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Sand13,D 72076Tübingen,Germany
Telephonenumber:0049-7071-2975482

E-mail: � wlange� rosen� @informatik.uni-tuebingen.de

Abstract

In order to manage the higher complexity of VLSI chips and to reach shorter design
cycles,thedesigneffort becomesincreasinglyfocusedonhigherlevelsof abstraction.We
describethe modelingof somemodulesof an high speedtelecommunicationcircuit, an
ATM Switch Controller (ASC)usingtheProtocolCompileror Dali ��� fromSynopsys��� .
Dali ��� supportsa fast and compactgraphical entry of a protocol controller hardware
descriptionwith graphicalsignssimilarly to formulasymbols.Theoutputof thesynthesis
with Dali ��� is simulated.Advantagesof thisdesignmethodarediscussedandtheresults
of thesynthesisarepresented.
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1 Intr oduction

Therisingcomplexity andstructuredensityaswell asshorterdevelopmentcyclesin VLSI
chipdesignrequireDesignAutomation(DA) onhigherlevelsof abstraction[Gaetal96].

The ProtocolCompiler Dali ��� from Synopsys��� allows the modelingof protocol
controllogic in ASICdesignsusingagraphicaldesignmethod.Dali generatesFiniteState
Machineswith integrateddatahandlingactions.Theoutputof theProtocolCompileris a
simulatableRTL-VHDL descriptionwhich canbefurthersynthesizedby anappropriate
tool like theDesignCompiler��� from Synopsys��� .

Theapplicationusedin this reportis anATM Layercircuit.
ATM (AsynchronousTransferMode) is consideredthe ultimate datatransmission

methodby thetelecommunicationindustryfor BroadbandISDN [Pryk93], it is still in the
processof standardization.

ATM is partedinto threelayers(similarly to thethreelower layersof OSI): thePhys-
ical Layer, the ATM Layer and the ATM AdaptionLayer. The ATM datatransmission
is performedin datapackets,so called“cells” with a constantlengthof 53 bytes. The
cell headerhasa lengthof 5 Bytesandthe cell payloadhasa lengthof 48 bytes. In a
telecommunicationnode,ATM cells areacceptedserially in the PhysicalLayer where
thecell headeris recognized.Thecell is parallelizedandhandedover to theATM Layer
wherethecell is routedthroughanATM switchaccordingto someinformationin thecell
header. The electroniccircuit performingthe ATM Layer functionsis called the ATM
SwitchController(ASC).

2 Designof the ATM Switch Controller (ASC)

Figure1 showsroughlytheblockcircuit of theATM Layerfor 14 channels.
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The parallelizedATM cells arrive from the PhysicalLayer in the AddressHeader
TranslatorsAHT0 to AHT14. Thecell headerof eachcell in eachAHT is separatedand
translatedaccordingto theinformationin theRoutingTable(RT) to anew cell headerwith
therouting informationattached.Thecell with thenew headerplusrouting information
(whichindicatesthetargetoutputchannel)is storedin acell buffer and,if theoutputchan-
nel is free,routedthroughtheATM Switchto theproperoutputchannel.TheConnection
Controller controlsthe ATM Switch, it receives the routing requestsfrom the AHT’s,
maintainstablesof thebusyandfreeconnectionsandconfigurestheswitchif anew con-
nectionis due. The microprocessorhasadministrative tasks,it performsthe resetof all
circuitsafterpower on, receivesthesignalingcellswhich requirea dynamicRoutingTa-
bleupdatein orderto establishnew point to pointconnections.TheplannedATM switch
is a commerciallyavailableone-chip“non-blockingATM CrosspointSwitch” (TriQuint
TQ8017)with adatarateof 1.2GBit/sperchannel.

Thedesignof theASC is initially performedwith structuralmethodsusingtheHard-
wareDescriptionLanguageVHDL [LaRo97]. Thecompletedesignis synthesizedwith
the Behavioral Compiler��� [LaRo99-1] [LaRo99-2]. Five modulesare describedand
synthesizedagainwith Dali ��� .

Figure2 shows the block diagramof oneASC channelplus ConnectionController.
Fivemodules(with shade)aredescribedandsynthesizedagainwith Dali ��� .
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3 DesignMethod with Dali

3.1 General

Dali offers a GUI for the modelingof hardwaremodules:Refer to ProtocolCompiler
User Guide [SynPcUG98],Controller DesignUsing ProtocolCompiler [SynCDPC98]
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andDali Tutorial for VHDL users[DaTut97].
The Dali GUI supportsa fastandcompactgraphicalentry of a protocol controller

hardwaredescriptionofferingasetof modelingsymbolscalledframes.Theadvantageof
thismethodis, thatthefunctionsandinterfaceswhicharerepresentedgraphically, canbe
described,comprehendedandcheckedfasterthanaVHDL text.

Thedisadvantageis, thata new nonstandardizedmodelingmethodhasto belearned
andtrained.

3.2 Dali Frames

Dali providesthefollowing basicframes(referto figure3):

Figure3: Typesof Dali framesandFrameoperators

HierarchicalFrameTypes:

1. UnspecifiedFrame

2. TerminalFrame

3. ReferenceFrame

4. TemplateFrame

5. EpsilonFrame

HierarchicalFrameOperatorTypes:

1. Qualify FrameOperator

2. IF FrameOperator
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3. Repeator OptionalFrameOperator

4. SequenceFrameOperator

5. AlternativeFrameOperator

6. SimultaneousFrameOperator

7. RunIdleFrameOperator

8. ExceptionFrameOperator

3.2.1 The UsedTemplateFrames:

Templateframesareframedefinitionswith parameters.This frametypecanbeusedin
multipleplaceswithin aprotocolcustomizedby its parameters.

Figure4: TheCont on()Template

In our designthefollowing templatesareused:

	 Cont On(expr, next frame):Hasa“Wait” functionfor thesignalnamed“expr” and
executesthe“next frame”- framethereafter(referto figure4).

	 ProcOn(startexpr,taskto execute):Definesanendlessprocess(seefigure5): Waits
until startexpr is high (level sensitive). The task to executeis executedendlessly
until it terminates.

Figure5: TheProcon()Template
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3.3 Dali Actions

Dali actionsaredefinedassimpledatapathoperations,which canbeattachedto a frame
andexecutedwhentheframeis acceptedduringdesignexecution.Dali providesa setof
“built-in actions”like

	 set(x):setsthevalueof x to ’1’

	 clear(x):setsthevalueof x to ’0’

	 Assignment,(concatenation,splitting): 
���
���
�������������
����������! " # 
	 Increment,decrement:incr(x), decr(x)

An actionis executedin oneclock cycle andcantake ports,variables,expressionsand
constantsasarguments.

3.3.1 UserDefinedActions

Definecustomizedactionsto performoperationswhich arenot availableasbuilt-in ac-
tions.UserdefinedactionscanbedescribedasVHDL-proceduresor functionsin VHDL-
packages.In ourcaseweprovidedtheencodinganddecodingproceduresfor themodules
SRCandRD asuserdefinedactionsin additionalVHDL-packages.

3.3.2 Dali Versionand Modeling Steps

Dali Versionused:1998.08.Themodelingstepsareasfollows:

1. Enterthe designof onemodulewith Dali GUI. That means:enterports, frames,
variables,actionsetc. for onemodulewith Dali.

2. GenerateaVHDL packagefor thedesignactions,if necessary.

3. Generatea VHDL descriptionof the testbenchfor the module. Dali providesa
templatefor thetestbench.Theprogrammerhasto enterthestimuli.

4. Checkthedesign,synthesizethedesignandgenerateVHDL codewith Dali.

5. Analyze the VHDL package,the Dali-generatedmodulecodeand the testbench
with VSS��� -Analyzer.

6. Simulateanddebugthemodulewith theSynopsysdebuggerprogramandthewave-
viewerwhich is calledwith thecommand“vhdldbx”.
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3.4 Options Settingsfor the ATM Design

3.4.1 Controller Styles

Thecontrollerstylespecifieshow thedesignis compiledanddeterminestheoverall en-
codingof thecontroller. Dali allowsthefollowing controllerstylesfor asinglecontroller:

	 DistributedEncoding: Default encoding. This style producesa controller imple-
mentedasmany simple,low fanin,next-state-logicfunctionsfeedingthestatereg-
isters. Advantagesof this encodingstyle are: Implementsfastcontrollers,allows
debugging,doesnot dependon the total numberof states,createsFSM’s that are
similar to one-hotencodedFSM’s. Thedisadvantagesare:Whenusedontheentire
design,this stylecanusemany registersleadingto highareacost.

	 Binary- Min Encoded:Minimizesthetotalnumberof statesandencodesthestates
to usetheminimumpossiblenumberof stateregisters.Thenext-state-logicfunc-
tionscanbe very complex. Advantages:This style producescompact,areamini-
mizeddesigns.Disadvantages:This style givesgoodfinal gate-level resultsonly
whenthe total numberof statesis lessthanabout200. For the ATM design,the
Binary - Min encodedstylehasbeenusedfor all modules.

	 Min Distance- Min Encoded:Thestatecodesareassignedto minimizetheaverage
numberof changingbits per statetransition. This style usesan encodingscheme
similar to the Gray Code. Advantages:Createssinglestategraphsfor an entire
controller andminimizesthe total numberof states. Disadvantages:If usedfor
FSM’s with morethan200 states,the next stateandactiontrigger logic becomes
verycomplex .

	 BranchandSequencingEncoding:Similar to Binary - Min Encodingexceptthat
slightlymorethantheminimalnumberof statebitsareused.Statesaregroupedinto
statesequenceclusters.The stateregistersaresplit into two fields: Onefield de-
terminingthestatesequenceclusterandtheotherfield determiningthestatewithin
this cluster. Advantages:Similar to Binary - Min Encoded.Disadvantages:Only
for designswith lessthanabout200states.

	 One Hot Encoding: One stateregister bit representsone stateof the controller.
Only onestatebit canbesetat a time. Disadvantages:Largestatevectors.When
the total numberof statesis greaterthan100, this style producesvery large next-
state-logicfunctions. The time to synthesizethesefunction canbe unacceptably
long. Thereforethis encodingstyle is not selectableandonly usedfor the initial
FSM.

Theselectionfor thedifferentencodingstylesis in themenuedit/partition/style.

3.4.2 Singleor Partitioned Controller

For somedesigns,especiallyfor thosedescribedwith two or moreparallelendlesspro-
cesses,theselection“partitionedcontroller”deliversoverall lessstatesandsmallerareas.
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3.4.3 Min Encoding: Map UnreachableStates

Dali addsin the “Min Encoding”option additionalstatesandtransitionsso thatunused
statecodes(unreachablestates)alwaystransitionbackto valid states.Theseunusedstates
cannotbe reachedin normaloperation,however if the controllerentersan invalid state
for somereason(e.g.dueto electricaldisturbancesor hazards),it immediatelytransitions
to a valid state.The “Map UnreachableStates”option addsthenumberof unreachable
statesto thereachablestates.In many cases,thenumberor statesaredoubled.

3.4.4 Loop Handling, “Use Counter” Option

Thedefault selectionfor thesynthesisareunrolledloops. Rolled loopsoftenreducethe
area.In this caseacountershouldbeimplemented(selectEdit/UseCounter).

3.4.5 Effectsof Option Setting

Theeffect on FSM states,areaanddelayfor differentoptionsettingsareshown in table
1. As anexamplethefirst moduleAHT IN is synthesized.TheoptionsSingleController,
PartitionedController, UseCounter, Map UnreachableStatesareexplainedabove. For
all optioncombinations,thecontrollerstyle “Binary - min. encoded”hasbeenselected,
since- afteroptimization,a differentcontrollerstyle did not changethe cell areaor the
delay. Dali startswith an initial FSMwhich is one-hotencoded.After theoptimization,
thefinal FSMshows themin-encodedstateencodingandthefinal numberof states.

In all casesexceptthefirst one,thenumberof final statesis lower thanthenumberof
initial states.

For the first threeoption combinations(seethe first threelines in table1), “Single
Controller” is selectedwhich producesthe highestnumberof statesandthe largestcell
area.

Selectingthe “PartitionedController” option, the numberof final statesandthecell
areais stronglyreduced.Dali producesin thiscasetwo FSM’s for themodule“AHT IN”
with 8 and53 final stateseach,if no otheroptionis selected.

