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I have been thinking about the terms that make up the
name of our biannual compendium (and the BCG practice that I lead): technology and advantage. These two
words provide a lot to think about given today’s digital
disruption and technology game changers. Technology is
both transforming industries and creating opportunities
to solve important questions for industry and society.
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I’ve been thinking also about another term: human advantage, which
comes from combining technology with who we are and how we work.
Throughout history, technology has been our human advantage—a
source of innovation and a means of doing things we had previously not
thought possible. For generations, we have used tools to gain mastery
over our physical environment. We have also developed ways of organizing and coordinating to do things in different ways. The pace and speed
at which we adapt our organizational strategies and practices are as important as technology-driven innovation. Because the real advantage is
in how we use technology and not just the technology itself.
The lead article in this edition of BCG Technology Advantage, “How Digital
Champions Invest,” notes that today’s digital champions not only invest
aggressively in digital efforts but also dedicate a significant percentage
of their workforce to digital projects. And they plan to expand their digital talent base and upskill their existing workforce. The outcome is something my colleagues and I see time and time again: investing in the workforce and helping employees to learn new skills leads to more engaged
and creative teams and produces better value for the organization. The
emphasis on both technology and humanity is clearly a winning factor.
In addition to coverage of tech topics like quantum computing, AI, and
microservices, this edition offers insight on agile transformation and how
organizations are moving toward agile at scale for greater innovation,
speed, customer focus, and efficiency.
And you can read more about the interface of technology and humanity
in “Tech + Humanity: Greater Than the Sum of Its Parts.” Tech is powerful, but only humans can provide other galvanizing elements, like creative thinking. Linking the two sources of power will be critical.
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What does tech + humanity look like at your workplace? Let us know at
Technology.Advantage@bcg.com.
Karalee Close
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HOW DIGITAL CHAMPIONS
INVEST
by Michael Grebe, Michael Rüßmann, Michael Leyh, and Marc Roman Franke

I

f you want to understand what sets digital
champions apart from digital laggards, take
a look at their investment priorities. Champions invest aggressively in digital efforts,
devoting a sizable proportion of funds to
building a world-class technology/IT function.
They dedicate a significant percentage of their
workforce to digital projects—and have
ambitious plans to expand their digital talent
base and upskill their existing workforce. And
they invest in pushing digital efforts to scale,
with what is now an increasing focus on
scaling up in data and AI.

How do companies
stack up in terms of
their digital evolution?
These insights are among the findings of
BCG’s third annual survey on digital maturity.
The study made use of our Digital Acceleration Index (DAI) to understand how companies across industries and regions stack up in
terms of their digital evolution. We asked decision makers at more than 1,800 companies
in Asia, Europe, and the US to assess the digital maturity of their company along 35 dimensions, with those inputs used to derive an
overall digital maturity score. (See the sidebar, “Our Methodology.”)
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Our findings this year shed light on which industries and regions of the world are ahead
in digital and illuminate how champions are
positioning themselves to expand their lead.
Companies aiming to improve their digital
maturity should carefully study how digital
champions have honed their competitive advantage and where they are currently directing their investment firepower.

Digital Maturity by Industry and
Region
The 2019 survey revealed that financial services and telecommunications are the most
digitally advanced industries, with more than
25% of companies qualifying as digital champions. In contrast, energy and the public sector trail behind, with more than 40% of organizations qualifying as digital laggards. In the
middle are companies in technology, automotive, manufacturing, insurance, and consumer
and retail, in order of declining DAI score.
Our analysis also included an assessment of
industry performance across regions. In Asia,
the best-performing industry is financial services, while in both Europe and the US, telecommunications is the leading industry. (See
Exhibit 1.) The strength of Asian financial
services companies is not surprising given
that many players are digitally native and
that digital banking companies such as
WeChat are subject to less stringent data pri-

OUR METHODOLOGY
For our 2019 study, we surveyed 1,817
organizations in 27 countries in Asia,
Europe, and the US to estimate their digital
maturity on a scale of one to four in 35
dimensions. To ensure comparability of
responses, we described the stage of
maturity of each dimension in terms of
specific practices and capabilities. We
aggregated these raw scores and converted
the resulting values to a 0 to 100 scale. We
weighted the scores for each dimension
equally to determine each company’s overall performance on the DAI. We calculated
a DAI score for individual dimensions and
for groups of dimensions (“blocks”).
Companies with a DAI score of 67 to 100
qualify as champions, while those with a
score of 43 or less are considered laggards.
Champions have an average maturity level
of at least three out of four on all dimensions, whereas laggards report an average
maturity level of less than two in 66% of
the dimensions and an average maturity
level of three in 33% of the dimensions. In
this most recent study, champions had an

average DAI of 77, while laggards scored 28
on average.
We examined eight industries:
•

Automotive

•

Consumer and retail

•

Energy

•

Financial services

•

Insurance

•

Manufacturing

•

Technology

•

Telecommunications

We also looked at the public sector. Our
respondents were primarily senior leaders—22% were C-level and 35% were
division leaders—and general managers
(43%).

Exhibit 1 | Financial Institutions and Telecommunications Companies Have the Highest DAI Scores
DAI score
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Source: BCG global DAI study 2019.
Note: Scores are the average DAI score from 0 (lowest) to 100 (highest) per industry in a region and across all industries.
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Champions Apply Digital Boosters

vacy restrictions than competitors in other
parts of the world.

Digital disruption affects every company
throughout the world. So the question is, Why
do digital champions digitize faster than their
competitors?

Some industries that are low scorers in other
regions are high performers in Asia. Consider
consumer and retail. Although the industry
ranks second to last in terms of digital maturity in Europe and the US, its DAI score in
Asia is roughly 10 points higher. In the retail
sector, online players in Asia, such as Alibaba,
are shaping the shopping space more than
their peers in other regions, thanks to their
innovative digital offerings. A similarly big
spread can be observed in insurance, where
insurers’ DAI score in Asia is 8 points higher,
on average, than in Europe and the US. This
disparity is due to the fact that Asian insurers
have been more technologically innovative,
such as in digitizing the customer journey.

We have identified three levers, or “boosters,” that digital champions have adopted to
a much greater degree than laggards have—
and the improvement in digital maturity that
they enjoy as a result (see Exhibit 2):

In contrast, Asian telcos show comparatively
low digital maturity—a surprising finding
given that the telecommunications industry
has one of the highest DAI scores worldwide.
Some 38% of telecom companies in the US
and 32% in Europe qualify as digital champions, while only 13% in Asia do. The belowpar performance of these companies in Asia
likely stems from regulations that have not
incentivized Asian telcos to upgrade legacy
technology—a gap that is now inhibiting
digitization efforts.

••

Digital champions devote more than 5% of
operational expenditures (OPEX) annually
to digital. Those that invest at this level
have a DAI score that is, on average, 16
points higher than the score of laggards
that do not.

••

They focus more on digital talent, with
more than 10% of full-time-equivalent
(FTE) employees serving in digital roles.
The DAI score of champions that have
achieved this level of digital staffing is 11
points higher than that of laggards that
have not.

••

Digital champions are able to scale up
pilots and use cases to realize the benefits
of these digital solutions. Such companies
have a DAI score that is 9 points higher
than that of laggards without this ability.

Exhibit 2 | Three Digital Boosters Are Critical to Success

Companies
that apply
the booster

INVESTMENT

TALENT

SCALE

Spending over 5% of OPEX on digital
projects, such as the creation of new
digital business models

Staﬃng more than 10% of employees
in digital roles and on digital projects

Scaling up and reﬁning pilots into
operative solutions that deliver
digital’s full potential

72%

50%

52%

+16
Champions
Source: BCG global DAI study 2019.
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18%

+11
Laggards

x

35%

14%

+9

Average DAI point increase from applying the booster

While 72% of digital champions devote more
than 5% of their OPEX to digital, just 50% of
laggards do. Interestingly, a larger share of US
champions (89%) are making these necessary
investments than their Asian (75%) and European (65%) counterparts. These companies
are investing primarily in data, technology,
and new-business growth.

of those dollars to building world-class technology and IT capabilities.

When it comes to the second booster—
building a digital workforce—Asian companies lead, with 54% hitting the 10% level of
employees in digital roles. The US is second
at 51%, and Europe comes in third at 44%.
Strong performance here is a major reason
that Asian companies boast the highest score
for the group of dimensions that concern new
ways of working, including agile at scale and
digital culture and leadership.

We also found that champions are positioning themselves to expand that lead. They are
directing 22% of their digital investments to
technology and IT, while laggards are investing just 16%, on average. That relatively low
level of investment could come at a price, as
our analysis found that laggards that make
the most progress tend to focus on both technology and data.

The third booster—moving beyond use cases
and pilots to scale up digital solutions—is essential for a digitally mature company. Here
again the US leads, with 48% of champions
reporting that they have scaled up pilots into
fully operational solutions, compared with
35% in Europe and 32% in Asia.

Champions understand
the importance of investing
aggressively in digital.

Beyond their weakness in terms of the digital
boosters, laggards fall behind in executing
their digital strategy. These companies have
an average DAI score of 38 in the group (or
“block”) of dimensions we call “business
strategy driven by digital.” (See the sidebar
for a fuller explanation of blocks.) But their
average DAI score is much lower, at just 28,
for the five blocks that are central to executing a digital strategy: digitizing the core,
building new digital growth opportunities,
changing ways of working, leveraging the
power of data and technology, and integrating into ecosystems. This divergent performance is consistent for laggards across all regions. Digital champions, in contrast, have
comparable scores for the strategy and execution blocks—a sign that they are able to both
devise and implement a digital plan.

Our survey found that the average digital maturity of champions across all relevant dimensions of technology and IT, including DevOps,
cybersecurity, and Internet of Things, is 78—far
ahead of the average score of 29 for laggards.

From a regional perspective, US, Asian, and
European champions have comparable levels
of digital maturity—79, 78, and 77,
respectively—across all dimensions of
technology and IT. But while European and
Asian champions are spending 25% of their
digital budget on technology and IT, US
champions are investing just 20%. That
means the lead that US champions enjoy
today is likely to narrow as other regions
work hard to catch up.
Investment in technology and IT also varies
by industry. The technology industry leads, directing 29% of the total digital budget to technology and IT, with telecommunications (23%)
and financial services (20%) rounding out the
top three. Lagging industries, including energy
(12%), insurance (15%), and consumer and retail (15%), are spending substantially less.

Champions Direct Their Spending
to Tech and IT

Champions Broaden and Deepen
the Talent Pool

Champions understand the importance of investing aggressively in digital—and, in particular, the need to direct a significant portion

Many champions have more than 10% of
their workforce in digital roles, but their ambitions are clearly much greater.
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Some 77% of champions plan to expand their
digital workforce by 20% or more over the
next three years. Just 43% of laggards have
similarly ambitious plans. Given that laggards
are starting from a low level—82% have less
than 10% of their staff in digital roles—the
talent gap will widen over the coming years.
Companies do not rely solely on hiring, of
course, to build digital talent. They also invest in upskilling their current workforce.
And here, too, champions are looking to expand their competitive advantage. More than
half (51%) report that they are planning to
upskill in excess of 20% of their current workforce, while only 29% of laggards have plans
to do the same.

Data in particular is an area
where there is generally
much room for improvement.
Asian champions have outsized ambitions
when it comes to both hiring and upskilling.
More than 93% of these companies plan to
expand their digital staff by more than 20%.
Just 68% and 65%, respectively, of champions
in the US and Europe have that target. Meanwhile, 58% of Asian champions plan to upskill
20% or more of their workforce, compared
with 44% of champions in the US and 47% in
Europe.

Champions Scale Up Data and AI
Capabilities
Digital champions are already in the lead
when it comes to scaling up digital efforts to
transform themselves into truly data-driven
companies. Now they are putting resources
behind reaching scale in the increasingly critical areas of data and AI.
Data, in particular, is an area where there is
generally much room for improvement.
When we rank all 35 dimensions of digital
maturity globally, “data strategy” comes in at
a respectable number 5. But “data governance,” which is a major driver of a successfully executed data strategy, ranks much low6 | BCG Technology Advantage — Feature

er, at 21 in Asia, 23 in Europe, and 34 (second
to last) in the US.
Laggards are especially far behind in data
governance: an average score of just 20, compared with 79 for champions. This 59-point
difference is the widest gap between champions and laggards in all the dimensions of digital maturity. There are also large gaps in other data-related dimensions, including “digital
and data platforms,” where the difference is
55 points. To stay in the lead, champions
must continue to invest in data-related capabilities, which enable such core dimensions of
digital maturity as personalization, end-toend customer journeys, and digital supply
chains.
Excellence in these areas is also a prerequisite to success in deploying AI. Here champions are well ahead. These companies are
not only talking about AI, they are deploying it aggressively. While 63% of champions
have adopted AI technologies—meaning
they have rolled out the technology and leveraged its potential—only 23% of laggards
have done so. Some 35% of laggards have
not even started thinking about potential use
cases for AI.
Regionally, 43% of Asian champions have adopted AI, compared with 35% of their European and 34% of their US peers. (See Exhibit 3.)
Interestingly, we likewise found a regional
maturity gap when we looked at the three dimensions that enable AI: data strategy, data
governance, and digital and data platforms.
Asian companies score an average 6 DAI
points higher than US and European companies in these three areas.
Another important factor is the availability of
AI experts. Many companies are making the
development of AI pilots and the conversion
of those pilots into viable business offerings a
high priority. To do this, companies need
employees who are savvy in data and
analytics. Here, too, Asian champions are
ahead, with 40% having more than 10% of
their digital FTE employees dedicated to AI.
(See Exhibit 3.) Meanwhile, only 23% of
champions in the US and 20% of champions
in Europe dedicate more than 10% of their
digital FTE employees to AI.

Exhibit 3 | Asian Companies Lead in AI Adoption
Asian companies lead in
adoption of AI technologies
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Q: How much have AI technologies been adopted?

Q: How many digital FTEs are dedicated to AI work?

Source: BCG global DAI study 2019.

Globally, it is clear that laggards are likely to
fall further behind, with only 13% of companies dedicating 10% or more of their digital
FTE employees to AI.

