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Figure 1.1: McKernel software stack
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1V A=V | A¥9—7x4R

[

Bz

<install>/bin/mcexec -9 VASER VLSRN
<install>/bin/eclair R TR — 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

UF., S 3FDOA VR —T oA A% AT 5,

1.1 7OteXEgHa<v VR

=3

mcexec [-c <cpu.id>] [-n <nr_partitions>] [-t <nr_threads>]
[-M (--mpol-threshold=)<min>] [-h (--extend-heap-by=)<stride>]
[-s (--stack-premap=) [<premap_size>] [,<max>]] [--mpol-no-heap] [--mpol-no-bss]
[--mpol-no-stack] [--mpol-shm-premap] [-m <numa node>] [--disable-sched-yield]

[-0] [<os_index>]
<program> [<args>...]

T7oayv
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-c <cpu._id>

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

-n <nr_partitions>

1§t% / — ND CPU # % <nr_partitions>®D X Z /7 #E] L,
Fi BHICEFH XN ncexec TR AN SEE I NS McK-
ernel ALy R FEOREODAZFHT 2 LS IZHET
3, HENYE a7 BTG, 253528 T, 1/ —
R<nr_partitions>”7 H ¥ A®D MPI+OpenMP 47125\ T
CPU ZBEYNZHNFIT B Z LA 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>A EDV A XDRAEY ZERLZE DA, T—YHEE
UL7ZAEVE DY THRY UHREHEINSE L HI12T 5, <min>ld
K, M, G (k, m, g TH &) 0¥ Z2MAITEHE, ThTh
KiB, MiB, GiB OgEIZ72 5, fRENRWGEIEY 1 ZIZfE&%
B A—YDRRELZATVE DL TRY UAEHI NS,

-h (--extend-heap-by=)<step>

t—TDILRIHZ L =T H 1 X% D & H<step>/N 1 MEK
T5, £/ e—=TORTT7TRVART—IUR=IUY A XIZT
495, <step>iZ K, M, G (k, m, g TH L\W) DHA %
I 728546, FNEFN KiB, MiB, GiB OfEEIZx %, fHEH
BRWEEIX4 KB BAHVwWSs NS,

-s (--stack-premap=)
<premap_size>,<max>

T AERIFIZ A R Y 7 FHIRD S H<premap_size>/N1 b &
TV TS, £lz. ARy I DERY A X% <max> T8 E
9 5, <premap_size>, <max>iZ K, M, G (k, m, g TH LW)
OHNLE M55, TNTH KiB, MiB, GiB O#EEILk 5,
FEDIRNGE, <premap_size>id 2 MB, <max>/ ulimit 3
TV R ERIE setrlimit () Y AT A I =)V THRE S N-EHH
wond,

--mpol-no-heap

E—TADAEVED Y THIZIZ—FDLELZ AT VEHD Y
TR TIZREDL RN,

--mpol-no-stack

ARy I ANDAEVED L THIZI—FDHRELEZAETVEHD
WTRY VITfED RN,

--mpol-no-bss

bss NDAEVEHE DY CTHHFIZZ—FDZELEZAEVEHD ET
RN IVANE [ oL AN

--mpol-shm-premap

/dev/shm Z AW G ARV 2T ) vy T§ 5,

-m <numa_node>

AE ) %<numa_node>ZFHHD NUMA / — K5 oE D YT3, #|
O M TORARERIGEIZMD NUMA / — K25 # 0 Y T3,

--disable-sched-yield

sched_yield() B2 M IThWEBIZIE SR 5,

-0

McKernel iZ#| D4 To5n7- CPUBELI D KEWHDAL v N
¥R RAOEREFAT 5, BESBRWEEIXIFA LA
W, FHEINTOVRWEEIZ, CPUBREIOREVWEHDAL Y R
¥k 7ot A% clone(), fork(), vfork() R & THEML
ko293 e, YL ATFLAI—IMNEINVAL T5 — %K,

<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

#}9 5,

mcexec DEMWER 2 X A EBRBEAFIILATOED,
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42

43

44

| =

Bz

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

<pathl>, <path2>, ... BARIZ/ETET % McKernel 4T 7 7 A LIZDWT,
mcexec DIREEEMET 5, B, HET 4 L7 MV NITETAIREY 7 1
WEFEELTH, AFD7 — ATl Linux TETE N5,

e McKernel 2AEj{E L TWAWEE

o ITYVRA64 Y b ELF N1 F VU TERWES

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
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MCEXEC_ALT_ROOT=<path>
MCKERNEL_RLIMIT_STACK=<premap_size>,<max>
MCKERNEL_RLIMIT_STACK=<premap_size>,<max>
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-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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74
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77
78
79
80
81
82
83
84
85

86

87
88
89
90
91
92
93
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97
98
99
100
101
102
103
104
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107
108
109
110
111
112
113
114
115

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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140

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,
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142

143

144

145

146

147

148

149

150

151

A=Y [ =3

unknown option: <opt> KHIDOX T a v <opt>HIFES T2

bad option: <opt> F TV a Y <opt>DIREDN > TWVD

unsupported option: <opt> ATV ay <opt>lFHHE—bFLTVRWN

’:? is unsupported Yo FYAR— LTV ARY

unable to read hostfile(<hostfile>): <reason> <hostfile>% <reason>DMHIZ K D FiAADLWN

could not open hostfile(<hostfile>): <reason> <hostfile><reason>DIIHIZ L D A —T v TER
w

<hostfile> not exist <hostfile>H FAE L 72\

specify -machinefile option -machinefile & 7Y a VA EEI N TN

no user program <exe>MEEIN TR

socket directory not exist Vry MBEADT 4 LI MY BIFELRY

ql_server not execution <reason> ql_server DALENIZ<reason>DHIHIZ & b LML
7z

gl mpiexec_start: socket(<reason>) qlmpiexec_start I ¥ ¥ N @ socket # E
T<reason>D I T —MPFEL T

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 v KO listen
T<reason>DIT T —MPFEL T

gl mpiexec_start: connect(<reason>) ql_mpiexec_start a < ¥ K @  connect
T<reason>D I T —MPFEL T

1.3.2 MPI 7Ot T xra<v R
E£K

gl 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> & Tl 9 5,

RYE

| RY{&E [ B
0 EHERT

0 DAL BHERT
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2 Lo—BFHD

153 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

154

s 1.3.3 g‘l’%:@ﬁﬁﬁ ) %%TB@%I (C %EE

156 =
157 gl_client(int *argc,char ***argv)
158 5|
l EIE [ BT
argc SIBDOBMANDKRA v &
argv FIELFHDEFIND R A > &
159
10 ciEA

161 ql mpiexec {start,finalize} A¥ Y NIZ K DR EfFb, MR EZIRY, ARBEIBUL,
2 MPI 70025 LNT, —[EOFREDT T RICECH T,

13 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

164

s 1.3.4 E‘l‘ﬁwﬁﬁﬁ ) ljf\‘gTBgﬁg (Fortran)
166 =TIV

167 subroutine QL_CLIENT (ierr)

17



168 g | i&

[ a®& [ ® ] HA

il
S
o

[ derr | INT \

169

o 5iEA

171 MPI 70 275 LN T—RIDEIHEDE THRICIFOH X, gl mpiexec {start,finalize}
i ARV RIZKBHREND, ERfRERT, 4b, KB ZMHT 5729121 libglfort.so
173 7% LD_PRELOAD TH— R$BMENRH B, £7-, 2> /31 F1% GNU Fortran Compiler ¥ 7=
74 & Intel Fortran Compiler % %7K — »§ %, Intel Fortran Compiler K&, I > /31 )L F
w75 7Y 3 ViZ-shared-intel ZfEET B BHELH 5,

e BRYIE

| RYME [ BT

1 RDER DB RS Nk

MPI 702 7 LOMTHERINTZ, HDVIEHFE T B AN gl npiexec_start
IV RTEHBETATHRN

w 1.4 BRIOERABEH—RIVAVY—T AR

w 1.4.1 swapout RATFLO—)L

180 %iﬁ
181 int swapout(char *filename, void *workarea, size_t size, int flag)
182 % | i&
| 51k [ EA

filename AT T T 7 A INVENDRA VR

workarea PEREFIIAND KA > &

size PEEEIS DY 1 X

flag swapout OE)ERITHHZ Z 7
183
184 AnBR

185 TaXADAE)FHEHBED 7 7 A VADRFEE (AT TT7 O RNEER) &7 71425 0HE
86 JC (AT T4 U EIER) 2475,

187 MIE ATy FIFLAFD@E D,

188 1 filename 2 NULL 7z flag 2* 1 D& EIZAT v 76 ITHEDL, £ 5 THRWVWEHIZA
189 Fw 21T,
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190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

208

209

210

211
212
213
214

215
216
217
218

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 L IER) Z44td 5, UTIOH—2 A VX —T =1 A%, BIHTHHT 5175
JiZk-THWwWOLNS,

IR, 2T —0VDA VR —T 14 A% HHT 5,
1.6.1 McKernel ALY RO Linux ~"OXYA L — N RFL—)L
£

int util migrate inter kernel(uti attr_t *attr)

St EA

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];
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220
221
222

223
224

225
226
227
228
229
230
231
232
233
234
235
236
237
238

240
241
242
243
244
245
246
247
248
249
250

251

252

253

254

255

/¥ ALy REHESENUMA / — RZ2ETEY hvw T */

uint64_t flags;

/* CPUMIBE L ALY FOIRLZENE2RT VY h~xv T */

} 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

IEHKT

7 —

IS5 —BED errno D&

-ENOSYS

util migrate_inter kernel 23¥ R — M I TWAL,

-EFAULT

attr IZ7 72 ATE RN,
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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)
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289

290

291

202

293

294

296

297

298

299

300

301

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,

L2070 AN YFAE ) FIRICNT B BERT .
. %2 0)7"13'&1733\ Xpmem,detach() ‘fc\\ﬂ:jl—éz)(:E ]) ﬁﬁiﬂjﬁ%T‘/V\y 70‘§—%O

. 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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330

1.7.2 Expose Memory Block

e

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

st EA

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(
xpmem_segid_t segid,
int flags,
int permit_type,
void *permit_value)

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).
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

#—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

0 Success
-1 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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414

0 Success

-1 Failure

1.8 XPMEMA—XILAVF—T 4R

XPMEM i, »2 70t ANy TUEARVfEEBEZMMO T Ans5<y 7TTE5 X512
3%, XPMEM DH—3 )01 VX —T x4 AlZ, EIHCTHAT L7147 I VIZE>THL
s5h b,

IR, BT 3 ioctl() DA VR —T oA A%MAT S,
1.8.1 ioctl>AFALd—)L

2N

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

AR
cmd CHREIN/ZH#EEZTD, cnd T & DUHEE K?? TR,

Table 1.1: XPMEM 7 /31 AIZX3 5 ioctl D&K%< ¥ F DML

EEVAN BIG]

XPMEM_CMD_VERSION N—Vav&erikY,

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[?]. It
works with systems with Intel Xeon processors and systems with Intel Xeon phi processor.
Figure ?? 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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496

Q
)
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 Z i\ 72Y a3 TORITAT Y 72 X272 HWTHHAT 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

HHY 7 bz T Va TR TRIZER Y — PIREBZ TR, 74405 Linux DA
PEET HREIZEST (D (3))

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 ?7?)
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 ?7?) 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 ?7), 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 7?7 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

7.
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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 ?7.

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 ?7.

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.

BI?7?7% VT Y 7 F IV RE D ENE & BT 5, R A M OS @ meexec B3Z T H > 72
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 ??) 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 ?7.
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 ?? for vDSO). ).
Table ?? 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 ?77.

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
7?7 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()

McKernel ® brk() ¥ A7 AT —)UiliE, R=Y T =)V hF ==~y FZHIKL, X7
T =V R=IMbEREET DREEEAENN T TV S,

brk () DEEIZLAT D@D, b, b —THiT N L A% b, brk() OF[#ZE R—VEH
THO L7 RV A%ZrTEKT, £/, 70 AEH I N ncexec (FE??7ZBM) 04T
¥ 3V (--extend-heap-by=<step>) TIREI N/ \T A X% S TKT,

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,

40


--extend-heap-by=<step>

781 4. BRI NN 2 TV R—I V7T 5,

782 B, ZOREIE. F—#HE - R -0y a 7B EET LI 3RV D T, ¥
783 HR—VFHDO 7 27 2 AR EZRBTDEHENLNZD, REIZRSTYHR—Y% 0S 125K
8 TRENRN, WS HPC 7 7Y ORMEZHWT WS,

s 2.4.5 XEYEIYHETICS T2 NUMA J — RER

w 2.4.5.1 IA—HAXETYEYYHT

7 A—HAEVED Y TIZEITS NUMA J — KERIZDWTIE, Linux OBEREIZ R U LA O #
788 ﬁ?,?b‘)ﬁjm é j/bf [ E)o

789 1. =7 anonymous mmap fHI% 72 1) Tld7 <. text, data, bss, stack DEFEIRIZ X L T

790 LETHEZADAEY R Y —%2HWD, £z, TNODHEKITLIZTOREADAEY K
791 VY =20 nErERETE S, ZOMHER. 7O AEE I K ncexec (4
792 ??72M) OA 7Y 3 Y (--mpol-no-{heap,stack,bss}) IZ &> TS,

3 2. A—VREDAEYRY V=2V AEVERY 1 ZORE (ZDMHEFEUNAKE N

708 BORDALI—FREDAET YR V=20 5) 2HETE L, JOMEX THEA
795 EH 37 Fmcexec (HE?7ZM) OA 7 a v (--mpol-threshold=<min>) IZ &> T
796 1]4‘ 50

797 2.4.5.2 HA—RIATYEIYHT

78 H—FRINVAEVE DY TIZHIFS NUMA / — F3EHIZ Linux & FABED HETITS, $4b
700 B, NUMA / — N DEEEE TS 2 FHWT, BRICHTFAET 5 NUMA J — RS s EREtED
g0 FIWNUMA J— K6 A€ Z2EET 5,

sn 2.4.6 Virtual Dynamic Shared Object (vDSO)

82 Mckernel provides the vDSO mechanism, which eliminates the need for switching to kernel-
g3 mode when peforming some system calls.
804 The steps are in the followings.

805 1. The physical addresses of the Linux vDSO pages are compiled by looking into System.map
806 when configureing McKernel. They are kept in mcctrl.

807 2. McKernel adds mappings of the Linux vDSO pages to a process when creating the

808 process. McKernel asks mcctrl for their physical addresses.

