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22 Par al |l el Programming Exampl e

The following examgpe peamosd ehcoasn nbud combi ned
the overall throulgdmpusi mplvieec icddyopswetrea trhaotnr.i x mu
but heoncapste tagppmgre compl iMaatrdad& pmuddgrignmms.cat
representlddwiyngt feorfnoul a:

Where A and B are the input matricespl Cmns t

coordinate of the matrix el ement s.

A napve (but <correct) Il mpl ementati onc oorfe tihse

given bel ow:

for(i=0;i<M ;i++)
for(j=0;j<N Vi)
for(k=0; k<K ; k++)
Cln += Alilk] * B [KIOL;
The code above can be written in standard C/

matri BersdaAC pl aced i n t hlen ctohlriesdss il mpclad prreorgorr ay!
there is no difference between the Epiphany a

pl atfor m.

To speed up t hsevennouwueess hsa Mmude iamsgeto unseleyd t o d i
theB®B, matricesDoeetroPthaskatri x nature of the
distribute | arge matrices is by cutting them
Abl ocked by rWew tahnedh rcooolbu man OSPMD program t hat r

mesh .nodes

Fi gusrhew8 how the matrix mul suthbdaskatamdh mampd
omt mMésnhodeasta sharing bet weeen kyhep assushi ngaskast ac a
cores using a message passing APl prawided in

gl obal shared memory.
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Fi gwBrMatri x Multiplication Data FIl ow

(M

» Ao, Bsi 2 ALB P A B 2 As i, B

( )
ANIESL Sy )
I _II==]
( )

B

The parall el matri X nma@lPt( iwphleipsa tPi dms d cnep | neutnebse r
with each matrix multiplicatiforsi A®PAtGA POXxeh asi @
of the process, contributions to the | ocal C
A maxrmoves down and the | o.cldlenBdxmeamgadirx breov e
compl et ed augdi ngNSdt apnrdogr aBmi pbaciomes thuaoatsi ons
provided to simplify tnhuelitriscuosreet pnfdorgdraacnbouhyneg ¢ L
all ows pstogrammevateFoart nadrle lienvfed rsiparta coens smrr

communication APEpi phengeSDKf Ref epebhbe Manual

Given the al gearoirpeih pghiampy veeme na a6 on came c@tmpnn gt a
a 1PB&Xrmxt muBmswpl ye achievingl9®@®adkf ptdhhdeotr ma m
matrix multiplication algorithm in this examrg
how t he &rpdlpihtagmeyt uoremance schkbesmrumbereanlfy cwirte

systwapem oper data distributarenusmed programming
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3 Software Devel opment Environ

The Epimuh & nacrocrhe tseai@tpwirr € so ppsoopuuh ¢aeé | C/C++ soft
devel opmarstiGRgUGCWs andTiGOBhi ghly opti mized GCC
acceprtegabllmee perf opumadi®® Chhromppwiitchaotuitonmrsavi ng t
assembligr the vast maJhe  Eyi pliamrppbbKaitmolnsde:

T ANSO/ C«i«CC@ompi |l er
T Open&hK

T Mul rieO@®&lebugger
T Ecl ibpsed cmulet il DE
T Runtliimer ary

1

=

Fast f snatgil ®inmiolraet or

i gdissrheows t he compl et e s od a fwtadveser esl toapcnke notf etnhvel rE

Fi gureEpi phany SoftwaStteaclkevel opment

HOST PROCESSOR EPIPHANY SILICON

User Application Compute Kernels
Domain Specific Libraries
Host Run-Time API (OpenCL, COPRTRH, etc) (Under development)

EHAL ESDK ELI? _ Standard-C
(Epiphany Abstraction (GCC, GDB, ECLIPSE, E- Comrl:lunlcatlon B
Library) SERVER) Library
pare eta! (Or “ghtwelght kernel:l

16 Copyri ghtAa0Opt8eva. Al ri gmESL 4r.e@3er v ed



4 Memory
41 Memory Addr ess

The

addr esses
regarded

means t hat

t he

of memioaty i s
addrGx0i/0F.FBa c h

Epi phany

four

Ar c hi
Ma p

are treated as

the address 1is

bytes with

me s h node

acaessho b seby

a l

as %8 dbnisti swo mays ,0fe a2c h

SO

tecture

ha®

architect ur ec ounsseiesftd®hgitn golyet,e sf. | abt
urf§ilginhei ds naudnabr eersss,
of -awvhgaedaddadhe.
@l vgsed!| addiye sts
A 8Edarcdes s e smadst] egeat 11 ,a sAentRe a n d
shartiamgl &thdaddr &
ahagtl obal b
conlsh sts

communi cati omewihdtembale!l st emeosle |
bits and D6 bciotlsu nsni t ureotssdidg rait f itMiSaBhstd phpidires addr es s
The compl et d am8edo by t manpd lpihtasnkyd whieg s e
Fi gwbr eEpi phany Gl obal Address
GLOBAL SPACE
QORE 63 63 OXFFF0O0000
QORE 63 3 0xFC300000
QORE 63 2 OxFC200000
QORE 63 1 0xFC100000
LOCAL SPACE CORE 63 0 0xFQD00000
0x000F0000 MEMORY-MAPPED REGISTERS
QORE 1 63 0x07F00000
QORE 1 3 0x04300000
QORE 1.1 0x04100000
QORE 1.0 0x04000000
CQORE 0_63 0x03F00000
0x00006000 INTERNAL MEMORY BANK 3
QORE 0_3 0x00300000
0x00004000 INTERNAL MEMORY BANK 2 ==
QORE 0_2 0x00200000
0x00002000 INTERNAL MEMORY BANK 1 4 QORE O 1 0x00100000
0x00000000 INTERNAL MEMORY BANK 0 LOCALMEMORY | 0x00000000
,,,,,,,,,,,,,,,,,,, >
17 Copyr i ghtAaDPOt8eva. Al
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Data and code can be placed anywheracieptt h®rm
me momapped register space and nens erevdedvhemad d e

and code are Ilpdemelmdr ynbasharate

Figaskrows-nad&4r egi on of the memory mapof hi ghl

eaatesh awmdeits correspondcaoabumm)e Mobaec difpmatwet |

memory map | aid out as a mesh to match the
Net wOmCkh iTph e dot tFidg Gisitoevsi 1t he &ah® Mhemodgr map |
hypbetical systemcopbpescbBi psagc ahenséso ufeadsihi no na ognl

The-b32 address map supportshapedomdm®@By coDYy £t
practically some of t he memory -c$pSabcReA Mwialnld pr

memory mapped | O peripherals.

Fi gwr eEpi phany Shared Memory Map

0x820 0x821 0x822 0x823 0x824 0x825 0x826 0x827
(32,32) (32,33) (32,34) (32,35) (32,36) (32,37) (32,39) (32,39)

0x860 0x861 0x862 0x863 0x864 0x865 0x866 0x867
(3332) | | (3333)| | (3334)| |(3335) | |(3336) |(3337)| | (3338)| | (3339

0x8A0 0x8A1 0x8A2 0x8A3 | | | OxBA4 OXBAS 0xBA6 OXBA7
(34,32) (34,33 (34,34) (34.35) | | | (34.36) (34,37) (34,38) (34,39)

OX8ED OXBEL OX8E2 Ox8E3 | | | Ox8E4 OX8E5 OX8EB OX8E7
(35,32) (35,33) (35,34) (35,35) | | | (35,36) (35,37) (35,39) (35,39)

0x920 0x921 0x922 0x923 0x924 0x925 0x926 0x927
(3632) | | (3633) | |(3634) | | (3635 | |(3636)| | (3637)| | (3638 | (3639

0X960 0x961 0x962 0x963 0x964 0X9A5 0X9A6 OX0A7
(3732) | | (@733)| | (37.34)| |(37.35) | | (37,36) | (3737 | | (37.38) | | (37.39)

0X920 0x9A1 OX9A2 0x9A3 0X9A4 O0X9A5 0X9A6 OXOA7
(38,32) (38,33) (38,34) (38,35) (38,36) (38,37) (38,38) (38,39)

OX9ED OX9EL OXOE2 O0X9E3 OXOE4 0X9E5 OX9EB OXOE7
(3932) | | (3933) | | (3934) | |(39,35) | |(39,36) | (3937)| | (3938)| | (39,39

18 Copyri ghadA®aDmWt8eva. Al ri gmESL 4r.e@3er v ed



Each CPU can be accessed by any etoHheurmnCHU eldy s
t he addr ess i n a me ap s.§ c {Fite@mddsuqr cvorsitoed eo r n
communication is zero clock <cycl es. From a
bet we-ehi pncommuni-cht poosommdnioddti on i s in tr:
| atencki g@immeemichrey map, i f core (32,32) wants to
(39, 39), It would send a read address with th
upper bits 0x820 to the mesh stetwmaki nfheunet
read request propagates to the read destinati

node that initiated the request.

42 Me mo IOy d ®o dle
All amdrd te tranlsacdli oime imidsrtyor nmme oo ryd e r |I. Tnhoi dse
me anhhthteransaompdms ¢ he siaimewthdnredherwer e di spat ch

program sequencer.

Foeread and writlat rrecsioasmsdimoornishe memory amraer r
relaxed to | mpThivea lidswdoér maamae ry . Tfoed efl ol | owi n
section explains tmeemobsydkgr moddl opf hawweaki s u
architectur e, and how it Tanfef ercetlsasxyaetc¢ileornonnanfz a mi
bet ween-amemarsy ructions and their surweakdi ng
ordering of .|l oMedask aomrddestimrgesi mpl i es that the 1
t he memor YWewmger dthieonosr der i n owiaiyc hn ott h easl e gerv ewn

they appear in the s eqoudegnhcee ganfh ytemeé e@r ogr am s ou

T Load operations complete before the returned
T Load opeirmgatanpresyi ously wri.tten use the upc

1T Store opemntaualolnywt gentolpeaaigratiel ti mat e destinati ol

Weak order i ngefhfaesc tsso ntehsashu dper olpe a ammaatreod eafv oi d

i mproper system operation. -Woewlmer iyt i, Dg@alt oons
as -cohfifp 1/ Oi sleagnids eSDrRRAGMr ei norwileeatd and wsite 0]
complete is often significant, buTo iensnwrte gtuke

these effecitrs dodenotth aotocrdeqli n@md Ddatdr shger e ope

r utni me synchrwint lz aderpageenrdealt| snemory sequences.
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Tabllsehows the order iErppd pduaamma riltessdtdr ruent itobnd e# 1 r e
first instructiomnidn iamsseaquwdrn toinal#2prredream t o

first one in that same progr am.

Tabl:e Memory Transaction Ordering Rule

First Trans Second Trans Determinis
Read from C Read from C Yes
Wretto Core Write to C Yes
Write to Cc Read from C N o
Read from C Write to C Yes
Read from C Read from C Yes
Read from C Write to C. Yes
Write to Cc Write to C. Nd
Write to Cc Read from C N o

43 Endi aBnes

Thei Epany archi-@recitaim eme rmo raly hifai ngabHeiet sew t suhroew h o w
instructions andodwantwi aher pspeed it o mgme or de

DatlarRegi st er DatlaMe mor y

B3 B2 Bl BO

B3 B2 Bl BO

Add3 + Add2z - AddT -

32Bi t Il nstructi on 32Bi t Il nstructi on

B3

B2

Bl

Add3 + Addz - AddI -

1eBi t Il nstructi on 16eBit Il nstructi on

Bl

BO Bl

Add3 + Addz - AddI - Adda +
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44 Load/oS e Alignment Restrictions

The Epiphany architecture expects: addwobmeenor y
accesmest dhbwbdrmd i gned, ewnudt ab-aésvgmad, and ha
accesmwsst be-aHadlgfnveiflsad mnmas i t he restrictions on
address used to access memor ynfifxpon ¢ &aeh atdype sas
refers to aahyt vihdchaade . acnadn shteor e tirgannesda ca d dorness s
generate a software exception that i's handl e
wr iatcec esses, data 1is stildl written Uoamegoed,

reads return valuee &0 thel rggedtexcépteobedo:

Tab®2e Laaadd St ore-AMemament Restrictions

Data Type Addr236 |
Byte XX X

Hal f wor d X R

Wor d x0 0

Doubl eword 000

45 Pr ogrFeemt ch Al i gnment Restrictions
Al | uictgtorns muesn Jwalrfh|l bgwedar i es.
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5 eMeNet waOmEhi p
The eMeshOnACai wo il e s tFri ayi@a okdF inQL r e

51 Net wor k Topol ogy

The eMeswoaak 2D mes hwittohployhmo@geti gdboeacnnecti on
Everrogut ermeisins tdheennected to the naoretsto dieaste, we
transact itohnrsotumehv ret wiork a | atency of 1. cl ocl
transacti on tlrefvte resd gneg tfo-oroirgehhte he dog ew ooufl da téhdu s
cyclMlesdges odr rthlme @Dnecntodagp i tpdh aner f acseuano daid e s
SRAM modulsé/@l, i Fhk ,FPor t stasdahmdHBbnixX.IAl t er nati vel

tdh medl@ennecti ons cani fobendtefneadaedninrecttlea s vyst

The eMeshomiicmnrsk shseefseparate and ,eratcthogon:

serving diyfpfeesr o transaction traffic:

T cMedBedwrdotrt ransaedi é ox hda@s inieik e M sndeet.wo r k
connencetssh anoodeel | f our of amaxi memdghbotsoaald ha
t hrougdhphuytt edn/ ceyéccl hehreo uftoiunrgs. Adti reenc tapoenr at i ng f |
offlGHz, t metolWa&skba al t hroughput of more than

Me dJsed f or eqlUEld& sraldetsvicoornkn encetssh anoo dael | f our O

=
—

nei ghbors and has a maxi mum throughput of 1
routing.direction.
T xMehUsed feort rvamistacti ot i e s teinmea d iofeghp sosufsgf h

transactions desti necdhifpors yasnoetmh ecroncfhiigpurian ia

net wolrlkknwsarray of chips to be conlnoegiihceed i n
xMes bt wosr ksplit-nont il @aetwovieks ta mdd thaem maaaxsitmu m
t hr ougfh mehsdre pends on-off ie/Oabainld@bideent silico

versions of tehcet uBpe pchaann yscubsitpahdinti 8G Bh/osbehd . o f f

Figusbowsonnedit aganfamt he threeTmeskbxamplwer K& ov
Epi phany chi p corefsihg ypreateiEdchre pwimtels hl1 G ode i s cot
three meg&bB.ndhwoonly difafreragnaceailpast vaengdin sshmeap d 6
imhe divisor pl accehmemmtamdepwiefeans aet ome - od @t ir
chip boundary is indicated by a dotted | ine i
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Fi guwr eeMeBBt wor k

Topol ogy

L}
F W W'\ F W W N F W W N h A & I F W W'§ F W W'\
Mesh {1 Mesh |1 Mesh (1) Mesh L) | Mesh |1, Mesh {1 P
Node Node Node Node Node Node
3 l . d ,I *—— ! L d ,I *— | < ,,I | ! @—CMesh
T : T 3 T xMesh
O - O O O | - O O rMesh
Mesh |, Mesh ], Mesh ], Mesh |, | Mesh |, Mesh |,
Node Node Node Node | Node Node
L L 1 {1g 1 1 I e 1 JI1 114 . *—
¢ ® ® ® ] ¢ ¢ »
Mesh {1, Mesh |1 Mesh (1) Mesh L) l Mesh |1, Mesh |1, .
Node Node Node Node | Node Node
,,I . d ,,I h d ,,I  d ,,I 0—" ¢ ,,I hd ,,I *—
3 ¢ 2 Py P Py 3 ¢ | £ 3 P 3 ¢
Mesh |1, Mesh 1, Mesh L) Mesh | 1) | Mesh 1, Mesh |1, e
Node Node Node Node I Node Node
,,I d ,,I h d ,,I ® ,,I P ¢ ,,I h d ,,I *
3 ¢ 3 Py 3 Py T ¢ T 3 P S 3 Py >
v v v v I A 4 v
B I I | O D D D T
F' N F'S F'S PN l
Mesh |1 Mesh |1 Mesh |1 Mesh |1 |
Node Node Node Node I
D
3 Py 3 ® 3 ® 3 ® : >
Mesh ¢ » Mesh —) Mesh —) Mesh — I
Node Node Node Node l
. ! \ d . l \ d . l \ 4 . L — l R
3 P 3 ® 3 ® 3 ® 1 E
; ; ; '
h A A 4 . h A A 4 . h A A 4 . rvwv
The c¢cMeaehh pomledswoskgni ficantly | ower |l atency
XxMesbt wodt Bsks witihntsagammurciaaati on shoul d be

t he

same

chi

P

f oa

opt.i

ma |

perfor man

23

Copyr i ghtARaDt8e v a .

Al

ri gmESL 4r.e@3er v ed



Key featur emse toWiontcki ey deeMe s h

T Opti mi zVertiitoen TaofamBratdi dnaklsiatesppasoex L at el vy
more efficienthtpanr e ode taimarstslineo uhidgh wr it e
transacti on b amzdewndtobgriam@adodia msacti ons

T Separ a@rAChnam@f-Ghi p Tirhaef fsiecpar ati on of t he x Mes
net woe ks wpgdflespd-canp communication, omkipg it
applications thatc¢uthiaore diemes mi eagasntdilceexeof t
running onnmeaeg hboring

1T DeadkiFoee OpEmha@atsemarati on ofdotomga&d hamdwwt iht e
routing scheme of moving transacguaosbBhéaéer st
the net wee&«kaddswmak all traffic conditions.

T Scal abhiéiitmpl ement an e toweolrdko wishd te Meoshsc.al e t o
The onl vy ilsihmi tsatzieormf Edhr axhawadss, sparcye .
archieakecows for building shared memebriyt syst e
architecture al Bows | 1 oione epanemegsspatredl memor

system.

