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“Knowledge is Power” is a dictum that has never been truer than in the present times. A
company’s value is measured not by physical assets it owns, such as factories and real
estate, but by the value of its intellectual property as evidenced by the success of Google,
Facebook, Microsoft among others (Haskel, et al., 2018). A quality education is a necessary
pre-requisite for any individual planning to be an integral part of knowledge-based economy.
The traditional model of education has been a teacher who is physically present in a
classroom and guiding students through various ideas and concepts. Unfortunately, qualified
teachers and adequate educational facilities have been perennially in short supply in today’s
world (Hackman, et al.), negatively impacting the promise of quality universal education and
upward mobility.
In the context of an Internet-connected world, it is therefore quite natural that the delivery of
education is being trialed through a multitude of other vectors. Massive Open Online Courses
(or MOOCs) have become a platform where an instructor can make his or her content
available to a very broad audience, globally even, and any individual anywhere in the world
with an Internet connection can participate in a course and interact with the best instructors.
However, MOOCs contribution is limited to providing only online lectures while the student is
left to her/his means to procure "digital assets" that include a sufficiently high-powered
computer, storage, course relevant software applications, packages & libraries, databases
and means to collaborate with her or his peers on topics of common interest.
For example, a student cannot become fluent in the art of computer programming or 3D
design/printing by listening to MOOCs lectures only if she/he does not have access to digital
assets to practice what is being preached. With ever increasing income inequality in US and
Developed World (Piketty , 2017) and with traditionally resource starved Emerging Markets,
like India, Developing Asia, Africa & Latin America, attempting to climb economic ladder by
educating their workforce, it is prohibitively expensive for most students to fund their own
digital assets the costs of which can easily reach $2000 in a typical scenario. Further, with
federal and state education budgets being curtailed (Hackman, et al.), even schools and
universities are falling behind in keeping up their IT infrastructure to support educational
requirements, particularly in high-demand STEM (Science, Technology, Engineering and
Mathematics) arena.
StratusWorX has pioneered a unique educational platform that levels the playing field by
providing:
• world-class computing infrastructure
• all STEM software applications
• access to global digital content (including online lectures from MOOCs)
• ability to communicate and collaborate with peers and domain experts anywhere in the
world to any student irrespective of their income status or location, in effect
Democratizing Education, Eliminating Digital Divide.
© 2019. Stratus Silver Lining. All rights reserved.

Page 1 of 22

WHITEPAPER

Personal Stories - an impetus for innovation
A story in STEM education: Growing up in near poverty in India due to the demise of his father
at an early age, StratusWorX Founder and CEO, Dr. Alok Sharma, came to understand that
education was the foundation for upward mobility. After completing a PhD in Electrical
Engineering at University of Wisconsin, Madison, Dr. Sharma set out for the American Dream of
working in Silicon Valley for technology companies. Bitten by the entrepreneurial bug, Dr.
Sharma went on to found two high-tech companies, both headquartered in Silicon Valley but
leveraging global talent pool across US, Europe and India, that were eventually acquired for
substantial sums by other publicly listed companies. When his daughter entered high school, Dr.
Sharma was struck by the dire shortage of qualified STEM teachers.
It is not surprising why this shortage persists. A young college STEM graduate has the choice
of either teaching or working in Silicon Valley. The pay differential between the 2 choices is at
least a factor of 4 in favor of the latter not to mention stock options which, for employees of a
successful tech start-up or a fast-growing tech company, can be worth millions of dollars. It is
no wonder that the best graduating STEM talent, by and large, chooses to join the industry as
opposed to joining highly noble, but grossly underpaid, teaching profession.
Rather than filling out the complaint form, Dr. Sharma decided to volunteer, completed
courses to qualify as a teacher and began teaching at local Title 1 high schools and a local
nonprofit focused on STEM education, the Suncoast Science Center. In addition to the
shortage of qualified STEM teachers, Dr. Sharma was soon faced with the continuing
challenge of a lack of budget for software, school computer labs without anywhere near
enough power to run compute and graphics intensive STEM software, and an inability of the
students to access the software and computing resources outside of the limited hours of the
computer lab, for example, from their homes to complete their projects.
Determined that the way out of poverty for many of these students was through education
just as he had done, Dr. Sharma launched StratusWorX (now dba StratusWorX), the first
state-of-the-art compute, storage and content platform hosted entirely in the cloud and
accessible through a single application capable of running on any ultra-cheap user device,
such as Google Chromebook or old computers that have been discarded as obsolete. With
the StratusWorX platform, the proverbial Digital Divide, fostered primarily by income
inequality, could finally be broken. Students were able to access compute, storage, digital
content, software applications and data sets from anywhere, anytime and on any device to
continue the forward progress of education not limited by the four walls of the schoolhouse or
socio-economic status.
A story in higher education: Suman Banerjee, co-founder and CTO of StratusWorX, is a
Professor in Computer Sciences at University of Wisconsin-Madison (UW-Madison) and his
journey in StratusWorX started due to challenges experienced in educating the next
generation of computer science professionals. Professor Banerjee teaches a course in the
university that focuses on mobile programming – iOS and Android. This course is in great
demand at UW-Madison and at other universities across the globe. A course of this nature
requires a lab with the most up-to-date computers that allow for the best experience in
software training. Unfortunately, building and managing a large lab with such computers is
expensive. UW-Madison did have a lab of this nature, but its size limited the enrollment to
less than 50 students in a semester. It implied that a very large number of students, an
average of over 200, who wanted to take this course had to be turned away each semester.
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Being turned away from a mobile programming and lab, of course, is a major source of
frustration for the affected students, the instructors, and the university department alike. It
was through this frustration that the higher education service of StratusWorX' platform
development was shaped. Professor Banerjee realized that in today's connected world,
diverse services are offered from the cloud then: Why not the delivery of hands-on software
instruction?
StratusWorX patented and patent-pending technologies, that make software and computing
resources easily available to every student, instructor and institution, emerged as the
panacea for this challenge. It allowed students to bring any device to the classroom, use it to
connect to StratusWorX cloud-hosted compute platform, and enable them to take advantage
of the most advanced software titles to further their learning experiences in a classroom.
Student software training, in fact, no longer needs to be limited to the classroom or a lab
alone. Through StratusWorX offering, it can happen from anywhere, at any time, thus
providing a significant bridge across the Digital Divide of education.
Using StratusWorX technology, Prof. Banerjee opened his class to over 200 students in a
single semester for the first time and we expect this capability to transform education in
computing and software, forever.

