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Microcomputer Allocation of Manpower to 

Iiiinois State Poiice Districts 

RICHARD A. RAUB 

ABSTRACT 

Mathematical models developed to allocate police officers have been oriented 
toward urban policing. As such, they depend on a backup police unit to service 
a call when the primary unit is not available. The number of units assigned 
minimizes response time while maximizing use of available manpower. Policing in 
a large geographic area such as a state has different constraints. Secondary 
responding units rarely are available immediately. Allocation of a scarce re
source statewide must equitably satisfy both the high and low demand for ser 
vices, and it must provide visible preventive patrol. The model developed for 
the Department of Law Enforcement of the state of Illinois attempts to provide 
adequate administrative assignment, satisfy demands for response, and equalize 
patrolling. Administrative support required to run the operation both centrally 
and on the district level is decided a priori. It is excluded from the mathe
matical allocations. Response to calls for service is handled by individua 1 
patrolling units with one or more officers. The number required depends on the 
expected number of calls and their duration. On the other hand, patrolling vis
ibility i:; depa~d~nt en the aize cf the rt!ral population and th~ length ann 
volume of traffic on various types of rural highways. This model can be run on 
a microcomputer. Its current version allows allocations for up to 110 counties 
combined into 30 district commands. The processes are described briefly and the 
output generated is shown. It is also shown that the model is applicable to 
uses other than those of state police. 

The Illinois Department of Law Enforcement (DLE) re
quired a method for allocating officers throughout 
the state. Procedures originally used had been de
signed around obligated anrl nnohligated time (1), 
These, howew!r, gave too much weight to service -in 
urban areas and tended to ignore rural areas, Exist
ing mathematical models developed by Larson (~ , 
Chaiken ( 3) , and LeGr ande ( 4) also apply to urban 
areas. Th;y depend on availability of more than one 
unit to service a call and minimize response time. 
On a statewide basis, this condition does not exist. 
Response time is measured in the tens of minutes and 
is not as critically related to the police role as 
it is in an urban area. Finally, preventive patrol 
plays an important role. 

In designing a model for the DLE state police , 
two factors were taken into account: balancing re
sponse to calls for service and providing a visible 
patrol throughout the state. Further, because the 
state police operate from more than two semiindepen
dent substations, called districts, allocations had 
to account for administrative activity. 

A model for the Division of State Police was de
veloped in 1981. By 1982, the department was operat
ing it on the main computer. State police executives 
were using it to help plan staffing for district op
erations, to assign newly graduated officers, and to 
support budget requirements. Several reports by Raub 
and Sweat have described this model in great detail 
(5,6). To make it more efficient, the methodology 
has-been r evised and programmed for a microcomputer 
(Apple II Plus in BASIC). This paper describes the 
model briefly and shows the type of output available , 

METHODOLOGY 

General Description 

The model has three sections: administrative sup
port, response to calls for service, and preventive 

patrol, which is titled Policing and Patrolling. Ad
ministrative support is fixed by the police execu
tives for districts and the central office. Alloca
tions for the other two sections are computed for 
each county for the three shifts and then aggregated 
to districts (Figure 1). There is flexibility in 
that either a fixed body of officers can be allo
cated or the total strength required can be computed 
from a given set of parameters. 

Administrative Suppor,t 

The number of officer~ needed to arlminiRtP.r the 
state police are established externally to the 
model . Each district commander along with the super
intendent and staff review their needs for command 
personnel and for officers as,signet'l to specialized 
details such as public information. Officers in 
these categories are not expected to be available, 
generally, to respond to accidents or to patrol. 
This group constitutes the administrative support. 
It is subtracted from the number of officers to be 
assigned before operation of the model. 

