
Instituto Aragone’s de Fomento
International Meeting on Logistics and Internet Oct 30, 2001

The Puzzles and 
challenges of Internet 

Logistics
Girish Lakshman
Director
Global Logistics
Amazon.com



Instituto Aragone’s de Fomento
International Meeting on Logistics and Internet Oct 30, 2001

Today’s Talk

The Amazon.com Platform

The Amazon Network Design and Model

Network Optimization and Modeling

Inventory Modeling and Optimization

Transportation Management

Operational Excellence

Defining Success
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Amazon.com Platform
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Amazon.com - Our Approach
1. Invest big in a big, global market

Selection

PriceService

InformationCUSTOMERS

Convenience

2. Globally drive for scale, growth
3. Reap the benefits of scale

*Better decisions drive higher capital efficiency

4. Repeat
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US Books

Building The Platform(1995 - 98)

Brand

Customers

Capabilities

Scale

Big

Small
Competitive
AdvantageBigSmall

Retail Platform
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Platform Expansion (1998 - 2000)

zShopszShops

zShops

Art & CollectiblesAuctions

Auctions Auctions

Distribution  /  Customer Service  /  Technology -35

-30

-25

-20

-15

-10

-5

0

5

10

15

Q4 Q2
97

Q4 Q2
98

Q4 Q2
99

Q4 Q1

Op Income % of Revenue

US

Books Music DVD & Video

Health & Beauty

Lawn & PatioKitchen

Tools / HW

Electronics Toys

UK

Books Music

Video Games

Software DVD & Video DVD & Video

DE

Books Music



Instituto Aragone’s de Fomento
International Meeting on Logistics and Internet Oct 30, 2001

Amazon.com Platform

Growing customer base

Technology

Optimized distribution advantage

Customer service focus

E-commerce expertise

Investment in intelligence

Brand
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Amazon.com Network Design and Model
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Traditional Model

Vendor

Vendor

Vendor

Vendor

DC

Carrier

Carrier

Multiple 
Stores

C
U
S
T
O
M
E
R
S

Physical Store Chain Dependency = Increased Cycle 
Time

Cycle Time = T
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Amazon Model

Vendor

Vendor

Vendor

Vendor

DC
Carrier

Carrier

C
U
S
T
O
M
E
R
S

Cycle Time < T

Reduced Cycle Time = Reduced Inventory
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Consumers’ View

E-commerce challenges are a function of customer 
preferences

Vendor 1

Vendor 2 Carrier 2

Carrier 1

ConsumerAmazon

Global Consumers:

• Want quick delivery 

• We’re trying to drive them to want infinite selection

• Pay only for perceived value add
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The New Fulfillment System
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Network Optimization and Modeling
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Network Optimization System -
Methodology and Structure

Minimize
Outbound shipping cost
Labor costs

Key Constraints
Satisfy customer demand
Outbound shipping/processing capacity
Labor capacity (minimum and maximum)
Storage capacity
DC processing capabilities
Inventory, long zone, and splits targets
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Objectives
Design network  ……

Define number and location of Fulfillment Centers (FC)
Define velocity categories by product line
Allocate product categories to FC’s

in order to minimize ……
Transportation Costs
Capital Expenditures
Operating Expenses 

and maximize 
The probability of a successful ramp to Holiday 
volumes

Intelligently model and optimize FC network for 
Inbound/outbound processing and transportation costs
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Model Magnitude and Input Data
Data

Shipping rate, Zone tables by FC
Inventory Targets from Retail/SC
Demand Forecast by product by month
Demand Distribution 

product by zip3 and velocity by month

Product Data
sort type, velocity, avg. cube, avg. 
weight, receive type, units per pack, 
units per tote, gift wrap, vendor 
compliance (assortments)

Storage space by bin type by FC
Order profile

Units per order, product mix
Probabilistic splits

Equipment capacity, labor constraint
Productivity

Model Size
Outbound Shipping and Injection

Problem Statistics: 
– 516,888 constraints

– 1,488,898 variables

– 8,209,586 non-zero elements

Optimal solution found
XPRESS-MP 12.13: Optimal solution found
Objective 3225327.561
59262 Simplex iterations
Solution:

