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Abstract: The voltage adjustment of the Loongson processor will affect the norr‘nal operation of CPU load. It causes the
processors to fail to run under high voltage and then affects the stable high—freql!lency operation. Accordingly, the turbo
boost method based on the system management controller (SMC) is proposed, which makes full use of the SMC to
monitor and adjust the voltage and frequency of processor cores in real time. At the same time, for the real-time operation
of SMC as well as the fast communication between SMC and the processor cores, the real-time operating system RT-
Thread is equipped and the inter-processor communication protocol “Service Request” is designed. Through dynamic
frequency and voltage Aregulétio\'n modules as well as the automatic temperature control module, the unified management
of the frequency, voltage, and temperature of processor cores is realized. The experimental data on the Loongson 3A4000
platform shows that this method is effective and reliable. Moreover, when the overall power consumption of processors is
increased by 25.5%, the overall performance can be improved by 34.2%.

Key words: Loongson; turbo boost; system management controller (SMC); inter-processor communication; dynamic

frequency and voltage regulation; temperature control

© HEETH : LI BHR AL 00 4 (BA2018074)
USRI T 2021-10-20; A& 2 []: 2021-11-18; SR A I []: 2021-12-08; csa 7E4% Hi I [A]: 2022-05-31

120 #%i % # System Construction

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8597.html
http://www.c-s-a.org.cn/1003-3254/8597.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008597
http://www.c-s-a.org.cn

20224F #5314 57

http://www.c-s-a.org.cn

i H AR SN A

Ab PR BT 0y AR — B g KRR BE R T
FBE08 CLSC I e KPR RE. 7E 2 % A0 BEES v, B AE S O 2
ANFTTN ) 728 Z A e A R E B, mT LLd
AT AT B 2 AR = R ME RS 72 HARIE LT,
PR LR FE M R R R B R G RR M — ik 1R U
N T B R A 2R N FR I R, A B s A 7 A
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A, A A SR ) — AN A B S AT, R o AT S A1
3 BB, AR EEE T AT, 2485 3A4000 4b
HI o AU e M. 1 800 MHz 459 2 000 MHz
i, ABER B4 10 5, B RN 1 TR
MR F o8 B A 52 ) B R HL s SR i Ab B 288 B AR e
IBAT B Bt R .

F 1 Bl 344000 BiRE

377 HiZ (MHz) AL TS /PLLAR S

1 187 Idle

2 375 Idle

3 562 Idle

4 750 Idle

5 937 Normal
6 1125 Normal
7 1312 Normal
8 1500 Normal
9 1750 Boost
10 2000 Boost

¢ 3A4000 i i HiAH A (phase locked loop,
PLL) R 15 AL B 25 805, SN B CE A 3 NS
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2050 (1) IS B 2 IR I B AT
freq=(0SC_FREQ/DIV_REFCxDIV_LOOPC)
/DIV_OUT (1)
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AW PLL 25905515 BoRAF B4 PLL 5541, &Ja
HRYE PLL 2520 A S A PR AR TR i IR LA S R G e 4l
TR ZE. SMC ) 4624 — BRI I T X AR,
SEELN AL PRAS AT . R . IR ) ST I A g —
sl

22 REEHIThEE
P 42 T AL R R A S 2 R 1 U 3 ok e
% FZ ) (pulse width modulation, PWM) [ 15 %% ok
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P A E .
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AT AT, T A 05 e 88 P 2 A B, 2 8 o D) o
BRI A AR B 2 R (3) IS s AL TR 3
AR P

Temp = [(data&O0xFFFF) x 731] /0x4000 — 273 3)
For, data D9 NI FE R AFE 25 A7 25 BL U AR, Ab PR3 TAR
I PR T 5 BB S —40 C & 125 °C, Bl Temp HIBETE
FEl 40 C & 125 C ZIa).

SMC R4 31 BB Fr) 35 B SR AT XU e Sl (1 4.
O 3A4000 AbFEEES K B WF 7A1000 #F F, ¥ 0 F 4E
I PWM 422 1R A B 38 1% (033 B I AR 45 5, 5
o ] T B s X B ) B sk s ) . PWME 84 X
PRI AN [F) UL B 2 A5 A TR 1) o 2 b AT XU 23 76 AN [ 11
FER, IR R, o5 A bR, RO e .
PWM AR ik o 58 P 25 A7 25 SR L B PWM Jin 1 1)
HIME S K -, ko &) 39 556 B2 2 £ 4 SR TIC B 2 A
S FE, 3079 PWM BEEIRG I £ 3. Y
KN 255, 38 ik MG P A R Ok B s s L, B
X IR e T ) AR SR R R RN 4 5 A S
2%, WK 2 A,

