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Module 12.3

JACK Compiler: Code Generation - 7

term: integerConstant | stringConstant | keywordConstant | varName |
varName [ expression ]’ | {(* expression ‘)’ | unaryOp term | subRoutineCall

subroutineCall: subroutineName '(' expressionLisf ')'| (className |
varName) ' subroutineName '(* expressionList )’

* check for keywordConstant:
* Must see symbol <keywordConstant> value </keywordConstant>
* if valueis /[Result in TOS

* true:
* push constant 0
* not
* false:
* push constant 0
¢ null:
¢ push constant 0
¢ this:
* push pointer 0

Welcome to module 12.3 and in this module we will be going ahead with the code generation,
so we are now doing compile terms, in which we have completed integer constant, expression
and unary op term, now we see keyword constant, so a term can be just a keyword constant
and what are the keyword constants, if you look at there are 4 keyword constants that we
have, namely through, false, null, this, so when we are the compile term will look for integer

constant, we look for unary op, we look for this starting (and based on those actions would



have been taken, if we does not find this 3 than it will look, if there is a symbol keyword
constant followed by some value and/keyword constant, if this is then it has to take this

particular path.

So the term will be checking for each one of this possible things and if this is one of the, if its
keyword constant and it has to do this action, so this value can be one of these for values,
namely true, false, null, this, so if you see a keyword constant values/keyword constants than
if the values is true, then we actually push constant 0 and 2 not so essentially this becomes
1111 which is true right, so the result, always the result has to be in the top of the stack, so

this is how do you do.

If it is a false then you just push constant 0, if it is null again push constant 0, if it is this, if
you want this then always that this, the starting address of this will be pointer 0, so I will say
push pointer 0, these for values will be there for keyword constant and for each one of these
values we need to dump this code there right, so this as a green, so this code will be dump

and at the end of this the result of this keyword constant will be on top of the stack.

So what we said compile term will leave the result of, will generate the code, which will
leave the result of that particular code on top of stack and that is what we are doing here right,

so this is about keyword constant.
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term: integerConstant | stringConstant | keywordConstant | varName |
varName [ expression ‘|’ | {(* expression ‘)’ | unaryOp term | subRoutineCall

subroutineCall: subroutineName ‘(' expressionList ')’ | (className |
varName) ' subroutineName ‘(" expressionList )’

* check for varName not followed by ‘(" or [ or *.":
* CODE
* push kind(varName) Index(varName)
* //Search subroutine and class symbol tables; result in TOS

* check for varName followed by "
¢ Must see <expression> @j)

¢ call compileExpression() //result on TOS
/'M L —1 \m

* Must see </expression> followed by ]
* CODE
*  push kind(varName) Index(varName)

* //Search subroutine and class symbol tables; result in TOS ) o\
* add //Address to be accessed
¢ pop pointer 1

* push that 0 /Result in TOS

Now we will go and see, if it is a var name, which is not followed by (or [ or . That means it
just this var name, so it is not is var name with that expression, so just var name that means it

just an identifier, so it something like Y like EZ or so one of this identifiers, so what we need



to do is we have to push the value of that EZ or Y on to the top of the stack, so how do we do
that?

So this is the code, push the kind of that variable name and the indexed of variable name onto
the stack, so this push will do that, so it will be push field, 0 or starting, 0 or whatever, so or
local, 0 or org 0, so this will push the value of that variable onto the stack and finally the top
of the stack does have this value and where do you get this kind of index, search for this
variable name first in the subroutine class table and then in the subroutine symbol table and
the class symbol table and then from that you will get this kind of index and if you put this

code intimately the value of the variable will be on top of the stack and that is what we need.

Suppose I have var name, followed by this square parenthesis right, so square brackets than
that means it is an array variable, so the moment I see the square parenthesis I must see are
expression, so immediately I will call compile expression and the result of that will be on top
of stacks, so it is something like you know A of I +2 something like this, so this I +2 is an
expression, so this compile expression will basically compile this, write code of I +2 and

while you execute that code on the top of the stack the result of I +2 will be there.

So this is at the end of the compile expression you will see this, then you must see
a/expression and then the closing square bracket, now you write this code, now you push kind
an index of A right, A is the variable name here, so if it is a array variable what will be this
push kind and index do, it will give you the starting address of A that we have seen, so here
let I +2 be 10, now that starting address of A will get, so A will be say some local variable 2,

so if I say push local 2 it will give you starting address of A, let it be someone 1000.

