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var dtable = {
" :0b000,


https://github.com/havivha/Nand2Tetris/tree/master/6
http://ccc.nqu.edu.tw/db/ymag201506/focus8.html

” ”

-
-
"

o
o

:0b001,
:0b010,
:0b011,
:0b100,
:0b101,
:0b110,
“AMD”:

Obll1

var jtable = {

”n

16T
"JEQ”
Y TGE”
LT
Y INE”

:0b000,
:0b001,
:0b010,
:0b011,
:0b100,
:0b101,




“JLE”:0b110,
“JMP”:0b111

var ctable = {
70" :0b0101010,
71”7 :0b0111111,
“—1”  :0b0111010,
”D” :0b0001100,
"A” :0b0110000,
“M” :0b1110000,
“1D”  :0b0001101,
“1A”  :0b0110001,
“IM”  :0b1110001,
“-D”  :0b0001111,
A" :0b0110011,




:0b1110011,
:0b0011111,
:0b0110111,
:0b1110111,
:0b0001110,
:0b0110010,
:0b1110010,
:0b0000010,
:0b1000010,
:0b0010011,
:0b1010011,
:0b0000111,
:0b1000111,
:0b0000000,
:0b1000000,
:0b0010101,




“DIM” :0b1010101

var symTable = {
"RO” .0,
"R1”
"RO”
"RY”
R4
’RE”
RG”
"RT”
RS
"R
“R10” :10,
"R117 :11,

- - -

-

- -

-
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"R12” :12,
"R13” :13,
"R14” :14,
"R15” :15,
“SP”  :0
"LCL” :1
"ARG” :2,
“THIS”:3
“THAT” : 4
“KBD” :24576,

”SCREEN" : 16384
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function passl(lines) {
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function pass2(lines, objFile) {
[/ BHAR—ATRE S
[/ B AN, (R, WA, EH)

// IR AFE ARSI R ERE AT .
function toCode(p) {
var address;
if (p.type === "A”") {
if (p.arg.match(/ \d+$/)) {

address = parselnt (p. arg) ;




} else {
address = symTablel[p. arg];
if (typeof address === ’undefined ) {
address = symTop;

addSymbol (p. arg, address) ;

}

return address;

else { // if (p.type === "C")
var d = dtable[p.d];

var cx = ctablelp.c];

var j = jtablelp. jl;

return Ob111<<13|cx<<6]d<<3]j;




HEERERIES1%E0 > I BIRISE 5K > HackCPU MAHE R B R E A S E N —(Ef2

= o

I

Nand2Tetris 5 7-8 & -- [ HEf#H &5 =

AIERMELE T github 4L > (F RGBT R AE -

e https://github.com/havivha/Nand2 Tetris/tree/master/7
e https://github.com/havivha/Nand2 Tetris/tree/master/8

BEA nand2tetrs 25 7-8 WHYN B EIfEER - 552 F TFICE -

o /DAERIE NFERE / 201548 H 9% / Nand2 Tetris 2 7 ## -- VM I: Stack Arithmetic
o /DAERMEE NEERE /201548 H 5% / Nand2 Tetris 25 8 ## -- VM II: Program Control

HEARST B E E A RE A% - BRI JavaScrint £ » A node. Y
L

DU /&% Nand2Tetris 25 7-8 HEEEEH > 20 4885

HETTH


https://github.com/havivha/Nand2Tetris/tree/master/7
https://github.com/havivha/Nand2Tetris/tree/master/8
http://localhost/db/ymag201508/focus2.html
http://localhost/db/ymag201508/focus2.html

function vm2asm(vmFile) {

passl (lines);

function passl(lines, asmFile) {

-7

c. log ("====== = passl ==");

for (var i=0; i<lines. length; i++) {

var p = parse(lines[i], 1i);
if (p===null) continue;
comment (lines[i]) ;

translate (p) ;




function parse(line, i) {

function translate(p) {

var pl
var p2
switch
case
case
case
case
case
case
case

case

= p. tokens[1];

= p. tokens[2];

