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Chapter 1

THK ARt 8k

1.1 BE

Interface for Heterogeneous Kernels (IHK) is a low-level software infrastructure, which
enables partitioning node resources and the management of lightweight kernels on subsets
of the resources. This section introduces the basic architecture of IHK and gives a brief
overview of its main components. An overview of the IHK architecture is shown in Figure
1.1.

1. or more_-LWKs

Commodity OS [Light-weight gl'.“l'gl'ii:'-'\i\i'e'ig'h'f';
IHK-Master Kernel Kernel 5

— IHK-Slave i| IHK-Slave
Partition Partitioned | ||: | [Partitioned ] |
Manager Execution |||i|| Execution |l
—we | I we il ®e |
| Core | -+ Core | [Core| [ Core||Core| | Core |

Figure 1.1: Architectural overview of IHK components.

IHK categorizes kernels in two types: a master kernel and the slave kernels (i.e.,
lightweight kernels). The master kernel is a kernel that is booted in the node first through
the normal booting process, for example, booted from BIOS or UEFI, and is typically a
commodity operating system, it is Linux in the rest of this document. Slave kernels are
kernels that are booted from the master kernel. IHK’s components in the master and slave
kernels are called IHK-master and IHK-slave!, respectively.

Resource partitioning, the management and bootstrapping of lightweight slave kernels
are implemented in IHK-master, while support for executing over a partition of resources
is implemented in THK-slave. A low-level communication facility called THK-TKC is present

both in ITHK-master and IHK-Slave.

!The terms “THK-slave” and “co-kernel” are used interchangably.



1.1.1 EEERIFH#EEE

This section discusses the functionalities and components of IHK-master. The resource par-
titioning mechanism provided by the implementation in the Linux kernel is also explained.

THK-master consists of two types of modules. IHK-master core provides the basic IHK
framework and management infrastructure. It is required for registering/removing the so
called IHK-master drivers (discussed below) and provides administration interface through
device files and ioctl() APIs for:

e Managing devices.
e Managing OS kernel instances.

In particular, the THK-master core module enables in-kernel interfaces (by means of
exporting a set of IHK specific Linux kernel functions) which allow registration and de-
registration of IHK-master drivers.

IHK-master drivers represent resources, such as CPU cores of an SMP chip along with
the physical memory of the given node or PCI-Express attached co-processors. Specifically,
the current IHK implementation in Linux provides one type of IHK-master drivers:

e [HK-SMP z86: Represents a virtual device that enables partitioning CPU cores of an
x86 (Xeon) SMP chip as well as the physical memory attached to the node among OS
instances.

Note, that neither the IHK-master core module, nor the IHK-SMP x86 drivers require
any modifications to the Linux kernel.

IHK-master drivers support the abstraction of IHK devices, which essentially represent
resources. On top of IHK devices one can create IHK OS instances and use the framework
to assign a set of the underlying resources to the particular OS instance. As we mentioned
earlier, IHK exposes its management interface via device files which in turn can be controlled
with specific command line tools. Figure 1.2 shows the execution steps of an IHK device
registration and the creation of an OS instance for x86 (Xeon) SMP chip.

(3) Request creation of OS instance
/ on the device

IHK-master driver

(ihk-smp-x86.ko) /dev/mcd0

(1) Register functioM
manipulating device

(= a set of resources)

/dev/mcos0
77
(2) Expose interface for -

manipulating device (4) Expose interface for

manipulating OS instance

A
1
'
'
i
1
I
'

IHK-master core (ihk.ko)

Figure 1.2: Steps of IHK-master driver registration and device file creation.

The initial state of the figure is right after the IHK-master core module (ihk.ko) has
been loaded. The following four steps are then highlighted:

1. Load an IHK-master driver module (ihk-smp-x86.ko), which automatically registers
itself into the IHK framework.

2. The IHK framework creates the /dev/mcd0 device file, which will represent the re-
sources accessible through the inserted IHK master driver.
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. Use the THK tools (e.g. ihkconfig command or ihk config functions) to request

creation of an OS instance, which in turn does an ioctl() call on the specified THK
device.

. The IHK framework creates /dev/mcosO device file, which represents an OS instance

on top of IHK device /dev/mcdO.

Note the index 0 in the file names of /dev/mcd0 and /dev/mcos0. The IHK framework

allows registration of multiple IHK-master drivers as well as the creation of multiple OS
instances over a specific IHK device. The index of the corresponding device file is assigned
by the framework automatically.

0S 0
/dev/mcos0
0s 1
/dev/imcos1
OS2
/dev/imcos2

Device 0
/dev/imcd0

Device 1
/dev/mcd1

Device 2
/dev/mcd2

0S 3
/dev/mcos3

0S4
/dev/imcos4

/1

Figure 1.3: Relation between THK devices and OS instances.

To emphasize the relation between OS instances and THK devices see Figure 1.3. As

shown, /dev/mcd1l has multiple OS instances on top of it.

1.

10.

11.

x86.64 T —FT 7 F YDV AT LATOEFEMHE OSEHD AT v FIELAFD@ED,

37 KJ A4V ihk.ko &, ihk.ko DRHRT EHA VX —T7 =1 ARRHT Y AT LMETFHE
HEZTEHLd 5 N F 1 /N ihk_smp_x86.ko % insmod § 5,

. IHK 7' CPU &JiB LU A €Y &% Linux 25 ¥E 35, ZOHREL2EFREROFHL

D?" ’3;‘0

CTHK A0S A VAR Y AERERKRT A,
CIHK A0S 1 VARV AIZCPUBRAZE Y YT 5,
CIHK A0S A VARV AIZAE Y EPRAZE D Y TS,

IHK W OS A VARV AIZAH—3 VA A=V %0 — R L, &ZET 3,
THK 73 OS REEEH DD D T 7 A IVT A A2 ) TREOSA VARV ANSHET 5,

. THK 7 McKernel \Z 70t A #8135,

CIHK 2SBEIZIHE U T, OS 1 Y ARV ADMREHEIROEE. OS 1 VAR Vv AD—KiE

_IJ:\ OSA VAR VADATEY ay7°®?%ﬂ‘y%??5o
HK 3OS A VARV ADH—F NV EY vy b XTI VT 5,

IHK %3OS A » A& v ZZ#1 0 4T HN 7 CPU BiSB LA E Y EiliZ THK 2R,
Z DA 2 B DMK & I3
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12. THK YOS 1 YV ARV A% T 5, 1
13. IHK 2 CPU EJFRB L O XA €V &% Linux IZFR T, I D2 EIROMIN & IR, >

HK ZEHAY 7 b2 7 BRINSOEERZITAS LT av Y NEEBLUTI1 77 % 5
77 5, 4

H—=FNVEYa—)b, AR VK, T4 T77V)DGHIILTDOED, SMP 7atvHEilt, s
x86_64 7 —F[MTDT7 7 N EE#KT 5, b, IHKDA VA M—)LF+1 L2 ) Z<ihk_ install» &
ERSN

| 274 [ G |
<ihk_install>/kmod/ihk.ko THK-master core

<ihk_install>/kmod/ihk-smp-x86.ko | IHK-master driver

<ihk_install>/include/libihk.h GEREHERE LU OS BEHERDOANY X7 7 1)
<ihk_install>/1lib/libihk.so EREHERP LU0 0OS BHEROEEA 7V 7 b
<ihk_install>/sbin/ihkconfig GEREMa< VR

<ihk_install>/sbin/ihkosctl OSEHIa<T VR

<ihk_install>/sbin/ihkmond H—=FINAYE—TD syslog 70 b INIZ KB /dev/log ~ND
kL, NV T T Y TR ZITHS T —E Y

ARVEBLIUIATIVDY —22— FOGAILTO@EY, 46, HKDY —AF 1 s
L7 1 %Z<ihk src>& 9%,

| 274

\ 3

<ihk_src>/linux/user/ihklib.h.in

ANYRXT7A)

<ihk_src>/linux/user/ihklib.c

HIFE RS L O OS BHERDFLE

<ihk_src>/linux/user/ihkconfig.c

EFREH < FDELE

<ihk_src>/linux/user/ihkosctl.c

OSEMa~ Y ROFEE

1.1.2 LWK [aF#aE

IHK 1 LWK IZA S ORRE 2 124k 5 5,
o THK IZ & 0 & h 4T &N/~ EIFIEHRD S

o 71—V IHK 7 5 DHfS

o =N Ay E—IUNy T 77 FLADIHK ~D@A

e Linux & ®j@fE (Inter Kernel Communication, IKC) #HE

LA TIVDY =A== RKDGAIZATOED, SMP 7at v Y, x86.64 7 —
XFATOT7 7 ANV EHEKT S, B, IHKDY —AF 1 L2 M #<ihk src>. LWK DY —

AT 4 V27 MY E<luk src>& T 5,
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774 [ BT |

<ihk_src>/cokernel/smp/x86/ LWK [l BSBERIEE 28 (LWK FEKAT - A =— 3 TREK
AF - 7 — FRIEER)

<ihk_src>/cokernel/smp/x86/include LWK MIJHEBE~N Y X7 7 1V (LWK FEff7 - A =—2
T RERRTE - 7 — FRIFHD)

<ihk_src>/ikc/include/ikc/ihk.h ~y X774 (IKC BE, LWK FEEAE - 7 — F IR
17ER)

<ihk_src>/linux/include/ihk/ ~w X774 (Linux RIANETA VY E—T =1 A,
LWK FEKAT - 7 — FIEMAFER)

<lwk_src>/lib/include/ihk/ ~Nw X7 7140V (LWK A7 - 7 — FIRIRIFEER)

<lwk_src>/arch/x86/kernel/include/ihk/ ~y RT7 74V (LWK K17 - 7 — FHAE)

1.1.3 Linux K> 4 /\@EF#EE
IHK & Linux (ZA N OBERE % &I 5,
o HIHIL I ZARZADT 27X A

LRI TIVDT 7 A IKERIFLA T D@D, 72, I[HK DY —ATF 1L 27 M) Z<ihk src>&
35,

| T7AN [ Bl |
| <ihk_src>/linux/include/ihk/ihk host.driver.h [ ~Yy X771l |

1.2 BA#IH

LN OBEBRE 1L.3HITHAT 5 a~ v K2 MH T IT8HE X IO Ut THEMSIE
15 UTIHK ® LIWK O —EM2HET 52 HEDNDH 5,

1.2.1 EEBEERITERSIE#EE

1.2.1.1 CPUF#

£=

int ihk reserve_cpu(int index, int *cpus, int num_cpus)

st EA

index THHE X N7z IHK 7 /31 ZIZX LT, cpus, num_cpus THEI N7z CPU % F4Y
4%, cpus (ZiF Linux TD CPU HEFDESIDT KL AZ$EE L. num_cpus (ZIFEFI DY 1
AEtET D, MO LIH cpus DHEEZ HET 5, &b, ELETCS ZHNTWB5E
2. ¥ a 7T cgroup ® CPU £ &IZE N7\ CPU 218E 9 % £ -EINVAL %K T,

RYIE

13



0 IEHT

-ENOENT B U7 THK T8 ADFELEL 22
-EFAULT cpus IZT7 7R ATELWN

-EINVAL AIERNT A—&

1.2.1.2 FHREYAKMIELS CPUFTH

N

int ihk_rese

st EA

dev_index THE I N7z IHK 7 /81 AIZX U, envp & num_env THEE X N7z X FEFI R

rve_cpu_str(int dev_index, const char *envp, int num_env);

DFEYV A M >T, CPUDFMHNELT D, REBIIRHEL—FDABIFTHE S,

envp |& NULL XF T S 17z num_env B DFESLFHND O 70 5, BiE X T IE "KEY=VAL"
DAz FF>D, &

EAREREHE XA T D@D,

| BEEE 1 BERE

|

IHK_CPUS=<cpus>

<cpus>IZIRE SNz CPU % THK T N1 AD7=DIZFHT 5, <cpus>D
FRIFE 1.3.1.1 HIZFH&KT 5,

nH. TSN D

REEHREIND,

RY &
0 AR L 7=
-EINVAL envp DRAEMPAIETH o 7=
-ENOMEM AEVAREDREL
-EPERM IHK FNXA ARRTTNA AT 7 AINVIIT VR ATERN -7
-ENOENT THK T8 ADBFAE LD > 7=
-EFAULT envp IZT7 VR ATER P T

1.2.1.3 F#% CPU HEUF

2N

int ihk_get num reserved_cpus(int index)

Bl

index THEEINS IHK 1A ZZFHINTWVWS CPU D AEIKT,

RY1E
0LAE CPU ¥
-ENOENT B L IHK TN ADMEIEL W
-EINVAL AIERNT A—&
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1.2.1.4 F#%F CPU [EHRINE
£R

int ihk_query_cpu(int index, int *cpus, int num_cpus)

st EA

index THHE I N7z IHK 7 NA A FHINTWS CPU OF 54 % cpus THE I 17z
BLFZ MMM S %, num_cpus (ZIXEAI DY 1 X% FEET 5, FEOH LIthS cpus DHEIE % AR
35,
FAAEIEATD@ED,