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

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

814 5. The function performs required processing using the data in the vDSO pages.
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815
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832
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835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

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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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
HEe) 1ITId 7Y vy TREEDVEME N T WS, T OAEIE ncexec (772 OA T a v
(-—mpol-shm-premap) IZ & > THRIZTE 5,

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 7?7 and Table 77.
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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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911

912

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,

3. McKernel 23F#&IZ, /sys/devices/virtual/mcos/mcos0/sys Z/ER L. /sys/devices/
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 7t AERD Linux 7* 5 McKernel ~NDELXDHEIEZE X ?7% HWTEHHAT 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

mcexec

TV r—ay
VA= AEN

Linux |

(1) open(7 &z k3 | MoKernel

TR
mcctrl i
7 SKERX
procfs/sysfs ) 77 1 2 R procfs/sysfs
TJL—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%

w 2.6 T7AIVATLEREDLYE

ais  McKernel 1377 —FJ)VE Y 2 — )b mcoverlayfs (ZK>T2DD T 7 A IV AT L ZEEIRER
as ETHHADLDEDLILNTE S, AH¥HEIL procfs/sysfs BEEED72DIZH WL S,

916 mcoverlayfs (¥ overlayfs (ZLA NDBREZ BN 5 Z & TEEINT WD,

017 1. copyup MLEEERIAL

018 mcoverlayfs I lowerdir & upperdir ICEREDLEZWT 7 ANV AT LEIRET 5,
919 McKernel TlZ, lowerdir (2, McKernel 23% DNE % Het3 % procfs/sysfs & Linux
920 DENE ZIHELTHWS, overlayfs Tl 74 FXAIRD 7 7 A )L lowerdir ED 7 7
021 A1 INVDHE. copyup B % 17\ upperdir IZHR 7 7 A IV EERK L, D7 71 )V %
922 A —TTHIELT, 14 ML ZAGEE T5, ZOXHIZT5E, 77 AERIX
023 procfs/sysfs (ZEMPR\, F D72, copyup JLEEZ XL L, BHENRT7 71 ILIZT
024 A MRS AHEEZEINT 5, ABEEIZA 7Y 2 VT nocopyupw ZIRET S Z & TH
925 géjJ t 73: 50

926 nocopyupw A 7> a VOAEMIZ LD T A MLEDENEX ?71IRT,

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

930 e nocopyupw A 7> avH O DEGE. T4 PRRD T 7 A VD lowerdir ED T 7 A
031 NVDEGETH, copyup WHET, TDT7 74 IVEF =T THI LT, 71 ML
932 MEAgEE 9 5,

033 2. procfs/sysfs ¥R — b

034 mcoverlayfs Tld overlayfs IZXF U T procfs/sysfs D7« L7 MU D~ ¥ M %
935 BMUTWS, AEEREILA 7Y 3 2T nofscheck 2 f8ET 2 Z & THERM L 5,
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936

937

938

939

940
941

942
943

nocopyupw A7 AVl (overlayfs MALER)

(2) 54 M

nocopyupw A 73V #Hn

(1) 54 MLz

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 v %&K?? IZ/RT, nocopyupw, nofscheck ?’overlayfs
R LTEMENAA TV a0 THS,

Table 2.5: mcoverlayfs DYV ¥ hA 7Y a v

T T av

Bl

lowerdir=<dirs>

lowerdir #5879 %,
" CTRY) O EEEEE ATRE (BK 500)

upperdir=<dir>

upperdir Z {5 E T 5,

workdir=<dir>

workdir Z#5ET 5,
workdir I&, upperdir AU~ Y7 N FDFT 4 L7 M) TH

default_permissions

TR 5720,
TIANVIN—=Iv Y aVERET D,

nocopyupw FHEIAARIZ upperdir [T 7 74NV EER L. FNITH
ULCTEEZIAAZITO U (copyup WLHL) % HRhiZ T 5,
procfs/sysfs % lowerdir [IZHE T BRIIAA 7> a v &R
ESTDHMEND 5,
nofscheck procfs/sysfs % lowerdir I(ZfREFHEIZ T b,
2.6.1 FFi

overlayfs D7 — X IZx I AEEIXUA FDHE D,

1. ovl_ opt_bit ‘
ROV NATTavEEBEMNT 7012, LFO enum KU, ¥ 270 %ENMNT 5,

enum ovl_opt_bit {

__OVL_OPT_DEFAULT

]
o
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044
945
946
047
948
949

950
951

952
953
954
955
956

957
958

959
960
961
962
963
964
965

966
967

968
969
970
971
972
973
974
975
976
977

978
979
980

981
982
983
984
985
986
987
988
989
990
991
992
993

__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"},
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994
995
996
997
998
999

1000
1001

1002
1003
1004
1005
1006
1007
1008

1009

{OPT_WORKDIR,

{OPT_NOCOPYUPW,
{OPT_NOFSCHECK,

"workdir=Y%s"},

{0PT_DEFAULT_PERMISSIONS, "default_permissions"},
"nocopyupw"}, <--
"nofscheck"}, <--
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 (2§ HEMDIEEZK??, KRI?ITRT,
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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,

o1




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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1034

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 FZANBHTAERY Y TEINZTNANAL ADL VAR %Z McKernel 70tv A0 67 2
Y AHBEIZTAZ LT, Linux KIANZ2ZDEFFHATESL L5127 5,
FEEX??% AW TEIHT 5,

McKernel LD

mcexec M Tat20 ME7E
SOt 7R TntRZERH L RZ2R8
@) linux £&
YRFLI—LE a.out R IZT N
EAOIVELY A R%EH#

7 \\'5?_3’%)

(1) mcexec &M ﬁ ___ C
ACEAX) 3

N = 2
mcexec (2) TELIYTDOMEBTRLR
ERNR, ThETYTTE

Figure 2.8: Linux N Z - /NF|fH OEE
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1041

1042

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

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,
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1350 3. ITHK-master driver 7% nmi mode (Z —R¢{F NIREEANDER % /R I EZE L. smp_ihk_

1351 os_send_nmi () ZIFY, & CPUIZ NMI #3%£5,

1352 4. % CPU DL N2 EHFT 5,

1353 (a) NMI 2213 C, NMI N> K Z nmi O (ZHil#Z2 7,

1354 (b) nmi() T nmi mode (ZFKE S NIRRT 7MW Z1T S, T DEGEIX—RHZ AR
1355 EBADEBEBRTH D728, freeze_thaw() ZMEXR,

1356 (c) freeze thaw() T nmi mode (ZF¥E I NIRRT S W ZTTS, TDHEIE—
1357 HHZ IREANDEBEBR TH 5720, mod nni_ctx() ZHWT iret i BOI v 7
1358 Je% __freeze() 125 5,
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smp_ihk_os_send_nmi()
smp_ihk_os_send_nmi()
smp_ihk_os_send_nmi()

1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

1369

1370

1371

1372

1373

1374

1375

1376

1377

1378

1379

1380

1381

1382

1383

1384

1385

1386

1387

(d) _freeze() I freeze() ZIFUHI Y, freeze() LA N ZFETT 5,
i. CPU DREZE Ny 77 v TREBITRRET 5,
ii. CPU ORIEE — s IRIRIBICEE T 2
iii. CPU Z{#1h3 ¥ %, x86.64 7 —F Tld hlt A EETT 5,
—RpE 1L S DEIFOENEZ 7?2 W THEY 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 IZFE E N HERITHE > T2 21T 5, T DHEIX—KEIRIR
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 —B¥=1E#Ex (IHK-master core)
X
static int __ihk_os_freeze(struct ihk_host_linux_os_data *data)
B
7 — FKAF D — e 1EFE R B EUE 1IR3, smp-x86 Tl smp_ihk_os_freeze() ZIFUH T,

RY1E

2.12.2 —BFELEIS5DEIRIETR (IHK-master core)
£

static int __ihk_os_thaw(struct ihk_host_linux_os_data *data)
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smp_ihk_os_send_nmi()
smp_ihk_os_send_nmi()

1388

1389

1390

1391

1392

1393

1394

1395

1396

1397

1398

1399

1400

1401

1402

1403

1404

1405

1406

1407

1408

1409

1410

1411

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)
=

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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1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422

1423

1424

1425

1426

1427

1428

1429

1430

1431

1432

1433

1434

1435

1436

1437

1438

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

—HHEIEZ21T7 > 72

0
1 —REL» S DEREIT - 7

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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1439

1440

1441

1442

1443

1444

1445

1446

1447

1448

1449

1450

1451

1452

1453

1454

1455

1456

1457

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 > TDGED X v TERIBEEE L XV T LB OB DR N Z X7 %
HAWTEHT %,
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1458

1459

1460

1461

1462

1463

1464

1465

1466

1467

1468

1469

1470

1471

1472

4 N
TR
Linux [HK-Master McKernel
AEYS U TRIER) [(Ua’pj’l/&»o)éﬁﬁ ]
ihk_makedumpfile
AEYLUTRBRETUR) [ (2) McKernel \NMI&-T ] I > NMIfE AL
ihkosctl(dump) (3) LU RAEREBRL . A7 ENH R TEL
N N ) (4) (McKernel MCPU No.0MDI7 D)
[<®g£ﬁ§@ﬁ%ﬁiﬂ ] k ST HEERDIET KL R GEESIE R
5
<
OF IRROATIES | @
L
gremmmememe e { () MEEATY DFAHL ]
<L HEAEYEE
YR AE!) N EUTUALER
s (052777 nmnme | A THEWETFUARBIARER T T3
(ihk_os_mem_query_page_map## & {&)
X ] ’f J
e N
TR
Linux
HoTI740L
\ ;3 *McKernel DA
-eclair® E?
R
* -eclair COARHT
> REORL McKernelf A—S
> TATIER
\

J

Figure 2.15: McKernel £E XY TOEED X v TEREMERE L X > T AZ HEgEE 0 L o
i

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,
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1473

1474

1475

1476

1477

1478

1479

1480

1481

1482

1483

1484

1485

1486

1487

1488

1489

1490

1491

1492

1493

1494

1495

1496

1497

1498

(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 {

/x BERARTET 77 */

/¥ B2 THED A= VIERI */

/% B2 THED = IERO BT 1 X */

/¥ BV TNEDR—IEROYELT KL 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 Y TEIMSHE L XY TR HEERED B DR N %2 X777 %

unsigned long start; /*
unsigned long map_count; /%
unsigned long map([]; /*
s
HWTHAT %,
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1499

1500

1501

1502

1503

1504

1505

1506

1507

1508

1509

1510

1511

1512

1513

1514

st Immm N

Linux
IHK-Master MeKernel

[ S U TR IEE Linux ) ]

panic_notifuler| 2 & §%

e

F]( HUTUALOBE M
ﬂ‘zﬁﬁ{ﬁﬂi@ \ .
panicFEEIZKYF T — ?lzl;dllﬁ;r\;illiigﬁﬁﬁﬂll e L
ARURE [ (1) McKernel ~\NMI}§ R ]| = R ST

< (3) (McKernel MCPU No.0DI7 DH)
T AU THRELSYIET RL R EEE S
@) HoTHEITD | | FUTRREGDMET FEERS & 58k

WETRLAGEORSE |

= | b
(& woongnens ; -

WA FEE
-pagetBiE{k

(MDmapping
T4—ILF

A\

— HHAEYHEE
EUTUANIIER
{} HUTHEMET L RAEEERET T 757
(ihk_os_mem_query_page_map#&i& {&)

e [ LinuxMDA o TRIB  (makedumpfle) ]

N V3 -
FoFTI740L SO TR
-Linux+McKernel DN
*makedumpfile D FZ =X Linux BTI74IL Linux

*McKernel DN
. -eclair® R
# -eclairfis X 7711
> mEOFA b‘t ROHLRRE | * e
McKernel{f A—2
> FT=AT7HER

Figure 2.16: Linux EE XY TOEGAED XY THRIBEEE & & >V 7T N HEEHE D L D

1. THK A0S 7' — bRIZ, BV TRER—V ) ZA M2 HEE ATV ICHEHET S, £72. THK
P McKernel [IZE 0 YT Y L AHIPZ X Tuf e 375 K596 T 5,

2. THK % McKernel BERHZ XV TV RWVEEA T a v (-d) T YT UV EBET
%, 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 D% 0 CPU B ®D CPU X, L YA XIERZREEL, hlt i CEIET S (X
D (3)). McKernel D% 0 CPU XA F2ETT 5, (KD (2). (3))
(a) VYRAXIGREBEET B,
(b) EAEVEZZMLTHX Y TV RVERET 5,
)

(¢) Xy Thoa—VHlzRAT SIBENINTVIHER, - X T HHIERH
WEREL, XY THRER=I VA NMIEY ThS ORI EERT 5,

(d) B> T o RBLHEEZ RINT ZIBENINTVEEE I, REH A €Y HEgE
WEREL, XY THER—VY A NDEY TH S DRNEESRT 5,
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1515

1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

1526

1527

1528

1529

1530

1531

1532

((

(e) BT 7771 1%%y hT 5,

(f) hlt A TIFIET 5,

T.IHK BT 77 7MW 112735 £THRB, ioctl() TH Y THRNDYELT F L ZHilH
2349 % Linux D page #5i&/A D mapping 7 4 — )V K Z #4/F L anonymous (Z3%E 9

%, (KD (4). (5)))

8. Linux %° makedumpfile 2 ¥ ¥ R %2179 %,

9. Linux 7 Linux & McKernel Difi FDIERZ GHX Y T 7 7 A IV 2EKT S,

10. & DS 1dump2mcdump 2 ¥ ¥ KT, makedumpfile TEARD XY 77 7 1 )L % eclair &

AITEHT 5,

11. BHEF T eclair Z HWTE Y T 7 7 A VDT 24T 5.

2.13.2 I—H¥XEEEIEHRNE

(1) FRERTEOR—CT—TILEWD

(2) R=SF =TI —0j—3

THAIIVNIZRDITS
\
I resource_setfiim (& I
L T—)
L4T—T L L3IT—7JL L257—7J L L1T—7 I
L37—JJL Lr—J)L 2l uis—2L — EVE
L3T—J L L2T—J ) : o7
L3IT—I L ll : ]l b
..................... | aeememneneea,
4 TR 1. TR
y y
J

1. resource_set ZZ{L T2 TO L A%, TOX AT LDR=IYFT—TIIZDNT

@) TUMIIZx T B7 KL RS D55, IHK
HMcKernel| ZE|Y ¥ TH-EEFER DL DEIR
A IE )

Figure 2.17: —% A € V) fHISIGHRINE LI DOF N
I—HAE Y FEERIE RN LI DR Z X7 % W THET 5,

AF2475, (Mo (1))

(a) =Y T =TV V=D =T ThHDLY M) EEDIIZ, (KD (2)) 728, 4
BHOTY MVIZ4KBR—YDITY MY, 3BHDD PageSize 77771 DT
Y EVIE2 MB, 2BdHD PageSize 7771 DTV VIE1 GBR—YDT
YhMUTH B,
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1533 (b) T¥ P VKNG 2T FLAHFED S 5, THK A McKernel (Z#] D 24T 7z #i[H (Z

1534 INEFBbDEI—FAEVMHEEE UTKRNT S, WESHBVEDIFT Y MY DK
1535 mInTwnws A UET S, (KD (3))

6 2.13.3  KRERAX T BEEIEHRIEG

- (1) NUMA/—F CEDMBAE 7 O —4%W% | - (2) Red Black TreeM T k%l %
4 NUMA/— K S8 &R b
(ihk_mc_numa_node #&i& 14) .
[ AT 7O —EER] RedBlack Tree
numanode0 | .5t B AE!RBY!—(rb_rooth &) o
| - RERAAEYH ' I

[EAE) 7O —21FH
numanode 1 » R {E AT RBY! ) —(rb_roothE&{K) T
S —T

(AT 7Oy —2IEHR]
numanode n - R{#E FH AEYRBY) —rb_rootiE &IK)
- REHAEYE

@) TUMJICEEFSN TV DYETRL REH
ZRET B

Figure 2.18: A/ A € U SBAFRIALI O
1537 *4%% AEY ﬁEfEX‘l%ﬁEM%@&MEO){ﬁM ’2 ?? ’E ﬁq L\"Cgﬁﬁﬁj— 3 .
sw 1. NUMA / — B (ihk nc_numa_node i) 2288 L C NUMA / — F Z 2 0

1539 MAEY) 707 —=RIZOWTLAR 2175, (KD (1))

1540 (a) RMEHAEY 28T % Red Black tree(rb_root #iEK) o> bV il s, (X
1541 D (2))

1542 (b) = bV (free_chunk *%Jﬁ{i) IR I N T VALY R U AHIH 28 E1S 5, (¥
1543 o (3))

e 2.13.4 '9“/ 70&&{5}% lOCtl() avyv R
1545 IV

1546 int ioctl(int fd, IHK_OS_DUMP, struct ihk dump_args *args)

1547 EEEH
1548 fd THEINZOS A VARV AIZX U T, args->emd IZFRE I N2 XV TREN %2

P
1549 1T Do

1550 dumpargs t (ZLAFD KD ITEHRI NS,
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151 struct ihk_dump_args {

1552 int cmd; /x AV K x/
1553 unsigned int level; /x BT */
1554 long start; /* BHERYIERY R LA */
1555 long size; /x A4 X */
1556 void *buf; /x AEVHE */
1557 int num_mem_chunks; /x ATV MHEIBE x/
1558 struct ihk_dump_mem_chunk *mem_chunks; /* X E U FHIEER */
1559 F;
1560 struct ihk dump mem chunk (LA FD XD ITEHRI N D,
1561 struct ihk_dump_mem_chunk {
1562 unsigned long addr;
1563 unsigned long size;
1564}
1565 args—>cmd Z & QMLHIILAR D@ D,
l args->cmd l e
DUMP_QUERY_NUM_MEM_AREAS XY TG AT HREE KT,
DUMP_QUERY_MEM_AREAS RV TREA T HEHRONHR % args—>mem_chunks (Z/EMWT 5, IFOH LUt
7Y args->mem_chunks DOFE % AR T 5,
DUMP_READ args—>start, args—>size CHEINZPYH ATV HEONA %
args->buf THEI NNy 77123 —7 5,
DUMP_SET_LEVEL Ry THEE T B AEVHEBROMEEE args->level IZHET b, X EAAE
AN =95/ N i )N
0 THK ?»* McKernel (28D 4Tz A €Y wlEE T 5,
24 | A= UDBHEHLTWE AEVHEEBEENT 5,
B, args->level DFHEHBETHWMAETH - 72356 1L-EINVAL Z 3R H
35,
DUMP_NMI 2 CPUIZ NMI 2 %7 L, XV TOEfZ2HERT 5,
DUMP_SET_ANONYMQOUS (IHK 7% McKernel IZE[0 3 T7- A€V fHH) 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*
LA E XY THRNSHRATED LD ITR B,
DUMP_QUERY IHK &> TEOW L THENZYERA T HEOEH % args->start,
args->size [ZH&NT 5, ABkREIL. THK A McKernel (Z#/ D YT AEY
IO RTE XY T HBICHHT 5,

1566 e U B

0 IEHFT
-EFAULT 7 RUVAWARIETH S
-EINVAL SIBD IR TH D

7 2.13.4.1 YT T 74D

w8 X T T77AIWVIFELFERZEHBHLTWS, XV T 7 74 LVTHALTWS 7Y a VP
160 POED,
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DUMP_QUERY_NUM_MEM_AREAS

1570

1571

1572

1573

1574

1575

1576

1577

1578

1579

| 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
5LV MV ERDITSEIETHIGT 5, objdump T IIHIZK??ITRT,

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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1580

1581

1582

1583

1584

1585

1586
1587
1588

1589
1590

1591

1592

1593

1594

1595

1596

1597

YROEHEVE—NTFNY TOHREETI, RV THFIAT Y NIZLDBZVE— TNV S
DEREN S, FERIZA—FLoOra~ >y NE2ZIFTELS gdb 12, AL —RXIZHAK%EZITIE
72, UFOFIETHET 5,

1.

