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*PENNSYLVANIA'S Highway Department is, by many measures, a big business. It
has 18, 000 employees, and a budget of $600 million including construction exceeding
$250 million annually. Current plans are to more than double annual construction ex-
penditures during the next few years. An undertaking of this size, especially if it is
undergoing such an expansion, requires careful control through systems of the most
modern design. '

With the assistance of the accounting and management consulting firm of Ernst and
Ernst, the Pennsylvania Highway Department has designed and is now completing in-
stallation of its new Network Scheduling System—Project ROADS. The Governor's ex-
panded road program and an increased need for new roads have brought about require-
ments for more exacting financial controls and budgets, careful scheduling and moni-
toring of engineering, and the best possible utilization of scarce highway engineers.
Network Scheduling is therefore part of an integrated management information system
which ties together project schedules, mecchanized control of right-of -way acquisition,
current billing and concurrent audit, budgeting, accounting, and cash flow. The rela-
tionship of Network Scheduling to these other areas is discussed in the remainder of
this paper.

More specifically, it is the purpose of Network Scheduling to calculate the schedule
of events for approximately 2, 000 major projects under design and construction. The
techniques of the Critical Path Method (CPM) and PERT have been adapted for this cal-
culation. (It is assumed in the remainder of this paper that the reader has some famil-
iarity with the terminology of PERT and CPM.) The schedule of events for each project
produces forecasts of six types of expenditures, as well as projections of forthcoming
departmental workloads. This information, on a project-by-project basis and in sum-
mary form, is used by Department executives as the basis for the following.

1. Planning. The Highway Commission provides a list of the road projects to be
built during the next 6 years, together with priorities. It is necessary to arrange these
projects into a plan or long-range schedule that either balances expenditures and rev-
enues or indicates necessary borrowings or revenue increases. Simultaneously, man-
power requirements for the plan must match the available manpower, by function and
skill, or mismatches must be indicated.

2. Monitoring. Once the long-range plan has been established, progress on each
project must be monitored to indicate any variances from the plan, how serious these
variances are, where they are occurring, and what corrective action must be taken.

3. Budgeting. As a new fiscal year approaches, the schedule of expenditures as
currcntly indicated for the new figscal year becomes the basis for the budget. = These ex-
penditures are outside contractual costs, and are given for each project and in appro-
priate totals for engineering (location, preliminary and final design), rights-of-way,
utilities relocation, and construction.

4. Cash Flow. During the fiscal year, cash flow must be predicted on a month-to-
month basis, and any necessary short-term borrowings indicated.
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There are actually two separate but interrelated systems. First, the Long-Range
Network (Fig. 1) is used for long-range planning and scheduling, fiscal planning and
budgeting, and long-range monitoring. This network covers from 4 to 8 yr and includes
the phases of: (a) location studies, (b) preliminary design, (c) final design, (d) right-
of-way (acquisition during final design, but expenditures during and beyond construc-
tion), (e) utilities relocation (work and expenditures both before and during construction),
and (f) construction (some expenditures after the road is open to traffic).

The completed Long-Range Network, as used on the computer, has a total of 66 ac-
tivities, nine of which are restraints or dummy activities. This standard network is
used for all projects. The activities that do not apply to a particular project are elimi-
nated to adapt the network to that project. This network is used to calculate the dates
of events that are the basis of the expenditure schedules.

In the type of report produced from the Long-Range Network for the purpose of long-
range schedule monitoring (Fig. 2), activity numbers are given in the first three col-
umns, durations (here illustrative only) in calendar days in the fourth column, codes
for sorting by work unit in the fifth column, and activity descriptions in the center of
the report. Scheduled activity completion dates are shown next to the right. Actual
completion dates are shown in the next column, and the result of CPM calculations,
based on the actual activity completions, are given next. These are compared with
the scheduled dates and the status, calendar days ahead or behind schedule, is given.
At the far right, the CRIT symbol appears if the activity is on the critical path. The
project shown here is partially through preliminary design, and has recently been re-
scheduled, so that there are no actual completion or status entries shown. Long-range
reports are produced monthly, and summaries showing only the status of each project
are produced for top management.