Now I do add, so this becomes 1010, so this is the add, add will give me 1010, I push, I pop
this to pointer 1 so that will basically of 1010, now push that 0, so that is 1010 +0 is 1010, so
push the content of 1010 onto the stack right and that what 1, so in the end of A of I +2 which
is part of an express term, I need the content of A of I +2 on the stack, so I just put push that
0, so the result of this is on the of the stack, so this is the okay, so this is how we handle

variable name.
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term: integerConstant | stringConstant | keywordConstant | varName |
varName ‘[ expression ‘]’ | {(‘ expression ‘)’ | unaryOp term | subRoutineCall

subroutineCall: subroutineName ‘(' expressionList ')’ | (className |
varName) "' subroutineName '(' expressionList )’

¢ check for stringConstant:

* <stringConstant> (TheString </stringConstant>

* Lot STRLEN be length of TheString

* CODE

* push constant STRLEN

call String.new 1
for (i=0; i < STRLEN; i++)
* push constant <the integer value of ith character>
¢ call String.appendChar 2

* check for varName followed by ‘(" or *.":
* This will be a subroutine Call

term: integerConstant | stringConstant | keywordConstant | varName |
varName ‘[ expression ]’ | {(* expression ‘)’ | unaryOp term | subRoutineCall

subroutineCall: subroutineName '(' expressionList ')’ | (className |
varName) "' subroutineName ‘(' expressionList )’

* <stringConstant> TheString </stringConstant>
* Let STRLEN be length of TheString
* CODE B e e A
* push constant STRLEN 2 'V}/@/
*|call Sting.new 1 | o Lot §
¢_for (i=0;i < STRLEN; i++) e
¢ push constant <the integer value of ith character> -
* cal StringaﬁgpendChar@ k“” ook ),
&»/&g*t“;i

* check for stringConstant: »»C
» j

* check for varName followed by ‘(" or *.":
* This will be a subroutine Call

Now the next thing is string constant right, so now we have to check for, so you will be
looking like string constant actually the string, for example string constant enter the number
right, so if I have say enter the number, so let me say print int or output int something like,
than it will have something like keyboard.input int, let me just take this keyboard.read int
some string will be there, now this will be reflected as string constant and whatever string,

read your number or I can say input a number, so that input the number will be a string here.

Now what we need to do is we call string length, we actually computer string length, so this
input a number will be something like input say let us say input, so input the string length is
now 5 right, now we extract this string right, now what we do is, first we push constant string,

length, so I will first put push constant 5 and I say call string.new with 1 argument which is 5,



so this will create a new string of length 5 and the starting address of that will be on the top of

the stack, that is what string.new does.

So this will create some new strings say starting at 2015, so the new string will be, so 2015
will be on the top of the stack, so the new string will be some wherein 2015, 16, 17, 18, 19
okay, so this is where your string, so this will be input, that is what we need to create now
right, so what we do is first 2015, first it will put everything as blank and 2020 will be null,

so this is how this will do.

Now what we need to do is, so this was created as the string of size 5, now we see push
constant of that character, so I have to push this, so what all this input everything should be
stored here as integers right, so there is a one-to-one ask key map here right, so there is a one-
to-one ask key map, so essentially if I say, if [ want to put input what I do here, for I equal to
0, I less than whatever that 5, I ++ push constant, now I have to push I right, I is percentage
D, in C if I put percentage D and I put I can that print of statement, this ask key value of I
will be put here right.

That is how we do this, so I put ask key value of input here, so what I push constant of that
ask key value of I and then say call string.appendChar 2, why this 2? This 2 essentially means
there are 2 arguments to this function for append char, 1 is the starting address of the string
with is already there on the stack 2015, then I am pushing this value of I, the ask key value of
I by this statement right and now I am calling string.appendChar which will take the first 2

arguments on top of this.

So what this will do? This string.appendChar 2 will do in 2015, string starting at 2015 please
append I right, so it will go and append I in 2015 right, then next these goes on loop back,
now I push the constant ask key character equivalent to N and again I will say call string
append, so what it will do, it will just take this 2015, again 2015 is on the stack, so it will take
this N, the ask key equivalent of N and append it to 2015 again I get N right and like that, I

will keep on doing, so I will be appending input one after another.

