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Functions:

malloc
free
printf
scanf

Supported Features

Types: Control/looping:
int if

char else

void while
struct for

pointer (to anything, return
unlimited levels)
array

Most of your favorite features from C...

Operators:
+-*/
<<===>>=
&& ||



Unsupported Features

double, float types

floating point operations

short and long integers

Unsigned, signedintegers

break, continue

Enums

Sizeof()

Increment, decrement operators.
do-while and switch statements.

auto, register, volatile static and extern.
Multi-file compilation and linkage.
Preprocessing - no # directives.
Function pointers.

Function inlining.

Static and volatile function.

Variable function arguments - Ellipsis (...)
Typecasting



struct stack

r
L

void push (struct stack s[ ]l
:

L

i:: i’;‘;[ Y e—— * Global definition of structs SCO p I ng

g

int num;
if (s[o].top == (= - 1))
! printf ("Stack is Fullin'); * Variable Scope Limited to function
}'-Et"r": » Static Scoping
else
{
s[0].top = s[0].top +
printf ("Increased stack now = ", s[ol.top);
I
return;

r

int main ()

r
L

L

i:: Egﬂﬁﬁ <«—— * \Variable Declarations at beginning of functions

struct stack s[2]: ¢ Struct Declarations at beginning of functions

e \Variable, struct and array assignment following

push(s); declarations
push(s];

printf(" s[0].top = =d", s[0].top);
printf(" s[1].top = =d", s[1].top);

return



Architecture

Program.cpi
Scanner Parser

Arm

Program.s Bytecode

Assembly

Cpi
Executable




Parser / Ast




Creating the SAST___cacn runction




Creating the SAST

Function Ex()

Statement Block

while (1 < k.c)
a + <
1 b('4', 27) / \
i k.c




Creating the SAST

Function Ex()

Statement Block

/ N\

while (1 < k.c)

variable/function exist?
/ \ variable/function duplicate?
a

+ <
1 b('4', 27) / \
i k.c

4




Creating the SAST

Function Ex()

Statement Block

/ N\

while (i < k.c)
/ \ Assign types to leaves

char int




Creating the SAST

Function Ex()

/
/\

int int

/\

Statement Block

Assign types to rest of

expressions

N\

while (int)

/\

char




-

Left side is PtrChar Right
side is Char")
Passed: charptrl
sting: charptr2
tal error: exception Failure("Binop mismatch:
Left side is Char Right
side is PtrChar op is Mult")
Passed: charptr2
sting: charptr3

ital error: exception Failure("Assign mismatch:

Left side is Char Right
side is PtrChar")
Passed: charptr3
sting: charptrd
tal error: exception Failure("Binop mismatch:
Left side is Char Right
side is PtrChar op is Div")
Passed: charptr4
sting: charptrb

Type Checking

* While conditions

* |f conditions

* Variable assignments
* Function arguments
* Binary Operations

e Return type checking

ital error: exception Failure("Assign Type Error: Left hand side canno ® Pointer Arithmetic

address expression")
Passed: charptrb
sting: charptré

ital error: exception Failure("Assign Type Error: Left hand side canno

address expression")
Passed: charptré
sting: charptr?
tal error: exception Failure("Assign mismatch:
Left side is PtrChar Right
side is PtrPtrChar")
Passed: charptr?
sting: funcl

* Array Index Checking
* Pointer Assignments
e Structs Dereferencing

ital error: exception Failure("Function fun is using arguments of
type Int but its declaration uses type Int Int")

Passed: funcl
sting: functionsl

tal error: exception Failure("Double declaration of b")

Passed: functionsl
sting: functions2

tal error: exception Failure("Return type of function fl Int does not match return type PtrChar")

Passed: functions?2
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SP

|

SP

|

SP & FP

FP

int a;

char b;
char c;

char d[2];

int e[2];

char *f;

int g[a]; (a=2)

Variable Symbol Table

a

b

[Int]
[Char]
[Char]

[Arr(2);Char]
[Arr(2);Int]
[Ptr;Char]

[Ptr;Int]

