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PIPE Registers

Adddress

Bit(s)

MName

Access

Desoription

x00u

Hpediate

State of PR

¢

A Rude Miss bas ocourred

2 R Tag Map Table had po endry fir Tnstniction
Address
3 TR DMiss B Tag Map Table bad no entry for Pasda

Asldeess

InputPull

Topw FIFO is full

{npettinpty

Input FIFQ i cmply

0008

InputPitoCnt

Uount of PIPE input FIFQ

OulTN

ROMinsCnt

RIW

Counter ot PIPE Rule Cache Misses

QO30

RUHRC

BW

Coupder of PIPE Rule Caghe Hils

380

APIRQ

WHC

Gienerates fnleerapt palses to the AP
{through a Phaform Interrupt Controfler).
Lip to 4 fderrapts may e gaonesded
depending on the bits set in the word
weitien,

Ox08%

APl

RW

312

APMivee[31:2]

RIW

Seta the resst mves vadue to the AP Bl
F1:07 are abvays wons,
Dlefaults> Q100

Y

APRescin

Pl e AP inreset swhan 8, rolosses reset
when b Dedtudis to 6 1o heap AP i resnt
whily PEX bonts,

Defauli = 8

OxD9Y

Topuifhush

BAW

Any vabue written cleans PIPE fopat FIFG
and sends inferrupt o AP, Automatically
slems 1o zer

OxBAL

3

RCFlush

RIAW

Write to this sddress wiggers PIPE Rule
Cache fush, Automativally eleas to auro

Ox 100

Missinair

Instruction/Qpgroup bits for nude nuss

ERY

MissOpgmp

Opgronp s e nude miss

300G

Missinsiy

Nas-opeade mstruction bits for sl miss

h 108

Misst.SHs

LSBys of the instenction and data addresses
for a rale min

L8Bs of the data address for 3 rube miss

158 of the tnstraction mddress fiw 3 role
BUSS

xiin

MigsPC

PC (Prograny Counter) g B rubs miss

0x118

CH{Current Instruction) tag for niie miss

130
0k 128
s 136

MissOPind

R&{n] {Register Source} tag for rule ralss

(x50

SissData VA

R

Virtuad addrens of Data Memory accoxsed
for rule miss

FIG.

TA
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PIPE Registers (continued)

Address

Bt}

Nune

ARCLER

Deseription

{iIRB EIRE

MissDatPA

K

Phvsical sddress of Data Mumeny avcessed

for rule oxiss

{x 186G RERY

MissDrataTagha

R

Physical sddress of Dats Memeory Tag for
rule piss

x 198 EERE

MissinstrVaA

Virtaal Address of currant instruciian for
vude pusa

OxlAad RERY

MissinstPA

Physical Address of corrent {nstruction Sx
rude miss

RIR!

Oy 1A8

MissimsnTagPA

Phvatcal Address of CF Tug for rule miss

Q200
{208

RRE

Misstiashin]

Address fash of the faput key of the misy
Vatoe of the first hash of the nde Inpais
faddress o fiest Bude Caghe sety, and
ancsuniing bits of the entey at thid koatim

in the Rule Cache set (valid, aging)

Mixsintofn]

24

Information about the endry at the address of
MissHashin]

MisainstallOntn]

16-bit instatiation count from schen this rule
cache ovry was installed, Used by hardeare
1o generate the Least Recently Instalied
(LR candidate For nide fostatlation, which
s writlen to WrWayDiest when WrCopy Is
usad,

MissSeratebing

Sorateh bits for SW

MissLockin]

Lk bit for LRI algorithm

MisyValulin]

Flag to indicwie the rule cache eniry is valid

X300 KIRY

Wrinstr

InstrfQpGroup value to be installad

Wiepgrp

Cpraroup biby vados to be msiadled

Wrinsty

Non-opeode instruction bits valag o be
nstadted

Gy 308

WrLSH

Address and Data LSHS 1o be installed

240 Wl SRH RIW 1885 of the data address fise g nrde misg
N3N SRR R POk value 3 be instalied
Ox318 L0 1w RAW 1 Uhag value b be inntalled

300 D WeOplud RAW Cpfnd tag valoe o be stdind, Depsading

on the ISA, may by used for result tags
when an fostruction has more destinations
than WirR# Tags svailsble. Which WirOgpn]
exdry 15 aned for @ particatar destination tayg
depsads on the ISA. For RIBUWV, for
example, CSR instrnctions use WrQp{3 for

the resudt tag onctbe TSR

O350

Wiriest

BRI

FIG.

