeply concerned with
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routing than the Atlantic command. This is because the
ships of the Atlantic command routinely serve fewer
ports and can more easily be placed on a repetitive route.

For cargo moving commercially (the complete
container operation and some break bulk), vessel
schedules are set by the commercial operators and MSC
is uninvolved.

MSC provides two basic tools to facilitate routing
and scheduling. These are PROFORMA and CALSTAT.
Additionally MTMC supplies information required to start
scheduling and routing processes in the form of clearance
orders for break bulk cargo.

In principal MSC lacks sufficient information
to do its work well because of procedures used to book
backhaul cargo. Basically the success of any operation
in shipping is dependent on its ability to maximize
the utilization of tonnage on underutilized voyage legs. |
For MSC these are frequently inbound legs. MSC receives
very poor information on cargo prospectus inbound to the
U.S. and hence must do most of its planning blindly for
return trips.

This is the area where improvement in the situation
may be most easily obtained. 1In view of the visibility
and size of the continental U.S. area command, much effort
and study has historically been expended on their problems;
however, relatively little seems to have been done of those
on the Far East or Europe. '

Additionally most liner operations serving the U.S.
are more likely to cube out on the inbound leg and also
charge higher freights. Hence MSC activities to obtain
more cargo on controlled inbound would meet fewer
stumbling blocks as government cargo is less desirable
cargo commercially than outbound.
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In any case the scheduling process is as follows.
Both area commands have idea schedules for the deployment
of vessels in the long term. These schedules correspond
roughly to the activities planned in the force plan.
This establishes a general pattern of MSC ship arrivals
and departures which we shall call the rough schedule.

When a vessel is completing its current voyage
and approaching the U.S., the offerings of MTMC are
evaluated and a proforma schedule made to service these
break bulk offerings. A rough profit and loss statement
is made (generally without a good idea of return cargo),
and adjustments to the route are made, ports are added or
calcelled, or a request is made to MTMC to solicit more
cargo. A schedule is then made based on the route and the
physical characteristics of the vessel - principally
its speed and cargo handling requirements. This is then
published using CALSTAT. The vessel is then loaded and
makes her outbound crossing. On arrival the port area
command takes over the scheduling, trying to do its

best to fill the vessel up for the return leg.
The process, while functioning, has many drawbacks,

most of which were noted at the area commands. The first
is, as has been said before, that the quality of information
concerning what cargo must be lifted is poor. Second,
little or no idea of what backhaul cargo is available.
Third, while there is a (probably good) attempt to optimize
a single voyage, the real goal is to carry the most cargo

at minimum cost on a system basis. While individual voyage
results may be key to this, they need not be. Good

results on one voyage may merely cause disasterous ones

on the next - leaving system performance unchanged.
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Iv.4.1 Proforma

The PROFORMA computer program in many ways 1is a
visionary thing for MSC. It probably is one of the best
computer programs in MSC's inventory. It very successfully
utilizes a number of files within MSC's ADP system as a data
base - making them available in a comprehensible fashion to
decision makers. It forces attention on the economics
of cargo management. Finally considering the lack of
good cardgo prospectis', it is conceivable that it is the
best approach possible.

The primary goal of PROFORMA is to assess
prospective voyages of MSC controlled vessels in terms
of cost, time, and cargo moved. This is to assist
management decision making in the acquisition and
utilization of shipping. The system, in fact, consists
of three programs - the first, a voyage simulation;
the second, a fuel analysis program; and, the third,

a commercial cost program to assess the cost of commercial
shipment where possible.

The program accepts a proforma voyage, allows
variations to the port and schedule, calculates the
economics of the base voyage, and its variations. The
input and output to the program is concise and convenient.
while the output could be more readible, no user voiced any
dissatisfaction.

There is little point in discussing the details of
the programs, as they are comnhetertly made and any gn<v >
improvements are mardinal.

There are, however, many areas where the program's
computational base is based on the wrong philosophy and
could mislead decision makers.

The first is that voyages are analyzed and evaluated
principally in terms of their voyage profit (or loss).
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This is calculated on the basis of MSC billing rates to
the shipping services. As there is no necessary relation
between the cost, the government would be charged
commercially and at these rates, the program will tend to
cause decision makers to increase MSC's paper profits -
rather than minimize the government's out of pocket

cost for transportation. Thus our first recommendation
is that the program calculate profit and loss using
commercial rates (when possible) and that the program
use MSC billing rates only when commercial tariffs

(even foreign) are unavailable. Second, any voyage
accounting made subsequent to the voyage be made using

primarily commercial prices. Without this the system
is inconsistent and asks managers to do the least cost

action with the knowledge they will look better when the
voyage accounting is done if they did not. Another useful
addition to the PROFORMA system is to build fuel curves into
the model. This is required as results of model are now
independent of speed.

In spite of all the good points of the PROFORMA
system and the immediate possibilities for its improvement,
it is our recommendation that it be radically overhauled
or phased out in favor of other scheduling methods more
appropriate to MSC's needs.

The fundamental premise to this conclusion is that
the method does not address any of the fundamental factors
which determine MSC's actual operating results. The only
exceptions to this are vessel hire and fuel costs which
the PROFORMA system accounts for in some detail. Table
IV.4.1-1 gives some very important factors in determinino
vessel schedules which are not considered by PROFORMA.

The fundamental deficiency in the whole scheduling

process is that the area commands making the schedules
have every poor and basically disorganized information
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TABLE IV.4.1-1 Desirable Improvements in Vessel

Scheduling Not Easily Possible With
PROFORMA

- Costs and revenues calculated on system wide basis. ' 1

- Vessel arrivals more closely integrated with terminal y
inventories and large consignment arrivals '

- More thought given to affect of schedule on cargo offered
- More effective use made of commercial tonnage to carry
cargo where MSC's marginal cost is more than the

commercial freight

- Freer routing of vessels - schedules maintained by fleet
not by vessel

- More use méde of vessel stow plans made to route vessels
for minimum stowage costs

- Better matching of cargo booked to capabilities of
vessels

- Bunkering requirements better integrated into schedule.




concerning the cargoes that are available to MSC. The
first step in the improvement of the scheduling process

is to obtain a more accurate and better organized picture
of the day to day cargo lift tasks the system is expected
to accomplish. In particular a large deficiency exists

in data on cargo availability in the out ports. Currently
a report of foreign cargo availability is furnished by
MTMC. A desirable improvement in the process would be

for the local MSC office to verify this forecast, including
areas where its information does not correctly evaluate
the amount of cargo and the time it is available in the
port.

When this is available, it is possible that an
experienced man could produce a well organized, nearly
optimum, vessel schedule for each area command without
the use of computer assist on a weekly basis.

A second stage in the process could be to install
some type of optimization routine to generate vessel
schedules. This cannot be done without improvementes in
cargo offering information outlined above. There is
also a large probability that the resulting method will
not prove really useful as was previously discussed.
However, the exercise of constructing such models
frequently leads to much self discovery within an
organization which is very useful even if the resulting
product is not.

Should this method of approach be adopted, it
is recommended that initial attempts utilize linear
programming. Such models can be simply understood,
yield solutions which are easily converted to operating
instructions, and have data requirements more easily
satisfied than other operations research approaches.
Finally as extremely well developed linear programming




pgckaggs are common place, MSC can be certain the

computer solution portion works and the lion's share

of effort can be put into model construction, verification,
and interpretation of the model's response.
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IV.4.2 CALSTAT System Overview ]
The CALSTAT system became operational in 1978 as

a means of keeping track of the status of vessels in MSC's

controlled fleet. It is a distributed system with data 4
input coming from area commands by a variety of means - '
Autodin, PSYCOR, telex, and mail. The output of the

system is primarily of use to the headquarters and serves

a very real function of keeping headquarters personnel A
abreast with happenings in the field. ;
It must, in principal, however, be of less use
to the area commands because
1. It does not currently provide information

quickly enough to have a real time effect
on ship operations
2. Since all information comes initially from

the area commands anyway, it can't tell

them very much they don't know to begin {

with.
It does however perform the clerical and typing function i
of maintaining schedule records and printing various reports
at the area commands. Additionally in the few instances |
where operational decisions of one area command effect !
the operations of the others, it additionally serves a
coordinating function to the extent the reports are

prompt. i
The express purpose of CALSTAT concerned with dry
cargo operations are: '
1. to identify and record dry cargo availability
2. to provide the itinerary of dry cargo vessels
3. to provide the status of dry cargo vessels

4. to provide projected ship arrivals by port
S. to provide miles steamed and fuel burned.
The system generates eight basic reports:

l. Dry Cargo Ship Vcyage Report
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Dry Cargo Ship Schedule
Dry Cargo Ship Arrival Report

Dry Cargo Departure and Port Status Report
Dry Cargo End of Voyage Report ( similar to 1)
. Port Time Report

Cargo Handling Performance Report

. Input Data Edit Error Reports - these reports

W N v e W N
.

are shown in Figures

9. Option Declaration Listing
They are shown in Figures IV.4.2-1 to IV.4.2-9.

The uses of the CALSTAT system fall into give
general areas; 1) Charter Administration, 2) Cargo
Operations, 3) Vessel Schedule Publishing, 4) Bunker
Administration, and 5) Evaluation of Operations and
Operating Personnel. Table 1V.4.2-1 shows specific i
questions that are repeatedly asked to perform work in ;
the above areas.

At least in very large measure, all of the ,
information required to answer these questions is there in
files maintained by CALSTAT. From the point of view of
headquarters function, it is probably in large measure
there timely enough. CALSTAT successfully measures the
results in MSC's fleet.

It is however very hard to use this information.

