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 resuilt.



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

s When virtual hardware is booting.
Read Function

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

= When we want to write some data to virtual hardware’s register file or
memory
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Design A Virtual Hardware

m Define calculator’s register and memory
Register

= control
Address: 0x00
Effect value: 1 start, 2 stop, 3 clear interrupt

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

Memory
m Address 0x8~0X14

2 operands,1 result and 1 status

m The addresses above are offsets.
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HEAELab2( R » AR BT — (R e calculator QEMUME AT -
SO RS (B B I ATREZE - T LR AT T -

caslab_calculat /qemu-3.0.0/hw/char/ QEMUFTI R E B R EHAE hw BRIRZT > MIRMIER B A EEN
or.* character device > Fr AR ERsTIFRVE BEEERe — caslab_calculator jYE

hw/char BRI T -

Makefile.target /qemu-3.0.0/hw/char/ FQEMUAIZE VB 4mE2caslab_calculator[ R EEE
realview.c /qemu-3.0.0/hw/arm/ T — TR

sysbus_create_simple("caslab_calc", 0x80000000, pic[30]);
=R TR R base £0x80000000 » H{#FIRQE5%30

BITHER
1) fEqemusritd 5o fE B EG calculatorfZ idLABL /A B HrEtfigemu
gemu-3.0.0/build]|# make clean

gemu-3.0.0/build|# ../configure --target-list=arm-softmmu,arm-linux-user --
prefix=${HOME}/workspace/gqemu-bin-3.0.0

gemu-3.0.0/build]|# make && make install
2) EHrfkerne L s e BAREE (B B . config HE A ES 1)
linux-4.14.85]# make ARCH=arm menuconfig
iz EEnable loadable module supportfifiEL
linux-4.14.85]# make ARCH=arm CROSS_COMPILE=arm-none-linux-gnhueabi-
3) Adriver&RIFEAN Tmaketg S 4miEdevice driver
4) Bam=Eseifcalc_drv. ko #%E]/busybox-1.29.3/ install/home/
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m BITHER

5) fEf&ZLinux Kernel Device tree

B EEREME 5tEH

(Lab3/kernel/

device_tree)

arm-realview-eb.dts linux-4.14.85/arch/arm/boot/dts ARM Realview & ZE/EH R

arm-realview-eb.dtsi 1linux-4.14.85/arch/arm/boot/dts @%gﬁ&&%ﬁ (ZHEEHE)
6) PR FIAESMIN A MREESE AR (bt A fDevice Treeffiilh B AR ELF 1)
O 4FEFarm-realview-eb.dts > JASZEREERRG N
&cascalc {

interrupt-parent = <&intc>;
interrupts = <0 30 IRQ_TYPE_LEVEL_HIGH>;

b
Tz F& (arm-realview-eb) A fH—%4E'E cascalc » IRQ Number £330
[ 4gERarm-realview-eb.dtsi » JACHAINEEE AR &N (irkk f&0x80000000, A /)N £0x1000)

I{
compatible = "arm,realview-eb";
I....
cascalc: cascalc@80000000 {
compatible = "caslab,calc";
reg = <0x80000000 0x1000>;
clocks = <&pclk>;
clock-names = "apb_pclk";
&
&

7) E¥r4ms=EDevice Tree
01 linux-4.14.85]# make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- dtbs
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BITHER

8) #mikfEFHE=(
program]# arm-none-linux-gnueabi-gcc calc.c -0 calculate
program|# cp calculate ~/workspace/busybox-1.29.3/ install/home/

9) E¥rEirinitrd
busybox-1.29.3/ installl# find.|cpio -H newc -o > ../initrd
busybox-1.29.3/ installl# gzip -f./initrd