Thelastcombination,with theselectionof “PartitionedController”and“UseCounter”
showstheleastnumberof states,theleastdelayanda low cell area.

Thiscombinationis preferredfor thesynthesisof thefiveASC modules.

4 Modeling fiveASC-Moduleswith Dali

Thefollowing sectionsdescribethemodelingof fivemodulesof theASCwith Dali:

1. TheinputmoduleAHT IN

2. TheHeaderTranslatormoduleHT

3. TheShift RegisterControlmoduleSRC

4. TheReceiveDatamoduleRD

10



Options Dali Results
Single Part. Use MapUnr. Init. Final Cell Delay
Contr. Contr. Counter States States States Area (nsec)

* * 478 512 3311 7.9
* * * 308 256 3131 5.63
* * 308 196 3428 8.3

* 478 8+53 1717 3.34
* * * 308 8+32 1775 2.58
* * 308 8+29 1776 2.52

Table1: Effectson optionsetting,synthesizingmoduleAHT IN

5. TheAHT OutputmoduleAHT Out

Thesemodulesaretypical controlorientedmodules.
They donotcontainarithmeticoperationsbut datatransmissionandI/O functionslike

1. Datasynchronizationwith astrobesignal

2. Continuousdataacceptanceor datatransmission

3. Dataconcatenationor splitting

4. Datareplacementby datafrom look-uptables(e.g.theRoutingTable)

5. Dataencodinganddecoding

6. One-way andtwo-way handshakingcommunicationwith othermodulesandpro-
cesses.

11



4.1 Modeling of the ASC Input Module AHT IN

The AddressHeaderTranslatorInput moduleAHT IN : acceptsthe ATM cells byte-
parallel. Thebegin of a cell is markedby thesignal“Cell Sync In”. Theincomingdata
bitwidth is changedfrom 8 bits to 32bitsby storingtheincomingdataonebyteperclock
cycle into 32 bit registers.With this method,thedataprocessinginsidetheAHT canbe
reducedby a factorof four.

Figure6: Dali GUI with theframetabopened

Thefirst four bytesbelongto thecell headerandaretransmittedto theHeaderTrans-
lator (HT). Thefifth headerbyte,theHeaderErrorCode(HEC)byteis ommitted,sinceit
doesnot haveany functionin theATM Layer.

Theremainderof thecell, the“payload”with a lengthof 48bytesis transmittedvia a
one-wayhandshakingcommunicationto thefirst-in-first-outbuffer CELL FIFO.

AHT IN is modeledas a two-processarchitectureas shown in figure 7. The first
processprocessestheprocessheader, thesecondoneprocessesthepayload.

Figure7: Thetop frameAhtin

12



4.1.1 The AHT IN Frame Hierar chy

Figure6 shows theDali GUI with “frames” tabselected.All framesof this moduleare
listed.

Thetopframeis “Ahtin”, thesubframesare“processheader”and“processpayload”.
The“capture4Bdata()”template-frameis a usedasa subframeof “processheader”and
the“capt 4Bpl()” template-frameis usedasasubframeof “processpayload”.

Figure8: TheSubframe“processheader”

Selectingthe top frame“Ahtin”, thewindow figure7 is displayed.It shows the two
parallelexecutingprocesses:

	 If thesignal“Buffer full” is not true,thenexecutethesubframeprocessheaderin
anendlessloop.

	 If thesignal“Buffer full” is not true,thenexecutethesubframe“processpayload”
in anendlessloop. Theframe“processpayload”is triggeredby thesignal“start payld”.

.
Thefirst subframe“processheader”,togetherwith the“capture4Bdata()”templateis

shown in figure8.
Thelogic is asfollows: If thesignal“Cell sync in” is active, thenthe8 bit “Data in”

signalis readinto thebit positions31 to 24 of the32 bit register“Hd reg”. Sequentially
with eachclock cycle continuouslythesecond,third andforth byte is readinto thenext
downwardbit positionsof theregister“Hd reg”.

In the fifth clock cycle, the full Hd reg is assignedto the signal “Hd bus” and the
“Hd rdy” signalis set,which is thestrobesignalfor theHeaderTranslator(HT) to accept
the4 byteheaderwithout theHEC byte. TheHEC byteis not neededin theATM Layer
andthereforenotacceptedin thefifth clockcycle.

Theprocesspayloadframeis startedwith signal“start payld” (referto figure9).
In order to reachcontinuousdataacceptance,the payloaddatabytesare gathered

alternatively in two 32 bit registers,“Cell reg” and“Cell reg2”, asshown in the frame

13



Figure9: Theprocesspayloadframe

templatecapt4Bpl(regx,cellreg) (seefigure9). Thefirst 32 bit register(Cell reg) is set
to the cell bus one clock cycle after filling it with cell data. Cell reg is storedin the
CELL FIFO buffer. In themeantime thesecond32 bit register(Cell reg2) is filled, and
during its storage,the first register is usedagain. That means,the storing time of the
registersin theCELL FIFO mustnot exceed4 clock cycles.

4.1.2 The AHTIN-FSM’ s

Dali produces2 FSM’s. Thegraphicalrepresentationcanbedisplayedby thetool xvcg:
(referto figure10).

4.1.3 Simulation of AHT IN

Thesimulationof this designshowsacorrectbehavior (seefigure11.)

4.1.4 Summary of SynthesisResultsof Module AHT IN

TheDali synthesishasbeenperformedwith thefollowing parameters:(Release1998.08)
ControlStyle:Binary-Min Ecoded.
PartitionedController.
OptimizationEffort: high
Dali providesanoptimizationanddeliversa controllerreport(seeattachment).The

following is reducedreportwhich showstheestimatedareaanddelayfigures.

Controller Report
Initial Final
------- -----

14



Figure10: On the left handside: FSM 1 of AHT IN, on theright handside: FSM 2 of
AHT IN, theuppersix statesareenlarged.

States: 308 (8,29)
Transitions: -- (15,36)

State Variables: 32 9=(3,5)+1

Control Inputs: 178
Action Triggers: 39

==============================================================================

Total combinational area 523.3
Total noncombinational 1253.0
Total area 1776.3

Delay through the combinational
part of the FSM 2.52 ns ( 3.4 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level

Thefinal states(8,29)meanthattwo FSM’sweregenerated,thefirst onewith 8 states,
thesecondonewith 29states.
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Figure11: Simulationof AHT IN, modeledwith Dali. Theupperdiagramshows: The
first bytesaretransmitted.The lower diagramshows: Onecompletecell is transmitted.
The upperscalein the simulationchartsshows the time in nsec. The simulationclock
cycle is setto 25nsec.

4.2 Modeling of the Header Translator Module HT

TheHeaderTranslatormodule:(HT ) receivestheATM-cell headerfromtheinputmodule
AHT IN via a two-way handshakingprotocol. The strobesignal for the headeris the
signal “head rdy”. The headertranslatorextractsthe VPI/VCI-valuesfrom the header
data,setstheminto thevariable“Address”,andaddressestheRoutingtable(RT). TheRT
sendsnew VPI/VCI valuesplusa routingtag“rtdata” back.TheHT mergestheRT data
with someof the original headerdataandwrites the new headerplus the routing tag to
theHEAD FIFO buffer.

4.2.1 The HT frames

TheHeaderTranslatorrepresentationwith Dali consistsof thefollowing threeframes:

	 HTIN is the main frame. It receivesthe headerdataandpassesthemto the next
frame“addr rt”.
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	 addr rt: addressestheRoutingTable

	 proc rtdata:processestheRoutingTabledataandpassesthemto theHEAD FIFO
buffer.

Thetop frameis “HTIN” (referto figure12), it is framedby theTemplateProcOn()
which representsan endlessprocess.It waits for the strobesignal “hd rdy”, loadsthe
header, setsthe acknowledgesignalhd fetch, andwaits until the strobeis deactivated.
Theaddressfor theRT is composedof theVPI field concatenatedto theVCI field. The
next subframe“addr rt” (referto figure12, right handside)is calledthereafter.

Figure12: Thetop frameHTIN andthesubframeadd rt

The subframe“addr rt”, assignsthe “Address”-Variableto the “rt addr” signaland
setsthe “rt rdy” signal for the RoutingTable(RT) management.The RT management
setsthesignal“rtdta strobe”if the RT dataareavailable. The subframe“addr rt” waits
for the acknowledgmentfrom the RT (rtdta strobe),collectsthe RT dataandprocesses
themin the“proc rtdata”-frame.

The “proc rtdata-frame”(refer to figure 13 extracts the routing tag (rtag) and the
VPI/VCI fields. It generatesthe new header, concatenatesit with the routing tag and
storesit to theHEAD FIFO if theFIFO buffer is not full.

4.2.2 The HT FSM

Theinitial FSM is one-hotencodedandhas14 states(seefigure14, left handside).The
final FSMis binary-minencodedandhas8 states(seefigure14, right handside).

4.2.3 Simulation of the Header Translator

The simulationof the HeaderTranslatordescribedwith Dali shows a correctbehavior
(seefigure15.)

17



Figure13: Theproc rtdata- frame

4.2.4 SynthesisResultsof Module HT

SelectedOptions:
ControlStyle:Binary - Min Encoded
“Single Processor”architecture.
OptimizationEffort: High
Thefollowing reducedreportshowstheestimatedareaanddelayfigures:

Controller Report
Initial Final
------- -----

States: 14 8
Transitions: 25 13

State Variables: 14 3

Control Inputs: 288
Action Triggers: 14

==============================================================================

Total combinational area 486.9
Total noncombinational 1519.0
Total area 2005.9

Delay through the combinational
part of the FSM 2.43 ns ( 3.2 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level
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Figure14: Dali FSM’s. The left handsideshows the initial FSM. The right handside
showsthefinal FSM

4.3 The Shift RegisterControl Module (SRC)

TheShift RegisterControlmoduleis describedin asingleprocessarchitecture.TheSRC
loadsa shift register with 32 bits of cell data(not shown in the block diagram)to be
shiftedseriallythroughtheATM Switch.

In orderto recognizethestartof thecell at theoutputsideof theswitch,thecell data
is encodedby the4B/5B encodingprocedure,which is usedin the“Taxi-Protocol”.That
means,ashift registerloadof 32 bits is encodedto 40 bits plusastartcharacterof 5 bits,
addingupto 45bitsshift registerlength.A completecell transmissionthroughtheswitch
startswith a specialcell startcharacterplus4 byteof headerdata(without HeaderError
Code(HEC)) encodedto 45 bits, followedby twelveshift registerloadsfor thepayload.

4.3.1 The SRCIN Frame

Figure 16 shows the top frame (SRCIN) of the SRC module. The “Proc On()” is the
templatefor the“endlessprocess”.

The first action is to load the cell headerif the signal “load head” is active. The
“load reg encode”frame call encodesthe register with headerdata. The shift regis-
ter is readyif the “sr ready” signal is active and the shifting can start if the “transmit
signal” is active. The “Cont on()” templatesassurethe correcthandlingof the two-
way-handshakingprotocolto the RoutingControl moduleandto the shift register. The
“load shreg” framecall loadstheshift registerwith theencodeddata.
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Figure15: Simulationof HT, modeledwith Dali.Theupperscalein thesimulationcharts
showsthetime in nsec.Thesimulationclockcycle is setto 25 nsec.

Figure16: TheSRCINframeof theShift RegisterControlModule

4.3.2 The “load reg encode”and the “load shreg” Frames

The“load reg encode”frame(referto figure17)encodesoneregisterload(32bit) of the
cell datawith the 4B/5B encodingscheme.The encodingfunction “encd()” holds the
encodingtableand is locatedin the utilities package(utils src.vhd). The result of the
encodingis a40 bit wide bit string.

The load shreg frame (seefigure 17, right hand side) setsthe start-cell-character
(“11001”) at the beginning of the first shift register load andpassesit to the shift reg-
isterwith the“sr strobe”signal.

