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Abstract

In recent years, the application of multi-core processor has been used more and more
widely, in order to exert the efficiency of multicore processors, improve the performance
of operating system has become an important research topic, and task scheduling
mechanism of multi-core processor is the key factor affecting the performance of
operating system. At present, many researchers both at home and abroad has researched
the mechanism of task scheduling for multi-core processors. They discuss it mainly by
changing the task execution order, reduce the communication overhead between tasks
and reduce the number of task scheduling. However, in the current multi-core processor
environment, task scheduling efficiency of embedded operating system microkernel is
still not high, there is communication overhead between tasks, task allocation is not
reasonable and the processor load imbalances and other issues, so as to further improve
the performance of the system, we need research task allocation model and task
scheduling mechanism more deeply on multi-core processors.

In this paper, in the multi-core processor environment, we research the embedded
operating system microkernel task scheduling algorithm and scheduling mechanism.
Analysis the advantages and disadvantages of the task scheduling mechanism of the
mainstream, and compare them together, on the basis of this, some improvements are
made for the multiprocessor task scheduling mechanism, this paper presents an efficient
task allocation model and task scheduling mechanism. (1) The task allocation model.
Task allocation model will directly affect the real-time execution order and the system
tasks, because when a high priority task arrives, if the distribution is not reasonable, it
will affect the real-time task execution. This paper puts forward a preemptive task
allocation mechanism based on priority, so that the high priority task can execute quickly
in real-time, improve the real-time performance of the system. Then it gives the general
rules of task assignment multi-core processor, improves the efficiency of task allocation.
(2) The task scheduling mechanism. This paper combines the global queue scheduling
and local scheduling to achieve the task scheduling, then pretends the task scheduling
mechanism based on cache queue, greatly improving the cache hit rate, improves the
processor utilization, in order to load more balanced for the processor, the global queue
scheduling method was modified, fusion of dynamic migration strategy of fast kernel
priority, which are ensured the system's real-time and load balancing. Improved



multiprocessor task scheduling mechanism is designed to improve the performance of
embedded operating system micro-kernel, it meets the demands for the performance of
the system.

In order to validate the feasibility and efficiency of the design task assignment model
and task scheduling mechanism, this paper tested in the Simics simulation platform, we
built a hardware platform of multi-core processor and operating system, according to the
design principle of task scheduling mechanism, we modified the task scheduling
mechanism of the embedded operating system which is related to part of it, and then
running a multitasking program on the operating system, we verify the improvement in
the performance of the task scheduling mechanism. The experimental results show that,
the multi-core processor task scheduling mechanism we designed in this paper has a
good performance. The real-time performance of the system is improved.

Key words: Multi-core processor, Embedded operating system, Micro-kernel, Task

scheduling mechanism, Task allocation model
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e 41— DAG B, Ea& AR, 4Hlh TO, T1, T2, T3, T0 4
[WZfif TDO, TD1; T1 B34 TD2, TD3, TD4, TD5; T2 4 Am%hﬁﬁba
TD7, TD8; T3 &MLFEA TD9, TD10; i bt 3 7 g e 1] () 28 15 T4

HAPES BRI, RSN IAS, WRISIA WAES BB, BAZ T 4TS5
AT SRR K, ARG AT SR 4 JR A S 5 7 sAT 55 0 e s &M b B, SR )G Ak 3
A P AR A Y (1) 1 S R AT AT 55

29



{ER SN o VA0S

AN
e \

/ \
/ \
/ \
| \
| |
| I
\ i
\ /
\ /

/

\ ;

/
. ,
AN ad

B 41 (E5 Tt AR
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4.22.1 BT % 438 B 694F S5 Be L)

FEZ AL B R G, A GBS E N I B = A E TS, AL
BRI AR IF AR, BN B A AT EAE S O A5 N (8] 33, 2N
MR, BRPEE T 2AMES, AT A (A S v SALHIR S B, B 1)
FOERBMGH R AEZ 2 AL A, O T R SR ] R e kA, AT 55 T Re =l oy
HEANERE, el 2 W ERIBIRIaTT, [F—MES IS MR R R I E A
HABAF W, AR RS A AL k22 6], EAT T R R 1

R BRI, BATTRT LA B T 2 A% A B AR AT 550 e (1 R A LU -

KRS AR B, DA AR 55 IR A S,
eI Bere ke, Rl BLg b AN SR AE T4 .

