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Figure 1.1: McKernel software stack

McKernel Y 7 b 27 AX Y 2 %M 1.117m5R T, AETIE, 2 —H[@1F D User Inteface
&, 77V ENF D Library Interface &, A< Y R Z 4 7 F V[T D Kernel Interface % it
B %,

AREOMEFH L, AT 3FBEOI—V £ IIHKETH 5,

o o >~ W

7 e McKernel Da~< > RZ2HWTT7 ) 2FE T 52—
8 e McKernel D54 75 VA VR —T A AZMHLTTY 7V 2BFET IHHAEH
9 e McKernel D1 — 32N A VX —T A4 AREALTSA 75 ) 2HRTAHRE

10 I—HPFA VR —T A A, FATIVAVR—T A ADOEE 7 7 A IVIZLATFO@ED, 72
n B, AVAM=IVTF 4 LI M) &<install>2 T3,
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1A=L [ A¥9—7z42 | FHEA |

<install>/bin/mcexec a—Y TovAREHav R ‘
<install>/bin/eclair 2 TRRITY — v
<install>/bin/vmcore2mckdump 2V THARERY — v
<install>/rootfs/usr/1ib64/libuti.so 1477 Utility Thread Offloading 71 75 1
<install>/include/uti.h 7477 Utility Thread Offloading 1 75 V
Ny RT 7 AN
<install>/include/qlmpilib.h 71477 7O ARBEINY X T 7 AL
<install>/1ib/1libqlmpi.so 5475 R TR ARHT AT
<install>/1lib/libglfort.so 1477V 7O AREZ 1 7F Y (Fortran
AR AN )
<install>/1ib/libxpmem.so 1477V XPMEM 7177V
<install>/include/xpmem.h 71477 XPMEM 7475 VUA~Ny X774
PR, Tho 3FDA v 2 —T 214 A%HHT 5, 1
o ~ >
1.1 7OtXEgEgHavr R :
2 :
mcexec [-c <cpu.id>] [-n <nr_partitions>] [-t <nr_threads>] 4
[-M (--mpol-threshold=)<min>] [-h (--extend-heap-by=)<stride>] 5

[-s (--stack-premap=) [<premap_size>] [,<max>]] [--mpol-no-heap] [--mpol-no-bss] s
[--mpol-no-stack] [--mpol-shm-premap] [-m <numa node>] [--disable-sched-yield] -

[-0] [<os_index>] 8
<program> [<args>...] 9
FFoav 10

11

12



-c <cpu.id> mcexec % F175 5 CPU DF T % <cpu id>IlHET 5, fHEN
BWEEIR 0 BHVWL NG,

-n <nr_partitions> 155/ — R D CPU #% <nr_partitions>®D X HIZ /7 E| L,
5 BEICEB I N7z mcexec THEZ AN SHEENX 115 McK-
ernel ALy 2% { REHOXBEDAZMHT 25 K5 IZHKET
%, AENIYE T AL TIibhD, 253528 T 1/ —
N<nr_partitions>”7 1 ¥ A ® MPI+OpenMP FEFIZEWT
CPU 2TV 2 2 A TE S,

-t <nr_threads> mcexec DAL v K% <nr_threads>IZ&XET 5, ZDA TV a
VHMERE X N7R\NEA X, OMP_NUM_THREADS BRESZEMAER X N
TWABIGEIEZTDMHE+4 1T E L. FE L RWEE L McKernel
IZEH D YT H N7z CPU B+4 I ET 5, mcexec ALy N
McKernel 7 & QR Z QT 5, FRFIZE < DERI LI N
HAHEMED D B2, ZDEIE (McKernel DAL v R+ o
IZRETHEHEND B,

-M (--mpol-threshold=)<min> <min>PA EOY 1 ZADAEY ZFERLZE DA, T—FIEE
UAEVEID S TRY P BEHINS L DI12T 5, <min>id
K,M, G (k, m, g TH &) OEMNZMNITFEHE ThTth
KiB, MiB, GiB OgEIZ72 5, fRENRWGEIEY 1 ZIZfE&%
BA—YDRFELZAEVE DL TRY UAEHAI N5,

-h (--extend-heap-by=)<step> t— T DIERIFIZ e =T ¥ A XE D7 L H<step>/ N1 MEX
T5, ¥/, t—TORTTFVAET—YUR=IUH AT
495, <step>iZ K, M, G (k, m, g TH L\W) DHA %
M7= E, TN KiB, MiB, GiB OfEEiZk 5, fHEN
RWEEIE 4 KB BHVwSs N5,

-s (--stack-premap=) T AR A Ry J D S B <premap_size>/NA &
<premap_size>,<max> TIVRy TT5, £72. ARy I DAY A X% <max>IZ 3% E
9 5, <premap_size>, <max>iZ K, M, G (k, m, g TH LW)
D¥NLE M -5E. TNE N KiB, MiB, GiB DEIL4R 5,
FEDIRNGE, <premap_size>id 2 MB, <max>/ ulimit 3
TV R ERIE setrlimit () Y AT A I =)V THRE S N-EHH

WwWHng,

--mpol-no-heap t—TADRAEVED Y TRIZA—TORE L ATV ED Y
THRY VDR,

--mpol-no-stack AR ITANDAEVED L TRIZ - DOHRE L ATV ED
LTHRY VIZREDIEN,

--mpol-no-bss bss NDRXEVED Y THIZI—VORELZAEVE D ET
R VITREDIRN,

--mpol-shm-premap /dev/shm Z WG ARV 2TV <y T35,

-m <numa_node> AE Y %<numa node>FHHD NUMA / — R oE 0 Y T3, #
D M THRARERS A 3D NUMA / — R 5EI0 4T3,

--disable-sched-yield sched_yield() B2 M IThWEBIZIE SR 5,

-0 McKernel (Z#F]D 4T o7z CPUBEL D KEVWHDAL Y R

TR T ADEREHAT S, FRENRWIGEIXEFA LR
W, FAEINTWARWESIZ, CPURKL D RKEVWHDAL Y R
¥k 7ot A% clone(), fork(), vfork() R & THEML
rordhe, Y AT LI—)LAEINVAL T5—%IKT,

<os_index> Jotv 2B OS 1 VAKXV A% <os_index>FHIZHRTET 5,
BIE L2551 0HD OS 1 VARV AIZEET 5,

Bt

<program> CHE/E I N/ FEITHRE T 7 1 )V % args THE I 725 8T, McKernel T
95,
mcexec DEEZ L X L BRETZBUILAT D@D,
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| =

Bz

MCEXEC_WL=<path1>
[:<path2>...]

<pathl>, <path2>, ... BARIZ/ETET % McKernel 4T 7 7 A LIZDWT,

mcexec DIFE X BT 5, B, HET 4 L7 NI LITICEGTAEET 71V
WEFEELTH, AFD7 — ATl Linux TETE N5,

e McKernel 2AEj{E L TWAWEE

e ITVRNA64 Y b ELF NA F VU TIERWEGE

e <Y N7 mcexec, ihkosctl, ihkconfig TH S L&

MCEXEC_ALT_RO0T=<path>

ld-linux.so R EDH — X Z TR, <path>EL FEITAIRET 7 1 LD . interp
Yoy a VIZEBRINENARAEEE LN BT,

MCKERNEL_RLIMIT_STACK=
<premap_size>, <max>

(FEHERE) T RAERIEIC A R v V8D 5 b <premap_size>/ N1 M % 7Y
RV TG D, 2. ARV T DEARY A Xk <max>IZiE T D, <premap_size>,
<max>lZ K, M, G (k, m, g TH &) OHM 2 I 8EE, ZNE N KiB, MiB,
GiB DIEIZH 5, FREMVRNVEE, <premap_size>id 2 MB. <max>(F ulimit
-s AY Y RNFEE setrlinit() Y AT AT =V THEREINENHNSND,
BB, RBEEZEHDORD D IZ mcexec D--stack-premap & 7> 3 v & HHT
5T LRSS,

FHRAFNILLTDED, ZDOHITIL1s -1s % McKernel ETEFFT 5,

$ mcexec 1ls -ls

RYIE

<program>® exit status % K7,

1.2 42 71 - @i
H—=FNVR Y TOEIWE MO ATy TIELTFD@ED,
1. MFOWTNLDHETE Y 77 714V EEKT 5.

(a) THK DP% ihk_os makedumpfile () £7z1X IHK ® 3~ > K ihkosctl & VT,
McKernel B AD X > 77 7 4 VEMEHKT 5,

(b) Linux ® panic % 2282 makedumpfile EAD XY 77 7 1 VA2 EKT %, F7z.
a< > N vmcore2mckdump % A\ T McKernel JE R IZZEH#T 5,

2. eclair EMER AT Y REHWTR Y T 7 71 IV ERTS 5,

DT, B#a~x Yy RS v X —T oA A% 3HT 5,

1.2.1 Frv7@gHra~xo R

e

eclair [-ch] [-d <dump>] [-k <kimg>] [-o <os_index>] [-1] [-i]

7o ayv

14

10

11

12

13

14

15

16

17

18


MCEXEC_ALT_ROOT=<path>
MCKERNEL_RLIMIT_STACK=<premap_size>,<max>
MCKERNEL_RLIMIT_STACK=<premap_size>,<max>

10

11

12

13

14

15

16

17

18

19

20

21

22

23

-c NMI ZHHEDO IV FFARNE ALYy REUTHDS, TNENDO I Y T F A ML 1000000+
{CPUFRHF> WS TID 2Ff> ALy R UL THbhs, ALy ReLTHS Z & T, #
DIABIBEDNY 7 h L — A% FRTHIENTE S,

-h FHEEZRRT 5,

-d <dump> BT T 7 ANZERET 5, BENRVEAIE ncdump AV SN S,

-k <kimg> A= NVAA=T T 7 ANZERET b, BEDPRVE AL kernel .ing KAV SN D,

-0 <os_index> | OSAYVARVADA VT v I AREBET 5, BENRVWEEIX0PHNSNDS,

-1 run-queue {21 —HF AL v RPFEIEL RV CPUIZDOWVWT, idle) #FEFLTVWEAL Y
ROFEET B LD IZHERIT S,

-i Interactive mode EFER, TN ZHRER Y Y VIZFAET DA EY 2 BESB L - 21T
5, B, X T interactive mode ZIRET D HELH 5,

st EA

<dump> CTHEE T N7z eclair EAD X Y 77 7 1 )V % <os_index> THREI N/ OS 1 VT v
I A%FEDOS & LT, <kimg> THRESI NI —2NA A=V T 71 V&> TS 5,
Xy T A<y NATIE, gdb YEIELTHE D, gdb 2ACa~vY NE2FHTE S,
McKernel 1, Y LVF ALy ROBE—~T0v AIZ/A 5, £9. &I, M FOavy KEE
TUTC, XV 7ra~ Yy RIZAL Yy R—E2RIAIETE20ENDH 5,

(eclair) info threads

quit ¥ ¥ FEFIRFIZ, inferior DY) D EELFF AT 2 21— YTk D, THITIE, y LIinET 5
e, ZUTa~x YR, gdbDIY Y RO, bt av Y e xavy NadR— N7 5.
1.2.2 YV I7HALHEIATVR

EX

vmcore2mckdump <vmcore> <file_name>

i
<vmcore> makedunpfile IERD XY T 7 7 T VD T 7 1 V4
<file_name> B TT7ANDT 71 IV#

st EA

<vmcore> CHiE X 17z makedumpfile X AD X > 77 7 A )L H> 5 McKernel (2 BE# 3 % 8
3% HLD i U<file name> TIRE I N7z 7 7 1 WIZ eclair EATH 19 5,

1.3 EFEIOERLE}SATIVAVF9—T (4R

McKernel 1%, #EFO MPI 707 7 L2 L I SIZFNE2EVIET Y a 7128 WT MPI
70 7T LB & iR T A BRE 2 1RE T 5, FIFEBIEA R D@D,

e TUY VI NYIalb—vaveTr—XAfkEREYRITRRKT TV r—2a v
ZO7 VTR YaTdAI) T NTENTNO MPL 7025 A2 HIZE#T S, Z
DLENRFE % G635 5.
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AHEEERIIT 27201213V a 722V TN T TV 5= a VEBET 20 ENH 5,
VaTZ AoV T sDBIEIEEHEANTHET 5,

EER]

Jx TYH Iy Ial—yareEfbE 10 EERDRYT %/
for i in {1..10}; do

/% 100 /= RZMWET7 VB TIyIalb—ya vk 10 @AFICEFESES */
for j in {1..10}; do

mpiexec -n 100 -machinefile ./listl_$j pl.out al & pids[$i]=$!;
done

/* pl.out DT ZRED */
for j in {1..10}; do wait ${pids[$j1}; done

Jx TNy Ialb—yaryTHWZOLREL 1000 / — KZ2HWT T — X [FA1k

B35 */

mpiexec -n 1000 -machinefile ./list2 p2.out a2
done
BER

for i in {1..10}; do
for j in {1..10}; do
/* mpiexec % ql_mpiexec_start IZEZ#Z D */
gql_mpiexec_start -n 100 -machinefile ./listl_$j pl.out al & pids[$j]1=$!;
done

for j in {1..10}; do wait ${pids[$jl}; done

gl_mpiexec_start -n 1000 -machinefile ./list2 p2.out a2
done

/* pl.out & p2.out IFHEL TW572®, ql_mpiexec_finalize T T X5,
mpiexec NDFIHEEITAREY 7 A VZTMPI 70T T L%HHIILTWD72D,
FR LR U DEEET 5, */

for j in {1..10%}; do
gql_mpiexec_finalize -machinefile ./listl1_$i pl.out al;

done

ql_mpiexec_finalize -machinefile ./list2 p2.out a2;

TV —Ya vOEBEREEZBRUI - FEHWTHHT 2, SIRZMELITAL LD
WIV— ThE&E R Ri7-E, 72 qlclient () ZEMAESE TR T L5123 5,

MPI_Init();
HAT - BEEMPT 0T Lk DS
loop:

foreach (Fortran®) €Y ax—)b
ARV RIAVBIE - XTI AR T 74 - BRIEERZ W =9 b
WATMPI 00T L oDT—RZE - AF v T ay Ml As
HE;
BREMPI TR T AANDT—REE - AFy Tay hESHL
/x V=T RT 1+ DD YIZ ql_client() ZHfHAT S */
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if(ql_client() == QL_CONTINUE) { goto loop; 2}
MPI_Finalize();

IR, a<v Y RPEBDOA V&2 —T7 214 A%FHT 5,

1.3.1 MPI 7Ot REBEBERAIT VR
2K

gl mpiexec_start -machinefile <hostfile> [<mpiopts>...] <exe> [<args>...]

FFoav
| Y [ S
-machinefile <hostfile> RANT 71
<mpiopts> mpiexec DA 7> a v
<exe> EATA[RE T 7 A IV
<args> FEITAHE T 7 1 VDRI
AR

<exe> CHREI N/ MPI 7075 LAZ2FIGT 5., 72 IXHEMAERGES OREIZH 5 MPI
TaZ 5 MMIROFEELEERT S, A2y RIZMPI 702540 —EOHEDET
T T I B, £/, MPI 7102 F Lld<hostfile>DHA. <mpiopts>. <exe>& Tkl
35,

ql mpiexec_{start,finalize} I~ KH 5 MPL 7102 J LZIROENE, 515 BEZ
BEPET72DITHAND 7 7 1)UL, BRI QL_PARAM PATH DEHE I N T WAL EIZZD I,
ZITRHRVWEGEIFF—LT 1 V7 M) RITES IS, BT 1 L2 b VJIdql mpiexec start
ARV REEFTTSE /=K, EMPI 7Rt ANEFEINDHE ) — KRS T 7 ATE D4
EhbH B,

7z, BRI MPIEXEC_TIMEOUT IZ &2 XA AT 7 b B L CERDEITAEET 7 1 LD
BT R—F LW,

RY &

| RY{&E [ S5BA
0 EHRT

0 DIAL BERT

IZ—BFHD

ITI—AvE—Vldmpiexec WHIITHLT — Ay —TDMIZ ql mpiexec_start fHIH
WM TFDA Y=Y %HIT 5,

17




AytE—v

=R

unknown option: <opt>

KHEIDF TV a v <opt>PfREI NI

bad option: <opt>

F TV a Y <opt>DIREDN > TWVD

unsupported option: <opt>

AT ay <opt>FPHR—FLTHARN

’:? is unsupported

72 FYAR—-—bFLTWAN

unable to read hostfile(<hostfile>): <reason>

<hostfile>% <reason>DILHIZ & D GiAAD AN

could not open hostfile(<hostfile>): <reason>

<hostfile><reason>DHHIZ L D A —TVTE A
w

<hostfile> not exist

<hostfile>AVFLE L LW

specify -machinefile option

-machinefile & 7' a VAR E I N T\

Nno user program

<exe>MREIN TR

socket directory not exist

Vi MBEHOT 4 L2 N UBEELRD

ql_server not execution <reason>

ql_server DiLH)IZ<reason>DHLFIZ & D KHL
7=

gl mpiexec_start: socket(<reason>)

gl mpiexec_start I ¥ ¥ K @ socket #:
T<reason>D T 7 —WFHEL 72

gl mpiexec_start: bind(<reason>)

ql mpiexec_start I ¥ KD bind T<reason>®D
I —DREELT

gl mpiexec_start: listen(<reason>)

ql mpiexec_start ax Y Ko listen
T<reason>DIT T —MPFEL T

gl mpiexec_start: connect(<reason>)

ql.mpiexec_start I ¥ ¥ K @D  connect

T<reason>D I T —NFKELL

1.3.2 MPI 7Ot T xra<v R

e

ql mpiexec_finalize -machinefile <hostfile>

[<mpiopts>...] <exe>

FToav
TFoav \ 55ER
-machinefile <hostfile> RANT 74V
<mpiopts> mpiexec DA 7> a v
<exe> EXERN e Y
AR

gl mpiexec_start (Z X > TEE)I Nz MPI 7027 5 L% K735, Ra~vy NiZMPI
TS LDRT IR T T 5, £72. MPI 7102 F Ald<hostfile>DHNZ. <mpiopts>,

<exe>& TilAld %,

RY1E

[ RUE 5
0 EHERT

0 LAgk RERY
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1 I7—BHA

2 ITI—AvE—Yldmpiexec W NTBHLTI—A v —TDMMIZ ql mpiexec_finalize
HMEIZUTRDOA Yy -V 21T 5,

l AytE—Y [ 2R
unknown option: <opt> KRIDA T a v<opt>hRE I N7z
bad option: <opt> F 7Y 3 U<opt>DIREDNH-> T VWD
unsupported option: <opt> F TV a v<opt>lE R — LTV
’: is unsupported Yo AR —- L TVARW
unable to read hostfile(<hostfile>): <reason> <hostfile>% <reason>DELH THiAAD I\
could not open hostfile(<hostfile>): <reason> <hostfile>%<reason>DIHTA— 7 TEHRW
<hostfile> not exist RANTZ 7 ANVHBEFIEL R
specify -machinefile option -machinefile & 7Y a VA REI N TN
no user program <exe>MIFEI N TRV
socket directory not exist Vry MBEHDOT 4 L7 MURGFEEL R
not found mpi process mpiexec 7 H ¥ AHMBMFEL Z W

+ 1.3.3 FHEOHBHRE- - KRTHEH(CEHE

s =34
6 gl_client(int *argc,char ***argv)
7 Bl
l CIESd [ BT
argc BIOBADRA > R
argv SIBCFFDOBFIAND R A > &
8
o EEA

10 ql mpiexec {start,finalize} A¥ Y NIZ K DR EfFb, MR EZIRY, ARBEIBUL,
u MPI7BZZANT, —EIOFEOETRICHFTHT,

2 RYIE
| RYE \ B
QL_CONTINUE RO R ORI ER S N7z
QL_EXIT MPI 7027 5 LOMKTHERENTZ, HDWVIELE T 0 AW gl mpiexec_start
awy RTRpXNA TR

13

u 1.3.4 EFEOBH - ¥ T (Fortran)
15 %ﬁ

16 subroutine QL_CLIENT (ierr)

19



515

[ a®& [ ® ] HA

il
S
o

[ derr | INT \

siEA
MPI 70 275 AN T—EDEFHEDE T HICHEOH T4, gl mpiexec {start,finalize}
A NIZE SRS, kiR EZRT, hd. KBEHZMEHTT 5791213 libglfort.so

% LD_PRELOAD TH— R B0 ENH 5, /-, T2/%1 F1Z GNU Fortran Compiler F 7=
I3 Intel Fortran Compiler % %7 — +9 %, Intel Fortran Compiler fEFHKEIE, I > /8o VA

7' a viZ-shared-intel ZfE€ T D HEDNDH 5,

B

RO HEDRBP R S L

MPI 7075 LD THMERE N,
av v NcEEHINTVRNY

HDVIELE T E AN ql_ mpiexec_start

1.4 BE7O0LRAE#HH—RINAVY—T (4R

1.4.1 swapout A7 A3d—)b

e

int swapout(char *filename, void *workarea, size_t size, int flag)

5%
| 5141 [ B
filename AT T T 7 A INVENDRA VR
workarea PEREFIIAND KA > &
size PEZERE DY 1 X
flag swapout OE)ERITHHZ Z 7
BL:]

TaXADAE)FHEHBED 7 7 A VADRFEE (AT TT7 O RNEER) &7 71425 0HE

& (AT AV EER) 2175,
WERZ 7 FIZLA R D@D,

1 filename 2 NULL 7z flag 2* 1 D& EIZAT v 76 ITHEDL, £ 5 THRWVWEHIZA

T v 72D,
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2 AT TTUMNMLUEETD,
3 flag A2 DHGEIX. AT v THITHED, 5 TRWERIE. AT v T4ITED,

4 mcexec NMiHIEZR L., AT YT 7T ME T DEME, ql mpiexec_{start,finalize}
WZEBHREMF- 728, AV AT LA —)VIZHIEZ KT,

5 ATy TA VI EITS, SO LUIGIZES,

6 mcexec Nl{HlZf L. ql mpiexec_ {start,finalize} {Z X DRz Fio72H. KT
TAI—VIZHIEZR S, ES5ITIFCHUITIZR S,

RY1E
| RYE [ B
0 EHEAT
_1 T 5 —
-ENOMEM ATV
-EINVAL 5IEDIAIE

1.5 Utility Thread Offloading 214 73V (1% —7 x4 R

A VX =7 x4 Alx TMcKernel {LBkfI$% (Utility thread offloading 7 77 Vi) | (Z5d#k
-a— 6 o

1.6 Utility Thread Offloading H—RILA1 V4% —T x4 R

McKernel i, AL v K% Linux ® CPUIZ~¥ 1 7' L — N3 2#E (Utility Thread Offloading,
UTI & IER) 2452, UTION—F VA v EZ—T oA AlF, B 1I5HTHHT D17
FVIZEk->oTHWSONS,

DIF., S AT A= VDA Vv EA—T oA A%iHT 5,
1.6.1 McKernel ALY RO Linux ~"OXYA L — N RFL—)L
£

int util migrate inter kernel(uti attr_t *attr)

s AR

attr & ERBEIZ M UTI_CPU_SET THEI N/, CPUMEL AL v ROIRSEEVDFLR 12
D%, MUHLUILAL Y K% Linux CPUIZY A ZL— b XH 3,

ERIEZARUTI_CPUSET ¥y b~ v TR T CPU M EZE/RT, 7. uti_attr_t IELA
TOEIIZEEINS,

#define UTI_MAX_NUMA_DOMAINS (1024)

typedef struct uti_attr {
uint64_t numa_set [(UTI_MAX_NUMA_DOMAINS + 63) / 64];

21



/¥ ALy FE@ELENMA / —RZ2RITEY by T */

uint64_t flags;

/% CPUMEE ALY ROIRZEBEVWERTEY b~y T x/
} uti_attr_t;

utiattr t @ flags IF€Y <y 7T, ¥v b LIFINT 5 CPUALEDR R E 72 13k
HEVDIBPER CTHE I L &R d, By MIE LR - B ONBIXAFO@ED,

#tdefine UTI_FLAG_NUMA_SET (1ULL<<1)
/* numa_set 7 4 — )V N TIEL/ NUMA / — RALET 2 */
#define UTI_FLAG_SAME_NUMA_DOMAIN (1ULL<<2)
/x MO U2 [d— NUMA / — RABRET 5 %/
#tdefine UTI_FLAG_DIFFERENT_NUMA_DOMAIN (1ULL<<3)
/x FEOH U IE 2 138725 NUMA / — RABLET 5 */
#define UTI_FLAG_SAME_L1 (1ULL<<4)
#define UTI_FLAG_SAME_L2 (1ULL<<5)
#define UTI_FLAG_SAME_L3 (1ULL<<6)
/¥ OB LUILEZNTNDOLRVDF vy v az2itEFT 5 CPUANRET D */
#tdefine UTI_FLAG_DIFFERENT_L1 (1ULL<<7)
#tdefine UTI_FLAG_DIFFERENT_L2 (1ULL<<8)
#define UTI_FLAG_DIFFERENT_L3 (1ULL<<9)
/x PO LIGE ZENZTNDOL VD F vy ¥ a2 G L7232\ CPUANEIET 5 */
#define UTI_FLAG_EXCLUSIVE_CPU (1ULL<<10)
/* CPU 2 HH X125 L IRMIZEIET 5,
FIZE, mwait a2 HVWT WS, */
#define UTI_FLAG_CPU_INTENSIVE (1ULL<<11)
/% CPUY A 7 NVa% T2, HIZAIE 2y hT7—2
TNAADARY NFa—%F0RUKR-) VI35, %/
#define UTI_FLAG_HIGH_PRIORITY (1ULL<<12)
/¥ ATV a—=TDTIA4A) T 1% BT ERRNZENET S,
BlZIE, FY NI = TN ADARY MNMELET S, */
#define UTI_FLAG_NON_COOPERATIVE (1ULL<<13)
/* co-operative A7 Y a—V VT %E{FoTWARWL, FlZIX,
ARV MEBIZIR 5 72BRIT sched_yield() ZIER, W T & LRV, */

8. McKernel 5 Linux AND 1 EDOYA 7L — NOAABETH 5,

RYIE

0 IEHE#T
-1 IJ—

IS5 —BED errno D&

-ENOSYS util migrate_inter kernel 23¥ R — M I TWAL,
-EFAULT attr IZ7 7R AT ER,
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1.6.2 ALYy RERKOSEEVRATLO—I
2=

int util_indicate_clone(int mod, uti_attr_t *attr)

Bl

IO LUTTAL Y RBFEITT S clone VAT AI—INVDOEHEZEZ, AL v RERE
EHIZ mod IZHEE L2 OS AT A 7L —h&¥ 3, CPU ALE & Linux DAY Va—J#%
I, attr & ERBEAS UTI CPUSET CTHREI Nz v MIESWTRESI NS, ZDH
%, pthread create() & T Linux NA LY FELEWIEL7DITHWS, REES.
util migrate_inter kernel ¥ [Afk. McKernel 2*5 Linux ND 1 ED <Y1 7L — kD AH]
HETH 5,

mod DHLY 5 A & BERIZLATDIED,

SPAWN_TO_REMOTE Linux ~A: 5%

SPAWN_TO_LOCAL McKernel N R
RYE

0 IEHT

-1 I J—

I5—BF®D errno D{E

ENOSYS util_indicate_clone AV HR— I NTWViRL,
EINVAL mod IZREHBDEZIEEL 7=,
EFAULT attr IZ7 Z B ATER,

1.6.3 A—FRIERRTYRA7LI—)L
=X

int get_system()
AR

IOH UL ALY RDPEEL TWD OS DFER ZIRET 5, d. RBEEOLIRIZIR NN —
Y3 IZT ismckernel () FIZEH I NS FETH B,

RY1E

0 0OS »% McKernel

1 35— (0S ?% Linux)

23



IS5 —BED errno D&

ENOSYS Linux THEOH L 7=

1.7

XPMEM A 754V —T 4R

XPMEM Z{#5 Z 212 Lk->T, 570t ANy T LAY fHEEEZ2 O 7o Anrs5<y
TTEBLDTmDB, MAAEEIUTOMED, BE1OTOADAEVMHEEGZE 2D 0k
ANy Tl LD L TWBET 5,

1.

HB1OTa AN AEY #HE%E xpmem make () Z T XPMEM segment & U T &k
T2, £7-. segment id 252 DT u v XIZHE T,

. B 2070t A7 xpmen_get () TXY% XPMEM segment (ZX3 5 7 7 ¥ AFn %155,

.20 71k A7) xpmem_attach() TX4i% XPMEM segment % H & DA 7 N L A

iz~ Yy 795,

D20 7ae ANNYFA TV BRI T A EEET S,
. B 20702 AD xpmem_detach() THUFHAEVHEEZT v~y 75,

. FH20 70 ¥ A xpmem_release () TYi% XPMEM segment (2549 5 7 7 & AFFA[ 3

AENZ o228 % R IANIEZ D,

.1 O7 1 AD xpmem_remove () % VT %% XPMEM segment Z %33 5,

PIF., BHEBEBO A v X —T o1 A% HT 5,

1.7.1

e

Get Version Number

int xpmem version (void)

st EA

This function gets the XPMEM version.

RYIE

Z 1

XPMEM version number

-1

Failure
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1.7.2 Expose Memory Block

e

xpmem_segid_t xpmem_make (
void *vaddr,
size_t size,
int permit_type,
void *permit_value)

stEA
xpmem_make () shares a memory block specified by vaddr and size by invoking the
XPMEM driver. permit_type is for the future extension. Use XPMEM_PERMIT MODE for this
version. permit_value specifies the permissions mode expressed as an octal value.
This function is expected to be called by the source process to obtain a segment ID

to share with other processes. It is common to call this function with vaddr = NULL and
size = XPMEM MAXADDR_SIZE. This will share the entire address space of the calling process.

RY1E

#—1 64-bit segment ID (xpmem_segid_t)

-1 Failure

1.7.3 Un-Expose Memory Block

e

static int Xpmem_remove(Xpmem_segid_t segid)

St EA

The opposite of xpmem make (), this function deletes the mapping specified by segid
that was created from a previous xpmem make() call. All the attachements created by
xpmem_attach() are detached and all the permits obtained by xpmem get () are revoked.

Optionally, this function is called by the source process, otherwise automatically called
by the driver when the source process exits.

RYE

0 Success

-1 Failure
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1.7.4 Get Access Permit

e

xpmem_apid_t xpmem_get(

3598

xpmem_get () attempts to get access to a shared memory block specified by segid.
flags specifies access mode, i.e. read-write (XPMEM_RDWR) or read-only (XPMEM_RDONLY).

xpmem_segid_t segid,
int flags,

int permit_type,
void *permit_value)

9

10

11

permit_type is for the future extension. Use XPMEM_PERMIT_MODE for this version. permit_value

specifies the permissions mode expressed as an octal value.
This function is called by the consumer process to get permission to attach memory
from the source virtual address space associated with segid. If access is granted, an apid

will be returned to pass to xpmem_attach().

RYE

Z 1

64-bit access permit ID (xpmem_apid_t)

-1

Failure

1.7.5 Release Access Permit

e

int xpmem_release(xpmem_apid_t apid)

st AR

The opposite of xpmem_get (), this function deletes any mappings associated with apid
in the consumer’s address space. Optionally, this function is called by the consumer process,
otherwise automatically called by the driver when the consumer process exits.

