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In october 1970 the st. Louis Metropolitan police 

Department put into operation a new type of work schedule 

in its 20-man Evidence Technician unit. The schedule, called 

a "proportional rotating schedule" because it distributes the 

manpower by day and watch in proportion to the demand for 

service, has a number of features which represent improvements 

over previously used schedules. Included are: 
(1) identical 

patterns 6f days worked and days off for all meni (2) the 

capabil~ty, in designing the schedule, to control the lengths 

of periods of consecutive days worked and consecutive days off, 

and the number and distribution of weekends offi and (3) a 

computer-based design procedure which, by this summer when 

programming is completed, is expected to reduce schedule design 

time to only that required 'to specify the type of schedule 
'. 

desired and to collect the necessary workload data. 
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SCHEDULING POLICE MANPOWER BY COMPUTER . 

, l' 

I. Introduction 

This paper reports recent developments in the st. 'Louis 

Metropolitan P~lice Department's program to devise improved 

work schedules for its officers. The improvements sought 

include (1) the achievement of manning levels each day and 

watch which are proportional to the anticipated workload; 

(2) identical patterns of days worked and days off for all 

officers; (3) the capability, in designing the schedule, to 

control the lengths of periods of consecutive days worked 

(called work periods) and consecutive days off (called recrea-

tion periods), and to control the number and distribution of 

weekends off.; and (4) a computerized schedule design procedure. 

The research program, under way since January 1968, has 

pr?duced 'a new type of work schedule called a "proportional 

rotating schedule" wqicp incorporates·all of the desired 

.. 
improvements. A test schedule was put into operation in 

October 1970 in the Department's 20-man Evidence Technician 

Uni t. ' (In December· 1971, after having ope::r,ated successfully 

-for 14 months, the schedule was.updated on the basis of changes. 

in the distribution of work over 1;:he week. A March 1972 survey 

of unit officers, discussed below, indicates favorable 

acceptance of the new schedule. 
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The 1972 Evidence Technician 
Unit Work Schedule 

Proportional t t' 
ro a ~ng schedules are illustrated by 

the 1972 Evidence T h ' 
using 

ec n~cian Unit (BTU) schedul·e. 
The ETU, a 

component of the D 
ep,artment's Laboratory Divis;on, 

... operates 
evidence collection vans around the 

clock, one 

city's three police'field operations "Areas." 

in each' of the 

.The vans, Whose 
personnel perform preventive patrol 

activities between assign-
ments, are dispatched to ' 

cr~me scenes When requested by beat 
officers responding to the ;n 'd , ... c~ ent. 

patrol 

Under Department regUlations ff' 
, 0 ~cers receive two days 

off for every fiv~ days worked. 
Each man also is given six 

'days Of,f for paid holidays 
p~us a three-week vacation each 

year. ETU officers rotate h 
watc assignments ~fter a specified 

number of weeks on each watch. 
An exception was made in the 

1972 schedUle for two officers 
attending school during the day 

\'V'<;t t c h (T a. m • 3 p.m.): one was assi -gneo permanently to the 
afternoon watch (3 p.m. 

11 p.m.), the other to the night 

watch (11 p.m. - 7 a.m.) . .. 

in 

,Data on the 10 132 ' 
, ~ncidents to which the ETU responded 

1911 'Wer ' d . 
. '. e use to construct the 1972 sCheCftule. 

A table of 
th~ distribution of work over the week 

for· 1971 is shown in 
Figure 1. 
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Figure 1 - Percentage Distribution of 

ETU Incidents Over the TWenty-one Watches 
of the Week for 1971 

watch 

Day 
(7 a.m.-3 p.m.) 

Afternoon 
(3 p.m.-II p.m.) 

Night 
(11 p.m.-7 a.m.) 

