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Turfing - A Queueing Model for the Work 
Backlog of a Telephone Repairmanllnstaller 
MosheSegal 
Bell Telephone Laboratories, Incorporated, Holmdel, New Jersey, U.S.A. 

ABSTRACT 

Recent studies have demonstrated an increase in the pro
ductivity and motivation of a worker when he could claim 
a "thing of his own." A trial is now underway in which 
each telephone repairman/installer is assigned a well
defined geographical area - a "turf." This paper 
describes a model of the work backlog in a turf and 
presents some results from the trial. 

1. INTRODUCTION 

The age of automation has brought with it high industrial 
production rates, but in many cases dissatisfied employees 
as well. This had led to increased attention to the 
question of work motivation, both here and abroad. 

Studies by Herzberg [1] led him to conclude that factors 
such as achievement, recognition, work itself, responsi
bility, advancement, and growth are prime motivators. In 
contrast with the traditional industrial engineering ap
proach which attempts to simplify and dissect the work, 
he suggested redesigning the job to enrich it by taking 
into consideration the motivational factors . 

Follcwing this approach Ford [2] suggested the "module" 
as a reasonable slice of work. A module is created by 
enlarging the job until the employee having responsibility 
for it has either an outside customer or an in-house 
client or a complete task. The idea is to let the employ
ee have full responsibility and control over the module. 
In order for this to be effective, feedback of performance 
should go directly to the employee. In same situations, 
responsibility for such a module could lie with a group 
of people rather than a single person (assembly of 
engines [3] and rock drills [4]). 

This approach to the redesign of work slices has been 
tried successfully in some clerical work associated wi.th 
the telephone business [2]. It has also been suggested 
that the jobs of telephone installer and telephone repair
man might be good candidates for such redesign. In 
particular, these jobs could be performed by the same 
employee, and that employee could be responsible for all 
new installations and repair jobs in a well defined 
geographical area -- a "turf." 

In the traditional mode of operations, a group of instal
lers and a group of repairmen serve a large district. A 
simplified description of the operation is shown in 
Figure 1. Dispatchable troubles are assigned by the dis
patcher to repairmen as they report completion of jobs, 
according to the commitment time given to the customer 
when he called to report trouble. (In some locations 
dispatchable troubles which are not affecting service are 
assigned in bulk to a repairman in the morning.) Comple
tion dates for new installation are negotiated according 
to the known backlog on the installers. The group 
supervisor balances the load daily among the installers. 

At first glance it might seem that dividing a district 
which is being served, say, by 20 servers into 20 turfs 
served by one server each goes ·against the well known 
result from queueing theory that large teams of servers 
are more efficient than small ones. This queueing result 
is based on the assumptions that the systems are in 
equilibrium and that the large team and the many small 
ones have identical distribution of service times. In 
the case of installation and repair the service time 
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Fig. 1 Flow of Installation and Repair Jobs 

includes travel to the work location. This suggests that 
the "turfed" system might have a shorter service time due 
to reduction in travel and the servers' greater familiar
ity with their turfs, in addition to the motivational 
factors mentioned above. 

The discussion above leads to two fundamental technical 
problems. The first one is that of carving an area into 
turfs that are of appropriate geography and work load. 
This problem is treated in detail in [5]. The second 
problem, which is the topic of this paper, concerns the 
daily fluctuations of the work load in a turf. On high 
days the turfperson might receive outside assistance or 
he might use overtime to reduce the backlog of work. On 
low days he may . do maintenance work or go out of his turf 
to assist in a neighboring turf. The second section is 
devoted to the development of a model for turfperson's 
backlog at the start of the day. Some preliminary results 
from a field trial of a turfed part of a district are 
reported in Section 3. 

2. THE BACKLOG MODEL 

Most models for queueing systems assume that the service 
times are independent of the queue length. Therefore, in 
equilibrium, occupancy of the team, which depends on the 
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offered load and the service criteria, will be strictly 
smaller than one. This is the case, for instance, in 
teams of Directory Assistance operators. 

In contrast, turfpersons clear backlogs, and it is ex
pected that they will be productively employed 100 percent 
of their work time. When the backlog is low the server 
can work on maintenance jobs or remove left-in stations. 
When the backlog is high, he can reduce it by working 
overtime. A group of turfpersons may also have "floaters" 
whose function is to assist the individual turfpersons 
when their l Ooad is high. Similarly two neighboring turf
persons may assist each other when one's load is high and 
the other's low. 

The purpose of this section is to develop a stochastic 
model for the work backlog in a turf, where the rate at 
which work is cleared is determined by the turfperson 
according to the backlog he observes in the morning. 

