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Virtual Machine Execution Engine
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ARM64 Backend

intel/ 32vit xs6

« ARMOG4 is nhow pervasive: move rl #1
move r2 #17 ) N
- New Apple M1 checkSmallInt o intel, eavit xs6 64
checkSmallInt o
* Raspberry Pi 4 add r3 rl r2 O
checkSmallInt a T - 32bit ARMV5-7
e Microsoft Surface Pro X move rl r3 :
ret
* PineBook Pro JIT compiler IR
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Working Directly on Real Hardware

 How to do a partial implementation, in an iterative way?

 Hardware availability: did not have access to an Apple M1
yet

* Slow Change-Compile-Test cycle

 Bug reproduction is a demanding task
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Simulation Environment

Simulation Environment (Pharo)

Native Code Cache

Production VM (C)

@g Unicorn

LLVM
Disassembler

Miranda et al.

Two decades of smalltalk vm development: live vm
development through simulation tools.
VMIL'18



Extending Simulation with Unit Tests

AN\

Simulation Environment (Pharo)

Interpreter

GC

JIT Compiler

______________________________________________________

¥ |Heap

‘k Native Code Cache

“>~._ Transpiled to

\
\

v

Unicorn

LLVM

Disassembler | ! i

Production VM (C)
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Our testing infrastructure by example

testPushConstantZeroBytecodePushesASmallIntegerZero

selt compile: [ compiler genPushConstantZeroBytecode ].
self runGeneratedCode.

self assert: self popAddress equals: (memory integerObjectOf: 0)
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Our testing infrastructure by example
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Our testing infrastructure by example

self compile: [ compiler genPushConstantZeroBytecode-

self runGeneratedCode.

10
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Our testing infrastructure by example

self runGeneratedCode.
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Blackbox testing

testPushConstantZeroBytecodePushesASmallIntegerZero

self compile: [ compiler genPushConstantZeroBytecode ].
self runGeneratedCode. ST

self assert: self popAddress equals: (memory integerObjectOf:agL

FLRHPIE
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Cross-Compilation, Cross-Execution

http://www.unicorn-engine

testPushConstantZeroBytecodePushesASmallIntegerZero

selt compile: [ compiler genPushConstantZeroBytecode ].
self runGeneratedCode.

self assert: self popAddress equals: (memory integerObjectOf: 0)

(intel) BY RISC
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http://www.unicorn-engine.org/
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There 1s no silver bullet

e Simulators are cheap, but not 100% trustworthy
* Full execution (simulated or on real HW)

* more expensive to run

* cannot unit-test it (less controllable)
e Unit tests only exercise specific scenarios

* Full executions exercise not yet covered scenarios

14
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Our testing Workflow

« Simulate the execution, less than you run tests T%* x'lmo %eu@

* Run the real app, less than you simulate

 Go back and forth:

Turn full execution failures into tests

Fix with the aid of the test:
=> unit test are faster to run
=> easier to debug

=> detect regressions

15
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Testing & TDDing the VM

* No useful unit tests by ~06/2020
* Large manual testing effort during 2020 while porting to ARM64bits

* Extended VM simulation with a (TDD compatible) unit testing
infrastructure

* 450+ written tests on the interpreter and the garbage collector”

* 580+ written tests on the JIT compiler®

 Parametrisable for 32 and 64bits, ARM32, ARM64, x86, x86-64

* Numbers by 05/2021
MPLR’21

16
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Testing & TDDing the VM

1040+ tests, are they enough?

* No useful unit tests by ~06/2020
* Large manual testing effort during 2020 while porting to ARM64bits

* Extended VM simulation with a (TDD compatible) unit testing
infrastructure

* 450+ written tests on the interpreter and the garbage collector”

* 580+ written tests on the JIT compiler®

 Parametrisable for 32 and 64bits, ARM32, ARM64, x86, x86-64

* Numbers by 05/2021
MPLR’21
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How can we automatically test VMs?

hot spot =y
‘ cold code ff:}r detection 110011 hot COde
110110
101101 @

erpreted Compiled
Execution Execution

Managed Memory

PLDI’22



Challenges of VM Test Generation

hot spot =y
cold code f) detection FETYRE] hot Code r) ?
: {:c.)} 110110
101101 |

Interpreted . Compiled
Execution Execution

* Do they cover different code regions/branches/
paths”?

Challenge

* How do we determine what is the expected output
* of a generated test?

19 PLDI’'22
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Interpreter-Guided Automatic JIT Compiler
Unit Testing

1. Test
Generation

Test
Scenarios

2. Executio

. 3. Differential Testing

20
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Interpreter-Guided Automatic JIT Compiler
Unit Testing

Generation 7

21
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Interpreter-Guided Automatic JIT Compiler
Unit Testing

1. Test
Generation

2 b 3
e o -
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Interpreter-Guided Automatic JIT Compiler
Unit Testing

1. Test
Generation

23

PLDI’22



AN\

Interpreter-Guided Automatic JIT Compiler
Unit Testing

Insight 1: Interpreters
are Executable
Semantics

1. Test
Interpretation Generation

=> Concolic Meta-

Test
Scenarios

9. Differential Testing ,

24
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Interpreter are Executable Semantics

Pharo VM Example

9
10
11
12
13

14

Interpreter >> bytecodePrimAdd
| rcvr arg result |
rcvr := self internalStackValue: 1.
arg := self internalStackValue: 0.
(objectMemory arelntegers: rcvr and: arg) if True: |
result := (objectMemory integerValueOf: rcvr) + (
objectMemory integerValueOf: arg).
"Check for overflow"
(objectMemory isIntegerValue: result) if True: |
self
internalPop: 2
thenPush: (objectMemory integerObjectOf: result).
" self fetchNextBytecode "success"]].
"Slow path, message send"”

self normalSend

25
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Interpreter are Executable Semantics
Pharo VM Example

Interpreter >> bytecodePrimAdd
| rcvr arg result |
rcvr := self internalStackValue: 1.