RYE

Success

Failure
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1.7.6 Attach to Memory Block

e

static int xpmem_attach(
struct xpmem_addr addr,
size_t size,
void *vaddr)

St EA

This function attaches a virtual address space range from the source process.
struct xpmem addr is defined as follows.

struct xpmem_addr {

/** apid that represents memory */

xpmem_apid_t apid;

/** offset into apid’s memory region */

off_t offset;
};

addr.apid is the access permit ID returned from a previous xpmem_get () call. addr.offset
is offset into the source memory to begin the mapping. The mapping is created at vaddr
with the size of size. Kernel chooses the mapping address if vaddr is NULL.

This function is called by the consumer to get a mapping between the shared source
address and an address in the consumer process’ own address space. If the mapping is
successful, then the consumer process can now begin accessing the shared memory.

RY1E

# -1 Virtual address at which the mapping was created

-1 Failure

1.7.7 Detach from Memory Block

EEe

int xpmem_detach(void *vaddr)

st EA

This function detach from the virtual address space of the source process.
Optionally, this function is called by the consumer process, otherwise automatically
called by the driver when the consumer process exits.

RYE
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0 Success
-1 Failure

1.8 XPMEMA—XILAVF—T 4R

XPMEM 1%, 570 ANy T UEAERVHEEBEZMBO 7ok Ansvy FTE5 L5512
35, XPMEM DHh—% VA v X —T7 x4 A%, H1I7THITHHTSES1 75 )I2k->TH
Wb,

PAF, BT 2 ioctl() DA VX —7 oA A%HHT 5,

1.8.1 ioctl¥ARFAd—)b
£X

int ioctl(int fd, int cmd, void* arg)

AR
cmd CHREIN/ZHEEZTD, cnd T DA FK 1.1 IZRT,

Table 1.1: XPMEM 7 /N1 ZIZX9 5 ioctl D3~ > N DALHL
av v R i A
XPMEM_CMD_VERSION N—=2a V& FERT,
XPMEM_CMD_MAKE arg->vaddr 25U F 5K X arg->size O A E Vi & LA ABEIZ L,
segment id % arg->segid IZI&#NT 5, XA EVHBED/\—I v avid
arg->permit_value IZiE I N5,
XPMEM_CMD_REMOVE arg->segid TIHEI N/ A ® VO ILE 2 RS 5,
XPMEM_CMD_GET arg->segid THE I N7z A€V HIRKIIN T 5 arg->permit_value THi
EENZN=Iv Y ayTOT 7 AFAIEEZRAAD, BIHL 54,
T 7R AHFD id A arg->apid IZHKIIE D,
XPMEM_CMD_RELEASE | arg->apid THRE I N7z A E VBRI T 2T 7 A & kT 5,
XPMEM._CMD_ATTACH arg->apid CHRESNZHEAEVHIKD 55 arg->offset D OIHE
55X arg->size D% arg->vaddr *HEE 57 N L AHPHIZ~< v
79 %,
XPMEM_CMD_DETACH arg->vaddr SR E B ILE Y Y TERMMT 5,

XPMEM_CMD_MAKE I % > K CTH\\% xpmem_cmd_make BEERIZLAT D & S iIcE@H I D,

struct xpmem_cmd_make {
__ub4 vaddr;
size_t size;
int permit_type;
_u64 permit_value;

xpmem_segid_t segid; /* returned on success */
s
xpmem_segid t IFLATFD XS IZERI NG,
typedef __s64 xpmem_segid_t; /* segid returned from xpmem_make() */

XPMEM_CMD_REMOVE 2 ¥ > K TH W % xpmem_cmd_remove fEEMRIILAFD L S IZEHS
ns,
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struct xpmem_cmd_remove {
xpmem_segid_t segid;

};
XPMEM_CMD_GET 2 ¥ > K TH\ % xpmem_cmd get EARIZU RO LS ICEHRI N 5,

struct xpmem_cmd_get {
xpmem_segid_t segid;
int flags;
int permit_type;
_u64 permit_value;

xpmem_apid_t apid; /* returned on success */
s
xpmem_apid t ZLATFD XS IZERI NG,
typedef __s64 xpmem_apid_t; /* apid returned from xpmem_get() */

XPMEM_CMD_RELEASE I ¥ ¥ K CH\W\ % xpmem_cmd_release fE/RIZA R D & S IZEHX
nb,

struct xpmem_cmd_release {
xpmem_apid_t apid;
s

XPMEM_CMD_ATTACH 2 ¥ > R T\ % xpmem_cmd_attach MERIZPA T D & S IZEHE S
ns,

struct xpmem_cmd_attach {
xpmem_apid_t apid;
off_t offset;
size_t size;
__ub4 vaddr;
int fd;
int flags;

s

XPMEM_CMD_DETACH 2 ¥ > K T\ % xpmem_cmd_detach fi&ifkZ L FD & S5 IZEHX
N5,

struct xpmem_cmd_detach {
__ub4 vaddr;
s

XPMEM_CMD_ATTACH I ¥ > R T\ % xpmem_addr #HERIZUA FD L S IZEHEI N B,

struct xpmem_addr {
xpmem_apid_t apid; /* apid that represents memory */
off_t offset; /* offset into apid’s memory */
s

RYE
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Chapter 2

EREMRITA VY —T 1 XM

AREOMHEGFEIZLLTDED,
e McKernel D, 7—F7 7 F v Bz &R E2TOHERBE

2.1 BEE

McKernel is a lightweight kernel for HPC with the following features.

e Quickly adapts to the new hardware techniques to provide scalability and full-control
of hardware

e Supports new programming style such as in-situ data analytics and scientific work-flow
e Provides a complete set of Linux API

McKernel is based on a light-weight kernel developed at the University of Tokyo[2]. Tt
works with systems with Intel Xeon processors and systems with Intel Xeon phi processor.
Figure 2.1 shows the architecture of McKernel. Cores and memory of a compute-node are
divided into two partitions and Linux runs on one of them and McKernel runs on the other.
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)
S Linux McKernel, McKernel,
2
b
D || mcexec, | *** | mcexec,
S
@ mcctl
o
(%]
o
c IHK-Master IHK-Slave, IHK-Slave,
<
Core | === | Core Core |===| Core Core |===| Core
Partition, Partition, Partition,,,

Figure 2.1: The architecture of McKernel

Two kernel modules, mcctl and IHK-Master, and user processes mcexec (mcexecl,
mcexec2, ...) exist in the Linux kernel while McKernel (McKernell, McKernel2, ...)
and IHK-Slave (IHK-Slavel, IHK-Slave2, ...) reside in each partition.

Linux controls all hadware resources when booting a compute-node. The Interface for
Heterogeneous Kernel, formed by both IHK-Master and IHK-Slave, implements a com-
munication mechanism between Linux and McKernel, called Inter Kernel Communication
(IKC). In addtion of that, the IHK-Master has an important role, allocating cores and
memory for McKernel, and booting it. IHK is independently designed from McKernel, and
it may be used for other kernels with Linux.

The mcctl kernel module controls the McKernel. In order to provide Linux API for ap-
plications running on McKernel, OS service requests not provided by McKernel is delegated
to Linux and performed by Linux. The mcexec command requests McKernel to launch an
application via IHK. After the application’s invocation, a mcexec process acts as a proxy
or ghost process for the McKernel process in the sense that Linux system calls delegated
from McKernel via IHK are issued by this process.

In the rest of this section, McKernel features, i.e., McKernel usages, process and mem-
ory management, system calls, and the procfs/sysfs file system will be descried.

McKernel 2 i\ 72Y 3 TOEIT ATy 72K 2.2 # HOTHHT 5,

1. #HY 7 FAGEHE S — R R Linux 2 &89 25 (KD (1))

2. A—YNVaTFa—%HEETSHI T, McKernel & Linux D EH 5 2 {Hi {3 5 h.
F 72 McKernel 2 H T 2558134 0 F a—=V I BRI N —F VA A=TUD S
LENEMHAT A0 2EET S, BIZIE. 7= R=IMDPMEROHZT 7Y B 2FET
LD ELTWAEAIR. TOMEZR DM A—VREETDIYVadTFa—Itvarls
BAT 5,

3. AV 7 MUz TRV a TERAERRZITT, BRDO/NN—F 1 a=>2 McKernel DEZH),
77V DETEITD (D (2)), #HlTiE, T7—YR—=I{UEEBRE % K> McKernel
NEFHXN, 77) BBRZTDOLETEFEINS,
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Figure 2.2: McKernel Usages
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2.2 JOtwREE

McKernel has a unique process execution model to realize cooperation with Linux. McKer-
nel processes are primarily spawn by the Linux command line tool mcexec!. For every single
McKernel process there is a corresponding mcexec Linux process that exists throughout the
lifetime of the application. mcexec serves the following purposes:

It provides an execution context for offloaded system calls (explained in Section 2.3)
so that they can be invoked directly in Linux

It enables transparent access to Linux device drivers through the mechanism of unified
address-space (discussed in Section 2.4) and the ability to map Linux device files
directly to McKernel processes

It facilitates Linux to maintain certain application associated kernel state that would
have to be otherwise maintained by McKernel (e.g., open files and the file descriptor
table (see Section 2.2.3), process specific device driver state, etc.)

Due to its role to providing a gateway to specific Linux features, we call mcexec the

prozy-process. Figure 2.3 provides an overview of IHK/McKernel’s proxy-process architec-

ture as well as the system call ofloading mechanism.

! An alternative way of creating McKernel processes via the fork() system call will be discussed in Section

2.2.2.
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Performance sensitive
system calls are
implemented in McKernel,
Yo (Aol others are offloaded to Linux

System
daemon

Application

Linux Delegator

module McKernel
E Kernel System IHK-
daemon call Master IHK-Slave

OS noise contained in Linux,
isolated from McKernel

Interrupt = Partition Partition

Figure 2.3: Overview of the THK/McKernel architecture and the system call delegation
mechanism.

We emphasize that IHK/McKernel runs HPC applications primarily on the LWK but
the full Linux API is available via system call delegation. System call offloading will be
detailed in Section 2.3.

Since the user shell process runs on the Linux side, a signal to an McKernel process
cannot be delivered directly from Linux. Instead, the shell process issues signals to mcexec
and mcexec forwards the signal to the McKernel process via IKC. For more information on
singnaling, see Section 2.2.4.

2.2.1 Linux 507 0O+ REE
mcexec 2’ Linux 2° 6 70X A2 iEE#T 5 ATy FIILLFDED,

1. Tt opens the device /dev/mcosn to communicate with McKernel.

2. It sends the ELF binary description header, the commmand line and environment
variables to the McKernel.

3. It uploads the application binary to McKernel’s memory area.

4. Tt creates a Linux thread pool that will serve system call offloading requests. Addi-
tionally, one of the workers is designated for waiting for signals from McKernel.

5. It sends a request for starting the process to McKernel.
6. The main thread waits for termination of all workers.

7. When a worker receives the exit_group() system call, it terminates all workers in
the thread pool.

. BRIEZAF MCEXECWL IZ McKernel HETHHETZ 71 LD (Bl) T4 L2 ) %45
ESTHI LT, mcexec DIREZEBMTE S, BT+ L7 N 2IBET2HEK JnvEk
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TVIRELTHRET S, b, BET AV MU NMZEGSHREZ 71 VBMFELTH, B
TD7r — ATl Linux TEFEN5S,

o McKernel 2’E)fE L TWRWEH
o IXVIRA64 Y b ELF NA F U TIEARWEE
o I NN mcexec, ihkosctl, ihkconfig TH B HH

Z OR%EEIE. mectrl A Linux DA —X DY A MK — X2 AT LI L TEBHINS,

2.2.2 fork()

The fork() system call is supported in McKernel and it is an alternative way for spawning
new processes. fork() is handled as follows:

1. McKernel allocates a CPU core and memory for the child process.

2. McKernel creates information on process and virtual memory, and the user execution
context.

3. McKernel copies the parent memory to the child process. Note that the anonymous
memory areas such as text, data, bss, are copied without using copy-on-write technique
in the current implementation.

4. McKernel requests mcexec to perform a fork system call (i.e., to create a new proxy
process for the child) in Linux. mcexec executes the following steps:

(a) mcexec issues the fork system call to create a new Linux process (call it the child
proxy).

(b) The child proxy closes the device /dev/mcosn and reopens it again in order to
communicate with McKernel.

(c) The child proxy creates the worker thread pool that serve the same role of the
parent process’s worker threads.

(d) The child proxy sends a reply message to McKernel.

5. When McKernel receives the reply message, it puts the child process into the run-
queue.

6. McKernel returns to its parent process with the child process ID.

2.2.3 Files and the File Descriptor Table

McKernel does not maintain file system related information (e.g., file caches) and file de-
scriptors are managed by the proxy process on Linux. When an McKernel process opens a
file, its file descriptor is created in the mcexec process and the number is merely returned
to the McKernel process.

It is worth noting that mcexec keeps the IHK device file open for communication with
McKernel. Because a file descriptor is an integer value, the IHK device could theoretically
be accessed from application code. In order to avoid such scenario, mcexec ensures that the
THK device file cannot be accessed by application code.
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2.2.4 Signal Handling

Two types of signals are considered: One is signals for the mcexec process. An example is
the user sends a signal to the process from the shell. Another one is signals for a McKernel
process, e.g., page fault signal caused by accessing wrong address in the McKernel process.

When the mcexec process receives a signal, that signal is transfered to the McKernel
process via McKernel. When McKernel receives a signal for the McKernel process from the
mcexec process during waiting for completion of a Linux system call, McKernel requests
the mcexec process for aborting the system call execution.

24 ZHWTY 7 PV hkEREDEIEZ FIHT 5, A A b OS ® meexec 2352 1T HL - 7=
Y7 F i, IKC %3 U T McKernel (ZHAI X v, ¥ 7 FIVBFRMIE (do kill) IZEZ 61
%, YTFIVERNE T, ¥ 7SIV %E KT sig pending %Lﬁi%ﬁfﬁi U. VI FIVERHE
O process MHERIZEERT 5, T 2T, VY7 FIVEMLEN AL v RDEE X process FEA D
sigpending IZEFkT 20, AL vy RZRELRWY 7 FILDEE L process LA D oD A
L F4L@ D sigshared D sigpending IZ¥ 8T 5, MOFRICLORELZT TSIV BH
RIS 77 F VBRI (do kill) 1T & o T process HEERIZ Y 7 F VA3 &gk EI b, 7))L
%[5 %70 A%FTT S CPU TIE, | DAAMBER Y AT L3 — VB KL &0
A—HEFADYOEZ DA I VI TT quxc_F‘L\m\é > 7" F )V (process REEARIZ 2
PRI N T2 sig pending #iitifR) 2 F =¥ 7 (check signal) U, ¥ 7 FILAJEVWT VB
BIZIE, ZOMHEZEITS, V7 F VDML, process HiEIAD sighandler (2> TIT 9,
sighandler DY 7 FNVESDEAIZY 7 F AN RIPBHFHINTVWEEAIL, BRI T
WBYTFIUNY RITEZNFCHT, YT FIVERET25E813ME LRV, ZUUNDEE
7w AERT (Y7 FIT & 5%?) ?6 (HU. ¥ 7+ NFS5H SIGCHLD & SIGURG

T, YT FUNY RIOEREMPBENGEIIREAINS),
McKernel
mcexec
IKCZfE0E
YTFNNLET J:——_-—a (EEDY 7 FI)
GPFEIYAH NV F T
(SIGILL)

27 FIVERLE
(do_kill)

kil 27 L3 —L I

(EEDY T F L) process
s sig_pending
e stk
7Ot R TR 7
(SIGCHLD)

SOFNTF oy 7R
(check_signal)

Page FaultZ] V) ;A& /N>
F'Z (siGBUS. SIGSEGV)

Figure 2.4: ¥ 2 F )V iRkl 0 B/

2.2.5 Process ID

The process ID of a McKernel process is held in the corresponding proxy process and it is
managed via Linux API.
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2.2.6 Thread ID

McKernel ALy RO AL w RID &, XfJtd 5 proxy process ALy N TEIH I N5, McKernel
ALy RERKKED proxy process ALy K& DX oI AT v FIZLLFDIED,

C1 proxy process (mcexec) IFHEEIFHIZAERT DALy NEZEREL, TOEIZITEKT 5,

C2 McKernel IZ A Ly RERKKRHZ, TDAL v K EXfli) 5 proxy process DAL w K
% proxy process (ZflWEHHHE 5,

C3 McKernel 1337 U < &9 % McKernel AL v RIZX45% proxy process ALY RD AL vy
NID 2# D24 T3, £/, McKernel ALY RIDZ2F ¥y adb5Z & TAL YR
ID fw&bt % @mE ks 5,

mcexec IFEKT B AL Y REZELLTFD HIETIRET 5,
S1 -t <nr_threads>D* 7' a VAMEEIN-GEITZFOMEZ AW,

S2 EEiA TV a vNREI NG D 5 25E L, BREEZA S OMP_NUM_THREADS 2SEXE X LT \»
55608, BEAROEEZHAWS, ZOBREAZKIHRE I N TVRWEE X McKernel
IZE D YT 5Nz CPU A HWS,

McKernel D A L v RE_EBRIE proxy process AT v 7 C1 THEKT B ALy NETHk
¥5, 20O —VEEELDRAT Y T S2 THRESI NS TIIRED R \WIGE 1T mcexec D-t
<nr_threads>A 7> a vV EHWT IR EIBEECT S5 HELDH 5,

2.2.7 User ID

UID [FHRENED A —N—~v RZ2HIJET 5728, UID I& McKernel & Linux Ol 5 C&H 3
5, Z2HDERIE McKernel L% ZH L 7=, IKC #H W T Linux LOfEZEEHT 5,

2.2.8 Process Groups

T AT N—=TIZY T FNEENTIEDO Y T FIVEMSR T O AFAED A — N =~
REHIRT 572, 7z, setpgid VAT LI—NIZBEWVWT, XR T H X AH execve % FEIT
U EPOF v 7 %2iTA 5 5125729, pgid I Linux & McKernel O i 5 TEHS
%, ZEHDOERIX McKernel EDfE%ZZFE L7z, IKC ZH\WT Linux EOEZZ2E T 5,

2.3 YATLO-)

As already mentioned, one of the proxy process’ roles is to facilitate system call offloading
by providing an execution context on behalf of the application so that offloaded calls can
be directly invoked in Linux.

2.3.1 System Call Offloading

The main steps of system call offloading (also shown in Figure 2.3) are as follows. When
McKernel determines that a system call needs to be offloaded it marshalls the system
call number along with its arguments and sends a message to Linux via a dedicated IKC
channel. The corresponding proxy process running on Linux is by default waiting for system
call requests through an ioctl() call into IHK’s system call delegator kernel module. The
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delegator kernel module’s IKC interrupt handler wakes up the proxy process, which returns
to userspace and simply invokes the requested system call. Once it obtains the return value,
it instructs the delegator module to send the result back to McKernel, which subsequently
passes the value to user-space.

System call offloading internally relies on THK’s Inter-Kernel Communication (IKC)
facility. For more information on IKC, refer to “IHK Specifications”.

2.3.2 Offloading Strategy

There are mainly two categories of system calls that need to be implemented by McKernel:
1. System calls that cannot be offloaded to Linux side, and
2. Performance critical system calls

The first category includes CPU affinity system calls such as sched_setaffinity(),
signaling system calls such as sigaction(), and memory-related system calls such as
mmap () and fork(). The second category includes timer-related system calls such as
gettimeofday ().

System calls, implemented in McKernel or planned to implement, is listed in Table 2.1.
Other system calls are delated the Linux.

Table 2.1: System calls implemented in McKernel

Category [ Implemented [ Planned
Proess man- | arch_prctl (x86_64 specific), clone, {get,set},thread_area,
agement execve, exit, exit_group, fork, futex, rt_sigtimedwait, signalfd,

get_cpu_id, gete{u,g}id, get{g,p,t,u}id, signalfd4

getppid, getres{g,u}id, {get,set}rlimit,
kill, pause, ptrace, rt_sigaction,
rt_sigpending, rt_sigprocmask,
rt_sigqueueinfo, rt_sigreturn,
rt_sigsuspend, set_tid_address,
setfs{u,g}lid, set{g,u,t}id, setpgid,
setre{g,u}id, setres{g,u}id, sigaltstack,
tgkill, vfork, wait4, waittid

Memory brk, {get,set} mempolicy, madvise, {get,set} robust_list, mbind,
management | mincore, mlock, mmap, move_pages, migrate_pages, mlockall,
mprotect, mremap, msync, munlock, modify_1dt, munlockall

munmap, process_vm_{readv,writev},
remap_file_pages, shmat, shmctl, shmdt,
shmget

Schedule getcpu, {get,set}itimer,
{get,set}timeofday, nanosleep,
sched_{get,set}affinity, sched_yield,
times

Performance | perf_event_open
counter

2.3.3 gettimeofday()

gettimeofday() is implemented in user-space by using Virtual Dynamic Shared Object
(vDSO) mechanism (see Section 2.4.6 for vDSO). ).
Table 2.2 shows the related vDSO pages.
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Table 2.2: vDSO pages related to gettimeofday ()

Name [ Description
vdso System call code and data
vvar Kernel variables
hpet Rregister of the High Precision Event Timer
pvti Virtual clock updated by virtual machine, such as Xen and KVM

2.3.4 perf_event_open()

perf_event_open() is implemented in McKernel by using the technique mentioned in Sec-
tion 2.7.2.

2.4 Memory Management

We already described how system call offloading works in the THK/McKernel architecture.
Notice, however, that certain system call arguments may be pointers (e.g., the buffer argu-
ment of a read() system call) and the actual operation takes place on the contents of the
referred memory. Thus, the main problem is how the proxy process on Linux can resolve
virtual addresses in arguments so that it can access the memory of the application running
on McKernel.

In order to overcome this problem McKernel deploys a mechanism called unified ad-
dress space, which essentially ensures that the proxy process can transparently access the
same mappings as its corresponding McKernel process. This mechanism is detailed in the
following sections.

2.4.1 Unified Address Space

The unified address space model in THK/McKernel ensures that offloaded system calls can
seamlessly resolve arguments even in case of pointers. This mechanism is depicted in Figure
2.5 and it is implemented as follows. First, the proxy process is compiled as a position
independent binary, which enables us to map the code and data segments specific to the
proxy process to an address range which is explicitly excluded from McKernel’s user space.
The box on the right side of the figure with label "Not used” demonstrates the excluded
region. Second, the entire valid virtual address range of McKernel’s application user-space
is covered by a special mapping in the proxy process for which we use a pseudo file mapping
in Linux. This mapping is indicated by the yellow box on the left side of the figure.

Note, that the proxy process does not need to fill in any virtual to physical mappings
at the time of creating the pseudo mapping and it remains empty unless an address is
referenced. Every time an unmapped address is accessed, however, the page fault handler
of the pseudo mapping consults the page tables corresponding to the application on the
LWK and maps it to the exact same physical page. Such mappings are demonstrated in the
figure by the small boxes on the left labeled as faulted page. This mechanism ensures that
the proxy process, while executing system calls, has access to the same memory content
as the application. Needless to say, Linux’ page table entries in the pseudo mapping have
to be occasionally synchronized with McKernel, for instance, when the application calls
munmap () or modifies certain mappings.

A more detailed sequence of resolving a page fault in Linux for an address in the
McKernel process is as follows:
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Virtual address Virtual address

File in Linux space of Physical space of
mcexec memory McKernel process
App text
App data/bss
[mckernel] App heap
App mmap
[mckernel] App stack
mcexec mmap
mcexec text
mcexec data/bss Not used
(1) mcc.tr.] creates a file and mcexec heap
mmap it in a way that mcctrl
can capture page faults mcexec stack
occurring on the VM areas
of McKernel process

(2) mcctrl asks McKernel to obtain physical page if needed and then
copy page table entry of McKernel process to page table of mcexec

Figure 2.5: Unified Address Space

. When mcexec accesses a memory area pointed by a pointer variable stored in a system
call request a Linux page fault occurs.

. The mcctrl kernel module captures this page fault. It looks up the page table of the
Mckernel process to find out the page table entry (PTE) of the physical memory.

. In case that PTE is not found, the following sequences of issuing remote page fault
are performed as follows.

(a) The mcctrl module interrupts the sytem call service. It reports return code
STATUS _PAGE_FAULT and the faulting address to McKernel.

(b) When McKernel receives the return code STATUS_PAGE_FAULT, it resolves the
page fault.

(¢) After McKernel finishes page fault processing, it requests resuming the previous
system call process by sending an IKC message SCD_MSG_SYSCALL_ONESIDE to
mcctrl.

(d) When mcctrl receives the request of resuming the previous system call at the
IKC message SCD_MSG_SYSCALL_ONESIDE, it looks up the page table entry again.

. mcctrl maps the physical memory pointed by the PTE to the virtual address where
the page fault occured.

. mcctrl requests resuming the execution of the mcexec process.

. The mcexec process now can access the virtual address requested in the system call.
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As mentioned above when an McKernel process releases physical pages by issuing sys-
tem calls such as munmap () or madvise () with the option MADV_REMOVE, the mcexec process
clears its page tables to make sure future requests will not resolve an invalid mapping.

When the mcexec process establishes the pseudo mapping covering the McKernel pro-
cess’s user space the mapping is read /write enabled except for the text area of the McKernel
process. When the McKernel process allocates a read-only memory mapping, e.g., when
mapping a shared library, the mcctrl kernel module remaps this area with the same access
permissions in the Linux side. This remap operation is required because the virtual address
sapce for the McKernel process has been created as one contiguus region whose access per-
mission is homogeneous. Most of memory mappings created by the McKernel process are
read /write permission, and thus such remap operation happens relatively rarely.

2.4.1.1 McKernel Process Virtual Address Mapping

Theoretically all virtual addresses used in the McKernel process must be mapped to the
mcexec process’s virtual address. There are two issues as follows:

1. The mcexec process has its own text, data and BSS area whose addresses are also
used in the McKernel process if those execution binaries have been created in the
same way.

2. If the huge stack area is allocated to mcexec via shell environment variable RLIMIT_STACK,

the virtual address space for the McKernel process cannot be assigned.

The solution of those issues on Linux for x86_64 architectues is described as follows.

2.4.1.1.1 Avoiding Conflict of text, data, and BSS

In the Linux convention for x86_64 architectures, the text segment starts from virtual ad-
dress 0x400000 and the data segment starts from 2 MiB upper address than the text seg-
ment. If both an McKernel application and mcexec are compiled and linked, those addresses
are conflict.

As we briefly mentioned above, the mcexec binary is created as position independent
binary so that each segement’s address can be dynamically decided by the runtime. In
Linux convention for x86_64 architectures, by issuing mmap, the map address will be the
next to the address of the stack area whose address is the highest address in the user address
space.

2.4.1.1.2 Huge Stack Size

The virtual address space plan of the McKernel process follows Linux address plan, i.e.,
the user space is contiguos and starts from virtual address 0. That is, in order to keep the
same address space of the McKernel process in the mcexec, the same address space must
not be occupied by the mcexec process. There is one problem to do so. In Linux for x86_64
architectures, the start address of a stack area is randomly decided and its size is the lesser
of % total memory size and size specified by the RLIMIT_STACK environment variable. If the
huge stack occupies the virtual meory in the mcexec, there is no chance to reserve the address
space for the McKernel process. In order to eliminate this problem, the RLIMIT_STACK
environmental variable for mcexec and the McKernel process is separeted. That is, the
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mcexec checks if RLIMIT STACK is larger than some amount of size (currently 1 GiB), it
saves RLIMIT_STACK to a temporal environmental variable (MCKERNEL_RLIMIT_STACK) and
exec() itself again with a small stack (10 MiB). The new mcexec process restores the
original value to RLIMIT_STACK so that this environment variable is used for the McKernel
process.

2.4.2 Physical Pages requiring Linux Management

The physical pages of a McKernel process must be under Linux management for I/0 related
operation (e.g. pin-down). This is because the driver running on the Linux side performs
I/0 operation and the operation relies on the Linux paging mechanism. For example, when
a McKernel process tries to send data in a buffer to a remote host, it calls the Linux driver
code and the driver code in turn pins down the physical pages for the buffer using the
Linux kernel function. The kernel function in turn assumes that the pages are under Linux
management (i.e. managed by struct page).

Thus, THK takes the physical pages from physical pages managed by the Linux. That
is, IHK reserves physical pages for the co-kernels by using __get_free_pages() Linux APL
Since the __get_free_pages() allocates up to 1024 pages at a time, IHK repeaditly calls
this function to get contiguous pages more than 1024 pages.

2.4.3 Handling Different Page Sizes

There are several implementation options to support different page sizes in Linux:

1. Linux Transparent Huge Pages (THP)

2. Hugepage option in System V IPC shared memory

3. Linux HugeTLBfs

4. Hugepage option in mmap () flags

McKernel implments a similar technique to Linux THP, i.e., it automatically maps

physical memory with large pages whenever it is possible.
2.4.4 brk(Q)

McKernel ® brk() ¥ A7 AT —)UiliE, R=Y T =)V hF ==~y FZHIKL, X7
7 —UR=UfbERET DHREVBIMETNT WS,

brk () DEEIZLAT D@D, b, b — 7T N L A% b, brk() OF[EZE R— VL5
TAD EF7T RVAZE r TR, 72, 7O AEEH I~V Nmcexec (1.1 2HH) OoF
7' 3 v (--extend-heap-by=<step>) TIE I N//T X X% 5§ TRT,

1. e =7 OMi/NPERINZGE, AL ETICRES,
2. r—b< SDEGE, b—TKIg7 RLAZLTD 2 IZ&KET 5,

212 if § < 4096:
< = = S ’
r+S<zx<r+S+a,xrmoda=0,a {221 if S > 4096.

3. r—b>S DEGE, b —TOBMKT NV A% r IZ&KET 5,
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TR, WD HPC 7 7)) ORiEEZFHWT W5,

2.4.5 XEYEYYTICHITZ NUMA /— RER
2.4.5.1 I—HXENEYYT

I—HYAEVEDYTIZEITS NUMA J — RERIZDOWTIX, Linux OBEBEIZX U LA D%
REANEME N T WS,

1. =7 anonymous mmap fHI% 72 1) Tld7 <. text, data, bss, stack DEFEIRIZ X L T
ETUEADAEYVRY Y—%2HWS, £/, TNHDHEKRILIT T ADAEY K
VY —2HVWAEDNENPEBETES, ZOHEEIR. 7o XEL#H a3~ N ncexec (58

4= =

1.1 28) OA 7Y 3 ¥ (--mpol-no-{heap,stack,bss}) (Z &> TIT S,

2. A—VPREDAEY KV ¥ —%2HWDAE Y ERY 1 XOBIME (ZDMELFLHKREN
GEDALI—FHEDAEVR) Y —2HVD) 2IHETED, ZOREIE, 7ok R
EH I3~ N mcexec (1.1 SM) OA 7Y a3 (--mpol-threshold=<min>) (Z &k -
S ERer

2.4.5.2 HA—RILAEVEYHT

H—F IV AEVE DY TIZEITS NUMA J — RERIT Linux & BB HETIT S, T80
5, NUMA / — N DEE#EEF T8 %2 W T, BERICBFMLET S5 NUMA / — R o b iRlED
BMWNUMA / — K6 X E) 2HE7T 5,

2.4.6 Virtual Dynamic Shared Object (vDSO)

Mckernel provides the vDSO mechanism, which eliminates the need for switching to kernel-
mode when peforming some system calls.
The steps are in the followings.