52 Routing Protocol

The updpiers of the destinatransaddidestboat vem
Al ong fthhee svea yWOBp éri tlsi tfoor r owdanme & obnmptag efdon oc ¢
column | D ofodeahceh rnoeusthi amgsogestt rar e i fbet ddsteapsat i
address ¢ &letsima hdealgu monf |dDhrer e nt raonudthe ryr oaw tebee d
wesgtt he dewtdidmatisorcol umn tag i s greater than
node.

Transactions first complete routing aloang a s
Wh e n the -@édteéesnaticon umn t ango drma tccahleussmnt hleD, meas
comparison i s madedeitre rtni enteh ewhted idnresatcit o mnt e hou
the south dhetoramsacoi oim. bod iheitmgo wcoagi Anes co
for the ndaetscth ntahted ornow and col umhhe¢ Dt o€ t han € ad
i's routeadtwot k otf hamerstha me de
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Tab3dseummari zes t het hosmuntbii mgat i winaskddff amde sthr ans ac

addr esses.

TabB8e Routing Protocol Summary
AddrResvw Tag Addr@eslsumn Tag |Routing
Greater -Node Ke¢§Dondt Care East
Less Th-Bdod#&e€bl ybDon atr eC We s t

Mat chedNodesICol ulLess Th-Bod#&eRaoyNorth

Mat chedNodesICol uiGreater -Noade R{(Sout h

Mat chedNodesIiCol uitMat chedNodes iRow|l nt o Mes

53 Read Transactions
Read tr amrgeam|to oknisnrgeneatt & d as posted read reque
the mesArdéadrrequest i s meethwaomrokutpropatghees Mes

mesh onrodeext er nal resource usi ntghet hpes evwotuota sn.g al

Thsourceiagaddreass al ong with the read Atfrttadames act i
data has been read from the read aodnd rtehses , c Mehser
or xkMesworThe process-bisckompgl etnélt pwnogrlteansr
read tr ans antetsiho niso df &sdenaves| £ x.amp | e
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Fi gBr eeMeRbuting Exampl e

1. Core 32,32 sends a read
request to core 39,39 and
specifies its own core id(32,32)
as a return (source) address

2.Along the path, routing
nodes compare the
0x820 ‘ 0x821 ‘ ‘ 0x822 ‘ ‘ 0x823 ‘ ‘ 0x824 ‘ ‘ 0x825 ‘ ‘ 0x826 ‘ ‘ 0x827 transaction address to

(32,32 ‘ (32,33 ‘ ‘ (32,34 ‘ ‘ (32,39) ‘ ‘ (32,36) ‘ ‘ (32,37) ‘ ‘ (32,38) ‘ &39) the routers hardcoded 1D
B and decide if the
| 7; transaction should be
0x§60 0x861 0x862 0x863 0x864 0x865 0x866 OX{}
(3332) (33:33) (33,34) (33,35) (33,36) (3337) (33,39) (3339) sent north, east, south,
. or west.
g%o OXBAL OXBA2 0X8A3 OXBA4 OXBA5 0XBA6 OX¢ A7
(34132 (34,33) (34,34 (34,35) (34,36) (34,37) (34,398) (3439)
OX$ED OX8EL OX8E2 OX8E3 Ox8E4 0X8E5 Ox8EB OXi E7
(35132) (35,33) (35,34) (35,35) (35,36) (35,37) (35,39) (3539)
0x420 0x921 0x922 0x923 0x924 0x925 0x926 0x\127
(3632) (36,33) (36,34) (36,35) (36,36) (36,37) (36,39) (3639)
0x460 0x961 0x962 0x963 0x964 0X9A5 0X9A6 0x¢ A7 3. Core 39,39 receives
(37132 (37,33) (37,34) (37,35) (37,36) (37,37) (37,39) (3739) read transaction,
: : fetches data from
0x4A0 OX9A1 0X9A2 0X9A3 OX9A4 0X9A5 0X9A6 OX\ A7 tmhen;o:y ?nd retlgrg 53 5
38l32) | | (3833) | | (3834) | (3835 (3836) | | (3837) (38,38) (3839) € data o core 52,
L (source) using the
cMesh or xMesh

(0% 120) Ox9EL Ox9E2 Ox9E3 Ox9E4 Ox9E5 Ox9EB |, |~ OX9E7 network.
(39,37} 39,33) 139,3%) 39,35) 139,305) @937 3938 | (39,39)

54 DirectCdrneg eCommuni cati on

Fi gghrows how-memerghamredi tect ur ewoankd ptrhoed uecMe s
togeltmerhe expampdect ar auwteisnuel twrtiot eas memory | oc
mesh . Mbdeonly thingateaqdinroake otneo thhmaest O fsn @

poi nftheer .har dwvwarhee dtercaonds acte 0 nwlaagbidhledremtgesr mion t he
node memory oopdme mafipn cheercthh @ ¢ Me scha nn eatcwoerpkt  wr
transacti ons adpr®ike o scaame rdetatigarhtebhaetx ampl e runs
pipeline stall snoddeescgwtid eex ec utthhengmiaddl| e of t
Usitnlgi s met hod, programmedhaseanocodededmaei chéi oa:s

zer o.
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Fi gwrePointer

Mani pul ati on

C-CODE ASSEMBLY
/IVecA array at 0x82002000 //IRO=pointer to VecA
/VecB array at Ox 82004 000 //R2=pointer to VecB
/[remote_res at 0x 92004 000 /IR 6=pointer to remote_res
//R4=loc_sum;
for (i=0; I<100;  i++){ MOV R, #100;

loc_sum+=vecA[i]*vecB]i];

L: LDR RL,[RO], #1;

Exampl e

LDR R3,[R2], #1;
FMADD R4,R1, R3;
SUB R5,R5, #1,
BNE L;

STR R4, [R 6];

}

remote_res =loc_sum;

55 Ar bi t rSacthieame

The routers athmesehynestohdarakuanadli n .ahdi aebist r at
hardwaxr ecombi nati on wi t,dangs hhed¢hseoteh aatt ¢ trkdpedl ecagil ¢
rournadbi n scheme also ensures that there i s s

compeagenngt s on Tthheea ropeeh vpn B@wi dt bl acédi ngnnatur e

write needs to Wwaardc ensosr et o |

t he

0 e & watnhkaete sn o agent

Meph.i cations requiring exaaot iamptlemiett v@o mk

resource interleaving in software.

56 Data Sizes and Alignment

The emMetswhwsoukpmytteswolhal f wor éwo radro rdiaa bth. e t Meosnhs
data is al walyess sty nign ie.odaBisiba xiihmetsm (b ao ol twva dihhad | wi
doubwloe d traAlklactiramsacti ons shoakdortdoivretghaddr

transaction data si ze.
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57 Mul t iRoaustdi n

The eMesh supports efficient broadcasting of

routing modeér.e Tuludg cast routing met hod, set
regitsot ed011 in the master core sending eMesh
nor mal eMesh routing algorithm described in
routed radially outwards from the transmittin
to the value found in the MULTIthAS Te Meesghi swreil

transaction destination accdgn edshrematnrcabnessaecittd et
node.

58 Det our RSuuptp onrgt

The Ep-l ¥haogppdrftyi ng the eMesh routbhiarsg satuse amgh
t GeMESHROUTE, XMESHROUTE, wmreaeds KRMEASHIIRPYOWHE se 1
i t6s possorblreertoou theh ®tcrkans act

28 Copyri ghtAa0Opt8eva. Al ri gmESL 4r.e@3er v ed



6

6.1 Pr oce dNodre

Fi gursenolvs

mu kbtainlko ¢ a |

t he

Over

components

Vi

Processobubsesgdset em

ew

at

each

pro€ly¥Ysor n

me mo royp, t i mu Iz teed g 0DnMeA, moenvi etnotr ,

intefhacemaoadects t o t hen ekpwtoprika ney meeld dwsolr k
s ngle point of access.
Fi gurO®r ocedNswadre Overview
MemO Mem1 Mem?2 Mem3
64xN 64xN 64xN 64xN
\ 4
—+ -+ —+ -+ 3
T B B, e
I —_— v —_ —_— e mem1l
T T T T T N memo
dma
1T — fetch
A rf
ot yy — —= mesh
: gi rMesh | \  cMesh xMesh g
: eCore eCore t ;
DMA | Program Register 0" rMesh cMesh  \atwork Interface
i| Sequencer File Ry R Ve :
EVENT ; Interrrupt | | E
' Controller H
TIMER : FPU | | IALU | !
' Debug s
: eCore |
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eCore CPU

The heaaph odeoder i s GChld dCaprad Nnhg RI SC microp
desi gnpeaci ffiocalrmwl ti coamed upnreodc e 5 sa beed hminecvee b et we
performance, ener-@gdysfeorf incetmaymey ,a pgpnd cemaadseons. T
performance and data throughput makeai pabiferin

| arge numbpearocefs ssingn &ler nel s.

Local Me mor y

A olc al nseynsols eym pir sl tiamsetoruusc t jdoant af eftectehaithigmu |l t i ¢
communiTataoaompl i sh thigivitded Bilogiaé d@@mo r y
ea6khB in size.

On every clock cycle, the following operation
1T 64 bits of instructions can be fetched from
1T 64 bits of data can be pasGRUIIGageitsweeern ftihlee | o
T 64 bitwrictatnemei nto the | ocal wmemory from the
T 64 bits can be transferred from the | ocal me

| n agagtrheeg altoec &lu pp®Md yft esemory bandwi dth per ¢
equivalent #t&z3o2 nEBx i/nsiezceuaddsmwmudwiedvtamdact i ons ai
pl adcd ai msntdr s ¢ haobns wo master smemobayn kaccess t he

simultaneousl!| y.

Direct Memory Access (DMA) Engine
The DMA engisdat acmeV emphec becsaietemierMetstad r i c .
The engine was custom designed for the eMesh

eMesh, all owidogubt datremmomgerrceri eothe oan every c¢l ock

Evehitmer s

Ea@h oces frars n-wbe 3&vresn tt htaitmec an o ptearoantiet oi rn dkeepye r
events probewmsdlehes mer s can be wusprdogroamprogr an
optimization,ffopadbabbdaocnggwa tto@diadggy s 6 e mt &t n

anmumer ous odg.her purpose
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Net wbnker face

The network iatéerbadberprpoaamessstoorf tnhobdeet WM-ors k

chi Phe net wor k i ntendtace dencsgpdensg tlaomandcegsu mtnar a
DMAt ransacteonl td dadlrvwdeetslaert r ansact i otnhpar®cesesbrn
nodd sien f wh{i bht € df 8lf: 2tOhe address arpetawdr kzer
Arbitrationmosepéhfaomr mengoitirganicmtctt h®@nsaame cl oc
one of neitewarhkr Bresmes wor k operates E&Pltnle san
can output onenéetrwpoerska ¢t iofeccd oaunpd lekerevdred t r ansact |
bytes can benetuwdrekt venmtyo ctlroek cyclienewi t hout s

Memory Protection Uni't
The memoryuprbtprcovobdes the ability guard aga

memory regions or cor es.

6.2 Mes-Node Crossbar Switch

Thlocal imepm@dacessor smpddd i nto 4 bdekdanmkast cam
be accdbgtdanci Bbgte t Ahhsban&s can be access
cycle and operate atCPtUhltee smemro rfy egqugmeme aso & h
nodédsgpports 32GB/ sec meambiriyg bfameagquuendhy avf ah

Four masterspranesasecrssoddhmubtahemambyy

T I'nstruct:Thhs Femtdtethesh yBt e | nstlilraamaelmo ny fhirew mo
instruction decoderT &P Ublae i prruangcri anm NS @ gsuseunec er
t wo-b82 instructions per clock cycle, so in
sequemamecess a memory bafmhkheonnsefteetlvagigiaddac k cvy
al so fetch instructioynwsodifremml gt ieomcexe ®rWw
Epi phany fabric.

1T Load/ :9tharse nogpsiteesr dcat a b et we @amme ntohrey oreagnikd tee rn afl
me makyads and st o-rlegs3 2c amb io&4Lturra nassf e8r s

T DMAOnce sPMAuphamanel can work commloeteéky i nd
CPWo move dat a niomVealniddt odaantsab &€ r i 6320, 6 b i.d rse 8,

1T Ext erAmalext er nal agleman& Imaryy attce essad her write

| oc aAl swwh,enevread a& ihter aads faom an external me m
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transcacmdsonback as a cvarnibteet dti rf & res s qetixiit ceertr entchl &l try o

generated transaction.

The
to memorw thé@a3wXk sKB8anelmoFiygulrsholvs a

f i g usrheosw besoabmypriaex i mi zi Wgvi ché motby B&®Si gni ng
program me m

optimized for memory size

Fi gWR2sheo wls ga apot onemor y | a-gong cenhiggdaptpismmozmed f C

program speed

Fi gurie Program Memory Layout Optimized forl

MEMO MEM1 MBEM2 MBEM3
& h59% dbt! ¢5! ¢l ¢ h! ¢t! ¢51 ¢l € Kol YE

y / / ¢

PROGRAM WORKING DMA DATA PROGRAM
INSTRUCTION B A< GENE” “ﬁL D' ADGT " LOADW“ DATA ouTTO TEMPORARY
FETCH BUFFER NEXT CORE LOAD-STORE
Fi gur2ze Program Memory Layout Optimized for
MBEMO MBEM1 MBEM2 MBEM3
o h59% 5! ¢l 0 B! ¢l 1¢ of¢r/Ye
Y \ Y ?
Y 4 J 4 ) $
PROGRAM DMA DATA DMA DATA PROGRAM
EXTERNAL PROGRAM EXTERNAL PROGRAM
INSTRUCTION DATA LOAD OUTTO AGENT DATA LOAD OUTTO TEMPORARY
FETCH NEXT CORE NEXT CORE LOAD-STORE
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6.3 Mes-Node Arbitration

The laosswitthphnoc es s arp | reanckeptrs afrriikietdr e | ambi t er
needwbdeénetwmee i s a pot-eersbDal c olrialflbuhsattread es t h
priority for the dirfofceersednamr mmbosdtdee rse nvti t shh anr & ch er

Tab#fd:PocessorAmoasers Priorities

Share Pri atrli Pr i 6tr2i Pr i otr3i Pr i ctrdi Pr i Gtr5

Resou
Me @& c Me s | r Mesh| LoaSa o Progran DMA
Me th c Me s K r Mesh| LoaSd ol Progr an DMA
Me & c Me s K r Mesh| LoaSd ol Progr an DMA
Me @ cMsh rMesh| LoaSdk o|Progr an DMA
r Mesh LoaSdk o] Progr an DMA n/ a n/ a
c Me s h r Mesl LoaSd or DMA n/ a n/ a
X Me s h r Mesl LoaSd or DMA n/ a n/ a
Regi st c Me s | rMesh| | gasd o n/ a n/ a
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/7 eColC&U

7.1 Overvi ew

Thdi fferentnesidls ec@oCpedb e ar e

i ncludes a

(1 ALU), fI

gener al

oating

Fi gur3e eCor e

poi nt

purpose

uni t

il lus3maeeprione s o

program
(FPU) ,

CPU Overview

Integer ALU Hoating-Point Unit
(IALY) (FRU)
64-Word
Register Fle
Debug Interrupt Program
Unit Controller Sequencer
Program Sequencer
The program sequencer
inclwuding

T LoopsOne
generuadpa anching
by

T Functi ®@he

from anot her

register.

functions.

sequence

processor
plah@P Wb p gadl@t uprr cotgiricamt.cadt i 8 ¢

of

i nstruct.

ons, i n

temporarily i

debug

wh i

nterrupts

sequencer,

uni t

s ufdpar taspgerindeorsadl a@RIGr d p

instrucogpmemp | emmeakxeduus

ch case

t

recu
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T JumpsProgram flow is permanent!| y A rjaunnspf ebryr e d
register instruction al loowasnyprnmegmoany flloocwa ttioo
bit addtbasas s/pdt ald npscooglre .

T I nt erlrnutpetrsr upt servicing is handled by the i
program sequencer to an interrupt handler at

i nterr Betf oeveeretn.t ering thenei wmd&ddueppbgsamvi ce

counter is stored so that it can be retrieve
T I dl eA speci al i n CtPWunct toi-memwidahnvad t gptud swad ihtei ng f ¢
event toCRHltkd umorcrudildl benxdel e meaéé¢ uil s fi mr sexgamp |

e

processi ngt hagtp é-@ilcead | sedrcsi .\deant a

T Lindar:linear program flows, the program seqg.!
from memory to ensur e st hfaetd twhiet hp rao csetsrsecarm poifp

without stalling.
Register File

Thep®r twobrdlegi ster file provides apdrardyesomn:
tempor areff fpewemt storage Apliachenmeitnst aandstaofucmer
acsg®e to the registaeMovfeimeatbtwwWe elmatt meé doeme mamg t
fiile done through | olalviamgl s tloaregd numhiert | @fn s
temporary variables to be kepmbem dfocmé mesrntyyrk
write opbadeatfilans.register file allfolwsaptoisneg t o
and integer ALU instructions asf|eaomyoiionmget ofort h
| ALWi t hout restrictions.

I n yveycl e, theimuditsatherotufsiédlyé pterd wirmmg oper at i

T Thr3zdeiftl o aptoiiommter ands ¢ an 3boarte =wldt awmrdi tothen by
T Tw8Diitnt eger oper andS8 Dbcraes blet rwraidt taemrd My el AL

1T A64iddulwloed can be written or read using a |
Il nteger ALU

The I nteger ALU (I ARM)itnpteergfeorr mesp ear as i olgpé eper

operations t hat can be perfor med ar e: dat a
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arithmetic shift, andXORanh®WRsTeh e 0 d ArLadJt@isiocnisseé ngu ¢
execution means the compi |l erodoer wirtohgouatmmea r rcyai
datapendendAl|l st ALUsoperations <canf beaptwi@emdt or me
oper aasi olnsrhgeras areusmeonf egcssebet weelPr-ahd two
pombdify adddesbl dgparddbode capability enabl es
storing of | arge data arrays.

