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Use Case

Store sensor data

“« Filter query

Real time Monte Carlo
simulation




Hypothesising the limitation

gl

Couple hundred ms



Hypothesising the limitation

> D 2 sec

Couple hundred ms



Hypothesising the limitation

> D 2 sec 2 sec 2 sec 2 sec 2 sec

Couple hundred ms



Doing things Just-In-Time




The power of JIT

Just In Time
~ |:| 2 sec 2 sec 2 sec 2 sec 2 sec > Compilation

\ Static Analysis
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Amortization of cost




Why no JIT?

Poor security (code region memory is sacred)

- Chrome on your phone says so!
- Apple won't allow it!
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Poor security (code region memory is sacred)

Unpredictable (2s or 20s)

- Amortization is not always guaranteed
- Regression cases!!
- Most JITs have their WIP lists!



Why no JIT?

Poor security (code region memory is sacred)
Unpredictable (2s or 20s)

Not suitable for all workloads

- High Throughput 1 >>> Optimal Code |



Our Pipeline

iri-binary .json
.Js —> Iridium ———> Iridium-Forge ————> Iridium-gjs
A A A
ECMA JS3Gen IriGen

Figure 3.1: Overview of the Iridium architecture.
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Our Pipeline

iri-binary .jsoy
.Js —> Iridium ———> Iridium-Forge
A A A
ECMA JS3Gen IriGen

Figure 3.1: Overview of the Iridium architecture.




Frontend.



Just a loop right?

JS Source

for (leta of [1,2,3]) {
letx=a;

}

—




Just a loop right? Wrong

JS Source
for (letaof 1230 { _____ |
letx=a;




Try Catch Block, Implicit Abstract Operations and new
evaluation scopes
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Iridium SEXP Format

IridiumSEXP

Args

Iridium Primitives

number

boolean

string :

string |

null;

IridiumPrimitive

A generic S-Expression
has this format.

Tag : Denotes the SEXP
kind

Flags: Quirks on the
SEXP

Args: The children of
the node



-is 7

.js3

> .iri(non-exe) > .iri(exe) ™ .json ™ bytecode

let a
{

12;

console.log(a);

let a
}

13;

What'e the ovtput?

Running Example



.js > .js3| > .iri(non-exe) > .iri(exe) ™ .json ~ bytecode

let a = 12; let a = 12;

{ {
console.log(a); let js3S1 = console.log(a);
let a = 13; let a = 13;

} b

./iridium js3 --tout tests/basic/ex1.mjs Running Example



> .iri(exe) ™ .json ™ bytecode

.js ™ |.js3 < .iri(non-exe)

9TMOOONG n$996qBBH]
QAJTONOMB/ (1v0900000000 10006 ! 6~0
(Ma

PpOTO}000}1000B" gEEOO>OIN#+HOMOOA P

let a = 12;
QAQ_SOSROZOHO 09 | 1X (OXQLZOTA . -19@ : AHOCOOOGCHO_GAr9OOHNS
{ 90" 11004051

0000000G0MOYSOON_200
; - . 001 \GOONLOONOOO0OVO9MT-008F 102000
let js381 console.log(a); 80 :9V0000R0OVOIMG0}KIOOC (9]04/08F0*0x (040 :206D0]
0~DORONGGO%0000-0GIBSTGOOSO(r;
let a = 13; 00000010071 {1J/00Z000800000090010-0" 1000
O700020k0T00 T 00000<0P 900DA9 POGOCCH30)9-WOroud
} (6000000Cy 0000 1T 060/00010000100_082800928
NDVIY000' 00/0400Kn0 000LOHO® 0 9S2000010>"0;
000

1Y90000009RO70OX$; " ; U]100dor68[o~049T;0!9+000000eoGD?
©)yodQNo9

Q\L29E¢=u¢, 5d000010DO* Cdé |0k :
98OVI?2QU]<n}"0g7#| 09" co0B000>000

./iridium iri --debugIri . ./tests/basic/test1.mjs .
Running Example



.js ™ .js3

.iri(non-exe)

=~ .iri(exe) ™ .json > bytecode

TMOYONG n$99oqBBH]

