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Jets 2E [R/KER NIRRT UG, RIS TE 4, (HAXRITE ARSI 32 -+
TII4E4 Cache 1T. JE.ts 2E HUFRIN [R5 i) 454 Cache F14i54 TLB (fij#R ITLB). A T
FRARIEIR, Tag LLERAERUIRI BEIEAT , (HARYE Tag LLi 4 BT HR A 1 BAE e Bt
7. BfaitFEr k42454 Cache ANy i ] — 2 Cache & 7 il i =K

16 UM ITLB 2 TLB 745, 2 ITLB A, Jeihs 2E P4 A Wilied L&
$k T TLB Jf H37e ITLB, WifeE = TLB At A ipols = Az — 3l 1) TLB %14k,

3



Jeits 2E AL FR B S TN

HFR 5 ALK G TR K B o X — 24 1) 32 BT A S T 4 F% 48 2 1 B 7 1) A
S H bRk . ASE R R A AR 07 AT 10 - likely 2846 #5454 F0 H 4Bk
A RO TON A Bk, gideds nT DU IS g it likely FRAATERSTON; KAHEBRS
I BHT Flski gyl (M3 dR A WA 28 Hisk (BTB) sk [HHitibH (RAS)
T H Atk

BHT GHE—~ 9 ([ 4J J7 L 25 47 8% (GHR) Fl—AN 2K TiBL i 3 (PHT).
PHT (BRI — NP AN T s, TO0 e A i h 25 1, YO R i) o1 SR8 s 1o
M ECES E T 45T 2 I TIel ke e oy

16 Lift) BTB T~ 900l 27 £ 28 Wk 45 2 00 H ARk . R0 BTB CRAFF AL TR 2 Ik
R brHhE, DU — AN RS . R A, THEESIIEANT 2 ISR
i R

MIPS Fi5 4814 call # return $54-, W #8548 (Branch and Link) 54
A jr3l FRA AT R ECR A AUR AL, Jeits 2E SEBL 4 TR A kA RAS. 1R R
BRI A BPRE ) PCH8 JTEA RAS, MiiEH jr3l #r4 it RAS O TH4E K jr3l i H
Frihl

et 2B IS = RIRKFOE BRI K R . EIX—2, PUSTR 2B F ot 2B N
Fa Ak N AP Ay B A, T8 R TRVE SR 2 R S BRIE TR A B A U /) 64 17 45
B, OB &N TR L. N T BRI H, et 2B i 2 Rl T —4&
R 2 e

1.4 HFREWNA

St 2B A P ER Z5 AL B HE D) 7T A A A A &, b g RURITE R B B A AR
KN 64 T, JE s 2B Tk P> 64 T 1) 4 P EF A7 A WL 26 (Physical Register Mapping Table,
AR PRMT) SRARATH) B 25 A7 2 I 45 14 2 A7 a ] R LS G &R o

Jeits 2B HIEEM)BE A AF AR ARAL T LU R USRS IR —4: MAP_EMPTY &R i%
YR A AP A A, MAP_MAPPED K /niZ M HE 75 7 % CL & i Wb (BAH N PO 3 S
[, MAP_WTBK F/RiZWHF AL E LS, MAP_COMMIT RNz 74
AR P S /NA

FEFAA R EMATKE, HEAIRAEL AR PRMT RAZZIELS A 745
srcl. src2, Fl—A>HARZF Ay dest i BTt N ¥4 B 75 4745 = psrcl, psrc2 F1 odest. [
i) R H bR 75 A7 4% dest M —ANIRZE ) MAP_EMPTY [H— AN B %5 £7- 4% pdest, H74-Hc )
YIBL AL 2R RS A MAP_MAPPED. [HIRHME T PRMT 7 pdest & 4514 %5 £ % dest
[ 580 (R ISR

FEAT R PRMT 3R 3 18 40 75 A7 25 PN L A A7 2 TV WIS OC R ) IR, s T A 2 [+
—IAE A A SRS R A O E . R IES4RS A TUE 27 A7 4% srcd ) — 454
B It H M %5 /7 2% dest AH[A], T A [¥) srcl XF M B 35 A 5Ch B B4 B if) pdest, Tk

4



1 JEits 2E AbBEZS TR R 45

A M PRMT & th 1) psrel. AHIRJ(#) )5t I 5E FH psrc2 1 odest.

St HAERETE A, WA psrcl, psrc2 A pdest B4 T 5k dis 4 (K 44 25
17885 srcl, src2 Al dest. W% 47485 psrcl Fl psrc2 2% 2 B vk F T Wi 45 4 7]
A AHOC; odest IORAA7E ROQ HY, FEFRAHRACIN FH TR B 25 47485 o

TR PATINE, 1Z%F54 1) pdest XM ) PRMT (351 MAP_WTBK, £/Ri%E 1741
HOAHERL T, JSRIN4E4 ) LA H % 3 A48 I 1R

FRAHRATI, %454 ) pdest XN PRMT ¥ MAP_COMMIT ARk Z&, odest X[
(1) PRMT 515 MAP_EMPTY JIRES, RN A LG4 BLr H 1) 25 /74 pdest &k 43
SRS, IEREIBORIE 2 I B AR A7 A2 2% JEUR BT 0T Y. [ 1) B 25 A7 4

M THI ) 23 A 45 T i 44 (R R P DA > G5 0 25 A7 248 1] R[] I 0 Y. 22 A4~ 1) B 25 A
i, W — @A AARAERKE T R T2 £ BT —RAIME. 5410
TIAFNS N 2 NI R ZF AL bR T A — DR %S M Z A28 A B AR S, ey
AN B TAEK & W S0 A fE A N 2 448 % o RIS AE B AR BRI M IC 2 R R
SR

1.5 ESASMIEFTFE

TTAFAy AT A G AR B OR BB I AT . s 2B HAG PR BRATIR 53 20 OR B il «
€ RV AEFR 1L B8 IR s 77 IR IR RV SRR . A — MR b 16 Tl

TEAAE ISR LB, FE4ATE 2Bk PRMT R4 B B EBUS 5 7E i r as b, i
ek PRMT RIS AH N (3R E RO A & 0, %38 A 7R N LR B 0l 1434 mp DUSCAE AR B i o
S LA A OV AT AR 5 R B 2k forward B R 1K H AR S A7 RS 5 LR S TR R4
KA IR U o 85 R AAER AN forward 2Rk AN DIREERA:, &5 R ALk H IR A HIT S
RO H AR5 A7 8% 5, 10 forward S 28 T~ — 45 Bl ik (0 45 L LLRAR N8 219 H b 27
14T o

PRANER B b B 40 55 22 ] LA RS LA IR B AR HUE 2% Lr 1048 223 i B N DhRe iAo n
RAEAR Bl p W — AN DRI 2 N ERE RS I IR A, Wk Sl “27 M4 tT
Kbt AR age oKL SRR — R AR A ER M 1) “4Ei 7.

MR B 3 RS ()45 4 21 25 A7 HE P e AR 28U PR B D Be A AT s 2EH —A
SE R P AL HER —/NF p AT A e, R/ N 64%64. 8 RATAEARHER 3 NS HA 7
ANpzu L, e ALUL AT 1 AN HOR 3 AN H . ALU2 FIYj A 14N
g AT 2 AN o VE AT AE A HER 3 NS R 7 ANz 11, FErh AN s A A
1 ANE g EURT 3 AN 1, UiAE A 1 /N5 R 1 ANz RT3 s BRI A7
AR € RUMIVE RUFF AR R I B s AL 5 e 4, W MTC1, DMTC1. MFC1. DMFCL1,
CTC1 1 CFCL i Vi A7 i 1l g AL 4 A, DRIt s A7 3B A AT

REPRTE 440 branch and link $§ 4 (1727 V1 S8 BRAS F 46 A5 58 4 1) taken {7 WL B 371
S I HL 2 A v PR R 5 A% B A R 1 D e A

5



Jeits 2E AL FR B S TN

1.6 IESHITFATNREERHHF

54 I A7 A7 2 HE T U E B0 MR HE i 2 (12 21 36 B AH BY. (1) Th e B A 55 U A7 5 A 4R
17, s 2B AR AN & sk ALUL AT ALU2, BN 55304 FALUL F1 FALU2.

SE S ALUL $UT5E mnik IS5 BAL. L. Trap. LB R4 . Bifs ALUL
PATIFE 2 1 4058 AT I 5 [El,

E R ALU2 PATE RN IZHRISS. BAr. . DLARERTE S . E RIRIE N4
FKERAE, FEIRN 447; ARSI SRT Sk, AEW/KIR/E, EIRBIEBRERA
M 4 308 37 HIARSE, Tty Hifth ALU2 BUATHIFRA 1 H5e i dT 510,

77 FALUL BUATVR Sl V7 ik, W7l (d0 BUAXHE. B R REEE
o, wiF aips A, . #R SRS . FALUL (TE 250 &K e, s A
INAENHE . U KRGS, Lhi. R AEIRN 2 41, 77 s A AL AEIR 2 4 41,
VE RN VRSV TR AR (G IEIECN 6 1.

77 FALU2 BUATVZ AU 77 paRik. VR AR (WO V7 AR, T3 IV
VEo HHiF sk, V7 A0R. TFagR Qo R ARUKERAE, GEIRN 6 s VRSB
T S SRT Bk, h AR KA, MRAREAEEANE, 00 BV s RIE
FEISF AN 4 2] 10/17 FAANGE,  FRIXORSFETTJ7 4B IR A 4 31 16/31 0455

B T HAT MIPS 177 pi 38240, 17 s D Re iR A nT LAAT HAT SR V7 i 48 2, 1)
15 64 ArEgdnidm s BRI RIS S BEERAE Oy B FRRIIRRID . SiAk, PRSI AES
PRI Y VT Sfe 2 s U (fmt) AT 8/16/32/64 {37 SIMD £ A4 E ri R4

1.7 35412320 Reorder BAF

ety 2B, $RA MRS R a4, FLT RS FIIAT, (A P45 . Reorder A
41| (Reorder Queue, fij#x ROQ) 1 3ifa A A T4 W, "EH MR IR P IrRAFI /K Eeh P
A OA AT A FL i BRI MRS . TR PUTEIFE G, ROQ % LT P
ATIXLEFE 4. ROQ f % n LA 2540 64 5554

B4R SE P AT A T A 44 I A AE IR N AR B 3 (1) TR I3 N ROQ. BTk N IKIR 4 E A
ROQ_MAPPED }k&. #5845, ROQ Ffifidfe4 & oA ROQ_WTBK, #EiE4H
i ROQ_BRWTBK RA KA A ROQ_BRWTBK [KIHE RS 45410 ok #4154 326 31 kb 351 3% ()
HoAl R A R PR F R 452 IO HAT 45 RS 1E 588 S5 00 2 T 7 5 A S5 I B DR 1R 135 DT BT e 7%
g4 NG4S, JFUIRAE A ROQ_ WTBK. ROQ_WTBK RAMIFEAFER A ROQ
(KT BAF Sk B ] LABEAS

ROQ —#fZ n] LIRACBASI Sk LY 4 ROQ WTBK ARATES . -ATE4A 1 pdest
H1 odest et 5] 25 7 28 iy & BCHLAfA pdest T (1) H iy 44 4 Ab 3 IR S IR odest T 1)
WSS, BT AN VT AE A F AR Y () store 354 1] LTRGBSt At s o

H T SEHURE B A1, FE45A AT REFE & AR B AN ISHHE 1 AR JE R E Sk AE ROQ AH R ) 5T



1 JEits 2E AbBEZS TR R 45

W AR A R ROQ IIBAASK I HEAT W AMAEFE, JEBIANE I L #1484 11 PC (45
Bl AM7 B sk 24 K CPO Zif7as ., IR B AP ARL 51 Z1 b BEFE 7 N 1 il 326 2]
FEFvh4as PC .

1.8 HBHEUHEEZIAT

R R A E Ay 4 a2k N ROQ FHOR FA 3l [ [A] I 1E N 8% A A o S BA 71 [ ] ] LA 2
Y2k 8 KIS .

MR TR RKIFPATH, B AFIRANX IR S PAT I T 05 B, XEE B
fR42 1 PCAE, MG R 21 taken £755

HERARAPATIG, 45 B 5 M BIFEFE A XL R4 G IR A1 JALR $54 11 H Arthdk
SAT R TR A T AL 7 10 RV R 8 4 02 15 TR R (AR BAT o« FEREFR A2 TR HT 45 RAEHE
ACHE R R R O B ER R 4 DR 1B IE BHT. BTB. RAS fil GHR LLiEAT 2 K1)
FERE T .

TODNES 15 1) Fa 2 RES i T AR i 2 0 T IO o A A T 1A — A A ) 880 2 Tt ] 4]
TEWK e AL HAT (145 A WL AR U 1) e B 5 2 1T, MRS AR U I B A E 2 )5

vty 2B RS HR A& SL 4R 20 0 A MOSL R AR, IR 18 A TEFRE IS T 4

EAS RS braid S EEABIATH T 0 T H B2, XAPRIRER BB IS T AL E
PR, X ARV IR BT R A R e 2 AR B S A B . T X R T 5,
B 43R4 R T LU R LU 1 CU braid RTINS 56 B Fi5 414 braid A e e A R il
EEERPE (ROt VA W

1.9 g R SFEETE

vots 2B AL T RGN S AR FRAS MR K S i G HEAE R . s 2E — R4
¥ Cache K/N2Jh 64KB, 44 Cache K/NAy 512KB, HRHVUBAIAHERLE ) Juils
2E Fr 4R T DDR PAEEEdlgefE 0, Juits 2B (1) TLB 344 64 I, M4 AHBESEHy, BRI
W AN A EDUR AT s 2B A 24 TV AFBABIRT—A 8 T 2R 5 A
RSN SR PAFAL G, LIV AR 2 BLF AT . JEBAZE Cache. load 4§ MHAT A1 5 & JF:

.
2

vty 2E VitFi/KEe 0 4 o RO BAC VAR KA B bz J T s, 55—
PO o hk s A SR R TR UG AA 1 K% 1) TLB F1 Cache: 25 471 TLB Uiy
HE2 45 W B k1 [F] I D5 0] Caches 2 —4AR¥E TLB HI Cache 15 in] 45 i Cache
se A P IR B VIAE B 2R DY FAdE v i) 45 5 0]

Joiths 2B [(IAEE R GG 40 ALtk AN 40 A7 4B duht, JE AN 4HIBEY TLB
BEAT M SEHLBE 3L 4 . % TLB AL —A CAM ¥R AT M Hh ik (1) A AR & R LUK — A RAM
SO AR DTS R UL R L. s 2E ) TLB A5 64 I, SR AAHEREE M, A3050n] LA
WL — AN AT DURT—AME L. Bt 2B 19 TLB B9 AN T ZRS s 2 S I AT IR I RE, &

7



Jeits 2E AL FR B S TN

JEIl I AE TLB R — TG I — AT IR 7SR SER ) o 1% A7 7T CA A T B, RoR
FHNY IR DU A A AR AT o AR AR R B rh U7 ) TLB I, B 7480 A BR A 2 AR id
AT PATES A, a0 RS I AR BY. () OB B AN T AT, s RAEHEEES 1 4h . At
Aah, BRI L 5 o HERR Fr e bk 2= R BT B 2R 9, kvl LA 2B Ve Kk 2 40
I 22 o X i R BRI AT ) ARk B
vty 2E [—20 48 Cache 7 64KB, & VU ALAHIESSH), PO/ 32 5741, RABE

MU 5. 1% Cache K R HbtE Index DL B HbtE Tag LAIEAT IFAT ) Cache fil TLB
k. T Cache MAF BB 16K ¥ Ged/MRE I 4 £5), ML Index KPR A7

(13:12) nf g 5 LR L Tag MIAH AL AAESE, HE RS0 2Ll 1T 145 ¢4 (Page Coloring)
BN T K /N CERE T 16KB BL_ED SR vk i bk Index 5 AN —80R] #. JEts 2E Cache
(R AR 220 AR i 1 RAM. O T IR Cache Vi[lphse, Jeidhs 2E K/
512*256 17 [{] [ 5F— % Cache 23 A PUAS 512%64 7 (14K, I FeiFf AN A4 3 A 5 () it
17 LAR#AIK Cache U5l #P 58, 7 Cache JCAKIN ()[Rl AE refill. Mbhiliz 57551 Cache.
DA KA B RAL 5 105 [0 = Rh RV U 7] Cache s 3PS, refill HAT B mif se 44,
FERERAEIN S B A B AR e 2

VIAE BB Je s 2E AT R R BIAZ LB A o Bl sk 22 24 AR PAT 58 1) load Y store
EAE . HUR load 1 store #AEELFE ARSI, (AL VIAFBAS & e ATTAR e v B R P HE
Ho VitrBAFI S VF Cache KA UIAAAF G THIFY 224> Cache SRR Ar P IV AR R AE 4k 4L
AT . s 2E {E Cache KA LT AFAH RINAN TR EAT Ui A7, Ui A7 BABI 38 1 4 28 s - 1 4
FHIBE LU BN SRV VT AFARAE TR AR OC o BB AR AN BAZI IS, i o btk Bl A4 o e
"B T PR e T — AN X (A — bk (R A B AR A A B AR NP SIS, i I il b A4
T A AR I 25 e T TN [A)— Mk A B A, BB — AN R]— Mk 1 A7 g
k.

—2 Cache R IEFRER U A7 45 AF BB % N R RUBAS (Miss Queue). KABAFIALT
f&4 Cache. %i#li Cache. %% Cache. DDR W FihlasfEIl. AL SysAD R4 4%
122 [8) o BB —2) Cache SR I FR BT AF 3 E 07 W) 4% Cache, JFHEAHN 115
lF1) 45 SR R [P] FUR £63% 0] — 2% Cache; 76 2% Cache V5 In) BN U7 8] N — A7k 28 o R 48
SR, AR U 1) 45 Rk [ = LUK —2% Cache. JEits 2E IR BAFIIE S HE 2R
M5 G (Store Fill Buffer) fifk, Bimy LA 2 A%} R — Cache $I¥ 51 KA I — 24l
JRSERE) Cache B, 8 fh T I B AF A 4 1j ]

et 2E B2 T A 4 Cache, 2% Cache fIBRA/NA 32 45, %4 512KB, K
FH U % 2L AR BE E5 40 . s 2E (1) 512KB 2 Cache H 64 /> 1024*64 17 [f] RAM B4 i,
FER VG 0] — 2% Cache I, HEFT AN RAM 1) ik A G AR DO 6.

Jets 2B N EBEE IR P AFAE Il 1) B 57 DDR SDRAM AT AR #E (JESD79C),
YHRK 4 NMIFE N AE bank (i1 4 4 DDR SDRAM  Frikfs 52Bl), — &4 15 Aif
Ml R 2R 13 MEATHIMEE AT 2 A738 5 bank S 2D . Bt 2B N AR K P AR I e S

8



1 JEits 2E AbBEZS TR R 45

BT — M) page B FLRNE, £HX— IR UTAFHAE, WAFFE 48 %I Open Page 3 i#/Close
Page TR W& 1) G FF A2 FH A A F B R SE B, e A vk N B ki

1.10 B 2E &/

Jets 2B &K 64 fir . PURST . FLPHATH RISC AL, SEHL MIPS NI F5 44 .
AL PR R A A EL P PATEOR (a5 feds a4 . HB TS WEE) A1 Cache
HiAR CandEFH%E Cache. load 5l 7S NAFAH A 'S & IFHA), IFEER A =4k Cache
H1 DDR WAEHEHiIAY, Kb MK &,






2 s 2E AbIEERiE S LA

BERCPUSR AR 4% 32 AL IR 27, REHRSHR TXIFF . RS =Pl
g, wiE 2-1PrR, SZEEERS (-, BEERS O-8D FIEFfFdRfES (R,
A ] S LR A% ST DURIAESR 2 2865, JF HARAS 4 B8 IR9E X = Fh i 4 sUnT LU
JIEE 2 ISR A (IR B A A7

I-Type (Immediate)

31 26 25 2120 16 15 0
0 rs rt immediate
J-Type (Jump)
31 26 25 0
op target
R-Type (Register)
31 26 25 2120 1615 1110 6 5 0
o) rs rt rd sa | funct

2-1 CPU 54 #& 1\,

op 6 it fES

rs 5 A il 72 YA A o A7 R 3

rt 547 FHF#fe Bbx CGBRE ) $54E 75 1795 sk 4 14 (1 35k
immediate R AR IR

target 26 {7 k4% H btk

rd 5 A7 T i€ H R4 E 25 A7 4% 1035

sa SRR AR

funct 6 17 D) REL

TR LU RE—25 00 W LR JLA

® Load and Store i f7-4i5- £ A7 NE H 75 454 L AR s Bcdle o ViA745 2 H S S E
a2 -8, ROGIZdE AT SCRF IOME— Ui Ul 2 Sk 35 A7 45 T 16 A7 g%t
FrI S

e Computational THH M558 A AFaEHINEAR, 24, AL, FEMERIEIRAE.
TR OE T AR (R-A, BAFBRN A R RAFAEZF A7 3 ) FISL
H o ag o Q-2 Hoip—NRAEEOH —A> 16 LLMALRIED o Jeidh 2B Rl BEa%IE st
BLT B, BREMBHRETE S, HOrgoe M — N E A K H 10235 A7 B R UK



Jeits 2E AL FR B S TN

XYL hi AT lo 2547 4% .

e Jump and Branch B 15> S HE 4 L3RR I R o 46 06T i ik Bk 8 5 Pk Ay
“jump CBkEL)” (-BE#H R-ZY), PC (FRATHEER) AHCIIBk L8 2B FK A “branch (43
7 (A, BeERR A R A HEARATAE S 31 5 a7 g

® Coprocessor pAbHER+E 4 52 M MAC FE 28 N BRI HRAE o DML FE 28 (VT A 8 2 1-
Be 4. il 2E THACFEZSAT PN FESS . O S HMEFERS (RGALFERE) 1 1 S Ppabrt
i (F AL .

0 WAL 34 (CPO) A RLCPO )75 A7 2% KA BN A7 ML LA o X 4B 2 ESL 2-9
H

1 5t Hgs (CPL) R4 FETE MRS, ZHATRS, Ay RN E SikE 4.
IXUEFR AL AETE L A A7 D3 38\ EG X IR Be R S AT S 4, IS S0 B 4%
R AT VRGN R

e Special FFkFRA 5 ARG TR S HAE . IX 4400 7 L R-Z (K.

e Exception S R4 5 AREkE,, AR T LA A B 2130 H v Ab 3L ) &
IXUER A HE R-AUAT - 4R A 4% 0.
K 2-1%I58 2-9%H TR 1 S Hh b B4R 4 LIAMUFTE R4

* 2-1CPU #5844 Uifffe%

OpCode Description MIPS ISA
LB Ay |
LBU W55 |
LH Hop o7 |
LHU W55 |
LW Hy |
LWU W55 [
LWL Wy e |
LWR A |
LD eI ES II
LDL IR A II
LDR B4 I[
LL H b i Ak i il |
LLD bR s A 00 - s ik I[
SB e |
SH - |
Sw g |
SWL e il I
SWR FEF AT I

12




2 Juits 2E JhPE SR TR A EARIA

OpCode Description MIPS ISA
SD FERLT I[
SDL A7 Rl I[
SDR AR A Tl I[
sC WA T A |
SCD W SAT T AERT 1]
SYNC [5ip37 |
#* 2-2CPU $544E: HARIES (ALU SZEIEY)
OpCode Description MIPS ISA
ADDI pIIRYAIE ¢ |
DADDI I A7 R I[
ADDIU INTERF 5 L 4 |
DADDIU PI1D = e VAT 1
SLTI d=((signed) s <(signed) j) ? 1:0 j A& 1%L I
SLTIU d=((unsigned) s <(unsigned) j) ? 1.0 j J& 7. B %L I
ANDI SRR |
ORI [ RVAEIE |
XORI i VARG |
LUI t=u<<16 u & 7RI |
#* 2-3CPU 4544 HARFEA (3 B, R-)
OpCode Description MIPS ISA
ADD hn l
DADD RIS 1
ADDU L5 m |
DADDU TCFF 5 R0 1
SUB I |
DSUB Rk 1
SUBU TCAF 5 ik |
DSUBU TCAF 5 AF- I 11
SLT d=((signed) s <(signed) t) ? 1:0 I
SLTU d=((unsigned) s <(unsigned) t) ? 1.0 |
AND 5 |
OR 14 |
XOR FEL |
NOR S |




Jeits 2E AL FR B S TN

# 2-4 CPU 4544 RILAERIESES

OpCode Description MIPS ISA

MULT P |

DMULT - Tfe I

MULTU T 59k |

DMULTU TEFF 5 T I

DIV 173 |

DDIV RIS I

DIVU PR S |

DDIVU TEFF 5 TR I

MFHI e aH ek r oo 2 IR BE Y H 1) A 474 |

MTHI il H H (075 A7 2% 2 3 5o oo g | |

MFLO BB R oo g5 KB H 1 %5 A28 |

MTLO R T H H 10 25 A7 4 B oo 45 2R |

MULTG gl 2E e GODSON2

DMULTG Tt 2E X afe GODSON2

MULTUG Jeits 2E oA GODSON2

DMULTUG Jeits 2E A5 BT GODSON2

DIVG gt 2E [ GODSON?2

DDIVG TS 2B X7 bR GODSON2

DIVUG Jeits 2E 55 GODSON2

DDIVUG Tt 2B oA Bk GODSON2

MODG Jeits 2E sk GODSON2

DMODG Tt 2B X SR GODSON2

MODUG Tt 2E TofF5 sRAR GODSON2

DMODUG et 2B ToAF 5 X7 R AR GODSON2
K 2-5 CPU 544 BEHAI) R4

Opcode Description MIPS ISA

J Bk |

JAL RVAHIE gl R T |

JR B4 B ZF A7 245 1) (1454 I

JALR TR TR |

BEQ FHAE N Bk 4% I

BNE AN B4 I

BLEZ INTEET 0 Bkd% |

14




2 Juits 2E JhPE SR TR A EARIA

Opcode Description MIPS ISA
BGTZ KT 0 Bhi% |
BLTZ /NT 0 kL |
BGEZ KT EEET 0 Bh¥ |
BLTZAL N0 TR |
BGEZAL KT BT 0 ARy |
BEQL FHAE I Likely Bk I
BNEL ANEEN Likely Bk Il
BLEZL NTEET 0 I Likely k% I
BGTZL KT 0 Likely #k#% I
BLTZL /T 0 N Likely Bk Il
BGEZL KFEEET 0 0 Likely Bk Il
BLTZALL /NT0 0 Likely 31 T-FER Il
BGEZALL KFo&5EF 0 W) Likely i FH-FREP Il
* 2-6 CPU $544E: BAifa4
OpCode Description MIPS ISA
SLL SRy |
SRL WA |
SRA ARG I
SLLV IR IR vy I
SRLV CiAivpeatvey -4 I
SRAV AR AR I
DSLL PSR Vo 1
DSRL WA 1
DSRA M HARLH 11
DSLLV DRI ESTE: Vi1 1
DSRLV DRI ESTE: ¥y -1 1
DSLL32 d=(long long) s <<  (shift+32) "
O<=shift<31
DSRL32 d=(long long unsigned) s >> (shift%32) 11|
0<=shift<31
DSRA32 d=(long long signed) s >> (shift%32+32) I

O<=shift<31

15
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R 2-7TCPU a4 4E: FpRIRL

OpCoe MIPS ISA

SYSCALL E N I
BREAK W |
#* 2-8 CPU $R44E: mHETRL

OpCode Description MIPS ISA
TGE KT EEET A I
TGEU TG EBOR T BEET A I
TLT /NTFEAAN I
TLTU T TBUNTRAA Il
TEQ ERNEYN I
TNE AEERAN I
TGEI N 1 BRVAE I { YN I
TGEIU PG SR RS RVALIE T 2PN Il
TLTI AN A B {{ZPN It
TLTIU NT TR RN Il
TEQI SR IVALIE YN Il
TNEI A IE (PN Il

#* 2-9 CPU $54%: CPO 5%

OpCoe MIPS ISA

DMFCO M CPO 77 74 U7 1
DMTCO 1 CPO ZF f£4% 5 X7 1
MFCO M CPO 75 745 H I

MTCO 1 CPO #ifF a5 |

TLBR B2 TLB &5 i
TLBWI 5 TLB 5|5 I
TLBWR 5 Random FF A7 4% TLB I I
TLBP 7E TLB "8 &R Bl Il
CACHE Cache #1F Il
ERET J i IR [H] Il
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3 NEEE

Jits 26 ARSI T A DA IOA EFLISE (MMUD . &I L1 TLB
ST L BT HE AL 5 .

