FeinDiizl

LOONGSON TECHNOLOGY

LOONGSON

224 32 MR R AREE 3

V1.04

%

2025 2 B

P EBEARBRAERAE]

SR EWIE, IR

e PR
LOONGSON

a

bR hiEER IR R P A FIMA R TR R L b 2 S 4E 100095
Loongzon Industrial Park, building 2 » Ehongguancun ersirorznental protection park
Haidian Diigtrict » Beljing

wharwr Lo ocmgsan.cn



Fein izl

LOONGSON TECHNOLOGY 2K 32 PRI S S il

MR FEER

ASCRRRAIA S s BB A IR AT A, IERE —UIRR] . REASIVFAT, AR 2 " A AASH
BSOS AR A0 L e LAty BOR A28 =T . &I, RRB R IR DT E.

AR
AR SR BT BErEABR 2, & A Al AR ™ o B SE B i DL BB SR, AN 5T AR ST A A
R EAR SR BRI, AR RIAK AL 5 4E

iSRRI ER 2]

Loongson Technology Corporation Limited

Mok LS X P A IR BRI I e A Pl e 2 5k
Building No.2, Loongson Industrial Park,

Zhongguancun Environmental Protection Park, Haidian District, Beijing
HLif(Tel): 010-62546668

£ E(Fax): 010-62600826

REHRERARGERAR

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 2K 32 PRI S S il

LIS 1)
AT T A IR 32 BRI

SRR ARG B RAS

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY

TR 32 hR RIS it

ENGiE S

B8 =1Lk [RTLET S BEEE JeBEAE 32 S TR hR 275 T
IR A5 1.04
EUFEPN B R
Bl H ] 2020/09/17
iy
R4S BHAR
0.90 P S PPH RAS
091 PSP RCAS
1.00 AN ATIRAS o
TN BEIE :
1) 323 9 VR B R AR S R R S S VR ARTE AR RS B AN, B AT
convertTolntegerExact- - 5%, roundToIntegralExact #/f ,
1.01 2) MBIEARS> CSR FAFds I A RA L — W8, BIEE TH5HE R,
FHNETEE:
1) 223, 2251, 3257954, XS4 o BT L B RS 48 465 b Sz B OC R kAT
T,
B
1) VRA$84E X2 FSCALEB.S/D. FLOGB.S/D Fl FRINT.S/D iX 6 55X 75 7E LAG4 424
NEIRAFEL
FMHETESBIE:
1) 2.1.4. 2.1.5 1 5.2.1 X5 F R 3 U A7 i A b ik 451 10 6 40 RILDUIARC T b 78 356 9
2) 2251 RN T LL/SC #5841 Bk R RS AE 1) B4R 7
3) 423%H P “CSR.TLBIDX [ NUL {;” My “CSR.TLBIDX [ NE fii” .
Lo 4)  4.2.3.2 %5 TLBRD 4§45 H 75 NE=0 i} H br CSR 2717 # WA 5 9714 0 .
5) 542 R IK/ANPS) iR, 4MB TUR/NGRL) TLB &I PS {582 21,
6) 5.4.2 st logaPS-1:12]% A [PS-1:12],
7) 544 TR TURBEE QA B B SN2 SignalException(PPI)
8) 7.4.4F5hFHIEJE LIE[1010L M0 E X ; 7.4.5 T R IS[10102 10 X, BIHf 1S[9:2]. IS[11]
HIS[I2167 1€ X o
9) 7.4.5 WIEATH AT I Esubcode HHAf IR 0 {4
10) 7.5.3 %% CSR 27ff#% TLBELOO F1 TLBELOI /] PPN 1 14k % & PALEN<36 (915
11) 7.5.4 75 ASID ik, ARAEN INVILB #5425 1A TLB 1) ASID 1A (5 ..
03 FMHNETESBIE:
1) 2.1.4 WG AR BEAT IR, TR AN PR AE 44 2 2 1 BRI S F S ] g ] A A7 4

SRR ARG B RAS

Loongson Technology Corporation Limited




Fein izl

LOONGSON TECHNOLOGY 22K 32 b RS EF N

hbzsAFE R, Stk ES B MG B PC AN 55 1 fid & HUHS Mtk 45 5114k

2) 215 TNAETLAEEE, KA 8 RN P nT vy ] A bk A (RS, AR O
FRUAR b 2R Gk B AR SE

3)  2.2.1.10 /M MULH.WU #J§ T —4 U,

4)  3.1.4.4 /N5 2Emin, Emin M IETE RS E L,

5)  3.2.4.6 /15 MOVCF2FR F13.2.4.7 /N5 1 MOVCF2GR 1§ 28 #8255y ik iy B b
TEATARIR T 5 O A Z AN AR RFEAAS, MDA T ARUERR T 56 0 72 SMHH AR
Iy 0 {H.

6) 32.6.1 /N, AFXIIeE 32 AR R PR R BRI IR SR B0 KR, fRIALTR S A
AIEXSFEFI I E S A B R

7) 4233 f1 4234 N HIEA DI REM AR P, #x TLB HIE G S 4 2 R B G
CSR.TLBIDX.NE £/ & %5y 1 #B[i TLB FIE N A % TLB I 135681,

8) 5.2.1 e BB, JE R A LER A 4R TR N AR AT R N A s A E

9) 5434/ “INVILB 10, 10" B9 “INVTLB 0, 10, 107

10) 5.4.4 /MDA IR BB — 4T found_ppn B AEE A%,

11) 6.2.2 WWHIATH BES A8 A A Sl Mtk #5556, 5 N TEFASFE 5 4 5 )2 R il 5 H
BT[] P A7 bk =S TR

12) 7.4.1 %55 7-2 f DATF FI DATM Bk, “ooooe ) TR SOl “oeeee )
R

13) 7.6.1 5 Hiliid+ RDTIME #5455 iy RDCNTID $54

14) ¥ X% GRLEN KR HE M 32,

FMAETEHSEIE:

1) MR 2.2.1.6 95 BAAE 5 A ACRDHER A OGS BV EDHE R A S8 RN G, DI E AT

Loa WH J 32 A b a1
2) 3 RGN IR FOR TR S RO A SR AN B UE2” FIK,
3) # 3232 /N7 4 & FFINT.{S/D}.L J FTINT.L.{S/D}, 3.233 /b 7 H % 7

FTINT{RM/RP/RZ/RNE}.L.{S/D}4& 4 1)tk

SHERARRBERAR

Loongson Technology Corporation Limited




Fein izl

LOONGSON TECHNOLOGY 22K 32 b RS EF N
H X

1515 1

L1 A HEIR 1

12 54 Znfii% i 2

13 820w B X 3

L4 AFHRAE—L-BE R 3

141 B2 4455 N 3

14.2 FEHRPRAFAE AR FR T 4

2 JEAbEEEE A 5

PARE ik Ve T 5

2.11 Fym 5

212 Zifies 5

213 IBATHAEER 6

2.1.4 FIAN AT 6

2.15 MAEHEZS i) 7

216 B 7

217 TEfgvha) 2Ry 7

218 JEXF A7 VIR 8

219 fEfif—BUE Y Rk 8

22 FERIVEHGR AR 9

221 BERIZHLEIRS 9

222 BiiizHHEES 14

223 HRAR4 15

224 BV L 18

225 JRTVifEES 20

2.2.6 MikEts 4 21

227 HERTHEL 21

3 JEAME AR 23

31 BEAME S EAE A gw AR A Y 23

RANIREY 6/ TSl 23

312 &R HHEARA 25

313 Afids 25

314 VS50 26

3.2 BERLF R AE S Wik 29

321 IR RIBHEEIES 29

322 VRS HEFR4S 35

323 IFREARAR A 36

324 FEMIZIES 39

325 FRAXiRL 41

326 FREGHEIFIRL 42

4 FPALTEIRAE R IR 45

4.1 FAALEEDR 45

4.2 FAAUE SR 45

RSP ER ARG ERAR

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 22K 32 b RS EF N
4.2 CSR Vilal4g4 45

4.2.2 Cache 43454 46

423 TLB #P454 46

424 HERRTES 48

5 AL 49
5.1 PyEEHhhk s [E] 49
5.2 REAUHh L 7S 1] 5 b Ak R PR X 49
521 EREBLGT IR 49

5.3 Fihig il 2R 50
5.4 DURBRIHF i 50
5.4.1 TLB 21454 50

542 TLB I 50

543 TLB M8 51

54.4 FET TLB B Mz S bkt 2 53

6 filoh 5 55
6.1 ik 55
6.11 TR 55

6.12 LS R 55

6.13 HETA L 55

6.4 Kb T AT (e 17 Hh T ) A B I R 55

6.2 sk 56
6.2.1 BIAANT 56

6.2.2 BISMIESER 56

6.2.3 FIAMEEAL P ] 1 AR 56

6.3 H A 57

7 FEHPRA AT AR 59
71 BHIRES TSN 59
7.2 PR A A7 A5 V5 T R PR B 60
721 5B 60

722 ARSE ARSI AR 27 A7 (07 [R]85 R 60

7.3 TR TS AH DT 51 K (5 60
7.4 FERHEHPIRES AR 60
741 4HETHEA(EE (CRMD) 60

742 BISETEERAE S (PRMD) 62

743 §REREAIRE (EUEN ) 62

7.4.4 fFME] (ECFG) 62

7.4.5 HISMRAS (ESTAT) 63

7.4.6 FISMR EHLAE (ERA) 64

7.4.7 W BN (BADV) 64

7.4.8 BISMNIAHEE (EENTRY ) 65

749 ALPEASSS (CPUID) 65

7410 HHEIRAF (SAVEO~3) 65

7.4.11 LLBit %] (LLBCTL ) 65

7.5 WG HhIEBH AR SCHE RIRAS A A7 4% 66

I RSP ER ARG ERAR

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 22K 32 b RS EF N
7.51 TLB % 5| (TLBIDX) 66

752 TLB FI & ( TLBEHI) 66

7.5.3 TLB WAL ( TLBELOO, TLBELOI) 67

754 Hilk=S[EBRIRAF (ASID) 68

755 fRpHhEzs A4 5 H sk Bk (PGDL) 68

7.5.6 Erp kA R4 Ry H Sk bk (PGDH) 68

7.57 4R HEFEENE (PGD) 69

7.58 TLB EEFISIN Dtk ( TLBRENTRY ) 69

759 HIEZLMUNECEE D (DMWO~DMWI ) 69

7.6 SE R EAH AR PR A7 A7 4 70

7.61 EH GRS (TID) 70

7.62 ENEFECE (TCFG) 70

7.63 EMN GEUE (TVAL) 70

7.64 ERHPEIERR (TICLR ) 7

8 Mk A DhfigsE L Ph ik 73
8.1 DhHT HHRAE AR L 73

8.2 DR B Oh ik 75

821 BHAER 76

822 WAL 76

823 HARLR 76

8.2.4 HUREJEVE mBULAIT 5 FHE 76

8.2.5 HUKSEEIR B A T 5 WAL 77

8.2.6 RUKEEIF R B AT 5 FHHL 77

8.2.7 WUKS BETF B A 5 X4 4L 77

8.2.8 HUREFEIF MU 77

8.2.9 XK LI sUBIURE 77

9 Mz B 50— 79
I HSHERRRGERAT

Loongson Technology Corporation Limited






Fein izl

LOONGSON TECHNOLOGY

K 32 MRS HERS 5 F Ml
5 B &
B 1t B RS 1
K 21 HHZEFfF#A PC 5
Bl 3t TFARAA TR 25
K 5t TLB EIiFgz 50
SRR RRGERAR

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 1‘5%1@ 32 ﬁﬂ%iﬁjﬂﬁi&%ﬁﬁﬂﬂ‘
£ B R

K 1T A 32 (DR R R AE 4 A kg 5 2
R 3t BRAEHORS VR RO AR B BT AR 4 23
K 32 MRS RO E R 23
33 BRI R BUE T 5T K 24
#* 34 FCSRO ZFfEaigie X 26
K 35 TRABIMYEE 2 27
F 7t BHREFEE K 59
® 72 YETRA[E B AR E X 6l
® 73 FIAETE LS B A7 A E XL 62
K T4 TIRIBA LR AT A E X 62
75 BISMNEIE AR L 62
® 76 PUMRETFAET X 63
* 77 BloginR 63
£ 78 BAREIHIEFAE AR E X 64
F 79 AR F A E 64
T BISMNOIHIE R AR E L 65
F T AP S TR E X 65
® TR BARRAEAAF A E X 65
# 71 LLBit & X 65
# 714 TLB K5IF{EmE X 66
F 715 TLB BUREM A A2 X 66
& 716 TLB RIENL A A7 85 E L 67
® 7Y LSS RBRRAF AR A A E X 68
F 78 AEpHbbl A4 R B R FR N A AR 68
R 719 mEREHEEZS A4 R H SR AL A A7 A e 68
# 720 AFEFFEUTHFESE X 69
# 721 TLB EILFISEN CIHLEEZF 77 852 69
R 722 HEMUNECE S AR E X 69
F 723 ER SRR AR L 70
K 724 ERESEREAFAERE XL 70
F 725 ERTESREIR AT E X 70
® 726 ERHWHERRGAE A E X 7
® 81 IHHBETR L 73
® 82 (LHREBERTRYL 74
#* 83 HABEMREX 74
* 84 LRIEHEAREX 74
* 85 PIEHEFFREX 75
* 86 EHIZRARE XL 75
® 87 IBHEIFRIER 75
RSP ER ARG ERAR

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 2K 32 PRI S S il

1 5]

T

1.1 22tk
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ARF WG 2 BEITAERE X I 28 32 (S0KG TR AR RV T R AAliid . FLrp s 2 el 3 A 8
Fyrp AR AL R IR, B R IE R & MR AT R 2 Y D BEE SRS N  Ram AR, 55 4 &
FE 7 RN AN T YRR FE A th AR AR IR, EEORRRAUR A . EHREH AF4% (Control and Status
Register, f@FK CSR) B4, PARAEIZATBE. BISMRIR T, 7688 PSR D5 T B DI RERNE . A SO IE SO
ik D RE € T R AR SR T M s A, T Je (i 4s 4 1 B AR RS & 48— FIZTE M % B o

1.2 S REER

TR HAE) 32 (A TR AR Hh R BT 4R AR A 32 A e K, HARA M EEER R 4 AT SR, MdE
A 1 11k AN X S I i e L B AT S

i A G i [V JRAR 2 BT AT 25 A7 A R VR BB B O USRI 46 IR B i (I . AR AR /2 IEE 31 L
THIE N m BMRARIRAR IR . W 2RA5 & i 60 5 A7 SERVEUR VR R, I8 4 S BB T 27 47 S BURD PR AR 48 2 1]
MRYEAFHE 2 RME RFEM K, BARRYL, 8 o PRl fHe A gnfidik X, BT 3 i & S B A S s
L 2R, 3R. 4R, VLM 6 P LEP AL 4% =X 2RI8. 2R112. 2RI14. 2RI16. IRI21. 126, % 14 4% T
X 9 Fii gAY gtk I B R S, TREIRHIZ, FAEDBUES, Hig Ao EIFA 8 2% R 71X 9 fi
R Atttk X, TR AR HEM B G2, AXFRAMEBIFAZ, BABNMMEESRAR, Aot

THPERGHIIT RN AR AME,
® 11 524G 32 {UFREAR R B E S miBEX

2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0

2R-type opcode fj | rd
3R-type opcode | rk rj | rd
4R-type opcode | ra | rk r | rd
2RI8-type opcode | 18 r | rd
2RI12-type opcode | 112 rj | rd
2RI14-type opcode | 114 r | rd
2RI16-type opcode | 116 rj | rd
1RI21-type opcode | 121[15:0] r | 121[20:16]
126-type opcode | 126[15:0] 126[25:16]
2 SRR ARG BRAR
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FaA 10 g Bhic ks X E A58 L MIRIERIN IR 5y o oAy 32 SORS Al RO 452 44 FIERE R AT . R4
BT T8, DI EIL G N A g i gt R AN R

B, BIdHE A AR T R X o B SR 2. T A AR RV S BRI S A LT EE “F7
k.

HiK, @ RZHERLETEAS AT “ XX TR GBI R 2 MEEX 5, X #0580
SKRAEFG A BRAEXT G 2EAL, W TR GO BA, 4% 5% 8B, H. W, BU. HU. .WU %
MERZIE RN B R RAF ST ARSFEFE. AFST. THTFH. LH5FEF. LTHS
Fo AEXEAFRARE N, SEEECEA M5 0L R T S HUR iz B R, 544 T iE
A U, (A IR REERAE S R LR R AR5 H N THAEXT GO IF B, s B B Aok Ui
LIRS Z L, “F” I LNTE4, HIEALAEER N H. S, D. W. WU 25358 1%1E 4 B SE 2
SRR R ORI AL PRV R AP . TS T WER IR, AR AES
WA XX BRI GBI RS IBRIEX R A8 SR VEN RIGEEECL B8 d AT AL FR 2 32 7 SEI
S 64 FLURER), 41 SLT A SLTU #54, XFMEL—AMERM . HAh, #4E CSR. TLB Al Cache [HHFFL
A6 2 A SAEA R 747 5 SO 2 [ RS B AR 1R 45 2 /2 A INIX PP RAE BV EXT R J5 200

YR ERERON B B E BB AL S A A TR S0 — 8, 184 1A — AN EH. G A AR
BB AL v NG RS5O 3, (B2 5 B RIEBINA —3, MaBLB AWM EHR, NEES,
BRI H BRSO, AN R RR AR E RSO, A SRR EAN B 0B E R I B
K225, AR 28 WA R A B A B SO R B E B 0, HOKF 5464 Bhic fF b o w1
TERRI T — 8, #ln, 464 “MULW.D.WU td, tj, tk” H.D Xt H B8AEE rd, WU X BLJFRAVERL g Al
rk, RPXANFIEZE A TS FAHTE, [FEPNFLERE N d T, X, 54 “CRC.W.B.W rd, rj, k”
RS — AW X R rd, B AR rj, B ANW TR rk, RIXAS CRC KREGHAEZH o PIFETIHES k
32 PRSI 22 A OB 32 RSB 45 R H AN H rd .