The construction phase is for passive monitoring only, because the contractor has a
contract with a fixed price and a completion time of so many working days. This por-
tion of the network is not intended to schedule or control the contractor's work.

The second system, which will not be covered extensively here, consists of a more
detailed network covering final design only. This phase is the more complex and re-
quires the most careful monitoring if the construction contract is to be let on schedule.
The Final Design Network contains 100 activities, 20 of which are restraints or dum-
mies. Again, a standard network has been established that can be used for every project
by eliminating inappropriate activities. This network has two primary functions. First,
it is used to monitor the progress of projects and to maintain schedules. Second, the
bulk of the work for the Department in the coming two or so years is concerned with
projects in final design. Therefore, a good measure of the work facing an operating
unit or bureau is obtained by separating from each project network the unit's activities,
using the codes shown in column 5 of Figure 2. These are sorted in chronological
order to provide the unit with a list of the tasks facing it over the next several years.
This is the basis for consideration of imbalances in manpower.

Reports similar to Figure 2 are obtained from the Final Design Network every two
weeks. Summaries are also produced so that the status of about a thousand final design
projects can be reviewed quickly, the status of the indicated letting date being the
prime point of control.

Establishing these networks is an extremely important part of designing the system.
They must be truly representative of all the processes. Inasmuch as the remainder of
the system depends on the network detail, they deserve very careful and detailed con-
sideration. These networks were assembled from extensive interviews with men in all
agencies, bureaus and operating units. Each knew his own activities quite well, but did
not necessarily know the details of previous or subsequent activities or the interrela-
tionships with other units. As in many PERT-CPM applications, developing these net-
works helped in many ways to clarify the operations of the Highway Department. Dur-
ing the network research and investigation phase, necessary decisions and policy
changes were indicated, inconsistencies were revealed, and ways of improving the flow
of plans were brought to light. The networks became a pictorial manual of operations,
which was useful as a means for each person to see how his work fitted into the overall
operation. It was proper that network development should be a large portion of the
project.
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In Pennsylvania, as in many states, a location study on a new road, for instance 16
mi long, considers alternate locations and results in the specification of the corridor
for the whole road. This length is generally divided into shorter pieces for preliminary
design, which provides 200-ft/in. drawings (Fig. 3). Again, each preliminary design
can result in two or more final design sections which are generally 2 to 5 mi long and
which correspond to the construction sections. In the early stages of planning, the net-
work for preliminary design, final design, and construction is a composite of the net-
works for the several pieces of road in these phases. The network is later made into
several separate ones for these sections as they are defined.

In initiating a project, the operating unit for each activity estimates the activity's
duration. Design consultants are asked for durations of design activities, the U.S.
Bureau of Public Roads for their approval times, Central Office engineering for their
reviews, and so on. Although individual estimates can vary in accuracy, it appears
that the totals are quite adequate and that over- and under-estimates tend to balance one
another. As historical data are gathered, they will be analyzed for bias in any of the
estimates.

Figure 3 shows the overall concept of estimating future expenditures for each project.
(""Costs' and "expenditures' as used here mean the amounts paid for work done outside
the Highway Department, i.e., for engineering, soils work, construction, right-of-way,
etc.) It is necessary both to schedule the project and to obtain the estimated expendi-
tures in each category for future quarter-years, including:

1. Scheduling the project phases, which involves both duration estimates and the
CPM calculation;

2. Estimating the total cost in cach phasc; and

3. Spreading these costs to the quarter years in which they occur.

This process leads not only to a long-range project schedule but also to the means
of loading this schedule against the available funds and of budgeting and controlling ex-
penditures on both a long-range and short-range basis.

CALCULATING EXPENDITURES FOR A PROJECT

Expenditure rates for a project are related to the progress of work in each phase,
and hence to points in the network. In many approaches to the problem of deriving
costs from PERT-CPM networks, a cost is associated with each activity in the net-
work, and costs are accumulated as individual activities are completed. In dealing with
one to two thousand highway projects, a more practical approach is to consider that
costs will be incurred between two events in the network, and that they will follow some
type of curve -between these two events-and-between the two points in time they repre---
sent. The reason for this approach is that an activity will incur costs in one of three
ways:

1. If it is performed by the Highway Department personnel, the costs are part of
those of the fixed engineering staff, and hence are period costs, not variable ones, and
will be so budgeted.