ARFEATREIE T AE B A RE D AT B 25 R], R AU b B A R A e, TLB
CESCILAEEET 9, FRAZEAT Cache, LU TLB SR {SHRIHE 1110 34614 (CPO)
H1E

3.1 RIEEHR TLB

FERE AL WS sl Y B 2 1h TLB ORSEILAT . 26— 241 TLB /2 JTLB, [FI thif
AEEE TLB, 534h, el 2B B W SO 1954 TLB LA JTLB )58 4t

3.1.1JTLB

h T RERS DL AT BB Ak B B RE (WL, s 2B ARERER R TR, 4
FHERBLS HLAHI ) TLB, JTLB A T-HEA R8s bl messs, FH e 7 idir &5,

JTLB %A MB R IR 221, R FOlt il 2 () R bk 2 T R DR R RS 21 AT 14 2 b
HEZS ). BRI R, JTLB 4 64 XF&FMBEIH, fLi 128 viit4r g,

A P BIL 3 ) FE R ol St 42 H AL S5 22 [0 1180 DA 7N R PN A7 A [ X311 5 o S s

B, TMA/PNATLLZE 4KB 2] 16MB, HLAUETE 4 f5HY, CPO ZAras——
PageMask, JH-TicskMst o, I HIXANE R AE S —ASH R I [F N TLB
Ho DRI ERAE 2R G0 0] DASCHREAN[R) R /NI D R 30 UIE T AR H 1), SRR R — 24T 1
IS 220 B REE: [ 8 K/NR Lo s 2B AR BE AR 2K n] LAAE [R]— 12 AT (I 21 SR AN IR /N
T, RVFERE RS AR B BB i, gz b DO DU — AN RIS AT
AEBRIFT o

55, ety 2E AR BEESAE TLB B 2 RIS fige A FH B AL 45t 1 SR s Sk iz 6 224 B 6 (1) TLB
R

WHAZN TLB R hE e, b hn ksegO AT ksegl 5t /& ASIEAT DU IR i,
HH R B A 2 PR A L ek 2 — N SRR B . R AT L TP E RS —
M DS AR TLB b, AN T BN et 25, XMHLHIAA HI) TR R i
PR, BEGRIEHT. XPHLHI A S R G LRy ol B — B R R E N

SRS TUR A, JTLB 343 i% JUIHi (1) Cache — &t @k, SN GUHRA K5 5E A7 Kb
W ALNGAE, A—-FHE R, B s A A Cache.

31234 TLB

Tty 2E AbFRZRFFE4 TLB (ITLB) f 16 &I, 'Efm/Mb T JTLB &, Ji
AN KA BE B 51 40 56 T BB B (T IRF TR] OB % A2, BRI T Zh 8. BEAS ITLB 3R I - BE



Jeits 2E AL FR B S TN

U100, UK/ PageMask 2747 KR o ITLB 454 Hutik () s R ki 1) e
REIATHAT, MIMEem T HERE. 24 ITLB rh IR, M JTLB rh A R AH R [ 10,
BEALERE A ITLB RIUHATE e, 1TLB H3EXT P 25 B . AbFE S IF A R
UE ITLB 5 JTLB 1—3, Witk JTLB #& N2k ITLB hEE 0k, WIFEZEAF L&
F& A WE ITLB, 0 ITLB Al AELRERIH{H.

3.1.3 s PRI

WER BRI HE S TLB A AN I i ol il — 350 CHE TLB i), B i 5 5t
M TLB U, FFFI e 2 F 20 Jse ) BE il

W LS TLB Hh AT Ar] 2 10 (1 i U bl # A — 20 (P TLB k%%, W CPU 7=/
— AN, I AR AR AR TR BEDRHES TLB. AT RE R LS —ANMEE N
TLB &I, A m] LM RS AL B S AR — 4> TLB &,

3.1.4 ZIRfrH

pots 2E ARBRZRAT TLB Hf bl A U5 — AR I 1) i bk — BUR s o, WA 3T
fa] R AN AR FHAL], AR I MIPS A FESS Bei. 2 Ty IEA S ELHLB R TLB,
DALk 22 T iy v PRI R LR AN A B 1) o 22 Tl v (I DL Bl S, DRI A A
DHSHSE A O R/ aa o

3.2 AbIREFIRT

Jeits 2B AbFRA A 3 M LAERK, (H25ILE MIPS AbBRASANF], Jeits 2E AbFEEE H
SCRF— PR, —FhR A SRR ORI — T R oA
3.2.1 A 1EIFTIEEN

PR = i 2 i) A B2 56 AR VR BRI -

o MR (BmEMARFKMICH): AP T A HEH o] LAY i) R AR AT A7 25 47
e, BAE RGN E WIS AT IR P AZAR

o ETM: ALBLA I SRR, 1A RGN LA B (V5B 018 1 T4 1%

o AFMER (BARMARGEMAEH): ZA N A E PP MAECE AT

SRR DI R AE R G (AE N AZAR ) B IR S 25 A7 2 KSU I AH R A SR S B
o IR (ERLALEAD BURIL— A (EXLAZEARD I, A3 545wl
DI BN R 3-181H T =AU N KSU,EXL ERLIFEALIE DL, 45 (R T A]
PAAS L I

K 3-1 KA TAER

10 0 0 FH R

18



3 AR

01 0 0 A
00 0 0 WA
0 1 15148285
1 HiR]

3.2.2 Htk &R
Jos 2F AbTESE NS EE 64 47 (1 BRI R, (0T AT 3R 32 A7 [ B

323 S EER
ey 2E AR SEIL T SE &) MIPS N $54-4E,  SANAEIN T —2 MIPS IV 5446
(K364, BINARG R4 SRR INTE 4

3.2.4 RigiEx
Jedh 2F AbFE 8% IUT AR 7R N R
3.3 Mtk =g
AT RUA ) H L2 ), B2 ], FNZ85k TLB HEAT i S b 480 () 77 1%

3.3.1 E#IE =S 8]

TS 2EALFR BT =N Utk 23 TR) . ) bk 2 TR) 8 EE b b 2 TR) RD P AZ bk 25 1]
FEANZS A HS A 64 A7), I BAL S — SRS b 25 (A BE, e KIRBE S 1T .
3.3.475 23.3.6 15 73 IR T IX = P Huhk A% ]

3.3.2 ¥ b ki 7= (8]
LA F 40 frduhl, bR PIEHL AL AR N AT 205, LA R AN eI e
ML 4 ) 77

3.3.3 [E bt tE

Virtual address

1. Virtual address (WA) represented by the
virtual page number (WVPN) is compared
with tag in TLB. The ASID portion of the i) Lt e
WA is held in EnHI Register.

2. If there is a match, the page frame G ASID VPN
number (PFN) representing the upper
bits of the physical address (PA) is TLB
output from the TLB. Entry
FFN

3. The Offset, which does not pass through
the TLEB, is then concatenated to the PFN. PFN Offset

Physical address
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Kl 3-1 2SIt Rk o0

(1) HEIS (VPN Fonf il (VA) 5 TLB H ) tag /F LL#
(2) WMHPEAH AN, MFRRYEHLE (PA) SALTHES (PFN) M TLB s
(3) fWfe i Offset ARt TLB, T2l PEN 5 B i #Hh L

WEAT JE SEHBE AL 4, 15 5 BB AL B g 4t ) RE DL RN TLB A A7 T80 R A2 il
LTS (VPND) T34 TLB 230K VPN 5, I Han 5 R 1 iy A o o 1 ATfef —F
J% T

e TLBZLIi[#Globalfz } 1

o Wi ERIHbEASIDIR—FE .

TLB a7 AR LA B4k At, B4 CPU &7k TLB RaUs s, LMt
RERS Rl A7 A7 TBUR TR BOBT IS TLB.

WER TLB dnrh 1, WP G54 M TLB iU, IF5 A W E% & Offset & JF, TEAL
Py, 5T m A i Offset 71 SEHbME R #e (1) L A2t TLB.
Kl 3-1r 7 0 g S hk 4, AUl — A~ 8 7 Rtk = [ A5 RAF (ASID) §7RE T,
A FAS T N SCU1 I FEAT TLB AR (K414 . ASIDAFTIAECPO EntryHi %5 47 #3 F o
Globalf; (G) FEAHM [ TLBER I H .

Virtual Address with 256M (22%) 4-Kbyte pages

71 64 636261 40 39 28 bits = 256M pages 12 11 0
ASID 0 or -1 VPN Offset
8 Lr 24 28 A 12 j
N " Offset passed
Virtual-to-physical unchanged to
translation in TLB i physical
Bits 62 and 63 of the virtual 36-bit Physical Address memory
address select user, supervisaor, a5 ]
or kemel address spaces.
| PFN | Offset
Wirtual-to-physical Slke i
translation in TLE unch_anged to
physical
\ | memory
M A " -
71 64 'B362 61 40 69 22! 23 0
ASID Oor-1 VPN Offset
24

8 16
16 bits = 64K pages

Virtual Address with 64K (2'%)16-Mbyte pages

Kl 3-2 64 7 5 A0 - hE 46

K 3-2 8T 64 PiA A R s kS et B, IXANE BOR T B K LT 16MB AT R/ T

20



3 AR

AKBIHIE I o

B Lo SR T 0T R/ 4K I oL, TN Im A == offset v FH R0l il
(¥ 12 fir, JELLHbE R (1Y) 28 7 [ 515 VPN, T # 5| 4G AN IR K

BT 22 o T 00T R/ 16M F A5 (& L, DT s i offset v A R0l ik
W) 24 £, RERAMNE SRR () 16 A7 0 0TS VPN, H T2 51 64K AN TTR I
3.3.4 F P itk zs 8]

PR, JA AN BE (User segment) (5, 48— [ 2L IE =25 1A]
HARAN R AT (2% 745, 47 Axuseg.
Kl 3-3 5 T H P el 2 A o] DAYE L e, B, R R ol

P BEAHEE 0 ZbTF4h . MariG sl 7 R SE A xuseg BEH, TLB 4 o Hotik
WS B xuseg Be,  JEEEHE A T LLj ) Cache.

OXFFFF FFFF FFFF FFFF

Address

Error
0x0000 0100 0000 0000

1TB

mapped Xuseq
0x0000 0000 0000 0000

3-3 FH P BRI kA b ik () A

A o] IR P R b bl 28 63 47 25 40 ALLAZ# R 0, Ui ATA—ANEH
63 7255 40 AEANA A O [ HLhE#OE S EOb IR R S, £E xuseg HulEBL TLB Bk Ad
F XTLB FIA ) & . s 2B ALBRAS A XTLB FIA & 32 Ak N TLB R HEIH &
[EEE IR
3.3.5 EIE it =S (8]

B R N R A KRR R . 2 Z AR RSP, EIEM A
IZAT1E Godson WAZIEAR, #AE RGN H AR SATAEE BT . B B T4 It
T EREE R R U ) IR ARRD A AN R AR ] 1 TLB Rk i XTLB FE AN P A%
SRALFE,

B PR ORI N AZABE A W] ) ) 47 P 2 )

4 Kb PE 5 1) Status 27 47 2% 1B A I A2 = AN 4 fF——KSU=01,. EXL=0. ERL=0——
i, AbEERS TAEFER B R . B 3-48 R T AU 1 R0 A S b i 2 (R AR 250

o 64 A F I, F ik [F (xsuseg)

ARG, 24U ) Rk ) 5T HL 64 A Hhk (K s P AL (55 63 RIS 62 f7)
Jg 00 W, FEFAEH —AN 4 Jyxsuseg P RE UL EE 2 1H], xsusegfE o 1 4T H 7 Mk 2% ]

21
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4 2% (AT AT, Shi R hEE YR, 01 8 fASIDER, B ARG
— [ R . ekl ZS 1A] AL 0x0000 0000 0000 0000 JT4;, %1 0x0000 00FF FFFF FFFF
SN

o 64 {7 PR, HuyE HHibk ¥ A] (xsseg)

BT, 2 64 7Rk i s AL (35 63 RIZE 62 A7) A 01 I, FEPiH—
AN xsseg I 24 AT T FE R S EE 2= ) SRR e b bl R R, 0 8 A2 ASID 1,
TER— ARG ME— (¥ REU bl . ik~ (3] AL 0x4000 0000 0000 0000 FF4f, %I 0x4000
00FF FFFF FFFF &

o 64 7 EHRI, IR E b (csseg)

B EAICT, 2 64 7Mbbk i s PIAL (28 63 FIZE 62 f) Sk 11 W, FEFPff—
NN esseg 1K B B UMb EE 7S (0] . 7E csseg W I F-hk 32 A4 AE sseg (T
FHERHERN . SR BRI Y R, n L 8 71 ASID 1, FER— ARG E— 1
k. k== 8] L OXFFFF FFFF C000 0000 JT-4fi, % OXFFFF FFFF DFFF FFFF 453,

OXFFFF FFFF FFFF FFFF

Address

Error
OxFFFF FFFF EOOO 0000

0.5GB

csseq

Mapped
OxFFFF FFFF C000 0000

Address

Error
0x4000 0100 0000 0000

1TB

XSSeq

Mapped
0x4000 0000 0000 0000

Address

Error
0x0000 0100 0000 0000

1TB

Mapped XSueq
0x0000 0000 0000 0000

3-4 PR H A (R RS BRAS ]
3.3.6 itz (8]

Kb HR 25 (1) Status 77 A7 2% EL 2 — AN 452 ———KSU=00,. EXL=1. ERL=1—-
I5f, b PRES TAEAE N AR T

B Ab BRI B — NI SN AR, ELBIBATEISMRE] (ERET) $54-8L
EXL PRI A IR [A . ERET $84 K Ab 348 Pk 5 21451 71 A 115 BT 8 AR X

22
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AR RE S HE i R (AN, A AZ A CRE AU Bk TR 23 A AN TR ) X sk, &) 3-5 9

o 64 {7 NI, H bk E (xkuseg)

NIRRT, 7 P 23 (89 H 64 A7 s ik 1R 5 = A7 4 00 B, R P4
— Nk xkuseg [ REZS R, xkuseg 7 o5 T 24 w0 H S kS () o b IS R A0 M
PR, hn b8 1) ASID 1R, JER—AN R Gk — 1) e Ak

o 64 ALK, I Bk A A] (xksseg)

FENEETT, U5 B IE H 64 bk ()& s iAok 01 if, FEPAEH —4
250 xksseq [P R FULEE 0], xksseg A& 24 H & B M UL 2 0] o PER) KB L - LB B R
In_E 8 A7 K] ASID 85, B> R GEH ME— [ AL

o 64 fiiAE, YEEHbEZS[E (xkphys)

ENEAECT, 2 64 frHbhE s AL 10 B, F2JPAf FH—AN 44 5 A xkphys () &
S IR ], xkphys& ) \AS 200545 1 N AZ B I A R AR £ o U AT T b kSR 58 3
55 40 ALANA O [RAE At SR T AR 5 i s bk 5% - X xkphys ) U ) AN TLBIEA T M ik AR 6,
T2 L BE () 56 39 B2 O A7 /F Atk . B bR 285 61 25 59 A7 4% il & 17 ik
Tk ge A ge 28k, Wk 3-20r.

o 64 AT NIZAREL, WAZHLHEAEE] (xkseg)

WA, 2 64 f7Huhk S WAL A 10 i, F2P A8 A DUR P ARk 2 1) 22—

w  ARZ LA ] xkseg, MU EERUBHEYY R, N L 8 7K ASID 18, JEK

—AN R G e — (1) R AU b

w JUAN 32 LN RZ AL ZS TE], N RER

o 64 (i IZAE, FeA bl [E (cksegl:0, cksseg,ckseg3)

FEN AT, Status ZFA7E2E10 KX A4 1, 64 frhl s wits ol 11, JF HEH
Huhik 2 61 205 31 ML T A ALARAE T 1, BRI A LA DU 512M S il ]
f—A~, EARME— AR5 30, 29 {7 vk :

m ckseg0: i% 64 7ML AL ZS AL TLB, 5 32 74 N kseg0 %

Config ZF f7-# 1) KO J% il je 1 AT iy I G2 A7 F v 22— 30U,

m cksegl: % 64 A7 ERIHNEAE MIAL L TLB A ik 247, 5 32 fifiak

I ksegl FEZE .

m cksseg: 1% 64 {7 MU LIRS [B] 2 Y E A BB LA ], 5 32 AT Y

ksseg e 75

m ckseg3: 1% 64 {7 b2 [H] 4 N AZ B HLEE 23 0], 5 32 7 BT 1) kseg3

23



Jeits 2E AL FR B S TN

OXFFFF FFFF FFFF FFFF

0.5GB
Mapped ckseg3
OxFFFF FFFF EO00 0000
0.5GB
Mapped cksseg
OXFFFF FFFF C000 0000
0.5GB
Unmapped cksegl
Cached
OxFFFF FFFF AO0O 0000 05CB
Unmapped ckseg0
Cached
OxFFFF FFFF 8000 0000
Address
Error
0xC000 0OFF 8000 0000
Mapped xkseg
0xC000 0000 0000 0000
Unmapped xkphys
0x8000 0000 0000 0000
Address
Error
0x4000 0100 0000 0000
1TB
Mapped xksseg
0x4000 0000 0000 0000
Address
Error
0x0000 0100 0000 0000
1TB
Mapped xkuseg
0x0000 0000 0000 0000

K 3-5 WIRZEATTHIH . R Ak R AL

3.4 ARG HI AL TE 25

RGP AL FE 2 (CPO) B 5T S FP At A B, szt b4, BIAMALEE, DL Je—dBkE
BAERAE . Bt 2E AbFEESE —A 64 TH 1) TLB 1 27 N A78%, BAS AL 84— kxR
A RPR R8s 5o I F RS H S A B G IR 25 A7 2% I A o
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3 AR

3.4.1 TLB RITAIER
K 3-6K/RTLBRINMIR A, Iirf 4 MK /EEntryHi, EntryLoO, EntryLol, PageMask
T AT A AR (3

EntryHi, EntryLoO, EntryLol, LA PageMask i1 gs MITLBIR A% Rk, ME— (K
AR ETLBIA —ANGlobalis (Gfr), EntryHiZifrasika, miEAMREE LI, K
3-7. Kl 3-8HIE 3-97) 53K R T AEK 3-6 TLBIK) &Mk

2b5 217 216 205 204 192
0 MASK
a9 12 13
191 190189 168 167 141 140139136135 128
R 0 VPN2 G| O ASID
2 22 27 1 4 8
127 94 93 70 69 &7 666564
0 PFN C |D{V|0
24 24 3 111
63 30 29 6 5 32 1 0
0 PFN C |D|V|0
34 24 3 111
3-6 TLB il
k]| 25 24 13 12 0
0 MASK | 0
7 12 13
hMask.....Page comparison mask.
[/ Reserved. Must be written as zeroes, and returns zeroes when read.
K 3-7 PageMask 7 {775
19 5 g8
63 62 61 40 39 13 12 8 7 0
‘R ‘ FILL VPN2 ‘ 1] ASID
2 22 27 5 8
VPNZ2 . Virtual page number divided by two (maps to two pages).
ASID ... Address space ID field. An 8-bit field that lets multiple processes share the TLB;
each process has a distinct mapping of otherwise identical virtual page numbers.
R Region. (00 — user, 01 — supervisor, 11 — kernel) used to match vAddrg; g2
Fill ........ Reserved. zero on read; ignored on write.
(1 I Reserved. Must be written as zeroes, and returns zeroes when read.

K 3-8 EntryHi 27 {7 a%
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63 30 29 65 3210
0 PFN C |D|V|G
34 24 30111
63 30 29 65 3210
0 PFN C |D|V|G
34 24 3 0111

FPFNPage frame number; the upper bits of the physical address.

C  Specifies the TLB page coherency attribute; see Table 18.

D Dirty. If this bit is set, the page is marked as dirty and, therefore, writable. This bit is actually a
write-protect bit that software can use to prevent alteration of data.

Vo Walid. If this bit is set, it indicates that the TLB entry is valid; otherwise, a TLBL or TLBS miss

occurs.
G Global. If this bit is set in both Lo0 and Lo1, then the processor ignores the ASID during TLB

lookup.
0 Reserved. Must be written as zeroes, and returns zeroes when read.

K 3-9 EntryLoO Fll EntryLol 25 7 #s
TLBUL—EMEJE AL (C) 55 Ui I XIS Y. 4 B2 UL i) 2 75 75 2408 ik Cache, B4
HExtCache, Vil S L AETE LT Cache JLAN—E0E B TE £ R 3-28 N CA X M)

—E e
#* 3-2TLB W C A7 AME

TR

TRER

ANAT %z N Cache, BHZELL
GEl, JERHZER

TR

TR

TR

I ) A ] %2 A Cache

~N (o |0 B W |IN |k |O

3.4.2 CP0 1588

R 33PN T HAAE BAIOCIICPO #7474, 58 5 FEXTCPO #FA7 asitAT T 58 & (KA -
% 3-3 WAFFLACIY CPO P74

FIFaT W a 4

Index

Random
EntryLoO
EntryLol

PageMask
Wired

o |01 | W [N |+ |O

26
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FIFaT a4

10 EntryHi
15 PriD

16 Config
17 LLAdr
28 TagLo
29 TagHi

3.4.3 E#l bt )4 TE RO 55 T IR

7 R bk B B L sy, CPU R Rl ) 8 471K ASID (BSR4 J5ifr,G, WA %
') A1 TLB T[] ASID tb#e, FHMIULAL. 3 TLB WiVLES, MUTECH) TLB I HH
P BEHHE RN DT 3 HIA, (C, D VD e 2 I R B (R I, X — TR VAL A0
WE, (HETEM TLB J0 1 DR 1) s S TE K 1
K 3-10K/R T TLBHu b #E et 75 .

Virtual Address (Input)

For valid VPN
address space, see and
the section describing ASID

Operating Modes
in this chapter.

Address

;‘j.Address\\. No
Error /
s

% Error [/
| S—

Exception

Y
b Unmapped
) Access
No

Exception

No
Address
< Error ,)""'— Address?

Exception

Y
TLB TLB XTLB
Invalid Refill Refill

Exception

Physical Address {Output)

3-10 TLB Huuhl- 4% ¥

3.4.4 TLB %3
W R A —TLBIUCHE bk, 51k —ATLBAA 6 4h o 1 F 7 1) 42 51457 (D
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AMV)IRZS T AN GIER, 51— TLBIE S EE TLBIEA B b WIRCALAE T 0102, 42
R B hE, 5547, HEUR AT

345TLB %

* 345 T A IMCPURT AL (1 T FITLBEAEA X2
#* 3-4TLB 54

BRAER B MR

TLBP #rif) TLB T

TLBR FRGE TLB &I
TLBWI PRG35 TLB K
TLBWR BEHLIETE TLB K I

3.4.6 {XHEBHIF

PR AT E TLB RIURIRI—X) 4KB [T, LN RGN LK ZH
Kot ZMEREAZ MMU ST T AR, T ARSI SUE % 1, fEIT T
FRASRA R GE P Iy TLB B ANy AT iR A CARITTI)D .

mtc0 r0,CO_WIRED # make all entries available to random replacement
li r2, (vpn2<<13)|(asid & 0xff);

mtc0 r2, CO_ENHI # set the virtual address

li r2, (epfn<<6)|(coherency<<3)|(Dirty<<2)|Valid<<1|Global)
mtc0 r2, CO_ENLOO # set the physical address for the even page
li r2, (opfn<<6)|(coherency<<3)|(Dirty<<2)|Valid<<1|Global)
mtcO r2, CO_ENLOL1 # set the physical address for the odd page
li r2, 0 # set the page size to 4KB

mtc0 r2,C0_PAGEMASK

li r2, index_of_some_entry # needed for tlbwi only

mtcO r2, CO_INDEX # needed for tlbwi only

tlbwr # or tlbwi

— NSRRI RAEHEEAE RS (W UNDO . H MMU BT I AEERYT, IFEAT A7 A
KB AR B A 0T XANHLHMERE 5 0] LA ) 38K B A7 v o6 i AR BR T~ &R ¢
PyBE o BE S 8] o XA T30 SRR DRI LI 7 EE B 25 DO Wt . shAMA N — R )
AFZRALE) MMU BIARSEHE, TLB BELU IR R g ds i W91 4 R T — Sl BEY
TLB F L] SN o

refill_exception:
mfc0 k0,CO_CONTEXT
sra k0,k0,1 # index into the page table

Iw k1,0(k0) # read page table
Iw k0,4(k0)
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sl k1,k1,6

srl k1,k1,6

mtc0 k1,CO0_TLBLOO

sll k0,k0,6

srl k0,k0,6

mtc0 k0,CO_TLBLO1

tIbwr # write a random entry
eret

XA SMEFI AL AR T 5, RO E RS PAT SR gt fe, Xyt TLB HiH
A E H S 1AM ) R R o KB 1 T S RS 7E A AR (1 R D gt
SRR T WARBA ALK, IEALE ERET R4 A H KL TLB KA h. TLB Jaifl
AMRADH L, DU e i SR RS, DASCH B A fifi o Hh DR BEEUR R . A8 H st
TR AE R A ARSI 45e TUN TLB A& Ao A T ERAP AN R IR E RN AN 32
CRTI, R R R G A P B HAT IR N T 52 om an e A
WAZREAHEA ] B

mtcO r10, CO_EPC # assume r10 holds desired usermode address

mfcO rl, CO_SR # get current value of Status register

and rl,rl, ~(SR_KSU || SR_ERL) # clear KSU and ERL field

orrl, rl, (KSU_USERMODE || SR_EXL) # set usermode and EXL bit
mtcO rl, CO_SR

eret # jump to user mode
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4 CachemyRnsnigE

Jeits 2E i H 7 =ML Cache:

—2}$54 Cache: 64KB [fI75, K DUk AL AR 4544

— 20 Cache: 64KB 7EH:, K H DYk 4 AHICI 4544

904 Cache: Ji I Cache, 512KB %L, KM MU AIAHBC M S50, MHIES
G

4.1 Cache ¥t

Vi i) — IR —%) Cache 75 %E 4 AW S I . &F4~—2% Cache #5A &A1 H O HcH i %,
T AT AL B 5 0] AN Cache. Hirf, 484 Cache [f5200 #% 2 128 7, [MIMFGH % /2 64 {1
1M 4% Cache (113 5 A [H I ACH 18 B #0264 47,

4% Cache M H 1)/ 256 7 MRS, & A E—2% Cache KA A Wi, —
¢ Cache Fl—%§ Cache ANREFII V7], 4—%K Cache &L}, Vil 2% Cache 217 11 4
JAEAM R BARMY « =2 Cache LA I B0 1 64 457 B4 1414 B2 % — 2] Cache HEAT [R3E.

