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A Novel OS architecture is required to support the following features:

Core Capability 0O(100) Core / Node O(1M+) Node, O(100M+) Core

* Reducing cache pollution « Reducing memory contention +  Providing scalable process
» Localizing data * Reducing data movement management, communication,
« Managing memory among cores and file 1/O

hierarchy » Providing fast communication Providing fault resilience

 Parallelizing OS functions
achieving less data movement

¢ Exploring such a novel operating system is huge design space

¢ New OS mechanisms and APIs are revolutionarily/evolutionally created and
examined, and selected

¢ Needs a research vehicle, also deployable

¢ To enable kernel developers quickly to program a new kernel feature and
evaluate it

¢ Toshare ideas and their implementations

2013/12/13 3
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Init
kernel
mm

ipc

fs (core)
arch/x86
include
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IHK and McKernel in Xeon Phi L |

In case of Non-Bootable Many Core Features implemented so far in KNC
_ _ . _ . y * glibc and pthread
(This configuration is called “Attached”) « Thread and memory management

* File I/O, delegated to Linux in host

* Memory map and dynamic link library
» Process launcher in host
» Direct Communication with InfiniBand
Linux Kernel MPI | OpenMP | PGAS * MPI library (not fully) running on Xeon Phi
* OpenMP environment with Intel compiler

mcexec

Helper I Linux API (glibc)
Threads McKernel
IHK-IKC IHK-IKC

IHK-Linux driver IHK-cokernel
PCI-Express

* |HK (Interface for Heterogeneous Kernel)

* |HK-Linux driver: provides the functions of co-processors,
such as booting, memory copy, and interrupt

» |HK-cokernel: Abstracts the hardware functions of the

Many Core

Infiniband :
Network Card manycore devices

* |HK-IKC: providing communication between the Linux
and co-kernel

mcexec * McKernel

Linux Kernel MPI | OpenMP | PGAS * lightweight micro kernel running on co-processors

McKernel
... IHK-IKC
IHK-cokernel

Dedicated OS service Cores

Helper Linux API (glibc)

Threads IS McKernel
IHK-IKC IHK-IKC

IHK-Linux driver IHK-cokernel

Application Cores

Infiniband
Network Card

2013/12/13 5



IHK and McKernel Pl 4

In case of Bootable Many Core
IHK and McKernel also run on Xeon and

the vmware virtual machine

(This configuration is called “Built-in”)

mcexec

Linux Kernel MPI | OpenMP | PGAS
Linux API (glibc)

Helper

mcctrl

Threads McKernel McKernel
IHK-IKC IHK-IKC oo IHK-IKC
IHK-Linux driver IHK-cokernel IHK-cokernel

Cores for Linux Application Cores Dedicated OS service Cores

Interconnect

* [HK (Interface for Heterogeneous Kernel)

» |HK-Linux driver: provides the functions of co-processors,
such as booting, memory copy, and interrupt

* |HK-cokernel: Abstracts the hardware functions of the - File 1/0, delegated to Linux in host

manycore devices « Memory map and dynamic link library
* [HK-IKC: providing communication between the Linux « Process launcher in host

and co-kernel Direct Communication with InfiniBand
MPI library (not fully) running on Xeon Phi
* OpenMP environment with Intel compiler

Features implemented so far in KNC
* glibc and pthread
* Thread and memory management

* McKernel
* lightweight micro kernel running on co-processors

2013/12/13
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A’ IS invoked ern I [core i Clje | L1 LWK_C, IS |nV0ked Core | Core | Core| Core |C:1re L
Core| Core| Core| Core | L1 L1 L1 L1 L1
L2 or ory
= ory i FInISh Main Memory d :
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( . WK-A o Main Memory
Linux P Finish Secondary Main Memory
CaalCqca LCgre| Core Secondary Main Memory
grnel  Jyecaelcoe i | Network Interface | Silicon Disk
CL:re Cﬁre CLn:e Coreh L1 S Network Interface | m
jory = =
— App B, requiring
Main Memory .
L WK-C, Is invoked==5—8 B
Secondary Main Memory Linux Coel Core| Core
Network Interface | [Sifcon Disk ] — E‘zcnee — TEG:Z“ e MK
.. L1 L1 L1 L1 =
Finish B S
Main Memoary Nl

Secondary Main Memory

Network Interface | m
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How an application program is executed (1/2) s 4

$ mcexec ./a.out

e The mcexec program is compiled with options —fPIE —pie

* The mcexec binary is loaded in the different address than the regular
a.out binary

* [t creates an a.out process in McKernel

* The a.out user virtual memory space in McKernel is shared by the same
address space in the mcexec process.

mcexec Process

a.out process
in Linux phys mem. . in McKernel
on Xeon Phi
Regular a.out process QOO000000D0000 [ — | text, data, bss
in Linux — |
OO0O000OT0 Memory mapped area is allocated in Xeon Phi
text, data, bss mmap physic:?ll mefr?ory and shared by both processes mmap
area area
mmap
area text, data, bss Hole
stack Hole
_ Stack
QOOOAFTF T L
sk phys mem.
FAFFRO0IIO0O0 | Linux Kernel on Xeon McKernel
FAFFR0000000000 Space Space
FRFAAATR000
A0