Total 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. Total 

5.1 4.3 ,4.S 4.3 5.1 4.5 4.3 

5.4 5.1 5.5 5.0 5.4 4.5 4.4 

4.1 4.3 4.5 4.S 5.3 5.1 4.0 -- --- --- --- ---

32.5% 

I 
31- 3

% 

32.2% 

14.6 l3.S 14.9 14.1 l5.S 14.2 12.7 100.0% 
I 

,I 

, I 

.L 
.~ 

,) 

T' 
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The total number of duty manwatches availa~le each'week 

in"a unit' of N officers is given by the formula, 

T = 5N - H 

where H is the average number of manwatches 'per week lost to 

days off for paid holidays. For a unit of 20 men H is 

approximately two. Consequently, for the ETU T equals 9S man-

watches. Using the information in Figure 1 as a basis, man-
,. 

watches were distributed as shown in Figure 2. . I 
Vacat~ons were 

I 
scheduled on the day and afternoon watches, requiring that t:,he 

, 

manning levels on these watches be kept as high as possible. 

1 
Th~ basic rotation and recreation schedule developed for 

, 'I 
the uhit is sho~~ in Figure 3. The schedule consists of an, 

IS-week rotating schedule for the IS officers who rotate 

watches, and a fixed schedule for the 2 officers permanently 

assigned to the afternoon and night watches. The schedule 

op~rates as follows: the IS officers are assigned man numbers 

from 1 to IS (based on their choice of vacations, as explained 

further below). During the first week of schedule operation, 

each officer works the schedule for the week bearing his 

number: For example, man 9 works week 9, a day watch as?ignment 

oh which he works Monday through Thursday and is on recreation 

Friday, Saturday, and Sunday. On the second week of operation 

each man advances to the next· numbered week in the schedule, 
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Watch 

Day 

Afternoon 

Night 

Figure 2 ,Manwatches for the 
Twenty-one Watches of the Week 

for the 1972 ETU Schedule 
(Total Manwatches = T) 

Mon Tue Wed Thu Fri 

5 5 5 5 5 

5 5 5 5 5 

4 4 4 4 5 

" 

8 

'--~-'---.. ----.~--~-'---.' .. ;;'---'-' 
, " 

Sat Sun 

5 4 

5 4 

5 4 

--------------~-------~----

" 

. 

, . 
.0', 

" . 

. , 
'I 

' . 
· , 
~I 

I 

i; 
'I 
I 

I 
I 
I 
I 

I 
I 
I 

I , 
· . ' 

, , 

" · 

, . 

,~ 

/ 
/ .. , . 

.Ill ~\I I It,:' . t~: . "\1' ",:':.:~> .. Jif·";'; I 1'.1, I, ",', ',!i" ; "'II~ 
. I . t I I • ~ •• I '," !! ' ,': • , I' i:', j . J i.', • . ';; I 0',,' 

I I I • • ",. '. 1'1 I : I,: 'r/'/'I! 1,'/ '.; J,,' 1," " '/ • I" 1,1 
.' ' " 'j f .,/'}It I' al. ",.J I', I II ,t I' '.' .t'. f 

I , '", ~ I I ',' J :", • • /' llf/ ') , I 1 I. I' II I . I I " " 
~ I I ! I ~., I I 't'I·"·' : t' .~. ! ' . !"I I t ,'/ '. / ! 'I. "//'1 • ,;.:. "'J'" '" . ,I I~' , 

, • '/., f'·' ,H "/ i " , 
.' I I .:: ., '. /,' ,','It",' /.' .' ,<. t'/, ,/J . I : 

,,' I' ; , , • ,,! :' "u,11 • 1(." I I I 
I • II . 1 J " ~ f I ~I' ~ I' I ,', . ,',; •• 

'\ ", , I ! .. ( : . I', " '; r'. I I , 

I, I.... ' " It :t·,I::1. I, I .. ' .,', '>, t.. " • I. 
1\ ',/;1',',',.. ',' Figure 3 ..:. Basi,c R,otation and Recreation 
,I ,:/ ,\. ,_,' I, ',,,;Schedqle. __ for the_Evidence ,T,echnician. unit 

. , .. .. ~ 

, .1" 

I .. 

" 

" fbr 1972 (R = recreat~on-day) 

WEEK WATCH ~mN TUB WED THU FRI SAT . 
/ 

. 

1 NIGHT R R R 
2 NIGHT . R R 
3 NIGHT . R R 
4 AFT 
5 AFT R R R 
6 AFT R R 
7 DAY R R R R 
8 DAY R R 
9 DAY R R 

10 NIGHT 
11 NIGHT R R 
12 AFT r-R--- --R--- ----- -- -- - -- -
13 AFT ! R R 
14 AFT 

L ____ ------ ~---- -----
__ R __ __ R_. 

