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Figure 17. Population per Region interface. (Figure available in color online.)

was entered for every region by using the Population
Options tab. Then, the populations for nine regions were
changed by clicking on them and inputting a value in the
Population by Region dialog box. As shown, the popula-
tions for regions D7, E7, and F6 were changed to 1000.
Regions B10, C10, D11, and E11 have zero populations.
The populations for regions E2 and D2 were changed to
9999. Region C1 is also about to receive a population of
9999, as the dialog box shows.

Occasionally, regions will actually have zero residences,
but this is usually not the case. Nevertheless, regions with a
non-zero number of residences can be assigned a zero pop-
ulation to implement ‘‘non-delivery” strategies. Possibly, a
partner company is servicing those regions. Or, the enter-
prise might not have enough capital equipment to service
those regions. Maybe some regions have an extremely high
crime rate, and the company deems that servicing those
regions is too risky. Whatever the underlying strategy is,
however, the application allows for zero populations to be
applied, and those regions will not generate any orders dur-
ing the simulation(s), as demonstrated below.

6.3. Delivery charges per region

The Profit Options window allows the entering of a global
delivery charge that will be applied to all regions. Various
factors should be considered when deciding about whether
to add a delivery charge, and if so, how much. One factor
could be the amount of latitude the customers have in
choosing the delivery time slot, where the greater the

latitude allowed, the higher the delivery charge.'
However, the more latitude that is allowed, the more time
slots there are to take into consideration, which results in
more and smaller regions and increased overall distance
traveled by the delivery vehicles.'* Subsequently, careful
analysis must be incorporated to decide whether clustering
of regions is more important than liberal time-slot allow-
ances. This ascertainment should accompany the knowl-
edge that proper implementation of delivery charges can
help smooth demand through time slots.'*

When the Submit Delivery Charge button is pressed,
the Delivery Charge per Region interface is displayed, as
shown in Figure 18. The functionality in this interface is
similar to the above-elucidated interfaces in that a value
can be entered in the dialog box that appears when a region
is clicked on. The delivery charge is included in the total
price of an order. The Set Regions to Null button on the
interface effectively assigns a zero delivery charge to every
region. Depending on the strategy of the company, some
regions may incur a zero delivery charge, while others can
have moderate or high delivery charges. The decision to
assign a delivery charge to a region or not, and how much
to apply, can be a function of the ease or difficulty of
reaching a region, customer valuation of residences in the
region, and more.

6.4. Profit options

Fleet-management strategists should have profit as a prime
consideration when accepting orders to deliver.?’



Herrel

Figure 19. Profit Options interface showing various profit-
margin settings.

Information systems that help to determine the profitabil-
ity of individual orders are important for consumer-direct
deliveries, especially when the choice to accept or decline
an order must be made immediately to maximize total
profit.>'® This calculation should incorporate both the
profit made if the order is accepted and if it is not,” while
extrapolating whether more profitable orders can arrive.'®

6.4.1. Profit margin. Figure 19 shows the Profit Margin
drop-down menu, which allows the input of a margin from
1% to 30%. If 1% is selected, for example, the profit made

Figure 20. Profit Options interface showing various minimum
acceptable delivery amounts.

from an order of 50 dollars is 50 cents. The percent
selected is applied to every order from every region. It is
necessary to select a profit margin to employ the
Mandatory Profit functionality, described below.

6.4.2. Minimum dollar delivery. The previous set of simula-
tions accepted orders of any amount. This strategy is prob-
ably unsustainable because operations costs can supersede
deliveries of low dollar amounts. Therefore, the ability to
enter a minimum dollar delivery is provided by the drop-
down menu illustrated in Figure 20. The selections provide
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0 |[ORDERS PLACED THIS SIMULATION

[Simulation # 0

he hexagons are the amourt of orders that have not been

Figure 21. Main interface showing settings to be used for the upcoming simulation sequence. (Figure available in color online.)

a range from 5 to 100 dollars. If, for instance, 55 dollars is
chosen, no orders for less than that amount from any
regions will be generated. Note that this amount is for
individual orders, and not for the total number of orders
for a run to a region.

