1719
WO 2019/152772 PCT/US2019/016242

Lok

I R R R B B B g B
ek ak ak ak ak kol i

\‘!‘-ﬂ.‘ds

P

i-ﬁ-‘:::

{ '-

1 ; i
* e

PFEEFEY YL Y

\"‘:'"""L‘\ £
S § S VRN

w ﬁ
RN LY

ok ak al ai ke ak ak ak k' ak ad ok

PP g iy iy T T T T T T e T

T
-‘-“\.‘\.‘h‘.\

FIG. 1

oy SO
Nt
Q'ﬁ'\.‘h‘i'r {w‘}
_______________________________ . I
W3

N

v ' s-ﬁ. "
"‘"ﬁ;l.-.. )

ol
L b b,
&
]
:
;
“‘-___,-"‘
& -
[Tl
H Ny I“"r
i\uh""“



2/19
PCT/US2019/016242

WO 2019/152772

¢ Ol

X,
=3
£33
.0
e
o

g g g e e e e e e e e e e e P R P P g PR R g e e g e e P g e g g e |

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
" " e i e e e e e

% !

eugel] 539
S3I<H
i %ﬁm

h}I"II'I"I‘II‘III'I"I‘II‘II E K NK 3K K 3K

R:mm |

34 5 S1UM
wnm_

il i o e o
e b b b W A A i

ux\wﬂ _
Vi w\n

STy

T ._.%mﬁ&g

i iy ol i g S Sy Sy i S S B

_ 3 e
1 Yol WATION TIHOSH TNOLD UG

r
L
r
r
r
r
r
r
L
L
L
e A 1 T
" . W

M_.I‘I__.I__.I-_.I__.I._-__.I__.I..._.I__.I_._.I__.I__Eiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i..l—..l..l—.l..l—-.l..l..-.t.l—lt.l..ltl—l.ll_.l_.—l—lu




WO 2019/152772

3/19

AP RECEWES
INSTRUCTIONS

UG
AR EXECUTES
INSTRUCGTIONS

AP WRITES
QUTRUT TO
MEHQ

S0

AR PROVIDES
INSTRUCHUNS
10 TPU

RULE NG

G186

RETRIEVE RULE

FIG. 3A

PCT/US2019/016242



4/19
WO 2019/152772 PCT/US2019/016242

300 \
\ [ 314 \}

i\x MG . AA
"/

!

38
U / RULE \”\\

“““““““ SATISFIED
' ?

YES

220
GENERATE
SHALOW COFY

248
UNWIND
STATE

S44

WRITE TAG AND
QUTPUT




5/19

PCT/US2019/016242

WO 2019/152772

1 !

o ozc

NIZEAY AISIY=3d
012

P Old




6/19

PCT/US2019/016242

WO 2019/152772

e

ROOYHS

L KL
Lhe Eiieen]
I -
e 1
_ ~{ 1R 34

bis

MW TI0H

T

o~
¥

E N L B N L e B B B o B e e o e e e

G Old

e L S Ld

R

ﬁ..mmm
B4

win. wioply' shapley’ rlapley™  larlaph

C GNF o B B L e B B e e i e e

o

F o e o

}
}
M by
;% 7
i
lrez ?mmﬂ a
P RPE
}
%

Sl gl iy, il

E N B e e N e B N B B B BE e B B B B N R e E B e e i a e e

4 30 5390
i T &

. fmm

£

wﬁ:‘. .

ﬁmﬁ
v ﬁ

i w%
/08 4D

<
A

0 3903

mmm A
{8
HUY AHG
HLEN

-

".r“
e
2
145



PCT/US2019/016242

7119

WO 2019/152772

oty
ME:E@E
« m,&m

e

W

L
i

4

919

b o
el
: ﬂ-..:.;
' 'ﬂ}
<= .1.
o
A

]
- i
nofmad
LA
rh
i .
%
=y
L2

S N 1L e

ek R,
h aalim®
1.
‘-.-.-.

B S
L . | PP

" f o )
v em— | i da e
. N Uk ke A T Y o
. i et —
~HI S{SN=4 R
~2

L-HIG 300040
T%ﬁ% T RO
,N AN
iy N M =N

- BNSTIN 5

w 3 . b ol DR 15D
- injoefippe s Y
| G

e

e L dpp

‘!!!

e E,& sprdo

e
;:r‘._ -
palii

ORI S
o syl

el e
mm“%wmwuw -

oo
L7
i

A A
r ]
-




8/19
WO 2019/152772 PCT/US2019/016242
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PIPE Registers (continued)
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PIPE Registers (continued)
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PIPE Registers (continued)