The administrative support is established for 
each district as well as for the central office. Its 
distribution is shown on the output summary sheet. 
That a given number of officers is assigned to ad
ministrative support in a district does not affect 
how the model assigns the remaining officers to that 
district. All districts receive allocations of re
maining officers (after subtracting administrative 
support) based on the needs of those districts, 

Calls for Service 

Officers must be available to answer calls for ser
vice. These are classified as responses to events 
normally not seen on patrol, The two that account 
for most of the time are accidents and criminal com-

iii . . 
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FIGURE 1 Allocation methodology. 

plaints. In both cases, these responses are limited 
to events in rural areas, except for accidents oc
curring on all Interstate highways outside the city 
of Chicago. 

The bases for assignment are accidents and crim
inal complaints handled in the previous year. There 
is potential for bias resulting from using self
reported statistics; however, the occurrence of both 
events is beyond the control of the police. Also 
known for each accident and criminal complaint is 
the average time taken to handle one event. Their 
occurrence, because it is random, is best predicted 
by a Poisson distribution using for lambda a uniform 
expected rate during the time required to handle one 
event. 

will handle less than 5 percent. Addition of a sec
ond unit may not be practical in terms of resources 
expended to serve a small fraction of activity. In 
reality, the police do not handle all events as they 
occur. The queue is served from other resources in
cluding other law enforcement agencies, delayed re
sponse, or reassignment of an active unit. There
fore, the limit to assignment of patrolling units is 
set at a service level expressed at some percentage 
less than 100. 

The model assumes that one patrolling unit is as
signed to one event. Therefore, by predicting the 
percentage of the time that zero, one, two, or more 
events will occur, it predicts the number of patrol
ling units required. At some point, the addition of 
patrolling units is not practical. If one unit will 
handle 95 percent of all occurrences, the second 

Average rate of event occurrence per shift (lambda): 

where 

p 

(1) 

lambda or average rate per period t; 
time taken to handle one event, accident, or 
criminal complaint; 
proportion handled (used to adjust arrival 
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rates when other conditions are being 
tested); 
number of accidents or criminal complaints 
\]UL.iny fiii.i[(.. ii; a.-,u 

hs hours of work during shifts for each of 365 
days. 

Likelihood of event occurrence: 

P(Xls = exp(-mg)~/X! 

Repeat until LP(Xls ~ qs 
s 

(2) 

(2a) 

where 

P(Xls = probability of X events occurring during 
shifts, 

exp natural log, 
x any integer ~ 0, and 

qg proportion of calls (accidents or criminal 
complaints) to be served immediately dur
ing shift s. 

Note: P(Xls is computed separately for accidents 
and for criminal complaints. 

The model solves for the number of units needed 
for each shift within a county to respond to acci
~ents and criminal complaints. These are combined to 
become number of units required for calls for ser
vice. Because of the relative infrequency of events 
in many locations, zero units will be required. Yet, 
because of the statewide function of the police, 
there must be a unit available, even if that patrol 
covers more than one county. 

The number of patrols required if there are in
sufficient patrols to handle calls for service then 
is the number needed to meet a maximum response time 
for each shift. State police executives establish 
this maximum for each shift. The number of patrols 
needed to meet the maximum response time is the av
erage travel time between any two points d i v i ded by 
the maximum response time. Congestion and the type 
of roads available are considered in the equation 
when the number of patrols required is computed. The 
average mileage that translates to travel time in 
two counties may be the same, but because congestion 
reduces the average response speed in one, the num
ber of patrols required to meet the response time 
differs. For the model, congestion is a function of 
average daily traffic (ADT); its formulation is 
based on the AASHTO results (7,p.96). Although this 
is a simplistic approach, its -purpose is to distin
guish between rural and urban areas; it is not for 
precision. 

Reduction in speed for congestion: 
Interstate 

(3a) 

Two-lane heavily traveled 

where 
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(3b) 

reduction in speed resulting from conges
tion on Interstate (j) and heavily 
traveled two-lane roads (k), 
assumed maximum speed and basis from which 
congestion is computed, 
proportion of ADT during shifts, and 
ADT on Interstate (j) and heavily 
traveled two-lane roads (k). 
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Reduction in emergency response speed: 

(4) 

where v• is the proportionate decrease in emergency 
driving speed and Mj,Mk is the miles of h ighway in 
any county, Interstate (j), and heavily traveled two
lane road (k). 