1. ihk get num reserved_cpus() Z W T CPUHZHF T 5,
2. B3 U7z CPU BDY 1 X% Ff o 7 8BS DRI %2 IOV U St IR S 5,
3. ihk_query_cpu() {ZHFIDT RV A& ¥ A X%EL., CPU OFSHZ2HET 5,

RYE
0 EHRT
-ENOENT B LU IHK TN ADMEIEL
-EINVAL AIERNT A—&

1.2.1.5 CPU &K
£2XK

int ihk release_cpu(int index, int *cpus, int num_cpus)

st EA

index THE I N7z IHK 731 ZZFHINTWVWS CPU DS 5, cpus, num_cpus CTHi
EINTZHDEMANT 5, cpus 121 Linux TD CPU H S5 DS % $5%E L. num_cpus (ZIFAL
BIDY A XEHET 5, WO LIGA cpus DI E HET 5,

RY1E
0 IEHT
-ENOENT FBE U7z THK T3 ADFEAEL 20
-EINVAL RIEINT A=K

1.2.1.6 XE FHENMERE
2K

int ihk reserve mem conf(int index, int key, void *value)

15



St EA 1

index THE I N7z THK 7 /31 AIZKT 5 ihk reserve mem() DENE%E key & value D >
RT7THRELZHEDIZERET 5, value FEANDKRA VX THET S, key & value DT 3
DERIFLAFO LS IZEHIND, 4

THK _RESERVE_MEM BALANCED {ENABLE,BEST EFFORT,VARIANCE LIMIT} 5

IHK_RESERVE_MEM_BALANCED_ENABLE (FY(Z int. T 74J)V ME0) 23FEE B DEEIZ. NUMA
) =R DFHY A XN NUMA J — R THRERLIGEFEIZRE L5127 T 5, HII.
NUMA / —RZEDAE)ZHEARIZNUMA / — REITIESDENDH D, £z h oDz
SREVFEIZOVROSBRVWE IRV AT LT, GitFHY A X2 LD RKELTEHZLTH S,
A5y TIXATO®Y, 10

© o N o

1. THK_RESERVE_MEM_BALANCED_BEST_EFFORT (BllX int, T 7 4L NE0) A0 DHEIE.
ihk_reserve_mem() THEEL Y1 XD NUMA / — RIiZJELEEHE (AT, ihk_reserve.mem()
FREGRY A XER) 2 FHY A XL T2, FPHRMADESAEYEDNUMA /— 1
RIZ¥% %452 THK_RESERVE_MEM_MAX_SIZE RATIOALL 2 U7z D (AN, FHEEHEE o
SREBLIER) NI OY A X RMOEGE X, -ENOMEM 23K, JEX¥ 0 DG&IE. #B8 s
Zex K& &, ihk_reserve_mem() fEEGEH Y1 XD I B/INIWHDEZ TP A1 X 6
35, 17

2. NUMA / — RIZIER G5V A AR ZOFNY A X b X512, £F72NUMA /—F 1
T DY A XN NUMA / — FEITRAREHFIZRDEIIZENUMA J —FD 1
TP A X% PET 5, ZOFHTFA XD NUMA / — RIZHEZ D5 DAEDHIE 2
DS T % E|&HY, IHK_RESERVE_MEM_BALANCED_VARIANCE_LIMIT CHRELZME =«
(B4 int, BALIE%) 2B X 725E13-ENOMEM 23K, B, A NUMA / —FKODF =
#J¥ + Z1% IHK_RESERVE_MEM_BALANCED_VARIANCE_LIMIT CTHRE L /MHIZHEEZ 2T 2
20, -

THK_RESERVE_MEM_MIN_CHUNK_SIZE 25

FHRIEIX, B DY XAOYHEREE (R—VHA) 2 DKLU Linux IERT S, 20 %
ST lE, REWHAZXNSIBEDOTY A A2/NSL LDl YIRT, 2o A4 ZOFEME
REEEINIEIZT S, TIAINIREEFR—IVT A XTH 5, 28

ZDONRTAZOHMNIE, Linux 12 & 22 RO WL U VRILIZBEWTAEY T 2
FILERRE 22 2 Z & ThHh D, ERORMTFHUHERMAELSREDIE, NSV H A X 5
TOYHEREB N KEITFEET EDT, NI WY A A TOERBBAFEHIZKEL 2B a
HTHbB, 32

THK_RESERVE_MEM_MAX_SIZE RATIO_ALL 33

ihk_reserve_mem() TH A RiZ-1 2 #5&E L 7284 & IHK_RESERVE_MEM_BALANCED_ENABLE
WZHEE O REBELEGEIZHVONE THNY A X2, PHBETHE U ZZEBEICIEEL
TEERERCZHDIZT D, b, YO TOMEEAIZS IO REWVEEZRELES> 2T D 5
L -EINVAL 23K9, /2, T 74N F&REIZ 8% TH 5, 3

HIE, Linux 12 & %22 SISO WAL U WVIRIUZ B W T A €Y FHMHEFR 28 3
2528, £PHEIZ Lnux D702 2D A E ) BRI Z I NRVRIUZ RS 2W0WE S 5
293562 Ths, 40

16



10

11

12

13

14

15

16

17
18

19

THK_RESERVE_MEM_TIMEQUT

FRIEIE, B DY A AOYHEGFEIEZ DKL Linux (28R T 5, W5 Ze%, K&
WH A XSO TH A XE/NSI LK ULRP SRS, HDY A X TOD Linux ~DFFED KL
RO ML AR E R (AL IERY) 2B -G8 I FNE2HBH 5, T7 40 FREIL
30MTH B,

ZDNT AXOHMIX, THK_RESERVE_MEM_MAX_SIZE RATIO_ALL ¥R U<, Linux{Z &3
28 ZHEI D WAL BB LUWVRIUIZ B W T XA £ ) TRHUEEE 225 Z 2 TH 5,

RY{E

0 EFERT

-EINVAL RIE7 key B

1.2.1.7 BEYRANMIEBXEY FHEMESRE
25

int ihk_reserve_mem_conf_str(int dev_index, const char *envp, int num_env);

3508

dev_index THE I N7z IHK 7 /81 AIZXF U, envp & num_env THHE X N7z XFHIH X
DFEN A MfE>TAEY PROEEREZIT S, ABBIIFRHEL —FOABNREOEE 2,
envp & NULL X THE & S 172 num_env D FE XFHND 5705, FaE L EH L "KEY=VAL"
DRz D, HEARERIHEIZA T O,

| HEEE \ RERE |
THK_RESERVE_MEM_BALANCED_ENABLE=(0]1)
THK_RESERVE_MEM_BALANCED_BEST_EFFORT=(0]1) TN, #1.2.1.6 HIZEHEO
IHK_RESERVE_MEM_BALANCED_VARIANCE_LIMIT=<limit_in_%> AEY FHOEEHEIZDNT,
IHK_RESERVE_MEM_MIN_CHUNK_SIZE=<size> KD Key (Zx3 5E%2 540D
THK_RESERVE_MEM_MAX_SIZE_RATIO_ALL=<cap_in_%> EIZERET B,
THK_RESERVE_MEM_MEM_TIMEQUT=<timeout_in_second>

BB, INPADFEFERI NS,

RYE
0 AL 7=
-EINVAL envp DR EMEMNRETH > 72
-ENOMEM AEYREDRFHELT
-EPERM IHK TNXA ARRTTNA AT 7 AIVIIT VR ATERN -7
-ENOENT THK T84 ADBFAE LR D > 72
-EFAULT envp IZT7 VR ATER P o7

17



1.2.1.8 X EYHEEFH 1
£ 2

int ihk_reserve_mem(int index, struct ihk_mem_chunk *mem_chunks, 3
int num_mem_chunks)

356 ,

index THE I N7/- IHK T /31 Z1Z% L T, mem_chunks, num mem_chunks CTHHE X N7z

A E Y E P T 5, mem_chunks (21X A €V FEHISIEHROEIY] % 87 L. num_mem_chunks
IR oY 14 XA2EET 5D, BOH UL mem_chunks OfE %2 HET 5, ERkY 1 Xk
4 MiB OBEETHEHEN DD, /-, FHT A XIENUMA / — FZ &Kk 4 MiB Efig
NTBAEEMNRDH S, 2B, NUMA J — R 0IZ2OWTIE Linux IZ A€ 2T /- OICEEA
D BR EDOFHZRARN, /2, BELETCS ZHWTWAEAIZ, ¥ a 7T cgroup 10
D NUMA / — RESIZEENRWNUMA / — KZ24{8ET 5 L -EINVAL 2K T, 1
ihk mem_chunk (ZPAFD LK S IZEHRI NS, 12

typedef struct {
unsigned long size; /! BERY A XEEBET S, -1 BRTINEEE.
// HREZRIR D Z < DAEY 2 FNT 5,
int numa_node_number; // NUMA / — R&EFZIETT 5,
} ihk_mem_chunk;

© o N o o

RYE 13
0 EHFHT
-ENOENT e L 72 THK 751 ADEEL RN
-EINVAL Fv Y IBHPALE, £ NUMA J — RESHAE, 2391 XH4MiB
DEEFUE TN
-ENOMEM AEYARE
14
1.2.1.9 BEVAMILZXAEN)FH 15
X 16
int ihk_reserve_mem_str(int dev_index, const char *envp, int num_env); 17
AR 18
dev_index TIHE I N7z IHK 7/31 AIZXF U, envp & num_env TIHE I N XFIIER 1
DFEEV AN TAEYDFNEIT S, REBIIFHEL - OAPIEOIHE 5, 20

envp |& NULL X F THEE S 72 num_env B DFE XTI 6725, Bk E X FHIE "KEY=VAL" "1
DR ZFFD, REFRRREHEIZLATO®ED,

l REIEE [ BREARR ‘
IHK_MEM=<mems> <mems>IZIBEI N AEY 2 THK TNA AD7=OIZ TS, <mems>D

=X 1.3.14 HizHWT 5,

22

mE, I DOREIZTEHI NS, 23
ABEEIE., =7 —FERIX, XE)BZETHBINIRETERT S, 2

18



2

10

11

12

13

14

15

16

17

0 AL 7=

-EINVAL envp DHEMHRRETH > 72

-ENOMEM AEYREDNFEEL -

-EPERM IHK FNXAARRTTNA AT 7 AIVIZT VR ATERN -7
-ENOENT THK /851 ADBFAE LD > 72

-EFAULT envp IZT7 VR ATER P o7

1.2.1.10 FHEX T HEEEE
£

int ihk_get num reserved mem chunks(int index)

B
index THREI N/ THK T /31 ZIZFHINT WD A€ ) FHIBOEZE KT,

RYE
0B E A E V) FEIEK
-ENOENT B U7 THK T8 ADFELEL 22
-EINVAL RIEINT A=K

1.2.1.11 FHFEX T EEIERIE
2K

int ihk _query mem(int index, struct ihk mem chunk *mem chunks,
int num_mem chunks)

st AR

index TIHREI N/ THK T N1 AZFHEINT WS XA E) FEEO G % mem_chunks T
B I NHHNIZKHNT 5, num mem chunks IZIXFECHI DY A X A& fBET 5, HEOH L H
mem_chunks DHIL % FHE T 5,

RY1E
0 IEHT
-ENOENT LU THK TN ADEEL RN
-EINVAL AIERNT A—&

19



1.2.1.12 X T {EEER
£

int ihk_releasemem(int index, struct ihk_mem_chunk *mem_chunks,
int num_mem_chunks)

st EA

index TIHRE I N/ THK T3 A2 PRI NT WS A E Y FHED S 5, mem chunks,
num_mem_chunks CTHHRE I N72H D %M T 5, mem_chunks (21 A €V fEIEE#H DY %
f8€ U, num_mem_chunks (ZIXEFI DY 1 X% EET 5, FFOH LIt mem_chunks D FEI% %
ART %, —#OF v 7 OMRORHPTERIL 256, TNE TITHMRLZF v > 7 13f#
BMEN/-FFL7% 5, memchunks DEFED size 71—V NiZ-1 2BELZHE. £2TOD
NUMA / — RIZDWT PN I N AT Y HBO L TE2MNT 2,

RY1E
0 IEHT
-ENOENT B U7 THK T8 ADELEL 22\
-EINVAL ARIERINT A —&

1.2.1.13 OS A4 VY RY ¥ RERK
2R

int ihk _create_os(int index)

Bl

index TIHEEI N/ IHK T4 A FIZTHK TO OS RIEDEMRTH B OS A VAR VA
EEHBL. TOA YTy 7 AEKT,

RYE
0 E EREINEZOSA VARV ADA VT Y T A
-ENOENT B L7z IHK TN1 ADRMEIEL
-EINVAL AIERNT A—&

1.2.1.14 OS A4 VR ¥V AHEE
£R

int ihk _get num_os_instances(int index)

