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Abstract

In dynamicallyand partially recon gurabledesignst is
necessarythat the communicationinfrastructue between
the static part and the part to be exchanged remainsop-
erational. Theefore a xed communicatiorstructue can
be utilized. The xed communicatiorstructure called bus-
macio hasto be implementednanually using the Xilinx
FPGA Editor. The various requirrmentsin different sys-
tems(e.g. thearbitrary width of the busmacosin different
designs)malesa customimplementatiorof thesescommu-
nicationinterfacesnecessaryin this paperan XDL (Xilinx
DesignLanguaye) basedool to automaticallygenerateand
routecustomizabléusmacosis presentedBoth,thewidth
andheightofthebusmaco canbesetarbitrarily alongwith
additionalfeatuesthat can be usedsimplyby settinga pa-
rameter Thesebusmacoscanbeusedin everycommecial
recon gurationdesign ow, evenin thenew PlanAheade-
sign ow, Xilinx's latestDynamicand Partial Recon guia-
tion DesignFlow.

1. Intr oduction and Relatedwork

DynamicandPartial Recon guration(DPR)is a special
featureofferedby Xilinx FPGAs. It givesthe designerthe
ability to recon gurea certainpartof theFPGAduringrun-
time withoutin uencing theotherparts.In this context, dy-
namicmeanghatthe FPGAcanberecon guredonthe y,
without a shutdavn or reset.Partial meanshatonly a spe-
ci ¢ partof the FPGAIs recon gured,while therestof the
systemremainsunchanged Combinedwith thesetwo fea-
tures,the FPGA canberecon guredin bothtemporaland
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spatialdomains.To guarante@ secureconnectiorbetween
thestaticpartof thedesignandthemoduleto beexchanged,
oneof two approachesanbe utilized: Onlineroutingor a
x edcommunicatiorstructure.Online Routingis the more
adwancedapproachbut requirestime to calculatepossible
connectionon an embeddednicroprocessosuchas Mi-
croblazeor PoverPC.Additionally, the designemusthave
a knowledgeof the bitstreamcompositionwhich is not yet
availableform Xilinx. Thus, x ed routing structuregbus-
macrosareusedto copewith therecon gurationboundary
problem.Thefollowing sectionpresentsomebasicsabout
busmacrosndthe previouswork thathasbeendonein the
eld. In section3 the Xilinx DesignLanguage(XDL) is
introducedanddiscussedrie y. The structureof a hard-
macroin XDL alongwith its componentss presentedn
sectiord, followedby the descriptionof thebusmacragen-
eratorin section5. Finally the paperis concludedin sec-
tion 6.

2.Basicsand Prior Art of busmacros
2.1. Busmacros

Busmacrosare prede nedunits of logic and actasin-
termediateeonnectiondetweertherecon gurablemodules
andthestaticpart. Thesemacroswork like abridgeto guar
anteea secureconnectionbeforeandaftertherecon gura-
tion. If busmacrosuse Double-linesor Hex-lines, which
areexplainedin thefollowing sectionthey arealwaysuni-
directional.In VirtexIl or Virtexll-Pro devicesthey areori-
entedeitherfrom left-to-right or right-to-left. If signalsare
bi-directional,two busmacroswith oppositedirectionsare
neededThebusmacrdasto belockedin exactly the same
positionfor all designs.



2.2 Long-, Hex-, and Double-lines

TheLong-linesarebidirectionalwiresthatdistributesig-
nalsacrossthe device. Vertical and horizontalLong-lines
spanthefull heightandwidth of thedevice [5]. Theboxes
in gure 1,2 and3 represenswitch matrices.
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Figure 1. Longline [5]

TheHex-linesareconnectedo everythird or sixth block
ascanbeseenin Figure?2.
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Figure 2. Hexline (direction east) [5]

The Double-linesareconnectedo every rst or second
block ascanbeseenin Figure3.
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Figure 3. Doubleline (direction east) [5]

Both the Double-lines and the Hex-lines are uni-
directional,meaningthatthey canonly be drivenfrom one
end. If the macroshouldgo from left-to-right the signal
lines for directioneastmustbe used. If the macroshould
go from right-to-leftthe signallinesfor directionwesthave
to beused.Both the Hex-linesandthe Double-linescanbe
accessee@itheratthe endpointor atthe midpoint.

