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Abstract

Compared with traditional monolithic operating system, microkernel operating has
been widely used in the aerospace, automobile and other fields system due to the small
size of the kernel, high flexibility and many other advantages. More and more
applications require higher reliability, better performance of the microkernel operating
system and hardware environment support. At the same time, Single-core processor
power consumption and circuit complexity has become increasingly serious, which has
hindered the development of single-core processor, thus multi-core processors with
parallel processing to replace the single-core processors becomes the best choice of
embedded microkernel operating system. But the performance of the existing
micro-kernel operating system which supports heterogeneous multi-core system is not so
high, meanwhile the communication mechanism is the key factor that affects the
performance.Therefore, the study of a more efficient micro-kernel operating system
communication mechanism for multi-core is essential.

This paper firstly introduced multi-core processors, micro-kernel operating system,
and three multi-core communication architecture—shared bus, crossbar interconnect, and
network-on-chip, and several typical embedded real-time micro-kernel operating system
which supports multi-core processor. The paper introduces the principle of inter-process
communication and its two phrases, describes the characteristics of multi-core processors
communication and the features of resource competition, and analyzes the advantages
and disadvantages of six typical means of communication and several embedded
micro-kernel operating system inter-process communication strategy. Based on the
research, from the perspective of inner-core and core-to-core, a thread agent
communication mechanism based on message classification is designed, and it is
improved and innovated from the following aspects:

(1)In inter-core communication, the strategy of message classification is suggested,
this strategy makes full use of registers and shared memory address mapping
communication mode, a thread proxy decides the length of a message, the
communication in the form of short message using register, for long messages using
shared memory address mapping approach to communication.

(2) In the inter-core communication mechanisms, using lightweight threads, shared

memory address mapping, to design inter-core communication scheme based on the



agent thread. In the inter-core communication mechanism design, the communication is
completed by the assistance of specialized communication management kernel.

(3) In order to improve the efficiency of the allocation of shared memory
communication, the predictable shared memory allocation algorithm is put forward for
the first time. The algorithm uses the Markov chain theory, to assess the next memory
allocation probability through transition probability matrices, the system can allocate
memory in advance, reducing the allocated waiting time.

(4) Through a combination of priorities and waiting time priority strategy, improving
communication and interrupt management efficiency through registration method.
Meanwhile, based on the single-core semaphore synchronization principle, design a
semaphore management strategy for synchronization problems in the nuclear.

Finally, a multi-core experimental platform is built based on the Simics emulator,
through the test code in the thread of the message classification agent communication
mechanism and mail communication mechanism-based simulation system for testing,
experimental results show that the design of agent communication mechanism based on
message classifications is more efficient, the performance of multi-core embedded

real-time microkernel operating system is improved.

Key words: Multi-core processors, Microkernel operating system, Communication
architecture, Communications mechanisms, communication in them of core
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43



FEMRER TR At 2247 18 3

InstallShield Wizard

Choose Destination Location

Select folder where Setup will instal files.

Setup will install Virtutech Simicz 3.0.29 in the fallowing folder.

To inztall to thiz folder, click Mext. Toinstall to a different folder, click Browse and select
another folder.

- Destination Folder

F:%5imicz Browsze. .. |

InztalShield

¢ Back | MNexst » | Cancel |

5.1 Virtutech Simics ZZ& £ H
s [Next) #%4H, 4kskzed:, HJiE3 K 5.2 Fiosiik & license 442 SIS, W
ANiEE license CAHIEEAE

License File

x|

Select a license file for the cunent installation

Setup can install a icense file for Virtutech Simics 3.0.23 dunng the installation process.

Select a license file [if any] and click Mest when you are ready.

&/

Browse... |

" Licenze File

|nstallshield

5.2 && license RN RE
s [Next] #%4l, 4k82e8%, HEARE 5.3 s WinPCap LIS .
n] PL2) b2z 3% WinPCap 2, X113 NetBSD WAZ KU, " UARE B, HARR 3 & ik
FREAEDT] .