10) FlFiqemu-system-armiEf T4 H 40 EHEE

gemu-bin-3.0.0/binl# ./gemu-system-arm -M realview-eb -kernel zImage -initrd
initrd.gz -cpu arml136 -dtb arm-realview-eb.dtb

gemu-system-arm (GPEE1) gemu-bin-3.0.0/bin/qemu-system-arm

zImage (ZFEE2) linux-4.14.85/arch/arm/boot/zImage
arm-realview-eb.dtb (GPEZ7) linux-4.14.85/arch/arm/boot/dts/arm-realview-eb.dtb
initrd.gz (C0EZ8~9) busybox-1.29.3/initrd.gz

11) QEMU FH#itzsFARY(ctrl+alt+3 or GUI menu->view->serial®)

home |# insmod cal _drv.ko

2ZELinux kernelZLEFKfidrivertyH iRt
home ]# cat /proc/devices

BtdeviceE &—fEnode - JEFTE A ERE R AV 2 ¥ thnode fEE %S
home |# mknod /dev/calculator c 252 ©

BT AR R 22 (e {E 2 5 A
home |# ./calculate 115 5

LAB34EEREA R MBS M AL - 182 T 2REVREZ R Rstdllinn i - B oMFallBaE
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m Virtual hardware state

NE T - S5—1Estructure&virtual hardware AEE AN E
BlaErs *_1IEstructureEUxeﬂQEl\/IUﬁﬂﬁwrtual hardwareFft
FEHRANERSES -

ZERBEMSERAEMAERGERETERERENYRIERI
(Initial Function) -

typedef struct {
SysBusDevice parent obj;
MemoryRegion iomem;

uint32 t Reg[CASLAB CALC RegCount]:
CharBackend chr;
gemu_irqg irqg;
const unsigned char *id;
} CASLabkCalcState;

static const VMStateDescription vmstate_caslab_calc = {
.name = TYPE CASLAB CALC,
.version_id = .,
.minimum version id = 1,
.fields = (VMStateField[]) {
VMSTATE UINT32_ ARRAY(Reg, CASLabCalcState,
CASLAB CALC_ RegCount),
VMSTATE_END OF LIST()
}
}:
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ngn []
static const MemoryRegionOps caslab_calc_ops = {
.read = caslab_calc_read,

.write = caslab calc_ _write,
.endianness = DEVICE NATIVE _ENDIAN,

EQEMURTE#I 2 MBUSFEM EHBHERE it
| SYS BUS DEVICE static void caslab_calc_init (Object *obj)

SysBusDevice *sbd = SYS BUS DEVICE (obkj):

E4NCPU - B ER ERTEEEZEUN BRI oo = - atemcen,

memory region init_io(&s->iomem, OBJECT(s), &caslab_calc_ops, m

A8 EEfu nCthﬂ e ntemtets, et
. .. . DB_PRINT ("INIT\n");
= memory_region_Init_io ’
N A static :xf::sr_ VMStateDescription vmstate_caslab_calc = {
= Hfcaslab_calc_ opsWB= (FIEZRERE  m.., — omeseess
ARS8 - KB - SRR EP 2E] 7 read S (e
write 5 {5 ARV BR B3 57 3
busEE - AR %T‘HQ LlwordZ.% TXI .
E tEmin/max SizeElZE #54bytes % DEFINE. PROP_ GHR(vchazace, CAsLapcalcState, chr),

DEFINE PROP_END OF LIST(),

HEH:H- ):E j:%/% EE E/J HB I‘it\ E‘g ZU\E FEﬁ s;ac;c void caslab calc class_init(ObjectClass *oc, void *data)

= sysbus_init_mmio R
= EEB0X1000 - BREFAMIBUEFHERMEE =0 cmnren
0x80000000 - BCPUZY 0x80000000 ~

RN PP N static const TypeInfo caslab_calc_info = {

OXSOOOOFFFI%%\'T%}EH tﬁﬁ%ﬁg RW@':_EE o .name TYPE_CASLAB_CALC,
.parent TYPE_SYS_BUS_DEVICE,
.instance size sizeof (CASLabCalcState),

caslab_calc_init

EE ﬁ EIE_E TE}% EE E% E/\J I RQ E %};EL, i?::fi:;im = caslab:calc:;l;s;_mic,

}:

