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CHAPTER 1 

INTRODUCTION 

An important step in highway safety planning is the establishment of 

project priorities. Through prioritizing the safety improvement projects, one 

attempts to aHoca~e a limited resourc1;; or budget amont, v:.dious competing 

countermeasure alternatives in a way that maximizes total net accident savings. 

This prioritizing process can be simply stated in a question as: •~ and 

which safety improvement or accident countermeasures should be installed?" 

Three computerized methodologies--incremcata! benefit-cost analysis, 

integer programming, and dynamic programming--were developed by the Federal 

Highway Administration (FHWA) in 1983 to aid highway safety planning 

decisions (and to answer the above question) by prioritizing projects based on 

their costs and benefits. The three computer models, termed collectively as 

the "S,afety &esource A,llocation trograms (SRAP)," were aimed at maximizing 

total net accident savings under a given budget constraint by selecting the 

optimal mix of accident locations and the preferred countermeasure alternatives 

at those locations. 

The safety resource allocation models were originally written to run on a 

mainframe computer. They have been converted to run under the DOS 

operating system on IBM-PC and compatible microcomputers. In addition, a 

user-friendly input processor was developed to assist users of the models in 

the creation and modification of input data files. Both the models and the 

input processor were subsequently integrated to form a single program package 

called "SRAP.■ This document serves as a Users Manual to SRAP. 

Manual Or111l11tlo1 

The users manual consists of four chapters and two appendixes. In 

chapter 2, a brief introduction is made of the concept and formulation of the 

resource allocation models, including a discussion on the input data 



requirements. Chapter 3 documents the design, operation, and capability of the 

SRAP program package. The microcomputer hardware needed to run the 

program and the recommended program setup also are presented. In chapter 4, 

a tutorial is given which leads the user through both the data editing and 

model analysis stages using a sample test problem. The chapter concludes with 

a discussion on outputs from the three optimization models. 
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CHAPTER l 

SAFETY RESOURCE ALLOCATION MODELS 

A recently completed Federal Highway Administration Study of cost­

effectiveness methods documented three improved res.ource allocation moddt 

for use in selecting accident countermeasures and locations for highway safety 

programs. (l) The three models--incremental benefit-cost analysis (INCBEN), 

integer programming {INTPROG), and dynamic programming (DYNPROG)-­

contain improv.,d optimization techniques for determining project priority 

within an available budget. They differ from the commonly practiced simple 

benefit-cost method in two respects. First, multiple countermeasure 

alternatives are explicitly formulated and evaluated at each high-accident 

location and are carried forward to the optimization stage. Secondly, the 

optimization techniques allow for simultaneous determination of preferred 

locations and preferred alternatives at those locations to obtain the best 

system- or program-wide solution. This chapter briefly describes the 

methodologies and data requirements of the three improved resource allocation 

models. 

Model Overview 

In all three models (incremental benefit-cost analysis, integer program­

ming, and dynamic programming), the resource allocation problem is formulated 

as an optimization problem where one attempts to find the best combination of 

countermeasure alternatives and accident locations for improvement, under the 

constraint of a given budget of initial project costs. Selection of locations 

and the appropriate alternative (which may be "null" or "do nothing") at each 

location is made on the basis of the present value of annual net benefits and 

the initial cost of each countermeasure altern·ative. The same objective 

function is used in all three formulations: To maximize the present worth of 

net benefits over all selected alternatives. It is noted that in estimating the 

net benefits, annual maintenance, operating, and repair costs, in addition to 

salvage value, should be specifically included as "disbenefits." This ensures 
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that the optimization models maximize these net benefits subject to a 

constraint on total initial cost (i.e., "budget"). If, on the other hand, annual 

maintenance, operating, and repair costs and salvage value arc to be lumped 

with the construction cost, the cost constraint would not be the "budget" for 

initial costs, but would be a budget for present worth of all costs less salvage 

value. 

The present worth of net benefits for each alternative is calculated using 

the following formula: 

SL 
B • L [(ACR1 + OUB1 - MC1 • RC1) / (1 + r)1] + [SV / (l + r)9L] (l) 

i"' l 

where: 

B • present worth of net benefits over the service life of the 
al tern a ti ve; 

SL • service life of the alternative, in years; 

r • discount rate; 

ACR1 = expected reduction in accident costs from employing the 
alternative, in year i; 

OUB1 • other expected user benefits (savings in vehicle operating 
and time costs, motorist comfort, etc.) from employing the 
alternative, in year i; 

MC1 • increase in annual maintenance and operating costs from 
employing the alternative (excluding RC1 defined below), in 
year i; 

RC1 • annual increase in repair costs from employing the alterna­
tive, in year i; and 

SV • salvage value of the alternative at the end of its life. 

The optimization algorithms used in the three models are detailed in 

reference 1 and the original program documentation, references 2 through 4. 

The incremental benefit-cost method has the advantage of ranking, from best 
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to worst, all increments of expenditures, instead of specifying the best group 

of projects for a given budget. The integer programming and the dynamic 

programming models, on the other hand, employ two common Operations 

Research techniques in solving the budget allocation problem.· All three models 

have been tested against the simple benefit-cost method and were found to 

achieve up to 35 to 40 percent improvement in benefits ovrr the simple 

benefit-ccist 
1
method. (l) The models also were successfully installed at and 

operated by a State highway agency during a 1-1/2 year period. That 

implementation experience of the State is documented in reference 5. 

Data Requirements 

Input data required by the three safety resource allocation programs are 

similar and include the following: 

• The number of hazardous locations to be considered. 

• The overall budget available for safety projects, in dollars. 

• The number of countermeasure alternatives to be considered at each 
location. 

and for each alternative at each location: 

• The initial construction cost, in dollars. 

• The present worth of annual net benefits, in dollars. 

Except for the last item--the present worth of net benefits for each 

alternative which should be estimated as described in the previous section--all 

other input items can usually be obtained in a straightforward manner. The 

user is advised to follow his/her agency's existing guidelines and practice in 

collecting and preparing the input information. Reference 1 can be consulted 

for additional information on the calculation of reduction in accident cost. 
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For the integer programming model (INTPROG) only, three additional data 

items are required in the input stream. They are listed below: 

• The lower bound on the total benefits expected, in dollars. 

• A print option to show calculation in the algorithm's LP (I..inear 
f,rogram) relaxation. 

• A print option to trace the search for the optimal solution. 

The two print options generally are not activated, since the output 

produced by either or both options is typically bulky and is of theoretical . . .... ,.:,. ::;-

interest only. The specification of the total benefits lower bound, however, is 

strictly required. This bound sets the threshold value above which iteration 

results are printed in the output. In other words, iterations (rounds of project 

selection, each resulting in a better solution as project selection approaches 

the optimum) are not printed until the initial set of selected projects yields at 

least as many benefits as specified by this lower bound. While the bound, 

theoretically, can be arbitrarily chosen, prior experience with model INTPROG 

indicated that setting it at twice the budget level is usually satisfactory, in 

the sense that the number of iterations will be limited, but not so restricted 

that project selection cannot attain an optimum solution for the specified 

budget level. (s) However, if the bound is set too high. then the optimal set 

of projects for the specified budget level cannot be reached. In this case, 

model INTPROG must be rerun with a lower value of the bound. 

In the original mainframe version of the safety resource allocation 

models, all input data has to be coded according to a specific, rigid card 

format. In addition, the input cards need to be arranged in a prescribed 

sequence. These requirements make the data file creation very difficult and 

time-consumins if it is to be error free. Under the SRAP package, as will be 

explained later in the manual, an input processor is available which relieves 

the user of all the "clerical" requirements of running the models. This enables 

a user to spend his/her time more productively in data collection and reduction 

as well as in output analysis. 
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CHAPTER 3 

THE SRAP .MICROCOMPUTER SYSTEM 

SRAP is an integrated microcomputer program package which contains 

FHWA's three safety resource allocation programs and an interactive input 

pro~essor for develor.;inl;i anu modifying input cit.ta files. The package, with its 

menu structure and full-screen data entry feature, is extremely friendly and 

easy to use. No prior microcomputer experience is required from the user. 

This chapter details the program design, operation, and capability of 

SRAP. The microcomputer ·:irdware required to run the program and the 

recommended program setup aiso are presented. 

Program Design 

Basically, the SRAP system is composed of four independent programs 

working under an integrated, coordinated environment. The four programs are: 

The input processor program and the three safety resource allocation programs 

(incremental benefit-cost analysis, integer programming, and dynamic 

programming). Under the system, a user develops a data set, performs an 

analysis using any of the three resource allocation models, modifies the data 

set, and repeats the analysis as desired, all without leaving the system. The 

"shell" environment provided by SRAP shields the user from the host operating 

system of the microcomputer. This enables a user with no knowledge of DOS 

(Disk Operating System) to learn and operate the package with minimal effort 

and in minimal time. In addition, the SRAP system is self-contained. Once 

one enters the system, all data manipulation and model analysis tasks are 

performed from within the system. The SRAP shell is in control at all times 

until the user decides to quit the system, at which time the control is 

returned to the host operating system or DOS. An overview of the SRAP 

system structure is given in figure I. The operation of SRAP and the flow 

between the component programs are discussed later. 
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The three resource allocation models were originally written in FORTRAN 

for the mainframe computer. They were converted to run under the DOS 

operating system on IBM-PC and compatible microcomputers. Since the 

microcomputer version of the models is essentially identical ·to the mainframe 

version, the same input data file will produce exactly the same output. The 

conversion effort, however, did modify the FORTRAN source codes of the 

threl:! models to conform to the newer ANSI FORTRAN-77 standard. In 

addition, enhancement was made to allow the models to accommodate varying 

problem sizes through an added PARAMETER statement for redimensioning 

arrays. The resulting resource allocation models not only maintain all existing 

capabilities of the mainframe version, but are significantly more portable and 

accessible to potential users. 