Becoming a Champion
Digital champions have mastered the transition from a digital vision to digital reality.
Certainly the road to success will be different
depending on a company’s industry and starting point. But all those with digital ambitions
should take lessons from the champions in
three areas:

••

••

Aim for a world-class technology
function. Companies should steer sizable
digital investment dollars toward building
a leading tech/IT function. That will not
only position them to leverage new
technologies like AI, the Internet of
Things, and blockchain to support new
digital business models, it will also create
major efficiencies in the core business—
savings that can help fund the digital
journey.
Build a digital talent engine. Companies
need a talent strategy that reflects the
demand for new roles and skills, including
data scientists and agile coaches. They
should develop a focused digital recruiting

strategy and a blueprint for upskilling
their current workforce to ensure that
they have the right talent—in terms of
both technical skills and the capabilities
needed to build and manage digital
businesses.

••

Transform into a data-driven company.
Companies must invest in data capabilities in order to digitize the customer
journey and develop personalized offerings; adopt powerful new technologies
such as AI, the Internet of Things, and
blockchain; and cultivate powerful
ecosystems. Those that up their game in
data stand to capture new revenue pools
and drive a true digital transformation.

Success in digital demands a clear and focused
investment strategy. Companies that are able
to develop such a strategy can drive a successful digital transformation—and put themselves on the path to emerge as champions.
Michael Grebe is a managing director and senior partner in the Munich office of Boston Consulting Group. He is the global leader of the
firm’s work with the Digital Acceleration Index
and the World-Class Technology Function and is
a member of its Technology Advantage operating
committee. You may contact him by email at
grebe.michael@bcg.com.
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ANALYSIS

WHERE WILL QUANTUM
COMPUTERS CREATE
VALUE—AND WHEN?
by Matt Langione, Corban Tillemann-Dick, Amit Kumar, and Vikas Taneja

D

espite the relentless pace
of progress over the last halfcentury, there are still many
problems that today’s computers
can’t solve. Some simply await the
next generation of semiconductors
rounding the bend on the assembly line. Others will likely remain
beyond the reach of classical
computers forever. It is the prospect of finally finding a solution to
these “classically intractable”
problems that has CIOs, CTOs,
heads of R&D, hedge fund managers, and others abuzz at the dawn
of the era of quantum computing.
Their enthusiasm is not misplaced.
In the coming decades, we expect
productivity gains by end users of
quantum computing, in the form of
both cost savings and revenue opportunities, to surpass $450 billion
annually. Gains will accrue first to
firms in industries with complex
simulation and optimization requirements. It will be a slow build
for the next few years: we anticipate value for end users in these
sectors to reach a relatively modest
$2 billion to $5 billion by 2024. But
value will then increase rapidly as
the technology and its commercial
viability mature. When they do, the

opportunity will not be evenly distributed—far from it. Because
quantum computing is a stepchange technology with substantial
barriers to adoption, early movers
will seize a large share of the total
value, as laggards struggle with integration, talent, and IP.

ple answer is that this is a radical
technology that presents formidable ramp-up challenges, even
for companies with advanced supercomputing capabilities. Both
quantum programming and the
quantum tech stack bear little resemblance to their classical coun-

Quantum computing is a candidate for a
precipitous breakthrough, at any time.
Based on interviews and workshops involving more than 100
experts, a review of some 150
peer-reviewed publications, and
analysis of more than 35 potential
use cases, this report assesses how
and where quantum computing
will create business value, the likely progression, and the steps executives should take now to put their
firms in the best position to capture that value.

Who Benefits?
If quantum computing’s transformative value is at least five to ten
years away, why should enterprises
consider investing now? The sim-

terparts (although the two technologies might learn to work together
quite closely). Early adopters stand
to gain expertise, visibility into
knowledge and technological gaps,
and even intellectual property that
will put them at a structural advantage as quantum computing
gains commercial traction.
More important, many experts
believe that progress toward
maturity in quantum computing
will not follow a smooth, continuous curve. Instead, quantum
computing is a candidate for a
precipitous breakthrough that may
come at any time. Companies that
have invested to integrate quanBoston Consulting Group | 9

tum computing into the workflow
are far more likely to be in a
position to capitalize—and the
leads they open will be difficult for
others to close. This will confer
substantial advantage in industries
in which classically intractable
computational problems lead to
bottlenecks and missed revenue
opportunities.
The assessment of future business
value begins with the question of
what kinds of problems quantum
computers can solve more efficiently than binary machines. It’s
far from a simple answer, but two
indicators are the size and complexity of the calculations that
need to be done.
Take drug discovery, for example.
For scientists trying to design a

compound that will attach itself to,
and modify, a target disease pathway, the critical first step is to determine the electronic structure of
the molecule. But modeling the
structure of a molecule of an
everyday drug such as penicillin,
which has 41 atoms at ground
state, requires a classical computer
with some 1086 bits—more transistors than there are atoms in the
observable universe. Such a machine is a physical impossibility.
But for quantum computers, this
type of simulation is well within
the realm of possibility, requiring a
processor with 286 quantum bits,
or qubits.
This radical advantage in information density is why many experts
believe that quantum computers
will one day demonstrate superior-

ity, or quantum advantage, over
classical computers in solving four
types of computational problems
that typically impede efforts to address numerous business and scientific challenges. (See Exhibit 1.)
These four problem types cover a
large application landscape in a
growing number of industries,
which we will explore below.

Three Phases of Progress
Quantum computing is coming.
But when? How will this sea
change play out? What will the impact look like early on, and how
long will it take before quantum
computers are delivering on the
full promise of quantum advantage? We see applications (and
business income) developing over
three phases. (See Exhibit 2.)

Exhibit 1 | Quantum-Advantaged Computational Problems
Type of problem

Combinatorial
optimization
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Minimizing or maximizing an objective
function, such as ﬁnding the most eﬃcient
allocation of resources or the shortest
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the traveling salesman problem)

• Network optimization (e.g., for
airlines, taxis)
• Supply chain and logistics
optimization
• Portfolio optimization in ﬁnancial
services

Modeling the behavior of complex
systems involving fundamental laws of
physics (e.g., Navier Stokes for ﬂuid
dynamics and chemistry)

• Fluid dynamics simulations for
automotive and aeronautical
design and medical devices (e.g.,
blood ﬂow analysis)
• Molecular simulation for specialty
materials design and drug
discovery

Machine learning tasks involving matrix
diagonalization, such as clustering,
pattern matching, and principal components analysis, as well as support vector
machines, which are ubiquitous in
applications across industries

• Risk management in quantitative
ﬁnance
• DNA sequence classiﬁcation
• Marketing and customer segmentation

Cryptography and computer security,
where the most common protocols today
(e.g., RSA) rely on the infeasibility (for
classical computers) of factoring the
product of two large prime numbers

• Decryption and code breaking (e.g.,
for governments)
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Exhibit 2 | The Expected Phases of Quantum Computing Maturity

3−5 years

Broad quantum
advantage
10+ years

Full-scale fault
tolerance
20+ years

Error mitigation

Error correction

Modular architecture

Example of
business impact

Material simulations that
reduce expensive and
time-consuming
trial-and-error lab testing

Near-real-time risk
assessment for ﬁnancial
services ﬁrms (e.g., quant
hedge funds)

De novo drug design with
large biologics that have
minimal oﬀ-target eﬀects

Estimated impact
(operating income)

$2 billion−$5 billion

$25 billion−$50 billion

$450 billion−$850 billion

NISQ era

Technical
achievement

Source: BCG analysis.

The NISQ Era
The next three to five years are
expected to be characterized by
so-called NISQ (Noisy Intermediate-Scale Quantum) devices, which
are increasingly capable of performing useful, discrete functions
but are characterized by high error rates that limit functionality.
One area in which digital computers will retain advantage for some
time is accuracy: they experience
fewer than one error in 1024 operations at the bit level, while today’s
qubits destabilize much too quickly for the kinds of calculations
necessary for quantum-advantaged molecular simulation or
portfolio optimization. Experts believe that error correction will remain quantum computing’s biggest challenge for the better part
of a decade.
That said, research underway at
multiple major companies and
startups, among them IBM, Google,
and Rigetti, has led to a series of
technological breakthroughs in error mitigation techniques to maxi-

mize the usefulness of NISQ-era
devices. These efforts increase the
chances that the near to medium
term will see the development of
medium-sized, if still error-prone,
quantum computers that can be
used to produce the first quantumadvantaged experimental discoveries in simulation and combinatorial optimization.
Broad Quantum Advantage
In 10 to 20 years, the period that
will witness broad quantum advantage, quantum computers are
expected to achieve superior performance in tasks of genuine industrial significance. This will provide step-change improvements
over the speed, cost, or quality of a
binary machine. But it will require
overcoming significant technical
hurdles in error correction and
other areas, as well as continuing
increases in the power and reliability of quantum processors.
Quantum advantage has major implications. Consider the case of
chemical R&D. If quantum simula-

tion enables researchers to model
interactions among materials as
they grow in size—without the
coarse, distorting heuristic techniques used today—companies
will be able to reduce, or even
eliminate, expensive and lengthy
lab processes such as in situ testing. Already, companies such as
Zapata Computing are betting that
quantum-advantaged molecular
simulation will drive not only significant cost savings but the development of better products that
reach the market sooner.
The story is similar for automakers, airplane manufacturers,
and others whose products are, or
could be, designed according to
computational fluid dynamics.
These simulations are currently
hindered by the inability of classical computers to model fluid behavior on large surfaces (or at least
to do so in practical amounts of
time), necessitating expensive and
laborious physical prototyping of
components. Airbus, among others, is betting on quantum computBoston Consulting Group | 11

ing to produce a solution. The
company launched a challenge in
2019 “to assess how [quantum
computing] could be included or
even replace other high-performance computational tools that,
today, form the cornerstone of aircraft design.”
Full-Scale Fault Tolerance
The third phase is still decades
away. Achieving full-scale fault tolerance will require makers of
quantum technology to overcome
additional technical constraints, including problems related to scale
and stability. But once they arrive,

we expect fault-tolerant quantum
computers to affect a broad array
of industries. They have the potential to vastly reduce trial and error
and improve automation in the
specialty chemical market, enable
tail-event defensive trading and
risk-driven high-frequency trading
strategies in finance, and even promote in silico drug discovery,
which has major implications for
personalized medicine.

quantum computing leading to incremental operating income of
$450 billion to $850 billion by 2050
(with a nearly even split between
incremental annual revenue
streams and recurring cost efficiencies). (See Exhibit 3.)
While that’s a big carrot, it comes
at the end of a long stick. More important for today’s decision makers is understanding the potential
ramifications in their industries:
what problems quantum computers will solve, where and how the
value will be realized, and how
they can put their organizations on

With all this promise, it’s little surprise that the value creation numbers get very big over time. In the
industries we analyzed, we foresee

Exhibit 3 | Projected Value Creation in Select Sectors
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67

19
37

35
75

330
630

450
850

the path to value ahead of the
competition.

How to Benefit
But what should companies do
today to get ready? A good first
step is performing a diagnostic
assessment to determine the
potential impact of quantum
computing on the company or
industry and then, if appropriate,
developing a partnership strategy,
ideally with a full-stack technology
provider, to start the process of
integrating capabilities and
solutions. The first part of the
diagnostic is a self-assessment of
the company’s technical challenges
and use of computing resources,
ideally involving people from R&D
and other functions, such as
operations, finance, and strategy,
to push boundaries and bring a
full perspective to what will
ultimately be highly technical
discussions.
The key questions to ask:

••

••

Are you currently spending a
lot of money or other resources
to tackle problems with a
high-performance computer? If
so, do these efforts yield lowimpact, delayed, or piecemeal
results that leave value on the
table?
Does the presumed difficulty
of solving simulation or
optimization problems prevent
you from trying high-performance computing or other
computational solutions?

••

Are you spending resources on
inefficient trial-and-error
alternatives, such as wet-lab
experiments or physical
prototyping?

••

Are any of the problems you
work on rooted in the quan-

tum-advantaged problem
archetypes identified above?
If the answer to any of these questions is yes, the next step is an “impact of quantum” (IQ) diagnostic
that has two components.
The first is sizing a company’s unsolved technical challenges and
the potential quantum computing
solutions as they are expected to
develop and mature over time.
The goal is to visualize the potential value of solutions that address
real missed revenue opportunities,
delays in time to market, and cost
inefficiencies. This analysis requires combining domain-specific
knowledge (of molecular simulation, for example) with expertise
in quantum computing and then
assessing potential future value.
(We demonstrate how this is done
at the industry level in the next
section.)
The second component of the IQ
assessment is a vendor assessment. Given the ever-changing na-

future of quantum computing by
providing technology providers
with the industry-specific skills
and expertise necessary to produce
solutions for critical near-term applications.
Partnerships have already become
the model of choice for most of
the commercial activity in the field
to date. Among the collaborations
formed so far are JPMorgan Chase
and IBM’s joint development of
solutions related to risk assessment and portfolio optimization,
Volkswagen and Google’s work to
develop batteries for electric vehicles, and the Dubai Electricity and
Water Authority’s alliance with
Microsoft to develop energy optimization solutions.