15 DAY r- ,- - R--

1,6 DAY r -- - - _._- -- -- --I-' 
~ 

17 DAY I : R . - -- --
18 BAY 

L ____ __ R ___ __ R __ 
-':"--..j 

PERM. NIGHT R 
PERM. AFT R 

-, 

9 

SUN 

R 

R 

R 

- -: , 
- - R..i - Rl 

Ri 
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with man 18 rotating back to week 1. continuing the example 

f~~ man 9: he moves to week 10, which is a string of 7 working 

days on the 'nigh·t watch. After 18 weeks each officer will have 

rotated once completely through every week of the schedule and 

returned to his initial week. Since all officers share. the 

,same basic rotation and recreation schedule, their individual 

schedules are identical, with the exception that they lag or 

lead each other by some number of weeks. 

The two permanently assigned officers have their own 

scheaule: each works Tuesday through Saturday every week and 

is off Sunday and Monday. 

A number of additional features of the ETU schedule, 

described below, were requested by the unit commander and 

designed into' the schedule. 

A. The Number of Cons~cutive Weeks on any Watch 

The .number of consecutive weeks of assignment to 'any watch' 

varies from a minimum of 2 on the night watch, (weeks 9' and 10), 

to a maximum of 4 on the day watch (weeks 15 to 18). The 

selection of these periods depends on: 

, , 

, ; 

" 

-----" ----------

I 
J' 
I. 

I. (1) The distribution of workload over the 

, , watches. Proportional rotating schedules 

make the duration of the assignment on each 

" 
watch proportional to the w~rkload. Thus 

officers spend a greater proportion of 

their time on the busier watches. 

(2) The time required by officers to adjust 

to new working hours. Too frequent changes 

are fatiguing and disruptive of off-duty 

activities. Two weeks was considered the 

shortest'acceptable assignment for the ETU. 

(3) The number of consecutive weeks of assign-

ment to the busiest watch and/or whichever 

other watch is considered least desirable 

by the officers. This is of particular 

concern to the younger officers who get 

last choice in the selection of vacations 

and who, having to settle for the winter 

vacations, fear assignment to the least 

desirable watch for most of the-summer . 
. . 

Four weeks was considered the longest 

acc~ptab1e assignment for the ETU. 

10 11 
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These considerations motivated selection of a schedule 

in,which officers rotate twice through all watches during the , 

18 week rotation period, making the average stay on a watch 

three weeks in length. 

B. Inc.lusion of One Seven-day Recreation Period 

Once every 18 wee~s officers receive a 7-day recreation 

period. In the master schedule this period runs from Friday 

of week 6 to Thursday of weeK 7.· This feature, quite popular 

with the officers, gives each man a short vacation once every 

four 'months. For officers with winter vacations, the extended 

recreation period guarantees at least one week off during the 

warmer month s . 

C. Lengths of the Other Recreation Periods 

Because recreation periods of one day's duration are 

considered unacceptable by the Department, two days is the 

shortest recreation period included in the ETU schedule. The 

maximum acceptable lengt.h of r.ecreation periods is cont'rolled 

to some extent by the maximum work period permitted.. As the 

length of the average recreation period on a given watch 

increases, the' number of these periods decreases, and ·the work 

period lengths must increase to take up the slack. For the 

ETU schedule, aside from the seven-day recreatiQn period, it 

was decided that the longest recreation period ,would be three 

days. 

12 
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D. Maximum Number of Weekends Off 

, , The schedule gives officers 5 weekends off in the 18 week 

rotation period.: 3 F 'd S rJ. ay- aturdaY-Sunday periods, 1 Saturday-

Sunday period, and the weekend included J.'n the 7-day recreation 

period. The schedule shows that each Saturday , recreatJ.on day 

has been made part of ~ weekend off, hence the maximum number 

of weekends off has been achieved. 

