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Embedded FreeBSD on a five-core

RISC-V processor using LLVM Jeremy Bennett
How hard can it be?
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Target Hardware




Prototype Platform: HiFive Unleashed
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HiFive Unleashed Schematic
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Pre-prototype: QEMU

File Edit View Terminal Tabs Help
Wed Oct 17 19:12:34 UTC 2018

FreeBSD/riscv (gemu) (ttyu®)

login: root

Oct 17 19:22:04 gemu login[603]: ROOT LOGIN (root) ON ttyuld
FreeBSD ?.7.7 (UNKNOWN)

Welcome to FreeBSD!

Release Notes, Errata: https://www.FreeBSD.org/releases/

Security Advisories: https://www.FreeBSD.org/security/

FreeBSD Handbook: https://www.FreeBSD.org/handbook/

FreeBSD FAQ: https://www.FreeBSD.org/faq/

Questions List: https://lists.FreeBSD.org/mailman/listinfo/freebsd-questions/
FreeBSD Forums: https://forums.FreeBSD.org/

Documents installed with the system are in the /usr/local/share/doc/freebsd/
directory, or can be installed later with: pkg install en-freebsd-doc
For other languages, replace "en" with a language code like de or fr.

Show the version of FreeBSD installed: freebsd-version ; uname -a

Please include that output and any error messages when posting questions.
Introduction to manual pages: man man

FreeBSD directory layout: man hier

Edit /etc/motd to change this login announcement.
root@gemu:~ # uname -a
FreeBSD gemu 12.0-ALPHA9 FreeBSD 12.0-ALPHA9 #0 r339358M: Thu Oct 18 09:15:52 BST 2018

mark@freebsd-vm: fusr/home/mark/obj/usr/home/mark/freebsd-riscv/riscv.riscvé4/sys/
GENERIC riscv I
root@qgemu:~ # [j




FreeBSD

Build user land
— create RAM disc

Build kernel
— supply RAM disc details

Device tree

Build BBL wrapper

— adds device tree

Result: image to load

Arch specific kernel code
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Compiler Tool Chain

Clang/LLVM
GNU binutils
GNU Debugger

~ Including remote debugger

C libraries from FreeBSD




Incremental Project Stages
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What Could Possibly Go Wrong?

* FreeBSD is already ported to RV64

— thank you to Ruslan Bukin

* Clang/LLVM is FreeBSD default tool chain
— thanks to all the RISC-V LLVM team




What Could Possibly Go Wrong? (2)

* FreeBSD build documentation (RISC-V FreeBSD Wiki)

- recommends HEAD, which often breaks
— tries to validate users against build machine!

— tries to use build machine user database to build file image

* With this corrected builds and runs multicore on QEMU

— these were trivial glitches quickly fixed
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What Could Possibly Go Wrong? (3)

* Would not boot on HiFive Unleashed
— CPU 0 is E51, which is masked out

— modify FreeBSD, to not assume running on CPU 0

* With this fixed, boots single core




What Could Possibly Go Wrong? (4)

* FreeBSD only works single core on HiFive Unleashed

— multicore boot cause kernel panic

* most of the time!

— seems to be due to random ordering in which CPUs come up
* needs an abstraction layer to map CPUs to consistent order.

* connected to enabling of interrupts

* Work in progress...




What Could Possibly Go Wrong? (5)

* Clang/LLVM for 64-bit RISC-V is brand new
— first patches published October 2018

* 7/ patches needed to get FreeBSD to build
— PC-relative addressing
— PIC addressing
— thread local storage (TLS) support
— 9 more patches to fix bugs, 1 (?) bug left




What Could Possibly Go Wrong? (6)

* Still would not run

* CompilerRT was locking up in floating point emulation

— float->int uses hardware floating point opcodes!

* With this fixed FreeBSD runs when built with LLVM

— but tends to lock up after around 10 minutes

— kernel issue: stable if just kernel is built with GCC

* LLVM compiler bug




What Could Possibly Go Wrong? (7)

* The FreeBSD test system is Kyua
— has to be built native — no cross-compile

— therefore needed to build a native GCC

- the QEMU emulation of RISC-V is slow...
* We now have Kyua running
— nightly testing is possible

— around 5% hours on 20 core Xeon server




What Could Possibly Go Wrong? (8)

* Thereis no longer a FreeBSD gdbserver
— currently recreating this

— trying to reuse as much of the native GDB code

* generic improvement to GDB

— still several more weeks to go

* For now we have native GDB
— but relies on a lot of unneeded system infrastructure

— stripped down embedded system will need gdbserver




Current Status: FreeBSD for 64-bit RISC-V

* We can run embedded FreeBSD for RV64 built with LLVM

— reference implementation for HiFive Unleashed

* Work in progress with some limitations
— single core only (HiFive specific issue)

— unstable when built with LLVM (compiler bug)

* Reference implementation will be available shortly

— just needs to be organized & documented

@ECOSM@)



FreeBSD for 32-bit RISC-V

* |ssues to address
~— FreeBSD not yet ported to RV32

~ building with GCC doesn't work
* CompilerRT library needs int128 type

— we don't have a suitable RV32 hardware platform
* RV32IMAC + MMU

* Watch this space...




£

Thank You

www.embecosm.com

@ Copyright © 2019 Embecosm.
Freely available under a Creative Commons license.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