/B
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PIPE Registers (continued)

Addrexs | Bitis) | Name Acvess | Desgriplion

KRY WieWayDast RIAW Indivaies which Ruk Cache way{s i
wstall the rule o,

2320 | WiSeraich BAW Bits usable by SW fur sccowding

24 Wrlok RW Lock bt fre LRYU aleoritton

31 WrinValid RAW Marks the entyy as Invadid when conumitted.
Usefud for reamving 3 rule from the sachs.

310 | WrebmsiD RIW £ ummi fransaction d

L0 WeClopy RIW Triggers g copy of the valuey in the Misg®

repistens into the pomespomding W
wgisters if the value writien hers matches
the value in \Arim«. 2, ihm Wy happons
atormically i asingle ove ‘ﬁunm the
copy, the HW calvalated Lum Revendly
fostatlod way, or the fst tovalid way, Iy
writfen o WelWayDest

Gx3AL LG Wiellommi RAW | Trggers witie o PIPE Rule Cache i vahee
swiches Transih

IAR ki | WaeResume Raw s resune i the PIPE wsing the
applied for the nossed npat values
i the value writlen matches TramsiD
Ox4R 30 WeRPCTag BAW | Resuli fag for the PO tag, Soms valuey ave
vad t tndicate the rosalt tag i to be
wpmi from an inpul tag.

O Wrlkes 2eros
~ fo

3 Memeny tag

ERMRLARE w vatue as the teg

{xd i) LG | WiRiTag RAY | Resultt sz mr the first destination of an
wstrudion, Same buerpretation as
WIRPClag

QK0 50 TMT Eoiry RIW Entry Wamber for write to Tag Map Table
plas valid biland e bt
Q0N 10 TMT Type RAW Specifies Entry type andd valid
G TMT fValid RiW Sets the Tag Map Table sofry specified in

TMY Entey as valid or invadid for €1 Vag
addross mapping when TMT Value s
writien

S\ & iixs Tag Map Tabdle entry spesifind i
T3 "n'm s valid or tivalid for Memory
Tay address vupping when TMT Valoe is
writen

FIG. 7C

{ TMT DValid RW
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PIPE Registers (continued)

Address | B | Name Avcess | Deseviplion
1 T DValid RIW Sets the Tag Map Tablke entry spacified in

TMT BEagry ax valid or invalid for Memery
Tag address nappdng when TMT Value bs
writien

T™MT fann RAW Indicudes that the mapping for Uks pags s
ahwitys 10 the tag specified yo TMT \’ahxe
0ot 10 8 memory page to fetoh a mg. fron.
Thiscanbe usedas a

porformance/ powerimemory enhansomant
whan an cmtise page hay the ssme dayg, and
Qv 8 way o xupply gs fa periphersd
devioes,

34 TMT Sten RAW Indicatss the size of the gy 1o by fidehed
fromvt memry when this mupping s wsed,
00 = Byvie

Q1 = Hal waord (2 byten)

10 = Word {4 bytex)

1= Resseved S deably wind in fusice
g | TMT Shift RAW | Indicates the number of nibbles the inpat
shivsical address {3 shifted right after
ma\i\mw before being (8D with TMT Val
o generate the phy sieat 1 tay address,

3

QDG LG DTMT Addr RW Phesical Address value belng mapped

8xDi3 IR0 TMT Mask RAW | Mask to appdy to phvsical sddresses befors
copars 10 TMT Addr

O30 TMT Val RAW | Qatpd valae S Tag Map Table entry,

Writing this register causes a write to the
Tag Map Table

PO IMY Page[ I | RIW When TMT dmae=l, specified the physical
page address of the tag for the page address
given in TMT_ Batry, When TMT Inesl,
becomes the Tower bits of the sg.

