Workshop
Cloud Chamber
Normally, I would go to visits or any workshop with other Thai students, but this time
was not the case. I saw the email for registration 4 hours after it started. I was going to give
up since these activities are always filled up after 15 minutes or so. However, it seemed like I
was very lucky, there were some slots left, so I did not hesitate to register at all. Then I got
the confirmation email and all I had to do was waiting. Since I am not a Physics major
student, I had no idea at that time what this workshop is about.
The meeting time was at 13.45, but I totally forgot about it. I sprinted out from the
office to the meeting point in just five minutes and fortunately, I made it just on time. At first
I thought that we were going to another building and needed to get on the bus, but the guide
just took us to the CERN museum. Finally we were in front of the S’Cool lab where the work
shop took place. After the introduction, the instructor explained to us what this “Cloud
Chamber” is about and the origin of its name. She encouraged us with question from time to
time. I would love to answer if I ever knew anything about particle collision. Therefore, I left
it to Physics students.

“I Have No Idea” @ S’Cool Lab, CERN
Now come to the most interesting part, it was building a cloud chamber. Basically, the
cloud is made and trapped inside the container. Whenever the cosmic ray from outer space
interact with the cloud, the line will be seen on the cloud. The length of those line can be
varied and sometimes, it is not even straight. The instructor said that this ray is free of charge
and also contribute to the research at CERN, interesting, indeed.
We were put into a group of five. After settle down and a small talk to break the ice,
we started to build our own cloud chamber. It was very simple. There were only a few
equipment needed. The first one is dry ice. Then we need a container and alcohol. Lastly, we
need a torch to observe the cosmic ray. The cloud will be made from the different in
temperature between the inside and outside of the box. The instructor even said that we could
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this at home if we want too. After setting up our own cloud chamber, we waited for the cloud
to build up inside. It did not take long before all the light in the room was turned off and the
observation began.

“The Fantastic Four and Me” @ S’Cool Lab, CERN

“Cloud Chamber, Seriously?” @ S’Cool Lab, CERN
To observe the cosmic ray, you just use to a torch and flash it to the container and
then focus on any changes that happen inside the container. This sounded so easy to me until
I tried it for myself. I was the only one in the group that did not see anything for 10 minutes.
The others were like “Wow”, “Look! Look!” and totally excited by whatever I did not see. So
I wandered around to another group hoping that I might find something. Not until I sat down
with the neighbor group. I finally saw the line! It was easier when you know what to look for.
It was really fascinating at first, but when you looked at them for long, it was not fascinating
anymore. That was when the instructor showed us the real cloud chamber. I just knew the
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reason why they did not show this to us first. This one is way better than our little chamber.
Each line could be seen clearly and there are a lot more as well. The price, though, does not
invite you to appreciate it.

“Now, We Are Talkin” @ S’Cool Lab, CERN
After that, it was time for conclusion. We discussed about the shape of each line and
the reason why it became like that. Again, I did not understand a single thing they said about
particle collision and energy emission. Even though, I might not learn any new Physics
theory from this work shop because I do not have enough foundation, I knew how to detect
the cosmic ray using kitchen wares and got three new friends. I could not ask for more!
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Experiences
Living abroad
It was not my first time living aboard. I have been to France before, so I know what it
is like to live in France, but I guess different city gave you another feeling. About 2 years
ago, I went to the city called “Laval”. My first impression of “Laval” was the size of the town
and there was nothing to do over there. Living in Laval was completely different from
Bangkok. It was so quiet during the night and nothing to do during the day. Almost
everything here is closed on Sunday and people do not speak English with you. I was
prepared for the worst this time and thought that nothing can actually give me a shock. I was
wrong. If Laval is small, St.Genis-Pouilly is tiny. And if Laval is country-like town, St.Genis
is a real countryside town with a big field and cows. Well, at the very least I can enjoy the
scene of Jura Mountain on my walk. However, it was not my first destination, though. I
arrived in Zurich, one of the most popular cities in Switzerland.

“Easy Breezy Presentation” @ PASC14 Conference
The reason I went to Zurich first was to present my poster at the PASC14 conference
which was held at the ETH Zurich, the most famous science and engineering school in
Switzerland. This city first taught us how to use transportation system in Switzerland. The
transportation system here is seamless and very impressive. It is so on time that I sometimes
hate it. If you are late for 1 minute, you have to wait for the next one. I also learned that the
normal swipe credit card cannot be used at the ticket machine. You need a pin password, so
please ask you bank for this password before you come here. Moreover, I learned it the hard
way here that I should not assume every foreigner to be able to speak English even in a big
city. Since I could not use the credit card, I needed to use coin. I asked around and find out
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that many locals were shy to speak English. However, I appreciate their help, though.
Without them, I would have missed the conference. There are two tips that I learned here.
First, you need to plan ahead of time. If you plan ahead and know what bus or train you need
to take, you can buy a day pass and save a lot of money. Another tip is try to give yourself a
gap for train transition. On the day that I arrived in Zurich, I had only 7 minutes to change the
platform. It should be fine if you know where it is and did not carry a luggage with you. Yes,
I missed the train for the first time, it was quite memorable.

