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B Introduction

As an analogy, businesses are like ships floating in a vast
ocean of the global economy (see Figure 1). In this ocean, it
contains storms, such as inflation/deflation and politics/trade,
that disrupt business operations. To fight against adverse mar-
ket conditions, businesses need to control their “motors” (i.e.,
operation) and “steering” (i.., planning) in order to navigate
to success.

Figure 1: An analogy of a business in the global economy.

A core concept in economics is supply and demand." On
a macro level, two key situations have been impacting the
current state and development of the world economy. First-
ly, climate change has effects on different parts of the world
including unexpected natural disasters and abnormal weather
patterns. Pertaining to businesses, this causes plants to shut
down and transportation disruptions.? Secondly, in the recent
years of 2020-2021, the COVID-19 pandemic has caused
people to lose jobs, due to quarantines worldwide.® Pertain-

ing to businesses, consumer demand has been at an all-time
low which then caused producers to bring supply down to
very low levels as well. Although the markets are beginning
to recover from in demand, supply cannot catch up, causing
an imbalance in supply and demand and rapid rising in infla-
tion4 (see Figures 2 and 3).

Supply and demand

3. Dema
after vag
price infl
to suppl
disruptio

price p

declines
andemic

Figure 2: Supply and demand dynamics due to COVID-1.
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Figure 3: Crude oil WTT price volatility due to COVID-195
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Although situations such as climate change and the
COVID-19 pandemic represent systemic risks that business-
es may not be able to control, businesses do have control over
non-systemic risks by diversifying their portfolio. Risk pooling
is a statistical concept that suggests that supply chain variability
is reduced if one can aggregate variability across locations, prod-
ucts, or time. Modern Portfolio Theory (MPT), 78 which seeks
to minimize non-systemic risk via a pool of diversified portfolio,
can be applied to supply chain to find an optimal balance among
services, cash, and cost.

Traditionally, sales (the service side) will want to do anything
to gain and maintain customers, which may force an increase
in inventory and/or buying of materials even when costs are
high. This may lead to a shortage of cash for a company. Fi-
nance (the cash side) will want to keep the inventory low and
cash on hand as high as possible to keep the business afloat.
This may limit sales in that they will not have products im-
mediately available when customers need them. Procurement
(the cost side) will want to base their decisions on predictions
of market risk. When forecasts predict procurement costs will
rise, they will want to buy early. Manufacturing and Logistics
(the cost side as well) will both want to maximize operation
efficiency and capacity utilization to process large batches/
loads. This may conflict with sales when market demands are
volatile, and conflict with procurement when market supplies
are volatile’ (See Figure 4).

vesuESMT

A

SERVICE

CASH CosT
&
WORKING CAPITAL

Try to

Figure 4: Breakdown of Supply Chain Triangle

This paper focuses specifically on the cash aspect (invento-
ry) of the supply chain triangle and formulates the balance of
the supply chain triangle as a portfolio optimization problem,
which maximizes the savings of inventory portfolio subject
to constraints on inventory turns (service demand/ inventory).
This approach can further incorporate the flexible operation
rules by optimizing inventories for high volume-low, variabil-
ity materials to take advantage of economies of scale at the
secondary plants/warchouses and optimizing inventories for
low-volume, high-variability materials to pool the risks at the
primary plants/warehouses.

B Methods

In this paper, PortfolioVisualizer.com™ was used to solve
portfolio optimization problems. WTI, PPI, CPI historical,
and forecast data were obtained from TradingEconomics.

WebDigitizer."!

Assuming the three materials have equal service demands
and inventory turn 5~6, and have prices linearly correlated to
Energy Market crude oil WTI, Producer Market PPI, and
Consumer Market CPI, respectively (see Figures 5, 6).

