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Forward Supply Chain vs 
Reverse Supply Chain

Forward Supply Chains

• Material flow from FEW central locations to MANY demand points which is divergent.
(such as factories, plants, suppliers, vendors, etc. to warehouses, stores, customers, etc.)

Reverse Supply Chains

• Material flow from MANY collection points to FEW demand centers which is convergent.
(such as consumers, customers, refuse bins, collection points, stores, etc. to suppliers, factories, plants, 
vendors)

Reverse Logistics: Deals with material/product flow from point of consumption to the point of origin to 
recapture value or dispose properly.
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Reverse Supply Chain Management
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Retail Reverse 
Supply Chain 

(RRSC) 
Network



Problem Definition

– Company is the ultimate decision maker.
– Stores hold excessive inventory.
– Pull a certain amount of inventory from all stores. 
– Only some of products (ineffective inventory) will be recalled.
– Excess inventory will be routed.
– objective is to minimize all supply chain and inventory related 

costs
– subject to capacity, vendor funds, warehouse/store demand and 

rigid RRSC network structure, etc.
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Mathematical Optimization Model for 
RRSC Decisions 

• Decision Variables
– Which store-products will be chosen to be disposed. (product selection)
– If a product is chosen from a store, where should it go. (product allocation)
– Which Distribution/Return Centers should be activated. (facility selection)

• Multi-Objective
– Minimize:

• Destroying and liquidating products and costs related to destroying or liquidating.
• Profit margin losses and penalties because of vendor returns.

– Maximize:
• Warehouse Returns with most profitable products.
• Vendor Returns with least profitable products.

• Constraints
– Pulling a certain amount of inventory from stores.
– Actions that can be taken for a store-product.
– Logical rules that satisfy the product movement structure within the complex retail 

reverse supply chain network.
– Capacity, demand for warehouse and funds available for vendors returns.
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Inventory Optimization Model for Retail RSC Decisions

Plant Activation cost, 
• Cost of activating distribution centers for 

reverse supply chain activities.

Receiving & Handling cost, 
• Cost of receiving and handling products 

at the distribution centers that are 
coming from

• Stores 
• Transfers from other distribution 

centers.

-----------------------------------------------------------------------------------------------------------------------------------------------------------------
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Illustrative Example
• 4 Distribution Centers,

– 2 Warehouse Each
• 8 Warehouses,
• 500 Stores,
• 2 Store Types,

– Company Owned
– Franchise

• 1,000 unique Products,
• 10,000 Store-Products, 

– an average of 20 products per store.
• 20 Vendors.

• 60,004 binary 
• 68,080 integer decision variables

9



Heuristic Algorithm
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Test Results, CPLEX vs. Heuristic
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• Small-to-large size test problems are 
solved with both CPLEX and 
Heuristic.

• Heuristic found close-to-optimal 
solutions in reasonable times.



Test Results, CPLEX vs. Heuristic
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• Small-to-large size test problems are solved with both CPLEX and Heuristic.
• Heuristic found 

• close-to-optimal (0.2-5% optimality range) solutions 
• in reasonable times (20 minutes to 5 hours) .

• For small size problems, 
• Heuristic and CPLEX performed similarly.

• For large size problems, 
• Heuristic found better solutions in shorter time.



Insights

• Model solutions suggests that
– For realistic size RRSC problems, state-of-the-art solvers 

take significant time and memory to solve these kinds of 
problems.

– A retail company can use our multi-stage heuristic to make 
inventory decisions for realistic size problems which would 
provide close-to-optimal solutions.
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Appendix
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Inventory Optimization Model for Retail RSC Decisions

Plant Activation cost, 
• Cost of activating distribution centers for 

reverse supply chain activities.

Receiving & Handling cost, 
• Cost of receiving and handling products 

at the distribution centers that are 
coming from

• Stores 
• Transfers from other distribution 

centers.

-----------------------------------------------------------------------------------------------------------------------------------------------------------------
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Inventory Optimization Model for Retail RSC Decisions

Store 
Refunds

Cost of destroying products at Site
• If products need to be destroyed, destroy invaluable products

Vendor 
Penalty Cost,
• minimum 

penalty cost 
from 
returning a 
product to 
its vendor.

Vendor deposit-refund cost, 
• minimum margin lost from deposit 

return.

Warehouse returns, 
• maximum warehouse returns with the most profitable 

products.

Liquidation cost
• Minimum lost from liquidating products.
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Inventory Optimization Model for Retail RSC Decisions

Vendor refund cost, 
• minimum lost from profit margin. 

Transportation cost, 
• From Stores to Distribution Centers. 

Transportation cost, 
• Distribution Centers to Distribution 

Centers transfers. 

Transportation cost, 
• From Distribution Centers to Vendors. 

Transportation cost, 
• From Distribution Centers to Warehouses 

Transportation cost, 
• From Distribution Centers to Liquidation. 17

Vendor refund unrecoverable cost, 
• minimum lost from exchange and 

shipping costs.
• cost of doing business. 



Inventory Optimization Model for Retail RSC Decisions
Possible actions to be taken for a store-
product,
• Do nothing, leave the product at store
• Destroy the product at store
• Return the product to distribution center 

Total number of items for a products that 
are being returned is equal to the items 
that are going to related destinations. 

Warehouse return for a product 
cannot exceed product demand 
from other stores.

Warehouse return value for all 
products cannot exceed warehouse 
return allowance budget.

Vendor return used for all 
products cannot exceed total 
vendor funds for each vendor.
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Define vendor funds used from a 
specific store types’ vendor 
funds.
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A Store-Product can only be 
returned to one distribution center.

Defining logic of return a store-
product to a distribution center.

If a distribution center is NOT activated, 
then the stores can NOT return 
products to this distribution center.
Defining logic of  activating a 
distribution center and related 
return rules.

Total number of items for a products 
that are coming in to DC is equal to the 
items that are going out from DC. 

If a DC is NOT activated, it can NOT 
receive transfers from other related DCs

If a DC is NOT activated, it can NOT 
send transfers from other related DCs.

Received transfers cannot be 
sent to vendors or liquidation

Inventory Optimization Model for Retail RSC Decisions
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If there is transfer among distribution 
centers for a product, then reverse path 
should not exist.

Compatible vendor funds can only be 
transferred/used if the available vendor 
funds for a store type does not cover to 
return those items to its vendor.

A distribution center should not transfer 
items of a product to itself

A distribution center can only transfer 
items of a product to another DC if a path 
exits.

A store can only send items of a product to 
DC if a path exits.

A distribution center can only send items 
of a product to warehouse if a path exits.

Inventory Optimization Model for Retail RSC Decisions