FI oaP o inugnti t

Thél oaptoiiongti t ( FPU) comphglks wredbti stihdeEE7TbS4at i
standar d, fdxequtaiitnegstometi on per c l-tooce&ka rceysctl eg v es
and Ft ezuenr do roundi ng mofdl ecsaptoii@ngtcc e g Lnipdgl 0 Tnhigsa
operations performed are: addi t ifouns,es disbuitbut brtat cpt |
fixebd oat conver s-t-6mrexdoanbvsealsutoen,. f | oat

Operands are -ertardy freogn dther 6f4i |l e amd fade wrti tt
end of thé&dNoopesatriaeni ons amag.Rpphaftladaptoinnngtr e g i
operati ohs$ osgpocmgtlatsi pl y/ alddirtreggadt ews 8tbd tpr od
res@Al tf.used-anohd]| tiinpsltyr uct i otn otpaekreasn dtsh raened ipnrpoud u
accumul atAedl aregeu | i U mlaaiisng§Gmrad cessi ng al gori th
mul t-agpdymul ate operations, and for these appl

of reducing thesingmibfeircantolck. cycl es
Il nterrupt Controll er

Thient errupt counpt rtbohtleOr r spppoatwdt axéeapti esoappor

interrupts and interrupt masking.

Har dware Loops

Efficient zero overhead | oopsuppmaret supported
Debug Unit

The debug wunit provide multicore debug capabi
and r.ésuma complete description of E&pppbangd
SDK Reference Manual
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7.2 Data Types
Th@®Rarchitect ver & oduppwrntgs itht eger data types:

1T Byt8di t s

T Hadwbrd®di ts ( must 2tbyt eallbaogwmredaroyn i n memor y)
T Wordddits (mustdbbyet ealhb oginreddaroyn i n memor y)

T Doubblde :bits (ouodn Bebgtiegddew)hdary i n mem

The data types can be of signeAMd lorr-egysis geed

operations operate on word types onl yForbut d

exampl e, an array of bytes camelée shooedhienrm
using the byte | oad 3izZznistht egeren, aopgden dateerd cam
memory using the byte store instruction.
Signed I nteger Representation

ms b l s b

'a\l-lﬁN_l a\l_z&N-Z aN-3l&N-3 a\l_mNA a\l-5ﬁQN_5 o a:);QO

Unsi gmteedgdr Representation

ms b | sb

aN-]_IZQN-l aN-Z&N-Z a\l-ﬁN-S aN_mN-ll a\l-SRN 5 a);go
FIl oa-PoinDgatt a Ty pes

TheEPWupports t ke tl pEEBKQI 4 i gD i fnlto adtaitmag f or mat , ¢

SI GN EXF[]0 MANI| SQR&[] 0

A numberf | iomptoiifingts mat consi,st sabo2t4d mast gebs dj t an
unsi-mmagdi tudeeErpomemtmal i zed numbers, -bit he ma
fracgfftandh a hi dden bi tprods ulmetdh atto ipsr eicnepdleiecfi 22 vyi
binary point is presumed to | i-sei goreitfwieceann tt hbist
the fraction is fO0; tAidelL®Bdoénthet egpbaent
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precisioomatgpfmighbhe mabhti ssa to 24 bits from the
fornmati.s bemsurad sot hat the mantissa of any numl

format is always greaterTheé aemx, poaemgtuabriegt weeh 4
0e0254 for nor mal Apur nebcel rssi oinn ftolremadi. nglflthe s e x pc
(254/2). To calculate the true wuenbiased expon:
The | EEE standard al so provi desprfeocrb ns efvl eoraat!li nsg

point, fonmhudi ng

T An exponent valwue of 255 (alanuombes) (WIAINH . a Nr
are usually used as flags for data fl ow cont
for the resudttisomd zbnovlmlasd Qper

T Infinity is represented asBamawexe othlfeentn wrmhb ér5
signed, both piodimniveg @amch bmegatipvesent ed.

T Zero is represented by a zeindigxponkbnpoantdi @
zernod anegative zerbheahEBEr e ®ipg leepre nfinlé a atait mg
types supported by the processofTalblnad their i

Tabbe | EEE -PSiencgilsei on-PE&Il nat Daga Types

Type Sign|Exponent Mantiss<Val ue

NAN X 255 Nonzerdquyundefined

I nfini|S 255 Zero -15* I nfinit.y
Nor mal |S 1<= @54=|Any -15*  (2o) MZ7
Denor m|S 0 Any (-15* Zero

Zer o S 0 0 (-15* Zer o
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Th@PWs compati bl-75 4vi spihnegcihes i,b BvEilBtehr matl | owi ng

exceptions:

No support for inexact fl ags.

NAN inputs generate an invalid exception and
i nputs are NANs, the setgnadvidn oXORhef otplee ad i
bits.

1T Denor mal operands are flushed to zero when i
an underfl ow exception. Any denormal or wunde
flushed tonderoé6l awdeawogception i s generated.

f Routhdlinfinity is not supported.

By def aruPU ,petrhfeotr-ons a m @utn de vid no atdtibbrigtt H 4 inn g .hi s

rounding mode, the i1intermediate resul tt hiisn rou
t he 3 2nfall oaptoiidngtt a fldr mahte. r esul t before round
bet ween two numbers in the destination for mat
number which has 8hatiS8t ieqalallpy ,to@rcauensdi.ans of t e |

downo there is no | arge sample bias.

The BRWpporuscati owhernoundengoundi ngt mBodree bi t
Configuratlimnt Remé¢éasterrounding mode, thhe Bante
no within the fiOsgéer 28 batgeanemhbhegmooftdaccumi
| arge sample bias in the computation, so trun

applications.

ThEPUetsowter f 1 ow, under flomws daudi nogn Mad maunu écaobnfdc

these conditions is detected, a software exce
an exception handling routine.

Doufplreeci $ oaphoiiangti t hmetic i s emul at ed hwdsd nlge s o
avoided i f performance considerat.ions outweig
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73 Lock®émory Map
Tabblsat mmat heeme mor ye Gro€ Uoofc atlh eme mor y

Tabb6:eCorleocllé mor y

Mmarmpa rSyu

Star t End Ad Si ze Comment
(Byt ¢
Interrupt 0x00 Ox3F 64 Local Memo
Tabl e
B a Mk 0x4 0O Ox1F F F 8K B6 4 Local Me mo
B a ntk 0x2000 Ox3F F F 8K B Local Me mo
B a 2k 0x4000 Ox5F F F 8K B Local Me mo
Reserved 0x8000 OXEFFFRLh/ a Reserved f
memory exp
Registers register a
Reserved |[0xB800 OKFFFF|L/ g N/ A

Alrlegi st er ssmap ge dneanod yeap bly eargasanthe o u g h

of t he

me mor y

instr.Acttioonps et e

Epi phany

tdCPU s
shoul d

7.4 Gener al

pur pose
Epi phasy rsuectt i amrmncThh & eacrtluy eg e n etrearl

registers

adbhmapped
be

addr ess

i st

space

of

by
brved abidt 3§ ewiet hrmap pdeedf i meegi snte

i s

an

wriift orechte wivt bezepesi fied.

Rergp css e r
TheP W asgear @rualproesgei st er

have

fi

no

map pe d gtra m hkeate crud g ingt ewrO
ng
Appendilkecompl etoreelmor y
sSsyst eomptrbo/c easdsdoidn g fold2eé b caddla r £ b 8
Readdinrgect | yeieowalptodsgei st er s

diadhal d drr eegsissetse rcsa na nbde

accesan bl e

external

cont aliarblgnédal eqgi
restri catiioonmss oinn

Wpr ui rt pt oesne
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instruegi ©lde,n sRsed t o save .dhPCregiatfuncbhoeas
in T@aédhews the register usage assumed by th
interoperability between diff erTehret rieighlred raioets
have defsault wvalue

Tab¥:e GenRurag Reqgi st er s

Synony Role in the Proc Saved By
RO Al Argument / resukt/ {Call er s a
R1 A2 Argument/ result/ |Call ed sa
R2 A3 Argument / result/ |{Call er sa
R3 A4 Argument / result/ |{Call er sa
R4 V1 Registe#lvariabl |[Call ee Sa
R5 V2 Registe#2variabl [Call ee Sa
R6 V3 Registe#3variabl |[Call ee Sa
R7 V4 Re gi srtieaihdl vea Call ee S4d
R8 V5 Registe#5variabl [Call ee Sa
R9 Vé SB Registe#bBantabl [ICall ee Sa
R10 V7SL Regi stewl7bdraickbll{Cal |l ee Sa
R11 V8 FP Vari abl e B8Fa@imet €1Cal |l ee Sa
R12 - |l ntproacedwcal | scriCall er sa
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R13 SP Stack Pointer N/ A

R14 L R Link Register Call ee S4d
R15 Gener al Use Call ee Sa
R1 R2 7 General wuse Call er sa
R2-B831 Reserved for con|N/A

R3-R4 3 General wuse Call ee s a
R4 R6 3 Geneseal U Call er sa

The first ROGR@rorrleAgliysd eused to pass argument s
return a resulTthelyr «amna af socthieonused to hol d

functi on.

The reg-R8t eR$0RAIIAVBDPIravWeéd used to hold the v
var i althleesf.ol | owi ng registers are set i mpl i cit
convendtiatnhesdit hat t.fFoy mmove fiinfeod mMmaseon regal

pl eage troeftehe Epi phany SDK reference manual

T St ack HMeeigntseaiesr aR dedi cated as a stack pointe

T Li nk Relghies tlernk Rrogrg)disatuetromati cally written by
BL or JALR inSbheuceposeteeaubgpdueéeadaby the CP
instructAfottehres |l usé&ed regi ster has been savec

used as a temporary storage register.
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75 Status FIl ags

The Core St atuupsd aReegdi sbtye rt hfel adpsf If ledent i nstruct
ACTI VE

When set, it indicates that core is currently
an external agenOnassactiwmgtaed,i hhercope. stay

the I DLE instirmettoe,carne whbtadn 1 ga t hiteacrsodrizyn ddty:
clocks are disabled and t hfepppoweart i @arss unmpatti onr
power consumption should use the |IDLE instruc

i nrtreupts to activate the core when needed.

Gl D
When set it indicates thatThel bi exterselt i mme:
interrupt occurring, giving the interrupt s e

before ghethemibrity Theerfdlagt icanc|l&@ac B@l by

instruction, indicating the end of tihhes sfeeg vii@
all ow a higher priority to begdtneri.f one is cu
WA N D

A multicore flag set Tohye tVWMAeNDWAINDa g nisst raunc ta wtnp L
AANDedo together with the WAND flags from oth
when cores have raised their respective fl ags

AZ

The A&gdi ntero) flag set by an integer instr.u
cleared for alMTheofhag bst upaftfeeggeetre d nksy raulclt i mm

AN

The AN (intéebaeg osethatbhiyvea)n i nt eagneorstii qirsit friuacd n to
MSBof the result i1is 1 and cl| EBle efdl avdh eins t threa fMfSe

noinnt eger instructions.

AC
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The AC (integer carry) flag is the carry out
i neeginstructions, ainndt agse ru nianfsftercu cetdi dorys .al | n

AV

The AV ¢vetklgew) fl ag set by the ADD instructd.i

the output sign is different from thedi nput
operand sign is different from the first oper
operbBme . fl ag is cleared by al/l ot her-inntegeger

i nstructions.
BZ

The fBlZo gptoiinngtr o) sfelt atplyo agtoiiinngtst r ucti on when the
The fl ag unaftffleocapt@idhnuisy ralch i oos .

BN

TheN (@I oaptoiinngtg @t ifvileag ifd ospediinnkyt raucti on when t
(MSB) of the Trhéed mlgt uina f § efclt cegtoibmuygtsalrlucntamns.

BV

TheV (Bl oaptoiiongte r)f | bwag ifsl osgetoiinigtyt aucti on when
rounrdegdul t overfl ows(unbiased exponelnhte 12179 g
unaf f ealtlefdh dgptoiiinmgtst ruct i ons.

AV S

Sticky integer overflow flag set whéamr tfheagAV s
only affected by the ADD and SUB instructions

BVS

Stiftkgaptoiiongter f 1 ow fl ag set wheémet we sBVmet agl ¢
fl ag i s wunafffleocapteidnngtsyt rallclt i mors .

BI' S

Sti tkygaptoiinngtv d Il iady sfeltoaptgiinmtst ructi on i f t he ei
operand S NAN, offther wilsaeg niost uonbeeflafoegutdbi.ievagt by

instructions.
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BUS

St ifclkyaptoiimmgtd e rf fl laogw ¢ ¢ o apboyiinmats t r uct i on I f the re:
one of the inputs to the opeTladg ifolnag si g emnmma fmfae

nol oaptoinntyst r ucti ons.
EXCAUSE

Ahtree Dbit fiel do#f ngafctawa rny sHolfetevdaiussree x cept i on
i s generated whenzeevréoh.e t okt iared dex se pntoinon ¢ al
Epi pthamyand |V amd Apgle nlde xf ound
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76 The Epi phaniyonl nSsettr uc
TheE&pi pharsyt rsuestrichhm t ect sropf{ i Bk de oal proces
applicaittha@as, alblut t he fad apteurrfeodr Imn eneed esdk atnaar d co

| nst rauett i hgihghsl i ncl ude:

T Orthogonal ,wnshronotopsastsegtstensusage

f I'nstruction set optimized for floating point
T Posmbdi fy | oad/ store instructions .for efficie
T RRch set of bwiatatcyh81ceo odiatnicohnspenal ty on al | t

penalty on untaken branches.

T Conditional move instructioanenimadleedttcaecbunae
T I'nstructions withhiigghmeddanei mgdiahides$ ofvopower
T Compawcd effflio@pta@imnigg i nstruction set

ThleSA usewi dat hs pilnstt r uct whni cehn cianpidregyemndsmhmalr e d
wi tst and#&rnd 32 dt.hAl Encocditmgicti oot had®dDVail abl

i n
0

n

0]

Th

al

S

co
co
un
co

s u

str,owdttihontshe instruction width dependiyng on
mmand that usgd 17e @pind tyehrasy é0a dtglersa ecnonre it san te
codeddbasnsdr geammandss & hknitugnhbeerr ed r egi sters a

c
e
3dbiitnstructions. This encoding is transparent
c

mpiler thamedicmode £i ze and power consumpt i

e foll owiumgnad éheteid onmsatvrauvicltai bdinmes p in&mMyh eo mp !l et e
phabeti cal l i sting of the I SA can be found

anch I nstructions

restr i ctiesd sburpapnocaduitentyzh iete mor y map using branc
d register Bruanmpe i ncsatnr uocctci ybra sceodn doint itomeal dryi t h
t by t hfel oigotdiiemggeerc ud iTohre U moiltl.owi ng table il 1l u
des supplo®Aeldhebyartchhea t ecture supports two s
mndional execution and branching of instructd.i
i Tse full set of branching condietvieonsc oanltlro
mpari song <Ffekrlu=, mmd,Boet h signgmned nar iutnhsmet i
pported.
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Tab8e Condition

Codes

Code Functi on MnemoWComment

0000 Equal BEQ AZ

0001 Not Equal BNE ~AZ

0010 Greater Than|BGTU ~AZ & AC

0011 Greater Than|BGTEU| AC
(Unsigned)

0100 Le§s&®an or EQ|BLTEU|AZ | ~AC
(Unsigned)

0101 Less Than (U/BLTU ~AC

0110 Greater Than|BGT ~AZ & ( AV ==AN)

0111 Greater Than|BGTE AV == AN
(Signed)

1000 Less Than ( S|BLT AV I = AN

1001 Less Than or |BLTE AZ( AV ' = AN)
(Signed)

1010 Equal (Fl oat|BBEQ BZ

1011 Not Equal (F|/BBNE |~BzZ

1100 Less Than (F/BBLT BN & ~BZ

1101 Less Than or|BBLTE |BN | BZ

1110 Unconditiona|B -

1111 Branch and L|BL -
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Load/ Store I nstructions

Loadisldr e i nsmowvdeat iaormhe tgweenualipioesgei st er fil e andc
memory | ocation within the architectCP®&n incl
t he sAlIslt emt her i nsftlrounatoiiaogds ,i nd e@ler da smsjtatrfeme @ o r

restricted to using registers as source and d

ThleS®Aupports the following addressing modes:

1 Di spl acementThled dmeensosriyngaddr ess i s calcul ated
ta base relghemedi aatad uef.f set i-bi t isihhmaed t o 3
instrogli bntksi tf /elt @aB® 1 nlshter batsieomrse.gi st er val
modi f i eldo ady/o ¢ theerde¢hii sn .mode i s wuseful for acces

T Indexed fgdbeesmemory address is calculated by

base regTbéeebasal uegi st er vliaol aude/o P teso Aehit sqMmo di f
modesefBulu in array addressing.

T PodModi fyi Aut®ement AHdr mmsamdodirge:ss i s taken dir e
base regAtter vheumemory operation has compl
the base register value d@ahdswmbtdeensbaskfubd

processing | ar ge edmreetna i drgrcdysp ®drs do pfedcra tii nopnl .

Byt e, short, word, and doub/beodatansypddt aoe
|l oads and stores must be aligneS3howti@iih( o &tsp e c
types mugt glBeibtabhdaei es | B nmetndoartyag twopeds (must
onddibtoundari es,64nintdd adltoau bt gpds noudb ibtolmendal i gee
Unaligned memory accesses returns unbB®ppkcted
dat gpead/isntsdrreucti ons must S p ggeinfgyua dpnoesgeiv ene 1r e
fiThe corresponding odd Atgempts e wsetbdd

double data format is flagged as an error by

Intgeer I nstructions

Genepruarlpose i ntegesrucihnsatsr uA0DD,0onSUB, Q@hPm,t rAND,
code and i Mhegeatt 1 mat homs i woe &i aniet a sbaweldl a ¢

operdmheésinstructions upidatleet 8€EAT WS ergeegi sttart.u
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Fl oa-Poinlgntst ructi ons

An orthogonal -coentp | foldonaptoEiBnBts% 4 uct i ons for si g
appl i clTehteiseens .nstr utt o atosisrggptdias ebitthe of. t he STA°

Secondaryegiegnéadstmtucti ons

The basic floating point i sstsriogbnteidon nstestgeaan n
by setting the appropriate mode bits in the C
same opcodaetsi-pays ntulcea n®he and include: | ADD, I
| MSUB.