PRTOUSS

RAW

Name

ML dun

RW
AW

™M1 Adar

*-n.*-.-.*-.*-.-.*-n.-.-.*-.*-.-.*-.*-.-.'-n.*-.-.*-.*-.-.*-n.-.-.*-.*-.-.*-.*-.-.*-n.-.-.*-.*-.-.*-n.-.-.*-n.*-.-.tﬁﬁi}uﬁtﬁﬁtﬁﬁtﬁ*ﬂ.ﬁﬁtﬁﬁtﬁﬁﬂ

P RAY

Mask o appdy to phvsical addresses botors

Pescrpiion
Sets the Tag Map Table entry specified i
TR bngry ax valid or invakd for Momeory
tag acdress awprang whin FME Vatue s
wriiien

Indicates that the mapping for this pags
abways 10 the 1ag s &uifiid iy I Value,
NOt 10 3 MEmOory pags o fefoh a tm} from.
Thiscan b used as 2

poirane powerimemory endiancomad
WHH QN SIRHE Page hay e s sy, and
Q% & way o supply ags Gy poriphersd

ARV 0L,
indicaes the stve of the s 1o b fadehed
foount ooy whert this mupping s wsed,
00 = Bvie

(1= Hall word {2 bytes)

10 = Word {4 byiey)

1= Resvrved fue doubly word in fgure
Indicades the number of nbbles the mpat
physical addresy 1s shifled right afier
masking belore bemg QR with TMT Val
10 geneate the physioad 1ay address.
Physical Address valire beine mapped

conpars 10 1M1 Addr

Oxatpud valae I ¥ ag Map Table entry.
Wrsting this regtsier causes a wirie (o g
1&19 kriﬁ i Et}iﬁ"

---------------------------------------------

CTMT Page(19: f}}

--------------------------------------------------------------------------------------------—-----------------------------------------

When TMT bnowsl, speaified the physical
page address of the tag for the puge m.id‘\i*\a

sm gy iy TAT _Eabvy, \,\_ e T imm‘“i
bmmtn@:% the fower hm ol th 18g.

TN Tag

201 | W

3

R S B S S S R S S G B S U S S S SR B S DI S N B S S N Syt B S S U R S S S S S B S S S U N S S

CTMT Miss {PA R

P A S N S S A S S U S S S S S R S S R S S R S S S S N R S N N S N R S A A S A A S AT AN [ A S S S S S R S N R S N R S S A e A e

Upper bits of tag when TMT ima" d
f&ddi‘&ﬂ:‘ﬂ f:-tf i:h:air inmmmmn psh v \u;; i g,d gich.;

R S B S S R R S B SR R S U SR S S SR S S S SR S S DI S N G R S S SR R S S SR S S B S S S SR S S DI S S S R S S SR S S S R S B Sy N P S S S S S B S S B B SR S S R S S B SR S S B S S B S S

.............................................

L

.I- '.h- II.. -l L

{ . W

L b

L , .

L AT
‘I-

L

S o
DI Mss sty (R
S ———— ferereeerereee

Cpgrphin L RANV

Miss DFA (R

imﬂ £ yt

......................................... 3

?mu wetion iimt }53.:‘“3 SR d h:f ifasz:
i\it I \im X ”i\»ii i} \iaax

'&% ht:} dsxﬂti i
the key ,md a,ii mp kti SN TES ,-..zi QY S

Ledaulf =

R O W T TR TN TN NN T T TR T RN NN R T T T TR R R NN R T T T T R T TR T NN T wY N,




WO 2019/152772

12/19

PIPE Registers (continued)

PCT/US2019/016242

l -uﬂuﬂu-uﬂuﬂuﬂu-uﬁ-uﬂuﬂu-u-uﬂu-uﬂuﬂu-uﬂuﬂuﬂu-uﬂu-uﬂ-[-u-uﬂuﬂu-uﬂu-uﬂuﬂuﬂu-uﬂu-uﬂuﬂu-uﬂu--r-;-uﬂu-uﬂuﬂuﬂu-uﬂuﬂu-uﬂu-uﬂuﬂuﬁ-uﬂu-uﬂuﬂu-u-uﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁt ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ-'||.‘ll.‘ll.-'||.‘llrlL‘||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.‘ll.‘l|.‘ll.-'||.‘ll.‘ll.-'||.‘ll.-'ll.-'||.‘ll.‘ll.-'||.‘ll.‘l|.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘l|.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘ll.‘ll.-'||.‘l|.ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]

Address | Bit{s)

i g S Ty o oy g oy o oy oy T o Mo o T S T o Ty o Ty o S By

L OO RNt
(it i { :

SR

L] - .

L " : .

