Interface for Heterogeneous Kernels (IHK) Specifications
Version 1.7.0rc2

Masamichi Takagi, Balazs Gerofi, Tomoki Shirasawa, Gou Nakamura
and Yutaka Ishikawa

Monday 9" July, 2018






Contents

1 THK #EB{tHk

1.1

1.2

9
BT 9
111 EHEHEEIEERE . . . 10
1.1.2 LWK FENFEEEE . . . . 12
1.1.3 Linux RIANEHEEE . . . .. ... 13
BEBULRE . . . 13
1.2.1 EHHFEEREEEE . . 13
1.21.1 CPU M . . . 13
1.2.1.2 FRBECPUBEME . . ... . . . . . 14
1.2.1.3 FRBECPUMHRIME . .. .. ... . ... 14
1.2.1.4  CPUMEEC . . . . . 14
1.2.1.5  [£HE] XEVHEEFNEERE . .o 15
1.2.1.6  [ZEE] ARVMEETH . . ... 15
1.2.1.7  FHRFEAERVEBEEIE . . ... 16
1.2.1.8 FHRFEA TV SHEBEHRIG .. ... 16
1.2.1.9  [ZE&E] ATVMEEMHR . . ... 17
1.21.10 OSA VARV AMERR .. . . .. 17
1.21.11 OSA VARV AEEAG . . ... . 18
12112 OSA VARV ARG . ... ... .. ... ... 18
1.2.1.13 OSA VARV AHIBR ... ... 18
1.2.2 EHHMEIT OSEMEERE . . . . .. 19
1.2.2.1 CPUEIRY . .. . 19
1.2.2.2  ER4BE CPUBHEME . . . . . .. 19
1.2.2.3  EHR4¥E CPUMESREUS . . . .. . ... . ... 20
1.2.24 CPUMEC . . . . . . 20
1.225 IKCmap i€ . . . . oo 20
1226 IKCmapHUE . ... . ... .. ... 22
1.22.7  [EE] A®VERY 0 22
1.2.2.8 ERYPFATVREEEEGE . . ... 22
1.2.2.9  HRYPFEA TV MEEBEHRIG ... . 23
1.2.2.10 [ZEWH] A VMEEH . . . .. 23
1.2.2.11 i eventfd BV . . . . ... 24
12212 H—20—FK . .. 25
1.2.2.13 H—BIEGERE . . . . 25
1.2.2.14 T — b .. 26
12215 Yy bRV L 26
1.2.2.16 OSAIREEHVAS . . . . . . . . 26



1.2.217 87 7y ANV AT AER ... 27

1.2218 BBLZ 7 AN AT AHIBR ..o 28
12219 A=V Ay —=IHAXWF .. ... 28
12220 A=V AvE—=VHAF . ... 29
1.2221 A=V AYX=U2U7F 29
1.2.2.22 NUMA / — NEEUS . . ... 29
12223 HEAEVEIE ... ... 30
1.2.224 R=UY A ZFEHEIAS ... 30
1.2.225 R=UHAAZBF . ... 30
1.2.2.26  [ZH) HEHE®RIE . . .. ..o 31
1.2.2.27 CPU PAERERHLA R MEEE . . . .. ..o o 32
1.2.2.28 CPU PAMEHINERMBEE 0 o000 o 33
1.2.2.29 CPU PAREHRHUS . . . . . . . .. o 34
1.2230 &£ CPU &I . .. ..o 34
1.2.2.31 £ CPU —Fgir o . . .. ... ... ... ... .. 35
12232 AEVXYTEREL ... 36

1.2.3 LWK A OS#IAfbskae . . . . . .. . 37
1.2.3.1 Get Number of NUMA Nodes . . ... ... ........ 37

1.2.3.2 Get NUMA Node Information . . .. ... ... ...... 37

1.2.33 Get NUMAid .. ... ... .. ... ... .. .. ..... 38

1.2.3.4  Get Distance between NUMA Nodes . . . . ... ... ... 38

1.2.3.5 Get Number of Memory Chunks . . . . ... ... ... .. 39

1.2.3.6  Get Memory Chunk Information . . . . . .. .. ... ... 39

1.2.3.7 Get Number of Cores . . . . ... ... ... ... ..... 39

1.2.3.8 Get Core Information . . . . . ... ... ... ... .... 40

1.2.3.9 Get IKC Destination CPU . . . . . .. ... ... ..... 40
1.2.3.10 Get Kernel Arguments . . . . .. .. ... ... .. ..., 40
1.2.3.11 Get Information of Kernel Message Buffer . . . . . . . . .. 41
1.2.3.12 Boota Core . . . . .. . . . . . ... ... 41

1.2.4  LWK [} Inter-Kernel Communication (IKC) ##8 . . . . . . . . .. 41
1.2.4.1 Initialize Master Channel on the IHK-master side . . . . . 41

1.2.4.2 Initialize Master Channel on the IHK-slave side . . . . .. 42

1.2.4.3 Listen to Connection Requests . . . . . .. ... ... ... 42

1.2.4.4 Send a Connection Request . . . . . . ... ... ... ... 43

1.2.4.5 Register a Call-Back Function for Receive Events . . . . . 44

1246 SendaPacket . ... ... ... .. ... .......... 45

1.2.4.7 Disconnect a Channel . . . . . .. ... ... ... ..... 45

1.2.4.8 Destroy a Channel . . . . . . ... ... ... ... ... 45

1.25 Linux FIANEFBERE . . . .. . .o 46
1.25.1 HMELVYAZY =R 46
1.25.2 GV ARIA S o 47
1253 A7B—FRTOSAVARVARGE . . ... ... ... ... 47

1.3 IV R -TF—=FUMEE ... 48
1.3.1 BHEERDERSEEBRE . ... 48
1.3.1.1 Reserve CPUs . . . . .. .. ... ... ... ... ..., 48

1.3.1.2 Query CPUs . . . . . . ... 48

1.3.1.3 Release CPUs . . . . . . . . ... ... ... ... ..... 49

1.3.14 (Z£%] Reserve Memory . . . . . . ... ... ... 49

4



1.3.2

2 LWK &£&

1.3.1.5 Query Memory . . . . . . .. ... 50
1.3.1.6 (Z£%] Release Memory . . . . . . ... ... ....... 51
1.3.1.7 Create OSinstance . . . . . .. ... ... ... ...... 51
1.3.1.8 Destroy OSinstance . . . . . . . ... ... ... ...... 51
1319 OSAVARVA—EEHAG . ... ... .. ... 52
EEHMT OSHEREERE . . . .. 53
1.3.21 Assign CPUs . . . . . . ... .. 53
1322 Query CPUs . . . . . ... . 53
1.3.23 Release CPUs . . .. .. .. . . . . 54
1.324 SetIKCMap . . . .. ... 54
1.3.25 GetIKCMap . . ... ... . .. e 54
1.3.2.6 (Z£5] Assign Memory . . . . . . . .. .. ... 55
1.3.2.7 Query Memory . . . . . . .. ... 56
1.3.2.8 (28] Release Memory . . . . ... ... ......... 56
1.3.29 Load Kernel Image . . . .. .. .. .. ... ........ 56
1.3.2.10 Set Kernel Arguments . . . . . . . ... .. .. ... .... 57
1.3.2.11 Boot Kernel . . . .. . .. ... ... . ... ... o7
1.3.2.12 Query Free Memory . . . . . .. .. ... ... . 58
1.3.2.13 Display Kernel Message . . . . . .. ... ... ... .... 58
1.3.2.14 Clear Kernel Message . . . . .. ... ... ... ...... 58
1.3.2.15 Shutdown Kernel . . . . . .. ... ... ... ... ..., 59
1.3.216 OSHREEEUE . ... . ... ... ... 59
13217 AERVXYTEREL ... 60
1.3.218 H—RNAVvE=IVXL VLI - NVIT Ty THHAIT—EY 61