—44 Cache KM MEHIEZR 5 [ A EEHbEAR &, 1 2% Cache W55 kR &K HI K46
e EE . L EE R GRS T RAS— B0, IR LS 2B KRl A R gk i
oo, ARk, FATTRr DUE R R AR e

% 4 Cache 14514454 Cache IRIRIEr A 7 K — L8 ¥ in) 5 o %A 1 FH — 4% Cache
I, —2% Cache [RIRHT 75 2% FEAE AR 0B 2 F A2 v LU T o SR 0 7 —4% Cache 5,
BOEAEHAE 5O 31 2% Cache 1, AR )5 20UIET — 2% Cache, FHEEMHE BB #3474, H
F-—%% Cache 12 Cache fRFFELEKER, WnLLHPATHIH — 2% Cache 54, 58K
% 2% Cache L5 )—2k Cache B )\ —2 Cache 537 F] 2 Cache, i M 2% Cache 37
B AL HAE

4.1.1 JEPHZE Caches

Jeits 2E SEIL T AEBHZE Caches £ AR . AEBHZE Caches & il il 814 Cache Ui 77 #4k
JEIHI 2 A Cache RALE AT M Ui AEERVE R ST, Rdm R IR MERE

fE—ABAZE Cache [ ITH, R4 HAS Cache KA, AHZKET, HERL
W o IXI, BRI — eI, BOR s R Ed, K Cache ', )5
P PAT o XA REL RS G B Z e R, Bk 2 DI T ey R &l

SRIMIAEAERLZE Cache Wit Hh, SAFIFEASTERA R BT . Jeiths 2E P2 R
Tifrrh, B2 i LA ER 24 ¥k Cache k%%, X5 CPO BAKI K /INVE K

M—4 Cache KA, AbPESS A — 2 Cache, FHHTHAWE &EAL T, %
Cache 138K 4%,  WIFFEEY) in] F 470t 2% o

Jeits 2E ¥ AEBRZE Caches 2544 RE S A 2L KA G ER JE F FIER MK . A TR T g
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IR AA% Cache A%, WILEAE KGR 103E 200, R BER ST AT load #41.
BE0S TSSO T T A IR 1O R S8, Tt 2 IR BRIA BB w2 A S L AN Tl % N\ Cache

B E 5w
4.1.2 BIRRAE

—%% Cache 1.4 Cache 3% FH BENL #4503

4.1.3 Cache B15#

#x 4-1 41 T = Cacheff] —L 54
% 4-1 Cache %

54 Cache #4E Cache %% Cache
Cache K/h 64KB 64KB 512KB
AHIBE B 4 PR AR 4 SRR 4 BRAAHIK
i BEALIZ BEALZ: BEALZ:
PRI (line size) 32 T 32 7 32 7
Z 5] (Index) vAddr13..0 vAddr13..0 pAddri6..0
Fri&(Tag) pAddr39..12 pAddr39..12 pAddr39..17
5 g AHE Gk TR
LR JEFHTE (2 ANRID | JEBAZE(24 /AN IRI) JEBLZE (8 ANFI)
LN PR W PR PR
iy AHE i =X iy =X

4.2 —4/3¥g% Cache

— 247+ Cache K/NE 64KB, K& U g 4 AN H) . Cache HRAR/IN GET ik
Frfl: Cache 1) o 32 11, WILIAFIN 8 4464 . it 2B KA 128 A ff1Lii s,
Fit LABREAS IS B o) 33 ) LUERO DY 44508 Bl b 1 1 e

4.2.1 ¥4 Cache By2E4R

K 4-145H T %44 Cachelf 41214544 . i%Cache i FH DU B 4L A I (e i 7 20, Horpsg
HAFE 512 &5, RPr2 5| (Index) IEFAH N A5 E (Tag) M%kds (Data) . M Cacheis
HTagla, & # ISR AN R bl o (0 4 e 48 (1038 40 AT LA, AT A o 6 5 LA 5 ) 41

g dR 4 Cacheflt & 51, DYANZH #B <l [H] & AT TAH B ¥ Cache AT, CachefT K/NAy 32
711, Cachef KM 1 28 A A Al 1 AL/ AT R K 4-2434 T 454 CachefT#% 3.
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Set 0 Set 1 Set 2 Set3

A - N N A . f AL
fag 0 Data 0 Tag 1 Data 1 Tag 2 Data 2 ag 3 Data 3
Index 0 [ 11 [T ] [ 1] [ [ 1]
Index 512 L1 [ [ 1 [ [ ] L[]
32 bytes + ta
(1 cgghe IinefJ
4-1 454 Cache {2141
21 0 63 0 63 0 63 0 63 0
| ¥ |PTaq | Data | | Data | | Data |
v Tag valid bit

PTag 28.-bit physical address tag (bits39: 12 of the physical address)
Data Cache Data

4-2 354 Cache 17#% %
4.2.2 ¥4 Cache BJifial
Tits 2EF5 4 CacheX F i bk 2% 5 | A0 #E b ik AR 2B 10 DY BR AU AHBE S50 . 8] 4-3%5H T
Ui lal— ik $54 Cachelf, 2 bk 2 4m] 43

Address - )
13 54 Instruction Cache

39 14 32 0
Tag|Data Tag|Data Tag|Data Tag‘Data
Upper Address Index Dword

Set 3 Set 2 Set 1 Set0

ITLE rTag|Data Tag|Data Tag|Data Tag‘Data

EMERINE

Hit/Miss Hit/

—
4 II‘
+— 1l

iss Hit+Miss Hit+|"|"|iss

=

4-3 5 4-Cachejj ]

el 4-317, HuhlRIMG 14 ALAHIAETR 4-Cache IR 5. M 13:5 7/ T-% 5] 512
AN, A REAN T AL E DYAS 64 AL, AEH 4:3 ALAEX YA XA H A TIE R .
BXEEE R 13:5 Aok kA .

2% Cache & 51T, M Cache HHHUH PUNHeHH (1) Data FIAH R (R ) #E bk Tags, [FIE,
v Hadik 3 1 8 4 TLB (Instruction translation look-aside buffer, fijFx ITLB) #EATH#: 4,
Fe JE I HHE S B IR DY AN AL ) Tags #EATLUER, i AFAE—A> Tag HHILEC, WHAEH %
s . XK Ik “—2% Cache firH (Hit) 7 o #7PU4L Tag #iAN5 HLIULHL,
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a1 EAE, FEFFLET M — 2% Cache. XELHEFR N “—2% Cache Z<%% (miss) ”
4.3 —Z#3E Cache

H4ls Cache 7% 50 64KB, KDY AUAHIBE 45K . Cache B /NAy 32 7717, R
ATLAAFIR 8 /M. Hdi Cache (11525 Hiodh i 4 41 /2 64 47, R F K5 5w & 5 Rl

$od Cache M2 Bt RS ], WyFhEbR & . BRAE RS nT LU vl B b e bt
SIS . £ Cache J2AEFHZEN, BhELsE, £ Cache W IR KA
51K LR I {5 .

Hd Cache KHI IS el &5 M1k, Wate— NS EdE#] Cache IMHEIEA ST
2% Cache F1EAFHIHE B . BIRISEmSH /> T —2% Cache 3| 2% Cache Hil{5 &, M
TAJRMERE. R Cache AT#RE et 2o, Bl A 24 S £ — 4% Cache 1.
4.3.1 #4E Cache B94ELR
Bl 4-445H T HidfsCache I R L5 1 . X2 — N PUBR A AH I Cache, H &4 512 M&
ST X RAFR G, R ) DU [ Tag A Data. 4% J5oKs VO AN 4L [F Tag 5 %
Jei R R S8 0 AT LA, AT o i s — AN K 47

Set 0 SﬁE 1 Set 2 S%E&

A A
'I:ag 0 Data0 'f;:g 1 Datal ’fag 2 Data2 FI:ag 3 Data 3
Index 0 L 1 1 [ [ | [ 1 | [ [ 1

Index 512 L1 ] [ [ ] [ 1 ] L[]

32 bytes + tag
(1 line)

K 4-4 Hdla 2 A7 AL IS5
ARG HdECachely, WA 4-4fr7s, WA AR BIEA]S B AN ¥ CachedT

CacheR /Nl 32 711, Cachef T T 28 A1 W 3idbr il itk 1 7 JEA7 R 2 AIRASAT
&l 4-545 i T — 4 Hidi Cached T i U
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27 0 63 0 63 0 63 0 63 0

— [[csprgd [ 0w | [ baw | [ Daa | -
w Writeback bit (set if cache line has been written)
CS Primary cache state
00=INVALID
01=SHARED
10=EXCLUSIVE
11=DIRTY
PTag 28-bit physical address tag (bits3®: 12 of the physical address)
Data Cache Data

Kl 4-5 ¥ Cache 174% X

4.3.2 #4E Cache HJifial

ety 2E%E Cache X F e bk 22 5 | RN s bk b 75 10 VU s AU AH G 45 44 o B 4-645 T
Ui ] — IR s Cachey,  5E bk Wil 48 7 ik
13Address - Data Cache

35 14 32 0
Tag|Data Tangata Tangata Tag|Data
‘Upper Address‘ Index |Dword‘ Byte |

Set 3 Set 2 Set1 Set 0

DTLB h h J > Tag|Data Tangata Tangata Tangata

+" I*"!’ +r¢'1"
(=1 =] [=] [=]

Hit/Miss Hit/Miss Hit/Miss Hit}Miss

<+ 1l

Kl 4-6 % Cache Vi i)
WiEl 4-6f7~, HibkRE 14 A2 AEX S Cachefi R 51 . M 13:5 AL FHEZR 5| 512
AT, AT RS 4 A 64 L7 ] 4:3 A PP HE ik . 2:0 A7
VEIERE— AN B )\ A F A R I —ANF275 . CachefT il Tag il it 13:5 £ Mtk ok 3k 15

4.3.3 #4E Cache L3 H 412

$4 Cache Vs i) R EUEHE A, Vil —2% Cache. WIHE —2% Cache iy, MM —
4 Cache HY[FI¥) Cache Hik[H]—2k Cache. Witk 4K Cache J%%, WG NAF, FIMNAAE
HY A {E 378 — 2% Cache A%l Cache.

$4 Cache U5 i) RRAFZHR A AL EE R H T Store Fill Buffer 4L 50 . 15 /£ BA %1 CPO
HERAC G ) Cache 2R A B ERVEAN TR AR VT A7 BA B Th 2545 Cache BRI 78 Wi Cache
At AR BRI S AN Y. () SR AEIR BV A2 R AU F J5 SERIIR Hy CPO FAF A
Bii 1k CPO PAFISETE . SRARIMIAFEdR 2 i1 0] — 2% Cache, 1% %% Cache #tp, MIHEAE
B EE A =2 Cache HUFI[) Cache BREAT & IR %l Cache. Wi —2 Cache
i AT, WA DTA7 R BT SR AR S A& 2 Cache B W Rlii i 415 24 Cache
B, HESEAEYE Cache. fFEUHR2 WA TSR A 48 1 Cache B in] N AE I AL
HCEdiR 4 Vi 4 Y. Cache By ViA7 A BA BB AL B ER AT R 20 H8 4« Cache $84 555 22
TH VTR AUAF o FEAEBERAE RN N A7 B BB EAT & I T I [ 5l Cache. %7715
SEILT Store Fill Buffer [Zhfg, 1 HANTR ZE80H MO A B R S IR R b X, kA T 3
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KA Hﬁﬁﬁ‘ifﬁﬁ?% Sl T AR R SR SR P X 5 U5 A R BJ\@JE?FHEVEU PLARIE S
— B LAY . i Store Fill Buffer JLAb A3 R iy T A 2% 1147 56 A1 H 2%

4.4 —Zf Cache

Jeits 2E KA b, PUBRAIAHIER, 5 [R0E — 2% Cache. &4 &4 512KB,
KKy 32 FAh.

% Cache KM E KN &S HE, 5RIKISH/D T & MEfEs, Nnfem T &
giffaRtEae. RATE 2 Cache fTHU e th 220, Hs A S S BN A

4.4.1 —Zf Cache ByZHZR

% Cache ZIRAZAE, HEROFETE W OFEEE, KM Z U HAHESE
JEs 2E 11 4 Cache &4 512KB.,

Cache &5 WAALFEIYAS 64 L7 IXF-. %45 Cache I, [R5 PUZH ) Data
Al Tag. HHUH ) Tag 205G ) 9B RE ) Tag 340 AT LU, Rl e B & 75 ik
Pi{E Cache 1.

HR 5| —4%% Cache I, FEATUHARALFE —>HLH1K) Cache 47, 4> Cache /75—
32 FATE, 23 AL kAR R 2 AR .

4.4.2 —Z% Cache BYijfzia]

HAEE— R Cache KA HIHI T, 4w Lhvial —Z¢Cache. —ZCache X H K 24P
HER 5| r s hkbr . B 4-745 1Y T —4¢Cachei)y o) (3 #2

Address S d
39 17 16 Y54 32 0 econdary Cache

‘Upper Address‘ Index |Dword‘ Byte |

Tag|Data Tangata Tangata Tag|Data

Set 3 Set 2 Set1 Set 0

» Tag|Data Tangata Tangata Tangata

+r 4'1!' r 41?

4—II

HIIJ'MISS HitiMiss Hl*ﬁms Hll+ Miss

4-7 — 4% Cache il
WK 4-77%, (A7 HhEF k225 — i Cache. PUANELH#B21R )41 14% E A ¥ [ Cache
1T. 16:5 P 1E 2 CacheIR 5] . BN RGITNES S 4 A 64 AL FHds.
A4:3 NPAE 4 DWF A HATIEPE . 2:0 A7 FIEFE— AT I3 8 A~ 745 . CachefT I Tag
B 16:5 A7k k3RT .
4.5 Cache —&{ 1%
HT RGP AN AT W, T DATF BRI RGP Al — R LR AR B
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4 TCacheT fZH 2R #AE

() —3PE . XL RR A Cache —EMEbMN . et 2B BAT ML FHRE (1R A% ¥t Cache —
BUVE 1), 5 EEAE AR (R VR R A R

45.1 Cache —¥UE B &

H T PRUESEAS R G 1 E A — Bk, 20U E Cache—SUME @ 1t « FIFHTLBH K3 LA,
A DLORIEAE T AT s — 3otk Rl i), wisk 4-2r, TLBIRAEA I il
3 ksl — 3 E ik

A BH 2 — SR IR & —Fh 5 P AR A, IR A DU A TAT R«

o 7E—/MEELEE Load FRAFIGHAT SERAT, AbPRASA DS AL TAE . JEAR AL
#& Load 5¢ Store #AE7E 5 — MRV SE B AT AT LT A5 1 -

o [ififi s AT AP AT IR P IO, R AEAE pin AN ZE o ] Dl A
SYNC $54, RAOEAFAiff s 3555 A0 BEFZ AL > B A2 A2

o [Pty A BENT LUK AR pin AN E: b, RIE -5 A0 5 | A7 i 2 S 55
Ab PR [R5 A LRI K Ee ek

FVFIXREAT AL R T ARG S R AR BRI Ak & o (U, — B0 e o8 75 2
AR CNAEEE S5 IR P I A2 0F H A AR S A el s |l N AF 5402 o K]
I, XNV AZIE AT Cache, FHZERS 37y (3RS 2) .

AbF 28 A X P — B PR s SR I, TR AN EE S AR S A A PR SE . AL EE S AL PR
A B S R, KSR TH pin SMTS LB R e . XA ARAE TR
BUXPh— B A UG 2 2 T2 AR P (R34 58 B PR I, kseg L 1 xkphys [P A2 A Cache
A3 Ad ] — SUEAR 2,

% 4-2 JEilh 2ECache )5t @
N
N
ANT[ 3N Cache, PHZEL
Hlal, JEFHZE
TR B
TR B
TR E
TR A 3 Cache

~N | o (o W |IN |- O

LU iR 138 4-270 B i K6 —Fh— EtEJE 1

4.5.2 AN Cache,JEER (—HUIE4AS 2)

—ANAHE[BE N Cache [ B —ATKZ#RAN T LLAE Cache "o Q1R FEANTUA A RT3
Cache J@ LI, FRAXSTAF1Z AR & 1K) Load ¥ Store #efF, AbFRSSHS H B2 AN —

37



Jeits 2E AL FR B S TN

AT AT T W T MBS R TAE, AR AT AN . IR
—HEE PR, AT EAY; I EAT Cache.

Kb BR A% A BRAT IR SO (BRI SR I, R (AR B A H B ST AL B R, b P
AATIXR BRI SR, WEZESRAG G T U5 R pin SMEE L B m el
XA AL BT AR T AT IR S R A IR LARE P (DU A58 e Com iy £
AL .

4.5.3 5 B] (—3UHEKES 3)

— AN AT B AT AT L 7E Cache . 24%¥E Cache WA S an iy, X
B Cache. W5 415 Cache HEHRI, Hiis A &4 5 I B 2 A7 R A7

XA RVF, B — IR A B B R 2 R, ] DA T 75 A N — 203
it Cache. #i7E— & #i Cache "M AF4dr 2 drrh i, £odls Kbk 5 N —20%dfs Cache e H
A U S RAT AR, A S 8S N2 Cache. JRil (AEFHZE) FEUR A%
WE N4 Cache. HAUPAEEHIN, FAEA AL

11— Cache fJ Load 5§ Store I, Joiths 2E 25402 — 4% Cache, Bl H MW
VR L. G g% Cache fivt, UM 2K Cache I sl . i — 4 Cache Avdiw
o, WA FEAEP B AR, IS AN =2 Cache F1—%2 Cache.

XSS T 99007 A A A, fE4.5.17%5“Cache —SUPE )@ ME a4 .

4.5.4 IIEBIA A ZEN Cache (—BUERHS 7)

IR AT RN Cache 3T 75— Sy bl 23 18] e 52 IR 14 1) — 289 A v
BN Cache [AFHFE 4. VB GEmh K LRl B VL AF SR A . B R ASH, 3
UK AR IR AN MR o ZEPhX A1 — Cache 17— RE K/, SR IEGFIZZ0hIX
SERIAERES] Cache th—FE. YZEMMX IO, FRGHETHE . 70T AR 50E A I AE
SRR, FHABRAIRAEE A Cache MIAEEUR AN, WX h A A # X\ Cache [1)
TRV A AT

IR AT\ Cache 11 2 T UM AN 7] 2 A Cache [r5il, & 3@ ] 10
video 72k (I Vi 1] o

4.6 Cache By4E

Eh L2 RAFEaRast b, WIEORAE, FERERE DI B A S ) s O R )
HMIAEGAS . A TR S22 X, A BT SYNC 54 XA BEEm
FFEIRAECERE pin NIRRT, MIAEFTA SR BCEERE C 4 58 S AN H )55 47
FRET, R AL P AR

n LUB R CACHE $545k 44 Cache. Joits 2E 7 —Z %l Cache 4 F T #i 4%
“Hit” #4 CACHE #:1F: Hit_Invalidate 1 Hit Writeback Invalidate. fF%.0> 2E H,
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4 TCacheT fZH 2R #AE

“Hit” 14 CACHE #AF iR — IR, M H VR S35k, 4R Cache %
A, W “HIt” $8 AN EGUKE S HARAhAT. W2k Cache i+, {H/Z Cache
I ESGE, B AME—FISE 2 Tag RAM JCRL T I A o
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5 CPO i=HI & 7728

AR LRSS 0 (Coprocessor 0, fRiFRCPO) M#AE, T ZHNZMHECPO K347
P LIRS 2 A B SEILFICPO $54 . CPO A A7 H T # il AL 225 (RS MU If:
A A FEAR A L ADIR A . X EE A7 A7 258 2L MFCO/DMFCO #54 kit 8kMTC0/ DMTCO #54
kK'E. CPO ZAras & 5-1P17,
AL PEARISAT AL OB BOR S A7 74y (Status i fras) IS 28 fif (CUO) #f
WEN, "TLMEH CPO 454, 0], 44T CPO 5444 “CPO ANn]HHI4L”
#* 5-1CPO #frss

WA T

0 Index AR s, TR 2/ 51 TLB 2RI

1 Random HT TLB Z e AL T £

2 EntryLo0 TLB SR04 oot B TR i N 2 (F 229
PGS )

3 EntryLol TLB SRIGC -5 73 ook B T RE DL N 2 (F 229
HH5)

4 Context 32 {7 U N FR 10 AL IR L DU R (PTED

5 Page Mask WHE TLB TUAR/MAHEIS

6 Wired e IEL ) TLB RIUEH GRAH T BENLE 4 R o
TLB &I

7 N

8 BadVaddr B ) R Ml

9 Count T

10 EntryHi TLB R I [F) 87 WA R 505 F1 ASID)

11 Compare A LR

12 Status A ERA Z A7

13 Cause Bl — IR A R A

14 EPC B AN P A

15 PRID S FRIEAT AR IR 5

16 Config Bl B % /74 (Cache K/Na%5)

17 LLAddr FERETL N A7l

18 WatchLo

19 WatchHi

20 Xcontext 64 {7 TN R 10 AL IR L DU R (PTED

21 N

22 Diagnose ffifie/A% ) BTB,RAS LI 2345 ITLB %

23 (N

24 PCLo PERE VT EER IG5 40
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25 PCHi PERE VT EE 10 = P 40

26 (N

27 (N

28 TagLo CACHE TAG Zi {745 K- 38 7
29 TagHi CACHE TAG Zi {745 1 =138 7
30 ErrorEPC R B AME U B

31 N

5.1 Index ZH7F28(0)

Index 2728 & 32 ALl SR/ G I % A7 2%, Hh i E /S a2 5] TLB R
AR e F AL R s TLB #RIM(TLBP) & & AT /15 i3

Index 27 AE#s TR 7~ TLB i2(TLBR)AI TLB R 515 (TLBWD 5 A #4E 1 TLB £ I,
K 5-1% 7~ IndexZFAEas g, 2 5-280k T Index 27 17 28 SR X o

Index Register

130 6 A 0
P 0 Index
1 25 {]

5-1 Index Z{F#%

#£ 5-2 Index Z A7 S AIA

5, Eitipa
P MR, b—x TLB #RMFE 4 (TLBP) HAT i & 1
Index iR TLB 452 TLB RIS Fr 281N TLB R INM R 5 ME
0 TRE . W2de 0 5N, BEhkE 0.

5.2 Random &H7E# (1)

Random 77 f7 2N AL 37 frds, H I/ SAr & 5| TLB BRI, [T 58— 4484,
LA Lo [FR, TFAEAEAE—A SR — AN N2 Es), B AR

o FAZTIEAIEAN ARG LM TLB W% (B Wired 2 1E25 1IN 2.

o AT TLB MUk 1 (F KK 64-1)

Random 77 fE# 4R 75K H1 TLB BENLE Fa 245 /£ TLB i, MIXAN H Bk, JoFFEL
WA o AKX TTAFAR T P BN, DASGUF A S8 AH B R R A A2 75 IE A

H T AR, Random g8 fE R LI BN LS. Si4b, 4 Wired ZA7 84
I, XA EE N EAL
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5 CPO ¥l & 17 4%

Kl 5-2%7~Random FFf7as g, M4 5-3ffiidRandom 274 a4 A4k )7 X o

Random Register

K3 | 6 5 0
0 Random I
26 3]

K| 5-2 Random 27 {7-#%
# 5-3 Random ZifF#s &% 1,

% ik
Random BEHL TLB ‘&5 MH
0 . A 0 5N, EERHRF] 0.

5.3 EntryLoO (2)LLE EntryLol (3)& 755

EntryLo &7 £7 s G038 W N AH [F] 4% X 1) 25 A7 s -
e EntryLo0 Tl i 7t
e EntryLol fT-# it
EntryLoO MEntryLol 27 7 s Al il 18/ A7 . BHATTLBEM S AR, EATT
SR TLBI P A T HL TS (PFND. & 5-33FR IR IX Be 27 47 25 1145 20
EntryLoO A1 EntryLol %5 {7 8%

63 62 61 60 34 33 6 5 3 2 1 0
0 E 0 PEN C DIV |G
2 1 27 28 3 1 1 1

K 5-3 EntryLoO fil EntryLol &7 %%

EntryLoO F1 EntryLol 751725 1¥) PEN 352 40 A7 Btk vh 1¥) 5 28 A (39: 12) .
# 5-4 EntrylLo %47 2%k

B, Ei: 3%

E AT 1 FRRATHAT, 0 Fomn[ AT,

PFN TS, R E IR A

C TLB T Cache — 3k & Pk .

D WEAE o W FZAL B T B, SO AR L I E, MR TS, Sk X —
REAERRAT A S B 1 B 4 S0 O SR

\Y AL ZAT R, Y TLB RIUZAH R, WK =4 —A
TLBL 2k TLBS %4k

G A JRfz. 24 Lo0 Fl Lol Hif) G AR Bk sl 1 If, AbFASHEAE TLB &
R 2% ASID.

0 TRE . DA% 0 5N, BRI 0.
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AR TLB R I A5 — AN 347, 78 TLB S#E4F Fh A4 EntryLoO[0]F1 EntryLo1[0]
PEE N

5.4 Context (4)

Context Zi {7 & — ML/ G A AEa, EREIR R SO IE TR a5 Z k2 —1
BRAE RGN AR, A7 At READA S Tk 380 4 2 ) 4
2 TLB k2RI, CPU RARYE Bl R Fe 4 M TR gl TLB. — RGO T, A RSl
F Context 75 17 #% - hbE U YT DL, . Context 25 /7 2% & il BadVAddr 27 {745 11
HOME IR, AR B 22— R RT3 TLB A BERR oAb PR TE 2
Kl 5-427K T ContextZifras ;R 5-5%8 T BN CH A4 B
Context Register

63 23 22 4 3 0

PTEBase BadVPN?2 0
4 19 4

K| 5-4 Context 27 {7 4%

2 5-5 Context 27 {7783,

tak iR
BadVPN2 MER I — T B S o i AN REIEAT A A i R b )
ME U145 (VPN).

