
Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.

To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 

www.invata.com  |  860-819-3200
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Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.

2

To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 
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can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.

To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 
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Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.
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The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.

To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 
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Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 
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Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.

5

To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 



Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  
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The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.
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Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 
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variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.
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algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 
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identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.

8

To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 



Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.
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An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.
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To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 



Optimization 
algorithms play a critical role in ecommerce 

and omnichannel fulfillment today, particularly in 
automated operations built on waveless fulfillment 

concepts.  As the “intelligence” that gets 
encoded into the warehouse execution 

software (WES) that ultimately controls 
system performance, optimization 
algorithms provide the step-by-step 
instructions for dynamically orchestrating 
the movement and interplay of inventory, 

labor, and equipment needed to enable an 
optimal order fulfillment process.  As a result, 

the intelligence of a system’s optimization 
algorithms, generally defined in terms of how well 

they coordinate the multitude of interlinking activities needed 
to achieve and maintain the sweet spot for system load balancing 
under varying operational conditions, is directly tied to system 
performance.  The “smarter” the algorithms, the better the 
performance — and the greater the likelihood that retailers will gain 
a strategic edge for achieving and sustaining market advantage in a 
fiercely competitive environment.

But not all algorithms are created equal. Optimization algorithms can 
easily fall short on the proverbial intelligence scale in many ways.  
They can have ambiguous instructions, overlook critical steps in the 
fulfillment process, rely on the wrong criteria, or neglect to account 
for variations, exceptions, or changes in operating conditions that 
negatively affect system performance.  They can be designed to 
optimize production in ideal operational conditions, but be unable to 
sustain performance in less-than-ideal conditions.  And algorithms 

can be encoded into system software before being fully tested and 
validated against actual system conditions.  In fact, few optimization 
algorithms are honed against real world conditions prior to encoding, 
which means that the first time most algorithms are put to the test is 
upon system go-live.  And that means that retailers often pay a high 
price in terms of diminished operational performance as well as 
production disruptions and delays, while system developers 
field-test their algorithms, often using a trial and error method to 
detect and correct the logic in the algorithms that is causing 
unintended consequences.  

Given the strategic advantage smart algorithms bring to systems 
performance, the team at Invata Intralogistics takes a scientific 
approach to the creation, testing, and validation of the optimization 
algorithms that provide the intelligence behind our warehouse 
execution software.  In doing so, the Invata team also eliminates the 
vast majority of uncertainties typically associated with the go-live 
process. 

Founded in the principles of Intralogistics Science, the Invata 
approach uses the intelligence derived from data science to 
empower our algorithm creation and testing process.  It is an 
approach that not only creates robust algorithms that are proven to 
perform as intended before being encoded into our software, but 
also validates the performance of the system prior to the installation 
of the first piece of equipment.  

In the following pages, we take a closer look at how Invata creates, 
tests, and validates its algorithms and how the Invata process 
empowers our customers with the strategic edge they need to stay 
ahead of the competition.

The Critical Need for Algorithms in 
Automated Fulfillment Operations 
Automated fulfillment systems, especially those built on a waveless 
processing methodology, rely on a level of interdependency 
between human and machine activities that makes it virtually 
impossible (even for material handling and warehouse management 
experts) to fully predict or adequately react to the consequences the 
decisions affecting one fulfillment activity may have on the multitude 
of interlinking activities within the system.  Impossible, that is, without 
the aid of sophisticated computer systems.  That’s where algorithms 
come in.

Optimization algorithms utilize sophisticated conditional logic and 
precise directives known as rules to strategically orchestrate 

the overall balance of work flowing through a system 
and proactively calibrate the system as needed to 

accommodate for operational issues as they 
arise. 

Continuously analyzing the output from the 
multitude of “system algorithms” that govern 
the various equipment components and 

sub-system activities required in the fulfillment 
process, optimization algorithms continuously 

adjust to fluctuations in operational conditions in 
order to achieve the optimal performance levels 

possible, given a system’s equipment and design.  The 
best algorithms make the most of system equipment design, no 
matter what the design or the conditions on the production floor.  
And even sub-optimum or poorly designed systems can see 
tremendous improvement through the use of Invata’s optimization 
algorithms. 

