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Provi sional Application No. 60/288,298, filed May 2, 2001. Background of
the Invention 5 [0002] The present invention relates to reconfigurable
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conputing. [0003] Field programmabl e gate arrays (FPGAs) are progranmabl e
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Al t hough designs can be 10 changed, typidally the FPGA uses a single
configuration due to the relatively long time required to change a
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Background of the Invention
5 [0002] The present invention relates to reconfigurable logic chips, especially

reconfigurable logic chips used for reconfigurable computing.
[0003] Field programmable gate arrays (FPGAs) are programmable 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 configuration due to the relatively long
time required to change a configuration compared 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 designed to use the reconfigurable elements of the chip so as to provide
resources for the implementation portions of an algorithm.
[0005] It is desired to have a data operation element or reconfigurable functional
unit for use in a reconfigurable chip that implements an improved design to more

effectively implement algorithms on a reconfigurable chip.



The reconfigurable functional units are configured by reconfigurable
functional unit instructions. The instructions control the configuration
of the mwOipledses and shifting unit and the ALU. The ree®cmfusguimibi e chip
al so includes interconnect adapted to connect together the reconfigurable
functional units. In this way data 10 can be passed between the
reconfigurable functional units. [0007] The reconfigurable functional unit
instruction preferably includes a nunber of fields for the nultiplexers,
the shifter unit and the arithnetic logic unit. These fields configure
these elements in the reconfigurable functional unit in a desired way. 15
[0008] In a preferred enbodi nent, there-R2s an associated instruction nmenory
for each reconfigurable functional unit has an associated instruction
menory. The instruction nmenory stores nultiple instructions for the
reconfi gur abgn{iaGt 6f0fhe/Invéiitidn | N a preferred enbodinent, the state

machi ne addresses the instruction nenory to determ ne the next instruction
to be | oaded[0006p tTHee presem finvgotiomtenc2msfamecenfiguadblelohip, includingempltipteer r ed

enbodi nent, the recopfigurable functional  unit oyi de, feedpack to the
state machi nEGOH Wéﬁfer@nm@ﬁle‘gﬂﬁdﬁ% i qaka P?tﬁiuélﬁgeﬂfyaﬂﬁﬁi toIREMENE y t he
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di fferens nodagtipldtees,eati@@desneghifting ehitraab lay leastl e tagithmetitylogicfinéd @IAf).t he 25
reconfigurabl e functional unit instruction, [0010] In _one enbodinent,
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fi bl e.. functj.onal muni ts to t f |engt ta.
{ranet err eq. HaiESEERORS U e udph LRRRY o ARiboriH o SO apd 1 o
The WO 02/ 103@iheRinif 4506 WIAT 0 TheFeddnigfrab®eHip aldatisclhdedntkRbonaAdd OWS

interconnect systemto be sinplified at the loss of flexibility in the
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| ocation to ubiber opeldpagithe amliipbéxers, the shifter unit and the arithmetic logic unit.

These fields configure these elements in the reconfigurable functional unit in a

desired way.

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. In a preferred 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 units
provide feedback to the state machine indicating when a function is finished and
thus 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 length data.

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



mani pul ation by the arithnmetic logic unit. [0011] Anot her enbodi nent of the
present invention conprises using a nultiplexer with a delay unit input
and an i rnwoto2tibests bypasses the delay unit. In 10 this name@ruspiiel87o
reconfigurabl e functional unit can inplenment a variable delay increasing
the flexibility of the system Brief Description of the Draw ng Figures
[0012] Fig. 1 is an overview of the reconfigurable chip of one enbodi nent
of the present invention; 15 [0013] Fig. 2 is a sinplified diagramof a
reconfigurable functional unit of one enbodinment of the present invention;
[0014] '‘Fig. 3 is a diagramof a reconfigurable functional unit of one
enbodi ment of the present invention; [0035] Fig. 4 is a diagramof a

mul tiplier unit which can be used with the 20 enbodi nent of the present
invention; [0016] Fig. 5 is a diagramof one slice of the reconfigurable
functional Uik le%,EﬂlV\dIhté &aﬁsf& al]EbWs' mté%ohﬁédt Rgstéh o bBRASIFRAGE HORsPEt Ween
the data path units; 17] 6 is a diagramillustrating the

connecti ons [lflekxihdin mﬂE d&maarm&rh Thushlftlagudnltlnmﬂtmmecard"tguaablaﬁmwmall cal bus
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i nt erconnectcl};{ Hﬁgﬁé%%@Zeggfgﬁ%{?%}gﬁx{éhgnal%glt%oﬁgc ﬁq%g?%fe&r%]blr@%?;l 219 E)ng

enbodi neft oftridigrepifabe fitercomeot éloments 0TR04, iFngkded dat i8 ilh @@figilocation
illustrating a state machi ne and functional block configuration nenory

produci ng t havithiise woeed,i the shifter eaf mgue that bit lgcation fthie dopes Position fer
functional bl ock 00 .10A is a diagramillustrating the
i nter connect%&?%nﬁy%ghﬂmlﬁéogm Ot | guration state nenory and data
path unit of Fﬂ(h‘i 1 PT £8&HEr dYRIhbRLS tﬁé‘ﬁf%éiﬁ invelfion B&hf)ﬂﬁ:fs'@ﬂl gnd
instruction fields for the data path unit; [0022] Fig. 1OB is a diagram

i Il ustrati ngmultifdeser pettha delay uni imppt amﬂenmpat tHaobymasses the delay unit. In

10 this manner the reconfigurable functional unit can implement a variable delay

increasing the flexibility of the system.

Brief Description of the Drawing Figures
[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
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] Fig. 7 is a diagram illustrating the interconnection of a data path unit in

one tile to a data path unit in another tile;



10 | east part of the instruction; [0023] Fig. 11 is a diagramillustrating
the control systemconfiguration nenory at data path unit as one

enbodi mrerwO®k/1035¢8 pr esent invention; [0024] Fig. 12 is a dacagsamsio an

i nterconnection logic unit for use in one enbodi nent of the present

i nvention; 15 [0025] Figs. 13A and 13B are charts illustrating the portions
of the instructions for the ALU, [0026] Fig. 14 is a diagramillustrating
the flags for the system of one enbodi nent of the present invention;
[0027] Fig. 15 is a diagramillustrating the shifting node for shifter; 20
[0028] Fig. 16 is a diagramof the instruction of one enbodi nent of the
shifter; [0029] Fig. 17 is a diagramit#ustrating the operation of the
shifter of Fig. 16; [0030] Fig. 18 is a diagramof a logic systemusing a
multiple master |atches of one enbodi ment of the present invention; [0031]

Fig. 19 is argh1ggr amp! blidis iagtdnd AdsheiMaGK HhiertaAndien P (IROdAPsih Rhage 25
| at ches of one egb?arlgmﬁt oa%t he present invention; r[10032] Flgﬂhzo is a

di agr am of omed & bdwablsystem meinoay Déowém‘gmmmbhieoﬁthmprasantanvenmnni for a data
path in one nt _of the pr ent i nventio 0033 L |s a

di agr am of tﬁgﬁﬁﬂ [?lgnﬁllﬁ ?B}a&?g‘i‘gl HF‘UIE%%S@VS‘P% 4;‘ tﬁgml %2/ 103518
PCT/ US02/ 118 for the
shifter of oé@lﬁgg%{ogl%né%?g}o&ogﬁa %ﬁlggg%t&%@gﬁ?{)orgﬁ?T%gfsﬁdr@qU&?g% is a

di agram 3| | uglerfahétitthabbloek dafunitng nodes for the shifter of one enbodi nent
of the present invention; and 5 [0036] Fig. 24 is a diagramill ustratl ng
the i npl enen{®2lbn Tig. 20A s bdiagewn ilinsiratingthe iBEICoRBECHIOR O iariaie n@fz mﬁe

D e oA St B S LD BYEPAAARR e
8 i b s a1t
usi ng [0022] Fig. 10B is a diagram illustrating a data path unit using a decoder for at
10 least part of the instruction;
[0023] Fig. 11 is a diagram illustrating the control system configuration memory
at data path unit as one embodiment of the present invention;
[0024] Fig. 12 is a diagram of an interconnection logic unit for use in one
embodiment of the present invention;
15 [0025] Figs. 13A and 13B are charts illustrating the pdrtions of the instructions
for the ALU;
[0026] Fig. 14 is a diagram illustrating the flags for thg system of one
embodiment of the present invention;
[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 is a diagram illustrating 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;



menory controller 24. Bus 26, called the roadrunner bus, is used to
transfer data fromthe nenory controller to the reconfigurable fabric 28.
The recorwogenedshie fabric 28 is divided into a nunber of PsiTiuSex118EachH
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 nenory units. The | ocal systemnenory wunits interact wwth the data
path units as described below. In a preferred enbodinent, each tile al so
has a nunmber of multiplier units. [0038] Fig. 2 illustrates a sinplified
di agram of a reconfigurable functional unit of one enbodi nent of the
present invention. The reconfigurable fufictional unit 20 includes input

multipliers 30 and 32. As will be described below, the input multipliers
al l ow the data path unit to receive inputs froma nunber of different
| ocations, 34l g ”EﬁﬁMdﬁgiaﬁl 9%@ sHilihS mdde Y& the 3BifAbAoISES. The

sel ected ou put " of he input multipliers are sent on to registers 36 and
38. Additi onambydnnanhefﬂletmeﬂenbmwmmnnul tiplier 32 goes to shifter unl t 34.

As d i bed I hift t 34 allo f t I

di ffgfgllt gi {(ﬁﬁﬂ? bFe‘gog%l‘Sa% ’&éﬁ‘ﬁleﬁ@g&#@gw(% mélﬁé%sg%&gﬁﬁlgﬁ%&] nectl ons

bet ween t he g @m’B&?ﬁeﬂbe #5?&?1&1‘11‘19 tmrgnd/\o 02/ 103518 PCT/ US02/ 11870 -6
y

| engt h connections to sinpli e I nterconnection system the use of a
shifter $nit [0036]t Neigdad & pdiaBrandillus@htin@be aapRARntatiohiof & thdoKesk wpt hi n t he
interior of a word. [0039] As will be described below, the shifter unit 34
pref erabl y hiableofenermbodimenidiee prepests invieplieirent nore than just | ogi cal
and arithmetic shifts left and 5 right. These different nodes allow the
systemto operate in a nore efficient manner. The arithnetic logic unit 40

described belpapwilearBéseriplby of $hShiivehtighd Oof the instruction for the data
path unit to inplenment a function. The output of the ALU 40 preferably

goes to an o{@Q301 rEgi $tidustRs aTeeonfignpabie dﬂp 2&1 sﬂleaccmm‘igluyawmchip @it to an
optional bit _shifter 44 to roduce 0Q40] I.n one
enbodi ment , - s a<eAEAL AR ofesuaic LOBN Bhe sitvblie duded astionsda i s
o o BT PRETIGHOS 198 Aokl 4Bt Ry B § Sy 1201 ot
when the out pigimorg @ohreller£a. i Busi2¥ dalledl @ddogBenr (basdik ussdstoaransedaiy uni t .
from the memory controller to the reconfigurable fabric 28. The reconfigurable
fabric 28 is divided into a number of slices. Each slice is broken down into a
number of tiles. Each tile includes a data path unit (reconfigurable functional
15 unit), control units and local system memory units. The local system memory
units interact with the data path units as described below. In a preferred
embodiment, each tile also has a number of multiplier units.
[0038] Fig. 2 iltustrates 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
output 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 operated on by the

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



[0041] The bit shifter 44 is used to inplenent the |linear feedback shift
register 15 as described in the patent application, "Mdifications to
Reconf i guwabkaoBwhcti onal Unit in a Reconfigurable Chip toTRsSoi/om Li near
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 nunber of different fields,
including multiplexer instruction fields for the nultiplexers, shifter unit
fields for the shifter 34 and ALU instruction field for the ALU 40. In one
enbodi nent, a decoder is used for at |ea$t- part of the instruction. [0043]
Fig. 3 is a detailed diagram of one enbodi nent of the present invention.

25 The input nmultiplexers 50 and 52 receive as inputs data from nearby

units. I'n ongeng abmleBtiosatb&iplifgthd ﬁﬂ’éfbéhﬁleéf'd)ﬁ §ystdn!i‘cthé'qké‘9f AgifteP@tin units

and nultiplier units, are used as inputs. G obal vertical and horizontal

i nt er connect iipphe dataapathemlt dllows @neess trbbith pasked mthuhlﬂneantsmr ofox Wlot'da | i near

f eedback shif fee 2/ 1 3518 87 7 | ogi cal
zero const ant[bﬁ?g rYHuah‘? q%ﬁ‘if dfb8]'°“ét tﬁ%é‘%} e%%‘f g()’llli‘ﬁ RUREE her
input is the # PR qovi ded to
the ALU 54 é)??lé({:(%éfW%%ﬁﬂéﬁﬁﬁtgﬁe@gﬁ@gaﬁgglgonnec#e to,%lﬁﬁs 16‘# ter 56,

i ncluding a mighbeThesH diffefehnenpdes situhe sheafystepetoaiperute inldmosd efficint 56 i s
connected to another 5 multiplexer 58 so that the outg)ut of the mnultipl exer
50 can eit hermaiméI d The atiuneticHpgic awmit 4 desgabed hedovs Hpretesably; wpas %’@elé@ﬁ al so

he A i | +i.n) f h
output of -t nati i By Bt il yhiety TRleneg; A RincERET afe oulSe FERR. Son
to registers B0yandeRrable %%'a&i‘ﬁulbut-fgﬁstef%' ebtphdeardsPiman @ so be

| oaded fromoff the chip.” This logic 64 and 66 10 alllows for the register
val ues to actsentstoalnrm)s;lbnaldgi shifter 4400 prb@cs)asﬂhdlndm mul ti pl exers 68 and

nurber 50 i ip0REn: Ty ermbodinania brigelie ALb erdbRekpurBlon st tpin st of
ATl rer el i TR L g oL
menory re- datregister 42 controls what outputs are sent from the data path unit. This is useful
when the output register 42 is used to address a local systerri memory unit.
[0041] The bit shifter 44 is used to implement the linear feedback shift register
15 as described in the patent application, "Modifications to Reconfigurable Functional
Unit in a Reconfigurable 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 multiplexers 50 and 52 receive\as inputs data from nearby units. In one
example, data words from 16 units, including data path units and multiplier units,
are used as inputs. Global vertical and horizontal interconnections are used. In