If both operands are
integers

If their sum does not
overflow

S s W N =

—————

10 internalPop: 2
11 thenPush: (objectMemory integerObjectOf: result).

y"'success"]]. Else, slow path =>

13 "Slow path, message send" message send
14 self normalSend

AN\

26 PLDI’22



Interpreter-Guided Automatic JIT
Compiler Unit Testing

Insight 1: Interpreters
are Executable
Semantics

=> Concolic Meta- 1. Test _
Interpretation Generation

o,

Test
Scenarios

2. Executio

Insight 2: Interpreters
and Compiler Share ,
Semantics

9. Differential Testing ,

~

27

=> Differential Testing
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Interpreter VS Compiled Code

Pharo VM Example

[o—

w o~

10

11

12

13

14

Interpreter >> bytecodePrimAdd
| rcvr arg result |
rcvr := self internalStackValue: 1.
arg := self internalStackValue: 0.
(objectMemory arelntegers: rcvr and: arg) if True: |
result := (objectMemory integerValueOf: rcvr) + (
objectMemory integerValueOf: arg).
"Check for overflow"
(objectMemory isIntegerValue: result) if True: |
self
internalPop: 2
thenPush: (objectMemory integerObjectOf: result).
" self fetchNextBytecode "success"]].
"Slow path, message send"

self normalSend

28
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10

11

... # previous bytecode IR
checkSmalllnteger t0
jumpzero notsmi
checkSmalllnteger t1
jumpzero notsmi
t2 :=t0 + t1
jumplfNotOverflow continue

notsmi: #slow case first send
t2 := send #+ t0 t1
continue:

... # following bytecode IR

PLDI’22



AN\

Interpreter VS Compiled Code

Pharo VM Example

1 Interpreter >> bytecodePrimAdd

2 | rcvr arg result | 1

3 rcvr := self internalStackValue: 1. checkSmalllnteger t0

! jumpzero notsmi

5

. ——— checkSmalllnteger t1

jumpzero notsmi

7 A

8 jumplfNotOverflow continue

9 I 8 nOtS (T HSTONM (CASE LIS Ser|Q
X ierna top: 2 2= send #+ 0 t1_

9 t2 := send #+ t0 t1
11 thenPush: (objectMemory integerObjectOf: result).
- continue:

2 "success"]].

11 ... # following bytecode IR

"Slow path, message send"
self normalSend

29
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Concolic Testing through Meta-interpretation

» |dea: Guide test generation by looking at the
iImplementation

int f(int x, int y){
if (x > 100){
if (y == 1023)

{
segfault(!!) \\\\\
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’'05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

30
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Concolic Testing by Example

 Concrete + Symbolic
execution

X y constraints next?

* Goal: automatically
discover all execution
paths

int f(int x, int y){
if (x > 100){
if (y == 1023){
segfault(!!)
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’ 05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

31
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Concolic Testing by Example

 Concrete + Symbolic

executlon X y constraints next?
* Goal: automatically
discover all execution 0 O x <= 100

paths

int f(int x, int y){
if (x > 100){
if (y == 1023){
segfault(!!)
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’ 05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

32



Concolic Testing by Example

 Concrete + Symbolic

execution X y constraints next?
* Goal: automatically
discover all execution 0 O x <= 100 x > 100

paths

int f(int x, int y){
if (x > 100){
if (y == 1023){
segfault(!!)
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’ 05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

33
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Concolic Testing by Example

 Concrete + Symbolic

execution X y constraints next?
* Goal: automatically
discover all execution 0 O x <= 100 x > 100
paths
101 0

int f(int x, int y){
if (x > 100){
if (y == 1023){
segfault(!!)
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’ 05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

34
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Concolic Testing by Example

 Concrete + Symbolic

execution X y constraints next?
* Goal: automatically

discover all execution 0 O x <= 100 x > 100

paths

) ) ) 101 0 x>100, vy !=

int f(int x, int y){ 1023

if (x > 100){
if (y == 1023){
segfault(!!)
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’ 05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

35
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Concolic Testing by Example

 Concrete + Symbolic

execution X y constraints next?

* Goal: automatically
discover all execution 0 O x <= 100 x > 100
paths
) ) ) 101 0 x>100, vy != x> 100, y ==
int f(int x, int y){ 1023 1023

if (x > 100){
if (y == 1023){
segfault(!!)
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’ 05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

36
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Concolic Testing by Example

 Concrete + Symbolic
execution

X y constraints
* Goal: automatically
discover all execution 0 O x <= 100
paths
. ) ) 101 0 x>100, vy !=
int f(int x, int y){ 1023

if (x > 100){
if (y == 1023){ 101 1023
segfault(!!)
Frok

AN\
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next?

x> 100

x> 100,y ==
1023

Godefroid et al. DART: Directed Automated Random Testing.

PLDI’ 05

Set et al. CUTE: a concolic unit testing engine for C. FSE’05



Concolic Testing by Example

 Concrete + Symbolic

execution X y constraints next?
* Goal: automatically
discover all execution 0 O x <= 100 x > 100
paths
101 0 x>100, vy != x>100, y ==
int f(int x, int y){ 1023 1023
1-F (X 2 1@@){ x>100, vy != . |
l'F (y == 1023 ){ 101 1023 1023 finished!

segfault(!!)
Frok

Godefroid et al. DART: Directed Automated Random Testing.
PLDI’ 05
Set et al. CUTE: a concolic unit testing engine for C. FSE’05

38
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Some Numbers

* 3 bytecode compilers + 1 native method compiler

e 4928 tests generated

e 478 differences

Compiler # Tested Instructions # Interpreter Paths # Curated Paths | # Differences (%)
Native Methods (primitives) 112 2024 1520 440 (28,95%)
Simple Stack BC Compiler 175 1308 1136 18 (1,59%)
Stack-to-Register BC Compiler 175 1308 1136 10 (0,88%)
Linear-Scan Allocator BC Compiler 175 1308 1136 10 (0,88%)
Total 637 5948 4928 478 (9,7%)

AN\
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Analysis of Differences through Manual Inspection

* 91 causes, 6 different categories

* Errors both in the interpreter AND the compilers

* 14 causes of segmentation faults!

40

Family # Cases
Missing interpreter type check 1
Missing compiled type check 13
Optimisation diftference 10
Behavioral difference 5
Missing Functionality 60
Simulation Error 2
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Practical and Cheap

e Jest generation ~5 minutes
* Total run time of ~10 seconds

* Avg 30ms per instruction

41

1000

Qo

100

Time (ms) — log sca

10

Native Method

Stack-to—Register
Compiler

Simple

Linear—Allocator



More In the PLDI article!

* Discovered Bugs
* Concolic Model

* TJesting Infrastructure

PLDI’22

Interpreter-Guided Differential JIT Compiler Unit
Testing

Guillermo Polito Stéphane Ducasse Pablo Tesone
Univ. Lille, CNRS, Inria, Centrale Lille, Univ. Lille, Inria, CNRS, Centrale Lille, Pharo Consortium
UMR 9189 CRIStAL, F-59000 Lille UMR 9189 CRIStAL Univ. Lille, Inria, CNRS, Centrale Lill
France France UMR 9189 CRIStAL
guillermo.polito@univ-lille.fr stephane.ducasse@inria.fr France

pablo.tesone@inria.fr

Abstract San Diego, CA, USA. ACM, New York, NY, USA, 12 pages. |

Modern language implementations using Virtual Machines //doi.org/10.1145/3519939.3523457

feature diverse execution engines such as byte-code inter-

o, preters and machine-code dynamic translators, a.k.a. JIT 1 Introduction
compilers. Validating such engines requires not only vali-
dating each in isolation, but also that they are functionally
equivalent. Tests should be duplicated for each execution
engine, exercising the same execution paths on each of them.
In this paper, weagresent a novel automated testing ap-
proach for virtual machines featuring byte-code interpreters.

