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Executive Summary
In this third and final white paper in our ACE series, we
demonstrate to the data center operator how they can use the
Digital Twin to make the decisions that affect them: can a
planned change be made without adversely affecting uptime
or resilience? If it does affect it, to what degree does it do so?
Recalling our own experiences advising data center operators
over the last decade, this paper will show you how predictive
modeling using the DT will empower you to make decisions with
confidence.
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Introduction

A

t a high level, the data center is a trade-off between three intertwined
variables: availability of IT, physical capacity and cooling efficiency (ACE).

In our previous papers, Five Reasons your Data Center’s Availability, Capacity and Efficiency
are being Compromised, and From Compromised to Optimized: An ACE Performance Assessment
Case Study, we established that mismanaging these variables causes costs to
escalate. We also proposed a method, predictive modeling, of sustainably
managing ACE in order to reach the goals of the business.
This focus on the operational flexibility and high-level goals of the business is all
very nice for the most senior levels of an organization, but what does it mean for
you, the operations team? After all, you’re the people who are the ‘boots on the
ground’; the people tasked with the actual day-to-day running of the data center.
You will no doubt have first-hand experience of tools and methodologies that
have been prescribed from above in the mistaken belief that they will improve
efficiency, or prevent downtime, or help you manage capacity. In our experience,
the majority of these actually make your job harder to do, so they eventually get
left by the wayside.

Making Your Life Easier

S

o, how is our proposal any different? What we hope to show you in this paper
is that predictively modeling using the 6SigmaDC suite’s Digital Twin (DT) will
not only fit into your day-to-day process seamlessly, but also make your job
easier and your life less stressful.
How many times have you approved a change that fit within the design rules, only
to receive a call telling you that IT service has been interrupted and that you have
to fix it, right now? Probably enough for you to think that it is just part of the job;
it’s something that comes with the territory, right? It does not have to be. It is
simply a knock-on effect of the fact that instead of managing data center
availability, capacity and efficiency as three interconnected variables, your
organization is treating them as three separate silos. In fact, they probably haven’t
been looked at together since the original design was created at the start of the
facility’s life.
Given the fast pace of change within any organization, the chances are fairly small
that the IT plans put together by the design consultant bear any resemblance to
the equipment that is actually installed in your facility today – there is a colossal
disparity between the design and the reality. Add to this IT disparity the various
energy efficiency drives which will have changed the infrastructure from the
original design, and you are left trying to fit square pegs into round holes.
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“...predictive
modeling is an
essential tool in
your fight against
downtime. We will
demonstrate how
What we intend to show in this paper, through the use of examples based on
the data from a
our decades’ worth of experience in the data center industry, is how predictive
DT can provide
modeling is an essential tool in your fight against downtime. We will demonstrate
you with crucial
how the data from a DT can provide you with crucial information that is simply
not available using any other method. Finally, we will show you how our new ACE information that
is simply not
Data Center Performance Score provides a simple way to analyze, compare and
available using
communicate the effect different options have on a very complex system.
any other method”

Adding more environmental monitoring will have helped choose which holes to
avoid and will have reduced the number of critical events, but firefighting is still
a large part of your job. A large number of those fires could be avoided if only
you were provided with the right information. This is precisely what predictive
modeling does.

What is Predictive Modeling?

P

redictive modeling is the process of using a computer model to derive
information about the future state of a system, in this case a data center.