L] . I'i ‘ >

L £ 4 5 '

".:'.:'..".:'.:'.."..".:'.:'.:'a:'..".:‘:'.."..".:x}".:'.:'.:'.:'.."...".:'..".:'.:'.:'.:'.:'.."...".:'..".:'.:'.:'.:'.:'.."...".:'.:'.:'.:'..".:'.:'.."...".:'.:'.:'.:'..".:'.:'.."..".:'..-E".:'..".:'.:'.."..".:'..".:'.:'..".:'.:'..11111'1}11111111111111111 T T N L N L L N L N N L N N N L TN M M L W M M ML W MMM MW MMM MMM MMM

nerpAddr
- OpGrpVatas

- OpGap

£ anrpllanes

- Accesy | Deseription

CRAW L Address forwitie i opyroupdeare table, .
FRAY ] Dada for wrlie o opgroupdosre table, Causes |

 able Wit

L b * 3
! 1 1 t )
L p 1 * .F
L R + tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt d-.- tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt :l
L b * 3
: by
L

: RAW | The groap the OpCadeFunct? spevifiad

¥3f,:‘:§,i}3};.f__‘:;‘; I

3

1 L

L 4 * 3
L L L L L L Lk L L L L L L ) ‘L- 111111111111111111111111111111111111111111111111111111111111111 II-Ill- 11111111111111 e —— : 3
L 3

3LI0 | Corelostr] 216

RAW | Insteuetion care bits for portions of the
' L mstrchion oot gsed as {}g{?fgad&

;
L

L 4 ¥ 4
3 ] ) :
R R T e L S L LN L + 11111111111111111111111111111111111111111111 FEE T T TR T R T R T '+ 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 :,
. - . . ]

! . ] » by

L RAY 1 Dats By ownle 10 opgroapdean fable

L w-% . ] ]
: hhhhhhhhhhhhhhhhhhhhhhhhhhh : hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh + hhhhhhhhhhhhhhhhhhh R R e e S e e e e e e o e e e e e e e e e e e e ol T T o e P P P T R
L 4

b

 Carel SBD

KW Care dDils for the LSBs of the dita address

o e e h-"h-"h-"h-"h-"h-"I—"I-"h-"I|-"i|-"l|-"I|-"I-|-"I|-"h-"h-"h-"h-"h-"h-"h-"h-"h-"h-"h-"h-‘I—‘h‘h‘hﬂ-“l-‘lr‘h‘h‘l—‘h‘h‘h-‘h‘h‘h‘h‘h‘q:

CareL.SE

P RAW L Care bits for the L8Bs of the instructiumy

*
L)
L. X
T A A
] L
(%3 + 1 [ . [ ] L] ="y . - -
- ] \ 4 |‘ . ‘-'( L3 . s F .} \- . " .
b \"-, ] L) i i ‘-}. , » _ w P .?
Q H E‘: NP L] » L\L { . L‘:'\- , 1
- - .
'y [ * [ n “l-l"'! .'h."'l- M "B . - - . " i &
+ L]
e e e et e et
. q . ¥
L ] - - - »
L} H

.......................... ToooifmeM RV CaeebitfortheMTag
__________________________ S Cmet®ln]  GRW i Caebutorfe OPelag
NGO 300 TagMemn] P RAW | Crrvord tag on AP s Register Files andd "

(I JHOR

Ok i 316
ORFIS | 310

OxUO00 | 310
| OSCO08 |

- ShadowMam{n]