How it all works – Technology Overview
As shown in Figure 1, StratusWorX Cloud platform allows software applications, used across
academia, to be available to students anytime, anywhere using only an ultra-cheap thin
client, e.g., a Chromebook or even old computers that have been discarded as obsolete.
1. Students can use a browser or a lightweight App provided by StratusWorX to login to
their Cloud account using username/password. Upon login, they see a virtual desktop
identical to Windows 10 or Mac OS desktop.
2. Students have access to advanced software applications in Cloud, such as
Mathematica, MATLAB, AutoCAD, SolidWorks, Cadence VLSI design tools, Adobe
Premiere Pro for media processing, Android Studio for app development, NetBeans for
object-oriented programming in Java, etc.
3. Students have access to unlimited computational power and storage as Cloud
resources can be automatically scaled to meet a student’s computational/storage
requirements. A Ph.D. student will need for more resources than a high school student,
and the Cloud supports the entire spectrum of use cases.
4. StratusWorX eliminates CapEx (a student or a school or university does not need to
buy expensive computers & servers to host academic software applications) and OpEx
(there is no IT administration involved since StratusWorX centrally manages Cloud
accounts for all users)
5. StratusWorX allows App based or Browser-based streaming of lectures (from Khan
Academy, Coursera MOOC, etc.) within the Cloud-based virtual desktop while
providing access to all the software applications concurrently.
6. Unified Communication & Collaboration (UCC) - A student or an educator can
concurrently conduct UCC (IM, VoIP, Video Conferencing) with their peers or domain
experts while accessing all their software applications on their virtual desktop in the
Cloud. StratusWorX solution has been integrated into Microsoft Teams UCC platform.
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StratusWorX breaks down the barriers to quality education across geographies and income
strata.

Figure 1: Overview of Stratus Scholar system architecture
Additionally, each institution or an instructor for a course has administrative access to this
infrastructure to create student accounts, to monitor and guide student learning experiences,
and to allow for instructors and students to engage in online collaboration that emulates faceto-face interactions. Through Stratus Scholar, an institution does not even need a physical
computing laboratory, and associated IT management overheads, and students can use any
device to access “heavyweight” software applications remotely running in cloud.