44



FEMRER TR At 2247 18 3

InstallShield Wizard

Select Ophions

Select the options you want to install.

Simics needs the following programs to be installed to work properly. The programs not present
on your system are selected and will be installed as part of Simics Installation.

You can customize which programs should be installed automatically in the list below. Click on
Next ko continue the installation.

| 'W'r%fp 3.0 [Already installed)

| rstallShield

< Back | Neut > I Cancel |

5.3 Z% WinPCap BH R HE
sy [Next) 4%4H, JF4H22% Virtutech Simics SCIF, #5235 2 Ja Ay [Finish]
WArEE %2 Virtutech Simics 58 MESRHEH S F) Simics #£/7, FCE workspace
%4 D:\Virtutech\workspace, # A\ Simics #2715t . 7F Simics #2719 ST
St b [view] 1% [Preferences. .. 1 75T, $1FF “Preferences” XfifHE, ML
B H keygen.exe 4= license.lic SCAEE1E, W 5.4 fios. #RJ5 Simics 2/ A PLIE
WIAE T, n A aEEE T AL E N AZ RIS T .

com - -
', Simics glﬁ” £S5
e P g S — .
File Edit Simulator View Help
G of Al BH I p» & curent Processor: | e & g .
0 |
B Preferences ? L 8_'
Simulator Options: Command Line Appearance:
License file: zygen-55GYlicense.lic Font: Courier New 9
Execution mode: Normal v] Verbosity: [Normal v]
Command line flags: Qutput radix: [Decirnal v]
|| Enable Hindsight on startup Keyboard shortcuts: [Windows default -]
Auto-scroll console: [When console is at the end v]

Search Path:

Description:

Move the mouse over an tem to get 2 description of .

Add... Edit... Remove

{5im]

5.4 B & license.lic R R E
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BN R, FEACE 2 AZ A IS AR A%, $TJT x86-440bx-agp-system.include S 1,
ATDLEATECE cpu #H . BN KR/INESE, HA num_cpus 4 cpu % H, 7E£ T
Jrp AR R B ME AN 3, Bl —HRIE AT, 538 R AT 15 .

if not defined freq_mhz  {$freq_mhz = 20}

if not defined cpi {$cpi = 1}

if not ddined dik_size {$disk_size = 20196236544}

if not ddined dsk_image {}

if not defined rtc_time {$rtc_time ="2002-09-18 10:00:00 UTC"}

if not ddined num_cpus {$num_cpus = 3}

if not dfined memory_megs  {$memory_megs = 256}

if not defined cpu_class {$cpu_class = "pentium-4"}
if not defined text_console {$text_console ="no"}
if not defined use_acpi {$use_acpi =TRUE}

add-directory "%simics%/targets/x86-440bx/images"

import-isa-components

import-pci-components

import-std-components

import-x86-components

if (3num_cpus > 15) {
$bios = "rombios-2.65.2.9-no-mp-tables"
echo "The system has more than 15 cpus, so a special, less-tested BIOS will be used."
echo "Only ACPI-aware OSes such as Linux 2.6 will boot correctly in SMP mode."

}else {
$bios = "rombios-2.65.2.6"

}
$system = (create-x86-apic-system memory_megs = $memory_megs
rtc_time = $rtc_time
acpi = $use_acpi
break_on_reboot = TRUE
bios = $bios)
$count =0
$create_command = (“create-" + $cpu_class + "-cpu")
while $count < $num_cpus {
$cpu[$count] = ($create_command cpu_frequency = $freq_mhz cpi = $cpi)
$system.connect (“cpu"” + $count) $cpu[$count]
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$count += 1

