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It is clear with a systems mindset all pro-
cesses and products become complex
when you start to focus on them. When
trying to maintain your workforce, a sys-
tems view is critical to fully appreciate
the complexity of the task. Factors such
as motivation, salary, work location,
family life and work environment are all
significant. Within this construct, every
person in management is on a constant
quest to optimize Reliability, Maintaina-
bility and Sustainability (RMS) as it re-
lates to their workforce. Any manager
who has to hire or try to motivate the

(Continued on page 3)

A Knowledge-Cultural Disconnect between the Government
and Industry Workforce

by Russell A. Vacante, Ph.D.

The October 2018 and the March 2019 Boeing 737 MAX crash-
es that caused 346 deaths is indicative of a knowledge-cultural
disconnect between the government’s oversight function and the
technical and economic priorities of industry. This disconnect
manifest itself in four ways. The first one is the capitulation of
government oversight and control to industry demands for less
government regulations and guidance. Secondly, the govern-
ment’s seemingly myopic focus on acquisition and related policy
and procedures at the expense of technical knowledge and exper-
tise. Next, the lack of training within government and industry
(but acutely in government) pertaining to the reliability and sys-
tems engineering disciplines. Lastly, the profit driven motivate
that creates a culture within government and industry that toler-
ates life cycle process short-cuts for economic rewards.

The relation between government and industry may now be re-
ceiving some close scrutiny due to the two Boeing 737 MAX
crashes. However, the delegation of many former government
oversight responsibilities is not restricted to Boeing and the
FAA. The lack of government oversight of industry in general is
pervasive throughout most of the government-industry relation-
ships irrespective of government agency or type of industry. For
example, the acquisition reform measures under Secretary of De-
fense Perry in 1993 significantly reduced the oversight role of
the government contracting and technical communities. During
the same time period, DoD turned over base housing responsibil-
ities to contractors. Today many military personnel families are
living in residences that are mold and rat infested.

Government agencies during the 1990s were forced to yield
many of their oversight responsibilities due to Congressional
pressure, that was in turn responding to political pressure from
industry to “get government off its back.” Industry insisted that
the numerous government regulations and procedures were cost-
ing them money and dulling their competitive edge. This per-
spective, while containing some accuracy, is obviously not re-
flective of current realties.

(Continued on page 2)
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A Knowledge-Cultural Disconnect be-
tween the Government and Industry
Workforce (Continued)

The grounding of the Boeing 737
MAX series certainly has negative-
ly impacted the profitability of the
Boeing Company. Current prelimi-
nary investigation findings into the
two deadly Boeing 737 MAX
crashes indicate that self inspection
by Boeing personnel is a contrib-
uting factor. Similarly, the lack of
government technical oversight
with respect to base housing has
inflicted much pain and suffering
on its military residents, as well as
shown that corrective repair
measures have been exceedingly
expensive.

The prolific production of regula-
tions, rules and procedures charts
by folks in a government leadership
position is well-known to most gov-
ernment-industry employees. Any-
one who has ever attended a confer-
ence, symposium or workshop at
which a government employee
made a presentation understands
that regulations, policies and proce-
dures will be the topics of discus-
sion. Presentations of this type are
intended to inform government-
industry representatives about ac-
quisition and contractual expecta-
tion pertaining to cost, schedule and
performance—which of course is
important for most to understand.
However, substantive technical in-
formation and knowledge is slight-
ed in favor of promoting and ex-
plaining regulations, policies and
procedures. It probably is safe to
say that the longer that an employee
remains in government service (of
course there are exceptions) the less
chance does he or she have to re-
main on the cutting edge of tech-
nology. This has evidently become
an increasing problem as a result of
decreased government oversight of

industry activities.

The low priority given to training,
especially technical training, within
the government means that engi-
neers and related technical profes-
sions are increasingly becoming
less interested in establishing a gov-
ernment career. All are aware, both
seasoned professionals or those just
out of college, that training is a low
budget priority while training that
will keep their knowledge and ex-
perience on the cutting edge of
technology is infrequent, if at all.
Moreover, the scant opportunity for
professional career development
will prevent them from successfully
performing their remaining industry
oversight responsibilities. However,
how can government representa-
tives oversee industry projects
when they often lack the knowledge
and expertise of technical industry
personnel performing a task?