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



15 on line 78). The flag values fromthe ALU are sent to nultiplexers 80
and 82 which select the desired flag value. This flag value can be stored
in regi stwp28851mnd 90 and the val ue of the regi sters 88Pom/IB02iw76ent to
the multiplexers 92 and 94 or the selected value fromnultiplier 80 or 82
is used. The CONF value is a field in the instruction that indicates which
flag to select. 20 [0044] In one enbodi nent, the registers 60, 62 and 74
can be inplenented by wusing nmultiple naster slave |atches, shown in Fig.
18, to allow the | oading of background configuration data into the

regi ster. In one enbodi nent, the operation of these registers can be
controlled by the field of the reconfigufable functional wunit instruction.
25 [0045] Fig. 4 is a diagramof a multiplier unit. The nultiplier unit is
oriented sonewhat simlar to the reconfigurable functional unit shown in

Fig. 3. Howelk%zal z&10ofbthAt iRpitSind WAl ih dﬁ@r alstars a@@&@ﬂlefmky upk. @mofi@ther
than an ALU 02/ 103518 PCT/ US02/ 11 70 -8 [004 shown in Fi 5 1in

one enbodi neidpuf Srthe vary 1mmvﬁ1®nddm3@rmtdhtamﬂt wnit wﬂllqhewrﬁ\il@ﬂdrtaﬁh@A U
functional units in a there are two ni 0047] ., Fi 6
i|lustrates §ﬂéhr8‘éﬁ%egb? HH@‘RJ‘FX%%P&% swane&fﬁago hﬁ‘ltoﬁllpfff‘ﬁ iés ‘I}fi}ﬁiﬁ 2] gr s

| nto the dat ge et Mddeb B?U}%@raﬂ&pt $né QftbS6 Rlcofihgbtedto drdtherlat a path S

unit 100 can réceive as an ut, outputs fromeight previous data path

units (and mdlfipleterS8sb th&taheoﬁpdt sfothe muttipleter S0ecah efthécavoad or usei ts (and
mul tipliers) below. _The output of the data path unit 100 is al so fed back

to itsel f. Tpeifistuptpe. aﬂlee‘ihsftef ynit Sh&gn a@mqsgﬂ@aﬁ, it Seomp hedBPYsi ng t he

I f
H o 6 1s o BILGHERRHor siie of e Bhoe FHE bt Br S toyipleRBpEand fhe! °04°!
reconf | gur abl@phybehfiieet'sh bin b6 rd t@eégm@ ic0shalen, hesphattvatyel TR

vertical connection lines. By using multiplexers, t he out puts, and inputs,
of the data p@lhemrﬁ&ald(ﬁﬁrahealsorhedpadﬂdn&mn&ff the chig hThlhéOgléﬁﬂ ia8dl66r out i ng

l'i nes andthe hori zont al | i nes. Fi 7 illystrates an
exanpl elbf i alleWe &rae f"rgii}era"?’él 0 3k 4% %‘H?‘ ﬁ[eﬁlsﬁﬁliefor Fﬁ% Seste aﬂlfat a path
uni t in anot henubikbl&s 481208 78SEikbGRE iMpitEShGREOAETS S4. | OBGEts tB'%@ALhﬁére
sent to a number of different possible paths. Note that the data path output out of
multiplexer 72 can be the value from the output register 74, or the value from the
multiplexer 76 (which can be the ALU value or the local system memory re-data

15 on line 78). The flag values from the ALU are sent to multiplexers 80 and 82
which select the desired flag value. This flag value can be stored in registers 88
and 90 and the value of the registers 88 or 90 is sent 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 [0045] 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 multiplier rather than an ALU.



the system of the present invention for the interconnections preferably
uses word- based interconnections. In one enbodi ment, the interconnection

| i nes al Iwaohessigonnecti on of 32 bit w de data. The shif ®Pemr/uso2/1187m t he
data path unit allows for the 20 alignnment of the data once it is received
into a data path unit fromthe interconnection system Because the system
sends data in a 32 bit word, the conplexity of the interconnect systemis
reduced and sinplified, reducing sonmewhat the flexibility of the

i nterconnect. [0050] Fig. 8 illustrates the connection between the data
path units and the local 25 systemnenory. In a preferred environnent,
alternate data path units are used to 48mplenent the Wites and Reads of
the |l ocal system nenory. For exanple, data path unit 102 provi des Read
Addresses to and receives read data fromthe | ocal systemnenory 104. Data
path unit 10 @BPV'ﬁﬁﬁld\xhﬁinWi%.t &, dheeadoaffenor &eWkdeh Ha@Thth units _
PCT/ US02/ 11870 -9 data for the 1ocal system menmpry "104. Note that by using
t he pass gat esresunfigursble fassionaltwts 1086 tilel GBsre Btdtvenuiukipier thigs. dat a pat h

units 102 and 1 can cqonnect to other |ocal, system nenor.jes, such as

| ocal systen{Qﬂé&rﬁrﬁ&igﬂéﬁgafeﬁéhed%ﬁn&e%%ﬁogﬂ‘}u?‘f%‘tQ?Lt@pgﬁ]dnﬁtfémean connect to
the | ocal system 3 i sasd unit can
both read from z r%%m%wteh%%maﬂ%ggﬁ ygst'%sﬁg&ng%g%gésb?{eﬁ?ﬁ@s of a
data pat$r unihiti160 tén Rsceive de af inpul doiepits fronpeighicprevioay dite Patiaumitsyaid obt ai n

data froma local systemnenory, which can then be put upon the horizontal
and verti cal mulipiesyrabeve amhsener of thegat dass pathtungs SandHawkipliers) belgw. 8 are

the direct cqpnnections.to, read an ite data in. a 0 | 10
syst em nenor .epﬁgpéfgﬁfg'f*éjra_{ae‘%? \}‘?m}%ﬁ%" f%flﬁ’gck 8%@%“2;@?%%’#@&%8& gﬁfs _

gl obal Iy 1 egfl ek O ity hn'We! s%fe@iédtl@ingsthé‘ﬂlphhﬁuﬁgﬂ%i{s STRE EPterd Yot &ther Thi s
general nenory control systemis used for configuration of the system and
f or obt ai ni nthet Aerdainputsoper at ed on by the data path units. Note that as

descri bed above, in_a preferred enbodinent, the data _path units include
struct ukls tﬁ%“s_lll | A Edﬂ?é%&@nmﬂﬁﬁf@t@?@%@HB%Ct‘BPé\’/cit%eﬂnet ®the | ocal

25 T L i o 71

Fig. 9is a ric unit or the reconfigurable
connection lines. By using multiplexers, the outputs, and inputs, of the data path

-

units 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 interconnection lines allow the
connection of 32 bit wide data. The shifter unit in the data path unit allows for the

20 alignment 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 system 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



functional unit 130. In this enbodinent, the control fabric unit 132
produces a control or instruction line for the reconfigurable functional
unit 130.wbDr2t6dss8 20 enbodi ment, the control fabric unit P8Z/USe2/prsed er abl y
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
instruction nmenory 136. One inplenentation of the state machi ne 134 uses a
reconfi gurabl e programmable sum of-products unit 136. 25 [0052] Fig. 10A
illustrates a systemwith the state nmachine configuration unit 136, the
configuration state nmenory 138" and the data path unit 130'. Note that the
configuration fromthe configuration stafe nenory 138" can be considered to
be an instruction for the data path unit 130'. The instruction preferably

i ncludes WD 02/103518 PCT/ US02/11870 -10 fields such as an ALU

confi gurati ogathifet the 18¢Hl kjstéB Merhdty 10N NG iRtk b9 Msink@hélpasdtdied suéhidd | pl exer
configuration field. In ohe enbodi ent, sonme of "the flags fromthe data
path unit 13PassgaesdOnt 108 t10eandtidRetheatatd path 1816 102hamst ¥ canccommeat ¢

configurations for the data path unjt after the dat h it

operlatg iung Ionoale?)?%cé{ Systenyme .OnFFregl{‘Etiﬁ F‘Eyﬂlrscifﬂe%mg%ggé?ﬁ%@#ﬁ% dflgagpa%ggﬁ al so
be | oaded f a i tii f th
e [oaded Tr %}‘1%?&9& ?flzg%ln c%?lﬂédé%'ﬁi% 1081 s$r§t&ﬁ‘1ﬁéiﬁ§xgnﬂ4. B Hbihepr Tromthe

processor. [0C IS a diagramilfustrati a data path unit using

a decodey toembegiatat,al ddt€pah uddtrdan bbilaitad vkl ued weite tof Dod]sybiegn 11 shows
the control system including the state machines for the 10 different
confi gur at i omesay e Oretfrthe yses @ dadn patip 4o itei proyidg ga addeesstong locdl t he

T ustrai oo B RETTY Bpoult GiF momde Fare pfion Hoploly. B BBt | g

uni t incl Ude%g@ﬁ‘tlﬁrﬂdrﬁﬁﬁﬁai Sndérticat4rterc®nidtioh bBbes. I Condédifond dkbwangh a fl ag
unit 144. Also shown is a carry selection unit 146. The 15 ALU instruction

field from t Feg.iSaerthe tlirest cosneséinns toaresd bt writdhdato pramt owred the lochle AL U.
The arithnmetic unit 142 yses a_carry jnput. In _a preferred enhod] t,
this calty varfemimenyhdp atmsfeérgérevag‘mth@ea?@iFw@n@mﬂgﬂaﬁ glolall " or
the control .sl0908h Q6 \ﬁrit?eqlrtﬁ%sm%' 8 rdefn PP EbntPll syREm! NEHli§ YeddrA memory

control system is used for configuration of the system and for obtaining the data

operated on by the data path units. Note that as described above, in a preferred
embodiment, the data path units include structures that allow addresses and data to

15 be provided to the local system memory 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 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 to

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



[0056] Figs. 13A and 13B illustrate a list of some of the Opcodes used in
one 20 enbodinent of an ALU of the reconfigurable functional unit of the
present Wwoweneiseh. Details of these Opcodes are descri beacCirruspireispppendi X
|, incorporated herein by reference. [0057] Fig. 14 is a diagramof the
flag systemfor 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 instruction
and are preferred by the present invention. A description of the sone of
the flags is given below. WO 02/103518 -ROF US02/ 11870 -11 [0058] ROXR is

driven every cycle. It is selected by conf = = 1. The operation is: case
opcode[7] = =0 flag[1l] = "(B[31:01) flag[0] = "(B[15:0]) 5 case
opcode[ 7] = ﬁel%ls fsﬁé}QH dn RLU &ﬁﬂgﬁﬂ&tl%ﬁ]fﬂelcf |sBE 1s&r-conf1§l|irllﬁo@hbld and a

Abbr evi ati ons: - Carry Qut (of the addi ti on/subtracfi on operatlon) ov -

8/Terf |(3(?W ( of nﬂiﬂ}l@lwﬂ:ﬂl iconfiguratitn fieldt i lorone pebadinemy, song @Qhe flegagpnythe = = B)
eat er ' Than ess than SN - ' | t Pr evi
&??f %L[Sf fC:c 1?] da thumh %t\ﬁr%é%ntrt‘bwe S4te Pla%ﬁé\ﬁ% 1Inrplr Fioth S@’d‘rs‘fﬁrol) Na:(eyl oH

; 0059
Fig. 15 il ué %ue%tﬁ{t §%01bﬂ1te%}atar%§algumt 8@%%8@%“ g%?gsfdb?gﬁe% lhggl)lel[am)de]s
5 set of data. The configuration state machine 138' can also be loaded from an

external configuration from external memory or from the processor.

[0053] Fig. 10B is a diagram illustrating a data path unit using a decoder to

decode at least part of an instruction.

[0054] Fig. 11 shows the control system, including the state machines for the
10 different configuration state memories. The data path unit flags are sent to the

control system as described above.

[0055] Fig. 12 is a diagram that illustrates one example of an arithmetic

logic unit. This arithmetic logic unit includes an arithmetic unit 142, a parallel

logic unit 140 and a flag unit 144. Also shown is a carry selection unit 146. The
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,

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

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

of the flags is given below.



20 of the shifter unit of one enbodi nent of the present invention. Since
the shifter wunit has a nunber of different nodes, the flexibility of the
syst em ofwohe/1@sesent i nvention is increased. [0060] Fi geCTAGOANB7AL7
illustrate one inplenentation of the shifter unit using nultiple rows of
mul tipl exers. Additional logic is also of use to produce a special 25
output. Fig. 17 illustrates the operation of sone of the inplenentations of
the shift register. [0061] This shifter used in the Datapath unit perforns
nore than right/left shift operations. The shifter includes an array of
mul ti pl exers which are controlled via WO 02/103518 PCT/US02/11870 -12 nux
sel ect signals. In one 4x6 multiplexer-ddray shifter enbodi nent, a 32-bit
operand which is divided into four groups of 8 signals is coupled to a
first rowof four nmultiplexers. Qher than the |ast row, the outputs of
the multipl epm’s 'rR@XRPi"s‘%lYiv@h'évér?\UyéléeItQQméc@éﬂE}Dcéﬂfﬁ‘:anUt5 of the next
row of 5 nultiplexers. Each multiplexer in the array is controlled

i ndependent | The dperaticwist r ol si gnal s deternine how the signals are routed in
the array and hence pe of operation p r med. he operand. In one
enbodi ment, €38§PpFRAE t[ﬁf ‘D‘%er ations incl ude: ﬁaﬁiﬂbl it | @r”igﬁ) right/left
shift, 32 bit arithnetic ri ght/left shift, a%gmr_l&@[tl Ppn extend to
32-bit, constant generation, duplicate |ower bit to 10 Upper 16 bit,

dupl i cate uppse opbode[T] 6= llower 16-bit, swapldghlier=anB[@pdel) 16- bit,

16-bit arithnmetic right shift, and byte swap. 0062] Flﬁ 18 iIIustrates a
multiple nmaster |atch system used in one e Bl1o1) system of the
pr esent mveg:bb tJ n this exanple, two naster Iatches are used. One of

t he master FrylatiolSiysed for the background 15 confi guration of the
system The @WECafE?%tﬁr(ofﬁl%caﬂdft@ﬁﬁ;w@@u@ﬁb@elfahéﬂ)the pipeline in the data
path unit or fromthe processor he inputs to the latch 150 are provided
t hrough the @W t Dyesioaw (df5he additon/subttactiGropegai@gamnect ed to t he

configurati on bus tQ receiyve data from background configuration. The

mul ti pI@(er ﬂ'éfﬁ B Tdd to select the input to the slave latch 158.
The use of aG%O_ g?@#ﬁr%d configuration nenory to the systemall ows the
gui ck operation o e

LT - Less than

SN - Sign (sign bit of result)

Previous Flag
15 Cin - Carry in pevious row

Ctrl - Carry in from control

Max - OX7SE[ffff] (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 of 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 rows of multiplexers. Additional logic is also of use to produce a special
25 output. Fig. 17 illustrates the operation of some of the implementations of the

shift register.

