
Debugging Dynamic Language Features in a Multi-Tier
Virtual Machine

Anmolpreet Singh, Aayush Sharma, Meetesh Kalpesh Mehta, and
Manas Thakur

IIT Mandi, IIT Bombay @ VMIL ’23

October 23, 2023



CompL

Anmol Aayush Meetesh Manas

A. Singh, A. Sharma, M. Mehta, M. Thakur (IIT Mandi, IIT Bombay @ VMIL ’23)Debugging VMs October 23, 2023 2 / 13



Dynamic Languages are great!

The R programming language, JS, lua...

Dynamic typing

First-class functions/environments

Lazy evaluation

Runtime reification of environments

Access to runtime stack

Eval
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JITs under the hood

VMProgx 10X speedup
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JITs under the hood

VMProgx 300X slowdown
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JITs under the hood

VMProgx ?

Runtime profiling

Bytecode Compilation

Contextual Specialization

Deoptimization

Calling conventions

Inline caches
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JITs under the hood

VMProgx ?

Runtime profiling

Bytecode Compilation

Contextual Specialization

Deoptimization

Calling conventions

BUGS!

Inline caches
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JITs under the hood

VM

Progx ?

Interpret Specialize

Profile

How? IR? What is bytecode

What exactly?

What!?
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JITs under the hood

Progx

DE RIR

Demystify

Debug

Ř VMProgx ?

RIR bytecode
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JITs under the hood

How is the user program interpreted?

# User Intention
expr = !a + a

# Unconditional true statement?

# JIT extension
!(a) + (a) # Wrong
!(a + a) # Right
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JITs under the hood

function(a) !a + false

load a

push false

not

add

return

[ unknown ]

[ unknown ]

Dispatcher

Output

f (true)
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JITs under the hood

function(a) !a + false

load a

push false

not

add

return

[ bool ]

[ bool ]

Dispatcher

Output

f (true)
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JITs under the hood

function(a) !a + false

load a

push false

not

add

return

[ bool ]

[ bool ]

Dispatcher

load a

not

return

Compiled

assert{a: BOOL}

Output

f (true)
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JITs under the hood

Strange control flows

A. Singh, A. Sharma, M. Mehta, M. Thakur (IIT Mandi, IIT Bombay @ VMIL ’23)Debugging VMs October 23, 2023 5 / 13



JITs under the hood

Strange control flows

A. Singh, A. Sharma, M. Mehta, M. Thakur (IIT Mandi, IIT Bombay @ VMIL ’23)Debugging VMs October 23, 2023 5 / 13



JITs under the hood

Strange control flows

A. Singh, A. Sharma, M. Mehta, M. Thakur (IIT Mandi, IIT Bombay @ VMIL ’23)Debugging VMs October 23, 2023 5 / 13



JITs under the hood

Strange control flows

A. Singh, A. Sharma, M. Mehta, M. Thakur (IIT Mandi, IIT Bombay @ VMIL ’23)Debugging VMs October 23, 2023 5 / 13



The Ř JIT compiler

Optimize for the most common cases.

Runtime profiling

Collect information about types, call sites, branches.

Contextual Specialization [Flückiger et al. OOPSLA ’20]
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Regressions

Good performance in specialized functions, but...
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OOPSLA ’23
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Derir

rir.viz("http://127.0.0.1:3011")
f <- function(a) { !a + a; }
f(1L)
f(c(1L,2L,3L))
f(1L)
f(FALSE)
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Derir

Rsh Dynamic Visualizer and Debugger Program is Running

Current Syn: Code: 0x561eab3b2030, Type: BC

At function : "foo"

0 ldvar_cached_a{0}

9

14 ldvar_cached_a{0}

23

28 add_

29

Keep bytecode sync

[DOUBLE,INTEGER()|PROMISE]

[DOUBLE,INTEGER(S)|EVALUATEDPROMISE]

[DOUBLE,INTEGER(S)]

STEPNEXTSCROLL

Source Code of current closure

(!(+(a, a)))

Environment

Key Value DataType
Modify

DataType
Modify Value

a

<real

[1] 1 2

3

real Real <real [1] 

UPDATE ENVIRONMENT

Value

Stack

<real [1] 1 2 3>

<real [1] 1 2 3>

<prom val=<real [1] 1 2 3> <bc (rir::Code*)0x5|...

function(a) <(rir::DispatchTable*)0x561eabbdc380>

Lattice of ContextsCall Graph

execute

foo

React App http://localhost:3000/

1 of 1 24/07/23, 16:01

1

2

3 4

5 6
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Small bugs in the code emitter

Two returns?
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The states
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Feedback slots

Rsh Dynamic Visualizer and Debugger Program is Running

Current Syn: Code: 0x55a0c0685030, Type: BC

At function : "f"

0 ldvar_cached_a{0}

9

14 ldvar_cached_a{0}

23

28 not_

29 add_

30

Keep bytecode sync

[DOUBLE(S)|PROMISE]

[<?>]

[<?>]

STEPNEXTSCROLL

Source Code of current closure

+(a, !(a))

Environment

Key Value DataType
Modify

DataType
Modify Value

a 1 real Real 1

UPDATE ENVIRONMENT

Value

Stack

1

<prom val=1 <bc (rir::Code*)0x55a0c157d060> >

function(a) <(rir::DispatchTable*)0x55a0c0eaf380>

<prom val=1 1 >

Lattice of ContextsCall Graph

foo

f

Old:

00000000000000000000000000001101

New:

00000000000000000000000000001101

Field CurrentValue Modify

numTypes 01

stateBeforeLastForce 11

Not Scalar 0

Attribs 0

Object 0

Not Fast Vec Elt 0

Seen 1 00001110

1

promise

unset

unset

unset

unset

REALSXP

UPDATE

CLOSE

React App http://localhost:3000/

1 of 1 24/07/23, 15:47
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Conclusion

The good

Specialized tools are really useful in gaining meaningful insights.

Mature frameworks like React are great way to write reusable code.

The bad

There are no one-size-fits-all solution for these problems.

Things move fast and documentation is hard.

Road ahead

These tools can be quickly retrofit to other use cases.
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