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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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<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
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0 IEHT

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

-EINVAL AIERNT A—&

1.2.1.2 F#% CPU HEUS
X

int ihk_get num reserved_cpus(int index)

Bl
index TIEE I N IHK TN1 ZIZFHENTWS CPU O ZKT,

RYE
0LAE CPU %t
-ENOENT B L7 THK T /31 ADMEE L 780
-EINVAL RIEZRINT A =&

1.2.1.3 F#% CPU [BFHIE
X

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

3558

index THE I N/ IHK 711 AZFHINTWS CPU DFE SIS % cpus TREI N
BlANZ M 5, num_cpus (ZIZESI DY 1 X2 ET 5, FOH L Ih cpus DFEERZE IR
T2,

FIUH GBI AT oM@ b,

1. ihk _get num reserved_cpus() ZH\WT CPU Bz HfFd %,
2. W13 U7z CPU BD Y 1 X% §f o 72 BB H DS %2 POV U St IC iR S 5,

3. ihk_query_cpu() IZEFI D7 KL ALY 1 X%2EL, CPU OFHESF| 2 HET 5,

RYE
0 IEHT
-ENOENT FBE U7z THK T3 ADFEAEL 2\
-EINVAL RIEHINT A=K
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1 1.2.1.4 CPU &K
. &R

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

+ EREA
5 index THHE I N7z IHK 731 ZZFHINTWVWS CPU DS 5, cpus, num_cpus CTHE

o EINZHEDZEMINT S, cpus (2 Linux TD CPU H S5 DA % € L. num_cpus (21X
7 OV A X2 ET D, HOH LA cpus DEEZ HET 5,

s BRRYIE
0 EHKT
-ENOENT B L IHK T8 ADMEIEL W0
-EINVAL AIETRNT A—&

0 1.2.1.5 X F)MEETHEESIE
11 %K

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

13 AR
14 index THE I N7z THK 7 /31 AIZXT % ihk reserve mem() DEE% key & value D

5 R7THELZEDIZEHT 5, value JMEANDHRA VX THEET 5, key & value DT
16 DEKRIFLLTFO LS ITEHRI NS,

17 ITHK_RESERVE_MEM BALANCED_{ENABLE,BEST_EFFORT,VARIANCE_LIMIT}

18 ITHK_RESERVE_MEM_BALANCED_ENABLE (B4l¥ int. & 74V M 0) IEX T DEAEIL. NUMA
1w /= RIZTEDFHY A ZXDRNUMA J — R TRERGEFEIZRD X2 FHT 5, HX,
20 NUMA /—RZEDRAEVZEEEEIZNUMA / — KETESDERHD, F-FnoD%E
2 FREVHINIODNPOSBRVWEIRVATLT, BTN A2 kELLTBZETHS,
»n ATV TIFATO®ED,

2 1. IHK_RESERVE_MEM_BALANCED_BEST_EFFORT (BYiZ int. T 74V MiX0) 230 D& X,

2 ihk_reserve_mem() TIREL Y1 XD NUMA / — RIZES4EHME (LI, ihk_reserve_mem()
2 FBREGEIY A REER) 2P NT A X5, PRKFMEDZEERXEY ED NUMA J —

2 RIZJE %4 EHZ IHK_RESERVE_MEM MAX_SIZE RATIO ALL 2 U760 (LAF., F#ise

27 SREEMER) B OY A AR DIGE L, -ENOMEM 283, IEX T D&, HE%

28 72X RE Y. ihk_reserve_mem() fEEEFY 1 XD S HL/NIWHDIEEZ TRV 1 X &

2 35,

30 2. NUMA / — RIZEBLEHY A AR ZDOFHYT A XiZwb L5112, £/2NUMA /—R

31 TEDTY A XD NUMA J — R TRAERLSEEIZR D LD IZ{4 NUMA / — KD

32 TRV A X2RET D, ZOFHY A XD NUMA J — RIZHE S h & D 7% D H il

15



DY/ B E|& A, IHK_RESERVE_MEM_BALANCED_VARIANCE_LIMIT THE%E U 7={H
(B% int. HALE%) 227254 1X-ENOMEM 2384, %8, £ NUMA / — KD ¥
#H+ Z 1% IHK_RESERVE_MEM_BALANCED_VARIANCE_LIMIT THE%E U7/~ HIZE %2 21
QAN

THK_RESERVE_MEM_MIN_CHUNK_SIZE

TR, B2 XY RER i (X—VHAL) Z# DKL Linux IZERT 5, &0
SZl%E, REVWHAZXDOHBODTY A XZ/NI L UANRSHEDIRT, ZOY 1 XD NRE
EREINZEIZT D, T7HNVIMEEFR—IVT A1 XTH 5,

ZDRNTAZDHEMIZ, Linux 12 & 222 S fHBO D WALBE L WRIIZBWTAEY P
ML 2 2 5 Z & TH D, LElORWT PRLBFHEAR 25D, MEwia X
TOYHERAIS D K F AT DT, NS WH A X TOEKREBPHEFHIIKRELS 857
OTH 5,

IHK_RESERVE_MEM_MAX_SIZE_RATIO_ALL

ihk_reserve_mem() TH 1 XiZ-1 5% L 7-54 & IHK_RESERVE_MEM_BALANCED_ENABLE
YR EEELZGEICHVONS PV A X%, PHRATHIE L ZESBEIZEEL
EEFLZHDIZT S, B, TR NOMHEEZIFS IV RS WVEEZHELLS T2
C-EINVAL 23K9, /2, T 74N FNREIZ 8% TH 5,

HiIZ, Linux 12 & 522 Z 5RO 2 Wb 3 L WIRPLIZ B W T A E Y FHRLEER R % 1
2528, £ PHIFIZ Linux O 702 2D X € ) ERM 2 ENRWVRIUZZR S0 & S
23528 ThD,

THK_RESERVE_MEM_TIMEQUT

TRIAERIL, &2V 1 XOYRLEGHIRZ DKLU Linux IZERTE, LwHZe%, K&
WH A ZXDSIHDTH A XZ2/NS K ULBRAGHEDIRT, H2HY A XTOD Linux ~NDFE DKL
TR QMBI D e R (BALIZR) 2B -GE YN E2TBH5, T7 40 bE&REIX
30MTH 3,

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

RYE

0 ERH&T
-EINVAL RIE7: key 1H

1.2.1.6 X EYHEEFH
£

int ihk_reserve_mem(int index, struct ihk_mem_chunk *mem_chunks,
int num_mem_chunks)
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St EA

index THE I N7/ IHK 731 Z1Z% L T, mem_chunks, num mem_chunks CTHHE X N7z
AE ) g% P9 5, mem_chunks (21X A €V FEEIEROKS] 2 458 E L. nun_mem_chunks
WZIZEH DY 1 X2 HBET 5, FFOH Uth mem_chunks D Z HE T 5, ERY 1 XlE
4 MiB OBEBIETH 2 BEN D5, £/, FHY A XENUMA / — F T HEK 4 MiB LBz
NT LA EENAH S, B, NUMA / — R 0IZ2DOWTIE Linux IZAE ) 2T -OICEER
HD BN LD TR EAAIRN, F72, & LETCS ZHWTWBIEEIZ, ¥ a T cgroup
D NUMA / — REAIZEENHRWNUMA J — RE{EET 5 L -EINVAL 23KT,

ihk mem_chunk IZA R D LS IZEHRI NS,

typedef struct {
unsigned long size; // BERV A XZIBET 5., -1 BEEINHE,
// ATEERIED Z L DAE) 2 THT 5,
int numa_node_number; // NUMA / — R&FE B Z{RET 5,
} ihk_mem_chunk;

