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FOREWORII

In many transit labor negotiations, management and labor want to explore a
variety of changes in work rules. A dozen or more changes may be desired
in a typical negotiation. To assess the cost implications of these
proposals, a complete schedule runcut is needed for each work rule change.
Unfortunatel.y, the cost of making these runcuts is expensive when
conventional scheduling procedures are used. As a result, work rule
changes that may be advantageous to management and labor are not fully
considered at many transit systems.

This report is a summary of an effort to develop and test computer modeling
techniques for use in labor negotiations. A new computer tool for
estimating the costs of work rule changes was subjected to testing and
evaluation at the Southern Rapid Transit District (SCRTl))in Los Angeles,
California. We believe that the results of the effort at SCRTllwill be of
interest to many transit systems.

Additional copies of this report are available from the National Technical
Information Service (NTIS), Springfield. Virginia, 22161 at cost.

Further information on this UMTA project can be obtained from Brian
McCollom, Office of Methods and Support (URT-41),(202) 426-9271.

Charles H. Graves, Director
Office of Planning Assistance (UGM-20)
Urban Mass Transportation Administration
U.S. Department of Transportation
Washington, D.C. 20590

Alfonso B. Linhares, Director
Office of Technology and Planning Assistance (1-30)
office of the Secretary
U.S. Department of “Transportation
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1.0 INTRODUCTION

During the seventies, federal transit operating funds steadily increased and

emphasis was placed more on increasing ridership and expanding service than on

controlling the cost of providing service. As more express and commuter-oriented

routes were introduced in peak periods, it became more difficult to schedule a full

day’s work for many drivers. Since most labor contracts included penalties for less

than eight hours of scheduled work, penalty payments rose, labor productivity

decreased, and paytime per vehicle service hour increased.

Transit systems currently faced with reduced federal operating subsidies are now

examing new ways to increase productivity. Particular attention is being given to the

cost of work rules in the union contract, which is subject to periodic negotiations

between labor and management. Although the impact of factors such as cost-of-

living, wages, and fringe benefits can be readily understood, work rule changes are not

as easily handled. Because of uncertainty in assessing their impact, work rule changes

that may be advantageous to both labor and management are not being considered.

This report examines the feasibility of using computer modeIing techniques

accurately and rapidly predict the impact of work rule changes on operating costs.

new tool for estimating the cost of work rule changes -- HASTUS -- was subjected

in-depth testing and evaluation.

to

A

to

The Southern California Rapid Transit District (SCRTD) served as a case study

for the application and demonstration of HASTUS. SCRT13 received special Section 8

grants from the Planning Research and Evaluation Division of the Urban lMass

Transportation Administration (UMTA), U.S. Department of Transportation to accom-

plish the following objectives:

● install and calibrate a mathematical model for analyzing the cost implica-
tions of work rule changes for transit labor negotiations; and

● test and verify that the model predictions are valid and accurate, within
acceptable limits.

HASTUS, the mathematical model installed at SCRTD, was developed by Dr. 3ean-

LMarc Rousseau and Jean-Yves Blais at the University of Montreal. It uses linear
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programming techniques. A more detailed description of the model is given in

Chapter 4 and the mathematical formula is presented in Appendix A. In 1981,

HASTUS was awarded distinction as “the outstanding operations research application

of the year” by the Canadian Operations Research Society.

This report on the evaluation of the HASTUS model is organized as follows:

Chapter 2 describes the SCRTD organization and service area and presents
relevant operating statistics;

Chapter 3 reviews and evaluates past methods used by SCRTD to estimate
the impact of work rule changes;

Chapter 4 describes the development and the evaluation of the new
mathematical model for anal yzing labor costs;

Chapter 5 presents the results of a trial implementation of the mathemati-
cal model;

Chapter 6 discusses the conclusions drawn regarding the effectiveness of
the mathematical model; and

The Appendix contains sections which describe in more detail the mathe-
m aticai form ula and calibration/validation techniques applied in this study.
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2.0 DESCRIPTION OF SCRTD

2.1 System Characteristics

The Southern California Rapid Transit District (SCRTD) serves most of the

urbanized part of Los Angeles Countyj which has approximately seven million

residents. Principal employers in the area are aerospace, manufacturing,

construction, and service industries. SCRTD has two primary missions: (1) to

act as regional bus operator for Los AngeIes and surrounding counties within a

service area that exceeds 2200 square miles; and (2) to plan, build, and operate a

starter line for rapid transit.

In 1982 SCRTD operated 101.5 million vehicle service miles and 7.1 million

vehicle service hours. It carried 337.0 million unlinked passengers and scheduled

8.6 million operator pay hours. Total operating costs were approximately $359

million. Passenger fares provided $158.6 million of this sum; the balance was

derived from local, state, and federal subsidies. The operating cost per unlinked

passenger was $1.06 with passenger revenue providing 47 cents of this cost.

SCRTD employs approximately 8,240 persons, including 4,665 bus drivers,

and 1,500 mechanics. The SCRTD bus fleet consists of 2,500 active vehicles, of

which more than 2,000 are required during peak periods and approximately 1,150

in non-peak periods. SCRTD buses are dispatched from 13 operating divisions as

shown in Exhibit 2-1.

The Metropolitan Planning Organization for SCRTD’S service area, which

encompasses Los Angeles, Orange, San Bernardino, Riverside, Ventura, and

Imperial counties, is the Southern California Association of Governments

(SCAG). It is a voluntary association of 130 cities and six county governments.

It cooperates with the California Department of Transportation and SCRTD to

provide regional transportation planning for approximately 11 million residents

of the region.

At SCRTD, three functional departments were involved in aspects of this

study: scheduling, transportation, and labor relations.
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2.2 SCRTD Operating Conditions

To more fully understand the need for this study, it is appropriate to

review the operating conditions of SCRTD, one of the five largest transit

systems in the country. Table 2-1, which displays SCRTD operating statistics,

shows that the system operates 7.1 million vehicle hours per year but because of

the operator contract work rules, this results in a 21 percent increase to 8.6

million payhours. The operator contract specifies work and pay rules for such

items as (1) an 8-hour daily pay guarantee; (2) report time to work; (3) overtime

premium after eight hours work; (4) overtime premium after 10 hours spread for

regular operators; (5) overtime premium after 11 hours spread for extraboard

operators; and so forth. These provisions as well as many others have been

negotiated by the operators’ union over past decades to compensate the operator

for the unusual daily work schedule (called a “run”) typically found at large

transit properties. The unusual work schedules are caused mostly by the peaking

of transit demand during rush hours, thereby requiring some runs to be split into

two pieces separated by a two to four hour break in the midday. This type of run

is called a “split run” as opposed to a “straight run”, which consists of a

continuous piece of work approximately eight hours long.

Since a split run is much less desirable than a straight run, from the

operator’s point of view, another work rule in the SCRTD contract specifies that

60 percent of all regular weekday runs must be straight. Furthermore, split runs

that extend beyond a 10-hour span, which includes unpaid break time, must be

paid overtime at time and one-half. These collaterals significantly add to the

total payhours.

A common measure of the cost of work rules is the ratio of scheduled

payhours to vehicle hours. The systemwide annualized ratio for the SCRTD is

1.21 to 1, (21%) which is about normal for most large transit authorities.

Industrywide, the ratios range from about 1.05 to 1.30. In one sense this ratio is

a measure of “contract efficiency.” A more efficient contract, with more

relaxed work rules, would have a lower ratio. This translates into significant

dollar savings for the same level of service. A one percent reduction represents

a direct annual saving to the SCRTD of approximately $1 million.
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TABLE 2-1

SCRTD Operating Statistics

1.

2.

3.

4.

5.

6.

7.

8.

9.

Number of bus divisions

Average number of peak hour vehicles

Average number of mid-day (base) vehicles

Number of full-time bus operators

Number of part-time bus operators

Annual vehicle hours operated

Annual operator scheduled pay hours

Annual operator scheduled pay dollars

Annual operator pay dollar with fringes

11

1900

1200

4100

330

7.1 million

8.6 million

$ 96.0 million

$ 144.0 million

*Figures supplied by SCRTD, based upon October 1982 statistics annualized.
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Negotiation of relaxed work rules, therefore, becomes a significant means

of improving a transit authority’s productivity. In the past 20 years, there has

been only one operator work rule change at the SCRTD. In the 1979 contract a

provision for 10 percent part-time operators was negotiated. While only one

change was agreed upon, management actually proposed makhg several work

rule changes. Examination of historical documents shows SCRTD management

has proposed relaxing several work rules at each contract negotiation for the

past 15 years. Likewise the union has proposed tightening of work schedules.

Through this process, which is common at most transit authorities, is the

problem of estimating the costs of work rule changes.
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3.0 EXISTING SCRTDWORKRULE EVALUATION PROCEDURES

3.1 Introduction

This chapter addresses the methods of evaluating changes in work rules

that were available at SCRTD prior to the application of the HASTUS model.

Each change in a work rule provision during labor negotiations requires the

development of a new runcut. It is the task of developing this runcut which

makes it difficult to estimate the cost of work rule changes.

Runcutting is the task of creating driver assignments from the vehicle

schedule. The vehicle blocks, which show the times vehicles leave an operating

division in the morning and later return, can be cut at specified points (relief

points) and recombined into daily driver assignments. The schedulemaker-

runcutter attempts to do this in a manner which minimizes cost. The goal of this

effort is to increase productivity by decreasing the pay-time-to-platform-time

ratio (reducing the percentage of pay that is penalty pay), without initiating any

work rules.

Developing a runcut at an SCRTD operating division is an extremely

complicated process. The large number of ways in which a bus schedule can be

combined into driver assignments and the trade-of f in costs created by the

number of work rules in existence requires that an iterative process of continual

refinement be used.

In general the runcutting process proceeds as follows:

● runs are cut using a particular strategy;

● the cost of each assignment is calculated; and

● runs with high penalty or guaranteed pay are examined to
determine if better combinations can be created.

The SCRTD work rules which govern the runcutting process are presented

in Appendix B. A summary is presented in Table 3-1, Summary of Selected
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Regular Runs

TABLE 3-1

SUMMARY OF SELECTED SCRTD WORK RULES

1.

2.

3.

4.

5.

6.

7.

8.

9.

Percent straight runs, weekday.

Preparatory time for a pull-out.

Storage time. For a pull-in.

Travel time.

Paid break.

Guaranteed pay hours - makeup.

Overtime after 8 hours work.

Overtime paid after 10 hours spread.

Definition of regular run:

--any combination of work totalling

7 hours which can be made within a

spread of 10 hours.

Extra Board

1. Same as Regular Runs except as follows.

2. Overtime paid after 11 hours spread.

Part Time

1. Preparatory and storage time.

2. Minimum work hours.

3. Maximum work hours.

4. Number of part-time limited to 10% after

regular runs.

Provision

60% minimum

10 minutes

5 minutes

Between division and relief points

Any break less than 30 minutes

Minimum 8 hours

Time and one-half

Time and one-half

Time and one-half

10, 5 minutes

3 hours

5 hours
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SCRTD Work Rules. In addition to these work rules the SCRTD Scheduling

Department uses another group of policy rules which have much the same

effect as work rules; these are specified in Appendix C and summarized in

Table 3-2. For a more detailed examination of industry rules and their

application in contract negotiations see

3.2 Methods Used To Estimate Labor Costs

Appendix D.

Prior to the development of HASTUS, two methods were generally used at

SCRTD to estimate costs associated with changes in work rules. One method is

that of manual runcutting. The majority of transit systems nationwide prepare

runcuts manually. Because of the time needed to prepare a manual runcut

system wide, most large transit agencies select the runs at a large operating

division as representing the runcut of the entire agency. Most often the

representive division selected is one whose peak-to-base ratio and vehicle

characteristics are similar to those for the entire agency. At smaller transit

agencies the general practice is to manually cut runs system wide.

The second method available for estimating the impact of work rule

changes involves the use of a software package know as RUCUS. RUCUS is an

UMTA developed computer software package for transit scheduling and runcut-

ting. Released in 1974, RUCUS, in a modified form, is used by many U.S. and

Canadian transit authorities. The SCRTD uses a highly modified version of

RUCUS for runcutting only, that was installed in 1976 by TRW, Deleuw Cather

and Canada Systems Group.

3.3 Disadvantages of Existing Methods

Manual

Runcuts which are produced manually have three basic disadvantages.

The first is that the manual runcut consumes too much time to be useful

for labor contract negotiations. At SCRTD, for example, a complete runcut

for 30 bus lines at Division One requires six to eight weeks to complete.

Since it is not uncommon for a dozen or more changes to be discussed
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TABLE 3-2

SUMMARY OF SELECTED SCRTD SCHEDULING POLICIES

1.

2.

3.

4.

5.

Maximum driver vehicle time is 10 hours 25 minutes.

Maximum spread time on regular runs is not to exceed 12

hours 50 minutes.

Regular runs starting before 5 a.m. must be straight runs.

Trippers runs, leftover loosened pieces not operated by

part-time drivers are paid at time and one-half.

Trippers are guaranteed 2 hours pay.
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during contract negotiations, it is clear that manual runcutting is unsatis-

factory.

Second, manual runcuts involve human computation which is subject

to error. Unless the error is subsequently detected it becomes a part of

the contract and may cause hardship on one or the other parties over the

term of the contract.

Third, and perhaps most important, manual runcuts produce an

answer that is not guaranteed to be optimal or least expensive. When new

work rules are added, the schedule maker may not immediately know how to

develop the best strategies for runcutting. Manual runcuts lack the quality

of being “optimal.” since they are dependent upon the skills of the

individual schedulemaker.

RUCUS

During the mid-seventies UMTA

software package known as RUCUS. It

sponsored the development of a

represents a substantial improve-

ment over the manual method of runcutting. RUCUS is based on manual

techniques that have been automated. At SCRTD operating divisons where

RUCUS has been implemented, it substantially reduced runcutting work

efforts during the regular scheduling process. Furthermore RUCUS has

been shown to improve operator labor productivity at SCRTD by at least

one percent through more efficient runcutting on existing work rules.

During SCRTD’S 1982 negotiation process, RUCUS was used to estimate

the cost impact of several work rule changes. While it reduced the

runcutting effort, RUCUS suffered from a few limitations which encumber

its use for evaluating work rule changes. For example:

o Changing a work rule often necessitates a change in the
runcuttting logic. Changing RUCUS runcutting logic involves
reprogram ming which can require significant effort by a skilled
programmer/analyst familiar with the programs.

o Some work rule changes require several man-months of repro-
gramming. This investment of effort is not viewed to be
productive unless the work rule change was actually adopted.
This precludes experimentation with different work rule com
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binations. Examples of work rules that would require extensive
reprogramming of RUCUS include part-time operators and
redefinition of run types such as a three or more piece runs or
straights with 1unch breaks.

● Because RUCUS runcutting logic needs to be reprogrammed for
some work rule changes, the chance for inaccuracies increases.
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4.0 DEVELOPMENT OF A NEW MATHEMATICAL MODEL TO ANALYZE LABOR COSTS

4.1 Introduction

To be useful

runcutting method

in a labor negotiations context, SCRTD felt that an improved

should meet four criteria:

● Be able to address all work rules in the labor contract.

● Be able to adjust readily to work rule changes.

● Consistently and accurately predict the cost of work rule changes.

● Be easier to use and faster than other methods.

Researchers have long recognized limitations in RUCUS, and have made

efforts to develop a mathematically based runcutting program that would produce

accurate and efficient runcuts in all cases. By applying solme vehicle data

simplifications, researchers at the University of Montreal developed an optimiz-

ing runcutting program which employs linear programming mathematics that

more closely approximate “optimal”l results. This program is called HASTUS.

With most work rules specified as simple input parameters, HASTUS quickly

produces a divisionwide runcut with cost statistics. The optimizing logic of

HASTUS automatically adjusts to each work rule change without reprogramming.

Because the input vehicle data has been simplified, however, the final runcut is

not suitable for putting “on-the-street”.

Prior to the demonstration at SCRTD, HASTUS was implemented at transit

authorities in Montreal and Quebec City. It was used to produce hundreds of

work rule change runcuts in anticipation of union negotiations.

1“optima l,” referenced throughout this report, is defined as the theoretical level at
which the absolute minimum total cost of runs is achieved.
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4.2 Description of Model: HASTUS

HASTUS is a series of programs for producing operator runs, using a

mathematical optimizing algorithm (linear programming). With this algorithm, a

preprocessing program generates all possible combinations of driver assignments

on a given set of vehicle schedules, according to the work rules and the costing

procedures. The work rules are specified using easily changed input parameters.

The generation of all possible run combinations that are legal (that is,

conform to contract work rules) will produce a temporary dataset of runs many

times (at least 30) the size of the final solution. The linear program then

processes the whole temporary dataset and solves for the minimum cost solution.

Currently there are no computers large or fast enough to economical y solve this

problem on a medium-sized bus division. Consequently a few limiting factors

have been used in HASTUS to decrease the size of the problem. These

simplifications are described as follows:

First Simplification: Fixed Interval Reliefs

The major input to any runcutting process, whether manual or

automated, is the vehicle schedule, known as a “block:’ A block contains

the schedule of a vehicle for a single day of operation. It identifies the

time the vehicle pulls out from the garage, the time it arrives at each

timepoint on a route, the direction of travel, and finally the time the

vehicle pulls into the garage. A block may be as short as one to two hours

for a peak hour bus, or as long as 20 hours for all day operation. In

runcutting, long blocks are cut into smaller pieces and combined to make a

driver work assignment (run) of approximately eight hours for full-time

drivers and four hours for part-time.

For runcutting ordy a subset of the block information is required.

The key elements of data are: the pull-out from garage time, the time

each vehicle passes a relief point (called relief time), and the garage pull-

in time. When making an operator run, a vehicle can only be cut at a relief

point. A typical input block for the a.m. peak may look like this:
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o pull-out: 6:15 a.m.

o time at relief points: 7:08, 8:30, 8:45, 9:52

0 pull-in: 10:15 a.m.

At SCRTD this is called a “sub”. In HASTUS this has been simplified

such that a block is composed of reliefs at fixed intervals that approximate

the actual relief times.

Initially, the fixed interval at SCRTD Division One was set at 45

minutes. The corresponding HASTUS block would look like this:

o pull-out: 6:00 a.m. (modified to the nearest 45 minute
period boundary)

o time at relief points: 6:45, 7:30, 8:15, 9:00

0 pull-in: 9:45 a.m.

The result of this simplification is a rough approximation of the

actual vehicle profile and reliefs. However it does make the final result

unsuitable for putting “on the street”.

Second Simplification: No Travel Time Provisions

Most transit authority labor contracts have some provision for paying

travel to and from a driver relief. This requires, in both the manual and

automated environments, a matrix of travel times to and from each relief

and the garage. Each time a run is cut, the travel time is looked up in the

relief point travel time matrix and added to the cost of a run.

Calculating the travel time with the number of run combinations

generated by HASTUS would be prohibitively expensive, in terms of

computer time. Since travel time is usually such a small percentage of the

overall costs, it has been eliminated from HASTUS, in the interests of

simplification and efficiency. Consequently HASTUS does not account for,

nor track, the designation of actual relief point names or numbers.

-15-



Because there are no relief points and, therefore, no travel time

between relief points, HASTUS cannot restrict the mixing of work pieces

between different routes. In other words, HASTUS assumes infinite

interlining.

4.3 The Evaluation: Calibration/Validation Procedures and Results

The intent of this study was to test the feasibility of HASTUS as an

efficient, easy-to-use means of evaluating the cost of work rule changes. The

normal procedure for calibrating an automated runcutting system is to choose a

sample division’s complete manual runcut currently “on the street” and compare

the results to the computer runcut. SCRTD’S Division One was selected as being

the division most representative of the systemwide operation. It was the origin

and destination point for 30 bus lines and 225 buses. Some of the bus lines

operate over long distances with part of the route traveling on freeways. Others

operate solely on surface streets with frequent stop-and-go service. In addition,

Division One was the only SCRTD operating division where the RUCUS package

is used to cut runs.

The specific objectives of the calibration/validation process, documented

in this chapter, are to determine if HASTUS could:

o comply with each work rule of the existing SCRTD labor contract to
produce labor hour costs which were equal to those produced by
RUCUS when given identical input data; and

o match RUCUS on a repeated basis (consistently) with proposed
variations in work rules and combinations of work rules.

Calibration is defined as efforts aimed at determining what factors have to

be applied to a HASTUS runcut to make it about equal to a RUCUS or manual

runcut when given identical inputs. Underlying these efforts is the assumption

that both RUCUS and HASTUS must comply with all work rules in the labor

contract. As it turned out a strategy evolved with which the use of calibration

factors was avoided.

Validation, on the other hand, is defined in terms of consistency of results.