The interactive input processor was developed to aid the user of the 

models in creating and modifying input data files. It relieves the user of the 

"clerical" requirements of data coding, such as card types, card order, data 

fields, and data formats. These input coding schemes are totally transparent 

to the user. The input processor was programmed in Turbo Pascal and has the 

following features: 

1. User-friendly interface. 

The input processor has a user-friendly interface through the use of 

"full-screen editing." This method presents the user with a well­

labelled screen template that contains blanks (or input fields) to be 

filled with data. Free movement between data fields and immediate 

modification of data before acceptance by the program also are 

provided by the method. 

2. Capability of both creating and modifying data files. 

In addition to creating new data files interactively, the input 

processor allows a user to make changes to existing data files 

without entering all of the data again. This is an important 

timesaving feature. 
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3. Compatibility to mainframe data files. 

The input processor is able to read and write data files in the format 

of the existing mainframe programs. For large problems with many 

accident locations, if the user desires, he/she may upload or transfer 

the data file to the mainframe and run the resource allocation 

programs there. 

4. Multiwindow, multicolor display. 

The program is designed on multiwindow technology which is able to 

clearly display the hierarchy of the input proc-:..,s ..,n th1;1 screen. It 

can work on both color and monochrome monitors. 

5. Convenient summary report. 

The program can generate an input data summary report in a more 

readable format than the output echo from the resource allocation 

models. It also provides additional identification fields for the user 

to store such information as the name of the user, run ID number, 

date of run, etc. This identification information is all printed on the 

summary report. 

6. Error checking. 

All input data entered by the user are checked against the allowable 

range and type of data for each input field. Since the input 

processor does all the actual coding of the input data file for the 

analysis models, the chances of having typographical errors are 

minimized. 

7. File management capability. 

A comprehensive file management system is provided in the input 

processor. A user can retrieve and save data files from within the 
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input proc.:essor, on any drive or path of the microcomputer system. 

The program is intelligent in that it warns against such possible user 

errors as overwriting an existing data file or exiting the program 

without saving the data. Handy utilities such as displaying directory 

and changing drive or directory path specification also are provided 

in the input processor. 

The current version of SRAP has the capability of analyzing up to 150 

accident locations per given run. Each location can contain up to seven 

accident countermeasure alternatives. The only exception is the dynamic 

programming (DYNPROG) model, which is limited to no more than 85 accident 

locations per run, due to the larger memory requirement of th.e DYNPROG 

model. In case the user needs to execute the DYNPROG model with more than 

85 locations, a mainframe version may be used. This limitation should pose no 

problem for the typical user, as the three models generally choose almost the 

same set of projects. In addition, the total benefits from each of the models 

are usually within about 1/2 of 1 percent of each other. (l) 

Program Operation 

Once entering SRAP. the user simply responds to questions or enters data 

into fields on the screen. The program is run as described in the Program 

Execution section of chapter 4. The user initially is presented with a menu. 

Menu options are selected by moving the highlight bar to the desired menu 

choice and hitting the carriage return. The program will branch to the desired 

section of the program. The input processor and each of the three resource 

allocation models are the major options available in this menu. 

Inside the input processor, data entry screens are displayed which contain 

descriptions of the data to be entered and data fields. The data field will 

usually contain the current value--either that being modified or a default 

value. The program automatically moves between the data fields on the 

screen. The current data field is always highlighted. The user enters only a 

carriage return to accept the value shown, or enters a new value over the old 
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one followed by a carriage return. At any time, the user can skip or move 

around the fields on the screen by depressing the cursor keys (up, down, left, 

and right arrows). The movement between different data entry screens are 

facilitated through the "PgUp" and "PgDn" keys. At all times, the command 

keys or options available to the user are displayed at the bottom of the 

screen. A full description of the input processor can be found in chapter 4. 

Two types of output are generated by the input processor. One is the 

data summary report, while the other is a fixed format data file for running 

any of the three resource allocation models. After exiting the input processor 

and returning to the main menu, the user can choose to execute any one 

model by answering the program prompts for input and output files. The 

execution begins and produces an output file on disk, screen, or printer, as the 

user requests. The program flow is as depicted in figure l. A sample session 

through SRAP is given in chapter 4. 

Equipment Needs 

The microcomputer hardware required to operate the SRAP program is 

listed in table 1. Except for the higher memory need (640 K), all other 

requirements are easily found on typical microcomputer systems. Memory need 

was increased due to the shell design, which accommodates the presence of 

both the input processor program and the safety resource allocation models. 

As a reference, run time statistics for the SRAP package were collected 

and are presented in table 2. These statistics are the actual execution times 

(for two sample data files prepared by the input processor) for each of the 

safety resource allocation models. The two sample problems tested were of 

different sizes. The large problem contained 80 high-hazard locations and a 

total of 146 countermeasure alternatives spread among the locations. The 

small problem had 24 accident locations and 47 countermeasure alternatives. 

The test computer was a Kaypro Professional Computer, model PC-10, which is 

IBM-PC compatible but has a higher CPU speed of 8.0 MHz. 
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Table 1. Microcomputer resource requirements for software use. 

Component 

Cor,iputer 

Disk Operating 
System (DOS) 

Main Memory 

Disk Drive 

Monitor· 

Printer 

Model 

INCBEN 

INTPROG 

DYNPROG 

Reauirement 

IBM·PC/XT / AT or compatible 

Version 2.0 or higher 

640 K 

One S.25-inch floppy drive or 
hard-disk drive 

Monochrome or color 

Capable of 132-column printing 
and compatible with the computer 

Table 2. SRAP run time statistics. 

Problem Size 

80 Locations with 24 Locations with 
146 AJternativc3 47 Alternatives 

40 sec. 9 sec. 

4 min. 10 sec. 22 sec. 

17 min. 55 sec. 2 min. 28 sec. 
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As can be seen in table 2, model DYNPROG generally required more time 

than the other two. However, even for the large problem with 80 locations, 

the run time was still reasonable and acceptable. Model INCBEN required the 

least run time and caused practically no wait for the user :tt all. It is noted 

that these run times did not include printing the output. Rather, the output 

was routed to the hard disk during the tests. For users with a more advanced 

computer such, s.s the IBM-AT class machh,e or a computer equipped with the 

math coprocessor (8087 or 80287 chip), the run times can be reduced further. 

In general, once the user ha:s all the input information prepared, a typical size 

problem (approximately SO locations) can be entered through the input 

pro,cessor and executed in less than l hour, including printing the output. 

Program Distribution and Setup 

The SRAP package is distributed on a single 360-K floppy diskette. The 

diskette contains all necessary program files in executable form together with 

a sample data file. This section describes the contents of each file and how 

the user can set up a working diskette for use in running SRAP. 

The following files are present on the distribution diskette: 

I. SRAP.COM: execution file for the SRAP shell and the 
interactive input processor. 

2. INCBEN.EXE: execution file for the analysis program, incremental 
benefit-cost technique (INCBEN). 

3. INTPROG.EXE: execution file for the analysis program, integer 
programming technique (INTPROG). 

4. DYNPROG.EXE: execution file for the analysis program, dynamic 
programming technique (DYNPROG). 

5. MENU 01.TPL 
S INPUT.TPL 
G 01.TPL: three screen template files for the input processor. 
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6. MENU O l.COL 
S 01.COL 

7. 

G 01.COL: three screen attribute files for color monitors. 

MENU QI.MON 
S 01.MON 
G 01.MON: three screen 

monitors. 
attribute files for monochrome 

8. TEST.SAF: a sample input data file. 

The SRAP package is supplied on a DOS formatted diskette that does not 

contain DOS itself. Therefore, to create a working diskette that is bootable, 

the user must copy the appropriate files to a bootable diskette. The suggested 

method follows. All user input is underlined for clarity. The first setup is 

for microcomputers with two diskette drives. The second is for those with at 

least one fixed disk and one floppy drive. 

Setup I, Two Drive System 

1. Booting the system. Place the DOS operating system diskette in 
drive A and turn on the computer. A DOS diskette should be 
available with a user's microcomputer. After the computer boots, it 
may ask for time and date (depending on configuration) and will 
eventually display the system prompt: 

A> 

2. Formatting a blank diskette. Place a blank, unformatted diskette in 
drive B and type the following: 

A>fORMAT B:/S 

This command will format the diskette drive B and transfer the 
system files, creating a bootable diskette. 

3. Copying SRAP files. Replace the DOS diskette in drive A with the 
SRAP distribution diskette. Leave the just formatted diskette in 
drive B. Then type the following: 

A>COPY •.• B: 

which will copy all files from the distribution diskette to the 
bootable working diskette. 

4. Backing up the working diskette. This step is optional. The user 
may wish to back up the working copy of the diskette in case 
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anything happens to the working copy. The backup may be created 
by following steps 1 through 3 again, or by using the DISKCOPY 
command, as described in the DOS users manual. In any case, the 
backup and the original copy should be stored in a safe place. 

Setup 2, Fixed Disk System 

This setup assumes ,;iat the SRAP package wilt be stored on the fixed 

disk. If the user plans on running the program from the floppy drive, then 

the instructions for the first setup should be followed, as may suit the exact 

system configuration. 