63






List of Figures

1.1 Architectural overview of IHK components. . ... ... ... .. .. 9
1.2 Steps of IHK-master driver registration and device file creation. . 10
1.3 Relation between IHK devices and OS instances. . . . . .. ... .. 11
1.4 ihk_os_set_ikcmap() OHl . . . ... ... ... 21
L5 OSHREEBEMHIZ T — o 24
1.6 CPU PAEHOIEERGO 70— oo 32
1.7 CPU PA#HOIEM L ERIO 7 a— © oo o 33
1.8 ®CPU—KHEIEOZT— . 35
1.9 2CPUD—REIELSDOEIRFOT7O— . . ..o L 36
L10 HIIV S ARDEIERATY 7 oo 47
2.1 Boot sequence of cores for LWK. . .. ... ... ... .. ....... 63
2.2 Memory map when the LWK core enters LWK main routine. . . . 64






10

11

12

13

14

15

16

17

18

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 RZ 4 /\[alF#%geE
IHK I% Linux IZ A FORERE %2 12k 5 5,
o HIHIL Y ARADT 7 A

FEHIATIVDT 7 A IERIZA T D@D, b, I[HK DY —AF 1L 27 b Z<ihk src>&
T 5,

] 7740 [ B |
| <ihk_src>/linux/include/ihk/ihk_host_driver.h \ ANYXT7A) |

1.2  BE#ULH

LR OBEBRE 1.3 CHT 5 a3~y R2UWHTIFOH TGS, FEOH U st THEM I
24757 UTIHK X LWK O —E M2 HE T 2 %EAH 5,

1.2.1 BIEHEMITERETIEKRE

1.2.1.1 CPUF#

£R

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

st EA

index THE I N7z IHK 7 /31 ZIZX LT, cpus, num cpus TIHEI N7z CPU % F4Y
%, cpus (Zi& Linux TO CPU HS5DOEH DT KL A %ZHEE L. num_cpus ([ZIEEH DY 1
A%f{ET 5, WOH UIth cpus DHIEE HET 5,

RYE
0 EHERT
-ENOENT BE Uz THK A ADEEL RN
-EINVAL RIERINT A=K

13



1.2.1.2  F#F CPU HEE
E=o
int ihk_get num reserved_cpus(int index)
st AR
index THE I N/ [HK 731 A FHINTWD CPU D &K,

RYE
0P E CPU %
-ENOENT B LU IHK T84 ADRMEIEL
-EINVAL AIERNT A—&

1.2.1.3 F#% CPU [FHREUF
£

int ihk query_cpu(int index, int *cpus, int num cpus)

3558

index THRE I N7z IHK TN AZFHINTWS CPU DFE S % cpus THREI N
BeFZ RN S %, num_cpus (ZIXEAI DY 1 X2 €T 5, FEOH LIthS cpus DI % R
35,

FMAHEITIATD@ED,

1. ihk _get num reserved_cpus() ZH\WT CPU Bz HFd %,
2. W13 U7z CPU DY 1 X% Ff o 7= B BLH D FeIK %2 POV U St IC iR S 5,
3. ihk_query_cpu() IZEFI DT KL ALY 1 X%EL, CPU DFHFSF| 2 HET 5,

RYE
0 IEH&T
-ENOENT B LU IHK T8 ADMEIEL W
-EINVAL AIERNT A—&

1.2.1.4 CPU 8K
2K

int ihk release cpu(int index, int *cpus, int num_cpus)
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St EA

index THEI N7/ IHK 731 AT FHEINTWVWS CPUD S b, cpus, num cpus THH
EINZEDEMNT 5, cpus (2 Linux TD CPU B5DELH] % 5%E L. num_cpus IZ XL
DY A X&/ET 5, WFOH UIEH cpus DR E HET 5,

RYE

0 IEHFT

-ENOENT B U7 THK TN ADFELEL 22
-EINVAL RERNTA—X

1.2.1.5 [Z&E] XEYBEEFHSEHIE

EEo

int ihk reserve mem conf (int index, int key, unsigned long value)

St EA

index THHE I N7z IHK T7/31 A2 5 ihk reserve mem() DENEZE key & value D
R7THELZEDIZAEHET 5, key & value DRT DEIRIIUFD LS ITEHEIND,

‘ key DfE

| B

IHK_RESERVE_MEM_TOTAL

NUMA / — R OY A XDOHFMEERANTZ 74— NT, &
YA XIBETTINT 5, BAMIZIR, BEROEGEH 1 X%,
kY o4 XL TRV NUMA / — RT, RERLHHILR
LZE3IZNHELTINT S, NUMA / —RZ DP9y~ X
DI S DT NA value THRE L-EE (BA7IZ%) 22
72355 & -ENOMEM %3R3, HWIE, HELY 1 X2 ERT 2L &,
NUMA J — R IZZ=ERRBIZIESDENH D L, Al ER
BIZRBRDH LG ETEHLERT S I 2D 5 L\ FEICHIG
TEHEILTHD, b, Aty X2BETEL LU TV

52D1%, Linux (2 U T AREZGIHT 2081 H 5720,

RYE

[0 [ ERET

1.2.1.6 [Z&E] XEYHEEFH

e

int ihk reserve_mem(int index, struct ihk mem_chunk *mem_chunks,
int num_mem_chunks)

15



St EA

index THEE X N7z IHK 7 /31 ZI1Zxf L C, mem_chunks, num mem_chunks CTHiE I 7z
AE V) HIEE FHT 5, mem_chunks (213 A €V FEIBEHR ORI Z 52 L. nun_mem_chunks

WZIEH DY A X2 BET 5, FEOH UItH mem_chunks DfEEZ ET 5,
ihk mem_chunk [ZLA FD LS IZEBI N 5B,

typedef struct {
unsigned long size; // TRV A X%2EET S, -1 VIRE SNG4,
// HWREIRIRDZ K DAEY 2T B,
int numa_node_number; // NUMA / — RESZIHET 5,
} ihk_mem_chunk;

RYE
0 IEHRT
-ENOENT B L7z IHK TN ADRMEIEL
-EINVAL AIERINT A—&
-ENOMEM AED AL

1.2.1.7 FHFEX T REHEE
£
int ihk_get num reserved mem chunks(int index)
st EA
index THE XN/ IHK 7131 AT FREINT WD AE Y IO Z KT,

RYE
0LALE A E Y fHIE
-ENOENT B L7 IHK TN ADMEIEL R\
-EINVAL AIERNT A—&

1.2.1.8 FHFEXA T FEHIBRIG
£R

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

St EA

index TIHREI N/ THK T N1 AZFHEINT WS XA E) FEEB DGR % mem_chunks T
BEINLEFIZKHNT S, num_mem_chunks (ZIXEF DY 1 X2 EdT 5, IEUPH LiohH
mem_chunks D HIN % FHE T 5,
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21

0 IEHFT
-ENOENT B U7 THK T /351 ADMEE L 78\
-EINVAL RIEINT A =&

1.2.1.9 [£E] X T 5EEER
£x

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

St EA

index TIRE I N/ THK T34 ZIZ PRI NT WS A E ) FHED S5 5, mem chunks,
num_mem_chunks CTHHRE I N7 D Z MK T 5, mem_chunks (21 A €V FEIKE#H DY %
fE7 U, num_mem_chunks (ZIXEFI DY 1 X2 $5ET 5, HEOH UILH mem_chunks DFEIE %
FARET %, mem_chunks DEFHED size 7 1 =)L NiZ-1 ZFEL75HE. £ TD NUMA J —
RIZDOWTFHI N ATV HEHBORT2ERT 5,

RY1E
0 IEH&T
-ENOENT B L7 IHK TN ADMEIEL W
-EINVAL AIERNT A—&

1.2.1.10 OS A4 VR Y > A{EK
£

int ihk _create_os(int index)

st EA

index CHEEI N/ IHK T34 A FIZTHK TO OS RIEDFEMXRTH B OS A VAR VA
EERL., FDOAVT Y I A%KT,

RY &
02AE EHENZOSA VARV ADA VYT Y IR
-ENOENT B L7 THK T8 ADBEEL W
-EINVAL RIEINT A=K

17



1.2.1.11 OS 1 YR % v A¥EUSF
=X
int ihk get num os_instances(int index)
B
index THREI N/ IHK T/ AD OS 1 VAR ¥ AR %&IKT,

RY1E
0 LAk OS 1 VARV AH
-ENOENT FBELZIHK T1 ADRE/EL RN
-EINVAL ARIERINT A =&

1.2.1.12 OS A VRYVRA—EBEHE
£

int ihk get_os_instances(int index, int *indices, int num_os_instances)