AW Care bt for the G Tag

' A T Y L - ' ' —ta " _ s

U8Ry See Table 4 for address souapping of

" W R ey _

. spegific DAL

P Ny Y e T I NERR ¥ T N
3100 Plta PRAW D Qurrentvahie of PO Tae :,

~~~~~~~~~~~~~~~~~~~~~~~~~ R e R N N R N S E B B A A R SR TS TS e SR04~

RW 1 Value of PO tag at assertion of terrapt

everd 8

L] L

L 4 * 3
1 L

i : : 3 ' ¢
______________________________________________________________________________________________________________________________________________________________________________________________________________________
; T . " .

1 L

.I-

P RW | Value of PC o st axsertion of inferrapt

L ovent |

L] L

L b * 3
L J : ) X :F
fonammaammaammssnanaannaans eammaanmaammasRmmAjemAAmmAARRAARRARRAAAAAAAARAARASAARSAARSAARA" dummmamm A s m AR AR ARG AR A SRR A RS AR AR AR A AR A AR A AR SRR AR AR AR AR AN A RS A AR S ARRAARRAARRANAARSAARNARRRARRRARRRSAARSAARSARRn"n :
L] L

3

1

P RIW | Rhadees value ol APTs Register Files sund
‘ SRS Same BRA~speci e address mapping
as TagMomin

----------------------------------------------------------------------------------------------------------------------------

L
1 ol S
L]
o
L]

COCTDG | 318

ShadewPChaved [ R

1
L

N PO of fast validated gstracion

PO of istruction aborted i PIPE
- assortun of mioriupt ovent &

S A B

- ShadoewPClaved

Ll L
W o e e S Sy e S S e S, S Sy S T Sy S i e e W Sy S By B S, S S S S By S T, S, e S . B S, S S S, S Sy S . B S g S S S S B . g B S . S S . S S, S, S e, S, B S S, S S, e B S . S S S B o e e e S S e S S e i e e e Sy S S Sy W S Sy S By By S, S B S, S S S . T, . S, S, S e, S, B e S, e S, e B S . B e . S Sy . iy i . g i i W S S . By T e S S e S, B e S, e e S e By S . B e S S Sy . Ty B . e S S, . Sy S . e, S e, S, S e . B e S, e S S, e B S . S e S
1|‘ 4 L ¥ g | !

R PO of mstruetion sborted in PIPE &t
' asvertion of intermupt svent |

FIG. 7E




13/19

PCT/US2019/016242

WO 2019/152772

Ol

\‘\‘\“\“‘\‘\“\\““\“‘\‘\“\\“\‘\“‘\““%\“\‘\“‘\““‘\“\‘\“‘\“\‘\\“\““‘\“\‘\\“\“.\.\L-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.L-_l-_l-.L-_l-_l-.L-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.L-_l-_l-.L-_l-_l-.L-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.l-_l-_l-.L-_l-_l-.L-_l-_l-.L-_l-_l-.L-_l-_l-..\"\"\“\“\“\"\"\"\"\"\"\"\"\“\“\“\"\"\E"\‘Ah"\"\"\“\“\“\“\“\“\“\“\“\“\“\1

SIU 3 SELL 410 4

AT T TIPS TFTFATTTFTA

2187y BBI7J0 iy

ttttttttttttttttttttttttttttttttttttttttttttttttEtttttttttttttttttttttttttttttttttttttttttttttttttttttl_..l_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..I_..l_..I_..l_..l_..l_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..l_..l_..I_..I_..l_..I_...l_..I__...I_...l_..I__...I_._.l_..I__...I_._.l_..I__...I_...l_..I__...I_...l_..I__...I_...l_..I__...I_...l_..I__...I_...I_._I__...I_...I_._I__...I_...l_..I__...I_...l_..I__...I_._.l_..I__...I_._.l_..I__...I_...l_..I__...I_...l_..I__...I_...l_..I__...I_...l_..I__...I_...I_._I__...I_.ttttttttttttttttttttttttttttttttttttttttttttttttttttttEttttt+ttttttttttttttttttttttttttttttttttttttttt

N R R R R R R R R R R R N R R R N R R R R R R N R N R R N R R R N R R N R R R R R R R R R R R R R R R e

s JHOO) 911 SYHSTT AUBIE 01 AJIOBRXS BUlAinads

t.m

T T T

"'ll"ll"ll"ll"llhhhhhhhhh‘hhhhhhhhhhhhhh
NN W W W WOW W W W

“'ﬁ“ﬁ“ﬁ“ﬁ“ﬁ

e

2IRUS 511 21AININ {WIMSAS Q-7C B U $SA|BUIUeat 81 7 1) seaeo [ TIEST v