Profit is not an inherently dirty
word. Its meaning does however,
become corrupt when greed moti-
vates companies and individuals to
trade off a greater good for their
organization or self. Taking short-
cuts, e.g. not properly addressing
reliability, systems engineering and
interoperability issues early-on and
through a systems life cycle be-
cause there is a suspicion that it will
adversely impact a company’s prof-
it can prove to be devastating to the
company and the user community.
The Boeing Super MAX and the
military base housing experiences
amply illustrate this.

The second tension associated with
profit is within the context of the
government-industry complex, re-
volving door syndrome, discussed
by President Eisenhower. It is not
uncommon for a government em-
ployee to seek out a more lucrative
economic industry position some-
time during their career or just

shortly after retiring. With future
possible employment opportunity in
mind, the obvious question to ask is
how rigorous will be a government
representative’s oversight of a par-
ticular industry that may employ
him or her? This observation is not
to call into question the preponder-
ance of hardworking government
professionals that do properly per-
form their industry oversight tasks.
What is being expressed is that sal-
aries have been established that are
comparable to similarly skilled pro-
fessionals in industry.

The thread of continuity that lends
itself to a better understanding of
the “disconnect” between the gov-
ernment-industry workforce can be
found in the discussion above per-
taining to the government surren-
dering much of its oversight re-
sponsibilities to industry self-
inspections. This change has mar-
ginalized government oversight re-
sponsibilities and opportunities, is
responsible for increased govern-
ment representative’s focus on poli-
cies and regulations at the expense
of technical knowledge and exper-
tise, which in turn resulted in less
demand for technical training, that
has the tragic consequence of de-
pleting the desire of professionals
from pursuing a career in govern-
ment service. While it cannot be
categorically stated that if the four
measures discussed above were ad-
equately addressed and managed
there would not be two Boeing
MAX crashes or unhealthy and un-
safe military housing issues. What
can be said, is that the probability
of these disasters occurring as they
did would have been less.
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Maintaining Your Workforce Through
STEM Outreach (Continued)

workforce knows this can be a diffi-
cult and continuous task. One meth-
od that can be leveraged to influ-
ence this issue is using employee-
based Outreach programs to go out
and try to build the next generation
workforce in your area of expertise.
For our organization, this is in the
area of scientists and engineers
(S&E) through Science, Technolo-
gy, Engineering and Mathematics
or STEM Outreach. The outreach
your organization conducts can be
outside of the STEM program to-
wards other desired areas of exper-
tise that your workforce needs. Uti-
lizing outreach has been found to be
a great way to not only grow your
future workforce, but to also main-
tain and support enthusiasm and
interest towards your organization’s
mission and goals.

Back in 2015, the US Army con-
ducted a survey on their workforce
of approximately 200 to 250 scien-
tists and engineers who went out
into the community to conduct
STEM Outreach at least once a year

[1].

Figure 1: 98% of S&E Professionals indi-
cated that conducting outreach had an
increase in job satisfaction

This outreach supported kindergar-
ten through high school, and even
colleges, to promote the areas of
STEM for both understanding and

interest. From this survey they
found that 98% of the employees
felt they had a job satisfaction in-
crease from doing STEM Outreach.
This directly links back into this
need to always be looking for meth-
ods to maintain your current work-
force, while keeping them enthusi-
astic, engaged and focused on their
work.

The survey also identified trends in
the comments provided by the S&E
participants finding three main rea-
sons that the S&E’s felt that they
had an increase in their motivation
and job satisfaction. The first being
they felt that they were giving back
to the community. By having this
direct interaction with the commu-
nity and students, a humanitarian
feel was achieved which has been
identified as a link to job satisfac-
tion by multiple studies including
Borgonovi’s work illustrating this
positive link [2].
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Figure 2: STEM career pipeline stages

The second reason relates to the
busy pace at work. Stepping away
from their daily work routine al-
lowed them to recharge and catch a
breath. The third and, maybe argua-
bly, the most important reason is
conducting outreach with students
reminded them of why they became
an engineer or scientist in the first
place. Going back into the schools
rekindled that early excitement and
interest into the field that they
chose for their career. These three
reasons were identified by S&E’s at
various points in their career,
whether they were fresh out of
school or a 30 year veteran. This
illustrates that these three areas are
universal, no matter what stage you
are in as an employee in your com-
pany, and can impact the employee
systems model.