55EA

index THEINLZIHK T4 AD OS A VARV ADA V5w 2 A4 % indices THH
EEINZEHNZHEANT D, num_os_instances IZ1Z OS 1 VARV A AEIET 5, BOH L
JCH indices ZHET 5,

B, BANKTIZOS A VARV A1 DORERT S0, AEKTOS AV ARY
ZADIFIEZRMER U T-41Z, OSA VT v 27 20 ZBEEMIZMHEHL T X0,

RY1E

0 IEHKY

-EINVAL RIEINT A=K

1.2.1.13 OS 1 v R¥% v HIkKk
R

int ihk destroy_os(int dev_index, int os_index)
AR

dev_index THE I N7z THK T /81 AD os_index THEI Nz OS 1 VA X v A% Yl
T2, YOS A VARV AIZEI D YT o BRI I NS, b, ZOBEBIL0S 1>
ARV ANEEIREBIZH>TETO Y 2 LV T T —2KRLEZDTBEI IR0,
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3

4

10

11

12

13

14

15

16

17

18

19

20

0 IEHIZKT U7,

-ENOENT BEINETIHK 731 A3 0S 1 VARV ADEEL RN,

-EINVAL NI A—RDMEBARETH 5,

-EBUSY /dev/mcos<os_index>% A — 7> L T\WAB 7O ADRGFHET 5, BB, A— T F Al
H 5D mcexec, ihkmond. IHK D%, THK ®a~v > KTh 5,

1.2.2 EEERIT OS EEMEE
1.2.2.1 CPU %Y
£R

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

BTl

index THHEI N/ OS A Y AR Y AZH L, THK 711 AU FHEINLTWS CPUD S 5
cpus, num cpus CHEINZEDZEID Y TS, cpus (2l Linux TD CPU DESEHD T
LU ZA%$EE L, num_cpus IZIEELFI DY 1 X2 EET 5, MOH LIEH cpus DI Z AR
T2, 2B, LWKIZ &> Tl cpus TD CPU HSDIEENEERZ R D, HlZIX, McKernel
T3 cpus THRE L ZIEFIC CPU B SRV EIND, ZOIFOH UKL — D AFELT
TE %,

RYE

0 IEHFT

-EPERM ARIE7: euid

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

1.2.2.2 =% CPU HEE
=
int ihk os_get num_assigned _cpus(int index)
Bl
index THEIN/Z OS 1 VY AX Y ZIZHI D ¥ TH5NT WS CPU D EIKT,

RY1E

0Lk CPU ¥

-ENOENT EEXINT OS 1 VARV ADFELEL WD
-EINVAL AIERNT A =&
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1.2.2.3 ZILHE CPU [BEHRINE

=3
int ihk os_query_cpu(int index, int *cpus, int num cpus)
st EA

index THREIN/ZOS A VARV AIZH DY THNT WS CPU DESF% cpus THE
INBFNMEANT B, num_cpus (ZIXEA DY 1 X2 FFET 5,

RY1E
0 IEHFT
-ENOENT BEEXNZ OS 1 VARV ADNFELEL RN
-EINVAL RIEZRIINT A =&

1.2.2.4 CPU &
£

int ihk os_release cpu(int index, int *cpus, int num_cpus)

St EA

index TIHEIN/ZOS A VARV AIIZEID B THNTWS CPUD S B cpus, num_cpus
THREINZHDEMINT 5, cpus IZiF Linux TD CPU H5 DAL % 5E L. num_cpus (2
FEFI DY 1 X EFEET 5, BFH UIEh cpus DR E AR T 5, ZONEOH UlSRitEL—
YOARETTE 5,

RYE
0 IEHT
-EPERM AIEZ euid
-ENOENT BEINEZOS A VARV ABPFEELZ WL
-EINVAL AIERNT A—&

1.2.2.5 IKC map &XE
£

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

index THEI Nz OS 1 VAKXV AD IKC map % map (Zi%E T 5, num_cpus (21X OS
A VARV AIZE DY TOENT CPUBEIRET %, M Lithmap DI E HET 5, &
B, ZONFTHUIHHEL-—YVDOAEITTE S,
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map

===

DESITERSND,

struct ihk_ikc_cpu_map {
int src_cpu; /* LWK CPU */;

IKC map & 1Z LWK CPU & Z®D IKC A v+t — VEENH CPU OXMIGERD Z & TH 5,
IKC map |& struct ihk_ikc_cpu-map OFFTHELS 5, struct ihk_ikc_cpumap [FLAF

int dst_cpu; /* IKC A v & — Y[ CPU */

7 X
R E(E
struct ihk_ikc_cpu_map ikc_map = {
{1, e}, {2, e}, {3, e},
{5, 4}, {6, 4}, {7, 4},
{9, 8}, {10, 8}, {11, 8},
{13,12}, {14,12}, {15,12}};
BREFER
Linux € LWK Linux 1 LWK
CPUI#O CPU#1 CPU#4 CPU#S
LWK LWK LWK LWK

CPU#2

CPL#8 CPU#9

LWK LWK

Linux LWK
CPU#12 CPU#13
LWK LWK

Figure 1.4: ihk os_set_ikc map() D

8

10

HNTHAL % X IZEELTWS,

11

IKC map @ HiIE, IKC B DiEF5 CPU 281 U7z LT, EEOBICYHEENITE W
CPUIZZES L1252 22L&, IKCEEDELZHIJHS 5 Z & ThH 5, ihk os_set_ikc map()
DHIZER 1.4 12T, ZOfITH. Taty ¥ i 4 DOREIZST, IKCEBENZNTNDKX

r RYIE
0 IEHRT
-EPERM ARIE7: euid
-ENOENT BEINZ0OS A VARV ANGFELZ WV
-EINVAL ARIERINT A=K

21



1.2.2.6 IKC map S
£

int ihk os_get_ikc map(int index, struct ihk_ikc_cpumap *map, int num_cpus)

st EA

index THHE I N7z OS 4 VY A X > AD IKC map % map THHE X NZBLFNIZHEANT 5,
num_cpus (ZIXELFI DY 1 XE2FFET 5, WOH Uit map OFEIEE HET 5, &b, ZOIE
CH U IR HEL - DAFITTE D,

RYE

0 EHKT

-EPERM AIEZ: euid

-ENOENT ETESINZ0OS A VAR VANGFELE WD
-EINVAL RIERINT A =&

1.2.2.7 [ZEE] £ EYEIH
£

int ihk os_assign mem(int index, struct ihk mem_chunk *mem_chunks,
int num_mem_chunks)

st EA

index THEI Nz OS 1 VAR VAL U, THK TN ZZFHINT WS AE Y FHIK
@D 5 % mem_chunks, num mem _chunks TIEEIN/ZHDEEH DY TS, mem_chunks 213 A
£ ) FHISIE R OEY] 2 57 L. num_mem_chunks (2 (XEA DY 1 X2 $BET 5, FFOHLTH
mem_chunks DEIE %2 AEZT 5, ZOMNOH UIIRHELI—YDAFETTE S, men_chunks D
HHRD size 74—V FIZ-1 2F8E L7GE, HEI N/ NUMA / — RIZOWTFHEI Nk
AEVEBOETEE D Y T3,

RY1E

0 EHFRT

-EPERM AIEZ euid

-ENOENT FBESINEZOS 1 VAR Y ABFEILEL RN
-EINVAL RIERINT A=K

1.2.2.8 FIHFA T BEBIE
e

int ihk os_get num_assigned mem_chunks(int index)
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Bl
index THREIN/ZOS A VARV AIIZHEH D YT ENT WS AT MHIBDOEZ KT,

RYE

0B E A E Y FEIEK

-ENOENT ETESINZ0OS A VAR VANGFELE WD
-EINVAL RIEZRINT A =&

1.2.2.9 EILEEA T SEEIBERING
£2XK

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

3598

index THEIN/Z0OS 1 VAR Vv AIZE D BT HNT WS AT HIEOEHR%Z mem_chunks
IZHEHAN T %, num.mem_chunks (ZIXEH DY 1 X2 $EET 5,

