
Head at the University of Nevada at Reno. As Dean, Dr. 
Thawley had a strong commitment to outreach at the 
College and saw the Leman Conference as a great oppor
tunity to help the swine industry. He encouraged faculty 
in their efforts to build a quality program each year and 
provided the staff to support a conference of this size. He 
will be remembered for his commitment to the growth 
and success of the Allen D. Leman Swine Conference. 

Regardless of all the efforts previously mentioned, you 
the individuals who attend the Leman Conference, are 
the most important reason for success. Without your pres
ence, there would be no need for this meeting. Your com
mitment to your education brings you here. You have chal
lenged yourself and others to be better. We want to meet 
that challenge. 

Thank you for attending the 1998 Allen D. Leman Swine 
Conference. Please feel free to suggest ideas to improve 
future conferences. 

- Charles H. Casey, DVM 
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Part I: Bottleneck identification 

Introduction 
The most common way to determine the output of a breed
ing herd is to use the female efficiency, i.e. farrowing rate, 
alone. However, one manufacturing concept suggests that 
the maximum output rate of a breeding herd is determined 
as the maximum output rate of its bottlenecked station2 

(Figure 1). In order to maximize the output rate of a breed
ing herd, the relative output rate for each station in a breed
ing herd must be determined and used subsequently to 
identify the bottleneck. The objective of this study was to 
apply the fundamental concepts of factory physics to do 
part of a full model to increase the output rate of com
mercial swine farms.3 

Materials and methods 
Thirty-nine of forty-eight farms under a large integrated 
pig enterprise having approximately 100,000 breeding 
females in the United States were used in this study. Herd 
size groups were 1,200 sows (13 farms), 2,000 sows (22 
farms), and 4,000 sows (4 farms). Under an integrator, 
these 39 farms were using the same diets and similar herd 
operations. Facilities and spaces within a herd size group 
were built to be identical. 

Four stations in a breeding herd were defined: 

• breeding station (wean to breed) 

• pregnancy check station (breed to pregnancy check) 

J12 

FIGURE 1: The maximum output rate of a 
process is determined as the maximum output 

rate of a bottleneck station 

2 
3 
4 

5 
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• gestation station (pregnancy check to pre-farrow) 

• farrowing station (pre-farrow to wean). 

Raw data were obtained and extracted from their com
puterized production information system (PigCHAMP' 
and from farm schedules for a one year period. 

The process time of each group passing through each sta
tion was calculated as the total female days/group at each 
station divided by the total number of females entering 
that station. The station rate for each station was then cal
culated as the total number of spaces divided by the pro
cess time at each station. Furthermore, the station rates 
from gestation stations to farrowing stations were math
ematically adjusted for the number of females entering 
from previous breeding stations to give the adjusted sta
tion rate. 

Because all 39 farms were being operated on a weekly 
schedule, 52 process times and 52 station rates at each 
station, and 52 adjusted station rates for gestation and 
farrowing stations on 39 farms were obtained. 

An example of both average station rates and average 
adjusted station rates are shown in Figure 2. Using ad
justed station rates, we have determined the lowest ad
justed station rate was a bottleneck on each farm. 

Results 
A bottleneck at the gestation station was found on 12 farms 
with 1,200 sows, while the remaining 1 ,200-sow farm had 
a bottleneck at the farrowing station (Table 1). Of22 farms 
having 2,000 sows, two farms had a bottleneck at the 
breeding station, one farm had a bottleneck at the preg-

FIGURE 2: Comparing adjusted station rates of 
each station in a swine breeding herd to 

determine a bottleneck. 
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Table 1. Frequency distribution of farms with bottleneck stations by herd size 

Bottleneck found at 
--.. 

Herd Breeding Preg.Check Gestation Farrowing 
Size Station Station Station Station 

1,200 o farm o farm 

2,000 2 

4,000 0 0 

nancy check station, and nineteen farms had a bottleneck 
at the gestation station (Table 1). Of 4 farms having 4,000 
sows, three farms had a bottleneck at the gestation sta
tion, and one farm had a bottleneck at the farrowing 
station. 