Number of patrols required to serve maximum response: 

where 

Xd number of patrols required to minimize re
sponse time, 

ds maximum response time during shifts, and 
Q area of a county in square miles. 

(5) 

The number of units assigned to calls for service 
or response time (Figure 2) depends on which need is 
greater. These then are aggregated by shift and then 
by county into districts. Patrolling positions are 
converted to officers. It takes between 1.5 and 2.0 
officers to serve one patrolling position on a year
round basis. This value is derived from the number 
of annual hours in a shift divided by the number of 
rnanhours of work Performed annually by one officer. 
For the model, the number of manhours worked per 
year is entered as a parameter. 

Npmber of fatro}s to handle call: 
Xe• max(Xa + Xb•Xa> (6) 

where 

X~ number of patrols needed to handle calls for 
service, 

X~ = nnmhP.r of patrols to handle accidents from 
the integer X in Equation 2 that satisfies 
expression 2a , and 

Xb number of patrols to handle criminal com
plaints from expression 2a. 

Number of officers: 

(7) 

where x0 is the number of officers assigned and 
cs is the conversion factor for patrols to offi
cers found from dividing annual manhours by manhours 
worked per officer. 

When a fixed number of officers is allocated, the 
number required for calls could exceed the available 
amount. Decreases in allocation would arise from re
ducing the percentage of calls served immediately or 
increasing response time. A sample of the output re
ceived from a microcomputer for this section is 
shown as Figure 3. 

Policing and Pa trolli ng 

After administrative support and calls for service 
are subtracted, some officers r emain unallocated. In 
addition, s ome officers who have heen allocated to 
calls for service may not be busy with a call. Only 
a small percentage of the manhours allocated to 
calls for service is required to handle those ser
vices. Much of the time is available for other work 
or is not obligated. This time is also available for 
p reventive pat r ol. The total of officers not as
s igned and not obligated is alloca ted to patrol li~g 
h ighways and ass:l :Ing local law e nf orceme nt offi
cers as shown in Figure 4. 

;; 
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FIGURE 2 Allocating to calls for service. 

Manpower to be allocated 380 
Allocated to calls 113. 2 

ACCIDENTS 
Shift 

nist. 
I 
2 
3 
4 

TOT 

nist. 

I 
2 
3 
4 

TOT 

Dist. 

l 
2 
3 
4 

TOT 

Total 
NBR 
4154 
7280 
1308 
876 

13618 

Total 
NBR 

2142 
3701 
519 

1237 
599 

nist. 
I 
2 
3 
4 

w 
4.0 
4.0 
I. I 
I. 6 

10.7 

NBR 
671 

1020 
261 
186 

2138 

NBR 

530 
886 

97 
247 

1760 

l st 2nd 
POS NBR POS 
2. 0 18,0 ,.o 
2. 0 29,0 6.0 
0.0 484 ,.o 
0.0 331 4.0 
4.0 ,61, 20.0 

CRIMINAL COMPLAINTS 
Shift 

I st 2nd 
POS NBR 
2.0 966 
2.0 1730 
o.o 232 
l. 0 474 
,.o 3402 

MINIMU',1 RESPONSE 
Positions Per Shift 

Shift 
1st 2nd 
• 4 I. 6 
• 2 I. 0 

I . I 4. 3 
• 8 3. I 

POS 

3.0 
4.0 
0.0 
I. 0 
8.0 

TOTAL MANPOWER ALLOCATED 
Positions Per Shift 

Shift 
2nd 

8.0 
10.0 
,.3 
,.o 

28.3 

3rd 

8.0 
10.0 
,.2 
6.0 

29.2 

Total 
Officers 

33.2 
39.8 
19.2 
20.9 

113. 2 
Totals 

Accidents 13618 
Criminal Response 7 ,99 
Allocated to Calls 113, 2 

FIGURE 3 Microcomputer output: calls for service. 

