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+ BULIERGFF RS

P ETT AR
- RS BRI EEL

o« hiEmIKE/HFE
. BIREEIRIT

1

LD RS STA RS STD RS
Memory Block 6+ 6 s
* 128 4K-page entries . v v v v
8 4K-page/superpage entries
AGU AGU AGU AGU
LD LD ST ST
rofe R [ 1
—i DTLB DTLB*| [DTLB DTLB
v Ty T vV UV v \ 4
v Store Queue
ITLB DTLB Load 64 entries
Repeater Repeater Queue ¢ 2*8B/cycle
80 entries Committed Store Buffer
16 x 64B
2 32B / cycle 64B / cycle
L2TLB & PTW Data Cache
2048 entries 128 KB, 8 way, 8 bank

J
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+ SEIXILL: FEFTE->Rai

AGU & Pipeline & Queue Yangihu Nanhu Improvement

AGUs 2-LD, 2-ST 2-LD, 2-STA, 2-STD 53 store EUEIILELLIE
L1 LD hit latency 3 4 RERKEEKENRCERFE
L1 LD hit bandwidth 2x8B/cycle 2x8B/cycle

Store data bandwidth 2x8B/cycle 2x8B/cycle

Load Queue Entry 64 80 +16IR, (it D ELIZET
Store Queue Entry 48 64 +16IR (it P ECZE
Data Cache Yangihu Nanhu Improvement
E&FH%E T (Store Buffer) 16 cachelines 16 cachelines

L1 Data cache 32KB, 8way 128KB, 8way, 8banks +96KB

Data cache Probe Queue 16 8

Data cache Miss Queue 16 16

Data cache Write-back Queue 16 18

AT - 2§55 DR FRBN 32 35
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+ FEHG ISR EF R FAUHRER
» Store to Load Forward ‘

. KRR
L1D miss latency EEEG PR L1D miss lat
T MRRIFEIS, mis stency bk, ety —

LID BE
+ S SRAM [REIT L1D IS E 3 EF5 bank RIFSIFAY L1D ROKNE
Store FUEIEHIII R D E

- [REITHITE W EEERLEH, £ store addr Hl data

« FRITFSEEHIE
ZBEAFIFD SRAM BUIEERT R m LGS
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% LSU BR{A2a4 (Fk & FIBASY)

LD RS STARS STD RS
Memory Block s s ey
Load 5)2;%7J<é£ 2 * 128 4K-page entries v v v v
8 4K-page/superpage entries
3Zs > AGU | |AGU | | AGU | | AGU
Store i’&iﬂ:mﬂ J(éﬂ?, 2 D D oT or
Store BT 2 g s g g
_ ———|DTLB*| |[DTLB*| |DTLB*| |DTLB*|:
L1 LD hit latency 4 .
. . 2 \.V--“""\?"" Y Y
L1 LD hit bandwidth 2x8B/cycle ! Store Queue
Store data bandwidth 2x8B/cycle ITLB DTLB Load 64 entries
Repeater Repeater Queue ¢, 2 * 8B/ cycle
Load Queue Entry 30 80 entries | | Committed Store Buffer
Store Queue Entry 64 10648
— —\ \ 4 32B / cycle 64B / cycle
BS&FH 2% (Store Buffer) | 16 cachelines
L2TLB & PTW Data Cache
2048 entries 128 KB, 8 way, 8 bank

1 ¢3ZB / cycle
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% Load jiiIKZEE &
* Load fZKEI<ET(L: 1AEE 411
* Tag / Data / LQ IEE1HRIZEIEFE
 BRButAI IS IEEEE

____________________________________________________________________________________________________________________

UPDATE UPDATE
LQ(1) LQ(2)

VIRTUAL VADDR BASED

LOAD RS
ISSUE

STORE TO LOAD
FORWARD

ADDRESS
GEN

PADDR BASED
Lg-Or}IZEP STORE TO LOAD
FORWARD CHECK

DCACHE DCACHE DCACHE DATA DATA :
TAG TAG DATA MERGE/ RITEBACKE
READ MATCH SELECT :

load_s3

load_s2
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% Load itZKZEIAEE: Load to load {lt{t

* 125&4

- HEN

- (&

[522AY load 389 Id B T

imm A~=5|&IE tag index Y

IHEIAY index 134 775EEY

AN | 121 FERFT 3 1

AIENXY , FEREBG 4 1H

____________________________________________________________________________________________________________________

VIRTUAL
ADDRESS
GEN

LOAD RS
ISSUE

load_sO

UPDATE

1 ﬁld)

Load to load BYRIEEIEIBIR

VAL "ASED
STORETL ™D
FORWARL

PADDR BASEL
STORE TO LOAL
FORWARD CHEC.