P Y P T (R TS TR TR T T

Modern Virtual Machines support code generation fo:
compilation and dynamic code patching for techniques :
as inline caching. They are often structured around a |
code interpreter, a baseline JIT compiler, and a speculz
inliner. This complexity is aggravated when the VM b
and runs on multiple target architectures [1]. Validating

\\e



Is that all?
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Ongoing RISCV64 Port

Currently under development: Real HW testing stage
Taking advantage of our harness test suite

Improving tests and scenarios

Collaboration with Q. Ducasse, P. Cortret, L. Lagadec from ENSTA

Bretagne

Future work on: Hardware-based security enforcement

P RISC-V €%

44

ENSTA

BRETAGNE
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Single Instruction Multiple Data Extensions

Scalar Vectoria
, , 7 i %
l l LOAD Y Y LOAD
a0 b0 a0 al a2 a3| b0 bl b2 b3
c0 := a0 + b0 | ADD cl[] := al[l + bI] ADD
| l STORE o l_ - STORE

45
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SIMD Design Space

* VM Primitives
 Specialised
* Faster, less checks
* \ectorised Bytecode
« Composable

e Safe at the expense
of speed

Throughput Scalability *

@ Virtual Machine Intrinsic @ Scalar Vectorized Bytecode

1,00E+6
1,00E+5
1,00E+4

1,00E+3

Throughput (operations/s)

1,00E+2
1,00E+1

1,00E+0

Speedup ratio (1x = Scalar performance) *
250

200
150

100

50

10 100 1000 10000 100000 1000000

Array size (number of elements)



Tools for Debugging

59 blocks

 Machine Code Debugger 262 nstructions |

10082 paths

 Compiler IR Visualisations -

e Disassembler DSL

x - 0 VM Debugger =

IR Instructions ~| Address ASM Bytes % = %
' (PopR 10 13503 810113)' 16r1000000 Ida0,0(sp) #[35310] Ir '16r1001000' SP 16r1002FE8 16r1013400
' (Label 1) 16r1000004 addisp, sp, 8 #[1911290] pc '16r1000' 16r1002FF0 16r1013400
' (TstCqR 7 10 757D93)' 16r1000008 andisll, a0, #[147 12511 sp '16r1002FES' 16r1002FF8 16r1013400
' (JumpNonZero (Label 2) 20D9063)" 16r100000C bnezsll,32 #[9914413: fp '16r1003000' FP 16r1003000 16r0
' (MoveMwrR 0 10 22/16 53B03)' 16r1000010 Id s6,0(a0) #[35950] x0 zero '16r0' 16r1003008 16r0
' (AndCqR 4194295/3FFFFT7 22/16 no mcode)' 16r1000014 luit0,1024 #[1832640] x1 ra '16r1001000' 16r1003010 16r0
' (JumpNonZero (Label 2) D9663)' 16r1000018 addiw t0, t0, - #[155 130 11 x2 sp |sp '16r1002FES' 16r1003018 16r0
' (MoveMwrR 8 10 10 853503)' 16r100001C and s6, s6, t0 #[51 12391 ¢( X3 gp '16r0' 16r1003020 16r0
' (Jump (Label 1) FELFFO6F)" 16r1000020 bnezsll,12 #[9915013( x4 tp '16r0' 16r1003028 16r0
' (Label 2)' 16r1000024 Id a0, 8(a0) #[3531330] x5 t0 |ipl '16r0" 16r1003030 1610
' (MoveMwrR 02 23/17 13B83)' 16r1000028 j-32 #[11124031 X6 t1 |ip2 '16r0' 16r1003038 16r0
' (Label 3)' 16r100002C Ids7,0(sp) #[1315910] x7 t2 '16r0" 16r1003040 16r0
' (TstCqR 7 23/17 TBFD93)' 16r1000030 andis11,s7,1#[147 253 12 x8 s0(fp) | fp '16r1003000' 16r1003048 16r0
' (JumpNonZero (Label 4) 20D9063)" 16r1000034 bnezsll,32 #[9914413: x9 sl '16r0' 16r1003050 16r0
' (MoveMwrR 0 23/17 22/16 BBBO03)' 16r1000038 Ids6,0(s7) #[3187110] x10 a0 |arg0 '16r0' 16r1003058 16r0 T i 3
' (AndCqR 4194295/3FFFFT7 22/16 no mcode)' 16r100003C luit0,1024 #[1832640] x11 al |argl '16r0' 16r1003060 16r0 @‘ Bt x;
' (JumpNonZero (Label 4) D9663)' 16r1000040 addiw t0, t0, - #[155 130 11 x12 a2 |carg0 '16r0' 16r1003068 16r0
' (MoveMwrR 8 23/17 23/17 8BBB83)’ 16r1000044 and s6, s6, t0 #[51 12391 ( x13 a3 |cargl '16r0' 16r1003070 16r0
' (Jump (Label 3) FELFFO6F)" 16r1000048 bnezsll,12 #[9915013( x14 ad |carg2 '16r0' 16r1003078 16r0
' (Label 4)' 16r100004C Ids7,8(s7) #[13118713 x15 a5 |carg3 '16r0' 16r1003080 16r0
' (CmpRR 10 23/17 41750DB3)’ 16r1000050 j-32 #[11124031 x16 a6 '16r0' 16r1003088 16r0
' (JumpNonZero (MoveCqR 16856080/1013410 1( 16r1000054 subsll,a0,s #[179 13 117 x19 s3 |extral '16r0' 16r1003090 16r0 : -
' (MoveCqR 16856096/1013420 10 1013537 42050! 16r1000058 bnezsll, 16 #[9915213( x20 s4 |extra2 '16r0' 16r1003098 16r0
4,:';\ ' (Jump (MoveRMwr 10 0 2 A13023) CO006F)' < 16r100005C luia0,4115 #[555311] - x22 s6 |temp '16r0' ~ 16r10030A0 16r0 ~
Jumpto Step Disassemble at PC

47



Pharo VM Manual Variable Localisation

interpret
self fetchNextBytecode.
[ true ] whileTrue: [
self
dispatchOn: currentBytecode
in: BytecodeTable ].