3rd 
I. 6 
I. 0 
4.3 
3. l 

3rd 
NBR 
1633 
3310 
,63 
3'9 

,86, 

3rd 
NBR 

646 
108' 

190 
,16 

2437 

Equiv, 
Patrols 

22 . 3 
20. 7 
16, I 
17 . 0 
76.1 

POS 
,.o 
7.0 ,.o 
4.0 

21. 0 

POS 

3.0 
3.0 
0.0 
2.0 
8.0 
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FIGURE 4 Policing and patrolling allocations. 
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Rural Population 
and Local 

Law Enforcement 
Officials 

Compute 
Persons 

per Patrol 

Officers available: t 

C 

average time to handle one call (accident or 
criminal complaint) 7 and 

(8) 

where 

Xp = officers not otherwise allocated, 
T total strength, and 
O administrative support. 

Adjusted number including unobligated time: 

x~ = {Xp + [(m - m') (Xe - tC)J/m}/cs (9) 

where 

x; 
m 

m' 

equivalent positions for patrol; 
number of annual manhours worked per officer; 
number of nonproductive hours, generally rep
resented by 2 hr for each working day (m' 
2m/hs, where hs is hours of work during 
shifts for each of 365 days) i 

number of calls (accidents and criminal com
plaints). 

Available for patrol: 
Interstate 

I 

Xf 
I 

(10a) = Pfl<p 

All other highway 

x~ 
I 

= PoXp (10b) 

Rural law enforcement 

I I 

Xr = PrXp (10c) 

where Xf, ~. and x~ are positions available for In
terstate and two-lane patrol and for rural law en
forcement and Pf, p0 , and Pr are proportion of posi
tions to be assigned to Inte.r:state pati:ol, other 
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highway patrol, and as assistance to local law 
enforcement officers. 

In allocating positions to patrolling, the user 
has the option of how much weight, in terms of per
centage of available positions, is placed on each of 
the three categories of patrol: Interstate highway, 
other highway, and assistance to local law enforce
ment personnel. Distribution of positions by the 
model to counties is made according to the miles of 
highway based on the average speed of a patrolling 
vehicle, which is a function of congestion and stops 
to handle traffic incidents. Assistance to local law 
enforcement is dependent on the rural population. 

Volume of traffic affects the number of miles to 
be patrolled. The annual time taken for traffic en
forcement and assistance to motorists shows a strong 
linear relationship to daily vehicle miles. This 
time is subtracted from available time before pa
trolling mileage is computed. The amount of miles 
that can be patrolled depends on patrolling speedi 
this decreases because of congestion, which has ear
lier been shown as a function of ADT. Because a 
fixed number of officers is being allocated among 
all highway mileage, the average miles of patrol per 
unit is solved. The following equations show the so
lution for both Interstate and other highways. 

Time required for traffic-related work: 

(lla) 

(llb) 

(llc) 

where 

time in hours required to enforce 
traffic laws, 
miles of highway in each county for 
each of the three types of highway, 
ADT on each type of highway, and 
percentage of traffic in shifts. 

Positions remaining for patrolling: 

X" = x~ - Icitjsi/(365hsll 
i s 

(12) 

where 

X" number of positions available for patrol 
less time taken for traffic-related ac
tivities, 

tjsi time required to perform traffic-related 
functions on Interstate highways from Equa
tion lla during shifts in county i, and 

hs = hours in shifts. 

Note: the time is summed over all shifts s and all 
counties i. 
Average miles of patrol per position: 

Mj = I ~(Mji/fjsil/X" (13) 
S 1 

where 

average miles of patrol per position on In
terstate highways (j), 
miles of Interstate highway in county i, 
and 
reduction in speed because of congestion 
during shifts in county i (from Equation 
3a). 
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After the average miles of patrol statewide is 
computed, the number of positions per shift is ob
tained. This is done by dividing the adjusted miles 
in each county (adjusted for congestion by shift) by 
the average miles of patrol statewide as shown in 
Equation 13. Equations 12 through 14 are shown for 
Interstate highways. The formulas for computing pa
trols on other highways are similar and are shown 
starting with Equation 15. 