First in communication of results much superfluous
information is presented. Among these are the vessel's
call letters, MSC number, MarAd design. Second, the

system attempts to be too accurate. In a voyage of

34 days, minutes have no real significance. The categories
used are too fine and serve more to present a picture

of what happened rather than answer specific questions.
Moreover they are not mutually exclusive; for example,

the category NCO Bunker means (or should mean) that
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TABLE IV.4.2-1 Use of CALSTAT Information

I. cCharter Administration

1. Did the vessel break down - are funds due

under the offhire clauses in the vessel's
charter?

2. Did the ship‘s cargo handling gear work -
again are funds due under the offhire clause?

3. If requested, was the vessel able to meet her
chartered speed -~ what funds were due under
the speed clause?

4. Did the owner direct the ship for his private
business (such as drydocking) - was the vessel
offhire during this time, how much fuel

was burned for the owner's account.

II. Cargo Operations

1. Did the vessel leave cargo behind and why?

2. Was the vessel delayed because cargo was not there?

3. Are there any conditions on the vessel which
require schedule or other management changes to
deal with (e.g. draft too large to enter a port)?

4. Were cargoes loaded intelligently or was there
avoidable double handling?

5. Was the loading plan correct or was it necessary
to open every hatch to find cargo not properly
indicated on the plan?

III. Vessel Schedule Publishing

IV. Bunker Administration

1. Were bunkers stemmed in a reasonable way?




TABLE 1IV.4.2-1 (continued)

V. Evaluation of Operations and Operating Personnel

l. Were efficient voyage orders given?

a.

b.

a.

Was the vessel told to speed up and then
slow down?

Did it steam full speed, arrive early,
then anchor?

Did the master know his initial port of
call on sailing?

Was the vessel diverted ~ were the reasons
for this good?

2, Were arrangements properly made?

a.
-'b.

C.

d.

Did the vessel wait at berth on arrival?
Did enough gangs come? |

Were decisions to work or not work on
nights and holidays defensible?

Did gang production meet the historical
average of the port?

Did errors in arrangements delay the ship?
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cargo operations were stopped by bunkering the vessel -
hopefully a rare occurrence. But if it is port practice
not to work between 0000 and 0600, then bunkerings at this
time should be practiced - but it should be NCO PPR even
though the vessel took bunkers.

When it comes to using the CALSTAT information
to meet the administrative functions shown in the Table
IV.2.2-1, the output is really of little value.

The reason for this is clear. There are no standards
built in the CALSTAT system and it gives no indications
of the variance of performing from these standards.
Without these standards to filter the CALSTAT output, the
effect of the system is to flood the headquarters with
interesting, largely correct, needed information - but
with no provision to get the most out of it. The light
of CALSTAT is so bright the user is blinded.

The reports in CALSTAT should all be restructured
to more clearly present what the operating people need to
know. This work should be accompanied by the construction
of operating standards whose variances are to be measured.

In part, these standards already exist. Vessel
charters provide very concrete descriptions of vessel
performance which many times are not met.

The CALSTAT should immediately be reprogrammed
to indicate areas where chartered vessels do not meet
charter party conditions. Easily accomplished portions
of this are - having the "Prepare CALSTAT Voyage Report"
program clearly labeled in the left hand margin with "**
all voyages or legs of voyages where

l. the vessel's actual speed was less than the

directed speed '

2. delays were reported because of difficulties

with the ship's gear




3. off hire times in a day exceed 12 hours

4. voyage where off hire money calculated by
charter provisions is due MSC

5. other conditions.

In filtering the remainder the task is more difficult
because no real standards exist at MSC. The lack of
standards comes basically because the vessel's schedule
is not now seen as an operational plan for things to
happen. It is seen as a forecast of what will happen.
Additionally, while historical records of cargo handling
productibity exist, to build these standards into CALSTAT
is probably a very large job.

As an alternative, it is proposed that CALSTAT
have a program added to it to establish from the proposed
schedule standards of performance required to accomplish
voyage according to plan - subject of course to maximums
established by reality. These standards will then be used
to filter the voyage data and indicate areas where either
the plan was based on erroneous expectations or that
actual performance was poor.

The above task will improve the quality of the
output. The next task is to improve its currentness.

The largest complaint concerning the system was that
its output was not current enought to be really useful.
The five major reasons why the output is not current are
shown below:

1. 1Input to the system comes.from too many
sources to be efficiently used by a batch
processing computer system

2. The volume of input to the system is too
large

3. Input processing is not prioritized properly

4. No one person or group has sufficient control
to organize input and corrections to guarantee
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correct output in appropriate time frames.
5. The documentation for the system is poor
6. Input to the system is designed for ease of
programming and keypunching rather than ease
and accurateness of data entry.

Table IV.4.2-2 gives the originators of the vast
majority of information in the CALSTAT system. The
information enters the system via the process shown in
Figure IV.4.2-10.

Basicaily subordinate commands and personnel submit
reports to the area commands who suksequently forward
the information to the computer facility in which generates
error listings and submits them back to the area command
gneerating -the data for correction. '

Because of time differences and reasonable work
practices, the time between the recording of a transaction
with an office lacking a direct connection with the
Wwashington computer cannot possibly be less than 2 days.
Transactions occurring late in the week will take at
least 4 days. Should a transaction be bad, it will
require at least one day for notification of its rejection
to reach the originating area command and at least one
more day and probably 2 to make the input correction
card. Thus a transaction is at least between 2 and
4 days old if it is correct, and between 7 and 1l days
old if it was initially wrong.

The above represents the operation possible in practice
substantially greater delays are likely. Depending on the
volume of errors and their type, the reports of the
system probably don't make very much sense until nearly
all bad input is eliminated and corrected. Thus the
system cannot produce reports which are less than two
weeks old.

The most obvious improvement is to install micro
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TABLE IV,.4.2-2 Origin of Information in CALSTAT

I. Ship Data
l. Charters
2, Specifications

II. Voyage and Itinerary Data
1. sSailing and Diversion Orders
III. Ship Location Data

1. Primary - ship movement messages
2, Secondary - MSC offices
- MSC reps.
- MSC agents
Iv. ship Status Data
1. Primary - MSC Representative at port level

2, Secondary - Vessel's Master

V. Tankship Documents - Inapplicable

VI. Dry Cargo Documents
1. Shipping Order
2. Manifest
VII. . POL Documents - Inapplicable
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transactions above.
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computers at most of the locations providing input to
CALSTAT. These computers should be programmed to perform
the same editing functions now donw at the facility in
Washington. 'The system would then be able to produce
reports about one week more current than now.

The next difficulty with CALSTAT is that the volume
of transactions is needlessly large. Table 1V.4.2-3
gives information on the number of transactions occurring
in the system. The two most numerous transactions are
those required to make the in port status report and
those required for the itinerary report.

The largest volume of transaction reductions will
come from reducing the level of detail in the report
and in simplifying the coding system. A reasonably
proposal is to normally require one card per vessel
giving hours cargo was worked, number of gangs, and
production. More emphasis should be placed on the
comments field.

As the in port status report itself will almost
never be available in MSC's offices before the vessel
has left, it should place its emphasis on data collection
for planning and on collecting any off hire money due MSC
because of problems with ship's gear or delays caused
by repairs. For these and most other operational
problems, the use of the comments field will make the
situation clearer than rather broad codes.

A revised coding system is shown in Table 1IV.4.2-4.
The new category code simply tells what the vessel is
doing, i.e. waiting berth, working cargo, not working
cargo, and waiting to sail. The new status code should
be only "normal®™ or "abnormal" and is intended only
to call attention to the comments field. The comments
field should contain all important information. For
comparison, the current system is shown in Table 1V,
4.2-5. The affect of adopting this record format




TABLE IV.4.2-3 Volume of Data Required for CALSTAT Reports

I. Dry Cargo Voyage Report
l. Estimated start and finish date
2. Actual start and finish dates or revised '

estimated
II. Dry Cargo Itinerary Report

1. One card for each port of itinerary
III. Arrival/Departure
1. One card for each arrival

2. One card for each departure
Iv. ship In Port '‘Status
1. One card for each status from arrival to

departure
v. End of Voyage

1. One card signifying end of voyage j o
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A
Suggested Category and Status Codes for the CALSTAT System |
Category A " Status Comment
At Sea Normal Used to explain
Waiting Berth Abnormal what happened
Working Cargo /i
Waiting to Sail ' :
i




Ly

TABLE IV.4.2-5' Current CALSTAT Category and Status Codes

Category.
Discharging

Loading
Loading/Discharging
Discharging/Loading
No Cargo Operations
Floating Storage
Maintenance

" Status Comments
Port Security
Cargo Handling Infrequently
Ship Deficiency used

Terminal Deficiency
Weather

Awaiting Cargo
Labor Problems
Awaiting Pilot
Awaiting Assignment
Awaiting Tow
Awaiting Weather

"Bunkering

Overhaul

Ship Repair
Ship Upkeep
Logistics
Port Practice
Port Security
Shifting
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will be to reduce the volume of transactions by about
75%.

The next area where transactions can be reduced
in volume is by simplifying the input data for the
schedule maintenance section of CALSTAT. The attacking
of this problem is closely linked to the improvement
in the overall format of data input to the system.
Basically all input to the system is designed to simplify
the programming of the system and the job of keypunching
the data. As a result of this the volume of input
characters is many times what is really required to provide
all information, all of the remaining information only serves
to simplify programming. The best way to eliminate this
redundant data input is again to install a micro computer
device to accept input in as simple human oriented
fashion possible and to have it generate the card images
required by the CALSTAT program.

As currently available hardware is quite sophisticated,
the editing routines that could be added to these front
end micro processors would prevent any bad input from
reaching the computer in Washington. The approach will

1) eliminate completely any paper coding sheets

2) eliminate all keypunching

3) eliminate all trasnaction rejections now

occurring.