4

5
6
8
16
20
24



Structure Symbol Table

int a;
char b;
char c;
rar [ T
int e[2];
char *f; d [Int] 0
b [Char] 5
C [Char]
d [Arr(2);Char] 8
e [Arr(2);Int] 16
f [Ptr;Char] 20
g [Dfr;lnf] 24



Bytecode Generation

Per Function

Per Function

AST and Type Information

uuuuuuu

-Stack Offset Information
for variables

-Label names

-Values

-Constants




1 Ast

2

3 atom

4 Lit int (* Tliteral *) Byte CO e
5 Cchar char

B Sstr string * string (* Sstriname, label) *)

7 Lvar int * int(* Lvar(offset,size) *)

B Gvar string * int (* Global var (name,size) *)

9 Pntr atom * int (* Pntr(addr,size) *)

10 Addr atom

11 Neg atom

12 Debug string

13

14 bstmt

15 Atom atom

16 VarArr atom atom

17 Rval atom

18 BinEval atom * atom * Ast.op * atom (*Binary evaluation *)

19 BinRes cpitypes list

20 Assgmt atom * atom

/1 Fcall string * atom list atom

/7 Branch string

23 Predicate atom * bool * string (* (var_to check, jump_on what? , label)®)
24 Label string

25

26 prog

27 Fstart string atom List bstmt list int (*start of a function®)
/8 Global atom List

NORMAL Lnix

oytecode.ml " ZBL, 791C



The challenges

Array offset calculation

— arr[a+b+2]

Pointer arithmetic

— *(p+2)

— *(2+a+p)

Structure member offsets

—S.a

— s.a.c[3]

—s->b

All reduce to (base + offset) bytecode



arr[a+b+2]

—BinEval(tl,a,+,b)
—BinEval(t2,t1,+,2)
—BinEval(t3,t2,*,4)

— BinEval(t4,Addr(arr),+,t3)
— Pntr(t4)




*(2+a+p)
* BinRes(Int);
—BinEval(t1,2,+,a)
* BinRes(Ptr;Int)
— BinEval(t2,t1,*,4)
—BinEval(t3,p,+,t2)
* BinRes(Int)
— Pntr(t3)



Arm Assembly Generation

Per Function

-Stack Offset Information
for variables

-Label names

-Values




Terminal Help

1 int main(){ 67 BinEval -= 1
2 int arr[3]; 68 Dst |[Lvar Offset: 52 Size: 4 2
3 int a; B9 Varl |Literal: 4 3
4 70 Op [Mult 4 ER
5 arr[B] = 0; 71 VarZ |Literal: 2 5 main:
5] arr(l] =1; 72 BinEval -= 5] stmfd sp
7 arr[(2] = 2; 73 Dst |[Lvar Offset: 64 Size: 12 7 add fp, sp,
8 a=1; 74 Varl |Address: 8 sub sp, sp,
9 75 Value | Lvar Offset: 12 Size: 12 9 ldr r@, =4
16 return arrfa+l]; 76 Op | Add 10 ldr rl, =0
11 77 Var2 |Lvar Offset: 52 Size: 4 11 muls r3, r@, rl
12 } 78 Atom -= 12 str r3, [fp,
79 Pointer: 13 sub r@, fp,
80 Value | Lvar Offset: 64 Size: 12 14 ldr rl, [fp,
81 Size | 4 15 adds r3, r@, rl

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| 82 Assignment -= 16 str r3, [fp,
| 83 dst |Pointer: 17 1dr r@, =0
| 18 1dr r4, [fp.
| 19 str r@, [r4,
| 20 1dr r@, =4
| 21 - ldr r1, =1
|

|

|

|

|

|

|

|

|

|

|

|

84 Value | Lvar Offset: 64 Size: 12
85 Size | 4

B6 src |[Literal: 2

87 BinRes: -=

88 Int 22 muls r3, r@, rl
89 BinRes: -= 23 str r3, [fp,
90 Int 24 sub r@, fp,
91 Atom -= 25 1dr rl, [fp,

92  Literal: 1
93 BinRes: -=
94 Int
95 Atom -=
96 Lvar Offset: 16 Size: 4
97 Assignment -B°
98 dst |[Lvar Offset: 16 Size: 4
898 src [Literal: 1
|168 BinRes: -=
|181 = Int
|182 BinEval -=
|163  Dst |[Lvar Offset: 72 Size: 4
|164  Varl |Literal: 4
|185 - Op [Mult
|166  Var2 |Lvar Offset: 68 Size: 4
|167 BinEval -=
|168  Dst |[Lvar Offset: 84 Size: 12
|18 Varl |Address:

26 adds r3, r@, rl
27 str r3, [fp,
ldr r@, =1

29 1dr r4, [fp,

30 str r@, [r4,

31 1dr r@, =4

32 ldr rl, =2

33 muls r3, r@, rl
34 str r3, [fp,

35 sub r@, fp,

36 1dr rl, [fp,

37 adds r3, r@, rl
38 str r3, [fp,

B 1dr r@, =2

40 1dr r4, [fp,

41 str r@, [r4d,

42 ldr r@, =1

43 str r@, [fp,

Cpi -> Bytecode -> Arm

|116 Value | Lvar Offset: 12 Size: 12 44 ldr r@, =4

|111 - Op | Add 45 ldr rl, [fp,
|112 = Var2 |Lvar Offset: 72 Size: 4 46 muls r3, r@, rl
|113 Atom -= 47 str r3, [fp,
|114  Pointer: 48 sub r@, fp,
1115 Value | Lvar Offset: 84 Size: 12 49 ldr rl, [fp,
|116 Size | 4 50 adds r3, r@, rl
|117  Rval 51 str r3, [fp,
|118  Rvalue |Pointer: 52 ldr rd4, [fp,
1119 Value | Lvar Offset: 84 Size: 12 53 ldr r@, [r4,

B
o

54 b main_exit

120 Size | 4
test.cpi CP 2 # master ) out.bytecode = ro ft 80% out.s



Testing: structtestl

Passed: structtestl

Testing: structtest2

gcc-return = 2, cpi-return

Testing: structtest3

Passed: structtest3

Testing: structtestd

Passed: structtest4

Testing: varname
Passed: varname
Testing: whilel
Passed: whilel
Testing: while2
Passed: while2
Testing: while3
Passed: while3
Testing: whiled
Passed: while4
Testing: whileb
Passed: whileb

Test results:
Total Passed:91

pi@raspberrypi ~/pl1t2013 (master*) $ [

Testing

side is PtrChar op is Less")

Passed: whilel
Testing: while2

Fatal error: exception Failure("While condition is type ArrInt and not type

Passed: while2
Testing: while3

Fatal error: exception Failure("While condition is type PtrChar and not type

Passed: while3
Testing: while4

Fatal error: exception Failure("While condition is type Struct and not type

Passed: whiled
Testing: charptr
Passed: charptr
Testing: functions
Passed: functions
Testing: if
Passed: if
Testing: intarr
Passed: intarr
Testing: intarrptr
Passed: intarrptr
Testing: intptrmod
Passed: intptrmod
Testing: intptr
Passed: intptr
Testing: structh
Passed: structb
Testing: structé
Passed: struct6
Testing: struct?
Passed: struct?
Testing: struct
Passed: struct
Testing: while
Passed: while

Test results:
Total Passed:63

161 Tests
-64 Type Checking Tests
-97 Feature Tests

Test Enviornment
-SSH and Raspberry Pi Server
-QEMU Emulation

pi@raspberrypi ~/pl1t2013 (master*) $% D



Player 1, enter your move:

i Example: Tic-Tac-Toe

| 1ol |
------- 1 fint printboard(char board[]){ 'Egé‘?
[ ] | | 2 printf("|%c|%c|%c|\n", board[0],board[1],board[2]); "~ o i, "player 1: '0'\nPL:
Player 2, enter your move: 3 printf(fe------ \n"i; LCL: '
g 4 pr;ntf(:l%cl%cl%ckx?", board[3],board[4],board[5]); .asciz  "vValid inputs are ¢
T 5 pranti(r.------ ) ; Lcz:
_______ 6 printf( !oclocloclxn . board[6],board[7],board[8]); asciz vplayer %d, enter |
| |0| | 7 return 0; LC3:
_______ g ! .asciz  "\n"
%l | 10 int checkrow(char board[], int row){ -LC4: . et
Player 1, enter your move: 11 int x1; -dsC1z d
0 12 int x2; -LC5:
o] | | 13 x]1 = row + 1; .asciz  "Winner is Player °
_______ 14 X2 = row + 2; -LC6: . ; i .
| o] | 15 if (board[row] == board[x1]){ -asc1z No one winsiin
_______ 16 if (board[x1] == board[x2]){
MR 17 if (board[row] '= ' *){ -text _
_ 18 printf (""Row win!\n"); .global main
Player 2, enter your move: 19 return 1: main:
8 20 I stmfd sp!, {fp, Lr}
ol | | 21 ) - 2 Player game add fp, sp,#4
_______ 22 . sub sp, sp,#292
ol ] 22 o. - Features array passing and Ldr o, -
24 . ]_l:l 1, =0
IKIIKI 25} prlntf/scanf mu]r_srrB, ro, rl
- 26 B str r3, [fp,#-48]
?layer 1, EREAT yoUF Mmoys 27 int checkcolichar board[], int col){ sub ro, fp,#40
28 int x1; ldr r1, [fp,#-48]
ol | | 29 int xz;l adds r3, ro, ril
------- 30 x1 = col + 3; str r3, [fp,#-60]
| o] | 31 x2 = col + 6; 1ldrb ro, =gz
_______ 32 if (board[col] == board[x1]){ ldr r4, [fp,#-60]
| |0 X| 33 if (board[x1] == board[x2]]{ strb ro, [r4,z0]
- e i oard[col] I= ldr ro, =1
Player 2, enter your move: 3% f (board[col] 1=t *){ ,
1 35 printf ("Column win!yn"}; ldr r1, =1
1ol x| | 36 return 1; muls r3, ro, rl
_______ 37 ¥ str r3, [fp,#-64]
38 } sub ro, fp,#40
| 1ol | 39 } ldr r1, [fp,#-64]
"""" 40 return 0; adds r3, ro, rl
Ilﬁflaﬂnle}rfl 1, enter your move: :}? : str r3, [fp, #-76]
[ ] -I:III 5 'l"lll ) - I, = TR TOuy [ [ A I R —— i T ]_[!rh rﬂ’ _:_32 .



Example: Linked List

struct node

struct node *previous;
int data;
struct node *next;

insert_beginning(int value, struct node #**head, struct node **last]

struct node *var;

struct node *temp;

struct node *tempZz;

var=malloc(24);

var-=data = value;

ifi*head==NULL)

{
printf ("Adding to Empty List\n");
var-=previous=NULL;

var-=next=NULL;
*head = var;

- Function passing of
ilseﬂ_ast = +head; structs and pointers

- Memory allocation
with malloc/free

{

printf ("Adding to List\n"};
temp = var;
temp-=previous=NULL;
temp-=next = *head;
(*head) -=previous =
*head = temp;

temp;

¥

int delete_from end(struct node *+head, struct node **last)
1
struct node *temp;
temp=+head;
if(temp==NULL]
{
printf("Cannot Delete: ");
return 0;

1

[ | return o;
I

void display(struct node **head, struct node **last)

struct node *temp;
temp=*head;
if (temp==NULL)
{
printf("List is Empty!");

while (temp! =NULL)
{

printf(*-= %d ", temp-=datal;
temp=temp- =next;

1
h
int main()
i
int value;
int 1;
int loc;

struct node *head;
struct node *Last;

head = NULL;

printf ("Select the choice of operation on link Llist"

printf("\nl.) insert at beginningin"};

printf("2.) delete from end\n");

printf("3.) display list\n"};

printf("4.) Exit\n"];

while(1)