Trends in Delivering Education in the 21st Century and
Stratus Scholar
Cloud technologies and cloud providers represent the single most important technology
evolution to significantly reduce the cost per user for computer hardware, software and delivery
of services. To be sure, the education sector has taken advantage of cloud technologies in
some ways, e.g., by migrating many management services to the cloud. However, significant
opportunities of cost savings remain completely untapped by the education sector. This
document outlines new strategies to reduce the cost per teacher/student through the adoption of
an appcentric, cloud-first, education platform with an explanation of a new platform from
StratusWorX that makes the process extremely simple to migrate, adopt and manage at a
fraction of the cost of on-premise approaches. This document also outlines how poorly funded,
understaffed or remote educational institutions can enable access to highly qualified educators
and the latest in software with an effect that a school in remote Kenya with only satellite access
can use the same software as that in schools in Silicon Valley.
The paper argues that a digital framework is in place to democratize access to learning by
lowering costs, increasing access to the best learning tools and improving quality of learning
and the associated outcomes among students. Educational institutions, therefore, need to
embrace the fact that students are now fully capable of learning and collaborating in on-line
environment (Mitra, 2013). Institutions that place better student outcomes as the primary
© 2019. Stratus Silver Lining. All rights reserved.
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driver of delivery of services should harness the power of accessing the best teachers on the
planet, the best new technologies in student learning and the most effective platform for
delivery of both. Professor Sugata Mitra famously posited the challenge to “help me build a
school in the Cloud” where impoverished children can collaborate and learn from each other
in “Self-Organized Learning Environments.” Professor Mitra’s observations of the ability of
learners to collaboratively learn won the highly prestigious 2013 TED Prize for innovative
thinking (Mitra, TED2013).
There will be resistance to fully understanding and harnessing the revolutionary technologies
enabling better student outcomes, of course. “The evolution from ‘sage on the stage’ to ‘guide
on the side’ [is] a radical transformation in the education paradigm. As Upton Sinclair
classically observed, ‘It is difficult to get a man to understand something, when his salary
depends on his not understanding it.’” (Global Silicon Valley Labs, 2014) But that is no
excuse for enlightened institutions, businesses who are interested in a better prepared
workforce, and anyone looking for a Return on Education to embrace technologies that act as
multipliers in better student learning outcomes. We make the following key observations.

Observation 1: EdTech offerings can readily address both teacher
shortages in general, and lack of qualified STEM teachers in particular,
while increasing better student learning outcomes.
There is a massive increase in demand for STEM subjects in the Information and Technology
Age, and a massive shortage of qualified STEM teachers. As Wall Street Journal reported,
“The teacher shortage is getting so bad across the country that tens of thousands of students
nationwide now get lessons live streamed into their classrooms. . . All 50 states and
Washington D.C., report teacher shortages, mainly in hard-to-fill areas like science, math and
special education.” (Hobbs, 2018) (Aravelo, Shawn) The downward trend is extremely troubling
as in the five years between 2011 and 2016, the number of people completing teacher
preparation programs has decreased from 210,000 to 160,000, nearly a 25% decrease.
The solution is to embrace the vast number of available on-line instruction from some of the
best instructors on the planet and couple this with software and learning tools all in one
application downloadable to any number of individual devices.
Typically, the answer to the teacher shortage has been to increase pay. While the market
(and taxpayers) may respond to the lower supply and higher demand with an increase in pay,
School Districts have had a very hard time getting additional funding through voters or bond
issues. To acknowledge the reality of difficulties in increased funding, technology that not
only reduces costs but leads to better student outcomes can and should be embraced.
“Despite spending more than almost every other country in the World per student in elementary
and secondary school, U.S. 15 and 16-year-olds ranked 36th among nations for their academic
aptitudes.” (Global Silicon Valley Labs, 2014)
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Figure 2: Trends in certified teacher availability
Thought leader and leading TechEd investor, Global Silicon Valley (“GSV”) has termed the
“Return on Education” to address the issue of maximizing the return (student learning
outcomes) on education investments (taxes, bonds, tuition, etc.). The GSV “Return on
Education” formula seeks to optimize the selection of content, applications and platform by
evaluating three factors --- quality of content, improving access to high quality of content, and
increasing professional capacity of instruction.
Today, there exists a vast multitude – more than 100,000 -- applications, learning
supplements, on-line instruction, and new technologies from which to choose. Cloud-based,
virtually hosted technologies, such as the Stratus Scholar platform, help to customize these
choices while permitting a “bring your own” content and software platform for maximum
flexibility to the educator closest to the students who now can digitize the classroom while
maintaining direction over the curriculum.

Observation 2: The ongoing revolution in digitally delivering learning
content to students.
If you have a child in K-12, it is almost certain you have experienced Khan Academy. Khan
Academy began a digital revolution in education that has seen and will continue to see
unprecedented disruption. Indeed, it can be argued that Salman Khan made the greatest
contribution to public education since Horace Mann by making best-in-class tutorials
available free to anyone in the world. What was said of Horace Mann’s free public-school
movement in the US, could be equally said of Salman Khan’s universal, global, free
education movement he started in 2005:
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“No one did more than he to establish in the minds of the American people the
conception that education should be universal, non-sectarian, free, and its aims
should be social efficiency, civic virtue, and character, rather than mere learning or
the advancement of education ends.” (Cubberley, 1919)
Salman Khan’s story is well known from TED Talks to 60 Minutes and hundreds of
interviews. Salman Khan, a graduate of MIT and Harvard, was working as an analyst for a
hedge fund when his 12-year-old cousin asked for help with middle school math. Sal Khan
used Yahoo! Doodle Images to tutor her. This spread by demand through family and friends
of family and eventually he migrated his tutorials to YouTube.
From these humble beginnings in 2005, Khan Academy has expanded to include more than
20,000 videos and has branched beyond STEM subjects into history and financial literacy
amongst many others. The 20,000 plus lectures have also been translated from English into
thirty different languages including Spanish, Portuguese, German, Hindi, Turkish, French and
Bangla while being partially available in 26 other languages. 1 In 2017, in just 13 years, Khan
Academy reported 60 million users worldwide (Khan Academy, 2017). Eric Schmidt, the
Chairman of Google, referred to Salman Khan as “the World’s most important teacher.”
Salman Khan may not be the ideological founder of the movement to democratize education
across the world but surely he is its greatest execution and implementation engine.

