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Applications	  
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Application	  –	  Angry	  Birds	  

ì  Wri@en	  in	  a	  high	  level	  language	  (Objec>ve	  C)	  

ì  What	  resources	  does	  Angry	  Birds	  need	  to	  run?	  
(i.e.	  what	  does	  the	  Angry	  Birds	  executable	  file	  need	  
to	  execute?)	  
ì  Hardware	  

ì  Processor(s)	  –	  Run	  program,	  display	  graphics,	  …	  
ì  Memory	  –	  Store	  programs,	  store	  data	  
ì  I/O	  –	  Touch	  screen,	  storage,	  network,	  	  3-‐axis	  gyro,	  …	  

ì  SoXware	  -‐	  Opera>ng	  system	  
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Software	  -‐	  Operating	  System	  

ì  Apple	  iOS	  –	  Used	  in	  iPads,	  iPhones,	  iPods,	  Apple	  TV	  
ì  Variant	  of	  Mac	  OS	  X	  opera>ng	  system	  used	  on	  

tradi>onal	  Macs	  

ì  What	  are	  some	  jobs	  of	  this	  opera@ng	  system?	  
ì  Manage	  hardware	  
ì  Manage	  applica>ons	  (mul>tasking)	  

ì  Wri@en	  in	  high-‐level	  languages	  
ì  C,	  C++,	  Objec>ve	  C	  (varies	  by	  component)	  
ì  Can	  we	  run	  this	  code	  directly	  on	  the	  processor?	  
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Software	  -‐	  Compilers	  /	  Interpreters	  

ì  These	  are	  programs	  that	  build	  other	  programs!	  

ì  Goal:	  Convert	  high-‐level	  languages	  into	  machine	  code	  
that	  can	  be	  directly	  executed	  by	  hardware	  

ì  Examples	  	  
ì  Apple	  Xcode	  
ì  MicrosoX	  Visual	  

Studio	  

ì  What’s	  the	  difference	  
between	  a	  compiler	  	  
and	  interpreter?	  
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Hardware	  
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Hardware	  
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Touchscreen	  
controllers	  

Wi-‐Fi	  /	  Bluetooth	  Chip	  Flash	  memory	  A5	  Processor	  



iPad	  2	  Processor	  

ì  Apple	  A5	  Processor	  
ì  Clock	  speed	  –	  1GHz	  
ì  Dual	  core	  
ì  200MHz	  bus	  
ì  512	  MB	  RAM	  

ì  What	  does	  a	  processor	  do?	  
ì  Executes	  assembly	  language	  instruc>ons	  

ì  How???	  
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What	  do	  these	  mean?	  



Microarchitecture	  
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How	  Does	  It	  Work?	  

ì  Apple	  won’t	  tell	  us	  –	  trade	  
secret!	  

ì  Experts	  can	  dissolve	  (with	  
acid),	  burn,	  or	  grind	  off	  
outer	  protec>ve	  layers	  of	  
chip	  and	  then	  peer	  inside:	  
ì  Need	  a	  really	  good	  

microscope!	  
ì  Reverse	  Engineering	  in	  

the	  Semiconductor	  
Industry:	  
h@p://www.scribd.com/doc/
53742174/Reverse-‐Engineering	  	  

Spring	  2012	  Computer	  Systems	  and	  Networks	  

11	  



Spring	  2012	  Computer	  Systems	  and	  Networks	  

12	  

Can	  see	  this	  
level	  of	  detail	  
with	  your	  own	  
eyes…	  

Divided	  into	  logic	  
blocks	  with	  different	  
func>ons:	  
	  
•  Processor	  
•  Cache	  memory	  
•  Memory	  

Controller	  
•  WiFi	  
•  Video	  
•  Audio	  
•  USB	  
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SEM	  Cross-‐Sec>on	  of	  Apple	  A5	  



Digital	  Logic	  
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Memory	  cell	   Transistor	  



