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Marty Reiman’s Talk:   
A Stochastic Programming Based Approach  
to Assemble-to-Order Inventory Systems 

My Revised Title:   
An Asymptotic Approach for Developing  
Replenishment and Allocation Policies  
in Assemble-to-Order Inventory Systems 



Background Story for my Talk 

• Marty Reiman has lots of past work on queueing 
networks, and their asymptotic analysis, and this is 
how I first heard of him. 

• The first time I heard about inventory work of his was 
around 6 years ago, during a talk of his at Georgia 
Tech, on a simple precursor to an ATO system (1 
product, 2 demand classes). 

• At the end of his talk I remember the following 
conversation between Jim Dai and Marty. 



Jim and Marty’s Conversation 

“Wow, Marty, this is really impressive. 
  You are now doing work in a  
  much different area!”  

“Not really.  Same hammer.  
Different nail.”  

What does “same hammer, different nail” mean? 



Discussion Outline 

• More on the hammer:  The heavy traffic approach 
to the control of stochastic systems. 
– The bulk of past work has been focused on controlling 

queueing systems. 
• The nail in the Markov lecture work, Dogru, Reiman, 

Wang (2010), compared to Plambeck and Ward 
(2006). 
– How are the model setting and propsed policies similar and 

different? 



The Heavy Traffic Based Approach to the 
Control of Stochastic Systems 

 
1. Define the limiting regime of interest. 
2. Set up an approximating diffusion control problem. 
3. Solve the approximating problem. 
4. Interpret the solution to the approximating problem 

as a policy in the original system. 
5. Establish that that policy is asymptotically optimal 

in the regime of interest. 
– Weak Convergence of the Proposed Policy 
– Lower Bound on any admissible Policy 
– Approximate performance of the Proposed Policy 

(Harrison, 1988) 



A Few of Marty’s Queueing Papers that 
use Asymptotic Analysis 

• Some Diffusion Approximations with State 
Space Collapse (1984) 

• Polling Systems with Zero Switchover Times 
(1995) 
– Joint with Coffman and Puhalskii 

• Polling Systems in Heavy Traffic:  A Bessel 
Process Limit (1998) 
– Joint with Coffman and Puhalskii 

• Designing a Call Center with Impatient 
Customers (2002) 
– Joint with Garnett and Mandelbaum 

Early paper. 

APS 2001 
Best  
Publication. 

Early H-W 
Call Center. 



A Partial List of Papers that Have 
Followed such an Asymptotic Approach 

• Harrison and Wein (1989,1990) 
• Martins, Shreve, Soner (1996) 
• Kumar (2000)  
• Williams (2004)  
• Ata and Kumar (2005) 
• Budhiraja and Ghosh (2005) 
• Ward and Kumar (2008) 

 
• Mandelbaum and Stoylar (2004) 
• Atar (2005) 
• Gurvich and Whitt (2009) 
• Tezcan and Dai (2010) 
• Armony and Ward (2010) 

 
• Atar and Gurvich (Working) 

 

Conventional HT 

H-W Regime 

NDS Regime 

The bulk of work focuses on queueing or stochastic processing networks! 



But the “Heavy Traffic” Approach is Much 
Broader. 

• Inventory systems are amenable to “heavy traffic” 
analysis. 
– Even though the traditional definition of heavy traffic does 

not apply. 
• Markov lecture references (DRW): 

– Dogru, Reiman, and Wang (2010), A Stochastic 
Programming Based Inventory Policy for Assemble-to-Order 
Systems with Application to the W Model.  

– Reiman and Wang (2012) A Stochastic Program Based 
Lower Bound for Assemble-to-Order Inventory Systems. 

– Reiman and Wang (2013 Workiing Paper), Asymptotically 
Optimal Inventory Control for Assemble-to-Order Systems 
with Identical Lead Times.  

 
 
 

Why does the nail have to be a queueing network? 



The Heavy Traffic Based Approach to the 
Control of Stochastic Systems  

1. Define the limiting regime of interest. 
 
1. Set up an approximating diffusion control problem. 
2. Solve the approximating problem. 
 
1. Interpret the solution to the approximating problem 

as a policy in the original system. 
 
1. Establish that that policy is asymptotically optimal 

in the regime of interest. 

The lead time becomes large. 

The lower bound stochastic program. 

Base-stock replenishment and allocation principle. 

Asymptotic 



Comparison with Plambeck and Ward (2006) 
Their Model Setting 

I products 

J components 

Assembly 

Price p 
Arrival rate λ(p) 

Allocation 
Matrix A 

Capacity μ 
Cost c 

Objective: 

No ordering. 
Instead, 
capacity is  
limited.   
Assume  
large demand: 
λ(p)=nλ(p). 
(Like DRW if 
L is held fixed.) 



Comparison with Plambeck and Ward (2006) 
Their Proposed Policy 

Set prices equal to the SPP solution. 
Set component production capacity equal to the 
SPP solution, with an adjustment that is order square-root 
of the arrival rate.  
Heavy traffic is the economically optimal operating regime. 
(There is no “heavy traffic” in DRW.) 

The Static Planning Problem (SPP) 



Comparison with Plambeck and Ward (2006) 
The Allocation Policy 

Define the “shortage” process (independent of control): 

The allocation policy is a discrete-review policy that 
tracks the solution to: 

FIFO allocation is not optimal, as is true in DRW. 
An optimal allocation tracks optimal backlogs, as in DRW. 
Side note:  FIFO makes the analysis more complex. 



Backlog Tracking 
The solution to: 

cannot be tracked exactly, at all times t, because 
that would require potentially “taking back” 
previously assembled orders to acquire their 
components.  This is also the reason the lower 
bound in DRW cannot be always tracked. 
The key realization is it can be very closely tracked 
when the arrrival rate is high (L is large). 



Comparison with Plambeck and Ward (2006) 
Asymptotic Optimality Theorem 

Strictly negative. 



Concluding Remarks 
• The “heavy traffic” approach is not limited to 

queueing networks and stochastic processing 
networks. 

• The first step is to identify a limit regime of interest, 
and to set up an (easier!) approximating control 
problem. 
– Maybe not heavy traffic! 

• There are many problem opportunities that are not 
traditionally queueing that asymptotic 
approximation methodology can solve. 
–  (And remember we can develop good policies without 

proving ao). 
• The Markov lecture today is a really nice example of 

a “non-queueing” queueing problem. 
• There are other examples … 
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