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Prescriptive Analytics for Transportation and Logistics 

Introducing Bias Optimizer 
Global enterprises face two major challenges today related to supply chain and 
distribution management:  first, the complexity of coordinating modern supply chain 
transportation and logistics processes is growing exponentially due to increased 
customer service level expectations – there is simply no room for inefficiency leading to 
a decrease in customer satisfaction.  Second, due to increased and ongoing competitive 
pressure and the always present realities to do more with less resources, companies 
are forced to decrease the costs of moving their goods and services around the globe.  
This is creating an industry environment in which solving the transportation problem in a 
near optimal way is becoming more and more relevant.  
 
In this paper we will discuss the nature of the transportation problem, the challenges 
related to existing solutions, and how and why Bias Optimizer was designed to address 
these challenges. 
 

The Transportation Problem 
The transportation problem and corresponding transportation theory have been known 
to mathematicians and economists since the late 1700s1. 
 
Essentially the problem and its solutions formalize proper allocation of resources in 
order to meet certain demand conditions while maintaining optimal overall costs. While 
solving such problems on a small scale may be done fairly quickly by using a manual 
approach, the problem becomes incredibly complex as the number of support and 
demand nodes grows, and the number of possible constraints increases rapidly.  The 
solution quickly becomes non-obvious and difficult to solve using standard “rule of 
thumb” or “good enough” methods.   
 

Solving the Transportation Problem for a Business Vertical 
Modern businesses involved in transporting goods and services often deal with 

hundreds if not thousands of supply and demand nodes.  These nodes would reflect the 

source and destination location of goods and services a company is selling.  The 

process of connecting each and every one of these nodes introduces two main ideas:  

first, the cost associated with connecting each node (for example, fuel cost as related to 

distance traveled), and second, the set of business rules or constraints which must be 

honored.  Quite often this creates situation where the presumably simplest approach – 

for instance just connecting the nodes with the shortest distance – is neither a viable nor 

optimal solution.     

                                            
1 The “transportation problem” is a well know problem that for years has been of interest only to a narrow 
community of mathematicians and economists.  But with the growth of the global economy and ongoing 
competitive pressures it has recently generated more mainstream interest.  Please find more information 
here. 

https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/em8779.pdf
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As an example, consider the following transportation problem scenario: 

A fictitious company, Tasty Candies, maintains a number of manufacturing and 

warehouse facilities in the United States.  While each warehouse may be stocked with 

each type of candy, only certain facilities are equipped to make certain kinds of candy.  

The company gets orders from all 50 states.  For simplicity of demonstration, each state 

has a single designated “ship-to” location from where customers may pick up their 

orders.   

The following inputs and terminology will be used to define the problem more formally: 

Term Description 

Optimization Model Dataset 
or “Dataset” 
 

A number of like data records related to capturing a certain aspect of 
Optimization Model data, grouped by a pre-defined key, to help drive 
the Optimization cycle. 
 

Supply Node Manufacturing facility or a warehouse storing goods to be shipped.  
Part of Optimization Model dataset. 
 

Demand Node Destination drop-off location.  This is where customers pick up their 
orders. Part of Optimization Model dataset. 
 

Route A connection or edge between supply and demand nodes. Part of 
Optimization Model dataset. 
 

Route Cost Pre-determined cost associated with transporting goods or services 
over the route. Part of Optimization Model dataset. 
 

Assignment A combination of supply/demand nodes and corresponding volume of 
goods assigned to satisfy fulfilling Customer’s demand using available 
supply. This is the key output dataset. 
 

Input Data Information about orders to be fulfilled, to be translated into supply and 
demand nodes.  Usually comes from the business’s ERP system. 
 

Domain Data Bias Optimizer metadata.  Used to drive proper Bias Optimizer user 
experience. 
 

Model A key construct connecting input, constraint and domain data to 
perform a particular kind of optimization.  There may be multiple 
models within an Optimization Project, each model related to solving a 
particular type of business problem. For example, there may be 
models dedicated to improving overall costs, or to increasing delivery 
times, or to balance distribution fairly across multiple customers.   
 

Rule/Ruleset A rule is a definition of certain formalized constraints used to formulate 
an Optimization Model.  There may be multiple rules chained together, 
comprising a Ruleset.  
 