I—FhoEEINAEX Y Iira~ Y Rk, a~x Y RSA4 VAT avaz@ir LT
gdbT—Y x> b2 LTOHALLET S,

K2 TfEMr 3~ > Rid, remote serial protocol i@{ZHD TCP ¥V 7y b 2/ERKT 5,

Ry TN 3= > Rk, gdb % fork() & exec() TREIT 5, ZDHF, UFDLH>7Ra~Y
YEIAVEIBE LTI E- M TN Y FOREICHERAT Y 25X 5,

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

Ry TEfra~ Y Rk, TCP V7w MZ gdb 23Hi L TL 2D % £,

Ry Tffra~y Nk, TCP V7 y ME#, WMAPSDANZETICgdb T—Vx
Y M UTOEEIZERT 5,

FHOFMHEIZE>T, FvIfEfra~y e gdb A UK Z LA URBIZR S, A

LTWTH, AN DHAN L Z XY T a~ Y FPR—YIET LT i, gdb A3

ANEEELTWADLEUEEE2 SEL 2N TE S,

2.13.6 Y VTEAZLEH# (crash 7571 V)
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1605

1606

1607

1608

1609

1610

1611

1612

1613

1614

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

(1)

(2)

Figure 2.20: X ¥ 7 AL B DN

Xy TREBNMEOFENZX??2 HWTHHT 5,

crash WEEIKIZ XV T 7 7 4 VDT — XD N5,
a< > K :crash <{vmlinux D/3A) XV T 7714V (vmcore) DINA)

crash WHEIEIZ THK 8 X O McKernel D 71— IVE Y 2 — )LD ¥V RIVIERBEN 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)

crash WIZ 7771 VIR HBLAE NS,
a< Y K :extend {crash utility extension D 8N A  (#] : dump2mecdump.so)

2 THREHY —)v (Idump2medump) 257U, (2) DY ¥ RIVIERZ AW T, McK-
ernel [IZHI D YT oNZYMT B U AHEEOERZ NG T 5,

5 U 721882 W T, (1) 705 McKernel BEE#HRZ D U, eclair BRUZEE 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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ws 214 TAOERSY VS

1616 McKernel Tld Linux & [FAEDO FETT O ADK Y T T 7 A NVEERTE S,

e 2.14.1  REDHIR
w18 HHINBFERIZDOWTOHIBIZLATD®ED,

1619 1. ALY RBRGFELTH, BT ADBRULHEI LW,

1620 2. NOTE 27" A ¥ MK I N 2D T o Z4REE (struct elf prstatus64 ) @55, B

1621 TD T 4 —)b RITHIRT B HEEHITAE L 7220,

1622 struct elf_siginfo pr_info; /% Y7 FIVIEHR */

1623 short int pr_cursig; /x BAEDY T F I x/

1624 a8_uint64_t pr_sigpend; /x RYT 4V ITINTWBEYTFIL x/
1625 a8_uint64_t pr_sighold; /* hold TNTWBY T FIL */
1626 pid_t pr_pid;

1627 pid_t pr_ppid;

1628 pid_t pr_pgrp;

1629 pid_t pr_sid;

1630 struct prstatus64_timeval pr_utime; /* L—HIKifH] */

1631 struct prstatus64_timeval pr_stime; /x AT A */

1632 struct prstatus64_timeval pr_cutime; /* ZRFHIT—HWHH] */
1633 struct prstatus64_timeval pr_cstime; /* BB AT AKHHE */
1634 725, struct elf siginfolIATFD LI ITEHRI NS,

1635 struct elf_siginfo {

1636 int si_signo; /* signal number */

1637 int si_code; /* extra code */

1638 int si_errno; /* errno */

1639 };

1640 3. NOTE £ 7' A v NI E 5 7o A (struct elf prpsinfo6d ) ™55, L

1641 TD 7 4 =)V RIZHIRT BIERISKMMN L 20,

1642 char pr_sname; /* 70t ZAREE (SCFF) */

1643 char pr_zomb; /* Zombie MEH */

1644 char pr_nice; /* Nice fli */

1645 a8_uint64_t pr_flag; /* 777 */

1646 unsigned int pr_uid;

1647 unsigned int pr_gid;

1648 int pr_ppid, pr_pgrp, pr_sid;

1649 char pr_fname[16]; /* FETAHET 7 A NV% */
1650 char pr_psargs[ELF_PRARGSZ]; /* 5[#(V A MIETEERT */
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2.15 Utility Thread Offloading

McKernel 1. ALY K% Linux ® CPUIZY A 2 L — M T ABpe2 12t %, Z OBEEIZ &
D, BEOTB IV AAL Y RipEDA)N—=AL v K (utility thread & IER) %, FHA
CPUBFEZFHTEI L ETTEHIENTE S,

1.

2.

3.

4.

Linux CPUANDY A1 Z'L— bid, A TFOUMBEDIAEDLEIZ X > TEET 5,

ALy R¥A 7L — M
McKernel TEFLTWA AL Y K% Linux CPUIZ~YA 7L — b3 508

VAT A a— VL

Linux (2% A4 7LV —bhU7EALY ROFITTHY AT LA T—)LE McKernel AL » KD
FITTABYVATLAI—)LE O—EMW AT 20

3 F VML

Linux 2% A 2L —bhUEALY RAYZ )L %2 dfikd 5 L

ALy Rk T JE
Linux (Z¥ 127 b —hUL7ZALY REELSHKT SH 208

LR, FNFNOMHOE A 3T 5,

2.15.1 ALy R<¥A4 5L — NN
ALYy R4 7L — DMUMD S 5, McKernel | IZLA T DD,

1.

1.

2.

McKernel TEfFHDI—HY AL v KAHAL Y K% Linx I 2LV —hT5Z ¢ %
Q/X%A:l»—-/l/%ﬁﬁb\f*HZT‘\'j—éo

. McKernel I3 AT L3 =)V EZITTCTUTOMHEZIT S,

(a) ¥4 7L —=bFRHROI—F ALy KOOIV TFF A NERET 5,
(b) McKernel 2*5 Linux ND ¥ A7 53— )VZEE% VT, mcexec I UTAL Y
RDOYA 7LV —MERETS, TOLE BFELEZIVYTFAMEGEHET,

. McKernel DAL w RiX Linux N1 7L —hENZALY RO TTEEFTYVAT A

I—)V5E T2 F>TAY—T9 5,

. McKernel 3V AT L A=W TTHEHUHEAL Y KERLIKT 5,

. McKernel DALY KIZTY AT LAI—=NVDREDfEZRFEE U T exit ZIFOH L, ALY

NE2KTT 5,

ALYy R4 7L — DD S5, mcexec IOMBEIZLATDED,

McKernel 5 ALy R34 7L — MNEREZIT S,
VATFAA—NT—H—ALy REHRIZEKT S, Zhid, BALY RTv 127 L —
MUV TFFANEUMT S0, YATLI—LT—H—AL Yy RPRET S0
Thb, ERUEZALY RIFVATLAI—INVREEL RS, BB, 17— ME—

FIOAARETH B0, VATLI—INT—H—ALw RPRBREBEPL FIZERINEZ &
/AN
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3. MFEAL Y ROBT O AR ART 5, UFHK 7 B AFYFAL v I ptrace ¥ A
TAI—NVEACTHER L, HEAL Y FORITT VAT AT -V EHiET 2 (R
THHTS),

4. HALY RIZBWT, IVTFANEIA L —FHRALY ROV FFA MY
Bz5, 20L&, YOEBEZFOIAVTFAMEREFELTEL, YO EIRa Y TFA
MEBRETLIDIE, VT FIVZERPAL Y K& THHIZ—RFHIZ mcexec D 2 VT F A
MIERTE2BERDHZ7-DTH 5B,

5, AVFXFARIOEZH, ALY RESXA 7L —bMEDAL Y R LT, 17 L —
MEROVATLI=LDSDRD T KU A SN Z BT 5,

2.15.2 Y RFLAO—JLALIE

Linux (24 ZL— b U7ZAL Y RDBFTT BV ATLI—)VIEHI L, BEIZ)EH U T McKer-
nel IZAEZ KT 5, Z3ud, Y AT AT —)ILOHIZIE, futex() P mmap() &, McKernel
DREZIBIET DEDRHEH7-DTH 3,

VAT A= )ik ptrace E HWTHITES 5, BARMIZIE, v1 7L —bMRIZITI 7L —
FU7ZA LY R (tracee) %83 % tracer 70 A% Linux ETHEM L, tracee 2 AT L
I—)VDFITEHEZIES, 72, tracer D tracee DV VAR ZEETHZ L THREIZRU
T Linux ECOY AT LIA—LFfTEATY TXH5,

VAT LA=NT DI E NIRRT,

Table 2.8: XA 7L —bENZALV Y RBFITTEVAT AT )LD

YA7 LI [ JIB
mmap , mprotect,munmap, brk, futex IKC % A\ T McKernel (ZALEE % (KHET 5
getpid, gettid mcexec I[ZFl#k L CH Wz id 2i&T

open, read, write 72 ¥ McKernel 2* 5% | Linux ECY AT LI— V%2 HKTT 5
VATLA=NBEEITOIED

exit_group, _exit mcexec CHLHIY 5

Z RS T5— (ENOSYS) £33

2.15.3 VI FILZENE
2.15.3.1 I FILEENE

BEFD McKernel (2, Linux IZY AT A=A 7L — L TW5 7Y A2 LT McK-
ernel 6 7 FIVEEEF L, W Z flrd 20U AEET 5, ZOMMZGH L T, Linux
WAL= U7ALY RADY T FIIVEEEEHT 5,

EARBNZ IZL R O % 4T 5,

1. YT FNVREERIIZENT, Y7 FIVEEEAL Y R Linux (294 ZL— b I TV
D56, VAT LI A T U= RHEAL Y RADY T FIVEE L FKIZ IKC %@ U
T mcexec IZ¥ 7 FIVEERMKIET 5,

2. meexec X McKernel DAL w K ID(YE— M ALY FID) 25 Linux EOAL v R
ID(E—=ANVAL Y RID) ANOEHEETN, B—H)LVALy RIDIZHLTY o F L%
EE9 5,
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mmap, mprotect, munmap, brk, futex

1716

1717

1718

1719
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1721
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1723
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1725

1726

1727

1728

1729

1730

1731

1732

1733

1734

1735

1736

1737

1738

1739

1740

1741

1742

1743

1744

1745

1746

1747

1748

1749

2.15.3.2 mcexec DY T FH LNy RSB

mcexec % Linux 7 5 McKernel D A L w RiZiE 5722 27 F )L % McKernel ~NH T 5 728
i Bl TR NV R EERLTWD, 20728, McKernel DALy K25 Linux 12
RA VL= ENFZALY RIZESNE YT F NIRRT BT F Ny RITOFOH UL,
BT ZENTET., ZORHRS T FUNY RINSITISBERD S,

mcexec DY T FIVNY RIDADHEHEOTIE, TLS 22U 0 B 208N H S5, TLS
ZYIOBEZLWEGE, Linux 291 7L — I N7ZAL Y KD errno % DD TLS %
IR LW REMED D 272D TH S, TLS DY) D Z I, libc D arch_pretl X syscall % /T
SV (ISt errno ZHH T 5), TLSDY D FERIE VAT LMEGFEOFETY AT La—
VIO BEDR D 5 (BIA X, x86.64 Tl syscall @ DFIT),

TLS 280 B X 5728, LinuxiZ¥14 27 L—hFLUTWBH ALY NIZH U Tncetrl iIZHEWN
T mcexec @ TLS & McKernel AL v R®D TLS Z &£ L TH <, TLSUI D FEXERIZH L T
HH D meexec DAL NIl LARWA, Linux (¥4 7L — I NZAL Y RTIE, ¥
FUNY RSO AD TIE meexee D TLS IZH] b # 2. HI1TIE McKernel 2L v KD TLS
U0 EZ 5,

2.15.4 RL v RETHWNIE
ATV —=bFENEZALY ROKTUHDO ATy FIZLLFOED,

1. ALy RIET DHifE
XAV —=RFU7ALVY Rh exit() ZIECH L 723854 X tracer A° ptrace THiE L,
VITFIWVIZESTALY R T T 2561  meetrl 2° Linux DALy Ri&T 7 v 2
(trace_sched process_exit) Z W THiHE T 5,

2. McKernel il TO AL v N7
meexec ¥ IKC #HWT McKernel IZAL Y RO T AT —X A %@L, McKernel
oLy KT IHE5,

3. Linux il TOAL v R#&T
FDOAFw 7T LinuxfllOA Ly REKRT IHE5,

(a) meexec DALY DA VTHFA L%, Y1427 L —h U7 McKernel ALy KD %
D5, meetrl IZEiFk L TH WA 7L — MMLBERTIOL DAY O FEZ S, TV
TEFAMDYDEFEZIZ X 5T, mcexec D ioctl() DEZENSEFHVEHEINS,

(b) tracer 7R AN T T 5,
(c) mcexec DAL Y KA exit() ZIFOHT I & TR T T 5,

2.15.5 SREFM
2.15.5.1 Linux CPUADRZXL v REFRDIERK
Linux CPUAND AL v RERKDOHER % X?22025R 7,

86



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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1781

1782

1783

1784

AT I LDALV Y R% Linux CPU IZAER (FEBIE~A 7L —hMT5&, 21—
Y77 I LR ED B AE Y H Linux T —HZEHIZY v X4, Linux L —Y22[H D mcexec
NOBIRAEEL b, ZDL E, Linux 21—V ZEMANIZIE, mcexec D libc & 2 —H 70 s 5
LD libe R ZEMRE L THEINT NS,

McKernel D AL K% Linux (Z/EK T 5 & &, mcexec DF7THE AL LT tracer 71
Y 22T 5, tracer 7Y AL Linux IZEKLU7ZA LY ROV AT AT —)LEEH L.
Linux CPU Q=¥ 707 I ARFKIT LY AT LI —)bO—E (mmap 72 &) % mcctrl £%
AT McKernel E TS % & S I1ZHI#T 5,

2.15.5.2 util_indicate_clone A7 A 1—)b

util_indicate_clone Y AT AT —)LIZH AL Y RO thread #&E{RIZ util_indicate_clone
VAT LIV DF B mod & arg(H— R IVZEMIZ I —FD arg) HET D,
thread ERDEE 7 1 — IV KIETO LD IZEFEI NS,

struct thread {

AU~ S
int mod_clone; // SR 08
void *mod_clone_arg; // CPUIEDIETR., AL v ROIESE DR

};

2.15.5.3 util migrate_inter kernel YA 7 LAd—JL
util_migrate_inter_kernel ¥ A7 A 3 —)VIZLAF DM Z 1T S,

1. arg "I NULL D6, arg DNE % 21—V MM S h— 2 IVZEMIZaE—95, a2 —
WRBL 72854, EFAULT %3RH19 5,

2. AT FANBEHAR-VEMHRT D,

3. AVFFAMERAR—VIZaA-YFarTFF A NERET 5,

4, AVFFANBBHR—=YOYIY N 22582 LT, sched_setaffinity # 4 7 1 —
N3 52,

5. AV T FANBRBHAR—V 2T 5,

6. sched setaffinity D4 7 10— RDRE D HANE (L)) OHE. LN Z217 9,

(a) D E®D 0x100000000 €Y s A>T WEEGA, TOL ADKT 2% 728, terminate ()
T7uk A%k T35,

(b) ZNLMDEE. sched setaffinity() DI ZE H 5 — & McKernel I[ZHKHHT %
Z&T, IVTFAMREHEZ unmap U, do_exit() TAL Y N&#& 71795,

7. sched_setaffinity DA 70— FOR D EMIEA (7 —) DHE. RV EZRHNT 5,

2.15.5.4 get_system A7 A=)l

get_system ¥ A7 A3 —)LE McKernel ETHEITT 5 & 0 %2IBHT 5, Linux L TETTS
& HBYVAT LI -INVIFEELRW D, ENOSYS T T — Y X — 29 5,

MDY 2T LA NBEFEHESRNE ST, A 70— RHLTIFA sched setaffinity D> 2 F 53— V&K
FEMHLTW5S, schedsetaffinity 24 70— N335 &, mcexec CTAL Y FATZ7H— NLHEZITS
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2.15.5.5 clone A7 Ld—)b
clone ¥ A7 53 —)LIZT, ALY RO thread Fii&iiA % rung (284t 9 % (rung_add_thread
FOH L) BT PR OMER 24T 5,