20
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

St EA

OS A VARV AR %R, 728, index FMEHIND, £/, REBIIFHEL—F DA
IFOHE 5,

RY1E
0 E OS A VAXR VA
-EACCES —E - THEOHL -
-EINVAL AIERNT A—&

1.2.1.15 OS A VR¥VRA—EHE
£R

int ihk get_ os_instances(int index, int *indices, int num_os_instances)

st AR

index THREINZIHK TX1 AD OS A VARV ADA VT v 7 A¥|% indices T
EXNT-BHNZAEANT D, num_os_instances (21X OS 1 VARV AR EIBET 5, FFOH L
JCH indices Z T %,

BB, RAPHTIXOS A VARV AF 1 DDAERT B0, AFKTOS1 VAR Y
ADFIERMER L 72181k, OSA VT v 2 A0 ZEEMIZHHALTEW,

RY1E

0 EHERT

-EINVAL num_os_instances (Zf5E€ U7-fENFEERD OS 1 VAR VA E —H U 7%
w

1.2.1.16 OS 1 VR %> AHIE
£2XK

int ihk_destroy_os(int dev_index, int os_index)

St EA

dev_index THHE I N7z IHK T /31 A D os_index TIHEI N/ OS 1 VAR v A% Hilkk
5, YOS A VAR VAIZE D B ToNZERISMHI NG, b, ZOBBILXO0S 1~
AR ADPEEREBIZH>TET O Y I LD T T —%KLEZDT BT LT,

AL OS A VARV ADIREER T3 5D T, /dev/mcos<os_index> % HEAtHIZ A —
T BRBENDH S, ihkmond (BB 1.3.2.18HiZM) DL 574, HFTNA AT 7 ANz LW
M2 DRREA — 7032 7u e A L DEEZ O, REBIINBTA—-T DV hJ
1 %2479,

21



0 EFIZRT Uz,

-ENOENT BEINEZTIHK T AE77213 0SS 1 VARV ARFEL RN

-EINVAL AIERNT A—&

-EBUSY /dev/mcos<os_index>% A — 7> L TWA 7O AT B, BB, A— T T AN
H 5 DIF mcexec, ihkmond. ITHK D, THK ®a~v > KTHh 5,

1.2.2 EEERAT OS EEMEE 3
1.2.2.1 CPU#IY 4
e :

int ihk os_assign cpu(int index, int *cpus, int num_cpus) 6
At A 7

index THREI N OS A VAR VAN L, HK TS ZZFHINTWE CPUDI B s
cpus, num cpus CIHHEINZHDZEID Y TS, cpus (Zid Linux TDO CPU DEFESHSIDOT o
RUAZIEE L., num cpus XA DY A X2 EET 2, WOH UILH cpus DFIEZHE 1o
5, 2B, LWKIZ& > Tl cpus TDO CPU ZHSDIEEFENEERZFED, HlZIX, McKernel 1
Tld cpus THRE L ZIEFIC CPU B SVBRV EI NS, ZOFOCH UIFFRELI-FDAFET o«

TE 5, 13
RY1{&E ”
0 EHRT
-EPERM BRI 2HEE A 0
-ENOENT BEINZOS A VARV ANFLEL W
-EINVAL AIERINT A =&
-EBUSY OSAVARVANRT— b NEATH D
1.2.2.2 FHREVAKMILS CPUZEIY 15
=5 16
int ihk_os_assign_cpu_str(int os_index, const char *envp, int num_env); 17
AR 18
os_index TIHHEI N/ OS A VAKXV AIZX U, envp & num_env TIHE I N/ LFIIE 1
ROFEY A MIfE- T, CPUDFWNEIT S, ABEBIIREL—F DADVITFTHE 5, 20
envp & NULL XF ThEG & 1172 num_env ADFE X FHI» 57425, &8 X FHE"KEY=VAL" 2
DX %EFED, REARELREEIZANDOED, 2
mE, I DOREIZEHI NS, 23

22



10

11

12

13

14

BEAHE

RENE

|

IHK_CPUS=<cpus>

<cpus>IZHEI N CPU % OS 1 Y ARV AIZ#HI D YT S, <cpus>D
R 1.3.2.1 ficEW,T 5, &B. LWK IZ & > Tld<cpus>TD CPU
B DOIEFEDRERZFD, FHlZIE, McKernel Tld<cpus>THEE L7z JEF
2 CPU B SAMRD HSI N5,

RYiE

0 U7

-EINVAL envp DHEMEMNRNIETH 5 7=

-ENOMEM AEYREDRFEL

-EPERM OSA VARV ABRRTTNA AT 7 ANIIT VR ATERP -7
-ENOENT OS A VARV ADELEL LD > T

-EFAULT envp (L7 VR ATE R 1oz

-EBUSY OSAVARVANRT—FFEATH S

1.2.2.3 ZIL%E CPU HEUS

e

int ihk os_get num_assigned _cpus(int index)

st EA

index CTIEIN/Z OS A VARV AIZEID YT oHNTWS CPU D %IRRT,

RY &
0LAE CPU #&
-ENOENT FBESINZOS 1 VAR Y ABFELEL RN
-EINVAL ARIERINT A —&

1.2.2.4 ZEIL%E CPU BHREUF

N

int ihk os_query_cpu(int index, int *cpus, int num_cpus)

3558

index THEIN/Z OS A VY AX VY AIZH D B THNTWS CPU DFEFFH% cpus THE

SNBFNIHEMNT B, num_cpus ([ZIXEA DY 1 X% FEET 5,

RY1E

0 EHRT

-ENOENT BEINEZOS A VARV ADNFELZ WL
-EINVAL AIETRINT A—&

23



1.2.2.5 CPU &
£

int ihk_ os_release_cpu(int index, int *cpus, int num_cpus)

FBA

index THEINZ OS A VARV AIIZEID HTHNT WS CPUDS 5 cpus, num_cpus
THREINZHDEMNT 5, cpus iZid Linux TOD CPU FH S5 DAL % $EE L. num_cpus 2
FEFI DY A X2 fRET 5, WOH LIt cpus DR E AR T 2, Z OO UldREL—
YOARFEFTE S,

RY1E
0 IEHERT
-EPERM BIEICH T 2 HEE W
-ENOENT BEINEZO0OS A VARV ARFELELE WL
-EINVAL ARIERINT A —&

1.2.2.6 IKC map XE
£

int ihk os_set_ikc_map(int index, struct ihk_ikc_cpu.map *map, int num_cpus)

B
index THEI Nz OS 1 VAKXV AD IKC map % map (Zi%ET S, num_cpus {21k OS
A VARV AZED BT o5 CPUREIRES 5, WFOH LIth  map OIS E HET 5, &2
B, ZONFTHUIKHHEL-—YVDOAEITTE S,
IKC map & 1ZLWK CPU & Z®D IKC A v+t — VEENH CPU OXMIGERD Z & TH 5,
IKC map & struct ihk_ikc_cpu.map OFLFTHELS 5, struct ihk_ikc_cpumap [FLAF
DEIIZEHEIND,

struct ihk_ikc_cpu_map {

int src_cpu; /* LWK CPU */;

int dst_cpu; /* IKC X v & —YE{F5 CPU */
};

24
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map

REME
struct ihk_ikc_cpu_map ikc_map = {
{1, e}, {2, e}, {3, o},
{5, 4}, {6, 4}, {7, 4},
{9, 8}, {1e, 8}, {11, 8},
{13,12}, {14,12}, {15,12}};

RIEFER
Linux € Lwk Linux WK
CPUIHO CPU#1 CPU#4 CPU#S
LWK LWK LWK LWK

CPU#2 CPU#3

Linux € LWK Linux LWK
CPL#8 CPU#9 CPU#12 CPU#13
LWK LWK LWK LWK

Figure 1.4: ihk_os_set_ikc_map () D

IKC map ® HiWIE, IKC BED%E5 CPU 28EUZ U7 LT, EEDBICYELNZ T
CPUIZEBD L1295 212D, IKCHEDELEEHJHS 5 Z &£ THD, ihk-os_set_ikc.map()
OFlZR 1.4 127R3F, ZOFITIX, ey P24 DOXEIZHT, IKCHEENZENZTNDX
BN THAL S L5 IC&ELTWS,

RYE
0 EHKT
-EPERM BB B HER D 72
-ENOENT XN~ 0S 1 VARV ADRGFLELR N
-EINVAL RIERINT A =&
-EBUSY OSAVARVANRT = NEATH D

1.2.2.7 F/E'Y X ML B IKC map :RE
=55y

int ihk_os_set_ikc_map_str(int os_index, const char *envp, int num_env);

St EA

os_index THHEI N OS A Y AX VY AIZXN U, envp & num_env THEE I N7z S
KOFEY A M5 72 IKC map € %175, ABEBUIIRHHEL -V DANITOHE 5,

25



envp |& NULL X'F Ciiti 3 E 117z num_env [ DFELFIND 570 5, Bk X TH)IE "KEY=VAL" 1
DR &>, REAREREHEIZATOED,

] BREIEE [ BREANST |
IHK_IKC_MAP=<ikc_map> LWK 5 Linux ~ND A v ¥ — Y O % <ikc_map>IZfHE I N7 DIZ

HET B, <ikc_map>DHENIFE 1.3.2.4 fMiZi# T 5,

mE, IS DOREIZEHI NS, 3
RYE s

0 Ih U 7=

-EINVAL envp DX AEMAAIETH o 7=

-ENOMEM AEYREDFEEL -

-EPERM OSA VARV AERRTTNA AT 7T ANIT VR ATE B>

-ENOENT OS A VAR VADFLEL D 5 7=

-EFAULT envp IZT7 VR ATER P T

-EBUSY OSA VAR VAN T—FNEATH S
1.2.2.8 IKC map B 5
o :

int ihk os_get_ikc map(int index, struct ihk ikc_cpumap *map, int num _cpus) 7

st EA 8

index TIHE I N7z OS 4 Y A X > AD IKC map % map THHE I NZHFNIHEMNT S, o
num_cpus (ZIIELFI DY 1 XZ2FFET 5, WHOH Uit map OIS Z HET 5, 2B, ZOE 1

RY{&E 12
0 EHERT
-EPERM BRIEZH T B HEBR A 2\
-ENOENT BEINEZOS 1 VAR VAR FHELE W
-EINVAL ARIETRINT A — &
1.2.2.9 X EVEIY 13
%:_Et 14
int ihk os_assign mem(int index, struct ihk mem chunk *mem_chunks, 15

int num_mem_chunks)

SRR 16

index THEINZ OS 1 VARV AIZH L, THK TS RAZFHINTWEAEYHK »
® 5 % mem_chunks, num mem_chunks TIREINZH D% E D YBT3, mem chunks 21X A 18

26
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10

11

12

13

14

15

16

17

18

19

TV MEEIEHR O % 8 L. num_mem_chunks (ZIEHF] DY 1 X2 fEET 5, MEOH LEH
mem_chunks DMEEZ HET S, ZOEVCH UIdKELZ—YDAEFTTEZ S, mem_chunks D
HHRD size 74 =V FIZ-1 28E LA, BEIN/NUMA J — RIZOWTFHI Nk
AEVHEBDOETEEDDYTS,

RYE

0 EHAT

-EPERM BIETHT 2 HEEA 2 W

-ENOENT BEINEOS 1 VARV APGFEL R
-EINVAL AIERINT A—&

-EBUSY OSA VAR VAR T— NFEATH B

1.2.2.10 FIZFA T REHIE
E=
int ihk os_get num_assigned mem chunks(int index)
st A
index THEINZ OS A VARV AIZED YT HNT WS ATV HEBOBZIRT,

RY1E

0 E A fEHIR

-ENOENT BEINEZO0OS A VARV ABPFELELE WL
-EINVAL AIERNT A—&

1.2.2.11 ZYEX T SEEIBRIVEG
£

int ihk os_query mem(int index, struct ihk mem chunks *mem_chunks,
int num_mem chunks)

St EA

index TIREI N/ OS A1 VARV AIZH D YT HNT WD AE Y EHEOEH % mem_chunks
IZHAN T 5, num mem_chunks IZIXEFIDY 1 XA IBET 5, HOH LIt mem_chunks DFH
BEHET 5,

RY &

0 IEHRT

-ENOENT BEINEZOS A VARV ABPFELELZ WL
-EINVAL AIERNT A—&

27



1.2.2.12 X T SEEER
£

int ihk_os_release mem(int index, struct ihk_mem_chunks *mem_chunks,
int num_mem_chunks)

Bl

index TIREI N OS AT VARV AIZED YT H5NT WA AT FHED 5 5 mem_chunks,
num_mem_chunks CTHEE I N/ZE D %NS 5, mem_chunks (21X X €V FHEIHRIEHRDONY] % F5
& U, num_mem_chunks (ZIZHLFI DY A X &2 $5ET 5, HOH U IGH mem_chunks DFHIE % F
B35, —#HOF Y VI OMMOEBRHTTRBUZEGE., TNETITRBRL 725 v > 7 13RI
INFEF b, ZOMROH USRI -V DAFEITTE S, mem_chunks DEHED size
74 =)V RIZ-1 ZIELZEA. 2 TONUMA / — RIZDOWTE D YT SNz AT HE
DETEMENT 5,

RY1E
0 EHERT
-EPERM BIEICHT 2 HEE W
-ENOENT EEXNZ OS 1 VARV ADPFELEL RN
-EINVAL ARIERINT A —&
-EBUSY OSA VAR VAN T—FNEATH S

1.2.2.13 EZf3H eventfd BXfE
£

int ihk os_get_eventfd(int index, int type)
Bl

index THEI N/ OS A VAR VA TD type THE L 721 XY MEAEZMEAIT 5 eventfd
ZHST 5, ZONOH UIFFRIHEL - OAFEITTE S, type DHLD 5 B{EIZLI T D@D,

| type OfE | B ‘
0 H—=—2NBEITI—FDAERVHFEHEN (HK IZX->TLWK IZED YT 5N /~-E— 2MiB) %
A T BRIENT 5,
2 OS BNV T Ty T UREEZZIZ PANIC 2K 2 U-BRIENT 5,
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10

11

12

13

14

15

16

g
1.

