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cal-G_I=(V_LE_I).

HAfMARBREES » BARERN « EHNEIRERFRE - SRABERES !
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P_(TLP)uparrow,
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° GRIEREARILIT ;

*  ISARIER

® value“address speculation ;
® helperexecution ;
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SynCore M&ZBIRTEIEEE RIKBEMILTT ° MERAEEIREENIMANED :

Fusion Benefit

f(
W_(front),
W_(window),
W_(issue),
M_(MLP),
B_(cache),
L_(fabric)

)

1.3 EHITRIRENFEER
METEHETEEHAN - EVREES !

° AR | FELRE ~ BUS « RSSO 2R

° RBIHZIR PITETHHREEORE ;

° EERZIR: BIFREEENSILEES ;

* :CIEBESIR : cache miss ~ TLB miss » DRAM fEIR ;
° JEARFMR : HERE - LIRSS EIERAA ;

° EFRR:HBRZSHITHHLEERERE ;
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2. BEBAZEL SynCore FIFERTEITE

2.1 Core Fusion
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HFEEYE - 5L WA steering ~ BE4Zi0 producer-consumer Y{AMEE « load/store forwarding #1{E{RIFIE
& > LUK %A@ reorder buffer {I{AIFEFEIRAS o

BIFMEEER MBitz0me) FTE2—AERENM > MEBLREMEIERERIERER

2.2 Composable Lightweight Processors

Composable Lightweight Processors £ TFlex U2 B HIT4EHE ~ B ERBEMAIAS tile » AR SEFE
RO RIBEERRIE SR o« HEMEEB IR AR AE B EAEEE ; BRI &E operand network
FEHIAEE ~ BREYERES tile AR o

2.3 MorphCore £z FEH;

MorphCore HREVER 51 | UEMEEFZOAER » ERITERLITR ERERSHITEBNIER SMT o
tERAZE e S * W/ IMZORE S B RIZ O AT BES | AZBSM pipeline latency ~ cache migration S A ; FEILE
ER/NMz o BRE) FEMm—3KK -

2.4 SynCore REfRERZERN

SynCorevl.1 A MBE—EREZO FAERM > MUNTHEEASEABESEMN !
* LNHRRMERNE—2R2REN;
° BEMEMA - RINRFEGEMBRLOIRYIA —FRFTEEH

° BRSEHEAYIES N EE O-Chip ~ DEO ~ DPCPS ~ DryCore #— ;
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3. ax=t/RAY

RA— © A AR AR AR
SynCore REEIBERIRAIZOEMITRIAEAG S < THHER) - RSO ERETRERMN :
* WARBEEERAE ;
® operand transport ;
* 2 OHET rename ‘tag =/ ;
® load/store ordering ;
° IRHEHRACIG
® cache ownership ;
® checkpoint £ replay ;

® power,thermal control hooks

[RRIZ : SHEVERR

RU S BHEREIE NG © BEHEER  MAEE « B2 « 351K - 18328 cache bank @M AE L - RAIREFEIR
A

MAEEEEM 8~ 16 ~ 32 AR E—BIZL
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ETEEEMNEMILP A& P_(ILP) » EMEE5IEEEMEIW_F > A AEEMNR :

W_(use)
<

min(W_F,P_(ILP),P_(front),P_(mem)).

FRAM : RS ART EE KRR R

RS RM ~ FRAIKER « ERAR B IEAERIER » RFMAEANREIFIIRI  EARSERIZFE T IEGS
° IFEEBISH ;

® ECC/parity ;

® watchdog ;

°  ZARAM ;

° EBEHER

° GCIREEREE ;

° FEXERMIESL -

[REIER © ZERRHARFEAR A

RIVEEERI LR -
° TERSSTELEEARA ;
®* EWMA;
® decision tree ;
® |ookup table ;
® contextual bandit ;

® model predictive control °
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4. OREE SRR

SynCorev1.1 A"BRE B@ES% iz Z/& > MKRERER

4.1 FO : Independent Mode

1@ Scalar Tile B #1T :

* BCHAER ;

* B rename,/issue, commit ;
° HZEHLL;

° HEHDELLC;

° &

UI>

ZRERES TLP TE&E

4.2 F1 : Front-End Cooperative Mode

Z1@ tile R BRI * BHEEDAIHER :
® branch history ;
® instruction predecode ;
® shared instruction cache bank ;
® coordinated prefetch ;