The HASTUS model would be validated only after it demonstrated the capacity

to consistently and accurately predict the cost of work rule changes. If HASTUS
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can do this, it would be extremely useful in labor negotiations. Because HASTUS

was being evaluated for its ability to predict the cost impact of work rule

changes, it was originally thought necessary to compare the HASTUS results to

situations before and after a work rule change. Unfortunately, SCRTD had only

one work rule change in the past twenty years. In 1979 it instituted a 10 percent

part-time driver provision. When it came time to collect the data, however, it

was found that:

o The 10 percent part-time was incorporated without re-runcutting the
schedules.

o Schedules prior to the change had been archived and were not easily
available.

The original calibration procedure called for a comparison of results

before and after the 1979 work rule change. Instead, three different calibration

approaches were tried, each necessitated by the failure of the previous one to

provide consistent, reliable results. Consequently the rationale and success of

the third approach can best be viewed by examining the reasons why the first

two did not provide good results.

First Calibration Effort: Description and Results

After it was learned that the original before-and-after-1 979-contract

approach would not work, it was decided to calibrate HASTUS against the

SCRTD RUCUS runcutting results. This was a two phased approach:

o Phase 1 -- Base Runcut Comparison. HASTUS would be compared to
RUCUS, under the existing work rules (base) and with actual vehicle
data.

o Phase 2 -- Work Rule Simulations. HASTUS and RUCUS would be
compared on five simulations involving at least one work rule change
each. If HASTUS predicted the same percentage payhour change as
RUCUS then it would be considered to have been calibrated.

The results of the first calibration were inconsistent and inconclusive. This

was due to a number of problems with both the RUCUS runcuts and the HASTUS

parameters. The RUCUS runcuts were performed by a person unfamiliar with
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RUCUS logic leading to inefficient runcuts, thus making a poor comparison for

HASTUS. Subsequent RUCUS runcuts were performed by a person much more

experienced in RUCUS logic and programming, resulting in more realistic and

consistent results. This situation illustrates one difficulty in using RUCUS for

work rule change estimation.

HASTUS had a subtle but important work rule violation which affected the

results. Even when a more experienced RUCUS person was used, after

correcting the errors in HASTUS and RUCUS, there still remained a significant

difference of three to four percent in the total payhours with HASTUS runcuts

consistently less. HASTUS produced a runcut which in terms of run types

(straights, splits, etc.) was significantly different. For example, RUCUS

produced a runcut with 75 percent straight runs and HASTUS on the same

division producued the contractual minimum of 60 percent straight runs.

Presuming that the cost difference was due to the different run statistics, it was

decided to try a new calibration approach that would make HASTUS cut runs

similar to RUCUS.

Second Calibration Effort: Description and Results

In order to force a runcut which would look similar to RUCUS, “artifical

work rule constraints” were applied to HASTUS using the input paramters.

Presumably if the runcut looked similar, then the costs would be similar, and

hence proof would exist that HASTUS could cut runs accurately. Furthermore, it

would identify the cost impact of the two HASTUS simplifications: fixed

interval reliefs and no travel time.

The corrected base runcuts from the First Calibration Technique where

examined and seven or eight artifical constraints applied to HASTUS. For

example, after RUCUS cut 75 percent straights as opposed to HASTUS’S

60 percent, an artificial constraint was added to HASTUS which would guarantee

75 percent straights. The results of this technique were unexpected but explain-

able.

Applying the artificial constraints to HASTUS set the minimum percentage

of straights at 75 percent; however, the actual number of straights was less than
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RUCUS because HASTUS cut fewer regular runs and more extraboard runs.

Because HASTUS employs global optimizing techniques it seems to always

produce the minimum total cost. Each new constraint caused the entire runcut

to be re-optimized, often producing radically different solutions. Even though

the total payhour cost began to approach RUCUS, it

would probably be impossible to make HASTUS cut runs

Furthermore, the application of artificial work

became apparent that it

like RUCUS.

rule constraints compli-

cated the simulation process. For instance, this question was raised: If SCRTD

wanted to evaluate the effect of a 10 percent reduction in the minimum

percentage straights, would the contractual 60 percent be reduced to 50 percent

or would the artificial constraint of 75 percent be reduced to 65 percent? The

application of artificial work rule constraints did not answer this calibration

question and seemed to make the simulations more complicated. Consequently

the Second Calibration Technique was abandoned but the effort was not without

worth. Progress was made in understanding the workings of HASTUS, RUCUS,

and the complex SCRTD work rules, as demonstrated in the next section. For a

more detailed discussion of the First and Second Calibration Effort see Appendix

E.

Third Calibration Technique: Description and Results

Objectives

The most perplexing problem faced in the third calibration exercise

involved comparing HASTUS with RUCUS runcut results. Even though HASTUS

produced actual straights, splits, extraboard combinations, and biddable trippers,

they were not directly comparable to RUCUS runs because they were based on

the two HASTUS simplifications: fixed interval reliefs and no travel time.

Consequently, it was impossible to determine whether the differences between

RUCUS and HASTUS on the base runcut were due to (1) logic deficiencies in

RUCUS; (2) the HASTUS simplifications; or (3) a combination of both. If this

problem were solved and quantified, then HASTUS could be calibrated by

comparing it to RUCUS simulations and applying an adjustment factor.
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The solution to this complex problem was to have RUCUS cut with exactly

the same data simplifications as HASTUS. By comparing RUCUS with real data

and RUCUS with simplified data, the effect of fixed intervals and no travel time

could be determined.

Methodology

To perform the third calibration it was decided to perform a series of

RUCUS runcuts that would progressively change the input data to look more like

HASTUS until the data was exactly the same. The progression illustrates the

quantitative effect of the data simplifications, as follows:

(1)

(2)

(3)

(4)

(5)

RUCUS runcut

the-street:’

RUCUS runcut

with actual subs and full travel-time file equivalent to “on-

with actual subs and full travel-time file, but no penalty for

interlining. (Interline penalties reduce the number of runs which have

pieces from more than one route.)

R UCUS runcut with actual subs and a zero travel-time file.

RUCUS runcut with HASTUS subs and a zero travel-time file.

HASTUS runcut with HASTUS subs and no f’zero”) travel-time file.

The input data for the last RUCUS runcut (4) and the HASTUS runcut (5) are

identical. Comparing the results of RUCUS “on-the-street” runcut (1) with the

HASTUS equivalent RUCUS runcut (4) would show the effect of the two HASTUS

simplifications: fixed interval reliefs and no travel-time. Comparing RUCUS (4)

with HASTUS (5) would show the effect of any logic differences.

After performing

HASTUS were made. In

made where the RUCUS

the progression, two test comparison of RUCUS and

the first comparison work rule changes simulations were

“on-the-street” non-simplified data runcuts were used.
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If the results of these simulations showed a consistent change in the total

payhoursthen HASTUS could be considered at leastas accurate as RUCUS. It

was decided to use three RUCUS work rule change simulations, that had been

recently performed on the test SCRTD operating division as part of SC RTD’S on-

going labor contract negotiations. These particular RUCUS runcuts simulations

were considered of the highest quality because they were performed by SC RT D’s

most experienced RUCUS Systems Analyst who was responsible for the original

RUCUS runcutting installation.

In the second comparison it was decided to perform work rule change

simulations using RUCUS but with the HASTUS equivalent input data (i.e.)

HASTUS subs and zero travel time file. As in the first comparison the same

three work rule simulations were used.

The three work rule changes selected are described as follows:

(1)

(2)

(3)

“7 within 8“. The current definition of a regular run is any work that

can be combhed to make seven hours of work within a spread of 10

hours must be made into a regular run. All other pieces can be put on

the extraboard, where some pay provisions are less restrictive. The

work rule change involved modifying this provision such that any

seven hours of work within an 8-hour spread must be made a regular

run.

“8 within 12”. The current contract specifies that extraboard com-

binations are guaranteed eight hours pay within a spread of 11 hours

after which the run is paid at time and a half. The work rule change

was to make this a guarantee of eight hours pay within a spread of 12

hours after which overtime is paid.

Combination: ‘7 within 8, 8 within 11, 8 within 12”. This would be a

combination of three work rule changes, combining the previous two

simulations of “7 within 8“ and “8 within 12” along with a third. The

third change involved changing the guarantee pay of a regular run

from eight hours within a spread of 10 hours, to eight hours within a

spread of 11 hours after which overtime would be paid.
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These work rules are fundamental to SCRTD runcut productivity and are

representative of the type of change SCRTD would anticipate in future labor

contracts.

Another major aspect of the contract negotiations was a management

desire to increase the eligible part-time from 10% to over 20%. Since RUCUS

does not cut part-time drivers, the only method to simulate this work rule

change was by rough manual estimation or HASTUS. A series of HASTUS

runcuts were made on a range of part-time percentages for reference purposes.

Finally the new SCRTD contract resulted in a compromise work rule

change calling for the definition of a regular run to be seven hours work within a

spread of nine hours instead of 10 hours. While not part of the calibration effort,

a HASTUS simulation on “7 within 9“ was run for reference purposes.

Following are

technique presented

Results

the results of the third and final calibration/validation

for the following activities:

1. Base (Existing) Work Rules -- A progression of RUCUS runcuts

on existing work rules from actual “street-ready” data through

to HASTUS equivalent data.

2. Work Rule Simulations -- Three work rule changes on RUCUS,

HASTUS, and RUCUS with HASTUS equivalent data.

3. Part-time Simulations -- HASTUS simulations on various per-

centages of part-time driver provisions.

4. 1982 Contract Simulation -- HASTUS simulation of the esti-

mated savings from the recently negotiated SCRTD labor

contract.

Detailed supportive evidence for the third calibration technique results are

along with tables illustrating the findings are presented in Appendix F. Runcut
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and payhour statistics for each of the runcuts produced are presented in

Appendix G. A summary of the results follows.

Task 1: Base (Existing) Work Rules

The purpose of this task was to evaluate the effect of the HASTUS vehicle

data simplification by comparing RUCUS runcuts with real relief points and full

travel time penalty to RUCUS and HASTUS runcuts with fixed interval reliefs

and no travel time penality. The results quantify the effect of data

simplification and the logic differences between RUCUS and HASTUS.

To summarize the conclusions of this task, it was found that:

o The effects of no interline penalty and no travel time were
negligible, less than 0.3% of the direct payhours.

o The effect of using 65-minute fixed interval subs (vehicle data)
is more complex but was found to be approximately one percent
less expensive. The results of comparing the RUCUS runcut
using HASTUS-equivalent subs with the RUCUS base runcut
using real data (suitable for putting “on-the-street”) are that
total direct payhours are reduced by 1.3 percent while total
burdened payhours increase by 0.4 percent. (Generally, there is
no relationship between changes in direct and burdened pay-
hours; if the runs are shorter, overtime costs go down, but
manpower requirements go up, increasing the burdened cost.)
The RUCUS runcut using HASTUS-equivaIent subs represents a
refinement over the parameters of the previous RUCUS run.
Further refinement to maximize the effect of fixed interval
subs might produce somewhat lower total burdened payhours,
however, the lower cost might increase the direct cost. Since
one purpose of this task was to develop a factor for using fixed
interval subs, an estimate could be made by multiplying the
percent differences of direct and burdened payhours. This
estimate is about - 1%.

o A significant objective of this task was the calibration of the
HASTUS runcutting model. When calibrating models in other
disciplines, the predictions of the model are compared to real
world observations and the difference K is used to adjust the
model predictions to real world observations. The difference K
is generally caused by data simplifications in the model in order
to make it easier to run. In subsequent operations of the model
using different parameters, the predictions of the model are
adjusted by the calibration factor difference K. On the
calibration of the HASTUS-MACRO model on the base runcut
using exsisting work rules, a difference K of -3.5% was found

-23-



compared to the RUCUS base runcut. Following the general
practice with model calibrations, the difference K of -3.5%
could always be applied to subsequent HASTUS tests. However
this approach did not adequately compensate for the differen-
ces between model predictions and real world observations.

In most models, not only is the data input simplified but also
the logic of the model is also simplified or at least not as
comprehensive as the real world situation. It is true that the
HASTUS input data was simplified, but unlike most models, the
HASTUS logic appeared to be more powerful and comprehensive
than the “real world” RUCUS. Thus it was difficult to
distinguish the effect of the powerful HASTUS logic from the
effect of the simplified data input. It could not be determined
how much of the 3% difference was due to simplified input as
opposed to, more powerful logic. Since one of the objectives of
the project was to test the power of HASTUS logic, the a
calibration factor K was not used.

Instead, the HASTUS simulations were compared to the
HASTUS base work rule runcut. Likewise the RUCUS simula-
tions were compared to the RUCUS base work rule runcuts.

o An effort was made to determine how much of the difference K
of -3.5% on the base runcuts of HASTUS and RUCUS was due to
simplified input data as opposed to more powerful logic. the
simplist procedure was to run RUCUS with simplified input data
and them compare the results to the HASTUS base runcut. The
difference dropped to -2.2%. Since both programs had exactly
the same simplified input data, it was concluded that the
HASTUS had more powerful logic. This suggests that there is a
potential for saving 2.2% on the reai world runcuts at the
SCRTD if the HASTUS runcutting logic could be employed to
produce “street-ready” runcuts.

Task 2: Work Rule Simulations

The purpose of this task was two fold: (1) to determine whether HASTUS

could produce consistent results on work-ruIe change simulations. (consistency is

measured by percent change from the base compared to a similar measure of

RUCUS work rule simulations); and (2) to determine the relative accuracy of the

results. In addition, the cost and flexibility of HASTUS was evaluated compared

to RUCUS and manual techniques.

The results of this task have shown that:

o Under different work rule simulations, HASTUS consistently
produces results in line with RUCUS. In five out of six
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measures HASTUS was within an absolute value of one half of
one percent (0.50A) of RUCUS (see Table 4-1) for changes
exceeding a magnitude of three percent. The exception is the
burdened payhour percent change in the combination work rule
simulation, where the difference was still less than one percent
(0.9%).

o It is not unreasonable to expect some variation from RUCUS
because the RUCUS solutions differ up to a 2.2 percent from
the HASTUS solutions as was found in Task 1. It is also
somewhat unclear whether the RUCUS or HASTUS results
represent the “best” soloution.

o Past experience with RUCUS indicates that considerable “fine
tuning” of the runcutting logic is ofter necessary to get the
minimum costs. The “fine tuning” process may involve dozens
of iterations, depending upon the skill of the programmer/
analyst. On this project, while a highly skilled programmer/
analyst was performing the RUCUS runcuts, the number of
iterations was necessarily limited. It is possible that some work
rule changes “fit” the RUCUS logic better than others, thus
causing some variation in the data. HASTUS runcutting logic
does not involve “fine tuning”.

o There is evidence that RUCUS in unskilled hands can produce
inconsistent results. Because the RUCUS runcuts made with
HASTUS-equivalent data were not subject to as many interac-
tions and refinements as the RUCUS runcuts with real “street-
ready” data, it was concluded that RUCUS results are variable
depending upon the skill of the user and the amount of attention
paid to obtaining the best solution.

o Because HASTUS uses simplified input data, the consequent
runcut results cannot be put “on the street”. However the
driver runs and summary statistics produced by HASTUS showed
great potential as a preprocessor. Looking at the HASTUS
runcut results, the manual schedulemaker, can use the pattern
of piece sizes and piece matching of the HASTUS output as a
guide to runcutting. The schedulemaker does less thinking
about runcut strategies because the HASTUS output has deter-
mined the overall strategy. A simple test on one route showed
this procedure was useful and produced an efficient runcut in
less time than was expected.

o Potential was also suggested for the use of HASTUS as a goal
setting mechanism. Since HASTUS shows the total direct
payhour costs as well as the total manpower required, it gives
the schedulemaker a target. The measure of schedulemaker
effectiveness could be how close the actual rencut came to the
HASTUS projections. In this sense HASTUS could be used a
post-runcut audit totaL
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SUMMARY OF PERCENT DIFFERENCE ON THREE WORK RULE

1.
2.
3.

4.
5.

6.
7.

8.
9.

SIMULATIONS FOR CONSISTENCY OF RESULTS

LEGEND:

Interline Penalty
Travel Time
Real Reliefs

Work Rule Change
Reference Number

Direct Pay % Change
Burdened Payhour % Change

Work Rule Change
Reference Number

Direct Payhour % Change
Burdened Payhour % Change

Work Rule Change
Reference Number

Direct Payhour % Change
Burdened Payhour% Change

TABLE 4-1

RUCUS
Real

YES
YES
YES

7 within 8
8

-1.2%
.1.394

8 within 12
11

-2.2%

-2. o%

Combination
14

-3.4%
-3 .5%

RUCUS
65—

NO
NO
NO

7 within 8
9

+0.2%
-0.7%

8 within 12
12

-2.9%
-2.4%

Combination
15

-3.2%

-3.1%

HASTUS

NO
NO
NO

7 within 8
10

-1.5%
-1.3%

8 within 12
13

-2.2%
-1.6%

Combination
16

-3 .9%
-2 .4%

RUCUS REAL: Represents RUCUS runcuts with real “Streetable” data.
RUCUS 65: Represents RUCUS runcuts with HASTUS equivalent data.
HASTUS : Represents HASTUS runcuts.
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Task 3: Part-Time Simulations

The purpose of this task was to estimate the effect of increasing the

percentage of part-time operators on the direct and burdened payhour cost.

The new SCRTD labor contract calls for an increased percentage of part-

time operators to be decided through arbitration. In this task simulations for

part-time were performed on a selected division’s schedules for the following

percentages:

o%,

From the

●

●

●

10%, 14%, 20%, 24%, 50%, Maximum percentage.

results of this task, the following conclusions were reached:

The largest saving of direct payhours was achieved with the
first 10 percent allowance for part-time operators.

Burdened payhour savings proceed at a steady rate of about
three percent for every 10 percent increase in part-time
manpower.

Direct payhour saving tends to level off after 25 percent part-
time operators.

Note that it is beyond the scope of this project to assess the importance of

this inform ation to SCRTD. For the transit industry, overall, the information

about part-time labor may not be directly transferable. These HASTUS

simulations suggest that a part-time provision can produce savings well beyond

15 percent but it depends on whether direct or burdened costs are evaluated.

SCRTD fringe costs on the HASTUS simulation were assessed at 220 minutes per

full-time operator per day

after much research and

Different fringe costs for

different results.

and zero for part-time. These costs were provided

discussion with the SCRTD Finance Department.

full-time and part-time would undoubtedly produce

Besides the undecided part-time driver provisions, the new SCRTD con-

tract contains a change in the definition of a regular operator from seven hours
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work within a spread of 10 hours, to seven hours work within a spread of nine

hours. This is a compromise between the existing contract and one of the

HASTUS work rule calibration simulations for “7-within-8” hours spread. It was

decided to evaluate the new contract ‘7-within-9” provision and compare against

the “7-within-8” work rule change. The following shows the percent change in

each.

SAVINGS COMPARED TO THE
CURRENT CONTRACT

“7-within-9” ‘7 -wi thin-8”

Direct payhours savings -1.1% -1.5%
Burdened payhours savings -0.6% -1.3%

These results seem reasonable. It will be interesting to see if this

projection occurs under the new work rule when it is actually implemented.

4.4 HASTUS Operating Environment

This section examines the operating environment of HASTUS providing

some statistics which illustrate differences with RUCUS. The following statis-

tics were drawn from experiences at SCRTD using both RUCUS and HASTUS.

Table 4-2 represents the evaluation of one work rule change applied to the

weekday schedules of one division. The one-time set up effort of preparing input

data for developing the initial base runcuts are not included. The statistics are

representive of a typical work rule change simulation.

From a resource perspective, these statistics show that HASTUS uses a

minimum of manpower and computer time. HASTUS uses 98% less manhours

compared with the manual technique and 90% less computer time compared with

RUCUS. Using HASTUS, it is possible for one person to perform several dozen

work rule simulations in one day. A major difference between RUCUS and
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b

TABLE 4-2

WORK RULE CHANGE SIMULATION COMPARISON

Interpret Contract Provision
as Work Rule

Change Input Parameters

Modify Program

Perform Runcut

Evaluate Results

Repeat Runcut Due to
Errors in Input

Repeat Runcut Due to
Modified Logic

Computer Time (a)

Unit of
Measurement

Manhours

Manhours

Manhours

Manhours

Manhours

Average

Average

CPU Seconds

TOTAL Estimated ,Manhours

TOTAL Estimated Computer Costs (b)

‘a) RUCUS on UNIVAC 11/60
HASTUS on IBM 3033S

RUCUS

1

.5

0-8

.5

1

Twice

Twice

300

3-8

$1000

HASTUS

1

.5

0

.5

1

Twice

Once

30

3

$100

Manual

1

N/A

N/A

120

1

Once

Once

N/A

122

N/A

(b)Assumes
$200/CPU Minute
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HASTUS is the skill requirements of the users. To perform RUCUS work rule

simulations, the user must be intimately familiar with not only SCRTD work rules but

also the RUCUS logic and Fortran source code. A skilled programmer/analyst is

usually required to make occasional logic changes. When RUCUS was used for the

recent contract negotiations, an estimated 50 percent of the work rule simulations

required some sort of program modification. During the calibration effort no program

modification of HASTUS was required once the base runcut work rules had been

established. All the HASTUS simulations were accomplished without program modifi-

cation. Consequently the proper use of HASTUS requires not a programmer/analyst

but an analyst intimately familiar with the work rules and HASTUS parameters.
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5.0 ANALYSIS OF ESTIMATED COST SAVINGS

5.1 Introduction

Although it was not the focus of the study, one quite unexpected result

became apparent: HASTUS consistently cut runs which were more efficient than

RUCUS. The primary objective of this study was to determine the degree of

accuracy of HASTUS in estimating the changes in costs associated with various

operator work rules. This unexpected result of the calibration effort generated a

series of analyses in an effort to quantify the estimated cost savings. The

process which evolved and the results are the subject of this chapter.

