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Appl i cation [ 0001] The present application clains t ty of
Provi si onal %bﬂc%l%é. on No. 60/288,298, filed May 2, 2001. ‘%353%428‘&%& of
the Invention 5 [0002] The present invention relates to reconfigurable
| ogi ¢ chips, especially reconfigurable |logic chips used for reconfigurable
conmputing. [0003] Field programmabl e gate arrays (FPGAs) are progranmabl e
chips that can inplement different configurations. Typically a design is
created using design tools and a FPGA is configured for a specific design.:
Al though designs can be 10 changed, typically the FPGA uses a single
configuration due to the relatively long tine required to change a
configuration conpared to the operation time of the chip. [0004] Recently
reconfigurable chips designed to quickly switch portions of an algorithm
on to a reconfigurable chip have been created. These reconfigurable 15
chips are désigned to use the reconfigurable elenents of the chip so as to

provi de resour ceEXPICIENT B €GP RERFORMAINCYS IPA TH) @Pm'ﬂmm 0005]

It is desired to have a data_ o eratlon el enent or reconfi nctlonal
unit for use in a EbJGMEEYI FOR RE@ME@@BA]& I§ésign to

nore. effectively inplenent algori tWi gur abl e ch| p. V\D
02/103518 2 3 1 OCT 2005 PCT/ US02/ f the Invention [0006]

_ The present invention concerns a reconfigurable chip, including nmultiple
reconfigurable functional units (such as a data path unit) adapted to

I ZE' ement  di fRe}ent AbPREtiRMPriorifle reconfigurable function units
preferably include 5 nmultiplexers,” at |east one shifting unit and at |east
one arithneti c[008L c 'IUnmpres(eALtpphcatTdmclamahé priorigb feProuizidnad Applictiohs ar e
configured by reconfigurable functional unit instructions. The

i nstructions c@ﬂt&ﬁf)gg’ﬁggc@ﬁflih@%ﬁaﬂw-of the nultiplexer and shifting

unit and the-ALU. The reconfigurable chip also includes interconnect
adapted to connect together the reconfigurable functional units. In this

way data 10 camadkerfaisetitHeainwestion he reconfigurable functional units.

[ 0007] . The reconfigurable functional.unit. instruction preferably includes .

a nunberSof f[0802s ﬂ'&)c présentninvenitivinaxktes to révenspufablerlogici chipsy dspichizlly
arlthrretch0|c Thes flelgs configure these elenents in the
reconfi gur abl FT@ILFaOgH’rﬁ P ysed Torgesp ARl ComBUNRDN8] In a preferred

- embodi ment, t T@é@]' SERM ﬁﬁj%?ﬁhﬁ%ﬁlg da&sir%td:?@fﬁ?%rﬁ{'oé%mable chips that
can implement different configurations. Typically a design is created using design
tools and a FPGA is configured for a specific design. Although designs can be

10 changed,' typically the FPGA uses a single cori_ﬁguration due to the relatively long
time required to change a configuration éompared to the operation time of the
chip. -

[0004] Recently reconfigurable bhipé designed to quickly switch portions of éu
alQorithm on to a reconfigurable chip have been crez;lted These feconﬁgurable

15 ChlpS are demgned to use the reconﬁuurable elements of the chip so as to prov:de
resources for the unplementatxon portions of an algorithm,

[0005] Itis desued to have a data operanon element or reconfigurable funcuonal
_ unjt.for use in a rcconﬁgurable chip that mlplemcnts an improved design to more. |

effectively implement algorithms on a reconfigurable chip.




each reconfigurable functional unit has an associated instruction nenory.
The instruction nenory stores nultiple instructions for the r3q09t¢ggmﬁple
functional wygbtessid? @ preferred enbodi ment, the state nachig&g%s resses
the instructron nenory to determ ne the next instruction t& P& into
t he reconfigurable 20 functional "unit. In one preferred enbodi nent, the
reconfigurable functional units provide feedback to the state machine

i ndi cati ng when a function is finished and thus when the next function can
be | oaded into the reconfigurable functional unit. [0009] In one

enbodi ment, the.shifter unit is configurabl-e with a nunber of different
nodes. These nodes are preferably selectapig by a field of the 25
reconfigurable functional unit instruction” [0010] In one enbodi nent,

i nterconnect elenents are adapted to selectively connect sone of the
reconfigurable functional units to transfer word I ength data. The
transferred datsmpagy of Hg lnvention i xed data | ength of 32 bits or greater.

The WO 02/103 5 : I (11870 £.ixed |ength data tr fer
~ allows inter ciﬁﬁoe t 'sr)ﬁ/é' %%I ?%%%&@%ﬁgﬁérﬁo"hﬁ%m lc?s':zmgfm"lf’ﬁ%ﬁi%‘iﬂﬁg]%y in
 the data trangt@nfight¥lehintibmg udfé tsublad H8ath SAANGAGUIREEE 16 Hﬂ@&h@ﬁ@' uni t
allows the arithnetic logic unit to operate on different bits Tn the word
| engt h i nput déiferenti funetdonse cliref tegonfiguirablé fimctiom naits prefdrablynipelndat i ng f or
Thus, if needed data is

the fixed. struct f the inter, t el ements. Thus, . .
in a certhin FBUGRIPERS 44164 ARG SR WitAIdoH Jgask e aitlmsie logi b {ALD).
| ocation to t i £i0F . R iR by t i ic,logi
bt T0017) " AEeREQREENRBH hnbiforl bpic R BHOANER Ty e dtEolile IERRS P00

T tipl exer wihid itdetioys. UDhd insfaetions REnta6] the @@ﬁﬁétﬁi’t}ozpﬂmﬁ saftplBLedaiay

unit. In 10 this manner the reconfigurable functional unit can inplenent a
vari abl e del aghiftmgradsansghe i ¥| Sliehietontigursble bleip sysotinoludSr inteicabmsdtr i pt i on

Ohip'o Cone. sl SoohH ol b gl o B Sy GRS Y ©
sinplifi di agy i I 1t of one 20 enbodi nment
of rr}[)he p@gsen@lim%%?ﬁ%&%%ggﬂfwgﬁgbgﬂghgg%glg}n&'of a reconfigurable

- functional uni000?f ae reesdfipdiratie furetiohd) @nfiriagaittioh pysfatdbdinclided ®] Fig. 4
is a diagramof a multiplier unit which can be used with the enbodinent of
the present impebpriofiicldsoor die muliplexerss the shifiey unit afd Geerkhmets logictunit.

reconfigurabl.g fu i onal. _uni shown in Fig. | Jlluystrati.ng the,
i nt erconnect i S%@%@ée‘:ﬁn 'ﬁ‘ére&h?sg EB?P‘FP%W tg%,ge‘f@&ﬁfa%% é“.ﬂcﬁo’i%é ugitin gj agr am
iITustrating defgef@apections between the data path unit and the horizontal

and vertical bus |ines;
15 [0008] In a preferred embodiment, there is an associated instruction memory for

each reconfigurable functional unit has an associated instruction memory. The -
) ' instruction memory stores multiple instructions for the reconfigurable functional
unit. Ina p;eferred embodiment, the state machine addresses the instruction
memory to-determine the next instruction to be loaded into the reconfigurable .
20 functional unit. In one preferred embodiment, the reconfigurable functional uaits
provide feedback to the state machine indicating when a function is finished and
_thﬁs when the next function can be loaded into the reconfigurable functional unit.
{0009] . In one embodiment, the shifter unit is configurable with a number of
- different modes. These modes are preferably selectable by a field of the
25 - reconfigurable functional unit instruction.
[0010] In one embodiment, interconnect elements are adapted to selectively
connect some of the reconfigurable functional units to transfer word leﬁgth data.

The transferred data preferably has a fixed data length of 32 bits or greater. The




25 [0018] Fig. 7 is a diagramillustrating the interconnection of a dat a
path unit in. one tile to a data path unit in another tile; , g
2U05 WO 02/ PCTTUSO21 11870 4 [0019] Fig. 8 is a diagr t atlng
t he |nterco%ﬁ2§%ﬁbnggf the data path units and a |ocal sysﬁgkbﬂéﬁa é

‘one enbodi ment of the present invention, . [0020] Fig. 9 is a dlagran1 ’
illustrating a state machi ne and functional bl ock configuration nmenory
produci ng the instruction of configuration information for 5 the
functional block data unit; [0021] Fig. 10A is a diagramillustrating the
i nterconnection of a state nachine, configuration state nmenory and data
path unit of the present invention, show n the instruction and
instruction fields for the data path unit; 10022] Fig. 10B is a di agram
illustrating a data path unit using a decoder for at 10 |least part of the
instruction; [0023.] Fig. 11 is a diagramillustrating the control system
configuration AEEBIGpStindaty altaasfpraalﬁpwmmterqm@@t@ymu heesirmplified #tgheiass oht

uoe in one ondistioMeRin B daba BpfReBe TR ShiaRE o iR 16 ToRg b Shciont 'atnd“”

13B are charts I Hthin i
[0026] Fig. 14ufﬂé agéng g%gér am | Pﬁ%%ﬁﬁ“ﬁﬂg’t erit %Sgd;ﬁ‘%’%#ﬁ%’ gﬂé?/%{vgﬁqup one

enbodi nent of idpat gate eéthe recyrfigurabie ftﬁrﬁﬁﬁﬂdl ﬁlt@orntﬁmmgfﬁh ﬁ(qrfﬁcﬁd
illustrating the shlftlng node for shifter: 20 [0028] Fig. 16 is di agram
of the instructiEuEOf SheinierEomIcheremants ¢ H‘éwg,ﬁifpf:@ed daF’O’@Z@P CeRpig, IOWOHS a

dlagramlllustm}‘ of 1 f Fi 30] Fig.
18 is a diagramo aw ?)ogl ngﬂlgtt%léﬁﬁgoy,@&gtﬁcha Plé pgppqré{ogﬁ (%o'bf one
embodi nent  of ﬁlhﬁlg@raﬁéﬁrbym@&ﬁm&ﬂeﬁa,loélé’%&] Fig. 19 is a diagram
illustrating the background and foreground plane 25 |atches of one

enbodi ment of E(lﬂél]ore’smﬂhenermhndma:mof[timaomﬂelfugrcnﬂﬁncsmpnmsaxgmgm of one
enbodi nent of a onfi ra l.e functional wunit for a data path in gne

“enbodi nent of BH i 5 JBhHRb HIPY} gk inpp tha?hm%seat%ﬁé AaEnbf B he

i nput nu r /103518
PCT/ U802/1?1870 ?%5%%&8@&@8?& ‘g”‘?lz%a‘ tﬁiﬂjlﬁ‘gl gh];‘F %Q’%ﬁa%\ﬁgﬁi or the
-shi fter of onencreading thiveiéxibilint bEmespaant - i nvention; [003] Fig. 23 is -a: .
diagramillustrating sonme shifting nodes for the shifter of one embodi ment
of the present invention; and 5 (0036] Fig. 24 is a diagramillustrating

the i | enent gt i.on. of ur abl e of one enbodi ment of the
preserr?[j nven ;f!bescri%titono the vm?g F}gures

[0012]  Fig. 1 is an overview of the reconfigurable chip of one embodiment of
the present invention;
15 [0013] Fig. 2 is a simplified diagram of a reconfigurable functional unit of one
i ) embodiment of the present invention;
[0014] Fig. 3 is a diagram of a reconfigurable functional unit of one
embodiment of the present invention;
[0015] Fig. 4 is a diagram of a multiplier unit which can be used with the
20" - embodiment of the present invention;
[0016] Fig. 5 is a diagram of one slice of the reconfigurable functional unit
- shown in Fig. 1 illustrating the interconnection between the data path units;
- [0017] - Fig. 6 is a diagram illustrating the connections between the data path unit
and the horizontal and vertical bus lines; | _
25 {0018] TFig. 7 is a diagram illustrating the interconnection of a data path unit in

one tile to a data path unit in another tile;




Detail ed Description of the Invention [0037] Fig. 1 illustrates a
reconfigurable chip 20. The reconfigurable chip 20 includes a &%ﬂtggﬁ 2005
processi Ng oy dor108G8Y 22, preferably a reduced instruction soz1d SO
;CPU. Data fromthe external nenory (not shown) is transferred using menory
controller 24. Bus 26, called the roadrunner bus, is used to transfer data
fromthe nmenory controller to the reconfigurable fabric 28. The
reconfigurable fabric 28 is divided into a nunber of slices. Each slice is
broken down into a nunber of tiles. Each tile includes a data path unit
(reconfigurable functional 15 unit), control units and | ocal system nmenory
units. The local systemnenory wunits integact with the data path units as
described below. In a preferred enbodinment, each tile also has a nunber of
multiplier units. [0038] Fig. 2 illustrates a sinplified diagramof a

ERAIRTE AT SNV ) S S M SO R
32. AS il beynfleRes] Qefkuelediy bind Itflaiht skt SEkel ibAichfie data path

unit to receive Inputs froma n rent ocations, 1hcluding
near by data paf0020hi tRigas is\ebiagaen hkeatiipsesate Thech® et fadctiomdl platk of t he
input multipliers are sent on to registers 36 and 38. Additionally,, the

out put of the ¢aRbgRREticarmanoy eeducansht finssruction of ganfigasatipasisformation &row,
the 25 shifter, unit 34 all for.the selection of different bits to be
operated on bﬁ?ﬁ‘éﬂcnﬂﬂﬁﬁ&m%tﬁ%‘t't he interconnections between the data
path units usqghried per fhA3; 18P ﬁ%n%% : /, ength
connections tg[ Si Iiptig ﬂelsl]ante rcon%@?:tl 0 s%gl%otggnc?m? eggjgggosfa@gﬁl 4t:’er
vt in the debhfigpatibngtid mehlooyenddate pshtumidoflthe paskadnwdntion sHoldng
interior of a word. [002@9}1.% wi || _ be described below, the shifter unit 34
pref er abl y hadh&insumpden g ingguion fiejds fon theniite pathtunior e t han just | ogi cal

and arithmeti Wfts.. and,. right. These different nmodes.allow th
System to opendi2l nFig-oif Aind ustife 8 dHd AR TR TRER «@paB e AF 40
descri bedgbel qgﬁstgmbgﬂ@jngﬁmﬁ; a field of the instruction for the data
path unit to inplenment a function. The output of the ALU 40 preferably

- goes 't o .an.out{@R3]r efistHris42liagtima itustqating tencaitsd spsi¢m abhfigdretiorsmetmory -an
optional bit shifter 44 to produce_a shifted value.- [0040] In one

embodi ment, a3by#aPathuninas onceabpdirers pf the presentiiAeenlign; s” al so  used. This

allows portio ot t. it t r at il t.put . register
42 controls mﬂ@qﬁiutgﬁi?a‘?é‘%@?ﬁg’rf%@ﬁl%eﬁ’é%&‘%ﬁ‘% CE‘H#IB& %—‘g%ﬁs usef ul
when the out pyinbb@siheiit F ti’preSent! if€ntich;address a | ocal system menmory unit.
[0041] The bit shifter 44 is used. to inplenent the linear feedback shift
regi sterl5as HHES]i bEigsi h3Alked33Bant chapslillesitating, the pordiohs ofithednsdructions
Reconf i gurabI? Eﬁncéit@nal Unit in a Reconfigurable Chip to Perform Linear
Feedback Shi f {OTRE%¢ tf Function," by Peter Lam Attorney Docket No.

e pref or abl {1028 ORr 1kd glapfec Wbl Bl agd T bR of e, 7S
instruction i gmpédfRhGBBS the HesthRiedtiin® a number of different fields, -

including multiplexer instruction fields :
[0027}  Fig. 15 is a diagram illustrating the shifting mode for shifter;

20 [0028] Fig. 16 is a diagram of the instruction of one embodiment of the shifter;

-{0029] Fig. 17 1is a.diagfa_un Ulustrating the/ operation of the shifter of Fig. 16;.
[0030] Fig. 18 is a diagram of a logic system using a multiple master latches of
one embodiment of the present invention;
[0031] Fig. 19 is a diagram illustrating the background and foreground plane

25 latches of one embodiment of the present invention; | _
[0032] Fig. 20 is a diagram of one embodiment of a reconfigurable functional
unit for a data path in one embodiment of the present invention;