Figure 3: Khan Academy Dashboard for Algebra Basics - Foundations

See, https://khanacademy.zendesk.com/hc/en-us/articles/202483750-Is-Khan-Academy-available-inotherlanguages- Retrieved on October 25, 2018.
1
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From Salman Khan’s original push of providing free, top quality learning aids, ITunes U
followed with thousands of free and curated learning content applications and in February
2013 announced that it had just exceeded one billion downloads. 2 Following and running in
parallel (and available on iTunes U in many cases), universities began offering MOOCs,
Massive, Open, Online Courses, featuring the same content and substance that one could
get in the front row of a lecture at MIT, Oxford or Harvard. As MOOCs evolved, different
platforms began to aggregate the content. For a small – relative to the tuition fee – one gets
to audit or certify a course or get a specialization certificate. The most prominent of the
MOOC platforms are Coursera, edX, Udacity, FutureLearn,
iversity, and Cognitive Class. 3
To demonstrate the growth and user adoption of on-line learning, Coursera was started by
Stanford Computer Science professors Andrew Ng and Daphne Koller a mere seven years
ago with only Stanford computer science courses. Coursera has now expanded to 25 million
registered users and has content from 150 universities and 30 countries. From Khan
Academy videos to Google Expeditions,4 which provides field trips to locations all over the
world in an Augmented Reality learning experience, the technology available to teachers and
learners is enormous.

Figure 4: Google Expeditions Landforms and Coral Reefs Augmented Reality

Observation 3: The growing importance and evolving role of educators in
the digital transformation of education.
A US Department of Education report indicated that one-on-one tutoring in elementary school
students resulted in students progressing two grade levels in a given subject in the course of
an academic year – double that of a non-tutored student (Learning Lamp, 2015). Veterinary
students at the University of Leon in Spain showed significant improvement through on-line
tutoring showing those who worked with an on-line tutor passing the first term exam at a rate
of 74.4% as compared to the group without a tutor at 50.4% (Garcia Iglesias, 2018). On the
theory part of the exam, 90.7% of the on-line tutored group passed the exam as compared to
“Apple’s iTunes U educational content downloads top one billion.” AppleInsider Staff February 28, 2013. Available
at https://appleinsider.com/articles/13/02/28/apples-itunes-u-educational-content-downloads-top-one-billion
3
“The Best MOOC Platforms of 2018.”
Reviews.com (Reader Supported). Available at
https://www.reviews.com/mooc-platforms/ Interestingly, the popular Canvas platform was eliminated as the
4
authors
considered
in
an
“aggregator”
that
redirects
to
other
platforms.
https://edu.google.com/expeditions/#about
2
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75.2% of the group without a tutor. From the Department of Education report and the
University of Leon study two conclusions can be drawn. First, individualized learning is key to
massive improvement in learning outcomes. And, second, this is equally applicable to young
learners and university students. Stratus Scholar, which enables a student to collaborate
with her/his peers and subject matter experts worldwide, coupled with in-class educator and
curated content, replicates such a one-on-one tutoring environment.

Observation 4: The available selection of content is too wide, too vast and
too quick to change to include and modify curriculums on an annual basis.
The justifiable criticism from school administrators and teachers is that it seems every month
they are targeted with the “next greatest, must have, application.” This is justifiable due to
both the number of available applications and the spending power of schools. For example,
a September 2018 review of the Apple App Store showed that of the 2.2 million apps
available to download, 8.5% were education applications. That is 187,000 education
applications available for download from the Apple App Store alone. 4

Figure 5: Education Apps in Apple App Store
With all the available applications, how do administrators and teachers decide what works
best? 5
Self-select should be the answer. Incorporating Khan Academy lessons with the
Distinguished Educators Courses from Apple, or any combination of the available lessons
that permit the educator to facilitate the in-class lectures.
Acknowledging that learners vary widely in ability, motivation, work ethic, and every other
personality trait is a truism. The educator in the new digital environment, the person
interacting with the students on a day-to-day basis, will be the one person who can ensure
the best student learning outcomes. Recognizing this fact, the Stratus Scholar platform
permits the educator to choose from a curated yet diverse list of software and supplemental
“The most popular Apple App Store categories by categories in September 2018, by share of available apps.”
Statista. Available at https://www.statista.com/statistics/270291/popular-categories-in-the-app-store/
5
There’s even an App for that: “Evaluating Apps for the Classroom” made for iBooks . . .
4
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content while also permitting the educator to add in his/her own recorded lectures and
content or bringing his/her own desired content that is not in the catalog. The importance of
the StratusWorX platform is that the educator, on the ground, in the classroom, chooses what
is best for her/his class, student and curriculum. The Stratus Scholar platform also
overcomes the limitations of Khan Academy, iTunes U and MOOCs by adding in the critical
components of compute and collaboration in a single environment.

