FrHULH

BRERAFRIBRERTRSG

H A
¥ i
2 3
4
¥ B
ESHm:

XAEE
TENRZESRAK
TENRZESRAK

CS1601
U201614531

FHEE

738

AInER

2020 &£ 5 A 13 H



B %
1 L8 — Linux APBRERER....oooeeeeenresesesesesnens 1

1.1 SEIE BT ettt 1
1.2 SEB IR oottt 1
1.3 SEHRIRTT oottt 1
131 FFBRIBIR .ot 1
1.3.2 SEBEIRTT et 2
1.4 SERRIRR. oo 6
1AL SRR IR et 6
1.4.2 SEERIFIR LD oo 6

eyl Y 8
2 KT FBRGIEA. ..o ssianessssssaeees 13

2.1 SEBE R oot 13
2.2 SRBE AT et 13
2.3 SLRRIZTT oo 13
2.3. 1 FERIBIR ..ot 13
2.3.2 SRBIRTT oot 14
2.4 SEEGURI oo 14
2.4.1 SEBEITR oottt 14
2.4.2 KIRIFHTZIDMT oot 15

L L Y 17
3 L= EINREERIER.ccoorreereerrerrnrrresssssrssssssassssssas, 24



3.1 SEBE B Y oot 24

3.2 LB AT ettt 24
3.3 SLHRIRTT ot 24
B3 FERIBIR .ottt 24
3.3.2 TG IRTT oot 25
3.4 SEEGTRI oo 26
341 SEBEITR oottt 26
3.4.2 KIRIFILIZIDMT oot 27

Y 27
RO (UL R 47 PSR (R V4§ o 23 1/ IRN— 31

4.1 SEFEE Bt 31
A.2 TBBIT oottt 31
4.3 TRBEIRTT oot 31
A.3.1 FFRITIR. ..ottt 31
4.3.2 SEREIRTT oot 32
4.4 SRFBUFIH ..o 33
A.4. 1 STIEIPTR oot 33
4.4.2 SKEGUIHIZITMT oot 34

PSR SEBRIRAD ettt 35



1 3038 — Linux AR MEIER

1.1 L EK

ZIE Linux IBERZIER X,
THE Linux RAERZAIBLEEN;

ERELHIRERRHITIMTTE,

I m—A CiEF, HABRAXUXGENNIIE., BEXAEXK: FARAIEA
open/read/write...;

2. /—NCi1EF, HRBE AN EORNBR=1"HRHIEMNEITER, EXKA
2 Linux FTHIEIRZE, (otk/QU)=/MRIZFiEfE, SREEOER; =M i#HiEE

PIET,
1.3 SRR

1.3.1 LR

recolic@RECOLICMPC

OS: Manjaro 20.0 Lysia

Kernel: x86_64 Linux 4.19.120-1-MANJARO
Uptime: 21m

Packages: 1852

Shell: fish 3.1.1

Resolution: 1920x1080

DE: GNOME 3.36.2

WM: Mutter

WM Theme:



GTK Theme: Adwaita [GTK2/3]
Icon Theme: Adwaita

Font: Cantarell 11

Disk: 65G / 111G (62%)

CPU: Intel Core m3-7Y30 @ 4x 2.6GHz [61.0°C]

GPU: Intel Corporation HD Graphics 615 (rev 02)
RAM: 2968MiB / 3827MiB

FTEFEMR, FRLEMATE C++XB, HREBTHE KU rlib BE
(https://github.com/recolic/rlib). LttiE2FFEFBRBIIHIEREEISLI.

IESLIeFRSMER gee 9.3.0 B9 C++2a iRk

1.3.2 SRIRigit

EBRLRAT 1 MSLBAT 2 WBECE, BASRIMTHENER:

—

. cp 12fF. HEXR--gui 28, JLEEAEEXA GUI I8,

2. E¥1EF. ©iHA 3 X L@ cp 2F, A% L--qui . FHEIEIRITAY
mREE, ARER 3 cp BFNHEEE.

BATE SR —NERR GUI, XEERERA gtkmm MEREIBZMEHE

O, BARRBIT:

#include <gtkmm.h>

class ProcGUI : public Gtk::Window
{
public:
ProcGUI(std::string title, std::string initTxt)
: m_txt(initTxt.c_str()), copiedBytes(0), finished(false) {
set_title(title.c_str());
set_border width(10);
dispatcher.connect(sigc::mem_fun(*this,
&ProcGUI::dispatcherHandler));
add(m_txt);
m_txt.show();

}
virtual ~ProcGUI() {}



std::atomic<size_t> copiedBytes;
std::atomic<bool> finished;
Glib::Dispatcher dispatcher;
protected:
Gtk::Label m_txt;
void dispatcherHandler() {
auto prefix = finished ? "Finished: " : "Copied: ";
std::string S = std::string() + prefix +
fsizeToString(copiedBytes) + "B";
m_txt.set_text(s.c_str());
}
b

bEfa, FATXY cp RFMEEEIZEHRITRI. NREMXEAREE, €
ERRS R R R AR EZ B AR XX F A I8 0. @A, RGN E

GUI EO77FE, WEXREH GUIBOMNARE, BRENASKEHE.

void do_copy(string src, string dst, ProcGUI *guiPtr) {

auto srcFd = open(src.c_str(), O_RDONLY);

auto dstFd = creat(dst.c_str(), get _file_permission(src));

if(srcFd == -1) throw std::runtime_error("Unable to open {} for
read, {}" rs.format(src, strerror(errno)));

rlib_defer([&]{ close(srcFd); });

if(dstFd == -1) throw std::runtime_error("Unable to open {} for
write, {}" rs.format(src, strerror(errno)));

rlib_defer([&]{ close(dstFd); });

constexpr size_t buf size = 4096; // 64K

char buf[buf_size];

time_t last_update_time = time(NULL);

while(true) {
auto size = read(srcFd, buf, buf size);
if(size == -1) throw std::runtime_error("read error");
if(size == 0) break; // EOF
rlib::fd1O::writen_ex(dstFd, buf, size);

if(quiPtr) {
guiPtr->copiedBytes += size;
if(auto  curr_time = time(NULL); curr_time >

last_update_time) {
last_update_time = curr_time;
guiPtr->dispatcher.emit(); // Only once per second.



}
if(quiPtr) {
guiPtr->finished = true;
guiPtr->dispatcher.emit();
}

&fa, Acp BFREME— main B, ARLIBWMANGSITESH. IR

Z 2R GUI, FEIE—1 ProcGUI 3£fl, 1S5 HRY title fEABDT].

int main(int argc, char **argv) {

opt_parser args(argc, argv);

bool guiMode = args.getBoolArg("--gui");

auto windowTitle = args.getValueArg("--title", false,
args.getSelf());

if(args.data().size() !'= 2)

throw std::runtime_error("Copies two file stream.\nUsage: cp

$srcFname $dstFname\nOptions: [--gui] [--title $title]");

auto src = args.data()[0];

auto dst = args.data()[1];

// GUI business.
auto app = Gtk::Application::create(); // Requires GTKmm 3.6+ to
set empty application id. See Ref.
ProcGUI procGUI(windowTitle, "Copied: 0B");
if(guiMode) {
std::thread(&do_copy, src, dst, &procGUI).detach();
app->run(procGUI);

}
else {

do_copy(src, dst, nullptr);
}

FEEMTUER cp BFE, FANEFMESRERT. BREM 3 M
BEBFEAFEXHER, AR fork tH 3 MEFE, FIA rlib #Y execs &L, +F cp
EFAERNSENT 3B, EEEENE, FERIMREGUIEOMNIR

& BRI T AR

int main(int argc, char **argv) {



// INPUT --> PIPE1 --> PIPE2 --> OUTPUT

/! ProcA ProcB ProcC

rlib::opt_parser args(argc, argv);

if(args.data().size() !'= 2)

throw std::runtime_error("Copies two file stream.\nUsage:

game $srcFname $dstFname");

auto src = args.data()[0];

auto dst = args.data()[1];

auto pipel = "/tmp/recolic-hust-os-fifo-518922714", pipe2 =
"/tmp/recolic-hust-os-fifo-125350723";
remove(pipel); remove(pipe2); // Just make a try. No error check.
if(mkfifo(pipel, 0666) == -1 || mkfifo(pipe2, 0666) == -1)
throw std::runtime_error("mkfifo");

auto pids = std::make_pair(fork(), fork());

if(pids.first == -1 || pids.second == -1)
throw std::runtime_error("fork");

rlib::printin(pids.first, pids.second);

if(pids.first == 0 && pids.second == 0)
exit(0); // Too many processes...
if(pids.first == 0) {
/] Proc A
rlib::execs("./cp", std::vector<std::string>{src, pipel, "--gui",
"--title", "A"});
}
else if(pids.second == 0) {
/] Proc B
rlib::execs("./cp", std::vector<std::string>{pipel, pipe2,
"--qui", "--title", "B"});
}
else {
/] Proc C
rlib::execs("./cp", std::vector<std::string>{pipe2, dst, "--gui",
"--title", "C"});
}

throw std::runtime_error("execl returns.");



1.4 SERER

1.4.1 SRR IR

!

BAENKBEMEHITREIRT, W GUI, #BILZEXHENEEERH#ITI.

I

&=, 7 cp F2FRSCH main K. FBEE#ETT cp F2RAOMIE.

7£ cp BFEMIAEIEF, 3-ball-game 7@ fork #1 execs KA 3 X
cp e, HBA cpEFMIGUITHEE. BfE, ARG XE M EFHITER
Mid, REBFEFTIELER.

