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Agenda:
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• Problem

• Solution

• Pilot

IntegrationIntegrationIntegration

Implementation

Architecture

System 

Requirements
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Integration

Verification

Validation Acquisition Supply Operation

Digital Thread
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The problem…
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Contract Manufactures

>1300 Strategic 
Off-Patent API

Manufacturing Requirements 

?
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Would an Uber Approach Help?
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Mission:  Provide transport solutions that 
mutually benefit both buyers and suppliers 
in a rapidly changing environment.

Suppliers

Objectives

Ability

Passengers

Buyers
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Uber for Chemical Supply Chain
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Atropine (antidote); Albuterol (bronchodialator; #10 prescription); 
Ciprofloxacin (antibiotic); Propofol (anesthetic); Midazolam 
(anesthetic); Ceftriaxone (antibiotic;part of penicillin/ceflosporin
derivatives). Famotidine (antacid); Neostigmine (muscle 
strengthener; used with atropine);  Lisinopril (ACE inhibitor; #1 
prescription)

Mission: Provide transport manufacturing 
solutions that mutually benefit both buyers and 
suppliers in a rapidly changing environment.

Objectives

Ability

Requirements

Buyers

Suppliers

Manufacture of Pharma API

API Synthesis Transportationvs

Compact

SUV

Hybrid

Electric

Combustion

Truck

Van
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Uber for Chemical Supply Chain

January 23, 2022 www.incose.org/iw2022/ 6

Objectives

Ability

Requirements

Buyers

Suppliers

Manufacture of Pharma API

Synthetic Path

Transformations Objective

Types of 
Things

Instances
of Things
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Agenda:
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• Problem

• Solution

• Pilot

Manufacture of Pharma API

Transformations Objectives

Types of 
Things

Instances
of Things
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Asset
Registry Asset Instances

Asset
Registry Asset Instances

System

Stakeholder

Feature
Attribute
Attribute
Attribute

Sub-System

Sub-System
Attribute

Attribute
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Attribute
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Constraint

Constraint

Force, Mass, Energy or Information

Physical 
Archetype
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Attribute
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Physical 
Archetype
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Physical 
Archetype

Behavior 
Requirement

Sub-System
System

Stakeholder

Feature
Attribute
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Behavior 
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Sub-System

Sub-System
Attribute
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Attribute

Force, Mass, Energy or InformationSub-System

Physical 
Archetype
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Physical 
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Physical 
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Minimalistic, Formal “Systems Model”
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Manufacture of Pharma API

Transformations Objectives

Types of 
Things

Instances
of Things
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Asset
Registry Asset Instances

Asset
Registry Asset Instances
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Minimalistic, Formal “Systems Model”
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Manufacture of Pharma API

Transformations Objectives

Types of 
Things

Instances
of Things
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Minimalistic Solution “Activity System”
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Buyers

Features

Asset
Class

Requirements

Suppliers

IntegrationIntegration
Integration

Implementation

Architecture

System 

Requirements

Stakeholder 

Needs

Integration

Verification

Validation Acquisition Supply Operation

Performance

Stakeholder 

Needs

System 

Requirements

Architecture

IntegrationImplementation

Verification

Validation

Acquisition

SupplyOperation

Allocation

System Features
System

Requirements
Sub-System
Archetypes

Capability Objectives Assets
Asset

Archetypes

Manufacturing 
Solutions

Model Based Acquisition

Objectives:
• Optimize Capacity Utilization

• Expedite & Explicate RFQ/RFP

Needs
(Buyers)

Supply
(Asset Owners)

RFP &

RFQ

Asset
Registry Asset Instances

System

Stakeholder

Feature
Attribute
Attribute
Attribute

Sub-System

Sub-System
Attribute

Attribute

Attribute

Attribute

Attribute

Attribute

Constraint

Constraint

Force, Mass, Energy or Information

Physical 
Archetype

Attribute

Attribute

Attribute

Attribute

Physical 
Archetype

Attribute

Attribute

Physical 
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Behavior 
Requirement

Sub-System
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Agenda:

• Problem

• Solution

• Pilot
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Translate Objectives to Systems Model
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IntegrationIntegration
Integration

Implementation

Architecture

System 

Requirements

Stakeholder 

Needs

Integration

Verification

Validation

• API(n) Must use “> x site” and “> y supplier”

• xx,xxx KG(n) of API(n) over time(n)

• Minimize cost of API(n)

• API(n) may not use manufactures in region X or Y

System Features:
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Albuterol Route 1

Albuterol Route 2

IntegrationIntegration
Integration

Implementation

Architecture

System 

Requirements

Stakeholder 

Needs

Integration

Verification

Validation

System Requirements
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Sub-System
Sub-System

Route 1

IntegrationIntegration
Integration

Implementation

Architecture

System 

Requirements

Stakeholder 

Needs

Integration

Verification

Validation

Decomposition to Functional Archetypes
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Sub-System

Liquid
Mixing

Liquid
Containment
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Route 1

IntegrationIntegration
Integration

Implementation

Architecture

System 

Requirements

Stakeholder 

Needs

Integration

Verification

Validation

Functional Archetypes Encode Knowledge
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Temperature Management Sub-System