This computer model is based on the mathematical descriptions of the physical
components within the data center. Now, that sounds really complicated, but in
reality you run models of this kind in your head all the time. For example, you
know that to work out what the current draw will be in a particular rack after an
installation, you just add the current draw of the new server to the existing current
draw of the rack. That is a predictive model. You use this model to predict whether
the breakers can handle the extra current when the server is installed and, if not,
you act accordingly.
Unfortunately, air is not as well behaved as electric current. The rules for working
out how it flows around a data center are many times more complicated than
a human can work out in their head. Here at Future Facilities, we have over 60
years’ experience in airflow modeling, and yet we still find that airflow will do
things that we do not expect! Luckily, the complicated rules needed to predictively
model airflow are exactly the kind of math that a computer loves to chew through.
This is where the DT comes in.
The DT is an accurate 3D computer model of the data center that is built
by Future Facilities’ data center engineers and is then maintained by you. It
integrates with your current data center management toolset, be that one or more
spreadsheets, or a full data center infrastructure management (DCIM) suite. The
powerful computing engine built into the DT, using well understood models of
the different physical properties of air (temperature, pressure, etc.), takes that 3D
model and uses it to work out the conditions and the state of the cooling system.
This data is then presented back in an easy-to-understand way.
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The real beauty in this system is that the DT can be set up in any way and the
conditions calculated and analyzed. This means that, as an operator, you can
investigate any scenario the data center might be faced with. This can include
future IT layouts, cooling failure scenarios, energy efficiency measures, anything!
An accurate DT gives the operations team a window into the future – you can
visualize the consequences of changes in the facility on the availability of IT, the
efficiency of the cooling delivery and the remaining physical capacity, before they
actually take place. Figure 1.
Let’s consider a use scenario: IT want to install a blade chassis in an area
designed for normal rack mount servers. Can they go ahead? The answer comes
from making the blade install in the DT, letting the computer crunch through the
numbers, then analyzing the results. If it works, then great! The install can go
ahead and you can be confident that there will be no phone calls dragging you
back to the office at the weekend. If it doesn’t work, the DT provides you with all
the information you need to communicate with all the relevant stakeholders and
work together to devise and test a solution.

What Problems does the DT Solve?

I

n the operations team of most data centers, the focus is almost exclusively on
the availability of the IT. For most readers of this paper, your current job is
probably dependent on there being no loss of IT service in the facility due to a
failure in the infrastructure. In real terms, this means that you need to ensure
that every piece of IT hardware in the facility can get enough power and enough
cooling under all circumstances. But how do you ensure that this happens?
From a power point of view, you will endeavour to provide each piece of IT
equipment with two sources of power (well, you will have given each rack two
power strips, whether the servers get plugged in to both sides is another matter!).
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Figure 1 (Above)
Take the laws of
physics and the future
configuration of the
data center, then put
them into a 3D model
of the facility. You end
up with a model that
shows the impact of
future configuration
changes on your data
center’s performance.
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And there will be schematic single line diagrams for the entire power system that
can be inspected to see any pinch points or single points of failure. The impact of
any failure or maintenance on elements in the power system can be seen.
On the cooling side, you will have a number of redundant cooling units (maybe
N+1 or N+2), which means that you can lose some CRAHs (computer room air
handlers) and still remove the heat from the facility. But, does that guarantee
that the cooling can still be delivered to all the IT? What you really need is a line
diagram for the airflow, which is exactly what the DT provides.
The Digital Twin not only models temperature and pressure, but also models
where the air goes (it’s not just about colorful temperature plots, which is all you
get from DCIM tools that claim to offer you real-time CFD capabilities!). This
means that you can use it to visualize how IT equipment is being cooled and
identify any potential pinch points or points of failure.
See pages 6 and 7 for examples of how the DT tracks airflow from the IT inlet
back to the source.

The ACE Data Center Performance
Score

H

aving read this far, you are probably thinking that the DT is going to produce
a lot of data which is going to be very time consuming to analyze – time that
you don’t really have. That’s one of the reasons we developed the Availability,
Capacity and Efficiency (ACE) score, to help condense the wealth of data
provided by the DT into three numbers and a triangle that convey, at a glance, all
the data that you want to know.
The technical details of the ACE score are explained in our other papers (see the
end of this one), but it is generated from the DT model and gives you quick insight
into:
1. Availability – How much of the IT load is available under all designed
failure conditions. Expressed as a percentage this indicates any single
point of failure in your cooling delivery system
2. Capacity – The amount of the design capacity that is available for use.
This looks into the future of the data center and tells you how far you will
be able to load your racks towards the design value before hot spots
prevent you from going further
3. Efficiency – The efficiency of the cooling delivery. You probably already
use some kind of efficiency metric (Power Usage Effectiveness (PUE)
or perhaps something more customized ), our score takes this and adds
tothe mix how efficiently you are delivering air to the IT.
© 2014 FUTURE FACILITIES LTD.
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Predictive Modeling using the DT: Before (top) and After CRAH Failure (bottom)
In this case study, the racks are being fed from a single cooling unit (top image). The operator wants to
know whether there is a single point of failure. Will the IT fall over if the cooling unit fails? This is where
the predictive part of predictive modeling comes into its own. In the DT, and with zero risk to the IT, the
cooling unit in question can be failed and you can see whether the cooling is resilient. In the DT, the
CRAH is failed and the simulation re-run: the results (bottom image) show that cooling air is delivered
from an adjacent CRAH and that the IT remains at a safe temperature for continued operation.
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Predictive Modeling with the DT: Before (top) and After CRAH Failure (bottom)
In the second example, the scenario remains the same: the equipment in the rack is cooled by a single
CRAH (top image). The operator once again wishes to know whether it would remain resilient were
that CRAH to fail. However, this model shows how the failure of the feeding unit (bottom image) would
result in the storage rack pulling in hot air between gaps in the containment. This hot air (red and
orange streamlines) originates from the exhausts of the IT in the racks opposite! This could result in
hard drive failures, shutdown of the unit or loss of data. In this case, the operator discovered this only
because they had predictively modeled it in the DT - remedial action was then taken.
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Now any proposed change to the data center can be analyzed in a very simple
manner. Input the change into the DT, and then calculate its ACE score:
•