PTEBase X T B R RGN I 7 B % T BUS N B AR VFERAE R Gk
Context 7 771 — /N8 ) P77 H 24 17 002 MR &L

0 fRE . A 0 BN, R 0.
19 {7 1f) BadVPN2 “FE L 7 3B TLB G 2R IR i bk 1) 31:13 475 28 12 74 HRFR & A
N[ TLB TS B — AN B T 6T 4K FH TR, X2 nT L
FRTHE PTE R0y 8 775K HAO AR ik o T H e ST U PTE, #3)#lbt
WK AMEL ] A=A 5 3 ) ko

5.5 PageMask #H7Ez%(5)

PageMask %7 1745 /& N I B2 5 1 % 748, (EICETLBRE M & & — i
iy, WO REANTLBR I EARM JUR/N, WK 5-6. %A A4 s X 5-5.

TLB & 5 8RR AR 2o — N IRE H s AT R Sk Fe e, TLB ot
VT PageMask 77 174 AR NAL 57 ME I IEAT 24:13 rhBefy ] T-LhAS . 2% MASK 3511
HAER 6-6 FER, TLB MEAENARx L. 0 BONIRE, 2413% 0 5N, ShRF 0.
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PageMask Register

3 25 24 13 12 0

0 MASK 0 |
7 12 13

K 5-5 PageMask # {7 #%

R 5-6 AF TR/ D RS

4Kbytes 0 0 0 0 0 0 0 0 0 0 0 0
16 Kbytes 0 0 0 0 0 0 0 0 0 0 1 1
64 Kbytes 0 0 0 0 0 0 0 0 1 1 1 1
256 Kbytes | 0 0 0 0 0 0 1 1 1 1 1 1
1 Mbytes 0 0 0 0 1 1 1 1 1 1 1 1
4 Mbytes 0 0 1 1 1 1 1 1 1 1 1 1
16M bytes 1 1 1 1 1 1 1 1 1 1 1 1

5.6 Wired Z1728(6)

Wired 254788 — N TS I 29 748, %% 17 S8 (M 5 7 TLB il 2 R 1 5 B L
LRI Z MBI R, WK 5-6~. Wired FI02 [ E M Ar] BRI, X5 LI
AR S TUB SRS, TIREHLZ IR P 2 ] AR 55

TLB
A 63
Range of Random entries
Y < Wired
+ Register
* Range of Wired entries
0 This entry is Random, not Wired

5-6 Wired 77 17 #3 R
Wired e {E RGENINE 0. B A4 A, Random #ffEa (2 &4 EIR
i (ZYRTIHIK) Random 294728 .
Kl 5-7K7"Wired ZFA7as gl K 5-7HAR T A48 15
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Wired Register

1 6 5 0

0 Wired
26 6

5-7 Wired 7517 %%
# 5-7 Wired 2717 231k
0 TRE . WIHE 0 5N, R 0,

5.7 BadVAddr Z#F2# (8)

LA A7 4s (BadVAddr) J2 — M HEd 74y, Eidsx T il — k53 TLB
B HEEDR G AN R L . BRARR AR AL, NMI EG cache Hiif141, BadVAddr
TAEANG— HIRFEAR o 7 XA 7 A7 s 2 AR e S
Kl 5-8i s T 1 M hE A7 A7 s A 2

BadVAddr Register

63 0
Bad Virtual Address I
64

5-8 BadVAddr 77 f7-#%

5.8 Count & 1F88(9) LA % Compare FFs5(11)

Count?y £7 25 FCompare 27 f7 25 #l At 32 17 1525 A A7, AT anE 5-9F7R.

Count ZFf7aE N —ANSEIS (08 I 2% TAE, REPIAS I Bl A 1.

Compare A A7-4s FRAEREE N 20 A se— N, 3 Aras i 5 A—AME, FFHA
With 5 Count Zif7#% M INMHILIR . — HIXPIAMEAHSE, Cause Arf7as I B4 IP[7]#%
WHE. Y Compare 7 f7# B P X 5 I3 AS T Az A 4 T
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31 0

Count (9) 32-bit Counter (incremented every processor cycle)

31 0

Compare (11) 32-bit Compare Value I
32-bit Equal-to Comparator '

Set IP7 in Cause Register

5-9 Count ZF {7411 Compare 77 7%

5.9 EntryHi F7£8% (10)

EntryHi a7 7% T TLB 325 A7 TLB K11 =i .
EntryHi Z7 /7 #% 0] LL#% TLB Probe, TLB Write Random, TLB Write Indexed, 1 TLB
Read Indexed 541 1] .
Kl 5-10K/REntryHiZ {75 (146 . 38 5-8FRIREntryHi g7 f7 28 1135k .
63 62 61 13 12 8 7 0
R VPN2 0 ASID
2 49 5 8
K 5-10 EntryHi 717 #%
% 5-8 EntryHi %117 8518

2% ik
VPN2 FETTSBR 2 (RS BT s ARk (1) =4
ASID Hohk = bR IR . —AS 8 Az JH Tk 2 AL s TLB;
X TAR R O, AR FAB R AN R R i 4
R XA, (00->H1 ), 01>/, 11->4%.0) H T ULHL
vAddr63...62
0 TRE . 2% 0 5N, BERRM] 0,

VPN2 $ L5 64 A7 REfUst k1) 61:13 47 .
24— TLB refill, TLB invalid, #% TLB modified % #p % 4= 0F, %A VLHEE TLB £ I0
() REFL b b T AL S (VPN2) 1 ASID B 2k 3] EntryHi %917 5% .

5.10 Status H7F8% (12)

Status?y £ #3(SR) & MG A frat, EUEREREL, Pl eE e B RS2
Wro FI0&&IE T L2 S Status A7 474 7 B B 5-11507R 1A A A7 3 1A% X,
BRI IR . Herp H R (AT

47



Jeits 2E AL FR B S TN

® B {7 ()1 BT B e (IM) gz il 8 A rh W A5 A AL RE o o T 7 e i ke 2 i 20 A BE
71 Status 77 £7#% I W7 B BN Cause 27 A7 0 HF W AR o SR N RO #0 N i BA . BF
ZIWMEE, 1EZ% Cause Zifrax WA E (IP) 1,
o 4 i BEEgS AT HIPE (CUD s8d=H] 4 ASnTREMI PR b BEZS IO AT PR . AV CU0
Pranfr e &, fENZREET CPO &2 il FH .
Status A f7#

31 28 27 26 25 24 23 22 21 20 1916 15 8 75 4 3 2 1 0
Ccu 0 FR 0 nofdiv nofsqr BEV 0 SR 0 IM7-IMO 0 KSuU ERL EXL IE

(cu3:cu0)
4 1 1 1 1 1 1 1 1 4 8 3 2 1 1 1

K| 5-11 Status 27 ffas

Status FIFesH% I\
Kl 5-11% R T StatusZi fras A% xC, & 5-9iA 1 Status 7y 7745 115k
# 5-9 Status 77 f7#elE
Cu P 4 AN ELES T T I . AN CU0 A ANl i E, 78 AR
N CPO SR I
1- AT
0- AnH
CU B ¥11E 2 0011
0 B, % 0 5N, BEHRME 0,
FR fEREB I VF S 2 A4 s
0-16 M frde
1-32 /NP A
NOFDIV AR IEBRIE DI RE LA
1- 29k
0- RV
NOFSQR AR TR D Re A
1- 2k
0- fuif
BEV P 41 2 N 1 M
0- IEH
1- 13
SR 1 RRHREAG I A
IM B AR HIRE— AN AR BT A R . dn S R A
E, ¥ Ve, RN Cause 27 474 1) P T pending <7 BOM MY IR AL 4 A o
0—2k1l
1—tiF
KSU B AT
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11 —» KE X
10 — A
01 — L H /-
00 — f%L»
ERL ARG, R EEN, BAFEAL, NMI Y Cache 455 I b PH 28 4 B H
BEA
0— IE%
1 — fiR
EXL BIANR . —ADARIENL, AR ALEL Cache 5751 KK 4h = E
I, AbBELRRE R AT
IE Tk RE .
0 — ZEHI BT A b b
1 — {ERETA b

Status B A ARV ) RES

NI Status A7 A7 ds TR E AT AR 13
o HIERE: MUFFA LU R AR, TRl ag:
m I[E=1
m EXL=0
= ERL=0
U B BX AT, IM A7 TR SRF
o PRMEME: NI TEA . WA PR R E R IR AT
m 4KSU =10, EXL =0 FERL = 0 I} 4b 28 4b T30 1 7 AR T .
s 4KSU =01, EXL =0 MERL = 0 IFHAb B g8 b B H T SRR,
m 4KSU =00, or EXL=1 8% ERL =148 T NS .
o WARMBEZ RIVT A YA ALAE P AZAE NS, o] DA ) A bk ]
o B R AR AI VT A s AL BRAS AL AR B G 2 Uy, n DA )
2% ik 2= 1]
o F /o hhkZE Bl VTR s AbFEER X R R R T #RT BAY in) L ks A
Status & fras E AN
AL, Status 77 £ 1) /2 0x30400004

5.11 Cause &H1F88(13)

32 LA E'E Cause & A7-anitiid T el — Mo A AR 1 AL
K 5-12 7R TIX— A8, # 5-104418 T Cause ZF fF a8 3k . — 4> 5 Aifil 4G
(ExcCode) #/H TJRKZ—, Wk 5-1107.
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Cause Register

3 o 29 28 27 16 15 8 7 6 21 0
BD| 0| cE 0 IP7 po (o] & | o
11 2 12 8 15 2

Kl 5-12 Cause & 1Ees
2 5-10 Cause 27 {7751,

1k it
BD fig thi e R B A 22 A5 A0 73 SCIE IR v
1— SEI A
0—IE%H
CE R A AL B AN ] F G A I P Ak B () PR TT S o
IP FR ST AR ORFEANZ BB R . 1IPO~IPL P Az, W
AR E 5TERR
1— R WA
0— B&A7 I
ExcCode BAME I (WA 5-11)
0 RE . DA% 05N, R0,
#* 5-11 Cause A {7451 ExcCode 1k
i S MRS Mnemonic
0 Int Hh T
1 Mod TLB &4t
2 TLBL TLB fil5h (il e
3 TLBS TLB #il4h (f74#)
4 AdEL bR R A GEzEl BUER 2D
5 AdES bk AR A CFEAD
6 IBE B ATRBIAN (R4
7 DBE BGATRBIAN BT el
8 Sys Y A
9 Bp b w5457 A1
10 RI TR B 52451 4k
11 CpU AL B AN T FH A5 b
12 Ov AR H P A
13 Tr b2 B3] S
14 - Nl
15 FPE F s Ak
16—22 - N
23 WATCH WATCH i1 4h

50



5 CPO ¥l & 17 4%

24—30 - R
31 - ]

5.12 Exception Program Counter &1F&5(14)

BIAME P s (EPC) s —MRIE & A7 ds, EOHGISMNE B E R 14k 2L Ab B
hk.

XFT[EP 4, EPC A Ards N A2 iz —:

o R4, XE SN EREIRA, B

o A L EE Bk RS CHIR AL SIEN R, $8 1IN ALAE Cause B 7%
HEALD) B IE

™ Status P /7as I EXL AL HCE LI, AbBLESAE EPC 2745
K 5-1378 TEPCH A7 as ks 2.

EPC Register

63

EPC

64
5-13 EPC %17 4%
5.13 Processor Revision Identifier (PRID) & 2%

PRIAZF A7 a2 32 [ L 2 A as, LA AE a5 T bR g AL PR AR AICPO flRAS 1) SE B
ARRMETRANE . B 5-14588 T iZafras i R 5-128008 T i3 A28 .
PRId Register
H 16 15 8 7 0

0 Imp (0x09) ‘ Rev

16 8 8

5-14 Processor Revision Identifier 21745

X 5-12 PRId 27 {78835

2 i
Imp SEUURA
Rev BAT A S
0 TREE . W 0 5N, BR[O,

PRID A A3 AIRAL (7: 0 0> AT HAEEATHRASI 505, mimfs (15: 8) frnf iR
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SR 515 . s 2B SEBURAS S 0x63, BT A5 4 0x02.

JRA SR m K yx, ey (7: 4407 WETRAS, 1Mix (3: 04L) Kb
AT

FRA S AT LXK 7y —SC A R AR I RRAS,  (HAS BELRIIF A 28 AT ] 4 3 ZE AR BILAE PRI
AR, AR UL, ANRECRUFRRAS 5 IR Bl SRR I AR BE 25 1B 40 DR IX A T AL,
AL RIER A S, TR ARERIS PRI 254758 T IR RRAS 5 R bR A B A% o

5.14 Config &F7F8% (16)

ConfigZ7 f7-#s T | Godson-2 Ab P& b & AP ic BB FEI; K 5-13%1 ) [ X Lb ik I,

Hi Config %3 /7245111 31:6 fT e IK—LLePl B IE I, AL A fF e &, i HAE R H
BRSO HEAE Config B f7asty, H BT R o FoAd M & 1% 1 v 3525 11 (Config
TTAEAR I 5:0 ALPTHE7R) I H B EAE el 75 S A7 I X Be s B e X o

FLENE B2 PRI . Config 25 A7 28 AE QAT AU FH 2 W NV i A R AT a0k . 7E G4+
AT KRR Z T, A NAZ S BN A, JFH, PR T AT OO 5 A7 A% F T
WIEHA, o
5-15K 7K T Configai fras 1A & 5-13%18 T Configai /75 (138, Configar /7451
HI{H A 0x00030932.

Config %7 17 %%

31 8 17 16 15 12 11 9 8 6 5 4 3 2 0
0 1 1 0 IC DC IB|DB| O KO
14 1 1 4 3 3 1 1 1 3

K 5-15 Config %717 %%
% 5-13 Config 73 f7- A1k

sk ik
0 fREd. 2% 0 5N, BRIFIRME 0.
1 TR, 2% 15N, BiRME 1,
IC —2% 454 Cache K/ (I-cache size = 212+IC bytes). s 2 524
64KByte.
DC — 484 Cache K/ (D-cache size = 212+DC bytes). b2 54
64KByte.
IB —2% 1-cache 17 K/
0— 16 ¥y
1532 %77
Jeilh 2 SgAr s 1
DB —%}% D-cache 17 K/)\
016 71
1532 %%
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et 2 Sz 1

KO KsegO 1 Cache —# L5k,
3 - Cachable

2 — Uncache

5.15 Load Linked Address (LLAddr) &F1Fs% (17)

AL S P74, TEL 2 Sz a7 o e Lo
5.16 Watch #1538

Watch 75 f7#% & 64 7[R ZFArds, A& A T el 2 18] — X7 1 bl . dn SR A
A, AT B S XA B AR 51 & —A> Watch #i4b . XAMRRE 2 A T A 1.

K] 5-16 it WatchZ7 {7 a2 A0, 38 5-144id T Watch 27 7743 135
Watch & 177%

63 3 2 1 0
VADDR 0 R | W
61 1 1 1

K| 5-16 Watch 2 {742

# 5-14 Watch ZF 7455,

1 it
VADDR REHLIE 63: 34

R W 1, 7 Load W R AEBIAL.
W WL 1, 7E Store A& A4k
0 TRE . 2% 0 5N, BERRM] 0,

5.17 Xcontext &H7£#%8(20)

RIS ) Xeontent A7 U T — NMEIMER/E R G i kb — ANRIUNIRE . Uk 4
—ANTLB § RN, R RGO PE 2% (1) e M TR N2k TLB.

XContent 77 /785 T XTLB FHiAL#, AbEE 64 A7 hbZ3 )1 TLB RIUIN#E, 1Y
HEAE RGN . BAE RGN T W E T (241 ¥ PTEBase 1.
Kl 5-17%.7~ T Xcontent 7 /-4 A% s 3£ 5-15411A8 1 Xcontent 7 7745 [

XContext Register

63 33 32 3130 4 3 0
FTEBase R BadWVFPN2 0
KY 2 27 4

5-17 XContext 21775
27 A7) BadVPN2 $ifu 55 51K TLB SR kA 39: 13 £, K h#— TLB
TS B — AT, FreAZE 12 A7 R SR EN . IR N E 4K AR,
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X A% BUE S PTE RIUN 8 “F IK HAZR AU vk o b1 HAR B Ui A PTE
KA, SRS AR i) LA 2 E A (1) 3l

% 5-15 XContext 27 fE 4¢3k

BadVPN2 R R IR XN, RS T Bl e e kb ) R T
TR 2,
R I AL R HulE () 63:62 437 .
00 = HiEH
01 =L
11= N#
0 PREE . A2 0 5N, BEHFIR[A] 0.
PTEBase AT/ S, ZAH AR VHEVE RG] XContext 27 A7 45 F K — MR
o] A HE YT TR IR FR L
5.18 Diagnostic &F1Fs5(22)

gl 2 SALPRESHING 64 17 P9 A7 2%, T T i b RS 14— L Ay 3518 BA A R o
Y

Diagnostic 75 /7 %%

63 8 7 6 5 4 3 2 1 0
0 W-CAC W-1SS S-ISS S-FET 0 ITLB BTB RAS
56 1 1 1 1 1 1 1 1

K 5-18 Diagnostic 7744

#* 5-16 Diagnostic 77 f7#s1

0 B, 4% 0 5N, BERHRME 0,
W-CAC B wait-cache 4547 o B )

W-ISS U wait-issue $EA7 (1) B il

S-ISS HUHY store-issue $4 [r BR il

S-FET B store-fetch $47 f Bl

ITLB BN LI ITLB

BTB BN 1 BTB

RAS BN 1IEEIEE ] RAS.

5.19 Performance Counter & 7F8%(24, 25)
ety 2B AEHEEE T AN RETH RS, AT AR B CPO FF A7 4R 24 5 AT 25
5o RIRFEHIAT T CPO h 24 5 2 /745
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REATHAER AR E 32 AT/ S A Ay, IF HAEREIORIB R il n] B A AL i B
1o BRSBTS — PSR R

PEREVI M Ay A7 4% 24 5

63 13 12 9 8 5 4 3 2 1 0
0 Eventl Event0 IE U S K EXL
51 1 1 1 1 1 1 1
PEREVH B 7 s 25
63 32 31 0
Counterl Counter0
32 32

& 5-19 PERET$as A7 A7 o8
AR E AL (31 40D ARpk 1 G ) I, TR A — A BT IP[6]
R RE T 7R TR 5 Te R TP W gt i, TR gk ek, R 5174
GRS & 5-18HIRTHEUEREAL I E . K 5-19F15K 5-20ffk 1F ks 0 Fvt-4
1 & A
% 5-17 Control 3%\

Event 1 select Event 0 select IP[6] interrupt enable 2 QL U A VA

(K/SIU/EXL)

R 5-18 T e E X

K KSU =0 (W ###X), EXL =0, ERL=0

S KSU =1 (B2 " #ix), EXL =0, ERL =0
U KSU =2 (& M )7 #ixl), EXL =0, ERL =0
EXL EXL=1,ERL=0

#* 5-19 vHE2% 0

=t EhE) i
0000 Cycles JE 3
0001 Brbus.valid B Xy
0010 Jrcount JR $84
0011 Jr3Lcount JR $54-JF Hig rs=31
0100 Imemread.valid& —2% 1-cache 2k
imemread_allow
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=t B3 Hik
0101 Rissuebus0.valid Alul #4F 2R 5
0110 Rissuebus2.valid Mem #4F LS
0111 Rissuebus3.valid Falul #4F 2t
1000 Brbus_bht BHT J&ill 454
1001 Mreadreq.valid& M FEAFH
Mreadreq_allow
1010 Fxgfull I 5 A 71036 ) I K
1011 Rogfull RS 1 KL
1100 CpOgfull CPO BAFH (1K 3L
1101 Exbus.ex & excode=34,35 | Tlb HIH{|4h
1110 Exbus.ex & 1 4h
Excode=0
1111 Exbus.ex & ISP
Excode=63
#* 5-20 THEE 1 3
2 =) {34
0000 Cmtbus?.valid FEATHRAT:
0001 Brbus.brerr 53 ST % e
0010 Jrmiss JR T I
0011 Jr31miss JR H. rs=31 Tl 4
0100 Dmemread.valid& —2} D-cache 2k
Dmemread_allow
0101 Rissuebus1.valid Alu2 #HE T RS
0110 Rissuebus4.valid Falu2 #1E O S
0111 Duncache_valid& Ui 0] R GEAT
Duncache_allow
1000 Brbus_bhtmiss BHT J& il 1%
1001 Mwritereq.valid& CE e
Mwritereq_allow
1010 Ftafull T SUARER BRI 1) I E
1011 Brafull 73 SC OB R KR
1100 Exbus.ex & Itlh Sk
Op==OP_TLBPI
1101 Exbus.ex 1 4h S
1110 Mispec ANBLER K
1111 CPOfwd_valid CPO A& ) 1if i,
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5.20 TagLo (28)FA TagHi (29) ZHiFE

TagLo il TagHi 77 f£ 2% & 32 AL/ S A frdn, FTIRAE— 4 — S0 2% A7 10 s 25 AR
A, {#if] CACHE F1 MTCO 3541 Tag 2ifEee 5 .
Kl 5-20% s [ IXLLAFfEA H T — R AR AE % 0. 3% 5-21%1 i | TagLoM TagHi %7 17
A I E
TaglLo Zif74%
31 8 7 6 5 4 3 0

PTAG[23: 0] CS SCSETI 0

24 2 2 4

TagHi %47 #%
31 4 3 0

0 PTAG[28: 24]

28 4
5-20 TagLo Fl TagHi % 17 #%(P-cache)

# 5-21 Cache Tag A {7 At

2y #iR
PTAG f e bk 39:12 47,
CS FRE ZAFHIRAS
SCSETI XN Cache AT1E “RBAFINM T (HBEAFZIB N 0)
0 B, % 0 5N, BEEHRME 0,

5.21 ErrorEPC & 772%(30)
T HT ECC FIAT AL 21 4h 41, ErrorEPC #ifies 5 EPC ¥ AEesdifl. & T
BAL BATEAL. AT BRI B (NMD B SMS AEE R o s
ErrorEPC&— /NG 7 (7 8%, 'CAFEAABE— /MR E 82 T H T 3T I U hE
K] 5-21% 78 T ErrorEPCA7 A7 28 A% 2o

ErrorEPC Register

63 0

ErrorEPC I

64

%] 5-21 ErrorEPC %3 {7-#%
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5.22 CPO 6%
% 5-22%1H T Godson-2 &b H 8 5€ X [FICPO 54,

* 5-22 CPO 5%

84 Ei: 3%

CACHE CACHE #1F
DMFCO M CPO HUAL
DMTCO FEAL 7% 2] CPO
ERET il A1 35 ]

MFCO M CPO B4k
MTCO HH% 2] CPO
TLBP i) TLB I

TLBR FRGE TLB &I
TLBWI FZ&R5 37 TLB K
TLBWR BEALIE 7S TLB K I

P
JERAE P 3 RE W Kb BEAEAE A UK AR O, G CPO HISCAII A ARG, [Ak CPO fi
I AT 2 NOP 54 KL IETR 2 41 o
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AT PR B BIAN, WARGEE: BN A SR Bl B A ) S AN B SR 4
SRR FLr Rt RE—SRSCRF B ANRAY, A ARSI A, AR ERRTAR 55 o

6.1 ISP = R IR ]

AL PGSR AL PRI A, ARZS AP AF A5 1 EXL A2 E 0 11, XEWE R4tis
ITHEARAE . AEORAE TS BLIZIRGS )5, BIAME BRI & R IR S A A7 4 1) KSU
FROBUE WA, IR EXL A2 E R 0. W E BRI HE P AT, b3
FEFP A KSU B 18] M, R EXL A22h 1o

MBIFR R E 2ok EXL AZE N 0.

6.2 HlShmEHAE

R B E AR W (NMD 5151 1 i Bkt L FH 7% FOE B A ) Stk

XA M BEAS I I G2 AE AT AP, BTG5 Mk WSS o i A e 48 A g bl F X
S BTN )l A

JA Bl (boot-time) ) i CIRAZFAF &S 1K BEV A7=1) HuhkA7 T BEAN I 1 G2 A7 kAT 47
B, etk U Rt 2= 0] o A5 IEH AT 18] (BEV £2=0) , G141 1 i) F bk A7
T B G A AT AF U R A R 0 SR A SR B SR ) A R AT AN R Bl
GAF AT B AR IR ik =5 8], DA A DR AR PR T AGEIS — BB PR e AT 1) R 22 47
K 6-1F0H T et 2EALFRAR T 9 A E ) UL

R 6-1 4k 1 bk

il s Y 151 4b 1r) bk
Cold Reset/Soft Reset/ NMI OxFFFFFFFF BFC00000
BEV =0 TLB Refill (EXL=0) OxFFFFFFFF 80000000
XTLB Refill (EXL=0) OxFFFFFFFF 80000000
Cache Error OxFFFFFFFF A0000100
Others OxFFFFFFFF 80000180
BEV=1 TLB Refill (EXL=0) OXFFFFFFFF BFC00200
XTLB Refill (EXL=0) OxFFFFFFFF BFC00200
Cache Error OxFFFFFFFF BFC00300
Others OXFFFFFFFF BFC00380

6.3 TLB EiRf|5Mm) 2 ikHF

TEFAA 2407 MIP L $R4 SR 85/ sEild, ArAe Rl TLB SEIRGI AR 1) In) -
o —FhIEThiA) 32 fribl A% A (TLB HEIH)
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o —FlLi i 64 A7 b= A (XTLB FEif)
x 6-150H TSk ) HbE

TLB FIAFIA ) R RSE T S8 TLB Skttt CHP, BEH T, siEm WD
kbl 10],  DUSOIRA A A7 a8 AR N (b EE S A7 (UX, SX, KX) [ME. BLiny, Abz
YA B R EOEAEE, BRIFESS T e — bk E Tk bk 23 . Context 1
XContext 77 f7-4 A& N 58 B 1) TURIREH A A7 8%, B A 145 nl 1 IR 2 AR T3,
FIAM IR B TR IR, XA /A4 55 BadVPN2 Bt (2 WA
TDRHICE 25 5D TR TLB fl4h (Refill, Invalid, TLBL or TLBS) Kijt, X
AP A74E BadVPN2 B IR N4 R4400 Hr—HE

5 R10000 AN[F], R4400 1] [ fE e 5 2k T-Ab FEAS i MR VE RS CH P, B,
BE WAL DLACIRES B AR 28 TPAH R [ bk R 47 (UX, SX, KXD [fH. 53%4b, Context
F1 XContext 25 1728 -5 B SZIU A AN 58 ML 1) %547 2% 5 A4 PTEbase 7Bt L= 1.
X — AR L [ 5 F Gk 0K 25 T80 TLB FE#H XTLB i, FEWR—FR s T bk
SRR . FLALBERE P ] LLRA — IR, BRAELE ST AT sk Ad R N DT I 5%

E: S12M B i 25 [a) [ B IE, sseg/ksseq, F& 1 KX A7 AN A SX A k2 1 o
AT T B N T A 2 ) 4k 2 s 42 1

6.4 BHISMETTR

X —FE I R b 4 R 6-2r P 45 A IR S I A IR A 2 25 AN A O e 2 5
5k, WTLBHISNFNTE AR B4, A T IR — &N « 24— SIS R4 —
ASLL BRI, ) A BRI A IL TR RS G RAG Ah o A e AR IEASIE B A I IEAE R
ITHIFRA TR, A L] 4 n] REM HEIR AL HE . B8 22 41 1515 B G AT X 251 20 1 H
4

® 6-2 BIAME ST
A E (Rt g)
L/ Ny
ANET B K (NMI)
APETR — TR
TR — BARSAT
TATETR — —RGAT
TATETR — RGN
bR R — R
TLB HIH — Hufs
TLB & — Wi
SEENR —IUR
WA, FABE RGWA, da, REIES, UMCERSSATTH, RIS
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bR IR — BRI

TLB FIH — Hdafri

TLB & — Hdlafri

TLB & — Sk

Watch

RERER — B AR

rh T (A 620
R, R AT T A B TR AR R, AR S AR AR IR SS

6.5 X EEHISN
JREA
MARGHE — X FHEE R EER, AR EESN B SysGnt*{F S AR, R
SysReset*thAE 6. Z MBI AN 1] BE ik o
OB
CPU A iX MGl AN AL T —ANFIAR IR o BT ) 2
® 32 Az~ 47T 0xBFCO 0000
® 64 {1z N7 OXFFFF FFFF BFCO 0000
74 T ) BN B T UG kB SRT FAN TR ok 22 A7 A CEHRE (1) CPU bk [a], PRl Ak
FIXANGIIMAS DGR TLB UG A7 o XM ERAG R A7 A AL A T ANH e IR, b PR
st AT ARG I F AT TR 2 o
LA RS, CPU H T 2 a8 WA AHIE I, AH T 52 A7 S R A«
o IR (Status) ZFAE#%H) SR ALHI TS A7 41H A4 0, ERL A7H1 BEV il E A 1, H
EL AT o
o [i'# (Config) 2Ffrasia shiizUAL IS i AMEVIZR 1L .
BEHL (Random) AFfEasHIaRE A & 1 B KA -
Wired ZF fEas014R46 4 0.
CacheErr 77 {7 4% EW {3 0.
ErroEPC 774 ¥IUH LA PC HI1E.
FrameMask 27 /7-#% £ M 0.
73 SCIRMAL E D 0.
Performance Count &5 f7#& 1] Event 7 #4546 4 0,
T AT S AL FR ) 22 A7 4%, Watch {51 AT A58 Fh KT 4045 375 5%

A%
7o T B SR 55 B
o VIR MBS P A4, PRACERSS, AP RILFfl RAE.
o HATIZII I,
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o ARG,

6.6 ZREEHI5H
JE A

BB AN R E W Y B B AT AP AN AT BRI

USRS F W I Y @ ENE N AR L

o I SysGnt*(5 5 3EH, [HAf SysReset*tAEf, AW EX EE

® U SysGnt*{5 5 A, [FIA) SysReset*WAEft, NJEKEE

XIS 2 AEBRARA UL, BRAT AR TCVE X 43 R B AN FAS AT B B (NMID 51 4R
Ab 3

YR AR EGISMT, O T R EE I AN 5y, RS T SR AL HE A 1.

