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v OB Z@Y QY dmodad J

B GFUASHS ADRJ fls ts O

t OL oW AlzdzC yd sdz t OMh W teso €O W EdzS ydtsdzOdz! dats
qaiv Bdl S dMmOdzdj dzOL dzgOyjdzd™ d §u
31...0 ADRJ[31:0] dbHtej M jskBdeOhes f OdZW s .
ltgcf | FREN = 0 (tsfjdatse &zOW f O¢
ADR[18]T dzsd3j t6¢ B dzts € O;

- ADR[17:12]i OH te j iy f) IX&GOR@B "  (
- ADR[11:9]T OH te j I NWADRRO])] (
- ADR[8:2]1 OH tej f) YADRSGOY, (

- ADR[10]T dzgj dd3j jIs L dzOy, dad v . [
wyji260 32 BdkO.
| FREN = 1 (dd¥ sted3Oyd dzdz

1
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1 Bd3d 3160
r sfls RIW
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[ sMls | R/W
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v OB Zz@3j P d MOdzd J

B GFUIASHEKEY d ) ls ts ©

t OL 6] A kzdzS yd tsdzl t OMmh dW¥ thleaz Qd s dzgOdz! desc s d dzd
d i3 Bdls SfdmOdzdj dzOL dzOyj ded™ d (g
31..0 KEY[31:0] s dzs y Hdzw tcOL o h § dzd wf O gt tf Iz
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1 jtojH fjtcjoBBHBAR §OdRWIsd )
dzj 5B R t5H d d3sts FloASHis K € f ) Is t© ffofpQifisizC
Ox8AAA5551.
l sfdzj BSCdzyOddY i jteoydy Odd
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10.5.8 FLASH_CTRL H dzt3q € tc ts fiylDR 1#6AFI (CHIP_ID = 215)
s OB dzZ@4j @ j ¢ dAYASKE CTRL
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tc j ¢ d FUIBSHODI:
BYTE[O] =17 {f toc ts ¢ tc © d3dIAIBA] G:0F fyw
BYTE[1]=17 {f tcts ¢ tc O d3dfALEA{ 518 W
BYTE[2] =17 {f tcts ¢ tc O d3dJofAIEA]Z314 61 W
BYTE[3] =17 {f tcts ¢ tc O d3doAIEA{J L84 W
14d HBfEMd®BO EMisOdztseo O B Bdz] §
10.5.9 CHIP_ID_CTRL
v OB d&z@6j @ J ¢ JOKHKPKWD CTRL
1 B3 31 é01 % 2 1 0
r sl U R R RIW
4 B tof 0 CHIP_ID 0/1 0
CHIP_ID OTPTST2 | OTP_PROG

v OB ZGAH QY dMOdzd J

B CKIP IDjGTHL s tc O

it OLte\AEZdeS ydsddt OmMh dW tectsoa €O WEkdzC ydsdzOdz' detse s
d&v Bd dzOL dzOyg ded™ d f tod ded 3OJ §
31..10 - 1 Otej L jtco Jqletso Odzts
9.2 CHIP_ID 11011001 i ID d3q § tc ts MMQRARO6F] MDR1215LG|
MDR1219LGt
11010113 1D &3q § tc ts MERIL2B6AF
1 OTPTST2 vjMmMssear 2 Bdl, d&aYjls BTy 9o d
E ¢ ¢lss [ ddzOdaHdesec . 43 12196 . 03 3 72



uff j yd ¥ g"MORLGO6FI, MDR1206AF|, MDR1215LG, MDR1219LGlI

t OLtelAEZdeS ydtsdgt OmMh dW tesoa €O WikdeC yd sdzOdz! detsg ts

g 8d

dzOL dzOyj dedw d  tod dzd 3O o3

0 OTP_PROG

1 tod Of f figdhdzd HisO Olsj dz! dzsfls d

17 delay(Ims)y 07 delay(Im$7i 17 delay(Ims) Oi delay(1ms
T 17 delay(Ims) O

ftetsd i tersd s O Bdsd'tafg o) AdzdfJORY Isd O
I sz {1 stsets fted fjteots? YHO
LOB IS diotsd OzOdd AGo Odzts o d3d €t
BJ L ofsL dytsifipifesifsdfis o dzj dzd W

] sisdgdztsmls ¢ LOf dMmd ) L Istsls
LOB &S dicso OdzO, L @Od fig! dzt® ¢ AL @K

10.5.10 OTP_KEY

v OB ZG8Y @ j ¢ JATR KEY

1 s d3d 31é0
[ smls | R/W
4Bt 0

OTP_KEY [31:0]

v OB @y P § dfdzd |

B d Is OTRKEY s ts ©

t OL tg] A Edz€ yd tsdz( t OmMh dWtesa €O W kzdzC yd sdzOdz! dzts

qav Bd

Is s dmMOded § dzOL dzOyJ dedv d ¢ tg

31..0 | OTP_KEY[31:0]

sdzt Yy HdzZw twOLtej"M jddYyyftestcttOd
[ dzw tcOL B d&z5¢ d tetso Qazdfvi s .5 O CcHfl f
dzz ) dzts L Of d MO+ GCdz6 y O0x1555A