1.4.2 KRR IDS

B3 cp FBEFHITMIE, ¥ archlinux 2020 £ 2 BRSEESIE#HTEN,
MK 650MB. MIXRIBENEFEIEERE TR, EES linux B cp 2
FHEY, XEASTER. Nt TEN TERR.

b 1 git:(master) x 1s

3-ball-game.cc cp.cc Makefile test.out wutil.hpp

b 1 git:(master) x make

g++ -std=c++2a -03 “pkg-config gtkmm-3.0 --cflags --libs® cp.cc -o cp

g++ -std=c++2a -03 3-ball-game.cc -o 3-ball-game

+ 1 git:(master) x ./cp ~/pending backup data/images/archlinux-2026.02.01-x86 64.iso test.iso

1 git:(master) x sha256sum ~/pending backup data/images/archlinux-2020.02.01-x86 64.iso test.iso
5T f5ac28624865932fd09577314175d5180ala7666b726f8bcda67b78cbcOb4@ /home/recolic/pending backup data/
5ff5ac28624865932fd09577314175d5180ala7666b726T8bcdab7b78cbcOb4d test.iso

b 1 git:(master) x |

REN 3 #HIZEEY (3-ball-game) ZF#HTMIX. BHFEHITRHRIF, FH
archlinux $R&3 & TS, #EILTEFEBEERE/R 3 ANEQ, 840ME0E

REIEMERIRIFEINERE. EFREWNTERMR.
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/1# ----- 3-ball-game.cc

#include <utility>

#include <stdlib.h>

#include <unistd.h>

#include <rlib/stdio.hpp>

#include <rlib/opt.hpp>

#include <rlib/sys/unix_handy.hpp>

#include <sys/types.h>
#include <sys/stat.h>

int main(int argc, char **argv) {

// INPUT --> PIPE1 --> PIPE2 --> OUTPUT

/! ProcA ProcB ProcC

rlib::opt_parser args(argc, argv);

if(args.data().size() !'= 2)

throw std::runtime_error("Copies two file stream.\nUsage:

game $srcFname $dstFname");

auto src = args.data()[0];

auto dst = args.data()[1];

auto pipel = "/tmp/recolic-hust-os-fifo-518922714", pipe2
"/tmp/recolic-hust-os-fifo-125350723";
remove(pipel); remove(pipe2); // Just make a try. No error check.
if(mkfifo(pipel, 0666) == -1 || mkfifo(pipe2, 0666) == -1)
throw std::runtime_error("mkfifo");

auto pids = std::make_pair(fork(), fork());

if(pids.first == -1 || pids.second == -1)
throw std::runtime_error("fork");

rlib::printin(pids.first, pids.second);

if(pids.first == 0 && pids.second == 0)
exit(0); // Too many processes...
if(pids.first == 0) {
/] Proc A
rlib::execs("./cp", std::vector<std::string>{src, pipel, "--gui",
"--title", "A"});
}
else if(pids.second == 0) {
/] Proc B



rlib::execs("./cp", std::vector<std::string>{pipel, pipe2,
"--qui", "--title", "B"});
}
else {
/] Proc C
rlib::execs("./cp", std::vector<std::string>{pipe2, dst, "--gui",
"--title", "C"});
}

throw std::runtime_error("execl returns.");

/1# ----- cp.cc

#include <rlib/sys/sio.hpp>
#include <rlib/stdio.hpp>
#include <rlib/opt.hpp>
#include <rlib/string.hpp>
#include <thread>
#include "util.hpp"

using namespace rlib;
using namespace rlib::literals;

void do_copy(string src, string dst, ProcGUI *guiPtr);

int main(int argc, char **argv) {

opt_parser args(argc, argv);

bool guiMode = args.getBoolArg("--gui");

auto windowTitle = args.getValueArg("--title", false,
args.getSelf());

if(args.data().size() !'= 2)

throw std::runtime_error("Copies two file stream.\nUsage: cp

$srcFname $dstFname\nOptions: [--gui] [--title $title]");

auto src = args.data()[0];

auto dst = args.data()[1];

/! GUI business.
auto app = Gtk::Application::create(); // Requires GTKmm 3.6+ to
set empty application id. See Ref.

ProcGUI procGUI(windowTitle, "Copied: 0B");

if(guiMode) {
std::thread(&do_copy, src, dst, &procGUI).detach();
app->run(procGUI);

}

else {



do_copy(src, dst, nullptr);

}

void do_copy(string src, string dst, ProcGUI *guiPtr) {

auto srcFd = open(src.c_str(), O_RDONLY);

auto dstFd = creat(dst.c_str(), get _file_permission(src));

if(srcFd == -1) throw std::runtime_error("Unable to open {} for
read, {}" rs.format(src, strerror(errno)));

rlib_defer([&]{ close(srcFd); });

if(dstFd == -1) throw std::runtime_error("Unable to open {} for
write, {}" rs.format(src, strerror(errno)));

rlib_defer([&]{ close(dstFd); });

constexpr size_t buf size = 4096; // 64K

char buf[buf_size];

time_t last_update_time = time(NULL);

while(true) {
auto size = read(srcFd, buf, buf size);
if(size == -1) throw std::runtime_error("read error");
if(size == 0) break; // EOF
rlib::fd1O::writen_ex(dstFd, buf, size);

if(quiPtr) {
guiPtr->copiedBytes += size;
if(auto  curr_time = time(NULL); curr_time >

last_update_time) {
last_update_time = curr_time;
guiPtr->dispatcher.emit(); // Only once per second.

}
}
}
if(quiPtr) {
guiPtr->finished = true;
guiPtr->dispatcher.emit();
}

[[# ----- Makefile

CXX ?= g++
CXXFLAGS = -std=c++2a -03

10



def:

$(CXX) $(CXXFLAGS) "pkg-config gtkmm-3.0 --cflags --libs™ cp.cc
-0 Cp

$(CXX) $(CXXFLAGS) 3-ball-game.cc -0 3-ball-game

clean:
rm -f cp 3-ball-game

/1# ----- util.hpp
#ifndef R_HUST OS_DESIGN_UTIL_HPP_
#define R_HUST OS_DESIGN_UTIL_HPP_ 1

#include <sys/types.h>
#include <sys/stat.h>
#include <unistd.h>
#include <string>
#include <atomic>
#include <stdexcept>

inline mode_t get_file_permission(std::string fname) {
struct stat statbuf;
auto res = stat(fname.c_str(), &statbuf);
if(res == -1)
throw std::runtime_error(std::string("Unable to stat file ") +
fname);
return statbuf.st_ mode;

}

/! Copied from
https://github.com/recolic/hust-os-exp/blob/master/fs_prettyprint.hp
P
inline std::string fsizeToString(const size_t fsize) {

if(fsize < 1024)

return std::to_string(fsize);

const auto KiB = (double)fsize / 1024.;

if(KiB < 1024) return std::to_string(KiB) + "Ki";

const auto MiB = KiB / 1024.;

if(MiB < 1024) return std::to_string(MiB) + "Mi";

const auto GiB = MiB/1024.;

if(GiB < 1024) return std::to_string(GiB) + "Gi";

const auto TiB = GiB / 1024.;

if(TiB < 1024) return std::to_string(TiB) + "Ti";

11



const auto PiB = TiB / 1024.;
return std::to_string(PiB) + "Pi";
}

#include <gtkmm.h>

class ProcGUI : public Gtk::Window
{
public:
ProcGUI(std::string title, std::string initTxt)
: m_txt(initTxt.c_str()), copiedBytes(0), finished(false) {
set_title(title.c_str());
set_border width(10);
dispatcher.connect(sigc::mem_fun(*this,
&ProcGUI::dispatcherHandler));
add(m_txt);
m_txt.show();

}
virtual ~ProcGUI() {}

std::atomic<size_t> copiedBytes;
std::atomic<bool> finished;
Glib::Dispatcher dispatcher;
protected:
Gtk::Label m_txt;
void dispatcherHandler() {
auto prefix = finished ? "Finished: " : "Copied: ";
std::string S = std::string() + prefix
fsizeToString(copiedBytes) + "B";
m_txt.set_text(s.c_str());
}
b

#endif

12



2 K FIBRRAIRA

2.1 LB/

ZIE Linux IBERZIER X,
THE Linux RAERZAIBLEEN;

SRS BB IE R ARSI 5%,
2.2 SRENAE

. RZgmiE. £, BIARZE;

2. FBRGIEATI: KU P, VIRLE,
2.3 KR

2.3.1 FEWIE

recolic@RECOLICMPC

OS: Manjaro 20.0 Lysia
Kernel: x86_64 Linux 4.19.120-1-MANJARO
Uptime: 21m

Packages: 1852

Shell: fish 3.1.1

Resolution: 1920x1080

DE: GNOME 3.36.2

WM: Mutter

WM Theme:

GTK Theme: Adwaita [GTK2/3]
Icon Theme: Adwaita

Font: Cantarell 11

Disk: 65G / 111G (62%)

CPU: Intel Core m3-7Y30 @ 4x 2.6GHz [61.0°C]



GPU: Intel Corporation HD Graphics 615 (rev 02)
RAM: 2968MiB / 3827MiB

ARSI FF &L FEHER Linux5.5 lRARFTFEHD.
FEIENR, XRXROME C++R1E, RHBTHESLU rlib E
(https://github.com/recolic/rlib). LttiE2FFEFTBXBIIHIEREEISLI.

I R38R gcc 9.3.0 B C++2a FRk.
2.3.2 LRt

RREBRMER, AFBEIZARALAREMP, XN AR RZIE
(https://www.kernel.org/doc/html/v5.5/process/adding-syscalls.html),
FHRBEXAEMHA— 2 — S # TR A ARG INED .

RIBRZARENSE, MNIHETUTILANTR:

1. {824 syscall_32.tbl #1 syscall_64.tbl, ¥k syscall &ZBIIARIFIERA.

N

. {824 syscalls/linux.h, HEH0FFEY asm linkage FF3kH9 syscall EEERFEHR.

w

. {&fX uapi/asm-generic/unistd.h, F|F_ SYSCALL 7, 1&H0{RAY syscall.

NS

. {824 sys_ni.c, FJA COND_SYSCALL 7=, 1&#i9 syscall JOAFIE.
5. EINFRAVIRESIE/homework/hust_cp.c F3 M f Makefile, test.c, ERT{E

t¥/Makefile, 1##Y homework BXIIA Makefile 4mi¥ targets(core-y) .

2.4 SEIRIAA

2.4.1 SRS IR

BRI 2.3.2 THERIRITT, TRARAERXXEERNTIR. BRI

hust_cp.c, f£F SYSCALL DEFINE3 7%, EIIRGIAE hust_cp. ERENNTE
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NERPARZSHENRS, kernel_read_by_fd # kernel_write_by_fd. X4
AGARES 2 NRAPSHERS, srcname #l dstname. B — MY, R
BB EFTARRIRI.

hust_cp XNMRFIFA, FEA—NEMLUFKE—F cp FFTEW, EA
ksys_open, ksys_close, kernel_read_by fd #1 kernel_write_by fd #17i&

YE. 7£ kernel_read_by fd #1 write &, 1§ kernel_read #0 kernel_write

BERRTFNRL, HWiFA%Z, BIIEARSE. MEiE%wiE test.c #EITMIR.