High-Impact Applications
One way to assess where quantum
computing will have an early or
outsized impact is to connect the
quantum-advantaged problem
types shown in Exhibit 1 with discrete pain points in particular in-

Partnerships have become the model of choice
for most of the commercial activity in the field.
ture of the quantum computing
ecosystem, it is critical to find the
right partner or partner providers,
meaning companies that have expertise across the broadest set of
technical challenges that you face.
Some form of partnership will likely be the best play for enterprises
wishing to get a head start on
building a capability in the near
term. A low-risk, low-cost strategy,
it enables companies to understand how the technology will affect their industry, determine what
skills and IT gaps they need to fill,
and even play a role in shaping the

dustries. Behind each pain point is
a bottleneck for which there may
be multiple solutions or a latent
pool of income that can be tapped
in many ways, so the mapping
must account for solutions rooted
in other technologies—machine
learning, for example—that may
arrive on the scene sooner or at
lower cost, or that may be integrated more easily into existing workflows. Establishing a valuation for
quantum computing in a given industry (or for a given firm) over
time—charting what we call a
path to value—therefore requires
gathering and synthesizing experBoston Consulting Group | 13

tise from a number of sources,
including the following:

••

Industry business leaders who
can attest to the business value
of addressing a given pain
point

••

Industry technical experts who
can assess the limits of current
and future nonquantum
solutions to the pain point

••

Quantum computing experts
who can confirm that quantum
computers will be able to solve
the problem and when

Using this methodology, we sized
up the impact of quantum advantage on a number of sectors, with
an emphasis on the early opportunities. Here are the results.
Materials Design And Drug
Discovery
On the face of things, no two fields
of R&D more naturally lend themselves to quantum advantage than
materials design and drug discovery. Even if some experts dispute
whether quantum computers will
have an advantage in modeling the
properties of quantum systems,
there is no question that the shortcomings of classical computers limit R&D in these areas. Materials
design, in particular, is a slow lab
process characterized by trial and
error. According to R&D Magazine,
for specialty materials alone, global firms spend upwards of $40 billion a year on candidate material
selection, material synthesis, and
performance testing. Improvements to this workflow will yield
not only cost savings through efficiencies in design and reduced
time to market but revenue uplift
through net new materials and enhancements to existing materials.
The benefits of design improvements yielding optimal synthetic
routes also would, in all likelihood,

flow downstream, affecting the estimated $460 billion spent annually on industrial synthesis.
The biggest benefit that quantum
computing offers is the potential
for simulation, which for many
materials requires computing
power that binary machines do
not possess. Reducing trial-anderror lab processes and accelerating the discovery of new
materials are possible only if
materials scientists can derive
higher-level spectral, thermodynamic, and other properties
from ground-state energy levels
described by the Schrödinger
equation.
The problem is that none of
today’s approximate solutions—
from Hartree-Fock to density functional theory—can account for the
quantized nature of the electro-

All the major players in quantum
computing, including IBM, Google,
and Microsoft, have established
partnerships or offerings in materials science and chemistry. Google’s
partnership with Volkswagen, for
example, is aimed at simulations
for high-performance batteries and
other materials. Microsoft released
a new chemical simulation library
developed in collaboration with
Pacific Northwest National Laboratory. IBM, having run the largestever molecular simulation on a
quantum computer in 2017, released an end-to-end stack for
quantum chemistry in 2018.
Potential end users of the technology are embracing these efforts.
One researcher at a leading global
materials manufacturer believes
that quantum computing “will be
able to make a quality improvement on classical simulations in

The biggest benefit that quantum computing
offers is the potential for simulation.
magnetic field. Current computational approximations apply to
only a subset of materials for
which interactions between
electrons can effectively be ignored or easily approximated,
and there remains a well-defined
set of problems in want of
simulation-based solutions—as
well as outsized rewards for the
companies that manage to solve
them first. These problems include
simulations of strongly correlated
electron systems (for hightemperature superconductors),
manganites with colossal
magnetoresistance (for highefficiency data storage and
transfer), multiferroics (for highabsorbency solar panels), and
high-density electrochemical
systems (for lithium air batteries).
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less than five years,” during which
period value to end users approaching some $500 million is expected to come in the form of design efficiencies (measured in
terms of reduced expenditures
across the R&D workflow). As error correction enables functional
simulations of more complex materials, “you’ll start to unlock new
materials and it won’t just be
about efficiency anymore,” a professor of chemistry told us. During
the period of broad quantum advantage, we estimate that upwards
of $5 billion to $15 billion in value
(which we measure in terms of increased R&D productivity) will accrue to end users, principally
through development of new and
enhanced materials. Once fullscale fault-tolerant quantum com-

puters become available, value
could reach the range of $30 billion to $60 billion, principally
through new materials and extensions of in-market patent life as
time-to-market is reduced. As the
head of business development at a
major materials manufacturer put
it, “If unknown chemical relationships are unlocked, the current
specialty market [currently $51 billion in operating income annually]
could double.”

tries have been faster to adopt vanguard technologies than financial
services. There is good reason to
believe that the industry will quickly ramp up investments in quantum computing, which can be expected to address a clearly defined
set of simulation and optimization
problems—in particular, portfolio
optimization in the short term and
risk analytics in the long term.
Investment money has already

Quantum advantage in drug discovery will be later to arrive given
the maturity of existing simulation
methods for “established” small
molecules. Nonetheless, in the
long run, as quantum computers
unlock simulation capabilities for
molecules of increasing size and
complexity, experts believe that
drug discovery will be among the
most valuable of all industry applications. In terms of cost savings,
the drug discovery workflow is expected to become more efficient,
with in silico modeling increasingly replacing expensive in vitro and
in vivo screening.

Signals say that the financial services industry
will ramp up quantum computing investments.

But there is good reason to believe
that there will be major top-line
implications as well. Experts expect more powerful simulations
not only to promote the discovery
of new drugs but also to generate
replacement value over today’s generics as larger molecules produce
drugs with fewer off-target effects.
Between reducing the $35 billion
in annual R&D spending on drug
discovery and boosting the $920
billion in yearly branded pharmaceutical revenues, quantum computing is expected to yield $35 billion to $75 billion in annual
operating income for end users
once companies have access to
fault-tolerant machines.
Financial Services
In recent history, few if any indus-

started to flow to startups, with
Goldman Sachs and Fidelity investing in full-stack companies such as
D-Wave, while RBS and Citigroup
have invested in software players
such as 1QBit and QC Ware.
Our discussions with quantitative
investors about the pain points in
portfolio optimization, arbitrage
strategy, and trading costs make it
easy to understand why. While investors use classical computers
for all these problems today, the
capabilities of these machines are
limited—not so much by the number of assets or the number of constraints introduced into the model
as by the type of constraints. For
example, adding noncontinuous,
nonconvex functions such as interest rate yield curves, trading lots,
buy-in thresholds, and transaction
costs to investment models makes
the optimization “surface” so complex that classical optimizers often
crash, simply take too long to compute, or, worse yet, mistake a local
optimum for the global optimum.
To get around this problem, analysts often simplify or exclude such
constraints, sacrificing the fidelity
of the calculation for reliability
and speed. Such tradeoffs, many
experts believe, would be unneces-

sary with quantum combinatorial
optimization. Exploiting the probability amplitudes of quantum
states is expected to dramatically
accelerate portfolio optimization,
enabling a full complement of realistic constraints and reducing
portfolio turnover and transaction
costs—which one head of portfolio
risk at a major US bank estimates
to represent as much as 2% to 3%
of assets under management.

We calculate that income gains
from portfolio optimization should
reach $200 million to $500 million
in the next three to five years and
accelerate swiftly with the advent
of enhanced error correction
during the period of broad quantum advantage. The resulting improvements in risk analytics and
forecasting will drive value creation beyond $5 billion. As the
brute-force Monte Carlo simulations used for risk assessment today give way to more powerful
“quantum walk algorithms,” faster
simulations will give banks more
time to react to negative market
risk (with estimated returns of as
much as 12 basis points). The expected benefits include better intraday risk analytics for banks and
near-real-time risk assessment for
quantitative hedge funds.
“Brute-force Monte Carlo simulations for economic spikes and disasters took a whole month to
run,” complained one former
quantitative analyst at a leading
US hedge fund. Bankers and hedge
fund managers hope that, with the
kind of whole-market simulations
theoretically possible on full-scale
fault-tolerant quantum computers,
they will be able to better predict
Boston Consulting Group | 15

black-swan events and even develop risk-driven high-frequency trading. “Moving risk management
from positioning defensively to an
offensive trading strategy is a
whole new paradigm,” noted one
former trader at a US hedge fund.
Coupled with enhanced model accuracy and positioning against extreme tail events, reductions in
capital reserves (by as much as
15% in some estimates) will position quantum computing to deliver
$40 billion to $70 billion in operating income to banks and other financial services companies as the
technology matures.
Computational Fluid
Dynamics
Simulating the precise flow of
liquids and gases in changing
conditions on a computer, known
as computational fluid dynamics,
is a critical but costly undertaking
for companies in a range of
industries. Spending on simulation
software by companies using CFD
to design airplanes, spacecraft,
cars, medical devices, and wind
turbines exceeded $4 billion in
2017, but the costs that weigh most
heavily on decision makers in
these industries are those related
to expensive trial-and-error testing
such as wind tunnel and wing flex
tests. These direct costs, together
with the revenue potential of
energy-optimized design, have
many experts excited by the
prospect of introducing quantum
simulation into the workflow. The
governing equations behind CFD,
known as the Navier-Stokes
equations, are nonlinear partial
differential equations and thus a
natural fit for quantum computing.
The first bottleneck in the CFD
workflow is actually an optimization problem in the preprocessing stage that precedes
any fluid dynamics algorithms.
Because of the computational

complexity involved in these
algorithms, designers create a
mesh to simulate the surface of an
object—say, an airplane wing. The
mesh is composed of geometric
primitives whose vertices form a
constellation of nodes. Most classic
optimizers impose a limit on the
number of nodes in a mesh that
can be simulated efficiently to 109.
This forces the designer into a
tradeoff between how fine-grained
and how large a surface can be
simulated. Quantum optimization
is expected to relieve the designer
of that constraint so that bigger
pieces of the puzzle can be solved
at once and more accurately—
from the spoiler, for example, to
the entire wing. Improving this
preprocessing stage of the design
process is expected to lead to
operating-income gains of between
$1 billion and $2 billion across
industries through reduced costs
and faster revenue realization.
As quantum computers mature, we
expect the benefits of improved
mesh optimization to be surpassed
by those from accelerated and improved simulations. As with mesh
optimization, the tradeoff in fluid
simulations is between speed and
accuracy. “For large simulations
with more than 100 million cells,”
one of our own experts told us,
“run times could be weeks even on
very powerful supercomputers.”
And that is with the use of simplifying heuristics, such as approximate turbulence models. During
the period of broad quantum advantage, experts believe, quantum
simulation could enable designers
to reduce the number of heuristics
required to run Navier-Stokes solvers in manageable time periods,
resulting in the replacement of expensive physical testing with accurate moving-ground aerodynamic
models, unsteady aerodynamics,
and turbulent-flow simulations.
The benefits to end users in terms
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of cost reductions are expected to
start at $1 billion to $2 billion
during this period. With full-scale
fault tolerance, value creation
could as much as triple, as experts
anticipate that quantum linear
solvers will unlock predictive simulations that not only obviate physical testing requirements but lead
to product improvements (such as
improved fuel economy) and manufacturing yield optimization as
well. We expect value creation in
the phase of full-scale fault tolerance to range from $19 billion to
$37 billion in operating income.
Other Industries
During the NISQ era, we expect
more than 40% of the value created in quantum computing to come
from materials design, drug discovery, financial services, and applications related to CFD. But applications in other industries will show
early promise as well. Examples
include:

••

Transportation and Logistics.
Using quantum computers to
address inveterate optimization
challenges (such as the traveling salesman problem and
the minimum spanning tree
problem) is expected to lead to
efficiencies in route optimization, fleet management, nework
scheduling, and supply chain
optimization.

••

Energy. With the era of
easy-to-find oil and gas coming
to an end, companies are
increasingly reliant on wavebased geophysical processing to
locate new drilling sites. Quantum computing could not only
accelerate the discovery process
but also contribute to drilling
optimizations for both greenfield and brownfield operations.

••

Meteorology. Many experts

believe that quantum simulation
will improve large-scale weather
and climate forecasting technologies, which would not only
enable earlier storm and
severe-weather warnings but
also bring speed and accuracy
gains to industries that depend
on weather-sensitive pricing and
trading strategies.
Should quantum computing become integrated into machinelearning workflows, the list of affected industries would expand
dramatically, with salient applications wherever predictive capabilities (supervised learning and deep
learning), principal component
analysis (dimension reduction),
and clustering analysis (for anomaly detection) provide an advantage.
While experts are divided on the
timing of quantum computing’s
impact on machine learning, the
stakes are so high that many of the
leading players are already putting
significant resources against it today, with promising early results.

For example, in conjunction with
researchers from Oxford and MIT,
a group from IBM recently proposed a set of methods for optimizing and accelerating support
vector machines, which are applicable to a wide range of classification problems but have fallen out
of favor in recent years because
they quickly become inefficient as
the number of predictor variables
rises and the feature space expands. The eventual role of quantum computing in machine learning is still being defined, but early
theoretical work, at least for optimizing current methods in linear
algebra and support vector machines, shows promise.

W

hile it may be years before
investments in a quantum
strategy begin to pay off, failure to
understand the coming impact of
quantum computing in one’s industry is at best a missed opportunity, at worst an existential mistake. Companies that stay on the

sidelines, assuming they can buy
their way into the game later on,
are likely to find themselves playing catchup—and with a lot of
ground to cover.
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ANALYSIS

READY OR NOT, AI
IS COMING TO IT
OPERATIONS
by Akash Bhatia, Usama Gill, and Remco Mol

A

rtificial intelligence is
shaking up business as usual,
enabling corporate functions—
from marketing and sales to
finance—to deliver predictive
insights at extraordinary speed
and scale. Given the possibilities,
it’s little wonder that adoption
of AI across the enterprise has
attracted enormous interest and
investment.
But like the cobbler who resoles
everyone else’s shoes before fixing
his own, IT organizations have
been slower to employ machinelearning (ML) technologies within
their own functions. That may
soon change. In the past few years,
a number of vendors have begun
designing and developing powerful analytics tools to address the
particular challenges that IT personnel face in managing, updating,
and running IT hardware and software across the enterprise.
The market for AI in IT operations
(or AIOps, as it is known) is new,
but its potential is huge. A BCG
survey of 112 CIOs across multiple
industries found that these technologies could significantly improve the cost-effectiveness and
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performance of IT operations, allowing organizations to drive innovation more quickly without sacrificing security, stability, or service.
It may be too early for AIOps to
fully replace manual IT operations
activities, but that should not lull
CIOs and IT directors into thinking
that they can sit back and wait.
While observers and analysts may
spill ink over whether this emerging technology is worthy of the
hype, leading IT organizations
have already resolved that question and are moving decisively
down the path toward implementing AIOps tools and developing
the capabilities to use them. The
question isn’t whether AIOps will
revolutionize IT operations; it’s
how long the rest of the field will
take to recognize that the shift is
already underway.

Challenges Facing IT
Operations
IT operations can feel like a thankless job. Teams may have the
knowledge and experience to be a
strategic partner to the business,
but demonstrating value can be a
Sisyphean task. The daily grind of

chasing down alerts and patching
problems can lock IT personnel
into a cycle in which they are continually playing catch-up instead of
preventing problems from arising.
Increasing use of the cloud can alleviate some of these issues, but it
doesn’t make the operational complexity go away: someone still has
to manage those cloud services
and organizational interconnections. With workloads rapidly
growing and with no consistent,
effective way to prioritize activities, IT operations are constantly
on the back foot, perpetuating a
stereotype that the function is reactive and slow to move—the very
perceptions that IT functions have
tried so hard to shake.
IT operations must deal with a
number of key challenges:

••

Escalating Service Expectations, with Little Margin for
Error. As end users’ expectations continue to grow, service-level agreement (SLA)
requirements have become
more stringent. At the same
time, organizations increasingly
expect IT operations to deliver

both near-perfect service availability and a shorter mean
time to recovery when incidents do occur.