TAE ar AR VE OB I AN R B B - BER W8 TR A7 48 SCPF . BL N RARICE A FAEgs, BL “IN7
AP LT R A A AR, Hoi N2H T, RN RIZTF A P N 554,

1.AFFHRAN—EL SR

1.4.1 {5 BESMN

TR BEAE 32 SR TR E AR 2, I — 2484 e iz B AR RIS, ADURRIEXS 5
FATE— B2 57 TEARTIHE S DREN AR b, HRIXFEHR R P e — R T 4, DA s &2 >
MR o N TATSCHIfRTE , ATAERM T — e 445850, ZN, {A/B/ICYERIRILAE 7 AT AL
B.CKZ 51 A FIM46 444, AIBIZ /R ILAL 73 7 5 A Rl AB k2 54 AN [l 4 4 44 . il , ADD.{W/D}
3 RO ARRHAERAS
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FoRHIJE ADD.W fil ADD.D M4 44, 1 BLT[U1Z /R HIJ& BLT 1 BLTU PiPME4 44, TR — S0,
ADD[I].{W/D} £/~ /& ADD.W. ADD.D. ADDLW #1 ADDLD Y4544,

WEERME, XMES AR —FI RSN, EHFRAERESRESAE - ERNETRELSE—E
FAG WONART )46 2 i

1.4.2 BHIASEFFHEERAN

e B4R 32 ARSI T E LT — RIEHPRAZF /4% ( Control and Status Register, fRiFX CSR) , 742
il HHATIT N, A CSRIEFE A E A T M, AFNHERURIS RS, KA CSR.%% %% ####11E 3
Kt TR R 5 %% %o % BIFE R ARZS 75 A7 Hh 44 F s 38, 140, CSR.CRMD.PLV %78 CRMD X4
A A7 P PLV 38,
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2 ERiByHES

T 5RAE 32 0K AT AR B AERF AR 4 SRk R AR PR A7 I B SO A B 22 57 AT R 3 Dy R il R i & FHE Rl
BRI o ARRAIA L VB EHE SW0 . BEAE AR 2 B0 R ARRAUE & T SR T iR A ) —

.

2.1 ERBEHIESHIZRE

AR P B A R 1) At R R AR A S AR A W B N TR RN TR RN A . XN A LR T
B T ARRR R 3, AN i TN AR T AL BB AT A B A S SRR JEAT O, A E A T
B 22 SINAT REFRL G IR B A DRABUA (1 58 Bk o AT SRR AL BT ) N B AE AL BAT I (B PR,
R TN 1A ] DRGSR 28 T AR &1

2.1.1 HiFAR

SERBAEAFE A BRI BRIRAT 5 Fl, 00l LR (bit, #idb) - F75 (Byte, fiid B, KJ¥ 8b).
- (Halfword, fic H, K& 16b) . F (Word, fAlid W, KJ& 32b) . 78 LA32 B0, WA BRMENF
B R 4R 4

FATL P T FEAE BRI A 1 4D 7y

2.1.2 7728

AR T8 210 S 10 A7 A7 A B 45 1 B 27 47 %% ( General-purpose Register, f&j#% GR ) F1F£)7 11 %% ( Program
Couner, fAi#% PC) , 41l 21 i,

131 0
o 0

rl

r2

r3

r30
r31

PC

21 EBREGEREM PC

R S A R EL R A TR BRI B PR A Linux #0500, FEARLEIEATAE user mode NIk (E,
5 | RS R E R AR
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2.1.2.1;8HFF:S

B w7 A% GR A 324, 380 10~131, JLAPEE 0 S37474% 10 IUETEDN 0. GR MIRZSEHE 32 ik, Jkfih
BRERL Sl T AR R R, A AN S, XS e DR R ] IR A 32
A GR A —A, ME—BISNE BL 452 B S W H I 7 —E 255 1 5o 474 rlo TEARHER T4
FHFEF 3 ¥ 0 ( Application Binary Interface, [iFR ABI) A, rl1 [E & 1E A7 R Z0JE FH A [] b bk ) 25 47
o

2.1.2.2PC

PC A 14, &SRR M, PC ZrfFas A REMHE © BB, BRI 4 . BIANE
NFIBIAPR [E] 4 4 A, AN, PC & A7 dx il My — SR R 2R 40 4 RO TR R VE RO B FLA% . PC
525 GR w5 — 2,

2.1.3izTHRER

Te 588 32 AERE TRIAE X T 2 MNMEATHAEES, ( Privilege LeVel, faif% PLV ) , 4%/ PLVO 1 PLV3,
N A NGB ATHE PLV3 XA R R b, NI 512177 PLVO & E R E R R FE R AR RE . B
KENERMELZERIESE 4.1 THE,

2.1.4 BlSpFnh b

#141 (Exception ) M # (Interrupt ) 23T W4 AT IEAE AT IR IFESE , REAR P RATIR DI 20 1 S/ v e
ALPRRE N AU AT o SErpBilSh s e AT R AR Th A 2B S AR B 51, T v BB DU et R <B4 (4
FWING S ) Sl FEARTZE T, BATR™ Ry PRGN TR A s gl i
M, P DCOAE T R AR 2 1A AT AU A TR B T i 2 — A 8038 2 BT HRAT I e £ 281 S/ v i AL BEAR P N
M4k,

B ZIA B A AL PRV S T 2R A T AR B IR AL BR By B A o X B S RS I B ] DA EI ) 51 S
BEAT —LEfRIE 4
RSN . AT SYSCALL $5- 2R b S % ik REEE RIS (SYS) &

& Wrsiflsh: $0T BREAK 484 Refi i 5 21 fid A W s 4k (BRK) o
@ ARSAAAAEBISE: PrilAT B A D SRR R E S, BE RA NG E SCHE M AT B R SO xR 4

PAEASFLE, AR ZI R A5 4 AFAEGISN (INE) o
& FRRURHRGISN: NIRRT — SRR AR 8 S AL 2 i A 1 A FEALSE R B4 (IPE)
& EEEREISN: UREFA DR R S EBUIE ML TARARE DL, RUBGE I AR 4 FATIAFRESE,

S R fid 5 HE MBI R 491 40 ( ADEF) o

2
%

b AEJE YA 32 BRI T, AR R AR SR AN IR

6 | RS R R E R AR
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LOONGSON TECHNOLOGY 22K 32 b RS EF N
@ IFRUEABISN: AT REGERSPATIERR T, B LR RS OUT B IRAL TR, R DA A S A B il
TFREEGISN (FPE) o MEZEREAISHE 3.1.4 TR NE,

2.1.5 H7FiE=EE)

IX B B SE R ] A ) R AL A A S bk 2 ] o R UL DAL A Sk 39049 B A 7 3 1 789 35 s AT e PR R
SE, IXEENE Y SR R AU IR A SRS, B AEAS T S R N A

e HRE) 32 ARG AT AR N A R 25 (A2 — N1 F- MR PR St b ZS [A] R KPR 1O N AR bk 25
[5G 0~231-1,

2.1.6 Bif

JEBRAE 32 AR fRTRRAR /N e S ) A7 77 2K

2.1.7 FigiAERE

JeORAE 32 REAETRTAR I SCRF PR TR DAY, 230300 . — B2 A7 ( Coherent Cached, fRifK CC) M5k
7247 ( Strongly-ordered UnCached, f#FK SUC) o fAA#V7 M2 R 5V /7 REAl AR 052 , ik TR P
MAT ( Memory Access Type ) BiRE . MAT S AMEIBAFE VIR KA IR B SC R L : 0——FAREAE, 1—
— BORAT, 23—RE o A7 VIR SRR B0 B B R X R R B T

KA BTG AF VIR R AT I, Frifsa] 8% G n] LA foc A7 il % R B ] LU ARRE 2% h 4l A 2247
—ENEGAF . R X RS R SR AT R A AR R e

KA BT ARG A B8 AR AP R AV (I, HBE EAR T [ e AR R . W AIXAE T ST RS
AT R0 MU — E50rk, BT A U5 18] A 2 HRAR T Hh B PP AT L2 T DT A SRR S 8 T AN BEJT SR 04T
AU

JeBRH 32 (iR fRTAR T R ERGRFARGAT R Vi A7 48 2 AN BEA EIFE A ( Side Effect ) , BSR4 A ]
M FIFRAT o BCF AT DR DX — R 5 P R A R M T A 4 SR TT TR R S P Y 1O e . B, T2
Fa) 32 LR TRTAR FCVF 7 AF A7 R G SR R BIVE ] . IXE4R, Vil RALRE 5 P AR S A7 SR AL i U %
e, BMEEIRARBIIMMEER, WARVFIIT, Tyt Gt SN AT B B A U AR M RN AR IR W)
P b A R], 7R A b R T R LA AE KU R 5 ]

2.1.7.1#5% Cache HEHF M 4P

AP 25 B4 4 Cache 5 H B ALFE2$#% N 1Y Cache BY5% 47— U N HH 32 1% % ( Cache Coherent /0
Master ) 2 [8] Y 22 A7 — B A0 f f R 4E 4

O SRR R BRI TS . T RS, HA BN T, SR MU L B RS T v 7 T BB B 1 T 1 3 b
PP, FCAPA DI 268 A S A AR S A7 AR A T 7
7 | RS ARG ERAE
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LOONGSON TECHNOLOGY 22K 32 b RS EF N
AEFRERH% 4R 4 Cache S804 Cache Z R AE — BUELEY BT R (R 4ESP . IX AE X T AE RS,
A5 BE IS Cache 4EHH5 4 R ARIER] — M N HH4E 4 Cache 5%(#E Cache Z LA —EtE, JFH, BT
TK e A AL 1 T A I AFAE , SR 75 B8 A TBAR 484 R B (R IUHE — & REN% & 21 store 54 HUHRAT
WOR . FER AR YES [ — 4% N $54 Cache 5504 Cache Z [A]IZRAF— SR, code 4T 8 Al 9 ) CACOP
&4 (BP Hit Invalidate I-Cache A1 Hit Invalidate and Writeback D-Cache ) FI4FAUHE 4 0N I 464

2.1.8 SERIFFERREIS I

FIT AT WUR R A VT AF 0 20 4 55D 5%, 75 PR fu A Ha s ik 554914 ( ADEF)
P A VS48 2 SR B AT MU X S AS B . X 5 BEEAT M X PR B A U A7 454, W SR VTR 9 s ik AS
& EH X, Rl RS SR 4 (ALE) o

2.1.9 FiE— Bt R A iR

TeBEA 32 7K TRTRR A7 A — B A AL R A 55— 20 ( Weakly Consistency, [&iFF WC ) &AL, A/
Xof B it SR FH ) 55— BSCPER R — A T S A

TESS — BB, REEARE M@ DT A7 TR ZE X Ik, T3 D306 250 2844 T 1€ S [A) 20 R AR e T
HIZRTT U R R, DURIEZ LB SN T B I AT Ui BRI . XA R R AERT
A T BR A -

1. BRI BT R IUT — B ac b, B RIAARVETE Fr A AL B ERAZ Hh 0 P A% 4% B AE R v H B

B FFIAT ,  HLAE 201 625 B R S L BT ASBEIT AR AT T — AN [e] 2B e
2. TEAE— B UFIRE R VIEAT 28T, PrATE R — LB % b o TIX — Ui (E AR R AP SRR AR

Z5EN;
3. EAE—FEE AR RV T Z BT, BT AER— AL FAL P S T IX — [R5 B Ml DS A PR E A O 58
o

Je Rk 32 Ak Tk h RERS P AL R P HRIE #0159 DBAR. IBAR L J% LL-SC 454 %1,

LT B AR RS, ViR T G R 2 TSR, VTR G AR 4 TR, PRI G bR 8 A RS, Vil
128 [ BEXT GREF LR 16 FATFRXITE, 1510] 256 A7 7] 54 Gt b2 32 S i Fu . .

8 | RS R R E R AR
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2.2 B HKESHEE

2.2.1 ERizHERS

2.2.1.1ADD.W, SUB.W

848 addw  rd, 1, rk

sub.w rd, rj, rk

ADD.W il I 75 74 oj R N Ll 75 A7 4% ok TR EEE , TR EURN[31:0162 5 N1 ] 27 A7 45 rd
a3

ADD.W:
tmp = GR[rj] + GR[rk]
GR[rd] = tmp[31:0]

SUB.W 418 H 27 A7 4 rj A OB 02500 F 2 A7 2 ok WP 0 8ds, FrfSai R0 [31:0100 5 NIl FH &7 77 4% rd
H,
SUB.W:
tmp = GR[rj] - GR[rk]
GR[rd] = tmp[31:0]
IR A AT I AN X e A DU AT R R AL B

2.2.1.2 ADDIL.W

5480 addiw  rd, 1j, si12

ADDILW B il JH 2 /7 2% rj T BAE i b 12 s s BIEL sil2 #7557 @5 1 32 B, FriSss RS N
27775 rd s

ADDI.W:
tmp = GR[rj] + SignExtend(sil2, 32)
GR[rd] = tmp[31:0]
PZAR AT IS AN H 15 DU U A s R AL L
2.2.1.3LU12LW

A& lui2iw  rd, si20

9 REHREEARGBERAR
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LUI2LW ¥ 20 Fuir s B si20 Al i+ B 12 e 0 IF B NGB & A28 rd .
LU12I.W:
GR[rd] = {si20, 12'b0O}

ZA84 5 ORI 454 —if2, H TR 12 A7) 7 BP s 4 3158 &7 a8
2.2.1.4SLT[U]

a8k sl rd, rj, rk
sltu rd, rj, rk

SLT 5t F 2 4745 v P B 5 0 ) = A7 4% ok P BURALVE A 10 5 B BaE AT R/ EUAL, R AT /N T

Jad, DWRHE A A A od BEESN 1, BIEN 0,
SLT:
GR[rd] = (signed(GR[rj]) < signed(GR[rk])) 2 1 : 0

SLTU Fif H 27 /7 4% rj " BB 58 H 27 A7 48 ok BB A E To 75 B B0db AT /N Ee s, an SRR /0
T, WEEH A2 d EE N 1, SNERN O,
SLTU:
GR[rd] = (unsigned(GR[rj]) < unsigned(GR[rk])) 2 1 : 0

SLT #1 SLTU e B0 K (5. 98 55 Fr A AT AL AR P o A7 e B (6298 — 2
2.2.1.5SLT[U]I

8580 slti rd, rj, si12
sltui rd, rj, si12

SLTI B3t F A7 A7 2 o "I 5 12 FeeSc BIES sil2 FF547 & 5 T4 I BE0s AV E G 495 B B0k AT R/
PR, WPRATE/N TR, NPRAE A A 74 od BEEDY 1, BIEN O,

SLTI:
tmp = SignExtend(sil2, 32)
GR[rd] = (signed(GR[rj]) < signed(tmp)) 2?2 1 : O

SLTUL 53 ] 27 f7 4 oj *P SIS 5 12 BURR S RVEL si12 7554 e Ja T 5 80 B ALV To A= B AT R/
PR, WPRATE/N TR, WPRAE A A 74 od BEEDY 1, SBIEN O,

SLTUI:
tmp = SignExtend(sil2, 32)
GR[rd] = (unsigned(GR[rj]) < unsigned(tmp)) 2 1 : O

10 REHREEARGBERAR
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SLTI Al SLTUT bR A8 37 58 55 Fir PR AT WL i 1 18 A A7 e 0 A2 98— B
THIEE, X SLTULEA, SRV AT 59 .