Register Move I nstructions

Al | regi ster moves a3z ) tden € madietci.oompalle tnro vweo ridn

support the same set of conditioml®ades as th

Program Flow Instructions
A number of speci al instructions wused by the
handling, multicore programming, and program
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The foll owi sgmmat hpéshablast elo®\A& availabl e in

Tab®%e I nstruction Set Syntax

Fi el Meani ng
'<COND|/One of 16 condition codes.
RD Destination Register.-pCapobe BBagi st
RN Primary Source RegisterpurCaas etereaea .
R M Secondary Source Regi st epur pPCasne bree ¢
<O R> Secondary operand. An i mmedi aReqg ivsatl
be any one -pafr ptohsee lgeangelrsailenme.di at e ov
l@it i nstructifoordhi3@2nd nssirmmii>»ns.
<sizelData size sel edtDomea@ptiigo By ®® g ¢&MHdrl |
single wortdheranehdianmhsbe | eft
<of fs|Loasd or e oaf df dsreesfsf ¥lalte s aar e <b imm3i>n g to
and <i mmkdi>t fiomrsG3r2uscettisonasr.e scal ed
the |l oad/ store instruction.
<i mm3/Unsigned | mmedi ate value with rangf¢
<i mm8/Unsigned | mmedi at & ov a&l5k6e with rang:¢
<i mmliUnsigned | mmediate value with rang:¢
<i mmliUnsigned | mmediate value with rang:¢
<simmSigned i mmedi at e4tvaa.l+u3 wi th range
<simmSigned i mmediatel2&ltue wl2h range
<simmS gned i mmedi at e-1W0&2/4uld0dW3.t h range o
<simmSigned I mmedi atet &8 a838& 60BB0QBIB3rr 80Jge
<l abelJump/ Branch | abel resolved by asse
<inst|{The A.l 0 suffix is wused t oerien dbioctaht ¢
32 bit version of the same basic i
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Tabl@ Branching I nstructions
| nstru Assembl er FI ag Function
Condi tfB<COND <l abel|None | fTCOND, PC=<l abe
Branch

el se PC= next in

Jump B <l abel > None PC=<l abel >
Jump aBL <l abel > None PC=<label >, L R=r
Link
Regi st|JRNR None P CaA\R
Jump
Regi st|]JALR R None PCANR LR= next i1
Jump a
Link
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Tabl® Load/ Store I nstructions

| n scttrit Assembl er FIl a Functi on

| mmedi|{LDR| STR} {si zegf fRD{None¢( RD=[ RN¥fhk el

Of f set
[ RNef fset, g

Post mo{ LDR| STR} {si ze<}JofRBNon¢gRD=[ RN, si z¢

| mmedi
[ RN, s),ze] =

RN=RMNHIfe t

Regi st/{LDR| STR} {si zReM] RD/Non¢g( RD=[ RNt/ §i

Of f set _
[ RNRM, si ze]

Post mo{ LDR| STR} {si zRM RD/ Nong¢g(RD=[ RN, | si z¢€

Regi st
[ RN, si),ze] =1}

R N = R NR+tM

Test &TESTSET RD, [ RN, RM|Non¢i f ([ RN+RM]

RD= ([ RN+RM]
ERN+RM] RE

I o

| ¢
0}
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Tabl2 I nteger I nstructions

l nstru Assembl er Fl ag: Function

Additi ol/ADD RD, RN, <Op/AN, AZ,|RD=R+0OR
AC, AVS

SubtraciSUB RD, RN, <OQAN, AZ,|RD=RI-0OP
AC, AV S

Ari ¢thimc |[ASR RD, RN, <OAN, AZ, [RD=R>>>P20
Ri ght AC, AVS

Logical [LSR RD, RN, < AN, AZ, RD=R>>PD
Ri ght AC, AVS

Logical [LSL RD, RN, </AN, AZ, RD=R<< PO
Left AC, AVS

Logical |[ORR RD, RN, RAN, AZ,[RD= NR MR
AC, AVS

Logi cal |AND RD, RN, RAN, AZ, RD= N& M
AC, AVS

Logical |[EOR RD, RN, RAN, AZ, RD= N M
AC, AVS

Bit Rev{BI TR RD, RN AN, AZ,|RD= Wietve Nse (
AC, AVS
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Tabl®&F| oatPiompnstructi ons

Instructi# As skelmer FIl ags Funct i
FIl oaRadainmgt Addi {tFADD RD, RNBN, BZ, BVRD=RN+RM
Bl S, BVS,
FIl oaRdinmgt Subt | FSUB RD, RIBN, BZ, BVRD=RN-RN
Bl S, BVS,
FIl oaRdinmgt Mul t iFMUL RD, RIBN, BZ, BVRD=RN*RM
BI S, BVS,
Fl oaRoiimg Mudd i|FMADD RD, BN, BZ, B\ RD+ =IR* RM
Bl S, BVS,
FIl oaRdinmgt {BuwlbtiFMSUB RD, BN, BZ, B\VRD-=RN*RM
Bl S, BVS,
FIl oaRdinmgt AbsolFABS RD, RNBN, BZ, BVRD= alNs (
Bl S, BVS,
Fl oat To Fixed|FIl X RD, RN [BN, BZ, BVRD= f N)x (
Bl S, BVS,
Fixed To Fl oat|FLOAT RD, BN, BZ, BVRD= f IMa
Bl S, BVS,
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Tabl44 Secondary I nteger I nstructions

Instructi% Assembl FI ags Funct i

SignedAddi egen |[IADRD, RN, RBN, BZ, B|RD=RN+ R
BI S, BVS

SignedSubteget {ISUB RD, RN BN, BZ, B|RD=RN-RM
BI S, BVS

SignerMuhtegky |[IMUL RD, RN/\BN, BZ, B/RD=RN* M
BI'S, BVS

SignedMuht-dgéy |IMADD RD, R|[BN, BZ, B|RD+ =RN* R
BI'S, BVS

Signed Ilntti8glkyt 1IMSUB RD, R|[BN, BZ, B|RD-=RN* M

BI' S, BVS

Tabl® Register Move Instructions
l nstrui Assembl er FIl ag:¢ Function
Move | mmnMOV ,RDi mm8 | [None RD=<i &m ilrBm
Move | mnMOVT ,RXi mml6 None RD= DR ( <i mAllp6
(high)
Move RegMOV<COND> RD|None | f <c ®a B>, R
Move to MOVTS RD, RN{None RD = RN
Regi ster
Move fraMOVFEF®, RRN None RD =RN
Speci al
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| nstr ui

Table@

Assembl er FI aSgest

Program Flow Instructions

Functi on

Do not hiilNOP None Not hing

I dl e | DL E None Wait for inte

Return fRTS None PC=LR

Ssubrouti

Return fRTI None PC=IRET

interrup

Il nterrupGI D None All rropes di s

I nterrupGIl E None Al | interrupt

BreakpoilBKPT None Breakpoint

Mu l-btriea k MBKPT None Mul ticore bre

Tr ap TRAP None Hal ts program

Sync SYNC None Forces GhnohLA
cores 1in grou

Wa n d WA ND St a3jus|Mul ticore bar
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77 Pi peline Description

The Epiphany CRPRIUenhgash a nsamriuablien pipeline t
instruction being executed. Al | i nstructions
pi peline st age,arandguiamstnrtectdi otho compl et e onc
instructions compl epeiat snhageuEPR|jomnsdcodOmphet

instructions complete at E1.

|l nstructi ons -oardeerdibsupa tochmediehieni ihp eoluitne contr
sure that the integrity of the program i s mai
i s aafriweaidt e ( RAW) wern twr i(WAW) pipeline hazard.

Tabl® Pipeli necrStpatgieonDe s

St a Na me Mn e mo Acti on
1 Fetch AdHFE Fetch address sent t o i
2 l nstruct|l M l nstruction returns fro

Me mory A

3 Decode DE l nstructions are decode
4 Regi ster|RA Operands are rregad ef rfoom
S Executi oEl Load/ store address calc

operation

Most instructions compl
Il nteger status fl ags wr
Branching and jumps c¢ha

a
Register read from regi
e
s

6 Executi olE2 Dat an flromd i nstructi on \

7 Executi o E3 Fl oagdingtsul t wr it tienn ctaa
t runcractunodii ng mode

8 Executi o E4 Fl oagdingtsul t wr it tienn ctaa
routnale atee@etn rounding mo
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Fi gurde Pi peline Graphical View

FE | IM DE | RA| B B B

=1
FE | IM DE | RA| E B B3 H
_ FE | IM DE | RA| E B B3 =)
Instr
FE | IM DE | RA | E B B3 =
FE | IM DE | RA | E B2 B3 H
tme FE M | DE RA E B B  H
FE | IM DE | RA| H B B3 =

FE M DE RA EH R B #
I n the execution of instructions, the CPU i
instruction executes, the target register of
beeampcl et ed. I f a subsequent instruction trie
present, the pipeline wil!/ stall unt il the pr

instructions that requirevtbesusastorfudtaitan rd
previous or invalid data in the register.

Dudlssue Scheduling Rul es
The CPU has-iassgséeéabrchiduattur e t hat all ows t v

parall el on every clioscskeex yrautle , f of |l ewed . ai Theahb
for dual i ssue is that t-hired eirnstThuicd i maards sp
instructions to be issued in paral tadhve@idame t he

( RAW) oaf waii tAeN)( Wegi ster dependencies between

For the pur pose -doefp etnkdee nfco/l It cavbil egs , ddthae 1 nstr uc¢

the following instruction groups.

T I ALU: ADD, SUB, ASR, LSR, LSL, EOR, AND, o}
T I ALU2 | ADD, | SUB, | MUL , | MADD, | MSUB

1T FPU: FADD, FSUB, FMUL, FMADD, FMSUB, FI X,
T LOAD/ STORER, STR

T CONTROL JR, JALR, B<COND>, BL, MOVTS, MOV F S,
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The foll owing table showdathe anorhkei reaetéicarsse do fi

l ong as there are no read or write register ¢

Il nstruct

Il ALU
FPU/ I AL
LOAD/ ST

CONTROL

The CPU
the tot al

resol ved

Tabl® Parallel scheduling rules

I ALU FPU/ I2AL LOAD/ ST CONTRO

i's pipelined to maximize the operatir
system. As a r esulkdte poefn dtehnec i perso ct ehsast o

by software to awvweciedsoroch atyscle Then

interlocked pipeline, meaning that it automat
of sequenti al programs with data dependenci es
the CPU pipeltioneavaonidd insosabldeat a dependenci es

routines

optimize

optimized in assembly, it is your re:

performance.

The following tables show the nunmmbsetrr uacft i ®lno dk
reserving a certain register and a second in
column in the tables gives the number of clo

i nstruct.i

assembly

on and t he tdieec osntdal il n sntgr. u cltti oins ttoh ea vj
programmer to ensure that these <cl oc

field in the table indicates that the registe
any rregntiwsmkeer can be wused. Il nstruction comb
dependency stalls such as | ALU after | ALU ins
The | ast dependency table shows instructions

i reppenden

t otfo notsrtrautcitamnr egi ster dependenci es
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Tablel ALU I nstruction Sequences

First 1 ns Second I nst Cycle Sepa

| ALU InstrulFPU Instructioil
mov r X, rz,|fadd r x, r X, r

Tab2@FPU I nstruction Sequences

Second I nst Cycle Sepa

FPU Instruc/FPU Instructiol?
fadd r x, rz|fadd r x, rx, r
FPU I nstruc|Store I nstruct 3
fadd r x, rzistr<size> r X,
FPU Instruc|/l ALU Instructi (4
fadd r x, rziadd r x, r x, r X
FPU I nstruc|Branch oniolmPU 4
fadd r z, rzibbne _foobar;
FPU I nstruc|Conditional Mo {4
fadd r z, rzifMovbne rz,rz
FPU Instruc|{Speci al untotvieo ni 4
fadd r x, rzimovts OTIMER
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Tab2® Load I nstruction Sequences

Load Instrull ALU Instructi (1l
|l dr <si ze> r|ladd rx,rx,rx

(7]
—
—
O
—
o
N

Load I nstrulFPU I n
|l dr <si ze]> r|fadd rx,rx,rx

Load Instru/Store Instructil
|l dr <si ze> r|str<size> r X,

)
(7]
~—*
—
c
(@)
~+
[EnN

Load I nstrujLoad I
l dr<size> r|ldr<size> rz,|

Tab22 Stalls indepeadeinonofedmence

l nstruction Stall Cyecl

External Data Load 18
l dr<size> rx,[rz,rz]

Byte worHalIfnt ernal Data Load 2
l dr<size> rx,[rz,rz]
External Il nstruction Fetch 16
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Branch Penalties
The branch predicti P mescshuanreiss mh huas e d hbey btrhaen c
is no penalty for branches not ta&gol e Foondtr a

penalty. The table below summarizes the diff el

Tab2® Branch Penalties

Branch I nstructio Penal ty

Branch Not B<COND> 0

Branch TakeB<COND> 3

Jump B 3

Jump and LiBL 3

Register JuJR 3

Register JuJALR 3

I n a specdydl!| e apenalat yIL o-bc tr sonrbsb rtulpautmpsst rt aod d3l 2e
in thedliwicdel memory. Branches wobihtdepanhdsndy
incur stal/l cycles i f there i s iposiunftf iicneintua
and the branching instruction.
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78 I nt erCronpgtr ol | er

781 Overview

The eCore interrupt controller provides full support for prioritized nested interrupt service

routines Figure ¥ shows the behavior of the hardware mechanisms within the interrupt

controller and how the user can control tleddvior of the system through code.

Fi gurbe

Il nterrupt

Service

Routi ne

NO

IPEND[N] cleared &

PC=IRET
OB 6DISE &
Fetch IVT_Addr & Rest“ore Context &
REFEFC OB el
l A
‘ HARDWARE\ If nesting,
que Context & > Execute IR
. USER OB GDI9E
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The following table summarizes the different interrupts and exceptions specified in the interrupt
vector table (IVT). All interrupts are gd-based.

Tab24 I nterrupt Support Summary

Interrupt/Exception Prli?)rQity Acli\(g:_ess Event

Sync 0 (highest) 0x0 Sync hardware signal asserted

Software Exception 1 0x4 Floatingpoint exception, invalid instruction,
alignmenterror

Memory Fault 2 0x8 Memory protection fault

TimerO0 Interrupt 3 0xC Timer0 has expired

Timerl Interrupt 4 0x10 Timerl has expired

Message 5 Ox14 Messiagerrupt

DMAQO Interrupt 6 0x18 Local DMA channel0 finished data transfer

DMAL Interrupt 7 0x1C Local DMA channell finished data transfer

WAND Interrupt 8 0x20 Wired-AND signalinterrupt

Userlinterrupt 9 (lowest) 0x24 Software generated user interrupt

The IVT entriesshould be populated witB2-bit relative branch instructi@nthat point tothe
appropriate interrupt handlershe Interrupt Controller usdke following registers to manage
interruptsand exceptions, providing full support for nested interrupitse priority level of the
interrupt matches the actudlit position within theseegisters. For example, the sync interrupt
with priority is mappedo bit Oand the DMAO nterruptis mapped to bit & the ILAT register.
The IRET register is a 32 bit register while the ILAMASK, and IPEND are 10 bit registers.
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782 Gl obal l ntbérer (B DgDi s a

Bit [ 19TAdfB8tghiess ewused to globally enable or di
the core program fIl ow. Il nterrupts aregrdaimsabl e
executes a GInD eiamr setptescatigilaoenn. by executing an R
The gl olpal einmtbdrer i tanedesuroegxr tfhuatcts anal ity a
can be d,orneeg as @fl €lsy of hi gher prioritAllinter
interruginabtaend bed di sabled from software usi
GID instruction sets the gl obal interrupt di s

same bit. Alternatively, individu&lK irretgersrnept

783 Usdrmterrupts

| ndi vi dual i nterrupts within the | LAT registe
the 1T LATST and | LATCL regi stSoafst wasriengi nttheer r M@
used to degrade, idhreabinawr power ptiyoi ntrrupts
more qgqlEorckeyampl e, an interrupt handl er for t
register to fortclee al cwd gt, i ptthicuosr iwtdyl odweivndgh ei nt er

DMAiIi ntetoumte serviced. | f t he | nhteirmeurp t p rhiaonrdi
handl er throughout the processingdunthen tthlree tD
interrupt had finished all the processing.

The receodnmehdldamdl nhgevapts i nssobt wasree t he i

registration probes&pppbamgedinbinta oawlglh itnt er ru
handling can be done usHonrg maraendadetda il spr opglrea
Epi pp®Kyreference manual
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784 | nterrupt Latency

To minimize interrupt | atency, two requiremen:

T

The stack shoolndeimo&lypl asadibieddave and restor e

I f the stack i s pl acedceisre exatrararbd le smemarl yd, tl;
clock cycl es.

T Loads fromoekhernabreemory bBhbobetduptesmanemdt
dur i ng sHicgibil éoladst rates the effect of extern
|l atency.

