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1. Introduction

Introduction

< Background

. Increased academic attention to technology opportunity analysis (TOA)

- Enables firms to foster economic growth, sustain competitiveness, and mitigate uncertainties
involved in new businesses

. Research progression of TOA: Expert-centric approaches — Data-driven approaches
- Mainly based on patent analysis
- Effective for identifying new technology ideas that have not yet been fully explored

. Lack of practicality of the previous approaches
- Limited resources and complexities associated with technology development

- Firms’ preference for maximising the potential of their existing technologies, over developing
new, potentially risky technologies




1. Introduction

Introduction

< Motivation

. The impact of a technology can vary depending upon the domains where it is applied
. A shift in technological domains could lead to promising technology opportunities

- Many significant inventions derived from the domain shift
. Example: Autographer

- Hands-free, wearable intelligence camera with sensors for deciding when
to automatically take photos

- Originally intended to be used in the healthcare domain to assist memory-
impaired patients

- Later repurposed for consumer use, as life-logging device for common
people
< Purpose

. To develop an analytical framework that identifies new technological
domains where existing technologies may yield higher technological
impacts using generative-predictive machine learning models

Autographer




2. Background

Patent analysis-based TOA

< Patent mapping (Lee et al., 2009)

. Constructing two-dimensional patent map and discerning vacancies as emerging
technology opportunities

< Morphological analysis (voon and Park, 2005)

. Decomposing a complex technology system into separate dimensions and identifying
unoccupied configurations as technology opportunities

% Recombinant search (Lee and Lee, 2019)

.- Building a patent landscape and evaluating novelty and value of areas in the
landscape to identify technology opportunities

v

Cannot provide insights into new technological domains where
existing technologies may yield higher technological impacts




3. Data and methodology

Research framework

Patent database

. . Parsing technique

[ Data collection and pre-processing Tokeniser
Generative model
[ Construction of a technology landscape Predictive model

Joint training

* Trained VAE-MLP integrated architgcture
* Constructed and organised technology landscape

[ Identification of technology opportunities Gradient ascent search

* Identified technology opportunities

Performance evaluation

[ Validation of identified technology opportunities v

e Results of performance evaluation
* Results of local and global validation analyses




3. Data and methodology

Data collection and pre-processing

< Patent data
. Technological domains

- Patent class information — Sequence of IPC (International Patent Classification)

. Technological functions

- Patent claim information — Claim texts

. Technological impact of patented inventions
- Number of forward citations — L1 (breakthrough) vs. L2 (common)

» L1 threshold: top 10% forward citation counts within a specific technology field

Classifications

» G16H20/30 ICT specially adapted for therapies or health-improving plans, e.g.
for handling prescriptions, for steering therapy or for monitoring patient compliance
relating to physical therapies or activities, e.g. physiotherapy, acupressure or
exercising

» G16H50/20 ICT specially adapted for medical diagnosis, medical simulation or
medical data mining; ICT specially adapted for detecting, monitoring or modelling
epidemics or pandemics for computer-aided diagnosis, e.g. based on medical
expert systems

®» A61B5/02055 Simultaneously evaluating both cardiovascular condition and
temperature

Technological domains

Claims (30) Hide Dependent

What is claimed is:
1. A computer-implemented system, comprising:

a treatment device configured to be manipulated by a user
while the user performs a treatment plan;

a patient interface comprising an output device configured to
present telemedicine information associated with a
telemedicine session; and

a computing device configured to:

Technological functions

Publication number
Publication type
Application number
Publication date
Filing date

Priority date

Also published as )

Inventors
Original Assignee
Export Citation

US8970452 B2

Grant

US 13/287,390

Mar 3, 2015

Nov 2, 2011

Nov 2, 2011

US20130106674, US20150169054,
US20160252956, WO2013066634A1
Aaron Joseph Wheeler, Hayes Solos Raffle
Google Inc.