Optimizing the Algorithms that 
Optimize Production 

The creation of algorithms demands a comprehensive 
understanding of the processes, equipment, and 

software used to orchestrate the fulfillment 
process.  It requires an acute awareness of the 
individual actions needed to execute each 
fulfillment process and the resulting effects of 
any variations in those actions will have, not just 
on that process, but on all the other processes 
within the overall system.  And it requires 

expertise in how to best determine an algorithm’s 
configurable attributes (the variable input 

parameters used to regulate system behavior to 
account for fluctuations in daily processing demands).  

It also requires a deep knowledge of both a client’s 
business and data along with a vision of the system design and 
corresponding process flows for the system the algorithms will govern.

Algorithms can be speculative, but a true test of any algorithm 
requires either the use of computer modeling and simulation or a 
fully operating fulfillment system through which it can be field 
tested.  However, testing in a production environment without a 
proof of engineering computer model is a cumbersome process at 
best that not only results in weeks of operational uncertainty, but 
rarely yields the kind of specificity and in-depth understanding of 
the interplay of factors affecting production needed to enable 
optimal systems performance.  In addition, a speculative process 
offers no means for establishing the virtual production standards 
(for use in benchmarking performance in the actual production 
environment) that can be derived from modeling and simulation.  

In order to yield optimal results, optimization algorithms need to go 
through a testing and validation process to determine both the 
robustness of the algorithm, in terms of how well they perform under 
varying operation conditions, and the impact they will have on a 
fulfillment operation.  Will the algorithms optimize productivity as 
intended, or will they create unintended consequences that 
ultimately diminish system performance? These are the questions 
that need to be answered before algorithms get coded into system 
software.  

The Invata Process
Realizing the strategic systems performance advantage that can be 
achieved through the use of smart algorithms, the Intralogistics 
Science team at Invata uses sophisticated data mining, cluster 
analysis, sensitivity analysis, modeling and simulation, correlation 
analysis, and regression analysis in the creation of the algorithms 
used in Invata systems and the testing and validation of their 
robustness.  

Invata’s optimization algorithms are developed as a result of our 
concept and system design process in which material and logic flow 
are fully developed. Through an iterative process of continuous 
adaptation and adjustment, optimization algorithms are developed 

and honed as part of a series of increasingly sophisticated 
computer models known as proof of concept, proof of 

engineering, and proof of operations models. 

In building the models, the Invata team depicts a 
near-real-world, virtual replication of the system 
and processes that will make up the fulfillment 
operation under consideration.  The proof of 
engineering model used for the testing of our 

optimization algorithms captures the particulars 
of the planned system, including the overall 

design, the proposed material handling systems, 
and details, such as expected staffing levels and 

client information on customer types, product lines, SKU 
information, and business rules.  Equipment performance attributes 
are added to the model to enable the modeled equipment to mimic 
real world performance.  And the proposed Invata optimization 
algorithms are incorporated, providing parameters for the material 
and information flow, along with the interplay between sub-systems 
and the overarching behavior of the entire fulfillment operation.

Models are built with a tremendous number of variable inputs that can 
be used to simulate fluctuations in conditions and for testing virtual 
system performance.  In creating a model, the Invata team is 
essentially turning the proposed fulfillment operation into a functional 
equation — complete with virtual system constraints and conditional 

variables or inputs — that is used to solve for a specific, permissible 
output known as f(x) (read: f of x).  The team uses the equation 

to solve for a consistency in system performance 
(throughput), given a multitude of changes to system 

conditions (variability of inputs).

To do this, simulations are run against the model 
using future state data and varying inputs that 
have been synthetically generated based on 
data from a client’s existing operation, including 

order receipts, order profiles, handling 
requirements, truck schedules, etc.  What is called 

a stochastic approach is used for running the 
simulations, because it estimates the probability of 

potential outcomes by allowing for random variation over 
time in model inputs, such as the number of orders processed in a 
day, or the number of orders released into the system at one time.  
Random variations are usually based on fluctuations observed in 
customer data for a selected period. The use of random variations 
allows for the simulation of worst and best-case scenarios for gauging 
the impact of algorithms on the proposed fulfillment operation and 
measuring their robustness by evaluating their capacity for sustaining 
optimal performance when challenged by swings in operational 
conditions. 

