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Development Road of Self-Developed CPU and Application in Aerospace Field
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Abstract;: Whether China should independently design the CPU or introduce the foreign CPU technology is often
argued at present. The debate focuses on the issue that whether performance and software ecology of the self-
developed CPU can match or even overshadow the imported technology. This paper firstly argues that we can not
only focus on the breakthrough of single technology and the increase of the market share, and the independent and
controllable information technology and industrial ecosystem must be established for the development of the
domestic CPU. Secondly, combined with the practice of R&.D and industrialization of the Loongson CPU, this paper
then discusses that as long as the self-developed CPU is continuously improved according to application
requirements, it can catch up with and surpass the CPU developed based on the imported foreign technology in
terms of performance and software ecology. and can completely meet the needs of China’s independent information
application. Finally, the development and application of the self-designed radiation-harden CPU are introduced.
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Fig. 1 Different implementation types of CPUs
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Fig. 2 Hierarchical model of computer system
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Tab. 2 Performance comparison of Loongson 3A1000, 3A2000 and 3A3000
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LS 3A1000(P4#%,1. 0 GHz) 2.7 2.5 0.3 9.0 7.7 0.7
LS 3A2000(P4#%,1. 0 GHz) 6.9 6.3 6.1 22.5 22.2 9.7
LS 3A3000(PU#%.1.5 GHz) 11. 1 10. 1 8.6 36. 2 32.9 13.1
AMD K10(PU#%,1.5 GHz) 11.3 11.3 4.5 36. 6 34.0 6.0
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Tab.3 Performance comparison of Loongson 3A3000 and 3A4000 simulation platforms
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1] /s I E] /s B ] /s IR /s

164.gzip 2.373 002 1. 658 276 43.10 171.swim 0.547 122 0. 284 005 92. 65
175.vpr 2.142 015 1.546 436 38.51 172.mgrid 6.728 833 5.813 247 15.75
176.gcc 1.443 010 1. 057 683 36. 43 173.applu 0. 150 064 0.107 069 40. 16
181.mecf 0.167 207 0.137 519 21. 59 177. mesa 2. 245 281 1. 528 845 46. 86
186.crafty 2.859 410 2.175 348 31.45 178.galgel 1.426 614 1.162 922 22.67
197.parser 2.570 153 2.007 103 28. 05 179.art 2.159 697 1. 145 294 88.57
252.con 0. 598 002 0.267 182 123. 82 183.equake 0. 836 027 0. 601 791 38.92
253.perlbmk 4. 416 505 4. 324 446 2.13 187.facerec 3. 182 909 1.455 451 118. 69
254.gap 0. 803 277 0. 605 638 32. 63 188.ammp 7.479 113 5.616 515 33.16
255.vortex 7.005 304 4. 367 479 60. 40 189.lucas 3. 738 359 2.916 560 28.18
256.bzip2 12. 731 245 4. 132 489 208. 08 191.fma3d 0. 006 379 0. 005 101 25.05
300.twolf 0.212 289 0.152 516 39. 19 200.sixtrack 6.114 642 4. 649 865 31. 50
IR =] 1.633 914 1.099 958 48. 54 301.apsi 3.591 871 2.952 051 21.67
168. wupwise 6.549 793 4.475 321 46. 35 T i LA 1 1. 488 019 1. 034 983 43.77
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Tab. 4 Comparison of Loongson platform Java virtual machine and JavaScript before and after optimization
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Fig. 3 Graphics drawn by Loongson 2D and 3D graphical
APIs based on VxWorks real-time operating system
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Tab. 5 Loongson radiation-harden /anti-core CPU roadmap
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1F300 | 2019 130(SOD 100 <2 B 100 kead(Si)
1GSO B R <1010k o ~Led !
i B 132R AbBEZS K%, - P 4E i FLASH . RAM, 5E I8 88 7 11 %0 | v by
2% .GPIO.PWM,AD,UART.12C,SPI £ 2 [, X | QFP48 #} %%
130 é‘c%ﬂ}ﬁﬂzﬁ;
MCU 1] 2018 CFlash) 10 <0.05 | PifEIRAE S .
BFIE R 20 krad(SD) 5
R F 5 <<107 1% +f7 ~+d ! (Flash, SRAM B&41)
BT F 8 =>35 MeV

15 i 2 91 40 3% Je o6 1E04 (32 &b 38 88) F1 1F04
(A BRES) PR . o Je il 1E04 B A 1 Mk
5§ GS232 Ab PR, 2 — FGE H B PR B CPU, &
Bk 66 MHz; Bt 1F04 FEA S EER T LB+
HHAM R HED T H— R 1F A\ SEERE T
LI AT 9w A2 1) B 51 (FPGA) BTS2 3 Sh . T ots
1F04 M AE R T GS132 Ab PR 2§ 4%, F 4 Jy 33 MHz,

FEXTPERE 2R AR 5 &, Jeods 1F ] DL gl A oy
SoC i JH s 76 X5 Pk e B R B 19 3 &, e ts 1E04 Al
Je ot 1F04 w LIt PCT B AL & 0. HAj s
1E04 F1gts 1F04 & & WF 6l 2, I F 2014 4 58 i
YR . )AL 2 AR SR B L S 4 4 TR e T i
KRFWHE WA B AR, 8 Ra H bR E R
100 krad(Si) . M H K F 500 krad (Si) ; Bk F 4
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95036 4% 2019 4E45 1