(6) A~ D REEA ( ERY o T
() BAES
X 1
L]
Rim z

5) REIRREHE (1) E8BHAIIEE (4) RE®E - B
E libihk.so } ﬁhkmond}
A Z b Linux \ / McKernel
[ mcctrl }
[ IHK-master w| ] IHK-slave
J

(3) McKernel miRREESIR

Figure 1.5: OS JREEE L7 1 —
1.5 Z FAWT LWK & U T McKernel 2’8I/EL TWA5ED OSIREEEHD 7 10— %3
%, mcctrl X McKernel THWOHNE HH—F IV EY 2 —IVThH 5,

‘ﬁﬁﬁ‘/7 NTF—E YRV a TEFTHERIZ ink_os_get_eventfd() (2 & D B A X2 K
BRI fd 2995, (KD (1))

MY 7 8T —E Vi epoll ) %2 T kil fd D@ 2 FKED, (KD (2))

. B 5 — € ihkmond 7 McKernel DIREEZ BT 5, (KD (3)) 78, McKernel

DIRREEE HIFERE DM 1Z” McKernel Specifications” ([ZEL#k T 5,

ﬁk*ﬁ.T % ihkmond WEEZMHE L. LEEfdEHTY a 7EHY 7 T —EVICE
BEHIT A, (Mo (4))

HAY 7 b T —E VIL@AI %21} 5 L ihk os_get_status() (2 £ D McKernel Dk
ZERL, EBRICEFREIIHSZ L 2R TS, (KD (5))

6. EHAY 7 b T —F VIIERIPEND L AEBICERE 2@EAT 5, (MO (6))
RY1E
0 2L EDfE eventfd D7 7 A ILVTAZ ) TR
-EPERM BIEITHT 2 HEEA R W
-ENOENT BEINEZOS A VARV ARFELELZ WL
-EINVAL AIERINT A—&

1.2.2.14 H—x)bA—FK

=X

int ihk os_load(int index, char *image)

29



St EA

index THE I N7z OS 1 Y AR VAT image THREI N T 7 A NVEZHD I — )b A A —
VEO—RTE, BB, FAMATIZOS A VARV AIZ 1 DOAERKT B0, OSA VT v
22130 2BEIERIZIEBELTE V., ZORUH UIZEEL—FOAETTE S,

RY1E

0 IEHFT

-EPERM BT 2 HEEA 2 W

-ENOENT BEINEZOS A VARV ARFELELZ WL

-EINVAL A A= —RFTERV, EYXAE) E23EY CPUARARELTVS
-EBUSY OSA VAR VAN T—FNEATH S

1.2.2.15 H—XIBIEEE
2K

int ihk os_kargs(int index, char *kargs)

st EA

index THE I N7z OS 1 Y AKX Vv Al kargs IZHMSINT WA A — 2V zET, Z
DIFOH UKL —F DAEITTE S, 4B, hidos DXFH % & 72\ 5 IZ-EINVAL
2K,

RY1E
0 EHERT
-EPERM BIEICH T 2 HEE W
-ENOENT EEXNZ OS A VARV ADRFELEL RN
-EINVAL ARIERINT A —&
-EBUSY OSA VAR VAN T—FNEATH S
-EFAULT kargs IZ7 72 ATER

1.2.2.16 EBEY A ML D H—RILBIETE
2K

int ihk_os_kargs_str(int os_index, const char *envp, int num_env,
const char *default_kargs) ;

5BA

os_index TIHEI N/ OS A Y AX VY AIZX L, envp & num_env THE S N7z TS
KOBE) A MIESTOSA VAR Y ADH =3IV EHRET 5, 2B, envp IZHHEDN
I o 7235 E . default_kargs TGN S Nz NAZ WS, ARBEBUIRHE L — Y D AN
o5,
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10

11

12

13

14

15

16

17

18

19

20

21

l RERE [ REARE |
| IHK_KARGS=<kargs> | <kargs>% A — 3 )VHEE LT LWK IS, ‘

envp |& NULL S F TR G S 172 num_env fEDFE TN 6705, BikEX FHIE "KEY=VAL"
DR %EFED, REARELREB I ND@ED,
mE, INUNOBREITELEI NS,

RY1E

0 AR L 7=

-EINVAL envp DM AIETH o 7=

-ENOMEM AEVAREDREL

-EPERM OSA VARV AERTTINA AT 7T ANIZT I EATERD o7
-ENOENT OSA VARV APRIEEL R 7=

-EFAULT envp ¥ 7213 default_kargs IZ7 7 ZATE R o7

-EBUSY OSA VAR VAN T = NEATH S

1.2.2.17 (BLEFE) BEVANMIELB0S I VRV ADIERERTE
£x

int ihk_create_os_str(int dev_index, int *os_index,
const char *env_p, int num_env, const char *kernel_image,
const char *default_kargs, char *err_msg);

Bl

dev_index THEE I N7z IHK 7 /31 AIZXF U, envp & num_env THHE I N7/ E ) A b
o T, OSA VARV ADIERERE L 217D, ABBITFIMEL —F D ADIFTHIHE 5,
AT TIELATR DD,

1. Bz Pid 25, b, BEVBICFPHINTW LA TORRZMHRL Tro T
HZd7 5,

2. OS A VARV AEMERT B, 1V F v 7 Ald os_index IZHHME N5,
3. ST VAR VAIZFHUIZERE2TEE D YT

4. LWK 2* 5 Linux ND A v £ — Y O %2 HET 5

5. kernel_image CHEIN/ZA—FINV A A—-V%20—R T3

6. OS A VARV ADA =N BERET B, 2B, envp ITHEDV Lo 255 1E,
default_kargs 2N S NABZH WS,

envp & NULL 3 F CHES S 17z num_env EDFE LFHIN 6705, HBatE LTI "KEY=VAL"
DR EFRD, REHREREBHIIUTD@ED, b, [WHE] LI N-HEERRWIEE X,
ABEBUZ-EINVAL 233, £7-. ThNOKEIZEHING,
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BEEE 1 BERE

|

THK_CPUS=<cpus> (M%) <cpus>IZfEE T vz CPU %
McKernel IZ#]9D 24 T3, <cpus>
DOEFAIFEE 1.3.1.1 filZili s 5.

THK_RESERVE_MEM_BALANCED_ENABLE=(0|1)

THK_RESERVE_MEM_BALANCED_BEST_EFFORT=(0]1) T, $1.2.1.6 HIZELEO
IHK_RESERVE_MEM_BALANCED_VARIANCE_LIMIT=<limit_in_%> AEY FHOEEFEIZDNT,
IHK_RESERVE_MEM_MIN_CHUNK_SIZE=<size> LD Key (ZH$ 2E%2 540D
THK_RESERVE_MEM_MAX_SIZE_RATIO_ALL=<cap_in_%> EIZERET B,
IHK_RESERVE_MEM_MEM_TIMEQUT=<timeout_in_second>

IHK_MEM=<mems> (4ZH) <mems>IZFEE I N A EY %

McKernel (ZE[ D Y4 T%, <mems>
OERIXE 1.3.1.4 HiCHEKT 5,

THK_IKC_MAP=<ikc_map> LWK # 5 Linux "D A v £ —3
DR % <ikc_map>IZHEE I 7z
HDIZHET B, <ikc_map>DFH
R 1.3.2.4 B F#T 5,

THK_KARGS=<kargs> <kargs>% 7 — 3 VR H & LT
LWK (247,

ARSI, =T —FAEMX. OSA VARV AZETHIBRINWRET, £/ CPUB L
CAEV IR THRRINIREBTHERT 5, REHNTO IHK 1 v X —7 = A ZAFEHOK
HMUTZ I —DPHRELEZGEIE, errmsgliZT I — Ay —IUNEZRAENE, HEZIAEN
DZHNEITIE, MOHULIILOY — 23— NOLRTEITHE S, T7—28Z LZBEBOARINE
ENnsd, H. KBEHRORETH UILH err_nsg DS E HET 5.

RY1E

0 I U 7=

-EINVAL envp DNANHEEI Thr o7z, BARMIZIK, BHEDBRED LD 27, HDVITHEMPAR
ETH-7-,

-ENOMEM AEYREDRFEEL

-EPERM IHK TNA A% RTINS AT 7 ANVEZIZOS A VARV ARFRTTNA AT 71 )UIZ
TR ATEIRMhoTz

-ENOENT IHK TNNA AE721E 0S4 VARV ADRFE LR T2

-EFAULT BN CHHT 32—y 77 IZT7 7R ATERP -

1.2.2.18 J—}
£R

int ihk_os_boot(int index)
B

index TIREINZOSA VARV ADH—2NET— T35, ZONROH UKL —
YOAEITTE S,

RYE
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0 IEHT

-EPERM BAEIZ R B HER D 2 W

-ENOENT BEINEZOS A VARV ABPFEELZ WL
-EINVAL AIERNT A—&

1.2.2.19 Y vy hFHY
2R

int ihk_os_shutdown(int index)

A

index TIREINZ OSA VARV AD =N E Y ¥y hEXDI VT 5, YFHOSA VAR
VAIZE D YT oNERISMBR I NS, ZOBEIZ OS DIREEHS THK_STATUS_INACTIVE (2
BB UL L 2HRETICERT 5. BIF5E 7% ihk os_get _status CHERTE %, 15,
OSA VAR VAMBEIZY vy XD VI THBEGEIIMIETHT, ¥rziKET, ZOIFOH

10

11

12

13

14

15
16
17

18
19
20
21
22
23
24
25
26
27

28

UldRitE L — V' D AFITTE B,

RY &
0 Tyy PR ITHEY. £RREBRCY Yy FRUVE
-EPERM BB B HER D 72
-ENOENT BEINZOS A VARV ADFELZ WL
-EINVAL OSAVARVANT— NI TH B

1.2.2.20 OS jREE

e

RS

int ihk os_get_status(int index)

St EA

index TIEIN/Z OS 1 VARV ADIREEIKRT,

OS DYRAEI enum ihklib_os_status THX 415, enum ihklib_os_status IFPATFD X

SIIZEHRINS,

enum ihklib_os_status {
THK_STATUS_INACTIVE, // #&Ehai
IHK_STATUS_BOOTING, // &)
THK_STATUS_RUNNING, // #&E)i%
IHK_STATUS_SHUTDOWN, // ¥ ¥v h& U
IHK_STATUS_PANIC, // PANIC
IHK_STATUS_HUNGUP, // NV T v 7
THK_STATUS_FREEZING, // —IRHE IRREEARE T
IHK_STATUS_FROZEN, // —HKHEIIRRE

};

RYE
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0LDLE OS fkeE
-ENOENT EEZXNZ OS 1 VARV ADRFELEL RN
-EINVAL ARIERINT A —&
1.2.2.21 A—FIAvtE—IH% 41 XIEE 1
B 2
ssize_t ihk os_get_kmsg_size(int index) 3
AR 4

index TIREEINZ OS A VARV ADH—INAvL =Ny 77D 14 X%2IKT, 5

RY & 6

TEOfE H—=F VAV XZ—=IDF A X

-ENOENT FBESINEOS 1 VAR Y ARFELEL RN

-EINVAL ARIERINT A —&

1.2.2.22 A—XIAvE—IEE 7

EX 8
int ihk_os_kmsg(int index, char *kmsg, size_t size_kmsg) 9

Bl 10

index THEINZOSAT VARV ADH—X NV Ay E—V% kmsg IZIE—F 5, size kmsg u
Dffil% ihk os_get kmsg size DR TELFL WAKREDH B, wH. WFH LLh kmsg DFH 1

xR 5, 13
RYE "
0 LA EDfE I —U72N1 M
-ENOENT BEINEZOS A VARV ARFEELZ WL
-EINVAL AIERNT A—&
1.2.2.23 H—XIWXyvtE—o01)7F7 15
£ 16
int ihk os_clear kmsg(int index) 17
E%EH 18
index THEINLZOSA VARV ADH—FI N AV =% 27D 745, 19
RY1E 2

