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. TV PDA etc
< GUI ,
- . 0s Linux-based mobile phones and
" smartphones
— Linux
- CELF, (2004,06)
. Linux

« Embedded Linux

" Audio/video entertainment devices -
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Linux
e
[ )
- I/O
— NUMA, DMA, MMU
* /O
— Multi page block 1/0
— 1/0O Scheduling
— AIO (Asynchronous 1/0O)
- CPU
- 0(1) jitter
»
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CPU Linux
L]
»
* Linux Latency
» GUI
* Linux
- +
»
»
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— Linux
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- CPU
L]
»
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e.g)RT /TS 2 /
RT 2 sleep e
-RT e L
-TS — 3
RT N ’\ sleep)
GUI ]
Time ( 100000 us )
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*  RK/Linux
- : Resource Set, CPU, Memory, Network, disk bandwidth

«  Shuichi. Oikawa, R. Rajkumar , Portable RK: A Portable Resource Kernel for Guaranteed and Enforced Timing Behavior,
RTAS, June 02 - 04, 1999.

* Resource Container

« http , CPU, memory, socket,etc.
+ Resource containers: A new facility for resource management in server systems (1999) , Gaurav Banga, Peter Druschel,

Jeffrey C. Mogul OSDI.
* CKRM

— Class-based Kernel Resource Management (CKRM)

« CPU. Memory, Diskl/O bandwidth, Inbound socket connections
+ Enterprise server
+  Ottawa Linux Symposium July 2004.

‘ Linux L. Applcation Process Resource Containers
— rlimit: FBioion bomain
.
.
T omectons
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QoS

- (CABI)

« Emblix
- QoS
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Linux
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Linux
L I——

* “A Measurement-Based Analysis of the Real-Time Performance of

Linux”
« Luca Abeni, Ashvin Goel, Charles Krasic, Jim Snow, Jonathan Walpole, RTAS 2002.

— Identify major source of latency in the kernel with the goal of providing
real-time performance in a widely used general-purpose operating
system.

— Until recently, Linux has not focused on time-sensitive applications,
which are characterized by temporal constraints.

— The periodic execution, which is derived from the frame rate of an audio/video
stream.

— Require response in a short time to external events such as the arrival of a
network packet.

— Temporal constraints
- Linux  Latency
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Latency
I

» Definition of [OS Latency]

— Let r be atask! belonging to a time-sensitive application that requires execution
at time t, and let t’ be the time at which 7 is actually scheduled; we define the
OS latency experienced by 7 as L =1t —t.

Execution time Actually scheduled time

task r . f
t. A
L

— Two main causes of latency in the OS.

- 1 task thread process

2005/09/30 TechnicalJamboree4 12

tick

— x86 PIT (Programmable Interrupt Timer) Ttick 10ms

. API

— Tick Rate : HZ (frequency)
* e.g. Include/asm-i386/param.h
— #define HZ 100 /* internal kernel time frequency */
* e.g. Architecture (Frequency)

alpha 1024
arm 100
1386 100
ppc 1000
sh 100 or 1000
sparc 100
2005/09/30 TechnicalJamboree4 13
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* eg. 2ms
- ims 2ms 10ms
8ms
. VS
» Kernel- 2.6 , x86 ims
» CPU
L]
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Linux

* Real-time benchmark results  http://kpreempt.sourceforge.net/

« Low-Latency Linux kernel
« Preemptable Kernel Patches
« Preemptable Lock-Breaking

— mutex

Linux
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L]
— Linux24
— Jitter /
- 0@
« Bitmap search
- find-first-set instruction
» e.g. x86, bsfl, ppc, cntlzw
(o
M . bit 0 priority 0
. bitmap (140) \ active
: i ‘4_ 140
struct prio_array { ‘
/* number of tasks in the array */ !
int nr_active; e bit 139 priority 139
/* priority bitmap */ g
unsigned long bitmap[BITMAP_SIZE]; exaired
/* priority queues */ 140
struct list_head queue[MAX_PRIQ];
: N
2005/09/30 TechnicalJamboree4 17
Linux
e
* Linux
SCHED_FIFO FIFO 0-99
SCHED_RR
SCHED_OTHER 100-139
L]
f 0
USER_PRIO ’ B
RT (0-99) - -
MAX_PRIO {
140
0-99
100 (static priority)
OTHERS !
(100-139) .
! 100-139
139 : (dynamic priority)
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* Linux
- (10ms) CPU sleep
- sleep UpP
+ Linux
- need_resched (1)
lower priority or higher priority or
less interactive more interactive
I | |
[ [ |
Minimum Default Maximum
5ms 100ms 800ms
- /o
. (sleep)