“Brain Brawl” @ Lindenhof, Zurich
Then it was time to go to Geneva. Everything went smoothly. Dr. Phat came to pick
us up and bring us to CERN. The instruction on the ticket machine is very helpful as usual. I
went through several paperwork until the office was closed. Actually, summer students can
choose between staying in CERN or at a CERN hostel in France. I chose the latter due to its
cheaper price. However, it was full for the first 10 days, so I needed to stay at a hotel instead.
The other three Thai students already had their room booked at the hostel, so it was just me
walking there by myself on the first day at CERN. Here is another tip, please study a map
first. You can use google earth to help you find the way. Then you should call the hotel for
the exact location and confirmation. Again, I learned this the hard way. I looked for the hotel
on the google map, but it suggested me to walk into what I first thought to be a construction
site and should be dead end. Therefore, I asked the local. He was nice enough to let me use
his cell phone to look for the hotel on the Internet. He also thought that construction should
be a dead end as well, so he suggest me to walk back to the roundabout and go to the hotel
straight from there. I was very thankful for his help and walked on the route he suggested.
Then the rain was pouring. When I reached the roundabout, it suddenly rained hard. To make
matter worse, there is no walking path since it is a highway. So I walked with my 19 kilos
luggage and a backpack in the rain on a highway where cars were driving so fast. That was
not the end though, I needed to cross 4 lanes of road. By the time I reached the hotel, I was
soaking wet. I was so happy I made it here alive that I gave myself a treat of a nice fish dish.
Next morning, I found out that there is actually a path to walk from the bus stop to the hotel. I
could not bring myself to think that I would not have experienced the thrill of walking on a
highway in the rain, if I found this path. I just cannot be that positive all the time.
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“Country Road, Take Me Home” @ St.Genis-Pouilly

“After The Rain, Comes The Rainbow” @ Balladin Hotel
Apart from the transportation, shopping and dining here were as hard. In Geneva,
locals speak French because it is the border between France and Switzerland. This is quite
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interesting, though. Swiss people speak the language of other countries near their cities. For
example, in Zurich or the northern part, the locals speak Swiss-German. Shopping and dining
in Geneva is easier compared to France. It might be because Geneva is a big city and
multicultural. It is so famous that most people think that it is a capital city, but it is not.
However, in St.Genis, it was so hard to communicate with the locals. They just do not speak
English. For grocery shopping, it was not difficult since I just needed to say Bonjour and wait
for the amount to be shown on the screen. When it came to activities that require interaction
though, it became so difficult. There was no English on the menu. I had been in France 2
years ago, so I can partially understand and guess what it is. For others who do not know
French at all, I really know how they feel. Let’s just test your luck by order one dish
randomly and hope that it is edible for you. I advise you to find a friend who can speak
French. Everything will be solved and you will actually get a better service.

“Dining With The Local” with Kwang and Isabelle @ Zurich
The last thing that I want to mention is the lodging. In France, if you live in an
apartment, you are not allowed to hang the clothes outside the windows. Usually, when you
do the laundry, you can dry it using the dryer. I do not like dryer since it ruins the fabric, but
there was no other choice. Sometimes the clothes were still damp and you need to let it dry in
the room. My advice is to wash your clothes every week. If you think there are too many to
wash this week, you can buy one token for washing and two tokens for drying. The second
round in the dryer, put the temperature to the lowest one though, to prevent your clothes from
shrinking. You should also concerned about others. Normally, a washer and a dryer are used
by the whole apartment. Please be respectful, by taking it out once it is done for the others to
be able to use. I had heard several complaints from people I know about this. You also need
to keep your room tidy and clean. The last time I was in France, I lived in a studio and had to
clean it myself. At the CERN hostel in St.Genis though, they clean it for you since it is
already charged in you fee. However, you need to keep it tidy, or else the maid will not come
in and clean. They will actually charge you more for cleaning (I saw a notice on friend’s
door). Not only that you need to keep your room tidy, but also the kitchen. The kitchen here
is shared by tenants living on the same floor. Please keep it clean when you finish. You do
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not like to eat in a dirty kitchen and so do others. The last, but not least is try to keep quiet
during the night. Other tenants can call the police and you might have a problem.

“Tiny, Yet Tidy” @ Robert Schumann Hostel
Altogether, living aboard is not easy. Some of you might face the culture shock or
find it hard to live alone. I encourage you to keep pushing and adapting though. You have to
try to open your mind and try to understand a different mindset influenced by the culture. By
the time you come back to Thailand, you will realize that you have become more mature in
the process.
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Traveling
My internship would not be fulfilled without traveling around to see things I have not
yet to see. Do not get me wrong. I worked hard on weekdays and those trips were just my
reward. I believe that as long as you know what you are doing and be able to fulfill your role
at the workplace perfectly, there is no reason for you to hold yourself back from rewarding
yourself. As this is the combination of successful life. Traveling gives you an insight in life.
You might learn some lessons from a trip, like I did over the past 2 months and a half.
I had been to 9 cities in Switzerland and 1 town in France. My Swiss friend even said
that I had been visiting Switzerland more than 26 years of her life in just 2 months. I only
travelled on weekend and I also could not afford to stay over since it is very expensive.
Therefore, a lot of planning was done before each trip to get the best deal of the train and also
save the food cost. I only traveled in Switzerland (to save cost) and here are some tips for
you.