RY1E

0 IEHT

-ENOENT BEEXNZ OS 1 VARV ADPFEEL RN
-EINVAL RIEINT A=K

1.2.2.10 [ZFE] X T HEEERK
£

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

St EA

index TIREI N/ OS AT VARV AIZED YT 5NT WA AT FHED 5 5 mem_chunks,
num_mem_chunks THRE I N5 D Z T 5, mem_chunks (2% A €V FHIKIGFRDES % f5
& U, num mem chunks (ZIZELFI DY 1 X2 FEET 5, WOH UILh mem_chunks DI % F
B9b, ZOROHUIXFHELI -V DOAFEIITTE S, mem_chunks DHEED size 7 4 —JL R
IZ-1 ZBE L5 E. @ TONUMA / — RIZOWTEH D YT 5Nz ATV EEO ST %R
e 5,

RYE

23



0 IEHT

-EPERM RIE7% euid

-ENOENT BEINEZ 0S 1 VARV ADFEIE LR

-EINVAL AIERNT A—&
1.2.2.11 E5tRH eventfd BXfF 1
ey 2

int ihk os_get_eventfd(int index, int type) 3

EA 4

index THEI N/ OS A VARV ATO type THHE L7z A NV MEEZ BT 5 eventfd s
ZHF9 %, type DHLD 5 ZEIFLATF D@D,

l type DB l BiE ‘
0 W= VB LI —FDOAEVFHED (IHK IZL>TLWK IZE[ D 4y Toh/-8E— 2MiB) %
A -BIGad 5,
2 OS MNY T Ty U E 721 PANIC 28 Z L 7ZBIZEHT 5,
6
nE, ZOBEBITREL - OARTHE 5, 7
®) mﬁmiﬁm( ERY 7 FF—Ev
(2) BEFH
| 1
|
|T fd
5) EFIREREE (1) EFEMAIIE (4) Eiad - @B
E libihk.so ] [ihkmond]
R b Linux \ / McKernel
[ mcctrl }
[ IHK-master 1 ] IHK-slave
J

(3) McKernel DIRREESAR

Figure 1.5: OS IREEEE M 7 1 —

X 1.5 ZFH\WTLWK & U T McKernel B’81{EL TWA5ED OSIREEHO 7o —%231 s

B9 %, mcctrl i& McKernel THHWONE I —RXIIVEY 2 — )V TH D, 9
1. #AY 7 T —E VWY 3 TETHILEIFIZ ihk os_get eventfd() IZX D EMHA RV b 1
WA A 2S5, (Mo (1)) 1

2. EHY 7 M T —FViZepoll) %2 & T ki fd R O@AI 2D, (KD (2)) 12

3. il T —E > ihkmond »% McKernel DIRFEEZ T 5, (KD (3)) 7428, McKernel 13
DR FBEE IS HE D FHMH 13" McKernel Specifications” IZ50# 9 %, 14
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4. B F —F >~ ihkmond A EH 2 L., Ll fd BTy a THEHY 7 b TF—E VIR
WAREAT 5, (Mo (4))

5. BHY 7 T —EVIXEMZZI} S L ihk os_get_status () 12 & Y McKernel DYk fE
ZESL, EBRICEEREBIIHE I L 2RT S, (KD (5))

6. HHY 7 b T —E VIIMHERIEN D LANFICRE 2 @EAT 5, (KD (6))

RYE
0 LA EDfE eventfd D7 7 A VT AT T X
-EPERM ARIE7: euid
-ENOENT BEINEZOS A VARV ARPFEELZ WL
-EINVAL AIERNT A—&

1.2.2.12 A—x)A—FR
=

int ihk os_load(int index, char *image)

35158

index THHE I N7z OS 1 VAKXV AT image THREI N T 7 A INVEZHD I — )V A A —
VEDN— RT3, B, FAPETIEOS A VARV AZ T DDAERT 720, 0SA VT
2 2020 2 EEMICHIHE LTIV, ZOROHUIBHEL—FOAEGFTTE 5,

RYE
0 IEH&T
-EPERM ARIE7: euid
-ENOENT BEINEZOS A VARV ANFELZ WV
-EINVAL RIEZRINT A =&

1.2.2.13  A—RIVBIHERE
e

int ihk_os_kargs(int index, char *kargs)
st EA

index THREI N7z OS 1 VY A XV AT kargs IS N T WA A — 2 IVEIEZEHET, Z
DIFOH UIZRHEL —F DAFITTE 5,

RYE

25



0 IEHT
-EPERM ARIE7Z: euid
-ENOENT BEINEZOS A VARV ARFEELZ WD
-EINVAL AIERNT A—&
1.2.2.14 J—Kh 1
EE 2
int ihk_os_boot(int index) 3
Bl s
index THEINIZOSA VARV ADH—3)NV%ET— T 5, ZONRVOCHEUIZRELI—
YOAFETTE S, 6
RYE 7
0 IEHRT
-EPERM RIEZ euid
-ENOENT EESINEZOS A VAR VADPFLEL BN
-EINVAL RIEZRINT A =&
1.2.2.15 Yvy My IV 8
EE g
int ihk_os_shutdown(int index) 10
B 1

index CHEINIZ OSA VARV ADH =)%Y vy XTIV T 5, UFZEOSA VA
Ry ANZEND BT OHNEEFIIEREI NS, ZONHIRE T 2/7-7128Kd 5, BEST

I ihk os_get_status CTHEgA CE %, ZOIFUH U IFFiEL - DOAETTE 5, 1
RYE 15
0 Ty MR ACEE. FREEEICY vy R U VR
-EPERM ARIE7% euid
-ENOENT BEINEZ 0S 1 VAR VADFEIEL RN
-EINVAL AIERNT A =&
1.2.2.16 OS REERE 16
X 17
int ihk os_get_status(int index) 18

26



1 ERER

2 index TIEIN/Z OS 1 VARV ADIREEIKRT,
3 OS DYRAEI enum ihklib_os_status TH X415, enum ihklib_os_status IFPATFD &
4 5 c: i%’:“?} é j/l/%) )

5 enum ihklib_os_status {
6 THK_STATUS_INACTIVE, // AZEIfi
7 IHK_STATUS_BOOTING, // &
8 THK_STATUS_RUNNING, // #&E)iE
9 IHK_STATUS_SHUTDOWN, // ¥ ¥y h& U v
10 IHK_STATUS_PANIC, // PANIC
1 IHK_STATUS_HUNGUP, // NV T w7
12 THK_STATUS_FREEZING, // —IRHE IRREARE T
13 IHK_STATUS_FROZEN, // —HWHEIRIRRE
14 };
5 RYIE
0k OS JRfE
-ENOENT FBEINZ OS 1 VARV ARGFAEL WD
-EINVAL ARIEINT A=K

6 1.2.2.17 8BRT7 7 ALY AT LER
17 %Z_Et

18 int ihk os_create pseudofs(int index, pid_t nspid, int namespace)

1 &ER

20 index THEI N/ OS A VARV ADHD /proc BL W /sys 77 ANV AT Lk,

2 nspid % PID &3 % 70+ XD namespace THHE S N7z D namespace NIZIEKT 5,

2 namespace Z i€ U \WIGE X nspid I2¥ 1 2 F, namespace DFEFEILLAT D E D e
HITHRET 5,

| 7T DE | namespace DB |

CLONE_NEWUSER user

CLONE_NEWCGROUP cgroup

CLONE_NEWIPC IPC

CLONE_NEWUTS UTS

CLONE_NEWNET network

CLONE_NEWPID PID

CLONE_NEWNS mount

23

24 B, ZOBEBIIFHEL - OARTHYE S,

» RYUIE
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0 IEHT

-EPERM BAEIZ R B HER D 2 W

-ENOENT EEXINT OS 1 VARV ADELEL WD
-EINVAL AIERNT A—&

-ECHILD NETERLZF 7O AD wait () 1IZEHK

1.2.2.18 BT 71 IV AT LHIKR
£x

int ihk os_destroy_pseudofs(int index, pid_t nspid, int namespace)

st AR

index THHEIN/Z OS A Y ARV ADT=HIZ, nspid % PID £ % 7' & AD namespace
THEE S N 7-FEFE D namespace WIZ/ERR S 7z /proc B &L /sys 7 7 ANV Y AT L EHIRT
%, namespace Zf8E L2 W5E L nspid IZ¥ 10 %29, namespace DFEFED IR E HiEILEH
1.2.2.17 filZFl# D ihk os_destroy_pseudofs() LML TH 5, 7B, index TIHEI N7z
OS A VAR VADFHELBRWEHAES T T — L& THIRET S, 72, ZOBBIIREL—Y
DAF VB,