(p.op) {

“push”: cmdPush (pl, parselnt(p2)); break;
“pop”: cmdPop(pl, parselnt(p2)): break;
"add”: cmdBinary ("D+A”); break;

“sub”: cmdBinary (“"A-D”); break:

“and”: cmdBinary ("D&A”) ; break:

“or” : cmdBinary ("D|A”); break;

“not”: cmdUnary (“!D”) ; break:

"neg”: cmdUnary ("-D”) ; break;




case

case

case

case

case

case

case

case

case

default: error():

"eq” : cmdCompare (“JEQ”) ; break;

"gt” :  cmdCompare (“JGT”) ; break;

“1t” : cmdCompare (“"JLT”) ; break;

"goto”: emdGoto(pl) ; break:

"if-goto”: ecmdIfGoto(pl):; break:

"label”: cmdLabel (pl); break:

“function”: cmdFunction(pl, parselnt(p2)); break;
“call” : cmdCall (pl, parselnt(p2)): break;

“return”: cmdReturn() : break:

PEEUE B EIE CERAVE RN D > R TR RS - FMUEBUREM 0TS - DIEREE

function cmdGoto(label) {



A(label) :
C(”0; JMP”) ;

function cmdIfGoto(label) {
popToDest (' D") ;
A(label) :
CCD;JNE") ;

function cmdUnary (comp) {

decSp () ; // —=SP

stackToDest (D) ; // D=%SP
C(C D="+comp) : // D=COMP
compToStack( D) ; // *SP=D

incSp () ; // ++SP




function cmdCompare(j) {

decSp () ; // —=SP
stackToDest (D) ; // D=%SP
decSp () ; // —=SP
stackToDest C A”) ; // A=%SP
C(CD=A-D"); // D=A-D
var label eq = jump(CD’, j); // D;jump to label eq
compToStack( 0") ; // *SP=0

var label ne = jump(C 0, JMP’); // 0:JMP to label ne
cmdLabel (1abel eq) ; // (label eq)

compToStack ( -1") ; // *SP=—1

cmdLabel (1abel ne) ; // (label ne)

incSp () ; // ++SP




function cmdBinary (comp) {

decSp () ; // —=SP
stackToDest ("D’ ); // D=%SP
decSp () ; // —=SP
stackToDest CA’); // A=%SP
C(C D="+comp) ; // D=comp

compToStack(D’); // *SP=D
incSp () ;

function cmdLabel (name) {

asm(” (“+name+”)”) :

function cmdFunction(name, n)

{




cmdLabel (name) ;
for (var i=0: i<n: i++) {

cmdPush (“constant”, 0);

function cmdCall (name, n) {
var returnAddress = newLabel () ;

cmdPush (“constant”, returnAddress); // push return address

cmdPush (“reg”, R LCL); // push LCL
cmdPush (“reg”, R ARG) ; // push ARG
cmdPush (“reg”, R THIS) ; // push THIS
cmdPush (“reg”, R THAT) ; // push THAT
loadSeg ("R”+R_SP, —n-5, true);

compToReg (R_ARG, 'D’); // ARG=SP-n-5

regToReg (R LCL, R SP): // LCL=SP




A (name) ; // A=function name
CCO;JMP"); // 0; JMP
cmdLabel (returnAddress) ; // (return address)

function regToReg(dest, src) f{
regToDest (D', src);
compToReg(dest, 'D’); // Rdest = Rsrc

function prevFrameToReg(reg) {

regToDest "D, R FRAME) ; // D=FRAME
CCD=D-1"); // D=FRAME-1
compToReg (R_FRAME, D’ ) ; // FRAME=FRAME-1
CCA=D"); // A=FRAME-1

cCD=M); // D=%(FRAME-1)




compToReg (reg, "D’ );

function cmdReturn() {
regToReg (R_FRAME, R_LCL) ;
A("57);
C("A=D-A") ;
C("D=N") ;
compToReg (R RET, 'D’);
cmdPop (“argument”, 0);
regToDest "D, R ARG);
compToReg (R SP, 'D+1’);
prevFrameToReg (R THAT) ;
prevFrameToReg (R THIS) ;
prevFrameToReg (R ARG) ;
prevFrameToReg (R LCL) ;