Beyond supporting your workforce
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through career satisfaction, another
added benefit of conducting out-
reach is maintaining the career
pipeline for your future workforce.
Sending your employees into the
classroom allows them to aid stu-
dents in understanding and growing
interest in the careers important to
your organization. Your profession-
als have a unique perspective that
most teachers cannot provide that
can aid in shepherding the student
as they move through distinct stag-
es of career understanding.

If you are in a position to lead or
manage your organization’s work-
force, starting an Outreach program
can feel like an overwhelming task.
To get you started, there are a few
best practices to consider.

First, canvas your company for em-
ployees who may be interested or
already doing outreach on their
own. Next, look for schools that
employees already have children in.
Use this link to reach out to the
teacher and or superintendent and
offer to support the classroom.
Teachers are always trying to figure
out ways to better explain why
what they are teaching is relevant to
their students and your employees
can answer this question. Finally,
work to complement the teacher’s
needs. We have had teachers ask to
just have an electrical engineer in
the room to answer questions when
they teach electrical circuits to 4th
grade students. Just being in the
classroom puts a face to what an
engineer or scientist is and what
they do. This allows the students to
build an understanding of the career
you are promoting.

Preliminary research related to un-
derstanding the systems model of
the STEM career pipeline stages
has identified four stages that a stu-
dent goes through as they travel
through their education towards a
career. These are the concepts that

(Continued on page 4)
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Maintaining Your Workforce Through
STEM Outreach (Continued)

your employees can use to make a
positive impact. The first is to intro-
duce the vocabulary, concepts and
how STEM relates to their every-
day lives. This builds a base under-
standing of what STEM is all about.
Second, the outreach aids in pro-
moting the STEM disciplines. En-
suring that the students sees STEM
as an option. This is important as
students will add and trim off ca-
reer options as they move through
school. Third, once a student shows
interest, the nurturing stage further
mentors the student in the STEM
career path. This illustrates, in finer
detail, the types of STEM careers
and how a student can achieve
those career aspirations. The last
stage is to recruit the students as a
new employee for your organiza-
tion. This could be through intern-
ships or other activities that can ac-
tually bring that person into and
help them join your organization.

Although the example provided is
STEM focused the outreach does
not have to be for STEM fields.
Anyone in leadership and manage-
ment positions, who needs to bring
on the next generation in a specific
career field, can use outreach to in-
spire the next generations of em-
ployees. If you need more welders,
graphic artists, lawyers, or engi-
neers, going into the schools and
promoting the careers you need will
have the same impact.

To close, reflecting back on this in
the context of RMS and managing
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your workforce, outreach is a very
good opportunity to maintain, sus-
tain and support your current work-
force.
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Another Day At The Office

Let's peel back the preverbal onion
with respect fo the relationship
between governwent and industry
employees. There appears to be an
inherent conflict of interest that
does not serve the public well.

Reduced oversight responsibilities indicate fewer annual training
requirements for government employees and
dependency on industry fo police itself with respeet o its
technologies and processes. All of which sugaests potential cost
saving weasures for industry and a profitable framsition of
former government employees info better-paying industry jobs.
This is a top-down strategy that possibly begins at Congress and
works itself down, to a lesser extent, throughout the federal

Cartoon by Russell A. Vacante, Ph.D. |

by Russell A. Vacante, Ph.D.

increased

workforee.

I recent years, industry has been very successful in
their efforts o reduce govermment regulations and
oversight of their technologies and processes.
Adwittedly, some reduetion for both was necessary.
However, the question remains, would increased
govement oversight have prevented the Boeing 737
MAX crashes?




