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Hello World

Jack program

// First example in Programming 101
class Main {
function void main() {
do Output.printString("Hello World!");
do Output.println(); // New line.

return;

Hello World?&
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Hello World Below

Jack program Issues:

// First example in Programming 101 ° Program GXGClltiOI’l

class Main <y
¢ * Writing on the screen
function void main() {

do Output.printString(“"Hello World!"); * Handhng class, function ..
do Output.println(); // New line. ° Handling do, while, ...
return;

* function call and return
* operating system

Q: How can high-level programmers

ignore all these issues? Hello World!
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Hello World Below

Jack program

// First example in Programming 101
class Main {
function void main() {
do Output.printString("Hello World!"); .
do Output.println(); // New line. abstractlon

return;

Q: How can high-level programmers | =
ignore all these issues? HelloTH S

A: They treat the high-level language
as an abstraction.
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Hello World Below

Jack program

// First example in Programming 101
class Main {
function void main() {
do Output.printString("Hello World!"); .
do Output.println(); // New line. abstractlon

return;

Q: What makes the abstraction work?

Hello World_!sr

A: 9 Assembler )

O Virtual machine
> Chapters 6-

0 Compiler 12

@ Operating system
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The big picture

Human

Thought

o

write a
program

P Abstraction

high-level
language

compiler

OS

N

-

abstraction

VM Code

VM
translator

\

>

abstraction

machine

Ianguagy

v

Nand to Tetris / www.nand2tetris.org / Chapter 7 / Copyright © Noam Nisan and Shimon Schocken

Slide 6



A p3 = pl+p2

High-level programming 6 .

Y

class Point { // API

/** Constructs a new point with the given coordinates */
constructor Point new(int ax, int ay) {}

/** Returns the point which is this point plus the other point */
method Point plus(Point other) {}

/** Cartesian distance between this and the other point */
method int distance(Point other) {

/** Prints this point, as (X,y) */
method void print() {
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A p3 = pl+p2

High-level programming 6 .
5 -
/** Demo: working with Point objects */
cl-ans M:flln { . . 4 5 ..
unction void main() {
p2 4
3
5 @ -
pl &
1
1 2 3 4 -
Written in the
Jack language

e

class Point { // API

/** Constructs a new point with the given coordinates */
constructor Point new(int ax, int ay) {}

/** Returns the point which is this point plus the other point */
method Point plus(Point other) {}

/** Cartesian distance between this and the other point */
method int distance(Point other) {

/** Prints this point, as (X,y) */
method void print() {
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A p3 = pl+p2

High-level programming 6 o
5 -
/** Demo: working with Point objects */ -
class Main :
pin { 4 ? e
function void main() {
var Point pl, p2, p3; P2 .
let p1 = Point.new(1,2); 3
let p2 = Point.new(3,4); E .
let p3 = pl.plus(p2); 2 W-erecesnensnns :
do p3.print(); pl 3
1
1 2 3 4
Written in the
Jack language

e

class Point { // API

/** Constructs a new point with the given coordinates */
constructor Point new(int ax, int ay) {}

/** Returns the point which is this point plus the other point */
method Point plus(Point other) {}

/** Cartesian distance between this and the other point */
method int distance(Point other) {

/** Prints this point, as (X,y) */
method void print() {
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A p3 = pl+p2

High-level programming 6 o
5 4
/** Demo: working with Point objects */ -
class Main { 4 ) ‘.
function void main() {
var Point pl, p2, p3; P2 .
let p1 = Point.new(1,2); 3
let p2 = Point.new(3,4); E .
let p3 = pl.plus(p2); . W-erecesnensnns 4
do p3.print(); pl 3
do Output.println(); 1
do Output.printInt(pl.distance(p3));
1 2 3 4 -
Written in the
Jack language

e

class Point { // API

/** Constructs a new point with the given coordinates */
constructor Point new(int ax, int ay) {}

/** Returns the point which is this point plus the other point */
method Point plus(Point other) {}

/** Cartesian distance between this and the other point */
method int distance(Point other) {

/** Prints this point, as (X,y) */
method void print() {
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A p3 = pl+p2

High-level programming 6 o
5 4
/** Demo: working with Point objects */ -
class Main { 4 ) ‘.
function void main() {
var Point pl, p2, p3; P2 .
let p1 = Point.new(1,2); 3
let p2 = Point.new(3,4); E .
let p3 = pl.plus(p2); . W-erecesnensnns 4
do p3.print(); pl 3
do Output.println(); 1
do Output.printInt(pl.distance(p3));
1 2 3 4 -
Written in the
Jack language

e

class Point { // API

/** Constructs a new point with the given coordinates */
constructor Point new(int ax, int ay) {}

/** Returns the point which is this point plus the other point */
method Point plus(Point other) {}

/** Cartesian distance between this and the other point */
method int distance(Point other) {

