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Implementation of P-Bus, an Abstraction Layer to Extend Kernel Features

TAKAHITO HIRANO,t HAJIME FuJiTA,* HIROYA MATSUBA,
and YUTAKA ISHIKAWA®tt

“P-Bus” is an abstraction layer between an OS kernel and extended features. It enables
feature extansion not depending on the underlying kernels in the source code level. In this
report, we describe how the interfaces such as types and functions should be designed and
implemented, give an concrete example of the interface design and implementation for the
scheduler replacement on Linux, and consider our achievements and issues.
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static ssize_t
my_read(struct file *file,

char * __user *buf,
size_t count, loff_t *ppos) {

}
static const struct file_operations
my_fops = {

. read = my_read,

};
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static int
my_read(pbus_file_t file, void *buf,
size_t count, size_t *count_out) {

}
PBUS_FILE_HANDLER (my_fhandler,
.., my_read,. ..);
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static int

my_read(pbus_file_t file, void *buf,
size_t count, size_t *count_out) {

}
static int
my_fhandler_read_pbus(struct file *file,
char * __user *buf,
size_t count,
loff_t *ppos) {
size_t count_out;
int err;

err = my_read(file, buf, count,
&count_out) ;
if (lerr)
return -err;

*ppos += count_out;
return 0;

}
static const struct file_operations
my_fops = {

. read = my_fhandler_read_pbus,

};
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int pbus_thread_policy(pbus_thread_t thread);
int pbus_thread_prio(pbus_thread_t thread);
int pbus_thread_max_prio(int policy);

int pbus_thread_min_prio(int policy);
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listener);
void pbus_remove_thread_prio_listener(
listener);

int pbus_thread_set_needresched(void
pbus_thread thread);

int pbus_add_thread_field(
size_t size,
void *data,
pbus_thread_field_t *field);

void pbus_remove_thread_field(
pbus_thread_field_t data);

void pbus_thread_field_data(
pbus_thread_t *thread,
pbus_thread_field_t *field);
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const int PBUS_CPUS_SIZE;
int pbus_cur_cpu(void);

PBUS_CPUS_LISTENER(
listener,
int (*pre_up) (int cpu),
void (*cancel_up) (int cpu),
void (*post_up) (int cpu),
int (*pre_down) (int cpu),
void (*cancel_down) (int cpu),
void (*post_down) (int cpu));
int pbus_add_cpus_listener(listner);



int pbus_remove_cpus_listener(listner);

int pbus_lock_cpus(void);
int pbus_unlock_cpus(void);

PBUS_CPUS_SIZE I, CPU FE5DH D 5 &K
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H D CPU HH %KY
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const int PBUS_TIMER_FREQ;

PBUS_TIMER_LISTENER(

listener,

void (*on_timer) (void),
int pbus_add_timer_listener(listener);
void pbus_remove_timer_listener(listener);

PBUS_TIMER FREQ 134 1 Y D EAH K &K J.
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pbus_thread_t pbus_sched_idle(int cpu);

PBUS_SCHED_HANDLER (
handler,
void (*add) (pbus_thread_t thread),
pbus_thread_t (*replace)(

B 4 add & replace DALENTIT

HfTalhE

pbus_thread_t thread, int add));
int pbus_select_sched_handler (handler);

pbus_sched_idle i&, CPU &5 cpu D71 RJLA
Ly RZEIRT.

PBUS_SCHED_HANDLER TI, {KIEFD AL v R&EE
fTAIRE/R A Ly RIZINA 2 3 —)VNy VB2, add,
BEETHFDAL w K thread Z2HHL, KOAL v
REETAIRERA Ly ROSRUH T I—)VNy 7B
% replace LLTERTHHDTHS (K 4). BE
EITHOAL Y REETARERAL vy RICRE 50
B, TRHEAL Y RN =TT 5H4E1E, replace
D add 1TIX 0 NED, £ TRWEAIZIZIE O
NE%. add & replace I, &EBHICAU—FLTidA
5780,

pbus_select_sched handler B, T TizdH
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Linux T, pbus_thread t Bi¥, 7Ot X EFU
< struct task_struct * BiIZYwE TIN5,

pbus_thread_policy KU\ pbus_thread priority
B, NN Linux @ struct task_struct H§
B D policy A )N, rt_priority A X /NDEUEIC
FDEEMIEL TWS. pbus_thread max_priority
BE%(, KU pbus_thread min priority BH¥kiZ, %
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NEN Linux O sys_sched_get_priority max &\
sys_sched_get_priority.min IZRIEL T 5.