We shall assume that a turf is served by one server. At 
say, 8:00 a.m. on day n the turfperson observes the back
log of work, bn , and accordingly decides that $(bn ) hours 
of work will be made available for installation and repair 
during the n-toh working day. If $(bn ) is larger than his 
normal day's work, he can stay overtime on day n or call 
for assistance. If $(bn ) is less than his normal day, 
the rest of his time will be used in programmed mainte
nance work. We also assume that jobs are divisible, i.e., 
a job which is begun on day n can be continued on day n+l 
without penalty and that work load arriving in day n may 
be processed the same day. 

The business office schedules new installations a fe~ 
days in advance, taking into account the already committed 
jobs. Unlike repair work, rarely is there a need to 
schedule installation work on the same day. We therefore 
assume that the installation workload in day n, Zn, is 
distributed according to density gz' but the value of zn 
is known at the start of day n. The repair work, ~, 
which arrives during the day receives more immediate 
treatment and is distributed according to f x ' The varia
ble Yn represents the work carried over at the end of the 
day, and the total known load on the morning of day n, 
which we will refer to as backlog, is bn = Yn-l + zn' 

The above assumptions lead to the fundamental backlog 
equation: 

y = max(b + x - $(b ) ,0) n n n n (1) 

with bn = Yn-l + zn. We shall define sn = bn + xn -
$(bn ), and note that s~ is the amount of time available 
for interruptable nonprogrammed work. Equation (1) is 
closely related to the stochastic process defined by a 
recursive scheme in [6] and its derivatives. 

A possible function $(b) is a step function, such as that 
illustrated in Figure 2. When Bl < b < B2 the turfperson 
makes L = 8 hours available for clearing installation and 
repair work in his turf. When b 2 Bl, R = 4 hours are 
devoted to programmable maintenance or outside work. 
When b > B2 the additional 0 = 2 hours are added through 
overtime or outside assistance from other turfpersons. 

It is important to note that R in ~(b) represents a 
deliberate decision in the morning to devote R hours to 
work other than installation and repair in the home turf. 
In contrast s~ represents a chance occurrence of intervals 
of time when the turfperson can work on interruptable jobs 
other than installation and repair in his home turf. 

To solve for the equilibrium distribution of the carried 
over work y, governed by Equation (1), one resorts to 
numerical approximation. A finite state Markov chain is 
created by discretizing x,z and y; measuring them, say, 
in units of quarter hours. And the state space of y is 
truncated; that is O 2 y 2 M. The transition Omatrix Pij 
(see Figure 3) is given by 

Pij = I fxg z 

where the sum is carried over all x and z such that 
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Once F(y) is known one can convolve it with gz to obtain 
the distribution of the backlog. The probability that the 
turfperson will require overtime or assistance is given by 
P2 = p(y+z > B2)' The probability that he will be able to 
release his time for assistance to other turfpersons or to 
do programmable maintenance work is given by Pl = 
p(y+z 2 Bl ). The expected interruptable work time is 
then given by 

And the amount of time used for clearing installation and 
repair work alone is s* = $(b) - s-. 

A typical turf is examined in Figures 4 and 5. The 
density fx was assumed to be neg~tive binomial with m:an 
4.1 hours and variance 8.2 hours. The clearance pol~cy 
was assumed to have three steps with R = 4, L = 8, 0 = 8, 
Bl = 2, and B2 = 11 hours in Figure 4 and B2 is vari:d in 
Figure 5. All numerical examples were computed by d~s
cretizing the variables into quarter hours and solving 
for equilibrium in a M+l = 137 state Markov chain. 

In Figure 4 we show the equilibrium distribution of the 
carried over work y and the backlog work (y+z) for a 
typical turf. Figure 5 illustrates how B2 affects the 
means and variances of various measures discussed above. 

3. PRELIMINARY FIELD TRIAL EXPERIENCE 

In October, 1974 part of a district in Pennsylvania began 
operating under a turfed system. Turfs had been carved 
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Fig. 3 Transition in the Markov Chain 

using the software system described in Reference 5. The 
area involved was carved into seven turfs and an addi
tional three employees were designated as floaters. The 
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Fig. 4 A Typical Turf - Distribution of Carried Over Work 

floaters help control backlog and substitute for sick, 
vacationing, or otherwise absent turfpersons. 

After five months under the turfed system of operation, 
the local management made a preliminary evaluation and 
noted that employee morale had improved noticeably and 
that the absence rate for the people involved had 
decreased (nine total days of absence during the five 
months of the turfed system compared with 26 days during 
the previous nine months of 1974 and 30 days during 1973). 
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Total vehicle mileage for the ten people involved was 
down by about 1100 miles per month3 - a reduction of about 
21 percent. 

Overall, employee productivity increased over the five 
month period as well, with several striking improvements 
as well as a few smaller decreases. Table 1 shows the 
change in productivity for the ten people involved. There 
was an overall improvement of about five percent in time 
spent per installation job and about three percent in 
time spent per repair job. After ten months, these 
figures were eight and five percent, respectively, indi
cating continuous improvement in productivity. It is 
estimated that before turfing a repairman/installer spent 
about one hour of his day traveling. The 21 percent 
reduction in travel will then correspond roughly to .21/8 
or 2.5 percent reduction in service times which is a part 
of the improvement in productivity shown in Table 1. 