RY1E

0 EH&T

-EPERM BB B HER D 72

-EINVAL AIERNT A—&

-ECHILD HNETERLZF 7O AD wait () 1IZEK

1.2.2.19 H—RILXAvE—IH% 4 XEE
£

ssize_t ihk os_get_kmsg_size(int index)

3558

index THEINZOSA VARV ADH—ZINAYE—=IHNY 77O A X %K,
B, YA RFBESKIBEETH LN, FkoON—Yarycary7sFalb—va VHIZ
HREARRIZT A FETH B,

RY1E
1E DA H—FN AVt =DV 1 X
-ENOENT BEINEZOS A VARV ABPFELELZ WL
-EINVAL AIERNT A—&
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1.2.2.20 A—FRILAXAvE—VHE
£

int ihk_os_kmsg(int index, char *kmsg, size_t size_kmsg)

st EA

index THEINZOSA VARV ADH—FINA Y —IVD I BEAK size kmsg /N1 b
% kmsg l2 A —9 5, MO LUth kmsg DI ZE HET 5,

RY1E

0 ML EfE ¥ —U731 M

-ENOENT ETESINZ0OS A VAR VANGFELE WD
-EINVAL RIERINT A =&

1.2.2.21 A—RIAXvE&—=I9)7
e
int ihk os_clear_kmsg(int index)
st
index THEINZ OS A VARV ADA =N Ay —=V%2) T T 5,

RY1E
0 IEHET
-ENOENT EESINEZOS A VAR VADPFLEL BN
-EINVAL RIEZRINT A =&

1.2.2.22 NUMA / — NEES
£
int ihk_os_get num numa nodes(int index)
Bk
index THEI Nz OS 1 Y A X U ADFHATHEZR NUMA / — F O % KT,

RY1E
1B0E NUMA 7 — F&
0 75—

29



1.2.2.23 ZEZ AT ERE 1
£ 2

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

st EA 4

index TIEEEINZOS M VARV ADNUMA / — RZ&D4EE XA E ) &% memfree T s
EEEINZHHNZHKINT 5, num numa nodes IZIXEH DY 1 XE2FEET 5, IROHLIITHE 6

memfree D Z HET 2, 7
RY1E 8
0 IEHKT
~ENOENT FRESINTZ OS A VARV ADFIEL R\
-EINVAL AILETRNT A =R
1.2.2.24 R—IH 4 JBEYEG 9
= 10
int ihk os_get num pagesizes(int index) 1
E%EH 12
index THEI N OS A VARV ADAR—I Y 1 XfEF %K T, ihk os_get_pagesizes() 13
LHAGDED T, FMHTRRR—IUY A X2 G TE 5, 1
RY1E 15
1Dk R—IY A1 TR
0 57—
1.2.2.25 R—IH A IWF 16
N 17
int ihk os_get_pagesizes(int index, long *pgsizes, int num_pgsizes) 18
B 19
index THEINZOS A VARV ADR=IHP A XfEZ L DR—T YA X% pgsizes T 2
RE I NI EMNT %, num_pgsizes (ZIXEA DY 1 X2 FHET 5, 21
RY1E 2
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1

10
11

0 IEHT
-ENOENT BEINEZO0S A VARV ARFELELE WL
-EINVAL ARIERINT A —&

1.2.2.26 (£ &) REHBERIUS
£

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

3558

index TIRE I N7z OS 1 Y AR YV ZADIFUH UK T OREHER % rusage ([ZHEHNIT 5,
WO U 76 4% rusage QR T 5, IS CE B HEHE LWK QBRI T 5720
=Lk [ c 1 ks 3 S >

=

struct ihk os rusage MIFLLFD KD IZERI N D,
struct ihk_os_rusage {
unsigned long memory_stat_rss[IHK_MAX_NUM_PGSIZES];
/[x =P DR=IH A XL D anonymous RX— VI HEBIEME (N1 MHAL)  */
unsigned long memory_stat_mapped_file[THK_MAX_NUM_PGSIZES] ;
/x A=HFDR=VY A XL O file-backed — VHFHRBUEM (N1 AL */
unsigned long memory_max_usage;
/x A—FDAEYMHRERKRME N1 MEAL)  */
unsigned long memory_kmem_usage;
/% H—FVDAE ) FHEBEME (N1 FEAD)  +/
unsigned long memory_kmem_max_usage;
/% AI—=FNVDATY MHREEKRME (N1 FELL)  */
unsigned long memory_numa_stat [THK_MAX_NUM_NUMA_NODES] ;
/* NUMA 2 Da—H DX E Y HHESIEM N1 FHAD)  */
unsigned long cpuacct_stat_system;
/x ¥ AT LEE (USER_HZ HiA7) */
unsigned long cpuacct_stat_user;
/x 22— (USER_HZ Hf) */
unsigned long cpuacct_usage;
/* Z—Y O CPU i (F/ FHAL)  */
unsigned long cpuacct_usage_percpul[IHK_MAX_NUM_CPUS];
/¥ AT T DA—HD CPU IR (- BHAL) */
int num_threads;
/% ALy FEBITEAE */
int max_num_threads;
/% ALy REURKAE */
s
memory_stat rss $ & F memory _stat mapped file DA VT v 7 AlFH 1 Xz kB _—
VHETHO, UTFTOLSITEHRI NS,
enum ihk_os_pgsize {
THK_0S_PGSIZE_4KB,
IHK_0S_PGSIZE_64KB,
THK_0S_PGSIZE_2MB,
THK_0S_PGSIZE_32MB,
IHK_0S_PGSIZE_1GB,
IHK_0S_PGSIZE_16GB,
THK_OS_PGSIZE_512MB,
IHK_0S_PGSIZE_4TB,
THK_MAX_NUM_PGSIZES
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0 EHRT
-ENOENT BEINEZOS A VARV ADNFELZ WL
-EINVAL AIERNT A—&

1.2.2.27 CPU PA ERIFEA RNV N &R
£

int ihk os_setperfevent(int index, struct ihk perf _event attr attr[], int n)

B
index TIREIN/ZOS 1 VARV AIZBEWT attr, n CHRELZARY N 2INET HH

Ex2ITD nlEARY MEERT, "— R T7DPA YV EABUTOEZIEET S, IEOH

LJth attr DHEIEZ HET 5,
ihk perf_event attr IFBAFD XS IZEFE I N5,

struct ihk_perf_event_attr{

unsigned long config; /] N—F T TREINE ARV MRS
unsigned disabled:1; // R
unsigned pinned:1; /] EIZEENSRE T B

unsigned exclude_user:1; // A—WE—RFRTHRELEZARY MEFELARV
unsigned exclude_kernel:1; // #— R IIVE—RTHELZAXRY MEE LUAW
unsigned exclude_hv:1; // hypervisor E— FTHAELZARY M ZEFELZWL
unsigned exclude_idle:1; // idle REEDA XY FZELLZW

b, ZOBEBIIREI - DOANOHYE S,

[ ERY 7 LF—> ]
(1) 4 Rv F &% (2) 4 Ry FURERIA
{ libihk.so ]
£ X b Linux N / McKernel
[ mcctrl ]
[ A IHK-Slave
IHK-master
J
BN
y N

NT =R
Hh R

Figure 1.6: CPU PA DI ERHIBED 7 10—
CPU PABHONEIZTEHY 7 b F—E VIt &> TiTbhbh b, AV 7 hF—EViEYs
T u e ABIEERICINEEZBIB L., Va7l u AR T EBIZINE S EIEUEEEINT 5,
X 1.6 2 AT LWK & U T McKernel 2 E{EL TWABROINERED 7 10— %2 5iHT 5,
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1 1. #HY 7 b 57— V7' ihk_os_setperfevent () %\ THfF9 %5 CPU PA 1H# (1 X
2 b)) OFREEITS, (D (1))

3 2. #HY 7 T —E A ihk os perfctl() ZHWTA Ry MUEZFRT 5, (KD (2))