Fi gurée | nt eataeapty Dependency On External R ¢
clk

read from external _/—\——(;(\——_\ (»(\

data returns i,(u, %‘———b/_\
interrupt (,(., iy i (,(., \

interrupt seniced W W kV—\_

3 T I N Y o (N S IO N O S Y S O S A

6 6
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79 Har dware (LABR®S

The Epiphany core supports zero overhead | oop
address), and LE (loop end addressaytrbgisters
correctly programmed bef or eVhexe d htei mpg otgh e nc rcio
(PC) matches the value in LE and the LC is gr
LSThe LC register decrementgramtomaaedeclhét ycempg
iteration of the code | oop defined by LS and

The Epiphany hardware | oop does place certain
T Al interrupts must be disabled while insi
T The st ar tmuabfte tahlen gaoceodpo ob|l e .word boundary
T Therexdast instructomna muesublbe. worn dgnkeaundar
1T Al instrucsebnasi B2thet|l bpoptswuéi xons usin
T The minimum | oop |l ength is 8 instructions.

Exampl e

mov rl, %low(loop__ start);
movt rl, %high(loop_start);
movts Is, rl; //setting loop start address

mov rl, %low(loop_end);
movt rl, %high(loop_end);

movts le, r1; /Isetting loop end address

mov rl, #0x10;

movts Ic, rl; /[setting loop count

gid; /[disabling interrupts
.balignw 8,0x01a2; /falign to 8 - byte boundary
loop_start:

add.l r1, r1, rO; /I first instruction in loop

add.l r2, r2, rO; /1 0.1 0 forces 32 bit i nstruct.

add.l r3, r3, r0;

add.l r4, r4, rO;

add.l r5, r5, rO;

add.l r6, r6, r0;
.bal ignw 8,0x01a2; /falign to 8 - byte boundary

add.l r7, r7, rO;
loop_end:

add.l r8, r8, r0; /Nlast instruction

gie; /lenabling interrupts
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7.10Debug

Uni t

Theebug uBptphanyheore s uppargtgs ntgh & efad lulr ewi: n g
T Halting @nodpreesdamioms by writing to the DEB
processor or from another Epiphany core.
f Monitoring the status of the by reading fr
T Halting the locally running programnlgy i nc
executed.

T Halting the locally running program and al
MBKPT instruction in the code being execut
T Single stepping code through a software i m
i mpl ementati on)
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8 Di

81 Overvi
Each
eMesh neEbh@&®MAkengi ne
t r anosnféedo idto U Bvor d

rect Memor( Y MARQC

ew

wor ks

per cl ock

E ppir pohcaensyscoorn t naD Bhds ean gfi @i dtaot @t mov e ment

at

eSS

acr
t he CPadlmed cd aorc k

cycldat aenalhishmegr a

8GB/ §3aPMA engi ngehaagsualpwwsaennel s, with separate
source and destination.
Thmaifreat ur BMAoénghee ar e:
T Two peanmndewWwAt chanpebsepeor node
1T Semdare specifidadtiiomatoifors cauddredss configurat.i
1T 2DMA operation
T Fl exible stride sizes
T DMA descriptor chaining
T Hardwateftaggsng t sylsdceasl CPU sub
The fotabwengbolwsnd of trampsfoers 6§D WMpgnogditereed by
Tab2® DMA Transfer Types
Sour Destin Functi on
Local ExternData reaed offrdrheorf our | ocal m €
Me mor Memor yt he eMesh network as a write
ExterLocal Read request sent to the eMes
Me mor Memor yan interrupt i ndi cattriaonns axhteino
(bl ocking DMA) or i f the DMA
read reqguest goes oubloonkihgeg
Aut odLocal Write from external master. T
Regi sMemoryi n garoawe
ExterExternRead transaction sent to the
Me mor Memor yanything because read transac
destinations residing outside
to makenagurtéhe memory support
mode needed to route the dat a
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ThBPMA engine has two complete data transfer

master as well lasaasbbhaeecda¥igeration, t he
controll ed by lawnn ae xmaesrtnearl] Gdadsftipegra hasi @ant rtames a
cl ockiffchyeclreecessary memory and interface resolt

T I'n theRMAGIAEEMA gener ates a complete transfer
a destination address.
T I'n the SLAVE mode, DMAecsoflii gar afliimedatsa figaaor

always tabMAXAUTOt elegarsd transferredhtto the
pace of the transaction is driven Ky another

device, a pr,ogr amdkAb leer acnanred
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82 DMADescri ptors
The format ofs DOMA dgiewecrt aiphle@elselrow.t ors shoul d

| ocal memory a-qwaod rachui sgn etides dmiuptt @r i s brought i
configuration register set when the startup b

in chaining mode and a new configuration shol

transfer.

Tab2®& DMA Descriptors

Addr addprp6 Addr ad®9p4 Addr @adBpr2 Addr @dDy

STRI-DENERT STRI-DENEBRC NXT _PTR DMACONFI ¢

STRI-OBTEIRST STRI-OBT ERRC CNIOUTER CNT NNER

DST ADDRHB DST ADDRE®S) SRC ADDRHB SRC ADDRES

83 DMAChannel Arbitration
The OMY channels have a fixed prioriyyovwith <c

chaninel

84 DMA Usage Restrictions

The DMA does not fl aguehrass mhsahtcgnedchacaosa
|l ocati on access. Such scenarios wil/l cause un

result innaedomg dro oblki peset.
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85 DMA Tr absdmpgl e
The following example shows

transferdow#betdriasmsih e v lsuds elde

transfer s.

MO R1, 0x8 :
MOVTR1, 1D DESCR ;
MOVTS DMAOCONFIG,R1 ;

_1D_DESCR

set the startup bit

put descriptor pointer in the upper
start a DMA transfer by writing to the
DMA config register

.word 0x00000003; configure in master mode and enable

. word 0x00010001; increment src/dst address by
. word 0x00010008; transfer has

. word 0x00000000; outer loop stride not used in this example

. word 0x00002000; set source address to 0x2000,

. word 0x92000000; set destination address to an external address

idwc kfoeffoaama k e e

but

i n t his case

16 bits

1 byte each transaction
8 transactions in a single inner loop

a local address
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9 Event Ti mer s

The Epiphany architectur et ismtedrpsd r tcsa na bdei sutsreidb u
refail meent s wit Hlihre tthyg es yosft éesr ecxd ntt roo Imoend ttolrr ou
CONFI G register

T Cl e nepruarl pcd seecykecloau nCtaenr .be used torméaser €unic ne
execut ifoorretaili oneeer at i ng fsaogpanm e met, heamdpur poses.
T IdiCeunts the numbenrt ofachldobcek ucsyecdl etso sbpael anc e

di ffer@ant

| ALU validCopostsutbheonsmber of | ALU instruct

FPU valid Cosntruacthensumber of FPU instruct.

T Duaslsuies i nGdurmteduimdhes e vl t iy s swtor us s ued s
simultaneousl| y.

= =

1T Elst alClouint s the number of pipeline stalls due

T RA stCalulng:ss al l regi ster dependency pipeline

T Fetch cont@muntosn tshealdwnmbea tod-bmehmadrtyonoty eheso
t hper oces san nbbpedeused to uncover 1issues with p

T Ext f etCohu nsttsa Itlhse: mcuynchl eer sotfa | cllso sdkugeu etnoc etrh e pr
wai tinigngortuoatrieothur n nfermp@aex ber wmadled to uncov

the cadmumnmiang from extelromam&lmmeymory instead
T Ext datCaumnttal Itsh:e nAcuynehl eer sotfa lcllso cdkuaec cteos sai g ad
external memory amfans tbad lwisnecgo vitehre apri epaesl eionfe .t h
accessing variabl es f rl ommadnxotreyr.nal memory i ns
1 Mesh tQoaufnftisc:wait or access events on the | o
monitor event selection is progerraasmmed throug

The CTI MERO register c¢bhevadmts eiemDdhuwmrageistttoay a
coudown from a hjgHdevaémentiongeewery ti.me the
When the timer reaches zeroernthpet ciounitesued otp

cont rTdlel eerv.emddiese ttnhien CONFI G regi ster.

The CTIrMEgR1st er conval mwe o¢hetlcareedhiedies tingr n
coudown from a high value tochesen ceeme mdrst i
When the timer reaches zero, the counter stop

cont rTdlel eerv.emddiese ttnhien CONFI G regi ster.
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10 Memory Pr ot e(ctABS) Uni t

ThMemory Pr otadd toiventwdmesirppeci fy parts or all of
only memory. The 32KB | ocal memory is split i
readl vy. If a write is attempted to a page tha
exceptiion bhe | LAT register is set. The MEMPR(

program faults related to stack overflow and
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AppendilxsAruction Set Referenc

The foll owing section conpiapmanynl msdphadbdbteit o a:
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ADD
Descripti

Synt ax:

<RD>
<RN>
< RM>

®he ADD instructionvaldde @RN) nwiegler &
integer ( OP2)whnidc h c mme dieataen val ue (S
SI MM11) or register value (RM).

ADD <RD>, <RN>, <RM>
ADD <RBNpy, <#351 MM
ADD <RD>, <RINI>, #SI| MM

Destina register
Firsrtanodper egi ster
Seconrdamdger egi ster

<S| MM3SPMThee or eleven bit signed i mmedi at e

FIl ags Upd

Operati on

Exampl e:

ANe#8l ag
AZ Fl ag
AV Fl ag
AC Fl ag

RD RN + 2x<OP

AN= R3DI

AC= CARRY OUT

i fRD({ 3£=00] { AZ=1 }}else { AZ=0

i fRD[(31] & ~RM[31JRB[ 3IRN[&&IRM[)3)L] & F

{OV %}
el sg O0=
AVS = AVS | AV

ADD R2,R1, #2 ;
ADD R2, R1,# - 100 ;
ADDR1,R1,R3 ;

76
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AND

Descripti

Synt ax:

<RD?>
< RN>
<RM>

FIl ags Upd

Operation

Exampl e:

®me AND instructibohelmdgeicmal t §giiAtND s

t hoeperand in register

AND <RD>, <RN>, <RM>

Detsi nati on register
Fioperand register
Secdonoperand register

ANe 8!l ag

AZ FIl ag

AV FIl ag

AC Fl ag

RD = RN & RM
AN = 3RDJ[

AV 0=

AC = 0

RM and pl aces

IfF(RD[ 3%00] { AZ=1 }} el se {

AND R2,R1,R0O ;

AZ=0
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ASR

Desciramp:it The ASR instruction performers an @
operand based onOfPRai §hibi ti nmmaddigantedd P
val uenumrsi gned s hinfetd waé ltfdiernsctom® aibi t s
operand r@pgpest ens ueRxiM. einsd elxii tgursRTpgd 1] .

result is placed in register RD.

Synt ax: ASR <RD>, <RN>, <RM>
ASR <RD>, <RN>, #I MM

<RD> Detsi nati on register

<RN> Fioperand register

<RM> Secompérand register

<1 NVBM Fibet unsigned i mmediate value

Flgs UpdatieN:Fl ag

AZ FIl ag
AV FIl ag
AC Fl ag

Operati onRD RN>>» <20OP
AN = 3RD]
AV 0=
AC 0=
i fRD[ 3¥E00] { AZ=1 }} else { AZ=0

Exampl e: ASR RO,R1,R2;
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B<COND>

Descripti

Synt ax:

<COND>

<SI| &M

<SI|I MM

FIl ags Upd

Operation

Exampl e

®he branch instruca itoanr gceatu saedd rae sbhsr abr
eval uat i oonne of 16 . Tbhadiitnisotnr ucbden
conditional and unconditional branch
to the current val. Akl obramehes ogramr

respeetctior éeéht program counter.

B<COND> <S| MMS8 >
B<COND> <SI| MM2 4 >

One S5eafondi ti ons to evaluat{érheftblde pe
Thal | owed brancBE®g BNEpdB&TarBGTE,

BLTE, BLT, BLTU, BLTEU, BNGH,U, BBESLTTE U, B E
BBLTHEor a further descrsi pteéfoemr off otthlee
condinhsBbnuction s.é&nh empmyry i eéeédtirerd e

unconditional branch.

A signed i mmediate value tteo abemeavdded
instructi ol hfeetvah uaedd rs8@$xsiagnnd elxetfetnded
shiftlbdt bpef ore being added to the P

A signed i mmediate value to be added
new instruct.Tohhre et csle gand heagsdded t o
| eft shbiiftt ebde fboyr e being added to the

Abnad:

|l FPassed) <COND>)) then
PC = PC +(SignExtend(SI MM) <<1)

_inf: MOV RO,#10 ; loop 10 times
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_loopA ADD R1,R1#1 ; some o peration
SUB RO,RO,#1 ; decrement loop counter

BEQ _loopA ; branch while true
B _inf ; keep executing forever
BL
Descriptid®d®he branch instruction causes the u|]
regi ster foll owed .Dlyeralmbhamsch rted ati
respect tprbobeamucoaenter.
Synt ax: BL <S8&MM
BL <S2aM
<SI| &M A signed i mmediate value to be added
instructi ol hfeetvahl ueddrs8$®didn aenxdt d edad
shiftlbdt bpef ore being added to the P
<SI| MM A signed i mmediate value to be added

new instruct.iTore val el adcddeigsn aexdt end
| eft shbiiftt ebde fboyr e being added to the

FIl ags Updidbad:

OperationLR=next PC,;
PC = PC +(SignExtend(SI MM) <<1)

Exampl e BL _ MY_FUNC; save PC to LR and jump to _MY_FUNC
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BI TR

Descripti

Synt ax:

<RD?>
< RN>

FIl ags Upd

Operation

Exampl e

®he BI TR instruction reverses the or
LSB becoMtB anhde blee oMEB t he pl 3R,eset c
the result in register RD.

Bl TRRDx RN>

Destdmartegi ster
First operand register

ANe#8l ag

AZ Fl ag

AV Fl ag

AC Fl ag

for(i=0;i<32;i=i+1){
RD[ i ]3RN][

}

if (RD[31:0]==0) { AZ=1 } else { AZ=1

AN = R3O

AV =0

AC=0

MOV RO,%low(x87654321) ;
MOV RO0,%high(x87654321 ) ;
BITRRO,RO ;RO gets 0x84C2A6B1

81
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BKPT

Descriptidhe BKPTomnstaugaesi
inpdthe. i nstruction
GDB and should not
only for the purpose

Synt ax:

BKPT

t he

S
be

processor to
only be wused
user softwar e

of reference.
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EOR

DescptionThe EOR i nst rXuCRtihen mthbegrac alelgy st er
RM and

operand in register
Synt ax: EOR <RD>, <RN>, <RM>
<RD> Detsi nati on register
<RN> Fioperand register
<RM> Second ogpiesrtaenrd r e

FIl ags UpdANe#&l! ag

AZ FIl ag

AV FIl ag

AC FIl ag
OperationRD = RN ~ RM

AN = RO

AV =0

AC= 0

if BRD®MF { 1AZel s@& { AZ=

Exampl e: EOR R2,R0O,R1 X

pl aces

t

RN
h
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FABS

Descriptid®dhe FABS instruecta®solgual nlebd aptbe gagt t h
val ureeginst er val ue R&s wmintd iam.drhged iactees
operati onf lupaptoitiaergti tthhneet i ¢ f | ags.

Synt ax: FABS <RD>, <RN>.
<RD> Destination register.
<RN> First operand register

Flgs UpdatiBN:Fl ag

BZ FIl ag

BV FIl ag

Bl SFI ag

BUSFI ag

BVSFI ag
OperationRD = abs(RN)

N=R3DI

i f B@RDEFr { 1BZel s€ { BzZ-=

i f (UnbiasedERQPpPonlhnvie(l RO {> BV=

i fnb(ithsedExpobh2)r BBPFekse { BUS=BUS}
if (RM or RN H= eNsN) {{ BRISSE=RBI| S}

BVS = BVS | BV;

Exampl e: FABS R2,R1;
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FADD

Descriptidhe FADD i nstr u-btftloongpt@icogpe r awds 3R ogel
and places the r.€seuldpernatai otnhiurpdd arteeg:
point arithmetic fl ags.

Synt ax: FADD <RD>, <RN>, <RM>
<RD> Destination register
<RN> Firsandopeegi st er

<RM> Seconrdamdger egi ster

FIl ags UpdBNe#l!l ag

BZ FIl ag
BV FIl ag
Bl SFI ag
BUSFI ag
BVSFI ag

Operati onRD=RN + RM
B N= R3O
i f BRDEFr { 1BZel s€ { BZ-=
i f (UnbiasedEQpomBelidVeRBW £ BV=
if (UbiasedEXkP®O {e BiUSRIDI e <{ BUS=BUS}
if (RM or RN NAN)I §} Bl S=1 } el se
BVS = BVS | BV;

Exampl e: FADD R2,R 2,R0;

85 Copyri ghtAa0Opt8eva. Al ri gmESL 4r.e@3er v ed



FI X

Descripti

Sy mnxt:a

<RD>
<RN>

FIl ags Upd

Operation

Exampl e:

®hese FI X instrfucotaptailRigic @mpwee ratAs ttt loe a
fixednt signed intewemtr epwlrtandThe f
truncated. The gesuet RB. prheatbué&rtlh si nap
f | o aptoii nngt al | ones essbts, Al iwnmmpder
zero or denor mal , rlett ua Inw azyesr or. e tQuvrenrs
satur atlexd7 FFreFSRUAHRR ifvoer, paonsd MexBadt0iOveD.0 0

FI X <RD>, <RN>

Resul t orregiosntveerr tfed fi xed point resul
FIl oagdiomgter and register to convert.

BNe#&!l ag
BZ FIl ag
BV FIl ag
Bl SFI ag
BUSFI ag
BVSFI ag

RD = fix(RN)

N= R3DI

i f BRDEFr { 1BZel s € { BzZ-=

i f (UnbiasedERQPonlhnvie(l RO {> BV=

if (UbiasedEXkP®O {e BiUSRIDI e <{ BUS=BUS}
if (RM or RN B= eNAN) {{ BRISS=BI S}

BVS = BVS | BV;

FIX R2,R1;

86
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FLOAT

Descripti

Synt ax:

<RD>
<RN>

FIl ags Upd

Operation

Exampl e:

®he FLOAT instructdiponsitcompweeratndt hea
f 1l oaptoiinngg. Thes @l nhal resul t.Riosungli amge d si
to nearest (| EEE) -babto bryd arryu,n caast i doenf, i |
rounding mowenhs ONenfi-hiteyw rugnsdeeirnffd o w
returns Nzero.