2.2.1.6PCADDU12I

54 :\: pcadduii rd, si20

PCADDUI121 ¥ 20 Ho 4 7 B%Y si20 fe AR iE®e B 12 oy 0, FrfS8dEn FiZig 41 PC, N RS
NI 2774 od 7

PCADDU121I:
GR[rd] = PC + {si20, 12'b0}
E IR R B B RE AL 98 5 BT R T L RO E ) = A7 e B 98— 2

2.2.1.7 AND, OR, NOR, XOR

a5 and rd, 1j, rk
or rd, rj, rk
nor rd, rj, rk
xor rd, rj, rk

AND Bt ] 27 745 o Hh OB 53 0 A A 45 ok B SEAT IR AB A Hia S, 48RS N A AR

rd H,
AND:
GR[rd] = GR[rj] & GR[rk]

OR Riill I 25 A7 4% rj T OB 53 2r A7 a8 ok TP RBER BT IR A sz 5, 4R B N 9 7 4% rd

OR:
GR[rd] = GR[rj] | GR[rk]

NOR Riifl &7 /7% rj T BB 5 A A7 A7 ok T s BT H AR AR BRI 5, 8BRS NI & A7 4%

rd W,
NOR:
GR[rd] = ~(GR[rj] | GR[rk])

XOR Rt 175 A7 oj BBt S A A ok PR BUR BEAT IR A 2 S B2 5, 45 RS N H 4%

11 REHREEARGBERAR
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rd W,
XOR:

GR[rd] = GR[rj] ”~ GRI[rk]

EIRTEA BAE B AE AL 985 BT A T L (38 ) 7 A7 2 B 58 — 2

2.2.1.8ANDI, ORI, XORI

8450 andi rd, rj, uil2
ori rd, rj, ui12
xori rd, rj, ui12

ANDI BB H 27748 o HIBEE 5 12 WL BV BRY R 2 m i TR 2 5izR, 455Nl
Hﬁ%ﬁ%& rd EPO
ANDI:
GR[rd] = GR[rj] & ZeroExtend(uil2, 32)

ORI F18 Fl 2r A4 o P EVEE 5 12 R LBV J 2 Ja i BR BE T B ez 5, 45 R E N
%’rﬁ%}% rd I:P o
ORI:
GR[rd] = GR[rj] | ZeroExtend(uil2, 32)

XORI Rl 75 4 o P IEE S 12 R BDBE Y R 2 R M BR i T B I REBE H, 4R EAN
B A A rd
XORI:
GR[rd] = GR[rj] » ZeroExtend(uil2, 32)

A PRAR AR 5855 BT AT HIL A (4 308 ) 2 A7 s ) 02 5 — 2

2.2.1.9NOP

NOP 15472154 “andi 10, 10, 0"#)314% . HITHON G4 4 T 4RSS E IR PCIn 4, BRibZ 4k
AL BRI EARMT A 0] WAL PEER A o

2.2.1.10 MUL.W, MULH.W[U]

8488 mulw rd, rj, rk
mulh.w rd, rj, rk
mulh.wu rd, rj, rk

12 oS RRDERAR
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LOONGSON TECHNOLOGY 2K 32 PRI Z M
MUL.W B I 27 A7 2% rj WP R8s 5101 27 74 ok R IOBER I TAE IR, SRFNZE RN [31:01 504 5 N1l
27775 rd s
MUL.W:

product = signed(GR[rj]) * signed(GR[rk])
GR[rd] = product[31:0]

MULH.W R33 H %5 47 @ rj 00 208 5 38 7 A ok P SR ALV E A 195 Bdb AT AR , SRR 2R 19[63:32)
(I 5 N A A7 A od T

MULH.W:
product = signed(GR[rj]) * signed(GR[rk])
GR[rd] = product[63:32]

MULH.WU 418 1 75 774 rj th B £0dhs 5 1) 27 47 s ok o B BEE OUE TS Ar S BUE T AR, SRR FRA5 RN
[63: 321 BT 59" i Ja 5 NIl 7 7 4 vd T

MULH.WU:
product = unsigned(GR[rj]) * unsigned(GR[rk])
GR[rd] = product[63:32]

2.2.1.11 DIV.W[U], MOD.W[U]

ok divw rd, 1j, rk
mod.w rd, rj, rk
div.wu rd, rj, rk

mod.wu rd, rj, rk

DIV.W H1 DIV.WU 418 H 27 785 oj " B0 B LA FH 37 A2 4% ok TP B9 8dE , Irfs 0 5 Nl 37 F£ 45 od

.
DIV.W:
quotient = signed(GR[rJj]) / signed(GR[rk])
GR[rd] = quotient[31:0]
DIV.WU:
quotient = unsigned(GR[rJ]) / unsigned (GR[rk])
GR[rd] = quotient[31:0]
13 REHREEARGBERAR
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MOD.W H1 MOD.WU i ] 27 {7 % rj H B8 B DA 27 f 4 ok s, FTfs R 205 NI H %7 47
frrd H
MOD.W:
remainder = signed(GR[rj]) % signed(GR[rk])
GR[rd] = remainder[31:0]
MOD.WU:
remainder = unsigned(GR[rj]) % unsigned (GR[rk])
GR[rd] = remainder[31:0]

DIV.W #1 MOD.W ZEAT BRi&FRAERS, #AEEOSUUEA 1TS54, DIV.WU 1 MOD.WU #E17 BRiAFRAERT,
TRARAERINE T 52

X R /AR B4 4% DIV.W/MOD.W, DIV.WU/MOD.WU iz & 45 5w 2, RS REn /S
— B HARB X B /N T BR B 20 {H

MEREOE 0 B, FRATUCHMERE, AL E I ARATEIS,

2.2.2 BLzEERS

2.2.2.1SLL.W, SRL.W, SRA.W

Bo#C: sllw rd, rj, rk
srl.w rd, rj, rk
sra.w rd, rj, rk

SLL.W Rl ]} 25 f7 4 o H 0B @ e 88, BALE5 RS N F 74 rd o
SLL.W:
tmp = SLL(GR[rj], GR[rk][4:01)
GR[rd] = tmp[31:0]

SRL.W Rtill FI &5 745 oj OB IZ AT, BALIRE N A A7 4% rd
SRL.W:
tmp = SRL(GR[rj]l, GR[rk][4:0])
GR[rd] = tmp[31:0]

SRA.W Rt FI & 74 o HEOVBHR AL, BALLIRE N A A7 4% rd o
SRA.W:
tmp = SRA(GR[rj], GR[rk][4:0])
GR[rd] = tmp[31:0]

14 REHREEARGBERAR
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EIRRALRS MRS A R R A A4 ok R [4:000h8dE, HAUWETCAT S8
2.2.2.2SLLIL.W, SRLL.W, SRAL.W

AR slliw rd, rj, ui5
srli.w rd, rj, uib

srai.w rd, rj, ui5

SLLLW Kt J 27 4 o Th B 2 AR, BAZIRE NE % 74% rd
SLLI.W:
tmp = SLL(GR[rj], uib)
GR[rd] = tmp[31:0]

SRLLW 5t ] 27 f7 s o "R B Z A AR, B4 RS Nl %5 f74% rd o
SRLI.W:
tmp = SRL(GR[rj], uib)
GR[rd] = tmp[31:0]

SRALW il i Zr /7 oj PHIBHE AL R, B4 RS NGB w788 rd
SRAI.W:
tmp = SRA(GR[rj], uib)
GR[rd] = tmp[31:0]

ERBALAR S PR R IR AR 5 R AT 3 RPEL uis.

2.2.3 &S

2.2.3.1BEQ, BNE, BLT[U], BGE[U]

B2 beq fj, rd, offs16
bne rj, rd, offs16
blt rj, rd, offs16
bge rj, rd, offs16
bltu rj, rd, offs16

bgeu rj, rd, offs16

15 REHREEARGBERAR
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BEQ RHI FH &7 47 2 rj MUE A7 7740 od AOMEREAT EOB, AN SRmE AR SR Bk e 1 H brdto b, 2500 A B
BEQ:

if GR[rj]==GR[rd] :
PC = PC + SignExtend({offsl6, 2'b0}, 32)

BNE il 1) 75 A7 & rj A8 27 f7 6 rd BOMEHEAT UAL, QSR AN S5 Bk es 31 H brstbdi, 50 ABE:
BNE:
if GR[rj]!=GR[rd] :
PC = PC + SignExtend({offsl16, 2'b0}, 32)

BLT *RE 1 I 75 A7 oj A0IE A& A7 rd BOERLVE AT 15 Bdb AT bu i, anRemin /)5 2 Bk A% 21 H b st

ik, EABEE
BLT:
if signed(GR[rj]) < signed(GR[rd]) :
PC = PC + SignExtend({offsl6, 2'b0}, 32)

BGE Rt il I %7 /7% rj MU 27 A7 A vd AEAPEA TS BOAT LR, WRAl RTS8 1 5 Bk 21 H

PRy, AR
BGE:
if signed(GR[rj]) >= signed(GR[xd]) :
PC = PC + SignExtend({offsl6, 2'b0}, 32)

BLTU Rt it I %5 A7 2% rj M1 A7 4745 vd BO(ERRAEJCAT 5 Bt AT LU, i ReAin /158 W B2 21 H AR

Hodlk, SIABEE:
BLTU:
if unsigned(GR[rj]) < unsigned(GR[rd]) :
PC = PC + SignExtend({offsl6, 2'b0}, 32)

BGEU Rl I %7 77 2% rj M A A7 a8 vd B EAUE O S BOEATHURR, WoRATE K156 T 5 & Bk 2

Hbrsdl, SNABEE:
BGEU:
if unsigned(GR[rj]) >= unsigned (GR[rd]) :
PC = PC + SignExtend({offsl6, 2'b0}, 32)

RIS KA AR A Bk B AR b E R SO KR A5 Y 16 LURFSLEIEL offs16 B/ 2 {5 AT
SR, PRI RN %5 3 H A PC.

AL FEEENE, FREAWRES TGN KA BESEN R E N X, WG o 0 Sr BEEUY,
ENLUFEAT AL FEAE , B4R A A0 offs16<<2,
16 RSP ER ARG ERAR
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2.2.3.2B
Eisot 2 AR offs26

B JLAA B EL B H bRt kAL . Hekie H bR bt 45 2 5 9 26 EUARRSLEIEL offs26 1B /27 2 7 )5

Sy, s rmigE i Fi% s X484 1 PC,
B:
PC = PC + SignExtend({offs26, 2'b0}, 32)

BRI, %48 WRAE S R BRI 007530, W2 27 v (89 32 BUEORL N A
FATN AL AR, BIHE A5 offs26<<2,

2.2.3.3BL

B4 bl offs26

BL JoAcPHBEE: 2 H Aritihb Al , RIRRHZ4E 42 1) PC I 4 AR B AE] 1 Sl 274 rl e
AR 2 WL H AR 2R 515 Y 26 HUAFSLBIEL offs26 AR /278 2 ()5 AT 597 e, AT fs

{0 %73 KR4 ) PC.
BL:
GR[1] = PC + 4
PC = PC + SignExtend({offs26, 2'b0}, 32)

£ LA ABL ', 1 53l 77 vl A5 93k [l bt 27 77 4% ra.
T EERIR, 24 WRAE T R BRI B R 75 2K, I 24 287 o 9 S BRSSO B
FAT AL RS, B4 A5 offs26<<2,

2.2.3.4JIRL

/AR jinl rd, rj, offs16

JIRL Jo&c -8k 2 H bR HbhbAL , [FIBPEE 2484 1 PCAEIN 4 M 45 RS NFIEH 25 748 td
AR A M B B brib it B AR AT ) 16 ELAR LB offs16 B AR 2 MG 59 R, FrEiimes
BN 38 25 A7 4s o TR OME.

JIRL:
GR[rd] = PC + 4
PC = GR[rj] + SignExtend({offsl6, 2'b0}, 32)

Y rd ST OB, JIRL MDD RERD R — 55 0y AR 18 F (R Bk i 4a 2
rd T 0, fj T 1 H offs16 55T 0 1Y JIRL #AE A8 AR [ ) 28k 4% (6 A .

17 REHREEARGBERAR
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BRI, %R WRAE SR R BRI AR AR 8075 30, U2 27 v (4 32 BB N A
TR AHRANmEEE, B4R offs16<<2,

2.2.4 ZEhFRS

2.2.4.1LD.{B[U}/H[U}/W}, ST.{B/H/W}

840 1db rd, rj, si12
Id.h rd, rj, si12
Id.w rd, rj, si12

Id.bu rd, rj, si12
Id.hu rd, rj, si12

st.b rd, rj, si12
st.h rd, rj, si12
st.w rd, rj, si12

LD.{B/H} M\ A AFEL ] — A 35~ F AR 59 R 5 N 2 /748 1d, LD.W M PIAFHE— 7 1)
HHE S5 N #4745 rd,

LD.B:
vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)
paddr = AddressTranslation (vaddr)
byte = MemoryLoad (paddr, BYTE)
GR[rd] = SignExtend(byte, 32)
LD.H:
vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)
paddr = AddressTranslation (vaddr)
halfword = MemoryLoad (paddr, HALFWORD)
GR[rd] = SignExtend(halfword, 32)
ILD.W:
vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)
paddr = AddressTranslation (vaddr)
word = MemoryLoad (paddr, WORD)
GR[rd] = word

18 REHREEARGBERAR

Loongson Technology Corporation Limited



Fein izl
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LD. {BU/HU } A7 HR il — A 45/~ B B 4 i J 5 N T FH 7 47 2 1
LD.BU:

vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)
paddr = AddressTranslation (vaddr)
byte = MemoryLoad (paddr, BYTE)
GR[rd] = ZeroExtend (byte, 32)

LD.HU:
vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)
paddr = AddressTranslation (vaddr)
halfword = MemoryLoad (paddr, HALFWORD)
GR[rd] = ZeroExtend (halfword, 32)

ST.{B/H/W VE+il F 27 47 2% rd W [7:01/[15:01/[31:01 2 B 5 N N FE

ST.B:

vaddr = GR[rj] + SignExtend(sil2, 32)

AddressComplianceCheck (vaddr)

paddr = AddressTranslation (vaddr)

MemoryStore (GR[rd] [7:0], paddr, BYTE)
ST.H:

vaddr = GR[rJj] + SignExtend(sil2, 32)

AddressComplianceCheck (vaddr)

paddr = AddressTranslation (vaddr)

MemoryStore (GR[rd] [15:0], paddr, HALFWORD)
ST.W:

vaddr = GR[rj] + SignExtend(sil2, 32)

AddressComplianceCheck (vaddr)

paddr = AddressTranslation (vaddr)

MemoryStore (GR[rd] [31:0], paddr, WORD)

FIRARA BV A LT Ry SURRRE A o P RVE SRS RIE Y 12 BB si12 ARIIR A
X T LD.{H[U)/W} HI STAB/H/W}E4, REHTFHALE BRX 8, #A AR FFH155; 50
AT R b A AR X 5B b

19 SRR ARGFRAS
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2.2.4.2PRELD

84 preld hint, rj, si12

PRELD M P47 H1 FILHL — > Cache 17 HIEHE#EN Cache W', H U747 Mtk i 11 507 SO R FH 27 (4% o
E S50 FRIF 1) 12 HeRr S BIEL si12 AHINSR AN . 2 U547 ki % 7247 B Cache 47 o

PRELD 14 H ) hint $2775 A0 2 T ) 288 DL ] (RS BN — 2% Cache hint A 0~31 45 32 0]
YME . HAT hint=0 & XN load THHLE —Z4%4#& Cache, hint=8 & XA store TR Z —E#E Cache. H 4% hint
EH S SO ARE X, ALBRAFAIT IS AL [R] NOP $i5-4- 4bPE

N5 PRELD 154 B4 fF# bk Cache JETEANR cached, IRA1ZIG A= 15F301E, ¥R NOP 84
QbR

PRELD 454 AN & il AALAT 5 MMU s A SS H) Bl 4b

2.2.5 BEFiiTFES

2.2.5.1LL.W, SC.W

8880w rd, rj, si14
SC.W rd, rj, si14

LL.W Fl SC.W X —XIH8 4 H T9BE T 1 “B-20-5" UAARIET S, LLW $54 A AE4 & H kY
B —ANFBIEASY RGBS NE AR rd, 5ZEXH) SC.W 5215 1E [F HE 58 B 1 B By [ A [F Y
AL o U5 A4 P 9 S - PR R i L 2, LLW SATERiE s T sl sk )2 E—AM5id( LLbit #25 1),
SC.W #54HATH & F LLbit, 14 LLbit y 1 B A BIEEEINE, SRS, HEAFHE—E W78
—ANEF BT VI RAE TSR, R MERR AT LL-SC 54X B2 SC 58,
N TAREIXAES, SCAW/DEL 2K KT S & 00bs G (W] DU S HfE A SC 482 PATH i E 3
() LLbit ) 5 N2 % AF 4 rd R,

TERCXT ) LL-SC $/ATHAE], F 21921k LLbit 1% 0:

% 4T T ERTN #§4 HiTHS CSRLLBCTL ') KLO (i A% 1;

& HEAPEEAZ K Cache Coherent 1/0 master X11% LLbit X 5 ) ik BT 7E /) Cache 1TH0AT 52 T — 4

store T’;TQ'T/EO
AR LL-SC 52X Vsl ik (4 £7-4 D5 0] B VE A 2 Cached, B4 04745 RAHAE
TEIT RN, ERBATEIT RN, FF2HHE 2101 sild 2% 2 05 /5 54kA i, B
vaddr = GR[rj] + SignExtend({sil4, 2'b0}, 32)

{ERIX B A BT 4 T B ST BN Ot Bk A2 S A3 o AL, BIHME R0 sild<<2,
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2.2.6 @RS

2.2.6.1DBAR

B4 dbar hint

DBAR #54 H T 58 i load/store 15 {7 A < I MR D AE . HCA85H 00 S2 DAL hine F) T4 izt ke i) [/ 22
ST RAEEFEE

hint {54 0 ZBRINB LI, HAgR —MNs 2 Rem RbME . A% 212 BT A load/store VifE4#4:
TEMIRPATE S, “DBAR 07482 A e 64T, H 2 “DBAR 0" #4752 i IT/G, HJ5 A load/store
VITFEREA BEFF UG HRAT

WARA LTI YRe e, HE A hint fHHS 2 5HE R hin=0 $h17 .