T ANERGZ MRS RN BOS R AN AL RS, XA DAL B S R SO, HAR
5 A (R DA T 25 RAR K IR T4

= R RBE AR AR U AR5 7 Be s — N ACBE R, XA ] LY D 22 A 55 [ 3
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DU DRAEZ AN AE B 8 A0 A A% 8] (R SR8 i, By ik SBAL B AR SRR o, — LU Ab B ER
IR A O PR A BESR AT AT RE D
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4.2.2.2 IRTFTHREBRN I & XIE S0 BEHH]

PRI AR 2 BT R s i 2 SR A 55 70 IC SRS 2 AR RN L o B AR S5, IXMHE S5
Sr B ) . SR PREE, — BARSS BORBURE LA AT, A2 450 PRESE =
ARGURCR o SRMIXFP PRSI 70 Be 5 SRR 2 L85 w0, S P A Ab B AR AAE AT AR 551
R — A e ST 2K, i T3 S R I BRI, A e KRS A PSRRI BE U,
AL s PSR ST IEIR AT s 2 A HURE AR R I BERE BRI, 2R G BEMLINIRs
TR I PLLy A PRGSO AKX LEAT S5 [ S BEAT AU ITEAS , X FERUIN K T4 55 18] (K3 45 T
o XL 2 W IAEAE S5 O RE b, AR R T R GE TR RE -

BEX H BT SS 70 BCH LI A7 AE 1) ) L, ASSCPR Y T — P S R A e 235X
R L], 2B RS, RMES AT I e, IR gm s = At
TEBIT RN, ALFHARGG, REMRIALS L, RALS BRI A ek
(Kra 2 A, A ABEAS s MBI B 55 HAT AR IR A S5 2, T 1 3R 55 0 e R00%
ATSCR T AL EREARRRAE ST PR, 387 P PRy i (S DR 5 A7l 2 BA 51 A 55
RFESE R T RSN

RS 48 E UE S5 7 BE UL AR S5 Se SOl an N VAR 2, AE5%
FEYIR BN, RAEXENG AT S faE M, M LR SOXAME e, [
It i) DAEAR S5 da ATl e sl S I SR e AR e 2. AEAR S5 AL E gt 4t B A b, AT
PG IAE S5 F2 HE A1 5T IR IR BE NS R, SR GEARGEAE 5 IS ZOIR DL, KeBA
SR AR IR BC R 2 AN B . 2RI HAEST i BB LA 4.2 Pros, b 0
2 255 KR A IILSES, 0 MIALSedidmm, 255 ML, AbBRSs R IR AE 55 1L
A3 B BEIAES

0 > 255

4%

rooy
vau wa) [
fae] [ Ea a2

A 4.2 % B4k BAL SR L4 TR
AL AT L S RS 1 3E B, BIZE AT I E R BITM R A, R
B R A R SRS AV, METEIT MRS St , BARGEHMIIENT
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RSB, IR S PR b 1L, BB P T 553847 5¢ o LA el 2 {55
RFEPE R T RGSENE, Al 2S5 RS B PRI ) U A AR B

ARGE X b At AR 55 7 B, ASCvt 7 MES OB, WiE 4.3 Pros, £
AMES AT ELE AT BORIAESS, REUHIE T UL E R A48 & AT 55 20 UL AT 550
e Rl 2 BA A, 4555 A 55 R JSE 2 AR A XCdt )4 55 TR D LR A 55 2 A8 R IR 55
Pogs AbPHAS, AbPHER A SEAESS a5 RORER a4 55 1 2 1) 4 2R S i E0FT 55 i 4
e, AT SIS BEIT A AESS, RS B R s, SEER, BEHE, AR5
AT 5 24 I [ 5L N A AR A S DA G o

P SCIE AR 55 0 BCWLAIAT LE I AL 55 20 BCHL), 72— @ e By TAES5AE
DA PG RS, e RS AL B RO, B P T R tERE. HE,
A BRAESS 1K 70 BU B 2 o2 e i R R P (R P T, DRI AR SORE S 55 1A 1R 5
HUHIRAE— D5 MR 55 T L I RCR

AL 155 8 B 2 15 BR Ay

JOSLE
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1556 fE552 fE555
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B 4.3 Batey e S muRER

4.3 ZIZIEREZAENHEYIEIT

H SO AT 55 2 A AR ) 5601, 42 22 A A P AT 55 1) 20 FE R ) A R TS R 48 o
AT I LRI PR T30, 78— e FEFE L RE S 32 m AT 25 I BAT R R G2 (R B AR 1
BE, HJE, N T NATTIR R GERCR 0 S e K, il 506 20 A% Ak PR (A 55 1 L LA
AT OCE, AT S5 R BEHLHRIRCR KRR o E T A RETIPERERILF IR . PIEA T 0T
DA PEEE N, N TR R GO A AR 55 TR BERL AR o

4.3.1 BEEEMESREN LT

4311 BTG AF) 6915 58 JE A
B2 =1 oM, AT TR, HAjLERAT I 2 A2 N A E R AT LT 5%
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R BENLAR T B A SR BA SR B o R B BA A U BRI IE A= BAB R o 4 JR) A A8 8 A4 5%
n] LR B RAEAT— AN T AR B A b, P I AR B s 3K = AN BAA, A 55 IR L S B
TR, KRR BRI, ERAERVZRE A, R RIS TR
KHGRRED, BN R — A2 )mBAS, Pra b Pasa i R iviim e, AREIFATHII ),
AR T 20T PERE M A . 2 R BRI EEANREA R I 2247, ANRE
RARGATBIEH] o

