Computer Architecture

LAB3: Virtual Machine & Linux Device Driver



Simulation Scenario

We have created an environment that booting Linux
kernel on ARM Realview EB by QEMU.

This LAB will design a virtual hardware running in ARM
Realview EB and interacting with Linux device driver and
application to achieve some specific work.

We implement a simple calculator as example.
Application write two operands to calculator and let it go.

When calculator complete, it will notify CPU through
interrupt. CPU then execute ISR and wake up
application to receive the result.
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Define Virtual Hardware

m Register file (address and effect value)
We have to define the register space and memory space.

The hardware will execute the particular behavior according to
the related registers’ value.

Local memory space holds the necessary data.

m 3 basic functions
Virtual hardware simulated by QEMU

Initial Function
m When virtual hardware is booting.

Read Function
= When we wish to get some data from the virtual hardware

Write Function

s When we want to write some data to virtual hardware’s register file or
memory



"
Design A Virtual Hardware

m Define calculator’s register and memory
Register
m Jo
Address: 0x0
Effect value: O stop, 1 start

m operator
Address: 0x4
Effect value: 0 plus, 1 minus, 2 multiply, 3 divide

Memory
m Address 0x8~0X10

2 operands and 1 result

m The addresses above are offsets.



LAB3 S83REH(1/2)
ALZE 1 ab2 YRR > 22 IR ST — ([ E HtE fE calculator4SQEMUAE T THAHE -
M EREZE(E BEUCTFRIREZE > A EREER)WT ¢

calculator.c /qemu-0.15.1/hw/calculator.c QEMUFTHE R FE B RE E @ i AE HW BRI Z T » AR scst4Hay

FEEeERE — calculator.c FUE] HW BT -

Makefile.target /qemu-0.15.1/Makefile.target EEQEMUAIE VM EGREEcalculator b EFhE e
realview.c /gemu-0.15.1/hw/realview.c T T — TR

sysbus_create_simple("calculator"”, 0x80000000, pic[30]);
B E RIS CREEIEfERYbase £0x80000000 - H {EFIRQE 5730

BITTER
1) FEqemuriserEHEEfE calculatorf#IRLABL /5 A EE H & iqgemu
gemu-0.15.1]# make clean

gemu-0.15.11# ./configure --target-list=arm-softmmu,arm-linux-user --
prefix=/home/{your username}/gemu-bin
gemu-0.15.1# make && make install
2) EHr¥tkerne lifEeE BldmaE (A EIAHY . config BB CLAEESS 1)
linux-2.6.38# make ARCH=arm menuconfig
% EEnable loadable module supportBHEL
linux-2.6.38|# make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi-
3) fAcalculator-driver-app&E kA Tmakefs S 4Fs=device driver
4) #calculator-driver-appEa &R HEEIE]/busybox-1.20.2/ install

calculator-driver-app (BEERK) /busybox-1.20.2/_install/calculator-driver-app
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L
m BTHER
5) EHHEERinitrd
1 cd _install
O /busybox-1.20.2/ install]#
1 /busybox-1.20.2/ install]# find . | cpio -H newc -o > ../initrd
1 /busybox-1.20.2/ install|# gzip ../initrd
6) FIFigemu-system-armifE{T o 2455
1 gemu-test]# ./gemu-system-arm -M realview-eb -kernel zImage -initrd initrd.gz -cpu

arml136
gemu-system-arm (GBEE1) gemu-bin/bin/gqemu-system-arm
zImage (ZFEE2) linux-2.6.38/arch/arm/boot/zImage
initrd.gz (GPEE3~5) /busybox-1.20.2/initrd.gz

7) QEMU FEi¥ErzsBHREl(ctrl+alt+3)
1 # cd calculator-driver-app

1 # insmod cal drv.ko

22ELinux kernelZEIXMdriverf V& 4RoE
1 # cat /proc/devices

BiltdeviceH & —{Enode » [ HIE A ERE IR H thnode ffizE 5
1 # mknod /dev/calculator c 254 0