S8 JE L 2] ebony-linux-multi.simics HEATEC BEALAS W ELHLEE . % 1P, EHLA 7%
24, HBEARSCHLE 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 p_address {$ip_address = "10.10.0.50"}
if not ddined hog name {$host_name = "ebony"}

if not ddined © {%id =0}

if not ddined num_cpus {$num_cpus =3}

@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"
python "mac[5] += 1"
python "ip[3] +=1"
$id+=1
$count +=1
}
sim->cpus_may_share_memory =5

wJa, & Simics 22 I RIERIE RGBT BT linux 2 ITFRERAE RS, ALK
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SR RGUEH linux #E RAIAEE,  Simics JH 3l linux #4E R 40 BB LB 01
BN EAE S 2%, HECE 1 ebony-linux-setup.include SCA4 R
if not defined ebony_u_boot {$ebony_u_boot = "u-boot-1.1.2"}
if not defined do_login {$do_login = "yes"}
if not defined do_boot {$do_boot = 'yes"}
if not defined kernel_image {$kernel_image = "linux-2.4.31.uimage"}
if not defined initrd_image  {$initrd_image = "busybox-0.60.2.uimage"}
if not defined boot_command {$boot_command = "setenv bootargs rw; bootm ffc00000
ffd00000"}
if not defined ip_address {Sip_address = '10.10.0.50"}
if not defined host_name {$host_name = 'tbony"}
if not defined service_node {}
if Smemory_megs > 256 {
echo "---"
echo "You are currently running the Ebony configuration with"
echo "more than 256MB of simulated RAM. Please note that this"
echo "is not well supported in u-boot, even when compiling”
echo "with the CONFIG_VERY_BIG_RAM option enabled."
echo "---"
}
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
$plb = ($system.get-component-object plb)
$plb.load-binary $ebony _u_boot 0x100000000
$plb.load-file $kernel_image 0x1ffc00000
if $initrd_image 1="" {
$plb.load-file $initrd_image 0x1ffd00000
}
@from components import mac_as_list
@plb = sim.objects[simenv.system].object_list['plb’]
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@plb.memory[[Ox1fffffeOc, Ox1fffffe11]] = mac_as_list(simenv.mac_address)
@plb.memory[[Ox1fffffe18, Ox1fffffeld]] = mac_as_list(simenv.mac_addressl)
if $do_boot == "yes" {
script-branch {
local $con = ($console.get-component-object con)

local $cmd = $boot_command

# Wait for u-boot prompt, type boot

$con.wait-for-string "=>"

$con.input $cmd + "\n"

¥
if $do_login == "yes" {
script-branch {
local $con = ($console.get-component-object con)
local $ip = $ip_address
# Wait for login prompt, login as root
$con.wait-for-string "ogin: "
$con.input "root\n"
# Wait for root prompt, do ifconfig
$con.wait-for-string "# "
$con.input “ifconfig eth0 " + $ip + " netmask 255.255.255.0 \n*"

}
2l DL B EZ fa, SRR T Simics 25 B 6 s . RS A File vh ishy
[ New Session] i 4% workspace T-{F H 5% /1% +% multiprocessor.simics AU/, ] E
2| Simics “FE¥IUaL T 3 NAbEEZS, processor0_cpuO, processorl _cpuO, processor2_cpu0,
ST Simics 201 5 S WG4, i 5.5 Fro. 84, #nT LAk NEAE RSt ifie
A7 N AR o
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', multiprocessor.simics - Simics o | B S
Fle Edit Simulator View Help
n ID[B A% Current Processor: i ar
= + Copyright 199%3-2007 by Virtutech, BRll Righta Reserved
| Wirtucech | Version: Simics 3.0.29
| Simics | Build: 1397 Host: x86-win32
R +
WwW.3imics.com "Virtutech"” and "Simics" are trademarks of Virtutech AB
U3e of this software is subject to appropriate license.
Type 'copyright' for details on copyright.
Iype 'help help' for info on the on-line documentaticon.
[1ink0 info] Adjusting latency to 1e-005 s because the min-latency changed
simics> ptime -all
processor steps cycles time [3]
processorl_cpul a a 0.000
processorl_cpul a a 0.000
processor2_cpul a a 0.000
simics>
Steps (processor0_cpu0): 0 Stopped