2.2.6.21BAR
FeH:  ibar hint
IBAR 454 JI] 58 Ji FL /> AL PELERAZ AL TR store $RAF SR BRAE 2 A 25 . HASH A 2 B hine 1 T4
TR 1Y) [ 25 0 R ] R

hint {2 0 ZERIAB AL . EREB TR “IBAR 0" 154 ZJ5 WU —EREBE ML Z¢H] “IBARO” 54
Z R store #AE BIIATRCR .

2.2.7 HERMES

2.2.7.1SYSCALL

845 #30: syscall code

AT SYSCALL #5445 5 Rl Jo 26 R O filh Az 2 ST 1 8
RS code $8ifE T HAE 2 T LI SN BRBIRE A D e AR s (9 S8 A

2.2.7.2BREAK

B4 break code

AT BREAK 4541 S BG4 4 (A W 581 b
FA 5 code JHA%E A5 2 AT LI SN L BEBIFR A 9 e (% 8 i S8 T o
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2.2.7.3RDCNTV{L/H}.W, RDCNTID

B4 rdentvi.w rd
rdentvh.w rd

rdcntid 1]

TeBeHy 32 S TIMUE LT — MEESE T, K EAR A 64 A1 A, #54 Stable Counter,
Stable Counter 7E & (LJGE N 0, MG REASTHEBHE A B3 1, 48 E 2 1 A shZEE 2 0 ks 34, [H
B REAS T 2 A0 — N v G B 4 RME— %R, 529 Counter ID,

RDCNTV{L/H}.W 54 I T lUE @ M 1 H i g5 &, o' RDCNTVL.W 23 Counter FI[31:0]1025 N
2717 7% rd ', RDCNTVH.W 28X Counter #[63:32]1, RDCNTID Counter ID 55 55 N1l Fil 7 77 2% 1j
H

o2k 32 ALK AT B9 RDCNTVL.W rd. RDCNTVH.W rd A1 RDCNTID r1j &4 92bx_E2 BiIXF B 32 fir
o284 i) RDTIMEL.W 1d, zero. RDTIMEH.W rd, zero 1 RDTIMEL.W zero, rj iX =Ff RDTIME{L/H}.W &
A HIRFRE A

22 REHREEARGBERAR

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 2K 32 PRI S S il

3 EMiZFR%&HES

A FR A LA I BN 32 ALK AT AR AR R AL R B Al 40 Hh I TR AUEER 2 o TR 2R A 32 ALK Al iR Hh 1 BE T
AR A D g XEAE TEEE 754-2008 bRl

BERHT p i A N R B R R e A T A S B, R SR, FRATTHHE R ] o S I BE Al R i 4 A LA
T REEE S (B0, X — Lol ABUR HIg S8 BRI RE TR R IR RN XL 56, MRS R ve A

BB SR, BOR RSB ARTE ORI 4E S (LR 31)
x® 31 RIERNEZRRMFESNERTZARES

— N FADD.S, FSUB.S, FMUL.S, FDIV.S, FMADD.S, FMSUB.S, FNMADD.S, FNMSUB.S, FMAX.S, FMIN.S,
FRIZEHKES
FMAXA.S, FMINA.S, FABSS, FNEG.S, FSQRT.S, FRECIP.S, FRSQRT.S, FCOPYSIGN.S, FCLASS.S
ZElBiES FCMP.cond.S
B RERE 4 FFINT.S.W, FTINT.W.S, FTINTRM.W.S, FTINTRP.W.S, FTINTRZ.W.S, FTINTRNE.W.S,
B FMOVS, FSEL, MOVGR2FR.W, MOVFR2GRS, MOVGR2FCSR, MOVFCSR2GR, MOVFR2CF,
MOVCF2FR, MOVGR2CF, MOVCF2GR
TR X4 BCEQZ, BCNEZ
F R ETERS FLD.S, FST.S

3.1 EfiF R IESmIzHRE

AT I EA A ) BRI AR AW S BT RN R R RIE R A A RN R
LA TE SRR S R, AR AN R S AR IR 2 b, FEE B R TR N A

3.1.1 ZR¥ELE
T U RO SR Y CU 156 FURS JEE T A BOROUORE i A B, I 2493841 TEEE 754-2008 Bk REVE H (9 7€ 3o

3.1.1.1EEEZAH
FURE FETR AR SE R R 32 Lod, AU TR R

31 30 23 22 0

S Exponent Fraction

HR4% S Exponent 1 Fraction 7 MSEUEHI AR, Frs Tz s 8B UEINR 32 Pis:
* 2 RMERANEETEAR

Exponent Fraction S bit[22] \
0 0 +0
0 =0
1 0 -0
0 1=0 0 FRE FERAS AL L, B 94277 x (0.Fraction)
23 SRR ARG BRAR
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Exponent Fraction S bit[22] \
1 1FEH JERAEALEL, (H A-272 x (0.Fraction)
0 (=1 HUAEALEL, fE Jy+2Brmen=2) 5 (1. Fraction)
[1, OxFE] ERE
1 (A=Y} HUAEALEL, fE Jy-2Brret=2) i (1. Fraction)
0 0 IELT (+0)
OxFF =0
1 0 TG (=)
FEMHE 0 RAGAEE (Signaling Not a Number, SNaN)
OXFF ':O
EEME 1 FHBRIESL (Quiet Not a Number, QNaN)

H I+ o SNaN Al QNaN HJERE X, & F IEEE 754-2008 bR,
3.1 1.2 E A
RORS B S B B8 FE 64 Lo, A2 Fig =t

63 62 52 51 0

S Exponent Fraction

4% S. Exponent Al Fraction 5 MEEE AN, TR iiE S BEUE MR 33 Fins:
xR IBMEERZRBAEITEARX

Exponent Fraction S bit[51] \
0 0 10
0 =0
1 0 -0
0 -0 0 FEME FERARAL L, (E N+2792 x (0.Fraction)
B 1 {E& A AEBURRALEL, 927" x (0.Fraction)
0 1FEH HARALHL, B Ry +2Fxponent=1023) o (] Fraction)
[1, Ox7FE] ERE
1 (A=Y} HUEALEL, fE Jy-2Breret=029 (1. Fraction)
0 0 IETTT (+)
0x7FF =0
1 0 TG (o)
(ER=XIEN 0 KASAEH (Signaling Not a Number, SNaN)
Ox7FF 1=0
EEME 1 FHBRIESL (Quiet Not a Number, QNaN)

A XK+ o SNaN Fl QNaN RS X, 15 EF IEEE 754-2008 bRk
3.1.1.31E$EMERER

T SBUHE 2 P A AR A A B R H T NaN 688, B0 2 BRI . Horh 35 B HE1T NaN (£ #5101
WRENITE I

FE—. U84 H T 5 SNaN HIJE#E £ A=A Invalid Operation 1% & 141, {HJ& Invalid Operation %
MBIAMERETCRL, B &7 —4> QNaN 2R iX 1 QNaN HYEUE R IR R R h 0 S e = 1Y SNaN,
W HALRR 90 ) NaN o

VRHBRVER L SE i U - AR W AN ERE RS 6 A0 £k, B4 e m T ks g =4

e A AERUA R QNaN
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VEARAVEE fa. £ A0 £k, 4 fa OB E T 6, § IR ET k.

SNaN £ /3 QNaN FECE A= sept lan F -

& R SIFRERSER, WBER SNaN BEM SO E 1, HRMVARFEAZ,

& RS, BRI SN, E3@tyEE ke, walsBENRE&SE 1,

& IR ITIRERE, 2K R RARCL S A5 0, Ba R R iR S AL 1,

T EARERCH A SNaN, {HA QNaN fA7ERT, EFI e S =i QNaN 1EIX S48 2 45

IR AR B SE 20 W 7 5 BT O — i — 3

BT BT ARG GLAL, HE B A QNaN SR IIE BUARK B E A I QNaN B, FLE SR 1
¥ % QNaN [H{E N 0x7FC00000, Hk48 BXUKE B QNaN fI{E 2y 0x7FF8000000000000.

3.1.2 E R ERE

pai4

B TF RS (TR RFARtE S ) o Bfee a8, B8 F (Word, Wiid W, KE32b) .
Hn R 2R A A A 2 5 77 K

4t

3.1.35%5=%

TRt A WAL N B 745 B1% S %7747 ( Floating-point Register, f&jFX FR) . Z5f{hhs &7 4%
( Condition Flag Register, fij#X CFR ) FIiF S iSHiPIRZS 27 /7 #% ( Floating-point Control and Status Register, & Ff
FCSR) .

3.1.3.1F "5

FR 347 324>, 120 f0~£31, &M LIRS (25 L SCHLERAE UK B V2 s R B0 T S48 4
Bf, FRALTEN 32 Lofs, HTEOLT, FR ALSEN 64 LURF, TOIRJE LA32 )2 LA64 JEH . Rl S8
B2 517 R A AR KRR, MNEMAEN S, XEARLTE AR AT AR E R nT LR A 32
A FR A —A

LAG4

7f_'LA32 _
763 32:31 0

fo
f1
f2
f3

f30
f31

E 31 ZFREHFER
25 REHREEARGBERAR
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U VF B A A D SRR — A ORI BB RO, B U T TR AR A AR (310107 |, I
BT R A A A [63: 3210 m] DL R R A .

3.1.3. 2% REEF R

CFR 34 14>, idh fecO, F—AMEBATLAES . CFR IILTEN 1 LbAs, TR LM EE Fok 5 N B4
PGS, BHCRERVENE 1, BIE 0. IF 80 KRRk B TR S5 4745

3.1.3.3 FRIEHIRSHF R

FCSR 345 4 /™, 12N festO~fesr3, L 7atth 32 o4, Horb fesrl~fesr3 /& fesrO ARl ml 44, B
i) fesrl~fesr3 FHSE TG 0] fosrO PRI, MBS fosrl~fesr3 B, fosrQ A B 3w A% ol i e 4 LU R PR R

ANAZ  festO RN E L ansk 34 Fis.
#= 34 FCSRO HEB/IREN

(VA BF ®BE iR

T s RAE VZOUT 1405 B Feid il 2 SR N B BE AV o
FoAss 4 SRV, R 3 R 7, B4R 2 PR O, BRASR LR U, B 0 XA I,

7:5 0 RO | A%, BERE 0, HIKMHA B HAY,
NN, HEET 4 MERME, SFEE T
0: RNE, XM IEEE 754-2008 H1 roundTiesToEven;

4:0 Enables RW

9:8 RM RW 1: RZ, XfMiIEEE 754-2008 ' H) roundTowardZero;
2: RP, XtM IEEE 754-2008 H1#] roundTowardsPositive ;
3: RM, X IEEE 754-2008 (1) roundTowardsNegative,

15:10 0 RO | fREAHL, 2R1E 0, HEMAA VA Hl,

H IR Flags 83K MAE 25, S5 B AR EN BITF 3575 VZOUT BAME Bt i,
FeAE 20 SRV, BRAE 19 X Z, bRAE 18 X O, EbAE 17 X U, ERA 16 X T,
23:21 0 RO | fREAHL, 2R1E 0, HEMAA VA Hl,

AT — IR LR AT P AR 1) VZOUT B A 1B
FOAR 28 WMV, EUAR 27 XERE 7, EbAR 26 XPR O, BBiE 25 SR U, HRAE 24 S T,

20:16 Flags RW

28:24 Cause RW

31:29 0 RO | fREAIE, BRI 0, HEMHA s Ay,
FCSR1 /& FCSRO ' Enables 3174 . HALHE 5 FCSRO H1—%,
FCSR2 J& FCSRO H' Cause 1 Flags 31544 . &M &5 FCSRO 1 —3K,
FCSR3 J& FCSRO ' RM 3744 . HALE 5 FCSRO H—,

3.1.4 ZRHU5h

TERPIANESS, HiF AR TT A RE LR ALK 77 AL BR AR R E T2 RO R ISR, 7 DD RERTF
B = A AR N 5
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TR 32 hR RIS it

LR S48 4 3R FLAN TEEE 754-2008 FTE TR A4t -

& AFEHE Inexact (I)

% F#i Underflow (U)

% ¥ Overflow (O)

¢ BRZ Division by Zero (Z)

% JE%#EME Invalid Operation (V)

FCSRO H Cause 3 — (X W _EIR ) — M Sh, BESE TR SR 2 HAT S5 UG 200 A A 7= AR A% 0 3
1% FCSRO [ Cause .

FCSRO H X T4 — FiF s I AMA AL & — ANEBE L ( Enables 38 ) o HEENLRE 717 AALHE # T A f fil
S 2 il — AN IR R BB — IR IR E o MIEATRE SIS = A mS G X RV Enable 749 1,
BN il g — A7 SN 5 AN XN () Enable 1724 0, IRAFEAS 2l I7 SBISME N, T2 1% FCSRO
1 Flag 380 A EE 1,

TRV AR TEPAT IR T, AT BARI I R AR 2N R A

F AR A AT I RR b A TR B AMEI B Al TR RSN TR, TR AR R TR A A

SRE LR ARSI B 2RI T KA, & 35 FIH 7 BARE R
* 35 FRAGISMIRELR

= ik SENER AR
I AERE B EREELE NG AR R A R
NE HNJEHILE R, TTHESE 0, subnormal, 26%HE f2/)N 4 normal % ( HUkE
JE: 227, BRI +£277)
RZ ENJEIEER, TTRESZ 0, subnormal
U it i ANJGHIZER, TTEER 0, subnormal, Ht/MAJIE normal % ( BURSJE :
+27%, ROREE: +277)
. ANJGHILER, TTEER 0, subnormal, HX A normal 1 ( BUKSJE :
-2, RKGRE: —27%)
RNE RS ) 45 SR TS 045 5L B g+ o0 Bl — oo
5 s RZ RS r 8] 45 SR FF S 045 R & R
RP 06 BRI /N U, HEIE BRI IE g+ o
RM HEIE RSB E KRR, R EREIE - e
0 B EREELE PR AR RS 1T 5 KE
s JERAE EREELEN F2fE— QNaN

3.1.4.13EEBRAEBISH (V)
B HACEEA A ROE LGRS, A 2k HTBAREGISNE RIS S o AR BT A BISM BN, B4R

AR —A QNaN, A RIETLBRAER S AR ] 2 47515 2 I IEEE 754-2008 #LTE) 7.2 19,

b OSBRI Z AN AR DO A S A R A A I . A7 T BN E SOBE TSR A A

27
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WERGISPRVFEN . SERATAF SRS, AR
WERBISNEEIEREN - IR HAb IS A, QNaN #05 N B bna /728

3.1.4.2ZHI9 (2)

Briziz B b M EREOE 0 SERBUE — DA IRIARF R AR, BREFI SN HHE Sl
WERBISNFVFREN . SERFFAF AR ANIB L, IR 7 ae R B
WERGISMERIEREN . WERBA PGP, S REATT SRS,

3.1.4.3 i (0)

TERBURAE BUC T B 4R TEN, SRR SR EXHE L 1 H ARk A e KA BRSO
EREGISN ARG (XAMEIST R BB AR B ] SIS AL )

WERGISNRVFREN . SERATAF IR AP Y, AR

WERBISNERIEREN : AREA GBI AR A, Boa B4Rt N A T ) 8RB AT 5 oR DE

3.1.4.4Ti#aflsh (V)

kA5 R — AN HERRUMER, 2 IR RIS . REAEE M MER T U, FERNER
i,

BNJERG, BIXET—AE 0 BZER, {BHEUE USRS O T X th R 2R T &N, WRENG
(1) 25 SRAE (-28min, 2Bminy ey - SR A XA GRS — AN EFRUME . (HURSEE% Emin = -126, XUORSJE4{ Emin =
1022, )

244 FCSR.Enable.U=0 I, 545 2 45 5 i — AN M A -

(1) F%IF AIRERA &N GRS, B2 FCSR.Cause 11 U A1 T #BE M 1;

(2) F%TF SRR AN & NG SRR, 84 FCSR.Cause H'HY U M1 THIANE 1,

>4 FCSR.Enable.U=1 I}, A ZI 45 R — N EFRUME, AEIZIF R E R & NG 45 RS R
(I ARSI, #Bo il R TF RIS RN

3.1.4.5 " FEmBI (1)

FPU TE KA 00N I D0 I AN R 1 5 -

& EAGERAK

& EAGER LR, H BRRGISNAERE LB E AL

WERBISNFVFREAN : AR — D ARKE TG SNEREERE, a5 RAFfr s Mg, JF HIRAr A an iR o
RN R AT R R TERE , i DAASKE B S0 B A 7 6 B A IR A A fE

WERBISNEEIEREN - AR HA AR B A A, S NBGEE BRI B H AR 745 o

28 REHREEARGBERAR

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 1‘2%1&] 32 ﬁ?ﬁﬁﬂﬁ%%%ﬂﬂ‘
3.2 BRiZ R ¥ E < Bk

3.2.1FRizHERS

3.2.1.1F{ADD/SUB/MUL/DIV}.{S/D}

82 #:: fadd.s fd, fj, fk fadd.d fd, fj, fk
fsub.s fd, fj, fk fsub.d fd, fj, fk
fmul.s fd, fj, fk fmul.d fd, fj, fk
fdiv.s fd, fj, fk fdiv.d fd, fj, fk