RY &
0 EHERT
-ENOENT B LU= IHK T31 ADBMELEL RN
-EINVAL F ¥ v IBHPARIE, £IENUMA J — RESHAIE, £213Y 1 XH4MIB
DERSE TN
-ENOMEM ATV RE

1.2.1.7  FHFEX T REHEE
=
int ihk_get num reserved mem chunks(int index)
St EA
index THE I N/ IHK T/NA AT PRI NT WD A E ) SO Z KT,

RYE
0 E A E ) FEIEK
-ENOENT B U7 THK T /351 ADMEE L 78\
-EINVAL RIEZRINT A =&

1.2.1.8 FHFEXA T FHHIBRIG
E£xR

int ihk_query. mem(int index, struct ihk mem chunk *mem_chunks,
int num_mem_chunks)

17



St EA

index CTHEI N IHK TS A FHEINT WS A E ) FEHOER % mem_chunks T
HBEINEIIKHT S, nun mem _chunks IZIFES OV 1 X2BET 5, IEOH LiH
mem_chunks DHIE % FHET 5,

RY1E
0 EHRT
-ENOENT B LU IHK TN ADMELE L W0
-EINVAL AIERNT A =&

1.2.1.9 X E){EEERK
£

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

St EA

index THEI N/ THK T4 AL FHINTWD A E ) {HIKD > 5, mem_chunks,
num_mem_chunks CTHE I N7/ZH D Z T 5, mem_chunks (21X X E V) FHIKIG H DS %
f87€ L. nummem_chunks (ZIXEFIDY 1 X% FEET 5, FEOH LIt mem_chunks D% %
AET %, —HDF v v 7 OROERFHTRRL GG, TNXTITHRL T v > 7 I13f#
MEN/-FFL7% D, memchunks DEHED size 71— NiZ-1 28EL=HE. £TOD
NUMA / — NiZDWT PN I N AT Y HBO L TEMNT .

RYE
0 IEHFT
-ENOENT FBE U THK T8 ADFEAEL 2N
-EINVAL RIEINT A=K

1.2.1.10 OS A VR4 > R{ERK
£

int ihk_create_os(int index)
B

index TIHEEI N/ IHK T34 A FIZTHK TO OS RIEDEMKRTH B OS A VAR VA
EERL. TOAYVT Y I A%KT,

RYE
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1

10

11

12

13

14

15

16

17

18

19

20

21

0 E ERENEZOS AT VAR VADA VT Y I A

-ENOENT B U7 THK T8 ADFELEL 22

-EINVAL ARIERINT A —&

1.2.1.11 OS 1 Y R%¥ v AYHF
=X
int ihk_get num os_instances(int index)
BrLk]
index THE I N/ IHK T/ 2D OS 1 ¥ A X ¥ ZAH %KY,

RYE
0P E OS 1 VARV AR
-ENOENT B L7z IHK TN1 ADMEIEL W0
-EINVAL AIERNT A—&

1.2.1.12 OS A VRYVRA—EBEHE
£R

int ihk_get_os_instances(int index, int *indices, int num_os_instances)

st EA

index THREIN/ZIHK TNXA AD OS A VARV ADA VT w7 A% indices THE
EENTZEHNZHEMNT D, num_os_instances 21 OS 1 VAR VA AEFET 5, IOH L
Tt indices Z HE T %,
7P, RAFETIZOS A VARV AIZ 1 DOAERT B0, KEHTOS 1 VAR
ADFAEZRMER L=, OSA VT v 27 20 ZEERICHHEL TEW,

RY{E

0 EHFRT

-EINVAL num_os_instances (Zf5E U/-fENFEERED OS 1 VAR VA E —H LU 7%
w

1.2.1.13 OS 1 Vv R¥ v RHIK
2K

int ihk_destroy_os(int dev_index, int os_index)

19



St EA

dev_index THEI N/ IHK 7/31 AD os_index TIEI N7/ OS 1 >V A X >V A% Hlkk
T5, YEOSA VAR AZED BT oNERIFMRI NG, B, ZOBBIXOS 1 v
AR VADEEREBIZH>TEHE 7O 7 LV IT I —%2KULEZDTEI 23R,

AL OS 1 VARV ADIRREZZEH T LD T, /dev/mcos<os_index> % HEfHAgIZ A —
TS BRENH S, ihkmond (B 1.3.2.18 fiBlR) O XS54, YUETNA AT 71 I %EM
KD DMERA — 7 VT T u A DEEE 72O, KRBT TA—T2 D) vF
1 2179,

RY1E
0 EFIZHET UT,
-ENOENT FEEINZTHK FNNA ZAE7IE OS 1 Y ARV ADFIEL WD
-EINVAL ARIETRNT A —X
-EBUSY /dev/mcos<os_index>% A — 7Y LU TWA T A ANRELET B, BB, A— T T 5a[FEMN
»H 5 D% mcexec, ihkmond. IHK D, THK ®a~v > KTh b,

1.2.2 EEEMIT OS EEMEE
1.2.2.1 CPU ZI4
=5y

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

s AR

index THREI N/ OS 1 Y AR Y AZH U, THK 7131 ZZFHETNTVWS CPUD S B
cpus, num cpus CHEINZEDZEID Y TS, cpus (ZiE Linux TDO CPU DEFSESD T
NV AZEE L, num_cpus IZIXEH DY 1 X2IBET 5, FEUH LIth cpus D% FHE
5, B, LWKIZ &> Tld cpus TD CPU FHSDIEFEVE W ZFD, #il 21X, McKernel
Tl cpus THE LZIHEFIZ CPURBSPRD EI NS, ZOIFOH UIRKRIEL — 3 O AFEST
TE5,

RYE
0 IEHFRT
-EPERM BIEICHT 2 HEE W
-ENOENT FBESINEOS 1 VAR Y ARFELEL RN
-EINVAL ARIERINT A =&
-EBUSY OSA VAR VAN T—FNEATH S

1.2.2.2 ZEIL%E CPU HEUS
£

int ihk os_get num_assigned _cpus(int index)
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10

11

12

13

14

15

16

17

18

19

Bl
index TIEI N~ OS 1 VARV AIZE DY TS5NT WS CPU O %K,

RYE

0ME CPU #

-ENOENT ETESINZO0S A VAR VANGFELE WD
-EINVAL RIEZRINT A =&

1.2.2.3 ZIL%E CPU BHREUS

e
int ihk_ os_query_cpu(int index, int *cpus, int num_cpus)
st EA

index THREI N/ OS A Y ARV AIZH D B THNTWS CPU DF 54 % cpus THIE
SNBFNIMEAMNT B, num_cpus (ZIXEH DY 1 X% FEET 5,