2.4.2 SEREAR FuLS

BRmIEAZNAE, A Manjaro BERIAZECE XX HE A .config X+,

AR5 28 £iB1T make -j64 WNIZHITRIE.
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AR drivers/char/ipmi/built-in.a
CcC drivers/char/agp/backend.o

AR drivers/clk/actions/built-in.a
AR drivers/clk/analogbits/built-in.a
AR drivers/clk/becm/built-in.a

AR drivers/clk/imgtec/built-in.a
AR drivers/clk/imx/built-in.a

AR drivers/clk/ingenic/built-in.a
AR drivers/clk/mediatek/built-in.a
CcC fs/namei.o

EC net/ipve/ip6 output.o

AR drivers/clk/mvebu/built-in.a
AR drivers/clk/renesas/built-in.a
cC drivers/char/agp/frontend.o

AR drivers/clk/ti/built-in.a

CcC drivers/clk/x86/clk-pmc-atom.o
G o net/ipvd/datagram.o

CC net/mac80211/wep.o

AR drivers/clk/x86/built-in.a

cC drivers/clk/clk-devres.o

cC drivers/char/agp/generic.o

cC drivers/clk/clk-bulk.o

G net/ipvéd/raw.o

EE drivers/clk/clkdev.o

cr net/macrBA211 farad ani n

s/t

EEmIFTAUE, 81T make modules_install 3 modules #1T4RIFFZE

dx
%<

hoot@instance—1:~fhust—us—design—kernel# make modules install
INSTALL drivers/thermal/intel/x86 pkg temp thermal.ko
INSTALL fs/efivarfs/efivarfs.ko

INSTALL net/ipv4/netfilter/iptable nat.ko

INSTALL net/ipv4/netfilter/nf log arp.ko

INSTALL net/ipv4/netfilter/nf log ipv4d.ko

INSTALL net/ipv6/netfilter/nf log ipv6.ko

INSTALL net/netfilter/nf log common.ko

INSTALL net/netfilter/xt LOG.ko

INSTALL net/netfilter/xt MASQUERADE.ko

INSTALL net/netfilter/xt addrtype.ko

INSTALL net/netfilter/xt mark.ko

INSTALL net/netfilter/xt nat.ko

DEPMOD 5.5.5RECOLIC-gbf026168b

&fa, £/ make install FAZERIRSZBZRET.
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root@instance-l:~/hust-os-design-kernel# make install
h ./arch/x86/boot/install.sh 5.5.5RECOLIC-gbf026168b arch/x86/boot/bzImage \
System.map "/boot"
run-parts: executing /etc/kernel/postinst.d/apt-auto-removal 5.5.5RECOLIC-ghT026168b /boot/vmli
uz-5.5.5RECOLIC-ghf026168b
run-parts: executing /etc/kernel/postinst.d/initramfs-tools 5.5.5RECOLIC-ghf026168b /boot/vmlin
z-5.5.5RECOLIC-gbf026168b
pdate-initramfs: Generating /boot/initrd.img-5.5.5RECOLIC-gbT026168b
run-parts: executing /etc/kernel/postinst.d/unattended-upgrades 5.5.5RECOLIC-gbf0826168b /boot/v
linuz-5.5.5RECOLIC-ghf026168b
run-parts: executing /etc/kernel/postinst.d/update-notifier 5.5.5RECOLIC-gbf026168b /boot/vmlin
z-5.5.5RECOLIC-gbT026168b
run-parts: executing /etc/kernel/postinst.d/zz-update-grub 5.5.5RECOLIC-gbf026168b /boot/vmlinu
-5.5.5RECOLIC-gbT026168b
ourcing file "/etc/default/grub’'
ourcing file */etc/default/grub.d/50-cloudimg-settings.cfg’
enerating grub configuration file ...
ound linux image: /boot/vmlinuz-5.5.5RECOLIC-gbf026168b
ound initrd image: /boot/initrd.img-5.5.5RECOLIC-gbf826168b
ound linux image: /boot/vmlinuz-5.3.0-1018-gcp
ound initrd image: /boot/initrd.img-5.3.0-1018-gcp
dding boot menu entry for EFI firmware configuration
one
ront@instance-1:~/hust-os-desian-kernel# N

BEREIENE, ARLESSE LILO NAITHRF(IE] Manjaro), RF1EF4wiF
9 bzimage £ &% /boot/vmlinuz-x.x-x86_64, F#*iz{T grub-mkconfig
#0 mkinitcpio, BIRIF&I5ERY install EFRITIE. LEERESR.

BEXEMRNE, EBEANINFHNAZP. EFHAKT &KIF
homework/test.cc 7Fiz17, FILAMIZRE, RACEZEERMINZ, FEHEBET

RBER ST FE BT TR AIEMTERL, LM i290 FEIFfR.

+ homework git:(master) x uname -a

Linux RECOLICMPC 5.5.5-RECOLIC #1 SMP Sat May 2 17:23:28 UTC 2020 x86 64 GNU/Linux

+ homework git:(master) x ./test —/pending_backup data/images/archlinux-2020.02.01-x86 64.is0 test.iso

+ homework git:(master) x sha256sum -/pending_backup data/images/archlinux-2020.02.01-x86 64.iso test.iso
5TT5ac286248659321d09577314175d5180a1a7666b726T8bcdab7b78cbc9b40 /home/recolic/pending backup data/images/
5ffbac286248659321d09577314175d5180ala7666b726T8bcdab7b78cbc9hb40 test.iso

+ homework git:(master) x ||

ERXRFEYF, REENTFMRERMFIZAZTRERHENXE, FiR

RSB IEASEI A2 SRR £

B SKIRAE

BT AR EHEN Linux RZAEDR, FLESLIRABER git diff FETVEAH.

[REARZKIBMAIE S Linux5.5 B release &

diff --git a/Makefile b/Makefile
index 1f7dc3a2e..c1f5¢c4785 100644
--- a/Makefile
+++ b/Makefile
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@@ -1014,7 +1014,7 @@ export MODORDER
$(extmod-prefix)modules.order
export MODULES _NSDEPS := $(extmod-prefix)modules.nsdeps

ifeq ($(KBUILD_EXTMOD),)
-core-y  += kernel/ certs/ mm/ fs/ ipc/ security/ crypto/ block/
+core-y += kernel/ certs/ mm/ fs/ ipc/ security/ crypto/ block/
homework/

vmlinux-dirs := $(patsubst %/,%,$(filter %/, $(init-y) $(init-m) \
$(core-y) $(core-m) $(drivers-y) $(drivers-m) \
diff --git a/arch/x86/entry/syscalls/syscall_32.tbl
b/arch/x86/entry/syscalls/syscall_32.tbl
index 15908eb9b..eed271a78 100644
--- a/arch/x86/entry/syscalls/syscall_32.tbl
+++ b/arch/x86/entry/syscalls/syscall_32.tbl
@@ -440,3 +440,4 @@

433 i386 fspick sys_fspick __1a32_sys fspick
434 i386 pidfd_open sys_pidfd_open

__1a32_sys pidfd_open
435 i386 clone3 sys_clone3 __ia32_sys clone3
+436 386 hust_cp sys_hust cp
__ia32_sys hust cp
diff --git a/arch/x86/entry/syscalls/syscall_64.tbl

b/arch/x86/entry/syscalls/syscall_64.tbl
index c29976eca..1029532f7 100644

--- a/arch/x86/entry/syscalls/syscall_64.tbl
+++ b/arch/x86/entry/syscalls/syscall_64.tbl
@@ -357,6 +357,7 @@

433 common fspick __X64 sys fspick

434 common pidfd_open __X64 sys pidfd_open

435 common clone3 __X64_sys clone3/ptregs

+436 common hust _cp __X64 sys hust cp

#

# x32-specific system call numbers start at 512 to avoid cache
impact

diff --git a/homework/Makefile b/homework/Makefile
new file mode 100644

index 000000000..ab571e4ac

--- /dev/null

+++ b/homework/Makefile

@@ -0,0 +1,8 @@

+o0bj-y:=hust_cp.o
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+

+recolic_test:

+ g++ test.cc -o test

+

+clean:

+ rm -f test

+

diff --git a/homework/hust_cp.c b/homework/hust _cp.c
new file mode 100644

index 000000000..b9b230bb6

--- /dev/null

+++ b/homework/hust_cp.c

@@ -0,0 +1,102 @@

+/* Syscall "hust_cp” as HUST homework, with syscall number 436,
+ * Copyright (C) Recolic Keghart <root@recolic.net>, 2020.
+ **/

+

+#include <linux/kernel.h>

+#include <linux/init.h>

+#include <linux/sched.h>

+#include <linux/syscalls.h>

+

+#define auto __auto_type

+

+static ssize_t kernel _read_by fd(int fd, void *buf, size_t count, loff t
*pos) {

+ struct fd f = fdget(fd);

+ ssize_t ret = -EBADF;
+

+ if (!f.file)

+ goto out;

+

+ ret = kernel_read(f.file, buf, count, pos);
+out:

+ fdput(f);

+ return ret;

+}

+

+static ssize_t kernel_write_by fd(int fd, const void *buf, size_t count,
loff_t *pos) {

+ struct fd f = fdget(fd);

+ ssize_t ret = -EBADF;
+

+ if (!f.file)
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+ goto out;

+

+ ret = kernel_write(f.file, buf, count, pos);
+out:

+ fdput(f);

+ return ret;

+}

+

+#define HUST_CP_BUF_SIZE 4096

+SYSCALL DEFINE3(hust cp, const char __user *, srcfname, const
char __user *, dstfhame, umode_t, dst mode) {

+ int ret;

+

+ long src_fd = ksys_open(srcfname, O_RDONLY, NULL);

+ long dst fd = ksys open(dstfname, O CREAT | O_WRONLY |

O_TRUNC, dst_mode);

+ if(src_fd < 0 || dst fd < 0) {

ret = src_ fd < 0 ? src_fd : dst_fd;
goto out_without close;

}

void *buf = vmalloc(HUST_CP_BUF_SIZE); // will be vmalloc-ed
if('buf) {

ret = -ENOMEM,;

goto out;

}

ssize_t actual_size;
loff_t src_pos = 0, dst_pos = 0;
while(true) {
actual size = kernel read by fd(src_fd, buf,
UST _CP_BUF_SIZE, &src_pos);
if(actual_size < 0) {
ret = actual_size;

+t++++++++IT++++++ A+

goto out;
}
if(actual_size == 0) {
break;
}
actual_size = kernel_write_by fd(dst fd, buf, actual_size,
&dst_pos);
+ if(actual_size < 0) {
+ ret = actual_size;
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goto out;

+ ksys close(src_fd);
+ ksys close(dst fd);
+out_without _close:

+ if(buf)

+ vfree(buf);
+ return ret;

+

+}

+

diff --git a/homework/test.cc b/homework/test.cc
new file mode 100644

index 000000000..afda0050d

--- /dev/null

+++ b/homework/test.cc

@@ -0,0 +1,24 @@

+#include <sys/syscall.h>
+//#include <linux/kernel.h>
+#include <unistd.h>

+

+#include <rlib/opt.hpp>

+#include <rlib/stdio.hpp>
+#include <stdexcept>

+

+#define _ NR_hust cp 436

+

+int main(int argc, char **argv) {

+ rlib::opt_parser args(argc, argv);
+ if(args.data().size() '= 2)

+ throw std::runtime_error("Usage: ./this $srcFname
$dstFname");

+

+ const char *src = args.data()[0].c_str();

+ const char *dst = args.data()[1].c_str();

+

+ int ret = syscall(__NR_hust_cp, src, dst, 0644);

+ if(ret 1= 0)

+ rlib::printfIn("Copy failed ({}), {}.", ret, strerror(errno));
+ return ret;

+}
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+
diff --git a/include/linux/syscalls.h b/include/linux/syscalls.h
index 5262b7a76..3863fa55a 100644
--- a/include/linux/syscalls.h
+++ b/include/linux/syscalls.h
@@ -1001,6 +1001,12 @@ asmlinkage long
sys_pidfd_send_signal(int pidfd, int sig,
siginfo_t __user *info,
unsigned int flags);

+/* User defined syscall by Recolic Keghart <root@recolic.net>,

+ * as a naive homework.