{ ERY 7 b F—E ]
[ 1
(1) 4~y P UREELE (2 A~ MEREUS | 3) 4 ~> bHEIKR
E libihk.so ]
7R X b Linux [ magtrl J \ f McKernel
R IHK-slave
IHK-master
AN
N N

NT =T VR
ho R

Figure 1.7: CPU PA 1H#HOINEEIE 1L & Al [aIX D 7 1 —
4 B4 1.7 &2 AW CTUEEE IR S EFR D 7 a— %23 5,
5 1. #HY 7 M7 —E VA ihk os_perfctl() ZHWTA XY MEZFEIET 2, (KD (1))

6 2. #MHY 7 b7 —F D ihk os_getperfevent () % H\\T CPU PA [EHOINE (HDH
7 AL) 2475, (KD (2))

s 3. Y7 FF—E VD ihk os perfctl() ZHWVWTA RV M &HIKRT 5, (KD (3))

o RYIE
0 £~IZIEDfE EHRT, BERZERIIU-A Ry MR EIKRT,
-EPERM RIE7 euid
-ENOENT BEINEZOS A VARV ABPFEELZ WL
-EINVAL AIERINT A X

10

n 1.2.2.28 CPU PA [BE3RINERKELE
12 %Z_Et

13 int ihk os_perfctl(int index, int comm)

1 5BH

15 index TIHEIN/ZOS 1 VARV AIZKN LT commn THRET SV 7a~v > KZ2HWTPA
6 ARV MUEDHIEZITS, Y7 ax Yy RIZIFBLTOfEZIEET 5,

=
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& (=7 n0) HEESZ T ERY 7 FTOFERYI1IV Y

PERF_EVENT_ENABLE PA 1 Ry NPUEEBHEE | ¥ 2 TBHAIFIZ (I

PERF_EVENT DISABLE | PA 1 RV MNNEEIL | V3 TR THIZHEN

PERF_EVENT_DESTROY | PA 1 XY hHIER Y a 7R TR

BHE. ZOBEBIIEEL - OATETHEE S,

RY1E

0 IEHT

-EPERM ARIEZ: euid

-ENOENT index TIEEINZ OS 1 VARV ADMEEL BN
-EINVAL AIERNT AKX

1.2.2.29 CPU PA [EFREE
£

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

EA

index THEIN/Z OS 1T VARV ADA Ry MEERBZ ERZE n DRLY] counter 12
M 5, nidA X2 MEET, ihk_os_setperfevent DR DH, T4 HEEKIZHIIL 72
ARy NEBEIBET 5, WOH UILH counter DEIGZE FHET 5, b, Z OBEBKIIRHE
A—HFOAIFOHHE 3,

RYE

0 IEHT

-ENOENT index TIREZI N7z OS 1 VAR YV ADMFIEL 72\
-EINVAL AIERINT AKX

1.2.2.30 £ CPU —H/{=1t
£

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

55 EA

os_set CTHEIN/Z0S A1 VARV AIZDWT, € CPU DO—HHE IRREANDER 2B L
THIEIZH RS 5, MR OS AV AX Y ADRREIX, 12 ECPUEKEDED CPU S —R¢F 1k
ARFEAGEFRS U 72 FIZ THK_STATUS_FREEZING (Z:&f U, £ CPU H3—HHE IEIREAER U 72 KR
IHK_STATUS_FROZEN (Z&H T 5, #/EA—ENHI TS 7 L2\ — X3 ihk os_get_status()
ZPHAWTCHMHETA2Z N TES, Z0%EIE ihk os_thaw() ZHVWTER Z2F v LT 5
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Figure 1.8: & CPU —KHg1ED 7 10—

42 CPU —HHEIEOEE 70— %X 1.8 % FAWTEHIAT 3,

1. #AY 7 MR —NO#EHY 7 b T —E IV a70—REiE 28 RT 5, (KD (1))

2. EFY 7 b7 —% V7 ihk os_freeze() T McKernel (24 CPU O —KigE k%2 /) v 7

0y * 2 ZICHERT 5, (KD (2))

3. Y 7 N7 —E VA ihk os_get_status() TR CPU O—FRHEIED5E T 2 8T 5.

(Mo (3))

4. BHY 7 b T—EUBR VT FOREELZ D Z L T meexec (proxy process) & — R

IREIZS 5, (KD (4))

RYE
0 EHRT
-EPERM AIEZ: euid
-ENOENT index 7R OS 1 VAR ¥ AFFEEL W

1.2.2.31 £ CPU —BEL1r50DEIF
£

int ihk os_thaw(unsigned long *os_set, int n)
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St EA 1

os_set THEIN/ZO0S 1 VARV AIZDWT, —HHEIREIZH 50, —HFEIRIREAN
BB LDODOH5 CPU ZtDRBIZKET, £72. OS OJRHE% IHK_STATUS_RUNNING (25 5, 3
os_set FEI nDE Y MNMIZIETHRA VX T, LSBHRAOHATHE I FHOL Y b2V 1 DEE 4
XOSA VYT YIAMiTHS O0S A VARV ANBRIEDON R LD, b, ZOBEKIIEHHE -
I—YDOANREVOHHE S, 6

(1) ¥a 7o—k=1E
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4 CPU O—HE1E2 5 DEFOEET7 0 — %X 1.9 2 W THHT %, 7
1. BAY 7 0/ —ROEMAY 7 T —E Y3 7O—KHELEPSDOEFZIERT S, -
(D (1)) 9
2. #HY 7 b TV AV T FDOREELZ S Z L T mceexec (proxy process) & —HRHs 10
thj(%ﬁ‘gfgﬁ”éﬁéo (0) (2)) 11
3. Y 7 b T —F vH ihk os_thaw() T McKernel iZ4 CPU O —HE k26 DE(EEZ
BERd 5, (KD (3)) 13
4. #HY 7 b7 —E VAV ihk os_get_status() TH CPU O —KHZ 1L S DEWITE 7 2 1
BRI B, (KD (4)) 15
RY{E 16
0 IEHT
-EPERM ARIE7% euid
-ENOENT index =9 OS A v A X ¥ AFEAE L 72\
17
1.2.2.32 X EY YV THE 18
E£K 19

int ihk os_makedumpfile(int index, char *dump file, int dump_level, int interactive)
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1 EtEA

2 index THEE I N/ OS 1 Y ARV AIZDWT, dump_level THEI N7z X € ) fHig%
dump_file CHE L7727 7 A IVIZHJ1T 5, dump-level DFFE HIEIZLLFDM@D,

0 IHK 23 0S 1 VAR Y AIZE O M T ATV EEEHE LTS,
24 H—=2NDMFEHL TS AEVMEREH LT 5,
3
. interactive 7% 1 D&, interactive mode [T D7 vy A V2 H T 5, ZTOE—FK

s Tl BV TRITY —VIET Ry ZTHHE<T Y VDA T 2 EESBLUTCHT 21T, b, Z
o DEBIIFHELI - DAIFOHE S,

7 RYIE

0 ERHET

-EPERM RIE7R euid

-ENQOENT dump_file DAY NULL, %7-1% dump_file =& 0 OXFHZHFL T
W3, F/-id dump file KEENDT 4 LI MU BIFHELRY

-EACCESS dump_file TIRELZ 7 7 A MIZDOWT, T4 L7 NIV REFLETBEHR T 7
AIVDMERR T E 2R\

-EEXIST dump_file CTIRE L7 7 1 VABRICTFET %

-EINVAL RIEZ/ST A X, index DWEIDEE&ZED,

-ENODEV index TIREEND OS 1 VARV ADFIEL 72\

-EPERM index THEIND OS 1 VARV AILT JE¥ATERN

o 1.2.3 LWK [} OS #IH{b#EE
10 1.2.3.1 Get Number of NUMA Nodes
11 Synopsis

12 int ihk mc_get nr numa nodes();

13 Description

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

15 Return Value

>0 The number of the NUMA nodes

16

v 1.2.3.2 Get NUMA Node Information
18 Synopsis

19 int ihk mc_get numa node(int id, int *linux numa_id, int *type);
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id input NUMA id 2

linux_.numa_id output Linux NUMA id 3
type output Memory type 4
Description 5

The host Linux NUMA id and the memory type of the NUMA node specified by id is s
stored to 1inux numa_id and type, respectively. Each of the values is not stored when the 7

corresponding pointer is NULL. 8
Return Value 9
0 Success
-1 id is not valid
10
1.2.3.3 Get NUMA id 1
Synopsis 12
int ihk mc_get numa id(); 13
Description 14
Returns NUMA id of the CPU on which the caller is running on. 15
Return Value 16
[ >0 | NUMA id
17
1.2.3.4 Get Distance between NUMA Nodes 18
Synopsis 19
int ihk mc_get numa distance(int i, int j); 20
Description 21

Returns the distance between the NUMA nodes specified by i and j. The distance 2
matrix could be the same as Linux. 23

Return Value 24

25
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| >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.