Optimization Flight or “Flight” The key output component of the Bias Optimizer.  It combines 
Optimization Model datasets and a Ruleset to produce an Assignment 
output flagged by the newly generated Flight ID. 
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Throughput this paper we will use this terminology to describe the Bias Optimizer 

philosophy and approach to handling data and processes.  

Solving the Shipping and Order Fulfillment Problem 
While traditional supply chain management and ERP systems do a fine job reporting 

exact costs and lead times for each type of order, they often do not take into account 

the entire scope of possible scenarios and the constraints associated with such each 

scenario in order to pick the best overall solution, given a certain business goal.  Such 

goals may be saving money, improving total lead times, or even distributing all lead 

times evenly across all customer in order to the impression of “fairness”.  Of course 

business goals are specific to each customer and may differ depending on the type of 

scenario the model is created to achieve.  In our case we will use the most obvious 

optimization goal:  reducing the overall shipping costs while fulfilling all orders on time. 

Below is the graphical example demonstrating the essence of solving the transportation 

problem in the context of distributing physical orders between suppliers (in this case, 

manufacturing and warehousing facilities), and the customers (in this case, individual 

state’s drop-off locations). 

 

 

 
S – Storage facilities (Supply) 
D – Drop-off locations (Demand) 
X – Vehicles used for transport 
C – Cost of transportation 
 
Key Constraints: 

 time period 

 vehicle capacity 

 type of goods to be carried 
 

The objective is to make fulfill all orders on 
time spending the least amount of money 
on transportation. 

Fig. 1.  Tasty Candies Transportation Problem 

 

Since our business problem of finding the optimum set of order fulfillment paths can be 

described in terms of a well-defined transportation problem, multiple approaches can be 

taken to find an optimal solution and thus increase Tasty Candies’ overall profit margin 

while successfully fulfilling its customers’ orders.   

The key approaches in market today to finding solutions for this problem are outlined 

below: 
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Existing Transportation Problem Solutions 
Solution Advantages and Drawbacks 

 
“Educated Guesses”  
Achieved by reviewing 
transportation costs and using 
past results to predict future 
performance. 

 
Advantages 
 

 No special tools required, just output from ERP system 
outlining each route’s costs.   

 
Drawbacks 
 

 This “model” is rather rigid, and will not account for changing 
conditions and new constraints unless they are explicitly 
specified.   

 Relies solely on experience and reaction of the company’s 
logistics staff.   

 Often used when formalizing and programming in all of the 
business constraints is technically difficult for the company, 
due to lack of qualified IT resources or funding. 
 

 
Linear Programming (LP) Solvers  
Achieved using commercial and/or 
open source software packages. 

 
Advantages 
 

 Well understood by data scientists with LP background, helps 
solve a generic LP and therefore transportation problem 

 Commercial Solvers perform rather well. 

 Adaptable to solve for even the most complex Optimization 
scenarios, as long as they can be translated into an LP 
problem. 

 
Drawbacks 
 

 Open Source solvers are not performant.  Most relevant 
problems require millions of variables, while open source 
solvers begin experience performance problems as they 
approach 100,000 variables. 

 Commercial solvers are expensive and do not integrate well 
into the IT production workflows and extract, transform and 
load (ETL) processes. 

 Advanced knowledge of LP is required, so dedicated Data 
Science staff has to be hired.  Again, this staff has to integrate 
with IT to make sure solver input and output can be both 
reliable and scalable.   
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A Modern Transportation Problem Solution:  Bias Optimizer 
The key differentiator between the approached used by the Bias Optimizer and the 

approach used by traditional linear programming (LP) solvers is the idea of solving the 

problem in the business context, rather than 

mathematical context.   

Since Bias Optimizer really focuses on solving a 

Transportation problem for a particular business 

vertical, there is no need to create an abstract LP 

solution for each type of transportation problem.  

Rather, the Optimizer Core can be adapted to the 

business vertical via a combination of properly 

captured input datasets, via an “Input Data Model” 

and a number of constraint and optimization rules, 

called “Optimization Model”.  While the Optimizer 

Core stays the same – essentially solving the well-

known transportation problem – the rules and 

inputs do change based on the type of business 

vertical Bias Optimizer is adapted and tuned.   