+ **/

+asmlinkage long sys _hust cp(const char _ user *srcfname, const
char __user *dstfname, umode_t dst_mode);

+/* User defined syscall end */

+
/*
* Architecture-specific system calls
*/
diff --git a/include/uapi/asm-generic/unistd.h

b/include/uapi/asm-generic/unistd.h
index 1fc8faabe..e7147a89f 100644
--- a/include/uapi/asm-generic/unistd.h
+++ b/include/uapi/asm-generic/unistd.h
@@ -850,9 +850,11 @@ __SYSCALL(__NR pidfd_open,
sys_pidfd_open)

#define _ NR clone3 435

__ SYSCALL(__NR clone3, sys clone3)
#endif
+#define _ NR_hust cp 436
+ SYSCALL(__NR_hust_cp, sys_hust cp)

#undef _ NR syscalls
-#define _ NR syscalls 436
+#define _ NR_syscalls 437

/*
* 32 bit systems traditionally used different
diff --git a/kernel/sys_ni.c b/kernel/sys ni.c
index 3b69a560a..2e38fe870 100644
--- a/kernel/sys_ni.c
+++ b/kernel/sys_ni.c
@@ -472,3 +472,6 @@ COND_SYSCALL(setuid16);
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/* restartable sequence */

COND _SYSCALL(rseq);
+
+/* HUST homework by recolic */
+COND_SYSCALL(hust_cp);
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3 L= BN EWINIERF

3.1 SCIEEH/Y

ZIE Linux IBERZIER X,
THE Linux RAERZAIBLEEN;

SRS BB IE R ARSI 5%,
3.2 SRENAE

ERBINMR S WINIEF T E, BT RRTTE, BN — M F AR & RNERF,

HINRERI AR R, ETRZEFX,

—

BEAXER: BRILUFHFIZEIR 5;

iR REENX, REHE. B, 128,
3.3 LIgigit

3.3.1 ARME

recolic@RECOLICMPC

OS: Manjaro 20.0 Lysia

Kernel: x86_64 Linux 4.19.120-1-MANJARO
Uptime: 21m

Packages: 1852

Shell: fish 3.1.1

Resolution: 1920x1080

DE: GNOME 3.36.2

WM: Mutter

WM Theme:

GTK Theme: Adwaita [GTK2/3]
Icon Theme: Adwaita
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Font: Cantarell 11
Disk: 65G /111G (62%)

CPU: Intel Core m3-7Y30 @ 4x 2.6GHz [61.0°C]

GPU: Intel Corporation HD Graphics 615 (rev 02)
RAM: 2968MiB / 3827MiB

3.3.2 R

FRHEMNEFNALY, BEAREAZARFAREBRHBNRNIEFTL
XAE. AR, Linux RAZIRIREFEZ R4 init 70 exit R, BATEXE &
28, DANEMNNFFFREHITYRNE, EMFHER

WFFHFIEZWIRNTER, FAEMA alloc_chrdev_region KA EEIRES,
SAIRMER cdev_init RYIAUFFAIRE. SH—tESMER, £H cdev_add 3k
BRI, ENFHIREEETUKERT. —B cdev_add %Ki, RZER]

BEEREMFITI A NRIARIFATIIRE, ELEOITEMBRIESME KL
Fehi/EBiEA cdev_add.

BAER T —1 file_operations 4514, FHiZHt T IEE —EXHRIENE
UK. ERASEIAR, open REIAA filp_open RITA T EMX MY, RAEHE
KA B BIBEE MY B, F a3 private data F. close E K iE B
filp_close RxATENXE. FEfE, read, write, lIseek Z{E¥ ] LAE 1Z1HH
vfs RIS R ELEITEM. ZEE, BATNFMFIREMPI UG — M B G—FiH

1TRIFT.
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struct file operations actual fops = {
.owner = THIS MODULE,
.open = hustmod fops open,
.release = hustmod fops release,
.read = hustmod fops read,
.write = hustmod fops write,
.Llseek = hustmod fops llseek

3.4 SRISAK
3.4.1 SEIRTTR

B, REARAARENIHETE, SIE— 1 Makefile. XETZWHAET
ifneq ($(KERNELRELEASE),)ZEA R ¥ITBECRE_RHEAZE X TH
Makefile FTiFS.

fEfE, #REBSLIIGTT BB BRI HITEM. WAL TIREIZE!T make

=

<. aJLAMIZRR], make BE#EAN T AZIEER modules fwi¥H %, BlEM

MIZERL T 4mi¥idiz. LES IRV T EFR.

-+ 3 git:(master) x 1s
hustmod.c Makefile rlib/
- 3 git:(master) x make
make -C /lib/modules/4.19.120-1-MANJARO/build M=/home/recolic/code/hust-os-design/3 modules
make[1]: Entering directory '/usr/lib/modules/4.19.120-1-MANJARO/build'’
CC [M] /home/recolic/code/hust-os-design/3/hustmod.o
Building modules, stage 2.
MODPOST 1 modules
cC /home/recolic/code/hust-os-design/3/hustmod.mod.o
LD [M] /home/recolic/code/hust-os-design/3/hustmod.ko
make[1]: Leaving directory '/usr/lib/modules/4.19.120-1-MANJARO/build"’
+ 3 git:(master) x ls
hustmod.c hustmod.ko hustmod.mod.c hustmod.mod.o hustmod.o Makefile modules.order Modu
+ 3 git:(master) x |

AJBAMIEREY, hustmod.ko BEE#wiZsF, EHAIERTT. ATHATRIE

HUSHEIREIRZR, BTLAFATI AR #1517 insmod hustmod.ko RKi#1TE% %

feia, FMz1T dmesg, MEBEBARAZAER, RN THEERAE:

[ 2387.897724] HUSTMOD: init
[ 2387.897728] HUSTMOD: device id MAJOR:MINOR = 236:0
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RIPRRE LML IS, XEFK1E1T mknod /dev/hustmod c 236 0
<, BRINIGIZMFEAFIZEZMETR vis £, sTEBEITHFITIRE. LRERIIWE

HREBAREIEETIET, REN/dev/hustmod XS24 TiR/ERNT].

+ 3 git:(master) x 11 /dev/hustmod
crw-r--r-- 1 root root 236, 0 May 12 18:40 [EENVETERIEE

3.4.2 SERIARAFDS

ERMFFIRERMNEFNNEH, MFFREXGNCIRR, B

HFAFIR&E X /dev/hustmod #H1TUI T — R 51K, "TCAFE, TR HY

=
w17

\;g — ~ [ Ra el N —1 88 ALl =y s -~ ,— ‘?;,—,: PgTS o ALz s .

i, 5, ENEFREHEIERTM, AAXGHITHIZENIRtEEIER @,

FrooL@RCELULLILMFL /N/r/Cc/n/ss (masLen)#

root@RECOLICMPC /h/r/c/h/3 (master)# cat /dev/hustmorc

root@RECOLICMPC /h/r/c/h/3 (master)# echo 123 =

root@RECOLICMPC /h/r/c/h/3 (master)# cat /dev/hus

123

root@RECOLICMPC /h/r/c/h/3 (master)# echo 456 =

root@RECOLICMPC /h/r/c/h/3 (master)# cat /dev
456

root@RECOLICMPC /h/r/c/h/3 (master)# echo 789 == /dev/hustmod

root@ECOLICMPC /h/r/c/h/3 (master)# cat /dev/hustmod

456

789

root@ECOLICMPC /h/r/c/h/3 (master)# cp /archlinux-2020.02.01-x86 64.iso fdev/hustmod
root@RECOLICMPC /h/r/c/h/3 (master)# sha256sum /dev/hustmod /farchlinux-2020.02.01-x86 64.is0

5ff5ac286248659321d09577314175d5180ala7666b726f8bcda67b78chc9b40 /dev/hustmod
5ff5ac28624865932fd09577314175d5180ala7666b726f8bcda67b78cbc9b4@ /archlinux-2020.02.01-x86 64.iso
root@RECOLICMPC /h/r/c/h/3 (master)# [

ERRSER, BAVEREZ—#, KMTARARERENTENET
PR TSR, ARAREMBE TEEBEFMNSTARNED, 2R BRI
HAENFARR, WARRIERFT linux AR BN ENBECENRENE. X
BaRERA], ERENREFIRTF, EERRERCHRFIZTHIES, HRER
SREYRTAEF RN BT R M RIFRIALK.