6.4.3. Mandatory profit. Figure 21 shows a 55-dollar
amount entered in the Mandatory Profit text box. Whereas
the Profit Margin and Minimum Dollar Delivery functions
pertain to individual orders, the Mandatory Profit is the
profit that must be realized on the entire number of orders
on a truck before a truck will be dispatched to a region. In
the scenario displayed in this figure, at a 5% profit margin,
a total of (1100 X .05 = 55) 1100 dollars of orders must
be included in a truck run before the truck is dispatched to
a region.

The Mandatory Profit by Concentric Region text boxes
in the Profit Options interface can be used as an expedient
when the Mandatory Profit is set by concentric bands of
regions, as opposed to a single, global Mandatory Profit
that applies to every region.

6.5. Operational alerts

A visual interactive simulation should employ functional-
ity to apprise tactical personnel, such as dispatchers and
logistical analysts, about various conditions that occur per-
iodically during outbound logistics operations. This infor-
mation is most valuable when the alerts occur when

predetermined conditions arise. The following two func-
tions permit this.

6.5.1. Dispatch alerts and periodic pauses. Figure 21 also
shows the Allow Dispatch Alerts radio button selected.
This executes an alert window every time a region meets
the Mandatory Profit criteria, advising tacticians that a
truck is to be sent to the region specified. In addition,
Figure 21 has the Pause Every function set at 100 orders.
This pauses the application at the indicated amount of gen-
erated orders to provide precise simulation conditions at
designated order thresholds. The application can be paused
every 10, 50, 100, 500, 1000, or 5000 orders.

6.6. Running the simulation

Figure 22 shows the simulation paused automatically, as
specified by the Pause Every function, when 100 orders
were generated. This is not the number of orders delivered.
It says that 9.6 simulated hours have passed. Since this
simulation of runs is for four days, or 96 hours, the 9.6
simulated hours have passed” message shows that one-
tenth of the total 1000 orders were generated in exactly the
proportion of time allotted for them. This does not suggest
that equal proportions of orders will always occur in exact
proportional time windows. However, it does demonstrate
that the application does not generate orders in skewed
chronological slots. If indeed it is determined that skewing
should occur, that functionality should be implemented.
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100 |ORDERS PLACED T IMULATION

|
| There have been 100 orders called in. 96 simulsted hours have passed. The
current simulated time is 5/14/2013 9:35:32 PM

Figure 22. Main interface with the simulation automatically paused at the designated 100-order point showing current simulated
time and simulated time duration. (Figure available in color online.)
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Figure 23. The first Dispatch Notice of this simulation is triggered when Region G2 meets the predetermined 55-dollar Mandatory
Profit. (Figure available in color online.)

The message ““The current simulated time is 5/14/2013 Figure 23 shows a screen shot of the application run-
9:35:32 PM” is synchronized with the “9.6 simulated ning with the first dispatch alert displayed. The scenario in
hours have passed” message in that the starting time of this figure provides some poignant differences from the
the simulation 5/14/2013 11:59 plus 9.6 hours is exactly 5/  first set of simulations. Firstly, notice that no trucks have
14/2013 9:35:32 p.m. been dispatched yet even though 150 orders have been
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Figure 24. Main interface at the culmination of the third simulation of this three-simulation set.

This Simulation Ran From  5/14/13 11:59 AM To  5/18/13 12.04 PM|

Fart

Figure 25. Report Dashboard showing the cumulative number of deliveries for the total 3000 orders of this three simulation set
with proportionately higher bars for high-population regions and no bars for zero-population regions.

generated from the composite of blue and red regions. The profit has not been reached in any region except Region
previous set of simulations sent a truck immediately upon G2 at this point in time.

receiving an order from any region. The reason for the Every blue region has at least one outstanding order, as
strategic delay in dispatching a truck is that the mandatory  designated by the numerical value in the related hexagon.
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Figure 26. Population Report indicating user-input populations per region and respective population percentages per region for
the three-simulation set. (Figure available in color online.)

Figure 27. Profitability Chart showing the proportion of profit realized per individual region. (Figure available in color online.)

Region G2 has seven outstanding orders — the most of any  probably either of the other two red regions with six out-
region. This correlates with the dispatch alert for that standing orders — regions D2 and F9 — will generate the
region. A close view of the regions would indicate that next dispatch alert.
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Figure 28. Total Profit per Simulation Report showing dollar profit per individual region per simulation; total dollar profit per
region for all simulations; various statistics; and maximum, minimum, and average dollar profit generated for all simulations in the

simulation set.