So this for loop will take each character of the string as its ask key value and call
string.appendChar to append it back, so and these and please note that there are 2 arguments
one is the starting address of the string and another is the actual value that I need to append,
so this is what we do with string constant, so at the end of this, if the term is the string

constant what will be on the top of the stack? The top of the stack will have pointer the



starting address of the string and if you go than the entire string will be stored, so that is how

do, so this is how string constant is handled right. Now, we now go and check for var name

which is followed by either dot or this (, then that means this basically leads to a subroutine

call.
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term: integerConstant | stringConstant | keywordConstant | varName |
varName ‘[ expression ‘]’ | {(* expression )’ | unaryOp term | subRoutineCall

subroutineCall: subroutineName '(' expressionList ')’ | (className |
varName) "' subroutineName ‘(' expressionList )’

¢ check for stringConstant:

¢ <stringConstant> TheString </stringConstant>

* Let STRLEN be Iength of TheStnng

o CODE o N

ush constant STRLEN @

'§ call String.new 1 "“ﬂ" Lok L
*_for (i=0;i< STRLEN; i++)

push constant <the integer value of ith character>

(' call Strmg.appendChar@ o /:mm\' ),
* check for varName followed by ‘(" or *':
* This will be a subroutine Call

& Uwvc 39

<

0 Check for varName and call it id1,
o Check for symbol “.”
o if Yes do

0 Check for identifier and call it id2

0 Check if id1 is in subroutine or class
symbol table
o if Yes then id1 is an object of a class,

o ifNodo

I

o id1 is a subroutine of current class
0 CODE: push pointer 0 //Need ‘this’

get its kind and type.
o CODE: push kind type
o if No then id1 is a className - Array,

String, Keyboard etc

I

0 Check for symbol ( ; you should see

© nP = compileExpressionList();

© You should see </expressionlist> followed by symbol ) anq]

o CODE:
call classname.id1/nP+{/I'this’

0 if id1 is in local or class symbol
0 CODE: call Type(|d1) id2 l\

table
P*1 ‘
temp

0 if Yes then
o nthen
0 CODE: call id1.id2 nP /f

Now the difference between the subroutine call that we saw in compile do statement and the

subroutine call we are going to see here is that the subroutine automatically will give as a,

will result in an output on top of the stack okay, all the subroutines, so in that case, these are

all basically functions which will do right, which will return a value on the top of the stack

right.



So one of the thing that we need to keep as mentioned earlier that there is a OS function call
like keyboard, there is many OS functionalities which you do not define like keyboard,
arrays, string, you know sys etc the do subroutine call only methods will be called for those
OS routines right, but in this the subroutine call originating from evaluating a term functions

will be called right, so for the OS classes like your sys, array, mems, string, math etc.

In the do, the subroutine call originating from do only methods will be called, in the
subroutine calls originating from terms of only functions will be called right, so there is a
difference between handling a function and handling a method and now we will see how the
subroutine call for the term is going to be handled right, so this is very similar to what we

have done, but there are some certain changes here and there.

First check for the variable name, we call that variable as ID 1, then check for the symbol . if
there is no . then you do this step and this step, if there is . sorry if there is . you do this, that
followed by this step and then the step, if there is no . then you do is 3 steps right, so if there
is . then you again check for identifier because this will be var name.identifier call it ID 2,
check if ID 1 is in the subroutine or symbol class, if yes then ID 1 is object of some class, so
we need to get its kind and type, so and you push the kind and type of ID 1 because we need

this for the subroutine, if no, then ID 1 is a class name array, so do nothing here at this step.

Then come here, then after that we need to see the symbol this because you have something
like keyboard.read int some that starting parenthesis, so you see this starting parenthesis, then
you will see expression list, then you call this compile expression list and it will return the
number of parameters and it will also ensure that the parameters, that should argument that
are need to be passed to this routine or that code for compile expression list will ensure that
all the arguments are loaded in the stack in that order and after that you should see/expression

list, followed by the symbol and; right.

Then you come here if ID one is a local or class symbol then you just say call type ID 1.ID 2,
type of ID 1.ID 2 nP+1, if it is ID 1 is of the OS routines than just say call ID 1. ID 2 nP, this
nP+ 1 is needed because you are putting this right, so now the difference between do while
and this statement is pop temp 0 is not necessary in the while statement we need that, but here

we do not need this.