Figure 6: Screen Shot of Stratus Scholar catalog sampling

Observation 5: Ubiquity of diverse mobile devices available with students of
all ages.
From 2015 to 2018, Pew Research Reports that US teenager access to mobile phones
increased from 73% to 95% and this is nearly universal across gender, race and income
level.
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Figure 7: “Teens, Social Media and Technology.”
Source: By Monica Anderson & Jingjing Jiang. Pew Research Center. Available at
http://www.pewinternet.org/2018/05/31/teens-social-media-technology-2018/

Equally importantly, 89% of teenagers whose household income is in excess of $30,000 have
access to a home computer. It is also clear from the Pew Research survey that teenagers
are engaging with online media. That 85% of US teenagers engage with YouTube
demonstrates that teenagers have embraced a digital engagement culture, and specifically a
digital, content-based platform.
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Figure 8: Digital engagement among US teenagers
Thus, the evidence demonstrates a ubiquity of computers and smartphones, a ubiquity of use
of digital media by teenagers and an abundance of learning content. The evidence of better
learning outcomes from a personalized learning experience coupled with the availability of
vast choice in content, software and applications combines to demand a new approach to
achieving a Return on Education by embracing the digital transformation of the learning
experience.
With the Stratus Scholar platform, the challenge of what type of computer or smartphone the
teenagers have access to becomes completely irrelevant. Whether the home has a six-yearold desktop running Windows 7 or an iPhone 4, the StratusWorX platform has all compute
and storage hosted in the Cloud so that the compute power or OS running on the device is
irrelevant. The only item needed is Internet access. Only 16% of US households lack
Internet access of some kind. Thus, the technology and timing are ripe for digital
transformation of the brick and mortar schoolhouse.
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Figure 9: Percentage of Households in the US in 2017, by Internet Subscription
Source: Statista. Available at www.statista.com/statistics/185602/broadband-and-dial-up-internet-connection-usage-inthe-us/

Observation 6: The time is ripe for educational institutions, their IT
administrators, parents and students to embrace the cost savings, ease of
administration and choice of devices enabled by Stratus Scholar cloudbased learning environment.
Businesses have been embracing the migration to cloud based infrastructure for a number of
years. The adoption of a cloud-first or multi-cloud strategy by businesses is based on the cost
savings, increased redundancy, workforce mobility, device independence and adaptive
security paradigms. Unfortunately, educational institutions have been slow to adopt cloud
strategies.
“Cloud computing also offers users more storage space and improved access to data,
especially for students’ laptops and tablets, many of which are now being issued by
K-12 districts in one-to-one technology implementations. [Cloud computing] levels the
playing field between districts with deep financial pockets and those pinching their
pennies. But despite the benefits, a sizeable percentage of IT professionals in K-12
have cold feet over making the switch. It’s time for K-12 admins to warm up to the
idea” (Patnoudes, 2017)
A major challenge to the migration, according to a Gartner survey, is that “many IT
professionals in charge of infrastructure and operations have a difficult time understanding
how cloud computing works, and consequently struggle to develop strategies to reap the
technology’s benefits.”
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With the benefits of cloud technologies firmly established and the challenge to adoption being
a lack of understanding of how cloud works, Stratus Scholar steps in to take the complexity
out of the migration to a digital classroom based on a multi-cloud architecture. With the
StratusWorX platform, the IT Administrator merely points and clicks to launch the software
applications, the learning management systems and digital content that the institution is using
or would like to use. If the institution has existing licenses, StratusWorX’ license manager will
permit easy migration of these to the StratusWorX platform. The IT Administrator can set-up
different user groups, such as for different courses and classes, based on input and
selections from the educators. Students are matched to the classes through any one of
existing systems, the most popular using Active Directory profiles. On the student’s first day
of class, the student is emailed an application that provides access to all the learning content,
software, LMS, and school information. That application can be loaded on any device,
including multiple devices irrespective of their OS (iOS, Windows 10, MacOS, Chrome OS to
name a few).
This new paradigm for delivery of content, software and applications to students supports
drastic decreases in IT support costs at educational institutions. This paradigm supports
BYOD for schools or the purchase of ultra-thin devices, e.g., inexpensive Google
Chromebooks, as compared to, e.g., expensive iPads. In summary, this ensures that an
institution does not need to provide an expensive laptop or tablet to their students for their
work, and yet they can ensure the students with access to the best computing capabilities.