If the availability remains at 100%, then the change can go ahead; if not,
immediate remedial action is required

•

If the efficiency is reduced, then remedial action may be required in the
medium term

•

If the available capacity is reduced, then you are aware well in advance
and can put a long-term project in place to take any corrective steps
necessary.

Does it Make Life in Operations
Easier?

T

he demands of the business override all other considerations - it is not the job
of the operations team to decide what equipment is going into the facility. All
you have to do is find a place for the deployment and ensure that it will be 100%
available. This is a pretty tall order: you have no control over the load being
installed, yet you’re nonetheless responsible for its continual operation.
Using the Digital Twin, predictive modeling and the ACE score puts some
control back in your hands. By being able to predict the impact of proposed
changes on IT availability, cooling efficiency and long-term capacity, and then
communicate them back to the stakeholders, it now becomes a business
decision to either accept any issues or work to find a solution. It is no longer
solely your responsibility to deal with the aftermath of any bad deployment
decisions made in an as-needed manner.
Let’s look at an example of this in action, one that comes straight from our
customers’ own experiences. After a recent acquisition, an organization wants to
rationalize its data centers. This means closing the old data centers owned by the
acquired company and moving any IT that cannot be decommissioned into the
newer, more efficient facilities it owns. These newer facilities were designed as
rack mount server and blade environments, whereas the acquired company was
heavily reliant on large mainframe systems. The upshot consequence of this for
the operations team is that they have to find a home for 129kW of free-standing
mainframe equipment and supporting networking in a data center that was not
designed to accommodate such equipment.
At first glance, this seems like a relatively easy task: the facility is at around
50% load, with two whole aisles of cabinets to be installed (Figure 2, p.9). The
designed load limit for each aisle is 142kW, so on paper this install shouldn’t
cause any issues at all. In many data centers, this project would be given the
green light without much further consideration. After all, the numbers are all
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within design parameters (Figure 3). But with predictive modeling as part of the
deployment process, the operations team have the opportunity to verify the plan
before giving the green light to proceed.

Figure 2 (Left)
The facility is at around
50% load, with two
whole aisles of cabinets
to be installed. Based
on the design load limit,
adding these cabinets
should cause no
problems...

Figure 3 (Bottom)
The original design
allowed for a uniform
load installed in 30
cabinets. The new
design calls for a nonuniform load across 21
cabinets. The question
becomes ‘What will this
do to cooling airflow?’.

Techspeak:
recirculation in
contained aisles

The DT is loaded up with the new mainframe equipment, as per the plan provided
by the IT team. The ACE score is then calculated (Figure 4, p.10). The results are
not good, to say the least. They show that under failure conditions, 19% of the IT
equipment in the facility would be at a very high risk of thermal shutdown. That’s
one fifth of the equipment currently installed in the facility that would no longer
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because air is a fluid
that will squeeze
through gaps of any
size, it is simply not
practical to completely
seal a containment
system (if your
containment isn’t
water tight, it’s not
air tight) and so there
will always be some
leakage path for hot
air to recirculate. In
fact, the separation of
hot and cold air means
that any recirculated
air will be much hotter,
reducing the amount
of recirculation that a
facility can absorb and
still function.
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have any resilience to cooling failure. Obviously, this is a fairly solid red light to the
proposed deployment: the stakeholders must work together to find a solution.