¥ /=, Linux @ setscheduler Ei#t M/)NA1 F
)Xy F I, SCHED.THREAD_SCHED_LISTENER O
pre_change, post_change 1—)L/\v 7 Bk % IEX
HIKSIBEIN TS,

pbus_add_thread field BA%k, RO'Z DK% D
pbus_remove_thread_field BE$XIJ, Linux Ti, A
TUFvryaBEEAALTCERINS. BHEKN
I, AU F vy o 2R, BT S5E8THD,
struct task.struct BEREHER, BT 272012
HfEHN S kmem_cache_alloc, kmem_cache_free [
B, P-Bus X TNAFUNvFIND.

pbus_thread_set_needresched BH$%1J, Linux @
struct thread_info MEA D flags X /)N~
(D_TIF NEED_RESCHED DRREICHIET 5.

pbus_add_thread_field BAEMIEITN /R OEIE
EHHTZ. £, BALSDOLTORAL Y RO%ETZE
1%, &ETOALy ROTY LT a > DR, KON
congestion_wgh VI hFa—DREEZSHL T, X
EUVHERTTHLAREERDH DAL v RNFEELRN
ZLEHERT D, RITEEL TWgEIE, LIZs <&
HLTHSHERITTS. KT, AEF vy a0iRiE
ZEEL, BIERMRINTNS struct task_struct
HEERDETNTIICH LT, BT 4 =)L ROAEY
ZHERT S, I 51T, 5% struct task_struct HiE
REMHRT DN, BT 4 — IV RBHERT LS
2, T—45 &% T 5. pbus_remove_thread field
BSOS XN 2B b IZIERBEOEE L 72 5.
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PBUS_CPUS_SIZE E#(|d, Linux 123513 % NR_CPUS
IZ, pbus_current_cpu BE$id, smp_processor_id
BUTHIHT .

pbus_add_cpus_listener B§%K, KR UZ DK%t
@ pbus_remove_cpus_listener BT, ZhZh,
Linux O register_cpunotifier B, 725 NI
unregister_cpunotifier BARITHIET 5.

CPU1 CPU2

— v
P22 replace
1X/ replace [2GG]
ol 2
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aA>FFA R
21vF A 2
v B2 aAVFFA v
J ALy F N
y L] L 1 |lA

B 6 replace CEBDIALTFARNAS Y FDIALTY

pbus_lock_cpus BE%, KX pbus_unlock_cpus B
i3, e, Linux @ lock_cpu hotplug Bk, 7x
5 TN unlock_cpu hotplug BEEICHHET 2.
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7, Linux @ scheduler_tick B¥ /N1 F
U /Xy F S, SCHED_TIMER LISTENER D on_timer
A=)y VR ZEFVHT IS IEBEIhTNS.

44 RT2a—5ATPzo b+

Linux TiZ, P-Bus IC& D, wakeup RSB &
U schedule REAEDINA FU Ny F 3N, ZhEFh
T PBUS_SCHED_HANDLER ¥ 7 O TEE 317z add,
replace I—)V\y VBB Z RN T X SITEES
ns.

Linux ® wake_up I&, AL v KA, 9 TIZHEITAT4E
THoRD, TR TH-720, HDWIMD CPU T
wakeup LTWDBRHPTH-D L TH, BATEET
HBM, P-Bus 1ZEZ ALy RNZDX S 70RENE
IMDT I TEERLTED, TOXIIRETARN
BB DA P-Component D add B ZIPONHT. L
72%%> T P-Component OFFEHEIL, T DX S 70iREE
DALy BB LR TEW bbb, ALy R
M_HEIGEBMI NS TREEEZ 2 < Tk,

schedule Tid, AL v ROREZEHEZRL, replace
EIFOHL, BINZA Ly RIZETEBT. replace
EETDRA O FIZIA LT TN B8, D CPU
TFa—RKRSNZA Ly RR, L7210 CPU THE
FTHOBFENH S (K6). TDOHAL, P-Bus 13fd
CPU TOEITMETTEETAE LanSEHEL,
TDALV Y ROETE4E CPU THHETS. Lk
785 T P-Component DBiFE#E 3, replace IN7=D
BEBRIZZAA vFTEHETOAL Y ROEFTIIONT
BERLE TR,

ALY RATI 2 MROAT Va—5F TVl b
%> T P-Component TAY ¥ a—F &EEL /-4
% {18k A1 TRT.
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BLTWEH00D, X1 70— DH—NEDE
BEOEMMEZMHET 2 HD TR,