FADD.{S/D} 154 R s A7 A7 £ F I BORS S O0URE L7 sl MU0 L7 s ar A7 i £k 7 0 BORS B2/ 00K BE T A
B, AR HORE BE R BT A R B N BIPE A A7 A £d P TF U562 584 1EEE 754-2008 i

addition(x,y)15AE I ELTE o
FADD.S:
FR[fd] [31:0] = FP32_addition(FR[fj][31:0], FR[£fk][31:01])
FADD.D:
FR[fd] = FP64_addition(FR[f]j], FR[fk])

FSUB.{S/D } 45 2 KT il AF A7 A £ Hh B FORS 2/ 0ORS PP R B0 217 A A A £k o BURS JEE/ XURS JEE 1 A
B, 13BN R0 HORE FEOSORS BETF B S R BN BITE s A A7 45 £d P T %2 S TEEE 754-2008 AR ifE

subtraction(x,y ) A/E FIEETE o
FSUB.S:
FR[fd] [31:0] = FP32_subtraction(FR[£3][31:0], FR[fk][31:0])
FSUB.D:
FR[fd] = FP64_subtraction(FR[f]j], FR[fk])

FMUL. {S/D } 454K sl 2 7 2 £~ I FURG 3/ UURG BE 7 i RO LAV )37 A7 2 £k 77 10 BORS B2/ 00K BE T A
B, ARV HORE LR BETE A R B N BIPE A A7 a £d P o 1% RORIEZ 584 1EEE 754-2008 i

multiplication(x,y)#AE I FLTE
FMUL.S:
FR[fd] [31:0] = FP32_multiplication(FR[£3]1[31:0], FR[fk][31:01])
FMUL.D:
FR[fd] = FP64_multiplication(FR[f]j], FR[fk])

FDIV.{S/D}#§ 2 1% s ZF A7 7 £ 7 0 HURS B/ DURS P VT s BBk AT ;U2 A7 2 £k H 1 BORE FE/00KS FETF
B, A5 B0 HRS BB TR RS R BN BN A7 4 fd o 1% S BRTA IS FOEAE IBEE 754-2008 A5
division(x,y)RAE I TE
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FDIV.S:

FR[fd] [31:0] = FP32_division(FR[fj][31:0], FR[£fk][31:01])
FDIV.D:

FR[fd] = FP64_division(FR[f]], FR[fk])

3.2.1.2F{MADD/MSUB/NMADD/NMSUB}.{S/D}

82 #:0: fmadd.s fd, fj, fk, fa fmadd.d fd, fj, fk, fa
fmsub.s fd, fj, fk, fa fmsub.d fd, fj, fk, fa
fnmadd.s fd, fj, fk, fa fnmadd.d fd, fj, fk, fa
fnmsub.s fd, fj, fk, fa fnmsub.d fd, fj, fk, fa

FMADD. (/D)3 447 £ AF 1258 £ 71 UK 2/ DU FEEVT 40 5 17 55 277 5 £l P 0 RS FEO0RS FE V7.5
BOHITR, 73 B 25 BN L3P A2 A58 fa o 0 HOKS FSE/ OB LV AR, 5500 UK FE XK VT A 5 A 51
VAP £ T
FMADD.S:
FR[fd] [31:0] = FP32_fusedMultiplyAdd(FR[f3]1([31:0], FR[fk][31:0], FR[fa]l[31:
01)
FMADD.D:
FR[fd] = FP64_fusedMultiplyAdd (FR[fj], FR[fk], FR[fa])

FMSUB.{S/D ME-A R A5 A7 £ T ) FURE S UURS LT i B 5 97 i o A7 £k R 1K) FRURG B/ DU FEE T A
BT, 13RI S5 RIRETF AT A7 A fa v B0 FFORS B/ UURS ET R R, A9 30 0 BRURS J5E/ 00KS FE T s B R BN

T Rl a7 fd
FMSUB.S:
R[fd] [31:0] = FP32_fusedMultiplyAdd(FR[£]][31:0], FR[fk][31:0], -FR[fa][3
1:01)
FMSUB.D:
FR[fd] = FP64_fusedMultiplyAdd(FR[f]j], FR[fk], -FR[fal)

FNMADD.{S/D } 4§ 4 RH i i AF A7 ai £ FF I FURG S/ XURS R 17 A B 55 37 s 35 A £k v 14 FFORS B 0URS P37
MBI, 1SRN E RN _ETF A A fa TP BORS R/ OO LT m B, 4 381 B FURG JRE/DURS JBE 157 B4 R
JAE5 N BF R A fd

FNMADD.S:
R[fd] [31:0] = -FP32_fusedMultiplyAdd(FR[£]j]1[31:0], FR[fk][31:0], FR[fa][3
1:07)
FNMADD.D:
FR[fd] = -FP64_fusedMultiplyAdd(FR[f]], FR[fk], FR[fal)
30 REHREEARGBERAR
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FNMSUB. {S/D } 44 FH1% L 5 A7 2 £) 1 B0 HUR JSE 0O ST m B85 17 25 A7 i £k H B BRURS J3E/ B0 R
BOTR, 15 3 B4 R ERIF RUAT A7 fa T HURS BEABORS BET U8, A5 () HURS BE/RURS BT O RIS

BNFIF KA A7 fd
FNMSUB.S:
FR[£fd] [31:0] = -FP32_fusedMultiplyAdd(FR[£3j][31:0], FR[fk][31:0], -FR[fal
[31:01)
FNMSUB.D:
FR[fd] = -FP64_fusedMultiplyAdd(FR[f]], FR[fk], -FR[fal)

DL DYANTF il 4 3 iz 505546 TEEE 754-2008 AR fusedMultiply Add(x,y,z) A I RETE .
3.2.1.3F{MAX/MIN}.{S/D}

B fmaxs fd, fj, fk fmax.d fd, fj, fk
fmin.s fd, fj, fk fmin.d fd, fj, fk

FMAX.{S/D } 48 2 1L HETF m Z7 A7 2 £ 71 A0 BURS B/ 0ORS FEE 17 B S 77 sl 2 A7 2 O H B B JEDURS JEET A
P ERE BN BNE S A fd o X 44 A 112 Bl IEEE 754-2008 FriEH maxNum(x,y)$5AE F5L
FMAX.S:
FR[fd] [31:0] = FP32_maxNum(FR[£7][31:0], FR[fk][31:01])
FMAX.D:
FR[fd] = FP64_maxNum (FR[f]j], FR[fk])

EMIN.{S/D} 152 L HFETF s A0 7w £~ I SO BE00RS BE T B 1 ) A7 e n 0 BRORS 200K BE T A
BrP B BUNE BN BIF A AR fd P X SRR 4 132 FOEAE TEEE 754-2008 ARiEH minNum(x,y)#%AF AL
FMIN.S:
FR[fd] [31:0] = FP32_minNum(FR[£j][31:0], FR[fk][31:0])
FMIN.D:
FR[fd] = FP64_minNum(FR[fj], FR[fk])

3.2.1.4F{MAXA/MINA}.{S/D}

B2 fmaxas fd, fj, fk fmaxa.d fd, fj, fk
fmina.s fd, fj, fk fmina.d fd, fj, fk

FMAXA.{S/D} 45 2 1L FEIF s PFAF 25 5 F (0 SRS J8 00RS P17 s B S5 07 s 27 A7 A Tk H [ BRURS J55 00K P17
MU HE RS BN BIF AR AE AR fd o IX P 4548 4 1112 SR 7S TEEE 754-2008 A1t 1 maxNumMag(x,y)
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PR ETE

FMAXA.S:

FR[fd] [31:0] = FP32_maxNumMag (FR[f3][31:0], FR[fk][31:01])
FMAXA.D:

FR[fd] = FP64_maxNumMag (FR[fj], FR[fk])

FMINA.{S/D } 48 & LR IF s A7 2 15 HP 1Y HURE FE/RURS VT i B S V7 S 3 A7 25 £k R 1) BORS 38 0URS 17
B YA BN BN BT S AF A fd R IX R 5 HR A 118 FEE IEEE 754-2008 F5 #E H' minNumMag(x,y)
PREI RN,

FMINA.S:

FR[fd] [31:0] = FP32_minNumMag (FR[f3j][31:0], FR[£fk][31:01])
FMINA.D:

FR[fd] = FP64_minNumMag (FR[fj], FR[fk])

3.2.1.5F{ABS/NEG}.{S/D}

52k fabs.s fd, fj fabs.d fd, fj
fneg.s fd, fj fneg.d fd, fj

FABS.{S/D }HE A L BETF RUAT A7 di £ HH 0 FURS S8/ R0 Ve B, B Al (RS AiE v 0, H
EEOAL) , BAERNF ST fd . X PIScHE A 1IE B IEE IBEE 754-2008 Rt abs(x) 5 E LT
FABS.S:
FR[fd] [31:0] = FP32_abs(FR[£3][31:0])
FABS.D:
FR[fd] = FP64_abs (FR[f]])

FNEG. { S/D } 454 W FEIF i35 74 £ (4 FORS 2/ 00KS BE T B, BOHAH OB (BB SR, e
MRAAE) , BNBNF R fd b X544 1z FOEE TIEEE 754-2008 ARk negate(x) 1R H LT o
FNEG.S:
FR[fd] [31:0] = FP32_negate(FR[£3][31:0])
FNEG.D:
FR[fd] = FP64_negate(FR[f]])

3.2.1.6F{SQRT/RECIP/RSQRT}.{S/D}

8880 fsarts  fd, fj fsqrt.d  fd, fj
frecip.s  fd, fj frecip.d  fd, fj
frsgrt.s  fd, fj frsqrt.d  fd, fj

FSQRT.{ S/D i & W1 s AF A7 A £ Hh B4 FFURE BEUORE BEF A B, R L7 515 21 B FORE B DU E 157 1
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BB NFFE Ao fd B, V7 AT 78 Bl lE IEEE 754-2008 fr#EH squareRoot(x)#1E LTS o
FSQORT.S:

FR[fd] [31:0] = FP32_squareRoot (FR[fj][31:01)
FSQRT.D:
FR[fd] = FP64_squareRoot (FR[f]])

FRECIP.{S/D MEAIEFETE sl AT A7 o £ 700 FORS S/ RURE BEIF 80, ) 1.0 BR ARSI 80U R A5 21 0 #

5 P OBURS BV B S N BV s %5 A fd e A2 T TEEE 754-2008 ARk division(1.0,x)#4F .
FRECIP.S:
FR[fd] [31:0] = FP32_division(1.0, FR[£3]1[31:0])
FRECIP.D:
FR[fd] = FP64_division (1.0, FR[fJ])

FRSQRT.{S/D} 352 ik 5617 s 27 A 25 £ Hh Al BRORS J55/ 0UKS FETF s 8, B H T 7 5 15 51 ) BOKS J55/ UK FE 17
SRR 1.0 B, 75 21 A0 BRORS JE/R0RS BT A 85 N BT 8 2R A7 4w £d R 1 5 7 SR A)32 B4 IEEE 754-2008

PRdE R rSqrt(x) R IR o
FRSQRT.S:
FR[fd] [31:0] = FP32_division (1.0, FP_squareRoot (FR[£j][31:0]))
FRSQRT.D:
FR[fd] = FP64_division (1.0, FP_squareRoot (FR[f]]))

3.2.1.7FCOPYSIGN.{S/D}

84 #3: fcopysign.s  fd, fj, tk fcopysign.d  fd, fj, tk

FCOPYSIGN.{ S/D M4 %7 sl 27 A7 £ 1 FURE S/ 00RS BEP7 i 8, B e AT S (L8O T s AT A7 2 Tk
14 BPURE B/ UURS JEE T R L AT 56, A5 3 B ) FFOR L BURS BE 17 i B SN BT R AR A7 i £ v T2 R 2 AT

512 A TEEE 754-2008 ARdEH copySign(x, y) BRAE I RITE .
FCOPYSIGN.S:
FR[fd] [31:0] = FP32_copySign(FR[f]j][31:0], FR[fk] [31:0])
FCOPYSIGN.D:
FR[fd] = FP64_copySign(FR[fj], FR[fk])

3.2.1.8FCLASS.{S/D}
840 fclass.s  fd, fj fclass.d  fd, fj

ARAR A T WA AR 1 T O SRR T I A P, BT R as R — Sk 10 BARE B4k, BEELEE
8 S MR PR

Bit0 Bitl Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit8 Bit9
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negative value positive value
SNaN QNaN
o normal subnormal 0 o normal subnormal 0
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2 B VBT P AR A 5 A LU AR T I 1 2% AR, 45 RE )

IEEE-754-2008 i 1 [ class(x) R &L
FCLASS.S:
FR[fd] [31:0] = FP32_class(FR[fj][31:0])
FCLASS.D:
FR[fd] = FP64_class (FR[f]])

3.2.2 ZKERES

3.2.2.1FCMP.cond.{S/D}

1 B P A B 2R T 1. %4 4

84 #%:0: femp.cond.s cc, fj, Tk fcmp.cond.d
XIE—RIF A RS, BB RANTE EHPIRED (cc) .

ZEF LRI BOAR HEAE TR T A K

cc, fj, tk
XEFE4 ) cond A 22 TR, IXLELLER

BIEAF | cond & frue WNaNEE | oy IBRE 754-2008 K
Condition i b

CAF 0x0 7 G
CUN 0x8 Tk iR UN compareQuietUnordered
CEQ Ox4 AHEE EQ compareQuietEqual
CUEQ 0xC AHAFETC I LR UN EQ
CLT 0x2 INT LT compareQuietLess
CULT OxA INT BTG AR UN LT & compareQuietLessUnordered
CLE 0x6 INTEET LT EQ compareQuietLessEqual
CULE 0xE INTET BT UN LT EQ compareQuietNotGreater
CNE 0x10 EE GT LT
COR 0x14 HF GT LT EQ
CUNE 0x18 Toik LB AN 5 UN GT LT compareQuietNotEqual
SAF 0x1 i G
SUN 0x9 ARRKT/NTEEET UN
SEQ 0x5 e EQ compareSignalingEqual
SUEQ 0xD ARRTENT UN EQ
SLT 0x3 INF LT compareSignalingLess
SULT 0xB ARRTHET UN LT & compareSignalingLessUnordered
SLE 0x7 INTEET LT EQ compareSignalinglessEqual
SULE OxF AR T UN LT EQ compareSignalingNotGreater
SNE 0xll EE GT LT
SOR 0x15 HF GT LT EQ
SUNE 0x19 Toik LB AN 5 UN GT LT

{E: UN RRoih . BQ ®mlse. LT Fom/h T BAPIMRIER A 2D A NaN i, XA EORTCIA L
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3.2.3 ZRFEniES

3.2.3.1FCVT.S.D, FCVT.D.S

850 fovtsd  fd, fj fevt.d.s  fd, fj

FCVT.S.D 54 187 sFF A7 £ Hh B0 R0RS BE T s B0 9 FRORS E V7 B, A5 3 A0 ORS FE T S N3
T mi A A7 as fd

FCVT.S.D:
FR[fd] [31:0] = FP32_convertFormat (FR[f7], FP64)

FCVT.D.S f5A IR FEF R A7 A7 a £ F A FORG BT A B e 9 NORE PE 7 U8, 9 3 0 UURS P2 S N3
T Rl ar A7 fd

FCVT.D.S:
FR[fd] = FP64_convertFormat (FR[£j][31:0], FP32)

7 A% s BUNAE TEEE 754-2008 #nifEH convertFormat(x)FR1E LTS .

3.2.3.2FFINT.{S/D}.{W/L}, FTINT.{W/L}.{S/D}

8480 fintsw fd, fj ftint.w.s fd, fj
ffint.s.| fd, fj ftint.l.s fd, fj
ffint.d.w fd, fj ftint.w.d fd, fj
ffint.d.| fd, fj ftint.l.d fd, fj

FFINT.{S/D}.{ W/L} & 2 1L BE1F s 7 74 1) A 09RO B R e s B 409 FORE JEE 0ORS BT s 88,
15 31 ) HORS B /RURS VR s BUE N BV S Z A7 4 fd o TR AUk S 4003 A TEEE 754-2008 A5 fE
convertFromInt(x)#AE I EVE

FFINT.S.W:

FR[fd] [31:0] = FP32_convertFromInt (FR[£f3][31:0], SINT32)
FFINT.S.L:

FR[fd] [31:0] = FP32_convertFromInt (FR[f]j], SINT64)
FFINT.D.W:

FR[fd] = FP64_convertFromInt (FR[£j][31:0], SINT32)
FFINT.D.L:
FR[£fd]

FP64_convertFromInt (FR[fj], SINT64)

FTINT.{W/L}.{S/D}45 2 1 F1F kA A7 2 fj H X FURGE R UURS P17 sl B A0 o BE R A B O S
1B BB AR O E S NBITE s A A7 £d th o MR4E FCSR AN RIRPIRAS,  IeP? midk U ffizs S
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{1 IEEE 754-2008 Fr it H i454E 1R &,
LR IEEE 754-2008 - B4
EESSUNEOLE TGN convertTolntegerExactTiesToEven(x)
DR IEEPN convertTolntegerExact TowardZero(x)
IETG5 /7 M convertTolntegerExactTowardPositive(x)
8] AT 55 7 Tl N convertTolntegerExact TowardNegative (x)
FTINT.W.S:
R[fd] [31:0] = FP32convertToSint32 (FR[f£j][31:0], FCSR.RM)
FTINT.W.D:
R[fd] = FP64convertToSint32 (FR[fj], FCSR.RM)

FTINT.L.S:
R[fd] = FP32convertToSint64 (FR[fj]1[31:0], FCSR.RM)
FTINT.L.D:
R[fd]