RO B E BG4 2 5, AbHEs S R Re DR AL BEZRIRAS o XAl A b HE 2% ]
DUHUH HE AT I AN BRRE Y, AR SN R @ A I 7 4 i I IR AS o R 2R
AMBEF 2 A S BRI, R L BHEAT R BT bk WS, AR AN ok 28 A7 A7 X
bk A 454, TEIAT A7y, TLB FIZAFI N 25

ANERBEAT A, GIXAMIIGN A, IR AR 0 SR A E N 1, H TR EE
il 4P T B A4

A BT REAAT R — M Ak Az, i HOATREHGY JE 2R 2 Ak, Rk T RE
SUENARIPRE . T, 7. BB AR IRSH TREA—2: Bk
AR IEAL T EBUIRAS, SIS 1K Le 2 A7 B A A7 U A E AR 2 A AR BR R Wt . DRI,
AT AR TR 2 AR IF IX LB 25

B AR BEZR PPIRASZ G, AT A B I E AT .

A B AMR R BR N A S Ar A SN T 2 A
fU% PC {H 1 ErrorEPC %1145 .

B 1 PR F A7 ERL A7,

KEE S NMI B 1, AEEEN O MRS SR AT,
BA 1 PPIRSFFAEAE BEV A7,

B 0 (PR FF A7 TS 47,

PC 2717 7% # % &y OXFFFF FFFF BFCO 0000

T PR AT AT 25 15 A B IR R AT R

A%
B H AR AEIEAT A BEAS AR B B 1% RE W I BT AR A AL P s
R, BB SN IR ]G AR AT BE AR SRR AT, DA SysReset™ (i 5 bifi i
H R REAAL BRI
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6.7 NMI 4p

JR A
SysNMI* AR P74 NMI il 4h o iZ 451 AbAS ] B iz .
XIS 2 MR UL, AR A TCIE DX 4 R B A MRS ] B BT (NMID {51 45
Ab 3
R AR NMI IS, RS ZFAEAR I SR AL BN 1, AR EE.
NMI G4 RELE SR 2 WL S P B IFAPFATAIHLE RPRAS, i R B AL PR 25
PPk T2 W7 . Cause 75774 A DRFFANAR, 1 R G EEE] NMI 1] 4 A BERE P U 4
NMI G5 BE B3 T 5125 473 A ) T 25 A7 A -
fU% PC {H 1] ErrorEPC %1745 .
BN 1 PR A A7 4 ERL A7,
HREEDNMI BN 1, AEEEN O MRS SR 7.
A 1 IRPRAES % 74 BEV 7.
B 0 (PR FF A7 TS £,
PC i 47 %% % N OXFFFF FFFF BFCO 0000
T BRAT ] S5 5 AL B A7 R

A%

NMI G 7R e] DL T “ BB, [FIRREFRAEFINAEN A" T, #ilan, 4
R IR E R, RG] LUEE NMI ISR RE, A5G R 58 .
BT NMI I ANE 73 A —ANES G AR b A, BRI A AR IR B 38 AN K ] e gk 22
PATEEFF o
6.8 bt RIR IS
JR A
MPAT LTS OLN, 2k AL kA A A1 -
51 AR A5 1A
FEH P 5 I AT P st 1]
76 B AR 51 N A RS ]
¥ (load) B A7 (store) — N XU, AHAUFAKEFF T WS- 5t
¥ (load, fetch) 2l £7 (store)— N5, (HF-ARXS 5 T HA 5t
WEAE A, AR FEAXN TS TR 7.
ZHI AT BE R
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JERIBI A ) B AT bR A 91 4h . Cause 75745 ExcCode 7B ML B A AJEL 5§,
AdES Zwit{E, %R EPC Zf7-#5 Ml Cause Zi/7#s(1) BD fi—itd, FRUISIRHFISMTIFESL A2
f5 25 LR R 210 AR AR 2 .

Bl A A, BadVAdr A7 7 a DRAF T WA IERN S5 B gk, 8 51 7 2k 1
HE7% () Btk o 1RG0 EntryLo A7 AE48 I A AN 2, Context 5 XContext 77 /745 1) VPN
UL K EntryHi 25478 19 N 22 AN E I

W GURBI I RFR S AL T 53 SCIEIRFE N 1454, B4 EPC A frdnfifr T ixI5 4
fRdil; B, EPC ZFFAEAORAT T Z AT 3 3484 1Hsik, I H Cause 7 f£#% (%) BD 47
PER 1.

k%%

BRI, IEAEIEAT I R B ANA A HERE 2R UNIX SIGSEGV(BUdifil) i 5, XA

A Z R R U BT I

6.9 TLB f5p

W RERE =l TLB #il4h:

® Y TLB "F ¥ IS AT | A i hk 25 () (R ik DL RC I, 2 2 ECTLB HHH G 4b.

o NRMNESIHE TLB HhIL—THULA, (HiZIgehras R, TLB JEakbilshk
G

o UENAARFEREHNETIH S TLB HhARIRILHS, (HZIUIFBA gbras A “E”
I CGRZRZIA RS, TLB B ilsh k4 .

N R XL TLB 1 4h

E: TLBHIH A Rk S AT AT HAE T /e, HARTEATIL6.10 “TLB H 517,

6.10 TLB EHEFIS
JREA

4 TLB A& A7 UL BT WSkt sk 2= [l 5 | ik i, TLB EAB S A, i 4h 2
ANE] R o
OB

X IRXAMGIARL, AFAEPI A F IR 1) 5 —AN T 32 bk E], Sy —N
T 64 fidihl 2 A] o RS FAEREH UX,SX A KX A7y @ s IR P A B Ak
LA Hhk 23 0] 52 32 A7 )ik & 64 A71K); FETLB Gk AC Rl i J& iy il == 1|) CRO A
A, EEH ) EBE I OSHEEAR R, RS PR T A2 R by A7 (UX, SX,
KX) [PE—RE e TEFeiAs TLB FIH [ & dhif, ACERE a7 A R A T 2,
brAEe 2S5 T e S — bl Terpptb 2w . A Hu bl T useg, suseg, kuseg, xuseg,
xsuseg B xkuseg, WiZHuhlJE T H P Huhb2siE] . Wik )& T sseg, ksseg, xsseg o
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xksseq, AR izHhbki & T8 ;o Hhk 23 (a) o T P A% Rkl 2 TR) VA s e )2 A k2
78T kseg3 247 xkseg. Kseg0, ksegl DA Wiz B tilik == (0] (xkphys) J& T~k
WL TR P A% 2 T

PR BT A7 T EXL ALY 0 I, B il 5 | R X e ) o 3X M1 AP i
B Cause Zi 17451 ExcCode B M} TLBL B¢ TLBS 4. iX/N4ifid 5 EPC % 172s L
J Cause 77 #7451 DB —jt, ®/x TLB KRB M2 H T2 51, BERAEsifAED Ik .

RAIXAB A, BadVAddr,Context,Xcontext £l EntryHi 25 47 28 (/A7 T A8 4 Huhik 5 e
RO RE ik o EntryHi 27 AE 28 U RAF T F R ISR 1K) ASID . Random 27 A7 2838 % IR A7 T
T BCE O TLB T A7A E . EntryLo ZFAF2s i N R AHIE 1. i F 51 Rk p 4k
HIFE AN AL T-5r ZAEIRAE N 1354, T84 EPC ZA A28 08 AT T SEUI SN I $5 4 1 Hu k5
0], EPC A7 8 fRA7 T Z A5 R4 Hsthhl, Jf H Cause 7 /745t BD {4 &4 1.
k%%

J T RS IXAMEI4h, Contex BY, Xcontext 27 47 7 1) N 28 A1 A Rz kb DUER 75 5t 26 phy A7
PLE, XU EALS T X TLB I HE 5Ll F s ) 4500 . AN TLB TN T
EntryLoO/EntryLol 77 {7%%; EntryHi fil EntryLo %1784 ’5 N\ TLB.

FH T3R5 P kA7 1) 22 4 B R ik A m] BE A T— P BB AE TLB ik it
[ be R MK RGO, WIAE TLB HIAAN IR 7> a1 5 b —A> TLB HIABI SR AR U
1T Status ZFfE2e i) EXL 7B 0 1, 55 A TLB F U Al A% 356 (1) & 1 45 Ak 1) 12

6.11 TLB FEHflsp

JREA

AN I VCEC B — IR b S JEAK0K TLB Ti(TLB A A br i i) i, TLB
TN R o XA I AR BE R o
b3

L A1 1m) 5 F T AR BRI AN 4b . Cause 27 /74511 ExcCode - BYE M % 4 AdEL 5%
AdES, % [F] EPC %7431 Cause 2177441 BD fi7—i2, EnglRus a4 24584511,
W R 2 1 —AFAFTR 2.

RAIXAB A, BadVAddr,Context,Xcontext £l EntryHi 25 47 28 (- A7 T A8 4 Hudik 5 e
DRI e ik o EntryHi 27 AE 28 U ORAE T F R ISR 1K) ASID . Random 27 A7 2838 % IR A7 T
T BCE M # TLB TR A 1AL E . EntryLo 254728 11 N B2 AN 2 1

WER SR BIAMA TR A RAL T 70 SIEIRFE N 48 %, B4 EPC FAEa8IRAE T %152
fFibdik; 50, EPC FFAFas A7 1 Z AT 4y SCHRA 1k, Jf H Cause #7751 BD £
WEN Lo
&%

MRAE TGO — 1, TLB I bsic b I sk
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o EHHFEANIEALE

o [EHLbLAFAE, (HREATE A7 ()

o | HIXANTUI 51— BB (a0, 43 5 | A7)

FER S5 5¢ TLB ERBIAMAIEIN 2 )5, (8 TLBP 842Kk E A TLB I(H#RM TLB K4k
DERC IR, AR5 PR CA A 20— Bk & #e 1% TLB Tl

6.12 TLB & {514

JR A

Y WA ER RS I S TLB IR, (It A gbs R “AE”,
WAZTAN T G, TLB BSR4 o %M SNANTT B o
Ab 3

SERBI A A & T A IX M 4h, I H Cause 25 /74571 1 Mod i 4 &

RAIXAB A, BadVAddr,Context,Xcontext Fl EntryHi 25 47 28 (- A7 T A8 4 Mo hik 5 e
RO REMALE o EntryHi 2747 23 B ORAE T H45 MU ¥ ASID. EntryLo & 472 1K N 252 A
T E 1) o

WER SR B AMA TR A RAL T 70 SIEIRFE N 4R %, B4 EPC FAEa8IRAE T %152
ks 50, B0, EPC FAESIRAF T 2RI 7 SCha 2 ik, I H Cause #4725 1H)
BD {7 # & 1.

&%

PR A FH R0 ) i b B8 05 SRR A Y 1 07 ) 2 S L . Bl R ) ] BB AR
WEARTFEVN; RS RA R, 2SR HH KA.

WERE VT2 SRV, A WAZAEH B RS 850 W sbsid i S . TLBP $54
R AR [F] TLB T 2R 51N 2] Index 27 A7 #% o AL W)L TURIU [R5 (D A7 4% 3
B — AU N EntryLo Zi 7257, 2RJ5, EntryHi Al EntryLo 27785 # 5 A\ TLB
i
6.13 Lk iR B
JR A

A ER S AT AR P S, R BB R R SR B A ) ERR 58
R EAE T, Nl b BRSPS IS RIS 1) ACK SN 245 5
I H 5 Z A IR (PR P s N A 3 7 AN T e R e, SR RIS R A
ZHIIMASTT BE R
b3

SR eh b 1) B T AL P R 2R AR A . Cause /7R ExcCode ‘Bl IBE
8 DBE, I£[f] EPC A f£# Ml Cause Zi {74 ¥) BD i —#2, FonslEFISMITEL 25425
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L IERAEFR 2 SR AF A E TR 2

WGBS AL T3 SAEIRFE N 1354, B4 EPC A fras R fE T 1454
fRdihl; B0, EPC ZFAEAs /AT T Z RT3 L3R4 1Hiaik, Jf H Cause %774+ BD 47
WHER 1.

i &

RAEFS R B L AT DUE R CPO 247 g8 v (s BH S Hk

Wi Cause /7 #3111 ExcCode “FBHB W E N I1BE g (R 2 da51 ), B4
FEBIAN R A TR A AL CRAFAE EPC A7 as T (Ui Cause 7745111 BD i &4 1,
%454 i RE Lkl A EPC 274788 AN 4) .

W1 Cause 77 A7 #% ' 1) ExcCode - BU {1 5 B A DBE St (K7 & 1 I a7 i 51 ),
TR GBI I A (e A R U HE AR A7 AE EPC 2747 8% (5 Cause 2747 25f) BD {7 &
1, NZFRA I HLEE A EPC SA7 8 AN 4).

Tie, BREHCRIAAE S 0 e bkt n) DO AR X 445 Ak 3k A . T B R T
RL TLBP 454 LLACEEI EntryLo B 47-#s WA TH R BE U5k 314 . 8IS A A I I
FEIEAT IR 23] UNIX SIGBUS(E Z A R) 55, X iR R 150038 5 S B 1)
6.14 R HF15
JREA

24 ADD. ADDI. SUB. DADD. DADDI & DSUB $E4 34T, S804 B HM5
o A, AT AR A . XA R T BRI o
Aib 78

SR A8 i P T Ab B AN AR, I H. Cause 2777 #5 1 ExcCode F-BLi & A Ov 4
T

W BRI PIFRS AL T3 SCAEIRFE N 1354, B4 EPC A7 as R A7 T %454
[fHidl; 0], EPC FFAFasrRAF T Z AT 20 SCIR-42 ik, Jf H Cause #4751 BD fif
PEA 1.

k%%

FHW A KA IEAEPAT IR SIS —> UNIX SIGFPE/FPE_INTOVE_TRAP(¥#
RGNS i ) 5 o RNZERE R UG, IR ARSI S BT
6.15 BeaRfIsh

JR A

*4 TGE. TGUE. TLT. TLTU. TEQ. TNE. TGEIl. TGEUI. TLTI. TLTUI. TEQI.
TNEN RS HAT, KRR RN, BaPHII SR A XA BISNEANTT B -
SOFE
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S A 1) B T AR BRI AR, I . Cause 27 A7 2% ) ExcCode 7 Bl & A Tr 4ifY
1H.

WGBS AL T3 SCAEIRFE N 354, B4 EPC A7 as R A7 T %184
[fHidl; 0], EPC FiAFasrRAr T Z T2 SCIR-42 ik, Jf H Cause #4751 BD fif
PEA 1.

k%%

FHW AP KA IEAEPAT RS 3] —> UNIX SIGFPE/FPE_INTOVE_TRAP (#

RGIAMEER i D A5 T o SRR UL, XM IR IE R A 1 .

6.16 FH 41 Hsp
JR A

AT SYSCALL $5AHIRHE, REGMHBIANR A . XA AN EATT BRI o
Ab R

LRI A 1) B T AR FEIX M A6, I H. Cause 25 4% #% (1) ExcCode F-Biy & Sys i
.

W SYSCALL 52 WA E 7 SR, W) EPC ZAF A8 RAFIX 45 F7 2 Itk 5
W, PRAFZHT 0 3 S HR2 il

W SYSCALL f5 2 7E /- aEiBflirh, WPIRZA A7 4745 1% BD B0 1, 45 WA 4%
i 0o
i &

XA R AR, PR RS M R GBI . P RGO X 4 m LAy
HT SYSCALL #8411 Code Bt (7 25: 6), LLK#EAN EPC 73 f7-as BT Motk (45 2 (1)
EA

h TR AT, LIS EPC ZF A2 N A, XA SYSCALL 88 A A1
PEIAT ;s IX 0] LU ARk [B] 2 Jif Al EPC 2 A7 48 HIEIN 4 2K 58

WA SYSCALL 54 4b7E 7 SR Al v, MR E ) EE, XOEEH TAT
JIT e AR 13
6.17 W= Hish
JREA

MPAT 4 BREAK FEAIT, KA Sl oh . XA & A TT BERT .
Aib 28

LR AR ) B T HX A A8, 9 H Cause 274725 F) ExcCode “FE 4 &y BP %
T A o
1R BREAK $84- %A (5 SCIEIR M, ) EPC & A7 28 RAFIX 45 4 Itk &0,
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TRAF TR 23 SCHR-2 1 ik

WA BREAK $54A 1040 BBl v, MPRZSFFAEa% T (1) BD Al &8 1, M4 O.
k%%

X AMIIIN R AR, IR B M RS BIFE . P X AT Lo HT BREAK
E4 10 Code F-Bt (17 25: 6), LLE#AN EPC % A7esH FTAE ik 482N 2. iRX
FZARRAE SRR, T4 EPC ZA7as T N 222 | 4 DLg 7 2354 .

N TIE IR AT, DA EPC AN A, XK BREAK #5844 Ak
PePAT; X AT LB AR IR [ 22 BAE EPC 25 A7 2% FIEL N 4 K 58 B

W BREAK F5ATE0 SCHEIRFE T, IS 200 T SRRk ST, T5EMRIX4&
DA R [

6.18 fRE RS Hilsp
JR A

MULRN &AM O, PR R A AR A
R EPAT— 5 B AR (B 31:26) BT € XIWHE4 -

B HAT— SRR (B7. 5:0) %75 5& LI SPECIAL 54
IR AT — S R AEND (B 20:16) B4 5E X IH REGIMM F54-,
MIPS IV ISA AHT AR, B AT—4% COP1X $54.

ANERESFALLE P I KX AR A, O 64 M E R ZE 1.

XA AR AT B o
b3

SR A 1) B T AL FRIX AN AR, 3T H. Cause 27725 ExcCode 7Bl & 4 RI 4l
1H.

WRAR B R FR WA TR SCREIR I, ) EPC FFAF RAFIX 57 2 Tl 75 ),
TRAFZ TR 53 SCHR4 ik
i &

I, MIPS IV ISA F&H 5 2 AR AT o« IEAESAT 193 B S0 A A ) gk R 25 i 2]
UNIX SIGILL/ILL_RESOP_FAULT (LA 2 MR B AR R R B 5o xRk, X
AN IR I R B .

6.19 T AbIE 8 A v A 51
JR A
REHAT LU PR — R b AR 4R S, W5 S EU R BRESAN o] 140 5 A

o FHMN LIS G (CPL BE CP2) WA #kric i m] .
® CPO Huui& A #kric ol H, JF HubFE AT 48 F P el B g0 A =C R 1Y) CPO
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XA AR AT B o
Aib 78

LRI A ) B T AR FRIX AN A6, I H. Cause 27 /7 2% ) ExcCode 7 Bx 4 & 4 CpU %
TOAE . AL 2845 Il %5 7745 (1) Coprocessor Usage Error 3845 7 DU A B2 R EAS 9 5 T
WX IR A ANIEAESY SCIEIR A, EPC 254788 PRA7 T ANl {5 FH B A BE 2% 45 2 1 s
0], EPC A DRAT T Z W B4 SCHR A Ik
i &

i3t Coprocessor Usage Error 3K B 5 | I P b BEES 56, 2 3L R 1 3 Fh
15T

WU R BT M WM AR BEAR, PR ER A AR A T, T8 AF Y. R P RS 1 Pk
2 EIM RS

WTR I FEE AT R A BEAS, (HE B BB ANAFAE B A MR, U5 AR R A
I SIS L SR

WIRAE Cause ZiA7as1(1) BD [ #'E T, 7 IR MR ARG bR
AR ARERAL, JF H, B AE EPC 274724 IR 23 SCHR A R A B A8 1R 48 4 4k 28 m) 1T AT
FR

W AR W MR B UG ) B Ak B RS, IX RE BROAT M EE RE i B UNIX
SIGILL/ILL_PRIVIN_FAULT (AREFR A B 245 15) (5 5 o IXNMET DR B2 S0 i

6.20 ;2= HI50
R

VPSS BT ISk AV S AN T R
L3

S ) B T AR BRIX AN AL, I H. Cause a7 4745 1) ExcCode 7Bl &k FPE %
i E .

77 R PR 25 4745 1 A iR 7R XA b A 1 s A
A%

T BRI RUPRAS B A7 4 P (038 25 67 T LS BRI ob o

6.21 Watch 54

JR A

ARSI T AE R G P AL BEAS (CPO) %7 /7 4% WatchLo/WatchHi Bt B i (1)
Py sk s, Watch 41 2 . WatchLo % A7 17 € & 17 2 B AR 2 51k 71X
M1k
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Watch 1l 5hnl g2 BORFRA I AL, HARRS BL i -

W fi % Watch 151 4ME S EERAE (i Fi5 2 5 | AL 3 A — 4k ]l ik A7 AT A7 B 1
bk, IF Hax bk Ae B o247 b G el A WA B, FHRV AT 15 56 AN AT
PN R AT, RGN RTAF SN A7 . A AR ST, 51k Watch
BIAMEFHR 2 5] A 225 B AEIRES

CACHE #54 M\KA 2 72 Watch #14h

WA FF A4 1 I EXL B ERL £ 4%°E 0 1, W) Watch #l7hg4fEiR . an it EXL
B ERL "R R E N 1, 84511 WatchLo/WatchHi 25 17 2% 1 ik 1 F5 445 e B AT »
17 Watch i M 4EIR B B4R 4 AF 9 B s R 2] EXL ALAT ERL 47 #5443 0. EPC %47
FRIRAE T R R PAT I 4 2 ik

Watch 1] 41 ) S 38 175 [ i 3 2 4t 42 4 3 3 7] WatchLo /5 AN —AME K 53

Watch 1] 7 n] LU i 5 EARAS B A2 4 11 EXL 58 ERL A7 K BE i -

Ab R

SR A 1 P T Ab B AN A8, 9F HL Cause 27472811 ExcCode 7 Bt# & & Watch
St e .

&%

Watch 14N TG H s T8 B AMEFRFE e 3 BB A 45 RS, SR P A
IR

N T AR AT, 2ZE BB Watch AR TR 10484 . [FIRE T IR
NI, 7Rk X SRR TE A S, Watch 45 S A28 RSB FE B IEON . IRKTE A B
R I Ak BT A s SR BAT
6.22 HT IS
JREA

2 ) \AS WA P ) ANk, R T AR AR o X e R (1) EE R ARORE T R E TR R
Sz

A I B AR A 2 A7 25 K Interrupt-Mask (IM)3EE A FRIAFR R (147, )\ AT T e (AT
—ANESET ARG bR, I HL, B RS RORAS P AR 0 NE A7, BT CA— IR BRI 1\ T
Aib 28

S o 0y 5 F T AL BEAZA A1, 3 H. Cause 25 47 % ) ExcCode 7Bk &4 Int 4 il i .

Cause ZAAFay 1 1P IBFE T 400 iR Wridi sk o AS b —N 1 o WA v e ) e e e
(i SR v W ik A I FLAE 7 AF A B B 2 BB O, EE R A A i ) .

AR, R4A400 KbEEER T IP[7]H0 W7 B v] LABE &4 5 S AN MR b W, tn) DAAE
Count Z7f7#5 N 255 Compare A7 47-#% N A AHSE I BCE A S R BT {H 2 R10000 Ab 3 2574
ARXFERIEIT: AR R AT IMEIEZ — I, IP[T]H 7 s 45 6 € kN s
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Count %7 #% 5 Compare 27 1725 [ N 28 AH %%

PN RETVT B P AT A — i

AT B —AN T BRI R W AT AR = 2R (R SR DR (— e ) T R
Z /N . BN, ) Compare %3 748 5 AN —AME AT LU B g 48 b, HR an il —A
PEREVE SRS [ IS (0, AN SIS 5 \P[7] PP r o PR e 1K 28 v W ml LAAE AN S0 5 I
e W AT N ARG, B HIEE R AR S EU i B 3 IR () AN S B T4
2 T
&%

T SR o T R AN A AR b 2 — 38, I Cause P A7 #s R KA A, IP[L:
01, b O KT BRH &

BAF W ARSI . — B Wik, IEBI M AR FT, FR S IE W] RE4R A
ITILAHRA o 2 TR T RS Bl 3 ) Compare 254788 5 A MEK S8R, TERETT Bias b by
(R R 2 1) U Hes 1w A2, BPAZ 31, 5N 0 RSEHL,

7 H B AR B oG BRI R e UM AN A K, 1P[2] 4 IP[6].

U S W AR A ) S BRI 5 R kA T v W TR A, AT B P T A A
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7 R REREF

AEERGR T 0 2E AL VT 44 (Floting Point Unit, faifRk FPUD R4, fudE
GRRRRIA | FR TR A8 N FRAVUKE LA H o ity 2B V7 mUE AT A AR R I R B¢
BAT 56255 ANSI/IEEE 754—1985 HEHITF iz SibnttE. S5k, s 2B ¥ rUE T REWS
AR H 52 X SIMD 2 A E s e 4R

7.1 Bk

FPU 14 CPU [AhhabFi4s, #FKk CP1 (Coprocessor 1) , ¥ & CPU M54
R TE T R ARZ S D) BE

FPU H EL R AN D BEFR T4 A

e FALU1 g

e FALU2 ™ijp

FALUL HICPATVR g 77 a3k, ¥ en. B4 E . B R B 4k
TEVF A A e, Lo, FEREAEERAE . FALU2 PATVR SN0 V7 ik, V7. 7%
MRV TF R EAE. 54, et 2BEMFPUIE AT LT AT HLRE 2 (Paired-Single,
fAIFRPS) 17 IS MBEAAE A4 . B 7-15 el 2E4K R 45 M Th g st it 21 230 1%
AT T K] .