Patrol positions during shifts in county i: 

(14) 

where x;si is the posi tions for patrolling Interstate 
highways in county i during shift s and all other 
variables have been described earlier. 

Two-lane highway patrol: 

X 
11 = x~ - I cI (tksi + t1si> / (365hg)] 

i s 

where 

(15) 

time required to perform traffic re
lated activity, from Equations llb and 
llc, 
miles of low-volume highway in county 
i, anrl 
average miles of patrol for low
volume highways (must be supplied ex
ternally). 

Average miles of high-volume two-lane patrol: 

Mk= cI I<Mki/fksill/X" 
s i 

Patrolling positions for all two-lane roads: 

I 

Xosi = [Mki/(fksiMk)] + [M1i/M1] 
+ [(tksi + t1sil/(365hsll 

Rural Patrol 

(16) 

(17) 

Allocation to assist rural law enforcement is based 
on rural population. The model solves for the number 
of rural persons per police patrol (state and local 
combined) and then allocates all rural police on the 
basis of that rural population. State police are as
signed only when there are not sufficient local po
l ice. To prevent assignment of all available state 
police to one county, a maximum number of positions 
is set for any county. Likewise, negative assignment 
is possible but not necessarily desired. A minimum 
number of positions per county controls this. 

Estimated rural population per law enforcement pa
trol: 

R [Pi/(X~ + ILil 
i i 

where 

persons per law enforcement patrol, 
rural population in county i, and 

(18) 

local law enforcement patrols in county i. 
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Note: for each county, the number of state police 
patrols is computed per shift from 

(19 ) 

x;si is constrained to a minimum and a maximum and 
then Ix;si is compared with x;. If the former is 
larger, R must be increased. If it is smaller, R is 
decreased. The computation again is performed. 

Once all equivalent positions are allocated, the 
free time from officers allocated to calls for ser
vice is removed according to the percentage of free 
time originally added, Remaininq are those positions 
allocated to policing and patrolling. These posi
tions also are summed by the three shifts in each 
county and then summed into districts. The output 
from a computer program to operate the model is 
shown in Figure 5. 

Adjustment factors: 

Udsi 

Policing and patrolling positions: 

I 
Y. ··r 

I 

UcisiXfsi 

Available to be allocated 178.9 

(20a) 

(20b) 

(21a) 

where 

llasi~si 

llasix;si 

I 

Xpsi 
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(21b) 

(21c) 

adjustment factors, where fa is the 
general statewide factor and udsi is 
the factor for each county and shifti 
adjusted number of positions available 
for policing and patrolling from Equa
tion 91 
fin~l position~ as~ianed to Interstate, 
two-lane, and rural patrolsi and 
persons assigned to calls for service 
from Equation 7. 

Officers assigned: 

(22) 

where Xf is officers assigned and Cs is officers per 
position. (Note: x0 and Xr are solved similarly by 
substituting~ and x; for Xf.) 

Adding together administrative support, calls for 
service, and policing and patrolling for each dis
trict yields the number of officers that should be 
allocated (Figure 6). During this process, the dis
t-r;nn+-;nn, e,i:;cept for ::llnm.;n;e+-r::.+-;uo support, has 

FOUR-LANE HIGHW A VS 
Total Positions Per Shift 

Dist Miles 1st 2nd 3rd TOT 

I 102.0 4.4 4. 6 4.6 13.6 
2 180.0 8.6 9 , 8 9.6 28.0 
3 204 . 0 0.0 7. 8 7.8 15.6 
4 123 . 0 0.0 4. 8 4.8 9,6 

TOT 609.0 13.0 27 . 0 26.8 66.8 

OTHER HIGHWAYS 
Total Miles Position Per Shift 

Dist. 2-Lane Other 1st 2nd 3rd TOT 

I 830. 0 465.0 2.5 3. 5 3.3 9.3 
2 240 . 0 100.0 I. 0 I. 8 I. 7 4.5 
3 2140 . 0 2020.0 o.o 6 . 9 6. 6 13. 5 
4 1390.0 1335. 0 0.0 4. 6 4.4 9.0 