QAJ7ONOMB/ [1v9999999099}9q9¢! 0~¢
(Ma

PpoTo}900)}000B" gEEOO>OTNH#+HOMOOAP

OAQ_SOEROZOHOTOQ | 1X (OXQLZOT . -199 : AHOCOOGO_OAr9OOHNS

00" 11004001

909000900q9MOY SOIN_ =09 :

QOr\gOONTOONOOO9OVO9IMg-0Q.T10a09d

89 1 9VO0OOROOVOOWOO IKGOOC (9104/0&TO*Ox (9409 :200D0]

9~DORING99%"9990-9GIBsrg99Se(re;

000000907 1{tJ/002000800000000010-¢ 1000
0799q20k0100:100000<0PO 009b O POOOCCO30)9-Woroud
(9000000Cy90e001T 000/00010000100_08?89¢928
NbV1YQ99' 94/9400Kn¢ OOOLOHO O ¢ 9S&990910>"9;

909

1Y90000009RO709x9; " ; U100dor68[o~000T;0!9+000000e9GD?

¢)yooQN¢o<

Q\L2¢E9=ud¢, 5d990019D9* Cd9| ook :

98OVI?2QU]<n}"0g?#| 90" cOIBE09>90¢

File[JSModule=null] {
BB[IDX=0, ScopeIDX=0, TopLevel=null]
JSImplicitBindingDeclaration[NAME="this"
ResolveEnvBinding[NAME="this" ]
List
IfElseJump[TRUE=1, FALSE=2]

ool

EnvRead(ResolveEnvBinding[NAME="this"]))

BB[IDX=1, ScopeIDX=1, Lexical=null]
Return[ModuleEarlyReturn=null]

BB[IDX=2, ScopelIDX=0, Lexical=null]
JSImplicitBindingDeclaration
ResolveEnvBinding[NAME="<module_meta>" ]

Running Example



.js ™ .js3

.iri(non-exe)

=~ .iri(exe) ™ .json > bytecode

BBSEXP

BBSEXP

FileSEXP g

BBSEXP

BBSEXP

Running Example



.js ™ .js3 **| .iri(non-exe)| > .iri(exe) ™ .json ™ bytecode

BBO : BB3:
{this, VSYSCALL(9)} {ccallCallee$S2, console.log}
goto (this) 2 1 : 2 CallSite({console}, {ccallCalleeS$S2}, {a})
{a, 13}
BB1: goto 4
Return undefined
BB4 :
BB2: AsyncReturn undefined
{<module_meta>, VSYSCALL(6)}
{a, 12}
goto 3

Running Example



.js ™ .js3 **|.iri(non-exe)| ™ .iri(exe) > .json > bytecode

BBO : BB3:
Goto.{this) 212 Catioice {Ganatiel. {eciGRSES2Y
goto (this) 2 1 : 2 CallSite( , ,{a})
{a, 13}
BB1: goto 4
Return undefined
BB4 :
BB2: AsyncReturn undefined
{<module_meta>, VSYSCALL(6)}
{a, 12}
goto 3

Running Example



.js ™ .js3 **|.iri(non-exe)| ™ .iri(exe) > .json > bytecode

BBO : BB3:
{this, VSYSCALL(9)}
goto (this) 2 1 : 2

BB1:
Return undefined

JSImplicitBinding
DeclarationSEXP

BB2:
{<module_meta>, VSYSC
{a, 12}
goto 3

Running Example



.js ™ .js3 **|.iri(non-exe)| ™ .iri(exe) > .json > bytecode

BBO : BB3:
Goto.{this) 212 Catioice {Ganatiel. {eciGRSES2Y
goto (this) 2 1 : 2 CallSite( , ,{a})
{a, 13}
BB1: goto 4
Return undefined
BB4 :
BB2: AsyncReturn undefined
{<module_meta>, VSYSCALL(6)}
{a, 12}
goto 3

Running Example



.js ™ .js3 **|.iri(non-exe)| ™ .iri(exe) > .json > bytecode

BBO : BB3:
{this, VSYSCALL(9)}
goto (this) 2 1 : 2

BB1:

Return undefined JSExplicitBinding

DeclarationSEXP

BB2:
{<module_meta>, VSYSC
{a, 12}
goto 3

Running Example



.js ™ .js3 **| .iri(non-exe)| > .iri(exe) ™ .json ™ bytecode

BBSEXP _
- No logical stack frames
FileSEXP . - No closure grouping
BESEXE - Incomplete semantics
- Decorators
BBSEXP - Stack Balancing

Running Example



Forge.