1. Booting -the system. Turn on the comi:,uter. The fixed disk must be 
partitioned to operate under DOS. After the computer boots, it may 
ask for time and date (depending on configuration) and will 
eventually display the system prompt: 

2. Creating sub•directory. This step is optional. However, most fixed 
disk users will probably want to create (or make) a sub-directory for 
SRAP. To do this, from the root directory, or lower level sub­
directory of the user's choice (sec DOS manual for more information 
about sub-directory structures), type 

C>MD SRAP 

C;,,Cp SRAP 

(or whatever name the user wishes to 
use in lieu of "SRAP", assuming from 
the root directory), then 

(to "C"hange to that "D"irectory). 

3. Copying SRAP files. After inserting the distribution diskette in drive 
A, type the following command to copy all the files from the SRAP 
distribution diskette to the current directory on the fixed disk: 

4. Backing up the SRAP diskette. The user should back up the 
distribution diskette in case anything happens to the original copy. 
The backup may be created by using the DISKCOPY routine in the 
DOS user's manual. The backup should be stored in a safe place. 

After completing either of the above setup procedures, the user is ready 

to run SRAP. The program execution is presented in chapter 4. 
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CHAPTER 4 

A SRAP TUTORIAL 

This chapter details the operation of the SRAP microcomputer program 

package. A sample session is presented which leads the user through both the 

data editing and \110c!_eLanalysir-, stages of a sam9le test l'.)roblem. Output from 

the optimization models is then discussed. 

Prouam Execution 

To run SRAP, put the working diskette (prepared as described earlier) in 

the default drive and type "SRAP" followed by a carriage return (the <Enter> 

key). For users with a fixed disk, no diskette insertion is necessary, but be 

sure the default (i.e., current) drive or sub-directory is the one that contains 

the SRAP package. All files except the sample data set from the distribution 

diskette must be present on the default drive to execute the program. After 

entering the "SRAP" command, the user is presented with a screen as shown in 

figure 2. 

The screen contains a program logo showing the version number of the 

program and the SRAP main menu. The boxed logo area is colored blue if the 

user is using a color monitor. From this point on, the user is completely 

under the SRAP shell and does not interact with DOS at all. To exit SRAP, 

simply choose the "Exit" option of the menu by moving the highlight bar to 

rest on the option and following with a carriage return. 

Two comments arc in order here regarding the two sets of screen 

attribute files (file sets 6 and 7) described earlier in chapter 3. SRAP was 

designed to automatically recognize a user's display type through the 

appropriate screen buffer address in memory. If a user's system contains the 

color graphics display, file set 6 (with the ".COL" ex: ,ion) will be used by 

SRAP to display colored screens. On the other ha:· file set 7 (with the 

".MON" ex.tension) will be chosen by SRAP for sys 1s with monochrome 

17 



PIDIRAL HIGHWAY ADMINISTRATION 
SAPITY RISOORCI ALLOCATION PROGRAMS 

INPOT PROCISSOR 

Version l. 00 

Il.,veloped by SR.. .-ecllnoloc1e11, Inc 

October 1987 

Input/aoditY Data 

Run Increaental Benefit/Co11t Analy~!.e 

Run Intecer Pro•raaain, Allalyai■ 

Run DTI1uic Procral!lliil1C Analv■ i• 

bit 

-----""'·u• Hlection dtb t ~ and tben preH <INTIR>------' 

Flaure 2. Terminal screen: SRAP main menu. 

display. Therefore, if the user can be certain that SRAP will be run on only 

one (color or monochrome) particular type of system, only the corresponding 

set of screen attribute files (either set 6 or 7) needs to be present on the 

SRAP working diskette. The other set can be deleted. 

Secondly, for a certain class of composite monitors without color 

capability, SRAP may choose the color screen attribute files (set 6) and display 

screens in different shades. Although the program still functions, the screens' 

readability may be degraded. In this case, the user may want to remove the 

screen shading by swapping the contents of the two sets of screen attribute 

files. This may be done by using the following DOS commands: 

DEL *,COL 

REN • MON *,COL 

(to "DEL "etc· the three original color 
screen attribute files), and 

(to "REN"ame 
attribute files 
attribute files). 
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In any case, the original sets of color and monochrome screen attribute files 

should be kept safely on the distribution or the backup diskette. 

Sample Session 

This -section presents r, tl,iu1fal session to hmiliarize users with the 

operation of SRAP. The tutorial also allows a user to identify and study the 

necessary input data requirements before running the program. The session 

simulates the modification of the sample data set, TEST.SAF, supplied alon,1 

with the package. All data entry screens are shown in sequence as tr 
modifications. are, bei.ng made, and a new data file, TESTI.SAF, is create 

These terminal screens are reproduced exactly as they appear at some poin, 

during execution. Color and boldface, however, is not shown. 

Once entering the "SRAP" command, the first screen a user secs is the 

main menu as shown in figure 2. Initially, the highlight bar rests on the first 

option of the menu, "Input/modify Data." This is the option that contains the 

input processor for data creation and editing. In the menu, there are three 

other options for activating each of the three safety resource allocation models 

for analysis runs, and one last option for exiting the SRAP pro1ram. 

As indicated in the last line of the screen display, the user makes a menu 

selection by usina the up or down arrow key to hi1hli1ht his choice of menu 

option, followed by an <Enter> key. Almost every screen in the program has 

this "help line" at the bottom of the screen. Typically, the various command 

keys available to the user for that particular screen are displayed in the help 

line. 

Continuing the sample session, the user chooses the "Input/modify Data" 

option by simply hitting the <Enter> key. .Figure 3 shows the "System 

Parameters" screen displayed immediately after entering the input processor. 
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~YSTIK PARAKITIRS 

rILI NAKI NIii ftLI 
DATA DRIVI SPICifICATIOM A:\ 

ID INfORl!ATION 
USIR NAKI 
DIS'l'iUCT IIAIIB 
STATI NAIii 
DATI (CDRRINT) 2/8/88 

NOKBIR or LOCATIONS 150 
OVIRALL BODGl'f 
LOWIR BOOND ON THI TOTAL BBNlftT 
PRINT LP RILAXATION RISOLT (Y/N) N 
TRACI OPTIIIJ.L SOLUTION SURCH (Y/N) N 

-oN(Directol"I') lnd(IHet) IH(Pr1nt) PaDn t ' Del le 

Fiaure 3. Terminal screen: System parameters. 

There are only two levels of screens inside the input processor. The 

"System Parameters" screen is in the first level. This screen contains general 

data that are applicable to the entire problem and are not accident location 

specific. The data are divided into three parts. 

The first part contains two data fields: the file name and the data drive 

specification. The second part is for users to record identification information 

unique to the data set or run. Data required for each of the fields are self• 

explanatory. The third part contains important input data regarding the total 

number of accident locations to be studied and the overall budget in dollars. 

The last three fields in this part are specific to the integer programming 

model (INTPROG). Their use has been described in the "Data Requirements" 

section of chapter 2. 

As can be seen in figure 3, most of the data fields are blank at this 

point, but several fields do have default (i.e., preset) values. The data drive 

specification field contains the "A" drive label as the SRAP working diskette 
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was executed from drive A. Had the user booted the program from a sub­

directory OD drive C, the field might display "C:\SRAP\." The date field 

contains "2/8/88," which was the current date OD the microcomputer system. 

SRAP automatically accesses the computer's internal cloc:k to obtain this 

information. A user running the sample session sees his/her current date 

displayed if the system clock is set properly. Three data fields in the third 

part of the screen coutain default v,lu,-:J, The numb..:r of accident locations is 

set at 1 SO, which is the maximum number that can be accommodated by the 

current version of SRAP. The two print options for model INTPROG are set 

as "N." 

Normally, if. a user it crrating a new data file, he/she starts entering 

information by completing the data fields. The fact that a new data set is 

being created is indicated by the "NEW FILr notice given at the end of the 

file name field. In this sample session, however, an existing data set, 

TEST.SAF, from the distribution diskette will be retrieved and modified. 

The SRAP program has its own convention in naming data files. All data 

sets created or accessed by SRAP will have a file name of up to eight 

characters plus the ".SAF" extension. The ".SAF" extension is strictly 

mandatory in order for the program to distinguish a SRAP data file from other 

files residing on the same drive. Inside the SRAP shell, however, there is no 

need for the user to attach the ".SAF" extension in any file name 

specification. This is done automatically by the program. 

Continuing the sample session, the user sees on the screen that a 

highlight bar rests on the file name field upon entering the screen (although 

the bar can not be shown in figure 3). To retrieve an existing data file from 

the current drive (drive A, in this case), the user enters its file name in the 

field. He/she types "test• as shown in figure 4 and hits the <Enter> key. 

Note that no file name extension is necessary and, in fact, any extension 

entered will not be accepted in the file name field. 

21 



~YSTll'I PARAMIT!RS 

P!LI IIAMI teet IIIW PILI 
DATA DR!VI SPICIPICATIOM A:\ 

ID !NFORMATIOM 
c:is1~ tU .. KI 
DISTRICT NAIii 
STATI 11#.111 
DATI (CORR!lNT) 2/8/88 

NO!!BIR or LOC~TIONS 150 
OVIRALL SUOOBT 
LOWIR 800111) OM THI TOTAL BINIFIT 
PRINT LP Rlt.AliTIOM RISOLT (Y/11) ll 
TRACi OPTIMAL SOLUTION SIARCH (Y/11) II 

' 
··o■e(Directory) lnd(Re■et) Iu(Prillt) P1Drl t ~ Del l■c 

Flaure ,. Termlaal scree■: Eaterla1 laput file aame. 

