
SOME APPLICATIONS OF CRITICAL PATH SCHEDULING

TO THE LAYOUT AND OPERATION OF PIGGERIES *

INTRODUCTION

The possibility of optimizing Ma
terials Handling systems by mathema
tical programs was described in 1963
by Isaacs, French and Peart (3), with
ai example of livestock feeding. A
development of this concept to the
design of piggeries is a relatively small
st:p, once the full range of time study
standard data has been compiled for
all alternative methods of performing
piggery chores under average condi
tions. Such data was prepared in 1963
for most pig-keeping methods used in
Alberta (5). The labourious nature of
the calculations needed to resolve the
data into a useful format have hitherto
precluded their use. The application of
network diagrams and critical path
scheduling to this type of problem are
described in this paper with an example
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Critical Path Programming was pro
duced by Latta (4) for the Canadian
National Research Council in 1964.

There are two distinct and separate
roles for Critical Path Scheduling to
play in designing piggeries:

1. the scheduling and phasing of
the construction project, with the
object of reducing costs and time
for the completion.

2. identifying the most suitable
form of building, manual me
thods and Materials Handling,
from the full galaxy of alterna
tives. This will always precede
1 above.

1. SCHEDULING THE

CONSTRUCTION OF A PROJECT

The object of including an outline

Arrows = activities which
occupy time >

Nodes = events which are

the accomplishments of
the activities and occupy
no time

The outline diagram in figure 1 is
actively oriented. It will be seen that the
controlling critical factor for the total
time for the early stages of such a pro-
j:ct might be the "arranging of fi
nance" or "the drawing of detailett
plans". These activities can be concur
rent but could be independently timed:
either one being the first or last. Such
arrows are drawn in parallel. However,
taking two activities such as the walls
and the roof construction, the roof can
never be concurrent with its supportng
walls and must be delayed until the
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of simple solutions.

The basic techniques of Critical Path
Scheduling have been described by
Mauchley (6), Battersby (1) and
Ford & Fulkerson (2) and many
others. An annotated bibliography on

Figure 1. Network diagram of a piggery project.

of network planning at this point in this
paper is mainly to emphasize the rigid
logic of the arrow diagram, which
permits only one interpretation of the
sequence of data. The convention used
is:
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~T*~''PAY CONTRACTORS

walls are completed. Such dependent
activities' arrows are drawn in tandem.
For dome buildings or arch rafter con
struction, the roof is not dependent on
the walls and would be drawn as paral
lel arrows: this exception is cited to
illustrate the rigorous logic required in
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the drawing of the diagram.

The advantage of preparing a net
work of this type is that the total time
for a project can be predicted with
proper allowances being made for the
interactions of activities and their inter-
dependencies. The total time for the
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project is paradoxically the longest
route through the arrows from start to
completion; it is the shortest time
needed if all the activities shown as
concurrent are not competing for some
limiting resource and need not be per
formed for this reason sequentially.

2. IDENTIFYING THE

SHORTEST WORK ROUTINES

The standard time data for all pos
sible work routines derived by work
study can be presented in the form of
materials Flow Process Charts such as
Figure 2. These can be prepared for
such operations as manure disposal,
bedding handling, watering and feed
ing routines. These Flow Process
Charts are for hypothetical units in
which all possible methods are used on
various scales of operation. No attempt
is being made in this paper to validate
the diagram which shows on one chart
many alternative combinations and se
quences all of which may not yet have
been included.