pushRééelverBytecode
selfyuf_

internalPush: aValue
localSP := localSP - bytesPerWord.
self longAt: localSP put: aValue

push: aValue
stackPointer := stackPointer - byte
self longAt: stackPointer put: aVal

pushBoolﬁ;trueOrFéls?
<inline. trie
self§ ¥ (objectMemory/booleanObjectOf: trueOrFalse)

intern3TABSGtToReturn: r#sultOop through: aContext
<inline: true>

“internalPush:§ resultOop Developer should know
[...] S C generation semantics

~

48



Automatic Variable localisation!
Intel x86-64

group

— —h
o 6)]
1 1

Relative performance
o
o

0.0

ArrayAccess BinarilTrees Cham'eleons ChamenéosRedux CIassVe;rBinding Corr'1piler
Benchmark

Averages of 100 iterations + stdev. Relative to baseline (no optimisation). Higher

AN\
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Analysing Code Cache Behavior

Occupation
Rate Red: Compaction Events
et = - .
| = Analysing Events
We see trashing
/ in the code
801 ! J
4l ,: m
k We need to
increase the size
= of the code
= — 4

AN\
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Code Cache Unexpected results

Time

AN\

0:00:20:50
.......... HEN———— Rttt bl &
+ 1 1 1
0:00:16:40 - ' ' : :
0:00:12:30 = E E E E
: : - 4
0:00:08:20 + : : ”—,? —————— [
o---— v ; :
0:00:04:10 : : E :
1.4MB 2.8MB 5.0MB 10.0MB
Code Cache Size
Young Space ——- 1IMB ---- 10 MB - 100 MB

‘. Loading Moose



AN\

We are hiring!

 We have
* Engineer Positions

* Phd Positions

« Keywords: Compilers, Interpreters, Memory Management, Security

e Come talk to us!

52



Pharo VM - News from the Front  ““*"" @

L Université 2
(C delile Crzzia—

hot C=XIX Scalar Vectorial
cold 110011 ot e B | 0@
@3 110110 — | 7 T
101101 | n . Rmod @
l l LOAD Y LOAD
Interpre Compil a0 b0 a0 al a2 a3| b0 bl b2 b3
1 | , l
cO0 := a0 + boO ADD cl[] := al] + bl] ADD
\ q / l STORE STORE
3 7 X7

Mananed

Permanent Space Ephemerons
guillermo.polito@univ-lille.fr

P New Image Format : @pharoproject ¥
{ > Lifeware 1 pharo.org @

| Faster Startup / Saving  rpiation |  consortium-adm@pharo.org =
discord.gg/QewZMZa [}

thepharo.dev ;

[A3a]

AN\
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mailto:guillermo.polito@univ-lille.fr

L Université @ Sy
I e @RISIAL lrezia—

Conclusion
0@
Rmod @
* 478 differences found, 91 causes, 6 @
categories
¢ PraCthal: 2. Execution 2. Execut
. ) o <« 3. Differential Testing »|Y .
* 4928 tests generated in ~8 . é@?{
minutes

= GuileRdlite PabléOResones- Stéphane Ducasse
¥ guillermo.polito@univ-lille.fr
@guillep 54
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Improvements: Clean Up

e V3 Support

 Old Memory Format
* Old Block Closures
* Dead Code

 ~B65KLOC

55



Improvements: Sockets

* Unified Implementation in all Platforms
» Better Async Support
* Unix Sockets (Under Work)

* |Pv6 Addresses (Under Work)

56



Improvements: Serial Port FFI

 Pure FFI implementation

V-

* Working in all Platforms (Unix / Windows / OSX)

* Migrating Plugins to FFl

57



Improvements: RISCV64

Ongoing Port

Currently under development: Real HW testing stage

Taking advantage of our harness test suite.

Improving tests and scenarios

Collaboration with Q. Ducasse, P. Cortret, L. Lagadec from ENSTA Bretagne

Future work on: Hardware-based security enforcement

é‘ ENSTA
g/ BRETAGNE
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Improvements: Open Build Service

Better Support for Linux Distributions

Arch Debian_10 Debian_ 9.0 Debian_Testing Fedora_31 Fedora_32 Fedora_33 Raspbian_10 Raspbian_9.0
1 Wb x86.64. Wb x8664. W x86.64 ® x86_64 B x86_64. Wb x86.64. Wb x8664. Wb aarch64. Wb x86_64. Wb aarch64. Wb x86_64
libffi7 succeeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded
libgit2-1 succeeded failed
pharo9 failed succeeded failed failed failed failed failed succeeded succeeded failed failed
pharo9-ui succeeded succeeded succeeded failed succeeded succeeded succeeded succeeded succeeded
L
Raspbian_9.0 openSUSE_Leap_15.1 openSUSE_Leap_15.2 openSUSE_Tumbleweed xUbuntu18.04 xUbuntu_19.04 xUbuntu_20.04
*. arch64. Wb x86_64 ® x86_64 S x86_64 % x86_64 S x86_64 W x86_64 ® aarch64. Wb x86_64
libffi7 :ceeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded
libgit2-1 succeeded succeeded succeeded succeeded succeeded
pharo9 failed failed failed failed failed failed succeeded succeeded succeeded
pharo9-ui succeeded succeeded succeeded succeeded succeeded succeeded succeeded
r
Multiple Supporting Building using
Architectures system existing system
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Initial targets:

Arch / Manjaro
Debian

Fedora
Raspbian
Ubuntu
openSuse
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Improvements: Visual Studio Support
Building & Debugging

Da File Edit View

Git  Project

o - <

Process: [0x2730) PharoConsole.exe

Build

Debug Test Apalyze Tools Extensions Window Help Search (Ctrl+Q el
;@

Registers
Xe = 135715120 X1 = 189 X2 = OBOR7FFO755F8830 X3 = 2002000000000067 X4 = BOBATFFI755F8814 X5 = 00BO7FFI755F8798
X6 = @OBOO1E6F7520AA28 X7 = X8 = X9 = X160 = @@RO7FF975602518 X11 = 8000020000200040
X12 = 02908037(9E81000 X13 = 1 X14 = X15 = 1830 1P9 = 18288 IP1 = 7CAR6CE00
X18 = C9EB1000 X19 = 00POB37CAQEFS30 X208 = X21 = 189 X22 = @0BA7FFI755F8830 X23 = 00OROD0020000000
X284 = X25 = X26 = X27 = X28 = FP = 00800037CAQEF6BO
LR = @0RA7FFI87993CE8 SP = 0080R037CAGD73A0 PC = 0ROB7FFI87993CFO
100 % ht
Disassembly sqWin32Directory.c FileAttributesPlugine # X sqaioh pharoh aioWinc p P < faSupport.c
] FileAttributesPlugin - (Global Scope) ~ @ primitiveFileAttribute(void)
578 =—IprimitiveFileAttribute(void)
(
sqlnt attributeNumber;
581 fapath faPath;
(' C:\Users\Ise\Downloads\tffi\tffi\tffi.1.image - [m} X
¢ Pharo Tools System Debugging Windows Help
x -0 Playground v
> =
DoR  publch Bnding:s  Pages x -0 UndefinedObject N7
1 Models v © ProtoObject - instance side - ™
Numbers v (© Object » [T extensions + addDependent:
Objects ¥ (© Boolean & breakpoints addSubclass:
Pragmas € False accessing allSuperclassesDo:
100 Processes € True ) bottom context sAlier IXED
- e class hierarchy « asCollectionElement
Find N ranvina i Mata, Saomanticu ¥
@ AllPackages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Clas:
? Comment % © UndefinedObjecx A UML-Class x 4 Inst. side methc x +
Object subclass: #UndefinedObject
instancevariableNames: ''
classvariableNames: ''
package: 'Kernel-Objects'
Fl
* Evroccive numbar nf mathnds % 2
[Z] Playground  [}i UndefinedObject