Upon accepting the "test" file name, a pop-up window appears, which 

overlays part of the original screen as shown in figure 5. This indicates SRAP 

has checked the current drive A for the existence of the file named 

"TEST.SAF" and that it is now confirming with the user the retrieval of the 

data set. The user chooses the correct action by using the left or right arrow 

key, or he/she simply types •y• or "N• from the keyboard to answer the 

question. In th.is case, the user answers •Yes" to continue. 

After reading the input file, the "System Parameters" screen is restored 

as in figure 6. Note that all data fields now contain data from the sample file 

"TEST.SAf•. Also note that the "NEW FILE" tag has disappeared from the end 

of the file name field, because SRAP now holds the old or existing file 

"TEST.SAP in memory. If, for example, the user had specified an incorrect 

file name "testl • to retrieve, the program would simply accept the name "test 1 • 

and continue to display the "NEW FILE" notice. No file retrieval would occur 

at all. The checking performed by SRAP not only ascertains the existence of 
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-vsro PARANITl!IIS-____________ _ 

FILI: A:\te■t 

..... Read the above disk tile into ■eaory? -
YllS / 110 

· k---ol!ake selection witb • + and then pre.ie <llnter> ____ ..., 
STATI! HAMIi 
DATI (CCTRRINTl 2/8/88 

!lotlBU OP LOCATIONS 150 
OVIIIALL BODGIT 
LOWIR B0011D OM THI TOTAL BIMIJIT 
PRINT LP RII.AXATION RISOLT (Y/N) N 
TRACI OPTIMAL SOLOTIOM SIARCB (Y/11) N 

---o11-·o■eiD1rectory) lnd(RHet) Ine(Print) P•Dn t • Del l•c---.11 

F1111re 5. Terminal 1c:ree■: File readlna c:hec:k. 

-urn PARA!IITII-

PILI NAIii teat 
DATA DRIVI SPICIJICATION A:\ 

ID IIU!'ORMATIOII SRAP teat l'Wl 
OSIR NAIii Charle• Liu 
DISTRICT Nill Sli Technolo•ie■ 
ST&TI IIAIII V1r•1n1a 
DA Tl ( CURIIIIT) 10/1/81 

IIUIIIII or LOCATIONS 24 
OVIULL IIUDGIT 3000000.00 
L011U 800tm OIi TBI TOTAL BIJlllfIT 18000000.00 
Rilff t.P HLAIATIOJII RISOLT CY/JIil JII 
TliCI OPTIJW, SOLUTION SIAJCB (Y/11) N 

--o-(DlrectOr7') lnd(leeet) Ine(PrUt) P•.Da t • Del 

Flaure 6. Terminal screen: Sample input data. 
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a data set, it also prevents the user from accidentally assigning duplicate file 

names. 

The user is now ready to modify the sample data file. To do this, he/she 

moves the highlight bar to the desired data field and enters the new 

information. The movement between data fields is accomplished through the 

up aud down' -arrow keys. · These two keys appear in the "help line" at the 

bottom of the screen. There arc six additional command keys in the help line. 

They will be discussed as the tutorial progresses. 

In this sample session, the user will only modify the data fields in the 

se.:.on~ part of the screen. First, he/she uses the arrow key to ,highlight the 

first field (ID Information) in this part. Then, he/she types in a new ID of 

the user's choice (say, "Run l"). Note that as soon as the first character is 

entered, the old entry "SRAP test run" disappears entirely. Another way to 

delete the old entry in a data field is to use the command key <Del>. This 

key will clear the existing data and leave a blank data field. After entering 

the new data, the user should always depress the <Enter> key to signal the 

completion of a data item. Unless the entry contains an error, it will be 

accepted by the program and the hi1hli9ht bar will automatically move down to 

the next data field. The user proceeds to modify the other data fields in this 

part. 

The data field "Date• contains a special feature. If the user types a "C" 

to this field, the program will access the system clock and display the system 

date automatically. Of course, the user can enter the date manually, as 

before. After the modifications of all data fields in the second part, the 

screen may appear as in figure 7. 

Only the second part of the screen was modified in this sample session 

because the information contained there does not affect the actual analysis of 

the resource allocation models. This facilitates the later discussion on model 

outputs. The data editing process described here, however, applies to all data 

fields and should serve as an excellent illustration to the users. 
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-vsn11 PA1W11T1a-

JILi NAIii teet 
DATA DRIVI SPICilICATIOK A:\ 

ID INPORIIATION Run 1 
OSIR NAIii Jolin Q. Public ~ 
DISTRit>"I' NIU'l'1: Northern 
STATI NAIii AnJ' 
DATI (CORRINT) 2/8/811 

NUl!l!IR or LOCATIONS 24 
OVIRALL BUDGIT 3000000.00 
LOWIR BOUND ON TRI TOTAL BINllIT 18000000. 00 
PRINT LP RILAXATION RISOLT (Y/N) N 
TRACI OPTIIIAL SOLUTION SIARCB (T/lll N 

-oN(Director-,.) lnd(lle■■tl In■ (Print) PaDn t l Del •• 

Flaure 7. Terminal screen: Modified Input data. 

Before continuing the sample session, it is noted that each of the data 

fields in the input processor was programmed to accept only one type (numeric 

or alphameric) of data. For example, the "Number of Locations" field can only 

accept numerical values. If a user tries to enter any alphabet, it will be 

rejected. 

Since the user has completed the modification of the "System Parameters" 

screen, the next step is to modify the data pertainin1 to each countermeasure 

alternative at all accident locations. Hitting the <PgDn> key at this point 

activates the second level of screen as shown in figure 8. The second level 

screen contains the project number, initial construction cost (in dollars), and 

present worth of total annual net benefits (in dollars) of all countermeasure 

alternatives at all accident locations. The screen appears as a "window" 

overlaying the first level "System Parameters" screen. 
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~TSTIN PARA!IITIR-

LOC. ITll!S Alternative l Alternative 2 Alternative 3 

l Project ll"aber 971.A 971B 971C 
Init. Const. Coat 785000.00 815000.00 1825000.00 
Total Ket Benefit 1132200. 00 1132900. 00 36onoo.oo 

2 Project ll"aber l.71A 1718 
Init. Cenat. Coe::. 221000.00 259000.0~ 
Total Ket s~nefit 908300.00 909100.00 

3 Project ll"aber 781A 781B 
Init. Const. Coat 365000.00 4-10000.00 
Total Ket Benefit 927100.00 1020800.00 

4 Project ll"■b<tr 241A 2'18 
!nit. Const. Coat 884500.00 1203300.00 
Total Ket Benefit 2039000.00 2334400. 00 

5 Project ll"aber 821.A 8218 
Init. Cenat. Co■t 748000.00 1653200.00 
Total !let Benefit 9140800.00 3837000.00 

6 PtiJect ll"nber 231A 2318 
Int. Const. Co■t 778000.00 781000.00 
Total Ket Benefit 5780500.00 2975800.00 

PtllP .. ♦ ' • Del lac 

Flaure 8. Terminal screen: Countermeasure alternathea data, display 1. 

Data fields in the window arc organized in the form of a matrix. 

Starting from the top, each accident location occupies three rows for the three 

data items: project number, cost, and benefit, respectively. The 

countermeasure alternatives at each location are represented in columns across 

the matrix. Initially, the top left field "971A" (the project number for 

Alternative l at Location l) is highlighted. The user may use all four arrow 

keys (left, right, up, and down) to move the highlight bar to any matrix "cell" 

he/she wants to modify. The window has been designed to "scroll" in all four 

directions as directed by the arrow keys. For example, by hitting the right 

arrow key three times, the window will appear as in figure 9, showing 

alternatives 2 through 4. 

In essence, this data screen is organized as a conventional "spreadsheet• 

with a total of seven columns for up to seven alternatives at each location. 

The number of rows in the spreadsheet depends on the number of accident 

locations specified in the first level screen. This large spreadsheet, however, 

is viewed, at any moment, through a window containing six locations and three 
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-ysTl!l! PABAftlTII-

LOC. ITl!l!5 Alternative 2 Alternative 3 Alternative 4 

l Project !lu■ber 971B 971C 971D 
!nit. Const. Coat 815000.00 1825000.00 154000.00 
Total !let Banaf1t 1132900. 00 3607500.00 750000.00 

2 Project !lu■ber 171B 
!nit. Conat. C"Lt 25~000.aO· 
Total !let Benefit 909100.00 

3 Project Mu■ber 781B 
Init. Conat. Coat 440000.00 
Total !lat Benefit 1020800.00 

4 Project !luaber ZUB 
Init. Conat. Co■t 1203300.00 
Total !let Benefit 233000.00 

5 Project Huaber 821B 
Init. Conat. Coat 1853200.00 
Total Het Benefit 3837000.00 

8 Project Huaber 231B 
!nit. Conat. Coat 781000.00 
Total Het Benefit 2975800.00 

PaOp ♦ • t ~ Del lac 

Fl1ure !>. Terminal 1cree■: Cou■termea1■re alter■athe1 data, dlaplay 2. 

alternatives each. The scrolling capability enables the user to zoom in on any 

portion of the spreadsheet. Another example of the window is given in figure 

10, which displays the data for locations 19 through 24. Since the sample data 

set contains 24 locations, no more downward scrolling will be allowed at this 

point. 