1. The physical addresses of the Linux vDSO pages are compiled by looking into System.map

when configureing McKernel. They are kept in mcctrl.

2. McKernel adds mappings of the Linux vDSO pages to a process when creating the
process. McKernel asks mcctrl for their physical addresses.

3. McKernel passes their virtual addresses to the process via the Auxiliary Vector in the
stack.

4. When a system call is called, first the control is transferred to the glibc wrapper
function. And then the control is transferred to the function in the vDSO pages
without switching processor mode.

5. The function performs required processing using the data in the vDSO pages.
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--mpol-threshold=<min>

247 Z7Al<v T

T7ANIYy FET 7 AN —X—5d 5 fileobj L MEIMERTEMT S, 774 < Y
TNAES 7 74V T1/0 1k, fileobj & —X—xfnd 5. Linux filiZ{F1ET 5 pager & FE.3FE
EERTEMT S, 7740 <y TOEEEZHIZHWTHIT 5,

1.

2.

10.

11.

12.

13.

14.

15.

16.

Bl1oTutAD open() TTZ7ANT 4+ A7V T RERERT 5,

HB1OTOCADRHGEL T 7ANVT 4 A2 ) T REF$E U7z mmap() T McKernel (27 7
TN~y TR & 2R T %,

. McKernel (¥ mcctrl IZ pager Z E KT 5,

. mcctrl |¥ pager DY A M%7 71 )LD inode THMEKT 5, U A MIBRWZDH -4

pager Z{EL Y A M AL, D pager 2K,

. McKernel |% fileobj DV A b % pager D7 R L ATHET S, YA MIBRWZOHT

IZ fileobj Z/EE L T, HUfF L 7z pager &t 7z E T, fileobj @Y A MIHAT
%, 7z, VM_range fHIEARD memobj 7 « — )L NIZHRA VX 2T 2,

CB1IOTORANR=U T =V hERIT, FHARADR—Y T =)L b EEILU

&9 %,

McKernel 7% fileobj @ get_page() ZIFA T, BAFD AT v 7 TYHR— T 2 HifG
35,

(a) B Y CTHEAYHER—VEREHTENY Y2 ) A NELX TRy NTHRET 5, Ny
AV ANMIBWEOTET —XRERERI L THAEZLBYER—-VUZEEL, Y
Yal)AMIFAT S,

(b) pager (Z/KFHL T, YEMHR—IIT7 7 AV ORISERT DNE 2 EH AL,
(c) BAFU/-MHEAR—Y DT NV A%EKT,

. McKernel 1ZH45 U 72 R— 120§ 5 R—VF—7 N2y M) 2ER LA T 5,

1O TR ZDNYFYFRR— I T B EERTT S,

E20D7ut AN open() TTZ7ANT 4+ A7V T RERET 5,

2D T O ANHGE T 7 A NVT 4 A2 ) T R%EF$E T % mmap() T McKernel (27 7
TN~y TS & 2R T %,

McKernel IF mcctrl (2 pager % E3RKT 5,

mcctrl |¥ pager DY A b % inode THZER L, H 1D 70X A6 DHIHIZ & > TIERK
I N7z pager iKY,

McKernel I% fileobj DY A k% pager D7 RV ATHREL, 1 DOToLAITL-T
ERLE N7z fileobj S L. VM_range (ZFCH#kT 5,

F2DOTOXANRR=I T+ =) 2RI T, tARBDR—=T T =)L N2 L7
L35,

McKernel 7 fileobj D get_page () % X,
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

17. McKernel 13| 0 Y THAYHER—-IU2EHTEZNY a2V ANELA T2y N THREL.,
FB1OTOR AL > THEIN-YHR—-VUZ2HET 5,

18. McKernel [ZHUfS U 7R =120 n T 5 R=IUF =70y M) 2{EK LA T 5,
19. 2070 ARNYFEER— 0T 2 EIEE1T D,

2.4.8 POSIX Shared Memory

McKernel @ POSIX Shared Memory B46E (/dev/shm/*7 7 1 VDY v FIZ X2 HLHFEAEY
BaE) 1T vy THRREEMEINENT WS, ZOMEE I ncexec (B 1.1 2 OA T 3
¥ (-—mpol-shm-premap) (2 X > THRIZTE 2,

2.4.9 System V HEXLTE)

System VA AT UKEEIZ L5 A €Y #HIHE. shmobj &IPS EARZHWT, 771V < Y
TEFRRIZERT 5,

HEEXE) AV MOEMIE, shmetl Y AT LI =)V TERIN/ZEEIZZTDEFE
I—HIZEELE L5, H—FRIIVHTH shnid_ds WEKRDOE CTHFF T 5, shmid_ds ik
X, X589 % shmobj IZNEXHE 5,

HEAETVDOYY YV 7D munmap() THAMRBSI NI EOHEAEY YLV ITD
WX, fork() IZKAIEATY vy THOEN, TR AR TIZE2IEAETY Ty T
DAL Wo 2wy THOEMIX, HEAE) DT XY FH shm_nattch TT I,

2.4.9.1 ZEEODFHIR

Linux @ shmget ¥ A7 A3 —)U{LERD 5 5, 5[4 shmflg (Z SHM NORESERVE Z f5& L7z, A
7y THIBFR VAL 7 A Y OERIZT R - Lgw (FREREE I ),
F7-. Linux ® shmctl Y AT ALAI—=I)LDAFD S B, AFOEDE Y H— b LA,

1. 5% cmd IZ SHM_LOCK 28 L7z, £EA BV T AV bDODR=VOy 7

2. 51 cmd 12 SHM_UNLOCK 28 € L7z, LEAEV T AV vOR=vnr v 7R

2.5 procfs/sysfs

The procfs/systs files provided by McKernel are listed in Table 2.3 and Table 2.4.

45



Table 2.3: /proc files provided by McKernel

Full path \ Description

/proc/stat Kernel statistics

/proc/[PID] Directory containing information of [PID]

/proc/ [PID] /auxv Additional information to ELF loader

/proc/[PID]/cgroup cgroup it belongs to

/proc/[PID]/cmdline Command line

/proc/[PID]/cpuset CPU set

/proc/ [PID] /maps List of memory maps

/proc/ [PID] /mem Memory held by this process

/proc/ [PID]/pagemap Flat page table

/proc/[PID]/smaps An extension based on maps, showing the memory
consumption of each mapping and flags associated
with it

/proc/[PID]/stat Process status

/proc/[PID]/status Process status in human readable form

/proc/[PID] /task/[THID]

Directory containing information of [THID]

/proc/ [PID]/task/[THID] /mem

Memory held by this thread

/proc/[PID]/task/[THID] /stat

Thread status
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Full path

Table 2.4: /sys files provided by McKernel
l

Description

/sys/bus/cpu/devices/cpu*

Symbolic link to /sys/devices/system/cpu/cpux*

/sys/devices/system/cpu/offline

CPUs that are not online because they have been HOT-
PLUGGED off or exceed the limit of cpus allowed by the
kernel configuration

/sys/devices/system/cpu/online

CPUs that are online and being scheduled

/sys/devices/system/cpu/possible

CPUs that have been allocated resources and can be
brought online if they are present

/sys/devices/system/cpu/present

CPUs that have been identified as being present in the
system

/sys/devices/system/cpu/cpu*/online

1: Online, 0: Offline

/sys/devices/system/cpu/cpu*/cache/index*/level

Represents the hierarchy in the multi-level cache

/sys/devices/system/cpu/cpu*/cache/index*/type

Type of the cache - data, inst or unified

/sys/devices/system/cpu/cpu*/cache/index*/size

Total size of the cache

/sys/devices/system/cpu/cpu*/cache/index*/
coherency_line_size

Size of each cache line usually representing the minimum
amount of data that gets transferred from memory

/sys/devices/system/cpu/cpu*/cache/index*/
number_of _sets

total number of sets, a set is a collection of cache lines
sharing the same index

/sys/devices/system/cpu/cpu*/cache/index*/
physical_line_partition

number of physical cache lines sharing the same cachetag

/sys/devices/system/cpu/cpu*/cache/index*/
ways_of_associativity

Number of ways in which a particular memory block can
be placed in the cache

/sys/devices/system/cpu/cpu*/cache/index*/
shared_cpu_map

Set of CPUs shareing this cache in bitmap form

/sys/devices/system/cpu/cpu*/cache/index*/
shared_cpu_list

Set of CPUs shareing this cache in human readble form

/sys/devices/system/cpu/cpu*/node*

Symbolic link to /sys/devices/system/node/node*

/sys/devices/system/cpu/cpu*/topology/
physical _package_id

Physical package (e.g. socket) ID

/sys/devices/system/cpu/cpu*/topology/
core_id

Core ID within a physical package

/sys/devices/system/cpu/cpu*/topology/
core_siblings

Logical core set within a physical package in bitmap form.
Logical cores include Hyperthreading cores.

/sys/devices/system/cpu/cpu*/topology/
core_siblings_list

Logical core set within a physical package in human read-
able form

/sys/devices/system/cpu/cpu*/topology/
thread_siblings

Logical core set within a physical core in bitmap form

/sys/devices/system/cpu/cpu*/topology/
thread_siblings_list

Logical core set within a physical core in human readable
form

/sys/devices/system/node/online

Numa nodes that are online

/sys/devices/system/node/possible

Nodes that could be possibly become online at some point

/sys/devices/system/node/node*/distance

Distance between the node and all the other nodes in the
system

/sys/devices/system/node/node*/cpumap

Logical core set in the node in bitmap form

/sys/devices/system/node/node*/cpux

Symbolic link to /sys/devices/system/cpu/cpux*

/sys/devices/pci<dom>:<bus>/
<dom>:<bus>:<slot>.<func>/local_cpus

Nearby CPU mask (logical core set in bitmap form)

/sys/devices/pci<dom>:<bus>/
<dom>:<bus>:<slot>.<func>/local_cpulist

Nearby CPU mask (logical core set in human readable
form)

/sys/devices/system/cpu/num_processors

Number of logical cores (McKernel extension)
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procfs/sysfs f&aEI&X. AT D 3HRECTEH T 5,

e McKernel 23 % ONE % 1243 5 procfs/sysfs &, Linux DZF N & 2 ELEN & THE
heEbd, SSICERGOLERLZT 741 IVY AT L% /proc X /sys TR E 2HE AT
mcexec |2 S BEHE (mcoverlayfs)

o I— LNy 7B % mcectrl & McKernel Dilf o6&k TcEb5LHI1ZL., £/277%
AEK % Linux 7 5 McKernel ~NEi%E 3 5 #EhE

IR, 2 Zhofiez 34 2,

25.1 774N ATLDEREDLE
T7ANYAT LDEREDEDAT Y TIZLANT D@D,
1. McKernel #3/proc/mcos0 % Epk 3 %,

2. mcoverlayfs &\ T, /proc/mcos0/& /proc % EiaH Y /tmp/mcos/mcos0_proc
2T Y bE 5, 72, mcoverlayfs DFEEEZ FHWT, FiFE L&E IZH—7 7 1 VDME
B BBZIE, BIENT 78 ASINE LS ITHET S, 51T, /tmp/mcos/mcos0_proc
% /proc IZ bind mount 54, Z595IZ & T, /procllfFHETHTI71ILVTH>T,
McKernel 70+ 22 Linux 7H2 A & 3RE5NEZ REDZMBEDLNHDIZDONWT
l&/proc/mcos0/IZ M7 7 1 IV EHEfH L 72N & TILZ D /proc DT 7 1)V ZE FEE S
ZeNTEDL, £7-, BERLIZNBZ2RELZBEDH 5 EDIZDOWTIE, /proc/mcos0/IZ
LT 7 ANVEEMT LI TENEREDL LN TE S,

9

10

11

12

13

14

15

16

17

18

3. McKernel 23[FBRIZ, /sys/devices/virtual/mcos/mcos0/sys Z{EM L. /sys/devices/o

virtual/mcos/mcos0/sys & /sys Z EHREHHE /tmp/mcos/mcos0_sys (¥ b L,
/tmp/mcos/mcos0_sys % /sys {Z bind mount 3 %,

4. mcctrl & McKernel 53 /proc/mcos0 3 & U'/sys/devices/virtual/mcos/mcos0/sys
DI77A4N T4V M) ERERT D, BB, 7700 T4 L7 ) ONRIIERSK
WCERT BT 7 Aa— Ny JEBUT L o TIN5,

5. McKernel 70 ¥ ZAY/proc £7213/sys 77 A WMIZT 7 A5, 77 & ABKRIIHE
12t U T Linux 7* 5 McKernel (ZHEE X5,
2.5.2 T2t RAERD Linux 5 McKernel ~DE51%E
7 2 & AERD Linux 7* 5 McKernel ~DHEEDEEZ X 2.6 2 AW CEHHT 5,

1. 77 Vlkopen() BEDY AT LI =)V % FH\WT procfs/sysfs D7 7 1V ~ADT 7 & A
ERAAD, TOYVAT LTIV OMEEF Linux it s s, (Mo (1))

2. mcexec NV AT 52— )L & RHEFEITT 5, mcoverlayfs HMESLE IZHEED VT McKernel
PRMET L7 7 AV E2 I Linx M T 27 7 A UADT 7 AR BT %2175, Z
DELEREIHF IR AT oL T, (KD (2))

3. McKernel DMt 92 7 7 1 W& RS Nz 3 — Ny ZEEEBITERH I NS, (KD
(3))

4. Linux fll procfs/sysfs 7L — LU — 207 7 2 ZE K% McKernel il 7 L — L7 — 2
IZHE% T B, McKernel il 7 LV —AL T =237 7 AZG U0 2175, HIZIE 77
TNVDOHNEZERINT S, (KD (4))
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/sys/devices/virtual/mcos/mcos0/sys
/sys/devices/virtual/mcos/mcos0/sys
/sys/devices/virtual/mcos/mcos0/sys

mcexec

TV r—ay
VA= AEN

Linux |

(1) open(7 &z k3 | MoKernel

TIEX
mcctrl I

7 SKERX
procfs/sysfs ) 77 1 2 R procfs/sysfs
JL—=LT7—7 JL—=LT7—7

y

mcoverlay”7 7 A L X7 L

(2) McKerneli2ft 7 7 4 L E 7213 . ) R
Linud@#t7 7 A L~ofRY 13 @) A=Aty JBEIFOH L

McKerneliZ2ft
procfs/sysfs

Linuxigft
procfs/sysfs

Figure 2.6: procfs/sysfs O 7 7 2 A B KHxK%

1 2.6 T77AIRATLERGDLE

> McKernel 1£77— %)V E ‘/“:L—}I/mcoverlayfs WZEoT22D7 7 A IV AT L& EBRES
3 ETHEHRLEDLEDLZILNTES, AR iprocfs/sysfsi‘%& ED7=DIZHWS NS,
4 mcoverlayfs % overlayfs (ZUA FOBBEZENMT 5 Z L THEEINT WS

1. copyup ML X)L
mcoverlayfs I lowerdir & upperdir ICEREDLEZWT 7 ANV AT LEIRET 5,
McKernel TlZ, lowerdir (2, McKernel 23% DNE % Het3 % procfs/sysfs & Linux
DENE ZIHELTHWS, overlayfs Tl 74 FXAIRD 7 7 A )L lowerdir ED 7 7
ANV DEE. copyup WEEZ 17\ upperdir IR 7 7 1 IV EEK L, TDT7 714V %

© o N o O

10 FA—=Tv$TBHILT, 4 MUEERAGEL T5, 2DEDITTIE, T/ RAERIE
1 procfs/sysfs (ZEMPR\, F D72, copyup JLEEZ XL L, BHENRT7 71 ILIZT
12 A MRS AHEEZEINT 5, ABEEIZA 7Y 2 VT nocopyupw ZIRET S Z & TH
13 )th&éo

n nocopyupw A 7> a VOEMIZ LB T A MLEDEWEK 2.7 2R,

15 e nocopyupw A 7> a VR LT, T4 PRNRD T 7 1)V lowerdir ED 7 7 A VD
16 B4, copyup L% 47\ upperdir (ICHR T 7 A IVEER L, £DT7 7 AV EF —
17 TUTBHIET, T4 MLEEREE T 5,

18 e nocopyupw A 7> avH O DEGE. T4 PRRD T 7 A VD lowerdir ED T 7 A
19 NVDEGETH, copyup WHET, TDT7 74 IVEF =T THI LT, 71 ML
20 MEzAREL T b,

2 2. procfs/sysfs ¥R — b

2 mcoverlayfs Tl overlayfs IXUT procfs/sysfs DT+ L7 VDY v MMERER
2 BMUTWS, AEEREILA 7Y 3 2T nofscheck 2 f8ET 2 Z & THERM L 5,
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nocopyupw A 73V #Hn

(1) 54 MLz

nocopyupw A7 AVl (overlayfs MALER)

(2) 54 M

1
1
1
1
1
1
1
:
mcoverlay | | mcoverlay
1
upperdir v i upperdir
KR IP1I "
1
:
A H
1
1
(1) copyup A0LI2 1
1
lowerdir ' | | lowerdir v
(read-only) SHE TP ! HWET7AI
1
1
1
1
1
1

Figure 2.7: nocopyupw % 7> a v OAIZ & 5 T 1 MU DE N

mcoverlayfs DYV ¥ A7 a %K 2512”7, nocopyupw, nofscheck overlayfs 1
R LTEMENAA TV a0 THS,

Table 2.5: mcoverlayfs DYV ¥ hA 7Y a v

ATV i
lowerdir=<dirs> lowerdir Z$8E€ 9 5,

" CTRY) O EEEEE ATRE (BK 500)
upperdir=<dir> upperdir Z{5E T 5,
workdir=<dir> workdir Z {5 ET 5.,

workdir I&, upperdir AU~ Y7 N FDFT 4 L7 M) TH
IR 50,

default permissions TI7ANINR=IvTarviERET S,
nocopyupw &= XA AWFIZ upperdir IZ 7 7 AV EAERK L. £ IITK

LTEZAAZITS WU (copyup WHE) ZMWrhizd 5,
procfs/sysfs % lowerdir IZHEE T HBIIAL T a v &4

ESTDHMEND 5,

nofscheck procfs/sysfs % lowerdir I(ZfREFHEIZ T b,
2
2.6.1 &l 3
overlayfs D7 — X IZx I AEEIXUA FDHE D, 4
1. ovl_ opt_bit ‘ 5
RUVNAT T avEEBNT SO, BLFO enum KO, ¥ 7B EENT 5, 6
enum ovl_opt_bit { 7

__OVL_OPT_DEFAULT

]
o
©
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37

38
39
40
41
42
43
44
45
46
47
48
49
50

__0OVL_OPT_NOCOPYUPW
__0OVL_OPT_NOFSCHECK

(1 << 0),
(1< 1),

};

#define OVL_OPT_NOCOPYUPW(opt) ((opt) & __OVL_OPT_NOCOPYUPW)
#define OVL_OPT_NOFSCHECK(opt) ((opt) & __OVL_OPT_NOFSCHECK)

. ovl_d_fsdata

d_fsdata ZHHHT B7-D12, AFNOREEARZENT 5,

struct ovl_d_fsdata {
struct list_head list;
struct dentry *d;
struct ovl_entry *oe;

};

. ovl_config

ROV NATTa v EEBMNTA7-HI1Z, opt BT S,

struct ovl_config {

char *lowerdir;

char *upperdir;

char *workdir;

bool default_permissions;

unsigned opt; <—- &
};

. ovl_fs

d_fsdata Z #3572 12, d_fsdata_list ZEMT 5,

struct ovl_fs {
struct vfsmount *upper_mnt;
unsigned numlower;
struct vifsmount **lower_mnt;
struct dentry *workdir;
long lower_namelen;

/* pathnames of lower and upper dirs, for show_options */

struct ovl_config config;
struct list_head d_fsdata_list; <-- B/l
s

. ovl_tokens .
ROV NA TV aviEBENT 572012, OPT NOCOPYUPW KU, OPT_NOFSCHECK

ZEMS 5,

enum {
OPT_LOWERDIR,
OPT_UPPERDIR,
OPT_WORKDIR,
OPT_DEFAULT_PERMISSIONS,

OPT_NOCOPYUPW, <-- JEfn
OPT_NOFSCHECK, <-- &
OPT_ERR,

};

static const match_table_t ovl_tokens = {
{0PT_LOWERDIR, "lowerdir=%s"},
{0OPT_UPPERDIR, "upperdir=Ys"},

o1



{OPT_WORKDIR,

{OPT_NOCOPYUPW,
{OPT_NOFSCHECK,

"workdir=Y%s"},

{0PT_DEFAULT_PERMISSIONS, "default_permissions"},
"nocopyupw"}, <-- JB
"nofscheck"}, <-- BN
NULL}

{OPT_ERR,
};

. ovl_fs_type

name DfH % " mcoverlay” |

static struct file_system_

IEHET D,

type ovl_fs_type = {

.owner = THIS_MODULE,
.name = "mcoverlay", <-- ZHE
.mount = ovl_mount,
.kill_sb = kill_anon_super,
};
MODULE_ALIAS_FS("mcoverlay"); <-- Z5H

overlayfs IZX$ S BIBDEIEEZ K 2.6, £2.7IZRT,
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Table 2.6: overlayfs OBIHUIXT HEE (1)

EE:S

|

EBERA

ovl_copy_xattr()

OVL_OPT_NOFSCHECK (opt) D EXIDYG. vis_getxattr() DT T — % M
T3,

ovl_copy_up_locked() ovl_copy_xattr() FFO'H UIRFIZ ovl_get_config opt ) THUfSF L 7= opt
il 29,

ovl_clear_empty() ovl_copy_xattr () FFO'H UIRFIZ ovl_get_config opt ) THUfS L 7= opt
il z)gd,

ovl_setattr()

ovl_get_config opt() T opt fEZHFT 5,
OVL_OPT_NOCOPYUPW(opt) D&, JMHL 72\,

ovl_permission()

ovl_reset_ovl entry() ZIFUHE L TH S MET 3,

ovl_setxattr()

ovl_get_config opt() T opt fHZHUS S 2,
OVL_OPT_NOCOPYUPW (opt) D&, MEL 2\,

ovl_removexattr ()

ovl_get_config opt() T opt fHZHUS T %,
OVL_OPT_NOCOPYUPW (opt) D&, MEEL 7\,

ovl_d_select_inode()

1. ovl_get_config_opt() T opt fii & BfFT 5,

2. OVL_OPT_NOCOPYUPW (opt) ®¥i{5. ovl_open need_copy-up() %
EOH X 2,

3. OVL_OPT_NOFSCHECK (opt) TXHR T 7 A )L sysfs DA,
ovl_find d_fsdata() ZMEUH U T dentry A& I T W2 D iEEE
T35, BREINTOWRWVWEAIZIE ovl_add d_fsdata() ZIFUH LT
EHk L. dentry->d_fsdata IZ realpath.dentry->d_fsdata
DIEZEZET 5,

ovl_get_config opt ()

opt fE %K,

ovl_reset_ovl_entry()

1. ovl_get_config opt() T opt iz HIFT 5,

2. OVL_OPT_NOFSCHECK (opt) D&, ovl find d fsdata() ZIFUH L
T. dentry DVEHRINT VWAL EITIEIE L 72 d_fsdata % oe (T
BRET D,

ovl_find d_fsdata()

dentry->d_sb->s_fs_info @D d_fsdata list IZEFI N TS d_fsdata
ML T, dentry BWEHRKINT WA, dentry D ovl_entry % &
ED

ovl_add_d_fsdata()

1. struct ovl.d fsdata ® X E VAWML T, dentry OEHT —
RERET 5,
2. dentry->d_sb->s_fs_info @ d_fsdata list (& T 5,

ovl_clear_d_fsdata()

d_fsdata list IZBHINTWVWBELTD d_fsdata ZHIFRL T, struct
ovl._d_fsdata O X €V fHE % KT 5,

ovl_path_type()

ovl_path_upper()

ovl_dentry_upper ()

ovl_dentry_lower ()

ovl_dentry_real()

ovl_dir_cache()

ovl_set_dir_cache()

ovl_path_lower()

ovl_dentry_is_opaque ()

ovl_dentry_set_opaque ()

ovl_dentry_update()

ovl_dentry_version_inc()

ovl_dentry_version get ()

ovl_dentry release()

ovl_dentry_revalidate()

ovl_ dentry weak revalidate()

ovl_reset_ovl entry() ZIFCE L TH LMY 5,
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Table 2.7: overlayfs OBBUIX T HEE (2)

E:

l

BERS

|

ovl_lookup_real()

OVL_OPT_NOFSCHECK (opt) O¥j#., ovl._dentry weird() ZFFOHI ALy,

ovl_path next ()

ovl reset_ovl entry() ZIEUH L TH ST 5,

ovl_lookup()

1. ovl_get_config opt() T opt fHZ 1S9 5,
2. ovl _reset ovl entry() ZEOH L TH ST 2,
3. ovl_lookup_real() ZIMEOHTH, opt HZJET,

ovl_put_super ()

ovl_clear_d_fsdata() ZIFOH L THh oM T B,

ovl_statfs()

struct kstatfs @ f_type (Z MCOVERLAYFS_SUPER_MAGIC % %X EJ 5,

ovl_show_options()

nocopyupw, nofscheck * 7 3 v DHHZENT 5,

ovl_parse_opt ()

nocopyupw, nofscheck * 7 a VDR EZIEBINT 5,

ovl_mount_dir noesc()

OVL_OPT_NOFSCHECK (opt) D¥f. ovl.dentry weird() ZIFOH X\,

ovl_mount_dir()

ovl mount_dir noesc() ZIEOHTEE opt ZIET,

ovl_lower_dir()

ovl mount_dir noesc() ZMUH TR, opt 2IE T,

ovl_£ill_super()

1. struct ovl_ fs @ d_fsdata list Z#JH{LT 5,

2. ovlmount dir() ZIMUHTHR. opt 2T,

3. ovl_lower_dir() ZWF-UMHITER. opt 2JET,

4. OVL_OPT_NOCOPYUPW (opt) D56, BATRDRE%RITHRL,
e mnt->mnt_flags |= MNT_READONLY;
e sb->s_flags |= MS_RDONLY;
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2.6.2 EEOFIR

McKernel 234559 % /proc/ [pid]l/ FD 7 7 A V% open L T, close ¥ 9 IZ open L 72k 73&
Texec UT, exec L7z 7HEATH—7 71 )% open § 5 &TF— (ENOENT) & 725, J[K
. exec) WHZIX, 7z 7o ADEHREZRE S L H12d 5728 /proc/[pid]l/ FD 7 7
AW EVERR UETS A, overlayfs IX lower IZIREINDT A L 27 MU FDT 7 A )LD inode &
FWELo GG, T —%RT=OHTH 5,

2.6.3 BRBOBEEZIE

Linux-4.0 5 Linux-4.6 ~NOBATIZE T 2EE 7 7 1 VY AT LD LA N OHERREHEITBRT
LNENRH T,

1. struct inode_operations ® dentry_open() 2'HIFRI#1 T, struct dentry operations

D d_select_inode () ALEM X 7=,

2. VFS @ vfs_open() Tl&. dentry open() MFEIXITIZ, d_select_inode () DML H
IND X7,

/2. UMFRO/N=Y 3 >® Linux 71— 3 )V TOAEET 3,
e 3.10.0-327 75 3.10.0-693 (RHEL-7.2 75 7.4)
e 4.0.075 4.1.0
e 4.6.075 4.7.0

2.7 FNRAZARSAN

McKernel TlE. Linux CTEIET A KT A X2 FD X FHHAETH I, VAT LI—)LE
HOFA ==~y REHIJKT 57212, McKernel N THEET L Z L TE S,
T, ZhEnoiE2HET 5,

2.7.1 Linux R4 /XOFH

Linux RIANNBHTAEI Y TENSEZTNANL ADL I AKX % McKernel 70t A0S 7 2
Y AWREIZTHZ T, Linux RIA N2 Z0FEMHATESL LH12T 5,
EHEZX 2.8 2 HWTEHAT 5,

McKernel LD
mcexec 0 Tat20 ME7E
SOt 7R TntRZERH L RZ2R8
@) linux £&
YRFLI—LE a.out R T /8
EAOIVELY A R%EH#
7 \‘E'é%z
(1) mcexec BHHH S
<v7¥% \

I @‘ T

mcexec (2) TELIYTDOMEBTRLR
ERNR, ThETYTTE

Figure 2.8: Linux N Z - /NF|fH OEE
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1. VAT LI—VBEOHMAZHNTT NS AT 714D open(), ioctl() 2475,

2. LIARDTY FIZOWTIEY AT AT — VI EDAHA%E AW T, mcexec ZEfHAD
<~ v 7&, McKernel DA A € V) MEISHEERANDRES 72~ v T ThH B Z L DOidskzE 1T
5, (M (1))

3. McKernel TOR— 7 4 —)U b DERIZ Linux (IZYWHE -V 2 W& ht, E UYER—
ThE BT S5~ w 7% McKernel O 0¥ AZERIICERT S, (KD (2))

2.7.2 McKernel HEfTHERLE

FREDTNA AT 7 A IWZXH U T, open() KiIZ McKernel N T Z1TS Z & % 70 AH#
ERIZEHBR L TEE, 77 ANVED Y AT LI - VOBIZZDERE SRS 52T, %
NSDT 7 AWM T BEEZ McKernel N TfT 5, BIEIXLATDED,

1. 7B AD open() Z MU U 72T R A McKernel W TR 21T T N4 AT 74
WTHDBPRENAZEIVFARSL, Z5THho72HEIE. XI—Dfd ZHF L. struct
process @ struct mckfd DY A MZ fdIZHIRT STV MY E2FHAT S, £/, £D
TYRVIZT T ANEED T =Ny J e G 5.