E

df] clss [ ddzOdaHdesec . 43 12196 . 03 3 73



uff j yd ¥ g"MORLGO6FI, MDR1206AF|, MDR1215LG, MDR1219LGlI

11 vdMmilsj BO & 5d30 dzH

] &3 € tots fitgqj jJOBA L 159 O RISC\StidsGRIBAMCNZX, 9 ¢ dz¥ yOw

- MlsOdzH Otelsdztsj] wWOMM disj dzdj RV3 21 ;

- MlsOdzH Otelsdzsy tOMh dtej dedj M ( ygj dztsyd fpdzj dzo

- MsOdzH Otels detsjy tOMY ' fod § SBOHL'6 Hdzv ko |
CBHO) ;

- MlsOdzH Otcls dats | tcOMh dtcj dad J N (fBsHHjtY O
i ddsd ftedoddzj cdtetso Odzdzsmisd) ;

- MlsOdzH Otels dz' |  t6 QfiyBR{ ZBCLdBS ((BE®dzH™ Hdzv B
BOded § Z)izv yd 2

- MisOdeH Otelsdz" | to O,FBKELIZBRIEJZKNDY, BKIB ZKNH, ZKSED,
ZKSHH dzv MCOdzv tedzs?2 CtdiflstsctcOW dd;

- M jydodzdL qietse Odzdztsj] XGOST twOMh dtej dzd j .
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]
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sh S rsl, rs2,immu s tcOdzj ded j ( tsdzzfdztse ©
SW S,Cx | rsl,rs2,immug tsa tcOdzj ded j fdztse O
add R,Cx | rd,rs1,rs2 ptcd W dBj sdyj MStsj Mmdztsy j dgd |

addi I,Cx | rd,rsl,imm [ptcd W d5j sdyjmMStsj Mmdzsy jdadj M
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Xori I rd, rsl,imm | sedyd Mty dmEdzs yoer h jji ARJ
L 2Oy g dzd § &