[0033] Fig. 21 is a diagram of the input multiplexers for the system of Fig. 20;




for the multiplexers, shifter unit fields for the shifter 34 agq ﬁ,{ﬂ.
instruction field for the ALU 40. In one-enbodi nent, a decode se?(ﬂﬂﬁor
at | east pa instruction. [0043] Fig. 3 is a detai

one enbodi rrg‘trﬂ@%%‘ogt e present invention. 25 The input nulti j@ﬂ#@%%%wa

52 receive as inputs data fromnearby units. Inm one exanple, data-words
from16 units, including data path units and multiplier units,. are used
as inputs. dobal vertical and horizontal interconnections are used. In
one enbodi nent a connection for the |inear feedback shift register
feedback, a 3 1 OCT 2 905 WD 02/ 103518 PCTI US02/ 11870 7 25 | ogi cal zero
constant input and an input for a | ocal system menory unit. Another i nput
. is the carry input fromthe prior data path unit which is provided to the
ALU 54 directly. The nultiplexer 50 is connected to the shifter 56,
including a nu differ nt rmd s of ,gperatiaon. The shifter 56 is
connected to am& %‘\5 |IZ @Igraggo @etsﬁlé:fmgﬁ@délff’b@@ sgHfter wéongil t i pl exer

50 can either é% { 56. The shifter unit 56 can al so
use the A input romt gﬁ&lr%ﬁ%geh{ﬁ{’ exer 52 for sonme of the nodes.. The

‘output of the [a035] pllel)gezssﬁaamgrahhﬂlus@aﬁﬂgJﬁomﬁsmﬂintgllﬂé&é?esré@sﬁfﬂ&r%? sent
to registers 60 and 62, qiﬁ)&a}ctlvely The registers 60 and 62 can al so be

| oaded from of@ﬂﬁtmbmﬂt ept&sgitanmuandams allows for the register
mul tipl exers 68 and

val ues to er for, the tem  The

70 sel ect the @B& rsch‘g ﬁ‘? E@%ﬂl Eﬁﬁt’d{% e igplemeniation of 3 terbodesk up o a

nunber of di f f@pRYr RSl liﬁ?éiﬁb fie DL @Lagf1e data path output out of
ro

mul tiplexer 72 can be e output register 74, or the value
feOmthe nultiplexer 76 (which can be the ALU value or the |ocal system
menory re-data_ on line 78 The flag values fromthe ALU are sent to
mul ti pl exers é@eaﬂeﬂ@zscr ighokidtedavention desired flag val ue. This flag

55 or 5015 sl e FEkS %ﬁi&gﬁ%eﬂ%%%gﬁ@ 32y "1@%2' SorgurblE 9ir 4l 1 om
mul tiplier 80 ,ﬂﬂu&% 4 §eﬂﬁ%§ ch'gg W l}ﬁeﬁriﬂlf _ d‘cgdt“#ﬁukﬁéﬁ L[dyction

that indicates which f one

-~ regi ster 3060, (B.BS@)'ﬁPUAl Daﬂaﬂ:mnl&rqﬁmﬁitlﬁdmbyy (atos sigwaLis tiapsferre@ abigg sl ave.
| at ches, shown in Fig. to allow the | oading of background

confi gur at i on RfARYY Wopﬁ"e—‘? efrs2ercalled, ﬂlﬂ‘n@aéfﬁ?@m h&&atls useddo @plesfar data  of
Functi onal bt ERETERY biBhihe ppngSrichay e %uf@ fier
Fecont i gur abl & Terat Fonared B ﬁ?ﬁ?&’n@gfﬁ§%§”ﬁ?h§hi‘;3§f°ﬁ&i 9 R o1 er
unit has a devimberof ties.t Epth tie incltdesra ddta@aﬁxmﬂt@econﬁg&ra@ﬁrfuﬁaldﬁﬁl
02/ 10351185 unif), control units and focal system memory units. The local system memory -
i) units interact with the data path units as described below. In a preferred
embodiment, each tile also has a number of multiplier unis.
{0038] Fig. 2 illustrates a simplified diagram .of a reconfigurable functional unit
of one embodiment of the present invention. The reconfigurable functional unit
20 includes input multipliers 30 and 32. As will be described below, the input
multipliers allow the data path unit to receive inputs from a number of different
locations, including nearby data path units as well as data buses. The selected
- ountput of the input multipliers are sent on to registers 36 and 38. Additionally,
. the output-of the multiplier 32 goes to shifter unit 34. As described below, the
25 . shifter unit 34 allows for the selection of different bits to be operaied on by the

'ALU 40. Since the interconnections between the data path units use fixed word




8 PCTI US02/ 11870 (0046] As shown in Fig. 5, in one enbodinent for ever
seven data path units or-reconfigurable functional units in adt] 1057 tﬁ%%e
are two nultiplier units. (0047] Fig. 6 illustrates the connections of

adj acent da¥Q B4PHBnits and nultipliers into the data pat PGIAP2iHIUL .
Note |l ooking at Fig. 5, the data path 5 unit 100 can receive as an input,
outputs fromei ght previous data path units (and nultipliers) above and
seven of the next data path units (and multipliers) below. The output of
the data path unit 100 is also fed back to itself. The outputs of any of
these units can be sel ected using the input nmultiplexers of the systemfor
either the A or Binputs. 10 (0048] Fig. 6 is a diagramthat illustrates
the connection of the one tile reconfigur&ble functional units (data path
units) to horizontaland vertical connection lines. By using multiplexers,
the outputs, and inputs, of the data path units can be interconnected to
both the verti talgtir cartrieotipdsito eBnpdify thehintdrosnineaivedysteig uhd 0g bff tdfiechimit
(0049] Fig. 7 illustrates an exanple of interconnecting a data path unit in
one-20 tile tolhthgai paik oy allews acogpbiordss nackes withinghe éntenienef a word.

i nt er connect eddqd:8€S- X . stem.,of the esent. i nvention for
the interconne (H%ﬁs %yg}ﬁlzpég%r@é@ge%réfe %ﬂé%rdlql%f@@ ?{ﬁtéllé{t A one
- enbodi ment, t hef indHey WRRASK DALt IRES thah iAW 15461 180 ARAGHdR sHRfs BE it Wi de
data. The shifter unit in the data path onit allows tor the alignnment of

t he dat a bnce ¥ight. sThese elifferenti modes alldwt the ppdidm wmioperbitedimat thore efficient
i nt erconnecti on syste Because t he s¥stem sends data in a 32 bit word, the

- conpl exity of tH&MH: ehheprbreticlagicynit #Q descaibed elawe Psetagsbly nsea a fieddiofi ng

sofrewhat the f )f"}sq%”l js f i nhe nect 501 Fig. illustrates the
connection bet’%xlgen cg&%gé}amé)g?rﬁ pt%{rlﬁ élgp{énﬁlﬂl%&ﬁ%c@%m%gsﬁ? B'r\tPer?%ﬁf/ In a
preferred envi ADUMNpref@hbif gt & ARb@pReieBistedifhs PicColimftahQlsol a¥Rl8 Y8R t he
Wites and Reads of the local system nenory. For exanple, data path unit-

102 provi des Reatto/aitepisakbit shifienid4 trpioduse a ea@edisnlacf rom t he | ocal
system r ta pat nit 106 praovi he Wite Address and Wite
3y1 ocC 20%468%@ ([));H’B%Sli‘ 0@@%@3@3&)@&%@%&@%&% qnging) 46555 Asem :
menory 104. £t 3 23ahes.:S1C 106, - 108, .
TT0 k11, s T8s Al Sidod 108 S HNESEH Shete RRBINEBHER: 110

syst em nenor i gsgis@ridD caftrblodtlat SphRAreeEM Honl ik @idpith@ndat Phip @ dkefini t's
116 and. 118 can connect to the |ocal system nenory 184.. In another 5

enbodi ment, awignghpauiputiragistaraA? ipostd toeadiiréss anoeal dysteinteemonyaunivbcal syst em
menory. One o uses, of data pat,h unit is . to provide a ddress to a
| ocal g syst eniwg‘ﬁr y%ﬁ%bgﬁﬁeﬁg‘éé&ESCFHBH{DQ}‘%%@%@?%%&M@‘}EW@W can
t hen be jgut i el da e als I | . e
€ 18Ut HPARCHREd h}gguezggfggfgp@ﬁgug}g NGRS L xgl@ggmnxb

connections shown in  Fig. rect connectli ons rea Wite
data in and oUwmitdh a Recdnfigadable Chip to Perform Linear Feedback Shift Register :
) Function," by Peter Lam, Attorney Docket No. 032001-060.

.[0042] Note that the multiplexers, shifter unit 34 and ALU 40 are preferably
controlled by an instruction for the data path unit. This instruction is preferably
20 divided into a number of different fields, including multiplexer instruction fields
for the multiplexers, shifter unit fields for the shifter 34 and ALU instruction field -
for the ALU 40. In one-embodiment, a decoder is used for at least part of the
instruction.
- [0043] Fig. 3 is a detailed diagram of one embodiment of the present invention.
25 The input muitiplexers 50 and 52 rec'eive‘as inputs data from nearby units. In one
example, data words from 16 units, including data path units and fnuitipiier units, -
are used as inputs. Global vertical and horizontal iﬁterconnections are used. In

one embodiment a connection for the linear feedback shift register feedback, a




10" system menory. In a preferred environment, the |ocal syste Yyl
globally read fromand witten to using the nmenory contr ol syam@@g
general ne rol systemis used for configuration of the system and
for obtai ninﬁfgd/?%febg‘ﬁgta operated on by the data path units. THESEHRE0as
descri bed above, in"a preferred enbodinent, the data path units include
structures that allow addresses and data to 15 be provided to the | ocal
system nmenory while the data path unit does some other function. [0051]
Fig. 9 is a disclosure of a control fabric unit 132 for the reconfigurable
functional unit 130. In this enbodinent, the control fabric unit 132
produces a control or instruction |line foz the reconfigurable functional
unit 130. In this 20 enbodinment, the control fabric unit 132 is preferably
conposed of a state machine wunit 134 and a functional bl ock configuration
menory unit 136. The state machine 134 produces the addresses into the

i nstruction nelAgisal 359 coupant inpyyl aageAtiBpUtdor dlocehsysiennmemeny binite AI®hegses a

fi bl e. bl - duct it. 1.36., . 25.[00521,Fig.
Lo 111 st ac ceRC BB B frow R e B it el Rp s i A
the confi gurat 50gir&dBt erﬁ@ﬁﬁr%ﬁ%% 5034 €odnkGed 8 &e%ﬁiﬁ)}r %g'sincégtﬁﬁgoae hhbed hat

the configuration fromthe configuration state nenor

consi dered t o obdiffarent netlesicff openaticor. TheeshifdraSGoiatcbnnatidd th3@otheThe
instructign preferably includes 3 1 OCT WO 02/103518 PCT/ US02/11870 -10
fields sueh asHKIPKXEr 6689 thag the ewputqidhgmuliiplexer pA gan eithercayioid fMsat i on
field, and a i, pl r -] i J n ,one dj,ment .. sonme of
the flags from éé-u?%t;i%g paé)gl}gﬁﬁﬁggemgélgé g%en‘{het‘bb“{pﬂggg%athg Belthi ne 136
. order to swhiikiBlex605] Fatoald ¢be htided. NEhélBh@upst fie WlllipRksEI8 ddMamedat a
path unit is done operating on a 5 set of data. The configuration state
machi ne 138' oatpwlof ontdeplexerdedcanrnseanto registernél and 62, pepertively. fFiem

I T R TR S AT R E YR T
o 05X k95 Tt 0N B SO o R R Bl e

state machi nes rent configura .
pat h-uni-t fl| agsultiplex&e®8 dnd A0Nelect Gittinplts f/ He AL B S4d e Tifhlts ¢ MRQWIEU af§055]
Fig. 12 is a diagramthat illustrates one exanple of an arithmetic |logic
unit. This ar isekirteinumbegiof difigrent passibleepathsn Netetthatabé datapiath awpyt aut of
parallel |ogic  unit 0 and fl nit, 144. Al so shown i.s a carr
sel ection uni MUYREXef, %%L%eivﬁ@gr TP f&%%?ﬁat ﬂ’éﬁ}ené’flPE&O\F/]bﬂ‘ei s
sent to sel ec 3 j ALY i i %’ ) es a
~carry input. F‘#H@ﬂ%?@%% e%%%%él ﬁrrlgnt - %%“H}E Igéa;c}rcgr@as egne I'S Oéﬁ?ﬁgéﬁt he
carry frigm t henpine7i8puThe dlag vahieh fitih theoALUhge ettt Omnuldpleyesd S®and8Tarry.
which is part of the instruction. [0056] Figs. 13A and 13B illustrate a
list of some ®hightselachdwdlesired dag ivalugndhipllagvalvelcabe storedain ragistest 8§ he

- 5r 5conf ' gur abl gn(I 955k %%a\!aiuuenétt thgfregtigt%rspé 5599 is seat to the multiplexers 92 and 94

or the selected value from multiplier 80 or 82 .is used. The CONF value is a field

in the instruction that indicates which flag to select. _ _

20 [0044] In one embodiment, the registers 60, 62 and 74 can be implemented by
using multiple master slave latches, shown in Fig. 18, to allow the loading of
background configuration data into the.register. | In one embodiment, the operation
of these registers can be controlled by the field of the reconfigurable functional -
unit instruction. _

25 [6045] Fig. 4 is a diagram-of a multiplier unit. The multiplier unit is oriented
somewhat similar to the reconfigurable functional unit shown in Fig. 3. However,

the multiplier unit has a dedicated inulﬁplier rather than an ALU.




invention. Details of these (pcodes are described in the Appe I
I ncorporated herein by reference. [0057] Fig. 14 is a diagra o %3395 ag
system for tg resent invention. The flag unit is inside the data path
~unit and uSEQWEP B oducing the flags which go to 25 the cBRTUSIZIRI: as
well as to the next data path unit. The selection of the flags which are
used the control of a field of the reconfigurable functional instruction
and are preferred by the present invention. A description of the sone of
the flags is given below ME 3 1 0 CT 205 WO 02/103518 PCTI US02/11870 -11

[008) ROXR is driven every cycle. It i-s selected by conf = = 1. The
operation is: case opcode[7] =0 flag(l) == "(B[31:Q) flag[0] = =
"(B[15:0]) 5 case opcode[7] _ =1 flag] 1]8 ™(B[31:16]) flag(O "(B[15:0))

Abbreviations: CO- Carry Qut (of the addition/subtraction operation) OV
- Overflow (of the addition/subtraction operation) 10 EQ - Equal (A= B) GI

- Geater Thafj0046] - Ak ehewn aRigSN, 4in &@cmbc(dsmgn fbr evaxly seesudat) patRroaits ous
Carry in fr(im gontrol Max -

Fl 15 G - Ca

oX?? ff[fffP ] OF #gilﬁwﬂgfﬁvﬁlggg‘mﬁf Hunits 'Gﬁa‘éeofflef@@é? tye Srulgpherinifss ) [ 0059]
Fi 15 il h d
Zbgof th:a sﬁ?ﬁmznﬁé gﬁﬁ%{%‘ﬂ‘%ﬁgg& rrent%‘;]ﬁ O?tgﬁfé@édrtgge?éat?%\%sn OE] eSirrﬁCgs

the shifter ummnmsmt@mpiﬂldmitf@mmm%ékm e Fi es«rbethatapamf the
system of the present invention is increased. [0060] Figs. 16 and 17

i |1 ustrat®e onunit AP0 emeracaiveaw apfinpuieoushits from cight previovg datapath phis @ods of
S, e BRI o L b LTS Tl o
Lic, 2t oAb pe SRRl 0 /5 1 LR Lt o1
mul ti pl exers ghihede @iig caaberseleced using thd MPICMORIPWREP6XB85¥&em for either
the A or B imputs.
10 f0048] Fig. 6 is a diagram that illustrates the connection of the one tile
reconfigurable functional umits (data path units) to horizontal-and vertical
connection lines. By using multiplexers, the outputs, and inputs, of the data path
umnits can be interconnected to both the vertical routing lines and the horizontal
routing lines.
15 [0049] Fig. 7 illustrates an example of interconnecting a data path unit in one
tile to a data path unit in another tile using vertical interconnected lines. Note that
) : the system of the present invention for the interconnections preferably uses word-
based interconnections. In one embodiment, the interconpection lines allow the
connection of 32 bit wide data.. The shifter unit in the data path unit allows for the
20  aligoment of the data once it is received into a data path unit from the
interconnection system. Because the system sends data in-a 32 bit word, the
complexity of the interconnect system is reduced and simplified, reducing
somewhat the flexibility of the interconnect..
[0050] Fig. 8 illustrates the connection between the data path units and the local -
25 system memory. In a preferred environment, alternate data path units are used to
implement the Writes and Reads of the local systemn memory. For example, data
path unit 102 provides Read Addresses to and receives read data from the local
system memory 104. Data path unit 106 provides the Write Address and Write




PCT[ USO2/ 11870 -12 nux sel ect signals. In one 4x6 multipl exer aér a6 ﬁhi fﬁser
enbodi nent, a 32-bit operand which is divided into four groups Jf g1 20
signals is C\QHBE?&S%%P a first rowof four nultiplexers. her_than the
last row, the outpuls of the multiplexers in a previous rowSFUSESUBT%Rd to
the inputs of the next row of 5 miltiplexers. Each nmultiplexer in the array
‘is controll ed independently. The <control signals determ ne how the signals
are routed in the array and hence the type of operation perforned on the
operand. In one enbodi nent, exanples of operations include: 32-bit |ogical
right/l-eft shift, 32 bit arithnmetic right/left shift, |ower 16-bit sign
extend to 32-bit, constant generation, dupljcate lower 16 bit to 10 upper
16 bit, duplicate upper 16 bit to lower 16-bit, swap | ower and upper 16-
bit, 16-bit arithmetic rightshift, and byte swap. [00621 Fig. 18
illustrates a nultiple master latch systemused in one enbodi nent of the
system of the tthe lpgalntysism memothi . eNatepthat by wingrthstpass gaies sishsar e

of the system PHEERHLIC A8 TF0 plt L toe e 04SP0 G g6 o Roanefle™ "
the data path Wi i§dal E?ﬁémtﬂ@nﬁﬁcm%%go@%%é@é&éﬁ M%B%&Ha&ﬁgrﬁear e

provi ded through the multiplexer 152. T atc Is’connected to

confi guration buls {6 aed 418 eadedmettriothdhckigystentmenanty 004.aln amwthdie -
mul ti pl exesr 156 c&n be used to select the input to the slave [atch 158.