] Sys b u S i n it i rq static void caslab_calc_register_types(void)

{

CASLAB_CALC_REgCount) ,
VMSTATE_END_OF_LIST()

type_register_static(&caslab_calc_info);

}

type_init(caslab calc register types)



Design A Virtual Hardware (3/5)

n JIRRINBIFEERZE - RPIUAZEZEQEMURIE LIRS

NFE - FEEREG o] LS I E R RIS 911t -

m FEE - structure caslab_calc_infoBIZ@mQEMU
I SR RS AR R RE A R T B2 7 -

n EFQEMUPTZE KRB E #EE i M Zfunction

caslab_calc_register_types
n type_register_static(& caslab_calc_info)

caslab_calc_class_init

|—‘—|

I]]

o RIS HIE R IE OB MERETRVYIE AT - WISRQEMURMITE MR

caslab _calc_init
=B E EHE fe sV IR gE

O Eﬂﬁ(\%HFﬁ%EaTEErealwew EBTRIZ0 - PRLIAZBTE
hw/arm/realview.c T 1% 3 P9 B0 & Bt A8 5

sysbus_create_simple(" caslab_calc", 0x80000000, pic[30]);

1 € [E i BE A base /0x80000000 - HiEHIRQE %30
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m Read Function
AEARE - CPUREER

aslab calc read(void *opaque, hwaddr offset, signed size

base base+0x1000Z BRI A E EN, e
TUERR T - sﬁf:i‘?;
%Wﬂ}“’ﬁﬁswitch%ﬁﬂ & fS EfYdecoder - o
A& TEBFER® - EiiFAERoffset shift T
2bites - #byte index# Zword index
HAREFEIARM AR EIRIE - FrLL care
ARI\/I Linux#Estftdevice driverfF & 5oiE —
olEfe ma - UEAE e AR A ER E £ OXFEO
~OXFEC -

breal

HHEZFzEcalculator_id_arm[8]% - I A
HECPUEKEERAIL - %Fﬂﬂﬂdt@ cove caic 2232&2@5

7 ° ARM deviceRVIDR i o4 — 1% o o oReatoeeee

default:

EFMERETRIcalculators - FoPIER E AX m
FEHAEAREENZENGER WK ID - ™
resultEioperandiVaddressz9h - &=

o] RE ANV Azt -

slab_calc_id_arm[0]:

lab_calc_id_arm[1];

caslab_calc_id arm[3]:;

caslab_calc_id_azm[ 1:

caslab_calc_id arm[3];

caslab_calc_id arm[€];

caslab_calc_id_azm[ 1:

ot
= falL falL ~ =~ =~ ~ =~
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m \Write Function ;‘g%;;z:;ii” o
Biread functionfB Ll - (BRinputhk Y  °
offset¥hr= /25 AHJvalue -

B — & AswitchskEtdecoder - &
sEoffsethVHIER - FMIKER—FR4aPRE]
Fregisterfimemory it %K 5 Avalue -
EREZERIE VinterruptdyEisa - FHiMH e
DEHECTRLERERGOR - write 1l
function® E# % calculate M ki
operatorfERTTAHEERIETE - 3 i
5Bk Z EiinterrupthiEe - B R
CPUEWBlinterrupt 2 B EMEISR - & “2ve.
Mz EISREIETTHEESHCLRIIESZ| "
CTRLAIregister - IbBSwrite function®® =
H%IRQTXZ‘FL‘X%BZEP%J?)EEE ° i

result = 0;




Compile The Virtual Hardware
» QEMUFTESI ESHE IS @M hwWE RIS 2 T - FTE

(PR e BT 3 B FE 138 8

e—calculator.ciLEIhwERIZ | -

m & (REQEMURE WM BARZILEHIERS - T£gemu-
3.0.0/hw/char&ilz F B{@Makefile.targetig2s - JIA
" 0bj-$(CONFIG_REALVIEW) + = caslab_calculator.o”