or R,Cx | rd,rsl,rs2 || s6¢ d Y JRSRs §

ori I rd,rsl,imm || sedyjmits] AR[J RO M dzj f sMmtcj

and R,Cx | rd,rs1,rs2 || 56 d yJrRgS 54§

andi I rd,rsl,imm || sedyj MC Mm@ RrROMiNe paedztsds L dzO

sl R rd,rs1,rs2 | sedydJ MSd2 MHeoadc odzj ots
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[ dzj O3ts . : .
gtsd3o(/\tstrz,ct J1jtOo stcOlC] fdMoOdzdj
srai I rd,rsl,shami¢p ed W &3j sd yd MSd2 MHeodec o tcOo
L dz0u g ded §
slt R rd, rsl, rs2 b tc O 9o da] daf Jj
slti I rd,rsl,imm |u tc Oo dz] <yl jdzj § sMtcj H Mise j dzdz’ d3 L
sltu R rd,rsl,rs2 wtcOo dz] <agp ji L L dzOS s " O3
sltiu I rd,rsl,imm wtcOQo dzj dzdj fA<0 ) BJjLL OSSO
L dzOyj dzd § &3
beq SB,Cx|rsLr2,imm |} jtejrtsH o MmMdzEy0O,j 08 j dzMmilse O
bne SB,Cx|rsir2,imm|l jtocjatsH o fMmdzEy0O,j dzj cOo j dzfmls
blt SB rslr2,imm |} jtoj nBH odzmfuzz y0Oj d3j
bge SB rslhr2,imm |} jtejatsH ©® MdzkyOj Btsd hj ddz
bltu SB |[rsLr2,imml jtoejatsH ©® MdzzyOj d&jdz hj B
bgeu SB rslr2,immf} jtejattH o MmMdzEyOj BBBd hji dd
jal UJ, Cx rd,imm |1 | tcj &link
jalr UJ,Cx | rd,rsl,imm |1 | @ js&link register
fence.i I - dddzmntotsdzdL Oydvw fslsts¢C O fs8HEO
Ylsjddv/ L O dfmMd H Odzdz" =
rdinstret I rd 1 MJj o Hs5d dafidbiag z Sdz@f W€ HdzOdzH 2 yls §
ydmdzO dMmif sdzdzj dedz” = ddzMlstelz$ y
ecall I - 1 Oftetsf) dzO@ o' f sdzdegj dzd j  j o] O
S juEf@ dedets? M d fls j 3"
ebreak I - ] JlJ HOYO EftcOo dzj dzd W s IstidgOte ¢
rdcycle I rd 1 M o H 5 defrdiiag 2 Sdz@f W€ H 3O dzH 2 yls §
Csdzdyi Mlso © o f tsdzdzgj dgdz" = yd ¢
rdcycleh I rd 1 M o H 5 defrdiiag 2 Sdz@f W€ H 3O dzH 2 yls §
Mydlsyds o Stsdzdyl Mlsea © o' f ts5dzdz
rdtime I rd 1 MJj o Hs5( dzfidbiag z Sdz@f W€ HdzOdzH 2 yls §
L CsYyOmksslsdsets fdMmlsj Bdsae s
rdtimeh I rd 1 Mj o H 5 dzfndbiay iz Cz@ WC (3O dzH 2 yls |
MisOteh drn B dls dzd L § tdsysadn IdSCs2drs) Gl
rdinstret I rd 1 MJj o Hs5( dzfidbiag z Sdz@f W€ HdzOdzH 2 yls §
ygdmdzO dMmif sdzdzj dzedz" = ddzilstelz$ y
rdinstreth I rd 1 MJj o HsJ dzfidbiag z Sdz@f WC HdzOdzH 2 yls §
fMud sudse O ydmdzO dMmy tsdzdzj dzdz’
mul R rd,rsl,rs2 v d3dztsy J dzd J
mulh R rd,rslrs2 vd3desy JdzgdJ M oL oatcOlstsdyz MilsOte
mulhsu R rd,rsl,rs2 v d3dztsy J dzedJ L dzOCtsotsets dzO B L
Bl tjLEzdz OO
mulhu R rd,rsl,rs2 v d3dztsy J dzdJ BJL L dzOC B tsets dzO
fMlsOtch drn Bdl tiLkzd IsOIO
div R rd,rsl,rs2 |1 j dzj dzd Jj
divu R rd,rsi,rs2 ) JL L dz2OSsotsy HJdzj dzd J
rem R rd,rs1,rs2 |[ MlsOlsts¢ sls H j dzj dzd W
remu R rd,rs1,rs2 1 JL L d&ZOSCsa" 2 MOk sl HJ d
andn R rd,rsl,rs2 |} sB dIstsonsly d¢c Rdedzs2j tcfmd d
clmul R rd,rsl,rs2 v d3dztsy J dzd i B id3dzOH J t©j dztsh®@d@ Is(* )
clmulh R rd,rs1,rs2 v dgdgsy J dedJ BJL f jtej dzsmO ( Mmls
clmulr R rd, rsi,rs2 Ud3dzts>14dzd4 BJL HJtjdsmMO tj o
fsfdzj Hes h dd3 tcj o jtcidtctse Odzad j
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[ dzj O3ts . : .
gtsd3o(/\tstrz,ct J1jtOo stcOlC] fdMoOdzdj
clz R rd, rs stsdzdyj mMlsets o jmwlzh dn dkzdzj 2 o
cpop R rd, rs stsdzdfus o s bk fils Odztsmsldzj dzdzr = B d Is
ctz R rd, rs ssdzdyjMmlsets L Oo jtsh O h dn dzlz da
max R rd,rslrs2 J tsdz! W j i LdOyjdzdy dL Helbknms L
maxu R rd,rslrs2 ) tsdz' h jj LdzOyjdzdy dL Helkns B
min R rd,rsl,rs2 | jdg' " ij LdzOyjdedj ygdzr Halzn L
minu R rd,rsi,rs2 | jdz# hij LdzOyddzedd dL Hoeokrs B
orc.b R rd,rsl,rs2 1 sBdlstsoetsj C¢CR[JRE& HAW o9fMj~ B
orn R rd,rslrs2 1 sBdlstsoatsj ©R[R ef meafls dzs d ds?
rev8 R rd, rs 1 jtoj fMis Odzts 9BCtE0D IBd@Rds fots tdsv H €
rol R rd,rs1,rs2 A dS dzduyj MSd2 rshHode odzj ots
ror R rd,rsl,rs2 AdS dzd yd mMSd?2 MmHoaode o tcOo s
rori I rd,rsl,shamA d S dzd yj M€ d2 MHodc oftcOots dz
bclr R rd,rsl,rs2 wBtetsm BdIsO M dzsdd csdz, L OHO
bclri I rd,rsl,imm B tets BdIKO M dtsd3j etsd3, L OHO
L 2Oy j ded § d3
bext R rd,rslirs2 RLodzj yjdzdy BdlO ) refgtsdij tets ds,
bexti I rd,rsl,imm RL O dzj yijdzdJ BdIO M dztsd3j tetsdz,
L 2Oy g ded § A3
binv R rd,rsl,rs2 |R dzo j tols d tetsfds@dzdn] dzts d3j totesl3, L OH
binvi I rd,rsl,imm Rdzo j tclsdteso Odzedj B IO M dzsdzd
dej f sftej Hfiso j dedz” d3 L dzOyj ded § o3
bset R rd,rs1,rs2 UMlsOdzsoa €O BdlO M dAsd3j totsds,
bseti I rd,rsl,imm U MlsOdzse C O BdIO M desdzj totsd3,
L dzOy g dzd § &3
sextb R rd, rs t Omhdtej dzgdj L dzOS & d3dzOHh jGets
sexth R rd, rs tOMh dtejdedj L dz®C 0O ftsdzzmdztse O
shladd R rd,rsl,rs2 wHomle adzjots dzO@O 12 d Mmdztsy j dzd
sh2add R rd,rsl,rs2 dHomfle o dzj ots dzO 22 d Mmdztsy 4 dzd
sh3add R rd,rsl,rs2 dwdrel o dzj ots dzO 32 d Mmdztsy 4 dzd
xnor R rd,rsl,rs2 |Rdzo j cfndw dMCdzt yoOeE h jets ¢cRJ R
zexth R rd, rs t OMmMh dtej dedj dzgedzw d3d sz mdzts o
1} tod &3 U OHEfejOW j [ it Gsdded 'L 28 Isfyw fdzj Hiz® P d]
- rsitoj ¢ ddifitsldcts y dzd € ;
- rdi te j ¢ diffscied dsdz
- immd dzd sihig Mfitstcj HMilse j dedetsj L dzOyJ ded j

] sHtesBdetsy S dmMOdzedy d WstedzOlsr CtsdizOdzH 1 t

- «RISGV Instruction Set Manual Volume |. Uséevel ISA Document
Version2.2»;