Figure 10: School hardware and software budgets
Source: https://www.prnewswire.com/news-releases/k-12-market-research-finds-school-hardware-and-software-budgetsonrise-300202846.html
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Salient Technology Features
"The whole complexity lies in the simplicity" – Plato
StratusWorX has developed techniques that significantly improve the experience of users
when interacting with cloud-hosted virtual machines running different software applications. In
particular, StratusWorX has designed software toolkits that addresses unique challenges in
this environment.
StratusWorX facilitates low-latency interactions between highly dynamic and interactive
software running in cloud-hosted virtual machines and being rendered on end-user device
located in educational institutions, in homes and cafes, or in any other location where
students may want to interact with such software. This requires careful interaction between
techniques for encoding rendered screen images for applications, network transport
techniques, wireless interference issues, and interactions with display functions in end-user
devices. The StratusWorX solution also intelligently replicates the cloud-hosted services
across diverse data centers that are available from any cloud provider, to minimize latency
and enhance performance for end users.
Through these innovations we expect the StratusWorX’ cloud-hosted application platform to
be the best-in-class, especially for various high-end usage scenarios that depend on
interactivity and dynamism in rendering content for end users. We describe a subset of these
issues in turn.
Challenges of cloud-based highly dynamic applications: While many applications running in a
remote desktop over a cloud-hosted server work quite well in today’s settings, some highly
dynamic applications, especially those that can transform STEM education, have significant
challenges. To use an example relevant today, consider a student who wants to learn how to
dynamically edit videos using the Adobe Premiere software suite, which requires a high level
of video interactivity between the application and the user. In the proposed cloud setup, the
application runs in a virtual machine instantiated in physical server located in a data center.
The visual display is generated in the virtual machine and then streamed to the client device
(local machine of the user), which maybe running a different OS (Chrome OS in the example
in Figure 11). Since the pixels rendered on the client’s screen are similar to a video stream of
the actual display of the virtual machine, the experience of the user is a function of how good
a video streaming service is implemented in the transport protocol carrying the pixel data. In
our current experience, in very dynamic applications like Adobe Premiere, the user
performance is not always as smooth and limits the experience of the end user. These
examples assume significant importance for the educators and students using highly
demanding and interactive applications.
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Figure 11: Graphics intensive Adobe Premiere Pro on a Chromebook

Through a combination of technical innovations, including improving display change
prediction, more sophisticated stream prioritization and coding techniques in data delivery, in
better managing wireless interference in last hop of the system, and in more intelligent
placement of virtual machines across heterogeneous servers and data centers, StratusWorX
delivers a solution that can easily migrate the expensive, on-premise IT infrastructure
(computer, storage & software applications) to highly cost-effective, yet high-performance,
cloud environment.
Improving streaming of dynamic applications from the cloud
As image and video content continue to improve in quality, visualization tasks, for example,
video editing, 3D design & printing, mobile game development to name a few, are requiring
more computing resources. In recent years, cloud computing has provided the ability to make
use of high-performance computing resources without the need to worry about purchasing,
maintaining, and managing the infrastructure which is required for such computing resources.
Because of these advantages, tasks related to visualization which are computationally
intensive greatly benefit from making use of cloud computing. In order to provide access to
computing resources, a cloud provider will, at the request of a student/educator, create a
virtual machine with specified resource limits, which the student/educator can connect to via
a remote login application. Remote Desktop Protocol (RDP) is the popular protocol for
connecting to remote machines [AC17], and as such will be our focus. While this works well
for rendering high quality static images, users who wish to interact with high quality videos &
graphics can still experience a large amount of jitter. The reason for this is not simply due to a
lack of computing resources
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Figure 12: Implementing highly dynamic apps in the Stratus Scholar cloud
used for rendering videos, but rather large amount of jitter when the frames in the video are
being transported over the Internet. One potential solution to this problem is the use of delay
buffering. Delay buffering is a common technique which many video streaming services use
to combat the effects of network jitter [CT99]. Unfortunately, using delay buffering for RDP is
not quite as simple as it is for a video streaming service like Netflix. This is because
fundamentally, delay buffering can only reduce the impact of jitter at the cost of increasing
latency [CT99]. Since RDP is commonly used for interactive tasks, which tend to be latency
sensitive, this tradeoff is quite problematic, and for this reason, RDP currently does not use
delay buffering.

