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1 Chipyard />

Chipyard J&—/>THi [1] 4 REE BT ANGIE, DUEGEE. W RCE AT E YA B AR SoC ¥ P& . E6E
T—% SoC ¥ HBREAFALR A, 248 T — AN EAH) SoC Beit i, FFHEHE T SoC MBIHEIH v — R 5 T Ho
i3t Chipyard, FI/F A7 EHIIERCACPR G Ahi. BEIAIME, BOse R — o h RTL B, S AT
AR FPGA BilE Bt AIERTE, AT Rt B C Y SoCo

WA «SoC Beit ik 5B (5 3 ii)» X SoC Beit Friki 738, SoC Beitnl p AR T RASH Beit ZT 1P
BERMBOTE T FENEOE, ZHRMREXRKGE R . REIRHETRENBOT R TERER. SR
% BREEK, FETAFEZE AN T IPAZE AR B HR IR B R, B SoC #—4 5K
R ——IP HEAT TG, RKRREFEAR T B HERL . (HREH SoC MULBLIARSEY™ K, b7y i Ja] Bl gk — 5 e
BPRORE S RIS F R, SUhS 1P ISR TR B 5 % BEREAR B — T L BRKF . TR T L
IP ZEHME R RRETFER BT BRI TOFE R BA M —WEXL, — BN PG R EE& T
HEAHMANEE CIPAZE) . — AT EERARSHHER (SoC Btk M—ELa. fiA. RIETHR (REK
) Chipyard X FH—4 SoC BHFA .

Chipyard [3C#% (Welcome to Chipyard’s documentation) 5L ELZEAETEG T, (HEMEMEMF LA
RBEFMBARTFM, &HTELEX Chipyard BARISAE—E THEMA T, XTHF, SR mEs ST
BEWS 1o B, AT ik#FHARNAFI T Chipyard, 85 T Xy «Chipyard R85 5. A S4% Chipyard SCHY
BN R 5, T 4% —Fh ol LL&T R M3 % Chipyard FUMESBIIBF . 244K, —L8 2 T Chipyard B SCRY LA .
BASHHEIA, HEEE ATk,

2 FIRRTL ALl

Chipyard F) 46 K35 50 AR5 Fi Chisel 5 i, 1 Chisel F1 Firrtl X &'"% 8540 % ; Chipyard AXHE Firrtl 24 i
IR, iBH T Firrtl BER IR L g, FrLARTFEE NG —F Firrtl,

2.1 FIRRTL &4y

Firrtl (Flexible Internal Representation for RTL) & —/~42 2RI T 7 %% 31 IR (Intermediate
Representation) . Firrtl B4 DhRE A HARM RTL #3115 (A0 Verilog) KU, #R27ER rER Y RTL 415 {H
Firrtl f)—AN B RUR E AVFE RS E EI TR . SEEE T 2 2 IRIEIERE S, Firrtl 7] DIZEAHIS
B HAREA B R A, FEXAN R LG BORMU BHiESE H .

RAEFT-E B —A W Firetl 7E55 T Chisel #9501 B FF & H R X, 8135 )2 A1 4 Chisel 225 elaborate
& Firrtl F5540e3) Verilog, Chisel 564 7] LI E 440l Verilog, Filk EDA THZEMA L RTL A8, 53X A ) R 52
K2 Firrtl B8, Firetl A FURAEM— AN B IR, EAE2 28BN A8 RTL J54ES (40 Verilog.
Netlist) o Firrtl ) RE5E, LUS BB TS HZRIES (0 Chisel, SystemC), i EDA J53i St 35 H &l
Ak Firrtl, JXAEALTE A (A1 I B A RTL &S 8l LLRIR T 5 B STt & 28 ORI A et —HE Ko A#RTE
BREES ., RADE LIS T EMIKE M.

2.2 FIRRTL {yiEyk:

Firrtl H 2R 5, B Verilog IR ZHE SR RUIA, R FRAEX Bl BOGBR EEE A 1703
Specification for the FIRRTL Language. 4% FHZETHELLT 3 A& E AT
1. &% (381 3): Firtl B High/Middle/Low E K5 Lowering i1 &
2. 3 (853 #): Circuit . Module 5 Instance
3. #%4 (BBS5E): EE (<= ) 58oERE (<)


https://chipyard.readthedocs.io/en/latest/Chipyard-Basics/index.html
https://zhuanlan.zhihu.com/p/112188138
https://aspire.eecs.berkeley.edu/wp/wp-content/uploads/2017/11/Specification-for-the-FIRRTL-Language-Izraelevitz.pdf

2.3 FIRRTL H1f2%

fER—AY IR, A5 (transform) J& Firrtl B EE P2 B, X2 Firrtl A8 SR ECA DERARI P 2%, B R i) 2% e
RIS, FE TR, FxX B S T YR SRR SR YA M, IR TSk B O 5 ey
B A AE Firetl B 776 5 EH 0 EIREBIE 290k

B, Firrtl @ T —/EHAY3 2R TransformLike  (firrtl.options. TransformLike) , U1 N & 7. Firrtl H
AR I 2R AR I, RPAR MR AR R — KA A, HEWNAA T, TransformLike AR E—MHRLK, Bk
A WA~ Transform FI Phase , B7EMRE A MIRA, AT IR MAS Mg MR . XA 2K ERE
BERE, BOEN#2 s, JRAHRXRA—F; s —SfF R P X w2,

TransformLike[A]
+transform(A): A

N

Transform Phase
+transform(CircuitState): +transform(AnnotationSeq):
CircuitState AnnotationSeq

Figure 1: TransformLike #= ¢ ¢ k£ £

HeF Transform (firrtl. Transform), ‘EEJUNMEIFIRAE RN FE R, Transform YEFMIXRE IR #
WY ( CircuitState ), HEiJE Firtl NFIER . WHTSCHR, Frifg IR AR 7E 44 2 e (3
T BRE R ) A T itk RS E. WTLIES], R EE R (4 Chisel) 1, Transform
RS SR T T A R 28 RN B8 B SRR 8 R R, B X EERE, IR S THEATENNE: P EE
X b, Transform {BRTTLEH—HER IR RS, HlLnjEHF Bundle EH:%, 8 T BN B A SRR A B
RTL &S M2 TIRERR (K Verilog), Transform & —Lethifl, X BAEKFgmiFA LKA, MEF R
B WHERFEARIESE, B4R 1HS W VLS BEME RN A

InferTypes
InferWidth

¥
Transform ExpandConnects [T N
I . '
+transform(CircuitState): i MidForm .
CircuitState o .

\ ConstantPropagation ‘ [Tttt \
i LowForm i
DeadCodeElimination ‘ Nl !

Figure 2: Transform #='¢ &9 L 7k & £

ym————

HighForm i

_____________

% Phase (firrtl.options.Phase). LJ Chisel 4§ Firrtl #2041, XE P R B —L Phase U NE T
JNo Phase [EFIXI4JE AnnotationSeq (HEBFH), XE&—MidRgmEL RS EE S, MY TINIE
B dmIFa 24" AnnotationSeq HLE—NEIMMIK, LA AR, FAVMIE, Chisel 42 j% Firrtl {3 70
e S A AR R BINTE BE XS B, ARJ5121T Chisel fAASLL elaborate, 2 TR &4 Firrtl (. fir ) FIF4h
HITERE (.anno.json ), PLESRTHEIARBUN MRS ( .rom.conf ), HJFiLnl LIAE R —L8 B 3hk 4
(.4 )e RSP RGFL PRI B, FILAH Phase iR, WTLLEH, Phase WML Transform


https://github.com/chipsalliance/firrtl
https://github.com/chipsalliance/firrtl/blob/1f7faaa36816fc145a39bb7e736fd5ab739112c4/src/main/scala/firrtl/options/Phase.scala#L73
https://github.com/chipsalliance/firrtl/blob/02e46bdb40b76c9f7803dd1ae4f18b388f9d55a4/src/main/scala/firrtl/Compiler.scala#L258
https://github.com/chipsalliance/firrtl/blob/1f7faaa36816fc145a39bb7e736fd5ab739112c4/src/main/scala/firrtl/options/Phase.scala#L207

K, — Phase HHEHMAE T Transform ; {HXFHAZ Phase ME L Transform &, FHAEE
#& Phase WIBHBERFE R, TR Transform MIHEILNIZEE I

Checks

Phase GenarateROMs e .rom.conf

+transform(AnnotationSeq):
AnnotationSeq

Emitter —_— fir

GenerateFirrtlAnnos ‘ —_— .anno.json

GenerateTestSuite
Makefrags

7

Figure 3: Phase #= € 69 3t 7 Jr £ &

FHMNEH — PR Phase , MYfif Stage (firrtl.options.Stage) , 4NN ffi/n. Stage F A F X 4t &
AnnotationSeq , ‘EJi3Etk Phase £ T A 7T TheE (shell ), MW IFEZGAS1T2%. HELLGA1T
)7 KM% Chipyard if, Stage &#ifEN Scala FERRW A, FRMMT i 472505 A &4 17 52 b
fEH) Phase o AR, frA T MG IS BN —I5, XK T Phase MIENL.

RocketChipStage ‘
Phase S
< + : q
+transform(AnnotationSeq): [* +ill:§ilz’\rslrtllzﬂition86q): <—4 FirrtlStage ‘

AnnotationSeq AnnotationSeq
TapeoutStage ‘

Figure 4: Stage Fo'¢ #9 1 A Jk & £

3 TileLink J:5l

TileLink J& Chipyard {ff i ) B2t ill, (HE AR — ML, B4R HE T BA BN HER, RAZm T
Chipyard FfCHEAE JR), J&id Chipyard A0 ASEIF)ER 2> Chipyard BB 77 (44 9. TileLink and Diplomacy Reference
BRI, sRAVEIGEE X —EATREE, AaRK. BREXBE IR —E N, AR
HEPHNE .

