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Abstract 

 

We integrate network optimization, netform modeling, metaheuristics and simulation op-

timization to provide a new software system for optimizing inventory management. Computa-

tional tests compare our method to the status quo approach customarily used for inventory 

management and to a recent innovation in inventory management reported to save over $90 

million for a major U.S. retail firm. Our tests show dramatic improvements over both systems, 

yielding better levels of service and greater cost savings.  

 

 

1  Introduction 

 
Inventory management plays a critical role in any industry where manufacturers, distributors, and re-

tailers face narrow margins and must stock costly products. Carrying too much inventory reduces rev-

enue by tying up capital while carrying too little leads to poor customer service and incurs opportunity 

costs from lost sales. The balancing of too much versus too little has traditionally been managed by 

relying on classical inventory models that specify policies for specific classes of items derived from 

antiquated “theoretical” analysis to guide the inventory management process. By contrast, building on 

our initiatives in network optimization and simulation optimization, we have developed new, innova-

tive methods that are poised to change the way inventories and supply chains are managed. 

 

In recent years, the advent of analytics methods that join optimization technology and computer simu-

lation has opened the door to dramatically improved policies for inventory management. These ad-

vances make it possible to work with historic demand patterns, rather than commonly adopted (and 

often inaccurate) textbook assumptions, and enable inventory policy to be optimally determined for 

each inventory item based on its unique demand pattern. The resulting optimization of management 

policies leads to reduced inventory, increased revenues, and lower overall costs. These advances afford 

an opportunity to reduce the amount of time spent monitoring inventory, freeing organizations to de-

vote a greater part of their attention to activities that improve customer service. 

 

Our innovations derive from the following primary sources: 

 

Network optimization methodology developed in the study [1] which created an integrated produc-

tion, distribution and inventory (PDI) system saving more than $140 million for Agrico Chemical 

Company1. The PDI system has been used extensively to evaluate the benefit/cost impact of alterna-

tive capital investments in both shot-term and long-term planning decisions, and underscores the value 

                                                      
1 This work won an International Achievement Award (now known as the Edelman Prize) from the Institute of Management 

Science, and the original article was reprinted in seven different volumes on systems design. 
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of its innovations that have made it possible to analyze interacting influences too numerous and com-

plex to be analyzed adequately in the past, while requiring only one one-hundredth of the computer 

time and cost of methodologies previously used.  

 

Netform (network related formulation) modeling and solution innovations ([2, 3]), which have 

chalked up substantial savings and profits for in applications for many additional companies.  The 

power and flexibility of these network-related optimization tools enables increased communication 

and understanding of key company operations, stemming from the inherent '"pictorial" nature of net-

form models, which facilitates interpretation of these models and policy recommendations based upon 

their solution.  

 

Simulation optimization advances ([4], [5]) applying modern simulation/optimization methodologies 

to a wide range of complex problems in industry and which have been the source of software now be-

ing used in over 90,000 user licenses.  

 

Metaheuristic innovations embodied in tabu search and evolutionary scatter search ([6, 7, 8]) which 

also lie at the heart of advances in simulation optimization, and have given rise to additional industry 

and government applications beyond the simulation optimization setting. 

 

These innovations are now combined in a new Meta-Analytics Inventory System (MA/IS)2 yielding 

improved inventory management decisions with substantial reductions in overall inventory costs and 

increases in revenues. The system provides benefits both for distributors and suppliers, in the latter 

case with a twofold effect: first, giving the ability to provide inventory management solutions to cli-

ents; and second, providing solutions for managing the supplier’s own inventories. These outcomes 

make it possible to build stronger ties and enhance business relationships with clients, while enhancing 

the revenue stream of the whole supply chain. The system is structured to allow integration with our 

methods for optimizing distribution operations, coordinating production and inventory decisions with 

best shipping options for delivering products to clients. 

 

 

2  A Comparative Study of the MA/IS Inventory Management System 
 

To determine the efficacy of our new system, we have tested it against an inventory management sys-

tem recently developed by Kroger [9] for the pharmaceutical industry with the goal of reducing out-of-

stock drug prescriptions. To give the most favorable conditions for the Kroger system in this compari-

son, we  

have used historical inventory data made available in [9] together with documented outcomes obtained 

by the Kroger system for this data.  

 

The Kroger system was additionally chosen for the fact that it has been reported to achieve significant 

improvement for Kroger’s operations, generating over $90 million in financial improvements per year 

while simultaneously reducing inventory levels and out of stocks. However, to account for the im-

proved outcomes we report below, we should note that the Kroger system is heavily influenced by cost 

assumptions, namely those placed on out of stocks. In addition, it only ‘simulates’ over the precise 

historic sales pattern, thereby failing to account for alternative or changing patterns in demand. Finally, 

its search heuristic only evaluates a small number of alternative inventory policies, leaving better solu-

tions undiscovered. 