€6

PIOA SALBU B[BUTS B U SUCLONNSUT ofdIjn yiim SWIRISAS 10] SUOTONIST

-qns jo poddng sojqeny (weshs 1q-7¢ v 3oy ssepduroeswr 51 1 1q) [o0 T TEE 14

T T T T T T T T T T T T T T T T T T T TTTTTTTT T T 'T"'"'T'T""""’""’""""’"""’"""’""T'TT'T'TT"*T"'TT"'TT"'TT""""

CEOE
iy ﬁ? 43

R S S S SR g B SR S G DY S U S S S SR B S S S S S S S SR B B SR S G B S S B S S S SR S S
.................................................................................................................................................................................................................................................................................................................................

I
b
;
'

N PP P o i I

m. W b st
? .
WN u ? -

b )
b .
; 5
;
k

R z

L L P PP e PP PR PP PP PP PP PEEP PP PP PP EEEF PP FPEErPEEr FPErrPErr ey

B IO G0 SUIDAIONT 01} 2387y UOLINISY]

"'""""""""""""""’""‘h"’""‘"""""""""’""" T T T T T T T T T T T T T T T T T T T T T

o

FF R Py T Y

I““““““““““‘“““‘
'-r'-r'-r'-r'-r'-r'-r'-r'-r'-r'-r'-r'-r'}-r'-r'-r'-r'-r-r'-r'r'-r'-r'-r'-r'r'll

.L P .l-
w W
woond

-

e ke al ol al ol ol al ol ol all e ol nll ol ol ol ol ol ol ol ol ol ol e sl ol ol al ol ol alh ol ol al ol all kb ol ol sl ol ol al al ol sl ol ol ol e ol all ol sl i ol ol ol ol ol ol ol ol sl sl ol al sl ol alh ol ol al ol ol kb ol ol ol ol ol sl sl ol sl ol ol all i sl nlh ol sl al ol ol ol ol ol sl ol il sl sl ol all e ol sl ol ol al ol ol ol ol ol ol ol ol sl sl ol sl sl ol sl sl ol all ol sl ol ol ol ol ol ol ol ol il sl sl ol alh ol ol all ol sl al ol ol ol ol ol ol ol ol ol ol ol ol sl ol alh i ol al ol sl ol ol ol ol ol ol ol ol ol sl ol ol all i ol all ol ol al ol ol ol ol ol sl ol ol sl ol sl sl ol alh i ol all ol sl kb ol ol sl ol ol sl sl e al sl ol all e ol nl ol sl kb ol ol ol ol ol sl ol e al ol ol alh sl ol alh ol ol al ol all i ol ol ol sl ol ol ol il sl sl ol all i sl all ol ol al ol ol ol ol ol sl ol ol ol b ale i al ol i ol ol ol ol e alh sl ol al e ol alh ol ol al ol ol ol ol ol ol ol ol sl sl ol alh . ol all i ol al ol sl ol ol

» 4 3
» 4 b
» 4 3
» 4 r
» 4 b
» 4 b
» - .

» ' L b
» 4 _ F
» F ' m._ F
» 4 ¥ r
B ¥ - F
» 4 r
v1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1_.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1ri
» ' b
» 4 b
» 4 3
» 4 r
» i ) F
¥ . . . . ¥ o . - . . k
» : _ .~ 2 o T . F F ol T A - A 4
» - : ! . 4 r
’ . 1 r ’ -. . -.
’ . - . ¥ b En Y 4 _ : "
; + ! - " . ,
» 4 r
T!!!!!‘!!!!!‘!!‘!!!!!‘!!!!!!!!‘!!!!!!!!!!!!!!E!!!!!!‘!!!!!‘!!!!!!!!‘!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!ip.I...Ir.Ip.Ir.Ip.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.l...|r.lr.l...|r.lr.l...lr.|r.l...|r.|r.l...|r.|r.l...|r.|p.l...|r.lp.l...|r.lp.l...|r.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ip.I...Ir.Ip.I...Ir.Ip.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I...Ir.Ir.I..!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!H\!H\!\\!\\!\\!\\!\\E!\E!!!!!!!!!!!!!!!!!!!‘!‘!‘!‘!‘!‘!‘!‘!‘!‘!‘!‘

sid 2180) LIY']



14/19

WO 2019/152772 PCT/US2019/016242

TPU Communication Parameters

¢nﬂﬂntnnﬂﬂntnntnnﬂﬂntﬂnﬂﬂntﬂntnnﬂﬂntnnﬂﬂnﬂnnﬂﬂnﬂtnﬂﬂnﬂﬂnﬂﬂntnnﬂﬂnﬂnnttﬂrﬂtntﬂnﬂ*lr-rluﬂntnnﬂ'lrlrh-'l-,‘-'ln.ﬂﬂnﬂtnﬂﬂnﬂﬂnﬂﬂntﬂnﬂﬂnﬂ*l-.nﬂﬂnﬂtnttnﬂ*lr-rlu*lr-rlu'lrlrhﬂntnnﬂ'lrlrhﬂnﬂtnﬂtnﬂﬂnﬂﬂnﬂﬂnﬂﬂnﬂﬂnﬂﬂnﬂtnﬂtnﬂ*lr-rlu*lr-rluﬂnﬂﬂnﬂﬂnﬂﬂnﬂﬂnﬂtnﬂtnﬂﬂnﬂﬂnﬂﬂnﬂﬂnﬂﬂnﬂﬂnﬂtnﬂtnﬂﬂnﬂﬂnﬂﬁ