AT IE A R 2= [ EE S S I

1 # ./calculate 115 5

= LAB3UEERIH RIS ML - B NARHVERER R Resfdlliei e > BMF4iBdaa
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Design A Virtual Hardware (1/5)

m Virtual hardware State

TE & - E—1{EstructureBvirtual hardwareREECFE BN E
RIESHE FF_1IEIstructureEUEl“jQEl\/IU.Eﬂ%wrtual hardwareFf
EE2FERANERERE -

ZEBEMSERAEMAEAERGERETERERENYRIERI
(Initial Function) -

typedef struct {
SysBusDevice busdev;
gemu irq irg;
const unsigned char *id;
} calculator state;

static const VMStateDescription vmstate calculator = {
.name = "calculator",
.version id = 1,
.minimum version id = 1,
.fields = (VMStateField[]) {
VMSTATE END OF LIST()
}
b
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Design A Virtual Hardware (2/5)

[ | Inltlal Functlon static CPUReadMemoryFunc * const calculator_readfn[] = {

calculator read,

BIQEMUFT S B H  BUSEE Mzt igae | Sl

u FROM_SYSBUS static CPUWriteMemoryFunc * const calculator writefn[] = {

R calculator_wrl:te,
SHCPU - EZHEFUERFIMNAZE oo
ﬁﬁgfu nCtion gt:atic int calculator_init(SysBusDevice *dev, const unsigned char *id)

{
int iomemtype;

m Cpu_register_io_memory caleulator state *s = FROM SYSBUS (calculator state, dev);
s HreadfnBEwritefn B K7RfESI - fESIdh = {E e e e LU yor wriert, s,
functionZbyte-RW, half-RW#HIword-RW - b init oo Omooriomemtj::fE‘WNE‘Em’ |
HPREZEWRWE Iword BEN - FillZE i ey, Saonira);
5@ E—{ERWEK = operator

=0;
operand_1 =0;
= — operand 2 = 0;
AT M E B AR B2 Y EC IS RS 22 [ S Do
- SySbUS Inlt mmIO printf("Calculator Hardware Initialization! \n");
o N . £ N return 0;
m 5E0x1000 - {ER5% B LI = B A AS 1 & 72 .

0x80000000 - ABCPUTEEY 0x80000000 ~ ;“mti"t I:;dmf:tdd]]
OXB0000FFF A& (0 L E R BAIRWERTE « o " oo st ot it o

static SysBusDeviceInfo calculator hw info = {

s E BHE RSV IRQESR init = caleuiztor init arn,

.qdev.size = sizeof(calculator_state),

- SySbUS_Inlt_qu N .qdev.vmsd = &mstate calculator,

\%)J ﬁ[a 1 |: ﬁﬁ E reg iste r& m e m O ry ztatic void calculator register devices(void)

sysbus_register withprop(&calculator hw_info);

}

device init(calculator register devices)
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Design A Virtual Hardware (3/5)

n YRR EFTERZE - RN AEZZEQEMURNE ULIERS
NFE - EEBENG O LGS I E R g R ¥ R1E -

m FEED . structure calculator_hw_infoBl2m@QEMUE
S ERHE SR HE B YRR T EA 2T -

n EEFQEMUPRTEKRILES & BEhE 52 M Efunction

calculator_register_devices
m sysbus_register_withprop(&hw_info)

calculator_init_arm

s BB RIIERE M —FABER TP R =07 B R B QEMUREM 2R Y
devicefE S #EK -

device init
2R E EHE RS ¢ Un B R B8

O Eﬂﬁ(\%ﬁﬁ?rm&realwew EBE3E0 - FRLAMIETE
hw/realview.cH #7318 B ARy E LI Ao
sysbus_create_simple("calculator", 0x80000000, pic[30]);
15 & E B E RS iV base A 0x80000000 - HiEAIRQESE30




