
Introduction to Computing Systems -
Scientific Computing's Perspective

Le Yan

HPC @ LSU

5/28/2017 LONI Scientific Computing Boot Camp 2018



Why We Are Here

ÅFor researchers, understand how your instrument 
works is a key element for success
ÅMaximize productivity 
ïIf computing systems will be your (primary) research 

instrument

ÅNot just research
ï! ŘǊƛǾŜǊ ŘƻŜǎƴΩǘ ƘŀǾŜ ǘƻ ōŜ ŀ ƳŜŎƘŀƴƛŎΣ ōǳǘ 
ïHaving mechanic knowledge will be very helpful for 

drivers to fulfil their goals
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Productivity: Have An Expectation for 
Performance

ÅWould you be suspicious 

ïIf it takes 5 minutes to open Microsoft Word on 
your laptop?

ïIf it takes 15 minutes to download a song to your 
phone?

ïIt takes 15 hours to assembly and align a 5GB 
sequence?
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Productivity: You Are Suspicious. Now 
What?

ÅFortnite(or Youtubeor whatever app) is laggy. 
What would you do?

ïCheck network?

ïOther programs running on your computer?

ïFan stopped running?

ïΧΚ
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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 pre-processing and 
post-processing 
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-5ƻƴΩǘ ƪƴƻǿ Ƙƻǿ ƭƻƴƎ ŀ ǿƻǊƪƭƻŀŘ ǎƘƻǳƭŘ Ǌǳƴ όŀƴŘ ŘƻƴΩǘ ƪƴƻǿ 
something is wrong when it takes longer)
-5ƻƴΩǘ ƪƴƻǿ ǿƘŜǊŜ ǘƻ ƭƻƻƪ ǿƘŜƴ ǎƻƳŜǘƘƛƴƎ ƛǎ ǿǊƻƴƎ
-5ƻƴΩǘ ǿǊƛǘŜ python scripts to automate lots of pre-processing 
and post-processing, i.e. do everything by hand
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There are Similar Problems on 
Supercomputers

ÅSupercomputers are 
truly άǎǳǇŜǊέ
ïThe biggest has more 

than 10 million CPU 
cores and consumes15 
MW when fully loaded

Å.ǳǘΣ ōŜƛƴƎ άǎǳǇŜǊέ 
ŘƻŜǎƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ 
make performance 
issues go away
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Goals

ÅThrough a tour of computing systems, 
establish a basic understanding how their 
components work, and its implication on 
performance

ÅLearn a few useful Linux command line tools
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Outline

ÅWhat do computers do?
ÅComponents of computing systems
ïData
ïCPU
ïStorage hierarchy
ïOperating systems
ïFiles
ïParallel processing

ÅPutting it together
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What Do Computers Do?

ÅTo compute, of course.

ÅWhat does it mean exactly?
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What Do Computers Do?

ÅTo compute, of course.

ÅWhat does it mean exactly?

ÅComputers process data, transforming it from 
one form to another

ïExample: open a web page on your laptop

ïExample: play video games

ïExample: analyze genome sequence
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What Do Computers Do?

ÅIn each of the examples

ïData of some form is obtained from some places

ÅInput devices (mouse and keyboard)

ÅOther computers and devices

ïThe data is processed by the computer 

ÅAnd presented (or stored) in the processed form
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Computers vs. Manufacturing Plants
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Raw materials

Products

Plant

Raw data

Processed data

Computer



Components of Manufacturing Plants

ÅProduction workshops

ïProduct assembly lines

ïStaging areas

ÅWarehouses

ÅPassages
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Components of Computers
ÅRecognize anything?
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Component of Computers
ÅWhat about this?
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Component of Computers
ÅAnd this?
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Component of Computers
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Computers vs. Manufacturing Plants
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Raw materials

Products

Plant

Raw data

Processed data
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Disk Drive
CPUMemory



Manufacturingplants Computers

Raw material Data

Product Data

Workshop CPU

Storage space (warehouses, storage 
rooms, stagingareas etc.)

Storagesystems (hard drive, memory, 
cache etc.)

Passage/pathway Data bus
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Anything missing?

Computers vs. Manufacturing Plants



Manufacturingplants Computers

Raw material Data

Product Data

Workshop CPU

Storage space (warehouses, storage 
rooms, stagingareas etc.)

Storagesystems (hard drive, memory, 
cache etc.)

Passage/pathway Data bus

Operationmanual/plan Software
(another form of data)
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Outline

ÅWhat do computers do?
ÅComponents of computing systems
ïData
ïCPU
ïStorage hierarchy
ïOperating systems
ïFiles
ïParallel processing

ÅPutting it together
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Data ςKnow Your Raw Materials

ÅAll information in a computing system is 
represented by a bunch of bits

ÅEach bit is either 0 or 1 
ï5ŜƴƻǘŜŘ ōȅ ƭƻǿŜǊ ŎŀǎŜ άōέ

ÅThey are arranged into 8-bit clunks, each of 
which is called a byte
ï5ŜƴƻǘŜŘ ōȅ ǳǇǇŜǊ ŎŀǎŜ ά.έ
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The Meaning of 0's and 1's 

Å¢ƘŜ ƳŜŀƴƛƴƎ ƻŦ ŀ ǎŜǉǳŜƴŎŜ ƻŦ лΩǎ ŀƴŘ мΩǎ ŘŜǇŜƴŘǎ ƻƴ 
context, i.e. how it is interpreted.