Shipping cost for Apr-01      3214938.70
3.215 MM
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Solution Methodology

User Decisions

•Product Category -> FC
•FC Layout (Capital Inv.)
•Labor Constraints (min,max)

Preprocessing

Data

Probabilistic
Splits
Model

•Product Data
•Sort type (% of sales)
•Weight
•Dimensions
•Items per shipment

•Zone Charts by FC
•Carrier Rate Tables

•Demand Forecast
•Demand Distribution
•Drop Ship Volume

•Order profiles
•In stock distribution

In-stock vs. splitsInventory 
Nodes

Optimization Model
•FC Inbound
•FC Outbound
•Storage 
•Transportation / Injection

Target Inventory Model

Data
•FC productivity
•Storage Capacity
•Equip. capacity
•Labor Cost, etc.

•Shipping volumes
•Transportation Cost
•Labor Costs
•Capacity Utilization
•Inventory Holding Cost
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FC Model

Inbound
(Dock · Prime)

•Vendor compliance (assortments, 
floor load, etc.)

•Avg. pack size by product line

Outbound
(Prime - Shipping)

FC Model
•Units by receive type & ship type

•Productivities by dc and station

•Fully burdened wage rate

•FC layout

•Problem solving

•Special processing requirements

•Avg. pack units per tote

•FC operating expenses 
by product line & path

•Capacity constraints
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Storage Model

Pallet Picks

Storage Model•Product line shipping forecast

•Inventory turn targets by product line

•Velocity & profiling requirements

•Weight & Size characteristics

•Interchangeability of storage types

Pick To Light

Random Stow

Reserve

Offsite Storage

•Optimal storage profile by FC

•Storage capacity utilization

•Storage costs by product line

•Offsite storage requirements
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Transportation Model

Transportation 
Model

• Product line shipping forecast

• Product Data
• Sort type (% of sales)
• Weight
• Dimensions

• Order Data
• Items per Order
• % Single Item Orders

• Zone Charts by FC
• Carrier Rate Tables

• DBMC distances and locations
• Zips reached by DBMC

• Locations and processing costs for 
DDU sortation providers

• FC outbound capacity constraints
• Integrated with outbound model

• Outbound shipping
• Units by FC, product, 

sort type, and velocity

• Transportation cost
• Projected shipments
• Volumes from DC to Zip
• Projected volume by 

carrier

• Line haul volumes for injection

FC

Customer

DBMC
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Probabilistic Splits Model

Inventory Snapshot
Generation

Splits Model• Order profile

• FC structure

• Product velocity group aggregation

• In-stock percents by DC and network-
wide

Monte Carlo Simulation

Sample Order Generation

Cross-FC In-Stock
Correlations

Shipment Outcome
Calculation

• Split order percentages
• By order size
• Aggregate

• Split shipment percentages
• By order size
• Aggregate

• „What if‰scenarios
• FC structure
• Changes to in-stock %
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Inventory Modeling 
and 

Optimization
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Inventory Drivers

Product groups
Product sizes
Product mixes

Product compliance
Order attributes

Transportation

Customer 
Experience

Catenation 
Splits   

0

Network 
Inventory 

Demand

Vendor lead times

Seasonality
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Split Shipments

An order that generates  multiple 
shipments  but only a single ship revenue 

Order Received 
for Item A and 

Item B

Item A to 
DC1

Item B to 
DC2

C
U
S
T
O
M
E
R

Unhappy 
Customer

Increased 
Cost of 
Shipment
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Current State
How do we control inventory?

