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Architecture Dependency
Debugger

Arch 9.x 10.0 10.x 11.0 11.x Soon Later

i386
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 7.12 LLDB 5+

GDB 8

amd64
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 LLDB 3.8.0 LLDB 4.0.0 LLDB 4.0.0 LLDB 5

GDB 6.1.1 GDB 6.1.1 GDB 7.12 GDB 8

armv6
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 LLDB 5

GDB 8

arm64 - - -
LLDB 3.8.0 LLDB 4.0.0 LLDB 4.0.0 LLDB 5

GDB 8

mips
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 7.12 LLDB 5

GDB 8

powerpc
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 7.12 LLDB 5

GDB 8

sparc64
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 8

riscv64 - - - - -
? LLDB 6+

GDB 8+

In-tree GNU GDB
In-tree LLDB

Ports GNU GDB

Binary Utilities

Arch 9.x 10.0 10.x 11.0 11.x Soon Later
i386 BU 2.17.50 BU 2.17.50 BU 2.17.50 ElfTC 3477 ElfTC 3520 ElfTC 3520 ElfTC

amd64 BU 2.17.50 BU 2.17.50 BU 2.17.50 ElfTC 3477 ElfTC 3520 ElfTC 3520 ElfTC
armv6 BU 2.17.50 BU 2.17.50 BU 2.17.50 ElfTC 3477 ElfTC 3520 ElfTC 3520 ElfTC
arm64 - - - ElfTC 3477 ElfTC 3520 ElfTC 3520 ElfTC
mips BU 2.17.50 BU 2.17.50 BU 2.17.50 ElfTC 3477 ElfTC 3520 ElfTC 3520 ElfTC

powerpc BU 2.17.50 BU 2.17.50 BU 2.17.50 ElfTC 3477 ElfTC 3520 ElfTC 3520 ElfTC
sparc64 BU 2.17.50 BU 2.17.50 BU 2.17.50 ElfTC 3477 ElfTC 3520 ElfTC 3520 ElfTC
riscv64 - - - - - ElfTC 3520 ElfTC

In-tree GNU Binutils
In-tree ELF Tool Chain



  

In-tree Outdated Tools

In-tree Maintained Tools

Ports Tools



  

C/C++ Compiler

C/C++ Compiler

Arch 9.x 10.0 10.x 11.0 11.x Soon Later
i386 GCC 4.2.1 Clang 3.3 Clang 3.4.1 Clang 3.8.0 Clang 4.0.0 Clang 5 Clang

amd64 GCC 4.2.1 Clang 3.3 Clang 3.4.1 Clang 3.8.0 Clang 4.0.0 Clang 5 Clang
armv6 GCC 4.2.1 Clang 3.3 Clang 3.4.1 Clang 3.8.0 Clang 4.0.0 Clang 5 Clang
arm64 - - - Clang 3.8.0 Clang 4.0.0 Clang 5 Clang
mips GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 6.x Clang 6+

powerpc GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 6.x Clang 6+
sparc64 GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 4.2.1 GCC 6.x GCC
riscv64 - - - - - GCC 6.x Clang 6+

In-tree GCC
In-tree Clang
Ports GCC



  

Clang Upgrades

● Upgrade through each new version from 3.3 to 
4.0, with 5.0 now in progress.

● New compilers bring new warnings
● Lower tolerance over time for broken source
● clang###-import project branches used for 

staging imports



  

Clang Upgrades - Ports

● “exp-run” test build of the ports tree against src 
import branch

● PR219139 exp-run for projects/clang500-import 

New failures on amd64:
+ {"origin"=>"archivers/xmill", "phase"=>"build", "errortype"=>"clang"}
+ {"origin"=>"audio/mac", "phase"=>"build", "errortype"=>"clang"}
+ {"origin"=>"audio/mous", "phase"=>"build", "errortype"=>"clang"}
+ {"origin"=>"cad/openvsp", "phase"=>"build", "errortype"=>"bad_C++_code"}
+ {"origin"=>"devel/codeblocks", "phase"=>"build", "errortype"=>"bad_C++_code"}
+ {"origin"=>"devel/cpprestsdk", "phase"=>"build", "errortype"=>"clang_werror"}
...

https://bugs.freebsd.org/219139


  

Clang Upgrades - Ports

In file included from src/mongo/db/db.cpp:47:
src/mongo/db/client.h:263:59: error: ordered comparison between 
pointer and zero ('mongo::Client *' and 'int')
    inline bool haveClient() { return currentClient.get() > 0; }
                                      ~~~~~~~~~~~~~~~~~~~ ^ ~



  

Clang Upgrades - Ports

Assertion failed: (isa<X>(Val) && "cast<Ty>() argument of 
incompatible type!"), function cast, file 
/poudriere/jails/headamd64PR219139/usr/src/contrib/llvm/include/ll
vm/Support/Casting.h, line 254.
cc: error: unable to execute command: Abort trap (core dumped)
cc: error: clang frontend command failed due to signal (use -v to 
see invocation)
FreeBSD clang version 5.0.0 (trunk 303291) (based on LLVM 
5.0.0svn)
Target: x86_64-unknown-freebsd12.0
Thread model: posix
InstalledDir: /usr/bin
cc: note: diagnostic msg: PLEASE submit a bug report to 
https://bugs.freebsd.org/submit/ and include the crash backtrace, 
preprocessed source, and associated run script.