Design A Virtual Hardware (4/5)

. Read F u nCti On static const unsigned char calculator id arm[8] =

{ Bx11, 0x10, ©xB88, 0x08, ©xbd, Oxf®, Ox05, ©xbl };
\_l'J ﬁ % TIEE ;ﬂ C P U = g Eg Hy ba Se + static uint32 t calculator read(void *opaque, target_phys_aﬁ}dr_t offset)
{ 3 " rr fr zdivn" H
0x1000Z BRI A EARMTURTL - siazn o

HFER Aswitch 2R —E G B fdecoder = e ™

AR MELIARM AR IR - FTld bk““”
ARI\/I LinuxtEsEffidevice driverlS & g et estevtator 16 arel2;

case OXFEC:

o TE B Aot - LERBRS AR SRR E FEOXFEQ ey e
~ OX F F C caserziﬁig : calculator id arm[4];
casebgigt;:

HHEZFz Ecalculator_id_arm[8]9 - I/ return calculator id ara(s);
E— = C P U g —_}2 ?EEQ 1ﬂ iu: H% % 1Fﬁ H%— | d ;; IEI casergiﬁizlcalculator_id_arm[ﬁ];

break;

% - ARM deviceMIIDARVUAI o AH — 1% e atcutator 10 amil]

break;

E?‘Zﬂaﬁ nR |:|-|_ E/] calculator= . ?‘Z,ﬂaﬂ 9 IE X, dEfamgngﬁ & OFEF) = ex1o)
}l_‘l_: ﬁﬁ $5E / \E; Hy EI_I_'Té E/] mA % EQ B? ? | D Elseérintff;.non—-'eadable address!!!\n");
Biresultiyaddress 2 9h - B2 A DJEHY y

BT - 3
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Design A Virtual Hardware (5/5)

oid calculato oid *opaque, target phys addr_t offset, uint32 t value

m \Write Function Lesator siste s = (estevttor siate -Jopes

Biread function$&{ - BEinputfi 7 j:_:;;‘g;gff‘-‘et“”:”{ S
offsetihirZ% 25 ARJvalue - ??55?8”3;:15];

break,

B — &K Fswitch&&&tdecoder - &
BoffsetBVFEN - HIKIB—RWRFAEI F  wr
fregisterMmemory it 5% Avalue = .2 " .

BEEZRIE (interruptiyE s - FM ff

p tff valid address!!!\n")

OEZEgoRmEMLE » write )

fu nctlon iﬂ% ﬁxcalcu |ate:|I'fz_ jTE' ztatic void calculate(calculator state *s)
~ St switch(operator){

operatorfEFRTHEERGETE - 518 s li

result = operand 1 + operand 2;

STR Z Eiinterruptfit -

result = operand 1 - operand 2;

4
rator = value;
ak;

break;

CPUE W Rinterrupt 2 B Z#EZEISR - I

break;

M5 EISRFEEETUE/ET ZEEFI0X1008Y iz 12 ) o
register - lEFwrite functionE#§IRQH o
TRUSE R Pl RIS - by

break;
default:
printf("invalid operator!!!\n"});

gemu_irq raise(s-=irqg);
go = 0;
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Compile The Virtual Hardware

m QEMUATERNEEIFREE S WNEhWERIZR Z K - FrDIE
P58 aT Y E ETE f8—calculator.c lHEBIhwE BRI A& R o

n 5 CEQEMURNE M A #RE ILE 8 ES - Tgemu-0.15.1-
calE R N A EMakefile.targettg = - ?ﬂz@]obj arm-ygy
A¥#H - JOA" obj-arm-y += calculatoro - AABEME
¥ arm & F IR IDE HHES

n (KERLABIRY G/ AE# EBqgemu ﬁ)ﬂa@UE’qumu—
system-arm#{TiE M A &= Htcalculator E #AE RS RV T BE