55 ZRAEBRABICAEE

5.2 ZiziBENHIRISLIN

AV AT B R AR ELEE N C1E 5 MRS S )5, e R4
T, P PSS PR craff RBCHE, TRON Simics G, A REAIZEAT. i

X B FR A Z AR AL S HLAR PR A8 0 A AR BEAT S 3

5.2.1 #iZiEEERISLI

FEXTRERE (LB S AU AT SEILZ AT, BATE S 275 W] — L& pR FONT

#define MSG_SHORT 1

#define MSG_LONG_SEND 2

#define MSG_MAP_SEND 4

#define MSG_MAP_RECEIVE 8

#define MSG_BOTHBUF 0xC

#define MSG_NOREPLY 0x20

#define MSG_LONG_RECEIVE 0x40

#define MAX_MSG_LONG 256

#define MSG_COPY_SHORT(to, from) (*(to) = *(from))
extern error_t send_message(tid_t tid, message_t msg);
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extern error_t receive_message(tid_t tid, message_t msg);

extern int reply_message(tid_t , message_t);

FEHETTH B R AR AR F HLH] r, HEAR )0 AE 1 = A s Ok SEIH B 1%
L FE . transfer_ msg  (JH BELi#). send_message (KIETHE). receive_message (FEUk
HED,

(1) ¥ 2 A% 38 pR 25 ) S
static inline int transfer_msg(thread_t rcv, thread_t snd)
{
u32 flags = snd->msg.flags;
message_t msg = &snd->msg;
vm_offset_t rcvptr = (vm_offset_t)msg->rcv_ptr,
sndptr = (vm_offset_t)msg->snd_ptr;
int ret = 0;
if(flags & MSG_SHORT)
return ret;
else if(flags & MSG_MAP_RECEIVE)
{
ret = vm_share_addr(rcv->proc->map,
snd->proc->map,
&rcvptr, msg->rcv_bufsize, PAGE_RW|PAGE_USER);
msg->rcv_ptr = (void *)rcvptr;
}
else if(flags & MSG_MAP_SEND)
{
ret = vm_share_addr(rcv->proc->map,
snd->proc->map, &sndptr, msg->snd_bufsize, PAGE_USER);
msg->snd_ptr = (void *)sndptr;
}
return ret;
}
(2) KIXTH S BRI H S
error_t send_message(tid_t tid, message_t mesg)
{
thread_t r_thr;
thread_t sender = current;
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int ret;
r_thr = find_by_tid(tid);
if('r_thr)
return -ESRCH;
sender->msg = *mesg;
sender->msg.tid = sender->tid;
list_enqueue(&r_thr->rcvq, sender, sndq, thread_t);
ret = transfer_msg(r_thr, sender);
if(ret <0)
{
kprintf(send_message: Transfer of message failed \n");
return -ENOMEM,;
¥
if(r_thr->states & RECEIVE_BLOCKED)
wakeup(r_thr);
make_send_blocked(sender);
*mesg = sender->msg;
return sender->msg.w1;
}
(3) BT 51 bR sz I
error_t receive_message(tid_t tid, message_t msg)
{
thread_t rcv = current;
thread_t snd;
again:
if(list_isempty(&rcv->rcvq))
{

make_receive_blocked(rcv);

goto again;
}
else
{
list_dequeue(&rcv->recvqg, snd, sndqg, thread_t);
if('snd)
{
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kprintf(snder not found");
return -1;
}
*msg = snd->msg;
if(snd->msg.flags & MSG_NOREPLY)
{
wakeup(snd);
return O;

}
snd->states = REPLY BLOCKED;

}

return snd->tid;

