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1
RESOURCE ALLOCATION METHODS

The present invention relates to automatic scheduling
and resource allocation equipment and methods.

Complex projects such as the construction of a large
building or the fabrication of a complicated machine
require scheduling and coordination of numerous re-
sources. The resources to be coordinated may include
personnel, machinery, factory space and other physical
resources. In recent years, it has become increasingly
important to apply such scheduling techniques to intel-
lectual projects such as software development, design
of complex systems and the like. The management of
the organization undertaking such a project needs an
estimate of the time required to complete the project, as
well as estimates of other variables such as the total cost
of the project, the risk of failure and the efficiency, of
the program, i.e., whether significant resources will be
underutilized or idle for appreciable times during the
project. .

In one commonly utilized scheduling method, some-
times referred to as “PERT” or Program Evaluation
and Review Technique, the scheduling process starts
with input data defining task dependencies and esti-
mated task durations. The dependency data defines the
relationships between tasks. Thus, certain tasks cannot
be started before other tasks are completed as, for exam-
ple, in construction where the task of setting structural
steel cannot be completed before the task of pouring the
foundation is complete. Automatic computing equip-
ment using such data can arrange the tasks ordered set
constituting a schedule. A schedule typically includes
several different “paths”, ie., several series of tasks
proceeding simultaneously.

Ordinarily, each schedule includes one or more criti-
cal paths. A critical path in this context can be thought
of as a series of tasks forming the longest duration path
between the start and the end of the project. Such criti-
cal path has duration equal to the duration of the sched-
ule as a whole. Non-critical paths are a series of tasks
having aggregate duration less than the aggregate dura-
tion of the critical path. The non-critical paths thus
contain some “slack” time, equal to the difference be-
tween the duration of the critical path and the duration
of the non-critical path. The input data provided to the
computing system may also include resource require-
ments for the various tasks as, for example, the number
of workers having particular skills or machines of a
certain type required to perform each particular task.
The input data may further include data defining the
maximum available resources, such as the number of
workers and machines available to the project. In com-
mon scheduling methods, automatic data processing
equipment tests the schedule to determine whether the
sum of resources required by all tasks operating at a
given time exceeds the sum of the resources available. If
s0, the system uses a common algorithm referred to as
“levelling” to adjust the starting and ending times of
various tasks until the maximum resource demand for
each time is less than the maximum resource availabil-
ity.

The conventional methods described above provide a
shortest-duration schedule for the particular set of as-
sumed task duration and resource availabilities supplied
to the process as input data. However, the known pro-
cess has essentially no capability for adjusting a sched-
ule to meet external constraints or to compensate for
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external resource availability changes. For example, if
the schedule calculated by these methods yields a total
project duration greater than the maximum duration
allowable according to external constraints, the system
provides essentially no guidance as to how one might
best reduce the project duration while maintaining
other desired attributes such as risk and cost. For simple
projects, schedulers have used “brute force” or guess-
work techniques to arrive at the modified schedules
which would meet desired output targets as, for exam-
ple, a maximum duration. Thus, a schedule may simply
cut the durations of all tasks on the critical path by a
fixed percentage to meet a maximum duration. As a
general rule results achieved by such guesswork pro-
cesses are. decidedly suboptimal. For example, where
durations of various tasks are adjusted to make the en-
tire schedule conform to a maximum duration, the costs
and risks associated with the schedule tended to in-
crease substantially. With current methods, these in-
creases may be far greater than if an optimum strategy
were employed. Stated another way, it may be possible
to achieve the same reduction in duration with less of an
increase in a cost and risk.

Moreover, methods of fitting available resources
tasks at hand have been sub-optimal. The so-called lev-
elling methods merely alleviate conflicts or overuse of
the resources. They offer no answer to the question of
whether the project schedule could be further opti-
mized through a better use of available resources. More-
over, these methods can produce irrational results, such
as resource allocations which require programmers to
switch projects every few hours.

The inability of the prior art scheduling methods to
provide optimum schedules for meeting external crite-
ria or to provide optimum deployment of available
resources to enhance a schedule have imposed substan-
tial unnecessary costs in numerous different industries.
Nonetheless, the substantial need for improved schedul-
ing and resource allocation methods and apparatus has
not been fulfilled to date.

SUMMARY OF THE INVENTION

The present invention addresses these needs.

One aspect of the present invention provides methods
of allocating time and physical resources to tasks consti-
tuting a project. The physical resources allocated ac-
cording to this method may include any of resources
useable in the project, such as, equipment, space in a
building or on a construction site the workers having
particular skills. A method according to this aspect of
the invention includes the steps of providing input data
signals representing the tasks constituting the project,
representing the dependencies of the tasks on one an-
other and, defining the duration of each task. The data
defining the duration of each task may be in the form of
an explicit initial estimate of duration or else maybe in
the form of data from which duration can be caiculated,
such as resource consumption data setting forth man

. hours or machine hours required for a task put together

with resource availability data defining the amounts of
each resource, such as number of workers and numbers
of machines available at each time. The input data may
further include data defining factors other than dura-
tion, such as cost and/or risk for each task.

The method further includes the step of processing
the input signals automatically, to calculate an initial
schedule including times for each task, typically earlies-
t—starting and latest—ending times for each task, and
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also including an initial subset of the tasks constituting
the critical path of the initial schedule.