Autos Locals Watch 1

Ll O Search

Find Symbol Results

Call Stack Breakpoints Exception Set.. Command W... Immediate W

Qutput

_nmd T 2 |8 LlveShae £

2 PharoCo @R o-55H K-

o= | B

P~
Bl AuL BULD -
%] 820Plugin
M sitBItPlugin
&) DsAPrims
] ffi_shared
] FileAttributesPlugin
b =@ References
- b ¥ External Dependencies
r 4 Source Files
faCommon.c
[ faSupportc
[ FileAttributesPlugin.c
[ B CMakeLists.txt
b @ FilePlugin
b %] freetype
b @l git2
b & git2internal
b & http-parser
b Bl INSTALL
b @] JPEGReaderPlugin
b %] JPEGReadWriter2Plugin
b [ Largeintegers
b [l libgit2_copy
b ] LocalePlugin
b &) MiscPrimitivePlugin
b B objlib
b [l PACKAGE
b
b
13
b
b
b
b
b
b
b
b
b

(Name]

sei0/dx3 uonn|os

Project

Root N

b
b
b
b
b
4

1010)dx3 weey

sjo0) nsoubeig

v v,

CRLF

>~ 2 x

& pcre

%] pharo

] PharoConsole
] PharoVMCore
& so2

&) SocketPlugin
@] squeakssL

] SurfacePlugin
] Testlibrary

] UUIDPlugin

¥ ) (Rasste) P& ZERO CHECK
Specifies & zlib
Error List -

MSVC - No
cygwin




Improvements: Windows ARM

(! C\Users\Ise\Downloads\tffi\tffi\tffi.1.image

- =] X
¢ Pharo Tools System Debugging Windows Help
— A v = Tast R -
x -0 Playground > o ~
> B @M =
Dot Publish  Bindngs  Pages ‘ - v
1 canvas := RSCanvas new. x -0 : CmdMenu>>asSpMenuPresenter v
2 shapes := #(20 10 5 30 24 32) collect: [ :e | RSEllipse model: e ] . ~ . . ~
3 canvas addAll: shapes. £ BaselineOfSpec2 »  instance side asSpMenuPresenter
4 RSNormalizer size shapes: shapes; normalize: #yourself. . Dmm'mwl > (B extensions
5 RSFlowlLayout new alignCenter; on: shapes. " ESPRZ‘M‘DKHS'MO"’“F [ﬁwm
6 canvas @ RSCanvasController > E1Spec2-Adapters-Morphic-Tes accessing
» [ Spec2-Adapters-Stub building M SVC N
» [1Spec2-Backend-Tests initialization - O
» [E1Spec2-Code testing
spec2 v overrides v H
x -0 Inspector on a RSCanvas © AllPackages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. © Implementors @ Senders CngIn
aRSCanvas ? Comment x € CmdMenu % Y]asSpMenuPrese x A UML-Class %+ Inst side methe x + @«
Canvas Raw Shapes Items Meta I
CmdMenu

activationStrategyClass.
r0ckGroup
activationStrategyClass
activationStrategyClass:
25SpMenuPresanter
buildBrowserNotebookActions
‘ ] buildBeowser TabActions
BuildBeowser Toolbar
budCommand iteminContext:
buildContextMenufor:
x -0 System Reporter -

Image o Operating System/Hardware

Image P: S

Image Sources Win32 Windows-ARM64 ARM64
MC Repositories

MC Working Copies

VM General

VM Options

VM Modules

VM Parameters

VM Stats

0s

0S Environment
0S Details

v

Il TestRunner [ CmdMenu>>asSpMenuPrese... [E] Playground & Inspector on a RSCanvas

n AL Type here to search
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Improvements Raspbian 32/64 bits

192.168.0.35:5901 (raspberrypi:1 (pi)) - VNC Viewer
2 Pharo Tools System Debugging Windows Help

x -0 System Reporter v
A

nage Operating System Environment

Image Parameters

Image Sources COLORTERM=truecolor

MC Repositories DBUS_SESSION_BUS_ADDRE * = O Playground v
MC Working Copies [session-ef2(7aa707634b98/t p  [F W =
VM General DESKTOP_SESSION=LXDE-pii DoR  publish Bindings Pages

- I

VM Options DISPLAY=:1.0 1|1 tinyBenchmarks "'727789623 bytecodes/sec; 51028940 sends/sec'"
VM Modules DISPLAYNUM=1
VM Parameters GPG_AGENT_INFO=/run/use
VM Stats HOME=/home/pi

0s HOSTNAME=raspberrypi n
0S Environment LANG=en_GB.UTF-8 >
0S Details LC_CTYPE=UTF-8

LC_TERMINAL=iTerm2
LC_TERMINAL_VERSION=3.3
LD_LIBRARY_PATH=/usr/lib/
b:/lib/aarch64-linux-gnu:/lib:
r/lib:

LOGNAME=pi
LS_COLORS=rs=0:di=01;34:In
35:do=01;35:bd=40;33;01:cd-
=37;41:5g=30;43:ca=30;41:tw:
1;32:*.tar=01;31:*.tgz=01;31:" +L
1;31:*.1ha=01;31:".1z4=01;31: )

01;31:* txz=01;31:" 20=01;31:* t7z=01;31:" Zip=01; 31:vz=01  =Kemel-Tests-Extended
;31:*.dz=01;31:*.gz=01;31:".Irz=01;31:*.1z=01;31:*.1z0=01;31: v v

* xz=01;31:* zst=01;31:*.tzst=01;31:*.bz2=01;31:* bz=01;31:" All Packages O ScopedView | @ Flat O Hier. | @ Inst.side O Classsi
bz=01;31:".tbz2=01;31:*.tz=01;31:*.deb=01;31:*.rpm=01;31

. c ¥
:*.jar=01;31:*.war=01;31:*.ear=01;31:*.sar=01;31:*.rar=01;31 Comment x Smallinteger  x {1 nextinstance x &
Al A1 a1 am a1 AR a3 Tty T

" nextInstance
"SmallIntegers can't be enumerated this wa Ther
(SmallInteger minval) to (SmalllInteger max but
(SmallInteger minval) to: (SmallInteger maxVal) d¢