••

••

A Dizzying Number of
Services, Released at Faster
Rates. Although modular
architectures are a boon to
innovation, they’ve contributed
to the creation of hundreds of
new APIs and microservices
that IT operations must
monitor and maintain. Complex interdependencies among
these services make finding the
root cause of outages or other
issues exponentially more
difficult. In addition, the release
cycle has accelerated as agile
development practices and
iterative launches become
mainstream.

and dynamic environments.
Chasing down thousands of
alerts—many of which turn out
to be false positives—often
leads to “alert fatigue,” which
may result in more fire drills
and actual emergencies down
the road.

••

Torrents of Data and Alerts
Without an Easy, Reliable
Way to Filter Them. The
manual and rules-based
monitoring systems that most
IT operations now have in
place can’t cope with the
demands of today’s complex

These demands are growing at a
time when IT operations budgets
are under increasing pressure.1
The only way for IT leaders to
deliver the stability and costeffectiveness that their budgets
demand is to make their operations
more predictive, proactive, and automated.

A Fragmented and Increasingly Borderless IT Operations Landscape. With the
introduction of DevOps, more
operations activities are now
being managed by feature
teams, whose members lack
the specialized operations
experience needed to address
the nonautomated portion of
those activities. And because
those activities are less centralized, they’re harder for IT
functions to coordinate.
Likewise, as companies have
expanded their partner ecosystems, IT operations have had
to extend their monitoring
activities across company
boundaries and look for new
ways to measure—and sometimes charge for—IT service
consumption.

IT Operations Could Soon
Get a Lot Smarter
AIOps is a new field, and a confusing one. Only in 2017 did Google
begin receiving a significant volume of Google search requests for
“AIOps,” and most vendors are
still refining their solution set. For
clarity, we define AIOps as comprising all solutions that use big
data, AI, and ML to enhance and
automate IT operations and monitoring.2 (See Exhibit 1.)
Within the IT operations and monitoring space, AIOps is most suitable for application performance
monitoring (APM), information
technology infrastructure management (ITIM), network performance
monitoring and diagnostics

Exhibit 1 | Core AIOps Activities Relate to Operating and Monitoring
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Exhibit 2 | The Core AIOps Market Should Reach $13.8 Billion by 2021
CAGR,
2017–2021 (%)
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1Defined as AIOps platforms built to orchestrate insight and actions on the basis of log data across the entire stack.

(NPMD), and information technology event correlation and analysis
(ITEC&A), where it can help automate routine manual operations
activities. That automation potential has prompted a surge in development. The market for core
AIOps is projected to grow from
$9.4 billion in 2017 to $13.8 billion
in 2021, a compound annual
growth rate of 10%.3 AIOps
orchestrators—platforms built to
orchestrate insight and actions on
the basis of log data from various
monitoring solutions—are expected to grow by 26% over the same
period. (See Exhibit 2.)
As the underlying technologies become more established, AI-enabled
tools and platforms will be able to
automate core monitoring and
management activities at scale, relieving many of the most pressing
IT operations challenges quickly,
reliably, and consistently.
We believe that AIOps will help
transform IT operations in three
critical ways:

••

••

Provide end-to-end visibility.
Modern ML, powered by finegrained IT operations and
performance data, will give IT
personnel and teams the robust
monitoring capabilities they
need to observe the behavior
and performance of applications and IT infrastructure
across both the enterprise and
the broader ecosystem, allowing them to preemptively
identify risks and impending
issues.
Generate evidence-backed
insights and recommendations. As AIOps algorithms
become more refined, IT
personnel will be able to
analyze historical operations
data, eliminate noise, and
identify root cause issues more
consistently and effectively.
Those insights, in turn, will
enable them to make moreaccurate predictions that lead
to speedier problem resolution
as well as to anticipate and
gauge the probable business
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impact of such issues before
they occur.

••

Execute recommendations
automatically. In time, the
algorithms powering AIOps
platforms may advance to the
level of automatically altering
the configuration of IT services
and environments. For example, sophisticated AIOps tools
might automatically determine
whether to scale new infrastructure or containers, allocate
more or less virtual capacity to
a project, or spin the number
of application servers up or
down—and then take
agreed-upon action.

With sufficient refinement, AIOps
may someday be able to automate
a significant portion of all IT operations and monitoring activities.

Double-Digit Growth Will
Ride the Maturity Curve
So far, only the most progressive IT
organizations have implemented

AIOps solutions, but adoption is
likely to grow significantly over the
next three to five years. More than
40% of CIOs say that they plan to
begin using AIOps solutions by the
end of 2021, up from about 15%
who indicated they were using
AIOps as of January 2019, when
the survey was conducted. Other
CIOs are watching the space but
intend to wait for the tools to mature further.

In our view, three use cases hold
the greatest short-term potential:

••

As with most other emerging technologies, solution development
will occur in stages. Use cases that
focus on providing visibility and
insight are likely to mature first,
with more sophisticated execution
capabilities added over time.
User adoption will follow the
technology maturity curve. (See
Exhibit 3.) Of the roughly nine
core use cases that the AIOps
vendor community is actively
building, the ones that have
attracted the greatest interest
among early adopters focus on
pattern recognition and data
consolidation. By contrast, few
CIOs have indicated that they are
ready to embrace truly bleedingedge use cases, such as ones that

positives, freeing IT operations
teams to spend their time
addressing critical alerts
instead of managing static
filters, writing rules, and
adjusting thresholds to reduce
alert noise. About 9% of CIOs
now use noise reduction tools
in AIOps, but our survey data
shows that the percentage
could rise to 42% by 2021.

rely on machine-generated
recommendations to fully
automate issue remediation.

••

Anomaly Detection. Sophisticated pattern detection tools
could help IT operations teams
detect unusual behavior—such
as a sudden spike in application use—in IT infrastructure,
automatically and at scale. A
combination of robust data-processing engines and ML could
regulate expected CPU utilization thresholds on the basis of
historical patterns and workloads, reducing the need for
manual observation and hardcoded rules that require teams
to define anomalies up front.
Our survey indicates that only
about 11% of CIOs currently
use anomaly detection AIOps
tools, but that figure should
grow to 42% by 2021.

••

Noise Reduction. ML algorithms built into AIOps platforms could prioritize alerts on
the basis of their business
impact and filter out false

Triaging and Alert
Correlation. AIOps could
automatically associate alerts
that cut across various IT
services into a single incident
to speed up triage. By analyzing
the topology, time, and context
of various alerts, the AIOps
solution could automatically
determine whether different
alerts are related, and then
cluster the results into a single,
unified incident. For example,
a monitoring tool might create
multiple memory and pagefault alerts from hosts of the
same SQL cluster. The ML
algorithm in the AIOps tool,
when properly trained through
supervised learning, could
correlate alerts into a single
incident, allowing the IT

Exhibit 3 | Adoption Will Follow the IT Operations Value Chain
Currently using
AIOps (%)

Planning to adopt
AIOps (%)

11

42

9

42

10

40

Service impact analysis

5

35

Root cause analysis

6

33

Forecasting

9

38

Incident prediction

9

38

Remediation recommendation

7

32

Automated issue remediation

3

21

Core use case
Visibility

Anomaly detection
Noise reduction
Triaging and alert correlation

Insight

Execution

Sources: Interviews with 25+ industry experts; CIO survey (N = 112); BCG analysis.
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operations team to distinguish
between alerts belonging to
that incident and similar but
unrelated alerts. A sharing rule
built into the solution would
then automatically create a
service desk ticket.Aout 10% of
the CIOs in our survey say that
they already use some sort of
AIOps-enabled triaging
solution today, and 40% say
that they’re open to using this
type of solution within the next
three years.
In the medium term, several other
use cases hold strong promise.
These include root cause analysis
tools, which are designed to help
IT personnel understand the issues
triggering different incidents and
alerts and allow them to prioritize
remediation; incident prediction
tools, which can identify causal
patterns between IT variables; and
automated issue remediation,
which has the potential to automatically address routine prob-

lems and events—for instance, by
adjusting IT configurations or
workflows.

Consolidation Could Help
Bring Needed Clarity
Although few vendors have
developed a full suite of
enterprise-grade AIOps tools as
yet, several categories of vendors
are staking claims in the burgeoning AIOps market. They
include incumbent monitoring
players, entrants from adjacent
tool markets, emerging AI/ML
challengers, and hyperscalers.
(See Exhibit 4.)

That crowded playing field is good
for innovation. But it also creates
more work for CIOs and other potential customers in the meantime,
since they need to sift through
multiple tools and options to develop a working knowledge of vendor capabilities. Over the next several years, though, we’re likely to

see considerable vendor consolidation, which should make selection
and management less of a chore.
That consolidation will be due to
three factors:

••

Data Advantage. Vendors that
amass significant volumes of
high-quality, relevant IT
operations data will achieve
superior AIOps accuracy,
creating a virtuous circle that
attracts more clients, more
data, and better solutions.

••

Horizontal Expansion. AIOps
players that dominate a specific
use case can use their existing
client base to cross-sell additional use cases.

••

Vertical Consolidation. Tools
integrated across different
layers of the infrastructure
stack can deliver superior
insights, making them more
valuable than niche tools that
focus on individual stack layers.

Exhibit 4 | AIOps Vendors Fall into Four Broad Categories

INCUMBENT
MONITORING/SYSTEM
INTEGRATOR PLAYERS

Core incumbents with more than
ten years of leadership in ITIM,
NPMD, APM, and/or SIEM

Examples: AppDynamics, BMC,
CA Tech, Elastic, New Relic,
PagerDuty, Splunk, ScienceLogic

ENTRANTS FROM
OTHER IT TOOL
MARKETS

Vendors that build tools supporting
IT capabilities other than core
monitoring (such as ITSM/Service
Desk, Case Management, or DevOps)

Examples: ServiceNow, OverOps

EMERGING
AI/ML CHALLENGERS

New AIOps challengers founded
within the past ten years with a deep
machine learning, cross-platform, and
crossfunctional value proposition

Examples: Moogsoft, BigPanda,
Instana, Scalyr, Datadog

Large public cloud providers

Examples: Microsoft (Azure), Amazon
(AWS), Google (Google Cloud)

HYPERSCALERS

Source: BCG analysis.
Note: APM = Application performance monitoring; ITIM = IT infrastructure monitoring; ITSM = IT service management; NPMD = Network
performance monitoring and diagnostics; SIEM = Security information and event management.
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Do You Have a Plan?
AIOps is still in its early stages,
but it won’t stay that way for long.
It seems likely that, five years
from now, all top-performing IT
organizations will have adopted
some form of AIOps—with thirdparty tools or with hyperscalers’
natively provided tools—achieving
advantages in cost, service, and
stability over slower-moving peers.
CIOs have less time to prepare for
AIOps than they may think. The
tasks of selecting the right vendor
and identifying the right use cases
are challenging enough; beyond
that, getting ready for AIOps
internally can be a heavy lift.
AIOps requires structured access
to significant amounts of historical
and real-time IT operations data,
as well as dedicated resources to
enable data access and configure
the AIOps tools. In addition, successfully automating the result
ing insights and actions will demand significant process reengineering to connect the dots
end-to-end and ensure that the
right operational handoffs are in
place.
Organizations that want to capture
maximum upside should start by
actively sponsoring a cross-functional team, pinpointing one or
two high-value use cases, and assembling the right mix of data engineering, data science, and devel-

opment talent to test and refine
the appropriate tools. Anticipating
risk, legal concerns, compliance issues, and other considerations and
securing ongoing engagement
from these functions are also crucial, not only to reduce potential
business exposure but also to help
build confidence and trust among
non-IT-based functions in the quality and efficacy of AI-based risk
modeling and detection.
Training and change management
are also essential. AIOps is a very
different way of working, and it
will require organizations to retrain some IT operations teams
and redeploy others. Teams must
learn to work with AIOps tools
through relevant, labeled examples, operationalize them, and understand their output. And CIOs
must ensure that the development
effort has a sufficient budget and
firm leadership commitment, with
funding and reviews based on
achieving predefined business outcomes and not simply development milestones.

W

hile AIOps may look like a
“watch this space” opportunity, CIOs and IT leaders who sit
back now risk being unable to capture the full benefit of this technological revolution later, when fullscale implementation goes
mainstream.

Notes
1. Gartner’s IT Key Metrics 2019 report
indicates that, on average, data centers,
service desks, and voice and data networks
commanded 35% of the total IT budget in
2018, down from 46% in 2014.
2. By BCG’s definition, AIOps includes all
artificial intelligence (AI) and machine
learning (ML) in application performance
monitoring (APM), IT infrastructure
monitoring (ITIM), network performance
monitoring and diagnostics (NPMD), and
IT event correlation and analysis
(ITEC&A). Our definition excludes AI and
ML in areas such as experience management operations, cybersecurity operations,
and delivery automation.
3. Areas encompassed by core AIOps
include APM, ITIM, NPMD, and ITEC&A.