A Discussion on Software to Im-
prove Service Reliability and
Costs for On-demand Stat Or-
ders

by Gerard Ibarra, PhD

The reliability for on-demand medi-
cal transport continues to grow in
complexity as more people get old-
er as well as younger ones having
babies. The medical attention these
individuals may require increases
proportionally to the growth of the
population. In instances where doc-
tors must order immediate lab tests
so they can continue to diagnose
the patient, the lab or courier com-
pany must pick up these specimens
and deliver them to the appropriate
lab within a specified time. If they
do not, they risk compromising the
integrity of the specimen. The med-
ical transport industry typically re-
fers to these types of orders as a
stat, which is an abbreviation for
the Latin word statim that means
immediate. The lab then performs
the test and reports the results to the
doctor as soon as possible. The lo-
gistics behind the pickup and deliv-
ery of the specimen is straightfor-
ward, but complicated when de-
mands exceeds supply. That is,
there are not enough drivers to pick
up and deliver all the specimens
within the allowed time. To compli-
cate the logistics further, orders that
come in during rush hour make it
even harder for companies to com-
plete the deliveries timely. The
drivers take longer because the
speed at which they drive is slower
due to the added and intensified
traffic. On top of this, there are cit-
ies that continue to grow because
businesses move there for assorted
reasons. As they move there the
people follow them and the popula-
tion of the city and amount of new
construction expands. The current
infrastructure of the city is not set
up for optimum traffic flow and as
a result, moving about the city is
less efficient and making the deliv-

eries on time more difficult. Given
these circumstances, the lab and
delivery companies must contend

lab that participates in the medical
transport of stat orders. This helps
keep the definition of the system in

with the costs and more importantly scope with this abbreviated article.

the reliability of the deliveries, ser-
vice. If during a specimen pickup
and delivery they compromise or
worse yet lose the specimen, they
can jeopardize the diagnosis and or
the health of the patient. This is not
good especially if the doctor or-
dered the test for you or a love one.
To make better decisions where lab
companies maintain or improve the
service reliability and keep costs in
check, they should look at the

Let us consider the system is the
pickup and delivery of stat orders
and the makeup of this system con-
sists of three subsystems. Subsys-
tems are systems within a system.
The first is the transportation sys-
tem. We define this as the highway
network within the pickup and de-
livery area of the specimens. The
network consists of nodes and
links. A node, as defined in the dis-

pickup and delivery as a system and sertation of Gerard Ibarra, A Sys-

use software to help them staff ap-
propriately.

To begin, we must define what is a
system and what is the system in
this scenario. The term “system” as
adopted by Benjamin S. Blanchard
and Wolter J. Fabrychy in their
Systems Engineering and Analysis
book is: “an assemblage or combi-
nation of elements or parts forming
a complex or unitary whole such as
a river system or a transportation
system; any assemblage or set of
correlated members such as a sys-
tem of currency; an ordered and

comprehensive assemblage of facts,

principles or doctrines in a particu-
lar field of knowledge or thought,
such as a system of philosophy; a
coordinated body of methods or
complex scheme or plan of proce-
dure, such as a system of organiza-
tion and management; any regular
or special method of plan of proce-
dure, such as a system of marking,
numbering or measuring.” We can
also borrow from Peter Senge, sen-
ior lecturer at the MIT Sloan
School of Management, co-faculty
at the New England Complex Sys-
tems Institute, and the founder of
the Society for Organizational
Learning who defines it as “To see

tems Engineering Approach to a
Methodology and Mathematical
Model for Identifying the Most
Critical Links of a Highway Sys-
tems is, “a highway interchange of
transfer point. The set of nodes is
represented by N.” Moreover,
“Grouping the lanes of the highway
system in both directions forms a
link. Links are the bidirectional
highway’s lanes between nodes.
The highway link connecting nodes
1and j is denoted as {i, j}. The set
of links in the highway systems is
denoted by L. Thus, a highway sys-
tem can be graphically represented
as a network that consists of nodes
and links...” Provided is an exam-
ple of a highway network system.

Link {i, j}

() Laboratory

Figure of Network: N = {1, 2, 3,
....,k}and L= {1, 2}, {2, 10}, ...,

the connections in any situation and {i, j}

to understand better how things un-
fold over time.” From these we can
define what the system is from a

The network represents the numer-
(Continued on page 6)
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A Discussion on Software to Improve Ser-
vice Reliability and Costs for On-demand
Stat Orders (Continued)

ous ways a driver could get around
the city from one location to anoth-
er. Not shown are the pickup loca-
tions and travel path to the high-
way. Most of the drive takes place
on this highway network example
and is where many of the delays
occur. There are other networks
where highways and regular streets
share approximately the same travel
time or conversely where streets are
the main travel path to the lab. Also
shown is the location of the lab
where the drivers deliver the speci-
mens. The lab in this instance con-
ducts all their tests at this location.
There are other scenarios where
labs could act as a consolidation
point for specimen transport to an-
other lab or a combination of both.
If both, typically those transported
are for specialty tests where the cur-
rent lab does not have the equip-
ment to do such test.