Discussion 
Our observations indicate that: 

• A bottleneck of a breeding herd operation can be at 
any station. 

• An occurrence of the bottleneck depends, at least in 
part, upon the number of spaces allocated to each sta
tion and average female days that the females spend 
at a station. 

• The location of a bottleneck varies from farm to farm, 
even though the farms have near identical designs. 

Using the bottleneck information and other information 
from an information system such as capacity utilization 
of each station will help us to optimize the breeding herd 
output with the same set of facilities. 

Part IT: Bottleneck solving and 
balancing process 

Introduction 
One of the objectives of the swine breeding herd is to 
produce as many weaned pigs as possible, commonly 
called output. I The major factors affecting the number of 
weaned pigs output is the total number of females bred 
and the proportion of these that are subsequently farrow 
and weaned. Typically, a breeding herd has the four pro
cesses or stations as defined above in Part I. 

12 farms I farms 

19 0 

3 

Balancing Process (CUBSIBP) has been developed with 
this in mind. 

Procedures for CUBSIBP 
The CUBSIBP computer model includes 4 parts: 

Data extraction. Exported data from PigCHAMr< include 
weekly production records, farm schedules and the num
ber of spaces at each station. The data were then set up in 
the spreadsheet templates which provided the formulas 
for calculating process times, station rates, and adjusted 
station rates. Characteristics of process time as well as 
capacity utilization at each station were also obtained. All 
information was organized so that it could be accessed 
by the model. (See Figure 3.) 

No. of Pigs Mating type 
spaces flow etc. 
D D D 

PlgCHAMP' Farms' information 

Information System 

Bottleneck identification. The exported and organized 
data that were extracted were used to determine a farm
specific bottleneck. (See Figure 4.) 

a.es IWJ EP ((la{JlOStic) 
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The capacity or maximum output rate of sows farrowed is 29J 

and weaned of a breeding herd is determined by the sta- ~ 200 
(j'j 1~ tion rate of the station having the lowest rate of process- w 
....j 100 

ing, called the bottleneck. 2 Herd capacity is calculated by ~ ~ 
taking the station having the lowest station rate and ap- w 

u.. 0 
plying that to the entire breeding herd. For a given set of 
facilities, widening the capacity of the bottleneck station 
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alone may increase the capacity of the entire breeding 
herd. The Capacity Utilization Bottleneck Solving and 
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Balancing process. Using the information from the above 
two steps, the process times and the number of spaces at 
each station were adjusted to become balanced relative to 
each other. (See Figure 5.) 

CUBS AND BP (Balancing) 

~ r----------------------------, 
2~ r---------------------------~ 
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Breedll"g Pteg.check GestatIOn Farrov.ong 

STATION 

I_Actual DAdJusted I 

Process arrangement. The final outcome of the CUBS/ 
BP will provide the new arrangement for number of spaces 
and the pig flow schedule of each station. This will help 
the swine breeding herd to optimize the output with the 
same set of facility. (See Figure 6.) 

Days 

Days 

Discussion 
This model has been developed to manipulate the rela
tionship between process times, spaces, and some char
acteristics which occurred during the time when breed
ing females passed through the process. One of the most 
important pieces of information to obtain from this model 
is the station rates at each station. These station rates de
termine the maximum throughput, called the capacity, of 
each station but not the maximum throughput of the pro
cess. Also, this model will help us.to determine the ca
pacity utilization at each station as well as the bottleneck 
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station. This gives us an idea of how many opportunities 
to increase throughput of the process a farm has. 

For example, a swine breeding operation had total of 1,060 
spaces, and its process time for all processes was 131 days. 
We found the lowest station rate and the lowest adjusted 
station rate at gestation station were 52 and 63 females/ 
week, respectively (Figure 2). By using CUBSIBP, this 
example farm can increase weaned pig output up to 5% 
compared to the previous output with the same process 
time, and almost the same number of facilities (add 26 
more spaces to the original). That is one of the objectives 
of factory physics: increase output with the same set of 
facilities. 

Factory physics tells us that the real potential of a swine 
breeding farm to optimize overall output lies not only in 
the ability of the breeding females, but also in the ability 
of managers to appropriately arrange facilities. 
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