- «RISGYV Bit-Manipulation ISAextensionsVersion 1.0.0»;

- «RISC-V Cryptography Extensions Volume 1. Scalar and Entropy Source
InstructionsVersion 1.0.0».
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111 1 OBttt CtsdzOdzH tcOMh dtej dzgd?2 Hdzw EMC st
ltetsyj Mstodats § WHicts toj OdzdL zj s HEs tsdzdzad Is j
¢ ts 30 dzH H dzw Zm¢ tstcj dzd © dzcots taddldipeig odzd W ts S tdgjdH jlsdxy j
1 [ 834122015 (Bdztsydz j (3ol (YedSydw nih
] { 83416201 2 (ftesyj MMmr Wistcd3d tetso Odad W d i tot

fsHf dfMd). stHdtese ¢ O OdFdy s fstkOuAyls O oxdgjods@
dMmf sdzdzw ¥ sfpv tSHddz SOCIs.

v OB ZdhjOdflsscwOl d uj MGOIT d deflstez € yd d

funct? rs2 rsl funct3 rd opcode R-type
1000010 rs2 rsl 100 rd 0101011 gost32sb
1000011 rs2 rsl 100 rd 0101011 gost32shi
1100101 rs2 rsl 100 rd 0101011 | gost32kuleh
1100100 rs2 rsl 100 rd 0101011 gost32kule
1100110 rs2 rsl 100 rd 0101011 | gost32kuldh
1100111 rs2 rsl 100 rd 0101011 | gost32kuld
1101000 rs2 rsl 100 rd 0101011 | gost32Zmgma
1010000 rs2 rsl 100 rd 0101011 gost32taul
1010001 rs2 rsl 100 rd 0101011 gost32tau?
1010010 rs2 rsl 100 rd 0101011 gost32linl
1010011 rs2 rsl 100 rd 0101011 gost32lin2

SSBOdEZH O gost 326t o8 tfGudsrQdzd jS HdzW € OY H
dgmEdze yoes h jes R R twdcdYtdths 0Ok &jr Eadz' sOIsT
BO2IT tjcdfiplgts®@ tcOd soOdzdj ¢ MG dzg yos h dd3 RS
csbkLrdzj yd<é (@asdtsydcdlscdf[Btsc e (W k2 diSieydes teiOL Nsc
sftcjHjdzjdzt ©® t©OLHJjdzj 4. 2018d MdsOlz@ O @] | D&
| Japy 34L0112. [BO MlisOwds OtksHs dOdz@f Tt dtadzjtclClr s Odzd | .

StsBOdEZH O gost 32sbi off " tdf | tomdm AP ted Js B o @Y dzt€ O
cjedmMlstce® rsl1 d o"fsdzdvjls M tjLbkzdz SOIsd3 dMm
IOy dMmr e0jls tjLlzd IsOI tjedmiste r d.

Lftcj sBtcOL s0 Odzd | , dghf sdzr LEjdBs] o Odetsts
tcOLHjd&ZOR 4. 1.2 goss5 Bxdafpismyr §Hdlfsdkshd Cr
gost32kule. Hf tc j SB W OL 59 Odzd | or ff sdzdzgv § Ismw dzO B d I8 .dzt
Lftcj sBtcOL 58 Odzd § weo dzw j Isfpw dzd dzj 2 dz" 2 ftcj s
 dzgdzts » j dzd © ontsHdsEts 9 jCltstc® dzO € tsdzff B O dzlsydet
9" Yydmozifde s BlicOL s Oded W dMnr BH dz' 2 WBidEY s jiHn@ drds' o
SstsBBOdzHT gost32kuleh d gost32kule dMmfitsd Lk
Edgdetsy j dzdv dMrtsHdtsets 9 jClsstceO® dz20 BOtedykz f to
CHHBS2-BBRAzs?2 yOMmilsd tjLizdz sPbO fipksn F td § ©3ts |
fs®@F(8) yoOfmlsdydesets Ed3detsy j dedw dBEOIstedyr dzO
CBBOdBH OB gost 32kul ghdedjgoestf B2kl &MwC 6 ts 3O
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lteddzj e S tSHO, Icff Oz BODL 5 & 8 dzd W H dzW B dzfs
tcjcedmMlste®n x1 (BEZOHNJ] 32 BdLO), x2, x3, X

gost32kule x5, x3, x4
gost32kuleh x4, x1, x2
xor x4, x4, x5
gost32kule x5, x2, x3
gost32kuleh x3, x4, x1
xor x3, x3, x5

gost32kule x5, x1, x2
gost32kuleh x2, x3, x4
XOr X2, X2, X5
gost32kule x5, x4, x1
gost32kuleh x1, x2, x3
xor x1, x1, x5

[ BWOlsdfsgj sIBtcOL 59 Oded§ o' f sczdgV j Isfpw O dzO dzts
Csd3dOdzH gost 32kul dh d gost32kul d:

gost32kuld x5, x3, x4
gost32kuldh x1, x1, x2
xor x1, x3, x5
gost32kuld x5, x4, x1
gost32kuldh x2, x2, x3
Xor X2, X3, x5
gost32kuld x5, x1, x2
gost32kuldh x3, x3, x4
xor x3, X3, x5
gost32kuld x5, x2, x3
gost32kuldh x4, x4, x1
xor x4, x4, x5