The specification of project number is arbitrary and any unique 

alphameric designation will suffice. However, the numbering scheme used in 

the sample data, as suggested in reference 2, is strongly recommended. In this 

scheme, one assigns a different three-digit integer to each location, e.g., IOI, 

102, 103, ..... Then one assigns a unique letter to each alternative at each 

location, e.g., A, B, C, ..... The concatenation of a location number and 

alternative letter becomes a project number, e.g., 101A, 101B, IOlC, .... , 102A, 

102B, 102C, ..... 
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-YSTlll! PARAl!!TIR-

~oc. ITRMS Altern.athe l Altemative 2 Alternative 3 

19 Project Huaber HlA 741B 
In.it. Const. Cost 50000.00 552200.00 
Total Net Ben.etit 519500.00 2275100.00 

20 Project Nullbel' 5C1t ! 
In.it. Con.et. Coat l05SUOO.OO 
Total Net Benefit 91300.00 

21 Project Nuaber 582A 5828 
In.it. Const. Coat 84000.00 171000.00 
Total Net Benefit 22200.00 84400. 00 

22 Project Nu■ber 131A 
In.it. Con.at. Coat 130000. 00 
Total Net Benefit 787000.00 

23 Project Huaber lUA UlB 
In.it. Con.at. Coat 2094300.00 3800000.00 
Total Net Benefit 2408500.00 2772000.00 

24 Project Huaks· 142A 

I In.it. Conat. Coat 249800.00 
Total Net e..nefit 699400.00 

P10p .. ♦ t ~ Del lac 

Flaure 10. Terminal 1crH■: Couatermea1■re alter■athH data, dl1pla7 J. 

No data modification will be performed for this level of screen in the 

sample session. In actual use, the user may use the same editing or 

modification procedure as described earlier. Since there arc only two levels of 

screen in the input processor, the user has completed the data modification 

task for the sample data set. To return to the first level, he/she simply hits 

the <PgUp> key. The "System Parameters" screen similar to that of figure 7 is 

restored. 

The use of other command keys in the help line at the bottom of the 

"System Parameters" screen will now be explained. The <Esc> key is used to 

exit the input processor in order to return to the main menu. In certain 

situations, however, the program might prompt the user for verification of file 

name and warn against leaving the input processor without saving an edited 

data set. As a demonstration, the user should depress the <Esc> key at this 

point. A pop-up window will appear as shown in figure l l. 
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-YSTl!I PARAl!ITSR-

FILI: A:\te•t 

- Overwrite the above exi■tin• diek file? -
YIS / KO 

·. "- -•~'11tlltli selection with ·, ~~ .. •and then pro,1111 <Inter>--
STATII NAIii Anr 
DATB (CURRBKTl 2/8/88 

NUIIBBR or LOCATIONS 24 
OVBRALL Bl7DGBT 3000000,00 
LONIR BOUND OK THI TOTAL BBNBJIT 18000000.00 
PRINT LP RBLAL\TIOK RBSULT (Y/N) " TRACI OPTIMAL SOLUTION SBARCB (Y/N) N 

.. oN(Diractol'J') lnd(R•••tl Ina(Pr1nt) P11>a t ' Dal •• 

Flaure 11. Terminal screen: Exit check number 1. 

The window contains a question askina the user if the existing file named 

"TEST" on the default drive could be overwritten. In other words, does the 

user intend to replace the contents of the old file with the new data currently 

displayed on screen (and in memory)? In this sample session, the user answers 

"No" to preserve the contents of the sample data set. The program 

immediately responds with another question in the window as shown in figure 

12. Since the user has not saved the modified data set, he/she answers "No" 

to the second question also. 

The correct way to save the modified data file here is to give the file a 

distinct new name. To accomplish this, the user moves the highlight bar to 

the file name field and enters a new name followed by the <Enter> key. The 

name "testl" will be used in the sample session to designate the modified data 

set. After entering the "test!" name, the user sees a "System Parameters" 

screen as shown in figure 13. 
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-------------.s~YSTIM PARAMITIR~-------------., 

FILI: A: \tHt 

lxit input proee■eor without eavinc data? 

Y!S / NO 

....,_,,, __ oil-aka ■oleetion vith • • and.the~ pres~ <lnter,----../J 
STATB !IAMB An7 
DATI (CORRINT) 2/8/88 

NOMBIR OP LOCATIONS 24 
OVERALL BUDGIT 3000000.00 
LONIR BOUND ON THI TOTAL BINIJIT 18000000.00 
PRINT LP RILAX.ATION RISOLT (Y/N) N 
TRACI OPTIMAL SOLUTION SIARCH (Y/N) N 

---o11'"0N(D1rector,,) lnd(RHet) In■ (Priat) Pcl)n ' • Del be----

Flaure 12. Terminal screen: Exit check number 2. 

-YSTII! P&.RA.IIITD-

FILI NAB teatl NIW JILi 
DAT& DRIVI SPICifIC&TIOM &:\ 

ID INfORIUTIOM Rua 1 
0S111 NAMI Jolul Q. Public 
DISTRICT NAMI Northern 
STATI NAIii &nJ' 
D&TI (CORRltlT) 2/8/H 

lllJIIIJ1I or LOCATIONS 24 
OVIJALL BIIDGIT 3000000.00 
LOMU 9001'D ON TRI TOTAL BINlfIT 18000000.00 
PIIIIT LP RIL&DTION RISOLT (Y/M) M 
TRACI OPTIMAL SOLUTION Sl&RCH (Y/Ml K 

'"oN(Direotor,,) lnd(RHet) In■ (Printl Pcl)n , • Del lac 

e name. 
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At this point, the user should notice that first, a "NEW FILE" tag is 

attached to the end of the file name field; and secondly, that the name "test!" 

was accepted by the program without any warning message. Had there been a 

file named "TESTl.SAF" residing on the default drive, a message such as the 

one shown in figure S would have been given by the program. At this 

moment, although the file "test 1 • has not been physically saved on the drive, 

eJl necessary cher!J;s hav,: bet.n performed f)J.d, u soo11 as the <Esc> key is 

pressed, the file will be saved automatically. The file name field is, in 

essence, the key to all file retrieving and saving operations. 

The <Esc> key should not be pressed at this time as the sample session 

continues with t}ie discussion of other command keys in the help line. The 

<Ins> key is for instructing the program to print a data summary report. The 

user simply hits the <Ins> key after making certain the printer is turned on. 

A "printing" message pops up in a window as shown in figure 14. The message 

disappears as the printing is completed. The data summary report presents all 

input data including identification information in a clear, concise manner. It 

serves as a hard-copy summary of the problem being analyzed. The data 

summary report for this "test I• data file is given in appendix A. 

The <Home> key is for the user to catalog the default drive or sub­

directory. Pressing this key displays a pop-up window containing a directory 

of all data files currently residing on the drive. Note that only data files 

with the ".SAF" extension will be listed in the directory. All other user files 

not related to the SRAP program will not be included. Figure I 5 shows the 

directory listing activated by the <Home> key. As the "TEST.SAP file is the 

only data file currently on the default drive, it is the one that appears in the 

listing. 

The last command key in the help line is the <End> key. This key resets 

all data fields to their default values (mostly blank fields). It is used when a 

user wants to discard all current entries in the data fields to start a problem 

afresh. The user may press the <End> key now and be presented with the 

pop-up window of figure 16. A "No" answer should be given to continue the 

sample session. Had the user answered "Yes" to the reset prompt, a blank 
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-------------s-YSTl!f PARAHITIRS, ____________ _ 

l!'ILI NAIii teetl NKW l!'ILI 
DATA DRIVI SPICIJICATION A:\ 

-II~ ____ ____,,jjll-~ PRil-:TING............ .. 

STAT! NAHi Any 
DATI (CURRINT) 2/8/88 

NOHBIR or LOCATIONS 24 
OVIRALL BUDGIT 3000000.00 
LONIR BOUND ON THI TOTAL BINIJIT 18000000.00 
PRINT LP RILAXATION RISOLT (Y/N) N 
TRACI OPTIMAL SOLUTION SIARCR (Y/N) H 

---•-oN(Directorr) lnd(leHtl I11■ 1Pr111tl Pcllll t • Del la,c---...i 

Fl1ure 14. Terminal screen: Prlntln1 data summary report. 

-TSTIII PAIWl'ITD-

FILI NAIii teat1 NIii JILi 
DATA DRIVI SPICIJICATION A:\ 

ID INJORHATION Run 1 
OSIR NAIii John Q. Public 
DISTRICT NAIii Northern 
STATI NAIii ADJ' 
DATI (CUIBINT) 2/1/81 

NtllfllD or LOCATIONS 24 
-1rectorr Liati~ of A:\ 

TIST 

-trike &nJ' ll•J' to continu 
·-oH(Director,-) llnd(ReHt) Ine(Print) Pcllll t • Del la 
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------------s-YSTIM PARAIIITBRS------------

.... 

rILB NAIii te■tl KIii J'CLI 

Reeet all data tield• to detault value■ ? 

YSS / 110 

._ ___ ,n ua·lte selection -cith • + and then prea■ <lnter>n.a ___ _, 
STATE KAMI Au 
DATI (CORRIIIT) 2/8/88 

Nlll!lllR or LOCATIONS 24 
OVIRALL BODGIT 3000000.00 
LOWIR BOO!ID OK THI TOTAL BINlrtT 18000000.00 
PRINT LP RILAXATIOK RISlJLT CY/NI N 
TRACI OPTIMAL SOLUTION SIARCll (Y/N) K 

-

---•••,o-(Dir■ctory) l.nd(l■Htl Ina(Printl Psl)D t l Dal Jae,, __ ..,. 

Flaure 16. Terminal screen: Data fields reset (clearlna memory). 

"System Parameters" screen like the one in figure 3 would have been displayed 

and all current data would have been lost. 