34



1

10

11

12

13

14

15

16

17

18

19

20

21

0 IEHKT

-ENOENT EEZXNZ OS 1 VARV ADRFELEL RN

-EINVAL ARIERINT A —&

1.2.2.24 NUMA / — REES
=X
int ihk os_get num numa nodes(int index)
st EA
index THEI N OS 1 Y AR Y ADFHAIREZL NUMA / — KO %K T,

RYE
1Dk NUMA J — R
0 35—

1.2.2.25 ZEXAE!YEE
R

int ihk os_query_freemem(int index, unsigned long *memfree, int num numa nodes)

Bl
index TIREIN/ZO0S 1 VAX UV ADNUMA /J — RZTEDZEE XA E ) &% nenfree T

FBEEINZEHNZIKEHMT D, num_numa nodes IZIXEHI DY 1 X2 ET D, HOHLTH
memfree DHEIEKZ HE T 5,

RY1E

0 EHRT

-ENOENT BEINEZOS A VARV ANFELZ WL
-EINVAL AIETRINT A—&

1.2.2.26 R—IH 4 JBEKEG
e

int ihk os_get num pagesizes(int index)
2367

index TIHEI N OS A VARV ADR—I YA XfE %K T, ihk_os_get_pagesizes()
LHABGDES L TR—UY A XDREIETE S,

RY1E
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15k R— I 1 R
0 T7—

1.2.2.27 R—IH 4 XEE
£

int ihk os_get_pagesizes(int index, long *pgsizes, int num_pgsizes)

st EA

index TREIN/Z OS 1 VARV ADR—T YA XK % pgsizes THE S Nz HIHIZ
M3 5. num pgsizes (ZIFFF DY A XEET 5, WOH LItH pgsizes DI E FHE
b, B, N—UP A ZXRIZIZ, LWK THHTEZ 2 RX=IH 1 ZAPHNDR—=I YA DG &
NnN5Zends,

RYE
0 EHEAT
-ENOENT BEINZOS A VARV ANFIELZ WV
-EINVAL RIEZRINT A =&

1.2.2.28 #HEHBEHREVS

e

int ihk os_getrusage(int index, struct ihk os_rusage *rusage)

st EA

index TIRE I N7/ OS 1 VAR ¥ ADMEUH UK TOMFHER % rusage IZI&HNT 5,

LN U Je 7 rusage DI Z FHE T 5,

struct ihk os rusage BIILAFD LS IZEHRI NS, P, cpuacct_usage_percpu

DA VT Y7 AFTIWK TDO CPURKRETH 5,

struct ihk_os_rusage {

unsigned long memory_stat_rss[IHK_MAX_NUM_PGSIZES];

10

11

12

13

14

15

16

17

/* 2—HFDR—=IH A XL D anonymous R— VI HEBIIEME (N1 MHAL)  */
unsigned long memory_stat_mapped_file [THK_MAX_NUM_PGSIZES];

/¥ =T DOR=I YA XL D file-backed R— VI AEBIEM (N1 MHAL)  */
unsigned long memory_max_usage;

/¥ A=Y OAE)MHERRKME (N1 MEA)  */

unsigned long memory_kmem_usage;

/% A=V DAEYMHABEERIEME (ON1 MEBAL)  +/

unsigned long memory_kmem_max_usage;

/x A=V DAEY MHARRKME (N1 MR */

unsigned long memory_numa_stat [THK_MAX_NUM_NUMA_NODES] ;

/* NUMA 2t DI—HFDAE Y FHEBIME O MR +/

unsigned long cpuacct_stat_system;

/% VAT LH§E (USER_HZ Hif7)  */

unsigned long cpuacct_stat_user;

/% 21— (USER_HZ HifL) =/

unsigned long cpuacct_usage;
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/* =9 O cPy K] (F/ WHEAL)  */
unsigned long cpuacct_usage_percpu[IHK_MAX_NUM_CPUS];
/¥ AT T DA—YD CPU K (F/ BHAL) */
int num_threads;
/% ALy FEEEME */
int max_num_threads;
/¥ ALy REURKAE +/
s

__memory_stat_rss $ & U memory_stat mapped file DA ¥ T v 7 AFH A AT LB —
VHTHD, UTFTOXSITERI NG,

enum ihk_os_pgsize {

IHK_OS_PGSIZE_4KB,
IHK_OS_PGSIZE_64KB,
IHK_OS_PGSIZE_2MB,
IHK_OS_PGSIZE_32MB,
IHK_0OS_PGSIZE_1GB,
IHK_OS_PGSIZE_16GB,
IHK_OS_PGSIZE_512MB,
IHK_0OS_PGSIZE_4TB,
IHK_MAX_NUM_PGSIZES

+s

RY &

0 IEH&T

-ENOENT BEINEZOS A VARV ABPFEELZ WL
-EINVAL AIERNT A—&

1.2.2.29 CPU PA ERFEA N> N &R
£

int ihk_os_setperfevent(int index, struct ihk _perf_event_attr attr[], int n)

Bl
index TIREINZ OS A VARV AIZBEWT attr, n CHEELZA RV M 2INET 5%

EZITD. nld A XY MEET, "= Yz T7DHAD PAAY VREUFOMEEIRET 5,

IFOH UItAY attr OS2 HET 5, ZOBBIIRNELI—FOAFOHE 5,
ihk_perf_event_attr IFPAFD LS IZEHI NS,

struct ihk_perf_event_attr{

unsigned long config; // N—RUzT7THEINEAXNYV &S
unsigned disabled:1; // ERNERE
unsigned pinned:1; /] ETINERNRE TS

unsigned exclude_user:1; /] A—HFE—FRTHEELEZARY MEEFELRN
unsigned exclude_kernel:1; // W—XIVE—RNTHELZA XY M EEFELRV
unsigned exclude_hv:1; // hypervisor E— RTHAELZA XV MEF LUV
unsigned exclude_idle:1; // idle JREED A XV M &EH ELARW
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[ EBRY 7 hT—FY ]

(1) 4 > kB (2) 4~ b INERIA
[ libihk.so J
AR bk Linux N / McKernel
[ mcctrl ]
IHK-Slave
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)
\4 y

WNTF—T R
hvR

Figure 1.6: CPU PA fEHOINERHD 7 10—

CPU PA [EHONEITEHY 7 b TF—FEViZk>TibNWS, HEY 7 bTF—EVIZVa
T 7av AFIRERNINEZBB L, Va7 e AR T EZICEEZEILLLUEZEIT 5, 2
1.6 ZHA\WT LWK & U T McKernel 2S81{EL TW B BROINERBO 70— 23T 5, 3

1. #HY 7 7T —E V) ihk os_setperfevent () Z AW THUS T 5 CPU PAIE#H (1<
V) OBREEITI, (KD (1)) 5

2. #HY 7 T —E VA ihk os perfctl() ZHWTA Ry MUEZRIRT 5, (D (2))

[ ERY 7 LT }
[ 1
(1) A~y PREELE (2) A~ MEREYS | 3) 4 <> bHIKR
[ libihk.s0 J
A X b Linux { mectrl J \ f McKernel
) IHK-slave
IHK-master
AN
N

INT—T R
hoR

Figure 1.7: CPU PA [ERDUNEAT (1 & [N D 7 1 —
B 1.7 & AP TR IR LB O 7 1 — 2 35S 5., 7
1. MY 7 M7 —E VA ihk os perfctl() ZHWTA XY MUEEFEIET 2, (KD (1)) s

2. #HY 7 b7 —E VA ihk os_getperfevent () &\ T CPU PA I OHUS (HDFH o
AL) 2175, (MDD (2)) 10

3. MY 7 h T —F UH ihk os perfctl() ZHWVWTA Ry b 2HIRT 2, (KD (3))

[
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RYIE

0 F-IFEDE EFRT, BRI LA Ry MR IKT,

-EPERM BAEIZ S B HER A 72\

-ENOENT BEINEZOS A VARV ADFEELZ WL

-EINVAL RIEBRNRT AR, FRIFZ0S A VARV ADEEL THWARN

1.2.2.30 CPU PA [ERINERBELE
=55y

int ihk os_perfctl(int index, int comm)

72 0A
index TIREINZOS A VARV AIZH U T commn TIRET AV 7a~v > KEHWTPA

ARy NUEDHIEZITS, ZOBEBIIRHELI - DAIFEVOHYE S,
Y7avy I FDEZIEET 5,

aun

| & (v 70) HEE T BAY I NTOREASAIVT

PERF_EVENT_ENABLE PA 1 Ry MNUEERAS | ¥ = JBHRRHIZAEH

PERF_EVENT DISABLE | PA 1 RV MNEEIL | V3 TR TIIZHEN

PERF_EVENT_DESTROY | PA 1 XY MYl Y a TR TR
RY1E

0 IEHT

-EPERM BB B HER D 2

-ENOENT index TREINZ OS 1 VARV ADELEL LN

-EINVAL AIERNT AR

1.2.2.31 CPU PA [EREE
£

int ihk os_getperfevent(int index, unsigned long *counter, int n)

itBA
index TIHEIN/Z OS A VARV ADA XY MFEAERIBZ EHEZE n DS counter 2%
B, nidA XY MEBT, ihk os_setperfevent DR DM, T RbLHLEFRITHIIL 7241

Ry M NEBRZIEET D, IEOH UIGH counter DfEIZ2 HET 5, ZOBEBIIEHEI—T D
AL HHE 5,

aup

RYE
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0 IEHKT
-ENOENT index THRESI N7/ OS 1 VARV ADPEEL BN
-EINVAL RIETRINT AR
1.2.2.32 £ CPU —FHZ1E |
- >
int ihk os_freeze(unsigned long *os_set, int n) 3
st EA 4

os_set THREINZ OS 1 VARV AIZDWT, 4 CPU D —HHZ (IRIEANDER % Bils L
TRIFEIZIE IR B, X OS 1 VY ARV ZADIREEIL, 1 LA E CPUECRIEDELD CPU 3 —HiE 1k
AREEANERS U 721312 THK_STATUS_FREEZING (ZEF U, 2 CPU D —RHE ILIRFEAER U 72 FIZ
THK_STATUS_FROZEN (239 5, #EN— @I T 7 LR\ — Ald ihk os_get_status ()
EHRHWCHHET A ZeD3TE S, Z0HE1F ihk os_thaw) 2 HWVWTER2F v LT 5
ZENTED, osset FRInDOEY MNIZEIETRA VAT, LSBROKMATE I ZHOLEY 1
M1 DOHBEIXOSA VYT Y I AN I THS OS A VARV APBRIEDON R LD, 0B, T u
OBEEIIRIME L — T DA HHE 5, 12

© o N o o

(1) ¥ a 7—BZ1EER
v

| #RVIrF-E |

A o

(2) ihk_os_freeze ©—B¥ (3) ihk_os_get_statusT 4) = 7717—@15%{%&’5
ElkE/ v 7ay £y —BHE LR T ERER meexec— {5 1
ZZ0%: = [ I S -

{ libink so } :

R A KLinux N (" McKernel
~ -

]
IHK-master IHK-slave
RN

Figure 1.8: & CPU —HF1LD 71—

4 CPU —HHEIFOBHE 70— %X 1.8 % FAWTIHIAT 3,

1. #AY 7 M —NO#EHY 7 b T —E IV a 70—REiE2fERT 5, (KD (1))

2. Y 7 b7 —% V7 ihk os_freeze() T McKernel (24 CPU O —Kig k%2 /) > 7

oy ¥R S, (KD (2))

3. MY 7 h 7 —%F VP ihk os_get_status() TH CPU O—HFIED5E T % 7R T 5,

(XD (3))

4. BAY 7 b T UBRIVTFOREEEZ D Z L T meexec (proxy process) & — &

REIZT 2, (MO (4))
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10

11

12

14

15

0 EHAT
-EINVAL OS A VARV ADAT — R AN
IHK_STATUS_RUNNING. IHK_STATUS_FREEZING. IHK_STATUS_FROZEN DA%k
-EBUSY OS 1 VAXRYADAFT — X AP IHKSTATUS_FREEZING X 7= 1&
IHK_STATUS_FROZEN
-EPERM BIEITHT 2 HEEA W
-ENOENT index 2R3 OS 1 VAX Y AFFEMALEL RN