// reg=D

// R_FRAME = R LCL
// A=5 99

// A=FRAME-5

// D=M

// RET=% (FRAME-5)
// *#*ARG=return value
// D=ARG

// SP=ARG+1

// THAT=+* (FRAME-1)
// THIS=* (FRAME-2)
// ARG=* (FRAME-3)
// LCL=* (FRAME—4)




regToDest C A, R RET):
C (”O , J—MP//) ;

function jump(comp, j) {
var label = newLabel () ;
A(label) ;
C(""+compt”;"+j) ;

return label;

function init() A{
comment (“init”) ;
AC 256°);
CCD=A");
compToReg (R SP, 'D’);

// A=RET
// goto RET

// SP=256




cmdCall (' Sys. init’, 0); // call Sys.init()
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w7 (Lexer)

var lexer = {
tokens : [],
tokenIdx : 0

lexer. scanFile=function (path) {
// FEEL *. jack FEIAE, A H U0 p— 18 —E R =N tokens iz
e

var text = fs.readFileSync (path, “utf8”):




// % M1 regular expression HUREMEATH )7 HIENIE .

var re = /\/\x([\s\ST*x2) \*\/[\/\/ ([ \r\nl*) [\r\n] |[” (. *?) 7| (\d+)
| ([a—zA-Z]\w#) | (D>=<IN\F/&% [\ NCON NN, D [ (s | () /gm;

var types = [ 77, “comment”, “comment”, “stringConstant”, “inte

gerConstant”, “identifier”, “symbol”, ”space”, “ch” ];:

tokens = [];

tokenldx = 0;

while ((m = re.exec(text)) !== null) {
}

return tokens:




sEyvkE T (Parser)

var compileFile=function (path) {

tokens = lexer. scanFile (path) ;

Class () ;

b )

// class : ’class’ VarName ’{’ classVarDec* subroutineDec* ’}
var Class=function() {

pushNT (“class”) ;

next (“class”) :

varKind = “class”;




className = VarName () ;
classStaticList=[]; classFieldList=[]; classSubroutineList=[];
classSymTable={} ;

next (" {") ;

while (isNext(“static”) || isNext(“field”)) {
ClassVarDec () ;

}

while (lisNext(}’)) {
SubroutineDec () ;

}

popNT (“class”) ;

console. log(“classStaticlList=%j”, classStaticList)

console. log(“classFieldList=%j", classFieldList):

console. log(“classSubroutinelList=%j”, classSubroutinelist) :




// classVarDec: { static’ | field’} type varList ’
var ClassVarDec=function() {
pushNT (“classVarDec”) ;
varKind = next(): // { static’ | field }
Type () ;
VarList () ;
next (";”);

popNT (“classVarDec”) ;

// varList: varName (,’ varName)*
var VarList=function() {

var list = [];

var name=VarName () ;

while (isNext(”,”)) {

next (//, //) :




name = VarName () :

// subroutineDec: ( constructor’ |’ function’ | method’) ( void |typ
e) varName  ( parameterList? )’ subroutineBody
var SubroutineDec=function() {

pushNT (” subroutineDec”) ;

var tag = next (/(constructor) | (function) | (method)/); // ( const

ructor’ |’ function’ | method’)

if (isType() || isNext(“void”)) {

var vtype = next();

next (" (") ;
if (lisNext(”)”)) {




ParameterList () ;

}

neXt <//> //) ;

SubroutineBody () ;
}

popNT (“subroutineDec”) ;

// parameterList: (parameter (',  parameter)*)?
var ParameterList=function() {
pushNT (“parameterList”) ;
Parameter () ;
while (isNext(”,”)) {
next (", ”);

Parameter () :




popNT (“parameterList”) ;

// subroutineBody: ’ {° varDec* statements '}’

var SubroutineBody=function() {

pushNT (” subroutineBody”) ;

next (" {") ;

while (isNext(“var”)) {
VarDec () ;

}

Statements () ;

next ("}”);

popNT (”subroutineBody”) ;