FLOAT <RD>, <RN>

Result register for converted fixed
FIl oagdiompgter and register to convert.

BNe#&8!l ag
BZ FIl ag
BV FIl ag
BI SFI ag
BUSFI ag
BVSFI ag

RD = float ( RN)

N=R3DI

i f B@DEFr { 1BZel s€ { BzZ=

i f (UnbiasedER)DPonlhnvie(l RDE {> BV-=

i f (Ubi asedEXxP® e BUSRIDI e <{ BUS=BUS}
if (RM or RNBHES==eNAsN) { Bl S=BI S}

BVS = BVS | BV,

FLOAT R2,R 1;
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FMADD

Descripti

Synt ax:

<RD?>
<RN>
<RM>

FIl ags Upd

Operation

Exampl e:

FMUL

®he FMADD instrudtio@ioiimgtbt s per esabuoe
with afbeeondgtgi ster value (RN), add:
regi stred (RDi)t as a@&msdlpl acne g efgéd sa teiromRD
updatfelso dptloieargti t hmet i ¢ f | ags.

FMADD <RD>, <RN>, <RM>;
Accumul ation register for fused mul't

First operand register
Seconddopegiast er

BNe#&!l ag
BZ FIl ag
BV FIl ag
Bl SFI ag
BUSFI ag
BVSFI ag

RD = RD 4+ RN * RM

N= R3DY

i f B3QDEF { 1BZel s€ { BZ=

i f (UnbiasedERQPpPonlhnvie(l RO {> BV=

i T ( WEbxipaosneedn t1(2R®D{Y) BUSe=l se { BUS=BUS}
if (RM or RN EH= eNAsN) {{ BRISSSBI S}

BVS = BVS | BV;

FMADD R,R1,RO0
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Descripti

Synt ax:

<RD?>
<RN>
<RM>

FI agdatUpd

Operati on

Exampl e:

®he FMUL instrucftli maptoimogigtiisptlieire sv ad nuee
with afleamwnmhetgi ster) vandiepl(aRlNes t he
regi sfTée BPer at ifolno aptpidadi & sh ntentda ¢ f | ag

FMUL <RD>, <RN>, <RM>;
Destination register

First operand register
Second operand register

BN FIl ag
BZ FIl ag
BV FIl ag
BI SFI ag
BUSFI ag
BVSFI ag

RD=RN * RM

N=R3DI

i f BRDEFr { 1BZel s € { Bz=

if (UnbiasedEQPpP onipnvie(l RO} {> BV=

if (UbiasedEkxpdnehiB&®R®OIE <{ BUS=BUS}
if (RM or RN BH= eNfAsN) {{ BRISS=BI S}

BVS = BVS | BV,

FMUL R2,R1,RO0;
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FMSUB

Descriptidhe FSUB i nst r ucftliooagptoiimuetigti isgleire svad ue
with afbeeuonmdgtgi st er,swaltueactRBRXN))me r e
athird registamdRD) azred wihiet s ul t [
operati onf lupaptoitiaergi tthhneet i ¢ f | ags.

Synt ax: FMSUB <RD>, <RN>, <RM>
<RD> Accumul ation register for fused mul't
<R N > First operand register
<RM> Second operand register

FIl ags UpdBNe#&l ag

BZ FIl ag

BV FIl ag

BI SFI ag

BUSFI ag

BVSFI ag
OperationRD =-FRN * RM

N= R3DOY

i f B@DEFr { 1BZel s€ { BzZ=

if (Unbi aGROERXP o[{nlhnvtel s & { BV=

i f (Ubi asedEXxP® e BUSRIDI e <{ BUS=BUS}
if (RM or RN BH= eNfAsN) {{ BRISS=BI S}

BVS = BVS | BV,

Exampl e: FMSUB R,R1,RO0;
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FSUB

Descriptid®dhe FSUB instrucftliooaptoiisnglgt saetrs vanh e e
from anot pernfl| oa&tgi sagnaer pJv alcieess( RN)e r
third destination remgdastées OBpbopimgt The
arithmetic fl ags.

Synt ax: FSUB <RD>, <RN>, <RM>
<RD> Destination register
<RN First operand register
<RM> Second operand register

FIl ags UpdBNe#&l ag

BZ FIl ag
BV FIl ag
BI SFI ag
BUSFI ag
BVSFI ag

Operati onRD=RRM
B N=R3DY
i f B@DEFr { 1BZel s€ { BzZ=
i f (Unbi asedBExyponlhnvie(l RDE {> BlV =
i f (Ubi asedEXxP® e BUSRIDI e <{ BUS=BUS}
if (RM or RN BH= eNfAsN) {{ BRISS=BI S}
BVS = BVS | BV,

Exampl e: FSUB R2,R 1,R0;
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Gl D

Descripti®nhnsables all i1interrupts

Synt ax: Gl D

FIl ags Updadbad:

Operati onSTATUSYH

Exampl e: GID X
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Gl E

Descripti&nables all interrupts in | LAT regis
the | MASK register.

Synt ax: Gl E

FIl ags Updidbad:

Operati onSTATUWSHO

Exampl e: GIE ;
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I ADD

Descriptidhe | ADD instB8ihati asn gackdls itnweger ope
and places the rklaldpéarmatai drhiupdatees
secondary status fl ags.

Synt ax: IADD <RD>, <RN>, <RM>
<RD> Destination register
<RN> First operand register
<RM> Second operand register

FI algpsd at edBN FIl ag
BZ FIl ag

Operati onRD=RN + RM
B N=R3DU
i f BRDEFr { 1BZel s € { BzZ=

Exampl e: IADDR2,R 2,R 0;
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I MADD

Descriptid®dhe | MADD i ntsitprluicetsi oonn emaigjii gri eed ivratl eige
with assgnend integer register value (R
third register(RD) and writes and pl ace
operation updates thegsecondary arithme

Synt ax: | MADD <RD>, <RN>, <RM>;
<RD> Accumul ation register for fused mul't
<RN> First operand register
<RM> Second operand register

FI algpsd at edBN FIl ag

BZ FIl ag
OperationRD = RD + RN * RM
N= R3DOY

i f 8@D®r { 1BZel s€ { BzZ=

Exampl e: IMADDR2,R 1,R O
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| MSUB

Descriptidhe
wi t h
tihr d

operation

| MSUB i

nstruct.i

on

asbgneddi nteger
regi sterandRDp) acrecs wrhiet axsul t i n

Synt ax: | MSUB <RD>,
<RD> Accumul at i
<RN> First

<RM> Second

FIl alppsd at edBN FI ag
BZ FIl ag

oper and

updates t

he

mul tiplies

register value

secondary

<RN>, <RM>

on regi st
o pteerrand regi s

OperationRD =-FRN * RM
N= R3DOY
i f BRDEFr { 1BZel s €& {

Exampl e: IMS UB2, R,LRO;R

er

for fused

regi ster

BZ-=
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I MUL

Descriptidhe | MUL
with a se
regi stTae

Synt ax: | MUL <RD>
<RD> Destinaer
<RN> First ope
<RM> Second op

FI algpsd at edBN FIl ag
BZ FIl ag

i nstguecrne oni gnue d iiphntieger r e
cond signed integer

BPerati on

regi ste

updates the secon

. <RN>, <RM>:

on regi st

rand register

erand register

Operati onRD=RN * RM

N= R3DL
i f B3RDMF { 1BZel s € { BzZ-=
Exampl e: IMUL R2, R1, RO;
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I SUB

Descriptidohe iS5 WBructiosi gnbtreaegt sglemM)yval ue

f r om asn ogtnheedr

i nt e g(eRN)r eagni ds tpelra cveasl uteh e

third dest(R®)i omheegpsetati on update

arithmetic st

Synt ax: | SWBRD>, <RN>
<RD> Destination r
<RN> First operand
<RM> Second operan

FIl alppsd at edBN FI ag
BZ FIl ag

Operati onRD=RRM
B N=R3DY
i f BRDEF { 1BZ

Exampl e: ISUB R2, R1, RO;

atus fl ags.
, <RM>
egister

regi ster
d register

el s { BzZ=
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| DL E

Descriptid®dhe i nstruction pl aclelse thce dcsoar iea li bno &
mor e i nsatrreudtetemed until an interrup
Synt ax: | DL E

FIl ags Updidbad:

Operati onSTATUOS
whil AT
PCERC;
}

Exampl e: IDLE ;
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JALR

Descripti

Synt ax:

<RN>

FIl ags Upd

Operati on

Exampl e:

Ohe reagildsbhkr jump instruction causes
absolute addreBasf caoeatjaumgidng nt &®knt he
the next PC is saved@dheni n $adrl doowrsik of mo e (
efficient support for subroutines ar
supported by the instruction set arc

JALR <RN>

Register with absokgtetaddress to ju
Abad:

LR = PC;

PG RN;

MOV RO, # labA :move label into register
JALR RO ; save PC in LR and jump to labA
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JR

Descriptidhe register jump instruction causes
address i nThiesgiasltleawsRNf or spumpiong edo
by the instruction set architecture

Synt ax: JR <RN>;

<RN> Any on@emfpruahpecesge st er s .

FIl ags Updadbad:

FIl ags Updadbad:

OperationPC = RN;

Exampl e: MOV RO,#_labA :move label into register
JR RO; Jjump to _lab A
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LDR (DI SPLACEMENT)

Descripti

Synt ax:

<sijize>

<RD?>

<RN>

<1 MM | IMEM
t o
amo
ext

<->

FIl ags Upd

Operation

Exampl e:

Ohe displacement madles DR aitm@as @hmrwaam ino
gene@rualpoesge st.Ehe (MR@Nodrryess i s btake sum
register value (RN) alnhde ama s ennrealg iast tee
modi fied by tHehel aanstompenratoinomsuppor:t
short, word, amdi sd o kel ea | d aganeecdo rDdxait rage 1
t © hsei ze ofFdrheddhatiaadls , oRDrgi sg en

be used.

LDR<si ze>RNRD># 8f]kMM
LDR<si ze> <RDx| MMIRN>, #+/

Byt eda)f,(HWord(), or Doubl e(D)
Destination register for the data | o
Register containing the base address

An gmeid 3 or 11 Bilt 2a ldweefsosrhei fbteei dn gb yu
compute the addr esTsheofs htihfet ilnogad st or
unt depends on the sli a¢lowst herdat a
endraggehef the. i mmediate value

Thén fopti on s pienemedieadt e hvassl biehrea b b a b d
from the Hhoses apdliwnavasilbble for th
bit i mmediate values instruction.

Abad:

addressEMRN I+dg 2i(ns_ibzigt s/ 8) )
RD=memory|[ addr ess] ;

LDRB R31, [R2] ;loads  byte
LDR RO, [R2,#1] ;loads  word
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LDR (| NDEX)

Descripti

Synt ax:
<size>
<RD>
<RN>

<RM>

<->

FIl ags Upd

Operation

Exampl e:

®he index mode LDR | oadgse ndpauadp ofsreom
regi st.ghe( RPmory address riegisher s mRI
and an i ndexThreeghiassteerr e(gRM)t er i s not
oper.altheni nstruction supportsandoadin
doubl e dat a. Data must be aligned in
data@ar doubdse, danlay | @wmaen RD registers

LDR<si ze> <RBESRM>]<RN>, +/

Byt eHd&B)f,( HWord(), or Doubl e( D)

Destinatifom té&dgi ssbed | oaded from mem
Register contdresnagfbobheitcddmskoad i nst
Register containion@dtdhe oi nndhex bader ad

Thén fopti on sprede X i esegoitusl adé rbteh e |
subtracted from the base address.

Abad:

addressRMRN +/
RD=me mo reys[sa ddr

LDRB R31, [R2,R1] ;loads  byte
LDR RO, [R2,R1] ;loads  word
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LDR ( POSTMODI FY)

Descripti

Synt ax:
<si ze>
<RD?>
< RN>
<RM>

<->

FIl ags Upd

Operation

Exampl e:

®he mpodsitfy mode LDR | oads data from
regi st.@€he( RBmory address wused is the
(RN). After flroeamdi mgmdrhy,erdealy gRiNg s @ sv a |
updated mwiaoafh the ismand atlh e aisned evxa | weel u
The i o8t rrswetpiorts bbadtnpngwofdbyaesd d
Dat a naulsitgnbeed | or chetmgrtyhecsi z&omwof t h
doubl e datal yoaden bReD useegd.st er s can

LDR<s&RB>, [ <RRM}, +/

Byte(Bl)dIl,f Wdrd(), or Doubl e(D)

Destination register for the word | o
Redies containing the base address fo
Register containing the index addres

Thén fiopti on speci fi esdotud alt btehe i ndex
subtracted from the base address.

Abead:
address= RN;

RD=memory|[ address];
RN=RNRM/

LDRS R31, [R2],R1 ;loads short , updates R2
LDRD RO, [R2],R1 ;loads  double, updates R2
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LDR (DI SPLAEREMEMODI FY)

Descripti

Synt ax:
<size>
<RD>

<RN>
<! MMk

FIl ags Upd

Operation

Exampl e:

Ohe -poditfy mode LDBball oavded fwaoom™ mer

generualproesgei st.@ he ( RBapdodrryess used i s tl

the base register (RN). Afbasgsal oadin
S

register (RN) updated with the su
andimmedi ate i ndeXhesailmuset r(dtvdvEHdi)ngup
of byt e, short,awobat a amustthelm® g id@H
according to t. Roer sdozueb | oef dtehwee nd alt&xd s ,
registers can be wused.

LDR<s & kRB><,RN[>]-g| Mt

Byte(Bl)gl,f Werd(), or Doubl e(D)
Destination register for the data | o
Register containing the base address

An unsigned 11 Obli,t 2vidibsifeorsd i lf ¢ iemlg bys ¢

to compute the addr esTsheofs htihfet ilnoga da | sl

for extending the r.d@mege vafl utehe si mdacae
t o

value of <RN> form the address in
| oade
ThéA fiopti on specified that the index

subtracted from the base address.

Abad:

address= RN;
RD=memory|[ addr ess] ;
RN=RNI MMXI{ | og2(size_in_bits/ 8))

LDRS R31,[R2],# 1 ;| oads short , updates R2
LDRD RO,[R2],# 4 ;loads  double, updates R2
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LSL

Descripti

Synt ax:

<RD>
<RN>
<RM>
<1 MM

FIl ags Upd

Operation

Exampl e:

Ohe iLbdtructs oa peditodlmfdsh ofbasheed RN
on the shifGQP2valsuea (50PRi)t wunsingned i
unsi gned csohntfai nveadifeivei thi % birtegi st eop
RMZeros fill the bit positions vacat
is placed in register RD.

LSL <RD>, <RN>, <RM>
LSL <RD>, <RN>, #I| MM

Destination register

Fi rper aond regi ster

Second operand register

Five Dbit unsigned i mmediate value

ANed:
AZ
AV
AC

RD= RN <& <OP

AN= R3D

AV=0

AC=0

i f BRD®F { 1AZel s €& { AZ-=

LSL RO,R1,RZ2 ;
LSL RO,R1,#3 ;
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LSR

Descriptidhe LSR instructioht pergbtmofathegiR
based on the.GmMm2 fits val3uebi(tOPRsi gned
a unsigned shift tWeailruet ch nlretga sd fe wo p
RMZeros fill the bit positions vacat
is placed in register RD.

Synt ax: LSR <RD>, <RN>, <RM>
LSR <RD>, <RN>, #I| MM

<RD> Destination register

<RN> First operand register

<RM> Second operand register

<1 NVBM Five bit unsigned i mmediate value

FIl ags UpdANed:
AZ
AV
AC

Operati onRD= RN >2 <OP
AN= R3DY
AV=0
AC=0
i f BRDfFr { 1AZel s€ { AZ=

Exampl e: LSR RO,R1,R2 ;
LSR RO,R1,#3 ;
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MBKPTLABS)

Desconpti The MBKPT instruction sends &athalt s
all ows all cores to stop at approxim
mul ti cor e c¢ odeT hdee bpurgogpi angga tei aosni eorf. t he
across thbl ekpycasrthe ng the appropr
MESHCONIFd @i st er .

Synt ax: MBKPT

FIl algpsd at edNone

OperationHalts all coresews tDEBU &HEAAGUER) U p
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MOW COND>

Descriptid®dhe MOV instructiorhe coodi énosnalofy tad
register (RN) i nto thhke desrndintaitomncaoa
the same as those of thaA NOYdwiibaoat
any condition field moves register |
statef lodgds.he

Synt ax: MOV <c onRID> , <RN>

<cond> One of the 165Lecgoanldictoinodni tcioodnescodes i n
EQ, NE, GT, GTETEUTBTULT,GTIEUW, BEQ, B
BLT, BUTEo argument is specified, th

<RD> Destiiomagi st er

<RN> Source register for move operation.

FIl ags Updidbad:

Operationl FPassed) <COND>)) then
RD = RN

Exampl e: MOVEQ R2,RO ;copiesR 0 toR 2 ifthe EQ
MOV R3,R1 ;copiesR 1 toR 3
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MOV (| MMEDI ATE)

Descriptid®dhe MOV i mmstrateiomsicpmedcdsi mmedi at e
in the destination register (RD).

Synt ax: MOV <RD>,8#<I| MM
MOV <RD>,16<I| MM

<RD> Destination register for move operat
< | MM AnmfBBit unsigned i mmediate value.
< | MIM& A 1B6 t unanmerde dat e val ue.

FIl ags Updadbad:
Operati onRD=<i mm>

Exampl e: MOV R, #25 ; Sets RO to 25
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MOVT (1 MMEDI ATE)

Descriptidhe MOWMmedi at e

I nstums ¢ gine o

conpnieel s ad e

in the destination register (RD).
Synt ax: MOV T < RDI>MIVE#
<RD> Destination register for move operat
< | MVB Al@Bit unsigned i mmedi ate value.
FIl ags Updadbad:

Operati onRD=Rd(|{ swlingn 4%

Exampl e: MOV RO0,%Ilow(0x90000000)

MOVT RQ %high(0x90000000)

; sets all 32 bits
;setsupp er16 - bits
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MOV EF S

Descriptid®dhe MOVFS instruatoinom c@pricd md gicob kU e
t og@an@rualpoesge st er .

