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1. INTRODUCTION

The IRES program provides undergraduate students the opportunity to
gain invaluable research experience by working closely with a graduate
student and make meaningful contributions. In this program, the students are
exposed to unique international experiences for career development and
cultural exploration.



This year, three students got the amazing opportunity to participate in
the IRES program. We were excited and lucky to have been selected to
participate in the IRES program. The IRES program lasted 9 weeks, June 28 to
September 1, 2019, where we did research at the prestigious Tsinghua
University. We were very happy to be able to participate in research at
Tsinghua University since it was one of the top universities in China. During
the length of the program, we worked with Sheriff Sadigbatcha, a Ph.D.
student from the University of California Riverside, who came with us. We
worked on the Post-Silicon Thermal Modeling and Dynamic Control Project
with Sheriff Sadigbatcha during our stay.

1.1 Undergraduate Research Team



From Left to Right: Sheriff Sadigbatcha - EE Phd. Candidate, Professor
Sheldon X. -D. Tan. - Department of Electrical Engineering at UC Riverside,
Carson Welty - CS Junior, Winson Bi - CE Senior, Cole Pivonka - CE Junior

1.2 Pre-departure

During the Spring Quarter of 2019, we met with Dr. Tan on a bi-weekly
basis to talk about the trip. We discussed the objectives and goals of the Post-
Silicon Thermal Modeling and Dynamic Control Project that Sheriff had been
working on. We also worked over the Spring Quarter in Professor Tan'’s lab to
gain more research experience to prepare us for the trip. We also met up with
Guadalupe Ruiz who was in charge of students abroad. Ms. Ruiz helped us fill
out the necessary paperwork and medical forms for us to go abroad.



2. RESEARCH

2.1 Background

For the Post-Silicon Thermal Modeling and Dynamic Control Project that
Sheriff had been working on. The research presented a novel approach for
detecting the temperature of an integrated chip. Instead of using thermal
sensors, which were sparse on the chip, this approach used a thermal camera
along with CPU and GPU metrics to develop a model that gave a thermal map
of the entire chip. Next, was to improve the chip’s performance with this new
thermal data.

2.2 Objective

e Obtain meaningful CPU metrics that correlated with the stress of the
chip and its current performance

e Obtain meaningful GPU metrics that correlated with the stress of the
chip and its current performance

e Use the CPU and GPU metrics to create a model that would give us an
accurate representation of the chip’s thermal map

e Develop a method that allows us to control the CPU’s performance

e Understand the chips current power and thermal control schemes

2.3 Result

After finding suitable programs that gave us meaningful CPU metrics
and GPU metrics. We collected CPU and GPU metrics under different levels of
stress. First we would collect CPU and GPU metrics in CSV files when the chip
was idle to have a benchmark. We then ran stress tests that included putting
both just a single core under load and all eight cores under load while we
collected the CPU and GPU metrics under those loads.
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Collecting the GPU metrics in a CSV

After analyzing the metrics, we had to feed the metrics given by these
programs to a Python program so the model could have access these metrics.
For this task we chose to use named pipes as the programs were on a local

machine.



To maximize speed, the I/0 operations were done with a C extension
which allows Python to execute C code. Which improved the python I/0
operation from 25 ms to .2 ms.

To analyze the current existing control mechanism used by the chip we
looked into certain registers that gave us an insight on this. Along with the per
core frequency, per core temperature, the power usage of the chip, log bits
that would track when a certain control mechanism was triggered as well as
100+ other metrics, we were able to gain an insight on this control
mechanism.

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
[Power CPUFreq0 cpuFreql cpuFreq2 cpuFreq3 cpuFreqd cpuFreqS cpuFreqs cpuFreq7 ThemalStatlog PROCHOT#Log CritTemplog ThermalThresholdllog ThermalThreshold2Log PowerlimitNotiLog cpuOReadout cpulReadout cpu2Readout cpudReac
1.87999207214349 3003.477 3985.686 3676.378 3900.504 3730518 3821.951 2431525 1900 29 30 2

[} 0 0 0 0 0
6.92671534306861 3387.794 3798.832 3663.336 2704.224 2267.945 1942.114 1900.594 1900 0 0 0 0 0 0 29 29 28

