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P-graph has the capability to generate the n-best solutions to any given PNS problem. This feature is especially
useful for practical decision-making problems. Such near-optimal solutions may have performance levels
virtually equivalent to, or indistinguishable from, that of the true optimum. While P-graph was originally
developed to solve PNS problems encountered in the design of chemical plants, this approach has been
extended to a wide range of structurally analogous problems; many of these early applications are discussed in
a review paper by Lam (2013). More recent developments as well as broader geographic spread of research
interest in P-graph are discussed by Kleme$ and Varbanov (2015), while a review of its success and assessment
of future directions are outlined in Varbanov et al. (2017). The relationship between P-graph and economic
input-output systems was established by Aviso et al. (2015), and subsequently applied to input-output models
of organizational systems (Aviso et al., 2017). In addition, Tick (2007) pioneered the use of P-graph for business
process workflow optimization.

Human resource planning can be modelled in P-graph by identifying categories of staff and representing these
as process units, while the functions provided by each type of staff are represented as material or product
streams. A teaching faculty (process unit labelled FAC_T) for example is expected to teach and provide
consultation (material or product stream labelled TEACH). However, the teaching faculty will require support
services (node labelled SUPPORT) and receives general supervision (node labelled SUPERVISION) from top
management. The P-graph form is shown in Figure 1.

SUPPORT SUPERVISION

1uly

Figure 1: P-graph representation of teaching faculty in HEI

3. Formal Problem Definition

In the proposed methodology, the problem addressed via the P-graph model can be formally stated as:

e Given a set of homogeneous categories of employees or workers, within which work assignments are
assumed to be fully interchangeable, and for which average cost of compensation is known;

e Given a set of types of work flows or tasks, which are associated to the worker categories as inputs or
outputs;

e Given that each worker category has a fixed set of workflow inputs and outputs, which reflect the
worker’s job description (i.e., deliverables) and interactions with co-workers;

e Given that the institution has a predefined set of net output for each of the workflows;

e The objective is to determine the staffing level in each worker category to deliver the required net output
at minimum cost.

4. Case Study

A hypothetical HEI is used in this example, with seven human resource categories as indicated in Table 1.
Faculty are categorized into pure teaching, pure research and mixed functions. In addition, six types of
interaction between the different staff categories are identified based on the staff job functions. These include
general supervision/management, research mentoring, research, teaching (including consultation), knowledge
transfer and support. All workflows are measured in man-hours per week, but these are assumed to be
proportional to the actual output demands (e.g., number of students, number of journal articles published, etc.).
The interaction between staff categories is represented by arcs. The P-graph representation of the HEI can be
generated using MSG as shown in Figure 2. The interactions are summarized in Table 2 together with the
average salary for each category.

Using SSG, it is possible to identify 86 different structures indicating that different combinations of staff
categories can exist in the HEI. Due to space constraints, these potential alternative structures are not shown
here. The baseline scenario assumes the weekly total output for teaching is equivalent to 18,000 man-hours,
while those for research and knowledge transfer both require a minimum of 1,000 man-hours. This corresponds
to an output profile of 90 % teaching, 5 % research and 5 % knowledge transfer. The academic staff requirement
is 961 faculty members, of which 546 have only teaching duties, 169 have combined teaching and research,
246 faculty administrators. Also, 565 support staff are needed. The initial total weekly cost of personnel salaries
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Figure 4: Optimal staffing level for 300% increase in research and knowledge transfer output
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5. Conclusions

This work presents a P-graph methodology for human resource planning in HEls. This approach allows optimal
and near-optimal staffing levels in different human resource categories to be determined to meet strategic
requirements for expansion of research capacity and output in an HEI. Workflow representation in the P-graph
model allows indirect effects of expansion to be accounted for, as illustrated using a hypothetical case study.
Indirect effects are difficult to deduce intuitively, but in practice, failure to account for them can result in process
bottlenecks within the HEI. Future work can include multi-period P-graph models, as well as integration within a
decision analysis framework to compare alternative near-optimal networks.
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