) Repositories ) Working copy of pharo [ Smallinteger>>nextinst... =] System Reporter [=] Playground
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Back to the Future

Objectives for 2022
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o\ L/
4\y PermanentSpace  » Lifeware
Problem

 Many permanent objects
/ + They have references from/to other objects
* \We are traversing them to GC

 E.g., Classes, Methods, Literals, Resources
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Permanent Space » Lifeware

Our Solution

 New Object Space for permanent Objects
* Minimise or Eliminate GC passes

* Persisting them through executions
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Permanent Space » Lifeware

Our Solution

 New Object Space for permanent Objects

* Minimise or Eliminate GC passes ‘

* Persisting them through executidn R
i put them in a{
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LN

1

V-

New Image Format  ® lifeware

Problem
» Current Image format only support a single

object space

e No extensible: not new metadata nor new data

 Cannot be Memory Mapped (it is modified before
save/load)

* Requires to discard all state of the running VM
(slow saves)
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New Image Format  ® lifeware

Problem
» Current Image format only support a single

object space

e No extensible: not new metadata nor new data

V-

 Cannot be Memory Mapped (it is modified before
save/load)

* Requires to discard all state of th¢ TUNANG VIV
(slow saves) - |

| Restricting |
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New Image Format - Lifeware

Our Solution

* New Image format based in directories /
bundles

 Many Elements of data and metadata

V-

e Metadata en User & Machine readable format
(STON?)

 Extensible format
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Fast Snapshots / Loading

Based on PermSpace & Image Format

 Memory Mapped Image

V-

 Shareable State
 Saving / Loading Warm State of the VM
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Next Objectlves o

Ephemerons

Permanent Space |
: New Image Format  speculative |
| Faster Startup / SaV|ngComlo"a“On |
RS S

| ots of Tests!

+ Integration: Sockets, serial ~ @pharoproject
pharo.org B

* Visual Studio, OperoBsdetibervacen@pharo.org =

discord.gg/QewZMZa El
. thepharo.dev

\\*



Cross-ISA Testing of the
Pharo VM

Lessons learned while porting to ARMv8 64bits
Tool Paper — MPLR’21

Guille Polito, Stéphane Ducasse, Pablo Tesone,
Théo Rogliano, Pierre Misse-Chanabier, Carolina Hernandez, Luc Fabresse
RMoD Team — Inria Lille Nord Europe — UMR9189 CRIStAL — CNRS

2 [, o® @ RISAL 1. it

RMod .
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Context
The Pharo VM

;
~
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Some Numbers

e 255 stack based bytecodes (77 different) + ~340 primitives/
native methods

Lots of combinations!
146 different IR instructions

* polymorphic inline caches

 threaded code interpreter

* generational scavenger GC
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Objective: Implementing an ARM64 Backend
@ 32bit x86

e

o/ ( tel/ 64bit x86 64
\\\\\\\* :

e ARMOG4 is now pervasivejiai= ot
move r2 #17

e New App|e M1 checkSmallInt
checkSmallInt

add r3 rl r2

checkSmallInt

move rl r3
ret

° PlneBook PrO JIT compiler IR

* Raspberry Pi 4

32bit ARMv5-7
e Microsoft Surface Prc

AN\
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Case Study 1

Porting the Cogit JIT Compiler to ARM64

Started with no tests and no hardware (main target Apple M1)

Incremental test development: bytecode, native methods, PICs, code
patching

All tests run from the beginning on our four targets:
x86, x86-64, ARM32 and ARM64

Test allowed safe modifications in the IR to support
e.g., ARM64 Multiplication overflow

ARMG64 specific tests covered stack alignment, W+X ...
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Case Study 2

Ongoing Port to RISCV64

Currently under development

Is our harness test suite enough to develop a new backend?

Are our tests general enough?

Collaboration with Q. Ducasse, P. Cortret, L. Lagadec from ENSTA Bretagne

Future work on: Hardware-based security enforcement

é‘ ENSTA
g/ BRETAGNE
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Case Study 3

Debugging and Testing Memory Corruptions

* Bug report using Ephemerons
https://github.com/pharo-project/pharo/issues/8153

 Starting the other way around

* First reproducing the bug in real-hardware
=> long to execute (even longer in simulation)
=> required manual developer intervention

* Then building a unit test from observations

* Test becomes a part of the regression test suite
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Future Perspectives

Automatic VM Validation
o Automatic (Unit?) Test Case Generation
 Interpreter vs Compiler Differential Testing

VM Tailored Multi-level Debugging



Cross-ISA Testing of the

PhaEQnSVeMed while porting to ARMvS8 64bits

Real Hardware Full-System . -
-T
Feedback-cycle Very low Low High m
Bekes

Availability Low High High

speed
T&ﬁ xA om0

/\/\
N

Reproducibility Low Low High T4 ,“d-s}&)c_\u,.e

High Low Low

Y

Debuggability Low High High <t v \6:"6

)("oo
Université
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Debugging a compiler

Insights: build your own tools, based on needs, not desires

Examples:
e Machine
code

debugger
* Bytecode-IR
visualization
*.Disassembler

[~

’JSL
2

x - 0O

IR Instructions

' (PopR 10 13503 810113)’

'(Label 1)'

' (TstCqR 7 10 757D93)’

' (JumpNonZero (Label 2) 20D9063)'

" (MoveMwrR 0 10 22/16 53B03)'

' (AndCqR 4194295/3FFFF7 22/16 no mcode)'
' (JumpNonZero (Label 2) D9663)'

" (MoveMwrR 8 10 10 853503)'

' (Jump (Label 1) FE1FFO6F)'

' (Label 2)'

" (MoveMwrR 02 23/17 13B83)'

' (Label 3)'

' (TstCqR 7 23/17 7TBFD93)'

' (JumpNonZero (Label 4) 20D9063)'

" (MoveMwrR 0 23/17 22/16 BBB03)'

' (AndCqR 4194295/3FFFF7 22/16 no mcode)'
' (JumpNonZero (Label 4) D9663)'

' (MoveMwrR 8 23/17 23/17 8BBBS83)'

" (Jump (Label 3) FE1FFO6F)'

' (Label 4)'

' (CmpRR 10 23/17 41750DB3)’

" (JumpNonZero (MoveCqR 16856080/1013410 1(
' (MoveCqR 16856096/1013420 10 1013537 42050!
" (Jump (MoveRMwr 1002 A13023) CO006F)'

Jump to

Address

16r1000000
16r1000004
16r1000008
16r100000C
16r1000010
16r1000014
16r1000018
16r100001C
16r1000020
16r1000024
16r1000028
16r100002C
16r1000030
16r1000034
16r1000038
16r100003C
16r1000040
16r1000044
16r1000048
16r100004C
16r1000050
16r1000054
16r1000058
16r100005C

