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ARMG64 Backend

« ARMO64 is now pervasive: move rl #1
move r2 #17 R
e New Apple M checkSmallInt ri 64bit x86_64

checkSmallInt r2
add r3 rl r2
checkSmallInt r3

 Raspberry Pi 4

e Microsoft Surface Pro X

32bit ARMvS-7

move rl r3

e PineBook Pro ret

JIT compiler IR




Testing & TDDing the VM

* No useful unit tests by ~06/2020

* | arge manual testing effort during 2020 while porting to ARM64Dbits
 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

Cross-ISA Testing of the Pharo VM. Lessons learned while porting to ARMv8 64bits. Polito et al. MPLR’21
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AV

N

-

VM Component Operation Independent Tests  Variations  Total Executions
Method Builder 10 20

Test Infrastructure Stack Builder 18 32 bits / 64 bits 36
Total 28 56
Stack Reification 7 14
Context / Stack Mapping 13 26
GC Data Structures 13 26
Unmovable Objects 9 18
Old Object Garbage Collection 63 126

Object Memory  Young Objects Garbage Collection 38 32 bits / 64 bits 76
Weak Object Garbage Collection 9 18
Ephemeron Object Garbage Collec- 19 38
tion
Old Objects FreeSpace Management 85 170
Memory Structure Preconditions 30 60
Total 286 572
Bytecode Tests 43 86
Method Lookup 15 30

Interpreter Object Representation 17 32 bits / 64 bits 34
Primitives 62 124
Total 137 274
Total 451 902




Testing & TDDing the VM

1040+ tests, are they enough?

* | arge manual testing effort during 2020 while porting to ARM64Dbits

* No useful unit tests by ~06/2020

 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

2 * Numbers by 05/2021

Cross-ISA Testing of the Pharo VM. Lessons learned while porting to ARMv8 64bits. Polito et al. MPLR’21
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Automatic Test Generator

Interpreter-Guided JIT compiler Testing

_—— &
1. Automatic test generation - N\
through interpreter concolic — N e
execution l l

2. Bug detection through
differential testing

R
o




Automatic Test Generator

_— @

* Automatic test generation through interpreter / \
concolic execution

— JIT

compiler

Voo

» Bug detection through differential testing Interpreter

* 468 differences found, 91 causes, 6 categories

e Practical:

4582 tests generated in ~8 minutes -
e 4582 tests run in ~40 seconds

’ Accepted in PLDI’22 - Top Programming Language Conference




Improving Slang

Automatic transformations, simplifications, C AST nodes

/% InterpreterPrimitives>>#primitiveAdd x/
static-void

primitiveAdd(void)
Code {
sgInt integerResult;
char -xsp;

integerResult = (stackIntegerValue(1l)) + (stackIntegerValue(9));
if (!GIV(primFailCode)) {
if ((((((usqInt) integerResult ) >> 60) + 1) & 15) <= 1) {

longAtput((sp = GIV(stackPointer) + ((2 - 1) x BytesPerWord)), ((((usgInt) int
GIV(stackPointer) = sp;

} else {

{
if (!'GIV(primFailCode)) {
GIV(primFailCode) = 1;
}
Optimizations:
inlining
folding
Slang AST



Tools for Debugging

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

Examples:

* Machine code
debugger

 Bytecode-IR
visualization

 Disassembler DSL

C\ )
A
A -

~

IR Instructions

'(PopR 10 13503 810113)'

'(Label 1)’

"(TstCqR 7 10 757D93)'

' (JumpNonZero (Label 2) 20D9063)'

' (MoveMwrR 0 10 22/16 53B03)’

' (AndCqR 4194295/3FFFFT7 22/16 no mcode)’
' (JumpNonZero (Label 2) D9663)’

' (MoveMwrR 8 10 10 853503)'

"(Jump (Label 1) FE1FFO6F)’

"(Label 2)'

'(MoveMwrR 0 2 23/17 13B83)’

"(Label 3)'

"(TstCqR 7 23/17 TBFD93)'

' (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 8BBB83)’

"(Jump (Label 3) FE1FFO6F)’

'(Label 4)'

'(CmpRR 10 23/17 41750DB3)’

' (JumpNonZero (MoveCqR 16856080/1013410 1(
' (MoveCqR 16856096/1013420 10 1013537 42050!