DCACHE
TAG
READ

DCACHE
TAG
MATCH

DCACHE
DATA
READ

load_s2

SRERFERT BRI FRR (ICT, CAS)

UPDATE
LQ(2)

DATA
MERGE/
SELECT

pATA B
RITEBACKSE

load_s3



+ Load iitZKEeiFEE: BEAHILAL

RSB LE LAGCCRT e #ENME R RIS
EE’J EEUEERS _HEPRDTLBRYSZ I

ﬁﬁﬁlﬁiﬂ’.ﬂh.ﬁﬁULHTEl’JﬂﬂiJJ:l:lﬁi’x RESCitb it ALt R A PCECAYSHERBAR
o (ERYIIERbIEFRENBRE R ERIER SR anhEfE R B K BT

____________________________________________________________________________________________________________________

VIRTUAL VADDR BASED
ADDRESS STORE TO LOAD
GEN FORWARD

+ | LOAD RS
. | ISSUE

PADDR BASED
STORE TO LOAD
FORWARD CHECK

DTLB
LOOKUP

DCACHE DCACHE DCACHE E DATA
TAG TAG DATA B MERGE/
READ MATCH M SELECT

DATA [
RITEBACKHE

load_sO load_s2

P ERIZRBRITER ARSI (ICT, CAS) 8

load_s3



% Store JnIKZIEE

« STA/STD Ik

« STA 2 3H
o« WIERIBHES N Store Queue (FFERIE & expaosiuperpose enties
- BEEEHIEERELHT
« Store HFRHEHICETHR AR

Memory Block

« STD23H
« ZUEB N Store Queue 5T - ¥
Repeater Repeater
\ 4
L2TLB & PTW
2048 entries

}

PEREEFTERORFAT (1CT, CAS)

LD RS
16*2
Y Y
AGU | | AGU
LD LD
_-_I. ....... _|-_-
DTLB*| |DTLB
I'"v""""\? """ l y }
Store Queue
Load 64 entries
Queue 2* 8B/ cycle
80 entries Committed Store Buffer
16 x 64B
32B / cycle 64B / cycle
Data Cache

128 KB, 8 way, 8 bank

¢3ZB / cycle




Branch Prediction Unit

% LQ/SQ/ Sbuffer &8 - = # ~ = «

predict result i T redirect / update

Backend Fetch Target Queue PC read result
Redirect / Update 64 egtries [~ for Backend

. L1sQ: HERBIERE |

; Instruction Fetch Unit Instruction
= _t / \ InsCt;l::(;]tleon (22 cagxhces) Predecode ‘ BP Checker 8 Bytes Uncache

H X ytes,

« IBEIDED LQ/SQ BY Igldx/sqldx ; —

~ / \ 29 (2 Dy Instruction Buffer ReOrder Buff
ﬁ ' : 48 entries eOraer Buffer
° }A 1j51’t Q @E E/\J HT_]- | ITLB 256 entires
LS D % |32 4k-page entries i o nstrg

: 8 superpage entries | 6-way Decod

i 6 Uops

* LSQ, Store Buffer: IEES R LI | e [ Do ][ e |

Dispatch Dispatch

. ﬁ E k 1 ﬁﬁ’ k]:ﬁj% & E /\J buffer 125;555 FP Physical Registe Fil SEEE:S INT Physical Register File 1?5%25
« HIEEXHSEIE 2 fH5K

: FMAC RS FMAC RS FMISC RS
16*2 16*2 16*2

FMAC FMAC| [FMAC| [FMISC| [FMISC

Float Block

ALURS
16*2

Integer Block

e ‘ — Stc‘:;eeanligue * 128 4K-page entries, 8 4K-page/superpage entries
Repeater Repeater Queue ¥ 278B/cycle
80 entries Committed Store Buffer
16 x 64B
A 328/ cycle 1648 / cycle
L2TLB & PTW Data Cache
2048 entries 128 KB, 8 way, 8 bank
Memory Block
i ¢32B/cycle
L2 Cache Best-Offset
1 MB, 8 way, 4 bank Prefetch
""""""""""""""""""""""""""""""""""""""""""""" iEZB/cycle
L3 Cache
6 MB, 6 way, 4 bank

FAAZRIAT laldx,  sqldxER D ERINE
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% L1 BRETF