The sample session has now completed all discussions with the input 

processor. The user presses the <Esc> key to exit the input processor and 

return to the main menu. During the exiting process, a pop-up window 

appears informina the user of the savina of the modified data set named 

"testl." This is illustrated in figure 17. 

From the main menu, the next logical step is to select one of the 

resource allocation models to perform the analysis. In this sample session, the 

user should choose the incremental benefit-cost analysis model (INCBEN) by 

highlighting the option followed by the <Enter> ·key. A screen as shown in 

figure 18 appears. 

33 



-----------......s-·YSTIK PARAKITIRS 

... 
FILI: A:\te•tl 

Input data tile beina' written 

----o11~alre selection with • + and then pr••• <Knter>----­
STATI NAKI An:, 
DATB (CORRINT) 2/8/88 

KOl1BIR or LOCATIONS 24 
OVURALL BODGIT 3000000.00 
LOWIR BOO!ID OK THI TOTAL BIKIJIT 18000000.00 
PRINT LP RILAXATIOK RISOLT (Y/N) K 
TRACI O"IKAL SOLOTIOK SBARCH (Y/K) N 

----11-•oN(DirectorY) lnd(ReHt) Ina(Printl P1Dn f ~ Del I•----
Fiaure 17. Terminal screen: Exltlna input processor . 

••••••••••••••••••••••••••••••••••••••••• • • • r H W A * • • 
• SAJIT'I' RISOORCI ALLOCATION PROGRA!!S • 
• * 
• IHCBDINTAL BIKIJIT-COST TICBKIQOI • 
• • ••••••••••••••••••••••••••••••••••••••••• 

Inter Inpqt ru- -

Ana ysls model Input file promptlna. 
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The screen contains a program logo for the INCBEN model and an input 

file name prompt. It is asking the user to enter the name of the data file to 

be analyzed. The user types in the name "testl" followed by a carriage return. 

A second prompt appears as shown in figure 19. 

The user may specify either of three different dispositions for the model 

output. The output can be printed freiw the printer, displayed on screen, or 

routed (and saved) to a drive as a disk file. After the user enters the desired 

output option, the model analysis commences and the "Program is running" 

message is displayed. Figure 20 shows the screen display when a p~inter 

output option is chosen. At the end of model run, a "Stop • Pre ~am 

terminated" message is given and the user is prompted to hit any key to 

return to the main menu. 

The output generated by model INCBEN is 132-column wide. If the user's 

printer is of the narrow-carriage type, he/she should preset the printer to 

print in the "compressed" mode. The other two models, INTPROG and 

DYNPROG, produce outputs that can be accommodated in the regular SO-column 

print mode. 

If the user chooses the disk file output option, he is prompted by the 

program to enter an output file name. This is illustrated in figure 21. Note 

that the output file will be saved on the default drive or sub-directory unless 

the file name contains a different drive specification. 

All input and output file names entered by the user are rigorously 

checked by the program to prevent any error. For example, figure 22 shows a 

case in which the program warns the user about the error of specifying a 

nonexistent data file named "test2." It gives the user the option of re­

entering a new name or quitting the analysis altogether. Other checks for 

errors such as duplicate file names also are performed by SRAP. 

Before concluding the sample session, a final point should be noted 

regarding the user's printer configuration with his/her microcomputer system. 

SRAP is designed to function as if the user's printer is connected to the 
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**•······································ * * * 'i! ll W A 

* * * SArlTY RISOORCI ALLOCATION PROGRAMS * 
* * * INCRBMINTAL BBNl'i!IT-COST TICHNIQOI * 
* * **"':,*JJ****' .:~••~:.'.•:..::a•*:..:.-,.:a~:.:..c•••~s:nr•••~•••~:(l 

Inter Input 'i!ilena■e - teatl 

Printer, Screen, or Diak file output (P, S, or D)? -

Flaure 19. Terminal screen: Analy1l1 model output file promptlna, 

····································•*••· * * * r H W A * 
* * * SArlTT RISOORCI ALLOCATION PROORA!IS * 
* * * I1'Cllllf111TAL BINlrIT-COST TICHNIQOI * 
* * ••••••••••••••••••••••••••••••••••••••••• 

Inter InpUt ril•n- - teatl 

Printer, Scrttn, or Diak file output (P, S, or D)? - P 

Stop - Prosru taninatad. 

Hit an~ kq to continue: 

Pro1ru i■ runn~ .... 

Flaure 20. Terminal screen: Exitina analysis proaram. 
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·••**************••······················ * • 
• r H W A * 
* • 
• SArffl RISOORCI ALLOCATION PROGRA!IS * 
* * * IHCRIMIKTAL BIHIJIT-COST TICHHIQOI * 
* * ••••••••••••••••••••••••••••••••••••••••• 

Inter Input Filenaae - teetl 

Printer, Screen, or Diak file output CP, S, or D)? - d 

Inter Output r11en••• - teat1.out 

Stop - Procr1111 t,:,ra_inotcd. 

Hit any keF to continue: 

Procru 1• runainc .... 

Flaure 21. Terminal screen: Disk file output speclfic:atlon . 

• * 
* r H W A * • • • SAflff USOOICI ALt.OCATIOII PIOGIWl8 * • * • IIICIDllffAL BINIJIT-COBT TICBllIQOI • • * 

Inter Input filen- - teat2 

*** lrror *** file doe• not u:iat -- Re-eater or Quit Cl or Ql? - r 

Inter InJPUt rilea- - teatl 

Printer, ScrHa, or Diak file output (P, S, or Dl? - p 

Stop - Procru tera:!.aated. 

Hit any key to continue: 

Procru 1• runaiDC •... 

ys s model Input Ille c:hec:k. 
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system through the parallel printer port number l or LPTI (which is the most 

typical configuration). If, however, the user's system is configured otherwise, 

he/she will have to reassign the output device or port using the DOS •MODE" 

command. For example, for a system with a printer connected through the 

serial communication port number 1 (COMI), the following DOS command will 

redirect all SRAP printer output. 

MODE LPTl;•COMl 

The DOS users manual should be consulted for more information. In any case, 

if the user has obtained the data summary report or model output during the 

s?.mple session, no configuration change will be needed. The output from the 

INCBEN model for the sample test problem is given in appendix B. Runs using 

the other two analysis models can be done similarly and are not presented in 

the sample session. 

Output Interpretation 

Output from each of the three safety resource allocation models is briefly 

discussed below. The discussion refers specifically to the output generated for 

the sample test problem (which is on the distribution diskette and has been 

described in the tutorial). Due to space limitation, only the output from model 

INCBEN is reproduced in appendix B. The user should execute the other two 

models (INTPROG and DYNPROG) and obtain their outputs before reading this 

section. All three outputs discussed are for the safety evaluation problem 

summarized in appendix A. A total of 24 high-hazard locations were included 

in the problem. 

Incremental Benefit-Cost Analysis lINCBENl 

The output from INCBEN consists of six parts, as shown in appendix B. 

They are as follows: 
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J. Listing of input data, showing the total number of locations (24 in 

this example), the available budget ($3,000,000), and each 

countermeasure alternative along with its respective initial cost and 

present value of annual net benefits over its service life ($765,000 

and $1,132,200, respectively, for Alternative A at the first location). 

This portion of the output simply prints out the input data. 

2. Listing of projects deleted from the array of alternatives due to 

equal initial costs, but not greater net benefits when comparing one 

alternative at a given location with the immediately preceding 

alternative at that location. In this example, there are no such 

projects. However, had there been, say, an alternative at Location 1 

with a cost of $765,000 (equal to that of Alternative 97 lA) and 

benefits of $1,132,200 or less, then that alternative would have been 

deleted, leaving 971A in the array. 

3. Results of the incremental benefit-cost procedure, where project 

costs, benefits, incremental costs, incremental benefits, and 

incremental and average benefit-cost ratios are calculated. If no 

average benefit-cost ratio is calculated for a particular project, then 

"O" is shown for the average benefit-cost ratio for that project. 

4. Listing of projects deleted by the procedure due to incremental 

benefit-cost ratios not greater than one. 

S. Listing of remaining alternatives ranked by incremental benefit-cost 

ratios, with the cumulative cost of projects. For some alternatives, 

the symbol •••• appears in the cumulative cost column. This symbol 

indicates that the incremental cost for such an alternative is not 

included in cumulative cost because the incremental cost of a higher­

cost alternative (with a greater incremental benefit-cost ratio) at the 

same location has already been included in cumulative cost. This 

avoids "double counting" of costs. 
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For example, the highest-ranked alternative at Location 16 is project 

777B, which is brought into the array of acceptable projects at a 

cumulative ~ost of $2,243,900. Further down the list of projects, 

project 777 A is encountered. Since the incremental" cost of a higher• 

cost and higher-ranked alternative (777B) at the same location has 

already been inclu_ded ,in ~~e cumulative cost, thi, inc"emental cost of 

777 A is not ad~~d to cumulative cost. (Tne incremental benefit-cost 

calculation procedure has included the incremental cost of the lower­

cost end lower-ranked alternative at the same location, 777 A, in the 

incremental cost of 777B.) The; .;fore, the •~•• symbol appears in the 

cumulative cost column for 777A, 

On the other hand, take the example of project 741A, which is the 

highest-ranked alternative at Location 19 and is brought into the list 

at a cumulative cost of $1,139,900. Further down the list, project 

741B is found. Since Alternative 741A has already been ranked, and 

741B is a higher-cost alternative than 741A at the same location, the 

cumulative cost increases by the incremental cost of 741B, which is 

the difference between the initial costs of 741B and 741A, or $552,200 

- $50,000 • $502,200. In this case, no •••• symbol would apply to 

project 741B. 