Synt ax: MOVFS <BPECIAL>

<SPECPAL Speal Register to copy value from

<R D Genepruarlpose degstsitreat ifoor rmove operati

FIl ags Updidbad:

OperationRD SPECI AL

Exampl e: MOVFS R),CONFIG ; copies CONFIG value to RO
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MOVTS

Descriptid®dhe MOVTS i nstralcue afpe ocepupd peose ga su e r
file to a core control registers.

Synt ax: MOVTSPECI,AL<RN>

<SPECPAL Speal Register to copy value into
<RN> Genepruarlpsoosuer ce regi ster for move oper .

FIl ags Updadbad:

Operati onSPECI=FAIRN

Exampl e: MOVTS CONFIG,RO ;copies R 0 to CONFIG register
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NOP

Desdriom: The instruction does nothing, but ho

Synt ax: NOP

FIl ags Updadbad:

OperationNone

Exampl e: NOP X
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ORR

Descriptidhe ORR instructienahogioaalrleygi ster t|

operand in rmpeé@icetsernr hRMramsdil t i n regi
Synt ax: ORR <RD>, <RN>, <RM>
<RD> Destination register
<RN> First operand register
<RM> Second operand register

FIl ags UpdANe#&l! ag

AZ FIl ag

AV FIl ag

AC FIl ag
OperationRD = RN | RM

AN = R3O

AV =0

AC= 0

if BRD®MF { 1AZel s@& { AZ=

Exampl e: ORRR2R1R0 ;
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RTI

Descriptidhe RTI instruction causes the addre
to the PC registeespancilrearbhiy ioh t
regiAslelet i ons are carried out as a si

Synt ax: RTI ;

FIl ags Updadbad:

Operationl PENDJ i Wher e i i's the current interr
STAT W3
PC=1 RET,;
<execute instruction at PC>

Exampl e: RTI
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RTalias instruction)

Descriptidhis 1 s an alias . Whmen rlurcanomi mfngprt o Ra
using the BL or JALRstnettuonhi ®1I€C, it
regi sdt(elrRI)R1i s used sobrewtwir wme/f fi Llmct &
progr am.

Synt ax: RTS;

FIl ags Updidbad:

OperationPC=R1

Exampl e: RTS ;
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SUB

Descriptidhe SUB instructiogisuéetraalseaif OP2
integer valueTha @feiasntderc a(nRNoe an
vale (SI MM32)1| oBI MBIgi ster value (RM).

Synt ax: SUB <RD>, <RN>, <RM>
SUB <RD>, <RBN>, #SI| MM
SUB <RD>, < RINL> #S1 MM

<RD> Destination register

<RN> First operand register

<RM> Second operand register

<SI MM S1i&MThree or genleedv einmnbeidti astie val ue.

FIl ags UpdANe#&l! ag

AZ FIl ag

AV FIl ag

AC Fl ag
OperationRD =-R0OP2>

AN=  R3DY

AC= BORROW

i f BRDfFr { 1AZel s € {

i f GURE[ 3RME 3RN]

{OV %1}

el se 0f OV=

AVS = AVS | AV
Exampl e: SUB R2,R1,R0 ;

AZ-=
|31( RD[BRME 3RN[ )
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STR (DI SPLACEMENT)

Descriptidhe displacement ndo dteo SrteRmosrtyo rferso na &
pur pose r.ediiestmermo(rRD)address is the s
value {@dRM)N ammedisadTeh ei nbdaesxe orfodtgi st e
modi fied by the storeompesuppyths, The
short, word, amdi sd o kel ea | d aganeecdo rDdxait rage 1
to the si.erofdbathad esaodoame sROPind tyeresv ¢
be used.

Synt ax: STR<si ze> <RD>, 3>[]<RN>, #+<I| MM
STR<si ze> <RD«I|, MJgqRN>, # +/

<size> Byte(B)dl,f Word(), or Doubl e(D)
<RD> Souregifotren he word store to memory.
<RN> Register contaisnifrong tihe BBa®e eaddchises u

<l MM I1IMM An unsigned 3 or 0111, ®btiotrsabeéssedédi bei
to compute theaddogte sighiewfs htihfet i ng al |
foerxtending the rangEhetealhe addedi ao
value of <RN> toemorm tbewhddheshbei w
stored.

<-> Thén Afopti on speci fi edotul adt btehe i ndex
subtracted from the base address.

FIl ags Updidbad:

OperationaddressEMRN I+dg2(si ze_in_bits/ 8))
memory|[ address] =RD;

Exampl e: STRBR31, [R2, #1] ;stores byte to addr in R 2
STR RO,[R2 , #0x4] ;stores  word to addr in R2
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STR (| NDEX)

Descripti

Synt ax:
<size>
<RD>
<RN>

<RM>

<->

FIl ags Upd

Operation

Exampl e:

®he index mode STRosyorfgem@mavposde t o
regi st eMheRDPEe mory audnd roefs sa ibsastehned esgi st
an index register. (nRoM) niohdei fh aesde brye gt

operati on. The i nstorfuclytoen, saulp@rotr,t s
doubl e dat a. Data mestorhbe ngl tognedei s
data@ar double data |l oads, only even R

STR<si ze> <RBRM>]<RN>, +/

Byte(B)I,f Wdrd(),\ or Doubl e( D)

Source register for the word stored
Regisnemnioing the base address for t
Register containing the index addres

Thén fopti on sprede X i esegoitusl adé rbteh e |
subtracted from the base address.

Abad:

addressRMRN +/

memory[address] =RD;

STRB R31, [R2 ,R1] ;stores byte to addr in R 2
STR RO,[R2 ,R1] ;stores  word to addr in R2
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STR (POSTMODI FY)

Descripti

Synt ax:
<si ze>
<RD?>
< RN>

< RM>

<->

FIl ags Upd

Operation

Exampl e:

Ohe postmodify STR instructgemérstore
purpose register (RD) .i sThteh emevmewlrwe aaod
register (RN). Afnt emme nsotroyr,i n gheey hbsatséeh ev
(RN) is wupdatedi withathbasemegalfod@d@iN
val ue .iTrh e( R M)ssturptpstril @mdi ng wofr dbytaen,d
doubl e dat a. Dana memet y b a csaibzred hoafd ttho
datta@ar doubl e ydatvae nl oRaDd sr,e@ geerdlt er s can

STR<s<RR>», [ <®RM}, +/

Byte( B3I, f (Wdr doir Doubl e(D)

Source register for the word stored
Register containing the base address
Register containing the index addres

Thén Afopti on s pierde X i esehgoitusl de rbteh e
subtracted from the base address.

Abad:
address= RN;

memory[ address] =RD;
RN=RNRM/

STRS R3L|R 2],R 1 ;stores  short toaddrin R 2
STRDRO,[R2],R 3 ;stores double to addr in R2
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STR (DI SPLAEEMEMODI FY)

Descripti

Synt ax:
<size>
<RD>

<RN>
< | MM

FIl ags Upd

Operation

Exampl e:

®he postmodify STR instructgemeralor e
purpose register (RD).i sThteh emevmeolrwe aaod
register (RN). Afnt ememotrorni ndhegibatsteh &
(RN) 1is updat ende wintiht itahl e abeadsne t defa | tu e d €
value in (I MM11). The instruction su
and doubl e datagn®&dt an mmsetimo btgh eacsioz
t he .Fort ad o ulbol aedrstl, yt @ ven RDer agiegdt er s ¢

STR<s<REB>», [ <-RNMW +/

Byte(Bl)gl,f Werd(), or Doubl e(D)
Source register for the word stored
Register containing t hwectbiacsre. addr ess

An unsigned 11 Obli,t 2v ddbiretfeso sdni lf @ iemlg bys

to compute the addr esTsheofs htihfet ilnoga da | sl

foerxtending the rangEhefvalhee i msnead ce

val u<eRNo>f to form the addhessword memet
n

Thdéd fopti o spedeé X i esehgoitusl tde rbteh e i
subtracted from the base address.

Abad:
address= RN;
memory[address] =RD;

RN=RNI M/1k< 1 og2(size_in_bits/8)):;

STRS R31, [R2]# 2 ;stores  short toaddrinR 2
STRD RO,[R2],# 1 ;stores double to addr in R2
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SYNCLABS)

Descriptidhe SYNC instruction sends anltinterrtr
all owsetondary method of syncing up
approxi mately the same time. The pro

bl ocked by setting the aRspropriate e

register.

Synt ax: SYNC

FIl ags Updidbad:

OperationSet s LtAlTd O] owfi tahliln caotrvibx® k gr oup
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TRAP

Descriptidhe TRAP instruction causes the proc
inpihe. i mmedi ate field within the in
by the batdwame be used by soofrt ware

operatihg $ysdemut the reason for th
Synt ax: TRR <I| MM5

<1 MM An unsbghedabue. The following | ist
that can be usesdrwiot hi owdhiactaTlt&APi on t o
by the operating systeaem,frdaeshduqgdru,r eo

02 =reserved

3 = program exit indicator

4 =ndi cates success, can be used to
5 = indicames eadssd@rnftail edo

6 = reserved

7 =i ni tsiyastteesm c al |

I n the case of TRAP I[7n tahisg sd & snene @ddise utgpa a ;@ d m
in R3 indicating what furthert acbdtAiragru mteemt s a k ®
system calls areRX.assed in Register RO
Functio RO R1 R2 R3
File Op: Path Name 0 0 2
File CI File Des: 0 0 3
Read File Des: Buffer IBuffer 4
Write File Des: Buffer IBuffer 5
File Lsc¢ Flie Descr File Of Whenc 6
File Unl Path Name 0 0 7
Fstat Pat h Name Status | 10
St at File Des«¢ Status | 15

FIl ags Updidbad:
Operati onHadptr ocessor ;

Exampl e: TRAPO ; Halt processor to prepare fo r write
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TESTSET

Descriptidhe TESTSET i nstruct i e rh oczidea eoso ,

conditionally writes on any

an heat

me mor y

archi tfTéhet abmes ol ute address used

be ocatedewicthhipn | tole al me mory

Ox0010TON0e0O Oi nstructi on t ensetnso rtyh el ovcaal tuie

and i f t hat value is zero,

writes

I f the value at the memorngoent ocatl oa,

t methe value regreteaernédl e€p

| ef t unmodi fi ed.

Synt ax: TESTSET RDRM] RN,

FI algpsd at edNone

Operationif (/RRNy {

RD= (FRRN+)
}

el se{

([ RMRM] ) =RD
RD=0;

}

FIl algpsd at edNone

Exampl e [*example of trying to lock on value in memory*/
_loop: MOV R2, R3 ; value to write
TESTSET R2, [RO, R1]; test -set
SUB R2, R2, #0 ; checkresul t
BNE_loo p ;  keep trying
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WANK LABS)

Descriptid®dhe WAND i nsftldauget if 8 gSeat $d hem8VABUS r
on to the nWhxetn ianlisin raocbrdevselns et t heir
respeavatnidv i tisnt drhremnp tani sWAQNeEhlea @t ed o
i nt er rTulpign sltirnuec.t i onc rceaamt b ¢ | b ¢ & dt onu | t

barriers.

Synt ax: WA N D

FIl algpsd at edNone

Operati onSTATUSHI3

Exampl e: WAND;

| DL/E* waietvefrgr c or et e xne ctuhteeg [QWAONUDP

é

/ *in 1SR, 8l ebairt *STATUS]
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Appendi x B:SefReediegtearc e

Register Summary

This appendexaicloamd ad@esceal ptitdires regi stcore wi t
archi tCoantpdredg.e 32 bit addcoemnbsien endgl e ©@ ooni stt raudcdtre
shown inwithke thel BISB aligned 12 bit core | D.

Tab2® eCore Registers

Local Regi ster Access Comment

Addr es

OxFOANORO6GRG6 3 RD/ WR Generrglospeu regi st el
Ox BB C

Ox B400 CONFI G RD/ WR Core configuration
OxB404 STATUS RD/ WR Core status

0xB408 PC RD/ WR Program counter

Ox B 400 DEBUGSTAT RD Debug status
OxB414 LC RD/ WR Hardware | oop coun
OxB418 LS RD/ WR Hardware | oop star
Ox B 4ClL LE RD/ WR Hardware | oop end
Ox B420 I RET R DWR Il nterrupt PC retur
x B424 1| MASK RD/ WR I nterrupt mask

Ox B428 | LAT RD/ WR Il nterrupt | at ch

O0x B 42 I LATST WR Alias for setting
Ox B430 | LATCL WR Alias for clearing
Ox B434 | PEND RD/ WR l nterrupts current
Ox B440 ESTATUS WR Alias for writing
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OxB448 DEBUGCMD WR

Debug

command

regi

Ox B 740 RESEODORE WR Per core software
Tab2®& Event Ti mer Registers

Addre Register Acces Comment
oxB438 CTI MERO RD/ WR Co ttirmeOr
oxB43 CTI MER1 RD/ WR Cottiemkr

Tab2® Processor Control Regi st

Addre Register Acces Comment

oxB604 MEMSTATUSRD/ WR Memory protection

0 x F0086 MEMPROTECRD/ WR Memory protection

AddresRegi ster

Tab8@ DMA Regi sters

Access Addr ess

Ox B500 DMAOCONFI RD/ WR DMAchafOomehf i gur at.i

Ox B504 DMAOSTRI CRD/ WR DMA c¢ hGsnmrelde

Ox B508 DMAOCOUNTRD/ WR DMA c¢ hGcnonuenlt

Ox B 540 DMAOSRCALCRD/ WR DMA c¢ hGsnonuerlce addr
OxB510 DMAODSTADRD/ WR DMA c¢ hGdrensetli nati on
OxB514 DMAOAUTOORD/ WR DMAchafanledve | ower
OxB518 DMAOAUTO1RD DMA c hGsnnaevle upper
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Ox B 5CL DMAOSTATURD/ WR DMA c hGsntnaetlu s

OxB520 DMA1CONFI RD/ WR DMA <c hlcnomefli gur at.i

OxB524 DMA1STRICRD/ WR DMA chlsnmrelde

OxB528 DMA1COUNTRD WR DMA c hlacnonuenlt

Ox B 52 DMA1SRCALCRD/ WR DMA ¢ hlassnonuerlce addr

Ox B530 DMA1DSTADRD/ WR DMA c hldrensetli nati on

OxB534 DMA1AUTOORD/ WR DMA c¢ hlassnnaevie | ower

Ox B538 DMA1AUTO1RD/ WR DMA chlsninaevle upper

Ox B 5G3 DMA1STATU:RD/ WR DMA c hlasntnaetlu s

TabB® Mesh Node Control Regi sters

Addre Register Acces Comment

Ox B700 ME S HXNIG RD/ WR Mesnbdenfiguration

Ox B704 COREI D RD Procesddr node

Ox B708 MULTI CASTRD/ WR Mul tcoa$tguration

OxB710 CMESHROUTRD/ WR c¢cMeshngoamdmnfi gur at

xB714 XMESHROUTRD/ WR xMesh routing conf

OxB718 RMESHROUTRD/ WR r Mesh routing conf
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CMESHROUG4 AB)S

TabB2CMESHROUTE Regi ster

CMESHROWXEO710

Bit Name Functi on

[2:]0 NORTH_CONF Oxx: normal routing
100 bl ock northbound tr
1001 send northbound tra
11:0 send northbound tra

111:; semuwWndotritdarmsacti or

[5:3 EAST_CONFI Oxx: normal routing

100 bl ock northbound tr

101 send northbound tr a
11:0 send northbound tr a
111 send northbound tr a

[8:]6 SOUTH_CONF Oxx: normal routing
100 bl ock northbound tr

1001 send northbound
11:0 send northbound tra

d

111 send northboun

[11}] 9 WEST_CONFI Oxx: nor mal routing
100 bl ock northbound tr
101: send notritdhm®umar &t

11:0 send northbound tr a

111 send northbound tr a
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COREI D
The -cowumn coordinate of the pread$COREI Dodes

register, which is accessible byi sotfntwatrieo nu.s
COREID register facilitates writing code that

easily mapped to any node within the Epiphany

TabB8COREI D Regi ster

COREI D: OxFO0704

Bit Name Fun otn

[5:]0 COLUMN_ 1 D Core clod umn
[ 1] ROW_1I D Corel bow
311 RESERVED N/ A
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CONFI G

TabB4CONFIR@gi ster

CONFI G: O0xFO0400

Bit Na me Function
[Q] RMODE | EEE FHPoanindruncate Round
0 = Roundvea neandshge

1= Truncate rounding

[1] | EN I nval i dpofilnotateixncge pti on ena
0= Exception turned off

1= Exception turned on

[2] OEN Overfl ow ofilnotateixncgepti on en

0= Exception turned off

1= Exception turned on
[3] UEN Under flioopgof hbatxception en
0= Exception turned off

1= Exception turned on

[7]4 CTI MEFCControls the evemts count e
00GO of f
00G1cl Kk
O0OEOidle cycles

OOkl reserved

01601 ALU valid instructior
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0161 FPU wvalid instructions:s
O1E0 dual i ssue clock cycl e
O1FX1 1l oBdstmrI I s

100 register dependency (F
101 reserved

10E0 1l ocal memory fetch stze
10E1 1l ocal memory | oad st al
1160 external fetch stalls
1161l external | oad stalls

1110 = mesh Oraffic monito

111 mesh trdffic monitor

[11] 8 CTI MERCTi merl1l mode, same descript

AOOxrbnfiguration selects t
effectiveddyi treameng( NOTE:
Epi pthany .