// varDec: ’var type varList ’;’
var VarDec=function() {
pushNT (“varDec”) ;
next (“var”) ;
varKind = “var”;
Type ) ;
VarList () ;
next (";”);

popNT (“varDec”) ;

// statements : statements

var Statements=function() f{
pushNT (“statements”) ;
while (!isNext(”}7)) {




Statement () :

i

popNT (“statements”) ;

// statement: letStatement | ifStatement | whileStatement | doSta
tement returnStatement
var Statement=function() {
if (isNext(“let”)) {
LetStatement () ;
} else if (isNext(7if”)) {
IfStatement () ;
} else if (isNext(“while”)) {
WhileStatement () ;
} else if (isNext(“do”)) {
DoStatement () ;




} else if (isNext(“return”)) {
ReturnStatement () ;

} else {
error ("STATEMENT=>") :

// letStatement: ’let’ varName ( arraySubscript )? '= expression
var LetStatement=function() {

pushNT (“letStatement”) ;

next (“let”) ;

VarName () ;
if (isNext("[”)) {
ArraySubscript () ;




”_n”

next ("=") ;
Expression() ;
next(”;”);

popNT ("1etStatement”) ;

// arraySubscript: ~ [ expression ']’
var ArraySubscript=function() {
next ("[7) ;
Expression() ;

next ("]7);

// block =’ {O statements '}’

var Block=function() {




next (// {//) 1
Statements () ;
next (//} //) 1

// ifStatement : ~if’ ' (C expression ')’ block ’ (Celse’ block)?
var IfStatement=function() {
pushNT (“ifStatement”) ;
next ("if”) ;
next (" (") ;
Expression() ;
next (") ") ;
Block () ;
if (isNext(“else”)) {
next (“else”);
Block () ;




}
popNT (“ifStatement”) ;

// whileStatement: 'while’ ’ ( expression ')’ block
var WhileStatement=function() {

pushNT (“whileStatement”) ;

next (“while”) ;

next (" (") ;

Expression() ;

next (") ") ;

Block () ;

popNT (“whileStatement”) ;

// doStatement: 'do call '’




var DoStatement=function() {
pushNT (“doStatement”) ;
next (“do”) ;
Call();
next (";”);

popNT (“doStatement”) ;

// returnStatement: ’return’ expression? ’
var ReturnStatement=function() f{
pushNT (“returnStatement”) ;
next (“return”) ;
if (lisNext(”;”))
Expression() ;
next (“;”)

popNT (“returnStatement”) ;




// expression: term (op term)*
var Expression=function() {
pushNT (“expression”) ;
Term() ;
while (isNext (/[\+\-\*\/\&>=]/)) { // op in "+/—%&>="
var op = next();
Term() ;
}

popNT (“expression”) ;

// call: subroutineName ~ (' expressionList ')’ | (className | var




Name) ' .  subroutineName (" expressionlList
var Call=function() {
var name = nextType (ID) ;
if (isNext("(")) {
next (" (") ;
ExpressionList () ;
next (")) ;
} else if (isNext(”.”)) {
next (”.”);
var subName = nextType (ID) ;
next (“ (")
ExpressionList () ;
next (")) ;

'y




// expressionlList: (expression (',  expression))?
var ExpressionList=function() {
pushNT (“expressionList”) ;
Expression() ;
while (isNext(”,”)) A
next (”,”);
Expression() ;

J

popNT (“expressionlList”) ;

b [ % = 4 (Code Generation)
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// subroutineBody: ’ {7 varDec* statements '}’



var SubroutineBody=function() {
pushNT (“subroutineBody”) ;
next (" {") ;
varCount = 0;
while (isNext(“var”)) {
VarDec () ;
}
gen. method (methodTag, className+”. ”+methodName, varCount) ;
if (methodTag === “method”) { // method PRENTHRXZE —{f22¥%s th
1s
gen. command (" push argument 0') ;
gen. command ( pop pointer ’~+POINTER THIS); // set up ’this’ po
inter
} else if (methodTag === “constructor”) {
genPush (classFieldList. length) ;

gen. command (" call Memory.alloc 17);




gen. command (’ pop pointer ’~+POINTER THIS); // set up ' this po
inter
}
Statements () ;
next ("}7) ;
popNT (“subroutineBody”) ;