6. Listing of optimal solution of selected projects for the available 

budget, based on the ranking described in part 5. The project 

selection process is such that, once an alternative at a given location 

is selected, a lower-cost alternative at that location will not be 

accepted, although a higher-cost alternative at that location may be 

accepted in lieu of the previously chosen alternative. For example, 

777B is the highest-ranked alternative at Location 16 and, since the 

budget is sufficient, it is brought into the solution. However, when 

the lower-cost 777 A is encountered further down the list, 777 A is 

passed over since the higher-cost and higher-ranked 777B has already 

been selected. 
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For a $3,000,000 budget, projects shown through 991A arc selected, 

with a cumulative cost of $2,878,900. The next project, 9710, has an 

incremental cost of $154,000, and thus, will not fit within the 

remaining budget. The next project which win fit within the 

remaining budget is 772A, with an incremental cost of $65,000, 

leaving $56,100 left in the budget. Of the projects left in the list, 

only one, 901 B, with an incremental cost of $42,500, can be included 

at this time. However, since 901B is a higher-cost alternative than 

901A that has already been selected at that location, 901A is dropped 

from the solution in favor of 901B. This leaves an unspent budget of 

$13,600 and a total cumulative benefit of $28,969,100. 

At this point, a switching rule is used to check whether the last 

project selected can be dropped and one or more projects substituted, 

within the remaining budget, thereby producin1 1reater total benefits. 

In this example, droppin1 the last selected project (901B) will leave a 

remainin1 budget of $88,000, allowin1 772B (with an incremental cost 

of $50,000) to be brought into the solution. Project 772B is, in fact, 

the highest-ranked alternative among the ones remaining in the list 

which can fit within $88,000. The inclusion of 772B in the solution 

also forces out the previously selected Alternative 772A at the same 

location. Since dropping 901B and adding 7728 decreases total net 

benefits by $2,112,000 (equal to 9018's benefit of $2,461,000 less 

7728's benefit of $349,000, as seen in the listing of input data), the 

original solution (containing 9018) is the optimal solution. 

It should be noted that, had there been one or more additional 

projects costing no more than the remaining budget of $38,000 (after 

dropping 901B and adding 772B), then these projects would have been 

added to the solution. Then the total net benefits of the original set 

of projects including 901B would have been compared with the set 

including 772B and the other accepted projects (but not 9018), and 

the set yielding more benefits would have been sele::ted. 
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Integer Programming {INTPROG} 

The output from INTPROG consists of three parts. They arc as follows: 

l. Listing of input data, as explained under model INCBEN. In addition, 

a lower bound on total net benef:ts f"om project sclei::tic.'l is sc;i at 

$18,000,000. 

2. Intermediate calculations, depending on the values of the two print 

options. In thi!'l example, neither option is activated so that no 

intermediate calculations prior to the first selection iteration are 

printed. The listing of t_he unconverged solutions from intermediate 

iterations, before reaching the optimal solution (i.e., benefit­

maximizing set of projects), is given by the program. Iteration 1 in 

this example results in a set of projects costing $2,309,900 and 

yielding total net benefits of $25,396,000. After another iteration, 

however, more projects arc selected, giving benefits of $28,621,400 

for a cost of $2,878,900. The third iteration continues to add 

projects to the solution, spending more of the budsct and addins 

more to cumulative benefits. The higher that benefit lower bound is 

set, the fewer wm be the number of iterations. 

3. Optimal solution, or that set of projects which yields maximum total 

annual net benefits for the available budget. In this example, 

benefits of $28,970,400 are obtained by spending $2,993,900 of the 

available budget of $3,000,000. If the solution for the last iteration 

indicates that the total cost is 0.0, then this indicates that the lower 

bound was set too hish. In other words, the set bound exceeds the 

total benefits that can be produced for the available budget. In this 

event, the bound should be set at a lower value and the program 

then rerun. 
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Dynamic Programming <DYNPROG} 

The output from model DYNPROG consists of two parts. They are as 

follows: 

1. Listing of input data, as explained under model INCBEN. 

2. Selection of projects, showing the optimal policy or set of projects 

which maximizes total annual net benefits for the available budget. 

In this example, benefits of $28,969,100 are obtained for an 

expenditure of $2,986,400. 
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APPENDIX A 

TEST DATA SUMMARY REPORT 

llllllllllllllllllllllllllllllltllllelt~t~III 
.I I 
I FED!!llL HIGHWAY ADMINISTRATION I 
I SAFETY USOURCE ALLOCATION PROGRAMS I 
I INPU'? PROCESSOR I 
I I 
I Version 1.00 I 
I t 
I DEVELOPED BY S:AA. TECHNOLOGIES, INC. I 
I I 
I OCTOBDl 1987 I 
t I 
I DATA SUMMARY REPORT I 
I I 
111111111111111111111111111111111111111111111 

----------------------SYSTEK-WIDI PARAM!T!llS 

ID Information: 
t1aer Noe 
Diatrict Noe 
State Noe 
Date 

Run l 
John Q. PUJ,lic 
Northern 
Any 
2/8/H 

NWlber of Location• 
overall Budget($) 
Lower Bound on the Total Benefit 
Print LP Relaxation Reault 
Trace Optiul Solution saareh 

BENEFIT/COST DATA 

-----------------

. . 
( $) : 

24 
3000000.00 
18000000.00 
No 
No 

Location Alt. Projact Initial coat($) Total Net Benefit($) 
_, ___________________________________ _ 

l l 
2 
3 
4 

97U 765000.00 
9718 815000.00 
971C 1625000,00 
971D 154000.00 

1132200.00 
1132900.00 
3607500.00 

750000.00 

------------------------------------------------------------------------2 l 
2 

17U 
1718 

221000.00 
259000.00· 

908300.00 
909100,00 

------------------------------------------------------------------------3 1 
2 

71U 
7118 

365000.00 
440000.00 

927100,00 
1020800,00 

-----------------------------------------
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Location Alt. Project Initial co■t ($) Total Net Benefit($) 

---------------------------------------------------------------------$--4 .l 
2 

24lA 
241B 

!H54..!'JOO, CIO 
1203300,00 

20390M.OO 
2334400.00 

------------------------------------------------------------------------5 l 
2 

821A 
SUB 

748000.00 
1553200.00 

9140500.00 
3637000.00 

------------------------------------------------------------------------5 l 
2 

231A 
231B 

778000.00 
781000.00 

5780500.00 
2975600.00 

------------------------------------------------------------------------7 l 
2 

841A 
841!. 

1725000.00 
2641700.00 

2777300.00 
3064400.00 

------------------------------------------------------------------------a l 
:z 

771A 
7718 

556000.00 
572000.00 

795100.00 
1538700.00 

------------------------------------------------------------------------9 l 
2 

651A 
6518 

66000.00 
169100.00 

440200.00 
270600.00 

------------------------------------------------------------------------10 l 
2 
3 

8!11A 
8518 
851C 

3100000.00 
3350000.00 
41!10000.00 

4H7000,00 
4857500.00 
48!15500.00 

------------------------------------------------------------------------11 l 
2 

772A 
7728 

uooo.oo 
115000.00 

279200.00 
349000.00 

------------------------------------------------------------------------12 l 
2 

773A 
7738 

14'1200,00 
2750000,00 

4407300.00 
8U7500,00 

------------------------------------------------------------------------13 1 
2 

774A 
7748 

200000.00 
290000,00 

604000,00 
597400,00 

------------------------------------------------------------------------14 l 
2 

775A 
7758 

260000.00 
310000.00 

3211000.00 
4101100.00 

------------------------------------------------------------------------l!I l 776A 2uoooo.oo 7950000.00 

------------------------------------------------------------------------16 l 
2 

777A 
7778 

150000.00 
326000.00 

1062400.00 
2314600.00 

------------------------------------------------------------------------17 1 
2 

HU 
Hl8 

439000.00 
H0000.00 

2458400.00 
2277000.00 

------------------------------------------------------------------------18 l 
2 

90U 
9018 

31900.00 
74400.00 

2392500.00 
2Hl000.00 

------------------------------------------------------------------------19 l 
2 

74U 
7418 

!10000.00 
!1!12200.00 

519500.00 
2275100.00 

--------------------------------------------------
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• 

Location Alt, Project Initial Coat($) Total Net Benetit ($) 

------------------------------------------------------------------------20 l !581A 10!5!5000,00 91300.00 

--------------------------------------------------------~--· ---·~-~-------21 l 
2 

!58U,. 
!5828 

fJ4u00,00 
171000.00 

22200.00 
64400.00 

------------------------------------------------------------------------22 

23 

l 

l 
2 

131.A 

l4lA 
141B 

130000.00 

209000.00 
3600000.00 

767000.00 

2408!500.00 
277200(1.00 

----------------------~-------------------------------------------------24 l l42A 249800,00 699400.00 
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APPENDIX 8 

TEST DATA OUTPUT FROM PROGRAM INCBEN 

............................................. 
• • • F H WA • • • • SAFETY ftESClJ~CE ALLOCATIC~ PROO~.AMS . • ., • • INCREMENTAL BENEFIT·COST TECHNIQUE • • • ........................................... 