2. If the activity is performed outside the Department, but not under contract (such
as BPR reviews) there is no direct cost applicable to the project or to the Department.

3. The remaining activities are those done under contract (with design consultants,
or construction contractors), under an agreement (with a public utility for relocation
work) or under negotiation and legal process (right-of-way). In each of these cases, the
expenditures are spread over a series of connected activities, and hence must begin
after a particular activity and end (or reach a certain point) before the end of another
activity, following some expenditure curve between.

Data were gathered on the behavior of expenditures between beginning and ending
points to be assured that individual deviations from a calculated expenditure curve
would result in an error of less than one percent of the total quarter's expenditures,
provided the curves are without serious bias. New records will permit even further
refinements of the expenditure curves.



31

1965 1966 1967 1068 1969 1970 1971
L L 1 A Y & 2
| (3 ML)
(7 MI.)
5 (4 MI.)
(16 MI1.)
LOCATION
STUDI ES . (5 MI.)
(9 MI.) L
PREL|MINARY
DESIGN : (4 ML.)
FINAL DESIGN CONSTRUCTI1ON

EXPENDITURES:

LOoCATION [
PRELIMINARY DESIGN NN

FINAL DESIGN =—————— |
RI GHT—OF—WAY I [ nnamnnn
UTILITIES RELOCATION I
CONSTRUCTION i=———=————]l]|

Figure 3. Typical expenditure schedule,
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Figure 4. Expenditure curve, preliminary design.

A typical expenditure curve is the one for Preliminary Design (Fig. 4). Expenditures
begin 30 days after the Notice to Proceed to the design consultant (Event 125), they
proceed linearly, and they are complete 30 days after Preliminary Design is complete
(Event 195). Knowing the dates of these two events from the network and the total
preliminary design costs, the expenditures by quarter year can be calculated.
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Similarly, expenditures for location studies, final designs and utilities relocation
are also nearly linear.

Right-of -way presents a special problem since the bulk of acquisition payments oc-
curs over a relatively short time, and roughly 20 percent of the payments can be ex-
tended over as long as 6 years. Further, Pennsylvania has a new eminent domain law
which will change the expenditure rate. This curve must remain as an estimate until
more data are gathered on the effect of the new law.

Construction costs are the most complex to calculate, primarily because of the con-
struction season. This seasonality is illustrated by the construction workdays shown
in Figure 5, which is a composite of all 11 districts for a 3-yr period. This seasonal

PER CENT
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Figure 5. Seasonality of construction expenditures.
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Figure 6. Construction expenditure curves.
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pattern differs very little from the northern to the southern parts of the state. Con-
tracts are written and work is completed in terms of work days, and it is necessary
to convert the calendar time scale to a work time scale using the seasonal curves
(Fig. 5). Construction expenditures, now in terms of work days, are consistent in fol-
lowing the several different curves shown in Figure 6. These curves were developed
by investigating the expenditure histories of 640 contracts. The shape of the expenditure
curves was strongly dependent on the number of contract work days. The individual
expenditure curves fell into three closely related groups, 0 to 80, 81 to 140, and over
141 working days. Expenditures continue beyond the completion of construction because
of billing and settlement delays, retainage of a certain portion of the fees, and other
deferred financial settlements.

In a typical expenditure projection for a project (Fig. 7), detailed costs are given
for the three phases of engineering, right-of-way, utilities relocation, construction and
a total in the right-hand column, all of which are used in the planning process. Bud-
geting and planning must be done by district and by system (FAI, FAP, 100% state,
etc.). Summary reports, totaling expenditures of many projects, are therefore pro-
vided by (a) system within district, (b) district (total of all systems), (¢) system (total
of all districts), and (d) the total state. These summary reports have the same format
as Figure 7.

Although the basis of the Highway Department's planning is a 6-yr plan, provision
is made for obtaining expenditures for 40 quarter years, i.e., 10 years, because ex-
penditures on projects starting within the next 6 years may appear in the tenth year, and
it may be desirable to extend the planning horizon in the future.