3.1 Diplomacy 5 TileLink

Diplomacy Fl TileLink ;& Chipyard i} B.3% R 4t H % % A VER BN 444, Hor Diplomacy J&— MG K1)
HEMER, TileLink & —ANH 7] SoC WAL (BTESHTAY S, TileLink f13% T Diplomacy, #tiH 4%
BT — A [ I BA PO B HEZR Y SE B & . Bt LA Chipyard  (24% Rocket Il Boom) ARSI HEF L2
TileLink T3 jE, 752 K0 F )21 Diplomacy, {HEA IR N %18 Diplomacy FIFEFE. KT FiE BT 2
SFPIE R ZE L3 LLFE CARRV 2017 _ERIX R0 Diplomatic Design Patterns: A TileLink Case Study,
MG B B2 Ja & XA Bk REHA EIREIA I

Pk — /N HEHERR . Diplomacy S FUET LLA ShE# 28, FHA IS EIEE L — K, ElaH
LA E R4 AR AT B, R FRAT7E Cache 5 S T MR FERE R 648, FB AR AT LATE Core fil“Z5i”


https://github.com/chipsalliance/firrtl/blob/1f7faaa36816fc145a39bb7e736fd5ab739112c4/src/main/scala/firrtl/options/Stage.scala#L17
https://chipyard.readthedocs.io/en/latest/TileLink-Diplomacy-Reference/index.html
https://carrv.github.io/2017/papers/cook-diplomacy-carrv2017.pdf

F) 64B XN, AMEE E L ; Core HIF| KT N 64B ZJEuh vl LUE L H O FE B, A4 Chipyard
A AR PR AT R VT L LAY, Core AR 11 98 B2 g W] LL3E— 25 e AL 28 I B 7R BI85 . XRAFA Chisel XA
B HLS & 5 ik T A48 . Diplomacy [ B 8if&i# 250 5|t T Two-Phase Elaboration IS, FAl 1t £ 3R
Elaboration gt & — - A A AT A 44005, {HYE Two-Phase Elaboration 14 T —/N S5 LM B 7E58
—B B, SEIESAN T EE LS BAEM G R, R A S MR AR (bl 5E, 35
FROhZ): RSB B, BT AR RN 28U . FIER elaborate A1 i BRI

N T ST IR AE LA elaboration, Diplomacy Fl| ] T Scala B lazy %, TN T — LazyModule %[, Jif
AN TileLink B EEE RS Z BR800, LI TTX A5 A4kFK LazyModule il LazyModuleImp iX P
AN, TE LazyModule H XS & T A T HBHHITIRE, £ LazyModuleImp HFRARHSEHREMTY M S 4R
SESUREHGE . BN, T2 TCAM.scala Hrii s i AR5 -

class TCAM(...) (implicit p: Parameters) extends LazyModule {
val node = TLHelper.makeManagerNode (beatBytes, TLSlaveParameters.v1(...))

lazy val module = new TCAMModule(this)

}

class TCAMModule (outer: TCAM) extends LazyModuleImp(outer) {
val (tl, edge) = outer.node.in(0)

tl.d.valid := acq.valid

acq.ready := tl.d.ready
}
N T LB A TCAM B, HATHESEE L — kR LazyModule [ TCAM 2§, fEX/M2EH B¢ TileLink F7
5, ( makeManagerNode ); FHENX —/4£/K LazyModuleImp f! TCAMModule 2%, ¥FHE H5Z¥] TCAM WJEIE
Wik, TCAMModule fEH—A lazy val module ZSE7E TCAM HliIl, B4R, HIT UK module BeABL I,
new TCAMModule(this) FFALWHAT. ZEF]E—W Bk elaboration £53 5, LazyModule A< H3li5H] module
, B3 TCAMModule #:sZfilft (FE Chisel #, SZffk A4 <% elaborate), IXIJFE TCAMModule v, FRATELT LA
EITERTASH (edge ), FXS TileLink Hi@iE (tl.d ) FHTVR T,

PP+ SCEL B EUTE Java BUHSCHARH R L, SR AE Java BURG TiEEE O 5 S8 B, EX R
FE 4 T HEIR elaboration. FF SEFF AR EEEH HIE . T AZIAGIXLE LazyModule 52 25t — 2% i SR A fifn) A
i, FrA I TileLink BHEGERMBHIRL MXH ST, BINTGEDIIALIN T REIEBA 132 T B 24 4
K. A TileLink BEGERBEIGRARXHS . FOVENRAABRELRE lazy 7, BT DU Hfl
SRR S

TileLink &—AJy EHREANFEEDW, XA L (AR @EST IR, XRHREERAS, JFA
WIRFES S5 B ARIES . KT TileLink HYBETHEAR AAZEHM . JHEMAE, SiFive TileLink Specification XA
FM LM T HEdR, RAEMES , #BEE T ERH 2 % (drehitecture) » TileLink Bl SA 4
GFAY L RO IXAS P BSOR LS S BOR EE ISR R R Z AL . AT AR BEE A 5L, ARMEEAN B A BF IR
Y& Chipyard Fff i1, FATTHZ 4 Rocket $@ fitf) TileLink AT 7. 7 AR TR P T A2 SR TE TileLink
I seBL .

3.2 TileLink 35 £

TileLink 7 x5 28 B4 J SEBURN 46 € 2 ELBCR M 3 9.1. TileLink Node Types X SUA A 43 T 24 i 5L 2L
LR R, (HERA R T R B R, B ARAEA T XY A — T a0,

¥ JGTE TileLink R J5UARE P IS XM 1Y R28 A, AT 19 sl i Agento BIX 73 M SURTY mURIERE 2 1]
L (IF), AR IHRIEZFWGER, #1504 Master IF Fil Slave IF, 41°F & fis


https://github.com/chipsalliance/rocket-chip/blob/114325b27cfe5312c86a8a325b187be9455a62af/src/main/scala/diplomacy/LazyModule.scala#L28
https://github.com/firesim/icenet/blob/e14c1e8c54851d3fa7bc55fbbc6fc48873a3b2a9/src/main/scala/TCAM.scala
https://static.dev.sifive.com/docs/tilelink/tilelink-spec-1.7-draft.pdf
https://chipyard.readthedocs.io/en/latest/TileLink-Diplomacy-Reference/NodeTypes.html
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Figure 5: — N4 #9 TileLink W % 3z 3t

BE TP, BORBSHMAE AR VAR T, BOATEAE X, TR SR OB A F B A
A F2AL. Diplomacy $2 {1 3EAHTY £{E X 7L diplomacy/Nodes.scala Ht, #FATIRUMATELIMIIERE, WMk
ATERFER : BACENTRMR R R BRI PR, s 2%

BaseNode
X

| InwardNode | | OutwardNode |

MixedNode

Mixed Mixed Mixed
JunctionNode AdapterNode NexusNode
A

A A

JunctionNode | | AdapterNode | | NexusNode | | SourceNode | | SinkNode
A

IdentityNode

Figure 6: Diplomacy 7 694K % &

TERE], X5 5 f1 T2 Diplomacy & CHY, BT VAR IA TR E L TC T 8" ST ZAE A b
AP RS2 B, TS 2 B A S2PR D BERY 9 Ao B4, TileLink £ tilelink/Nodes.scala HIZKK T X4k
2%, 1535 TLClientNode (44K SourceNode ). TLManagerNode (#4k7K SinkNode ) XHERJLL TL FF3k
FT S AXI4 M 7E amba/axi4/Nodes.scala FEN TETHCOH T A, 9.5. Diplomatic Widgets 848 T —
So 28l £ R A R T A, AR P 5 M

KT B4, — a9 2% 2 TileLink B8l 4+ () Master IF ZESEILH X B )& TLClientNode
T Slave IF fES2EH %F W )& TLManagerNode , Wiife T PSRRI HK T . (HETISH Parameters B &S
N Master Fl Slave , THEIRAIGH STEMRILHF BXAER A

val node = TLManagerNode (Seq(TLSlavePortParameters.v1(...))

RATHRIIE Slave MIZH L4y T Manager Fixi- AN ABBMBLSE, Manager T4yl & A ot IRAY L5
(4n Cache), JrLAM“EBEG", Client Tiri@¥ il REMAI—T7 (U0 Core), FFLAM K" (HREHRKRIE
& Client [i] Manager iifK, Firll Manager WJHE[IAJE Slave . W AEZEIRRH SCHIIHRILE A 5 5] 1%
fifto AR, B K Git {FLE MBS LW AN main 2 20 4 H, i TileLink FHBILFI 17 4FRESH T, A0
iB Rocket BT L FNTARAR AR B, LEAHIRRIATMNE R TSI 28 X AT


https://github.com/chipsalliance/rocket-chip/blob/114325b27cfe5312c86a8a325b187be9455a62af/src/main/scala/diplomacy/Nodes.scala
https://github.com/chipsalliance/rocket-chip/blob/114325b27cfe5312c86a8a325b187be9455a62af/src/main/scala/tilelink/Nodes.scala
https://github.com/chipsalliance/rocket-chip/blob/114325b27cfe5312c86a8a325b187be9455a62af/src/main/scala/amba/axi4/Nodes.scala
https://chipyard.readthedocs.io/en/latest/TileLink-Diplomacy-Reference/Widgets.html
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Figure 7: — A7) 49 TileLink F %331 69 52 30,

3.3 TileLink fi%4%

THERTIR, 7F LazyModuleImp 1, PR UM ELA RS EHN node FIREL t1: TLBundle FiI
edge: TLEdge Wi/MXf4:, Hrp t1 jfi TileLink fE2Y4 {77 5l _BH) VO 21, XHHEAT EL5 BAER T DAL 1
B BAHELFE R edge MR HIREE VIR RER YR T RKL, FEMRERE ERHLEXNTER, HEH
EHARFETFEE, FAT AR VO B4did t1 #1577, RIIATEBL > edge KM VO, FL L,
edge MELIEAEMRZICFXA T R T) BRA ML 2 A K ECE, ARt —Lel R M B iR A B R 4. T2 —
hl AL AT .