[0061] This shifter used in the Datapath unit performs more than right/left shift

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



systemin the present invention. [0063] The storage elenment of Fig. 18 has
mul tiple nmaster |atches which share a single slave latch via a multipl exer
whi ch provodegomisrul ti-function storage elenent. |In addi Pcergsobyisshari ng a
slave latch a significant space savings is realized 25 (approxi mtely 25

% . This is particularly true in a systemutilizing nunmerous storage

el ements. The storage el enent design relies on the fact that configuration
bits are infrequently | oaded into storage elenents. So instead of having a
separate slave latch for each master latch coupled to a configuration

bi t stream signal, WO 02/103518 PCT/US02/ 11870 -13 according to the

i nvention the master latch coupled to t-H& <configuration bitstream signal
shares its slave latch with another master |atch. Hence, two or nore naster
| at ches share a single slave latch. A multiplexer is coupled between the

master | at chff saRet §iBRalS] MYbse &i@maltig@éx@haxfr@y siEabeehbometi, arB2mist er | atch
Is coupled to the 5 slave |atch I n one enbodi nent, one naster

| at ch' s i npubpérsnd sdidheid divided micgfwr grcmps of ﬂr’e‘@:ﬂabrls k:gupletbmaﬁsstmé oft or age
el enment functionality and r master | at coupled to a
si gnal that @HWVIQB%E‘% s({)'g?'é@é &eelﬁgﬁf’wf W%E}H%\Pf thﬁﬁxers fequent
basis. In th {Jvll(; trowaa?[?g[)cé)upﬁe]%h?nﬁfﬁ :&Ftﬁg %ﬂlrogpopata path signal and the

10 second ma atch i e configuration bit signal. Wen the
data path sigildpleiess.p Easle thultipléxee irsthe\eeralyds contrdlled independmmilel efhent
functions to divide the data path pipeline into stages. Wen the

confi gur at i oﬁOIHFleﬁﬂgl@éﬁrﬁ%@fgh%ﬁ W ﬂtﬁ‘a%%@éﬁ qr6 TERed l%ﬂE\PéTqYa&Uéﬁlen‘ﬁ%@est or age

el ement func

tore t di ment,
one nast er bfpc?ho oge Blpgﬁoﬂﬁecfﬁ@[ﬂg%%g?atngt Lin é%tqbogm?f%? &%p%g%t?han one
nmaster latc h opErafOMPInBRIAE O 38-HOBEicHliSHti16m shifd 33 batnthmest Agtt/lef shife mast er
| atch outputs are coupled to the nultipl exer which is used to sel ect and

pass one of lowe I6-binsigs ektenchte B2-bitnsenstant genghaion, dupkigateslosieedo dittoe | at ch.
[ 0065] For | at che

slave |dlc heé‘gﬁﬁ"rel@ 'é‘évg‘? Pﬁ}&'ﬁﬁ UppgEGEIL f?ﬁp‘b’%? ﬁé ﬁg\g‘g@ E&’{SCEEBS(,’?}%P‘{;}I a;rlh *0
whenever Cconiyayg i fitnhsiAfikhodait, Md 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
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 memory to the system allows the quick operation of the
system in the present 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 system 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,



(further qualified by the particular slice being selected) nux B selects
arc bus when arc is witing (further qualified by decoding correspondi ng
ar c- addr ewe.023sase refer to ARC ext spec for 25 addressPeaf)So2/mssd er

| at ches are transparent only during clock low slave |atches are
transparent only during clock high WD 02/103518 PCT/US02/11870 -14 master
latch O is transparent when the latpipe O is enabled or arc wite to that
regi ster 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 wite to this
regi ster or 3. |atpipe signal fromcontri@l-is high This setup is under
the assunption that configuration and arc wite will not happen at the
same time. If it does happen, the configuration has 10 higher priority.

[ 0066] Anot hggcodingdh Ravétiiohike RASEERLCH dbupIRHIte thes QMR uMSIoh Dastyéunh abl e
delay units of the present invention. Variable delay units are conprised
of a multi pl eigeal sharesdts stave datole withi anethetiniastes kaich. | Hercea twe @F $106¢ Mas@r t he
second i nput i ch, bypasses . the register. In.this a variabl e del ay can
be i npl enent ?&\A&eﬁ ﬁhﬁl)éé‘ Si@?? e Cé’u%a “El WL Wie\%we%%%inﬁ‘.ﬂeé t he

regi ster 60, : Pl 3 g nect ed
From il t1 pi LERSG5R T HRklL sy TR SO e s g e o 88 e
regi sters 90 slannkatted to the nmultiplexer 94, and the register 74 connected
to the nulti?lexer 72, can inplenment such a variable delay. A nultiplexer

cag Isel ec]t a Wllaye@ Wf?@?ﬁ%, eneymaster ki sfiapul/is spyled top sigaaldBat hr ough
t | flip- . (006 T i i e
o ement | not aeeSeBping e oPhe ARG huriBpihd S e GfiaPlte SERAY,

i nput coupl eghdu iAfbuplaUb aSdigadthab Reuirks teWidttiie SlepehefnctichaBtyldrf &i | nput

of a nultiplexer. The other Tnput of the nultiplexer is coupled to
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 slave 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 latch 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:
o master latches are reset upon 'RESET' or 'INIT'
20 e slave latches 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)
e master latches are transparent only during clock low

e slave latches are transparent only during clock high



the input signal. As a result, the first input of the nultiplexer is
coupled to the 25 input signal and a second input of the nultiplexer is
coupl e t owDle/103spgIt si gnal del ayed by the anmount provi dea@cCfrrusn2/11820 st or age
device. The select signal can then be used to select either the del ayed
signal or the undel ayed signal. WO 02/103518 PCT/ US02/ 11870 -15 [0068]
Fig. 19 shows an alternate enbodi nent of a background foreground plane
arrangenent [0069] The present invention incorporates by reference the
prior patent applications, including "A H GH PERFORVANCE DATA PATH UNI T
FOR 5 BEHAVI ORAL DATA TRANSM SSI ON AND RECEPTI ON, " I nventor Hsinshih Wang,
Serial No. 09/307,072 filed May 7, 1999 ldAttorney Docket No. 032001-014),
"CONTROL FABRI C FOR ENABLI NG DATA PATH FLOW ™" Inventors Shaila Hanrahan,
et al., Serial No. 09/401,194 filed Septenber 23, 1999 (Attorney Docket

No. 032001-016), ase Wakfer fich CRINr: it $hersthe TrpifeI enhii dP afclWINGIEI ONAL
BLOCKS ON A RECONFI GURABLE CHI P, " Tnventors Shaila Hanrahan and

Chri stopher E. Phill itpthat Sgisted is Repped®1g401, 312, and filed on Septenber 23,
1999 (Attorney Docket No. 032001-035). [0070 ront Enbodi ments. [0071]
Fig. 20 illustrates® $agef ?aﬁ‘ﬁl glse%@a%fﬁaﬁwgm ‘]’QI%% 1%‘@8%1“] étﬁlaélh%cti onal
15 unit or data path L i E addi tional register and
mul ti pl exer are addggﬁjf%’ophéeh E@f%pﬁ?p%gﬁwg?%e the shifter.

Additiomal |y, the iwplave lawH isitpinspeeentivehenl | ¢htonfignativite ed thid kigcei orput

mul tiplexer is shown with respect to Fig. 21. [0072] Fig. 22 illustrates
the shifter node table for the new enbodi neAt aisfwittedo thip gegisfer 910073] Fi g.

23 illustrates the inplenmentation of the neg{ Wﬁéﬁgéﬂgﬁ?gﬁﬁ&l i% g@y] Fig.

24 illustrates a turbo |l ook up table for us

present invention. Jhgiddendoisufed He assaRipBon $had eehfidurhtion £l A6 itk eillof
data stored in a logarithmc format. This is useful for many communi cati on

systens. |In one 25 pmobhappebatiihesameitimea lfigdoephawenhdeponfigyhiiembason of

e . ;
dat a sti)d ed in |ogar Ihtlg rgr(f)riority.

[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 multiplexer 94 -
and the register 74 connected to the multiplexer 72, can implement such a variable
delay. 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 a 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.



format, the data nust be converted to the normal format by doing an
exponential expansion of the data. The exponentially expanded data is
added t ogwDhenozxsmsl then the conbined information i s convecrasobaskoto the
| ogarithmc format. In the WO 02/ 103518 PCT/US02/ 11870 -16 preferred
enbodi nent, the turbo |ook up table is used in the production of an
estimate of the addition of a correction factor. This estinmate uses the
value of the greatest value of A and B as a first estimte of the val ue of
addition of A plus B. The absolute value of this difference of A mnus 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 15adding this correction factor to
the greatest value of A or B a relatively accurate estinmation is produced.
Note that the | ook up table need not have the sanme nunber of input bits of
A In a pref esoe8fl epiBodo BEMs aPiltefndte bRBoSinicht Mach%%tﬁid%_re@f&ﬂds ed. |f
the magnitude of " A mnus Bis relatively |large, the I0 conbined val ue does
not si gni fi calnk prmngdmentf rom t he greatest value of A or B. For exanple,

the addition of 1,000,000 to 0.1 is approxiately 1,000,000. The addition
of 1,000, 000“?‘%991, oblts PiSEFTt dnventeR ey Oﬁt%'ilbb{q%?f)én‘{en © PEWT RV al ue.

the Tecont! gbpLarghs diduie < HHicH e b BN PATh PAnd O oY 0 ed by
t hose of5 or dBraRAYIGRAL DATATRARSMISSION 2D REGEPTION & liivieator EHsinshéh Wapg enent ed

in other specific forns wthout depart i;{}g fromthe sg\%qrai t or character
t her eof . The SpridlsNet 09/307.8¢3 fieddMayr o Pt ttoragseDogleat ¥ (08200 der ed i n

all respects, j LI rati rd-cti v e of the
invention is W’Nﬁg?"r Ef*ﬁ‘g&@&ﬁﬁiﬁg‘%ﬁ&ﬁ%ﬁ.#&@%aﬁ Vee};t]{?ﬁgﬁﬁﬁhe f or egoi ng
20 descri pti @R, & 1., SRATORS. H91201,994i14d Sepheintiel ©3T899Y NUicHAgY r ange of
equi val ents thereof are intended to be enbraced herein. WO 02/103518
PCT/ US02/ 118 Tincke¥a.dd32001-014); ag »w&llQ@sC' OONFIEIRATION NEAEE MBMMORY 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 unit or data path unit. In this embodiment an additional register and multipléxer
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 to the logarithmic format. In the



Pseudocode result = A+B Description A plus B Flags Affected CO carry out
of the operation OV if the operation overflow EQ if a==b SN result[31]
Nane ADD W6 oRgessdocode result = {( AH+BH), (AL+BL)} Descri pCirarsoRarsail | el
A-plus B Flags Affected CO OV,EQ SN simlar to ADD except the flag[Q is
al so valid Name ADDC Pseudocode result = A+B+Cin Description A plus Bwth
carry in for 32 bit operation. Cnis the COof the |ower 16bits. Flags
Affected CO OV EQ SN simlar to ADD Nanme ADDCNT Pseudocode result =
A+B+Ctrl Description A plus Bwith control carry in Flags Affected

CO OV,EQ SN simlar to ADD Nanme SUB . Pseudocode result= A-B Description
A mnus B Flags Affected CCcarry out of- ithe operation (A+-B+1l) OVif the
operation' overflow GIi f A>B WO 02/103518 PCT/ US02/ 11870 -18-

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 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 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
adding this correction factor to the greatest value of A or B a relatively accurate
estilnation is produced. Note that the look up table need not have the same
nﬁmber of input bits of A. In a preferred embodiment, only a few bits of
precision are used. If the magnitude 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.
[0075] Appendixes II and III further illustrate the Vermont embodiment of the
reconfigurable functional unit.

15 [0076] It will be appreciated by 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 illustrated by the appended claims rather than the foregoing

20 description, and all ch;mges that come within the meaning and range of

equivalents thereof are intended to be embraced herein.



