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NRC Industrial Research Assistance Program
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• IRAP’s Mandate
• Stimulate wealth creation for Canada through innovation.

• IRAP’s Mission

• Accelerate the growth of small and medium-sized businesses by providing them with a 

comprehensive suite of innovation services and funding.

• IRAP’s Financial Support

When considering your business for project funding, NRC IRAP will assess:

• the technical aspects of your innovation

• your business, management and financial capacity

• the likelihood of achieving results

• your commercialization plans

• the market potential of your project and benefits to Canada

 reference: [https://nrc.canada.ca/en/support-technology-innovation]
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IRAP’s AI research journey

History of financial support projects

• Assessments by NRC’s subject matter experts  

• Snap shots of client’s growth

Access privileges according to approved use-

cases and need-to-know 

Insights extraction for according to IRAP’s guide

Coaching staff and clients on growth improvement 

Portfolio growth predictions 

to improve impact on Canadian industry

Explainable AI for responsible decisions



Model Integration concept
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Full text 

data

Encoder
Attention 
Mapping

Text Encoder using Transformer Network 

Multidimension 

Vector

Temporal Convolutional Networks

Temporal Predictions

[Ashish, et al. "Attention is all you need." (2017)]



Training/Predictions Concept
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Data Pre-Processing Model
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Encoder
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Encoder
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Predictions Performance vs. Expansibility

7Reference: DW, Gunning D. Aha. "DARPA’s explainable artificial intelligence program." AI Mag 40, no. 2 (2019): 44.



AI Portfolio vs IRAP portfolio – Revenues
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• Based on information from time t predict year-over-year growth (CAGR) for t+5 years

• Compare AI portfolio performance vs IRAP portfolio 

Current 

year

Future

year

Average improvement 

AI vs ITA Portfolio 
*170% means 70% better

KPI

2013 2018 163% Revenue 

2014 2019 151% Revenue

2015 2020 182% Revenue

2016 2021 198% Revenue



AI Portfolio vs IRAP portfolio – Employees
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• Based on information from time t predict year-over-year growth (CAGR) for t+5 years

• Compare AI portfolio performance vs IRAP portfolio 

Current 

year

Future

year

Average improvement 

AI vs ITA Portfolio 
*170% means 70% better

KPI

2013 2018 153% Employee

2014 2019 155% Employee

2015 2020 220% Employee

2016 2021 168% Employee
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AI Portfolio vs IRAP portfolio – Distribution

AI  Portfolio, CAGR 2016-2021

IRAP  Portfolio, CAGR 2016-2021
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Discarded Portfolio Section  – Distribution

Discarded from IRAP Portfolio by AI CAGR 2016-2021



Predictions Project Results Summary
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• AI portfolio achieved significant improved growth (73% improvement) compared to IRAP portfolio, 

using revenue as well as employee growth KPIs (5-years in the future).

• Predictions based on leading indicators, such as ITAs assessment provides successful predictions. 

While predictions based on lagging indicators only, such as accounting information is inefficient for 

predictions.

• IRAP client’s growth is exponential in nature, with few firms grow rapidly while the big majority has 

low growth (70% below 20% CARG and 30% below 5% growth). The AI model optimized prediction 

performance by excluding many low performers.

• The Improvement of the AI portfolio vs IRAP portfolio in terms of revenue created with 1$ contribution 

is 107% in average.

• AI portfolio has much higher correlation between contributions and revenue created (42%-54%) 

compared to much lower collation for IRAP portfolio (5% - 18%) for the same time periods.



XAI Top Level Objective 

13
Reference: DW, Gunning D. Aha. "DARPA’s explainable artificial intelligence program." AI Mag 40, no. 2 (2019): 44.

Predictionaries + XAI

Predictionaries

Prediction + XAI - Implementation

- Defendable guided portfolio

- Reasoning for IRAP’s staff

- Coaching clients

- Program Scale-up through 

intelligent portfolio management

-Predictions Proof of Concept to:

Predict IRAP portfolio growth 

performance 5 years in the future

IRAP context



Predictions with Explanations
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Portfolio 

Growth 

Predictions 

(for 5 years in 

the future)

High

Low

Firm’s Growth 

Explanation

Optimized portfolio

Including 

predictions reasoning



XAI Model
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Correlation of 

each attribute 

to each firm

Extract growth 

attributes from 

historical DB

Optimizing for 

max separation 

between 

high/low 

growth 

Correlation of 

each attribute 

to each firm

High

Low

Firm’s Growth 

Explanation



High/Low growth separation in 2D – Illustration
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Image credit: Almutairi, Waleed A., and Ryszard Janicki. "On relationships between imbalance and overlapping 

of datasets." Proceedings of 35th International Confer 69 (2020): 141-150.



THANK YOU

D Lu, S Schwartz, et. el. “Integrating deep transformer and temporal convolutional networks for SMEs revenue and employment 

growth prediction” , Expert Systems With Applications, 252 (2024), p. 124-129 

https://doi.org/10.1016/j.eswa.2024.124129

https://www.instagram.com/nrc_cnrc/
https://twitter.com/nrc_cnrc
https://www.linkedin.com/company/national-research-council?trk=tyah
https://www.instagram.com/nrc_cnrc/
https://twitter.com/nrc_cnrc
https://www.linkedin.com/company/national-research-council?trk=tyah


Growth Attributes - example
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• Innovative 

Technology

• Strong Partnerships

• Market Opportunity

• Experienced Team

• Scalability

• Customer Focus

• Strong Business 

Case

• Focus on Innovation

• Competitive Pricing

• Regulatory 

Compliance

• Proven Track Record

• Strong Leadership

• Agility

• Defensible IP

• Revenue Model

• Market Expansion

• Product Innovation

• Strong Marketing 

Campaign

• Focus on 

Sustainability

• Technological Edge

• Customer 

Engagement

• Financial Stability

• Adaptability

• Focus on R&D

• Strong Sales 

Strategy
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PGI - Portfolio Growth Improvement

PGI =

In words, PGI is the average actual growth of the AI portfolio (CAGR over 5 years)

divided by average actual growth of IRAP portfolio over the same period.
 
PGI higher than 100% indicates that AI portfolio outperforms IRAP portfolio when measured by CAGR. For example, if 

PGI is 100% the AI portfolio performs identically to IRAP portfolio. While in the case of PGI 200%, AI portfolio performs 

with twice better growth rate compared to IRAP portfolio growth (measured in CAGR)

More formally, where 𝐵 = {𝐵𝑖}𝑖=1
𝑛 , which represents the set of real year-(t+5)-CAGRs of all Firms in the testing dataset, 𝑛 

is the number of the Firms in the testing dataset, 𝐴 = {𝐴𝑖}𝑖=1
𝑚 , which represents a subset of B, containing the real year-

(t+5)-CAGRs of Firms whose predicted year-(t+5)-CAGRs are greater than 20%, 𝑚 is the number of year-(t+5)-CAGRs in 

𝐴. 



Training GUI example
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Prediction GUI example
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2016

2021
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