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Why We Are Here

A For researchers, understambw your instrument
works Isa key element fosuccess
A Maximize productivity

I If computing systems will be your (primary) research
Instrument

A Not just research
il RNAODOSNI R2SayQid KI @S G2
I Having mechanic knowledge will be very helpful for
drivers to fulfil their goals
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S
Productivity: Have An Expectation for
Performance

A Would you be suspicious
I If it takes 5 minutes to open Microsoft Word on

your laptop?

I If it takes 15 minutes to download a song to your
ohone?

I It takes 15 hours to assembdynd align &6GB
seguence?




sy R
Productivity: You Are Suspicious. Nov
What?

A Fortnite (or Youtubeor whatever appjs laggy
What would youdo?

I Check network?
I Otherprograms running on yowomputer?
I Fanstopped runnin@
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e S
Productivity Matters
In Scientific Computing

- Know how long a workload should run (and know something is
wrong when it takes longer)

- Know where to look when something is wrong

- Write Python scripts to automate lots of pprocessing and
postprocessing
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Productivity Matters
In Scientific Computing

- Know how long a workload should run (and know something is
wrong when it takes longer)

- Know where to look when something is wrong

- Write Python scripts to automate lots of pprocessing and
postprocessing
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Productivity Matters

In Scientific Computing

i
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- Know how long a workload should run (and know something is
wrong when it takes longer)

- Know where to look when something is wrong

- Write Python scripts to automate lots of pprocessing and
postprocessing

52y QiU 1y28 Kz2g ft2y3 I g2NJft 21
something is wrong when it takes longer)

52y QiU 1y28 BKSNB U2 221 6KS)
-5 2 ¥ QU pythdiEciiphs to automate lots of prerocessing

and postprocessing, i.e. do everything by hand
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Productivity Matters

In Scientific Computing
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- Know how long a workload should run (and know something is
wrong when it takes longer)

- Know where to look when something is wrong

- Write Python scripts to automate lots of pprocessing and
postprocessing

52y QiU 1y28 Kz2g ft2y3 I g2NJft 21
something is wrong when it takes longer)

52y QiU 1y28 BKSNB U2 221 6KS)
-5 2 ¥ QU pythdiEciiphs to automate lots of prerocessing

and postprocessing, i.e. do everything by hand
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There are Similar Problems on

Supercomputers

A Su percomputers are
truly a a dzLJS NE
I The biggest has more
than 10 million CPU

cores and consumekb
MW when fullyloaded

A_dziz 0SAY3
R2SayQi VS
make performance
ISsues go away
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A Through a tour of computing systems,
establish a basic understandihgw their
componentswvork, and its implication on
performance

A Learna few useful Linugommand lingools
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Outline

A What do computers do?

A Components of computing systems
I Data

I CPU

| Storagehierarchy

I Operatingsystems

I Files

| Parallelprocessing

A Putting it together
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What Do Computers Do?

A To compute, of course.
A What does it mean exactly?
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What Do Computers Do?

A To compute, of course.
A What does itmean exactly?

A Computers process data, transforming it from
one form to another

I Exam
I Exam
I Exam
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eppen a web page on your laptop
eplay video games
eanalyze genome sequence

% NI

LONI Scientific Computing Boot Camp 2018



N | S
What Do Computers Do?

A In each of the examples

| Data of some form is obtained from some places
Alnput devices (mouse and keyboard)
A Other computers and devices

I The data is processed by the computer
AANd presented (or stored) in the processed form
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Computers vs. Manufacturing Plants

| a I
Raw materials ‘
Prgducts
‘ Plant
\ /
\
Raw data

Processed data

Computer
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| Staging areas
A Warehouses
A Passages

L5LU)
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Components of Computers

A Recognize anything?
= ">
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Componenbobf Computers
A What about this?
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Component of Computers
A And this?
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Component of Computers
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Computers vs. Manufacturing Plants

/
Raw materials 4
| Storage room Workshop
Warehouse
Prgducts

Plant
O Y,
Raw data ‘/( N
| . Memory
Prgcessed data Disk Drive
) Computer
K\
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Computers vs. Manufacturing Plants

Raw material Data
Product Data
Workshop CPU
Storage space (warehouses, storage  Storagesystems (hard drive, memory,
rooms, stagin@reas etc.) cache etc.)
Passage/pathway Data bus
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Computers vs. Manufacturing Plants