// varName: ID
var VarName=function() {
var name=nextType (ID) ;
if (varKind == “let”) return name;
var symbol = { name:name, type:varType, kind:varKind };
switch (varKind) {
case “class”: break;

case “static”: addSymbol (classSymTable, classStaticlList, symb




ol); break;

case “field”: symbol.kind="this”; addSymbol (classSymTable, cl
assFieldlList, symbol): break;

case “subroutine”:addSymbol (classSymTable, classSubroutinelis
t, symbol); break;

case “argument”: addSymbol (methodSymTable, methodArglList, sym
bol) ; break:

case “var”: symbol.kind="local”; addSymbol (methodSymTable, me
thodVarList, symbol); break;

default:

error ("VarKind not Found!”);

J

return name;

// arraySubscript: [’ expression |’




var ArraySubscript=function (arrayName) {
genPush (arrayName) ;
next ("[”) ;
Expression() ;
next ("]7) ;
gen. command (“add”) ;
gen. command (“pop pointer “+POINTER THAT); // pop into that ptr
gen. command (“push that 0”); // push *(basetindex) onto stack

// condExpression = ( expression ) block
var CondExpression=function (gotolLabel) {
next (" (") ;
Expression() ;
next (")) ;

gen. command ("not”); // ~(cond)




var notifLabel = newLabel () ;

gen. command (“if-goto “+notiflabel) ;
Block () ;

gen. command (“goto “+gotolLabel) ;
gen. label (notifLabel) ;

1117 gen A& {18 FH Akt IRV F > HED R ZCHEA0 T

gen. stringConstant=function(str) {
command (" push constant ’+str. length) ;
gen. call ("String. new”, 1):
for (var i=0; i<str.length; i++) {
command (" push constant ’+str. charCodeAt (1)) ;

gen. call (“String. appendChar”, 2);




gen. keywordConstant=function (str) {
switch (str) f{
case “this” : gen. command (“push pointer 07); break;
case “true” : gen. command (“push constant 17); gen.command(“ne
g”); break:
case “false”: gen. command (“push constant 07); break;
case “null” : gen. command (“push constant 07); break;

default: throw Error ("keywordConstant not found :”+str):

gen. command = function(cmd) {

command (cmd) :
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// Represents an array. Can be used to hold any type of object.

class Array {
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// Constructs a new Array of the given size.
function Array new(int size) {

return Memory. alloc (size):

// De—allocates the array and frees its space.
method void dispose() {
do Memory. deAlloc (this) ;

return;

F&EZE: Memory.jack

class Memory f{

static Array memory;




static Array freelist;

static Array NO BLOCK;

// Free block structure:

// word 0: free block size including 2 header words
// word 1: Next free block ptr

static int FL LENGTH; // freeList. length index
static int FL NEXT; // freelList.next index

// Alloc block structure:

// word 0: alloc block size including 1 header word

// word 1..size: allocated block

static int ALLOC SIZE;// alloc block size index relative to s

tart of allocated block

/%% Initializes memory parameters. %/




function void init() {
let memory = O;
let freelList = 2048;
let NO BLOCK = 16384; // means no block found
let FL LENGTH = 0;
let FL_NEXT = 1;
let ALLOC SIZE = -1;
let freeList[FL LENGTH] = 16384-2048;
let freelList[FL NEXT] = null;

return;

/%% Returns the value of the main memory at the given address

. %/

function int peek(int address) {

return memory|address];




/%% Sets the value of the main memory at this address
* to the given value. %/
function void poke (int address, int value) {

let memory[address] = value;

return;

/%% finds and allocates from the heap a memory block of the
* gspecified size and returns a reference to its base addres
s. *x/
function Array alloc(int size) {
var Array prev block;

var Array found block;




let prev block = Memory. best fit(size); // pr
ev_block is the block before the found block
if ( prev _block = NO BLOCK ) {
let found block = null; // none found
}
else {
if( prev block = null ) {
let found block = freelList; // Ne
w block is at the beginning of the freelist
let freelList = Memory.do alloc (found block, size)