While the study did not encompass any consideration
of the autodin or command data links, it is thought that
any system producing 8 level or perhaps 5 level punched
paper tape could input data via these channels to the
computer in Washington with no changes in existing
hardware. Table 1IV.4.2-6 gives an implementable hardware
selection and cost for such front end processors.
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TABLE IV.4.2-6 Front End System Development Costs -

Paper Tape Interface between Autodin

and Command Data Link

1. Micro Computer
Horizon Micro Computer 32K Memory
1 Double Density Floppy Disk

2. ADM 3ACRT Terminal

3. ASR43 Teletype Machine with 8
level tape perforator

Total Hardware Cost per Installation

Software Development and Installation
(includes travel and field work with
area command)

Total Cost Prototype CALSTAT Front End

Cost follow on installations

111

$2049.00
849.00

1000.00

$3898.00

$10000.00

$13898.00

$3898.00




The software development cost could be kept down
to a total of $10,000 if its development was well managed.

It is our basic recommendation that a pilot front

end micro processor be developed and installed at a major
area command. As the Atlantic command currently seems

to have the greatest difficulty with CALSTAT system

use, the installation should initially be there. ;




IV.5 Booking and Cargo Documentation

MSC contracts with commercial carriers and with
itself to carry specific shipments by making bookings.
Container bookings are nearly always made with commercial
carriers and break bulk bookings primarily with MSC.

For an individual shipment, the booking process
starts with an offering (issued by MTMC) and ends with
a clearance order. The clearance order is the actual
contract between the carrier and the government for
transportation services and is somewhat analogous to a bill
of lading. Table IV.5-1 shows the component tasks of the
booking process. Figure IV.5-1 shows the overall role of
the booking evolution in the overall clearance order
process for government cargo.

While each individual transaction is usually simple
and straightforward, the volume of transactions makes
booking a very large and complicated job. Responsibility
for booking is held by the Pacific and Atlantic area
commands. Each command has a manual system to perform the
clerical work. There is little uniformity between them.

Figures IV.5-2 to IV.5-4 give flow diaqrams for
the booking procedures used in the Pacific area command
for Government Bill of Lading (mostly domestic) cargo,
international carrier, and international break bulk
movements respectively. Figures IV.5-5 to IV.5-7 give
the same for the Atlantic command. Appendix 3 gives
samples of the documenting paperwork for each unit.

While resembling each other superficially, the two
procedures differ greatly in the operational involvement
of the shipping company itself. In the procedure used
by the Pacific command, the booking staff elects and

assigns specific consignments to carriers. They are




TABLE IV.5-1

Receive offering

Arrange for transportation with carrier or MSC

Confirm booking to MTMC with clearance order

Confirm booking to carrier with clearance order

- Maintain advanced header file in unit level
booking system

Maintain internal records in MSC area command
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FIGURE IV.5-3

Container Booking International Shipments
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FIGURE IV.5-4 Container Booking - Break Bulk
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FIGURE IV.5-5 Container Booking - Atlantic Command
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FIGURE IV.5~-6 Container Booking - GBL Shipments
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FIGURE IV.5-7 Container Booking International Shipments -~
Atlantic Command

Offering

J

MSCLANT Sailing

4

Clearance to carrier
Order to MTMC

Unmatched advanced
header
Unmatched invoices

Interface with Manual
Process

L————-av Corrections

P

Unit Level Billing




governed in this assignment by vessel schedules, rates
offered, and statutory constraints on the maximum market ’
share carried by the low rated carrier. With some
limits on its flexibility, the carrier can reject any
particular offering.

The Atlantic command's procedure, on the other
hand, offers a group of boxes to the low rated carrier. ]
From this group, the carrier selects those boxes it uj
wishes to carry. The culls from this selection are then b

offered the second rated carrier, etc.




It is not clear which method, if either, results
in the lowest cost to the Government. The Pacific's
procedure seems more businesslike, whereas the Atlantic's
procedure seems at first glance somewhat sloppy.

The Atlantic's procedure gives the low rated carrier

the opportunity to select exactly which cargoes it does
carry. For purely technical reasons, the low rated
carrier should select the heaviest and lightest cargo,
leaving the middle range for his competition. This
strategy will allow him better use military cargo

to balance out the mix of commercially available. This
ability, particularly to acquire heavy boxes, expands
the low rated carrier's ability to book non-military
commercial cargo. This is due to the naval architecture
of container ships.

As the cargo offered the second rated carrier
is the culls of the first, this second rated carrier
will receive a mix of cargo less desirable to sail
his vessels in a full and down condition. The third is
worse still.

This selection process should create a situation
where there is a greater disparity in rates between
high and low rated carriers on the East Coast than
West. The low rated carrier bidding to obtain the
advantage of the possibility of expanded commercial
sales, and the high rated carrier reacting to decreased
commercial sales.

whether or not this situation exists factually
should be investigated. 1If so, a study should be made
as to which method of cargo allocation is least costly
to the Government. On the basis of these studies, the
booking procedures in both the Atlantic and Pacific

commands should be made uniform as it is not possitle
that they both be equally effective.




The second area where the area commands differ
is in the way block bookings are made. Both commands
accept block bookings which are, in effect, reservations
of space on a particular voyage made before the exact
discharge port is known. The Pacific command frequently
books cargo for Korea with the exact ports of discharge to
be nominated when the cargo is tendered to the carrier.

The Atlantic command is faced with a slightly
more complicated situation in that for many inland
destinations in Germany, both Bremerhaven and Rotterdam,
are interchangeable from all technical points of view
as ports of discharge from the vessel. The Atlantic
command therefore developed the practice of booking
cargo to the inland destination in Germany without
specifying the port of discharge, this in theory
being left to the discretion of the steam ship company.

This procedure creates problems when the shipment
is, in fact, made because the shipper must nominate .
a specific port of discharge to make the TCMD. Since
the clearance order for block booked cargo does not
give its port of discharge, the carrier will
unload it at the incorrect port should his commercial
considerations dictate. This creates substantial customs
and documentation problems, sometimes delaying shipments
for up to a week.

Discussions surrounding block booking have no
clear end. Clearly it is a practice that raises MSC's
cost for the convenience of another service. The common
sense value of the convenience is small, as the
justification of wanting to send something 4,000 miles
without knowing where it is going should be large indeed.
No private commercial shipments ever are made with such

arrangements. However, if the cost of eliminating
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block booking is more than the cost of the occasional
confusion resulting, then the practice should be
continued. ‘

There are a few points that should be raised.
First, MSC should not absorb any of the cost of
misrouted cargo. It is unlikely that the shippers
utilizing block booking actually know its cost, and
only they are in a position to estimate the utility
of the practice to the DOD. Without a bill being
rendered by MSC to them, no one has the factual cost
data required to evaluate the procedure.

Second, the relative lack of cooperativeness of
carriers (if literal compliance with contracts is
uncooperative) reveals a flaw in MSC bidding and overall
procurement procedure for container services. The
procedure for booking cargo gives the cargo to the
carrier offering the service at least cost to the
government. Carriers incurring extra charges or going
out of their way to provide good service are not
preferred and no objective records are kept by MSC to
support such performance. Thus, there is no reason
for a carrier to do anything but exactly fulfill the
contract. The carrier of 'misrouted’ block booked
cargo could easily eliminate the problem by not unloading
cargo at Rotterdam which is documented for Bremerhaven.
There is, however, no reason for the carrier to absorb
extra costs for the benefit of MSC and hence they don't.

Great improvement is possible in the area of the
administration of cargo bookings. The current system,
while being adequate to today's current limited needs,
could not deal well with any substantial increase in
traffic volume. Additionally, the extreme emphasis
that the system puts on manual recordkeeping is wasteful
of manpower and exposes MSC to needlessly high operating




costs. The two largest defects of the current system
are first that it can routinely furnish no information
concerning the quality of transportation furnished MSC
and it is not truely integrated with MILSTAMP and the
unit level billing system. A substantial portion of
the clerical effort required for cargo booking is spent
correcting errors in the information available to the
unit level billing system.

Considering the relatively small cost and straight-
forward development, it is recommended that an automated
booking system be developed. The system should be a
distributed one - resident on a micro or mini computer
located at each area command. These 'systems should
then periodically dump their files to MSC's computer
to maintain the unit level billing system and other
pre-existing business software.

Table IV.5-2 gives the major goal that such an
implementation should have.
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TABLE IV.5-2 Goals of Booking System

- Make all bookings at major area commands in an automated
fashion at least cos'' to Government subject to pertinent
constraints

~ Ensure accurate commodity description on GBL shipments y

- Maintain records of all other booking transactions

- Ensure optimum selec"ion of van type and size

- Be able to accommodate a five-fold in¢rease in activity
in a two-month period with no decrease in system

effectiveness

- Continually monitor quality of transportation services
provided the DOD and general level of excellence
of system operation. As part of this, c¢stablish system

norms for satisfactory performance.

- Improve contract administration document reconciliation

procedures

~ Provide suitable data base for mana jement inquiries

and system evaluation

-~ Provide comparative information bet veen commercial
and MSC controlled tonnage utilizat on for specific lifts

- Providé information on cargo/container capacity location
for DOD contingency planning.




IV.6 Interservice Billing Rates

In a free market economy, the most important
pieces of information required to manage and plan operations
are the prices of goods, materials, and services reguired
to accomplish a given goal. Any type of cost benefit
analysis, rate of return calculation is not possible if
both the costs and benefits are realistically understood
in monetary format. Prices set by the market are the
invisible hand which guides the gree enterprise economy
and vastly simplifies planning.

In this type of economy any form of price control
or other intervention has the tendency to cause uneconomic
allocations of resources. This causes greater real cost
to be incurred for the accomplishment of a task than would
be made in an environment without regulation of the prices.

Because of the complicated structure of freight rates
under which all users of marine transportation obtain such
service, it is a wise, organizational decision for the DOD,
to have MSC cope with commercial payments and to offer a
simplified pricing system to its clients. This reduces
overwhelmingly administrative cost of procuring marine
transportation for the Defense Department.