1.2.2.33 £ CPU —BELEHIS5DER
£x

int ihk os_thaw(unsigned long *os_set, int n)

st EA

os_set TIEINZ0S 1 VARV RIZDWT, —HHEIRIREEIZH 5 h, —R{EIRREEA
BB LOOH5 CPU 2 tDREIZET, 72, OS DIRAE% IHK_STATUS_RUNNING 129 3,
os_set IFRI nDE Y MIZETHRA VX T, LSBRoHATHE I FEHOL Y b2 1 D5E
XOSA VFYZAN i THB0S A VAR Y ADNEBIEDOR G L1053, KB, Z OEBILEHE
I—HYOAREOHE S,

(1) Ya7o—KELE
o OERETR

v

| BAVIrF-E |

y

(3) ihk_os_thaw T1EIE % I (4) ihk_os_get_status
e TERTT 2R

(2 arF+oERT
mcexeciE)F

(va7mars+

{ libink.so J :

-~

R A ks Linux N\ /MCKerneI

A -

]
IHK-master IHK-slave
VRN

Figure 1.9: & CPU O —Z 1k 5 0RO 7 1 —

2 CPU O—WHEIE» S DEROEEZ7O—%2X 1.9 Z HW AT 5,

1. EEHY 7 D) —ROEHY 7 TF—F 2V a 7TO—EHEIE» S OERE2 RT3,
(Mo (1))

2. AV 7 b T—EVMRaAVTFOREEZE XS & T meexec (proxy process) % — R
IRRENSEHRSES, (KD (2))
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3. HY 7 b T —%F VH ihk os_thaw() T McKernel iZ4 CPU O—FE L6 0 RKE 1

fimd 5, (Ko (3)) >
4. MY 7 b T —F V) ihk os_get status() T CPU O—FHF IS DERE T 2
R 5, (HD (4)) s
RYE 5
0 IEHERT
-EINVAL OSA VARV ADAT — R AN
IHK_STATUS_FREEZING. IHK_STATUS_FROZEN BA4t
-EPERM BT 2 HEE W
-ENOENT index VRS OS 1 VAR ¥ AIFFEEL W
6
1.2.2.34 X EY Y VTR 7
= :

int ihk os makedumpfile(int index, char *dump file, int dump_level, int interactive)

Bl 10

index THHEINZ OS 1 VARV AIZDWT, dump_level TIHEIN/ZAEYMHEKEZ o
dump_file CHE L7727 7 A IVIZHJ1T 5, dump-level DIFE HIEIFLL T DM@,

0 IHK 7 OS 1 VAR VY AIZHE D YT A® ) = HI1§ 5,
24 H—2IVBEHLTWE XA E ) {2 H AT 5,

12

interactive A 1 MIGE L. interactive mode IO 7 v A V2 H TS, ZTOE—F 13
Tk, VT —VIET NNy TRHHE T VDA 2 EHESB LU T 2175, 8. 2 wu

DOREBIIFIHE L — T D AU E 5, 15
RYE 16
0 ERRT
-EPERM AR R T 2 MERR DY 20
-ENOENT dump_file Ol NULL, 721 dump_file BEX 0 DX FH 2L T
W3, E7201% dump file ILEHENDT 4+ LI M UDBEFEELRD
-EACCES dump_file TIRELZ 7 7 A VIZDOWT, T4 L7 NIV RELET BN T 7
A IVIMERLT E 700
-EEXIST dump_file CIERE L7 7 1 VABRIZFHET %
-EINVAL RIEZ/XF A X, index DWEIDEE&EEED,
-ENODEV index TIHEIND OS 1 Y ARV ADFIEL 72\
-EPERM index TIREEIND OS 1 VAR VAT 7 X ATER

17
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1.2.3 LWK A7 OS #1181k i&ae
1.2.3.1 Get Number of NUMA Nodes
Synopsis

int ihk mc_get nr numa nodes();

Description

This function returns the number of NUMA nodes assigned by THK.

Return Value

l >0 The number of the NUMA nodes

1.2.3.2 Get NUMA Node Information
Synopsis

int ihk mc_get numa node(int id, int *linux numa_id, int *type);

id input NUMA id

linux_numa_id output Linux NUMA id

type output Memory type
Description

The host Linux NUMA id and the memory type of the NUMA node specified by id is
stored to linux numa_id and type, respectively. Each of the values is not stored when the
corresponding pointer is NULL.

Return Value

0 Success
-1 id is not valid

1.2.3.3 Get NUMA id
Synopsis

int ihk mc_get numa id();

Description

Returns NUMA id of the CPU on which the caller is running on.
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Return Value

[>0 NUMA id

1.2.3.4 Get Distance between NUMA Nodes
Synopsis

int ihk mc_get numa distance(int i, int j);

Description

Returns the distance between the NUMA nodes specified by i and j. The distance
matrix could be the same as Linux.

Return Value

l >0 [ The distance between the NUMA nodes

1.2.3.5 Get Number of Memory Chunks
Synopsis

int ihk mc_get nr memory_chunks() ;

Description

This function returns the number of physical memory chunks assigned by IHK.

Return Value

l >0 ‘ The number of memory chunks

1.2.3.6 Get Memory Chunk Information
Synopsis
int ihk mc_get memory_chunk(int id, unsigned long *start, unsigned
long *end, int *numa_id);
Description

The start physical address, end physical address and the NUMA id are stored to start,

end, numa_id, respectively. Each of the values is not stored when the corresponding pointer
is NULL.
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Return Value

0 Success

-1 id is not valid

1.2.3.7 Get Number of Cores
Synopsis

int ihk mc_get nr _cores();

Description

This function returns the number of CPU cores assigned by IHK.

Return Value

l >0 The number of CPU cores

1.2.3.8 Get Core Information
Synopsis
int ihk mc_get_core(int id, unsigned long *linux core_id, unsigned
long *hw_id, int *numa_id);
Description

The host Linux CPU id, the hardware id and the LWK NUMA id of the CPU core
specified by id are stored to linux_core_id, hw_id, numa_id, respectively. Each of the
values is not stored when the corresponding pointer is NULL. The hardware id corresponds
to the hardware APIC id in x86_64 architecture.

Return Value

0 Success

-1 id is not valid

1.2.3.9 Get IKC Destination CPU
Synopsis

int ihk mc_get_ikc_cpu(int id);
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Description 1

This function returns the Linux id of the CPU to which the CPU specified by id sends -

IKC messages. 3
Return Value 4
>0 The Linux id of the IKC destination CPU

5

1.2.3.10 Get Kernel Arguments 6
Synopsis 7
char *ihk get kargs(); 8
Description 9

This function returns the pointer to the buffer containing the kernel arguments given by 10

the IHK master. 1
Return Value 12
l >0 The pointer to the kernel argument string
13
1.2.3.11 Get Information of Kernel Message Buffer 14
Synopsis 15
int ihk_get kmsg buf (unsigned long *addr, unsigned long *size); 16
Description 17

The physical address and the size of the kernel message buffer are stored to addr and 1

size, respectively. This function is supposed to be called when initializing LWK. 19

Return Value 20
0 [ Success

21

1.2.3.12 Boot a Core 2

Synopsis 23

void ihk mc_boot_cpu(int cpu_id, unsigned long pc); 24

46



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Description

This function makes the CPU specified by cpu_id (Physical APIC CPU ID) start exe-

cution from the virtual address specified by pc.

1.2.4 LWK [AlJ Inter-Kernel Communication (IKC) #gg
1.2.4.1 Initialize Master Channel on the IHK-master side
Synopsis

int ihk_ikc_master_init(ihk_os_t os);

Description

This function is called by Linux and initializes the master channel connected to the
OS specified by os. The master channel is present at boot time and used for creating /
destroying more channels. The created channel is called regular channel and used for the
communication. LWK sends a connection request to Linux through the master channel to
create a regular channel.

Return Value

0 Success

£0 Error number

1.2.4.2 Initialize Master Channel on the IHK-slave side
Synopsis

void ihk_ikc master_init(void);

Description

This function is called by LWK and initializes the master channel connected to Linux.

1.2.4.3 Listen to Connection Requests
Synopsis

int ihk_ikc_listen port(ihk os_t os, struct ihk_ikc_listen_param *param);

Description

This function makes the master channel listen to the remote OS specified by os to create
a channel with the parameters of param.
struct ihk_ikc_listen_param specifies parameters for a channel to be created and
defined as follows.
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struct ihk_ikc_listen_param { 1

int (*handler) (struct ihk_ikc_channel_info *); 2
int port; 3
int pkt_size; 4
int queue_size; 5
int magic; 6
int recv_cpu; 7

+; 8
9

handler A function called when accepting an incoming connection request 10
port Port number 11
pkt_size Packet size 12
queue_size Queue size 13
magic Magic number for identification of the communication initiator 14
recv_cpu CPU ID of the listener 15

An THK user must set the first four fields before passing it to ihk_ikc _listen port. The 16
THK user must define function which is set to handler field of this structure. handler is 17
called when accepting an incoming connection request and it is expected to set packet_handleris
field of the argument. The value of the field is then copied to handler field of ihk_ikc_channel desc
and becomes the call-back function which is called when detecting an arrival of a packet. 20
This accept-time call-back mechanism is used to create a table which is indexed by a CPU =2
ID and returns the channel bound to the CPU. 22
ihk ikc_channel info is an intermediate object used by the accept-time call-back 23
function to pass the packet-arrival-time call-back function to the channel as described above 24

and is defined as follows. 25
struct ihk_ikc_channel_info { 26
struct ihk_ikc_channel_desc *channel; 27
ihk_ikc_ph_t packet_handler; 28
}s 29
channel is only used internally. packet_handler is a pointer to the packet-arrival-time 3o
call-back function and is set by the accept-time call-back function. 31
Return Value 32
0 Success
#0 Error number
33
1.2.4.4 Send a Connection Request 34
Synopsis 35
int ihk ikc_connect(ihk os_t os, struct ihk ikc_connect_param *p); 36
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Description

This function sends a connection request to the remote OS specified by os via the
master channel to create a regular channel with the parameters of p. The created channel
is stored to p—>channel. The receiver side detects the arrival of a packet either by calling

non-blocking receive function or by notification (IRQ) and call-back mechanism.

ihk_ikc_connect_param specifies the parameters for the channel to be created and is

defined as follows.

struct ihk_ikc_connect_param {

int port;

int pkt_size;
int queue_size;

int magic;

ihk_ikc_ph_t

handler;

struct ihk_ikc_channel_desc *channel;

port
pkt_size
queue_size
magic
handler

channel

An THK user must set port, pkt_size, queue_size, magic, handler fields.

Port number

Packet size

Queue size

Magic number for identification of the communication initiator
Packet handler called when calling ihk_ikc_recv_handler

Channel descriptor which is set when connected

field is set to the descriptor of the channel.

ihk_ikc_channel desc is an opaque type represeinting an IKC channel.

Return Value

channel

Success

Error number

1.2.4.5 Register a Call-Back Function for Receive Events

Synopsis

int ihk_ikc_recv_handler(struct ihk_ikc_channel_desc *channel, ihk_ikc_ph_t
h, void *harg, int opt);
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Description

This function registers to the channel specified by channel a call-back function specified
by h and an argument passed to it specified by harg. The call-back function is called when
a packet arrives. The call-back function handles multiple packets that have arrived and
performs only one notification action (e.g. sends an interrupt to the sender side). NO_COPY
bit of opt should be set to zero when the packet is accessed by the code outside the handler.

ihk_ikc_ph_t represents the call-back function which is called when detecting an arrival
of an incoming packet and is defined as follows.

typedef int (*ihk_ikc_ph_t) (struct ihk_ikc_channel_desc *, void *, void *);

It takes the descriptor of IKC channel as the first argument, the address of the incoming
packet as the second argument and harg passed by ihk_ikc_recv_handler as the third
argument.

harg supports the use case where an IHK user can bind an abstracted channel structure
used in the IHK user module to the IKC channel so that the handler can identify the
abstracted channel through which the packet has arrived. A reverse search table which
returns the abstracted channel given the IKC channel ID is needed if harg is not passed
down to the call-back function.

Return Value

0 Success
#0 Error number

1.2.4.6 Send a Packet
Synopsis

int ihk_ikc_send(struct ihk_ikc_channel desc *channel, void *p, int opt);

Description

This function sends a packet specified by p through a regular channel specified by
channel. It performs a notification action to the receiver side (e.g. sends an interrupt)
when IKC_NO_NOTIFY bit of opt is zero. It is safe to overwrite memory area pointed by p
after calling ihk_ikc_send because the packet is memory-copied before sending. It is the
THK user’s responsibility to perform flow control.

Return Value

0 Success
#0 Error number
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1.2.4.7 Disconnect a Channel
Synopsis

int ihk_ikc_disconnect(struct ihk_ikc_channel_desc *c);

Description

This function disconnects a regular channel specified by c.