Akash Bhatia is a managing director and partner in the Silicon Valley
office of Boston Consulting Group
and the global leader of BCG’s Internet of Things topic in the Technology,
Media & Telecommunications practice. You may contact him by email at
bhatia.akash@bcg.com.
Usama Gill is a principal in the
firm’s San Francisco office. You
may contact him by email at
gill.usama@bcg.com.
Remco Mol is a project leader in
BCG’s San Francisco office. You may
contact him by email at mol.remco@
bcg.com.
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FOCUS

CAPTURING THE VALUE OF
BLOCKCHAIN
by Jan Philipp Bender, Kaj Burchardi, and Neil Shepherd

F

ew doubt the disruptive potential
of blockchain—certainly not investors,
who continue to pour record-breaking sums
into the space. In 2018, blockchain-related
venture capital funding soared to $3 billion,
up from nearly $1 billion in 2017. However,
the much-publicized turbulence in bitcoin
and other cryptocurrencies led to a softening
of some blockchain investment classes, as
evidenced by the decrease in market value
in pure-play blockchain companies, private
investments, and newly founded blockchain
ventures.
Companies and investors are wrestling
with the challenge of how to unlock the
technology’s value. Just as it took a while
for organizations to figure out how to turn
the power of the internet into productive
avenues for growth, it is taking time for
today’s businesses to understand how to
marshal blockchain’s capabilities into
tangible and sustainable sources of value.
Despite growing interest in the technology,
business leaders remain unsure of how to
identify the building blocks needed to
implement a new standard and ensure
meaningful returns from their investment.
With the aim of providing more clarity, we
examine how blockchain can create value
and explain the different growth trajectories
that value can take over time.
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Understanding the Disruptive
Potential of Blockchain
Blockchain refers to a database infrastructure
that is distributed and shared among network
participants. Blocks of data entries and transactions are chained together and stored in an
immutable form, allowing participants who
are authorized to access the network to view
and add information but prohibiting alterations to existing records. Sophisticated cryptography and key management ensure data
integrity and authenticate participants.
What makes this technology special? Traditional data-centric business models often depend on one central authority vested with decision-making power and control over all data
stored in a given database. As a result, other
parties must simply accept, without tangible
proof, that the information shared is complete, credible, and accurate, and that the
central authority has not used their data for
its own benefit. While variations exist, most
blockchain engines allow transactions to be
executed and ownership to be shared in a
peer-to-peer relationship, with multiple identical copies of the data stored in separate
nodes of the network, and with the owners
of the data and digital assets strictly controlling permissions for who can access what.
The technology’s consensus mechanism ensures that these copies cannot be retroactively altered and authenticates the digital assets
underlying each transaction. In this way,

blockchain does away with a central authority and serves as a single source of truth, enabling parties to read and write to a common
database that all participants can trust.
The disruptive implications of these features
are far-reaching. Blockchain technology has
the potential to displace intermediaries, such
as banks, brokers, and notaries, whose business models are predicated largely on providing independent third-party verification. By
enabling greater transparency across the network, blockchain could also disintermediate
market arbitragers, price-reporting agencies,
benchmark providers, and others whose businesses create value by capitalizing on information asymmetry. Blockchain’s structure
and capabilities support end-to-end automation and easy data sharing across companies,
and greatly reduce manual reconciliation efforts. In addition, anywhere, anytime access
to complete transaction histories can significantly improve regulatory and audit compliance, decreasing the associated costs and
boosting response times. Finally, blockchain
technology enables “smart” contracts, with
which contractual obligations can be enforced through predefined software code that
requires no human interaction.
The four primary sources of value that blockchain use cases can deliver, and which businesses can mix and match in different ways,
include the following:

••

••

New Business Models. Blockchain-supported innovation can help businesses
create new revenue streams. In the energy
sector, for instance, blockchain platforms
can help individuals and entities trade
excess energy stores autonomously and in
near real time over the grid. Blockchain
innovation can also allow product companies to move up the technology stack and
expand their portfolios with higher-value
service offerings, such as track and trace
or analytics services based on data captured by blockchain.
Operational Efficiency. Blockchain
enables process automation and the
removal of unnecessary intermediaries to
help organizations improve productivity
and performance. It also supports audit

and regulatory compliance, generating
significant time and cost savings. The use
of smart contracts, for instance, can
automate routine business functions, such
as invoice generation and reconciliation,
customs clearance, and property title
transfer. According to the Economist,
Santander Bank, for example, believes
that financial institutions could generate
$20 billion in savings by applying blockchain to streamline and automate many
back-office activities.

••

Risk Mitigation. Companies can use
blockchain-related applications to improve
tracing and authentication across the
supply chain. Better provenance and
transparency throughout the supply and
distribution chain, for example, could
reduce counterfeiting and associated
health and safety issues from fraudulent
parts, thus mitigating financial and reputational damage.

••

Social Impact. Blockchain platforms can
be used to support a wide variety of
initiatives, including voting and election
management and ethical sourcing. The
Democratic Republic of Congo, for
instance, is using blockchain capabilities
to build a new e-government platform
that will help the country manage its
natural resources and social welfare
programs. Estonia is pioneering the use of
blockchain for securing citizen information and is planning to adopt the technology to support other public welfare
initiatives, such as those relating to
personal ID and health records.

Determining Which Growth
Model to Pursue
Not all blockchain solutions deliver value in
the same way. Understanding the two primary growth models for value creation—linear
and network effects—is crucial to designing,
implementing, and funding successful commercial applications. The models have different timing and growth dimensions.
Linear. Consider the sale of a pen. For a customer, the value of a recently purchased pen
lies in gaining the ability to write something
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on a sheet of paper. Note that the user derives value immediately, and that the value
doesn’t change—regardless of how many other people start to buy pens. In this growth
model, the intrinsic value of an item stays the
same even as the customer base grows. Every
incremental participant or transaction adds
value in a linear way.

Implementing true-disruptor
use cases is not for the faint
of heart.
Network Effects. The value of other items,
such as telephones, takes a very different
course as the user base grows. The overall
value for the first users of the telephone, for
instance, was limited: people could call only
the few other users who also had a phone. As
the installed base grew and more people acquired telephones, however, the intrinsic value of the telephone rose sharply—and continued to rise with every additional unit sold.
Other examples are trading exchanges and
social media platforms. In each of these examples, value rises exponentially as the participant base grows.

Deciding Between Going for an
Incremental Win or Becoming a
True Disruptor

The absolute value potential in linear valuegrowth models is usually limited to a company’s production or sales capacities. But
that’s not the case in network effects models,
where growth is unbundled from production
and sales. Given the enormous value that
network effects can create, blockchain use
cases that deliver such effects have the
potential to be true disruptors. In an ideal
world, that’s where companies should be
focusing their attention.
But implementing true-disruptor use cases is
not for the faint of heart. It requires significant financial and technical resources, a high
tolerance for risk, the ability to persuade a
critical mass to join a nascent platform, and
an established proof of concept. Businesses
26 | BCG Technology Advantage — Focus

must also ensure that anchor participants
agree to common data and governance standards. Getting participants to embrace these
new standards takes considerable effort—and
usually requires the leadership of a large incumbent or industry consortium, or, alternatively, a strong regulatory push.
Companies that cannot meet these criteria
are not without recourse, however. They can
instead pursue incremental-win use cases, either as a stepping stone or as an end in itself.
Incremental wins focus on linear growth opportunities, which are often easier to manage,
carry less financial and implementation risk,
and can provide a faster path to growth. Incremental wins can also help organizations
demonstrate proof of concept to attract partners, secure venture capital funding, or validate their participation in a blockchain-enabled solution initiated by others.
In evaluating whether to pursue a true-disruptor model or go for an incremental win,
companies need to take switching costs—
both real and perceived—into account. Most
companies have some type of existing data
infrastructure that uses a combination of relational databases, software interfaces, and
human engagement. And although blockchain systems have the potential to streamline and automate this infrastructure, they
still require approaches, standards, and models to validate and share data across various
IT systems. The use of open interfaces and
shared data models can significantly aid deployment, a matter that business and IT
teams should consider in their planning.

Learning from Early Adopters
To explore what it takes to implement a
blockchain program successfully and illustrate the type of impact it can have, we examined two pioneering initiatives. One focuses
on driving efficiency and social impact; the
other focuses on improving risk management
and creating a new business model for the diamond industry.
Blockchain helped the United Nations’ World
Food Programme (WFP) transform its cash
transfers, aiding thousands of Syrian refugees. In May 2017, the WFP piloted a block-

chain innovation called Building Blocks to
provide Syrian refugees residing in the Azraq
camp in Jordan with a more secure and efficient way to receive electronic cash transfers.
Through the blockchain platform, WFP was
then able to authenticate a beneficiary’s
identity and record the entire transaction history in-house rather than share it with third
parties. Using biometric data taken from an
eye scanner at the point of purchase, the
blockchain platform verified the individual
and debited their electronic account for the
amount of the sale. Not only did the blockchain platform automatically record the
transaction, it stored all associated reconciliation and payment details in a transparent,
tamper-proof, and easy-to-audit fashion. That
made it easier for WFP program managers to
oversee the cash transfers, manage funding,
and assess future needs.
Since its launch, Building Blocks has improved the handling of millions of cash transfers, ensuring needy populations receive stable supplies of nutrition. The initiative took a
process that used to require people to wait in
long lines, paperwork, and manual due diligence into one that took just seconds—providing immediate, linear value growth. In addition, by automating the cash transfer
system and eliminating the need for intermediaries, WFP was able to cut transaction fees
by a staggering 98%, freeing up funds that the
organization could then redirect back into humanitarian relief. The success of the Building
Blocks program in the Azraq refugee camp
prompted WFP to expand the initiative in
early 2018, supporting more than 100,000 refugees residing in camps across Jordan.
In addition, with BCG’s help, WFP is now applying blockchain technology to provide new
ways of cash assistance to Syrian refugees in
Jordan as part of a novel model called New
Choice, which could have true-disruptor potential. Unlike the current cash transfers, in
which food and other allocations are predetermined by the WFP, through New Choice,
refugees will receive the cash value of those
entitlements and more options to redeem
them. New Choice relies on blockchain technology, which links different cash-out options,
and will allow refugees to keep one account
using the Building Blocks platform. Refugees

can then gain access to much-needed financial services, such as mobile money and cash
back. By collaborating with financial institutions or retailers, New Choice would open financial opportunities and empower vulnerable, unbanked populations to make their own
decisions about how best to use their entitlements. If it succeeds in building enough critical mass to create a multiservice financial
ecosystem, New Choice could transform humanitarian assistance models (creating network effects) and provide a pathway out of
poverty for scores of individuals worldwide.

Two pioneering initiatives
illustrate the implementation
and impact of blockchain.
Blockchain-enabled track and trace helps the
diamond trade achieve industry-wide benefits. Initiated by De Beers Group, the blockchain platform Tracr provides end-to-end diamond tracing from the mine to the point of
sale. It was created to address long-standing
issues and provide benefits within the diamond industry—authenticating a diamond’s
natural creation, provenance, and ethical
sourcing. Through blockchain technology,
Tracr creates trust among the various industry actors and confidence in the end-to-end
traceability of a diamond. De Beers, which
provides roughly one-third of the global supply of diamonds by value, was a natural leader for this type of initiative because it had the
market position, financial ability, and industry relationships to attract industry players
from across the supply chain in developing a
solution for the entire diamond industry.
One of the first tasks for the Tracr team was
to create a unique digital “fingerprint” for
each diamond and then use that information
to track and trace the diamond’s journey.
Working with data analytics experts, the
team developed specialized algorithms capable of crunching through reams of sourcing
and measurement data to generate identifying signatures that could be attached to each
diamond recorded on the blockchain. The
team also needed to establish a standardized
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way for platform participants up and down
the supply chain to input relevant data—such
as when a diamond left the mine or arrived
at a distributor—in order for the platform to
serve as a single source of truth. Working in
partnership with key stakeholders, the team
is creating a comprehensive data ontology
that spans the value chain. To spur adoption,
the Tracr team is building application programming interface extensions that will allow
industry participants to integrate the platform into their corporate enterprise resource
planning systems.

A two-step approach to
implementing blockchain
initiatives can help get
around complexities.
Since Tracr’s launch, the platform has attracted a broader base of producers, manufacturers, and retailers to pilot and cooperate on
developing refinements. Initial results suggest
that Tracr’s tracking and authentication capabilities hold significant promise. The crossindustry collaboration has proven helpful in
building momentum and buy-in. If that momentum continues, Tracr could emerge as an
industry platform with the potential to deliver significant value for the industry. Knowing
that a diamond is legitimate carries immediate emotional value for the consumer, and
the network effects from industry-wide participation in the platform could transform fraud
detection, leading to greater trust and improved cost and revenue performance across
the diamond trade.
In addition to these two cases, BCG analyzed
major trends and pain points affecting key
sectors to see where blockchain-related applications could have the greatest benefit. From
that work, we identified three of the most
promising use cases for each of the selected
industries. (See Exhibit 1.)

Getting Started
Blockchain technologies are still new; the list
of possible avenues to take is long; and the
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operational and partnership requirements to
deliver on any of them are often extensive.
We recommend that organizations follow a
two-step approach to get around these
complexities. (See Exhibit 2.)
Step one is ideation. Businesses need to
invest time in mapping out current pain
points across the whole industry value chain.
As part of that process, they should identify
ways in which technology and blockchainspecific capabilities could create meaningful
value, and then ask themselves what a
potential use case would look like. To get the
biggest payback from blockchain, businesses
should target major pain points and prioritize
areas that either have high strategic relevance
or are costly and inefficient.
The second step is validation. With a set of
possible use cases in hand, organizations
need to assess whether blockchain is the right
technology for the purpose or whether an alternative database solution would be a better
choice. As part of that exercise, businesses
need to run the numbers and consider what
it will take to implement a given blockchain
use case and whether doing so would be commercially attractive. Once steps one and two
are complete, the validated blockchain use
cases are finally ready for incubation.
Companies need to keep in mind that taking
a long-term view is crucial to success. Although a business can create a prototype relatively quickly, it takes time to set standards
for data and governance, lay the technical
foundation, and assemble enough participants to generate real and scalable value. Fully delivering on the ambition of creating an
industry-wide platform is a multiyear endeavor. Success also requires close, often intense,
collaboration within the company. Strategy,
planning, and investment should be coordinated in conjunction with key stakeholders,
such as IT.
External collaboration is also critical. For
true-disruptor use cases, the company often
needs to act as an ecosystem integrator, bringing together diverse players from along the
value chain or across industries to coordinate
efforts and align interests.

