
inventory 
management
Inefficient inventory management systems lead to high 
warehousing costs, gaps in supply chain replenishment and 
customer dissatisfaction. 

Inside L.A. Cleantech Incubator’s 
Advanced Prototyping Lab, Dr. Helena 
Yli-Renko, co-founder of Perception 

Robotics, watches robots go through their paces. 
Modified with PolySkin and GeckoGripper, 
her company’s tactile and machine vision 
sensing solutions, they pick up fragile glass 
panels using Instantaneous Attachment, which 
is 10,000 faster than vacuum. 
 
These industrial, and next-gen assistive, 
commercial robots are being prepped for 
installation at Del West, a Ferrari and Formula 
1 automotive, and aerospace, parts engineering 
company. These robots need a steady supply of 
automotive parts in the bins at their base in 
order to fulfill their tasks. They’re not able to 
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grown in stature and complexity, ever 
since Japanese manufacturers brought 
in just-in-time inventory systems, with 
a focus on extreme efficiency to slash 
warehousing requirements, thereby 
reducing inventory levels, and costs, 
significantly. However, despite best 
efforts, there are still many line items 
to take into consideration: ordering, 
holding, shortage and salvage costs, as 
well as discount rates and revenues. 
 
Dr. Yunzeng Wang, Dean of UCR’s 
Business School, and co-author of the 
new report “Periodic review inventory 
systems”, has been an expert in the 
field of Supply Chain Management 
for over 30 years. Professor Wang told 
UCR Business the objectives behind 
this new piece of research:   
 
“We wanted to present an optimal 
policy through considering periodic 
review stochastic (i.e. randomly 
determined) inventory control 
problems with both fixed order 
cost and uniform random yield,” 
he explained. “Our objective was to 
characterize some structural properties 
of the optimal policies so that efficient 
approaches can then be established. 
In particular, we provide a lower-
and-upper bound structure for the 
optimal policy at the beginning of any 
period, such that it is optimal not to 
order anything if the initial stock level 
is above the upper bound, and it is 
optimal to order a positive quantity if 
the initial stock level is below the lower 
bound, where the optimal quantity can 
be found efficiently.” pop to the warehouse to check on inventory 

levels - supplies just needs to be there, or the 
line grinds to a halt and costs start to mount 
on lost orders. 
 
As industry moves towards lights-out 
(automated, 24/7) manufacturing, Supply 
chain management is about to get a whole 
lot smarter. Inventory management is crucial 
for companies who deal in physical products. 
It’s also highly integrated, spanning multiple 
entities: manufacturers, wholesalers, 3rd party 
suppliers, production partners, retailers and 
consumers. Having many moving parts, there 
is always supply uncertainty. 
 
The science behind inventory modeling has 

REPORT: Periodic review inventory 
systems with fixed order cost and uniform 
random yield.

PUBLISHED: European Journal of 
Operational Research, 257, 106–117.

AUTHORS: Yuyue Song and Yunzeng 
Wang.

The Problem: Inefficient inventory 
management systems lead to high 
warehousing costs, gaps in supply 
chain replenishment and customer 
dissatisfaction.  

Why It Happens: It’s hard to predict yield 
and sell-through.

The Solution:  New inventory modeling 
from the report’s authors.
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Inventory Management for a New Industrial Age, continued.

The authors’ approach delivers several 
calculations to allow inventory management 
software to dial up, or down, on supplies 
automatically, without human intervention.
For example, Perception Robotics’ automated 
factory workers record each automotive part 
they pick up from a bin.
So, if they were using this new research 
(Perception Robotics is not affiliated with 
the report’s authors, just used for illustrative 
purposes here), this data would become 
an input line into the code which keeps a 
running tally on inventory used, required 
and, if necessary, rejected as unfit for purpose 
(returns). 
As soon as client orders come in, the software 
then ascertains inventory required to complete 
the task, assigning robot instructions, and 
automatically ordering in supplies.   

“We consider periodic review inventory 
control problems with both fixed order 
cost and uniform random yield,” confirmed 
Professor Wang, “A monotone property about 
the optimal order quantity in the initial stock 
level in any period is also provided. A lower-
and-upper bound structure for the optimal 
policy at the beginning of any period is 
provided.”

Scaling up inventory for military engagement 

Some companies have somewhat classic 
inventory requirements, dependent on client 
orders, but generally predictable at least to year 
end, for budgeting and revenue estimates; and, 
hopefully, further out for forward planning 
purposes. 
 
But what if you’re scaling up at short notice to 
send a peace-keeping force overseas to avoid 
global conflict erupting? 

Or running a semiconductor company and 
suddenly your biggest client triples their 
projections for 2021, while one of your parts 
manufacturers ceases production? How do 
you manage inventory to scale up swiftly - in 
either the short term - or for a decade hence?

“Yield uncertainty in replenishment 
is a common occurrence,” Professor 
Wang confirmed, “Especially in many 
production scenarios. In the semiconductor 
manufacturing industry, for example, defective 
outputs are found in many cases because of 
process uncertainties, poor quality control, and 

other environmental factors. It is well known 
that inventory control systems with random 
yield can behave quite differently from the 
ones with certain yield. Therefore, in order 
to understand the impact of random yield on 
the control of inventory/production systems, 
one fundamental question is how to efficiently 
find the optimal order quantity at any initial 
stock level in each period. In order to answer 
this question, one needs to characterize the 
structure of the optimal inventory control 
policy.”

Towards a definition of optimal inventory 
control 

“This structure of the optimal inventory 
control policy has been an open problem in 
the literature for decades,” said Dr. Wang, 
“And our paper, to the best of our knowledge, 
is the first contribution in the literature 
regarding this issue. We have provided an 
(X, Y) structure in the paper so the search 
for the optimal order quantity at any initial 
stock level is much easier. We also have 
provided evidence to show that there are some 
significant differences between the periodic 

review inventory problems with certain yield 
and the ones with random yield. In addition,” 
he continued, “Our research has illustrated a 
few interesting phenomena about the behavior 
of an optimal policy. These phenomena show 
that the structure of the optimal policy for this 
problem is in general significantly different 
from that for the traditional periodic review 
inventory control problems with certain yield 
and fixed order cost.”

Summing up

Managing optimal inventory control, in the 
4th industrial age, is going to become more 
complex. By delivering a set of calculations 
that can provide clarity on what’s in stock, 
and what’s needed ASAP, taking into account 
many other variables and time/supply 
constraints, this research can assist and equip 
companies for what’s next. 
 
As previously stated, Dr. Yli-Renko’s robots, 
at Perception Robotics, need a steady supply 
of automotive parts at the tips of their end 
effectors. Because they’re not going to be able 
to call the supplier and say, “Bob, where’s our 
order?” and get a shipment air-dropped by 
drone overnight. 
 
At least, not for a while. 

— Sophia Stuart
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