"(Jump (MoveRMwr 10 0 2 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 ==

|d a0, 0(sp) #[35310]

addi sp, sp, 8 #{191 129 0]
andisll, a0, #[147 12511
bnezsll, 32 #[9914413:
|ld s6,0(a0) #[35950]

luit0, 1024 #[1832640]
addiw t0, t0, -#[155130 11
and s6, s6, t0 #[51 12391 (
bnezsll, 12 #[9915013(
|d a0, 8(a0) #[3531330]
j-32 #[111 240 31
|lds7,0(sp) #[1315910]
andisll, s7,1#[147 25312
bnezsll, 32 #[9914413.
|ld s6,0(s7) #[3187110]
luit0, 1024 #[1832640]
addiw t0, t0, -#[155130 11
and s6, s6, t0 #[51 12391 (
bnezsll, 12 #[99 150 13(
|lds7,8(s7) #[13118713
]-32 #(111 24031
subsll, a0, s #[17913 117
bnezsll, 16 #[9915213(

luia0,4115 #[555311] -

Step

pC
sp

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

t1 |ip2

t2

s0(fp) | fp
sl

a0 |arg0
al |argl
a2 |carg0
a3 |cargl
a4 |carg2
ad |carg3
ab

s3 |extral
s4 |extra2
s6 |temp

'16r1001000'
'16r1000’
'16r1002FES8'
'16r1003000'
'16r0'
'16r1001000
'16r1002FE8'
'16r0'

'16r0'

'16r0'

'16r0'

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

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

'16r0'

SP

FP

16r1002FES8
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




Improvements: Clean Up

e \/3 Support
 Old Memory Format
* Old Block Closures
 Dead Code

 ~B65KLOC
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Improvements: Sockets

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

* |Pv6 Addresses (Under Work)

12



 Pure FFI implementation
 Working in all Platforms (Unix / Windows / OSX)

 Migrating Plugins to FFlI



Improvements: RISCV64
Ongoing Port

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

* |mproving tests and scenarios

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

* Future work on: Hardware-based security enforcement

& BRETAGNE

é“‘ ENSTA
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RALN

A—

j S Improvements: Open Build

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. W x8664. W x8664. W x8664. W x8664 . W x8664. W x8664. W x8664. W aarch64. W x86.64. Wb aarch64. W x86_64 Initial targets:
libffi7 succeeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded
libgit2-1 succeeded failed A .
rch / Manjaro
pharo9 failed succeeded failed failed failed failed failed succeeded succeeded failed failed D b j
pharo9-ui succeeded succeeded succeeded failed succeeded succeeded succeeded succeeded succeeded eolan
N . Fedora
Raspbian_9.0 openSUSE_Leap_15.1 openSUSE_Leap_15.2 openSUSE_Tumbleweed xUbuntu18.04 xUbuntu_19.04 xUbuntu_20.04 R as p b lan
*. arch64. Wb x86_64 # x86_64 ) x86_64 B x86_64 # x86_64 ) x86_64 ® aarch64:. Wh x86_64 Ubuntu
libffi7 :ceeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded succeeded
o openSuse
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

v

Supporting system Building using existing

Multiple Architectures . . :
packagings system libraries

15



Improvements:

Building & Debugging

>

(€]

File Edit View Git

: SR - @

Project Build Debug Test Apalyze Tools Extensions Window Help

Process: [0x2730) PharoCensole.exe v

Registers
X0 = 9080000135715120 X1 = 0LO000L0LR0B0199 X2 = PBOBT7FFO755F8830 X3 = 0000000000000067 X4 = GOBATFFI755F8814 X5 = QOBOT7FFO755F8798

X6 = Q0BOQ16F7520AA28 X7 =
X12 = 0B908037(9EB1600 X13 = 8080030808008081 X14 = ©30B0LI0B0800308 X15
X138 = 00908037C9E81000 X19
X24 = 0B00008000080800 X25

0000808000081830 1P9
0000002000000109 X22
0000808000080000 X28

00000937CAQEF830 X280 = D200022000000000 X21
80800000000000080 X26 = PBOBOROOBOBOBEOE X27

Search (Ctrl+Q P PharoVM

0000200000000000 X3 = 020O0020L0000000 X9 = ©ROR0L0020200008 X100 = QBAOTFFI75602518 X11 = 2020000200000040

00000000000182B88 IP1 = 0BOBOO37CABGCE00
BOROT7FFI755F8830 X23 = DDOROL2000R00200
0000000000000000 FP = 00B0BO37CABEFEBO

"