Exhibit 1 | The Top Three Blockchain Use Cases by Industry
CONSUMER

ENERGY

FINANCIAL INSTITUTIONS

HEALTH CARE

Goods provenance
Sustainable sourcing

P2P marketplaces
Energy grids on the
consumer level

Veriﬁed ﬁnancing
Trade or credit ﬁnancing

ID and credential
veriﬁcation
Electronic health records

Payments and
micropayments
Consumption-based pricing

Energy provenance
Green energy certiﬁcates

Tokenization of physical
assets
Fractionalized asset trading

Secure data exchange
and management
Clinical or patient data
exchange

Process automation
Loyalty program platforms

Payments and
micropayments
Instant trade settlements

Payment automation
Interbank, cross-border
payments

Goods provenance
Counterfeit in drug
supply chain

INDUSTRIAL GOODS

INSURANCE

TECHNOLOGY, MEDIA, &
TELECOMMUNICATIONS

PUBLIC SECTOR

E2E status tracking
Real-time cross-border
trade

Process automation
Claims processing and
settlement

Compliance and auditing
Secure government records

P2P marketplaces
Grid computing

Process automation
Transfer of copyright or IP

Secure data exchange
and management
Conﬁdential KYC data
exchange

ID and credential veriﬁcation
Secure voting systems

Payments and
micropayments
Usage-based payment
systems

P2P marketplaces
Markets for used cars
or machinery

ID and credential
veriﬁcation
Fraud detection

Process automation
Tax collection and reporting

ID and credential
veriﬁcation
Subscriber authentication

Linear growth use cases

Network eﬀects use cases

Mixed growth use cases

Text in green = examples

Source: BCG analysis.
Note: The use cases are listed in order of rank, with the highest-ranked use case on the top and the lowest-ranked use case on the bottom. The
ranking is a general assessment only; the value of each use case is subject to individual context. E2E = exchange to exchange; IP = intellectual
property; KYC = know your customer; P2P = peer to peer.

Exhibit 2 | A Two-Step Approach to Blockchain Success
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point
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Blockchain ideation

Blockchain validation (proof of concept)

Pain
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1
Pain
point
3
Pain
point
5

Idea
1

1.1
Blockchain
exploration

Pain
point
7

Company explores how
blockchain can add value
to existing pain points

Idea
2
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3
Idea
4

Use
case
1

1.2
Use case
deﬁnition

Idea
5

Company
generates ﬁrst
blockchain ideas

Use
case
3

Use
case
5

Use
case
2
Use
case
4

2.1
Blockchain
technological
validation

Company deﬁnes a
set of use cases

Use
case
1
Use
case
5

Use
case
2

2.2
Blockchain
commercial
validation

Company validates that
blockchain is generally the
appropriate technology

Use
case
Use 2
case
5

Company has
commercially
validated use
cases

Incubate
blockchain

Company
prioritizes and
implements
blockchain

Source: BCG analysis.
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Finally, organizations need to assemble the
right people and skills. Bringing a blockchain
solution to life requires deep technical expertise in architecture design, data analytics,
cryptography, and other areas. In-depth commercial and industry know-how are also important to identify and prioritize use cases
that have significant monetization potential.
Guiding the business through the planning
and rollout of any blockchain initiative also
requires strong leadership to navigate inevitable tradeoffs, communicate value, and coordinate development.

B

lockchain’s ability to create trust and
transparency, automate transactions, and
validate and document items as varied as a
person’s identity and the provenance of a
product is likely to herald a sea change in
how businesses operate. As with previous
technological shifts, early movers will have a
significant advantage in forging partnerships,
defining standards, and growing adoption—
attributes that are especially important given
the limited window to create a leading industry platform. Businesses that invest time in
exploring high-value use cases, anticipate
what’s required to support the likely growth
trajectory, and capitalize on the opportunity
to disrupt incumbents will reap the greatest
rewards from blockchain.
Jan Philipp Bender is a managing director
and partner in the Munich office of Boston
Consulting Group and the global leader of
the blockchain topic in the firm’s Industrial
Goods practice. You may contact him by email
at bender.jan.philipp@bcg.com.
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FOCUS

WHY YOU SHOULD
BE TALKING ABOUT
MICROSERVICES
by Neveen Awad, Stuart Scantlebury, and Firas Sleiman

O

n their leaner-faster-better to-do
lists, many companies have already
checked off practices like agile and DevOps,
which foster collaboration and responsiveness in meeting customers’ needs. But they
shouldn’t put down their pens just yet.
Microservices also help businesses create
capabilities and value—at digital speed.
They’re proven and potent. They also tend to
be poorly understood.
Yet the idea behind microservices is actually
simple. Instead of writing an application as
one large “monolithic” block of code, developers link small, independent, easily reusable
pieces. Each piece—a microservice—contains
all of the code, interfaces, and data (or links
to the data) necessary to perform a particular
service or small set of services, such as updating a customer’s address or deleting customer
information (the list is virtually boundless).
Self-contained and ready to go, microservices
can be plugged into a wide array of applications. They can be shared, and leveraged,
throughout an organization.
Microservices aren’t a secret. Companies like
Netflix and Uber have been using them for
years, creating extensive catalogs that
facilitate fast-paced software development.
But the paradigm isn’t just for digital natives.
By understanding how microservices work,
their requirements, and a caveat or two,
companies of all backgrounds can benefit

from the flexibility and efficiency these bitesized programs promise.

Microservices Put Capabilities
and Value Front and Center
Microservices give you a lot of reasons to like
them. For one thing, they play well with
others. Teams looking to use a microservice
don’t need to know how it works—what
programming language it is built on, where
its data is stored, or what the internal
software logic looks like. They only need to
“talk” to that microservice, sending a
request—typically through an application
programming interface (API)—and receiving
an answer. This means that developers can
easily and quickly tap into whatever
microservices fit their needs.
While microservices can be used to write or
rewrite an application, their real value becomes apparent when they work as reusable
components in multiple applications. A life
insurance company, for example, might build
a “suggest next best action” microservice
(prompting an agent or advisor to make a
suggestion to a customer) for its fixed-annuities business, and then reuse it in its termlife business.
Meanwhile, the decoupled nature of microservices allows teams to create and improve them
without worrying about complex integrations.
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Microservices may work with applications, and
with each other, yet they are built and updated as independent units. This lets developers
create and improve a microservice quickly. A
team can focus on one small standalone piece
of code—sometimes less than a dozen lines
long, sometimes more than a thousand—and
avoid complex testing (necessary under the
monolithic approach) to ensure that the
changes don’t “break” an application.
Indeed, even if a microservice does go down,
it won’t take everything else down with it. In
a well-designed architecture, if a microservice
fails, another version of that microservice (or
perhaps an earlier one that worked well) will
come up in its place, avoiding the domino effect that can crash a monolithic application.
In effect, the microservices architecture—
which includes an ecosystem of automation
tools—functions like the watertight compartments on a ship, where flooding is contained
and disaster averted while repairs are made.
Moreover, the team responsible for a microservice has great flexibility in how it does its
work. Since microservices are self-contained,

developers are free to use whatever programming language, tools, and databases best suit
their purpose. And they can change those languages, tools, and databases over time. As
long as the APIs keep working, people outside the team never need concern themselves
with the microservice’s pedigree.
It gets better still. The automation tools integral to the microservices architecture enable
what’s known as a continuous deployment
pipeline. In effect, all of the tedious, labor-intensive activities associated with a monolithic
application world—such as testing, code integration and compiling, and infrastructure provisioning—are automated.
The upshot is that software teams can focus
more on creating and rapidly delivering
business value. With monolithic applications,
developers often get so bogged down in their
checklists that the crux of their mission—
identifying how best to serve and satisfy
customers—often winds up a secondary
consideration. Microservices flip that dynamic,
pushing the “side” issues to the sidelines
where they belong. (See the exhibit.)

Focus More on Business Value with Microservices
“Monolithic” architecture:
Each time developers want to build or improve a
feature, they spend most of their time grappling
with complicated dependencies, integrations,
testing, and handoﬀs.

What
applications
will use my
data?

What are
the app
dependencies?

What feature
will help create
business value?
What are my
infrastructure
needs?

What
regression
testing will be
required?

What feature
will help create
business value?

Microservices architecture:
The decoupled nature of microservices means
that developers can build and improve features
without worrying about complex integrations
and interdependencies.

What are the
integration
points?

How can we
best build that
feature?

Primary consideration

Source: BCG analysis.
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Secondary consideration

How can we
best build
that feature?

When—and When Not—to Use
Microservices

Given all the benefits of microservices, why
not use them for everything? To be sure, the
companies at the forefront of the architecture
tend to be prolific microservice coders. Uber,
for instance, uses thousands of microservices
to support its mobile apps, internal and infrastructure services, and products.
Yet in some cases, a company might want to
stick with its existing architecture. That’s
because of the loosely coupled nature of
microservices. Because they are selfcontained, microservices rely on links—
generally APIs—to communicate with
applications or other microservices. This
arrangement introduces a certain amount of
latency, or delay, while the communications
are in process (in effect, you’re hopping from
one microservice to another, instead of
having everything hardwired together). In
most cases, the latency is inconsequential.
But in certain scenarios—for example, highvolume, mission-critical transactions where
speed is imperative—latency could cause real
problems.
Consider a high-frequency trading desk,
where prices change quickly. A delay of even
a fraction of a second could cause disarray
(traders think they are buying or selling at a
certain price, but in reality, another price applies). Keep in mind, too, that moving to microservices means laying a fair amount of
groundwork and contending with certain
complexities. For example, companies need
to create—and manage—the teams that will
build and continually update the microservices. And there may be dozens of teams,
each with a handful of engineers. Companies
will also have to decide on the appropriate
data architecture: Will each microservice
have its own repository for the data it uses or
will it pull in data from a shared repository?
Microservices might perform faster and more
autonomously when data is “local” but be
easier to design and deploy when data is
shared. There are the APIs and pipeline automation tools to manage, as well.
But perhaps the biggest task—and challenge—
is determining which existing applications are
best suited for a microservices makeover. In

effect, companies need to triage their
portfolio, prioritizing applications where a
transition to microservices will bring the
greatest ROI. To this end, we recommend a
multipronged approach:

••

Evaluate. Companies should assess
existing applications according to three
criteria: their strategic alignment with
business priorities, the degree of change
they require, and real-time performance
requirements. The best candidates for
microservices will be highly strategic
applications that will likely need a lot of
new and updated features and that can
tolerate some latency. This evaluation
process also brings another benefit: it
helps companies consolidate the portfolio,
identifying applications that are redundant or no longer needed to drive strategic goals or keep the lights on.

••

Map. Next, companies should map
applications into one of four buckets:
replace, leave as is, outsource, or retire.
Applications with high strategic alignment, a high degree of change, and
tolerance for some latency will typically
go in the “replace” group, tagged for a
transition to microservices. Applications
with lower strategic alignment can be left
as is—or, if they require minimal or no
changes, they can be outsourced to reduce
costs and focus internal development
teams on areas of key business value and
change. Finally, applications that are no
longer required can be retired.

••

Prioritize. For the replace and outsource
buckets (and, less crucially, the retire
bucket), companies should determine
which applications should take precedence. While prioritization is a bit of an
art, the general strategy is to factor in the
effort required (so as to identify a few
quick wins) and the business impact.

Savvy companies will add a couple of footnotes to these steps. First, it’s good practice to
reevaluate applications on a regular basis.
Business conditions—and strategic goals—
change, so applications may need to be reclassified over time. The “retire” bucket is
particularly likely to see rolling admissions.
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Second, it’s important to look holistically at
applications. A key characteristic of microservices is that they lend themselves to reuse.
And reuse is a boon to efficiency, reducing
development costs, effort, and time. So instead of looking at each application in a vacuum and deciding how it can be migrated to
microservices architecture, companies should
be looking across their portfolio, identifying
opportunities to reuse microservices and
avoid duplication of efforts.

Creating a Microservices-Ready
Organization
The fast-moving, distributed nature of microservices requires companies to make organizational, technical, and cultural shifts. The
good news is that many companies are already well down that road, thanks to their
embrace of agile methodologies and DevOps.
Indeed, agile, DevOps, and microservices
form a sort of next-gen trifecta in how companies develop, deploy, and update applications.

ments and to deliver those updates
quickly.

••

Thinking Like a Performance Engineer.
With microservices, latency—and its
impact on a business outcome—becomes
a key consideration. So developers need to
think more like performance engineers.
For example, perhaps a potentially
detrimental delay could be avoided or
reduced by employing techniques like
precomputing, instant rendering, or
caching.

••

New Tools. Companies can call on an
array of tools to help them create and
manage microservices. Open-source,
cloud-based platforms like Cloud Foundry
and WSO2 let developers build and
deploy microservices in containers. Each
container holds all of the components
needed to run the microservice: code,
libraries, settings, and so on. Companies
should keep in mind, though, that
containers are not the only way to deploy
microservices. Also an option:
virtualization. While many developers
view containers as the more “modern”
approach (losing the added layer of
virtualization and making microservices
more programming-language and
technology agnostic), some companies feel
more comfortable taking an intermediate
step. For them, virtualization fits the bill.
Another handy tool is a service mesh. This
is a software component—sitting above
the microservices—that facilitates
communications among services. In effect,
developers can offload many network
functions to the service mesh—and
focus more on business features and
capabilities.

••

New Talent. Of course, none of these
shifts and tools will mean much if companies don’t have the right talent. Microservices require teams with strong skills in
areas like DevOps, data architecture,
security, testing automation, and performance engineering. At the outset, few
companies are likely to have a deep bench
of such talent. But there are ways to fill
the roster. One approach is internal
incubation, through training and hands-on

We’ve found that organizations that succeed in
creating—and prospering from—microservices
embrace certain core principles and practices:

••

••

Agile Methodologies. Many companies
that develop microservices do so with
cross-functional teams. Culled from both
the business and technology sides of the
company, these teams are responsible for
solving specific business problems. This
cross-functional structure is a core tenet of
agile. Indeed, agile and microservices can
go particularly well together. Agile stresses
developing and testing small increments
of code and incorporating feedback in
quick iterations. Small and self-contained,
microservices are quite amenable to
frequent and fast development cycles.
Continuous Improvement and Deployment. Since microservices can be updated
and tested independently, developers can,
and should, make continuous improvements. DevOps—which emphasizes
automation in the software lifecycle—can
greatly speed up testing and development.
This enables teams to continually adapt
their microservices to changing require-
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experience. Another is looking outside the
company, outsourcing work to third
parties or recruiting new in-house talent
(or even acquiring new companies). Savvy
companies also know to get the word out
that they’re developing and deploying
microservices—which informs prospective
employees and partners that there’s
innovative work afoot, and more to come.

••

Leading from the Top. For the microservices journey to succeed, management
needs to support it every step of the way.
It’s not enough to create cross-functional
teams and embrace a fail-and-learn-fast
approach to development. Those concepts
need to be ingrained into the company’s
DNA. That happens only when senior
executives put their words—and their
weight—behind them.