LTif A<B EQf A==B SNsign of result Nane SUB16 Pseudocode result =
{(AH-BH), (AL-BL)} Description Parallel A mnus B Flags Affected

CO OV, GI,WO,0e@38M simlar to SUB Nane SUBC Pseudocode r@smuso21&3 ' B+Ci n
Description A mnus Bwith carry in for 32 bit operation Flags Affected
CO, OV, GI,LT,EQ .SN. simlar to SUB - Name SUBCNT Psgpggﬁ@g@ﬂesul t =
A+-B+Ctrl Description A mnus Bwith-thntrol carry I Fl ags Affected

CO OV,GI,LT,EQ SN simlar to SUB Nane SADD Pseudocode if (overfl ow)

result = Ir.lgmpgba@]'yétzﬁwderflow) result = mn else result = A+B
Description A'plus Bwth saturation Flags Affected COcarry out of A+B

" OVover f IM A+B EQA==B Sl)[@j]:gn- of result WO 02/103518 PCT/ US02/ 11870

Pseudocode result = A+B
Description A plus B
Flags Affected CO carry out of the operation
OV if the operation overflow
EQif a==
SN result[31]
Name ADD16
Pseudocode result = {(AH+BH),(AL+BL)}
Description Parallel A plus B
Flags Affected CO,0V,EQ,SN
similar to ADD
except the flag[0] is also valid
Name ADDC
Pseudocode result = 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+Cirl
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 |



-19 Nane SADD16 Pseudocode Parall el
plus B with saturation Flags Affected CO OV, EQ SN sim | ar to SADD,
val i dwgNen@3s3DDCNT Pseudocode i f (overfl ow)
el se result = ApB+Ctrl Description A plus Bwth
Fl ags Affected CO OV, EQ SN sim | ar to SADD
Nanme SSUB Pseudocode if (ovieTffil@wB result.= max else if (underfl ow)

=mn else result
Fl ags Affected CO carry out
EQ A==B SN sign of result

(underfiow) result
control carry in and saturation

Name
Pseudocode
Description
Flags Affected

Name

Pseudocode
‘Description
Flags Affected

- Name ,
Pseudocode

Description

Flags Affected

Name
Pseudocode

Description
Flags Affected

EhiBaesgription A mnus B with saturation
6\5 g:l@ut overflow of A-B GT A>B LT A<B

SUB16 (
result = {(AH-BH),(AL-BL)}

Parallel A minus B

CO,0V,GT,LT,EQ,SN
similar to SUB

'SUBC

result = A+~B+Cin
A minus B with carry in for 32 bit operation
CO,0V,GT,LT,EQ,SN.

similar to SUB

SUBCNT

result = A+~B+Ctrl ,

A minus B with control carry in
CO,0V,GT,LT,EQ,SN

-~ similar to SUB

SADD

_if (overflow)

result = max
else if (underflow)
result = min
else
result = A+B
A plus B with saturation
COcarry out of A+B
OVoverflow of A+B
EQA==B
SN sign of result

16 bit version of SADD Description A

resul t pamxso2aisse if



WO 02/ 103518 PCT/ US02/ 11870 -20 Pseudocode Parallel 16 bit version of SSUB
Description A mnus Bwth saturation Flags Affected CO OV, GT, LT, EQ SN
simlar twoaussigl ag[ G valid Nane SSUBCNT Pseudocode i fPCasser/i180m)

result = max else if (undeflow) result = mn else result = A+-B+Ctr
Description A mnus Bwth control carry in and saturation Flags Affected
CO OV, GTI,LT,EQ SN sim lar to ssub Nanme |INC Pseudocode result = B+1
Description Increment B Flags Affe®ted CO carry out of B+1 OV overfl ow of
B+1 SN sign of B+1 Name DEC Pseudocode result = B-1 Description
Decrenment B Flags Affected CO carry out of B+Oxffffffff OV,overflow of B-1
SN sigrNamé-1 Nane NEG Ps§AdiDd@e result = -13+1 Description Negate B

Pseudocode
Description
Flags Affected

Name
Pseudocode

| Description
Flags Affected

Name
Pseudocode

Description
Flags Affected

Name

Parallel 16 bit version of SADD
A plus B with saturation
CO,0V,EQ,SN

similar to SADD, flag[0] is valid

SADDCNT
if (overflow)
result = max
else if (underflow)
result = min
else
result = A+B+Ctrl
A plus B with control carry in and saturation
CO,0V,EQ,SN
similar to SADD

SSUB
if (overflow)
result.= max
- else if (underflow)
result = min
else
result = A-B

A minus B with saturation
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

- SSUB16



WO 02/ 103518 PCT/ US02/ 11870 21 Flag Affected SNsign of -B+1l Name ABS
Pseudocode if (B is negative) result=-B+1 else result = B Description
Absol ut e weleaoxsis 13 Fl ags Affected Name ABS16 . Pseudo®cuasParmid el 16
bit version of ABS Description Absolute value of B, for 32 bit operation
Fl ags Affected Name CSUB Pseudocode if (A-B >= 0) result = A-B el se
result = A Description Conditional subtr2Etion Flags Affected CO carry
out of A+ -B+1 OV,. overflow of A-B GI,A>B LT, A<B EQ A==B SNsi gn of

result NeeRytdeodiseudocode pegullb] $6ASR vEreRsT OPISQUERi twi se AND  FI ags
Al fect edDE%cAP‘i:p:tF’on A minus B with saturation
Flags Affected CO,0V,GT,LT,EQ,SN
“ similar to ssub, flag[0] valid
Name SSUBCNT
Pseudocode if (overflow)
result = max
else if (undeflow)
result = min
else
result = A+~B+Ctrl
Description A minus B with control carry in and saturatlon
Flags Affected CO,0V,GT,LT,EQ,SN
similar to ssub
Name INC
Pseudocode result = B+1
Description Increment B
Flags Affected CO carry out of B+1
' : OV overflow of B+1
SN sign of B+1
Name DEC
Pseudocode result = B-1
Description Decrement B
Flags Affected CO,carry out of B+OXxIffffffff
o OV,overflow of B-1
SN sign of B-1
Name NEG
Pseudocode result = ~B+1
Description Negate B



SN bit[31] of result WO 02/103518 PCT/ US02/11870 22 Nane OR Pseudocode
result = AIB Description Bitw se OR Flags Affected EQ SN sane as AND Nane
NAND Psewooeodsisesult = -(A&B) Description Bitw se NANPCEI&g14&7¢ ect ed '
EQ SN sanme as AND Nanme NOR Pseudocode result = ' (AFB) Description

Bitw se NOR Flags Affected EQ SN same as AND Nane XOR Pseudocode result =
A"B Deslag piffentelii twi se XOR Flags Affected EQ SN same as AND Nanme. XNOR
Pseudocode result = -(A'B) Smghigi_gq_ Bi t wi se XNOR Fl ags Affected . EQ SN
sanme as AND Nane PASSA Pseldocdgde re ul1t: A Description Pass A Fl ags
Affected EQ SN sane as AND WD 02/103518 PCT/ US02/ 11870 -23-

Name ABS ,
Pseudocode if (B is negative)
result = ~B+1 -
else
o result = B
Description Absolute value of B
Flags Affected A
Name ABS16
Pseudocode Parallel 16 bit version of ABS
Description Absolute value of B, for 32 bit operation
Flags Affected
Name CSUB
Pseudocode if (A-B >=0)
result = A-B’
else
result = A
Description Conditional subtraction
Flags Affected CO, carry out of A+~B+1
OV, overflow of A-B
GT,A>B
LT,A<B
EQ,A==B
SNsign of resuit
Name AND
Pseudocode result = A&B
Description Bitwise AND
Flags Affected EQ A==B '

SN bit[31] of result



Nane PASSE Pseudocode result = B Description Pass- B Flags Affected EQ SN
sane as AND Nanme NOTA Pseudocode result = -A Description Invert A Flags
Af f ect ed EQo3Nb3sase as AND . Name NOTB Pseudocode resul t PETABO2/DS3Er i ption
Invert B Flags Affected EQ SN sane as22AND Nanme M N Pseudocode if (A<B)
result = A else result = B Description Return smaller of A and B Flags

Af fect elgileA>B LT A<B EQ @&RB SN bit[31] of result CO carry out of A+-B+l
oV overfﬁyé&ée%'% Nane - %@ AEocode Parallel 16 bit version of MN
WO 02/ S02/ 11870 I: on Return smaller of A and B, for 32
bit opeP@SCERIA ags Affect Bl V\§§Qe8 mn, valid for flagfQ as well Nane
MAX  Pselags édfectetd (A>B) EQ,SN same as AND

Name

| NAND
Pseudocode result = ~(A&B)
Description Bitwise NAND
Flags Affected 'EQ,SN same as AND
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 = ~(AB)
Description Bitwise XNOR
Flags Affected - EQ,SN
same as AND
Name PASSA
Pseudocode result= A
Description Pass A .
Flags Affected EQ,SN same as AND



= Aelse result

= 0; for( i

Descri ptlon L

Description
Flags Affected

Name
Pseudocode
Description
Flags Affected

- Name
Pseudocode
Description

‘Flags Affected

Name
Pseudocode

Description
Flags Affected

Name
Pseudocode

ocode result
Descri pPIS@MdC.j%@ ®e 4 1sb dESM

: B Description Return larger of A and B Flags
Affected GT A>B LT A<B EQ A==B SN bit[31] of result CO carry out of

_ WO oonessis ow of A-B Nanme MAX16 Pseudocode Paral | eCTABODII870Ver Si on
of MAX Description Return |arger of A and B,
Af fected same as mn,

=0; 0 --;)f FF (B(i)
,& One Detectlon

Pass.B
EQ,SN same as AND
NOTA
result = ~A
Invert A
EQ,SN same as AND
NOTB
result = ~B
Invert B
EQ,SN same as AND
MIN
if (A<B)
result = A
else
result =B
Return smaller of A and B
GT A>B-
LT A<B
EQ A==
SN bit[31] of result
CO carry out of A+~B+1

QV overflow of A-B

MIN16
Parallel 16 bit version of MIN

for 32 bit operation
vaI i d for fIag[O] aaéwell Name PENC Pseudocode

Fllags Affected none Nane
4 0]] WD 02/103518 PCT/ US02/ 11870 25

mtBA to multiplex the 16 inputs of B



Flags Affected SN bit[31] of result Name SH FTBBA Pseudocode if (A[5])

result = B << A[4:0];
The 16/ 32wbiok/103518leci ded by
the shifted out bit wll

else result = B << A[4:0];

Description Shift B by A
con32 bit in config nmenory. PaTAISVhE87Case, ,
passed to the flag. Flags Affected bit[31] of

result WO 02/103518 PCT/US02/11870 26 1.10 DPU Interface Signals (32 bit

DPU) V=[ugi W d~t h~,
(5161 Bt e

Returk sm'aﬂe@édftA And Bifoy3Shingperatieaddr mask

for LSM gﬁéreiﬁsmi-&

iElonBBlAS el (o) Thont | oad

the abo registers from config bus arc r w [01, input arc reading/witing
arc bus [31:0] inout bus fromarc arc_access [a/b/o] [0] input arc
r eadi ngN/glintej ng abo regi stepgaxPata LnO- in7 [31:0] input Local 8 data

connecti Iggg from, above

udocode

Description
Flags Affected

Name
Pseudocode
Description

- Flags Affected

Name
Pseudocode

Description
Flags Affected

Name
Pseudocode

- if (A>B)
result = A
else
result=B

Return larger of A and B

GT A>B

LT A<B

EQA==B

SN bit[31] of result

CO carry out of A+~B+1
OV overflow of A-B

MAX16

Parallel 16 bit version of MAX .

Return larger of A and B, for 32 bit operation
same as min, valid for flag[0] as well

PENC
result = 0;
for( i=31i>=0;i —X
if (B(i) == 1) {
result = i+1;
break;

}
}
Leading One Detection.
none

MUXBBA
result = in[A[4:0]]



Ln8 - inl4 [31:0] input Local 7 data connections frombelow jnetO - gnetl5
[31: 0] input dobal data connections Lsnmval [31:0] input LSM val ue | nput
M x.i.n wauwzasxshs [ 2: 0] input Sel ect 8 output above (Shar@dT/uso/ns@D and Gl
mux) auxbsel [2:0] input Select 8 outlut above (Shared wth select for 7
out put bel ow and self-|oopback) auxafgsel [1:0] input Select above, bel ow

o ol olfgésgribfop auxbr sel 8k tppdlsBRYIApLRAD rALlleRAInd 96 B auxbol

[0] input Select shift or r\%@mlftf or B

| at ched_or unlatched or A B°TBRed data Confz. ur'at on Bns & Cori,

: al b/ o]ags[Atfegtednput Configuration bus .iuxlat[a/b/o]sel [0] input

Sel ect config bus or DPU daSp bi’[@'[]aéﬂ‘@lﬂtd slen [0] input Master and Sl ave
| at ch enable (Active and docking) ~, x"gnlal!s E. ,hiftant [4:0] input
Shift amount ,hiftdir [0] input Shfit direction >hiftnode [2:0] input

Shift node of shifter :trl gb i nput Control as carry in of adder ;onF

[ 2: 0] iMame Fl ag control >p% ETBBA] input pcode for ALU in [0] input

Carry qéefieBopleeVi Ous rovyf\(p[@]%/ 103518 PCT/ US02/ 11870
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 ‘
bit[31] of result



-27 Qut?ut M p, nuxalul snmsel [O0] input Select ALU output or LSM val ue
muxout sel [O0] input Select |atched or unlatched nmuxlsnsel [O] input Select
sendi ng |wDokamses unl atched data to Ism F pUtpu t fl ageCrasd}/1sae put

Fl ags out [31:0] output Data output af6uout [31:0] output To gnet for
recircul ating the result dpu I smdata [31: 0] output To LSM data dpu | sm
addr [9:0] outp t1 CB Q2/11870 28 1.11 DPU

Function - s"‘ ‘rlthnEtIC Add_Add_Sub
Sub 3 : . tilnc
Dec L B

XNOR: r M rEB k OR mask for LSM address

c1lk - [0] clock

zlken . [0] clock enable

reset ‘ [0] .reset

loadconfig{a/b/o] [0] load the abo registers from
. config bus

Aarc r w [0] input |arc reading/writing

arc bus [31:0] inout bus from arc

arc_access_[a/b/o] [0] input arc reading/writing abo

reglsters

ln0 - in7 [31:07 input Local 8 data connections from
' above
in8 - inl4 - [31:0] input Local 7 data connectlons from
' below
jnet0 - gnetl5b [31:0] input Global data connections
Lsmval [31:0] input LSM value

nuxasel"“. - Ilﬁput . Select 840utput abeve (éhared
with G0 and Gl mux)

nuxbsel 41 [2:0] input Select 8 output above (Shared
' with select for 7 output below
and self-loopback)

nuxafgsel [1:0] input Select above,below or global

1 for A
nuxbfsel [0] input Select local or global for B
nuxbct . [0] " input Select shift or no shift for B
nuxop[a/b]sel [1:0] input Select latched or unlatched or

ANDed or ORed data

:a/b/o]bus . [31:0] einput Configuration bus
wuxlat[a/b/o]sel [0] input Select config bus or DPU data
.at[a/b/o] [m/s]len [0] input |Master and Slave latch enable

(Active and docking)
et

shiftaﬁt Shift amount

shiftdir ' [0] Shfit direction

shiftmode [2:0] input Shift mode of shifter

trl [0] input Control as carry in of adder
:onF [2:0] input Flag control

)pcode [7:0] input |Opcode for ALU

:in : [0] input Carry out from previous row



PASS(NOP) PASS(NOP) Special Func. ABS ABS M N MN MX MAX Rxor Rxor NA
DV NALFSR NA PENC NA MIXB by Al N A SHFTB by A2 NOTE: W can build
a 896 bi tw02816)8 operator per slice. 'To inplenment N 1 mairtispt/erser s where
2<=N<=8 2 A[4:0] is the shift amount, A[5] is the direction of the shift WO
02/ 103518 PCT/ US02/ 11870 29 CS2212 ALU Opcode Additions The follow ng
opcodes will be added to the CS2212: ADD8 SUBS ADDSUBLl6 SUBADD16
Qperation : ADDS: 8 bit addition Qut[7:0] = Al7:0] + B[7:0] Qut[15:8] =
Al 15: 8] +B[15:8] OQut[23:16] = Al 23:16] + B[23:16] CQut 31:24 = A[31:241 +
B[ 31:24] Opcode : ? - ?2 2?2 ? 2?2 2?2 2?2 ? Bit Ganularity : 8 bit operation
Flags Affected - No flags are avallé%ﬂe Qperation : SUBB: 8 bit addition

muxalulsmsel : [0] inéut Select ALU output or LSM value
muxoutsel [0] input Select latched or unlatched
muxlsmsel , fO] input Select sending latched or

unlatched data to lsm

flags ” [1:0] output | Flags

out [31:0] output |Data output

aluout [31:0] output | To gnet for recirculating the
. : result

dpu lsm data . [31:0] output | To LSM data

dpu lsm addr [9:0] output |To LSM address




Qut[15:8] =A[15:8] + B[15:8] + 1 CQut[23:16] = A[23:16] + -B[23:16] + 1

Qut 31.:24] = A 31:24] + -B[31:24] + 1 Qpcode : ? 2?2 ? 2?2 ? ? ? Bit

Granul ariw@ 02/1858 t operati on Flags Affected : No fl ags areTawar/imsb e
Operation ; ADDSUB16: 16 bit addition8and subtraction CQut[31:16] =

Al 31:16] + B[31:16] Qut15:0 =A15:0 +-B15:0 +1 QOpcode : ? ?2 ?2 2?2 2?2 2?2 2?2 ?