5.2 Process

Initially, attempts were made to force RUCUS into various runcutting

situations by adjusting the RUCUS parameters to fit HASTUS suggestions such as

the numbers of straights, splits, and extraboard pieces of same particular length

and the total percent of straights. The purpose was to implement HASTUS

strategies and hope that RUCUS would produce Iess expensive runcuts. All

attempts failed, however, because RUCUS’S stepwise programming could not

operate at the efficiency level of HASTUS’S linear programming. Attempts were

then made to manually modify a RUCUS runcut again using the suggested

strategies of the HASTUS program. This process also failed because of the

subjective complexities inherent with manual runcutting. In a final attempt to

validate HASTUS, it was decided that the authors of the program, GIRO Inc.,

should utilize their newly developed runcutting program, MICRO-RUNCUT which

makes “street-ready” runcuts. Data necessary to produce a HASTUS runcut,

(pull-out, pull-in, and operator relief times) were collected for a large, typical

line of the SCRTD and sent to GIRO Inc. for analysis. After a few initial

programming problems, a runcut was produced.

5.3 Results

SCRTD Line 30 was selected to compare three runcutting techniques --

RUCUS, Manual, and HASTUS/MICRO-RUNCUT. The results are displayed in

Table 5-I. As shown, the cost savings associated with HASTUS are
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approximately 2.65 percent less than RUCUS. Projected systemwide, in FY83

dollars a 2.65 percent savings in total annual operator wages, fringes, and

benefits could represent a savings of up to $4.1 million.

While more tests of this nature are needed before firm conclusions can be

reached, this test suggests the potential of HASTUS-MICRO-RUNCUT. Since

HASTUS-MICRO-RUNCUT, unlike RUCUS, can also handle part-time operators,

HASTUS-MICRO appears to be a promising new scheduling tool.
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TABLE 5-1

RUNCUTTING TECHNIQUES COMPARISON FOR

SCRTD LINE 30 WEEKDAY SERVICE

Vehicle Hours

Straight Runs

% Straight Runs

2 Piece Runs

3 Piece Runs

Extra Board (Comb)

Biddable Trippers

Drivers

Actual Pay Hours

Manpower Hours
@ 3:40 hrs/drivers

Total Pay Hours

RUCUS

486.23

31

72

12

0

10

14

53

591:37

194:20

785.57

Manual

486.23

34

74

12

0

7

18

53

587:09

194:20

781.29

HAST US

486.23

26

51

17

0

8

19

51

578:05

187:00

769.09

% Difference In
Total Pay Hours
From RUCUS -0.57 -2.65

Note:

When comparing payhours please note that the RUCUS runcut on this line was not as
efficient as the manual runcut. SCRTD has experienced difficulty cutting RUCUS in
all cases. As a result, this has precluded introduction of RUCUS system wide on a line-
by-line basis.
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6.0 STUDY CONCLUSIONS

The experience gained in this study suggests that HASTUS is a promising and

effective tool for estimating costs of proposed work rule changes. As shown in

Table 6-1, HASTUS is much faster, less expensive, and involves one-tenth as much

CPU time to produce an answer as other available methods. It has the capabability to

cover most types of work rule changes. The only changes it cannot handle are changes

in relief or travel times because it employes fixed-interval relief times and has no

travel time provisions; and changes in report time, because pull-outs are averaged to

the nearest interval.

Although RUCUS can handle these minor changes, it has difficulty handling

major structural changes such as changes in part-time operators, run-type definitions,

and the like. In these situations RUCUS runcutting logic strategies require significant

program modification and fine-tuning. HASTUS can better handle simulations in these

areas because it has built-in paramaters that allow such major work rule changes to be

evaluated.

Furthermore, there is reason to believe that RUCUS produces inconsistent results

when presented with different work rule situations because reprogram ming of the

RUCUS code is necessary, and therefore, RUCUS becomes “analyst dependent.”

RUCUS was developed based on automating manual techniques. HASTUS, however, is

a mathematical model which addresses those situations. This guarantees that HASTUS

will use a consistent strategy to produce the runcut.

The results of this study suggest that HASTUS produces more efficient runs than

RUCUS. For example, the most inefficient run in terms of pay hours to vehicle hours

is a biddable tripper. It was as though HASTUS cut the most efficient biddable

trippers first, before cutting the rest of the runs. RUCUS, however, working in a

sequential manner cut straights first, then splits, extra board pieces, and trippers,

which were leftover.

Less trained and skilled personnel are required to operate HASTUS. Although

RUCUS and HASTUS both require personnel with an intimate knowledge of the

operator work rules, RUCUS also requires a highly skilled dataprocessing person with
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TABLE 6-1

Attribute

Time Required to
Answer “What If”
Questions

Time Needed to
Train Users

CPU Time in Seconds
Used to Produce
Answers

Degree of
“Optimality”

COMPARISON OF METHODS FOR
ESTIMATING COSTS OF PROPOSED

CHANGES IN WORK RULES

Note:

Manual RUCUS

Days to Weeks Hours to Days

Years

None

Low

Months

300

Medium

HASTUS

Minutes

3 Days

30

High

HASTUS has been found to produce consistently accurate and reliable measure-
ments.
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an intimate knowledge of the RUCUS logic and source code to

simulate work rule changes. No such programming skills are needed to operate

HASTUS.

In conclusion, HASTUS’S features of speed, flexibility, user ease and low cost,

suggest that the model can be effectively used to evaluate the numerous combinations

of potential work rule changes for labor negotiations. The HASTUS simulations for any

work rules changes considered most likely to be accepted by both transit management

and the union could then be verified by producing a “street-ready” runcut version to

ensure that the contract changes produce the desired results.

In addition to being used for assessing work rule changes, two other

unanticipated uses of HASTUS were identified in the study. These applications include

the use of HASTUS as:

o a goal for the relative efficiency of each runcut, and

o a preprocessor for runcutting to provide the runcutter a strategy for
efficient runcutting.

Even if HASTUS itself falls short of producing “street-ready” runcuts it

nevertheless has the potential to direct RUCUS or manual runcut efforts toward

improved costs. Stated differently: when run in tandem with one of the other

methods it can suggest a different distribution, (“strategy”) of straights, splits, and

extraboard runs to produce a lower labor hour cost.

When this study began it was thought that the sole use of HASTUS was in

connection with labor negotiations which ordinarily occur every second or third year.

Since HASTUS has the potential to help produce more efficient runcuts, HASTUS could

be even more valuable for schedulemakers and runcutters on a daily basis as a

preprocessor for conventional methods.

The other new potential use of the HASTUS model is as an efficency goal for

schedulers. Transit management could use this goal to establish performance

objectives. Goals and objectives set in this way would be more sensitive to

-36-



varying scheduling constraints and would avoid simplistic, across - the board standards

like “1.1 5 pay hour to platform ratios” for all schedules in a system.

In summary the potential of HASTUS as a method for assessing work rule

changes was demonstrated in this study. Unexpectedly the other potential

applications -- preprocessing and goal setting -- were also identified.
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APPENDIX A

MATHEMATICAL FORMULATION OF HASTUS
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ABSTRACT

In this paper, we first present a mathematical programming

formulation of the bus drivers scheduling problem in a transit

company. Because in general this problem is too large, we

introduce a relaxation of the problem and describe a solution

strategy. The implementation and results obtained in Qu.5bec

City are briefly reviewed.
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1. The problem

The bus driver scheduling (BDS) problen in a transit company involves estab-
lishing at minimum cost for each day of the week, a list of workdays u-hich
assign a driver to each bus in the timetable and respect all clauses of the
union contract. In the approach discussed here it is assumed that the bus
schedule is k.nokm and that once the list of feasible v.orkdays is established,
the problea is solved. In fact, in most l{orth-American companies, the assignment
of workdsys to drivers is carried oct by the drivers. thexseivei and t~is”selectic

cione on a seniority basis.

l%e difficulty of the problem arises directly from the kind of service that a
transit company must offer and the travel patterns of the population. Fig. 1
illustrates the service level by time of’day for QuEbec City.

Ve note that the number of vehicles in senice may be rn~chgreater at peak
hours than at off-peak hours. This obviously r,ecessitates eitb.erpart time

irivezs, or split-s’nift workdays for full tine drivers, or both. In most
compznies, unions are refusing or severely restricting the part-tire driver
solution. Several rules have then appeared defining legal s~lit-shift uork-
Says and working conditions v-hich limit che ncnber aridlar cczpensqte the dr~vers
for less desirable \*orkdays. Tnese ~.orking conditions are des~ribed in mare
detail i~ several pzpers (~l~is, 1576, 1983; Sherp, 1975, R.A.T.P., ~$J79).

We introduce here tt,e‘basic ter=inology and sc=e ~elated rules which characterize
the problez.

}.block is the itinerary ~f a vehicle between its departure from and its
retuml to the garage. IC iricludes =11 deadhead tine required to take the
bcs in and out of the garzge and to and from the route(s) it semices.
There are generally short blocks so cover the peak periods and long blocks
Lor the basic service.
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Relief ti=es are the times corresponding to points on the route where a
chsnge of drivers is possible. In general the number of such points is
S-AU .

A workd~y is a daily assigment consisting of one or more pieces of work$
v.hich =ust satisfy the union contract rules.

A ~iece of work (or piece) refers to the period of time during which a
driver works continuously K’iththe same vehicle without a break. Generally
the nu=ber of pieces of ~-ork in a workday is ltiited (2, 3 or 4) and the
pieces must have a minimum duration (2-3 hours).

A tripper is
ular dri~=rs
fcr a fex or
sizer chzt a
plicit upper

a small piece of work which is nomally done in overtime by reg
or assigned to st.md-by drivers. In general the companies hope
no trippers. By extension and simplicity of notation we con-
tripper is a workday. However we assume that there is no ex-
bound on the number of trippers thus insuring the existence of

a feasible Schedule. Moreover, a high penalty is imposed on trippers.

A block ?artition is a set of pieces of work ~.hich covers exactly the block.

The BDS problem has been described in detail and several approximate solution
nethods have been proposed. The Proceedings from the two workshops on the 13DS ●

problec provide an excellent set of references (Preprints,1975’; Proceedihgs,1980)

in the next section we present a general mathematical programing formulation of
the EDS problem. Because in general this problenis too large we introduce a
relaxation of the problem and present a solution approach. The application of
the systen in Qu&bec City (250 buses) is briefly reviewed. In another paper
(Carraresi, G&llo, Rousseau, 1980) other alternative solution techniques are
Explored. The notation used in this paper is sinilar to the one used in the
Later.pa?er. k’eborrow heavily from that paper in the presentation of the model.

2. The model

!or simplicity of presentation, we now assume that there are at most two pieces
)f work ii a xorkdzy. The extension to three or mere pieces of wrJrk is &one
Later on; in fact in QuEbec, we use up to three pieces.

:ne notation for the model is first introduced: 3y a yair (ij) we denote a
~iece of wor”K starting zt time i and ending at tiae j . Only feasible pairs (ij)
.ZZ considered, that is pairs such that both i and j correspond to either a
tarting time, ending time or relief time in a given block, Note that (ij)
ould be fezsible relative to several blocks. In the first part of this paper
owever we assuae that (ij) is feasible relative to only one block (this could
asily be done by snail perturbations). For practical reasons, we also include
n the feasible set of pieces of work the null pieces (00).

quadruplet (ijkh) denotes a s“orkdaynac!e up with the feasible pzir.s (ij) and
kin). @.ly the u.srkdays (ijkh) uhich are feasible vizhin the union contract

A-6



the company regulations are considered. lf (ij) or (kh) 1s a null piecea
~ne vorlcday is either without a break or corresponds to a tripper.

.
In addition, we define:

L :

x :

I :

l(ij)cl :

‘TL ..

Xijkh :

x :

v ●.
● ~j

Y :

.
“jkh “

the number of blocks

the number of distinct pieces of work

the set of feasible quadruplets (ijkh)

the set of feasible quadruplets (mnkh) where one of the pieces is
(ij); ft includes the quadruplet (ijOO)

the set of all times which are either relief times, the starting
time or the ending time for block 2

a binary variable taking value 1 If and only if a driver is assigned
to workday (ijkh)

the vector with component x.>jkh ‘ (ijkh)cI

a binary variable taking value 1 if the piece (ij) is used to be
part of a driver workday. If yij=l, the piece (ij) has been chosen
as part of the partition of the given block relative to which it
has been defined.

the vector with component y~j for ~feasible (ij)

the cost of a workday composed of the piece (ij) and the piece (kh)
according to the unioc contract.

The problem can now be formulated as follows:

(2.1) ‘in ~ Cijkh ‘ijkh

St. i) 1 ‘mnkh
-yij=o

I(ij)
for all (ij) except (00)

ii) D x 2 d

iii) ~ yik- ~ Ykj = b; for all kcTL, for all 2
icT

L
jcTg

\

-1 if k is che starting timq of block E
L

where b
k

= +1 if k is the ending time of block L

O otherwise

The constraints (iii) correspond to the flow formulation used to partition each
block L into pieces of work. Fig 2. illustrates the concept. The feasible
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~<eces of work (we are assu.=dng here a mininum lengh,t cf t~’ohours) are
t-
r.epresented by arcs and listed in the figure. We have assumed for simplicity
that a relief point exists everj’hour in this exanple. The indices k in the
ccns~raint for~~~~~ion co~~e~pon~ ~0 points where a ch=.nge of drivers is
feasible and the constraints ensure that a flow of one goes f=om the origin

of the block (7:~~) co iES end (~~:~~)~ using arcs (ij) corresponding to
feasible pieces. Constraints (iii) define a flow on m incapacitated network.

e+=-~.
7:09 8:00 9:00 10!00 u :00 12:00 13:00

The feasible y5eces are

Figure 2. i%e flow formulation for the parcizion of a block

With constraint (i) we ensure that any feasible piece (ij) used to partition a
block ~Till be u,sedin a workd~y of type (ijkh) or (maij).

h fizict, given the values of rhe yijt i.e. the par~i:ion of the blocks into
pieces of work, constraint ($) ~’i.ththe objective function can be reformulated
into,a zaxi~uc weight r.atchin: problem (described in section 6).

Constraints ~f type (ii.)refer to other constraints of the union contract.
Exa3ples of such constraints are:

- a ~inimu or naxim’.uanumber of v-orkdays v-ichout a break or with
a limited break

a limit on the nu.zz,berof drivers

2 linit on the average length of a vorkd=Y

- etc.

Unless the problem is small (i,e. the nuber of blocks is snail and thus the
nU=”Ser of pieces and workdays is li~ited), this forzxlation seems impractical.
Give3 a zedium size trazsic ne~vork zs Ln QuCbec City we can easily generate
over ten rhousand pieces of work =nd five =illion workday variables without
considering the flow vzriables znd the difficulty of deter~ining integer
solutions for Y... In fact this fonxlation is nearly equivalent to the set>~kh”
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covering formulation found in l?eurgon (1’972,1975)= The set covering formulation
was used in Paris to solve the problem one route at a time (drivers were not
allowed to change route). However, the formulaKicn! [2.1.)seecs to be more
amenable to a solution strategy that can lw.ndle very Ircrgeprcblems.

3. Solution strategy

The chosen solution straregy is to use Ebe obv~,aus decomposition of the prob-

lem into the generation Of a pa~ti~io~~ of eac+ ~l~c?:~.n’:opieces of work
(constraint (iii)) and the matching problem (constraint {i)] to form workdays.
It has to be ensured that constraints (ii) arc ~lso satisfied. Three main
steps compose this strategy:

5ZSEI: Using a relaxation of the whole problem we generate a partition
of each block into feasible pieces of work that wIII respect as much as
possible the constraint set (ii).

SEsL?.: Using an assignment algorithm arida heuristic procedure to split

the pieces of work into two categories, we solve heuristically the matching
problem to obtain a solution to the BDS problem. (Recently, a very fast
natching algorithm has been developed by Derigs (Bodin, 1980) and it is
planned to eventually replace the assignmentialgorithm by this-matching algorithm)

Step 3: Using a set of heuristic techniques, the solution previously ob-

tained is iruproved,and it is made sure that constraint set (ii) is respected.

The solution found in all test cases in QuGbec City and Montr6al were either
oetter or comparable to manual solutions. The process has been implemented

in QuEbec City since March 1979 and is currently being developed into a package
for the Montr6al transit authority. Each of the steps are described in more
detail, in the following sections and results from the use of HASTUS I in
C@bec City are reported.

4. A relaxation of the model: the HASTt?S-macro approach

Firstly the integrality of the x variables is relaxed since several methods
exist to derive reasonably good integer solut~-onswhen a continuous solution
has been found. Secondly we assume that the starting times, relief times and
ending times fcrthe blocks may only occur at predetermined times tcT, fQr
exanple every 15 or 30 minutes. In the latter case this neans that all bus

blocks are approximated to the nearest half hour and relief points are possible
at sone of or zt each half hcur period. More complicated schemes could also be

devised; for example one could use different time periods for peak and off-peak
times. This relaxation of the problem considerably reduces the number of possi-
ble pieces of u.ork (ij); however it is important to note that a p.i.cc~ (ij) mafj
nou bc ~mibtc &Wve ZO AL!VWULL’bllocb which also means
gttiv. Zhfln 1.

‘hat ‘ijkh mafj he
All i, j, k, h are now in T.

Moreover, the problem is further relaxed by requiring that the workdays selected,
be sufficient to cover the total requirement of drivers per time period (i.e.
fro= one predetermined tine to the next), instead of requiring that they exactly
cover all the blocks individually. Using the same notation this relaxed prob-
lem c.znbe h~itten as follows:
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(:.1)
~in ~ c

I
ijkh ‘ijkh

for all tcT

where:

T:

I(t)’:

L(t) :

N:

Q;q :

Ij :

I(t)
AJ bLb L

ii) Dx 2 d

iii) 1 for all (pq) such that a srtallblock
I(pq)

‘ijkh * ‘pq exist from p to q, p, qsT

iv) 1 2K
~(t) ‘ijkh t

for all teT

v) x
i j kh

2 0 (integrality is relaxed), i,j,k,hcT

the set of predetermined time which could be relief time, starting and
ending times of blocks

the set of wor’kdays (ijkh)cI such that i s t<j or k<tch

the set of workdays (ijkh)cI with a piece starting at time t
(i=t or k=t)

the number of buses in operation during time period starting at t

the number of blocks from p to q

the number of blocks starting at t

The set of constraints (i) ensures that during all periods of the day the
nuaber of drivers working is greater than or equal to the number of vehicles
in circulation. Constraint (ii) refers to union contract constraints as
previously described. In constraint (iii), the number of pieces of work from
p to q is at least as large as Qpq the number of small blocks from p to q. A
small block is definedby the user as a block that cannot be partitioned and
should be allocated as one piece of work to a driver. This generally corre-
sponds to blocks with a duration less than twice the minimm duration of a
piece of work. .

In constraint (iv) the number of pieces of work beginning et t zust at least
be equal to Xt the number of blocks starting at t. Finally, xijkh iS a Contin-
uous variable that can take any positive value in this relaxation. However for

‘ijkh to eXiSt there must be a piece (ij) and a piece (kh) aach feasible with
respect to at least one block.

The HASTUS-macro approach is independently described in several other papers
(Blais, 1976, 1980; Rousseau, 1978) and has been used on se-~eraloccasions to
snalyse ❑edifications to the drivers’ union contract. A package for the
utilisaticn of HASTUS-macro has also been developed (Blais, 197S) and implemented
both in QuEbec City and MontrEal and was extensively used by these companies
during their last union contract negotiations.

A-lo



5. partitioning the blocks

In the present context however, the HASTUS-macro approach is used to help
generate a first feasible solution as close as possible to the lower bound
it indicateS. This is done first by generating an initial block partition

that uses similar ty?es of pieces of ~’orkand in approxhtely the same number
as indicated by HASTIS-macro. Until recently, this was achieved by first

generating for each block a set of partitions made up of pieces xased in work-
days corresponding to positive variables Xijkh

in the optimal solution &f (4.1).

A Iine=r programing algorithm Was then set Up to choose one of ‘Ae partitions
generated for each block in order that the pieces thus chose correspond as
closely as possible to the solution of the HASTUS-macro problem (4,1). However,
we recently adapted our work with Gallo, Carraresi and Davini (Davini, 1980)
and will shortly implement in Qu~bec City the technique described here which
achieves the same purpose more efficiently. The following problem is considered.