The Digital Twin allows operations to investigate the root cause of the problem. In
this real-life example, the cause is that, when a failure has occurred, there is too
much recirculation of hot air back into the cold aisles. In a failure, recirculation is
not a problem as long as the IT equipment remains within temperature limits.
The addition of the mainframe equipment has tipped the balance of recirculation
in the facility to a point where IT is starting to fail.
This is a fairly fundamental issue. In its current state, the facility simply cannot
accommodate the mainframe equipment and maintain 100% availability. So,
where does this leave the people who have to get this equipment installed?
Certainly in a better position than if they had found out the hard way that the
data center couldn’t support the mainframe equipment! But still, a solution has
to be found, and the DT provides the answers with zero risk (Figure 5). Options
include replacing the fans of the existing cooling units for more powerful ones,

© 2014 FUTURE FACILITIES LTD.

PAGE 10

FUTUREFACILITIES.COM

Figure 4 (Above)
While rules of thumb
and educated guesses
say ‘yes’ to the
deployment, only the
ACE score gives the full
picture of its impact.

Figure 5 (Below)
The ACE score allows
different solutions to be
quickly compared and
assessed.
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or installing in-row cooling to serve the mainframe machines as a separate cooling
zone. A third option might be to migrate the functions performed by the mainframes
onto rack-mount or blade servers that fit into the facility’s original design.
All of these options have costs associated with them; some directly to the data
center, some to the wider organization. The point is that the operations team can
make engineering assessments of all the available options, compare them and then
present their findings. It is then up to the business to choose the best way forward.
This process also gives traceability to the consequences of decisions. If the in-row
cooling solution is chosen as the way to go, then the cost to this data center’s
efficiency1 is accepted as part of that decision – it cannot be used later as a stick to
beat the operations team with.

Conclusion

W

orking in the operations team in a modern, mission critical data center is a
difficult job. With no control over the equipment being installed, yet with
complete responsibility for the infrastructure supporting it, you are often left
chasing your tail trying to maintain 100% uptime. This in turn has a knock-on
effect on the running efficiency and long-term capacity of the data center.
Implementing predictive modeling and the ACE performance score through the
use of the Digital Twin is the best way to get back in control and to start actively
managing IT service availability.
The ACE score provides an invaluable way to communicate complex engineering
conclusions to all the stakeholders in the data center. It allows you to show IT the
consequences of their actions without having to bamboozle them with science. You
can then work together to achieve your goal of 100% IT service availability.
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1
In this data center, in this particular scenario, retrofitting in-row coolers reduces the facility’s
overall efficiency. This is not a comment on the general efficiency of row-based solutions.
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Busting Myths about Predictive Modeling

I don’t need CFD if I have monitoring.
Wrong! They are complementary pieces of technology that tell you different things. It’s not a choice
between a TomTom™ or a Garmin™, it’s a choice between a dashboard or headlights (i.e. not really a
choice at all).

CFD is really complicated and requires time I don’t have!
Bzzzt, wrong again! While it is true that simulation tools can be complex, the complexity lies in the
amount of different things you can do with them. We have spent a lot of time and effort making a tool
that is really good at simulating data centers (just don’t try to use it to design a plane!). This means as
a user you do not have to worry about how to model a CRAH (for example). Our engineers have already
worked that out and told the software how to do it, so you just need to grab the right one from the
library.

I have trending. Won’t that predict for me?
No. Trending is not prediction based on the laws of physics. Instead, it is an educated guess based on
what has gone before. If you are in a casino at the roulette table and black has come up 20 times in a
row, a trend analysis would suggest that red was more likely to come up next. A predictive model based
on statistics would tell you that the odds are still no better than 50:50 (and you’ll be better off getting
another drink from the bar).
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About Future Facilities

F

or a decade, Future Facilities has provided predictive modeling software and consultancy services
to both the world’s largest data center owner-operators and to the industry’s leading consultancies.

With offices across the globe, we are unique in the marketplace; the only company offering an holistic
solution for the data center life cycle – from inception through to operation. We call this a holistic
approach ‘the Digital Twin’.

UK Corporate Headquarters

North America

1 Salamanca Street

2055 Gateway Place, Suite 110

London SE1 7HX

San Jose, CA 95110

Tel: +44 (0) 20 7840 9540

Tel: +1 408 436 7701

Fax: +44 (0) 20 7091 7171

Fax: +1 408 436 7705

Email: info@futurefacilities.com

Email: info@futurefacilities.com
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