SMP Implementation
for OpenBSD/sgi



mailto:syuu@openbsd.org
mailto:syuu@openbsd.org

Introduction

® | was working to add SMP & 64bit support to
a BSD-based embedded OS at
The target device was MIPS64

® There’s no complete *BSD/MIPS SMP
|mplementat|on at that tlme so I |mplemented |t
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Finding MIPS/SMP
METOITEIND

® Broadcom SiByte BCM 1250 looks nice -
2core |GHz MIPS64, DDR DRAM, GbE,
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Finding MIPS/SMP
METQIEIPA

® Some antique SGI machines are available on




Finding MIPS/SMP
METQIEIPA

® Some antique SGI machines are available on
eBay




This is my Octane?

Processors

MIPS R12000 400MHz x2

Memory

|GB SDRAM

Graphics

3D Graphics Card
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Become an OpenBSD
developer

® | started working on Octane2 since Apr
2009, wrote about on my blog

® Miod Vallat discovered it, suggested my
code be merged into OpenBSD main tree
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NOW IT WORK

® Merged into OpenBSD main tree

® You can try it now!






http://www.youtube.com/watch?v=EXWYSAnEu_8
http://www.youtube.com/watch?v=EXWYSAnEu_8

Performance -
kernel build benchmark

4% overhead

A

146% spee:d up

GENERIC-IP30
“ GENERIC-IP30.MP




Performance -
OpenBSD/amdé4 for comparison

2% overhead
0

| 44% speed up

GENERIC
“ GENERIC.MP




What did we need to
do for the SMP work

There were lots of works...

® Support multiple cpu_info ® Secondary processor entry
and processor related point
macros

® |Pl: Inter-Processor Interrupt

Move per—processor data |nto
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Describe it more
simply

We can classify tasks into three kind of
problems:




Restructuring per-
processor informations

® |n the original sgi port, some informations which
related the processor are allocated only one

® Simple case:
Informatlon is stored into global varlable
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Simple case -
clock.c: original code

// defined as global variables
Ugadimit 300 sk s C Pl ounteral.as b
LinE3 2 cepligcolint e riinte eyl
u int32 t pendingticks;

‘

ﬁ#,u1nt32 t clock 1nt5(u1nt32 t mask strucLWtrapwframe?*tﬂlw_,M”,

3
m"f




Simple case -
clock.c: modified code

frame *tf
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Complex case: pmap

e MIPSTLB entries are tagged with 8bit process id called ASID,
used for improve performance
MMU skips different process TLB entries on lookup
We won’t need to flush TLB every context switches

Need to maintain process:ASID assign information
because |ts smaller than PID we need to rotate it
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Complex case - pmap.c:
original and modified code

uint pmap_alloc_tlbpid(struct proc *p)

tlbpid cnt = id + 1;
pmap->pm_tlbpid = 1d;




Implement and use
lock/atomic primitives

® Needed to implement
® |ock primitives: mutex, mp_lock

® atomic primitives: CAS, 64bit add, etc..

® Acquiring giant lock prior to entering the kernel
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Acquiring giant lock on
clock interrupt handler

uint32 t clock int5(uint32 t mask, struct trap frame *tf)

GifieaCtfi=painleacia LR CLOCK) i d
HifdefeaMULELBROGESSOR
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Acquiring giant lock on
clock interrupt handler

uint32 t clock int5(uint32 t mask, struct trap frame *tf)

if (tf->ipl < IPL_CLOCK) {
it defsaMUCELRROCESSOR
sampedlocki(dkernedialochk)s:
#endif
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Hardware related
problems

® Spin up secondary processor




Spin up secondary
processor

® We need to launch secondary processor

® Access hardware register on controller device
to power on the processor

® Secondary processor needs own bootstrap code
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Keeping TLB consistency
by software

® MIPS TLB doesn’t have mechanism to keep
consistency, we need to do it by software
Just like the other typical architectures
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Cache coherency

e MIPS RI0000/R 12000 processors have full
cache coherency




ldeas implementing
SMP

® VVe have faced a number of issues while
implementing SMP

® Fighting against deadlock




Fighting against
deadlock

® |t’s hard to find the cause of deadlocks
because both processors runs concurrently
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JTAG ICE

® Very useful for debugging

® Ve can get any data for debugging on




ddb

® OpenBSD kernel has in-kernel debugger, named ddb

® We can get similar data for JTAG ICE, but kernel
need to alive - because it’s part of the kernel

® Missing features:
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printf()

® Most popular kernel debugging tool
® |ust write printf(message) on your code, Easy to use ;)
® Unfortunately, it has some problems

s 0 prlntf() wastes Iot of cycles changes tl.mlng between
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Divide printf output for
two serial port

® There’s two serial port and two processors

® |[f we have lots of debug print, it’s hard to
understand which lines belongs to what processor

® |impl ted dirty hack cod hich output
tri directly t d '
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VWhat do we need to
print for debugging?