~,here

2
v = 0,1 ; i,jcT , TRcT
- ij

Xmkh correspond to the optimal continuous solution of (4.1)

.
y~i is a binary variable taking value 1 if pie~e (ij)

As-used in the partition of block 1

dt,. is a penalty associated with the use of the piece (ij) on
b~~ck L; this penalty takes into account the di~.ferencebetween
actual relief time in the bus schedule and appraimated relief
time on which piece (ij) is defined (i,jcT).

As in problem 2.1, the constraints correspond to the formulation of an in-
capacitated flo~”problem.

This problem can easily be solved with an heuristic procedure. In fact,
note sh t if we consider all the variables not associated with block r fixed,

1.
(i.e. Yij, &r), the objective function is reduced as follows:
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Because y? =0,1 (Y;j)2=Y;j 9 the previous equation can be written as
lj

D+ I~ij)% Y:j

where D= ~ ( ~ ~mkh - ~~r y~j)’ + ~ ~ d~j y~j
(ij) I(ij) kzr (ij)

r
and c = ‘2( ~ ‘mkh-L~r ‘fj) + 1 + ‘~jij

I(ij)

and we can define and solve a shortest path problem for block r defined as:

Pr: Min ~ Cr
ij ‘~j

(ij)

~ y:k-~ y;j=b: for all kcTr
icTr jcTr

Y:j = 0,1 .

The suboptimal algorithm to solve (5.1) can now be summarized as follows:

1. a)

b)

2. a)
b)

3, a)

b)

Take any feasible solution y~j and evaluate Z. the corresponding value
of the objective function
Set k+l

Solve successively Pr for r=l...L note ~k the solution attained
Evaluate zk the objective fUnCtiOn attained fOr y=~k .

If Zk=zk-l stop

k~k+l go to 2.

h%en this algorithm stops, we have a partition of each block into pieces of
work defined on periods , closely related to the HAS7XS-macro solution. Nctual
pieces defined on real starting, relief or ending times for the blocks are then
cut to correspond as closely as possible to the pieces defined on the periods.
We define at this point the set V of feasible pieces of work on real times
obrained by this process. The next step consists in building up a first
feasible solution.

6. The matching problem

A maximum weight matching problem can be set up to generate the best set of
workdays with a minimum number of trippers. This problem can be defined as
follows:
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(6.1)

(ij).sV

= 0,1
‘ijkh

where =M-c
cijkh ijkh

v : the set of feasible pieces defined on real times resulting from the
partitioning of the blocks

~t : the set of feasible workdays using pieces from v

I’(ij) : the set of feasible workdays (mnkh)cI’where one of the piece is “(ij)

M : a large number; it corresponds to the relative penalty associated
h-itha tripper.

Note that contrary to problem (2.1) only the xij~h which are feasible and u=

pieces of work previously generated by the partztion algorithm are generated.
A marching code can be used for the solution of this problem. Hoyever, vithithe
currently available code, and the size of the problem generated (500 nodes,
10 000 arcs), it tends to use up a great amount of computer time. Until a more
ra?id matching code become available, we approximate the problem (6.1) by an

assignment type problem that we solve with a minimum cost flow algorithm.

TO do this, the set V of pieces of u+ork is first split into two subsets so that
there are only very few matching possibilities within each subset and a maximum
of -tching possibilities batween the two subsets. This objective is achieved by
following the indications of HASTUS-macro. We put in che first set A the pieces
which occur either in the morning or the evening and in set P the remaining after-
noon pieces. h afternoon piece in the macro is either the second piece of a
workday connected with a morning piece or the first piece of a workday connected
with an evening piece. The dunrnypiece (00) is added to both sets. The cost
ci.kh corresponds to the ac~ual cost of the workday (ijkh). If either (ij) or

(ii?)is the dummy piece (00) cij~h is the cost of the tripper or the workday
without break. The flow problem corresponding to problem (6.1) is described
belov and with R!!ET (Grigoriadis, 1979) we are able to solve our problem (500
nodes, 10 000 arcs) in about 15 sec CPU on a CDC 173.

The assignment problem can be mitten as

(6.2) Min ~ Cijkh ‘ijkh
It

~ ‘xij~h’<h~j) = 1 for s1l (ij)cA -(00)
(kh)cP

~ ‘xij~h+xkhij) = 1 for all (ij)cP -(00)
(kh)<A
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~:,esolution obtained uses only feasible workdays; however constraints (ii) of
ZZOI) may not be respected and several trippers may remain.( The heuristic

described in the fo~lov~ng section is designed to further eliminate the trippers
(between 10 and 20 at this step according to our experience in Qu6bec City) and
restore feasibility (very slightly violated).

7. A marginal improvement heuristic

~ne main process of this heuristic involve ~arginally replacing each partition
of each block by an alternate partition. This is achieved as follows:

Step 1: For each block generate the set B~ of all (if not too many)
partitions that use only pieces (ij) corresponding to a positive ~ijkh
or ~khij in the optimal solution of HASTUS-macro (4.1). If insufficient
partitions are generated pieCeS corresponding to null ~ijkh with a small
reduced cost may be used. (See Blais, 1976, for more details.).

Step 2: For each block l=l,. ..,L
a)

b)

c)

=

take out first the partition p. of block J?.used in the matching
problem (either 6.1 or 6.2);
consider the resulting set of trippers RL (compcsed of trippers in
the preceding matching solution and pieces that were matched to
pieces of the partition p. used for block L);
choose the partition pk of Et, that matched k-iththe trippers of set
RL produces the least cost solution (trippers being highly penalized)
which improve feasibility if violated. Replace PO by pk and update
the matching solution accordingly (pk may equal Po).

3: If the solution has improved (cost is reduced or feasibility
improved) after considering alternatively each block, go back to step 2.
If not, resolve the matching problem (6.1 or 6.2) and stop.

If after these steps a satisfactory solution is not obtained, the solution may
be perturbated indifferent ways to try to achieve a better solution ~y re-
applying Steps 2 and 3 of the heuristic. For example, we arbitrarily increase
th’enumber of trippers in the matching solution (by removing a certain number
of matches) and reapply the heuristic.

.

This perturbation, applied repeatedly have proved USefUl tO gene~ate solUtioIIS

with no trippers. In practice however, the CTCUQ is generally satisfied with
the first solution produced by the heuristic which may have from 3 to 5
remaining trippers.

Ar this stage, we could also use any other marginal improvement heuristics in
the literature.
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8. Variants of the algorithm

8.1. Algorithm modifications for workdays with three pieces of work
------------- ------------------------------------------------ -

In QtiSbecCity, ~’orkdayswith three pieces are permitted and compose in general

about ten percent of all workdays. The adaptation of the general strategy

described is however straightfom’ard and heuristic in nature. The adaptation
of the general formulation (2.1) is direct; variables xij~m are created for
such feas;ble workdays. For the lL4STlJS-macroformulation, the same comment

a??ly: iz is necessary however to limit the number of such variables created,

considering only the most probable location in the time table for such vorkdays.
After the partition of the blocks and before the matching problem, it is
necessary to pre-match two of the pieces of any three piece workday that emerges
from the HASTUS-macro solution. The~e pre-natched pieces are considered as one
piece in the matching problem (6.1 or 6.2). In the marginal improvement heuristic,
it may be possible to generate additional three pieces workdays to reduce the
number of trippers; such a routine exists in the HASTUS program implemented in
QuEbec City.

8.2. Algorithm modification for workdays k-ithouta break---------------------------------------- -----------

The presence of (and in some cases the necessity for) a certain number of work-
days without a break in the solution may considerably reduce the flexibility of
the problem and the HASTUS-macro solution may not be as good once these k’orkdays
are taken out of the schedule.

We have found it usefUl to proceed as follows:

Step 1: Use HASTUS-macro on the whole problem.

Step 2: Partition the blocks.

Step 3: Remove from the blocks the pieces corresponding to workdays without
a break (make sure there are enough).

Step 4: Use HASTUS-macro on the reduced problem.

Step 5: Partition the blocks.

Step 6: Match the pieces.

Step 7: Heuristically improve the sclution.

9. Results and conclusion

Tnis system has been in oper.ztion at the Qu6bec City transit authority (CTCUQ)
since l%rch 1979. After a period of test it has been used to generate the
assipent of drivers for all schedules (week-days and week-ends). Table 1
shows a continuing reduction of the premium paid by the company since the
introduction of HASllS. Even if HASTUS is still more costly for week-end
assignment a total saving of 0,9Z which represent an annual saving of $125 000
was achieved. This represents 167 of the Preniuns (which represent the total
potential for savings). TineCTCUQ is using the system on an IBM 370/148;
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it takes 45 Din of CPU time. It has also developed a series of printouts to

be used directly by the drivers to sign for their assignments. Other reports
are also used for administrative purposes.

Note that the system is used even if a sophisticated package is not available.
A computer analyst is responsible for the runs of this system and report the
results to the scheduler. Occasionally, several runs are necessary but most
of the time one run is enough. The CTCUQ has been very satisfied with this
system. Follokfing these results, the ?lontr&al transit authority (CTCllTM)
(2 000 buses) has decided to adopt this approach. However, for this project
a more sophisticated package is currently under development. Tiiispackage will
include several interactive routines to let the schedulers specify additional
constraints and modify the solution produced. Implementation is scheduledto
start in January 1981 and s~veral reports are planned. Other researches have
also been undertaken to study alternative mathematical programing approaches
which could improve further the quality of the solution produced; (Carraresi,
1980).

t

I

\ Week-days

L

Saturday

Sund~y

h’eelclysverage

1 1
Manual
solution I

I Ott 79

I 6,03%

I 3,462

E

HASTUS solution

Dec 79

5,51X

5,25%

5,40Z

March 80

5,382

4,45%

5,45X

5,2S2

June 80

4,79%

3,81X

4,60%

4,662

Table 1 - Fremium paid in perceat2ge of total salary
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WORK RULES IN EFFECT DURING THE COURSE OF THIS DEMONSTRATION
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1! is also uncfcr$lond thal dIIC [0 Ihc incrcnscd scrvicc rcquircrnents
S- %CW Year’s D;ty, an Opcrirlnr may bc ir~~igncd to work on a Iinc
x! under the -htrisdic!iml of his Division with the understanding [hat
*< .aill tie signed on and off al his o\wr Division and paid applicable
d<adhcad or travel time,

If a situation simifar [o Nc\v Yctrr’$ Day dmuld arise, exceptions as
CQ\ercd by this SUbsccf ion (f) maf bc agreed upon by muluat consent
cf Ihc General Supcrintcndcnl of Transportatirrn and the (3crscral
Ch~irman.

(~) This Scc(ion dots not rcslrict the District from operating a line,
or Ilnc$. oral of more than cmc Division.

(h)’ Not fess than nincly pcrccn[ (90 °~0”)of regular \\wk runs will
hmc Iwo (2) ccmcculivc cfirys off, rind it is ftlr[hcr lmdcrctorrd (hat fill
additional rcgtllflr wrk runs will Imvc wllcdulcd I\VO (2) days OH
*ithin a $cvcn (7) dny work week and mid cfay$ rrff may bc splil. If Ihc
numhcr or Sllnclisy as$ignmcnts is rcduccd by eight pcrcerrt (8%’0) or
more from the number in effect on June 1, 1976, Ihe nine(y percent
(9WO) will rcvcrl 10 eighty-five pcrccn! (85~o).

%ction 3, Definition of !llrni~ht, Split nnd Rclicr Assignmcvrls

_R$&IIIJr work rllns \vill bc clas<ificd as straight, spli! and relief \vork
rwm. A rc~k run cm uhich {ime on duIy i$ cr-wrputcd cm a con-
tinuous bnsis i~ n strniphl \v!llk run; onc \$hich indudcc intcrmi(tcrct
scr\icc ismf on \lhich Iimc is not computed on a conlinuom Imis is a
@it.\ ~ork run: and onc made up of the “off” days of three (3) or mcwc
rcpll~r=~runs is a relief t\ork rl~, Nrr relief t\orL run shall bc con.. ..-— —
slruccl l\41ich rcquircc fin opcr:ltm II} sign on nnd off at nthcr than a
!inglc Incir lion for irn: ottc or mmc dnys of ir week nr nlnn Ih unlcs$ hc
if allowed deadhead IImC and/rJr frirvcl time wllcn \!o[king a \vork run
\\hich starts or cncfs al o!hcr than his rcgularty clcsignated }fome Ter-
minal.

Scc[irrn 4. Prcparntr-rry lime and Si~n-ON Time

All opcra[nrs tvill bc nllot\cd a nlinimlinl of !cn ( Ill) minu[cs
prcpnrolory linlc for the pltrpo<c 0( gcllinp equipment ready for frull-
ing O(H. Opcralor< \vill bc ollwcd fi\c (5) minotc< for sloring equip-
ment irftcr cmnplc[icrn of their assigmncnt$ or work rurwat Division
poin[s or oulcidc locations.

Preparatory time and sigrr-o(f time shall bc consic!cred as work time
and made a pnr[ of the work rtln.

Opcrirtcws driving C.F. A. ccluiprncni nrc cIclucJcd from this Scc-
Iicm, unlcw the Opcralor u$cs:1 bus f~hich i< 10 hc 11111info Iinc scrvicc
when making hi< relief. III thi$ C~CIII the (lpcro(or pulling !IIC bus 0111
~\ill bc paid prcparn(ory tinlc and the rclic\,cd opcratcw \vho brings /hc
other hus back will bc paid the storing allowance.
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Scc[ion 5. l’nsfitl~ nf l{c~ttl:lr tYork l{lIn$

}:;lL}l ~c,!ll]:]l \v(,lk ItIII \\ill lIO\C ;! (lc\ign;lld \ipn.on find si~n-olf

p~inf and fimc, :Ind on ollllioc O( Ihc wl\icc 10 tic pcrfolnl cd.flIC
[I[<tl i~( \\i[l lll:litl(~in ill each I)ivisit,ll ;1 Ct>py 0( all rcglllnf \\Otk 111)1s

OIK1 c\lra fis<igrrmcnl\ for lhal I)ivision oil n cnrreol twis, II is
ll!ltlcrsl{>{d [hat \flIcn Sy$tcm SIIirkc-Ups arc hckl, all regular work
IIIU< ml the sysIcm \~ill hc posted at each Di~i~ion at Icwt ~cwnfy-(wo
(72) Ilmlrf in advnwc of Ihc beginning of Ihc Shake-Up.

Section 6. Is[nhlishtncnt nnd Posting nr
Ihxnrring l~tra Assignmcnfs

All rcwrring posscngcr scrvicc work (including dcmlhcacl
nllo\\ancc$ ancl/crr trwcl {irnc in connection thcrc\vi(h) wl)ich if rw
included in regular work runs \\ill Frc incltldcd in extra awigrrnrcn(s
and POSICIJ in Run f30nks or cm Dullclin flcurrd$ in Opcra!ors” rooms.
Rcgtllisr sign-on and sign-ofr points and limes, anti an outline of (he
!crvicc to hc performed, will bc set for[h in the a%ignmcrrt shcc( as
pcrstcd.

.%dinrr 7. l)cfinilinrr of Ix!ra Assigrrmcnls

(n) All \\nrk for opcra[orl” in passenger ~crvicc, nrrl irrchtctcrl in
rcgul:lr \lork run<, will bc cla$<i[icd a\ c\!ro a<<ignmcnt< ancl uill hc
fillcrl from Exlra Iloard Ii<lf af long m ~~lra Opcmtors orc availnhlc.
cxccp[ biddable Irippcrs hid in accr-wdancc wi!h the provi~imrs of Arti-
CIC9 and $pccial ct’cnls fi$signmcnls as ollllitd in Scclinn X nf this Ar-
ficlc. rctnporary vmrncics in rcpltlar wotk rl]lls \vill bc Iillccl front Ex-
[ra IIuard li\($ m provi(lcd in A\liclc 13 and will hc psi:! on rcgnlar
work rlln bnsis. II if (Indcrston[l Illa I an opcrolnr !Indcr Ihc prm i$ions
of this Scclion. will not hc paid lcs~ lh:]n hc would hmc been paid
under (I1c c\tablishccl rule 0( cighl (X) hours’ pay limc,wi[hin a sfwcacl
of clcvcll ( I 1) howl f[lr Exlra Opclnlors.

(h) No 17\lra Opcratcw. uho is nl:tthccl.l]p to a rcgukrr a~signmcnt
[11:11~i~m (m prior In 5:00 am., \~ill hc rcqllircd 10 lvork a trifrpcr
af!cr mid rcgulnr awignnlcnt. Itnlcss hc Iur< stlbnlitfcd a prcwihcd
form indicating tic dcsirc$ wch \!ork. Thi< rcqucsl 10 ~\ork will bc
Imrrdlcd in (I1c same mauncr as Rcg!llrrr C)pcra!ors as indicated in Scc-
iion I(h)nf (his Article.

(c)' Icllll~t~rnry ~a<allcic$ illl~i[l(l~tl~lc lrillpcrs Jl .Nllxiliaryl)i\,i~i[tll\
\\lliuh IJOVL’hccn hid in (I IIrlCI Arliclc9 will IIc l’illcd in acccrrdallcc\\i[h

Ihchokldoun I~roui$iolls of fftliclc9. and ifnol bid ill[lnltol[l-tl[l\\l]
basis, wch tcnlporary ~acirncics \till hc filled frwn the Ewra Ilmsrd
Ii<[s. Rcglllvr ()pcra[ors will not bcrcq~]ircd lo\{ork [l]cirbidtripl]crs
on Ihcir days off.

Scclinn 8. I)cfini(ion of Special I~rn(s Awi~nnmrts

Spccinl events as<igllmcn(f arc cxlra picccs of l\ork rwcwring aflcr
6:rX)p. n\. andgcncrallydonnt cxcccd follr(4) llOtlrs indttratinn. In-
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eluded in (I1c calcgory of spccinl cvcnls are occvrrcncc$ at:

The C“oli~cttm
OI}mfric Auditorium
Su[ncrous Churches
Crrcck Tbeatre
Shrine Auditorium
Faradcs
Con\cn[ions at above locations and at various hotels
Scout Acti\’itics
School and CoHcgc Activities
Lincoln Park Events
Circoscs
Rcrsc howl Ac!ivitics
Griffith Park Observatory
Pilgrimage Play
Orange Sho\V at San Bernardino
Ba\eball Stadiums
Spor[s Arenas
Con\cntirm Ccrrlers

buf clcludcs Cbartcr Service or Icmcd molnr coach service. Leased
motor conch scrvicc i< [hn[ scrvicc opcra(cd by the Dis[ric[ with
DWrict Opcrn[ors and vchiclcs through Icase agreement with other
charter companic$ in mlr scrvicc area.

II i< undcrsfcrod that knol\n \vrwk of this type that is nol assigned to
the Extra Board ~!ill bc fuxtcd for cboicc or l)i.vi<ion~ ancl that i! may
bc bid hv Regular [)pcr:tfors. II is al\o undcrsf(rod Ihal work will not
k a~si~ncd ill $ucb a way (hat will intcrfcrc with the msignmcnt of an
Opcralor cm [bc following (lay.

Should an (@ator \\orking a qwinl event msignmcrrt sign+ff tcm Isle
ICI pnfonn his awignmcnt tbc next dny, his rcporf the rwxt day will be
p-cm-d try Ibc provkicm crf %ions 1I and 12 of [hi< Artidc.

.Scdinn 9. Rclcw.se I’criml< in As~ipnmcrrts A ftcr 8:00 Phi.. . .
< (a)> pcrind or rclc~<c of Icw than eight (8) hours between
ti~nmcnt<, or poiliom Ihtircof, i\hicli (Jttilrs bc[!lccli 8:00 ii.it~wd
j:r?o a.m. shrill bc [Icductcd from titnc nf Opcmlors Working swch
a<sicnmcn[s. I bi$ (imc shrill bc stlhicct 10 (Iw orcr(imc rule. This rule
Will- not apply to Ex[rn opcralors whcrI s[art of split bctwccn
a<<ignmcn[~ commcnccs bcfnrc R:f10 p.ln, aIid c~tcnds trcyond 8:00
r.m. II is [ur(hcr umlcrs[ood tlmt rcgolar \~ork run< s!ar[ing aflcr
Ylidnight and bcfnrc S:(W)a.m. \vill bc slrniphf work runs,

(h) It is undcrs[uod thir[ [hc pmi$ions of Subscc!ion (n) of this Sec-
tion 9 shall not apply \~hen Operators are working bid $pccial evcn(
J<figrlmcnt<.

c#(L-)-w vri~d ofrclcfifc ~f.ks ! L~.nJ!1i~fti7.Q).n~il~!lLes within (he
~>(a rcg~llar \\nrh rl]n u ill bc pnid on a continltnll< basis and wilt

FC \[lbicct 10 the o\crtimc rlllc. This pro\ision dots nc[ apply 10 the
pied bc[wccn a rcgulx ~\rrrk run and a bidckrble tripper, nor does it
apply to the work of an Extra Operator.
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Scrfion 10. Ilclcasc I’cried in tVork Runs or Assignments

I kmlhcmjing time and,tu fratcl time is part of the \vork awignrncnis in
the conlpillatirrn of inlet tillof rclcmc. Iutcrwl of rclc~sc pcrirrds arc
gnvcrncd cnlircly by Iimc :Icluidly rclcmcd from duty, rcgarcllcss Orany
mir)imum allrmvancc< pI ovidcd Imdcr this CWnlracl.