B RS AR e R EREPE R G TERE, RSB AAT B O R
BAY, Py AL BEES AT LRI PATAES5, ARG TR 2 TR T, B R IR
WA S AR THE RS, EREBA MRS Rt VA R UE R e 7, wlhe
MR LA B SR I SR NS SS AR 2, LB AR B AR 1K) SR AR BAAAE A5 AR H /b, B i 4
P ERIHHARR R, SRS AR REA H IR KA .

LU I, ASCER I T T A BAAIRAE 55 AL, SR EALHIZS & T 4R
BB S A SRS R BA AR L R s, RTINS SCREDRUE i L SE AR 5 DL OE AT, SR RN
T . SR BN B EAEE, B, RS MRS 2 BB R AR5,
AREBOM I SE SR LB A5, AR A FRSRIUIRIL B AR 555 FR, 2 RBAIITRE 3R
IR S5 P B8 A AL BLER A7 BN A, JF S50 T AT AL BE S8 22 A7 BA A 1) 97 380145 d)i
Kb P & NG AF NSRBI 55 T AT, IXFERGEM LN L AR 55 B S AT 55 (R F A3k,
ITARA B TARKBEET, 2 ARw SRR T 2. SRR 4.4 o, i
GRS RS 4 B I, 0 FoRnPU e g AE S5 BAA, JhATHESS 6. 1155 2 AT
% 5, MBS LA, O LIRS PN RS, SR 4R A S PR AR 55 1
FERISE AN BRI AL NS, B 2 AR BLAR IATHATAE S5, IXREIEANMT 55 T B Ak
SERT

R4 VR IR
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B 4.4 B FEANG|61ELRE
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RePRESAEHATARESS, oo LRAC PR ARSI AS , SXFEALIR 9% T RAEMBHIE, M, s
VESS I RE ] LABHAS (IE A 225 W AR B 25 EIFIAT

AN Tt — DR A B A A, Bk TR A ZALSE AR S5 3 A8 s,k
e R NI RAE S5 S R 2 PERELr IO A%, R) IS A5 SR B 458 S I PR N 25 A B 5% 14
S GAFBIIPAT RGO, — BRI AL BE 38 25 RN, AR A o B Skmes, R L e Ab PR B
L5 IER A AL FE A b o IXFEA P T ARFRER (R, 3 n] DUEREAS A AZ ) D12
W, BRAR TARSSSHATIE R, $em T RGP

4. 3.2 BUEBYESAENHLTEM

CACE A 55 TR EERIL AR LA ] By B R s TRDIR AT LA

1. AU RERIE R L e AR S5 LB AT, AR5 IE I, 3R R ARSI S
2 REPRUERENACPEERARAETE 0 ACHEILIERE, I HLALBE A5 K AR S 3805 1

3. MU Rk, ARSI A IR E , R

4, STFHMESAR S B, 1R BUES R HhAT

4.4 KEING

ARFEASCHIZ DTS, 4 TAEER B TR A% EZAWAS KT i ad 1
FEZRZIAET T, SHRA IR R Gl % 14T 55 3 BC R R AT 55 R WL BEAT T 1 ek
B E IR T 2T 2 A% A BT A5 R EERLAR T I P 1, 2 T AT (KA 55 23 oA A,
FEMLIERL b, St TIE TSR FE AT AT S BC st 77 %8, AN 45 Y T 2 2 A PR3
B8 NS5 0 BC TR AR, R 50 2 A% R AN TN B 2R GE 0 A A A 55 T FEE B L ) et
T 4 JRS B A 5 JRy B BA A VR AR 25 45 IR R S B TS5 (MR B, B 17 3k 122
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EL5E KWNKEERTH

5.1 Z1ZAIEEELL TS
5.1.1 Simics (FEF&ERINE

Virtutech Simics 42— K AEH T B A KA, & I BRAIRRAS E B 3 JL oF SN LR
WEFCBE I A, JaARAS 4y Virtutech 22 w5 AT IR NEAL A& - Simics 1] AZEARMEN) PC 4L
PO R A AN BB B AR RS, XA RERNTE G S AN IE R X B
PRAEAEEIRY . BEAS Simics BERLHTN N T — DN E L HEAE RGEAMELF- 6, & n] DU
AR AZ &, AT DU 2D LTSS fr . DSP Ab#gs . CPU. MIZSAERER
EWIEA L S

IEP Simics A 4t s K RS SLIIRE, 7ERMEIF AT e R AL
KZR G, NIRRT . [, Simics BT LUBEILL & A kb BE 2% Ay A% A0 22 Fil b 11 25 2
o BSZHF SMP. CMP FIFBLLFESE L A BB H AR, 1l Simics fOMC & S0, BAiln]
DATIC B A % SAIRER IS TS5, W — R AT —RTAT REIF NS . H
FUEE ARG, AT LOE R E RGO, G A A, AT AT
WP FEAMY HACHR U LR M A A, Fc IR Simics VB RL E I XAN R G 5, k) A
£ Simics i 57 & LT At R 4¢ .