Reynolds Number

Prandtl Number

Nusselt Number
HTC

Cp HCl

Mass

Area
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Liquid
Mixing

Liquid
Containment

Stirred Reactor
Stirred, Jacketed
Reactor

Heat Exchanger

VesselStirred Vessel

Stirred, Jacketed 
Reactor with Reflux

Stirred, Jacketed
Reactor with Condenser

FractionatorCondenser

Allocatable Physical Archetypes
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IntegrationIntegration
Integration

Implementation

Architecture

System 

Requirements

Stakeholder 

Needs

Integration

Verification

Validation

Allocation 

Permutation 1

Allocation 

Permutation 2



www.OccamSystemsInc.com Bob@OccamSystemsInc.com

The Manufacturing System is Complex
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IntegrationIntegration
Integration

Implementation

Architecture

System 

Requirements

Stakeholder 

Needs

Integration

Verification

ValidationOne solution:

System model size

> 5,000 nodes



www.OccamSystemsInc.com Bob@OccamSystemsInc.com

Asset RegistryAsset
Registry

Manufacturing Capabilities

Putting it all together…
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Manufacturing System Requirements Model

Cell 1 (sub-system)

System Type 1

Material B

Moles

Material A

Moles

Product C

Moles

Material D

Moles

Cell 2 (sub-system)

System Type 3

Material F

Moles

System Type 2

Product E

Moles

System Type 2

Product

Moles

Product G

Moles

Material H

Moles

API Production
Goal

Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System

Pattern
Library

Allocation Permutation 2Allocation Permutation 1

Physical Archetype: Class A

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

CapacityMoC

Component 1

Attribute 1

Attribute 2

Component 2

Attribute 1

Attribute 2

Allocation 
Constraint

Allocation 
Constraint

Allocation 
Constraint

Result

Allocation 
Constraint

Result

Result Result

Physical Archetype: Class B

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

CapacityMoC

Component 1

Attribute 1

Attribute 2

Physical Archetype: Class C

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

CapacityMoC

Component 2

Attribute 1

Attribute 2

Functional Archetype

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

Function 1 Function 2

Requirement 
2

Chemistry

Physics

Material X

Moles

Material Y

Moles

Requirement 
1

MoC Capacity

Quantitative
Analysis

Analysis
Library Reactor w/Heat 

Exchanger
Reactor Heat Exchanger
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Putting it together: Solution Finding
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Manufacturing Systems Requirements ModelProduct “ABC”: Manufacturing System Requirements Model

Cell 1 (sub-system)

System Type 1

Material B

Moles

Material A

Moles

Product C

Moles

Material D

Moles

Cell 2 (sub-system)

System Type 3

Material F

Moles

System Type 2

Product E

Moles

System Type 2

Product

Moles

Product G

Moles

Material H

Moles

API Production
Goal

Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System Sub System

CMO: Manufacturing Capabilities

Pattern
Library

Allocation Permutation 2Allocation Permutation 1

Physical Archetype: Class A

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

CapacityMoC

Component 1

Attribute 1

Attribute 2

Component 2

Attribute 1

Attribute 2

Allocation 
Test

Allocation 
Test 1.1

Allocation 
Test 1.2

Result

Allocation 
Test

Result

Result Result

Physical Archetype: Class B

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

CapacityMoC

Component 1

Attribute 1

Attribute 2

Physical Archetype: Class C

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

CapacityMoC

Component 2

Attribute 1

Attribute 2

Functional Archetype

In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

Function 1 Function 2

Requirement 
2

Chemistry

Physics

Material X

Moles

Material Y

Moles

Requirement 
1

MoC Capacity

Quantitative
Analysis

Asset
Registry

Asset: #634

Allocation 
Permutation 1

Find Equipment Candidates

Parameter Value Actuals

Asset: #191

Asset: #333

Allocation 
Permutation 2

Asset: #634

Repeat analogous Auto-Allocation for this 
system using its linked archectype from 
the Archetype Pattern Library

Physical Archetype: Class A
In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

Containment

Capacity

Inertness

MoC

Component 1

Attribute 1

Attribute 2

Component 2

Attribute 1

Attribute 2

Physical Archetype: Class B
In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

Containment

Capacity

Inertness

MoC

Component 1

Attribute 1

Attribute 2

Physical Archetype: Class C
In Connector

Fitting Type

Diameter

Out Connector

Fitting Type

Diameter

Containment

Capacity

Inertness

MoC

Component 2

Attribute 1

Attribute 2

Allocation 
Permutation 1

Result

Asset: #191

Asset: #333

Allocation 
Permutation 2

Result

Parameter Value Actuals

After all candidate 
allocations are found

Picks the option with the best 
performance on Feature Attributes

Find Manufacturing Solution

The system calculates emergent 
Feature success measure attributes



www.OccamSystemsInc.com Bob@OccamSystemsInc.com

Summary
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Computation
/Simulation

Systems Model Instances

Systems Modeling Facility

Pattern Library

Integration Asset Registry

Solution Finder

Stakeholder 

Needs

Functional 

Roles

Physical 

Archetypes

Manufacturing 
Solutions

Functional 

Roles

end



www.OccamSystemsInc.com Bob@OccamSystemsInc.com

Next Steps

• “Occam Systems Incorporated” to commercialize the solution
– Simplify the modeling method

– Improve model integrity checking

– Re-platform to completely cloud infrastructure

• Seeking new pilots beyond chemistry
– Verify extensibility of:

• Business case

• Method & automation

– Increase the types of manufacturers in the Asset Registry
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Questions?