N

A ZEEr¥arm rea

view S 4 S 1R UL E AT

n KERLABLRUF AT ET
system-arm# T2 B 1= calculator E B IE BSHI T RE

m BRI

Bgemu - ﬁﬁﬁ@ﬂﬁ’]qemu—

A RIAATIERETAQEMUN E R M 1EHE -



Linux Device Tree — Overview (1/2)

m BRIIRX86&MIE

ReRIBA—MIE MM - REmbedded

System EAREWARMEREIEZNE « srE AEREANAES
AEIEMSoCERET - MB X Venderl BEEXFARR
board specific kernel patch Az 1B ¥ 8817 _|nuxE’J
7 ﬁ'ﬁtiﬁi??ﬂ%%? - TLERAVRR TS - B R Linux
KernelE/58: 43 -

m A 7EFREEMEEE - Linux Kernel#&&Vender / SoCPrit

ARVEERSHZRE

75| ADevice Tree I BV CAERHS

Venderﬁﬁ% Z]Bboard specific code - DIBIARZE G 41 3%

FERNZARIE

2XFBootloaderzEEY « EF -



Linux Device Tree — Overview (2/2)

m Device Treefgr#li¥gFmRarch/<ISA>/boot/dts | -
#5.dts/.dtsiBJA&Device Tree source code -

SRNEAIEEEE

m Source codeW%L‘l AN FRN - BEF
BORYTET R A5

[/ =2 =
=l

> oo
A\N

B —RED
FERE KL S

(o]

RlI1E %2

B Rt JIERERE - EAc e

=15 FDevice Tree Compileri&Source code## 5 .dtb1g
(device tree blob)iZBootloader&i A -

Tree Root

CPU

12C

DDR

eeeeeeeee

eeeeeeeee

eeeeeeeee

Compiled by the
vice Tree Compiler|

Simple Device Tree

for each matching

Driver

Processing Flow

DTB Address Board file
passed in r2 ntified by .dt_compat
of_platform_populate()
.......
Kernel
A
Device Tree




Linux Device Tree — Basic Syntax

m Device Tree AR BNUR 8 - —EEIRMNER 75
+ 1Iproperty&va|ue/i\i'=‘|‘nx ARGV - WS T8RS
KIBIE IS S M — B —RETRIAIERAES -

n FEENFNAERAFRAS <Name>[@un|t -Address] - unit-
AddresstiBIRHEIZRRZERENEZUAL ( HE R EIRL)

s NBREHunit-Address - ENFAANE BIE fproperty “Reg”
R HLED fﬁﬁgiﬁﬂ"“%ﬁﬁd\ o

g L\Xcompatible propertyhﬁ\ b B

a-string-property “A st g";
' Properties of node@o | a-string-list-property = "first string”, “"second string";
D rlve r % %j- 7050 a-byte-data-property = [0x01 0 23 0x34 6 56];
child-node@d { t
f rst-child-property; Bytestring
ond-child- p p rty = <1>
a-refere ce-to-something = & odel>

}i

A phandle

Chlld'n‘)de@l { (reference to another node)

Label };
};|

nodel: node@l {
an-empty-property;
a-cell-property = <1 2 3 4>;

child-node@d { |
}; Four cells (32 bits values)

}i
}
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Linux Device Tree — Calculator

KW EEFEESEAARMBrrealview-ebyEE 25 ik - EDevice Tree
Source CodeZ—fj
<Linux Kernel>/arch/arm/boot/dts/arm-realview-eb.dts*

HAPTEEETRYVirtual Hardware2 BE1E1E FBusiE 171 He - HETRAAN
EARER RS NEIO] -

¥ fEcalculatorf g 52454 + Device Treefdigti & .