%cfion I 1. 13cginning and Ending rrf Day

(a) A day for Opcmtors \vill commcmx at Ihc time !hm Ihcy arc first rc.
quilcd Irs rclxwt and w do a! or after 12:01 a.m. d up IO nnd inducting
I 2:00 klidnight d any calcnckrr cloy. II is undcr~l{xxl Ilmf OPcrators \\ill
have cigbt (X) or mrwc hmlrs of rclcirsc frnm rhn y before commencing a
nclw d;ty. rhc spread d hour< in a clay for the purfwsc of computing fhc
pcrmiwihlc spread of hr-ulrs cmncnccs al thc timc an Opxstor first rcpor{s
and con!inws until hc cnmplc[cs his a$~ipmncn( in isny given day. The
sprcird of hours for Ihc purpmc of com pul ing sprcnd o\,crt imc cnrnmcncc<
at Ihc time hc first rcpnrls and conlitmcs until hc complcws his assigmncn[
in any gi\ctl day \\i[h the cxccption that turn-in time is not inclur.lcd wi[hin
the sprcircf of hours.

(h) 1(, in (I1c mark-up of an Extra Wvrrd, Ihc l)i~ ifirrn D@tchcr errs
and dots ml! grant an Opcralor cigh[ (R) or more hnurs’ rclcasc from duty
bckrrc $(arting his ncw clay, irrrd dots not notify the Opcralcrr before hc
rcprwl\ for Ili$ nc\v irwigrnncnf. the I)islrict duIll Ixt,y that Opcralor cnn-
Iimmm time, m Qr;lipht time rmc Orpay.[rmn IIIC Imc of’ Irk sipl.off to
the Iimc of his sifmon the l(dlo\~irlg dny. If lhc l)islricl llf~lificd lhc.
( )pcrator of the crrnr in Board nmrk-up X lcml f(\ur (4) brwrt fn ior 10 lhc
opcr:tlor”s sign-on time Ihc followirlg diry. Ihc opcralor ~~ill bc given a
new sign-on I imc and hc paid a scprratc allmcancc Orfour(4) hours in mf-
dhims to all other camings (hat day.

(c) “lbi$ rule only govcrm Ihc dcicrminalirw or spread I1OUIS during
\vllich pcrirrd a days work it pcrfrsrmcrl and \vhicb may include I clcmc
pcrinrl< r(v ivhich Opwafors iirc no! crwnpcnsntcd underapplicahlc rules,

(cl) An Opcra!or \\ ho works o ni@ or o\wl run tir spwial c~cnl awign-
mcn[ that rnmmcnccs prior IO ftfidn@jt ancl tmn!inucs inlcr the hdh)\\ ing
dny, c(~nqw!c< Ilis spread from Ihc !imc hc first crvnmcnccs \vork nntil his
commnw lion d \wvh on Ihc follm\ iog day \~ilh the Iur(hcr provision
Ilurt no Opcmlor whwc \\oI k continue< into Ihc (Ollo\ving dfiy may work
a(lcr 1(1:(K)a.m. on d)c fnllowing day until he hns had at lcirst cighl (8)
hours” rclcmc rrom rfuty.

Scl.[ion 12. I ,nlsI Sign-(](r

(a) A Rcgulm opclatnr u ho <igns nff liIIc duc fo the needs of ~crvicc,
and who \~ill not hwc the required rc~l rc(crrcd 10 afmvc. \~ill be in-
structed at Iimc of si~n-ol I In rcpnrt Ihc I:CNI day al ilnytime bco~ccn
Cigll((R) and ICt\ (I()) hours after <ign.drtime,\\ill IN ~laccdonhis
rcguksrnwignmcnt at (IIC fir~l opportunity. and \\ ill bc wamwcd Ihc car:
nings or his awignmcrrt (or iha! ciay, providing bc has cornpficcl with IIIC
rcquircmcnf$ or %hwdions (d) through (h) hclnw.

(Is) Exccpl as pro\fidcd in Suhscclirm (c) tsclmv. an F..wra Opcralor who
sip-r< off Iirtc, due M the needs of scrvicc, and who will .nol have thc re.
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quircd rc$t refcrrccl to atmvc, will Inc instructed at tirnc of sign-off to
rcpnrt Ihc next day at any time hcfwccn eight (8) and ien (10) hour\
al!cr sign-off time, and will hc guaran!ccd Ihc earnings of his Board
hlark -Up as oullincd in Article 2. Scctirrn I or 2, providing hc hir,
complied with Ihc pro\, ision$ of Subscc I ions (d) lhrough (h) bclo\v.

Example: An Extra ihrrd opcratrv is marked up for an assignmct,
th~t signs on a! I :00 p.m. and off S[ 9:30 p.m. and on the next day’.
mark-up is LIUCto report a[ 6:30 a.m. On the fir$l day he experiences;!
delay !ihich results in his signing off [haf day at I I :00 p.m.. he \vill bc
brought back the succeeding day any time bct\\ccn cighf (8) and Icn
(10) honrs and will bc guaran[ccrl the carning$ of his floard Mark-Up.

(c) Exlra Board mcn rnarkcd UP originally cm the Extra Board for a
shine report of I :00 p.m. or Iatcr and who so reports [or duty in accor-
dance therc\vith, will hc considered to bc awrilablc for duty for :1
period of nine (9) hours. If ihc Opcra[or virdntcs, hc will be brough!
hack after eigh{ (8) hours’ rest find \vill hc signed off thiIt day at IIN
Iirnc hc was pre\’irru51v $chcduicd cxccpl for dcalys 10 service in con.
ncc!irm \vilh his P.M. nwignmcnts, mxl hi< earnings fnr that day will
bc prcscrvcd. Nnthirrg herein will affect the option of the Dislricl 10
rclic\c [hc Opcralor prior [o \,iololimr in rwrlcr 10 have him availabtc
for his nc~l clay’s rcpukrr Board Nlnrk-Up.

(d) If an opcrntnr ic Intc <iprlinc off and ~~ill rrnl ha\,c the eighl (!7)
hours’ rc<l rcfcrrcd ICI in Section I 1 of Ibis Article. hc \vill complcIc ;!
<pcciirl kstc sipn-o[f dip cntillcr-1, ‘i[.a[c Sigrl-(>ff-[tls\lf ficient RcsI””.
lhi$ slip \vill bc pi\cn 10 Ihc Divi$ion Di<pntchcr al the time the
Opcratcrr makes Ili$ tnrn-in.

(c) In lhcCVCOI the Opcralor is resigned 10 a Tcrmirml Division or
an Auxiliary Divi$inn and will nrrl hl~c (I1C cigh( (S) hours’ rest rcfcr-
rcd 10 abo\,c, hc \vill hc required to report by tclcpbcsne to his Home
[)i~ i$ion al Ihc l)i!tricl’.< cxpcnsc, “

(f) Fnilurc rrn [hc part of (I1c opcrntor to report this late sign-o(f, in
IhC i]l~(l~crcfcrrcd to rnnnncr, nw} rcsuh in his being held off hi<
a<~i~llnlcn[ IIntit at lCnSIIhC eight (R) Ilol!r rc<t rclcrrcd IO abo~c i\
cornpletcd. “1his will hc done \\ithont pcrmlty to the I)istric[. This in
no uay a(fccI$ IIIC lm~ic daily ,gtmrnnrcc as d]own in Ar(iclc 2.

(p) II will bc the rcqwn~il’illt} of lhc l)i\ision l)i~p:tlchcr on duly,
upon rcccipt nl [his slip, nr Iclcphonc call. n< rclcrrcd in al-me, 10 ad-
liw lhc f)pCr OIOr nf IIlis sirn. on Iinlc ox shrrl\n in Scclion I I of Ihi<
Article.

(b) Failure of Ihc l)i\ ision l)isl):llcl]cr 10 n~~li(y the Opcratrw of hi\
ret iwd sipn. on [imc u ill rcsul! in tl)c Opcralnr reporling for duty eight
{8) Iloltr$ and onc (1) minlltc isf[cr .ign.off lilllc irlld he will hc
gutrnntccd IIIC hours of thi< n~tipnmcnt nnd w ill bc signed off al the
time he was prc~imtsly schcdulcd CXCCIN for delays to service in con-
ncc[imr wifb his P.hl. ami~nmcnl.

Scctinrr 13, Paddle Ilnnrds

The Uist;icl <hall provide Operator< with paddle hoards fur
<chcdutcd work that it on a recurring twis. The poddlc boards shall
include pull-cruf and pull-in locations and limes. ancl Iimc poinls. The
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Scclitln 14. tVorh Runs- I{cco%cry “I”imc

II .Imll bc the policy or (I1c Di$tricf to whcdulc Ihc rccovcry time m
Iislcd hclow:

(a) ‘Thc I)istricl \\ill prnvidc an nvcragc rcco\,cry Iimc of al lcW Icn
~fOj~pcrccnt for all rcgutirr \vrwk runs, compu[ccl on a cystcmwidc

(h) AI lcasI ci~ht. fi$c pclccnt (M%) rrrnll i\cck&ry rcpular sfraighl
rum (cxccp[ o\~ I runs) \~ill h:wc sclicdulcd in Ihcm al Ica$l onc
fi’o\cry linlc period, or n minimum or Iillccn (1 5) mintttcs. AI lciIsI
fifty pcrccnt (50?:0) d the regular $Irnight runs ml Snlmday$, Sun-
dfiy+, I Ioliclays and mvl rurr$ \~ill lm~c schcclulccl a nlinimum fiflccn
(15) n,iui](c rccovcry time pcriocl. Thc$c pcrccn[agc$ \vill trc computed
on a \yslcnlwidc hafis.

(c) Slltjllld lhcrc IIC assign mcjlls 11);11(10 II(1I c{mtl}rlu [[I Sllh\~~li{ws
(0) :Intl (h) alm~c. Ihc (Iniorl rcprcwill:lti~c~ may diwuw lhc cn\c wiih
Ihc S)lpcl\ isor of Schcdtllc\. II is fill IIlcr nprcc(l 11131I)ili[lll rcplc\cn.
Iilli{c’s ill?! nppc:tl 7 dc,ci\ion 11>Illc Supcrinlctldcnt 01 Schctltllc< On{l
if Ihr Ilrc I\mn 0( Illc Supcrilllctldcnt nf SchLXIIIlcs i< nol wli~r:wtory,
Ihc f ;,ucr:il Ch;\irll\ml m:ly appcai !0 Ihc hfanogcr of I’lnnning and
him kclil]~, \\ ho $Il;lll flllly diwuv Ihc iwuc al haIld \\ilh Ihc (iwcral
~“lmitmon, II is Imdcrslood Ihnl the Llaltilgcr of I)lannil!g irncl
Marketing”< decision \l ill no[ hc w{hjcc{ 10 Ihc prcryisions of ArI~clc 26.

Al{”l ICI,I: 5
“I’RA\”l;l, “Ilhllt – I) IA I) II I;AI)

%cti,~u 1, ‘1’ravel “l”inlc Alln\\:Inccs

Ihc li:t~. cl Iimc ;IllI)\wIncc~ ~~il! hc pnid !{I opcl;tl(w} t~hcn rcquirccl
Iu It:l! c1 lJCIUWII lliti~ions and relief poilll~, and/nr relief poinls and
L)i\ isi, ms and/or hct\lccn Iwo relief pointf.

ScKli#!ll 2. (“ornpul;ltirlrr of “l”rn\cl “1imc

“TIa\cl Iiulc allu\lancc$ dlall tw Imwc! on !hc follo~\ ing (ormula (or
all Iill,s c\ccIY thwsc <lu~\wr ia Scclion 3. rhchnsic Irnvcl Iimc
alltI\\ :IIIccs bcl~lccn l)i\ i\iorl and relief p{>inl~ \~ill bc :1s rnlln\vs:

(;1) I Iw \lnlking di~lanuc from a I)i\i~ion to Ilm rclicl poinl fmccf
on o v ;Ilkinp rnlc or l\\o and Illrcc.qllnftcrs (2 !.t) n]ilcs pcr 110111.

rh[ lwr\inlun~ I!alhing lime shalt bc scycntccn (17) minulcs. CKCCPI
al l.li\l. imr 12wherefwcscnl rcliclf arc being nmdc. The ~~alking Iimc
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mill Iw ogrcml Ilpt!n Iwlf{ccll Illc I)i\lticl illd IIK’ l.tl~ill ( hirirmmr.

(h) \f’hcn (n) i$ m~t applic:lhlc,, ‘thc !rm cl tirnc allnwcmcc will be the
sum 01 the folkming ilcnl~:

( I ) lhc walking distance Iron] a Division to a Iinc O! !ravcl bmcd
on Ihc walking ra[c of IWO and tlwcc-qmrtcrs (2’,1) miles pcr hour.

(~) ollC-hfllf (’ i) of liw ncckdny kr$c hcaduny O( !hc Iinc when
Iralcl on Ihc Iinc is ncccxwry. In lhc cicnl nn Ofwralor nmsl usc tu o
nr more linc~ while Irniclit,rg. hc will rccci~c one-hall (l.:) of [hc wcck -
dny Immc headway of the flrsl Iinc and the ftlll ucckd;ly fwwc hcadwy
on lhc acldilionid lines used. II is understood that IInf computation
w ill bc rmdc cil hcr on Ihc poing m rclurn I ravel mmcmcnt. whichcvcr
if grcntcr, and such allrx ancc wcd cm movements in both dircctiom.
If the Iotnl of fhc Ivrsc hmdwt!s results in an cxccw nf onc-hiilf (!4)
minulc or rnorc, Ihc allminncc 1! it bc the next higher minute, if ihe cx-
ccss is Icss Ihirn onc-lmlf (“:) mirrutc it !Iill bc dropped.

(3) SchcdIIIC t~cckday traw running time.

(4) On %turd:lys. the %rturdny bmc running times anLl one-half
(’.4) or lull !%turd:!} IM?C hcndwny \iill bc u$cd, and on Snndays, Ihc
Snmkry hn~c rwlnlng ilnlc~ ml onc-ha!f (!5) or full Sunday base
hcmlway will bc u<cd when npplicnldc.

Sccliwr 3. Ivcptimrs in Scc(iorr 2

on 1 in+$ 13 (iri Avahm and “[)”’ Slrcc!s). Illd. 428. X29, Iffl(l. 860.
490. 42J, dpf), 440, 412 and X6, (’)pcrirlor~ will hc pilid tris~cl lime

allrwnnctw for whcdulul Iimc I’rom l)iii<i{m~ 10 relief pninls. or relief
poinl< 10 l)i\ i<inm. I hi\ ;Illollnncc shall int”ludcl~nlking Iirm formula
and whcd IIlcd runnin~ lime. (lpcrirlor~’ m~i,!:nnlcnls nm!,’or in frrrnm.
lion ihccls u ill ~hm~ lhc whcdulcd t chlclcs :Iud times thal Ihc
opcr;ltors shnutd mc [or Irmclinp. (“orrfidcration will bc given by the
f)iwricl [0 Ihc irdditinn of olhcr I.incs 10 this cxccption.

Sccliort 4. “Ihc ([w of l~islricl Iluscs or
Anfnnlnhilcs for “I rnlclin~

\VhcIWf cr it is [Icclllcd ;I(ll iwhlc h! lhu Ili.lricl. l)i~lricl cquipmcn[
(I,lt.cf {Jr :l~llml](dlilc~) lll;lv hc 1111nl<hcd lo oplVill(V\In Irmcl tWl-
jtccn I)it i\it>rls illl(llclicl p[linl$, Iwll{,ccn tclicf pninf< and Divisions,
(Jr twtucclt Ivn tclicf points in Iicu of traveling nn District schcdulcd
cquipnwnl.

P.clicf, from l}i~ i,ion 2 :11 16111 & klal.lr: Iftth & kl;lin, 18th &
I igtlcrt~a: 15111& oli!c. I ![11 & ~NiIc: from l)i~i~itm 5 on I.inc 5; from
I)il i<ion I I (m I.itlc 92: ;IItd It{un l)i~i~i(m 12 [w I ioc 841. ~~ill bc
nmdc l!! using l)i~t! icf cqllipmcn[. Rclicl\ fl[ml I)ivisitm 7 on Line 89
irl Satn:I Kl{wicn & I:oirl ai uill hc IWNJCby using Dislricl equipment
Nhm %lt~lrd:ly and SUnday <chcdulc<irrc opcratetl.

“1r:li cl Iimc :1I1oNancc$ fnr Ihc usc of l)i~[ ricl au!mnobilcs m buses
will hc h:l~cd cm Icquircd time and w ill bc agreed tn by (he Di~lrict and
the Local Chairman.
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(J) I Ilc IIIJIINI)ivisilw of ()]lC~illll!\1!ill hc Ilw Ioc:ili(m l{hcrc Ihcir
a..i~tlmcnls \t:l I I ad finidl, it Iwin[: un(kwlp[~(l IIKII SIIA stirrlillg

illl(l filli<hinc Iota.li(ms \\ill hc rcsltic[cd 10 Illc I Ionic l)ivi~itln~
dcsip.uatcd in Ibis Ar!iulc. In all c:tscs. (~pc!:ttm~ will hc Icituncd (n
<Iislling Iocnl ions irl the cmnplc!iorl of Ihcir as<ignmcnls or porlions
ihcrcof. or droll bc paid irlbiirary lravcl tirnc allowances 10 rc!orn
them to their I lnrnc Division.

(h) “flc (ollowing arc cd:lblishcd x< } lomc I)ivisimrs. A~idil ionnl
1Iomc Divisions shrill bc dc~icnatcd. c~laldi~hcd or clo~cd h} I he
Dislricl with lhc tmctcrstirndio~ thn! Ihc Union ~~ill hc nolificd suffi-
cicrrlly in w.fvatlcc of such acl ion, 10 allow Ihc negotiating of proper
deadhead m Iravei tirnc alhwanccs.

I) IVISION

;
3
5
6
7
8
9

12
- I.1

Is

- ;:

I.OCATION”
1016 E. 6(II Slrccl, I m AtlgcIcs
7201:. 151}1 S[rcc!. I.rm Angeles
63( I \\’. Avcnllc 28, I 0$ Angeles
2.W W. Wh Strccl, I,ns Angeles
100 Sunset Avcnllc. Vcnicc
710 San \’iccnlc, \Vcsl I Iollywmwl
14557 Sherman \Vily, V:Ill Nll~$
-W19 Sama Anita A!cr]lic, 1’1 hlnntc
970 (-hcstcr l’tncc. I .nnp Ilc.lch
2JVl hlulbcrry Slrccl, Ri\:crsidc
14409 l’Clll(~XC Slrccl, S1111VilllCy
777 \Vcst 1901h Street, 1.(1s AngcIcs
1016 [mt 6tl] Strccl, I m Augctcs

Scrtiorr 6. l~ccpfiorr III Applimtion of “I”r:lvtl “I”inw

‘1rilVClIimc will nol l~c paid for under Ihc following conditions:

(a) “Irm,clinp in cwcrcisc of ~cniority choice 10 lake ;l~~iprlrncnt,.
\[lllllll;lril> transrcrring bclt~ccrl I)hisions. Irnnsf’erring under IIIC rc-
qnircmcnts of (he prrwi~inm of Arliclc 12. Section 2fb) (1) and (b) (2),
m for (I1c purpmc of rmrking :t bid al ir Shnkc-1 1P.

(h) (Ipcra!ors hired al the Frnploymcnt f)ivi~iml nml scnl Io”thc lrl-
SIrm.lion Dii isitm nr 10 irrmthcr l)i~i~inn 10 cnlcr ~crt ice.

(c) Opcralorsrclicictl 41 tllcir ONI1 rcquc$l. cwcpl ircmunt Or
sickncsi m iniury. bcrorc Ihc complc!ion [II is doy”s wnrk.

(d) (lpcra[rws traveling 10 (akc over !hcir ol~rl nwiSnnlcrlf irftcr
miw-mlt.

SNinrr 7. “1rnlrl ‘lime ror opcrnlors Rclr:mwl
at oulside l.ocnlir~rss

opcrnlors plircing Ihcmsch cs irl po~ilioll rnrscr~iccVI anOul{idc
fmirrl irmtcirr! of [raveling 011schcrlldcd I)iflricl vchiclcs shirlt bc allow-

16
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cd tk wmc ttavcl timc itll{~w~me~stwnviclcd in this ArIiclc. Where
wmhimsl ion nl w’!vice id I r:wcl I imc m nt hcr scrtim cmtsfilions are
irwnlwsf. opcrislnrs so inslrnclcsl may hc required Isr Iravcl or pci-
forrn wr~icc on I)islricl tchiclc<.