- // Free list now starts a new first free block

}
else {
let found block = prev block[FL NEXT];

let prev block[FL NEXT] = Memory.do alloc (found b
lock, size):




}

return found block+l;

28 String. jack

class String {
constructor String new(int maxLength)
method void dispose()
method int length()
method char charAt(int j)
method void setCharAt(int j, char c)
method String appendChar (char c)




method void eraselLastChar ()
method int intValue ()
method void setInt(int j)
function char backSpace ()
function char doubleQuote ()

function char newLine ()

=25 Screen. jack

class Screen {
static Array screen;
static boolean cur colour;
static int white pixel;
static int black pixel;

static boolean white:




static boolean black;

/#%x Initializes the Screen. */
function void init() {
let screen = 16384;
let white = false;
let black = true;
0;
L;

let cur colour = black;

let white pixel
let black pixel

return;

/*% Brases the whole screen. */

function void clearScreen()




var int 1i;
let 1 = 0;
while( i < 8192 ) {
let screen[i] = white;

}

return;

/*% Sets the color to be used in further draw commands
* where white = false, black = true. */
function void setColor (boolean b) {

let cur colour = b;

return;

function void clearScreen ()




function void setColor (boolean b)

function void drawPixel (int x, int y)

function void drawlLine(int x1, int yl1, int x2, int y2)
function void drawRectangle(int x1, int yl, int x2, int y2)

function void drawCircle(int x, int y, int 1)

F&2ZE: Output.jack

class Output {
/*% Initializes the screen and locates the cursor at the scre
en’ s top—left. */
function void init() f{
let screen = 16384;
let cursor x = 0;

let cursor y = 0;




let charMasks = Array. new(2) :
let charMasks[0] = 255;

let charMasks[1] = -1 & 255;
do Output. initMap () ;

return;

// Initalizes the character map array
function void initMap() {

var int 1;
let charMaps = Array. new (127) ;

// black square (used for non printable characters)
do Output. create (0, 63, 63, 63, 63, 63, 63, 63, 63, 63,0, 0) ;




// Assigns the bitmap for each character in the charachte

r set.
do Output. create(32,0,0,0,0,0,0,0,0,0,0,0) : //
do Output. create (33, 12, 30, 30, 30, 12, 12,0, 12,12,0,0); // !
do Output. create (34, 54, 54, 20, 0, 0, 0, 0, 0, 0, 0, 0) ; 7

do Output. create (35,0, 18, 18, 63, 18, 18,63, 18, 18,0,0); // #

function void moveCursor (int i, int j)
function void printChar (char c)
function void printString(String s)
function void printInt (int i)

function void println()

function void backSpace ()

& 2ZE: Keyboard. jack




class Keyboard {
static Array keyboard;

/%% Initializes the keyboard. */
function void init() {
let keyboard = 24576;

return;

J

/%%
* Reads the next character from the keyboard.

* waits until a key is pressed and then released, then echoe

* the key to the screen, and returns the value of the presse
d key.

*/

function char readChar() {




var char key;

while ( Keyboard. keyPressed() = 0 ) {}
let key = Keyboard. keyPressed() ;

while( ~ (Keyboard. keyPressed() = 0) ) {}
do Output. printChar (key) ;

return key;

function char keyPressed()
function String readLine(String message)

function int readInt (String message)

F& 22 Math. jack

class Math {



function void init ()

function int abs(int x)

function int multiply(int x, int y)
function int divide(int x, int y)
function int min(int x, int y)
function int max(int x, int y)

function int sqrt(int x)

FE22: Sys.jack

class Sys {

/%% Performs all the initializations required by the 0S. */
function void init() {
do Math. init () ;




do Output. init();
do Screen. init();
do Keyboard. init () ;
do Memory. init() ;
do Main.main() ;

do Sys.halt();

return;

/*% Halts execution. */
function void halt() {
while (true) {}
return;
}
function void error(int errorCode)

function void wait (int duration)
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