2005/09/30
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(2)

* Linux Traditional UNIX Scheduling

CPUj(i)=CPUj(i-1)/2
Pj (i) = Basej + CPUj (i) + nicej

CPUj (i) j i cPU

Pj (i) i i

Basej j

nice j

CPU Pt

- Non-preemptible

« Shortest Process Next (SPN), Shortest Remaining Time (SRT)

- (

- need_resched

2005/09/30
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. 2
— SCHED_FIFO

- active

SCHED_RR

expired

o@)

— active expired

2005/09/30
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- RT , TS
RT TS
R (RT-RT) (RT-TS)
T
RM
T (TS - RT) TS TS
S
I[e}
- Linux
* Linux
— ) XServer
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* Linux preemption patch

— need_resched( ), preempt_count(non-preemptible section
— If need_resched (1) && preempt_count (0)

»
— Non-preemptible section

Process allocated Process Process allocated

time quantum preempted time quantum

Other processes run
(Higher priority) Preemption »
P‘] 'nfsreemgtion or_Response Latency
os Execution
B
(scheduling)
A B
=B
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[ )
L]
— set_scheduler, sched_yield
»
[ )
L]
»
L]
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- A
* e.g.q=70ms, =100ms (70%)
- B CPU
preemption

Process allocated

time quantum Process allocated
time quantum

q Other processes run
| | (Low priority) | t
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° Application
— Security
-
— Improving Responsibility
— Independency
— Accuracy
— Simplicity
2005/09/30 TechnicalJamboree4

Audio &
Apvll'dect)' Downloaded Mailer
plication icati
Applications and
] Game
60%
50%
J 30%
Real Time Time Sharing
Applications Applications
28
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« CABI (CPU Accounting and Blocking Interfaces)
- CPU &

AO (Accounting Object)

« AO ( /
. CPU l
AP

- AO CPU User <:: AP
. 104, 0% |/ 50%
« AO AO, H AC,
* HRT High Resolution Timer) Accounting System

Kernel
2005/09/30 TechnicalJamboree4 29

- T : period time), C ( computation time)
add_timer()
. CPU CIT(%)
— AO Accounting Object)
+ AO CPU

e.g. 50% (C=50ms, T=100ms)
block block
(Cl) 1 i (Cz) |
AO | soms | . 5oms |
process [T I
0 50 100 150 200
() (T2)
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« AOX1, x1

- ©)

e.g. C=30ms, T=100ms

or
(©)
AO
(M

+ AO X 3, x 3 (AO,, process,)

- AOn

e.g) C1, C2=25ms, C3=40ms, T1, T2, T3=100ms

priority

;

~ AO1
process 1

AOQ2

process 2

process 3

v

2005/09/30

1

C1

[

LH

T

T

T

T

TechnicalJamboree4
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— Linux
L]
.
.
L]
»
2005/09/30 TechnicalJamboree4 33
L]
X GUI
e.g.) 40% (C=60ms, T=100ms) e.g) (process1)
(process?2)
° Tt process (enve)
——Reak-ime process (e lop) Lo L& 1
k)
dels
H?D PIOGEss 2| :av m
gﬂ) I 0 50 100 150 200 t
& m
3o ‘[ ] \‘ ?\ €.9.) 60% (C=60ms, T=100ms)
ﬁ : M W\ % ‘1 \ﬂ\ *“ \Hw T\I\ i waofl FEE I
g I prienty inte
S Ml
1| I (T e =
D\‘HH‘“\‘H \ process 1
I \Mw””ﬂ 1 |
o ¥ | “““‘\HH‘ [N ‘\‘ 1l S
| \\“}‘ W LA R LA (L]
Lt L LB R R LR LI q = o e ww ©
10 20 D @0 £ 60 n k) @ 100 o 120 ms
Time (sec)
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— RMA (Rate Monotonic Algorithm)

2005/09/30

RMA

»
»

»

Pc > Pn

RMA

, Pc,max > Pn,min [ c (critical), n (non-critical) ]
(k) critical

TechnicalJamboree4

35

- 2 T, =100ms, T, = 150ms
+ RMA T1 (Case A)
- 2
« CaseB k
« CaseC 1/k
- CaseC -
Case A: Period Ti<T, [Rate monotonic]
priority
T
T
0 50 100 150 200 250 300 350
CaseB: Importance Ti<T, [Period transformation — lengthen] Tix2
priority
T
T
0 50 100 150 200 250 300 350
Case C: Importance Ti<T, [Period transformation — shorten] Tox 12
priority
T
T
0 50 100 150 200 250 300 350

2005/09/30
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CABI (CPU Accounting & Blocking Interfaces)