The next system is the Logistics
department of the lab company.
This department ensures they pick
up and deliver the stats within the
required timeframe. They must con-
tend with personnel, vehicles, uni-
forms, training, supplies and facili-
ties as examples. The number of
drivers they hire depend on the
number and order time of the stats.
There are times in the day where
the number of orders placed exceed
the number of lab drivers available.
In such a case they must outsource
the order to a courier company. The
courier company has the same set
of rules, from the time to pick up
and deliver the stat, to having the
proper certifications to transport
them. To add to the conundrum, the
Logistics department must also
worry about the proper number of
vehicles and spares. If they do not
have enough because of poor pre-
ventative maintenance planning,

excessive corrective maintenance
problems, or insufficient spares for
either type of maintenance, they
must outsource more of their stat
work. These are some of the prob-
lems with personnel and vehicles,
and there are others. The lab must
also be cognizant of their training.
If they do not adequately train the
driver, the driver may compromise
the specimen such that they freeze
one that is supposed to be refriger-
ated instead. Moreover, they must
deal with supplies like dry ice. If
they happen to run out during the
day, or the driver does not have
enough for the pickup, they run the
chances of compromising service.
Likewise, they must pay attention
to the facilities. From a high-level,
if the Logistics department does not
have enough real estate to process
the specimens, which is get them
checked in to the lab, they could
create a backup for the lab techni-
cians to receive them. What should
take one minute to get the techni-
cian the specimen could extend to
three. These are some of the things
that go into this system. There are
more depending on the size and lo-
cation of the lab, and the type of
test to perform.

The last system is the software used
by the lab company to take, manage
and dispatch orders. This too is a
system within a system where one
can easily roll up the software to
the Logistics department. The rea-
son it is classified as a separate sys-
tem is the magnitude the software
plays in the reliable pickup and de-
livery of a stat. The software is es-
sential to help the Logistics depart-
ment manage their drivers and or-
ders. The software helps them dis-
patch the orders to the most effi-
cient driver available that can com-
plete the order on time. If no driver
is available, the department sends
the order to the courier company. A
factor in service reliability is in the
delay the lab company may encoun-
ter, and there are multiple reasons
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for this, where the order to go from
one system to another, like from the
customer service representative of
the lab to their Logistics depart-
ment, or from the Logistics depart-
ment to the courier company, takes
longer than five minutes. If the key
performance indicator (KPI) is a
120 minutes turnaround time TAT),
a 5-minute delay accounts for more
than 4% of the TAT. This type of
delay can negatively affect the KPIL.
A software system that is robust,
such that it can automatically route
orders to the most efficient driver,
whether it is the lab or courier com-
pany, and is able to model traffic
delays in its algorithm, can make
the difference in service reliability.
The costs for systems like these are
significant. If we identify each sub-
system as qn and Q as the entire
system, we can say the system con-
sists of all qn. Provided is a dia-
gram representation of the system
and subsystems.

®

1
| Q-=Stat Orders
I

' '
| q,=Highway q, = Logistics 1
'
I

-

g3 = Software

Figure of System: Q = {q, 02, g3}

We identified the system and its
subsystems. There are potentially
more systems of systems which de-
pends on how finite or broad one
makes them. That is, one could
have made the software part of the
Logistics department to reduce the
number of subsystems. Or they
could have added the Lab and Sales
department as subsystems and made
the system larger. It is up to the
company that performs the analysis,
and the time and cost budgeted for
such analysis. For the scope of this
paper, we shall merge the transpor-
(Continued on page 7)
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A Discussion on Software to Improve
Service Reliability and Costs for On-
demand Stat Orders (Continued)