S H AR K T 75 MeVeer»mg 'y 52 W 5 K T
99.8 MeVeem® s mg ' 1GSO #L il Bl 4% R H An /N T
107 od ™ S ME/NT 10 PR or ed

i R A ] 0. 13 pm SOT T 206 865 1E04
1 1F04 THR A Je ot 1E300 F11F300, fEZhAE b, %
it 1E300 # 1E04 #4817 —> Spacewire #% 1, Hi 4
AAF . EVERE b, e 1E300 S T 64 7 MUKk 5
GS264 Kb B 28 4%, S HF 128 47 ) &, AR F)
200 MHzU I+ . iz 568 J1 38 8] 400 2K /s P REAH Eb
1E04 7 3~5 1%, Joits 1F300 Y40 ¥ 25 4% 40
o AH B B2 5 o [ B B8 B SpaceWire i B 2k 45 1,
TEfEFHPUER B A 7y b, ] SOT T 2024k T4l AR
REINRE AR, Jeds 1E300 © F 2018 4E#E Y, o s
1F300 iitT 2019 44,

ot R RRA RS T PR IR MCU Jgis 1], %00
F % H 130 nm Flash T.2,, B AR IFE . S5 5
LN B 05, L F 2018 4REHEH .

WAL B A LI, e b s | CPU & #£dL
SpAeee B AR Y, 2015 £ 3 H 31 HL R
7 1GSO HFr—0db =) S0 D2 #8085 1E04
A 1F04 K EHTH4s . 2016 4F 2 A 1 H & $ 898 —1C
Jb =k S b L BR B (MEO) AL, 5% H 8k i Jg s
1E04 1 1F04 &5 iy TAERES R %, 2018 4F, Jb 3}
=6 A A TR R A e iR IR 1E04 Al
1F04 (% v Ab B 2% K7 & 8 i 87, TAEIRE R
. Hujts 1E300 B thEdb sl =5 DA L #
AR A P T R T K TORE o b BE B4 IR A B
A2 T E AR Y n) L, S BT 3R R A% B
Al Ak B 25 7 P e 1 A R KR

Je s PiiE R CPU B WA TP (L 46 4b 3 25 20
BIIEACH IF I A F 81t i B R B T
2.BIOS MEER G IR Y2 A 548, &
PR B CPU SR Y e ts 58 4 b 38 25 4 38 3o 1 b
A7 25 T B U At R (100 J7 A R b)) I A 56
G5 K6 R IZ i A R e A 3 A R B 4 11 AE AN T
Jeoth b B A AR AT B T S 4 o vE R 5 E . RS
CPU B0 4 B A 45 1 1] 2R 2 47 Bt 2500 &= fn
[ K2 BT A0 0 T 5 A T = A58 0 A% 9 T 0 Ao & i 42 T
filh 7% 40 R BB BB 7 5 fof FH BB 6 A R SR
BRAS A 2 IE (ECC) , $2& TH A7 it # H0 B 0L 7 4 IR g
BRI 28 =BT AY 3G 5 41 5 38 5 0 B 1 4
7R AZ 8 7. At 2% & B 7 25 A IR 00 45, BE Ml i
20 000 km MUHLE FiEfT T 3 48, oK H B — IR AT #f A

(R A L R L

T B PiiE B CPU nl B iifa 2 i R A1k &
Gifpoh )y %, Jes 1F04 K 1F300 43 598 i i A 4%
BCHy At 37 SoC fif P 7 %8, e th 1E04 + 1F04 K&
1E300+1F300 4351 JE i i IR 5 e i) CPU A+ # 1 fig
Ty %8 et 1 7 DB B 4% il B o8 (MCUD fiff e Jr
Z, HPh TR VFEEGHR T RS R R
280 H, Al R A e TECE AL FE S + 1F (B 4k 3
) (RO M BB MAE R AT695/AT697 +
FPGA ¥ AN O %, flin. dt) =5 /5
555, v TR H B R WF 5 B 0F 1 1) 2 55 0
LR G R B e & 1E300+1F %3t 75 R EAC 5
A AT697 %, D EFGEERHE M.
K H kS 1E + FPGA 7 £ % R i FPGA,
AT697+FPGA HI# 4y DSP+ FPGA #y 7 %&. 1
s A6 R ARG R AT BR 2 /B ST BE AR
B R 2 e 1l AT 0 v AR F 5% T 19 O B AURR 2% L v [
Bl 2 5t L i 2 R A AT 5% JIT 17t 3k U 8 5 34 Ok
Jets b BEER AR TT R . AEMLR TR A B A DL
JEE FH M ST et 1F Ab 3SR B AR IR A i 1A B R AL
(80C31,80C32 48) . FPGA (30 J3 T LATF) Fl ok fg
SRR M BT 7 5 AL HL 2% (DSP)

BB, s Hh Bl B % #8 MIPS (microproces-
sor without interlocked pipod stages) 3§44 14k 3
AT, DL hu R IO R | T8 it
0L BHE R T L LSIE A LSIF 4% 2 (10 b 56 1R
AbFEEE MR 1K B H A PR ML B AR R bR . 1E
WL KRB BAT 55 b, SR T MIPS 4248 1) Hi 4 B8 4k 21 2%
FAR BN SPARC (scalable processor ARChi-
tecture) JLF4 AR B2k (94 J1#b 78 L BB 2T
U REWEE G T REM LM, £ TET
£ A A rh AT SR F R R B e A B R R AR
2 W LA Ry 0 Ay AT, DT R 3R R A 1Y
e A2 4 [ BT PR AL B ER IR &R .

6 % FiE

KJEHF CPU W IR E“ LI R 71 H
TR T I T AN N E DL g e B R 51 R
Wi, KREAFE CPUME [ £ M E B R
2 FE T R SRR ) = P BB R T AR B AR R AL P AR
TR E LR R & R T2, Jeis CPU BF & F N
FHC R R R EW R, RIS A FASH
CPU Z1RALEM,
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