HE, edge HH WHIFH MNP FE bundle: TLBundleParameters X— %51, MIHIE /O 2 11H)
TR, X IF& Diplomacy it Two-Phase Elaboration ¢ 34X 4AE. #1140, ¥E Boom HY) DCache 1, I A 1wt vl LLIL
FI KRB edge.bundle FtHE /O B+ ( dcache.scala: 24-35 ):
class BoomWritebackUnit(implicit edge: TLEdgeOut, p: Parameters) extends ... {

val io = new Bundle {
val req = Flipped(Decoupled(new WritebackReq(edge.bundle)))

val release = Decoupled(new TLBundleC(edge.bundle))
}
Hir req il release #F5%E edge.bundle FHAETEE
B, edge $RULT —LLEhASEREUH DIHIA— AN HERI MR, MTIFEE Ry AL G S E R B, TE
Boom ] TLB H, FAf 13t edge.manager.fastProperty iX/NERZHHE 7 Y HiHbdl 2] Cache. B RWX
PR R A SCRFE AT IR T4 4E%F (£1b.scala:158-166 ):
def fastCheck(member: TLManagerParameters => Boolean, w: Int) =
legal_address(w) && edge.manager.fastProperty(mpu_physaddr(w), member, ...)
val cacheable = widthMap(w => fastCheck(_.supportsAcquireT, w) && ...)

val prot_r widthMap(w => fastCheck(_.supportsGet, w) && pmp(w).io.r)
val prot_w = widthMap(w => fastCheck(_.supportsPutFull, w) && pmp(w).io.w)

widthMap(w => fastCheck(_.supportsLogical, w))

val prot_al

widthMap(w => fastCheck(_.supportsArithmetic, w))
widthMap(w => fastCheck(_.executable, w) && pmp(w).io.x)

val prot_aa

val prot_x

—E TLB 3L A 35 5K B M bk A S5 A fi i SR AR 45 . CRtar DAL RIS 4 5, A T 48 B AR B0 ik Il 45 ik o
KPR, edge HIRREUHIRH & 240, Bl AT EAESA LARIER, T B A ) 247
Wro BT RSB E LA B B elaboration W e sy i, Bt LAY 5 A0 28 A bk 2% 8] H 0 44 B
WA 2FERITEDG SR, XHF TLB, X BLAENE 6 i S URAERE ¢F 2 10 L R AL AP, AR Ia1 7 i S B A 1k o
I i BB R ITOR 5 o


https://github.com/riscv-boom/riscv-boom/blob/ad64c5419151e5e886daee7084d8399713b46b4b/src/main/scala/lsu/dcache.scala#L24
https://github.com/riscv-boom/riscv-boom/blob/ad64c5419151e5e886daee7084d8399713b46b4b/src/main/scala/lsu/tlb.scala#L158

¥ =, edge FEUETRZHHBNCA N BRI KL (BARMIEFAREL) , ‘EATHE 9.3. TileLink Edge Object Methods
HEA AN, RRAEXBEERT . BTN Boom WiHfE RS A2, X B2 — MSHR RSN
Refill #AERIH]F ( mshrs.scala:211-231 ):

} .elsewhen (state === s_refill_req) {
io.mem_acquire.valid := true.B
io.mem_acquire.bits := edge.AcquireBlock(...)._2

when (io.mem_acquire.fire()) {
state := s_refill_resp
}
} .elsewhen (state === s_refill resp) {
when (edge.hasData(io.mem_grant.bits)) {
io.mem_grant.ready := io.lb_write.ready

io.lb_write.valid := io.mem_grant.valid

}

Refill ZEiERFNEIE M Be B T edge.AcquireBlock #l1 edge.hasData XPiANER%L. 4 &4 Cache miss
i, MSHR GEEiliid AcquireBlock fgis—/MiffsK. [ % Cache iERIFHIVHIE. B F Wit A ZHAX il
REBEESEAE, T % MESI Phil (53 5t 4158 . Boom Fi{#i fl i) MESI ti% #f Cache miss A2 2048 S TETE
WU AE U BRI s LA SR T B AT SR . U S — MU, i hasData AT BLAIN
AT T EIEHFE Cache line,

4 Chipyard Wi E &%

Chipyard AL E R — A H A, F—ITAMEILLF % Config BIREUMTEL —4 case =>
WE LT, SORUMTEL 4 p: Parameters giffidf®| TALHEL. HAR Chipyard SRR E] TIXIFEF (6.8.
Keys, Traits, and Configs) , {HXR ORI, A BHRX B E RER AT

H¢ b, Chipyard BECE RS LAEMT L A PIANERSy s (1) 25T Trait HZRIEMWI RS, Al (2) 2T Config )
SHARG . BENAFEFET, XERERGRRFEM T . NHO A EX AT

4.1 FEF Trait R0 R S

FAVAGE . Scala SLRFARH F B HIAARTE X, Chipyard BUFIH 13X — &, 8 GRS BERBEAT B T 1 i
&M ChipTop.scala Hi HiHYERI HUAD:
class DigitalTop(implicit p: Parameters) extends ChipyardSystem
with testchipip.CanHaveTraceIO
with sifive.blocks.devices.i2c.HasPeripheryI2C

with sifive.blocks.devices.uart.HasPeripheryUART

class DigitalTopModule[+L <: DigitalTop] (1: L) extends ChipyardSystemModule (1)
with testchipip.CanHaveTraceIOModuleImp
with sifive.blocks.devices.i2c.HasPeripheryI2CModuleImp
with sifive.blocks.devices.uart.HasPeripheryUARTModuleImp

Hrf with X SKGERE Scala ) Trait. W] LLEF], JTibs& DigitalTop A % DigitalTopModule #i#iif%
Trait 4%, WidXUBMHAENIENX T TraceIl0 . PeripheryI2C F UART ZEZi{f:. WNHISCRTIR, EIEH
TileLink MBI TE Z M S B LazyModule + LazyModuleImp HJJER, WX LEZH {4l FHBAEM ML 53


https://chipyard.readthedocs.io/en/latest/TileLink-Diplomacy-Reference/EdgeFunctions.html
https://github.com/riscv-boom/riscv-boom/blob/ad64c5419151e5e886daee7084d8399713b46b4b/src/main/scala/lsu/mshrs.scala#L211
https://chipyard.readthedocs.io/en/latest/Customization/Keys-Traits-Configs.html
https://chipyard.readthedocs.io/en/latest/Customization/Keys-Traits-Configs.html
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/DigitalTop.scala

MEX . HIFAE AT EE LR, XEFRWERERE, PR NAES BB RIERN A EE X
LazyModuleImp , 75M%E X E—AEIH],

FATVEIN Trait (I ZFRAPiFL, B CanHave Ml Has . \FM F, CanHave [HEEEXMEHTILIA, {H
A—%EH; Has MEEREXMEH—ER. HHELZRARL | XHFLIREAEMZER, HBEA—EH. FL
b, A EPE CanHave i£J2&: Has [ Trait, ‘EAIEK B AMER

trait HasXxx { this: BaseSubsystem =>
val xxx = p(XxxKey) .map { param =>
LazyModule(...)
}
b

WL 2AE Config ZH ARG (WTF—T7) B LA
FeEIRELE TS, AT RER D S R TR

W
at
iy
=
i
i

—/NEHE . X Chipyard FELE RS0

4.2 3T Config IS MRS

ST Trait BB RS BARMREW, (HIRA VGRS BC B E B RSB I, SR ik St
RAFFE SR EE. T2 Chipyard $2{ 7T Config (IZH R SE, MRXMITEEE X — 1S40, P BR
TERIEL M TS E S, A DR SHEE B — AN PP S B (A SRR, By SRS R
e XESHEAREW N 3 ANEEMS&: Parameters . Key fll Config (ZHSZ L Config f& Parameters [
T2, AU BT AR EA TG ARE) . X 3 MRS SRR 7T Config IS H R % .

B Parameters , Chipyard 1L EEMERESH —14 (implicit p: Parameters) MIZHUIE, Xf&
AT Scalaffy implicit Zhgg, it AHEANREE p . ESAS—E—ZHiffidk. SRR Parameters
HSRAY T — A58, M Key MEENEANFHTTHIHE. Ll HasPeripheryUART Hyfji:
trait HasPeripheryUART { this: BaseSubsystem =>

val uartNodes = p(PeripheryUARTKey) .map { ps =>

UARTAttachParams (ps) .attachTo(this) . ioNode.makeSink ()

}
}
Hrp this: BaseSubsystem => Ji Trait B Self-Typing i&¥:, FREXA Trait HEEIEHi BaseSubsystem [ H-F
B, FRXEM p 5L BaseSubsystem H1f] Parameters 5L, #5if] UARTParams [ 75 iRAR & 5, it
H PeripheryUARTKey {EMi#ZLif] p , # UARTParams fF p HH{E XL, pi&ikEl—/ Some (UARTParams)
X5, ENRE None ; XHfEH) T Scala ) Option M, J0ifiRIEl Some(UARTParams) iff& None , map
WA, HREH None W map #4E|—A% Seq , fHfFILALAY vartNodes HJg—/AMZEHM, AaHBUE
i

WA p HIRH UARTParams Wg? XISHLTHE Config B4 1. MELL UART M, BATEEFZE
1 UART & X —A ) Config , iXLLAK/K Config MY H #M WithXxx , ff|H0iX BLAY WithUART :
class WithUART(baudrate: BigInt = 115200) extends Config((site, here, up) => {

case PeripheryUARTKey => Seq(

UARTParams (address = 0x54000000L, nTxEntries = 256, nRxEntries = 256, ...))
b
WithUART XARAEIRANE, BHEMEMK Config BE Config ENT —ABREL, XA R REA
NRE—A ¥ (Scala B Partial Function) , ‘EEFEWC X} M. A Key B} (GX B PeripheryUARTKey ) iR [Hl
UARTParams . T4, X/ Xl HasPeripheryUART {2 % i b7 : W 5R3X B St X AN R R
HasPeripheryUART HijifEF] PeripheryUARTKey ZF|X|.HJ UARTParams , {GMitEEF| None . FEITE


https://github.com/sifive/sifive-blocks/blob/545a396f3486132b01ceef3cbce2085608984478/src/main/scala/devices/uart/UARTPeriphery.scala#L10
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/config/fragments/PeripheralFragments.scala#L35