tation network with the software.
We shall outline how these subsys-
tem affects the reliability of the ser-
vice and provide suggestions to
maintain it. Refer to the transporta-
tion network. The reliability of the
service depends on the effective-
ness of the network layout, that in-
cludes but is not limited to the
number of lanes that make up the
link {1, j}, and the points that con-
nect the highways from one link to
the other, that are the nodes, N. Not
enough lanes will cause traffic to
move slower in a heavily congested
network. Or inadequate number of
connection points could mean long-
er paths from the pickup to the de-
livery. Both impact transport time.
In addition, the number of drivers
needed to complete the amount of
orders influences the service relia-
bility. An insufficient number of
drivers at a given time means the
demand outweighs the supply. In
other words, where one driver was
able to make three pickups and de-
liver them on time now has four.
The extra order given to the driver
made one or more of the four late.
The key however to the number of
drivers required is based on two
perspectives from the time of day,
and yet another on contingencies.
First, it is more difficult to move
about the network during rush
hour. Heavy traffic makes it harder
for drivers to move about freely.
Second is when the doctors place
most of the orders. There are pat-
terns to the peaks and valleys of the
orders and the former has the great-
est effect on service reliability. If
there are not enough drivers to han-
dle the volume, then the orders
could be late. Last of all is to have
enough drivers for unpredictable
items such as accidents, to semi-
predictable as weather, to some-
thing that is predictable like events.
Accidents are the most difficult to

determine because one is not sure
when and where one will take
place. It could be at any time on
any link, node or both. To staff for
it might be too costly at which
point the department makes the
best decisions they could under the
circumstances. This means they
could outsource stats to other cou-
rier companies, but they too will
face the same delays. Inevitably,
some orders might be late. Con-
versely, weather such as heavy rain
or ice, is a little easier to plan.
What might become a problem is if
the weather is more severe and
widespread and lasts longer than
anticipated. If such is the case,
there could be late orders. Then
events such as a presidential visit,
sports game, or concert are the eas-
iest to plan for unless there is an
oversight by the planner. If so, this
could possibly cause some late or-
ders. What the planner may not
have control over however, is if the
event is extremely fashionable
where the drivers may skip work to
attend the event. This would cause
the department to be short staffed.

The makeup of the network and
number of drivers shapes the relia-
bility of the service. Given this, it
is simple to construct a shortest
path algorithm to identify the most
direct path in the set of links {in,
jn} from say point [k to (k. The
program gets the drivers from
pickup to delivery in the most effi-
cient manner and allows the user to
plan for the right number of driv-
ers. However, the algorithm does
not account for the time of day and
the congestion that has a direct cor-
relation to the number of drivers
needed. These are vital elements to
service reliability. And since it is
impossible for the lab to change the
makeup of the network, it is more
important that they have a grasp on
the number of drivers required. Not
having enough means late deliver-
ies and too many means higher
costs. To obviate such fractures, a
simulation software program that
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accounts for these items would be
ideal to help sustain service relia-
bility and keep costs in check.

There are four items it should con-
sider.

First, the software should account
for readily seen items such as con-
gestion based on traffic patterns
and the time of day. Traffic pat-
terns for the most part follow the
time of day when travelers are
about the network. It is heavy in
the morning going to work and af-
ternoon going home. On the other
hand, it has acceptable levels for
the links to sustain with minimum
congestion during the day. The pro-
gram would have tables that con-
sists of cost variables that corre-
spond to the time of day and inject
those into the simulation to provide
the most optimum travel paths for
the drivers. That is, the table would
have a set of costs at time T which
affects the travel path one way and
another set at time T+1 which af-
fects the travel path another way.
Incidentally, what is difficult to
include more so are accidents than
events, and weather being in be-
tween.

Second, the program should ac-
count for accidents, events and
weather. Accidents are dynamic
and must be part of the simulation
at least in the most unsophisticated
manner where the user enters the
link(s) {in, jn} and or node Nk that
corresponds to the accident. It may
not be real-time, but if included
shortly after the incident, it could
still provide a shorter path in terms
of costs. Events on the other hand
are known in advanced and should
be easier to inject the links and
nodes affecting the travel path.
Lastly, weather is semi-known due
to the forecast. Semi in the fact that
one is not sure of the impact until
the weather hits the area and it
might change dramatically from the

(Continued on page 8)
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forecast. Nonetheless, as before,
the software would determine the
shortest path based on the costs.