However, because the tariffs charged by MSC are,
of necessity, simplifications of those it pays
commercially, they are good examples of the price
controls described above. They will inevitably cause
logistics decisions to be made which are not the same
ones which would have been made had the decision maker known
the true costs involved. The most obvious example of
this within MSC's system lies in the intercoastal
shipment of goods to and from Hawaii. 1In this trade
commercial invoices are based on the hundred weight
with a certain minimum charge per container. Follow-on
containers of the same shipment have the minimum charge

waived. As such, there is no economic gain to the Government
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to utilize the cube of the containers above the level
naturally following from the cargo's weight. MsC,
however, based all of its invoices on the cargo's volume
without consideration of its weight. This information
will cause shippers to expend funds stuffing containers
to minimize the use of cube to a level beyond that which
is reasonable from the carrier's tariff. These
expenditures are wasted as they bring no benefit to

the Government - even though they seem efficient on
paper.

The interface of cargo management with MSC's
pricing policy are large. 1In cases like the above when
the pricing structure does not cause the proper action by
shippers, then there must be explicit management inter-
vention by MSC if the Government is to pay the lowest
cost for ocean transportation. This intervention may be
made more difficult when the situation arises that
although the Government pays less by a certain treatment
of cargo, the shipper is in fact charged more. The need

for this type of management involvement clearly decreases
when the price structure more clearly dictates the actual
costs of various actions by shippers.

The stated goal of MSC rate setting apparatus is to
annually recover the cost of shipping goods from the client
services. To do this, MSC establishes billing rates based
on cost and volume forecasts, publishes these rates 2
years in advance, and then collects its revenues using
these rates in conjunction with the unit level billing
system. A more general statement of the goals of the
rate setting function is shown in Table IX.6-1.

Figure IV.6~1 shows the general methodology used at
MSC to formulate MSC's prices charged to shippers. The
prices charged affect cargo operations management in the

fcllowing ways:
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TABLE IV.6~1 Process: Interservice Billing Rate Setting

Headquarters Functions Involves
1, Establish services for which invoices rendered
2. Establish geographical base to calculate

invoices

3. Establish cost of providing service

4. Forecast volume in system

5. Establish prices

6. Investigate sensitivity to changes in environ-
ment

7. Publish tariff

Goals of Function
1. Establish services for which invoices rendered

a. Delineate to shippers areas where MSC wishes
their decisions to be influenced by
transportation costs

b. Determine areas where subsidization of
high cost services by low ones is contrary
to policy

c. Establish metric to determine how much of
MSC's resources are consumed by shipper

d. Determine level of effort expended in
writing bills and detail in same

e. Determine format of cost information avail-
able to management

2. Establish geographical base for invoices

a. Determine the extent to which shippers have
an interest in routing cargo

b. Determine the apparent reasonableness of
rates - the narrower the description of
geography, the more commercial pressures
affect a given route, the less reasonable
it seems
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TABLE 1IV.6-1 (continued)

3.

¢c. Determine cross substitution of routes

Establish cost of providing service

a. Provide objective justification of rates

b. Ensure that selected prices lead to satis-
factory financial results

Forecast volume in system

a. Establish unit costs for transportation

a. Indicate areas where

Establish prices

a. Ensure that provision of service gives
no long run gain or loss to NIF

b. Present services continuous stabile
prices for planning - i.e. absorb
uncertainty in transportation costs at MSC
level

c. Rationalize prices for internal military
use

Investigate sensitivity of system to changes

in environment

a. Clarify magnitude of risk taken in price
setting

b. Question assumptions and adequacy of
information used in pricing process

Publish prices

a. Make cost of transportation known to users
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1. Prices are the best vehicle to ensure users
of services use them optimally. Areas where
prices are not used as a management tool will
have to have explicit management intervention
to ensure proper management decisions.

2. Because of the emphasis the process of
setting the freight rate puts on breaking
even at specific volumes, substantial
amounts of management effort is required to
make projections of volumes shipped. The

accuracy of these forecasts is the most important

single thing which affects MSC's operating

results.

Concerning the second item, it is a matter somewhat
unrelated to cargo management, how MSC adjusts its
balance with the Navy Industrial Fund. However the current
method of adjusting freight rates causes alternate periods
of profits and losses which dispell any hope of understanding
what is occurring in MSC's operations from its books.
Additionally it places a large burden on the accuracy
of volume forecasts. These forecasts have not been up
to the standard required and have themselves caused
unpredictable fluctuations in results. The minimum
requirement to continue the current policies of pricing
is to improve these forecasts. This is discussed
elsewhere in the report.

The fundamental objection to the pricing policies
of MSC is that their stated goal or recovering the
cost of the service from shippers is too narrow, and
is unimaginatively formulated and implemented. For
those reasons, MSC fails to obtain any benefit from
prices as a problem solving device.

Appendix I gives a very well thought out example

of how a utility's prices were set to manage the demand
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for water as well as recover the utility's operating
cost. An approach resembling this in intent should be
tried at MSC. The first step in this procedure should
be the establishment of additional goals of the
pricing policy.

The next step is to revise the structure of MSC's
tariffs to allow the new billing procedure to address
these issues. The intention here is to create a few
simple modifications to the tariff which could be part
of a revised Worldwide Cargo Transportation Costs Guide
{(Fam 55-5) and put in the hands of the users of the
service. Unless this is done, the exercise will not have
any real results in improving MSC's operational performance.

The-last step is to test the new tariff through
its use, first at one medium volume facility and then
at a high volume facility prior to its system wide
introduction. This will smooth out any problems and locate
any pathologies in the tariff itself.

While this approach may involve a bit of liaison
work with MTMC, it has the potential of solving a large
number of problems within the system with a very small

expenditure of resources.
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IV.7 Unit Level Billing and Invoice Verification

The Unit Level Billing System is a comprchensive
computer system designed to process manifest tapes
furnished by MTMC into invoices for transportation to
shipping services. Additionally the system deals with
error corrections, etc. The unit level billing system
is currently one of the keystones of MSC's management
information systems, as most of the reports available
to MSC's management either come directly from it or

are printed from fiels maintained by it.

The system itself is run by the controller’s
section of MSC and is largely beyond the scope of this
study. The system by itself seemingly works well but
is handicapped by discrepancies in the source documentation
(MTMC manifest tapes) used as its primary data base.

The system's interfaces with MSC's cargo management
system are extensive and making these interfaces go as
smoothly as possible should be a goal of any work done
on cargo management at MSC. 1In particular any work
done on automated cargo booking could easily be
broadened sufficiently to vastly decrease the amount of
clerical time required to rectify errors in the manifest
tapes.

Table 1V.7-1 gives the functions and general goals
of the unit level billing system. The general operation
of the system is shown in Figure IV.7-1. The figure
shows the three areas where the unit level billing
system routinely interfaces with MSC's cargo booking
system.

P An inmproved autometed cargo booking system well
interfaced with the unit level billing system will

improve the performance of the unit level billing system.
Currently the float is receivables for the Pacific command
runs in the vicinity of 28 million dollars, the Oakland
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TABLE 1IV.7-1

Process:

Unit Level Billing

Headquarters Functions Involved

1.
2.
3.

Determine monthly services rendered to shippers

Invoice charges

Clarify objections to invoice (if any)

Goals of Function

1.

Determine monthly services rendered

a.

b.

Create sum of all known individual shipments
for extension to invoice

Correct any errors known prior to issuing
invoices

Obtain estimate of last weeks invoices

due (as billing and accounting period
coincide)

Obtain sum of all special services, per

diem (now detention, etc.)

Determine if major unbilled charges exist

and find, if so

Invoice charges

a.

Provide to paying agency charges that it is
expected to pay

Clarify objections to invoice

ae.

Provide support and justification to
protested charges and correct when they are
incorrect
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office being responsible for about 12 million. While
much of this float just stems from a large volume,
a substantial portion comes from difficulties in locating
the proper party to send the invoices to. The three
basic reasons why the unit level billing system cannot
on occasions issue bills are:
1. no advanced header in the system for a ship
voyage
2. transmission errors in submission of
manifest tapes via autodin
3. multiple consignments per container
4. incorrect TAC codes on the ATCMD
All four problems could be remedied using an automated
booking system. A reasonable target from the installation
of such a booking system is the reduction of float due

unbillable revenue by 50%.

- arvaen




- e me L —wwewy . v T

_.'. L

IV.7.1 Invoice Verification
Related to the unit level billing is the process

of carrier invoice verification. This represents

a large volume for containerized traffic. 1In fact, a

S S VU ROV SN

single clearance order makes two sets of invoices.
One for the basic freight and a second for overseas
linehaul, drayage, and miscellaneous charges. The f
second invoices represent about 12% of the basic '
freight.

As the basic freight invoice is very simple, and
can be verified only by the knowledge that the goods
were in fact put on the vessel, the second invoice

requires more research to ensure its accuracy. Figure
IV.7.2-2 gives a sample worksheet used for invoice
verification at the Pacific command.
Currently the Pacific command is experimenting
with the generation of this worksheet as part of the
development of the finis system. Another approach would !
be to develop such a worksheet from our automated booking
system which would have the similar information in it.

In any case the automated generation of the work-
sheet should be implemented at the Atlantic command.
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Oversea's linehaul and drayage run 12% of basic freight.

FIGURE IV.7.2-1

MANIFEST
WORK | CLEARANCE
SHEET ORDER

| INVOICE

INVOICE VERIFICATION PROCEDURE
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V. ACCOUNTING SYSTEM

A description of management information requirements

and availability would be incomplete without some idea of
what are the capabilities of the accounting system of the

organiz;tion. As with all organizations, MSC's accounting
system is one of the principal providors of information A
within the organization. ¥

While developed from the point of view of
stewardship agcounting, the system does not appear to
provide sufficient operational information to provide
the maximum assistance to the MSC staff.