Bk, FZliE L WithUART FEAS LML AR, FRALA TR EK R & 20 Config {LAFE—#E, FF7E elaborate
I35 E I 5% 5 20 Config, |, WithUART B4t &% T AbstractConfig H1:

class AbstractConfig extends Config(

new chipyard.config.WithUART ++
00))

SRJG AbstractConfig FRM{AANALPRESACEM) Config 5|, il MediumBoomConfig :

class MediumBoomConfig extends Config(
new boom.common.WithNMediumBooms (1) ++

new chipyard.config.AbstractConfig)

AT T2 P B A A2

PRINEBL T, Config {ff 2 2Rk 0E . Wt EXTFH—4 Key . FHMEESE S FHEHAMACE. i,
B FA1HE Boom H K E X T UART:

class MediumBoomFastUARTConfig extends Config(
new boom.common.WithNMediumBooms (1) ++
new chipyard.config.WithUART(BigInt (3686400L)) ++
new chipyard.config.AbstractConfig)

IR LBLRATR S E —/N 452 K 3686400Hz (] UART, AbstractConfig HIf#] 115200Hz [ & X &4k 3%
EREHEF—4> Key M) Params HSLSHEK 14K, Parameters {EAIMIN M LB NER, BOAMELT
BEF AN true BRIk (HILLERHIL T RATAT RER L Config FATALE X IR 2 B HHRAE Config
(site, here, up) XJLNMAE. BAEETRILE S Jy, LAY 524 7] LLE 8.6. Context-Dependent-Environments,
Fix B H 26—/~ WithBringupPeripherals ] 5| 1 :
class WithBringupPeripherals extends Config((site, here, up) => {

case PeripheryUARTKey => up(PeripheryUARTKey, site) ++ List(UARTParams(...))

}
EXNRMALTE SR AW PeripheryUARTKey , M-E1ESEE G2 L H CH) UARTParams .

5H4h, AbstractConfig WiRH W4 #kK Config , B HarnessBinder fI IOBinder , /AT ENX
Harness ZH {11 10 2250 (W F—) . BB EMEME Wwithxxx ~A—#E, JEHRARE Config MIIRAZZK
( OverrideIOBinder HZ& 4K H Config ), HAEF R HE % )& Has / CanHave . DL WithUARTIOCells Jyffi:
class WithUARTIOCells extends OverrideIOBinder ({
(system: HasPeripheryUARTModuleImp) => {
val (ports: Seq[UARTPortIO], cells2d) = system.uart.zipWithIndex.map({ case (u, i) =>

val (port, ios) = I0Cell.generateIOFromSignal(u, s"uart_${i}", system.p(IOCellKey), ...)
(port, ios)
}) .unzip
(ports, cells2d.flatten)
}
b

BIHAEL case => EX—N2H, MRKBT A SEE LIFH) system.uart o HRHE Scala map HiEVETT
A, RIEBEE LT ILA UART, Bt fJLA I0Cell ; ¥ system.uart K%, TALSHAKILf] I0Cell .
X5 Has / CanHave WIIEN, & —EEHEENX .
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https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/config/AbstractConfig.scala#L13
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/config/BoomConfigs.scala#L13
https://chipyard.readthedocs.io/en/latest/Advanced-Concepts/CDEs.html
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/fpga/src/main/scala/vcu118/bringup/Configs.scala#L24
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/IOBinders.scala#L153

5 Chipyard /J SoC

Chipyard fEA—4> SoC Beit-F &, ffit T —A SoC “BIHtR" EHIFF RN SoC K7 HILAEK, B4
RSB RIIDIRE : X BELEBEH BT A, T W A Ao AH XA SoC, H AR BEE MR
Ko 1Y 8.1. Tops, Test-Harnesses, and the Test-Driver XfIHt At 77 —2847 4, HRERXA SR AE K, MBEH LA 1R
% (Chipyard MAFSIEIELEN) o BT LXK — B SO KR/ XA~ SoC.

5.1 SoC Hf¥%

B F Chipyard (] SoC AL B MR i, FAHMRKESAR KM ER, HUAZERU - HREME
[ MediumBoomConfig RCE Mk, FRIGAMMREHZE H X4 SoC g5 & :

TestHarness
ChipTop
DigitalTop - -
TilePRCIDomain
Sim : TileResetDomain
mem_axi4 |1—
DRAM = BoomTile
Memory| Frontend |DCache PTW |
Bus TLMasterXbar|
i B
1 iiﬁ —(I:gn serial_tl |‘— IntXbar C(z)(;? LSU
Sseirrgl — Periphery UART @ 10 | | Sim
] Inclusive Cache || System Bus = Cell UART
DivOnly (L2) Bus
ClockGen
BootROM
10 Control L |
clock |_Ce11 Bus PLIC Interrupt
Front Bus
Fixed Bus success
Clock CLINT
Broadcast
|| DT™ | 10 [ | Sim
reset |_(Ijgn DebugModule JTAG @ Cell JTAG

Figure 8: Chipyard SoC #:#) B

MIXTRE W LLFE R, % SoC ¥E Tile By AbR4r 2 3 N REIEIR TestHarness. ChipTop Fl DigitalTop, SoC
HIR . ERFIAMEE A TEX 3 MBI B BT RME AN GIX 3ANER. BT Tile KIATREH, iR
BE #A Core WIBLHTEAYE, Tile X T A —HRMER AR S, BT LAATER DR o

5.2 TestHarness

TestHarness & fEM 4Ll 25 PR35 ™ H T I 0UE DUT (Design Under Test) W AMNE IR, B8 DUT & & 4 5
ChipTop, 7ESLHELE] FPGA EWf, ChipTop £ i) B LR RS, (HIUZE R T 7 R, X ERbek L2 - H
C++ S2HU), WOHA Sim FjZK. TestHarness ff 4 /N EARH Ay :

1. SimDRAM : fifffl DRAMSim2 HEScBUI AR, AT DI B 2 SR 20

2. SimSerial : SZFL T RISC-V & XM TSI (Tethered Serial Interface) W40, AT MEREF. RERSE
V4, R FEZRRERED

3. SimUART ; ffi | UART Pl 3EAT 18 5R VO

4. SimJTAG : SEBLT JTAG Wl 0, EHLT# GDB Xf DUT R #4781 7 it
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https://chipyard.readthedocs.io/en/latest/Advanced-Concepts/Top-Testharness.html
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/config/BoomConfigs.scala#L13

ALAES], BRT SimDRAM , HAt 3 MBI ENA L E, HAREREIRL AT DHIhEE. & DUT i
FIENA B 215 B )L 8.2. Communicating with the DUT,

ETF TestHarness RN & X _LiBAY . Chipyard MRFAEHLE. E B MILAE AbstractContig.scala il
€ X T —Z% ) HarnessBinder 2%, W~ Fimxs:

class AbstractConfig extends Config(
new chipyard.harness.WithUARTAdapter ++
new chipyard.harness.WithBlackBoxSimMem ++

new chipyard.harness.WithSimSerial ++

MRABHITE TR, XL8 With N —EXER, BFEE X Config AREEIEMHSLHML, M E X B AR
T B2, BXBLENT Config , TestHarness £xH] ApplyHarnessBinders iXANBR%LSCZflfbix St , Jf¥
EAITAN ChipTop ALk :

lazyDut match { case d: HasIOBinders =>

ApplyHarnessBinders(this, d.lazySystem, d.portMap)
}

H A portMap #fi#& ChipTop Xf#p B EZE W 1/O ¥ 1, 75 ZE# HarnessBinders i##%; lazySystem I5HJ2
DigitalTop, {H/& Chisel SRV EZER VO, Ll BIEx BN TR, FUERME DUT B—% 24,

5.3 ChipTop

ChipTop 2&ith i th i~ (Tape-out) WHJTRZHEH . FATJZEHE Chipyard A j§ %) RTL #5514 5] FPGA LZr G HII
fEERE ChipTop, [N FPGA A 552 TestHarness, ChipTop FHESZEA KL HNE, ‘EFl DigitalTop X 43I 4
B g B FRAT TR 2 25 - L%, SoC AR SR — SE ACHBLLS 5 AR . X LEAE AR YE ChipTop Hraf LLik4l
S HEEEES (W2 DigitalTop) BEANT#. ChipTop €& N4 A

1. 10 #74 (/O Cell): —EHEIERMEEMAINE, B PSR RS MM BB EE R, KA
LI TR IR SR A KM, AN S B St A 5 IR s . I DIRRAN R A B AL % & 10 ot
ik 10 BTk BORE HE S MR HNGS

2. BHAPIE 5 EE (Receiver) 5 %384 A % (Multiplexer) : AT 43 & B BRI R 345 % 5

3. AAEFRF & (Synchronizer) : WHTREALES A UEAEBENZIHIL, FAVTKE—AFD 25K H R 20
AR

4. FAbLLBAERME 569 IP H: IR SoC TFEWABRIES (R EwXMES), Bl DIEX Bk
b

LRI ECERR T 4 #4

MEEME L&, S ZINFERORERA 10 BIoh), XAREZE N Chipyard BN BRS8N LA
Tkl as? WP X B i%E$: 7 — DividerOnlyClockGenerator (] AbstractConfig.scala:42 EX), X
] DA N B I B RS R A, (B FEX PR T 24 M, B EE0AE 1. 55 4h Chipyard J&
VIS LA B SRR, (HXAFTACE T T A BB AU L I 82 100MHz, #1245 T R —AM 4. &
fiff5#% 7 —> FixedClockBroadcast , iX/™Wi%EZ|HBLZF S HIMEN . HELERMREHE L BT
REALE HEN BRGNS, FrLaX SRR R, BB T AR — T