The Dispatch Alert and Pause Every functions continue
to be displayed for the duration of the entire three simula-
tion runs for this simulation set.

The Main Map at the culmination of the third simula-
tion of this sequence is displayed in Figure 24. First
observe that, because the simulations were run in the same
time window, the third simulation occurred in the same
time frame as the first one in this sequence. Recall that the

population for regions B10, C10, D11, and E11 was set to
zero. The Main Map shows that because of this they did
not generate any orders. Another point to consider is that a
total of eight trucks were used for the entire 1000 orders
(for the third simulation of this set). This is in contrast to
13 trucks for the first set of simulations (above, where no
constraints were applied). Also, only four trucks are in the
field at the end of this simulation, whereas nine trucks are
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Figure 29. Beginning of the Residence Report illustrating the Call Time column and adherence to the 55-dollar Minimum Delivery

setting.

Figure 30. Beginning of the Delivery Report highlighting adherence to the Mandatory Profit setting along with exceptional round-

trip travel times.

in the field at the end of the previous simulation set. The
lesser number of total trucks deployed, along with the
fewer number of trucks in the field at any time, is a result
of the profitability constraints employed in this second set
of simulations.

The Simulation Chart on the Report Dashboard in
Figure 25 reveals that three regions (C1, D2, E2) outper-
formed all other regions. This is because they have popu-
lations of 9999 each. Most of the other regions have 5000
residences, except three with populations of 1000 (D7, E7,
and F6) and four with zero (B10, C10, D11, and E11). An

inspection of both Figures 24 and 25 reveals that the areas
with 1000 residences performed relatively poorly, as indi-
cated by the light blue hexagons in Figure 24, and the low
bars in Figure 25. The regions with zero residences remain
purple on the Main Map, and have no bars in the
Simulation Chart.

The graph in the Population Report in Figure 26 is
relatively similar to the graph in the previous figure, which
is natural because the number of orders generated per
region is a function of the population of the respective
regions. Notice also that the table reflects the settings for
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the ““global” population of 5000 residences, the four
regions with zero populations, the three regions with popu-
lations of 9999, and the three regions with 1000
residences.

The Profitability Chart (Figure 27) provides a quick
assessment of the relative mandatory profit earned for all
the regions for all simulations in the sequence. It shows
that the three regions with the highest population generated
the most profit, while the regions with the prominent 5,000
population experienced approximately the same profit.
Naturally, the four regions with zero residences do not
appear on the chart.

Figure 28 shows the Total Profit per Simulation report.
“Total profit” means the composite amount of profit made
by a region for all truck runs to the region. This report is
blank if nothing is put into the Profit Options text box
before the simulation sequence is run. As shown, the profit
per region is divided into columns designating the simula-
tion number. The rightmost Total column is the sum of the
profit for all simulation runs in this simulation set. The
total profit is different from the mandatory profit, as fur-
ther explained below. The bottom of the report displays
some basic statistics grouped by simulation and for all
simulations of the set combined.

The beginning of the Residence Report (Figure 29)
demonstrates that the Minimum Dollar Delivery setting of
50 dollars is being adhered to. The second order from
Region Al shows that the minimum dollar delivery was
exceeded by only $1.24.

Note that the title of the time column in Figure 29 is
“Delivery Time,” whereas the same column in the
Residence Report in Figure 10 is “Call Time.” When
profit constraints are applied to a simulation, the times in
this column represent the time when a residence made an
order. When no profit constraints are applied, the column
shows the delivery time. The reason for this differentiation
will become clear soon.

The Residence Report always is as long as the number
of orders called in, whether they were delivered or not.
This report has 3000 entries for this simulation set because
three simulations of 1000 orders each were run. There are
two reasons why an order would not be delivered to a resi-
dence by the end of a simulation. The first is that the
region that the residence belongs to did not meet the man-
datory profit yet. Secondly, a truck could be on the way to
making a delivery when the simulation ended.