. M 4

) 2 3 P S . A T S L TS ;
* ararpefer Name ¥ AR cseriplion :
g . " o L i ' . - 4 L - a 4
h) ' h - 1
b I 4 ’ 1
L) i 4 1
h) ' h 1
¥ b \
: } O | : L N . ' :
' BESET P {3 1 Th( C Podanity of asserted reset, 1 (} indicatos "inﬁrﬁ O reset. |
: I 4 - - 'qu A e - Ny - " l lh. . LN » 1
Y ."l."'ll"l,"'l.r"l."ll'l."'l.ll."l.l'l."‘l.l 'l."l..'lll."l..'-ll."l..ll.\h.'h : 4 "'. : 4
4 1

; : : :
4 1

: {HE W : < : ~ . . - < - *
DA AY DEPTH ALY T e ARG 3 I AR & 4 *
; 324 LI O 830 L3 Ssche T% :
L] - - : . e’ 1 o . =" W ] J- ! k 1. . é ar L 1
: !"Iv.'ll-l'l._'lil"b.'lul'l.'Il.lI..L'lul!hlml._'hlll,.'hl_l\ll_!'hil'\i._‘._“l‘hill\'ql\.hl\'qlli_'llllu'lll" ] : ’ :

]

h ' h 1
h) ' h :

B e T T T T T T T T T T

r’-ﬂ'i’i’i’i’i’i"ﬂ'i" A ol " il o A "l

ol k"l il il ol Tl Atk kAl T Y A ol

e R e e e B e e e B B e B e e B B T BT

CACHE _WAYS 4

2A WIDIH

T T e e e o e e e T e Y e T e Y e

DATA WIDTH

LR e R

TAG WIDTH

S R R TN RN

IN FIFQ DEPTH

o et T e e e T T e T T e e e e e e

A, By, Sy, By, Sy, Sy By, Sy By By, Sy By By By By By By By Sy, By Sy, By, Sy, Sy, By, Sy, By By, Sy By By By By By By By By By By By By Sy, By By Sy By Sy, By By By By By By By By By By By By By By By Sy By Sy, By By Sy B,

MEM FIFQ DEPTH

e wihwte wtte m e e m'\ ERE N LS !"h""l'! A N AR EL A T RSN AL NS NN

NUM IR

-L..-n.- R

- Number of Rule Cache Ways
34 Width of physical address
T Wi of mative word sige T

QO
ﬂLn i—-l%>

.
Sy, iy, Sy Sy Sy Sy Sy Sy Sy Sy Sy Sy Sy Sy Sy Sy Sy Sy

i6

- - -
n *
g .
-
+ ‘!" %o L ‘. - - ‘=
e S S S B S B B e, e, e, B B B S B B . S, e, B B B S S B . . e, S B B S B B . S, e, B B B S S S . S, S, S B B S S B . e, S, S B B S B B . S, e, S B B S S B . . S, S B B S B B . S, e, B S B S S B . . e, S S B S S B . . e, S B B S S B . . o, S B B S S S . . e, S B B S S B . e, e, S S B S B B . . S, B B B B

Depth of Stage 2 FIFOs

J**********

-----r-----
*ﬁﬁ-ﬁﬁﬁ-ﬁﬁﬁ{ﬁﬂ-ﬁﬁﬂ-ﬁﬁﬂ-ﬁﬁ wi e g g g g b g g

4 Number of IRQs that the PEX can generate via the

A e L

TPU s SFRs

EmyE e, nm [ 'l.'l_l._'ﬂ..'l. hE RN E l_'l."I'I.I'l.""I'l:'l."l

wr s s omr sl sbr omlr sl osbe omkr sk sk omke sk sk omke sk sk omke sk sk omke sk sk omke sk sk we e e e

S
F*ﬁﬁ-ﬁﬁﬁ-ﬁﬁﬂ-ﬁdﬁﬂ-ﬁﬁﬂ-ﬁﬁﬂ-ﬁ

FI1G. 9A

TPU Communication Intertaces

T e T T T e T T T T T T T T T T T T T T T T T T T S T R T R T T T T R R T e e e ey

futerfaces

i-q-q-q-q-q-q-q-q-q-

Bus opu ipu

AT e T bm‘p*rh AR K

Bus mem

R B R B R R R e B R E LW R R

A A A L AR AR R A AR R AR S R AR R R AR R R R e e e e

Hus dimsm

L R IO

P N

BPius sirs

-,.1.1-,.1.- l,lhl.'..\'_q*_l.l'h.l-l.'hll,b*
y By By ey ey ey ey Iy By By By By ey ey By ey Iy By By By By ey ey By ey N g B O N By ey ey B O B

Hus mtig

LA T 'ﬁ,-q_ﬂ,'l.,-».-ﬂhﬁ.--. Ty e N

L I R

M e e e e e e e e

min vm s vie vle sl ale ale sl vle sle sl vle ale vle ale ale ol ale ale ol vle ale ale vle e ol ale e ale ale ale ol ale el e

Pﬁ.i ﬁl GI De&(, I’lptifﬂi
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii"l-."q."l-.‘l-.‘l-.‘l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-.‘l-.‘l-.‘l-."l-.‘l-.‘l-."l-."l-."l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-."l-."l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-.‘l-.‘l-."l-."l-.iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