3.87083726020046 1900.097 1900.445 1000.62 1899.939 1900.016 1900.352 1900.602 1900 0 0 0 0 0 0 29 29 28

5.66643632773939 2365.524 1900.445 1900.62 1899.939 1900.016 1900.352 1900.602 1900 [} 0 0 [) [) ) 28 29) 28

5.00787087775232 2937.878 2655.597 2698.11 2856.379 2717.434 2668.351 2671.861 2546.938 0 0 0 0 0 0 28 29 28

5.64760782738688 2937.878 2655.597 2698.11 2856.379 2717.434 2668.351 2671.861 2546.938 3 0 0 0 [} 0 28 29 28

5.70235952809438 3863.383 3853.97 3872.487 3873.664 3841557 3807.051 1 3839.275) [} 0 0 0 0 0 28 29 28

644( 3890.035 3900.675 390131 3900.582 3000.015 3902.011 3901763 3901.262 3 0 0 0 0 0 28 29 28

0 | 894836523126 3522.833 3900.675 3901.31 3900.582 3900.015 3902.011 3901.763 3901.262 0 0 0 0 0 0 28 29 28
11_|02:04:04.230037 | 3.32893553223388 2024.665 3271553 3262.335 3144.293 3206.721 3271.128 3305.069 3305.917 0 0 0 0 0 0 28 29 28
12 [02:04:04.240158 | 2.70722546209351 2233.501 3271553 3262.335 3144.203 3206.721 3271128 3305.969 3305.917 3 0 0 0 0 0 28 29 28
13 |02:04:04.250398 | 3.01664860604866 2100.008 2125.477 2141.043 2139.109 2216.483 2153488 2109.217 2124.194 [} 0 0 0 0 0 28 29 28
14_|02:04:04.260323 | 2.36467179538415 2100.008 2125.477 2141.043 2139.109 2216.483 2153488 2109.217 2124.194 0 0 0 0 0 0 29 29 28
15 |02:04:04.270440 | 2.17986179664363 2100.085 2100.039 2100.478 2100.431 2100.012 2100.363 2100.271 2100.58 0 0 0 0 0 [) 29 30 28
16 |02:04:04.280518 | 2.12410714285714  2100.004 2100.401 2100.357 2100.398 2100.003 2100.382 2100312 2100.493 0 0 0 0 0 0 29 20 29
17_|02:04:04.200660 | 2.10365553256478 2100.068 2100.467 2100.853 2100411 2099.995 2100.402 2100.392 2100.248 [} 0 [ 0 [} 0 28 30 28
18 |02:04:04.300818 | 2.97103461958139 2100.08 2100.159 2100.009 2100.411 2099.995 2100.402 2100.392 2100.248 0 0 0 0 0 0 28 30 28
19 [02:04:04.310805 | 15.4195117109964 2100.08 2100.159 2100.009 3283.735 2617.834 3477.409 3809.174 3033.542 3 0 0 0 0 0 28 29 24
20 [02:04:04.320951 | 17.1847241585342 3801.721 3847.746 3909.057 3677.311 3940.498 3758.023 4087.069 3637.056 0 0 0 0 0 0 27 29) 24
21 [02:04:04.330983 | 18.8785157406494 3801.721 3847.746 3909.057 3677.311 3940.498 3758.023 4087.069 3637.056 0 0 0 0 0 0 27 29 25
22 |02:04:04.341200 07062174639 3802.688 3862.074 3874.781 3737.506 3884.281 35¢ 4,458 3889.929 [} 0 0 ) 0 0 27 29 27
23 [02:04:04.351202 | 13.9561891515994 8 3862.074 3874.781 3737.5 84.281 3563.458 3614.458 3889.929 o 0 0 0 0 0 27 28 26
24 _(02:04:04.361209 3780477 3523.266 3979.938 3799.638 3783931 3 837 3782.254) 3 0 0 0 0 0 27 29 27
25 [02:04:04.371258 | 7.11363184079602 3993.71 3935177 3940.506 3977.402 3984.908 3925.881 394315 3959.033 0 0 0 0 [) ) 27 29) 27
26 [02:04:04.381465 | 13.6748047840269 3909.221 3941.276 3986.731 3900.392 3943.679 3969.289 3913.073 3900.286 0 0 0 0 0 0 27 28 23
27 [02:04:04.391675 | 15.0861508132085 3567.876 3760.741 3797.203 3450.679 3611520 3697.653 3792.555 3825.764 [} 0 0 0 [} 0 27 28 25
28 |02:04:04.401574 | 19.2212502149831 3567.876 3760.741 3797.203 3450.679 3611520 3697.653 3792.555 3825.764 0 0 0 0 0 0 27 28 24
29 [02:04:04.411878 | 21.4193453547628 3550.461 3194.865 3380.021 3434.495 3533.709 3577.889 363621 3628.904 3 0 0 0 0 0 27 28 24
30 02:04:04.421733 | 16.2366214057508 3550.461 31 3380.021 3434.495 3533.709 3577.889 3636.21 0 0 0 0 0 0 2 28 26
31 Jo2 4,946 3610.122 3671.79 3640.932 3571.301 362 3473165 3868.423 0 0 0 0 0 0 27 28 27
32 [02:04:04.441866 | 15.8944949545409 4037.641 3900.346 3900.419 4057.694 4160.766 3901.507 3900.384 4113.646 0 0 0 0 0 0 2 28 26
33 |02:04:04.451887 | 16.3149441340782 4037.641 3900.346 3900.419 4057.694 4160.766 3901.507 3900.384 4113646 o 0 0 0 0 0 2 28 26
34 [02:04:04.461888 | 16.9485102979404 4072.122 3929.398 3911583 4000.759 4129.45 3912.704 3933485 4145.777 3 0 0 0 0 0 2 28 2
35 02:04:04.471956 | 6.58952484872533 4072122 3929.398 3911583 4000.750 4129.45 3912704 3933.485 4145.777 0 0 0 [) [) [) 2 28 27
36 _[02:04:04.482215 | 20.1229055785531 3628.667 3231.909 3466.938 3470.288 3864.652 3435.851 3482.989 867 0 0 0 0 0 0 2 28 25
37 [02:04:04.492283 | 21.0253526684423 3628.667 3231.909 346 64.652 3435.851 3482.9¢ 867 0 0 0 0 0 0 2 27 25
38 [02:04:04.502350 | 23.1055568838414 3744.185 3433.613 3686.053 3722.743 3876.3L 2 796.319 3796.929 o 0 0 0 0 0 2 27 24
39 [02:04:04512415 | 19, 3881.723 3777.468 3837.048 3881661 3892.056 3869.289 3876.096 3890.402 3 0 0 0 0 0 25 27 2
40 |02:04:04.522402 | 13.8231707317073 3881.723 3777.468 3837.048 3881.661 3892.056 3869.289 3876.096 3890.402 0 0 0 0 0 0 2 27 26
41 [02:04:04532617 | 16.3473497186852 3712.15 3356.957 3820182 3550.77 389163 3702.028 3503.959 3623125 0 0 0 0 0 0 2 27 25
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CSV file generated by the Python program created to monitor these metrics
To control the CPU frequency, we switched the CPU governor to user
mode. This allowed user created programs to change the CPU frequency.