StratusWorX Approach. We approached this problem in two parts as
described below.
1a. Intelligent buffer management and data transmission strategies: In order to reduce
jitter while interacting with high quality video and graphics content but without sacrificing
interactivity, we implement multiple approaches. First, is buffer only during times of low
interactivity and not to buffer during times of high interactivity. In order to differentiate
between periods of “high interactivity” and periods of “low interactivity”, user input is used
as a signal. When the server receives input, it starts marking the packets it sends to the
client (with a special bit set) to indicate that these packets are a result of user interaction.
By default, the client will buffer packets it receives from the server until it receives one of
these specially marked packets, in which case it will proceed by ignoring what has
previously been buffered and will immediately start playing from the very first packet
which had been specially marked. A second approach is to use data coding techniques
that hide network latency, especially in face of losses [KM99]. This technique essentially
collects prior data packets that are yet unacknowledged and combines them in a network
coded manner and transmits them to the client during moments of low traffic activity. It
allows the system to recover from losses without impacting delivery of new data packets
in the network.
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2a. Optimizing the wireless performance on the last hop to
the client device: The end-to-end latency and
interactivity on the path between the cloud services are
often significantly impacted by a poor wireless last-hop,
the link between the client device and its wireless Access
Point [PB15, PGB13] not only due to interference from
various WiFi sources, but also due to non-WiFi activities,
e.g., Bluetooth, cordless handsets, and even microwave
ovens [RPB11]. Leveraging patented technology of the
StratusWorX team, we have designed wireless channel
management strategies through which such interference
effects can be carefully reduced [RPB12].

In Figure 13: When high interactivity is desired by applications to identify diverse nonWiFi activities that impact the client device, StratusWorX’s patented technology allows
for an aggressive selection of WiFi performance and wireless channel parameters that
can significantly boost data traffic rate and reduce latency between the wireless Access
Point and such client devices, improving performance. StratusWorX leverages its
lightweight interference detection system [RPB11] design, tailored to low-end client
devices, API between applications and wireless layers, and transparent middleware that
uses the API to do necessary signaling, thereby requiring no change to applications
themselves.
Summary: This component combines knowledge and expertise on traffic analytics, coding
techniques, and knowledge of wireless last hop characteristics to obtain an improved
performance in end-to-end paths and meet the needs of end users in desired settings.

Cost efficient, application-aware VM (Virtual Machine) placement across
heterogeneous servers and data centers
A key aspect to performance of highly interactive applications is the latency between display
rendering in the cloud and eventually transporting this imagery to the end user device.
Hence, based on the applications running in a VM for an end-user, the placement of the VM
can play a critical role in determining overall user experience. In addition, each data center
typically has servers that are equipped with different capabilities, e.g., with different CPUs,
GPUs, number of cores, memory, and storage. In order to reduce the time of rendering
content to virtual desktop displays, sometimes specific server configurations are ideal for
some high-end applications. Of course, higher end servers come at a cost, and it is important
to choose the right server configuration based on performance requirements of end
applications. In this task we optimize the mapping of VMs to specific server configurations
and to locations across multiple data centers that balance cost and performance for end
users.
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Figure 14: Diversity in Microsoft Azure data center locations
StratusWorX Approach. In considering the optimal of placement of VMs in data centers and
in mapping VMs to specifically configured servers, a key metric is cost. A naïve brute force
solution would be to replicate each VM on the highest configured server and activate the one
that minimizes latency. As end users may occasionally migrate from location to location, it
requires the VMs to also occasionally migrate the latest state to the data center nearest to the
end user. However, VM migration is also an expensive operation in terms of overheads,
bandwidth consumed, and time required to complete the tasks.
Hence, the solution formulates this as an optimization problem with the right model that
balances competing objectives. Let us consider Microsoft Azure as an example, where
Figure 14 shows the different locations in which its data centers are available. The end-toend latency from Madison, Wisconsin, to all these data centers varies between 25
milliseconds to 300+ milliseconds.
In addition, Azure hosts numerous servers that are equipped with Nvidia GPUs labeled as NSeries machines split into two categories: NC-series and NV-series. NC-Series (computefocused GPUs) are powered by Tesla KSO GPUs and offers among the fastest
computational GPU available in public clouds. These servers expose the GPUs through
discreet device assignment (DDA) which results in close to bare-metal performance. Its Tesla
K80 delivers 4992 CUDA cores with a dual GPU design, up to 2.91 Teraflops of doubleprecision and up to 8.93 Teraflops of single-precision performance. In contrast, the NV-Series
is focused more on visualization. With this class of servers, one can use Tesla M60 GPUs to
visualize graphic-intensive workflows to get superior graphics capability and run single
precision workloads such as encoding and rendering. The Tesla M60 delivers 4096 CUDA
cores in a dual-GPU design with up to 36 streams of 1080p H.264. Example configurations of
these NV class servers are also illustrated in Figure 14, along with associated monthly costs
of using them.
A possible way to decide which data center and server to place a particular VM requires, first,
to benchmark the user experience of an application (running in a VM) as it varies based on
end-toend latency. Once such a benchmark is available, it is possible to define an objective
function of the following type: W = x.RTT + y.ServerRenderingLatency + z.Cost, where RTT
is the round trip time between the end user device and the data center, the
ServerRenderingLantency denotes the time taken by a particular server configuration to
render application content to screen and Cost is the price associated with using a given
server. The goal of our system is to find Woptimal that minimizes the above objective function
which will allow us to find the optimal data center location and the server configuration. The
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formulation allows us to determine how to weight the different parameters, x, y, and z, that
define the relative importance of each metric to the solution.
Summary. This problem required the development of an optimization framework which
monitors information on end-to-end latency between the client device and different data
centers offered by a cloud provider (e.g., Microsoft or Amazon), calculation of performance of
different high-end interactive graphical applications for different server configurations, and the
price structure for such server choices. Based on this framework, it decides where to place a
VM, while also taking into account the cost of migrating a VM from one location to another if a
user relocates (noting that the cost of migrating a VM across two different data centers is
going to be higher than otherwise).

