HEILTR S KR DOI1:10.7544/issn1000-1239.20210140
Journal of Computer Research and Development 59(4) . 737-746, 2022

FHERM THREFEFRERNER

»oET HER FEET EMST O EHRAMA
AR RN SRR R JLE 100871

SRR TE JAREY 518000)

CORBORBI T RS REHBRMET T 49931

(ss_boom@ pku.edu.cn)

Software-Based Flat Nested Page Table in Sunway Architecture

Sha Sai'*, Du Hanlin', Luo Yingwei''?, Wang XiaoLin"?, and Wang Zhenlin®
"(Department of Com puter Science and Technology » Peking University , Beijing 100871)
“(Peng Cheng Laboratory , Shenzhen » Guangdong 518000)

*(Michigan Technological University, Houghton, MI, USA 49931)

Abstract  The nested page table (NPT) model is an effective, hardware-assisted memory
virtualization solution. However, the current Sunway processor lacks hardware support of NPT,
However, the privileged programmable interface of Sunway architecture can be used to emulate the
necessary hardware support with software. Hardware mode is the CPU privilege level unique to
Sunway. This interface runs on the Sunway hardware mode with the highest CPU privileged level. In
this paper, we propose the software-based flat nested page table (swFNPT) model for Sunway. In the
programmable interface, we software-implement the hardware functions required by the nested page
table model, such as nested page table walking. The new design makes up for the deficiency in
hardware support through software optimization. In particular, the flat (one-level) nested page table
is used to improve the efficiency of page walk. We use multiple benchmarks to test the performance of
swENPT. The experiments on a Sunway 1621 server show the promising performance of swFNPT.,
The average memory virtualization overhead of SPEC CPU 2006 is about 3% and the average overhead
for SPEC CPU 2017 benchmarks with large working set is about 4 %. The STREAM result shows that
the memory bandwidth loss of swFNPT is less than 3%. Therefore, this paper provides a valuable

reference for future development of hardware-assisted virtualization of Sunway server.
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virtual machine monitor
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Fig. 1 The privilege modes of Sunway CPU
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Fig. 2 The virtualization mode of Sunway CPU
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Fig. 3 The principles of shadow page table model and

nested page table model
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Fig. 5 The framework of flat nested page table under

Sunway architecture
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Table 1 Experimental Machine Configuration Table 2 Benchmarks of SPEC CPU 2017
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FIR/GHz 1.6 2.1 619.bm -
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DTLB fi;zz:i; 1?‘;662;1‘;; 649.fotonik3d 0.8
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T ) ) SPEC CPU 2006 Jl {4 KA Z Ak 772 %
i 1 e s R TR P A S T 0 5 1 5 G B 05 2 S 42 T S
VMM QEMU-KVM 2.5.0 QEMU-KVM 2.5.0 WeR G VTAFIERE. 3 3 /N9 2 swENPT , Intel X86-

4.2 ELIGigIt

K R B Y IR 55 7% N B FUOE LA
RE R T BE o T LA X6 8 2H BIL 4% 2 2% A ) 4 4 i 2 )
Intel X86 IR 45 #%. 76 X86 224l T, W ATX ¥ F £
LAY (X86-SP) Fll 4 Jig 11 3= 452 AU (X86-EPT) 43 5l itk
A7 7 M.

B L 3R A R T T AL B (warm-up) . FE B
MNP BT W B BT MR KT ESE
T2y HEAT TURAAL 3L, DR IE ik 45 0T 38 57 J i DAL B A5
TEE RIS sh ol s i MR P . R &=k
R B4 S T % it T A B o T ARG R O P L X
b 3R TR B R S5 4R 0 R A B K TAE R
%2 TR A B T A B — g & A AR R SUPL S Bl
AT, TR A =2 J5 1) S 56 45 1% O B 1A 30 K SO ML 7E
— K JE N Y S e