BiBTeX, EndNote, RefMan

Patent Citations (24), Non-Patent Citations (5)§ Referenced by (2),
Classifications (18), Legal Events (1)

External Links: USPTO, USPTO Assignment, Espacenet

Technological impact




3. Data and methodology

Construction of a technology landscape

< VAE-MLP integrated architecture

. Joint training

- Total loss = CrossEntropy(Xciass Xoiass) + Dk (N (iy, 0) | N(0,1)) + CrossEntropy(y,$)
[Reconstruction loss] [Regularisation loss] [Prediction loss]

. Model structure

Patent class

Generated
patent class
' Encoder h Uy
[RNN] High value
Decoder
@ Z Moderate value e [RNN]
R Back-propagation
Encoder
Patent Latent vector
[Transformer] Ox
document Technology landscape
Back-propagation  *
_"M S
Patent claims | l
Predictor R
[MLP] Y

Estimated
#forward citations




3. Data and methodology

|dentification of technology opportunities

< Technology landscape exploration
. Using gradient ascent search
- To update the position of the focal latent vector in landscape
- MLP predictor as the target function

- Estimating the probability of L1 technological impact label for the focal latent vector
. Iteration termination condition

- The estimated L1 probability > The desired L1 probability

High value : .
/ \\\
/ \\\\ ~
2 ) Moderate -value
| o 5% ‘l h
Gradient ascent P Low'ivalue
optimization - ’ i
[A61C03]
[F02B03] [FO2MO7] ... [GO6FO07] [GO6FO7] [GO6F07]
[FO2MO7] [GO6F07] [GO3HO1] [GO6F19] [GO6F19]
[GO6F07] [GO3HO1] [GO3HO1]
Input IPC sequence Iteration 1 Iteration i Iterationn  Output IPC sequence

(Low impact) (Moderate impact) (High impact)




3. Data and methodology

|dentification of technology opportunities

< Technology landscape exploration

Technological A—=
function

ok

Technological
domain

Low
technological
impact

@ Technology
landscape }

ol l] exploration

-~ -
Il ————

New
technological
domain

High
technological
impact




3. Data and methodology

Validation of identified technology opportunities

< Reliability of the proposed analytical framework
. Generative performance evaluation
- Comparison between the actual IPC sequence and the generated IPC sequence
- Jaccard similarity

|ANB|
|AUB|

. Predictive performance evaluation
- Comparison between the actual and predicted technological impact labels
- Performance evaluation metrics for classification task

» Jaccard Similarity =

4 _ tp+tn
g cecuracy = tp+tntfp+fn Actual technological impact labels
tp Positive Negative
Precision = tp+/p Predicted technological | Positive tp fr
impact labels Negative fn tn
_ p
Recall = _ _
tp+fn Confusion matrix
recision-recall 2t
F1—score =22 P

preaswn+recall 2tp+fp+fn




3. Data and methodology

Validation of identified technology opportunities

< Feasibility of the proposed analytical framework

. Local validation analysis using patent citation relationships

- Notations
Term Definition Term Definition
Patentt .. . A patented invention with patent numberi | 1PCE, ... .. IPC sequence of the new t(?chnological do
original identified main identified for Patenty,;gina
. . The citing patents assigned to the IPC
IPCriginai IPC sequence of Patentgy;gina Patentciting sniftea sequence that is different from IPCL,; inai
- A specific citing patgnt with patent number Patent... The citing pate.nts assign.ed to th.e IPC
cting | j that cited Patent!,;ginar citingmatched sequence that is same with IPCjyopsifieq
The citing patents assigned to the IPC
IPCcii_t{ng IPC sequence of Patenti;:]i'ng { Patentcising.shi fted'matched}i sequence that is different from IPC(‘;n-ginal
and same with IPCjzentifiea

- A patent cites a previous invention when it is developed by improving or modifying the
technological functions of the original patent (i.e., prior art)

- {Patentciting,shifted,matched}i — Realisation of the technology opportunities based on domain shift

- Validating the proposed analytical framework to identify practical and valuable technology
opportunities

11



3. Data and methodology

Validation of identified technology opportunities

< Feasibility of the proposed analytical framework
. Local validation analysis using patent citation relationships

i
{P atentciting,shif ted,matched}

IPCt/ pct’ IPCt/

citing citing citing

>0 @ oC® oC®

[ l
Ip Ccl;riginal cite cite cte
o 00
>0
C) Patent . . Patent,;, . Patenty, .
Same IPCs