1. HA LY KO mod_clone IZ SPAWN_TO_REMOTE MW EINTWAEHEES. FALY KD
thread ® mod_clone {Z SPAWNING_TO_REMOTE 2% ¥ 3 5, ZHiZk D, FAL Y K%
schedule 2MLHL 9% & Z1Z util_migrate_inter _kernel DI f7HN 5,

2.15.5.6 schedule DAIE
schedule IZX LT, ARDEEZ1T S,

1. next Z#ETUHIZHB W T, mod_clone |2 SPAWNING_TO_REMOTE DX EINTWVWAH AL w
KD runq iZE 256, TDAL Y REEHLU T next IZRET 5,

2.15.5.7 enter_user_mode MDALIE

enter_user_.mode {2 LT, AFDEFE %2175,

1. check_signal Z OV U 724 T, auto_utilthr_migrate ZEOVH 3, Z OMEIX current
A Lw RIZ SPAWNING TO REMOTE R EINTWAEGE., AL w RZHHIAT 5112 Linux
127V —b9 5%,

2.15.5.8 auto utilthr migrate DAL

auto_utilthr_migrate IZLA N OLEEZ 1T S,

1. current A Ly K® mod_clone {Z SPAWINING_TO_REMOTE A% E XN TW2EHE,
mod_clone {Z SPAWN_TO_LOCAL % 5% L. util_migrate_inter_kernel ZFFOH 9, Z
NIZE-T, HrLWAL Y ROBASBHETIZ util_migrate_inter kernel ¥ A7 A I — )L DAL
HAFEITIND,

2.15.5.9 do_syscall DALIE
do_syscall IZX LT, ARDEE%Z{TS,

L. A78—=RFUZY AT LI3—)VORED, STATUS_SYSCALL O5& (Linux * 5 McK-
ernel ND Y AT LA —)VEE), A NOMHE 2175,
(a) Y AT L= )VFE T rtsigreturn DEH, YT FIUNY KT ONEZIEIHT 5,
(b) ¥ AT 3= )VESH rt_sigreturn AADEE, LR E21T5,
i. syscall_table ZMZR L, Y AT AT —LESHEFHRINTVE0HAN, EFkI
NTWRWEE X ENOSYS %2 iRE1d 5,
. VAT LIV THFAPNEERL, syscall table IZEBHRINTWEY AT
L3 —)VILER 2 FFO S, AR %2 REIT 5,
(c) Y AT LI—)LOFERIE, send syscall FFTH LIZ & - T, IKC %@ U T Linux (2
HBHIT 5, Z OWHIE remote page fault & [ABRTH 5,

89



1818

1819

1820

1821

1822

1823

1824

1825

1826

1827

1828

1829

1830

1831

1832

1833

1834

1835

1836

1837

1838

1839

1840

1841

1842

1843

1844

1845

1846

1847

1848

1849

1850

1851

1852

1853

1854

1855

2.15.5.10 mcexec MU
mcexec (LA N DM %175,
1. sched_set_affinity (ZX 454 70— N e LT, A RZ1T75,

(a) create_worker_create ZIECr, HrLWI—HA—AL vy R&2EKT S, ZOALY R
F ARTEVATLA-NATE—-RAL Y REHIZETE2HDTH S,
(b) mcexec ALy K& McKernel ALy KD V7 F A MBHEZ /EKT 5,

(c) mcctrl iZ McKernel ALy KD Y5 F A b % McKernel ALy KO V5 F A
RIS~ 0 ¥ — X % (MCEXEC_UP_UTIL_THREAD1),

(d) tracer 7R A& KT B, tracer 7 H & ZADFEMIL 4 ITRT,

(e) uti_attr BIHEINTWVBEHE, mcctrl T uti_attr W ZKHT 5
(MCEXEC_UP_UTI_ATTR),

(f) BANIZ/RY switch ctx 217D,
i. mcexec ALY RO VT F A MEEHEBIZEAD I V7 F A 2Bl 5,
ii. mcctrl (Z Linux I2¥ 1 7L — I N7z A Ly NOIEHREEHRT 2
(MCEXEC,UP ,UTIL,THREADQ) o
iii,. AVYTFARNZEIATV—FINEZALY ROAVYTFANMIEOZZ B,
(g) YAV —bUALY RDETULERIZITOIVTHFAMIRKS,
(h) mcexec ALy KD I YT F A BEHM % N 5,
(i) ALy RE#KTT 5,

2. VT FNVEZEUZE., YT FIUNY RIIZTUTOMEZITS,

(a) mcctrl IZ MCEXEC_UP_SIG_.THREAD % %3k U, mcexec D TLSIZYIW R 5,
(b) mcexec DAL v RDEEH, McKernel I35 L 7= 7 F )L lHIdT 5,
(c) Linux IZ¥ A 7L —b U7 AL Y NOGEIZL FTOWMEETTS,

i. mcctrl IZ rt_sigaction TMCEXEC_UP_SYSCALL_THREAD Z:RK%Z4T\, ¥
TFINNY KT DEREEIET 5,

ii. Y7 NNy RINSIGIGN DG, fiH Lgw,

iii. ¥ FNNY R I3SIGDFL %6, &2 F V3 SIGCHLD, SIGURG, SIG-
CONT DS DBGEITZY 7 F NV R I &ERL. BB AIZY TV Ei%
Md5, ZZE>T, YFEV I FILEZELTCHT O AR T T 5,

iv. YTFINYFIBRT RVADEGE, —KIIZ TLS Z2GICRLUTTY FLA®D
B (v 7 F Ny RS 2IFOHT,

(d) mcctrl IZ MCEXEC_UP_SIG_ THREAD % %KL, jt®d TLS 2D &R 5.

3. tracer 70t AZLA RO 4TS,

(a) tracee (2T, tracer LFREHGORIMHT 234 T2EHKT 5,

(b) tracer 7H & X % tracee DFHF T H L AL LT fork 5, Ff7HELAELTEDIX
tracee 7' tracer & wait LBAWE R T T 255106 T 5720 TH 5,

(c) tracee (ZEANDWHE 21T S,
i. tracer D PR T ZMAITE 2 L5112, A TOHAOMEHL 5,
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(d
e
f

)
(e)
(f)
(g) #
(h)
)
)

h

§

(k)
()

2.15.5.11

i, F7ORADKRT 2D, FTHRRAZT KT TS (70 AA tracer
I278%),

iii. N TDANA RV hDFEEE (FK)1 BFFD (select),

iv. 1RV MDRETTICIRBLZEHE, A LTIV TTTI—) R—1

v. select VLT —DHEF, £DOLIF—a—RTTI—-V K-,

vi. XA T o 131 bEARA, N1 TEEL B,

vil. 28 TD 5 1A R ERARAD IR 7254E (EOF), EAGAIN TLT I — Y X —:
vili. IEFIZY X —r, (BUF, tracee ALy RidA 70— FALE Z kG 5, )

NA TDANMZFHT B,

F7uv A% fork U, 7O AFHKT (exit) T5, F 70 AD tracer L7405,

/dev/mcos AIAND T 7 A VT 4 A7) T RELTHL 5,
SHEA % /dev/null (IZHID 4T3,

tracee AL v NIZ PTRACE_ATTACH ¢ %,
(i) tracee DAF L% FFD (wait),
PTRACE_SYSCALL #DE IFBEMNY AT A3 =Ly 7 F DX B %)

572912, PTRACE_SETOPTIONS T PTRACE_O_TRACESYSGOOD %5
35,

NATIZINA hEESHL, N1 TZ2EHL %,

LJ\T\ /\\\BE}L 7

i. PTRACE_SYSCALL IZ & D tracee % {53 %,
ii. tracee DIFIEZFFD (wait),
iii. tracee & 7T L7886, #7172 — K% McKernel IZ3@HI U, tracer 2873 %,
iv. EIEDAADES. continue?,
v. VAT LA TEILLZEGE. LR E21T 5,
A. PTRACE_GETREGS &7\, tracee DL Y AR %2155,
B. VAT L I—=)VE 5D ioct]l THIEUZ MCEXEC_UP_SYSCALL_THREAD
PHEINTWSGE, ROEEZYA 70— FERICESHZ 5,
C. VAT LA—)VESPHEA 70— FHRT, EDHE (x86 DA, rax) H-
ENOSYS 055 (¥ A7 LT —)UFOH LK), AT L3 —VFES% joctl
IZEE L, /17A:~w@ﬁ7n RO A ZRET D,

D. PTRACE_SETREGS %47\, tracee DL VA X ZHHFT 5,

vi. /7\7‘A I—=)VPISN (D E D ¥ ) TIEIEL 7256, IREI PTRACE_SYSCALL
WHRET YT FIVE LT, EIEY 7NV EZRET 5,

mcctrl OULIE

MCEXEC_UP_UTIL_THREAD1 I < Y RIZH LU Tld, McKernel »S5EIN/-WHT KL A TR

N5 McKernel ALY ROI VT HF A K%, mcexec DI VT F A MBEESIZaY—9 5,
MCEXEC_UP_UTIL_THREAD2 I~ Y NiZxf L Cld. host_thread WM& A Z/ERKT 5,
host_thread ¥5i& AR IL Linux I 1 2L — b ENEZA LY ROBRZERFL, UTO X

HIZEZREIND,

St kps o EREME & L Tld, SIGCONT (2 & 2 UHLFEAE 2 5 3,
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1895
1896
1897
1898
1899
1900
1901
1902
1903

1904

1905
1906
1907
1908
1909
1910

1911

1912

1913

1914

1915

1916

1917

1918

1919

1920

1921

1922

1923

1924

1925

1926

1927

1928

1929

1930

1931

1932

1933

struct host_thread {

struct host_thread *next; // [E—PIDHDY A b

struct mcos_handler_info *handler; // LWK [HHwRADNY KT

int pid; // 7Ha¥ A 1D

int tid; // AL K ID

unsigned long usp; // mcexec 2T FA LD SP
unsigned long 1fs; // mcexec ® TLS N—A
unsigned long rfs; /] =705 LD TLS R—A

mcos_handler_info |Z LWK DIEHRZMRFFL. UTD LS ITEHEI NS,

strruct mcos_handler_info {
int pid;
int cpu;
struct mcctrl_usrdata *ud;
struct file *file;

};

2.15.5.11.1 MCEXEC_UP_UTI_ATTR D12
MCEXEC_UP_UTI.ATTR O ZRIZX LT, AN 21T S,
1. #lEDEGE, AT 2175,
(a) Linux 77— % )VAD sched setaffinity & sched_setscheduler_nocheck @7 N L A%
k9 %,
(b) Zvr o EHMAEZMERL. 0 THLT 5,

2. utiattr D7 I 712, BT AHMAGOEREEINTVWBEESE, T5—V&X—rT5
(~ENOMEM),

3. mcctrl_usrdata @ cpu_topology_list Z3ll-> T, McKernel IZT clone Z¥f7 U7z AL v
F (BA Ly F) D McKernel ® CPU ID %2 CPU Z2IR%E T %, FELBWGEIXT
5—1Y &—>9 5 (~EINVAL),

4. fEZEH D cpumask Z LR L. cpu_active.mask TH#HIELT 5, HERTERWGEE, T
5—1 &%—>F% (~ENOMEM),

5. LNROMIIZ X 5T, uti_attr D 7 T ZFEEIZH, #H] D YTS CPU DMz kD,
#*H cpumask IZEET B,

(a) 7 Z 212 UTI_FLAGNUMA SET B'ESINT WA HE. U TFOLEZ1T 5,

i. mcctrl_usrdata @ node_topology_list % 3l > T, numa_set ([ZXE I N TV 5
NUMA ID & —#9 % NUMA / — F&2iR&E L. B&fH -7z NUMA / — FiZ
J&3 CPU ODMEAZ KD B,
ii. fE¥M cpumask & NUMA / — NiZJ&§9 CPU £EORES 2 kD, EEM
cpumask I[ZEET 5,
(b) 7 2 22 UTI_FLAG_SAME_NUMA_DOMAIN 7* UTI_FLAG_DIFFERENT_NUMA_DOMAIN %%
BRESINTWESEE, UITFTOMHEETTS,

92


UTI_FLAG_DIFFERENT_NUMA_DOMAIN

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

i. ®CTDONUMA RAA IZDOWT, ALY RBELTWAENRE S 2N,
UTI_FLAG_SAME NUMA DOMAIN 2MEEZINTWAGEITYE RN A1 VIZET CPU
HFE5D, /-, UTI_FLAG DIFFERENT NUMA DOMAIN AMEE I NTWAIHEITIE
ALY RBRELTWAEWR AL VD CPUELSOHNELSEZRD B,

ii. fEZM cpumask & NUMA / — RIZJEd CPU E£A4DFEESZ KD, EEH
cpumask IZEET 5,

(c) 7 Z T UTI_FLAG_SAME L3 %* UTI_FLAG DIFFERENT L3 A @EINTH D, HD,
ALY RO CPUNL3IFYy YabRogGa., A&7,
i. UTI_FLAG._SAME L3 DMEEINTWVWABESLE., Fvyvia%ritEFT 5% CPUDES

%R 5,

ii. UTI_FLAG DIFFERENT L3 DMEEINTWAEA., Fyv v azitEgd 5 CPU
DEEDHEEZ KD S,

iii. KD7= CPU EE L EZE cpumask DFEES 2 KD, 1EZEM cpumask IZFRE
Téo

(d) 7 J 2T UTI_FLAG_SAME L2 %* UTI_FLAG DIFFERENT L2 A EINTEHEH, HD,
BALY RO CPUN L2 F vy ¥afoga, URE1TI,
i. UTI_FLAG SAME L2 MEEINTWBEE, ¥ vy axithd 5 CPUDES
ZRD B,
ii. UTI_FLAG DIFFERENT L2 BMEEINTWVWAHAE, Fyv v a%2 i35 CPU
DEADHERZRD D,
iii. k72 CPU E£E L EZEH cpumask DFEE S %KD, /EZEM cpumask IZ3E
ERP
(e) 77 2T UTI_FLAG_SAME L1 > UTI FLAG DIFFERENT L1 2SiEINTHH, HD,
BALY FOCPUNLL vy ¥alfoga, LFETS,
i. UTI_FLAG_SAME L1 2MEE I NTWBIGA, Fvyazithd 5 CPUDES

R B,

ii. UTI_FLAG DIFFERENT L1 BMEEINTWVWAIEE. Fvv v asxitFd4 % CPU
DELEDHELZKRD 5,

iii. k72 CPU LA L EEM cpumask DFEES Z KD, 1EZEM cpumask 1255 E
35,

6. LTFDMEIZE>T, CPUT 74 =T 1 DHEE. KO, ATV a—J3D0REEIT,

(a) TEZEH cpumask DZEEEDLEIITH LR,
(b) 7 Z 212 UTI_FLAG_EXCLUSIVE CPU 2V E I NT W B 5HE. PLFOWMM %175,
i. fE2EH cpumask 75 CPU % 1 DFEATCPUT 74 =T 1 IZ&ET %, (CPU
DEFUTHRIZERR)
ii. A7 Y2 —71Z SCHED_FIFO %#%E T 5,
(c) 77 2T UTI_FLAG_CPU_INTENSIVE 2’ &E I NT W55, L FNOMHEAETT S,
i. fF2M cpumask 2*5 CPU % 1 DA TCPU T 74 =7 4 IZRET 5, (CPU
DEFTTHEIZERR)
(d) 7 7 2\ UTI_FLAG HIGH PRIORITY Vi S NT W B G, UTFOMHZTT S,
i. fE2EH cpumask 7*5 CPU % 1 DA TCPU T 74 =7 1 IZFET %, (CPU
DIEFUTIEIZLRIR)
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1987
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1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

ii. 7Y a—51Z SCHED FIFO % #&&E T %,
(e) 77 2T UTI_FLAG_NON_COOPERATIVE 23 E SN T WS HE, ATFOMEZETT S,

i. YE2EH cpumask 725 CPU % 1 D3BATCPU 7 714 =7 1 23 ET %, (CPU
DFEHRITIRITLR)

(f) LEIZEYS LnWgE. fE2EH cpumask DNAE%Z CPUT 7 4 =T 4 IZHRET b,
7. YEZH cpumask Z BT 5,
YEZH cpumask 7225 CPU % 1 D#IRT 5 FIEZ L FIZRT,
1. 7Y Ru b VEHARSIECPUID ZDX A7 L—bhAL Yy REZZHFLTWS,
Z oS = HWT, fEZEM cpumask IZEENDRDOI A 7L — ALYy R FUNE 72
%5 CPUID %k 5,

2. compare and swap (2 &> TF7 V¥ o U EHMHESY] ZEH (1NME) 3§25, KBL7-
LEid, 1S HETS,