Biis% SKIRMCES

// hustmod.c
#include <linux/init.h>
#include <linux/module.h>
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#include <linux/cdev.h>

#include <linux/syscalls.h>
#include <linux/file.h>

#include "rlib/macro.hpp"
MODULE_LICENSE("Dual BSD/GPL");

#define DATA_FNAME "/.recolic-hust.buffer"
#define DEV_COUNT 1

dev_t dev id;

struct cdev actual_cdev;

#define CONTEXT_PTR ((struct session_context
*)filep->private_data)
struct session_context {

struct file *filep;

}

int hustmod_fops_open(struct inode *inode, struct file *filep) {
struct file *actual_filep = filp_open(DATA_FNAME, filep->f flags |
O_CREAT, 0000);
if(IS_ERR(actual_filep)) {
printk(KERN_ALERT "HUSTMOD: filp_open failed.\n");
return -1;

}

filep->private_data = vmalloc(sizeof(struct session_context));
if(filep->private_data == NULL) {
printk(KERN_ALERT "HUSTMOD: vmalloc failed.\n");
return -1;

}

CONTEXT_PTR->filep = actual_filep;
return O;

}

int hustmod_fops_release(struct inode *inode, struct file *filep) {
filp_close(CONTEXT_PTR->filep, NULL);
vfree(filep->private_data);
return O;

}

#define RLIB_IMPL_FALLBACK VFS(vfs_func, ...) \
__auto_type ret = vfs_func(CONTEXT_PTR->filep, _ VA_ARGS_ ); \
if(ret < 0) printk(KERN_ALERT "HUSTMOD: "
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RLIB_MACRO_TO_CSTR(vfs_func) " failed.\n"); \
return ret;

ssize_t hustmod_fops_read(struct file *filep, char __user *buf, size t
count, loff t *offset) {
RLIB_IMPL_FALLBACK VFS(vfs_read, buf, count, offset)

}

ssize_t hustmod_fops_write(struct file *filep, const char __ user *buf,
size_t count, loff_t *offset) {
RLIB_IMPL_FALLBACK VFS(vfs_write, buf, count, offset)

}

loff_t hustmod_fops_llseek(struct file *filep, loff_t offset, int whence) {
RLIB_IMPL_FALLBACK VFS(vfs_llseek, offset, whence)

}

struct file_operations actual _fops = {
.owner = THIS_MODULE,
.open = hustmod_fops_open,
.release = hustmod _fops_release,
.read = hustmod _fops_read,
.write = hustmod_fops_write,
Ilseek = hustmod fops_llseek

}

static int hustmod _init(void) {
printk(KERN_INFO "HUSTMOD: init\n");
int err = 0;

err = alloc_chrdev_region(&dev _id, 0, DEV_COUNT,
"hustmod_dev");
if(err) {
printk(KERN_ALERT "HUSTMOD: alloc_chrdev_region
returns %d", err);
return err;
}
printk(KERN_INFO "HUSTMOD: device id MAJOR:MINOR = %d:%d",
MAJOR(dev_id), MINOR(dev_id));

cdev_init(&actual _cdev, &actual_fops);
actual_cdev.owner = THIS_MODULE;
actual_cdev.ops = &actual_fops;

err = cdev_add(&actual _cdev, dev_id, 1);
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if(err) {
printk(KERN_ALERT "HUSTMOD: cdev_add returns %d", err);
return err;

}

return err;

}

static void hustmod_exit(void) {
printk(KERN_INFO "HUSTMOD: exit\n");
cdev_del(&actual_cdev);
unregister_chrdev_region(dev_id, DEV_COUNT);
}

module_init(hustmod_init);
module_exit(hustmod_exit);

[1## Makefile

ifneq ($(KERNELRELEASE),)

obj-m := hustmod.o

ccflags-y := -std=gnu99 -Wno-declaration-after-statement
else

KERNELDIR ?= /lib/modules/$(shell uname -r)/build

PWD := $(shell pwd)

hustmod.ko:
$(MAKE) -C $(KERNELDIR) M=%$(PWD) modules

clean:
$(MAKE) -C $(KERNELDIR) M=%$(PWD) clean

ins: hustmod.ko

insmod hustmod.ko

mknod /dev/hustmodO ¢ $$(dmesg | grep 'HUSTMOD: device id' |
tail -n 1 | sed 's/~.*MAJOR:MINOR = //g' | sed 's/:/ /')

rm:
rmmod hustmod

rm -f /dev/hustmodO

endif
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4 SRERMY QU HRP —IXERSR

4.1 LB/

ZIE Linux IBERZIER X,
THE Linux RAERZAIBLEEN;

ERELHIRERRHITIMTTE,

(EF—AXH(10M 5% 100M), 1RIUFLE ;
(2Q)BIt, BUXGRAERTIRESEM;

()ERIRME, XM BRERRE,
4.3 SKHEIRIT

4.3.1 FEWIE

recolic@RECOLICMPC

OS: Manjaro 20.0 Lysia
Kernel: x86_64 Linux 4.19.120-1-MANJARO
Uptime: 21m

Packages: 1852

Shell: fish 3.1.1

Resolution: 1920x1080

DE: GNOME 3.36.2

WM: Mutter

WM Theme:

GTK Theme: Adwaita [GTK2/3]
Icon Theme: Adwaita

Font: Cantarell 11

Disk: 65G / 111G (62%)
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CPU: Intel Core m3-7Y30 @ 4x 2.6GHz [61.0°C]

GPU: Intel Corporation HD Graphics 615 (rev 02)
RAM: 2968MiB / 3827MiB

4.3.2 KRRt

2, LinuxWBEXXHRACEBTEMMARZF. Linux i vfs 5
. MARZRREZEE XX ERE.
2. WX HBRGT HIRIZE, BIATIBRY loop iR&.
EHBNABTERRAZALRENXIERS, EN—NMINXERE, AR
— X HEEF loop iRE, AERXNTMIIRIZE ERIVLECHXERE.
NERIERXERGHE N rfs, BRITEELUUTRMERF:
I —NRIZARIR rfs.ko. BIRYVIAILET, EMXERE. RIRENEE, BIRXHE
A% EREZEEWHREARNEHITHIEFNE.
2. =N mkfs.rfs i2fF. ERERE—MRIZRE LV)AL rfs BIEXBIELSM, F
INEBIR, inode FELE.
RIBAZFT L EIENES, rfs.ko BEELUA T /LN KINEE:
. BMREE. MRERZGEMANBRXEZRE, EMANBIRERERELE. X
BEEER S RBIEH, @ super operations, inode_operations,
file_operations FTEZLHRYE S K K.
2. BRIRBLE. XERD REEH super_operations 5|, MEEEBXERSE
RIRBRIR. X EHE destroy inode #0 put_super.
3. inode 4. X&) R FEH inode_operations 51, MREEXNERLS

BV inode. 7E linux 4.10 LAIGEYAZ AR, X BE create, mkdir 1 lookup 1
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. IWHIBEREIMNXGZRERPRHERM, HINEFHE alloc_inode,
fill_inode, get/save inode, add dir/file record &4#BNE £, EBITERY inode
ML EEETIE.

4. X#&E4. 7 linux 4.10 LAFAIAZ P, 7E dir_operations ¥i& 7T

iterate iX/ api. ERY, FA18Y file_operations STIFREAKM read F1 write.

4.4 SEIER

4.4.1 LRTT

BEEM krfs.c, EXNMXERLINEZERZE. ARFARNRIE,

#AEBARRE krfs.h, F1E super.c, inode.c, file.c, dir.c /7 3R RV EIK

B

KL

¥

AERI mkfs.rfs.c, ERXNMXHEFRRM— main R, 73R
inode # super block EARIg & (HXEXH), FEMEIERHAFH TN
1A, XFRIRE BT T .

SAR1B1T make, EXRFHRIFEMRIZIRIR rfs.ko FITM 1T mkfs.rfs. 94
BXBITA TGS
insmod ./rfs.ko # IRARIZIER
mount -o loop,owner,group,users -t rfs 4GB.file mountpoint/ # £%

loop 1&&
cd mountpoint/
X HATERERNXGERARNT.
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4.4.2 SERIAR RS

R RER, AT EILERIE, FKMT bootstrap.fish iXNHIAR. X3

3

¥
M ik BY source X A M) A, BD ] & A rfs_create_test image,
rfs_mount_fs_image #0 rfs_unmount_fs EEFEMH<S

EMXHZRER, BATFIUEIR cat — M, =& echo —LERFE—4
X, #HTMAR. MR T B R,

root@RECOLICMPC /h/r/c/h/r/test (master)# rfs create test image test.o
6000+0 records in

6000+0 records out

24576000 bytes (25 MB, 23 MiB) copied, 0.0500006 s, 492 MB/s

block size = 4096, debug sizes=(sb)56,(in bitm)4096, (db bitm)4096, (in size)32
Writing root inode data block at pos @xc0B0

welcome Tile data block starts at pos OxdBe@

root@RECOLICMPC /h/r/c/h/r/test (master)# rfs_mount_ fs_image fest.o mountpoint/
root@RECOLICMPC /h/r/c/h/r/test (master)# cd mountpoint/
root@RECOLICMPC /h/r/c/h/r/t/mountpoint# 1s

test. txt

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# cat test.txt

RECOLIC rfs HUST 0S DESIGN test file.

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# echo hello world > 1.log
root@RECOLICMPC /h/r/c/h/r/t/mountpoint# cat 1.log

hello world

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# touch 2.log

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# 1s

l.log 2.log test.txt

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# 1ls -al

total 0O

-rw-r--r-- 1 root root 0 May 13 11:54 1.1log

-rw-r--r-- 1 root root 0 May 13 11:54 2.1o0g

-rw-rw-r-- 1 recolic recolic @ May 13 11:53 test.tixt

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# JJ

AUAEER], RN, EXGENIIER, XENRRUSHEENEIIER
Ttk
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root@RECOLICMPC /h/r/c/h/r/t/mountpoint# la
total @

-rwxrwxrwx 1 root root @ May 13 11:54 1l.log*
-rw-r--r-- 1 root root @ May 13 11:54 2.1l0g
-rwxrwxrwx 1 root root 0@ May 13 11:56 helo*

-rw-rw-r-- 1 recolic recolic @ May 13 11:53 test.txt
root@RECOLICMPC /h/r/c/h/r/t/mountpoint# cat 1l.log
hello world

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# cp 1l.1log 3.1lo0q
root@RECOLICMPC /h/r/c/h/r/t/mountpoint# cat 3.log
hello world

root@RECOLICMPC /h/r/c/h/r/t/mountpoint# la

total ©

-rwxrwxrwx 1 root root @ May 13 11:54 1.log*
-rw-r--r-- 1 root root @ May 13 11:54 2.1log
-rwxr-xr-x 1 root root @ May 13 11:57 3.log*
-rwxrwxrwx 1 root root @ May 13 11:56 helo*
-rw-rw-r-- 1 recolic recolic @ May 13 11:53 test.txt

root@RECOLICMPC /h/r/c/h/r/t/mountpoint#

M ARRI AR, TUHEATORETIgea8 IERR T1F.