LoadPipe * 2

r r sel
meta| data |data

L1 Data cache size 128KB r r | sel
; ] meta| data |data
Ll/LZ Bus Width 256bit Replay
Store Buffer 16 v »  Miss Queue
Probe Queue 8 Store Buffer Store
Miss Queue 16 L » r M ' w —>» Write-back Queue
- meta|data |data
Write-back Queue 18 Probe
- YN "~ Probe Queue Main Pipe
RHREES E-Z 5
ECC QRS w
Refill Pipe
Replace

PEREEFTERORFAT (1CT, CAS) 11



+ L1 ZUREFRIIMIE

LoadPipe * 2
7 —_ - YN
ﬁéﬁ?::%gﬁng51zbﬁb r r | sel
meta|data |data
MiTimIKE
) . N I
* Load Pipe: &ME load 153K m;ta d;ta dsaia
« Refill Pipe: 20T L2 1245 L1 FUEEE Replay " ——
« Main Pipe: 2 MEREHE( tB1E K v > Miss Queue
Store :
Store Buffer
5 load, store I§&3H N |
. Miss Queue _)meta data | data| W —» Write-back Queue
Probe
» Store Buffer Probe Queue Main Pipe
5 TileLink 8432 H w
* Probe Queue Refill Pipe
* Miss Queue Replace

 Writeback Queue
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+ L1 ZREFRIIUH

- RETH]
- &S 32K 1IRE5EI&ES 128K

AR

o ZIPXIFEE
o &F E—LAIZ K store buffer
o FZRXK/INFEE

- BRI EFISHELE

o miss AIRFER
o > miss ZEIR: JH7AY Refill Pipe
* Evict ZEf5 %! Fill Data EAAFFIAR

=)

LoadPipe * 2

r
meta

:
data

sel
data

sel
data

Store Buffer

Probe Queue

Probe

« {58 TileLink }/MY, 3234F ID Cache —E{4%

Replace

Main Pipe

Refill Pipe

w

»

Miss Queue

Write-back Queue

PEREEFTERORFAT (1CT, CAS)
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% L1 SREF a0

- RETH]
- &S 32K 1IRE5EI&ES 128K

S AR

o ZIPXITEEE
o & E—CAIZ 4 store buffer
o ZXK/NFEE

- BRI ECRISHIZLE

* miss QIEIEEE
o R miss ZEIR: JBI7HY Refill Pipe
* Evict ZEfFZ Fill Data ZIAAFFEG

- —EEEE)

o {58 TileLink }/MY, 3243 ID Cache —%{

LoadPipe * 2

r
meta

r sel

data |data

r sel

data | data

Store Buffer

Probe

Probe Queue

4%
refill RERAE

BEig
main pipe RIBIJLERITK

PEREEFTERORFAT (1CT, CAS)

Main Pipe

w

Fefill Pipe

»

Miss Queue

Write-back Queue

FrINAYERIE

refill pipe
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¢ BIREFEREN

» 93 Bank BY{X SRAM EHILASLIN 2 um 15
- TELENERBTEAEFSE

2K I =Z! 128K

- EEAREIAT) 32K L FSHINEI4Z 5180

aILA# Load 0 i[a]

AL #E Load 1 i7]9]

V

N SRAM @l SRAM il SRAM il SRAM i SRAM [l SRAM i SRAM ll SRAM E
E BANK | BANK | BANK @ BANK [ BANK W BANK W BANK W BANK E
' 0 1 2 3 4 5 6 7 '

BJLA#E Load 0, Load 138, AeJLARRT#IAIE]

12 11 0

bank ‘ ‘ offset ‘
AEE(N A REMIEPIZERYERS 35| data cache tag

12 11 0

paddr physical tag ‘ virtual index ‘ ‘ bank ‘ ‘ offset ‘

(EMEsCitbhtehAY ¥R tag 1T data cache tag LbEX

vaddr ‘ virtual ta virtual index

PERIZBITER ARSI (ICT, CAS) 15
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+ BIREFSETL]

o fEIRIINE: Alias Bit (2 bit)
* L2 cache {RUF, leﬂ— virtual index, f8[GIAY Alias Bit A&TF{ETF L1 cache HA
s 2 BEFAINEHP=NEHET

14 12 11 [11: 0] bit AY¥IRFN R LA E
vaddr virtual m virtual index bank offset
12 11

paddr physical tag virtual index bank offset

(s FAsEblibrhRY P23 tag 1T data cache tag ELER
128KB DCache HYEESCHBE{SEF

PEREEFTERORFAT (1CT, CAS)
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