T Tagl3120] | KWW Upper bits of tag when TMT Inmnsd

3p2 T

28 30 D TMT Miss IPA IR Address of the instraction physical address
hat caused the st TMT IMiss nterrupd
ATRALY 3L PMT Miss DPA R Address of the smemory physical sddress
that cansed the last TMT DMiss bdernupt
6x038 30 TMT M Iastr R Instruction that generated the fast
TMT 1 Miss e TMT D My,
ENEHY { Cpgrpbin RAW Enable he use of Cp GroupCare table.

When disabled, opeode fo oned directly
the hey and ol tnput caves are sloays
Defaull = &

FIG. 7D
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PIPE Registers (continued)

Address

Bit{s)

N

Aggoesy

Beseription

OGN

G0

Crogrpdddy

RW

Addvess for write i opgroupias lable,

{1

OpGrepVatus

AW

Data for wilte to opgroupdoine table, Causes
fable wiite

AR

OpGap

RNV

The groap the OpCadetFynct? spenified
helongs

EXRE

Carelnstr{21:6]

RW

fnstruction care bits for portions of the
instruction uot ased as OpQode

OsL1E

Opgrpllares

Daate S witts o opgrogrioare tidde

Carel.SBL

Care b for the LISEs of the data address

RIW

Cave bifs for the LSBs of the instruction
address

EXQOOR

N BW e bt for the PO Tag
& RIW Care it for the Gl Tag
ki RAW {aave it forthe M Tag
U RAW + Care bit jor the OFn] Tag
Gu8OGG 306 RW | Carverd tug o8 AF s Register Files and

CYRs. See Table 4 for address mapping of
specific DAL

U RP O

RW

Current value of PO Tag

OxEF 10

PliagSavel

RAW

Value of PO tag at assertion of nterrapt
everd §

Ox8F 18

PllagSavel

KW

Value of PC ag at assertion of interrapt
avent |

OO0
G008

ERNY

ShadowMermin}

RIW

Shaderw value of AP Register Files snd
CSRs, Same NA-specific address napping
a5 TagMeomin]

S CHDE

316

Shadow PO

N
AN

PC of last validated lnstnuction

IXCF IR

RERH

ShadoewP(Saved

R

PC of instruction sborted in PIPE &t
assertien of interrept Svant @

INCFIR

kIRE

ShadowP{8avel

R

FC of instruetion xborted in PIPE at
assertion of Internupt event |

FIG.

/E
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TPU Communication Parameters

Parameter Name

Yalue

Pescription

RESET_POL

1'ho

Polarity of asserted resel. 1'b0 indicates active-low resef.

CACHE WAY DEPTH

1024

Depth of each Rule Cache Way

CACHE WAXS

L

Number of Rule Cache Ways

PA_WI

i

L
-5

Width of pliysival address

RATA WIDTH

e
o

Width of native word size

IAG WIRDTH

L2
2

Width of tags

INUEIEQ DEPTH i:

13
o

Prepth of input FIFO froan CPU

MEM_FIEQ _DERTH

16

Depth of Stage 3 FIFOs

Number of IRQs that the PEX can generate vix the

FIG. A

TPU Communication Interfaces

Tuterfaces

Partoer

Deseription

Bus_cpa tpy

AP CPU Core

Stream of conmmitted instractions and related data from

the CPU core.

Bus_imem

AX] Fabric

Memaory access pot for reading C1 Tags

Bus dmem

MIIQ

Maanory acvess port for reading Menuwwy Tags

AX]I Fabuic

Target AN interfiace for TP SFRs and shadow RAMs

Hus ntig

MTIQ

Suuple interface 6o sead tag writes to MTIQ

FIG. 9B
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TPU Communication Interface Inputs

Inputs Source Deseription
Clock Cpu-clk CRY Clock
Reset Power-on Reset Reset signal
aneny id Constant at SOC top | AXT D for TPU fetches of U1 tags
dem d Constant at SOC top | ANT I for TPU fetehes of Dhata tags
N tag addr | Constang 2t SOC top | Special address sent to MTIG when memory wiile
ased an ounediate tag from TMT

FIG. 9C

TPU Communication Interface Outputs

Ouipats Dexcription

Pipe pex_ug | Interrapt request to PEX 1o servive misses

Ap nest Active-fow reset te AP
Ap_tveg Reset veotin to AP

FIG. 9D
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TPU ISA Parameters

Pavametsy Name

Yadue

Bexcription

INSTR WIDTH

el
3

Width of mstroethn word

CPCODE_WIDTH

.":';;