5.4 DigitalTop

Digital Top Bt 25 FHEEMNTUZ T, A BSZLMSMARTEX — 2. DigitalTop 7£ Chipyard BAXHSH X4
FRHM System, FMEMAE —FRF M XxxSystem Fl XxxSubsystem HfJJ%, DigitalTop FERFHNEE—RE
BTN, “REASHIME (B . el E4kdn$h, Chipyard BRIAE X T SHELZ, HENTF:

12


https://chipyard.readthedocs.io/en/latest/Advanced-Concepts/Chip-Communication.html
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/config/AbstractConfig.scala
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/TestHarness.scala#L98
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/clocking/DividerOnlyClockGenerator.scala#L119
https://github.com/ucb-bar/chipyard/blob/51fea1f8c610001558b4f8eda6fe199993b825ef/generators/chipyard/src/main/scala/config/AbstractConfig.scala#L42

. System Bus: E N Core #li%, J& System (DigitalTop) FigEEHEL, MR ——RLALI L
2 H A BRI A LI, AR AR BRI R I A & % B System Bus |3k,

. Periphery Bus: AMK A% HT 4ATECE A UART, FrllE RINEZME T —4 UART, (HESREZH
MMIO AR AT LU BT s SCRY 6.6. MMIO Peripherals $2 45t 7 —ANEANE & X MMIO SMER6IF-, Z%5b
%Rt 2 Periphery Bus,

. Front Bus: JEME——ARFN System Bus i [ 147" (2L, M HABBL X T System Bus 1 5 # & Slave, 1
Front Bus %f-F System Bus #& Master; Front Bus f{J{E I 24 Sk 1] A 26 iR 1 >R /&8 3 ChipTop HI R R
g, BIWSMEK A H 7k 2o R IER, REeghE bR HIn7Euiditd, SimSerial il
1d Front Bus k5 AN AF, AEIHIRA HHY.

. Memory Bus: N T #1E4E; Memory Bus IR MR B4 RA —SMEA RER, Wt 2T
il —E A R AL HE Memory Bus Z i fiftk, I FRATHE System Bus Fl Memory Bus Z [ i #. T Inclusive
Cache (L2), HI'Effoe—3PER .

. Control Bus: &3V EE BRI AN M 2% ; Control Bus #%3% T BootROM. PLIC. CLINT. DM XJLAM4hik,
BATERZ AN Core K R H VIR AM, B LURAE R Core B3ff#) Control Bus [fij A5 & Periphery Bus |; iX#f
WM A REFERIE R, BARITERTA B SMEFRE I —FER I B 28, (R7E SERm = i AT o A R R AS
HFEAS AR AN A I s 2K DL R AIRRERE . Xk ] LLiE i 25 Periphery Bus 1% 45 21 H b 1) b 152 e & 58 AR 1) B
BT K S

&%, DigitalTop b & —4R M Interrupt Bus [ 52k, 1HE A4 DigitalTop SR KK — R, FEHE g
Vi m A ), SRR A8 — Se i LA P T (550 15235 T LLYE BaseSubsystem 2 H R F] X 5 AR KM E L,
¥£ CoherentMulticlockBusTopologyParams #l HierarchicalMulticlockBusTopologyParams X Wi~ &4
MBI EAN B L L2 22 8 HE R R E Lo

DigitalTop R FEAME (iEH) AT :

. BootROM : —A~ it fififidy, AT HMASZ LRERENRIG: R4 LHEE Core £ PC $5 11
BootROM Hiffj—ANHiihl:  (FRA Reset Vector) , SRJG44T BootROM H1 i JH A7 ; IR T Ja shim A iy BE 3
M B3 I 6.12. Chipyard Boot Process.

. Platform-Level Interrupt Controller (PLIC): RISC-V H &€ X H—F&sh3 b ACFALHI , B TALHAMEZE S|
RHIH W, 40 UART W3 H SR By PLIC BRLIE H TR E &, W] W, RISC-V Platform-Level Interrupt
Controller Specification,

. Core Local Interruptor (CLINT) : tJ& RISC-V H &€ X —E W AbByLH, HEEH T4 Core HE
BB W, Hlanetepp iy, CLINT BELIET] )L RISC-V Advanced Core Local Interruptor Specifications

. DebugModule (DM): XM, W IARHESMERIEK 1] Core & i, ik HBE R IR FAL; DM B —
MR/NE RAM, HITAEBUN MR BER A G I RS s 530, BT DM Joik B m 78 DR, Bab
XA RAM SEAEIGIARED , AR5 7 RE A X L8 ARG 50 45 et 4 .

. Debug Transport Module (DTM) : i REAFREe, T4 LRI IR R A %) DM #4535
52 |, Chipyard 323 H 2ROk 7 1) DM, frLL DTM B H B2 0T A 5 — X 2l , 1EA R s34 mr
JH—4 DM; B £ XF DM Fl DTM #{5 B 7] Il RISC-V External Debug Support F-if

. Inclusive Cache (L2): SiFive $2Htf)—3¥ LLC (Last-Level Cache), il B FF1 MESI il 2 T NFE—
ik ; Chipyard HFj R AERLE L2 Cache, %F L3 0] LLEF 1LIAY Non-inclusive L2/L3 Cache,

XEAME (BifbL) ) AbstractConfig.scala:44-60 Abp)—Z 4] With {EMEEHRSEF.

6 Chipyard HJfgE TR

Chipyard #2417 BUS ) Makefile St P2 FEAA DUT, 448, DUBERIES 5 E: SO 2. Simulation 3

A28 T PG 4T H I B PPl 28 1 77 . Chipyard 32 £Lf# Makefile B4R 778, (Hit B EEHBLiILH P E
AE R R AT, ZBE— LT RE B A . R, AR LI E MediumBoomConfig FJ Verilator 4
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https://chipyard.readthedocs.io/en/latest/Customization/MMIO-Peripherals.html
https://github.com/chipsalliance/rocket-chip/blob/4fc4350dc978868574515c3d8d0b0c30684bfdc3/src/main/scala/subsystem/BaseSubsystem.scala#L71
https://github.com/ucb-bar/chipyard/blob/cbeb0bb17c7715882bae6434c6007431be227c55/generators/chipyard/src/main/scala/CustomBusTopologies.scala#L18
https://github.com/ucb-bar/chipyard/blob/cbeb0bb17c7715882bae6434c6007431be227c55/generators/chipyard/src/main/scala/CustomBusTopologies.scala#L38
https://chipyard.readthedocs.io/en/latest/Customization/Boot-Process.html
https://github.com/riscv/riscv-plic-spec/blob/master/riscv-plic.adoc
https://github.com/riscv/riscv-plic-spec/blob/master/riscv-plic.adoc
https://github.com/riscv/riscv-aclint/blob/main/riscv-aclint.adoc
https://riscv.org/wp-content/uploads/2019/03/riscv-debug-release.pdf
https://xiangshan-doc.readthedocs.io/zh_CN/latest/huancun/overview/
https://github.com/ucb-bar/chipyard/blob/cbeb0bb17c7715882bae6434c6007431be227c55/generators/chipyard/src/main/scala/config/AbstractConfig.scala#L44
https://chipyard.readthedocs.io/en/latest/Simulation/index.html

SRR A B BB Chipyard BREERURR -

X EE A Makefile (047774, RS T @R, A5 18 Makefile f4i i #5 DU 3¢
Adittan B, JOH A A S BB AR I, B AR XEUEHER Makefile (JEHUZ Chipyard 22
IRE M Makefile) ZEMHL , BAES AR RPEX A 5

6.1 I

HIF Chipyard FIfURS ALK A Chipyard &%, Bk HRZHINEE, B DAGHEFTR I 55— 2 ek irf i
AN IE| TAEER T X M4 H nkdir « cp Ml echo #K. X—WH5la. HiIXTE
AR H R AP B0 SCHE

$ 1s $CHIPYARD/sims/verilator/generated-src/chipyard.TestHarness.RocketConfig

EICG_wrapper.v SimSerial.cc mm.cc remote_bitbang.cc testchip_tsi.h
SimDRAM.cc bootrom.rv32.img mm.h remote_bitbang.h  verilator.h
SimDTM. cc bootrom.rv64.img mm_dramsim2.cc sim_files.f

SimJTAG. cc emulator.cc mm_dramsim2.h testchip_tsi.cc

REESLAFRT LA A -

1. 3k 8 chipyard i) emulator.cc , & Verilator ZRPE 3, B[ $H# Example C++ Execution,

2. 3 H rocket-chip f) SimDTM.cc . SimJTAG.cc fil remote_bitbang.cc , FTFHEHIIHREEL.

3. K Y testchipip #] (1) SimSerial.cc Hl testchip_tsi.cc , [FFEH FHELERIZ LD, HEHILA
[Fl; (2) SimDRAM.cc . mm_dramsim2.cc Fl mm.cc , F Tl N 7F; 3) bootrom.rv32.img Fl
bootrom.rvé4.img , {E BootROM HINZ .

6.2 Elaboration

56 1817 Chisel fAFSLL elaborate FA' I BTt 1o Chipyard ffi ] sbt 5k A B4Rzt aS, BrLlE R
BT AT RE TR EEMER B BRI — 2 . YRR A 440 R PR :
$ java ... $CHIPYARD/generators/rocket-chip/sbt-launch.jar ... \
";project chipyard; runMain chipyard.Generator ... \
--name chipyard.TestHarness.MediumBoomConfig \

-—-top-module chipyard.TestHarness ..."