“Start With The Blue” @ Montreux
First of all, if you are planning to go around in Switzerland, I would suggest you to
buy a half-fare card. There are two options for you. The first option, is the card that valid for
1 month at the cost of 120 CHF and another option is 1-year card at the cost of 175 CHF.
This card enable you to travel at a 50% cost on almost any transport means in Switzerland. It
helped me save a lot of money as you can see how often that I travelled. However, if you are
planning to go to other countries in Europe, you need to buy a Euro Pass, instead. I saw my
friends went to Italy, Germany and Paris. I guessed even with the Euro Pass, it still cost a
huge sum of money, but it was once in a life time chance. There is no guarantee that you will
have a chance to come back. It is better to take it while it lasts. I believe that Euro Pass can be
purchased online from Thailand, but for the half-fare card, you only need money and your
passport photo. Fear not if you do not bring one with you, you can take it at photo booths.
The card will be sent to you in a week, but you can use it right after you pay, by showing the
receipt. Let us book the train, shall we?
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“Early Me At 8.11 AM” with Milk @ Gare Cornavin, Geneva
Secondly, there is a saying “Early bird catches the worm”. There exists the super
saving deal which you have to book it about a week early! The price is a whole lot cheaper
than usual, but comes with less flexibility. The normal train ticket will let you travel to your
destination at any time during the day, but the super saving ticket specifies the time. If you
miss that specific time, you miss the train. Usually, this time is early in the morning, like 6 or
7 o’clock. I sometimes ended up waking up early than going to work on weekends. The halffacer card can be used to get more discount, but not at 50% though. However, if you possess
a half-fare card and you plan to use other transportations which will sum up to be larger than
71 CHF, you should buy a one day pass instead. This pass is very useful! I once bought this
kind of pass to Luzern because the train ticket fare exceeds 71 CHF. I and my friends were
planning to go to Riki. We needed to take a boat and the train to go up there. With this pass,
we could go up there without additional charge. As you can see, planning is crucial. There is
no wonder why swiss people have their schedule planned out for every month. I later heard a
swiss guy that they actually planned everything out two months ahead and they are not as
spontaneous as American. Looking back to myself, I could learn a thing or two from them.
Thirdly, homemade food is always good for you (and your pocket). I actually
travelled with my friends and almost every time they brought with them homemade food. I
have to admit that I am picky about food. I like it hot and freshly made, and I cannot wake up
that early to prepare it. Therefore, I always ended up paying about 20-25 CHF more for each
trip than them. Still all I could eat was sandwich from a convenient store. It is a contradiction
indeed. Do not even think about eating at the restaurant or café. One dish would cost you
around 15 CHF, or even more expensive. If you do not want to cook and still want to save as
much money as possible, the cold sandwich is your best friend here. The price of homemade
food is considerably cheaper! One meal can cost you about 6 CHF with more nutrient and a
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bigger size. Water can be drank for free at any fountains around the town. You might pity
yourself a bit when you compare this with how you usually live in Thailand, but it is for the
better.

“Overpriced Croque-Monsieur” @ Lake Geneva

“Better Cook Next Time” @ Lake of Zug
Lastly, the rule is not there to be broken. Please respect the rule and listen to the
officer. You have your right and freedom, as long as you do not make others lose theirs. Most
of the time, these rules are created for your own safety and benefit. I had once seen a drunk
guy trying to stop the train’s door from closing because his friend had not come yet. The
officer came and let him choose whether to wait outside or get in the train. He seemed to
understand, but when the officer was gone he stopped the door again. From his action, we
were late from the schedule 10 minutes. The train schedule is also tight, if we could not get
the next train, we would have to wait for another half an hour. Finally, the train moved while
he was still hanging to the door and somebody pulled him in. Luckily, we could get on the
next train fine, but people were running to get there on time because one guy did not follow
the rule. You might said it feels so good and is exciting to break the rule. However, following
the rule can make you feel good as well, because you do not put others at risk.
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“Follow The Rule, And You’ll Not Be Fooled” @ Cruex du Van
I encouraged everyone to travel at the very least to one place when you are abroad. It
could be a fruitful experience and teach you several lesson that you cannot find in the
classroom. Travelling is not always expensive, if you do it right. You can use my tips as a
guideline to save money either to bring it back home or another trip. Please remember to be a
good tourist, though. I hope you enjoy your every trip and treasure all the good things in your
heart.

“Peace Out” with Kwang and AJ. Tiranee @ Rothorn, Zermatt
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Working
While I was a summer student at CERN, I was working on ITS clustering
implementation on GPU platform using CUDA. The working environment at CERN was
really good. I and Kwang shared an office. We had our own desktop and comfortable desks
and chairs, plus a drawer. I had seen other students’ office and I had to say that our office was
the best by far. Some of them shared a room with more than 5 people. I had seen one room
with a list of 10 names on the door. Even though, they had a room, they did not have their
own desktops. Some of them did not even have a proper office and had to work at the
cafeteria or the library. This made me appreciate what I had even more.

“My Work Station” @ 53-R-023, CERN
Talking about working culture though, I really like the working style here. There is no
one controlling you and you can try whatever you like. You just need to finish your work
before the due date. I really love this freedom. I have never work in a Thai company before,
so I really do not know the custom. However, I guessed that it would not be really easy to
find a place with this working culture. In addition, people here knows their duties. They put
their all in their work. I did not see anyone complaining about their work. This forced you to
be independent, though. Everyone is busy with their work. They might not be able to help
you or guide you all the time. Most of the time, you need to work on your own, but I guess
that is actually how you grow. Moreover, what I really like the most is the open discussion. I
does not matter how old are you, or how skilled you are, they value your opinions and are
willing to exchange theirs in a constructive way. I had seen this before in the western high
school. There is no wonder why their kids have more confidence than Thai kids. I believe that
discussion always bring out a more fruitful work. Fortunately, my department at the
university also employs this idea and let the students voice out their opinion. I believe it
made me feel comfortable to discuss openly in the meeting with others at the meeting. I was
so glad that they let me join the team meeting at CERN. It helped me in understanding a big
picture of what I am trying to achieve. Not everyone had a chance like this. However, since
this is life, I could not expect to be happy ever after.
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“Before The Meeting” @ ALICE, CERN
Working is just about completing the task you are assigned for me. However, there
are a lot of processes omitted in the word “completing”. You need to manage your time and
cope with stress when everything is not working the way you want. My advisor at CERN
were not specialized in CUDA. He can give me only ideas or general guideline. Even though,
I could study on my own, it was not guarantee that what I did was going to work. It had to go
through several trial and error. Stress was inevitable. At first, I brought the work back to the
hostel and ended up being so worry about the work that I could not sleep. Therefore, I decide
to create a time table for myself. I worked during the day, exercised in the evening and relax
before going to bed. Exercise was crucial. It put the work out of my mind and I could finally
focus on myself. I also did not worked at night, unless the matter was urgent. My quality of
life suddenly spiked up. The usefulness of time table did not stop there, I could track my
progress and had no problem planning the trip. I am really glad that I learned this for myself.
Another thing I learned was to be prepared. I lost all my one-month-worth work because the
computer suddenly malfunction and the data cannot be recovered. I had to implement
everything over again. From that moment onward, I always back up my file and always have
a backup plan. That lesson was too expensive for me and I cannot afford to let it happen
again. Even though, the working environment here forced me to be independent, but one
cannot always work alone. Socializing and communication are crucial in the workplace as
well.