AP CPU Core Stream of conmmuited instructions and relgted dats from

L

e
L.-.-.-.-.-.-.-.-.-

the (. PU core.

wim e ve e e vle e vl vle vle e vle e e vle ale e ale ale e ale e e ale ale vl ale ale e ale ale e ale e e sle ale e ale ale e ale e e ale ale e ale e e ale e e ale ale e ale e e vle ale e ale ale e ale e e ale e e ale ale vl ale e e ale ale e ale ale e ale e ale ale ale ale ale e ale ale e ale ale ale e ale ale ale ale ale ale ale ale e ale ale e ale e ale ale e ale ale e ale ale ale ale ale e ale ale ale ale ale e e ale e ale vle e ale vle ale ale ale ale ale ale e e ale e e vle ale e ale ale ale ale e ale ale e e ale ale e vle e ale ale ale ale vle e e vle e e ale e ale vle e e vle e e ale e e ale e e ale e

AX] Fabrie - Me enwnry access port for reading U1 Tags

1

1

1

1

. . *

LW R R W LR W R 4

1

1

1

................................................ A e e e e S e e S S e e S, S e e T S S e, S, S, e, e, S, e e S, S, e, S, S, e, e, S, S, S S, e, e, S e e, S, S, e, S S e e S S S, e, e, e S, S, S, e, e, S e S, S, e S e S e S, S, e, S, e S e, e, e, S, S, e S, S, S, e, S, S, e e, S, S, S

MTIO Memory acvess port for reading Memury Tags

AR A

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

rrrrrrrrrdrrrrrrrrrr e e
A EEEEEEEEFEEESEEEEEEEEEEEEEE RN

*
)
*
*
)
)
*
)
)
*
)
*
*
)
)
*
)
]
*
)
)
*
)
)
*
)
*
*
)
)
*
)
)
*
)
)
*
)
)
*
)
]
*
)
)
*
)
)
*
)
*
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
*
)
)
o

e
wir wr s owe s e e sk sk we

AX] Fabrie

Rl R

Target AXI intertace for TPU SEFRs ancd shadow RAMs

e e o R R AR R B ey R

By ey By ey ey g g gy Iy ey ey gy ey ey Iy ey Iy ey gy Iy ey Iy Iy ey Iy ey ey Iy Iy ey Iy Iy ey I Ny N

MITIQ

T A A A

By ey ey g g ey gy gy g gy ey gy ey ey ey gy gy g g Iy ey gy gy ey gy ey gy ey ey ey gy gy g gy gy ey g ey gy ey gy ey gy gy ey gy gy gy ey gy gy ey gy ey gy ey gy gy gy ey gy ey gy gy gy gy ey gy ey ey Iy ey Iy ey ey Iy Iy Iy Iy Iy Iy Iy N N

Sunple mterface to send tag writes to M}

R E B L ity

h.

ffffffff+fffffffff
L R )

.-.-.-.-.-.-.-.-.-J

-

‘I—"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-LLLLLLLLLLLLLLLLLLLLLLtLLLLLLLLL@LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL"-"-"-'h."-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLz‘LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL“-L‘-“—L‘-“—L‘-‘-‘-‘-L‘-‘-‘

FIG. 9B



15/19
WO 2019/152772 PCT/US2019/016242

TPU Communication Interface Inputs

Inputs Nouree Deseription

WL ML ML ML L N MR ML ML ML L N MR SR L SR SE N SR MR SR SR SR N SR SR L SR NR N SR SR L SR NR SR SR NR Njj SR SR SR SR SR L SR NR N SR MR SR SR NR N SR SR L SR NR SR SR MR L ML SR SR SR MR NG ML SR S SR MR L SR SR N SR MR ML MR NL SR ML MR ML W NL M W MR W R

{Clock Conu-clk

" e e e e e e e

F o aF b o o oF o oF F |

WL ML ML ML NL ML N MR N ML ML L N MR N L N L N R MR SR NL SR SR SR SR SR SR NL SR SR SR SR SR NL SR SR MR SR SR NL SR NE NR SR SR NL SR SR SR SL SR NL SR SR SR SR SR NL SR SR MR L SR SR SR NR SR SR SR SR SR R SR SL SR NL SR SR SR SR SR NL SR R MR SR SR NL SR R SR SR SR NL SR R MR SR SR NL SR R MR SR SR NL SR NR MR SR N SR N R MR L SR SR N MR MR ML SR L W MR W MR

CPU Clock

1

J rrrrrrrrrl’r

A A A A A A A A A A A A A A A A

g o

% ' "
. , - h
“Rex ower-on Reset | Reset signal ~
. Reset Power-on Rese - Reset stgna ;
; 3 : E