1
printf ("\n\nenter the choice of operation you wa
scanf ("esd, &1 ;

it (1 == 1)1
printf("enter the value you want to insert i

Pl P | -1 - %



nt do_command({char dh[], char command, char sourcel[], in

hr.c, Example:

char *p;
int tempbreak;

ey | Brainfuck

/* printf("index:%d\n, command:%c\n",index,command);
/* printf("cell[o0]: %d, celll1]l: sd\n",dh[e]l, dhl[1]);
J* printf("dh_index:%dyn",*dh_index); */

s~ it indn Interpreter

if EESF'mE'nj ==_IF:{;|:|{. d . pi@raspberrypi ~/tmp/plt2013/examples (master*) r LArunbfLsh " [
*dh_1ndex = *dh_index + 1; [+ 5t —|—-::-::-:-: A VA M SN S S AT ST ST PRI .-
return i1ndex; Pos .. .
T len: 111, sSOUrce: ++tt+ttttt [ sttt s s s ] s b b L
if (c-‘}mmand — |¢:|:|{. Ht{lo ;—;{;T+++++++++ R SR e ELCELr S
*dh_index = *dh_index - 1; B e R ldrb ro. [fo.#-29]
return index; ldrb r1. :45’
! Compiling an interpreter?? Yes! Emp ro, rl
it (command == '+'}{ moveq r3,#1
*n o= *p o+ 1; muvze r3,#0
1 . . uxtbh r3,r3
} return 1ndex; - runbf.sh is used to pass the source strb r3, [fp,#-93]
. . . ldrb ro, [fp,#-93]
if (command == *-*){ code of the bf program along with its cmp 0, %0 |
#* - ¥ - "
P =P 1; . beq end6
return index: length to the bf interpreter Ldr re, =.LC5
} - bf reads the two command line tdr r1, [fp,#-16]
if (command == '."){ bl scanf
printf ("ec', *p) ; arguments through scanf otr 1o [fp,#-100]
return 1ndﬂx, : ldr ro, [fp,#-44]
#!/bin/zsl . P :
} ét.lurcel—_rll b do_command exit
if 'Zic-mm?n" == temp="echo $source | wc -c E"dﬁ:ldrh r0, [fp,#-29]
scanf (" %c', pl; len="echo "$temp - 1" | be ldrb r1, =91
return 1ndex; cmp 10, rl
1 {echo $len; echo $sourcel | ./bf.out moveq r3,#l
if (command == '[*}{ movne r3,#0

A — -| I'h.n‘J.i'.'\_- " II\"‘"I‘I reE -2



Project Management -

This repository = Explore Gist Blog Help luchase

O
®
glth“b @’ Unwatch ~ 4 % Star 0

SOCIAL CODE HOSTING

Browse Issues Milestones :
Everyone's Issues 4 4 Open | 31 Closed Sort: Newest -

Assigned to you 0 - . -
Created by you 2 Assigning strings to variables in declarations
Jpened by luehasei 5 days ag
Mentioning you 0
Nice to have if time
Dpened by luchasel 5 days ago 192 comments
No milestone selected -ﬂ- -
Global variables hytecode Gvar needs an additional count member to support
arrays
Labels Dpened by navrey amonth ag
B buo 0 Global variables and strings of all functions support
duplicate 0 Dpened by navrey 2 months ag
enhancement 0
Keyboard shortcuts available
invalid 0
B question 0

A ..“r”. (1]



- Project Timeline

3k

September 14th 2013 - December 14th 2013 o :
Commits to master, excluding merge commits Contribution Type: Commits -

50
-Sep 15 Sep 22 Sep 29 Oct 0B Mov 03 MNow 10 Dec 08 |
Test SAST
Scanner Hello World Framework structs Tests
Parser while .
, Bytecode Bug Fix
ARM Binops yrecot return ¢ g
Generation feature

Offset Calc Rework tests



Contributions

* Naveen Revanna - Architecture Czar, Bytecode
Generation

* Eddy Garcia - Type Checking, Test Case
Generation, External functions

* Sean Yeh - Test suite, Example programs, bug
fixes

* Niket Kandya - Scanner/Parser, Scalar Types
and Functions, Design



Lessons Learned

Naveen Revanna - Spend sufficient time in deciding a
scalable architecture at early stages. Don't trust your
developer self. Document code sufficiently. A good test
infrastructure can save you loads of time.

Eddy Garcia - Pattern matching should be a feature
available in all languages. Regression tests are wonderful.

Sean Yeh - Next time | will not write test suite script in
BASH. Nevertheless, the testing framework turned out
pretty well.

Niket Kandya - Time spent on good design is time saved.
Functional Programming is a clean approach. Compilers
are fun.