“With My Advisor” with Sylvain Chapeland @ CERN
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Sometimes, it is okay to ask for help from others. The most important thing is
communication. To approach someone, you need to know the culture first and then his
personality. Thais are easy-going and reserved which are different to Europeans. They tend to
work fast and go straight to the point. At first, I was a little bit shy since I did not know them
yet. After several “coffee break”, we just know each other better. By the way, “Coffee Break”
is a norm which occurs at 10 o’clock and 16 o’clock. It is like a short break from work. I
attended it several times to meet with people in the corridor. Later though, due to the work, I
did not attend it that much but they still knock on the door sometimes to call us. Since we
know each other better, I figured that it would not be awkward if I ask them for help from
time to time. I always kept it short and straight to the point when I talk to them. Most
conversation ended in 5 minutes. This was not just because I was the one who asked, but also
for the others. However, I always added tact in the conversation. As far as I have seen,
western students do not care that much about the tact and manner, but it was acceptable there.
It might be because we were taught differently. Thais are taught to be respectful toward the
elders. In my opinion, it does not hurt to be respectful and it will actually take you further, so
why not just do it. The lesson I learned here are understanding the culture of the locals helps
you get close to them and being humble helps you get help from them.

“Paid Off” with Sylvain and Kwang @ Building 500, CERN
The experience I gained from the workplace helped me become more mature. I am
now able to plan my schedule ahead of time and can report the progress to my supervisor
whenever they asked. I also learned soft skills which are communication skill and
management skill. These skills can only be achieved outside the classroom where you have to
interact with other people and go through multiple events. I am so glad I had a chance to
work at CERN, even for a short while because this experience is priceless. The lesson you
learn may be varied, but I am sure that it will make you grow up and broaden your
perspective in life.
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Socializing
You can work on your own. You can also travel alone. However, where is the fun in
that? Do not get me wrong. I always enjoy spending time with myself either traveling or
relaxing, but I realized that it is not easy to meet people from around the world and have fun
with them like this. Surprisingly, I met a lot of people from countries that I have heard of, yet
never seen pictures like Cyprus, Molta and Lithuania. I thought that I would better take the
most out of this opportunity. Getting to know them was easy, because we are around the same
age. There were some culture barriers at first because we were raised differently and it
reflected on how we reacted. I would like to share my thoughts and tips with you as I see that
this is the most important part of the whole internship experience apart from working, of
course. Once you have friends, everything will be easier and 2 month will pass by very fast.
You can trust me on this.

“Let’s Take A Selfie” @ CERN
The only barrier that I can possibly think of that keep Thai students from foreign
students is their shyness. I have observed a lot of Thai students. Most of them just cannot
overcome their shyness and approach others. The root of this shyness is probably because
they think that their English is not good and they afraid that others will not understand them.
This is completely different from the foreign students. Even if their English is not that good,
they just gather in group and chat. Before you know it they claimed they made some new
friends. Therefore, you should do the same. All you need to do is joining the group and
introducing yourself. Once you can overcome this, you will be more confident about yourself.
Well, I understand that not everybody can do it like this in the first try. So here is my tip to
you. Since you are going to see them every day, at least, you can say hi and smile in the
morning. Smiling is universal, you know. Do not be discourage, if they do not smile back or
say hi back. They might be as shy as you. And before long, you will get yourself a big group
of friend. Or you might find this shortcut helpful, there are always people arranging the trip to
another cities in the Facebook group, you can join them and make a lot of new friends in one
go.
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Once you have got yourself friends, you might find them having activities almost
every night. If you like to have fun before going to bed, please go on ahead and enjoy the
moment. I would say this will make you blend in with them faster. However, please restraint
yourself and know the limit. You and your friends are not the only group of people in the
hostel. There were several emails from HR that they received a lot of complaints about noise
at night. Apparently, this little issue can take you to the court in France or so, the HR said. If
you do not want to stay up late, there is no need to worry. There are a lot of activities,
watching movies, gaming and even cooking. You can taste a homemade dish from all around
the way. I had tried a sweet dumpling which is typical in Slovak and a sandwich with olive
oil and some kind of powder from Syria. Both were yummy. If you do not want to stay for
long, you can always say bye and go back to your room. They will not pressure you to stay
longer. At the very least, I suggest you to join once a week as this will help you remember
their names and also help them remember you. When you start to get close to them, they
might start to ask you to go on a trip with them and that will make your stay much more fun.