Moreover, since Bias Optimizer is based on well-known relational database technology, 

the task to import data from existing IT systems and exporting Bias Optimizer results to 

other IT systems becomes another simple step in the Bias Optimizer integration and 

implementation.  

This approach allows for much easier integration of Bias Optimizer into the IT fabric of a 

particular business, while retaining all of Bias Optimizer’s capabilities.  In addition, 

implementing particular business rules and constraints can be done via a simple 

markup language (XML), rather than writing generic LP solver language formulae.   

 

Bias Optimizer Architecture 
To better understand how Bias Optimizer works it is important to consider its 

architecture.   

The following diagram demonstrates the overall components of Bias Optimizer. 

Bias Optimizer Advantages 

 Ability to integrate with legacy IT 

systems via advanced ETL 

capabilities and relational 

database technology. 

 No requirement to know LP math: 

metadata driven rules language. 

 Adaptable to multiple business 

vertical transportation scenarios 

via templates, from railroad and 

trucking, to oil and gas, to power 

distribution. 

 Cloud-based, parallel execution 

capable, scalable to millions of 

variables. 
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Fig. 2.  Bias Optimizer Architecture Diagram 

 

The key components to the Bias Optimizer architecture include: 

 Optimizer Core – the core data processing engine. 

 Input Data Model –Schema supporting raw source data ETL. 

 Optimization Model – Schema supporting data being prepared for optimization. 

 Ruleset Engine – Feeds metadata for all business constraints into the Optimizer 

Core. 

 Ruleset Templates – A ruleset prebuilt for a particular business vertical. 

 Optimization Model Datasets – Actual input data in format required by Bias 

Optimizer. 

 Optimization Run or “Flight”– Bias Optimizer output based on a unique 

combination of a ruleset and an Optimization Model Dataset. 

Each one of these is reviewed in detail below. 
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Optimizer Core 

The Optimizer Core is the main engine that is tasked to solve the generic transportation 

problem using a massively scalable parallel processing approach.  It accepts model and 

constrains data as its parameters and performs such optimization using the Simplex 

Method2.  While there may be multiple input, model, and constraint (ruleset) datasets, 

there is currently only one engine that performs the actual optimization of the 

transportation problem.  This allows for the core engine to function in a very efficient, 

scalable and consistent way. 

The Optimizer Core is currently implemented using Azure Service Fabric and SQL 

Server database back-end.  By taking advantage of the Azure Service Fabric Cluster 

features such as rapid provisioning and auto-scaling, the core can take on processing 

multiple concurrent optimization tasks across multiple datasets and models in an 

extremely efficient way. 

 

Input Data Model 

Since in most instances Bias Optimizer would be implemented as an add-on to the 

existing IT ERP infrastructure, where most relevant input data originates, there has to 

be a reliable and well supported way of connecting the source data to the Bias 

Optimizer.  It is also possible that multiple input data sources would be required to feed 

all relevant data into the Bias Optimizer to capture all the nuances of the particular 

optimization business requirements.  For instance, supply and order data may come 

from an ERP system, whereas the cost of transportation may be stored in other 

systems, such as 3rd party distribution software system. 

The Input Data Model construct was created to facilitate consistent and cohesive 

capturing of all of the datasets required to feed the Optimization Model while leaving 

such data in its most granular form, to avoid inadvertent stripping of critical information. 

In our example, the input data model would be comprised of the following datasets: 

 Location, current and planned stock, and corresponding volume of goods at each 

manufacturing or storage facility 

 Orders to be filled, by stated and corresponding drop-off locations 

 Any specific constraints such as “forbidden” routes (for instance, due to 

temporary road conditions between particular manufacturing and drop-off 

locations) 

 Cost of transporting good between locations 

 

                                            
2 Please find more information on the Simplex algorithm here. 

https://en.wikipedia.org/wiki/Simplex_algorithm
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The data above is most often connected to Bias Optimizer via an efficient ETL process, 

and, if needed, transformed into relational datasets that can then be adapted to fit one 

or many Optimization Models via another internal ETL workflow. 