The method further includes the step of automati-
cally calculating at least one effect parameter for the
initial schedule. Each such effect parameter denotes a
global output or result of the schedule as, for example,
total duration, total cost, total risk and overall effi-
ciency or percentage of resources utilized. The step of
calculating the effect parameter or parameters for the
initial schedule normally includes use of the data consti-
tuting the initial schedule itself as well as the input data
associated with the various tasks. For example, calcula-
tion of overall duration necessarily requires the starting
and ending times associated with the various tasks cal-
culated as part of the schedule data, whereas calculation
of total risk of delayed completion may involve risks of
particular delays associated with individual tasks sup-
plied as part of the input data as well as slack time deter-
minations for various tasks derived from the data consti-
tuting the initial schedule. The other global effects pa-
rameters of the schedule can be calculated in a similar
manner. The global effects for the initial schedule col-
lectively constitute an effects vector, i.e., a set of global
effects.

The methods according to this aspect of the inven-
tions further include the step of comparing each effect
parameter in the effects vector for the initial schedule to
a predetermined effect criterion and determining if each
such effect criterion is met. The method further in-
cludes the step, performed only if one or more effects
criteria are not met, of revising the input signals by first
applying a preset task selection policy to the initial
schedule to select a task for modification and a preset
modification policy to adjust the input signals associ-
ated with the so-selected task step wise, i.e., by an
amount which is relatively small in comparison to the
magnitude of the input signal concerned. For example,
in the common case, where the initial schedule exceeds
the allowed total duration, the selection policy may be
based on the critical path with the longest duration
estimate and the lowest resource requirements, or alter-
natively, to seek tasks on the critical path which have
the lowest risk or, in a further alternative, to seek tasks
which can be shortened in duration at the lowest cost
impact. The preset modification policy is then imple-
mented. The present modification policy may include
adjustment of the duration estimate for the selected task
while increasing data representing amounts of resources
consumed by the task, the cost or the like. The revising
step further includes the step of recalculating the sched-
ule based upon the adjusted input signals and then recal-
culating the effect parameter or parameters based upon
the recalculated schedule. The method desirably further
includes the step of repeating the comparing and revis-
ing steps until the effect parameter or parameters of the
revised schedule meet each of the effect criteria.

The preferred methods according to this aspect of the
invention incorporate the discovery that step wise ad-
Jjustments of the input data associated with a selected
task in an iterative process, together with renewed se-
lection of the task to be so modified after each iteration,
will yield a schedule which is optimum, or at least far
closer to optimum than would be achieved by arbitrary
selection of a single task or group of tasks for input data
modification in a single step up. Merely by way of ex-
ample, in a case where the duration estimated for a
particular task reduced step wise, that step wise reduc-
tion may alter the schedule so that the just-reduced task
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is no longer on the critical path. Accordingly, any fur-
ther adjustments should be made in other tasks. Further,
even if the newly modified task remains on the critical
path, the just-completed modification may alter the
relationship of the modified task to the task selection
criteria, and therefore may make it preferable to select
other tasks for further modification. For example,
where the modification policy involves selection of the
task on the critical path with the lowest risk of delayed
completion and reduction of the duration estimate for
that task, a particular step wise reduction in a duration
estimate may cause the risk of delayed completion for
that task to rise so that on any subsequent repetition a
different task should be modified. Stated another way,
the step wise, gradual modification of input data for the
various tasks, with repeated reapplication of the selec-
tion and modification policy assures that these policies
are applied optimally until the schedule is revised to
meet the desired effects criteria. Methods according to
this aspect of the invention thus can provide schedules
which are closer to optimum, and provide a better com-
bination of desirable global effects parameters than
conventional methods employing arbitrary selection of
tasks for modification and attempts to modify the task
or tasks so selected in a single step from the initial
schedule.

Methods according to this aspect of the invention
desirably further include the step of providing resource
data representing quantities of individual resources
available as a function of time and applicability data
representing applicability of individual resources to
individual tasks. The method desirably further includes
the step of resource adjusting at least one schedule in a
method as aforesaid by assigning resources to individual
tasks in accordance with applicability data and in accor-
dance with a preselected prioritization scheme, deter-

mining whether a shortage will exist in any resource

during any time period and, if so, adjusting the duration
of at least one task in the schedule to alleviate the short-
age. Most preferably, this resource adjusting step is
applied to the initial schedule before the step of calcu-
lating the effects parameter for the initial schedule. The
resource adjusting step assures that the schedule which
is so adjusted conforms to the available resources.

A further aspect of the present invention provides
methods of optimizing a schedule with respect to avail-
able resources. The schedule being optimized is referred
to as the “working” schedule and is defined by schedule
data. The schedule data includes data representing a
plurality of tasks, earliest start and latest end times asso-
ciated with each task and a subset of tasks representing
a critical path. The data provided further includes re-
source data representing a set of capabilities possessed
by each resource and quantities of individual resources
available as a function of time, together with a set of
capability requirements and quantity requirements for
each task. As used herein, the term “capability” refers
to a capability applicable to a task. Thus, a capability of
a worker may be “UNIX programming” or “jet engine
mechanic” whereas a capability of a physical machine
may be expressed as “injection molding press time 560
tons” or the like. Each resource may include multiple
capabilities as, for example; a particular worker who is
both a UNIX programmer and a systems programmer.
The quantities of resources may be expressed as such,
i.e., X man-hours of the aforementioned worker avail-
able on this day and Y man-hours of the same worker
available on another day. The capability requirements










