DEVELOPMENT OF LONG-RANGE PLAN

The process of developing a long-range design and construction plan begins when
the Department has (a) a number of projects partially through design or construction;
(b) a list of projects—the Highway Commission's 6-yr plan—together with a priority
on each (some of these are new, some partially done); (c) a projection of the money
available to cover construction, right-of-way, etec.; and (d) the availability of man-
power by type of skill and location.

The problem resolves itself into arranging the new and existing projects into a sched-
ule that meets as nearly as possible the requirements of staying within available funds
and manpower and of maintaining the order of priorities. The words "as nearly as pos-
sible' are necessary in stating this problem reasonably, because it is mathematically
impossible to meet even two of the three conditions of exactly balancing expenditures
with funding, balancing manpower exactly, and maintaining priorities among projects.
This is a form of the "job shop scheduling' problem, which is the subject of numerous
papers, especially in the literature on Operations Research (1). With Pennsylvania's
2,000 projects to schedule, and some latitude in money, manpower and priority, it is
very difficult to obtain satisfactory results from techniques such as RAMPS or RSPM
at the present state of development (g). For the time being, the actual development of
the schedule is a task to which to apply ''the flexibility and imagination that management
personnel should possess and use."

This task is not an easy one, but it is made much more tractable by having the sys-
tem under discussion here, a means of evaluating the results of any particular sched-
ule. The system, in this context, is a simulator.

The process of forming a long-range schedule, then, consists of taking an appar-
ently reasonable schedule, examining the results, and proposing changes that will come
closer to the desired goal. This process repeats until a satisfactory plan is obtained.
This procedure has the elements of cut and try within it, but more importantly, it also
has the elements of executive judgment, experience and skill. In the next few years as
experience is gained and the logic of the process becomes more clearly defined, it may
be possible to mechanize more and more of the planning procedure.

BUDGETING

Pennsylvania's fiscal year runs from July 1 to June 30, and it is a requirement of
the legislature that a budget be presented by November 1 of the previous year. The
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budget is assembled by Fiscal Management from individual budgets submitted by each
of the Districts and the Central Office operating units, bureaus, etc. New budgeting
procedures require each district to be responsible for budgeting the maintenance, con-
struction and engineering for their roads. The cost spreads described previously are
the basis for budgeting the last two of these items.

On September 1, the projected costs by project are given to the districts and Central
Office for budget estimates. County maintenance programs are developed and chan-
neled into the districts for consolidation. This information is all sent to the Bureau of
Fiscal Management for checking and assembly into a total Highway Department budget
for submission to the Budget Secretary (Fig. 8). After review and approval, the Budget
Secretary and the Secretary of Highways present the budget to the Legislature for re-
view. The approved budget is then returned through channels to the Districts and Cen-
tral Office Bureaus.

In the future, the computer will have both project budget information and data on
manpower standards, costs, etc. Actual expenditures for payroll, invoices, and ma-
terial usage reports will be put into the system and compared with budget and standards
to produce a very important control document, the Project Cost Report (Fig. 9). In
this illustration a construction project in District 1 was budgeted at $48,000. Cost-to-
date is $44, 000, the difference of $4, 000 showing as cost under budget in the second
column from the right. However, the work performed has earned $42, 000 at standard.
This shows as a $2,000 cost over standard in the right-hand column. This is an im~-
portant control point: the project appears to be under budget, but in reality is lagging

CURREHT YEAR

C
FROJECTS COUNTY MAINTENANCE

FROGRAMS

;

COUNTY

PROFOSEDR BUDGET
BUREAUL OF

FISCAL MANAGEMENT CISTRICTS

CONST
FROJECT
SCHEDULE

CENTRAL OFFICE
BUREAUS

C.G. BUREAU
PROPOSED
BUDGET

EFARTMENT OF HIGHWAYS;
PROPOSED BUDGET DISTRICT

FROFOSED BUDGET

BUDGET
SECRETARY

1

STATE LEGISLATURE

DEFARTMENT OF HIGHWAYS
APPROVED BUDGET

Figure 8. Budgeting procedure.
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MATERIAL USAGE
FAYROLLS INVOICTES REPORT

CONSTRUCT I ON
STANDARDS PROJECT BUDGET

COMPUTER
- 1
PROJECT COST REFORT
CoSsT cosT
RESPONSIBLE ~ PROJECT PROJECT T0 EARNED (OVER) UNDER

ORGAN | ZATION NUMBER PHASE BUDGET DATE STANDARD BUDGET STANDARD

DISTRICT | 763218 cOnST  g48,000 $44,000 $42,000 $ 4,000 ($ 2,000)

Figure 9. Development of project cost report.

behind. Only $4, 000 remains in the budget, but $6,000 worth of work remains to be
done.