4.3.3 The “shift payload” Frame

The“shift payload”frame(seefigure18) fetchesthecell dataout of theCELL FIFO in
registerloadsof 32 bit each,encodesthemby calling the“load reg encode”frame,adds
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Figure17: The load reg encodeframeencodesthe cell dataand the load shreg frame
passesthetheheaderdatato theshift register

thecell-data-start-character(“10001”) in front of eachregisterloadandpassestheloadto
theshift register. Sincethepayloadis 48 byteslong, this is performedin a loop which is
repeated12 times.

Figure18: Theload shreg framepassestheheaderdatato theshift register

4.3.4 The SRC-FSM

Thegraphicalrepresentationof theSRC-FSMis shown in figure19.
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Figure19: TheSRCFSM.Theright handsideboxshows theuppersix statesenlarged.

4.3.5 Simulation of the Module SRC

Figure20 shows thesimulationresultsof thesynthesizedmoduleSRC.Theupperfigure
showsthecell headerandthefirst cell wordsencodedandpassedto theshift register. The
lowerfigureshowshow onecompletecell is encodedandpassedto theshift register.

4.3.6 SynthesisResultsof Module SRC

The total report can be found in the attachment. The following is a summaryof the
synthesisfigures.

Protocol: src
Compile Style: min_encoded

Compile Effort: high

Controller Report
Initial Final
------- -----

States: 48 22
Transitions: 85 36

State Variables: 26 5

Control Inputs: 206
Action Triggers: 38
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Figure20: Simulationof moduleSRC:Upperfigure: The cell headerandthe first cell
wordsarepassedencodedto theshift register. Lowerfigure:Onecompletecell is encoded
andpassedto theshift register.

Total combinational area 461.9
Total noncombinational 1043.0
Total area 1504.9

Delay through the combinational
part of the FSM 3.28 ns ( 4.4 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level

4.4 The ReceiveData Module (RD)

TheReceive Datamoduleacceptsdatafrom a shift register(not shown in theblock dia-
gram)at theoutputof theATM switchandstoresthemin theFIFO Outbuffer.

The Receive Datamoduleis describedin two processes.The first processtakesthe
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4B/5B encodeddatafrom theshift registeranddecodesthemto 4 bit data. The second
process,runningin parallel,storesthedatain theFIFO Outbuffer.

4.4.1 The RDIN Frame

Figure21showsthetopframe(RDIN) of theRD module.Two endlessrunningprocesses
areshown. Both processesacceptif theFIFO Outbuffer is not full.

Figure21: TheRDIN frameof theReceiveDataModule

IF thefirst processaccepts,the“receive cell” frameis executed.IF thesecondprocess
accepts,the“store cell” frameis executed.

4.4.2 The “r eceive cell” Frame

The“receive cell” frame(refer to figure22) acceptsthecell datafrom theshift register
at theoutputsideof theATM switch.The“Cont On()” templateframewaitsfor theshift
registerstrobe“sr data”andtakestheencodeddatainto a 48-bit register. Theacknowl-
edgesignal“srdta taken” is raised.

If thefirst 5 bit of thecell dataareequalto the“cell-start” specialcharacter(“11001”),
thefirst registerload(40 bit) is decodedin the“decoderegister” frameandpassedto the
“store register” framethereafter.

If thefirst 5 bit of theshift registerloadcontaintheshift registerstartspecialcharac-
ter(“10001”),the“decoderegister”frame(refertofigure22)iscalledandthestoreregister
frameis executedthereafter. Thissequenceis repeatedtwelvetimes,to acceptthe48bytes
of thepayload.Unrolling theloop would leadto a higherarea,thereforetheloop is kept
rolledanda loopcounteris implemented.

4.4.3 The “stor e cell” Frame

The“store cell frame” (seefigure23)storesoneregisterload(32bits) into theFIFO Out
buffer, usingthetwo-way-handshakingprotocol.
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Figure 22: The receive cell frame decodesthe cell dataand the decoderegisterframe
decodesoneregisterload

4.4.4 The “decode reg” Frame

Theactionsin the“decodereg” frame(referto figure22)call thedecodeprocedurein the
utilities package(utilsrd.vhd).

Thedecodeprocedureholdsthedecodingtableof the5B/4B decodingscheme.The
input to thedecodingprocedureis the40bit registerload(withoutstartcharacter)andthe
resultof thedecodingis a32bit widebit string.An erroris returned,if abit patternis not
foundin thetable.

4.4.5 The “stor e reg” Frame

The “store reg” frame(seefigure 23) passesonedecodedregister load (32 bits) to the
secondprocess.

4.4.6 The FSM Graphs

Figure24 shows the two FSM’s generatedby Dali in graphicalform, displayedby the
xvcgprogram.

TheFSMontheleft handsidein figure24controlsthe“receive cell” frame,theFSM
on theright handsidecontrolsthe“store cell” frame.
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Figure23: The storereg framepassesonedecodedregister load to the secondprocess
andthestorecell framestoresoneregisterload(32bits) into theFIFO Outbuffer

4.4.7 Simulation of the Module RD

Dali providesatestdrivertemplatewhichhasto becompletedwith appropriatestimuli for
thesimulation.

Thefigures25and26show thesimulationresultsof thesynthetsizedmoduleRD.The
upperfigureshowsthecell headerandthefirst cell wordsdecodedandpassedto theshift
register (seefigure 25). The sr datasignal (48 bits) shows the encodeddatawith start
character. Thercell bussignal(32 bits) showsthedecodeddatawithoutstartcharacter.

Thesecondfigure(seefigure26) showsonecompletecell acceptedandpassedto the
FIFO Outbuffer.

4.4.8 SynthesisResultsof Module RD

The total report can be found in the attachment. The following is a summaryof the
synthesisfigures.

Protocol: rd
Compile Style: automatic

Compile Effort: high

==============================================================================

Controller Report
Initial Final
------- -----

States: 261 (18,5)
Transitions: -- (38,13)

State Variables: 28 9=(5,3)+1

Control Inputs: 245
Action Triggers: 43

==============================================================================
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Figure24: On the left handside: FSM controlingthe “receive cell” frame,on the right
handside:FSMcontrolingthe“store cell” frame.

Estimated size of protocol:
FSM
combinational area 184.6
noncombinational area 70.0 (10 bits)
total area 254.6

Counters required for repeat frames
combinational area 19.0 (assuming no sharing of decrementers)
noncombinational area 28.0 (4 bits total)
total area 47.0

Variables and ports
combinational area 388.0 (reset logic)
noncombinational area 1358.0 (194 bits total)
total area 1746.0

Combinational logic of
actions is NOT included

=======
Total combinational area 591.6
Total noncombinational 1456.0
Total area 2047.6

Delay through the combinational
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Figure25: Simulationof moduleRD: Thecell headerandthefirst cell wordsaredecoded
to theshift register.

Figure26: Onecompletecell is acceptedandpassedto theFIFO Outbuffer.

part of the FSM 3.53 ns ( 4.7 logic levels)

4.5 The AHT Output Module (AHT OUT)

TheAHT outputmoduleAHT OUT fetchesthedatafrom theFIFO Out buffer andsets
themat theoutputline, 8 bits perclock cycle, if theoutputchannelis free.

The AHT output module is describedin two processes.The first processfetches
the datafrom the FIFO Out buffer in portionsof 32 bits andpassesthemto the second
process.The secondprocessputsthe cell dataconsecutively - without datagap- 8 bit
parallelperclockcycleat theoutputline, if theoutputchannelis free.

4.5.1 The AHT OUT Frame

Figure27 shows thetop frame(AHTOUT) of theAHT OUT module.Two endlessrun-
ningprocessesareshown. Bothprocessesacceptif thesignal“chan bsy” is notactive.
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Figure27: TheAHTOUT frame.

IF thefirst processaccepts,the“fetch cell” frameis executed.IF thesecondprocess
accepts,the“xmit cell” frameis executed.

4.5.2 The “fetch cell” Frame

The“fetch cell frame” (referto figure28) fetchesthecell datavia a two-way handshake
protocolfrom theFIFO Out buffer manager. The“read cell” signalalertstheFIFO Out
managerto set32bits of cell dataat the“rcell data”line.

The“fetch cell” framepassesthecell datato thexmit cell frame.
It is important,thatthetwo-way handshake protocoldoesnot take morethan4 clock

cyclesof the“Clk aht out” to transmitthe4 bytesof cell data.

4.5.3 The “xmit cell” Frame

The“xmit cell” frame(referto figure28) receivesa “transmit” signalfrom thefirst pro-
cessin casecell datais available. It sendsa “cell presync”signalout, oneclock cycle
aheadof thecell data. Thefirst cell byte is seton theoutputdataline togetherwith the
“cell syncout” signal. The “xmit cell” framepartitionsone32 bit register load of cell
datainto partsof 8 bit andputsthemconsecutively on theoutputline, onebyteperclock
cycle.

4.5.4 The “xmit 4bytes” Frame

The“xmit 4bytes”frame(seefigure28) is asubframeof the“xmit cell” frameandpasses
oneregisterload(32 bits) to the“data out” line.
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Figure 28: The fetch cell frame fetchesthe cell data from the FIFO Out buffer, the
“xmit cell” frame puts one byte each per clock cycle on the output line and the
xmit 4bytesframeasasubframeof “xmit cell” sets4 byteson thedataout line

4.5.5 The FSM Graphs

Figure29 shows the two FSM’s generatedby Dali in graphicalform, displayedby the
xvcgprogram.

TheFSM on theleft handsidecontrolsthe“fetch cell” frame.TheFSM on theright
handsideof figure29 controlsthe“xmit cell” frame.

4.5.6 Simulation of the Module AHT Out

Dali providesatestdrivertemplatewhichhasto becompletedwith appropriatestimuli for
thesimulation.

Thefollowingfiguresshow thesimulationresultsof thesynthesizedmoduleAHT Out.
The upper figure shows the cell headerand the first cell words fetchedfrom the

FIFO Outbuffer andpassedto theoutputline (seefigure30).
Thesecondfigure(seefigure31)showsonecompletecell passedto theoutputline.
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Figure29: On theleft handside:FSM of the“fetch cell” frame.On theright handside:
FSMof the“xmit cell” frame.

4.5.7 SynthesisResultsof Module AHT Out

The total report can be found in the attachment. The following is a summaryof the
synthesisfigures.

Controller Report
Initial Final
------- -----

States: 543 (10,20)
Transitions: -- (23,27)

State Variables: 31 10=(4,5)+1

Control Inputs: 120
Action Triggers: 42

==============================================================================
Total combinational area 402.5
Total noncombinational 735.0
Total area 1137.5

Delay through the combinational
part of the FSM 2.61 ns ( 3.5 logic levels)

%enddocument
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Figure30: Simulationof moduleAHT Out: Thecell headerandthefirst cell wordsare
fetchedfrom theFIFO Outbuffer andpassedto theoutputline.

Figure31: Onecompletecell is passedto theoutputline.

5 Summary of the Results

Theresultsof thePC��� synthesisfor themodulesAHT IN, HT, SRC,RD andAHT OUT
andtheappropriateprocessesareshown ontheright handsideof thetable2. Thestatesof
theprocessesmultipliedwith theclockcycle timeareameasurefor theexecutiontimeof
theprocess,not countingtheloops.Oneof thePC��� outputsis a RT-VHDL description
which is simulated(seeabove) andfed to theDesignCompiler�$� , in orderto performa
Logic Synthesisandoptimization. The resultsof the Logic Synthesisplusoptimization
regardingthe cell areaanddelayareshown. As target technologylibrary a “logic cell
array” library (LCA300k) is used.Thetime constraintfor theclock cycle is setto 20ns.

Thefollowing optionsaresetfor thePCsynthesis:

	 Controlstyle: Binary-minencoded

	 Architectureused: “PartitionedController” for the following modules:AHT IN,
RD, AHT OUT.

“Single Controller” for themodulesHT andSRC.
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Behavioral VHDL
Description

29

8

20

10
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5

22

8

S
ta
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s

(ns)
Delay

Constr. set to 20 ns
Lib: LCA300k

Logic Synthesis

Protocol Compiler

Area
Cell

2047

2516

1263

2019

2186

6.69

4.77

4.70

6.44

6.67

Table2: Synthesisresultsof fiveASC modulesusingtheProtocolCompiler

	 “UseCounters”for all loopswith afixednumberof loop traversals.

The PC version1998.08is used. The run time for synthesisand codegeneration
performedonaSUN�&% Ultra 5 is a few secondsfor eachof theabovefivemodules.