Return Value

0 Success

#0 Error number

1.2.4.8 Destroy a Channel
Synopsis

void ihk_ikc_destroy_channel(struct ihk_ikc_channel_desc *c);

Description

This function destroys the master channel or a regular channel specified by c.

1.2.5 Linux K524 /@7 H8E
1.2.5.1 HIELIZAHY—R
=R

int ihk os_read cpu register(ihk os_t os, int cpu, struct ihk os_cpu register
*desc)

st EA

os THET S OS 1 VARV AD cpu THET S CPU D desc THRET Al L ¥ X X

% desc—>val ~NFEFRATHAAL, 57 1% desc->sync DEH N DIENDZE/L THHAITE

%, BB, cpulZIF WK TORSZIHET S, £72. MUOH Liih desc DK EHET 2,
struct ihk_os_cpu.register FATD XD IZERI NS,

struct ihk_os_cpu_register {

unsigned long addr;

/¥ ARV TOHAIL I AZDT RV A, T—F7 2 F v [EADMH
EXZDIRIHND, */

unsigned long addr_ext;

/* CPUDREIL Y ARF S, T—FT7F vEADHEZZTDERIH D, */

unsigned long val;

/* ihk_os_write_cpu_register() : filffflL Y A XIZEFZALME
ihk_os_read_cpu_register() : Hlfll L ¥ A XADFERIE */
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atomic_t sync;
/* HIHILV O ARANOEMEZRE T 2R T, 0 FRZET Z2RIRL, 0 DSMIZET 2
RS %, */

s
FHOAT Y 7% 1.10 2 N THET 5, 1
1. LWK ECTEfES 5514 77 VHRLWK 5D A 70— FfEHT Linux F7 A NIZLY
AREEEIERT 2554 1%. ihk_get_request_os_cpu() ZHAWVWTAZ7HE—FIEOS 1 3
VARV AL CPURSEERT 2, 2592528 T, #FELEDOS A Vv ARV AREE
Z2Hi<, (Mo (1)) 5
2. Linux B 74 NDMESE T 2R 2% K5e 1 (0) IZ8EL TH 5. ihk os_read cpu_register ()
% 7213 ihk os write cpu register() TL Y AR ZIEFEIIZ#EEET 5, (KD (2)) 7
3. IHK 7213 LWK 2 Ll ZABOME 2T 85 2 LI X D EFEE T % Linux R 714% s
ZEAT S, (KD (3)) 0
[ FZAN ]
Al | 4
(1) 0S4 »2&> 2 - CPUBSEE (2) BfFFEMIET Q) BIFRETEBA
A X b Linux \ K LWK
L] IHK-master N IHK-slave
N
\ 4
HEL P 2%
Figure 1.10: Hl#HIL Y A X DEEAT v 7
RY & 10
0 IEHRT
-EINVAL 0s LT 7 EATER, 721 cpu BLWK ZHID BTSN TWS CPU
TR, EFREFEESINEZT FUAZAZEESDO LV VARIIFELRY
-EFAULT desc IZT7 7 ATER
-ENOMEM AEYRREPFEL
-ETIME LWK D& Uo7
-ERESTARTSYS LWK DIEE %> CWBIZY 7 F VXKD ED A ENT-
1.2.5.2 HELIXE54 b 1
int ihk os_write_cpu register(ihk os_t os, int cpu, struct ihk os_cpu_register:s
xdesc) 14
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St EA

os CTHRET S OS 1 VARV AD cpu THHET 5 CPU D desc THHET IHlfHIL T A X
N desc—>val THRET 2 EZIEFATEZIAL, 771X desc->sync DL B LSDIENDZE
fECHRAITE S, BB, cpulllIFLWK TORZZ2ETET 5,

RY1E

0 IEHFT

-EINVAL 0s LT ZEATER, 72 cpu B LWK ZHID HTS5NTWDS CPU
TRV, FRREEINZT R AZFAZEEZESDO VI ZARIIFELE LRV

-EFAULT desc IZT7 7 ATE 7\

-ENOMEM AEYREDRFEEL -

-ETIME LWK D& Lah o7z

-ERESTARTSYS IWK DB x> TWARIZY Z7FVIZE D EIDAE N~

1.2.5.3 #A70—RTOSAVRY VLG
£R

int ihk_get_request_os_cpu(ihk_os_t *os, int *cpu)

Bl

VAT LAIA=NBERE DL 70— NRETABEBOROHL 217572548, A 70 —FR
JLILWK D OS 1 VARV A% os 12, CPU &K% cpulZiRT, 2B, cpu i McKernel TD

RYE
0 EHAT
-EINVAL A 78— RIZ& D GFIFTH LIV TR
-EFAULT os ¥lF cpu il T 7 EATE R

1.3 IV R-FT—FUHERK

1.3.1 EEERITEREEMEE
1.3.1.1 Reserve CPUs
Synopsis

ihkconfig <dev index> reserve cpu <CPU id list>

Description

This command reserves specific CPU cores for the IHK framework. <dev index> identi-
fies the IHK device file that appears as the result of the insertion of the IHK-master driver
module, and <CPU id 1list> is the following format: <CPU logical id>,...,<CPU logical
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id> or <CPU logical id> - <CPU logical id> (must be a positive range in ascending
order) or a mixture of the two: <CPU logical id>,...,<CPU logical id> - <CPU logical
id>. CPU logical ID begins at 0 and the maximum value is "number of CPUs in system -
1”7. An actual example of usage would be:

$ ihkconfig O reserve cpu 24-31

The reserve operation may be executed multiple times adding CPU logical ID cores as
required.

Exit Status

0 Success
Other than 0 Failure

1.3.1.2 Query CPUs
Synopsis

ihkconfig <dev index> query cpu

Description

This command queries which CPU cores the IHK framework has reserved. <dev index>
identifies the IHK device file that appears as the result of the insertion of the IHK-master
driver module.

The command returns the list of CPUs in the same format as the above reservation
command.

Exit Status

0 Success
Other than 0 Failure

1.3.1.3 Release CPUs
Synopsis

ihkconfig <dev index> release cpu <CPU id list>

Description

This command releases the specific CPU cores from the IHK framework. <dev index>
identifies the IHK device file that appears as the result of the insertion of the IHK-master
driver module, and <CPU id list> is the following format: <CPU logical id>,...,<CPU
logical id> or <CPU logical id> - <CPU logical id> (must be a positive range in as-
cending order) or a mixture of the two: <CPU logical id>,...,<CPU logical id> - <CPU
logical id>. CPU logical ID begins at 0 and the maximum value is ”number of CPUs in
system - 17. An actual example of usage would be:
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$ ihkconfig O release cpu 24-31

The release operation may be executed multiple times removing CPU logical ID cores
from THK as required.

Exit Status

0 Success
Other than 0 Failure

1.3.1.4 Reserve Memory
Synopsis

ihkconfig <dev index> reserve mem <memory description>

Description

This command reserves memory for the IHK framework. <dev index> identifies the
THK device file that appears as the result of the insertion of the IHK-master driver module.
You can specify the size and the NUMA nodes with the <memory description> argument
by using the following format:

(<size>[<unit>] [ALL) [@<NUMA-id>] [, (<size>[<unit>] |ALL) [@<NUMA-id>]...]

where <size> is the number of bytes requested, optionally followed by a unit (M, G and T are

available, meaning MiB, GiB and TiB, respectively). Moreover, the optional @ symbol that

can be followed by a decimal number denotes the targeted NUMA node, where the default

NUMA node is 0. Specifying ALL in the size field means request for best effort maximum.
Here is an example which allocates 2 Gigabytes from NUMA node 1:

$ ihkconfig O reserve mem 2GO1

The reserve operation may be executed multiple times adding physical memory as
required. The operation may fail in case the system wide available memory is less than the
amount requested. IHK reserves the memory area of the requested size using the following
alorithm. We denote by s the requested size and by ¢ the total size of the reserved memory-
chunks.

1. Find the largest memory chunk with the size of less than or equal to s — ¢ and reserve
it.

2. Repeat the above step until ¢ becomes equals to s.

Exit Status

0 Success
Other than 0 Failure
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1.3.1.5 Query Memory
Synopsis

ihkconfig <dev index> query mem

Description

This command queries the amount of the memory that the IHK framework has reserved
and has not been assigned to an OS instance. <dev index> identifies the IHK device file
that appears as the result of the insertion of the IHK-master driver module.

The command returns the list of memory regions in the same format as the above
reservation command.

Exit Status

0 Success
Other than 0 Failure

1.3.1.6 Release Memory
Synopsis

ihkconfig <dev index> release mem <memory list>

Description

This command releases memory from the IHK framework. <dev index> identifies the
THK device file that appears as the result of the insertion of the IHK-master driver module.
The <memory list> takes the same format as the above reserve command. all means to
release all of the reserved memory. An actual example of usage would be:

$ ihkconfig O release mem 1GO1
The release operation may be executed multiple times freeing physical memory as

required. The operation may fail in case the IHK reserved memory is less than the amount
requested.

Exit Status

0 Success
Other than 0 Failure

1.3.1.7 Create OS instance
Synopsis

ihkconfig <dev index> create
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Description

This command creates an OS instance over the specific IHK device. <dev index> iden-
tifies the IHK device file that appears as the result of the insertion of the IHK-master driver
module. An actual example of usage would be:

$ ihkconfig O create

Unless an error occurs, the command returns an index X which will denote the specific
OS device file with path name of /dev/mcosX.

Exit Status

0 Success
Other than 0 Failure

1.3.1.8 Destroy OS instance
Synopsis

ihkconfig <dev index> destroy <os index>

Description

This command destroys the OS instance specified by <os index> residing on the IHK
device specified by <dev index>. The resources assigned to the OS instance are released
before destroying it. An actual example of usage would be:

$ ihkconfig O destroy 2

Destroying an operating system instance requires that all internal IHK structures asso-
ciated with the OS are not being used and the operation may fail otherwise. Internal IHK
resources may be used by the mcexec process and thus terminating those processes before
destroying an OS instance is required.

Exit Status

0 Success
Other than 0 Failure

1.3.1.9 OS A VRYVA—EEE
£

ihkconfig <dev index> get os_instances
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sAA
IHK 7 /31 Z/dev/mcd<dev index> LIZTFET S OSA VARV ADOSA VT VI A%
UroAcHid s,

<os_index>[,<os_index>...]

BB, RAFNHETIXOS A VAR VAIZ LI DOARERT B2, KEETOSA VARV AD
FAEZMERLUZEIX, OSA YT w7 212130 ZEEHIZIEE L T LW,

TSRS
| SE] | = |
| Error: Invalid argument | REERSFA=X |
Exit Status

0 EHEAT

0 DA%t I5—

1.3.2 EEEMIT OS EEHKAE

ihkosctl is responsible of providing a simple interface for interacting with IHK OS instance
device files, i.e., those named as /dev/mcosX.

1.3.2.1 Assign CPUs

Synopsis

ihkosctl <os index> assign cpu <CPU id list>

Description

This operation assigns CPU cores to an OS instance. <os index> identifies the OS
index that has been returned by the OS creation operation, and <CPU id list> is the
following format: <CPU logical id>,...,<CPU logical id> or <CPU logical id> - <CPU
logical id> (must be a positive range in ascending order) or a mixture of the two: <CPU
logical id>,...,<CPU logical id> - <CPU logical id>. CPU logical ID begins at 0 and
the maximum value is "number of CPUs in system - 17. Note that only CPU logical IDs
which have been reserved for the IHK framework are available. An actual example of usage
would be:

$ ihkosctl O assign cpu 2-8

In which example, CPU cores 2, 3, 4, 5, 6, 7, 8 are assigned to OS instance 0. Only
privileged user can perform this operation.

Exit Status
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0 Success

Other than 0 Failure

1.3.2.2 Query CPUs
Synopsis

ihkosctl <os index> query cpu

Description

This command queries the CPUs that are assigned to the OS instance specified by <os
index>. The command returns the list of CPUs in the same format as the above assign
command.

Exit Status

0 Success

Other than 0 Failure

1.3.2.3 Release CPUs
Synopsis

ihkosctl <os index> release cpu <CPU id list>

Description

This command releases the CPUs specified by <CPU id list> that are assigned to the
OS instance specified by <os index>. The <CPU id list> takes the same format as the
above assign command. Only privileged user can perform this operation.

Exit Status

0 Success

Other than 0 Failure

1.3.2.4 Set IKC Map
Synopsis

ihkosctl <os index> set ikc_map <IKC map>

Description

This command sets up the IKC mapping between LWK CPUs and Linux CPU. <os
index> identifies the OS index that has been returned by the OS creation operation, and
<IKC map> has the following format: <CPU 1ist>:<CPU logical id>[+<CPU list>:<CPU
logical id>...]. Refer to Section 1.3.2.1 for the format of <CPU list>. Each <CPU
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1list>:<CPU logical id> denotes the McKernel CPUs denoted by <CPU 1list> send IKC
messages to the Linux CPU denoted by <CPU logical id>.
An actual example of usage would be:

$ ihkosctl O ikc_map 1-3:0+5-7:4+9-11:8+13-15:12
In this example, McKernel CPUs 1, 2, 3 send IKC messages to Linux CPU 0 and
McKernel CPU 5, 6, 7 to Linux CPU 4 and so on. Only privileged user can perform this

operation.
See Section 77 for the detail of the IKC mapping.