RY1E

0 EHFKT

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

1.2.2.4 CPU @&
=52

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

st EA

index THEINZ OS A VARV AIIZEID HTHNT WS CPUDS 5 cpus, num_cpus
THREINZHDEMNT 5, cpus IZid Linux T CPU FS5 DAL % $5E L. num_cpus 2
EEFI DY A X2 fRET 5, WOH LIt cpus DR E AR T 2, Z OO UldEL—
YOAREFTE S,

RY1E
0 EHERT
-EPERM BIECHT 2 HEE W
-ENOENT FBESINZ OS 1 VAR Y ARFELEL RN
-EINVAL ARIERINT A —&

21



1.2.2.5 IKC map %7E 1
=R 2

int ihk os_set_ikc_map(int index, struct ihk_ikc_cpu.map *map, int num cpus) s

556 ,

index THEI N/ OS 1 Y AKXV AD IKC map % map IZiXET S, num cpus (21X 0OS 5

A VARV AZH D BT HEN CPUBEIEET 5, WOH UIth map DHEIEZ FHET %, 78
B, ZORUHUIIRHEL-TOAFETTE 2, 7
IKC map £ 1 LWK CPU & Z®D IKC A v & —VikEH CPU OMIGBEBROZ . THB, =
IKC map & struct ihk ikc_cpumap ORI THIY 5, struct ihk ikc_cpumap [FEAF o

DESIEESI NS, 10

struct ihk_ikc_cpu_map { 1

int src_cpu; /* LWK CPU */; 12

int dst_cpu; /* IKC X v & — k{356 CPU */ 13

iE 14
REE

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 y LWK
CPL#8 CPU#9 CPU#12 CPU#13
LWK LWK LWK LWK

Figure 1.4: ihk os_set_ikc map() D

IKC map @ HiIE, IKC #3035 CPU 288z U7z LT, REOBIZYHITEY 15
CPUITED L5922 824D, IKCEBIEDEILEZHIKS & Z & TH5, ihk os_set_ikc_map (s
OWZK1.4125RT, ZOHTIE,. 7oy P24O00OKEIZHT, IKCEENZTNETNDOX 17
HANTHUS LD IZEREL TWS, 18
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RYIE

0 EHET

-EPERM BIETHT 2 HEEA W

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

-EBUSY OSAVARVANT— NEATH S

1.2.2.6 IKC map EE
£X

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

St EA

index THHE I N7z OS 4 Y A X > AD IKC map % map THHE X N7ZBLFNIZHEANT 5,
num_cpus (ZIIELFI DY 1 XE2FFET 5, WHOH Uit map DFEIEE HET 5, &b, ZOIE
CH UL - DAEITTE 5,

RYE

0 EHERT

-EPERM BT B HER 2 22

-ENOENT BEEXNZ OS 1 VARV ADNFELEL RN
-EINVAL RIEHINT A =&

1.2.2.7 XEYEY
£R

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

78R

index THEIN/Z OS A VAR VAT U, THK T3 ZAZFRINTWS A E Y FHIK
@ 5 5 mem_chunks, num mem_chunks CTHEIN7ZHDZE| D YT, mem_chunks (T 1% X
£V HEBER OS] % 8 L. num_mem_chunks (ZIXEF DY 1 X2 EET 5, NEOH Lh
mem_chunks DEIE % AT 5, ZOMNOH UL -V DAFEITTE S, mem_chunks D
EHED size 74—V FIZ-1 ZBELGE. BEI N NUMA / — RiZo2WTFHIns
AEVHEBDOETEE DY TS,

RYE

23


map

0 IEHT

-EPERM BAEIZ R B HER D 2 W

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

-EBUSY OSAVARVANT— MNEATH D

1.2.2.8 ZEIHFA T AEKEE
£

int ihk os_get num_assigned mem_chunks(int index)

Bl
index THREIN/ZOS A VARV AIIZEH D YT ENT WS AT Y HEBOEZ KT,

RY1E

0D E A E Y FEEK

-ENOENT BESINEOS 1 VARV ARFELEL RN
-EINVAL ARIERINT A —&

1.2.2.9 EILEA T ESIEHRIE
£

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

St EA

index THHEIN/ZOS 1 VARV AIZE D BT HNTWAS AT FHEEDOEHR % mem_chunks
W29 5, num_mem_chunks (ZIXEA DY 1 XZ2BET S, IEFOCH LU ILH mem_chunks D45E
HEHET 5,

RY1E

0 IEHRT

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

1.2.2.10 X EYEEHEK
2K

int ihk_os_release mem(int index, struct ihk_mem_chunks *mem_chunks,
int num_mem_chunks)
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® N o o A~ W N

10

11

12

13

14

15

78R

index TIREI N/ OS A VARV AIZED YT H5NT WA AT FHHD 5 5 mem_chunks,
num mem_chunks CHHE I N72H DZ KT 5, mem_chunks IZ1Z A E YV HIBIFHROES % $5
7 U, num_mem_chunks (ZZAFI DY A XZ$5ET 5, HEOH U IGH mem_chunks DI % F
B9 5, —#HOF ¥ I OMBRORPTERIUZGE, TNETITHRBRLU7ZF ¥ > 7 1K
IhiFFend, ZOROCHUIIRELI -V DOAEIFTTE S, mem_chunks DEED size
74— NIZ-1 ZEEELZEGA, 28 TONUMA J — NZDOWTE W YT oz A€ Y HEE
DT 2T 5,

RYE
0 EHRT
-EPERM BB B HER D 72
-ENOENT ETESINZ0OS A VAR VANGFELE WD
-EINVAL RIERINT A =&
-EBUSY OSAVARVANT— MNEATH S

1.2.2.11 EE43H eventfd BXfE
£

int ihk os_get_eventfd(int index, int type)

st EA

index THEI N/ OS A VAR VA TD type THE L7z1 XY MFEAEZ AT 5 eventfd
ZWFT 5, ZOMCH UIRREL—FDAFEITTE S, type DHLD 5 BMEIZLA T D&Y,

[ type DfE | B |
0 H—aNBELOC—VDRAEYHHES (IHK IZ&L>TLWK IZE[ D B Tosh/-8— 2MiB) %
HE A BT ERT 2,
2 OS BNV T Ty FUBEE721E PANIC %2 U 7-BIZEFT 5,

25



(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
B9 5%, mcctrl i McKernel THWOND H—RXINVEY 2 —I)LTH S,

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

2. MHY 7 M T —FE Videpoll() & & T Ll fd D@ ZFD, (KD (2))

3. Bifl5 —=E ¥ ihkmond %* McKernel DIREZEHIT 5, (KD (3)) 2B, McKernel
DIRREEE HIFERE DM 1Z” McKernel Specifications” ([ZEL#k T 5,

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

5. BAY 7 N T —EVIXEMEZI} DL ihk os_get_status() 12 & Y McKernel DR 7E
PEEL., EBRICZEEREIIHLZ L 2MRT S, (KD (5))

6. HHY 7 b T —E VIFHERPEND L AMPICRE ZERT S, (MDD (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—&

1.2.2.12 H—x)bA—FK
£

int ihk os_load(int index, char *image)
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10

11

12

13

14

15
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17

18

19
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21

22

St EA

index THHEI N/ OS 1 Y AX VAT image CHREINZT 7 A IVEHD I — )V A A —
VED—RYT5, BB, KAMFHTIROSA VARV AZ I DDARERT 5728, 0S 12Ty
22130 ZEEMICHEELTEV, ZORTH UIREL - OAETTE S,