2. TR ANT 7 A NWED Y AT LI — )NV ZIFOH U7ZBRIZ, struct process @ struct
mckfd DY A M FfAIZHIRT 2T MU DBFHET 202/, HFET 5G4
HITY M VIZERINTWSE I—= Ny ZEBEIFOH T,

2.8 XPMEM KZ 4N

XPMEM X, 57020y U AEVHEEZMO 7o Ans~vy T TE5 L
129 %, XPMEM 32 —% 54 75 V3L RIANEMILNTED, KI714 821k
McKernel NER CTEEINT WS,

processl process2

RAEAEY REBAEY

mmap FEIE

XPMEM segment ---="""" |[XPMEM attachment

XPMEM attachment

FAEYTIEVY

Figure 2.9: XPMEM DA€Y vy >
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processl
1

I mmap- - [ flags=MAP_PRIVATETMAP_ANONYMOUS ]

F{ XPMEMTHET 2 X EUEBZERT 2, |

xpmem_open (4 75 1) Dxpmem_make#FH)

F{ XPMEMZ#IEREd %, % D Cthread
group(tgid TR SN D) AERKT 5,

xpmem_init

1 xpmem_partition ZXHHE T %, ]

xpmem_make (Z 4 7 Z U Dxpmem_makefZH)

{ XPMEMTHET 24 EVEHICT /£ 295
7= DSegment(segid Tk &N 3) Z AT 2,

xpmem_remove (7 4 7'Z 1 Oxpmem_removefZe)

{scgdZ 23 2. )

munmap

IXPMEMTEA U7X € U B8 2 TR 9 2o )

xpmem_close (exitfZ )

ﬁo’ch\éapid\ TRy FA R, segad. J
tgid & HEES %,
xpmem_exit

I xpmem_partition 2 Z£9 5, ]

process?
1

xpmem_open (74 77 UDxpmem_gethEA)

{ XPMEMZ #HL § %, % D Tthread group(tgid
TERIND)EERT 5,

xpmem_init

{ xpmem_partiton %)L 3 %, ]

xpmem_get (T4 75 1) Dxpmem_getiF i)

1

xpmem_attach (5 4 7'5 U dxpmem_attachf®H)

segid 7/ HAccess Permit(apid Cax S 11 2) Z 85 9
b,

{ apid, offset, sizen &> 7 % v F (map) LTRAET
NLREEBY 5,

4 processlAXPMEM CHEB L 7- 4 £ 1B #EUS L
1-RBT RLRTT /12 RXT 5,

xpmem_detach(Z 4 7' U Mxpmem_detachif® i)

[ {FET FLx%&75vF nmap) 3 2. ]

xpmem_release (5 4 7' 5 1) Oxpmem_releasefXMH)

[ﬁapid TR 5. ]

xpmem_close (exitf& )

ﬁofb\%apid\ TRy F A . segd. J
tgid A BET 2,

xpmem_exit

{xpmem_partiion ZHe ¢ 5. ]

Figure 2.10: XPMEM Q&7 1 —
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XPMEMDAEY Yy ¥y 7229, #ff 70 —%K 210279, XPMEM Tld, 71
¥ X (processl) 2 mmap U7z A €Y fHIE 5. xpmem_make() THE S N7zt8H % XPMEM
segment & U TEH L THMO 7o Ao~y I TE5 L5175, v v 7Lz atkA
(process2) %, xpmem get() T7 7 AN —3I v 3 V%G T, xpmem_ attach() THEI N
72 XPMEM segment D A €V fEi#% XPMEM attachment & U CEH LT, ¥vv 735, ¥V
71E. 7B +E A (process2) 7 XPMEM attachment #2772 A LT, X=Y 74 )L b2
EUZEE, R=YT—=TNVT Y NIAWRTYHET NL 2%, THE A (processl) ® XPMEM
segment FEIKDOYIH T NV AIZESHZ 5 Z L THEHT 5,

XPMEM O 7 — & K& 2 5K - R 2 B2 M 2.11 12R7,

xpmem_init() alloc xpmem_partition free xpmem_exit()
list
xpmem_open() alloc xpmem_thread_group free xpmem_close()
N list | list
xpmem_make() alloc xpmem_segment free xpmem_remove()
- list ——
v
xpmem_get() alloc xpmem_access_permit free xpmem_release()
N list
xpmem_attach() alloc xpmem_attachment free xpmem_detach()
- @@

Figure 2.11: XPMEM O 7 — X f#ifi & 45k - 523 2 B

XPMEM T, FDT— &z EH L CHREZEBT 5,

1. xpmem_partition
2. xpmem_thread_group
3. xpmem_segment
4. xpmem_access_permit

5. xpmem_attachment

XPMEM D75 — X {§i&E %X 2.12 2R T,
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xpmem_partition (xpmem_my_part)

struct xpmem_hashlist tg hashtable[8] ]

L

> struct

xpmem_thread_group

struct

struct

| McKernelfiifk T T ]

1
1
J:; struct thread

4

struct

struct

list_head seg list
list_head tg_hashlist
thread *group_leader
process_vm *vm

xpmem_hashlist ap_hashtable[8]

xpmem_segment

struct

struct

struct process_vm

struct vm_range é_l

- void *private_data

struct

xpmem_thread_group *tg
list_head ap_list —]

list_head seg_list

xpmem_access_permit

struct

struct

struct

struct

4

b struct

xpmem_segment *seg
xpmem_thread_group *tg

list_head att_list

list_head ap_list

list_head ap_hashlist

xpmem_attachment

struct

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
[T]
|
|
|
|
|

R

struct
b struct

struct

vm_range *at_vma
xpmem_access_permit *ap
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process_vm *vm

Figure 2.12: XPMEM O 7 — & f#it
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U, #0122 —T7 24 AL EEEHIHT 5,

2.8.1 XPMEMFTNART77AINDA—T>
2K

int xpmem_open(ihk mc_user_context_t *ctx)

Bz
xpmem_open (£, A RO ZITS,

1. XPMEM % #J#{b LT W WEEIZIE, xpmem_init() ZEOH LT XPMEM % #]#
b3 5,

2. fd Z ST 2 HHENH SH, /dev/xpmem TNA AT 7 A W EE 5200 &5
(2, dosyscall) FECMHE LT, /dev/null T XA A7 7 AV a A =7V LT, ZTDfd%
T %, (A2 A FAEDLEITIFT T —EHERT,

3. _xpmem_open() ZIFOH LT, H 71 & ZX®D xpmem_thread_group 23K I T\ 72
TIIXERKT 5,

4. mckfd 24U T, ¥IHHERET 5,

RYE
0LAE T7ANVTFA A7) TR (IEEKT)
-EINVAL BRI TH D
-ENOMEM F37072 & X E ) SR A

2.8.2 XPMEM 7/81 27 7 4 )LD ioctl FIE

e

static int xpmem_ioctl(struct mckfd *mckfd, ihk mc_user_context_t *ctx)

st EA

xpmem_ioctl &, A FDOME %175,

1. cmd Z20HE S 2 E2 I OHT,

(a) XPMEM_CMD_VERSION

XPMEM_CURRENT_VERSION % &9,

(b) XPMEM_CMD_MAKE

xpmem_cmd_make 7 — X 2 fF 7 5,
xpmem_make() % MO H T,
xpmem_cmd_make 7 — X D segid ZHET 5,
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(¢) XPMEM_CMD _REMOVE
xpmem_cmd _remove 7 — X 2 Hif59 5,
xpmem_remove() %O H T,

(d) XPMEM_CMD_GET

xpmem_cmd_get 7 — X ZHF9 5,

xpmem _get() Z MO T, xpmem_cmd_get 7— X D apid Z % ET 5.
(e) XPMEM_CMD_RELEASE

xpmem_cmd_release 7 — X # Hif33 5,

xpmem _release() % FFUHIT,

(f) XPMEM_CMD_ATTACH

xpmem_cmd_attach 7— X Z {59 %,

xpmem_attach() Z MO 9, xpmem_cmd_attach 77— & D vaddr % & E T 5,
(g) XPMEM_CMD_DETACH

xpmem_cmd_detach 7 — X Z {33 %,

xpmem _detach() & FOH 9,

RYE
0 IEHT
-EFAULT 7 RUVAWRIETH S
-EINVAL SRR ESITH D

2.8.3 XPMEMFTNNAR774)lDOryA—X

e

static int xpmem close(struct mckfd *mckfd, ihk mc_user_context_t *ctx)

st EA

xpmem close 1%, PATFOWLEZFT S,

1.
2.

pid 7*5 xpmem_thread_group(tg) %z Hif39 %,

xpmem _release_aps_of_tg() ZFUHI L T, xpmem_access_permit, xpmem_attachment

RS B,

. xpmem _remove_segs_of_tg() ZM-U*H L T, xpmem _segment % i3 5,
. xpmem _destroy_tg() ZFECH LT, xpmem thread_group % 37 2,
. /dev/xpmem & A — 7V LT3 70 ADFEIE LR WA IZIE, xpmem exit() % I

UH LT XPMEM #7495,

. xpmem _open() TA—7 > U7z /dev/null 7/31 A7 7 4 JVIZDWTIE, sys_close() T

sa—2X9 3,

RYE
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[0 [ ERHT

2.8.4 XPMEM ODOfJHA1b
2=

static int xpmem_init(void)

snEA
xpmem_init (., A NOMHE %175,
1. xpmem_partition % £k U T, #IHHERET 5,

RYIE

0 IEHKY

-ENOMEM ToheE XE ) FEEAS N

2.8.5 XPMEM D#7T
X
static void xpmem exit(void)
B
xpmem _exit (&, AT O Z1T S,
1. xpmem_partition ZH{ZHT 5,

RY{E
72U,

2.8.6 xpmem_segment D4 K

e

static int xpmem make(unsigned long vaddr, size_t size,

xpermit_value, xpmem segid t *segid_p)

5BA
xpmem_make £, A FOMWHEZITS,

1. H 70+ A® xpmem_thread_group % {39 5,

2. segid ZH T 5,
3. xpmem_segment Z 4K LU T, #IHEET 5,
4. segid_p (T segid ZHET b,
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11

12

13
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16

17
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24

0 IEHT

-EINVAL SN TH B

-ENOMEM T dEE AT ) FHE D
-XPMEM_ERRNO_NOPROC | X5 70 & 2 DIEHA N

2.8.7 xpmem segment DIXZE
=X
static int xpmem remove(xpmem_segid t segid)
5BA
xpmem _remove (&, A NOWH %47 5,
1. segid * 5 xpmem_thread_group(seg_tg) % {59 %,
2. seg_tg. segid 7*5 xpmem_segment % 139 5,
3. {5 U 7z xpmem_segment % fZ$ 5,

RY1E
0 EH&T
-EACCES EEIRAN
-EINVAL BRI TH S

2.8.8 xpmem access permit DMK
g

static int xpmem get(xpmem_segid t segid, int flags, int permit_type, void
*permit_value, xpmem apid_t *apid_p)

B
xpmem _get (&, A TFOMIHZEIT S,
1. segid * 5 xpmem_thread_group(seg_tg) & {59 %,
2. seg_tg. sigid 7* 5 xpmem segment % HUfF9 5,
3. H7'H+¥ A®D xpmem_thread_group(ap_tg) Z 39 5,
4. aptg 5 apid ZE T 5, apid B’ A FAMEDLHIZIE LT —HZ KT,
5. xpmem_access_permit =AU T, FIHERET 5,

6. apid_p (T apid 2 ET 5,
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0 EHRT

-EACCES IR

-EINVAL 5B ESITH D

-ENOMEM +457%8 & X ) FERHAEN
-XPMEM_ERRNO_NOPROC | X5 7" 0+ XA DIEH AN

2.8.9 xpmem_access_permit DAKZE 3
e :
static int xpmem release(xpmem apid_t apid) 5
BTl 6
xpmem release |&, A NOMELZ1T S, 7
1. apid 5 xpmem_thread_group(ap_tg) Z Hf39 %, 8
2. ap_tg. apid 7* % xpmem _access_permit % /39 5, 0
3. HWf% U 7z xpmem_access_permit # {53 5, 10
RY1{E 1
0 IEHRT
-EACCES RN
-EINVAL SIBAESITH 5
12
2.8.10 xpmem_attachment D4ERK 13
=X 14

static int xpmem_attach(struct mckfd *mckfd, xpmem apid_t apid, off_t offset s
size_t size, unsigned long vaddr, int fd, int att_flags, unsigned long *at_vaddx_p)

17

Bz 18
xpmem _attach (&, LA NOMIZEZLT S, 19
1. apid #*5 xpmem_thread_group(ap_tg) Z 39 5, 2
2. ap_tg. apid 7* & xpmem_access_permit(ap) Z HfF9 %, 21
3. ap »*© xpmem_thread_group(seg_tg). xpmem segment(seg) Z NG9 5, 2
4. xpmem_attachment % £ U C, ¥R ET 5, 23
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5. dommap() ZMEUH LT, A€YK (at_vaddr) ZERT 5,

6. at_vaddr #*5 vm_range(range) % {39 %,

7. range->private_data (Z xpmem_attachment % % &9 5,

RYE
0 EERT
-EINVAL SRR ESITH D
-ENOENT TDEIBRTTANLRT 2 L7 b ITEN
-ENOMEM T2 E X E ) SR A
2.8.11 xpmem_attachment DHFZE
£R

static int xpmem detach(unsigned long at_vaddr)

Bl

xpmem_detach &, PAFOWHEZ1T S,

1. at_vaddr 7*5 vm_range(range) & Hif33 %,

2. range->private_data 2* 5 xpmem_attachment % HUf59 %,

3. xpmem_vm_munmap() ZMHEOH LT, B FOLH%

(a

)
(b)

ihk_mc_clear_range() ZFE-OH LT, A€ Y M Z T 5,
range->memobj % fRl T 5,

(c) range &S 5,
4. HUf§ U 7= xpmem_attachment % H{ZE 9 5,

RYE
0 EHRT
-EACCES EETRAN
-EINVAL BB ESITH D
2.8.12 vm_range D fault L%
£R

int xpmem fault _process memory_range(struct process_vm *vm, struct vm_range

xymr, unsigned long vaddr, uint64_t reason)
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St EA

S =

xpmem _fault_process_memory _range (&, A N Z1T S,

1. vmr->private_data 7*5 xpmem_attachment(att) ZHf39 %, att 7' NULL O5&I1Z1
T 7 —{fi ((EFAULT) 2 &3,
2. att 7* 5 xpmem_access_permit(ap) & 33 5,
3. ap 7*5 xpmem _thread _group(ap_tg) Z {39 %, ap->flags £ 7213 ap_tg->flags A% XP-
MEMi_FLAG_DESTROYING D& 1213 T 5 —{f (-EFAULT) & K9
4. ap 75 xpmem_segment(seg) & HUF 9 5,
5. seg & xpmem_thread_group(seg_tg) ZHUfF 9 5, seg->flags £ 721 seg_tg->fags »*
XPMEM_FLAG_DESTROYING D5 & (213~ 7 —f& ((-ENOENT) 2 K7,
6. xpmem remap_pte() ZMIECH LT, U FOMEZITS,
(a) ihk_mc_pt_lookup_pte() ZIFUHI L T, seg ® vaddr #* & pte_t(seg_pte) ZHifF9 5,
(b) ihk_mc_pt_lookup_pte() Z MO H LT, vaddr 7* 5 pte_t(att_pte) ZHUF9 2,
(c) ihk_mc_pt_set_pte() ZFEUNHI LT, att_pte DYIFLT K L X % seg_pte DYJELT K
VAIZEEHA S,
RYE
0 EHRT
-EFAULT T FVARARIETH S
-ENOENT ZDOESBT 7 ANPT 4 L7 b ) IFED
2.8.13 vm_range DHIR
X

int xpmem _remove_process_memory.range (struct process_vm *vm, struct vm_range

*Vmr)

St EA

4= =

Xpmem _remove_process_memory_range &, AN Z1T S,

1.

2.

vmr->private_data 2* & xpmem_attachment (att) % Hf§3 5,
att BIEE I NTWEIEEIZIX. UTOMEZITS,

(a) att 2T 5,
(b) vmr->private_data (Z NULL Z & &E 3 5,

RYE
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[0 [ ERHT

29 SAT7ZVHPUEZ

McKernel 1%, $FED /S ZIZDW T, McKernel EIZ#EE & 172 70+ A & Linux EIZEE) X
NZ7av AR UTHRZRE 774V & RE 2T 5, 2k, McKernel TDE
f1& Linux TOFEITE TRREIAT IV 774V % ) v I7ERIER S ROWEISNY R — A
(B 24K, 26 2.15 fiTEiAH$ % Utility Thread Offloading D74 75 Y)) T, u—% /9 v
NIRRT 7ANE) VY 7IHELILEHNET S,

FEIXPARDE D, THK/McKernel D > A b —)LF 1 L7 IV %<install>¥ 9§ 5,

1. unshare I ¥ > K% I\ T mcexec ® mount name space D% E % ZH L, mcexec H°
mcctrl (ZHKFET 5 bind mount M T O AN S IFRZABWE S 12T 5,

2. mcexec M mectrl IZHHZ#E T,

3. mcctrl A2 —Hid & root IZZH L., <install>/rootfs/BAFD 7 7 1 VD EFNF N
% /1Z bind mount 3 5,

4. mcctrl A2 —Hid Z LIZE LU mcexec (2l %2 &3,

2.10 KEEEHR

McKernel DN 77w THENIL T DA T v I THEEI N 5B,
1L EHY 7+ =75 THK OBEE W TEM D 720 D eventfd 2 HIfF T 5,
2. McKernel 28 CPU Z' & OIRAE L ARAEER [R5 % Fldk T 5.

3. Linux ECHIfE4 2 AL v R (ihkmond) 2% LELDRAEZEEMI L. 2 EH URFBIZH - 72
B, NI Ty T L, L eventfd ZFFHIWTERY 7 MU = TILEAIT B,
ALY ReNV Ty T@HDA X —7 41 A THK Specifications “IZC# 3 %, &
HiCEHE2DORAT Yy T2FHT 5,
JREE LARAEERS M D ELFKIZ 1L struct ihk_os monitor B A A FH W5, LA NDEHHH
TIEZ ORI Z R DA DZE R % monitor L IER, struct ihk_os_monitor MR/ XL
TOXEIIZEEI NS,

struct ihk_os_monitor {

int status; /* 0SIRFE =/
unsigned long counter; /x 0SIRFEAZAL L 7z[HEKk =/
s

IRAE L IRAEER I O SRDOEEIZA T D@D,
1. McKernel XA TR D XS24 RY MZIS U TIRAE L IRBEER [0 %2 EHH T 5,

o H—FIVE— KPS —HE— RADKITH: monitor.status % IHK_0S_MONITOR
USER IZFXET 5,
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IHK_OS_MONITOR_USER
IHK_OS_MONITOR_USER

o 1—HE—RKNSHT—FRIVE— RADKITH: monitor.status % IHK_0S_MONITOR_
KERNEL (Z#% € L. monitor.counter 1 27 U AV T 5,

o VAT LI — VRN BEPIIRERIIZ monitor. status DIEZ{#1E L. IHK_0S_
MONITOR_KERNEL_OFFLOAD 2% €T 5, 7z, BiH5E 7 %12 monitoror.status
DEZFFELU TBW/ZfHIZE L. monitor.counter 21 27 U AV N§ 5,

e rt sigtimedwait(), do_sigsuspend(), futex(), nanosleep() FFUFH{ U I :
BAEIZ A 5 72 [E#41Z monitor.status % IHK_0S_MONITOR_KERNEL_HEAVY |23 E
5, nE. ZORBIZERMFEL THNY T Ty TEIFHE LR,

o idle() MFOH U : BAEIZ A 5 72 1EfIZ monitor.status % IHK_0S_MONITOR_
IDLE IZFRTET 5, BB, ZORBICERMBELTCENY T Ty T ITHEL
R\, F D, cpusafe halt() SR L7241 I 2 T monitor.status %
THK_0S_MONITOR_KERNEL |23 L, monitor.counter 1 27 U AV h§ 5,

2.11 Non-Maskable Interrupt

Non-Maskable Interrupt (NMI) (3534 CPU IZA FOEEZ X E57-0ICHVW 615,
o =X NVE VT DU
o —HHFILREADER
o —IRHEILIRTED 5 DIE I

BB, N—RIR Y TDUEERIZOWTIEE 2.13 8z, —FHE ILREEANDBB KO ZF I »
5 DIFIZ D WTIEE 2.12 HilZ5i# T 5,
NMI DFHAT v FIXLLTF D@D,

1. McKernel 737 — MHFIZ ihk_set nmi mode_addr () T NMI OFEE%EE T % McKernel
DO nmi_mode DI T N L A% ITHK-master (/£ Z 5,

2. IHK-master driver 7% nmi_mode Dl % EFLDEMED VTN % R IAEIZEE L. smp_
ihk_os_send_nmi () ZIFO, £ CPUIZ NMI 2% 5,

3. & CPUDLA TN 2FEITT B,

(a) NMI 2213 C, NMI Y R Z nmi O (227,
(b) nmi() T nmi-mode DEIZIG U7 %17 S,

PAN. BEBBOEEZHiIHT 5,

2.11.1 NMI #HEEE
£K

int ihk_set nmi mode_addr(unsigned long addr)

St EA

addr THREINAYHET R L A% NMI OEIE % BiEd % McKernel DZ %4 nmi_mode D
Y7 KLU A UTCTIHK 28T 5, 25952 & T, IHK 7*5 McKernel ® NMI /N> R
TOEFERYIDBEZ LI LN TEDL LS4 5, nnimode DIEE NMI /N> K Z OEED X
JSIEBA R D@D,
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IHK_OS_MONITOR_KERNEL_OFFLOAD
IHK_OS_MONITOR_KERNEL_HEAVY
IHK_OS_MONITOR_IDLE
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11
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15

16

17

18

[ ® T

NMI N> RS TE CPUDH—3 VR v TOUEf%TT S,
1 NMI N> R 5 T% CPU ORE% —HHEIDIREBNER S E 5,
2 NMI N> R 5 T% CPU ORER —FHZIDIREL» S BREE5,
RY1E
IE | ERET

2.11.2 NMI%(E
N

static int smp_ihk os_send nmi(ihk os_t ihk os, void *priv, int mode)
st A

nmi_mode % mode IZFE L 7z ET# CPU IZ NMI %2 179 5,

RY1E

0 IERRT
-EINVAL TJ—

2.11.3 NMI/ VK>
£
void nmi()
AR
nmi_mode IZFEE X N/ MEIZHE - 72EEZ 1T S, nmi_mode DA & BIED X I IEEE 2.11.1 12
NI
2.12 £ CPU—HZ1t

McKernel |4 CPU % FROZEN & R —HRp IR IRBIZ &R X B 568 B L U FROZEN 7°
SEIRIEIMEERIRMLT 5, ZOMEEL & CPU 2 KB /IREICER X 5EE L 2 AL
bbb T, VaTHMNTORENREANDER L T Zh o DERE2EBT S,
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CHUZRELE] 1 CPU%f=1t
CPU CPU CPU CPU
ihk_os_thaw() mALEEH =,
Linux McKernel
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NMI% F4T
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©

Figure 2.14: & CPU —HHE LB KO —KE1EH S 0RO 70—

4 CPU —HE ILOFERZ X 2.14 2 W TEHAT 5,

1. X F ¥ a T AV a—F) ihk os_freeze() #H T IHK_0S_FREEZE 2~V K& f8E
U T ioctl() &ML,

2. THK-master core »%__ihk os_freeze () fH T [HK-master driver D smp_ihk os_freeze()
7& I]?'/Sio

3. ITHK-master driver 7% nmi mode (Z —R¢{F NIREEANDER % /R I EZE L. smp_ihk_
os_send_nmi () M, & CPUIZNMI Zi%5,

4. % CPUDLA N &2 FEITT 5,

(a) NMI#%Z3CT. NMIAY K F ami O (26160553

(b) nmi() T nmi mode IZFXE I N7-HERITHE - 2 WEE 21T 5, T DA IZ—HfZE IR
RBADERTH B2, freeze_thaw() %I,

(c) freeze thaw() T nmi mode (ZF¥E I NIRRT S W ZTTS, TDHEIE—
HHE (EIRFENDER TH 5728, mod nmi_ctx() ZHWT iret HEDOY ¥ 7
He% __freeze() 12T 5,
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smp_ihk_os_send_nmi()
smp_ihk_os_send_nmi()
smp_ihk_os_send_nmi()

(d) _freeze() I freeze() ZIFUHI Y, freeze() LA N ZFETT 5,
i. CPUDREE NNy 77 v THEBIZRET 5,
ii. CPU OIRREZ —HHF IMRABIZERE T B,
iii. CPU 221X ¥ %, x86.64 7 —F Tl hlt 52 EITT 5,
—WHF IR 5 DEIROEIEZ X 2.14 2 FHWTEHHT 5,

1. X FYa T AV a—Fh ihk os_thaw() FH T IHK 0S_THAW I~ > REEEL T
ioctl() ZMEE,

2. THK-master core #%__ihk os_thaw() #%H T IHK-master driver @ smp_ihk os_thaw()
W5,

3. IHK-master driver 7 nmi_mode {Z — K¢ ILIRFED & DIEIFZ /R TEZ B%E L, smp_ihk_
os_send_nmi () ZIFV, & CPUIZ NMI %235,

4. % CPUDLA N2 FEITT 5,

(a) NMI %21 C, NMINY R J omi O (ZHIH %29,

(b) nmi() T nmi_mode IZFXE S N/-aRITHE - 7 WEE 24T 5, T DA IZ—HfE R
o DE/RTHBH7-8, freeze_thaw() %I,

(c) freeze thaw() T nmi mode (ZFE I N2HH/RICHES WM %2175, TDHEIF—
R RTED 5 DEIFTH 57280, CPU DREZ Ny 7T v THZEHE W TH
LY B,

PAF. BEREB DA & —T =4 AL EEEBIAT 5,

2.12.1 —HF{=i1tER (IHK-master core)
£

static int __ihk os_freeze(struct ihk_host_linux_os_data *data)

AR
7 — FMAF D — R 15 R E RS, smp-x86 Tl smp_ihk_os_freeze() Z MU T,

RY1E

0 | EFERT

2.12.2 —BFELEIS5DEIRIETR (IHK-master core)
£

static int __ihk_os_thaw(struct ihk_host_linux_os_data *data)
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St EA

7 — X RAFD—RHF 1L 5 OE IR REAEUZ T3, smp-x86 Tl smp_ihk os_thaw() %I
UHiS,

RYE

[0 [ ERHT

2.12.3 —FF1E#ER (IHK-master driver)
E=

static int smp_ihk os_freeze(ihk os_t ihk_os, void *priv)
st EA

smp_ihk_os_send nmi () ZM-U'H L T4 CPUIZ NMI 23X 0, CPU DIRAEZE —RpE 1Rk
EANEBIE., £/ CPU % NMI 2% 5 £ TEILIE S,

RY1E

[0 | EHRT

2.12.4 —BFHELENSDEIFIETR (IHK-master driver)
E=E

static int smp-ihk os_thaw(ihk os_t ihk_ os, void *priv)
St EA

smp_ihk_os_send nmi() ZIFOH U TH CPUIZ NMI % %23% 0, NMIAEH TEIEL TW5
CPU DMLELZ Bl X &, &7z CPU DREZTLOREIZR T,

RY{E

[0 [ ERHT

2.12.5 —BHELESLUVC—FEELEISDOEIRETR
25

long freeze_thaw(void *nmi_ctx)
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St EA

1. 2% nmi_mode DS —HHE ([RFEEANDER 2 HK T 5354, mod nmi_ctx() ZEHET I &
T_freeze() ZIFUOH L. CPU OIRFEZRZ —HHE (LIRFEIER S, 72 CPU 2 NMI
ZZT5ETEIEEIES,

2. Z# nmi_mode 23 —IHZ ILRIED 5 DR & HIk T 5356, CPU DREZE —IFF 1LFTD
REBIZE T,

RY1E

0 —HHEIEZ21T7 > 72
1 —HEIED S DEREIT - 72

2.12.6 NMI/N\Y RSO 5DERBOIEEBRHADY v v THRE
E£K

void mod_nmi_ctx(void *nmi_ctx, void (*func) ())

B

NMINY RI0 6 DERE (x86.64 7 —F T 27 F ¥ TlE iret S FETH) 1ZHI D IAAFE
HEMEIZE ST, func THRE L, NMIZITANTDBBRELRBEEICY Yy TT5EI2AX Y
VDONEEEFT S, ZOXSBUEPBREZDIE, NMI N> R I HNTIE NMI 2521 1)
MWD TH 5, func iZ_freeze() ZEET S Z & T, CPU % NMI 55 DIRETIEIEX
HBEIENTES,
2.12.7 —BFiEER (Fv/8—=)

e

void __freeze()

B
freeze() ZIFVH LT CPU 2 —REILXH, TOBEDAANY I SERT S,
x86_64 7 —F TIXEIDIAANY R I 0 6 OEIFIZIT iret 52 H NS,
2.12.8 —H=1EiER
£x

void freeze()
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AR
ATy TIELNFDED,
1. CPUREZRET 5,
2. CPU {Rf&% IHK_0S_MONITOR_KERNEL_FROZEN |[ZEF X 5,
3. cpu_halt() 2 CPU Z{£1EXE 5, 2B, CPUIXNMI 2321} % LWL %2 HBET 5,
4. CPU DL %2 HBA L 72, CPUREBZAFEL THWHEIZKT,

213 H—xIVFVT
H—=F IR TR E R D ATy TIZLLFD@E D,
1. LFOWTNHhADFETR Y T 7714 NVEEHRT 5,

(a) THK DR ihk_os makedumpfile () £7zI1Z [HK @ 2% K ihkosctl ZHW\ T,
McKernel EARD X > 77 7 A )V Ekd % (A, McKernel FE X Y 7 LIER),

(b) Linux ® panic % Z2#%(Z makedumpfile BFAD XY 77 7 A WA ER T 5, F7z,
< N vmcore2mckdump % F\ T McKernel X2 £ 5 (DA, Linux 18
Ry T L),

2. eclair IR Y RZHWTR Y T 7 71 V2T 5,
DA, #EflZ2 ST 5,
2.13.1 2AEDLIEDR

McKernel ZE X > T DIGED X > THRIBEEE L XY T AL BEREO M DR N % X 2.15
ZHWTEHHT 5,
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CTHK 208 7' — MHZ, BYHAR—IUNRK Y THRTH 502 T HHR (T, Xv 7

KHER—=T ) A R EMEXR) % Linux & McKernel & THA L TW5S X £ 5HIE (DA,
HERAE) LIER) IZHERT D, £7-. THK 2 McKernel (ZE]| D YT 7 N L A#i
FZE R TITRRET B L5806 T 5,

. BHHHE D ihk_os_makedumpfile() TX Y %KY 5,

CJHK B HEEAEVIZX Y TRV E2EERT 5, £/, EXEY) LD, XV TG -

VYVAMDRET T 2#RT 7T (U, BT 77 7LER) 20Il&kET D, (K
D (1))

. THK %" McKernel D& 237 ~NMI 2.5, (D (2))

. McKernel % 0 CPU LIS ®D CPU XL Y AXEHZBHE L 7218 hlt S CEIET 5

(B4D (3)) « McKernel D% 0 CPU IXLAFZ2ETT 5, (KD (3). (4))

(a) LYARIEWMEIRET B,

(b) EEAEVZZBHLTX Y TV RVERET 5,

(c) v T o a—PHEEEZRATHRHENINTVWEEEIK. 22— AT FHEE
WEREL, XY THRRA=V YA PORIGE Y N & 0127 5,

76

AW N e

10

11

12

13

14

15



12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

(d) &y T KRR E BRI T IEEN ST OB B AL, A A E Y GRN
HWEMEBL. XY THER—V ) ZRORELE Y b 20125 5,

() BT73 711 %ty h¥ 53,

(f) hlt @R TEILT 5,

6. IHK 2’56 7 7 7 7D 112725 £ THD, doctl() TX Y THRD A E ) S 2 G
L. FHISIERZ T 5 ATV fHBZ R L. X 512 ioctl() TX Vv IR O MHEIIG
e BIEd A £ ) HEUCELER T 5, (BID (5). (6))

7. IHK &Y TRED A€V Z ioctl() THAH L, 771 NMIZEERAL, (MDD

() (8))

8. MW eclair #FIWT XY T 7 7 4 VO %475,

K2 73 40% ihk dump page set TRIIT 5, EZRIILATDHED,

struct ihk_dump_page_set {

unsigned int completion_flag;

unsigned int count;
unsigned long page_size;
unsigned long phy_page;