3. B L7z CPU ID ADIEZEMH cpumask Dy M %227 79 5,

2.15.5.11.2 MCEXEC_UP_SIG_THREAD D%
MCEXEC_UP_SIG_.THREAD DZRIZH LT, A FOMEZE1T S,

1. ZORIEA L Y RA Linux 12X 4 7L — N/ A Ly RTRWEA, EINVAL TT 5 —
V&= 5,

2. 5IBUZHEVN, ALY ROFSR—=ZX7 RLARYOEZ S,

2.15.5.11.3 MCEXEC_UP_SYSCALL_THREAD D#L.ig
MCEXEC_UP_SYSCALL_-THREAD D ZRIZX LT, U NOMHEZIT D,

1. VAT LIV HEFE VAT LT —)VE % syscall request FEHERIZERET 5,

2. util_migrate_inter kernel D ER 2 ML T 5, FELBRVWEEIZENOENT T35 —Y
52 — ://‘g— %6 o

3. wait_queue_head list_node ZE L. ¥ AT LI — IVOFEREFLITIA 5,

4. util_migrate_inter_kernel ® L AR > A1Z syscall_request DYJEL T R L ARET 5, £
oo VARV ZADIRIER VAT L3 —)VERIZHRET 5,

5. _notify_syscall_requester ZFFO'H LT, McKernel filiZ L AR Y ADEE Z@HT 5,
6. wait_event_interruptible IZ& > T, Y AT LI —)V5E T ZHFD,
7. fERERHIT S,
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2006
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2010
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2013
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2018

2019

2020
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2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2.15.6 ZEEODFHIR
FIFRIEATR D@D,
e Linux CPUIZY A 2L —bhL7ZAL Y NIZHUT ptrace VAT LI —)LiZEB b L —
AT A 720,
e Linux CPUIZY A Z L —bhU7AL Y RBFEITAHERY AT LI —)VOEHEIZ LG T
BHLZLDDATH 5,
e Linux CPUIZR A7V —FUEALY K&, BHE McKernel IZBEIT A Z I TER0,

2.16 EESOERFCE

McKernel 1%, #EFED MPI 707 J LA%2EBEL X 5I2ZNE2EDKRT Y a 7128 WT MPI
70 s T LER 2 T SR RE R RS S, FHEME LTI, Ty Ty I al—
varveTr—RALEBRORTEET TV =y arviEifons,
HEEIF ORMEIZ. ZHFNDO MPI 70275 AZ EE BT, 82 EREN S DE
RCEEIHMZ AL TERT S, GE 7o A EHIIL FOME» SIS,
o Tt AETIEILE X OIE LD S DEBHERE
MPI 707 J L0, AkTuw A UTKRTT5R214 IV 7 TRTETICHBERS
HIRETEIETE S L5125, 72, HEERZ2ZTTEILRE rSERTEZS LD
295, 9477 VKL L THELET S,
e MPI 712 J LD#gED K UL fE R EEHE
MPI 70275 LA OFEFEEZTHE L, F0iE mpiexec Z HAWTREI L, 2 [\ HIAKEIX

fFIELTWB 7 A% T 5, qlmpiexec start LIS —HF oY RE U THE
¥4 5,

e MPI 7025 LD K UEE) ) & DI T R ikaE
HERFBRETEILEL TS MPI 7Rt A% & 7 X%, ql mpiexec_finalize
IR —HFavy N UTEET 2,

PR, Zhvo oRREDFM Z2 B 5,

2.16.1 A
BTt 2% E£2?259,
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Table 2.9: 7o+ A —%

JOtx

st

|

ql_mpiexec_start

A—YRTa T2 T MER U THWS, ZRDaERAZERTSav R T
H 5, fHRIE gl talker & ql_server ZfEH LT MPI 707 I LTk SN 5, 74
B, —HOFEPTETTDEE, Kav vy FIERTT 5,

ql mpiexec_finalize

A—HFHRYVa T A7) T MR ULTHWS, MPI 702 5 ADEGRT 2fxRT
53XV RTH5, RIE qltalker & gl_server ##XH L T MPI 712 J AiZ
Eo5ND, BB, MPI 7ns 5,087z RKa<wy NidRT 35,

mpiexec Hifi

mpiexec 7 W ADEH), SLIEEL. BEALNB XTI LDV X1V %17
S, A7V Al ql mpiexec start I N& DEBXNHEEIT 5, £72. mpiexec
TaR AT TR T T 5,

mpiexec MPI 70t A% KT 5, K7 HX Al mpiexec Bl 7O AD 70t AL LT
BEIING, TRTOITVI7RTEHITKT T 5,

mcexec FA A b Linux ET McKernel Da—¥7u 75 A70v 2% %R - BT 5,

ql_server 7 E e A RE SO MPL 7025 LRG58k L. ql mpiexec_{start,finalize}
AV RO$ER%E MPI 70 ¥ A2 %, ql_server | ql mpiexec start A7 ¥ R
5 ssh CREIENWHEEET 5, 72, @l 7 0L ZARERD MPL 70277 A5 2
THRT UERRTRT IS,

ql_talker ql mpiexec_{start,finalize} & qlserver & DO BERFZMHMN T 5,

gl mpiexec_{start,finalize} I ¥ Y K% 5 ssh T ql_server WEFTINT
WHER — MBI INhD, KA7oe A3ERT T e IR T T 5,

T AR EK?NIRT,

TOERER

MPIZT Ot R#EE

[ ql_mpiexec_start H mpiexecE R fork( mpiexec } [ mcexec
fork() exec()

|

1—H7T0554 }

ql_mpiexec finalize

2032

ql_server
ssh/fork() [:
ql_talker
ssh
po ql_talker
Linux Rk Linux mckernel

[ Jmmvoex
[ )#mmroex

Figure 2.22: 7’10t 2

2033 Jav AM@EETHWS AT Y RIZBLTO@ED,
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2034

2035

2036
2037

IRV E ] E= L]

E3a~v 2} | QL_EXEC_END mcexec A° ql_server #XH T ql mpiexec_start ~“FRIDFHRYE 7 2 @HT 5
BIZHW D

F Iv> F | QL.RET_FINAL mpiexec Bifll 70 & A% ql_server ™~ MPI 702 Z LD T %@HIT 2B
H\wb

R I< > N | QLRETRESUME | ql_server %' mcexec NEBHIREN S DEKEZFERT HBEITHNS

N I<¥ YK | QL-COM_CONN ql _mpiexec_start 7% ql_server (2 MPI 0B 2 T LA D&% KT 2 BRIZH
(ARA)

A< K | QL_AB_END qlserver Mi7T O AN 5D I~ Y RZMHT I, Jv > Rk 7o

T2 FAOTSNLr oG EITREL LTHWS

Tt AREEDOBEBX 7 A —~< v MILAFD#ED,

KARVE> <T—RY A4 > <7 —&>

BT 4=V RDOYA X, BERIZATD@ED,

| 74 —JVKR | 94X ] B!
<aAT YV R> 1 byte VAN
<T—RYA > 4 byte byte LD T — X ¥ 1 X% KT 16 EHTFF
<T—X> EES T — R %KY LFY

o~y REBE SO ZDEME7 0 —%2X?7%2 HWTHHT 5,
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2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

MPI~' v 7' Z Ay)lalFEAT

[ Linux i FR X FLinux (xXZ—/—F) |
qujC:x;;ta,t mpiexeci ‘ ’ mpiexec ‘ ’ qgl_talker ‘ ’ql_server ‘ ’ mcexec ‘
T l J
---------------- N
fork(1) Fork/exec(2)

mpiexecld & % A4 k(3) l

- -

sshil X % £k (4)

ql_server~EfE(sshic & % BE1T)(5)

| sshicxAqtakerter@) |

"""" > FuvRAER KT
7 JEA#EE
0 [AdgmE

””””” > AEE BY)

MPIZ' 2 7 J LN DA T ET

[ Linux I £ X FLinux (RX&—/—F) |
qujc:x:c;m mpiexecEiE ‘ ’ mpiexec ‘ ’ ql_talker ‘ ’qlfserver ‘ ’ mcexec ‘
T T T

B (ssNIE & 2 %E47)(10) B R (11)| [FFBFER(12) SR
S YERE

SHELE T (14) [FIRZET (13

sshiz X gl talkerf& T (15) |

(sshiz X % %E17)(16)

FIBRFER(17)| |FORIE (19

mpiexecfs T (21 MPI7' 0 7 A #T(20) B O A HE
MPI7 12 7 5 I ‘ ‘ FHTHE T @ (22) WIEERT

T H(23)
Figure 2.23: B~ > R f#E 70 ZDH)E7 10—
01 MPI 71 2 L DOHIEIEFTHRE, gl mpiexec_start 75, mpiexec i 0t A%

fork() THE ot 2 LCEEIT A, (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
%, (KD (4))

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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2048

2049

2050

2051

2052

2053

2054

2055

2056

2057

2058

2059

2060

2061

2062

2063

2064

2065

2066

2067

2068

2069

2070

2071

2072

2073

2074

2075

2076

2077

2078

2079

2080

2081

2082

2083

2084

07

08

09

10

11

12

13

14

15

16

17

18

19

20

21

22

23

mcexec | MPI 70 277 LD —[RIDEHESE 71 ql server NGl HTE T 2 E KT 2 E 2
vy REREEL, BEEMD, (MO (7))

ql_server # ql_talker NGB E T2 EK TS EIX Y F2EETSH, (KD (8))

ql_talker ZFE a~¥ Y RZZITHD, [EHK 795, ql mpiexec_start | ql_talker
DT EZFTIXAL I PLUTWAEEAR DB LI - %2270 —-XLKT T
%, (D (9))

ql mpiexec_start (X MPI 710 75 L DIRDEIHEDBIIER:, mpiexec Bifd 70+ ZITHk
FHLU C mpiexec DA N B IO I —HNHEHGIZY XA VL2 NT 5, F£72, ssh
THA b Linux k2 ql_talker Z#&HE)35, (KD (10))

ql-talker | ql_server NHfERZEIKT S R av Y FZ2EE L. ql_server 1°5
DBfEEFFD, (KO (11))

ql_server l¥mcexec NR IV YV RZ2E[ET S, MPL 70 I LN TART 7 1)
ZEiA. HHERTHD I 2 MR L., S EBRELBEZNNTARXRT 74 IVIZHEEI N
b DIZEZHZ, RORBIOFEZITS, (KD (12))

mcexec |F— DT T # ql_server NElHE T (Eav U F) 2XFL. RIEZFF
2, (M® (13))

ql _server »¥ ql _talker NElHE T (EaA~Y Y N) 2%fFT 5, (HMD (14))

ql-talker (I E 2~ K2&%IFHD, IEWH 79 %, ql mpiexec_start [F# 72321 T
VALV FUTWABAR DB LI iz oo —X LT 5, (KD (15))

ql mpiexec_finalize |¥ mpiexec Biffl 7’0 ¥ A IZMKIH L C mpiexec DIEHE A NS &
CTI—HhE2HG~NY) XA VLI N33, F£72ssh THAD Linux EiZ ql_talker %
EET 5, (KD (16))

ql_talker (¥ ql _server NHHfERZEKT IR IV F2XEL, K195, (KD
(17) (18))

ql_server ldmcexec NR IV Y F%2%f59 5, MPI 7O RdR I~ Y R&%ZIF T,
NIART 7 ANEGAR TR THE I L 2R UK TLUHEZTS, (KD (19))

mcexec | MPI 7ot 207 2795, (MD (20))

mpiexec (FRT VI DT 2 fF>TH 7§ 5, mpiexec Hifil 7' H ¥ AL mpiexec 71
EARTEZRAIL., RYEZERGT S, (KO (21))

mpiexec Bifid 7'H ¥ A% ql talker #H T ql server NFETHRTAZEKRT HF a~v v
R%Z%f59 5, ql_server XM MPI 702 I A2 EHERNOHIRT 5, 72, B
RV TGEITETT 5, (KD (22))

mpiexec Hifl 70 ¥ A% ql mpiexec_finalize N~ MPI 7102 J L DK T Z@HIL., K
DiEZEL. T35, (KD (23))

ql mpiexec finalize | MPI 712 5 L DM T ZZIF T, VXA LZ L TWS
AN B LTI 1% 78 —X U, mpiexec DIRVEZHE DR DL L TH
T9%,

99



2085

2086

2087

2088

2089

2090

2091

2092

2093

2094

2095

2096

2097

2098

2099

2100

2101

2102

2103

2104

2105

2106

2107

2108

2109

2110

2111

2112

2113

2114
2115

2.16.2 MPI 7Ot xEgigxra~< > R

e

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

st AR

WA T TIZLLFO@ED,

1

BRANT 7 A IVDNE, mpiexec NDHIE, EITAIGET 7 A V&5 mdb Ny ¥ 2l
£ MPI 7075 LID ZfEKY %, ID 2B QL NAME IZ5L8K S %,

2 ql server & DMIED7DDY v b7 7 A IIVDI/N A % BB QL_SOCKET FILE (27t

$9 %, £72, ssh THRAM 7 7 ANVDEHEDKFA b+ (BAFE, Y AKX —/ — R EIER)
12 ql _server ZEHE)T 5, EHEIEMUZHEIIKTI—F(-1) TR T T 5,

mpiexec Bifil 7R AL DMMED2ODY Ty N7 7 ANNDBFELBWGGEIZ. VYV Iy
N7 7 ANV EERSE, mpiexec il 7B A% fork 5, mpiexec Bifl 7 1t AL,
mpiexec % fork/exec THKT 5, F7z. mpiexec DIEMEAHNB LIS I —H %
W81 7 (BB, VXA L7 NANA TEIE) ORSTOMIZHERTT %,

FRERDEZD T AR T 74 NV EERT 5,

mpiexec Wil 7 H - AIZ, HEOEHEAL ), TI7—HIDT7ANVT 1+ A ) TRE
52T, mpiexec Bl VUL RIIME T 7 ANT A AP ) TR EV XA LI NHNAA
TDZENT N2 T DU i 3 5.

%1 B DO BEREAE X ssh T ql_talker # ¥ AKX —/ — R EIZEE)T 5, ql_talker
IZ. ql_server NEHiAEKT AN IV Y RE2EEL., FROFHFEE T 2E KT S E
IY Y P %ZIET 5 ETHIET 5,

£ 2 A H DABE D FHRBEMAIRH L, ssh Tql talker # ¥ AKX —/ — N LIZHEEI T 5, ql_talker

X, ql_server "NHBEREZEWKTI R IT Y NE2XEL., SRIOFHER T 2E KT
5E IV RZEXTHET D,

ql_talker I Y RWNZE DK T % H 5T ql.mpiexec_start ~NFIHE 7 2 @A T 5,
ql mpiexec_start (I mpiexec Bifil 70t X L (5% 1T > T mpiexec LT LTV
ZLMERT S, mpiexec BT L TWAHAIX, mpiexec DT I — N Z2HfGT 5,

B DFFET T DHBEIFZNT AR T 7 A IVEHIRL 02K LUK T35, mpiexec D& T
LTW5GEIE, ZORTa—-FZ2EHO0KT7Ta—-RNIZERELTKTT 5,

ql mpiexec_start AMEMH T D ERBEALIILA N D@D,

| EEi} \ 5itER | B - BR |
QL_NAME MPI 712 5 A ID PRk
QL_SOCKET _FILE mcexec & gl_server & DERUJANE YTy F T 7 1 IL% {753

ql mpiexec_start MEHT L7 7 A VIZLA TN D@D,
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<exe> [<args>...]




2116

2117

2118

2119

2120

2121

2122

2123

2124
2125

2126

2127

2128

2129

2130

2131

2132

2133

2134

2135

2136

| 771 Bz | ERk - B8R |
${QL_SOCKET_PATH}/ql_sock/<MPI 712 5 I ID>.s ql_talker & gl_server & DDA | /Ek 21
WCHWSY 7y 7714
${QL_PARAM PATH}/<MPI 7'H 25 /\ ID>.param ql mpiexec_start 75 mcexec ~DFE | FEEK

RE IR OEFHBEICHEET 5518 515
BRATHTLaA<v K- RIRXET7
1)

INTART 74V, ql mpiexec {start,finalize} #*5 mcexec NDI/RZFKT D,
WA, BREOEES L ROEOFHEIZLERFBREDT - X TH %,
7A—=<v MILATD@ED,

<Ay RER>
<T — RER>
[<T—&¥E>...]