This is a common characteristic of stewardship
accounting systems as their goal is the objective
reporting of an organization's financial condition to
outsiders. These outsiders may be stockholders, regulatory
agencies, or in MSC's case, the Navy Industrial Fund
and the Department of Defense. Stewardship accounting
systems also have the goal of prevention of unauthorized
use of organizational assets.

Stewardship accounting procedures, being organized
towards describing the organization to outsiders, frequently
do not support management sufficiently and often organizations
have separate cost accounting systems to fill this gap. The
principal problem with a stewardship accounting system
is its results are highly dependent on factors beyond
the control of individuals in the organization.

With the exception of procurément oriented positions,
managers have little control over the prices of items they H
use, but only on the physical amount. By using the prices
actually paid rather than prices it was planned to pay,
the manager cannot always know if he is effective as the
fluctuations in factor prices many times are in excess

of the maximum impact a manager can have if he does a

superb job.
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[ Secondly, the stewardship accounting system is blind
to increases in physical volume of production. And a
situation that was satisfactory at one level of

production may be very poor if actual production differs
significantly from planned.

Thirdly, in a stewardship accounting system accounts S
are determined by the nature of the expense. In a cost
accounting system several factors determine the account
structure. They are

1. nature of the expense
. who is responsible for the expense
. decision determining level of expense

. direction of response
. whethefia cost is fixed or variable,

Setting up accounts in a cost accounting system is a very

precise job which determines how satisfactory the system i
' is. The goal is of course to try to ensure that only

g e w N

particular decisions of one decision maker affect the
balance in an account. The assumption being that

when this is true, the decision maker is much better able
to determine the results of his decisions.

Table V<l' gives rough comparison between the two
approaches.

Additionally, emphasis is put on incremental
revenues and costs rather than on gross revenues and
costs. ,

Because of the system's emphasis of cost
accounting on variable output, it has an item known as
a flexible budget. Basically this is really a set of
fixed budgets for a given set of production volumes -
each of which reflects the costs that are reasonably
necessary to attain a given level of production.
Additionally there is a planning budget for use by the
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steward ship accounting system which is the one point
on the flexible budget which is thought most likely.
The planning budget need not agree with the
flexible budget. For example when volume changes there will
be a discrepancy with the planned budget as the firm is
now operating in a different environment, while there
ideally is no variance from the flexible budget unless
the manager's performance is at variance with the plan. b
Cost accounting is based on a 'standard' cost
which is in fact the planned cost for each factor used
in production. When results differ from the plan, there
are two types of variances -~ quantity variable, and price
variance. , _
The quantity variance is obtained by taking the
'standard’' cost of a factor of production and charging
an account for the actual amount consumed times its
standard cost and crediting it with the planned amount
times the standard cost. The result is the amount the
physical resources used to accomplish a task differ
from the planned - measured in monetary terms (but
independent in price fluctuations). The price variance
is the actual amount of the asset used times its
actual cost minus the amount used times its standard cost.
This indicates how much the operating results were affected
by price changes.
This approach is very important to evaluation of

decisions made in such areas as fuel consumption. As

fuel prices apparently will go up steadily even very
successful programs to manage bunker costs result in
increased fuel charges (albeit much less than they would
have been). The quantity variance from a cost accounting
system is probably the only way to ascertain the combined
effects of speed reductions, engineering improvements, and
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decreased fuel quality on bunker costs in a way which is
useful in evaluating the cists of obtaining improvements.

It is clear that from this sophisticated point of
view MSC has no cost accounting system. As a direct
result managers do not receive information in formats
that are easy to digest and present their affect on MSC
in a way they can understand. This is in reality the
typical situation in many (or most) marine organizations.
While being an area where real improvements is possible,
it is not an area where MSC's performance is beneath the
general industry level,

The last jtem is perhaps the most important as it
means that MSC operating management frequently is making
decisions with poor quality information. At MSC
the only systemitized routinely available information
comes from either the unit level billing system or from
the accounting system. Since MSC is a huge organization,
it is only possible to use the volume of information in
the accounting system on an exceptional basis. Since the
norm at MSC is supposed to be break even, the only
exceptions really plausible are profits and losses.

As the prices are set by general average costs of
system operation, decisions made on financial operating
results are blind. For example, nearly everyone at MSC is
of the opinion that the Ro-Ro operation with the Admiral
Callahan to Europe is an efficient,.well run "money making"
operation, whereas the tricoast break bulk operation is a

"loser". As a result, management attention is focused
away from the Callahan to the break bulk.

Yet the largest single and also most easily approached
area where MSC can save money is in the bunkers for the
Callahan. Between 1 and 3 million dollars in expenses can
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be saved annually on this vessel and yet only surface
attempts have been made to economically operate the gas
turbine powered vessel. Table V-2 shows all the areas
that a commercial operator approached to reduce bunker
charges in a fleet of gas turbine powered container vessels -
prior to repowering them with diesels as a commercial
operation could not pay the fuel bill. The only reason
why this has not occurred at MSC is that all financial
results from the Admiral Callahan show voyage profits.

The basic reason why the voyages are profitable
is not that the vessel is efficient (considering its large
fuel rate) but because the price used to determine its
voyage revenue is artificially high. This is because it
is based on an average of MSC's cost per ton mile to ship
break bulk cargo in its entire fleet. As the Tricoast
vessels operate on very long routes, they are responsible
for a large fraction of the total ton miles produced by
MSC's break bulk fleet. These vessels are quite costly
to operate because of their small size and long times
in port. The Callahan, keing an excellent efficient ship
from the point of view of cargo handling, incurs no such
charges.

When the tariff is calculated, a large fraction
of the charges due to the technical inefficiency of the
Tricoast vessels is added to the freight the Callahan
earns. It is this addition that is partially responsible
for the profits that MSC earns on this route. Yet
because this artificial profit exists, the pressure on
management to reduce the Callahan's fuel bill is
substantially reduced.




TABLE V-2

Steps taken to improve operating results of gas -urbine

powered containerships:

l. new port side propeller (larger diameter and developed
area ratio)

2. single shaft operation .

3. improved scheduling utilizing technical characteristics
of gas turbine to set schedule (best speed one engine
full power other shut down)

4. installation Marisat (ensure vessel actually making
speed needed for schedule)

5. bunker bonus ($1000/voyage) if bunker
conservation goals met (could double
captain's income)

6. decrease distillate fuel quality used
a. distillate service fuel MGT-4 é
b. installation of MGT-2 stating system j
7. burn heavy oil (not distilled) ‘
a. installation RFO system
- onboard washing fuel
- varandium inhibiter
- onboard fuel analysis capability mass
8. elimination of excess ballast sailing at minimum draft

9. purchase of water in lieu of using evaporator
(allows boiler to be shut down)

10. installation of exhaust gas boiler

11. substitution of medium speed diesel for gas
turbine

Fuel economies of about 25-~30% were obtained prior to
gross surgery of reengining. Reengining will halve
fuel bill for vessel.
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FORECAST: Volume Projection

for the Small Business

The prediction of future volume Is an Important manage-
ment tool for business. A multinational corporation may
employ a staff of analysts and programmers 1o predict future
sales 10 the highest degree of accuracy possible, but In small
businesses forecasting Is no less Important.

For the manufacturer, the projected volume governs the
procurement of raw materials and parts, personnel re-
quirements, and perhaps caplial expenditures, 1o mention
only a few areas.

or the refaller, projection is needed to anticipate changes
In necessary stocks, as well as cash flow and staffing. Even
the purely service-oriented business can make g use of
volume projections. . .

The traditional method of makln? projectiond consists of
dlsplaylng past performance as a large graph behind the
president's desk. The analysis and subsequent projection Is
then made by taking an “‘eyeball guesstimate.”’ Depending
upon the nature of the past data and upon the experience
and acumen of the estimator, the guess may offer varying
de*ms of accuracy.

he problem is that the basic underlying trend upon which
the projection Is based Is often hidden In a background of
statistical noise generated by seasonal, as well as apparently
random, variations. The mathematical analysis of time-series
frends is a set of fools to reduce this noise much in the same
way that electronic signal averaging Is used to extract a given
signal from its background noise.

he analysis of irends has no inherent unlit and It makes no
difference if we are Talking about projecting gross sales in
dollars or actual items sold. The material in this article is based
on the author's experience In anticipating future test volume
in a large clinical laboratory sefting, but It Is just as applicable
o the anticipated sales of a widget manufacturer. The
numbers are purely that: the number of things that haﬁpen at
a given fime.* The algorithm used is one method of
smoothing the data to recover the underlying trend. You
could just as easily plug in bullding permits, fown popula-
tions, or even your golf score over the years; only the titles
on the printout change.

PATTERNS OF GROWTH

Growth occurs In one, or a combination, of three basic
patterns (Figure 1). In LINEAR growth, the rate Is constant

By Leo P. Biese, M.D.

it can be readily shown that growth was linear over only &
short period of time and any projections based on this would
be very misleading.

In EXPONENTIAL growth, the rate Is constantly increas-
ing. This represents, for example, the desirable situation
when every satisfied customer brings in three new custom-
ers. Unfortunately for business, this pattern is also rarely sus-
tained for very long.

ASYMPTOTIC decline is another common pattern in
which growth starts out briskly (perhaps in a linear manner),
but the rate of growth slows gradually, even though the total
volume keeps Increasing, as the market becomes saturated.
This represents the situation where *‘almost everyone's got
one." Identification of this type of pattern would be impor-
tant, for example, to determine at what point further in-
creases in sales would no longer make it worthwhile to con-
tinue manufacturing the product.

SIGMOID growta represents the real world. Sigmoid, or
“S".shaped growth is actually composed of parts of the
other three types of growth. It is the most common represen-
tatlon because It reflects the external events that influence
growth. A new product is introduced and its rapid accep-
tance produces a period of exponential growth in a hungry
market (Figure 2).

s

ASYMPYOTIC

Figure 1. Patterns of Growth

and presents no analytical problems, since It can easily be
projected visually. Unfortunately, linear growth is rarely sus.
fained except for short periods of time and under special cir-
cumsiances. The usual methods of volume projection often
assume linear growth, but when the noise due to volume
fluctuations Is suppressed by various smoothing techniques,

60 INTERFACE ACF A2
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Figurs 2. Representative Compound Growth. This
could be approximated only by muitiple short period
linear curves.