 

Optimization Model 

Once the input data is properly captured using the above Input Model and 

corresponding ETL processes, it is ready to be adapted for optimization.  One of the key 

concepts of Bias Optimizer is the notion of Optimization Model.  Each model is built with 

a particular business purpose in mind in order to solve a particular business problem.  

While “improving overall transportation cost overhead” may be an obvious problem the 

system can be used to solve, there may be times when a number of other business 

requirements have to be addressed first.   

For instance, a company may want to optimize for speed of delivery, while keeping 

costs reasonable but perhaps not the lowest.  Or, in some cases, the company may 

want to guarantee equal time delivery to all clients, thus expediting certain deliveries at 

the expense of others.  And, of course, there may be a requirement to run multiple 

Optimization models simply for “what if” analysis, and compare results side by side, to 

be able to change specific Optimization parameters. 

 

Fig. 3.  Example of Side-by-Side Comparison 
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In the graph above, different color bars represent different implementations of Optimizer 

Models, each driven by a particular ruleset. 

Ruleset Engine 

The Ruleset Engine is the primary mechanism for allowing to define, capture and 

implement various business constraints that would define a particular Optimization 

Model.  Each constraint is represented and expressed as an atomic “rule” telling the 

Optimizer Core to make sure that proposed reshuffling of supply/demand routes would 

be allowed.  These rules can be combined into sequences called Rulesets.   

Each rule can be expressed as simple XML with a predefined schema, thus making it 

possible for a non-programmer to create and change the Optimization Model.  In 

addition, a user friendly user interface is provided to allow for rule editing without any 

requirement to parse XML directly.   

Consider the following example of a rule: 

 

Fig. 4.  Example of a Rule. 
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The above rule demonstrates a type of constraint that could be used to make sure the 

Optimizer Core creates the correct assignment output while taking into an account 

specific business requirement.  It that particular case the rule translation would be 

something like this “priority assignment large size rail cars from SW supply to fulfill TX 

grain orders totaling 50 cars with cost discount of $500”.  This rule is also expressed in 

XML format internally.  

Ruleset Templates 

While it is possible to create an entire ruleset from scratch using either raw XML or the 

Ruleset editor, it is almost always easier to reuse and augment already pre-defined 

rulesets that capture the most common types of constraints for a particular business 

vertical.   

For example, when adapting Bias Optimizer for a railroad company specializing in 

transporting agricultural products, there are known types of constrains that are pertinent 

to that particular business:   

 Known transit times between cities 

 Requirement to wash a cargo car before switching between different grain or 

fertilizer types 

 Parking capacity of certain transit centers 

Therefore, Bias Optimizer uses a Ruleset Template Library, with templates 

corresponding to the most common rulesets that can be applied to a particular 

business.  Different templates apply to different unique requirements of a business 

vertical.  Some, but not all, business verticals needing their own template may include: 

 Companies utilizing trucks to move and distribute cargo 

 Railroad cargo companies 

 Oil and gas pipeline management companies 

 Electrical power utilities 

It is rather obvious that requirements and constraints associated with moving and 

allocating services managed by the electrical power utilities would be drastically 

different than those employed by a company distributing physical goods.  Separate 

Ruleset Templates would then have to be created for each type of vertical to assist with 

rapid implementation of business rules.  

Optimization Model Datasets 

In addition to the Ruleset Engine which allows capturing and formalization of 

Optimization Model constraints, it is also important to restructure the input data in such 

a way that the Optimizer Core knows how to apply a particular ruleset to the incoming 

data.  Since the Input Model simply defines the best way to capture incoming data in its 

most granular form, incoming data needs to be transformed into a form most suitable for 

Optimizer Core processing.  This is why Optimization Model Datasets are used instead 

of raw input data.  These datasets support optimal storage and retrieval of data while 
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enforcing referential integrity to ensure the most effective execution of the Optimizer 

Core logic.  

Optimization Run 

Once an Input Model and Optimization Data Model are built, associated rulesets are in 

place and appropriate ETL processes are defined and implemented, the Optimizer Core 

is ready to perform an Optimization Run.   

Each Optimization Run is based on the unique combination of an Optimization Data 

Model dataset and a particular ruleset defining all relevant constraints.  As the 

Optimization Run is completed, the output is generated with a unique identifier, named 

a “Flight”, which can be retrieved and analyzed further using the business intelligence 

tools of choice.   