TLLER, B java BT sbt Bl ( sbt-launch.jar ), FH] sbt H 34 P ia1T Chipyard i £ 2%
( chipyard.Generator ), [BI7EMAIT2EHIEERNVEE ( MediumBoomConfig ). BfridfEH, #&HlH
S TR BI IR, EERE AR A (DTS) ik 2 1 it R 04090 5 5 Bk . 1817585
Ja . BAVSAETAR HRF BBHEH SO

chipyard.TestHarness.RocketConfig.0x0.0.regmap. json
chipyard.TestHarness.RocketConfig.0x10028000.0.regmap. json

chipyard.TestHarness.RocketConfig.anno. json
chipyard.TestHarness.RocketConfig.d
chipyard.TestHarness.RocketConfig.dts
chipyard.TestHarness.RocketConfig.fir

chipyard.TestHarness.RocketConfig.rom.conf

Ho i BRI fir SOfF. ETHAMSME, ARRAEA Firrtl BFHI#E (Firetl B35 L TCIE TR U Y
—EOREERIEST, TR EBOMMIR SR . AR TN, AR SR BRAE) log M E, XEA N4, &
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https://verilator.org/guide/latest/example_cc.html

BB AT LLE SRS

ML F HAW S TR, elaboration Jf A& —MRFERTFIEEVE, KA Chisel A i, Firrtl Bf 3R A& fifh, Hogfnsk
NEE— . X} MediumBoomConfig XAELRY/NAIECE , elaboration HFEEL) 1 434,

63 HH

WA (Tape-out) FEHLF & THIRFE AT A 38 45 il 3 B 2 AT Fe )i 1T e 7E Chipyard H H R A A5
W2, EFaH RN Firrtl #5308 Verilog XA . 153 Verilog J5, AimitmAEMAE TR T, T RB
Al LAY Verilog RAGEE 45 Je o 3X— -+ Chipyard b £ fit—#F3F, #i &2 ChipTop fil TestHarness $7 . K A1%0
B, SRR 25 95 TestHarness A fEizf7, 1M EDA T H G % ChipTop; 24 T ib#EiIZ$F1 EDA T HALH—f#
ChipTop, 6 MEAHH A P2 A—3, Chipyard #8 ChipTop ff h—AN Bl 4B )\ TestHarness H1£8 7 Hiok ;
IXHE ChipTop BER] LIfE A TestHarness FAMIEHORIZTT, Al DIEH38% EDA T.H.,

Chipyard {ifi ] Barstools @ ZE$2Lf{] GenerateTopAndHarness T.E.[6 M58 & IF0MEEBAES, HAHZT
H a4 T s :

$ java ... /root/chipyard/generators/rocket-chip/sbt-launch.jar ... \
";project tapeout; runMain barstools.tapeout.transforms.GenerateTopAndHarness \
-i .../chipyard.TestHarness.MediumBoomConfig.fir \
-0 .../chipyard.TestHarness.MediumBoomConfig.top.v \
-tho .../chipyard.TestHarness.MediumBoomConfig.harness.v \

--syn-top ChipTop \

--harness-top TestHarness ..."

A AN A E— 2 elaborate £3EI /) . fir SCMF, HiHOA .top.v Fl .harness.v BN, 3N
ChipTop Fl1 TestHarness,

WA XS BAERAERS . ST MediumBoomConfig Wi % 8 /pfhZifi, %I H KK MegaBoomConfig
HETE 30 4. HLBIRA M 2004k, Yo Firrtl g B R 02 R0t v AR £ i i H H
HJ GenerateTopAndHarness FiJSZPE:XT ChipTop FM1 TestHarness #BZE Ml — i Firrtl 3 Verilog A%, Fr LA I
JUFEIfE. MR, XA RIS — RS WS, FEIFRE X Firtl 1) 5050 S LA A R VR L% o

6.4  BIARMT

FRWLS (Technology Mapping) & FaLE& BETT M AMGAGERY ) HLAARMERGS A 2SR, B SCBT0 R AR /R
IR FEAG A LI R 28R IR . AT ZIAT BRI R R, SR ) WM T2 EARN RN, Bk
DR EFT AW gt (53R, 3BT . X I B R A S S AT S TR B R T S T .
F AR WL 45 B A R W 3 (Netlist), BBER 2L P A E A& 50 .

ARAE T T E2 B HY Firetl (87,0, Firrtl Bz R SRR ), At B T7E Chipyard i A iX 4 H; 1 H
Chipyard FfAST5 ZAEF RS, B4 Chipyard FURTH A FSm T, BoRBUR S5 5 im i fe vl DL 45 EDA T
H5E%. Chipyard ME—7F ZM0 BN FRE AR B, 24 Chisel X T N AR RIEH #i% (UL Chisel/FIRRTL
Memories X} Chisel N fEAEBIAIA21) 3 A0SR AR ML, Firetl SRS N GEERIL 4 flip-flop 404, Rpffif
BE RS SR B iZ LS Sl SRAM ;53X 2 KRR F 1 RE

Chipyard [@]#£4#i f] Barstools FEHEITH AR ML, 35 ARMLSZE Barstools Hr gl i MacroCompiler, P b iX i SE
ARG CIES BB ZI SR MR FURTEXT N A IE AR WL BB 0L T, FE VST v s 1 B 58 AR it
N HE AR, 4.6. Barstools 4128 1 Barstools JEMH; AR ML B — LS4y, W VR AE A B k. R T R B2 A
MacroCompiler %f ChipTop i3 A Bt il #y 4 -
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https://github.com/ucb-bar/barstools
https://www.chisel-lang.org/chisel3/docs/explanations/memories.html
https://www.chisel-lang.org/chisel3/docs/explanations/memories.html
https://chipyard.readthedocs.io/en/latest/Tools/Barstools.html

$ java ... /root/chipyard/generators/rocket-chip/sbt-launch.jar ... \
";project barstoolsMacros; runMain barstools.macros.MacroCompiler \
-n .../chipyard.TestHarness.MediumBoomConfig.top.mems.conf \
-v .../chipyard.TestHarness.MediumBoomConfig.top.mems.v ... \

--mode synflops"

RAAT AN N mens.conf CfF, M .mems.v ICff: --mode ZYIHEN synflops HYRELREILAT
ATHY A7 4 flip-flop, X RIOAFRATH A il g . wT LAAME A SRAM.

EE, BT E—PRACEUBEIFL T top M harness Py, FrLLX— 4 X} ChipTop il
TestHarness 73 I AW . 2498, ¥f TestHarness fiH AR B # iy &1 ChipTop ZEAHAR , MATERX BIER. £
R AT ZR MR AT, BB, B, HHELR.

6.5 Hy#E Verilator

Verilator &— M IRESHAELIES, EERARFEREIITHT S, i AR Verilog SXHF#4h C++, T
i CH+ gmid AIERLER o dmiF e PUTik Verilator BRI R IEH &, BAETEN Verilog #4e Ay C++ [R5 AT LUK
BRI RN . AT EB T M. Verilator MMEERFE D AW, HB— &M verilator 437 LHE
¥s Verilog XCAF#EH Ry CH+,  [a] B A2 ik Makefile; 2 — 1847 Makefile 15 2RI 28 B 7] B4 T S04 o

A verilator HJaF4UNT :

$ verilator \
! ! ! "\
8 all fast fast \
10000 100 ins/1ps \
1048576 ... \
TestHarness ... \

../chipyard.TestHarness.MediumBoomConfig.top.v \
../chipyard.TestHarness.MediumBoomConfig.harness.v \
../chipyard.TestHarness.MediumBoomConfig.top.mems.v \
../chipyard.TestHarness.MediumBoomConfig.harness.mems.v \

/root/chipyard/sims/verilator/simulator-chipyard-MediumBoomConfig ...

LIRS, RANGEG verilavor JE—EMABIMEE, MENILLDAERE v (055, G ChiTop.
TestHarness Fil N ZEHIHE RBU . verilator MfIEET BI04 2472, %F MediumBoomConfig Fifif 3
S .

iZ1T Makefile f) 40T :

$ make VM_PARALLEL_BUILDS=1 \
.../chipyard.TestHarness.MediumBoomConfig \

VTestHarness.mk

XA AP LR TS . e — NS EA make o C++ 4iiFn] IFESFIH BN S AZIERE . 1 32 RS
fr X AT EAE] 1 4.

BARNTAED T i iF MRl 2S: simulator-chipyard-MediumBoomConfig o

16



7 ZM2E3): fE L2 Cache LSEELFEL

TR (Prefetch) J&:Ba cache $EIR K EZ ik, 1l LIFEAEENN cache K/NHIIEHL T $&Ft cache P4:RE. Chipyard
i F#) Inclusive Cache (DLNRFR L2) A& SiFive 2 @#&HLH—A cache SLHL, ‘EWLLEM X RS Z—3H, (B
HETRIIEE, XA R TIPS

Foe b, L2 PRREX RGEMEREA A/NRE M. T BRI AE FPGA RN A7 E R 1 565 . | FPGA
BT (200Mz) b Core fJfi% (SOMHz) iR, B LATEARG NAFHIIGERAIEOL T L2 ARy b R it &
AR, HEPIRREE LA T L2 BRI FA T L ZAE AN L2 Z FASANGER . 45 L2 foRar P AU BRI S8
B0l ATLVER], MIRERIG L MRFH IPC (RIVERE) #0235 TR, AMRTFEETRET 50% B b fadxk
Y. FEHESLAGH, WIREAGEE S R EROX L ER , B RESLHL 100% Wik RELR T

1

O 09
=]
% 0.8
/
a 07
=
T 06
=
= 05
04
coremark gobmk gobmk hmmer h264ref h264ref soplex
(2KB) (166) (13x13) (score2) (nph3) (baseline) (main) (pds-50)

Figure 9: #0425 69 IPC 535/ M B3R (cycle) ## A

ARBERN JRREAE L2 Pl 05— A5 LB i  f2 . /B8 pF5E Chipyard FUZEHI2%3] . B
SRBICA ST SOTA M TiiHGE: . (HIX AN &l A1), 308 T DAZEFR Ay 5l b se s &2 2 i lies . FRTA AR
R IF IR FE GitHub - Ishpku/sifive-inclusivecache-prefetch |, Wil B o

7.1 SiFive Inclusive Cache HEiA

L2 MR EH/IAEANE, 20N RIEMREMN, LIZ T4 LM Non-Inclusive Cache tHIREEH . X
A~ cache AR TR F B 324 MLC (L2) #1 LLC (L3) Y, fREGH &0 LB R R T F B R m E %% 71, B2
BAEIFRA LI MLC, RSB T LLC; IESfF T Chipyard HSCHFRCE S L2, FrLlETE Chipyard HilER: LLC
W L2, HeACH L2 FEIEEFE R RALFEZS P /E MLC B L2, i3 HER X 5.