The first page of the Delivery Report for this simulation
set is displayed in Figure 30. When profit constraints are
applied to a simulation set, the Delivery Report is propor-
tionately shorter than the Residence Report because each
truck run most probably carries orders to more than one
residence. The Delivery Report should correlate with the
settings and residence reports in various ways. Firstly,
every amount in the Gross Regional Profit column should
be greater than the global mandatory profit setting, or

$55.00 in this simulation set. Two amounts in the Gross
Regional Profit — Mandatory Profit (gross regional profit
minus mandatory profit) column particularly display this
adherence to the setting. One amount is $1.48, and the other
is $1.69. An inclusive inspection of the Gross Regional
Profit — Mandatory Profit column shows that this constraint
is indeed adhered to for all deliveries to all regions.

The first truck run to region F2 indicates a rather long
round-trip time of 3:20. Recall that the one-way drive time
to this region has been set to 100 minutes. So the round-
trip time is 200 minutes, or 3 hours and 20 minutes — pre-
cisely as shown in the Round Trip Time column in the
Delivery Report for this run. What the Delivery Report
does not tell, however, is how many residences were deliv-
ered to during a run to a region.

Figure 31 shows the portion of the Residence Report for
Region F2. Data from the combination of the Residence
Report and Delivery Report can show exactly what
residences were delivered to for a particular run to the
region.

The Delivery Report shows that the run to Region
F2 was dispatched at 5/15/13 15:47. According to the
Residence Report, the residence that made the call at that
time was 243 Kings Street, the sixth call. This means
that six residences were delivered to by that truck run.
This identification of what residences comprise the
total composite orders of a run to a region necessitates the
time column in the Residence Report showing the ““Call
Time” when profit constraints are applied, as opposed to
the “Delivery Time” heading, as expressed in the same
report when no profit constraints are applied.

The delivery report indicates that a Gross Regional
Profit for the first run to Region F2 was $67.20. At the
preset 5% profit margin, the total number of deliveries to
that region should amount to (67.20 / 0.05 = 1344) $1344.
The total of the orders for calls numbered one to six for
Region F2 totals $1343.92. The eight-cent difference can
be attributed to the program rounding up to two decimal
places. Regardless, the calculation is sufficient to ascertain
definitely what residences were delivered to for the run to
that region.

The Delivery Report for the first run to Region E3 dis-
plays a Round Trip Time of 4 hours and 10 minutes (250
minutes). Recall that the one-way drive time to this region
is the default of 35 minutes, but the intra-region drive time
was set to 30 minutes. This indicates that there were seven
deliveries to this region because (6 X 30 + 2 X 35 =
250) 250 minutes (4 hours and 10 minutes) was the dura-
tion of the run. Note that it is not seven times 30 minutes
because, for seven residences, there are six drive times
between the seven residences.

The section of the Residence Report that includes
Region E3 (Figure 32) shows the seventh call from this
region was made at 5/15/2013 20:33, which is the time the
truck was dispatched for this run.
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Figure 31. Section of the Residence Report illustrating chronological correlation with the Delivery Report for verification of Gross

Regional Profit amount for Region F2.

Figure 32. Section of the Residence Report further substantiating chronological correlation with the Delivery Report for
ascertainment of Gross Regional Profit by number of residences delivered to in Region E3.

Using the same method as for Region F2 to find the
number of residences delivered to, the dispatch time is
matched with the call time for 2 Hudson Street (5/15/13
20:33). This also shows that seven residences were deliv-
ered to, for a total delivery of (185.36 + 273.82 + 198

+ 5983 + 7096 + 188.63 + 157.11 = 1133.71)

$1133.71. At a 5% profit margin, the profit is (1133.71 X
0.05 = 56.6855) $56.69. This amount is reflected in the
Gross Regional Profit column in the Delivery Report.

It should be noted that the calculations for the previous
two runs incorporated a zero-minute load time for the final
order, which is completely unrealistic (even assuming that
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the previous orders were already packed and waiting).
Therefore, load time variability must be incorporated into
the application. Nevertheless, the application does dispatch
trucks precisely at the time when the profit constraint is
met.

7. Simulation culmination summation

The cumulative and combined data in the reports are
intended to provide information for firms pondering a
B2C delivery initiative. The data generated can determine,
for example, which delivery runs were most profitable or
most expeditious for each simulation in a simulation set.
The most profitable residences can be gleaned from the
Residence Report and correlated with the trucks that ser-
viced those residences to see if those residence are being
served in a timely manner or not. The amount of time it
takes regions to meet the mandatory profit requirement
can be assayed to see if it would be advantageous to com-
bine residences in different regions to meet the mandatory
profit level more quickly.