Along with frequency modulation to control the duty cycle we were able to
gain a high precision of control of the CPU frequency.

3. CULTURAL EXPERIENCE

3.1 Beijing



This summer the team went to Beijing to do research and cultural
exchange. As the capital city of the People’s Republic of China, Beijing is the
second largest Chinese city by urban population and the center of culture and
education. Beijing has been China’s capital for eight dynasties, including the
Qin, Jin, and Qing dynasties. Due to its rich history, Beijing has many antique
buildings and beautiful streets that are famous and worth visiting. For
instance, the Summer Palace, which we visited the first weekend, was built
during the Qing dynasty and has been preserved ever since. On top of that, the
Great Wall of China serves as not only a global landmark but also a United
Nations Educational, Scientific and Cultural Organization (UNESCO) World
Heritage Site.

b A/,'
Wudaokou Cole on the subway

While in Beijing, the team realized that Beijing is a popular destination
for tourists from all over the world. This is due to the enticing juxtaposition of
the historic and modern. In addition to its rich cultural history, Beijing has
many Western influences. Throughout our time in Beijing, we recognized
popular Western restaurants and stores including McDonalds, Burger King,
Walmart, and Pizza Hut. The large majority of local restaurants have English
translations on their menus, and most cashiers and employees in the local
stores could speak enough English to accommodate us.