Raw material Data
Product Data
Workshop CPU
Storage space (warehouses, storage  Storagesystems (hard drive, memory,
rooms, stagin@reas etc.) cache etc.)
Passage/pathway Data bus

Anything missing?
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Computers vs. Manufacturing Plants

Raw material Data
Product Data
Workshop CPU
Storage space (warehouses, storage  Storagesystems (hard drive, memory,
rooms, stagin@reas etc.) cache etc.)
Passage/pathway Data bus
Operationmanual/plan Software

(another form of data)
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Outline

A Components of computing systems
I Data
I CPU

I Storagehierarchy

I Operatingsystems

I Files

| Parallelprocessing

A Putting it together
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Data¢ Know Your Raw Materials

A Allinformation in a computing system is
represented by a bunch diits

A Eachbit is either 0 or 1
i5SY20SR 06¢é& f26SNJ OFas
A They are arranged into-8it clunks, each of
which is called ayte

i5SY20SR 0& dzLJLJSNJ Ol &aS
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ACKS YSIYyAY3 2F | &aSldzsSyoO
context, i.e. how it is interpreted.

A Example: 01110101 (a sequence of 8 bits, or 1 byte)
I Numeric(baselOinteger): 117
i ¢CSEGY t26SN) OFasS adz
i Color (8bit grayscale ¥
I Could be a part of
A 4-byte long integer
A 4-byte long real number

A 4-byte long color

Lsy *~
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Types of Data

A Textual
I Human readable

I ASCII (American Standard Code for Information
Interchange): a map between characters and-one
byte integers.

A Binary
I Machine readable

& TECHNOLOGY
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The ASCII code

American Standard Code for Information Interchange

i ASCII control characters ASCII printable characters Extended ASCII characters
;DEC HEX Simbolo ASCII DEBiHEX Simbolo DEC HEX Simbolo DEBlHEX!SE‘I‘IbDID% DEC!HEK Simbolo DEC HEX Simbolo DEC HEX Simbolo DEC‘HEX Simbolo

00 NULL  (caracter nule) 32 espacio | 64 @ 96 128 G 160 a 192 L 224 0
(i} ] SOH  (inicio encabezada) 33 ! 65 A a7 a 129 1] 161 i 183 L 225 B
02 STX (inicio texto) 34 " 66 B 98 b 130 e 162 0 194 226 o}
03 ETX (fin de texto) 35 # 67 C 99 C 131 a 163 u 195 -l: 227 0
04 EOT (fin transmizion) 36 $ it D 100 d 132 a 164 f 196 —_ 228 i)
05 ENGQ {enquiry} KT} % 69 E 101 e 133 a 165 H 197 + 229 O
06 ACK  (acknowledgement) 38 & 70 F 102 f 134 a 166 8 198 a 230 ]
07 BEL (timbre) 39 ' 71 G 103 g 135 ¢ 167 v 199 A 231 ]
08 BS (retroceso) 40 ( 72 H 104 h 136 é 168 i 200 L 232 b
09 HT (tab herizontaly M ) 73 I 105 i 137 e 169 ® 201 JE 233 I:I
10 LF (zalto de linea) 42 * 74 J 106 i 138 e 170 - 202 ES 234 1]
1" VT (tab vertical 43 + 75 K 107 k 139 T 171 e 203 = 235 ]
12 FF (form feed) 44 s 76 L 108 I 140 i 172 A 204 -”; 236 ¥
13 CR (retorno de carro} 45 - 7 M 109 m 141 i 173 i 205 = 237 Y
14 50 (=hift Out) 46 . 78 N 110 n 142 A 174 « 206 I 238 -
15 51 (=hift In} 47 I 79 0] 111 0 143 A 175 » 207 o 239

16 DLE  (data link ezcape) 48 0 80 P 112 p 144 E 176 & 208 a 240

17 DC1  (device control 1) 49 1 81 Q 113 q 145 & 177 = 209 B 241 +
18 DC2  (device control 2} 50 2 82 R 114 r 146 Jis 178 210 E 242 _
19 DC3  (device control 3) 51 3 83 S 115 s 147 a 179 21 E 243 %
20 DC4  (device control 4) 52 4 84 T 116 t 148 I} 180 212 E 244 1
21 HAK (negative acknowle.) 53 5 85 U 117 u 149 I} 181 ,E\ 213 1 245 §
22 SYN (svnchronous idle} 54 b 86 vV 118 v 150 ] 182 A 214 | 246 +
23 ETB (end of trans. block) 55 7 87 w 119 w 151 0 183 A 215 i 247 .
24 CAN (cancel) 56 8 X 120 X 152 ¥ 184 ® 216 i 248 8
25 EM (end of medium} 57 9 89 Y 121 y 153 O 185 d 217 4 249