5.2.2 HEREFMN BRI

FEIEAS LA, S N AF BTN 23 Bl SRy SE B A2 40 R ThI AR s o 2R 7 22
Gt EEE R, Bia SHOAE DL KRB TR E R gt Bds . AN AR S, |
TR ZAEBEAT TR T A P /5 B A AF SR/, 1 B AR SR PR i gt AT 70 0 00000 HA 355 Y
NAERKDN, DUMEARR RS iGN LRy B =N . BT

#define statisticsmax 64 ;
int size;
typedef struct {
QElemType *base;
int *pre;
int *rear;
1}SgQueue
SqQueue Q;
if((Q->rear+1)% statisticsmax = =Q->pre){
P R el B I L/
Q->pre=Q->rear,
Q->rear=Q->rear+1,
Q->pre=address;
}

else{
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Q->pre=Q->pre+1;

Q->pre+1,;
}
then size=pre(SqQueue *Q); AT GHVEHEAT I, FHHEgs RIKE size;*/
Malloc(size); /* & %i5#|iE I K/ANA size (I G P47 0 BC*/

5.2.3 BIE#HEM ARSI

FEHE T B 0 R 2 AR E LA b, @5 BRI e B e T R A B 1) 5
JAGERFHINA . ASCW T T 16 M, H BRI T
\Void SetTaskBit(INT8U Prio){

if(Prio>8)OSRdyTbl[1]|=(1<<(15 Prio));
else OSRdAyTbl[0]|=(1<<7 Prio);

}

void ClrTaskRdyBit(INT8U Prio){
if(Prio>8)OSRdyTbl[1]&=(1<<~(15 Prio));
else OSRdyTbl[0]|&=~(1<<7 Prio);

}

INT8U FindHighestRdyTask(void){
INT32U temp;
INT8Uprio=0;
if(OSRdyThI[0]!=0){
temp=0SRdyTbl[0];

}else{
temp=0SRdyTbl[1];
prio+=8;

}

wihle(temp<0x80000000){

temp<<=1,

}

}
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5.3 MM RER TR

5.3.1 ERFEHH

HIS A AL A1V Dy HERR [R5 I — Fhse BT %, W2 M2 BRI RS h AR 2 7
Hlo BRARBLEI TR AL BERE & R BERE AOE — MR ML R . A A I AT
EARL, AR RS MR, TREHE A A A AU AR

HEAEBLAEIFERT AR AL I, RGEM @S — ARSI, A #ESIR D a8 Irf
SAHRWOH B R, A R TR B O B, XA SR RS g I BX AR
FIRA . A HBHENBINSI R, EIXARRESERS, R mm R 2R
HE, BUREX ARSI R P Al i i ERE SR AF XM

IS A6 A& N AF TP V) — SR BE T A N AZ R S X8k, A7 AE T B AE A8 15 2 mT B
AN BEBAME S, RN R R G0 Sk, RS 10 ik s o5 Fngs e I A%, 1
RXANHLIE R [ E AR, TP N . JFH, BT ISR R AR 2 T B A
LW, FrUL 2B BIPTAT WA L2 0 R A7 2 v, St ERAE LR A0 R

4n P 5.6 o AHEFEALE] T 1) — NS RS R : AR A RS B 70 AR+ A
AFEPNZ A AR B, HEtRE A /2 FERE B #HATEEN, 2R A Bl EkIE
BINAF A AVHERE 2, PRERERE A FTPERI AL A S AR B A R B 2
BRIES EHATIEE IR B IEM N B, IXUf5 B EE A& A R 515 8 LI
Wi fE B 19— 2ef5 8, WidfE S5, WRa, Wi B SIEXEE SR BIRGHER B Jf
R HHIE A R