TechnicalJamboree4

2005/09/30

. (AO: Accounting Object)

— C=50ms, T=100ms

— 00ms 50 % 50ms
« CPU AO
. AO
. (%7 AO, = 50%
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API

« AO (cabi_account)

- (M, (©)
- (block/signal), ID
- AO (object_id)

. API

int cabi_account_create (obj_id, &object_attr)

int cabi_account_destroy (obj_id)

int cabi_account_pid_bind (obj_id, &object_attr)

int cabi_account_pgid_bind (obj_id, &object_attr)

int cabi_account_set(obj_id, &object_attr)

int cabi_account_get(obj_id, &object_attr)

2005/09/30 TechnicalJamboree4
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AO
= AO AO
CABI_IS_NULL AO AO
CABI_IS_RUNNING AO
CABI_IS_DEPLETED AO
CABI_IS_OVERLOAD AO
= AO 3 AO ©©
- (terminate action) cabi_terminate_action
CABI_TERM_NONE
CABI_TERM_BLOCK AO
CABI_TERM_SIGNAL A0 /proc
= D cabi_signal (T)
Pld_t _pld ID m (ticks)
it sig ~_
AN ANANVANT AN A
= AO cabi_bind_porc -
BIND_IDLE_PROC M (ticks)
BIND_NORMAL_PORC AO ID (ticks)
(ticks)
AO T
cpu_proc list rs_proc_list AO
list l— list —] list AO
pid pid pid AO (ticks)
task struct * task_struct * task struct * AO (ticks)
AO
AO
| task | | tabk | | tabk |
2005/09/30 TechnicalJamboree4
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1. Accounting API Library

[ Process ] [ Process ] [ Process ] 2. System Call Interfaces
_@ - 3. Process Management Function
Accounting API Library User Mode - schedule hook
System Call Interfaces Kernel Mode  _ fork h00|z
-E’ £ Timer Management System - eXit_hOOk
g% [ Replenishment Timer || Enforcement Timer |
2Q . .
12 ‘ o H o ﬁ po |[ ovew 4. Timer Ma_naggment Function
< - Replenish Timer
lf 7T callbackhooks ] - Enforcement Timer
Tlg';’ ‘ schedule H fork H exit ‘ .
5. AO Management Function
Proc.ess Management System - AO state transition
Linux Kernel - NULL
- RUNNIG
- DEPLETED
- OVERLOAD
2005/09/30 TechnicalJamboree4 41
AO
AO NULL, RUNNING, DEPLETED ) 3
create or delete
..... ready" NULL
start or dispatch terminate
unbind
RUNNING -+ DEPLETED
accounting block
: running \/ . waiting
resume
(wake_up)
2005/09/30 TechnicalJamboree4 42
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AO

e Data + Time + Status

* Data
* Time
+ Status :
*0OS
-e.g) AO processl, process2, ©), ©)
block wakeup
Process, P, /
Process; P, ) P, P, ]
C, C, C, C,
AO | RUNNING =>RDUE"|‘3’;‘_'I’E“$‘ED DEPLETED RUNNING
T=3¢C,
m ISR m

2005/09/30
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* Kernel
— schedule_hook

— fork_hook

- AO
— exit_hook

- AO

» /proc

- /proc (sysfs)

2005/09/30

TechnicalJamboree4
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- High-resolution timer patch (http://sourceforge.net/projects/high-res-timers/)

LIV nano API + x86
» For application
PP | | I | time
B el.g. » et 10 20 30 20
alarm(), setitimer()/getitimer(), Tiek timer 1 1 1 )
sleep()/usleep(), nanosleep()
* For kernel One shot mode
(HRT )
- eg.
add_timer()/del_timer(), * SH, ARM, MIPS
mod_timer()
+ subjiffies | I Ilime
- 10 20 30 40
. Tick timer t t t 1
- X86 : HRT timer
« APIC (Advanced Programmable
Interrupt Controller)
— SH :
« CPU 0,1 (ARM, MIPS)
2005/09/30 TechnicalJamboree4 45
L]
. RT) (TS)
- 2,3:wt=2 (2/5), wt=3 (3/5)
- 2 3
+ eg) (2:3)
40% vs 60 % \&Ai
@ = AP
5 - r 40% 60%
Bi : i Bi= —<m™—— xB
i z = AO
RT TS
_ Accounting System
* 100% Scheduler
110
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(2)

[ )
* RT , TS
— idle AO
» idle @%’ﬁs\
» —t——
_ (%) 40% 50%
AO, AO,
* API Accounting System
— overload AO —
- overload_create (&object_attr, pid) | Scheduler
« overload_destroy (void) | /0
2005/09/30 TechnicalJamboree4 47
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CPU Celeron 300MHz
MEMORY 128MB