LR = @0RQ7FFI87993CE8 SP = 00002037CAQD73A0 PC = QRQR7FFI987993CFe
100 % v
Disassembly sqWin32Directory.c FileAttributesPlugine ® X sqaio.h pharo.h aioWinc pharoSemaphore.c faSupport.c
%! FileAttributesPlugin - (Global Scope) * @ primitiveFileAttribute(void)
578 - primitiveFileAttribute(void)
579 {
580 sqlnt attributeNumber;
581 fapath faPath;
(! C:\Users\Ise\Downloads\tffi\tffi\tffi.1.image — () X
¢ Pharo Tools System Debugging Windows Help
x - 0O Playground v
> = §H =
DoR  Publeh Bindings x -0 UndefinedObject v
1 Models # ¥ (€ ProtoObject B instance side - =
Numbers ¥ (€ Object » (O extensions « addDependent:
Objects ¥ (© Boolean i breakpoints addSubclass:
Pragmas € False accessing allSuperclassesDo:
100 4 Process.es < Tr?e’ . bottom context asAlier . MIXED
T o - class hierarchy « asCollectionElement
Find v ranving s A Aot o \Samantioll ¥
@ AllPackages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Clas:
? Comment x ¢ UndefinedObjecx A UML-Class x = Inst. side methc x +
Object subclass: #UndefinedObject
instanceVariableNames: "'
classvVariableNames: ''
package: 'Kernel-Objects'
Fl
r Evroaccive niimbar nf mathnds % 2
[=] Playground  [5}i UndefinedObject
Autos Locals Watch 1 Find Symbol Results Call Stack Breakpoints Exception Set.. Command W... Immediate W... Output

L Search

CRLF
- Q x

FN
—

-

Error List

_nmd i 2

GRERdY Solution Explorer v = X

AR o-5B Ff=

PharoCo
oz 9;

[
(Name]
Project
Project

Root N

(Name)
Specifies

A Y VY VT W

¥V VvV ¥V VvV VvV VvV VvV vV VvV vV vV vV VvV vV VvV vV VvV VvV YVY

arc

h Solution Explorer (Ctri+

&l ALL BUILD

®&l B2DPlugin

& BitBItPlugin

%] DSAPrims

%l ffi_shared

%] FileAttributesPlugin
P =W References

P V4 External Dependencies

4 Source Files
faCommon.c
[ faSupport.c

v v v,

B CMakeLists.txt
%] FilePlugin
%] freetype
&l git2
% git2internal
%] http-parser
&l INSTALL
% JPEGReaderPlugin
%] JPEGReadWriter2Plugin
%] Largeintegers
%] libgit2_copy
Y LocalePlugin
Y MiscPrimitivePlugin
% objlib
%] PACKAGE
%] pcre
%l Pharo
| PharoConsole
#%] PharoVMCore
&l soL2
& SocketPlugin
% SqueakssL
%! SurfacePlugin
%] TestLibrary
% UUIDPlugin
%] ZERO CHECK
%] zlib

|& Live Share

[ FileAttributesPlugin.c

&

p .

A

J8J0|dX3 uonn|og

jas0dx3 wee)

gsoubeiq

-
2

$100)

sual Studio Support

MSVC - No cygwin




Improvements: Windows ARM

(! C\Users\lse\Downloads\tffi\tffi\tffi.1.image - (W X
¢ Pharo Tools System Debugging Windows Help

— - A CP R - | Tﬁstkunnef -
x - 0O Playground o A
b B @ =
Doit  publish  Bindings  Pages o v
1 canvas := RSCanvas new. x - 0O CmdMenu>>asSpMenuPresenter v
2 shapes := #(20 10 5 30 24 32) collect: [ :e | RSEllipse model: e ] 7 BaselineOfSpec2 . = . d .
3 canvas addAll: shapes. > B ' Spe " 5 4 4 - [Dlmstan(.esn ¢ = -
R . . ‘mmmv 41”"”" CmaComman ,‘.‘.1- vato »
4 RSNormalizer size shapes: shapes; normalize: #yourself. Spec2 - o AR L B
5 RSFlowlLayout new alignCenter; on: shapes. > E1Sped-"\df!lJle'S-”°'phf° ® CmaCommandidenuiten -/ Commander-Spec2-Compatil
6 canvas @ RSCanvasController » [5] Spec2-Adapters-Morphic-Tes ¢ CmdMenu accessing
» [2] Spec2-Adapters-Stub £ CmdMenuGroup building
» [E] Spec2-Backend-Tests > initialization .
> EspeczCode et MSVC - No cygwin
spec2 v overrides v
x -0 Inspector on a RSCanvas @ AllPackages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. ©) Implementors ©) Senders
aRSCanvas ? Comment x & CmdMenu x  Y]asSpMenuPrese x A UML-Class % = Inst side methc x + e
Canvas Raw Shapes Items Meta
ComdMenu
activationStrategyClass
roctGroup
activationStrategyClass
actvationStrategyClass
sSpMenubresenter
buildBrowserNotebookActions
buildBrowser TabActions
buildBrowser Toolbar
bu idCommand IteminContext act vatingBy:
buildContextMenufor:
x -0 System Reporter v
Image A
8 Operating System/Hardware
Image Parameters
Image Sources Win32 Windows-ARM64 ARM64
MC Repositories
MC Working Copies
VM General
VM Options
VM Modules
VM Parameters
VM Stats
0s
0S Environment
OS Details
v