VM Debugger

ASM Bytes i
Ida0,0(sp) #[35310]
addi sp, sp, 8 #[191129 0]
andisll, a0, #[147 12511
bnezsll, 32 #[9914413:
lds6,0(a0) #[35950]
luit0, 1024 #[1832640]
addiw t0, t0, - #[155 130 11
and s6, s6, t0 #[51 12391 (
bnezsll, 12 #[9915013(
|d a0, 8(a0) #[3531330]
j-32 #[111 24031
lds7,0(sp) #[1315910]
andisll,s7,1#[147 25312
bnezsll, 32 #[9914413:
Ids6,0(s7) #[3187110]
luit0,1024 #[1832640]
addiw t0, t0, - #[155 130 11
and s6, s6, t0 #[51 12391 (
bnezsll,12 #[9915013(
Ids7,8(s7) #[13118713
j-32 #[111 24031
subsll, a0,s #[17913 117
bnezsll, 16 #[9915213(
luia0,4115 #[555311] v

81 Step

pc
sp
fp
x0
x1

x3
x4
x5
x6
X7
x8
x9
x10
x11
x12
x13
x14
x15
x16
x19
x20
x22

zero

ra

sp|sp

gp

tp

t0 |ipl

tl |ip2

2

so(fp) | fp

sl

a0 |arg0
al |argl
a2 |carg0
a3 |cargl
a4 |carg2
a5 |carg3
a6

s3 |extral
s4 |extra2
s6 |temp

'16r1001000'
'16r1000'
'16r1002FES8'
'16r1003000'
'16r0'
'16r1001000'
'16r1002FES8'
'16r0'

'16r0'

'16r0'

'16r0'

'16r0'
'16r1003000'
'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

SP

FP

16r1002FE8
16r1002FF0
16r1002FF8
16r1003000
16r1003008
16r1003010
16r1003018
16r1003020
16r1003028
16r1003030
16r1003038
16r1003040
16r1003048
16r1003050
16r1003058
16r1003060
16r1003068
16r1003070
16r1003078
16r1003080
16r1003088
16r1003090
16r1003098
16r10030A0

Disassemble at PC

16r1013400
16r1013400
16r1013400
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0
16r0




Interpreter-Guided
JIT Compiler Test Generation

Validating the Pharo JIT compiler through
concolic execution and differential testing

Guille Polito - Pablo Tesone - Stéphane Ducasse
guillermo.polito@univ-lille.fr

@guillep PLDI’'22 — San Diego

Pl
4 @ Uni ité
2 lea % @ oRisAL (L Yoimie


mailto:guillermo.polito@univ-lille.fr

Virtual Machine Execution Engine

hot spot =y
cold code de;)t} detection FETY¥El hot Code 5‘6;},
&
101101
Interpreted i@:}Compiled
Execution Execution

Managed Memory
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Virtual Machine Execution Engine

hot spot =y

‘cold code ff:}, detection 110011 hot COde r)
110110
101101

Interpreted Compiled
Execution Execution

Managed I\/Iemory




Virtual Machine Execution Engine

hot spot =y

cold code detect|on 110011 hot Code {)
{é} 110110
101101

ﬁ‘ . Interpreted Compiled
Execution Execution

Managed I\/Iemory




Virtual Machine Execution Engine

hot spot =y

cold Code detect|on 110011 hot Code r)
{é} 110110
101101

ﬁ‘ Interpreted Compiled
“ Execution Execution

Managed I\/Iemory




Virtual Machine Execution Engine

hot spot =y
cold code ff:}, detectlon 110011 hot COde r)
{é} 110110

101101

)

Interpreted Compiled
Execution Execution

Managed I\/Iemory



How can we automatically test VMs?

hot spot =y
‘ cold code JJ} detection 110011 hot COde
110110
101101 @

erpreted Compiled
Execution Execution

Managed I\/Iemory




Challenges of VM Test Generation

hot spot =y
cold code f) detection FETYRE] hot Code r)
{:c.)} 110110
101101 .

Interpreted . Compiled
o | Execution Execution
| Cha"enge , * Do they cover different code regions/branches/
| "‘ paths?

How do we determine what is the expected output
of a generated test?
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Ing + Fuzzi

Black Box Test

A cold cod
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Black Box Testing + Fuzzing

Slow
Coarse Grained

Non Determinism

Require Multiple Reference
Implementations °




Interpreter-Guided Automatic JIT Compiler
Unit Testing

1. Test
Generation

Test
Scenarios

9. Differential Testing ,
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Implementation View

1. concolic
exploration

Interpreter
Instruction

Path

input contraints )
(output constraints )

2. compilation

Concrete Input
VM Frame

4. validate

Concrete
Output VM
Frame

Differential
Results

Compiled
Instruction

3. concrete JIT
test execution
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Implementatlon Vlew

¥ . concohc T
exploration

Interpreter
Instruction

Path -
input contraints ) s
8
; £ ]

2. compilation

Concrete Input

VM Frame 4. validate

Concrete
Output VM
Frame

Differential
Results

Compiled %I_;

Instruction

3. concrete JIT
test execution
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Imple’mentatlo,n View

41. concolic
'l 2xploration

Interpreter
Instruction

= 2. compilation oncrete Input

% VM Frame

Compiled
Instruction

— 3. concrete JIT
‘test execution

95

Path

input contraints )
(output constraints )

4. validate

Concrete
Output VM
Frame

Differential
Results



Implementation View

1. concolic
exploration

Interpreter
Instruction

Path

input contraints )
(output constraints )

2. congpilation

Concrete Input
VM Frame

Concrete
Output VM
Frame

Differential
Results

Compiled
Instruction

3. concrete JIT
__test execution

'~ B
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Implementation View

Interpreter
Instruction

2. compilation

Compiled

Instruction

1. concolic
exploration

Concrete Inpt
VM Frame ¥

4. validate

]
Concrete . . /
% ’ Output VM Differential
J Results
Frame



Concolic Meta-Interpretation Model

 Models VM behaviour during [asswactvmrrame
" . AbstractObject
concolic execution receiver »
method t si class_object class_object
o Fram e argument_3|ze x type _
arguments _ value (if small integer)
operand_stack_size Slots
° ObjeCtS + typeS operand_stack
e Classes ZT
AbstractClass
* Then flattened into SAT solver e <

equations
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Experimental Context: The Pharo VM

* Interpreted-compiled mixed execution — -
Q:‘: 4—_%\75 Tc}ﬁs
e Some numbers: e K
o« - < N
. 255 stack based bytecodes / objecty \
— Dost
o ~340 primitives/native methods \Vﬁr_——v "c&‘;\ 4% : Jit
—ro S o e .
—_ \ k
146 different IR instructions Ok code b’ oreck =f
L\%Qcc\—(r

» x86, x86-64, ARMv7, ARMvS, RISC-V

 Industrial consortium: \

« 28 International companies, 26 academic partners
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Previous Manual Testing Effort

* No useful unit tests by ~06/2020
* Large manual testing effort during 2020 while porting to ARM64bits

 Extended VM simulation with a (TDD compatible) unit testing
infrastructure

* 450+ written tests on the interpreter and the garbage collector”

* 580+ written tests on the JIT compiler®

 Parametrisable for 32 and 64bits, ARM32, ARMG64, x86, x8664bers by 05/2
Cross-ISA Testing of the Pharo VM. Lessons learned while porting to ARMv8 64bits.