Thedescriptionsfor themodulesaregraphicallygeneratedin symbolicform. ThePC
deliversanoutputfor all modules.

6 Conclusion

TheProtocolCompilerfrom Synopsys�$� is usedto describethebehavior of five control
orientedATM SwitchControllermodules.Theadvantageof thisgraphicalrepresentation
methodis, thatadesigncanbedescribedfast,compactandwell comprehensibleallowing
shortdesigncyclesfor datatransmissionandprotocollogic circuits.
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8 Attachment: PC SynthesisReports

8.1 Input Module AHT IN

8.1.1 The Dali SynthesisReport for AHT IN
Processing /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ahtin_dali/ahtin.pdb
Information: Removing prior stored synthesis information from ahtin.pdb (PCC-9)
Creating initial circuit
Inserting LFSR for repeat operator count=5
Optimizing logic structure
style = automatic
Analyzing Protocol
shell=0 states=1 (controller states)
shell=1 states=6 (controller states)
shell=2 states=11 (controller states)
optimizing...
shell=3 states=18 (controller states)
shell=4 states=27 (controller states)
shell=5 states=38 (controller states)
shell=6 states=58 (controller states)
shell=7 states=74 (controller states)
shell=8 states=83 (controller states)
shell=9 states=92 (controller states)
shell=10 states=101 (controller states)
shell=11 states=110 (controller states)
shell=12 states=119 (controller states)
shell=13 states=128 (controller states)
shell=14 states=137 (controller states)
shell=15 states=146 (controller states)
shell=16 states=155 (controller states)
shell=17 states=164 (controller states)
shell=18 states=173 (controller states)
shell=19 states=182 (controller states)
shell=20 states=191 (controller states)
shell=21 states=200 (controller states)
shell=22 states=209 (controller states)
shell=23 states=218 (controller states)
shell=24 states=227 (controller states)
shell=25 states=236 (controller states)
shell=26 states=245 (controller states)
shell=27 states=254 (controller states)
shell=28 states=279 (controller states)
shell=29 states=290 (controller states)
shell=30 states=299 (controller states)
shell=31 states=308 (controller states)
--------------------------------------------------------------------------
: node : states : state vars : name :
--------------------------------------------------------------------------
: 0 : 308 : [ 1:31 ] : Ahtin
: 1 : 308 : [ 1:31 ] : alternative
: 2 : 10 : [ 1:9 ] : repeat+
: 3 : 10 : [ 1:9 ] : alternative
: 4 : 9 : [ 1:8 ] : if
: 5 : 9 : [ 1:8 ] : process_header
: 6 : 9 : [ 1:8 ] : process_header
: 7 : 9 : [ 1:8 ] : sequence
: 8 : 7 : [ 1:6 ] : Cont_On
: 12 : 7 : [ 1:6 ] : Cont_On
: 13 : 7 : [ 1:6 ] : sequence
: 16 : 6 : [ 2:6 ] : if
: 17 : 6 : [ 2:6 ] : sequence
: 18 : 6 : [ 2:6 ] : sequence
: 19 : 5 : [ 2:5 ] : capture_4Bdata
: 20 : 5 : [ 2:5 ] : capture_4Bdata
: 21 : 5 : [ 2:5 ] : sequence
: 27 : 3 : [ 7:8 ] : Cont_On
: 29 : 3 : [ 7:8 ] : Cont_On
: 30 : 3 : [ 7:8 ] : sequence
: 38 : 36 : [ 10:31 ] : repeat+
: 39 : 36 : [ 10:31 ] : alternative
: 40 : 35 : [ 10:30 ] : if
: 41 : 35 : [ 10:30 ] : process_payload
: 42 : 35 : [ 10:30 ] : process_payload
: 43 : 35 : [ 10:30 ] : sequence
: 44 : 6 : [ 10:14 ] : Cont_On
: 46 : 6 : [ 10:14 ] : Cont_On
: 47 : 6 : [ 10:14 ] : sequence
: 50 : 5 : [ 11:14 ] : if
: 51 : 5 : [ 11:14 ] : sequence
: 52 : 5 : [ 11:14 ] : capture_4Bdata
: 53 : 5 : [ 11:14 ] : capture_4Bdata
: 54 : 5 : [ 11:14 ] : sequence
: 59 : 18 : [ 15:23 ] : repeat
: 60 : 9 : [ 15:22 ] : sequence
: 61 : 5 : [ 15:18 ] : capt_4Bpl
: 62 : 5 : [ 15:18 ] : capt_4Bpl
: 63 : 5 : [ 15:18 ] : sequence
: 68 : 5 : [ 19:22 ] : capt_4Bpl
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: 69 : 5 : [ 19:22 ] : capt_4Bpl
: 70 : 5 : [ 19:22 ] : sequence
: 75 : 5 : [ 24:27 ] : capt_4Bpl
: 76 : 5 : [ 24:27 ] : capt_4Bpl
: 77 : 5 : [ 24:27 ] : sequence
--------------------------------------------------------------------------
Partitioning node 2 : states= 10 : Frame Ahtin, repeat ’+’. <ahtin_dali-Ahtin-3>
Partitioning node 38 : states= 36 : Frame Ahtin, repeat ’+’. <ahtin_dali-Ahtin-9>
Compiling partitions
------------------------------------------------------------------------------
Optimizing /2
------------------------------------------------------------------------------
Extracting ahtin_dali_part_/2
Initial (9 state vars, 9 actions)
10 states
Creating state graph for ahtin_dali_part_/2
Simplifing transitions
Simplified 10 transition(s)
Initial (10 states, 20 transitions)
Minimizing state graph ahtin_dali_part_/2
Final (8 states, 15 transitions)
Encoding using minimum bits and binary codes
Converting to circuit REDUCED_ahtin_dali_part_/2
Simplifying logic equations.
Using CASE statement action block: 9 actions 6 triggers used, 6 cases
Merging VC_MINENC_REDUCED_ahtin_dali_part_/2
Final (3 state vars, 10 actions)
------------------------------------------------------------------------------
Optimizing /38
------------------------------------------------------------------------------
Extracting ahtin_dali_part_/38
Initial (22 state vars, 30 actions)
36 states
Creating state graph for ahtin_dali_part_/38
Simplifing transitions
Simplified 35 transition(s)
Initial (36 states, 48 transitions)
Minimizing state graph ahtin_dali_part_/38
Final (29 states, 36 transitions)
Encoding using minimum bits and binary codes
Converting to circuit REDUCED_ahtin_dali_part_/38
Simplifying logic equations.
Simplified 8 logic functions
Using CASE statement action block: 30 actions 20 triggers used, 19 cases
Merging VC_MINENC_REDUCED_ahtin_dali_part_/38
Final (5 state vars, 31 actions)
-----------------------------------------------------------------------------
Final wiring of ahtin_dali_part
-----------------------------------------------------------------------------
Top level controller implemented in distributed style using 1 state var
-----------------------------------------------------------------------------

==============================================================================

Input File: /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ahtin_dali/ahtin.pdb
Protocol: ahtin_dali

Compile Style: automatic
Compile Effort: high

==============================================================================

Controller Report
Initial Final
------- -----

States: 308 (8,29)
Transitions: -- (15,36)

State Variables: 32 9=(3,5)+1

Control Inputs: 178
Action Triggers: 39

==============================================================================
Cleaning up
Optimizing logic structure
Estimating control logic...
Network optimization of control logic

area delay
[ND2] [logic leves]

initial 426 5.8
sweep 238 5.0

structure(area) 160 3.5
structure(tds) 243 6.7

redund 196 4.9
sweep 185 4.7

structure(area) 157 3.4
sweep 157 3.4

Estimated size of protocol:
FSM

combinational area 177.3
noncombinational area 70.0 (10 bits)
total area 247.3
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Counters required for repeat frames
combinational area 14.0 (assuming no sharing of decrementers)
noncombinational area 21.0 (3 bits total)
total area 35.0

Variables and ports
combinational area 332.0 (reset logic)
noncombinational area 1162.0 (166 bits total)
total area 1494.0

Combinational logic of
actions is NOT included

=======
Total combinational area 523.3
Total noncombinational 1253.0
Total area 1776.3

Delay through the combinational
part of the FSM 2.52 ns ( 3.4 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level

Storing data
Writing ahtin.pdb+ (synthesized pdb)

8.1.2 The Logic SynthesisReport for AHT IN
Behavioral Compiler (TM)

DC Professional (TM)
DC Expert (TM)

FPGA Compiler (TM)
VHDL Compiler (TM)
HDL Compiler (TM)

Library Compiler (TM)
Power Compiler (TM)
Test Compiler (TM)

Test Compiler Plus (TM)
CTV-Interface

ECO Compiler (TM)
DesignPower (TM)

Version 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, Inc.

ALL RIGHTS RESERVED

This program is proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a license agreement
controlling such use and disclosure.

Initializing...
/* dc_script fuer rtl-eingangskomponente - ahtin_rtl.vhd... */

analyze -f vhdl ht_syn.vhd
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/standard.sldb’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/gtech.db’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primitives.
/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ht_dalils/ht_syn.vhd:
1

elaborate ht

Inferred memory devices in process ’PC_PROC’
in routine ht line 142 in file

’/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ht_dalils/ht_syn.vhd’.
===============================================================================
| Register Name | Type | Width | Bus | MB | AR | AS | SR | SS | ST |
===============================================================================
| Address_reg | Flip-flop | 16 | Y | N | N | N | N | N | N |
| Header_reg | Flip-flop | 48 | N | N | ? | ? | ? | ? | ? |
| fwrq_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| hd_fetch_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| headout_reg | Flip-flop | 48 | Y | N | N | N | N | N | N |
| pc_state_reg | Flip-flop | 3 | Y | N | N | N | N | N | N |
| rt_addr_reg | Flip-flop | 16 | Y | N | N | N | N | N | N |
| rt_read_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| rtag_reg | Flip-flop | 16 | Y | N | N | N | N | N | N |
| rtdata_reg | Flip-flop | 40 | Y | N | N | N | N | N | N |
| vpivci_reg | Flip-flop | 24 | Y | N | N | N | N | N | N |
===============================================================================

Current design is now ’ht’
1

/* set_operating_conditions wccom */

/* create_clock Clk_AHT_In -period 25 */
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create_clock Clk_com -period 20
Performing create_clock on port ’Clk_com’.
1
/* otherwise, the delays would exceed the 25 ns! */

compile -map_effort medium

Loading target library ’lca300kv’
Warning: Multibit library cell ’FD2X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4P’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Library cell ’FDN1S’ could not be modeled for sequential mapping. (OPT-1201)
Warning: Library cell ’FDN1SP’ could not be modeled for sequential mapping. (OPT-1201)

Loading design ’ht’

Beginning Resource Allocation (constraint driven)
-----------------------------
Structuring ’ht’
Mapping ’ht’
Allocating blocks in ’ht’
Allocating blocks in ’ht’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’ht’
Mapping ’ht’

Information: Changed wire load model for ’ht’ from ’B0X0’ to ’B2X2’. (OPT-170)

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
1 3973.1 0.00 0.0 0.7
1 3972.1 0.00 0.0 0.7
1 3971.1 0.00 0.0 0.7
0

--------
3

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
4 3956.3 0.00 0.0 0.7
3 3946.9 0.00 0.0 0.7

trials removed. w.l.