2.3. Tristate Buer based busmacros

The rst versionof a busmacroaspresentedn [6] was
the Tristate Buffer (TBUF) basedbusmacroutilizing tris-
tate buffersinsidea CLB (Con gurable Logic Block) and
their interconnectsAs canbe seenin Figure4, every CLB
row in Virtex devices cansupportthe transferof 4 bits (4
Long-linesper CLB Row). This kind of macrousesLong-
linesto ensurea reliablecommunicatiorbetweerthe x ed
andrecon gurablepart. Hence the horizontallongline re-
sourcesimit thenumberof busmacrosn verticaldirection.
Sinceit is possiblethat signalsoriginatingin the recon g-
urablemoduletoggle andthus affect the static part during
the recon gurationprocessthe TBUF basedmacrospro-
vide a mechanismto disablethem during this time. Al-
thoughit would bepossiblét is stronglyrecommendethat
onceadirectionfor thebusmacrds de ned, it shouldnever
change Busmacrasignalsshouldneitherberecon gurable
nor bidirectional.
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Figure 4. TBUF based busmacr o

2.4 Look-Up Table based busmacros

In Xilinx' s newer devices, such as Virtex-4, Virtex-5
andSpartan-IIl,T-BUFsareno longerphysically available.
Thereforea new type of busmacrohadto be developedto
supportDPRin Virtex-1l aswell asin the newer devices.
Hence,aLook-Up Table(LUT) basedousmacrownasintro-
ducedprimarily by Hiibneret. al. [2].
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Figure 5. LUT based busmacr o from left-to-
right with enable signal

Thephilosoply of LUT-basediusmacross very simple:
usingthe logic resourcesnsidea CLB slice to implement
alogic function. It is alsopossibleto addan enablesignal
to this kind of macroby usingthe LUT asa simple And-
Gate. The enablesignalis always connectedo the LUT
in the static part of the designascanbe seenin Figure5.
Supposinghatthe enablesignalis setto "0” the outputsX
andY will alsobe”0”. Thiswill guaranteghatthe output
signalis not affectedby therecon gurationprocess.

3. The Xilinx DesignLanguage(XDL)

There are two ways to edit FPGA resourceson CLB
level: insidethe FPGA Editor [3] or usingthe Xilinx De-
signLanguageXDL). The FPGA Editor offersthe Graph-
ical Interfacefor the designetto createandedit NMC les
(Xilinx HardMacro les) asdescribedy Hilbneret. al.[1].
Thedesignecanaddcomponentsindbuild connectionsis-
ing the GraphicalUserInterface. The detailedUserGuide



of theFPGAEditor canbefoundin [3]. In sectiond thecre-
ationof ahardmacro le usingthe XDL will beexplained.
XDL is avery powerful languageausedto describethe cir-
cuit layoutin a humanreadableformat (ASCII). However
it is not documentedrery well. Somerudimentaryinfor-
mation about XDL can be found in the PlanAheadUser
Guide[4]. XDL is usedto physically describehe con gu-
rationof arny Xilinx FPGA,andcanbe usedto manipulate
internalroutingandlogic structuresThedesignedescribes
the logic accordingto the XDL syntax. Then, by using
the converterprogramofferedby Xilinx, the XDL-File can
be corvertedto NMC with thecommandkdl -xdI2ncd
and vice versa(xdl -ncd2xdl ). This allows the de-
signerto make somemaodi cations on the XDL-File, and
convertit backintoanNMC le.

4 The Hardmacro le structurein XDL

4.1. Slice con guration in XDL

An exampleof theslice con gurationin XDL is shovn
below:

inst  "slice9" "SLICE",placed R76C13 SLICE_X24Y8,
cfg " BXINV:#OFF BXOUTUSED::#OFF BYINV::#OFF
BYINVOUTUSED::#OFF BYOUTUSED::#OFF CEINV::#OFF
CLKINV::#OFF COUTUSED: :#OFF CYOF::#OFF
CYOG:#OFF CYINIT::#OFF CYSELF::#OFF CYSELG:#OFF
DIF_MUX:#OFF DIGUSED:#OFF DIG_MUX:#OFF
DXMUX::#OFF DYMUX::#OFF F:slice9.F:#LUT:D=A1
FSUSED::#OFF FFX:#OFF FFEX_INIT_ATTR:#OFF
FEX_SR_ATTR:#OFF FFY:#OFF FFY_INIT_ATTR:#OFF
FFY_SR_ATTR:#OFF FXMUX:F FXUSED::#OFF
F_ATTR:#OFF G:slice9.G:#LUT:D=A1 GYMUX:.G
G_ATTR::#OFF REVUSED:#OFF SHIFTOUTUSED::#OFF
SLICEWEOUSED::#OFF SLICEWE1USED::#OFF
SLICEWE2USED::#OFF SOPEXTSEL::#OFF
SOPOUTUSED::#OFF SRFFMUX::#OFF SRINV::#OFF
SYNC_ATTR:#OFF WF1USED::#OFF WF2USED::#OFF
WF3USED::#OFF WF4USED::#OFF WG1USED::#OFF
WG2USED::#OFF WG3USED::#OFF WG4USED::#OFF
XBMUX::#OFF XUSED::0 YBMUX::#OFF YBUSED::#OFF
YUSED::0 _SUPERBEL: TRUE

Thecomponenton gurationinsideasliceis alwaysthe
same:component name:#parameter . All thecom-
ponenthamesareshavn in Figure6. Settingthe parameter
to avaluedifferentthan#OFFindicateghatthecorrespond-
ing resourceas used.In theexampleabove e.g.aconnection
from the F1inputto the X outputis describedThis canbe
seerfrom thefactthatthe Al inputof theF-LUT is usedas
well asthe FXMUX.
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Figure 6. Component names inside a Virtex-Il
slice

4.2. Busmacro nets and Switc h matrices

Switchmatricesarecollectionsof transistordocatedbe-
tweenCLB blocksto enablethe connectionof two inter-
connectlines. During placeand route processthe switch
matricesandinterconnectareusedto connectCLB inputs
andoutputs. The con guration of the Switch Matrix is de-
scribedin thenet partinsidethe XDL le. Insidethenet
con guration, the outpinandthe inpin of the netarelisted
rst. Theoutpinis usedto describehesourceof thenetand
theinpin is usedto describehe endpoint (sink) of this net.
Theconnectiorbetweersignalsandpinsis describedy us-
ing PIPs(ProgrammablénterconnecPoints). The PIPsare
programmabl@assransistorghatconnectthe CLB inputs
andoutputsto the routingnetwork. Thewhole netconsists
of alist of PIPs.Hereis anexampleof anet:

net "line0" ,
outpin  "slice3" Y,
inpin  "slice7" G4 ,
pip R12C3 YO -> E2BEGO,
pip R12C4 E2MIDO -> G4 BO ,
pip R12C4 G4 _BO -> G4_B_PINWIREO , ;



As depictedin the example abore PIPs always have
the form: pip tile wireO! wirel. Figure 7 is utilized
to clarify someof the partsin the exampleabove. It can
be seenthat the outpin is the Y pin of slice 0, which is
indicatedby pip R12C3 YO. The inpin is the G4 Pin
of slice 0 in anotherCLB column which is indicatedby
G4_B_PINWIREQ
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| inpins
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Figure 7. CLB Slice

The endof a netis alwaysformedby two components:
the Dummy pin andthe input PIP (seeFigure 7). In the
exampleabove the Dummy Pin is G4_BO0 which is one of
the switch matrix's connectiorpoints. This meanghatthe
end of the netis the G4 input of slice O inside the CLB.
G4_B_PINWIREOrepresentshe input PIP G4 of SliceO.
The completerouting of the net example with the corre-
spondingPIPsis depictedn Figure8.
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Figure 8. Exemplary Routing with PIPs

A PIP is the mostimportantcomponentin a net, it is
responsibldor connectingthe intermediarynodes. As al-
ready explained, it contains3 typesof information: tile,
wire, anddirection.

4.2.1 Tile

The R (Row) andC (Column)insideatile arethe internal
coordinatesusedin Xilinx Virtex FPGAs. A Tile canhave
two forms: R#C# for commonCLBs and BRAMR#C#or
BRAM Interconnects. The R and C internal coordinates
canbecalculatedrom theexternalX andY coordinatedby
thefollowing equations:

C = bXx=2+ 1c 1)

R = v_slices hY=2c (2)

Translation from extemal (XY) coordinatesto internal (RC)
coordinatesfor CLBs

C=X+1 3

R=vslices (4 Y) (4)

Translation from extemal (XY) coordinatesto internal (RC)
coordinatesfor BRAMs

In Equation2 and 4, v_slice representgthe maximum
numberof slicesin one column, which is differentin all
devices. In a XC2VP30device v_slices is 160, twice the
numberof availableCLB Rows.