Functional wnits

Enter issue Raad regizter nerfomm alu/Talu
quene, select File, enter operalions and
— . — e ———— | ¢ o ] — - . . _— i
ready instruction ialshiere L write hack to
Lo 1ssue Uil Ls" Bul register file
. Ml Write
Clssue I'-\.i “.'I';
raad
] iy i FIX FIX
Issije Reg | Reg
i o File File
Alul  f—
I-width
mapgousin .
i 2200 Wri e
L ) hack
) ) il .
Flodt fread Flaaz Fl ot
-.-— ssie + Heg Regx
Guele File File
Falu

7-1 JEi 2E YRR S5 D REFRIC I AL U B
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77 RLBNBUREAS Il R S ) By A8 1 2644 81 FALUL HG, 1 4474 3] FALU2
BT, TR FALUL B0 FALU2 Son & = AN FH s o Fn—A
LM,

7.2 FPU Ymizt&EEY

IX Rk FPU 27 A7 A eI A s L2450 . FPU 25 A7 4 (L4677 1l H 25 7748
( Floating-point General Registers, i #% FGRs) Hl P >4 25 77 2%« ¥ B OR A
(Control/Status) FISZHL/METT (Implementation/Revision).

721 R E51FE

TR IGAE MIPS IV 8 2R R a5 P i ab PEES 1 ARSI AT . MIPS IV kAR
HEGERY P LT 32 ANF BB % 47 4s (FGRs) , B4~ FGR 4 64 {758, W LAfFIl
32 {7 FURE BB ER 64 A7 XU BEAL . 7EIF sUATAF A SO, B B SERR AL E 64 > 64 74 B
TrAEAy, TR 32 AN B A AR o

TF AR H—A 5 A 1@ P A7 45 AT IR R FGR. 7077 s B THAT AT, IXULIB R
AT T E AT AT (regmap) WU A WIEE P 7485 . WA A7 B AR 6 A7 ff k%L
PEHAT IR

RETAA ) FR A2(26)PE TR v WK B 5 2 A2 28 AN B8, I 5 Bk 2
load/store $& 4 [FIAHNEAE .

® FR 4 O WU 16 MBS BT S a7 oy (32 N T AAes) , BAE
BRAFAT 9% 32 755 . X5 MIPS 1 AT MIPS Il TVARUES: R FE 2 o

o FR N 1 1) 32 4> 64 (4R ar frandh 2 v K. X2 psdEr) MIPS 111 5
MIPS IV #:1F.

7.2.2 ZRERFESE

MIPS IV TMARHER R RV b g e Ui % 32 MEHI % frds, (B 2E
(R)3F siBAE AEH T PRI

o IEF RS 0, VR ASLIAMEIT A7 a8

o XA 31, VR AR/ (FSR).

Pl A A2 45 (FCRs) M BEHE Move #4EVi M. SEBLFMEIT % /¢4 (FCRO) {&fF FPU
BT (5 R, ERHIFRASZ A (FCR3L) BHIAMEALBIAL, (A7 LIS S 45 51 .
(R YN W

SEIAET F 4 (FCRO)

NP5 (7 4% FCRO 55 T FPU [WSZELFMEIT IRA . B3R T Wb 348 1 MIEIT 1S ol
FPEREG, [N St T 2 W i A B A o
T T-URR T SEIMETT A feds (FCROD 125N
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% 7-1 FCRO %,

5

Imp[15:8] SKHLRA S (0x05)
Rev[7:0] MLy x TR BT IRA S (0x01)
0[31:16] PR BAHEEN 0, MiRtZik A 0

BHIMRASFFS (FCR31)

PERIARAS F 74 (FCR3L) A8 TEHIFIRSME R, X8 E SRR AE % 0BT
WA AVi ), WAELE ] B R e 27 FCR31 I Fs i35 S AGE 510 AR LE
PR B AERE, I HARI S5 A s BB 1 v] Re R AR R4k, DL AT AR 7 5
IEPAT 482 Rl RE R A6 A1
B 7-2000 T HIARS T Aras ik, £ 72808 T BIMRAS A7 88 10 854Nk o

a1 2h 24 23 22 1517 12 11 il 21 ]
P — . ) Lauses Enables Flags
LL7-CCL Fh | L0 v evzour |vzovrfvzovr | ™

7 T 5 6 5 5 2
Bl 7-2 7 R IR S T A7 4
R T-2 FEHRIPRE A A7 A ik

87 it
ccr7-cC1 PEIAE 7-10 RS FE R A A LU IS A O B, CCL B A
FS MUCEMAL G, WIE R S5 R E N0, ANFERG AR SEILERAE B A
CCo FAAL. 2 WA HIPRAS ZF A AR SATAL IR o
Cause FHEAL. S WEEH/ RS T2 BRI .
Enables R VA ARG H R NS S P Y DATHE L
Flags WRGEAL. 2 WA TIPRZS S AE AR S ALK A o
RM AN S WIS PR B A28 AR IR Rk o

BHIPRS TR R

Y ANF AR R AR, S5 R ORAEAE 23 LURE, BRRAAr, DAORAFEIR R 451
ITHPIRES . W LeEe g oM IT, W) CCO A #i's 1; RZWIE 0. CCO fAN REH:iF sl L
f5 41 CTC1 Fa 2 Tz it

BEHIMRESF R FE(Cause) L

PEHIPR ST A LLER 17: 12 4 S8 (Cause), W 7-2F77R, IXEef7 e T %
EPATIRA LR . Cause/EPIALEESS 0 [FCause?5 A7 2 I — AN BT 78, XL R
T R SRR SR A, I B FARN R, (Enable) 8 1K1 ) 7 A=
—ANHWTECE B Ah . GRS AR T A KNS, AN FH Y I A 5 B A
PE .

Cause {7 BE# B 47F SURIETR A TS (A4 load. store. move #:4E). Hrinif
7 B A R 58 ) JUHEZ AR A E R SE IR A, (BE) B 1, WWEREE 00 e U
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W IEEET54 bRyt A& 15 AH M. 51 Ab 7= AR T 43 ) 1 835 0.

MR RSN, WA SRR, RS HE—SZ 52 )2 Cause 7.

E IR F AL FE(Enable)fir

FEAAT I 2 Cause 7 FUAH R (FAEAEAT (Enable) [RIIN R 1 I, 4774 — AN 4k
—ANPERE T ARVFE R RER A 1) 1) Cause 17 (117 s B 4 e 3 B =2k — 3]
&k, FIF] CTC1 54 Rl E Cause f7F1 Enable 4 1 [R5 —FE.

X TR SEIUERE (B R Ui A AN AL REA,, WUERBEE T ARSHAE, s a4
—ANF RS

TEN— AT s B ANR P 2 /T, AR e A —A CTCL $54 K5 R T 1)
Cause A7 LA 1 H Wi S H0AT -« BRIk, FEHT 25 T BEAT AR P /K I AN 22 0 5% B 80
[¥) Cause fir; WIARIXAME BAEH B A0 RS, T4 B Db A0 A fitr 30 H e b g
MARIRES AR .

X T AN AR BT RN RAE BT A 0) %) Cause A7 (1117 s AR R AN 77 2L 451 A1,
A fH 1EEET754 FRifk T e U BRINGS AL A7 it (EXFEHL T, SERTIVE S 2 ok
(41 41 e % 3 52 Cause 38 (B R Aff 52

RS B A7 285 & (Flag) Az

PR A2 BN, EFe s B IR A ) S S A g A, R — A
IEEE754 WA, B AN Flag frgE 1, SNIPRFEAZR, DI sz 5ok
I LT A AN S Bt o (E S BRATT AT LU TS MTC #5454 5 — M EHBPR & A7 2 ok
SEIUNT Flag A7 1) 1 B i B o

M—ANFE RSN RAERS, Flag A2IFAS AR BE s 17 U9 AR AL BRI TEATAE
VA —NH P AR i TR B X LA

BEHIMREF RSN (RM)AL

PERIPRAS FF AP AR P58 O MRS 1 QL2 T A ABE (RMD B8l Wi 7-31 TR, FPU
AR IX LEAT P8 58 1R AN T7 2R T A IR s e AT A N IR A A2

®7-3 KA AR

GABE | Bhis

RM(1:0)

0 RN OG5 B ) B A T R B T N, S Sl T SRR B A5 R
R IN,  A FARAT K O [ e e BT M N

1 RZ ) 0 J7 s A 045 R 5 2 el 3 HARZ0 A EASK T & A
AN

2 RP ) 1E IG5 K7 i N R 25 B ) 5 2 fse 21 9 HAS N T E A3
A

3 RM W AATETT KT M N B4 R 5 2 el AR T e s~ £
A
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7.3 FREMEIE S R A

JIPH (7] FPU $8#002 32 A4, DA AN 55 . ot 2B 3 s EAMIE 4T H MIPS
Pt SCITF s 482, I T —SeREBR IR 4, W2 BRI PS #24F, DLIE a8 ks 2B
Wb FRAS AR PR R . IX SRR SR A0 F 5V R AR [F 3R VERY, (R TIF R4
R (Fmt) g SCXEEF 4. Bils 2B 37 s ibdis & 8 v DANSHE AN A ks 2k 20
H AR LA

o NS ERNUKEE R S84 (fmt =16, 17). X445 fufhadd, sub, conversion,
move, comparefiibranch&545%. & 7-45H T IXEE3E fidR 2

o XWEANEFEVE K454 (Paired-single,PS) (fmt=11). PS 354 AJ LA AT P A Bk
FE R SERE, 13 multiply-add, add, sub, mul, abs, neg, move #1 compareiz . % 7-5
FEANFH T IR e

o ZWMAIRS (fmt=12~31), s 2E ¥ IR 2 SRR 2 Sy 1Y ol vo i S A4 R
TR B PERE M Bert . Jeits 2E2 BEARYR 2 SCFIE T4 P TR A R
R IEATHAE

o FHXNFERIEL(fmt = 12~31). XLEFFSE MIPS JE fifa 1) — 1. EAl]
AT 5 B ERAE(E 4> 07 A A AE B B B . AE A e T A e A 2 AR TR A 1
Q%ZB/\O

K T7-4 Js 2E TF RGBT AR A

MADD | ADD | ROUND.L | MFC1 | CVT.S |BCI1F |C.F C.SF

MSUB |SUB | TRUNC.L | MTC1 |CVT.D|BC1T |C.UN | C.NGLE

NMADD| MUL | CEIL.L DMFC1 BC1FL| C.EQ |C.SEQ

NMSUB | DIV | FLOOR.L | DMTC1 BC1TL| C.UEQ| C.NGL

SQRT| ROUND.W| CFC1 | CVT.W COLT|C.LT

ABS | TRUNC.W|CTC1 |CVT.L C.ULT | C.NGE

MOV | CEIL.W C.OLE|C.LE

NEG | FLOOR.W C.ULE|C.NGT
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#* 7-5 Juith 2E PG E R4 Paired-single(PS)

™

ADD Add.ps
MADD MADD.ps
MSUB MSUB.ps
NMADD NMADD.ps
NMSUB NMSUB.ps
SUB Sub.ps
NEG Neg.ps
ABS Abs.ps

C.F C.F.ps
C.UN C.UN.ps
C.EQ C.EQ.ps
C.UEQ C.UEQ.ps
C.OLT C.OLT.ps
C.ULT C.ULT.ps
C.OLE C.OLE.ps
C.ULE C.ULE.ps
C.SF C.SF.ps
C.NGLE C.NGLE.ps
C.SEQ C.SEQ.ps
C.NGL C.NGL.ps
C.LT C.LT.ps
C.NGE C.NGE.ps
C.LE C.LE.ps
C.NGT C.NGT.ps
MUL MUL.ps
MOV MOV.ps

7.4 2 B EMEFIEN

7.4.1 F 2N

FPUMERT LAXT 32 i CHURSIE) A LIRS 64 fr (XUREIE) #54r IEEERFYEINVE A BT
TFERAE . 32 LIRS B s LS — A 24 LLRF IR AR5 — IR BRI /N0, (F4-5) I —
A 8 LLHFIFRHUR (e)s 64 {LIKIXUKS B % 24— A 53 LU IS — i 3 5 10 /N U
(F+s) A4 10 LARIIIR R 64 RIXUCKIEE (PS) MUt & WA SORE BEIT: s Ko 40
S 7-3F75 .

78



7 VT AR

4 PR s — A

PR RERS XK JSERS 2

T =5 w1 .
=l El 50 ED
5 Lpi st 1 Frzact b Sign Expancnt
= Bl R

7-3 77 mifg

Ewn EEPR, V7R 2 i BUR = AN

o i, s

o WAL MIEEIL, e=E + bias

o /N, f=.biby..bpy

JC A5 ECE R 2 0 55 Emin M Emax (8 N I 35 Z A3, 5340 n B 9
NNELER

® Enin-1 CHISREHAY 0 AL IEH 40O

® Enx+1l (JKZwiE oo FINaNs[Not a Number])

X TR P B UK FEAS SR U, B — N PTRIR I AR 0 B e ——Fh g 15 2 %)
o FLGRbs FTE N I AEV IR 7-67 (5T ke

R 7-6 VISR RERUSORS BEA% SRV sl R ) 2 3K

NO. A3k

(D) if E = Enat1 and 70, then v = NaN, regardless of s
2) if E = Emaxt1 and f = 0, then v= (<1)*c

(3) if Emin<<E<Epmax, then v = (-1)°25(1.f)

(4) if E = Emin—1 and f£0, then v= (-1)°25™"(0 .f)

(5) if E = Emin—1 and f = 0, then v = (-=1)°0

ST FTA 7 s 28, s v &2 —S NaN, J84 f i s viae 7 XA 0 signaling
NaN & /& quiet NaN: 215 f (1) 55 =17 8 132 JB4 v 2 signaling NaN, 75 )0 v #2& quiet NaN.
T T-TE ST L7 Sk A S B 3 s KB A B/ IMEAE R 7-8h 45

R 7T R ASHE
2 %3
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I o
Emax +127 +1203

Enmin -126 -1022

Ta % +127 +1023
FREAT V5 JE 8 11
BT Hidden Hidden

F (N 58 ) 24 53

A s 5 32 64

K 7-8 F KAORR /N A

e ~3it] &
RS FETE RN 1.40129846e-45
BAKE BEVE R IE LA 1.17549435e-38
FURE BEER R R 3.40282347e+38
KUK LT ped e /AR 4.9406564584124654e-324
RURE B2V R s/ IE LA 2.2250738585072014e-308
WUKE B2V R KA 1.7976931348623157e+308
7.4.2 ZHEEIESHEN
ZIARTE S N BE 64 T EEE T IN TR I (Packed) Bl 26 28, Fls o= T LA
JLE:
o 8/MUEE, RN —ELLN 8 1
o ANME, RENBLEER RSN 16 AP
o 2R, REMBEER LN 32 fIF
® 1464 fIXF

X 64 fitgm5 A 0—63. Lbhr 0 2HA%A7 (LSB), LbhF 63 Zdx =il (MSB) . #i
A7 FE AL TR, 35 s AT s o i, — AN R M 0 3] 15 —3E 16 M
Brfr, IRAE— NP — N 2N 0 B 7, IBABIEX N EPR M ET, a2 M

8 #] 15, A4 M4 7.
AL IR B L s R A, AR5 FAF 5. i,
K 7-4000 T EER R S ws 2, K 7-500 0 T E A SR R .

integer integer integer integer

L] L] L] L]
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P 7-4 QLIRS R A

48 47 F 32 | H & 15 14

sign | integer | sign | integer |sign | integer | sign | integer

1 15 l 15 l 15 L 13

/75 R S E i
7.5 FPU 18 L7k & Htid

FPU $efit—ANF1 CPU F5 Uil /AKZ AT TR 2 Ui /AK 2. "B CPU JL = [RIFFE (1) -T2
IKAERE K B4 FPU F82 8PN D RE S s I — M7 FALUL B3 FALU2.
FALU2 HJCIE4THR A BRI S T3 AU, ik, Fleln. BRik LR JT Vi AR 1 1 F
45 FALUL FRICIBAT IR AR AR TIF sk Jfeds. Ffelm bl & FALU2 BT i) 4
BT RIRETR 2.

TS FALU oA IR B0 1 45384, JFREIRTF s B A7 48 U — A 45
& FALUL 57T, 3% sk, ¥7 R0k, 37 e hns JH T2 6 N HAT R 8 s 577 A
F s L s TR 5 4 DNPAT R FALUL g T ia5 (U5 cvt.d.s Al cvt.s.d)
P 2 ANPAT I KR, Leln, S ET I RIS R 40T R A AL
H RAW i, St 2B AR B R 45 kAT forward (SO0, T 4384455
Fr2 /b 7T AN IAA B AT FALUL BLI02 58 AWK I, BT LAE AN ZEL45 /T T () K )
FEIRAE T o AHIEA AT REPI S G AN FRAT BN IR 2 AE R — 4t XA oL, i
1T BN R HR- A0 58 ) S S th 25 R

FALU2 BTG ATTF s ik V7 s afedds V7 ol V2 ARk, V7 U TR AE
SOV U VR RRE L TR R TR E N UK ERE, T 6 ANPAT I TR ARRTE
R ERAE R AR, T2 4~16 NPAT A V2 ST AR W TR 2 4~31 AN AT A
7 P BRI AT 5 AR ERAEAS R TR ), BT LA SR A I A PR ANV R BRIE TR 2 B PR ANTT A
TP i $e 4 AE FALU2 1, JIB4 FALU2 BI0HK [n) BT — 3K ok H—AMElfE 5, H
TERRVE BT 7 i$a 42 5 Il ai A ge el B 18 2.

7.6 i =5 b1

TR T VR SR R A o TF RSN R AELE AFPUANBE LU R 5 XA 345 A Bl
T LI S5 RN, FPU AEAH B (451 A1k 3 Bl AH Y. (R 4 A B B i o e B IR ASFR R A7
FPUMM R I FIAR A AF AE A X0 T8 — AP MRS — AU RE A, A REAL HRE — IS & AT
RERE P EFPUJE Bl — MM Bl BB — IR RS

WER—ANFEREE S, FPURKFERAETFLAPIRGS, 3 shi A b B A%, i AT b
BEES), —ANEMES BIFPU H bR s, T R8T,

FPU 2§ 5 4~ IEEE754 4}
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AKEHf Inexact (1)
Tt Underflow (U)
% Overflow (O)
%2 Division by Zero (2)

e |FiL#EME Invalid Operation (V)
FPUILHEIN T 2575 M A28 8, ORSEFLM#AFEE  Cunimplemented operation), 7 *4FPU
ANEEHATFRAEIMIPSYY: s 444, ALFE FPUANRE ¥ IEA MBI AMT A B o IXAMEI AN R
T AT SN ERPAT o R LIERAEBISMR A RS T FbREAL, HIXAMEI S A
—ANFH Y IR SEBL I AR BRI A A Can SRFPUR I g CPU SR VR 5D o
IEEE754 [¥) 5 M4k (V, Z, O, U, DD #RE AP sasE, 245 4
U AR S VA 45 & P ENAT R TIE NET D 9 = b P 1 P e =X P E VAT RS S G A
WeBCE, WM A REAL A WA, BIAMREM A CE . R R s, B Abr
ENAY W E, FIRFPUr=AE— AN 25 CPU. Bl J5 (1451 AL R 78 127451 20 B BIF IR 40T
YEAGIINEBHE S, 77 AR PR R AR T AT A, R — AN SO A Ak 4
ROV . AR EIANEEYOE TARIERA . & 7-951H T FPUXTT- AN IEEEf
HMTER AL B

® 7-9 GIANRERINAL BE
B ERIAFRATE

| RN W51 51 Any St NG 45

RN MR b Al 25 AT S S5 R E 0

U N Ah RZ F A ) 2 B4 g IR E O
RP HEIE B IE /N IEEL 5 R A& 1 4-0

RM R B 1N N IEIE R B 1E N +0
RN AR I 45 R AT S I8 S R E B 95 K

o] A A RZ AR v 1) 285 SRR R 5 40 45 Bk di KAk
RP AT A 1A s KA IE T i 1 A+ oo
RM fEIE R i 8 1 A fo K A0 47T i 1B 1E Ay - o0
Z Biokk Any Pt — NN (R A5 R 6 75 K8
\Y; v Any HLfit—AN quiet Not a Number(NaN)

R FEFPU P ARSI AT T 454, IF HLVEAI I T FPU X3AEAMBI4
SEFI R I

FREGHIS (1)
FPUE R A T F (RSB 7= A A RS A 9141

o HALHALKEH.

o EALE LR, oA AL R, i LSRR G0 R R
il FS R
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AT RE R &5 R R AN AER I A AP Al e, 45 R A AR A B, IR
WREF AR o R IX R AT R NS e Ve e, BT AASRT 51 A1 e BIF AT 7 00 2 1R I
A WAL RE -

BABEA B AL REI 25 R a0 R oA AR A B i A A, N B 45 R R IX 3 H
PR AT 4 o

EEBRIEFISL (V)

AT PAT AR AR R R L TP 1 — MR RO ARVERT,  JEERAEG S R
HAF S A WRB SN BERE, MIPS & SUIXAN45 R & —> quiet Not a Number (NaN).
LA

o IEELE L JLFI M. BN (+o0)+(- o0)alE (-o0)-(- o)

Feidi: 0X oo, SO T A K IEZON 51 3

BRik: 0/0, oofoo, X1 [ IEECFN 1 4L

LIRS < 8% > mdcE ? (Unordered), T 4 4E %2 Unordered
ARG 5 NaN HEATF o LR ol e i

o fEAT—H%t NaN [ #4E. MOV BAEABN N R E#484E, 1 ABS Fll NEG
PN A EECE BN, P — A REECS NaN 53 WA NaN i 2 S B30X A 4k

® JIJi: x» HAX/NT O

A AT LIS A 25 5 Ui R AR RO ARV R R E I 4 . B anE IEEETS4 Hh R H HATk
SEILREE PR A X REM Y, IXHL Yy & 0 B X A2 055 I B 407 U8 ok 1
BERIN A B, RTE75 i 2 NaN; s e s Zuilan: In (-5) Bi# cos-1(3).

BB RE a5 R IR E B A IR

FABEANL BRI 45 3 A oAb 41 & 2 Quiet NaN# &I 21 H braf f2 48 1

BREHIS (2)

FriZis FA B RS 0 B bR e — M BRIMARZ AR I, B0 5 K s 5w %0 .
M AT AT B A BRI 00 T P A 475 85 R 75 8l 5 &0 e In(0), sec( =
12), csc(0), = 0—1.

FABF R A REI I Ol &5 TR AP, WA Aa IR .

FABEANERE TGO WEREA BB, SRR 5 I EIiE.

L#BFIS (O)

8 N I s a5 R A AR R BOR R RNy, KT K H AR BT &
TN BREE, A R AN S T . CGXAMI SN R I B EASKE ] bR S A7)

FABFRE AT BRI Il &5 TR APBES, A28 RE

BABEAERE IS DL WURBABABE R A, e 4 B i ABERIh [a) 25 RN 755
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TS (U)

PIANAHOC R A BT N oh

o —MINHEL2EminZ [MIAEF LR, T g RAEF /AN, Kb SRS G
Bil4h.

o JHVIEH i (denormalized numbers) SRIT AL 73X Py 4> /NEcHs B A 1 7 FL 1)
EAE/ TN

® |EEE754 fVFH 2 AR 7 A IR L2k, (BT B B E 2R —Fh oy
PRSI o /NG R DAFH I TR 7 92— b A

o H&ANJE (WR—NEZRMEFE, EIREGEHBRA SR TR, Pz ™
(147 T £+ 2Emin 2 [i])

o W CWR—ANAEZME s, EIREORRE RV A SR 0L RIM &, N
2K AT = 2Emin 22 [8)

® MIPS (1R BERAM/INECH AE S N JE R o RE JE 2 B0 mT LR A0 R 7 v 10— oA
P

o WIEWHIEIRE CYRIEHMER S50 SR T E R 45 R ARD

o CEXSHIEIE MR 45 R Hr BORURS BV AT FEBR A 0 T VS 2 R AN
ED)

MIPS 45 4 LSRN B 2k 1 AR 1 50 D7 vk e rsril

BB AT RE IGO0 AR R B ARSI S R, BCEFSHI A IRE, Ak
SEIGIAN, AR AR AAE

BABEAERE IS O a0 N B ARSI SN PEALRE, T HFSAI B, BIGH
45 4 i AR ST R85 S A5 R e

REIFELHI5 (E)
MPATATAT— 45 K LUJG & TR B IR VR AL B VA SUHR A I, FPUSBSTHIMR S T A7 8
HH R R S I3 B e BB I AR R BIE . DR AR EORT B I A A A DR AR, (RN 4R AR A
fE i B . IEEET54 T ATA — AN SN RS I ELER A vh = A, 3 B85 A it >k m] A
WA E . FAh, AR BEIEAPAT — 287 WA E B &5 AR, s AR RS
RN, X AR

o W IFHHAES (denormalized operand), ELEFEA KR4

® Quit Not a Number #/E% (QnaN), HLEFREA RS

o WIEHRH P T, 11 H Y N ECE AR RS S A B RN FS 7 %A B
W

ER: WIEH FINaNERAE R A 4 sl v H AR 2 Pk NFEBE, fEMOVER A A EA
lEqbim
BB R AL RERR 0L DR ERAE S A Rk
FABEAE BRI Bl IXANPEBEAS BEB AN BE -
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& 8-1HH T et 2B BEARFERLIR 2 A E Lo
* 8-1 Juih 2E FiRUIR 4

B4 Ei: 3%

CACHE CACHE #1F
DMFCO M CPO HUAL
DMTCO P % 2] CPO
ERET il A1 35 ]

MFCO M CPO B £ 4k
MTCO ¥ % 2] CPO
TLBP i) TLB I

TLBR &5 TLB %I
TLBWI %537 TLB i
TLBWR BEALIE 7S TLB K I

8.1 CPO &l %

Tt 2EAbFE S PLICPO A5 4HE A1 FEMTCO. MFCO. DMTCO FIDMFCO. # 8-2
B T 32/64-bitCPO 25174 11ICPO A4 A AE .
% 8-2 CPO MLt &

iz CPO & frasfiz Bk
#
MFCO rt, rd 32 rt <-rds;.o
MTCO rt, rd 32 rd <- rtz;. o
DMFCO rt, rd 64 rt <- rdss.o
DMTCO rt,rd 64 rd <- rtes.o

8.1.1 DMFCO0 ¥4
M CPO 251l B3 A7 SR B 7354

31 26 25 2120 16 15 11 10 6 5 0
COPO DMF rt rd 0
010000 00001 00000000000
6 5 5 5 11
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DMFCO rt, rd
o FROHIR

¥4 CPO 3 A7+ rd 1A P A EUHE I8 FH 23 4748 rte IXAMEAE 8 A et 2 AL AR
7o FEM P ABGEI 7 ASPATIR SR 2 5 DR UME P8 AN AT F B4 . 7820 H #2547
s IR ] A7 A7 1) 4 64 Al HIVE U 25 A7 2 (O DAL BEER P A7 ds BN
o FROBRIE

GPR[rt] <- CPR[rd]
o SEKIFIS

ML ERESANRT T4 (A0 S EBGE U AT

8.1.2 DMTCO $%
XL B CPO H b 27 A7 4836 4

31 26 25 2120 16 15 11 10 6 5 0
COPO DMT rt rd 0
010000 00101 00000000000
6 5 5 5 1
o R4
DMTCO rt, rd
o RA&HA

VI8 FH 25 A7 rt AN CPO 274 rd o IXAMEAE 8 A et 2B IO AR
7o FEM P ABGE I 7 ASPATIR SR 2 5 DR UME PSS AN /] F 141 . 782 H #2547
A TP B T A7 A B AT 64 A HIE NI Aras I T A5 A ds BN
o FROBRIE

GPR[rd] <- CPR{[rt]
o SEKIFIS

PMAEERERANRT T4 (FE ) S EBGE U AT

8.1.3 MFCO0 €%
M\ CPO #1575 17 S BRI 5 4

31 26 25 2120 16 15 1110 6 5 0
COPO MF rt rd 0
010000 00000 00000000000
6 5 5 5 11
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MFCO rt, rd
o IESHIR
K5 CPO a7 rd 1Y N A HGIEIE ) 3 A7 4% rto
i (2
GPR]rt] <- CPR][rd]
o FEHIFISH
WAL BRERAN T ] 4

8.1.4 MTCO <
BB IEF] CPO F & A7 28452

31 26 25 2120 16 15 1110 6 5 0
COPO MT rt rd 0
010000 00100 00000000000
6 5 5 5 11
o A
MTCOrt, rd
o R
W0 2 A7 A% rt - IE N CPO 25 f74 rd.
o JaoHE
GPR[rd] <- CPR[rt]
o GIEMIFIS
DAk PR AS W] F A5 A1
8.1.5 A P7SFI | CPO f£itE S

AT IEH PR RS AL B S M RE R B, e 2E AbFEES A VFH S MECO A
DMFCO 4545215 0 26 24 5 FIEE 25 S8 5 /i 4, Aot Eids 0 AvT HEl 4.