INPUT DATA ............ 
THE NUMBER OF LOCATIONS• 24 
THE BUOGET LEVEL • 3000000.00 

LOC PROJ NO COST BENEFIT 

971A 765000.00 1132200.00 

9718 815000.00 1132900.00 

971C 1625000.00 3607500.00 

9710 154000.00 750000.00 

2 171A 221000.00 90ll300.00 

2 1711 259000.00 909100.00 

3 781A 365000.00 927100.00 

3 7818 440000.00 1020800.00 

4 241A 864500.00 2039000.00 

4 2418 1203300.00 2334400.00 

5 821A 748000.00 9140600.00 

5 8218 1653200.00 3637000.00 

6 231A 778000.00 5780500.00 

6 2311 781000.00 2975600,00 
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7 1341A 1725000.00 2777300.00 

7 13418 2641700.00 3064400.00 

s 771A 556000.00 79'5100.00 

s 7718 572000.00 1538700.00 

9 651A 66000.00 440200.00 

9 6518 169100.00 270600.00 

10 S51A 3100000.00 4867000.00 

10 8518 3350000.00 4857500.00 

10 S51C 4150000.00 4855500.00 

11 772A 65000.00 279200.00 

11 ms 115000.00 349000.00 

12 mA 1461200.00 4407300.00 

12 ms 2750000.00 88Z7500.00 

13 774A 200000.00 604000.00 

13 7748 290000.00 597400.00 

14 775A 260000.00 3211000.00 

14 7758 310000.00 4808100.00 

15 776A 2650000.00 7'950000.00 

16 mA 160000.00 1062400.00 

16 7771 326000.00 2314600.00 

17 991A 439000.00 2458400.00 

17 9918 660000.00 2277000.00 
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18 901A 31900.00 2392500 .oo 
18 9018 74400.00 2461000.00. 

19 741A 50000.00 519500.00 

19 7411 55l!:20ll.OO 2275 h.10. 01.1 

20 581A 1055000.00 91300.00 

21 582A 84000.00 22200.00 

21 5828 171000.00 64400.00 

22 131A 130000.00 767000.DO 

23 141A 2094300.00 2408500.00 

23 1418 3600000.00 2772000.00 

24 142A 249800.00 699400.00 
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PROJECTS OF SAME COST BUT LESS BENEFIT DELETED 
······················· .. ········ .. ·····--..... 
REF PROJ NO COST aEr.11r-rT 

NO PROJECT IS DELETED 
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AN INCREMENTAL BENEFIT-COST ANALYSIS ...................................... 

LOC PROJ NO COST BENEFIT INC COST INC BENEFIT INC BC·RATIO AVG BC·RATIO 

971D 154000.00 750000.00 154000.00 750000.0Q 4.87 .oo 
971C 1625000.00 3607500.00 1471000.00 2!57500.00 1.94 .00 

2 171A 221000.00 908300.00 221000.00 908300.00 4.11 .00 

3 781A 365000.00 927100.00 365000.00 927100.00 2.54 .00 

3 7818 440000.00 1020800.00 75000.00 93700.00 1.25 .00 

4 241A 864500.00 2039000.00 864500.00 2039000.00 2.36 .oo 

5 821A 748000.00 9140600.00 748000.00 9140600.00 12.22 .00 

6 231A 778000.00 5780500.00 778000.00 5780500.00 7.43 .00 

7 841A 1725000.00 2777300.00 1725000.00 2777300.00 1 .61 .00 

8 771A 556000.00 7'95100.00 556000.00 7'95100.00 1 .43 .oo 

8 7711 572000.00 1538700.00 16000.00 743600.00 46.47 2.69 

9 651A 66000.00 440200.00 66000.00 440200.00 6.67 .00 

10 851A 3100000.00 4.967000. 00 3100000.00 4867000.00 1 .57 .00 

11 772A 65000.00 279200.00 65000.00 279200.00 4.30 .00 

11 7721 115000.00 349000.00 50000.00 69800.00 1 .40 .00 

12 mA 1461200.00 4407300.00 1461200.00 4407300.00 3.02 .00 

12 ma 2750000.00 8827500.00 1288800.00 4420200.00 3.43 3.21 
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13 774A 200000.00 604000.00 200000.00 604000.00 3.02 .00 

14 775A 260000.00 3211000.00 260000.00 3211000.00 12.35 .00 

-1(, me 31vOW.CIJ . 48081 C(:j • 0(.;•F 50000.00 " 15\1710ti:OO 31.94 15.51 

15 716A 2650000.00 795000ll. 00 265000!,.00 7950000.00 3.00 .00 

16 mA 160000.00 1062400.00 160000.00 1062400.00 6.64 .00 

16 ma 326000.00 2311.600. 00 1HOOO.OO- 12~2200.00 7.54 7.10 

17 991A 439000.00 2458400.00 439000.00 2458400.00 5.60 .oo 

18 901A 31900.00 2392500.00 31900.00 2392500.00 75.00 .oo 
18 9011 74400.00 2461000.00 42500.00 68500.00 1.61 .00 

19 741A 50000.00 519500.00 50000.00 519500.00 10.39 .00 

19 7411 55Z200.00 2275100.00 502200.00 1755600.00 3.50 .00 

22 131A 130000.00 767000.00 130000.00 767'000.00 5.90 .00 

23 141A 2094300.00 2408500.00 2094300.00 2408500.00 1.15 .00 

24 142A 249800.00 699400.00 2491l00.00 699400.00 2.80 .oo 
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PROJECTS DELETED ................. 

LOC PROJ NO COST BENEFIT INC COST INC BENEFIT INC BC·RATIO 

971.\ 765000.00 11322(''1. (•':I 611000.00 382?<].00 .63 

9718 815000.00 1132900.00 661000.00 382900.00 .58 

2 1718 259000.00 909100.00 38000.00 800.00 .02 

4 2418 1203300.00 2334400.00 338800.00 295400.00 .87 

5 8218 1653200.00 3637000.00 905200.00 ·5503600.00 ·6.08 

6 2319 781000.00 2975600.00 3000.00 · 2804900. 00 ·934.97 

7 8418 2641700.00 3064400.00 916700.00 287100.00 .31 

9 6518 169100.00 270600.00 103100.00 ·169600.00 ·1.65 

10 8511 3350000.00 4857500.00 250000.00 ·9500.00 ·,04 

10 851C 4150000.00 4855500.00 1050000.00 ·11500.00 ·.01 

13 7741 290000.00 597400.00 90000.00 ·6600.00 · .07 

17 9918 660000.00 2277000.00 221000.00 · 181400.00 -.82 

20 581A 1055000.00 91300.00 1055000.00 91300.00 .09 

21 582A 84000.00 22200.00 84000.00 22200.00 .26 

21 5828 171000.00 64400.00 171000.00 64400.00 .38 

23 1418 3600000.00 2mooo.00 1505700.00 363500.00 .24 
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SELECTION OF PROJECTS ..................... 

PROJ NO COST BENEFIT INC COST BC·IIATIO CUN COST 

9(11 r~ 31900.0:J 2392500.00 31LJ.011 75.w 319..V,00 

7758 310000.00 4808100.00 310000.00 15.51 341900.00 

775A 260000.00 3211000.00 260000.00 12.35 ** 
821A 748000.00 9140600.00 7~00.00 12.22 1089900.00 

741A 50000.00 519500.00 50000.00 10.39 1139900.00 

231A 778000.00 5780500.00 ·778000.00 7."3 1917900.00 

7778 326000.00 2314600.00 326000.00 7.10 2243900.00 

651A 66000.00 440200.00 66000.00 6.67 2309900.00 

mA 160000.00 1062400.00 160000.00 6.64 .. 
131A 130000.00 767000.00 130000.00 5.90 2439900.00 

991A 439000.00 2458400.00 439000.00 5.60 2878900.00 

971D 154000.00 750000.00 154000.00 4.87 3032900.00 

772A 65000.00 279200.00 65000.00 4.30 3091900.00 

171A 221000.00 908300.00 221000.00 4.11 U18900.00 

7418 552200.00 2275100.00 502200.00 3.50 3821100.00 

ma 2750000.00 8827500.00 2750000.00 3.21 6571100.00 

774A 200000.00 604000.00 200000.00 3.02 6771100.00 

mA 1461200.00 4407300.00 1461200.00 3.02 -
776A 2650000.00 7950000.00 2650000.00 3.00 ~,100.00 

142A 249800.00 699400.00 249800.00 2.80 9670900.00 

7718 572000.00 15387'00.00 5nooo.oo 2.69 1D242900.00 

781A 365000.00 927100.00 365000.00 2.54 10607900. 00 

241A 864500.00 2039000.00 864500.00 2.36 11472400.00 

971C 1625000.00 3607500.00 1471000.00 1 .94 12943400. 00 

9011 74400,00 2461000.00 42500.00 1 .61 12985900. 00 

841A 1725000.00 2777300.00 1725000.00 1 .61 14710900.00 

851A 3100000.00 4867000.00 3100000.0Q 1.57 171110900.00 

771A 556000.00 795100.00 556000.00 1.43 -
7721 115000.00 349000.00 50000.00 1.40 17860900. 00 
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7811 440000.00 1020800.00 75000.00 

141A 2094300.00 2408500.00 2094300.00 

THE PREFERRED SOLUTION OF PROJECTS FOR A FIXED BUDGET OF 

PROJ NO COST 

!!21A 74!!000.00 

Z31A 778000.00 

651A 66000.00 

772A 65000.00 

ffli 310000.00 

7778 326000.00 

991A 439000.00 

9011 74400.00 

741A 50000.00 

131A 130000.00 

THE TOTAL COST IS 

THE TOTAL BENEFIT IS 

THE EXCESS BUDGET IS 

BENEFIT 

9140600.00 

5780500.00 

440200.00 

279200.00 

4808100.00 

2314600.00 

2458400.00 

2461000.00 

519500.00 

767000.00 

2986400,00 

28969100.00 

13600.00 

55 

1.Z5 17'135900.00 
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