Inbound: LA, LB, DS, SU, MU, and NYP

Outbound: Shipping (Pricing/Promos), 
Removals

Purchasing
(Pub/Distr)

Inventory on Hand

V-returns Shipments

112

13 100

467

C-Returns
2

Note: BMVD Inventory flow from 30-Apr S&OP (incl. Advantage)
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Economic Drivers

ECONOMIC COMPONENTECONOMIC COMPONENTECONOMIC COMPONENTECONOMIC COMPONENT KEY COST DRIVERSKEY COST DRIVERSKEY COST DRIVERSKEY COST DRIVERS

TransportationTransportationTransportationTransportation Split ShipmentsSplit ShipmentsSplit ShipmentsSplit Shipments FC in-stock percentsFC in-stock percentsFC in-stock percentsFC in-stock percents

Long Zone ShipmentsLong Zone ShipmentsLong Zone ShipmentsLong Zone Shipments
Inventory and in-stock balance Inventory and in-stock balance Inventory and in-stock balance Inventory and in-stock balance 
between east and west coastsbetween east and west coastsbetween east and west coastsbetween east and west coasts

Inventory Holding CostInventory Holding CostInventory Holding CostInventory Holding Cost Weeks of CoverWeeks of CoverWeeks of CoverWeeks of Cover

MarginMarginMarginMargin Distributor versus DirectDistributor versus DirectDistributor versus DirectDistributor versus Direct
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Inventory Modeling 
Methodology

Five Key Relationships Modeled

Establish inventory policy based on economic drivers 
and control parameters for Fast, Medium, and Slow 
inventory

In-stock%

Margin

Splits

WOC

Long Zones

Inventory Holding Cost

1 4

3

5

2
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Fast BMVD RecommendationsFast BMVD RecommendationsFast BMVD RecommendationsFast BMVD Recommendations

Economic Analysis ($MM)

Inventory Inventory Inventory Inventory 
InvestmentInvestmentInvestmentInvestment

Inventory Inventory Inventory Inventory 
Holding Holding Holding Holding 

CostCostCostCost
Splits Splits Splits Splits 

SavingsSavingsSavingsSavings

Long Long Long Long 
Zones Zones Zones Zones 

SavingsSavingsSavingsSavings
Margin Margin Margin Margin 

SavingsSavingsSavingsSavings
Total Total Total Total 

SavingsSavingsSavingsSavings

BooksBooksBooksBooks 5.175.175.175.17 (1.71)(1.71)(1.71)(1.71) 1.901.901.901.90 2.742.742.742.74 2.212.212.212.21 5.145.145.145.14

MusicMusicMusicMusic 0.930.930.930.93 (0.31)(0.31)(0.31)(0.31) 0.200.200.200.20 0.470.470.470.47 0.180.180.180.18 0.540.540.540.54

VideoVideoVideoVideo 0.510.510.510.51 (0.17)(0.17)(0.17)(0.17) 0.090.090.090.09 0.210.210.210.21 0.220.220.220.22 0.350.350.350.35

DVDDVDDVDDVD 0.460.460.460.46 (0.15)(0.15)(0.15)(0.15) 0.100.100.100.10 0.130.130.130.13 0.220.220.220.22 0.300.300.300.30

BMVD - overallBMVD - overallBMVD - overallBMVD - overall 7.077.077.077.07 (2.34)(2.34)(2.34)(2.34) 2.292.292.292.29 3.553.553.553.55 2.832.832.832.83 6.336.336.336.33
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Splits and Long Zones

Splits
Driven by DC in-stock

Long Zones
Driven by balance of 

inventory and in-stock 
between east and

west coast

Long Zones - 2001 Vs 2000

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

Jan Feb Mar Apr May Jun

Total 2001

LY Total

Splits - 2001 Vs 2000

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

Jan Feb Mar Apr May Jun

FC + NC Split %

All other Split %

Total 2001

LY Total
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Comparison of Network Structure
BMVD

61% 57%

8%

61% 57%

8%

29%
29%

7%

39% 42%

92%

10% 14%

85%

Ship Units Revenue # of ASIN's Ship Units Revenue # of ASIN's

Old Structure 7/3 New Structure 5/3/1
Slow LEX1 SEA1 SDF1
Medium
Fast ATL1 LEX1 PHL1 RNO1 SEA1 SDF1 TUL1 

Slow LEX1
Medium LEX1 RNO1 SDF1
Fast LEX1 PHL1 RNO1 SDF1 TUL1 

Splits reduced by 1 percentage point by changing network structure

Fast [5.5, ∞)

Med. [1.1, 5.5)

Slow [0, 1.1)

Velocity
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What is causing higher long 
zones?