15 3479.9 0.00 0.0 0.7
7 3478.9 0.00 0.0 0.7
0

--------
2271

Optimization Complete
---------------------
Transferring Design ’ht’ to database ’ht.db’

Current design is ’ht’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : ht
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Version: 1998.08
Date : Mon Mar 27 16:33:32 2000
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 145
Number of nets: 831
Number of cells: 539
Number of references: 20

Combinational area: 402.000000
Noncombinational area: 2134.000000
Net Interconnect area: 942.890564

Total cell area: 2536.000000
Total area: 3478.890625
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : ht
Version: 1998.08
Date : Mon Mar 27 16:33:32 2000
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
ht B2X2 lca300kv

Startpoint: pc_state_reg<2>
(rising edge-triggered flip-flop clocked by Clk_com)

Endpoint: Header_reg<4>
(rising edge-triggered flip-flop clocked by Clk_com)

Path Group: Clk_com
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_com (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<2>/CP (FDS2) 0.00 0.00 r
pc_state_reg<2>/QN (FDS2) 1.16 1.16 r
U718/Z (ND4P) 1.12 2.28 f
U680/Z (IVP) 0.28 2.56 r
U616/Z (ND2) 1.29 3.85 f
U605/Z (AO4) 0.46 4.31 r
Header_reg<4>/D (FDS2L) 0.00 4.31 r
data arrival time 4.31

clock Clk_com (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
Header_reg<4>/CP (FDS2L) 0.00 20.00 r
library setup time -0.61 19.39
data required time 19.39
-----------------------------------------------------------
data required time 19.39
data arrival time -4.31
-----------------------------------------------------------
slack (MET) 15.08

1

compile -map_effort medium -boundary_optimization

Loading design ’ht’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’ht’
Mapping ’ht’

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0
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Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
1 4099.9 0.00 0.0 0.7
1 4098.9 0.00 0.0 0.7
1 4097.9 0.00 0.0 0.7

trials removed. w.l.

1 4034.9 0.00 0.0 0.7
1 4033.9 0.00 0.0 0.7
0

--------
67

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
3 4021.2 0.00 0.0 0.7
3 4013.5 0.00 0.0 0.7

trials removed. w.l.

19 3451.5 0.00 0.0 0.7
7 3450.5 0.00 0.0 0.7
0

--------
2263

Optimization Complete
---------------------
Transferring Design ’ht’ to database ’ht.db’

Current design is ’ht’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : ht
Version: 1998.08
Date : Mon Mar 27 16:34:14 2000
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 145
Number of nets: 824
Number of cells: 532
Number of references: 18

Combinational area: 382.000000
Noncombinational area: 2134.000000
Net Interconnect area: 934.453064

Total cell area: 2516.000000
Total area: 3450.453125
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : ht
Version: 1998.08
Date : Mon Mar 27 16:34:14 2000
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
ht B2X2 lca300kv

Startpoint: pc_state_reg<1>
(rising edge-triggered flip-flop clocked by Clk_com)
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Endpoint: Header_reg<5>
(rising edge-triggered flip-flop clocked by Clk_com)

Path Group: Clk_com
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_com (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<1>/CP (FDS2) 0.00 0.00 r
pc_state_reg<1>/QN (FDS2) 1.12 1.12 r
U1191/Z (ND4) 1.47 2.60 f
U1224/Z (IVP) 0.26 2.86 r
U1236/Z (ND2) 0.90 3.75 f
U1235/Z1 (B2I) 0.30 4.05 r
U1235/Z2 (B2I) 0.44 4.49 f
U1209/Z (AO4) 0.28 4.77 r
Header_reg<5>/D (FDS2L) 0.00 4.77 r
data arrival time 4.77

clock Clk_com (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
Header_reg<5>/CP (FDS2L) 0.00 20.00 r
library setup time -0.59 19.41
data required time 19.41
-----------------------------------------------------------
data required time 19.41
data arrival time -4.77
-----------------------------------------------------------
slack (MET) 14.64

1
quit
1
dc_shell>
Thank you...

8.2 HeaderTranslator Module HT

8.2.1 The Dali SynthesisReport for HT
Processing /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ht_dali/ht.pdb
Information: Removing prior stored synthesis information from ht.pdb (PCC-9)
Creating initial circuit
Creating action logic for analysis.
Patching control logic...
Optimizing logic structure
style = min_encoded
Analyzing Protocol Including Datapath
shell=0 states=1 (controller states + datapath variables)
shell=1 states=3 (controller states + datapath variables)
shell=2 states=5 (controller states + datapath variables)
optimizing...
shell=3 states=6 (controller states + datapath variables)
shell=4 states=8 (controller states + datapath variables)
shell=5 states=9 (controller states + datapath variables)
shell=6 states=10 (controller states + datapath variables)
shell=7 states=12 (controller states + datapath variables)
shell=8 states=14 (controller states + datapath variables)
states of controller=14 (excludes variables)
Converting to state graph
Pruning unreachable states due to datapath)
Simplifing transitions
Dumping state graph ht.gdl
Launching state graph viewer...
xvcg ht.gdl
Minimizing state graph
Encoding using minimum bits and binary codes
Dumping state graph REDUCED_ht.gdl
Launching state graph viewer...
xvcg REDUCED_ht.gdl
Converting to circuit
Simplifying logic equations.
Using CASE statement action block: 14 actions 8 triggers used, 9 cases

==============================================================================

Input File: /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ht_dali/ht.pdb
Protocol: ht

Compile Style: min_encoded
Compile Effort: high

==============================================================================

Controller Report
Initial Final
------- -----
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States: 14 8
Transitions: 25 13

State Variables: 14 3

Control Inputs: 288
Action Triggers: 14

==============================================================================
Cleaning up
Optimizing logic structure
Estimating control logic...
Network optimization of control logic

area delay
[ND2] [logic leves]

initial 118 4.4
sweep 72 3.8

structure(area) 57 4.0
structure(tds) 82 6.0

redund 60 5.8
sweep 53 4.8

structure(area) 53 3.2
sweep 53 3.2

Estimated size of protocol:
FSM

combinational area 62.9
noncombinational area 35.0 (5 bits)
total area 97.9

Counters required for repeat frames
combinational area 0.0 (assuming no sharing of decrementers)
noncombinational area 0.0 (0 bits total)
total area 0.0

Variables and ports
combinational area 424.0 (reset logic)
noncombinational area 1484.0 (212 bits total)
total area 1908.0

Combinational logic of
actions is NOT included

=======
Total combinational area 486.9
Total noncombinational 1519.0
Total area 2005.9

Delay through the combinational
part of the FSM 2.43 ns ( 3.2 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level

Storing data
Writing ht.pdb+ (synthesized pdb)

8.2.2 The Logic SynthesisReport for HT
Behavioral Compiler (TM)

DC Professional (TM)
DC Expert (TM)

FPGA Compiler (TM)
VHDL Compiler (TM)
HDL Compiler (TM)

Library Compiler (TM)
Power Compiler (TM)
Test Compiler (TM)
ECO Compiler (TM)

DesignWare Developer (TM)
DesignPower (TM)

Version 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, Inc.

ALL RIGHTS RESERVED

This program is proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a license agreement
controlling such use and disclosure.

Initializing...
/* dc_script fuer rtl-eingangskomponente - ahtin_rtl.vhd... */

analyze -f vhdl ht_syn.vhd
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/standard.sldb’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/gtech.db’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primitives.
/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ht_dalils/ht_syn.vhd:
1

elaborate ht
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Inferred memory devices in process ’PC_PROC’
in routine ht line 142 in file

’/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ht_dalils/ht_syn.vhd’.
===============================================================================
| Register Name | Type | Width | Bus | MB | AR | AS | SR | SS | ST |
===============================================================================
| Address_reg | Flip-flop | 16 | Y | N | N | N | N | N | N |
| Header_reg | Flip-flop | 48 | N | N | ? | ? | ? | ? | ? |
| fwrq_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| hd_fetch_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| headout_reg | Flip-flop | 48 | Y | N | N | N | N | N | N |
| pc_state_reg | Flip-flop | 3 | Y | N | N | N | N | N | N |
| rt_addr_reg | Flip-flop | 16 | Y | N | N | N | N | N | N |
| rt_read_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| rtag_reg | Flip-flop | 16 | Y | N | N | N | N | N | N |
| rtdata_reg | Flip-flop | 40 | Y | N | N | N | N | N | N |
| vpivci_reg | Flip-flop | 24 | Y | N | N | N | N | N | N |
===============================================================================

Current design is now ’ht’
1

/* set_operating_conditions wccom */

/* create_clock Clk_AHT_In -period 25 */

create_clock clk_aht_in -period 20
Warning: Can’t find object ’clk_aht_in’ in design ’ht’. (UID-95)
Error: Design object list required for the ’<port_pin_list>’ argument. (EQN-19)
Usage: create_clock
<port_pin_list> (list of ports and/or pins)
-name <clock_name> (name for the clock)
-period <period_value> (period of the clock)
-waveform <edge_list> (alternating rise, fall times for 1 period)

0
/* otherwise, the delays would exceed the 25 ns! */

compile -map_effort medium

Loading target library ’lca300kv’
Warning: Multibit library cell ’FD2X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4P’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Library cell ’FDN1S’ could not be modeled for sequential mapping. (OPT-1201)
Warning: Library cell ’FDN1SP’ could not be modeled for sequential mapping. (OPT-1201)

Loading design ’ht’
Information: Design ’ht’ has no optimization constraints set. (OPT-108)

Beginning Resource Allocation (area only)
-----------------------------
Allocating blocks in ’ht’
Allocating blocks in ’ht’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’ht’
Mapping ’ht’

Information: Changed wire load model for ’ht’ from ’B0X0’ to ’B2X2’. (OPT-170)

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing (max_capacitance)
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
4 3393.2 0.00 0.0 10.6
4 3393.2 0.00 0.0 9.4
4 3394.2 0.00 0.0 8.8
4 3395.2 0.00 0.0 7.7

11 3396.2 0.00 0.0 7.1
8 3397.2 0.00 0.0 6.2
5 3398.2 0.00 0.0 5.2
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9 3399.2 0.00 0.0 5.2
5 3400.2 0.00 0.0 5.1
5 3401.2 0.00 0.0 5.1

73 3402.9 0.00 0.0 3.4
80 3404.6 0.00 0.0 2.2
79 3406.3 0.00 0.0 1.5

105 3408.0 0.00 0.0 0.7
1 3407.0 0.00 0.0 0.7
1 3406.0 0.00 0.0 0.7
1 3405.0 0.00 0.0 0.7
0

--------
399

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
6 3402.3 0.00 0.0 0.7
2 3399.6 0.00 0.0 0.7

419 3398.6 0.00 0.0 0.7
928

--------
1355

Optimization Complete
---------------------
Transferring Design ’ht’ to database ’ht.db’

Current design is ’ht’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : ht
Version: 1998.08
Date : Tue Nov 23 11:05:20 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 145
Number of nets: 750
Number of cells: 458
Number of references: 21

Combinational area: 381.000000
Noncombinational area: 2138.000000
Net Interconnect area: 879.609314

Total cell area: 2519.000000
Total area: 3398.609375
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : ht
Version: 1998.08
Date : Tue Nov 23 11:05:20 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
ht B2X2 lca300kv

Startpoint: rt_addr_reg<15>
(rising edge-triggered flip-flop)

Endpoint: rt_addr<15>
(output port)

Path Group: (none)
Path Type: max

Point Incr Path
-----------------------------------------------------------
rt_addr_reg<15>/CP (FDS2L) 0.00 0.00 r

43



rt_addr_reg<15>/Q (FDS2L) 0.72 0.72 f
rt_addr<15> (out) 0.00 0.72 f
data arrival time 0.72
-----------------------------------------------------------
(Path is unconstrained)

1

compile -map_effort medium -boundary_optimization

Loading design ’ht’
Information: Design ’ht’ has no optimization constraints set. (OPT-108)

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’ht’
Mapping ’ht’

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing (max_capacitance)
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
4 3583.8 0.00 0.0 10.2

.. trials removed. w.l. ...

1 3511.9 0.00 0.0 0.7
1 3510.9 0.00 0.0 0.7
0

--------
383

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
5 3508.2 0.00 0.0 0.7
2 3505.5 0.00 0.0 0.7

.. trials removed. w.l.