Neveen Awad is a managing director and partner in the Detroit office of Boston Consulting
Group. You may contact her by email at awad.
neveen@bcg.com.
Stuart Scantlebury is a senior advisor in the
firm’s Boston office. You may contact him by
email at scantlebury.stuart@advisor.bcg.com.
Firas Sleiman is an associate director and architecture practice lead in the Washington, DC,
office of BCG Platinion. You may contact him by
email at sleiman.firas@bcgplatinion.com.

M

icroservices help companies get right
to the point. By focusing on self-contained bits of code and data—instead of intricate integrations—developers can deliver digital capabilities at the pace customers
demand and growth requires. Readily reusable, microservices can be plugged in wherever they’re needed. Like sausages, you don’t
need to know how they’re made. But instead
of heartburn, you get efficiency and speed.
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WHY AGILE WORKS
by David Ritter and Lindsay Chim

W

ork, wrote the oral
historian and master of
social insight Studs Terkel in 1974,
is about a search “for daily
meaning as well as daily bread, for
recognition as well as cash, for
astonishment rather than torpor;
in short, for a sort of life rather
than a Monday through Friday sort
of dying.”
Almost half a century later, the nature of work for many of us has
changed for the better, and the
ease of changing jobs when we are
unhappy has improved as well. But

for the link between a particular
position and the greater whole to
become obscured.
Although we often hear employees
recite broad corporate mission
statements, the way people interpret and internalize those statements up and down the management chain can make all the
difference in how engaged and effective the organization is. Far too
often, different people interpret
the same words in vastly different
and conflicting ways, and many
cannot connect what they do each

People want their jobs—and their
companies—to have meaning.
the search for daily meaning, recognition, and astonishment continues. People want their jobs—and
their companies—to have meaning, and they look to their companies’ leaders to define clearly what
outcomes they are trying to
achieve. Many leaders try to provide such clarity, of course; but as
companies become bigger, more
complex, and more global, it’s easy
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day to what the broader organization is trying to achieve. Performance at the individual, business
unit, and companywide levels can
suffer as a result.
The connection between position
and outcomes undergoes extra
stress during times of major organizational change, such as a shift
to agile ways of working. In our ex-

perience, however, this usually
happens because the company is
focusing on the mechanics of agile,
such as squads and tribes and twoweek sprints, and deemphasizing
critical principles, such as customer collaboration, customer satisfaction, and the idea that work done
with clarity produces better outcomes. Unless leaders are committed to achieving strategic clarity
and supporting the work that goes
into it, no major change—agile or
otherwise—can succeed.

Define the Outcome
How do some organizations create
consistent alignment while so
many others assume that alignment exists when it doesn’t? The
head of retail banking for a large
North American financial institution was running multiple agile pilots while he tried to figure out
what the new way of working was
all about. He dropped in on an agile sprint review one day (something we advise senior leaders to
do regularly) to check on progress.
The team’s charter was to shift
customer requests for debit card
support from the call center to the
website and the mobile app—an

important business outcome because customers’ digital experiences are generally better than their
call center interactions, and digital
support is less costly for the bank
to provide.
The team had been empowered to
work out which specific software
features, operational changes, and
promotional programs would drive
a 10% reduction in call center traffic over the following six months
while increasing customer satisfaction. The retail banking CEO asked
team members to talk about what
they were doing and why they
were doing it. To his astonishment,
every member could tell a brief
story connecting their work directly to the team’s target outcomes—
and to the bank’s overall purpose
of pleasing its customers.
He said afterward, “Now I understand why we’re adopting agile.
The clarity of focus and purpose in
that team is what it’s all about.
They’re creating value, not just delivering features. And they care
about what they’re trying to
achieve.”
Effective leaders do not leave to
chance the most important ways to
create value. They understand that
their most important job is to de-

fine the business outcome clearly
and give teams the autonomy they
need (within appropriate guardrails) to achieve that outcome.
Over time, they clearly and consistently articulate the purpose and
objectives of the task at hand, but
they do not dictate how to perform
it. Because agile depends on engendering alignment through autonomy, it provides a powerful discipline for articulating purpose.
Often companies fail—regardless
of whether they adopt agile—
when people are given ambiguous
goals or misinterpret what they are
supposed to achieve and are not
corrected. This leads to wasted resources at best and worthless outcomes at worst.

Getting to Why
We have written before about the
importance of defining objectives
and desired outcomes—the why of
what a company does—as well as
of focusing on principles over practices, putting the right leadership
in place, and establishing alignment to enable autonomy. For agile to be successful, all of these
pieces must be in place. Agile organizations are especially good at establishing “an unbroken chain of
why,” which is simple in conception but far from easy to imple-

ment. (See the exhibit.) This unbroken chain establishes links
between the business outcomes
that the company needs to achieve
and the work that individual
teams are charged with delivering.
A well-run agile process reinforces
the chain of why and defines clear
outcome metrics. Even if a company isn’t applying agile, the unbroken chain of why can still have tremendous value.
The chain of why enables agile organizations to establish proper
alignment in various ways:

••

Articulating clear purpose,
strategy, and outcomes for the
group’s output, and linking that
output to broader company
goals

••

Pressure-testing the outcomes’
boundaries in terms of scope
and interdependence, to ensure
that everyone understands the
objectives in specific terms that
they can act on

••

Inventorying and organizing
the blocks of work needed to
accomplish the specified
business outcomes

••

Dividing the blocks of work
and assigning the components

Agile Organizations Establish an Unbroken Chain of “Why?”

PURPOSE

OUTCOMES

WORK

Why do we exist as an
organization?
To create value in a
speciﬁc way.

Why are we pursuing speciﬁc
outcomes?
Because achieving these
outcomes enables us to fulﬁll
our purpose.

Why are we doing the work
that we’re doing?
Because this work directly
relates to our outcomes.

Source: BCG analysis.
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to teams that, in turn, will
coordinate with one another
and use metrics such as
objectives and key results
(OKRs) to show progress toward
the outcomes

••

Correcting course in response
to new data or direction

One of the most powerful benefits
of agile is the ability to quickly
recognize when things are going
off course and to adjust on the
basis of learning. If teams have the
right capabilities and knowledge,
and if they have internalized their
business outcomes, they can make
better decisions about what to
pursue and when to stop doing
things that no longer make sense.

C

ompanies that get agile right
see impressive results: three to
four times higher customer satisfaction and return on digital investment, for example, and reductions of 15% to 25% in development costs. Surveys show levels
of employee engagement at 90%
or greater.
Some executives fear that iterative
ways of working will mean loss of
control and, inevitably, chaos—but
the chain of why serves as the
check against this. When teams understand their purpose in customer
and business terms, and when they
act within well-defined guardrails,
the alignment provided by architecture and other standards allows
teams to innovate within defined
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parameters. Though it may seem
counterintuitive, alignment on the
basis of why actually enables autonomy, which is why agile works.
David Ritter is a partner and director, focusing on agile at scale, in the
Boston office of Boston Consulting
Group. You may contact him by email
at ritter.david@bcg.com.
Lindsay Chim is a partner and associate director, focusing on organization design and agile, in the firm’s
Chicago office. You may contact her
by email at chim.lindsay@bcg.com.

PERSPECTIVE

THE AGILE UPSIDE
IN A DOWNTURN
by Benjamin Rehberg and David Ritter

R

eports of recession have so far proved
premature, but after almost a decade of
economic expansion, most economists and
executives expect a slowdown of some kind
soon. While some just wonder when, forwardlooking managers are questioning whether
their companies are ready. And a small but
increasing number of them are turning to
agile ways of working as a high-potential tool
for maintaining resilience through the trough.

Ups and Downs
Companies historically have tended to underestimate the urgency, scale, and breadth of
responses necessary to navigate an economic
contraction. Those that are prepared, however, can win big. In the last four downturns, an
average 14% of companies increased both
sales growth (by almost 9%) and EBIT margin
(by almost 3%) in the face of challenging circumstances. Downturns present opportunities, but to realize them, companies must do
more than take a defensive stance.
Because of evolving macroeconomic conditions and a different business environment,
the next downturn will probably be quite unlike previous ones. But one thing remains unchanged: the importance of recognizing the
opportunities that arise from challenging old
ways of doing things. Agile does just that, enabling an organization to reduce operating
costs and drive better outcomes, while be-

coming nimbler and more focused on business value. Agile boosts companies’ flexibility, adaptability, and ability to deal with
change—qualities particularly well suited to
the challenges we usually see in a downturn.
Here are four benefits (out of many more)
that agile can provide in tough times.

Greater Adaptability
Downturns are times of high uncertainty, and
companies must be able to adapt quickly to
changes in their markets, in consumer behavior, and in the strategies of their competitors.
Agile’s combination of cross-functional teams,
iterative sprints, and reliance on frequent customer and marketplace feedback allows organizations to pivot and adjust much more quickly—and painlessly—than traditional corporate
bureaucracies can. Agile companies have proven to be two to four times faster in responding
to change than traditional companies.

More Effective Cost Control
In a downturn, cost control and cost reduction become top priorities. Companies applying agile principles at scale will achieve sustainable cost reduction throughout the
organization, cutting waste and low-value,
non-customer-focused activities while protecting strategic investments and maintaining
customer centricity.
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Traditional cost-cutting methodology typically mandates that the heads of organizational
silos reduce costs by 5% to 10%. Belts are
tightened, positions are eliminated, but there
is no fundamental change in how things are
done or in the ways that teams of people
work. Agile transformations do not focus first
on cutting costs. Rather, they structurally
change ways of working, with the goals of increased speed and customer centricity; almost invariably, this unlocks an average 15%
to 25% cost reduction in operations. The levers include taking out handovers, removing
coordinating roles (very often project managers and middle managers), and prioritizing
more effectively through increased transparency. Moreover, while traditional cost cutting
often results in employee anxiety and disengagement, agile transformations bring new
energy and engagement.

More Engaged Employees
Thriving in a downturn requires diligence
and skill. Engaged people and focused talent
become even more important assets. Agile is
based on the principles of employee empowerment and transparency, which lead to high
rates of engagement—greater than 90% in
employee surveys. In a business environment
where all companies need digital, technical,
and cross-functional skills, agile companies
are also more attractive to people who want
to have a broad impact while developing
their own capabilities—rather than being
pigeon-holed in a narrowly defined or singlepurpose role or position.

Successful PMI
Over the years, M&A has become a more important part of many companies’ strategic arsenal, especially as they seek to acquire new
capabilities as well as scale and market share.
High valuations have been a big hurdle, however. Downturns invariably present opportunities that did not exist or were too expensive
not long ago. But as we have written many
times before, more than half of all deals fail
to create value, and one big reason is slow or
inadequate post-merger integration. Agile as
an organizational enabler can speed and facilitate the integration of two businesses, resulting in 20% efficiency gains and high levels
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of employee engagement. Centering the integration on an agile-aligned organization can
help bridge cultural divides and focus leadership selection.

What Companies Need to Do
Now
No one knows how long we have to get ready
for a contraction, but smart companies are
preparing now. Almost every company has at
least experimented with agile pilots and
gained some experience in what agile can
achieve. For those that see agile’s potential in
a downturn, it’s time to pick one or two business units or divisions and move to agile at
scale. Companies whose businesses are vulnerable to a downturn may want to choose on
the basis of need: Which business units will
be hit hardest or fastest by a market slump?
These are a good place to start. In large and
complex companies, speeding things up
means reducing reliance on hierarchies, and
leveling hierarchies means increasing reliance
on collaboration. For many companies, this is
a big organizational and cultural change, and
implementing it takes time.

Smart companies are
preparing now for a
contraction in business.
Senior leaders can also prepare for the most
common agile traps. One is “committing” to
organizational change but not making the
kind of fundamental shifts in ways of working
that are the basis of agile. Another is redesigning the organization around agile ways of
working while senior managers continue to
do things the way they have for years. A third
trap occurs when a company shifts some
functions to agile while others keep operating
according to the old ways of working. One
more is when companies do not follow
through with critical organizational enablers
such as redesigned career paths and incentive
programs. People adopt the new ways of
working only to encounter uncertainty about
the impact these novel methods will have on
them individually as employees.

It’s also essential to get the leadership team
onboard. A key role of agile leaders is to set
and maintain strong alignment around the
overall company purpose, strategy, and priorities. Leaders need to communicate their intent, explaining both the what and the why.
They also need to let go—and do so visibly—
and thereby release teams to figure out how
to address their assigned challenges. This is a
big change and, again, it takes time for some
leaders to learn. It’s also a fact that others
never make the transition, and the sooner top
management has the chance to recognize this
and make the necessary changes, the better.

Benjamin Rehberg is a managing director and
partner in the New York office of Boston Consulting Group. You may contact him by email at
rehberg.benjamin@bcg.com.
David Ritter is a partner and director, focusing
on agile at scale, in the firm’s Boston office. You
may contact him by email at ritter.david@bcg.
com.

E

very downturn produces winners and losers. Winners get stronger in the face of
adversity; they use the challenge to build organizational strength and capability. In the
next downturn, one route to greater strength
will be through increased agility.

Boston Consulting Group | 41

VIEWPOINT

AGILE WORKS—BUT ARE
YOU MEASURING THE
IMPACT?
by Matthew Aliber, Peter Hildebrandt, Mehran Islam, Andrew Jennings, Erik Lenhard, David Ritter,
and Filippo Scognamiglio

A

gile isn’t the new kid on
the block anymore. But for
most companies, an agile transformation still feels like a leap of
faith. These transformations
require companies to redesign
organizational structures, alter
operating models, build new
capabilities, and change longestablished ways of working.
And the expectations are skyhigh—agile promises to double
speed to market, boost customer
satisfaction and quality, increase

compare the value agile teams create with the value from past waterfall work. When agile transformations are underway, we strongly
encourage the former approach,
since it is forward-looking and
leads to actionable insights. However, companies that are just starting on an agile journey or do not
yet have broad buy-in from the executive leadership team often find
themselves challenged to prove
that agile works in their organization. In this case, the latter approach is useful.

panies astray in many ways. Metrics used to track success in a waterfall context rarely translate to
an agile environment, and some
actually encourage behaviors that
run counter to agile values and
principles. Here are just a few approaches to avoid:

••

The Assembly Line Approach. If you try to measure
the impact of agile in the same
way an automaker calculates
productivity on an assembly
line, you’ve already lost. Agile
is about encouraging experimentation, not eking out every
possible ounce of efficiency.
Focusing on unit productivity
or lines of code per developer
hour, for example, is a mistake.
In agile, we seek to measure
outcomes, not just output—and
teams can pivot when they
recognize work that does not
contribute to outcomes and key
results.