The use of® a 26TBALERGHHAR HAY Wit Gani hoth FraddTam @ad e syadena] sistasws t he

qui ck operatio h inth r nt .l nvention. 0631 The storage
el-ement of Fi &%’%?ﬁ%@%ﬁ%&p}g&%ﬁ?ﬁ@ﬂ%és %n?@ﬁ‘@ﬁé‘raggéess i‘? ﬁzchf sl ave
latch via a nubgstdph xedioryhib OB Bxth #%n 2 10841 Sjstdrk Rl R, FhRhRIR thedl RRAL -

I n addition, by)tshari ng fgl sl ave latch a si gn)gsfi cant ds?ghce sg:\g)?ngs IS

real i zed 25 (approtieherizbytabsndgertiddliisteiconpativn bukat | The conmedtivng syveh éan
‘utilizing nune e el enents. The storage el enent design relies on

ous, stor
" the fact that E’@ngizﬁﬁrﬂ%ﬁ S%Wt coPRES RSO TR el wRES datp imardioptpfghetasplage

el ement s.4nSO | avi ; | or_each .maste
at ch cong od Dacht eoryth AbréreR R 3 dnm e i 08 e mGRED BB Ry 351 o
PCTI US02I 11870read fm ané &ritieRgo 'fueinF hige ineMRB} LoritrdIRgstmsS UEliis bdderht HoHBHed to.
the configuration bitstream signal shares its slave latch with anothér
mast er |atch. J98Heksystem ivuseddor configusation) oftthd sesterhane fer clitziging the date

| ed bhet ween .t he naster

latch. A nmultipl ' .latches and t i ngl
Save I atch | APeCHLER PGB RFERARatE, NOfF it A8 EBPFAAbe%, ihs Precardve.

~latch.. [0064] mandy z'd@ﬁfe . 1S, 1 | | a
si gnal that fé@gggﬁ%@y r eth?(fp ‘Iietg @ELE stor 3’5%‘ l:%#grr]%‘%tt Q%%ﬂ%sﬁgﬁ&?dyg%ﬁégt he
other natier lbatprovided tohetlotl sgqenplBenby Whisd GRalatd prak uhi doby ffind Hifier

storage elenment functionality on an infrequent basis. In the first master
latch i s couplf@#tioB. t he data path signal and the

f) : [0051] - Fig. 9 is a disclosure of a control fabric unit 132 for the reconfigurable
functional ugit 130. In this embodiment, the control fabric unit 132 produces a
control or instruction line for the reconfigurable functional unit 130. In this

20 embodiment, the control fabric unit 132 is preferably composed of a state machine
unit 134 and a functional block configuration memory unit 136. The state |
machine 134 produces the addresses into the instruction memory 136. One
implementation of the state machine 134 uses a reconfigurable programmable

- sum-of-products unit 136. .
25 [0052] Fig. 10A illustrates a system with the state machine configuration unit
| 136, the configuration state memory 138" and the data path unit 130'. Note that
the configuration from the configuration state memory 138" can be considered fo

be an instruction for the data path unit 130‘. The instruction preferably includes -




10 second master latch is coupled to the configuration bit siggﬁg. K?Q%Mghe
data path signal is passed to the slave |latch, the storage el n?
functions to divide the data path pipeline into stages. Wen_the
configuratﬁ%ﬂ“ypbgy?ean1signal is passed to the slave |atcRCTHUSEZLIBER age
el ement functions to store the configuration bits. In another enbodi nent,
one master latch is coupled to the data path signal and nore 15 than one
master latch is coupled to a configuration bit signal and all of the master
| at ch outputs are coupled to the nultiplexer which is used to select and
pass one of- the signals fromthe. master |atches to, the shared sl ave

| atch. [0065] For Fig. 18: nmaster Iatchei are reset upon 'RESET' . or

"INNT" 20 slave |latches are reset upon"ﬁESET' only nmux A selects config
pat h whenever configuration is activating, (further qualified by the
particular slice being selected) nux B selects arc bus when arc is witing
(further qual iffeldsdsuck as decidUngniigrnatepfieldi shyftaegisigd dofigiratmneheld, ard ar to
ARC ext spec for, 25 address npp). ster |atches are transparent |y
during ol ock IBPIEEPLERRTERrEfBcld o It paeBBodEnt e gf B ks inem B gn 3 1
CCT 2006 VIO Q2( 103518 REH/ LSO LA searcllachifl 54 in bies o Qwitdy t r anspar ent
when t he | at pipe I's enabled or arc wite to that register is happening
master |atch kohSgiraaesyivred dad pathamit dfteg theodata pathimitds tonavperatng die
corresponded config address is decoded 5 slave latch is transparent when
1. confi ¢f act isetaafedaty  The sosfiguration statg maghine§38{ s21 @s9 he doaded fipmppnor 3.

| at pi i | f t . 1S hi Thi t N d h ti
that  bont i gur SFIeB SALENBtoR Fol Gtpmal RsRoraph BRSEE PREesie tine. i1 i1
does, happen, 4 1€OB]d. 90B3k 1 Uhadian ill&sQra'ﬁhg %ﬁﬁ&@hhﬂm@%@bw not her

enbodi nent of e present i1nvention concerns the variable delay wunits of

the present i deardeianteashpart abheirdabieyoruni ts are conprised of a nultipl exer
whi ch receives first unit sent into alggsgi ster_and the second i nput, which

bypasses the [0&dl st Big. 1ilshows theegptn! sysismpmeludmzhe ek machpgs 0rdift ed. I n
the 15 fi bl i | it 8 Q. .eal , ted
toctne T pRtgER GatEiioR st tRnouR o Tl gt AeREutiF ALES B Bk paRERCT €

and register F@nﬁ&%@ﬂ‘éﬁf&‘ﬂés&iﬁéﬂf‘aﬂmbﬂ pl exer 92, the register 90 connected
to the multiplexer 94 and the register 74 connected to. the nultipl exer

.72, can inpl 0551 sBigh 12 isar diagtaen thaeilimytratés ouet exapipdx of an arithswdtiect a

del ayed or a bypass signal; the delay signa] 20 goi ng. thro a del gy
el enent |ike l9BIq PRty Hgbps anithgetis logie upit Eiﬁhlﬂieé 38&51&1?%\5 WY ﬁ‘gﬂé{ Re‘%‘hﬁfi

i ncl ud t deyi _— i ‘ j i
coupl ed t o antOERORE AR odiel vt 4, PAlsp S L Bhoe Sl bt 1489 e
15 ALU instruction field from the instruction is sent to select the operations of the

ALU. The arithmetic unit 142 uses a carry input. In a preferred embodiment,.

J - this carry value is either the carry from the previous data path unit or the control

signal or a carry which is part of the instruction.

[0056] Figs. 13A and 13B illustrate a list of some of the Opcodes used in one -
20°  embodiment of an ALU of the reconfigurable functional unit of the present

invention. Details of these Opcodes are described in the Appendix I, incorporated

herein by reference.

[0057] Fig. 14 is a diagram of the flag system for the present invention. The

flag unit is inside the data path unit and used for producing the flags which go to
25 the control unit as well as to the next data path unit. The selection of the flags

which are used  the control of a field of the reconfigurable functional -

" jnstruction and are preferred by the present invention. A description of the some

of the flags is given below.




toa first input of a nultiplexer. The other input of the nultiplexer is
coupled to the input signal. As a result,. the first input of 3helCT 29’35
mul ti pl exer_j lLed to the 25 input signal and a second in

mul ti pl ex'er“{cgozzlg’g%f}e to the input signal delayed by the arﬁfﬁ'ﬁsaﬁllb Yded
fromt-he. storage device. The sel ect signal-can then be used to select
either the del ayed signal or the undel ayed signal. WO '02/103518 -15
31CCT2t5 PCT/US02111870 [0068] Fig. 19 shows an alternate enbodi nent of a
background foreground plane arrangenent [0069] The present invention

i ncorporates by reference the prior patent applicatiens, including "A H GH
PERFORMANCE DATA PATH UNI T FOR 5 BEHAVI DATA TRANSM SSI ON AND

RECEPTI ON, " I nventor Hsinshih Wang, Serial® No. 09/307,072 filed May 7,
1999 (Attorney Docket No. 032001-014), "CONTROL FABRI C FOR ENABLI NG DATA
PATH FLOW " Inventors Shaila Hanrahan, et al., Serial No. 09/401, 194 fil ed
Sept enber 23, 58] (ROSRnisgrivenekay avele. bisedactel By corfs=welll as

" CONFI GURATI ETATE MORY FOR 10 FUNCTI ONAL BLOCKS ON A RECONFI GURABLE
CH P, " Invent P4 55anr ahan  and Chri st opher E. Philli ps Serial No.

09/401 312, an PRy =epd enber 23, 1999 (gfdjpy ey
032001- 035) 93070 Verm)nt Enbodi nents. [0071] g‘lﬂ' Omlgl ustrat es a

ultimte errbodl ment of the reconfigurable fun(‘ﬁlagijﬁ?ia#= IGB[tllﬁl&]) or data path
unit. In this enbodi nent an additional register and nul, gl exer are added
to the B Pnputc3achce{dre= he shifter. Additi 5= {HRI3{; éfh

mul tiplexer is slightly nodified. The input mﬁatgll[(ﬂl_exga wn with
respect to Fig. 21. [0072] Fig. 22 illustrate eshl de table for
the new enbodi ggmevRatiord-9- 20 19. [0073] Fig. 23 |IIustrat es the

i npl enentation of the new nodes of Fig. 22. [0074] Fig. 24 illustrates a
turbo | ook up €abl@aripOun e the ndditibn/seltsaction operatien) present i nvention. The

turbo took up table ig useful in.th ddition of data stored in a

| ogari t hni c fdPWHtSVBF%Pg’ Goggl?s"éﬁl}}"“?%'%“ﬁ‘éﬁﬂ}l% ¥ cation systens. In one
25 prior I rderpto do the nmultiplication of data stored in

| ogarithnic %@Engftqdafﬁg da’?& must be converted to the normal format by

doi ng an expongrLiGeateeThamsi on of the data. The exponentially expanded
data is added together and then the conbined information is converted back
to the |ogari tlili Eesothamt .- I n the WO 02/103518 -16 3 1 OCT 20D5

PCT/U802111870%\E gfer{ed e 6#) BNt , the turbo I ook up table is used in the
production of addition of a correction factor. This

estinate uses ﬁr@ﬁoﬂ?ﬂé@ of the
15 Cin - Carry in pevious row.
Ctrl - Carry in from control
) -Max - Ox7ffiftff] (for 16/32 bits})
Min - 0x8000[0000] (for 16/32 bits)
[0059] Fig. 15 illustrates the shift mode and. the operation of some of the modes
20 of the shifter unit of one embodiment bf the present invention. Since the shifter
unit has a number of different modes, the flexibility of the system of the present
invention is increased.
[0060] Figs. 16 and 17 illustrate one implementation of the shifter unit using
- multiple IO.WS'Of muitiplexers. Additional logic is also of use to produce a special
25 6utput. Fig. 17 illustrates the operation of some of the implementations of the
shift register. _ o
[0061] This shifter used in the Datapath unit performs more than right/left shift -

operations. The shifter includes an array of maltiplexers which are controlled via




greatest value of A and B as a first estimate of the value of addition of A
plus B. The absolute value of this difference of A minus B is 3i3efCas200H

i nput to a_|] ook up 5 table to provide a correction factor to add to the
greatest var%8¥¥P*® or B. By adding this correction factor PEHUSHEEPeat est
value of A"or B a relatively accurate estimation is produced. Note that
the | ook up table need not have the sane nunber of input bits of A In a
preferred enbodi nent, only a few bits of precision are. used. |If the

magni tude of A mnus Bis relatively large, the 10 conbi ned val ue does not
significantly differ -fromthe greatest value of A or B. For exanple, the
addition of 1,000,000 to '0.1 is approxi rrgiel y 1,000, 000. The addition of
1,000,000 to 1,000,000 is effectively doubfing the nmaxi num val ue. [0075]
Appendi xes Il and Il further illustrate the Vernont enbodi nent of the
reconfigurable functional unit. 15 [0076] It will be appreciated by those
of ordinary skiix sdleet sigoalar tin ohetx6 mmwiltiplexesariay shiften epdbodimenened2dd i n

th ific f it hoyt. .d ' f t irit h t
Chereof | The PPEGBANECFAYGEE B0 B GBS Sneninisoralfd o i 181 24 | n

|1 t ' ' | GLilME. oQf ot
Cvention i & 7T uRr IR ORKE AR R R e Gk o IR L o ng

20 descri pti omprevdne ol areleanges ¢ tirtin f tietriekhrgwnef meani ng and range of
equi val ents thereof .are intended to be enbraced herein. WO 42/103518 3 1

OCT 2 PG@TI usonriltiplgrays Ageaiuitinlexer an Geostry iDeoairodedNadepententlyPsBglocode |

~result = A+B Desqgription A pl B Fl ags ,Af fected. carry o of .t he
Cperation  oveprastalefeuitrie Rkt el Chseripued i e drlamt fesdt tiime Ao
.16/ Pseudocode lnhemt %gyfghgj ‘ rdRten @R I sPhus B

Fl ags Affect egfp%gfé’}&ﬁfé“gﬁm Si m?%&?%@%ﬁmgg?%pdt&t he P@%ﬁ&ﬁ%msp%ﬂ% valid

Name ADDC Psepehatimdcinclade:l 82-bitAogiecdl rightdaft shifd, 32 bitAarjthmetiBright/leficshifty i n

for 32 bit operatign.., Cn is the COof the |lower 96bits. Flags Affected CO
OV EQ SN si mlaver 1odbipsien rglead sopeRit, constant generation, duplicate lower 16 bitto

10 upper 16 bit, duplicate upper 16 bit to lower 16-bit, swap lower and upper 16-

bit, 16-bit arithmetic right shift, and byte swap.
[0062] Fig. 18 illustrates a multiple master latch system used in one
embodiment of the system of the present invention. In this example, two master
latches are used. One of the master latches is used for the background
15 configuration of the system. The other master latch receives data from the
pipeline in the data path unit or from the processor. The inputs to the latch 150
1 ) are provided through the multiplexer 152. The latch 154 is connected to the
configuration bus to receive data from background configuration. The multiplexer
156 can be used to select the input to the slave latch 158, The use of a
20 background configuration n'?;emdry to the system ailows the quick operation of the
system in the prc'éent invention. |
[0063] The storage element of Fig. 18 has multiple master latches which share a
single slave latch via a multiplexer which provides a multi-function storage
‘element. In addition, by sharing a slave latch a significant space savings is realized
25  (approximately 25%). This is particularly true in a éystem utilizing numerous
storage elements. The storage element design relies on the fact that conﬁguration
bits are infrequently loaded into storage elements. So instead of having a separate

slave latch for each master latch coupled to a configuration bitstream signal,




Pseudocode result = A+B+Ctrl Description A plus. B wth contrgl1 c@ﬁ@ﬁﬂﬁ'
Fl ags Affected CO OV,EQ SN simlar to ADD Nane SUB Pseudocode*result = A-B