Gkl o j sBteOL s Odzad J , d MY tdz'cLdiLjedzs(jB dats Y @ziz@ ts
sftcjHjdzj dzdetsy] © t6OLHJ dzJ 52 021 5ff)ls GodzHtfCtazd@ J s fer
HOdzdz' » tOL d&3j tetsdz 64 B IO, -B@ IsfzsE tstc jolOlz dizH 50 Iis G

rdzv o ydqmdfjtelgdtys 3fLktdo Oded V¥ dMmf tsdz! L Iz Isfmw
LIssdd MisOteh dj 32 BdkO dM- tH datsices] fiplsdats Sr&s 1H, O ded
Cdzt Yo kdgdzOHh dj BdIlsr tjcedMmlstc® r s 2 ;f tadfdsBHAIOY ji5 0
LOf dMmr e OjIsmw o toj ¢ dfiflctg srBde.O L sty Ofgadty 2 fifldseOlts h @[
fptsBtcOL S0 OdzgdV twOodzr dBwBEZOHNJdz 32 BJdlsOdZ dMmnr
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Pftc] sBtcOL 5-§ @zt p tc@L o Odzd J , dmf sdzr L 2z d3" |
(WEkdS ydw ~nlhdqtetse Odzd v ) dH J &ZPicj HY dzd dzda]l J 5 .o
] { 41v34.1:2012 Mtsslse jIsMmilse j dzdzts, o ff sdideds Is Mfvts d3tsf
¢ ts d3@adgtB2taul, gost32tau2, gost32linl, gost32lin2.

SEBBOdZHO gost 32taul o' ftsdzdg” jIs  jtoj dBd N 4
LOfdmMr e0jls jLEzdz IsOIs 9 wjedmilste rd MmMsec &zOMmde

uint32_t gost32taul(uint32_t rsl, uint32_t rs2)

{
uint32_trd;
rd = (((rsl>>0) & OxFF) << 0) |
(((rs1>>16) & OxFF) << 8) |
(((rs2 >> 0) & OxFF) << 16) |
(((rs2 >> 16) & OxFF) << 24);
returnrd;
}

StROdostRar o' fsdzdzw jIs f jto] dzi qrgldedeR , B O2 5 O
LOf dMcg Oz IsOls fgts dedr@figdptls e dzidH 28 h j d3sz O dze sted

uint32_t gost32tau2(uint32_t rs1, uint32_t rs2)

{
uint32_trd;
rd = (((rs1 >> 8) & OxFF) << 0) |
(((rs1 >> 24) & OxFF) << 8) |
(((rs2 >> 8) & OxFF) << 16) |
(((rs2 >> 24) & OxFF) << 24);
retun rd;
}
S B3O dzH ' gost32linl d gost 321l in2 Bgbqd

toj L zdz-IstOjistOB dOL 59 OdzdWY Mstslse jIsMmise j dzdzts. tdLk
dgimMrtsHdB @ls@®4?2 o jCliste 9 tojedmilster rsl1 d rs2.

112 1 BHHjKBYEO Wait For I nterrupt

ltesy MistodftgsiH HYY tetgFo OjIs Ctsd3OdzH 2 WF | ( W
dmf sdzdzj dzgd d S tsBOdZH™ WFI ey Mstedztsy WHicEE |
gdzls j W j 2 MOR d fijtwjraHdls o tjiydd ts3 dHOdao
ftejter 9 Odzd? ftetsyj Mitstedatsj W Hstedy daddrv  tsfisdRdoz? Jud@d
MdedzOdz His ftswodzjdzadw ftojter 9 Oded v .

] t5H tots & izt f) @ Uzt fp BASSBO WERIY tcd © pH F tzlz dzgThIR|ISCV

Instruction Set Manual, Volume II: Privileged Architectuversion 1.1%.
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2) ey MNcchE] 1086

BM-310SO0f sHH j to § ©Ojtds) ¥ i 3O f tocd 9 d omicldng ¢f sserO dzdz
tiNgadsf toj HisSMIsOoa dzv jIs d3j R OdedL o5 dL tsdzv ydd o tesy
CtsH O, d MY tsdadzy ) dzdpgcine o 1 sdzj j J§ sBiESE) Qo] | tc
ftcd o ddzj ¢ d teftpdpO dadasiis@e ®RISGV Igstrudion Set Manual Volume |l
PrivilegedArchitecture».

s tsdzo j BM-3d0SO mMtsMmistsdIstc j@fls OH d 2, ZO Ctlstste’ A
oz Hize M dj tfjteOoydd:

1Mmis O € ) dzj OAdesEONdMY] Bz OBV Isd fscoOd

2Mis OB j e Pc i3] dzf O RHES8 Od HJ S sHEdp@dzeH dz

3MsOnd iy tsdzdisdgPizH " .