Bit G apyaD hhg QP i R : ed : CO OV, EQ SN

Qper at ?I(;lr?'laDgU%A%L[l)%g:t lP-I?ngsbi ?( %E??Fo%ﬁﬁgmg’?ract ion

Qut[31:16] =A[ 31: 16] +. B[ 31:.16] +1 CQut 15: 0=A15: 0+B15: 0 Opcode : ? ? ?2 ?2 ?2 ? ?
? Bit Ganularity : It operation Flagd82Aditected : CO OV, EQ SN WO
02/ 103AAtHEBLgS02/ 118%K8d 30 CS2212 Ml ti pAder Qutput Mux Specification The
out put mux for the I\/lJIS'LJ lier will be changpﬁg for the CS2212 in order to
allowthe A or B operén? fﬁ% be | at ched at e O.register. This effectively
bypasses the multiplie8tWiEHUp i on. TheatyFation re the addition of
one bit to the ' nuxmul Satuation Sukel d i n tBatuatiorcSub The si gnal

“nuxnul tlsnsel’ wll sjgjeect the input to tfpge O register in the follow ng
fashi on: rruxrrultlsmselDé: O O register or output result TWD

e

mul tiplication output Ch01 LSM Read Dat &2®%10 A operand 2'b | | B
oper and Neg Neg
Logic AND AND
OR ( OR
XOR XOR
NAND NAND
. NOR NOR
XNOR XNOR
NOT NOT
PASS(NOP) PASS(NOP)
Special Func. ABS ABS
MIN MIN
MAX MAX
Rxor Rxor
N/A DIV
N/A LFSR
N/A PENC
N/A MUXB_by A’
N/A SHFTB_by__A2

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

! To implement N:1 multiplexers where 2<=N<=8
2 A[4:0] is the shift amount, A[5] is the direction of the shift



This functionality allows the user to enploy the multiplier as a

dynam cal ly configurable routing resource when it is not being used for
its prinmewyokaeasis on. WO 02/ 103518 PCT/ US02/ 11870 31 CS22CI/uSopeisine

Regi ster Specification The CS2112 has2regi sters that can be used as either

mask registers or pipeline registers. |In order to allow the user to use

pi peline registers in the s2ang AB.100Rjcode Addidigns and use the mask

regi sters, the CS2212 will include additional registers. These registers
are 'q%@rf&ﬁ&lwﬁgtogao&ég%ﬁb%qd@afoqutg.@@ﬁzW' || be referred to as "api pe’
and bplpe registers can be bypassed by the signals " nmuxapi pe' and
" muxbpi respectl vely. Refer to the CS2212 DPU Bl ock Diagramfor the

pl ace f t hese regl sters and nuxes. The nmnuxes are selected in the

fol |l ow h| on: "muxa i e A operand nmuxb i e B operand O register
bypass fer bypass 1 pipeline register 1 i eline re 'ster WO

02/ 103% 16502/ 11870 32 CS2212 LSM Wite Data Mux Specification The
CS2212 will be able to wite to the LSMwith the shifter output, as well as
with the ALUoutput. In order to facilitate this added functionality, a

mux will" Pé}q ntotbg)pgswlmgddmdﬁata path. This nmux wll be referred to
as ~ muxl srrwd and wi | loher- rruxl smwdsel ' in the follow ng
fashi on: * muxl smd’ LS, 71'5%‘3 _[gﬁl%

_ﬁ 3 % mux| smad' . WO 02/ 103518
j e fabric is reconfigurabl e
iczr H'né copg bits-are | oaded into the
: re) and then the

_ -8 0+ QJt put 1 Shifter output Refer to

t he CS2212 Bl ock Di agr Al ¢ %

PCT/ US02/ 11870 33 2. gggej

and it is controlled by-&e:

fabric by i ‘ar cLi ?

conf i g Bibkenagplazitywi | | Stbltam@ront he config bits into
Flags Affected : No flags are available

g
Ty 9

Operation : SUBS: 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] + 1
Out[31:24] = A[31:24] + ~B[31:24] + 1
Opeode: [ 2?2 2?2 2 92 2 2 2 7|
‘Bit Granularity : 8 bit operation
Flags Affected : No flags are available

Operation : 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
Opcode:” | ? 2. 2 9 2 92 :72 2|
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
Out[15:0] = A[15:0] +B[15 O]
Opcode : 1?2 2 2 9 ?7 2 |
Bit Granularity : 16 bit operation
Flags Affected : CO, OV, EQ, SN




the fabric's configuration plane. The following table is to provide
software i nformati on about what address does each config signal correspond
to in theweddnessss space. So far the base address of the ceefigporatsion has
not been determ ned yet and so the f¥l | ow ng address will start fromO.
2.2 Details The top 16 bits will be the enbedded address The top bit

(bit[127]) is the parC$3210iMultipiRr itgueMuxBhecificacier for even parity in
each line of 128 bit. For behaviour of parity, please check ARC extension

b Each
?_ Fz)g(t;) | ﬁﬁd%@ut}%{?)‘% Igi% EE%M cl{aﬁ 'fg%hé @SQQI@mbcﬁ'ﬁgr QQHBYgoa i N g?ct he
n

har dwar. I r ne {7)6 r nes which are
not negllﬁ%g?%&a h%)fl% 5@“%5 th dﬁ%@a aﬁ rm Q HHan be

Ski ppe E%H ; A Al | address
map and® th’r'm&é‘eé‘?l g 1958191 he current mapping for now. User shoul d refer
to ARC_extension spec to see howto configure multiple slice in one

oper atji on. 2. 3 mAwandsmddid :Bddr ess Dat a  Oxégistone®d MEHiTsdwputAesulx1 r owO

regi stler B 0x2 rowi0ggi ster 0 0x3|0x4 row mukiplishtin dutpX5 row I}
regi stler B 0x6 rowpiygiegi ster 0 Ox{ [ LS NP Read el TOW/. H gh mul t

regi stfer A OK1ID TOW#, g gn nor't regl 3rer B L»(ltAgf%aﬁ—dg Mot T ster O
Ox1F x20—=a TOoWr uj\%ﬂuu regrster—#

B operand

This functionality allows the user to employ the multiplier as a dynamically configurable
routing resource when it is not being used for its primary function.



0x21 row/7 Low nmolt register B 0x22 row/ Low nud register 0 0x23 d
RESERVED 0x24 Ox3F s ,; s 5611 2821 11''.,,,, 0O O0x40 row O DPU confi 1
row 0 DPUwVomfidzp® 0x41 row O DPU confi 3 row 0 DPU confi g2CTs4211800v 0 DPU
confii 5 row O DPU confi 4 0x43 rowd DPU confi7 row O DPU config6 0x44
row 1 DPU confi 1 row 1 DPU configO 0x45 row | DPU confi 3 row 1 DPU
config2 O0x46 row 1 DPUGS2212 PifelineRegisbi$proiffdatién 0x47 row 1 DPU confi g7
row 1 DPU confi 6 * Ox5C | row/7 MILT high config3 row7 MJLT hi gh config2

row7 MUrfle ORI R frbdktefsaiéd dﬁfhﬂb@ug@cﬂﬂ e?tﬁélf 1&1&@ refeR drfeiMldgifibrsh config?

r ow7 To f i L 4 WO

02/ 10|C\%/Utﬂ raagligfle aﬁ@?{t%%ﬁsé’r?c‘l‘%s 3 E{ ;ﬁﬁ aﬂ&‘ﬁi}g:gé \ty? Sg\?v confi
r ow? quﬁe W; %(%% %&sﬁer W conf i g7

f ow? ﬁf}a% ﬁigvéﬁ Wlﬁﬁeé%ﬁ? , BRECoEe 4 0x60-
RESERVE agse UPagHne ‘%iibPéPei Eﬁ‘&aﬂc’ﬂv yp Reter. o

e registers and muxes. The
muxes are selected in the following fashion:

nuxasel & @%&%QPU Blogk Rﬁ%ﬁ‘@éﬁ’r the pbm%%thé

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




14:10 shiftam 15 shiftdir 23:16 opcode 24 nuxbcfsel 25 latai e 26
latb i e 27 lato i e 29:28 nmuxopasel 31:30 nuxopbsel 34:32 shiftrnode
37: 35 comwo 038o3suxal ul smsel 39 nuxoutsel 40 ctrl 41 | smpCcaabmiste enabl e
(overl apped for both read and wite e¥ables, even row for read and odd row

for wite) 55:42 RESER VEI i Il ~- ""4~i;lii,,~~1,.0i. i.. 111!~ 4i
Ly il i ~il'1 tl | CS2212 LM Write Data@yIiimiSpeciication 1 | 111 il ~~~. . 1liii
~~dull lal i".~"IIil ~i~nI~~IMIlit,.. LreC Rf1 1J "e[dlff 2:0 nmuxasel

5: 3 muxDisaCS22126villbelbieto widteGo MeEMSALh thd EhifCr shsiic hSRbIl ad Rithunaf ghsel
13 muxopBERutput A 3RePB IR litatdthiR Al bl A8 lity, Honfk¥Rlbs 6hdedkd hata i e 18
lath | esmiPite@h gattf This mux will be referred to as ‘muxlsmwd’, and will be selected

by ‘muxlsmwdsel’ in the following fashion: ‘

‘muxlsmwd’ LSM Write Data

0 ALU Output
1 Shifter output

Refer to the CS2212 Block Diagram for the placement of ‘muxlsmwd’.



20 lamread/wite enable (just like the cditil epipe, we use the read enabl e
for the 3r Ismfromthe 6th dpu, wite enable from the high nmultiplier)
27:21 , PRB-0SEMEDOL1ud. i!" O0x80 Tile A PLA product term @CTIDS8Y11B70 e A PLA
product term1l O0x82 0x83 * * Ox9D3 WE Tile A PLA product term 30 Ox9F
Tile A PLA product term31 OXAO RESERVED OxBF OxCO Tile A Tile Basis
Control21 al ian Row BaS| S Control LO OxC2 Tile A Row Basis Control LI
xC3 T| Rpm/B COnt e A Rbm/BaS|s Cbntr? L3 OxC5
OXFF R “ef-"fﬁl E%Z‘nh‘ s;ﬁf gil %ﬂéﬁ% Themgs 1 BRI, in 0, 15
15: 0 qE S 37 5 aéd R erB’F‘ t&“& ‘f“lteéf"}ﬂg?‘W&LA X ANDS
sl npue[ ncs§tl E at

B t posi-tion be variable b. This neans product term

Yin PL A riNig lable Mbo frBideR m@a?eﬁ%mlg In Bink wh@daleb:Meihdy Y@ e b. This
means rg@gsthdnd ¢ c%lr? %%adgféf e Ko @ReBLR uf%/{e Rn¥ - Sé‘tl%ishéﬂoi @e%% tyrﬁﬁlney\Qt

02/ 103548 sd e idoRR/dd e O s I Konlgrak b o P SR

SRBDMA: nuxdnmaset set 33:2 GNET: hortnetsel: netb5, net4, netO 45 34 GNET

vert netxZxDetaiket 2, net |, net 0)

®  The top 16 bits will be the embedded address

The top bit (bit[127]) is the parity bit. The hardware will check for even parity in each line of 128 bit.
For behaviour of parity, please check ARC extension spec by Dani.

The address below is relative to some base_address

Each 128bit line will carry 112 bits of config data

During config loading, the hardware can store at most 112 bit line each cycle

For the lines which are not needed for a certain configuration, those particular line(s) can be skipped.
The slice address will not be embedded in the current address map and will be erased from the current
mapping for now. User should refer to ARC extension spec to see how to configure multiple slice in
one operation.

