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Abstract

MDA is Israel's national rescue organization, providing first-aid services, pre-hospital
emergency medical services and evacuating casualties using medical vehicles. MDA
iS operating a response unit of volunteers to provide medical response until the
arrival of the vehicles. Nowadays the volunteers are in constant alert and according
to their location and availability when being called, they go to the event's location.
Therefore, their response rate is unknown, hence there is uncertainty about the
capability of the volunteers to provide the medical treatment at any point in time. The
projects purpose is to examine various methods for implementing a dynamic shift
model. The shift model will reduce MDA response time and make the use of the
human resources more efficient.

The project consists of several stages. First, we conducted a study about MDA's
activity in the recent years. We examined a few algorithms and methods for solving
the problem. MDA shared with us the emergency events data from 2017 and we
decided to focus on Dan Area. In addition, we consulted with MDA staff and decided
on dividing the day to 6 shifts and defining two main indicators: the percentage of
late arrivals (over 5 minutes response time) and average response time to the event.
We converted the event addresses to coordinates, performed clusters analysis of
the events and defined each volunteer's coverage ability (for response time of 5
minutes). The next step was to calculate the frequency of events occurring in each
combination of area and shift.

The second stage was to formulate the linear programming model. The goal of the
model is maximizing the coverage of areas in the shifts with the highest probability of
occurrence. The model was implemented in two ways: CPLEX optimization
software and by developing a greedy algorithm in Java. These two solutions were
compared based on the proximity to optimum runtime complexity. For each one we
examined the ideal number of volunteers according to the objective function value.

The third stage was to build a simulation in R to simulate the activity of the
volunteers in real time, throughout the day. We ran the simulation for the two shift
models and the current state.In the results analysis, we found that for the
parameters examined, the CPLEX shift model is slightly better than the algorithm
shift model, and both of them are preferable comparing to the current state. In
addition, we checked for which response rate the shift model would be preferable to
the current state. According to the results obtained, it seems that the shifts model
has the potential to make the MDA volunteers unit more efficient.
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