Structural Separation happens in this phase

BBSEXP

BBSEXP

FileSEXP

Metadata...

Compilation Unit

BBSEXP

FileSEXP

BBSEXP

Compilation Unit

Compilation Unit




Structural Separation happens in this phase

Compilation Unit

BindingsSEXP

ListSEXP

BindingsSEXP is the
logical stack frame

ListSEXP is a
homogenous list of BBs



Structural Separation happens in this phase

let bar = () => {

console.log(foo);

}
let foo

bar ()

12;

foo = NUBD

bar = NUBD

bar = Lambda@@
foo = 12;
bar ()

console.log(foo)

Locals:
[@]bar
[1]foo

Remote:

Locals:
Remote:
[0][1]foo0



Structural Separation happens in this phase

let bar = () => {
console.log(foo);
}

let foo = 12;
bar()

foo = NUBD Locals:

bar = NUBD [@]bar

bar = Lambda@o [1]foo

foo = 12; Remote:

bar()

console.log(foo) Locals:
Remote:

[0][1]foo0




Logical Stack Frames

olojiolo

0 b4, b5, b6




Logical Stack Frames - Flattening

b1,b2,b3

b4,b5, b6




Logical Stack Frames - Flattening

(6] b1 [-1]




Logical Stack Frames - Flattening

(0] b1 [-1]
[1] b2 [6]
[2] b3 [1]

Preorder travercal of the scope tree



Logical Stack Frames - Flattening

] b1 [-1]
1] b2 [0]
] b3 [1]

[3] b7 [2]
[4] b8 [3]




Logical Stack Frames - Flattening

b2
b3

b7
b8

b4
b5
b6



Logical Stack Frames - Flattening

] b1 |
1] b2 [0
] b3 [

[3] b7 [2]
[4] b8 [3]

| b4 |
6] b5 [5
] b6 [

[0] loc|remote [IDX]
[1] loc|remote [IDX]



-is 7

.js3

> .iri(non-exe) > .iri(exe) ™ .json ™ bytecode

let a
{

12;

console.log(a);

let a
}

13;

What'e the ovtput?

Running Example



.js ™ .js3 > .iri(non-exe) *

.iri(exe)

> .json ™ bytecode

BBO:
[0]
[0]

-[o]

NBUD
VSYSCALL (9)

If (this) goto 1

[1]
[0]
[2]
[3]
[4]
[2]
[3]
[4]

-[o]

12

NUBD

NUBD

NUBD
console.log

13

AsyncReturn undefined

// this

call (console, [2],

BB1:
Return undefined

VSYSCALL(9) //<module_meta>

[4])

Running Example



.js ™ .js3 > .iri(non-exe) *

.iri(exe)

> .json ™ bytecode

BBO :

a = NBUD

this = VSYSCALL(9)
If (this) goto 1
<module_meta> = VSYSCALL(6)
a = 12
ccallCallee$2 = NUBD

js3$1 = NUBD

a = NUBD
ccallCallee$2 = console.log
js3$1 =

a = 13

AsyncReturn undefined

BB1:

Return undefined

call(console, ccallCallee$2, a)

Running Example



.js ™ .js3 > .iri(non-exe) > |.iri(exe)| ™ .json ™ bytecode

BBO : BB1:
[6]-[0] NBUD // remote a Return undefined
[0] VSYSCALL(9) // this
If (this) goto 1
[1]
[e]-[0]

VSYSCALL(9) //<module_meta>
12 // remote a = 12

[2] NUBD [0] this [-1]
[3] NUBD [1] <module_meta> [0]
[4] = NUBD // local a [2] ccallCallee$2 [1]
[2] i console.log [3] js3$1 [2]

[3] call (console, [2], )

AsyncReturn undefined

[0] a:loc [0]

Running Example



.js ™ .js3 > .iri(non-exe) > |.iri(exe)

> .json ™ bytecode

BBO:

[e]-[e]

[e]

If (this) goto 1
[1]

[e]-[e]