}

struct ihk_dump_page {
unsigned long start;
unsigned long map_count;
unsigned long mapl[];

};

/*
/%
/*

/x BERARTET 77 */

/¥ B2 THED A= VIERI */

/x BV TRHREDR—=IERDEARY A X */

/¥ BV THNEDA—IEROYIELT N L A
(struct ihk_dump_page DHCLFI) */

< TIEROBEYHT RV A x/
< v TIEROFEIRE (map [1 DEFIED */
<Y TR (Y by TER) *x/

Linux FEX Y TDGED X v TERIERE L X v TR AZHBERED B OFHEN %X 2.16

ZHWCEH 2,
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%, IHK ZHEEAEVIZZOX Y TU RV EGHRT 5, $72, BT 777 % 0IZRE
35,

3. THK A3 &% > THEfALIERS % Linux @ panic notifier IZ¥Hkd 5,
4. Linux T panic B34 L, BRI NTWD X v THEFLHEEBAIEOCHE I NS,
5. THK 2% McKernel D% 37 ~NMI #3135, (KD (1))

6. McKernel %5 0 CPU S ®D CPU 13, LY A XE#RAZBBEL, hlt A TEIET S (M
D (3)). McKernel D% 0 CPU A F2FEF7T 5, (KD (2). (3))
(a) LY ARIEHRERET D,

(b) EAEVEZZMLTHX Y TV RVERET 5,

(c) v T o a—PHEEEZRATIRHENINTVWEEEIX. 22— AT ) FHEE
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2.13.4 YU T7WEAIioctl() ATV R 12
%ﬁ 13
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struct ihk_dump_args {
int cmd;
unsigned int level;
long start;
long size;
void *buf;
int num_mem_chunks;

struct ihk_dump_mem_chunk *mem

};

/x AR %/

/x BT */

/* BRI T R LA x/

/x A4 X *x/

/x AEVNE */

/% AE) FHISEL «/

chunks; /* XV MHEEGHR */

struct ihk dump mem chunk (LA FD XD ITEHRI N D,

struct ihk_dump_mem_chunk {

unsigned long addr;
unsigned long size;

};

args—>cmd Z & QMLHIILAR D@ D,

l args->cmd l

EE

DUMP_QUERY_NUM_MEM_AREAS

X TRERAE ) FEERZ KT,

DUMP_QUERY_MEM_AREAS

XV THRAE Y FHIROEHR% args—>mem_chunks (ZfEMHT 5, IFOH LT
7Y args->mem_chunks DOFE % AR T 5,

DUMP_READ

args->start, args->size CHAEINEZYHA T VHBONA %
args->buf THEI NNV T 7IiZa¥—-9 3,

DUMP_SET_LEVEL

RV THNRE T2 AEVHEEOEE% args->level IZ%ET D, k& Nl fE
AT D@D,

0 THK % McKernel iZE[D YT~ A€ ) {HikZH 1T 5,

24 H—FVDBFEHLTWBE XE ) FEEZ2E T 5,

B, args->level DFHEHBETHWMAETH - 72356 1L-EINVAL Z 3R H
T3,

DUMP_NMI

2 CPUIZ NMI 2%f7 L, Xv 70¥EHEERT 5,

DUMP_SET_ANONYMOUS

(THK %* McKernel (Z#] 0 24 T72 A€ V%K) 75 (args->mem_chunks,
args->num_mem_chunks CTHEE L7z X €V HHK) ZR\W7280802xF U, Linux
@ struct page D mapping 7 4 —)V RO NIy b %Y b L anony-
mous T — 7IVIZREDIT B, 25352 LT, Linux @ makedumpfile A*
MR X TR OSBRATED XS24 D,

DUMP_QUERY IHK &> TEOW L THENZYERA T HEOEH % args->start,
args->size [ZH&NT 5, ABkREIL. THK A McKernel (Z#/ D YT AEY
F DR TE XY T ABIHAET 5,
RYE
0 IEHRKT
-EFAULT 7 NVAWRIETH S
-EINVAL SIEPESITH D

2.13.4.1 Y7774 ILOFR
X T T 74 NVEELF EREZBRHALTCWS, X777 NVTHEHALTWS R a vidbh

TO#EY,
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DUMP_QUERY_NUM_MEM_AREAS

| VPEPE [ AR

Date X > 7 ERELH IF
i : Thu Mar 3 21:42:35 2016
hostname XY TERERA 4
# : kncco8
User XTI Ea—¥4%
# : nakamura
physmem YHAE) RV T

BB, VIARDMEIZZ Y TT7 7 A WIZIEEHL IR0, ZORbO, ALy FRERET
LZREERICHEMEINTORRBI Y FF A MDD SEEZIET S, ALy RE2RET IHER
DAiE X, £9% 37D run queue DALEZE YV RIVER» SHEGF L, ZZIZHAIN TV
5L MV ERDITSBIETHIGT 5. objdump TOHIIHIZR 2.19 IZR T,

eclairliexXDI7 7ML TH+—<T v k

medump_20160303_214235: file format elf64-little

Sections:
[dx Name Size VMA LMA File off Algn
0 date 00000018 0000000000000000 0000000000000000 00000040 2+x0
CONTENTS
1 hostname 00000006 0000000000000000 0000000000000000 00000058 2+*x0
CONTENTS
2 user 00000008 0000000000000000 0000000000000000 0000005e 20
CONTENTS
3 physmem 20000000 0000000771800000 0000000771800000 00000066 230

CONTENTS, ALLOC. LOAD, DATA
Contents of section date:
0000 54687520 4d617220 20332032 313a3432 Thu Mar 3 21:42

0010 3a333520 32303136 135 2016
Contents of section hostname:
0000 6b6e6363 3038 kncc08
Contents of section user:
0000 6e616b61 6d757261 username
Contents of section physmem:
771800000 00000000 OOfOffff 00000000 00400000 ............. Q..
771800010 21000000 0c000000 48004800 00000000 !I....... HH....
771800020 ffffffff ffffffff fEffffff FEEFFFFEF ... ... ... .. ..
(LLTHE)

Figure 2.19: > 77 7 4 )LD objdump T®D H 1

2.13.5 Y UTBHATY REgdb ATy REDEERE

Xy TENra~ Y K& gdb 3<% 2 R & DM remote serial protocol (X, IPv4 % ffi - 72 TCP
HETPOHD TS, unix FAA YTy MaYERHAMREEIXE S B, BEKTRIZT
77 ANDFED T L& BT 572012 TCP/IP @85 2 #IR U7z, 2 —PEH gdb 2L
THHVE- M TNy ZOREEITI I, HLUIZRWAHETHLE, £Z T, 2—9
ik, gdb TEBRLS XV Tra~y RE2EBHLTE 55, XY Tra~y Rhgdb a2~
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1 YROEHEHEVE-INTFNAYITOHREETI, XTI~y RIZEb)VE— TRV
2 DHREDS, EBUII—FD SO~y REZIFHS gdb 12, AL—RITHKEZZIFE
s $72b, UWTOFIETEET 5,

4 1. a—¥hroEZ#HINER Yy Tira~ Y Rk, a~v Yy R4 v ATy a vzl
5 gdbT—Y x> b2 LTOHALLET S,

6 2. RV TN~ > RiE, remote serial protocol J@ZHD TCP ¥V 7y b 2/ERKT %,
7 3. XY 7fEfra~ > N, gdb % fork() & exec() TRENIT S, ZOK;, UTFOXS54Ha~

8 VRIAVEIBE LT E- M T AV IOREIIHELRIAIT VY R E 25,

9

10 -q -ex set prompt (eclair) -ex target remote :<CTCP R— F&HEES> <H—R VA A -V T 74
1 >

12 4, B TEMra~< > Nk, TCP V77 vy Mz gdb ki LT 2D %KD,

13 5. XV TMra~< Y Rk, TCP V7 v MERifg, Wik»S5DAN%EZE T I gdb T—Y x
14 v e UTOEMEIZERT 5,

s FHOFHEHIZE->T, FvIfEfra~y & gdb & AFE UMK Z2 LA UREBIZR S, E
6 LTWTH, BHEANOGAL L Z XY Tl a~< Y RAE—E1FETFURITNIE, gdb H3FEHE
v ANZHAELTWADOLFEIUEEZIELIENTE S,

-

s 2.13.6 YV TERAE#R (crash 7571 V)
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MEVTI7AILDT—E2DHEMEIND, (2) McKernel M VRIVIERHIIEMH SN2,

Linxx8B4 T IT740L [:::] McKerne | BEEDh—RILED 21 —IL
(Linux+ McKernel ®F—% ) (ihk-smp-x86. ko)

[ cashmioraiss modITUREMALLUHRIL
BHREIE
N
— FIATL FELTY—LRST eclairBXD& LT 774
crash utility (McKernel DF—4541&# )
(4) McKernel D A &) EHREIMEFT 5.
eclairCRIATESHRICERT B,
ﬁ IS5

@) Y—IDBRAENS (TFT1V) ,

| eclairfsX 7 7/ LY EH LY —IL

FLBI
‘ crash®d¥Ja< > K
O SEEESRE

Figure 2.20: X ¥ 7 AL B DN

Xy TREBUOFRNZ X 2.20 2 HWCEHAT 5,

(1) crash NFEHISIZ X > T 7 7 A VDT — XD N5,
a< > K :crash <{vmlinux D/3A) XV T 7714V (vmcore) DINA)

(2) crash WHEIHIZ THK 3 £ O McKernel D 77— X )VE Y 2 —)LD ¥ ¥ R)VIERD I X 1
%
a< Y K :mod -s ihk-smp-x86 <{ihk-smp-x86.0 D/ A )
¥V ROVIEH © dump_page set_addr (XY THRHER—=I VX bDT N L AER)

(3) crash NIZ T 71 VISHGAE NS,
a< Y K :extend {crash utility extension D 8N A  (#] : dump2mecdump.so)

(4) X TRRZHY —)b (Idump2medump) ZFEFT U, (2) D 2RV REFHWT, McK-
ernel [IZHI D YT oNZYMT B U AHEEOERZ NG T 5,
L 7= E#a FHWT, (1) 25 McKernel BE#E#®RZHD U, eclair TERUIZEL L T
95,

2.13.7 FHEARBOB=EIRE

Linux EE XY 7% RHEL-7.4 DN —Y 3 VO Linux 7 — RV TOABET 5, F7-,
Linux ® 7 — k785 X X |Z crash_kexec_post_notifiers Z#§& L T, Linux Z, 7 71 )
ZHRLT BRI panic notifier (2 ¥R I N2 B ZE IFIXE 5 BEDH 5,
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214 7OBRY VT

McKernel Tl Linux & FD FETTO AR Y 77 74NV EERTE 5,

2.14.1 ZEEODFHIRE
H O XNBBHIZOWTOHIRIZLATD®ED,
1. BEALY RBPEAELTH, BH e 20EH L

2. NOTE 2 7' A ¥ MM X N d 7 Z4REE (struct elf prstatus64Bl) @55, B

TD 7 4 =)V Rz 3 A IEHRITAEN L 20,

ML 7R,

struct elf_siginfo pr_info; /% Y7 FIVIEH */

short int pr_cursig; /x BIEDY 7 F I +/

a8_uint64_t pr_sigpend; [x RYT 4V ITINTWBEYTFI x/
a8_uint64_t pr_sighold; /* hold ENTWVWBY T F I */

pid_t pr_pid;

pid_t pr_ppid;
pid_t pr_pgrp;
pid_t pr_sid;
struct prstatus64_timeval pr_utime;
struct prstatus64_timeval pr_stime;
struct prstatus64_timeval pr_cutime;

struct prstatus64_timeval pr_cstime;

728, struct elf siginfo lFBATND X S ITEH

struct elf_siginfo {
int si_signo; /* signal number */

int si_code; /* extra code */

85

/* —FHER +/
/x VAT LR +/
/* RFEI—YIEH */

/* BRY AT L] +/

INnd,



int si_errno; /* errno */

};

3. NOTE 2 7' A v NI TN 5 7o A (struct elf prpsinfo6d ) D55, DL
TD7 4 =)V RITHIET B MHHITFEH L 20,

char pr_sname; /* 70t ZAREE (SCFF) */
char pr_zomb; /* Zombie M{3H */
char pr_nice; /* Nice f */

a8_uint64_t pr_flag; /x 7T x/

unsigned int pr_uid;

unsigned int pr_gid;

int pr_ppid, pr_pgrp, pr_sid;

char pr_fname[16]; /* FATHRET 7 A V% */

char pr_psargs[ELF_PRARGSZ]; /* 5l YU A MIREHE > */

2.15 Utility Thread Offloading

McKernel I&, AL v K% Linux ® CPUIZ~ A1 7 L — M3 2H6E % #2193 5,

ZOWREIZE D, BREOTEITLVAAL Y RREDANLN=ZL v R (uatility thread &
LX) %, 5IAHACPUERZFMHT A2 Z R FEITTHILNTES,

Linux CPUND YA 7L — b, U TFOMEDOMALEDLEIZ L > THEET 5,

1. ALy R4 7L — ML
McKernel TEFLTWBE AL v K% Linux CPUIZY A 7L — T S0

2. VAT L Od— )L
Linux iZ¥ 4 7L —hU7ZAL Y NOFIFTTHY AT L a—)bE McKernel ALY KD
RITFT AV AT L=V O—EM % HET 5 0

3. VIV E N
Linux IZ2¥ 1427V —bh LAV Y RAY T )L % kT 508

4. Ay Fi& 7L
Linux IZ¥ A4 27 b —bU7ZALY REZELSKRT IE 208

IR, ZNZENONBOEE % SiHT 5,
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1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

2.15.1 ALY RYA445L— MNuLIE

ALw RYA4 7LV — b DOMED S5, McKernel il OMLEEIZLL R DE D,

1.

2.

. McKernel TEFHOI—F ALY RAPAHAL Y R%Z Linx IZ¥1 7L — 3522 %

VATFLTI= NV EHWTERT 5,

. McKernel I3 AT L3 =)V 2T TCUTFTOMHEZ4T S,

(a) T4 ZL— PHEDOI—F ALy DAY FF 2 b 2 HET 5.

(b) McKernel 2*5 Linux ND ¥ A7 A3 —)VZEiE% VT, mcexec I UTAL Y
RDYA 7V —MERETS, TOLE BFELEZIVYTFAMNEGEHET,

. McKernel DAL w RiZ Linux NS A 7L —hENEZALY R TTEETYVAT A

I—)VRETE2F->TAY)—TF 5,

. McKernel (Z¥ AT L=V D5E 795 LFAL Y RERKT 5,

. McKernel DALy RIZV AT AT—ILVORVEZFIEE U T exit ZIFOH L, AL v

K215,

ALy A7V —bFDWED 55, mcexec HIDUEITILL T DD,

McKernel 25 ALy K¥A4 7L — MNERZ2%I1F 5,

VATLAA=NVT —=H—ALy REFHRIZERKT S, ZhiE, BALVY RT
RATZV—=h LAV TFANZUET 5720, YATLaA—=)VT—=H—AL vy RHR

RETBEEDTHB, LAV Y RIZV AT LAI—NVEHELELE LS, BB, <A
L —RE—HOAFAGETH B2, YATLAI—NT—H—AL v RBBREDL BIZ4E
BENBE I &IThRW,

HHEALVY FORTO L AZAERT 5, YA T 0L AFLFEAL Y FIZ ptrace ¥ A
TLI=NEHAWTHERE L, UEAL Y RBFITTEIVAT A=V EHIET 5 (WRHE
TiilHT %),

HALY RIZBWT, IVFFA 247 L —bMHRALY KD
IVTFFANMIYOEZS, 20 E, YOEBEZFOIVTFAPZREFELTEL,
YOEBEZRIVTFXF AN RZHRETL2DIE,. V7 FILZERP AL v NI&THRHIZ—ER
IZmeexec DAV TFAMIBIRTIBEDRDHD7-DTH 5,

AVFFANMNIDEZ L, ALYy RiFvA 7L — b AHEDA LYy K&
LT, YA L= ERDODYATALAI—ILLDASDEDT KL A SN % FHET 5,
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2.15.2 YRTFLI—)LALIE

Linux IZ¥ 4 7L —hMU7ALVY ROFITTEIAT LTI —IVITFHHR U, HEIZIE LT McK-
ernel (ZJLHZ{KIHT 5,

INE, YAT LI —)VOHIZIE, futex() P mmap() /&, McKernel DIRFE % #1F 9
5HLD0HB7-DTH5,

VAT LI — )ik ptrace E HWTH#ET 5, BARRICIE, 1 7L —bMRIZR ML —
FU7ZAL Y R (tracee) % Bifild % tracer 7HE A% Linux ETHEM L., tracee 1T AT A
JI—)VDFTEWREZIE S, £72. tracer B tracce DV VAR ZHIET HZ & THREIZIGU
T Linux ECOYAF LIV fTE ATy TEHE5,

VAT LA—NTEDMEEE 2.8 ITRT,

Table 2.8: ¥4 7L —hINFZAL Y RBFITT LY AT AT —)ILONE

SRF L)L [ iz
mmap , mprotect , munmap, brk, futex IKC % A\ T McKernel I[ZUUH % {KHHd 5
getpid, gettid mcexec (Zit#k L CH Wz id Z2IRT

open, read, write 7% & McKernel 725 1% | Linux ECTY AT LI -V a1 d 5
VAT LA—NVBEEITOIED

exit_group, _exit mcexec CHLHT %

Z RIS I5— (ENOSYS) 29 %

2.15.3 YU FILZENE

2.15.3.1 YU FILEENIE

BEA7ZD McKernel 12, Linux IZY AT L= 7L —F L TWA T X2
KU T McKernel 225 ¥ 7 F IV %2EE L. W Z G 2 W FET 5,

OB ZIGFH LT, Linux IZ2¥ 12 LV —hFU7AL Y RAD YT FIVEEE ELEHT 5,
EARPNZIZ A OB 2475,

1. Y7 FIEENMHIZBWNT, Y7 FIVEREHLAL Y KA Linux 123414 27 L—h
INTWBEES., YAFLAI—)LA 70— RH ALYy RADY 7 FIViE(E L Ak
12 IKC %58 U T meexec 123 7 FIVEE & KIHT 5.

2. mcexec (¥ McKernel DALy FID(YE— ALY FID) 56
Linux EOZA Ly RID(E—HI)VAL v R ID) NDOZH#%Z {70,
O—A)VALy RIDIZNUTY T F IV EREET B,

2.15.3.2 mcexec DT FIL/NY RS UIE

mcexec 1% Linux %* 5 McKernel D A L v RIZi% 572> 27 F )L % McKernel ~ ik
TBEDIT, By I F ANV R 2BHLTWS,
ZD7=®, McKernel DALy K95 Linux (¥ 1 7L —bhEN7=ALy RiIZgEsNnb
VIFMIFET BV T FUNY RTORCH U, BEETS 22BN TET,
ZDRNIRT TFNNY RINSITIRBERD B,
mcexec DY 7 FINY RITDAD OEHATIE, TLS 280 BX 5 0HEDH 5,
TLS #t10 HFH X 72 \WiG4E., Linux i1 7LV — b 3N/ ALY KD errno ¥ Z DD
TLS #HEI
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mmap, mprotect, munmap, brk, futex

EWIET AR H B2 TH 5,

TLS DY) D #F A 1E, libc @ arch_pretl X syscall Z i T &\ (24513 errno & HHT
$5), TLSOYIDFERAFY AT AMEDOFETY AT LI -V ZIFCHTHEND S
(Bl Z1E, x86.64 Tl syscall fir 5 DFAT).

TLS ZE 0 EEZ 5728, Linux Y127 L —hLTWAAL Y FIZHLT

mcctrl (2B VT meexec D TLS & McKernel 2L KD TLS 2 {#F L TH <L,

TLS ] 0 # 2 ZRIZH U T D meexec D ALy Ridfd U7Za\WAS, Linux 12

AT L= INZALY RTliE, ¥ ZF NV RSO ADOTIE meexee D TLS 12
oz, HIOITIE McKernel ALy RO TLS 20 &% 5,

© o N o o A W N R

0 2.15.4 AL v RETHNIE
n YA L= RINEALY FOKRTUED AT v FIELLTFDED,

12 1.XVVP%T@%%

14 XAV —=hFUALY R exit() ZIEOH U 725G X tracer 2° ptrace THiE L.
15 YTFIMIZE o TAL Y AT T 556 1 mectrl 73 Linux DALY K& T 7w o
16 (trace_sched process_exit) Z W THiHE T 5,

17 2. McKernel il TO AL v KT

18

19 mcexec D3 IKC 2 H\WT McKernel IZAL Y ROKT AT — X A%ZEH L., McKernel
20 M@XVVF%%Téﬁéo

21 3. Linux il TOAL v KT

22

2 UFRDOATY 7T Linnx fllOAL Yy N2 TXE5,

2 (a) mcexec DALY ROAVTFA %, ¥4 7L —bh U7 McKernel AL KD %
25 D5, mectrl IR L THE WA 7 L — MLEEIOE DAY O EZ 5, TV
2 TEFAPMDYIDFEZIZ X 5T, mcexec D ioctl() DEENSEFHVHFAINS,
27 (b) tracer 7R ADMET T 5,

28 (c) mcexec DALY Rl exit() ZIFUHIT Z L THRT T 5,

» 2.15.5 I
» 2.15.5.1 Linux CPUADZXL v RERDER
a1 Linux CPUAND AL v RAEKDOHERKZ X 2.21 1277
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Linux o — 2=

tracer | | gy

PAEE S P

mceexec libe

Linux 57— % JLZE[H]

Linux

J1 =)

syscall

IO L

. McKernel 1 — %72

a—¥7urs5 A

pthread
mE

libc

McKernel 7 — % V22

McKernel

Figure 2.21: Linux CPU ~D A L v R AL OFERL
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AP TOL 5 ADAL Y K Linux CPU (AR (EBR< 1 7L — M) F5 e, o
Y7a 77 LRSS AEY D Linux T—HEMICY Yy 7, Linux 21— Y22 D mcexec
Mo EEE w5, ZDOE &, Linux T—YZEMNIZIE. mcexec D libc & 2 —¥T1n oS
LD libe R ZEMRE L THEINT NS,

McKernel ® AL v K% Linux (24T % & &, mcexec D70t A& LT tracer 71
Y AZERT S, tracer 70t AE Linux (ZERLZAL Y ROVATFLAI— )V EERL,
Linux CPU D 2—H 707 J ADNFEIT U2V AT LI —)LO—EB (mmap 72 &) % mectrl #%
AT McKernel TS 5 & S5 IZHI#T 5,

2.15.5.2 util_indicate_clone YA FA1—)L

util_indicate_clone Y AT A I—J)LIFH AL Y KD thread f#&EAIZ util_indicate_clone
VAT L=V D5[E mod & arg(F— FIVZERIZ I —FD arg) ZHKET D,
thread FEARDOBEE 7 4 — L NIZLTO LS ITERE NS,

struct thread {

int mod_clone; // R 08
void *mod_clone_arg; // CPUALEDER, AL v KDOIR2EH N DER

2.15.5.3 util migrate inter kernel ¥ X7 Ad—JL

util_migrate_inter_kernel ¥ A7 A 3 —)VIZLAF DM Z 1T S,

1. arg H°FENULL O5, arg DR % 1—VZEMMR 5 — X IVZEMIZa¥—F5, 2¥—
R 72554, EFAULT 23KH1$ 5,

2. AT FANBEHAR-VEMHRT D,

3. AVFFAMBEHAR—VICA—FarFF A b ERET S,

4. AVTFANBRBHAR—YOYHET N AZ5[#E LT,
sched_setaffinity 2 4 7 10— K352,

5. AT FAMEEHR—-VZ2MINT 5,

6. sched setaffinity DA 7 10— DR D HAE (L)) OHE. LN Z217 9,

(a) R D HED 0x100000000 €Y b Mo TWEEE, THEADIKR T 2K 3728, terminate()
T7OvA%KTT 5,

DS AT A T— LERE LSRN

X5z, A 78— FHRTIEA sched_setaffinity DY AT L I— )V HEES%
i L T3, sched_setaffinity #4710 — K35 &,

mcexec [ CAL Y NA 70— NI Z4TS
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(b) TN DE A, sched_setaffinity() DMLHLZE £ 5 —& McKernel IZ{KiHT 5
ZeT, IVTFAMMEHEEKE unmap U, do_exit() TAL Y REKTT 5,
7. sched_setaffinity DA 70— FOR D EAHE (T 7 —) DG4,
RV EZRHT 5,

2.15.5.4 get_system A7 Ld—)b

get_system ¥ A7 A d—)li McKernel ETHEITT 5 & 0 ZiRAT 5,
Linux ECEFT 2L, BT AT LI —VIIFIEL R\, ENOSYS T T —Y X —
V9B,
2.15.5.5 clone A7 L3—J)b
clone ¥ A7 L3 —)LIZT, FAL Y RO thread #iE A% runq (28T 5
(runq_add_thread FEOVH{ U ) BTICPA R DMLEEZ 1T 5,

1. LA L v K® mod_clone IZ SPAWN_TO_REMOTE M E X NTWAIEGE,
T AL w KD thread ® mod_clone (Z SPAWNING TO_REMOTE % %€ 3 5,
iz kb, FAL Y R% schedule 3L T % & Z(Z util_migrate_inter _kernel D {LEE

Kb b,
2.15.5.6 schedule DR
schedule IZ/{ LT, ARDEEZITD,

1. next Z¥ETUHIZ B W T, mod_clone IZ SPAWNING_TO REMOTE AHEI N T W5
ALy Rdrunq CEB5E. TOAL Y RZEHL LU T next IZHRET 5,

2.15.5.7 enter_user_mode MDLIE
enter_user_.mode {2 LT, ANDEFE %2175,

1. check_signal ZFFOH U 7242 T, auto_utilthr_migrate % FEOVHI 9,
Z DML current A L v R IZ SPAWNING_TO_REMOTE 23 E I NTWAIGE.
AL w REBBTAEC Linux 1291 7L — T 5,

2.15.5.8 auto_utilthr migrate MDALIE
auto_utilthr_migrate (LA F DML % 1T 5,

1. current A Ly K® mod_clone {Z SPAWINING_TO_REMOTE A E XN TWBHE,
mod_clone (Z SPAWN_TO_LOCAL % &%E L.
util_migrate_inter_kernel % FEON S,
ZHIZEoT, FTLWA Ly FOBAETIC util_migrate_inter _kernel ¥ A7 A
I — VDRI FET I D,
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2.15.5.9 do_syscall DALIE
do_syscall IZX LT, ANDEE%ZT S,

1. A 70— R U7V AT La—)LOIREEN, STATUS_SYSCALL D¥5% (Linux 7* &
McKernel ~ND ¥ A7 13— )VFG8), U NOWHEZ1T S,

(a) ¥ AT L I—=NVEESDI rtsigreturn DHFEH, VT FIUNY RITONEE
WHIT 5,
(b) ¥ AT L 3A—)VESH rt_sigreturn AADEE, LR %2175,
i. syscall_table R L. ¥ AT L I—)LEFESPEFEI N TV S LA,
Bk I TWRWES X ENOSYS 23EHT 5,
. YAT L= THFAMEERLU., syscall_table IZEHI N TWD
VAT LI =)V R IFOHS, KR ZRET 5,
(c) Y AT LA—)VDFERIE, send syscall FFH LIZ &> T, IKC Z2@UT
Linux (2519 %, Z DM remote page fault £ FRTH 5,

2.15.5.10 mcexec MDALIE
mcexec [ FLA DU 2175,

1. sched_set_affinity 129 24 70— NLEL L LT, ARZ1TS,

(a) create_worker_create ZIFU, FrLWI —H—A Ly F&MEKRT 25,
ZDALY FiE, ARTDVATLAI—NATH—RALY REfi5ET2HDT
H5,

(b) mcexec AL v K& McKernel AL w KD 327 F A iR % /Fk 5,

(c¢) mcetrl iZ McKernel ALy ROV 7F A % McKernel ALy RO IV 7F A
R EEFRIg N O ¥ — X & % (MCEXEC_UP_UTIL_THREAD1),

(d) tracer 7O A& T 5, tracer 7 H L ZDFEMIE 4 (TR,
(e) uti_attr PIEEINTWVEEE, mcctrl IZ uti attr WHLZKIHT 5

(MCEXEC_UP_UTI_ATTR),
(f) LRI Y switchctx 2479,
i. mcexec ALY ROV FF A NMBEFEIIZHED I Y TF A M2 RET 5,
ii. mcctrl IZ Linux (Z¥ 1 7L — I N/ZALy NOEHRZERT 5
(MCEXEC_UP_UTIL_THREAD2).
iii. IVTFFAIEIATVL—bINZALY ROIVTFAMNIYIDEZ S,
(g) ATV —=FULEALVY FRRT LAKRIZTOI Y TFAMIRS,
(h) mcexec ALy KD I YT F A bBEHE % RN 5,
(i) ALy RE#KTT 5B,

2 VITFNEZEUEE, YT FNAUNY RIIZTUTOMMEEZITS,

(a) mcctrl {Z MCEXEC_UP_SIG_THREAD %#ZK U, mcexec ® TLSIZYI D &2 5,
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MCEXEC_UP_UTI_ATTR

(b) mcexec DAL v RDEEH, McKernel (2325 L 7= 7 F )L @HIT 5,
(¢) Linux iZ% A4 7LV —hU7ZALY FOGHIFATOWNMEZIT S,
i. mcctrl (T rt_sigaction T MCEXEC_UP_SYSCALL_THREAD ZK %17\,
STFIUNY BT OREEIET B,
ii. Y7 PNy R IDSIGIGN OFa, H Lk,
iii. 7 FNNY RIPSIG DFL 046, ¥ 27 F V13 SIGCHLD, SIGURG. SIG-

CONT LA D
GEWRYTFIUNY RIEMERL, B0 RV T FIVEENT S, 20
PSSR EN

WY T FNEZEFELUTH IO AR T T 5,
iv. YTFNUNYRIDT FLADEE, —RIZ TLS 2GR LT
T RVADQBEB (Y7 F NN RT) ZIECHT,
(d) mcctrl iZ MCEXEC_UP_SIG_ THREAD %#Zk UL, Jt® TLSIZHI D &2 5,

3. tracer 70X Z XA T O Z TS,

(a) tracee 2T, tracer B ADLYEITMAT 251 T2 KT 5,

(b) tracer 7H & X% tracee DFHF T UL AL LT fork 5, HR7HELAELTEDIX
tracee A tracer & wait ULRWE KT I 235G T 5720 ThH 5,

(c) tracee [XEAT DUE 21T 5,
i. tracer D P BT EBREITE S L 512, N1 TOHEIAIZAL 5,
i, F7O0ADKT 2EFD, F7Ov AT ITKRT T2 (7 1k 2D tracer
IZ72%),
iii. N TDOATARY FOFEE (T K)1 BFD (select),
iv. 1RV SPFETTICIRRBLEZGE, XA LTV RNTIZII—Y X—,
v. select WL T —DHEIE, TOTIF—I—-FTITI—-YX—-1,
vi. XA T o 1A MEiAAABR, N1 TEEU S,
vil. 3 T 6 1NA b ERARAD LD 57256 (EOF). EAGAINTI I —) & —1,
viil. IEFEIZY Z—, (BUF, tracee ALy NidA 78— N Z kT 5, )
(d) /S TDAIZEEAL 5,
(e) F7utA% fork U, 70 AITMKT (exit) 5, F7 0 AN tracer 725,
(f) /dev/mcos MAD 7 7 A VT 4 A2V TR ELTHU 5,
(g) HEHEAH 1% /dev/null (IZH]D KB T3,
(h) tracee AL v RIZ PTRACE_ATTACH 9 5%,
(i) tracee DIF L% FFD (wait),
) PTRACE_SYSCALL #DEIEFEHATY AT 53—y 7 F VDK H & A1 5