“Happy” with Kwang, Milk, Pias @ Lake Geneva
Normally, there will be another two Thai students going there with you in this
internship. I would say that it is fine and understandable to be with them most of the time.
There were four of us Thai students at CERN and we happened to stay in the same hostel. We
cooked and had dinner together almost every evening. We also travelled together a lot. You
might not want to admit it, but this cause you to care less about finding new friends. I know it
is always better to talk to people with the same background. However, you should realize as
well that you do not have this chance to meet other people that often. You might miss a
chance to make a very good friend. Because of this internship, I could meet with my friends
that I had not met for seven years. One of them came from Italy for a meeting in Switzerland.
We had a very good time. Imagine that this could happen to you too and you will never
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know. However, you should not only focus on foreign friends and look over those who come
here with you. They will still be probably the first group to come at your rescue.

“International St.Genis Family” @ CERN
Finding new friends is one of the most important aspect of this internship in my
opinion. You will have a chance to learn new culture and be fascinated by the new thing you
learn. This is not to mention that you might meet a friend of a lifetime. All you need to do is
overcome your shyness and open yourself to others. And trust me, you might not want this
internship to end so soon because you still have not chat with them enough, have not traveled
together that much and have not yet done this and that together. Life is too short to be
restrained by your own anxieties and fears. Step forward and see a whole new world through
the story of others and be one to open the world for others as well.
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Until we meet again…
I could not believe that it has been almost two month already and the internship is
going to end soon. In these past two month, I learned a lot of things, made a lot of friends and
had good time with them. These experiences will always be held dear to me. Thinking back
to the first day, I came to Switzerland and found that my credit card cannot be used to buy a
bus ticket which almost make me late for the conference. That was such a good time. I had
attended my first conference here, so it was quite memorable. Then, I went to CERN and
walked in the rain on a highway to go to the hotel. I am pretty sure that I will not forget that
day because it made me believe that if I can make it through like that, I am mentally prepared
for any situation. Once my internship started, time seemed to pass by so fast.

“A Walk To Remember” @ St. Genis-Pouilly, France
Working at CERN gave me a full course of freedom. I did not have to stay in the
office at all time. I could go to the cafeteria and work, even though, I preferred to stay in my
cozy office. Anyway, I had worked on a topic that I was not quite familiar with and had to do
a lot of research on my own. It just taught me that in the real world, I should be able to
motivate myself and be independent since no one can help you except yourself. One thing
that I believe to be the most valuable lesson from CERN was actually the multi-cultural
communication skill. I had to approach different nationalities differently. It was very fun and
interesting to interact with people instead of computer that can only give me an error
whenever I compiled my program. Not to mention that CERN is full of new technologies.
Each visit that I attended broadened my knowledge. I realized how small I am in this world
and give me some inspiration to move on with my study since everything nowadays is
integrated with a computer. Each lecture I attended made me believe that I know nothing.
The world revolves around itself faster than I thought and how far I have been left behind. I
just need to catch up real fast if I do not want to be left out. CERN is a wonderland and I just
happened to work under ALICE. Calling this internship “ALICE in Wonderland” is not quite
far from the truth, is it?
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“A Sit To Remember” @ Building 500, CERN
Of course, I could not keep working without relaxing. If you work hard, you also have
to play hard to give yourself a reward, so I did just that. It had been my dream to travel in
Switzerland. There is a saying that “Nature can soothe your soul”. It is definitely the truth. I
fell in love with the green color here. The water is clear. The forest is green and left
untouched. Swiss people value old buildings and try to preserve them which is the opposite
in Thailand. Moreover, I never have though that I can actually spend hours sitting in the park
looking at the lake as the sun goes down. That moment was priceless. Not only that I learned
to appreciate the nature, I also learned planning. I always have my rough schedule planed
ahead which is just what I am going to do. I never planned in detail. With a tight schedule, I
could not afford to travel unplanned. I planned ahead from finding a ticket price to places that
I wanted to visit and the walk route. I started to understand why Swiss people are so on time.
As I have always love travelling, this internship made me fell even deeper. For me, travelling
is like you never know what you will see until you see it. Maybe I just love a surprise.

“A Pose To Remember” @ Rigi, Queen of the Mountain
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Have I mentioned about people here? They are really nice. I met people from Malta,
Cyprus, Senegal and many more. Learning about their culture and food were so fascinating. It
made my travel list longer and longer. I still missed the time we chatted in the kitchen or in
the lounge. I remembered it very well when I saw Japanese friends playing a video game.
And god, they made my jaw drop. Everyone was stunned by how they controlled it. I enjoyed
the night where we, Thai students, sang songs in the kitchen and the upstairs started to sing
back. Oh, there is one thing that I want to make it straight. At first, I thought that summer
students must be a bunch of nerds and geeks. Well, I was dead wrong. They sure do know
how to enjoy their lives to the fullest. Many of them are so good at dancing. You have got to
see how they moved at the party. However, what I value the most would be the reunion after
7 years with my two dear friends. One day and a half that I spent with them was invaluable.
That reunion will not be the last for sure. I could not believe that it still is clear to me like it
just happened yesterday.