Similarly, if it was just ID 1 without a . then we push pointer 0 because a subroutine of the

current class pointer 0, then you again check for this parenthesis this is, this (and expression



list, then number of parameters will come as part of the compilers expression list and of
course this compile expression list will put the code where all the arguments of this are
already loaded on the stack in that order, then you should see/expression list and symbol,

followed by symbol) and then the symbol;

Now the code is call class name.id 1, whatever this ID 1 nP+1 because this is there, so this is
what you do if it is not a dotted call, if there is dot call then you do this, this and this, so the
difference between do and this is that this pop temp 0 is removed in all this, so that is the

difference okay and, so this is how we handle subroutine call.
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iti 0 Check for identifier and call it id2
0 Check for varName“aJ\d call ItlL 0 Check if id1 is in subroutine or class
o Check for symbol “,

symbol table

o if Yes do o if Yes then id1 is an object of a class,
o ifNodo get its kind and type.
o CODE: push kind type
l o if No then id1 is a className - Array,
String, Key etc

o id1 is a subroutine of current class
0 CODE: push pointer 0 //Need ‘this’

0 Check for symbol ( ; you should see xpressionlist
© nP = compileExpressionList(); 0 if id1 is in local or class symbol
0 You should see </expressionlist> followed by symbol ) anq;‘J table

t 0 if Yes then )
o CODE: 0 CODE: call Ty_}&(l@).ld_z lQEﬂ
call classname.id1/nP+4///'this’ pop-temp 0~
by 0 ifNothen e
0 CODE: calld.d2 nP E/fj‘

A\ (T — AN
\U \Pﬂ&w&\ - ‘_h)y !

term: integerConstant | stringConstant | keywordConstant | varName |
varName [ expression ‘]’ | {(* expression ‘)’ | unaryOp term | subRoutineCall

subroutineCall: subroutineName ‘(' expressionList ')’ | (className |
varName) "' subroutineName ‘(* expressionList )’

* check for stringConstant: ~ /~ v 3 f/)
* <stringConstant> TheString </stringConstant> UW J
* Let STRLEN be length of TheString
* CODE e - \M\" /N
* push constant STRLEN @
:icallﬁStrﬂg.’nqw - b Lot g
for (i =0; i < STRLEN; i++) 1«:‘—12»'5
<‘ push constant <the integer value of ith character>

* call String,aEpendCha@ km\n Mh&r\ﬂl :
g

* check for varName followed by ‘(" or *.":
* This will be a subroutine Call



i o Check for identifier and call itid2
o Check for varName“a,,nd call Itu‘ lo Checkif id is in subroutine or class
o Ct!eck for symbol “. | symbol table
o if Yes do 0 if Yes then id1 is an object of a class,
o ifNodo get its kind and type.
0 CODE: push kind type
l 0 if No then id1 is a className - Array,
String, Keyboard etc

o id1 is a subroutine of current class
o CODE: push pointer 0 INeed ‘his’ /

| 0 Check for symbol ( ; you should see <expressionlist [t
0 nP = compileExpressionList(); o ifid1 is in local or class symbol |
0 You should see </expressionlist> followed by symbol ) and J table i
i o if Yes then |
o CODE: 0 CODE: call Type(id1)id2 nP+1 /|
id1/nP+4 lithis’ Spoptemp T~
. ’m&w nP+{I/this’ %henp L

0 CODE: call id1.id2 nP

(A‘;”\&

}w&/

The OS

* Go to tools/OS directory
* We see several *.vm files

¢ Array.vm, Keyboard.vm, Math.vm, Memory.vm,
Output.vm, Screen.v, String.vm, Sys.vm

¢ Study these in detail

So with these we have finish all the 15 subroutines and need to be coded and whatever you
see on green you need to have basically will be the code that is dumped out okay and this is
how we construct the compiler, so I hope you all followed this and if you have any doubts
please do put on the web but do not stop this effort, is going to be slightly you know involved
and I have tried to explain as much as I can, of course, always whatevers can improve, I can
improve in my explanation and you can also improve in your understanding what the best
thing is that you work, you write the code, you get the code up and that will be a very

interesting exercise, you will never regret right, and that is very important.

So unless you do this final coding you will never see the josh in this course, I would like you

to end this course with that josh okay, so finished this coding right, once you finish this



coding your compiler is ready, now one of the thing that we need to understand next before

you even start executing programs, which is understanding the OS interface.