3.1.1 Tiananmen Square

Tiananmen Square is a city square in the centre of Beijing, named after
the Tiananmen which means the Gate of Heavenly Peace. Tiananmen Square
contains the Monument to the People’s Heroes, the Great Hall of the People,
the National Museum of China and the Mausoleum of Mao Zedong. The square
is famous as it is where Mao Zedong proclaimed the founding of the People’s
Republic of China on October 1, 1949. This makes Tiananmen Square a
popular destination for tourists.

Chairman Mao Zedong

There was a large amount of people waiting in line to enter Tiananmen
Square when our group arrived by subway. The foliage was well kept and the
entrance was well protected by security guards. Inside the square, we saw lots
of vendors in the public area, and gated off to the side was a military training
area. We didn'’t stay very long that day but we made sure to come back a few
more times to see all the attractions in the area.

3.1.2 Forbidden City

The Forbidden City is located right behind Tiananmen Square. In fact,
Tiananmen is the gate and main entrance to the Forbidden City. Both places



boast traditional Chinese architecture. Historically, the Forbidden City was the
imperial palace for the Ming Dynasty and Qing Dynasty. For almost half a
century, the Forbidden City served as a home for emperors and their
subordinates. The site consists of over 980 buildings and spans the distance of
180 acres. Nowadays, the Forbidden City is better known as the Palace
Museum, and allows visitors to explore the corridors of what was once China’s
most restricted palace.

Carson on the Main Bridge One of the Interior Corridors

All the buildings in the Forbidden City are topped with a yellow roof,
signifying royalty and holiness. Many of the buildings feature dragon statues
and designs, since the dragon was considered the king of all animals. Similarly,
the emperor’s wife was represented by a phoenix, since the phoenix was
believed to be the queen of all animals.

3.1.3 Summer Palace

Historically, Summer Palace is where the rulers of China would spend
their summer vacations. It is located in Northwest Beijing and only a short
subway ride away from Tsinghua University. This was our very first cultural



outing. This was also our first time riding the bus. Being one with the bus
regulars was both a humbling and unique experience.

-

Winson looking dbwn View from the top level

The Summer Palace was a site to behold. The palace was built on top of
a hill and overlooked a magnificent lake, dotted with small tourist boats. As
we walked the brick path up to the palace, we saw lots of interesting street
performers, including painters, dancers, and instrumentalists. Once we
reached the palace, we were amazed by how the traditional Chinese
architecture was so grand yet so detail-oriented. We explored all the different
levels and enjoyed the panoramic view from the top.

3.1.4 Nanluoguxiang

Nanluoguxiang is a traditional Chinese street dating back to the Yuan
Dynasty. Despite being hundreds of years old, the street is now filled with
countless different shops and eateries. Many restaurants have glass walls so
people outside can watch the cooks in action. Some of our favorite places here
included a cat-themed pet shop, a mango drink shop, a food market featuring
takoyaki, a metal-works shop, and several shops specializing in souvenirs. We
walked around for a couple hours admiring the busy culture, almost feeling as
if we time-traveled to a different century.



The main street One of the indoor food markets

Fortunately for us, we had the chance to come back. Nanluoguxiang is

located right next to Tiananmen Square, so we made sure to swing by for
more delicious food when we visited Tiananmen Square.

3.1.5 Great Wall of China

Sections of the Great Wall

The Great Wall first began construction under the Qin Dynasty by the
order of Qin Shi Huang in hopes of establishing a centralized rule and to
prevent the resurgence of feudal lords. After the Qin Dynasty was destroyed
and the Han Dynasty assumed power, the project of the Great Wall was
abandoned. Many years later under the Ming Dynasty, the emperor resumed
the construction of the Great Wall in order to protect China from Mongolian
invasions from the North.