4.2.2 Direction(dir) and Wire

Thedir de nesthedirectionof thesignalin this connection.
It is representedby the symbol! . wireO andwirel are
the noderesourcesn this Switch Matrix usedto build up
the net. The Switchmatrixconnectiornpoints,the so called
intermediatenodesaredepictedn Figure9.
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Figure 9. Alignment of Switc hmatrix connec-
tion points (intermediate points)

5. The XDL-based busmacro generator

The XDL-basedbusmacrogeneratoiis written in Perl.
Perlwas chosenbecauset is a general-purposgrogram-
ming language that was developedfor text manipulation
makingit suitablefor generating<DL les. The program
generatesustomizablebusmacroshasedon the input pa-
rametersAfter all parameterareinput, the busmacragen-
eratorwill generatean intermediateXDL-File anda nal



NMC-File of the desiredbusmacro.The NMC-File canbe
openedand editedin the FPGA Editor. Slicesand logic
connectionsareshovn in the FPGA Editor's GraphicUser
Interface.If desiredtheintermediateXDL-File canalsobe
modi ed.

5.1 Necessity of busmacros with arbitrary
width and height

Differentrecon gurationdesign o ws requiredifferent
typesof busmacros.Signalsthat spana recon gurablere-
gion must not changeduring the recon guration process.
Wide busmacroscould thereforebe usedto spanthis re-
gion. De ning busmacroswith a x ed bit width (e.g. 8
bits) leadsto a wasteof Sliceresourcesn somecaseslf 9
signalscrosstherecon gurableboundary2 busmacrosvith
a bit width of 8 bit eachhave to be used. A customizable
macrogeneratocould generatdousmacroshataretailored
to eachdesign.

5.2 Input parameters

In this section,the input parameterare listed and ex-
plained.Theinput parametergle ne thepower of atool. In
this versionof the busmacrogeneratar10 parametergan
be set,which cover nearlyall kinds of busmacrosn Xilinx
Virtex-Il ProFPGAs.

5.2.1 Name

The input parametemame de nes the nameof the bus-
macro. It is usedfor the nameof the XDL-File aswell as
for the NMC-File. Thisis bene cial if toolsthatutilize the
generatedusmacrosequirea certainnamingcorvention.

5.2.2 Horizontal and Vertical ReferencePoint

Thesewo parametermdicatethe X-coordinates-start-point

andthe Y-coordinates-start-poirdf the busmacro.lt is al-
waysthe lower left slice of the busmacrawhich de nesthe
busmacras referencecomponent. This referencecompo-
nentis usedto placethe busmacroon the FPGA using a
locationconstraint.

5.2.3 Horizontal Width (Macro Width)

TheMacroWidth de nesthenumberof CLBs betweerthe
start CLB andthe end CLB. The end CLB is includedin
this number It countsall the CLBs, but not the BRAM
Interconnectsln thefollowing Figure10, the MacroWidth
is 10 insteadof 11 becauseahereis a BRAM Interconnect
which doesnot countin the MacroWidth.

BRAM Interconnect column

Figure 10. Busmacr o with BRAM inter con-
nect

5.2.4 Vertical Width (Bit Width)

The Vertical Width de nes the Bit Width of the busmacro.
In oneCLB, at most8 bits canbe set. Thisis muchdenser
thanthe T-BUF basedusmacrqgseechapter2.3).

5.2.5 Busmacroside

A left-to-right macrocaneitherbe placedat the right hand
sideor theleft handside of arecon gurablemodule. De-
pendingonthelocationof thebusmacrostheenablesignals
mustbe setaccordingly Busmacroghatarelocatedat the
left handside of a recon gurablemoduleshouldhave the
enablesignalsontheleft sideandvice versa.

5.2.6 EnableFlag

TheEnableFlagde neswhetherenablesignalswill begen-

eratedor not. If this parameteis setto "0”, enablesignals
will not be generatednsidethe busmacro.The parameter
Busmacrosideeri es thatthe enableinputswill alwaysbe

locatedin the staticpartof thedesign(seeFigureb).

5.2.7 Direction

This parametede nes the directionof the busmacro. At-
tention should be paid that a busmacrois always uni-
directional. If bi-directionalsignalsare neededtwo sep-
aratebusmacroswith differentdirectionsshouldbe gener
ated. If the directionis setto "0”, the signalswill travel
from left-to-right. If the directionis setto "1”, the signals
gofromright-to-left.