Descriptio ) B Fl ags Affected CCcarry out of the ope | +- B+l )
ov 1 the onsOibsEs | A GTiT AFB 3 1 G CT 2005 W0 02 1BLsIg

PCTI US02/ 11870 “- -18 LTif A<B EQf A==B SNsign of “result Name
Pseudocode Description Flags Affected Nane Pseudocode Description

Fl ags Affected Name Pseudocode Description Flags Affected Nane
Pseudocode Description Flags Affected SUB16 result = {(AH:B H), (AL--BL)}
Parallel A mnus B CO OV,GI,LT,EQ-SN simlar to SUB SUBC result =
A+-B+Cin A mnus Bwth carry in for 32 pilg_operati on CO OV, GI, LT, EQ SN.

simlar to SUB . SUBCNT
according to the invention the master latch coupled to the configuration bitstream
signal shares its slave latch with another master latch. Hence, two or more master
latches share a single slave latch. A multiplexer is coupled between the master
latches and the single slave latch for selecting which master latch is coupled to the
5 slave latch.
| [0064] In one embodiment, one master latch's input is coupled to a signal that
J’ frequently requires the storage element functionality and the other master latch's
input is coupled to a signal that requires the storage element functionality on an
infrequent basis. In the first master latch is coupled to the data path signal and the
10 second master latch is coupled to the configuration bit signal. When the data path
signal is passed to the siave latch, the storage element functions to divide the data
path pipeline into stages. When the configuration bitstream signal is passed to the
slave latch, the storage element functions to store the configuration bits. In
another embodiment, one master laich is coupled to the data path signal and more -
15 than one master latch is coupled to a configuration bit signal and all of the master
latch outputs are coupled to the multiplexer which is used to select and pass one of
) the signals from the master latches to the shared slave latch.
[0065] For Fig. 18:
» master laiches are reset upon 'RESET" or "INIT'
20 -+ eslave létche-s are reset upon 'RESET' only
'« mux A selects config path whenever configuration is activating,
. (further qualified by the particular slice being selected)
« mux B selects arc bus when arc'is writing (further qualified by
.decoding corresponding arc_address. Please refer to ARC ext spec for -
25 ' - ‘address map) .
« master latches are transparent only during clock low

* slave latches are transparent only during clock high




result = A+-B+Ctrl A minus B with control Carry in CO OV, GI, LTaERQ
A bgpts

simlar to SUB SADD ' . if (overflow result = max else if (u
result = m esult = A+B A plus B with saturation of
A+B ' OVover Iogl\h/vo%glf8r A+13 EQA==B SN. sign of result 3 1 oc?%%‘%g’\’/@%

02/103518 -19 Name SADD16 Pseudocode Parallel 16 bit version of SADD
Description A plus Bwth saturation Flags Affected CO OV,EQ SN simlar to
SADD, flag[Q is, valid PCTIUS02/ 11870 Name SADDCNT Pseudocode if
(overflow) result = max else if (underfiow) result = mn else result =
A+B+Ctrl Description A plus Bwith control carry'in and saturation Flags
Affected CO OV, EQ SN sim |l ar to SADD Narrp1£§§UB Pseudocode if (overfl ow)
result.= max else if (underflow) result™ = nmn else result = A-B
Description A minus Bwth saturation

+ master latch 0 is transparent when the latpipe 0 is enabled or arc write
to that register is happening
= master latch 1 is transparent when config loading is activate and the
corresponded config address is decoded
5 « slave latch is transparent when 1. config activate to this slice or
' - 2. arc write to this register or
3. Jatpipe signal from control is high
» This setup is under the assumption that configuration and arc write will

not happen at the same time. If it does happen, the configuration has

10 _higher priority.

{0066] Another embodiment of the present invention concerns the variable delay
units of the present invention. Variable delay units are comprised of a multiplexer
which receives first unit sent into a register and the second input which bypasses .
the register. In this way a variable delay can be implemented. In the
15 reconfigurable functional unit of Fig. 3 the register 60, connected to the
; ) ' | multiplexer 68 and the register 62 connected from multiplexer 70 and register 88
connected to the multiplexer 92, the register 90 connected to the muitiplexer 94 -
- and the register 74 connected to the multiplexer 72, can implement such a variable
(ielay. A multiplexer can select a delayed or a bypass signal; the delay signal
20 going through a delay element_.like a flip-flop. |
' [0067] The flexible adaptive delay element includes a storage device {e.g.,
flip-flop, latch) having its input coupled to an input signal and its output coupled
to a first input of a multiplexer. The other input of the multiplexer is coupled to
the input signal. As a result, the first input of the multiplexer is coupled to the
25 input signal and 4 second input of the multiplexer is couple to the input signal
delayed by the amount provided from the storage device. The select signal can

then be used to select either the delayed signal or the undelayed signal.




Flags Affected CO carry out of A+-B+l OV overflow of A-B GT A>B LT A<B
EQ A==B SN sign of result Name . SSUB16 WD 02/103518 -20 Pseu@ot T 2005
gion of SSUB Description A mnus B with saturation

Paral | el 16yhi

Fl ags Affec‘t}‘@d&%g(')\/, GT,LT,EQ SN sinilar to ssub, flag[0] vAlS&WSI18& 2005

PCT/ USO021 11870 Name SSUBCNT Pseudocode if (overflow) result = max else if
result = mn else result = A+-B+Ctrl Description A mnus B

(undef | ow). |
carry in and saturation Flags Affected CO OV, GI, LT, EQ SN

wi th control
simlar to ssub Nane I NC Pseudocode result = B+1 Description Increnent B

- Flags Affected CO carry out of B+1 OV overflow of 13+1 SN sign of B+l Nane
DEC Pseudocode result = B-1 Description 15ecrement B Fl ags Affected

CO carry out of B+Oxffffffff OV,overflow™of B-1 SN sign of B-1 Nane NEG
Pseudocode result = -B+1 .Description Negate B 3 1 O CT 20115 WD 02/103518

21 [0068] Fig. 19 shows an alternate embodiment of a background foreground
plane arrangement
[0069] The present invention incorporates by reference the prior patent
applications, including "A HIGH PERFORMANCE DATA PATH UNIT FOR

5 BEHAVIORAL DATA TRANSMISSION AND RECEPTION, " Inventor Hsinshih Wang,

Serial No. 09/307,072 filed May 7, 1999 (Attorney Docket No. 032001-014),
"CONTROL FABRIC FOR ENABLING DATA PATH FLOW," Inventors Shaila
‘Hanrahan, et al., Serial No. 09/401,194 filed September 23, 1999 (Attorney
‘Docket No. 032001-016), as well as "CONFIGURATION STATE MEMORY FOR

10 FUNCTIONAL BLOCKS ON A RECONFIGURABLE CHIP," Inventors Shaila Hanrahan
and Christopher E. Phillips, Serial No. 09/401,312, and filed on September 23,
1999 (Attorney Docket No. 032001-035).

[0070] Vermont Embodiments.
[0071] Fig. 20 illustrates a ultimate embodiment of the reconfigurable functional

15  unmit or data path unit. In this embodiment an additional register and multiplexer
are added to the B input path before the shifter. Additionally, the input
) _ multiplexer is slightly modified. The input multiplexer is shown with respect to
Fig. 21.
[0072] Fig. 22 illustrates the shifter mode table for the new embodiment of Fig. -
20 19. ' '
| [0073] Fig. 23 illustrates the implementation of the new modes of Fig. 22.
[0074] Fig. 24 illustrates a turbo look up table for use with the system of the
present invention. The turbo look up table is useful in the addition of data stored
_ ‘in a logarithmic format. This is useful for many communication systems. In one
25 prior embodiment in order to do the multiplication of data stored in logarithmic
format, the data must be converted to the normal format by doing an exponential
expansion of the data. The exponentially expanded data is added together and
then the combined information is converted back t6 the logarithmic format. In the




PCT/ US02/ 11870 FI ag Affected Nane Pseudocode Description Flags Affected
Name . Pseudocode Description Flags Affected Name Pseudocod@ D@@l H}ggon

Fl ags Affecwo-_,l){q,gﬁs Pseudocode Description Flags Affected
ABS if (Bis negative) result=-B+1 else result = B Absolute ue of B'

ABS 16 Parallel 16 bit version of ABS Absol ute. value of B, for 32 bt t
operation CSUB if (A-B>=0) -result=AB else result = A Conditional
subt ract ion CO carry out of A+-B+1 OV,. overflowof A-B GI, A>B LT, A<B

EQ A==B SNsign of result AND result = A&B Bitw se AND

-16 -

preferred embodiment, the turbo look up table is used in the production of an
estimate of the addition of a correction factor. This estimate uses the value of the
greatest Valué ofAand B as a first estimate of the value of addition of A plus B.
The absolute value of this difference of A minus B is used as an input to a look up
5 table to provide a correction factor to add to the greatest value of A or B. By
k adding this correction factor to the greatest value of A or B a relatively accurate
J estimation is produced. Note that the look up table need not have the same
nl;xnber of input bits of A. In a preferred embodiment, only a few bits of
precision are used. If the magnitnde of A minus B is relatively large, the:
10 combined value does not significantly differ from the greatest value of A or B.
For example, the addition of 1,000,000 to 0.1 is approximately 1,000,000. The
addition of 1,000,000 to 1,000,000 is effectively doubling the maximum value.
[6075] Appendixes II and IIT further iliustrate the Vermont embodiment of the
reconfigurable functional unit. '
15 [0076] It will be appreciated bj those of ordinary skill in the art that the
invention can be implemented in other specific forms without departing from the
) ' _ spirit or character thereof. The presently disclosed embodiments are therefore -
considered in all respects to be illustrative and not restrictive. The scope of the
invention is 1llustrated by the appendcd claims rather than the foregoing

20 description, and all changes that come w1thm the meaning and range of

equivalents thereof are intended to be embraced herein.




EQ A==B SN bit[31] of result 3 1 OCT 2 005 WD 02/ 103518 22 PCT/US02/ 11870
Name Pséudocode Description Flags Affected Nane Pseudocode 3 Be8€7i g&l%on

Fl ags Affectwe Pdapk,g Pseudocode Description Flags Affected ND

Nane Pseudocode Description Flags Affected Nane _ Pseudoggzéggﬂﬁ%ﬁ

" Description Flags Affected same as AND Nanme Pseudocode Description
Flags Affected OR result = AIB Bitw se_R EQ SN sanmé*ZRCHNS NAND result

Bitw se

= -(A&B). - Bitwise NAND EQ SN sanme as AND NOR result = -(AIB)
NCR . '1.9 Opcode Details
Name ADD -
Pseudocode result = A+B
Description Aplus B
Flags Affected CO carry out of the operation
OV if the operation overflow
EQifa==
SN result{31]
Name _ ADD16 _ _
L Pseudocode résult = {{(AH+BH),(AL+BL)}
Description - Parallel Aplus B
Flags Affected - - CO,0OV,EQ,SN -
' similar to ADD
except the flag[0] is also valid
Name ADDC .
Pseudocode resuft = A+B+Cin
Description A plus B with carry in for 32 bit operation.
Cin is the CO of the lower 16bits.
Flags Affected CO OV EQ SN
) similar to ADD
)
Name ADDCNT
Pseudocode result = A+B+Cir]
Description A plus B with control carry in
Flags Affected CO,0V,EQ,SN
' similar to ADD
Name , ‘SUB -
Pseudocode result = A-B
Description A minus B
Flags Affected COcarry out of the operation (A+~B+1)

OVif the operation overflow
GTif A>B S




EQ SN XOR result = A"B Bitwise XOR EQ SN sane as AND XNOR result =

-(A"B) Bitwise XNOR EQ SN PASSA result= A Pass A EQ SN sa 1a§ /f\l\%e%l

OCT WO 02/ §0§ﬁ0§§€ U502111870 -23- NanePASSB Pseudocoderesul{ = E -

Descri pti onPass. | ags AffectedEQ SN same, as AND NaneNOTA PCT/US02/11870

Pseudocoderesult = -A Descriptionlnvert A F’rgags Af f ect edEQ, SN sanme as AND

. Nanme NOTB Pseudocode resul t; = 5@ Description Invert B Flags Affected

F!'szgd%c de if (AFB) result = A else . result =

I

EQ SN sanme as AND Nane M N
B Description Return small er PAZIBB Flags Affected GT AFB LT A<B EQ

A==B SN bit[31] of result COSMN&iyn®itreglltA+-B+1 OV overflow of A-B Nane
-M N16 Pseudocode Parallel 16 bit version of MN 3 1 OCT 2Q 5 '

Name ' - SUB16 _
Pseudocode : result = {(AH-BH),(AL-BL)}
Description .~ Parallel A minus B
Flags Affected =~ - CO,0V,GT,LT,EQ,SN
similar to SUB ’
- . Name SUBC
i Pseudocode result = A+~B+Cin
‘Description A minus B with carry in for 32 bit operation
Flags Affected CO,0V,GT LT EQ,SN. - :
similar to SUB
. Name : - SUBCNT
Pseudocode result = A+~B+Ctrl ,
Description - A minus B with control carry in
 Flags Affected CO,0V,GT,LT,.EQ,SN
' . similar to SUB
) | L
Name SADD
Pseudocode - if (overflow)
- . result = max
-else if (underflow)
-result = min
else
RS result = A+B
Description A plus B with saturation
Flags Affected COcarry out of A+B
OVoverflow of A+
EQA==L '

SN sign of result




WO 021103518 Description Flags Affected Nane Pseudocode Description

Fl ags Affected Nanme Pseudocode Description Flags Affected NateQCT 2005
for 32 bit- operation

Pseudocode G{C&/I’é#%g 11870 Return smaller of A and B,
sane as nin, P& %¥or flag[o] as well MAX .if (AFB) resul tPCHUN214878¢

result =-B Return larger of A and B GI' AFB LT AFB EQ A==B SN bi t[31] of
result CO carry out of A+-B+1 OV overflow of A-B MAXI 6 Parallel 16 bit
version of MAX Return larger of A an??B, for 32 bit operation sanme as mn,
valid-for flag[Q as well PENC resuft = 0; for( i =31;i >=0;i -;){ if

(B(i) ==1) { result =i+1l; break; } Description Flags Affected Nane
PseUdOCOdﬁame -‘ : SADD18 | _
Pseudocode Parallel 16 bit version of SADD
Description A plus B with saturation

Flags Affected - CO,0V,EQ,SN _
. - similar to SADD, flag[Q] is-valid

Name ~ SADDCNT
Pseudocode = if (overflow)
' result = max
y | else if (underflow)
h resuft = min
else |
. _ . resuit = A+B+Ctr
Description ‘A plus B with control carry in and saturation
Flags Affected CO,0V,EQ,SN
similar to SADD

Name . ' SSUB
Pseudocode ’ if (overflow)
' result.= max
- else if (underflow)
result = min
) else
' | . result = A-B
Description - A minus B with saturation
Flags Affected = CO carry out of A+~B+1
: | OV overflow of A-B
GT A>B
LT A<B
'EQ A==B
SN sign of result

Name - ' . SSUB16




"Leadi ng One Detecti on.

none MUXBBA result=in[A4:0]] 3 1 OCT 205 WO.

)
02/ 1035/ 8 2, a PCTNSOZ/ 11870 Description Use the 4 Isb of input & 1OCT 2805

mul tiplex t
SHI FTBBA 32@3 oC

Al 4:0];
config nmenory.