  

Clang in Ports
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Assembler

Assembler

Arch 9.x 10.0 10.x 11.0 11.x Soon Later
i386 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 Clang 5 Clang

amd64 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 Clang 5 Clang
armv6 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 Clang 5 Clang
arm64 - - - gas 2.25 Clang 4.0.0 Clang 5 Clang
mips gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.27 Clang 5+

powerpc gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.27 Clang 5+
sparc64 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.17.50 gas 2.27 gas
riscv64 - - - - - gas 2.27 Clang 6+

In-tree GNU as
In-tree Clang Integrated as

Ports Binutils GNU as



  

GNU Assembler

● Very little actually requires /usr/bin/as
● PR205250 exp-run with no as
● amd64 world + kernel built fine
● 11 new port failures (and 200 skipped)

https://bugs.freebsd.org/205250


  

GNU Assembler

● .macro complicates GNU as replacement
● e.g. sys/crypto/skein/amd64/skein_block_asm.s
#
#  Input:  reg
# Output: <reg> <<< RC_BlkSize_roundNum_mixNum, BlkSize=256/512/1024
#
.macro RotL64   reg,BLK_SIZE,ROUND_NUM,MIX_NUM
_RCNT_ = RC_\BLK_SIZE&_\ROUND_NUM&_\MIX_NUM
  .if _RCNT_  #is there anything to do?
    rolq    $_RCNT_,%\reg
  .endif
.endm

● 750 .S, 45 .s, one case of .macro



  

Linker

Linker

Arch 9.x 10.0 10.x 11.0 11.x Soon Later
i386 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 LLD 5+ LLD 5+

amd64 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 LLD 5 LLD
armv6 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 LLD 5+
arm64 - - - BFD 2.25 LLD 4.0.0 LLD 5 LLD
mips BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.27 LLD 5+

powerpc BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.27 LLD 5+
sparc64 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.17.50 BFD 2.27 BFD 2.27
riscv64 - - - - - BFD 2.27 LLD 6+

In-tree GNU BFD ld
In-tree LLD

Ports GNU BFD ld



  

LLVM’s LLD Linker Progress

● May 2015: start new COFF implementation
● July 2015: new ELF
● End 2015: LLD could form part of self-hosting 
FreeBSD/amd64 toolchain (build 
Clang/LLVM/LLD with Clang/LLVM/LLD)



  

LLD 2016 Progress

● FreeBSD work: Rui Ueyama, Rafael Espindola, 
George Rimar, Davide Italiano, Ed Maste

● Relocatable output
● Library search paths
● Linker scripts (arithmetic expressions)
● Symbol versioning
● Misc commandline options



  

LLD

● PR214864 exp-run with LLD as /usr/bin/ld
● 270 total port failures (not all new), 965 skipped
● 25290 successfully built
● ELF protected symbol preemption main 

outstanding issue

https://bugs.freebsd.org/214864
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Linker Next Steps

● Enable build-id
● Incorporate LTO build infrastructure
● Ports binutils override
● Switch amd64 to LLD
● Fix arm and i386 buildworld / buildkernel
● Fix ports



  

Binary Utilities
Binary Utilities (other than elfdump, ar, ld)

Arch 9.x 10.0 10.x 11.0 11.x Soon Later

BU 2.17.50 BU 2.17.50 BU 2.17.50 ElfTC 3477 ElfTC 3520 ElfTC ElfTC/LLVM

arm64 - - -
ElfTC 3477

ElfTC 3520 ElfTC ElfTC/LLVM
bfd 2.25

riscv64 - - - - -
ElfTC

ElfTC/LLVM
bfd 2.27

In-tree GNU Binutils
In-tree ELF Tool Chain

Ports Binutils

All except
below



  



  

ELF Tool Chain: POSIX/Native Tools

Tool ELF TC FreeBSD
ar Released Bespoke
as Planning BFD

brandelf Released Bespoke
c++filt Released ELF Tool Chain

elfdump Released Bespoke
isa Devel N/A
ld Alpha BFD / LLD

nm Released ELF Tool Chain
mcs Released N/A
ranlib Released Bespoke
size Released ELF Tool Chain

strings Released ELF Tool Chain
strip Released ELF Tool Chain



  

