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Abstract

This article introduces the main types and characteristics of embedded virtualization technology.
In view of the main problems in the application of virtualization technology in the embedded field,
methods to reduce virtualization losses and improve system real-time performance are proposed.
In response to the needs of embedded devices, a technical solution for dynamic frequency modula-
tion under virtualization is provided to improve system performance and reduce device power con-
sumption. Finally, two practical applications of different virtualization types in industrial scenarios
are listed.
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Figure 1. Diagram of the dynamic scheduling + static isolation
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Figure 2. Diagram of memory pass-through under virtualization
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Figure 3. Diagram of CPU frequency modulation after virtualization

& 3. E#MLLUE CPU ASTXTEE &

5. R REBL AR

5.1 RARSREEIMLARIERE TTU
ORI B RAER(OPU). TTU S8y T R4 B 1 B4 (3 LR & Ui 2 B e o
o IAILGPEENR S TTU #R I 32 Btk DB T2 . TR BT e 5 4O {5

R, QM$ﬁ2MmsLﬁﬂ%?UﬁﬁW%%%%ﬁﬁw%ﬁﬁm%& W R AEFZBER . 7
%ﬁ£ A MR B R 1 gl A LA, IR B ST AEE . AN E., AHREN . H ST

DOI: 10.12677/etis.2025.23013 166 AR AR SRS


https://doi.org/10.12677/etis.2025.23013

Kk, REN

RARIhRE. L5057 % — AEA S Linux REUENIZEEL B4 HIERIE RSt (HA2 Linux A% 5 SE
Bz, BRI LR AN T IE DU A B A SC I RE /. JUHE S R G 0T BLEE I, X SEm 1 52
M SEE 7 2

X T IR SN A R 8 BN KA A BIR B R R 3R, Rl & SRR R ML . BT
DL ke oL 73045 3757 T 5 20 6 vt o 1 JERL5 ST ARk AN 2 1 T L e o 5t e 6 B R R 4, L RL 48 Linuix
RGE W AN AThRE, RN R SR sSem vk, SRIEEE N 2 m 5.

S A B R RE AL Linux RGEN RTOS RGUR & & 2 SOC IR R 487 N D RESSA L I
DIRENEEAT Linux R4, 5T WM AR S L 5%, SEIRHIIZ 4T RTOS RGTREAT i o [R5 - RTOS
RGUEL W + ik s AR EOCR I B DB, DR DR R IR 1D S B S AR R EE
A AE IR P B B — 5 B DS i sgi BT, 80 Linux (012 EER VB o SRR R I 4
A FHIE T Linux 2848 B8 U 15 H5 150951 3 Bl RO A0 25 £ 2R 4 e N DA R 25 B o B s ol 1 St Do, TR
KK T A RGEIFE, 150 R G PEAIED> CPU i (5 2. Linux DI 4 5 — > HE 0L ER 11K
2, R LENAAEEE A DR BR R, E T 6 AR R RSB R LS 2 — > Linux RSEHIE
R o IXFREEUOR N Linux MUY 55wk e Tog&fir Heid ok .

5.2. RASEEEMLOERETRER

FEIETUR AR R FEENEAE R G TR R S5 SR ARSI G R R o B 5 77 BRI, HIR
I & B QR i, AT ESMHN. TS ITIER LS AR, 25 AL A T2 S ul L e e 44
HAESS o MARA BRI EOR, R 5Ll .00 BN A R BB, 78— REIAL L BL BRI, 7T BLpR
YT E A AL EIEFEOLT, & MR A K2 K CPU 73, X al LUl i B R 4L
HBesUb ) CPU MNAF BRI . WA R A 1 & VI A S i 5 B8 2 OB A B AL

TRV LA 2R E B RIIERT, 8 sh AR B A AR HEAT SERT ISR LUG , Se 4 m] LLIAE

RANERR . RN SR VFREPE SIS A, 0 BE AU A =5 28 AR A (K B v LS A5 2 A 2D A,
fRm TR A

6. BDEMRE

1) RRFE-BAIEHESR S 52 Z WP D) 3R R RS HESL, sk Sk kL R et R Rl
LR . @i tickless (NO_HZ) [SIFNSEE SF4 Dfie, 72 B S I 5 PR BERS B, 50/ i P e it 5
OS £15h; {EshZS BN FR3% 7 K R I ph 546 o5 STk <40 00 LLJE #3360 vCPU Ji HI/ELAUA %, i
iR i (hysteresis) 2 #40H| “ANEEB)” .

2) GICvA/v4.1 EiE:: I vPE B 5 doorbell HL, K 4h % LPI EE A H AR vCPU, S87F Hypervisor
P25 LR FEF4AY, W3 RN EIR S VMEXIT 4[6].

SE 3K
[ F7E. Xvisor B YUERAD]: [BL2E00i0 3. A hERSEHAR K, 2023
[2] 35 6 ARM F & FIORESMESTHL R B FID]: [ 3], Bl #h B, 2019,

[3] Arm System Memory Management Unit Architecture Specification SMMU Architecture Version 3.
https://developer.arm.com/documentation/ihi0070/latest/

[4] Approach for CPUFreq in Xen on ARM.
https://static.sched.com/hosted_files/xensummit18/ec/xen_summit_cpufreq on_arm.pdf? gl=1*1ae-
owoq*_gcl_au*NTM40ODcyNjAWLE3N]JASMzEYNTA.*FPAU*NTM40DcyNjAWL JE3NJASMZEYNTA

[5] Linux Kernel Documentation—NO_HZ: Reducing Scheduling-Clock Ticks.

DOI: 10.12677/etis.2025.23013 167 AR AR SRS


https://doi.org/10.12677/etis.2025.23013
https://developer.arm.com/documentation/ihi0070/latest/
https://static.sched.com/hosted_files/xensummit18/ec/xen_summit_cpufreq_on_arm.pdf?_gl=1*1aeowoq*_gcl_au*NTM4ODcyNjAwLjE3NjA5MzEyNTA.*FPAU*NTM4ODcyNjAwLjE3NjA5MzEyNTA
https://static.sched.com/hosted_files/xensummit18/ec/xen_summit_cpufreq_on_arm.pdf?_gl=1*1aeowoq*_gcl_au*NTM4ODcyNjAwLjE3NjA5MzEyNTA.*FPAU*NTM4ODcyNjAwLjE3NjA5MzEyNTA

K=k, REN

https://docs.kernel.org/timers/no_hz.html

[6] GICv4.—Direct Injection of Virtual Interrupts.
https://developer.arm.com/documentation/107627/0102/GICv4-1---Direct-injection-of-virtual-interrupts

DOI: 10.12677/etis.2025.23013 168 MARHEAR SRS


https://doi.org/10.12677/etis.2025.23013
https://docs.kernel.org/timers/no_hz.html
https://developer.arm.com/documentation/107627/0102/GICv4-1---Direct-injection-of-virtual-interrupts

	嵌入式虚拟化技术探索及实践
	摘  要
	关键词
	Exploration and Practice of Embedded Virtualization Technology
	Abstract
	Keywords
	1. 引言
	2. 调度机制
	2.1. 静态隔离和动态调度
	2.2. 动态和静态相结合方案

	3. ARM处理器架构下设备直通
	4. 虚拟化下调频功能
	5. 解决方案及应用案例
	5.1. 采用静态隔离虚拟化的电力通信TTU
	5.2. 采用动态调度虚拟化的基站冗余备份

	6. 总结和展望
	参考文献