® helperthread g runahead °

IR AR — BT B RIZL ° EEMRARIE o

4.3 F2 : Clustered Execution Mode
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—IRITHERTIE < IR BRGT EU ZE#1T backend > (EREDBIE

5888 instruction window ;

® banked physical register file ;

® operand network ;

® clustered functional units ;

* 213 tag dependency protocol ;

* F—oDE commit o

BER V11 NEEMERN -

4.4 F3 : Full Fusion Mode
ZAE tile B _E AR —EERARIELFRITHE :
* M—RImEEARED B2 AT ;
* BANEREESRE ;
* #ERH load/store window ;
° R—AEHEIRR ;
® 5 tile speculation recovery °

F3 R—ZRELL F2 1R o B steering ~ global wakeup 3% bypass latency i85 * F3 AJfE R P& EIEZR oG
INREASEIE BRI o

4.5 ENF B EREFR

FO<F1<F2<F3

SRRBEIEE » FRARMAELAREFGN - RAFEIRIBTIFE S EAERE ¢

FA()

argmin_(FE{F0,F1,F2,F3})
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5.1 Fusion Group

—ERSEEERS !

cal-F_g

* cal-T_g: 2HmENtile &S ;

® cal-N_g : operand,“control network ;

® cal-R_g: registerrename EjR ;

® cal-M_g : memory ordering £ cache BIR ;
® cal-C_g: commit ~ checkpoint  recovery ;

* cal-S_g:&&E -~ hERBEEIKAE o

5.2 Scalar Tile

SEtile EVET :
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* BUSEMRIERIL ;

® branch predictor 3 predictor slice ;
®* rename/dispatch ;

® localinstruction window ;

® ALU/FPUvector units ;

® banked PRF ;

® L11/Dcache;

®* TLB;

® local ROB,commit metadata ;

® Fusion Fabric interface °

Tile FERETE FO SERIRILENF » BRMSBEIUHERRRAAA -

5.3 Fusion Fabric

Fusion Fabric A2@—#% NoC M5I& - EREZIR(ELEER :
® instruction assignment ;
® operand delivery ;
® wakeup notification ;
® branch resolution ;
® |oad/storereplay ;
® commit coordination ;
® checkpoint broadcast ;

® mode transition °
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¥} producer i £ consumer j * §5 tile (KEBERAIRTA !

L_(i=])

L_(tag)
+

L_(route)

+

L_(queue)

L_(deliver).

BIEIEES 3 producer £ consumer ITERE— tile BYULER ° steering SRESHBB LB KFRHE o

5.4 Front-End Organization
=TERIE

i A, B—HEZAE

BR © 1EHISER KRGS

TARE © AUURF]AEAN A BERLIMER > B feiREET o
#iH## B. P DA IR

% tile E—FE <RIV T E &R

‘Hﬂ}

global history ;

® return address stack ;

® taken branch communication ;

® instruction striping metadata °
#i## C. PERE VAT

—{E lead frontend B & A HFMER > HER frontend 3121t fetch,“decode bandwidth o v1.1 E:&FUEIES
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5.5 Distributed Instruction Window

S tile 4R A window ° BfEF 2RI tag © #5< u BIRLAEIRMG :

ready(u,t)

bigwedge_(vEpred(u))
valid_(v— u)(t).

steering BIREIR&/JME -

J_(steer)

a QX

+

B D_(dep)

+

vy PX

+

S TIX,
Hrp:
* QX : B tile {THIES] ;
® D_(dep) : & tile f#BEERE ;
° PX:IZhEIEE ;

° T : ZAmE ©

5.6 Banked Physical Register File

R TPRAZOHZE—EEXREFSN GEMSIR « EIRERFIRIF o #TAREK banked PRF :

cal-R

bigcup_(k=1)"(G)
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&1E physical register &5 home bank © # bank 3&

locality-aware renaming ;
replication for high fan-out values ;
producer-consumer co-location ;

limited bypass domains °

5.7 Load,Store Ordering
MEEARBNE D 2 —ZRIBRRF - KAXIE
213 load/store sequence number ;

store-to-load forwarding ;

memory dependence prediction ;

violation detection ;

replay ;

precise exception ;

fence,”atomic semantics °

¥ load | * HiRZZAIMAFESD

V s<l,

-alias(s,l)

V
forwarded(s,l)
V

resolved(s,l).