 

The MA/IS approach, by contrast, prescribes inventory policies that yield lower costs and inventory 

levels while providing equivalent or better service levels. These results are achieved through a refor-

mulation of the optimization problem; instead of seeking to minimize costs, our method minimizes 

inventory while maintaining a specified level of service, thereby eliminating the influence of unrelia-

ble cost assumptions on proposed solutions. We also employ a more robust sampling method that al-

lows us to evaluate which policies will yield the smallest inventory levels across a number of demand 

                                                      
2 Meta-Analytics refers to the integration of Metaheuristics and Analytics, as described in [10].  
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patterns while still maintaining the specified level of service.  Finally, we employ more advanced me-

taheuristic methods that ultimately discover superior solutions. (See Table 1 below illustrating the ad-

vantages of our approach over the Kroger approach.) 

 

Kroger MA/IS 

Solution for retailers only Solution for both suppliers and retailers 

Quasi-simulation: One trial, no sampling  

Robust simulation: Hundreds of trials, random sam-

pling 

Restrictive search algorithm, suboptimal solutions State of the art search algorithm, optimal solutions 

Heavily influenced by cost assumptions Not influenced by cost assumptions 

 

Table 1: Comparison of features of Kroger and MA/IS modeling approaches 

  

Our model was implemented using Excel and Crystal Ball, and optimized using the OptQuest optimi-

zation engine referenced in [4] and [5]. The model takes as input the historic demand distribution for a 

certain drug, and samples from this empirical distribution to generate daily demand over the course of 

a year for that drug. This process gives the model significantly greater scope than traditional inventory 

models which rely on assumptions of normally distributed demand. In the context of retail pharmaceu-

ticals, for example, the normality assumption does not reflect reality; observed demand distributions 

are typically multimodal and cannot be fitted to commonly used distributions. 

 

Other inputs to the model include an ordering schedule and delivery lead time, as well as assumptions 

around carrying, ordering, and stock out costs (though the cost assumptions are used purely for the 

purpose of comparison with similar models and play no part in the optimization). As the simulation 

progresses, inventory position is tracked and orders are triggered whenever demand falls below the 

specified reorder point. By assessing inventory positions over the course of the yearlong simulation, 

we are then able to evaluate inventory levels, numbers of out-of-stocks, and cost. 

 

For the purpose of comparison with the status quo and the Kroger approach, three models were run in 

parallel, each using their own inventory policy parameters but drawing on the same simulated demand 

patterns. The status quo reorder point and EOQ were calculated using traditional formulas and as-

sumes a 95% service level. The Kroger reorder point and order up to level were drawn directly from 

the published results of their model, while the same parameters for our model were optimized using 

the OptQuest simulation optimization engine incorporated into MA/IS. 

 

The first insight gained from this analysis is that the service level specified in the safety stock calcula-

tion for the status quo model does not actually yield the desired level of service. This is a result of de-

mand not being normally distributed; the empirical multimodal demand pattern leads to a lower ser-

vice level than anticipated. When a 95% service level is specified, the resulting level of service (as 

revealed by the simulation) is in fact only 85%. 

 

Another insight gained through the modeling process is that the Kroger model also fails to achieve its 

target service level. The Kroger model aims to achieve a 100% level of service, and accomplishes this 

over the precise historic demand pattern, but when their proposed inventory policy is tested in a simu-

lation with 1000 trials, the average service level is in fact only 98%. In achieving this increased level 

of service, the Kroger model necessarily increases average inventory as compared with the status quo 

model by 46%, but reduces total cost by nearly 250%. These cost savings are a result of the significant 

decrease in out of stocks. 

 

The MA/IS model was tested against a target service level of 98%, to evaluate whether superior solu-

tions could be found that deliver the same level of service as the Kroger model while further reducing 

inventory and costs. In a side-by-side comparison of 1000 simulation trials, the M-A/IS model 

achieved a 10% reduction in inventory and total cost when compared with the with the Kroger model. 

These findings demonstrate the substantial value of the MA/IS approach in this context. 
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A summary of the differences in features of our approaches appears in Table 1 and a summary of dif-

ferences in gains in application to the data used to showcase the Kroger approach appears in Table 2.  

 

Status Quo Kroger MA/IS 

Target service level: 95% Target service level: 100% Target service level: 98% 

Actual service level: 85% Actual service level: 98% Actual service level: 98% 

0% cost reduction 250% cost reduction 290% cost reduction 

0% increase in inventory 46% increase in inventory 41% increase in inventory 

 

Table 2: Summary of model performance 

 

Fast processing time is of critical importance to a commercial implementation of this methodology, 

where inventory policies for thousands of drugs in a number of locations must each be optimized. Our 

model consistently reached optimal solutions within 150 simulations of 100 trials each, at a total pro-

cessing time of just over 6 seconds when run on a laptop with a 2.3 GHz Intel Core i7 processor. The 

efficiency of this processing time could be readily applied to optimize inventory levels on a large 

scale. 

 

3  Steps for the Future 
 

We are continuing to refine the MA/IS system and to develop interfaces for joining it with our network 

and netform procedures for production and distribution operations in combination with our simulation 

optimization approach. We are also in the process of developing pilot studies to tailor our system to 

individual needs of specific companies to produce additional cost saving benefits in special environ-

ments.  
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