Nangber of Opoode Taly weed fo address

sperati groupeare LUT

QPGRE WIDTH

3t

Width of OPORE ot

OPF_ADDR_WIDTH

P2 dfor C8B)

Max st addeons of /il operand typex

NUM_OFS

3

Max munber of opernds oy ons

nshneiing

NUM_OP_TYPES

T{CSR. TP KF,

Integer REY

Nagaber of independent opevand types

UM DESTS

J{USR & RD o

C8R Swigw}

diax nauder of destivatises in an fiehon

NUM OP_TAGR

130

Wannber of wigque opeosud fags neaded §x

all opersud fypes i the CPU

DED MR KEY SLOT

Todicates if the tag vead from Memwory fas a
dedtcated slot m the rade kev, on 8 sharea s
slot with the st operend swnber fTahared,

ededivated)

INSTR_ORIDDE MASK

32°00060_THTF

{funcf3+Qpeade)

Mgkt speaify position of Oposels Tats in

mstrpoiiogi,

FIG. 10
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Address Map for TagMem and ShadowMem

PIFE TagMem {

NadowMeam Offset

AP Registey FHeORR Nawms

AP RFAONR Addstyesy

P - DT

Indoger Registers §-31

-3¢

xR

L8R fflags, b, fowr

01 -Os 003

384

{RR onele, cucleh, cvalaw, ovolelw

OxU00, OxCRY, (G801, BNURG

8%

C8KR time, tmch, thnew, tmehw

NCRY, OxC8E, (B0, DxO8Y

Ox8C

CSR instret, instrodh, instretw, sirethw

{0, U082, (3, 0982

AN

CSR sstates

ALY

O CSR atyvee Dridi

U30% L8R aie i

xeC CHR stimeciop {138

XA USSR stime, stineh, stimow, stmebw Ox 301, OXDETL, ORADY,
A%

OxAd

CSR sseratol

x40

UsA8

CSB sepe

s 141

UsAC

AR sonag

N AL

a3

L8R shadadde

43

B4

USR sip

Oy id4d

O<B8

CSR syt

By IR0

OsBC CSR saxid PR
G0 AR mopuid OxFON
4 CHEK mbmid OxFQ
xR USSR mbastid OxFin
00 CSR mstatas D00
OsDO CSR mivag O30
Oxix ORR midsleg X302

g

ORI mib

N304

axpx

CSR mumeomp

CSR sty

DG

CSR ntimeh [NEE
{NE msorateh Ox3d40

CHR epe

1

USSR moawse

D<id

CSR rabadadde

UskR S8 mip
OSRO ONR mbsse
xing CHR mbound

Oxipd

USSR mibwsg

%382

DR

CSR mibouad

PIRI

Usi0C

8B, nudbase

0384

Oxi i

ORR sdbhound

N -

(RENY

FIG. 11
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MTIQ Interface Parameters

Parameter Name

Yalue

Dreseription

Width of physical address

BUS WIDTH 32

Width of system’™s AX] bus

TAG WIDTH 32

Width of tags

FIFO_DEPTH | 128

s
jo
o
"%
P
=
b
jas?
e
e
i,
ot
s
g |
5
7~
ot §
£
&
st
"y
%
-

FIG. 12A

MTIQ Interfaces

Interfaces

Partaer

{¥eseriptien

Bus_epu pips

AP CPU Core

Stream of committed instructions and

velated data from the CPU core

Bus opu stig

CPU Date AXT Interfvee

CPLY 2 data vead and write AX] port

Bus_pipe g

PIPE Data AXI Interface

FIPR’s data tay vead and weite AX1

port

Bue opu dosm

AXI Fabrix

AXI port for CPU rends, sad MTIQ

data writes on behadf of CPU

Bus pipe doem

AXI port for FIPR reads and MTIQ

data writes on hehalf of PIPE

FIG. 12B
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MTIQ Interface Inputs

Inputs Source Description
Clock Cpu cdk CP clock
Reext Power-isy Reset Powsr on reset

The special g value to be written in the

first stage of an MTIQ write

Neon tag_sddy

The special address that indicates a write is

allirwed without a vorresponding tag write

FIG. 12C