5.2.8 Device

The Device parameterde nes the target FPGA type of
the generatedbusmacro.Accordingto the selecteddevice
v_slices will beset.In this versionof the busmacragener
ator, only Virtex-1l andVirtex-1l Proaresupported.



5.2.9 Planaheadcapability

This parametelis usedto generatebusmacroshat canbe
usedin PlanAhead. Thereforethe pr_memgedesignstepis
necessaty The busmacroNMC File hasto be converted
to a "Planaheaccompatiblebusmacro”by usingthe com-
mandPR_mergedesign input.nmc  output.nmc
This commandonly worksin ISE 8.2 sp 1 with the partial
recon gurationpatchessersion5 or greater

5.3 Auto-routing  algorithm

If themacrowidth is 6, eitherthreeDouble-linesor one
Hex-line canbe used. The busmacrogeneratotries to re-
ducethelateng onthebusmacranetsasmuchaspossible.
ThusHex-linesinsteadof Double-linesare usedwheneer
possible. The calculateddelay when using three Double-
lineswas0.758ns comparedo 0.645ns whenusingone
Hex-line. The algorithminsidethe busmacrogeneratode-
tectswhetherthedistancas greateithan6. If so,aHex-line
will be used. This loop will continueuntil the distanceis
smallerthan6. ThenDouble-lineswill beutilized, until the
endCLB of thebusmacrds reached.

As alreadymentionedin section4.2.1two coordinate
systemgexternalandinternalcoordinatesarede ned. Un-
like the externalcoordinatesystem the internalcoordinate
systemalso countsthe BRAM Interconnectolumns. The
Input parametersare translatedinto internal coordinates
rst. Thenthealgorithmgenerateshe correspondingKDL
codewhile translatingtheinternalcoordinatesnto external
coordinatesInsteadof calculatingthe interconnecpoints,
pre-calculatedablesare usedfor the connection. The in-
pinsandoutpinsof thebusmacrmetsusedin the XDL-File
are basedon Table 1 and Table 2. Thesetablesare used
becausé¢he SwitchMatrix Pointsmentionedn thesetables
arethe samefor both Double-linesandHex-linesindepen-
dentif a netendsat the END point or a MID point of a
line. Thusonly the type (hexline or doubleline)hasto be
changedinside the program. An example of a generated
busmacrawith amacrowidth of 10 anda bit width of 9 can
beseenn FigurelO.

6. Conclusionand further work

In this paperthe basicsto generateLUT-basedbus-
macrosusing XDL were presented. Additionally, a bus-
macrogeneratorto generatecustomizablebusmacrosvas
introduced. This generatoicanbe extendedeasilyto work
with Virtex-4 devices. The outpinsand the inpins of the
busmacranetsarethesamefor Double-linesandHex-lines.
Hence nho complicatedoutingalgorithmis requiredto con-
nectthe slices. The usageof Hex-linesin wide busmacros

Output | Slice# | SwitchMatrix # EndSlice | Enable
Point Point
Y 3 E2BEG/E6BEG 8 G4 G2
X 3 E2BEG/E6BEG 0 F1 F2
Y 2 E2BEG/E6BEG 7 G3* G1*
X 2 E2BEG/E6BEG 1 F4 F1*
Y 1 E2BEG/E6BEG| 4 G3 Gl
X 1 E2BEG/E6BEG 5 F2 F1
Y 0 E2BEG/E6BEG 3 G2 Gl
X 0 E2BEG/E6BEG 6 F3 F1

Table 1. Connection points for Left-to-Right
busmacr os

Output | Slice# Switch Matrix # EndSlice | Enable
Point Point
Y 3 W2BEG/W6BEG 8 G4 G2
X 3 W2BEG/W6BEG 0 F1 F2
Y 2 W2BEG/W6BEG 7 G1* G2*
X 2 W2BEG/W6BEG 1 F4 F2*
Y 1 W2BEG/W6BEG 4 G3 G1
X 1 W2BEG/W6BEG 5 F2 F1
Y 0 W2BEG/W6BEG 3 G2 Gl
X 0 W2BEG/W6BEG 6 F3 F1

Table 2. Connection points for Right-to-Left
busmacr os

reducegheoverall lateng onthebusmacrmets.
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