TOT 4600 . 0 3920 .. 0 3.5 16 . 8 16.0 36.3 

RURAL LA W ENFORCEMENT 
Loca l Posi tions Per Shift 

l)ist Police 1st 2nd 3rd TOT 

I 38 o.o 0.0 
2 74 0.0 o.o 
J 26 o.o I. 5 
4 27 o.o .8 

TOT 165 o.o 2.3 

MANPOWER ALLOCATED 
Positions Per Shift 

Dist 1st 2nd 

I 6.9 8. L 
2 9,6 11. 6 
3 0.0 16.2 
4 o.o 10.2 

TOT L6.5 46 . I 

Miles of Patrol Per Position 
4-Lane 17.3 
2-Lane 306.2 
Other 6000 

Rural Pop./Pollce Officer 6265 

Total Allocated to Patrol 178. 7 

3rd 

7. 9 
11. 3 
15 . 9 
10 . 0 
45 . 1 

F1GURE 5 Microcomputer output: rural patrol. 

0 . 0 o.o 
o.o 0.0 
I. 5 J.O 

.8 I. 6 
2. 3 4.6 

Total 
TOT Officers 

22 . 9 38 . 0 
32 . 5 53 . 9 
32. I 53 . 3 
20 . 2 33 . 5 

107.7 178 . 7 
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Calls Police 
Admin. for and Total 

Dist, Support Service Patrol Allocation 

1 18 33.2 38.0 89,2 
2 22 39.8 53.9 115. 7 
3 10 19.2 53.3 82.5 
4 8 20.9 33.5 62.4 

Staff 30 
TOT 88 113.2 178.7 379.9 

FIGURE 6 Microcomputer output: summary of allocations. 

been generated mathematically. Control is exercised 
through parameters that can be changed to reflect 
different policing philosophies. For example, 
greater involvement in handling accidents would re
sult from increasing the average time taken to han
dle an accident. More emphasis on supporting rural 
law enforcement is established by assigning a 
greater percentage of patrolling to this function. 

This methodology, although it includes a substan
tial number of steps, is not complex. It lends it
self readily to computer application. For this rea
son, the Illinois DLE has prepared the program for 
an Apple II in Applesoft BASIC and will be convert
ing it to an IBM PC XT. 

COMPUTER APPLICATION 

overview 

The model is run in two programs: FACTOR INPUT and 
MANPOWER. It requires both parameters and variables. 
Parameters generally are those values that affect 
the overall operation of the model. Variables are 
the base data generally available for each county. A 
separate program handles initial entries or updating 
of the parameters and variables. All values are 
stored permanently; one read-write disk is all that 
is required to run the entire program. Currently the 
computer used can handle up to 110 counties and 30 
districts. The limitation is the 32,000-byte free 
storage on the Apple II Plus; recoding to the IBM PC 
XT will allow a larger base for allocation. 

There are 18 sets of parameters that must be en
tered, including 39 different values. These are sum
marized as follows: 

• Total officers to be allocated 
• Number of counties in state 
• Number of districts in state 
• Manhours per year per officer 
• Enforcement time (time per stop in hours) 
• Minimum and maximum number of state police 

patrols per shift (rural) 
• Percentage of ADT during each shift 
• Maximum response time in minutes for each shift 
• Patrol miles per position for other rural roads 
• Percentage of patrolling assigned to four-lane 

and other highways and to rural policing 
• Accidents and er iminal complaints (percentage 

handled) 
• Accidents (time in hours to handle) 
• Accidents (percentage queued during each 

shift) 
• Starting and ending times of each shift 
• Shift coverage factor for each shift in each 

district 

All, except the shift coverage factors, apply to the 
state as a whole. Shift coverage is a binary integer 
where 1 is coverage and O is no coverage. It is con
sidered one parameter even though there are three 
factors for each district representing each of the 
three shifts. 
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Entry ,of Parameters and Variables 

Both the variables and parameters can be entered or 
changed either by running the program FACTOR INPUT 
directly or through the main program MANPOWER, which 
automatically calls FACTOR INPUT. This program then 
allows the user to enter or change any piece of in
formation in either the parameter or variable data 
file. The user also can print out the values of ei
ther of the files. 