TE Chiyard Hr, L2 fARIFIE BEERIR &SR, MR&ELd —)2 CoherenceManagerWrapper Mf13E, 1
TEIF/R. % wrapper X4 N BEFT T HIE #k. ﬂﬂféﬁlﬂfﬁ%ﬂf P15 7 Inclusive Cache @, 77 {8
Chipyard Bt & AR —2M A% (U BufferlessBroadcast )o

Coherence Manager Wrapper
TL TL TL TL
Cache Buffer Buffer Filt
Cork (outer) (inner) uter
l L I
. out in
Memory Bank Inclusive Cache | TL System
Bus Binder TL Jbar Bus
Adapter
Node
Scheduler
TL ctl_in Control
Register B
Node s

Figure 10: L2 5 ¥ & 69587 X
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https://github.com/lshpku/sifive-inclusivecache-prefetch/tree/dev-prefetch
https://github.com/chipsalliance/rocket-chip/blob/d5d25f2f9b13caf79e90ac4cb067b32b05137f73/src/main/scala/subsystem/BankedL2Params.scala#L55

L2 RIS RA —E B 2, BN s I — B A —fF T B e e SR AR IR S, Rk
4P — N AR X T £ 4% cache B 28 (Lhlfh 4% B3, f4& MESIhi. {14 & inclusive) , iBF
8 TileLink [ 5 ANEE S BT 2B . T L2 MRS YRR AL — BRI % rocket-inclusive-cache |
Francis’s blog (EMEHMEF ), #EEERE - TXEEE, HECRERMME. NTEFRE I EMEHE—
T L2 iy

L2 [ T3 242 4% Scheduler FIi 4 TLNode, H i/ TLNode H & Chisel 2R, A/ BL7EyBaE -
A L2 B 5LkR N 25 #B7E Scheduler H . Scheduler i N EREE U B FT 7R -

System Bus Memory Bus
R Scheduler
! PutFullData ! [EEEEEELEEEEEEE \
! PutPartialData | W R sourceA > Acquire(Data) |
! ArithmeticData | gy DkedStore -\ ) T | T
i LogicalData 7™— | | [ f©M™WwW W e
1 Get i | i sinkB
i Intent E sinkA |¢7 ””””””
! Acquire(Data) ! R e mmmmm e
TTpIIIIIIIIIIz i MSHRs h sourceC  [—>i Release(Data) |
' Probe “«<— sourceB ] Vo™ fommmmmm e
------------- | |
_______________ ListBuffer i L |abe_mshr : GnkD ke Grant(Data) !
'p beAck(Data) i [ ! ! ReleaseAck !
! ProbeAck(Data) | : : e T
! Release(Data) | el D o le} 1 ! (mmmmmmm————-
________________ . ' |be_mshr | i sourceE —>! GrantAck !
________________ pop : - !
i AccessAck(Data) | ] RF—» ;
i Grant(Data) i Directory i !
! HintAck E(_ sourceD [ Wi ! | c_mshr T e
1 ReleaseAck ! DR E block
_____________________ ! r-----------:
T R ey ] o -
i GrantAck —>{ sinkE sinkX i F _l?flflffc_‘_ .
evict sourceX —)E FlushResp
gant| /m}—m—m— — —— N L
el Control Bus
request <+ response schedule < cache data <— others

Figure 11: Scheduler &9 /3R 454

XK Al I F] . Scheduler f 3 BARHL S :

1. 10 3w (sink*/source™) : ¥4 1Y TileLink {f3R &4 A% L2 NERAIE R 10 2 0 IF IR B s 4 ss
—HBEOWH T EEPIR, E2A2RRMAKE (U sourceD).

. Directory: Tifi# H 5240 meta,

. BankedStore: 17EHE .

. ListBuffer: FATEfFSEIEEER, UL T NAMKE D M BRG], FLEBTT NxM HIBAS 425 6] .

. MSHRs: RCPRIERIFEGRH:; R, BERAM MSHR, (HEAAEH miss 155K, SLhr B iEREBEE
it MSHR; 44K, Scheduler § CLfI TO 2 0 R T A8 45

L2 R4 Bl FIAA SR & A 7 M. BRI L2 A% Core —HEG AR AIHIKE . (BB SR EH RN
BRIk TARR . Bk, L2 i TARRA IR 2 UL R LA 3

1. #lim R M sourceA. sourceC Fil sourceX HUAMPHLHLAL NFTIER , BIEI ) request; L2 48 #H A A
Al —ANER, 52N E R W I 2R L AR I C>X>A RSB R .

2. pEIE R WEAERSE (allocate) 25—/~ MSHR 403 ; R4 MSHRs fm] FIt, &R 7T RERE 4 FiC 2 2=
/R MSHR, #7731 [H] set f¥) MSHR [#J ListBuffer (L2 #L5E [7]—H %] MSHRs ] set NEEAHIR) . 5 & 5G
LR MSHR, SRHZE (BRHBCHIIE K ) o

3. KB RGAR R WURIEANTERARALEE L2 A0 (10 L2 Rapr) , L2 w7 2 i H AR & 3% R ik K
(54N F 2% cache i RECHE) ; RiE=R 56 H MSHR L) schedule BB IR &4 10 #2100, H i 10 B0 4 5%
W& L2 AR AT LE—MRYIER, # MSHRs {f f§ Round-Robin 75 ik 158%; .

wn AW
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https://www.francisz.cn/2022/03/18/rocket-inclusive-cache/
https://www.francisz.cn/2022/03/18/rocket-inclusive-cache/

4. BOROR R B ANEEUG PSS IR R . ) L2 kR, B R Y response; YR IEIE AT LI F A
IRZE XA MSHR , AELEMR SR IR e, M EANT—ERA A C 4 BLH MSHR #[0 5
5. B A [WEAYIREIERIZLZEE  BE R schedule BT k&%

7.2 MSHR JRIR AL

MSHR J& L2 58 Z4th @ e B Z AR, 5208 1 MSHR JREEARSE T8 1 L2 Francis P& BARG R4
T, {HMEM A PHERE MSHR, JoHZ&/EE 1 MSHR & —ANRAESHL, XAAERBEUR XTI — . L2 #) MSHR 3%
A E RSV LB, FIARASIRIDFIER %L B4R Rocket F1 Boom ff) L1 DCache [#) MSHR i 52 2R 45
ML, {HZ SR L2 /) MSHR fl L1 &Fif53E, AREM 28k, 84 L2 ) MSHR B R AMR? RMNERE: #5
AR AP . FIHLETRES HIEYE .

B, MSHR EX T 19 Mi/RURE", RSN PLE MR EHIFIL; —4 false HPIRASFIIN L
AERAVEARSE I, TS — MRS UR AR RS S W E D true o XEARZFRAEL T 7R

LN HHEE B B
s_rprobe sourceB (release-probe) [A] {1 T H Cirelease 5:3¢ ) 7= Bback-invalidate 4% & 1% probe
x—g Z Zizzglar;tt sinkC s _rprobel) I, T HIE W RERZLH, BT LU firstRillastk —IFA5E4E
s_release sourceC 6] T 2 cache 5} [l £
w_releaseack sinkD 228 releasef] 1Al 5
s _pprobe sourceB (probe-probe) ] F T~ HABAZ I RAN R 5: 580 75 ZERF 24 4% & i% probe
s_acquire sourceA 6] T K cacheid KA
s_flush sourceX [a]Control Bus i%Flush [H] &
w_grantfirst &tk acquirefI B8, firstillast& X [F) b BINEE—Aw_grant, ER—A
w_grantlast sinkD Ak, A4 T last, EFESZHRE G AENE e LSRRk E, TR/RL2A
w_grant AR P E SRR B A T —H#4E, LI T critical word first
w_pprobeackfirst
w_pprobeacklast sinkC s _pprobef M1, BRI E ] L
w_pprobeack
s_probeack - HZFFMLCTE , HEjTH
s_grantack sourceE We E "~ Pcache AR P IR 1A T Zheache 3% 7] A5 5
s_execute sourceD ] _I &k cache & 1% M1 &
w_grantack sinkE S 1% b cacheli B A I B[R] 215 8.
s_writeback - #5337 meta’s [\ Directory

Figure 12: MSHR #) 19 AN RARZS 5 € A2 2 69 B4k

HEER, RESEHRAIBELERR TEMBRERREEE, HPf s_ BEhschedule”, J& AL %EFA1E R H
5 (BT s writeback), FrLLESHN source IIEA < w_ 24 wait for response”, Z4ZUWIEANEIE , FrLLEFN sink
HIEA K.