Varying the profit constraints and population settings
can provide the sensitivity analysis needed to show the
number of trucks necessary under various scenarios to pro-
vide better estimates of capital expenditures before under-
taking the venture. The number of orders generated before
the first truck is dispatched can be compared over numer-
ous simulations in a set, or between multiple simulation
sets to determine when the in-house workforce would be
required to begin picking and packing; the subsequent
truck dispatch time can give information about the ongoing
amount of workforce necessary to prepare the orders for
loading on the trucks. Essentially, accurate estimations of
the lead time involved in servicing an order should be inte-
gral to the application.*®

8. Developmental overview

This visual simulation application was conceptualized and
programmed by the author in Microsoft Excel using Visual
Basic for Applications (VBA). It is comprised of 88 spread-
sheets; 66,000 residential data elements driven by 337
macros; and scores of functions, procedures, and random
number generators. The industrial implementation of the
above-mentioned additional functionality will most proba-
bly require porting much of the VBA code into Java or
C++ . Once this is accomplished, the application will be at
the stage to be run as a Web service on a per-usage basis.

9. Proposed augmentations for
implementation

Although the visual simulation application performs all of
the functions previously explained in this article, it is,

however, presently at the stage where additional function-
ality should be added to it to make it a more robust supply-
chain intelligence (SCI) tool that can be accessed over the
Internet by worldwide firms, or be employed by a single
large enterprise. Some of the additional functionality to be
added in upcoming development phases is as follows:

e the ability to skew the number of orders generated
depending on the time of day or day of the week, or
month of the year;
incorporation of break-of-bulk (transshipment) points;

® incorporating census data into the regions (geore-
ferencing) for the realization of actual demographic
layouts;

e implement functionality for pick, pack, and loading
lead times;

® incorporating a slider bar to decrease or increase
the speed of the running simulation;

® incorporation of shortest-distance routing algo-
rithms that permit deliveries to multiple regions by
single vehicles;

e variance of variables over time, such as changing
the inter- and intra-drive times, and populations
over days, months, or longer as a single simulation
set runs;

® incorporate economic and demographic predictions
and indicators that increase or decrease the number
of orders generated over time for sets of regions
during a single simulation set;

® assign order-generating probabilistic weights to
residences or regions depending on customer pro-
files, including income levels and geodemographic
factors;

® allow users to divide and merge regions, and to
place the Home Region in different areas of the
Main Map;

e allow the placement of satellite, or secondary dis-
patch depots, on the Main Map;

e incorporate the ability to add regions and drag
regions to different parts of the Main Map to
change the topology;

e overlay the Main Map with geographic information
system (GIS) functionality to generate high levels
of spatial statistical measurements and topographi-
cal renderings;

® add reports that display the profit made by unit of
distance traveled to and from each region at differ-
ent times of day;

® amalgamate the data in the existing reports into
management and executive information systems
(portals and dashboards) that graphically represent
demand forecasts and delivery extrapolations.

The application’s robustness will be increased when
data generated is weighted according to customer metrics.
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These metrics could include customer lifetime value, with
which the customers can be prioritized for expedited deliv-
eries or special incentives. In addition, it has been demon-
strated that astute utilization of customer metrics has a
positive effect on a firm’s bottom line.?’ Customers can be
ranked and categorized to provide delivery efficiency or
incentives commensurate with their needs, which should
be in proportion to their expected lifetime value to the
firm.>°

Time-series analysis can be an important part of simu-
lations where demand changes significantly over time, and
in situations where customer order profiles and weather
patterns are often revised.’' Therefore, time-series analy-
ses should be included in this visual simulation application
to forecast: the probability of orders being generated, the
number of time slots allotted and the time width of the
slots, revenue per delivery, and the fleet size.'®

The expedient of allowing the setting of the Mandatory
Profit by concentric regions is effective if the Home
Region is considered the center of gravity where transpor-
tation costs are linear with distance, but this is usually not
realistic.'” Thus, the application should allow sensitivity
analyses with the home region located in various geo-
graphic areas of the service areas.
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