5.8 Global Commit and Recovery
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IX<IX<...<IX.

{B4732 ROB BRI 38K  BIHE :

global sequence number ;

local ROB slices ;

pre-commit watermark ;
distributed completion bitmap ;

centralized architectural state checkpoint ©

commit &4 -

commit(IX)

done(IX)

N
bigwedge_(j<k)
committable(I[X])
A

-exception_(= k).

SECTION

6. =T TIZHAEE | AEFCH=REEE

ERpN=EEAFEEEE " EFEEAEF

=3
l:

ED

5

6.1 Armed State ~Faf#EE

Tile EARMARESEIT > EE5TH !

Rk BRI A
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® Fusion Fabric #4281 ;
* JE code data TEEY ;
® cache way,“bank 8% ;

® checkpoint =REfZE

AR B REMFEEARSERSRENRE

6.2 Checkpointed State {R7FHE

FBEHITHEIE SEFNEEIRERRE * UE tile BERYEREL - REASIDAR -
® (O : architectural registers+PC ;
® (C1l:CO+TLB “predictor hints ;
® (2 :Cl+selected cachelines ;

® (3 :C2+microarchitectural replay metadata °

A FFFRE AERRKAAREEMER RTF - REHTE IR RERERES o

6.3 Fused State /Gl &8

\

tile EM0A Fusion Group * HFE#IT—REENITAE o LEARRSKBRRE :
* R—KSHEIRE ;
® mode ownership ;
® power“thermal certificate ;
® watchdog ;
® rollback checkpoint ;

® OS preemption route °

6.4 IREEEFZ
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Independent

—

Armed

—

Checkpointed

-

Fused.

REBAIRRIETT ° 2R

Fused

—

Rollback

—

Independent.

ulll

LEERRRER > T REFE

oo~ BTSRRI E4E
SECTION

1. R E R B AR AR

7.1 EfiEE Q-Storage

JRFSMY Q-Storage B4 :

Checkpoint and Warm-State Buffer, CWB

AR IR RS
R
* RLSRAM;

LLCREE& ;
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FE TSTEREREL KR MADRRAE ) FEEEIBAIL - CWB FEfEA !

3D stacked SRAM,”DRAM ;
coherent memory ;

persistent memory (i&Hi) ;

#HRY ’ ERENTEHERERERR o

1.2 FRIFEETEIRN

ETTCEMRTF S bytes IR IBEIRRA B’ RIBEERHRIZREA !

T_(save)

\%

(S)/(B)
+
T_(quiesce)

+

T_(metadata).

selective state capture ;
dirty-line prioritization ;
compressed metadata ;
lazy cache warming ;

predictive prefetch °

7.3 BRIRREF B IEREIEENR

cache ~ predictor ~ TLB EBRMKEER L EMAE * FERBIERM o SR ©

SEm1E architectural state ;

S BNIEFERAT 5
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BUERAAREMEEARS

EBEORERE -

SECTION

8. Fusion Mode Controller

8.1 #ZEFIZREA

PEHBRERES

Q_(run),
C_(switch)

cache miss ;
branch misprediction ;

SCIRESARILTT 5
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® ROB/issue queue B /7 ;
° REHINE;
® runnable thread & ;

°  YNAfhETAES o

8.2 1Rz I ER

RS RIELL TR A LR R ED -

widehatG_(fusion)

>

C_(transition)

+

C_(opportunity)

+

C_(power)

+

M_(safety).

Hrh opportunity cost R#E R tile BIARFFEMBITLERNIEBLK ©

8.3 i/ i a5 Iy
BRENES

T_(res)
>

T_(min)(FX,FX).

EHERERAAREA R HPIME

6_(enter)

>

0_(exit).
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8.4 (ERAFENHIFRELRME

Fusion Mode Controller {24 HIE2725% > {8 OS,hypervisor JR7E :

° DPMERITHERIESRSEHE
° EERFFEREM tile ;

° BITAREAMCE ;

° HEIRMERBEZE ;

° {AFRHE SEEEHEE ©

SECTION

9. MEREEIR AR EY

9.1 BRITHEBFRIT 57

HRSHERNG:

TG

max(

C(cal-G_l),
(N)/(W_(eff)(G)),
T_(front)(G),
T_(mem)(G)

)

+

T_(comm)(G)

+

T_(control)(G).

LA

\
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W_(eff)(G)
+
G- WX

—AR R ERARIELE N -

9.2 RS NEELL

S G

(TX)/(T_G).

H 5% Amdahl Z[R#! - SR RE S INZRAIEESIZ p ° ZEBDMNESR s_G !

S G

IA

(1)/((1-p)*+(p)/(s_G)).