RRXFKER—MRAKXENZER, ERETERNSAXGRENE I
gE. MEML LEIEXNFHARS, EEMKE linux RZFLEXHE, M—
A linux AZRIENHE. ERBEXE#TABNRMNERN, WENT
linux vfs EIMXHRFEMNEORITZEA, MRFVRTT BiE. B, WRE
BREMEXR, IM/NXERFHRITAAAP S fuse FITERM, HE— LR

RIS AF R BRITERE.

B SKIRAE

//# ----- dir.c
#include "krfs.h"

#if LINUX_VERSION_CODE < KERNEL_VERSION(3, 11, 0)
#error fs api changed in linux 3.11.0. Please use a better kernel to build my code!
#endif

int rfs_iterate(struct file *filp, struct dir_context *ctx) {
RLIB_KTRACE_FUNC(iterate);

auto inode = filp->f _path.dentry->d_inode;
auto sb = inode->i_sb;
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auto rfs_inode = RFS_INODE(inode);

if (ctx->pos) {
// TODO @Sankar: we use a hack of reading pos to figure if we have filled in data.
printk(KERN_ALERT "iterate, pos != 0.\n");
return O;

}
printk(KERN_INFO "readdir: rfs_inode->inode_no=%llu", rfs_inode->inode_no);

if (unlikely(!S_ISDIR(rfs_inode->mode))) {
printk(KERN_ERR "Inode %llu of dentry %s is not a directory\n", rfs_inode->inode_no,
filp->f_path.dentry->d_name.name);
return -ENOTDIR;

}
auto bh = sb_bread(sb, rfs_inode->data_block_no);
BUG_ON(!bh);

auto dir_record = (struct rfs_dir_record *)bh->b_data;
for (auto i = 0; i < rfs_inode->dir_children_count; i++) {
dir_emit(ctx, dir_record->filename, RFS_FILENAME_MAXLEN, dir_record->inode_no,
DT_UNKNOWN);
ctx->pos += sizeof(struct rfs_dir_record);
dir_record++;

}
brelse(bh);
return O;

}
//# ----- file.c
#include "krfs.h"

ssize_t rfs_read(struct file *filp, char __user *buf, size_t len, loff_t *ppos) {
auto inode = filp->f_path.dentry->d_inode;
auto sb = inode->i_sb;
auto rfs_inode = RFS_INODE(inode);

if (*ppos >= rfs_inode->file_size) {

return 0;

}

auto bh = sb_bread(sb, rfs_inode->data_block_no);

if ('bh) {
printk(KERN_ERR "Failed to read data block %llu\n", rfs_inode->data_block_no);
return 0;

}

auto buffer = (char *)bh->b_data + *ppos;
auto nbytes = min((size_t)(rfs_inode->file_size - *ppos), len);

if (copy_to_user(buf, buffer, nbytes)) {
brelse(bh);
printk(KERN_ERR "Error copying file content to userspace buffer\n");
return -EFAULT;

}

brelse(bh);
*ppos += nbytes;
return nbytes;

}

/* TODO We didn't use address_space/pagecache here.
If we hook file_operations.write = do_sync_write,
and file_operations.aio_write = generic_file_aio_write,
we will use write to pagecache instead. */
ssize_t rfs_write(struct file *filp, const char __user *buf, size_t len, loff_t *ppos) {
auto inode = filp->f_path.dentry->d_inode;
auto sb = inode->i_sb;
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auto rfs_inode = RFS_INODE(inode);

/I Recolic: compilation issue, temporary disable. TODO
// ret = generic_write_checks(filp, ppos, &len, 0);

/1 if (ret) {

/! return ret;

'}

auto bh = sb_bread(sb, rfs_inode->data_block_no);

if (bh) {
printk(KERN_ERR "Failed to read data block %llu\n", rfs_inode->data_block_no);
return O;

}

auto buffer = (char *)bh->b_data + *ppos;
if (copy_from_user(buffer, buf, len)) {
brelse(bh);
printk(KERN_ERR "Error copying file content from userspace buffer "
"to kernel space\n");
return -EFAULT;
}

*ppos += len;

mark_buffer_dirty(bh);
sync_dirty_buffer(bh);
brelse(bh);

rfs_inode->file_size = max((size_t)(rfs_inode->file_size), (size_t)(*ppos));
rfs_save_rfs_inode(sb, rfs_inode);

/* TODO We didn't update file size here. To be frank | don't know how. */

return len;
}
//# ----- inode.c
#include "krfs.h"

void rfs_destroy_inode(struct inode *inode) {

auto rfs_inode = RFS_INODE(inode);

printk(KERN_INFO ‘"destroy_inode free private data of %p (%lu)\n", rfs_inode,
inode->i_ino);

kmem_cache_free(rfs_inode_cache, rfs_inode);
}

void rfs_fill_inode(struct super_block *sb, struct inode *inode, struct rfs_inode *rfs_inode) {
inode->i_mode = rfs_inode->mode;
inode->i_sb = sb;
inode->i_ino = rfs_inode->inode_no;
inode->i_op = &rfs_inode_ops;
// TODO hope we can use rfs_inode to store timespec
inode->i_atime = inode->i_mtime = inode->i_ctime = current_time(inode);
inode->i_private = rfs_inode;

if (S_ISDIR(rfs_inode->mode)) {
inode->i_fop = &rfs_dir_operations;
} else if (S_ISREG(rfs_inode->mode)) {
inode->i_fop = &rfs_file_operations;
} else {
printk(KERN_WARNING "Inode %lu is neither a directory nor a regular file",
inode->i_ino);
inode->i_fop = NULL;
}

/* TODO rfs_inode->file_size seems not reflected in inode */

}

/* TODO | didn't implement any function to dealloc rfs_inode */

int rfs_alloc_rfs_inode(struct super_block *sb, uint64_t *out_inode_no) {
int ret = -ENOSPC;
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mutex_lock(&rfs_sb_lock);

auto bh = sb_bread(sb, RFS_INODE_BITMAP_BLOCK_NO);
BUG_ON(!bh);
auto rfs_sb = RFS_SB(sb);

auto bitmap = bh->b_data;
for (auto i = 0; i < rfs_sb->inode_table_size; i++) {
auto slot = bitmap + i / BITS_IN_BYTE;
auto needle = 1 << (i % BITS_IN_BYTE);
if (0 == (*slot & needle)) {
*out_inode_no = i;
*slot |= needle;
rfs_sb->inode_count += 1;
ret = 0;
break;
}
}
// Booms if inode buffer is full.
// locking critical section is too large, but Im too lazy
/I to have it optimized.

mark_buffer_dirty(bh);
sync_dirty_buffer(bh);
brelse(bh);
rfs_save_sb(sb);

mutex_unlock(&rfs_sb_lock);
return ret;

}

struct rfs_inode *rfs_get_rfs_inode(struct super_block *sb, uinté4_t inode_no) {
struct buffer_head *bh;
struct rfs_inode *inode;
struct rfs_inode *inode_buf;

bh = sb_bread(sb, RFS_INODE_TABLE_START BLOCK_NO
RFS_INODE_BLOCK_OFFSET(sb, inode_no));
BUG_ON(!bh);

inode = (struct rfs_inode *)(bh->b_data + RFS_INODE_BYTE_OFFSET(sb, inode_no));
inode_buf = kmem_cache_alloc(rfs_inode_cache, GFP_KERNEL);
memcpy(inode_buf, inode, sizeof(*inode_buf));

brelse(bh);
return inode_buf;

}

void rfs_save_rfs_inode(struct super_block *sb, struct rfs_inode *inode_buf) {
auto inode_no = inode_buf->inode_no;

auto bh = sb_bread(sb, RFS_INODE_TABLE_START_BLOCK_NO
RFS_INODE_BLOCK_OFFSET(sb, inode_no));
BUG_ON(!bh);

+

auto inode = (struct rfs_inode *)(bh->b_data + RFS_INODE_BYTE_OFFSET(sb, inode_no));

memcpy(inode, inode_buf, sizeof(*inode));

mark_buffer_dirty(bh);
sync_dirty_buffer(bh);
brelse(bh);

}

int rfs_add_dir_record(struct super_block *sb, struct inode *dir, struct dentry *dentry,
struct inode *inode) {
auto parent_rfs_inode = RFS_INODE(dir);
if (unlikely(parent_rfs_inode->dir_children_count >= RFS_DIR_MAX_RECORD(sb))) {
return -ENOSPC;
}
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auto bh = sb_bread(sb, parent_rfs_inode->data_block_no);
BUG_ON(!bh);

auto dir_record = (struct rfs_dir_record *)bh->b_data;
dir_record += parent_rfs_inode->dir_children_count;
dir_record->inode_no = inode->i_ino;
strcpy(dir_record->filename, dentry->d_name.name);

mark_buffer_dirty(bh);
sync_dirty_buffer(bh);
brelse(bh);

parent_rfs_inode->dir_children_count += 1;
rfs_save_rfs_inode(sb, parent_rfs_inode);

return O;

}

int rfs_alloc_data_block(struct super_block *sb, uint64_t *out_data_block_no) {
int ret = -ENOSPC;

auto rfs_sb = RFS_SB(sb);
mutex_lock(&rfs_sb_lock);

auto bh = sb_bread(sb, RFS_DATA_BLOCK_BITMAP_BLOCK_NO);
BUG_ON(!bhj;

auto bitmap = bh->b_data;
for (auto i = 0; i < rfs_sb->data_block_table_size; i++) {
auto slot = bitmap + i / BITS_IN_BYTE;
auto needle = 1 << (i % BITS_IN_BYTE);
if (0 == (*slot & needle)) {
*out_data_block_no = RFS_DATA BLOCK_TABLE_START_BLOCK_NO(sb) + i;
*slot |= needle;
rfs_sb->data_block _count +=1;
ret = 0;
break;

}

mark_buffer_dirty(bh);
sync_dirty_buffer(bh);
brelse(bh);
rfs_save_sb(sb);

mutex_unlock(&rfs_sb_lock);
return ret;

}

int rfs_create_inode(struct inode *dir, struct dentry *dentry, umode_t mode) {
auto sb = dir->i_sb;
auto rfs_sb = RFS_SB(sb);

/* Create rfs_inode */
uint64_t inode_no;
auto ret = rfs_alloc_rfs_inode(sb, &inode_no);
if (0 !=ret) {
printk(KERN_ERR "Unable to allocate on-disk inode. "
"Is inode table full? "
"Inode count: %llu\n",
rfs_sb->inode_count);
return -ENOSPC;

auto rfs_inode = (struct rfs_inode *)kmem_cache_alloc(rfs_inode_cache, GFP_KERNEL);

rfs_inode->inode_no = inode_no;

rfs_inode->mode = mode;

if (S_ISDIR(mode)) {
rfs_inode->dir_children_count = 0;
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} else if (S_ISREG(mode)) {
rfs_inode->file_size = 0;
} else {
printk(KERN_WARNING "Inode %llu is neither a directory nor a regular file",

inode_no);