Variables represent those values that are used as 
the data base from which the model derives its com
putations. Except for the administrative support 
(overhead), which is shown for each of the dis
tricts, all remaining values apply to each of the 
counties. The variables for the model are as follows: 

• Administrative support for each district (k) 
and central office 

• Administrative support for central office 
• Accidents for each shift for county i 
• Criminal complaints for each shift for county i 

Miles of four-lane, two-lane, and other rural 
highway for county i 

• Two-lane, high-volume, and other rural 
• Volume of traffic, expressed in thousands of 

vehicle miles, on four-lane, two-lane, and other 
rural for county i 

• Rural population for county i 
• Area in square miles in county i 
• Local law enforcement officers in county i 

Entry of data into either the parameter file or 
the variable file is performed in the same manner. 
The computer displays a list of parameter or vari
able names along with the current value of each. 
When data first are entered, the values are blank. 
For the variables, except for the first two pages 
shown on the monitor (number of counties and dis
tricts and administrative support), each page shows 
all variable values for each county number. Individ
ual values may be changed or skipped. Entire pages 
may be skipped or recalled. 

Running the Allocation Mode1 

The operation of the allocation model is controlled 
by the program MANPOWER. Because of the length and 
amount of output, a printer must be available. Once 
the program is started, and there are no changes to 
parameters or factors, the allocation runs automati
cally. Computations are made and output generated on 
the printer. Because of the large number of computa
tions that are made, the program runs on the Apple 
II at the rate of approximately 4 min for every 10 
counties. 

Changes can be made to parameters in order to ex
amine the effect of these changes on the allocation. 
Any changes must be made at the start of the alloca
tion program, and then the entire program is run. 
Because of the limited space in the computer, such 
changes must be stored permanently. Only one run is 
made for each set of parameters. However, when con
version is made to a more powerful microcomputer, 
the user will be able to establish a range for one 
or more parameters. The program will automatically 
generate output for each of the parameters selected. 

SUMMARY 

More than 3 years have passed since the model first 
was loaded on the DLE main computer. Numerous runs 
have been made. The Division of State Police has 
used it frequently both as a tool for planning and 
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for assignment of newly graduated officers. Other 
states have expressed an interest in the operation. 

Although the model was developed originally for 
the Illinois DLE and as such is police oriented, it 
has potentially wider applications. Any agency that 
serves a large geographical area with suboffices 
might benefit from using the methodology. For ex
ample, highway maintenance operates generally from 
districts or stations. Some of their work resembles 
calls for service. Its allocation can be handled 
stochastically. Likewise, there will be other high
way activities that resemble patrol. Remaining per
sonnel can be assigned by using that methodology. 

More important, however, has been the transfer of 
the program to the microcomputer. Applying the model 
to the personal computer has increased its versatil
ity. It also has shown how the microcomputer can be 
used to assist in planning assignment of personnel. 
The computer program and documentation are available 
to others who are interested. 
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A Procedure to Assess the Macro Impacts of 
Highway System Improvement and Maintenance Activities 

KUMARES C. SINHA and KANG HU 

ABSTRACT 

In the highway programming and system evaluation process it is often necessary 
to assess the overall impacts of various highway improvement and maintenance 
activities in terms of a set of performance objectives. A procedure is pre
sented for systematic assessment of overall impacts of various highway work 
activities. The performance objectives considered were system condition, level 
of service, safety, and energy consumption. The impacts of highway activities 
on these objectives were assessed on the basis of an empirical approach. The 
empirically generated results were compared with results derived from an expert 
opinion poll. A comparison, using the Wilcoxon test, indicated that a poll of 
expert opinion can generally provide a reasonable approach to the macroassess
ment of highway impacts. 