%2 RBEHESgE

S WETIR(C) B ERR () TR
1 —40 15 30
2 15 40 100
3 40 50 150
4 50 70 175
5 70 125 255

KEE R, —F A AT (manual) A, —Ff
N B3 (auto) FE, K R 1 BN B AR, 78 R4

JE B R, SMC & EARYE AL A8 SR AU IR 1%

B 42 2 SF U S e s
2.3 SMC SREERNXENEE
231 Hmimgss N, b

F T A0 B B4R SMC 2 AH EL ST %, 75 2 ST
(A5 A s 5 o 4 10 336 0 42 SR 160 S Ak 30 U Ak
SLRAT SMC EEEM0 . F RSV 9 B0 32 f 4 25 1752
1 S o ] A 32 2 77 S8 JF AT R IR0 A% . b 0 S8
A P HE IS4 7 17 22 R, SMC 6 4 B B 4 3
i A AR i 4 HEAT AR X L (9 48 0E . SMC b3 58 B,
65 I Aok b TR 98 ) 65 SR BT WA 25 7 58, A TR R
YRGS S ] 4 A hb HR R AT SMC I A %5 77
SEUEAT R A kB AR

g (T A B SRR SMC 2 [ bRl S, 76 4% 1]
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JWAE AL, Bt T —%&“Service Request” 18 1l
W FEFFAE R A E X 7 —> sme_message (451
14, sme_message H1 1 fzar 22 1 5 HIAR EAL complete.
7 hrdr 42K emd M1 24 (725 arg AL, DAUILOR T
KP4, WP AR 1% 4 i “Service Request” HM 3 [1] SMC
TIERIA T N IEfE R IREUMR S, SRBUN
RA5RE . REVRHER B, Hoh, Ui il
Bt ZHOE RS
Zi;? HRFH 27 A7 4% e Zi‘
4 SMIC RIALFEA IO B LI (2

232 ACERASEZ M IREN S R

TEWEE 1.1 FRTR, Joits 3A4000 4bHE 38 S H 4 A5
FAR T IHRINA N A CPUFreq MR35 4. 76 SMC IR
RECSEIG, KT 3A4000 4bFE 25 190 55 S 5258
%4 CPUFreq - & 4:, 11 CPUFreq core 5L /AR N
K. 78 8 3A4000 ) CPUFreq driver fiH i1 5
cpufreq_driver 28] loongson3_cpufreq driver AF &,
AR R SR LA B Th g ek A

(1) init(): 7EVEM SRS B A, BAR R TAE 2
WIUE1E cpufreq policy 5 A5 [ BUHE &5 4, $24t 10 ¢

(2) verify(): K23 CPUFreq governor il S5 i 2
A ERR AT A 25 \

(3) target_index(): £ UIIRAR I U . HRAE 2117
F) L bR 2R SRR S0 1 R K 5

() get(): TREL4 T CPU HISIR.

" (5) exit(): TEIRBNIE iR A

214 4rb T A MR U O A S o R N A b
K J5, 41 CPUFreq driver H ] target_index() B& $$5
BF R 1 iR A A5 HAH R H bR A R 5] . ab 3
A% NG A2 2R 5 N A A A 1 2 08 1 R R E (S
RIEL SMC. Je 55T SMC I &S AR El W& 5 firs.

B 5 o RS AP, 43 St B A EE 28 A% A SMC.
AEFEERAZAE R SMC R IA Ay & J5, BT W ATUE 3R
SHRAE SMC N 58, AbFE 8% 1% 75 A 1) 1L BUIR 4R 75
AEAS T Y2, AR P 25 ) T 2 75 TR AR ) . I ok A0y
AT LA AR B 2R AL AE AN RS IR CPU FURIg AT 11
LR AT P A . R, SMC & — B E 3
(R AT R ) REAN B AR R, SIS M I S R T A B 2%
I B R FR RS, &S & R REsE

Y
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HRAEAERAG HH 7408 K

" ]
P LA

H 2 RS Il A 27 A 2

Bl 5 it 3A4000 £ T SMC SZHLAb PR 2% B85 A2 &

3 SIS A

AT B AT S 6 MM B R T RE R TR AR SCHRE Y
BT SMC [ B )7 vE AT SR B VRN . LT & 2%
i 3A4000 4L B 3% #:1F 240N Fedora 28, f#i ] Linux

W% 5.4.66, 179 DDR4 2400 8 GB N 1E. it 3A4000" |

BRAN AR AT R 2 1.8 GHz, LI AL 3 23 AZ 11 HE R
1.25 V, RGSAT IR P2 R H R A AN 2 oAs . 4k
SRR E] SMO AT IIBER, 75/sys/devices/system/
cpu/cpufreq Yﬁ:%?%ﬂihﬁ boost L 1F, FalKs boost &
1, JEBEES I B R 22 2 000 MHz, BRI AR BE 8%
T Ja B RE, BIIE T SMC 88 &40 7 v 28 2%
HF“lscpu” i & ] & F U AT AR A G E, Bl 6 N
gAY 3A4000 AL FE &3 TT 5 MG B AR5 2 KL

Hi P 6 T 0, B, Ab B 3% STRE 0 B AR
2 000 MHz, RAKHI# )y 187 MHz, 45l 5% 1 158
10 ZANER 1 GAREZEAH X .