}

/* Allocate data block for the new rfs_inode */
ret = rfs_alloc_data_block(sb, &rfs_inode->data_block_no);
if (0 !=ret) {
printk(KERN_ERR "Unable to allocate on-disk data block. "
"Is data block table full? "
"Data block count: %llu\n",
rfs_sb->data_block_count);
return -ENOSPC;
}

/* Create VFS inode */
auto inode = new_inode(sb);
if (!inode) {

return -ENOMEM;

rfs_fill_inode(sb, inode, rfs_inode);

/* Add new inode to parent dir */
ret = rfs_add_dir_record(sb, dir, dentry, inode);
if (0 !=ret) {
printk(KERN_ERR "Failed to add inode %lu to parent dir %lu\n", inode->i_ino,

dir->i_ino);

}

return -ENOSPC;
}

inode_init_owner(inode, dir, mode);
d_add(dentry, inode);

/* TODO we should free newly allocated inodes when error occurs */

return O;

int rfs_create(struct inode *dir, struct dentry *dentry, umode_t mode, bool excl) {

}

RLIB_KTRACE_FUNC(rfs_create);
return rfs_create_inode(dir, dentry, mode);

int rfs_mkdir(struct inode *dir, struct dentry *dentry, umode_t mode) {

}

RLIB_KTRACE_FUNC(rfs_mkdir);

/* @Sankar: The mkdir callback does not have S_IFDIR set.
Even ext2 sets it explicitly. Perhaps this is a bug */

mode |= S_IFDIR;

return rfs_create_inode(dir, dentry, mode);

struct dentry *rfs_lookup(struct inode *dir, struct dentry *child_dentry, unsigned int flags) {

RLIB_KTRACE_FUNC(rfs_lookup);

auto parent_rfs_inode = RFS_INODE(dir);

auto sb = dir->i_sb;

auto bh = sb_bread(sb, parent_rfs_inode->data_block_no);
BUG_ON(!bh);

auto dir_record = (struct rfs_dir_record *)bh->b_data;

for (auto i = 0; i < parent_rfs_inode->dir_children_count; i++) {
printk(KERN_INFO "rfs_lookup: i=%d, dir_record->filename=%s,

child_dentry->d_name.name=%s",

i, dir_record->filename, child_dentry->d_name.name); // TODO
if (0 == strcmp(dir_record->filename, child_dentry->d_name.name)) {
auto rfs_child_inode = rfs_get_rfs_inode(sb, dir_record->inode_no);
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auto child_inode = new_inode(sb);

if (!child_inode) {
printk(KERN_ERR "Cannot create new inode. No memory\n");
return NULL,;

}

rfs_fill_inode(sb, child_inode, rfs_child_inode);
inode_init_owner(child_inode, dir, rfs_child_inode->mode);
d_add(child_dentry, child_inode);

return NULL;

¥
dir_record++;
}
printk(KERN_ERR "No inode found for the filename:

child_dentry->d_name.name);
return NULL;

}
//# ----- krfs.c
#include "krfs.h"

DEFINE_MUTEX(rfs_sb_lock);

struct file_system_type rfs_fs_type = {
.owner = THIS_MODULE,
.name = "rfs",
.mount = rfs_mount,
.kill_sb = rfs_kill_superblock,
.fs_flags = FS_REQUIRES_DEV,

b

const struct super_operations rfs_sb_ops = {
.destroy_inode = rfs_destroy_inode,
.put_super = rfs_put_super,

’

const struct inode_operations rfs_inode_ops = {
.Create = rfs_create,
.mkdir = rfs_mkdir,
.lookup = rfs_lookup,

b

const struct file_operations rfs_dir_operations = {
.owner = THIS_MODULE,
.iterate = rfs_iterate,

b

const struct file_operations rfs_file_operations = {
.read = rfs_read,
.write = rfs_write,

b

struct kmem_cache *rfs_inode_cache = NULL;

static int __init rfs_init(void) {

%s\n",

rfs_inode_cache = kmem_cache_create("rfs_inode_cache", sizeof(struct rfs_inode), 0,
(SLAB_RECLAIM_ACCOUNT | SLAB_MEM_SPREAD),

NULL);
if (!rfs_inode_cache) {
return -ENOMEM;
}

int ret = register_filesystem(&rfs_fs_type);

if (likely(0 == ret)) {

printk(KERN_INFO "Sucessfully registered rfs\n");
} else {

printk(KERN_ERR "Failed to register rfs. Error code: %d\n", ret);
}
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return ret;

}

static void __exit rfs_exit(void) {
kmem_cache_destroy(rfs_inode_cache);

int ret = unregister_filesystem(&rfs_fs_type);

if (likely(0 == ret)) {

printk(KERN_INFO "Sucessfully unregistered rfs\n");
} else {

printk(KERN_ERR "Failed to unregister rfs. Error code: %d\n", ret);
}

}

module_init(rfs_init);
module_exit(rfs_exit);

MODULE_LICENSE("GPL");
MODULE_AUTHOR("accelazh");
/1# —-- krfs.h

#ifndef _KRFS_H__

#define _ KRFS_H__

/* krfs.h defines symbols to work in kernel space */

#include <linux/blkdev.h>
#include <linux/buffer_head.h>
#include <linux/fs.h>
#include <linux/init.h>
#include <linux/module.h>
#include <linux/namei.h>
#include <linux/parser.h>
#include <linux/random.h>
#include <linux/slab.h>
#include <linux/time.h>
#include <linux/version.h>

#include "rfs.h"
/* Declare operations to be hooked to VFS */

extern struct file_system_type rfs_fs_type;

extern const struct super_operations rfs_sb_ops;
extern const struct inode_operations rfs_inode_ops;
extern const struct file_operations rfs_dir_operations;
extern const struct file_operations rfs_file_operations;

struct dentry *rfs_mount(struct file_system_type *fs_type, int flags, const char *dev_name,
void *data);
void rfs_kill_superblock(struct super_block *sb);

void rfs_destroy_inode(struct inode *inode);
void rfs_put_super(struct super_block *sb);

int rfs_create(struct inode *dir, struct dentry *dentry, umode_t mode, bool excl);

struct dentry *rfs_lookup(struct inode *parent_inode, struct dentry *child_dentry,
unsigned int flags);

int rfs_mkdir(struct inode *dir, struct dentry *dentry, umode_t mode);

#if LINUX_VERSION_CODE < KERNEL_VERSION(3, 11, 0)

#error fs api changed in linux 3.11.0. Please use a better kernel to build my code!
#endif

int rfs_iterate(struct file *filp, struct dir_context *ctx);

ssize_t rfs_read(struct file *filp, char __user *buf, size_t len, loff_t *ppos);
ssize_t rfs_write(struct file *filp, const char __user *buf, size_t len, loff_t *ppos);

extern struct kmem_cache *rfs_inode_cache;
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/* Helper functions */

// To translate VFS superblock to rfs superblock
static inline struct rfs_superblock *RFS_SB(struct super_block *sb) { return sb->s_fs_info; }
static inline struct rfs_inode *RFS_INODE(struct inode *inode) { return inode->i_private; }

static inline uint64_t RFS_INODES_PER_BLOCK(struct super_block *sb) {
struct rfs_superblock *rfs_sb;
rfs_sb = RFS_SB(sb);
return RFS_INODES_PER_BLOCK_HSB(rfs_sb);

}

// Given the inode_no, calcuate which block in inode table contains the corresponding inode
static inline uint64_t RFS_INODE_BLOCK_OFFSET(struct super_block *sb, uint64_t inode_no)

{
return inode_no / RFS_INODES_PER_BLOCK_HSB(RFS_SB(sb));

}

static inline uint64_t RFS_INODE_BYTE_OFFSET(struct super_block *sb, uint64_t inode_no) {
return (inode_no % RFS_INODES_PER BLOCK_ HSB(RFS _SB(sb))) * sizeof(struct

rfs_inode);

}

static inline uint64_t RFS_DIR_MAX_RECORD(struct super_block *sb) {
return RFS_SB(sb)->blocksize / sizeof(struct rfs_dir_record);
}

// From which block does data blocks start

static inline uint64_t RFS_DATA_BLOCK_TABLE_START_BLOCK_NO(struct super_block *sb) {
return RFS_DATA_BLOCK_TABLE_START BLOCK_NO_HSB(RFS_SB(sb));

}

void rfs_save_sb(struct super_block *sb);

// functions to operate inode

void rfs_fill_inode(struct super_block *sb, struct inode *inode, struct rfs_inode *rfs_inode);

int rfs_alloc_rfs_inode(struct super_block *sb, uint64_t *out_inode_no);

struct rfs_inode *rfs_get_rfs_inode(struct super_block *sb, uint64_t inode_no);

void rfs_save_rfs_inode(struct super_block *sb, struct rfs_inode *inode);

int rfs_add_dir_record(struct super_block *sb, struct inode *dir, struct dentry *dentry,
struct inode *inode);

int rfs_alloc_data_block(struct super_block *sb, uint64_t *out_data_block_no);

int rfs_create_inode(struct inode *dir, struct dentry *dentry, umode_t mode);

#endif /*_KRFS_H__*/

[1# ----- Makefile

obj-m := rfs.o

rfs-objs := krfs.o super.o inode.o dir.o file.o

ccflags-y := -std=gnu99 -Wno-declaration-after-statement

CFLAGS_krfs.o := -DDEBUG
CFLAGS_super.o := -DDEBUG
CFLAGS inode.o := -DDEBUG
CFLAGS_dir.o := -DDEBUG
CFLAGSfile.o := -DDEBUG

all: ko mkfs.rfs

ko:
make -C /lib/modules/$(shell uname -r)/build M=$(PWD) modules

mkfs.rfs_SOURCES:
mkfs.rfs.c rfs.h

clean:
make -C /lib/modules/$(shell uname -r)/build M=$(PWD) clean
rm mkfs.rfs

//# ----- mkfs.rfs.c

#include <assert.h>
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#include <fcntl.h>
#include <stdint.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <sys/stat.h>
#include <sys/types.h>
#include <unistd.h>

#include "rfs.h"

int main(int argc, char *argv[]) {
auto fd = open(argv[1], O_ RDWR);

if (fd ==-1) {
perror("Error opening the device");
return -1;