Weekends off have been spread as uniformly as possible 

over the rotation period. 0 1 I n yonce do weekends off occur on 

consecuti~e weeks; otherwise the spacing between them varies 

from three 'to six weeks. Most weekends off occur just prior. 

to the watch change points. I 

E. Watch Change Conditions , 

Officers rotate watches in the sequence of night, 

afternoon, day. The last day of-assignment to any watch' is 

al~ays SundaYt officers commencing their new assiqnments _ ~ on 

Monday. An officer scheduled to work on both Sunday and 

Monday at the watch change point faces one of two undesirable 

situations: the number of off-duty hours betw'een the Sunday 

and Monday assignments will be either 8 or 32 (see Figure 4) . 

An 8-hour interval does not give an offJ.'cer d a equate time to 

rest: a 32-hour interval is equivalent to a one-day recreation 

per:i:od. 
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Figure 4 - off-duty Heurs Between Assignments 
Fer Officers werking Sunday and Menday at 

the watch Change Peint 

watch 
Change 

Night to. 
Afterneen 

Afterneen 
to. Day 

Day to. 
Night, 

11 

3 

7 

Heurs worked 
sunday Menday 

p.m. Sun - 3 p.m. - 11 p~m. 

7 a.m. Men Men 

p.m. - 11 p.m. 7 a.m. - 3 p.m. 

Sun Men 

a.m. - 3 p.m. 11 p.m. Men -
Sun 7 a.m. Tues 

14 

Off-duty 
Heurs 

Between 
Assignments 

8 

8 

32 

H;~ 

\~,. ~ .. ,------- ... 
< -' • 

~ .. '. ... - \~ 

. , 

, . 
:", 

" 

, 
1 

" 
" 

·1 
j 

• .,1 
.j 

" 

I 
1 

Beth situatiens may be aveided if either Sunday er Menday, 

e~,beth,are included in recreatien perieds. Therefere, the 

ETU schedule has recreatien perieds immediately preceding er 

fellewing five ef its six watch change peints. Hewever, the 

Change frem the day watch en week 18 to. the night watch'en 

'week 1 invelves a 32~heur peried between assignments. 

F. Lengths ef the Werk Periods 
, 

Werk perieds in the ETU schedule vary ~n length from five 

to. eight days. Of the 15 werk perieds in the l8-week cycle, 

. 
enly ene is 8 days leng. This represents a substantial 

imprevement ever ether schedules in the Department in which 

officers experi~nce II-day werk perieds abeut three times a 

year. 
. ! 

" 

G. Vacatiens 

Vacatiens eccur during either weeks 12 to. 14 er 15 to. 18 

ef the ba·sic retatien and recreatien schedule. The three-'tleek 
" 

vacatien perieds, ene en the afterneen watch and the ether en 

the day watch, are indicated by detted lines in Figure 3. Prier 

to. implementatien ef the ETU schedule a chart shewing the 

vacation period fer each man number was posted fer examinatien 

by the efficers. Officers are ranked accerping to. decreasing 

senierity and select their vacatiens in this erder. The 

vac~tien selected then identifies the efficer's man number. 

15 
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vacation periods on each watch are non-overlapping" so that 

manning will be reduced by no more than one man per watch 
, I 

during vacations. 

Figure 5 shows the format in which the schedules were, 

issued to the officers. Each schedule indicates the recreation 

days for the full year and the vacation period for the stated 

man number. 

III. The Pros and Cons of proportional Rotating Schedules 

certain features of proportional rotating schedules, 

useful for some applications but undesirable for others, are 

discussed next. 
! 

The results of a questionnaire survey of th1e 

ETU, made in March 1972 to assess the officers' feelings 

regarding a number of thes'e points as they apply to the 1972 

ETU schedule, are also given. 

A. Length of Assignment to Each watch 

For any proportional rotating schedule, the length of 

assignment to any watch will depend on several factors: work-

load proportion on each watch, number of officers assigned 

permanently to watches, number of watch rQtations in the 

rotation period, and its length. Usually the length of assign-

ment will vary from watch to ,watch. 
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FIGURE 5 - 1972 ETU RECREI\'1'!ON SCHEDULE 
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For the ETU schedule, watch assignments ranged from two 

tQrfour weeks in length. The survey showed that at least . 
" 

three-quarters of the unit found this quite acceptable: 
,.\ 

" 

Yes No 

Object to variation 25% 75% 

Some watches too short 25% 75% 
, I 

Some watches too long 15% 85% " 

B. Individualized Schequles 

Although the basic recreation and rotation schedules are 

identical for all officers, each ETU officer is always some 

number of weeks ahead of or behind each of the other officers. 