Third, the software could tell the
user the minimum drivers needed
during any of the periods. That is,
the number required during rush
hour is more than the middle of
day. Thus, if the driver could do

three orders every two hours during

the day and only one during rush
hour, the simulation would account

for these changes and determine the

drivers required. This aids to keep
the cost in check while maintaining
service reliability.

Lastly, and perhaps the most diffi-
cult for the simulation to do is to
account for order patterns. There is
a morass of variables to consider
from changes in the economy to
new drug treatments to changes in
the strategic vision of the lab com-
pany. Orders also have short, mid
and long-term patterns and range
by day, week and year. For in-
stance, the number of orders during
the day may be such that eighty
percent of them come in two
waves. One before lunch and the
other at the end of the day. Further-
more, the number between the two
periods could have a forty/sixty
split. Forty percent come in before
lunch and sixty at the end of the
day. In terms of the week, it could
be doctors place most of the orders
on Friday and the least on Tuesday
with the rest of the workdays

spread approximately equal. This is

another item to add to the simula-
tion. Then there is the seasonality
and holidays. More orders come in
before school starts and right be-
fore a holiday begins. The exact
dates vary by year. To include
these into the simulation is a strate-
gic factor to help with reliability

November Orders

Friday
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Figure of Volume: Orders by Day for November

and costs. Provided is an example
of what the orders may look like in
November.

Figure of Volume: Orders by Day for No-
vember

Friday begins on November 1. No-
tice those are the heaviest days dur-
ing the week followed by Tues-
days. Conversely, Monday,
Wednesday and Thursday share the
same volume and the weekends are
lightest with Sunday being the
least. Additionally, notice Novem-
ber 24th the volume starts off like
any regular Sunday but by Novem-
ber 27th, the day before Thanksgiv-
ing, the volume spikes dramatically
to a point it becomes the heaviest
day of the month. Friday the day
after in contrast drops to levels of
what the lab gets on weekends.

One other note about forecasting
the number of orders. Recall we
discussed increases to them based
on three growth factors. One was
the aging population. The older
people get and the longer they live
the higher the chance they will
need lab work. At the same time, as
more babies enter the world the
greater the chances are doctors may
request lab work for them and their
mothers. In the mix was also
growth of the city due to businesses
relocating to the area. More people
mean more tests. These are some of
the other items the software must
account for that muddles even fur-
ther projecting the number of driv-
ers required. And if the software
includes the strategic growth plan

8

of the lab, that adds just one more
dimension to what is ever so com-
plicated in projecting the right
number of drivers for reliability
with the competing agent, costs.

In conclusion, the reliability of ser-
vice and cost associated with it
transcends multiple systems of sys-
tems. We identified the system as
the pickup and delivery of stat or-
ders and defined three subsystems
of the system: transportation net-
work, Logistics department, and
software. We suggested to improve
service reliability meant under-
standing how the transportation
network operates to impact TATs
and how to offset failures by hav-
ing the right number of drivers for
the orders without overextending
costs. We pointed to variables the
software should consider for reduc-
ing failures and costs. They includ-
ed congestions because of the time
of day, accidents, weather, events,
as well as short, mid and long-term
forecasting which we suggested
could be the most difficult. This is
because of the numerous variables
one must contend with and cyclical
patterns of orders. Included in the
forecast were the growth of the el-
derly, newborns, and population of
the city. We also suggested in an
incident where the lab will have to
make the best decision they could
because to hire drivers for contin-
gencies is cost prohibited. Further
research is suggested on this article
to include providing a more robust
definition of the system that in-
cludes additional subsystems and
how they make a unitary whole.
Another aspect is to build a strong-
er framework for the software that
defines better how it should interact

(Continued on page 9)
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with the multiple variables and us-
ers. That is, what are the other
parts, idiosyncrasies and nuances
needed to construct the software,
and how could it interact more effi-
ciently between the multiple users
that are the customer service repre-
sentatives of the lab, Logistics de-
partment of the lab, and courier
companies. Finally, we suggest
building a mathematical model for
the software. This might include
adding some type of prospect theo-
ry to help make better decisions, to
Markov chains and regression anal-
ysis to improve order forecasts.
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