FP64convertToSint64 (FR[fj], FCSR.RM)

3.2.3.3FTINT{RM/RP/RZ/RNE}.{W/L}.{S/D}

fa R ftintrmow.s fd, fj ftintrp.w.s fd, fj
ftintrm.w.d fd, fj ftintrp.w.d fd, fj
ftintrm.l.s fd, fj ftintrp.l.s fd, fj
ftintrm.l.d fd, fj ftintrp.l.d fd, fj
ftintrz.w.s fd, fj ftintrne.w.s fd, fj
ftintrz.w.d fd, fj ftintrne.w.d fd, fj
ftintrz.l.s fd, fj ftintrne.l.s fd, fj
ftintrz.l.d fd, fj ftintrne.l.d fd, fj

T LA A 45 A2 1) 7 NS OB P2 R B 1B

FTINTRM.{W/L}.{S/D}4f 4 537 sl ar A7 o £ 7 0 FURE BE/00RG BE 7 sl B4 g B U A B O

H, SRR RBON AU E S NEINE S A A fd R, SR AT T AN 7
FTINTRM.W.S:
R[fd] [31:0] = FP32convertToSint32 (FR[f]J][31:0], 3)
FTINTRM.W.D:
R[fd] = FP64d4convertToSint32 (FR[f]], 3)
FTINTRM.L.S:
FR[fd] = FP32convertToSint64 (FR[£fj][31:0], 3)
FTINTRM.L.D:
R[fd] = FP64convertToSint64 (FR[fj], 3)

FTINTRP.{W/L}.{S/D} 5 & 1% m P A7 4 £ 10 FURG B/ DU 1% s B 40 R e B R R o r B,
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13 R RO AR RO E B NBITE A A s fd PR “TRIETE S 51 E N 77 3
FTINTRP.W.S:
R[fd] [31:0] = FP32convertToSint32 (FR[fj][31:0], 2)
FTINTRP.W.D:
FR[fd] = FP64convertToSint32 (FR[f]], 2)
FTINTRP.L.S:
FR[fd] = FP32convertToSint64 (FR[£fj][31:0], 2)
FTINTRP.L.D:
FR[fd] = FP64convertToSint64 (FR[f]], 2)

FTINTRZ.{W/L}.{S/D} & & L FE 1% s 55 A7 £ 0 10 FURG FE /DU 17 s B G 40 R e R R O e r B0,
PR B P REROR BB 3 BB N BT A fd SR “mE T E N R

FTINTRZ.W.S:

R[fd] [31:0] = FP32convertToSint32 (FR[fj][31:0], 1)
FTINTRZ.W.D:

FR[fd] = FP64convertToSint32 (FR[f3j], 1)
FTINTRZ.L.S:

R[fd] [31:0] = FP32convertToSint64 (FR[fj][31:0], 1)
FTINTRZ.L.D:

FR[fd] = FP64convertToSint64 (FR[f]j], 1)

FTINTRNE.{W/L}.{S/D}{& 2 IEFETF i Ar A7 o £ I HORS L/ 00KG B 17 sl BURAT O BE BU AB BU E o5
B, SRR AR BN E BB NBITE A A fd b, SR R R EE N 1T
FTINTRNE.W.S:
FR[fd] [31:0] = FP32convertToSint32 (FR[fJ][31:0], 0)
FTINTRNE.W.D:
FR[fd] = FP64convertToSint32 (FR[f]j], 0)
FTINTRNE.L.S:
FR[fd] = FP32convertToSint64 (FR[fj][31:0], 0)
FTINTRNE.L.D:
FR[fd] = FP64convertToSint64 (FR[fj], 0)

IR PUAN I kg Tz RS 1Y TEEE 754-2008 Frifi i i #1E I T 3%

BALBH IEEE 754-2008 FrifEHf fsRAE
FTINTRNE.{W/L}.{S/D} convertTolntegerExactTiesToEven(x)
FTINTRZ.{W/L}.{S/D} convertToIntegerExactTowardZero(x)
FTINTRP.{W/L}.{S/D} convertToIntegerExaCtTowardPositive(x)
FTINTRM.{W/L}.{S/D} convertToIntegerExactTowardNegative(x)
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3.2.4 Z MRS

3.2.4.1FMOV.{S/D}
850 fmovs  fd, fj fmov.d  fd, fj

FMOV.{S/D } 4% & 55 A7 7 £ PO RS B DU BET7 sS85 B N BITF U2 A7 fd B, an sk £ BB
ST HURS B ORORS FETF Bk 2, TSGR A
FMOV.S:
= FR[£3][31:0]

FR[fd] [31:0] =

FMOV.d:
FR[fd] = FR[f]]

Eib RSB RAERRE, A5 IBEE 754 18, W AMEHTE (AR HPIRA A7 4745 19 Cause M1 Flags

C 78

3.2.4.2FSEL

ok fsel fd, fj, fk, ca

FSEL 452 BEAT I E A . FSEL PATHY, WURZEMAR EAAF AT ca BIESET 0 NPRHTE 3 A7 45 £ 1Y)
ESNBFRFFAA fd SR 33 7 fk BES NI (3 74 fd o

FSEL:

FR[fd] = CFR[ca] ? FR[fk] : FR[f]]

3.2.4.3MOVGR2FR.W, MOVGR2FRH.W

a4t movgr2frw fd, rj

movgr2frh.w fd, rj
MOVGR2FR.W il FH 27 (7 2% 1j 15 NIF 2574 fd UMK 32 SR, 77 a7 e ve N 64 i, T fd

fvn 32 SLEAHE
MOVGR2FR. W:

FR[fd] [31:0] = GR[r]]

MOVGR2FRH.W ¥l ] 75 17 2% 1j (5 NIF A A7 ex fd 17 32 iR, V7274 fd 1% 32 S E AR,

MOVGR2FRH.W:
FR[£fd] [63:32] = GRI[r]]
= FR[fd] [31:0]

FR[fd] [31: O]

REHREEARGBERAR
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3.2.4.4MOVFR2GR.S, MOVFRH2GR.S

a4k movfregr.s rd, fj
movfrh2gr.s rd, fj

MOVFR2GR/MOVFRH2GR.S F7% & 27 f£ 2 fj A 32 £/ 32 AifE 5 NIl 27 £ 4% rd.
MOVFR2GR. S:
GR[rd] = FR[fj][31:0]
MOVFRH2GR. S:
GR[rd] = FR[f3][63:32]

3.2.4.5MOVGR2FCSR, MOVFCSR2GR

A HR%N:  movgr2fcsr fesr, fj

movfcsr2gr rd, fcsr

MOVGR2FCSR 45 F 27 A7 25 rj fEAZ I fosr 457 P TR s 328 iR A 27 A7 260 B 9 4K 44 T S 30 {8 an2f
MOVGR2FCSR 1§ 414 ¢ FCSRO f# £ H Cause 35 (1) 5 F1XF B[] Enables (07 [FIBS 4 1, 3 15k FCSR1 1)
Enables f#. FCSR2 [ Cause 1, {#45 Cause 9L X% Enables fiZ[F]Hf 4 1, MOVGR2FCSR 54 H & 14
il T AT S o

MOVGR2FCSR:
FCSR[fcsr] = GR[rj]

MOVFCSR2GR ¥ fesr #6718 HITF A PR ZS A A 1 32 A0AE 5 N8 747 4% rd.
MOVFCSR2GR:
GR[rd] = FCSR[fcsr]

AR B R4 T fosr HR7R TE REERPIRS S AR, WEACRAHE
3.2.4.6 MOVFR2CF, MOVCF2FR

A0 movfr2ef cd, fj

movcf2fr fd, ¢j

MOVFR2CF 7 s 3 74 fj M EAR— ELRFE BN SRR B 3748 odo
MOVFR2CF';
CFR[cd] = FR[f3j][0]

MOVCE2FR #4551 hR S a5 A7 of BB B NTE 2 A4 fd AR — EU%r, fd &R T HIALER O,
MOVCF2FR:
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FR[fd] [0] = ZeroExtend (CFR[cj], 64)

3.2.4.7MOVGR2CF, MOVCF2GR

40 movgract cd, rj

movcf2gr rd, cj

MOVGR2CF 18 H 27 /745 rj Bk — LRI B N bR B34 odo
MOVGR2CF';
CFR[cd] = GR[rj]I[0]

MOVCF2GR #4545 B A7 1745 of (E S N 748 rd BAR— 4, od & AL 0,
MOVCF2GR:
GR[rd] [0] = ZeroExtend(CFR[c]j], 32)

3.2.5FRAXES

3.2.5.1BCEQZ, BCNEZ

F& %0 beeqz cj, offs21

bcnez cj, offs21

BCEQZ X 25 br G A A7 4% of HOMEEAT WY, AnR4ET 0 IBkAL 2] H sk, SABRE:

BCNEZ X 25 fHhn &2 A of HOMELREAT FIWT, WURANGET 0 MIBREE R A brstahit, 5 IUABES:

BIRPIR I SR A BB H AR B R A 6 Y 21 B SERIEL offs21 AR RS 2 (M E AT SR,
Pt B A (800 _L1% 73 3464 #) PC.

BCEQZ:
if CFR[cj]==0 :
PC = PC + SignExtend({offs21, 2'b0}, 32)
BCNEZ:
if CFR[cj]!=0 :
PC = PC + SignExtend({offs21, 2'b0}, 32)
ABHEEBMR, b4 W SRR BSOS 0 )7 2, TR o 0 32 BN RO
HWNCLFEAT AL ImFEE, B4 65 offs21<<2,
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3.2.6 FREEIHFES

3.2.6.1FLD.{S/D}, FST.{S/D}

A& fid.s fd, rj, si12
fid.d fd, rj, si12
fst.s fd, rj, si12
fst.d fd, rj, si12

FLD.S MW Al — AN (U 5N TF R 3 AF e £d IR 32 i, 577 A A DL B8 64 in, D fd A&

32 PN . FLD.D M P AFEE — N XUF B BHE B NTF 3 A7 oy fdo

FLD.S:

vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)

paddr = AddressTranslation (vaddr)
word = MemoryLoad (paddr, WORD)

R[fd] [31:0] = word

FLD.D:

vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)

paddr = AddressTranslation (vaddr)
doubleword = MemoryLoad (paddr, DOUBLEWORD)
FR[fd] = doubleword

FST.S BT sl 75 745 fd PR 32  F R SN FIN A7 h o FST.D B A fras fd shRCF U 5 N BN A7

a3
FST.S:
vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)
paddr = AddressTranslation (vaddr)
MemoryStore (FR[fd] [31:0], paddr, WORD)
FST.D:

42

vaddr = GR[rj] + SignExtend(sil2, 32)
AddressComplianceCheck (vaddr)

paddr = AddressTranslation (vaddr)
MemoryStore (FR[fd] [63:0], paddr, DOUBLEWORD)

IR FEA BV AR B SR RHE A A o PIES TSRS 12 FeRESm B sil12 AR AT,
*tF FLD.{S/D} M FST.{S/D}464, Y i5fF AN BRXF T, b & AEXE 5551 5b
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4 R EIREEIR

4.1 FRFR

o 58K 32 SEH AT R AL FE A% 50 N 2 ANEFALEE 2 ( Privilege LeVel, fAiFk PLV ) , 43 5il52& PLVO £l PLV3,
AbFRERAZ 2 FT AL T BN SE S CSR.CRMD 1 PLV 38114 8 e — i 52 .

PR AL EER rh, PLVO J& B i @A BRI RAAL R R, 2 P — m] LU AR AL 4 U5 [ BT AT R AL B
MR AEE S, PLV3 IXANRAAL SR AN BEPRAT AL 2 U TR RR AU BE I

X Linux 2GR, ZUA L PLVO L XN AZOAS, PLV3 AN 3,

4.2 FREESHR

FITAT R LR AXAE PLVO FFAL SR N A REVT W] o {HUZ nT LAFE PLV3 FALSE 2% T 04T Hit 28 CACOP f54 .

4.2.1CSRi5[a)E<

4.2.1.1CSRRD, CSRWR, CSRXCHG

8810 csrrd rd, csr_num
csrwr rd, csr_num
csrxchg rd, rj, csr_num

CSRRD. CSRWR Fll CSRXCHG 4 FI T-# {4 1/i[1] CSR. CSRRD #4145 & CSR HI{E 5 X\ F38 FH 75 17
#r rd ', CSRWR #5211l F 27 /74 rd HAYIAMEE N B4R E CSR 1, [FIBS R4 2 CSR IR {H 55T 211 A 27
F£25% rd . CSRXCHG Fi A MR I 27 A2 2% j TR AF I S HERS(E 2., R 77 4225 rd R IIEME B N B46 &
CSR Xt S HEAS A 1 A ABLELLARE, 1% CSR H A AR LURFORIFANAS, R IEi% CSR 1 IH {8 5E 47 #1138 H 75 47
fyrd W,

FITAT CSR 2347 f K F b ST 1) -1k 23 [ o B aR45 4 v CSR (1 T4k B 5K 1 F4E 2 (1 14 HAE L RIEL csr_num,
CSR H -4k FALZE —4 CSR 27477y, Bl 05 CSR A csr_num /& 0, 15 CSR Y csr_num & 1, PAMZSHE,

FEIRZAE 32 POREfRIRR P, T CSR 23 A7 a1 B A2 32 1,

>4 CSR Vilal45-4 V5] — N8 v 2R g CERE (A S CSR B, 3l fEiR 014 0 18, B ahfEA &kt
PRES QAT ER PR AT RS . 75 BRI A, CSRWR M1 CSRXCHG #54 A XA, & 5 3 CSR 15 501k,
AL E 2 EL CSR IHME s
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4.2.2 Cache #r#g4d

4.2.2.1CACOP

F4H: cacop  code, 1j, sil12

CACOP 154 L2 T Cache H¥I4AIL LSz Cache —EPELED"

2748 o BN XY 59 RIS 12 7 SrBP%si12, B35 CACOP 54 AT I el ik VA, Hot
T4 R4 Cache 17 HIALE

CACOP fi54 ViYW~ Cache AL HEAT T Cache #R1F HIE4H 5 LLRFH code tRAE . code[2:014F /R #AF
f#] Cache X4, code[4:3]48 /R AL,

code[2:0]=0 FK/RNEEVE—RFLAH 84 Cache, code[2:0]=1 KN —RFH EHE Cache, code[2:0]=2 KR
VR —HILEIRE Cache.

code[4:3]=0 K/~ AT Cache #I451L ( Store Tag ) , #F5 € Cache 171 tag B A4 0, (BRI #E5 R Cache
A (l<<Way) %, B8 (l<<Index) 1> Cache 17, T4 Cache T K/NA (1<<Offset) NF47, 4K
A hE EE RS R EWE, #4E 1% Cache 155 VA[Way-1:01#% %5 VA[Index+Offset-1:0ffset] ! Cache 17

code[4:3]=1 F/n K A Huht B K 51 7 X 4EH Cache —#(%4: (Index Invalidate / Invalidate and Writeback )
Hutik B 51 07 A E SOF I B — Bk . 44— SRR AR R X8 € 1) Cache HEAT TCROFE [0 U#RAE
WERMARAF I 2462 Cache, IS AT EHATIOBERNE, IEATE ZHE Cache 479 HIEUE B 0], 5 0] ) A4k 2
N — A7 it v iy AR SE IR Cache J2 IR S 25 ) B0 25 BCEL 5 98 2R 1R E o X T4 Cache B0 & Cache,
FH ELA S ke 2 2 75 {UAE Cache 17808 RS A H 5[]

code[4:3]=2 KK H &1 51 7 N4EP Cache —E(%: ( Hit Invalidate / Invalidate and Writeback ) . X H
YE4 Cache —HEMIRIES Bl — Bk —2, Prid&El R 517, 2% CACOP 54 1) VA HAE—/~ i
load 54 £V M FF A E 1) Cache, Gnf v XS iy 1 1) Cache 1T HEATHRAE, WA AL FI#RAE, BT XA
RERR AT BBV B S 5 4, T LAIX R T CACOP 484 nT REfil & TLB AHCHHI S, ANt , BT CACOP

B RIENIXS G2 Cache 17, T AXFIE L T A5 235 & bEx T 5 5 15,
code[4:3]=3 J& TSI H & LI Cache #R1F, MG A T HIHA A Dh g€ Lo

4.2.3TLB #3654

4.2.3.1TLBSRCH

B840 tibsrch

% H} CSR.ASID A1 CSR.TLBEHI H15 B 2% 1) TLB, ARG m, BaBmhm R ES NF
CSR.TLBIDX [#J Index 3, [FI ¥ CSR.TLBIDX [ NE 785 0; s drd i, 4% CSR.TLBIDX (1
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NE i &M 1,
TLB & WA R SMEHTHE NS, M o FFIGKIKEEA S, M 0T 2 /)5 17,

4.2.3.2TLBRD

2R tlord

1% CSR.TLBIDX [ Index 38 EAFE 9% 51H 230 TLB A i $ @ T, Wit e o B AL & — M %L TLB
i, A2 Ki% TLB W) 71 {% 85 AN F] CSR.TLBEHI. CSR.TLBELOO. CSR.TLBELO1 F1 CSR.TLBIDX.PS
#1, H¥f CSR.TLBIDX 9 NE #2405 Andids & i AL & — A~ JoRL TLB i, 7 CSR.TLBIDX [ NE fi
HoN 1, H¥ CSR.ASID.ASID. CSR.TLBEHI. CSR.TLBELOO. CSR.TLBELOI A1 CSR.TLBIDX.PS 44 0,

TEEEMNE, A% TLB TiA TLB H i) TTR A 20 T80 S

WA 8] BT Y index {EE8 I 7 TLB (VSRR , NALBEZR 1T N ARHIE .