W IZA
BEFEA

5.6 HRFEHLE

5.3.2 MEEMIXIZFFIZIT

SEHLEE T B R AR E ML), 7 2 HAE REREAT I A3 i
BRI RE R = A ERAE RN HEATITED . 2 — DR AT I 2 R R BENUE I B4 5
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=R, RS N ERERATITEUL S, EHERZ )G, XaBENGRE RS T — 1
FEo AT DA SR ST B 2 B AT, B ARACRS I T
#include <pthread.h>
#include <stdio.h>
#define NUM_THREADS 3
void *myTask(void * p_thread id) {
inti;
double sum=0.0;
int thread_id = (int) p_thread_id;
int RUN_TIMES = 2000;
for(i=0; i<KRUN_TIMES; i++) {
printf("%d ", i);
sum +=1i;
}
printf("\nthread%d run times = %d\n", thread_id, RUN_TIMES);
fflush(NULL);
pthread_exit(NULL);
}
int main() {
pthread_t threadsfNUM_THREADS];
int t;
/ICreate threads
for(t=0; t<NUM_THREADS; t++) {
int ret;
ret = pthread_create(&threads[t], NULL, myTask, (void *) t);
if(ret'=0) {
printf("pthread_create: ERROR: t=%d return code=%d\n" t, ret);
exit(1);
}
fflush(NULL);
}
//\Wait for threads to complete
for(t=0; t<NUM_THREADS; t++) {
int ret, status;
ret = pthread_join(threads][t], (void **)&status);
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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;

5.3.3 LILERILL MR

A SCHC A IEAE AL AN MRS HLHIPA L N 2 s AT R, il sseia gt 1.
N 5.7 frax, FEETH B REENH T, WP EFA AT 1 2000 X, HH load
average H[1) 1.04 SZ&SERRET[A], 0.02 /£ FJ' CPU A, 0.01 /& &% CPU R [H]. A
25 RAER RIS AT h A 224k, 5 240 ) RSB AT RO 5%, (H A i iR ZE A X
BUb, JUPAEIEE R .
=] Simics Console: con0 = B

1918 1919 1919 1919
1924 1924 1924 1925
1929 1929 1930 1930
1934 1935 1935 1935
1940 1940 1940 1941
1945 1945 1946 1946
1950 1951 1951 1951
1956 1956 1956 1957
1961 1961 1962 1962
1966 1967 1967 1967
1972 1972 1972 1973
1977 1977 1978 1978
1982 1983 1983 1983
1988 1988 1988 1989
1993 1993 1994 1994
1998 1999 1999 1999
run times = 2000

run times threadl run times

2000

[rootPhippie shostl# _

B 5.7 HAEENRETERE
I AAETEIRFT BNV B & 24 A 1000, 3000, 6000, 10000. 25000, HdkiTmlat, id3%
SEGEE R . SRR, TERRFEEENLET, BT ENRE 4 A0y 1000, 2000, 3000,
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6000. 10000. 25000 FMARFRE, BAERUFE 5.1 FronisLigss 1.

£ 5.1 MRS BNt
IS AL 1000 & 2000 & 3000 ¥ 6000 #X 10000 X 25000 X
HBFE AL A 0.63 1.26 2.03 4.29 7.17 18.81
ASCHIE SN 0.52 1.04 1.58 3.15 5.28 13.67
NG FEE B AR I R EAE R A BN AR e sy, iRYE R 5.1 A 15 2
A E Kl 5.8 Ak

T
—s— kiU

» 20

- ?

%é 18 //

b

r"“;::féﬁﬁ‘/' ‘ vt

000 2000 3000 6000 10000 25000

B 5.8 MREaHHE
MIE 5.8 HEaH BT LA, T 0H B R LA A IE 5 LA 22 b B ARG AL A 3
fEAE SR R[] 2D, I ELEEE BERE (B E 5 B 3G 22, R BIL A A 22 BEBoR O, At —
AP RHEaS . AT LA, AR T B R ARAREE SRR & 1 &
GBS HIRCE, W9 T RGHI L.