RYE

0 EHRT

-EPERM BB B HER D 22

-ENOENT EEXINT OS 1 VAR VY ADGFLEL WD

-EINVAL A A=UPE—=RTERWV, ZRL AT F/2FEY CPUABAELTWD
-EBUSY OSAVARVANT— MNEATH S

1.2.2.13 H—FRILBIFEERE
E£xR

int ihk os_kargs(int index, char *kargs)

St EA

index THHE I N/ OS 1 VAR ¥ AT kargs (MM EINTVWE I — VB BEET, Z
DOIFOH VIR - DOAELITTE S, 408, hidos D XFEH % & F 7\ 54 IZ-EINVAL
ZiRT,

RYE

0 EHAT

-EPERM BT B HER 2 22

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

-EBUSY OSA VAR VAR T —FNEATH S
-EFAULT kargs IZ7 72 ATER

1.2.2.14 BEVRAMIEB0S AV RYVADIEREHRTE
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);

35158

dev_index THE I N7z IHK T /31 AIZK U, envp & num_env TIHEI N/ZZLE D A b
ST, OSA VAR Y ZADIERERE L 217D, AR EL - OANRES Y 5,
PERREBRED ATy TIELARO#ED,
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1. Bz PT 5, b, BEVPBICFHINTWEGAEEZETCORRZMBIL T2 F

HZ1T 5, 2
2. OS A VARV AERMERT S, 1T v 7 AL os_index IZKAHE N5, 3
3. OSA VARV AIZTFHULLEFEZH DY TS 4
4. LWK 2° 5 Linux ND X v £ — YV O A2 HTET 5 5
5. kernel_image CIRESI NN —FNA A —-V%kO— KT 5 6

6. OS T VAR VADA—)VEIEZRET D, BB, envp IH/EDV Lo -HEIE.
default_kargs MM S N NEZHW 5, 8

envp DAL, &A% KS num_env D XFHH NULL L FTHAINZEDTH D, o
FREILKEY=VAL" DB A2 KD, REABRHEHIZANO@Y, 2b, [WH] Lildh o

HER R WEE X, RBEEBUZ-EINVAL 2383, £7-. ZhUSNOREITEHEI NS, 1
] REEE [ BREAR |
IHK_CPUS=<cpus> (4%H) <cpus>IZfRE T N7z CPU % McKer-

nel IZ#E D H T3, <cpus>DHEAILH
1.3.1.1 fiZ Gk d 3,

IHK_RESERVE_MEM_BALANCED_ENABLE=(0]1)
IHK_RESERVE_MEM_BALANCED_BEST_EFFORT=(0]1)
THK_RESERVE_MEM_BALANCED_VARIANCE_LIMIT=<limit_in_%>
IHK_RESERVE_MEM_MIN_CHUNK_SIZE=<size>
THK_RESERVE_MEM_MAX_SIZE_RATIO_ALL=<cap_in_%>
IHK_RESERVE_MEM_MEM_TIMEQUT=<timeout_in_second>
THK_MEM=<mems> (#7ZH) <mems>IZHE I N/~ XA E ) & McKer-
nel (IZED M T3, <mems>DFENILE
1.3.1.4 fiZit#& T 5,
THK_IKC_MAP=<ikc_map> LWK 75 Linux ~®D A v & — T DR
% <ikc_map>IZIRE I N2 DIZHET
%, <ikc_map>DERNILEE 1.3.2.4 fifilc
FLET 5,

THK_KARGS=<kargs> <kargs>% 71— 3L UT LWK IZ
T,

FTNEFN, F1.2.1.5 HUIHH DA€Y
FRIOEIEZRTIZOWT, LD Key
W2 B EE AL OMEICHET 5,

ABEIE. TT —FERIEX, OS A VARV AFETHIREWZZRET, £72CPUB L »
URAEY BETHEBSNIRETERT 5, ABEBNTOHK 1 v & —7 =4 ABBOFD 1
HUTZI—DBRELZEEIE, err_msg iZT I —A v —UNESAENS, HEELAEN
LZHREITIE, MO LIEOY — A3 — NOLFILITH S, TI -2 UBEBOLRINE
¥FNd, BB, AEKEOIECH UILH err_nsg DHIEE FHET 5, 16

RY{E 17
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1

10

11

12

13

14

15

16

0 I U 7=
-EINVAL envp DNANHEEI Thr o7z, BAMIZIE, BHEDBRED LD o7, HDWVITHEMDPAR
ETH-o7-,
-ENOMEM AEYREDRFEEL -
-EPERM IHK TNNA A% RTINS AT 7 ANVEZIZOS A VARV ARFRTTNA AT 71U
TR ATE M7z
-ENOENT IHK TNNA AE721E 0S4 VARV ADRFEE LR T2
-EFAULT BN THEHT 2 RNy 77 IZT 7R ATERP - T
1.2.2.15 7—+
ey

int ihk_os_boot(int index)

Bl
index TIREINZOSA VARV ADH—2NET— T35, ZONROH UKL —

YDOAFETTE 5,
RY1E

0 EHERT

-EPERM BB TS B HERR A 70\

-ENOENT BEINZOS A VARV ANFELZ WL

-EINVAL AIETRINT A =&
1.2.2.16 Y vy h¥Y

e

int ihk_os_shutdown(int index)

st AR

index THEINZ OSA VARV ADH =3IV Yy FRU VT B, B OS A VA
Ry AZE D YT onNERISMRE NS, ZOBEEIEX OS DIREEAY THK_STATUS_INACTIVE
BB U2 L 2R ITERT 5, HE% 71X ihk os_get_status THERTE 5, ZD
IO UL — Y DAEITTE B,

RYE
0 Tyy PR ITET. £RREBRCY Yy PR U VE
-EPERM BAEIZ S B HER A 70\
-ENOENT BEINZOS A VARV ADFEELZ WL
-EBUSY OSAVARVADEIZY vy RV HThHB
-EINVAL OSAVARVAMT— HiTH B

29




1.2.2.17 OS JREEENS

e

int ihk os_get_status(int index)

st EA

index THEIN/Z OS 1 VARV ADIREEIKT,

OS DYRFEI enum ihklib_os_status THX 415, enum ihklib_os_status IFPATFD &

IITEEINS,

enum ihklib_os_status {
THK_STATUS_INACTIVE, // #ZEjH|
THK_STATUS_BOOTING, // &
IHK_STATUS_RUNNING, // &%
THK_STATUS_SHUTDOWN, // ¥ ¥y h&x o i
IHK_STATUS_PANIC, // PANIC
IHK_STATUS_HUNGUP, // NV 2T v
THK_STATUS_FREEZING, // —IRHE IREEARE T
IHK_STATUS_FROZEN, // —Ri{&IEIREE

};

RY1E

0LDLE OS fkiE

-ENOENT BEINEZOS A VARV ARFELELE WL

-EINVAL AIERNT A—&

1.2.2.18 H—FRILXAvE—IH% 4 XEE

e

ssize_t ihk os_get kmsg size(int index)