Transistors	  
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ì  You	  can	  s>ll	  make	  
assump>ons	  at	  this	  level	  that	  
the	  transistor	  is	  either	  
“on”	  (1)	  or	  “off”	  (0)	  

ì  But	  below	  this	  is	  analog	  
circuits	  



The	  Computer	  Level	  Hierarchy	  

ì  Level	  6:	  The	  User	  Level	  –	  “Angry	  Birds”	  
ì  Program	  execu>on	  and	  user	  interface	  level	  

ì  Level	  5:	  High-‐Level	  Language	  Level	  –	  “Objec>ve	  C”	  
ì  Programming	  languages	  like	  C++,	  Java,	  Python,	  …	  

ì  Level	  4:	  Assembly	  Language	  Level	  –	  “ARM	  
Assembly”	  
ì  Program	  directly	  at	  this	  level,	  or	  …	  
ì  Use	  a	  compiler/interpreter	  to	  process/convert	  high-‐

level	  code	  
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User	  Level	  

High-‐Level	  
Language	  

Assembly	  



The	  Computer	  Level	  Hierarchy	  

ì  Level	  3:	  System	  SoQware	  Level	  -‐	  “iOS”	  
ì  Controls	  ac>ve	  programs	  and	  manages	  system	  

resources	  
ì  Assembly	  language	  instruc>ons	  oXen	  pass	  through	  

Level	  3	  without	  modifica>on	  

ì  Level	  2:	  Machine	  Level	  
ì  Instruc>on	  Set	  Architecture	  (ISA)	  Level	  
ì  Instruc>ons	  are	  par>cular	  to	  the	  architecture	  of	  the	  

specific	  machine	  (i.e.	  Intel	  processors,	  ARM	  
processors,	  IBM	  processors…)	  
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Assembly	  

System	  

Machine	  



The	  Computer	  Level	  Hierarchy	  

ì  Level	  1:	  Control	  Level	  
ì  Decodes	  and	  executes	  instruc>ons	  and	  moves	  data	  

through	  the	  system	  

ì  Level	  0:	  Digital	  Logic	  Level	  
ì  Digital	  circuits,	  gates	  and	  wires	  implement	  the	  

mathema>cal	  logic	  of	  all	  other	  levels	  
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ì	  
Course	  Overview	  
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Overview	  

ì  Why	  study	  computer	  organiza>on	  and	  
architecture?	  
ì  Design	  be@er	  programs	  and	  op>mize	  their	  

performance	  
ì  Applica>ons	  
ì  Compilers	  
ì  Opera>ng	  Systems	  
ì  Device	  Drivers	  

ì  Evaluate	  (benchmark)	  computer	  system	  
performance	  

ì  Understand	  >me,	  space,	  and	  price	  tradeoffs	  
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ECPE	  170	  Course	  Goals	  

ì  Present	  a	  complete	  view	  of	  how	  computer	  systems	  are	  
constructed	  
ì  From	  the	  lowest	  level	  of	  hardware	  

to	  the	  user	  applica>on	  level	  

ì  Understand	  the	  rela>onship	  between	  computer	  
soXware	  and	  hardware	  

ì  Lay	  the	  founda>on	  for	  future	  courses	  
ì  Digital	  design	  /	  VLSI	  
ì  Opera>ng	  systems	  
ì  Computer	  networking	  
ì  Applica>on	  development	  
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ì	  
Course	  Mechanics	  
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Websites	  
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• h@p://ecs-‐network.serv.pacific.edu/ecpe-‐170	  	  

Main	  website	  	  
(syllabus,	  schedule)	  

• h@p://pacific.rsmart.com/	  	  

Sakai	  website	  	  
(homework	  submission)	  



Textbook	  

ì  Computer	  OrganizaAon	  and	  
Architecture	  by	  Null/Lobur	  

ì  Third	  Edi>on	  
ì  If	  you	  buy	  a	  used	  copy:	  

Homework	  problems	  have	  been	  
changed	  and	  reordered	  between	  
the	  2nd	  and	  3rd	  edi>on	  –	  make	  
sure	  you	  are	  doing	  the	  right	  
problem!	  