Because the Flow Process Chart is
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large and cumbersome, it is not pos
sible to present a full example in a
single published illustration; neverthe
less it is the very size and ease of
visualization of the complete integrated
unit that is the essence of the advan
tage of this technique. The block dia
gram in Figure 2A shows how various
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Figure 2. Flow process chart of pigfeeding operation.

sub-sections could be combined into an
outline Flow Process Chart. Figure 3B
shows how occurrences such as man
ure handling and pig handing are
sometimes performed by a team of 2
men. Figure 3A shows how alternative
methods must be shown as concurren
ces but simultaneously performed work
must be shown in tandem if the shor
test path solution is to be used to select
between alternative methods. This be-

A Bedding Feeding ^ Watering Husbandry _

A-—XS >*§)-——x£> -±©

—_ -Enure Handling Pig Handling _
-® — >®—— )®

Figure 3A. Block diagram.

comes a chain network embodying the
alternatives in parallel. An advantage
of this chain is that it can be separated
into distinct parts for computation.
After computation each link can either
be summed with others to give the
value of the whole chain or they can
be re-assembled as in Figure 3B in
order to determine the total time re-

quired for teams of various sizes. This
latter procedure then becomes an exer
cise employing the longest path solu
tion as was described at the outset of

this paper. For either the longest or the
shortest path solution an algorithm
employing node numbering is required.

MANURE HANDLING

<!k
PIO-HANDIINO '3®-*©-•

Figure 3B. Simultaneous operations.

Node Numbering—Each node is
given an origin node (i) and a ter
minal (j). Numbers are assigned so
that no activity joins a node which
has a lower number than any pre
ceding node in the whole chain. In
order both to provide for a start
and a finish node and to provide for
a single path solution dummy nodes
which do not represent operations or
activities must be included in the
diagram to provide for uniqueness
of defnition. These dummy nodes
are shown as dotted lines along their
shaft.

Both the longest and the shortest path
routines use a similar algorithm. This is
to date the earliest time of arrival at
each node number starting with the
lowest node number and working in
strict numerical sequence through the
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Figure 4. Network diagram of some piggery feeding operations.

most workers in the field, particularly if
it needed to be repeated frequently for
different planning criteria.

These same flow diagrams can be
converted into network diagrams which
conform to the conventions of Critical
Path Scheduling. Figure 4 shows how
this appears for some pig feeding
operations. The main advantage of this
representation is that the activities can
be identifed by their node numbers and
that restraints and dummy activities of
zero duration can be introduced to
substantiate the logic of the complete
network, and provide for unique in
terpretation.

By applying the standard time data
for each activity, the time for each
route through the network can be
computed. For this calculation, a num
ber of variable factors such as total
feed weight, number of feeds per day
and distance from feed stores to feed
ing area can be applied to give each
arrow a "length" in terms of units of
time or of $. These can be summed to
show the shortest or cheapest route
through the maze for that set of cir
cumstances represented by the values
for the variables.

A tabulation of the activities desig
nated by their node numbers together
with the effect of the variables upon
them is given in Table 1. This is only a
part of the total matrix described in
figures 2 and 4.

used for either manual or computer
solution for identifying the crtical path
through a network, find the longest
route, as was mentioned in 1. above
for the project as a whole. However for
selecting the work routines, it is the
shortest or cheapest route which is of
greatest interest to managers. This
minimal length of route as opposed to
maximum length of route can be ac
commodated by existing computer rou
tines if the time date are assigned either
negative values or reciprocal number
values in the calculations. This minor
modification of routine is all that is
required to adapt the basic computer
programme. Sub-programmes are re
quired for the addition of the calcula
tions of the effect of the variable. As
only trial runs for the computer have
so far been attempted, it is outside the
scope of this paper to indicate how best
to include provision for the calculations
of variables.

CONCLUSION

While standard time data for the
many alternative ways of performing
work in piggeries is already available,
it will not be used by designers of new
buildings until it can be presented in a
more convenient form. Yet it is these
very designers whose influence on work
methods is almost irreversible once the
buildings are constructed. While the
possibility of using digital computers to
perform the mathematical calculations

nodes until the last node is reached.
This process is called the forward pass.
Each node is then assigned a latest
finish date from a backward pass which
starts at the terminal node of the net
work and is assigned to each node in
the reverse numerical sequence. For
the longest pass solution each activity
dependent upon its duration can be as
signed to other dates. These are the
latest start possible without delaying
the whole project and the earliest finish
possible without delaying the whole
project. Activities which have the same
earliest and latest start dates together
with the same earliest finish and latest
finish dates are said to lie on the
critical path.