728612, PTRACE_SETOPTIONS T PTRACE_O_TRACESYSGOOD ##5%E 9
5,

(k) XA FIZ1IANA FEFEHL, N1 TEEAL S,

(1) BAF, BRIV — 7,
i. PTRACE_SYSCALL IZ & b tracee Z B3 %,
ii. tracee DIFIEZfFD (wait),

(J
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16
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23
24
25
26
27
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42
43

iil.

v.

vi.

tracee D& T U726, 87 3 — K% McKernel \Z3@%1L. tracer 2§73 5,
{ZIE A DG E, continue?,
VAT LAIA=)NTEILLEGE. AT E21T,
A. PTRACE_GETREGS %17\, tracee DL I AX %1545,
B. Y AT A 3—)F S ioct]l THIBUZ MCEXEC_UP_SYSCALL_THREAD
MEE
SNTWBEGE, RVEZEA 70— FiERICEHESHZ 5,
C. VAT LAI—NVESIEA 70— NI4T,
R0 H (x86 DA, rax) B-ENOSYS DL (¥ AT b 3—)VIFOH URF),
VATALI=NFESEoctl IZEE L, YVATFLI—LiA T — RDH]
B aE
35,
D. PTRACE_SETREGS %47\, tracee DL Y A X 2 HHT 5,
VAT LA=WES (D F D VI FV) TEIE L 25A. RIEIPTRACE_SYSCALL
WHRET BV T FN e LT, By TPV ERET S,

2.15.5.11 mcctrl DALIE

MCEXEC_UP_UTIL_THREAD1 2<% > RIZX} U Tk, McKernel 2SI N/ T N L A TR
N5 McKernel ALY ROV FFAM%E, mcexec DI VT F A MEBEMHEBIZOY -9 5,
MCEXEC_UP_UTIL_THREAD2 I~ > NIZxf L Cl&, host_thread Mi&{R% fEK T %,
host_thread fE AL Linux IZX¥ 1 7L — b ENZALy ROEHREZHEFFL, AFD &
IITEEINS,

struct host_thread {

struct host_thread *next; // [E—PIDADY Ak

struct mcos_handler_info *handler; // LUK [EEHRADNY KT

int pid; // 7at A ID

int tid; // AL » K ID

unsigned long usp; // mcexec AV T F¥A LD SP
unsigned long 1lfs; // mcexec @O TLS NX— A
unsigned long rfs; // A—=HTa 75 LD TLS R—A

mcos_handler_info I LWK DEHRZ AR L., LFO LS IZERI NS,

strruct mcos_

handler_info {

Sk AN DA REME X L CIE, SIGCONT I2
LU ERPEZ SN B,
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int pid;
int cpu;
struct mcctrl_usrdata *ud;

struct file xfile;

2.15.5.11.1 MCEXEC_UP_UTI_ATTR DLIE
MCEXEC_UP_UTIATTR ®ZRIZH LT, UFOWMEZ1TS,

L #E DG, BAT247 5,

(a) Linux 77— VA D sched setaffinity & sched_setscheduler nocheck ™
7 RV AZMERT B,

(b) v Mo EFHEARSZMHEERL, 0 THHLT 5,

Cuticattr D7 T 7N, BT AHAGDENEEINTVWBEEA,
T7—1YX—=>9 % (-ENOMEM),

. mectrl_usrdata @ cpu_topology _list % il > T, McKernel IZT clone % 317 L 7=
AL v K (ALY ) D McKernel ® CPU ID %82 CPU 2#5%KT 5,
FAELRWEEIET I —) &2 —>F 5% (~EINVAL),

. VEZEH D cpumask Z M- L. cpu_active_mask THIHHLT 5,
WRTERWES, =7V X—2F 5% (~-ENOMEM),

 DUROIEIZ & 5 T, utiattr D7 7 ZHREIHE, #D YM TS CPU OEf
Z Rk, EZEM cpumask IZEXET 5,

(a) 77 2T UTI_FLAG.NUMA_SET 2’ E SN TW55E, INOWEZ1T S,

i. mcctrl_usrdata @ node_topology_list %l > T, numa_set IZXEI N TV 5
NUMA ID & —3(3 % NUMA / — R 2K L, FAff91ro72 NUMA / — R
J&9 CPU OMEL %
Kb s,

ii. fEZM cpumask & NUMA / — RIZJE 9 CPU E£&5DMEESZ KD, EEH
cpumask Z
RET B,

(b) 7 2 22 UTI_FLAG_SAME_NUMA_DOMAIN 7> UTI_FLAG_DIFFERENT_NUMA_DOMAIN
NRESINTWBEGE, U FOMEELT S,
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i. ®CTONUMA RAA IZDOWVWT, BALY RBRELTWAENRE S 0N,
UTI_FLAG_SAME_NUMA_DOMAIN 2MEE SN TWAEGEILLFE N A1 VIZJET CPU
%é@\

% 7-. UTI_FLAG DIFFERENT_NUMA DOMAIN DMEEXINTWALGEIZIIHAL v
N A
BLUTWRWR A1 VO CPUEESOHESEEZRD D,

ii. /E2EMH cpumask & NUMA / — NIZjE9 CPU & DOEESZKD, fEEH
cpumask Z
HET B,

(c) 7 F 2T UTI_FLAG_SAME L3 %* UTI_FLAG DIFFERENT L3 ' EINTH V.
Ho, ALY RO CPUMNL3 FvyyafEo5a, UF21T5,

i. UTI_FLAG_SAME L3 DMEEINTWBHE., FyvyvazitEd % CPUDES
R B,

ii. UTI_FLAG DIFFERENT L3AMEEINTWAEA., Fyvyazitgd5 CPUD
BEOMEEERD B,

iii. K7z CPU E£E L EZEH cpumask DFEE S %KD, TEZEM cpumask IZ3E
35,
(d) 7 Z 2T UTI_FLAG_SAME L2 7* UTI_FLAG DIFFERENT L2 2'iEINTEH D,
Ho, ALY FOCPUN L2 Frvy YakRKO5E. AFEITI,

i. UTI_FLAG_SAME L2 DMEEINTWBHE., Fyvy v azitFd % CPUDES
R B,

ii. UTI_FLAG DIFFERENT L2 AMEEINTWAEA., Fyvyazitgd45 CPUD
KEOMEEEKRD S,

iii. k72 CPU E£EH L EZEH cpumask DFEE S %KD, /EZEM cpumask IZ3E
T35,
(e) 77 712 UTI FLAG_SAME L1 #* UTI FLAG DIFFERENT L1 BFEINTEH D,
H2, HAL Y RO CPUMNLL FryvalHFHo5E, L2179,

i. UTI_FLAGSAME L1 2MRESINTWBIGE, FvvaztFT 5 CPUDES
BRD B,

ii. UTI_FLAG DIFFERENT L1 AMEEINTWAEGA., FyvyazitFd45 CPUD
KEOMEEEKRD B,

ili. RD7= CPU EE L EEM cpumask DFEES Z KD, FEZEM cpumask 12 E
35,

6. L FOMEIZE 5T, CPUT 74 =T 1 D&RE. L, ATFYa—7DHRE%R

= =

1T D6

(a) EZEH cpumask 2L G DHEIFTH Lz,
(b) 7 7 2T UTI_FLAG_EXCLUSIVE CPU 2’ &E I NT W55, AN DU %

S =

1T D6

i. fE2H cpumask 725 CPU % 1 DEATCPU 7 71 =T 14 IZRET 5,
(CPU D#ER LT ER)
ii. A7 Y a2 —71Z SCHED_FIFO %##&Ed 5,
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(c) 7 Z 2T UTI_FLAG_CPU_INTENSIVE 23§ S NN T WA 6. LR DM %

T

BN
Y%
o

i. /E2EM cpumask 2*5 CPU % 1 D3#ATCPU T 7 4 =T 4 ITHET 5,

(CPU DER IR IF )

(d) 77 7T UTI_FLAG_HIGH_PRIORITY X E I NTWEHE, ML FOLHEE

4 A

1726

i. fEZH cpumask 725 CPU % 1 DEATCPU 7 7 1 =T 1 IZRET 5,

(CPU D#ERFEITEIR)
ii. A7 Y a2—71Z SCHED _FIFO % #H&E7 %,

(e) 7 7 2T UTI_FLAG_NON_COOPERATIVE 2S¢ &E T NTWA5E. LI N O %

175,

i. /E2EH cpumask 2*5 CPU % 1 D:BATCPU T 7 4 =T 4 ITHET 5,

(CPU DR ik i)

(f) PLEIZEYS L WgGE, M cpumask DINA%Z CPU T 7 4 =T 1 IZERET b,

7. YE2H cpumask Z BT 5,
PEZEH cpumask 7° 5 CPU % 1 D3R4 2 FIEZ L NIRRT,

1. 9y R UyEHAHRIZCPUID 22 Dx A2 L— ALy K%
Z DWigH & FAWT, E¥EM cpumask IZEEFN1RDOIA T L — ALy RELBER/NE 2

% CPUID 23K 5,

kL TWB,

2. compare and swap IZ &> TT v v Ko GRS % EH (1 NE) 35,

KLU 7-HBE1E 1o lmET S,
3. HH U7z CPU ID AADIEZER cpumask DY 227V 79 5,

2.15.5.11.2 MCEXEC_UP_SIG_THREAD D#L3E
MCEXEC_UP_SIG_.THREAD OZER Iz LT, A FDOUIEZFT S,
1. ZRTAL Y A Linux IZ¥ 1 7L — b NZAL Y RTRWGA.
EINVAL TZS5—V X —>F 3,
2. BIEUZHEWN, ALY ROFSR—ZA7 RLAZYOEZ S,
2.15.5.11.3 MCEXEC_UP_SYSCALL_THREAD D4LIE
MCEXEC_UP_SYSCALL_ THREAD OERIZxf LT, BUTOME AT,

1. VAT L= )NVEFL AT LI—)E[#% syscall_request HHE A2
RET D,

2. util_migrate_inter_kernel D ERK 2 MR 5, FEL HWEEIX
ENOENT CT 77—V &X—29 5,
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3. wait_queue_head list node ZfF L. Y AT LI —IVOFERAHIZ
iz %,

4. util_migrate_inter_kernel M L AR > AT syscall_request DYJEL 7 K L A
RES D, oy VARVADREZ VAT L3 —IVERIZRET 5.
5. _motify syscall requester % IOV LT, McKernel ffi]iZ
VARY ADEHRZEAIT %,

6. wait_event_interruptible IZ& > T, Y AT A I —IV5E T ZHFD,

7. REREIRHT B,

2.15.6 ZEEODFHIR
HIBRIZ AR D@ D,

o Linux CPUIZY A 27 L—bhUL7ZALY NIZHUT ptrace VAT LI—)LiZEB ML —
AT A T8N,

o Linux CPUIZNY A 7L —bFUL7AL Y RDFRITUREMR Y AT L a—)VDFEMHEIZ LG T
SHHH L2 DDA TH S,

e Linux CPUIZYA 7L —hUL7ZAL Y K&, BE McKernel IZBEIT 5 Z LIETER,

2.16 EESOERICE

McKernel 1%, #EFEO MPI 7027 7 L2 L I SIZFNE2EDIKET Y a 7128 WT MPI
707 T LR ERE & fEE T A BEEE 2 R T B,

FAfE LTI, 7oy Iy Iab—yaver—RALE#RORTIEET 7V r—
varvrEFons,

BRI OMEMEIL. ZNFNDO MPI 7027 J A2 EEXET, Z82E1RRED S DE
RCEEHMZ LI L TEHT S,

R 7 A A EENI A R OEEN SR S B,

o TUt AETFIEILE XOEID S D HFKLE
MPI 707 LM, Ak7Oov AL UTRTTEEA IV TRTETICHE RS
BIRETIEIETE5 L5129 5, £/2, HfERz2zZ I TEILRELRSERETES LS
295, 9477 VKL L TELET S,

e MPI 7’125 L D#E D K UL B8R B HE

MPI 70 75 L OETREEZ R L. FIEE mpiexec Z FHWTEE L, 2 [A1HLAREIX
FIELTWa ot 2% HEd 5, qlmpiexec_start LIPRA—Ya<v v N& UTH
%‘é_éo
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e MPI 7025 LDV R UEHE A 5 DR T Harkbe

HEERFBIREBTEIELTWS MPI 702 A %K 7 X+ 5, ql mpiexec_finalize
LIERA—Havy FE LUTHEET 5,

PR, 0o ORRED M & 3 5,

2.16.1 A
BE 7ot 22K 2977,

Table 2.9: 7ot A —&

JOtx B

ql mpiexec_start I—YHRVaT7 A7) T MR LU THWS, &EOFHEHGEZERTZIT Y RT
H5B, 8% ql talker & ql server ZRH LT MPI 7R I LIz SND, 74
B, ~HOFHENZETTEL, Ravy NEKRTT 5,

qlmpiexec_finalize | T—¥A Va7 X7 Y T MIHBLTHWS, MPI 7R 5 LADFITHE T 2R
53XV NTHb, fERIE qltalker & ql_server Z#H L T MPI 712 J AlZ
kond, B, MPI 7077 08T 2IcARa~ Y NI T T 5,

mpiexec Hifl mpiexec 7 H Y ADKH), SIEEL. FEALAB LTI IO XL Nafr
5, A7 B Al ql mpiexec_start ¥ KX VBB XNWHEIT 5, £72. mpiexec
Tk 2T e HIKT B,

mpiexec MPI 7u ¥t A% kT 5, K7 H XAl mpiexec Bl 7 U ADT- TR LT
BEEINDE, TRTOTVIRT LIITRT T 5,

mcexec B A B Linux ET McKernel D1—4% 70277 A7 0w A% ERK - 58T 5,

ql_server EE T 0 AREHRO MPL 7027 F L% fifk L. ql mpiexec {start,finalize}

a< Y RO$ER%E MPI 0¥ A123%%, ql_server |¥ ql mpiexec_start A< R
5 ssh CEBIENHEET 5, 72, @l 702 AEENLDO MPI 7025 Liie
THRTUERRTRT T 5,

ql_talker ql mpiexec_{start,finalize} & qlserver & DD BEHFE M N T 5,
ql mpiexec_{start,finalize} I ¥ ¥ RA & ssh T qlserver WETINT
WBHEHR Y — FICEBEh s, KT o A3ERE T LHICKT I 5,

Tt AR %X 2.22 1ZRT,
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TOERER

MPI7 O+ R FEE)

[ ql_mpiexec_start

(

Jfork() L

1R W fork()( i } [mcexec %——{ aA—470554 }
J execOl

ql_mpiexec_finalize

al_server
ssh/fork()

qgl_talker
ssh [:

|_talks
woh ql_talker

Linux 7R R Linux mckernel

[ mmToex
([ Jammroex

Figure 2.22: 700 & ARk

Tt AREETHWA I Y RIZBLTFO@ED,

EEPLS <A B

EJ~Y R | QL_EXEC_END mcexec A ql_server #XH T ql mpiexec_start ~“ZRIDFRYE T 2 @HIT 5
BIZHW D

FI<> K | QLRET_FINAL mpiexec Bifll 7 H ¥ A% ql_server ™~ MPI 7102 5 LA DMK T % @EIT 5 BRIZ
RS

R I~¥ YR | QL_RET_RESUME ql_server 7' mcexec ~NFHIRFEM S DK % T BTV S

N3I~¥>YF | QL_COM_CONN ql mpiexec_start 7% ql_server (Z MPI 7’02 T LA D& k% KiFHT 2 BRI H
(AF)

A <> K | QL_AB_END ql_server i7 O AN 5D A~y RZMHT ZEIZ, a7 Figkk 7o

L AERDITONED S HEESITREE LTHWS

Tt ABEEDBEEX 7+ —~< v MMILLTFO@ED,

KAT Y R> <T—RY A X> <F—&>

KT 14—V ROYF A X, FERIZLATD@E D,

74—ILKR D L]
<a< Y k> 1 byte a<w v R
F—RTA A> 1 byte byte BMLDF — XV 1 A% ET 16 B L T7F]
<T— 4> EES T — R ERT XY

BEa~v Yy ReE#ETOR Z0FE7 0 — %X 2.23 ZHWTC#HHET 5,
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MPI~' v 7' Z Ay)lalFEAT

F X FLinux (FX&X—/—F)

[ Linux I |
qujc:x:cfstm mpiexecE R ‘ ’ mpiexec ‘ ’ gl_talker ‘ ’ql_server ‘ ’ mcexec ‘
T
................ T ]
fork(1) [T
Forklexec(2) mpiexecio| k. 2 K (3) l
- ->
ssh|T & % Lk (4)
ql_server~ i (sshic X % BE17)(5
[ sshickzqtakerie @) 1 A T 1
LI
"""" > TuwRER KT
7 JEA#EE
Rt b A
””””” > AEE BY)
MPI7' 2 7 Z AFBAN LK TET
[ Linux Il R A FLinux (F2&Z—/—F)
q‘imjc;:c;an mpiexecEiE ‘ ’ mpiexec ‘ ’ ql_talker ‘ ’qlfserver ‘ ’ mcexec ‘
T T T
PR T (sshiE & % %47)(10) BT ()| BB R(12) [ 200
rymEHE
sshic X bqltalkerts T(15) (| FEsET(14) AR T (13
(sshiZ X % 347)(16) _ —
]kérffé?_(ié_) """""""""""" HBIER(17)| | FEBITER(19
mpiexeci’ T (21 MPI7 11 75 144 T (20) prove——————
MPIZ a7 5 A ‘ ‘ FATHE T 1EHN(22) WEERT
T EE(23)

Figure 2.23: B~ > R f#E 70 ZDH)E7 10—

5, (KD (4))

01 MPI 71 2 L DOHIEIEFTHRE, gl mpiexec_start 75, mpiexec i 0t A%
fork() THE 2L LTEHT S, (KD (1))

02 mpiexec Bifil 71t A%, mpiexec % fork()/exec() THHEIT 5, F7-. mpiexec D
BEHAH DB LTI —H 1% gl mpiexec_start N XA L 27 35, (KD (2))

03 mpiexec % mcexec & T MPI 7' A% McKernel RIZHEEIT 2, (KD (3))
04 ql mpiexec start A*ssh T/H A b Linux EiZ ql_server ZHEE 7 n 2 & U CEET

05 ql mpiexec start % ssh T/H A b Linux EIZ ql talker Z&EH T 5, (KD (5))

06 gl talker |& ql server (ZN I ¥ ¥ F%ZiX(E L. ql_server 7 ol 1 DIRIE % £F
D, ql_server (X% MPI 717 5 LA OFEZEHRIZEIRKT 5, (KD (6))
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07

08

09

10

11

12

13

14

15

16

17

18

19

20

21

22

mcexec (& MPI 7025 LD — [ DFHHESE T 14
ql_server NtHEETE2REIKTAE ATy REXEL, BIEZFFD, (KD (7))
ql_server # ql_talker NGIBHE T2 EK TS EIY Y F2EETH, (KD (8))

ql_talker ZFE a~¥ Y RZZITHD, [EHK 795, ql mpiexec_start i ql_talker
DT EZIFTIXALIZ PUTWABEEAR DB LI - %2270 —-XULKT
%, (D (9))

ql mpiexec_start (X MPI 7’10 75 L DIRDEMEDBIIERE, mpiexec Bifd 70t ZITHk
U C mpiexec DA N B IO I —HNHEHFIZY XA VL2 NT 5, 72, ssh
THA b Linux k2 ql_talker Z#&HE)3 5, (KD (10))

ql-talker | ql_server NHHfERZEIKT S R av Y FE2EE L. ql_server 15
DEE D, (KD (11))

ql_server (I mcexec NR IV V R %X [FT 5,

MPI 7075 L3N TART 7 AV ZGHA, HEERTHE L 2R L. FIBE B
AR ENRT AR T 7 ANVIHIESINZEDIZEEHZ, IROEOFEEFTS, (KD
(12))

mcexec | — [ DFHETE 11

qlserver NGRS T (Ea~vr F) 2% fFL. BEZ2FD, (MO (13))
ql_server 2% ql_talker ~NElH5E T (EaA~¥ Y N) 2%#EFT 5, (MDD (14))

ql talker [ E I Y RZEZITHD ., IEHK 795, ql mpiexec start (T T Z23ZIIT
VAL L2 FUTWAEBAR B LTIz o7 —X LK TT5, (KD (15))

ql_mpiexec_finalize |¥ mpiexec #ifii 7’1 & A IZMKFH L T mpiexec DIEHE A 13 &
CLI—HhzEGNYV XAV I NT 5, £72ssh THAD Linux EiZ ql talker %
EHT 5, (Mo (16))

ql_talker (¥ ql_server NHfERZEHKTHIR AV F2EEL, K195, (KD
(17) (18))

ql_server (Fmcexec NR I ¥V K& ((ET 5,

MPI 78X ZFZ R ATV REZIFTT, NIRAXRT7ANZHARTIRRTHDL I %
RBUMRTHEZTTS, (KD (19))

mcexec |F MPI 70t 20 7 iz 735, (KMo (20))

mpiexec (F2T VI DT 2 fF>THK 75, mpiexec il 7' H ¥ AL mpiexec 71
AR T ZRAL, RVEZ2IET 5, (MO (21))

mpiexec Hifid 71 ¥ Al ql_talker #HI T ql_server "NFETH T 2B KT HF I v
N%Z%f59 5, ql_server X4 MPI 702 5 A2 EHENOHIRT 5, 72, B
ENPRIZR ST HBRIFRT T2, (KD (22))

mpiexec ¥ 70 ¥ AL ql mpiexec_finalize N MPI 7175 LD T ZEHIL, K
DIEZIEL. ¥T95. (KD (23))
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23 qlanlexec finalize [¥ MPI 70735 LD Tl % %I T, VXA L7 LTWVWS

AR B IO H% 270 —X U, mpiexec DIEVEZBHEDRVEL L TH
9%,

2.16.2 MPI 7Ot x&FHigra~v R

=3

gl mpiexec_start -machinefile <hostfile_path> [<mpiopts>...] <exe> [<args>..

st EA

WMPEEZ T TIZLAFO@ED,

1 RAMT 7 A IVDAL, mpiexec NDIIE, FATHHET 7 A V&H 5 mdd Ny ¥ 2l

X0 MPI 7u 275 L1D 2/ERRT 5, ID ZEREEZA K QL_NAME (25083 5,

ql_server L DEED7ODY Iy b7 7 A IIVDI/NA % BiEEZA 4 QL_SOCKET _FILE (27T
By B, i, %hf*lb774k@%ﬁ®$lb(uh NAZ—/— N EIPR)
FIZ ql server ZEHT 5, EEIRMLZLEITHRTI—N(-1) TRTT 5,

mpiexec m*ﬁ7n‘klt®L’fn®f\_&)o)‘/b— Y N7 7 AIPFELIRWGEX. VT
N7 74V EEHE. mpiexec Bifi 7O A% fork § 5,

mpiexec Bifd 71 & A%, mpiexec % fork/exec THKT 5, 7z, mpiexec DIHEHE
ADB L0 T 241 T (BB, VXA L7 FHAA TEIES) O HD
AR A I

FRERDEZD T AR T 7 A NV EERT B,

mpiexec mﬁ7UJZ7\k HEOBEMEAL T, T3 —HMhDT7 74 NVT A A2V TRE
F%2YE T, mpiexec il 7O AIIYH T 7 ANT A ATV T REY XA LT FHNA
TDENT NS T DIz i 5.

55 1 [ D RBHIAIF X ssh T ql_talker 2 VAR —/ — R EIZ#@i$ 5, ql_talker
¥, ql server "NEH A REIET AN ATV F2EFE L, KEOEFHETT2EKT S E
avy Rae%f59 5 £ THRET 5,

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

55 2 [0l H AR DEH R BHAARF I, ssh Tql_talker ¥ AX—/ — N EIZHEEIT 5, ql_talkerz

IX. ql_server NHHEREZEKR T H R IV Y NEXEL, KEOFHFET T 2EKT
5 E 37y NZEXTHET L,

ql talker I Y RMWEDHK T %23H 5T ql mpiexec start ~NFI BT T 2 @A T 5,
gl mpiexec_start | mpiexec Bt 7' 0t R Li@(E %47 > Cmpiexec ML T LTV AW
Z L %R T 5, mpiexec BT L TWAHAIX, mpiexec DT I — FZ2HET 5,

%E@u+%7UT® BENTART 7 ANV EHIFRL 0 2R UK T3 5, mpiexec & T
LTz i\%®%T3~%%§§®%T:~b IRELTHRT T 5,

ql mpiexec_start MMEH T S EREALKIILL N DM D,
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10

11

12

13

14

15

16

17

18

19

20

E 0 B B - 2R
QL _NAME MPI 707 5 L 1D TR
QL_SOCKET_FILE mcexec & gl_server & DERUAVDE YTy F T 7 1 IL% Rk
ql -mpiexec_start MFEHTH7 7 A IVIZLLFD@ED,
T7AILE B fER% - R
${QL_SOCKET_PATH}/ql _sock/<MPI 712 J L ID>.s ql_talker & ql_server & DDE{E | 1EH S8
IZHWSY Yy b7 7 A
${QL_PARAM PATH}/<MPI 7'H ~ 5 J» ID>.param ql mpiexec_start »* 5 mcexec NDfE | EAL
RE, IREIDFRICHE S 5518 & Bl
BREGRT IV N - T x&T 7
1
INTART 7 AV, ql mpiexec_{start,finalize} #*5 mcexec NDIE/RZFLHKT D,

WA, EREROEES L RO EDOFHRIZBELG B EDT -2 TH 5,
74 —<v MILLFO@D,

<N ZERS
<7 — &>

[<T—&¥>...]

NY ZE>SO T F—< v MILATD@ED,

0 COM=<mcexec NDIER> <HEDE> <BRIEAHEZEDED>

ZENETND T 4 =)V FOERKOHLY 5 BAHIZEA T D@D,

| 74—IK

|

B

<mcexec NDFETR>

RAXRDE D EEIMA, F:-MPI 70t A0 T

<BlE D>

T — RIRAFTET B 5 DK

<ERIREBEZDE>

TR AT B AN RO

T—=RE>OT7 A+ —~<v MILLTD@ED,

<FEH]> <TF—RE> <7 —X1fHE>

ENEND T 4 =)V FORIKKTED 5 BIHIZLATO@ED,

| 74— R \ B
<FE> LS8 2 BRRABE R
<T—RER> TAER
<7 — ZfiE> X741
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2.16.3 MPI 7Ot TiExra<T VR
2=

gl mpiexec_finalize -machinefile <hostfile> [<mpiopts>...] <exe>
At

MPEEZ T TIXLLFO@ED,

1 RAT77AIVDNEA, mpiexec NDHIE, FEITHEET 7 A VA4S md5 Ny ¥ 2l
X0 MPI 7u 25 L 1ID 2165 L., BREEZAE QL_NAME IZ508% 3 5,

2 mpiexec T B A LBEEITDI VT Y b7 7 A IVDFHEERER L., FELRVWES
1% ql mpiexec start WETINTVRWVWEHML 1 2KELKTT 5,

3KTHRODEDDNRTARXRT 7 A IVEIERT 5,

4 ql mpiexec finalize IFHSDEEAH N E LI MDD T 7 A NVT 1 A2 ) TXE
5% mpiexec Wil 70 AIZYE T, mpiexec Hifl IO AIIME T 7y A NT 4 ATV
TRED XAV NS TDENTN DSOS 5,

5 ssh CYAX—/— R EiZ ql_talker Z#H) 3 5, ql_talker &, ql_server ~FfHF
REREERT SR IT Y NEEET S, ql mpiexec start DG & B D ql talker &
ql_server Mo DREZFGFD I LIRKT T 5,

6 mpiexec Bifl 70t AL mpiexec DM TIFIZZ DI T I— N2 HH DT I — NI
EURT T 5,

7 mpiexec Bl 7O ADK T #Z T TNRIART 74 VEHIRT %, F7-mpiexec Efi
T AP SESI Nz mpiexec DT I—RE2HHGOK T I— NIZRELTHKT T 2,

ql mpiexec_finalize TR, 2 HEREALKIILL T DD,

P20 [ B ERX - IR
QL_NAME | MPI 7025 4 ID TERK

ql -mpiexec_finalize T, 29257 7 A WIFLAT D@D,

10

11

12

13

14
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16

17

18

19

20

21

22

23

7274IE St Bk - S8R

${QL_SOCKET_PATH}/ql_sock/<MPI 71 5 .\ ID>.s ql-talker & ql_server X DDA | SIH
WZHWBY 7Y b7 710

${QL_PARAM PATH}/<MPI 7'H Z 5 J\ ID>.param ql mpiexec_finalize »* 5 mcexec N | fEAk
DIRERLWT I N T 71,

2.16.4 MPIETRIEWMHAEREH (C 55
£

int MPI_Init(int *argc,char **xargv)
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

St EA

argc, argv & HWTEME 70 X EE QAL EZLT S,
AEBIZTPMPI A VX 7 —AI2& D MPI_Init() 2B XX 5,
WD AT T IZLLFO@ED,

1 PMPI_init () B ZIFOH L. MPIERBEZ 1L 5, F7-, s5IHUEREZ ST 5,
2 PMPI_init () DMIEFK T U75GE, qlinit O BBEIFOH U, &l 7o & 2 EE) % )

WL 5,

3 PMPI_init() DR VIEABH DRV EIZEHE L TR %,

RYE

[ ®UB |

Bz

MPI_SUCCESS

IEHKY

MPI_ERR_OTHER

MPI_init () M EREIETI N

2.16.5 MPI=
e

ITIRIEWHALEAEN (fortran)

subroutine MPI_INIT(INT ierr)

35158

Fortran B2 B WT, gl 7o AE DO =O W2 175, AEHBILZ. PMPI 1 > X
Tz —AZE D MPIINIT2BEHZ 22 TEEINS,
MDA T FIXLLFDED,

1 pmpi_init

2 pmpi_init_

O PIFAELTWAR WS, ierr 2 MPI_ERR.OTHER 2t v L TRE %,

O ZIEUOH L, MPIBEEE % W1#{kd 5.