Simics 1j HoF- 5 1] LA 2 P Ab BE 28 5 2 2444, W1 x86. ARM. Alpha. MIPS,
PowerPC. EM6AT 4%; i n] LIBLIU R AP oMER A, it wiat. Bbs. SR, R9%%,
BB I 285 X6 Bty 2R HEE R4, W Linux. VxWorks. Solaris.
QNX. FreeBSD. Windows. RTEMS 4&; thn] DISHIAZHHL. AKX RS, PG, £
AP A4, e n] L Simics (R ThBE S A 8 AR KK .

ARICIEFAE Simics ARG, A SR 2 AR R SRR, ] e P R S
W2 AL FR SR I ThRE, BESCA SCIAT S5 L Th e, DRI AR & 38 4 AR S 52500
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I, hippie-common.simics - Simics

=y

File Edit Simulator Vview Help

I I» B 7 Current Processor: | cpun v| fith & &

F—————————— + Copyright 1998-2007 by Virtutech, A1l Rights Reserwved
| Virtutech | Version: Simics 3.0.29
| Simics | Build: 1397 Host: x86-win32
oo +
WwW.3imics.com "Virtutech" and "Simics™ are trademarks of Virtutech AB

Use of this software is subject to appropriate license.
Iype 'copyright' for details on copyright.
Iype 'help help' for info on the on-line documentation.

3imics> ptime

processor steps  cycles time [3]
cpul a a 0.000
3imics> ptime
processor steps  cycles time [3]
cpul [u] [u] 0.000
simics>
Steps (cpu0): O Stopped
B 5.1 Simics 4 AR m
{, hippie-common.simics - Simics == % |
5| 1 &% Current Processor: | cpud v| it & @
F—————— + Copyright 1998-2007 by Virtutech, R211 Rights Reserwved
| . - .
| | &J simics Console: cond [E=RTEN
o

Red Hat Linux release 6.2 (Zoot)

LEERRKernel 2.2.14-6.1.1smp on a Z-processor i786
Type
paDlhippie login: root
Last login: Wed Sep 11 09:09:05 on ttyl
Etstf rootPhippie srootl#t cd ..
il B[ root@hippie ~14 ls
cpul
3imi
il B[ root@hippie ~14 _
cpul
simi

[Turz]
[lan

running>

Steps (cpu0): 116 835 280 823

Running

B/ 5.2 Simics WA LFH

WK 5.1 FiR, S Simics [ 2% A\ FL 1, Simics 1217 43 In# target H s 1) simics

A, MRS O E TR S, R SRS R S, AT LIS
N IZ A BN, AR e A e AT IRE 7. Wl 5.2 P, J2 Si
G, e A B 2 AR AL PR A R I linux BRS¢,
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5.1.2 Simics Z%IAFEFEEHIEE

AT & 2 BT 2 s 2 AN UL A BRSSO FAE 2 A B AR AT A
S R AT ENE S SN AL BERE ), PRAIETHSE L s A is 4T . Simics 1 & 2
Simics AL python Ak SEIL 2 4% 65 (1) HLFE a7 2R bbb, R 220 B A AH Y.
WL S e R e, ARJEk AT LUR Zh A O XM 2%, HR gl FEAE SERL A 1 F ik
AK—Ff. EHEHCE ZAZA P AT, 4w S hippie-common.simics JEIAC SR,
BCE T HLES BRI 2% 1P A 2 AN A B2 H BARSCIL AR 40 T

if not defined machine_count {$machine_count = 3}

if not defined mac_address {$mac_address = "00:04:ac:00:50:00"}

if not defined ip_address {$ip_address = "10.10.0.50"}
if not ddined hot_name {$host_name = "hippie"}

if not ddined d {$id = 0}

if not defined num cpus {$num_cpus =2}

@from components import mac_as_list, mac_from_list
@from components import ip_as_list, ip_from_list
@mac = mac_as_list(simenv.mac_address)

@ip = ip_as_list(simenv.ip_address)

$host = $host_name
$create_network = "yes"

if not defined eth_link {
import-std-components
$eth_link = (create-std-ethernet-link)