11870 s<i

Description

. Flags Affected

Name
Pseudocode

Description
Flags Affected

Name
Pseudocode

- Description
~ Flags Affected

Name

Pseudocode

Description

 Flags Affected

Name
Pseudocode
Description

|f (A[5]} result = B << A[4:0];
Descrlptlon Shlft B by A The 16/32 bit is deC|ded by con32 bit in

I n either case,
flag. Flags Aﬁfected b|t[31 J of resul t 3

Pseudgppda AT

gs Affected inputs of B. SN bit[31] of result Nane

el se PEE{PISPWS@ <<

the shifted out bit will be passed to the
20D5 MD 02/ 103518 26 PCTIUSOZ/
~~~ At -Sswy f a-x:: T

K “Brallel 16 bit version of SSUB

A minus B with saturation
CO,0V,GT,LT,EQ,SN
similar to ssub, flag[0] valid

SSUBCNT
if (overflow)
result = max
else if (undeflow) .
result = min
else
result = A+~B+Ctrl
A minus B with control carry in and saturatlon
CO,0V,GT,LT,EQ,SN
similar to ssub

INC |

result = B+1
Increment B

CO carry out of B+1

- OV overflow of B+1

SN sign of B+1

DEC

result = B-1

Decrement B
CO,carry out of B+OXfffffff
OV, overflow of B-1

SN .sign of B~1

NEG
result = ~B+1
Negate B




. X L ty? ; ., ~~a~-~,.. s k: YfIl v't'rf'.~~nr
~~(s~ ~la I~ W7 { ~7 r~ L~ _r=—r1~4 vsi~ .'t. IS _ 3_1§C_T 2005
=~ 1A~~~ |G LI T~ f.~R1 ~~n~-.. ".."i] ‘L' 4~
ZYr ~ -WORAPSS o7 | Jy—+1 ' -4 N ypm L Fo- - _PCIIUSO1870
VWAS ' ~rf1 ~Y.3 ~t* i':i": 3k . -f 2 f sst7. r.~r~ . tf u wi J
~.r t X -Jc .: l:...ra--r'r.. y~ _

._, r: yr3xFlag ')Af,fectéﬁ

T2yl .

c<.T.

for LSNIaddress

Name
Pseudocode

Description
Flags Affected

Name

Pseudocode

Description
Flags Affected

~ Name

Pseudocode

Description

Flags Affected

‘Name
- Pseudocode

Description

Flags Affected |

r. |4 Y r W,

- a rCJrNIZSYts 3- rylgp ¢ >w - .r
3r addr mask|[ 9: 6]|nputCR mask

.e ~SNslglrof ¥BS ]

ABS
if (Bis negatlve)
result = ~B+1 -~
else
result = B
Absolute value of B’

ABS16
Parallel 16 bit version of ABS
Absolute value of B, for 32 bit operation

CSUB
if (A-B >=0)
result = A-B-
else
result=A
Conditional subtraction
CO, carry out of A+~B+1
OV, overflow of A-B
GT,A>B
LT.A<B
EQA==
- SNsign of result

AND

result = A&B
Bitwise AND

EQ A==

SN bit[31] of resuit -




il k[O]inputclock ' ;lken[0]inputclock enable reset(0)inputreset
Loadconfi g(a/ b/ o] [0] i nput!l oad the abo registers fromconfig b@s1 LT r2008
w( 01i nput atﬁg]o?/a% n /witing arc bus[31:0]inoutbus from ar -(;-gICT;[UfSOZJLw?q y

access [a/ hsput arc reading/wi:t] ng abo regl sters
~S. ~~I~ ~}r~ ~~L7~5r, ~~I1f~";r~+lit~"="1"Iti." i.ry! TS lia$, ff"9

7YSI[q' "Lr~~l ..1-7~~YLC_ _~ | h41rT. ~: hl { 5~~. Y~~~ ~~~M: ~' . ~ i nO
- n7(3N@f]Tl$‘|put Local .8 dat@Ronnections from above ing -
i nl 4] 31: OPseuddcode 7 dat a qengcti AfB from bel ow net0 --

gnet I 5[ 3‘13{9&1,’ Hbﬁ‘ obal dat amg @\)s Lsm/al (31: O] i nput LSM val ue 01-1,
, E%e EN ' :.:yfl r~~'~~C
, f t r Flag %ﬁ? te r |sr Q% me as AN ~ xy W ~Zn~l~ivii:

zi{..er~irTr- auxasel[2:0]input auxbsel[2:0]i nput auxaf gsel [ 1: 0] i nput
auxbf sel[0]i nput nuxbc f[o]input nuxop [a/b] 'sel[1:0]input Select 8 output

above (S th GO and -
ggr%'% utp t bel ow a

Flags Affected

%\l --1 ﬁgaek)

Sel ect 8 output above (Shared wth
ANDed or ORed data Sel ect.

sel ect f
above, bePﬁﬁ 0gP@Bal for Arssulce +(@%B)or gl obal for
Description Bitwise NAND
Flags Affected "EQ,SN same as AND
J Name ‘NOR
Pseudocode result = ~(A|B)
Description Bitwise NOR
- Flags Affected EQ,SN
'same as AND
Name XOR
. Pseudocode result = AMB-
Description = - Bitwise XOR
Flags Affected EQ,SN same as AND
() Name . XNOR
Pseudocode result = ~(A*B)
Description : Bitwise XNOR
Flags Affected - EQ,SN
same as AND '
Name - PASSA
Pseudocode resuit = A
‘Description Pass A

EQ,SN same as AND




Sef ect shift or no shift for B Select latchEd or unl at ched Oéﬂbﬂﬁ %@g

.I.IArlLT LI ;T,y-. ..L.{.. It~ WtM' T+:s~y :+H ~'.

85 89‘652”"%?’{81 OTL "H 51~ 4l =, S ==' =" ZcR CHPSIXII8T0
aanR+ "L. _pe. &. y, ,GF f M: !,S'..~|ce r a/b/o]bus-

[31: 0] i nput Confi guration bus t uxi at[a/ b/ o] se?3-[0]in ut Sel ect confi g bus ‘or
DPO data .at[a/b/o][ns]en [0] i nput ‘Master and Slave | atch enable ,~", ~(~,
A|.' Y, vName. Dkd7y7, w~' | : ~, PASSB : rs+~i t° k= f~r~s~'" Si 1~q~[; ~ - ls

7. rara ([@#sdiMecaeqe dOCkI ng)regu;t —kB k9r F~"'"t-~~r1 9~.,.~ | U..R ~ ~;
0~:~ [ . ~v' 3: f ; ~. |, ~ Tky~, r~ = "+: ft

RZEEEE b@%jﬂyﬂﬁ Y ')[ E‘%&@ R, h". fi:rtTi .7~ O +~_
aii]:~ .Flags Affected-. . | EQSN same. asANlDa S -~ @ s =+
a'~"...~u[t~~.j ~~~Pa ~ %0 M8 RS~X'if:l'1~~1 ~~~~t
~4'~ ~"tai~1~A S K~~F:~|' ‘r",t.n"b..~~ ;hiftant [4 O]in utShift
anount -hi.ftdir [O]i nput Shfit direction nade [ 2: 0] i nput Shift node of

shifter :tzl [O]inputControl as carry in of adder :onF [2:0]inputFla
control )Natme [ 7: 0] i nput Qocdd®TFAr ALU ;in [0]input Carry out from previous -

row 3 1@§ﬁd%c@% V\D 02/ 10%@%1{3@}93802111870 -27- <c;.'"~""e ; ('~ a~ r,
; ~j(’\c~~~ E U N Y 5=" ~cn. k~r, """
4[ gsjptipn | gy JgverpA Ly oz RO SS - 4 Nj ~Q- X' 1, 4

- fFlaQiS Aegdedat " . 1. EQXSN sameias AND, . " ~s,r.. ~t. r .~~
V\,01~ .}~ s% n~ Clng.....:...4~n’\-. (|~" p o~ ~{~~~Ccas~mY
'g:\.:. T~~Y 4., ~Tli~ri/. i/-S." o 1 i L. LyI ~~4f U~. .
~#/ . ..L=J _e:-.*1".:4V:,' x~IH a. U|~t~~]r~~j|6l ka~. L+tit 7" ~

muxal ul smsel -[0]input, Select ALU output or LSM vaI ue
muxout seNarienput Sel ect | at cIM@Td unl at ched nuxl snsel

Pseudocode - result=~B -
Description Invert B
-Flags Affected EQ,SN same as AND
Name | ~ MIN
Pseudocode - if (A<B)
resuit = A
else .
_ : ‘result =B
¢ )  Description . Return smaller of A and B
Flags Affected GT A>B-
' LT A<B
EQ A==
SN bit[31] of result
CO carry out of A+~B+1
OV overflow of A-B
Name | MIN16

Pseudocode "~ Parallel 16 bit version of MIN




[0]' inpt]t Sel ect sending latched or ~, ~ ~7r ti:.Y u~.,; M, rsiC4 ~i C wW.

rte' .. t" 1-.X'". i.N,tr' , ~ ~~7F "w,.n-aro:..- unIatchedea(]@TtQ[ismr
' '~ -gs3i;Li;7:. Ciyr, i ,"s~i~~it .. .3_3{1'~...~_"~;%~1' ~ -ttt -
crvkatar, . WOQREE T oo oY 4 TE s~ 7~ RCTYSO2LISIO v
+.rc+~" ~~ 1s:. l.~~ 0 -y~ ~r ] *'-~"~t~ 0 ~S .0 o w{.-f.>~I"IN -~
'~.. 4n™v,93' M- i Lhlen } I~ Y=h: "t~ Coo /it wt . ~~1F~~ti _y~ .~~~r 1., 4Y+~
2- |~ . =~DescHption1' , ~ ~. . : ~ Retgn smaller-ofiAand B, 1fdr<d2-bit operation

T-f.:f~ ~fHagsAffSMed~Y"' - . ~EEmel nih~AzitilE B iR
flags[1- Oﬁu put Fl ags out| SI%rﬁﬁt%su{ndgf g’%@t%u@%?@u%? CWL{:E%] out put To
greet for recirculating the result dpu i smdata]31: 0] outputTo LSM data dpu
i sm addr [ 9: 0] out put To LSM address WD 02/103518 28 1.11 DPU Functions --
After theNsdmkter/ Mask 16 bit MAX thnetic Add Sub Saturation Add
Saturatiorp@gﬂdobag c Neg kogicpMAND OR XOR NAND NOR XNOR NOT

' unc. A

PASS( NOP) Speci al BS lresu XA
else
- result=B
Description - . " Return larger of A and B
Flags Affected
' - GT A>B
3 LT A<B
i, EQ A== .
SN bit[31] of result
- CO carry out of A+~B+1
QV overflow of A-B
Name . MAX16 _ |
Pseudocode Parallel 16 bit version of MAX
Description . Return larger of A and B, for 32 bit operation
. Flags Affected same as min, valid-for flag[0] as well
Name - . PENC
\) Pseudocode ~ result=0;
for( i=31i>=0;i—X
if (B(i)==1){
result = j+1;
break;
| }
_ . )
Description ' - Leading One Detection.
Flags Affected none
- Name - - MUXBBA

Pseudocode result = infA[4:0]]




R«or NA NIA NA NA NA 32 bit -Add Sub Saturation AddaA Sﬁh}ﬂﬁﬁﬂon
Sub Inc Dec Neg AND OR XOR NAND NOR XNOR NOT PASS( NOP) is 5

MAX  Rxor PENC MUXB by Al S HFTB by A2 NOTE: build a
896 bi t (289?2 2”3§§§at or per slice. 310CT26Q6 PCT/ US02/ 11873;%{%’%32’?%?enent
N:1 multiplexers where 2<=N<=8 2 Al 4: g “i's the shift anount, A[5] is the

di recti on of thf shift'3 1 0 CT 2085 WD) 02/.103518 PCTI US02111870 29 CS2212
ALU Opeode€28dPEPEhs The fol ﬁqth@{a‘;i@bdé‘slnmﬂl be raudédexcsthendbes2212:

ADD8  SUBS . inputs of B
Flags Affected ,
' SN bit[31] of result
Name - SHIFTBBA
Pseudocode - i (A[5])

~ result =B << A[4:0];
else - : '
- result =B << A[4:0; :
Description .Shift B by A. The 16/32 bit is decided by
-~ con32 bit in config memory. in either case, .
y . -the shifted out bit will be passed to the flag.
Flags Affected o
bit{31] of result




ADDSUB16 SUBADD 16 qOeration : ADDS: S bit addition Qut[ 7: 0] 3:“@@%3{;&
B[ 7: 0] Qut[15: 8] Al 15: 8] +B[15:8] «Qut[23:16] = A[23:16] + B[23716]+*®Qut
31: 24 A[3124+B[31 241 Opcode : ? ’?’?’?’?’7’7 Bit Ganularity : 8
bi t operat MEH O3 038 Affected : No flags are available Oper aP¢ BRSO/ 4 8
bit addition th[7 q = A7:9 + B[7: 0%+ 1 -th[15:8] =A[15:8] + B[15:8] +
1 CQut[23:16J Al 23: 16] + B(23 16] + 1 Cut 31 24 A[31 24] + -B[3 1:24 +
1 Opcode : ? ? ’71’71’() f)P[?I f a& |t eratlon FI ags
Affe(;t_L TR ..3%_,:*;;. SRR Ty . EBoLErs
and sE »ﬁ.fhv‘ -E_-Zq.—. ERER 'nrs»«wn_ 2 »,73 = B
| 15:0 SFEAHE af@ﬂﬂ$% S *Z§MA91'“;fﬂﬁ35 S : :
AT ecoEaddTmAs kY F1 2, SN Cifrt | onlnpSUBADDBGma%: bt 38081 bdreand
subtragkion OQut[31:16] F A3 16] +nBL81: l6lotkl " Qut15:0 =Al15:0 +BI5:0
QpcodelkeR ? 2 2 2 ?2 2. 2| ,.[0Bit |Gappharify¥lockbeBkbi@peration FIags
@L}‘ ?CEéget CO OV, EQ SN W G2/ 10394 818U AUl 2
| CITIAGAl T}OTT; ou T 1y ey | T
e chang Rg Tof the' G222 i) ‘or der -6 5l ’-’8?5 R T
|atChcu at tIIC v} lcgl atei’. ..B:s C*‘c‘:‘"*"’c‘l ]C‘RQ m||f|nI|r~;n‘|nn
oper a the ladiiPibn rﬁnseﬁdf-ng wERBINgh ) xmilt | snsel
fiel BIR PWe MU T CSM _Thel3t yhbl|  Howh| 1] Basefromi #Fcsel ect the input to
the 0:r¢capeess_[a/Phelf ¢l | d@lng |f astpon: |axcutehdisel/wiipOngeabst er .or
MULT output result 2' bOOjlrlIti plidation out pnteg:?éb@i:kSM Read Dat a :
e ﬁ"'d@ S D S T ey e
.~ itn0-= in7T [31:0} d Local B data connections from
vy : - ' above
ing - inld . [31:0] Local 7 data connectlons from
' below -
jnet0 - gnetls [31:0] input Global data connections
Lsmval [31: 0] input LSM value
e S T e S e S L e D e
muxasel a [2: 0] input Select 8 output above (Shared
‘ with GO and Gl mux)
auxbsel [2:0] input Select 8 output above (Shared
- ' with select for 7 output below:
and self-loopback)
~auxafgsel [1:0] input | Select above,below or global -
' for A
auxbfsel (0] input | Select local or global for B
“nuxbef [0] input |[Select shift or no shift for B
auxop{a/blsel [1'0] input Select latched or unlatched or
) ’ ANDed or ORed data
T T T
ja/b/o}bus [31:0] input Configuration bus
wxlat{a/b/o]lsel [0] input Select config bus or DPU data
.atfa/b/o] m/s]en [0] input |Master and Slave latch enable
' . (Active and docking) _
R S g o P G e e L e 0T ué”%"‘f%%ifﬁﬂ;‘?@
shiftamt [4:0] input Shift amount )
shiftdir (0] input |[Shfit direction
shiftmode [2:0] input | Shift mode of shifter
itrl {0] input Control as carry in of adder
:onk [2:0] input |Flag control .
pcode [7:0] input |Opcode for ALU
:in [0] input Carry out from previous row




TV\DAoper and 2' bI | B o erand This functionality allows the user t3 wmt'p %ge
mul tiplier as a dynam cally confi gurabl e routing resource when'it 1S not
being used for its primary function. '3 1 OCT 2005 WO 021103518 31

PCT! [ | S02/ 1w®42/1€83212 Pi pel i ne Regi ster Specification The @8ahisdzhesIo
registers that can be used as either mask registers or pipeline registers.
In order to allow the user to use pipeline registers in the A and B operand
pat hs, and use the nmask registers, the CS2212 will include additional

regi sters. These registers are inserted after the A and B input and wl|
be referred to as ‘api pe' and " bpi pe'. These registers can -be bypassed by
t he signals "nmuxapi pe! and " nuxbpi pe' respectively. Refer to the CS2212
DPU Bl ock Di agram for the placenent of2%hese regl sters and nuxes. The

nuxes are selected in the foI | OWI ng fashl on: _nmuxa i e A operand rruxb |