NY ZE>SOT F—< v MILATD@ED,

0 COM=<mcexec NDIER> <BIDOE> <ERIBEBEZEEZRDED>
ITNEND T 4 =)V NOEKRKOHD 5 2{EIZLATD@ED,

| 74—J)KR [ BT
<mcexec NDIER> RARDEIOFHEBMG, F:MPI 702 2D T
<BEDE> T — ZEIAFET B 5D
<BRIEZERUE D E> T — RIBIFET D EBRBEBE HZ DO

KT —RE>O T +—<v MILATD®ED,
<FER]> <TF—RE> <7 — X >
ZTNEFND T 4 =)V NOERKLOED 5 BEIZLAFD@ED,

| 74—IR [ SR
<FEpil> 1518 2:BRIBEAHER
<F—RE> F—R2E
<F — X > &R

2.16.3 MPIZ7OtX&TiExra<T VR

e

gl mpiexec_finalize -machinefile <hostfile> [<mpiopts>...] <exe>

St

aul

WP A T TIFLLFO@ED,

1 RAMT 7 A IVDANE, mpiexec NDFIE, FITHHET 7 A VD5 mdb Ny ¥ 2T
£ 0 MPI 7025 LID ZE L. BREEAE QL NAME (Z508%T 5,

2 mpiexec Bifii 7O A LEEEITOI VT Y N7 7 A NVDFEEMAR L. FIELRWES
i¥ gl mpiexec_start BEITINTVARWVWEHWIL 1 2ELKTT 5,
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2137

2138

2139

2140

2141

2142

2143

2144

2145

2146

2147

2148

2149

2150

2151

2152

2153

2154

2155

2156

2157

2158

2159

2160

2161

2162

3KTIHRODEDDNRTARXRT 7 A IVEIERT 5,

4 ql mpiexec finalize IFHBHDBE¥ATR NI —HID T 7ANVT+ A7) TRE
5% mpiexec Hifl 70 AIZJE T, mpiexec BT AIXMYFE T v ANT 4 A
TREY XAV NHAAL TOENTND O HR T 5,

5 ssh TYA&X—/ — K EIZ ql talker Z{&H)T 5, ql_talker (. ql_server N5
REREERT SR AV RZk{ET 5, ql mpiexec_start DI H & 74D ql_talker I
ql_server MO DREZFHFDI LIRKT T 5,

6 mpiexec fiffil 70U ¥ Al mpiexec DM TIHZZ DT I — FEZHH DMK T3 — FIZH
EUKRT T 5,

7 mpiexec il T HE ADK T #ZITTNRIAX T 7 AV EHIRT 5, F7-mpiexec Bt
T A5 I N7z mpiexec DR T I— RZHGDOKR T I - FIZRELTKRTT 5,

ql mpiexec_finalize TR, S HEREALKIILA T DD,

l

e 1 B [ % BRE |

|

QL_NAME [ MPI 7025 4 1D | ik |

ql -mpiexec_finalize T,/ 2T 27 7 A WVIFLAT D@D,

|

77 AILE \ B | kB - 2R |

${QL_SOCKET_PATH}/ql_sock/<MPI U 27 J L, ID>.s ql_talker & ql_server & DfIDE(F | S
WZHWS Yy b7 74V

${QL_PARAM_PATH}/<MPI 7'H 2 5 . ID>.param ql mpiexec_finalize »* 5 mcexec ~~ | fEAL
DIEREZLRT2av VY KT 71,

2.16.4 MPIZTREMAILEE (C 5&FE
=X

int MPI_Init(int *argc,char **xargv)
st EA

argc, argv Z fHVWTEE 70 ZRHOYLZIT S5, ABEBILPMPI A > &7 2 — X
IZ& D MPI Init() ZEEHZ 5,
WD AT FIELLFDIE D,

1 PMPI_init () B 2RO H L, MPIEREZ LT 5, £7/2, BIBUIEHREZIET 5,

2 PMPI_init () DMIEFK T U5GA. qliinit O BBEIFOH U, &l 7o & 2 EE) % )
M3 5,

3 PMPI_init() DR VEEHB DRV EIZHE L TR 5,

RY1E
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2163

2164

2165

2166

2167

2168

2169

2170

2171

2172

2173

2174

2175

2176

2177

2178

2179

2180

2181

2182

2183

2184

2185

2186

2187

2188

RYE [ B
MPI_SUCCESS IEH&T
MPI_ERR_OTHER MPI_init () AMER LTI/

2.16.5 MPI E{TREXHALEEE (fortran)
R

subroutine MPI_INIT(INT ierr)
2558

Fortran BRIZIZB W T, HE 70 A EZEBDO OO Z4T S5, RBEEIX. PMPI 1 > &
Tx—AZK D MPIINIT2BEEHZ 5 L TCEEINS, WHDOATY FIZLLTDHED,

1 pmpi_init () 2MFEHEL TWARWEA, ierr |2 MPI_ERR OTHER 2 v ML TR %,
2 pmpi_init_() ZMOH L, MPI B2 0L 5,

3 R D ierr A MPI_SUCCESS D&, ql_init() B ZFOH L, mdE 7otk AiLd) %
LS %,

7428, Fortran 2 >34 71X GNU Fortran Compiler % U < I& Intel Fortran Compiler % 1
R— N3 5, Intel Fortran Compiler Z {9 2551%, I > /3A )V A T 3 ViZ-shared-intel
ZIRETIMBEND 5,

RYIE

| RYE [ S EA
MPI_SUCCESS EHEAT
MPI_ERR_OTHER MPI_init() MEERIEITI N

2.16.6 EEOBR - RTEAHK(CSEHE
£
gl client(int *argc,char **x*argv)
Bz
JWEED Z T FIXLAR DD,
1 YFE 70t AN ql mpiexec_start (2 & D EFHINTWRWEEIX, QLEXIT 2T,
2 ALy NOIEIL%4T5, £72PMI_Barrier () CTaltB5%E FAZIT S,

3 VAT LIAIUZKD A—FIVE— RIZBATU, mcexec|Z ql mpiexec_{start,finalize}
X SR D KT 5,

4 BRFELPOHEIFL, NTIRAX T 7 ANV RSB U THERZHRET 5, BRVIROEIOEF
BB DEGE. NIARXRT 7 AN EHWTEHEDZODFI L BRIEL R Z2HET 5,
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2189 5 ALy ROHEZITS,

2190 6 FERDRD[E D EHEFIE DS QL_CONTINUE., MPI 70t 2D T D54 QL_EXIT %
2191 i}g‘é—o

12 2.16.7 E'i'%@ﬁﬁ'ﬁ ) ?ﬁgTE‘giﬂt (Fortran)
2193 %:T:t

2104 subroutine QL_CLIENT(ierr)

2195 %%EE
206 ql client() ZMEYF, ZDOR V% ierr ML TR 5,

207 2.16.8  #EAMELEIEK

2198 %ﬁ

2199 int ql_init(int argc, char x*argv)

2200 EEEH

2201 MPI_Init() 22HIEU I N, &l 70 ZEFHOYIHI b E1T S,
2202 WHEA Ty FIELA R D@D,

2203 1 BREEZSBQLNAME 2°5 MPI 7025 A 1D 2 B39 %, HF T E R o7254A. ql mpiexec_start
2204 OB TN TWARW B U, QLNORMAL %KY,

2205 3MPI7aZ S LID16, NTIARXRT7AIVDNRNAZERT B,

2206 4 QL_SUCCESS %K,

2207 E U '{E

| RYE \ B
QL_SUCCESS R 71 & 2R O Y EY)
QL_NORMAL W T HE AN ql mpiexec_start 2 HEE I TR

2208

200 2.16.9 E‘I‘%/ - PO)%I@#—/\‘
2210 %:T:t

2211 ql_server
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2212

2213

2214

2215

2216

2217

2218

2219

2220

2221

2222

2223

2224

2225

2226

2227

2228

2229

2230

2231

2232

2233

2234

2235

2236

2237

2238

2239

2240

2241

2242

2243

2244

2245

2246

2247

St EA

ql_server |¥, ql mpiexec_start (T & O RANK#0 DMFE/ES SEHHA / — N RIZEE T, 2L
TN ZEFT S,

1 BEIZ ql_server 2EEIXNTWAEAIE. -1 2B LTKRTT 5,

2 mcexec, ql_talker X DEFIZHAVWDI L=V I ARAS VY Iy et —T VT 5,
3 select() THUHY T v b EHHT 5,

4 BXRGAAA, AT REeTF—R2HET 5,

5 ql_talker 75 N I ¥ Y R Z2ZIFHI - 728 IZ. Wnd 5 MPI 702 7 L2 EHERICE
%9 %, £z, MPL 70t AID %241 T v 27 A& U qlserver [ZEfLTWD Tt
AxRIT<y T (FEi~vy TEER) 12 ql talker 2 ¥8% T 5,

Hli~ v 7l struct client_fd THEI NS, struct client_fd IZLAFD &L S IZE

HEINDB,
struct client_fd {
int fd; /] BT AD T 7y ANVT 4 A0 ) TR
int client; // BEfioc 7o A DFER|
char *name; // MPI 7’123 A ID
int status; /! BAEETROBEEa VR

};

6 mcexec O E ¥ Y K&} & 5 72F%lE. ql mpiexec {start,finalize} Dfi/RMN
HDETHRZESD, £72. mcexec i~y TIZHRT 5, T oIT, #Hivy 72
WTHIET 5 ql talker Z H D, ZHUZHUTE IY Y N2EEFET 5,

7 ql_talker 5 R IY Y R &% & o B¥IE. ql talker Z#eki~ v TIZ8 T 5, %
7=, Bt~y TEHAVWTHIET b mcexec 7R AR DT, THIZWHULTCRIYYV R
ZiRfEd A Z & Tncexec ZiEKT 5,

8 mpiexec il 7HEXAMS F a~v v R&Z T - 7ZBIE, Wihd s MPL 7027 L%
RN SHIRRT 5, BEHRIZEIZR - 25EIE ql_server HHEK T 5,

ql_talker X mcexec A' ql_server LBfE S H7DIIMATEIY Iy 7 7 AV, B
BEZ5 4 QL_SOCKET PATH 2VE # I VT W 5 55 13${QL_SOCKET PATH}/ql sock NIZ., &%
TN TVWARVWEEIX/run/user/ 1 — ¥ ID/ql_sock FIZfEEI N5, YET 1L 27 MUK
ql mpiexec start AY Y FMWEFTINDE /) — R TV I#0VETINDE ) —FhroT 7%
ATEDREND 5,

2.16.10 fERPHITVR
X

ql_talker <send_command> <receive_command> <MPI Program_ID>

515

105



2248

2249

2250

2251

2252

2253

2254

2255

2256

2257

2258

2259

2260

2261

2262

2263

2264

2265

2266

2267

E: 1 HA |

<send_command> ql_server N%fET 57V N (1 XF) 2BET 5,

<receive_command> ql_server 26DREFEEMHT LI~V N (1 XF) 2EET D, ZEEFFLTITHR
7355513, 70 2fEET 5,

<MPI_Program ID> MPI 7025 L 1ID 2#8E T %,

St EA

ql mpiexec {start,finalize} 75 ql_server VEIfFT 5/ — N LIZEE X1, ql _server
IZ<send_command> CHHEIN/ZIY Y R& %D, <receive_command> THEE X N7z e % f+F
D, gqlserver IFA=V JARAA YTy hEHAVWTHEHET 5,
WEEZ Ty TIZ AR D@ D,

1 argc DEEF v 7 U, 4 KOG EIFKTI—F-1 TR T T 5,

2 BREZ S LU T ql.server L DERIZHNWSE L=V VA RAAL VY Ty bEED
\J. ql_server (ZHifid %,

3 <send _command>& <MPI Program ID>K D B Z{F L. ql _server NEX & X539 5,
KU 5813 T a— -1 TR 1T 5,

4 <receive_command>!Z”-n" BMEEINTW/=IGE, T I—R0TRTT 5,

5 <receive_command>%%2fZ U7-%&. 73— R0 TR T 9 5, <receive_command>LA
NOXFH % ZE U564 Ta— N2 TR TT 5,

RYE
RY{E [ B
0 EHRT
-1 Vv bEfgT T —
-2 <receive_command> A/ D X FH| & 215

2.16.11 swapout ¥R FLI—)b
E-o

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

511

| EIEZ \ BT
filename AT T T 7L NENDKRA VAR
workarea EREFEIRAD R 1 > &
size VEZMER DY 1 X
flag swapout OEIEGIHE T 2
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2268

2269

2270

2271

2272

2273

2274

2275

2276

2277

2278

2279

2280

2281

2282

2283

2284

3598

A. 2Ry TT7 o MLE

- - ~ P e T T e e T T -
II oo ! 7 A > . s AY
L AT ERAER (S8 1 — R \
. 1 Mo |
! (swap_info) ! udata_buf 8) |
| [structswap header *swphdr 1 — =~
struct swap_areainfo *swap_info 1 (4) Next buffer 1
| [STuctswap areamfo *mlock nfo i C)°”"t |
1 [struct a  struct (7
arealist Tal 1 1 GIERIGE |
I |swap_area ountin I 1 areaeny
1 struct *head (swap_argalist(1)) |
arealist Tl 1
1 mlock_area T[#un_@: I
e Tom
I eennr ccount ] swap_area[0] 17) |
| |miockcontainer T ' 19)
char Fswapfname o iE ' |
char *udata_bu ad air [0
size_t ubuf_size E2IC] E |
Size_tubuf_alloced 1 | s |
fil 1 St en mlock_area[0] |
ilename (2) J addrpair [m] 28 B |
~ ¥, =
__________ ] |
Rkl ~ = |
swap 7 7 A JUs)i8) pr— HET ; [
1 char magic[16 i addrpair [ e’; ! mlock_area[m] |
1 struct char version[16] q) - h
swap_header [ _Intcount sarea_ | d |
I Tt count_marea | \| S sei’e:ﬁ |
1 struct start addrpair [128]
a
1 | swap_areainfo :r;': d‘lﬂ = (16 swap_area[n] 17) |
1 {swap_info[0]) flag ! | swap_areainfo 19) 1
: 1 -
swap_info[0 |
1 struct 5“['11 1 I Y Einiclol} ! |
" en
! Swap_?l’e:al[nf]o pos 1! struct h 1
] L (it i) fth:?t pl svyap_areainfo ¥
1 struct Se:d ' (swap_info[n]) |
1 swap_areainfo 55 1b) ‘ ©) stk 1
i |
1 Lo i) 1) _ flag 1 swap_areainfo |
— : - 1! (m|ock_info[g/ vi |
struc -
! swap_areainfo end 1! 2 4 |
1 oo %g 11 ct VA
1 (mlcckAniofi) rag L1 _areainfo ot 1
1 swap_area[0] T *\{(mlock_info[m]) fag |
! (10) char magic[16 1
1 1\ stry Char version.
] \ header int count_sarea /
swap_area[n] ] \ int count_marea Vs
1 ) ~ e e e e e e = = == -
S e e e — =

Figure 2.24: A7 v 777 s O 7 10—

27w T7 7 MO T —Z2M??% FHWTESHT 5,

. McKernel ® 21— 5 X - fEEMEIE % mlock () I2& D B w79 3, swapout [FH

ZEMT 5 swap_info MHE/RD udata buf A ¥/ NIEEMIBDOMLIAT N LV A 256k
%, (HD (1))

SIETHREI N7 71 V%% copy_from user TH—p)VZERIZ I —79 %, swap_info
WEIEIR D swapfname A VY /NIZT7 7 A VHDT RV AZGEHKT 5, (HD (2))

PEZEMEIUZ N N Y 7 7udata buf ##10 4TS, (KD (3))

EREMEIRIC ATy 7)) TEHHAY A N swap_arealist & mlock TV 7EMAHY A
mlock arealist DFHIKZHI D KBTS, (KD (4))

. swap 7 7 1J)V% open() TA—T 95, (KD (5))

. lookup_process_memory_range ¥ & U next_process_memory_range % i\ T, 21—

TR ADAEVHEEEZRREL., TNEZHUZDOWTE T 1T,
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2285

2286

2287

2288

2289

2290

2291

2292

2293

2294

2295

2296

2297

2298

2299

2300

2301

2302

2303

2304

2305

2306

2307

2308

2309

2310

2311

2312

2313

2314

2315

2316

2317

2318

2319

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(a) mlock() TNTWAFIHMDHMLT LA, #& 77 FL A, flag Z KD mlock_
arealist (ZFL#%d 2, (KD (6))

(b) mlock() INTWAWHEHIKODHIET FLA, #7177 FL A flag & FREHEED
swap_arealist (ZAt#kd 5, (D (7))

VEZETHIK D swap_arealist DTV b VL FABD T Y MY %D swap_info Al % fF
HEEIBIZHI D BT SBH, I — 3 IVHEIED swap_info FEEARD swap_info A ¥/ NIZ/EZEMH
1D swap_info FLADIEIHT F LV A% El#kd 5, (KD (8))

. VEEEMEIE O mlock_arealist DT Y MU EFEE DT> Y Z£FD mlock_info A% %

VEZEREIRIZEI D YT 5, I — 3 IVIHIED swap_info FIEIKD mlock_info A VN IZ/EZE
I D mlock_info FUAIDIEEHT NV A %258k T 5, (KD (9))

. PESESHIRIZ swap_header Z#HID XM T%, 51— I)VAHIKD swap_info HiE{AD swphdr X

VONITHEEET R L A REERT B, (D (10))