3 IR ierr A MPI_SUCCESS D&, ql_init() B ZIFEOH L, mdE 7otk AiLd) %

AHIMET %,

728, Fortran 3 2731 Z1X GNU Fortran Compﬂer % U < IZ Intel Fortran Compiler % 4
— b9 5%, Intel Fortran Compiler Z {3 25451%, I /31 )L4 72 3 v iZ-shared-intel
%?aﬁ'ﬁ'% WED D B,

RY{E
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RUE | Ho

MPI_SUCCESS IEH&T

MPI_ERR_OTHER MPI_init () MEHEETI N

2.16.6 EFEOBR - KRTEAHR(CEHE

e

gl _client(int *argc,char ***argv)

St EA

JWEED Z T TIELATF D@D,

1 470t 2D ql mpiexec start IZ & D EFHINTWRWEAIL, QL EXIT 2K,
2 ALy NDEIL%4T5, 72 PMI_Barrier() TatB5E FHZTT S,

3 VATLI—NIZED I—FIVE— NIZHITL., mcexec I
ql mpiexec {start,finalize} |Z & 2 HHmfib Z KT 5,

4 FBRFELPOHEIFL, NTIRAX T 7 ANV RSB THERZHRET 5, BRVIROEIOE
BB DEGE. NIARXRT7ANEHWVTCEHED OO BRELSRZ2HET 5,

5 AL v ROHBZTS,

6 FERDIRD[E| D G DA QL_CONTINUE., MPI 71t A0 17 D54 QL_EXIT %
K9,

2.16.7 ETEOBHE - ¥ T (Fortran)

e

subroutine QL_CLIENT(ierr)

5BR
ql_client() 2, ZDORVfEZ ierr I L TR 5,

2.16.8 #IHA{LEEAE

e

int ql_init(int argc, char x*argv)

st EA

MPI_Init() 22 SIFRE N, & 7 1t RO Z2 1T,
WA T TIXLLFD@ED,
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10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

1 BISEZARQLNAME 75 MPI 7u 25 A 1D #HUET 5,

G T E AP o72354,. qlmpiexec_start 2 HEEII T WAV EHIW L, QL_NORMAL
%d,

3MPI7uZ I LIDM5, NTARXRT 7L ILDINA
ZERT %,

4 QL_SUCCESS %7,

RYE
| RYE \ SEA
QL_SUCCESS S AR R G (A5 ]
QL_NORMAL W T HE AN ql mpiexec_start 22 HEE I TR

2.16.9 EHE/ —ROBEH-—N
25

ql_server

5BR
ql_server ¥, gl mpiexec_start (Z & D RANK#0 D3fFIET B 515/ — N EICEE X 1,

DTFOWMHEEITS,

1 BEIZ ql server BEBEIINT WA GG, -1 2L TKRTT 5,

2 mcexec, gql_talker EDBEFIZHWVWI A=Y I ARALS YTy "2t —T VT 5,

3 select() THHKY rv bzlfld 5,

4 BXEGAAA, ATV RET =2 E2HET 5,

5 ql_talker 65 N I <YV RNZ&ZITE - 72B1%, /532 MPIL 7025 L2 EHRIZE
#kd 5, £72. MPI 70t AID %1 T v 27 AL ql server iZHfiLTW\Wbd 70t
AERST Yy T (i~ v TEREIR) 12 ql talker % EHkd 5,

Bkt~ v 71d struct client fd TEHEIND,
struct client fd lZLATRD LI IZEEREI NS,

struct client_fd {

int fd; /] BEmn T av AT s ANT 4 A7) TXR
int client; // BTG T a2 A DR

109



char *name; // MPI 7172 5 A ID
int status; // BEEfFHho@EfEa~x v R

};

6 mcexec 6 E I¥ Y R&%ZF & 5 72F%IE. ql mpiexec {start,finalize} DR
HDETHEED, 7. mcexec ¥~y TITEHT 5, 61T, Hfi~vy T2 H
WTHIET 5 ql-talker Z W2, ZHNICHULTE a~v Y FE2EEFET 5,

7 ql_talker 5 R IY YV F&%IT & oB¥IE, ql talker Z#efi~ v TICE T 5, %
72, B~y 7EHWTHIGT b ncexec 7AE A E RO, THIZHLTRIT VR
&E[ET B Z & Tmcexec ZHIRT B,

8 mpiexec B 7O ANS F A~y NEZITH - 2Bk, Misd 2 MPI 7022 L%
RN OHIBRT 5, EHRVPZEBIZR 72561 gl server HHEK T 5,

ql_talker X°> mcexec »¥ ql server LiBIE T H72DIfEHTHY rvy 7 7 A Vid, B
BEZ5 4 QL_SOCKET PATH 2ME # I VT W 5555 13${QL_SOCKET PATH}/ql sock NIZ., &%
TN TWVWARVWESIX/run/user/ 1 —Y ID/ql_sock FIZERI NS, YFET L7 M) Ik
ql.mpiexec_start AV Y FWEFTIND /) —RE TV I7#0DFE[TIND /) —F 6T o7+®
ATEDREND 5,

2.16.10 fETPH@ITY K
X

gql_talker <send_command> <receive_command> <MPI_Program_ID>

518

| EES \ B

<send_command> qlserver N9 57V N (1 XF) 2EBET 5,

<receive_command> ql server 25 DEEFEMFHET IV R (1 XF) 2BTT 5, ZEEMHFLTITR
T3 B3541E. " 2HEET 5,

<MPI_Program_ID> MPI 7025 L 1D 2f5&7T 5.

st AR

N~ o o &~ W N =

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

ql mpiexec_{start,finalize} 5 ql _server D'EfET 5 / — N LIZHEE I 4, ql _serverss

IZ<send_command> THHE I NI R%Z2i1X D, <receive_command> CIEE X N7 0E %
o,

ql server XA =Y ZJARAA VY Ty b EHWTHEET 5,

B Z T FIXBATO@EY,
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1 1 argc DA F v 7 L, 4 RiDGEIFKTI— K1 TR TT 5,

2 2 BRIEZ A I LU T gl server L DEMICHNWDEZ =Y VA RAAS VY Ty bERD
3 I}, ql_server IZf&#id 5,

4 3 <send_command> & <MPI _Program ID>& D EX ZEHK L. ql_server NEX & XET 5,
5 KU 5B T I - R-1TKRTT %,

6 4 <receive_command>!Z”-n"" BHEEINTWZGE, K T7TI3—-R0TKRTT 5,

7 5 <receive_command>%Z{ELU GG, MTI—KFK0O0THRT T 5,
8 <receive_command>AND X FH| 2 Z(E L5647 23— N2 TR TT 5,
o RYWIE
10
 RUE 5

0 EHEAT

-1 Vi MEfgT I —

-2 <receive_command> A D XX FH| & 25

u 2.16.11 swapout ¥ A7 ALId—)b

2 BN
13 int swapout(char *filename, void *workarea, size_t size, int flag)
14 gli&
15
| 518k [ Bl

filename AT T T 7 A IWVENDRA VR

workarea VEREFEIRAND R 1 > &

size EZERIS DY 1 X

flag swapout OE)ERIHH T 5 7
16 5EH

17

8 AL ATy T T MLE

19

20
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__________ ~ ’ -
{ [ \
S, —o A n o
R Rk 1221 R TESEPR, 1—HEH \
. 1 Mo |
- t(SWf E—"”f?d) ! udata_buf @) X
struct swap header *swphdr — =~
| [structswap areainfo *swap info } | ! (4) Tnext buffer 1
struct swap_areainfo ‘mlock info count 1
=
! ::a\clls( — "t(;? 1 1 struct SEE() 1
1 swap_area count(n 1 areaen;
I ETS *head 1 (swap_argélist(1)) |
arealist [ *tal |
I |miock area cm;n :
rom
! e § ccount swap_area[0] (17) 1
| [miock container e 19)
char *swaefname 1
char *udata_bu 1
1 size_t ubuf_size
1 Size_t ubuf_alloc 1 1 - 1
struct =l
filename (2) | ’l (e oo } miock areal0] :
i
___________ Frod=0 | |
_________ ~ -
I swap” 7 A JLG)s) —FT ; X
char version i -
swap_header int count_sarea :‘) I B ! I
1 int count marea | || struc start |
| truct start ; en
| swa;_;l:Zainfo ;"E ‘145: 2odear 479 = (16 swap_arealn] (17) 1
1 (swap_info[0]) i Tlag | swap_areainfo (19) 1
I struct : start 1 ! swap_infol0) ! !
1 swap_?reainfo Zr:: 1 TG 1 1
(swap_info[n]) e 1 ! 1
1 = sft:i pl svap_areainfo ¥ I
truct i
! swaS I'aurZainfo end 15)' (s igtolnl)
1 (m\ocpk_' pos |\ (9) strudt 1
SIio[l) flag 1 swap_areainfo 1
1 T 1 P_ h
: 1 (mlock_infoly 1 1
1 struct start 1 - i
] end 1 4 i 4 '
1| swap_areainfo Bos . 1 A y 4 STart h 1
1 (miock info[m]) flag L1 _areainfo V4 enz B 1
i 1
1 S BT #"|{(mlock_info[m]) a h SR 1
Pl r 1 (10) eharmagETE ' )_LL BA V& 1
1 1\ sty Char version B -
1 \ header Tnt count_sarea | 7\1 A ILHAH 7/
| swap_area[n] I 9 Tnt count_marea I — T — R T — _ /7
h e ey IS NN S

Figure 2.24: A7 v 777 b QHE 7 10—

AT T7 T NOMBE 7O —%2X2.24 #HWTHAT 5,

. McKernel @ L —H%70 5 S N2 E2EMIKZ mlock ) 12X b B 2795, swapout ik
ZEMT 5 swap_info MHE/RD udata buf A ¥/ NIEEMIBOMLIAT N L A 258k

%, (HM®D (1))

. BIECREI N T 71 )V % copy_from user TH— R IVZAERIZI Y —9 5, swap_info
FHEGEIRD swapfname A Y NIZT7 7 A IVHDT RV A %G8 T 5,

. VEEEMEENZINH N Y 7 7udata buf 2E| DY TS,

(B (2))

(D (3))

AEEFEIRIZ ATy ) TEBHY A b swap_arealist & mlock TV TEHHY A K

mlock_arealist OfEEZ & Y T3,

. swap 7 71 J)V% open() TA—T>V T 5,

(El9 (4))
(HD (5))

. lookup_process_memory range 3 & U next_process memory range %\ T, L —H
TORADAEYHEBEREL, TNZTNIZDOWVWTLRZ21T D,

(a) mlock() TN TWAHEIHDORHET LA, #7177 U, flag % /EEMEIHD mlock

arealist 2308k 5.

(=D

(6))

(b) mlock() INTWVWARWHEHKOMBET FLV A, 877 LA, flag Z /EEMBEIBED
swap_arealist (25089 5,

(0 (7))
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mlock_arealist
mlock_arealist
mlock_arealist

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

YEZEMEIE D swap_arealist DTV M UL RO T Y MY % FFD swap_info HlF % {F
HEFIRICEI DB TB, 71— FI)VHED swap_info HEEIRD swap_info X ¥ /N IZAEZEMH
D swap_info MLFIDSEIHT N L A% El#kd 5, (KD (8))

. VEZESEIB D mlock_arealist DT Y MU EFEEDO T Y b 2FfD mlock_info lil% %

VEZEREIIZHI D Y TS, I — 1)V D swap_info FEIERD mlock info A V/NIZ/ESE
FHIK D mlock_info FLFID T N L A& dlkd 5, (KD (9))

. VFZEMEIIT swap_header Z &IV YK TS, 71— )VHIHD swap_info fiE/KD swphdr A

VONITHEEET R L A REERT 5, (D (10))

VEZEFIS D swap_header D magic A > /NiZ”McKernel swap”. version A >/NZ70.9.07,
count_sarea A ¥ /VN|Z swap_arealist DT> b U, count_marea A > /VIZ mlock_

arealist DT> MV %ZEkT 5,
PE2EHIB D swap header % write() ZHHWTAT Y T 7 7 A WAFEHT, (KD (11))

VESEMEIK D swap_arealist DV A YR T — X % fEREMHIKD swap_info FLFA~ T —
5, (MD(12)

YEZEFEIE D mlock_arealist DV A MERT — X % {EZEMHIK D mlock_info HlF|~ 3
v—7%, (MO (13))

VEZEREIK D swap_info FLH % write) ZFHHWT ATy T 7 7 A UAFEESHT, (KD
(14))

PEZESEIH D mlock_info il % write ) ZFHHWTAT Y T 7 7 A MAFEEHT, (KD
(15))

VESEFEIBR D swap_info DEWZEZFAWT, 2—HF T ADAEVEBD>H, ATy S
TURNRELSTVWEEDZ write) ZHWTAT Y T 7 7 A NMAHIT 5, (KD
(16))

AT TT I RIRGEERS>TWBAEYHHEED S5, McKernel fllc~y 7EN T3
H D% ihk mc_pt_freerange() T7 ¥ v 795, (KD (17))

AT YT T 7A)NV% close() ZHHVWT 70 —X9 2%, (MO (18))

ATy TT T MR EIRS>TWBAEVHEBDOS S, Linux il Ty 7ENTWEEHD
% mcexec IZIKIHT 5 TT Vv v T 5, (KD (19))

B. 27 v 74 V8
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mlock_arealist
mlock_arealist
mlock_arealist

—————

71— 3 IVER

(swa

/’ Vrzesas,

p_info)

@) udata_buf

{ 1
1 |
1 1
| [Structswap header *swphdr 1
1 struct swap_areainfo *swap_info 1
STUCESWaD areanto TIock TTOY| |
I [struct ea
1 1
1 1
1
|
1

arealist *tal

swap_area count(n

struct *head

arealist *Tal

mlock_area [—_count(m] ]
&

struct from 1

mlockentnr Ccount

mlock_container o

char *swaefname
char *udata_bu

Size_tubuf_size
size_t ubuf_alloced

1
- 1
filename | J

__________ ~
f swap”Z 7 A Jba@n
! char magic[16 1
1 struct char version[16] |
1| swap_header int count sarea_| |
Tnt count_marea 1 1
1 struct “%1 1!
. en
1 (Swap—?ria'[':)f]‘; pos 1 struct St%t
1 [SE=EEnic _ flag | 1 swap_areainfo Sr“,s
- swap_info[0
I struct Sta;t 1 Loy i i
; en
! (Swap—?r:a'[" f]o) pos 1 struct 5‘%1 :‘
1| (swap_info[n sft:'_st | swap_areainfo ST’S H
1 struct. ’ o 1 (swap_info[n]) flag ,‘
1 (Sfapl:?'efa'[‘oi’) Dos struct Staét ]
p ok infoton | flag 1 | swap_areainfo o B
. = st%t : ! (mlock_info[0]) flag "
. en !
1 svap_areinio = I T S ;
1 (mlock_info[m]) flag i swap_areainfo :rl‘)s !
. !
1 SuERL ] " (mlock_info[m]) f|3§ 1
! char magic[16] 1
1 | \ struct char version[16 ,'
" \ swap_header Tnt count_sarea 0
' swap_area[n] I ~ int count_marea
J -
N oo o o o =

buffer

3]

swap_area[0]

mlock_area[0]

mlock_area[m]

b (3) swap_area[n]
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— 2 —

Figure 2.25: A7 v 71 VO T 10—

ATy T4 VOB 7 a—%2X2.25 #HWTHHT 5,

1. AUV I 774 )% open() ZHWCTA—T VT 5,

2. AT T4 VHRT N AHPHZFHKL T\ swap_info FFDET Y M VTR LT
PF%ITS, p, 2—VEMOEXFERIFIAT Y 77T FERTEE->TWVWE720,

swap_info fid%]% 7 7 1 VD G HUE T 2 M E LR\,

(a) read) ZHWTAT Y 77 7 A ) I» S EEMIHD udata buf NAT Y 7oA VR

DAEYHNEZIE—F 5,
(b) copy_to_user & H\\T, {EZEMHIHKD udata buf 261 —HF T O ADAE Y fHI

ANy AT TAUNEDAEY) AR EZ I —T 5,

3. A7 T T 7A4)% close() ZFHHWTZ7u—X7T 5%,

2.17 Portability

IHK /McKernel has been designed not only for post K computer but also
for other manycore architectures, including Intel Xeon phi.

In order to make the source code portable as much as possible.
The following is coding convention of THK/McKernel.

The directories for architecture dependent and indepent source codes are

(H (2)

(Ho (1))

(Elo (3))

(H (4))

created and codes are separately stored into those two directories.
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1 That is, source codes, including header files, for some specific

2 architecture are located in its architecture dependent directory.

3 The source codes, accessing some hardware registers, are hardware

4 specific, and thus those are machine dependent. Low-level interrupt

5 handlers, some memory management codes, context switch codes, and
6 signaling codes are the examples. Those source codes are located in an
7 architecture dependent directory.

8 Any program code and header files must not include any machine

9 dependent codes including conditional compile macros, such as

10 #ifdef ARCH.

1 As much as possible, we define machine independent interfaces so that
12 those interfaces are implemented for each architecture.

s 2.18 Formal Verification

12 Some of the behaviors of McKernel is verified in a formal way by embedding behaviors in
15 code and running a verification engine.

16 We employ an extented version of the ANSI/ISO C Specification Language,
17 whose extensions[1] were developed at the project “Dependable Operating
18 Systems for Embedded Systems Aiming at Practical Applications” in the

19 research area named Core Research for Evolutional Science and

20 Technology (CREST), sponsored by Japan Science and Technology Agency
21 (JST).

» 2.18.1 Specification Language

23 The following are expressions defined in the formal specification language.
2 The behavior of each function is formally specified by using those
25 expressions that are written as C comments.

2 \result specifys return vaule.

27 \interrupt_disabled the CPU is interruptable if 0,

28 the CPUr is not interruptable if 1 or more.

20 \process_env the execution is under the user context if 1 or more,

30 the execution is under the kernel context if 0.

s \atomicity the execution is not allowed to block if 1 or more,

32 the execution may be suspended if 0.

33 \dont_call_schedule the context switch is not allowed if 1 or more,

3 the context switch is allowed if 0.

35 is_locked((pointer variable)) returns true if a memory block pointed by the pointer
36 variable is the

37 lock status, otherwise

38 returns false.
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requires (condition expression) The condition expression must be satisfied at the be-
gining of the function

execution.

ensures (condition expression) The condition expression must be satisfied at the end
of the function

execution.

invariant (condition expression) The condition expression must be satisfied during the
function execution.

Here is a sample code.

/*Q
@ behavior valid_vector:
Q assumes 32 <= vector <= 255;
@ requires \valid(h);
@ assigns handlers[vector-32];
@ ensures \result == 0;
@ behavior invalid_vector:
@ assumes (vector < 32) || (255 < vector);
@ assigns \nothing;
@ ensures \result == -EINVAL;
ox/
int ihk_mc_register_interrupt_handler(int vector,

struct ihk_mc_interrupt_handler %h)

if (vector < 32 || wvector > 255) {

return -EINVAL;
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list_add_tail(&h->list, &handlers[vector - 32]);

return O;

2.19 Limitations

Certain system calls are only partially implemented in McKernel or not conforming Linux
API. These are either due to design restrictions of the proxy approach or because their

10

support is intentionally omitted. Table 2.10 shows the limitations.

Table 2.10: Limitations of McKernel

Function Description

arch_prctl It returns the EOPNOTSUPP error when ARCH_SET_GS is passed.

brk It extends the heap more than requestd when -h (--extend-heap-by=)<step>
option of mcexec is used with the value larger than 4 KiB.

clone It supports only the following flags. All other flags cause clone() to return error
or are simply ignored.
e CLONE_CHILD_CLEARTID
e CLONE_CHILD_SETTID
e CLONE_PARENT_SETTID
e CLONE_SETTLS
e CLONE_SIGHAND
e CLONE_VM

getrusage The time spent is measured in a different way than Linux for RUSAGE_THREAD.
That is, time spent in user-mode and kernel-mode are updated when CPU mode
changes (i.e. when switching from user-mode to kernel-mode and vice versa).

mbind Per-memory-range policy can be set but it is not used when allocating physical
pages.

set_mempolicy e MPOL_F RELATIVE_NODES and MPOL_INTERLEAVE flags are not supported.

e MPQOL BIND works in the same way as MPOL_PREFERRED. That is, MPOL_BIND
doesn’t return an error when there is no space left in the NUMA nodes
specified, but continues to search space in the other nodes.

migrate_pages

It returns the ENOSYS error.

msync Only the modified pages mapped by the calling process are written back.
setpriority, They could set/get the priority of a random mcexec thread. This is because
getpriority there’s no fixed correspondence between a McKernel thread which issues the

system call and a mcexec thread which handles the offload request.

set_rlimit

It sets the limit values but they are not enforced.

set_robust_list

It returns the ENOSYS error.

signalfd

It returns the EOPNOTSUPP error.

signalfd4

It returns a £d, but signal is not notified through the fd.

setfsuid, setfsgid

It cannot change the id of the calling thread. Instead, it changes that of the
mcexec worker thread which takes the system-call offload request.

mmap (hugeTLBfs)

The physical pages corresponding to a map are released when no McKernel pro-
cess exist. The next map gets fresh physical pages.

Sticky bit on exe-

cutable file

It has no effect.
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setpriority, getpriority
setpriority, getpriority




Chapter 3

(BUFR] ERAA KR

AREDEEHH ITLANDED,

e McKernel Z HW/=2 YV AT LA ZEHT Y AT L EME

SMP 7m &y ¥}, x86.64 7 —FMIFORMET 7 1V DOLGATIILLFDED,
2B, THK/McKernel D1 Y A b —)L 7T 4 L2 b &<install>& 9 5,

| 1Y AM—ILE

l

FEA

<install>/kmod/ihk.ko

ITHK-master core

<install>/kmod/ihk-smp-x86.ko

IHK-master driver

<install>/kmod/mcctrl.ko

Delegator module

<install>/kmod/mcoverlayfs.ko

/sys, /proc D7zHDT 7 A IV AT LERGOEAN—2
NVEY2—)b

<install>/smp-x86/kernel/mckernel.img

<install>/include/mckernel/ihklib_rusagehh

HEHAT AV R - T80 7 7 A VOBATZAIFO@ED,
2B, THK/McKernel D1 Y A b —)L T 4 L2 b %<install>& 9 5,

| 1Y A=V

l

FiEA

<install>/sbin/mcreboot.sh

T—brRIVT b

<install>/sbin/mcstop+release.sh

Vyy NEI AU T h

<install>/bin/mcexec

TovAREH IR

<install>/bin/eclair

2 Tk — v

<install>/bin/vmcore2mckdump

X TIEREEY — )

DUR, o~y N L OBEEBEBDO A V2 —7 o1 A Z2HT 5,

3.1 [ZH) A9 —7x42R
3.1.1 H—=FRIBIE

McKernel D 71— )V 51 8% K 3.1 IZRT,
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<install>/include/mckernel/ihklib_rusage.h

Table 3.1: McKernel D 71— % )L 5| X

EIE [ B ‘
hidos IKC 2HMIZY 5%,
dump_level= Linux @ panic N> RIRHATR Y T2 T 72550, XV THRETEAEY
<dump_level> THIK DFH % <dump_level>IZFRAE Y 5, AW AEAMEIZLA T D@D,

0 IHK 7 McKernel (Z#] 0 24T/ A€ ) M E2 H ST 5,
24 H—XIVDBFEHLTWBE AT FEEZE T 5,

BEP BN -GEIE 24 BHVS NS,

allow_oversubscribe | McKernel IZE[D 4TS5 N7z CPUREI D KEWHDOAL Y REAIZ 7o A0 LR
EHAT B, ZOFBBREINLRWGEIZ, CPUREIDIKREVWEDALY RET
37 0¥ A% clone(), fork(), vfork() RETHERL LI THL, YFHIAT
L I— )V EINVAL =5 — %KY,

312 7—hr RV UTH .
25 2

mcreboot.sh [-c <cpulist>] [-r <ikcmap>] [-m <memlist>] [-f <facility>] [-o 3
<chownopt>] [-i <mon_interval>] [-k <redirct kmsg>] [-q <irgq>] [-t] [-d <dump_level>]
(-0] 5

T3y
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| F7oav Bl |
-c <cpulist> McKernel IZE]D 4 T25 CPUDY A M EIBET S, 74 —< v MILAFD@ED,
<CPU logical id>[,<CPU logical id>...] ¥7zi%
<CPU logical id>-<CPU logical id>[,<CPU logical id>-<CPU logical

L] EEWEORS.
-r <ikcmap> McKernel D CPU P IKC Ayt —Y %35 Linux CPU 2#8E€d %, 74—< v b
LT D@D,
<CPU 1list>:<CPU logical id>[+<CPU llst> <CPU logical id>...]
<CPU list>D 7 4+ —< v MME-c A 7> a iz ié%@tﬂbf%é
£<CPU 1list>:<CPU logical id>l¥<CPU 1list>T/R & 115 McKernel & CPU
M<CPU logical id>T/RI NS Linux D CPUIZIKC Ay —Y %k FTHI L

EEIET 5,

-m <memlist> McKernel IZ#[D 4 TAH AR VHEBEZIEET S, 74—~y MIPLFO@D
(Y4 X) @ {NUMA-node HF5) [, (¥ X) @ (NUMA-node FS) ...1,

-f <facility> ihkmond 23§ % syslog 70 k)LD facility 2f6& 9 5, 7 74 i
LOG_LOCALS6,

-0 <chownopt> IHK O T /N1 A7 71 )V (/dev/mcdx, /dev/mcos*) DI —F =, T N—TDfHE
% <user>[:<group>] DIWATIRET 5, T 7+ b id mcreboot.sh % FEfTL 7z
a—¥,

-i <mon_interval> ihkmond 23N> 27T v THREID 7212 OS IRE% HEiR 3 2 i lbm 2 P AL CTHRE T
%, -1 BBEINZBEEFIANV T Ty TR Z TRV, BEFNRWEEEIANVS
T TRAETDR,

-k <redirect_kmsg> | F— RV A vE—ID/dev/log "DV XA L }‘ﬁﬁf’&ﬂ%ﬁﬁé 0 BRE S Wizt

BV EIVL 27 b ETDT, 0 UABTRESINZGEIRY XAV T N &S, BEN
BWEGEIRY XA LT N 2T,

-q <irg> IHK 2T % IRQ HE52EET 5. HEVRWEEI 64-255 OHIFA T2V T W
5HD%MHT 5,

-t (x86.64 7T—F 72 F v [&4) Turbo Boost 4 IZT 5, F 74 MEA 7,

-d <dump_level> Linux ® panic /N> N 7?‘33151 v %ﬁotf@% D, BV THHRETBEAEY

TR DS % <dump_level>IIRET 5, HEFRERMAEIZLATD®@ED,

0 THK 7 McKernel (ZE]0 4T A€ ) fHIEZHE T 5,
24 H—FIVDBFEHLTWBE AT ) FEEZE T3,

SED Do B EIE 24 VWS NS,

-0 McKernel 1IZE[D B ToN2 CPUBEL D KEVWHRDOAL Yy REAZIZTO 2 ADERK
EHAT 5, BENBRWEEIFHFT LR, T48b5, CPUBE D RKEVHDAL Y
REABZTRrEAZER LIS T EET -5,

st EA

McKernel B 77 — 3 )VE Y2 —)L% insmod U, <cpulist> THE I N7z CPU & <memlist>T
HRESNIZAEVHEN SRS/ =T 1> a3V ZEEK L, IKC map % <ikcmap>lZ#% & L. Hi
F0/8—7F 1 ¥ 2 »IZ McKernel 2 7 — ~§ %,

RY &
0 EHKT
0 DIstk 37—
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3.1.3 Yv¥y NSO RIYTH

e

mcstop+release.s

T ayv

AV

st EA

McKernel 2> ¥y b X7 > U, McKernel 3/8—F 1 > a V2HIFRL., Bl#E A7 —X)LE

h

Y a—)V% rmmod § 5,

RYE
0 EHRT
0 2Agh r7—

3.1.4 OotExREFH IR
1.1 H#iZil &9 5,

AV R—=T7 A4 AILE

3.1.5 [HIFR] MEHEHmREVS

— Z1%, THK Q% ihk os getrusage() EIERZ & TY 3 TORE
BHREIEGTES (1 X —7 1 AXIHK Specifications” &
ihk os_getrusage() |¥ void *rusage &\D éliﬁf“%%%;@?‘o
McKernel Tl rusage DFEFER DML struct mckernel rusage BT, A FND K 5 IZE

Ny FVaTArTa

#2305,

struct mckernel_rusage

unsigned long memory_stat_rss[IHK_MAX_NUM_PGSIZES];

/x A= DR=I YA XL D anonymous R— IHHEIEM (/N1 b HAL)
unsigned long memory_stat_mapped_file [THK_MAX_NUM_PGSIZES];

[k A= DR=I YA AT LD file-backed < — I FHEBIEM (N1 b HAL)
unsigned long memory_max_usage;

/x A=V DAEY HHRRKME (N1 ~EAL)
unsigned long memory_kmem_usage;

/[ A—)VD ATV HHBEAEME ONA hEAL)

{

*/

*/
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unsigned long memory_kmem_max_usage;

/x A=AV DAEY FHEBRKAE (31 ML) */
unsigned long memory_numa_stat [THK_MAX_NUM_NUMA_NODES] ;
/* NUMA 2. Da—HDXE ) FHARBIEM (S FHA)  */
unsigned long cpuacct_stat_system;

/* VAT LA (USER_HZ Hifi7)  */

unsigned long cpuacct_stat_user;}

/% L—YFM (USER_HZ ¥A7) =/

unsigned long cpuacct_usage;}

/x 2—H 0 cPU ] (F/ M#AL)  */

unsigned long cpuacct_usage_percpu[IHK_MAX_NUM_CPUS];
/¥ AT T DA—YD CPU K (- BHAL) */

int num_threads;

/% ALy FEBITEME */

int max_num_threads;

/% ALy REBURKIE */

memory_stat_rss $ & F memory_stat mapped file DA VT v 7 AlFH 1 Xz kB _—
VHTHY, x86.64 7 —F TR TOESIZERI NS,

#define IHK_0S_PGSIZE_4KB O
#define IHK_OS_PGSIZE_2MB 1

#define IHK_0S_PGSIZE_1GB 2

3.1.6 YV7EHFraO<V R
AV R =T A4 AFE1.2.1 BilEH#ET 5,

3.1.7 YU TEAEHLIOTV R

A VR =7 x4 ATHE 1.2.2 HilZid#HT 5,
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© 00~ Utk WN -

3.2 7—hNFE

mcreboot.sh ZAWT 7 — MNFIEAZ BT 5,
220 T MIATFD@ED,

#!/bin /bash

# THK SMP-x86 example boot script.
# author: Balazs Gerofi <bgerofi@riken.jp>

# Copyright (C) 2014 RIKEN AICS

#

# This is an example script for loading IHK, configuring a partition and
# booting McKernel on it. Unless specific CPUs and memory are requested ,

# the script reserves half of the CPU cores and 512MB of RAM from

# NUMA node 0 when IHK is loaded for the first time.

# Otherwise, it destroys the current McKernel instance and reboots it using
# the same set of resources as it used previously.