[15:]1 CTRLMOLThi 9 steg controls certain
More information can be fo

0O0O0O0BNoOor mal routing mode

0O100DMA ®hasnhetransacti on
1000: DMA channel 1l | ast tr
1100: MessageLABHE routing
001 Force routing to the N

O101Force routing to the E

(n

1001Force routing to the

1101Force routing to the W
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x20 Reserved

0011: Mul t(ilcABS) routing
1011Reserved

0111: Reserved

1111 Reserved

1P

RESERVEN/ A

[19:]1 ARI THMOSel ects the operating mode

0063Bit | EEE float point m

10693Bit signed integer mod

All other modes reserved.
[21:]2 RESERVEN/ A
[2 P LPMODE 0=0nly micikgiamalngclian i dl e m¢
l=Agressive power( Rleocwonmnienn (
[ 258 RESERVEN/ A
[2 B TI MERWRO=Ti mer stopsOx@®hen it reac

1=Ti mest or dxdtFFFFFFF when i
k e egposi n g .

(only avail dab)e ABS®S) Epi phan

[ B: ]2

RESERVE
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CTI MER

TabB8® CTIORERIiI st er

CTI MERO : OxF0438

Bit Name Function
[3 1] CTI MER CompRBeétiet ti me8rd iotrgé 4 cotwetri n
CTlI MER

TabBeéeCTI MERelgi st er

CTI MER¥043C

Bit Name Functi on

[31] CTI MER CompRBétiet t i merd iotrg 4udptp etri n

DMAXx AUTOIOABS)

The DMA AUTO registers are used in DMA sl ave
is conthellrad ebyft writes being to the AUTODM
transmad.tiem t he evaoga dadfatdoulrlaen@rf eaei, v eDsMAtxMA&U TI
3dits and DrMAXAIUMT&s3 2t ihtes upper

Tab82 DMAXABEQOSster

DMAOAUTOO: OxFO0514

DMAAUT@®Ox B S 3 4

Bit Name Functi on

[31] DMAXx AUOT Loweédits of the DMA sl ave
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DMAX AUT(QIABS)

Tab88& DMAXABEQOSster

DMAMAUTDOx B518

DMA1AUTO1l: OxFO0538

Bi t Name Functi on

[31]) DMAXx AUWIT Lowgdits of the DMA sl ave

DMACONFI G
The DMA configuration register is used to con

table shows the ceandh gauharnneln iompttitbpensDMArengi r

TabBe@ DGIAGANFIR6gi ster

DMAOCONFI G: OxFO0500

DMACONFIOXGBE 520

Bit Na me Functi on
[ O] DMAEN Turns on DMA channel
lI=enabl ed

di sabl ed

o
I

[ 1] MASTER Set DMApchawoek it b master
l=master mode

sl ave mode

o
I

[ 2] CHAl NMODE Sets up DMA isocbhai ai mgwm
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aut omaftetcalhdd from the ne

end of the current config
1=Chain mode

O=Onseh ot mo d e

[ 3] STARF U Used to kick start the DN
set to 1, the DMA sequenc
descriptor address to fet
from. Once the descriptor
DMA wi Idlatsat arrtansf er s.

lI=Fetch descriptor
O=Nor mal operation

[ 4] | RQEN Enables interrupt at the
I n the case of chained in
the next descriptor is fe
l1=Enable interruperat end
O=Di sabl e interrupt at eni¢

[ 6: 5DATASI ZE Size of data transfer.

0B6by@%®hanofridgwo 1 & d o uvbd red

[ 9: TRESERVED N/ A

[ 10] MSGMODE At t aclspeci a@alo mehsesdpest dat
channel. tlrfanshfeerdesti nat i
then the transition to DN
data item has returned. I

anot her cor e, then a mess
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with the I(dsAtBSdat a it em.

[ 11] REBRVED N/ A

[ 12] SHIFT_SRC Left shift inner | oop sou
(LABS)

[ 13] SHIFT_DST Left shift inner | oop des
(LABS)

[ 14] SHIFT_SRC Left shift outer | oop sou
(LABS)

[ 15] SHI FT_DST Left shipftdeosuttienratliooorl 6s tbrii
(LABS)

[ 31: NEXT_PTR Address of next DMA descr
Address of i mmedi ate desc

mod e .

DNMAX COUNT

This registermei rumbed tod detans@mctti ons in the
transaction. The wupper 16 bits specify the ou
bits of the register specify the nuuneegaetoft i n
val uenexf grTehaet eDMA bl o ccko mprl eentseheMAE€SUNT r egi st
reaches zero. The inner count valwue is <clear

decrement ed.

Tab#4@ DGI@AUNHegi ster

DMACOUNGGx:B50 8

DMA1COUNT: OxFO0528

Bit Name Functi on
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[15]: I NNER_CC Transactions remaining

[31:]:O0UTER_CO Number of outer | o@pPo) t e

DMAxXxDSTADDR

This registerbid¢omtdadifresst hteh et r3a2nsacti onThlkarrent

address can be a | ocal address (bits [31:20]
when the descriptor is fetched from memory
transacuopoatedhaddress is equal to the ol d de
the destination field in the stride register.

Tab4d®e DMADSTRPDBRst er

DMADSTADDRBE 510

DMA1DSTADDR: OxFO0530

Bit Name Functi on

[31F] DSADR Current transaction dest

DMAx SRCADDR

This registebitconduwrines adcdker 82s of the transact
address can be a | ocal addr es.s Tltbhae trse di3slt: 0] g

when the descriptor is fetched from memory
transaction. The updated address is equal t o
destination field in the stride register.

Tab42 DMASRCREBDORSt er

DMAS RCAD DRBE 54

DMA1SRCADDR: OxF052C

Bit Na me Functi on
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[3 1] SRC_ADD Current transaction sou

DMAX STATUS

Tab#4®& DMBRATWR®gi ster

DMAOS TAT WEB 5C1

DMA1STATUS: OxFO053C

Bit Name Functi on

[3]0 DMASTAT OxO=DMA i dl e
Ox5c=DMA acti ve
Ox6=DMA i n sl ave mode waitin

Ox A=Wai ting for | ast data i
relevant for MSGMODE.

OxB=DMA i n se asntsadtea. pau

Ox D=DMA configuration error
configuration register is \
| DLE st ate.

ates are t¢

Al | ot her DMA st
the user.

meaningful to

[15: 4 RESERVE N/ A

[31]1 CURR_PTThe address of DMA descript

DMAXx STRI DE

The register comittainal devd spa@ganiefdyilrbg t he stri
source and destination address|lowgrstlér batf tsers
sour ce addurpedsast ea mesdtirsihdeer up per dle6s thintast | some caidfdyr e
At the endoofp amrinnneéhmhis reg-l ebprstesi leadatue

address adjustanmechtde otfi n ditei smouaddkr esses befor e
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|l oop of data transfer. Before the next i nner
i nAerop stride values. The stride valued are
transfers being done. Al DMA transactions mu:

Tab4#4¢4 DMASTRReIgDESt er

DMASTRI DXEB50 4

DMA1STRI DE: OxFO0524

Bit Name Function

[15] SRC_STR Value to add to theadOMAXISR

[31]: DST_STR Value to add to the DMAXxDS

DEBUGCMD

A write only alias register used to place con
external agent.

Tab4® DEEMDRegi ster

DEBUGCMD: OxFO0448

Bit Na me Functi on

[L]J]0 COMMANDOOFoOTrtchee pr damedsigsarnniimge. st a

OlFortchee pr doe sisharl(tiiones.t ahtad

DEBUGSTATUS

Tab#ie DEBUBTWR®gi ster

DEBGSTATM $:40

Bit Na me Functi on
[Q] HALT 00 Processor operating norm
1: Processor in Ahalto st at
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[1] EXT_PENO No external | oad or fetc

1. External |l oad or fetch p

[2] MBKPT _ FLO: No multicore breakpoint
1: Mulbtrieakmpe® i( hIAB&SGt i ve

[31: RESERVEN/ A

FSTATUSABS)
Tab# BFSTAT8SSat us Regi ster

FSTATWE:440

Bit Name Functi on
[3 1] STATUS Write to all bits in STATUS
STATUS registemotb.iwrs tfad:l @]

I LAT
The | LAT register records al/l i-nteggepéd.evmaea
that there is no need to hold the interrupt b

the | LAT regi steer i(netxecQypuipdf dtaitetbhi¢tous speci fic

| LAT register can be accessed directly or thr

Tab#4® | LAT Register

| LAT O2BO04

Bit Name Functi on
9]0 | LAT Lat cihnetder rupts waiting to e
[31]: RESERVEN/ A
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| LATST

An alias for the I LAT register that all ows b
Writing a Al10 to an individual bit of the |1 LA
filo. Wr i0bi hg aniindividual bit wildl have no ef:
cannot be read.

Tab#4e | LATST Register Alias

| L AT &TB: 4R

Bit Na me Function
9]0 | LATST Safely sets i hdiAVi daegl sbet :
[31:]: RESERVEN/A
| LATCL
An alias for the I LAT register that all ows bi
Writing a Alo to an individual bit of the | LA
A0O0. gwr@ tii @ an individual bit will have no ef:
cannot be read.

Tabb@ | LATCL Register Alias

| LATGOxLBE 430

Bit Na me Function

9]0 | LATCL Safely clears indisidual b

[31]: RESERVEN/ A

I MASK

This is a masking registerntfear ulplkt odkisng . i rAtl é
|l atched by the | LAT register but can be bl ock
the appropria$k rbedi sithert. heAtl lKtlambarbs tt lposi bi €
mas ked.
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Tabb® | MASK Regi ster

| MASOk:B424

Bit Name Function

9]0 I LAT Latched interrupts waiting

[31]: RESERVEN/ A

| RET
When an snservupgptd,] the program counter of t
saved in the I RET register. The value in the

to the original thread at a | aterRET m&ho (Fload

saved on the stack.

Tabb2 | RET Register

| REGk:B 420

Bit Na me Functi on

[31F] | RET The saved program counter

[31:]: RESERVEN/A

| PEND

Thi s i s a st atpus trreagcikstefr tthet i kteerrupt ser
processed. A bit is set when the interrupt er
cleared by the software executing an RTI I N
indi betesrrently serviced interrupt. Only int
than the | owest bit in the | PEND register rea
to i mplement nested interrupwrsi.t tTehre brye ga sgreagr

Tabb5® | PEND Regi ster

| PENDODB 434
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Bit Name Functi on

[9]0 | PEND Mai ntraeicem$ dal | i nterrupts ¢
[31]: RESERVEN/A

LC( LABS)

Tabb4¢ LCi

Reegr

LCOxB414
Bit Name Functi on
[31: LOOP_COLCurrent | oop count, decr e mi
LE(LABS)
Tabb® LE Regi ster
L EOx B 4CL
Bit Name Functi on
[3 1] LOOP_ENLoop end address
LS(LABS)
Tabb@® LS Register

LSOx B418
Bit Name Functi on
[31) LOOP_ST/Loop start address
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MEMPROTEHQTABS)

NOTB®Nnly bits [7:0] available in Epiphany 111.

TabbBMEMPROTHET i st er

MEMPROTECT: OxFO0O608

Bit Na me Functi on

[O] PAGEDO LLAddr OA @0 s ednlays memc
[1] P A GIE 1: AddrA ¥FFOO s ednlays memc
[2] PAGE 1: AddrA 2FFEFO0O0 s ednlays memc
[3] PAGE 1: AddrA 3FFEFOO s ednlays memc
[4] PA GE 1: AddrA x44F00 s ednlays memc
[5] PAGE 1: AddrA 5FFEF00 s ednlays memc
[6] PA GE 1: AddrA x6F@FO0 0 s ednlays memc
[7] P A GE 1: AddrA HFEFFOO s ednlays memc

[9]8 RESERVEDN/ A

1D DI'S EXT_ L Di sable reading core a

[T DIS_EXT_WRLIL Di sable writing to MMR

[P DIS_EXT_WRLL Di sable writing to | oc

[1B DI'S_CORE_1:i Pabl es corebs abcihliipt yc

13 DI S_CORE_ 1. Disables corecbhsi pabil it

1P EXC_EN L Enables interrupt from
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MEMSTAT(USABS)

NOTBE:nly mivtai[lalbl e in Epiphany 1 11.

Tabb@MEMSTATUS Regi ster

MEMSTATUS: OxFO0O604

Bit Name Functi on

[10] RESERVEDN/ A

[ MEM_FAUL Memory protection fault f
[ 9]: RESERVEDN/ A

[ 10 READ_BREARead from external agent
DI S_ERXD==

[ 11 WRITE_BRE Read from external agent
DIS EXT_WR==1

[ 12 CWRITE_BREWritechiopooores attempted
DI'S _CORE_CWR=1

[ 13 XWRI TE_BREWritechiopoomores attempted
DI'S _CORE_XWR=1
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MESHCONELGBS)

Tabb® Mesh Configuration Register

MESHCONFI G: OxFO700

Bit Name Functi on

[0 RESERVELN/A

[1] LPMODE O=Mi ni mal <c¢lock gating in id

lI=Aggressive power down in i

[2] RESERVELN/ A

[3] RESERVELN/ A

[7]4MESHEVENCONf i gures mesh node ifipat ec
monitored can be poo &TaokB&d
CTI MER

00GO of f
0O0GFlreserved

O0OEO0O any wai't

0O0Fl core wai't
0160 south wai't
011Gl north wait
0110 wawest

0O0lFl east wai't
1060 sout heast wai't
101 northwest wai't

10E0 sout h access

101 north access
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1160 west access
1131 east access
11EE0 core access

1111 = any access-l|l Waygi |l abl €

[11]) MESHEVHENMSame

(@]

onf imaur atsi dME STHE'WENT 1

[LP WESTEDGEBI ocks sync, wand, and mbkpt

[LB EASTEDGEBIlI ocks sync, wand, and mbkpt

[IF NORTHEDCBIlI ocks sync, wand, and mbkpt

[P SOUTHEDCBI ocks synmbhkpmtanfdr,omnglr opaga

MULTI CASABS)

Tab6@eMULTI CAST Regi ster

MULTI CASOTx FO 704

Bit Name Functi on

[11]) MULTICAS I D to match to destinatinol
i ncomuhgwcas@anisar

[31]: RESERVE N/ A

PC

Tab6&PC Regi ster

COREI D: OxF0408

Bit Name Functi on

[31] PROGRAM_COU Contains next sequent
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RME SHRO U TG A B)S

RMESHROUTE: OxFO0718

Bit Name Functi on

[2:]0 NORTHONFI G Oxx: nor mal routing

100 bl ock northbound tr

[al}

101 send northbound trar
11:0 send northbound trar
111 send northbound tr ar

[5:]3 EAST _CONFI Ox x: nor mal routing

100 bl ock northbound tr

[al}

1@ send northbound
11:0 send northbound trar
d

111 send northboun

[8:] 6 SOUTH_CONF Oxx: nor mal routing
100 bl ock northbound tre
1001 send northbound trar
110: send nsoarctthiboonusn dn otrrt

111 send northbound tr ar

[11]: 9 WEST_CONFI Oxx: nor mal routing
100 bl ock northbound tre

101 send northbound trar

11:0 send northbound trar
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111 send northbound trar
RESEDBH LABS)
A wrointley r e quissettberri magl itahse core i n and out of a 1
Tab62 RESETCORE Regi ster
Bit Na me Functi on
[Q] RESET O0: Core is taken out of re:¢
1: Core is puwt into a resef
STATUS
The STATUS register contains information regal
Tab68STATWRRgi st er
Bit Fl ag I Updated E Function
[Q] ACTI VEI nterrupt, | Core active indigc
O=codéee, 1l=core ¢
[1] GI D RTI, InterruGlobal interrupts
Gl E, Gl D 0= al l interrupts
= al l interrupts
[2] RESERVN/ A N/ A
[3] WA N D WAND instrucMulticore c(omaBi)i
[4] AZ I ntégsetructilnt&gen FIl ag
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[5] AN I ntégsetructilnteger Negative
[6] AC I ntégsestructilnteger Carry FIl &g
[7] AV I ntégsestructilnteger Overflow
[8] BZ FIl oaRaihmtst r uFl oaRainmgt Zer o FI
[9] BN FIl oaRaihmtst rsuFl oaRainmgt Negati v
1D BV FIl oaRaihmtstr uAl ternate Overfl g
[11 RESERVN/ A N/ A

[1P AV S I ntégsestructi Sticky I nteger OV
[1B BI S FIl oaRaihmtst ruSti cky -Prolionatt ilnngv a
18 BVS FIl oaRaihmtst ruSti cky -Prolionatt iQwge r
[1b BUS FIl oaRaihmtst ruSti cky -Prolionatt ilhngd e
[19]1TEXCAUSI nstructionsSoftware exceptid
[31 (RESERVN/ A N/ A

The register ref loeccetsssor heanslt stheoudbfd hevaps be
interrupt service routine. The STATUS registe
by directly writing to the register from an
t hrough tihnes tMOWCTtSI on or an terxanesrancatlil oyn .q eSateartaut se
ready only bits controlled by the operationa
through the FSTATUS ali as.
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XMESHROUTGE A B)S

Tab64¢ XMESHROUTE Regi ster

XMESHROUTE: OxFO0714

Bit Name Functi on

[2:]0 NORTH_CONF Oxx: nor mal routing
100 bl ock northbound tr .
101 send northbound tr al
110 send northbound tr al
111 send northbound tral
[5:]3 EAST CONFI Oxx: nor mal routing
100 bl ock northbound tr .
101 send northbound tr al
11:0 send northbound tr alil
111 send northbound tr al

[8:] 6 SOUTH_CONF Oxx: nor mal routing

100: bl oc k nmsoarctth boonusnd t
101 send northbound tr al
11:0 send northbound tr ali
111 send northbound tr ail
[11]: 9 WEST _ CONFI Ox x: nor mal routing
100 bl ock northbound tr |
101 send northbound tr al
110: stehnbdo unnodr t r ansact i ¢
111 send northbound tr al
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