ì  First	  homework	  set	  is	  assigned	  
Friday	  –	  get	  your	  book	  today!	  
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Grading	  

ì  Exams	  –	  60%	  
ì  4	  exams	  (including	  the	  cumula>ve	  final)	  
ì  Lowest	  grade	  is	  dropped	  	  

ì  Quizzes	  –	  20%	  
ì  6	  quizzes,	  drop	  the	  lowest	  grade	  

ì  Homework	  –	  20%	  
ì  ~18	  assignments	  
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Homework	  

ì  Submit	  online	  via	  Sakai	  	  

ì  Due	  at	  the	  beginning	  of	  class	  
ì  Late	  homework	  is	  not	  accepted	  

ì  Graded	  on	  correctness	  and	  an	  honest	  a@empt	  to	  do	  
the	  work	  
ì  Show	  work	  for	  par@al	  credit!	  

ì  “Make-‐up	  work”	  is	  not	  assigned,	  so	  be	  sure	  to	  turn	  
in	  your	  homework	  
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ì	  
Computer	  History	  
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Computer	  History	  

ì  What	  is	  the	  first	  computer	  you	  remember	  using?	  
ì  What	  did	  you	  use	  it	  for?	  
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Mountain	  View,	  CA	  



Historical	  Development	  

ì  We	  can	  be@er	  understand	  modern	  computers	  by	  
looking	  at	  how	  they	  developed	  through	  history	  

ì  Several	  centuries	  of	  compu>ng	  “machinery”	  

ì  Classify	  computers	  into	  4	  genera>ons	  based	  on	  key	  
technological	  differences	  
ì  Many	  dates	  are	  approximate	  –	  history	  is	  not	  black	  &	  

white!	  
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Historical	  Development	  

ì  Genera@on	  Zero:	  
Mechanical	  Calcula>ng	  
Machines	  (1642	  -‐	  1945)	  
ì  Calcula@ng	  Clock	  –	  Early	  

1600’s	  
ì  Add/subtract	  numbers	  

with	  6	  digits	  
ì  Inventor	  died	  in	  a	  plague	  

and	  his	  design	  was	  lost	  for	  
centuries	  
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Historical	  Development	  

ì  Genera@on	  Zero:	  
Mechanical	  Calcula>ng	  
Machines	  (1642	  -‐	  1945)	  
ì  Pascaline	  –	  1642	  

ì  Add/subtract	  
ì  Design	  used	  for	  hundreds	  

of	  years!	  
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Historical	  Development	  

ì  Genera@on	  Zero:	  Mechanical	  Calcula>ng	  Machines	  
(1642	  -‐	  1945)	  
ì  Difference	  Engine	  –	  1822	  

ì  Solving	  polynomial	  equa>ons	  

ì  Punched	  card	  tabula@ng	  machines	  
ì  First	  used	  in	  1890	  census	  
ì  Punch	  cards	  were	  used	  for	  computer	  input	  up	  through	  

the	  1970’s!	  
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Historical	  Development	  

ì  The	  First	  Genera@on:	  Vacuum	  Tube	  Computers	  
(1945	  -‐	  1953)	  
ì  Vacuum	  tubes	  func>oned	  as	  an	  amplifier	  and	  switch	  	  

ì  Much	  faster	  than	  moving	  a	  mechanical	  switch!	  
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Historical	  Development	  

ì  The	  First	  Genera@on:	  Vacuum	  Tube	  Computers	  (1945	  -‐	  1953)	  

ì  Atanasoff	  Berry	  Computer	  (1937	  -‐	  1938)	  	  solved	  systems	  of	  
linear	  equa>ons	  
ì  Vacuum	  tubes	  for	  switches	  
ì  Capacitors	  (on	  a	  physically	  rota>ng	  drum!)	  for	  memory	  
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Historical	  Development	  

