Inventory Policies for Multi-item Replenishment
Deterministic Models

1. Economic Order Quantity (EOQ) Policy
-Items are partitioned into several groups.

-Each group is replenished separately.

-Every item in the same group has the same replenishment interval.

2. Power-of-two Policy
-The replenishment interval of each item is constant.

and it must be power-of-two multiples of a base planning period [Iyogun and Atkins (1993)]. 
-Items that have different replenishment intervals may be replenished simultaneously. 
-Items that have lower replenishment intervals are included in a group of  items that are replenished and have larger replenishment intervals.
-For example, 

  T1 = 2   months ,     T3 = 4  months ,    T3 = 8 months 

Item 1and item 2 are replenished simultaneously in month 4.
3. EOQ Policy with replenishment intervals as an integer multiple of the base interval
-The replenishment interval of each item i is an integer multiple ki of the base interval [Silver (1976)].
-After determining items’ replenishment intervals, the replenishment quantity can be obtained from the EOQ formula.

Stochastic Models
1. QS policies
- All items are replenished to their base stock levels Si whenever the combined usage of all items reaches Q [Pantumsinchai (1992) and Cheung (1998)].
2. Can-Order (S, c, s) Policy

- Inventory levels are continuously reviewed. 

- Whenever the inventory position of item i drops to its must order point si or lower, a replenishment is triggered to raise its inventory position to an order-up-to-level Si.
- At the same time, any other items with inventory positions at or below their individual can-order point c are included in this replenishment in order to raise their inventory levels to the order-up-to-levels.
-Studied by Balintfy (1964), Silver (1974) and  Federgruen, Groenevelt and Tijms (1984).
3. Simple Periodic (Ri, Ti) Policy

-Item i is raised to Ri every Ti period.
-Proposed by Atkins and Iyogun (1988).
4. Periodic Review (s, S) Policies
-Inventories of all items are reviewed once every t units of time.
-At the time of the review, any items whose inventory levels are at or below their own s are grouped together for a single order and replenished up to their highest levels S.

-Proposed by Viswanathan (1997).
Integrated Inventory-Transportation System
-Consider a collection system with one warehouse and multiple suppliers.

-Demand is assumed to be constant and known (deterministic).
-There are vehicle capacity and frequency constraints.

-Vehicles are dispatched from a warehouse to pick up items at each supplier.

-After item collection, the vehicles return to the warehouse.

- Use a policy where each item is assigned to a single group that is replenished repeatedly using a given vehicle. 

System costs

1. Inventory holding cost

2. Joint fixed ordering cost

3. Fixed dispatching cost

4. Vehicle routing cost

-With the EOQ policy, the optimal aggregate replenishment quantity for the items in a feasible subset 
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or
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  and the corresponding optimal costs can be obtained from
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Where 
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= aggregate demand rate for all items in 
         subset 
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= weighted average unit holding cost for 
         items in subset 
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= aggregate replenishment quantity for all 
         items in subset 
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  = vehicle capacity.
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  = maximum number of trips allowed for each 
        vehicle.

Ex   A manager of the warehouse is wishing to send a fleet of trucks to collect different items from dispersed suppliers. The relevant data are shown below. 

Find the suitable replenishment policy.   
             0    1    2    3     4     5     6    7     8     9     10

-----------------------------------------------------------------------

warehouse    0    7    4    21    10    15    7    7     9     10    8 

Supplier1     7    0    11   24    8     14    4    14    5     7     7 

Supplier2     4    11   0    20    12    15    10   3     13    12    10 

Supplier3    21   24   20   0     16    10    19   18    20    17    16 

Supplier4    10    8    12   16    0       6     4    13      4      1     2 

Supplier5    15   14   15   10    6      0     10   14    10    7     7 

Supplier6     7     4    10   19    4     10    0     12      2     3     3 

Supplier7     7    14   3    18    13    14    12   0     14    13    10

Supplier8     9     5    13   20     4     10     2    14     0     2     5

Supplier9    10    7    12   17     1      7      3    13     2     0     3 

Supplier10   8     7    10   16     2     7       3    10     5     3     0 

-----------------------------------------                                  ------------------------
item      Demand rate   Holding cost rate                                   items
          (unit/year)    ($/unit/year)

-----------------------------------------                                  -------------------------
1              186           4                                                      Supplier 1  : 2

2              227           11                                                    Supplier 2  : 6

3              217           6                                                      Supplier 3  : 5

4              123           2                                                      Supplier 4  : 7 
5              117           4                                                      Supplier 5  : 1
6              282           14                                                    Supplier 6  : 9
7              228           4                                                      Supplier 7  : 4   
8              187           9                                                      Supplier 8  : 8
9              105           2                                                      Supplier 9  : 3
10             139           7                                                     Supplier 10  : 10
-----------------------------------------                                 --------------------------
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