8.2 TLB #1545
oty 2E AL PRZSSEHL) TLB #51l#84 . H6 TLBP. TLBI. TLBWI I TLBWR.

8.2.1 TLBP %

1 TLB 270
31 26 25 24 65 0
COPO co 0 TLBP
010000 1 0000000000000000000 001000
6 1 19 6
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o oA

TLBP
o fROHIR

¥ W25 EntryHi 274728 A AR TLB BRI BEE X Index 2747 4% . Wigt s
A TLB KI5 EntryHi 27 /74511 N AAH A, Index 25 4728 ¥ =17 bit >4 0x80000000.
o FROBRIE

Index<-1||0%||undefined®

for 1in 0. TLBEntries-1

if(TLB[i]171.141and not(0*°|| TLBIi]216.205))

=EntryHiss.13) and not(0"|| TLB[i]216.205)) and

TLB[i]140 or (TLB[i]135.128=EntryHiz o)) then

Index<=0%|is. o

endif
endfor

o SREMIFISH
ip AL BRAS AN 0] H 451 41

8.2.2 TLBR {54

¥R 5] TLB &I

31 26 25 24 65 0
COPO CcO 0 TLBR
010000 1 0000000000000000000 000001

6 1 19 6

o FEAMK
TLBR

o IEA&HIA

B TLB Hist i1 G £ (#7331 ASID ILEC) 5 N\ EntryLoO fil EntryLol 75745
¥ Index A7 R 5111 TLB R I P 2532 N EntryHi F1 EntryLo 7 /7 #%. TLBR 1/ L
7t unmapped A1 mapped 7% [A]$44T
o IRSHBIE

PageMask<-TLB[Indexs_o]2s5.192

EntryHi<- TLB[IndeXs_o]191.128 and not TLB[Indexs_o]2ss.192

EntryLol<- TLB[Indexs_o]127.65|| TLB[Indexs_o]140

EntryLoO<- TLB[Indexs_o]es.1|| TLB[Indexs_o]140
o FEAIFISH
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A T SR T 5] 4
8.2.3 TLBWI 5%
R 5|78 TLB £l

31 26 25 24 65 0
COPO CO 0 TLBWI
010000 1 0000000000000000000 000010

6 1 19 6
o HAHR
TLBWI
o oML

Jf EntryLoO Al EntryLol #7745/ G A5 {E ¥ & TLB ) G fz. JH EntryHi
H1EntryLo ZF 47 a5 [ N A E Index R 5[] TLB I, WL TLB Index & 47 #% I{EH K
TAREBREAS K TLB R, WHZ#AE L.

o IRSHBIE

TLB[Indexs_o]<-PageMask||(EntryHi and not PageMask)||EntryLol||EntryLoO

o SEKIFIS

I Ab B SSAN T F 5114
8.2.4 TLBWR %
BEHLIE 7S TLB 2630
31 26 25 24 65 0
COPO CcO 0 TLBWR
010000 1 0000000000000000000 000110
6 1 19 6
o 4R
TLBWR
o 54k

Jf EntryLoO Al EntryLol #7745 G A5 ({E ¥ E TLB ) G fz. JH EntryHi
1 EntryLo %5472 10 A A XE TLB Random 27 /728 R 511K TLB £,
o FROBRIE

TLB[Randoms_g]<-PageMask||(EntryHi and not PageMask)||EntryLol||EntryLo0
o IS

P A B ES AN AT 45 41
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8.25 ERET 6%

LA SEREIE =R

31 26 25 24 65 0
COPO coO 0 ERET
010000 1 0000000000000000000 011000
6 1 19 6

o FE4HRK

ERET

o AL

ERETHE4 F RN BIAMRIEE BB IR A . Ebranchfiljump$g4 A JH), ERET
FRAAPIT T —4454 . ERETAREAEAIEBETE 2. WAL BRI A 5 D B AN IS
(SRy=1), I MErrorEPCH HXPCAH, Jf H.if5Status?i/7#4% (SRy) MERLAZ. 5
(SRy=0), MEPCZ A7 2% HEXPCY, Jf HifStatus?i 47 2% (SRy) MIEXLAZ . WHERET
Fe A TELLAISCHE A Z [MIHAT, &' FESCRIN. WikEAa#ish (Status?i /745 [FEXL=0
I HERL=0), ERET54 %A & L. HERL=0 N H#ATERETIE S, ANIBEXLAPRA &
[ {E, HREHBIINEAE, HRKEXLE R 0, JHELBIEPCH 1A as (A7 M HbtEAL
o FEAHRIE

If SR,=1 then

PC<-ErrorePC

SR<-SRa1.3]|0||SR1.0

else

PC<-EPC

SR<-SRa1.2||0||SRo

Endif

L Lbit<-0
o SIEMIFIS

WAL BREEAS T F 451 41

8.2.6 CACHE $£%

31 26 25 2120 16 15 1110 6 5 0
COPO base op offset
010000
6 5 5 16

o JEAHA
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CACHE op, offset(base)
o FROHIR

AT 597 ey 16 {7 offset/in il Fiibase & 17 4% 1B E B Cache i AE I iz i ki (VAD .
Redbil (VA B TLBH: M Ei bl (PA), 5 AiIERA/ER (g 8-3FTn) R
XPIXA L P Cache e/ . B T 2R LLAME HAthCachedis 4 A & X, Xfuncacheth il ¥ [H]
[f)Cachefg 24/ AR & .

% 8-3 CACHE #54

Op fiiid

00000 Index Invalidate ()]
00001 Index WriteBack Invalidate (D)
00101 Index Load Tag (D)
01001 Index Store Tag (D)
10001 Hit Invalidate (D)
10101 Hit WriteBack Invalidate (D)
11001 Index Load Data (D)
11101 Index Store Data (D)
00011 Index WriteBack Invalidate (S)
00111 Index Load Tag (S)
01011 Index Store Tag (S)
10011 Hit Invalidate (S)
10111 Hit WriteBack Invalidate (S)
11011 Index Load Data (S)
11111 Index Store Data (S)

o IEHAE:
vAddr<-((offsetys)*¥||offsetys.o) +GPR[base]
(pAddr,uncached)<-AddressTranslation(vAddr,DATA)
CacheOp(op,vAddr,pAddr)

o FEEAIFISH
P A B ES AN ] 45 41

8.2.7 Index Invalidate (1)
Index Invalidate (1) $84¥$54 Cache 1 ¥X) W AT [T DY % 1¥) Cache HR#EE 4 Invalid
RA& . VA[L3:5]E ATk, e R 454 Cache JRASAIE N 0 Cnvalid),

8.2.8 Index WriteBack Invalidate (D)

Index WriteBack Invalidate (D) 84 ¥ %l Cache H % N E 4 Invalid HR7S.
VA[13:5]5& S Hutik, VA[L:0]:E X TR S o ToR RN Cache R E 24 00 Cinvalid).
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U AR K Cache X NBR (1 Bt LK), KRS 2ds 5 A\ — 4 Cache.

8.2.9 Index WriteBack Invalidate (S)

Index WriteBack Invalidate (S) ¥4 —2) Cache [0 He B 4 Invalid AR7S.
R 2% Cache X N HL R EAR 2 T, WK B S 2 A BRES R Gi4 L #F . i1 =2 Cache
L% Cache F1¥54 Cache fR¥FFEL G R, IRILAE 4% Cache L&A 'S IR 56K £dis Cache
F¥g4 Cache IR N 285 JE2L, WAL Cache A M & A2 E T, W Ze L5 N
2 Cache, #J5 5 4k Cache HIILA S M. PA[16:5]% X e hhl, PA[1:0]x% LK
LR
TG AR R R
1. KPR M2 Cache 1) Tag ZuZHiHX STag MARZSHL. W FARZE(: State=00
(nvalid), WIARTFEERIATATE:AE . W Cache HUEH R, STag HIKxt
X4 M Cache BEATHEAE
2. Trifj¥§4 Cache, WIH 454 Cache [ ITag=Stag Jf H.3§4 Cache HiZHLfPIRAS
IState=1 (Valid), AbBEZ$¥F54 Cache XN HTERL, BIBARSENL AN 0
CInvalid).
3. % Cache, %%k Cache i DTag=Stag Ji H%#k Cache HiZBfrpiRA
DState A%F- 00 Clnvalid), #7 Dirty f72[0{E K 1, WK S5 N — 2% Cache, &
NN, Cache B, 7 Dirty A7[0(E K 0, W BB TE80C8E Cache (%) M bk
4. ¥ % Cache HPIRASE 00 CInvalid). 15 — 2% Cache FRZA A 11 (Dirty),
W 0 R H S [F 2) Ab HE AR

8.2.10 Index Load Tag (D)

Index Load Tag(D)¥%i#fs Cache 1] Tag 35’5 A CPO [¥] TagLo 1 TagHi & 74 - VA[13:5]
SE SCHLEE, VA[L:0]5E Xisk Tag 4L .

BAF I e SRR
TagLo[5:4] = SCWay
TagLo[7:6] = State bits
TagLo[31:8] =Tag[35:12]
TagHi[3:0] = Tag[39:36]

TagHi[31:29] = StateMod bits
5 HoAth CPO TagLo Al TagHi 7517 2447 & 4 0,

8.2.11 Index Load Tag (S)

Index Load Tag(S)# — 4k Cache [f] Tag 3’5 A CPO ) TagLo 1 TagHi 77 £ #% . PA[16:5]
8 SCHHE, PA[L:0]& X ik Tag 45

FRAE R & ST

TagLo[11:10] = State bits
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TagLo[31:13] =Tag[35:17]
TagHi[3:0] = Tag[39:36]
Jir7 HoAth CPO TagLo F TagHi #5 /7 #%( E A4 0.

8.2.12 Index Store Tag (D)

Index Store Tag(D)¥ CPO [¥) TagLo F1 TagHi 75 f7 2% 18 A# N $¥s Cache [1) Tag K.
VA[13:5]5& X ik, VA[1:0]5E X% Tag I4H 5 .

AW e SRR
SCWay = TagLo[5:4]
State bits = TagLo[7:6]
Tag[35:12] = TagLo[31:8]
Tag[39:36] = TagHi[3:0]

8.2.13 Index Store Tag (S)

Index Store Tag(S)¥ CPO ) TagLo F TagHi 73 /7 %% I{E A7 N\ — 2% Cache [1) Tag .
PA[13:5]:& X Hbhilk, PA[1:0]5E ik Tag I 5 .

BAF I e SRR

State bits = TagLo[11:10]
Tag[35:17] = TagLo[31:13]
Tag[39:36] = TagHi[3:0]

8.2.14 Hit Invalidate (D)

Hit Invalidate (D) S 2% ¥#ii Cache VLR bl PA {130, VA[13:5]& 5| I [ #E TR
4 Cache H1i3 i .

Wi DState (R A%ET 00 CInvalid), Jf H. Cache 541 PA 5 )\ ¥ d Cache it H
[¥) DTag VT, #i%Ji[¢) DState '& >4 00 Clnvalid).

8.2.15 Hit Invalidate (S)

Hit Invalidate (S) #5442 Cache 1 Huhik PURC (1% R E Sy Invalid RZES. H1T
% Cache 5% Cache #1454 Cache fR¥FEL 5K HR, PHILAE =4 Cache Joik's Ml Hi /¥y
4 Cache M135-4 Cache WX NS o2, #3584k Cache SRIKITEAKL .
TR AR R
1. AbFELSH] PA 2% Cache [¥) Tag 24132l STag FIARASAL. iR Stag 15 PA
S} A AEAR ], EUIRZSAY State 4825 T 00 Clnvalid), A ZE T v . WiREH
KA, 1% Cache $54 #RAE 52
2. ArifjfE4 Cache, #WI%454 Cache [¥) PA 5 Stag UCHC, Jf H454 Cache F1iZe
KA IState=1 (Valid), AbFH#$H¥3E4 Cache HHIN N HTERL, BUERIRASEARL A 0
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CInvalid),
3. A%l Cache, fnR%i#is Cache ) DTag=Stag Ji H%#& Cache iz [PRAS
DState A~%5F- 00 CInvalid), JCEE# Cache %) Wbk,
4. 5 2% Cache HRFPIRZAE N 00 CInvalid).

8.2.16 Hit WriteBack Invalidate (D)

Hit WriteBack Invalidate (D) 54K ##ii Cache #15 PA HuhilAHUCEC B E 4 Invalid
A& Fdim Cache ) DU VA[L3:5MBCA &R 5113 H - 4n S DState A~%5T- 00 CInvalid),
Jf H. DTag 55 Cache #5411 PA AHULHD, LK%l Cache IR E 9 00 CInvalid) .
W H A Cache X RER [ HAE MR, WK HdE 5 N\ =2 Cache.

8.2.17 Hit WriteBack Invalidate (S)

Hit WriteBack Invalidate (S) $54 —%% Cache bl PA UGHEC f6F W B 5 4 Invalid Ik
Ao R K Cache KNI EH LN, WK EHES B BRES RGH L. T =
% Cache 5% Cache #1454 Cache fR¥FHL K&K, PAIAE 4% Cache Joik s [HIHi /¥y
45 Cache 154 Cache H R NI To Rk, 4Rl Cache H5f B (At =& ), )
SeRHE N2 Cache, /o 5ehi 2% Cache I TLR S [Hl,
oS BRI AR T
1. ALPEZRH PA M 2% Cache 1) Tag £ 2H 51 STag AR . Wi Stag HI{EH 5 PA
X A B AR, FLIRZSAL State AN%5F- 00 Clnvalid), Wk T dirrf. Wfskoq
KA, % Cache $HEE1E 5 o
2. ##FR4 Cache, #1454 Cache ) ITag=Stag i H#54 Cache A iZbpiRA&
IState=1 (Valid), AbFEZe¥354 Cache TR N LR, BIEREEA N 0
CInvalid) .
3. WiEYE Cache, WIE%#s Cache f¥) DTag=Stag Ji H%#l Cache iZhfrpikA
DState A% 00 Clnvalid), # Dirty 7 F{E R 1, WK S N —2% Cache, &
O, Cache o #5 Dirty f7F{E R 0, W EBICREHE Cache [P RER
4. ¥4 —%% Cache HffRAE K 00 (Invalid). I —%% Cache FIRA N 11 (Dirty),
FERT RS A ) b B BRHE 11

8.2.18 Index Load Data (D)
Index Load Data( D)} %4} Cache [t Data 3854 /7 A\ TagHi #1 TagLo &7 1745 - VA[13:3]
JyHuhl, VA[LO[RERA N4l 5.

8.2.19 Index Load Data (S)

Index Load Data(S)# — 4% Cache [f] Data J8E 4k 47 A\ TagHi 1 TagLo &7 £ 4% . PA[16:3]
Sk, PA[L:0]487R %S B (4L
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8.2.20 Index Store Data (D)

Index Store Data (D) ¥f TagHi 1 TagLo &7 f7-#s (£ 47 A £dis Cache (1) Data 3.
VA[13:3 4 hl, VA[L:O[FR /-0 B (K415 .
8.2.21 Index Store Data (S)

Index Store Data (S) Y TagHi ! TagLo 77 f7-#s (%4 /£ N — 2 Cache [¥] Data 4.
PA[16:3] Hilik, PA[L:01487~4F MW HI4H 5 .
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9 DDR SDRAM 3z Hl25ACE

Jets 2E Kb BRES NS AE BT N AT EE A8 e THIE S DDR OSDRAM R AT MV s
(JESD79C). fEJEts 2E AbPEgSH, Frscii i i WA B2/ 5 BB ARE S JESD79C IR

=

JE o
9.1 DDR SDRAM #&=#| 88 Th gE LA

Joths 2E ARFEER T RO 4 MBI AT bank (4 4> DDR SDRAM (55 528D,
I 15 BLAGHIE B (M0: 13 Rr T AU AE e 2 R 2 4 bank 4.
Jiits 26 Jb 318 S0k JESDTIC hiiftrh BT MU 1 AT A 15 07267, i JESDTC Fiif
TR 1 A5 T T 2
% 9-1 DDR SDRAM #4 # Ji S #¥ ) DDR SDRAM {5 j 27

BITS Density Org. Row Addr. Col Addr.

0000 64Mb 16Mb X 4 DA[11:0] DA[9:0]
128Mb 16Mb X 8

0001 64Mb 8Mb X 8 DA[11:0] DA[8:0]
128Mb 8Mb X 16

0010 64Mb 4Mb X 16 DA[11:0] DA[7:0]

0011 128Mb 32Mb X 4 DA[11:0] DA[11],DA[9:0]

0100 256Mb 64Mb X 4 DA[12:0] DA[11],DA[9:0]
512Mb 64Mb X 8

0101 256Mb 32Mb X 8 DA[12:0] DA[9:0]
512Mb 32Mb X 16

0110 256Mb 16Mb X 16 DA[12:0] DA[8:0]

0111 512Mb 128Mb X 4 DA[12:0] DA[12:11],DA[9:0]

1000 1Gb 256Mb X 4 DA[13:0] DA[12:11],DA[9:0]

1001 1Gb 128Mb X 8 DA[13:0] DA[11],DA[9:0]

1010 1Gb 64Mb X 16 DA[13:0] DA[9:0]

St 2E AL BRAR AR I P AE A ) L R 2 ok B AR PR B SRR A I N AR S
THK, TEPTA I NAAS SRR, AT IR AL T B AIRAS (Slave State).

Jts 2B Ab PR TR ) N AR S SEI T — M A 1Y) page BRSNS, FFXT—IK
VitEE, WAEFEHI2e%) Open Page 5<% /Close Page SFM 1) 4% il A v i ke S BN
To it AT B N Tk

9. 2 DDR SDRAM iZ#{EtY

DDR SDRAMEZEEAE KM W& 9-1FT7~. 7EKI"FCOMMAND HRAS, CASHIWE,



Jeits 2E AL FR B S TN

H=AME SRR, M TiEE, RAS=1, CAS=0, WE=1. K JADDRESSHMCS,
MBA, MSAZ .

DDR_clkn™ N N TN N TN _\f_\_/\fIV_
DOR_clk If\/\__f\__f\_/L_f\_fL_ﬂ_f\_ N
I

I | | I I
CoMMAND _A_READ LJ2E PRE nop ror XX 4ot
|

Bank
(aoralil

ADDRESS
cL=3
MDQS ¥ \ 1 N
MDQ & -
|

9-1 DDR SDRAM L EHMYL

9.3 DDR SDRAM S#&{EtHiYL

DDR SDRAME #:AE I E 9-27 71 . £F K" COMMAND /2 HRAS, CASHIWE,
I ZAME S . T E#HA4E, RAS=1, CAS=0, WE=0. & [\JADDRESSH MCS,
MBA, MSAZlf. SEEAIEAR, BE/ETREMDMEIRIR SHEEN M, RIFEGA
()7 #

DDR_clkn

D @ 4 @ @ @b 4@ @ 4 @ &b @ &

COMMAND X WRITE K}( NOP Xi:)( NOP )()( NOP ){}( NOP ><>< NOP )C}(:
aooress K&t XX X X XX DO X0

MDQS —‘\ ¥ O 4

Mea B XX XX XXX — T
o AA|A |/
| 9-2 DDR SDRAM 5 4E MY

9.4 DDR SDRAM S #ifit F#&5%
T A4 T R S 1248 (1) DDR SDRAM, A, 7624 1 frbls,
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9 DDR SDRAM il g fic &

%} DDR SDRAM #EATHLE . 7F JESD79C A KsE T HEGH (1) B A e B L A
fEJEAS 2B AP, DDR SDRAM (WG E {E RS R MIGAIL se il UG, 2
fEFHNAEZ R, BATHAARRMEE .. BB ESF 2 5P Hih: 40°’H1FF00008
FHXT N [ 32 AL 25 A7 28 5 NAH N FIC B S %55 A7 as A — L AR U L F R TR
# 9-2 DDR SDRAM [t & S50 75 474 4% X

fiz Prsa®R || Vil ik
31: 30 Undefined | R/W KiE X
29 DIMM_dic | R/W PRI DIMM slot0 /& 7596 N A7 4%
0: Jo; 1: s
28:27 DIMM_MO | R/W DIMMO/DIMM1 _I- MOUDLE f% H :
DULE_NU 2’b00: DIMM1: 1; DIMMO: 1
M 2’b01: DIMM1: 1; DIMMO: 2

2’b10: DIMM1: 2; DIMMO: 1

2’bl1: DIMMLI: 2; DIMMO: 2

26 IS_SEQ RIW T SRR A5 I R B I«

1’b0: i

1'bl: #

25:22 DDR Type | R/W W 9-1

21:10 tREF R/W SDRAM Fill #r#AE 2 114 (341 100MH2z):
780 7.8us

1560 15.6us

SDRAM il B fF 2 [alvH 4 (EM 133MHz):
1040 7.8us

2080 15.6us

SDRAM Fill i fE 2 14 (=41 166MH2z):
1300 7.8us

2600 15.6us

9 TRCD RIW AT HHE AT R BB bk A 35 1) 75 sk (R v
1’b0 2 cycles (DDR100)

1’bl 3 cycles (DDR266. DDR333)

8:7 TRFC R/W AUTO_REFRESH #] ACTIVE 2 Al 75 &L 1%
2’b00  Null

2’b01 8cylces (DDR100)

2’b10 10 cycles (DDR266)

2’b11 12 cycles (DDR333)

6 TRAS R/W ACTIVE %] PRECHARGE 2 [8] 7 43 1111 %k
1’b0  5cycles (DDR100)

1’bl  7cycles (DDR266. DDR333)
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fir a4 RR || Vil it
5:4 TCAS RIW M 4 1) 55—l B 220 1 4
2’b00 1.5 cycles
2’b01 2 cycles
2’b10 2.5 cycles
2’b11 3 cycles
3 TWR RIW ¥ — A4 ) PRECHARGE 2 )75 46t
()4
1’b0 2 cycles (DDR100)
1’bl  3cycles (DDR266. DDR333)
2 TRP R/W PRECHARGE iy 2T I [H] 1145
1’b0 2 cycles (DDR100)
1’bl  3cycles (DDR266. DDR333)
1:0 TRC RIW ACTIVE L5 ACTIVE/AUTO_REFRESH fiy4 2 ]
T
2’00  Null
2’b01 7 cycles (DDR100)
2’b10 9 cycles (DDR266)
2’b11 10cycles (DDR333)
7 (1T precharge 11 ras cas 4 I B K i 475
JEXAMERS, FrLA7E DDR #8fil48 B A HARE 18X A
ZH0

9.5 DDR SDRAM & iy Bl &

X TR AR B A SR U, T30 1Ak (B2 B DQS SRAR IR, AN A2 K A IR
BURPHR, XPEAEE G KA B S EAR A R 1 . — R AR s 5
i 2d A DLL (Delay-locked loop) >RHEAT RAF siIEH, R L I 4R AF I ) AH A7 K 1l
E AN A G RRAE s o AT DLL M 1 5 SRAF: o i () e U AN FF 2E—> DLL IP, 1y H.
IEAFAEA RAFE I 5 Ab B8 P SR Bl [P B I, DR, SRR Bl 20t DLL PR3 1
Ipf, DA, A8 DLL 50K DL 36 75 2 — g e s s sl 5 A& Jn i 28 6L T FIFO L
il o

St 2B TN AR I HL R OGS PA A A TR B i g A RS P R ) AR AR I L A8
1: 6. 1: 8. 1: 10 LA MK 1: 12 KR FHERNBPEES NI TAERR 5 N AF B 1) TAE
B AN ARG 2R, BRI A A T LR o i A FH A B 2% N A% I B
FLEIEAT B RAT 1) 3 v 25 () B KA SRS o LA 110) SR 2 SR BT o 4R 1 s 1)
RAE SR REAT O R, 17 E5C A () R BT B 2 AL 2% N AZ B B, IXAEAVEAMN AT A4S 25—
A~ DLL IP, 11 B AJ LAyl b 5 IS el 5 -5 AR S Bty R A ZE I R 1 BA DDR SDRAM AR
REG AT A RZ TAEM 1. 10 g5, 5 T LR (1K) KA Sfems

100



9 DDR SDRAM il g fic &

i 9-3 DDR SDRAM TAEA A A AL FEES TAEAA LuAg) 4y 1: 10 B RERAFAL A s
WAF B IR AR AR 5 A B 88 W AZ 1) ARSI L 4 1: 10, R " DQS*_dlyi i %
DQS*{&5 5 I A Jl,  RAFF A IR A6 et & 3l 1k X DQS*_dly i s Soke e« Ho,s
THEUE AR IEL IR FE PT LAIR 258 ik A R 38R A 50 H 1