2.3 Address Map

& row0 register A
5 row0 register B .
1 row( register O

rowl register A
:| row ] register B
| row 1 register O

| Tow7. High mult register A
row7 High mult register B
row7 High mult register Q

row? Low mult register A
4 row7 Low mult register B
row7 Low mutl register Q

[ RESERVED

R N N T d
gt w21 1)

row 0 DPU conﬁgl

row 0 DPU configd

0x41 row 0 DPU config3 row 0 DPU config2
" 0x42 row 0 DPU conflig5 row 0 DPU configd
0x43 row 0 DPUJ config?7 row 0 DPU configé_
0x44 row 1 DPU configl row 1 DPU config0
0x45 row 1 DPU config3 row 1 DPU config2
0x46 row 1 DPU confiig row 1 DPU configd
0x47 row 1 DPU config7 row 1 DPU config
*
*
0x5C row7 MULT high config3 row7 MULT high config2 | row7 MULT high configl row7 MULT high config0
0x5D row? MULT high config? row7 MULT high config6 { row7 MULT high config$ row7 MULT high configd




53: 46 LSMNET: raddr

transen3to4,trien3,transen2to3,trien2,transenlto2,trienl,transenOtol,trien0
61: 54 LSNMBTD2/103538 a PCT/US02/11870 _
transen3t 04, t rien3,transen2to3,trien24ransenlto2,trienl,transentol,trien0
69: 62 %Sg{ﬂ () Tl }

i tlgw Y RMUYLT jlog eppfigd 1|~ vewRVILT 9w co W i
trfans '0 Uj’ Tow[,MUET low config7 rowTMULTllow configh - arow7 MULT low ¢ coﬁf’%_e row7 MULT low configd trien0
77: 70 [ESWMNETT—wat= _ _
transgnsv-o4,tri en3, transen2t o3, tri en2gisglmsenl to2,tri enl,transenGol,tri enO
Lx 1: 0}151_1\#2%4-1 9\( ;PRD clken 0 x ?“_"_J_X 7‘ 2'X ‘ QRBR
C S B ttyars kP gt 3G R cgifig e - 5Esdl 1: 0 x2
Lx 13:{BFZ TOW mdikthkel - 2X . SRBR I NTEm O X2 CX 37 14 TOW 4X+J.T- 2x—PLA in
sel 5:|[06x 4 | tubfg9- 38 row 2x+]1 - 2x : |[spre sel 0 x 2 ITx 47:40 row 2x+1 =
2X F 2R : : ; X 4 Lx
55: 52 [Tism X: : : - . : nx:
anode [R3B  | Xop®& 62 [sm x: wiode 1:0 [X /1. 64 TOWZ2X+L - 2X . SRBre init
30 x23H¢100 mughefsch D (‘nnfln O1EE. QOx200-_Tile C (‘nnfUL gmlzlz a .t~

) . ZSJ:J\ lataplpe,_ A : 14 : LL : ~ | 5‘“| :
e, Basi 36 O hdpind ¥ - ,al LI N U B 0= UI\WJ.J.. 8t+—+—borre—bitx ect 1|
ny~. " "[27_ - Gatophd 40 r~Ci di__,esp U rtused Inf II~-COFXT@IL(TTti 1G
Gnt dﬂﬂilh‘gg; cLmyxopgsel -] ~ G5 Iifp 0x400- (')g?ff Slice 1 Config 0x800- Kbf f

. : = X0 1
Sl I Ce %4wllf lﬂmo
0x380-|3%883 NoifCe U Selections ux780—07(7‘83—31—r-0'e—r"§€r-€m—mn5—‘6x-b8’) 0xb83
Sl i ce {28 sel elchuxgytymsel
39 muxoutsel
40 ctrl

lsm read/wrlte enable (overlapped for both read and wntc enables, even row for read and odd row for write

muxbfsel
9:8 muxafgsel
11:10 muxbefsel
12 muxafghsel
13 muxopasel
14 muxopbsel
15 muxmultlsmsel
16 muxoutsel
17 latapipe .
18 latbpipe
19 latopipe
20 Ism read/write enable (just hke the cditilepipe, we use the read enable for the 3% lsm from the 65 4y dpu, write enable from

the high multiplier)

Tlle A PLA product term 0

0x81 Tile A PLA product term 1
0x82 *
0x83 *
- *
0x9D *
0x9E Tile A PLA product term 30
0x9F Tile A PLA productterm 31 -
0xAQ- RESERVED
OxBE
0xC0 Tile A Tile Basis Controf
0xCl1 Tile A Row Basis Control LO
0xG2 Tile A Row Basis Control L1
0xC3 Tile A Row Basis Control L2
0xC4 Tile A Row Basis Control L3
0xC5-
0xFF RESERVED
T - G PLAX groduct Term Y Detail§i(whére.X in'(A5B,CD) & ¥in [0,15]):
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 input{(b-16)]
63:32 let bit position bit variable b. This means result[(b-32)] in PLA X ORs product term Y
111:64 Reserved




Oxf BO-Oxf 83 Slice 3 selections ~ aFabricBasis ConfigDetail~SI" " LO 7:0
tile A et tristate enable 1 bit x 8 LO23:8 tile A hctl net tristate enable
1 bit x 1WOoo/103519 tile B et tristate enable 1 bit x 8 LI PE3/&02/i1820 B hct |
net tristate enable 1 bit x 16 L2 7:¥ tile Cet tristate enable | bit x 8
L2 23:8 tlle C hctl net trlstate enable 1 b|t X 16 L3 1 0 PLO control
input laa TRV cel I nnut. tn WD

PN VL T ' PRI oo —ou P mix one
hot s :|33:A OUTBRET. bkl [neH) eth L’,ﬁetO} brt—x—4—t3—F—6P-o—data—i P T—tX- el
(i nput 4% T ADGNET Vertakisd et detldetoh 3 118 PI O dat a out puf rrux one
(out pyts3:4y nmlfsmﬁrﬂd}lr(ﬂamhﬁm,tmﬂ ptoB)ch2] @R z ‘ 0
nmuxase T
sSane d
bi t
| at bpi%
MuXopPeg et U R H
muxout $&i3:19) | afoﬁ(Md-QM)‘EBRBIEmten[O] x2
Lx[37:14] row(2x-+1)-(2x): PLA_in_sel{5:0] x4
1x[39:38] row(2x+1)-(2x): Ismregsel{0] x 2
L.x[47:40] row(2x+1)-(2x): HSTATE self1:0] x4
Lx[51:48] row(2x+1)~(2x): HSTATE regsel[0] x4
Lx[55:52] Ism x: addrmatch{3:0]
1.x[59:56] Ism x: matchien [3:0]
Lx[61:60] Ism x; rmode [1:0]
Lx[63:62] Ism x: wmode [1:0}
Lx[71:64] row(2x+1)-(2x): SRB_reginit[3:0] x2

ol it —as—dpa—rbf sel

”1' AN nOto?E‘x

0x100- Tile B Config
0x1FF

0x200- - ) Tile C Config
IOXZFF .

1ice/BAsiS Conts

BRI

oS

fe Surrentimplementation)

“0x400-0x7ﬁ

Shce 1 Config
0x800-0xbif Slice 2 Config
0xc00-0xfff Sllce 3 Confi,

ice 0 éclec ions
0x780-0x783 | Slice 1 selections
0xb80-0xb83 | Slice 2 selections

’0x180-0xf83 Shce 3 selections

‘{j‘. ,ﬂf f '? "t‘i"

10 7:0 tile A gnet tristate enable 1 bit x 8

1.023:8 tile A hetl net tristate enable 1 bitx 16

L17:0 tile B gnet tristate enable 1 bitx 8

L123:8 tile B hetl net tristate enable 1 bitx 16

12 7:0 tile C gnet tristate enable 1 bitx 8

1.223:8 tile C hctl net tristate enable 1 bit x 16

L3 1:0 PIO: control input mux sel (input to fabric) 2 bitx 1

L3352 PIO: control output mux one hot sel (output from fabric) 1 bitx 4
L3 7:6 PIO: data input mux sel (input to fabric) 2 bitx 1

L3 11:8 PIO: data output mux one hot sel (output from fabric) 1 bit x 4




| "unl atched val ue
wite disable I

LSM rnmode O byte wnode 1 word 2 dword 3 dword wen O
write enable addrmatch the 4 bit of the address provided

by DPU wiwb obaoasmg ch with these values in order to enabl @ca/usezdis it e

operation matchen individually en

abl e¥61) / di sabl e(0) these 4 bits of

(wen)
t put

gl obal
t for.
ub 6
al

val ues

mat chi ng_address | snregsel the signals from DPU (addr/dat a) and_ CSM
are seTSMMULE| ymexeselsterable. O Samegsdpered 1 = unregistered PLA
PLA inisel pl eagBwdsd bel ow GNET |samepetpe| sel ect the 9 datapath ol
fromaltile (7 dpuxafgsdl 2 nul.t), [shweesdpe 6 of this in each tile (We have
6 horilzontal gliowdfsehet and 3 velstimeas dpd obal net) the horizontal
net drilves, besijdedcsble hori zont ajologl®bial net, al so drives the inpy
vertical global {mux O dpu 0 1 d. mmhwlﬂfu 2. 3dpu3 4 dpu 4 5 df
dpu 6 |Z mutt 7| others milt 8 vef3thight24ddit @M%tm!ﬁwmﬁll_h_e_a_h_o_n_u_om
gl obal [net or tHBUWagdERll " hori zoftlew 1§bibbal net 0,1,2 (note those 2
can be 1high1 bit
latapipe same as dpu
latbpipe same as dpu
latopipe same as dpu
muxopasel 0 latched value
muxopbsel 1 unlaiched value
muxmultlsmsel 0 muilt output
1 Ism vaiue
muxoutsel 0 latched value
) 1'unlatched value
LSM rmode- 0 byte
wmode 1 word
2 dword
3 dword
wen 0 write disable
‘ 1 write enable :
addrmatch the 4 bit of the address provided 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 - lhortnetsel select the 9 datapath output from a tile (7 dpu and 2
mult), there are 6 of this in each tile (we have 6
horizontal global net and 3 vertical global net) the
horizontal global net drives, besides the horizontal
global net, also drives the input for vertical global mux
Odpu0
1dpu1
2dpu?2
3dpu3l
4 dpu 4
5dpub
6dpub
7mult7
others mult 8
vertnetsel select from the 6 horizontal global net or the ‘local’
horizontal global net 0,1,2 (note those 2 values can be
different since the ‘local’ tristate can be disabled)
hortnettrien the tristate enable for the horizontal global net.
Each giobal net has 4 fristate driver sitting on it. The
tristate enable is a one hot value, one bit driven by
gach slice. ' -




different since the '"local' tristate can be disabled) hortnettrien the
tristate enable for the horizontal global net. Each global net has 4
tristate woiogao3ssstting on it. The tristate enable is a @oa/usor/1al ue, one
bit driven by each slice. WO 02/103518 PCT/ US02/ 11870 -37 Nanme of Nane of
signal Explanation Unit DPU MJLT a/blo register Value of the pipeline
registers in the DPU and MIULT CSMDRgj-nuxasel Overlap with nuxF, nmuxGO and
muxd sel ects: val muxA nuxF muxGO nuxGl O previous 8 itself gnetO gnet8

1 prev 7I-pext—% tE 32 hO—2previous—6tRext2gnet2—32h0
previo psN%,m,{ﬁgit 3 grﬁle@ga@ﬁ?)l 4 pfrevious 4 nextégﬁlhaﬁgm LSM val ue 5
pr evi olSPIVDERT [F/8 kR ALU OUt (&P hARE FShe rsrEm P & artmuLP_ynet 6
{ DPUOUIESIRBEY, Clflixadel PT EVT OUS T TEKLiaf Wil mixe 4nuXes0 SHUAIRE] setie as pbove
muxaf gsel 00 selects MuxA 01 selggt s X Fux? his@behtg1MIX 11 selects
MuxG 1| nuxbf sel [sane as above mighedvpas s Bsekelgmetos geeBF 1 sel ects $hi ft
Qutput |l atapi pe{0 regi ster A won' pteRioGH7 héptitgnett raz'oster A will [atch
i nput |l atbpi pe|l0 regi ster B won' R plearioa6 newp@tgnet2 32'h0
3 previous 5 next 3 gnet3 32'h0
4 previous 4 next 4 gnet4 LSM value
5 previous 3 next 5 gnets ALU out (before regQO)
6 previous 2 next 6 gnet6 {DPUout{30:0],cin}
7 previous 1 next7 gnet7 32'h0
muxbsel same as above
muxafgsel 00 selects MuxA
) 01 selects MuxF
10 selects MuxGO0
11 selects MuxGl
muxbfsel same as above
muxbcfsel 0 selects MuxBF
1 selects Shift Output
latapipe 0 register A won't latch input
. |1 register A will latch input
latbpipe o 0 register B won't latch input
1 register B will latch input
latopipe : 0 register O won't latch input
: ' 1 register O will latch input
muxopasel 00 selects 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:\doc\ieams\dpuldpu_specX.doc
shiftmode section 1.12
conf Flag select
0 previous flag
1 RXOR
2GT
3LT .
4EQ
58N
6 CO
70V
ctri Control carry in for addent,subcnt,etc ops
opcode please see s:/docfieams/dpu/dpu_spec#.doc
muxalulsmsel 0 selects ALU output :
: 1 selects LSM data
muxoutsel 0 selects Latched Data
1 selects Unlatched Data




| re ister Bwll latch input |atopipe O register O won't latch input |
register O wll latch input nuxopasel 00 selects Latched Data nuxopbsel 01
sel ects Uwbababssds Data 10 sel ects ANDed Data 11 sel ect s PORAS0DEIS20
shiftam Shift anpbunt presented to shifter shiftdir Please see
s:\doc\teans\dpu\dpu specX doc shiftnode section 1.12 conf Flag select O
previous flag 1 RXOR2 GI' 3 LT 4 €C§’ 5SN 6 CO 7 OV ctrl Control carry
in for addcnt . subcnt,etc cps opcode pl ease see

s: / doc/ {eans/ dpuf dpu_spec#. doc  mupakud! on$e0000: sied @drives Melttistaie put 1 s$el ects
LSM dat & rmuxout$el O sel ects Lat clduxiDatlice 1drivek éettdstadnbat ched Dat a WO
02/103518 PCT/ US(p2/11870 -38 4 bx%ribP”QQ'rS'l_Qe%Qﬂ_)@éihesﬂ[ﬁ‘rf%iébqﬁ drives the
tristat bus——4' byxl 0. -slice | dr APA@%H@%W\@:SMM@I& 4S hxl 00: slilce 2

drives {+NET st dfigatggaabler b ooo: #84 bronel (redlvpieeadjesypaie Sophies
1 tnstaeena

ble since there are 16 Ism in one tile.
0 disable

1 enable

transmission gate enable |iristate enable

0 disable

1 enable

SRBDMA muxdmasetsel This is the mux control before the DMA request flop.
: There is one of thxs for each tile. It takes the state

value from the 0" row of each tile.