e . \FEeHeRARe N TN DA T B e LRy
oblngorl USG21 488 /M7 olebg e ok SV L5

1 egi BhakaYO1 995203518 3 T O(g) -
Data 3& E‘QE%'I.T' cation 1 eI ILEBAZJ. : i{ﬁb EUe s igciolﬁthhﬁd 8I'L UElb’E’
t he, 'r?u ter putputs—as H5gs *lﬁ 1 g 6o

faciif g‘ ISﬁIS added furctig al ift.y? _% x| GFFF Ee 88&8%3&? ée LSK write
uflai@hr fter out out Ref di: Bl@gk D| agr amfor t he pI acerrent
of “finmuxlsmad' . 31 OCT WO 02/108518 PCTI US02/ 11870 33 2.1 General
Desqra@t | on The fabric 1% rEcant { geuabhe anpatd sstg@ptrolTed Dby config

bi t 5z L €0NT1 g BrisTare fHagrd 'Bh put® @g;gﬁemfofsfé‘éﬂﬂ @i&tm? the

-i;r],structrons (through | opd st or.e] t_hen fig contro er W

S s T e S e pere e
eac Vﬁ.iwﬁv al corr ncllﬁnpi]f h PHEPRE M@éﬁl&%% far the base
address of the configurati on has not been deternined yet and so the

following address will start fromO. 2.2 Details




0 The top 16 bits will
the parity bit.

bit.

The addressYBEPW31%& rel ative to sone base address
carry 112 bits of "config data During
store at nost 112 bit |1ne each cycle
for a cerltAlnDEWAFypncticne — AftsethershiftedMdske(s) can be ski pped.
not be enbedded in the current address map and wi ||
hould refer to ARC

one operation.
TAdd. . Ff ~' F~+ T74~' Li ~. t
s7 O~ f ,

slice address wl |
erased fromthe current
ext ensi on.spec t.o see h
tAgaEHESsData WAdifir S Vi ti.:

Addr ess _
. Qubf~-h. {1~

Nt ~ti

- oyt.~4r "~ #
krowQ register 0 S7r

Logic

Special Func.

The hardware wi | |

be the enbedded address
check for even parity in eac

For behavi our of parity, please check ARC extension spec
Each 1Z&%

t he hardware can
For the Lines which are not needed

pi ng for now.

é@nfig | oadi ng,

configure nulgggisﬁélice in

Saturation Sub
Inc .
Dec

' Nég

AND
OR

~ XOR

NAND

. NOR

XNOR
NOT
PASS(NOP)
ABS

MIN

MAX

Rxor

“N/A

N/A
N/A

- N/A

N/A

-t oSusl ~irryttl

-'ng’érthéﬁohsABH B" efturaflon Aad™*® S XY

Saturation Sub
Inc

" Dec

Neg

AND
OR

‘XOR

NAND
NOR
XNOR
NOT
PASS(NOP)

ABS

MIN
MAX

Rxor

DIV.
LFSR
PENC
MUXB_by A'

SHFTB_ by A?

NOTE: We can build a 896 bit (28*32) operator per slice.

' To implement N:1 multiplexers where 2<=N<=§

2 A(4:0] is the shift amount, A[5] is the direction of the shift

The top bit (bit[127J) is
B 2005

I wi | |
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CS2212 ALU Opeode Additions

The following opcodes will be added to the C$2212:

ADDS -

SUBS
ADDSUB16
SUBADD16
Operation : ADDS: 8bitaddiion
Outf7:0] = A[7:0] + B[7:0]
Out{15:8] = A[15:8] + B[15:8]
Out[23:16] = A[23:16] + B[23:16]
: Out{31:24] = A[31:24] + B{31:24]
» _ Opcode: [ ? -2 7 7 2 7 7 17|
e Bit Granularity : 8 bit operation

Flags Affected :

No flags are available

Operation :

Opcode :
‘Bit Granularity :
Flags Affected :

SUBS8: 8 bit addition

© Out[7:0] = A[7:0] +~B[7:0] + 1

Out[15:8] = A[15:8) + ~B[15:8] + 1

- Out[23:16] = A[23:16] + ~B[23:16] +

Out[31:24] = A[31:24] + ~B[31:24] + 1
L2 2 2 2 7 2 2 7]
8 bit operation

No flags are available

"Operation ;

J

ADDSUBI16: 16 bit addition and subtraction
Out[31:16] = A[31:16] + B[31:16]

. Out{15:0] = A[15:0] + ~B[15:0] + 1

Opecode:” | 2?2 2. 2 9 2 7 :7 7]
Bit Granularity : 16 bit operation _ '
Flags Affected : CO, OV, EQ, SN

Operation :

SUBADDI16: 16 bit addition and subtraction
Out[31:16] = A[31:16] + ~B[31:16] + 1
Outf15:0] = A[15:0] + B[15:0]

Opcode: | 2?2 2?2 2?2 2?2 92 92 7 21
-~ Bit Granularity : 16 bit operation
Flags Affected : CO, OV, EQ, SN




OXIC rowZ. High multregister A Oxl Drow/ High fault re 'suer B oxl Erow?

Hgh malt rz inter 0 » Ox2U~L' f = 1 row7 Low nolt register A 34 agquyggg{v?,j-

Low nol t rzwé;eé/i%?%&?) row7 Low mutt rC 0_gistcr C xel. RESEg\c/%EJslg;usm

_ ! _ || _
x24- L >-<r__ t|3.0 Il sl11 ir Y

CS2212 Multiplier Output Mux Specification -

The output mux for the Multiplier will be changing for the CS2212 in order to allow the
A or B operand to be latched at the O register. This effectively bypasses the
multiplication operation. This will require the addition of one bit to the ‘muxmultlsmsel’
-field in the MULT CSM. The signal muxmulﬂsmsel’ will select the input to the O
register in the following fashion:

muxmultismsell1:0] O register or MULT output result
27600 _ : multiplication oufput
2’601 ) " LSM Read Data
2°b10 A operand
2’bll _ B operand

k This functionality allows the user to employ the multiplier 2s a dynamically configurable
;o routing resource when it is not being used for its primary fimction.




Ir'': ~§ . ~j:~~4 - 10 liy ryH7r~LL ~ vy~ :-
$ 1" ' rY~'.SMS Li'~~iL7"A ~7 Sa7~+~  rRS,r.-:J-i '~J 0Ox40row b &L 28t 1

lrow O DPU i..0_0x41lrow O DPU config3row O DPU config2 O row 0 DPU
confiir:br owzﬂﬂ%lgonff 4 0x43row O DPY conff 7row O DPU cé’?ff?rf[%@yé’)?ﬂlr ow |
DPU conff Irow | DPU. config O 0X45row.T" DPU config3row | DPU config2 "
Ox46row | DPU confii 5row confiqgd Ox47row, U config7row | DPU
conff 6  WCrow7 MULT hi gf#s_c"’gﬁg&l}%%ﬁﬁef e@ﬁ%c@ A%l grow7 MULT hi conf 1
row7 MULT_hi Eh conff 0 OxSDrow7 MULT-hi config? row7 MIUT hi>irconfi
6r ow7 MULTTAF Cpohi hasregisteribat oan §e sendras githegr maskaveisieornpaize 1e3898. 3- |
PCTI US02/ Ingder toaewdhg usaotausapipaon régisw? tilleTA kohBopsfand pathz, dhiEe| ow
confi 1. rteTmask rigistemyihe €18§2212 wWiEimwhide Millifiohalsegistafsi ThessvégidsTaleow confi 6
row7 ML Tinkeatededef ibg2 axd BNht andwill 68 idertedittd ;ﬁﬁﬁﬁ&’%i@’? Fifesd - - f:w ;. !
oo ﬁ|'7 4|Zre'gt§siers7-canﬂ% tﬁ}glasded%%gé d%ﬂ%ﬂaf&p@l and%‘ Bpipel jce"speciivilg,s Fegg r |t21 ]
_ .. N7r 'to'tHe €S2812 Bi - & - ; pildir
23:16 1 qggg&%@@%ﬁﬁf%l%@%féﬁiﬁﬁﬁﬁﬁt Scélféprzegﬂi rénug'é(%%as%sl' 30 nuxo
shiftrnodc . B

bset 34: :

‘muxapipe’ A operand ‘muxbpipe’ B operand
0 ‘register bypass 0 register bypass -
1 ' pipeline register 1 _ pipeline register




37:35 1 conf 38 1 nuxal ul snsel 41 Ismread/wite enable overlapped for both
read and wite enables, even row for read and odd row for witdg 1 5(5{}’{1229051
Ega . gSf g 0;,153 glr-1{tJlr. |rt,,. ~ico~r it 1~-vNA~ sl@
SetaJI" n%,br o ~1 i1 Ud7 c 14t ge .,,L~; VA | Em} #‘;
muxasel nuxbfscl 11 10 1 nuxbcfseL 13" nuxo pasel 14 nuxo bscl 15

muxmui t | smscl  muxout scl Clsgt;lgp &B%ebé{yﬂﬁ%%’% F&quabl e (just | i ke the
na

cditilcpipc, we use the re romthe 6 dpu, wite

enabl e frQm I | t 1 I|er 7; EDII S?'1 Ay+~l "e sT,
1" cer-, ’P’ﬁl é%gl\a““ﬂﬁ bf e }15 %‘%E“tr@o‘f'_’di: M%klfﬂ]

rolic Oéder’j“’f iate @@9@‘#‘!1 @Aﬁ%@%ﬁéﬁ%mﬂh?ﬁdfbd@ﬁ@ File A
PLA prod&c?EMﬂ’@F ata gy Thismox Xl bexebretimy ‘euxlmed prutiwdl be siented) FTi | e
A PLA. r dauerxtsgrvdsel” i shadolesgreghintd cB OxCO -Tile A Tile Basis Control -
OxCl' 11l e A Row Basis Control' LO OxC2Tile A Row Basis Control LI OxC3Tile A
Row Basifs Control LZnfddil e A Row Badi s Cont roILMW@DﬁESERVED X F .
15: Ol et-[bit position bg variabl € b. Thi|s neans Pr O ETOLERT ¥ T PEA—X ANDS
--in ut[3ITI6ret DI[ pCiEI[IUH be vallaleu ””bS:bl s IuUUL,t term-Yi n

. . ..1'0 ;
PLA X ANBS oS llld.u J.U} U'O OZTTT J'L‘EII. -Hon bll. v&%’:&b!r& n 32 _

in PLA rmY_ 111: 64Reserved 3~ ~GI2095 V\D 02/ 103518
%ﬁ to {he%g‘ﬁ 15. lock D%lgram for the placcmcnt of ‘rauxismwd’.




35' PCTNS021 11870 . Tile BasisCantrdl tails.'.d":. 1:0SRBDMA: nu: cdmasetsel _
332GN\ET: hortnetsel: nets et4. ._.,netO 45:34GNET: vertnctsel: gcf gfdy %@@

53: 46LSMNET; (i‘?@g%’
transen3t 044 Bransen2t 03, trienz, trmuenl to2, trieni,trafSaRS3iis) o

61: 54LSMNEF: rdata trarrsen3tv4,tri en3, t?ansenZt 03, tri cn2 transcnlto

trienl, trapsen ﬁl;shr:ét%ﬂ‘l 69: 62LSI\/NET waddr

[ ransenStU4 En3, transen2t o3, tricn2,transenito2,tricnl, transenot ol

trieno) e tRLkeVNEhEWHRLAd it is contro]led by config bits. eco bits are lpaded into the f:
transcn3t;§s4mtr£rb@aﬁcﬁdbﬂm&ngioe&t&é)la%émttﬁ& gﬁwmzﬁﬂi mo ﬁf&? trienO
Lx 72row 1 2X SRBR csmaﬂdrmask O x

Lx[ 1: O1r aud @bttt configBin plzhdcnf A X
2 Lx 11:8raw L YM: SRBR nmuxi nterrn tsetsel 1:01 x2 Lx 13:12ro 1 : SRBR

i nter O Xhg follgwigdtalllelis tvprévide séiiwire inforsationaBouxwiht ddére8 Ao BhdR c¥eligsighasnT ¢ ¢! 0 x2
Lx 47: 40rcomdshond @y the 348FATFRacs. (o ff 10 base dddtexs o the difigumtiod had x9t beddTdtdhned @t of O X
4 Lx 55: 399 shedellogig Adiasemillgag ibm 069: 51 sm x: matchers P: 01 Lx 61: 601 sm x:
anode 1:0Q Lx 63:62lsmx: wnodc 1: 0 W1:641row 2x+1 : SRB ni 3:0 x2 OxI OO
Tile B i | FF 0x200- Tile C Config Ox2FF ~ ay.~+....i~y’ E: =7
Coit~ " .f~" ~n~-:~ ~""E3ti. ~= 0x300

'~ cC %r,. ~.arl
1:0 Done"® $d é . Lgéﬁﬁige‘j%di’% dIfI’ISSI’ ritis' cd||||the ~rreitt~
Iciieerifar (127D c 12%%’3 ‘g%fgﬂ"n@m*gﬁ‘fh@é“l’fl%w ig

0x800. Q(bf e o ad : 0Ox380 Ox383Slice O
sel ecti ops 1? QBi ?f% OxbSO-0xb83Sl i ce 2 sel ecti ons

0x180- 0x1$ £& : 4. TS: bcacBasi s' C on
~er ntls I' ot :leesiiﬁ ﬁ arecanﬁorc atmostEll2 ;nt hne each cycle

pase

&2ded for a certain configuration, those particular line(s) can be skipped.
»  Theslicc address will not be embedded in the current address map and will be erased from the current
mapping for now, User should refcrto ARC extension spec to see how to configure multiple slice in

one operatlon

2.3 Address Map
[(Address | Dotz .
e ST “*“37'5‘:4—‘?’""?’""“‘*%'“’55@2%@!' “““cfsr-&xh"m* e T e .-"»ﬂf. e
00 - R _d_;&'ﬂf"ﬂ it % W‘ LR TP E “row( register A A
0xl ﬁzkﬁ*’ﬁn' g AT S S S e iy &- =] rowl register B . :
0x2 e S s e Sh s TG A tl] rowl register O
0x3 ﬁ_rp‘. Ty i DAY < e A E‘?bﬁi’»
(x4 3""@% I3 : 3 : v ST ,;.‘, towl register A
0x3 Slponnaias r_% SR paon R S il s AT row | register B
0x6 ’.rﬁ% Sy e ah i ,:.w-mf’“,;ﬁ row ! register O
0x7 o i Zg;; % x 7 :‘-&‘é‘?&
T i > m wt - =1 3
. SR ” e ».;L
wic TIEEdS P T : ; SARas] row? High mult register A
0x1D Al T e ; R naceed row? High mult register B
0";? 3 awg‘%m:gr it e et B S R e ",é*—::‘_ 31 row7 Hiph mult register O
T 2 e ? =, ! AN ot ¥lo -
| : :' l" 5 - I ANEE B
a) |20 & I 549 row7 Low mult register A
el AR i REDSRALIA) row? Low mult register B
 0x22 rp et 5 Hillen i tnl row? Low mutl repistec O
0x23 CHIs R o v |
. .
| |LogF 5 _-,; '1 " _'_ TR Hhkﬁég} A A a 5 e ,.. :
: ._, . TR R A Y ‘qﬂgifmﬁCSM;gﬂ,myrsgLsﬂm R o ek AR 37 ‘ 0
- 0x40 - row 0 DPU comfigl row 0 DPU confipDd
Oxdl row O DPU config3 ' ~__row O0DPU config? -
¥ (x42 . row 0 DP1J confiig5 row 6 DPU configd
o Oxd3 . row 0 DPUJ config7 ’ tow 0 DPUJ configd
(hedd : row 1 DPU configl . row 1 DPU configh
1 OxdS row I DPU confipl . tow 1 DPU config2
t_)x46 ) row | DPU confiig5 . row 1 DPU configd
Ox47 row | DPU confis? raw | DPU configé )
L2 ) i
| 0xSC 1 1ow7 MULT high confizd row? MULT high confir2 | row7? MULT high configl row7 MULT high conﬁ‘gd
05D row? MULT-high confie? row? MULT high configé row? MULT high configd | row7 MULT high config4




tiTt A pct tristatc enable | bit x 8 LO 7:0 LO 23:8 LI 7:0 LI 23,8 1.2 7.0

1.223:8 1.31:0 13 52 13 7:6 13 11:8 file A heel net tristate er&@l 1 2006 x

16 tilt S atc enable | bit x 8 tile B hctl ncttri I

bit x 16 fg‘oét"é}’ 5 7L ri State enabl o | Jit x 8 tilt Chetl %@?@W@?é&e

enable 1 bit x 16 PG control input mux scl.(input to fabric) 2 bit x |

Pl O coMmGBRt  OUlRINGLT W Enfie? ol NTLE ol coffet T R o ke | oy ML T it baRs put
ut pu

nmux SdE{ (mput! tos? NtADow &)dic? |Dioh7 UL Lot lokies Ul atbd pAkoat; S GUDOw conbds
fromfab ﬁC) Il bit.x 4 310CT205 W 02/10318 36 PCTI US02/ 11870 CSMMULT] LSM
PLA GNEg##ixagel nuxbsel nuxafgsei nuxBFSE™huxbcfsei nuxafghsel | at api pe
| at bpi pg T al Opipe=NuxXonNas el I‘GJ%QQ@ feonfiEL 1 SHEeL ToX eI sets raode=node
20 muxase| ]
53 muxbsel ’
7.6 | muxbfiel
9:8 muxafgsel
14:10 shiftamt