VEZEFIS D swap_header D magic A > /NiZ”McKernel swap”. version A >7NZ70.9.07,
count_sarea * »/N|Z swap_arealist DT> b U, count marea X > /V|{Z mlock_

arealist DTV bV EEFKT 5,
VEZEFHIRD swap header % write() ZHWT AT Y T 7 7 A WAEEHT, (KD (11))

VEZEREIE D swap_arealist DV A MERT — X ZEEFHIRD swap_info FLFIN T —
T5., (KD (12)

VEZEFEIE D mlock_arealist DV A MERT — R % VEZEMEIK D mlock_info HlF~ 3
E—95%, (KD (13))

VE2EFHIB D swap_info fild % write) ZHWCTAT v 77 7 A WAFEEHT, (MO
(14))

PRGSO mlock_info A% write) ZFHWT AT v 77 7 A AAFE T, (KD
(15))

VEZMEIE D swap_info DEWREHANWT, 22—V O ADAEVHEEBDOSI B, ATv T
TORNRELSTWVWEEDE write() EHWTAT Y T 7 7 A AT 5, (KD
(16))

AT TT T IRREGES>TVWEAEYFHED S5, McKernel fliITvy 7E 0 TW5
H D% ihk mc_pt_free range() T7 V¥ v 795, (KD (17))

AT TT774)NV% close() ZHWT 271 —X9 5, (KD (18))

ATy TT T MR EIRS>TVWBAEVHEEDS S, Linux il Ty 7EINTWEEHD
% mcexec IZIKIHT B TT v v TS, (KD (19))

B. 27 v 74 V8
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mlock_arealist
mlock_arealist
mlock_arealist
mlock_arealist
mlock_arealist
mlock_arealist

2320

2321

2322
2323

2324

2325

2326

2327

2328

2329

2330

2331
2332
2333
2334
2335

2336

__________ ~ ~
|' | e s \
s, o A > ]
— 7T —
\ o A RER TR 1-—HERH v
. 1 -
! (swap_info) e udata_buf !
] struct swap_header *swphdr = Sss I
1
1 struct swap_areainfo *swap_info 1 buffer |
STructswap areanfo Tmlock nfo]\ | 1
1 [stuct ea 1 |
arealist [ tal |
I |swap_area |__count(n] | ! |
1 [ster *head 1 | |
arealist Tal I
I |mlock area 1
1 [swue *from 1 |
mlockentnr Ccount swap_area[0]
| |miock container ~cur 1 I
char "swaefname 1
char *udata_bu 1
1 Size_t ubuf_size
Size_t ubuf_alloced 1 ) |
" 1
filename | miock areal0] |
__________ / |
__________ ~ |
 swap”Z 7 A4 JLba@n I
1 char magic[16 1 " mlock_area[m] |
1 struct char version[16] !
swap_header int count sarea | | 1 1
1 TNt count_marea 1 1 ! |
1 struct stagt 1 i
. en 1
1 Swap_?r?alrgo Fos i St SE ; 1) swap_area[n] I
(buzp ) flag swap_areainfo end 1 |
3 1 I pos
1 struct - start 1 {sWeRRInol0]) E 1 !
3 end E |
swap_areainfo 1
1 (smp_info[n]) oS 1 struct Set:: B |
1 P ftﬂl_ﬁ 1 swap_areainfo bos !
1 SR ; Se:d | (swap_info[n]) Tlog ! 1
swap_areainfo Start 1
1 . Dos struct h
1 (mlock_info[0]) _ flag 1 ‘| swap_areainfo ert\)c: h I
= 1 (mlock_info[0]) I
1 struct start I rag i 1
. end |} E 1
1 S‘I"'a':(—i_ir?'"fo 05 i struct sta: B !
 fmlock infolm) [ fog |\ swaparesinio = , [
mlock_info[m B
1 swap_area[0] : 1 (mlock_info[m]) - flag "' FL1§|J j |
char magic[16] , —_— 7],\,(\/& 1
1 \ struct char version[16
l ' 7 ALAR
| \ swap_header Tnt count_sarea H Z 74 /
| swap_area[n] | <~ int count_marea — R Mt 0 N i _ 7’
J e g O U e N —
S e e = = —

Figure 2.25: A7 v 71 VO T 10—

ATy TA O T 0 —2K?? % FHWTHAT 5,
1. ATy 7774 )NV% open() ZHWTA—T 95, (KD(1))

2. AT T4 URRT N AP ZFHk L T\W5 swap_info BADET Y M VTR LT
DLR%4T5, B, =P EHOEEERIIAT Y TT7 I M ERTEE-TWVWBD,
swap_info fid¥]% 7 7 1 D G HUG T 5 HE LR\,

(a) read) ZHWTAT Y 77 7 A )V S EEMHIND udata buf NAT Y 7oA V4R
DAEVHNEZIE—F5, (KD (2))

(b) copy_to_user %\ T, fEXEMHIKD udata buf 251 —HF 702D A E Y fHlE
N AT TAUHRDAERYNEEZIL—F 5, (KD (3))

3. AUV T T 74)V% close() ZHHNTZH—XF 5, (KD (4))

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 ITHK/McKernel.

The directories for architecture dependent and indepent source codes are created and
codes are separately stored into those two directories. That is, source codes, including
header files, for some specific architecture are located in its architecture dependent directory.
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2337

2338

2339

2340

2341

2342

2343

2344

2345

2346

2347

2348

2349

2350

2351

2352

2353

2354

2355

2356

2357

2358

2359

2360

2361

2362

2363

2364

2365

2366

2367

2368

2369

2370

2371

2372

2373

The source codes, accessing some hardware registers, are hardware specific, and thus
those are machine dependent. Low-level interrupt handlers, some memory management
codes, context switch codes, and signaling codes are the examples. Those source codes are
located in an architecture dependent directory.

Any program code and header files must not include any machine dependent codes
including conditional compile macros, such as #ifdef ARCH. As much as possible, we define
machine independent interfaces so that those interfaces are implemented for each architec-
ture.

2.18 Formal Verification

Some of the behaviors of McKernel is verified in a formal way by embedding behaviors in
code and running a verification engine. We employ an extented version of the ANSI/ISO
C Specification Language, whose extensions[?] were developed at the project “Dependable
Operating Systems for Embedded Systems Aiming at Practical Applications” in the research
area named Core Research for Evolutional Science and Technology (CREST), sponsored by
Japan Science and Technology Agency (JST).

2.18.1 Specification Language

The following are expressions defined in the formal specification language. The behavior
of each function is formally specified by using those expressions that are written as C
comments.

\result specifys return vaule.

\interrupt_disabled the CPU is interruptable if 0, the CPUr is not interruptable if 1 or
more.

\process_env the execution is under the user context if 1 or more, the execution is under
the kernel context if 0.

\atomicity the execution is not allowed to block if 1 or more, the execution may be
suspended if 0.

\dont_call_schedule the context switch is not allowed if 1 or more, the context switch is
allowed if 0.

is_locked((pointer variable)) returns true if a memory block pointed by the pointer
variable is the lock status, otherwise returns false.

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.
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@ behavior valid_vector:
Q@ assumes 32 <= vector <= 255;
@ requires \valid(h);
@ assigns handlers[vector-32];
@ ensures \result == 0;
@ behavior invalid_vector:
6] assumes (vector < 32) || (255 < vector);
@ assigns \nothing;
6] ensures \result == -EINVAL;
Q@x*/
int ibk_mc_register_interrupt_handler(int vector,
struct ihk_mc_interrupt_handler x*h)

{
if (vector < 32 || vector > 255) {
return -EINVAL;
+
list_add_tail(&h->1ist, &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
support is intentionally omitted. Table 7?7 shows the limitations.
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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.

Anonymous  shared

mapping

Mixing page sizes is not allowed. mmap creates vm_range with one page size. And
munmap or mremap that needs the reduced page size changes the sizes of all the
pages of the vm_range.

ihk_os_getperfevent

It could time-out when invoked from Fujitsu TCS (job-scheduler).

madvise, mbind

The behaviors of madvise and mbind are changed to do nothing and report success
as a workaround for Fugaku.

mmap It allows unlimited overcommit. Note that it corresponds to setting sysctl
vm.overcommit_memory to 1.

mlockall It is not supported and returns -EPERM.

munlockall It is not supported and returns zero.
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setpriority, getpriority
setpriority, getpriority
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struct mckernel_rusage {
unsigned long memory_stat_rss[IHK_MAX_NUM_PGSIZES];
/* A—HFDR=I P A XL D anonymous R— IV HEBIFEM (N1 MHEAL)  */3
unsigned long memory_stat_mapped_file [THK_MAX_NUM_PGSIZES];
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unsigned long memory_max_usage;
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unsigned long memory_kmem_usage;
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unsigned long cpuacct_stat_system;
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unsigned long cpuacct_stat_user;}
/x —FWH (USER_HZ HfL) */
unsigned long cpuacct_usage;}
/* Z—H O cPy K] (F/ BHEAL)  */
unsigned long cpuacct_usage_percpu[IHK_MAX_NUM_CPUS];
/¥ AT T DI—YD CPU K (F/ BHAL) */
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};
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#!/bin/bash

# IHK SMP-x86 example boot script.
# author: Balazs Gerofi <bgerofi@Qriken.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 [ 7‘systemct]l status irgbalance_mck.service 2> /dev/null |grep —E ’Active:
I= 7” —o ”‘systemct]l status irgbalance.service 2> /dev/null |grep —E ’Active:
l_ ”n .
1= ]; then

irgbalance_used="yes”
else

irgbalance_used="no”
fi
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turbo=""

ihk_irq=""
while getopts :tk:cm:o:f:r:q:i:d: OPT
do
case ${OPT} in
f) facility=3${OPTARG}
o) chown_option=${OPTARG}
k) redirect_kmsg=3{OPTARG}
c¢) cpus=3{OPTARG}
m) men=3$ {OPTARG}
r) ikc_map=${OPTARG}
q) ihk_irq=${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”7 ]; then
sudo kill —9 ${pid} > /dev/null 2> /dev/null
fi
if [ ”${redirect_kmsg}” != 70" —o "${mon_interval}” != 7—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/mcosO_sys
fi
&
mcos_proc_mounted)
if [ ”$enable_mcoverlay” = ”yes” ]; then
umount /tmp/mcos/mcos0_proc
fi
&
mcoverlayfs_loaded)
if [ ”$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
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)

)

)

)

umount /tmp/mcos

fi
&
tmp_mcos_created)

if [ ”$enable_mcoverlay” = "yes” |; then
rm —rf /tmp/mcos

fi
&

os_created)

# Destroy all LWK instances
if ls /dev/mcos* 1>/dev/null 2>&1; then

for i in /dev/mcosx*; do
ind=‘echo $i|cut —cl0—¢;
if ! ${SBINDIR}/ihkconfig 0 destroy S$ind; then
echo ”warning: failed to destroy WK instance $ind” >&2
fi
done
fi
&
mcctrl_loaded)
rmmod mcctrl 2>/dev/null || echo ”warning: failed to remove mecctrl” >&2

&

cpus_reserved)

cpus=‘${SBINDIR}/ihkconfig 0 query cpu

if [ 7${cpus}” != 7" ]; then
if ! ${SBINDIR}/ihkconfig 0 release cpu $cpus > /dev/null; then
echo ”warning: failed to release CPUs” >&2
fi
fi
&

mem _reserved )

mem="‘$ {SBINDIR}/ihkconfig 0 query mem‘

if [ 7${mem}” != 77 ]; 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_x867 >&2
&
ihk_loaded)
rmmod ihk 2>/dev/null || echo ”warning: failed to remove ihk” >&2
&
irgbalance_stopped)
if [ 7‘systemct]l status irgbalance_-mck.service 2> /dev/null |\
grep —E ’Active: active’¢” != "” ]; 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 \

$etcdir=8ENV{’etcdir '}; @files = grep { —f } glob ”$etcdir/proc/irq/*/smp_affinity”;”\
foreach $file (@files) { $dest = substr($file , length($etcdir));’\
if (0) {print 7cp $file $dest\n”;} system("cp $file $dest 2>/dev/null”); }’; then

fi
if
fi
fi
&
initial)

!

echo ”"warning: failed to restore /proc/irq/+/smp-affinity” >&2

systemct]l start irgbalance.service; then
echo ”warning: failed to start irgbalance” >&2;

# Nothing more to revert

il

esac
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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]*.\([0—=9]x\).x/\1/ ¢
patch=‘echo ${release} | sed —e ’s/"[0—9]%.[0—=9]x.\([0—=9]*\).x/\1/ ¢
linux_-version_code=‘expr \( ${major} \x 65536 \) + \( ${minor} \x 256 \) + ${patch}®
rhel_release=‘echo ${release} | sed —e s/ [0—9]%.[0—9]%.[0—9]%—\([0—9]*\).x/\1/"¢
if [ ”${release}” = ”${rhel_release}” |; then

rhel_release="";
fi

enable_mcoverlay="no”

if [ ”${ENABLEMCOVERLAYFS}” =— "yes” |; then
if [ "${rhel_release}” = 7" ]; then
if [ ${linux_version_code} —ge 262144 —a ${linux_version_code} —1t 262400 ]; then
enable_mcoverlay="yes”
fi
if [ ${linux_version_code} —ge 263680 —a ${linux_version_code} —1t 263936 |; then
enable_mcoverlay="yes”
fi
else
if [ ${linux_version_code} —eq 199168 —a ${rhel_release} —ge 327 —a ${rhel_release} —le
enable_mcoverlay="yes”
fi
if [ ${linux_version_code} —ge 262144 —a ${linux_version_code} —1t 262400 ]; then
enable_mcoverlay="yes”
fi
fi
fi
# Figure out CPUs if not requested by user
if [ ”8$cpus” = 7" ]; then
# Get the number of CPUs on NUMA node 0
nr_cpus=°‘lscpu —parse | awk —F”,” ’{if ($4 = 0) print $4}> | wec —1°

# Use the second half of the cores
let nr_cpus="8$nr_cpus / 2”

cpus=‘lscpu —parse | awk —F”,” ’{if ($4 = 0) print $1}’ | tail —mn $nr_cpus |’\
’ xargs echo —n | sed ’s/ /,/g ¢
if [ ”$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‘” != "7 ]; \
then umount —1 /tmp/mcos/mcosO_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 ‘’ = 77 ]; \
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
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250
251 # Stop irgbalance

252 if [ ”"${irqbalance_used}” = "yes” ]; then

253 systemctl stop irgbalance_mck.service 2>/dev/null

254 if ! systemctl stop irgbalance.service 2>/dev/null ; then
255 echo ”error: stopping irgbalance” >&2

256 exit 1

257 fi;

258

259 if ! etcdir=/home/takagi/project/os/install/etc perl —e \

260 ’use File::Copy qw(copy); $etcdir=SENV{’etcdir '}; ’\

261 ’@files = grep { —f } glob ”/proc/irq/+/smp-_affinity”; foreach $file (@files) { ’\

262 ’$rel = substr($file, 1); $dir=substr(8rel, 0, length(Srel)—length(”/smp_affinity”)); ’\
263 ’if (0) { print 7cp $file $etcdir/Srel\n”;} if(system(” mkdir —p S$etcdir/8$dir”)){ exit 1;} ’\
264 if (!copy(S$file ,” $etcdir/8$rel”)){ exit 1;} }’; then

265 echo 7error: saving /proc/irq/+/smp_affinity” >&2
266 error_exit ”"mcos_sys_mounted”

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 = Snums[0]; $num <= $nums[$#nums]; Snum++) {’\
278 ’$ndx=int ($num/32); $mask|[%ndx] |= (I<<($num % 32))}}}’\

279 7 $nint32s = int ((SENV{’ncpus’}+31)/32); for($j = $nint32s — 1; $j >= 0; $j—) {’\
280 7 if($j !'= $nint32s — 1){print 7 ,”;}’\

281 7 8$nblks = (3j != $nint32s — 1) ? 8 : ($SENV{’ncpus’} % 32 != 0) ? ’\

282 ’int ((($ENV{’ncpus’} + 3) % 32) / 4) : 8;’\

283 ’ for($i = $nblks — 1;8i >= 0;8i——){ printf("%01x” ,($mask[$j] >> ($i*4)) & Oxf);}} ¢

284 # echo cpus=$cpus ncpus=3%ncpus smp_affinity_mask=8$smp_affinity _mask

285

286 if ! ncpus=%$ncpus smp-_affinity_mask=$smp_affinity_mask perl —e \

287 ’@dirs = grep { —d } glob ”/proc/irq/*”; foreach $dir (@dirs) {’\

288 7 $hit = 0; $affinity_str = ‘cat $dir/smp-_affinity ‘; chomp S$affinity_str;’\
289 ’ @int32strs = split /,/, $affinity_str; @int32strs_mask=split /,/, $ENV{’smp_affinity_mask '};’\
290 ' for($i=0;%i <= $#int32strs_mask; $i++) {’\

291 7 $int32strs_inv [$i] = sprintf(?%08x” ,hex($int32strs_mask [$i]) "0 xffffffff); "\
292 7 if($i = 0) { $len = int (((SENV{ ncpus’}%32)+3)/4); if(8len != 0) {’\