Exit Status

0 Success
Other than 0 Failure

1.3.2.5 Get IKC Map
Synopsis

ihkosctl <os index> get ikc_map

Description

This command prints out the IKC mapping between LWK CPUs and Linux CPU of the
OS instance specified by <os index>. The output format representing the IKC mapping is
explained in Section 1.3.2.4.

Error output

String [ Meaning
Error: OS instance not found The OS instance specified does not exit
Error: Invalid argument Invalid parameter
Exit Status
0 Success
Other than 0 Failure

1.3.2.6 Assign Memory
Synopsis

ihkosctl <os index> assign mem <memory list>
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Description

This command allocates physical memory to an OS instance. <os index> identifies the
OS index that has been returned by the OS creation operation, the IHK OS instance’s
index that has been returned as the result of the creation operation, and <memory list> is
given in the following format: X[M|G|T] [@P] [,Y[MIGIT] [@Q]..] |all, where X is a decimal
number denoting the number of bytes requested, unless one of the standard metric prefixes
is attached (i.e., M as Mega, G as Giga, or T as Terra), in which case it stands for the specified
metric. Moreover, the optional @ symbol that can be followed by a decimal number denotes
the targeted NUMA node, where the default NUMA node is 0. all means request for all
of the reserved memory. Note that only memory which have been reserved for the THK
framework is available. An actual example of usage would be:

$ ihkosctl O assign mem 1G@O,1G@1

In which example, 1 GB of memory from NUMA node 0 and 1 GB from NUMA node
1 are assigned to OS instance 0. Only privileged user can perform this operation.

Exit Status

0 Success

Other than 0 Failure

1.3.2.7 Query Memory
Synopsis

ihkosctl <os index> query mem

Description

This command queries the memory areas that are assigned to the OS instance specified
by <os index>. The command returns the memory list in the same format as the above
assign command.

Exit Status

0 Success
Other than 0 Failure

1.3.2.8 Release Memory
Synopsis

ihkosctl <os index> release mem <memory list>
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X[M|G|T][@P][,Y[M|G|T][@Q]..]|all

Description

This command releases the memory areas specified by <memory list> that are assigned
to the OS instance specified by <os index>. The <memory list> takes the same format
as the above assign command. all means to release all of the assigned memory. Only
privileged user can perform this operation.

Exit Status

0 Success
Other than 0 Failure

1.3.2.9 Load Kernel Image
Synopsis

ihkosctl <os index> load <filename>

Description

This command loads a specific kernel image into an OS instance. <os index> identifies
the OS index that has been returned by the OS creation operation, <filename> specifies
the path to the kernel image intended to be loaded for the OS instance. An actual example
of usage would be:

$ ihkosctl O load /home/example/lwk/kernel.elf.img

In which example, /home/example/lwk/kernel.elf.img is loaded. As mentioned earlier,
an IHK compatible kernel image is a standard ELF binary linked against the IHK-slave
provided library so that it can interact with the other components in the system. Only
privileged user can perform this operation.

Exit Status

0 Success
Other than 0 Failure

1.3.2.10 Set Kernel Arguments
Synopsis

ihkosctl <os index> kargs <kernel arguments>

Description

This command assigns kernel command line parameters to an OS instance, which will
be passed to the kernel during boot. <os index> identifies the OS index that has been
returned after the OS creation operation and <kernel arguments> is a list of comma
separated values. An actual example of usage would be:
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1 $ ihkosctl O kargs foo=bar,foo2=bar2

2 In which example, foo=bar and foo2=bar2 are the boot time arguments. Only privi-
3 leged user can perform this operation.
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Exit Status

0

Success

Other than 0

Failure

1.3.2.11 Boot Kernel

Synopsis

ihkosctl <os index> boot

Description

This command instructs the OS instance to boot the kernel image specified earlier. <os
index> identifies the OS index that has been returned after the OS creation operation. An
actual example of usage would be:

$ ihkosctl 0 boot

Only privileged user can perform this operation.

Exit Status

0

Success

Other than 0

Failure

1.3.2.12 Query Free Memory

Synopsis

ihkosctl <os index> query_free_ mem

Description

This command queries the amounts of free memory areas that are assigned to the OS
instance specified by <os index>.

The command returns the memory list in the same

format as ihkosctl (assign mem) command.

Exit Status

0

Success

Other than 0

Failure
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1.3.2.13 Display Kernel Message 1

Synopsis 2
ihkosctl <os index> kmsg 3
Description 4

This command obtains the kernel message buffer from the OS instance. <os index> s
identifies the OS index that has been returned after the OS creation operation. An actual

example of usage would be: 7
$ ihkosctl O kmsg 8
Exit Status 9
0 Success
Other than 0 Failure
1.3.2.14 Clear Kernel Message 10
Synopsis 11
ihkosctl <os index> clear_kmsg 12
Description 13

This command clears the kernel message buffer of the OS instance. <os index> identifies 14
the OS index that has been returned after the OS creation operation. An actual example 15

of usage would be: 16
$ ihkosctl O clear_kmsg 17
Exit Status 18
0 Success
Other than 0 Failure
1.3.2.15 Shutdown Kernel 19
Synopsis 20
ihkosctl <os index> shutdown 21
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Description

This command shuts down the OS instance specified by <os index>. The resources
assigned to the OS instance are released before shutting it down. An actual example of
usage would be:

$ ihkosctl O shutdown

Only privileged user can perform this operation.

10

11

12

13

14

15

16

Exit Status

0 Success
Other than 0 Failure
1.3.2.16 OS KRREEF

e

ihkosctl <os_index> get status

Bl

<0s_index> TCHEIN/Z OS AT VARV AD OSREZH 1T 5, & OSIRREIZHIHT 5

XFHETERIZEAT D@D,

| X5 =S
INACTIVE BT
BOOTING [EETIEE]
RUNNING REIE, F kAT
SHUTDOWN Tyy R RUUH
PANIC PANIC
HUNGUP NV TT T
FREEZING —HHE I IREEA AT R
FROZEN — M IR IR AR
IS>—BHA

1 R

Error: OS instance not found

BEINEZOS A VARV ADPFEELZ WL

Error: Invalid argument

RIETRNRT AR

Exit Status

IEHKT

0 LASH

37—
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1.3.2.17 X EN SV THE 1
2K 2

ihkosctl <os_index> dump [-d <dump_level>] [<file name>] [--interactivel|-i] 3

FTvav .

-d <dump_level> | XV T WHET 2 AT HEBOMIEE<Llevel>IZiHET D, X WREARMHIZIA FDED,

0 IHK 7% McKernel (ZE]0 24T A€ ) fHEZ T 5,
24 A—FVDFEHLUTWE AT EEEZ T T 5,

EV P GEIZ 0 AHVLNS,

<file_name> W7 71 V%, BEDZD - 72551 ncdump_YYYYmmddHHMMSS 23SV 515,
--interactive|-i | Interactive mode BIIFD 7 7 A V2 HHT 3B, TOE—RNTIX, X THREY —IVIZT
Ny THEI YV DAEY 2 EESBLUTHITZ1T S,

Bl 6
<os_index> TCHEE I N2 OS 1 Y A XV AD<dump_level> TIHE I N7z A €V il % <file_name>» T
BESNEZT 7 AN IT 3, 7B, 20XV RIIFELI—VDOAETTE 5, 8
IZ—BFHD 9
l XF5 [ B ‘

Error: No such file or directory (BT T 74N TEENDT 4 L2 MUDBFHLELER,

Error: Permission denied (BT T7ANE) THRELEZZ 7ANMIZDOWT, T4 L7 VI FEE

TENT 7 A IDER T E 22\,

Error: File exists (BT T 74Ny TRELZ T 7 A VBEBRIZGEIET 5,

Error: Invalid argument NIETRINT AR,

Error: OS instance not found OSAYTvIAR) THREIND OS 1 VARV ABFEL R,

Error: Operation not permitted COSAYTFYIA) THREIND OSA VARV AIZT 7 ATERN,

Exit Status 10
0 IEHKT
0 LAt 35—
1.3.2.18 A=Ay E&=JVFALI - NYITYy TRAT—EY 1
=X 12
ihkmond [-k <redirect kmsg>] [-i <mon_interval>] [-f <facility>] 13
AT av 14

15
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-k <redirect_kmsg>

A—FNAYE—=ID/dev/log ~\DV XAV 7 NEEETRET 5, 0 B fREX
NEHBERY X1V M ETDLT, 0 UAREEINZGERXYEI LI M E
12, BENRVHHIXY XA LI NEITD,

-i <mon_interval>

N TTy THRAIO =012 OS IRIEEZE MR T 2 ERIRIlR 2 AL TIRE T 5, -1
PIRESNZIGERN VI Ty TR ZIThw, fBERLWIEEIT 600 H
Auwsha,

-f <facility>

syslog 71 b 2V O facility 2f5E€ T 5, FRENL\WIEAIL LOG_LOCALE %
w3,

st EA

A=AV Ay =Y ZEFU syslog() ZHWT/dev/log IZHF ZIAL, syslog 70 b2
VD facility ld<facility>IZiE I N5, 7z, <mon_interval> T &I ioctl() @ THK_
0S_DETECT_HUNGUP H 72~ > K2\ T OS REE MRS 5, 2 Ml LT, J@HHA
MOBRWILETH > T, MO —FXNVDOMUHEDOEITHTH S Z LDMHERI NG IENV T
Ty TLHWd 5, £UT, #AHY 7 b ihk os_get _eventfd() T eventfd ZHUfFL T\

HLGERFNIIRNUTHET S, b, AT —FEVIIMEEDRA I V7 TERIILTLW,
NiE, RF—F X 0S A VAR Y ADIEREMRA L CEMEZFIES 572D TH 5,

RYE
0 EHRT
0 LAgk 35—
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Chapter 2

LWK &2 &)

@ IHK-master as Linux driver
(1) Reserves physical memory for a trampoline code for LWK
running on the first core when booting Linux
(2) Reserves physical memory for temporal page table for LWK
running on the first core Physical Memory
(3) Reserves physical memory for the LWK and loads the ELF image
on the memory area

(4) Sets up the page table and fills the page table information in Linux Kernel
the trampoline header
(5) Issues IPI to the first core Trampoline code for the first core

¢ Should be 20-bit addressable
€ Trampoline code for the first LWK core

Lower address

4 20-bit address

(6) Switches to 64-bit mode
(7) Startsthe virtual addressing mode

(8) Copies the trampoline code in the ELF image to the area ELFimage
whose address is passed by the IHK-master * Includes trampoline code for
(9) forall other cores { the rest of cores
1) Fills the page table information in the trampoline
header Temporal page table for the first
2) Issues IPI to the core eI

3)  Waits for starting the core
}

(10) Jumps to the LWK main routine

Memory area allocated to LWK
€ Trampoline code for the remaining LWK cores
) Switches to 64-bit mode
) Startsthe virtual addressing mode
) Notifies the first core
4) Jumps to the LWK main routine

(11
(12
(13
(1
Figure 2.1: Boot sequence of cores for LWK.

Fig. 2.1 explains the steps for Linux to boot an LWK using THK.

A space boundary

Higher address

All of these are

performed by IHK. Two particular details deserve further discussion. First, the trampoline
code must fit in 20-bit address space because an IPI is used to make the first LWK core
jump to the trampoline code and the current x86 restriction for the address field in the IPI
demands 20-bit address representation. Second, the location of the temporal page table
must fit in 32-bit address space because the control register (CR3) has 32-bit width when
a CPU core is in 32-bit mode in the early phase of the trampoline execution.

When the ITHK-slave passes the control to the LWK main routine, it is given the physical
address of the kernel arguments as the first argument and the physical address of the kernel
text as the second argument. THK allocates a dedicated page as stack area and the stack

pointer is set to that page. Fig. 2.2 shows the memory map set at the
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time of entering



Virtual Memory Physical Memory
Lower address -

(1) Identical mapping

Up to 512 GB LWK kernel image

-2GB LWK kernel image

Higher address £

Figure 2.2: Memory map when the LWK core enters LWK main routine.

the LWK main routine. The virtual address range of [ffff ffff 8000 0000, ffff ffff
ffff ff£ff] points the LWK kernel image in physical address space and the virtual address
range of [0000 0000 0000 0000, 0000 £ff80 0000 0000] defines an identical mapping to
the same physical address range. LWK developers are recommended to create their own
memory mapping based on this mapping.
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