® Jo know where the kernel running roughly

® put debug print everywhere the point
kernel may running through




Determine a deadlock
point

® Deadlocks are occurring on spinlocks

® |t loops permanently until a condition
become available, but that condition never

comes up
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Adding timeout
counter Into mutex

void mtx enter(struct mutex *mtx)

ROk (i) oad
if (mtx->mtx wantipl !'= IPL NONE)
S = splraise(mtx->mtx _wantipl);
if (try lock(mtx)) {
gt (mtx >mtx want1p1 sl = IPL NONE)

o gV R R ‘g r 3 s

el A e T e AR I 2 " % Ltk

3 i 4 Y IR Lt b L ’ WSy H ;, ? L e P

e ar '\ SNy "’.'\" ‘3.‘. ; ¥ ‘-'((‘_:-‘a?" “". N """‘t". :,".‘"‘- \,\M’ i" 4"4 ‘-.3" J ‘-‘\ % ," ‘.‘».;}, "?: & -"b | : ﬂ"“f 10V 11 | S vevd '.“.', Y " “ '.)" g i "
. - Pl g > o in AN W = v b o B9 X




Adding timeout
counter Into mutex

void mtx enter(struct mutex *mtx)

ROk (i) oad
if (mtx->mtx wantipl !'= IPL NONE)
S = splraise(mtx->mtx _wantipl);
if (try lock(mtx)) {
Bt (mtx >mtx want1p1 {= IPL NONE)
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Why it’s not enough

CPUA CPUB

Acquires lock Acquires lock




Why it’s not enough

CPUA CPUB

Acquires lock Acquires lock




Why it’s not enough

CPUA CPUB

Acquires lock Ld Acquires lock
e wanna know which

t.
! A
T
Q \




Remember who
acquired it

void mtx _enter(struct mutex *mtx)

Rore Gasdsd
if (mtx->mtx _wantipl != IPL NONE)
s = splraise(mtx->mtx _wantipl),;
if (try lock(mtx)) {
1f (mtx >mt X want1p1 = IPL NONE)
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Interrupt blocks IPI

CPUA CPUB
Interrupt

Disable interru




Interrupt blocks IPI

CPUA CPUB
Interrupt

Disable interru




Interrupt blocks IPI

CPUA CPUB
Interrupt

Disable interrupt




Interrupt blocks IPI

CPUA CPUB
Interrupt

Disable interrupt




Interrupt blocks IP]

CPUA CPUB
Interrupt

Solution: Enable IPl interrupt on upt
A interrupt handlers
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Fixing clock interrupt
handler

uint32 t clock int5(uint32 t mask, struct trap frame *tf)

if (tf->ipl < IPL CLOCK) {
#ifdef MULTIPROCESSOR
B e ¥ P ) RSl




splhigh() blocks IPI

CPUA CPUB




splhigh() blocks IPI

CPUA CPUB




splhigh() blocks IPI

CPUA CPUB




splhigh() blocks IPI

CPUA CPUB




splhigh() blocks IPI

CPUA CPUB

Solution: defined new interrupt priority

level named IPL_|IPI to be higher than
IPL_HIGH
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#define
#define
#define
#define
#define

Adding new interrupt
priority level

LY
VUM

| CLOCK
s iinE
LS

/*
/*
/*
/*
/*

terminal */

memory allocation */
clock */

everything */

Number of levels */

G g Sl W0
a0 “’u‘t"“‘\"" TR A 2

* I v iy S it 30 3 S Al N Lk > 4/ . * ' §
PO o o, A I e R R 3 ALy ) - PSR TR % ¢ 5
e s 2 SRR o by ERRE (00 W O Wy Y I SRR 2o, Yy AT b, i
L Y At L e s e YO ATy Yo i b A™ rs N
3 s N R g ol A el P b -~y ATRIE 'y & ey ¥
Lot T ) »r £ L S b4t BOh SAET A e 3 by %) >
: AT Ll e SRl PEaR B L e it Rt it b S B i
4 \ %+ Ta ARy ’ yr P N ATl A A “ YR O €




Dynamic memory allocation
without using virtual address

® To support N(>2) processors, the cpu_info structure and the

bootstrap kernel stack for secondary processors should be
allocated dynamically

But we can’t use virtual address for them

® stack may used before TLB initialization, thus causing the
processor fault
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The wrapper function

vaddr t smp malloc(size t size)

if (size < PAGE _SIZE) {

va = (vaddr_t)malloc(size, M DEVBUF, M NOWAIT);
if (va == NULL)
return NULL;

error = pmap_extract(pmap_kernel(), va, &pa),;
if (error FALSE)
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Reduce frequency of
TLB shootdown

® There’s a condition we can skip TLB shootdown in invalidate/
update:

using the pagetable not using

kernel mode need need

user mode need don’t need
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void pmap _invalidate page(pmap_t pmap, vm offset t va)

arg.pmap = pmap;

arg.va = va;

smp_rendezvous(0®, pmap_invalidate page action, 0,
(void *)&arg) ;

void pmap invalidate page action(void *arg)

pmap t pmap = ((struct pmap_invalidate page arg *)arg)->pmap;
vm_offset t va = ((struct pmap _invalidate page arg *)arg)->va,
if (is_kernel pmap(pmap)) {

pmap TLB 1nva11date kernel(va)
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CPU_INFO_FOREACH(cii, c1)

if (cpuset isset(&cpus_running, ci)) {
unsigned int i = ci->Cci_cpuid;
unsigned int m = 1 << 7;
if (pmap->pm_asid[i1].pma_asidgen !=
pmap_asid info[1i1].pma_asidgen)
continue;
else 1f (ci->ci_curpmap != pmap) {
pmap->pm_asid[1] .pma_asidgen
continue;

}

cpumask |= m;

if (cpumask == 1 << cpu1d) {
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Future works

® Commit machine ddbcpu<#>

® New port for Cavium OCTEON,

]
s10)

oo i
il B