As a result, all officers do not change watches together and 

do not work with the same group each watch. In the course of 

a complete rotation through the schedule, every officer shares 

a number ·of on-duty shifts with almost every other officer in 

the unit. Regarding their individualized schedqles, about a 

quarter of the ETU officers responded unfavorably in the 

questionnaire: 

r 

.. 
f/ 

o . 

.- / 

{ 
J 

1 
Yes No 

, r Object to working with different 

members of the unit each watch 25% 75% 

Object to changing watches at 

different times 
20010 8Q% 

c. Lengths of Work and Recreation Periods 

The procedure for designing proportional rotating 

schedules permits the lengths of work and recreation periods 

to be controlled to a great exten~. I t - n mos cases excessively 

lon,g or srio,rt periods may be avoided entirely I the maximum 

number of weekends off may be gl.'ven, d t d d an ex en e recreation 

periods may be readily included, if desired. On these aspects, 

most ETU officers responded favorably: 

Yes No 

. Maximum work period of eight days 

is an improvement 85% . 15% 

Lengths of recreation periods 

acceptable 65% 35% 

Object to 7-day recreation periQd 20% RnoL . _ _ ,0 

Frequency of weekends acceptable 58% 42% 

Desire more recreation periods 

with Saturday ~ Sunday but 

not both 
7% 93% 
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D. overall Assessment of schedule 

, ' 
Regarding their relative preference-for the ETU schedule 

compared to other schedules under which they have worked, 

three-fifths of the officers responded favorably: 

Yes No 

prefer ETU schedule to all others 60% 40% 

Generally satisfie? with vacation 

scheduling for ETU 65% 35% 

Fair distribution of workload per 

man each watch 74% 26% 

IV. The computer Programs 

Input to the schedule design programs consists of data 

d d f servl.'ce by hour or watch of on the distribution of eman or 

the week, the" number of officers to be scheduled, and the 

following. design constraints (specified by the unit commander): 

(1) the minimum and maximum num~er of officers 

. permitted each day on each watch; 

(2) the starting and terminal hours for each watch; 

(3) the ~min.imum)and maximum lengths of recreation 

and work periods; and, 
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(4) the length of the rotation period, and 

, , the number of rotations through the 

watches during the rotation period. 

A sequential procedure is used to design the schedules or 

to discover that the constraints are so severe that no satis-

factory schedule exists. If no feasible schedule can be found 

for a given set of design constraints, the unit commander 

-
decides which constraints may be relaxed. The procedure is 

repeated until an acceptable recreation and rotation schedule 

is found. The final step is to design the vacation schedule. 

The computer programs are being written in Fortran for the 

Department's IBM 7040 and 370/155 systems. 

V. Conclusions 

In summary, the following features were achieved in the 

1972 ETU schedule. 

(1) proportional manning by day and watch; 

(2) identical basic schedules for all officers; 

(3) rotating watch assignments for 18 officers 

and permanent assignment for 2; . 

(4) watch assignments ranging from two to fou~ 

weeks in length; 

(5) recreation periods of two and three days, 

plus one seven-day period; 
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(6) 

(7) 

(8) 

five weekends off in the l8-rotation 

or 

period, the maximum number possiblei 

recreation periods immediately preceding 

following five of the six watch change points; 

work periods varying in length from five to 

eight days; ~nd, 

(9) adequately-scheduled vacations. 

proportional rotating schedules should be applicable to 

many types of service operat~ons besides law enforcement, 

, ' refuse collection, baggage 
including hospital nursing serv~ces, 

handling, ieservation operations, and toll collection. 
The 

d for schedule design allow 
computer programs being develope 

construction and comparison ~f alternative sch~dules in a 

fraction of the time noW required. Besides providing better 

control of the lengths of rotation and recreation periods, 

substantially increase efficiency through 
these sch~dules may 

d ';stribute manpowe,r resources over the week 
their capability to .... 

more proportionately to the demand for service. 

22 

,', 

'I 

I' . \ 
,t 
,! 

. . ~ . 
.~ I ~ 

I' 

, 
'\ 

, . 

\ , 

, ~ 
• 

" '''' ... 