Bl

index THREINZ OSA VARV ADH =N A v —VHNRNY 77DV A X2KT,

RYE

TEDfE H—FN Ayt —IDY 1 X

-ENOENT BEINZ0OS A VARV ANGFELZ WV
-EINVAL RIEZRINT A =&

1.2.2.19 H—FRILAXAvE—IHE

e

int ihk os_kmsg(int index, char *kmsg, size_t size_kmsg)
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10

11

12

13

14

15

16

17

18

19

St EA

index THEINZOSAT VARV ADH—FRINV Ay —V% kmsg (2 I —F 5, size kmsg
Dfll% ihk_os_get_kmsg size VWK T L FLWAEDNH D, 2B, WOH LILH kmsg DFE
EHET 5,

RYE

0 LA EofE V¥ —U7%=NA M

-ENOENT BESINEOS 1 VAR Y ABFELEL RN
-EINVAL ARIERINT A —&

1.2.2.20 A—RIAvE—=—20U7F
=X
int ihk os_clear kmsg(int index)
st EA
index THREINZOS A VARV ADH—FNAY =% 7Y T4 5,

RY1E
0 IEHFT
-ENOENT FBEINE OS 1 VARV ARGFILEL RN
-EINVAL RIEZRINT A =&

1.2.2.21 NUMA / — REEE
=3
int ihk os_get num numa nodes(int index)
st EA
index THRE I N7z OS 1 Y A X Y ADF| A RE/R NUMA / — RO %KY,

RY1fE
150k NUMA / — &
0 T5—

1.2.2.22 ZEXAE!YEE
£

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

index TIEEEINZOS A VARV ADNUMA / — RZT D% E X E ) &% memfree T
FBEXN/ZEHNIAEMNT 5, num_numa nodes IZIXEH DY 1 X2 ET S, HOHLH

memfree DHHINZ FE T 5,

RY1E

0 EHERT

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

1.2.2.23 R—IH A XFEHIE

e

int ihk_os_get num pagesizes(int index)

st EA

index TIHEI N OS A Y ARV ADR—I YA A %K T, ihk_os_get_pagesizes()

CHAEDLELILTR=IUY A ADEREZHETE 3,

RY &
1BE R=U¥ 1 K
0 77—

1.2.2.24 R—IUH 4 XEE

=

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

St EA

index THHEIN/Z OS A1 VARV ADR—U YA XK % pgsizes THHE I N7z B HIZ#
#3 %. num pgsizes IZIFHIF| DY A X &EET 5, FFOHILIGH pgsizes DS & FHET
%, BB, XR=UY A ZRIZIZ, IWK THHTEZER—=I P A1 XS DR—T A XDEF

N5 e s,

RYE
0 IEH&T
-ENOENT BEINEZOS A VARV ABPFEELZ WL
-EINVAL AIERNT A—&
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11

12

1.2.2.25 #RETBEHRENE

e

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

3558

index THE I N7z OS 1 VY A X VY ZADMEUH UK T OMEHER % rusage ([ZHHNT 2,

IEONH Ut rusage DB Z HET 5,

struct ihk os rusage BIIILFND XS IZEE I NS, 725, cpuacct_usage_percpu

DA VT Y7 ATIWK TO CPURKRETH 5,

struct ihk_os_rusage {

s

unsigned long memory_stat_rss[IHK_MAX_NUM_PGSIZES];

/% A=Y DR=I YA XL D anonymous < — VHARBTEM (N1 NHEAL)  */
unsigned long memory_stat_mapped_file[THK_MAX_NUM_PGSIZES] ;
/¥ A=HFDR=IH A XL D file-backed < — I RBIEM (N1 MHAL)  */
unsigned long memory_max_usage;

/x A—FDOAEYMHRERKRME N1 DAL */

unsigned long memory_kmem_usage;

/¥ A—FNVDXEVHHEBEME ON1 M) *+/

unsigned long memory_kmem_max_usage;

/x FI—=FNDAE Y HEARBRAME O8N ML) */

unsigned long memory_numa_stat [THK_MAX_NUM_NUMA_NODES] ;

/* NUMA 2 Da—¥ DX E Y MHESIEM N1 FHEAD)  */
unsigned long cpuacct_stat_system;

/x ¥ AT LEE (USER_HZ #iA7) */

unsigned long cpuacct_stat_user;

/* 22— (USER_HZ Hf1) */

unsigned long cpuacct_usage;

/¥ Z—Y O CPU i (F/ FPHAL)  */

unsigned long cpuacct_usage_percpu[IHK_MAX_NUM_CPUS];

/¥ AT T DA—HD CPU IR (- BHAL) */

int num_threads;

/¥ ALy REBUEME +/

int max_num_threads;

/% ALy FEERKIE */

memory_stat_rss $ & F memory _stat mapped file DA ¥ T v 7 AlFH 1 Xz kB _—

VHETHO, UTFTOLDITEHEI NS,

enum ihk_os_pgsize {

THK_OS_PGSIZE_4KB,
THK_OS_PGSIZE_64KB,
IHK_OS_PGSIZE_2MB,
THK_OS_PGSIZE_32MB,
THK_OS_PGSIZE_1GB,
IHK_OS_PGSIZE_16GB,
THK_OS_PGSIZE_512MB,
IHK_0S_PGSIZE_4TB,
THK_MAX_NUM_PGSIZES

RYE
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0 IEHT
-ENOENT EEINZ OS 1 VARV ADFLEL WD
-EINVAL ARIERINT A —&

1.2.2.26 CPU PA BRFIA RN N EEH

e

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

Bl
index THEINZOS A VARV AIZBEWT attr, n CIEE LA RV M 2INET HH

EZITDe nlFARY MEET, N"—RY 27 WBliiZA D PAIY VZEUTOMHEEZIRET 5,

IFONHE Ut attr DEEE HE S 5, ZOBEBIZREL - OAFUHE S,
ihk perf_event attr IZBAFRD LS IZEE I NS,

struct ihk_perf_event_attr{

unsigned long config; /] N—F Tz TTHREINE ARV MRS
unsigned disabled:1; /1 DR
unsigned pinned:1; // EIZIERRE T3

unsigned exclude_user:1; // A—WE—RFRTHRELEZARY MEFELRV
unsigned exclude_kernel:1; // 7 — R INVE—RTHELZAXRY MEE LUV
unsigned exclude_hv:1; // hypervisor E— R THELZA XNV MEF LUV
unsigned exclude_idle:1; // idle REEDA XY b+ ZELLZW

};
[ ERY 77— ]
(1) 4 Ry kB85 (2) 4 N> FIREREA

[ libihk.so ]

£ X b Linux N\ f McKernel
[ mcctrl ]
[ h IHK-Slave

IHK-master

AN

Y\
NT =TV R
Hh R

Figure 1.6: CPU PA RO ERHBED 7 10—

CPU PA EHMOIEIZEHY 7 N TF—F iz &> Tiibha, HHY 7 N TF—F Vs
T 70t ABGERNICNE R BB L, Ya 7 u AR T EAIZINE R E R UMEE RIS 5,
X 1.6 % A\WT LWK & U T McKernel 2381{E L TW A BEOIUERKB O 7 0 —%25HHT 5,

1. #HY 7 7 —%F V%' ihk os_setperfevent () ZFH\\WTHIE 9 5 CPU PA 1f# (1 X
b)) OBEEITS, (D (1))