For the shortest path solution, used
for methods alternative analysis, the
use of reciprocal values of the dura
tions will provide a solution which is
the shortest route.

Piggery Example

Figure 2 includes all piggery opera
tions but for the sake of presentation
this paper will be confined to feeding
alone. The principle can be expanded in
scale quite simply, but becomes incon
venient for printing. The Flow Process
Charts themselves could be used as an

aide memoire by a piggery planner to
visualize alternative methods for any
particular units. However, although
this would be an improvement on the
normal clerical methods of using stan
dard data, it would be a sufficiently
arduous methematical task to deter Normal C.P.S. procedures when continued on page 57
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to avoid puddling and compaction.
Where these precautions are taken ,the
only difference between sprinkler and
furrow methods of irrigation would be
in how the water enters the soil. With
furrow irrigation, water entry would be
laterally toward the plants as well as
downward. With sprinkling the move
ment would be downward in the rows
as well as between them (potatoes were
hilled for both sprinkler and furrow
methods). Such differences in water
movement could cause differences in
movement of plant nutrients in the root
zone and so cause differences in plant
nutrition. This would be particularly
so where fertilizers are used. No ferti
lizers were applied in the present study,
and apparently such differences as
may have existed regarding transloca
tion of naturally occurring plant nut
rients were not large enough to cause
significant differences in crop growth.

The basin method, wherein furrows
were not used, caused puddling over
the entire plot and tended to promote
more unmarketable potatoes than the
other methods.

. . . OPERATION OF PIGGERIES

continued from page 45

is predicted, the prospect of this being
accepted as part of general design pro
cedure will depend upon the accep
tability of the general concept. For the
validity of the solutions given by the
computer will depend entirely upon
the accuracy of the time data and the
network diagram, as well as on the
appropriateness of the variable factors
used by the project designer.
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CONCLUSIONS

The experiments showed that me
thod of irrigation does not appreciably
affect yields or quality of tomatoes,
potatoes, and peas provided that the
soil is supplied with sufficient water at
the right time. If the picking season for
tomatoes is unusually hot, sunny and
dry, sprinkling may delay maturity.
There appears to be no choice between
sprinkling and furrow methods for
irrigating potatoes. Sprinkling may be
preferable to surface methods for irri
gating peas but the evidence was not
conclusive. Time of irrigation with re
spect to daylight was of very minor
importance. The main conclusion is
that choice of irrigation method for
these crops depends almost entirely on
topography, soil, and convenience and
that plant physiological factors are of
little concern in this regard.
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TABLE I. SELECTED EXAMPLES OF A

Example Variables

V, = Average Quantity of Feed per occasion:

V3 = No. of Gallons of H20 needed for V, to
V7 = No. of Feed Troughs.
V,0 — No. of Feeds per day.
V,, = $ Value of Labour per minute.
V,5 = Paces from feedstore to first pen.
V,4 = Current cost 0 per ton per 20 ft. auger.
EV = Element value for auger.

Example Calculation of Activity Lengths

NETWORK'S MATRIX CONTENTS

a)-

b>-

c>_

-lb;

gallons;

20 lb shovelsful

mix it into a wet feed.

0

Z

S "°cfl O

W5Z

Z

u

w z

ACTIVITY

DESCRIPTION

ELEMENT

No. Mins.

Value

FORMULA To be calculated

ACTIVITY _ by computer
FOR ,

LENGTH sub-routine

From Figure 4 From Figure 3

10 11
Auger to meter

boxes

Machine time

calculating fron
engineering data

-(V14xVlxV10)(VuxV7)EV

37 38 Cut paper sacks 18 .032
Vin-(Y^x.032^-^x^,0;

28 32 Mix wet feed

111

41 .052

111

-(Vn X.052, xCY]B+V2) V10)

NOTE THIS IS ZERO IF NO FEED

IS TO BE FED WET

39 46 Dummy .000 Always ZERO.
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