/** Prints this point, as (X,y) */
method void print() {
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A p3 = pl+p2

High-level programming 6 o
5 -
/** Demo: working with Point objects */
class Main { 4 ) ‘.
function void main() {
var Point pl, p2, p3; P2 .
let p1 = Point.new(1,2); 3
let p2 = Point.new(3,4); E :
let p3 = pl.plus(p2); 2 W-erecesnensnns d
do p3.print(); pl 3
do Output.println(); 1
do Output.printInt(pl.distance(p3));
return; 1 2 3 4 g
} Written in the
}
Jack language

e

class Point { // API

/** Constructs a new point with the given coordinates */
constructor Point new(int ax, int ay) {}

/** Returns the point which is this point plus the other point */
method Point plus(Point other) {}

/** Cartesian distance between this and the other point */
method int distance(Point other) {

/** Prints this point, as (X,y) */
method void print() {
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A p3 = pl+p2

High-level programming 6 &
5 J
/** Demo: working with Point objects */ -
class Main { 4 > '.
function void main() {
var Point pl, p2, p3; p2 .
let p1 = Point.new(1,2); 3
let p2 = Point.new(3,4); i E
let p3 = pl.plus(p2); 2 @ - - - .
do p3.print(); pl 3
do Output.println(); 1
do Output.printInt(pl.distance(p3));
return; 1 5 3 4 -
} /** Represents a Point */
} class Point {
field int x, y;
NN static int pointCount;
/** Constructs a new point */
constructor Point new(int ax, int ay) {
let x = ax;
let y = ay;
let pointCount = pointCount + 1;
return this;
}
// More Point methods...
}
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High-level programming / point class

}

}

/** Represents a Point; Stored in the file Point.jack */
class Point {

field int x, y; // the coordinates of this point
static int pointCount; // the number of Point objects constructed so far

/** Constructs a new point with the given coordinates */
constructor Point new(int ax, int ay) {

let x ax;

let y = ay;

let pointCount = pointCount + 1;
return this;

/** Returns the x coordinate of this point */
method int getx() { return x; }

/** Returns the y coordinate of this point */
method int gety() { return y; }

/** Returns the number of Point objects constructed so far */
method int getPointCount() { return pointCount; }

/** Returns the point which is this point plus the other point */
method Point plus(Point other){
return Point.new(x + other.getx(), y + other.gety());
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High-level programming / point class

/** Represents a Point; Stored in the file Point.jack */
class Point {

field int x, y; // the coordinates of this point

static int pointCount; // the number of Point objects constructed so far

// The methods from the previous slide...

/** Returns the Cartesian distance between this and the other point */
method int distance(Point other) {

var int dx, dy;

let dx = x - other.getx();

let dy = y - other.gety();

return Math.sqrt((dx*dx)+ (dy*dy));

} Jack has the look and feel of
a typical high-level, object-

/** Prints this point, as (x, */
° 0Gy) based language

method void print() {
do Output.printString("(");
do Output.printInt(x);
do Output.printString(",");
do Output.printInt(y);
do Output.printString(")");

return;

}

} // class Point ends here
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A p3 = pl+p2

Recap 6 °
5 4
/** Demo: working with Point objects */ -
class Main { 4 ? @
function void main() {
var Point pl, p2, p3; P2 .
let pl = Point.new(1,2); 3
let p2 = Point.new(3,4); - :
1e-t p3 = pl.plus(pZ); 2 ‘ .............. °
do p3.print(); pl 3
do Output.println(); 1
do Output.printInt(pl.distance(p3));
return; 1 2 3 4 g
} /** Represents a Point */
} class Point {
field int x, y;

static int pointCount;

/** Constructs a new point */

IELL TIRIELS constructor Point new(int ax, int ay) {
let x = ax;
let y = ay;
let pointCount = pointCount + 1;
return this;
Point. jack }

// More Point methods...
}
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From high-level to low-level

points directory points directory

Main.jack Main.vm points.asm points.hack
class Main cr 11010150}5101911
function void main { push local 1 o 1100001101010101

. push const 3 M=D

var Point @i 0101010011101100
add . 1100101111111111
- 0101110101010011
(LOQP) 1100111111010101
@i 0101110110101011

D=M assemb|er 1100100000001011

. . Point.vm @n ©0101110111100010

Point.jack D=D-M 1111000111010100

. @END 0010101000101011

class Point e D;JGT 0111000111610111

field int x,y; push arg 2 @addr 1010101000101011
call Math.sqrt

load

points.hack
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The road ahead
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The road ahead

-

N

write a
Human U ELL
Thought P abstraction
@ : compiler
Tlgh-level ¥ abstraction | VM
e & translator
VM Code P abstraction
d p8 machine
\\ Ianguagcy
Projects:

p7, p7: building a virtual machine

p9: writing a computer game

pl0, pll: developing a compiler

pl2: developing an operating system

-
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