!icclinn 8. I)p} mcn[ nf “Irsmrl Time

1 mvcl time will tic ccmidcrcd irs work time and subject to swcriime
ralcs. when applicaldc.

.Swlhm9. lhsrdlmsd Allnwnrrms

1hedmdhcad :dlowisnccs will hc paid In opcrirtor$ ~~hcnrcquircsl
m dcadhcisd hctwcwn Divisions. Anrtilirwy Divisinns. Tcrmirwd Divi.
siont, wrrf/or Wsrapc lots.

SWims 10. C’nmputnlinrr rrf I)cadlwsding

Deadhead Iirnc will hc Ihc ncln:d time rvqnircsl in dcmlhcading bet.
wccu Iocalions, ftccurring dcrulhcmf irlhmancct will ISCmla!dishcd
M will hc inchtdcd in Opcratnr<” t~twk rnns and irwignmcnts.
~codhcrrding may hc rcqui! cd nn [)i(t ricl <chcdulwl vchicics m by the
uw or I>iclricl’s buscc or automnbilcs. l’rc~cnt irllowrnccs for
Sfcisdhsxrdinglrcii~ccn nutcidc local ion. u ill hc conlitmcd as now in cf.
fee! and fnrurc allnw imcct will bc irgrccd In by local Chairman ●nd
the Supcrirstcntlent n( Schcdnlc< mr a fair and equitable basis.

S@inn II. l~ccpfinns [n the Applicnlinrr of l)mwfhcadinR

rhc WUIICctccp!irsnc as conttrincd in .Scction 6 sir ihi$ Article will ap.
ply to dcndhcrulinp.

SNlinn 12. Pa} rnmtl nf l)cmlhcnrf

Ikadhcird time will hc cnnsidcrcd m wnrk Iimc nnd subjcc[ to over.
rime ralcs. when applicafdc.

.Stclhm” 13. (hsvnight I)cmlhc;tding

fhcrnight dcm}hc:ldin~, Mhcn scr$icc il u<cd in any Ivtcway mow-
mcrrt. uill not hc couptcd u ith tcrvicc awignmcnt, hnt will hc paid for
w a tcpmI;Itc311nwnIIccona 11:11hw.is nl four (4) hours al Wirigln time
applicahlc mtc with rm nddilinrml alhmanccs nf Iwn (2) hours at
ttf;tirhr timc applicahlcriric when ovcrnighi dcwlhcisdin# is between n
fwint wcsf nf Pomona and a poinl cosl nf Prwrmna.

S~~finn Id. Ixcclj(intt In Nliss.out N hcn
“1’rattling nr I)endhcmling

In rhc event m Opcr.ntor i<Mir!cd in reaching Ihc relief point when
hi{ mbit!ary allmvnncc applic~ :md thi< dclny it duc In a \clliclc being
knc :hm wnuld himc enabled him M irrri\ c nl relief pohllon time. he
will not I!c charged with a miw.mn and N ill bc cnlitlcd to pick up his
run and will bc pnid[Ire hours or his amignmcnt. tlnwcvcr, it will bc

17
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APPENDIX C

SCRTD SCHEDULING POLICY RULES

—



SCRTD Scheduling Policy Rules

1. The maximum vehicle (platform) time for any run should not exceed

10H25. (This is an RTD Policy defined to enhance operational

safety.)

2. The maximum spread (sign-on to sign-off) time on regular runs should

not exceed 12H50. (This also is intended to enhance operational

safety.)

3. Any regular runs “signing-on” before 5HO0 must be held straight

through. (Dictated by union contract.)

4. If the second piece of a split run signs-on after 20HO0 it is paid from

20HO0. (Dictated by contract.)

5. Any runs split less than 0H30 are paid straight through. (Dictated by

contract.)

6. Any regular run split after the 10HOO is paid from the 10HOO.

(Dictated by contract.)

7. All trippers are paid time and one-half. (Dictated by contract.)

8. All trippers areguaranteed 2HO0. (Dictated by contract.)
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I. DESCRIPTION OF WORK RULES

A. Introduction

Management’s ability to develop the best strategies for contract

negotiations, to select the best techniques for evaluating changes, and to make

the most beneficial trade-offs during negotiations requires a thorough

understanding of the implications of changes in a work rule.

Operator work rules fall into two general categories:

o Restrictive Work Rules. These rules restrict the ability of the

scheduler to create certain types of runs or an unlimited number of

certain types of runs. These include maximum spread time provisons

and provisions specifying a minimum percentage of straight runs.

o Compensatory Work Rules. These work rules specify a certain

penalty that will be paid on certain types of runs. These rules usually

apply to split runs and include spread time penalty, report and turn-in

time payments, and guarantee time.

B. Restrictive Work Rules

A maximum spread provison of 13 hours or greater results in little

additonal cost to a transit system. When the allowable spread is less than 12.5

hours it becomes difficult to schedule drivers in both peak periods. Maximum

spreads of 12 hoursand lessare extremelycostlyto the transitsytem as more

pieces of work must be assigned to the extra board or more drivers must be

hired.

c. Compensatory Work Rules

1. Spread Time Penalty

A spread time penalty provison defines the maximum of spread time

allowable before additional payment is required. This time ranges from 10
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to 13 hours with the average following between 10.5 and 11 hours, as found

in a national survey. A number of systems also establish a “maximum

allowable spread time” of between 12 and 16 hours. In most cases, drivers

are paid 1.5 times their straight time rate of pay for all hours worked after

the spread time penalty begins. In some systems, a flat rate is paid for

runs with a certain amount of spread time, while in others, a percentage of

the total daily work hours is paid as a penalty.

2. Guarantee Time

Guarantee time takes a number of different forms. In most systems,

regular operators are guaranteed eight hours per day and 40 hours per

week, but the provison for extra operators varies widely among transit

systems. In almost all systems, an extra operator is guaranteed 40 hours

per week but often there is either a short or no daily guarantee.

The lack of a daily guarantee for extra operators can significantly

reduce a system’s operating cost as less non-work time is paid. For

example, an extra operator works the following hours during a week:

Monday 10 hours

Tuesday 6-1/2 hours

Wednesday 7-1/2 hours

Thursday 10-1/2 hours

Friday 5-1/2 hours

40 hours

If there is no daily guarantee, the driver is guaranteed only a 40 hour

week, and the driver in the example above would receive pay for 42.25

hours.* However, if there was an eight hour daily guarantee, the driver

would receive eight hours pay for Tuesday, Wednesday, and Thursday and

would receive overtime for time worked in excess of eight hours on Monday

and Thursday, receiving 46.75 hours pay for the week, an increase of over

10 percent.

* 40 hours of actual work time plus 1 1/2 time for the work over eight hours on

Monday and Thursday.
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Another type of guarantee time is the guarantee of a certaain amount of

pay hours within a given spread time, such as a guarantee of eight hours pay in a

10-hour spread. This provsion could greatly increase the cost of long splitruns

by having a large amount of penalty time paid for no work. A large transit

system estimated that a guarantee of six hours pay in a 9-2/3 hour spread would

increase the average pay-time foran extraoperatorfrom 41.06to 44.36hours

per week.

3. Minimum Tripper Length

This provision specifies the minimum allowable pay time for a piece

of work. It ranges from one to three hours with two hours being the most

common provision. The cost impact of this work rule depends on the

nature of the peak service which a transit system provides. If a system has

a very sharp peak and operates a large number of short pieces of work (1 to

2 hours), then a three hour minimum could be very costly as the pay time

will be much greater than the time worked.

4. Maximum Tripper Length

This provision specifies the maximum length a piece of work can be

before it must be made a straight run. This time is generally between 6.5

and 7.5 hours. This provison can be costly as it can greatly increase the

amount of guarantee time which must be paid for runs of 6.5 to 7.5 hours

instead of linking that run with a very short 1 to 1.5 hours run for a

reduction or elimination of guarantee time.

5. Minimum Unpaid Break Between Any Two Pieces of Work

This provision defines the minimum length of time allowed between

two pieces of work which can be unpaid. Most contracts state that if the

break between two pieces of work is less than one hour, the pieces must be

paid as if they were one piece.
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6. Report and Turn-in Pay

This provision specifies an amount of time which is paid to a driver

when he begins and finishes work. This is to compensate the driver for the

time required to prepare for the day’s work and to turn in the required

reports at the end of the day. Most systems give approximately 10 minutes

at the beginning of the day and 5 minutes for turn-in. An increase in

report or turn-in time directly increases

to-plaf orm-time ratio.

D. Paid Breaks: Layover and Lunch Break

A number of contracts provide for

costs and reduces the pay-time-

a paid lunch break and specify an

amount of layover which must be provided on each trip. The lunch break

ranges from 15 to 30 minutes while layover ranges from three to 10

minutes.

The necessity of giving a lunch break and a minimum amount of

layover on each trip directly increases the cost of providing a given level

of service. Providing a lunch break necessitates

some point, working the break into the schedule,

driver serve a trip whiel the driver takes a break.

layover increases the number of buses reuqired to

service and also increases unproductive time.

either skipping a trip a

or having an additional

A guaranteed amount of

provide a given level of

E. Part-Time Drivers

Drivers’ unions have consistently attempted to gain shorter spread

times before penalties apply, shorter maximum spread time, or report and

turn-in time, paid breaks (lunch and layover), and more guaranteed pay

within a shorter time period. Management has generally resisted these and

has recently begun seeking part-time drivers to counteract the cost

increases caused by other work rules. The use of part-time drivers reduces

the amount of guarantee and spread time which must be paid, as they can
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F.

work very short periods of time in the peak periods and are not guaranteed

a minimum amount of pay time. Part-time drivers also normally receive

only a minimum amount of fringe benefits, reducing this cost substantially.

The use of part-time drivers allows management to schedule a higher

percentage of straight runs for regular operators and reduces the number

of runs with long, costly spread times. Most contracts with part-time

drivers provisios limit the percentage of drivers and the type of work they

may be assigned. Obviously, the greater the percentage of part time

drivers allowed, the better management will be able to control costs.

The use of part-time drivers allows management to eliminate the

types of runs that unions have identified as undesirable -- those with long

spread time and with little pay time. This has often been stated as the

goal of the work rule changes proposed by the unions. Part-time drivers

also lessen the impact of an increased peak to base

express or additional peak service to be introduced

cost.

ratio and allows new

at a more reasonable

The use of part-time drivers also meets the need of many people for

part-time work. Increasingly, people are seeking alternatives to full-time

work and are looking for opportunities to work part-time. This includes

mothers who do not want to be away from their children for the entire day,

self-employed persons who need the security of a regular income but want

time for other pursuits, and students who most work to support themselves

in school.

Summary

Over years of contract negotiations work rules have been established

which prohibit or specify additional compensation for certain types of

work. The added compensation has been successful in reducing drivers’

negative perception of work with long spread times. An analysis of the

order in which runs were chosen for a sample transit revealed that after

early straight runs, the most desirable runs were split runs with large

spread bonuses. This indicates that many drivers may prefer runs with
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longer spreads and high pay and argues against restrictive work rules which

prohibit this type of run. There is potential for management to increase

productivity by achieving trade offs relaxing restrictive rules and

increasing compensatory rules.

Accomplishing this requires that management be able to accurately

evaluate changes in work rules. The next chapter describes the techniques

to accomplish this.
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II. WORK RULES IN CONTRACT NEGOTIATIONS

A. Introduction

Transit systems throughout thecountry are being increasingly pressed

to reduce costs and increase productivity. The possible elimination of

federal operating subsidies and the reduction in otherfundsto citieshas

led transitmanagement to considernegotiatingunioncontractthatbring

about a decreasein operatingcosts. Inasmuch as laborcostsconsistof

approximately 70 to 80 percentof totaloperatingcostsand the costsof

work rules are costs above the cost of actual platform time, work rule

provisons should receive increased scrutiny. The primary means available

to increase productivity is to reduce the amount of penalty time which is

paid when no work is being performed. Productivity, generally measured

by the ratio of pay time to platform time, is governed by contract work

rules. Any major advance in driver productivity will require that work

rules be changed.

While management views work rules as an added cost of operation

over and above the actual platform time needed to provide service, the

union views the work rules as guaranteeing a certain quality of work. In

contract negotiations, management must recognize these differing points

of view and offer trade-offs to the union for changes in work rules.

B. Productivity Bargaining

One attempt by management to increase productivity is “productivity

bargaining”. The goal of productivity bargaining is to increase productivity

by offering employees benefits for the increases. The New York City

Transit Authority has been the only major transit system to actively pursue

“productivity bargaining” and has adopted two “productivity provisions:

1) A provison of the union contract allows COLA to be paid to

operator and imployees for savings in productivity. A real

savings must be obtained which is not the result of a reductin in
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manpower or service. A three person committee consisting of

the union, management, and an outside

agree on the productivity savings.

2) A recent clause was adopted which states

to 20 minutes or more work per operator.

The weakness of these provisons and their lack

representative must

as its goal to save up

of success is a result

of their emphasis on terms and work rules that are not specified in the

union contract. The potential for reducing costs in this area is small. The

most significant and costly work rules are specified in the union contract.

Work rules which are not specified in the contract should be able to be

changed at management’s discretion and any bargaining with these rules

will only weaken management’s ability to reduce cost and increase

productivity. The only work

changes in the union contract

of the contract.

rule changes which can be effective are

which take place when negotiating renewal

c. The Contract Negotiating Process

Preparation for contract negotiations must begin far in advance of

management and labor sitting down at the bargaining table. Typically,

management prepares for negotiations by developing a list of proposed

contract changes and estimating the cost or savings of each change.

Several months before the first meetings, management will receive a copy

of the union’s proposed changes. Using one of the cost estimation

techniques described earlier, costs are established for each contract item.

To effectively negotiate, management should understand the nature of

these costs and the interactionof variouswork rules. This is particularly

important if managment is to attain trade-offswhich will increase

productivity and are acceptable to the union membership.

Negotiating a contract is a “horse trading” process. The labor union

is not going to give up provisons which they have achieved over year of

negotiations without something in return. The challenge ot management is
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to make trades that both incrase porductivity and satisfy the union. To

accomplish this, management must be able to accurately estimate the cost

of each work rule and the combined costs of several work rule changes.

management is often reluctant to put “concrete” numbers on specificitems

as thismakes it difficult for mangement and the union to do any sortof

negotiatingwhich would make the final package acceptable to both the

transit authority board and the union membership. However, whether the

numbers are actually used in negotiations or not, management must know

the cost implications of each change to effectively negotiate. If the

contract goes to arbitration, the cost estimates will support management’s

proposals and increase the probability of work rules being relaxed.

Existing methods of work rule cost estimating and a lack of

knowledge of the implications of work rule changes have prevented

management from seriously attempting to change work rules. The level of

uncertainty of estimation techniques and the difficulty of evaluating the

combined affect of several work rule changes have resulted in management

generally opposing any changes proposed by the union and have prevented

any negotiations in the area.

The HASTUS program demonstrates the potential for significantly

improving this process. The program will not only evaluate the combined

impact of work rule changes but will also serve as an educational tool that

will give management an increased understanding of work rules. This will

improve management’s ability to negotiate the union contract.
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I. INTRODUCTION

A. Conclusions Reached

The results of the first and second calibration techniques produced

the following conclusions which suggested further work was necessary:

o The effect of the two HASTUS vehicle data simplifications, fixed

interval and no travel time, on the total cost could not be determined

with either of the calibration techniques. Without this knowledge,

error and adjustment factors could not be determined, therefore

calibration with RUCUS could not be completed.

o HASTUS was working correctly and produced results that obeyed all

the union contract work rules and pay provisions.

o HASTUS seemed to be producing optimal solutions each time a work

rule was changed. The most immediate effect was that HASTUS was

producing more efficient runs than RUCUS in every category unless

artificially constrained. For example, the most inefficient run in

terms of payhours to vehicle hours, is a biddable tripper and it

seemed HASTUS cut the most efficient biddable trippers first, before

cutting the rest of the runs. RUCUS works in a sequential manner

cutting straights, splits, extra board, and finally the trippers, which

are leftover. Since all the runs are interrelated, making a bad run at

the beginning of a runcut can have a ripple effect resulting in several

more inefficient runs. RUCUS logic does not have a “look ahead”

capability to get around this limitation.

o HASTUS simulates optimal runcutting, it does not simulate RUCUS

runcutting. HASTUS was not designed for simulating RUCUS logic

and, consequently, it is probably impossible to make HASTUS results

look like RUCUS.
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o Both RUCUS and HASTUS need to be operated by personnel withan

intimate knowledge of the operator work rules. For some work rule

simulations, RUCUS requires a highly skilled data processing person

with an intimate knowledge of the RUCUS logic and source code.

This latter requirement is usually not necessary for HASTUS except

in extreme situations.

B. Results Acheived

Following is a detailed description of the first and second calibration

results. A two phased calibration approach was undertaken using the

RUCUS runcutting program on the current weekday schedules of SCRTD

Operating Division 1, as follows:

Phase 1: Existing Work Rules - HASTUS would be compared against

a RUCUS runcut under the existing work rules to arrive at a “base”

for work rule simulations.

Phase 2: Three Comparison Simulations - Subsequently, three work

rule changes would be evaluated by both HASTUS and RUCUS.

It was believed that if HASTUS predicted a certain percentage

increase or decrease for a given work rule change and RUCUS verified the

results with the

HASTUS would be

than proving the

whole technique.

same percentage change, the predicting accuracy of

validated. The results of this initial calibration, rather

accuracy of HASTUS, raised more questions about the

Regarding Existing Work Rules:

o HASTUS had to be artificially constrained to produce the same

number of straight runs as RUCUS.

o RUCUS produced 75% straight runs instead of the contractual

minimum of 60%.
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o HASTUS also had to be constrained to the same number of

drivers as RUCUS or else it would cut substantially more

operators.

o HASTUS had to be artificially constrained to produce the same

number of trippers as RUCUS.

o HASTUS was still 2.8% less expensive than RUCUS. It was

unknown as to whether this was caused by the fixed interval

limitation or the optimizing logic of HASTUS.

o HASTUS cut nearly 70% of the straight runs exactly 8 hours

long resulting in no overtime or 8-hour quarantee time being

paid.

o This situation was unrealistic and may have contributed to the

lower cost.

o HASTUS violated one work rule, which in effect dictates that

no piece of work on the extra board and tripper can operate

between approximately 10:00 a.m. and 1:00 p.m.

Regarding Three Comparison Simulations:

o Running HASTUS unconstrained by the articifical rules

identified in 3.1.1 and 3.1.2, produced a result 5.7% less

expensive than the base RUCUS, with 5% more manpower.

o These results widened the discrepancy between RUCUS and

HASTUS.

o The marginal cost differences on the three work rule change

simulations were widely inconsistent.

o Where RUCUS projected a .74% decrease, HASTUS projected a

1.76% decrease. Where RUCUS projected a 1.77% increase,

HASTUS projected a 1.67% decrease.
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o It was later determined that the three RUCUS simulations were

improperly and inefficiently performed by an inexperienced

user, leading to erroneous results.

The net of effect of these initial results was the recognition that further

work and a revised approach on HASTUS calibration was necessary.
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II. REVISED CALIBRATION APPROACH

The revised calibration approach involved the following

o Correct the illegal extra board work.

o Simulate more realistic straight run costs.

o Redo the RUCUS simulations correctly.

considerations:

o Determine the effect of the optimizing logic of HASTUS by

successively applying more artifical constraints to the HASTUS

Existing Work Rule (base) solution so that it more closely

approximates the RUCUS base. The rationale for this approach was

that eventually it could be said that any remaining discrepancy was

due to the effect of fixed intervals.

o After completing the above remove the artificial constraints to

produce an unconstrained HASTUS base, which would be less

expensive. The difference between the constrained and

unconstrained HASTUS base solutions would represent the effect of

linear programming optimization. The result would be the

development of two adjustment factors, one for optimization and one

for fixed intervals, which could be applied to the work rule simulation

results.

o Finally, run new HASTUS work rule simulations and compare them

against the RUCUS simulations.
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III. REVISED CALIBRATION RESULTS

A. New RUCUS Base

The RUCUS simulations for the on-going contract negotiations involved the

production of a new Division One base runcut which reflected the exsisting work

rules, and it was called RUCUS New Base 88. The “88” refers to the interline

penalty applied to the mixing of pieces between two routes. Since HASTUS does

not make a distinction between routes it was decided to re-runcut this RUCUS

base with a zero penalty for interlining. This run became the new Base for the

HASTUS comparison and is called RUCUS New Base 00. The results of the

three RUCUS runcuts -- Old Base, New Base 88 and New Base 00 -- are

sum marized below.