26 SuB (zubstitute) 58 : a0 z 122 z 154 u 186 -| 218 250

27 ESC (ezcape) 59 H 91 [ 123 { 155 8 187 ] 219 i 251 1
28 FS (file separator) 60 < 92 ! 124 | 156 £ 188 220 - 252 #
29 GS (group =eparator) 61 = a3 1 125 1 157 @ 189 ¢ 221 Il 253 z
30 RS  (record separator) 62 = a4 A 126 ~ 158 x 190 ¥ 222 I 254 ]
31 Us (unit =eparator} 63 ? a5 _ 159 f 191 1 223 L 255

127 DEL (delete) theASClicode com.ar

LS50
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Textual vs Binary: Integers

1,333,219,569
Textual Representation Binary Representation
10 bytes (characters) or 13 bytes 4 bytes (32 bits)

(incl. the commas)

& TECHNOLOGY

CENTER FOR COMPUTATION g;}N I
YAS

5/28/2017 LONI Scientific Computing Boot Camp 2018



INFORMATION
ECHNOLOGY
SERVICES

Textual vs Binary: Programs

print nHell o, worl

A Computers do NOT understand this statement
In its original form

A It needs to be translated to a binary form
before being executed on a computer
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Programming Languages

A Programming languages can be categorized as:
I Compiled languages
Al dzYlty NBFRFOES -
SESOdzill 0t S 0e alLISOALIf
be executed by computers
A Examples are C/C++, Fortran etc.
I Interpreted languages
Al dzYly NBLEREOES LINRPINFYa OFyYy 0
GAY (dSNLINBEGSNE
A Examples are Python, Perl, R, Ruby etc.

I Not a welldefined divide because, either way, computers
are unable to execute humamadable instructions

without some sort of humatto-machine translati
LS
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Measuring Data:
Know Your Numbers (1)

K (kilo) 1,000

M (mega) 1,000,000

G Qig9 1,000,000,000

T tera) 1,000,000,000,000

P peta) 1,000,000,000,000,000

E €xa 1,000,000,000,000,000,000

& TECHNOLOGY
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Measuring Data:
Know Your Number&)

A Relevant numbers
I Capacity, e.gnemory (B and hard drive (~TB)
I Bandwidth, e.gnetwork (~Gb)
I Datasize, e.greference genomes (~GB)
A Knowing these numbers helps put things into
perspective

I For instance, how fast can raw materials (data) can be
processed by the workshops (CPU)? How long does I
take to transfer this much materials (data) from
warehouse (hard drive) to staging area (memory)?

CENTER FOR COMPUTATION
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Command Line Interface

A In scientific computing, we often need to run
programs from the commanihe

I With some flavor of theLinux/Unixoperatingsystems
A How to access the commaitide with Jupyter
Notebook

i OntheJupyterb 2 6 S6221 LI} 3ISsE O
3St SO0 GUSNNXAYyMmEnE Ay
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Useful Commands

A file :revealsthe type of data contained in a
computer file

I Syntaxfile <file name>

A cat : reads filesequentially and printhem to
standardoutput.

I Syntaxcat <file name>

A Is :lists thenames and attributes of the files the
current workingdirectory

I Syntaxis[ -] [<file name>]

& TECHNOLOGY
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Exercise

A Open the terminal idupyterNotebook

A Typecd Iornloniworkshop2018/day1_intro

A Type python hello.py

A Findout the size ohello.py

A Find out the type (text or binary) dello.py
A Print the content ohello.py

CENTER FOR COMPUTATION z:)N I
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Outline

I CPU

| Storagehierarchy

I Operatingsystems
I Files

| Parallelprocessing
A Putting it together
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Central Processing Unit (CRW)

AhNJ @A YLX & AGLINRPOSa&az2NJ
il GOKALXE L) dzZd3ISR Ayi2
Gaz201S0é 2y GKS
motherboard
A Thisis where the
numbers arecrunched
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