$count =0
while $count < $machine_count {
set-component-prefix "processor" + $id + " "
$mac_address = ‘'mac_from_list(mac)
$ip_address = "ip_from_list(ip)
$host_name = $host + $id
run-command-file "%script%/multiprocessor.simics"
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python "mac[5] += 1"
python "ip[3] +=1"
$id+=1

$count +=1

sim->cpus_may_share_memory = 10

AT, AT Simics AN ERE RS EL, ASCIEA] Linux #4E R,
& T IVE RGN GG BahEMEsh25, RS R U T

if not defined enter_in_boot_menu {$enter_in_boot_menu = "yes"}

if not ddined p_address {$ip_address = '10.10.0.9"}
if not ddined hot_name {$host_name = ‘hippie"}
if not ddined €rvice_node {}

if $service_node {
local $sn = ($service_node.get-component-object sn)
($sn.add-host name = $host_name
ip = $ip_address domain = network.sim
mac = $mac_address)

default-port-forward-target $ip_address

@image = sim.objects[simenv.disk].object_list['nd_image']
@image.files = [["hippie3-rh62.craff", "ro", 0, 1056964608, 0]]
@if 'linux_diffs" in dir():

image.files += linux_diffs

if $enter_in_boot_menu == "yes" {
script-branch {
local $con = ($console.get-component-object con)
local $smp = (($num_cpus > 1) or ($cpu[0]->cpu_threads > 1))
wait-for-hap Core_Step_Count 10000000
if ($smp) {
$con.input "linux-smp\n"
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} else {

$con.input "linux-up\n”

}

Wik BLE oy, Simics 2 A% FOF B RS SE R T, 78 Ay A B N ST L R
File->New Session, #2412t #¢ workspace T-fF H 5 1 1% hippie-common.simics JEl 4 3 14,
f§ 0] & 5 Simics “FEVIIEL T 2 MEFSE, cpu0, cpul, & 5.3 fin, %K HdiHs)

AL, ERshiE RS T, WK 5.4 Pios.

[, hippie-common.simics - Simics S| 5 |5
File Edit Simulator View Help

4 ]| o Curent Processor: W ol ST

T + Copyright 19398-2007 by Virtutech, 211 Rights Reserved

| Wirtutech | Version: Simics 3.0.29

| Simics | Build: 1397 Host: xBé-win32

- +

wWww. 3imics. com "Virtutech" and "Simics" are trademarks of Virtutech AB
Use of this scftware is subject toc appropriate license.
Type 'copyright' for details on copyright.
Iype 'help help' for info on the on-line documentation.
gimics> ptime
processor 3steps cycles time [s]
cpufd a a 0.00a0
gimics> ptime
procegsor 3teps cycles time [=]
cpul a a 0.000
simics> c
[Turbo] (cpul @ 13758433 steps) icode_block == NULL during compile.
[lance0 info] Dropping packet, not connected to any link. (Will not warn again)
[i2042] Unmapped key (0x6k) sent to keyboard.
[i8042] Unmapped key (0x6b) sent to keyboard.
gimies> ptime -all
processor ateps cycles time [s]
cpud 4725089950000 4725089950000 236254.438
cpul 4725089942079 4725089948079 236254.49?|
running>
Steps (cpu0): 4 730 261 416 000 Running

B 5.3 AT BN
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2] Simics Console: con0 |,=| =25 =

Red Hat Linux release 6.2 (Zoot)
Kernel 2.2.14-6.1.1smp on a Z-processor i7?86

hippie login: root
Last login: Wed Sep 11 99:09:05 on ttyl

[root@hippie +rootlt cd ..
[root@hippie ~1#t 1s

[root@hippie ~1# ls home
[root@hippie ~1#t _

B 5.4 pahigtE 4%

5.2 ZRRAEREFAENHIEEMNRERS S

5.2.1 BUHBYTESIBAEHHISLIR

AR RGP AR 55 B 2 1 schedule(void) B A 52 B, 28 48 FP 1 1 52 S s 2 ey
rt_policy(int policy) s £ Hil1¥), policy MAEAA [ X 7p-H il HERE AT AL SE AT 55, RN &L
XA BT A FE, @S RIAR 5 A TARR e AT 55 AT, 7 AT BLad
sched_setscheduler() K i 321 FE 5kl . ERIATEOLT ,  #AE RGERH MR AT 5558 Rk 58 IS
AR Ta) e e R B ik, HARS anh

static inline int rt_policy(int policy)

{

if (policy == SCHED_FIFO || policy == SCHED_RR)
return 1,
return O;

}

AR AR S SOHEAT 55 1 BE LA AR, AT 55 6 AT 55 70 MO, 42 AL S AT 5%
I, BRI R S5 WU AT 55 R B2 31142 )R BA A, 35 1 H 4 R BA S AT 55 2 i
FIAL PRSI G AF NS, LSt AT 5 T BEALHIACRS T~ P, R s AR BN Simics
PiIsLEAER G, REAEAT .