n ZEHMIKESFRUARITERETHEQEMUN Z R A= #5E -
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Linux Device Driver - Setting

m Linux device driverFlLinux kernelbiﬁﬁﬁ@ﬁﬁﬁ’\]cross
compilerBEAmRZIRMERE - B 71k
21 EHPAEEEALinux-2.6. 385’]kerneITAEBarm none-
linux-gnueabi-gcc 4.5.2 -

m AR EPIFREEaTHIdriveramodulef8 il - EIEF I EFHT

kernel &% i EdAmazE -
m REEnable loadable module supportFRI#ZE E4Rkernel -

[ 1 Patch phy al to virtual translations at runtime (EXPERIMENTAL)
neral t up  ---=
[]ﬁ hlldhl module su
- able the block laye
yt Typa --->
s support ---=
1 Fe t

m

t optio -
PU Powe M age
loating poi t em 1 t
serspace bi y fo
wer management pt
[ 1] N tworki ng su pp rt ---=
evice Drivers -=
l system ---=
el ha k g -
rity optio -3
> ypt graphic API --->
ibrary routines --->

oad an Alternate

Confi
an Alternate Confi

m
[y
— —
M @

igu
1gu



Linux Device Driver - Overview

s BEENVEN M RMIBEMMEEIERMERET - B ME S TR PTERETH
calculator - FEEN—1xBreqisterfiuilt LI K effect value -

m B Achar device?kzg5tcalculatorfUBEEN T2, - FNZEETE R IR RS
—1% - device drivert A28 B3R basic function -

m LinuxERIBEREEFIE - RABUEZREINANKRTR - FHILEE
MmN BSE A B B2 i Z Mbasic function - E&HW NE -

s EEBFRARIZunlocked_ ioctl - E AR ¥ K Eregisterfiit B AL
EE - EUIEHER/W function® ¥& 17 12k -

m [R7EAES EfileNERR R 29N - BOABEFinitEexitm (&
function - 2REIEdriverfd LB EA4E o=

static struct file operations fops = {
.read = device read,
.write = device write,
.unlocked ioctl = device unlocked ioctl,
.open = device open,
.release = device release



B
Linux Device Driver - Initial Function

m |nitial function

IR TR IB PR A driver#)#a{ERY LIE - FPirVdriverE#KkFchar device driverse i,
LEER7RE SR 1 driveri# & _ELinuxB VRl 81 =2 MajorEZMinor number
HEF rallocate_memory_regionsKakernelZ>KeC B2 ZEE - ioremapERE
EEBRH 2 ERCIBEZER

B & 2 MIRQAYfunction: request_irq - 7B FELinux kernelFFEZIMIRQERSED &
shareHMprivate - FHB32{@ - MEMS ﬁﬁﬁshare E I EQEMURR ZEpic[30] - Linux
E2MAIE30+32 = 62 - EEABRAinputE MESEEAmacro defineZkstructure
BN BWER TREFNBEY -

}

FUI&

static ine _init cal init(void) static void allocate memory region (void)
dev_t dev = 0; {
int result; base = ioremap nocachefCALCULATUR BASE , 0x1@80);
i;(crﬁﬁj;;%"f?ar device */ printk("Physical address: %88X\n" CALCULATUR_BHSE];
dev = MKDEV(cal major, cal minor); printk("After ioremap: %88X\n", fint]base];
result = register_chrdev_region( dev, 1, DRIVER_NAME);
ilse{ }

result = alloc_chrdev_region( &dev, cal_minor, 1, DRIVER_NAME);
cal_major = MAJOR(dev);

}

if(result < 0) {
printk(KERN_ERR DRIVER_NAME "Can't allocate major number %d for %s\n", cal_major, DEVICE_NAME);
return -EAGAIN;

i

cdev_init( &cal_cdev, &cal_fops);

result = cdev_add( &cal_cdev, dev, 1);

if(result < @) {
printk(KERN_ERR DRIVER_NAME "Can't add device %d\n", dev);
return -EAGAIN;