AT S T SPEC CPU 2006, SPEC CPU 2017,
Graph500, Memcached 4§ i FH 7E 24 U % #2 )7 . SPEC
CPU 2006 & H] ref £ 473X SPEC CPU 2006
R T TAESE 0 5/ GO TF 3GB), hik—2 5
TERE A 5 S, Fe AT M SPEC CPU 2017 il 3 4
PRk 7 8 M HEA B K TAEE MNP & 2 R
Tk 8 AHRRT I TAERAR B FRAT W ] T A oy
W = )% B F Memcached Fl Graph500 ] iz,
swENPT B8 i M . i J5 A1 STREAM ¥
fili FE AL R 38 8 47417 SE 40 2k
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Bk 40 % . FRATE Intel X86 ML ES |38 b A 1 1%k 2%
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Table 3 Experimental Results of SPEC CPU 2006

% 3 SPEC CPU 2006 MUik & %
e WAL TT
e YA
X86-SP X86-EPT swENPT

400.perlbench 3.24 2.94 1.28
401.bzip2 1.85 1.18 0.04
403.gcc 7.34 4.90 2.40
410.bwaves 2.15 5.81 8.10
416.gamess 1.84 0.17 0.48
429.mcf 2.80 8.39 20.71
433.milc 6.29 5.68 2.55
434.zeusmp 2.48 4.96 6.73
435.gromacs 1.32 1.32 0.08
436.cactusADM 2.45 0.82 0.17
437.lesliedd 3.43 1.56 0.42
444, namd 1.98 0.20 0.46
445.gobmk 1.52 1.02 2.38
447 . dealll 5.66 7.01 0.56
450.soplex 1.64 1.23 3.72
453.povray 6.04 3.85 0.97
454, calculix 1.51 0.47 0.55
456.hmmer 1.85 0.21 0.11
458.sjeng 1.11 2.38 2.32
459.GemsFDTD 2.62 4.19 4.60
462.libquantum 1.32 0.00 1.12
464.h264ref 8.79 8.63 0.21
465.tonto 1.58 0.00 0.86
470.1bm 4.04 0.93 4.91
471.omnetpp 4.45 7.19 9.81
473.astar 2.90 8.32 9.17
481.wrf 1.74 0.00 2.45
482.sphinx3 1.64 0.00 2.28
483.xalancbmk 5.00 4.17 4.63
SE A {E 3.12 3.02 3.24
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Table 4 Experimental Results of SPEC CPU 2017

% 4 SPEC CPU 2017 fllif & R

S p\]‘ﬁ AL T 8 %
/GB X86-SP X86-EPT swENPT

602.gcc 7.8 7.96 4.72 3.43
603.bwaves 11.6 3.67 2.31 <1
605. mef 3.8 1.83 6.62 4.26
607.cactuBSSN 6.9 1.72 1.02 3.87
619.1bm 3.3 0.13 1.84 3.79
631.deepsjeng 7.0 3.55 7.28 4.39
649.fotonik3d 9.8 2.80 3.93 9.20
657.x2 15.7 6.79 10.49 4.50
S {E 3.56 4.78 4.12

4.3.3  BUHS LR 55 W N A RE S 1 RE T 3

2% 5 B/R T Memcached F Graph500 ) 2 2H #iL71
AR 55 1 FH ) 52 56 25 B Memcached {# F] memcslap
JEAS 3 A7 Dk, H b R & 2 80 1005 Graph500
i J OpenMPT HE 832 17 45 mi K0l 2% 25 R W]
Memcached M3 77, swENPT F1 X86-EPT & fl 1k
T8 ¥R T X86-SP. iX J& [ i Memcached )7 H
AR R A AR DD 4, T 52 T 0 3R AL TR AR
Yl iR 2 7= A4 VMExit #8417 0T H 5% 3£ 2 77 25 7Y



U BRSO TI RE TR

745

BT 85 5 K. Graph500 S 8 Jhy 81 ) R B A5 5
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Table 5 Experimental Results of Memcached and Graph500
% 5 Memcached 1 Graph500 iz & 8 %

- e TP
L )7
X86-SP X86-EPT swENPT
Memcached 10.64 2.98 5.20
Graph500 5.71 5.14 7.72
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