#define SCHED_PRIORITY 0

#define SCHED_GQUEUE 0
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#define SCHED _BQUEUE 0
static inline int rt_policy(int policy)
{
if (policy == SCHED_PRIORITY || policy == SCHED_GQUEUE || policy ==
SCHED_BQUEUE)
return 1;
return O;

5.2.2 tgEMtIE F&iT

AL AR AL T RN ERAE R G R AT S5 TR BENLRIEAT 1 et i
XAESS W FERHLHIREAT 1 50k, AR5 77 B0 XM e HL I P REREAT IR, AR5 5 ok diy
AR 55 T LR B AT X L

A ST AR e 1) AR O TAEATE 25 HATBEN LY, RGehabL™E T 2 MESS,
73 ) 2 taskO A1 taskl, AHRLPAT— BRI BINFE PRI PERE, AT 551 B 50 s B AT 40
EAESS W BERCE, AR ISRk

#include <pthread.h>

#include <stdio.h>

#define NUM_THREADS 2

void *task(void * p_thread_id) {
inti;
double sum=0.0;
int thread_id = (int) p_thread_id;
int RUN_TIMES = 1000; /3¢ & iR 05

for(i=0; i<RUN_TIMES; i++) {

sum +=i;

printf("task%d run times = %d\n", thread_id, RUN_TIMEYS);
fflush(NULL);
pthread exit(NULL);
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int main() {
pthread_t threadsfNUM_THREADS];
int t;

JatfEs2
for(t=0; t<NUM_THREADS; t++) {

int ret;

ret = pthread_create(&threads[t], NULL, task, (void *) t);

if(ret 1= 0) {
printf("pthread_create: ERROR: t=%d return code=%d\n" t, ret);
exit(1);

fflush(NULL);

155 R R
for(t=0; t<NUM_THREADS; t++) {
int ret, status;

ret = pthread_join(threads][t], (void **)&status);

if(ret 1= 0) {
printf("pthread_join: ERROR: t=%d return code=%d\n" t, ret);
exit(1);

fflush(NULL);

}
pthread_exit(NULL);

return O;

¥
R PEREMARE PP 2 ¢ AR H ok, AE3RAE RGP AT mount /host A4, #tHH ¢
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AR linux AERGE L, R LUE1T 17, Wil 5.5 Pros.
2] Simics Console: con0 |l o=

[root@hippie ~1# 1s host
[root@hippie ~1# mount ~host
[hostf=s] loaded
[hostfs] mounted
[root@hippie ~1# ls rhost
mytask
Zwtask pagefile.sys
autoexec.bat

sound3Z.dl1
GPEPINtrace.txt boot .dat sqmdata®@d.sqm
bootmgr sgmdata0l.sqm
I10.3Y3s config.sys sqmdatalZ.sqm

cpuinfo.txt sqmdata®3.sqm
debug_example.c sqgmmooptOd. sgm
MSDOS . 3YS desktop.ini sgmnooptdl . sqm
sgmooptdZ . sgm
ftnstat.stat sgmooptO3 . sgm
gcc—-4.5.2 . tar.gz  task
task.c
hiberfil.sys temp
version.conf
UCLiveCore.dll live_deamon.dll xGZa+ris, -¥Y[2013-1-19]1.reg

[root@hippie ~1# cd host
[root@hippie shostI#f gcc -o task task.c —lpthread_

B 5.5 MAeRAZ T ShiE

5.2.3 THREMINEE RIS Lo 4

MRl 20 4% A P G 45 A 2R Gl N A D A PR R FEE BT AR e i 1 A A A% A 55 T B AL A
o3 50 R 7, MURRRE P A6 PR AT 20000 V%, M REMIA B 9206 45 St L an ] 5.6
I

{_, hippie-common.simics - Simics ([=[=] = |

A ]| @ Current Processor: | cpud v| pitH i 1]