0 0 row state bit [3]

1 0 row state bit [2]

2 0" row dpuflag[1]

3 ground
SRBR There is one SRBR for each row. So the following signals all are on a row basis.
clken this is a row basis clock enable

0: use SRB[3] as clock enable
1: always clock the SRB

csmaddrmask this is the ‘AND’ mask before the state bits drives to
. the csm
muxinterruptsetsel the mux select for the mux before the interrrupt register

and it drives the ‘SET’ input of the flop

0 local state [3] '

1 local state [2]

2 dpuflag[1]

3 ground

inten Interrupt enable

0: disable

1. enable

SRB reg_initval the initial value of the state bits

Hstate hstate_sel please see below

hstate_trien similar to horizontal net tristate enable, it's value is set
from one bit from each slice and then prioritized as
follow:

4’bxxx1 or 4'b0000: slice 0 drives the tristate bus
4'bxx10: slice 1 drives the tristate bus

4'bx100: slice 2 drives the tristate bus

4'b1000: slice 3 drives the tristate bus

hstate_regsel | selectively register the hstate bit before entering the
pla input 0 registered 1- unregistered.
PIO mux sel (input to fabric) 0: selects bank 0

1: selects bank 1

2; selects bank 2

3: selects bank 3

mux sef (output from fabric) this is one hot encoding, each bit coming from the
corresponding bit position of each slice’s fabric level
config: -

4'bxxx1 or 4'b0000: output from slice 0

4'bxx10: output from slice 1

4'bx100: output from slice 2




LSMNET tristate enable there are 4 Ismmet, read/wite address/data. each
has 15 tristate enable since there are 16 Ismin one tile. 0 disable |
enabl e twendisss on gate enable tristate enable 0 di sabl @CTUSenatsre SRBDVA
muxdmaset sel This is the nmux control before the DVA request flop. There is
one of this for each tile. |t takes_Sﬁ_he state value fromthe 0Oth row of
each tile.. 0 Oth row state bit [3] "1 Oth row state bit [2] 2 Oth row
dpuf | agl-1] 3 ground SRBR There is one SRBR for each row So the follow ng
signal &_all arelon a row basis AP1R08: euiput froms slice 3o\ hasis clock _enabl e O
use SRB[L3] as clock epable 1: aliways clock the SRB csmaddrmask this is the
"AND' mask before the state bits drives to the csm nuxinterruptsetsel the
nux  sel®ecBrPEM=SHE 006 eqch pikhes dividpal enablesdpt register and it drives the
'SET'  i*npEAgPl it fempliigpreningug asaiciated aiteD 1 local state [2] 2 dpufiag[1l ]
3 grourtd Pirtielhl i fie Bpliplprer wprhpriated withiPRYh| e 1: enable SRB reg_initvai the
initial® vEIATE0RY is e grimery stete phitgueof sligg0at ¢ hstate_sel pl ease see bel ow
o LSTATEO[n] is the Jower state output of slice 0
FLAG](n] is the primary flag output of slice 0
LSTATEO[n] is the lower flag output of slice 0

HBITO[n] is the Horizontal State bus
HBITO[n] needs an optional register before the input mux.

I0[7:0] are 8 YO bits coming from the pins associated with. each slice.
Bit 0 input, DATA, is the hortmet mux output from the datapath. Each tile has 8 hortnet mux. The
control will pick up the lower 16 bit hortnet mux 7 from each tile. Notice it is the value at the output of

the mux 7, input of the tristate.

» Tile D is taken out and so data it provides (STATE¥[31:24],FLAG[27:21]...) are connected to ground)

The PLA_in_sél are 64tol mux select. There are 16 of them for each PLA (each bit are individually

controlled).

bit 63:32 bit32:4 bit3 bit2 bitl bit0
PLAIO | STATEO0[31:0] | FLAGO0{27:0] | HBIT0{0] | LSTATEO0{0] | I0[0] DATA[0]
PLAin2 - | STATEO0[31:0] { FLAGO0[27:0] | HBITO[2] | LSTATEO[1] | IO[1] DATA[2]
PLAin4 | STATEO[31:0] | FLAGO[27:0] | HBIT0[4] | LSTATEO[2] | IO[2] DATA[4]
PLAIn6 | STATEOQ[31:0] | FLAGO[27:0] | HBITO[6] | LSTATEOQ[3] | IO[3] DATA[6]
PLAin8 | STATEO[31:0] | FLAGO[27:0] | HBIT0[8] | LSTATEO[4] | IO[4] DATA[R]
PLAinl0. | STATEO[31:0] | FLAGO[27:0] | HBIT0[10] | LSTATEOQ[5] | IO[5] DATA[10]
PLAin12 | STATEO0{31:0] | FLAGO[27:0] | HBIT0[12] | LSTATEO0[6] | IO[6] DATAJ12]
PLAinl4 | STATEO[31:0] | FLAGO{[27:0] | HBIT0[14] | start 10[7] DATA[14]
PLAinl STATEOQ[31:0] | FLAGO[27:0] | HBITO[1] | LFLAGO[0] | IRQI[O] DATAJ1]
PLAIn3 STATEO[31:0] | FLAGO[27:0] | HBITO[3] [ LFLAGO[1] |IRQ[1] DATA[3]
PLAin5 | STATEO[31:0] | FLAGO[27:0] | HBITO[5] | LFLAGO[2] | IRQ[2] DATAJ[5]
PLAin7 | STATEOQ[31:0] | FLAGO[27:0] | HBITO[7] | LFLAGO[3] [ IRQ3] DATA[7]
PLAin9 | STATEO[31:01 | FLAGO0[27:0] | HBIT0[9] | LFLAGO[4] | IRQ[4] DATA[9]
PLAinl1 | STATEO[31:0] | FLAGO0[27:0] | HBITO[11] { LFLAGO[5] | IRQ[5] DATAJ11]
PLAin13 | STATEO[31:0] | FLAGO[27:0] | HBITO0[13] | LFLAGO[6] | IRQ[6] DATA[13]
PLAInl5 | STATEO[31:0] | FLAGO0[27:0] | HBITO0[15] | DMA REQ | IRQ[7] DATA[LS]
* Horz_mux Slice0 PLAO (each bit has individual enables)
»  HMUX]0] is one of 16 Horizontal State Lines;
¢ Each mux needs also tristate enable.

bit3 bit2 bitl bit0

HMUXO0[0] STATEO[24] STATEOQ[16] STATEOQ[S] STATEO[0]
HMUXO0([2] STATEO{25] STATEO[17] STATEO[9] STATEO(1]
HMUXO0[4] STATEO[26] STATEOQ[18] STATEOQ[10] STATEO[2]
HMUZXO0[6] STATEOQ[27] STATEOQ[19] STATEO[11] STATEOQ[3]
HMUXO0[8] STATEO[28] STATEOQ[20] STATEQ[12] STATEO[4]
HMUX0{10] STATEO[29] STATEQ[21] STATEOQ[13] STATEOQ[5]
BMUX0[12] STATEO[30] STATEQ[22] STATEO[14] STATEO[6]
HMUX0[14] STATEO[31] STATEQ[23] STATEQ[15] STATEO[7]



hstate trien simlar to horizontal net tristate enable, it's value is set
fromone bit fromeach slice and then prioritized as follow 4'bxxxl or

4' b0000: wbDiccaoB1lri ves the tristate bus 4'bxxl 0: slicePCTdS0¥es7G he
tristate bus 4"'bxl 00: slice 2 drives the tristate bus 4'bl 000: slice 3
drives the tristate bus hstate regsel selectively register the hstate bit
before entering the la input O registered 1- unregistered. Pl O nux sel
(input to fabric) 0: selects bank 0 1; selects bank I 2: selects bank 2
3: selects bank 3 nmux sel (output frofPfabric) this is one hot encoding,
each bit coming fromthe corresponding bit position of each slice's fabric
| evel [EDAOG] 4' bxDOITADEO[24]1b00PDSTATEDAGK f 1| ASTATENR O MLIDaTE@0] out put
from sl HYEINO[A' bx| |OSTAGENRUL f [ b¥MASIENGE] 2 \WDSORTRHES18 PSTAUSYPY 11870 -39
4' b100QEMINOEMNt f r qrhSTATE2E hPIATEAIK] S| i| EETATHALAD (|eltdATEI(E] has
i ndi vi ¢EMUZONAD| es)| LYPARENRT] ESHATEORP { | plleXAFEAHput alsAFECBled W t h
DPUO [ EMAOE | o [tUSTARROERID) ol BITATHAIP] asd ETATEMNN t | INPATEOLISTATE( n]

is the W st at J-IS}TATEQ[?f’]nf SLSTATEQ21]). STATSEARAO(13E TARBS
out put 055 o 00, s | LEATEGEL {LSEABUN ML of LSATENG)
LSTATEGEATA%D he. 'e&@gAT L LSRATER2Y) | o d LETATRAPH n]l LSTATEUTlor i bont al

State bus HBI TO [n] needs an optional register before the input nux.



|0[7:0] are 81/0 bits comng fromthe pins associated with each slice. Bit
O input, DATA, is the hortnet nux output fromthe datapath. Each tile has 8
hort net maw.02/Tas18 control will pick up the lower 16 bit hecTrEsv2/msgo 7 from
each tile. Notice it is the value at the output of the nmux 7, input of the
tristate. Tile Dis taken out and so data it provides

(STATEt [ 31: 24], FLAG 27: 21]...) are connected to ground) The PLA in sel are
64t 01 niux select. There are 16 of themfor each PLA (each bit are
individually controlled). bit 63.:32 bit32:4 bit3 bit2 bitl bitO PLA nO
STATEQ[ 31: 0 FLAGO 27: 0 HBI TO 0 LSTATEO 0641-10[ 0] DATA[0] PLAi n2 STATED 1:01
FLAGO 27:0] HBITO 2 LSTATEO 1 - 10 1] DATA 2 PLAI n4 STATED 31: 0 FLAGO 27:0
HBI TO 4 LSTATEO 2 10[2 DATA 4 PLAin6 STATED 31:0 FLAGO 27: 0 HBITO 6
LSTATEO 3 | O] STATE() 3 1: OFLAGO 27: 0 HBI T(Q 8 LSTATEO 4
10[ 4] DATA[ 8 L 1: 0 FLAGO 27:0 HBI TO 10 LSTATEO 5 10[5)
DATA[ 10] PLAI n12 STATED 31: 0 FLAGO 27: 0 HBI TO 12 LSTATEO 6 10[ 6] DATA 12
DATA 14 PLAI nl14 STATED 31:0 FLAGO 27:0 HBITO 14 start 10[ 71 PLAI nl STATED
31: 0 FLAGO 27: 0 HBITO 1 ARkédabightabld¢hip iddNiddng:] PLAI n3 STATE(Q] 31 0 FLAGO
27:0 HBITO 3 LFLAGO 1 | RQ 1 DATA 3 PLAI n5 STATED 31: 0 FLAGJ 27: 0 HBI TO 5
LFLAGO 2 IR 2] DATAMaltiphe rgcquiighmabieunctionalpymisadanted tQ—BllPIl@)nthqIf_ﬂ@@ 3 IR 3]

PLA Nl 1 Statiistbi ghe orelisli R uttioha Bl Bioibt el A el 1

STATED 31: 0 Khiffefougi( ald laBleI@olaé akiftlAdR 16gik iy t}i@%&hﬁf’ghraﬂ?éﬂin@ﬁ&la‘ﬁTATED
31:0 FLAGD 27:0 HBI TO 15] 1 DVA REQ | R 7 DATA15] ~ Forz mux SI1ceO PLAO

(each bid hasmitht¢ing donfliguredby espconfigupdbld funstianabunit insgueiden, bt al St at e

Li nes; Each rrux needs sotrlsLate enaple. hi.t3 bit itl .bitO HMIUXO O
STATED 24 STAYEHCH %ﬂ%@@%ﬂ’éﬁﬁ* tlowf&é%“qéﬁlﬁ’fﬁ) é‘i‘t‘)@ﬂ’fﬁﬁ‘dﬂ STATED 9
STATED 1 arithmetic logic unit; and

Interconnect elements adapted to selectively connect together some of the

reconfigurable functional units.

10 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 comprised of the data path unit.

15 4. The reconfigurable chip of Claim 1 wherein the interconnect

element are adapted to transfer word length data.

5. The reconfigurable chip of Claim 4 wherein the word length data

are 32 bits long or greater.

6. The reconfigurable chip of Claim 1 further comprising an
20 instruction memory storing multiple instructions for the reconfigurable functional

units.



HMUXO 4] STATED 26 STATED 18 STATE(Q 101 STATED 2 HMJXO 6 STATED 27 STATED
19 STATED 11 STATED 3] HMUXO 8 STATED 28 STATED 20 STATED 12 STATED 4
HVUXO 10 SOATEWS2® STATE(Q 21 STATED 13 STATED 5] HMUXO 12CENAIEDSIO
STATE(J 22 STATED 14 STATED 6 HMJXO 14 STATED 31 STATED 23 STATED 15 STATED
7 WD 02/103518 PCT/ US02/ 11870 -40 HMUX(J 1] LSTATEO 24 LSTATEO 16 LSTATEO 8
LSTATEO 0] HMUXO 3 LSTATEO 25 LSTATEO 17 LSTATE(Q 9] LSTATE(Q 1] HMUXO 5
LSTATEQ 261 LSTATEO 18 LSTATEO 10 LSTATEO 2 HMJUXJ 7 LSTATEO 27]

LSTATE(Q 19] LSTATEO 11 LSTATE( 3] HMUXQO 9 LSTATE(Q 28 LSTATEO 20 LSTATEO 12
LSTATEQ 4 HMUXO 11 LSTATEO 29 LSTATEO #t. LSTATEO 13 LSTATEO 5 HMUXJ 13
LSTATEO 30 LSTATEO 22 LSTATEO 14 LSTATEO 6 HMUXO 15 LSTATEO 31] LSTATEO 23
LSTATEQ 15] LSTATEQ.7 WJlErecogrgatbethipod£ilainsly vherein theyghafter|w@itds Al VED | S:
1. A reconfigurable chip including; dVUI tiple reconfigurable functional

uni ts adapt e ?gﬁ@rﬁnlﬂ?l?efré]? ®+functions, the reconfigurable
functional units including multiplexers, at |east one shifter unit and at

| east one arithnmetic logic unit, the reconfigurable functional 5 units

bei ng confi gured by8.a rebuwnfeconfiguitde thipatfiCiaial 7 wietein det reaadfigmgble he
instruction controlling the configuration of the nultiplexers, shifter unit
and ari t hmefynetippa)jugtt dpstiuctign inciles a sBes apit &em,{h@ cga*a@ksé%ﬁ mgde of

sel ecti \gel y 1 gether some of the reconfigurable functional units.
10 2. The recontigurable chip of Claim1 wherein the reconfigurable
functional unit instruction is divided into a nunber of fields, including a

mul tiplexer field, a shifter unit field and an arithmetic logic unit field.
9. The reconfigurable chip of Claim 1 wherein at least one of the

multiplexers is associated with a delay unit input and any input that bypasses the

delay unit to implement variable delay system.