293 $int32strs_inv [$i] = substr($int32strs_inv[$i], —$len, $len); } } }’\

294 $inv = join (”,”, @int32strs_inv); $nint32s = int (($ENV{ ncpus’}+31)/32);’\

295 7 for($j = $nint32s — 1; $j >= 0; $j—) {’\

296 if (hex($int32strs [$nint32s — 1 — $j]) & hex($int32strs_mask [$nint32s — 1 — $j])) {’\
207 $hit = 1; }} if($hit = 1) {’\

298 ' $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 IHK 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 ”error: 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
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# Merge free memory areas into large, physically contigous ones
echo 1 > /proc/sys/vin/compact_memory 2>/dev/null
sync
# Load ITHK-SMP if not loaded and reserve CPUs and memory
if ! grep ihk_smp_x86 /proc/modules &>/dev/null; then
if [ ”$ihk_irq” = ”” |; then
for i in ‘seq 64 255°¢ do
if [ ! =d /proc/irq/$i ] && \
[ ”‘cat /proc/interrupts | grep ”:” | awk ’{print $1}’ | grep —o ’[0—9]x’ | grep —e " 8i§’ 7\
999 ]7 then
ihk_irq=$i
break
fi
done
if [ ”$ihk_irq” = "7 |; then
echo ”error: no IRQ available” >&2
error_exit ”ihk_loaded”
fi
fi
if ! taskset —c 0 insmod ${KMODDIR}/ihk—smp—x86.ko ihk_start_irq=%$ihk_irqg)\
ihk_ikc_irq_core=$ihk_ikc_irq_core 2>/dev/null; then
echo ”error: loading ihk—smp—x86" >&2
error_exit ”ihk_loaded”
fi
# Offline—reonline RAM (special case for OFP SNC—4 mode)
if [ ”‘hostname | grep "c[0—9][0—-9][0—9][0—9].0fp” " = 7" | && [ ”‘cat /sys/devices/system /noc
for i in 0 1 2 3; do
find /sys/devices/system/node/node$i/memory*/ —name ”online” |\
while read f; do
echo 0 > $f 2>&1 > /dev/null;
done
find /sys/devices/system/node/node$i/memory*/ —name ”online” |\
while read f; do
echo 1 > $f 2>&1 > /dev/null;
done
done
for i in 4 5 6 7; do
find /sys/devices/system/node/node$i/memory*/ —name ”online” |\
while read f; do
echo 0 > $f 2>&1 > /dev/null;
done
find /sys/devices/system/node/node$i/memory*/ —name ”online” |\
while read f; do
echo 1 > $f 2>&1 > /dev/null;
done
done
fi
if ! ${SBINDIR}/ihkconfig 0 reserve mem ${mem}; then
echo ”error: reserving memory” >&2
error_exit ”ihk_smp_loaded”
fi
if ! ${SBINDIR}/ihkconfig 0 reserve cpu ${cpus}; then
echo ”error: reserving CPUs” >&2;
error_exit "mem_reserved”
fi
fi
# Load mcctrl if not loaded
if ! grep mecctrl /proc/modules &>/dev/null; then
if | taskset —c 0 insmod ${KMODDIR}/mecctrl.ko 2>/dev/null; then
echo ”error: inserting mcctrl.ko” >&2
error_exit ”cpus-reserved”
fi
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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 —cl10—¢;

fi

# Retry when conflicting with ihkmond

nretry=0

until ${SBINDIR}/ihkconfig 0 destroy $ind

sleep 0.25
nretry=$[ S$nretry + 1 ]

done

if [ $nretry —eq 4 ]; then
echo ”error: destroying IWK instance $ind failed” >&2
error_exit "mecctrl_loaded”

fi
done

# Create OS instance
! ${SBINDIR}/ihkconfig 0 create; then
echo ”error: creating OS instance” >&2
error_exit ”"mecctrl_loaded”

if

fi

# Assign CPUs
! ${SBINDIR}/ihkosctl 0 assign cpu ${cpus}; then
echo 7error: assign CPUs” >&2
error_exit "os_created”

if

fi

if

fi

9

[ 7?$ikc_map” =

1

then

# Specify IKC map

if ! ${SBINDIR}/ihkosctl 0 set ikc.map ${ikc_map}; then
echo 7error: assign CPUs” >&2
error_exit ”os_created”

fi

# Assign memory
! ${SBINDIR}/ihkosctl O assign mem ${mem}; then
echo 7error: assign memory” >&2
error_exit "os_created”

if

fi

# Load kernel image
! ${SBINDIR}/ihkosctl 0 load ${KERNDIR}/mckernel.img;
echo 7error: loading kernel image: ${KERNDIR}/mckernel.img” >&2
error_exit "os_created”

if

fi

# Set kernel arguments

! ${SBINDIR}/ihkosctl 0 kargs ”hidos $turbo dump_level=${DUMPLEVEL}”; then
echo 7error: setting kernel arguments” >&2
error_exit "os_created”

if

fi

# Boot OS instance
! ${SBINDIR}/ihkosctl 0 boot; then
echo ”error: booting” >&2
error_exit ”"os_created”

if

fi

# Set device

if

fi

echo ”warning:

file ownership
! chown ${chown_option} /dev/mcdx /dev/mcosx; then

failed to chown device files”
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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 7error: 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
471 echo ”error: inserting mcoverlay.ko” >&2
472 error_exit ”linux_proc_bind_-mounted”

473 fi

474 while [ ! —e /proc/mcos0 ]

475 do

476 sleep 0.1

477 done

478 if [ ! —e /tmp/mcos/mcosO_proc ]; then

479 mkdir —p /tmp/mcos/mcos0O_proc;

480 fi

481 if [ ! —e /tmp/mcos/mcosO_proc_upper |; then

482 mkdir —p /tmp/mcos/mcosO_proc_upper;

483 fi

484 if [ ! —e /tmp/mcos/mcosO_proc_work |; then

485 mkdir —p /tmp/mcos/mcosO_proc_work;

486 fi

487 if ! mount —t mcoverlay mcoverlay —o\

488 lowerdir=/proc/mcos0:/proc,upperdir=/tmp/mcos/mcosO_proc_upper ,\
489 workdir=/tmp/mcos/mcosO_proc_work ,nocopyupw , nofscheck /tmp/mcos/mcosO_proc; then

490 echo ”error: mounting /tmp/mcos/mcosO_proc” >&2
491 error_exit "mcoverlayfs_loaded”

492 fi

493 # TODO: How de we revert this in case of failure??

494 mount —make—rprivate /proc

495

496 while [ | —e /sys/devices/virtual/mcos/mcos0/sys/setup_complete ]
497 do

498 sleep 0.1

499 done

500 if [ ! —e /tmp/mcos/mcosO_sys ]; then

501 mkdir —p /tmp/mcos/mcos0_sys;

502 fi

503 if [ ! —e /tmp/mcos/mcosO_sys_upper |; then

504 mkdir —p /tmp/mcos/mcosO_sys_upper;

505 fi

506 if [ ! —e /tmp/mcos/mcosO_sys_work |; then

507 mkdir —p /tmp/mcos/mcos0O_sys_work;

508 fi

509 if ! mount —t mcoverlay mcoverlay —o\

510 lowerdir=/sys/devices/virtual /mcos/mcos0/sys:/sys,upperdir=/tmp/mcos/mcosO_sys_upper ,\
511 workdir=/tmp/mcos/mcos0O_sys_work ,nocopyupw ,nofscheck /tmp/mcos/mcos0O_sys; then

512 echo ”error: mount /tmp/mcos/mcosO_sys” >&2
513 error_exit ”"mcos_proc_mounted”

514 fi

515 # TODO: How de we revert this in case of failure??
516 mount —make—rprivate /sys

517

518 touch /tmp/mcos/mcosO_proc/mckernel

519

520 rm —rf /tmp/mcos/mcosO_sys/setup_complete

521

124



522 # Hide NUMA related files which are outside the LWK partition

523 for cpuid in \

524 ‘find /sys/devices/system/cpu/+* —maxdepth 0 —mame ”"cpu[0123456789]«” —printf "%f 7 ¢; do
525 if [ ! —e 7/sys/devices/virtual/mcos/mcos0/sys/devices/system/cpu/$cpuid” |; then
526 rm —rf /tmp/mcos/mcosO_sys/devices/system/cpu/$cpuid

527 rm —rf /tmp/mcos/mcos0_sys/bus/cpu/devices/$cpuid

528 rm —rf /tmp/mcos/mcosO_sys/bus/cpu/drivers/processor/$cpuid

529 else

530 for nodeid in \

531 ‘find /sys/devices/system/cpu/$cpuid/+ —maxdepth 0 —name ”node[0123456789]*” —printf "%f ” ¢; do
532 i [ 1—e \

533 7 /sys/devices/virtual /mcos/mcos0/sys/devices/system/cpu/$cpuid/$nodeid” ]; then

534 rm —f \

535 /tmp/mcos/mcos0O_sys/devices/system/cpu/$cpuid/$nodeid

536 fi

537 done

538 fi

539 done

540 for nodeid in \

541 ‘find /sys/devices/system/node/+* —maxdepth 0 —name “node[0123456789]+” —printf "%f ”*; do
542 if [ ! —e 7”/sys/devices/virtual/mcos/mcos0/sys/devices/system/node/$nodeid” ]; \
543 then

544 rm —rf /tmp/mcos/mcosO_sys/devices/system/node/$nodeid /=

545 rm —rf /tmp/mcos/mcos0_sys/bus/node/devices/$nodeid

546 else

547 # Delete non—existent symlinks

548 for cpuid in \

549 ‘find /sys/devices/system/node/$nodeid/* —maxdepth 0 —name ”cpu[0123456789]*” —printf "%f ” ¢; do
550 [l —e \

551 7 /sys/devices/virtual /mcos/mcos0/sys/devices/system/node/$nodeid/$cpuid” ]; then

552 rm —f \

553 /tmp/mcos/mcos0O_sys/devices/system/node/$nodeid/S$cpuid

554 fi

555 done

556

557 rm —f /tmp/mcos/mcos0_sys/devices/system/node/$nodeid /memoryx*
558 fi

559 done

560 rm —f /tmp/mcos/mcosO_sys/devices/system/node/has_x

561 for cpuid in \

562 ‘find /sys/bus/cpu/devices/*x —maxdepth 0 —name ”cpu[0123456789]«” —printf "%f ”‘; do
563 if [ ! —e 7/sys/devices/virtual/mcos/mcos0/sys/bus/cpu/devices/$cpuid” ]; then
564 rm —rf /tmp/mcos/mcosO_sys/bus/cpu/devices/$cpuid

565 fi

566 done

567 fi

568

569 # Start irgbalance with CPUs and IRQ for McKernel banned

570 if [ ”"${irgbalance_used}” = "yes” ]; then

571 banirq=‘cat /proc/interrupts|

572 perl —e ’while(<>) { if (/" \sx(\d+).*IHK\—SMP\s*$/) {print $1;}} ¢

573

574 sed ”s/%mask%/$smp_affinity_mask/g” $ETCDIR/irgbalance_mck.in | \

575 sed 7s/%banirq%/$banirq/g” > /tmp/irgbalance_mck

576 systemctl disable irgbalance_.mck.service >/dev/null 2>/dev/null

577 if ! systemctl link $ETCDIR/irgbalance_mck.service >/dev/null 2>/dev/null; then
578 echo ”error: linking irgbalance_mck” >&2

579 error_exit ”"mcos_sys_-mounted”

580 fi

581

582 if ! systemctl start irgbalance_mck.service 2>/dev/null ; then

583 echo ”error: starting irgbalance_mck” >&2

584 error_exit ”"mcos_sys_mounted”

585 fi

586 # echo cpus=$cpus ncpus=$%ncpus banirq=$banirq

587 fi

2476 FIHIZAT D@D,
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. ihkmond Z#E) 9 %, ihkmond IXEED XA I VI CEEIL TLWV, ZHiX. ihkmond

ZOS A VARV ADEKE WAL TEIfEZFHBT 2720 TH D, (8317H)

. Linux ® A7 — 2 )V N—3 3 VD3| mcoverlayfs WEIET 5L DTHE0%2MRT 5,

(200216 17H)

. irgbalance Z{F1:9 %, (251-25717H)

. /proc/irq/*/affinity D E % 17 L 7z T McKernel CPU Z#H %0 5409, fH2Y

CPU D fE< 72 535813, 2T Linux CPU 2#&E$ %, (269-30317H)
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ihk-smp-x86.ko % insmod 9 %, (3404TH) ihk-smp-x86.ko (ZF% % ihk.ko IZ%F
P95, TD7®, ihk-smp-x86.ko & ihk.ko % insmod U 72#2(Z insmod 3 % HEN
H5d,

A€ 2T S, (37047H)

. CPU 2 735, (37417H)

McKernel ® 51— % J)VE Y 2—)V mecctrl.ko % insmod 35, (38247H) mcctrl.ko
% McKernel 7 — MHERIZIEIEN 5 BE(Z ihk.ko IZBFKT 5, ZTD7/=®. mcctrl.ko D
insmod I¥ ihk.ko @ insmod DT, 727 — MDORNIZITI BENDH 5,

OS A1 VARV A%MEHKT D, (406 17H)

OS A Y AR VAIZCPU Z2#H YT, (41217H)

McKernel CPU @ IKC A v & — VEFHD Linux CPU 2 #%E$ 5, (41947H)
OSA YARVAIZAEY Z2HD YT, (42617H)
N—=FNVA A=V 20— RT3, (43247H)

71—V B 1 — 3 VIZPET, (43847 H)

A—2x)N%&T— T 5, (44417H)

/proc, /sys 7 7 A INVDHESi%E TS, 72, £DH T mcoverlayfs.ko % insmod §
%, mcoverlayfs.ko |IME Y 2 — )L & DIKFRABRE R 72720, (454 fTH DS 567 17
H) b, B V2 —7 24 ATOXNGEEIL ihk_os_create pseudofs() TH 5,

irgbalance %, Linux CPU DA %ZNR & T 5 E THMT 5. (569-58717H)
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mcstop+release.sh # flVWT Y vy XU VFEZHIHT 5,
2207 MIPLFO@E D,

#!/bin /bash

# THK 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”
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=""

999

cpus=
irgbalance_used=""

# No SMP module? Exit.
if ! grep ihk_smp_x86 /proc/modules &>/dev/null; then exit 0; fi

if [ 7‘systemct]l status irgbalance_mck.service 2> /dev/null |grep —E ’Active: active’‘”
!= 7" ]; then

irgbalance_used="yes”

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
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 7error: querying cpus” >&2
exit 1

fi

cpus=‘${SBINDIR}/ihkconfig 0 query cpu*
if [ ?${cpus}” != 7" ]; then
if ! ${SBINDIR}/ihkconfig 0 release cpu $cpus > /dev/null; then
echo ”error: releasing CPUs” >&2
exit 1
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fi
fi

if ! ${SBINDIR}/ihkconfig 0 query mem > /dev/null; then
echo ”error: querying memory” >&2
exit 1

fi

mem="*‘${SBINDIR}/ihkconfig 0 query mem‘
if [ 7${mem}” != 7" ]; then
if ! ${SBINDIR}/ihkconfig 0 release mem $mem > /dev/null; then
echo 7error: releasing memory” >&2
exit 1
fi
fi

# 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/mcos0O_proc; fi
if [ ”‘cat /proc/mounts | grep /tmp/mcos/linux_proc‘” != "" ]; \
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 [ ?${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

"$etcdir=$ENV{’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
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fi

fi
if ! systemctl start irgbalance.service; then

echo ”warning: failed to start irgbalance” >&2;
fi

# Set back default swappiness

echo

1.

10.

60 > /proc/sys/vmm/swappiness
FIHZLA D@D,

7 — MRFIZ Linux CPU O A Z R & 2 5% THMh X N7z irgbalance #{£1E7 5,
(24-3317H)

CETOOSA VARV AZRIEEST S, OS A VARV AIZE D B TENTWEERFIZIHK

N LWK O7=dIZ ¥ L 7RIz 5, (35-5017H)

CIHK LWK O 702 FH LT WGk T 5, (52-7717H)
. mcctrl.ko % rmmod 35, (81417H)

. /proc, /sys 7 7 A IVD¥EfE TS, 72, TDH Tmcoverlayfs.ko % rmmod 3 5,

(87-10017H) ZdB, BT > X —7 =1 A TOXGEEIL ihk_os_destroy_pseudofs ()
ThHd,

. ihk-smp-x86.ko % rmmod 3 %, (10417H)

ihk.ko % rmmod 3 5%, (11217H)

. ihkmond Z{&1E3 %, (12117H)

. /proc/irq/*/affinity D%E% 7 — MRIZRFEL TEWZEDIZE L, 7 — METDK

7 T irqbalance Zfi#id %, (124-13517H)

Linux 71— IVDAT v I 70 NEMEDKREZT 7 4V bOMEIZET, (13847H)
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