2. #HY 7 T —F VA ihk os perfctl() ZHWTA Ry MUEZRIRT 5, (KD (2))
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3

{

BRY 7 FT—E>

]

(1) 4~ PIERELE | () A~y rl'r%;&mz% ) 4~ FEIB
[ libihk.so ]
TR — J N\ /7 McKemel
h IHK-slave
IHK-master
AS

INTF—<T VR
horx

Figure 1.7: CPU PA [§#DINEF L & fE[FXD 7 1 —

1.7 Z W T Ik BRI O 7 1 — %2 3T 5,
1. Y7 T —E VA ihk os perfctl() ZHNWTA Ry MUEEEFEIET S, (KD (1))

2. Y 7 b7 —F VM ihk os_getperfevent () % A\ T CPU PA [EHOHE (HDF
AHU) 2175, (KD (2))

3. #HY 7 b T —EVH ihk os perfctl() ZHWTA XY h&HlfRT 5, (KD (3))

RY1E
0 £/~ IZIEDMH EERT, BRI U721 Ry M EEET,
-EPERM BB B HER D 72
-ENOENT BEINEZOS A VARV ANFELZ WL
-EINVAL RIEBRNRT AR, /X 0S 1 VAR VAREEHL TR

1.2.2.27 CPU PA [ERINERAE L

e

int ihk os_perfctl(int index, int comm)

3558

index TIREINZ OS A VARV AIZHN LU T comn TIEET S 7a~vxy K2 HWT PA
ARy MYEOHIHZITS, ZOEBRITEEL - OAROHES,
Y7a<vr RIZIZULFDEE2IEET 5,
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| & (v 70) [

<Y ROEK

ERAY 7 NTOFERYIIVT

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 DEME NaEING
RY1E .
0 IEHT
-EPERM BB B HER D 2 W
-ENOENT index TIREZ N OS 1 VAR VARFEL N
-EINVAL AIETRINT A R
2
1.2.2.28 CPU PA EFHREIE 3
ey :
int ihk os_getperfevent(int index, unsigned long *counter, int n) 5
AR 6

index THEI N/ OS A VARV ADA XY M FAEME % EE N n DELY counter 128+
T2, nidA N> MEBT, ihk os_setperfevent DR D H, TRLOELHEFRITHIIL 724 s
Ry MNEHERET 5, FFOH UILH counter DS Z HET 5, ZOBEBUIREL—YD o

AU HHE 5, 10
RY1E 1
0 IEHRT
~ENOENT index THEI N OS 1 Y ARV ADFIEL LW
-EINVAL AILETRINT AR
12
1.2.2.29 £ CPU —BiE 13
e 14
int ihk os_freeze(unsigned long *os_set, int n) 15
B 16

os_set CTHREINZOS 1 VAR VAIZDWT, &2 CPUD—REIRIREANDERZFIBL
THIBIZIERS 5, "R OS A v A X ADIREEIX, 1 P E CPUECKIEDOE®D CPU A —FHEIE 1
REEAERS U 72 [RFIZ THK_STATUS_FREEZING (235 L, 2 CPU 2 —IHE ILRAENER U 72T 1
THK_STATUS_FROZEN (2389 %, #ED—EWFE T 7 LR\ — Al ihk os_get_status() 2
ERAVWTHRHETAZEMTES, Z0%ET ihk os thaw) Z2fWVWTERZF vy LT B a
ZEeNTED, osset lFERInDEY MNMIZIETRA VX T, LSBRAOHMATH I FHOLEY =
N1 DEEIXOSA VYT Y I AN THS OS A VARV APBIEON R LD, B, T
OB HE L — T O AU E 5, 2
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Figure 1.8: & CPU —F¢F1LD 71—

4 CPU —KEL0BEE 70— %X 1.8 # FHWTEiHT 5,

1. EEHY 7 bH ) —

2. EHY 7 b T —=EVH ihk os_freeze() T McKernel (24 CPU O —Wgik%2 /v 7

Hy* Y ZICERT 5, (KD (2))

3. MY 7 F 7 —E VA ihk os_get_status() TR CPU O—FRHEILD5E T 28T 5.

(Mo (3))

4. BHY 7 b T—EBUBN IV TFOREEEZ D Z L T meexec (proxy process) & — R

R8Iz 5, (KD (4))
RYE

0 EHKT

-EINVAL OSAVARVADAT—RAMN
IHK_STATUS_RUNNING. IHK_STATUS_FREEZING. IHK_STATUS_FROZEN DA%k

-EBUSY OS 1 VAXRYADAFT — X AP IHKSTATUS_FREEZING X 7= II
IHK_STATUS_FROZEN

-EPERM BT 2 HEEA W

-ENOENT index 2R3 OS 1 VAKX Y AFEFEMAEL RN

1.2.2.30 £ CPU —BEIEA1r50DEIF

e

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

os_set THEEINEZ OS A VARV AIZDWT, —HHE ILIRAEIZH B H, — s (RIRAEA
BB LODOH5 CPU 2 xDIREBIZET, £7/2. OS OJRFEA IHK_STATUS_RUNNING (25 5,
os_set FEInDOE Y MNMIZETHRA VAT, LSBROHATE I FHOE Y 23 1 D&
ZOSA VTV I AN i THBO0S A VAR Y ADBIEDOR G L1025, B, T OEBITHRHE

I—HFDOARENHHE S,

1) Ya7o—KEELE

o DIEIRIETR

(3) ihk_os_thaw TR % (4) ihk_os_get_status

=D

\4
[ BRAY I NF—EY ]
A

(2) av7roiERT
T e mcexeci&)E

————— -_— oy,

|
[ libink 50 J | I <EEE>
|
\ _______ ” N
R A K Linux N McKernel
N [~
]
IHK-master IHK-slave
VRN

Figure 1.9: & CPU O —KE 1k 5 0RO 7 10—

2 CPU O—WE1E» S5 DEROEEZ7O—%2X 1.9 Z HWCHAT 5,

1. EHY 7 D) —ROEHY 7 hTF—F IV a 7TO—HEIE» S OEIREZIBRT 5,

(HM» (1))

2. MY 7 b T—EVRAVTFOREELZ S LT meexec (proxy process) % — [R5

IEREPSEHFEES, (MO (2))

3. EHY 7 b T —%F VA ihk_os_thaw() T McKernel IZ4 CPU O—KR{E (Eh & DE TR %

fBRd 5, (

4, #HY 7 T —EF VD ihk_os_get_status () TE CPU O —K¢E1LH & DIENRSE 1 % i

Mo (3))

BRI B, (MD (4))
RYE
0 EHERT
-EINVAL OS A VARV ADAT — R AN
IHK_STATUS_FREEZING., IHK_STATUS_FROZEN DA%k
-EPERM BT 2 HEE W
-ENOENT index VRS OS 1 VARV A FEEL W
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1 1.2.2.31 X EY YU TIRE
» ER

3 int ihk os_makedumpfile(int index, char *dump _file, int dump_level, int interactive)

« PR

5 index TIHHEI N7z OS 1 Y ARV AIZD\WT, dump_level TIHE I N7z A E Y g%
dump_file CHE L7 7 A IVIZH1T 5, dump_-level DT HILIZLA N D@D,