••

The Hypothetical Approach.
Some companies measure agile
projects against previously
created plans. The problem is
that these plans are hypothetical and often change during

Can claims about agile’s ability to unlock value
be backed up with real numbers? Yes.
efficiency, and reduce costs. Evangelists speak of large organizations
unlocking tens to hundreds of millions of dollars in value. Can these
claims be backed up with real
numbers?
The answer is yes. Generally
speaking, there are two ways to
measure the impact from agile:
measure how agile teams deliver
value and improve over time or
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Here we touch on some of the
ways that measuring the impact of
agile can go wrong, highlight an
approach that has worked well, illustrate how companies have used
this approach—and showcase the
astonishing results they have seen.

What Doesn’t Work
Trying to measure the results of an
agile transformation can lead com-

••

••

implementation, as evidenced
by the usual flurry of change
requests and revisions. For a
fair comparison, what’s needed
is a baseline of actual projects,
not hypothetical plans.

track quality (escaped defects),
predictability (meeting sprint commitments), frequency of delivery
(reduced lead or cycle time), and
engagement of team members
(through regular pulse checks).

The Sanitized Approach. If
broad metrics are summarized
or translated for consumption
by leaders, the real story can
be diluted or obscured. Without
a single source of truth, trust
between teams and leaders can
break down. Some measures
can be aggregated to help
management get a big-picture
view, but data should be purely
rolled up from the actual
numbers, not re-interpreted.

Regardless of the metrics, it’s essential to establish meaningful
baselines. If you can’t determine
where you started, you can’t measure how far you’ve come. Many
organizations track the progress of
teams only once they’ve begun
sprinting. After working together
for a few sprints, most teams will
begin to show measurable improvements in value delivery, quality, velocity, and cycle time, all key
indicators that the agile model is
working.

The “One Metric That Matters” Approach. Focusing on
a small number of metrics can
be helpful, but one is seldom
enough to maintain proper
balance in priorities. For
example, teams that solely
track Net Promoter Score might
ignore cost, sustainability, or
other key factors.

What Does Work
Effective agile organizations establish a balanced set of measures to
track the business value that teams
create and the health and welfare
of those teams. Effective agile
teams also need these measures in
order to continuously improve.
Business value metrics are typically specific to a team’s work. For example, if a team is automating a
business process, we’d expect it to
be held accountable for reduced
errors, increased throughput, or
lower cost of execution—outcomes
that require the process to be implemented, not just delivered.
The health and welfare of a team
is typically shown by metrics that

comparable to the data from the
agile projects the company wanted
to assess. Using a quantitative
approach, this list was winnowed
down to a much smaller number
of projects—about 100—that were
similar in size, scope, cost, and
timeline to the agile projects in
question. This is not unlike the
process realtors go through when
searching for “comps” in a specific
city, town, or neighborhood as they
prepare to put a house on the
market.
The next step was to enlist experts
within the company to manually
review all 100 projects and eliminate outliers and projects with special circumstances; for example, a
team might have performed poor-

Business value metrics are typically specific
to a team’s work.
To prove the merits of agile relative to the company’s traditional
way of working, it’s generally necessary to undertake a challenging
analytical process to establish the
historical baseline. This requires
capturing the costs and timing of
past waterfall projects. But you
cannot simply download data on
all prior waterfall projects and use
that as a baseline for comparison
with agile projects. A simple data
dump will yield very little of value
because the comparisons that result will not be apples-to-apples.

ly because the leader became ill
and was out for several weeks
during crunch time. Or a team
might have performed heroically
because it worked overtime during
a holiday break. When the manual
filtering process was complete, 30
to 40 projects were left as a basis
for comparison. In the same way, a
real estate appraiser will eliminate
houses that offer an unfair basis
for comparison, such as those that
are located near high-voltage power lines or have fallen into serious
disrepair.

For a meaningful comparison of
past waterfall projects and agile
projects, companies need an approach akin to the appraisal method for valuing real estate. Here’s
how it works.

Metrics such as quality, speed, and
employee engagement from this
refined baseline and from the agile projects could then be compared directly. However, to achieve
a reliable cost comparison, further
adjustments were required to account for the variances between
the projects. The client factored in
project complexity and the need

One of our clients had data on
2,000 prior waterfall projects, but
not all the data points were
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for internal coordination, much as
a real estate appraiser arrives at a
property value by factoring in
square footage, number of bedrooms, or lot size. The client identified and quantified key drivers of
difference through multivariate regression, reviewed the results with
experts to ensure that the findings
were plausible, and adjusted the
comparisons in the baseline accordingly. This allowed for an apples-to-apples comparison of project cost and enabled the client to
quantify the productivity increase
achieved through agile ways of
working.

How Companies Are
Measuring Agile Success
Companies using this filtering
method have gained valuable—
and quantifiable—insights into the
impact of their agile transformation. Here are just a few examples.
A 55% Acceleration in Time to
Market. A top-three North American financial institution used the
filtering method to quantify the
speed of execution of agile projects and waterfall projects. The
company first identified three
phases that apply to both agile
and waterfall projects—up-front
preparation until start of development, development and testing,
and the final integration testing
and preparation for release—and
then compared each phase in the
two project types. The agile
projects achieved a 55% reduction
in time to market, driven largely
by decreases in the up-front
preparation time (of 65%) and the
development cycle time (60%).
Final integration testing and
preparation for release saw a 20%
reduction because there were no
late-stage issues and changes.
Threefold to Fourfold Increase in
Speed to Revenue. A large global

wealth and asset management
company dramatically accelerated
time to value when launching an
innovative product in the market.
In the past, product launches of
similar size and complexity using
traditional ways of working had
taken 15 to 18 months. Using
agile, the company was able to
go from product idea to national
launch in just five months. As
one top executive said, “This
speed to customer value is
unheard of in our organization
and in the industry. We beat our
top competitors—and just imagine
the P&L acceleration.”
Cost Decreases of 25%. A global
financial services company used
this method to quantify how agile
affects efficiency as measured by
project costs. First, the company

agile’s effect on the defect rate.
Using a baseline of comparable
projects, the company discovered
that products created with waterfall had 65 defects of severity 1 or
higher after release, but products
created with agile had just 34. The
company also found that 15% of
defects in waterfall projects were
the result of misunderstood requirements, compared with just
1% to 2% for agile projects.
Improved Predictability. A global
media and entertainment company looked at the schedule slippage
and budget overruns of both
waterfall and agile teams. The
average schedule slippage was 67%
less for agile teams than for
waterfall teams—just over three
months compared with almost
nine—and the agile teams consis-

Companies using a filtering method have
gained quantifiable insight into agile’s impact.
analyzed drivers of project costs
and found that the main driver
was the number of departments involved—that is, how many groups
had to work together to achieve
the objective. When compared
with the company’s past waterfall
projects, the agile pilots, which
were organized around collaborative teams empowered to make
independent decisions and move
quickly, had led to cost savings, but
the company wanted a more finely
grained view. After curating waterfall project data, aligning and refining comparable dimensions, and
adjusting for complexity, the company found that agile projects were
lowering total project costs by as
much as 25%.
A 50% Increase in Quality. A major
North American financial institution used this method to analyze
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tently delivered at or under
budget. By comparison, waterfall
teams had an average budget
overrun of 45%.
A 30% Boost in Employee
Engagement. A major bank
measured the improvement in
employee engagement by
anonymously polling teams, asking
whether team members were
“excited about the work” they
were doing, rated on a scale from
“strongly agree” to “strongly
disagree.” Before the agile
transformation, about 60%
“strongly agreed,” but the scores
increased to more than 90% after
14 weeks of working in an agile
fashion. Interestingly, the results
for agile projects fluctuated during
that period. Scores were sky-high
in the first four weeks but then
dipped for several weeks to less

than 50% (in other words, below
the initial readings) as employees
came to grips with the challenges
inherent in new ways of working.
Once employees got their feet
beneath them and began to
appreciate the benefits of agile,
engagement levels shot back up,
stabilizing at approximately 90%.

A

s more and more companies
embark on agile transformations, boards, shareholders, and
regulators will demand more
transparency from their executive
teams. They will want to know the
return on investment for the
transformations and to understand
how ROI is measured. By adopting
the filtering approach, companies
can establish quantifiable proof

points that illustrate the ways agile
is fulfilling its promise—and
pave the way to scale it across the
organization.

Andrew Jennings is a principal in
the firm’s New York office. You may
contact him by email at jennings@
bcg.com.

Matthew Aliber is a lead knowledge
analyst in the Boston office of Boston
Consulting Group. You may contact
him by email at aliber.matthew@bcg.
com.

Erik Lenhard is a partner and associate director, focusing on agile at
scale, in BCG’s Munich office. You
may contact him by email at lenhard.
erik@bcg.com.

Peter Hildebrandt is a managing
director and partner in the firm’s
Los Angeles office and leads the agile
topic for BCG in North America.
You may contact him by email at
hildebrandt.peter@bcg.com.

David Ritter is a partner and director, focusing on agile at scale, in the
firm’s Boston office. You may contact
him by email at ritter.david@bcg.
com.

Mehran Islam is a managing director and partner in BCG’s New York
office. You may contact him by email
at islam.mehran@bcg.com.

Filippo Scognamiglio is a managing
director and partner in BCG’s New
York office. You may contact him by
email at scognamiglio.filippo@bcg.
com.

Boston Consulting Group | 45

VIEWPOINT

TECH + HUMANITY:
GREATER THAN THE SUM
OF ITS PARTS
by Karalee Close

I

f today’s world were a
science fiction novel, this would
be the part where the robots, the
AI, and other slick new technologies rise up and take over everything. Or at the very least take all
of the jobs we know today. But this
is not science fiction. To be sure,
machines and algorithms are more
capable than ever. And yes, in
some cases they will replace
humans. But don’t count us out
yet. Technology and humans, it
turns out, are better together.

looked, aspects of our increasingly
digital, automated, algorithmimbued world.
What makes tech + humanity so vital? To put it simply, technology is
advancing rapidly but can go only
so far on its own. As remarkable as
AI and analytics and all the advanced new technologies we’re developing are, only people can zero
in on the right problems to solve
and the right paths to take. Only
people can unleash one uniquely

Technology is advancing rapidly but can go
only so far on its own.
I know, that sounds like something
a human would say, but hear me
out. While there is a lot of focus,
and concern, about technology
replacing humans, the real focus—
and excitement, not fear—should
be directed toward how technology
can augment humans. This
intersection of technology and
people—or “tech + humanity,” as
my colleagues and I like to frame
the conversation—is one of the
most critical, and too often over46 | BCG Technology Advantage

powerful—and uniquely human—
quality: creative thinking. And
only people can collaborate in
ways that spark new ideas and innovation. So as we continually
perfect technology, we need to
continually perfect the human
component as well.
What exactly does that mean? And
how do we do it? These are questions my colleagues and I address
on a daily basis. For us, tech + hu-

manity centers on three key
themes: augmenting humans;
building purpose, culture, and ethical approaches; and framing the
right problems.

Augmenting Humans
How can we leverage technology
to make work more interesting and
more rewarding for the people
who do it—and thereby enable
them to have a greater impact at
work and in the world at large?
For example, as AI and analytics
automate repetitive tasks, people
will be able to focus time on other
aspects of work where they can
add value that tech can’t, such as
bringing creativity and divergent
thinking to problem solving and
adding empathy to situations.
This is really about human-centered design and putting people at
the core of how we think about
digital transformation. It’s also
about changing the nature of the
work that we do and how we use
technology. This will require fundamentally new skills in many organizations and new approaches
to traditional IT.

Building Purpose, Culture, Framing the Right
and Ethical Approaches
Problems
Traditionally, businesses have
been organized as an array of silos,
with each function or area of expertise operating largely apart
from the others. This model was
developed during the Industrial
Revolution and served companies
well—in the past.
Today’s digital age brings with it
an ever-pressing need for agility,
cross-functional approaches, and
speed. Agile methodologies have
upended traditional paradigms by
creating—and empowering—
cross-functional teams. The result
has been a giant leap forward in
collaboration and the speed at
which companies can deliver new
technology. There’s still a lot of
work to do here: applying agile to
more organizations and processes
and discovering ways to spark even
greater collaboration.
Meanwhile, as AI and analytics become more central, and more critical, to organizations, it’s important
to develop agile methods regarding data and to build trust in how
and where data is used. We will
need to increase our “data literacy” and to treat data as an asset
and understand why, how, and
where it is collected.
We’ll also need to develop our perspectives in the area of ethics. A
big action step here will be addressing the bias that exists in today’s algorithms and building governance and trust regarding the
appropriate use of data.

There is a lot of technology at our
disposal. And there are a lot of
problems for technology to solve.
Technology alone does not really
drive value. It’s important to get
the matchmaking right; to focus on
the highest-impact spaces to apply
technology and the sources of real
competitive advantage. Finding
ways to point the right technology
at the right question is something
we need to get very good at—very
fast.

P

erhaps no industry better
highlights the importance of
tech + humanity than health care.
Though it’s easier than ever to
collect, store, and analyze data—
massive amounts of data—it can
take more than ten years and over
$2 billion in R&D spending to get a
potentially life-saving drug to
market—and failure rates in drug
development remain incredibly
high. At the same time, sustaining
the cost of our health care systems
is a pressing challenge.
Tech—including AI and data
analytics—will evolve to play an
important role in resolving these
issues. But the real innovation will
occur when we also change the
way we work—how we approach
the biggest questions in science
and medicine and the skills that
we apply to find answers to these
questions. This means applying
agile methodologies to help
multidisciplinary teams truly
collaborate to achieve scientific

discovery and advance clinical
practice. It means applying
human-centered design to
medicine, putting patients at the
core of care pathways. It also
means fundamentally changing
the way we work to take advantage
of technology. This—not the
technology or the algorithms—is
often the hardest part.
The idea—not just in health care
but in all industries—is to develop
and leverage the distinctly human
capability to sharpen and guide
the use of technology. Today, technical advances are appearing at an
unprecedented rate, but how we
use technology often lags well behind. By bringing technology and
humanity closer together, we can
drive innovation that brings unprecedented—and perhaps even
unbounded—impact on business
and society.
Karalee Close is a managing director and partner in the London office
of Boston Consulting Group and the
global leader of the Technology Advantage practice. You may contact
her by email at close.karalee@bcg.
com.
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