10.  The reconfigurable chip of Claim 1 wherein the reconfigurable
10 functional unit include registers for temporarily storing values within the

reconfigurable functional unit.

11. A reconfigurable chip including:

Multiple reconfigurable functional units, the reconﬁgurabie functional
units including multiplexers, at least one shifter unit and at least one arithmetic

15 logic unit, the shifter unit adapted to allow the arithmetic logic units to operate on

different bits within the word-length input data of the reconfigurable functional
unit; and

Interconnect elements adapted to selectively connect together some of the
reconfigurable functional units, the interconnect elements adapted to transfer

20 word-length data.h

12.  The reconfigurable chip of Claim 11 wherein the word length

data are 32 bits or greater.



3. The reconfigurable chip of Qaiml wherein the reconfigurable
functional unit conprised of the data path unit. 15 4. The reconfigurabl e
chip of Gveimii@smherein the interconnect el enent are adaprcedsovisranster
word length data. 5. The reconfigurable chip of Caim4 wherein the word
|l ength data are 32 bits long or greater. 6. The reconfigurable chip of
Claim1l further conprising an 20 instruction nmenory storing nmultiple
instructions for the reconfigurable functional wunits. WO 02/103518

PCT/ US02/ 11870 -42 7. The reconfigurable chip of aim1l wherein the
shifter unit is configurable with a nunber of nodes. 8. The reconfigurable
chip of daim7 wherein the reconfigurable functional unit instruction

i ncl udes a shifter lhit Theregonfigurableshipr of Claimd2 wheseipfthe wordhlengthi f t er
unit. 9. The reconé'%%%r?bl e chip of Claim1l wherein at |east one of the
mul tipl exers P@ AL IO {ME - with a delay unit input and any input that
bypasses the delay unit to inplenent variable delay system 10. The
reconfigurable chip of daim1l wherein the.reconfigurable 10 functional
uni t include registbt.s fThe teeopfigianbleychijt aff Claon 1 & lwleseinithdtaconfigurable
reconfigurable functional unif. 11. A reconfigurable chip including:

Mil tiple Ireg qu@mlmté apg prufizyrd bBUFﬁCE)Bﬁg‘FN@? rf@%%‘ﬁﬂﬁlgwtalﬂﬁ@mﬁlﬁﬁct inal
ort thiret o Al GRS e B Batiof Bk MiBlott] IfBCh Al 25, B0,

logic units Lenapeicabgicamit. different bits within the word-length input data
of the reconfigurable functional wunit; and Interconnect el enents adapted
to selectively connect together sonme of the Treconfigurable functional

units, the interconpect gl eneotfeRaBR A FChid ] Wiierd dTdonfRdhtedat

chip further comprises an instruction memory storing multiple instructions for the

reconfigurable functional unit.

10 16.  The reconfigurable chip of Claim 11 wherein the shifter unit is

configurable with a number of different modes.

17.  The reconfigurable chip of Claim 11 wherein some of the
multiplexers are associated with a delay unit input and an input that bypasses the

delay unit.

15 18. A reconfigurable 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 reconfigurable functional units being configured by a reconfigurable
functional unit instruction, the instruction controlling the configuration of the

20 multiplexers, shifter unit and arithmetic control unit; and
An instruction memory storipg multii)le instructions for the

reconfigurable functional units.



12. The reconfigurable chip of Caim211l wherein the word length data are
32 bits or greater. WD 02/103518 PCT/ US02/ 11870 -43 13. The reconfigurable
chip of GvaiondBisvherein the word | ength data are 32 bit ®Cirarsg2/1840 The
reconfigurable chip of daim1ll wherein the reconfigurable functional
units are configured by reconfigurable functional unit instruction. The 5
instruction controlling the configuration of the nultiplexers, shifter unit
and arithmetic logic unit. 15. The reconfigurable chip of Caim1l wherein
the reconfigurable chip further conprises an instruction nmenory storing
nul tiple instructions for the reconfigtfiable functional unit. 10 16. The
reconfigurable chip of daim1ll wherein the shifter unit is configurable
with a nunber of di¥% er che resoefiguratie cliipeofr@aionf 8 giherdin en distpcadn C ai m 11
wherein sonme of the rrul.tiBI exers. are ﬁssog{ aftged.wi h .a delay unit input
and an i nput ALY i 3rsediaed prilh eagh reponfjgirable naionalinit o ont i gur abl e chi p

i ncluding: Miltiple reconfigurable functional units, the reconfigurable
functional wunits including nultiplexers, at |east one shifter unit and at
| east one, arithnmet2@c |Dy reconfigurablbehipesfalibing U8 aldleeeih threcinstouaionuni t s

bei ng configured by a reconfigurable functional unit instruction, the

i nstruction ESHOTHIY assecitted Wilng staigmaachie pypdyging siaddress; for diedpstrucdins ¢ er
uni t andj ari Hém%% c control unit; and An instruction nmenory storing

mul tipl e instructions for the reconfigurable functional units. WO

02/ 103518 PCT/ US02/ 11870 -44 19. The reconfigurable chip of Caim 18
wherein an instruction nenory is associated with each reconfigurable
functional unit. 2®1.TheThemennfignratipchipari@aist 1&vdierain haveeofiguraie

instruction . - . . . .
“ functional unit instruction includes fields for configuring the multiplexer, a shifter

unit control field and an arithmetic logic unit control field.

22.  The reconfigurable chip of Claim 18 further comprising an
10 interconnect elements adapted to selectively connect together some of the

reconfigurable functional units.

23. . The reconfigurable chip of Claim 22 wherein the interconnect

units adapted to transfer word length data.

24,  The reconfigurable chip of Claim 18 wherein the shifter unit is

15 configurable with a number of modes.

25.  The reconfigurable chip of Claim 24 wherein the shifter unit is

controlled by a shifter unit field, the reconfigurable unit instruction.

26.  The reconfigurable chip of Claim 18 wherein at least one of the
multiplexers is associated with a delay unit input and an input that bypasses the

20 delay unit so that a variable delay can be implemented.



menory i s associated wth a state machi ne produci ng an address for the
instruction 5 nmenory. 21. The reconfigurable chip of Caim18 wherein the
reconf i guwabikao3sisincti onal unit instruction includes fiel @cTfusp2/cBNd i guri ng
the multiplexer, a shifter wunit control field and an arithnetic |logic unit
control field. 22. The reconfigurable chip of Caim218 further conprising
an 10 interconnect elenents adapted to selectively connect together sone
of the reconfigurable functional units. 23.. The reconfigurable chip of
Claim 22 wherein the interconnect wunits adapted to transfer word | ength
data. 24. The reconfigurable chip of Cl #5m 18 wherein the shifter unit is
15 configurable with a nunber of nbdes. 25. The reconfigurable chip of

Cl ai m 24 wherei n t h¥.shi Atregonfighrableschip gshtding:1 ed by a shifter unit field,

the reconfigurable ynjt instructiagn. 26. The.reconfiqurab hip of daim
18 uhor e n at | east IBHEILEPHERHF frsfiand G SR Ses B EeR Rt oaibr ay uni ¢
| nput and anuhi%&luhﬁ@‘mﬁﬂi@%iéﬁs al 138st 0AP sﬁ?tleﬁﬂnifﬁh& aSieass B aBm¥Ricabl e

del ay can be. i npl enented. 02/ 103518 PCI/ US02/ 11870 -45 27. A

reconfi gur ablogicmip theshifter ngit béing topfiignratde orithi gmurabereoffmodesj amdal units,

the recaonfigurable functional units including nmultiplexers, at |east one
shifter unit and atInfeseennesfflements pdaptaddo selegfively prnnect tagether; soms of fhe t

bei ng config 1 . of nobdes; and 5 Interconnect el enents
HEBRY Pt i

adapted to se ‘ oget her sone of the reconfigurable
functional units. 28. The reconfigurable of Caim27 wherein the shifter
nodes include nodes other than logical and arithnetic left and right
shifts. 29. The recd¥nfi glkeatsicenfigirgble pf Cladinrd72whenisrthe shifter medes one node

10 | ocks. of _the input d..30. .T figurable chip of
Oai m 27 whersRHEgpeS sl Bl spiteee G ARG otbner ot on’

29.  The reconfigurable chip of Claim 27 wherein at least one mode

10 rearranges blocks of the input word.

30.  The reconfigurable chip of Claim 27 wherein one of the modes

COIHpI'iSCS a constant generation.

31..  The reéonﬁgurable chip of Claim 27 wherein one of the modes

comprises the duplication of one set of bits to another set of bits.

15 32. = The reconfigurable chip of Claim 27 wherein one of the modes

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

33.  The reconfigurable chip of Claim 27 wherein the reconfigurable
functional units are configured by reconfigurable functional unit instructions. The
reconfigurable functional unit instruction configuring the arithmetic logic unit,

20 shifter unit and multiplexers.



31. The reconfigurable chip of Caim27 wherein one of the nodes conprises
the duplication of one set of bits to another set of bits. 15 32. The
reconfi guwabkaoxsnd p of Cl aim 27 wherein one of the nbpdes PCBIsN2/s1830

swappi ng sonme of the groups of bits with other groups of bits. 33. The
reconfigurable chip of daim27 wherein the reconfigurable functional
units are configured by reconfigurable functional unit instructions. The
reconfigurable functional unit instruction configuring the arithnetic |ogic
unit, .20 shifter unit and nultipl exers. W 02/103518 PCT/US02/ 11870 -46
34. The reconfigurable chip of Claim 33-4¥ftrerein the reconfi gur abl e
functional unit instruction includes a field for controlling the shifter
unit which contr ol #.t heThetrsonfigurale shipf efeflaimm 38 wigsein Theerecerfigifriblar abl e

Cranster wor QUianb st Geh SRR IS oy hoP IR e S BPAl WS e i n

the further .sRE R B8dd HBtheYhiflePRnfENOrY storing instructions for the
reconfigurable functional unit. 37. The reconfigurable chip of Caim27

wherein at |east one of the 10 nultiplexers is associated with the del ay

i nput unit and an ipput at bypasses the delay unit so as to inplenment a
vari abl e del ay. 38.:‘?5& re% ¥chg§%9@e(9hipppﬁ(}}é}%é? drerain ths istesconnect

reconfi (3] able%?:lnfe?{ﬁca{riegﬁ?ﬂt&f&’ﬁé@@}sf&%oqu e?%}.r able functional units

i ncluding mul'tiplexers, "a one shi unit and at |east one
arithnmetic 15 logic unit, wherein at |east one of the nmultiplexers are
associated with a delay unit input and an input that bypasses the del ay
unit ; and Intercondect EThermsankgurablpchip ofdClomn 8¢ twheediy theofwider t oget her
some of the recanfi urabhe functional units, 39 The reconfi gurable chip
of O aim 38 &B@PBFIH?%?W&“’F Q) FEEY Storioe Tyruetions fop iy regpptistirahle

reconfi gur ed ghytignsiG@a@nf 1 gurabl e functional unit instruction, the
instruction controlling the configuration of the nultiplexer, shift unit
and

37.  The reconfigurable chip of Claim 27 wherein at least one of the
10 multiplexers is associated with the delay input unit and an input that bypasses the

delay unit so as to implement a variable delay.

38. A reconfigurable chip including:
Multiple reconfigurable functional units, the reconfigurable functional
units including multiplexers, at least one shifter unit and at least one afithmetic
15 logic unit, wherein at least one of the multiplexers are associated with a delay unit
input and an input that bypasses the delay unit ; and
Interconnect elements adapted to selectively connect together some of the

reconfigurable functional units.

39. ' The reconfigurable chip of Claim 38 wherein the reconfigurable
20 functional units are reconfigured by a reconfigurable functional unit instruction,
the instruction controlling the configuration of the multiplexer, shift unit and

arithmetic logic unit.



arithnmetic logic unit. WO 02/ 103518 PCT/ US02/ 11870 -47 40. The
reconfigurable chip of daim39 wherein the reconfigurable functional unit
i nstruct iwo enedsugles a nunber of different fields for contcalusongisrhe
configuration of the nultiplexers, shifter unit and arithnmetic logic unit.
41. The reconfigurable chip of daim39 wherein a field of an 5
instruction for the reconfigurable functional unit indicates the node of
the abstract. 42. The reconfigurable chip of Caim 38 wherein the

i nterconnect elenents are adapted to transfer word |l ength data. 43. The
reconfigurable chip of Oaim38 wherein<4Urther conprising 10 instruction

menory storing multiple instructions for the reconfigurable functional
units. 44. The recoffl.i guTbtesonfigyrale cliipadfiCladn 3h ovherein tieracenfigrabjar abl e

functional units include a shifter unit confi able. with a nunher of
di f f er ent ”glbré:?_om?l un?tdmstructlon 1nc?udes a number of %‘iﬁerent fields }(])r controrﬁ)mg the

configuration of the multiplexers, shifter unit and arithmetic logic unit.

41.  The reconfigurable chip of Claim 39 wherein a field of an
5 instruction for the reconfigurable functional unit indicates the mode of the

abstract.

42.  The reconfigurable chip of Claim 38 wherein the interconnect

elements are adapted to transfer word length data.

43,  The reconfigurable chip of Claim 38 wherein further comprising
10 instruction memory storing multiple instructions for the reconfigurable functional

units.

' 44,  The reconfigurable chip of Claim 38 wherein the reconfigurable
functional units include a shifter unit configurable with a number of different

modes.