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 ITHK.

Return Value
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| >0 [ The number of CPU cores

1.2.3.8 Get Core Information 1
Synopsis 2
int ihk mc_get_core(int id, unsigned long *linux_core_id, unsigned 3
long *hw_id, int *numa_id); 4

Description 5

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 s

to the hardware APIC id in x86_64 architecture. 9
Return Value 10
0 Success
-1 id is not valid
11
1.2.3.9 Get IKC Destination CPU 12
Synopsis 13
int ihk mc_get_ikc_cpu(int id); 14
Description 15

This function returns the Linux id of the CPU to which the CPU specified by id sends 16

IKC messages. 17
Return Value 18
>0 The Linux id of the IKC destination CPU

19

1.2.3.10 Get Kernel Arguments 20
Synopsis 21
char *ihk get kargs(); 2
Description 23

This function returns the pointer to the buffer containing the kernel arguments given by 24
the THK master. 25
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Return Value

l >0 [ The pointer to the kernel argument string

1.2.3.11 Get Information of Kernel Message Buffer
Synopsis

int ihk_get_kmsg buf (unsigned long *addr, unsigned long *size);

Description

The physical address and the size of the kernel message buffer are stored to addr and
size, respectively. This function is supposed to be called when initializing LWK.

Return Value

l 0 [ Success

1.2.3.12 Boot a Core
Synopsis

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

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 A7 Inter-Kernel Communication (IKC) ##E
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
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0 Success

£0 Error number

1.2.4.2 Initialize Master Channel on the IHK-slave side 1
Synopsis 2

void ihk_ikc master_init(void); 3
Description 4

This function is called by LWK and initializes the master channel connected to Linux. 5
1.2.4.3 Listen to Connection Requests 6
Synopsis 7

int ihk_ikc_listen port(ihk os_t os, struct ihk_ikc_listen param *param); 8
Description 9

This function makes the master channel listen to the remote OS specified by os to create 10

a channel with the parameters of param. 1
struct ihk_ikc_listen_param specifies parameters for a channel to be created and 12
defined as follows. 13
struct ihk_ikc_listen_param { 14
int (*handler) (struct ihk_ikc_channel_info *); 15

int port; 16

int pkt_size; 17

int queue_size; 18

int magic; 19

int recv_cpu; 20

}; 21
22

handler A function called when accepting an incoming connection request 23
port Port number 2%
pkt_size Packet size 25
queue_size Queue size 26
magic Magic number for identification of the communication initiator 27
recv_cpu CPU ID of the listener 28

An THK user must set the first four fields before passing it to ihk_ikc_listen port. The 2
THK user must define function which is set to handler field of this structure. handler is 3o
called when accepting an incoming connection request and it is expected to set packet_handler s
field of the argument. The value of the field is then copied to handler field of ihk_ikc_channel_éesc
and becomes the call-back function which is called when detecting an arrival of a packet. 33
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This accept-time call-back mechanism is used to create a table which is indexed by a CPU
ID and returns the channel bound to the CPU.

ihk_ikc_channel info is an intermediate object used by the accept-time call-back
function to pass the packet-arrival-time call-back function to the channel as described above
and is defined as follows.

struct ihk_ikc_channel_info {
struct ihk_ikc_channel_desc *channel;
ihk_ikc_ph_t packet_handler;

}s

channel is only used internally. packet_handler is a pointer to the packet-arrival-time
call-back function and is set by the accept-time call-back function.

Return Value

0 Success
#0 Error number

1.2.4.4 Send a Connection Request
Synopsis

int ihk_ikc_connect(ihk_os_t os, struct ihk_ikc_connect_param *p);

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;
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port Port number

pkt_size Packet size

queue_size Queue size

magic Magic number for identification of the communication initiator
handler Packet handler called when calling ihk_ikc_recv_handler
channel Channel descriptor which is set when connected

An THK user must set port, pkt_size, queue_size, magic, handler fields. channel
field is set to the descriptor of the channel.
ihk_ikc_channel_desc is an opaque type represeinting an IKC channel.

Return Value

0 Success
#0 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);

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 ITHK 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.
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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

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);
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Description 1

This function destroys the master channel or a regular channel specified by c. 2
1.2.5 Linux K54 /\@i7HaE 3
1.2.5.1 HIEILIRFY—F 4
e 5

int ihk_os_read_cpu register(ihk_os_t os, int cpu, struct ihk os_cpu.register o
*desc) 7
St EA 8

os THRET S OS 1 VAKXV AD cpu THHRET S CPU D desc THET HHIHIL AKX o
i % desc->val ~NFEFIHTHIAIAL, 58 T 1L desc->sync DL TSN DIEANDZEALTHEIT 1
&5, &P, cpullld McKernel TOHFHZIBET 5, £72. W Liih desc DHEEEH o

Y%, 12
struct ihk os_cpu register XA TFD LS IZTEZEI NS, 13
struct ihk_os_cpu_register { 14
unsigned long addr; 15

/* HIHIV AR ZIET ST NVAREDIE, &b, 7—F727F vEHDMH 16
EXTDEEMND, */ 17
unsigned long val; 18

/* ihk_os_write_cpu_register() : HilffiL Y A XIZFH A LM 19
ihk_os_read_cpu_register() : Hlfll L ¥ A XAD IR */ 2
unsigned long addr_ext; 21

/¥ BV AR EHET BT L AL EDMH, addr THEL ENBRWVWIEE 2
ZHWS, B, 7T—F7 27 FvEADEEZZDOEEH VD, */ 23
atomic_t sync; 2

/* HIHILV O ARANOBRMEZE T 2R T, 0 FRZET Z2RIKL, 0 SN T % 25
Rk %, */ 2

}; 27
FIRD ATy 723 1.10 Z W THIT 5, 2

1. (WK ECTHEETE54 75 UNRILWK 26D A 70— RREHT Linux R4 /0ZL Y 2
AREZIERT 256 1%. ihk_get _request_os_cpu() ZHWTAZ7HE— R 0OS T %
VAR VAL CPUBSZEET S, 25952 8T, BIERDOS A VARV AEEE 5
i<, (Ko (1)) 2

2. Linux R 74 N\DPEEFRE T 2R TEBMERSE T (0) IZEEL TH 5, ihk_os_read cpu_register ()
¥ 721% ihk os write cpu register() TL Y AX ZIEMFMIZEEET 5, (KD (2)) =

3. THK 7213 LWK 2% FElZEB DM 2 285 2 LT X D #E/E%E T % Linux R714/% 3
EAT S, (KD (3)) 36
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RYE
0 IERRT
-EINVAL VIARDT 72 AR Uz, E721E desc->sync BB TR
-EPERM cpu »* McKernel (ZE D ¥ TS5 TW5B CPU Tl
-EFAULT desc »* NULL

1.2.5.2 HlELIRYS4 b+

=3

int ihk os_write_cpu.register(ihk os_t os, int cpu, struct ihk_os_cpu._register

*desc)

aiFA

os THRET S OS 1 VAKXV AD cpu THHET S CPU D desc THEET HHlIL ¥ A X
N desc->val THRET B EZIEFATEZIAL, 72 71X desc->sync DL B LSDIENDZE

fETHRIITE 5, 728, cpuilld McKernel TOHESZIBET 5,
RY{E
0 IERRRT
-EINVAL VIARDT 7R RZEB U, F£721F desc->sync ¥ E THR W
-EPERM cpu A McKernel IZ#]D 4 To5NTWS CPU Tld7ZWn
-EFAULT desc #° NULL