3 3372.7 0.00 0.0 0.7
3 3371.7 0.00 0.0 0.7

1100
--------

1484

Optimization Complete
---------------------
Transferring Design ’ht’ to database ’ht.db’

Current design is ’ht’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : ht
Version: 1998.08
Date : Tue Nov 23 11:05:59 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 145
Number of nets: 740
Number of cells: 448
Number of references: 22

Combinational area: 359.000000
Noncombinational area: 2138.000000
Net Interconnect area: 874.687439
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Total cell area: 2497.000000
Total area: 3371.687500
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : ht
Version: 1998.08
Date : Tue Nov 23 11:05:59 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
ht B2X2 lca300kv

Startpoint: rt_addr_reg<15>
(rising edge-triggered flip-flop)

Endpoint: rt_addr<15>
(output port)

Path Group: (none)
Path Type: max

Point Incr Path
-----------------------------------------------------------
rt_addr_reg<15>/CP (FDS2L) 0.00 0.00 r
rt_addr_reg<15>/Q (FDS2L) 0.72 0.72 f
rt_addr<15> (out) 0.00 0.72 f
data arrival time 0.72
-----------------------------------------------------------
(Path is unconstrained)

8.3 Shift RegisterControl Module SRC

8.3.1 The Dali SynthesisReport for SRC
Processing /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/src_dali/src.pdb
Information: Removing prior stored synthesis information from src.pdb (PCC-9)
Creating initial circuit
Inserting LFSR for repeat operator count=12
Optimizing logic structure
style = min_encoded
Converting to state graph
Dumping state graph src.gdl
Launching state graph viewer...
xvcg src.gdl
Minimizing state graph
Encoding using minimum bits and binary codes
Dumping state graph REDUCED_src.gdl
Launching state graph viewer...
xvcg REDUCED_src.gdl
Converting to circuit
Simplifying logic equations.
Simplified 25 logic functions
Using CASE statement action block: 38 actions 17 triggers used, 17 cases

==============================================================================

Input File: /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/src_dali/src.pdb
Protocol: src

Compile Style: min_encoded
Compile Effort: high

==============================================================================

Controller Report
Initial Final
------- -----

States: 48 22
Transitions: 85 36

State Variables: 26 5

Control Inputs: 206
Action Triggers: 38

==============================================================================
Cleaning up
Optimizing logic structure
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Estimating control logic...
Network optimization of control logic

area delay
[ND2] [logic leves]

initial 473 7.6
sweep 328 6.9

structure(area) 178 5.8
structure(tds) 259 10.5

redund 210 8.3
sweep 187 7.4

structure(area) 153 4.4
sweep 153 4.4

Estimated size of protocol:
FSM

combinational area 166.9
noncombinational area 49.0 (7 bits)
total area 215.9

Counters required for repeat frames
combinational area 19.0 (assuming no sharing of decrementers)
noncombinational area 28.0 (4 bits total)
total area 47.0

Variables and ports
combinational area 276.0 (reset logic)
noncombinational area 966.0 (138 bits total)
total area 1242.0

Combinational logic of
actions is NOT included

=======
Total combinational area 461.9
Total noncombinational 1043.0
Total area 1504.9

Delay through the combinational
part of the FSM 3.28 ns ( 4.4 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level

Storing data
Writing src.pdb+ (synthesized pdb)

8.3.2 The Logic SynthesisReport for SRC
Behavioral Compiler (TM)

DC Professional (TM)
DC Expert (TM)

FPGA Compiler (TM)
VHDL Compiler (TM)
HDL Compiler (TM)

Library Compiler (TM)
Power Compiler (TM)
Test Compiler (TM)
ECO Compiler (TM)

DesignWare Developer (TM)
DesignPower (TM)

Version 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, Inc.

ALL RIGHTS RESERVED

This program is proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a license agreement
controlling such use and disclosure.

Initializing...
/* dc_script fuer rtl-eingangskomponente - ahtin_rtl.vhd... */

analyze -f vhdl src/utils_src.vhd
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/standard.sldb’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/gtech.db’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primitives.
/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/src_dalils/src/utils_src.vhd:
1
analyze -f vhdl src/src_syn.vhd
/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/src_dalils/src/src_syn.vhd:
1

elaborate src

Inferred memory devices in process ’PC_PROC’
in routine src line 139 in file

’/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/src_dalils/src/src_syn.vhd’.
===============================================================================
| Register Name | Type | Width | Bus | MB | AR | AS | SR | SS | ST |
===============================================================================

46



| Cell_loaded_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| Cell_read_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| aux_reg_reg | Flip-flop | 32 | Y | N | N | N | N | N | N |
| busy_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| load_ok_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| pc_counter_0_reg | Flip-flop | 4 | Y | N | N | N | N | N | N |
| pc_state_reg | Flip-flop | 6 | N | N | ? | ? | ? | ? | ? |
| shift_reg_reg | Flip-flop | 48 | N | N | ? | ? | ? | ? | ? |
| shiftreg_reg | Flip-flop | 48 | Y | N | N | N | N | N | N |
| sr_strobe_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| transm_ok_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
===============================================================================

Current design is now ’src’
1

/* set_operating_conditions wccom */

/* create_clock clk_xmit -period 25 */

create_clock Clk_xmit -period 20
Performing create_clock on port ’Clk_xmit’.
1
/* otherwise, the delays would exceed the 25 ns! */

compile -map_effort medium

Loading target library ’lca300kv’
Warning: Multibit library cell ’FD2X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4P’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Library cell ’FDN1S’ could not be modeled for sequential mapping. (OPT-1201)
Warning: Library cell ’FDN1SP’ could not be modeled for sequential mapping. (OPT-1201)

Loading design ’src’

Beginning Resource Allocation (constraint driven)
-----------------------------
Structuring ’src’
Mapping ’src’
Allocating blocks in ’src’
Allocating blocks in ’src’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’src’
Mapping ’src’

Information: Changed wire load model for ’src’ from ’B0X0’ to ’B2X2’. (OPT-170)

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
1 3962.3 0.00 0.0 0.6
1 3961.3 0.00 0.0 0.6
1 3960.3 0.00 0.0 0.6
0

--------
3

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
2 3942.6 0.00 0.0 0.6
2 3936.9 0.00 0.0 0.6

.. trials removed .. w.l.
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7 3164.6 0.00 0.0 0.6
7 3163.6 0.00 0.0 0.6

13 3162.6 0.00 0.0 0.6
0

--------
3768

Optimization Complete
---------------------
Transferring Design ’src’ to database ’src.db’

Current design is ’src’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : src
Version: 1998.08
Date : Wed Nov 24 16:28:58 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 124
Number of nets: 921
Number of cells: 667
Number of references: 22

Combinational area: 647.000000
Noncombinational area: 1437.000000
Net Interconnect area: 1078.593628

Total cell area: 2084.000000
Total area: 3162.593750
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : src
Version: 1998.08
Date : Wed Nov 24 16:28:58 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
src B2X2 lca300kv

Startpoint: pc_state_reg<1>
(rising edge-triggered flip-flop clocked by Clk_xmit)

Endpoint: aux_reg_reg<0>
(rising edge-triggered flip-flop clocked by Clk_xmit)

Path Group: Clk_xmit
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_xmit (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<1>/CP (FD1) 0.00 0.00 r
pc_state_reg<1>/QN (FD1) 1.03 1.03 f
U2138/Z (ND2) 0.55 1.58 r
U2580/Z (OR2P) 0.47 2.05 r
U2450/Z (IVP) 0.22 2.27 f
U2389/Z (AO7) 0.75 3.02 r
U2360/Z (ND2) 1.21 4.23 f
U2392/Z (IVP) 0.31 4.54 r
U2562/Z (IVP) 0.40 4.94 f
U2390/Z (AO4) 0.38 5.32 r
aux_reg_reg<0>/D (FDS2L) 0.00 5.32 r
data arrival time 5.32

clock Clk_xmit (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
aux_reg_reg<0>/CP (FDS2L) 0.00 20.00 r
library setup time -0.58 19.42
data required time 19.42
-----------------------------------------------------------
data required time 19.42
data arrival time -5.32
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-----------------------------------------------------------
slack (MET) 14.10

1

compile -map_effort medium -boundary_optimization

Loading design ’src’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’src’
Mapping ’src’

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
1 3783.1 0.00 0.0 0.6

.. trials removed .. w.l.

1 3734.1 0.00 0.0 0.6
1 3733.1 0.00 0.0 0.6
0

--------
51

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
3 3725.4 0.00 0.0 0.6

.. trials removed.. w.l.
1 2977.4 0.00 0.0 0.6
0

--------
3392

Optimization Complete
---------------------
Transferring Design ’src’ to database ’src.db’

Current design is ’src’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : src
Version: 1998.08
Date : Wed Nov 24 16:29:54 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 124
Number of nets: 816
Number of cells: 561
Number of references: 22

Combinational area: 582.000000
Noncombinational area: 1437.000000
Net Interconnect area: 958.359314

Total cell area: 2019.000000
Total area: 2977.359375
1

report_timing

****************************************
Report : timing

-path full
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-delay max
-max_paths 1

Design : src
Version: 1998.08
Date : Wed Nov 24 16:29:54 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
src B2X2 lca300kv

Startpoint: pc_state_reg<3>
(rising edge-triggered flip-flop clocked by Clk_xmit)

Endpoint: aux_reg_reg<1>
(rising edge-triggered flip-flop clocked by Clk_xmit)

Path Group: Clk_xmit
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_xmit (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<3>/CP (FD1) 0.00 0.00 r
pc_state_reg<3>/Q (FD1) 0.79 0.79 f
U3115/Z (IVP) 0.07 0.86 r
U2778/Y (IVDA) 0.57 1.43 f
U2778/Z (IVDA) 0.49 1.92 r
U2826/Z (ND2) 0.56 2.48 f
U2756/Z (NR2) 0.26 2.74 r
U2754/Z (AO7) 0.40 3.14 f
U3109/Z (ND2) 0.77 3.91 r
U3108/Z1 (B2I) 0.37 4.28 f
U3108/Z2 (B2I) 0.59 4.87 r
U3124/Z (OR2P) 0.78 5.64 r
U3107/Z1 (B2I) 0.30 5.95 f
U3107/Z2 (B2I) 0.49 6.44 r
aux_reg_reg<1>/LD (FDS2L) 0.00 6.44 r
data arrival time 6.44

clock Clk_xmit (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
aux_reg_reg<1>/CP (FDS2L) 0.00 20.00 r
library setup time -0.76 19.24
data required time 19.24
-----------------------------------------------------------
data required time 19.24
data arrival time -6.44
-----------------------------------------------------------
slack (MET) 12.80

1

8.4 ReceiveData Module RD

8.4.1 The Dali SynthesisReport for RD

Processing /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/rd_dali/rd.pdb
Creating initial circuit
Inserting LFSR for repeat operator count=12
Creating action logic for analysis.
Patching control logic...
Optimizing logic structure
style = automatic
Analyzing Protocol Including Datapath

.. optimizing steps removed .. WL.

==============================================================================

Input File: /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/rd_dali/rd.pdb
Protocol: rd

Compile Style: automatic
Compile Effort: high

==============================================================================

Controller Report
Initial Final
------- -----

States: 261 (18,5)
Transitions: -- (38,13)
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State Variables: 28 9=(5,3)+1

Control Inputs: 245
Action Triggers: 43

==============================================================================
Cleaning up
Optimizing logic structure
Estimating control logic...
Network optimization of control logic

area delay
[ND2] [logic leves]

initial 503 7.2
sweep 295 6.3

structure(area) 185 4.9
structure(tds) 241 7.4

redund 178 6.3
sweep 171 6.3

structure(area) 165 4.7
sweep 165 4.7

Estimated size of protocol:
FSM

combinational area 184.6
noncombinational area 70.0 (10 bits)
total area 254.6

Counters required for repeat frames
combinational area 19.0 (assuming no sharing of decrementers)
noncombinational area 28.0 (4 bits total)
total area 47.0

Variables and ports
combinational area 388.0 (reset logic)
noncombinational area 1358.0 (194 bits total)
total area 1746.0

Combinational logic of
actions is NOT included

=======
Total combinational area 591.6
Total noncombinational 1456.0
Total area 2047.6

Delay through the combinational
part of the FSM 3.53 ns ( 4.7 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level

Storing data
Writing rd.pdb+ (synthesized pdb)

8.4.2 The Logic SynthesisReport for RD
Behavioral Compiler (TM)

DC Professional (TM)
DC Expert (TM)

FPGA Compiler (TM)
VHDL Compiler (TM)
HDL Compiler (TM)

Library Compiler (TM)
Power Compiler (TM)
Test Compiler (TM)
ECO Compiler (TM)

DesignWare Developer (TM)
DesignPower (TM)

Version 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, Inc.

ALL RIGHTS RESERVED

This program is proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a license agreement
controlling such use and disclosure.