Evaluation

» 3 bytecode compilers + 1 native method compiler

e 4928 tests generated

A == N B R o7

Compiler # Tested Instructions # Interpreter Paths # Curated Paths | # Differences (%)
Native Methods (primitives) 112 2024 1520 440 (28,95%)
Simple Stack BC Compiler 175 1308 1136 18 (1,59%)
Stack-to-Register BC Compiler 175 1308 1136 10 (0,88%)
Linear-Scan Allocator BC Compiler 175 1308 1136 10 (0,88%)
Total 637 5948 4928 478 (9,7%)

\\*,
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Analysis of Differences through Manual Inspection

* 91 causes, 6 different categories

* Errors both in the interpreter AND the compilers

* 14 causes of segmentatior

102

Family # Cases
Missing interpreter type check 1
Missing compiled type check 13
Optimisation diftference 10
Behavioral difference 5
Missing Functionality 60

Simulation Error

2



Characterising Concollc Execution

Paths per instruction

* Native methods present in
average more paths than
bytecode instructions

Paths - log scale

=> longer time to explore

& => potentially more bugs Paths per

AN\

Type of
Instruction
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Practical and Cheap

e Jest generation ~5 minutes
* Total run time of ~10 seconds

* Avg 30ms per instruction

104

1000

o

100

Time (ms) — log sca

10

Native Method

Stack—to—Register
Compiler

Simple

Linear—Allocator



More In the article!

e Discovered Bugs

Concolic Model Interpreter-Guided Differential JIT Compiler Unit

» Testing Infrastruc Testing

Pablo Tesone
Pharo Consortium

Stéphane Ducasse
Univ. Lille, Inria, CNRS, Centrale Lille,

Guillermo Polito
Univ. Lille, CNRS, Inria, Centrale Lille,

UMR 9189 CRIStAL, F-59000 Lille UMR 9189 CRIStAL Univ. Lille, Inria, CNRS, Centrale Lill
France France UMR 9189 CRIStAL
guillermo.polito@univ-lille.fr stephane.ducasse@inria.fr France

Abstract

Modern language implementations using Virtual Machines
feature diverse execution engines such as byte-code inter-
preters and machine-code dynamic translators, a.k.a. JIT
compilers. Validating such engines requires not only vali-
dating each in isolation, but also that they are functionally
equivalent. Tests sfyggild be duplicated for each execution
engine, exercising the same execution paths on each of them.

In this paper, we present a novel automated testing ap-
proach for virtual machines featuring byte-code interpreters.
Our solution uses concolic meta-interpretation: it applies
concolic testing to a byte-code interpreter to explore all pos-
sible execution interpreter paths and obtain a list of concrete
values that explore such paths. We then use such values

P T B s A B 4«1 XY TAN ALY .Y YYMTYTY

pablo.tesone@inria.fr

San Diego, CA, USA. ACM, New York, NY, USA, 12 pages. |
//doi.org/10.1145/3519939.3523457

1 Introduction

Modern Virtual Machines support code generation fo:
compilation and dynamic code patching for techniques :
as inline caching. They are often structured around a |
code interpreter, a baseline JIT compiler, and a speculc
inliner. This complexity is aggravated when the VM bt
and runs on multiple target architectures [1]. Validating
execution of interpreted code and its compiled counter
is challenging.

Several solutions have been proposed to aid in VM tes
tasks. Traditionally, VM simulation environments havi
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Simulation + Testing Environment

Simulation Environment (Pharo)

Interpreter

GC

JIT Compiler

______________________________________________________

¥ |Heap

‘k Native Code Cache

“>~._ Transpiled to

\
\

v

Unicorn

LLVM

Disassembler | ! i

Production VM (C)




AN\

Unit Testing Infrastructure Comparison

Real Haro!ware Fu_II-Sys’fem Unit-Testing
Execution Simulation
el Very low Low High
cycle speed
Availability Low High High
Reproducibilit Low Low High
y
Debuggability Low High High
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Abstract
Input
Frame

L .
concollc:execut/on

v

Abstract
Output
Frame

+
Recorded
Path
Constraints

i
Path niegation

\/
Negated
Path
Constraints

R\ /2
a
A

¥
-

Concolic Execution #1

receiver = ?
method = ?
operand stack
(empty)
|
|
A\
receiver = ?
method = ?
operand stack
(empty)

Exit: invalid frame

operand_stack_size <=1

v
operand_stack_size > 1
l

<<constraint solving + abstract frame construction>>

Concolic Execution #2

y
receiver = ?
method = ?
operand stack

s1 =small int
s2 = small int

|- -

receiver = ?
method = ?
operand stack
s3=s1+s2

Exit: success

operand_stack_size > 1
AND
s1is small int
AND
s2 is small int
AND
(s3 < max small int
AND
s3 > min small int)

v
operand_stack_size > 1
AND
s1 is small int
AND
s2 is small int
AND
! (s8 < max small int
AND
s8 > min small int)

L

<<constraint solving + abstract frame construction>>

Concolic Execution #3

y
receiver = ?
method = ?
operand stack

s1 = max small int
s2 = small int 1

- - -

s1 = max small int
s2 = small int 1

Exit: failure
operand_stack_size > 1
AND
s1is small int
AND
s2 is small int
AND

83 > max small int

receiver = ? |
method = ?
operand stack

v
operand_stack_size > 1
AND
s1is small int
AND

s2 not small int
|

<<constraint solving + abstract frame construction>>

Concolic Execution #4

v
receiver = ?
method = ?

s1 =small int

s2 = obj
!
Y
receiver = ?
method = ?

s1 =small int
s2 = obj

Exit: failure

operand_stack_size > 1
AND
s1is small int
AND
s2 not small int
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v
operand_stack_size > 1
AND
s1 not small int
L

<<constraint solving + abstract frame construction>>

Concolic Execution #5

v
receiver = ?
method = ?
operand stack

s1 = obj
s2 = small int

- - -

receiver = ?
method = ?
operand stack
s1 = obj
s2 = small int

Exit: failure

operand_stack_size > 1
AND
s1 not small int

v
(empty)