Self-provisioning of Virtual Machines and StratusWorX Virtual Infrastructure
Management of IT infrastructure in an educational Institution, be it high school, technical
college or university, is often a bigger challenge and cost center than the IT infrastructure
itself. Management and data security are labor intensive and requires considerable skill and
understanding and, hence, trained professionals need to be tasked with this job. While
virtualizing the IT infrastructure eliminates the need of physical hardware, it does not
automatically eliminate the need for an IT staff to manage such virtual infrastructure.
Therefore, our philosophy is that the virtual infrastructure should be so easy to provision and
manage that it should obviate the need for technical personnel for such a role. With this in
mind, StratusWorX has rolled out its self-provisioning capability through which any school
administrator, teacher, student or even a parent with the most basic of computer and web
skills can create and manage the virtual cloud infrastructure.
StratusWorX approach: Today when a user logs into any cloud provider, and attempts to
instantiate a virtual machine, it requires a detailed understanding of many technical concepts,
e.g., virtualization, computing hardware and their properties, resource groups, and more.
Sometimes it might take even a trained professional many hours to understand this
framework for the first time. StratusWorX changes this status quo by creating much simpler
abstractions that are accessible to any educator, school administrator or student. Our guiding
principle was very simple:
If you are able to self-install applications from Apple App Store on your iPhone and
start using them, you should be similarly able to self-Install applications in your cloud
virtual machine and start using them!
StratusWorX developed various simplified web-based workflows through which an authorized
school IT administrator can easily self-register, and then through a few clicks, instantiate
virtual machines for a classroom or an entire educational institution. The process involves
identifying the relevant set of applications different students & teachers might need, putting
them into a “package” and then launching them. StratusWorX’ platform uses various machine
learning techniques, and combines them with specific knowledge of applications, the
underlying operating systems, and other system level parameters to automatically map such
packages to the best overall VM configuration and settings.
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Figure 15: Self provisioning portals for VMs in the StratusWorX website
We call this system, self-provisioning. The name indicates that, unlike common cloud
infrastructure, specialized personnel are not needed to provision the VMs and related
infrastructure. Instead, it can be completely done by any individual with very basic knowledge
of computers and the web.
Figure 15 provides a simplified view of this provisioning infrastructure where an authorized
school or university administrator can log in and click through to select applications, she/he
needs for educators and students. That's it! The corresponding virtual machines in the cloud
with selected applications are auto provisioned instantly and are made available immediately
for use by educators and students. The figure also shows that once provisioned, an
administrator can very easily track the usage and activities of students and educators, the
demand and utilization of various applications, their licenses, the servers, and more.
Summary: Overall, it significantly reduces the IT burden of educational institutions while
providing unlimited choice of software applications and matching auto-provisioned
computing/storage power accessible from any device, at any time and from any location, thus
improving learning, democratizing education and eliminating digital divide.

Conclusions
Providing educators, students, teachers and parents with access to a computing platform,
software applications, online digital content and an ability to communicate and collaborate
with their peers or subject matter experts anywhere in the world, even when they do not have
access to a teacher who can explain to them how to use it, can be a transformative way to
imparting education. This is an observation documented by Sugata Mitra (Mitra, 2013) (a
2013 winner of the TED prize) through repeated experiments across multiple developing
regions lacking sufficient access to qualified teachers. The experiment even illustrated that
learners were able to pick up new language skills just so they could operate the available
computer and self-teach in a group. StratusWorX' comprehensive education platform is easily
accessible to all students and educators globally, and we believe this can be transformative
in today’s digital world.
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As we all know, all disciplines today have a close interaction with computing and related
technologies and educational institutions have a great need to empower future generations in
appropriate use of such technologies. In Stratus Scholar, we have pioneered a solution that
meets this goal at a low-cost and in a way that democratizes access to this important
component of education. We strongly believe this is the pathway to the future of education in
all fields.
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