2013/12/13 8



How an application program is executed (2/2) ot -

$ mcexec ./a.out

part of mcexec code

part of a.out code

01: intfd; /* bss area */

02: main() {

03: int nr; char buf[512]; /* stack area */

04: fd = open(“/tmp/abc”); /* string is in data area */
05: nr = read(fd, buf, 512);

while (ioctl(fd, MCEXEC_UP_WAIT_SYSCALL, &w) oo F
== ) { 1) Linux: ioctl is issued to receive requests from McKernel
switch (W.sysnumber) { 2) M.cKern.eI: The open sys.tem call is issule.d by a.out. McKernel forwards this request to
case SYS OPEN: /***/- break: L!nux with argumenlts W|thout any modification of argument addresses (not copy).
- ok L ! 3) Linux: the request is received and returned to the mcexec
case SYS_EXIT/*/; break; 4)  Linux: mcexec performs the request of the system call. In case of open system call,
.. the file name is checked whether or not it is under /proc or /sys special directory. If
default; do_generic_syscall(...); } so, special handling for MIC, others regular open system call is invoked.
do_syscall_return(...); } 5)  Linux: mcexec issues do_syscall_return to send the result back to McKernel
6) McKernel: When the reply is received, the result is returned to the user program.
Linux McKernel
(" — ) Phys mem.on Xeon P 1
4) Issueing open syscall where the __ﬁ\ j:/ text, data, bss
. “ ” I - “® n\.
1) leS area of a.out, ie, /tmp/abc ! Merqory mapped area is allocated in Xeon Phi fd = Open( /tmp/abc ),
iOCt|(. ) is accessed mmap phy:_slcal memory and shared by both p-rocesses mmap
area area 2)

!

5) do_syscall_return(...);

AN
text, data, bss N

stack / §T

Hole

\ IR Phys mem. on Xeoh e
|3/ \ |
Linux Kernel McKernel 6)
mcctrl.ko Space Space
kernel module
v
| * ;'
_J \ _J

2013/12/13




DCFA and MPICH/DCFA o 4

Host e Xeon Phi
mcexec
DCFA-MPI e
CMD Server Initialization .of HQ
Memory Registration
DCEA Creation of WQE, QP| and CQ MPI
\_ CMD Server Application
[
DCFA (Host) [
IB Verbs Library IBV Extension | DCFA-MPI
| | [
. || DCFA (Host) | DCEA I3 IE
MLX4 Library MLX4 Library Extension |
User / Kernel Mode I User / Kernel Mode
I
IB uverbs The OFED kernel MccTRL I DCFA-MP 1
| module is modified to | DGl Crlopelion
DCFA (Host) take care of memory l_
Modified IB core | BEUCERCIR @ R EVIRRCH IHK-IKC i J
| T e e e o e LSRG ] e e e
MLX4 Driver IHK-Linux driver IHK-cokernel Issuing Send/RDMA
PCI Express
InfiniBand HCA
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McKernel> AT L O—)L &

e« TEELLYLDLinux system calllFLinuxIZF:E
X RTLO—IILIVMN)ELTHEET A5 —FHE

T s e

Process
Thread

Memory
management

Scheduling

Performance
Counter

clone, exit_group, exit, kill, tgkill,
rt_sigaction, rt_sigprocmask,
set_tid_address, getrlimit, getpid,
arch_prctl, futex, set_robust_list

mmap, munmap, mprotect, brk, madvise*

sched_setaffinity*, sched_getaffinity*,
sched_yield

MBA2R—T A Apmc_init, pmc_start,
pmc_stop, pmc_reset

getuid, getgid, setuid, setgid, geteuid, getegid, setpgid,
getpgrp, setsid, setreuid, setregid, getgroups, setgroups,
setresuid, getresuid, setresgid, getresgid getpgid,
setfsuid, setfsgid, getsid, setrlimit, gettid,
set_thread_area, get_thread area

mremap, remap_file_pages, mincore, shmget, shmat,
shmctl, shmdt, mlock, munlock, mlockall, munlockall,
modify_ldt, swapon*, swapoff*

nanosleep, getitimer, alarm, setitimer, gettimeofday,
times, settimeofday, time, sched_setaffinity,
sched_getaffinity

PAPI ¢ fits

v’ McKernel EADTOERE R IELinuxMBE TS, TEMcKernel LIF1TAEANAL YR, §REHTOERER
v Mmapd RTDITZTEERELTLVEL

v’ swaptEgE(XAILY

v’ /sys, /procld. Linux{Bll TXeon PhilgiEZIT3IaL— 3>

«  I5[TMcKernelffll TRET N EHEE (TR ET

2013/12/13
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=SV A VANAN - YT —9 N\ RIE(4B -- 1024B)
6.E+08 6.E+07
5.E+08 5.E+07
4.E+08 4.E+07
3.E+08 3.E+07
2.E+08 2.E+07
1.E+08 1.E+07
0.E+00 0.E+00
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09 0 200 400 600 800 1,000 1,200
MPICH-takagi —@—Intel MPI MPICH-takagi —@— Intel MPI
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