[2]

[3]

NBUD // remote a

12 // remote
NUBD
NUBD

console.log

AsyncReturn undefined

VSYSCALL(9) // this

call (console, [2], )

BB1:
Return undefined

VSYSCALL(9) //<module_meta>

[0] this [-1]
[1] <module_meta> [0]
[2] ccallCalleeS2 [1]
[3] js33$1 [2]

[0] a:loc [0]

Running Example



.js ™ .js3 > .iri(non-exe) > |.iri(exe)| ™ .json ™ bytecode

BBO:
[6]-[0]

[e]-[6]

this [-1]

<module_meta> [0O]

= console.log
[3] = call (console, [2], )

AsyncReturn undefined

[1]
[2] ccallCalleeS2 [1]
[3] js381 [2]

[0] a:loc [0O]

Running Example



Backend.



.js ™ .js3 > .iri(non-exe) > .iri(exe)

.json

~> bytecode

{

“version": "@.9a",

"absoluteFilePath": "/home/meetesh/wd/Iridium/tests/basic/ex1.mjs",

"iridium": [
"File",
[

"List",
(1,

"TYPE",
"ModuleRequest"

Running Example



Parsing

- Load and parse the Iridium code

- ¢JSON library is used to load the Iridium code
into memory

- We haven’t set a binary format (yet).

- Empirical results say that this part is not
very costly (yet), so its low priority
currently.



Instruction Selection

- We have a very basic instruction selection
currently.

- Lot of room for improvement.
- Independent problem from Iridium
analysis/optimization.
- We are considering introducing new
intrinsics for special cases.



.js ™ .js3 > .iri(non-exe) > .iri(exe) > .json ) bytecode

ex1.mjs:1:1: function: <null>
mode: strict
locals:
0. const this
1: const <module_meta>
2: var ccallCallee$2 [level:2 next:1]
3: var js3S81 [level:2 next:2]
4: var a [level:2 next:3]
closure vars:
©: a local:loc@ var
stack_size: 3
byte_code_len: 93
opcodes: 30

Running Example



.js ™ .js3 > .iri(non-exe) > .iri(exe) > .json 7

bytecode

push_const
put_var_ref
push_this
put_loc
get_loc_check
if_true
special_object
put_loc
push_i8
put_var_ref
push_const
put_loc
push_const
put_loc

O O
-

N

W NN A2

)’

* uninitialized

a

this
this

"<module_meta>"

a
uninitialized
ccallCallee$2
uninitialized
js3$1

Running Example



.js ™ .js3 > .iri(non-exe) > .iri(exe) > .json ) bytecode

push_const 0 ; uninitialized
put_var_ref 0 . a

Possibly unhandled promise rejection: ReferenceError: a is not initialized
at <anonymous> (/home/meetesh/wd/Iridium/tests/basic/ex1.mjs:1:1)

el g = B e R e

push_const 2 ; uninitialized
put_loc 3 ; js381

Running Example



Conclusion.



Project Statistics

Project LOC | Languages | Status

Iridium ~b50K | TypeScript | Stable, WIP

JS3Gen ~1K | TypeScript | Mostly Stable
Iridium-Forge ~9K C++ WIP

IriGen ~200 | TypeScript | Mostly Stable
Iridium-qjs (patch) | ~5K C/C++ WIP, one stable release

Table 3.1: Breakdown of Iridium projects by size, language, and stability.



Iridium vs Quick]S

3.4 X
41x 4.14.0x

4.8

4.8%

5.14.8x 47X

5.5%.5x

6.6%
T

wnipu| / auijaseg



Iridium vs Quick]S

52X

T T
o o
< [(e]
| |
wnipu| / auljaseg

T T T
o o o
Dt i

—-70 1

—80 A



Immediate Priority

- Make Iridium code execute reasonably faster
than baseline.
- We believe traditional optimization passes
will help us achieve this goal.
- Traditional optimization passes require
augmentation to support closure semantics
and modelling of read/write barriers.



Future

- High level analysis/optimization
- 3-4 months

- Analysis of asynchronous primitives
(security/parallelism)
- 6-8 months

- More frontends, Python? Lua? Scheme?
- 6-8 months

- Long term goals
- 1-2 yrs ~ More Backends