Producer ‘Consumer

‘ Market (e.g. - Market (e.g.
PPI) CPI)

Energy Market
(e.g. crude oil
WTI)

Figure 5: Supply Chain

WTI
©
P
o
»
0
w8 0 m
1%
PPI -
/‘—‘"\// )
20
m
0
s o w
2
CPI 0
0
/ %0
"
20
s w0 m

Figure 6: History and forecast time series of WTI, PPI, CPI

B Results and Discussion

The objective of the proposed optimization is, like any in-
vestment portfolio optimization, to assemble a group of assets
so that the portfolio has the highest return. In the context of
the inventory portfolio, the objective is to stock a portfolio of
materials as inventory so that it can provide maximum cost
savings. Moreover, service and cash requirements are enforced
by the constraint on inventory turn (service demand/invento-
ry), (see Figure 7). Note, in the real world, there are many more
constraints such as production/shipment constraints, product
demand volume, variability constraints, etc.
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Figure 7: A portfolio optimization approach for Supply Chain Planning
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Mathematically, the supply chain inventory portfolio optimi-
zation is formulated as follows:

maximizeg, o = (ary + -+ am)

Is subject to
o+ ta, =1

al’ver < ap < a P fori=1,..,n
where r_1,...,r_n are returns of materials in the inventory

portfolio, a_1,...,a_n are percentages of materials in the in-
ventory portfolio, and

lower ( demand,, ) turnlower
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are lower and upper bounds of material k percentage in the
inventory portfolio, which is material demand percentage
multiplied by inventory turn lower-to-upper ratio and up-
per-to-lower ratio, respectively.

Table 1 summarizes the savings by using inventory portfolio
optimization vs using equal weighted inventory. There is a
range of inventory cost savings from 0.3% to 3%.

Table 1: WTT, PPI, CPI Data Records of Pre-Pandemic, and Post-Pandemic

Percentages

Pre-pandemic Pandemic before | Recovery after | Forecast
(2015-2019) vaccination vaccination (2022 -2023)
(2019-2021) (2021-2022)
WTI portfolio % 36.82% 35.64% 39.94% 28.00%
PPI portfolio % 29.54% 32.60% 32.04% 40.00%
CPI portfolio % 33.64% 31.76% 28.02% 32.00%
maximum return vs | 10.05% vs 9.22% 5.58% vs 5.31% 24.13% vs 21.25% 4.38% vs 4.15%
equal weighted
Saving ~1% ~0.3% ~3% ~0.3%

Figure 8 shows that because the optimal inventory portfolio
diversifies non-systemic risks, it mainly reflects systemic risks,
i.e., the inflation shock wave due to the COVID-19 pandem-
ic. Percentage holding of WTI-correlated material shows that
the shock wave first peaks in the energy market (in 2021-
2022), while percentage holding of PPI-correlated material
shows the ripple effect of the shock wave that starts to peak
in the producer market in (2022-), with percentage holding
of CPI-correlated material starting to pick up speed to reach
peak.

Optimal Inventory Porfolio

45.00%
40.00%

35.00%

il

30.00%

g

25.00%

20.00%
Pre-pandemic (2015- Pandemic before Recovery after
2019) vaccination (2019-2021) vaccination (2021-2022)

Forecast (2022 -2023)

=@ WTl portfolio %  ==@==PPI portfolio % CPI portfolio %

Figure 8: Optimal inventory portfolio links to market inflation shock wave
due to COVID-19 (see Table 1)

In the above example, the market indices mainly reflect
market systemic risks, with WTI the most volatile and with
aggregate PPI and CPI the least volatile. Most individual
businesses are connected to many market indices that reflect
non-systemic risks of specific supply chain businesses and are
volatile in between the two extremes. So, the expected saving
of inventory portfolio optimization can be much larger than
the results shown here. Future research can be to apply the
method to a specific business, such that its non-systemic risks
can be reduced and optimal balance among service, cash, and
cost achieved.

B Conclusion

Businesses are like ships floating in a vast ocean of the
global economy subject to dynamic risk waves of supply and
demand. Risk pooling is a statistical concept that suggests
that supply chain variability is reduced if one can aggregate
variability across locations, products, or time. Modern Portfo-
lio Theory (MPT) offers a methodology to pool a diversified
portfolio to minimize non-systemic risks to find a balance
among services, cash, and cost of supply chain triangle. This
paper formulates a balance of the supply chain triangle as a
portfolio optimization problem, which maximizes savings
of the inventory portfolio subject to constraints on inven-
tory turns (service demand/inventory). This approach can
further be used to achieve flexible operations by optimizing
inventories for high-volume, low-variability materials to take
advantage of economies of scale and/or optimizing inven-
tories for low-volume, high-variability materials to pool the
risks.
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