ﬁ% E_% % ﬁé« manufacturer>,<model>)

m caslab,calc

%%iﬁ’,iﬂ: . j(/J\ : 16 &cascalc { .
16 interrupt-parent = <&intc>;
= 0x80000000,0x1000bytes 170 interrupts = <@ 3@ IRQ TYPE LEVEL HIGH>;
171 };
FKEFHMHclock : arm-realview-eb.dts
= AiEclock(pclk) 506 cascalc: cascalc@30000000 {
Interrupt(ﬁ’;\dtsW) : 507 compatible = "caslab,calc”;
508 reg = <0x80000000 ©x1000>;
m 0 -shared processor interrupts 50 clocks = <&pclk>;
= 30 - interrupt number 510 clock-names = "apb_pclk™;
511 };

= Active High arm-realview-eb.dtsi
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Linux Device Driver — Kernel Setting

m Linux device driverfiLinux kernel )l & Fr{E FHRYcross
compilerEB®RZINHEAY - & 7 1IEER BRI AR 255G E)
2 - B ERALinux-4.14.85 kernel# Btarm-none-
linux-gnueabi-gcc 4.8.3 -

m AR EPPTERETRIdrivergmoduleBfY - A It F 9 & #r
kernel {58 E EA4RE -

m X EEnable loadable module supportFRIE Ewkernel -

[ 1 Patch physical to virtual translations at runtime (EXPERIMENTAL)
eneral setup --->
[[*] Enable loadable module support --->|
-*- Epable the block layer --->
ystem Type --->
us support --->
ernel Features --->
oot options --->
PU Power Management --->
loating point emulation --->
serspace binary formats --->
ower management options --->
[ 1 Networking support --->
evice Drivers --->
ile systems --->
ernel hacking --->
ecurity options --->
> Cryptographic API --->
ibrary routines --->

oad an Alternate Configuration File
ave an Alternate Configuration File h



Linux Device Driver - Overview

s BEEEANMNBERBEMSENERMERST - B MECS TR FTsETRY
calculator - FEEN—1xBreqisterfiu it ML K effect value -

m P Bchar devicexkz%5tcalculatorfVBRENFE T, - MR ETERIFE LN
—1% + device driverttimn’BE IR basic function -

m LinuxEEIEFEREEFEEE - %kﬁﬁ*ﬁﬂﬂamfﬁiﬂ’]ﬁ_b?}(m}iz BRI LG 3G 3
FmL A BSE R B B8 ZMbasic function - EXRMW NE -

s EEBSFHRBIZunlocked_ioctl - ,\%)S‘Zﬁﬁ%%ﬂ%ﬁregistermﬂ%}\%
E1E - EIEHER/W function® & 17 2K -

n (R 7 EOEE e EIER R ZIM - B /AEEFopeniireleasem &
function - 2REIREdriveriy RUEN 45 R

tic struct file operations cascalc_fops ={
.owner THIS MODULE,

calc read,
alc write
alc unlo k d_ioctl,

.Write
.unlocked ioctl
.open

(R
[N Y]

[
H O
m'g
L
e
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Linux Device Driver - Initial Function

Initial function

}

tic int
dvtdv= H

UEER VR IB PR A driverdlta by T1E - FMArVdriverE#k FHchar device driverse ik
IEER7RE SR 1 driveri# & _ELinuxirV5E BIHE 822 MajorEAMinor number
BB 1E 7 allocate_memory_region®Ka@kernelZ K& FFECRisZEE
ioremapE % E A2 2= B 2 [E H sC B hs 2= ]

& &2 fMIRQRIfunction: request_irq - BN EEFIZEN SDevice TreeEfTHEE -
B MEEIMNR I 7 EzEDevice TreeREEIRQHIfunction : get_dut_irq - EXSKernelFr
ERETAIIRQ Number#& 7 gEsE M FE PP ER 5TAVISR -