15 shifidir
23:16 opeode
24 muxhefsel
25 latapipe *
26 fatbpipc .
27 latopipe ) ] .
29:28 muxopasel
3130 muxopbss! i
34:32 shiftmode .
3735 conf
38 | muxalulsmsel
39 muxoutsel -
S 40 ctrl -
41 Ism readlwrirs cazble (overlapped for both read and write cnable.s, even row for read and odd row for write
55:42 RS ER VR i s e e ey L L R T
eiheinhs i &“‘W&?ﬁﬁfﬂﬁﬂﬁﬁﬂmﬂﬂbﬁ
2:0 muxasci
53 muxhsel
76 muxbfsel
9:8 muxafese]
11:10 muxhefsel B
1z | muweafphscl i
‘13 | muxopasel
14 muxopbsel
15 muxnuitismse]
16 muxoutsel
17 latapipe o - .
18 lathpipe ’
i9 latopipe )
20 Ism readfwtite enable (just Tike the cditilepipe, we use the read enabic for the 3° lsm from the 6> dpu, write enable from
the high muluplncr)
| 2721 (ERESERVED SR, wmmmwmﬁw e R e s ey
. d'§‘:""' VrGRHEL i ‘*“"“"m% ‘ﬁi.%i!fl—s’!‘-g“""; ﬁE.QLCGNFR@LCQNEIEﬁm 3 ?’I"‘ﬂ iriely “ﬂﬁs’h‘%&ﬁ'ﬂ*« 0
s 0x80 Tile A PLA product term 0
(u) } o8l - L Tilc A PLA product term !
0x82 M
(x83 .
FIT] : b
0x9D o . L
0x9E Tile A PLA productterm 30
0x9F Tile A PLA product texm 31 °
OxBF . :
1000 - Tile A Tile Basis Control
| 0xC1 : Tile A Row Basis Control LO
0xC2 . c _ Tile A.Row Basis Contro[ L1
0xC3 Tile A Row Basis Control 12
- 0xC4 ] - Tile A Row Basis Control L3
x5~ :
OxFF RESERVED
- - e gt PL.A X product Term Y Detdilé:(whéte X in'¢AEB,CD) & ¥in [0,151): "
- 15:0 let bit position be variable b. This means product term Y in PLA X ANDs ~input{b]
31:16 |_let bit position be variable b, This means product term Y in PLA X ANDs inoutf(b-16)]
63:32 let bit position bit vaniable b. This means result{(b-32)] in PLA X ORs product term Y

111:64 _ Reserved




wen addr
hort nett

mat ch | snregsel matchen PLA inset hortnetsel vertnetsei3
rien sanme as dpu sane as dpu sane as dpu sane as dpu O I?)V@@IS B0 1

2 high 16 bj 24 bit (for 24 bit rTU|tIp|y)0|OW16 16
“g)p& LU | at ched' val ue b’%'é-li[%%o th\g[gl ue 0

bit sane as

mutt out
2 dword
provi ded
read/ wri

U sanme as dpu sane as dpusd
| I'smvalue O |latched value |'unlatched vaI ue 0 byte 1 word
the—addness

put
3_dwor d_O0-WiTe disSable rdedtdadsamemant e e 4 grt—of
gy DPLE 1 m f th these .values 1 n ordéer to enabl € a

4534, | GNET. vertnetsel:. (nel2 1 tLnct

| mat chir

REDYA: mincdmeprpptich W
$332 AN Gwlh‘?\??ﬁs?lm#i_dﬂgq}l \ enabl e( | ) | di.sabl e‘ “) these 4 bits:-o¢f

438U UT CrsomET addYirddd

sel ecti V@l reCﬂISBiNHfr&i&l{ﬂnwcx@t%cﬁmteS&oﬁﬁ@ﬂmﬁmﬁol&Elﬁ ﬁﬁdcﬁﬁ)ﬁﬁcﬁﬂl p| tase seeibel ow

4 d pu 4 77:70 LSMNET; wdata {transen3tod, tncn3 Jtransento3 trien? transen 1 to2,trienl transenOto} trienG}
by Y A N R0 AT 235 Row Basis Contdh DEiB Rl TR TIT L r v b ST
Lx[1:0] row(2x+1)-(2x): SRBR clkenf0] x 2
1 Lx[72} |_row(Zx+1}-(2x): SRER. csmaddrmaskf2:0} x 2
Lx{11:8] row(2x+1)-{2x): SRBR muxinterruptsetsel{1:0} x2

69562 4 p | ISMNET: whedr {t@nsendtod triend transen?to3, trien? transen ito2 trien ], transenOto I tricnQ)

Tx(13:12] row(Zx+1)-(2x): SRER inten{0] x 2
Lx[37:14] Tow(2x+1)-(2x): PLA_in_sclf5:0] x4
1x[39:38 Tow(2x+1)3-(2%); Ismrepsel[0] x 2

Lx[47:40 row(2xt L HZ0): HSTATE self1-0] x4

1 Ex[51:48] Tow(2x+1}-{2x): HSTATE regsel(0] x4,

Lx[55:52] Ism x: addmmatch[3:0]

Lx[59:56] Ism x: matchen [3:0]

Lx{61:60] Tsm x- rmode [1:0]

Lx[63:62) Ism x: wmode [1:0]

T Laf7164] row(Zx+1)-(2%): SRB _reginit] 3:0] 2
0x100- ) Tile B Config
OxiFF .
0200~ - . Tile C Config
OxX2FF .
R A A mﬁuﬂaﬁeaﬁ-ﬁﬂ N T S e DA o T i e A v e A v R B 931 o el e
" 0x300[1:0) ] Dans Mux, Select
e TR W‘h&ﬂs_‘%‘i_;ﬂ@mcdSi:EéeKddfﬁs*ﬂTnmcd e G En P [T C At O R R S L1 PNl T PR e
Oxd00-0x7 Slice | Config
. 0x800-0xbff L ) - Slice 2 Config )
C fOxe00OxfE | ' ' o Sliee Y Config e
B T “;ﬂ"?‘* mMEmnM &ﬁm __M““ !

Ox380-0x383 | Slice 0 selections

0x780-0x783 | Slice I selections

0xb80-0xb83 | Slice 2 sefections

0:xf80-0xfB3 | Slice 3 selections ‘
S P N S R A O e A A Fab B Asis C’onﬁ"L :Iﬁh‘f‘!-&-av,’imf‘ et ‘qag.“ﬁag‘iﬁ'ﬂﬁ“-}ﬁlf"‘ifxi‘xr-

107:0 tile A pnct tristate cirable ] bitx §

L023:8 tile A hotl net tristate cnable | bitx 16

L17:.0 tile B gnet tristate enable 1 bitx 8

11238 tile B hetl net tristate snable | bitx 16

127:0 tile C gnet tristatc enable | bitx 8.

1223:8 tile C hetl net tristats enable 1 bitx 16

13 Lo PIQ: controf input murx sel (input to fabric) 2 bit x |

L3532 PIO: control output mux one hot sef {output from fabric) 1 bitx 4
L3746 PIO: data input mux sei {input to fabric) 2 bitx 1 -

13118 PIO: data output mux nne hot sel (output from ﬁbnc) 16itx 4




7 mutt 7 select the 9 datapath output froma tile (7 dpu and 2 nmult),
there are 6 of this in each tile (we have 6 horizontal gl obal3 hefjangRgg

verti cal gIobaI net) the horizontal global net drives, besides the
hori zont al WQPHYHPBnet, also drives the input for vertical BCHBEIVHER O
dpu 0 1dpul 2 dpu 2 3dpu3 lothers nut® 8 select fromthe: 6 horizontal

gl obal netriGT hofr+zoRtal—gl-obal—het—0-12-(nrete—-thes
val ues g&a# tat an—be-di-sabled)}—{ he

ti-Fereht—stnree—+h -0ta: A . .

tristat denabletJPE horizont W—Ea&b—gl-ﬂb&w

tri st at d—drivet h ,? [ i ' FPESHBY onable is a one hot valuel one
X A nomnsaﬂm%aasdw Nane of Unit DPW MJ T CSMDPU

bit dri
Nanme of {signal a/|BlEPFRRi ster nuxas%lowéﬁrﬂ'tanatlon 3 1 OCT 205

PCT/ US02/ 11870 V4l ue of "t he pi pel | r%—f@gl Elfég(s i'n the DPU and MULT Ovérl ap
2#.*?41 qmly}?f\ uxGl 0O ppeu ous 8

w th nmu F—mpeeotantd IIUA S
Itself gnet O gnet @'ux;igh F‘Ew o] e%gwﬁ%% 32 hO' 2 previous 6 nexy 2
e r pr-e :?us 4—pext—4 g e

moosT™

2
|Luu T 3 =
n

® g
® H

5 N
P g
wmTqt
&
KD
=X
=
I
N
b

1”-

)
5

~

D

¢
O
3 Ly
%)

<

~—+

o

gnet 2 32“h6—3

val .- HEP A ;

valve oferererlagifie s el

above mixaigsel|2opibe __{same as dpu
J muxopasel 0 latched value

muxopbsel ~ " |1 unlatched value

muxmultismsel ' 0 mult output

_ __|1Ismvalue

oo ) muxoutsel ' 0 latched value

- - _ . : __ {1 unlafched value

LSM - |rmode- K 0 byte

wmode 1 word

2 dword

3 dword

fwen” : 0 write disable

, A 1 write enable
{addrmatch = - lthe 4 bit of the address prowded by DPU will be match

' . -{with these values in order to enable a read/write

_ . |operation

matchen _ |individually enable(1)/disable(0) these 4 bits’ of

_ . ‘|matching address

- |lsmregsel - (the signals from DPU (addr/data} and CSM (wen) are -

. |selectively registerable. 0 = registered 1 = unregistered’

PLA PLA in_sel please see below

GNET ~ - jhortnetsel . select the 9 datapath output from a tile (7 dpu and 2

. {mulf), thera are 6 of this in each tile (we have 6

horizontal global net and 3 vertical global net) the

) ' , , _ horizonta! global net drives, besides the horizontal

S _ : R {global net, aiso drives the input for vertical global mux

Odpu

1dpui

2dpuz

3dpu3l

4 dpu 4

5 dpu 5

& dpu 6

7 mult 7

oo jothers muit 8 : _

vertnetsel L select from the 6 horizontal global net or the ocal

h horizontal! global net 0,1,2 (note those 2 values can be

e (different since the jocal tristate can be disabled)

hortnettrien - [the tristate enable for the horizontal global net.

- . |Each global net has 4 tristate driver sitting on it. The
tristate enable is a one hot vaiue, one bit driven by

each slice,




00 sel ects MuxA 01 selects MuxF 10 selects MuixGO 11 selects MuxG |
rnuxbf sel sanme as above nuxbcfsel |atapipe |atbpipe |Iatopipe w@xb%ﬁplzgﬂg
nmuxopbsel O b S XxBF 1 selects Shift Qu ut O register Air’] 't latc
i nput | reaf(z gf&‘;i\lslv\\/npl | latch Input O register Bwon't latc g\ﬁﬂﬁ%ng}f rag!
Aer Bwll latch input O register O won't latch input | register Owll
| atch i nput 00 sel ects Latched Data 0}]_selects Unlatched Data 10 selects
ANDed Data 1 i selects ORed Data shiftaft Shift amount presented to shifter
shiftdir shiftmde conf Pl'ease see s:|doclteansl dpul dpu specX doc section
- 1.12 Flag dmecf § pr Ndrousisigrag | [RXOR 2 GT 3 Explandtit) 5 SN 6 CO{ 7 OV
ctrl ContirolU®hrry in for addcnt, subcnt.etc ops opcode . please see
s: | docl t ¢BR/MUMY| dafb/odegisier. doc _ muxifalilenithelpipglinegegisiens inthe/DBUtapdMULTsdl ect s
LSM dat a |#eMBBYsel|moxasel ect s Lat che{Dvgatmwith muxF, muxGO and muxG1 selects:
val muxA muxF muxG0 muxG1
0 previous Bitself gnet0 gnet8
1 previous 7 next 1 gnet! 32'h0
2 previous 6 next2 gnet2 32'h0
3 previous Snext3 gnet3 32'h0
4 previous 4 next4 gnetd LSM value
5 previous 3next 5 gnetS ALU out (before regQ)
6 previous 2 next6 gnet6 {DPUout[30:0),cin}
7 previous 1 next7 gnet7 32'h0
muxbsel , same as above ‘
muxafgsel 00 selects MuxA
" : 01 selects MuxF -
o : ' * 110 selects MuxGO
. © 111 selects MuxG1

muxbfsel jsame as above
muxbcfsel ) 0 selects MuxBF
1 selects Shift Qutput
latapipe 0 register A won't latch input
LI .. |1 register A will latch Input
latbpipe -~ < |0 register B won't latch input -
S -|1 register B will fatch input )
latopipe - - 0 register O won't latch input
: . ) 1 register O will fatch input
muxopasel |00 selécts Latched Data
muxopbsel ‘ 01 selects Unlatched Data

. 10 selects ANDed Data
11 selects ORed Data .
shiftamt Shift amount presented to shifter
shiftdir Please see s:\doclteams\dpu\dpu_specX.doc
shiftmode . |section 1.12

e,
u

conf . Flag select
0 previous flag
1 RXOR
L.I2GT
3LT |
4 EQ
5 SN
l6co
) 7oy ' .
fetd ~ |Control carry in for addent,subent,etc ops
opcode . . Iplease see s:/docteams/dpu/dpu_speci.doc
muxatulsmset 0 selects ALU output :

L o I selects LSM data
muxoutsel . {0 selects Latched Data.

S 1 selects Unlatched Data
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4' b0000: slice O drives the tristate bus 4' bxx10: slice 1 dridek Q0¥ 2088
tristate bus 4’ bx100: slice 2 drives the tristate bus 4'bl 000, shkice 3
drives the‘??ﬁg?‘éﬂes bus LSMNETtri state enabl ethere are 4 Isﬁ%@f” Y8 wite
address/data. each has 15 tristate enable since there are 16 Ismin one
tile. O disable 1 enable transm ssion gate enabl etristate enable 0 di sable

1 enabl e SRBDMAnuxdmaset sel This is the rrux control before the DVA request
r\anh t t alkkac fh St ’nthe

flOp There—~is—oenre-of—this—for 1 .
0''-row gf each t:_JI e. 00 row state4 , Oﬁ% SF‘Q'VQ eﬁﬁsfae(?“]s 20 ' row
dpuflag[ 3] 3 ground SRBRThere is one, %EQ “j' %@ % he foll aw phg

signals gl | are on a row basis. clkephhy ‘ eg é)ck enabl e

use SRB[ I SAREF! OCKis@RPdNa8eC200 I fh‘é’f% a? Smin fi‘éa&/ﬁz f‘é‘é‘daﬂé@&t{‘%b&w‘ flas |
| nuxi nterfruptsetsdl inter JSRB reg_i|n i@l cReiedifocy reaﬁet@t@nwdn@rmey 0
this is tthe ' AND [mask before the statjgaméts drives to the csM [
drives the 'SET input of the flop 1 enable
transmission gate enable  [tristate enable
{ disable
_ . 1 efiable
SRBDMA muxdmasetsel This is the mux controt before the DMA request fiop.
There is one of thls for each tile. It takes the state
value from the 0™ row of each tile.
0 o"‘ row state bit {3]
1 D row state bit [2]
R . . 2 0" row dpuflag(1]

J _ . 3 ground

-

o

h_U
(¢

SRBR There is one SRBR for each raw. So the following signals ail are on a row basis,
clkan . this is a row basis clock enable
‘ 0: use SRB([3] as clock enable
‘ 1: always clock the SRB
csmaddmiask . ~ [thisisthe ‘AND' mask’ before the state bits drives to
R ' |theesm-
muxinterruptsetsel © the mux select for the mux before the mterrrupt register
and it drives the "SET" input of the flop ,
0 local state [3)
1 local state [2]
2 dpuflag[1]
3 ground
inten o interrupt enable
0: disable
_ ' 1: enable -
, : SRB reg_initval {the initial vaiue of the state bits
) Hstate - hstate sel ~ Ipleasesee below
- : ' hstate_trien = “Isimilar to horizontal net tristate enable, it's value is set
: from one bit from each slice and then prioritized as
