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PopcornLinux and Compiler Framework
Project

AStarted at Virginia Tech, Blacksburg, Ml-2012
A Binoy Ravindran, Antonio Barbalace

ATargets platforms with multiple groups géneralpurposeprocessing units
A Non-cachecoherent
A Microarchitectural or ISA heterogenous

Alnitial goal

A Extend themultiple kernel OS desig(Barrelfish to Linux
A Provide thesame OS and programming environmestmong processing units

AOS and compiler provid@MP functionalitieson non-SMP platforms

Was that worth? How to do that?
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Middleware

Same
: <«
Compiler Runtime interface

OS Operating System Kernel™™ OS oS OS
part part part

Multiple
communicating
OSkrn/rtm/FW

Why and how?



Classic Softwarfer Heterogeneous Hardware

A Software runs on CPUs |
A Other processing units [ OCJq Q [ ] [ W

cannot runthe same
software as the CPUs
Compiler SyStem
Drv

A Programmer (strictly)
partitions the application

A Each partitiorruns only Runtime SOftware -y
on a predefined
processing unit

A Supportingdrivers,
runtime, compilers
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What Are the Problems? e

AFor eacthardware component
AModify all software layers AT S

ANightmareT 2 NJ I LILI A OF (A 2 y===
AHard to program
ADifficult to port to a new platform

APoor resource utilization (performance, energy efficiency,
determinism)
AOne programmer focuses on one application
AMany applications run at the same time




New Softwardor Heterogeneous Hardware

ATheOSextends among
all processing units
AThecompilerbuilds
applications software to Middleware
run among all
processing units
ATheruntime supports Operating System Kernel™ OS 0S OS
all processing units (O=Kim) &Y Wl
AProgrammerR 2 y Q (i
have to partition the
application, which may CPU CPU CPU CPU

run everywhere, . " " 2

’ Compiler i Runtime

transparently




Popcorn Linux
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A Runtime

A Runtime ISA execution migration
A State transformation

A Based omusIC library
A CompilerFramework

A Offline analysis
A Model-based code optimization

A One binary per ISA
A Based orgcdLLVM

A ReplicateekernelOperating System
A One kernel per ISA

A Distributed systems services
A Single system Image

A Based orLinux



Popcorn Linug Operating System

SingleSystem Image
Popcorn NS I Popcorn NS

Popcorn

Popcorn
Linux krnl Services

Linux KrnO  Services

Popcorn Communication Layer

ISAB
ARM

PCle
TCP/IP
RDMA
etc.

A Single System Image
A Based on Popcorn namespaces (NS)

A Creates a single operating environment
A Migrating app sees the same OS

A Extends Linux namespaces

A Distributed OS Services

A Task (thread and process) migration
A Native code migration
A Distributed memory management (DSM

A Distributed file system

A Inter-kernel Communication Layer

A Performance critical component
A low-latency and highhroughput

A Exclusively kernedpace

A Single format among ISAs



Popcorn Linug Task Migration

N
AProcesaMigration AThreadMigration
AWhole application is transferred ASelected threads are transferred
A All threads, user& kernelstate A Threads' state is transferred
ANo dependecies are left on the AKernels coordinate to maintain
origin kernel application state consistent

Single System Image Single System Image Single System Image Single System Image

Kin0™ gepvices krnl krnO-! services Kl k0 sepvices krnl krnO services krnl
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AReplicated virtual address space
AKept consistent among kernels

APage coherency protocol

A Based orModified-SharedInvalid miato_weg
(MSl)cache coherency protocol

AMemory page granularity instead

—
App_Read !" "l,

Fetch_Meq /
Copy_Msg

App_Write |

""l\l EBroadcast:

Invalkd_Msg

N

of cache line granularity sop s hop i
. . App_Write / —

A Additional states to improve s \

performance J
Copy_Mszg .

Faich_Msg /
Copy_\old_Msg

A Scaled from two kernels to
multiple kernels

nwalid_Mzg