“A Meeting To Remember” @ Intermezzo, Zug
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“Finally, A Stand To Remember” @ In the middle of the street, Geneva
If you ask me what I will remember about CERN, it would be all the time I shared
with my friends at the lunch table. Well, the food was not the main focus here, but it still
played its part. The main focus was all the laughs and worries we shared. Through happiness
and sadness, we have been together, we become friends and it is so heartwarming. Even
though, we will go on a different path in the future, I can only wish that our path may cross
someday. Then, we can share what we have been through for all those years, but I supposed
we will have to keep it until we meet again…
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Introduction
ALICE is planning an upgrade in 2018. After which, the amount of data readout from
ALICE detectors is expected to exceed 1 TB/s. Therefore, those data must be compressed
before feeding to a farm of processing nodes. “ITS Cluster Finding” is the first algorithm that
is used to reduce the data from ITS detector. The data is represented by X and Y coordinates
of hits on chips in the ITS detector. The function of this algorithm is to group the adjacent
hits together into clusters. Then the center of gravity of each cluster is calculated to represent
its coordinates. Provided that the data is fed in a continuous stream, the throughput rate
(number of event processed in a single amount of time) is the metric measuring the
implementation performance. To survey a variety of platforms, this algorithm had been
implemented on x86, GPU and Xeon-Phi. These platforms promote parallelism to increase
the overall throughput. The result will help selecting the platform(s) for the final system
design.
My scope of work during the internship was to implement and benchmark the cluster
finding algorithm on GPU using C and CUDA library. GPU is known for its overwhelming
number of processing cores. Even though those cores are not powerful compared to a typical
CPU, but with such number, the task can be broken down into small pieces and being
processed concurrently. The performance gain is distinctively high in various kinds of task
such as matrix manipulation. With a given format of data and the algorithm function, GPU
seemed to be a very good platform since the algorithm can be derived into a very fine grain
level, possibly one thread for one hit on the chip because of its massive amount of processing
cores. For example, in GTX780, there are 2304 cuda cores comparing to i7 with just 4 cores
(but, of course, more powerful). In addition, GPU was shown to be very efficient with
another cluster finding algorithm for ALICE TPC detector. This made GPU became even
more attractive and promising.
Given that GPU has a different architecture and memory management, I could not
follow the existing x86 code. Hence, new method was proposed and compared with the
existing x86 code for benchmark. This report is organized as follow. In section II, the context
of the problem is introduced and shows how GPU could be adapted to the problem with the
new implementation. In section III, the result of the implementation in comparison to the
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existing code is shown and discussion is presented to explain the outcome of the result.
Finally the conclusion is provided.
2. ITS Cluster Finding
2.1 Data Format and Structure
Cluster finding algorithm is the first reduction step in the ITS detector processing. The
data is categorized by event number and chip number. In this simulated data, there are 430
chips in a single event with each chip contains from 70 to 1000 hits. The dimension of each
chip is 650x1500 pixels. These coordinates (or hits) are read and kept in a one dimension
array with a mark to keep track of the event they belong. With an array format, it is easier and
faster to transfer these coordinates onto the GPU.
# Event 1
ChipNo.

DigitNo. Column Row

0

0

504

519

0

1

505

519

0

2

506

519

0

3

507

519

...

...

...

...

Figure 1: Data Format
There are two modes of clustering those hits; 1) Diagonal Off and 2) Diagonal On. In
this experimenting phase, only Diagonal Off mode was implemented. In this mode, hits are
grouped with other adjacent hits in four directions (up, down, left, right). In Diagonal On, the
adjacent directions increased to eight (diagonal directions included). Once every hit in the
chip belongs to a cluster, the center of gravity of a cluster is computed and this is the data that
will be kept. Figure 2 show the example of the output. This output will be cross checked with
the expected output for validation purpose.
#1
ChipNo. X coordinate Y coordinate Pixels
0

+0.4875

507

520

506

520

505

520

...

...

-0.4880

Figure 2: Output format
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2.2 Flow Chart

Figure 3: Algorithm flowchart
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2.3 Function Description
On a GPU, a barrier can block only threads in the same block. To process an event as
fast as possible, multiple blocks with multiple threads inside are launched to process a single
chip. These hits on the same chip depend on each other in the clustering process. With no
barrier, some threads might finish faster than others. Hence, there is a chance that those
threads will use incorrect data for further processing which lead to an incorrect result. Due to
this synchronization problem on GPU that can only be done in a small scale, I needed to write
small functions instead of two or three large functions. There are 6 steps in cluster finding
algorithm on GPU and they are listed below.
1. Finding Boundary
2. Pre-grouping
3. Assigning Cluster
4. Joining Cluster
5. Cluster Summation
6. Calculating Center
2.3.1 Finding Boundary
The input data are kept in a one dimensional array for transferring purpose. Only the
start and end of the event are marked. In a single event, there are 430 chips and the number of
hits in the chip is varied. This function is used to find the boundary of chips in an event, so
that once the whole single event is put on the GPU for processing, those hits will not be
mixed up and cause an error. From figure 1, the table demonstrate the boundary of each chip.
Green is for chip number 1 and so on.

Figure 4: Boundary of each chip in an event
2.3.2 Pre-grouping
This function groups the adjacent hits together. The thread synchronization in GPU be
done in a very small scale. To prevent the race condition to happen, the hits are needed to be
assigned with the initial ID first. If all hits in the chip were to be arranged in a table, it would
look like figure 5. The white squares represent the missing coordinate on the chip.

Figure 5: Adjacent hits in a group on a single chip
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2.3.3 Assigning Cluster ID & Joining Cluster
These two functions are called to merge adjacent clusters. Clusters are first marked to
be merged with another in “Assigning Cluster ID” and then merged in the “Joining Cluster”.
In order to completely merge all adjacent clusters, these two functions are executed
iteratively (average at 4 times per event).

Figure 5: After Merging groups
2.3.4 Cluster Summation and Calculating Center
In order to calculate the center of gravity of the cluster, the sum of all X and Y
coordinates is collected first with the numbers of hit in the cluster in “Cluster Summation”.
After the “Cluster Summation” process, the center of gravity of each cluster is calculated in
“Calculating Center”. Only these resulting coordinates will be used and the rest can be
discarded.