__init cascalc_init(void) {

f(CASCALC ~_MAJOR) (

}
if(resu

dev = MKDEV(cascalc_major, cascalc minor); static int get_dut_irg(const char* dev_compatible_ name)
result = regis\:er_ hrdev_region( dev, » DRIVER NAME) ; (
else {
*
result = alloc_chrdev_region( &dev, cascalc_minor, 1, DRIVER_NAME); struct device node* dev_node;
ascalc_major = MAJOR(dev) ; int irg = -1;

1t <

- dev_node = of_find compatible node (NULL, NULL, dev_compatible name) ;

printk (KERN_ERR DRIVER NAME "Can't allocate major number :d for $s\n", cascalc major, DEVICE NAME); if (tdev _node)

return -EAGAIN; retarn -_;
} ; = - - .
cdev_init( &cascalc_cdev, &cascalc_fops) irq = J.rq_of_parse_and_map (ch_nOd: ¥ )i
result = cdev_add( &cascalc_cdev, dev, 1): of node_put (dev_node) ;
if(zesult < 1) | return irq;

printk (KERN_ERR DRIVER NAME "Can't add device :d\n", dev);

return -EAGAIN; }
}
/% allocate memory */ static DevicePrivate* allocate_memory region(void)
base = ioremap_nocac he (CASCALC_BASE , CASCALC_MEMREGION) ; (
if(pase == NULL) DevicePrivate* prv;

eturn -ENXIO - — - - -

_prv = (DevicePrivate¥*)vmalloc(sizeof (DevicePrivate));

irqnum = get_dut_irq(DEVICE_COMP) ; return prv;
if (irgnum = -1) { -

printk (KERN_ERR DRIVER NAME " Can't request IRQ, Device not found\n");

return -ENXIO: }
}
result = request_irg(irgnum, (void *)cascalc_interrupt, O, DEVICE_NAME, NULL): static void free_allocated_memory(DevicePrivate *_prv)
if(result) { (

printk (KERN_ERR DRIVER NAME " Can't request IRQ d (return id)\n", irqnum, result); )

return -EFAULT; viree (_prv) ’

}

return

_prv = NULL;
}



Linux Device Driver - ISR

s fMIRQEfunctiond - BR ¥ #@AIKernel B35 29 - EMNBEH]
Interrupt Service Routine(ISR)BYER T - ARG 5
cascalc_interrupt -

BEEE - ECPUESEIHEIRQ NumberfViFiE - B EHITHE
PP EZRAISR - UL TSP - F 5T CLRIE AControl Register -
(E%f Fh 2T P 7T Bl E B A8 RS B &= AVIRFIRQRE P A 72 1 R %3 FE N F -
Z&HMAwake_up_interrupti§processitwaiting queue B Hi2K -
Eeh B M EEEEEEprocessiE Awaiting queued —HERE -
SRR MR EEISRE L EEZEIT -

S EIRQM - Al BB R AR R LE S By (T e
AT AEERE O DIEEIFRE P& -

static irgreturn t cascalc_interrupt(int irqg, void *dev_id, struct pt_regs *regs)
{
if (irxrg == 1rqnum) {
printk("received interrupt from %s\n", DRIVER NAME) ;
wrltcl(CALL CTRL _ CLRI bas: + LALL REG_CONTROL) ;
printk("Release interrupt \n"):;
flag = _;
wake up interruptible (&wq) ;
}
return IRQ HANDLED;
}
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Linux Device Driver — Read/ Write

m FERIFMIER - kerneliddevice i BiIEE - AR MNEBIFERER
SEENRME - ISEEAREIFIEEHread, writeZ=#fFdevice -
n EEREZMEfunction? : copy_to_userkcopy_from_user -

n XA GZEEdataituser spaceiE i Zkernel space - FHLILEHMER
EMmERTNER ML —REdataiEZ 2 driver - driverfEs 2152
ERMIAE R FERIEN1E -