Through the use of simulation, the Invata team can also assess and 
test variations in algorithm logic and rules to examine their impact on 
the fulfillment process.  By varying input parameters including specific 
rules and criteria such as the induction rate, the number of pieces that 
designate full capacity in a tote, the density for a pick area, tote 
routings, the sequence of order releases, prioritization of orders for 
picking, and even the strategy employed for picking, the team can not 
only assess the variables that yield optimum results, but also 
determine the correlations between different criteria.  

To determine which variables have the greatest impact on 
performance, the Invata team runs a sensitivity analysis on the 
algorithm with a goal of removing uncertainty and eliminating the 
manual intervention that would otherwise be required to tune the 
system under certain conditions.  A highly iterative process of 
continuous adjustment, the sensitivity analysis phase is used to 

identify which factors, out of the many interlinking factors that affect 
overall performance, would best be used for triggering automatic 
adjustments in workflow when the system requires calibration.  In 
doing so, the sensitivity analysis also provides a lens into what 
aspects of the algorithm need to be configurable.  Configurable 
algorithm attributes are variable input parameters codified into the 
system software that are used to regulate system behavior to account 

for fluctuations in daily processing demands.  They are the 
key to determining whether the algorithms in the 

warehouse execution software will optimize 
productivity as intended, or create unintended 

consequences that ultimately diminish system 
performance.  

Once the Invata team believes an algorithm has 
been optimized for robustness, it then double 
checks its assumptions by running the 

algorithms through a regression analysis in which 
simulation scenarios are rerun against the model to 

ensure the outputs of each run are as expected — or 
that solving for f(x) nets a certain, consistent system 

throughput.

The final step in development of optimization algorithms in the Invata 
process is to ensure that the algorithms we developed put the least 
possible burden on the warehouse operating system and database 
performance.  We take this critical step because we know that the 
number of milliseconds it takes to perform transactions or execute 
decisions can make or break system performance and that if 
algorithms are poorly coded or called too often they can swamp 
system performance.  With that in mind, we use strict discipline in 
coding our algorithms and ensure there is consideration for the 
number of rows and records manipulated with each query and 
transaction.  We also simulate variances in call frequency for a 
particular algorithm against our models to determine their impact.  In 
the process, we continually look to increase the time between calls 
until we see a detrimental change in operational performance. By 
evaluating the call sensitivity, we can yield the best results with the 
lowest effect on system overhead.

An Intelligent Approach to Creating 
Smart Algorithms
Invata’s use of Intralogistics Science for algorithm creation, testing, 
and validation ensures the creation of smart, tested, and robust 
algorithms that are proven to perform as intended prior to system 
go-live and ensure optimum systems performance under wide 
fluctuations in operational conditions.  In doing so, the Invata 
process also breaks the cycle of the trial and error method of 
algorithm field testing that many retailers have suffered through and 
replaces it with a much more predictable go-live experience.

By measuring the effectiveness of each optimization algorithm before 
it’s coded into Invata’s warehouse execution software, Invata also 
provides clients with the most cost effective method for software 
code development.  In the process, the Invata approach also proves 
out and optimizes the performance of the system that will be using 
the algorithms at the proof of concept stage, because the added 
benefit to testing algorithms is that the verification process tests and 
validates the overall performance of the proposed fulfillment system 
as well.

But the biggest benefit to Invata clients is systems performance.  The 
creation of intelligent, robust algorithms not only ensures the 
continuous orchestration of the multitude of interlinking activities 
needed to achieve the sweet spot for load balancing, but also 
ensures the system’s ability to recalibrate itself as needed to sustain 
optimal performance under fluctuating production conditions. This 
gives retailers the strategic edge they need for sustaining market 
advantage in the fiercely competitive ecommerce and omnichannel 
retail environments.
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www.invata.com  |  860-819-3200

To learn more about how the optimization algorithms in Invata’s 
WES can help your company gain a strategic market advantage, 
drop us an email or call us at 860-819-3200. 
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