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Abstract: MIPS architecture is an important member of RISC processor family, and it is mainly applied in embedded systems. With its
performance improvement, the MIPS processor is gradually used in the field of high-performance servers. The Loongson-3 processor is a
typical representative of the MIPS architecture. As a main feature of high-performance server, the multi-core architecture is indispensible.
Meanwhile, virtualization technology is another important application for the server, however in recent years the technology rarely has
success on the Loongson-3 processor. Combining virtualization technology and multi-core technology on the Loongson-3 processor has
much more difficulties as the method to simulate the multi-core architecture is hard and collaborative mechanism among different cores is
complex. This paper analyzes the multi-core architecture and communication mechanisms of the multi-core architecture Loongson-3
processor and introduces a virtualization method for the multi-core architecture Loongson-3 processor. It mainly discusses the overall
design of virtualization method of the multi-core Loongson-3 processor, the simulation of Loongson-3 multi-core architecture and the
virtual inter-processor interrupt communication in the virtual machine. Experimental results show that the presented method provides

useful and efficient multi-core virtualization support for the Loongson-3 processor.
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Fig.1 Multi-Core virtualization architecture of Loongson-3 server
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Fig.2 Workflow of Loongson-3 multi-core virtual machine
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Fig.3 Address space design of inter-core interrupt register
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Table 4 Hardware configurations

R4 AR

Uil A AC

CPU 271 Loongson-3A

CPU #(H 1

Ak FE A% H H 4
E NN 2G
Py ] AMD-RS780E

RS RTL8193
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Fig.6 Test board of Loongson-3 multi-core processor
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Table 5 Software configurations
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sh-3.2%# cat /proc/cpuinfo
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wait instruction
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extra interrupt vector
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ASEs implemented
shadow register sets
core

VCED exceptions

VCEI exceptions

processor

cpu model

BogoMIPS
instruction
osecond timers

interrupt vector
ware watchpoint
ASEs implemented
shadow register sets
core
VCED exceptions
VCEI exceptions

loongson-3a-gemu
0

ICT Loongson-3-gemu V0.5 FPU V0.1
530.43
no

yes

64

no
yes, count: 0, address/irw mask: []

1
0
not available
not available

1
ICT Loongson-3-gemu V0.5 FPU V0.1
716.80
no
yes
64
no
yes, count: 0, address/irw mask: []

1
0
not available
not available

Fig.7 cpuinfo of dual-core virtual machine
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Fig.8 Top command of dual-core virtual machine
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Table 6 Performance of two computing threads
&6 WAL SIE R

IBAT I ) (s)
PR ZEEMN e E

RN 76.889 41.519 46%
RS 80.299 45.489 43%
T BN 106.639 55.059 48%
7w BT 105.539 51.969 51%

Table 7 Performance of four computing threads
RT 4N HEREERENIL

ETHTS)
FRUENIL ZROEIML ibE A

BRI 77.089 44.899 42%
RIS 80.588 47.809 41%

7 AU 107.419 61.519 43%
TF RO 107.799 61.578 43%

25 1 BATHEAT T DAL RE 1K LA A 22 4% R JAK PR D A P AN A R0 P e 0 1k 11 5 SRR W, BT T 10
Jeits 3 A% BN E AR 55 KIS AT I T8 R 202 A% RT3

7 HERE

AL HT TS 3 AP A AE S I 22 A% KR UL A IR e T s PR P il B O s 3 AR BE S 2 A SR IR0 gy
Br, Berk RSB T e 3 AL B B2 AR IAE O T UEWI A SC AR A Rk AE 2 A% e 3 AL B B HEAT T
WIS RER LA SR K VA R 1 O Sy Je s 3 5 A PR 2 % KR AU,

B 7 TR 457 1 4235 07 7 CPU I 40 A1 5 A L0 7 T 7 M0 A, U 6 A4 B2 B 1
.
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