m it FWsREEZ - device_readZ®EiBreadliGE:ER - WiEEcopy_to_
user:x[E|FEAREINCEE A EHMreturn) - Mdevice_writeRI 2 copy_
from_userG 3| ERHZEINIESE AdeviceRI1E - BBlAwritel&#Edevice -

c ssize_t calc_read(struct file *filp, char *buff, size_t len, loff_t *off) static ssize_t calc_write(struct file *filp, const char *buff, size_t len, loff t *off)

static
{ {

in H int i;
DevicePrivate *prv_data = (DevicePrivate¥)filp->private_data; DevicePrivate *prv_data = (DevicePrivatex)filp->private_data;
/* Only result is readable memory address */ /* Two operands are writeable memory address */
if(len > 9) if ( len > )
len = 4; len = o;
for( i = 0; 1 < len/¢; i++) i = copy from user(prv data->buffer, buff, len):
prv_data->buffer[i] = readl(base + CALC_REG_RESULT + i * <); for(i = 0: i< len/<; I++)

writel (prv data->buffer[i], base + CALC REG OPERAND1l + i%<);
i = copy_to_user(buff, prv_data->buffer, len); - - -

return len;
return len; }
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Linux Device Driver — IOCTL(1/2)

BRENTZETVERET - PR F L EIsCIE e E 1 Tread/write 2 9b -
XEEKE/]TEET_HYFGQISJ[GI’fl|en?{—ﬁ = 0 DU e Ry L 1F -
ioctlBl @& & tEE 7 rufunction -

IOCTLI BIREERAREZEI —E & commands, il B = &M
I FE AEEcommandfIisE o] DU tHET FERV ENE -

= Mol iEaz T calculatorfs - FMazEoperatorfyoffset
Ik 0x04 - mixHlaYoffsetfiziit Bl #£0x00

mEMEERELEAZILNcommandEmME - —{E2
=2 Eoperatoriy “OP_SET" & &mO0x03 - S5—1ERI 2/
gjcalculatorgy "CTRL" E&E&A0x04 - EBc£ El(arg)0x01
BR" GO" FaRsalEss




 JEE
Linux Device Driver — IOCTL(2/2)

loctlBR filetle 2290 - BEAMEinput - 72 AlFtEcommandii—
IBvalue - BEtvalue2EE ARE @ InBWEIEEET -

EEMEAES fwaiting queuelIElR - S EEAEINFER "GO”
E<EXKcalculatorETERN - RPRRERENEBZEETESES
BEHAARMEIRAVARES - B ICAF L6 2 Awaiting queue - EHCPU
mEMERELUETT -

mOP_SETRIZE 4fi:& ﬁoperator E lﬁtﬂ%wrltelﬂ%value%)\
operatorises 1 °

case CMD_STATUS:
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Linux Device Driver — Waiting Queue

= EISR@IOCTLEJ%WﬁBTm%U7wa|t|ng queueE’J’fEEU - EL 2
=AW RS HERRLIER - BMAsEMTEASEHFTS
mA 2 Abusy waiting -

m Linux Kernel KB mAREILIIEE ZREES <linux/wait.h>
n BEWASLESSHFTILURIARE RETER

static DECLARE_WAIT_QUEUE_HEAD(wQ);

static int flag = 0;

n ERMFEERENERSEHMTIR - &H

wait_event_interruptible(wq, flag!=0);
RIEAENSEAwWqSESHIRE B Z2FRHFRflag!=00F -
n MEMEEIZIVET -
Zioan E MR IREIEIR: flag = 1,
EiZ R EwqIREE: wake_up_interruptible(&waq);




Compile Device Driver

n LB —{EE R 2calculator-driver-app - W45
seRiAYcal_drv.c LA LEE R 3K -

m Makefile
iR device driver&Zkernelt8E8 - KL 7BEE Ekernel & 3 i
it

s KERNELDIR ?= ~/workspace/linux-4.14.85/
x PWD := $(shell pwd)