Due to its rich cultural history, the Great Wall of China was an absolute
must-see for us on this trip. The Great Wall can be visited at many of its
locations, but we decided to visit the Great Wall at Badaling because it is the
closest location to Tsinghua University. In order to get there, we first biked to
the subway station, rode the subway to the train station, and then rode the
train for about three hours. We were fortunate to be there on a day with
overcast weather, meaning cooler temperatures but also higher traffic. The
journey to get there was long, and the lines were packed with tourists from
across the globe, but our patience was well worth it in the end. We decided to
explore the North portion of the wall, which had about 12 towers and their
connecting paths available for tourists to walk on. We were actually surprised
by the level of physical intensity needed to hike up the winding stairs of the
wall. The wall was very steep in many parts, but the high climbs only made the
views more gorgeous. From one side of the wall, we could make out the city
with its impressive towers. From the other side, we saw endless green
mountains shrouded in fog. In all, we spent about four hours hiking along the
wall, some of the most memorable hours of our entire trip.

3.1.6 National Museum of China
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The National Museum of China was located right across from
Tiananmen Square. We waited in a long line outside, which was filled with
many street vendors. There were many security checkpoints we had to go
through before being permitted to enter.

Upon entry, we decided to first visit the Historical China exhibit. We saw lots
of fossilized remains of ancient China, including pottery, weapons, money, and
art. We were very impressed with how well the items were preserved, since
some dated back thousands of years. Our favorite exhibit, we all agreed, was
one displaying all the gifts that China received from other countries. Each gift
was unique and fascinating in its own way, many being intricate art pieces or
weaponry plated with precious metals. There were other exhibits we didn’t
get the chance to see, notably the immersive tour of Van Gogh, due to the
museum’s sheer size we did not have the time to explore it all.

3.1.7 Yuyuantan Park



Yuyuantan Park is one of the major urban parks in the city of Beijing.
The park covers a territory of over 100 acres, a large amount covered by its
main lake. The history of Yuyuantan dates back to the Liao Dynasty (907 -
1125 AD) and the Jurchen Jin Dynasty (1115-1234). Beijing was the secondary
capital city of both these dynasties. As the years went by, the lake was created
by irrigating spring water, and the palace was eventually abandoned.
Nowadays, it is popular for its vast amount of cherry blossom trees and
boating opportunities out on the lake. We came here specifically for the latter,
and had a peaceful afternoon peddling our boat across the lake.

3.2 Tsinghua University



Main Building - where we worked! Island on campus

Tsinghua University is one of the top universities in China and is
especially famous for its engineering programs. The campus is so large that it
resembles a small city. It has multiple banks, supermarkets, electronic stores,
parks, hair salons, over 23 cafeterias, and anything else someone living on
campus could possibly need. There are several malls and shopping centers
located right outside campus, along with skyscrapers belonging to Google,
Sohu, and other big companies. Since the campus is too large to cover by foot,
most people choose to ride bikes or mopeds. Outside most buildings you will
see hundreds of bikes parked.

3.2.1 Apartment

Our apartment was in the South East part of the Tsinghua campus. The
apartment we lived in apartment had two bedrooms, a living room, a
bathroom, a kitchen, a balcony to hang clothes and a small common area.
Since there were three of us, we rotated who slept in the living room over the
9 weeks. Our apartment had a water boiler to sanitize the water since the
water in China is not safe to drink. We had internet but had to pay 2 RMB for
every gigabyte we were using. We ate out at the canteens or brought food
home so we did not ever cook inside the house. The bathroom was interesting
as there was no tub but simply a drain in the bathroom floor for the shower
water to drain into.



Our team was assigned to work in the East Main Building that was
located next to the Main Computer Science & Engineering Building. The
building is about a ten minute bike ride from our apartment. In the lab, each
person on the team had their own cubicle alongside many Tsinghua students.
Everyday during lunchtime, the team would go out and eat at one of the
campus canteens, or sometimes get food delivered. Every Friday, the whole
lab would bike to the on-campus Gas Filled Membrane Gymnasium to play
badminton and ping pong. It was one of our favorite activities to do in China
and allowed us to bond with the PhD students that worked in the lab.

Cole on the badminton court
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5. CONCLUSION

Our stay in Beijing has truly been a once in a lifetime experience. The time
spent in Professor Yu's lab at Tsinghua gave us a preview into how life would
be if we pursue higher education. We were able to see progress on the
research project through the work we did in the lab. During the program we
could apply the knowledge we learned as students to an outside real world
project. We gained experience in using Python and the extensive supported
libraries for the programming language.