Figure 6: Cluster Representation
2.4 Optimization Approaches
Optimizing the algorithm is not a trivial task at all. Considering all constraints on
GPU, I could come up with some ideas to experiment. In this part, some of the notable ideas
are mentioned. Each approach is branched from the base line version except the pipeline
approach. It was built on the success of “Thread number reduction” approach. Please note
that the result of each approach depends on GPU types.
2.4.1 Multiple GPU
This approach is very straight forward and so the result. With this approach, the work
is distributed evenly to each GPU in the system and since events are independent, there was
no problem doing this. The more GPUs in the system, the higher throughput. However, this
approach is still futile, since there is a limit to the number of GPU that can be used.
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2.4.2 Zero Copy and Non-blocking data Transfer
This approach stemmed from the code profiling. The data movement took a lot of
time to initiate and can cause a bottleneck. Therefore, to be able to remove this part out
would result in an improved performance. Zero Copy is introduced to the context. According
to NVIDIA, Zero Copy memory is allocated on the host machine, but can be seen and
accessed by the GPU directly. Asynchronous transfer or Non-blocking communication is then
used to speed up the transferring process. Despite the convenience, non-pageable memory
which is a kind of memory that cannot be moved out of memory is needed for both methods.
The excessive use can lead to a performance degradation of the whole system.
2.4.3 Reduce the number of thread per block
Following the example in the documentation of CUDA, the kernel also takes time to
initialize the entire environment on the GPU. Hence, sometimes, using a lot of thread can
lead to performance degradation. Using a lot of thread can also prevent coalesce memory
access. Reducing the number of thread will cut down some initialization time and promote
coalesce memory access on GPU.
2.4.4 Pipelining (using stream)
There are actually three phases in kernel execution. The first phase is copying data
from host to device. The second phase is kernel execution and the last one is to copy back the
data from device to host. With pipelining, while the first kernel is being executed, the second
event can start the first phase right away. The pipelining can be extended to three phases
which is the copying from device to host. However, this feature is limited to some GPUs
only.
3. Result
Machine Specification: CERN SLC 6.5 64 bit, CPU: Intel Xeon E5-2650,
GPU: Nvidia Tesla K20Xm
Event per Second
(Hz)

Algorithm Throughput

220
200
180
160
140

Optimization

120

Baseline

100

1st version
(Higher is better)

80
60
40
20
0
Multiple GPUs

Zero Copy Less thread number Pipelining

Figure 8: Baseline versus other approaches throughput (Tesla K20Xm)
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3.1 Runtime per Kernel
In order to measure the run time per kernel, the Nvidia profiling tool is used. On
Linux based OS, it can be used by typing the following command.
nvprof ./Application_Name

The profile being used to show the runtime of each kernel was taken from the “Less
Thread Number” approach due to the fact that it processed the data in an event by event
fashion like Baseline version, but faster. The time showing here is the average time for each
kernel.
Runtime

Tasks
Finding Boundary
Pre-grouping
Assigning Cluster
Joining Cluster
Cluster Summation
Calculating Center
Overhead (data transfer, initialization, tasks
on CPU, etc.)
Total