i2] Simics Console: con0 = 3|

758 19759 19760 19761 19762 19763 19764 19765 19766 19767 19768 19769 19770 1977
1 19772 19773 19774 19775 19776 19777 19778 19779 19780 19781 19782 19783 19784
19785 19786 19787 19788 19789 19790 19791 19792 19793 19794 19795 19796 19797 19
798 19799 19800 19801 19802 19803 19804 19805 19806 19807 19808 19809 19810 1981
LePN1 19812 19813 19814 19815 19816 19817 19818 19819 19820 19821 19822 19823 19824
el 19825 19826 19827 19828 19829 19830 19831 19832 19833 19834 19835 19836 19837 19
ieeflo 38 19839 19840 19841 19842 19843 13844 19845 19846 19847 19848 19849 19850 1985
1 19852 19853 19854 19855 19856 19857 19858 19859 19660 19861 19862 19863 19864
B g19865 19666 19867 19868 19869 19870 19871 19872 19873 19874 19875 19876 19877 19
Sgo78 19879 19880 19881 13882 19883 19884 19885 193886 19887 19888 19883 19890 1983
Bl 19892 198393 19894 19895 19896 19897 19898 13899 19300 19901 13302 13303 199304
SEQ19905 19306 13907 19308 19303 13910 19311 19912 19913 19914 13915 19316 193917 19
eEQ° 18 199139 19920 19921 19322 19923 19924 19925 19926 19327 19928 19929 19930 1993
eEfl 19932 19933 19934 19935 19936 19337 19938 19939 19940 19941 19942 19943 19944
19945 19946 19947 19948 19949 19950 19951 19952 19953 19954 19955 19956 19957 19
958 19959 19960 19961 19962 19963 19964 19965 19966 19967 19968 19969 19970 1997
1 19972 19973 19974 19975 19976 19977 19978 19979 19980 19981 19982 19983 19984
19985 19986 19987 19988 19989 19996 19991 19992 19993 19994 19995 19996 19997 19
998 19999

task® run times
taskl run times
real 3.84

user 0.01

sys 0.01
[rootPhippie ~hostl# _

A

20000
20000

running>

Steps (cpu0): 6 506 838 940 000 Running
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[, hippie-common.simics - Simics (=@ = |
n @ Current Processor: |cpud v | e 6 @
= + Copyright 13998-2007 by Virtutech, 211 Rights Reserved .
I =] Simics Console: cond (=]

758 19759 19760 19761 19762 19763 19764 19765 19766 19767 19768 19769 19770 1977
1 19772 19773 19774 197?75 19776 19777 19778 19779 19780 19781 19782 19783 19784
19785 19786 19787 19788 19789 19790 19791 19792 19793 19794 19795 19796 19797 19
798 19799 19800 19801 19802 19803 19804 19805 19806 19807 19808 19809 19810 1981
1 19812 19813 19814 19815 19816 19817 19818 19819 19820 19821 19822 19823 19824
19825 19826 19827 19828 19829 19830 19831 19832 19833 19834 19835 19836 19837 19
838 19839 19840 19841 19842 19843 19844 19845 19846 19847 19848 19849 19850 1985
1 19852 19853 19854 19855 19856 19857 19858 19859 19860 19861 19862 19863 19864
19865 19866 19867 19868 19869 19870 19871 19872 19873 19874 19875 19876 19877 19
878 19879 19860 19881 19882 19883 19884 19885 19886 19887 19888 19889 19890 1989
1 19892 19893 19894 19895 19896 19897 19898 19899 19900 19901 19902 19903 19904
19905 19906 19907 19908 19909 19910 19911 19912 19913 19914 19915 19916 19917 19
918 19919 19920 19921 19922 19923 19924 19925 19926 19927 19928 19929 19930 1993
1 19932 19933 19934 19935 19936 19937 19938 19939 19940 19941 19942 19943 19944
19945 19946 19947 19948 19949 19950 19951 19952 19953 19954 19955 19956 19957 19
958 19959 19960 19961 19962 19963 19964 19965 19966 19967 19968 19969 19970 1997
1 19972 19973 19974 19975 19976 19977 19978 19979 19980 19981 19982 19983 19984
19985 19986 19987 19988 19989 19990 19991 19992 19993 19994 19995 19996 19997 19
998 19999

task® run times
taskl run times
real 2.01

user 0.03

sys 0.00
[root@Phippie <hostl#f _

Use
Tyny
Tyny

[Tul
[1a]

20000
20000

running>

Steps (cpud): 1 298 731 078 000
@aéﬁﬁmﬁéﬁ%%;m@

W 5.6 fro, o3 al o Pk e DIRE e 7 0 AR B2 AT AT S5 T BE DL TE AT 25 1 CEED
FCE 5 A N AZAT S5 T EENLIZ AT 45 8 CRIED, IR b R 8 T 55 26 B P A
YEZR GRS T 20000 ¢k, Hrh real ZossEbrif ], user 71" CPU A, sys KR
A4t CPU INA],

PR HEIA B 4000, 8000, 12000, 16000, 20000 HEATNAR, 534 5.1
JIT 7 () 45 A

Running

& 5.1 MAem IR 25 3 g3

W EEHLH 4000 & 8000 & 12000 & 16000 & 20000 X
S} 0.78 1.48 2.17 3.03 3.84
it 5 0.39 0.76 1.16 1.64 2.01