API

TSIRT

HRT

2005/09/30 TechnicalJamboree4 49

(1)

. API <-> )
API User (U sec)
create 39.3
bind 21.1
unbind 6.2
destroy 10.8
set 104
get 24

2005/10/5

24



.
- RT TS
- RT 2 sleep
‘ N\
@ %/f
8
o
.2 60
&
> 50
=
o
B 40
E
3
g
20
10 Al
100 20 30 40 S0 60 \jo 8 o 100 110 120 130 140 150
Time ( s )
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(2)-2

L]
- RT 30% (C=30ms,T=100ms) TS 20 %(C=20ms,T=100ms)
« TS
0
80
o
; 60
&
> 50
S
E 40
L O
10
10 20 30 40 50 60 70 80 0 100 110 120 130 140 150
Time ( 100000 us )
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(3)

* plaympeg
(\ pid: 100
« CABI pid 100-106 fork()
(
pid: 101
. 100, 101 exec()
( )
. pid: 102
OO [O O
2005/00/30 pid: 103 Techippeitd®4  pid: 105  pid: 106 53

(3)

* AO 30% (C=30ms, T=100ms)
- CPU

60

processl
process2
process3
process4

50 [

40

process5

PU Ratio (%)
_‘
S
>
~

CPU \ei‘,@

Consumed

CPU

0 10 20 30 40 50 60

Time (sec
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2005/10/5

e —
* High Resolution Timer
— AO, (20/100ms) 20 %  AO, (25/100ms) 25 %
500
—a— AQ {20100 with High Resolution Timer
—— AQ (251000 with High Resolution Timer
anmn
S 2500
]
5 2000 = = s =
£
© 1500
1000
500
0 n 20 30 4 51 &0
2005/09/30 Tims {ssc) 55

(4) 2

* High Resolution Timer
— A0, (20/100ms) 20 %  AO, (25/100ms) 25 %

. 20% -> 20%, 30%
300
—=—AQ {20/100) withaut HRT, round up
— AD (25400) without HRT, round un

3000 i i g
~ 2500
=
T
3
£
2
5 2000
3
g
s
g
:
(=}

1500

1000

500

0 10 20 30 40 50 60
2005/09/30 Thve (o 56
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(5)

» fork()
— AO (30/100)ms
— 50 (30.27%), 100 (31.32%)

100
90
80
—
=
~ 70
o
% 60
o
)
o 50
O
=}
Q40
£
=
2 3
(=]
O
20
10
0
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106
Number of processes
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(6)-1

* RT 100%

—— Real-time proces (infinite-loop)

Consumed CPU Ratio (%)

10 20 30 40 50 60 70 80 90 100 110 120
2005/09/30 59
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L]
- TS '1, RT 14
. TS (20%), RT (80%) CPU
100
%
80
= 70 —— Real-time process (infinite-loop)
2w !
S —— Time-sharing process (Xserver)
g 50
B
E 4
5
O 3
20
\ 1 N A “‘
ol L || ”‘wﬁh‘\‘ﬁm ]\‘Hﬁ‘w“ AN
| | | {1 [ A
\‘ Il HjHMHHH‘\X‘\ \“w‘\m“\”h‘ H\“‘.Uw
o a0 et
Time (sec)
2005/09/30 TechnicalJamboree4 60

I
.
- TS 13, RT 12
. TS (60%), RT (40%)
100
% —+— Time-sharing process (Xserver)
—— Real-time process (infinite loop)
80
70
i.f:eo ‘]
2 1 | i
MEENIEER N
P U Y ! . o
0 1
=1 l] \M i “‘H Il
|
ST A |
e s 2 1
1 “1 L || (AR 1
e P IR TEATEN L
NS ROTRANIINA LAY LN ] UL‘/VN
10 20 30 40 50 60 0 80 90 100 110 120
Time (sec)
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*  ppc, sh, mips, arm, x86 .

e Linux 2.6

*  Sourceforge

— http://www.sourceforge.net/cabi/

— http://sourceforge.jp/
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Kernel-2.6

— kernel-2.4.20

- kernel-2.6.13.2

- API

. 1A32
« ARM
.« PPC
.« SH(

2005/09/30

AO

CPU

(2005/06 )
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Emblix WG
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* 2004 6
°
— Linux QOSs API
* Emblix QoS
°
°
- QoS
-9
- 12
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CPU

CPU
CPU
- GUID
- Iproc
( )
- ioctl
M sec, ms,
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- Linux
1. Linux
2.
. Linux (CABI)
« Emblix WG QoS
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