1.2.5.3 #A70—K7xTOSAVRY VARG

e

int ihk_get request_os_cpu(ihk_os_t *os, int *cpu)
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St EA

VAT LA-NBEREDF 70— NRATARBORTH L 217> 76, A70—F
JTLILWK D OS 1 Y AX VA% 0siZ, CPUHKS% cpullikd, 2B, cpuld McKernel TD

RYE
0 EHRT
-EINVAL F 78— RNIZ& D YHEFOCHELUIZW > TRy
-EFAULT os 73 NULL

1.3 IR - FT—FUMHEHK

1.3.1 BEERTEREIEMKEE
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 THK 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 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
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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:

$ 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 [Z®E] Reserve Memory
Synopsis

ihkconfig <dev index> reserve mem <amount of memory>
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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,
and <amount of memory> is given in the following format: X[M|G|T] [@P] [,Y[MIG|T] [@Q]
..1lall, 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 best effort maximum. An actual example of usage of
allocating 2 Gigabytes from NUMA node 1 would be:

$ ihkconfig O reserve mem 2G@1

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. THK reserves the memory area of the requested size using the following
alorithm. We denote by s the requested size and by t 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

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
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X[M|G|T][@P][,Y[M|G|T][@Q]..]|all
X[M|G|T][@P][,Y[M|G|T][@Q]..]|all
X[M|G|T][@P][,Y[M|G|T][@Q]..]|all
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1.3.1.6 [Z®] 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

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>

o1



Description

This command destroys the OS instance specified by <os index> residing on the ITHK
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 YR¥VZ2—ERE
£

ihkconfig <dev index> get os_instances
st EA

[HK 7 /31 Z/dev/mcd<dev index> LIZfFET S5 OSA VARV ADOSA VT v I A%
UrolATH T %,

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

BB, RAFETIZOS A VARV AIX 1 DORERKT B8, KEBTOSA VARV AD
FAEZMER U T-181E, OSA VT w7 A2 0 ZEEMIZEEEL T LW,

I 5B
| SEZ] | w5 |
l Error: Invalid argument l AIETRINT A —X ‘
Exit Status

0 IEHRT

0 LAk 37—
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1.3.2 EEEHEMIT OS EEMEE

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 - 1”. 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

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
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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
1list>:<CPU logical id> denotes the McKernel CPUs denoted by <CPU 1ist> 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
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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

l 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 [Z®E] Assign Memory
Synopsis

ihkosctl <os index> assign mem <memory list>

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] [,YIMIGIT] [@Q]..]lall, 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 IHK
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
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X[M|G|T][@P][,Y[M|G|T][@Q]..]|all

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 [Z®E] Release Memory
Synopsis

ihkosctl <os index> release mem <memory list>

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
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In which example, /home/example/lwk/kernel.elf.img is loaded. As mentioned earlier,
an THK 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:

$ ihkosctl O kargs foo=bar,foo2=bar2

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

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 O boot

Only privileged user can perform this operation.

Exit Status
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0 Success

Other than 0 Failure
1.3.2.12 Query Free Memory 1
Synopsis 2
ihkosctl <os index> query_free_mem 3
Description 4

This command queries the amounts of free memory areas that are assigned to the OS s
instance specified by <os index>. The command returns the memory list in the same &

format as ihkosctl (assign mem) command. 7
Exit Status 8
0 Success
Other than 0 Failure
1.3.2.13 Display Kernel Message 9
Synopsis 10
ihkosctl <os index> kmsg 11
Description 12

This command obtains the kernel message buffer from the OS instance. <os index> 13
identifies the OS index that has been returned after the OS creation operation. An actual 1

example of usage would be: 15
$ ihkosctl O kmsg 16
Exit Status 17
0 Success
Other than 0 Failure
1.3.2.14 Clear Kernel Message 18
Synopsis 19
ihkosctl <os index> clear_kmsg 20
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Description

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

$ ihkosctl O clear_kmsg

Exit Status

0

Success

Other than 0

Failure

1.3.2.15 Shutdown Kernel

Synopsis

ihkosctl <os index> shutdown

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.

Exit Status

0

Success

Other than 0

Failure

1.3.2.16 OS JRERE

e

ihkosctl <os_index> get status

st AR

<0s_index> TREINIZ OS T VARV AD OS Ik

A & RIRIZEAN D@ D

99

295, & OSKREIZHIET S



| X5 | B

INACTIVE pEEdTi
BOOTING R )
RUNNING EHE R, 5T
SHUTDOWN Tyy hRY U
PANIC PANIC
HUNGUP N TT T
FREEZING — R IR TR
FROZEN — IR IR IR TR
IS>—BHN 1
| XF5 \ F={
Error: OS instance not found TBEEINZOS AT VAR VAP FELR N
Error: Invalid argument ANIETRINT A R
2
Exit Status 3
0 EHRT
0 DA%t 7—
1.3.2.17 X EY &Y THRR s
EX 5

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

F7Toav ,

-d <dump_level> | XV T WHET 2 AT HEBOMIEE<Llevel>IZiHET D, X HREARMEHIZIA FD@ED,

0 IHK 7% McKernel (Z#] 0 24T A€ ) Z T 5,

24 A—FVRHEHLUTWE XEVHEEZHIT 5,
REV P ZGEIZ 0 AHVLNS,
<file_name> W7 71 V%, BEDZD - 72551 ncdump_YYYYmmddHHMMSS 23SV 515,

--interactive|-i | Interactive mode (I D7 7 T VZH T3, ZOE—RTIE, X THHY —ViET
Ny THREITVDAEY 2 BESRU T 21T,

AR 9
<os_index> THEE I N2 OS 1 Y ARV AD<dump_level> TIHE I N7z A €V il % <file_namen» T
BESINZT 7 AN NT 2, 2B, 203XV NIFHELI—VOAFETTE 5, 1
IZ—BFHD 12
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Error: No such file or directory (BT T 74NV TEENET 4L I N)DBFELR,

Error: Permission denied (BT T 74ANV%) TRELZZ 74 UIZDWT, T4L 7MY
BIEFEET DT 7 1 VDBMERTE RN,

Error: File exists (BT T 7AN%) TRELZT 7 A VHBERIZGEIET 5,

Error: Invalid argument NIEIRINT A&,

Error: OS instance not found OSAT VT v 7R THREINDG OS 1 VAR Y ADFELR,

Error: Operation not permitted OST YT v IR THEIND OSA VARVAIZT V2 ATE
AN

Exit Status

0 IEHKY

0 LAgk IJ—

1.3.2.18 H—XIWAXAvE—IYEA LI N -NVTTY 70*%%”7_:_%\/
=X

ihkmond [-k <redirect_kmsg>] [-i <mon_interval>] [-f <facility>]

T3y

-k <redirect kmsg> | H— RN AV E—ID/dev/log "D XA VLI NEMERET 5, 0 BVHEES
NIZJER) XA VI M afTbd, 0 UAPREINZGERY XMLV M
75, MENRVWEER) XAV &I,

-i <mon_interval> NV TTy TRAID -2 OS 8% iR T AhpfillE 2 Ef Tied 5, -1
PRESINEGEFINV I Ty THHZTHhIRV, BENRWEE X 600 03
Aunwsinsg,

-f <facility> syslog 71 b )LD facility 2487 %, fBED 2\ IE 1 LOG.LOCALG %

w3,

5BA

=N Ay =V %HEF L syslog() ZHWT/dev/log IZFH ZiAL, syslog 70 b3
VD facility ld<facility>IZHEI N5, 7. <mon_interval>M T L I1Z ioctl() D IHK_
0S_DETECT_HUNGUP ¥ 72~ > K& HI\WT OSREZ MRS 5, 2 [midie U T, @R A D
MOBRWILELTH > T, MOA—FINVDOUHDETHTH S Z DRI NGEIEINV T
Ty TeHWT s, £LT, #HY 7 A ihk os_get_eventfd() Teventfd ZHFL TV
LA TN U THET 5, 0B, AT —EVIRERDZA I VI TRHLTEIN,
NiE, KT —FEVIZ0S A VAR ADERERAL CEfE 2B T 5720 TH 5,

RY1E
0 EHRT
0 2Agh r7—
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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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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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