}

/* allocate memory */
allocate_memory_region();

/* request irq and bind ISR*/
result = request_irqg(IRQ_VIC_BRIDGE+PIC_BASE, (void *)cal_interrupt, IRQF_DISABLED, DEVICE_NAME, NULL);
if(result){

printk(KERN_ERR DRIVER_NAME “Can't request IRO\n");

return 0;
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Linux Device Driver - ISR

FMIRQAfunctiont - bR @i IKernel B3R 25N - EBNBEH
Interrupt Service Routine(ISR)REK T, - HIRIAIF &
fpga_interrupt -

B - BCPUERAIIRQERFB62/IM1E - mMEENITEILPIPN
TEZMISR - EUCLAT S - B MEAF0E AOx10089 it - [EEF R 2T
M35 1] EE i A RS & FRAVAF IRQRUEFT R ISR B FEENF - 2B

wake_up_interrupti&processiitwaiting queuetER 2k - EEMDH
Mg EEREEEprocessiE Awaiting queue —tEHKE - EEFKM
REEISREH L ERZBIT] -

=1ZWEIRQHS - RABERECASTTH L IFal EH 2N ITHEE

NITREERE I DIERFETNE -

static irgreturn_t fpga interrupt (int irg, void *dev _id, struct pt regs *regs)
{
J/printk("received interrupt from SC LINK\N");
if (irq == IRQ VIC BRIDGE+PIC BASE) {
printk("received interrupt from Caculator HW\n");
writel(®, base+0x100);
printk{"Release interrupt \n"};
flag = 1;
wake up interruptible(&wq);
}
return IRQ HANDLED;
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Linux Device Driver — Read/ Write

m SCAIERE - kerneliddeviceRBEZR - BHILFH PN BEEFEIER
SEE KR - AL ERREIU R EEHfread, fwrite%TlET'%1’EdeV|ce°

n EEREZRIMEfunction? : copy_to_userKcopy_from_user -

0 l%Fﬁ%%UHydata’“userspaceﬁ?ﬁﬁﬂkernel space + AR MEE
= M E N T E R FIE — R dataiE 2 2 driver - driverfEst ¥ 555
ERMSHE BRI ENF -

n it PWSREIES - device_readiZiBreadliFEERE] - WiEiBcopy_to_

user:A[EFEAREZXCERAZEHreturn) - Mdevice_write&lIl M copy_
from_useri53EBELEE AdevicelE - B writel E#device -

static ssize t device read(struct file *filp, char *buff, static ssize t device write(struct file *filp, const char *buff,
size "t len, loff t *off) size t len, loff t *off)
{ — _
int 1; ‘ int i;
// printk("<SC DRV=read len: %d\n", len); 7/ printk("<SC_DRV>write len: %d\n", len);
my buffer[8] = readl(base + result offset); if (len > 0:-:2]
- - len = 0x8;
//unsigned long copy to user (void _ user * to, const void * from, unsigned long n); :
i=copy to user(buff, my buffer, 0x4); i=copy_from user(my buffer, buff, len);
if (*off == 0) { for(i =0; 1 < len/4; i++) {
*off += Ox4; writel(my buffer[i], base + operand offset +(i*4)); // write all 8 values
return 8x4; } - -
}
ﬂseritum q: //printk("<SC_DRV=\n%d bytes written\n", len);
} ! return len;

} ¥



Linux Device Driver — [OCTL(1/2)

m SREIETVERET © BR /Lo EIsC IR Ae T Tread/write 29 -
Hﬁ?zxﬁ’]ﬂ%zﬂ‘ﬁﬂreglsterfllen%EEE = 0] DUSES FERY L AF -
loctlBl @8 & b &7 mufunction -

m |OCTLBREERAREZEIN—E &N commands, il B = &M
I FEAEEcommandfIFE o] DAL AR ¥ FERY BN -