Table 1

suMMARY OF RUCUS BASE (EXISTING WORK RULES) RUNCUTS

DESCRIPTION

1. PLATFORM HRS.
2. REPORT
3. VEHICLE HRS.
4. TRAVEL
5. GRANTEE
6. OVERTIME
7. TOT PAY HRS.

8A. NO. OF DRIVERS
8B. NO. OF STRATES.
9. AVG. SPREAD
10. AVG. PAY. HRS.*
11. AVG. VEH. HR.*
12. PAY/VEH. RATIO

OLD RUCUS BASE

2312:54
69.20

2382:14
25:54
89:24

300:53
2748:20

255
152
---

10:15
8:58

1.154

RUCUS NW BS 88

2312:54
69:15

2382:09
28:50

111:14
220:52

2743:05
261
157
---

9:57
8:45

1.132

RUCUS NW BS 00

2312:54
69:15

2882:09
28:50

109:05
222:18

2742:22
260
151
---

10:02
8:49

1.131

* . EXCLUDING BIDDABLE TRIPPERS
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Comparing the RUCUS 88 with RUCUS 00, we are led to conclude that there is

little difference between them. Consequently it was decided to use RUCUS 00 as the

base for future HASTUS calibration efforts.

B. Correction of Illegal Extra Board

To consider the illegal extra board runs, a new parameter was added to

HASTUS that satisfied all the work rule legalities by preventing tripper and

extra board runs working between 10:00 a.m. and 1:00 p.m. The HASTUS run

which achieved this result with RUCUS 00 is called CN 45 BS 3 and is

summarized below.

Table 2

RUCUS 00 VS. CN 45 BS 3

DESCRIPTION

1. PLATFORM HRS.
2. REPORT
3. VEHICLE HRS.
4. TRAVEL
5. GRANTEE
6. OVERTIME
7. TOT PAY HRS.
8. NO. OF DRIVERS

8A. NO. OF STRATES
9. AVG. SPREAD
10. AVG. PAY HRS.*
11. AVG. VEH. HR.*
12. PAY/VEH. RATIO

RUCUS NEW BS 00

2312:54
69:15

2382:09
28:50

109:05
222:18

2742:22
260
151
---

10:02
8:49

1:151

HASTUS CN45BS3

2380:30
---

2380:30
28:50
58:40

179:51
2647:51

260
151

9:55
9:38
8:48

1.112

* = EXCLUDING BIDDABLE TRIPPERS
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Interval
Size

Most significantly, there isa3.4% difference inpayhours between HASTUS

and RUCUS.

c. More Realistic Straight Run Costs

To consider simulating more realistic straight run costs, it was suggested

that instead of a fixed interval of 60 minutes, a 45 to 65 minute interval would

accomplish the goal of generating overtime and make-up. This would mean that

runs around eight hours would never be cut at exactly eight hours but at the

nearest multiple of fixed interval. The effort could be achieved with 45, 50, and

55 minute intervals, but a survey of the sample Division One database showed

that the average actual relief time interval was 66 minutes, so an interval of 65

minutes was desirable. Initially a 45 minute interval was tried, but it did not

produce sufficient cost increases. The payhour effects of various interval sizes

on straight runs near eight hours are shown below.

Table 3

EFFECT OF INTERVAL SIZE ON RUN COSTS

(minutes)

60

45

45

50

50

55

55

65

65

70

70

Vehicle Guarantee Overtime
Hours Premium Premium

8:00

7:30

8:15

7:30

8:20

7:20

8:15

7:35

8:40

7:00

8:10

0

30

0

30

0

40

0

25

0

60

0

0

0

8

0

10

0

8

0

20

0

5

Total

o

30

8

30

10

0

8

25

20

60

5
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The 65 minute interval provided a better ratio of guarantee and overtime,

as well as being similar to the actual Division One relief point average of l-hour-

6 minutes.

The results of the 65 minute interval are summarized below under the run

called CN 65 BS 1. HASTUS run CN 45 BS3 is shown for comparison.

Table 4

EFFECT OF 65 MINUTE FIXED INTERVAL

DESCRIPTION RUCUS NEW BSOO

1. PLATFORM HRS.
2. REPORT
3. VEHICLE HRS.
4. TRAVEL
5. GRANTEE
6. OVERTIME
7. TOT PAY HRS.
8. NO. OF DRIVERS

8A. NO. OF STRATES.
9. AVG. SPREAD
10. AVG. PAY. HRS.*
11. AVG. VEH. HR.*
12. PAY/VEH. RATIO

2312:54
69:15

2382:09
28:50

109:05
222:18

2742:22
260
151
---

10:02
8:49

1.131

HASTUS CN45BS3

2380:30
---

2380:30
28:50
58:40

179:51
2647:51

260
151

9:55
9:38
8:48

1.112

HASTUS CN65BS 1

2373:28
---

2373:28
28:50
83:32

187:39
2673:29

260
151
---

9:44
8:46

1.126

* = EXCLUDING BIDDABLE TRIPPERS

E-9



The 65 minute interval,

RUCUS from 3.5% to 2.5%.

difference is still unexplained.

reduced the discrepancybetween HASTUS and

This reduction is positive but

D. Application of Artificial Constraints

Through the successive application of non-contractual

the remaining

constraints on

HASTUS, it was hoped that the results would converge with RUCUS and the

difference could be explained in terms of these constraints. The term

“artificial” means that it is more restrictive than current practices and the labor

contract. The following artificial constraints were applied in succession:

(1) Maximum drivers = 261

(2) Minimum 151 straights

(3) 36 trippers

(4) 18.5% of the runs must be extra board (same as RUCUS)

(5) Minimum work time of extra board set to 6 hours 30 minutes.

(6) Minimum inside spread for extra board set to 4 hours 20 minutes

instead of 3 hours 15 minutes.

The successive runs of HASTUS-MACRO which imposed the above

artificial constraints are described as follows:

Name Constraints

(1) CN65BS1 o Manpower: 261

0 Percent straight: 60.2%

o Number of trippers: 36

(2) CN65BS2

(3) CN65BS3

o Exactly the same as CN65BS 1 but with the

following constraint: 18.5% of the runs must

be extra board

o Exactly the same as CN65BS2 but with the

following constraint: minimum work time for

extra board is 6-hours-30 minutes.
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(4) CN65BS8 o Exactly the same as CN65BS3 but with the following

constraint: minimum lunch break (inside spread) was changed

from 3 hours-15-minutes to 4-hours-20minutes.

The table below shows the results of successively applying the artificial

constraints.

Table 5

RESULTS OF ARTIFICIAL CONSTRAINTS ON REVISED CALIBRATION

DESCRIPTION RUCUS HASTUS
NW BS 00 CN65BS 1

1. PLATFORM HRS.
2. REPORT
3. VEHICLE HRS.
4. TRAVEL
5. GRANTEE
6. OVERTIME
7. TOT PAY HRS.
8. NO. OF DRIVERS

8A. NO. OF STRATES
9. AVG. SPREAD
10. AVG. PAY HRS*
11. AVG. VEH. HR.*
12. PAY/VEH. RATIO

2312:54
69:15

2382:09
28:50

109:05
222:18

2742:22
260

151
---

10:02
8:49

1.151

2373:28
---

2373:28
28:50
83:32

187:39
2673:29

260
151
---

9:44
8:46

1.126

HASTUS
CN65BS2

2373:28
---

2373:28
28:50
93:31

194:30
2690:19

260
151
---

9:44
8:43

1.133

HASTUS
CN65BS3

2373:28
---

2373:28
28:50
94:02

194:30
2690:50

260
151
---

9:44
8:41

1.133

HASTUS
CN65BS8

2373:28
---

2373:28
28:50

120:13
207:42

2730:13
260
151
---

9:55
8:44

1.150

* = EXCLUDING BIDDABLE TRIPPERS
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The results of applying the artificial constraints looked promising,

especially in CN65BS8. However, closer analysis of CN65BS8 showed that it was

not truly emulating the RUCUS 00 results. For example, on the extra board

RUCUS 00 has 48 runs with an average spread of 13 hours 3 minutes. CN65BS8

with the same number of extra board runs has an average spread of 11 hours-54-

minutes, which is fully one hour less spread time.

Several runs were tried in an attempt to remove the artificial constraints,

specifically the 18.5% maximum extra board and the minimum or maximum

trippers. This series of runs was labelled CN65BSX thru CN65BSX7. The results

of reclosing the constraints produced widely varying results, especially in the

extra board which soared up to 73 runs in one case.
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I. INTRODUCTION

To perform the third calibration it was decided to perform a series of RUCUS

runcuts that would progressively change the input

the data was exactly the same. The progression

the data simplification as follows:

(1)

(2)

(3)

(4)

(5)

RUCUS runcut with actual subs and

“on-the-street.”

data to look more like HASTUS until

illustrates the quantitative effect

full travel-time file - equivalent

of

to

RUCUS runcut with actual subs and full travel-time file, but no penalty for

interlining. (Interlinepenaltiesreduce the number of runs which have

pieces from more than one route.)

RUCUS runcut with actual subs and a zero travel-time file.

RUCUS runcut with HASTUS subs and a zero travel-time file.

HASTUS runcut with HASTUS subs and no travel-time file.

The inputdataforthelastRUCUS runcut(4)and the HASTUS runcut(5)are identical.

Comparing the resultsof RUCUS “on-the-street”runcut(1)with theHASTUS equiva-

lentRUCUS runcut(4)would show the effectof the two HASTUS simplifications:

Fixed Interval Reliefs and no travel-time file. Comparing RUCUS

would show the effect of any logic differences.

The RUCUS/HASTUS runcut progression was to be done on

(current contract). After the calibration factors for the HASTUS

(4) with HASTUS (5)

the base work rules

data simplifications

had been obtained, then a series of the work rule change simulations were to be run on

both RUCUS and HASTUS. If the results of these simulations showed a consistent

change in the total payhours then HASTUS could be considered at least as accurate as

RUCUS. It was decided to use RUCUS work rule change simulations, that had been

recently performed on the test division one, as part of the RTD’s ongoing labor

contract negotiations. These particular RUCUS runcuts simulations were considered

of the highest quality because they were performed by the RTD’s most experienced
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RUCUS Systems Analyst who was responsible for the original RUCUS runcutting

installation.

To further complete the analysis and provide another data point for evaluating

the effect of the HASTUS simulations, it was decided to perform the three work rule

change simulations using RUCUS but with the HASTUS equivalent input data. Finally

the same three work rule simulations were to be performed by HASTUS.

The three work rule changes selected are described as follows:

(1) 7 within 8- The current definition of a regular run; is any work that can be

combined to make 7 hours of work within a spread of 10 hours must be

made into a regular run. All other pieces can be put on the extraboard,

where some pay provisions are less restrictive. The work rule change

involved modifying this provision such that any 7 hours of work withinan

8-hourspreadmust be made a regular run.

(2) 8 Within 12- The current contract specifies that extraboard combinations

are guaranteed 8 hours pay within a spread of 11 hours after which the run

is paid at time and a half. The work rule change was to make this a

guarantee of 8 hours pay within a spread of 12 hours after which overtime

is paid.

(3) Combination -7 within 8, 8 within 11, 8 within 12 - This would be a

combination of three work rule changes, combining the previous two

simulations of 7 within 8 and 8 within 12 along with a third. The third

change involved changing the guarantee pay of a regular run from 8 hours

within a spread of 10 hours, to 8 hours within a spread of 11 hours after

which overtime would be paid.

These work rules are fundamental to RTD runcut productivity, and are represen-

tative of the type of change RTD would anticipate in future labor contracts. The new

RTD contract resulted in a compromise work rule change calling for the definition of a

regular run to be 7 hours work within a spread of 9 hours instead of 10 hours. While

not part of the calibration effort, a HASTUS simulation on 7 within 9 was run for

reference purposes. Another major aspect of the contract negotiations was a
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management desire to increase the eligible part-time from 10% to cover 20%. Since

RUCUS does not cut part-time drivers, the only method to simulate this work rule

change was by rough manual estimation of HAST US. A series of HAST US runcuts were

made on a range of part-tire e percentages for reference purposes.

Table 1 provides an itemized summary of the HASTUS and RUCUS runcuts

performed as part of this calibration effort.

H. DETAILED RESULTS

Following are the results of the third and final calibration technique presented

for the following activities.

o Base (Existing) Work Rules -- A progression of runcuts on existing
work rules from actual “streetable” data through to HASTUS equiva-
lent data.

o Work Rule Simulations -- Three work rule changes on RUCUS,
HASTUS and RUCUS with HASTUS data.

o Part-time Simulations -- HASTUS simulations on various percentages
of part-time driver provisions.

o 1982 Contract Simulation -- A HASTUS simulation of the estimated
saving from the recently negotiated RTD labor contract.

Runcut and payhour statistics for each of the runcuts are contained in

Appendix G. Note that reference number associated with Table 1, Summary of

Runcuts, should be used with comparing statistics.

A. Base Work Rule Calibration

The purpose of thistask was to evaluatethe effeet of the HASTUS-

MACRO vehicledata simplification,by comparing RUCUS runcutswith real

reliefpointsand fulltraveltime to RUCUS and HASTUS-MACRO runcutswith

Fixed intervaI reliefs and No Travel Time. The results would quantify the effect

of data simplification and the logic differences between RUCUS and HASTUS.

Table 2, Progressive Runcut Comparison on Existing Work Rules, shows the

results of this task. Total direct payhour (line 16) represents the total scheduled
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SUMMARY TABLE OF RUNCUTS FOR THIRD CALIBRATION TECHNIQUE

Reference
Number

1

2

3

4

5

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23,

24.

Table 1

Runcut Program
Name

RUCUS BASE

BASE
NEGOTIATIONS

RUCUS 00

RUCUS NT

RUCUS 65+

MACRO BASE

RUCUS 7/8 Neg.

RUCUS 65+ 7/8

HASTUS 7/8

Rucus 8/12Neg,

RUCUS 65+ 8/12

HASTUS 8/12

RUCUS COMB.

RUCUS 65+ COMB,

HASTUS COMB.

HASTUS 10%

HASTUS 14%

I{ASTUS 20%

HASTUS 24%

HASTUS 50%

14ASTUS 85%

HASTUS 7/9

Name

RUCUS

RUCUS

RUCUS

RUCUS

RUCUS

HASTUS -
MACRO

RUCUS

RUCUS

HASTUS -
NACRO

RUCUS

RUCUS

HASTUS -
HACRO

RUCUS

RUCUS

HASTUS -
MACRO

HASTUS -
MACRO

HASTUS -
NACRO

HASTUS -
HACRO

HASTUS -
HACRO

HASTUS -
t4ACR0

HASTIIS -

MACRO

HASTUS -
MACRO

F-4

Interline
Penal ty

Travel Subs
Time (Blockdata)

Yes

YES

NO

NO

NO

NO

YES

NO

NO

YES

NO

NO

YES

NO

“NO

No

No

%0

NO

NO

No

No

Yes

YES

YES

NO

NO

NO

MES

NO

NO

YES

No

NO

YES

NO

NO

NO

t!o

t19

NO

NO

NO

NO

ACTUAL

ACTUAL

ACTUAL

ACTUAL

65 Minutes

6S Minutes

ACTUAL

65 Minutes

6S Minutes

ACTUAL

65 Minutes

65 Minutes

ACTUAL

65 Minutes

65 Minutes

65 Minutes

65 Mlnutcs

65 Minutes

65 Minutes

65 Minutes

65 Minutes

65 Minutes

Work Rule
Change

EXSiSTING WORK
RULES

EXSiSTING WORK
RULES

EXSISTING WORK
RULES

EXSISTING WORK
RULES

EXSiSTING WORK
RULES

EXS i ST I NG WORK
RULES

REGULAR RUN
DEFINITION 7
diTHIN 8

REGULAR RUN
DEFINITION 7
diTHi N 8

REGULAR RUN
DEFINITION 7
41 THIN 8

EXTRABOARO
GUARANTEE 8
JITHIN 12 HOURS

EXTRABOARO
!IIARANTEE 8
#l THi N 12 HOURS

EXTRABOARO
GUARANTEE 8
IdlTHiN 12 HOURS

COMBI NAT1 ON 7
#lTHIN 8, 8 in
]l,8in12

COMBINATION 7
41 THIN 8, 8 in
11, 8 in 12

COHBINATION7
!41THIN8, 8 in
11, 8 in 12

10% PART-TIME -

EXSISTiNG WORK
RULE

lf}~ pART-T[ME

20% PART-TINE

24% PART-Ti ME

50% PART-TIME

85% PART-TIME

REGULAR R(JN

DEFINITION 7
WiTHIN 9 NEW

CONTRACT



PROGRESSIVE RUNCUT COMPARISON ON EXSISTING WORKRULES

1.

2.

3.

4,

5.

6.

7.

8.

9.

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Legend

FROM ACTUAL DATA TO HASTUS EQUIVALENT

Table 2

Runcut Name RUCUS Base

Ref. Number

Base Exsisting Workrules

Interiine Penalty

Travel Time

Actuai Reliefs

Run Stats.

Straights

Spl its

Extra Board Coti.

Biddable Trippers

Part-Time

TotalRegular

Total Full -Time

% Straights

Runcut Costs

Vehicle Hours

Total Di rect Payhour$

Ratio Payhour/Vehicle

Difference From Base

% Difference From Base

Fringe Payhours

Total Burdened Payhours

2

YES

YES

YES

YES

158

53

50

41

N/A

211

261

75%

2382

2743

1.153

—
957

3700

Ratio Burdened Pay/Vehicle 1.553

Difference From Base —

% Difference From Base —

RUCUS 00

3
YES

No

YES

YES

151

61

48

36

N/A

212

260

71%

2382

2743

1.151

0

0

953

3696

1.552

-4

-0.1%

RUCUS-NT

4

YES

m

No

YES

152

50

57

36

NIA

202

259

75%

2382

2736

1.149

-7

-0.3%

950

3686

1.547

-14

-0.4%

RUCUS 65+

5

YES

No

NO

NO

155

55

65

22

N/A

210

275

74%

2391

2707

1.132

-36

-1.3%

1008

3716

1.554

+15

+0.4%

RUCUS BASE - This is a RUCUS runcut using !979 contract

provisions, with real data suitable for putting
on the street.

RUCUS 00 - Exactly the same as RUCUS BASE, but without
any interline penalties.

RUCUS NT - Exactly the same as RUCUS 00, but without a

travei time file.

RUCUS 65+ - Exactly the same as RUCUS NT, but using HASTUS

equivalent subs (vehicle data).

HASTUS BASE- This is a HASTUS-MACRO runcut using 1979 contract

HAS TUS-Base

7

YES

No

NO

No

119

76

62

30

NIA

195

257

61%

2391

2646

1.107

-97

-3.5%

942

3588

1.501

-112

-3.0%

provisions on the same Division One data as RUCUS.
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payhours, with all collaterals of report, premium and overtime, including

overtime for biddable trippers. Total burdened payhours (line 21) represents

total direct payhours plus fringe payhours of 220 minute per totalfull-time

operator(line13).

The rationalefor burdened payhours should be explained. Burdened

payhoursrepresentthe additionof fringebenefitcoststo the directpayhours.

Fringebenefitcosts are such items as vacation pay, sick leave, health benefits,

pension contribution and other fixed costs. Unlike the other collaterals, such as

overtime and premium guarantee, fringe costs are not dependent upon how many

vehicles hours an operator operates, but on whether he/she is full-time or not.

For purposes of work rule estimation the fringe costs per full-time operator have

been translated into payhours so that comparison analysis can be more easily

perform ed. It is the policy of the SCRTD Finance Department that fringe costs

represent 220 minutes per day per full-time operator. Part-time operators are

assessed zero fringe costs. Consequently, reducing one full-time operator

through any number of part-time operators will represent a saving of at least 220

minutes pay per day.

HASTUS was set to optimize on total burdened payhours, but the RTD

often only considers total direct payhours; consequently, both values are

presented for all analyses. To simplify analysis, the percent difference from the

RUCUS Base, reference 2, has been calculated for both direct and burdened

payhours (lines 9 and 24, respectively).

The effect of no interline penalty is shown by comparing RUCUS 00 (ref. 3)

with RUCUS Base (ref. 2). There is O% difference on direct payhours and only a

tenth of one percent on burdened; therefore, the effect of no interline penalty is

negotiable.

The effect on No Travel Time is also negotiable; only 7 hours lower on

total direct payhours. This contrasts with nearly 29 hours paid in travel time on

the RUCUS BASE (2). The obvious conclusion is that travel pay elimination is

replaced by increased premium for 8-hour guarantee.
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The effect of 65 minute Fixed Interval subs, on RUCUS 65+ (ref. 5)

compared to RUCUS Base (ref. 2) is somewhat more complex. Total direct

payhours are reduced by 1.3% (36 hours) but total burdened payhours increase by

0.4% (15 hours), because there is an increase in manpower of 14 operators which

affects the decrease in direct payhours. Generally speaking, there is no

relationship between changes in direct and burdened payhours. If the runs are

shorter the overtime costs go down, but the manpower goes up, increasing the

burdened cost.

