Reorder Strategy under Precision Evolution and Capacity Constraint.
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Order without data Product Classification:

Inaccurate ! Important method to balance the demand and supply
* Fast-selling — reorder and sell the product in more stores
« Slow-selling — promotions
» Current Classification Method :

* Manual threshold based method (Time-consuming & Error-prone)
« 1000+ SKU

Reorder Strategy :
Problem: when to reorder? Which product to be reordered?

* Prediction can be wrong. The precision rate increases with the
days on market.(Precision evolution)
* Products are launched gradually over time.(Capacity constraint)



Figure 2 Framework of the Popularity Classification Model
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Reorder Strateqgy (working)

* Decision model that can automatically determine which products to reorder at time point t.

Sales data input output

Popularity Classification Reorder Decisio Products to be reordered at time t

Inventory data

Model Model
at time t

Product popularity
ranking at time t



Reorder Decision Model

Single-product reorder point decision model

Model setting
Assumption:
Product category: fast-selling & slow-selling

Reorder : sell in n more stores.
Disposal value: zero

oo~

Notations

p: Product Pricing

c¢: Product cost

T: Maximum duration of the selling season

Sp: Average weekly store sales of fast-selling products.
S;: Average weekly store sales of slow-selling products.
P(t): Accuracy function of model identification

Profit Function

Profit(t) =P(t)[n-Sp- (T —t)- (p— c)]
+[1=P(t)][n- S (T—1t)-(p—c)
—n-(5,—-5)-(T—1t)-c]

Prediction can be wrong.
When to believe it?

Sales: sell in each store at respective speed given adequate inventory

The parameter and distribution P(t) is known from historical data.
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P(t) —— Linear, Piecewise linear, Concave

Simple case: P(t) =axt+b

Profit(t) =n-[ky - P(t) - (T —t) + ko - t] —kox T
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P(t) is concave

Theorem When the accuracy function P(t) satisfies the following
properties, the profit function is also a concave function at this
time.

(1) P(t) is a concave function

(2) The first derivative of P(t) is greater than zero

Profit function is convex in t.

P(t) is piecewise linear with N segments
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Multiple Product Expansion Strategy (Heuristic)

« Products are introduced gradually over time
» 30% of products contribute 80% of total sales
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Table: Comparison of Sales Volume Between Two Expansion Strategies

Numerical Results and Manual Methods

Method Sales Volume Increase
Manual ldentification Method Baseline
Rule-based Expansion Strategy 5.90%
Multi-product Expansion Strategy 6.02%




Reorder Decision Model /" Objective N

MDP(Future work) Recursive
V(A c) = s e tmadVde aa)l)

Exogenous state:
Popular product set A4i:=aim €0,1,meN Constraint:

¢; <03-N, forallie {0,1,...,T}

State transition \ /

v Cit1 = Ci+ D men Zim
Decision stages (day) |———F---------------- S 1

T, T, T; Ti+1 Ty

Endogenous State:
Capacity C; € [0,0.3N]

Action: choose products from A4;

Zl(Az) = {zi,m € {0, 1} | Zim = 0, ifai,m = 0, and Zi:o Zsm S 1,Vm € N}

Reward:

ri(Ai, ) = Z ZimProfit(i,m)
meN

Profit(i,m) = P(rym)[n - Shm - (T —4) - (b — cm)]
+[1 = Plrg)lin-Si- (T—t)- (p—c)

—n-(Shm—S,)~(T—i)~cm]