}

/] construct superblock
struct rfs_superblock rfs_sb = {
.version = 1,
.magic = RFS_MAGIC,
.blocksize = RFS_DEFAULT_BLOCKSIZE,
.inode_table_size = RFS_DEFAULT_INODE_TABLE_SIZE,
.inode_count = 2,
.data_block_table_size = RFS_DEFAULT_DATA BLOCK_TABLE_SIZE,
.data_block_count = 2,

+

/I construct inode bitmap

char inode_bitmap[rfs_sb.blocksize];
memset(inode_bitmap, 0, sizeof(inode_bitmap));
inode_bitmap[0] = 1;

/I construct data block bitmap

char data_block_bitmapl[rfs_sb.blocksize];
memset(data_block_bitmap, 0, sizeof(data_block_bitmap));
data_block_bitmap[0] = 1;

// construct root inode
struct rfs_inode root_rfs_inode = {
.mode = S_IFDIR | S_IRWXU | S_IRWXG | S_IROTH | S_IXOTH,
.inode_no = RFS_ROOTDIR_INODE_NO,
.data_block_no =
RFS_DATA BLOCK_TABLE_START BLOCK_NO_HSB(&rfs_sb)
RFS_ROOTDIR_DATA BLOCK NO_OFFSET,
.dir_children_count = 1,
b

/I construct welcome file inode
char welcome_body[] = "RECOLIC rfs HUST OS DESIGN test file.\n";
auto welcome_inode_no = RFS_ROOTDIR_INODE_NO + 1;
auto welcome_data_block_no_offset = RFS_ROOTDIR_DATA BLOCK_NO_OFFSET + 1;
struct rfs_inode welcome_rfs_inode = {
.mode =S _IFREG | S_IRUSR | S IWUSR | S IRGRP | S_IWGRP | S_IROTH,
.inode_no = welcome_inode_no,
.data_block_no =
RFS_DATA BLOCK TABLE_START BLOCK NO HSB(&rfs_sb)
welcome_data_block_no_offset,
file_size = sizeof(welcome_body),
b

// construct root inode data block
struct rfs_dir_record root_dir_records[] = {

filename = "test.txt",
.inode_no = welcome_inode_no,
b
b



auto ret = -1;

assert(sizeof(rfs_sb) <= rfs_sb.blocksize);

/] write super block

if (sizeof(rfs_sb) !'= write(fd, &rfs_sb, sizeof(rfs_sb))) {
goto err;

¥
if ((off_t)-1 == Iseek(fd, rfs_sb.blocksize, SEEK_SET)) {
goto err;

// write inode bitmap

if (sizeof(inode_bitmap) != write(fd, inode_bitmap, sizeof(inode_bitmap))) {
goto err;

}

// write data block bitmap
if (sizeof(data_block_bitmap) != write(fd, data_block_bitmap, sizeof(data_block_bitmap)))

goto err;

}

// write root inode

if (sizeof(root_rfs_inode) != write(fd, &root_rfs_inode, sizeof(root_rfs_inode))) {
goto err;

}

// write welcome file inode
if (sizeof(welcome_rfs_inode) I= write(fd, &welcome_rfs_inode,
sizeof(welcome_rfs_inode))) {
goto err;
}

printf("block size = %d, debug sizes=(sb)%d,(in_bitm)%d,(db_bitm)%d,(in_size)%d\n",
rfs_sb.blocksize, sizeof(rfs_sb), sizeof(inode_bitmap), sizeof(data_block_bitmap),
sizeof(root_rfs_inode));
printf("Writing root inode data block at pos 0x%x\n",
RFS_DATA BLOCK_TABLE_START BLOCK_NO_HSB(&rfs_sb) * rfs_sb.blocksize);
printf("welcome file data block starts at pos 0x%x\n",
(RFS_DATA BLOCK TABLE_START _BLOCK NO_HSB(&rfs_sb) + 1) *
rfs_sb.blocksize);
// write root inode data block

if ((off_t)-1 ==
Iseek(fd, RFS_DATA BLOCK TABLE_START BLOCK_NO_HSB(&rfs_sb) *
rfs_sb.blocksize, SEEK_SET)) {
goto err;

if (sizeof(root_dir_records) != write(fd, root_dir_records, sizeof(root_dir_records))) {
goto err;
}

// write welcome file inode data block
if ((off t)-1 ==
Iseek(fd, (RFS_DATA_BLOCK_TABLE_START BLOCK NO HSB(&rfs_sb) + 1) *
rfs_sb.blocksize,
SEEK_SET)) {
goto err;

if (sizeof(welcome_body) != write(fd, welcome_body, sizeof(welcome_body))) {
goto err;
}

ret = 0; // success
err:

close(fd);

return ret;

}
/1# ----- rfs.h
#ifndef _RFS H__
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#define _RFS_H__

#define BITS_IN_BYTE 8

#define RFS MAGIC 0x20160105

#define RFS_DEFAULT BLOCKSIZE 4096

#define RFS_DEFAULT _INODE_TABLE_SIZE 1024
#define RFS_DEFAULT DATA BLOCK TABLE_SIZE 1024
#define RFS_FILENAME_MAXLEN 255

#include "rlib/macro.hpp"
#include "rlib/sys/os.hpp"

#if RLIB_CXX STD > 0

#error Not supporting C++ yet.
#else

#define auto __auto_type
#endif

/* Define filesystem structures */

struct rfs_dir_record {
char filename[RFS_FILENAME_MAXLEN];
uint64_t inode_no;

¥

struct rfs_superblock {
uint64_t version;
uint64_t magic;
uint64_t blocksize;

uint64_t inode_table_size;
uint64_t inode_count;

uint64_t data_block_table_size;
uint64_t data_block _count;
b

extern struct mutex rfs_sb_lock;

struct rfs_inode {
mode_t mode;
uint64_t inode_no;
uint64_t data_block_no;

// TODO struct timespec is defined kenrel space,
/I but mkfs-rfs.c is compiled in user space
[*struct timespec atime;

struct timespec mtime;

struct timespec ctime;*/

union {
uint64 _t file_size;
uint64_t dir_children_count;
b
b

static const uint64_t RFS_SUPERBLOCK BLOCK _NO = 0;

static const uint64 t RFS INODE BITMAP BLOCK NO =1;

static const uint64 t RFS DATA BLOCK BITMAP BLOCK NO = 2;
static const uint64 -t RFS INODE TABLE _START _ BLOCK ‘NO = 3;

static const uint64_t RFS_ROOTDIR_INODE_NO = 0;

// data block no is the absolute block number from start of device

// data block no offset is the relative block offset from start of data block table
static const uint64_t RFS_ROOTDIR_DATA BLOCK NO_OFFSET = 0;

/* Helper functions */

static inline uint64_t RFS_INODES_PER_BLOCK_HSB(struct rfs_superblock *rfs_sb) {
return rfs_sb->blocksize / sizeof(struct rfs_inode);
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}

static inline uint64_t RFS_DATA BLOCK TABLE_START _BLOCK NO_HSB(struct rfs_superblock
*rfs_sb) {
return RFS_INODE_TABLE_START_BLOCK_NO +
rfs_sb->inode_table_size / RFS_INODES_PER_BLOCK_HSB(rfs_sb) + 1;
}

/* Debug function */
#define RLIB_KTRACE_FUNC(name)
\

printk(KERN_ALERT "Recolic ktrace: [" RLIB_MACRO_TO_CSTR(name) "] called.\n")

#endif /*_RFS H_*/
[1# - rlib

cat: rlib: Is a directory
[1# - super.c
#include "krfs.h"

static int rfs_fill_super(struct super_block *sb, void *data, int silent) {
int ret = 0;

auto bh = sb_bread(sb, RFS_SUPERBLOCK_BLOCK _NO);
BUG_ON(!bh);
auto rfs_sb = (struct rfs_superblock *)bh->b_data;
if (unlikely(rfs_sb->magic !'= RFS_MAGIC)) {

printk(KERN_ERR  "Mount rfs filesystem: Wrong magic number in

superblock: %llu '= %llu\n",
rfs_sb->magic, (uint64_t)RFS_MAGIC);
goto release;

}
if (unlikely(sb->s_blocksize != rfs_sb->blocksize)) {
printk(KERN_ERR "rfs seem to be formatted with mismatching blocksize: %lu\n",
sb->s_blocksize);
goto release;

}

sb->s_magic = rfs_sb->magic;

sb->s fs_info = rfs_sb;
sb->s_maxbytes = rfs_sb->blocksize;
sb->s op = &rfs_sb_ops;

auto root_rfs_inode = rfs_get _rfs_inode(sb, RFS_ROOTDIR_INODE_NO);
auto root_inode = new_inode(sb);
if (root_inode || 'root_rfs_inode) {

ret = -ENOMEM;

goto release;

rfs_fill_inode(sb, root_inode, root_rfs_inode);
inode_init_owner(root_inode, NULL, root_inode->i_mode);

sb->s _root = d_make_root(root_inode);
if (Isb->s_root) {

ret = -ENOMEM;

goto release;

}

release:
brelse(bh);
return ret;

}

struct dentry *rfs_mount(struct file_system_type *fs_type, int flags, const char *dev_name,
void *data) {
auto ret = mount_bdev(fs_type, flags, dev_name, data, rfs_fill_super);

if (unlikely(IS_ERR(ret))) {

printk(KERN_ERR "Error mounting rfs.\n");
} else {
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printk(KERN_INFO "rfs is succesfully mounted on: %s\n", dev_name);

}

return ret;

}

void rfs_kill_superblock(struct super_block *sb) {
printk(KERN_INFO "rfs superblock is destroyed. Unmount succesful.\n");
kill_block_super(sb);

}

void rfs_put_super(struct super_block *sb) { return; }
void rfs_save_sb(struct super_block *sb) {

auto bh = sb_bread(sb, RFS_SUPERBLOCK_BLOCK_NO);
BUG_ON(!bh);
auto rfs_sb = RFS_SB(sb);

bh->b_data = (char *)rfs_sb;
mark_buffer_dirty(bh);
sync_dirty_buffer(bh);
brelse(bh);

}

[1# ----- bootstrap.fish

#!1/usr/bin/fish

#4# source this script, and enjoy your job.

function rfs_create_test image
dd bs=4096 count=6000 if=/dev/zero of=%$argv[1]
../mkfs.rfs $argv[1]

end

function rfs_mount_fs_image

mkdir $argv[2]

sudo insmod ../rfs.ko

sudo mount -o loop,owner,group,users -t rfs $argv[1] $argv[2]
end

function rfs_unmount_fs
sudo umount $argv[1]
sudo rmmod ../rfs.ko
end
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