RUCUS 65+ (ref. 5) represents a refinement over the parameters of the

previous RUC US runs, but it is acknowledged that further refinement, aimed at

taking maximum advantage of the Fixed Interval subs, might produce on

somewhat 10wer total burdened payhours. However, a lower cost might increase

the direct cost. Remembering that one purpose of this task was to develop a

factor for using fixed interval subs, an estimate could be made by averaging the

percent differences (lines 19 and 24). The result would be about -1%. An

alternative to using a factor would be to always compare the work rule

simulations to the individual base runcuts instead of a common base runcut. For

example, HASTUS-MACRO simulations would be compared to the HAST US-

MACRO base, the RUCUS F’xed Interval simulations would be compared to the

RUCUS fixed interval base, and the RUCUS real relief simulations would be

compared to the RUCUS real relief base. Since the objective of the calibration

effort was consistency of results, with results expressed not as total payhours

but as (%) percent cliff erence from a base,the approach is less confusing.

Of particular note is the strong consistency of runcut statistics among all

the RUCUS runcuts when compared to HASTUS. HASTUS-MACRO was set to

cut a minimum 61% straight runs. The contract specifies a minimum 60%

straights. All the RUCUS runcuts cut over 70% straights. It is apparent that

HASTUS-MACRO is taking maximum advantage of the contract work rules. This

is a possible explanation of why HASTUS-MACRO (ref. 7) is over 2% less

expensive than RUCUS 65+ (ref. 5) with exactly the same data. Subsequent

runcuts on the simulations showed that the 2% was highly consistent, suggesting

that the RTD may be able to derive a significant cost saving on the existing

schedules through an improved runcutting strategy. A 2% saving represents

$1.95 million annually if applied system-wide.
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To summarize the conclusions of the task, it was found that:

(1) The effects of FJo Interline Penalty and No Travel Time were

negligible.

(2) The effect of using 65 minute fixed interval reliefs is about 1’%.

(3) The fixed interval factor will be accounted for by always comparing

to the respective base runcut.

(4) The globaloptimizinglogicof HASTUS-MACRO producedmore cost

efficientruncutsthan RUCUS, suggesting that current RUCUS and

manual logic strategies can be improved.

B. Work Rule Simulations

The purpose of this task was to determine whether HASTUS-MACRO could

produce results of work-rule change simulations consistently. Consistency is

measured in terms of how close the YO (percent) change from the base was,

compared to a similar measure of RUCUS work rule simulations. Another

purpose of this task was to determine the relative accuracy of the results.

Finaly the cost and flexibility of HASTUS-MACRO operation are evaluated

compared to RUCUS and manual techniques.

Table 3 is a Summary of Percent Difference on Three Work Rule

SimulationsforConsistencyof Results.The most significant comparison to be

made is between RUCUS with real reliefs and HASTUS-MACRO. In this

instance, the results show that HASTUS-MACRO in 5 out of 6 measures was with

one-half of one percent (0.5%) of RUCUS. The one exception is the burdened

payhour % change (line 9) in the combination work rule simulation, where the

difference was still less than one percent (0.9%). These results are reasonably

consistent with RUCUS. It is not unreasonable to expect variation from RUCUS

because the RUCUS solutions have up to a 2% difficiency to make up. It is

possible the HASTUS-MACRO results represent the “true” picture and it is

RUCUS that is providing the variation. This possibly is strengthened by

examining the RUCUS 65+ work rule simulation results, which were made with

F-8



SUMMARY OF PERCENT DIFFERENCE ON THREE WORK RULE

SIMULATIONS FOR CONSISTENCY OF RESULTS

1. Interline Penalty

2 . . Travel Time

3. Real Reliefs

Work Rule Change

Reference Number

4. Direct Payhour % Change

5. Burdened Payhour % Change

Work Rule Change

Reference Number

6. Direct Payhour % Change

7. Burdened Payhour % Change

Work Rule Change

Reference Number

8. Direct Payhour % Change

9. Burdened Payhour % Change

Legend:

Table 3

RUCUS RUCUS
Real 65

YES NO

YES NO

YES NO

7within 8 7 within

8 9

-1.2% +0.2%

-1.3% -0.7%

8within ]2 8within

11 12

-2.2% -2.9%

-2*O% -2,4%

Combination Combinat

14 15

-3.4% -3.2%

-3.5% -3.1%

RUCUS Real: Represents RUCUS runcuts with

RUCUS 65 : Represents RUCUS runcuts with

HASTUS : Represents HASTUS runcuts.

8

12

on

HASTUS

NO

NO

NO

7 within

10

-1.5%

-1.3%

8 w’ithin

13

-2.2%

-1.6%

Combinat

16

-3.9%

-2.4%

8

12

on

real “Streetable” data.

HASTUS equivalent data.
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HASTUS like data. It shows considerably wider variations from both HASTUS-

MACRO and RUCUS with real reliefs. Recognizing that the RUCUS 65 runcuts

were not subject to as many interactions and refinements as the RUCUS with

real reliefs, suggests that RUCUS results can be variable depending upon the

skill of the user and the amount of attention paid to getting the best solution.

This suggests another use for HASTUS-MACRO, as an audit tool to evaluate the

productivity of manual and RUCUS runcuts during the regular scheduling cycle

against the true potential as expressed by HASTUS-MACRO. This process would

have the effect of reducing the number of RUCUS intera~tions or manual

optimizations before an acceptable runcut is produced.

For purposes of work rule change simulation the most important criterion

is consistent y with established techniques and these results suggest HASTUS -

MACRO is reasonably consistent with RUCUS. It is probably impossible to prove

which of either RUCUS or HASTUS-MACRO is producing the most correct

simulation results.

In summary, the results of this task have shown that:

(1)

(2)

(3)

HASTUS-MACRO produces consistent results with RUCUS work rule

simulations using real relief data.

There is evidence that RUCUS in unskilled hands can produce

inconsistent results.

A significant new use for HASTUS-MACRO would be as a preproces-

sor or past audit tool to estimate the target potential of a new set of

schedules.

c. Part-Time Work Rule Simulation

The purpose of this task was to estimate the effect of increasing the

percentage of part-time operators on the direct and burdened payhour cost. The

new RTD labor contract calls for an increased percentage of part-tire e operators

to be decoded through arbitration. In this task, simulations for part-time were

performed on the division one schedules for the following percentages:
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Part-TimePercent ReferenceNumber

o% 7

10% 18

14% 19

20% 20

24% 21

50% 23

Max ?6 24

These simulations were run on the existing division one schedules without

modification. The results should be qualified because the proposed part-time

percentage increase would be the result of adding additional service. Further-

more, no reductions of current full-time operators are to take place. W bile

simulations using additional service were not performed, the results should be

comparable.

Figure 1, Graph of Percent (%) Saving Through Part-Time Operator

Utilization, shows increased saving plotted against increased percentage of part-

time, for both direct and burdened payhours. Examination of this graph shows

that, as expected, the burdened payhours decrease at a greater rate than direct

payhours. Using this graph and Table 4, HASTUS-MACRO Comparison of Part-

Time Runcuts, the following broad conclusions can be reached.

(1) The largest saving of direct payhours was achieved with the first 10%

allowance for part-time operators.

(2) Burdened payhours savings proceeds at a steady rate of about 3% for

every 10% increase in part-time manpower.

(3) Direct saving tends to level off after25% part-tiree operators.

It is beyond the scope of this project to assess the importance of this

information to the SCRTD. In terms of the transit industry in general, the

inform ation about part-tire e labor may not be directly transferable. These

HASTUS simulations suggest that part-time can produce savings well beyond 15%
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but it depends on whether direct or burdened costs are evaluated. Fringe costs

on the RTD HASTUS simulation were assessed at 220 minutes per full-time

operator and zero for part-time. These costs were provided after much research

and discussion with the RTD Finance Department. Different fringe costs for

full-time and part-time would undoubtedly produce different results.

D. 1982 Contract Simulation

Besides the undecided part-time driver provisions, the new RTD contract

contains a change in the definition of a regular operator from 7 hours work

within a spread of 10 to 7 hours work within a spread of - “ “ “ “

compromise between the existing contract and one of the

calibration simulations for 7 within 8 hours spread. It was

the new contract 7 within 9 provision and compare against

rule change. The following table shows the percent change in each:

Y nours. 1rus is a

HASTUS work rule

decided to evaluate

the 7 within 8 work

Direct payhour saving

Burdened payhour saving

7 within 9 7 within 8

-1.1% -1.5%

-0.6% -1.3%

These results seen are reasonable. It will be interesting to see if this

proportion occurs under the new work ruIe when it is actually implemented in the

next few months.
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APPENDIX G

Runcut Statistics and Comparisons
for

Third Calibration Technique
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPAREIONS

Reference Number: 2

Runcut Name: RUCUS Negotiations Base with Actual Subs

Vehicle Data Type: Actual subs with real relief points

Division Number: One

Runcut Description: A RUCUS runcut with exsisting work rules, using actual subs
with real relief points. Includes full travel time file. Equivalent to ~lon-the-
streett’.

Run Statistics

1.

2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extraboard combinations
Number of biddabletrippers
Number of part-time
Totalregualarruns
Totalfull-time
Totalmanpower
% of straights

Runcut Costs

10. Vehicle hours and report
11. Travel
12. Preminum guarantee
13. Overtime
14. Total direct payhours
15. Ratio payhours/vehicle hours
16. Fringe payhours
17. Total burdened payhours
18. Ratio burdened payhours/vehicle hours

158

53

::
N/A
211
261
261

75%

2382:09
28:50

1] 1:24
220:39

2743:02
1.151

957
3700:02

I .553
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 3

Runcut Name: RUCUS BASE, no interline penalty with actual subs.

Vehicle Data Type: Actual subs with real relief points

Division Number: One

Runcut Description: A RUCUS runcut with existing work rules, using actual subs,
with real relief points. Includes full travel time file. Penalties for mixing
runs between routes (interlining) have been removed.

Run Statistics

1.

2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

351
61
48
36

N/A
212
260
260
71%

2382:09
*
*
&

2743
1.151

953:20
3696:20

1.552

* Not availableat time of writing
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HASTUS- MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 4

Runcut Name: RUCUS Base, with actual subs and no travel time file.

Vehicle Data Type: Actual subs with real reliefs

Division Number: One

Runcut Description: A RUCUS runcut with exsisting work rules, using actual subs,
with real relief points. No travel time file and no interline penalties.

Run Statistics

1.

2.
3.
4.
5.
6.
7.
&
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehiclehoursand report
Travel
Preminum guarantee
Overtime
Totaldirectpayhours
Ratiopayhours/vehiclehours
Fringepayhours
Totalbu’rdenedpayhours
Ratioburdenedpayhours/vehiclehours

152

;;
36

N/n
202
259
259
75%

2382:09

2736
1.149

949:40
3685.40

1.547

* Not available at time of writing
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPAREIONS

Reference Number: 5

Runcut Name: RUCUS Base with65 minute subs

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A RUCUS runcut, with exsisting work rules, using HASTUS
equivalent 65 minute fixed interval subs. No travel file was used or paid.
Input data is equivalent to HASTUS.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

J55
;;

22
N/A
210
275

275
74%

2390:55
0:0

145:45
170:32

2707:12
1.132

1008:20
3715:32

1.554
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HASTUS- MACRO WORK RULE SIMULATION PROJECT -RUNCUTCOMPARBIONS

Reference Number: 7

Runcut Name: HASTUS Base

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, with exsisting work rules, using
65 minute fixed interval subs. No travel time file was permitted.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10. Vehicle hours and report
11. Travel
12. Preminum guarantee
13. Overtime
14. Total direct payhours
15. Ratio payhours/vehicle hours
16. Fringe payhours
170 Total burdened payhours
18. Ratio burdened payhours/vehicle hours

119
76
62
30

N/A

195
257
257
61%

2390:55
.

6;; SO
194:20

2646:15
1.107

f142:20
3588:20

1.501
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 8

Runcut Name: RUCUS Negotiation 7 with 8 simulation on actual subs.

Vehicle Data Type: Actual subs with real relief points

Division Number: One

Runcut Description: A RUCUS runcut simulation, using actual subs with real relief
points. With the following work rule change:

(1) Definition of regular runs is 7 hours work within a spread of 8 hours,
instead of 7 hours within a spread of 10 hours.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extraboardcombinations
Number of biddabletrippers
Number of part-time
Totalregualarruns
Totalfull-time
Totalmanpower
% of straights

Runcut Costs

10.
11.
12.”
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

150
46
61
40

N/A
196
257
257
77%

2382:09
28:38
72:46
225:04
2708:37

1.137
942:20
3650:57
1.532
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 9

Runcut Name: RUCUS, with 65 minute subs, 7 within 8 simulation

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A RUCUS runcut, using 65 minute fixed interval HASTUS equivalent
subs and no travel time. With the following work rule change:

(1) Definition of regular runs is 7 hours work within a spread of 8 hours,
instead of 7 hours with-a spread of 10 hours.

Run Statistics

1.
2.
3.
4*
5.
6.
7.
8.
9.

Number ofstraights
Number of splits
Number of extraboardcombinations
Number of biddabletrippers
Number ofpart-time
Totalregualarruns
Totalfull-time
Totalmanpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

163
30
73
28

WA
193
266
266
84%

2390:55
;~
*
*
2714

1.135

975:20
3689:20

1.543

‘ Data not available at time of writing.::
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 10

Runcut Name: HASTUS 7 within8 simulation

VehicleData Type: 65 minute fixedintervalsubs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time. With the following work rule change:

(1) Definition of regular runs is 7 hours work within a spread of 8 hours,
instead of 7 hours withrn a spread of 10 hours.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-tire e
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehiclehoursand report
Travel
Preminum guarantee
Overtime
Totaldirectpayhours
Ratiopayhours/vehiclehours
Fringepayhours
Totalburdenedpayhours
Ratioburdenedpayhours/vehiclehours

96
62
97
30

N/A
158

255
255
61%

2390:55

3::07
185:03

2607:05
1.090

935:00
3542:05

1.481
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 11

Runcut Name: RUCUS Negotiation 8 within 12 simulation on actual subs

Vehicle Data Type: Actual subs with real relief points

Division Number: One

Runcut Description: A RUCUS runcut simulation, using actual subs with real relief
points. With the following work rule change:

(1) Pay extraboard 8 within 12 hours instead of 8 within 11 hours.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

155
51
51
35

N/A
206
257
257
75%

2382:09
25:50
63:55
211:54
2683:48

1.127
942:20
3626:08

1.522
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HASTUS- MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARI$IONS

Reference Number: 12

Runcut Name: RUCUS using 65 minute subs, 8 within 12 extraboard

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A RUCUS runcut, using 65 minute fixed interval. HASTUS
equivalent subs and no travel time. With the following work rule change:

(1) Pay extraboard 8 hours within 12 hours spread instead of 8 within
11 hours.

Run Statistics

1.

2.
3.
4.
5.
6.
7*
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

162
39
66
26

N/A
201
267
267
81%

2390:55
&
*
*

26f16
1.107

979:00
3625

1.516

~ Data not available at time of writing.
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HASTUS- MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 13

Runcut Name: HASTUS 8 within 12 simulation

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time. With the following work rule change:

(1) Pay extraboard 8 hours within 12 hours spread instead of 8 within
11 hours.

Run Statistics

1.

2*
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10. Vehicle hours and report
11. Travel
12. Preminum guarantee
13. Overtime
14. Total direct payhours
15. Ratio p~yhours/vehicle hours
16. Fringe payhours
17. Total burdened payhours
18. Ratio burdened payhours/vehicle hours

111
72
74
30

N/A
183

257
257
61%

2390:55
0:0

20?07
175:50

2586:52
I.082

942:20
3529:12

1.476
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 14

Runcut Name: RUCUS Negotiation combination simulation on actual subs

Vehicle Data Type: Actual subs with real relief points

Division Number: One

Runcut Description: A RUCUS runcut simulation, using actual subs with real relief
points. With the following work rule changes:

(1) Definition of regular run is 7 hours within 8 hours spread instead
of 7 within 10.

(2) Regulars are paid 8 within 11 instead of 8 within 10.

(3) Extraboards are paid 8 within 12 instead of 8 within 11.

Run Statistics

1.

2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

1.38
62
51
3Q

N/A
200
251
251
69%

2382:09
25:46
24:26

217:23
2649:44

1.112
920:20

3570:04
1.450
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 15

Runcut Name: RUCUS combination simulation with 65 minute subs

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A RUCUS runcut simulation, using HASTUS equivalent 65
minute fixed interval subs, and the following work rule changes:

(1) Definition of regular run is 7 hours within 8 hours spread instead
of 7 hours with 10 hours spread.

(2) Regulars are paid 8 within 11, instead of 8 within 10 hours spread.

(3) Extraboards are paid 8 within 12, instead of 8 within 11 hours spread.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9*

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

139
54
74
3

N/A

193
267
267

72%

2390:55
*
*
*

2620
1.096

979:00
3599:00

1,505

* Data notavailableat time of writing.
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HASTUS- MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 16

Runcut Name: HASTUS Combination Simulation

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time. With the following work rule changes:

(1) Definition of regularrun is 7 hours within 8 hours spread instead
of 7 within 10.

(2) Regularsarepaid8 within11,insteadof 8 within10.

(3) Extraboards are paid 8 within 12 instead of 8 with 11.

Run Statistics

1.
2.
3.
4.
5*
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10. Vehicle hours and report
11. Travel
12. Preminum guarantee
13. Overtime
14. Total direct payhours
15. Ratio payhours/vehicle hours
16. Fringe payhours
17. Total burdened payhours
18. Ratio burdened payhours/vehicle hours

94
61

102
3Q

N/A

155
257
257
61%

2390:55
0:0
0:20

167:34
2558:50

1.070
942:20

3501:10
1.464
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HASTUS-MACRC) WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 18

Runcut Name: HASTUS 10% part time simulation

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time. With exsisting work rules but also calculating 10%
part-time.

Run Statistics

1.
2*
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extraboardcombinations
Number of biddabletrippers
Number ofpart-time
Totalregualarruns
Totalfull-time
Totalmanpower
% of straights

Runcut Costs

10.
11.
12.
13.
14. ”
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

118
76
44
30
47
194
238
285
61%

2390:55
0:0

23:30
]54:24

.2s68:49
1.074

872:40
3441:29

1.439
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARI$IONS

Reference Number: 19

Runcut Name: HASTUS 14% part-time simulation

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time with the following work rule change:

(1) 14% part-time labor instead of 10%.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
&
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

113
72
39
30
66
185
224
290
61%

2390:55
0:0

17:18
167:29

2575:42
1.077

821:20
3397:02

I .421

G-19



HASTUS- MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 21

Runcut Name: HASTUS 24% part-time simulation

VehicleData Type: 65 minute fixedintervalsubs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time. with the following work rule change:

(1) 24% part-time instead of 10%.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10. Vehicle hours and report
11. Travel
12. Preminum guarantee
13. Overtime
14. ” Total direct payhours
15. Ratio payhours/vehicle hours
16. Fringe payhours
17. Total burdened payhours
18. Ratio burdened payhours/vehicle hours

113
72
23
30
114
185
208
322
61%

2390:55
0:0
10:40

124:27
2526:02

1.056
762:40

3288:42
1.376
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 22

Runcut Name: HASTUS 50% part-time simulation

Vehicle Data Type: 65 minute fixed interval subs.

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, suing 65 minute fixed interval
subs and no travel time. With the following work rule change:

(1) 50% part-time instead of 10%.

Run Statistics

1.
2.
3.
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

93
59

3:
235
152
153
387
61%

2390:55
0:00
3:19

85:10
1479:24

1.037
561:00

3040:24
1.271
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 23

Runcut Name: HASTUS 85% part-time simulation

Vehicle Data Type: 65 minute fixed interval subs.

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time. With the following work rule change:

(1) 85% part-time instead of 10%.

Run Statistics

1.
2.
3*
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

43
27

1

4::
70

4;:
61%

Runcut Costs

10.
11.
12.
13.
14.
15.
16.
17.
18.

Vehicle hours and report
Travel
Preminum guarantee
Overtime
Total direct payhours
Ratio payhours/vehicle hours
Fringe payhours
Total burdened payhours
Ratio burdened payhours/vehicle hours

2390:55
0
3:19

75:23
2469:37

1.033
260:20

2729:57
1.142
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HASTUS -MACRO WORK RULE SIMULATION PROJECT -RUNCUT COMPARISIONS

Reference Number: 24

Runcut Name: HASTUS New contract 7 within 9 simulation

Vehicle Data Type: 65 minute fixed interval subs

Division Number: One

Runcut Description: A HASTUS-MACRO runcut, using 65 minute fixed interval
subs and no travel time. Based on the only known change to the old contract.

(1) Definition of a regular runis changed to 7 hours within 9 hours,
instead of 7 within 10 hours.

Run Statistics

1.
2.
3*
4.
5.
6.
7.
8.
9.

Number of straights
Number of splits
Number of extra board combinations
Number of biddable trippers
Number of part-time
Total regualar runs
Total full-time
Total manpower
% of straights

Runcut Costs

10. Vehicle hours and report
11. Travel
12. Preminum guarantee
13. Overtime
14. Total direct payhours
15. Ratio payhours/vehicle hour
16. Fringe payhours
17. Total burdened payhours
18. Ratio burdened payhours/

108
69
82
30

N/A
177
259
259
61%

2390:55
O:p

47:58
178:54

2617:47
1.095

949:2Q
3567:07

1.500
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