0 THK 73 OS 1 VARV AZE D YT A® Y iz H 19 5,
24 H—FNVDMEALTWBE X EYfEEZHE DT 5,
6
7 interactive 7% 1 DIFE L. interactive mode MITD 7 vy A V2 H 1T 5, TOE—FK

s TlI, BV TTY —VIETNY ITHRETY VD RAE) 2 EESBL THIT 275, BH. 2
o DOEABIIRMHE I -V DALV HE S,

0 RYIE

0 IERRT

-EPERM BRI R 2 HERR AN 20

-ENOENT dump_file DOl NULL, F7z1% dump_file BEI 0 DXFHZHEL T
W5, 720k dump file KA ENDT 1 L7 MUMBFEELRN

-EACCESS dump_file TIRELZ 7 7 A IVIZDWT, T4 L2 NV RELET BN T 7
ANVHPMERTE R\

-EEXIST dump_file CIEE L7 7 1 VABRIZFET %

-EINVAL RIE#/NT A X, index DEIDEEE2 G,

-ENODEV index TIREINDS OS 1 VARV AMRFHEL RV

-EPERM index THEIND OS 1 VARV AT 7 ATERN

11

» 1.2.3 LWK [T OS #18{b#ae
13 1.2.3.1 Get Number of NUMA Nodes
12 Synopsis

15 int ihk mc_get_nr numa nodes();

16 Description

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

18 Return Value

>0 The number of the NUMA nodes

19

39



1.2.3.2 Get NUMA Node Information 1

Synopsis 2
int ihk mc_get numa node(int id, int *linux numa_id, int *type); 3

4

id input NUMA id 5
linux_numa_id output Linux NUMA id 6
type output Memory type 7
Description 8

The host Linux NUMA id and the memory type of the NUMA node specified by id is o
stored to 1inux numa_id and type, respectively. Each of the values is not stored when the 10

corresponding pointer is NULL. 11
Return Value 12
0 Success
-1 id is not valid
13
1.2.3.3 Get NUMA id 14
Synopsis 15
int ihk mc_get numa id(); 16
Description 17
Returns NUMA id of the CPU on which the caller is running on. 18
Return Value 19
[ >0 | NUMA id
20
1.2.3.4 Get Distance between NUMA Nodes 21
Synopsis 2
int ihk mc_get numa distance(int i, int j); 23
Description 2

Returns the distance between the NUMA nodes specified by i and j. The distance 25
matrix could be the same as Linux. 26
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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

| >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 IHK.
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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);

Description

This function returns the Linux id of the CPU to which the CPU specified by id sends
IKC messages.

Return Value

>0 The Linux id of the IKC destination CPU

1.2.3.10 Get Kernel Arguments
Synopsis

char *ihk get kargs();
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Description

This function returns the pointer to the buffer containing the kernel arguments given by
the IHK master.

Return Value

>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

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 [AJ 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);

43



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.

struct ihk_ikc_listen_param {
int (*handler) (struct ihk_ikc_channel_info *);
int port;
int pkt_size;
int queue_size;
int magic;
int recv_cpu;
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handler A function called when accepting an incoming connection request

port Port number

pkt_size Packet size

queue_size Queue size

magic Magic number for identification of the communication initiator
recv_cpu CPU ID of the listener

An THK user must set the first four fields before passing it to ihk_ikc_listen _port. The
THK user must define function which is set to handler field of this structure. handler is
called when accepting an incoming connection request and it is expected to set packet _handler
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.
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;

};

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.
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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;
s
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 *);
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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 THK 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

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
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0 Success

£0 Error number

1.2.4.8 Destroy a Channel 1
Synopsis 2

void ihk_ikc_destroy_channel(struct ihk_ikc_channel _desc *c); 3
Description 4

This function destroys the master channel or a regular channel specified by c. 5
1.2.5 Linux R 351 /\EIFH#aE ;
1.2.5.1 #HELIRSY—F 7
CE :

int ihk os_read cpu.register(ihk os_t os, int cpu, struct ihk os_cpu._register o
*desc) 10
Bl 1

0os THETS 0SS 1 VARV AD cpu THHET %5 CPU D desc THRET DML I AXMHE

% desc—>val NFEFRPATHARAL, €T 1L desc->sync DL RN DENDZELTHRAITE 13
%, BB, cpulIF IWK TOESZHET S, £72, MOH LitA desc DK EZHET 2,
struct ihk os_cpu register XA TFTD LS ITEZRI NS, 15

struct ihk_os_cpu_register {

unsigned long addr;

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

unsigned long addr_ext;

/* CPUDRIEIL Y ARF S, T—FT7F vEADEZZTDEREIH NS, */

unsigned long val;

/* ihk_os_write_cpu_register() : filfflL Y A XIZEFZALME
ihk_os_read_cpu_register() : Hlfll L ¥ A XADFEHRIL */

atomic_t sync;

/* HIEILV O ARANOEMEZE T 2R, 0 FRZET Z2RIRL, 0 DSMIZT 2
BRI 5, */

FFHDOAT Y 72K 1.10 Z FHWTHHT 5, 16

1. LIWK ETHEETEI74 77 VDR LWK 226504 70— NEH T Linux R4 N2y i
AR BERBRT 55A1E. ihk_get_request_os_cpu() ZHWVWTAZ7HE—RFIEOS 1 13
VAR VAL CPUHBRZEHGFT S, 2532528 T, HBELDOS A VARV A2 1
ZHi<, (Mo (1)) 20

2. Linux B 74 NDMESE T 2R 2% K5e 1 (0) IZ8E L TH 5. ihk os_read cpu register ()
¥ 721 ihk os_write_cpuregister) TL YA X ZIFAMAICEHIET 5, (KD (2)) =
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3. THK £ 7z1% LWK #»° E

EAY S, (KMo (3))

AL OMEZ 2T S Z e IT X VMR 7% Linux K74 N

[ kA )
A1 | 4
(1) 0S4 v 2 & v R - CPUEBSEVS (2) RERAIER  (3) 1R1E% TBA
R Z b Linux K LWK
L] IHK-master R IHK-slave
A\ 4
HIEL P2 %
Figure 1.10: Hlf#lL Y A X DEAER T v 7
RYE
0 EHRT
-EINVAL 0s LT ZEATER, 721 cpu B LWK IZHID H TSN TWS CPU
TR\, FHRRBEESINSZT RVAZFRZEHFSDOL VA XITEMLE LW
-EFAULT desc LT 72 ATEZ R\

1.2.5.2 HELIRYF14 K

e

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

*desc)

st EA

os CTHET S OS 1 VARV AD cpu THET S CPU D desc THET SHilHIL ¥ A&
N desc->val TIHET 2MEZERPTHEZIAL, 58 7 desc->sync DE B LS DEANDZE

fETHRAITE S, BB, cpullIFLWK TORZSZ2ETT 5,
RY1E
0 EHERT
-EINVAL os KT 7R ATER, £/ cpu BRIWK IZEID FTo5NTW5 CPU
TRAWV, FRBEEINEZT RUVAEFLEESOL YV AXIIEELEL
-EFAULT desc IZT7 7B ATE R\

1.2.5.3 #A78—KTOSAVRY 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 EHAT
-EINVAL F 70— RIZ& D GHEFOTH LIV TR
-EFAULT os ¥2E cpu i T 7 EATER L