Initializing...
/* dc_script fuer rtl-eingangskomponente - ahtin_rtl.vhd... */

analyze -f vhdl src/utilsrd.vhd
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/standard.sldb’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/gtech.db’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primitives.
/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/rd_dalils/src/utilsrd.vhd:
1
analyze -f vhdl src/rd_syn.vhd
/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/rd_dalils/src/rd_syn.vhd:
1
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elaborate rd

Inferred memory devices in process ’PC_PROC_SEQ’
in routine rd line 275 in

file
’/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/rd_dalils/src/rd_syn.vhd’.

===============================================================================
| Register Name | Type | Width | Bus | MB | AR | AS | SR | SS | ST |
===============================================================================
| err_reg | Flip-flop | 5 | Y | N | N | N | N | N | N |
| hilf_reg_reg | Flip-flop | 48 | Y | N | N | N | N | N | N |
| out_reg_h_reg | Flip-flop | 32 | Y | N | N | N | N | N | N |
| out_reg_reg | Flip-flop | 32 | Y | N | N | N | N | N | N |
| pc_counter_0_reg | Flip-flop | 4 | Y | N | N | N | N | N | N |
| pc_reg_error_reg | Flip-flop | 5 | Y | N | N | N | N | N | N |
| pc_reg_rcell_bus_reg | Flip-flop | 32 | Y | N | N | N | N | N | N |
| pc_reg_rcell_rdy_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| pc_reg_srdta_taken_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| wr_ack_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| write_fifo_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
===============================================================================

Inferred memory devices in process ’PC_PROC_STATE’
in routine rd line 325 in

file
’/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/rd_dalils/src/rd_syn.vhd’.

===============================================================================
| Register Name | Type | Width | Bus | MB | AR | AS | SR | SS | ST |
===============================================================================
| pc_state_reg | Flip-flop | 9 | N | N | ? | ? | ? | ? | ? |
===============================================================================

Current design is now ’rd’
1

/* set_operating_conditions wccom */

/* create_clock clk_com -period 25 */

create_clock Clk_com -period 20
Performing create_clock on port ’Clk_com’.
1
/* otherwise, the delays would exceed the 25 ns! */

compile -map_effort medium

Loading target library ’lca300kv’
Warning: Multibit library cell ’FD2X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4P’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Library cell ’FDN1S’ could not be modeled for sequential mapping. (OPT-1201)
Warning: Library cell ’FDN1SP’ could not be modeled for sequential mapping. (OPT-1201)

Loading design ’rd’

Beginning Resource Allocation (constraint driven)
-----------------------------
Structuring ’rd’
Mapping ’rd’
Allocating blocks in ’rd’
Allocating blocks in ’rd’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’rd’
Mapping ’rd’

Information: Changed wire load model for ’rd’ from ’B0X0’ to ’B3X3’. (OPT-170)

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST
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-------- ------ ----------- ------- ------
0

--------
0

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
4 5474.4 0.00 0.0 0.3
3 5464.8 0.00 0.0 0.3

.. trials removed.. wl.

21 4031.4 0.00 0.0 0.3
15 4030.4 0.00 0.0 0.3

Information: Changed wire load model for ’rd’ from ’B3X3’ to ’B2X2’. (OPT-170)
0

--------
8554

Optimization Complete
---------------------
Transferring Design ’rd’ to database ’rd.db’

Current design is ’rd’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : rd
Version: 1998.08
Date : Wed Nov 24 17:34:00 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 92
Number of nets: 1103
Number of cells: 944
Number of references: 21

Combinational area: 1108.000000
Noncombinational area: 1183.000000
Net Interconnect area: 1552.499878

Total cell area: 2291.000000
Total area: 3843.500000
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : rd
Version: 1998.08
Date : Wed Nov 24 17:34:01 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
rd B2X2 lca300kv

Startpoint: pc_state_reg<3>
(rising edge-triggered flip-flop clocked by Clk_com)

Endpoint: out_reg_h_reg<0>
(rising edge-triggered flip-flop clocked by Clk_com)

Path Group: Clk_com
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_com (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<3>/CP (FD1) 0.00 0.00 r
pc_state_reg<3>/Q (FD1) 0.75 0.75 r
U3025/Y (IVDA) 0.17 0.92 f
U3025/Z (IVDA) 0.57 1.49 r
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U3024/Z (ND2) 1.01 2.50 f
U2345/Z (NR2) 0.33 2.82 r
U2523/Z (ND2) 0.41 3.23 f
U2522/Z (ND2) 0.22 3.45 r
U2739/Z (ND2) 1.24 4.69 f
U2818/Z (IVP) 0.32 5.01 r
U3009/Z (IVP) 0.38 5.40 f
U2816/Z (AO7) 0.26 5.65 r
out_reg_h_reg<0>/D (FD1) 0.00 5.65 r
data arrival time 5.65

clock Clk_com (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
out_reg_h_reg<0>/CP (FD1) 0.00 20.00 r
library setup time -0.20 19.80
data required time 19.80
-----------------------------------------------------------
data required time 19.80
data arrival time -5.65
-----------------------------------------------------------
slack (MET) 14.15

1

compile -map_effort medium -boundary_optimization

Loading design ’rd’
Warning: In design ’rd’, there are 3 ports not connected to any nets. (LINT-30)

Information: Use the ’check_design’ command for
more information about warnings. (LINT-99)

Beginning Mapping Optimizations (Medium effort)
-------------------------------

Information: Changed wire load model for ’rd’ from ’B2X2’ to ’B3X3’. (OPT-170)
Structuring ’rd’
Mapping ’rd’

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
1 5186.5 0.00 0.0 0.3
1 5185.5 0.00 0.0 0.3

.. trials removed.. w.l.

1 5151.5 0.00 0.0 0.3
1 5150.5 0.00 0.0 0.3
0

--------
37

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
3 5139.7 0.00 0.0 0.3
2 5131.9 0.00 0.0 0.3
2 5124.1 0.00 0.0 0.3

.. trials removed.. w.l.

9 3742.0 0.00 0.0 0.3
19 3741.0 0.00 0.0 0.3

Information: Changed wire load model for ’rd’ from ’B3X3’ to ’B2X2’. (OPT-170)
0

--------
6283

Optimization Complete
---------------------
Transferring Design ’rd’ to database ’rd.db’

Current design is ’rd’.
1
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report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : rd
Version: 1998.08
Date : Wed Nov 24 17:35:22 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 92
Number of nets: 997
Number of cells: 825
Number of references: 24

Combinational area: 1003.000000
Noncombinational area: 1183.000000
Net Interconnect area: 1387.968628

Total cell area: 2186.000000
Total area: 3573.968750
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : rd
Version: 1998.08
Date : Wed Nov 24 17:35:22 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
rd B2X2 lca300kv

Startpoint: pc_state_reg<2>
(rising edge-triggered flip-flop clocked by Clk_com)

Endpoint: out_reg_reg<0>
(rising edge-triggered flip-flop clocked by Clk_com)

Path Group: Clk_com
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_com (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<2>/CP (FD1) 0.00 0.00 r
pc_state_reg<2>/Q (FD1) 0.73 0.73 r
U3662/Z (IVP) 0.10 0.82 f
U3661/Y (IVDA) 0.64 1.47 r
U3656/Z (ND2) 0.96 2.42 f
U3632/Z (IVP) 0.26 2.68 r
U3114/Z (ND2) 0.37 3.05 f
U3695/Z (AN2P) 0.27 3.32 f
U3268/Z (AO6) 0.28 3.60 r
U3663/Z (OR2P) 0.37 3.97 r
U3676/Z (OR2P) 0.27 4.24 r
U3639/Z (IVP) 0.18 4.42 f
U3316/Z (ND2) 0.98 5.40 r
U3644/Z1 (B2I) 0.43 5.83 f
U3644/Z2 (B2I) 0.49 6.31 r
U3371/Z (AO7) 0.36 6.67 f
out_reg_reg<0>/D (FD1) 0.00 6.67 f
data arrival time 6.67

clock Clk_com (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
out_reg_reg<0>/CP (FD1) 0.00 20.00 r
library setup time -0.13 19.87
data required time 19.87
-----------------------------------------------------------
data required time 19.87
data arrival time -6.67
-----------------------------------------------------------
slack (MET) 13.19

1

55



8.5 The AHT Output Module AHT Out

8.5.1 The Dali SynthesisReport for AHT Out
Processing /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ahtout_dali/ahtout.pdb
Creating initial circuit
Inserting LFSR for repeat operator count=11
Inserting LFSR for repeat operator count=11
Creating action logic for analysis.
Patching control logic...
Optimizing logic structure
style = automatic
Analyzing Protocol Including Datapath
shell=0 states=1 (controller states + datapath variables)
shell=1 states=4 (controller states + datapath variables)
shell=2 states=10 (controller states + datapath variables)
optimizing...

.. optimizing shells 3 to 24 removed .. wl

states of controller=543 (excludes variables)--------------------------------------------------------------------------

: node : states : state vars : name :
--------------------------------------------------------------------------
: 0 : 543 : [ 1:30 ] : AHTOUT
: 1 : 543 : [ 1:30 ] : alternative
: 2 : 23 : [ 1:13 ] : repeat+
: 3 : 23 : [ 1:13 ] : alternative
: 4 : 22 : [ 1:12 ] : if
: 5 : 22 : [ 1:12 ] : fetch_cell
: 6 : 22 : [ 1:12 ] : fetch_cell
: 7 : 22 : [ 1:12 ] : sequence
: 9 : 3 : [ 2:3 ] : Cont_On
: 11 : 3 : [ 2:3 ] : Cont_On
: 12 : 3 : [ 2:3 ] : sequence
: 18 : 3 : [ 4:5 ] : Cont_On
: 20 : 3 : [ 4:5 ] : Cont_On
: 21 : 3 : [ 4:5 ] : sequence
: 27 : 10 : [ 6:10 ] : repeat
: 28 : 5 : [ 6:9 ] : sequence
: 29 : 3 : [ 6:7 ] : Cont_On
: 31 : 3 : [ 6:7 ] : Cont_On
: 32 : 3 : [ 6:7 ] : sequence
: 38 : 3 : [ 8:9 ] : Cont_On
: 40 : 3 : [ 8:9 ] : Cont_On
: 41 : 3 : [ 8:9 ] : sequence
: 47 : 3 : [ 11:12 ] : Cont_On
: 49 : 3 : [ 11:12 ] : Cont_On
: 50 : 3 : [ 11:12 ] : sequence
: 58 : 29 : [ 14:30 ] : repeat+
: 59 : 29 : [ 14:30 ] : alternative
: 60 : 28 : [ 14:29 ] : if
: 61 : 28 : [ 14:29 ] : xmit_cell
: 62 : 28 : [ 14:29 ] : xmit_cell
: 63 : 28 : [ 14:29 ] : sequence
: 64 : 3 : [ 14:15 ] : Cont_On
: 66 : 3 : [ 14:15 ] : Cont_On
: 67 : 3 : [ 14:15 ] : sequence
: 78 : 10 : [ 21:25 ] : repeat
: 79 : 5 : [ 21:24 ] : xmit_4bytes
: 80 : 5 : [ 21:24 ] : xmit_4bytes
: 81 : 5 : [ 21:24 ] : sequence
--------------------------------------------------------------------------
Partitioning node 2 : states= 23 : Frame AHTOUT, repeat ’+’. <ahtout-AHTOUT-3>
Partitioning node 58 : states= 29 : Frame AHTOUT, repeat ’+’. <ahtout-AHTOUT-9>
Compiling partitions
------------------------------------------------------------------------------
Optimizing /2
------------------------------------------------------------------------------
Extracting ahtout_part_/2
Initial (13 state vars, 15 actions)
23 states
Creating state graph for ahtout_part_/2
Simplifing transitions
Simplified 40 transition(s)
Dumping state graph ahtout_part_.2.gdl
Initial (23 states, 49 transitions)
Minimizing state graph ahtout_part_/2
Final (10 states, 23 transitions)
Encoding using minimum bits and binary codes
Dumping state graph REDUCED_ahtout_part_.2.gdl
Launching state graph viewer...
xvcg REDUCED_ahtout_part_.2.gdl
Converting to circuit REDUCED_ahtout_part_/2
Simplifying logic equations.
Simplified 15 logic functions
Using CASE statement action block: 15 actions 8 triggers used, 7 cases
Merging VC_MINENC_REDUCED_ahtout_part_/2
Final (4 state vars, 16 actions)
------------------------------------------------------------------------------
Optimizing /58
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------------------------------------------------------------------------------
Extracting ahtout_part_/58
Initial (17 state vars, 27 actions)
29 states
Creating state graph for ahtout_part_/58
Simplifing transitions
Simplified 28 transition(s)
Dumping state graph ahtout_part_.58.gdl
Initial (29 states, 41 transitions)
Minimizing state graph ahtout_part_/58
Final (20 states, 27 transitions)
Encoding using minimum bits and binary codes
Dumping state graph REDUCED_ahtout_part_.58.gdl
Launching state graph viewer...
xvcg REDUCED_ahtout_part_.58.gdl
Converting to circuit REDUCED_ahtout_part_/58
Simplifying logic equations.
Simplified 22 logic functions
Using CASE statement action block: 27 actions 16 triggers used, 15 cases
Merging VC_MINENC_REDUCED_ahtout_part_/58
Final (5 state vars, 28 actions)
-----------------------------------------------------------------------------
Final wiring of ahtout_part
-----------------------------------------------------------------------------
Top level controller implemented in distributed style using 1 state var
-----------------------------------------------------------------------------