5.4 KE LK

AR T B SR AEACEIEF ML AT I 5 20 A o S BC & Simics SCIFAN
include 3CfF, f£ Simics 15 H -1 & B3 1 22 A B AT 6 BN IRIE RS 8T.
SRJE N SR AE MR DGR AT TE SO SR 'S, SEIL T 25 T4 B R LR E
WU o 5 20 AR A S T AOE S HLA AN BRAR B S I N is T alRe e, IRl seia 4
SRS B M 75 H 22 0 S 73 S R SRR A QLI A5 ML #1 ) BE A e 2
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F6E REERE

6.1 TIEREs

PEBEE 2R T ZHEAGKI A, 22 A B S8 T A A A% A B AR SR 280, REAERR
RS F 0 S AL BE S VERE . S O ORI T 5, O L o P AR A B 2 TR A X /)
GV Z PAZAC AR VA R S, Al i S U AR O IR N SN A 3R R G R
KRS ERAE. L, $iﬁﬂﬁﬁ%ﬁiﬂ%ﬂﬁﬁﬁm%5 BT TR T
HE D RORBELREMA AR RGEEIH . NSRRI 2 N ERIE RS
LEM%IW%ﬁn%hAiy@LEﬁ%ﬁﬁﬂ&ﬁoﬁﬁﬁﬁ§&%MW&%¢%
GEiEAE R B R G (] 3B A5, HIR SR R N A 1R A R ST SR, 0T 1R LS
AL IR o FEBERIETEIA b, AN SCE RO 2 A% A BT I A A% 34 AR St A (AL IR (S LA
i 740~ LAE:

(1) 707 7 2R X Wﬁih%ﬁ%ﬁ%ﬁ%%%%kﬁ&ﬁﬁﬁ
BOE T AT B RAAB LA 5 5 o X5 S Tt A se 3, H
EEESSHIDE/ S CR BT T G

(2) JE M A7 A G AL P AF (i AR B 5 7 UL SR, AR SORH Bt AT
R, RN %WﬁMﬂm%%m%Eﬁ% SEHL T R R RS, e
TN EEARTRER, e 7 A ERRREEE AR

(3) FEEAZBEIT, M2 CPU L= R A MAFHIRF AL KL A
itk meas 7 3, Beit 7R T E NP IAIEE TR, A2 IR S
I s N A% B AR R ST (1B 20 A EER LA

(4) WFFL T /R A RBEFIN BB, A= A A R 20 BE K A BRI DA B 2R AT 2R
T b RS, G R A B VP At RS B RS MR R/, vt 1 T T g S =
WA BCSE, R VIR 2 B3 A IRCR

(5) BLit VAR GANSEAF I () AH 45 & B S U e 0 ns, I oot 1 e g BN
RGBS, e 78GRSR RORERE .

e, ASGEIE Simics 17 KA K ZAZ LI 6, B T vt B IR AL AT EEAE
WAL N RRSE, WA TERE, o SR EIR, SRSy
Fitm VARRRIEERIRCER, &I T SR 2 AN N A A R SRk g

6.2 tAREE

ASCBEH BT B 7 S AREE R m S LA e By 1 3E N 2 A B R My
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ZIRME RS, JFRA R REERR . (H2, A2 ZERIE RS RE IR,
B H 2 BRI AR B KR 18, AR SCRIE K 2 A P 58 b (R TN A% B3R A R Gl 5+
ARAGAFAE AL o T H I FF 2RI IR E RGN RERE . e VESFIEREAT T R
RIER, IXRLESRBATTEE— D IR REE U I T . AR SGANA 5 AT UL LA 5
i T et 5t -

(1) HZZPL A% OB BRI, 72T TR R 2 % 2 7] 138 45 DU FEAL
i, R REUA B S ML EREAE EAFAE AL 5

(2) WETEM N AZARAE R G 2 A% 8 3 5 SRS (1038 P A DA RGN (1 b v RIS
NULJE MW FEAT R 3R 2%
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