MSHR W I HTERET, SAREERA G A L2 M a7 FPR ST B0, Wt bric MR B (e T BT (%
BHNARZE N False ). FiGEBHMES % EIERE opcode Ml param , #2% & Directory £ & meta [
REE: M TR—MER, BT L2IRSHAR, BB RB T AMEE . 24 MSHR & ZHAT 2 MEIER
XEPRAE S ERPRIF R RAT GE: 5L b, — S8BT DIATHAT, 0 s_pprobe Fl s_acquire; #4h%4
set NAEW], s writeback BT IFIHTIERESE) . A5 MIE, MSHR #) 19 NORE"BEAZIRSHUE WREECIRS
AR one-hot RAGHLIRAS (AL AR RER B B%E) . WRE MSHR ZRZSHL, A ERE—4a 210
FRRASPPIRSHL T, X BARMRAEM. MR MSHR HLF A6 R P AL BLES . IR A X E - T-5 B
AR AR E T o
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FAHEHm 75K MSHR RS EHIE, WFFR. RS, 7EMEIERE . MSHR HIEHABERA
WRANIEE , A A A R R AR B E Y, AR E T LR U SRR U R EAYE . MSHR gt
FRARE I R A B L2 BPRZSBEE FIRAY 19 M RIRZES. E T MSHR At A AT RS F 0 2 1 43 38 R 30D
KW N7y 3B ORI ST RS, RS SN 542 2% o

WK

G X
(HpPRelease[Data] ) (BFlush)

) §_execute §_execute
TS

T i Biprobe "\ FH A 1% meta? e ATTE
cacheifzR ? HAbAz? GrantAck? meta? LB
A, A A
s_release s_acquire s_pprobe w_grantack s writeback s writeback s_release
w_releaseack w_grantfirst w_pprobeackfirst s_writeback — — w_releaseack
T Fback- w_grantlast w _pprol;eac/]zlast T Fiback.
invalidate? w_grant w_pprovedc invalidate?
s_grantack s_writeback
s_rprobe s_writeback s_rprobe
w_rprobeackfirst w_rprobeackfirst
w_rprobacklast w_rprobacklast

Figure 13: MSHR } 3 R 34T 350" 44 3% 45

7.3 EMAEGED

FAe L2 P LB T — MBI BURE O o 2 DM B0 B fe fit— B S B 5 L2 fig@plsl,
FHEMTBERES H T LR XA 05 L2 &4 (BARIUEFBUA S0 o % Mg T

Prefetcher
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Prediction Train queue
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Prefetch request
ReqFilter
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Debug (® Meta update
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Figure 14: L2 7 4% 2 24 A

Horfr Prefetcher F1 Prefetcher 5 MSHRs 2 6] & 2 it R N E O N A ; Prediction Compute Logic iU B HE.1IF
HI TSR B Ty, P AT DX B I O BURS  . FRA TG O L Se R, ERRE3I MmO S
MSHRs #$%, Bl Train. Req Fl Resp, F4MAH— AR A MMIO 35 o T R H — Uk 5 B 0 UG 72 150 HH
XA O TR

1. ZiE )| 2545 & 24 MSHRs &I miss 5§, prefetch hit I}, ‘&2 [ FiEs L2 YZE R X B miss FRHEEHR
Brde, SR IURA PR BRSNS miss, [H O FREUR R FLAR B IR Zope . i LA PO A BURSLRR 7T g4y Core
R AL EL) Probe; prefetch hit 5 H & Ay T — NP HUIC_FoRATHe, MR AT, XA HAR B 2% 2
miss [, LAV 244 A miss FHiFo
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2. ARFRBb A BB HARYE DY A4S B Y w45 B A K —A (R—4) bl B Hies, &
WAL T —NEIR I MMIO #2101, a7 DL 53X AN 1 B L2 Lk bk .

3. R B TN A O HE YT S AR, B AT RE & A il —SedE ik ikl . AR U8
P BANET L2 AR R bhE, L2 DB R NESER . T LU DU TR BT REFS 1) T AR T
T kit P

4. A FFRBCGH R TR A PBCHhE A BEGE R, % 3E SRR sinkA 3 B — N 5000 8 % &k 3% 45 MSHRs;
R FEGE R 56425 B T TileLink () Intent (S M| Hint) EREMKEE, HEM LT —A prefetch fii
B — NN TEGER (% MSHRs A& L 3% HinkAck 19145) ; MSHRs Hr i b BB 45 2 3L A5 H
Intent [, Jf AHSCF R g 7R A B AR50 SC 8 T P 1 .

5. ##7 meta: MSHRs Y4 FUEHLEE XS B AR I FCR J5 . T 237 B P 1) meta; FRFE meta i b7 —A
prefetch fii, FHATRE—MYHE LR, Tk & Ay Ik 03 S prefetch hit 17 A8 & 5 38 A A o ;
TR, A&A prefetch hit J5 .24 37 Bl iEFR{sE prefetch fii, [4 prefetch hit S iZEE KA.

6. K FAIE 4 MSHR B AR 5 0 75 B A s . 45 5058 ) 005 e ) 0] 55 5 & b TUER el &2 R
BT, VP2 TG H S A RO TIA T 4 IR 58 K, H A — 26 5 A TR 25 T 23X A [l 4 ek e 2 ot
P (timeliness), FAFRHL$RHE T M DfE.

RTPRLEAWA B, 35 EEU R ARG5S bR

1. PUHHE 18 Train. Resp F1 Req #2111 _EHSA NS, X SEPASR AT RERY . 7575 ZEIA S I T TP B P 5505
FR ) IS ) A Bk PR R4 s BAS AT S R A ESE . AT LR LAY FIFO BAAY, ] DIAL & (R SE etk
Fp BE BN BEFFEE DA I BCES AT RS X S P i S . oA gemS H) prefetch: : Queued
BRHEHE, BT LSRR SR

2. L2 ) MSHR X} FifRA — AR ZOR , RS MERLAE DA —AEE , BN ANER 5 # MSHR
AREASBIEGR (2 ListBuffer A AZEWF) s FrLARMERUREIZ XA M, RATW AL XA EE, 7T
Mt ERE A2 L.

RSB T —A Next-Line I E, B EIETE—AH miss PIIMEBECT —/4N8e, &P () 2000 75 P ss -
1T SR A PG 120 prefetch hit fi th Rz, B DUE T ASCELESE B (HiRAE — HR SR bk i 17 1) p A
f—AJE miss) . Next-Line FUES IS4 ARH T 5, 3035 W LB HERE Y Prefetcher.scala
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https://github.com/gem5/gem5/blob/stable/src/mem/cache/prefetch/queued.hh
https://github.com/lshpku/sifive-inclusivecache-prefetch/blob/dev-prefetch/design/craft/inclusivecache/src/Prefetcher.scala

BRI, TRHME DNEIER , PR FIGE IR FEBZE RN A A — A = Bl B

1. 4 N Bl 16KiB B, $HRIGEIRZ) R 2.4 F#H, B4 16KiB & L1 DCache f K /)N, I I REIR &1 ] L1
FIFEIR o

2. M N i 16KiB J&, ERFWHEIME 22 A, BhEES M T5 i 4ik L1 40 ) #0 miss, BB LER
W L1 miss JUIEIR ; W&, MEREF N R4 4% L1 K/NBF A RS 22 F#E, X2 4 Boom (1) L1 i FIFE
MU, 17 L1155 4 B, FrLAN 4 £5 L1 K/NE A BB L 78 73 Hu Rl 45t cache.

3. N g S12KiB J5, R FIEMEBRAFAI (RTHAAER), Foh S12KiB & L2 fk/h, A ZE
IR L2 miss FUEEIR 5 HHT° L2 Al FHREALE RS . BT DL 512KiB [ 3 A ZEIR B4l 2670 L1 2840) 5 {H:
H SN BB H] 512KiB HIB R AER P Ga 3N 1, X2 B FRATR S04 SR AE e ful 28 1) Bi% 4%, {H Linux
MEIEEFEY P2 ] FiEsk, FrLAIYE N 3KF] S12KiB Z Rt C S I T rhge.

TR St 45 AR 454 The Ice Lake Benchmark Preview: Inside Intel’s 10nm X /&5 # & % Intel AbFHES 455, BEER
Boom [ L1 miss [FEIR A i (Intel JUH 13 3, Boom %A 22 FHH) ; X Wl RESE KA L1 MSHR LR ZASHL %
LA, T HIRWA 2 iESE miss, [ MediumBoom f] MSHR it EEERE (RA 24Y), #4£E miss 2k
MSHR PR, MIAEFRAEIRAIRE 1 TR B2k, FRIEBLANIAFRIIN 100 AN AN LER , I L1 miss
L2 miss FIEIRZ HLE 1:S IR R, HL#i% x86.

X P s B — AN SEREPE R T Ee A, BN ML A & (accuracy) < B A% (coverage) TR Btk
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WTUEE, KESRFRTEREEA —EMRTr, —LPi Al bR R P RS THIE I 10%, (R —L87)
FETCAUR BN L2 /N R P PR BE SR T IAR Gl . F5 40, in LR i FA) P RE R i T 412 21 o) BRLABU A RE AT AR
RHFERE . SO A R U], PR PUEGE 1A Next-Line FUE: A SCHLE IERARY . {HJ i1 T Next-Line 438 A
R (R TRRBFT AR, LRI TERERRTHA R .

B BAE TR B 1 R ARGERT T, BATUA R (R A R0 :

1. gem5 HIRHL TRE WL (Prefetch.py ), FIAZRIEF T7H; 538 M4 56 gemS S ALHLIEs LA 45N T
Basiiiss, FouE B RA LB .

2. IR A A SRR TRl , R A ¢ Fo— BN A TUBCRIE e B Y 2 — iy, 1B —2id,
N.iZ %3 Eviction-Aware Prefetching | Prefetching-Aware Eviction, Jf Ll L2 PL7EF BRI BRI R A48
Y5 TR A P A2 LR R TSR, 328 7T DL 3850,

3. 3k Boom M5, FSifF Boom NN RGN LB FEAMRE W DIk 7, Hel LSUL L1I. L1D.
LIDTLB, A—ERRT L2; WRZERA B AL ai i o2, il i iib e, K
XA e R s RTINSO TR i A R T .
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https://www.anandtech.com/show/14664/testing-intel-ice-lake-10nm/2
https://github.com/gem5/gem5/blob/stable/src/mem/cache/prefetch/Prefetcher.py
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