At point A, the curve changes direction (called an inflec-
tlon point); the perlod of rapid growth is over and the product
then enjoys a steady perlod of linear acceptance. At point B
the curve again changes and the product enters a period of
asymptotic decline in new sales. Point B may represent
market saturation or external events such as product obso-
lescence owing to new technology, "overpricing, the intro-
duction of competition, and so on.

Asymptotic curves are ones that keep increasing at an ever
smaller rate so that they approach, but never get to, 100%;
they are asymptotic because of Barnum'’s rule that there Is
always someone out there who needs/wants one.

Actual growth curves are often a combination of a series of
these difterent patterns. High inflation rates may change
linear growth Into asymptotic decline only to approach linear
growth once again as interes! rates come down.

Microcomputer mainframe sales is an excellent example in
which the full sigmoid curve completed itself in just three

ears with the introduction of the chips and saturation of the

obby market, but is now (slowly) repeating that same
sigmold curve with the acceptance of the microcomputer by
the small business community.
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1t is this type of compound curve thiit Is the most difficult to
sppreciate visually and the most difficult orie to projett over .
periods of time, precisely because the aalyst cannot
the occyrrences of outside stimull and their affect on
volume. Unfoftunately, no computer ram can do that,
You could have had huge amounts of sales data for 1950
and never predicied the results of the advent of the fransistor. -
nor the effects of Japanese competition a decade later. Time-
series (orecasting can, however, go a long way lowards
reducing the errors In deciding where you are probably go-
ing by looking at where you have been.

SMOOTHING TECHNIQUES

A fairly typical pattern of sales Is shown In Figure 3. The
underlying growth trend Is obscured by week to week fluc-
tuations. t all we can sayfor.the perlod shown Is that

v
. e
.

Figure 3. Unsmoothed, Single
Data (Redrawn after Westiske)

“sales are up’’ — not a very satisfactory way of deciding how | -.
many units we shoulkd make/buy for the coming pertod.*
There may also be significant seasonal trends hidden In here, -
which will be distussed later. Y "
The_simplest fechnique to reduce random. fluctuations
would ‘be to compret& the: units of volume usdd.”lf the unit
volumes were grest enough, we could plot thoudands sold
instead of hundreds sold, effectively rounding off the data. It -
may very well be; however, that such a crude attempt af
smoothing would be worthless, since we 'can’t plan on the -
basis of thousands of units because the components are oo
expensive. It is at this point that the appropdiste mathematical
techniques can be helpful. . s R

and Double Smooth

. _— Y

MOVING AVERAGES * - L4 e

. L . ‘:,'):.:' . . a
s lnditthe matheinatial ¢ oe'chmqueswa,smoamrn‘g’. we use
some variption - average béhveen Wo.successive
‘ periods and wdghm. ust) this differencé in some man-
7. ner so that it can be applied to the hext following period. The
* difference between methods-lies in how we derive this adjust-
inent and how heavily we apply it. As wili be shown later, we
can adjust to the point where our data is no langer significant
because it no longer provides the Information we need.
The moving average is the least destructive of the smooth-
ing techniques. It Is found by taking the simple average of
some number of past periods and using that as the:prediction
for the average of the next period, fNote that this is pot the
same as ‘‘simple sveraging'' because It Is reapplied with
each new period or group of periods and hence the average
is continually changing. ]
We can, for example, take the sales data per month for the
past six months, a crage i, and use this average as the
prediction for the nc<t month. In this specific case:

actual sales Jan-June

6

To smooth the curve over many perlods, we simply keep
repeating the process for as long as we have dats; the average
sales for Feb.-July becomes the predicted sales for August,

A3

predicted ave. July sales =

62 INTERFACE AGE

~ avgrage and the second moving average and added it back to

--affected, but.the changes (inflection points) which were

‘etc. Three Imgortant factors are at work here: 1) the degree
of smoothing depends upon the number of periods chosen,
and 2) the periods belore that have no affect on the smoothed
curve. At the same time, 3) the abilisy to predict change Is
Inversely proportional to the number of periods chosen.
To put it another way: For any given year, the closer we
select the data intervals (monthly, glweekly, weekly) the:

1. smoother the curve is,

2. less able the curve is fo predict short-term changes, and

3. greater the curve is in predicting long-term (e.g., yearly)
trends

4. predictions for, say, August are based on actual sales

for Feb.-July and are not Influenced by actual sales in

January, no matter how high or low they were.

The effect of using different numbers of periods for
calculating the moving average is shown in Figure 4 where
using monthly data over a period of five years shows a
definite seasonal pattern that is eliminated by using weekly
sales data.

Flgyfo 4. Etfects of Loss of Periodic Data by Smoaoth-
ing with Weekily Moving Average and Monthly Moving
Average. (Redrawn after Westlake)

Greater smoothing can be obtained by repeating the pro-
cess a second or even a third fime on the previously smoothed

_data, but-other techniques are usually more appropriate. In
“addition,  we can increase the ability 1o show changes in

trénds: (inflection points) by adding the difference between
the .first “and second smoothing . . . back to the first

. smoof ing; a process called “‘double moving averaging.”

~ons\der the curves in Figure 3: the smoothed curve

. (moving average) lags behind the actual data by a period of

three months because we needed the first three months to
get the first moving average. If we now perform a second
smoothing by taking a moving average of the moving
average, this new curve would lag the first curve by an addi-

, tional thre¢ months,

fNow. IF.we took the difference between the first moving
the firét, some of the lag is erased. The first smoothing is un-

largely suppressed by the second smoothing are enhanced!
The formulas for doing this are given as remark statements in
the program that follows. .

EXPONENTIAL SMOOTHING

8
In this method we take the difference between the actual
volume for a given period and the predicted volume for the |
same period and add a lixed portion (weighting factor) 1o the !
forecast for the following period. In this manner we continu-
ally correct the curve on the basis of past experience. This ’
could be viewed as a kind of *‘seli-correction'’ forecast which 1
‘“‘learns'’ by its own past experience. The percentage of dif-
ference (welght) remains the same, but unlike the moving -
average, the correction applied to each period is influenced
by all the previous points in the database.
The weighting factor can be anything between 0 and 1. The
smaller the value, the greater the smoothing effect. This is sub-
ject to the same limitations discussed above, i.e., the smaller |’
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the weight factor, the greater the smoothing and the less sub-
’:: the curve is to short-term changes, In general, weighting

ors of about .2-.3 give good results, bul several should be
rried. As in the moving average, we can apply the process a
second or third time. ble exponential smoothing is per-
formed similarly to double moving averaging, and is probably
the best smoothing procedure avallable for general use. This
is the method in the pro%'r:am 1o follow.

A glance af the program calculations will serve to convince
you that double exponential smoothing of a monthly five.
g- sales record (60 polints) is an excellent reason in iiself

owning & micro, since doing it by hand would result in the
forecasting period being over by the time the calculations
were done. A few additional fitles and form feeds and you
can have the annual report done in fess than five minutes.

LINEAR REGRESSION

This is 8 method ofien mentioned for projecting future
volume; It Is brought up here only fo condemn If. As we have
seen, actual growth is very rarely linear except for small
periods of ime {months) and very serious errors can occur
when attempting 10 use this method unless very elaborate
statistical lests are used to evaluate the “fit"’ of the derived
formuls to the observed curve.

SEASONAL ADJUSTMENT

As was mentioned above, the purpose of smoothing tech-
niques Is to minimize the effects of noise fluctuation and
show the underlying growth trends. This smoothing affects
not only the pseudo-random varlations In volume, but sea-
sonal (periodic) variations as well. In many Instances It is
desinbr 1o preserve this seasonal information in order to
refine further the projection process. There are many mathe-
matical techniques for recovering periodic information, but
thelr various merits will not be discussed here. Fortunately,
one of the most easlly understood and easiest to apply, called
seasonal indexing, Is quite satisfactory for our purposes.

A Seasonal | Is constructed by first performing a single
moving average as described above, usually a 12-month
moving average, since we want fo use the least destructive
smoothing procedure and so preserve the maximum seasonal
information. The unadjusted index for each period Is then the
actual volume divided by the predicted volume:

actual volume period P

with volumes and perlods adapted for thus specific purpose.
The volumes are in equal increments dec Lired during the run.

For biweekly or weekly data, only about 105 pertods can
be printed on 14" wide paper, while 36 monthly periods
print out at intervals of three spaces cach. The vertical
(column) axis Is limited to about 52 lines, and you must set
the interval (If) within this to avoid running off the paper.

This section Is presented as an example only. The reader
must furnish his own subroutines for significant changes for
data outside these ranges.(] Program follows
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rawindexP + 1 =
predicted volume period P

Next we find the medial average for the year by discarding the
highest and lowest raw indexes and averaging the remaining

ues. The “'adjusted’’ seasonal index Is then each raw index
minus the average index, and this can be used as a factor to
multiply the projected volume for each perlod. Further refine-
ments include various weighting techniques. The reader is
encouraged 1o consult the references listed. Seasonal index-
Ing has not been Incorporated in the program presented.

ABOUT THE PROGRAM

The Is written In Microsolt BASIC 4.1 running
under the CP/M operating system. The program is inter-
active with a floppy disk drive; old data may be called up and
added 10 at any time or viewed and then corrected, since this
is considered essential in a business environment. The pro-

m is reasonably fasi, so that multiple trial runs with dif-
zv‘ml smoothing factors can be accomplished; if takes about
five minytes for s complete run with a 300 cps printer, Some

error traps have been programmed, but no effort was made .