. S

DDR_clk

|
I
| I
[ [
MDQSO I :
|
|
|
|

MDQSO_dly

MDQS1
|
|
|
_

|
|
|
|
|
|
MDQS1 dly :
|

|
|
|
|
|
|
|
|
|
|
|
| ]
MDQSO_valid | e }E'F ) T CERY CERiD
|
!
|
|
|
|
|
|
|
|
|

| || | |

| |

| |

| |

| |

I

| | g N A =

I | k\iTﬁ / LORAE
| |

| |

| |

| R
[
valid to core I

Kl 9-3 DDR SDRAM [ fEA54 FIALFLA: TAESR LGN 1: 10 B R RAFA
P ety 2ERLBRER VT b, BE 0T AR SR A SR R B R AR RS I a6 58 1 LA
Jei s it B T N AR e R o ARG B 1R 0 S B 1l 40°H1FFO0030 AH X W)
32 fL A7 2 ENANI 2 A WS H . 15450 (sample_point) £ T Z 25 A7 28 (5% 2 47,
55 ICAH Y. B R A s R 9-317 .
® 9-3 RIERFAEAE

MDQS1 valid

\

¥

ﬁ

R A AT A% ik
2’b00 KAE B DQS B RS I 1 13T KA E
2’b01 FRELUEER DQS B30T AT 2 HIHEATRAE
2’b10 KA LI DQS BTG IE T 3 H11EAT AT
2’b11 T

Tt 2B H PN A7 I EL RO PN A7 U A TR i S g A BB DA R 1) AR AR (1 LU A ik
1: 6. 1: 8. 1: 10 LA 1: 12 kR, —MAIEOLT, RFFAIEHCRICERIAE, BI: Y4
ELBih 1: 6 B, RFE A2 A 27000, RIRAE MR DQS 43 #%m fE i — 31347 K
FEs ey 1. 8 F1 1. 10 I, RAF AT AE48IMEh 2°b01, BRAE R HL DQS A 445
FEWS 2 BT RAE; MBIy 12 12 1), REESZ A28 IME S 27010, BPRAE AL DQS
UG IERT 3 34T RAE
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10 'MEgEML 1L

AT Tl 2B R R A b L SR RERAAOGIIE B, TR REIR AR
RN BR S ISR TR AUEA s R AR BEAE, TG i s AL e AT R S
%

10.1 i R#E S RYLE IR FN1EIA (8] Pa

* 10-145H T AEALUL2, MEM, FALUL/2 TGS TTH $AT BT 7 48 2 I I IR MG 3
(R, AEFE N EETR 2RI HITE A . X B4 IR 2 % T 2 0 BI85 Jpe e F—4
f AR TR IR (—ANERZ A —HD . B, K FALUTE A IR 2,
XFIRALUTR A I 45 R B — 5 A el e Sedr A H . DALtk, JB Qi =i + 1 ARSI ER
CRF—MEHHE E—MEH AR AResEfE — AN R 1 —N a2 BIE 2 H] ke )
SETR DI RE AL X R R A B, 1 SRR N R — N UL B FEFR 4, n&oRT)
REME R — MAIE 25, T 5En-1 W5 A BE 2 R R 954 o UK Re B AT 454
PEFR BB A 1o
& 10-1 JH 54 IS N FIEFA ) B

R E
Add/sub/logical/shift/lui/cmp ALU1/2 2 1
Trap/branch ALU1 2 1
MF/MT HI/LO ALU1/2 2 1
(D)MULT(U) ALU2 5 2!
(D)MULT(U)G ALU2 5 1
(D)DIV(V) ALU2 2-38 1-372
(D)DIV(U)G ALU2 2-38 1-37
(D)MOD(U)G ALU2 2-38 1-37
Load MEM 5 1
Store MEM - 1

FRBE
(D)MTC1/(D)MFC1 MEM 5 1
Abs/Neg/C.cond/Bclt/Bclf/Move/Cvt* FALU1 3 1
Round/Trunc/Ceil/Floor/Cvt* FALU1 5 1

LA T o P 4 4
ZAEIR 5 4RO 36, FT LU AR 7 v ML £ 57

(Iz(a) < 1z(b))?( 1z(b)-1z(a) )2 + 4 —ez(c) /2 : 1
Hrab=c, Iz : WTO0MANE: ez : JFE OMAML
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Add/Sub/Mul/Madd/Msub/Nmadd/Nmsub FALU1/2 7 1
Div.s FALU2 5-11 4-10
Div.d FALU2 5-18 4-17
Sqrt.s FALU2 5-17 4-16
Sqrt.d FALU2 5-32 4-31
Lwcl,Ldcl MEM 5 1
Swcl,Sdcl MEM - 1

X 10-1, A LR LA

o X HL[1 load/store E1f FIPGIARIBE I AELTE load M 1451 store. LL/ISC J&%54F
KA, RS eAI6LT Reorder BAFIBAE, 17 HULIF cpO BAFI R 25, A 0] LA K4

® X[ T HILO Z5fE#s, HARem s BRI e AT IR0 e R 25 A2 28— FEAT AT
EANERPIFAM S CTCUCFCL, EATHVF 2 H e i dilie & — 47211k

o X/NRIMAEE ZEAMTE L BB A D& S 77 5 e 2 g 2 5E i
(1, eI EE L ICRIE R 5 84 R K e 2 AH ] .

10.2 84 %

Jeits 2B 5ER T CAR JLMHRE A 7
o HE—AgE B2 H T A4 1€ ridlelr. 5 12 £464%:

(D)MULTG, (D)MULTUG, (D)DIVG

(D)DIVUG, (D)MODG , (D)MODUG

TERRER) MIPS $82 45, vk I BREAE — MRAE TP 75 225 AR IR 1 45 R 35 A7
A (HI/LO), ‘EfiI1fE RISC F/KZ P IRAMESLIN . A TAFHIX LR, A/ A EH
BAMA TR A E N HIJLO R H R NG 257 ds h o SERRBURIE, Tk &)
B, %2 MIPS Kb B0 IX L8454 1 I AT Se Rl o IXLEHr s AT B Bk,
() Bt B2 A H
o ZIHAIRA MY A

Z: Wit 2 BAR TR 2 F 0.
® T i B A VR A B i

TEPAT 8 AP IR, 7 B B o i A T RRES IR SR A 15 AT
THLSRAM e, HE—28mis 4 IAT MR,

10.3 4%

Jots 2B & — A2 RS L IAT AL B, AR o BB AT IR 2 IR AL AT e e nt
REFFPERE ™ ZEW] R R0, AR THROR5E . HeB a4 15 TSl

10.3.1 #8453 3%
TE—A I, Jets 2B WL — A ERRZEAEAT PG PUAHR 4, (HIX DY KI5 A AN RE
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5 R TR G AFAT I S o FRATT A% IR LB 28 1 e SR AT A FEA TR AT S B 55, LLig
SRR AT IS . BEAN, WRAE — RPTEUI DY S48 2 HAF R B R %, thaeiE
MAIRSR & R . RS — S Fe R 73 SR, T H A TN 2, T84 B e P 2% 4
DR . WREJE KRR IES, MRS R, ARG AT A
HREBAAAT UM B IR R T 48 4 il 2E — AN BRS — SR B4R 2360, Wi
T2 AR P AAAE IR B AR 2 MG, Bk 2 A AR SE il ibe s, bt 2 Uit da 5|
BERE B 28— 3]

10.3.2 £ BiESaIALE

e 2B (AL, FR 2T HIE 1) — N AR B AR L S IR 2R 10 43R4 1)
Pl “RARAR]” wLUE BRI A SE W REs B IIET R B X
THUMELD 2E 105, B AN AT L0005 B 2 (10 4 % 45 4t Lo 7 AR
18, BRI, RO Tl A RS, R AR Ay (BTB) AREL:
H N —ANIEff IR U s PCME.

s o] LB DA B 5 R e R 4R A 5 DI IR T4 -

o ity 2E [WHEHR T A T J ik AN e I i 1 RE AR PR R AN ], HAS IR (R RRASH AT
— BB ZE . BT HATHINT Cprofile), 2w s ) LU S B i 46 48 % 0 A S o7
HEAT B e HE, AT 2R LF (0 o 25 4L o

o SRR IEAIAL K o — P LA I B A 25 AR A AR P AR e B B D () e e A
L Z PP 20 4484 A T2 A0 61 20 44684, Xt 2R RIT, &
THEANE] 20 454 I TRERF BN B IT. o 2B S2BL T &t ahie 4, el LA
K7y SCHR 2B . T PAT BT R FOR A ZU RS A B XA

1.3 e T HHR B T — MR IR . EWIRATHTIL, ANEPFEREIE S A
Ivi) (1 77 AT T -

o AT,

BEXT likely S84 #5454 M H BB 1R 2 .

® G-share Tiill#s.

—AN O PLIAR SR g S B A7 AR GHR, FI—AMT 4K TR 838 PHT . T4 A4

R4

® BTB (HF HIRZEAT).

16 T AHERIIZEAE o T 70000 2 A7 5 Wk 48 4 1) H Atttk
® RAS CIR[H[HbhEFR).
A T, FH T T000 R ER (BT H bR AL o

PAUR A LR T A 5 B R i 7

e 2 ALFES BB /N O HUE T likely 5885454 . AT likely KEER R4
AR M o A R 85 1 T PR R S TR B AR AL, AR BN AR 5 P R AL B AR AN 2 )
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FER R R IR S e R A B 38 I e B TN (2 LA R 2%, BT B 90% LA L/ IE
maP A, CEenist, et 2E Befg IEH TN 85%-100%, V35 95%I1 5514 (M55 J7
) LEXFEOLS, i iEas AN AZ A H I ZEA R likely KBRS F b, &
IR B -mno-branch-likely 3£ 30 (1] gec(3.3 Fi)i ¥ 2 TAEAF 4

IR VRS e 4 B 3 ANR/K B, L R ¥y H ARtk 76 28 = Bt 5. et
IR R T A K o T ECE AN RIS, R U, SRR 0 MUl — &R e
A, FEJAA 1 B ik PC+16 (1454, FH 2 Btk 2h PC+32 R4, fE A 3 ),
A BN IR I H sk o P DLk 5678 D I 4 5 45 2 B0k o LU CH — 28355 1)

vty 2E ) BTB A H T 27 A2 2 Bk 452 (A jr3d Al jalr BIART jr $54).

TR A 4 TR RAS SR TIGI jr31 454 (1) H bbb o eR 250k (9] (1) 04 250 1 B e 018

LEAfH jral $5-4F ke 20K [RI4E 2 1R 3T

1033 S RFENIRS

G Ve N AZJS A FHPAT T, DA ORI AR 4 Cache HIBLE T AT . XA
EORPEFARS 1) HARHIE T X 55, IF HAEARLAR D AT A9 ACRS A% HY Cache 47

10.3.4 ¥ESHE

gt 2ENTIAT LEBCK IR 2 B L BTSN AR L, (EE 3~ AL B 2 Py 35
TRURAT FRICIEAM B B I U 5, 2 B0 vl LAAE s REJE B P B A B4 AT SE A (R R JEE
BRI S ds (fngee) AR AISZRS, L 2E N RGBT D2 Al ORI R 2 TR
ot (& 10-1) & Urgn i ds, ERlBENEBEAT U ML .

10.4 FtiE2§718]

Load-store 54 (AT RTHEAN RGEPE R A IR K M52 o W — 980 Sl 8 A7 h L4
T N2, IR IXEeF 2] DR PR BEIAT o« W B0 e 0 T 22 A7 R g 2,
W AE FAF RS AHIRRRILEIR o AL, ELP AT FHAE BH2E 13 92 A7 0] LA /D p i 46
S I R R 1 BB 2K

vty 2B I R R GATAT IR 2 A, S 512KB, A ZUN DB AAHEL. & T

VEAERb 338 A — A%, BRAEMHA AT LAUG i — K. JBits 2E P & DDR WA7Esfl4E,
B KPR BE R T ARV 0] IR o s 2B RGP N AE IR ST A 1/6(Hh ) DL &
R FNPED, TR FIEAT PRI EAR, SARIT RIEN AR A 08 N AEF il 5
EZNIEISHIEYE =2y

Jeits 2B HETHIIXAMRA KA BSR4, (H2&n Lt load-to-zero-register
KRAFTI T RE, BP0 5 3 fEas i — A4, O ‘5 W AEa (K R 0, DRIHXFE I F5 4
AR DAT WLRAS, (E AT DB — S0P 0 N Ryl 247 . N T BRI TR, X Fl
B4 PAT IR AN S R AE VT ) 20, Bl kb AR e 2 4 0 s 20

PR NAZIS IR AN DB AE A VT ) o H AT 2B AR BEZR A7 HR 2 REIR K
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CHME R R A7t v, A2 5 AN, [RIINHR- & DB K2y LA AL+ 4 4
V5 IR ZEIE

BATIE E R I AR ST . el B, —dealsx, TREFHERMD
I FCAEXS T I eI G APAT IS b, IXRE Rt n] LUR ] e GeA7 AT 36 5 Bt i i, ]
PARBAR Ry G AEAT B I H o ARS8 AN 55 (914 gec 1) packed Ja ) %A
(s, HEYO PRI E b, Nz A AN PRI T S R R 2B TP IEH
¥ load/store 45447 % 55 23K, AN AL R K454 ZHH L A AR L. Bitn, AAREDY
TS TR AN (AT Sl Bish, hfERGURM B, R R RS
BLTA AL PSS i WA e 56 OXAMESS o I ] ) i 2 T X 28 8 1 A5 AR AU 1 1
AE A AES AR . G RS BN B ER VX LE S O XS T 1 o AR LB 20 A T AR Y 1%
TR AR AT A A o

10.5 HiB1R R

o [T PR AT A7 . ) 032 ABI P T 16 AN P, (R8s 2E
P T 32 4 64 7 1T s FF A7 A . {4 N32 or N64 ABI 7 B T R AL BRSSP g

o MIVEREVIEGES . Jeits 2E MITEREVIEGES TT LU R IS RE e i SE N PERE S 4. 4
PR AT I A vl LI i 0 A i A 4 SRR St AT T A AR
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Misg A B FTRyERBIIES

1. MULT.G —% L= (Godson2)

31 26 25 2120 16 15 1110 65 0
SPECIAL rs rt rd 0 MULT.G
011111 00000 011000
6 5 5 10 6
o fHAMA

MULT.G rd, rs, rt

o fRTIRE

e Ld 32 A5 BEHL

o FROHIR

rd €< rs*rt

A7 2% rs v 32 7 E e LI FH A7 A7 25% rt v 32 7 AE, X W MR RCAR 2 775 50,
PN 64 A AR S5 RN 32 7 CRAFERF IR A7 A7 4% rd

FEATIG DL N #RA 2 P AR SR S

o iE

prod «<— GPR[rs]31..0 * GPR]rt]31..0

rd < sign_extend(prod31..0)

o {5k

¥
2. MULTU.G —E U LFHFSF(Godson?2)

31 26 25 2120 16 15 1110 65 0

SPECIAL rs rt rd 0 MULTU.G
011111 00000 011001

6 5 5 10 6
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MULTU.G rd, rs, rt

o IESLIAE

Lk 32 1T 5 H
o JEOHIR

rd €< rs*rt

W ZF A7 4% rs v 32 (B A LATE FH 25 A7 4% rt b 32 A7 AR, XA RSO S TC AR5 4L,
PR A 64 RIE R . 45 RN 32 REAF (R TR 708 vd o

FEATEOL R A P TR

o BiE

prod < (0 || GPR[rs]s1.0) * (0 || GPR[rt]s1.0)

rd <— sign_extend(prodsi..0)

o 54k

v5
3. DMULT.G —% LI =F(Godson2)

31 26 25 2120 16 15 11 10 65 0
SPECIAL rs rt rd 0 DMULT.G
011111 00000 011100
6 5 5 10 6
o Fg&HEK

DMULT.G rd, rs, rt

o IELINRE

FeLh 64 1 155 B H
o JEOHIR

rd < rs*rt

T 25755 rs 1 64 7 {H e L 2 4725 rt T 64 748, X PN RAEBER S A 1551,
PR A 128 i gl R g5 I 64 AL PRAFAERF IR Z A7 4% rd o

ATA LT AN S P2 AR SR 0
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o BiE
prod < GPR[rs] * GPR[rt]

rd <— prodss.o
o sk
¥
4, MULTU.G —ELLEFFSNF(Godson2)

31 26 25 2120 16 15 1110 65 0
SPECIAL rs rt rd 0 DMULTU.G
011111 00000 011101
6 5 5 10 6
o FEMA

DMULT.G rd, rs, rt

o IESINAE

L 64 A7 AT 5 HEHL
o JEAHIR

rd < rs*rt

T 251725 rs 1 64 7 {E e DL 24725 rt T 64 fA74H, X PN RAEBGER 2 B 551,
PR AN 128 8. g5 I 64 AR AERF IR 27 A7 48 rd .

AEATE L N A S = AT AR R

o #HiE

prod < (0 || GPR[rs]) * (0 || GPR[rt])
rd <— prodss.o

o fHi4h
o
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5. DIV.G —BRELZF (Godson2)

31 26 25 2120 16 15 1110 65 0
SPECIAL rs rt rd 0 DIV.G
011111 00000 011010
6 5 5 10 6
o FEok
DIV.G rd, rs, rt

o EAIHAE
FR LA 32 A FF 5 34
o IRA&HMID

rd < rs/rt

274728 rs o 32 B R LA FH 27 47 2% rt o 32 {7 H, XM RSS2 G 17 5 50
32 {7 1 ORAFAE R IR 27 A7 2 rd T

AT TG DL R #A P AR R

o HRAE:

g < GPR[rs]s1.odiv GPR[rt]s1.0

LO « sign_extend(qgaz..0)

o fl4h:

¥
6. DIVU.G —EL S F(Godson2)

31 26 25 2120 16 15 11 10 65 0
SPECIAL rs rt rd 0 DIVU.G
011111 00000 011011
6 5 5 10 6
o Fg&HEK

DIVU.G rd, rs, rt
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o JH&IHRE

BRLL 32 L JCAT 5 45

o JE&HIE

rd<rs/rt

M 25 A7 rs T 32 SRR LB H 75 A7 A8 rt o 32 (AR, IX P AMRAE R TE AT 2L
32 A7 PRATAE R IR 75 A7 4 vd T
FEATIGOL N EA S P AR AR H

o #fF

q < (0 || GPR[rs]s1.0) div (0 || GPR[rt]s1.0)

rd < sign_extend(gs1..0)

o 5k
R TR

7. DDIV.G —B&EABZF(Godson?2)

31 26 25

2120

16 15

1110

65

SPECIAL
011111

IS

rt

rd

00000

DDIV.G
011110

6

10

6

o JEAHA

DDIV.G rd,rs, rt

o IELINEE

B LA 64 A7AT 15 HEHL

o RA&HIR

rd&<rs/rt

A5 A7 rs 64 ALAERR DU ] %5 A7 4% rt b 64 A7, XA Bl A7

64 A7 7l DRAFAERF IR A A7 45 rd o
FEATIG DL N #RAN G P AESARSR

o #HiE

rd < GPR[rs] div GPR[rt]
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o fHi4h

¥
8. DDIVU.G — BRIAEFFS M= (Godson2)

31 26 25 2120 16 15 11 10 65 0
SPECIAL rs rt rd 0 DDIVU.G
011111 00000 011111

6 5 5 10 6
o B4

DDIVU.G rd, rs, 1t

o IESLIAE

FRLL 64 A7 ohT 5 44
o IELHIR

rd<rs/rt

B 254755 rs 1 64 AR PR DL 2747258 rt T 64 748, X PN RAESHR & BT 551
64 17 7 DRATAE R IR 25 A7 2% rd o

AEAAR LT #AS S 7 AR SR 0

o HfE
rd < (0 || GPR[rs]) div (0 || GPRI[rt])
o {4k

pn
9. MOD.G —X=F3K##(Godson2)

31 26 25 2120 16 15 1110 65 0

SPECIAL rs rt rd 0 MOD.G
011111 00000 100010

6 5 5 10 6
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MOD.G rd, rs, rt

o FRILIEE

XF 32 LA 5 BEHOR AL

o Ok

rd < rs % rt

T FH 24748 rs v 32 A AR DATE FH 25 A7 8% vt vp 32 {741, IX AN VE ST 2 A 75 50
32 {7 F R EARAFAEARF IR 25 A7 4% rd o

FEARTTE O B AN S P AR AR

o BiE

g < GPR]rs]31.0mod GPR[rt]31..0

HI « sign_extend(gs1.0)

o Hi4h

"
10.MODU.G —¥ & ff 5 F K& (Godson2)

31 26 25 2120 16 15 11 10 65 0
SPECIAL rs rt rd 0 MODU.G
011111 00000 100011

6 5 5 10 6
o Fg&HEK

MODU.G rd, rs, rt

o IELINRE

Xt 32 AL JCAT T HEHOR B
o JEOHIR

rd < rs%rt

T 25 A7 2% st 32 AR R DL FH 27 A7 2% rt o 32 A7 48, XN RAEEHR S BT 55
32 R F R EARAFAE R IR ZF A7 4 rd o

ATA LT AN S P2 AR SR 0
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o FiE

g < (0 || GPRJrs]s1.0) mod (0 || GPR[rt]31..0)
rd < sign_extend(gs1..0)

o fi4h:
RIS

11.DMOD.G —X W ZF 3k #%(Godson?2)

31 26 25 2120 16 15 11 10 65 0
SPECIAL rs rt rd 0 DMOD.G
011111 00000 100110

6 5 5 10 6
o B4

DMOD.G rd, rs, rt
o IELINRE
Xt 64 RLAAT S BEHOR AR .
o JEOHIR

rd < rs%rt

B 254725 rs 1 64 AR R DL 27 4728 rt o 64 748, X PT N RAESHR 2 A 7551
64 A7 Fé) R EARAFAE R IR AT A7 48 rd s

ATAT L AN S P2 AR AR 0

o BiE

rd < GPR[rs] mod GPRIrt]
o fisk

0
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12.DMODU.G —X Eff S5 WF 3k t=(Godson2)

31 26 25 2120 16 15 11 10 65 0
SPECIAL rs rt rd 0 DMODU.G
011111 00000 100111
6 5 5 10 6
o FE4KE

DMODU.G rd, rs, rt
o JROTIRE

XF 64 RLACHT S BEHORAR .
o JROHHIR

rd € rs%rt

T 251728 rs v 64 7R R L 291728 rt T 64 A8, XM ERERHER S LR 54
64 o7 el 2 BARAFAERF IR T 748 vd o

AEATAE L S A S =T AR R

o B

rd < (0 || GPR{rs]) mod (0 || GPRIrt])
o fil4h:

"
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iR B SHFHENIZERIES

1. MADD.fmt—;i% & 5N

31 26 25 2120 16 15 1110 6 5 0
COP1 Fmt fit fs fd MADD
010001 011000

6 5 5 5 5 6
o FHLHEA

MADD.S fd, fs, ft
MADD.D fd, fs, ft

o RLUIRE
P R E I SE TR TN
CE[PD

fd € ((fs * ft) + fd)
SRR N AT AT RS TP e LU S BT A As fs TR ME, A3 — . FEIX AN
I EV7 S A es fd e, HREE SR, XNEHEIESEREIREREE, KA

iF (R AL B 7 2O 2 FCSR A BB, &5 RARAFE fd . BRERCRIs 5 45 A 2
fmt #% L.
o HE

vfd < ValueFPR(fd, fmt)

vfs « ValueFPR(fs, fmt)

vft < ValueFPR(ft, fmt)

StoreFPR(fd, fmt, vfd + vfs * vft)
o {5k

ANa] IO A0 25451 A1

TR B $5-2451 4k

EISE

ASKHf 41 R SEILERAEB A1

TRARAE 51 ok

TR
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2. MSUB.fmt—iZ B3R

31 26 25 2120 16 15 11 10 6 5 0
COP1 Fmt ft fs fd MSUB
010001 011001
6 5 5 5 5 6

o JEAMEI

MSUB.S fd, fs, ft
MSUB.D fd, fs, ft

o IELINEE
77 R IR TR ik
o IELHIR

fd € (fs * ft) - fd

VR AT AR Tt R I LATE s PR A4 fs TP e, A E— AR, PRI
WV A AR fd R, HRIEHER. INEHIRLSEREREIIRE, RAET
IS R A By O2 #4H FCSR A AT REA A, &5 RARAERE fd o SRR 545 A2
fmt 4%,
o B

vfd « ValueFPR(fd, fmt)

vfs «— ValueFPR(fs, fmt)

vft < ValueFPR(ft, fmt)
StoreFPR(fd, fmt, (vfs * vft)-vfd)

o filsk

ANE] I Ep Ak B A1

(ZEEERaIEY)

?? z'\J_?\ H

AKEHA 151 REIRAE B S
TIN5 okl

i
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3. NMADD.fmt—;% S #5E B $2

31 26 25 2120 16 15 1110 6 5 0
COP1 Fmt ft fs fd NMADD
010001 011010
6 5 5 5 5 6

o R

NMADD.S fd, fs, ft
NMADD.D fd, fs, ft

o IELTIRE
Xt et ik 45 R B
e Hid

fd & -((fs * ft) + fd)

SN VE RUAT AR Tt PR LA s B A2 fs TP IME, /33— R, XA IR
IN_EVE AT fd TP, AHEAMEIRAS RS A IR . XAME AR A5 R R e 1
JE, RAEREAL N AL PR O 4% FCSR W A dE A7 s, &5 R RArE fd mp o R AEECH
a8 AR fmt 4% 2.

o HiE

vfd < ValueFPR(fd, fmt)

vfs « ValueFPR(fs, fmt)

vft « ValueFPR(ft, fmt)
StoreFPR(fd, fmt, -(vfd + vfs * vft))

o {5t

ANu] PR AL B 25 B S

DR B 121 51

=T

AKE 151 ARSEPLRAEB S
TR ARG ok

R
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4. NMSUB.fmt—;Z & #4953 B 71

31 26 25 2120 16 15 1110 6 5 0
COP1 Fmt ft fs fd NMSUB
010001 011011

6 5 5 5 5 6
o R

NMSUB.S fd, fs, ft
NMSUB.D fd, fs, ft

o IELTIRE
Xt et e ) 45 R I A
e Hid

fd &« -((fs * ft) - fd)

SN VE RUAT AR Tt PR LA s B A2 fs TP IME, /33— R, XA IR
I2TE AT A fd TP, AHEE AR RS AR . XA SR 85 R R s 1
JE, RAEREAL N AL PR O 4% FCSR W A dE A7 s, &5 R RArE fd mp o R AEECH
a8 AR fmt 4% 2.

o HiE

vfd < ValueFPR(fd, fmt)

vfs « ValueFPR(fs, fmt)

vft « ValueFPR(ft, fmt)
StoreFPR(fd, fmt, -((vfs * vft)-vfd))

o {5t

ANu] PR AL B 25 B S

DR B 121 51

=T

AKE 151 ARSEPLRAEB S
TR ARG ok

R
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