SIS R WA A BT RE IR Ol (IR B
1.8 GHz. HLFRETE A 1.25 V) FHF 3 & 50 2h g (1155 ol

(RPASSCHR 2T SMC B M7 148 35U i O,
BREARN 2 GHz, WK E N 1.4 V) #EATX . 04
SR gy B T R B ST RE S R BE A DI ARG O, X
T 5 2B A0 BE 117 0 41 4 N K B Ondemand (1%
) TS R B A5 15 F1 Performance (PERE) TR B (1) &40
1#50. o Ondemand (3% %) SKIE SR EZ TR 19 CPU
MBS TR, Performance (PEFE) g &L A0 H
#r— EIBATE R AL

oongson-3A4000) @ 1800MHz

Bl6  JEds 3A4000 AbEE 8T 5 A A AL BE 2345 B ]
LB S NP ANER 4 28 1 3840 f# A Unixbench &
TERE PP R 3RAT 3 PP LI 2R -6 R REE s 26 2 37 3K
54 3 PP HLLEIZAT Unixbench FEEFE 7 I A ShFERS L.
3.1 MEER
AR F M RE MR T Unixbench M3 3 F i it
NHIEES 3A4000 b EE2E I ZRA PEBE. Unixbench M &
G, 105, R, FiE. BHEEZ T
RN, BB A T HLEE & VP R 40 % 77 TH 1t RE, HLER
N4 T dhry. whets. exeel | f\s'?time\ fsbuffer.
fsdisk. pipe. contextl. spawn. ‘syscallx shelll
shell8 1% 13 AMEENRRE 41, FLUBHiA 0% 3
J& s
* Unixbench #ll SR IA 203G 1T $.BH AT 4 B 3FAT IR,
BT AL, — oS 6] 4 B g%
L, Y Ab B2 TT 5 B RE I AL T3 i, Ab B
A AR xR B d A, F R 2 R T B e e,
4 AN b PR AR I35 n] DL S B S e AR Oy TR
iR BB M AR BRTE AR, B 4 B IR AT 2 R
HEAT S0 #r, Ad F<./Run -c 4 index” 4 X T AL & (191
FEFFHEAT 4 BIR. Jets 3A4000 76 3 P &L T g 1T
Unixbench 14 BEMI K45 SR 415R 3 Baw, 26 2-13 47453 5
X # Unixbench ()& I BRI 4 FR L 3 Bl
& T e 23 i DA R S 1 R IR T ) R, o s —
47 /& Unixbench WA H ) 3 B 00 2575 1 RE 4 L.
M 3 WG — 4l (system benchmarks index
score) ZE A ERE M HCR A, BN G AL BE LS L1 218 1T
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CPU 4 MAT4% (dhrystone. whetstone. pipe throughput.
system call overhead) i /& 10 %ML 5 (XM RS
KALS file copy) b2 EFEAIEE . IHAH AT S (excel
throughput. pipe-based context switching. process
creation. shell scripts) #B T LA 2 & 4071 K 1 1 e 42

G HEREHE — 8 PRI, Hoh i TR SRS MR IR T T &
25.6%, PERERBEMERESE T T2 34.2%. KN R 16
T I AR B AE — BLIS AT 7E i i A, 4% W SRS TEAT 55 V)
e BRI A B 2% G B PEAIG, A HE 38 OB AT AT R B 2
RIS, 384T IR 1 I i SR IR, AR BAZ A% X

Tt, I HARBE #8018 A& SR 4% 75 SRS I 2 1 RE M, 23

o PR 5 A, P DA% 7 S B E I 70 Bk A,

K3 B 3A4000 ALEESS 3 AP AE L T IZ4T Unixbench M AEMIR 45 %R

BHEBIRE

TR A S e

THR & IRE

Wik (1800MHz)  (EmfMs)  (PALsng) AR B
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IZ1T1E 1 800 MHz B [ D FEAH L, DHFEFEMK T 33.4%.

A BR A5 K HIVE BE SRS IR IS AT 1% — ELAE 2 000 MHz, 5. |

HLAHIZATAE 1 800 MHz #4 Dy FEAH B, WA T
7EIBAT Unixbench Tk 31, 4058 38 7F J2
L)y B SR FH 4% 5 SR 5 FLOR PR 12k BE SR A L, TR 42 75
FEWE AN 2 — ELIE APHE B i M, 7 DA Th B A ; {H i F
Unixbench I 12 K 25 HUH D08 2 Ab B 28 375 57 3R 15 0,
It DAAL B3R IS AT X AN SR 2 [R] (D) FEAE ZE A K. 4b
3SR 42 70 A B SFmg B LB 4T/ 1 800 MHz i
SEEITHRE S BIERE T 23.3%. 25.5%. BR T AR A LR
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