1o make these complete.
The graphic output is modified from the author’s general-
module GRAPH: for the display of non-lormula

" X-Y data. The horizontal and vertical axis has been changed
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Rate-Setting and Billing
for Small Utilities

This article presents the develop-
ment and implementation of a package
“which includes billing and record keep-
ing routines for a small utility, in this
case a town water system. We'll see

“how the computer assists in establish-

ing water rates, how it maintains re-
cords, prepares the bills and provides
statistical data to monitor the distribu-
tion of the water. The modest hardware
requirement can be imitated using al-
most any microcomputer. The BASIC
software, with the possible excéption
of audio tape utilities, can be used di-
rectly on any system with an 8K in-
terpreter.
i The water system in question is oper-
ated by the town of Pagksley, Virginia.
ley has a popuiation of about a
peoplé.and a prosperous busi-
Pess section servicing the surrounding

fural area. Water is drawn from several |

teep wells and pumped to a tower for
storage. Gravity feeds water from the
tower to business and residential cus-
tomers. Although a large portion of the
system was built using Federal money,
itis now maintained from fees and town
property taxes.

Historically, these fees have been a
flat $9.per household per quarter, The
result was that Parksley used almost
twice as much water per capita as did
similar towns with metered systems.
Households that conserved water subsi-
dized the water wasters, and there was
no incentive 10 repair lesks. Also, the
system's total capecity was nearly
reached, while the need for new con-

. nections was steadily increasing. As an

slternative to expensive captial
improvements, the town elccted to
install water meters, charge customers
by the gallon, and hope that consump-
tion would be forced down.

This conversion presents two prob-
fems. The first is to determine a rate
schedule that will achieve an adequate
income. The current solution is to set
the minimum rate at the existing $9 per

g e

quarter, but with the addition of a com-
puter it will be possible to further
reward conservation-minded house-
holds without jeopardizing the solven-
cy of the system. The second problem
is the actual preparation of the bills.

Meters must always be read by hand,
but manual preparation of bills has
proved to be time consuming, costly
and error prone. The task is ideal for
automation, but people tend to fear that
impersonal and inflexible billing, char-
acteristic of large utilities, will result.
This is an area where the intimacy and'
personal control possible with a micro-
computer wilf prove to be a convincing
factor.

- In addition to solving these prob-
lems, automation will provide a bonus.
With al! the meter readings in its mem-
ory, the computer can do a fairly thor-
ough statistical analysis. Consequent-
ly. the town can see the average use for
residential and business customers,
along with the deviations from month
to month. The town will have a good
idea what range of use can be expected
at various times of the year. A statisti-

TMustration by David Bastitle
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“ Personal Computing  ame 1one

given statistics, thén trics various rate
schedules and compares their effects.
We don't really know how many peo-
ple live in each house in Parksley or
how much water they use. We do
Know, however, what percentage of
households (on a regional average)
have I,2,3,. .., people and we know
the normal range of water use for a
household of any given size. We also
know, from data published by the U.S.
Department of Commerce, how a
change in a water bill will effect con-
sumption. We can't predict the behav-
ior of individuals, but we can be fairly
certain about the average effect overa
population the size of Parksley's.

Our procedure, therefore, is to gen-
erate a random population whose water
use pattcrn matches that expected for a
town of 1000 persons. Next, we bill
them according to a specific schedule
and see what the effect will be on their
consumption. Bills are then generated
for the new consumption and we deter-
mine if the revenues and total water use
meet our goals. If not, the schedule is

_ adjusted; a new consumption is calcu-

lated; and the entire process is repeated.
After several iterations, the procedure
produces a table of rates consistent with

' good water management and fiscal

need.

The first step is to generate the popu-
lation. The computer does this using
the BASIC random number function.
The first set of nuinbers assigns the size
of each household. About 3% of the
possible random numbers will assign
one person to a house; 50%.will assign
four persons. The percentages are pro-
vided to the program in data state-
ments. The same statements contain the
normal range of use per person in
households of each given size. A sec-
ond series of random numbers will be
used to select a specific rate of con~
sumption within this range. Different
random number generators wijll pick
different populations, and none may be
exactly like that found in Parksley. Pro-
vided that our statistics are good, how-
ever, each will produce almost identi-
cal results in our billing model. These
results demonstrate the power of the

. Monte Carlo technique.

The next step is to prepare a bill for
each watcer user we have created. For
Parksley, a tive-level schedule has
been sclected with the hope that it will
produce cnough flexibility to control
waste without averly confusing the cus-
tomers. (The local electric power co-op
also uses a five-tier schedule.) The cut-
off for cach level is a function of use
and is determined by the program. The

All Fhoi

approximately 100 customers whose
usc is lower than one standard deviation
below the mean (see the accompanying
box on normal distributions) pay only
the minimum connection fee. Con-
sumption within each standarg devia-
tion above that is billed at a successive-
ly higher rate, until the 10% of the
customers whose water use is more
than two standard deviations above the
mean are paying the highest rate.
Within each level, the price per 1000
gallons is determined by an cquation of
the formC1 + N*C2, Nis the number
of the price level (from 0 to 4). As we
will see, this formula allows the rate
schedule 1o be corrected for either low
revenue or high consumption.

Many businesses,
including small

utilities, often must

vary rates by use.
-Computers can
simplify calculations
needed to insure
equitable rates.

Finally. we can use the bills we have
just generated to determine what the
new watcr use patterns will be. Infor-
mation provided in data statements
allows our program to calculate the
consumption ¢ach household should
reach within a few billing cycles. The
billing algorithm is run once again and
the resulting revenue is compared with
that needed to run the system. If too
little money is brought in, constant C1
in the rate is increased. If too much
money (say a 10% surplus) is gener-
ated, C1 is reduced, lowering prices
across the board. If the new total con-
sumption is too high, constant C2 is
raised, increasing prices for heavy
users. The program now returns to the
original consumption data and calcu-
lates bills using the new «chedule. Once
again the citect of the bills consump-
tion is found and the rate schedule is
revised accordingly. The procedure is
repeated overand over, until both fiscal
and conseryation cnteng are met
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Does Thi§ Apply to My Business

This type of trade-off analysis should
be familiar to most business people. If
vour prices are high, you make a good
profit on cach sale, but expect few
sales. If your prices are low, you get
_more sales, but less profit on each, The
optimum is the point at which total pro-
fit is the greatest. Ajthough the town
only necds to break cven, the problem
is similar. A rate schedule too highly
‘weighted for conservation might
reduce revenue below that needed to
run the system. A schedule weighted
too lightly might xllow use to exceed
the system’s total capacity. Finally, if
the overall rate structure is too high, the
* citizens may revolt and vote out the
town officers at the next election.
i This Monte Carlo model can be
adap'ed for any small business enter-
,prise. Market surveys will supply data
,on how customers will react to various
\price levels. Often the Federal govern-
{ment or industry groups will have al-
1 ready published this work. A good
| manager will know how his costs will
: vary with production or purchase
levels, sales volume, warchousing,
taxes on inventory and changes in the
" need.for personne! and equipment.
Given this data, a computer mode! will
be able to select the optimum price for a
product, predict demand and even
show how altering price structure could
change your share of the market (per-
haps lowering current profits, but pro-
viding an even larger return in the
future).

I
{ The Billing Program
The rate schedule generated with the

_ Monte Cario model becomes one of the

- inputs to the billing routine. The other
inputs are the meter readings and a his-
torical dats file. This file includes last
month’s readings and certain statistical
data for cach meter. The new readings
are entered at a terminal by the town
secretary. All that is needed from the
softwarc is a simple prompting routine
and some checks for obvious etrors.
The historical data must come from
mass storage; and it's here that micro-
computcrs most often fail to perform
adequstely for business applications.

Without good system utilities, itis

© very difficult to build disk or tape files

i that will cover sny situation. Because

1 we are limiting our computer system to

. this single task; however, we can

) handle the chore with an inexpensive
{ sudio tape récorder and a little BASIC
" software.

! Having established that tape will be
used, wc must now determine what in-
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formation is nceded on ihe file. Cer-
tainly the last meter reading must be
included. To help track changes in con-
sumption, the last month’s wister use
and the avcrage use at this meter will
appear. Additional statistical para-
meters such as standard deviation may
also pro... helplul in predicting use pat-
tems. Each record on thie tape will be
identified by a unique meter number,
and also by the name and address of the
persun receiving the bill. Reading and
updating this tape involves a trade off.
Reading the entire tape before doing
any processing requires a lot of mem-
ory. This method is often the only al-
ternative with the primative hardware
available for microprocesssor systems.
Adding a little special purpose hard-
ware, however, we can provide our
program with control of the tape re-
corder motor and aliow it to read the file
one record at atime. Unfortunately, if
each reoced is read and processed indi-
vidually . the operator will spend a great

deal of time waiting for the refatively

slow awlio tape to enter its data,

The procedure which has proven
most advantageous in this application
involves software motor control and
two readings of the tape which extract
needed data without the operator being
present. The tape is fit<t read before
any new data are entered, The system
stores the meter number, the previous
‘reading and the last monthly consump-
tion. The other data are ignored. About
6000 words of memory are required for
this array. As the operator enters new
readings, the billing routine calculates
the number of gations used and com-
pares it with the figure for the previous

T I

month. Unusual changes are flagged so
that the operator may check for input
errors or make notes to examine the
meter location for problems.

When all the new readings have been
entered, the mean and standard devia-
tion of water use for the entire town are
calculated. These figures are used to
measure progress toward the consump-
tion goal and to assist in future rate
calculations. They may also be used to
tell individual users how their con-
sumption compares to that of their
neighbors. (Think of the effect of re-
ceiving a bill telling you you're using
more water than 97% of your
neighbors!)