4.2.3.3TLBWR

R tlowr

TLBWR #4584 TLB #H5¢ CSR HITAF I TR IUE B 5 N5 TLB 148 &0, #IEA R TURIUE B0k B
T CSR.TLBEHI, CSR.TLBELOO. CSR.TLBELO1 #1 CSR.TLBIDX.PS, #i i} CSR.ESTAT.Ecode=0x3F, R[4k
F TLB S SMEFE SR, B4 TLB H A ZEAN— M0 (B TLB Wi B2k 1) o SRS, 3%
HF CSR.TLBIDX.NE v f{{f . BEAT 415 CSR.TLBIDX.NE=1, AF4 TLB FF &N —ANJER TLB Ti; 104
CSR.TLBIDX.NE=0 I, TLB A & #4H N\ — 472 TLB Wi,

AT TLBWR B, TUERINS N TLB {3 B /& i CSR.TLBIDX HJ Index 35 OB 2 o LA X BRI
152 TLBSRCH #5411 55T TLB ' & 0% 5E T BRI

4.2.3.4TLBFILL

B tbfill

TLBFILL #§4-# TLB AH2% CSR H JT A7 19 BT R W5 B F TLB H o BN TR W5 ok B T
CSR.TLBEHI. CSR.TLBELOO. CSR.TLBELO! #1 CSR.TLBIDX.PS, #7It.i} CSR.ESTAT.Ecode=0x3F, E[l4t+
TLB HIHFISMNE I RE S, 84 TLB Ha 2 AN — M AR (B TLB Wi E i 1) o SATE, A%
& CSR.TLBIDX.NE v [#{f . Mi4n CSR.TLBIDX.NE=1, #4 TLB F &3 AN — N Je% TLB 3i; {44
CSR.TLBIDX.NE=0 i, TLB H1A 2H AN —AFH 2 TLB Jl,

AT TLBFILL i}, TURIEIENF] TLB W —I0, J2& i fHpE AL £E0) .
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4.2.3.5INVTLB

B8R invilb op, 1, rk

INVTLB 64 F T 702 TLB FHINZ, LA4ERE TLB 5 M AF 2 [ TR B 1) — Btk

A B ZANEERAERT, op 2 5 WU LRI, A TR R ERERAL,

25 A7 1j B[9:01RLAF TR AR AE T 75 1) ASID (58 (BRN “FFfrasdi € ASID” ) , HAR AR JUH
0. 4 op FTHE/NAOERIE R ASID B, SO 277788 1j BN 10,

T 25 A28 ok R T A BOCBARE T fs R U S B (FR “r 748482 VA” ) o 4 op ATHE/RIT
PAVEANT RS By, SR A A AE g ok IE N 10,

75 op A RLFREGN TR R, ARTER T I op Kk kB 15 2B 5b,

op I

0x0 THBRBTA LRI,

0xl BBRITA TR, WA HAESUR S op=0 782 —F.

0x2 THBRATH G=1 TR,

0x3 EBRATA G=0 [y TTRIH,

0x4 HERITA G=0, H ASID 5 T2 f a4 & ASID I TURTI,

0x5 6 G=0, H ASID S T2 /72545 5E ASID, H VA ST /7 2516 E VA BITTRIT,
0x6 TEMRATE G=131 ASID 45 T 75 #ed6 52 ASID, H VA T2 fFAE & VA lTTRII,

4.2. 4 HEeRMES

4.2.4.1ERTN

B ern

ERTN 454 H T Ml 4 B 1]

e FhS B PPLV . PIE %545 B ¥4 CSR.CRMD 1, [RIIF B #E 245 ST %t 7 ¥ ERA AT A6 EUE
Bl Fhxt R PPLV . PIE 15 23K T CSRPRMD, 4%} (1 ERA % H T CSR.ERA.,

AT ERTN 4541, 415 CSR.LLBCTL H /) KLO i A%ET 1, MK LLbit ¥ 0, 750 LLbit AMEEK

4.2.4.2IDLE

54820 idle level

IDLE f52#UT5¢ )G, AR EBERENSEARRE, BEHgch e sy 2 00, A IR
B TR, AAPRERZAATHI S 454642 IDLE ZJE R4 4.
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5 FFHEEIE

5.1 4Bt kit %2 5]

N AE Y EE S hE 22 ) 5 B 2 . O~2PALEN_]
e B8k 32 ARG fRi bR, PALEN 3¢ BJ2 — NN 36 YIRS AL, i sell due H BRRE, #HE
WM 32,

5.2 (Bt = 8] 5 itk EE R

e BEAE) 32 (SO AT PR P bk s [ e PRSP . X PLVO 2ok, Ml bk =s i) K/ Ay 232 245,

T ZBEAE 32 SR TRIAR 1) MMU SCRE PG SIS B 2. B et 1k s R Bt B =

24 CSR.CRMD [f DA=1 H PG=0 i}, A EZN MMU 4T EHE bR, EX PP BT,
PSR 2R B S TR AU AL (9 [PALEN-1:0102 (A4 0) |, BRAFRARSZE AR 7 HE R R E mi
JOE S HE BRI o T LA B RS A bk 2 (R AR EE . AP AR LS5 R RN B R B
B,

24 CSR.CRMD ) DA=0 H PG=1 i, ALHEZAZA MMU &b T B S bk SRR, B o B et
Mot B (AR “ BBt AE” ) FO DTSR B i BRI (AR “TURMLGHER” ) b, B
Hu kR S H R T 4k B B U B AT R, TOVE T S PR AR R DUR MU B R T I AR LR
MR BLA B TEBIITER 5.2.1 TN, AXRTURMM B TEMINIEE 54 TNA,

5.2.1 EfEmghit iR

AL FRERAZ ) MMU A& Bl S bbb AB i 8 AT DA S b B e i ¥ T 1 AL ) 5 S S btk ) e ik
GFo BLERMURTCE G L IEBCE A AN, ] [E A T HUE A load/store $1F

RS BC S CSRDMWO~CSR.DMW 1 2747 8 R 43 A B > HE UM LB & . BAE HOBRT
HudEYE LT B4, T ARG E % o I AEMRLe R AL S 9 R rT A, DA S R bk Y8 HE A% T 11 B U5 AR 4R 1 A2 6
ZIEESN

FEJRLH 32 PORERIAR AP, AR — AN B3 S L B 77 1 AT DAL — A 220 5 [ 52 K/ R DUt bk )
24 R ok v RE AN A A B R W B IR, U B B T R b Y [28: 010 DF 2 %S BT AT
P& (R bk S . A Iy 2O bk e 3 060 ([31:2914 ) SCE B 1A A7 4% P [31:29]
A, B M ATRRR SRR ZEC S B O e i,

AR, 1B DMWO B 0x80000011, HABATE PLVO 2%, 0x80000000 ~ Ox9FFFFFFF X Ex
T B A ol 5 B W 145 ] 0x0 ~ Ox 1FFFFFFEF b, HAF G5 [a] 288 —Eaf 245 1
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5.3 FifihEER

QAT SC2.1.7 FRTIA  JRSEAE 32 SRS fRIAR T SCHF I A EAE T 101 28 8L, 73 il /2 « — 3] G247 Coherent Cached,
faiFx CC) A5/ EZ A7 ( Strongly-ordered UnCached, f&#% SUC) .

MALPEAFZ MMU A0 T B By, Br A BUE /Y A7 417 7] 5644 1 CSR.CRMD.DATF RiE, it
A load/store #RAFE 14717 1] 25 AL H1 CSR.CRMD.DATM it 5E .

AL FRERAZ MMU AL T W kB R, 76 07 5] R L B 12 40 9 A L o an SR IGHE B load/store
A () ik VA AE BEAS B ARG B T 1 b, B4 % B4 B load/store #1474t 177 [ 5 Y o JiC 3% 4 11
CSR ZF 745 T () MAT $skpe iz . A FBUHE 58 load/store L BEIELL TT 3R 58 Uit , 84 A7 it 1 ) 28780 ey T 3%
T ) MAT 38R 5E

TCRAEMRFIEOL N, AEAE VT R R BN RIE R SCRARIY, 92 0——3RJFdRgefr, 1— B4
17, 23—1RH,

5.4 TIRM S FHEEIE

WRE B PR, BR 1 VE AR BRI E W L Ry 2 Ah, BRI A Gk R A A A TR
6 58 LR S Bt 4 . TLB AR D0 AR BEAS Th A TR A 2R 5 TR AB B — NI A7, sk i 5 st k-3
FEAR T YR AT load/store 4547 1 i S ik e it 72

5.4.1TLB fY4ALR%H

TLB K H & B E R R AL UL A,

5.4.2 TLB R

/> TLB RIS SN 54 FTR, BT Ao s .

| VPPN | ps  [e]| asD | E|
| PPNO | povo [ wmaTO [ Do | o |
| PPN1 | pvi | wmat1 | b1 | v

B 51 TLB FWiER
TLB R I L0 o3 f, 4 -
& FLELLE), 1 HFr. 1 SRR TLB RUIE=S, 0] L2 5 &L,
& HhHEASHIFRIA(ASID), 10 FERF, ik as [RIAR IR A T DX 40 A (AL AR 0 [RTRE 0 R ik, 3 G0 R 1)
il 25 AS TLB Fris kI PERe B e . #AE RS A HEFE /3 BCME— () ASID, TLB 7EME{T A 4K
B BRI HEAE B A — 8, IEFHELLX ASID 5 8.,
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& BRBRENLG), 1 R, My 1B, AR AT ASID &6 —8ENRS A, YEERARE
TEFT A VERR (] IE 5 6] — 4Bl ey, ] AIRCE TLB TURIIP ) G ALE N 1,

& TUK/NMPS), 6 HhF, (UFE MTLB H I, T8 1% TUR TR AA T TR /DN . B2 TUR/M 2
(R R, TR 32 AR FTRR L SRR 4KB A 4AMB FIFF T K/, XFN TLB R 1) PS {E4) 5l 2
12 1217,

% XIS (VPPN), (VALEN-13)L0HE, fER2EH 32 Aok iR, S — AN TURIAEL 7 AH AR 1) — X &7
EARSE TURAE S, I TLB JURI A7 TR DU 2 R G M U5 /2 NZ, Bl D15 IR AR
AT EAFIIAE TLB 1, A4k TLB B 7E MR A% A 4 005 W SR AR L e s A2 IR R A1 05 DU B E S
TS R

RIG AP BRL AL 0 A7 — X EHEAH S TUR I AR E B, B — A UG B A

& ALV, 1R 1 RENZTURBUZ A R0 Bk Uit i,

& MEGLD), 1 ERF. Dy 1 BRI DU IS bk Y A IR

& AEEVIIRIRAL(MAT), 2 HRr, Pl A% IR e ik 25 (8] _E D5 A 3R E R AR DT 1 S8 8, 54K
EEARE I 5.3 79,

& FRRUEEZR (PLV) | 2 [UHRF. DRI B RS o 12 R I ] LA TR A SR A ANIE T PLV

(L]
& WBLHTS(PPN), (PALEN-12)FC4F, 2 0UR/N KT 4KB By f5, TLB H T A7) PPN H[PS-1:12]
HLA] PR R
5.4.3TLB B4 ETHE

e AL 32 MRS AT N TLB B BRVE SR )7 T TAE . TLB HIE LA TLB 5 W A7 1R 2 8] 1 — Bk
HEG T 4 v B T T

5.4.3.1TLB H%a5415p

TLB HEAT Rz S bk i B2 o R A E 358 A, (E2 24 TLB AR A ILRECI, B A DL T (H TR ITE AL
VT ARVERT, AR E AR GIAN, S RIE RGNS ERER T, BB, X TLB N
BEATHES, BOMFEFPAT R EVETE MR G B . TR 28 32 AR AR 5 TLB & FAHSC I A4

% TLB HIEGISN: MU FEAER I ETE TLB th &G VLECIRT, il & %G5, %1 RSkt

47 TLB HEIE TAE . ZBIAMAA ML I 4h N L. TLB FIEGI S E NI R, 6 1R 2 | 3
CSR.CRMD #] DA #y 1, PG E 0 0, BIEZNEENEEHI-FIERI, fkk % TLB G4 b
FRREF H S Pl & TLB HEIEGISN, B SN IR Te i /A 5K

& load FEYETLICRLBIAL : load BRVERHEHLIEAE TLB Hr4k F] 7 UL L VLA TR M V=0, Wik

ZAA

! Linux W% R 4AMB TR/ H RSB BRI A TT6 T, H7ZEBON TLB iR rh 401 2 A~ 2MB /I IR U g 1k 1 251
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¢ store FRVETLICREBIAL : store $fE A Rtk 76 TLB Pk 5 7 UL I(H R U A TR V=0, Fifilk
ZHIAh

& BURIRIETURRGISr: BERERER B AEAE TLB 3k 1 VCEL I (E 2 UL TR I V=0, Ktk
ZAA

& TURPRUERAR GBI VifF e (Rl 46 TLB P4k 5 7 ILAC H V=1 B35, (B2 U5 A AL S
RAGI, Bz BII o FEREERAGRIUAIL )y, 2RI CSR.CRMD.PLV {8 KT BT
) PLV,

& TUBIBISL: store #RAERYREHIEAE TLB 43 TULAS, H v=1, HFAEERA MBI, (H21%0T
KT D A0, KR iZBIIN

2

5.4.3.2TLB #HxHI#E%

TLB AR 454 F 28 4 TLB Efk . 3. 5. JoREESME, M T T TUB M7, B 5 — 2k
der . BARRRELSESOESFEARTM 4.2.3 T NA.

5.4.3.3TLB #85<KY CSR

TLB #5<H) CSR ##HR ThAE T E A AMiZs, 55— 28H T TLB Vi B 11, 55 M TR\ I,
S =2 T TLB EIFI4b,

H— s

% BADV

% TLBEHI

% TLBELOO

% TLBELOI

% TLBIDX

& ASID

RN

% PGDL

& PGDH

& PGD

EEe S OERY

& TLBRENTRY

FiR% CSR Zifrdns5 TLB X HINANT, 553 7.4 19+ % CSR MITELIE o

5.4.3.4TLB H#1aH

Je B 32 ARG AR S VEAS SEBL TLB RUBE(FWIa61E, ik B shb Bai k@i 147 “INVTLB 0, 10, r0”3k
I — e
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5.4.4 EF TLB BBt # iid 18

53

X HEX T TLB Frb AT i i St it e FE AT A

va: FEAHRE L

pa: FGH )G PRI hE

VALEN: JEHBHERAG 38U 3L

H O ¥ OH OH OH OB B

TLB_ENTRIES: TLB [FJ5i%}

# A4k TLB
tlb_found = 0

mat: R 1B LA Dl 2R

PALEN: PyRisbhE AU 5
TLB[]: TLB[N]1Z7 TLB B3 N i

for i in range (TLB_ENTRIES)

if (TLB[i].E==1) and

mem_type: VifAHR{EIA!, FETCH MRS, LOAD /2 load ##f, STORE & store #:1f
plv: HTRHES,, W) CSR.CRMD.PLV i

((TLB[i].G==1) or (TLB[i].ASID==CSR.ASID.ASID)) and

(TLB[i] .VPPN[VALEN-1:

if (tlb_found==
tlb_found = 1

)

found_ps = TLB[i].PS

if (va[found_ps]==0)

found_v =
found_d =
found_mat
found_plv
found_ppn
else :
found_v =
found_d =
found_mat
found_plv
found_ppn

else:

Bl Zuinm, APLEHSTTAPRANIE

if (tlb_found==0)

SignalException (TLBR)

if (found_v==0)

case mem_type :

TLB[1].VO
TLB[1].DO

TLB[1] .MATO

TLB[1].PLVO

= TLB[1i] .PPNO

TLB[1].V1
TLB[1].D1

TLB[1].MAT1

TLB[1i].PLV1
= TLB[1i] .PPN1

FETCH : SignalException (PIF)

TLB[i].PS+1]==va[VALEN-1: TLB[1i].PS+1])

#4it TLB b

#RIPURERAE TR B
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LOAD : SignalException (PIL) #1t load F:AEUUCRBIYB
STORE : SignalException (PIS) #4t store FAE TSR BIAD
elif (plv > found_plv)
SignalException (PPI) #H U BUE AN LB b
elif (mem_type==STORE) and (found_d==0)) : #Z28ILGRFEDGERIFS
SignalException (PME) #i LS sh
else :

pa = {found_ppn[PALEN-13:found_ps-12], val[found_ps-1:0]}
mat = found_mat

54 SRR ARGFRAS

Loongson Technology Corporation Limited



Fein izl

LOONGSON TECHNOLOGY 2K 32 PRI S S il

6 BlShShH

6.1 FBR

6.1.1 BT RY

oA 32 RORE RIS B R L W B R A AR HRE A R T 0 12 NP, A2 1A
Ia e (1PL) , 1S ERFd W (T0) , 8 M Iy (HWIO~HWI7 ) , 2 N8B (SWIO~SWIL) . Jr
AL W2 R P, B m A AL

A% 8] B B vh B s Aok BT AZ SN B rh BT g, HARAL BEAS A2 R FEIC SR AE CSRESTATIS[12]1,

S8 I 2 T 1 R TR BT A% A BT E SR I A o 2 1L E SRR E I AR R 2 A 0 BN, %R W
BT, T A IR DB AL ER AR AR I SR AE CSRUESTATIS[ 1111 o 175 ok a2 o 2 v W7 75 B o 1k 1)
CSR.TICLR Zif7#51) TLALE 1 K58

B e T R BT R T AL PR AR AZ AR, H B EOR IR R AZ AN BT P A% . 8 AN Hh BT HWI[7:01 8%
AL 2R R FE L E CSR.ESTAT.IS[9:2]417 .