 

Optimization Model 
Dataset

Ruleset

Input Model 
Dataset

Optimization Flight

Assignment Report

Cost Report

Fulfillment Report

 

Fig. 5.  Optimization Run sequence 

The diagram above demonstrates the sequence and data flows that the Bias Optimizer 

goes through to produce final results of an Optimization Run.  Each Flight produced by 

the Optimization Run can be used to create a number of customizable reports.  For 

example, a report can display appropriate assignments or transport vehicles to move 

cargo from warehouses to drop-off locations, estimate overall costs, view side-by-side 

comparisons across multiple rulesets to show “what if” analysis, or review the ability to 

fulfill all orders given a certain scenario.  The number and level of detail of each report is 

up to the customer, since all input and output data is readily available via a relational 

database store.  
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Reporting and Analytics 
As Bias Optimizer runs and creates new data for each Optimization Run or Flight, it 

becomes important to report on the results of such Flights, compare them to status quo, 

and make business decisions related to evaluating and picking the order fulfillment 

strategy.  Since each business is unique and has leadership teams who will make the 

ultimate decision, the results of Bias Optimizer output can be used as a guiding tool with 

final decision still left to those individuals.  Therefore, a comprehensive Reporting and 

Analytics solution is mandatory to properly show how Bias Optimizer performs for a 

business.   

Moreover, since often times the Bias Optimizer output may have to be combined with 

other reports belonging to the financial or ERP systems, it becomes important to expose 

analytics data downstream via a well-documented and reliable ETL processes.  Bias 

Optimizer offers all of those capabilities via the following mechanisms: 

Reporting System Description 

Optimizer DataMart 
 

An OLAP Cube containing data showing all Optimization Models, their 
corresponding flights and all relevant input and output attributes 
allowing for slicing and dicing Optimization Data using traditional BI 
and reporting tools such as Microsoft PowerPivot, Tableau, Microsoft 
Power BI or Excel Pivot Tables.   
 
This is the best system to be used by analysts since it offers the most 
flexibility to create reports with just the right level of detail.  Individual 
reports such as detailed Assignment Report, Cost Savings Report, or 
Fulfillment Report are available via customized views.  
 

Optimizer Web Reports For quick and ready to access from anywhere executive reporting, 
Bias Optimizer offers a number stock reports that are available from 
the main web applications. These reports allow for a quick visual 
glance at the results of each Optimizer run, with a number of relevant 
KPIs exposed.  Examples of such reports are shown in Figure 6 and 7 
below.  This library may grow and change with each new business 
requirements since it is based on Optimizer’s metadata-drive approach 
to creating additional reports.   
 

Direct SQL Access For some power users and systems integrators demanding direct 
access to the raw results of Optimization data, a direct SQL Server 
access may be provided. This is especially useful when reporting is 
done using downstream systems that need to combine Optimizer data 
with other external datasets for a more comprehensive view.  In such 
cases, detailed documentation of the Bias Optimizer database schema 
may be provided to facilitate downstream ETL and reporting 
development.  
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Fig. 6.  Web Reports Library 

 

 

 

Fig. 7.  Web Reports Output 
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Integration and Programmatic Access 
While Bias Optimizer provides a friendly Web-based user interface to access and 

perform most of the basic functions such as running an optimization model, viewing 

stock reports and even editing rulesets, there may be a need to control the software 

programmatically.  As such, Bias Optimizer includes a well-documented set of REST 

APIs available to programmatically perform the same tasks as above.  This approach 

allows for tighter integration of Optimizer functionality into existing IT workflows while 

keeping the web interface available for ad-hoc tasks.  

Several REST API categories are available to perform key Bias Optimizer functions: 

 Running Optimization Models 

 Retrieving KPI report data from the report library 

 Processing and refreshing OLAP cube on-demand 

 Retrieving and editing Rules and Rulesets 

 Modifying Input Model Data 

 Reviewing all of the Optimization Model metadata hierarchies 

 

Cost Savings 
While each Optimizer implementation is unique, and may drastically differ in complexity, 

evidence suggests that as complexity of constraints increases and the volume of input 

data becomes difficult for a human being to analyze comprehensively, an overall cost 

savings could easily reach 30% when comparing Optimizer results with results achieved 

by taking an “educated guess”.   