ÅExample: 01110101 (a sequence of 8 bits, or 1 byte)
ïNumeric (base-10 integer): 117

ï¢ŜȄǘΥ ƭƻǿŜǊ ŎŀǎŜ άǳέ 

ïColor (8-bit grayscale): 

ïCould be a part of 
Å4-byte long integer

Å4-byte long real number

Å4-byte long color

ÅΧ
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Types of Data

ÅTextual
ïHuman readable

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

ÅBinary
ïMachine readable
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Textual vs Binary: Integers
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1,333,219,569

Textual Representation

10 bytes (characters) or 13 bytes 
(incl. the commas)

Binary Representation

4 bytes (32 bits)



Textual vs Binary: Programs

ÅComputers do NOT understand this statement 
in its original form

ÅIt needs to be translated to a binary form 
before being executed on a computer 
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print ñHello, world!ò



Programming Languages
ÅProgramming languages can be categorized as:
ïCompiled languages
ÅIǳƳŀƴ ǊŜŀŘŀōƭŜ ǇǊƻƎǊŀƳǎ ƘŀǾŜ ǘƻ ōŜ άŎƻƳǇƛƭŜŘέ ƛƴǘƻ ŀ ōƛƴŀǊȅ 
ŜȄŜŎǳǘŀōƭŜ ōȅ ǎǇŜŎƛŀƭ ǎƻŦǘǿŀǊŜ ŎŀƭƭŜŘ άŎƻƳǇƛƭŜǊέ ōŜŦƻǊŜ ǘƘŜȅ Ŏŀƴ 
be executed by computers

ÅExamples are C/C++, Fortran etc.

ïInterpreted languages
ÅIǳƳŀƴ ǊŜŀŘŀōƭŜ ǇǊƻƎǊŀƳǎ Ŏŀƴ ōŜ ŜȄŜŎǳǘŜŘ άŘƛǊŜŎǘƭȅέ ǳǎƛƴƎ ŀƴ 
άƛƴǘŜǊǇǊŜǘŜǊέ

ÅExamples are Python, Perl, R, Ruby etc.

ïNot a well-defined divide because, either way, computers 
are unable to execute human-readable instructions 
without some sort of human-to-machine translation
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Measuring Data: 
Know Your Numbers (1)

Prefix Quantity

K (kilo) 1,000

M (mega) 1,000,000

G (giga) 1,000,000,000

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

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

E (exa) 1,000,000,000,000,000,000
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Measuring Data: 
Know Your Numbers (2)

ÅRelevant numbers
ïCapacity, e.g. memory (~GB) and hard drive (~TB)
ïBandwidth, e.g. network (~Gb)
ïData size, e.g. reference genomes (~GB)

ÅKnowing these numbers helps put things into 
perspective
ïFor instance, how fast can raw materials (data) can be 

processed by the workshops (CPU)? How long does it 
take to transfer this much materials (data) from 
warehouse (hard drive) to staging area (memory)?

5/28/2017 LONI Scientific Computing Boot Camp 2018 33



Command Line Interface

ÅIn scientific computing, we often need to run 
programs from the command line

ïWith some flavor of the Linux/Unix operating systems

ÅHow to access the command line with Jupyter
Notebook

ïOn the JupyterbƻǘŜōƻƻƪ ǇŀƎŜΣ ŎƭƛŎƪ ƻƴ άƴŜǿέΣ ǘƘŜƴ 
ǎŜƭŜŎǘ άǘŜǊƳƛƴŀƭέ ƛƴ ǘƘŜ Ǉǳƭƭ Řƻǿƴ menu
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Useful Commands

Åfile : reveals the type of data contained in a 
computer file.
ïSyntax: file <file name>

Åcat : reads files sequentially and print them to 
standard output.
ïSyntax: cat <file name>

Åls : lists the names and attributes of the files in the 
current working directory
ïSyntax: ls [ - l] [<file name>]
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Exercise

ÅOpen the terminal in JupyterNotebook

ÅType cd lbrnloniworkshop2018/day1_intro

ÅType python hello.py

ÅFind out the size of hello.py .

ÅFind out the type (text or binary) of hello.py .

ÅPrint the content of hello.py .
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Outline

ÅWhat do computers do?
ÅComponents of computing systems
ïData
ïCPU
ïStorage hierarchy
ïOperating systems
ïFiles
ïParallel processing

ÅPutting it together
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Central Processing Unit (CPU) (1)

ÅhǊ ǎƛƳǇƭȅ άǇǊƻŎŜǎǎƻǊέ

ï! άŎƘƛǇέ ǇƭǳƎƎŜŘ ƛƴǘƻ ŀ 
άǎƻŎƪŜǘέ ƻƴ ǘƘŜ 
motherboard

ÅThis is where the 
numbers are crunched
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