Time (ms)
0.014
0.07
2
0.2
8
0.015

Percentage
0.1%
0.4%
15%
1.4%
62%
0.1%

2.7

21%

13

100%

The Cluster Summation process is defined as a hot spot in this algorithm. It is
inevitable for this kernel to contain a big loop because sum of X and Y coordinates and
numbers of hits in clusters are needed to be collected. I tried to use multiple blocks to speed
up the process, but it resulted in an erroneous output, because of the race condition in writing
to the memory. Some tasks are performed on CPU due to synchronization on GPU and
contributed to the overhead in the table.
3.2 Result Explanation
Figure 3 shows the runtime comparison between baseline version and other
optimization approaches. The higher the bar, the better the result. The first bar shows that
using multiple GPUs definitely boosts up the throughput by n times where n is the number of
GPUs involved in the system. However, this result is speculated from several past
experiments with the same scenarios, but low-end GPUs. Therefore, I believe that it is safe to
state that the throughput will be increased to the factor of a number of GPUs in the system.
In the second bar, no difference can be observed in the second bar. This is due to the
synchronization issue. The GPU needs time to write back on the host memory. Therefore, no
performance was gained from this approach.
In the third bar, though, there is a surge in performance. Tesla K20Xm has two copy
engines. Only one engine was used in this case. At first, I planned to use the second engine
for copying data from host to device. The step would be converted those data to zero and then
transfer it to the device. However, this approach did not show any significant improvement
over the memset function offered by CUDA library. Even though, only one copy engine were
used, the throughput was increased by a factor of four because the data transfer is overlapped.
I would like to note though, the result of this approach is varied from model to model. I have
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tried on two low-end models (NVS 300 and GT 550M), but they showed no sign of
improvement. Although, another top-tier GPU such as GTX 780 showed an impressive
throughput result at a factor of three.
The next approach is using the less thread number for each kernel. The idea is to
reduce the environment initialization time before kernel execution. While this approach did
not show the best result on high-end models such as Tesla K20Xm and GTX780, the
throughput can be gained by 50% on both low-end models. I believed the reason to be the
number of cuda cores on the device. Tesla K20Xm and GTX 780 have over 2000 cores, while
there are 16 and 64 cores on NVS 300 and GT 550M respectively.
3.3 Discussion
GPU version performs around 5 milliseconds producing the throughput of 200 Hz at
best. While, the x86 version can achieve the throughput of up to 500 Hz per thread on
ivybridge. The gap in performance is large since it will be used in an online environment
which requires much higher throughput. To investigate the performance, not only time was
used, but also profiling tool. Using Nvidia profiler, the program was shown to be able to
occupy the device for more than 80% most of the time. In this section, I would like to discuss
why this time gap occurred and how could we move closer to the target.
First of all, this task is not computing intensive, but much of a data intensive. There is
not much floating point calculation in the code. Most portions are just a load-compare-store.
This is not one of GPU specialties which lie in complex computation of floating point. In this
algorithm, the hotspot is in assigning cluster process because hits are dependent with others.
While in the process of calculating the center of gravity, it can be executed fast because there
is no dependency between hits in this kernel.
Secondly, it is inevitable for kernels to contain a loop and branch inside due to the
dependency among hits. By introducing a loop inside a kernel, the performance is
deteriorated. Furthermore, not all the thread executed the same amount of time in loop, even
the thread that finishes first need to wait for the other threads in the block which lead to
another bottleneck. The same is applied to the branch case. However, this problem can be
partly solved by tuning the number of thread per block as you can see from the result
showing in table 1.
Thirdly, the data transferring between host and device took long to initialize. This
could be observed from the code cleaning process. I removed excessive transferring
instructions and was able to reduce the runtime by 15%. Following this success, I tried the
Zero Copy approach to eliminate most of the data movement. The result was not expected. It
was slower because the synchronization was needed for GPU to write on the host memory.
With more research, Zero Copy will only achieve “Zero Copy” only when a GPU share the
same memory with the CPU. The discrete GPU has its own memory, so the data movement
still occur. However, it still benefits from this through the GPU high bandwidth because Zero
Copy memory is a non-pageable memory that is mapped to the GPU address.
Lastly, the synchronization on GPU is in a very small scale. The synchronization can
only be done in a block scale, but multiple blocks can be launched at once on a piece of data.
This means that threads in different blocks cannot be synched leading to the race condition on
data. Also from the experiment, putting loops inside the kernel is not efficient and should be
avoided. This cause the algorithm to be implemented with six small kernels to prevent race
condition between threads and some kernels were needed to be called several times. To make
the matter worse, it takes more time to launch a GPU kernel than launching a function on
CPU. Due to the nature of this algorithm which has a lot of dependencies, barriers are put
after each kernel to ensure the correctness. This prevents the pipelining approach from
achieving its full potential because it cannot move on to the next kernel right away and the
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largest event in the queue will serve as the bottleneck. However, as you can see from the
result, pipelining is our best bet.
In conclusion, due to several constraints from memory management and architecture
and the nature of the algorithm that has a lot of dependencies, only one GPU might not enable
us to achieve the target throughput and it would require intensive tuning to a specific model
for it to work well. This implies that for the next upgrade and in the case that the system has
GPUs changed, the algorithm must be revised over again. In addition, several reasons were
mentioned above. Data movement between host and device contributes to overhead, but what
I believe to hinder the performance the most is the synchronization problem. While CPU has
mutex and can perform loop at a much higher rate, GPU does not offer a large scale barrier
and cannot handle the loop that well. As you can also see from the result that the best GPU
version still cannot be compared to the CPU version which portrayed the difference in
performance quite well.
4. Conclusion
After the upgrade of ALICE, many tasks currently done offline will be moved to
online. This put the next system design to focus on achieving higher throughput in real time
fashion. Not to mention that the amount of raw data from detector will be at 1TB/s. Hence,
data compression algorithms are needed. Several platforms are studied in order to achieve the
most suitable design for the upgraded system. Studied platforms included CPU (thread), GPU
and Xeon Phi. All choices promote parallelism to improve the performance. Given that the
data comes in a form of continuous stream, any delay can create the need for bigger buffer on
the machine. Since the significance of such data cannot be known before analysis, the risk of
discarding the important data is high. My work here is to implement and benchmark the
performance a compression algorithm for ITS detector on GPU. GPUs were already
successfully used with TPC detector.
In section 2, the cluster finding algorithm and optimization approaches were
proposed. The algorithm was implemented in C using CUDA library. The algorithm is
separated in 6 small functions (or kernels) to group all adjacent hits on the same chip
together. Then, the centre of gravity of each group or cluster is calculated to represent all hits
in the cluster. By doing this, the data per event can be compressed by 4 times. In addition, the
whole grouping process needs to be done online and hence has to cope with the continuous
stream of data. Achieving the target throughput is not trivial. Several optimizations were
done such as Zero Copy, Non-blocking transfer of data, parameters tuning and pipelining
which helped improving performance by a factor of 4.
Through the experiment, it can be observed that the GPU version is slower than the
x86 version. This is because GPUs still have some constraints which I believe to be a
hindrance from achieving the target throughput. The first and foremost is the synchronization
problem. This forced me to write several small kernels which introduce an overhead to the
algorithm since launching a kernel on GPU takes longer than launching a function on CPU.
Another reason is the algorithm itself. This algorithm does not do much of a calculation. In
most kernels, they only did the load, compare and store which is not a GPUs’ specialty. Plus,
there are a lot of dependencies among the hits as well. These factors contributed to the
overhead and cause difficulties for GPU to reach its full potential. However, I still believe
with fine tuning and may be slight changes in some parts of the algorithm to fit the target
device model might be able to improve the performance as it had been tested on Tesla
K20Zm, GTX780 and GT550M. Moreover, this occurrence implied that once the system
change the specification, the algorithm is needed to be revised all over again to let it match
perfectly with the target model to reach its full potential, which is not promoting
sustainability.
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