A AE AR ok Y 152

= ARCH=arm

s CROSS_COMPILE=arm-none-linux-gnueabi-
Compile

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

m 7% Fmaketiea < oI IN4RsZF MRV device driver



" A
Application
m SBAkdriverzf - FEREAR O LIEB I driverE BB FIFTERETEY
calculator - IEFERENEMINHEprogramE it 2

m [HEldevice

calc_fd = open(DevPath, O_RDWR);

HdDevPath & " /dev/calculator” - 2 MEInux@®FT#FTIERNnode - BES
=2

m %= Aoperand
write(calc_fd, (void*)buffer, sizeof(unsigned int) * 2);

m % Aoperator
loctl(calc_fd, CMD_OP_SET, OP_LISTI[i]);

m BFEREH T
loctl(calc_fd, CMD_CTRL, 0x01);

m :E[0Result
read(calc_fd, (void*)&(result[i]), sizeof(int));

n REBM—EZZEBarm-none-linux-gnueabi-gccimzE
arm-none-linux-gnueabi-gcc calculate.c -o calculate
#WiTHE Acalculate



"
Simulation Flow

n BEAERMARAEZELRIVEREN calculate A ISCH]
busyboxfy_install/homed - il B &= L AR E FERYInitrd -

m Linux kernelRl@4.14.85 kR #RsZ 5T Ak FIzImage -
n ZEMO LRI Hgemu-system-armz2RETE R IEEE -

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

m FAREST AV BRI S device driver

# insmod cal_drv.ko




" AW
Simulation Flow
m EEFHFINBZEELinux kernelz2 EFMdrivergy i & 4755

# cat /proc/devices
’“I?JMFQE@JHIE%F?’%EZSZ(IFb%ﬁE’J%[EMETT“’;@?@EQH =) ©
n EFMMESILdeviceEE—Enode - ERRENZEEESH
5% 2 ¥ lbnodefiFE 5
# mknod /dev/calculator c 252 0

czzchar device, ZSZ%HJHJEEUE’J%F%(maJor number) 0A&minor
number - _




"
Simulation Flow

m L5 E P25 B/ dev/calculator g B B 5] PANEF]
FefEdriversiifZesElcalculator -
m BT IE AR SRR 2R (e[ 2 5 TR A
# ./calculate 1155

ERuBiiEzlry > (RN 28 Foperandilll H¥ATT 1 ITECERPRIUIA
BRRHIGE R — I P g SR T ISR » LUK IE




Conclusion

m TRIEMNLAB - HMUCESEET S —EFEE ecalculatorilz
BHXFEQEMUE#E -

n B EEARENOLDUERERIERERE - RPTREET M HERN

n BELEIEREFEERNITR(behaviont&Eit - AAERERETE
AEERENER - BIEERAGEE D ZLEAmESREF
R $EE RS (cycle accurate) -

n AMERPAEYE EMNER(E2CPU)ERAEEERESHDL)
F% - MEERREREEZT JEREEARRELInux OS - KL
KMz EBRBEHEEGQEMULUK SSystemCli D EifEHE - EQEMUZE
71#¥1TLinux - mMSystemCH 1= 5 8 38 68 55 (£ Lo ®i Zcalculator) -
= EINFAZEMMEREAREER - WHDIMERFERAK K
RIEAREIAREREL - DULEIESENEERERES -



» B
Conclusion

n B ERALAE - BACLIZUEERELS - WIE—RAEZqgemuEARFSL
zlinux kernel XinitrdE4s - &80 IEF P 1552 ,‘nE’J:”'“frJrIEPE&
EREMAVES -

#cd ~/workspace

#mkdir ~/Exec

#cd ~/Exec

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

#In -s {busybox-path}/initrd.gz .

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

#In -s {linux-kernel-path}/arch/arm/boot/dts/arm-realview-eb.dtb .

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