1 sHfdMilsj &3O ftcjHO OtcdIsj dz' dats 2 sBteOBSISC d
or fsdzdzj dedd Y jtOyYyd?2 fjttora Hobka MSOHd2 ¢t

1 dzsC FE Mmtsmis s dtisteHflats € fisdej Hz8 h d A

- IFU I Instruction Fetch Uniti MtsH j ey dIs dzse d ¢ 2O Hitey tddg
ffzi e h jets WicOEed3] dzls© S tsH O;
- IDU i Instruction Decode UnitB dzts¢ H j S sHdtetso Odzd v d daf

- RAS i Return Address Stadkifls j € OHt ] Mtse oL OOISO

10 Msobpdgs | FU W¥WstedsqtelzjIs L Oftetsmr H dzw
fsHmdmis] B tFOBOKBE (PMS), dhmfsd L&Y ddits
fsHCOYySsd s I DU, RAS, O LOSYj] YHmMdMmlsj &3’

1 GhisO2ddetsdmMeatsHdIs ylsjdzedy WteOedR] d2sO CBHO
CBHO By 4 Is MsH j oy Ols! S H dzlz d dzd H 9ojdzv § I8
Hy SBHJes9 Odzdy tSHz52 CBdR3OdzH T d tjLbEkzd OIs
Csi30dzH  ( MEfleBdbs Biddls se ) ddd of s fd BlORAONJ
¢ 5 BQBEN

10 Ms3§etdmMdmisy 30 dMY sdzdej dzd™¥ § sdBOdzH (B
CsBOdzH Hf js OjdgH "8 L wjcedMmMstetsotse s WO dzO, iz
o' ff sdzdzj ded v d Mmas'systs dedzindfle) rdz@zgzdsls j dz! dztsd3s EZMmistets 2

ss@OdzH" , dMmf tsdzdzy j 3" J fesy) Mseds d3 W H1
d My tsdzdzj dzd ¥ . -tc Qfis"dIDEigHdzd W1 MY ts dilzw & Sy d3jts H ¢ Hzdz Asc
Colsster jJ d MfotOdzdy @ Asldn®. Hs s B3O dzHd j ¢ Hf B)fissOfizd dIny &
fmMlssds GCwdzo j 2] te]. RMY sdzded Is § dz! dats g Zmlstcts 2 fi
slsoj yojls L O dmftsdzdzj dedj SCtsd30dzH DI VO f o Rdz
ftcdo jH]jdzr .o SsOBAPHyj CLMUL, CLMULH d CLMUI
CodsOdzH MY sozdgw ¥ Ispw o sMJ d3 sOCIstse . [ Mls Odz
BOded § zdzv yd 2 dmy sdzdzgw & Ismw sHddz IsO¢ I€£.0dzs tsdis
CediflssctcOWdd dmyf sdzdzv 6 IsMw tsSHJdz ISOC Is.
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U OB izd2j P dzd Is j dz! desfls! o' f sdzdzj ded v € ts d3O dzH

S sd3OdzH O [ dzd Isj dz! dzsfmls! , Is
MUL 1

MULH 1

MULHS 1

MULHSU 1

DIV sls 2 HBB 16
DIVU sls 2 Hts 16
REM sls 2 HBB 16
REMU sls 2 Hts 16

l sHindMfsQadg' s ftesectcOdRRdE (PMS) d HOdzdzr =
ddzlsj cted tcts 9 Odzdzts 2 f OV Is d (TCM) d | / O HJC
LOtj L Jj tcaHfiwts ooQ@idzAs tc j dzdzd = B dztsC s f tetsyd M ists dzts «
dmMfsdz L 59 OdzO  H dzW tsB tc ON j fiafl dz AHE. Iz friddrdstt2t ) Is & (
sfkzh j Mlso dzv j Ismw fi) f sdstsh 1 & ' HJ dzj dgdz" ~ |
f sfmdzi His9 Ols j dz! dzlz ¢strodggenderimgmemeriatrissk {f © ts (AHB], dixjll) Is -
Mdzj Hizs P d2 L Of tABENdzjdzOB E'Hdjdlg] o " Mis O9 dzj dz, H S
Isj Chifigdsd 8 SECdyoOodzdd tBttOBBISd L OF @ MO
WHt) BlzH ] Isdige §f Gp§ trddogpdnd)] (

121 ulstekClskticdzO" MEj BO fesyj MO

h o ¢ mmohe.B|\/|_3_1@)ac’\_m
hog mmoh gW31030Y" h o
Frontend > Backend .
<—Local interruptg—
PMP| [ PMP
PMS DMS
\ A
| LIO crossbar |
A
Y A A Y \ 4 A
LIGto-AHB Debug TCM CLINT LIC
arbitration
i A A A
AHB ITAG TMCA FP TMCB Timer Global
interface interface interface interface pulse interrupts

{ (MzBEEStkS bEtdzOw MR j BO ftetsyj Mt
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12.1.1 R dzls j tdfif jJRCM

RdEls j W j2MdMT M LEjlsfv Hdv Hshlskfo ¢
f et tcORd RAlsgER, 2 fcOTEMd) dz Qs dH o jd digj W j 2
Jdzls j KBNS M zaPed ddz OHtej MO d desdilde ¥ j @ i®, fTAu w1
fsHHjtey o Ojlsmw § OdMIs! zid @i dgdtets df da 8 OHRAB =& ©C

1212 ¢teedlste HEMsEfO ¢ BdsSOd §OEYId TCM

I'dgj "dedd o jHEMNI] B dzts{ izO f2Od o3l dodzj EiREERZ IS
dmf sdz' L s Ols’ -dodglsHjtaly (2 MAHBetsyj ifmstedzese s § 5 d3f ¢
fORWIsd TCM. ltod {1 Issd3 EOfectsMe dzsE O o iz f Gz @IS
¢ BdsCOd® §OBYId TCM, CHj ®iyHE dddd d LOf
d HOdgdzr = (DMS) fMmEh jMmlsodzw jlsimw OB dlstcOY . |
BZECO o GHdsE kOCk] (sfOHOsk o sHBLGy Jf tsd
SHdote] d3j dedets (BJjL SCSdWdzdSIlsO). 1td s OHOM
o' BdEOjMY 6 MazjHksh jkkz fteddydy kz:

-LOftesf tIs DMS ddi3ijls Btsdzr 2 ftedtstedlsj Is

-Hdzv or" BOditse s dBiYHE PMS d DMS hj@tstst
BzsC O tsmkh jMmsedzv j Isqw Owebi.stcOy 6 ftoddydfk

dssBOtedetsmis! dBjyHE HeMiskfOodkd §tsyj st
BIzsS O dzj ¢ OwOdadsdtclzjlsmw.

1213 Rdzls jweW j 2 AHB |/ O

l ey Mmsted 2§ s dzj ¢ AHE FOfHEY  LHisjfids b dgls jCte
fjtedWjtBdXdglstets?2 Mise ddzd dzRrUzlsh dotté if P dgts 2A HB O dgW IO
2B dlsdz 2 WdLduimMSd?2 Owa Fin.ddasd tsd ¢z@ M'OJ d I Bz
wbkh jflsokzjls oL BBy detsfyls! MY tsdzdzj dzdv SCtsHO (L

1214 1 Of e’ Gtoj o' o Odzd 2

1 Of tesfr  f ljotal iot@rdpfsdy sHC d&z¥ yj d& € Stsdstt
ftojter s0DHaf2 wdcdzOdz , Ilfptakntednps| Oj tidzy &€ 8 Is!
kOClksor &5 e dzOdzsdE W HiO. eldbietsitven df Qo Gderdzd

1215 Rdzls jteW j 29 JTAG

R dzj d3j dels Oydw Htsdzy @20t tz & Oda p dzd de@imifjditze J
qHj dzZsdW dS Olstste ftetsdL o 5H d Is jropls jdgdf S tQfirfs R STAAGY © J
dzj  ste] Hiise j dzdets € Y sHMdMmMisj &3y tsls ZOHEES (Dek
dzf MBEOMr 90 jlMw ls MdedzOZO ngfimbe dejlsws f
MetesM® POR, odaj "ded 3 M e dzOdzsds MBtetsMO nRES
Mststetsy j o A7 O WGt pC lsdats?  tc @m sl j slazs € @ D @ls |
ZOYyoOdzj OBl MmdMisj B .
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12.1.6 LIO crossbar
[ 8C0O0dzt dzOvw h ddz0O W HICO.

12.1.7 1 Oh dIsO WdL dYE@®BVBR2 §0O0d

[ dzw sBJ MY Jyuj dedw BJL ST Omdats?2 sBteOBSIsC d
N4 dzOIsj dzt des BeteOded ydls! WdLrdyd MmSdJ OHtej MO,
[ S sdzdzd Is§ dz' dz" 2 d3tsH k2 dz LOhdIst WdLrduyj ME 2
Z tc 0o dzj dig[jwy dedzjofts dAfr ts 1P d j L OHO9 Ols! ftcOo ©® HEBMI
(usjdedj, LOfdMm!', ortftsdzdzj dzdj) HdAzvW COYHB2

gilsj g J dz HylsOdzdL Oydd dzOfmlstetsj € € 5dzls tctsdzw
Bsyjls 90t qieso Ols! Mw o L O dMmd i3t fipsts]  frikdsO dasi B0
CsHdesa CO P MP fsHHjtydo OJ s sB dzOMlIs d tcOL d
sftcjHjdzj dgdzr » B dZzZOMIs |2 MBsIHOY B to, OdzD s Is 16
Bsclzls BT Is! o Micdey JIspoz) Cas oz dzO kteseodsw - M B

PVMP{ tctse jteC d ftoddzj dgv e Isfw Cs ofMmMjd3 tBEON
Utcj X d d3d , O OS] ¢ 6fjttOydwd LOctekzL Cd d
tcj e dMistey mstatus, O ff tsdzj MP P ) tcj e dMliste
PMPf tctse j t6C d dsclzls fiddaffdyagiaegsy iz & o tsdy) L Istsd3
tcjedmlster PMP BdzsSdtkzs lsffw, IsOC utisjsy ¢ BQ J dzjf toc
gL d3d dzd Is dr BJL MBttsMO WwWHKO. 1 fmkld, P
Utcj ¥ d 3O, Colster | 6 bkdRcdzyOdzd: ' szt g dze
MtcjyddO, SColstster 2 5 kEdRtsdzyOdsds ddzjjls f tsdzde
WdSemdtelze smw W H e d3.