For completeness we have included some basic statistical 
data on the area involved. Figure 6 shows the distribu
tion of the daily completed workload, by turf. Negative 
Binomial distributions have been fitted to the data by 
the method of moments. The person in Turf 4 has addi
tional responsibilities within the garage, so his turf 

3This figure was arrived at by comparing vehicle mileage 
during the turfing trial with the previous nine months' 
mileage of the same vehicles. A more appropriate 
comparison would have been with the total mileage used 
to service the turfed area during the period prior to 
the turfed system, but such figures were unavailable. 
However, vehicles are assigned to the same employee 
most of the time and five of the ten people involved 
worked in this area prior to the turfed system. 
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Percent Reduction in Service Times 

After ~ Months of Turf After 10 Months of Turf 

Employee Installation Repair Installation Repair 

1· 4 -16 12 -10 

2· 32 21 34 22 

3· 21 -4 26 0 

4· 8 3 T 8 

5· 10 0 12 1 

6 6 -9 8 -10 

7 -6 -3 -3 2 

8 6 19 13 16 

9 -1- ~ -3 2 

10 -1 5 2 4 

Crew 5 3 8 5 

Crew 
Service .96 .73 • 93 .71 

Times 
(Hours) 

Service Times of Crew in 9 Months before Turfing: 

1.01 Hours/Installation .75 Hours/Repair 

·Worked in same area before Turf ProJect. 

Table 1 Change in Productivity 

was intentionally created with a lower workload. Overall, 
turfpersons spent about eight to ten percent of their 
work time outside the turfed area. In addition, about 
five to seven percent of a turfperson's time was spent in 
a different turf. Finally, in Table 2 we show the mean 
and variance of the daily completed workload, broken down 
into installation and repair. As discussed in the back
log model in Section 2, it is appropriate to treat the 
distribution of completed hours of installation as the 
arrival distribution (since installation jobs are 
scheduled in such a way that appointments are rarely 
missed). However, the arrival distribution of repair 
hours cannot be directly inferred from the completion 
distribution because some repair work (e.g., non-service
affecting) is carried over the next day. Hence, to 
compare the actual variance of work completed with that 
predicted by the model which was developed in Section 2, 
we assumed a variance to mean ratio of 2 for the arrival 
distribution of repair work. This value seemed consistent 
with the data of Figure 6. We assumed a clearance policy 
of L = 8, R = 4, 0 = 8, Bl = 2, and B2 = 10.5 hours. 
Comparisons of variances of total work completed indicate 
that the model captures the essence of the actual mode of 
operation. In addition, the total expected released time 
(PIR in Table 2) of 2.25 hours per day (four percent) is 
fairly consistent with the figure of five to seven percent 
that the turfpersons spent outside their turfs. 

4. SUMMARY 

In this paper we have described a new mode of operation 
whereby an employee takes full responsibility for all 
repair and installation jobs in his turf. A model which 
links the stochastic behavior of the carried over work 
in the morning to the clearance policy has been described 
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and solved numerically. Preliminary experience in a 
trial area seems to indicate that this mode of operation 
is workable and desirable, leading to increases in 
employee satisfaction and productivity and a decrease in 
vehicle mileage. 

REFERENCES 

[lJ F. Herzberg, "One More Time: How Do You Motivate 
Employees?" Harvard Business Review 46 (1968), 
pp. 53-62. 

[2J R. N. Ford, "Job Enrichment Lessons from A.T.&T.," 
Harvard Business Review 51 (1973), pp. 96-100. 

[3J S. Agis, "Work Democracy Tested at Scandinavian 
Plants," three article series, New York Times, 
November 11-13, 1974. 

[4] L. E. Bjork, "An Experiment in Work Satisfaction," 
Scientific American, March 1975, pp. 17-23. 

[5 J M. Segal' D. B. Weinberger, "Turfing," A paper in 
preparation. 

[6] W. Feller, An Introduction to Probability Theory and 
its Applications. Vol. 11, John Wiley (1966), 
pp. 193-197. 

lTea 

• 
• 

• 

• 

• 

• • 



• Daily Work Completed (Field Data) Statistics Predicted by Modelt 

Variance (Hours2) 
E(cj)(b) 

• Mean (Hours) Var(s*) P1R -E(s*») P20 E(y) Var(y) E(y+z) Var(y+z) 

~ Installation Repair ~ Installation Repair ~ Hours2 2 
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4.68 9.86 11.24 16.21 ~~~_ 
I 

1 5.18 16.611 ____ .J .30 .31 2.53 ~.52 12.12 8.10 23.94 
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(4%) (6%) (32%) 
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