X

n EHMEERETcalculators - H Mk Eoperatorioffset
Ut EO0x4 - MELEIAYoffsetfirlt BI7E0x0

m MFHME I‘Ehﬁ%%ﬁ%k‘bﬁ’]commandﬁf & - —1&Z
=R Eoperatordy "OP_SET" BEA/L - 5—ERIZRE
calculatorgy “"GO” E%%S 0
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Linux Device Driver — IOCTL(2/2)

loctlfR s filetgR 29 - EEAMIEinput - 73 AlELEcommandiE—
JBAvalue - BE lbvalue22E ANE - ImBWILET -
EEHMEST Swaiting queueViEE - BAERARENFER "GO”
E<2EKcalculatorE1TEERN - HMFARERAELNEZEEESE
BEARMEIRAUARER - RICAFLILREF 2 Awaiting queue - ZEHCPU
mEMERSLUETT -

MmOP_SETRIZ&E#EEToperatorzg & - EUCF BwriteliFvalueE A
operatorgise ik 1 -

static long device unlocked ioctl(struct file *filp, unsigned int cmd, unsigned long arg)
{
//printk("<5C DRV= IOCTL!'cmd = %d, arg = %d\n", cmd, (int)arg);
switch(cmd)
{
case OP _SET:
writel((unsigned int)arg, base + operator offset);
break;
case GO:
writel((unsigned int)arg, base);
wait event interruptible(wg, flag != 0);
flag = 6;
break;
default:
printk("Unknown COMMAND!!I%\n"};
}

return 0;
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Linux Device Driver — Waiting Queue

o EISR,@IOCTLEJ%W%BTE%U7wa|t|ng queueE’J’fﬁEu - L E
SEAEINNASHEIELIER - RMAEMITEASEHTS
mAZEHbusy waiting -

m Linux Kernel XS 7B IREILINEE RIRTES <linux/wait.h>
n 5T WRSESSFHEITIILURIRRZ R A IER

static DECLARE_WAIT_QUEUE_HEAD(wq);

static intflag = 0;

n ERMFEERENERSEHTIR - &xH

wait_event_interruptible(wq, flag!=0);

AlEHERNZEAWqSEWIRE - HUWEIRHESflag! =005 -
n MEBREREIR -

B o E REERAFIELE: flag = 1;

E8 2 FEwglREE: wake_up_interruptible(&wq);




Compile Device Driver

n FMEIIE —EE R 3 calculator-driver-app - W45
seRAIcal_drv.c I ALEERIZR -

m Makefile
At device driverEkernelt8F8 - E b MBE Ekernel E Rl 21
1t

s KERNELDIR ?= /home/{user-name}/linux-kernel/linux-2.6.38
s PWD := $(shell pwd)
5% A Am e L= 1R
m ARCH=arm
s CROSS_COMPILE=arm-none-linux-gnueabi-

Compile

s $(MAKE) ARCH=$(ARCH) CROSS_COMPILE=$(CROSS_COMPILE) -C
$(KERNELDIR) M=$(PWD) modules

m 7% Fmaketea <ol LA I 4RzZF FIrvdevice driver
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Appllcatlon

seRdriver2i& - BREIUR DI LUIE A driver X & B FIPTERET Y
calculator - ICFERENE MM Ecalculator-driver-appE iRl &

m FRIdevice
fin = open("/dev/calculator", O_RDWR);
Ho/dev/calculator@ & MElinux FrfTigAnode - BEZIZE
m 5 Aoperand
write(fin, operand, 8);
m 5 Aoperator
ioctl(fin, OP_SET, ADD);

m BEAIERR AT
ioctl(fin, GO, START);

m :E[0Result
read(fin, temp, 4);

n REBRM—EZEZEBarm-none-linux-gnueabi-gccimzE
arm-none-linux-gnueabi-gcc calculate.c -o calculate
#MiTHESBcalculate