follow:
4'bxocx1 or 4'b0000: slice 0 drives the tristate bus
4'bxx10: slice 1 drives the tristate bus
[4'0x100: slice 2 drives the trisiate bus
' , 4'b1000: slice 3 drives the tristate bus
hstate regsel selectively register the hstate bit before entering the
' o L pla input O registered 1- unregistered.
PIO mux sel (input to fabric) 0: selects bank 0
1: selects bank 14
2: selects bank 2
- ___13: selects bank 3
mux se! (output from fabric) [this is one hot encoding, each bit coming from the
' A : corresponding bit position of each slice's fabric level
. leonfig; -
4'bxxx1 or 4'60000: output from slice 0
4'bxx10: output from slice 1 '
4'bx100: output from slice 2




0 local state [3] | local state [2] 2 dpuflag[1l] 3 ground t% rnux sel ect
for the nux before the intern upt register Interrupt enable zﬁﬂ{]& 1
enabl e the iphihRlssydl ue of the state bits please see bel ow g&ﬁ#@mg.ﬁ
horizontal net tristate enable, it's value is set fromone bi romeach

" slice and then prioritized as follow 4'bxxxl or 4'bO0O0O slice O drives
the tristate bus 4'bxxl 0: slice | dr¥%es the tristate bus 4' bxl 00: slice
2 drives the tristate bus !'4'b1000: slice 3 drives.the tristate bus hstate
regsel selfectively Jregi ster thenstat €' Biobo: REhATemaELs 1 ngthe pla 1 nput |0
regi stergd I-Unrggistered. T 07 Seffects bank U PIOwX set (T nput to
fabric)l:”Selects bank I 2. Selrecrs bank 237 Sefects bank 3 This 1S one

hot encodi ngnpuea,ﬁ)hsliawpmdaglﬁ‘nrhgﬁh&lhwb[egspondl ng bit position of each
slice's fabrprgmfpuele le@linplQisdoBibtta Jim@PUh abri c) . config: 4" bxxxl or
4' b000O0: cOUthﬂIn[lﬂﬁ%u&lﬂpﬁ@er@mﬂta@@&&a{m@ﬁpgut fromslice 1 4'bx100:
out put f r om SirATEs isifPrkdly bhate\WRpetaf #8318 PCTI US02/ 11870 -39 4' b1000: out put
fromslice 3STATHOWH] istRlovsr | e dhigntAGlicko€ach bit has individual enables)
-PLAI n[ 0] .« | FLAGR] itk biipdreBey odqmbgtsh@@som ated with DPUO PLAINn[Il] is the
nul ti pl exer LETWIEO[Ai 812 Gvat eftkeWulph: dDRIED STATEQ n] is the primary state

out put ofe skBrRRM)is tHeSbAddntd Sthte b t he | ower state output of slice O

FLAG n] iss HBHEOpM headsay optioad) registepbfor&the St 8.0 LSTATEQ n] is the lower flag
out put ofe SIO[T:0] 20 8 IMBbiE Chinthg frem th @inkRsckidedWittleaditsBdee bus  HBI TQ{ n] needs an
opti onal er eBit 8 tagut, IETA fsabd Hoemdt MaKibutpiitifiom the @ifagatk) Eadhnie: 344 Ehrthétiniix.aeri ng from
the pi ns assmmlafulhdchwmlomd:(hblsﬁortmEmux'Iﬁ'om each tile, Notice it is the value at the output of

the mux 7, input of the tristate.
T1Ie D is taken out and so data it prov;dcs (STATE*[31:24),FLAG[27:21]...) are connected to gxound)

S .
The PLA in seI are 64tol mux select. There are 16 of them for each PLA (each bit are individually .
contralled)
4 - bit 63:32 bit32:4 bit3 bit2 bitl bitd
PLAIn0 | STATEO[31:0] | FLAGO0[{27:0] | HBITO[0] | LSTATEQ[0] { 10{0] DATA[0]
1 PLAIN2 - | STATEQ[31:0] | FLAGO[27:0] | HBITO[2] { LSTATEO{l1} | IOf1} DATA{2}
{ PLAI4 | STATE({31:0) | FLAGO[27:0] | HBIT0{4] | LSTATEO[2] | IO[2] DATA[4}
PLAin6 | STATEO0[31:0] | FLAGO[27:0] | HBIT0{6] | LSTATEO(3] | IO[3] DATA[6]
PLAIn8 | STATEO[31:0] { FLAGO[27:0] | HBIT0{8] { LSTATEO[4] | IO[4] | DATA[8]
PLAInI0. | STATEO[31:0] | FLAGO[27:0] | HBIT0{10] | LSTATEO[S] | IO[5] DATA[10]
PLAin12 [ STATEQ[31:0] | FLAGO[27:0] | HBITO[12] | LSTATEOQ{6] | IO[6] DATA[12)
PLAinl4 | STATEO[31:0] | FLAGO[27:0] | HBIT0[14] | start 10{7] DATA[14}
PLAinl | STATE0{31:0] | FLAG0{27:0] | HBITO0{1] | LFLAGO[0] | IRQ[0] DATA[1]
PLAin3 | STATEQ[31:0] | FLAGO[27:0] { HBITO{3]1 | LFLAGO{}] | IRQ[l] DATA[3]
PLAinS | STATEO[31:0] | FLAGO[27:0] | HBITO[5] | LFLAGO[2] |IRQ{2] DATA[S5]
- PLAin7 | STATEQ[31:0] | FLAGO[27:0] | HBIT0[7] | LFLAGO[3] |IRQ[3] DATA[7]
- | PLAIn9 | STATED[31:0]-| FLAGO[27:0} | HBITO[9] | LFLAGO[4] {IRQ[4] DATA[9]
3'1) PLAinl1 | STATEQ[31:0] | FLAGO[27:0] | HBITO[11] | LFLAGe{5] | IRQI5] DATA[L1]
PLAm13 | STATED{31:0] | FLAGO0{27:0] | HBITO[13] | LFLAGO[6] | IRQ[6] - DATAJ13]
PLAinlS | STATEQ[31:0] | FLAG0{27:0] | HBITO[15} | DMA REQ {IROQ[7] _ DATA[15]
s Horz_mux Slice( PLAO (cach bit has individual enables)
. HMUX{D] is one of 16 Horizontal State Lines;
»  Each mux needs also tristate enable,
. bit3 bit2 bit] bit0
HMUX0[0] STATEO[24] STATEQ[16] STATEQ[8] STATEQ[0]
HMUX0[2] STATEO[25] STATEO[17] STATEO[9] STATEO(1]
- HMUXO0[4] STATEO0[26] STATEOQ[18] STATEOQ[10] STATEO[Z]
HMUX0[6] . STATEO0[27) STATEOQ[19] STATEO[11] | STATEQ[3]
HMUX0[8] STATEO[28] STATEO[20] STATEQ[12] STATEO0[4]
HMUX0[10] STATEOQ[29] STATEO[21] STATEO[13] _| STATEQ(S]
HMUX0[12] STATEO[30]. STATEO[22] STATEO[14] STATEO0[6]
HMUXO0[14] STATEO[31] STATEO[23] STATEO[15] STATEQ[7}




Bit O ihput, DATA, is the hortnet mux output fromthe datapath. Each tlém
has 8 hortnet roux. The control wll pick up the | ower 16 bi 8 1h8rCtTn3ﬁ@

7 fromeac ce it is the value at the output of nput
of the tri rs]YVate NJJSEf'kl e Dis taken out and so data it provi d%ér%%znis?'b
(STATE' t[31: 24], FLA 27: 211...) are connected to ground) The PLA in sel are
64t ol niux select. There are 16 of them for each PLA (each bit are
individually controlled). bit 63:32bit32:4bit3bit2 bitlbitO PLA nO STATED
31: OFLAGO 27: OHBI TO OLSTATEO D10 ODATA[@}. PLAi n2 STATED 31: 0. FLAGO

27: OHBI TO 2LSTATEO 11 O 1DATA 2 PLAIi n4 STATED 31: OFLAGO 27: OHBI TO 4LSTATEO

21 O 2DAT. 6~ STATERE T OFEACE 27 0HRITOL STATECL 311-0-3DATA-61_PLALN8
STATED 3 57 c%g;fj LAY f%: Q‘%ﬁDAT J:gﬂ; O ok . 0EL AGO
27: OHBI T EATEOS e O AT e ST 3 ; LACG 2

12L STATERETR TA—1 L 2 STATE ettt RO ‘3%{3;10(7 DATA
14 PLAi i [ DED ST el O ACOHTEE ] AR STATED
31: OFLAG X 1O $EREARES 7o) A THEAA A 7y i3‘131: E2—0HBI TO
5LFLAGO PHAGZBAIA S PEATATEOmRONT B0 e rAG RS .,LFL%.?@; 3PAT
PLAL6 STIAHaOxg1510F LABDSZATENRY TO S ATRT A STA EB-

31: OFLAGO 27: 0TO[ 11TTFCAGO 5TR SDATA 1T PLAM STTOTFEAGS 27 6+HBI TO

| SLFLAGO 61 R 6DATA[ 13] PLAI n15 STATED 31: OFLAGO 27: OHBI TO 15DVA REI R

7DATA[ 15] = . Horz_nux SliceO PLAO (each bit has i ndividual enables)

HMIX[ 0] is one of 16 Horizontal State Lines; Each max needs also tristate
enabl e. bit3bit2bitshitO STATED 24STATEO 16STATED -8STATEO 0 STATED 25STATED
17STATED 9} STATED | MSTATED 2STATED 18STATED 10STATED 2 STATED
278TATEL9STATED | 1STATED 1 STATED 28STATED 20- STATED | 2. STATED 4

mduxori ol STATED 29JSTATED 211STATED i 3- STATED 5 j HMUXO 12STATEO 30STATED
22STATE4 | ASTATED 6 H - UXO 14STATED 31STATED 23STATED 15STATED 7 WO

02/ 103518 -40 PCT/ US02/ 11870 HMUXO 1LSTATEO 24LSTATEQ 16LSTATEO 8LSTATEO QJ
HMUXO 3LSTATEO 25LSTATEO 17LSTATEQ 9LSTATEO | HMOXO : S LSTATEO 2 LSTATEQ 18




LSTATEO 10 LSTATEO 2 HMUXO 7LSTATEO 7LSTATEQ 19LSTATEO | 1LSTATEO 3 HMJXO
OLSTA. TEO 28LSTATEQ OLSTATEQ 12LSTATEO 4 HMJUXO 11 LSTATEO 29 LSTATED 21 .
LSTATEO 13 LSTATEO 5 HMUXO | 3. LSTATEO 30 LSTATEQ 22 LSTATEQ?l}&%@fI‘ %
HMUXQ 1SLSTATEO 31LSTATEO 23LSTATEO [f‘ LSTATEO 41 C ains 3 What
is clainmed is: 1. A reconfigurable chip including: nultiple reconfigurable
functional units adapted to inplement dCisimgent functions, the
reconfigurable functional units including nultiplexers, at |east one
shifter ughhtigoRimddiseast one arithnetic logic unit, the reconfi gur abl e
functional units being configured by a reconfigur abI e functional unit

i nstruction, th i Lhon.contrplling the configuration of the

mul ti pl exers, %%@ﬁ@ﬁ btl |El (ﬁ?ﬁ‘reti c logic unit; and interconnect

el enents ada éeg el e | vel y connect tgget her some of the

reconfi gur a‘EB JA qfﬁpqtgonalzmutmgapt tvirplemens differpnt funsttions, dhen 1
wherein the reconfigurable functional unit instruction is divided into a
nunber ofedongpersble frdticaniupits inolding maktinlexers hileast ond sHifter unitdrd atldaed d and
an arithnetic logic unit field. 3. The reconfigurable chip of claim1

wher ei n bhearithawtit lggic alit,ehd reosifigupstle Ritctiond] D biihs SthfpaRid l@)é' ng the
configuration of the nultiplexers, shifter unit and arlthrretl | ogi ¢ unit

S pr ovi siednkudbs bcBORRGMsmbriod e HEGARI it W bR BT D (o

further conprising an instruction menory

t he recopf.i .A reconfigurable chip including:
mul ti pl eﬁlreé]gl(&)ihﬁgkgrs Lﬁllrigér ﬁ@?ﬁ&ﬁthmqyﬁﬁ?gc econfi gurabl e functional
units incl ud| n mul tlgl eg& at | east one shifter unit and at |east one
ari t het i cIigEPmmegtslements adapfadto selectively cormgpitegether same@fithene arit hneti c

| ogic ups to operate on different bits within the word- |ength input data
of the riseofigwehiefmstibnmlanitonal unit; and 42 3 1 OCT 2005

2. The reconfigurable chip of claim 1 wherein the reconfigurable functional unit
instruction is divided into a number of fields, including a multiplexer field, a shifter unit
field and an arithmetic logic unit field.
3. The reconfigurable chip of claim 1 wherein the reconfigurable functional unit
instruction controlling the configuration of the muitiplexers, shifter unit and arithmetic
logic unit is provided by a state machine.
4. The reconfigurable chip of claim 1 further comprising an instruction memory
~ storing multiple instructions for the reconfi gurable fimctional units.
5. A reconfigurable chip indluding:
multiple rebonﬁgufable fanctional unifs, the recoiiﬁgurable functional units including -
multiplexers, at least one shifter unit and at least one arithmetic logic unit, the shifter unit
“adapted to allow the arithmetic logi‘(‘:"ﬁﬁ?tﬁ operate oii different bits within the word-

length input data of the reconfigurable functional unit; and




I nterconnect elenents adapted to selectively connect together sone of the
reconfigurable functional units, the interconnect el enents adapted to
transfer word-length data. 6. The reggnfigurable chip of cl3aln§&TwiEbein
the configuration of the nultiplexers, shifter unit and arithmetic |ogic
unit is changed by reconfigurable functional unit instructions. 7. A

reconf i gur ahteeconhéq eleitntsdidagred Rudcldcivelylcomuat togethabéomnd efithé i onal units,
the reconfigurable functional units i nc?fudi ng nultiplexers, at |east one

shifter ybidnfiRBRbRIfub@&Rhbl B8, @b iltBi¥Bhdct b10Skfrs Hﬁ%itﬁted foltEansfdk %Fd-leﬂgmt
an I nter S

bei ng configurable with a nunber of nodes: connect el enen
adapt ed sel ectively connect together sone of the reconfigurable
functional "units. 8. The reconfigurable chip of claim7 wherein the shifter

nodes i ncl ude es ofher than |l ogical and arithnetic |eft and right
shifts. 9. Thér-TR’g%EFﬁ?ﬁfés}F%P &ﬁemf ﬁ?aéﬁl Scvhgrem thegomtignratign of B18st  one node
rearranges bl ocks of an the input word. 10. The reconfigurable chip of
cl ai m 7 wndiiplexerashiftst unit endrarithmetio lggic wwtis chengedibygecomfigumblet he gr oups of
bits with other groups of bits.
functional unit instructions.
7. A reconfi gurable chip including:
multiple reconfigurable functional units, the reconfigurable functional units including
multiplexers, at least one shifter unit and at least one arithmetic logic unit, the shifter unit
being configurable with a number of modes; and
interconnect elements adapted to selectively connect together some of the
reconfigurable funcetional units.
8. The reconfigurable chip of claim 7 wherein the shifter modes include modes
other than logical and arithmetic left and right shifis.
9. The reconfigurable chip of claim 7 wherein at least one mode rearranges blocks
of an the input word.

10. The reconfigurable chip of claim 7 wherein one of the modes comprises

swapping some of the groups of bits with other groups of bits.




