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Sand and Silicon

Silica a.k.a. SiO5 a.k.a. Quartz
Si0O, +2C—Si+2CO

Monocrystalline Silicon
Elemental, amorphous silicon Ingot
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Figure 1 - Electron Micrograph of CMOS FET Cross Section

2.1 nm Gate Oxide
~ 4 rows of Si atoms!

SILICON,
ATOMS!
Source: The Energy Zarr Blog
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Intel Processors to Scale
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What Happened in 2005?

Pentium 4 Core 2 Duo Xeon E5

2000 2006 2012
1 core 2 cores 8 cores

Transistors: 42 M 291 M 2.3G



1980: Pac-Man

5 sprites

2000: PlayStation 2
Final Fantasy X
2 VPUs
66.2 GFLOP/s

1988: Sega Genesis
Sonic the Hedgehog
20 sprites

2006: PlayStation 3
Gran Turismo 5
24 pixel shaders

176 GFLOP/s
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The NVIDIA GTX Titan/GK110 GPU

Speed 4.5 TFLOP/s
Frequency 876 MHz
Power 250 W -
Transistors 7G E 1
Area 561 mm? h a
Cores 2688 H 3
i o
Memory i :E
Size 6 Gb
Bus width 384 bits il | j
Clock 1.5 GHz i a
Bandwidth 288 Gb/s i
Price 1
6500 kr
$1000

€730



GK 110 Block Diagram
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SMX Unit Block Diagram

Warp Scheduler Warp Schecduler Warp Schaduler Warp Scheduler
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Parallel Programming is Today’s Challenge
. -




Can Programming Be Liberated
from the von Neumann Style?

John Backus, 1977 Turing Award Lecture

THE FORTRAN

AUTOMATIC CODING SYSTEM
FOR THE

IBM 704 EDPM

Key developer of FORTRAN, the first compiled language



Popular Programming Languages Aren’t
Mathematical

Math Java
X = 5;
v =5;
If x =y then f(x) = f(y) add(x);




Popular Programming Languages Aren’t
Mathematical

Math Java
X = 5;
v =5;
If x =y then f(x) = f(y) add(x);
add(y);
assume z=5 and x=3
If y=zand z=x, y=2
y=x s -

y now 5; z now 3




Popular Programming Languages Aren’t
Mathematical

Math Java
X = 5;
v =5;
If x =y then f(x) = f(y) add(x);
add(y);
assume z=5 and x=3
If y=zand z=x, y=2
y=x s -

y now 5; z now 3

Ifx=x+1, worldhasended x = x + 1; // add one




Fibonacci Sequence Generator in C

int «fibArray(int n) {
inta=0, b=1;
int «fibs = malloc((sizeof int) * n);

for (inti =0; i <n; i++) {
int temp=a +b;
fibs[i] = a;
a=Db;
b = temp;
}

return fibs;

}



Fibonacci Sequence Generator in Haskell

fibArray :: Int — [Int]
fibArrayn=f 010
where
fabi=if i <nthena: f b (a+b) (i+1)
else []



Fibonacci Sequence Generator in Haskell

fibs :: [Int]
fibs =0: 1: [ a+b | (a, b) «+ zip fibs (tail fibs) ]

fibs= 0 1
tail fibs= 1
zip fibs (tail fibs) = (0,1)

[a+b | (a,b) « zip fibs (tail fibs)]
= 1



Fibonacci Sequence Generator in Haskell

fibs :: [Int]
fibs =0: 1: [ a+b | (a, b) «+ zip fibs (tail fibs) ]

fibs= 0 1 1
tail fibs= 1 1
zip fibs (tail fibs)=(0,1) (1,1)

[a+b | (a,b) « zip fibs (tail fibs)]
= 1 2



Fibonacci Sequence Generator in Haskell

fibs :: [Int]
fibs =0: 1: [ a+b | (a, b) «+ zip fibs (tail fibs) ]

fibs= 0 1 1 2 3 5 8
tail fibs= 1 1 2 3 5 8 13
zip fibs (tail fibs)=(0,1) (1,1) (1,2) (2,3) (3,5 (5,8) (8,13)

[a+b | (a,b) « zip fibs (tail fibs)]
= 1 2 3 5 8 13 21



A Four-Function Calculator in Three Slides

{ module Scanner where }

%wrapper "basic"

tokens :—
$white+ ; —— Ignore spaces
[0—9]+ { \s = Int (reads) } —— Numbers, e.qg., 42
M\-\WON)] { \s — Sym (head s) } —— Symbols + — x /()
{
data Token = IntInt —— Numbers and

| Sym Char —— Symbols



A Four-Function Calculator in Three Slides

{ module Main where
import Scanner }
%name parse
%tokentype { Token }
%token '+' { Sym'+'} ‘=" { Sym’'-"} * {S
7oL Sym ¢ {Sym ('} ) {Sym’)
Int { Int $$}
%left '+ '—' —— Do add and subtract second
%left 'x" '/ —— Do multiply and divide first
% %

1. r

~
~

—

Expr : Expr '+ Expr { Bin $1 Add $3} —— The Grammar
Expr '—' Expr { Bin $1 Sub $3}

Expr '+ Expr { Bin $1 Mul $3}

Expr '/ Expr { Bin $1 Div $3 }

(" Expr ') {$2} —— Allow parentheses
Int { Lit $1}



A Four-Function Calculator in Three Slides

{
data Op = Add | Sub | Mul | Div —— Operators
data Expr = Bin Expr Op Expr | Lit Int —— Operations & numbers
eval (Bin el ope2) =
let (e1’, e2') = (eval el, eval e2) in —— Evaluate children
case op of Add —el’ + e2’ —— then the operator

Sub —el’ — e2’
Mul —el1’ x e2’
Div — e1’ ‘div’' e2’
eval (Lit i) =i —— Just a number

main = getContents >>= —— Read the input and...
putStrLn . show . eval . parse . alexScanTokens

happyError _ = error "Parse_error"

}