"
Simulation Flow

n B HMEcalculator-driver-appE Rl 2R A ST Al
busybox®_installth - 17 B & B ABE ERinitrd -

m Linux kernelBl22.6.38hR A #RzZE5T A HYzImage -

/I

n ZEILFIFHgemu-system-arm#KETE A FHIEEE -

Jgemu-system-arm -M realview-eb -kernel zimage-2.6.38 -
initrd initrd-2.6.38.gz -cpu arm1136

m FARESEAVEB BRI S device driver

#cd calculator-driver-app
#insmod cal_drv.ko
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Simulation Flow
m EEHPNEZEELNuX kernelz8 EF Mdriverfy i & 47 5k

# cat /proc/devices
’“I%ﬂﬂﬁ%%UHIJZ%FEJ’%EZM(IZ%%WE”J%[EMETT“’*%%EEH %) °

m JEHMTESdeviceEES—{E@node - FARAERNEEZEEN
IS5 {E 2 ¥ IEnodeffizE 2

# mknod /dev/calculator ¢ 254 0

cz<char deV|ce 254 MM E R4 SR (major number), 0 minor
number - [ Qe =ER

al address: B00000DO

remap: C838A0O0O

nsnod used greatest stack depth: 6060 bytes left
calculator—driver-app # cat ~procrsdevices
haracter devices:

1 men

Z pty

3 ttyp

4 sdev/ucrs0

4 tty

5 sdev-tty
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Simulation Flow

m [LEFE FAZ (B B/ devicalculator 4 gE pcpa: H w] LUIEA]
FErEdriverzi sl calculator -

m T E AR R 22 (D[ {EH 2 5 IEHE
# ./calculate 1155
T IR > (R EBEHY S8 Foperandill H #1717 HTEEERR LUTH

FRREGER —KEHR - BT T IURISR - LUK BRI ZENE
Atz EE%*“EI’JE@J%@MF%E?E -

QEMU _|[al[x]

inux—device—dr
<SC_DRU>ARM-SC d
(SC _DRU>Amba dr regis
i ress: 20000000

er map: C8890000
(SC DRU)R eque est IRQ
inux—-device-dr

iver # .rcalculate 115 5
rom Caculator HUW

rom Caculator HUW




Conclusion

m TRIEMNLAB - HFILICESHKET F —ERBEREiEcalculatoril;
B FAQEMUEHE -

s 5 CEREAENCDIERERIERER - HFIaET B ERY

n BELEIFREIFEIRNTT A (behavior) Bt - E R EEIEIRTE
AEEREBNHR - RItERBE 2R ER L ATEIREERF
TR #EAE RS (cycle accurate) -

n AMERAAEYE EMNER(E2CPU)ERAEREERZS(HDL)
A - IBEEREEREATEIEZEEARNEILinux OS - FLE
B2 BB EHESQEMULIKSSystemCl Bl s #E - ZEQEMUZE
7 TLIinuX - MmSystemCR 518 5 38 12 35 (£ LE #iZcalculator) -
=L EINHETEREBREMS - WHOUIME R FmEhizk s
REMAEINARHNEI  DUILEIESENTIERES -
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Conclusion

m & (ERLEAE  HMoIDUEIIFFREELS - Wit— XKﬁPE‘qemuE AR ok
Zlinux kernel KinitrdE&E47 - o] IERMPZE UFREELANERN KPP HIE
FRSMINESE -

#mkdir ~/gemu-test

#cd ~/gemu-test

#In -s {gemu-path}/arm-softmmu/gemu-system-arm .
#In -s {busybox-path}/initrd.gz .

#In -s {linux-kernel-path}/arch/arm/boot/zlmage .

cd ~/gemu-test

Jgemu-system-arm -M realview-eb -kernel zimage -initrd initrd.gz -cpu arm1136