CASH CONTROL

The procedure for projecting the month-end cash position of the Motor License
Fund is to perform the following calculation for each month during the coming 12 mo:

Reference Calculation Percent of Totald Monthly Projection By
1 Opening cash Previous month or actual
2 + Motor license fund receipts 64 Fiscal management
3 + Federal aid reimbursements 36 Calculation using cost spreads
4 = Total available cash 100
5 - Other departments' cash

receipts 9 Appropriate department
6 - Highway department -

noncontractual expenses 32 Fiscal management
7 - Highway department

contractual expenses 59 Cost spreads
8 = Closing cash 100

“Based on 1964-1965 fiscal year budget.

This projection will be made each month, using the actual opening cash figure and
the most current estimate for the remaining items. Further detail on the foregoing
items is as follows:



37

1. The first opening cash entry is an actual figure, and the subsequent figures are
the closing cash figures from the previous month.

2. Motor license fund receipts, exclusive of federal-aid reimbursements, can be
fairly accurately projected by the means now employed by fiscal management.

3. Federal-aid reimbursements are related to construction expenditures, and are
therefore highly seasonal. They are projected on a project-by-project basis, using the
cost spreads given previously and appropriate percentages based on system, and recog-
nizing the portions of some federal-aid road costs that are financed 100 percent by the
state. This amounted to 36 percent of the total receipts in 1963-1964; it had been the
most difficult item to project, and now has a firmer basis.

4. The total of the foregoing three items.

5. Other state departments which have substantial cash requirements on the motor
license fund are the Treasury Department, the Department of Labor and Industry, the
Department of Property and Supplies, the Department of Public Instruction, the De-
partment of Revenue, the Department of State, and the Pennsylvania State Police. Some
of these requirements reflect services provided to the Highway Department, and their
monthly cash requirements will be projected jointly by the two Departments. Others,
especially the State Police, will provide the figures.

6. Highway Department noncontractual expenses include all wages and salaries,
materials, supplies, equipment, rents, capital expenditures and other cash items not
covered in item 7. Most of these are period costs that are readily projectable by the
Bureau of Fiscal Management.

7. Highway Department contractual expenses are payments for construction, right-
of-way acquisition, utilities relocation and engineering, which are obtained by factoring
the quarterly cost spread figures into monthly figures. This single item accounted for
59 percent of motor license fund expenditures in 1964-1965, and can account for over
70 percent in the peak months of October and November.

8. The closing cash figure for this month becomes the opening cash figure for the
next month.

A fairly large share of the cash, both receipts and expenditures, results from the
cost spread from Network Scheduling. Further, these were the most difficult items to
project. They have now been put on a realistic basis tied directly to the Department
work schedule.

CONCLUSION

The Network Scheduling System is an essential part of Pennsylvania's plan to build
more and better roads, faster and at less cost. Specifically, the system will have a
major role in providing the following advantages.

1. Close control of project schedules, which will help to produce plans and roads
on time.

2. Increased engineering productivity which is necessary in the face of the expanded
program. A productivity increase of 40 percent is projected and appears reasonable,
due primarily to a firm plan and tight schedule, with every set of plans resulting in
a road.

3. Reductions in paperwork; each of twenty operating units reporting to Network
Scheduling (Bureau of Management Information Systems) prepares an average of seven
cards per day on which are reported activity completions and changes. These replace
several regular reports and numerous special reports.

4, Accurate and more timely budgets, built on the solid foundation of a firm engi-
neering and construction schedule.

5. Accurate cash flow projections, also resulting from firm schedules.

The Network Scheduling System requires five to six technical people for both opera-
tion and further systems design, and four hours per month of IBM 7040 computer time.
A great deal of work has gone into making the system uncomplicated, efficient, and
moderate in cost, given the fact that it controls a large, complicated enterprise.
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