kqqqqqqqqqqqqq:ﬁqqqqqqqqqqqqqqqqqqqqqqqq¥qqqqqqqqqqqqqqqqqqqqqqqq-u-h-u-u-u-u-u-u-h-h-u-u-u-u-u-u-h-h-u-u-u-u-u-u-h-u-u-u-u-u+-h-h-u-u-u-u-u-u-h-u-u-u-u-u-u-h-h-u-u-u-u-u-u-h-h-u-u-u-u-u-u-h-u-u-u-u-u-u-h-h-h-u-u-u-u-u-u-h-u-u-u-u-u-u-h-h-u-u-u-u-u-u-h-h-u-u-uqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqquqqqqqqqqqqqh
E ; Py ' :i E {“i it d T -1{‘) g ' E ‘ 11 y S 3 _}1 f.’h ‘-." e T Ty . . E
: n, - AL - : : - - " ;

L gnent K L Canstant at SO0 top | AXL HD tor 1 PU Tetehes of {1 tags ;
:: A a my AR P R l.w"_'q‘u L ] t : LRI BN T B LRI AR N I I :
% 4 "

' : - . ) . ' y
L dinem ad Comstant at SOC ton | AXTILY for TRU fetohies of Dada fags *
v QLENIEYE 3L AITIBTAINR (L DAL TR L A RS RO § T RGOS O L i 138X :
t S R e T e T R e e ' ' ' L L S R e R e - M :
% ' §
% ' \

%:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%H.-"1.-"1.-"1.-"\|-"h.-"\ll-"itjl-"il-"1.-"1.-"1.-"\|-"h.-"\ll-"il-"‘l.-"il-"1.-"1.-"1.-"h.-"h.-"\l-"il-"‘l.-"il-"1.-"1.-"q.-"\|-"h.-"\l-"il-"‘l.-"il-"1.-"1.-"1.-"\|-"h.-"\l-"il-"‘l.-"il-"1.-"1.-"1.-"\|-"h.-"\l-"il-"‘l.-"il-"1.-"1.-"1.-"\|-"h.-"\l-"il-"‘l.-"il-"1.-"1.-"1.-"\|-"h.-"\l-"il-"‘l.-"il-"1.-"1.-"1.-"\|-"h.-"\l-"il-"‘l.-"il-"1.-"1.-"1.-"\|-"h.-"\l-"il-"‘l.-"il-"1.-%%%%%%%%%%%%%%%%%%%%%%%%M

Constant at SQC top | Speaial address sent to M I when memory wiile

L R L Ay R e,

T T e T e T e e e e e e e e e e e e e e e e e e e e e e e e e e

Ny tag addy

R e e et P e T e T L Ly BN T

used an wpunedigte tag from TMT

FIG. 9C

.-l'.-l'.-l'.-l'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁrﬁﬁﬂ'ﬁﬁﬁﬁﬁ

bgh gt ol b b b ab ab ol b b b b ab ab b ab ol b o
F gl gl ol g o o g o o i o o o o oF o oF oF o J‘

TPU Communication Interface Outputs

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R, R AR, AR,
- ' o L "J'. ‘-‘ - LN {

R R R R R o

Pipe pex g | Interropt request to PEX 1o service misses

ryam e h.:.,;.,; s r "I."'l'l"q".],."'l,;l- wm e - BN ELSNE S NENE]

-T-F-F.F-F-F.F-F-F.F

B A A el e ]

-i’.ﬁ-ﬁ-ﬁ.ﬁ-ﬁ-ﬁ.ﬁ-ﬁ

r

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TR e e T T e

AN st

e, T e e A,

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e e e e T
+ '
™ L ;"l q; - o, o - .
L]
r 0 a R f " n h i .j
o - - - k .- wh L ey, .
- e By By ey By By By By By ey ey ey By By ey By By By ey ey ey By By By B ey ey ey By Oy ey By By Oy e ey ey ey Iy Iy By e ey ey ey Iy Oy By By ey ey ey Iy Oy By By ey ey ey By Ry By ey ey ey Iy Iy By ey ey ey By Iy ey ey ey Iy Iy By ey ey ey Iy Oy By ey ey ey By Iy By By By ey ey ey Iy Oy By ey ey ey By Oy ey ey ey By Iy By ey ey ey By Iy ey ey ey By Oy e e ey O O O O O R e e e, O
3 ;
' e ¥ v A -
Eﬂ\ichi SRICUE U/
L3 .
- - fu 'H" - - - - ™

e e e " e e T e T T e T T e T T e T T e T T e T T e T T e T T e e T e e e e " e e T e e T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e T T e e T e T T e e T e e T e T e

FIG. 9D

- e e

.r‘a».P VRS

RS (RWELTNL TR RS

1—‘..‘.-‘.-‘..‘.-‘.-‘..‘.-‘.-‘.

r.ﬁ-ﬁ-ﬁ.ﬁ-ﬁ-ﬁ.ﬁ-ﬁ-ﬁ*-ﬁ-ﬁ.ﬁ-ﬁ-ﬁ.ﬁ-ﬁ-ﬁ.ﬁ

[ R A ]



16/19
WO 2019/152772 PCT/US2019/016242

TPU ISA Parameters
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Address Map for TagMem and ShadowMem
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MTIQ) Interface Parameters
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MTIQ Interface Inputs
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