CAPELA® 13, OS DiLIEHREIC T 2, REEE
MOMEREB RIS B ZEEDREHME TH 5. (R
HD7ZDIT NetBSD h—XI)IVOKkkeR 5 v 7§51
DT —RAERELTWBN, XIVF OS H—3)b
IV 72 SREDHRIL T % B D T2,
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AWFEERE TIE, P-Bus O2KELTOA > ¥ T x—
ADEREIHEERR, THICH DWW, A7rPa—Y
STTNTYXLEERT DI BERL Ty
hDA 25 72— ADEE, Linux 1209 % 3 213
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A.1 P-Component [C&KBRTZa—50DH)
#include <pbus/base.h>
#include <pbus/proc.h>
#include <pbus/sched.h>
#include <pcom/lock/lock.h>
#include <pcom/algorithm/list.h>

/* P-Component MFIFT2EA L w RICEE DTS
N574—IVE x/
static pbus_thread_field_t edf_field;

/* T4 =)V ROT—FHEE +/
struct edf_data {
pbus_thread_t thread;
struct pcom_list iter;
struct timeval deadline;
};

static struct edf_data init_edf_data;

/x EfTAREF 21—, AE> Oy 713 08 HEKERD
T P-Component 7175V THEIE »/

static struct pcom_list head;

static struct pcom_spinlock spinlock;

static void
_-edf_sched_add (pbus_thread_t thread) {
struct pcom_list *iter;
struct edf_data *edf_data;
struct timeval *o0ld_deadline,
*new_deadline;

/x ALy RICEEDY sz T 4 =)V ROF—
5 EE */

edf_data = pbus_thread_field_data(
thread, edf_field);

new_deadline = edf_data->deadline;

/% ETRREV A MDA T L—F ZIET-ED */
for (iter = head.next; iter != &head;
iter = iter->next) {

/¥ AT V=Y DIETT—F G */
edf_data = pcom_container(
iter, struct edf_data, iter);

/* Ty R rneh&0BFhd—7
ZiRTD */



0ld_deadline = &edf_data->deadline;
if (old_deadline->tv_sec
> new_deadline->tv_sec)
break;
if (old_deadline->tv_sec
== new_deadline->tv_sec
&% old_deadline->tv_usec
> new_deadline->tv_usec)
break;
}

/% TDATL—FDFRNCAL Y REMAS */
pcom_list_add_before(
iter, &edf_data->iter);

static int
edf_sched_add(pbus_thread_t thread) {
int ret;

pcom_spinlock_lock(&spinlock);
__edf_sched_add(thread);
pcom_spinlock_unlock(&spinlock) ;

static int
__edf_sched_replace(pbus_thread_t thread,
int add) {
struct edf_data *edf_data;
pbus_thread_t idle;

idle = pbus_sched_idle(
pbus_cur_cpu(void);

if (add && thread != idle)
__edf_sched_add(thread);

if (pcom_list_empty(&head))
return idle;

/*x Fa-—DSEAIDOAL Y RERDHLUIRYT */
edf_data = pbus_container(

head.next, struct edf_data, iter);
pcom_list_remove(

&head, &edf_data->iter);
return edf_data->thread;

static int
edf_sched_replace(pbus_thread_t thread,

int add) {
pcom_spinlock_lock(&spinlock) ;
thread = __edf_sched_replace(thread,
add) ;
pcom_spinlock_unlock(&spinlock) ;
return thread;

/% AT a—SHOI—)LNy VEZIZO x/
PBUS_SCHED_HANDLER (edf_sched_handler,
edf_sched_add,
edf _sched_replace);

static int edf_sched_setup(void) {
int err;

/x BEALY RIZT 4 =)V REBMT S +/
err = pbus_add_thread_field(
sizeof (struct edf_data),
&init_edf_data,
kedf_field);
if (err)
goto pbus_add_thread_field_err;

/% ATV a—SDYEEETTD */
err = pbus_select_sched(

&edf _sched_handler);
if (err)

goto pbus_select_sched_err;

return 0;

pbus_select_sched_err:
pbus_remove_thread_field(
edf_field);

pbus_add_thread_field_err:
return err;

static void edf_sched_cleanup(void) {
/* BALY RS T4 =)V REHIRT S */
pbus_remove_thread_field(edf_field);

/* P-Component ADI—)LNw 7 EHEI /O */
PBUS_COMPONENT_HANDLER (edf_sched_setup,
edf_sched_cleanup) ;
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