.. 
{ 
I , 
I 

.,t 
i 

, ' 

" 

BIBLIOGRAPHY 

1. Bodin, L., Tucker, A., Beltrami, E., and Altman, S., 

"A Case study in Manpower Scheduling," 39th National 

ORSA Meeting, Dallas, May 1971 (State University of 

New York, Stony Brook, New York, 11790). 

2. Ignall, E., Kolesar, P., and Walker, W., "Linear 

Programming Models of Crew Assignments for Refuse 

Collection," D-20497-NSF, New York city Rand Institute, 

545 Madison Avenue, New York, N.Y. 10022, August 1970. 

3. Monroe, Gail, "Scheduling Manpower for Service Operations," 

Industr ial Engineering, ,August 1970. 

4. Altman, S., Beltrami, E., Rappaport S Schoe fl G , ., , p e, ., 

"A Nonlinear Programming Model of Crew Assignments for 

Household Refuse Collection," Urban Science and 

'Engineering, USE Report #70-2, state University of 

" 
, New York at Stony Brook. 

5. Bodin, L., Tucker, A., Altman, S., and Beltrami, E., 

"Heuristics in Manpower Scheduling," Urban Science and 

Engineer'ing, USE Technical Report #71-7',- March 1971. 

23 

I' 

.. ···f 

. , 
" 

.; . . " 

I' 

1', 



'" 

t. 

"""'---"----

• 

6. Tanaka, M., and Quon, J., "A Linear Programming Model for 

, I 
the Selection of Refuse collection Schedules," Solid 

waste Management Memo, No. 71-10-02, Environmental 

Engineering, Wayne State University, Detroit, Michigan 

48202. 

7. Howell, J., "cyclic Scheduling of Nursing Personnel," 
I 

Hospitals, Journal of the American Hospital Associatio:n 

(J .A.H.A.), Volume 40,' January 1,966. 

8. Morrish, A., and O'connor, A., "cyclic Scheduling," 

f'Jspitals, J.A.H.A., volume 44, February 1970. 

9. France~,M., "Implementing a program of cyclical Scheduling, 
I 

for Nursing personnel," Hospitals, J.A.H.A., volume 40, 

July 1966. 

10. Clawsop, C., and Henrickson, H., "Feasibility Study: 

possible Adoption of a 4 Day-IO Hour Work plan for the 

P;:d-"ro1 nivision," Research and Development, seattle P.D. 

11. Robitaille, E., "Ten plan," The police Chief, September 

1970. 

12. Maier-Rothe, C., and Wolfe, H., "cycle Scheduling, and 

Allocation of Nursing staff," .' Arthur D. Little, Inc., 

October 1971. 

24 (, 

" 

, 
" 

, . 
" , 

I 
I 

'I 
_. 

I 
I 
I 
it 

I: 
"It 

,j: 
, )~ 

-, . 

. . . 

.,':"""'" 

\\ 
\t 

.I 

13. 

. , 

14. 

Banasik, R., "Block and Cyclic Scheduling for Radiologists 

_(Physicians), Does It Work?" 40th ~ational ORSA Meeting, 

Anaheim, California, October 1971. 

Banasik, R., "A Cyclic Scheduling Met.::"odology for Nurses 

at Riverside Nethodist Hospital," Riverside Methodist 

Hospital, Columbus, Ohio, 1971. 

15. Heller, N., "Proportional Rotating Schedules," Ph..d. 

17. 

dissertation, University of Pennsylvania, August 1969. 

Heller, N., "Implementin~ Proporti-:.' :1al Rotating Schedules," 

in proceedings, 6th Annual Urban Symposium, Papers on 

the Application of Computers to the Problems of Urban 

Society, Association for Computing Machinery, New York 

, .... '; 1 
J..=:II.J.... 

Warner, D., "A TwO-Phase Model for Scheduling Nursing 

Personnel in a Hospital," Ph.d. dissertation, Tulane 

Un~versity, April 1971. 

, I 

, 
, 
~ ... 



----------

,-_ ..... ~ ~ 

,../ . 

/ -

." 

j I .-. " 

1 
1 
I 
\ 

1 
fl 

l 
I 
I 
J 

~ 

, , 
.>"''"''',. ....... ~''-~.( .... .' 

, 