B T BT IR OR B T ALBRERAZ N, SKRE LD CSR $54 X CSR.ESTAT.IS[1:015 1 U &KW, 5

0 MUIE BREK BT o
W T E CSR.ESTAT.IS 3810 S A B R SHE B PR 0 h 5 (Int Number ) o SWIO B 5% 0,
SWII T 5581 1, - . IPLHIT TS 5E T 12,

6.1.2 Hf{iLfeik

(7] — It 20 22 AN T T e e B SR Y [ 2 A0 SE e e ik, b S ORIt S JolE . IR TPT AR S Sl
TIIRZ, , SWIO B Se REAK -

6.1.3 hiTAO

T AL AR R CE AR IC 248 4 b DUR AU 1E — PRI T ALY, DI rP BT N 1 A0 T S50 4 5 3 51 A1
NSRRI, A oS m s N I ERE S E 6.2.1 W4,

6.1.4 4hIE BSHE - 0a L P TR L ER T F2

F PRI 2 A (1 R T £ 5 AL PR 25 SR FE 2 CSRUESTATLS 38, X 441% 25 /It B 76 CSR.ECFG.LIE
B R AR BT RE (S B AL S, 453 — A2 AL BT ) & int_vec, 3 CSR.CRMD.IE=1 H. int_vec /442 0
B, AFEESNA T B0 B T, TR MBATIAR A R B — 45484, B HAR I B —FRRRER 5] 51
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— i Bish,
WE e AL P 2 B 1 ) AL R 5 M B A AL B AR — B, 12 6.2.3 AT I 4

6.2 figh

6.2.1 4150

TLB FIEFISMA N 12K H F CSR.TLBRENTRY .
B BRI A 2 AR T B A AN AR R, oK BT CSR.EENTRY ., i 75 B4R Fil i CSR.ESTA 111
Ecode. IS 1115 Bk FI W B AR (1) {51 # 2

6.2.2 fl9MESELR

BIAMIE S PPN FEATZ I . Ho—, e s T4 H =, XETEIsh, s Bk il i
o Ram, PRSI BRI MR Rk, BATH BRI R e R IR

X T HUR B B U H 1 4 - B MR MBS s, B TLB AR SCBISME e iR 2 o

PERD R B nTA I P /MBI B, WO T IS R e 2%

PATH BAX V5 F745 2 B[R] B il 2 gl b, AR e B m SRR T - BESR M Bk X 5% 1 175 77 4 4 TR
HEANKE 55 1 7 A A L EE X 554 1 SN ALE) > TLB AHIGH 1 4h

6.2.3 flSMEHFLIBIBERITTE

AFE R BIAL, ALPR S AL B T BEAAAE —Se gy BZE R, X B TR B AM A (18 AL B AR
BEATHEIA o

i RIS, AL EE R S AT AN T A

% ¥ CSR.CRMD HJ PLV. IE % %I{7%| CSR.PRMD ] PPLV. PIE #1, #&J5¥ CSR.CRMD ] PLV &

N0, IE®NO0;

& B & B AME A B PC {10 %] CSR.ERA H;

& BREERIBI AP TIAL S

IR PEAT BRTN 84 MBS RAT IR [, AL B2 (R 23 58 ean N #AE

% % CSR.PRMD H'/#J PPLV. PIE {E1X% %] CSR.CRMD HJ PLV. IE H';

% Bk¥:F| CSR.ERA Fric kil At
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8.2.1 L

bits(N) SLL(bits(N) x, integer sa):

if sa==
result
else

result

return result

{x[N-sa—-1:0], {sa{l1'b0}}}

8.2.2 B

bits (N) SRL(bits (N) x, integer sa):

if sa==
result
else

result

return result

{{sa{1'b0}}, x[N-1:sa]}

8.2 3HAER

bits (N) SRA(bits(N) x, integer sa):

if sa==
result
else

result

return result

{{sa{x[N-1]}}, x[N-1:sa]}

SRAEREZREEENSTFEN

{bits (32) } FP32convertToSint32 (bits(32) x, bits(2) rm):
case {rm} of:
{2'd0}:
{2'd1}:
{2'd2}:
{2'd3}:

return Sint32_convertToIntegerExactTiesToEven (x)
return Sint32_convertTolIntegerExactTowardZero (x)
return Sint32_convertToIntegerExactTowardPositive (x)

return Sint32_convertToIntegerExactTowardNegative (x)
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8.2 5 HBEEZRNEENSVNFTEH

{bits (64) } FP32convertToSint64 (bits(32) x, bits(2) rm):
case {rm} of:
{2'd0}: return Sint64_convertToIntegerExactTiesToEven (x)
{2'd1l}: return Sint64_convertToIntegerExactTowardZero (x)
{2'd2}: return Sint64_convertToIntegerExactTowardPositive (x)

{2'd3}: return Sint64_convertToIntegerExactTowardNegative (x)

8.2.6 WEEZRBEENSFEN

{bits (32) } FP64convertToSint32 (bits(64) x, bits(2) rm):
case {rm} of:
{2'd0}: return Sint32_convertToIntegerExactTiesToEven (x)
{2'd1l}: return Sint32_convertTolIntegerExactTowardZero (x)
{2'd2}: return Sint32_convertToIntegerExactTowardPositive (x)

{2'd3}: return Sint32_convertTolIntegerExactTowardNegative (x)

8.2.7 WHEZRUEBHSNFELN

{bits (64) } FP64convertToSint64 (bits(64) x, bits(2) rm):
case {rm} of:
{2'd0}: return Sint64_convertToIntegerExactTiesToEven (x)
{2'd1l}: return Sint64_convertToIntegerExactTowardZero (x)
{2'd2}: return Sint64_convertToIntegerExactTowardPositive (x)

{2'd3}: return Sint64_convertToIntegerExactTowardNegative (x)

8.2.8 HEEZRHINE

{bits (32) } FP32_roundTolInteger (bits(N) x, bits(2) rm):

return FP32_roundToIntegralExact (x)

8.2. 9 WREEZFR¥INE

{bits (64) } FP64_roundTolInteger (bits(N) x, bits(2) rm):

return FP64_roundToIntegralExact (x)
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9 MR B HLHE—K

3(3[2(2|2|2f2|2f2|2|2|2[1|1[1|1[1]|1|1]1|1]1|0o|o|o|o]|o|o]|o|o|0]|O
1]olo|s|7]|6|5]|4]|3]|2]|1]|o]9|8|7|6|5]|4|3]|2]|1][0|9[8|7][6]5][4[3][2][1]0
RDCNTID.W tj 0000000O0O0OO0DOOOO0OO0OOOT1TT1TO0O0O il 00000
RDCNTVL.W rd 000000000O0O0OOOOOOOI11000|00O0O0O rd
RDCNTVH.W rd 000000O0O0O0O0DO0OO0OO0OOOOT11001/00000 rd
ADD.W rd, rj, rk 00000000O0O0O0T1O00O0O0O0O rk 1 rd
SUB.W rd, rj, rk 000000000O0O0O1000O0T10 rk i rd
SLT rd, rj, rk 00000000O00O0T1O0O0T100 rk 1 rd
SLTU rd, rj, rk 00000000O0O0OT1O0O0T10 1 rk i rd
NOR rd, rj, rk 00000000DO00DO01O01000O rk 1j rd
AND rd, rj, rk 00000000O00O0OTO0T1TOO1 rk i rd
OR rd, rj, rk 00000000O00O0T1O0T1O0T1O0 rk i rd
XOR rd, rj, rk 000000000001 0T1T0 11 rk i rd
SLL.W rd, rj, rk 00000000O00O0T1O0T1T1 10 rk 1j rd
SRL.W rd, rj, rk 00000000O00O0TO0OT 1 11 rk 1j rd
SRA.W rd, rj, rk 00000000O0O0O0T110000 rk 1j rd
MUL.W rd, rj, rk 00000000O00O0T111000 rk 1 rd
MULH.W rd, rj, rk 00000000O0O0COTI1 1001 rk 1 rd
MULH.WU rd, rj, rk 0000000000O0T111010 rk 1 rd
DIV.W rd, rj, rk 000000O00O0O0T1000O0O0O rk 1 rd
MOD.W rd, rj, rk 000000O00O0OO10000O0O-1 rk 1 rd
DIV.WU rd, rj, rk 00000000001 000O0T1O0 rk 1j rd
MOD.WU rd, rj, rk 000000O00O0O010000O0T11 rk i rd
BREAK code 00000000001 010100 code
SYSCALL code 0000000000101 0110 code
SLLLW rd, rj, ui5 000000DO00DO0OT1O00O0O0O0|OO 1 ui5 1j rd
SRLLW rd, rj, ui5 000000O00O0T1TO0O0O0T1|0O0 1 ui5 1 rd
SRALW rd, rj, ui5 000000O00O0OT1TO0O0T1O0/0O01 uis 1j rd
FADD.S fd, fj, fk 000000O010000O0O0GO0O1 fk fi fd
FADD.D fd, fj, fk 000000010000O00O0O0T1O fk fi fd
FSUB.S fd, fj, fk 000000O0100000O00O0T1O0 1 fk fj fd
FSUB.D fd, fj, fk 000000010000O0O0T110 tk fi fd
FMUL.S fd, fj, fk 000000O010000O0TO0O0 1 fk fi fd
FMUL.D fd, fj, fk 000000010000O0T1O0T10 fk fi fd
FDIV.S fd, fj, fk 000000010000O0TT101 fk fi fd
FDIV.D fd, fj, fk 000000010000O0T1T110 fk fi fd
FMAX.S fd, fj, fk 000000O01T000O0T100O0 1 fk fi fd
FMAX.D fd, fj, fk 0000000100O0O0T1T0O0T10 fk fi fd
FMIN.S fd, fj, fk 0000000100001 0101 fk fi fd
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FMIN.D fd, fj, fk
FMAXA.S fd, fj, fk
FMAXA.D fd, fj, fk
FMINA.S fd, fj, fk
FMINA.D fd, fj, fk
FCOPYSIGN.S fd, fj, tk
FCOPYSIGN.D fd, fj, tk
FABS.S fd, fj
FABS.D fd, fj
FNEG.S fd, fj
FNEG.D fd, fj
FCLASS.S fd, fj
FCLASS.D fd, fj
FSQRT.S fd, fj
FSQRT.D fd, fj
FRECIP.S fd, fj
FRECIP.D fd, fj
FRSQRT.S fd, fj
FRSQRT.D fd, fj
FMOV.S fd, fj
FMOV.D fd, fj
MOVGR2FR.W fd, rj
MOVGR2FRH.W fd, rj
MOVFR2GR.S rd, fj
MOVFRH2GR.S rd, fj
MOVGR2FCSR fcst, rj
MOVFCSR2GR rd, fcsr
MOVFR2CF cd, fj
MOVCF2FR fd, cj
MOVGR2CF cd, rj
MOVCF2GR rd, cj
FCVT.S.D fd, fj
FCVT.D.S fd, fj
FTINTRM.W.S  fd, fj
FTINTRM.W.D  fd, fj
FTINTRP.W.S fd, fj
FTINTRP.W.D  f{d, fj
FTINTRZ.W.S fd, fj
FTINTRZ.W.D f{d, fj
FTINTRNE.W.S fd, fj
FTINTRNE.W.D f{d, fj

80

2|2(2|1(1f(1|1|{1)1|1f(1|1|[1f0|0O|O|O|OfO(O|O[O]|O
2(1[/0]9]|8|7[6]|5|4(3[2]|1]|0|9|8|7|6|5[4|3]|2]|1]|0
00010110 fk fi fd
00011001 fk fi fd
00011010 fk fi fd
00011101 fk fi fd
00011110 fk fi fd
00100101 fk fi fd
00100110 fk fi fd
001010000O0OO0OGO0F1 fi fd
001010000O0OO0CTOQO0 fi fd
001010000O0OT1O01 fi fd
0010100000O0OT1TT1OQ0 fi fd
0010100001101 fi fd
0010100001110 fi fd
0010100O010O0TO0F1 fi fd
0010100010O0T10 fi fd
0010100010101 fi fd
0010100010110 fi fd
0010100011001 fi fd
0010100011010 fi fd
0010100100101 fi fd
0010100100110 fi fd
0010100101001 ] fd
0010100101011 ] fd
0010100101101 fi rd
oo0ot1tot1o001to01111 fi rd
0010100110000 ] fesr
0010100110010 fesr rd
0010100110100 fj 00 | cd
001010011 0101(00 | l¢] fd
0010100110110 ] 00 | cd
001010011011 1(00 | Cj rd
0011001000110 fi fd
0011001001001 fi fd
0011010000O0O0O0FH1 fi fd
0011010000O0O0T1OQ0 fi fd
001101001000O0T1 fi fd
001t10100100T10 fi fd
001t10101000O0O0FT1 fi fd
001t10101000T10 fi fd
oo0o1t1t101011000O01 fi fd
oo01t1t1010110010 fi fd
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0011011000001 j fd
0011011000010 j fd
0011101000100 j fd
0011101001000 j fd
0 si12 ] rd
1 si12 ] rd
0 si12 4] rd
1 uil2 4] rd
0 uil2 4] rd
1 ui12 4] rd

csr 00O0O0O rd

csr 00O0O01 rd

csr rj!=0,1 rd
0 si12 ] code

LOONGSON TECHNOLOGY
FTINT.W.S fd, fj
FTINT.W.D fd, fj
FFINT.S.W fd, fj
FFINT.D.W fd, fj
SLTI rd, rj, si12
SLTUI rd, rj, si12
ADDLW rd, rj, si12
ANDI rd, rj, ui12
ORI rd, rj, ui12
XORI rd, rj, ui12
CSRRD rd, csr
CSRWR rd, csr
CSRXCHG rd, rj, csr
CACOP code, rj, si12
TLBSRCH
TLBRD
TLBWR
TLBFILL
ERTN
IDLE level
INVTLB op, rj, rk
FMADD.S fd, fj, fk, fa
FMADD.D fd, fj, fk, fa
FMSUB.S fd, fj, fk, fa
FMSUB.D fd, fj, fk, fa
FNMADD.S fd, fj, fk, fa
FNMADD.D fd, fj, fk, fa
FNMSUB.S fd, fj, fk, fa
FNMSUB.D fd, fj, fk, fa
FCMP.cond.S cd, fj, fk
FCMP.cond.D  cd, fj, fk
FSEL fd, fj, fk, ca
LU12L.W rd, si20
PCADDU12I rd, si20
LL.W rd, rj, si14
SC.w rd, rj, si14
LD.B rd, rj, si12
LD.H rd, rj, si12
LD.W rd, rj, si12
ST.B rd, rj, si12
ST.H rd, rj, si12

81

10010001 level
10010011 rk 4] op
00 1 fa fk fi fd
010 fa fk fi fd
101 fa fk fi fd
110 fa fk fj fd
00 1 fa fk fj fd
010 fa fk fj fd
101 fa fk fj fd
110 fa fk fj fd
00 1 cond fk fj 00 cd
010 cond fk fi 00 cd
0 00|00 ca fk fi fd
si20 rd
si20 rd
si14 4] rd
si14 4] rd
0 si12 ] rd
1 si12 ] rd
0 si12 ] rd
0 si12 ] rd
1 si12 ] rd
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2(2|2|1{1[1]|1]|1[1|1]1][1|1]o[ofo|o|ofofo]|o|o]0
2[1]o|9|8|7]|6|5|4]|3]|2[1]|o]|9[8|7]|6|5[4[3]2]1]0

ST.W rd, rj, si12 0 si12 1j rd
LD.BU rd, rj, si12 0 si12 i rd
LD.HU rd, rj, si12 1 si12 1 rd
PRELD hint, rj, si12 1 si12 i hint
FLD.S fd, rj, si12 0 si12 1j fd
FST.S fd, rj, si12 1 si12 1j id
FLD.D fd, rj, si12 0 si12 1j fd
FST.D fd, rj, si12 1 si12 ] fd
DBAR hint 11100100 hint

IBAR hint 11100101 hint

BCEQZ cj, offs offs[15:0] o|o| g offs[20:16]
BCNEZ cj, offs offs[15:0] 01 q offs[20:16]
JIRL rd, rj, offs offs[15:0] 1j rd
B offs offs[15:0] offs[25:16]
BL offs offs[15:0] offs[25:16]
BEQ rj, rd, offs offs[15:0] i rd
BNE tj, rd, offs offs[15:0] 1j rd
BLT rj, rd, offs offs[15:0] i rd
BGE tj, rd, offs offs[15:0] ] rd
BLTU tj, rd, offs offs[15:0] ] rd
BGEU rj, rd, offs offs[15:0] 1 rd
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