==============================================================================

Input File: /afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ahtout_dali/ahtout.pdb
Protocol: ahtout

Compile Style: automatic
Compile Effort: high

==============================================================================

Controller Report
Initial Final
------- -----

States: 543 (10,20)
Transitions: -- (23,27)

State Variables: 31 10=(4,5)+1

Control Inputs: 120
Action Triggers: 42

==============================================================================
Cleaning up
Optimizing logic structure
Estimating control logic...
Network optimization of control logic

area delay
[ND2] [logic leves]

initial 538 6.1
sweep 328 5.3

structure(area) 185 4.2
structure(tds) 266 7.9

redund 204 6.0
sweep 193 5.5

structure(area) 171 3.5
sweep 171 3.5

Estimated size of protocol:
FSM

combinational area 192.5
noncombinational area 77.0 (11 bits)
total area 269.5

Counters required for repeat frames
combinational area 38.0 (assuming no sharing of decrementers)
noncombinational area 56.0 (8 bits total)
total area 94.0

Variables and ports
combinational area 172.0 (reset logic)
noncombinational area 602.0 (86 bits total)
total area 774.0

Combinational logic of
actions is NOT included

=======
Total combinational area 402.5
Total noncombinational 735.0
Total area 1137.5

Delay through the combinational
part of the FSM 2.61 ns ( 3.5 logic levels)

Library:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic level

Storing data
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Writing ahtout.pdb+ (synthesized pdb)

8.5.2 The Logic SynthesisReport for AHT Out
Behavioral Compiler (TM)

DC Professional (TM)
DC Expert (TM)

FPGA Compiler (TM)
VHDL Compiler (TM)
HDL Compiler (TM)

Library Compiler (TM)
Power Compiler (TM)
Test Compiler (TM)
ECO Compiler (TM)

DesignWare Developer (TM)
DesignPower (TM)

Version 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, Inc.

ALL RIGHTS RESERVED

This program is proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a license agreement
controlling such use and disclosure.

Initializing...
/* dc_script fuer rtl-eingangskomponente - ahtin_rtl.vhd... */

analyze -f vhdl ahtout_syn.vhd
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/standard.sldb’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/gtech.db’
Loading db file ’/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primitives.
/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ahtout_dalils/ahtout_syn.vhd:
1

elaborate ahtout

Inferred memory devices in process ’PC_PROC_SEQ’
in routine ahtout line 280

in file
’/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ahtout_dalils/ahtout_syn.vhd’.

===============================================================================
| Register Name | Type | Width | Bus | MB | AR | AS | SR | SS | ST |
===============================================================================
| cell_reg_reg | Flip-flop | 32 | Y | N | N | N | N | N | N |
| hilf_reg | Flip-flop | 32 | Y | N | N | N | N | N | N |
| pc_counter_0_reg | Flip-flop | 4 | Y | N | N | N | N | N | N |
| pc_counter_1_reg | Flip-flop | 4 | Y | N | N | N | N | N | N |
| pc_reg_cell_presync_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| pc_reg_cell_sync_out_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| pc_reg_data_out_reg | Flip-flop | 8 | Y | N | N | N | N | N | N |
| pc_reg_rcell_read_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| pc_reg_rnew_cell_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| reg_taken_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
| transmit_reg | Flip-flop | 1 | - | - | N | N | N | N | N |
===============================================================================

Inferred memory devices in process ’PC_PROC_STATE’
in routine ahtout line 330

in file
’/afs/informatik.uni-tuebingen.de/home/wlange/hilan/aht/ahtout_dalils/ahtout_syn.vhd’.

===============================================================================
| Register Name | Type | Width | Bus | MB | AR | AS | SR | SS | ST |
===============================================================================
| pc_state_reg | Flip-flop | 10 | N | N | ? | ? | ? | ? | ? |
===============================================================================

Current design is now ’ahtout’
1

/* set_operating_conditions wccom */

/* create_clock clk_xmit -period 25 */

create_clock Clk_aht_out -period 20
Performing create_clock on port ’Clk_aht_out’.
1
/* otherwise, the delays would exceed the 25 ns! */

compile -map_effort medium

Loading target library ’lca300kv’
Warning: Multibit library cell ’FD2X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD2X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD3X2’ will not be used in multibit optimization. (OPT-918)

58



Warning: Multibit library cell ’FD2X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X4’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD4X2’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’LD1X4P’ will not be used in multibit optimization. (OPT-918)
Warning: Multibit library cell ’FD1X4L’ will not be used in multibit optimization. (OPT-918)
Warning: Library cell ’FDN1S’ could not be modeled for sequential mapping. (OPT-1201)
Warning: Library cell ’FDN1SP’ could not be modeled for sequential mapping. (OPT-1201)

Loading design ’ahtout’

Beginning Resource Allocation (constraint driven)
-----------------------------
Structuring ’ahtout’
Mapping ’ahtout’
Allocating blocks in ’ahtout’
Allocating blocks in ’ahtout’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’ahtout’
Mapping ’ahtout’

Information: Changed wire load model for ’ahtout’ from ’B0X0’ to ’B2X2’. (OPT-170)

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
4 2741.4 0.00 0.0 0.0
3 2732.0 0.00 0.0 0.0

.. trials removed. w.l. ...

19 2001.7 0.00 0.0 0.0
0

--------
3538

Optimization Complete
---------------------
Transferring Design ’ahtout’ to database ’ahtout.db’

Current design is ’ahtout’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : ahtout
Version: 1998.08
Date : Tue Nov 23 14:58:43 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 48
Number of nets: 557
Number of cells: 471
Number of references: 22

Combinational area: 536.000000
Noncombinational area: 700.000000
Net Interconnect area: 765.703064

Total cell area: 1236.000000
Total area: 2001.703125
1
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report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : ahtout
Version: 1998.08
Date : Tue Nov 23 14:58:43 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
ahtout B2X2 lca300kv

Startpoint: pc_state_reg<15>
(rising edge-triggered flip-flop clocked by Clk_aht_out)

Endpoint: hilf_reg<0>
(rising edge-triggered flip-flop clocked by Clk_aht_out)

Path Group: Clk_aht_out
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_aht_out (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<15>/CP (FD1) 0.00 0.00 r
pc_state_reg<15>/QN (FD1) 0.99 0.99 f
U374/Z (ND2) 0.47 1.46 r
U600/Z (OR2P) 0.44 1.91 r
U369/Z (ND2) 0.40 2.31 f
U578/Z (AO7) 0.60 2.91 r
U382/Z (ND2) 0.46 3.37 f
U446/Z (IVP) 0.13 3.51 r
U414/Z (ND2) 1.36 4.86 f
U445/Z (IVP) 0.34 5.20 r
U591/Z (IVP) 0.38 5.58 f
U444/Z (AO4) 0.27 5.85 r
hilf_reg<0>/D (FD1) 0.00 5.85 r
data arrival time 5.85

clock Clk_aht_out (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
hilf_reg<0>/CP (FD1) 0.00 20.00 r
library setup time -0.23 19.77
data required time 19.77
-----------------------------------------------------------
data required time 19.77
data arrival time -5.85
-----------------------------------------------------------
slack (MET) 13.92

1

compile -map_effort medium -boundary_optimization

Loading design ’ahtout’

Beginning Mapping Optimizations (Medium effort)
-------------------------------
Structuring ’ahtout’
Mapping ’ahtout’

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Phase 1 Design Rule Fixing
------------------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
0

--------
0

Beginning Area-Recovery Phase (cleanup)
-----------------------------

TOTAL NEG DESIGN RULE
TRIALS AREA DELTA DELAY SLACK COST

-------- ------ ----------- ------- ------
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3 2800.8 0.00 0.0 0.0
2 2795.1 0.00 0.0 0.0

.. trials removed. w.l. ..

19 2047.7 0.00 0.0 0.0
0

--------
3187

Optimization Complete
---------------------
Transferring Design ’ahtout’ to database ’ahtout.db’

Current design is ’ahtout’.
1

report_area
Information: Updating design information... (UID-85)

****************************************
Report : area
Design : ahtout
Version: 1998.08
Date : Tue Nov 23 14:59:27 1999
****************************************

Library(s) Used:

lca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Number of ports: 48
Number of nets: 565
Number of cells: 503
Number of references: 22

Combinational area: 563.000000
Noncombinational area: 700.000000
Net Interconnect area: 784.687439

Total cell area: 1263.000000
Total area: 2047.687500
1

report_timing

****************************************
Report : timing

-path full
-delay max
-max_paths 1

Design : ahtout
Version: 1998.08
Date : Tue Nov 23 14:59:27 1999
****************************************

Operating Conditions: NOM Library: lca300kv
Wire Loading Model Mode: enclosed

Design Wire Loading Model Library
------------------------------------------------
ahtout B2X2 lca300kv

Startpoint: pc_state_reg<16>
(rising edge-triggered flip-flop clocked by Clk_aht_out)

Endpoint: hilf_reg<0>
(rising edge-triggered flip-flop clocked by Clk_aht_out)

Path Group: Clk_aht_out
Path Type: max

Point Incr Path
-----------------------------------------------------------
clock Clk_aht_out (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<16>/CP (FD1) 0.00 0.00 r
pc_state_reg<16>/QN (FD1) 0.95 0.95 f
U1012/Z (ND2) 0.53 1.48 r
U752/Z (AO4) 0.55 2.03 f
U994/Z (AO7) 0.72 2.75 r
U732/Z (ND2) 0.41 3.17 f
U1009/Z (IVP) 0.32 3.48 r
U1007/Z (IVP) 0.21 3.69 f
U1008/Z (IVP) 0.46 4.15 r
U968/Z (ND2) 0.34 4.49 f
U966/Z (AO7) 0.20 4.70 r
hilf_reg<0>/D (FD1) 0.00 4.70 r
data arrival time 4.70

clock Clk_aht_out (rise edge) 20.00 20.00
clock network delay (ideal) 0.00 20.00
hilf_reg<0>/CP (FD1) 0.00 20.00 r
library setup time -0.20 19.80
data required time 19.80
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-----------------------------------------------------------
data required time 19.80
data arrival time -4.70
-----------------------------------------------------------
slack (MET) 15.11

1
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Schickard-InstitutUniversiẗat TübingenWSI 99-11999,ISSN0946-3852(in Ger-
man).

[LaRo99-2] W. Lange,W. Rosenstiel,VHDL Designand High-Level Synthesisof an
ATM Switch Controller, Proceedingsof FDL’99 in Lyon,France,pp.207-216,Sig-
VHDL & ECSI1999.ISBN 2-84010-033-9

[Pryk93] M. D. Pryker, AsynchronousTransferMode: Solutionfor BroadbandISDN.
Ellis HorwoodLtd, 1993.

[SynPcUG98]SynopsysProtocolCompilerUserGuide. Version1998.08.

[SynCDPC98]Controller DesignUsingProtocolCompilerVersion1998.08.

[DaTut97] Dali Tutorial for VHDL Users.Version1997.08.

63