EIE > [RTSFATE 4 12 AT 2R 4-6 (EMERERAIL ©

9.3 FUym

G_(net)

(TX)/(T_(transition)

+

T_(run,fused)

+

T_(exit)).

RREFRMER SIRARRIR ° AT BEWIR A AR -

9.4 ThEBIFEE
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RASEFENR

P_F

P_(tiles)

+

P_(fabric)

+

P_(global)

+

P_(memory)

+

P_(cooling,share).

SERIEFEREE :

E_F

J _(tX)AMEX)P_F(t) dt.

FE BRI R A] sEEAEE R MR R4S AE S * thrIsE A B BRI RIFASH TGN ; BZAEA -

9.5 R G RA

A GfEtile W—IRAITH LR » REELBRARTS !

C_(opp)

> _(k€cal-T_g)
U (alternative)

U_g”(fusion).
Hit > MEEARES -

® runnable threads 2V ;
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° RISIEESR ;
° Hfhtile ARMHE ;

° HERTHETHARHENEBEESNEREHE -

SECTION

10. IhZE - BRI SEE N

10.1 A EB{EThEFEH HiEEM

S1E tile FIERENRAREEMRAEEP R BEHRITHE - MSHIFRIUS :

cal-C_(power)

(P_(max),l_(max),V_(range),T_(max)),
MUK .

cal-C_(thermal)

(T_(max),A T_(max),B_(th),t_(cool)).

10.2 259 T

DEO : EER SR PIERREFEL ;

° DPCPS : fREE7 « EEREBREMERKE ;

® DryCore : {R{HZAFE « RAMEZ2IER ;

° SDMCA : {RHEARI B R RFHRE

® O-Chip : REITFEHEBEREREHERME ;

® SynCore Fusion Group : E:5ZHEAHIT
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10.3 ZAmRAYPRE!

Rt M2ORBEERIZ OS] - ERAENFR  SRBEAEIHES tile’ ERBHILGENER LR
TS o MR R AEF

® execution unit gating ;
® bank-level throttling ;
® steeringbias ;

® spare tile substitution ;

® mode downgrade °

MARBERATHERNTESEEVERTREIZ B °

10.4 HE SR BV EMEM

REAFBIRIERARIESREMEAR o SynCore HAE—RREE « /S IRFMARLAMRME TRIL o WBiRSEMER
FRBERER T ERKAEZERBAFHINFERE -

SECTION

11. EXBEEL ISA &

11.1 BEEAER

RIECKFEFRPTERMERSEL OS BENiEE FO-F2 « ERARAIGNE !
° ISARJRER ;
® memory model ;
® exception order ;
® debugsemantics ;

® timing-independent correctness °
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11.2 I#T=ER

FEFEEE runtime AJ1EAS ©

cal-H

(

g_(latency),
g_(throughput),
T_(phase),

p_(priority),

—

energy)

Bign

* T REERABIEEHRMENITIHE
° FRFHEFE20ms ;

° SFFER 3fEtile ;

* AIRBEBLRENEERES

11.3 iR E
MReEes e fit :
® basic-block boundaries ;
® dependency hints ;
® code layout ;
® likely long-latency loads ;

® fusion-friendly regions ;
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® no-fuseregions ;

® helper-thread candidates

B v1.1 REKH ISA 7 BERIAIR#E ©

11.4 £ SynIR BYRA{Z

SynCore v2.1 B9 SynIR AILUZse EERFZTIRYF Fusion Cluster * 1B v1.1 REREH A ERIRERZIZMET o 45
XREE !

SynIR Region

ﬁ

Fusion Eligibility

—

FOF1/F2/F3.

SECTION

12. B T QI SAYE TS

12.1 Bk SR H 2R

R EBEHEBEEIEREA - MRRAREEMEMEREE > RER :
° DIRETFEE—THITHE

° PREBIERAURTNAIETEOM cache ;

* 9% Eindirect branch £ ;

° REFEEFIEEME o

BMERERTRER :
° ESIEH ;

° EERMREH ;
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® GPU “driver;

° GCiREE S

o IR JIIT;

° HEBRMEEY ;

PR o NSFFRISTEM 2-6 3 o

12.2 BPBF s
(MRS HE S SR EREETIEE CPU FIAXRRS o BAEX AR S B3R R MM headroom * BH
AITHER :

* ERYMAARAIER dropout ;
* p99,p999 MEEIERE ;
°  HAPRSERITEA ;
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