# Note that the script does not output anything unless an error occurs.

prefix="/home/takagi/project/os/install”
BINDIR="${ prefix }/bin”
SBINDIR="${ prefix }/sbin”
ETCDIR=/home/takagi/project/os/install /etc
KMODDIR="${ prefix } /kmod”
KERNDIR="${ prefix } /smp—x86 /kernel”

ENABLE MCOVERLAYFS="yes”

mem="512M@0”
cpus=""
ikc_map=""
if [ ”${BASH.VERSINFO[0]}” —1t 4 ]; then
echo ”You need at least bash—4.0 to run this script.” >&2
exit 1
fi

redirect _kmsg=0

mon_interval="-1”

DUMP_LEVEL=24

facility="LOG_LOCAL6”
chown_option=‘logname 2> /dev/null ¢

if [ ”‘systemctl status irgbalance_mck.service 2> /dev/null |grep —E ’Active:
I= ”” —o ”‘systemctl status irgbalance.service 2> /dev/null |grep —E ’Active:
= 7” ]; then
irgbalance_used="yes”
else
irgbalance_used="no”
fi
turbo=""
ihk_irq=""
while getopts :tk:c:m:o:f:r:q:i:d: OPT
do
case ${OPT} in
f) facility=${OPTARG}
o) chown_option=${OPTARG}
k) redirect_kmsg=3{OPTARG}

c) cpu s:é j[OP’TARG}
m) men=$ {6PTARG}

r) ikc_map=${OPTARG}
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q) ihk_irq=${OPTARG}

t) turbo="turbo”

d) DUMP_LEVEL=${OPTARG}

i) mon_interval=${OPTARG}

x) echo ”invalid option —${OPT}” >&2
exit 1

esac

done

# Start ihkmond

pid=‘pidof ihkmond ‘

it [ 7${pid}” !'= 7" ]; then
sudo kill —9 ${pid} > /dev/null 2> /dev/null

fi

if [ "${redirect_-kmsg}” != 70” —o ”"${mon_interval}” != "—17 ]; then
${SBINDIR}/ihkmond —f ${facility} —k ${redirect_-kmsg} —i ${mon_interval}

fi

#

# Revert any state that has been initialized before the error occured.

#
error_exit () {
local status=$1

case $status in
mcos_sys-mounted )
if [ ”$enable_mcoverlay” = ”yes” |; then
umount /tmp/mcos/mcos0_sys

fi
&
mcos_proc_mounted)
if [ ”$enable_mcoverlay” = "yes” |; then
umount /tmp/mcos/mcosO_proc
fi
&
mcoverlayfs_loaded)
if [ ”$enable_mcoverlay” = ”yes” |; then
rmmod mcoverlay 2>/dev/null
fi
&
linux_proc_bind_mounted)
if [ ”$enable_mcoverlay” = "yes” ]; then
umount /tmp/mcos/linux_proc
fi
&
tmp_mcos_mounted)
if [ ”$enable_mcoverlay” = "yes” |; then
umount /tmp/mcos
fi
&
tmp_mcos_created)
if [ ”$enable_mcoverlay” = "yes” |; then
rm —rf /tmp/mcos
fi
&

os_created)
# Destroy all LWK instances
if 1s /dev/mcos* 1>/dev/null 2>&1; then
for i in /dev/mcosx*; do
ind=‘echo $i|cut —cl0—¢;
if ! ${SBINDIR}/ihkconfig 0 destroy $ind; then
echo ”warning: failed to destroy LWK instance
fi
done
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fi
&
mcctrl_loaded)
rmmod mcctrl 2>/dev/null || echo
&
cpus_reserved)
cpus=‘${SBINDIR}/ihkconfig 0 query cpu"
if [ ”${cpus}” != 77 ]; then
if ! ${SBINDIR}/ihkconfig 0 release cpu $cpus > /dev/null; then
echo ”warning: failed to release CPUs” >&2

»

>warning: failed to remove mcctrl” >&2

fi
fi
&
mem_reserved )
mem=‘${SBINDIR}/ihkconfig 0 query mem°
if [ ?${mem}” != 7" ]; then
if ! ${SBINDIR}/ihkconfig 0 release mem $mem > /dev/null; then
echo ”warning: failed to release memory” >&2
fi
fi
&
ihk_smp_loaded)
rmmod ihk_smp_x86 2>/dev/null || echo ”warning: failed to remove ihk_smp_x86” >&2
&
ihk_loaded)
rmmod ihk 2>/dev/null || echo ”warning: failed to remove ihk” >&2
&
irgbalance_stopped)
if [ ”‘systemct]l status irgbalance.mck.service 2> /dev/null |’\
‘grep —E Active: active’‘” != 7" ]; then
if ! systemctl stop irgbalance.mck.service 2>/dev/null; then
echo ”warning: failed to stop irgbalance_mck” >&2
fi
if | systemctl disable irgbalance_mck.service >/dev/null 2>/dev/null; then
echo ”warning: failed to disable irgbalance_mck” >&2
fi
if ! etcdir=/home/takagi/project/os/install/etc perl —e \
"$etcdir=8ENV{’etcdir ’}; @Qfiles = grep { —f } glob ”$etcdir/proc/irq/+/smp_affinity”;’\
* foreach $file (@files) { $dest = substr($file, length($etcdir));’\
» if (0) {print ”cp $file $dest\n”;} system(”cp $file $dest 2>/dev/null”); }’; then
echo ”"warning: failed to restore /proc/irq/+/smp_affinity” >&2

fi
if ! systemctl start irgbalance.service; then
echo ”warning: failed to start irgbalance” >&2;
fi
fi
&
initial)

# Nothing more to revert
b
esac

exit 1

}
ihk_ikc_irq_-core=0

release=‘uname —r°‘
major=‘echo ${release} | sed —e ’'s/ " \([0—9]*\).x/\1/"¢
minor=‘echo ${release} | sed —e ’s/"[0—=9]%.\([0—=9]*\).x/\1/"¢
patch=‘echo ${release} | sed —e ’s/"[0—9]%.[0—9]x.\([0—9]*\).x/\1/ ¢
linux_version_code=‘expr \( ${major} \* 65536 \) + \( ${minor} \x 256 \) + ${patch}®
rhel_release=‘echo ${release} | sed —e ’s/"[0—9]*.[0—-9]*.[0—=9]x =\ ([0—9]x\).x/\1/ ¢
if [ ”${release}” = ”${rhel_release}” |; then

rhel_release="";
fi

enable_mcoverlay="no”

126



199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

if [ ”${ENABLEMCOVERLAYFS}” =— "yes” |; then
if [ ”${rhel_release}” = 7" ]; then
if [ ${linux_version_code} —ge 262144 —a
enable_mcoverlay="yes”
fi
if [ ${linux_version_code} —ge 263680 —a
enable_mcoverlay="yes”
fi
else
if [ ${linux_version_code} —eq 199168 —a
enable_mcoverlay="yes”
fi
if [ ${linux_version_code} —ge 262144 —a
enable_mcoverlay="yes”
fi
fi
fi
# Figure out CPUs if not requested by user
if [ ”8$cpus” = 7" ]; then
# Get the number of CPUs on NUMA node 0
nr_cpus=‘lscpu —parse | awk —F”)”

# Use the second half of the cores
let nr_cpus="8$nr_cpus / 27

{if ($4 = 0) print $4}’

${linux_version_code} —1t 262400 |; then

${linux_version_code} —1t 263936 |; then

${rhel_release} —ge 327 —a ${rhel_release} —le

${linux_version_code} —1t 262400 |; then

| we —1°¢

cpus=‘lscpu —parse | awk —F”,” ’{if ($4 = 0) print $1}’ | tail —m $nr_cpus |’\
’ xargs echo —n | sed ’s/ /,/g’¢
if [ ”$cpus” = 7" |; then
echo "error: no available CPUs on NUMA node 077 >&2
exit 1
fi
fi
# Remove mcoverlay if loaded
if [ ”$enable_mcoverlay” = "yes” ]; then
if grep mcoverlay /proc/modules &>/dev/null; then
if [ ”?‘cat /proc/mounts | grep /tmp/mcos/mcosO_sys ¢’ = 77 ]; \
then umount —1 /tmp/mcos/mcos0O_sys; fi
if [ ”‘cat /proc/mounts | grep /tmp/mcos/mcosO_proc‘” = 77 ]; \
then umount —1 /tmp/mcos/mcosO_proc; fi
if [ ”‘cat /proc/mounts | grep /tmp/mcos/linux_proc ‘” = "7 ]; \
then umount —1 /tmp/mcos/linux_proc; fi
if [ ”‘cat /proc/mounts | grep /tmp/mcos‘” != ”” ]; then umount —1 /tmp/mcos; fi
if [ —e /tmp/mcos |; then rm —rf /tmp/mcos; fi
if ! rmmod mcoverlay 2>/dev/null; then
echo ”error: removing mcoverlay” >&2
exit 1
fi
fi
fi
# Stop irgbalance
if [ ”${irgbalance_used}” = "yes” ]; then

systemctl stop irgbalance_mck.service 2>/dev/null

then

if ! systemctl stop irgbalance.service 2>/dev/null ;
echo ”error: stopping irgbalance” >&2
exit 1
fi;
if ! etcdir=/home/takagi/project/os/install/etc perl —e \
"use File:: Copy qw(copy); Setcdir=SENV{’etcdir '}; ’\

"@files = grep { —f } glob 7”/proc/irq/*/smp_affinity”;
"$rel = substr($file, 1); $dir=substr(S$rel,
"if (0) { print 7cp $file $etcdir/$rel\n”;}
"if (!copy ($file ,” $etedir/$rel”)){ exit 1;}
echo ”error:
error_exit ”"mcos_sys_mounted”

}’; then
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foreach $file
0, length($rel)—length(”/smp-affinity”)); ’\
if (system (” mkdir —p S$etcdir/$dir”)){ exit 1;} ’\

(@files) { ’\

saving /proc/irq/+/smp_affinity” >&2



267 fi;

268

269 # Prevent /proc/irq/+/smp_affinity from getting zero after offlining
270 # McKernel CPUs by using the following algorithm.

271 # if (smp-affinity & mck_cores) {

272 # smp_affinity = (mck_cores =~ —1);

273 # }

274 ncpus=‘lscpu | grep —E ""CPU\(s\):’ | awk ’'{print $2}¢
275 smp-affinity_mask=‘echo $cpus | ncpus=$ncpus perl —e \

276 ’while(<>){@tokens = split /,/;foreach $token (@tokens) ’\
277 ’{@nums = split /—/,$token; for ($num = $nums[0]; $num <= $nums[$#nums]; $num++) {’\

278 ’$ndx=int ($num/32); $mask[$ndx] |= (1<<($num % 32))}}}’\

279 7 $nint32s = int (($ENV{’ncpus’}+31)/32); for($j = $nint32s — 1; $j >= 0; $j—) {’\
280 if($j !'= $nint32s — 1){print 7 ,7;}’\

281 $nblks = ($j != $nint32s — 1) ? 8 : (BENV{’ncpus’} % 32 != 0) 7 ’\

282 int (((SENV{’ncpus’} + 3) % 32) / 4) : 8;’°\

K
b
)
b
284 # echo cpus=$cpus ncpus=$ncpus smp_affinity_mask=$smp_affinity_mask

283 for ($i = $nblks — 1;8i >= 0;8i——){ printf("%01x” ,($mask[$j] >> ($ix4)) & Oxf);}} ¢
285

286 if ! ncpus=$ncpus smp_affinity_mask=$smp_affinity_mask perl —e \

287 ’@dirs = grep { —d } glob ”/proc/irq/*”; foreach $dir (@dirs) {’\

288 $hit = 0; S$affinity_str = ‘cat $dir/smp_affinity ‘; chomp $affinity_str;’\

289 ’ @int32strs = split /,/, $affinity_str; @int32strs_mask=split /,/, $ENV{’smp_affinity_mask "};’\

290 for (8i=0;%i <= $#int32strs_mask; $i++) {’\

291 $int32strs_inv [$i] = sprintf(?%08x” ,hex($int32strs_mask [$i]) 0 xffffffff); "\
292 7 if($i = 0) { 8$len = int (((SENV{’ncpus’}%32)+3)/4); if(8len = 0) {’\

293 ’ $int32strs_inv [$i] = substr($int32strs_inv[$i], —$len, $len); } } }’\

294 7 S$inv = join(”,”, @int32strs_inv); 3$nint32s = int ((SENV{’ncpus’}+31)/32);"\
295 ° for($j = $nint32s — 1; $j >= 0; $j—) {’\

206 ° if(hex($int32strs[$nint32s — 1 — $j]) & hex($int32strs_mask [$nint32s — 1 — $j])) {’\
297 ° $hit = 1; }} if(S$hit = 1) {’\

298 7 $cmd = "echo $inv > $dir/smp_affinity 2>/dev/null”; system $cmd;}}’; then
299 echo ”error: modifying /proc/irq/+/smp_affinity” >&2

300 error_exit ”"mcos_sys_mounted”

301 fi

302

303 fi

304

305 # Load THK if not loaded
306 if ! grep —E ’ihk\s’ /proc/modules &>/dev/null; then

307 if ! taskset —c 0 insmod ${KMODDIR}/ihk.ko 2>/dev/null; then
308 echo 7error: loading ihk” >&2

309 error_exit ”irgbalance_stopped”

310 fi

311 fi

312

313 # Increase swappiness so that we have better chance to allocate memory for IHK
314 echo 100 > /proc/sys/vm/swappiness

315

316 # Drop Linux caches to free memory

317 sync && echo 3 > /proc/sys/vm/drop._caches

318

319 # Merge free memory areas into large, physically contigous ones
320 echo 1 > /proc/sys/vm/compact.memory 2>/dev/null

321

322  sync

323

324 # Load IHK—SMP if not loaded and reserve CPUs and memory

325 if ! grep ihk_smp_x86 /proc/modules &>/dev/null; then

326 if [ ”8$ihk_irq” = ”” |; then

327 for i in ‘seq 64 255¢ do

328 if [ ! —d /proc/irq/$i ] && \

329 [ ”‘cat /proc/interrupts | grep 7:” | awk ’{print $1}’ | grep —o ’[0—9]%x’ | grep —e " $i$ "\
330 = "” ]; then

331 ihk_irq=8$i

332 break

333 fi

334 done
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335 if [ ”8ihk_irq” = ”” ]; then

336 echo 7error: no IRQ available” >&2

337 error_exit ”ihk_loaded”

338 fi

339 fi

340 if | taskset —c 0 insmod ${KMODDIR}/ihk—smp—x86.ko ihk_start_irq=$ihk_irqg)\

341 ihk_ikc_irq-core=$ihk_ikc_irq-core 2>/dev/null; then

342 echo ”error: loading ihk—smp—x86”7 >&2

343 error_exit ”ihk_loaded”

344 fi

345

346 # Offline—reonline RAM (special case for OFP SNC—4 mode)

347 if [ ”‘hostname | grep "c[0—9][0—9][0—-9][0—9].0fp”” = 7" ] && [ ”‘cat /sys/devices/system/noc
348 for i in 0 1 2 3; do

349 find /sys/devices/system/node/node$i/memory*/ —name ”online” |\
350 while read f; do

351 echo 0 > $f 2>&1 > /dev/null;

352 done

353 find /sys/devices/system/node/node$i/memory*/ —name ”online” |\
354 while read f; do

355 echo 1 > $f 2>&1 > /dev/null;

356 done

357 done

358 for i in 4 5 6 7; do

359 find /sys/devices/system/node/node$i/memory*/ —name ”online” |\
360 while read f; do

361 echo 0 > $f 2>&1 > /dev/null;

362 done

363 find /sys/devices/system/node/node$i/memory+/ —name ”online” |\
364 while read f; do

365 echo 1 > $f 2>&1 > /dev/null;

366 done

367 done

368 fi

369

370 if ! ${SBINDIR}/ihkconfig 0 reserve mem ${mem}; then

371 echo ”error: reserving memory” >&2

372 error_exit ”ihk_smp_loaded”

373 fi

374 if ! ${SBINDIR}/ihkconfig 0 reserve cpu ${cpus}; then

375 echo ”error: reserving CPUs” >&2;

376 error_exit "mem_reserved”

377 fi

378  fi

379

380 # Load mcctrl if not loaded
381 if ! grep mcctrl /proc/modules &>/dev/null; then

382 if ! taskset —c 0 insmod ${KMODDIR}/mcctrl.ko 2>/dev/null; then
383 echo 7error: inserting mcctrl.ko” >&2

384 error_exit ”cpus_reserved”

385 fi

386 fi

387

388 # Destroy all LWK instances
389 if ls /dev/mcos* 1>/dev/null 2>&1; then

390 for i in /dev/mcosx*; do

391 ind=‘echo $i|cut —cl0—*

392 # Retry when conflicting with ihkmond

393 nretry=0

394 until ${SBINDIR}/ihkconfig 0 destroy $ind || [ $nretry —Ilt 4 ]; do
395 sleep 0.25

396 nretry=$[ $nretry + 1 ]

397 done

398 if [ $nretry —eq 4 |; then

399 echo 7error: destroying LWK instance $ind failed” >&2
400 error_exit "mecctrl_loaded”

401 fi

402 done
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403  fi

404

405 # Create OS instance

406 if ! ${SBINDIR}/ihkconfig 0 create; then

407 echo 7error: creating OS instance” >&2
408 error_exit "mcctrl_loaded”

409  fi

410

411 # Assign CPUs
412 if ! ${SBINDIR}/ihkosctl 0 assign cpu ${cpus}; then

413 echo ”error: assign CPUs” >&2

414 error_exit ”"os_created”

415  fi

416

417 if [ ”8ikc_map” != 7”7 ]; then

418 # Specify IKC map

419 if | ${SBINDIR}/ihkosctl 0 set ikc.map ${ikc_map}; then
420 echo 7error: assign CPUs” >&2
421 error_exit ”os_created”

422 fi

423 fi

424

425 # Assign memory
426 if ! ${SBINDIR}/ihkosctl 0 assign mem ${mem}; then

427 echo ”error: assign memory” >&2
428 error_exit ”"os_created”

429 fi

430

431 # Load kernel image
432 if ! ${SBINDIR}/ihkosctl 0 load ${KERNDIR}/mckernel.img; then

433 echo "error: loading kernel image: ${KERNDIR}/mckernel.img” >&2
434 error_exit "os_created”

435 fi

436

437 # Set kernel arguments
438 if ! ${SBINDIR}/ihkosctl 0 kargs ”hidos $turbo dump_level=${DUMPLEVEL}”; then

439 echo 7error: setting kernel arguments” >&2
440 error_exit ”os_created”

441 fi

442

443 # Boot OS instance
444 if ! ${SBINDIR}/ihkosctl 0 boot; then

445 echo ”error: booting” >&2
446 error_exit "os_created”
447  fi

448

449 # Set device file ownership
450 if ! chown ${chown_option} /dev/mcd* /dev/mcosx; then

451 echo ”warning: failed to chown device files” >&2

452 fi

453

454 # Overlay /proc, /sys with McKernel specific contents

455 if [ ”$enable_mcoverlay” = ”"yes” |; then

456 if [ ! —e /tmp/mcos |; then

457 mkdir —p /tmp/mcos;

458 fi

459 if ! mount —t tmpfs tmpfs /tmp/mcos; then

460 echo ”error: mount /tmp/mcos” >&2

461 error_exit "tmp_mcos_created”

462 fi

463 if [ ! —e /tmp/mcos/linux_proc ]; then

464 mkdir —p /tmp/mcos/linux_proc;

465 fi

466 if ! mount —bind /proc /tmp/mcos/linux_proc; then
467 echo ”error: mount /tmp/mcos/linux_proc” >&2
468 error_exit ”tmp_mcos_mounted”

469 fi

470 if | taskset —c 0 insmod ${KMODDIR}/mcoverlay.ko 2>/dev/null; then
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echo ”error: inserting mcoverlay.ko” >&2
error_exit ”linux_proc_bind_mounted”

fi

while [ | —e /proc/mcos0O |

do
sleep 0.1

done

if [ ! —e /tmp/mcos/mcosO_proc ]; then
mkdir —p /tmp/mcos/mcosO_proc;

fi

if [ ! —e /tmp/mcos/mcosO_proc_upper |; then
mkdir —p /tmp/mcos/mcosO_proc_upper;

fi

if [ ! —e /tmp/mcos/mcosO_proc_work |; then
mkdir —p /tmp/mcos/mcosO_proc_work;

fi

if ! mount —t mcoverlay mcoverlay —o\

lowerdir=/proc/mcos0:/proc,upperdir=/tmp/mcos/mcosO_proc_upper ,\
workdir=/tmp/mcos/mcos0_proc_work ,nocopyupw, nofscheck /tmp/mcos/mcosO_proc;
echo ”error: mounting /tmp/mcos/mcosO_proc” >&2

error_exit "mcoverlayfs_loaded”

fi
# TODO: How de we revert this in case of failure??
mount —make—rprivate /proc
while [ ! —e /sys/devices/virtual/mcos/mcos0/sys/setup_complete ]
do
sleep 0.1
done
if [ ! —e /tmp/mcos/mcosO_sys |; then
mkdir —p /tmp/mcos/mcos0_sys;
fi
if [ ! —e /tmp/mcos/mcosO_sys_upper |; then
mkdir —p /tmp/mcos/mcosO_sys_upper;
fi
if [ ! —e /tmp/mcos/mcosO_sys_work |; then
mkdir —p /tmp/mcos/mcos0O_sys_work;
fi
if ! mount —t mcoverlay mcoverlay —o\

lowerdir=/sys/devices/virtual /mcos/mcos0/sys:/sys,upperdir=/tmp/mcos/mcosO_sys_upper ,\

then

workdir=/tmp/mcos/mcos0O_sys_work ,nocopyupw , nofscheck /tmp/mcos/mcosO_sys; then

echo ”error: mount /tmp/mcos/mcos0O_sys” >&2

error_exit ”mcos_proc_mounted”

fi
# TODO: How de we revert this in case of failure??
mount —make—rprivate /sys

touch /tmp/mcos/mcosO_proc/mckernel

rm —rf /tmp/mcos/mcosO_sys/setup_-complete

# Hide NUMA related files which are outside the LWK partition

for cpuid in \

‘find /sys/devices/system/cpu/* —maxdepth 0 —name ”cpu[0123456789]%” —printf "%f ” ¢; do
if [ ! —e ”/sys/devices/virtual/mcos/mcos0/sys/devices/system/cpu/$cpuid” |; then
rm —rf /tmp/mcos/mcosO_sys/devices/system/cpu/$cpuid
rm —rf /tmp/mcos/mcosO_sys/bus/cpu/devices/$cpuid
rm —rf /tmp/mcos/mcosO_sys/bus/cpu/drivers/processor/$cpuid
else
for nodeid in \
‘find /sys/devices/system/cpu/$cpuid/+* —maxdepth 0 —name "node[0123456789]*” —printf "%f 7 ‘; do
if [ —e
?/sys/devices/virtual /mcos/mcos0/sys/devices/system/cpu/$cpuid/$nodeid” |; then
rm —f
/tmp/mcos/mcos0O_sys/devices /system /cpu/$cpuid/$nodeid

fi
done
fi
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done
for nodeid in \

‘find /sys/devices/system/node/+* —maxdepth 0 —name ”node[0123456789]%” —printf "%f ”¢; do
if [ ! —e 7/sys/devices/virtual/mcos/mcos0/sys/devices/system/node/$nodeid” |; \
then
rm —rf /tmp/mcos/mcosO_sys/devices/system/node/$nodeid /x*
rm —rf /tmp/mcos/mcosO_sys/bus/node/devices/$nodeid
else
# Delete non—existent symlinks
for cpuid in \
‘find /sys/devices/system/node/$nodeid /* —maxdepth 0 —name ”cpu[0123456789]«” —printf "%f 7 ‘; do
if [ —e \
”/sys/devices/virtual /mcos/mcos0/sys/devices/system/node/$nodeid/$cpuid” |; then
rm —f \
/tmp/mcos/mcos0_sys/devices /system /node/$nodeid/$cpuid
fi
done
rm —f /tmp/mcos/mcosO_sys/devices/system/node/$nodeid /memorys
fi

done
rm —f /tmp/mcos/mcosO_sys/devices/system/node/has_x
for cpuid in \
‘find /sys/bus/cpu/devices/* —maxdepth 0 —name ”cpu[0123456789]*” —printf "%f ” ¢; do
if [ ! —e 7/sys/devices/virtual/mcos/mcos0/sys/bus/cpu/devices/$cpuid”
rm —rf /tmp/mcos/mcosO_sys/bus/cpu/devices/$cpuid
fi
done
fi

# Start irgqbalance with CPUs and IRQ for McKernel banned
if [ ”?${irgbalance_used}” = "yes” |; then
banirq=‘cat /proc/interrupts| \
perl —e ’while(<>) { if (/" \s*(\d+).*xIHK\-SMP\sx$/) {print $1;}} ¢

sed ”s/%mask%/$smp_affinity_mask/g” $ETCDIR/irgbalance_mck.in | \
sed ”s/%banirq%/$banirq/g” > /tmp/irgbalance_mck
systemctl disable irgbalance_mck.service >/dev/null 2>/dev/null
if ! systemctl link $ETCDIR/irgbalance_mck.service >/dev/null 2>/dev/null; then
echo ”error: linking irgbalance_mck” >&2
error_exit ”mcos_sys_mounted”

fi
if ! systemctl start irgbalance_mck.service 2>/dev/null ; then
echo ”error: starting irgbalance_mck” >&2
error_exit ”"mcos_sys_mounted”
fi
# echo cpus=$cpus ncpus=$ncpus banirqg=$banirq
fi
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#!/bin /bash

# IHK SMP-x86 example McKernel unload script.

# author: Balazs Gerofi <bgerofi@riken.jp>

# Copyright (C) 2015 RIKEN AICS
#

# This is an example script for destroying McKernel and releasing IHK resources
# Note that the script does no output anything unless an error occurs.

prefix="/home/takagi/project/os/install”
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BINDIR="/home/takagi/project /os/install /bin”
SBINDIR="/home/takagi/project /os/install/sbin”
ETCDIR=/home/takagi/project /os/install /etc
KMODDIR="/home/takagi/project /os/install /kmod”
KERNDIR="/home/takagi/project /os/install /smp—x86/kernel”

mem=""

cpus:””
_n»

irgbalance_used=

# No SMP module? Exit.
if ! grep ihk_smp_x86 /proc/modules &>/dev/null; then exit 0; fi

if [ 7‘systemctl status irgbalance_mck.service 2> /dev/null |grep —E ’Active:
I= 7” ]; then

irgbalance_used="yes”

if ! systemctl stop irgbalance_mck.service 2>/dev/null; then

echo ”warning: failed to stop irgbalance.mck” >&2
fi

active

if | systemctl disable irgbalance_mck.service >/dev/null 2>/dev/null; then

echo ”warning: failed to disable irgbalance_mck” >&2
fi
fi

# Destroy all LWK instances
if 1s /dev/mcos* 1>/dev/null 2>&1; then
for i in /dev/mcosx*; do
ind=‘echo $i|cut —cl0—*;
# Retry when conflicting with ihkmond
nretry=0

until ${SBINDIR}/ihkconfig 0 destroy $ind || [ $nretry —1t 4 ]; do

sleep 0.25

nretry=$[ $nretry + 1 ]
done
if [ $nretry —eq 4 |; then

echo ”error: destroying LWK instance $ind failed” >&2

exit 1
fi
done
fi

# Query IHK—SMP resources and release them

if ! ${SBINDIR}/ihkconfig 0 query cpu > /dev/null; then
echo ”error: querying cpus” >&2
exit 1

fi

cpus=‘${SBINDIR}/ihkconfig 0 query cpu‘
if [ "${cpus}” != 77 ]; then

if ! ${SBINDIR}/ihkconfig 0 release cpu $cpus > /dev/null; then

echo ”error: releasing CPUs” >&2
exit 1
fi
fi

if ! ${SBINDIR}/ihkconfig 0 query mem > /dev/null; then
echo ”error: querying memory” >&2
exit 1

fi

mem="‘${SBINDIR }/ihkconfig 0 query mem*
if [ ?${mem}” != 7" ]; then

if | ${SBINDIR}/ihkconfig 0 release mem $mem > /dev/null; then

echo ”error: releasing memory” >&2
exit 1
fi
fi
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# Remove delegator if loaded
if grep mcctrl /proc/modules &>/dev/null; then
if ! rmmod mcctrl 2>/dev/null; then
echo ”error: removing mecctrl” >&2
exit 1
fi
fi

# Remove mcoverlay if loaded
if grep mcoverlay /proc/modules &>/dev/null; then

if [ 7?‘cat /proc/mounts | grep /tmp/mcos/mcosO_sys‘” != 7" ]; \
then umount —1 /tmp/mcos/mcos0O_sys; fi
if [ 7‘cat /proc/mounts | grep /tmp/mcos/mcosO_proc‘” = 77 ]; \
then umount —1 /tmp/mcos/mcosO_proc; fi
if [ ”‘cat /proc/mounts | grep /tmp/mcos/linux_proc‘” != 7" ]; \
then umount —1 /tmp/mcos/linux_proc; fi
if [ ”‘cat /proc/mounts | grep /tmp/mcos‘” != 7" ]; then umount —1 /tmp/mcos;
if [ —e /tmp/mcos |; then rm —rf /tmp/mcos; fi
if ! rmmod mcoverlay 2>/dev/null; then

echo ”warning: failed to remove mcoverlay” >&2
fi
fi

# Remove SMP module
if grep ihk_smp_x86 /proc/modules &>/dev/null; then
if ! rmmod ihk_smp_x86 2>/dev/null; then
echo ”error: removing ihk_smp_x86”" >&2
exit 1
fi
fi

# Remove core module
if grep —E ’ihk\s’ /proc/modules &>/dev/null; then
if ! rmmod ihk 2>/dev/null; then
echo ”error: removing ihk” >&2
exit 1
fi
fi

# Stop ihkmond
pid=‘pidof ihkmond ¢
if [ 7${pid}” !'= 7" ]; then
sudo kill —9 ${pid} > /dev/null 2> /dev/null
fi

# Start irgqbalance with the original settings
if [ ”${irgbalance_used}” != "” ]; then
if ! etcdir=/home/takagi/project/os/install/etc perl —e \

fi

"$etcdir=8ENV{’etcdir ’}; @Qfiles = grep { —f } glob ”$etcdir/proc/irq/+/smp_affinity”;’\

* foreach $file (@files) { $dest = substr($file, length($etcdir));’\
» if (0) {print ”cp $file $dest\n”;} system(”cp $file $dest 2>/dev/null”); }’; then
echo ”warning: failed to restore /proc/irq/*/smp_affinity” >&2

fi
if | systemctl start irgbalance.service; then

echo ”warning: failed to start irgbalance” >&2;
fi

fi

# Set back default swappiness
echo 60 > /proc/sys/vmm/swappiness

FHIZAT DY,

1. 7— MREIZ Linux CPU DA% MR & § 5% E THIIE X 1172 irqbalance 2 {£1E7 5,
(24-3317H)
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10.

MILWK D722 FH LU -REBIZBITT 5, (35-501TH) 1

CIHK BALWK D702 PR LU TWEEREZBKT %5, (52-7747H) 2
mcctrl.ko % rmmod 5, (8117H) 3
. /proc, /sys 7 7 AINVD¥Ef%E T D, £z, TDH T mcoverlayfs.ko % rmmod 95, 4

(87-10017H) %8B, A > X — 7 =1 A TOMNIGEIEIE ihk_os_destroy_pseudofs() s

ThH5, 6
ihk-smp-x86.ko % rmmod § %, (10447H) 7
ihk.ko % rmmod 3%, (11217H) 8
. ihkmond %{£1LF %, (12147H) o

/proc/irq/*/affinity DFE%E 7 — MNRHIZAFEL TEWEEDIZREL, 77— MO 10
% T irgbalance % lihd 5, (124-13517H) 1

Linux 71— VD AT v F7 7 NEMEDHREEZ T 7 4+ )V NOMEIZES, (13817H) 12
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