(G RPEi R RGeS time —p WG TH], HERAERR G217 H A I
AR, 5N RS TRGUT R, (HENN BRGSO/ 200, Kt EL
S F T LAEAT XS EE S

MRGEL 5.1 I PEREIRAE R LU R nT LA Y, BlE AR 55 1A B IR OE ook 2
eSO R A 55 U BERILAR B 80 B TRz i /N ek iy B P A i ), el L, ek i A 55 14
JEN LB A 55 R (K RO I, e Al (¥ R I TRl 3502 — B0, SO AR 55 1R
PLHIRCR ookl sy, RCR BRI R . IR LAANIE, A SCBrt i) 2 A% AL BT 55
TEEHLHIR R T RGIRCR, B0 T RGMSERE, B3] T AbBEE  S s iRk
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5.3 KE/E

ANFEGE R T A SR AT 55 PR EERLAR KB £ Simics 05317 & L 7 22403
SR SRR A A RGP &, S TR A 55 T I fE . SEg P 6
Simics /-5, Rl ACE Simics SCIFA include SCIF, 588 E TRV &, #
S AT55 A P SRS AR OC AL REAT T8 08, SEIl T el I 2 A% A B AR A 53 1 R ¢
55 1 FERLH] o 5 PO BURE i K 1 S0t A s IR 55 R M LRI g, 38 T It 4
XFEEI AT AT, B TARSCRT I 22 A R A AR G A A ATE 55 0 OSN35 )8 158 3 FEA LA
HAT R AP RE

45



{ER SN o VA0S

E6E RHEERE

6.1 TIERLE

A, ZRZACERER RS &, A% A BRI N 2 i, e R bk
REH THCRIISETE, AN, TN A ERAE R G L — B 22 WA R R G R BN e 4 o
T, ORI AIF ST N BT IR I ERX T TH T ST, BN B3 RGN ThEE S I N B £ %
AEPEES b, DRI H AT 2 A2 A B IS N A E RSN DI R T A B T K
REJT 1] o

R BATA ASDIEFEN G 2 A2 A B IR 45 U FE VR R LA T T F9%, SR
HIBA T AR VR R AR R, R 2 A% AL BESS  BAE RGE AT 45 T BEN LRI 1) Ty
ARG A Rt — D ORIR R

TEMARMNZIEAE RS, RAERMTSSHENLEEAZOLIhEE, © HECREREAN
REGizAr e, Pra s RN FIR R IOE TN ERAE RSE 2 A0 B3 T
s TVERE. DRI, ASCENIXAN R, R TR 2 A B AT i N SR E RS
PIRZAT 551 FE WL A3t e . AR SCETSE N 41 7 220 R RS . IR AN SUERAE RGN
BAE RGN R Ry, TERE 4 N AME 2 -8 E R G007 T UG DU AT T e, B2
oy TEAANHE T 2228 T A 7 RN B S5 B, SR 5 0 T8 DL A3 E R 4%
Mach. L4. seL4 HPLdl s, EIIEAE b, ASCH— 2090 T 957 F I 2 A A
S B SR AN, R T IR LR IEA, ASON 2R RGMAT S ML IR T T M
JT TR BSGEE,  J3 S A 25 0 OB BRI 55 T BE AL o AT 5570 WO ASE 28 FR) 407 IR e 5 WA 55
AT IRT S RGBSV, DR Y s e AR 25 Bk I, W FE A B AT, il
IRESEMAT S5 HAT IR S ISR o PRIMEAS SR 1 28 TR R )46 oy U 25 20 BO WL, A
PESE LR 55 BEE SIS PR IAT , RIS T 2 A AL BEES AR 55 70 BC I T8 AR . s
FH 4 Ja3 N B 55 0 Jeg s BA B U B AR 45 25 IR VR S TAR S5 RS, 3 T 2R T 2247 BA S
TS BENLE], O T AL BRSR IR T 5y, XA R A AT T it Rl TR
S BNASIT AR o IXEEHRLRAE T R G0 S8 I A0 47 2350 e

M 3 AR AT 45 R FE R LS JEAR, A SCHE Simics 17 BTG 5 T 2 A% AL FE RS T- 4 A
RANREAE RS, RSSO AR A & BRI, BE T A S s i
A RNE . SEIUE], SOk AR S5 R AL S REMISATROR A T RKIM i s, ThRe
eIt T A
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6.2 FIRREE

ASCIE RIS 2 A7 AL PRSI R AR ARAE R G RO 55 R EERLRIREAT THESE, St T
ARSI EERLE], Edem T RGERITEREMSENE, WL T H AT AT A E R GE 1k
REZK . (HZREERHLMBELD, mlg PP, mis il SO R BRE P T I, 2ol P RE R 2
SRy, URAERE 2D SE DU ) SO P A% AL 55 TR EE BRI it AT 20 FLEA T IR
ANIWFIE. ASCA, BB I AR BT LA R P s

(1) X ZAZAETER AN, QT R UESE T 2R G BE D[R] I 92D Kb B 28 1Y) BE BT 4

(2) WIRZAZAC PR AR N, Qe 3 A 55 U BE LR 55 TG A R A% 16 B a1
Zall, SR RGN LA R
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