ì  The	  First	  Genera@on:	  Vacuum	  Tube	  Computers	  (1945	  -‐	  1953)	  

ì  Electronic	  Numerical	  Integrator	  and	  Computer	  (ENIAC)	  -‐	  1946	  
ì  First	  general-‐purpose	  computer!	  
ì  1000	  bits	  of	  storage	  	  (~20	  10-‐digit	  hex	  numbers)	  
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Historical	  Development	  

ì  The	  First	  Genera@on:	  Vacuum	  Tube	  Computers	  
(1945	  -‐	  1953)	  

ì  Significant	  drawbacks	  due	  to	  tube	  technology	  
ì  Tubes	  are	  fragile	  and	  burn	  out	  within	  hundreds/

thousands	  of	  hours	  
ì  Tubes	  are	  hot	  (need	  A/C)	  
ì  Tubes	  are	  power	  hungry	  (ENIAC	  needed	  174	  kW)	  
ì  Tubes	  are	  large	  (ENIAC	  took	  1800	  sq	  X	  of	  space)	  

ì  Time	  for	  a	  be@er	  technology!	  
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Historical	  Development	  

ì  The	  Second	  Genera@on:	  Transistorized	  Computers	  
(1954	  -‐	  1965)	  
ì  Transistors	  were	  much	  smaller,	  cooler	  and	  reliable	  
ì  Systems	  s>ll	  built	  in	  the	  same	  way	  as	  vacuum	  tube	  

computers,	  but	  more	  compactly	  

ì  Examples	  
ì  IBM	  7094	  (scien>fic)	  and	  1401	  (business)	  
ì  Digital	  Equipment	  Corpora>on	  (DEC)	  PDP-‐1	  
ì  Univac	  1100	  
ì  Control	  Data	  Corpora>on	  1604	  
ì  .	  .	  .	  and	  many	  others.	  
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These systems had few architectural similarities 



Historical	  Development	  

ì  The	  Third	  Genera>on:	  Integrated	  Circuit	  Computers	  
(1965	  –	  1980)	  
ì  Dozens	  to	  hundreds	  of	  transistors	  on	  a	  single	  chip	  
ì  Build	  computers	  out	  of	  dozens	  to	  hundreds	  of	  chips	  

ì  Examples	  
ì  IBM	  360	  

ì  Innova>on	  –	  All	  computer	  models	  in	  this	  family	  used	  
the	  same	  assembly	  language	  –	  thus,	  you	  could	  re-‐use	  
programs!	  

ì  IBM	  dominated	  the	  commercial	  marketplace	  
ì  Cray-‐1	  supercomputer	  

ì  8MB	  of	  memory	  for	  only	  $8.8	  million!	  
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Historical	  Development	  

ì  The	  Fourth	  Genera@on:	  VLSI	  Computers	  (1980	  -‐	  ????)	  
ì  Very	  large	  scale	  integrated	  circuits	  (VLSI)	  have	  more	  than	  

10,000	  components	  per	  chip	  
ì  Build	  microprocessors	  on	  a	  single	  chip	  

ì  4-‐bit	  Intel	  4004	  –	  4	  bit?	  
ì  8-‐bit	  Intel	  8008	  
ì  16-‐bit	  Intel	  8086	  
ì  32-‐bit	  Intel	  80386	  
ì  …	  

ì  Transistors	  are	  gevng	  smaller	  and	  smaller	  
ì  How	  far	  can	  this	  go?	  
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Upcoming	  Classes	  

ì  Wednesday	  
ì  Moore’s	  Law	  
ì  Basic	  computer	  opera>on	  
ì  Units	  

ì  Friday	  
ì  Computer	  representa>ons	  of	  numbers	  and	  le@ers	  

ì  More	  than	  just	  conversion	  between	  decimal	  and	  
binary	  

ì  First	  homework	  assigned	  
ì  Get	  a	  copy	  of	  the	  textbook	  ASAP!	  
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