Patent! Same IPCs

original

IPCildentified

ldentification of Q O
technology opportunities
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3. Data and methodology

Validation of identified technology opportunities

< Feasibility of the proposed analytical framework

. Global validation analysis using patent indicators
- Comparing the technological impact, originality, and market coverage between the IPCyrgina
and IPCidentified
- By calculating patent indicators for the patents assigned to the IPCyyginq; aNd IPCigentifiead

- Patent indicators

Patent indicator Operational definition References
Lerner, 1994;
Narin et al., 1987

Technological impact (TI) Number of forward citations of the patents over five years

Technological originality (TO) Herfindahl index on patent classes of cited patents Trajtenberg et al., 1997

Number of patents registered in multiple countries with t | Guellec and de la Potterie,
he coverage of the same invention 2000

Market coverage (MC)




4. Empirical analysis and results

Data collection and pre-processing

< Data collection - Patents associated with Al technology
« Using USPTO and Patentsview
- Search query
- Period: 2007-2012
- Patent class: GO6F
- Keywords: machine, unsupervised, supervised, reinforcement, learning, data, neural network, ---
. A total of 189,915 patent documents related to Al technology
< Data pre-processing
- Patent class information
- Main group IPC codes — IPC sequence
- Patent claims
- First claim — Claim sequence
- The number of forward citations
- Forward citation counts within 5 years after a patent is granted - L1/L2
- L1 threshold: 14 (top 10% forward citation counts within the field of Al technology)
. A total of 69,050 data samples remained after pre-processing
- Dataset split: Training 70%, Validation 20%, Test 10%

14



4. Empirical analysis and results

Construction of a technology landscape

< Results of generation and prediction

Patented inventions Model outputs
T label
Patent classes rue fabe Generated patent classes Predicted label
Patent number (#forward -
(IPC sequence) . (IPC sequence) (L1 probability)
citations)
8068433 G08C17, HO4L12, HO4L29 L2 (10) GO08C17, HO4L12, HO4L29 L2 (0.3962)
8108543 GO6F13, GO6F15 L1(44) GO6F13, GO6F15 L1(0.5221)
7739999 FO2B03, FO2M07, GO6F07 | L2 (5) F02B03, FO2M0O7, GO6FQ7 L2 (0.1750)
7164981 F16H61, GO6F07 L2 (4) F16H61, GO6F07 L2 (0.2358)
7392483 GO6F03, GO6F17 L1(54) GO6F03, GO6F17 L1(0.5859)
8001433 GO1R31, GO6F17 L2 (2) GO1R31, GO6F17 L2 (0.1971)




4. Empirical analysis and results

|dentification of technology opportunities

< Technology landscape exploration
. L1 probability criterion: Desired probability for the L1 technological impact label = 0.5

Patented inventions

Identified technology opportunities

Patent Patent classes | Generated IPC sequence (L1 probability)
number (True label) [teration 1 [teration 2 [teration 3 Iteration (N-2) Iteration (N-1) Iteration N
17 17
GO8C17, GO08C17, GO8C17, HO4W36, GO1S03,
HO4L12, GO08C17, HO4L29 HO04L29, HO4W36, HO4W24
8068433 HO04L29, HO4W36 HO4W24 HO4W36, HO4W24
H041.29 (0.5280) (0.6139) HO04Q07 (0.9545) (0.9562) (0.9578)
(L2) ' (0.6921) ' '
GO6F13 GO6F13 GO6F13
8108543 G06F15' GO6F13, GO6F15 | GO6F13, GO6F15 GO6F13, GO6F15 606F15’ HOAM GO6F15' HOANOS GO6F13, HO4BO1
.61 .667 .6921 ' ' 922
(L1 (0.6133) (0.6678) (0.6921) (0.9171) (0.9199) (0.9226)
GO6FO03,
7392483 | GosF17 GO6F03, GO6F17 | GO6F03, GO6F17 GO6F03, GO6F17 GO6F03, GO6F17 | GO6F03, GO6F17 GO6F03, GO6F17
w) (0.7054) (0.7898) (0.8288) (0.9597) (0.961) (0.9623)
1R31
GOTR31, GO1R31, GO6F17 GO1R31, GO6F17 GO6F17, GO1C21 G09GO5, GO9GOS, GO9GOS,
8001433 | GO6F17 (0.3768) (0.5846) (0.6355) GO6F03, GO1C21 | GO6F03, GO1C21 GO6F03, GO1C21
(L2) ' ' ' (0.9543) (0.9560) (0.9576)
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4. Empirical analysis and results