The second reading of the tape takes
place automatically. A single record is
read and all the data are retained in
memory. The computer now prints the
bill for this customer, addressing it as
shown on the data tape. The operator
can store a list of customer name and
address changes before the process
starts. The list is keyed to meter num-
bers and corrects the tape as the bill
writing procceds. As each bill is
printed, a new tape is written, This tape
becomes the input file for the next
month’s hilling procedure.

is used for storage and a very slow
KSR-35 teletype is used for printing,
this billing procedure is a lengthy pro-
cess. The system has proven excep-
tionaHy rcliable, however and can be
run unattended. The operator keys in
the new readings on the day they are
collected, sets up the tapes and then
leaves. The computer runs overnight,

preparing bills and making a new tape,

Because a relatively slow audio tape .

Hardware

1'm sure that most data processing
managers would be horrified at the
prospect of using such equipment to do
their work. From the standpoint of cost
effectivencss, however, | doubt that
they can match it.

The hardware consists of an Ohio
Scientific Challenger 11 with 12K
words of user memory and 8K Micro-
soft BASIC in ROM, a used KSR-35
Teletype terminal, two Kansas City
standard audio cassette recorders and
some relays for motor control. The en.
tire package costs less than $1500. Ad-
ditions like disk drives and a high speed
printer would be nice, but they are
clearly not necessary and may contri-
bute to the user’s fear of the computer.

Overcoming this fear is one of the
most important functions of the per-
sonal computer.Many potential busi-
ness applications users have no ex-
perience with data processing, and out
of ignorance, distrust the computer.
The Parksley water billing system
shows what can be done to encourage
new users. The same hardware could
just as easily perform inventory or
general ledger operations. Alternately,
any other hardware configuration (for
example, your personal system) could
do this job. The key to success is the
development of software geared direct-
ly to the user’s application. With this
power available, a business person
faced with paying tens of thousands of
dollars for a general purpose minicom-
puter will be very interested in a custom
tailored micro costing much, much
Jess.

The N ormal Distribution

Operation of the Monte Carlo model
relies not on knowing about a specific
group of people, but on the fact that we
can know how people behave in gener-
al. They are describ d to the computer
intenns of statistics. Forexample, 50%
of all households have four people, and
the average daily water use is 120 gal-
lons per person;

{n building a sumple population,
however, we must know more than just
the average. We must know if all the
elements of our population should be
close to the average. or if they should
be scattered widely. Perhaps a large
number just below the average should
be batanced by g few who are far ubove
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it. This kind of information is supplied
"by a statisticzl distribution.

The distribution most commonly
used is called simply the normal distri~
bution. It characterizes almost any type
of measurement, from test sgores to the
value of resistors to the water use of a
community. Theoretically, the normal
distribution appears as the beli-shaped
curve shown in Figure 1. The majority
of the population will be grouped at the
center, near the average or mean, As
you leave the center in cither direction
you find fewer and fewer sumples.

Just'how closely the sumples group
around the mean is called the central
tendency. o a normal distribution, the

Al3

measure of central tendency is called
the standard deviation: 68% of a normal
population falls within one standard
deviation of the mean, 34% above and
34% below. Another 28% lie between
one and two standard deviations, and
most of the remaining 14% lie between
two and three. In each case, half are
above and half are below the mean,
Suppose we know. for example, that
the mean test grade in a class of 50
pupils was 85% and that the standard
deviation was 5% . We can be fairly
certain that 17 of the grades fell bet-
ween 85 and Y), and that 17 more were
between 80 and 85. 1t is unlikely, al-
though not umpossible, that more than




—— —— -

S

one pupil scored better than 95. We can
also predict how many grades lell bet.
ween any two limits. Al these caleula-
tions are taken from the mean, standard
deviation and the mathematical defini-
tioni of the normal distribution.

. The mean and standard deviation are
calculated from real data such as census
surveys or (in other applications) sam-
ples of a product. Often only these sta-
tistical parameters, and not the original

. data, are gvailable. Using tables or

equations that describe the distribution,
however, we can create a new model
population that will hehave in approxi-
mately the same manner as the original.
Thus, we can determine how a town
will behave without ever meeting its’
inhabitants.

AN P

M is the mean or average. S is the standard devistion, The height of the curve represents the
probabliity of finding element of the poputation with the given value.

Controlling Audio Tape From BASIC

The relatively low speed of the audio
tape used for mass storage in the water .
billing system makes manual control of
the tape drives impractical. If an opera-
tor were required to tumn the recorders
on and off for each record, any savings
which might be realized through auto-
mation would quickly be lost. It is
necessary, therefore, to provide com-
puter control. Fortunately most quality
cassette recorders have a remote on/off
capability. Our software only nceds ac-

cess to the switch.

The Ohio Scientific 430 1/O board
which provides the audio tape portin
this system has several unused output
lines which can perform the switch
function. High order address lines are
decoded to activate the board. The.
three low order address lines are demul-
tiplexed with the Read/Write line to
produce 16 lines which strobe (go
briefly from the zero to one level) when
the correct memory location is ac-

cessed. Thus, PEEK and POKE com-
mands in BASIC will activate one of the
strobe lines. '

Two flip-flops are added to fatch
these strobes. Accessing memory loca-
tion DION or D20N causes the corres.
ponding latch to be set. Accessing
DOFF causes the corresponding laich
to be set. Accessing DOFF rescts both
latches. The latched outputs drive smali
relays which actually control the cur-
rent to the tape recorders.

File Structure

Producing a computer system for a
specific applicstion such as water bil-
ling requires more than choosing a
computer and writing some BASIC
software. Careful consideration must
be given to the format in which data are
stored. You, as the system analyst,
must decide which data to save, the
number of digits to present, the units to
use, and whether o store numeric
values as strings of ASCli characters, as
binary numbers or in BASIC floating
point representation. In many cases you
must make s trade off between an ef-
ficient file structure and the amount of

. money you're willing to invest in mass

storage devices for your system.

Data for the water billing system are
stored in a single tape file. The file
comains a series of records. Each rec-
ord begins with an SOT (start of text)
character and contains four field of
dsta. (See Figure 2.) The ficlds are

separated by a carriage return and line
feed. Because data are accessed sc-
quentially (one character at a time) and
because special characters are used as
delimiters, the data fields may be of
variable length, Only necessary charac-
ters are included, producing the short-
est records. This method is of consider-
able importance when slow mass stor-
age such as audio tape is used.

, FIELDI CR} mELD2 |“R| RiELDY [“R| RELDS
METER # RDNG USEAVG | | NaME | | streer | | cry

The first of the four data fic1ds con-
tains four numeric values separated by
commas. These values are all integers
and will fit nicely in the six significant
figure accuracy of the Microsoft
BASIC. The first value is the meter
number and serves to identity the rec-
ord. The second is the last meter read-
ing (gallons*10); the third is the pre-
vious usage (gallons); and the last is the

A

Sequential file holds meter reading and name and address of owner.
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weiphted average of all previous uses.
Thi« ield is read as a string of charac-
ters . nd then converted to numeric
form. Using direct binary integers
would save file space, but a special
routine would be required to convert
the numbers 1o BASIC floating point
representation. BASIC aiready has a

string notation.

T

function VAL(X), to convert from

The other three fields remain as
character data. Field 2 contains the
name of the person receiving the bill.
Ficlds 3 and 4 contain the street and
city/state/ZIP addresses respectively.
If random access files had been used

(€.8.. 0N NOPPY UISA 1, Lk nasiit whe
address data might have been stored
separately from the meter data, allow-

ly. The use of sequential access, how-
ever, dictated the combined format as

ing each file to be updated independent-

most effective. The file structure had to
be designed around hardware selection.

Program 1 - Setting the Rate Schedule
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This routine finds a rate scale which should cause total wauter

consumption to be reduced to the target level while insuring
that revenues will be adequate to operate the water works A
Monte Carlo model creates a user population based an the

population characteristic of the town and U.S. Depaniment of

Commerce statistics on residential water consumption. Bills
are calculated using a proposed rate scaie. The probable
effect of increased bills is then computed and a new total
consumption and total revenue are calculated. If cither con-
sumption or revenue do not meet the set criteria. the rate
schedule is adjusted and the bill/effect/bill/test procedure is
repeated.

A similar technique can be applied to marketing or produc-
tion problems, but the user should be careful. This interactive
technique may not converge on a solution when two variables
are adjusted independently as in this program. [t is important
to have some insight into the problem and design a correction
(i.e.. change in rate schedule) compatible with its effect(i.c..
change in consumption). The equation used here cannot be
considered general, but are designed to insure convergence
to a reasonable solution.
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Program 2 - Billing Routine
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This program computes and prints the biils for over 200
residential and commercial water meters. All data are con-
tained in a singie sequential file on audio cassettes. The file is
updated by making a new copy.

The program begins by reading the entire file. Next, the
operator is prompted to enter the new meter readings. A
check insures that the data are at least reasonable. When all
new readings are entered, the operator may store address
changes for use when the updated file is wntten. The updates
occur as the file is read again, this time record by record.
With each read. a fee is calculated. a bill is printed. and a new
record is written. Finally. the operator may add new metens
to the updated file.

The program is a good example of top down design.
Although it relies on Ohio Scientific's implementation of
audio tape to operate, modification to suit other hardware
should be easy. Nate also how the extended variable names
permitted by Microsoft's interpreter make the code more
readable.
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APPENDIX 3 - Pacific Command Documentation - Container

Shipments




FORM I

FORM II

FORM III

FORM IV

FORM V

FORM VI

Container Control Summary

Booking form first filled out by MTMC as offering,
then completed by PAC becoming booking
Clearance Order

Record of consignments to be shipped on
particular voyage

Booking Record Card

Booking Record Card (Refer)

Basic record of shipments made

Worksheet Demonstrating Compliance with
rules governing carrier market shares
Government Bill of Lading -~ used primarily
on domestic shipments (i.e. to Hawaii) -
sample obtained.
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Break Bulk Offering
Break Bulk Offering
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Clearance Order
Activify Record
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