12.1.71 CSRtcj cdMmlster L O dIlr WdLdyJ MEs2  Odgw

PMP-L Of dMmMd f dfcCL@wisififiyr d&38 toj e d Mistetsdz € s dat
2tcOL W Hdz" B3 tjedMmMistctsdp’ OH tagdfistcts? C Odzj] CBEB
dmMyf sdz? LE2jIsmMw tjcecdmilste OHtej M@, Offiffon LEQ dzdir RH Hiry
HS 8 LOfdMmj2 PMP. -tjfgjd mistedzd PHREzY CSRRY WAR
LdzOyjdedw, ybsjdedj btsdz ¢t Hf zMmisd 3" BB dzldaizic d@
PMPCSRtc j e dMister HtsMis 2t da] d dgjs.dz! 1S jse e € sdaW d G
Z{f OC s Odzr © CSR, Ylstser Mo jMisd € 3d dzd d3lz d3
ftcj HiMIsOo dzj dzdzts?2 Oten dlsj € Iskzte'-tc j WH B tc BijpipuigiLc t§ ay
Colsster jOSE B Y d ¢ 2 tc ®yndpd7 opfnyp Orad®dd B PP
v OB dz4d3j @SRtc j ¢ d RR{Machine)

PHIG) 1 OL O O] [ BMIs {fdmodd J
0x3A0 pmpcfg0 R/W tdedmists CedWdekztcOYydd W
0x3A1 pmpcfgl R/W tdedmists CWsdial df ¢ 2Oy dL Oh
0x3BO | pmpaddrO R/W td edmiste OHtej MO WdL dyg M
0x3B1 | pmpaddrl R/W td edmiste OHtej MO WdL dyd M
0x3B2 | pmpaddr2 R/W tdedmists OHtej MO WdL dyd M

Nk Ol O
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PHEIJ| 1 OL OOl [ M {fdmOdad J

0x3B3 | pmpaddr3 R/W td edmiste OGted MOOW dlsd ytj ®d
0x3B4 | pmpaddr4 R/W tdedmists OHtej MO WdL dyd M
0x3B5 | pmpaddr5 R/W tdedmists OHtj MO dLr dyud MY
0x3B6 | pmpaddré R/W td edmists OHtej MO WdL dyd M
0x3B7 pmpaddr? R/W td edmists OHtcj MO Wiff©dfylg dy S

v OB dzd4j © 5 &Y s dASRE O I s 6O § PR pheck® Oy d d

=| 22| =

N OO MW

1 s d3d 31..24 23...16 15é8 7€0

[ sMis WARL WARL WARL WARL

4 B oS 00000XXX 00000XXX 00000XXX 00000XXX
pmp3cfg pmp2cfg pmplcfg pmpOcfg

v OB Zd5j © &5 &Y 5 dASRE O d s O § U phecht Oy d d

1 Bd3d 31...24 23¢é16 15...8 7.0

[ sfls WARL WARL WARL WARL

4 B tcfg 00000XXX 00000XXX 00000XXX 00000XXX
pmp7cfg pmp6cfg pmp5cfg pmp4cfg

{dedmMsteOn ®MPsEts CSR f d &) g deompadd
cjedmMsiIOHBMBO CHdlzj Istc@BLddy'H dzBE8 &2 W4 dyj ME
fcsCOLIO@sZeYJd oM BdIls' WdLdyud MEtsets OHt] MO
tci ecdMmilstcr pmpY dWARBE dzw

v OB iz PJicdmister OHtcj fiympdP pmpaddr O

1 s d3d 31..0

[ sfls WARL

" B tc 19 0
address

s OB ZdA QY dMOded] B dls tcHMPnipadtr@mpadir/tc j fn O

1 5d3d A kdz€ yd ts dzC t OMh W teso €O W EZdz$ ydtsdzOdz! dats
B(dls dd&zvised sfdmOodzdj d&OL d&zOyJ dzdw d ¢t
31¢é( address 1 dlsr 33éAO0ndew HIABSGts ¥ dL dyd ME

llsOB dfff 5§ OL Odz W stcBOIs toydedd fPMPQ S tfdisir d Rz tc W
EmilsOdzs o dzj dz" , ZCOLOHPhHiIs, tc@istsj "PAMPs ylsj dzd j ,
Ctsd3OdzH T Motslse j IsMmise j dzdats. { Mdzd BHddz dL 1 Isd
HsMiszEf © LOftejhjded gt d@&ydYy tcRkd tcsa Gde® dzg oz
BkzHEkM jdg. 1 tdzy A d L sfdmoder o MmdzjHEkzshdns t

v OB &Zd8j@j cdMiste’ § sREPgntlig@gidig

1 s d3d 7 5¢é6 4..3 2 1 0
[ sfls WARL WARL WARL WARL WARL WARL
b B 619 0 00 00 X X X

L - A X W R
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v OB &z QY dMmMOdedj Bdls t6]j ¢ dRABREpmE@CigPsMERgd 6 2t Oy d
1 5d3d A kdz€ yd ts dzC t OMh W teso €O W EdS ydtsdzOdz! dats
BdIls ddzv Bdls st dmMOdedy dzOL dzOyd dedw d ¢ ts
7 L sCdse C O Meslsa jOfgidpdzs n j 2
PMP-L Of d fip L OB dzts € d tc 5 9 RI'HX,
d 34 dzv ¢ Isfw e H[sliits Jof @@y d
jcdmte SdWdekzteOydd d Ml
dsted ozt Ismw ;
PMP-L Of d fi¢ tcOL B dzts €  to tMetcQ dzQ@f
Eh jMmlso dzv j Ismw BJL ts G tcFRIAY
dd3j dzgv ¥ Isfqw  IstsdzU4ety Y ufdy HsMlis
tcjLJtcodotso Odzets.  J Ctsd3d dzH 2§
sHtesa Odzd ] Wi dABO Mtsf sMisOo
001 dzz dzj @ O tsB dZOMls* (L O dMm!
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Current RMS value dependence on phase shift
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