These savings become especially significant as volume of good or services moved and 

therefore the cost of transportation increases.  Drawing on past real implementation 

experiences, the below fictitious Tasty Candies company example helps demonstrate 

how the implementation of the Bias Optimizer software will yield tangible cost savings 

and profit margin improvements. 

 

Representative Example: Acme Corp vs. Tasty Candies 

In this Bias Optimizer side-by-side comparison, consider another fictitious candy 

company, named Acme Corporation, to be the baseline scenario.  Acme Corporation 

has a healthy business with about $2 million in monthly revenue. Most of its costs are 

manufacturing costs, however a certain percentage of costs are related to costs of 

transporting goods when fulfilling orders.  In their business, as the orders increase it 

seems reasonable to expect the transportation costs to increase as well.  But using the 

traditional “educated guessing” approach, so do the transportation logistics costs.   
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Note how it affects the bottom line from the charts below: 

 

Acme Corp       

Line Item Jul Aug Sep Oct Nov Dec 

Net Revenue  $     1,840,000   $ 2,032,500   $ 2,244,625   $ 2,478,356   $ 2,735,874   $ 2,536,425  

Manufacturing Costs  $    (1,000,000)  $(1,100,000)  $(1,210,000)  $(1,331,000)  $(1,464,100)  $(1,610,510) 

Shuttle Costs  $        (50,000)  $     (52,500)  $     (55,125)  $     (57,881)  $     (60,775)  $     (63,814) 

Shipping Costs  $      (100,000)  $   (105,000)  $   (110,250)  $   (115,763)  $   (121,551)  $   (127,628) 

Logistics Costs  $        (10,000)  $     (10,000)  $     (10,000)  $     (10,000)  $     (10,000)  $     (10,000) 

Profit  $       690,000   $    775,000   $    869,250   $    973,713   $ 1,089,448   $    734,473  

Profit Margin 37.5% 38.1% 38.7% 39.3% 39.8% 29.0% 

 

For Acme Corp, although revenue continues to grow the complexity of logistics growing 

faster than revenue thus deteriorating profit margin over time.   

 

 

 

Tasty Candies Inc. has decided to utilize Bias Optimizer starting in August.  As the 

revenue grows and the overall transportation costs get optimized, so does the bottom 

line. 

Tasty Candies      

Line Item Jul Aug Sep Oct Nov Dec 

Net Revenue  $ 1,840,000   $ 2,082,250   $ 2,296,738   $ 2,532,949   $ 2,793,072   $ 3,079,510  

Manufacturing Costs  $(1,000,000)  $(1,100,000)  $(1,210,000)  $(1,331,000)  $(1,464,100)  $(1,610,510) 

Shuttle Costs  $     (50,000)  $     (36,750)  $     (38,588)  $     (40,517)  $     (42,543)  $     (44,670) 

 $-
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Shipping Costs  $   (100,000)  $     (73,500)  $     (77,175)  $     (81,034)  $     (85,085)  $     (89,340) 

Logistics Costs  $     (10,000)  $      (7,500)  $      (7,500)  $      (7,500)  $      (7,500)  $      (7,500) 

Profit  $    690,000   $    872,000   $    970,975   $ 1,080,399   $ 1,201,344   $ 1,334,991  

Profit Margin 37.5% 41.9% 42.3% 42.7% 43.0% 43.4% 

 

For Tasty Candies the profit margin actually increases with the number of orders, 

thanks to the optimized distribution approach. 

 

 

 

Conclusion 
As transportation and logistics cost skyrocket for global companies around the world, 

the optimization of their distribution systems will be critical.  Bias Intelligence introduces 

a better, more modern software system for optimizing distributions systems at scale.  It 

does this through four main benefits: 

 Integrated with IT systems via advanced ETL capabilities and relational database 

technology.   

 No requirement to know LP math: metadata driven rules language.   

 Adaptable to multiple business vertical transportation scenarios via templates, 

from railroad and trucking, to oil and gas, to power distribution. 

 Cloud-based, parallel execution capable, scalable to millions of variables.  

For more information, please visit http://biasintelligence.com. 
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