ELF Tool Chain: GNU Tools

Tool ELF TC FreeBSD
addr2line Released ELF Tool Chain
elfcopy Released ELF Tool Chain

findtextrel Released N/A
objdump Planning GNU
readelf Released ELF Tool Chain



  

ELF Tool Chain: Libraries

Library ELF TC FreeBSD
libdwarf Released ELF Tool Chain
libelf Released ELF Tool Chain
libelftc Released ELF Tool Chain
libmc Planning N/A
libpe Alpha ELF Tool Chain



  

Binary Utilities

Bespoke

ar/ranlib, brandelf, elfdump

ELF Tool Chain

addr2line, c++filt, elfcopy/objcopy, nm, size, 
strings, strip, readelf

???

objdump



  

Device Tree Compiler

● Device Tree Source files (.dts) compiled to 
Device Tree Blob (.dtb)

● libfdt is dual GPL/BSD licensed, dtc is GPL
● David Chisnall’s bespoke C++11 

implementation at 
https://svn.freebsd.org/base/head/usr.bin/dtc

https://svn.freebsd.org/base/head/usr.bin/dtc


  

Debugger
Debugger

Arch 9.x 10.0 10.x 11.0 11.x Soon Later

i386
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 7.12 LLDB 5+

GDB 8

amd64
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 LLDB 3.8.0 LLDB 4.0.0 LLDB 4.0.0 LLDB 5

GDB 6.1.1 GDB 6.1.1 GDB 7.12 GDB 8

armv6
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 LLDB 5

GDB 8

arm64 - - -
LLDB 3.8.0 LLDB 4.0.0 LLDB 4.0.0 LLDB 5

GDB 8

mips
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 7.12 LLDB 5

GDB 8

powerpc
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 7.12 LLDB 5

GDB 8

sparc64
GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 6.1.1 GDB 8

riscv64 - - - - -
? LLDB 6+

GDB 8+

In-tree GNU GDB
In-tree LLDB

Ports GNU GDB





  

Debugger Next Steps

● Add amd64 AVX register support
● Implement debugserver
● Use debugserver locally (as other archs)
● Kernel core dump + live /dev/mem support
● Implement fork following
● Flesh out architecture support

● i386
● mips
● powerpc



  

DTrace & CTF tools

● ctfconvert + ctfmerge
● convert debug data to CTF data
● merge several CTF data sections into one

● OpenBSD combined tool



  

Runtime Libraries

● Compiler runtime support
● C standard library
● C++ low-level runtime
● C++ standard library
● Exception unwinding
● Clang sanitizers
● OpenMP



  

Compiler runtime
libgcc, compiler_rt

● Compiler support, optimized arithmetic routines
● r215127 “Replace libgcc.a by libcompiler_rt.a”

● Nov 11, 2010
● r307230 “Introduce lib/libgcc_eh and 

lib/libgcc_s for LLVM's implementation”
● Oct 13, 2016



  

C Standard Library (libc)

● Core component of the OS
● Updated for C11

● per-thread locale
● atomic types
● generic expressions



  

C++ low-level runtime
libsupc++, libcxxrt

● Support routines for C++
● exceptions
● typeinfo
● unwind support
● C++ demangling



  

C++ standard library
libstdc++, libc++

● libstdc++ provided by GCC 4.2.1, ~2007
● libc++ imported ~2011



  

Exception Unwinding
libgcc_eh, LLVM libunwind

● libgcc_eh / libgcc_s from GCC 4.2.1
● Apple-provided llvm-libunwind



  

Sanitizer Runtimes

● AddressSanitizer
● ThreadSanitizer
● MemorySanitizer
● UndefinedBehaviourSanitizer
● DataFlowSanitizer
● LeakSanitizer
● SanitizerCoverage



  

OpenMP

● shared memory parallel programming API



  

OpenMP

● GNU libgomp
● r282973 Build libgomp only if we're also building 

base system GCC
● May 15, 2015

● Intel libiomp
● LLVM libomp

● devel/openmp
● base system



  

Cast

Andrew Turner – andrew@ – all things arm64
Antoine Brodin – antoine@ - ports exp-runs

Dimitry Andric – dim@ – Clang/LLVM, Binutils, compiler-rt
Ed Schouten – ed@ – compiler-rt

Ed Maste – emaste@ – LLD, LLDB, ELF Tool Chain 
John Baldwin – jhb@ – GDB ports

Justin Hibbits – jhibbits@ – all things powerpc
Marius Strobl – marius@ – sparc64

Pedro Giffuni – pfg@ – misc Binutils and GCC
Roman Divacky – rdivacky@ - early Clang work

David Chisnall – theraven@ – C++ runtimes



  

Questions?
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