Imbalance between 
east/west coast in-stocks

FC Shipping targets/caps

100

29.6

27.8

16.0

70.4

1.2

eastwest

6% not 
carried

57.5% 
RNO 
In-stock

11.8
Shipped from east to west

Shipped from 
RNO to west

Shipped from west to east  = 27 · 16.0 = 11.0
Shipped from east to west  = 11.8 +1.2 = 13.0

Total Long Zones = 24.0

RNOÊs daily ship units = 27

79.4%58.7%89.8%
East

(LEX,SDF,PHL
)

57.5%33.0%69.7%
West
(RNO)

TotalMediumFast
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Planning & Future Goals
Reduce splits and long zones

Set optimal in-stock targets by FC
Plan product to FC allocation

Long range planning
Support implementation of plan and development of S&OP
Model FC network throughput and storage capacity
Integrate inventory planning, allocation, and splits and LZ 
models

Model and optimize network for ‘Postal Injection’
Optimize network for other initiatives

Drop Ship, POP, Pricing, Promotions, etc.
New inventory planning and fulfillment systems
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Transportation Management
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Transportation Management System 

Optimized Inbound Leads to Low Cost, Low Cycle TimeOptimized Inbound Leads to Low Cost, Low Cycle Time

Vendor 1

Vendor 2 Carrier 2

Carrier 1

Consumer
DC

• Planning

Third Party  Provides Transportation Management System

• Freight Payment

• Execution
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TMS process

Vendor/Shipper

Extranet
(RR/RR# & ASN/ASN#)

ASN-R
<ACB>

DockMaster
<ACB>

<DC instances>

Vendor Master
<ACB>

Procurement
Service
<ACB>

TMS
UNIX

<TMSDB-1>

Carrier

Networks Carrier
NT

<HQ-SAS-TRANS01>

EDI - Mercator

204

990

214

Tender
204

990 accept/decline

Validate
login
pswd

Vendor
Compliance
Reporting

<TBD>

u
p

d
a

te
s

P
O

 w
it
h

 q
ty

rc
v

d

EDI
(ASN)

= Advanced shipment notification process

Buyer sends
PO to vendor

Carrier arranges
pick up with

vendor
 referencing RR#

Carrier schedules
appointment

referencing PRO#
at least 48 hours in
advance of receipt

Sent after product
is picked up from vendor

OAI - Oberon Tool
NT

<HQ-SAS-TRANS02>

Asynchronous Response
Manager ARM is here too
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Outbound Transportation

Carrier Negotiations

Global Leverage

Consolidation

Innovation

Backhauling

Intelligent Systems
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Operational Excellence
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3. Operational Excellence

Continuous Improvement in Customer 
Experience and the Cost to Deliver It

Distribution
Transportation

Inventory
Technology

Vendor 
Management

Customer Service

Decision Support Tools

Leadership

Process Improvement
Tools
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So…Some of The Same Tools and 
Systems Will Drive Value

Total Quality Management = Teaming and 
Empowerment

Lean = Cycle Time Reduction

Incredibly valuable given the importance of 
training/informing seasonal labor
A well-understood system always beats the best math 

Execution is all about leadership 

Lower Inventory

Better forecasts
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TQM and Lean Support Six Sigma

Six Sigma = Systematic Reduction of Variation

Less inventory

We have definable processes, automatic data 
capture, and lots of opportunities for defects

Don’t have to worry much about underlying 
physics or chemistry!

Higher throughput
Lower cost
Higher predictability

More nimble
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Defining Success

Double or triple throughput with no additional 
infrastructure

Reporting much higher than 99% shipped before 
Xmas

Reduction in defects to customer

Network goals:

Increase shipping margins by reducing split & long zone 
shipments

Optimize traffic & consolidate/sort for minimum cost

Reduce lead time to customer (& working capital) with better 
tracking
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Remember

The woods are lovely dark and deep

I have promises to keep

And miles to go before I sleep

And miles to go before I sleep


