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HPC OS ARCHITECTURE

Tailoring the Linux Kernel and MPI to a Fast and Noise-Free Microkernel

LWK

® No Noise

© Compatibility CNK
© Features

LWK + Linux mOS
® No Noise

® Compatibility McKernel
® Features .

o Effort Hobbes/Kitten
Linux (tweaked)

© Low Noise Cray
® Compatibility

® Features Al’gO

© Fast moving target
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VERSION O
Pure L4
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DRESDEN MPICH ON |-4

IMPI Rank IMPI Rank
(Compute Part) (Compute Part)

IMPI Process

IManager

IVIPI Library IVIPI Library

PMI

L4 Microkernel / Hypervisor
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(Wunverstic  \DICH ON L4: PERFORMANCE
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MPICH ON L4: PERFORMANCE

time in us
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mpptest (perftest)
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MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I
MPICH-L4I

MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I
MPICH-L4I
MPICH-L4|
MPICH-L4I

0>--- pIMD version "0815" --
MPI_Wtime
MPI_Wtime

0> [compiled:
0>

0><1> Simulation started ::
0>

0>

0>Command: rom/plmd rom/md_10k_nochkpt.nml
0>

0>
0><1>

"2013-08-12" ]

01.01.1970 00:00:03.993 (UTC

4 processes

<more output here>
@><cpu> wall-clock timer function: MPI_Wtime
0> Work count sum: 184102828
1>
2>
3><cpu>
0>
1><cpu>
2><Ccpu>
3><cpu> MD
0><cpu>
1><cpu> MD
Z2><cpu> MD
@><cpu> MD
0>
0>
0><1> Simulation finished ::
0>

MD step performance: steps/s
MD step
MD step
interaction
MD step
interaction
interaction

interaction

performance:
performance:
performance:
performance:
performance:
performance:
performance:

steps/s
steps/s

steps/s
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Mega interactions/s
Mega interactions/s

Mega interactions/s
Mega interactions/s

01.01.1970 00:12:58.468 (UTC +0@)
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m |t worked:

m p1MD, MPICH test, perttest, ...
m HPL, CP2K, ...

m Performance comparable to Linux!™

m Major limitation: no network backend
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VERSION 1
Hybrid L4 + Linux
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Critical Uncritical

(Simple) (Complex)

Real-time
Security

Resilience
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DRESDEN HYBRID SYSTEM

Critical Uncritical
(Simple) (Complex)

Service OS
(Linux)

L4 Microkernel / Hypervisor
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MPI Lib

Intfiniband

L4 Microkernel / Hypervisor
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INFINIBAND DRIVER

Fast path (direct access to MMIO regs)
 Send/recv

» RDMA read / write Linux App
* Event polling il

L
oI10VerpsS

User-spacebriver

User Space

Kernel Space 3
Linux Kernel

Slow path (syscall required) /dev/ib0
e Connection setup / teardown IB Core

» Buffer registration Kernel Driver

* Event blocking
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INFINIBAND DRIVER

Proxy App
Msg Buffer 1

Linux Kernel

/dev/ib0
IB Core

Kernel Driver

L4 Microkernel / Hypervisor
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UNVERSTT  \'ERSION 1: SPLIT MVAPICH2

Hard to maintain

Parallel File System

L4 Microkernel / Hypervisor

Core Core Core Core Core
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VERSION 2
Decoupled Threads
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s Unmodified Linux programs (MPI, ...)

m L%Linux on L4 microkernel

m L4 microkernel controls the node

= Light-weight and low-noise if needed %

m Linux process = L4 address space + thread

m Linux syscalls / exceptions:
generic forwarding to L*Linux kernel L*Linux
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UNIVERSITAT DECOUPLED EXECUTION

s Decoupling: move Linux thread to
new L4 thread on its own core

m Linux syscall: Move back to Linux

m L4 syscalls:

m Scheduling
m Threads

- Memory L*Linux

m Direct 1/0 device access

L4 Microkernel / Hypervisor

Core Core Core Core Core
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O Standard Min O Standard Max

<> Decoupled Min Decoupled Max
18,40

18,35

18:300\&4%4) ©0—0—o0 —0—0—0—0—0—o0

18,25

18,20

18,15

8109 —o—0o o0 o0 —6—06—0—0—0—06—0—0

18,05

Run Time in Seconds

18,00 - - - - - - - - - - - -
30 90 150 210 270 330 390 450 510 570 630 690 750

Number of Cores
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DECOUPLING: BSP

O Standard O Decoupled

18,70
18,60
18,50

18,40 /
+

18,30

Run Time in Seconds

18,20

18,10
30 90 150 210 270 330 390 450 510 570 630 690 750

Number of Cores
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VERSION 2.5

Decoupled Interrupts
WIP
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Mocewns B
Mrocewms 10 .
Macess 12 — — —— .o
Prscess 14 = — - Busy waiting =
Macesws 16 —— — - .
Pacess 18 el (O M putation
Procews 20 - - —-

Mocess 22 -
Popcess 24
Mocew 26
Pecess 28
Mocess YO

Yalhues of Malrx 'CNAOD' et Teve 0 2 '
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OVERSUBSCRIPTION

.~ Polling .~ Blocking

Appllcatlon COSMO-SPECS+FD4

1000 s

800 s

&“
600 s
400 s
. ﬂ]

8/4 16/4 32/4
# of MPI Processes per Node # of Nodes
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OVERSUBSCRIPTION

~ Unbalanced, no HT " Balanced (baseline), no HT

Application: COSMO-SPECS+FD4
500 s

400 s
300 s
200 s
100 s

Os

12/112 / /1112 48 /112
# of MPI Processes per Node T# of Nodes
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IRQ FASTPATH

L4Linux

Kernel

IRQ IRQ
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Qunversir  \unKE FROM IRQ: LINUX VS L4

¢ Without Load 10000~

Without Load
8000 - memtemm With Load . ithout Loa

8000 1 memimmm \Vith Load

6000

4000

2000
0 - 00&“ oo0 °
I I I I I
0.00 0.50 1.00 1.50 2.00 2.50

Latency in us

\
0 100 200
Latency in us

Linux L4

Number of occurrences
Number of occurrences

Wake from interrupt on L4/Nova: 900 cycles, 0.3 ps
(best case, on Intel Core i7-4770 CPU @ 3.40GHz)
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m |4 Microkernel + LLinux + Decoupling

m Binary compatible + sysfs interface
m No modification to MVAPICHZ

m |essons learned:

m Maximize reuse + minimize critical path

m Methodology: Start from Linux, not from L4

Source: https://l4re.org Project: https://ffmk.tudos.org
DFG Deutsche SPP =374 German Priority Programme 1648
Forschungsgemeinschaft — Software for Exascale Computing
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