PR ~

il TestRunner [5i CmdMenu>>asSpMenuPrese... [£] Playground & Inspector on a RSCanvas System Reporter

L2 Type here to search

17
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Improvements Raspbian 32/64 bits

2 Pharo

Tools System

4x-D

Image

Image Parameters
Image Sources

MC Repositories
MC Working Copies
VM General

VM Options

VM Modules

VM Parameters
VM Stats

0s

OS Environment
OS Details

192.168.0.35:5901 (raspberrypi:1 (pi)) - VNC Viewer

Debugging Windows

System Reporter

Help

Operating System Environment

COLORTERM=truecolor
DBUS_SESSION_BUS_ADDRE
/session-ef2f7aa707634b98/k
DESKTOP_SESSION=LXDE-pi
DISPLAY=:1.0
DISPLAYNUM=1

GPG_AGENT _INFO=/run/usel
HOME=/home/pi
HOSTNAME=raspberrypi
LANG=en_GB.UTF-8
LC_CTYPE=UTF-8
LC_TERMINAL=ITerm2
LC_TERMINAL_VERSION=3.3.
LD_LIBRARY_PATH=/usr/lib/:
b:/lib/aarch64-linux-gnu:/libs
r/lib:
LOGNAME=pi
LS_COLORS=rs=0:di=01;34:In
35:do=01;35:bd=40;33;01:cd=
=3T,41:5g=30;43:ca=30;41:tw
1;32:*.tar=01;31:".tgz=01;31:"
1;31:*.1ha=01;31:".124=01;31:"
01;31:".txz=01;31:*.tz0=01;31:"*

x -0 Playground v
> B ® -

Dot publish Bindings  Pages

1/ 1 tinyBenchmarks "'727789623 bytecodes/sec; 51028940 sends/sec'"

n

t72=01:31:* Zip=01; 31°7=01 - Kernel-Tests-Extended

;31:*.dz=01;31:".gz=01;31:".1Irz=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
1bz=01;31:".tbz2=01;31:".tz=01;31:".deb=01;31:*.rpm=01;31

:*.jar=01;31:*.war=01;31:".ear=01;31:".sar=01;31:".rar=01;31

2 Al N1 NN =NV AN el A=N1I Y TN N

Comment X c Smallinteger x Y| nextinstance x A

v

nextInstance
"SmallIntegers can't be enumerated this way. The:
(SmallInteger minval) to (SmallInteger maxVal), but )\

(SmallInteger minval) to: :>ma~l:ﬁteg6f maxVal) dc

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

Objectives for 2022

19



Permanent Space » Lifeware

Problem

...........

i Pauses (GC/ §
« Many permanent objects Saves/Loads) {
* They have references from/to other objects

 We are traversing them to GC

 E.g., Classes, Methods, Literals, Resources

20



Permanent Space » Lifeware

Our Solution

 New Object Space for permanent Objects
 Minimise or Eliminate GC passes

* Persisting them through executions

21



Permanent Space » Lifeware

Our Solution

 New Object Space for permanent Objects

 Minimise or Eliminate GC passes

ffffffff Ay e

* Persisting them through executions
them in a

. 0 N
vy RN
. ! 0.\
g ". N
‘O ‘;
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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

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

* Requires to discard all state of the running VM (slow saves)

23



New Image Format » Lifeware

Problem

* Current Image format only support a single object space
 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)

R t - t - J'
estricting  §
. 0 D |
vy RN
.. ':" ::
ermSpace
E %
) , .\ D
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New Image Format » Lifeware

Our Solution

 New Image format based in directories / bundles
 Many Elements of data and metadata

 Metadata en User & Machine readable format (STON?)

e Extensible format

25
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Vg

Fast Snapshots / Loading

Based on PermSpace & Image Format

« Memory Mapped Image
e Shareable State

 Saving / Loading Warm State of the VM
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Permanent Space Ephemerons
‘ New Image Format Speculative
Faster Startup / Savmg ompilation

SR~ oo SniES S.a sihie A R tl R T~ ~—c
T IS e = - s . N N O

 ARM64, RISCV64, Slang...
e | ots of Tests!

* |ntegration: Sockets, serial _
@pharoproject 3

* Visual Studio, Open Build Service pharo.org
consortium-adm@pharo.org u

discord.gg/QewZMZa [}
thepharo.dev %:
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