Validation of identified technology opportunities

< Performance evaluation results
. For a total of 6,905 patented inventions in test set

TEST_SET Support Accuracy | Precision | Recall F1-score | Jaccard similarity
L2 6232 - 0.9296 0.7667 0.8403

L1 673 - 0.1762 0.4621 0.2551

macro-averaged 6905 0.5529 0.6144 0.5477 0.8323
micro-averaged 6905 0.7370 0.7370 0.7370 0.7370

weighted-averaged| 6905 0.8561 0.7370 0.7833
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4. Empirical analysis and results

Validation of identified technology opportunities

< Local validation analysis results
- Descriptive statistics

i
- {Patentciting,matChed}

tandard
#forward citations Count Average > a'? a!r Minimum | Median Maximum
deviation
Absolute value 7.8765 16.2325 0 3 202
1353
Percentile rank 0.6056 0.2845 0.0321 0.6026 1.0000
i
h {Patentciting,shifted,matched}
Count Standard
#forward citations oun Average a'? a!r Minimum | Median Maximum
(over L1 threshold) deviation
Absolute value 15.8776 29.6231 0 5 139
49 (12) - 24%
Percentile rank 0.6689 0.3036 0.0758 0.7500 1.0000

*percentile rank is the rank of Patent

i-j
citing,matched

in {Patentciting}i
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4. Empirical analysis and results

Validation of identified technology opportunities

< Global validation analysis results
. Patent indicator analysis

Patenty iginai IPC sequence Average Tl | Average TO | Average MC
Original patented invention GO6F17, GO6F19 42776 0.6156 7.1448
7922575
Identified technology opportunity GO6F17 5.0802 0.4137 5.3354
Original patented invention B60W10, GO6F17 | 3.4500 0.6282 7.4783
8060267
Identified technology opportunity G06Q40, GO6F17 | 3.1500 0.5738 6.6767
Original patented invention GO6F13 3.0627 0.3924 6.7798
7673080
Identified technology opportunity GO6F12, GO6F13 3.6773 0.3005 6.2209
Overall Original patented inventions (IPCyy;gina1) 6.1409 0.5150 6.3733
(averaged) Identified technology opportunities (IPC;gent;ficq) 6.2577 0.5111 6.9632




4. Empirical analysis and results

Validation of identified technology opportunities

< Example Of patent7690135_pgtont?600135-7844839 pair

original citing,shifted,matched

- The citing patent expanding the application scope of the existing patented invention

7600135 7600135-7844839
Patentoriginal Patentciting,shifted,matched

< Title: “Apparatus and method for < Title: “Distribution of network
software specified power communications based on server
management performance using low power consumption”

power virtual threads”

<« Patent classes

< Patent classes « GO6FO0T1: “Details not covered by groups
GO6FO01: “Details not covered by groups GO6F03-GO6F13 and GO6F21”
GO6F03-GO6F13 and GO6F21” « GO6F09: “Arrangements for program
GO6F09: “Arrangements for program forward citation control”
control” . GOG6F15: “Digital computers in general”
< #forward citation (over 5 years): 11 < #forward citation (over 5 years): 35

20



5. Discussion and conclusion

Key contributions and limitations

< Key contributions

Theoretical perspective

< Incorporating evaluation of domain-specific
technological impact into TOA research

< Use of generative models
— |dentifying realistic technology
opportunities from a large search space

< Limitations

0.0

.0

Need of improving the predictive performance

0.0

commercialisation

0.0

Practical perspective

< Offering wider range of exploration and
reliable generation

< Providing an automated software system for
the identification of technology opportunities
— Enhancing decision-making for new
technology development

Need of employing a lower level of patent classes (e.g., subgroup) and greater number of patent claims

Need of utilising diverse non-technological factors associated with technology development and

Need of a further qualitative validation analysis by practitioners

21
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