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 Reserve Memory
Synopsis

ihkconfig <dev index> reserve mem <memory description>

o1



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

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
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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

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
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1.3.1.8 Destroy OS instance 1

Synopsis 2
ihkconfig <dev index> destroy <os index> 3
Description 4

This command destroys the OS instance specified by <os index> residing on the IHK s
device specified by <dev index>. The resources assigned to the OS instance are released s

before destroying it. An actual example of usage would be: 7
$ ihkconfig O destroy 2 8
Destroying an operating system instance requires that all internal IHK structures asso- o

ciated with the OS are not being used and the operation may fail otherwise. Internal IHK 10
resources may be used by the mcexec process and thus terminating those processes before 11

destroying an OS instance is required. 12
Exit Status 13
0 Success
Other than 0 Failure
1.3.1.9 OS A YRy VR—ENE 14
=X 15
ihkconfig <dev index> get os_instances 16
5 BA 17
IHK 7 /31 X /dev/mcd<dev index> LIZfFHET S OSA VARV ADOSA VT Y I A% 1
UTFOREATHIIT 5, 19

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

BE, RAMHATIXOS A VAR VAL DOARERT B0, KEHTOSA VAR VAD 2

FHEZMRLUBIE, OSA VT vy 7 AT 0 ZEEMICIEE L TEW, 21
IS—BFEA 22
| XF5 [ Bk |
| Error: Invalid argument | RIERASSA=X ‘

23
Exit Status 2
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1.3.2 EHEERIT OS S

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
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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
<IXC 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
1ist>:<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
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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>

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 ITHK 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[MIG|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 IHK
framework is available. An actual example of usage would be:

$ ihkosctl O assign mem 1G@O,1G@O1

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

27


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

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>

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>
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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 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
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Description 1

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 3

actual example of usage would be: 4
$ ihkosctl O boot 5
Only privileged user can perform this operation. 6
Exit Status 7
0 Success
Other than 0 Failure
1.3.2.12 Query Free Memory 8
Synopsis 9
ihkosctl <os index> query_free_mem 10
Description 11

This command queries the amounts of free memory areas that are assigned to the OS 1
instance specified by <os index>. The command returns the memory list in the same 13

format as ihkosctl (assign mem) command. 14
Exit Status 15
0 Success
Other than 0 Failure
1.3.2.13 Display Kernel Message 16
Synopsis 17
ihkosctl <os index> kmsg 18
Description 19

This command obtains the kernel message buffer from the OS instance. <os index> 2
identifies the OS index that has been returned after the OS creation operation. An actual =

example of usage would be: 2
$ ihkosctl O kmsg 23
Exit Status 24
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0 Success
Other than 0 Failure

1 1.3.2.14 Clear Kernel Message
> Synopsis

3 ihkosctl <os index> clear_kmsg

4+ Description

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

s $ ihkosctl O clear_kmsg

o Exit Status

0 Success
Other than 0 Failure

10 1.3.2.15 Shutdown Kernel
11 Synopsis

12 ihkosctl <os index> shutdown

13 Description

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

17 $ ihkosctl 0 shutdown

18 Only privileged user can perform this operation.

10 Exit Status

0 Success
Other than 0 Failure

o 1.3.2.16 OS JREEENE
21 %Et

2 ihkosctl <os_index> get status
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St EA 1

<os_index> THHEI N OS A VARV ZAD OSIREEZH T 5, &% OSKRREBIZHINT S
FHE EIRIZBLR D@D,

| XFF [ F={3 |

INACTIVE FEET

BOOTING R

RUNNING REIE, % kT

SHUTDOWN Yy hR U

PANIC PANIC

HUNGUP N TT T

FREEZING —HE (RN FE TR

FROZEN — IRFf IR TR

3

IS—BHAD 4
| XF3 [ B

Error: OS instance not found EBEINZ0S 1A VARV ADFLEL RN

Error: Invalid argument ARIETRINT A R

5

Exit Status 6

0 IEHT

0 Distk IJ—
1.3.2.17 X EY YV TEE 7
B ;

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

7.]’7°93V 10

-d <dump_level> | XV 7K LT 5 A E VMO % <level>IZRA T 5, XA A REAMEIXLL FDE D,

0 THK 7% McKernel (Z#] D 24 T/- X € ) fHEIG%EH T 5,
24 A= NVDBERALTWE ATV EEEE LTS,

BEVR P> 72HBEIX 0 PHLNS,

<file_name> N7 74 V. FBED R 2 725613 ncdump YYYYmmddHHMMSS 2V W S5 5,
--interactive|-i | Interactive mode MDD 7 7 A V2 H T3, ZOE—KTIX. XV Ty —VixT
Ny TRE v DAEY ZEESRU T 21T 5,

11

AR 12
<os_index> THEE I N2 OS 1 VY ARV AD<dump_level> TIHE I N7z A €V il % <file_namex T
BEINZT 7 AN NT S, 2B, 203XV NIIHELI—VOAFETTE 5, 14
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l XFF \ F=U
Error: No such file or directory (BT T 74NV TEENET 4L I7 NIDBFELR,
Error: Permission denied (BT T7ANVE) TERELEZZ 7 IMWIZDOWT, T4L 27 Y
WBEIET 2057 7 1 VDMERLTE 2R\,
Error: File exists (BT T 7ANE) TRELLT 7 A VDBLICFETS 5,
Error: Invalid argument RIEZRINT A A,
Error: OS instance not found OSA VT Y IR THREIND OS 1 VAR VADPFLEL R,
Error: Operation not permitted OSTYFY IR TIREINDE OS T VARV AILT VR ATE
AN
Exit Status
0 EHRRT
0 BAAth J—

1.3.2.18 jj_?\)l/)( “/t’—*‘/‘") y/f |/7 I\ . /\\/7“77‘\/ 70*%%”7_:_%\/
E5au

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

T3y

-k <redirect kmsg> | H— RN AV E—ID/dev/log "DV XA VLI NEMERET D, 0 BHEES
NIZZER) XAV I MDY, 0 AP REINZGER) XML M
15, MENRVWEER) XAV EITD,

-i <mon_interval> NV TTy TRAID -2 OS 8% MR AhpMilkE 2 Ef Tied 5, -1
PIREINZGEEZANV T Ty THRAZTbRWV, FRERZ WAL 600 B
Aunwsinsg,

-f <facility> syslog 71 b )LD facility 248€ 9 %, fBED 241 LOG-LOCALG %

HAWws,

BTl

A=WV Ayt —T%HF U syslog() ZH\WT/dev/log IZFHEIAL, syslog 70 b2
VD facility 1d<facility>IZREI N5, 7. <mon_interval>M T X 1Z ioctl() D IHK_
0S_DETECT_HUNGUP ¥ 72~ » K& HI\WT OSIREZ MRS 5, 2 [midie U T, @R A D
WOIRNMUETH > T, POA—FNVORILDETHTH S Z e DBHERINHERFNV T
Ty 7MW s, £ LT, #HY 7 M ihk os_get_eventfd() T eventfd ZHFL TV
LA RTNIIN U THET 5, 0B, AT —EVIRERDOZA I VI TRHLTEIN,
NE. AT —EVIZ0S A VARV ADERERM U CEfE2HIET 2720 TH 5,

RYE
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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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